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Summary 

 
Background: Insulin sensitizer’s therapy with metformin is widely used in 

polycystic ovary syndrome (PCOS) , notwithstanding the treatment 

effectiveness that shows an individual variations in PCOS patients. 

Multidrug and toxin extrusion protein (MATE1) has been reported to 

mediate metformin excretion in kidney and bile. In the current study, the 

effect of  the polymorphisms of MATE1 and the response to metformin has 

been investigated. There are at least eleven non-synonymous single 

nucleotide polymorphisms (SNPs) in the MATE1 (SLC47A1) gene, 

(rs2289669 and rs1961669) SNPs were detected in this study.  

Objective: The objective of the study is to determine the clinical, hormonal 

and biochemical effects for three months of metformin therapy in women 

with polycystic ovary syndrome and study the effect of  MATE1 (SLC47A1) 

genetic polymorphism on therapeutic response to metformin in polycystic 

ovary syndrome. 

Patients and Methods:  This study was an interventional prospective study, 

231 women with polycystic ovarian syndrome were selected to participate in 

this study. All women enrolled in this study with the age range (18-40) years 

were starting metformin tablet 500 mg per oral twice daily. Blood samples 

were obtained from eligible patients who had given consent for genetic 

testing and measurement of  follicle stimulating hormone , luteinizing 

hormone , total testosterone, sex hormone binding globulin, Estradiol, 

prolactin, thyroid stimulating hormone, fasting insulin, HbA1c%, fasting 

glucose, and lipid profiles (LDL-C, HDL-C, TG ,Total Cholesterol). 

 

 



XXII 

 

 

 

Results: The results obtained from this study demonstrated that SLC47A1 

(G>A) (rs2289669) genetic polymorphism had significant effect on 

metformin response in patients with polycystic ovary syndrome , while 

SLC47A1 (A>G) (rs1961669) genetic polymorphisms had no strong effect 

on metformin response in hormonal and biochemical parameters in the same 

group of patients. The comparison in demographic and biochemical 

parameters between pre- and post-metformin treatment results showed 

improvement in clinical, hormonal and biochemical parameters.  

Conclusions: This study revealed that the treatment with metformin showed 

improvement in menstrual regularity, hormonal and biochemical profile in 

Iraqi women with polycystic ovarian syndrome. In addition, there was          

a powerful effect of MATE1 SLC47A1(G>A) (rs2289669) genetic 

polymorphisms on therapeutic response to metformin in clinical, hormonal 

and biochemical parameters in those patients, moreover, there was an 

association between presence of both SNPs in SLC47A1 gene and obesity 

which considers as most important risk factor for PCOS. 
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1.1. Polycystic Ovary Syndrome  

     Polycystic ovary syndrome (PCOS) is an endocrine-metabolic and reproductive 

disorder, which is defined by a collections of signs and symptoms of androgen 

excess (hirsutism and/or hyperandrogenaemia) with ovarian dysfunction (oligo-

ovulation and / or polycystic ovarian morphology (PCOM)), indicating that other 

specific diagnoses, such as non-classic congenital adrenal hyperplasia, thyroid 

dysfunction , have been excluded [1]. Polycystic ovary syndrome was first 

discovered by Stein and Leventhal in 1935 as a syndrome of oligo-amenorrhea and 

polycystic ovaries that was differently accompanied by acne, hirsutism, and obesity, 

affecting women of reproductive age [2]. PCOS is a complex disease of unknown 

etiology, but there is a strong indication that it can, to a large extent, be classified as 

a genetic disorder, characterized by multiple hormonal imbalances [3].  

     The growing attention of the scientific community in PCOS has not been 

paralleled by that of the international and local health authorities [4]. PCOS stays 

one of most poorly understood clinical disorders among patients, physicians and 

scientists [5]. It represents a status in which an approximately of 10 small cysts of a 

diameter ranging between 2 and 9 mm grow on one or both ovaries and/or the 

ovarian volume in at least one of the ovaries exceeds 10 ml [6]. 

 

1.2. Epidemiology  

      The prevalence of PCOS in different populations has been subsequently reported 

by many epidemiological studies using multiple PCOS definitions. Worldwide 

prevalence of PCOS ranges from 4% to 21%, depending on the criteria of diagnosis 

used [5]. The prevalence of PCOS among various geographic regions ranges from 

5% to 10% according to American National Institutes of Health (NIH 1990) criteria; 

from 10% to 15% when the Androgen Excess and PCOS society (AE-PCOS 2006) 

criteria were applied, and from 6% to 21% according to Rotterdam criteria [7]. 
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World Health Organization (WHO) assessed that PCOS has affected 116 million 

women (3.4%) worldwide in 2012 [3], whereas, it has been estimated to affect 

approximately 5 million women of childbearing age in the U.S. [8]. Subsequent 

studies have verified and expanded this assessment. To date, the prevalence of 

PCOS varies from 5% to 20%, depending on factors such as which diagnostic 

criterion is used, how the study population is recognized, methods that used to 

define each phenotypic feature, and the completeness of the phenotypic assessment 

and recruitment method of the populations [9]. There is a variation in the prevalence 

of PCOS among adolescents based on different criteria [10].  The prevalence under 

Rotterdam more than doubles that under the 1990 NIH, while the prevalence under 

the 2006 AES lying in-between [11].  

        In Iraq, the prevalence of syndrome is approximately (18.8%) according to the 

sonographic prevalence of polycystic ovary morphology among women of 

reproductive age group and this percentage varies according to age, BMI, and type 

of menstrual irregularity [12]. 

 

1.3. Phenotypes  

     The Rotterdam and AE-PCOS Society criteria recognize at least 3 unique clinical 

phenotypes [13]:  

A. Frank PCOS :(oligomenorrhea, hyperandrogenism, and PCO) 

B. Ovulatory PCOS :(hyperandrogenism, PCO, and regular menstrual cycles) 

C. Non-PCO PCOS :(oligomenorrhea, hyperandrogenism, and normal ovaries).  

     The Rotterdam criteria identify a fourth phenotype, Mild or Normo androgenic 

PCOS, which is known by oligomenorrhea, PCO, and normal androgens [14].These 

4 phenotypes represent a spectrum of the same disorder, but it is currently an area of 

debate [13]. Overall it seems that the presence of hyrperandrogenism, body mass 

index (BMI), the extent of menstrual irregularity, but not ovarian morphology, are 
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independent predictors of metabolic dysfunction [15]. However, most of studies 

among PCOS cohorts were determined in patients identified in the clinical setting 

and very little information exists regarding the characteristics or phenotype of PCOS 

in patients identified in the general population [7]. 

 

 

Fig. 1-1: PCOS phenotypes [16]. 

 

1.4. Predisposing Factors 

     PCOS as a syndrome, is reflecting multiple potential etiologies and 

variable clinical presentation and has a complex mode of inheritance in 

which genomic variants interfere with important environmental factors, 

including life style, for example, diet and physical inactivity leading to 

heterogeneous expression of the syndrome characterized by chronic 

anovulation or infrequent ovulation, polycystic ovaries, hyperandrogenism, 

obesity and insulin resistance [17,18]. The appearance of the disease may 

be affected by environmental and genetic factors that operate during earlier 

periods of life. Animal models suggest that fetal exposure to androgens 

result in PCOS-like phenotypes and associated metabolic symptoms, such 

that the predilection to PCOS could begin in utero through environmental or 

epigenetic mechanisms [19]. The source of intra-uterine androgens excess 

is unlikely to be maternal, since the fetus is protected by placental 
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aromatase activity and by high maternal sex hormone binding globulin 

(SHBG) concentrations so the expression of aromatase in the placenta of 

PCOS women may be diminished [20]. There is a strong proof for genetic 

predisposition to PCOS in most ethnic/racial groups studied to date, 

however, in spite of advances in genetic technologies, very few PCOS 

susceptibility genes have been established [21]. Positive family history of 

PCOS is most informative risk factor for evolution of PCOS. Based on the 

clustering of cases in families, PCOS is regarded to be a heritable disease. 

A high prevalence of PCOS or its characteristics among first-degree 

relatives is suggestive of genetic effects. In addition, greater conformity has 

been reported in monozygotic twins versus dizygotic twins. However, the 

form of inheritance stays elusive [22].  

     Age at menarche in females with PCOS extends from nine years onwards, 

including primary amenorrhea. Earlier menarche look likes to be strongly in 

connection with obesity and later menarche/ amenorrhea is heavily concerning to 

higher androgen levels [23]. 

     PCOS is an age-related disease and the occurrence of the disease decreases with 

the age. The highest occurrence was seen among the age group of 18-27 years and 

least in the age group of 38-47 years. No patients with PCOS were above 48 years 

[12].  

    There are intimate links between obesity and PCOS, obesity and weight-gain 

often result in clinical and biochemical manifestation of PCOS in females who are 

genetically predisposed to evolution of  this disease so the majority of women with 

PCOS (38%-88%) are either overweight or obese [24].  

     The major pathophysiological components of PCOS are gonadotropic 

dysfunction and insulin resistance. It has been found that both of these components 

are related to the BMI [25].  
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1.5. Pathophysiology  

      PCOS is a result of various interactions between genetic and multiple 

environmental factors. Moreover, this syndrome is a multi-factorial disease, and  

different susceptibility of patients is probably determined by several genetic and 

environmental risk factors [26].  

 

1.5.1.  Alterations in Gonadotrophin Releasing Hormone 

      Hormonal imbalances that is exemplified by elevated luteinizing hormone and 

normal or suppression of follicle stimulating hormone (FSH) leading to altered LH / 

FSH ratio [27,28]. Gonadotrophin releasing hormone (GnRH) induces the 

release of LH and FSH from the pituitary gland [29]. FSH controls the growth of 

ovarian follicles, particularly the granulosa cells. FSH acts on the granulosa cells of 

the ovary and transforms androgens from the theca cells of the ovary to estradiol 

with the support of the enzyme aromatase. Consequently, LH controls the theca 

cells of the ovary, which are responsible for generating androgens [30]. The 

elevation of frequency and amplitude of the production of GnRH and subsequent 

LH secretion is the most important pathophysiological characteristic of PCOS [31]. 

 

1.5.2.  Hyperandrogenemia 

     In vivo or functional ovarian hyperandrogenism in PCOS women is 

demonstrable by endocrine stimulation of ovarian theca cell LH receptors resulting 

in hyperandrogenic steroid hormone responses [32], while in vitro maintenance of 

ovarian theca cells in culture reveals persisting, constitutive hyperandrogenism in 

theca cells obtained from women with PCOS [33]. In addition, androgen excess 

within the adrenal cortex, abdominal subcutaneous adipose depots, and other extra-

ovarian sources lead to supplement ovarian hyperandrogenism [34,35]. 

    Most of women with PCOS have increased androgen levels due to in large part to 
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the increased number of antral follicles containing thecal cells that hyper-secrete 

androgens [36]; therefore, they exhibit symptoms of excess androgen (hirsutism, 

acne, central adiposity) and not only experience infertility (menstrual irregularity, 

anovulatory infertility, miscarriage), but also have substantially increased risk of 

becoming obese, insulin resistant and developing type 2 diabetes, non-alcoholic 

fatty liver disease, dyslipidaemia and depression [37]. 

 

1.5.3.  Low Level of Sex Hormone Binding Globulin 

     Sex hormone-binding globulin (SHBG) is a 93.4-kDa glycated homo-dimeric 

plasma transport glycoprotein generated by hepatocytes, links and controls the 

levels of sex-hormones within the circulation. It organizes the bioavailability of 5-

dihydrotestosterone (DHT) > testosterone > 17-estradiol in plasma via control of 

their respective metabolic clearance rates [38]. SHBG concentration is a major 

determinant of the metabolic clearance of these sex steroids and their access to 

target tissues. Serum concentrations of SHBG change substantially between 

individuals and are affected by different hormonal, nutritional, metabolic, growth 

factors, and drugs [39]. SHBG receptors (RSHBG) are expressed in sex steroid-

dependent cells and tissues such as ovaries, endometrium, colon, prostate, 

hypothalamus, liver, placenta, breast, epididymus, immune cells, and cardiomyoctes 

[40]. SHBG has a great importance because of its inverse correlation with polycystic 

ovary syndrome (PCOS), obesity, insulin resistance, metabolic syndrome, and 

diabetes type II [41].The effects of various therapeutic agents on serum SHBG 

levels in PCOS patients have been studied in order to evaluate the true accuracy of 

SHBG in the prediction of PCOS, consequently, therapeutic interventions improved 

SHBG levels in PCOS women which further reduced PCOS associated 

complications; therefore, SHBG levels may prove to be a useful biomarker for the 

diagnosis and treatment of PCOS [40]. 
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1.5.4.  Hyperinsulinemia and Insulin Resistance 

     Insulin resistance (IR) plays an important role in the pathogenesis of PCOS; 

ordinarily, insulin stimulates theca cells of the ovary to produce androgens both 

directly and indirectly as increased glucose levels inhibit the hepatic production of 

sex hormone-binding globulin (SHBG), leading to elevate the concentration of 

circulating free androgen [42], Fig. (1.2) 

      IR is a common feature in both overweight and lean women with PCOS without 

dependency on their body mass index (BMI) [43].  Insulin resistance is popular in 

PCOS patients and plays an important role in the pathophysiology of metabolic and 

endocrine complications of PCOS patients, notwithstanding, It has been suggested 

that IR contributes to PCOS and increases risk of metabolic syndrome (MetS), type 

2 diabetes mellitus (T2DM), and cardiovascular disease [44]. Insulin resistance is 

selective, influencing the metabolic but not mitogenic actions of insulin, serine 

phosphorylation of cytochrome P450c17(CYP 17), which is the rate-limiting 

enzyme for androgen biosynthesis that increases its activity [45]. It is possible that 

the same serine kinase phosphorylates the insulin receptor, producing insulin 

resistance, and P450c17 producing hyperandrogenemia. Cytokines and free fatty 

acids, can activate intracellular serine kinases and might play a role in the 

pathogenesis of PCOS [46]. Hyperinsulinaemia result in an increased androgen 

microenvironment within the ovary, which directly correlated to both ovarian 

androgen biosynthesis and a decrease in hepatic sex hormone-binding globulin 

(SHBG) synthesis [47]. The excess in local ovarian androgen production enhanced 

by hyperinsulinaemia causes premature follicular atresia and anovulation [48]. It is 

believed that IR could play a key role in the development of endothelial damage 

[49], moreover, these risk factors are aggravated by central obesity (excess 

accumulation of fat in the abdominal area due to excess visceral fat) which is 

existing in the majority of women with PCOS which further exacerbates the 
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situation [45], as obesity will lead to a further  reduction in serum levels of SHBG, 

elevated levels of total testosterone, free androgen index, fasting insulin, fasting 

glucose and  more adverse lipid profile when matched to normal weight women 

with PCOS [50]. However, it is believed that the mechanism of IR in PCOS 

involves many factors such as polygenic inheritance and endocrine, metabolic and 

immune factors that interact with environmental factors [51]. PCOS patients have 

increased magnitudes of insulin resistance when compared to ovulatory controls, 

when controlling  age, BMI, fasting glucose and insulin levels, so quantity of excess 

body fat, especially patients with a BMI of at least 30 kg/m
2
 is the main predictor of 

insulin resistance with enough magnitude to put PCOS patients at increased risk for 

metabolic abnormalities [52].  

 

 

 

 

Fig. 1-2: Pathophysiology of PCOS [53]. 
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1.6. Clinical Manifestations  

       PCOS is a complex condition that has great impact on quality of life. Clinical 

manifestations of PCO include menstrual irregularities, signs of androgen excess 

like (hirsutism, acne, alopecia), obesity, insulin insensitivity, and the metabolic 

syndrome [54].  Besides, oligomenorrhoea and amenorrhoea are common clinical 

manifestations of PCOS, oligo/amenorrhoea cycles are known as 8 or fewer cycles 

per year as menses occur at intervals longer than 35 days apart while amenorrhoea is 

the absence of period for six months or more and biochemical androgen 

measurements should be measured in follicular phase in patients with preserved 

menstrual cycles [55]. Excess of body weight has also been widely regarded as a 

key concern to women with PCOS, therefore, obesity is believed to contribute 

substantially to negative psychological symptoms in women with PCOS [56].      

