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Abstract: Objectives: The current study aimed to correlate OCT1 (organic cation transporter 1) polymorphisms with
metformin response variability in Iragi women with PCOS (polycystic ovarian syndrome) and determine the impact of
OCT1 polymorphism. PCOS, an endocrine metabolic disorder, can seriously impact female health including infertil-
ity. Although its cause is unclear, it is usually known to be associated with hormonal imbalances. OCT1 is essential
for metformin absorption in the liver. Recent research shown that OCT1 polymorphisms affects metformin respon-
siveness. Methods: In the present work, a prospective case-control study was conducted at Department of Infertility,
Karbala Teaching Hospital for Obstetrics and Gynecology. 100 PCOS patients and 50 healthy controls aged 20-40
were enrolled. Consultant gynecologist diagnosed PCOS patients using Rotterdam criteria and recommended met-
formin 500 mg twice daily for 3 months. At the start of the trial and after 3 months, all patients and healthy controls
underwent hormonal, biochemical and genetic tests. Results: The similar allelic frequencies of OCT1 polymorphism
in PCOS and control groups was observed. Most patients with reference wild type alleles (C) showed considerable
hormonal and metabolic responses to metformin, while those with mutant alleles (T) showed non-significant re-
sponses. Conclusion: FSH, prolactin and testosterone hormonal levels may be considered as candidate biomarkers

for PCOS detection and metformin related biomedical respond.
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Introduction

One of the most common reason for female
infertility is polycystic ovary syndrome (PCOS)
“an endocrine and metabolic disorder” that
affects between 3 and 10 percent of women of
reproductive age. PCOS is characterized by
chronic anovulation, polycystic ovaries and
hyperandrogenism [1]. There is compelling evi-
dence that PCOS is largely a hereditary disease
and the cause of the complex and multifaceted
PCOS problem is unknown so far [2].

Metformin is a stable hydrophilic biguanide
molecule that is highly polar, positively charged,
and having low molecular weight that exhibits a
wide variety of biological activities [3]. It may be
found in a wide variety of tissues including skel-
etal muscle, liver, pancreas, adipose tissue,
hypothalamus and pituitary as well as the
gonads. Metformin is mostly found in the cyto-

sol. According to several subcellular investiga-
tions conducted in rat liver, it has poor solubility
[4]. As was shown by research conducted with
mice, metformin may accumulate in specific tis-
sues at larger amounts than it does in plasma
[5].

The organic cation transporters (OCTs), are a
kind of diffusional transporters that is polyspe-
cifically and bidirectionally facilitates diffusion.
These transporters play essential physiological
functions in the clearance of metabolites and
drugs [6]. Hepatocytes are where the gene for
OCT1 (SLC22A1) is most often expressed in
human beings [7]. Both the expression of the
OCT1 gene and the levels of the OCT1 protein
may be determined in adipose tissue, muscles
of the skeleton, ovaries, and the intestines.
Proximal tubular cells of the kidney are where
the OCT2 gene is expressed. OCT3 is present in
a wide variety of tissues and may be detected in
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astrocytes [8]. There is a wide range of possible
outcomes in terms of the clinical response
to metformin medication for PCOS patients.
According to the findings of many studies, its
potential to lower testosterone and insulin lev-
els, normalize menstruation, and enhance body
weight shown substantial variability [9]. It has
been suggested that unknown or unmeasured
factors influence the response to metformin
treatment in PCOS. Even, polymorphisms in
genes that are involved in the transport or
effect of metformin are to blame for the vari-
able responses to metformin as seen in type 2
diabetes [10]. It is widely known that the main
transporter of metformin is organic cation
transporter 1 encoded by the SLC22A1 gene
located on the chromosome 6 and consisting of
11 exons spanning 37 kb [11]. The relationship
between genetic variations, including those of
OCT1 gene, and metformin response in PCOS is
still an area of active research and not yet fully
understood. Some reports suggest that OCT1
is the determinant of individual response to
metformin treatment in PCOS. Different reac-
tions to metformin treatment were caused
through the differences in OCT1 gene poly-
morphisms. So this study aimed to determine
OCT1 Polymorphism “rs12208357” in women
who have polycystic ovary syndrome and find
out possible biomarkers for the early detection
and therapy during metformin intake for three
months.

