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ABSTRACT

This study aims to investigate the positive effect of Clomiphene Citrate
(CC) in inducing ovulation in women with PCOS. Clomiphene Citrate is a
non-steroidal drug that primarily affects estrogen production. CC also has
pronounced effects on balancing of the female hormones, normal ovulation
process, and overcoming the PCOS-based infertility issues. Hormonal
profile evaluation including follicle stimulating hormone (FSH), luteinizing
hormone (LH), progesterone, and estrogen was performed at Clinical
Laboratory, Services Hospital, Lahore. Serum volume of the
aforementioned hormones were determined in PCOS-suffering infertile
women (n=50) and healthy fertile women (n=50) by using a commercially
available ELISA kit manufactured by Calbotech Inc. Serum luteinizing
hormone (LH), follicle stimulating hormone (FSH), progesterone, and
estrogen mean values in PCOS patients before the use of CC were evaluated
as 5.74+0.939 (IU/L), 3.804+1.163 (IU/L), 2.098+1.233 (ng/ml), and
(51.458+7.091 pg/ml respectively, while after management with CC the
mean value of serum LH, FSH, Progesterone, and Estrogen were
3.716+£0.513 (IU/L), 5.644+1.130 (IU/L), 10.704+2.313 ng/ml and
37.72+4.969 pg/ml respectively, which indicated a significant differences
in hormonal pattern . The current study demonstrates that Clomiphene
Citrate (CC) has positive effects in ovulation process in females with
polycystic ovarian syndrome (PCOS), within the local population.
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1. INTRODUCTION

The Polycystic ovarian syndrome (PCOS) is an important endocrinal
disarray found in females during their reproductive period, with a
prevalence rate of 20 percent [1]. The main cause of PCOS is hormonal
imbalance, which includes hyperandrogenemia (HA), high release of
luteinizing hormone, estrogen and follicle stimulating hormone (FSH). It is
also a source of multiple pathological abnormalities including anovulation,
polycystic ovaries, menstrual disorders, infertility as well as increased
insulin resistance, diabetes type 2 and obesity [2]. A recent study suggests
that PCOS can be developed due to malfunction in human gut microbiota
(GM), which can be manifested in chronic inflammation and diabetes [3].
Moreover, molecular investigations revealed a low level of miRNA-592 and
hypomethylation of LHCGR regions that could interrupt LH hormone
release and ovarian follicle development which leads to PCOS [4].

Major focus in PCOS treatment includes changes in hormonal
regulation (including LH, FSH, estrogen and progesterone) and infertility
due to anovulation. The release of luteinizing hormone (LH) from anterior
pituitary gland, accentuates the production of ovum and formation of
ovarian steroid especially estrogen, progesterone and FSH. Moreover, in
females FSH produced via anterior pituitary gland, in turn stimulates the
follicular growth inside the ovaries that formulates ovarian follicles under
the action of luteinizing hormone (LH), moreover it results in LH induced
estrogen secretion.

Progesterone is mainly synthesized from circulating cholesterol and by
nature is a C21 steroid. Cholesterol conversion to progesterone is attained
via a combined mechanism of dehydrogenase and isomerase enzymes. The
primary role of progesterone is exhibited mainly by the reproductive organs,
whereas in males it is a crucial intermediate for the production of
corticosteroids and androgens. While, in women it stay relatively persistent
throughout the follicular period of the menstrual cycle. The plasma levels
of progesterone stay elevated for 4-6 days, with a decline to initial levels
within 24 hours before the onset of menstruation. Estradiol E2 is a potent
naturally produced Estrogen by the placenta and ovary, additionally a
smaller amount is secreted by the adrenal cortex. Estradiol secrete into
blood stream via binding to sex hormone binding globulin (SHBG).
Whereas, Estradiol receptor complex greatly affects estrogenic activity, that
further triggers a appropriate response. Clomiphene Citrate (CC) therapy is
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a straightforward, affordable and successful technique for induction of
ovulation with fewer side effects and it has been frequently used as a first
line management for anovulatory PCOS [5, 6]. Women with polycystic
ovarian syndrome have a metabolic syndrome prevalence of 33% [7].
Weight loss helps to recover not only metabolic syndrome but also increase
PCOS resolution up to 3 to 8 fold [8]. Poverty is one of the major social
issues that greatly impacts the healthy women and leads to polycystic
ovarian syndrome condition.

