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Abstract
Background: Citrullus colocynthis (CCT) is used as the anti-diabetic and
antioxidant agent. Polycystic ovarian syndrome (PCOS) is a reproductive disorder
which level of gonadotropins and sexual hormones are imbalanced.
Objective: We evaluated the effect of CCT hydro-alcoholic extract on hormonal and
folliculogenesis process in estradiol valerate-induced PCOs rats’ model.
Materials and Methods: 40 female adult Wistar rats divided into five groups
(n=8each: Group I (control) only injected by sesame oil as estradiol valerate solvent,
group II (Sham) was orally received normal saline after estradiol valerate- induced
polycystic ovarian syndrome (4 mg/rat estradiol valerate, intramuscularly), and three
experimental groups, that after induction of PCOS within 60 days, received orally 50
mg/kg CCT extract (group III), 50mg/kg metformin (group IV), and CCT extract+
metformin (group V) for 20 days. The serum concentration level of luteinizing,
testosterone and follicle stimulating hormones were measured using ELISA method
and the serum concentration level of glucose were measured using the oxidative
method (glucose meter). Histological study of ovary tissue carried out by
hematoxylin-eosin staining.
Results: There was a significant reduction in luteinizing hormone and testosterone
in III-V groups compared to Sham group, whereas follicle stimulating hormone in
III-V groups was not significantly changed in comparison with Sham group.
Histological investigations showed a significant increase in number of preantral and
antral follicles and corpus luteum in the experimental groups compared to group II.
Conclusion: Marked improvement in hormonal and histological symptoms of PCOS
may be due to CCT effects hence, CCT can potentially be considered as an effective
drug for treatment of PCOS.
Key words: Polycystic ovary syndrome, Gonadotropins hormones, Follicugenesis, Rat
Citrullus colocynthis.

Introduction

P

olycystic ovary syndrome (PCOS) is
the most common endocrinopathy of
women, with a prevalence of 6.56.7% among premenopausal women (1, 2).
The PCOS is also associated with obesity,
insulin resistance, diabetes, hyperinsulinemia
Hypertension, and dyslipidemia (3, 4). Munir
and co-workers demonstrated that insulin
activates ovarian P450c17 mRNA expression
and enzyme activity through its receptors in
theca cells. This action mediated via
phosphoinositide 3-kinase (PI3K)/ protein
kinase B (PKB) pathway (5). Baillargeon and
colleague showed that excessive insulin

synthesis may intensify further androgen
synthesis in PCOS patients (6). Weight gain is
usually associated with an exacerbation of
symptoms, while weight loss usually improves
the symptoms and endocrine and metabolic
disturbances (7, 8). Many of the PCOS
patients were identified by increased serum
level of luteinizing hormone (LH) and normal
or decreased serum level of follicle stimulating
hormone (FSH) (9-11). This is explained by an
increased
pulse
frequency
of
the
hypothalamic
gonadotropin-releasing
hormone (9). Due to the extra production of
androgens from theca cells the theca cell
layer may thick in follicles of PCOS (12). In
addition, insulin increases the response of the
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theca cells to LH, resulting in increased
androgen
production
(13,
14),
and
hyperinsulinemia is common in women with
PCOS (3). Classical morphology of PCOS
includes ovarian cortical thickening, multiple
tiny capsular follicular cysts, hyperplasia,
luteinized inner theca, stromal hyperplasia
and multiple immature follicles, which is an
indication of cessation of follicle genesis. The
size of ovary ranges from normal size to a
very large size (the volume of the ovary
increases to more than 10 cm). In
ultrasonography, histologic findings appear as
a peripheral ring of at least eight small follicles
(610 mm diameter) (15). The pathogenesis of
PCOS is multifactorial and far from completely
understood. Multiple causative mechanisms
are discussed: 1) interaction between certain
genes and environmental factors (16, 17), 2)
dysfunction/regulation by the gonadotropins
and
intra
ovarian
factors,
and
3)
hyperinsulinemia as well as hyper androgenic.
The citrullus colocynthis (CCT) belongs to
the family of cucurbitaceae and grows in arid
climate. This plant, also known as bitter apple
and bitter cucumber, is famous for its
medicinal value throughout the world and in
particular in Asia and Africa (18). CCT
contains active substances such as poly
phenolic components, which are used as antidiabetic, anti-hypertensive immune-stimulant
and antioxidant agents (19-21). Benariba and
co-workers assayed the anti-oxidative effects
of CCT seeds extract at a concentration of
2000µg/ml in a 1-1 diphenyl-2-picrylhydrazyl.
They reported that flavonoids, isosaponarin,
isovitexin and isoorientin 3‟-O-methyl ether,
isolated from the fruits of CCT have significant
antioxidant properties (22). Barth et al showed
that CCT extract was found free of toxic effect
on liver at concentration up to 100µg/ml/kg
body weight, but higher concentrations seem
to have some degree of toxic effect on liver
(23). Marzouk and colleagues evaluated the
effects of immature fruits and seeds organic
extracts of CCT on inflammatory and
analgesic process. All results showed an
important analgesic and anti-inflammatory
activities at different doses (0.5 and 1 mg/kg
for anti-inflammatory and 0.05 and 1 mg/kg for
analgesic effect) without inducing any side
effects (24). Huseini et al studied antidiabetic
effect of fruit powder of CCT on 50 patients
with type II diabetes mellitus. Patients were
divided into two groups (n=25). Each group
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was administrated three times fruit powder of
CCT capsules and placebos every day for 60
days. The results obtained from fasting blood
sugar, glycosylated hemoglobin, triglycerides,
total cholesterol, LDL, HDL, urea, creatinine,
alkaline phosphatase, alanine transaminase
and aspartate transaminase measurement,
elucidated a significant decrease in serum
sugar and glycated hemoglobinin in treated
group with CCT, however no toxic effect was
observed in liver and gastrointestinal system
in both groups (25). Sherma et al showed that
male rats treated with methanolic extract of
CCT exhibited significant (p≤0.01 and
p≤0.001) reduction in the level of serum
testosterone, FSH and LH in comparison whit
controls (26).
Here, our main goal was to evaluate the
effect of 50 mg/kg/day CCT extract and
metformin in PCOS rats compared to control
group on the mean plasma concentrations of
FSH, LH, testosterone, and glucose. Also the
numbers of primordial, primary, preantral and
antral follicles and. corpus luteum were
evaluated during folliculogenesis process.