     Clinical manifestations of PCOS are heterogeneous and the patients may present 

with some of different signs and symptoms but the heterogeneity seems to be 

adjusted by multiple factors, such as genetic factors, nutritional condition in the 

uterus, prenatal androgen exposure, insulin resistance and body weight [57]. 

 

1.7. Diagnosis  

    The diagnostic criteria for PCOS have been grouped in different classifications 

that have been conflicting for many years; nevertheless, the classification of 

Rotterdam is the most widely used, but with different frequency depending on  

country and medical specialties [56]. Rotterdam criteria specify that a woman to be 

PCOS must have 2 of the following 3 criteria; oligo-menorrhoea (fewer than 8 

menses per 12 month period) or amenorrhoea, biochemical or clinical evidence of 

hyper-androgenism (specifically hirsutism and acne), and typical ultrasound 

characteristics of a polycystic ovary (≥12 follicles in each ovary measuring 2–9 mm 

in diameter and/or increased ovarian volume >10 ml) [58]. 
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     Other most commonly used diagnostic classification is the American National 

Institutes of Health (NIH) system that defines PCOS as a combination of hyper-

androgenism and ovulatory dysfunction [59]. 

      According to the Androgen Excess and PCOS Society (AE-PCOS) criteria, 

hyperandrogenism represents the mainstay in the diagnosis of PCOS in combination 

with oligo-anovulation and/or polycystic ovaries [60]. 

 

1.7.1. Standard Diagnostic Assessment  

1.7.1.1. History-Taking   

     Family history should explore menstrual disorders, infertility, age of puberty and 

hirsutism in female relatives [61]. Specifically, for menstrual pattern, obesity, 

hirsutism and the absence of breast development, if the patient is obese, the time of 

onset, progression and problems should be explored, furthermore, lifestyle 

parameters such as diet, exercise and smoking required an evaluation, also the age 

of onset and progression of hirsutism and/or acne, as well as any medications used 

and their effects on acne and hirsutism should be taken into consideration [62].  

 

1.7.1.2. Physical Examinations  

     This involves general body habitus, obesity, BMI , blood pressure, existence of 

acne, male pattern of baldness and presence of acanthosis nigricans; moreover, the 

distribution and severity of hirsutism should be graded clinically [63]. Females with 

PCOS has remarkable hyperandrogenism such as clitoromegaly, deepening of the 

voice or a masculine body habitus should alert one to the likelihood of virilizing 

adrenal/ovarian tumors or congenital adrenal hyperplasia [64]. 
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1.7.1.3. Gynecologic Ultrasonography 

      It is used to identify and document the presence of small follicles of the ovary, 

so according to the Rotterdam criteria, 12 or more small follicles must be seen in an 

ovary on ultrasound examination as the multiple follicles contribute to the increased 

size of the ovaries that is 1.5 to 3 times larger than normal [3].  

 

1.7.1.4. Laboratory Investigations  

    Various laboratory investigations have been used for the diagnosis of PCOS, such 

as: 

A. LH / FSH ratio: The ratio of LH (Luteinizing hormone) to FSH (Follicle 

stimulating hormone) is greater than 1:1 (sometimes more than 3:1), as 

measured on 2
nd

 day of the menstrual cycle [3].  

FSH : Stimulates the growth of an egg follicle within the ovary, PCOS women 

show lower serum FSH levels as compared to normal cycles and which results 

in accumulation of antral follicles between 2 mm and 8 mm in large numbers, 

due to lack of adequate and timely stimulation [65]. 

LH: Produced by pituitary gland and triggers the release of egg during 

ovulation, ordinarily, elevated LH concentrations are found in a large majority 

of PCOS patients and should be tested at 2
nd

 day of the cycle [66]. 

B. Prolactin: Serum prolactin should be measured in PCOS due to strong 

association between these two conditions, where the most common hypothesis 

which suggests that PCOS causes hyperprolactinemia due to its relative 

induction to cause hyperestrogenemia, accordingly various experimental 

studies have shown an increase in the level of prolactin secretion under the 

action of estrogen [67]. 

C. TSH:  Thyroid stimulating hormone must be measured in PCOS because it is 

closely related to this syndrome where multiple studies suggest that 
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hypothyroidism lead to reduce of sex hormone-binding globulin (SHBG) level 

and increment of testosterone level, consequently severe prolong 

hypothyroidism contributes to bigger ovarian size and/or cyst formation [68]. 

D. Total testosterone, SHBG and FAI : All these parameters should be 

measured in PCOS where serum total testosterone is closely related to an 

increase level while there is a low level of serum SHBG as the majority (nearly 

60%) of testosterone is bound to  (SHBG), finally, free androgen index (FAI): 

is ratio of total testosterone to SHBG concentration multiply by 100, which 

often elevated in PCOS [69]. 

E. Fasting blood sugar (FBS), fasting insulin level and HOMA-IR: Increased 

insulin levels have been helpful to predict response to drug and may signify 

patients who will require higher doses of metformin or the use of second 

medication to lower insulin, HOMA-IR is a mathematical derivation calculated 

from the fasting values in glucose and fasting insulin concentrations, allows a 

direct and moderately accurate measure of insulin sensitivity [70]. 

F. Lipid profile tests: Triglyceride, low density lipoprotein–cholesterol (LDL-C), 

high density lipoprotein-cholesterol (HDL-C) and total cholesterol should be 

tested at fasting state [71], because multiple studies proved that women with 

PCOS were higher triglyceride, lower HDL-cholesterol and higher LDL- 

cholesterol levels than their non-PCOS counterparts [72].  

 

1.8. Comorbidities Associated with Polycystic Ovary Syndrome  

     There is a number of intra- and extra-ovarian factors which negatively influenced 

the reproductive performance of females with PCOS and interfere with oocyte 

maturation and ovulation [73].  

     Diagnosis of PCOS renders the patient aware of possible fertility concerns, 

dysfunctional bleeding, endometrial cancer, diabetes, obesity, dyslipidemia, 

hypertension, and theoretical high risk of cardiovascular disease [74], moreover, 
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women with PCOS may exist with number of metabolic, reproductive, 

psychological and anthropometric complications [75]. 

 

1.8.1.  Overweight, Obesity and Metabolic Syndrome   

     Obesity is a common feature of PCOS with prevalence of about 50% according 

to various populations and may exacerbate the reproductive and metabolic disorders 

associated with the syndrome, PCOS women present with increased risk for 

metabolic syndrome [76,77].  

    Metabolic syndrome (in females) is defined by the presence of three out of five 

criteria: waist circumference > 88 cm, fasting blood sugar >100 mg/dL, systolic 

blood pressure >130 and/or diastolic blood pressure > 85 mmHg, HDL-C < 50 

mg/dL and triglycerides >150 mg/dL [78].  

 

1.8.2. Insulin Resistance, Glucose Intolerance and T2DM   

     Women with PCOS at risk for increase T2DM [77]. Insulin resistance (IR) is a 

prominent feature of PCOS, progressively, IR can result in glucose intolerance, 

which occurs in 40% of women with PCOS after the age of 40, accordingly, within 

six years, half of these women may become diabetic PCOS [79] , therefore, even 

with normal weight, women with PCOS are exposed to the risk of glucose 

intolerance and type 2 diabetes where the risk is enlarged by obesity, furthermore, 

insulin resistance is mostly prevalent and severe in women with the PCOS 

phenotype involving hyperandrogenism and anovulation [80]. 

 

1.8.3.  Cardiovascular Diseases (CVD) 

     In post-menopausal women, a personal history of clinical hyperandrogenism or 

menstrual disorders expose females to an increased cardiovascular disease risk , as 
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classical cardiovascular risk markers are more prevalent in women with PCOS, even 

if they are not obese and these risks are exaggerated by obesity [80]. PCOS at any 

age is represented by greater odds for elevated CVD risk markers and these elevated 

markers can happen without obesity but are magnified with obesity, accordingly, 

PCOS women exist with higher risk of atherosclerosis [77]. Besides, the long-term 

metabolic disease of women with PCOS affects the subclinical vascular pathology 

markers, nevertheless, even if an elevated cardiovascular morbidity or mortality is 

not absolutely proved, the precautions must be taken, as a result, a life-long 

metabolic dysfunction can exaggerate the risk for cardiovascular disease, especially 

after menopause [80]. 

 

1.8.4.  Endometrial Cancer 

     Women with PCOS of all ages seem to be at higher risk of endometrial cancer 

[15], particularly, this risk may be even elevated in premenopausal subgroup of 

women with PCOS as a result of hyper-estrogen production, so the increased 

endometrial cancer risk is due to either different metabolic risk factors or PCOS 

itself which is identified by many metabolic and reproductive complications that 

could be responsible for an increased oncology risk on endometrium [81,82]. 

 

1.9. Hormonal Imbalances and Infertility in PCOS   

      The syndrome is a status of chronic anovulation affecting the reproductive age 

group of women, as well as it is always occurs as a result of an imbalance between 

female sex hormones [83].Women with this syndrome produce abnormally elevated 

androgen level that leads to impairment of ovulation, skipping of menstrual cycle 

and difficulty in obtaining a pregnancy. Actually, the syndrome has an interesting 

problem for reproductive potential in young female [84].   
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       Anovulation is common among women with PCOS and represents 80-90% of 

WHO group II anovulatory sub-fertility [85].Treatment concentrating on weight 

reduction, modification of life style then ovulation induction by low dose 

gonadotropins [86], while for those women who remain refractory to previous 

treatments or with coexisting pathologies, assisted reproductive technologies 

(ARTs) can be a choice to be regarded with a closed supervision to produce required 

outcome of pregnancy with the sensitive polycystic ovary [87]. Various factors may 

play a role in reducing fertility in PCOS women other than anovulation, these 

involving the effects of increased body weight, as well as, inflammatory, endocrine 

and metabolic abnormalities on the quality of ova and fetal development [88]. 

Oocytes obtained from polycystic ovaries may exhibit reduced developmental 

competence and reduced capacity to complete meiotic division to perform 

successful fertilization and develop into a viable good quality embryo [89].The 

follicular microenvironment is associated with oocyte quality, where the levels of 

follicular testosterone was significantly elevated in PCOS, particularly in those with 

incompetent meiosis [90], this will badly influence the follicular microenvironment 

and change the interactions between  granulosa cell and oocyte, lead to premature 

luteinization of granulosa cell, therefore, there is a decline in nuclear and/or 

cytoplasmic maturation of oocytes and reduce fertilization rate [91]. A positive 

correlation has been found between the number of antral follicles (2–5 mm in 

diameter) and testosterone concentration [92]. Serum androgen levels are increasing 

during ovarian induction especially in females with PCOS, so, this elevation is 

suggested to affect the outcome of pregnancy negatively [93]. This will contribute to 

reduce egg quality and increase the rate of miscarriage [94].  
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1.10. Management of Polycystic Ovary Syndrome 

    Women with PCOS are at higher risk for several other health conditions such as 

insulin resistance, metabolic syndrome, type 2 diabetes, obesity, heart 

disease and high blood pressure (cardiovascular disease)[95]; therefore, 

management of PCOS include keeping a normal endometrium, antagonizing the 

actions of androgens on the  target tissues, lowering  insulin resistance (if present), 

and correcting anovulation [96]. Several interventions (pharmacological, non-

pharmacological and surgical) have been presented in women with PCOS to target 

the reproductive, androgenic, weight-related, metabolic, and psychological 

outcomes related with the condition [97]. The interventions target the various life-

stages of female from adolescence, pre-pregnancy and pregnancy to pre-menopause, 

accordingly, interventions of lifestyle for reducion the weight of the women which  

is the first choice of therapy in guidelines [98].  

 

1.10.1.  Non pharmacological Treatment 

      Based on the relationship between obesity and PCOS, lifestyle modification 

especially weight loss is considered as the first-line intervention [99]. The first point 

is the treatment of obesity by dietary restriction of calories and increase physical 

exercise to induce weight loss can improve some aspects of health and the quality of 

life in patients with PCOS [100]. Weight loss through diet or exercise therapy and 

other lifestyle interventions could help restore normal ovulation, improve pregnancy 

rate and live birth rate of assisted pregnancy, as well as lower the risk of pregnancy 

complications, and improve pregnancy outcome [101]. Women with PCOS should 

follow guidelines for healthy diet and focus on low glycemic index food when 

selecting carbohydrate options [102].  
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1.10.2.  Pharmacological Treatment 

    The procedures used in PCOS treatment depend firstly on desired clinical effect: 

infertility treatment, menstrual disturbance regulations, reduction of the symptoms 

of hyper-androgenism or treatment of obesity [103]. Women who desired to become 

pregnant, clomiphene still stays first-line treatment, clomiphene citrate  acts as an 

estrogen antagonist [104]. It causes an increase in the release of gonadotropins from 

pituitary gland by blocking negative feedback of estrogen and supports the 

recruitment of the follicles [105].  

   The aromatase inhibitor (AI) Letrozole is the most effective oral medication and is 

considered as a drug inducer for ovulation in women suffering from anovulation 

with PCOS [106]. It has been established that AIs block the transformation of 

androgens to estrogen, resulting in reduction of serum estrogen levels, moreover,  

there is a suggestion that the mechanism of AIs in ovulation induction may include 

increased FSH secretion in response to the reduced estrogen level [107].  

    Gonadotropins are used as a pharmacological treatment of PCOS, they are 

derivatives of urinary products but recently gonadotropins have been produced by 

using recombinant technology [108]. Biological activity of gonadotropins suggested 

that they might be beneficial for the therapy of patients who were infertile [109].       

    

1.10.2.1. Metformin 

     The proof of metformin's discovery as an anti-diabetic agent spanned three 

centuries beginning in the herb, Galega officinalis in the 17
th
 century and finishing 

in its launch as "Glucophage" in the 20
th

  century, which is extract from the leaves 

of G. officinalis was utilized to treat many diseases such as fever, plague and 

symptoms of diabetes, where the herbal extract consists of guanidine and galegine 

as major chemical ingredient [110]. Despite of these compounds had an anti-

diabetic effect, they were too toxic for clinical use, this development coupled with 
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Garcia's positive results using flumamine, a guanidine analogue, on 'flu' fever 

quickened the evaluation of guanidine and galegine analogues for anti-diabetic 

activity, these efforts culminated in the detection of metformin, presented as 

'Glucophage', by Jean Sterne [111].       

     Metformin, described chemically as 3-(diamino methylidene)-1,1-dimethyl 

guanidine, is an oral hypoglycemic agent belonging to the biguanides class of 

compounds [112]. 

 

 

 

Fig. 1-3: Chemical Structure of Metformin hydrochloride [113]. 

 

1.10.2.1.A.  Pharmacokinetics of Metformin 

     Metformin has an oral bioavailability of 40-60% and gastrointestinal absorption 

is approximately complete with 6 hours of ingestion. Metabolism of metformin is 

not occur in liver, so, it is excreted unchanged in urine , with half-life approximately 

5 hr. Human mean for renal clearance (CLr) is 510 ± 120 ml/min, where active 

tubular secretion in the kidney is the main route of metformin elimination [114]. 

The drug is widely distributed into body tissues including the intestine, liver, and 

kidney by organic cation transporters [115]. Intestinal absorption of metformin may 

be firstly mediated by plasma membrane monoamine transporter (PMAT, encoded 

by gene SLC29A4), which is expressed on the luminal side of the enterocytes [116]. 