Infertility due to owvulation failure, accounts for about 30% of all
infertility cases that were research in current study [9]. CC enhances the
follicular growth by inhibiting estrogen's negative feedback mechanism
loop and furthermore stimulates the secretion pituitary gonadotropins. As a
result, CC has been recommended as a traditional first line medicine to
promote fertility in females with polycystic ovarian syndrome (PCOS) ,
however its anti-estrogenic effect on cervical mucus and endometrial layers,
while receptivity resulted in a low pregnancy rates [10]. The metabolic
health issues like insulin resistance, compensatory hyperinsulinemia, Type
Il diabetes and dyslipidemia are all significantly linked to PCOS [11].
Medicinal treatments for anovulation usually includes CC, Letrozole or
Metformin treatment [12]. CC is now used as a standard medication for
inducing ovulation in polycystic ovarian syndrome (PCOS) patients
globally. Insulin resistance (IR) is a foremost metabolic anomaly of PCOS
that leads to the hyperinsulinemia and hyperandrogenism [13]. Moreover,
treating insulin resistance by using combined drug therapy (like CC and
metformin) may trigger normal ovulation especially in obese female with
pronounced insulin resistance (IR) [14]. For management of anovulation in
women with polycystic ovarian syndrome, the treatment options are offered
with special focus. However, there are other co-morbid conditions which
exist with PCOS like cardio metabolic syndrome, enhance body mass index
(BMI), mental disorders and reduced quality of life [15]. The current study
investigated the effect of CC in controlling four hormonal levels (Estrogen,
LH, FSH and progesterone) in women with PCOS.

2. MATERIALS AND METHODS

This study was designed and approved by the Ethical Committee of
School of Biochemistry, Minhaj University of Lahore, with IRB number
MUL/BIOCHEM/87/2018. This clinical trial study was carried out at the
Infertility Filter Clinic and Clinical Pathology Laboratory, Services
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Hospital Lahore. This study included a total 100 female subjects, out of
which 50 women were infertile with polycystic ovarian syndrome (PCOS)
and 50 were vigorous fertile women that were taken as healthy control
group. The study was carried out from November 2018 to January 2019.
Inclusion criteria for the study were married, infertile, obese and non-obese
females with age range between 20-45 years. Exclusion criteria include
diabetes type 2, hypertension and unmarried females. Each individual from
experimental group received 50 mg of CC dose. The treatment regimen
started with one tablet daily as a starting dose at 3™ day of menstrual series
for five days in the 1% month, followed by twice daily in the same pattern
in the second month that was finally increased to three times daily following
the third month. The levels of serum FSH, LH, estrogen and progesteron
were measured by ELISA kit manufactured by (Calbotech Inc, USA). The
blood samples (n=100) were collected by the Gynecology and Obstetrics
Department of Services Hospital, Lahore. The venous blood samples were
collected via disposable syringes (5 ml, BD syringes) and transferred into
gel vials that were kept in incubator at 37 °C for 30 minutes. The serum
were extracted after centrifugation at 3000 rpm for 4 minutes, which were
then transferred into labeled serum cups and stored at -20 °C for further
analysis. Hormonal analysis of each serum samples were performed, that
was based on a non-competitive sandwich principle of ELISA.

2.1.Assay for Determination of Luteinizing Hormone

The 96 wells micro-titer wells were coated with streptavidin. The
samples and conjugated anti-LH/anti-biotin were added to well, LH in
serum was sandwiched between antibodies which was labeled with HRP.
Thymol Blue (TMB) was added into the reaction mixture, which was further
incubated for 15 minutes at alkaline pH. The appearance of blue color was
proportional to the LH concentration and was measured by taking
absorbance at 450 nm spectrophotometrically [16].

2.2.Assay for Determination of Follicle Stimulating Hormone

For FSH analysis serum specimen and a diluted conjugate of anti-FSH-
HRP were added to 96 micro-well plates coated with FSH beta subunit
Monoclonal antibody (Mab). The FSH present in the sample bound with
anti-FSH Mab, coated in the well and a secondary antibody anti-FSH-HRP,
then attaches with FSH. The HRP conjugate and unbound protein fractions
were then subsequently washed by wash buffer. After TMB addition, there
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was change in yellow to blue color, which was measured after 15 minutes
with the addition of stop solution by using spectrophotometer at 450 nm

[17].