Materials and methods
Plant materials and extraction
Fresh plants in large quantities were
collected from the city of Ardakan in the
province of Yazd-Iran in summer. The plant
was identified by Department of Biology, Yazd
University, and a voucher specimen (C.C01.01) deposited in the herbarium of the
faculty of the biology of Yazd University-Iran.
Fruits were thoroughly washed using
deionized water, and mopped with tissue
paper and air-dried in a shade to prevent the
decomposition of chemical constituents. All
seeds were manually separated from the pulp
of the fruits. The dried pulp of fruits was
homogenized with a grinder (Muleinex) to fine
powder before extraction. The pulp powder
from individual CCT (250 gr) was extracted
with 100 ml of water/ethanol mixture (20/80
ml) for 24 hr. Ethanol-soluble portions were
pooled from the 300 ml filtrate. The pooled
hydro-ethanolic extracts were concentrated by
rotary evaporator at 45oC (24). The crude
extracts (10 gr) was dissolved in freshly
prepared normal saline (0.9%) to a final stock
solution (10 mg/ml), which was used later to
administer 150 μl (50 mg/kg) of the extract to
the treatment group.
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Animals
Female adult Wistar rats weighing 190±20
gr were obtained from Yazd Reproductive
Sciences Institute, Yazd, Iran. They were kept
in polypropylene cages and left for 2 wk for
acclimatization to animal room maintained
under controlled conditions (12 hr light/dark
cycles at 22±2°C) on standard pellet diet and
water ad libitum. Animals were divided into
five groups (I-V) (n=8/each group).
Experimental
design
and
sample
preparation
Group I (control) only injected by sesame
oil as estradiol valerate solvent. In order to
PCOS inducing single dose of estradiol
valerate (Aburaihan Comoany-Iran, 2ml/day)
was injected intramuscularly for each rat in
other groups (II-V). To ensure inducing PCOS,
from the 10th to the 60th day of injection
vaginal smears was prepared daily and
stained
with
Giemsa
and
examined
specimens by light microscope (Olympus
CX21, Japan). After 10 days, rats whose
estrous cycle was irregular and stopped in
metestrus or diestrus was applied as PCOS
model (27).
Group II (sham) only received daily 1ml
normal saline 0.9% orally. Three experimental
groups (III-V) received orally 50 mg/kg/daily
CCT extract (group III), 50mg/daily metformin
(group IV) and in order to investigate the
possibility of co-operation and exacerbation of
the therapeutic effect of the extract and
metformin, the group V received orally
combination of 50 mg of CCT extract (50mg)
+metformin (50 mg) for 20 days. This
treatment carried out for three weeks for
group V. Administrated doses of CCT extract
and metformin were in line with the previous
study(28). At the end of the third week, under
anesthesia, blood sample collected by heart
for hormone analysis and ovaries were
removed
for
tissue
processing
and
hematoxylin and eosin method for histology
and morphometry. Serum level of glucose was
assayed by glucose meter (San Diego CA
92121.USA). The serum levels of LH, FSH,
and testosterone were evaluated by
Rat/mouse ELISA Kit (Cosmo Bio Co. Ltd.
Japan).These measurements were made
according to manufacturer's kit. We dispensed
50µl of standards, sample, and control
solution into wells. This was followed by
adding
100µl
of
enzyme
conjugate,