Hepatic uptake of metformin is primarily facilitated by OCT1 (SLC22A1) and 
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possibly by OCT3 (SLC22A3). Both transporters are expressed on the basolateral 

membrane of the hepatocyte [117]. The uptake of metformin from the circulation 

into renal epithelial cells is mediated by OCT2 (gene SLC22A2), that is expressed 

predominantly at the basolateral membrane in the renal tubules. Renal excretion of 

metformin from the tubule cell to the lumen is mediated through MATE1 

(SLC47A1) and MATE2-K (SLC47A2) [116], which are expressed in the apical 

membrane of the renal proximal tubule cells, furthermore, studies in healthy 

individuals proposed that they participate to the renal excretion of metformin [118]. 

  

1.10.2.1.B. Pharmacodynamics of Metformin  

     Metformin acts mainly by inhibiting excessive hepatic glucose production, 

through a reduction in gluconeogenesis oxidation [119]; moreover, other latent 

effects of metformin involve an increase in glucose uptake, an excess in insulin 

signaling, a decrease in triglyceride and fatty acid synthesis, and an increase in fatty 

acid β-oxidation [120]. Metformin may also increase glucose utilization in 

peripheral tissues, and probably lower food intake and intestinal glucose absorption 

[121]. Because metformin does not stimulate endogenous insulin secretion, so it 

does not cause hypoglycemia or hyperinsulinemia, which are common side effects 

related with other antidiabetic drugs [116]. The molecular mechanisms of metformin 

action are complex, as the administration of metformin results in the 

phosphorylation and activation of AMP-activated protein kinase (AMPK) in the 

liver that may lead to different pharmacologic effects, including inhibition of 

glucose and lipid synthesis [122]. Another mechanism of metformin action has been 

appeared which is more recently that is independent of both AMPK activation and 

cellular energy charge, conversely, metformin has been found to inhibit the 

glycerophosphate shuttle enzyme mitochondrial glycerophosphate dehydrogenase 

(mitGPD) [123], accordingly, this prevents glycerol from being directly utilized as a 

gluconeogenic substrate. It also results in an increase in the cytosolic redox state 
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that makes the conversion of lactate to pyruvate unfavorable and thus limits the 

contribution of lactate to gluconeogenic fluxes in LKB1-independent and AMPK-

independent manner via decrease in hepatic energy state [124]. 

  

1.10.2.1.C. Medical Uses of Metformin  

1.10.2.1.C.1. Treatment of Type 2 Diabetes Mellitus  

     Metformin is prescribed for the management of non-insulin dependent diabetes 

mellitus or type 2 diabetes mellitus (T2DM); accordingly, metformin exerts 

hypoglycemic effects by decreasing hepatic production as well as intestinal 

absorption of glucose and improving insulin sensitivity [125]. Metformin is widely 

used for treating T2DM with high efficiency in lowering fasting and postprandial 

blood glucose and lowering glycosylated hemoglobin (HbA1c) in T2DM patients. 

Hypoglycemic effect of metformin is closely related to its capability in suppression 

of hepatic glucose production and intestinal glucose absorption, with the promotion 

of β-cell functions and insulin sensitivity [126]. Metformin is considered an 

“insulin-sensitizing” drug, in the liver, where metformin inhibits gluconeogenesis 

and glycogenolysis, and stimulates glycogenesis while in the adipose tissue and 

skeletal muscle metformin increases the number and affinity of the tyrosine kinase 

activity of the insulin receptor, and the translocation and intrinsic activity of GLUT-

4 (glucose transporter type 4) [127].  

 

1.10.2.1.C.2. Weight Reduction  

     Many persons battle to maintain clinically applicable weight loss from way of 

life and bariatric surgical operation interventions; consequently, long-term follow-

up from the Diabetes Prevention Program demonstrates that metformin produces 

long lasting weight loss, and reduced meals consumption through its fundamental 

weight loss mechanism [128]. Metformin can decrease adiposity and ameliorate 

obesity associated with comorbid conditions, including abnormalities in glucose 
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homeostasis in adolescents [129], as well as decreased appetite and increase GLP-1 

secretion [130]. 

     There have been a large number of studies that have examined the use of 

metformin as a weight-loss drug in children with obesity, inspite of each study has 

been unique in its design, size and the patient populations studied, the subject that 

emerges, as in systematic review in 2014 based on 14 randomized clinical trials, is 

that “metformin produces a statistically significant, but very modest reduction in 

BMI when combined with lifestyle interventions over the short term” [131]. 

 

1.10.2.1.C.3. Treatment of Ovulatory Dysfunctions in PCOS 

      Insulin sensitizer such as metformin is a therapeutic choice that objectives not 

only insulin resistance that current in this syndrome but several other factors 

particularly reproductive abnormalities such as infertility, which is a predominant  

problem of challenge for girls within reproductive age [132]. Metformin has been 

shown to improve reproductive and metabolic defects caused by PCOS where it 

caused significant improvement in menstrual regularity, reduction in circulating 

androgen levels ,significant reduction in body weight, reducing the circulating 

insulin levels, inducing ovulation, reducing the risk of miscarriage as well as 

reducing the risk of gestational diabetes mellitus (GDM);  therefore, it must be more 

widely used in ladies with PCOS [133,134]; furthermore, other studies have 

reported that the addition of metformin to the ovarian stimulation regime in in-vitro 

fertilization (IVF) improves the pregnancy outcome [135].  

     It has been reported that Metformin has direct effects on granulosa and theca 

cells in human ovaries so these direct effects lead to a decrease in theca cell 

androstenedione production; accordingly, it decreases FSH-stimulated androgen 

producing enzyme activity in the granulosa cells (3betaHSD, StAR, CYP11a1, and 

aromatase) [136], so metformin inhibits androgen and estradiol production by means 

of regulating steroidogenic enzymes, that regulates proliferation and is able to 
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phosphorylate and activate the 5′AMP-activated protein kinase , MAPK and AKT in 

human ovarian cells culture [137]. Most earlier studies indicated that metformin 

improved hyper-insulinemia and hyperandrogenemia with restored ovulatory 

function. Ovulation and pregnancy rates increase in women with PCOS due to the 

use of the drug alone or in combination with clomiphene citrate. In addition 

nonrandomized potential  research  counseled  that metformin may reduce first-

trimester spontaneous abortions in women with PCOS [138]. Metformin has a 

confirmed place in the management of PCOS being used to stimulate ovulation, 

limit miscarriage rates, forbidden fetal growth restriction, and improve the 

metabolic associations such as glucose intolerance. Since metformin can also be 

used as a pre-conception, it is reassuring that there is no evidence of teratogenicity 

[139]. In addition to the direct effect of metformin, it may also have indirect effects 

on the ovary, in the endothelium as metformin seems to enhance nitric oxide 

vasodilator effects. Several studies indicated that metformin is related with a 

statistically significant higher ovulation rate compared with placebo, metformin 

amplify ovulatory frequency and ameliorate hyperandrogenemia, even in non-obese 

girls with PCOS who show up  to have regular insulin sensitivity [140], where the 

positive effect of metformin on hyperandrogenism in PCOS may be due to:  

A. Reduce secretion of LH by the pituitary.  

B. Reduce ovarian and / or adrenal secretion of androgens. 

C. Increased hepatic levels of sex hormone-binding globulin (SHBG) [141].  

 

1.10.2.1.D. Adverse Effects of Metformin 

     The most common adverse effects related with metformin are mild, transient 

gastrointestinal symptoms, which are usually self-limiting. These gastrointestinal 

symptoms limit the maximum tolerated dose in over 50% of patients and about 5% 

of patients may be unable accepted to tolerate any dose of metformin [115]. 

Deficiency of vitamin B12 has also been associated with long term treatment of 
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metformin which may lead to anemia, elevated homocysteine levels and probably 

neurological effects [142], so these side effects can be minimized by starting 

metformin therapy at a low dose and gradually titrating upward, and swallowing 

metformin with meals [143]. Lactic acidosis that  caused by metformin is rare, and 

the risk of this complication may be reduced by the observance the prescribing 

precautions and contraindications that avoid accumulation of metformin or lactate in 

the body so the clinical benefits and the lack of safety risks when used with other 

antihyperglycemic agents have render metformin a preferred combination drug with 

other oral agents [144]. 

 

1.11. Multidrug and Toxin Extrusion Protein 1 (MATE1) Solute 

Carrier Family 47 member 1 (SLC47A1) Gene  

     The kidney and liver play a principal role in the excretion of exogenous and 

endogenous compounds, both drug metabolism and transport contribute 

significantly to the elimination of potentially harmful compounds, subsequently, the 

renal drug elimination is determined not only by glomerular filtration but also by 

active transport processes which facilitate tubular reabsorption and secretion of 

drugs [145]. 

     Human multidrug and toxin extrusion  protein member 1  (MATE1, SLC47A1 or 

also known as H
+
/ organic cation antiporter member) is an electroneutral OC/H 

exchanger situated in the apical membrane of  the renal tubule cells, encoded by 

(SLC47A1 gene), the class of MATE-type transporters, is the first determine to role 

as mediator of the cellular elimination of organic cations into renal tubular lumen 

[146]. The idea of  MATE1 is essential for the renal excretion of OCs is not propped 

only by its special function but also by the result that much of its expression is 

found in the proximal tubule, which is the part of the nephron where the process of 

secretion of xenobiotics is supposed to happen, the pH-driven function of MATE1 
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suggests that the most of cationic export mediated via this transporter takes place 

towards the end of the proximal tubule, as micropuncture [147]. Experiments have 

shown that the luminal pH is 7.4 at the beginning of the proximal tubule, while it is 

thought to be much lower at distal portion [146]. The human MATE1 gene 

(SLC47A1) is situated in the tandem on chromosome 17p11.2 in which is a 

commonly deleted segment in patients with Smith-Magenis syndrome that is 

characterized by multiple congenital anomalies, mild mental retardation and 

behavioral issues, the relevance of MATE1 to the development of syndrome is 

unknown. Human MATE1encode proteins of 570, the amino acid sequence identity 

of MATE1 is 47.5%, the hydropathy analysis achieved suggested that MATE1 

comprises of 12 transmembrane helices [148]. Most of  current topology analysis 

programs predict 13 transmembrane helices with an extracellular location of the 

carboxyl terminus, several histidine, cysteine, and glutamate residues in various 

transmembrane helices of human MATE1 is involved in substrate binding and/or 

transport [149]. MATE1 is also present on the canalicular membrane of the 

hepatocyte and appears to act in concert with organic cation transporter 1 (OCT1) to 

mediate the biliary excretion of different cationic drugs and their metabolites, 

multiple studies have demonstrated that various drugs and environmental toxins 

including metformin, cimetidine, and paraquat are substrates of MATE1 [150],while 

in the kidney, MATE1 is majorly expressed on the apical membrane of proximal 

tubule and may work with basolateral membrane transporter, human organic cation 

transporter 2 (OCT2) in the renal elimination of organic cations, in addition to the 

liver and kidney, other tissues that express high abundance of MATE1 are  testis,  

adrenal gland, and skeletal muscles [151]. In 2005, mammalian (MATE) was 

identified as an orthologue of the bacterial MATE family, nevertheless, human 

MATE1 encoded by the SLC47A1 gene, which is primarily expressed in the kidney 

and liver, where it is localized to the luminal membranes of the renal tubules and 

bile canaliculi [150]. MATE1 contributes to the tissue distribution and excretion of 
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many drugs, so inhibition of this transporter may lead to potential drug–drug 

interactions (DDIs) and changes in drug exposure and accumulation in different 

tissues, potent in vitro inhibitors of MATE1 include: cimetidine, pyrimethamine, 

levofloxacin and moxifloxacin [152].         

     Metformin is a good substrate for MATE1 (SLC47A1) which is highly expressed 

in the liver, kidney, and skeletal muscle that mediate the excretion of metformin 

from both liver and kidney [153]. Pharmacokinetic characterization of Mate 1(-/-) 

mice was performed with metformin which is a typical drug substrate of human 

MATE1 so after intravenous injection, renal and hepatic metformin concentrations 

were highly increased in the Mate1(-/-) mice as compared to wild-type mice [149], 

also, plasma metformin levels were increased in Mate1(-/-) mice, while urinary 

metformin excretion was significantly decreased. These results indicate a principle 

role of Mate1transporter in the renal clearance of metformin and other drugs as well 

[154]. 

 

Fig. 1-4: Locations and functions of MATE1 transporter [115]. 

 

1.11.1.  Single Nucleotide Polymorphism 

     Single nucleotide polymorphisms (SNPs) are variations in the DNA sequence  

that occur when a single nucleotide (A, T, C, or G) in the genome sequence is 

change, for example, a SNP might alter the DNA sequence AAGGCTAA to 
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ATGGCTAA so for a variation to be regarded a SNP, it must occur in at least 1% of 

the population. The SNP which make up about 90% of all human genetic variation, 

occur every 100 to 300 bases along the 3-billion-base human genome, where two of 

every three SNPs involve the replacement of cytosine (C) with thymine (T), SNPS 

can occur in both coding (exon) and noncoding (intron) regions of the genome and 

can affect proteins synthesis [155]. 

 

1.11.2.  Polymorphism in Multidrug and Toxin Extrusion Protein 

(MATE1)/(SLC47A1)  

     Metformin needs drug transporters for its absorption, distribution and 

elimination, because it poorly diffuses passively over membranes [156]. The drug is 

transported from the intestine into the bloodstream by PMAT and OCT1 [157], 

taken up into liver by OCT1 and OCT3, into the kidneys by OCT2, and passed from 

proximal tubule cells into the urine via MATE1 [116]. 

       Alteration in the expression and function of these transporters may significantly 

contribute to drug pharmacokinetics and the inter-individual variability of drug 

response [149]. Variation in the expression of genes that involved in the transport 

and action of metformin may affect the response of metformin [158]. DNA variants 

in genes encoding organic ion transporters that are mediated metformin transport 

may provide insight into the variability of the clinical response to metformin 

treatment, genetic variants in SLC47A1 gene of MATE1 have been demonstrated to 

influence metformin response in patients with T2DM [159]. In MATE1 (SLC47A1) 

genes, there was eleven non-synonymous SNPs, where the SNPs: [SLC47A1 (G> 

A) (rs2289669) and SLC47A1(A> G) (rs1961669)] were detected in current study, 

the SNP rs2289669 is located in the 10
th

 intron of SLC47A1and this SNP does not 

code for amino acid change, however, a connection between the SNP rs2289669 in 

SLC47A1 and the glucose-lowering effect of metformin had been shown in Chinese 

population [160]. The rs1961669 was also an intronic variant of SLC47A1 gene. 
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1.12. Aim of Study 

    To investigate the molecular basis of MATE1 (SLC47A1) [(rs2289669) and 

(rs1961669)] genetic polymorphisms in PCOS women that taking metformin and 

study the effect of genetic polymorphism (rs2289669 and rs1961669) in MATE1 

(SLC47A1 gene) on the therapeutic response to metformin in those patients. 
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2. Patients and Methods 

2.1. Materials 

     The specific chemicals, kits and instruments used in this study with their 

suppliers, manufacture and origin are listed in tables (2.1) and (2.2). 

     The primers that were used for amplification analysis of MATE1 (SLC47A1) 

gene for SNPS identifications and alleles detection were shown in table (2.3) and 

(2.4). 