Materials and methods
Study designing

This study was considered as a prospective
project on women with polycystic ovary syn-
drome when using metformin treatment for 3
months. Body mass index (BMI) was recorded
for every women before and after treatment by
metformin according to the formula [12].

Subjects

University of Karbala Institutional Review Board
for the Protection of Human Subjects gave their
stamp of approval to the study’s protocol.
Written informed consent forms were signed by
all participants. Women with polycystic ovary
syndrome were recruited from the obstetrics
and gynecology departments at Al-Hassan
Hospital in Karbala city. These women ranged
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in age from 20 to 40. Patients without menstru-
al cycle irregularities, clinical or biochemical
hyperandrogenism, polycystic ovaries on ultra-
sound examination, or a history of systemic/
endocrine disease were enrolled as controls
from an infertility clinic prior to beginning an in
vitro fertilization program.

PCOS criteria

The inclusion criteria were as follows: lIraqi
women who confirmed diagnosis of polycystic
ovary syndrome based on established diagnos-
tic Rotterdam criteria. This diagnosis was using
criteria such as the androgen excess and ages
that should be ranged between 20 and 40
years old. Participants who provided informed
consent to be part of the study and agreed to
provide the necessary samples for research
purposes. Included patients met two of three
criteria in order to be classified as having PCOS:
(1) polycystic ovaries (follicles measuring 2-9
mm in diameter, or ovarian volume > 10 mL in
at least one ovary); (2) oligo-anovulation (a
cycle length > 35 days or amenorrhea); (3) cli-
nical hyperandrogenism (hirsutism with m-FG
score 6 with/without acne or androgenic alope-
cia); and/or biochemical hyperandrogenism.
The exclusion criteria were as follows: Women
who were pregnant or planning to become preg-
nant during the study period. Excluded women
who were undergoing hormonal treatments
that might affect PCOS symptoms, such as oral
contraceptive use, hormone replacement ther-
apy, or anti-androgen medications. Women who
had undergone significant surgical interven-
tions related to PCOS or reproductive system.

Blood sample collection

Blood samples were collected from each
patient via vacutanir safetr lok collection tubes
and the blood were centrifuged to obtain serum
for hematological and hormonal analysis in-
cluding FSH (IU/L), LH (ng/ml), TSH (ulU/mL),
Prolactin (ng/ml), Testosterone (ng/ml) and
Progesterone (ng/ml).

DNA extraction

Using AddPrep Genomic DNA Extraction Kit
(Korea), genomic DNA was isolated from
whole-blood vials according to Manufactural
protocol.
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ARMS PCR assay

In the present investigation for ARMS PCR,
Macrogen genomic company of korea synthe-
sized the allele specific primers as indicated by
Ali et al. [13]. In a total volume of 25 pl, 150 ng
of genomic DNA was amplified by using 1 pl (10
mM) of each primer, 2.5 pl of Green Buffer (1),
2.5 pl of MgCI (20 mM), 5 ul of ANTP (2 mM;
Thermo Fisher Scientific), and 0.150 ul of
DreamTag DNA Polymerase (5 U/L) for each
PCR test tube.

Primers used were depend on OCT 1 Alleles
C>T (forward common) 5-CAGATGGCCACGTG-
CATTCTTC-3’; (reverse C allele) 5-AGGGCTCC-
AGCCACAGCG-3’; other (reverse T allele) 5’-CA-
GGGCTCCAGCCACAGCA-3'. The PCR reaction
was performed in the conventional thermocy-
cler (Biobase company/China) and run under
the following conditions: initial denaturation at
94°C for 5 min; 35 cycles at 94°C for 60 sec,
annealing for 30 sec (testing 62°C, 64°C,
or 66°C), extension at 72°C for 60 sec, fol-
lowed by a final extension at 72°C for 10 min
that was not cycled. As a result, one allelic
amplicon was produced as a 407-bp fragment
indicating the OCT 1 gene. The amplification
products were resolved by electrophoresis in
1.5% (wt/vol) agarose gel in 600 mL of TBE
(Tris/Borate/EDTA (ethylene diamine tetraacid-
ic acid)). Electrophoresis was performed at a
constant voltage (100 V) for 1 h at room tem-
perature. The costs of genotyping per sample
were calculated by considering the cost of
reagents and consumables.