tetramethylbenzidine and stop solution into
each well and optical density was read at 450
nm with ELISA reader (VersaMax Elisa.
Molecular Devices USA).
Ovaries were fixed in bouin fixative for 24
hr. Specimens were dehydrated, embedded in
paraffin wax and serially sectioned at 6µm
thickness on rotary microtome (Didsabz- Iran).
This was followed by clearing, hydration and
hematoxylin and eosin staining. Slides were
studied by light microscope (Olympus CX21,
Japan). The number of corpus luteum,
primordial (an oocyte surrounded by a single
layer of flattened granulosa cells), primary
(single layer of cuboidal granulosa cells),
preantral (more than one layer of cuboidal
granulosa cells) and antral follicles were
counted according to the following equation:
Nv 

Q

(

a
)h
f

Nv=the number of follicles in volume unit of
the ovary, ∑Q= number of follicles counted in
10 sections from each specimen, h" is the
distance between selected sections and a/f
was calculated from area/field (29). In this
study from ten slides, one was used for
counting and thickness of slides was 6µm.
Ethical consideration
All procedures performed in studies
involving animal experimental methods were
in accordance with the Helsinki declaration
and Ethics Committee of the Research and
Clinical Center for Infertility, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran
approved the study protocol (IR-SSU-RSIREC-1394-1).
Statistical analysis
Statistics were performed using SPSS
software (statistical package for the social
sciences, version 17.0, SPSS inc, Chicago,
Illinois, USA). The data were expressed as
mean±SD. ANOVA test was used for
comparison of the data between different
groups. Analyses were considered as
statistically significant at p<0.05 and p≤0.001.

Results
The results of this study demonstrated that
glucose concentration in serum of PCOS rats
was significantly increased compared to
controls (115±9.54 and 94.66±10.32 mg/dl
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respectively) p≤0.000, however, the glucose
concentration in the experimental groups was
similar (group III 84.33±5.60 mg/dl, group IV:
87±5.29 mg/dl, group V: 83.33±4.84 mg/dl)
(Figure 1). The mean serum level of
testosterone (0.90±.05 ng/ml) and LH
(2.00±0.05 ng/ml) significantly increased in
group II compared to the control group
(0.40±0.03 ng/ml, p≤0.001 and 0.97±0.08
ng/ml, p≤0.001 testosterone and LH
respectively) (Figure 1). Results from the
present study show the mean serum level of
FSH had no significant variations between any
groups 0.55±.03 (control), 0.45±.04 (group II),
0.61±.03 (group III), 0.43±.05 (group IV),
0.70±.05 mU/ml (group V) (p=0.063) (Figure
2).
Microscopic images of ovary sections
showed that the development of follicles

process was attenuated in group II (Figure 3).
The number of primordial follicles in I, II, III,
IV, and V groups was 117.66±2.51,
24.33±4.04, 110.33±27.22, 126.66±14.46 and
111.66±25.54 in volume unit of the ovary (Nv),
respectively (Figure 4). These data showed a
sharp decrease in the number of primordial
follicles in group II compared to other groups
(p=0.002). The number of antral follicles in
group II was one sixth preantral follicles
(p=0.05 and p=0.001, respectively), while the
proportion in other groups was not more than
a quarter (The number of preantral follicles in
I, II, III, IV, and V groups was 27.66±2.51,
6.33±1.52, 25±3.60, 26.33±4.61, and 21±6.08,
respectively while the number of antral
follicles in these groups was 6.8±2.94,
0.93±0.25, 8±1, 9.06±0.91 and 6.66±1.52
respectively (Figure 4).