 

2.1.1. The Kits and Chemicals (Table 2.1) 

     

   Table 2.1: The kits and Chemicals 

Chemicals Origin (country) 

Accupower® PCR PreMix Kit Bioneer (Korea) 

Agarose powder (Pronadisa) CONDA (Spain) 

Cobas HbA1C kit Roche (Germany) 

DNA Ladder )100-1000 bp(            Intron (Korea) 

Ethanol           Holland 

Ethidium Bromide solution           Intron (Korea) 

Elecsys FSH kit Roche (Germany) 

Elecsys LH kit Roche (Germany) 

Elecsys TSH kit Roche (Germany) 

Elecsys Estradiol III kit   Roche (Germany) 

Elecsys Prolactin II kit Roche (Germany) 

Elecsys Testosterone II kit Roche (Germany) 
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Genomic DNA extraction kit            Intron (Korea) 

Glucose HK Gen. 3 kit Roche (Germany) 

HDL-C kit Roche (Germany) 

Isopropanol           SRL (India) 

MAGLUMI Insulin (CLIA) kit Shenzhen (China) 

Nuclease free water           Promega (USA) 

Primers           Bioneer (Korea) 

SHBG ELISA kit  Demeditec (GmbH / Germany) 

Total Cholesterol kit Roche (Germany) 

Triglyceride kit Roche (Germany) 

Tris borate EDTA (TBE) Buffer 10x           Intron (Korea) 
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2.1.2. Instruments (Table 2.2) 

 

    Table 2.2: The Instruments and Apparatus 

Manufacture/ origin Instrument 

Korea Autoclave 

Sigma 3-30k (England) Centrifuge 

Roche (Germany) Cobas e 411 analyzer 

Roche (Germany) Cobas Integra 400 plus 

(Human) Germany Elisys Uno  

SYNGENE (UK) Gel Documentation System 

TECHNE ME (England) Gel Electrophoresis system  

LabTEch (Korea) Hotplate Stirrer  

Bio Drop (England) Nanodrop 

TECHNE (England) PCR- thermocycler 

Germany Sensitive Balance(DENEVER) 

(Shenzhen) China Snibe Diagnostic Maglumi 800 

Human Twist (Germany) Vortex mixer 

LabTEch (Korea) Water path 
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2.1.3. Patients 

      This study is a prospective interventional study carried out at Gynecological and 

Obstetric Teaching Hospital / Kerbala Health Directorate / Kerbala – Iraq, out clinic 

patients and College of Pharmacy / University of Kerbala, during the period from 

July, 2019 to July, 2020 with age ranged between (18 to 40) years. 

     The study was conducted on three hundred and forty six women with newly 

diagnosed polycystic ovary syndrome. The participated women were recruited by 

consultation of gynecologist according to the inclusion and exclusion criteria of the 

study, only two hundred and thirty one women returned after three months of 

treatment to follow up, where the rest of  females were missed because of Covid-19 

pandemic (February, 2020), also thirty female became pregnant during period of 

treatment so they were excluded from the study.  

    All women enrolled in this study were starting metformin tablet 500 mg per oral 

twice daily for three months as standard therapy. Biochemical parameters were 

measured to all patients participated in this study in the follicular phase (2
nd

 day of 

cycle) before treatment and after the end of treatment period (3 months) for the 

returned patients only to demonstrate the response to metformin and this achieved 

according to continuous communication and follow up with patients through social 

media during period of treatment.  

 

2.1.3.1. Inclusion Criteria 

A. Newly diagnosed PCOS women according to Rotterdam criteria: two of three 

of hyperandrogenism, irregular an ovulatory periods or ultrasound polycystic 

ovary morphology.  

B. Age of women should be within range (18-40) years. 
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2.1.3.2. Exclusion Criteria 

A. Females less than 18 years old due to incomplete reproductive function. 

B. Females more than 40 years old due to menopause and menstrual 

irregularities. 

C. Cushing syndrome. 

D. Androgen secreting adrenal tumors. 

E. Thyroid disorders (hypothyroidism caused abnormal menstrual cycle) 

F. Women who become pregnant during treatment course.  

G. Females with impaired kidney function 

H. Patients taking other hypoglycemic agents. 

I. Hypertensive patients 

J. Any patient with HbA1c% more than 6.5 

K. Patient on any other drug that is substrate for transporter like MATE1 and  

OCT1.  

2.1.3.3. Ethical Approval  

     The protocol for study was approved by the ethical research committee of 

College of Pharmacy, University of Kerbala. Approval was also taken from Kerbala 

Health Directorate and Administration of Gynecological and Obstetric Teaching 

Hospital. In addition, consent was taken from each patient after explaining the 

nature and purpose of study. 

  

2.1.3.4. Clinical Data Collection  

       At the time when the blood sample was obtained, each patient was questioned 

whether she had used one or more of medications other than metformin, to make 

sure that all patients were on metformin only in order to evaluate the effects of 

metformin in this study. Clinical manifestations were determined by consultation of 

gynecologist, furthermore, demographic parameters (questionnaire) were taken from 
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all patients at the beginning of study before taking the treatment which were: Name, 

address, age, BMI, systolic blood pressure, diastolic blood pressure, job, social state 

(married or not), numbers of kids, numbers of abortions, hirsutism, alopecia, 

smoking and menstrual irregularity )Oligomenorrhoea or Amenorrhoea) . 

Biochemical parameters were being measured for all patients before and after three 

months of starting with metformin which were: FSH, LH, total testosterone, sex 

hormone binding globulin (SHBG), free androgen index (FAI), Estradiol, prolactin, 

thyroid stimulating hormone (TSH), fasting insulin, HbA1c%, fasting blood sugar, 

homeostatic model assessment for insulin resistance (HOMA-IR ratio) and lipid 

profile (LDL-C, HDL-C, TG and total cholesterol). 

 

2.1.3.5. Sample Collection  

      Blood samples were obtained from eligible patients after taking the patient 

consent, 7)  mL( of venous blood were withdrawn from all women that participated 

in this study, who are all fasting during the morning in follicular phase (cycle day 2) 

in patients with a cycle length shorter than 3 months (Oligomenorrhoea) while the 

patients with cycle length >3 months (Amenorrhoea), the blood samples had drawn 

on a random cycle day where (2 mL) was placed in EDTA-tube for molecular assay 

then were analyzed directly to obtain high purity of DNA, (2 mL) was placed in 

another EDTA tube for HbA1c measuring and (3mL) was placed in gel tube 

(EDTA-free tube) for serum analysis; serum was aspirated after centrifugation of the 

blood at 3000 rpm for 10 minutes; were it used for measurement. 

 

2.1.3.6. Body Mass Index 

      It was calculated by measuring the patient's weight (in kilograms) divided by the 

square of height (in meters) [42].  

                 BMI in kg/m
2 

= Weight (kg) / Square Height (m
2

). 
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2.2. Methods 

2.2.1. Serum Analysis 

      Blood constituents determinations included serum FSH, LH, total testosterone, 

Estradiol, prolactin, lipid profile (LDL-C, HDL-C, TG and total cholesterol), fasting 

insulin, fasting glucose, thyroid stimulating hormone (TSH), sex hormone binding 

globulin (SHBG).The samples were put in package containing ice after collection 

for keeping them with suitable temperature and then transfer them to laboratory for 

analysis. 

 

2.2.1.1. Determination of Follicular Stimulating Hormone  

     The quantitative determination of follicular stimulating hormone (FSH) in human 

serum is by an (Elecsys FSH) kit and Cobas e 411 analyzer and dependent upon 

electro chemluminescence immunoassay method [161].  

 

Principle  

 

Sandwich principle, total duration of assay: 18 minutes. 

 

 1
st
 incubation: 40 μL of sample, a biotinylated monoclonal FSH‑specific 

antibody, and a monoclonal FSH‑specific antibody labeled with aruthenium 

complex form a sandwich complex. 

 2
nd

 incubation: After addition of streptavidin-coated microparticles, the 

complex becomes bound to the solid phase via interaction of biotin and 

streptavidin. 

 The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the electrode. 

Unbound substances are then removed with ProCell/ProCell M. Application 
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of a voltage to the electrode then induces chemiluminescent emission which 

is measured by a photomultiplier. 

 Results are determined via a calibration curve which is instrument specifically 

generated by 2‑point calibration and a master curve provided via the reagent 

barcode or e‑barcode.  

Reagents  

The reagent rack pack is labeled as FSH. 

M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

Streptavidin-coated microparticles 0.72 mg/mL. 

R1 Anti-FSH-Ab~biotin (gray cap), 1 bottle, 10 mL: Biotinylated monoclonal 

anti‑FSH antibody 0.5 mg/L, MES buffer 50 mmol/L. 

R2 Anti-FSH-Ab~Ru(bpy) (black cap), 1 bottle, 10 mL:  Monoclonal anti‑FSH 

antibody (mouse) labeled with ruthenium complex 0.8 mg/L, MES buffer 50 

mmol/L. 

 

2.2.1.2. Determination of Luteinizing Hormone 

     The quantitative determination of luteinizing (LH) in human serum is by an 

(Elecsys LH) kit and Cobas e 411 analyzer and dependent upon electro 

chemiluminescence immunoassay method [162]. 

 

Principle 

 Sandwich principle. Total duration of assay: 18 minutes. 

 1
st
 incubation: 20 μL of sample, a biotinylated monoclonal LH‑specific 

antibody, and a monoclonal LH‑specific antibody labeled with aruthenium 

complex form a sandwich complex. 
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 2
nd

 incubation: After addition of streptavidin-coated microparticles, the 

complex becomes bound to the solid phase via interaction of biotin and 

streptavidin. 

 The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the electrode. 

Unbound substances are then removed with ProCell/ProCell M. Application 

of a voltage to the electrode then induces chemiluminescent emission which 

is measured by a photomultiplier. 

 Results are determined via a calibration curve which is instrument specifically 

generated by 2‑point calibration and a master curve provided via the reagent 

barcode or e‑barcode.  

 

Reagents  

The reagent rack pack is labeled as LH. 

M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

Streptavidin-coated microparticles 0.72 mg/mL. 

R1 Anti-LH-Ab~biotin (gray cap), 1 bottle, 10 mL: Biotinylated monoclonal 

anti‑LH antibody (mouse) 2.0 mg/L; TRIS buffer 50 mmol/L. 

R2 Anti-LH-Ab~Ru(bpy) (black cap), 1 bottle, 10 mL: Monoclonal anti‑LH 

antibody (mouse) labeled with ruthenium complex 0.3 mg/L; TRIS buffer 50 

mmol/L. 

 

2.2.1.3. Determination of Estradiol  

    The quantitative determination of estradiol in human serum is by an (Elecsys 

Esradiol III) kit and Cobas e 411 analyzer and dependent upon electro chemilumine-

scence immunoassay method [163]. 
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Principle 

Competition principle. Total duration of assay: 18 minutes. 

 1
st
 incubation: By incubating the sample (25 µL) with two estradiolspecific 

biotinylated antibodies, immunocomplexes are formed, the amount of which 

is dependent upon the analyte concentration in the sample.  

 2
nd

 incubation: After addition of streptavidin-coated microparticles and an 

estradiol derivative labeled with a ruthenium complex, the still-vacant sites of 

the biotinylated antibodies become occupied, with formation of an antibody-

hapten complex. The entire complex becomes bound to the solid phase via 

interaction of biotin and streptavidin.  The reaction mixture is aspirated into 

the measuring cell where the microparticles are magnetically captured onto 

the surface of the electrode. Unbound substances are then removed with 

ProCell/ProCell M. Application of a voltage to the electrode then induces 

chemiluminescent emission which is measured by a photomultiplier.  

 Results are determined via a calibration curve which is instrument-

specifically generated by 2-point calibration and a master curve provided via 

the reagent barcode or e-barcode. 

  

Reagents   

    The reagent rack pack is labeled as E2 III.  

M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

Streptavidin-coated microparticles 0.72 mg/mL. 

R1 Anti-estradiol-Ab~biotin (gray cap), 1 bottle, 9 mL:  

         Two biotinylated monoclonal anti-estradiol antibodies (rabbit) 2.5 ng/mL and 

4.5 ng/mL; mesterolone 130 ng/mL; MESb) buffer 50 mmol/L. 

R2  Estradiol-peptide~Ru(bpy)²+3 (black cap) 1 bottle, 9 mL: Estradiol derivative, 

labeled with ruthenium complex 4.5 ng/mL; MES buffer 50 mmol/L. 
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2.2.1.4.  Determination of Prolactin  

    The quantitative determination of prolactin in human serum is by an (Elecsys 

Prolactin II ) kit and Cobas e 411 analyzer and dependent upon electro chemilumine-

scence immunoassay method [164]. 

 

Principle  

Sandwich principle. Total duration of assay: 18 minutes. 

▪ 1
st
 incubation: 10 μL of sample and a biotinylated monoclonal prolactinspecific 

antibody form a first complex. 

▪ 2
nd

 incubation: After addition of a monoclonal prolactin‑specific antibody labeled 

with a ruthenium complexa and streptavidin-coated microparticles, a sandwich 

complex is formed and becomes bound to the solid phase via interaction of biotin 

and streptavidin. 

▪ The reaction mixture is aspirated into the measuring cell where the microparticles 

are magnetically captured onto the surface of the electrode. Unbound substances are 

then removed with ProCell/ProCell M. Application of a voltage to the electrode then 

induces chemiluminescent emission which is measured by a photomultiplier. 

▪ Results are determined via a calibration curve which is instrument specifically 

generated by 2‑point calibration and a master curve provided via the reagent 

barcode or e‑barcode. 

  

Reagents  

The reagent rack pack is labeled as PRL II. 

M.  Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

Streptavidin-coated microparticles 0.72 mg/mL. 

R1.  Anti-prolactin-Ab~biotin (gray cap), 1 bottle, 10 mL: Biotinylated monoclonal 

anti‑prolactin antibody (mouse) 0.7 mg/L; phosphate buffer 50 mmol/L. 
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 R2.  Anti-prolactin-Ab~Ru(bpy) (black cap), 1 bottle, 10 mL: Monoclonal 

anti‑prolactin antibody (mouse) labeled with ruthenium complex 0.35 mg/L; 

phosphate buffer 50 mmol/L. 

 

2.2.1.5.  Determination of Thyroid Stimulating Hormone  

     The quantitative determination of thyroid stimulating hormone (TSH) in human 

serum is by an (Elecsys TSH) kit and Cobas e 411 analyzer and dependent upon 

electro chemiluminescence immunoassay method [165]. 

 

Principle 

Sandwich principle. Total duration of assay: 18 minutes . 

 1
st
 incubation: 50 μL of sample, a biotinylated monoclonal TSH‑specific 

antibody and a monoclonal TSH‑specific antibody labeled with aruthenium 

complex react to form a sandwich complex. 

 2
nd

 incubation: After addition of streptavidin-coated microparticles, the 

complex becomes bound to the solid phase via interaction of biotin and 

streptavidin. 

 The reaction mixture is aspirated into the measuring cell where the micro 

particles are magnetically captured onto the surface of the electrode. Unbound 

substances are then removed with ProCell/ProCell  

 Application of a voltage to the electrode then induces chemiluminescent 

emission which is measured by a photomultiplier. 

 Results are determined via a calibration curve which is instrumentspecifically 

generated by 2‑point calibration and a master curve provided via the reagent 

barcode or e‑barcode. 
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Reagents  

The reagent rack pack is labeled as TSH.  

M. Streptavidin-coated microparticles (transparent cap), 1 bottle, 12 mL: 

Streptavidin-coated microparticles 0.72 mg/mL.  

R1.  Anti-TSH-Ab~biotin (gray cap), 1 bottle, 14 mL: Biotinylated monoclonal 

anti-TSH antibody (mouse) 2.0 mg/L; phosphate buffer 100 mmol/L. 

R2.  Anti-TSH-Ab~Ru(bpy) (black cap), 1 bottle, 12 mL: Monoclonal anti-TSH 

antibody (mouse/human) labeled with ruthenium complex 1.2 mg/L; 

phosphate buffer 100 mmol/L. 

 

2.2.1.6.  Determination of Total Testosterone  

     The quantitative determination of total testosterone in human serum is by an 

(Elecsys Testosterone II) kit and Cobas e 411 analyzer and dependent upon electro 

chemiluminescence immunoassay method[166]. 

 

Principle  

Competition principle. Total duration of assay: 18 minutes. 