2.3.Assay for Determination of Estrogen

The assay mixture consisted of serum and estrogen (E2) peroxidase
conjugate to 96 wells ELISA plate, coated with anti-E2 antibodies. Serum
estrogen reacted with anti-E2 antibodies on the micro-well plate. The
unbounded E2- peroxidase was washed off by wash buffer. After addition
of TMB, reaction mixture was incubated for 15 minutes, followed by
addition of stop solution and change in color (from yellow to blue) was
measured at 450 nm [18].

2.4.Assay for Determination of Progesterone

The Progesterone-enzyme conjugate plus patient serum were added to
wells, coated with anti-progesterone Ab. The progesterone in patient’s
serum gets bound to anti-progesterone Ab present in the wells. The
unbounded progesterone enzyme was washed from wells via wash buffer.
After addition of TMB, color changed from yellow to blue at alkaline pH
and intensity of color was evaluated at 450 nm, 15 minutes after the addition
of stop solution [19].

2.5. Statistical Analysis

The statistical investigation tool SPSS (version 17.0) was used for the
data analysis. One-tailed-t-test was used to check the effect of CC on
hormonal level in both groups studied data. p value (p<0.05) was taken as
statistically, significant. The analyzed data was represented as mean values
with standard deviations.

3.RESULTS

All 100 participants (control and experimental), included in this study
completed the CC therapy for the recommended time period of 3 months.
All the subjects in control group and experimental groups were initially
analyzed for serum hormones level (shown in Table 1).
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Table 1. Comparison of the Levels of Luteinizing Hormone, Follicle
Stimulating Hormone, Progesteron, Estrogen and BMI between Control and
Polycystic Ovarian Syndrome Groups Before Treatment with CC

Hormone Control (Mean+SD) PCOS (Mean £ SD) p-value
LH (IU/L) 4.672 £ 1.006 5.748 £ 0.939 <0.001
FSH (1U/L) 6.4 + 0.961 3.804 + 1.163 <0.001
Progesteron (mg/ml) 11.13 + 2.352 2.098 +£1.233 <0.001
Estrogen (pg/ml) 30.06 £4.41 51.458 + 7.091 <0.001
BMI (kg/m? 21.772 + 2.960 23.842 £ 0.665 <0.001

*The statistically significant level was (p < 0.05).
**|_H = Luteinizing Hormone
***ESH = Follicle Stimulating Hormone

Table 1 shows that levels of LH, estrogen and BMI were increased in
women with polycystic ovarian syndrome, while, its assessment remained
normal in the healthy females. Levels of serum FSH and progesteron
hormone were decreased in PCOS women in comparison to normal
controls. It showed that the prominent or decreased altitude of hormone in
polycystic ovarian syndrome is due to up regulated pattern of hormones.

To measure the effect of clomiphene citrate among PCOS patients, the
hormonal levels along with BMI in experimental subjects were measured,
before and after drug administration. The subjects were divided into 2
groups for the analysis. The results are presented in Table 1. The statistical
analysis revealed significant variation (p<0.05) before and after the use of
clomiphene citrate on the hormonal profiles of patients. The p-value <0.05,
which revealed statistically significant difference in fertility hormones
levels between the two groups.

Table 2. Comparison of Luteinizing Hormone, Follicle Stimulating
Hormone, Progesterone and Estrogen in Patients Before and After
Treatment with Clomiphene Citrate

Infertile Women Infertile Women
Hormones with PCOS before with PCOS after p value

CC (Mean £ SD) CC (Mean £ SD)
LH (IU/L) 5.74 £0.939 3.716 £ 0.513 <0.001
FSH (1U/L) 3.804 £1.163 5.644 +1.130 <0.001
Progesteron (ng/ml) 2.098 +£1.233 10.704 £ 2.31 <0.001
Estrogen (pg/ml) 51.458 + 7.091 37.72 £ 4,969 <0.001

*LH = Luteinizing Hormone
**ESH = Follicle Stimulating Hormone
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Table 2 shows the decrease in LH and estrogen level and an increase in
progesterone and FSH level after CC regimen.