Figure 1. The mean serum levels of glucose (mg/dl) in control
(group I), induced PCOS or sham (group II), Citrullus
colocynthis extract (group III), metformin (group IV) and
Citrullus colocynthis extract and metformin (group V)
(n=8/each). Data were analyses by one-way ANOVA test.*
shows significant difference of sham group with III, IV and V
groups (p≤0.001)

Figure 2. The mean serum levels of Testosterone (ng/ml), LH
(mU/ml) and FSH (mU/ml) in control (group I), induced
PCOS or sham (group II), Citrullus colocynthis extract (group
III), metformin (group IV) and Citrullus colocynthis extract
and metformin (group V) (n=8/each). Data were analyses by
one-way ANOVA test.* shows significant difference of sham
group with III, IV and V groups (Testosterone, LH, and FSH
as the level of p≤0.001, p≤0.001 and p=0.063, respectively).
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Figure 3. a) Group II: yellow and black arrows show the development of preantral and primordial follicles respectively. b) Group IV: green
arrow shows the development of primary follicles. c) Group III: green and red arrows show the development of antral and primary follicles
respectively. d) Group V: green and red arrows show the development of primary and primordial follicles respectively. Animals were divided
into control (group I), induced PCOS or sham (group II), plant extract (group III), metformin (group IV) and plant extract and metformin
(group V) (n=8/ each group) (magnification 200X).

Figure 4. Average number of primordial, primary, parenteral
and antral follicles and corpus luteum in female rats
Animals were divided into control (group I), induced PCOS or
sham (group II), Citrullus colocynthis extract (group III),
metformin (group IV) and Citrullus colocynthis extract and
metformin (group V) (n=8/ each group). Data were analyses
by one-way ANOVA test.* shows a significant difference of
sham group with III, IV and V groups. Primordial, antral and
preantral follicles at a level of P=0.002, P=0.05, P≤0.001,
respectively. Ovarian sections were stained with hematoxylin
and eosin, magnification 400X.

Discussion
The results of this study showed that the
serum levels of LH, glucose, and testosterone
in treated groups were significantly decreased
with respect to group II whereas the serum
level of FSH were not significantly changed.
Several
factors
including
androgens
overproduction with ovaries and adrenal
origin,
insulin
resistance,
obesity,
gonadotropin dysregulation and heritance
fields are involved in PCOS pathogenesis (16,
30). Therefore, probably mechanism of action
of CCT can be explained either by the anti-

androgenic and anti-diabetic or the ability of
extract to reduction resistance to insulin.
These results are consistent with the studies
that demonstrated CCT extract have antiandrogenic, anti-hyper- glycaemia, antioxidative and anti-inflammatory activities.
These results are also in agreement with the
previous studies that suggested CCT includes
diverse antioxidants and anti-inflammatory
factors such as flavonoids. Delazar et al
evaluated phytochemical constituents of fruit
pulps of CCT. They identified that CCT
contains anti-inflammatory and anti-oxidative
components such as three flavone glucosides,
isosaponin, isovitexin and isoorientin 3‟-Omethyl ether (31). Giwa et al showed that
seed oil of CCT, as well as fruit pulps, contain
different antioxidants such as diverse
flavonoids Luteolin, Quercetin, and Myricetin
(32). Zhenzehi et al showed that quercetin
significantly reduces the plasma level of TNFa, IL-1, IL-6, and insulin. They also
demonstrated that this flavonoid decreases
the granulosa cell nuclear translocation of NFκB in the insulin-resistant PCOS rat model.
They proved that qurcetin inhibits toll-like
receptor/NF-kB signaling pathway in ovarian
tissue of the PCOS rat (33). Shah and coworkers treated PCOS rats with metformin
and quercetin orally at dose 150mg/kg after
six months. They founded that both treatment
improved luteinizing hormone, testosterone,
and insulin. They also demonstrated that
quercetin inhibits Phosphatidylinositol-4, 5bisphosphate 3-kinase (PI3K) activity and
decreases the expression of an ovary
determining gene of CYP17A1 (34).