▪ 1
st
 incubation: 20 μL of sample are incubated with a biotinylated monoclonal 

testosterone‑specific antibody. The binding sites of the labeled antibody become 

occupied by the sample analyte (depending on its concentration). 

▪ 2
nd

 incubation: After addition of streptavidin-coated microparticles and a 

testosterone derivate labeled with a ruthenium complex, the complex becomes 

bound to the solid phase via interaction of biotin and streptavidin. 

• The reaction mixture is aspirated into the measuring cell where the micro particles 

are magnetically captured onto the surface of the electrode. Unbound substances 

are then removed with ProCell/ProCell.  

• Application of a voltage to the electrode then induces chemiluminescent emission 

which is measured by a photomultiplier. 
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• Results are determined via a calibration curve which is an instrument specifically 

generated by 2‑point calibration and a master curve provided via the reagent 

barcode or e‑barcode . 

 

Reagents  

The reagent rack pack is labeled as TESTO II. 

M. Streptavidin-coated microparticles (transparent cap), Streptavidin-coated 

microparticles 0.72 mg/mL. 

R1.  Anti-testosterone-Ab~biotin (gray cap). 

Biotinylated  monoclonal anti-testosterone antibody (sheep) 40 ng/mL; releasing 

reagent 2-bromoestradiol; MES buffer 50 mmol/L. 

R2.  Testosterone-peptide~Ru(bpy) (black cap), 1 bottle, 9 mL: Testosterone 

derivative, labeled with ruthenium complex 1.5 ng/mL; MES buffer 50 mmol/L. 

 

2.2.1.7.  Determination of Sex Hormone Binding Globulin 

     Serum sex hormone binding globulin (SHBG) levels was determined by (SHBG 

ELISA) kit and Elisys Uno[40].  

Principle  

Sandwich principle. 

The micro titer wells are coated with a monoclonal mouse antibody directed towards 

a unique antigenic site of the SHBG molecule. An aliquot of sample containing 

endogenous SHBG is incubated in the coated well with enzyme conjugate, which is 

an anti-SHBG antibody conjugated with horse radish peroxidase. After incubation 

the unbound conjugate is washed off. The amount of bound peroxidase conjugate is 

proportional to the concentration of SHBG in the sample. Having added the 

substrate solution, the intensity of color developed is proportional to the 

concentration of SHBG in the patient sample. 
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Reagents  

A. Microtiter wells, 12 x 8 (break apart) srips,96 wells ; wells coated with anti-

SHBG antibody (monoclonal) 

B. Standard (standard 0-6), 7 vials, 0.5 ml each, ready to use; concentrations: 0-4-

16-32-65-130-260 nmol/L. The standards are calibrated against the following 

reference material: WHO international Standard for Sex hormone Binding 

Globulin (08/266). 

C. 0.5ml of Control low and high. 

D. 125 ml of Assay buffer. 

E. 14 ml of Enzyme conjugate, Anti- SHBG antibody conjugated with horseradish 

peroxidase. 

F. 14 ml of  Substrate Solution, Tetramethylbenzidine (TMB). 

G. 14 ml of Stop Solution contains 0.5 M H2SO4  

H. 30 ml of Wash Solution 40X. 

 

2.2.1.8.  Estimation of Free Androgen Index (FAI) 

      Free Androgen Index is a ratio used to determine abnormal androgen status in 

humans. The ratio is the total testosterone level divided by the sex hormone binding 

globulin (SHBG) level, and then multiplying by a constant, usually 100 [167]: 

FAI = (T. testosterone/SHBG)*100 

 

2.2.1.9.  Determination of Fasting Blood Sugar (FBS) 

     In vitro test for quantitative determination of glucose in serum by (Glucose HK 

Gen. 3) kit on COBAS INTEGRA system [168]. 

 

Principle 

      Hexokinase  catalyzes the phosphorylation of glucose by ATP to form glucose-

6-phosphate and ADP. To follow the reaction, a second enzyme, glucose-6-
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phosphate dehydrogenase (G6PD) is used to catalyze oxidation of glucose-6-

phosphate by NADP
+
 to form NADPH. The concentration of the NADPH formed is 

directly proportional to the glucose concentration. It is determined by measuring the 

increase in absorbance at 340 nm. 

 

Reagents    

      COBAS Integra 400 Plus Glucose HK Liquid – 800 tests  

R1 MES buffer: 5.0 mmol/L, pH 6.0 ; Mg
2+

: 24 mmol/L; ATP: 4.5 mmol/L; 

NADP
+
: 7.0 mmol/L. 

R2 HEPES Buffer: 200 mmol/L, pH 8.0; Mg
2+

: 4 mmol/L; HK (yeast): 300 ukat/L; 

G-6-PD (E. coli):  300 ukat/L. 

 

2.2.1.10.  Determination of Fasting Insulin  

      The quantitative determination of Fasting Insulin in human serum by 

(MAGLUMI Insulin (CLIA)) kit and Snibe Diagnostic Maglumi 800 [169]. 

 

Principle 

     The sample (or calibrator/control), buffer, magnetic microbeads coated with anti-

insulin monoclonal antibody and ABEI labeled with anti-insulin monoclonal 

antibody are mixed thoroughly and incubated at 37℃ formed sandwich of immune-

complexes. After precipitation in a magnetic field, the supernatant is decanted and 

then awash cycle is performed. Subsequently, the starter 1+2 are added to initiate 

chemiluminescence reaction. The light signal is measured by a photomultiplier 

within 3 seconds as relative light units (RLUs), which is proportional to the 

concentration of insulin present in the sample (or calibrator/control). 
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Reagents  

Reagent Integral for 100 determinations 

Nano magnetic microbeads: Tris buffer, 1.2% (w/v), 

0.2%NaN3, coated with sheep anti-polyclonal antibody. 

2.5ml 

Calibrator low 2.5ml 

Calibrator high 2.5ml 

Anti-Insulin monoclonal antibody labeled contains BSA, 

0.2% NaN3. 

10.5 ml 

 

2.2.1.11. Estimation of Homeostasis Model of Insulin Resistance 

(HOMA-IR) 

     HOMA-IR has been widely utilized as insulin resistance index. The HOMA-IR is 

being used extensively for estimation of pancreas beta cell function and insulin 

resistance, both in clinical practice and studies (170) ,where is calculated by :  

HOMA-IR = (FBS X fasting insulin)/405 

 

2.2.1.12.  Determination of Glycated Hemoglobin (HbA1c%) 

      This test determines glycated hemoglobin A1c (HbA1c%) by using COBAS 

HbA1c kit  and COBAS INTEGRA - 400 plus, normal value of HbA1c level less 

than 5.7%, a level between 5.7% to 6.4% shows pre-diabetes while level above 

6.5% is indicative of diabetes mellitus [171].  

 

Principle: 

     Turbidity : Turbidmetric measurement are made with spectrophotometer to 

determine the concentration of particulate matter in a sample. The amount of light 

blocked by suspension of particles depends not on concentration but also on size, 

because particles tend to aggregate and settle out of suspension sample handling. 
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Procedure :  

      The HbA1c determination is based on the turbidimetrically inhibition 

immunoassay (TINIA for hemolyzed whole blood).  

1. Sample and addition of R1 Antibody reagent: Glycohemoglobin (HbA1c) in the 

sample reacts with anti-HbA1cd antibody to form soluble antigen-antibody 

complexes. Since the specific HbAq2c antibody site is present only once on the 

HbA1c molecule, complex formation does not take place (Polyhapten reagent). 

2. Addition of SR (buffer/polyhapten reagent) and start of reaction: the 

polyhaptens react with excess anti-HbA1c antibodies to form an insoluble 

antibody-polyhapten complex which can be measured turbidmetrically. 

Hemoglobin liberated hemoglobin in the hemolyzed sample is converted to a 

derivative having a characteristic absorption spectrum which is measured 

bichromatically during the pre-incubation phase (sample + R1) of the above 

immunological reaction. A separate Hb reagent is consequently not necessary. 

The final result is expressed as percent HbA1c and is calculated from the 

HbA1c/Hb ratio as follows: Standard Operating Procedure (%HbA1c acc.to 

DCCT/NGSP):  

                    HbA1c (%) = (HbA1c / Hb) x 91.5 + 2.1  

Reagents  

    Reagent cassette 

   R1 Antibody reagent  

         MES buffer: 0.025 mol/L; TRIS buffer: 0.015 mol/L, pH 6.2; HbA1c antibody 

(bovine serum) >0.5 mg/mL. 

   SR Polyhapten reagent  

         MES buffer: 0.025 mol/L; TRIS buffer: 0.015 mol/L, pH 6.2; HbA1c 

polyhapten: >8 µg/mL. 
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2.2.1.13. Lipid Profile Determination  

2.2.1.13.1. Measurement of Total Serum Cholesterol  

     Determination of serum total cholesterol was by (Total Cholesterol) 

kit and COBAS INTEGRA - 400 plus. 

Principle:   

    Serum total cholesterol  was determined according to method that was determined 

by enzymatic reaction as indicated below. Cholesterol esters are broken down 

quantitatively into free cholesterol and fatty acids by cholesterol esterase[172]. 

                                               Cholesterol esterase 

     Cholesterol ester + H2O  --------------------------► Cholesterol + Fatty acid 

                                      Cholesterol oxidase  

     Cholesterol + O2  ----------------------------► Cholest-4-en-3-one + H2O2 

                                                                     Peroxidase 

     2H2O2 + 4-aminoantipyrine + Phenol  -------------------► Quinoneimine  +  4H2O 

                                                                                         Purple-blue pigment 

 

      In the presence of oxygen, cholesterol is oxidized by cholesterol oxidase to 

cholest-4-en-3-one a purple-blue color and hydrogen peroxide. The color intensity 

of the blue quinone-imine dye formed proportional to the HDL-cholesterol 

concentration. It is determined by measuring the increase in absorbance at 583 nm 

[173]. The reagents were used:  

1. Buffer solution composed phosphate buffer 100 mmol/l, chloro-4-phenol 5 

mmol/l, sodium chloride 2.3 mmol/l, triton X 100 1.5 mmol/l.  

2. Enzymes solution composed cholesterol oxidase 100 ΙU/l, cholesterol esterase 

170 ΙU/l, peroxidase ΙU/l, 4-amino-antipyrine 0.25 mmol/l, PEG 6000 167 

μmol/l.  

3. Standard solution for cholesterol 200 mg/dl (5.17 mmol/l).  
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      The content of enzymes vial was added to buffer vial and mixed gently until 

complete dissolution to prepare work reagent. The procedure was carried out as in 

the following table: 

 

Reagents Blank Standard Sample 

Reagent  1 ml  1 ml  1 ml  

Demineralized 

water  

10 μl  -  -  

Standard  -  10 μl  -  

Sample  -  -  10 μl  

     The tubes were mixed and then left to stand for 5minutes at 37ºC. Record 

absorbance at 500 nm (480-520) against blank. The colored complex is stable for 1 

hour.  

Sample cholesterol was obtained from the following equation: 

                                                  A
sample 

 

Total Cholesterol (mmol/l) = ------------- x Conc. of standard cholesterol  

                                                 A
standard 

 

 

2.2.1.13.2. Measurement of Serum Triglyceride  

     Determination of serum triglyceride was by (Triglyceride) kit and 

COBAS INTEGRA - 400 plus. 
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Principle: 

      Serum triglyceride concentration was determined enzymatically and the 

principle method associated with Trinder reaction [174].The absorbance of the 

colored complex (quinonimine) is proportional to the amount of TG in the 

specimen. The reagents used in this procedure are:  

1. Buffer solution composed PIPES 100 mmol/l, MgCl2 9.8 mmol/l, Chloro-4-

phenol 3.5 mmol/l.  

2. Enzymes solution composed Lipase 1000 ΙU/l, peroxidase 1700 ΙU/l, 

Glycerol-3-p-oxidase 3000 ΙU/l, Glycerol kinase 660 ΙU/l, PAP 0.5 mmol/l, 

ATP 1.3 mm0l/l.  

3. Standard solution containing glycerol equivalent to triglycerides 200 mg/dl or 

2.28 mmol/l.  

      The content of enzymes vial was added to buffer vial and mixed gently until 

complete dissolution to prepare work reagent. The procedure was carried out as in 

the following table: 

 

Reagents  Blank  Standard  Sample  

Reagent  1 ml  1 ml  1 ml  

Demineralize

d water  

10 μl  -  -  

Standard  -  10 μl  -  

Sample  -  -  10 μl  
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     The tubes were mixed and then left to stand for 5minutes at 37ºC or 10 minutes 

at room temerature. Record absorbance at 500 nm (480-520) against blank. The 

colored complex is stable for 1 hour. 

                                                 A
Sample 

 

Triglyceride Concentration= -------------- x 2.28  

                                                 A
Standard  

2.2.1.13.3. Measurement of Serum HDL-Cholesterol 

     Determination of serum total cholesterol was by (HDL-C) kit and 

COBAS INTEGRA - 400 plus. 

Principle:      

     LDL,VLDL and chylomicron from specimen were precipitated by 

phosphotungstic acid and magnesium chloride. HDL-cholesterol obtained in 

supernatant after centrifugation is then measured with total cholesterol reagent 

[175].The reagent used only precipitant which contained phosphotungstic acid 13.9 

mmol/l and magnesium chloride 6.2 490 mmol/l. The procedure was carried out as 

indicated in the following table: 

                          Reagent                          Volume 

                          Serum                              0.5 ml 

                          Precipitant                        50 µl 

      The tubes mixed vigorously, then left to stand for 10 minutes at room 

temperature. Centrifuge 15 minutes at 1400-1800 x, then apply next procedure 

which includes measurement of cholesterol in supernatant: 
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Reagents  Blank  Standard  Sample  

Reagent  1ml  1 ml  1 ml  

Distilled water  25 μl  -  -  

Standard 2.58 

mmol/l  

-  25 μl  -  

Supernatant  -  -  25 μl  

     The tubes were mixed, and then left to stand for 5 minutes at 37ºC. The 

absorbance was measured at 500 nm (480-520) against blank. The colored complex 

solution is stable for 1 hour.  

                                            A
Sample 

 

HDL-C conc., mmol/L = -------------- x 2.58 mmol/L  

                                           A
Standard

 

  

 

2.2.1.13.4.  Estimation of Serum LDL-C 

     Low density lipoprotein-cholesterol (LDL-C) concentration was calculated 

indirectly by using Friedewald and colleagues equation, which becomes the more 

common method in routine clinical labs [176]. 

            LDL-C  mmol/L = [Total-chol.] - [HDL-C] - [TG/5]  

 Where all concentrations are given in mg/100 ml (TG / 2.22 is used when LDL-C is 

expressed in mmol/L).  

 



51ds Patients and Metho                                Chapter Two                                       

  
 

2.3. Molecular Analysis 

     Extraction of nucleic acids is the first step in most molecular analytical studies 

and recombinant  DNA techniques. A large number of procedures, based on a 

variety of methods and principles, exists for the extraction and purification of 

nucleic acid. They all share the common requirements that the biological material 

needs to be lysed, cellular nucleases must be inactivated, and finally, the desired 

nucleic acid has to be purified from the cellular debris. Protocols differ only in the 

first few steps regarding tissue and cell lysis; they then share a common purification 

procedure as summarized below: 

A. The starting material is lysed by incubation with lysis buffer and proteinase K 

to break open cell membranes and expose DNA and RNA. 

B. Binding buffer is added to inactivate nucleases and the solution is transferred 

into filter tubes and briefly centrifuged. 

C. After three washes with different buffers, the nucleic acid bound to the glass 

fiber filter is pure and can be eluted with the elution buffer that does not 

interfere with further reaction into a sterile 1.5 microcentrifuge tube. 

D. Eluted genomic DNA can be used immediately for further molecular 

experiments or stored at 4 °C or frozen at -20 °C until the day of used. 