Figure 1 shows that the mean levels of serum LH U/ml, FSH U/ml,
progesterone ng/ml and estradiol pg/ml in infertile women with PCOS
before clomiphene citrate (CC) were 5.74 U/ml, 3.804 U/ml, 2.098 ng/ml
and 51.458 pg/ml respectively, while the mean levels of serum LH U/ml,
FSH U/ml, progesterone ng/ml and estradiol pg/ml in infertile women with
PCOS after clomiphene citrate were 3.716 U/ml, 5.644 U/ml, 10.704 ng/ml
and 37.72 ng/ml respectively.

70 m[nfertile women with PCOS before CC Infertile women with PCOS after CC
51458
60
50 37.72
40 I
30
10704

20 374 3716 3804 5644 2,008 ]7
10 ‘ I |

0

LHIU/L FSH IU/mL Progesterone ng/mL Estradiol pg/mL

Figure 1. Comparison of serum Luteinizing Hormone, FSH, Progesterone
and Estradiol in infertile women before and after management with CC

Mean + Standard Deviation of age Cases and Controls
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Figure 2. Age wise Mean + Standard Deviation for both cases and controls
groups
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4.DISCUSSION

Clomiphene Citrate (CC) is an antiestrogenic drug that reduces the
estrogen release [20]. A cohort study by Branigan [21] demonstrated that
CC and oral contraceptive pills (OCP) help prevent the hyper-secretion of
LH inwomen. Al-Inany emphasized the cause of CC in dropping luteinizing
hormone (LH), levels that have best anti-estrogenic consequence. They also
reported that stage of FSH and progesterone were also elevated after 21 days
of CC used. Significant changes in hormonal levels have been observed in
50 women that were included in this study with PCOS health issue, as
compared to normal control women.

PCOS is a heterogeneous clinical disorder with high prevalence in
young female. The CC drug is a non-steroidal discerning estrogen receptor
modulator, that constraints the estrogen receptors present in hypothalamus,
as well as resulted in a negative feedback impact of estrogen on
gonadotropins release which leads to the increased activity of the gonadal,
pituitary and hypothalamic axis [22]. Furthermore, clomiphene citrate drug
has a high failure probability as a first procession medication for ovulation
induction. However, patients were shown to have an increased chance of
developing ovarian cancer if they used CC medication for more than six
menstrual cycles [23]. The major cause of PCOS is thought to be a decrease
in the sympathy of preantral follicles to follicle stimulating hormone or an
boost in the follicular activity due to LH, which inhibits the normal pathway
of follicle development [24].

The disturbance of the hypothalamic pituitary ovarian axis is the
primary cause of ovarian dysfunction in PCOS as demonstrated by
increased gonadotropins releasing hormone (GnRH) pulse frequency [25].
Before starting pharmacological induction of ovulation, it is critical to first
improve the individual strong by ensuring that one's (BMI) is normalised,
or that those who are considerably obese have to lose at least 5-10% of their
body weight. Body Mass Index should ideally be fewer than 30 kg/m?, yet
it is acknowledged that for numerous women experiencing reproductive
issues, age is also a key factor, thus a realistic approach is required in such
a situation. Nonetheless, there is a definite link between high BMI and poor
pregnancy outcomes, including miscarriage, pre-eclampsia and congenital
abnormalities, as well as gestational diabetes [26]. There is probability that
in 25% of couples, ovarian illness is the principal reason of infertility and
PCOS is furthermost common cause of an-ovulatory infertility, which is
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nearly 70% of reported cases [27, 28]. Broadly, it can be concluding that
obesity, dyslipidemia, IR, hyperinsulinism, type 2 DM and cardiovascular
disease are among the prevalent endocrine and metabolic features which are
linked to PCOS. Moreover, PCOS can elevate the risk of miscarriages and
pregnancy issues including gestational diabetes in women [29, 30].

4.1. Conclusion

The present study has demonstrated that the clomiphene citrate
potentially holds positive effects in inducing fertility in women with PCOS
in our general population. Anovulation causes infertility due to defects in
the luteal phase, but the use of clomiphene citrate in prescribed manner
results in the hormonal balance, increase in fertility levels and relief from
the symptoms of PCOS. This study can be helpful for the clinicians and
practitioners to overcome the situation of PCOS in females that have various
deleterious health impacts on the reproductive life of women.
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