International Journal of Reproductive BioMedicine Vol. 15. No. 10. pp: 661-668, October 2017

665

Downloaded from journals.ssu.ac.ir at 23:21 IRDT on Wednesday August 28th 2019

[ DOI: 10.29252/ijrm.15.10.9 ]

Barzegar et al

Sivalingam et al showed that metformin, as an
anti-hyperglycaemia can,is used to promote
ovulation in PCOS rats. This medicine
interacts
with
PI3K/ACT/mTOR
signal
pathway (35).
Ovarian hyper androgenism is mainly
related to an inherent steroidogenic defect of
theca cells in PCOS. The level of LH and
insulin plasma levels appear to enhance
innate abnormality of theca steroids synthesis
(36). Additionally, Increasing the LH pulse
frequency and amplitude leads to perdurable
increased LH levels. This factor may directly
enhance theca androgen synthesis. However,
it has been suggested that high levels of LH
could be the result of impaired negative
feedback on LH secretion, which is, caused by
excessive
androgen
action
on
the
hypothalamic-pituitary axis (37). Insulin seems
to be a starting factor that intensifies the
inherent dysregulation of theca steroids
synthesis in PCOS. It seems that the effect of
insulin to stimulate androgen synthesis is
independent of LH in PCOS ovarian theca
cells (38). By keeping the plasma glucose
level in the normal range, it was shown that
reducing the insulin level by diazixide results
in decreasing the androgen synthesis in lean
women with typically PCOS and normal
insulin sensitivity. These findings showed that
androgen synthesis pathway is sensitive to
insulin (6).
Other studies have suggested that chronic
low-grade inflammation is due to disruption
balance between pro-inflammatory and antiinflammatory cytokines in PCOS (39). The
increased tumor necrosis factor-alpha (TNF-α)
production by mononuclear cells, in response
to hyperglycemia, may further intensify
metabolic and hormonal abnormalities in
PCOS. TNF-α via its own receptor and via
activated nuclear factor kappa-light-chainenhancer of activated B cells (NF-kB (induces
serine phosphorylation of insulin receptor
substrate type 1 (IRS1), Destructive insulin
resistance (40). Investigation of human obesity
and insulin resistance has demonstrated a
clear relation between the chronic activation of
pro-inflammatory signaling pathways and
decreased insulin sensitivity. For example,
high levels of TNF-α, interleukin-6, and
interleukin-8 have all been reported in various
diabetic and insulin-resistant state (41).
The roles of kinases in the initiation of
inflammation and the immune response are
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linked to the translocation of the transcription
factor NF-kB to the nucleus. Cytoplasmic
levels of NF-kB levels are regulated in part by
its binding to the inhibitor of kappa B molecule
(IkB (which is phosphorylated via an IkB
kinase and degraded in during cell activation.
The actions of IkB kinase are therefore linked
to the translocation of NF-kB to the nucleus
and subsequent gene expression. According
to the previous studies where it was shown
that apigenin inhibites activity of IKB kinase in
mouse macrophage, can be concluded that
the inhibition of this key regulatory enzyme is
critical in control of pro-inflammatory (42).
The results of our study show that in
treated groups with CCT extract (group III) for
20 days, the plasma level of LH and
testosterone decreased while plasma level of
FSH did not change significantly compare to
the group II. These results can be related to
anti-inflammatory and anti-oxidative effect of
CCT flavonoids. Flavonoids can act as
antioxidants
to
prevent
diseases
by
modulating oxidative stresses in the body
(43). Therefore, the discovery of plant
compounds with anti-inflammatory effect such
as flavonoids can lead to the development of
plant drugs for the treatment of many proinflammatory diseases. Since the variety of
immune response and pro-inflammatory
process mediated by cytokines such as TNF-α
and interleukin-6 can be a useful strategy for
the treatment of inflammatory disorders. This
pathway represents an important and
attractive clinical target for compounds that
selectively interfere with the inhibition of
necrosis factor kappa B (44).
The results of this study showed that in the
group II compared with the other groups
significantly decreased the number of follicles.
These results are consistent with previous
studies (45). According to the studies, the
cause of the failure can be an excessive
expression of LH receptors in the cells of
preantral follicles attributed granulosa cells
(46, 47). Respond more LH causes the cells
to luteinizing too early and as a result, do not
continue their growth process (48). Also,
Loumaye and co-workers showed that
stopping folliculogenesis process can be
caused by elevated ovarian androgen levels
that will be established under the influence of
LH (49). Jonard and co-workers showed that
high concentrations of plasma insulin can also
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cause overexpression of the receptor gene of
LH in granulosa cells and therefore luteinizing
occurs earlier than normal preantral follicles
(45). These evidence show that improvement
of folliculogenesis in the treated groups with
CCT extract is due to the ability of flavonoids
to decrease serum level of LH, testosterone,
and insulin.

Conclusion
Our study showed that CCT extract can
improve hormonal and follicle development
disorders in PCOS rats. This plant also can
decrease the serum level of LH and
testosterone and glucose. Probably these
effects can be related to flavonoids of CCT.