 

2.3.1. Extraction of Genomic DNA. 

     The DNA extraction was conducted at College of Pharmacy / University of 

Kerbela / Laboratory of Molecular Biology. Genomic DNA was extracted from 

blood sample according to the protocol of (G-DEX™ IIb / Intron , Korea) genomic 

DNA extraction kit for blood. 

Extraction is carried out in 4 steps that involve lyses, binding, washing and elution 

as the following steps:  

 

1. 1.5 ml blood was centrifuged at 2000 rpm for 1 minute to produce buffy coat. 
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2. 300 µL of the formed buffy coat were added to 1.5 ml epindorff tube 

containing 900 µL RBC lysis solution then they were mixed toughly by 

vortexing and incubating for 5 minutes at room temperature. 

3. The tubes were centrifuged at 10000 rpm for 1 minutes ,then the supernatant 

layer were removed except the white cell pellet and 50-100 µL of the remnant 

are remained . 

4. The tube was vortexed vigorously to re-suspend the cells. 

5. 300 µL of cell lysis solution were added to the re-suspend cells then pipetting 

up and down was done to lyse the cell. 

6. Sample was chilled to room temperature then 100 μL PPT solution buffer 

were added to cell lysate and vortexed vigorously at high speed for 20 

seconds. 

7. The sample was centrifuged at 16000 rpm for 5 minutes, the precipitated 

proteins formed white tight pellet. 

8. 300 µL of supernatant containing the DNA were transferred to 1.5 ml tube 

then 300 µL of 100 % isopropanol alcohol were added to the tube and the 

sample was mixed by inverting gently several times. 

9. The sample was centrifuged at 16000 rpm for 1 minute so the DNA was 

visible as small white pellet. 

10.  The supernatant was poured off and drained on clean absorbent paper then 

1ml of 70% ethanol alcohol was added to tube containing DNA and the tube 

was inverted several times to wash the DNA pellet. 

11.  The sample was centrifuged at 16000 rpm for 1 minutes, then ethanol 

carefully was poured off and the tube was inverted  on clean absorbent paper 

and was allowed for air to dry about 10 -15 minutes. 

12.  200 µL of DNA rehydration buffer solution were added to the tube then the 

DNA was rehydrated by incubating at 65c for 30 – 60 minutes or at 4 c for 

overnight culture. Collected DNA was stored at -20 c (deep freezing). 
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2.3.2. Quantitation of DNA by Spectrophotometric Method 

      DNA purity and concentration were measured by using spectrophotometric 

methods which is a Nano Drop™ system. 

 

 Principle:  

     The purity and concentration of extracted DNA samples were measured by 

absorbance method using the Nano drop instrument. The absorbance readings were 

done at 260 nm and at 280 nm [177]. At 260 nm, the DNA strongly absorbs light 

while at 280 nm, the protein absorbs light most strongly. DNA purity was measured 

by the A260/A280 ratio. The A260/A280 ratio 1.8-2.0 is commonly accepted and it 

signifies a high quality DNA sample [178]. Highly sensitive micro detector of 

nanodrop as blank. The micro detector was cleaned up from blank, then 1 μL of 

sample was applied on the micro detector of nanodrop. The concentration and 

A260/A280 ratio of DNA were documented from the instrument [179]. 

 

2.3.3. Polymerase Chain Reactions  

       Polymerase chain reactions (PCR) were performed using thermocycler (Techne, 

England) which amplified a desired region of the genome. The concentration of 

desired target sequence increases from one molecule to several million copies. 

There are three steps to any PCR that are cycled about 25-45 times, which include:  

A. Denaturation: This step occurs at 94-95
o
C and entails the unwind dsDNA in 

to two single strands.  

B. Annealing: This step occurs at 55-65
o
C. A pair of short (17-26) 

oligonucleotide sequences (primers) anneal to the ends  of  the template 

strands of DNA and begin the reaction. 

C. Extension: This step occurs at 72-74
o
C and entails the extension of the 

primers to form a new strand that is complementary to the template strand. 

This occurs in the presence of the Taq DNA polymerase, a DNA polymerase 



54ds Patients and Metho                                Chapter Two                                       

  
 

isolated from the organism Thermus aquaticus ,a bacterium that can survive 

at high temperatures without denaturation. 

 

2.3.3.1. Amplification Refractory Mutation System - PCR 

    The allele-specific PCR also called as an amplification refractory mutation 

system – polymerase chain reaction (ARMS-PCR) or PCR amplification of specific 

alleles (AS-PCR) used to detect the SNPs [180]. Tetra ARMs – PCR protocol was 

used for SNPs detection of  MATE1 (SLC47A1) (rs2289669 G>A)genetic 

polymorphism while allele-specific PCR was used for detection of 

MATE1(SLC47A1) (rs1961669 A>G) genetic polymorphism. 

 

Principle  

     The ARMS-PCR is one of the molecular techniques which was designed for 

creating thousands to millions copies of demanding DNA fragment[181]. Some 

reagents and components are essential for ARMS-PCR, these components comprise 

of DNA target (DNA template) that includes the region of DNA to be amplified, 

primers (forward and reverse primer) which are complementary to the DNA 

template, Thermus aquaticus DNA polymerase (Taq polymerase) enzyme, deoxy 

nucleotide tri- phosphates (dNTPs) and buffer solution which make an appropriate 

chemical environment for maximum favorable stability and activity of the DNA 

polymerase. 

     The ARMS PCR is mostly done to identify a mutation or a polymorphism which 

is simply a difference in DNA sequence between two related organisms, e.g. two 

individual humans. Polymorphisms may be divided into those consisting of base 

changes and those where there is a difference in the length of the corresponding 

region of DNA [182], it is also important that it should be able to identify whether 

the change in DNA is heterozygous or homozygous. A heterozygote or homozygote 
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is differentiated by using ARMS primers for the mutant/polymorphic and the normal 

(wild type) alleles. The reactions for the mutant and the normal alleles are usually 

carried out in separate tubes [181]. 

 

2.3.3.2. Primer Design 

     The introns of two SNPs of Mate-1 (SLC47A1 gene): [(rs2289669 G >A) and  

(rs1961669 A>G) ] were amplified by means of specific primers to study the SNPs, 

the present result used primer oligonucleotide designing by using Homo sapiens 

(multi drugs and toxins extrusion protein1) gene, depending on 

https://www.ncbi.nlm.nih.gov/ websites,  using primer blast software [183]. 

      PCR reaction was performed by using specific primers designed for SLC47A1 

gene. Based on NCBI database, all genes information, sequence and SNPS details, 

were collected. Using specific software, primers were designed. 

      Primers were taken in a lyophilized state, the units of a lyophilized primer are 

known as a mass in picomoles. The subsequent steps were done for the 

reconstitution and dilution of the primers: 

-The tube was centrifuged at 10000 x g for 5-10 min before decamping. 

-The chosen volume from nuclease free water was added according to the 

manufacturer to give a primary concentration of 100 pmoles /μL so lyophilized 

primers were dissolved in a nuclease free water to give a (stock solution). 

-For working solution: The Primers were re- mixed by suitable vortexing, then 10 

Pmol of stock solution were diluted with 90 μL of nuclease free water in a 0.5 mL 

eppendorf tube in microcenterfuge  to obtain  (10 pmol) as a final concentration 

(working solution), the stock and working solution were kept at -20 ᵒC, the sequence 

of the primers (forward and reverse) with their product size were mentioned in 

tables (2.3) and (2.4): 
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Table: 2.3. Primer sequence of SLC47A1 (G> A) (rs2289669) genetic 

polymorphism 

Reference Product Ta Tm Sequence (5'->3') Primers 

Current       

study 

410 bp 54 59.76 GAGGAACATGGTTGTGCAGC Outer F 

Current 

study 

 54 59.39 ACCAAGAGCCTCGGGTAAG Outer_R 

Current 

study 

732 bp 54 57.99 CTTTGTCTAGCCGGGAACTC Inner_R (G allele) 

Current 

study 

318 bp 54 58.95 AGTTTCCACAGTAGCGTGGA Inner_F (A allele) 

 

 

Table:2.4. Primer sequence of SLC47A1 (A> G) (rs1961669) genetic                                                                  

polymorphism 

Reference Product Ta Tm Sequence (5'->3') Primers 

Current 

study 

----- 52 57.16 GGTTCAGGTGAGCTTGTAGT Forward 

primer 

Current 

study 

392 52 55.72 AGTCTGGGTTCCTGGTTTAT R1-Allele A 

Current 

study 

392 52 55.11 GTCTGGGTTCCTGGTTTAC R2-Allele G 
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2.3.3.3. PCR Working Solution 

  Accupower® PCR PreMix –Bioneer Kit which is ready to use PCR 

reagent (Add only the DNA template and primers), an individual PCR tube 

contains lyophilised mixture of Thermo-stable Enzyme (Top DNA 

polymerase) , dNTPs , Reaction buffers (Tris-HCl, KCl), Enhancer( Mgcl2), 

Stabilizer and Tracking Dye.  

 

2.3.3.4. Optimization of PCR Conditions 

Optimization of polymerase chain reaction was achieved after several trials. 

 

2.3.3.4.1. Optimization of SLC47A1 (G>A) (rs2289669) Genetic 

Polymorphism Conditions 

Optimization of PCR conditions of SLC47A1 (G> A) (rs2289669) genetic 

polymorphism conditions was prepared by using: 

 Different volumes of primer (1 μL, 2 μl) 

 Different volumes of template DNA (2 μl, 3 μl, 4 μl) 

 Different annealing temperatures (52°C,53°C,54°C, 55°C). 

 

The preferred conditions which provided the best results for this SNP were addition 

of: 

A. 1 μL outer forward primer 

B. 1 μL outer reverse primer 

C. 1 μL inner reverse primer 

D. 1 μL inner forward primer 

E. 3 μL DNA sample 

F. 13 μL nuclease free water 
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2.3.3.4.2. Optimization of SLC47A1(A>G) (rs1961669) Genetic 

Polymorphism 

Optimization of PCR conditions of SLC47A1(A>G) (rs1961669) genetic 

polymorphism were prepared by using: 

 Different volumes of primer (1 μL, 2 μl) 

 Different volumes of template DNA (2 μl, 3 μl ,4 μl) 

 Different annealing temperatures (52°C, 57°C). 

The preferred conditions which provided the best results for this SNP were addition 

of: 

A. 7 μL forward primer 

B. 1 μL reverse 1 (R1) primer 

C. 1 μL reverse 2 (R2) primer in different tube 

D. 3 μL DNA sample  

E. 15 μL nuclease free water 

     A total reaction volume is 20 μL which added to the 500μl PCR tube of premix 

that contains 5 μL of premix which centrifuged for 10 seconds at 2000 rpm in a 

micro centrifuge for mixing the sample tubes and then placed in thermocycler. 
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2.3.3.5. PCR Program 

 The reaction was carried out as shown in tables (2.5) and (2.6) 

 

 Table: 2.5. Optimization conditions for SLC47A1 (G> A) (rs2289669) genetic         

polymorphism  

Steps Temperature           Time Cycles 

Initial 

Denaturation  

92 3 min 1 

Denaturation  92 30 sec  

45 Annealing 55 30 sec 

Extension 72 30 sec 

Final extension 72 5 min 1 

Hold 10 10 min  

    Total time is 2hrs and 20 min 
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  Table:2.6. Optimization conditions for SLC47A1 (A> G) (rs1961669) genetic   

polymorphism 

Steps Temperature Time Cycles 

Initial 

Denaturation  

95 3 min 1 

Denaturation  95 30 sec 45 

Annealing 52 30 sec 

Extension 72 30 sec 

Final 

Extension 

72 5 min 1 

Hold 10 10 min 1 

    Total time is 2 hrs  and 20 min 

 

2.3.3.5. Agarose Gel Electrophoresis 

      Electrophoresis is designated as a typical method to distinguish, separate and 

purify DNA fragments of variable sizes ranging from 100 bp to 1000 bp throughout 

the agarose gels. Agarose gel electrophoresis was adopted to confirm the presence 

of PCR amplification. PCR was completely dependable on the extracted DNA 

criteria [184]. The following factors affect the rate of DNA migration through 

agarose gel electrophoresis: 

- The molecular size of the DNA. 

- The concentration of agarose. 

- The conformation of the DNA. 

- The presence of ethidium bromide in the gel and electrophoresis buffer. 
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- The applied voltage. 

- The type of agarose. 

 

 Solutions: 

1x TBE buffer, DNA Ladder marker, Ethidium bromide (10 mg/ml).  

 

2.3.3.6.1. Preparation of Solution (1x TBE solution) 

     1X TBE buffer (tris borate EDTA) was prepared by diluting 10X TBE buffer 

with deionized water (one volume of 10X TBE buffer with 9 volume of deionized 

water: 1:10 dilution). 

 

2.3.3.6.2. Preparation of Agarose Gel [185,186] 

 100 ml of 1x TBE was taken in a beaker. 

 1.5 gm (for 1.5%) agarose was weighed and added to the buffer. 

  The solution heated to boiling by using heater until all the gel particles were 

dissolved. This gel was used to identify the band of PCR product.  

 The solution was stirred in order to be mixed and to avoid bubbles until the 

gel solution was looked clear and pure.  

 The solution was cooled down at 50-60 c◦. 

 3.5 μL of stock Ethidium Bromide (10mg/ml) was added to the gel. 

 

2.3.3.6.3. Casting of the Horizontal Agarose Gel 

     The gel tray was sealed with adhesive tape. A comb was pushed in the gel 

chamber about 1 inch from one ending of tray, then the agarose solution was poured 

in to the tray and the gel allowed to solidify at room temperature for approximately 
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30 minutes and kept at refrigerator for 15-30 minutes to harden well. The comb was 

carefully removed and the gel was placed in a horizontal gel electrophoresis tank.  

The tank was filled with 1X TBE- electrophoresis buffer (that was used for 

preparation of agarose gel) until the buffer reached 3-5 mm over the surface of the 

gel.  

 

2.3.3.6.4.  Loading of  PCR Products  

      After the gel became clear and solid, the comb was removed and the glass plates 

were put in submarine horizontal gel electrophoresis chamber which was filled with 

1 X TBE buffer that reached above the level of wells, 5 µL of PCR products were 

directly loaded to the well with great precaution to prevent damages of the wells and 

cross contamination of neighboring wells. The negative pole was linked to the 

negative side of the unit and the positive pole to another. Electrical power was 

turned on at 100 volt/50 Amp for 90 min or while waiting for dye indicators traveled 

to the appropriate distance according to the size of DNA fragment. DNA moved 

from cathode (negative pole) to plus Anode (positive poles). The bands that stained 

with Ethidium Bromide in gel were visualized by using Gel Documentation System. 

 

2.3.3.6.5.   DNA Ladder 

      In current study, 5 μL of DNA ladder was used (Intron, Korea) and the band size 

ladder was 100-1000 bp. The ladder type was used in this study can be offered 

directly without addition of sample loading dye. 

 

2.3.3.6.6. Gel- Band Visualization 

    To visualize the DNA bands, the agarose gel was placed in the UV 

transilluminator device and exposed to UV light and the photos were captured by 

digital camera linked to PC. 
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2.4.   Statistical Analysis 

     The results were expressed as mean ±SD. Statistical analysis was performed by 

using the PAST version 3.09, 2004. Fissure exact test and Chi- square (χ2) was used 

to determine any significant difference in demographic parameters between the 

categorical data, Paired t-test was used to examine the difference in means of 

biochemical parameters between pre- and post- metformin treatment results , odds 

ratio (OR) and confidence interval 95% (CI95%) were used to express the 

significance between the allele frequencies of obese and non-obese groups. In all 

statistical analysis that used in this study, probability value (P value) expressed as 

the significant value was (≤ 0.05) and the highly significant value was (≤ 0.01). 
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3. Results  
 

3.1. Demographic Parameters 
 

3.1.1.Some Demographic Parameters in PCOS 

 

      Based on inclusion and exclusion criteria, 346 patients of PCOS dependent upon 

metformin mono therapy were enrolled in the study. For final data analysis only 231 

patients were included in the study, as thirty patients became pregnant during 

treatment period and eighty-five patients were lost to follow up due to Covid-19 

pandemic, the women which included in the study finally were with an average age 

ranged between (18-40) years and the mean ± SD of them were 27.2 ± 5.9 years.  