Statistical analysis

Study subjects’ information was entered into a
database, checked for accuracy and consisten-
¢y, and then maintained, processed, and ana-
lyzed with the use of SPSS for Windows, Version
25, IBM, USA. The Kolmogorov Smirnov test
and the histogram were used to check the nor-
mal distribution of all continuous (scale) vari-
ables. For continuous variables such as age,
BMI (Body Mass Index), and number of children,
their distribution was checked for normality
using the Kolmogorov-Smirnov test and histo-
grams. Descriptive statistics, including mean
and standard deviation (SD), were used to pres-
ent these scale variables. Parametric tests,
specifically the Student t-test for two samples,
were applied to compare the studied parame-
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ters between the different groups if the vari-
ables followed a normal distribution. Non-
parametric tests, such as the Mann-Whitney U
test for two independent samples, were used
for variables that did not follow a normal distri-
bution. Within the PCOS group, the Wilcoxon
Signed Ranks Test was used to compare the
studied parameters before and after treat-
ment. A significance level of P < 0.05 was con-
sidered statistically significant. Nominal (cate-
gorical) variables’ descriptive statistics are
shown in terms of frequency (the number of
people surveyed) and proportion (the percent-
age of those surveyed). Data given as mean
and standard deviation (SD) on a scale.

Results
BMlI values

By observing women during the metformin
treatment period for three months, the results
showed that just 96 (96%) women were com-
mitted to the treatment of metformin and 4
women (4%) were excluded due to the weight
gain and non-compliance with the treatment
for three months. Table 1 showed that the most
women with polycystic ovary syndrome were at
a body mass index ranging between 30-34.9. It
was also recorded that 35% of women with
PCOS followed by the body mass index ranges
between 25-29.9. The results of this study
showed that there were some women who
responded to treatment with metformin, as
there were four women from the total of 28
women (14.28%) who responded to treatment
via metformin uptake with body mass index
ranging 18.5-24.9. On the other hand, data
showed that there were two women out of 35
women (5.71%) who reached to BMI of 18.5-
24.9 and two women (5.71%) who reached BMI
of 25-29.9 in response to metformin treatment.
Finally, we obtained four women (14.28%) who
responded to treatment with metformin with a
BMI value of more than 35.

Table 2 indicates that there are 15 women who
have the ability to respond to treatment through
the return of their natural hair and their lack of
hair loss with significant differences (P < 0.05)
when using metformin treatment for a period of
3 months. We noticed that there are 91 (91%)
women who have hair loss, 21 (18.9%) women
have responded to metformin treatment by
observing the return of hair after its loss. We
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Table 1. The body mass index of Iragi women having PCOS

before and after metformin treatment

patients there was no significant
decrease in FSH concentration. The

No. of patients

No. of patient

prolactin level is decreased in patient
with C allele from 25.326+6.78 ng/

BMI before metformin BMI after metformin
treatment treatment ml to 18.98+6.13 ng/ml with signifi-
> 185 0 0 0 cant dif{erfncesf(f <t0.(?(47). AI§o the
concentration of testosterone is sig-
18.5-24.9 12 18.5-24.9 ° nificantly decreased from 0.61+0.15
25-29.9 ng/ml to 0.320.18 ng/ml in C allele
30-34.9 patients. Data show that there are
<35 0 no significant decreases in hormonal
25-29.9 28 18.5-24.9 4 levels in T allele patients before and
25.29.9 23 after metformin treatments.
30-34.9 Genetic amplification
<35 0
30-34.9 35 18.5-24.9 2 As the next and final step of our stud-
25.29.9 2 ies, the genetic variations was inves-
30-34.9 30 tigated on PCOS p{atients. The gene
<35 of OQTl was amplified by usmg alle!e
<35 14 18.5.24.9 0 specific primers as described in
) ) materials and methods section. The
25-29.9 0 amplification result of OCT1 gene
30-34.9 4 (including C and T alleles) showed an
<35 10 amplicon of 407 bp as illustrated

Yellow color: no response to drugs and Red color: response to drugs.

also noticed that all women do not have a regu-
lar menstrual cycle, but after using metformin
treatment, 13.5% of women obtained regularity
with significant differences (P < 0.05). As for
the rest of the women including 75 who still
have no regulatory menstruation. Evaluation of
vocal change values shows that there are about
64 changes in the tone of the voice, and after
using metformin treatment, we have 48 women
who have a change in the tone of the voice with
non-significant differences (P > 0.05) (Table 2).