Acknowledgments
The authors would like to thank to
Biotechnology group of Research and Clinical
Center for Infertility of Yazd-Iran.

Conflict of interest
The authors have no financial
nonfinancial conflicts of interest.

or

References
1. Atiomo WU, El-Mahdi E, Hardiman P. Familial
associations in women with polycystic ovary
syndrome. Fertil Steril 2003; 80: 143-145.
2. Hassanzadeh Bashtian M, Emami SA, Mousavifar N,
Esmaily HA, Mahmoudi M, Mohammadpoor AH.
Evaluation of fenugreek (Trigonella Foenumgraceum L.), effects seeds extract on insulin
resistance in women with polycystic ovarian
syndrome. Iran J Pharm Res 2013; 12: 475-481.
3. Sheikhha MH, Kalantar SM. Diagnostic criteria in
polycystic ovary syndrome. In: Polycystic ovary
syndrome. Edited by: Allahbadia GN, Agrawal R.
Anshan Ltd, Kent, UK. 2007, 27-32
4. Rotterdam E, Group A-SPCW. Revised 2003
consensus on diagnostic criteria and long-term
health risks related to polycystic ovary syndrome.
Fertil Steril 2004; 81: 19-25.
5. Munir, I, Yen HW, Geller DH, Torbati D, Bierden RM,
Weitsman SR, et al. Insulin augmentation of 17αhydroxylase activity is mediated by phosphatidyl
inositol 3-kinase but not extracellular signal-regulated
kinase-1/2 in human ovarian theca cells.
Endocrinology 2004; 145: 175-183.
6. Baillargeon JP, Carpentier A. Role of insulin in the
hyperandrogenemia of lean women with polycystic
ovary syndrome and normal insulin sensitivity. Fertil
Steril 2007; 88: 886-893.

7. Clark AM, Ledger W, Galletly C, Tomlinson L, Blaney
F, Wang X, et al. Weight loss results in significant
improvement in pregnancy and ovulation rates in
anovulatory obese women. Hum Reprod 1995; 10:
2705-2712.
8. Kiddy DS, Hamilton-Fairley D, Bush A, Short F,
Anyaoku V, Reed MJ, et al. Improvement in
endocrine and ovarian function during dietary
treatment of obese women with polycystic ovary
syndrome. Clin Endocrinol 1992; 36: 105-111.
9. Rebar R, Judd HL, Yen SS, Rakoff J, Vandenberg G,
Naftolin F. Characterization of the inappropriate
gonadotropin secretion in polycystic ovary syndrome.
J Clin Invest 1976; 57: 1320-1329.
10. Van Santbrink EJ, Hop WC, Fauser BC.
Classification of normogonadotropic infertility:
polycystic ovaries diagnosed by ultrasound versus
endocrine characteristics of polycystic ovary
syndrome. Fertil Steril 1997; 67: 452-458.
11. Fauser BC, Pache TD, Lamberts SW, Hop WC, de
Jong FH, Dahl KD. Serum bioactive and
immunoreactive luteinizing hormone and folliclestimulating hormone levels in women with cycle
abnormalities, with or without the polycystic ovarian
disease. J Clin Endocrinol Metab 1991; 73: 811-817.
12. Amorim CA, David A, Dolmans MM, Camboni A,
Donnez J, Van Langendonckt A. Impact of freezing
and thawing of human ovarian tissue on follicular
growth after long-term xenotransplantation. J Assist
Reprod Genet 2011; 28: 1157-1165.
13. Diamanti-Kandarakis
E,
Argyrakopoulou
G,
Economou F, Kandaraki E, Koutsilieris M. Defects in
insulin signaling pathways in ovarian steroidogenesis
and other tissues in polycystic ovary syndrome
(PCOS). J Steroid Biochem Mol Biol 2008; 109: 242246.
14. Nestler JE. Insulin regulation of human ovarian
androgens. Hum Reprod 1997; 12 (suppl.):
53-62.
15. Diamanti-Kandarakis E, Kouli CR, Bergiele AT,
Filandra FA, Tsianateli TC, Spina GG, et al. A survey
of the polycystic ovary syndrome in the Greek island
of Lesbos: hormonal and metabolic profile. J Clin
Endocrinol Metab 1999; 84: 4006-4011.
16. Sheikhha MH, Kalantar SM, Ghasemi N. Genetics of
Polycystic Ovary Syndrome. Iran J Reprod Med
2007; 5: 1-5.
17. Mehdizadeh A, Sheikhha MH, Kalantar SM, Aali BS,
Ghanei A. Mutation analysis of exon1 of bone
morphogenetic protein-15 gene in Iranian patients
with polycystic ovarian syndrome. Int J Reprod
Biomed 2016; 14: 527-532.
18. Bendjeddou
D,
Lalaoui
K,
Satta
D.
Immunostimulating activity of the hot water-soluble
polysaccharide extracts of Anacyclus pyrethrum,
Alpinia galanga and Citrullus colocynthis. J
Ethnopharmacol 2003; 88: 155-160.
19. Ferriman D, Gallwey JD. Clinical assessment of body
hair growth in women. J Clin Endocrinol Metab 1961;
21: 1440-1447.
20. Abdel-Hassan
IA,
Abdel-Barry
JA,
Tarig
Mohammeda
S.
The
hypoglycaemic
and
antihyperglycaemic effect of Citrullus colocynthis fruit
aqueous extract in normal and alloxan diabetic
rabbits. J Ethnopharmacol 2000; 71: 325-330.
21. Ziyyat A, Legssyer A, Mekhfi H, Dassouli A,
Serhrouchni M, Benjelloun W. Phytotherapy of