      Results of the present study were shown in table (3.1) and figure (3.1) using 

Chi-Square statistical test and Paired t-test; there was a significant difference in 

alopecia (P value ≤ 0.01) between pre- and post-metformin treatment results (χ
2
 = 

43.31). 

     The significant result (P value ≤ 0.01), (χ
2
 = 119.6) was shown in differentiation 

in menstrual cycle regularity between pre- and post-metformin treatment. The result 

of hirsutism indicated a non-significant difference (P value = 0.7), (χ
2 

= 0.13) 

between pre- and post-metformin treatment results, as well as there was no 

statistical difference in BMI (P value = 0.13) between the pre- and post -treatment 

period as the values were following : [(29.12 ± 5.4) and (28.35 ± 5.3)] kg/m
2
 

respectively as shown in table (3.1) and figure (3.2). 
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Table 3.1.    Comparison between demographic parameters between pre- and 

post-metformin treatment as response to metformin 

Demographic parameter Pre-treatment 

n(%) 

Post-

treatment 

n(%)  

Chi- 

Square 

Test (χ
2 
) 

 

Probability 

Hirsutism 

 

  (+)  

 

209 (90.48) 120 (51.9)  

χ
2
= 0.13 

P value = 

0.7 

 
  (-)     22 (9.52)    111 (48.1) 

Alopecia 

 

  (+)  

 

   186 (80.5) 119 (51.5)  

 

χ
2
=43.31 

P value ≤ 

0.01 

 
  (-)  45 (19.5) 112 (48.5) 

Regularity 

of menstrual 

cycle 

 

  (+)  0 (0) 95 (41.1)  

 

χ
2 
=119.6 

P value ≤ 

0.01 

   (-)  

 

231 (100) 136 (58.9) 

Parameter Pre- 

metformin 

treatment 

Post-

metformin 

treatment 

Mean 

difference ± 

S.D.   

P value  

BMI kg/m
2
 29.12 ± 5.4 28.35 ± 5.3 0.77 ± 1.5 0.13 

Chi-square test,  Paired t-test,  P value ≤ 0.01: highly significant change,  (+) : present, (-) : not present, BMI: 

body mass index 
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Fig. 3.1.:  Response in demographic parameters in PCOS patients pre- and  

post-metformin treatment 

 

 

 

Fig. 3.2.: Change in BMI (kg/m
2 
) as a response to metformin between pre- and 

post-metformin treatment  
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3.2. Studies of Biochemical Markers 

3.2.1. Some Biochemical Parameters in PCOS  

      The results of present study were shown in table (3.2) using statistical paired t-

test; there was a highly significant increase in the mean of FSH level (P value ≤ 

0.01) between pre- and post- metformin treatment [(5.7 ± 1.99),(6.5 ± 2.4)] 

mIU/mL respectively while a highly significant reduction in the mean of LH level 

(P value ≤ 0.01) has been recorded as the value before treatment was (10.13 ± 6.19) 

mIU/mL and the value after treatment was (8.5 ± 4.8) mIU/mL. as a result, LH/FSH 

ratio indicated  highly significant decrease (P value ≤ 0.01)  in values between pre- 

and post- treatment where the results as follows :(1.85 ± 1.08) and (1.4 ± 0.8) , as 

shown in Figure (3.3). 

      In current study, there was a non-significant change in TSH level (P value = 

0.99) where the value before treatment was (2.27 ± 0.97) ulU/mL and after 

treatment was (2.3 ± 1.9) ulU/mL while prolactin recorded highly significant 

decrease (P value ≤ 0.01) and its value was (23.9 ± 13.6) ng/mL before treatment 

while its value after treatment was (20.13 ± 9.9) ng/mL.     

    The results of total testosterone level before and after treatment were [(0.6 ± 

0.35),(0.45 ± 0.3)] ng/mL respectively as there was highly significant decrease 

between them (P value ≤ 0.01) , while (SHBG) level showed highly significant 

elevation (P value ≤ 0.01) where the value before treatment was (41.84  ± 22.6) 

nmol/L and after treatment was (51.3 ± 21.8) nmol/L. FAI recorded highly 

significant reduction (P value ≤ 0.01) between pre- and post- metformin treatment 

period where the results were as follows: (9.6 ± 17.7) and (4.5 ± 6.7) , as shown in 

Figure (3.5).  

    Estradiol showed no significant reduction (P value= 0.3) with values of pre-

treatment in comparison with post-treatment [(64.4 ± 29.3),(61.5 ± 31.6)] pg/mL 

respectively as demonstrated in Figure (3.4).                  
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     The results of the current study of FBS level were highly significant reduction  

(P value ≤ 0.01) when comparing the outcomes values for the pre- and post-

treatment period values (96.03 ± 12.5) and (92.45 ± 12.97) mg/dL. Non-significant 

reduction in fasting insulin level (P value = 0.23 ) between pre- and post- 

metformin treatment has been observed [(20.02 ± 14.5),(18.6 ± 11.7)] µUl/mL 

respectively, furthermore, HOMA-IR ratio indicated a non-significant decrease (P 

value = 0.13) as the values before treatment was (4.8 ± 3.7) while the value after 

treatment was (4.3 ± 2.96). In contrast, the results of HbA1c% before and after 

treatment were [(4.95 ± 0.69) , (4.6 ± 0.65)] respectively as there was an important 

highly significant decrease between them (P value ≤ 0.01) as shown in Figure (3.6). 

     Regarding lipid profile , the results of the current study of TG level were highly 

significant  decrease (P value ≤ 0.01) when comparing the outcome values for the 

pre- and post- treatment period [(127.6 ± 49.4) and (113.2 ± 39)] mg/dL. LDL-C 

level recorded highly significant reduction (P value ≤ 0.01) and its value was (98.06 

± 66.4) mg/dL before treatment while its value was (85.1 ± 25.5) mg/dL after 

treatment while there was no statistical increase for HDL-C (P value = 0.1) between 

pre- and post- treatment period as the values were as follows: [(44.8 ± 9.96) and 

(46.28 ± 9.46)] mg/dL. Total cholesterol showed a highly significant reduction (P 

value ≤ 0.01) between pre- and post- metformin treatment [(160.7 ± 43.8),(146.6 ± 

44.03)] mg/dL respectively as shown in Figure (3.7). 
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Table 3.2. Comparison between biochemical parameters in PCOS patients pre- 

and post-metformin treatment as response to metformin 

Parameters Pre–

treatment 

(Mean ± SD) 

Post–

treatment 

(Mean ± SD) 

    Mean 

difference 

± SD 

P 

value 

FSH (mIU/mL) 5.7 ± 1.99 6.5 ± 2.4 -0.8 ± 2.2 ≤ 0.01 

LH   (mIU/mL) 10.13 ± 6.19 8.5 ± 4.8 1.6 ± 4.5 ≤ 0.01 

LH / FSH 1.85 ± 1.08 1.4 ± 0.8 0.1 ± 0.55 ≤ 0.01 

TSH (ulU/mL) 2.27 ± 0.97 2.3 ± 1.9 0.00087±0.55  0.99 

Prolactin (ng/mL) 23.9 ± 13.6 20.13 ± 9.9 3.8 ± 9.7 ≤ 0.01 

T.testosterone (ng/mL) 0.6 ± 0.35 0.45 ± 0.3 0.14 ± 0.25 ≤ 0.01 

SHBG (nmol/L) 41.84 ± 22.6 51.3 ± 21.8 -9.4 ± 15.1 ≤ 0.01 

FAI 9.6 ± 17.7 4.5 ± 6.7 5.06 ± 15.6 ≤ 0.01 

Estradiol (pg/mL) 64.4 ± 29.3 61.5 ± 31.6 2.97 ± 37.3 0.3 

FBS(mg/dL) 96.03 ± 12.5 92.45 ± 12.97 3.6 ± 11.3 ≤ 0.01 

F. Insulin level 

(µUl/mL) 

20.02 ± 14.5 18.6 ± 11.7 1.46 ± 9.09 0.23 

HOMA-IR 4.8 ± 3.7 4.3 ± 2.96 0.48 ± 2.48 0.13 

HbA1c%  4.95 ± 0.69 4.6 ± 0.65 0.36 ± 0.56 ≤ 0.01 

TG (mg/dL) 127.6 ± 49.4 113.2 ± 39 14.4 ± 25.99 ≤ 0.01 

LDL-C (mg/dL) 98.06 ± 66.4 85.1 ± 25.5 12.96 ± 59.5 ≤ 0.01 

HDL-C (mg/dL) 44.8 ± 9.96 46.28 ± 9.46 -1.48 ± 6.25 0.1 

T. Cholesterol (mg/dL) 160.7 ± 43.8 146.6 ± 44.03 14.08 ± 28.4 ≤ 0.01 

Paired t-test, P value ≤ 0.01: highly significant change 

FSH: follicular stimulating hormone, LH: luteinizing hormone, TSH: thyroid stimulating hormone, SHBG: sex 

hormone binding globulin, FAI: free androgen index, FBS: fasting blood sugar, HOMA-IR: homeostatic model 

assessment for insulin resistance, HbA1c%: glycated hemoglobin, TG: triglycerides, LDL-C: low density 

lipoprotein, HDL-C: high density lipoprotein. 
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              FSH: follicular stimulating hormone, LH: luteinizing hormone 

Fig. 3.3. Change in mean of LH (mIU/mL), FSH (mIU/mL) and LH/FSH ratio  

as a result to metformin treatment between pre- and post-treatment. 

 

 

                TSH: thyroid stimulating hormone 

Fig. 3.4.  Change in mean of prolactin (ng/mL), TSH (ulU/mL) and Estradiol             

(pg/mL) as a result to metformin treatment between pre- and post-

treatment. 
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               SHBG: sex hormone binding globulin, FAI: free androgen index 

Fig. 3.5. Change in T. testosterone (ng/mL), SHBG (nmol/L) and FAI as a 

result to metformin between pre- and post- treatment  

 

 

                 FBS: fasting blood sugar, HOMA-IR: homeostatic model assessment for insulin resistance, 

HbA1c%: glycated hemoglobin 

Fig.  3.6.  Change in mean of FBS (mg/dL), fasting insulin (µUl/mL), HOMA-

IR and HbA1c% as a response to metformin between pre- and post-

treatment   
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              TG: triglycerides, LDL-C: low density lipoprotein, HDL-C: high density lipoprotein 

Fig. 3.7. Change in mean of lipid profile (mg/dL) as a result to metformin 

treatment between pre- and post-treatment. 

 

 

3.3. Genotyping of SLC47A1 (G>A) (rs2289669) and (A> G)   

(rs1961669) Genetic Polymorphism 

 

3.3.1. Results of Amplification Reaction  

     The amplification of SNPs of MATE1: SLC47A1 (G>A) (rs2289669) was 

shown in 318 bp, 132 bp as in Figure (3.8) and SLC47A1 (A> G) (rs1961669) 

genetic polymorphism was shown in 392 bp as in Figure (3.9).  
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Fig. 3.8.: The Amplification Refractory Mutation System (ARMS) of  (MATE1) SLC47A1 (G> A) (rs2289669) 

genetic polymorphism showed: Lane 1: Represented DNA ladder 100 - 1000 bp, Lane 2, 4 and 6 : Represented 

AA genotype (mutant)  were showed in (318 bp), Lane 3 and 5: Represented GG genotype (wild) were showed 

in (132 bp) and Lane 7: Represented heterozygous GA genotype. 

 

 

Fig. 3.9.: Allele Specific PCR of MATE1(SLC47A1) (A> G) (rs1961669) genetic polymorphism showed: Lane 

1: Represented DNA ladder 100 - 1000 bp, Lane 2, 3: Represented (one sample) heterozygous GA genotype 

were shown in (392 bp), Lane (4 , 5) and Lane (6 , 7): Each two lanes Represented (one sample) which was GG 

genotype (mutant) were shown in (392 bp) and Lane 8, 9: Represented (one sample) AA genotype (wild) were 

shown in (392 bp). 
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3.3.1.1. Distribution of Allele Frequencies of SLC47A1 Gene 

Polymorphism (G>A)   (rs2289669)  in Iraqi PCOS Females :  

     The patients that enrolled in present study were classified into three genotypes, 

for SLC47A1 (G> A) (rs2289669) genetic polymorphism,  first: homozygous for 

the G allele (GG) wild type, second: heterozygous (AG) and the third was 

homozygous for the A allele (AA) mutant type.   

      Among 231 patients, there were 119 heterozygous (AG) genotypes (51.52%),73 

(GG) genotypes (31.6%) and 39 (AA) genotypes (16.88%) for the SNP rs2289669 

in the SLC47A1gene, so minor allele frequency was 42.64% for allele A. 

    Table (3.3) and Figure (3.10) summarize genotyping of the  patients of study 

according to genetic polymorphism of (G> A) (rs2289669) of the SLC47A1 gene. 

 

 

Table 3.3: Allele frequencies of SLC47A1 gene polymorphism of (G>A) 

(rs2289669) in PCOS patients 

  Genotype n. (%) 

Wild GG 73(31.6) 

Heterozygous AG 119(51.52) 

Mutant AA 39(16.88) 

Allele  

G 133(57.4%) 

A 98(42.6%) 

Total 231(100) 
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Fig. 3.10: Genotype and Allele frequencies of SLC47A1 (G> A) (rs2289669) 

genetic polymorphism 

 

3.3.1.2. Distribution of Allele Frequencies of SLC47A1 Gene 

Polymorphism (A>G) (rs1961669) in Iraqi PCOS Females 

MATE1(SLC47A1)  

     The patients that enrolled in present study were classified into three genotypes, 

for SLC47A1(A> G) (rs1961669), first: homozygous for the A allele (AA) wild 

type, second: heterozygous (GA) and the third was homozygous for the allele G 

(GG) mutant type. 

     Among 231 patients, there were 152 (AA) genotypes (65.8%), 67 (GA) 

genotypes (29%) and 12 (GG) genotypes (5.2%) of SNP rs1961669 in the 

SLC47A1gene, so minor allele frequency for G allele was 19.7%. 

     Table (3.4) and Figure (3.11) summarizes genotyping of the patients of study 

according to genetic polymorphism of (A> G) (rs1961669) in the SLC47A1 gene. 
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Table 3.4.: Allele frequencies of SLC47A1 gene polymorphism of (A> G) 

(rs1961669) in  PCOS patients 

  Genotype n. (%) 

Wild AA 152(65.8) 

Heterozygous GA 67(29) 

Mutant GG 12(5.2) 

Allele  

A 177(80.3) 

G 54(19.7) 

Total 231(100) 

 

 

 

 
 

Fig. 3.11: Genotype and Allele frequencies of  SLC47A1 (A>G) (rs1961669) 

genetic polymorphism 
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  3.3.2. Effect of MATE1(SLC47A1)(G>A)(rs2289669) Genetic 

Polymorphism on Metformin Response in Polycystic Ovary 

Syndrome 

 

3.3.2.1. Comparison of the Clinical Response to Metformin in 

Demographic Parameters across SLC47A1 (G>A) 

(rs2289669) Genotypes 

    The results of the present study were shown in table (3.5) using Fissure exact test, 

Chi-Square and Paired t-test, where the table showed demographic parameters 

before and after initiation of metformin therapy  in each genotype of SLC47A1 (G> 

A) (rs2289669), there was a highly significant response to metformin in hirsutism 

for (GG) genotype (P value ≤ 0.01) , (AG) genotype was also recorded a highly 

significant response for hirsutism (P value ≤ 0.01), χ
2 

= 20.4 while the study 

indicate no statistically significance in (AA) genotype with (P value = 0.5), χ
2 

= 

0.75. 