Hormonal values

Our study was followed by measuring the level
of hormones (including FSH, LH, TSH, prolactin,
testosterone and progesterone) for Iraqi wo-
men with polycystic ovaries. Table 3 showed
that there was no significant relationship
between hormonal concentrations before and
after treatment with metformin, except for the
hormones FSH, prolactin and testosterone. As
the results show, the concentrations of these
hormones are significantly decreased after
treatment (P < 0.05). FSH concentration is de-
creased from 6.24+2.22 |U/L to 5.58+1.520
IU/L in C allele patients. While, in T allele
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electrophoretically on 2% agarose gel
(Figure 1).

Discussion

Metformin is the first insulin sensitizing drug
that is used for PCOS pathogenesis and the-
rapy. Previous reports show the significant
improvement in menstrual regularity and reduc-
tion in androgen hormonal levels in PCOS
patients treated with metformin [13]. Based on
these reports, there are considerable inter-indi-
vidual variabilities in response to metformin
treatment. Therefore it was suggested that dif-
ferent genetic and non-genetic factors may
determine and affect the metformin responses
in different PCOS individuals [14]. In consis-
tence with this, the results of our study showed
that there were some women who responded to
treatment with metformin and reduced their
BMI values, as there were two women out of 35
women (5.71%) who reached to BMI of 18.5-
24.9 and two women (5.71%) who reached BMI
of 25-29.9. The action of metformin is anti-
hyperglycemic medication that belongs to the
biguanide class. It accomplishes this via lower-
ing glucose synthesis in the liver, raising insulin
sensitivity in the body’s tissues, and elevating
growth/differentiation factor 15 (GDF15) secre-
tion, all of which lead to a decrease in hunger
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Table 2. Clinical cases for women before and after treatment with metformin

Before treatment After treatment
Parameters Number Number P value
N=100 N=90
N (%) N (%)
Hair loss Yes 91 (91%) 69 (73%) X?=10.3
No 9 (9%) 21 (18.9%) P=0.001
Menstrual cycle Regularity Yes 0 15 (13.5%) X?=18.09
No 100 (100%) 75 (67.5%) P=0.001
Vocal change Yes 64 (64%) 48 (44.1%) X2=2.22
No 36 (32.4%) 42 (37.8%) P=0.13

Table 3. Relationship between OCT1 polymorphisms and hormonal levels before and after metformin
treatment

OCT1 polymorphism Alleles Pre Post P value
FSH (1U/L) C 6.241+2.22 5.56+146 0.054
T 5.58+1.520 5.48+1.67 0.814
LH (ng/ml) C 9.28+2.322 8.64+2.13 0.312
T 9.32+2.47 9.58+2.130 0.425
TSH (pIU/mL) C 2.40+1.01 2.38+0.83 0.912
T 2.323+0.905 2.323+0.88 0.917
Prolactin (ng/ml) C 25.326+6.78 18.98+6.13 0.047
T 27.94+94 26.85+5.32 0.76
Testosterone (ng/ml) C 0.61+0.15 0.3+0.18 0.19
T 0.66+0.16 0.73+£0.17 0.50
Progesterone (ng/ml) C 0.61+0.15 0.7+£0.17 0.19
T 0.66+0.16 0.73+0.17 0.50

not effective in our current
study, but it is due to the short
period of treatment, which is
a period of a few months, as
well as the lack of complete
knowledge of how women
should follow up and take
treatment.