International Journal of Reproductive BioMedicine Vol. 15. No. 10. pp: 661-668, October 2017

667

Downloaded from journals.ssu.ac.ir at 23:21 IRDT on Wednesday August 28th 2019

[ DOI: 10.29252/ijrm.15.10.9 ]

Barzegar et al

hypertension and diabetes in oriental Morocco. J
Ethnopharmacol 1997; 58: 45-54.
22. Benariba N, Djaziri R, Bellakhdar W, Belkacem N,
Kadiata M, Malaisse WJ, et al. Phytochemical
screening and free radical scavenging activity of
Citrullus colocynthis seeds extracts. Asian Pac J
Trop Biomed 2013; 3: 35-40.
23. Barth A, Müller D, Dürrling K. In vitro investigation of
a standardized dried extract of Citrullus colocynthis
on liver toxicity in adult rats. Exp Toxicol Pathol
2002; 54: 223-230.
24. Marzouk B, Marzouk Z, Fenina N, Bouraoui A, Aouni
M. Anti-inflammatory and analgesic activities of
Tunisian Citrullus colocynthis Schrad. Immature fruit
and seed organic extracts. Eur Rev Med Pharmacol
Sci 2011; 15: 665-672.
25. Huseini HF, Darvishzadeh F, Heshmat R, Jafariazar
Z, Raza M, Larijani B. The clinical investigation of
Citrullus colocynthis (L.) schrad fruit in treatment of
Type II diabetic patients: a randomized, double blind,
placebo-controlled clinical trial. Phytother Res 2009;
23:1186-1189.
26. Sharma A, Sharma P, Chaturvedi M, Joshi SC.
Contraceptive efficacy of Citrullus colocynthis
methanolic extract in male rats. Am J Phytomed clin
Therap 2014; 2: 229-241.
27. Thakor AP, Patel AJ. Normalizing of estrous cycle in
polycystic ovary syndrome (PCOS) induced rats with
Tephrosia purpurea (Linn.) Pers. J Appli Natur Sci
2014; 1: 197-201.
28. Ullah N, Khan MA, Asif AH, Khan T, Ahmad W.
Citrullus colocynthis failed to combat against renal
derangements, in spite of its strong antioxidant
properties. Acta Pol Pharm 2013; 70: 533-538.
29. Babaei H, Roshangar L, Sakhaee E, Abshenas J,
Kheirandish R, Dehghani R. Ultrastructural and
morphometrical changes of mice ovaries following
experimentally induced copper poisoning. Iran Red
Crescent Med J 2012; 14: 558-568.
30. Ehrmann DA. Polycystic ovary syndrome. N Engl J
Med 2005; 352: 1223-1236.
31. Delazar A, Gibbons S, Kosari AR, Nazemiyeh H,
Modarresi M, Nahar L, et al. Flavone C-glycosides
and
cucurbitacin
glycosides
from
Citrullus
colocynthis. DARU J Pharm Sci 2006; 14: 109-114.
32. Giwa S, Abdullah LC, Adam NM. Investigating
“Egusi” (Citrullus colocynthis L.) seed oil as potential
biodiesel feedstock. Energies 2010; 3: 607-618.
33. Wang Z, Zhai D, Zhang D, Bai L, Yao R, Yu J, et al.
Quercetin Decreases Insulin Resistance in a
Polycystic Ovary Syndrome Rat Model by Improving
Inflammatory Microenvironment. Reprod Sci 2017;
24: 682-690.
34. Shah KN, Patel SS. Phosphatidylinositide 3-kinase
inhibition: A new potential target for the treatment of
polycystic ovarian syndrome. Pharm Biol 2016; 54:
975-983.
35. Sivalingam VN, Myers J, Nicholas S, Balen AH,
Crosbie EJ. Metformin in reproductive health,
pregnancy and gynaecological cancer: established
and emerging indications. Hum Reprod Update
2014; 20: 853-868.
36. Nelson VL, Qin K-n, Rosenfield RL, Wood JR,
Penning TM, Legro RS, et al. The biochemical basis
for increased testosterone production in theca cells

668

propagated from patients with polycystic ovary
syndrome. J Clin Endocrinol Metab 2001; 86: 59255933.
37. Diamanti-Kandarakis
E.
Polycystic
ovarian
syndrome: pathophysiology, molecular aspects and
clinical implications. Ex Rev Mol Med 2008; 10.
38. Poretsky L, Cataldo NA, Rosenwaks Z, Giudice LC.
The insulin-related ovarian regulatory system in
health and disease. Endocr Rev 1999; 20: 535-582.
39. Puder JJ, Varga S, Kraenzlin M, De Geyter C, Keller
U, Muller B. Central fat excess in polycystic ovary
syndrome: relation to low-grade inflammation and
insulin resistance. J Clin Endocrinol Metab 2005; 90:
6014-6021.
40. González F, Rote N, Minium J, Kirwan JP. In vitro
evidence that hyperglycemia stimulates tumor
necrosis factor-α release in obese women with
polycystic ovary syndrome. J Endocrinol 2006; 188:
521-529.
41. Hotamisligil GS, Arner P, Caro JF, Atkinson RL,
Spiegelman
BM.
Increased
adipose
tissue
expression of tumor necrosis factor-alpha in human
obesity and insulin resistance. J Clin Invest 1995; 95:
2409-2415.
42. Liang Y-C, Huang Y-T, Tsai S-H, Lin-Shiau S-Y,
Chen C-F, Lin J-K. Suppression of inducible
cyclooxygenase and inducible nitric oxide synthase
by apigenin and related flavonoids in mouse
macrophages. Carcinogenesis 1999; 20: 1945-1952.
43. Havsteen BH. The biochemistry and medical
significance of the flavonoids. Pharmacol Ther 2002;
96: 67-202.
44. Kim HP, Son KH, Chang HW, Kang SS. Antiinflammatory plant flavonoids and cellular action
mechanisms. J Pharmacol Sci 2004; 96: 229-245.
45. Jonard S, Dewailly D. The follicular excess in
polycystic
ovaries,
due
to
intra-ovarian
hyperandrogenism, may be the main culprit for the
follicular arrest. Hum Reprod Update 2004; 10: 107117.
46. Willis DS, Watson H, Mason HD, Galea R, Brincat M,
Franks S. Premature response to luteinizing
hormone of granulosa cells from anovulatory women
with polycystic ovary syndrome: relevance to
mechanism of anovulation. J Clin Endocrinol Metab
1998; 83: 3984-3991.
47. Jakimiuk
AJ,
Weitsman
SR,
Navab
A,
Magoffin DA. Luteinizing hormone receptor,
steroidogenesis acute regulatory protein, and
steroidogenic enzyme messenger ribonucleic acids
are overexpressed in thecal and granulosa cells from
polycystic ovaries. J Clin Endocrinol Metab 2001; 86:
1318-1323.
48. Willis DS, Watson H, Mason HD, Galea R, Brincat M,
Franks S. Premature Response to Luteinizing
Hormone of Granulosa Cells from Anovulatory
Women with Polycystic Ovary Syndrome: Relevance
to Mechanism of Anovulation. J Clin Endocrinol
Metab 1998; 83: 3984-3991.
49. Loumaye E, Engrand P, Shoham Z, Hillier SG, Baird
DT. Clinical evidence for an LH „ceiling‟effect induced
by administration of recombinant human LH during
the late follicular phase of stimulated cycles in World
Health Organization type I and type II anovulation.
Hum Reprod 2003; 18: 314-322.

International Journal of Reproductive BioMedicine Vol. 15. No. 10. pp: 661-668, October 2017