1000 obp

Similarly, the results showed
that out of 91 women with
hair loss, 21 (18.9%) exhibit
hair growth after metformin
treatment. PCOS is associat-
ed with higher than usual
amounts of testosterone, wh-
ich is known to inhibit hair

Figure 1. The electrophotography of OCT1 gene PCR product loaded in each growth. Hence, PCOS is link-

well on 2% agarose gel electrophoresis (70 V, 120 min, and 5 pL). Lanes 1-4: ed to hair loss in certain
represented to PCR products of C and T alleles; Lanes 5-8: represented to patients. Therefore metfor-
negative results; Lane M: Ladder DNA (100-1500 bp). min treatment reduces the

concentration of testosterone
as well as a lower in total calorie consumption and so causes hair growth in women who have
[15]. This does not mean that the treatment is polycystic ovaries [16]. Through the current
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study, we only included 15 (15%) women whose
menstrual cycle was regulated. PCOS women
typically experience fewer than six to eight
menstrual periods throughout the course of
the year. Some girls go through puberty with
regular menstrual periods, however such cycles
can change to become erratic if the girl is over-
weight. PCOS is related with gradual weight
increase and obesity in roughly one-half of
women, which occurs in approximately one-
third of women with PCOS [17]. The results of
the present study showed no significant differ-
ences in the vocal voice after treatment with
metformin.

In this study, we investigated the association
between the polymorphisms of OCT1 gene and
the treatment effectiveness of metformin in
PCOS patients. OCT1 cation transporter has
been reported to mediate metformin transport
in the liver. Its polymorphism may affect the
activity of metformin transport and thereby
influence the treatment response of metformin
in PCOS patients [18]. The rs316019 polymor-
phism of OCT1 gene, has been widely studied in
PCOS patients [19]. The results are based on
the Genome Wide Association Studies (GWAS),
which have been the main studies in the ge-
netic search for PCOS. OCT1 gene located on
chromosome 1g25.3 and it is predominantly
expressed in the hepatocytes. Its expression
and protein levels are also detectable in adi-
pose tissue, skeletal muscles, ovaries, intes-
tine and is associated with the reproductive
and metabolic phenotypes in PCOS [20]. It is
especially associated with insulin resistance in
women with PCOS and betapancreatic dysfunc-
tion in their siblings. This gene has also been
related to the prevalence of autoimmune thy-
roid disease (ATD) in patients with PCOS [21]. In
a different genetic polymorphic study, PCOS
patients with the G allele of OCT1 rs683369
and/or with the A allele of OCT1 rs628031 had
increased insulin sensitivity compared to those
with wild-type genotype after receiving metfor-
min treatment. Taking all these together, genet-
ic polymorphisms of OCT1 gene contribute to
different metformin treatment responses in
PCOS individuals.

The results of our study “based on rs12208357
OCT1 polymorphisms as a different OCT1
SNPs” showed only three hormones respond to
treatment with metformin for three months,
which include FSH, testosterone and prolactin
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hormones just in patient with C alleles. The
cause related to the ability of patient to metab-
olism of metformin and its activity via normal
alleles of OCT1. OCT1 acts as a mediator for the
transport of Type | organic cations, which are
protonated molecules such as dopamine and
choline. It also facilitates the transport of Type
Il cations, that are bigger and heavier mole-
cules such as metformin and quinidine. OCT1-
mediated organic cation transport is an electro-
genic and sensitive to membrane potential
organic cation transport mechanism [22, 23].
On the other hand, the study found that patients
with T alleles not reduce testosterone hormon-
al level in their blood. Ovaries affected by poly-
cystic ovary syndrome do not function normally
and as a result create an excessive amount of
testosterone (hyperandrogenism). The ovaries
generally create very modest levels of testos-
terone, but with PCOS, they make more. This
can lead to acne, increased hair growth, and
sometimes hair loss from the scalp [24]. Based
on the obtained results, FSH, prolactin and tes-
tosterone hormonal levels may be used as can-
didate biomarkers for PCOS detection and met-
formin related medical respond.

Dealing with patients in taking blood samples,
as well as the difficulty of taking metformin
treatment were the limitations of the present
study.

Conclusion

The present findings suggest that a change in
the OCT1 gene structure/genetic variations
might play a role in PCOS. We noticed a change
in some physio-biochemical characteristics
(specially including FSH, prolactin and testos-
terone levels) of women with polycystic ovaries
after metformin treatment that might be used
as valuable indicators for early diagnosis and
medical therapy of C allele containing PCOS
patients. More large-scale and functional inves-
tigations are recommended to confirm the cor-
relations between OCT1 polymorphism and the
clinical properties of PCOS.
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