     The current study demonstrated that  there was a highly significant response to 

metformin for alopecia in (GG) genotype (P value ≤ 0.01), χ
2 

= 65.8, moreover,   

highly significant response was shown in (AG) genotypes (P value ≤ 0.01), χ
2 

= 

6.56 while there was no statistical difference for alopecia in (AA) genotype (P value 

= 0.4), χ
2 
= 0.68. 

      Menstrual regularity in the current study indicated highly significant response to 

metformin treatment in all of three genotypes of  SLC47A1 (G> A) (rs2289669) as 

(GG) genotype (P value ≤ 0.01), (GA) genotype (P value ≤ 0.01) and (AA) 

genotype (P value ≤ 0.01). 

     Regarding BMI, the present study showed significant response to metformin (P 

value ≤ 0.01) in BMI in (AG) genotype between pre- and post- metformin treatment 

(30.9 ± 5.5, 27.9 ± 5.8) kg/m
2  

respectively while a non-significant response has  

shown in  both (AA) genotype (P value = 0.3) and (GG) genotype (P value= 0.57). 
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Table 3.5.  Effect of genetic polymorphism of SLC47A1 of (G>A)      

(rs2289669) on response to metformin in demographic parameters in Iraqi 

PCOS women (n=231) 

Parameter Genotype Number Response Pre-

metformin          

treatment 

n (%) 

Post -

metformin 

treatment    

n (%) 

Statistical 

Analysis 

 

 

Probability 

 

 

Hirsutism 

 

 

GG 

 

73 

(+)   68 (93.15) 10 (13.7) Fissure 

exact test 

P value ≤ 

0.01 

 
(-)   5 (6.85) 63 (86.3) 

 

AG 

 

119 

(+)   107 (90 ) 78 (65.5 )  

χ
 2 

= 20.4 

P value ≤ 

0.01 

 
(-)   12 (10 ) 41 (34.5 ) 

 

AA 

 

39 

(+)   34 (87.2 )   32 (82 )  

χ
 2 

= 0.75 

P value = 

0.5 

 
(-)   5 (12.8 )   7 (18 ) 

 

 

Alopecia 

 

GG 

 

73 

(+)   62 (85 ) 13 (17.8 )  

χ
 2 

= 65.8 

P value ≤ 

0.01 

 
(-)   11 (15 ) 60 (82.2 ) 

 

AG 

 

     

    119 

(+)    93 (78.2 )   75 (63 )  

χ
 2 

= 6.56 

P value ≤ 

0.01 

 
(-)   26 (21.8 )   44 (37 ) 

  

AA 

      

     39 

(+)   32 (82 ) 29 (74.4 )  

χ
 2 

= 0.68 

P value = 

0.4 

 
(-)   7 (18 ) 10 (25.6 ) 

 

 

Regularity of 

menstrual 

cycle 

 

GG 

 

73 

(+)    0 (0 ) 58 (79.5 ) Fissure 

exact test 

P value ≤ 

0.01 

 
(-)    73 (100 ) 15 (20.5 ) 

 

AG 

     

    119 

(+)    0 (0 ) 30 (25.2 ) Fissure 

exact test 

P value ≤ 

0.01 (-)    119 (100 ) 89 (74.8 ) 

 

AA 

      

     39 

(+)    0 (0 )   7 (18 ) Fissure 

exact test 

P value ≤ 

0.01 

 
(-)    39 (100 )   32 (82 ) 

 

Parameter 

 

Genotype 

 

Pre-

metformin          

treatment 

Post -

metformin 

treatment 

 

         P Value 

 

 

 

BMI (kg/m
2 ) 

 

 

 

GG 27.15 ± 5.53 26.43 ± 

5.49 

0.57 

AG 30.9 ± 5.5 27.9 ± 5.8 ≤ 0.01 

AA 28.6 ± 5.1 27.96 ± 

5.02 

0.3 

Fissure exact test, Chi-squre test, paired t-test, P value ≤ 0.01: highly significant change, (+) 

: present, (-) : not present, BMI: body mass index 
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3.3.2.1.1. Association Between Allele Frequencies in Obese and 

Non-obese Women with SLC47A1(rs2289669)(G ˃ A) Genetic 

Polymorphism 

      In the present study, the women that enrolled in final data analysis were 

subdivided into obese (BMI ≥ 30 kg) and (non-obese BMI< 30) kg according to 

their BMI, then comparison between these two subgroups related to their 

genotyping were made, the results is best presented in table (3.6) which showed that 

the odd ratio (OR) of AG genotype is 1.9 , CI 95% is 1.04 – 3.4 and (P  ≤ 0.05) as 

compared to wild (reference) which represented by GG genotype, while the AA 

genotype of this SNP has the odd ratio of  3.05, CI 95% is 1.34 – 6.9 and (P  ≤ 0.01) 

as compared to wild genotype(reference). 

 

Table 3.6.  Comparison between allele frequencies in obese and non-obese 

patients with SLC47A1(rs2289669)(G ˃ A) genetic polymorphism 

 

 

 

  Genotype 

Obese  

BMI ≥ 30 

kg 

n. (%)  

Non-

obese 

BMI< 30 

kg  n.(%) 

Odds 

ratio 

CI 95% P value 

GG 

(Reference) 

42 (18.2  )   31  (13.4  ) 

 

- - - 

AG 50 (21.7   ) 69 (29.9  ) 

 

1.9 1.04 – 3.4 ≤ 0.05 

AA   12 (5.2  ) 27 (11.7  ) 

 

3.05 1.34 – 6.9 ≤ 0.01 

 Odds ratio, CI 95% , P value≤ 0.05: significant change, P value≤ 0.01: highly significant 

change, BMI: body mass index 
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3.3.2.2. Comparison of the Clinical Response to Metformin in 

Biochemical Parameters Across SLC47A1 (G>A) (rs2289669)  

Genotypes   

      The results of the present study were shown in table (3.7)  using Paired t-test , 

the table showed biochemical parameters before and after initiation of metformin 

therapy  in each genotype of SLC47A1 (G> A) (rs2289669). To examine the 

individual differences in patient response, the effect of MATE1 polymorphisms on 

metformin treated PCOS patients should be investigated and the association 

between genetic polymorphism and metformin treatment response in PCOS should 

be analyzed, accordingly, the association between genotypes and the levels of 

hormones including (FSH, LH, TSH, prolactin, T. testosterone, Estrogen) and 

biochemical markers including (FBS, Insulin, HbA1c% and lipid profiles) should be 

detected. 

      The results of current study of LH level were highly significant reduction        

(P value≤ 0.01) when comparing the outcome values for the pre- and post- 

treatment period (11.02 ± 6.5 and 7.7 ± 3.9) mIU/mL in patients of heterozygous 

carriers of SLC47A1 Of (G> A) (rs2289669). In contrast, AA genotype indicated 

non-significant reduction in LH level between pre- and post-metformin treatment           

(P value=0.24) while GG genotype showed non-significant increase in LH               

(P value =0.26).   

     FSH recorded highly significant increase (P value≤ 0.01) in AG genotype as the 

value before treatment was (5.6 ± 2.07) mIU/mL while the value after treatment was 

(7.13 ± 2.4) mIU/mL, while AA genotype showed non-significant increase            

(P value= 0.5), a non-significant decrease in FSH (P value=0.7) has been revealed 

in GG genotype between pre- and post- treatment with metformin, as a result 

LH/FSH ratio also indicated highly significant reduction (P value ≤ 0.01) in AG 

genotype where the value of ratio was 2.03 ± 1.15 before treatment and 1.15 ± 0.6 
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after treatment while there was a non-significant decrease (P value=0.15) in the 

same ratio in AA genotype and non-significant increase in GG genotype                

(P value = 0.18). 

      Regarding TSH hormone level, there was a non-significant change in AG, AA 

and GG genotypes [P value = 0.6,  P value = 0.8 and P value=0.24] respectively.   

     The results of prolactin before and after treatment in (AG) genotype were (23.3 ± 

12.8 and 18.8 ± 9.2) ng/mL respectively, as there was a highly significant reduction 

(P value≤ 0.01) between them, while (AA) and (GG) genotypes  showed a non-

significant reduction in prolactin level [P value = 0.08, P value=0.26] respectively.  

     There was significant reduction in Estradiol level (P value ≤ 0.05) in (GG) 

genotype as the value before treatment was (62.5 ± 27.5) pg/mL compared with the 

value after treatment which was (51.7 ± 26.98) pg/mL, but there was non-significant 

decrease in (AA) genotype (P value=0.84) and (AG) genotype recorded  non-

significant increase for Estradiol level between per- and post-metformin therapy (P 

value = 0.8). 

     Total testosterone level recorded highly significant reduction (P value ≤ 0.01) in 

(AG) genotype as its value before treatment was (0.5 ± 0.36) ng/mL while its value 

after treatment was (0.37 ± 0.27) ng/mL, in (AA) group, total testosterone was also 

showed significant reduction (P value ≤ 0.05) and its value before treatment was 

(0.6 ± 0.3) ng/mL while it’s value after treatment was (0.4 ± 0.25) ng/mL. In 

contrast to this, there was non-significant decrease in (GG) genotype (P value = 

0.6). 

     SHBG level indicated highly significant increment (P value≤ 0.01) in (AG) 

genotype between pre- and post-metformin treatment (39.1 ± 23.03,51.4 ± 21.97) 

nmol/L respectively while non-significant increase in both (AA) and (GG) 

genotypes has been recorded [P value = 0.086 , P value = 0.16] respectively. 

      FAI showed significant reduction in AG genotype (P value≤ 0.01) as its value 
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before treatment was (9.88 ± 17.4) while its value after treatment was (3.3 ± 3.5), 

on the other hand, there was non-significant reduction in FAI in both (AA) and 

(GG) genotypes [P value= 0.09 ,  P value = 0.33] respectively. 

      Regarding FBS, the study revealed a significant decrease (P value≤ 0.05 ) in AG 

genotype between pre- and post-metformin therapy (96.2 ± 11.4,92.1 ± 10.7) mg/dL 

respectively while there was non- significant decrease in FBS in both groups of 

(AA) and (GG) genotypes [P value = 0.12 , P value=0.4] respectively. 

      Fasting insulin level indicated a significant decrease (P value ≤ 0.05)  between 

pre- and post- metformin therapy in (AG) genotype only (19.45 ± 15.4 ,15.98 ± 9.9) 

µUl/mL respectively while non-significant decrease in Fasting insulin in (AA) 

genotype has been shown  (P value = 0.88) and there was non-significant increase 

in F. insulin in GG genotype (P value = 0.6) between pre- and post- treatment 

period, as a result HOMA-IR indicated a significant reduction (P value≤ 0.05) as 

the its value before treatment was (4.7 ± 3.9) while its value after treatment was (3.7 

± 2.5), however, there was non-significant reduction in HOMA-IR in (AA) 

genotype (P value = 0.7) and non-significant increase in GG group (P value  = 0.7) 

between pre- and post- treatment period.  

      The results of current study for HbA1c% were significant decrease                   

(P value ≤ 0.05) in (AG) and (AA) genotypes when comparing the outcome values 

for the pre- and post- treatment period, as for (AG) group, its value was             

(5.05 ± 0.65) before treatment while its value was (4.6 ± 0.6) after treatment, for, as 

well as, for (AA) group, HbA1c% , recorded 4.9 ± 0.7 before treatment and 4.4 ± 

0.66 after treatment but (GG) group indicated non-significant reduction in HbA1c% 

between pre- and post-treatment with metformin (P value = 0.4).    

      Regarding lipid profile , the results of  TG level in (AG) genotype  before and 

after treatment were as follows: (130.96 ± 57.5 and110.12 ± 42.4) mg/dL 

respectively as there was a highly significant reduction (P value ≤ 0.01) between 
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them while both (AA) and (GG) group demonstrated non-significant decrease for 

TG [P value = 0.18 and P value=0.4] respectively.  

      LDL-C also recorded highly significant reduction (P value≤ 0.01) in AG 

genotype, as its value was (106.5 ± 88.9) mg/dL before treatment while its value 

after treatment was (85.01 ± 27.9) mg/dL, nevertheless, (AA) and (GG) genotypes 

showed non-significant reduction in LDL-C [P value=0.2 and P value=0.5] 

respectively. 

     There was a significant increase in HDL-C level (P value ≤ 0.05) only in AG 

group between pre- and post-treatment period as the values were as follows: (44.2 ± 

10.9 and 46.96 ± 9.7 ) mg/dL while (AA) and (GG) genotypes results were 

statistically non- significant for HDL-C (P value = 0.5 and P value=0.8) 

respectively.  

     The results of present study of total cholesterol level were highly significant 

reduction (P value ≤ 0.01) in (AG) genotype when comparing the outcome value of 

the pre- and post- treatment period (164.9 ± 48.99 and 141.8 ± 47.7) mg/dL while 

(AA) and (GG) genotypes indicated non-significant decline in TC [P value=0.49 

and P value=0.55] respectively. 
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Table 3.7. Effect of Genetic Polymorphism of SLC47A1 of (G>A) (rs2289669) 

on Response to Metformin in Biochemical Parameters in Iraqi PCOS 

Women (n.=231) 

Genotypes 

 
GG    n.=(73)        AG    n.=(119) AA    n.=(39) 

Parameters Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P 

value 

Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P 

value 

Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P 

value 

LH(mIU/mL) 8.8 ± 5.45 9.9 ± 5.7 0.26 11.02 ± 

6.5 

7.7 ± 3.9 ≤ 

0.01 

9.8 ± 

6.12 

8.35 ± 4.9 0.24 

FSH(mIU/mL) 5.9 ± 1.9 5.8 ± 2.1 0.7 5.6 ± 2.07 7.13 ± 

2.4 

≤ 

0.01 

5.6 ± 1.8 5.9 ± 2.2 0.5 

LH/FSH Ratio 1.55 ± 0.9 1.8 ± 0.99 0.18 2.03 ± 

1.15 

1.15 ± 

0.6 

≤ 

0.01 

1.8 ± 

1.09 

1.5 ± 0.9 0.15 

TSH(ulU/mL) 2.33 ± 

0.99 

2.15 ± 0.8 0.24 2.26 ± 

0.98 

2.4 ± 

2.45 

0.6 2.18 ± 

0.9 

2.14 ± 0.9 0.8 

Prolactin(ng/mL) 25.07 ± 

15.4 

22.6 ± 

10.9 

0.26 23.3 ± 

12.8 

18.8 ± 

9.2 

≤ 

0.01 

23.9 ± 

12.3 

19.5 ± 9.5 0.08 

Estradiol(pg/mL) 62.5 ± 

27.5 

51.7 ± 

26.98 

≤ 

0.05 

66.8 ± 

31.24 

68 ± 

33.5 

0.8 60.9 ± 

26.6 

59.7 ± 

29.4 

0.84 

T.testosterone(ng/mL) 0.6 ± 0.35 0.6 ± 0.37 0.6 0.5 ± 0.36 0.37 ± 

0.27 

≤ 

0.01 

0.6 ± 0.3 0.4 ± 0.25 ≤ 

0.05 

SHBG(nmol/L) 46.4 ± 

21.3 

51.5 ± 

22.2 

0.16 39.1 ± 

23.03 

51.4 ± 

21.97 

≤ 

0.01 

41.65 ± 

22.8 

50.2 ± 

20.8 

0.086 

FAI 8.96 ± 

17.5 

6.6 ± 9.8 0.33 9.88 ± 

17.4 

3.3 ± 3.5 ≤ 

0.01 

9.7 ± 

19.2 

4.2 ± 5.9 0.09 

FBS(mg/dL) 97.6 ± 

13.15 

95.9 ± 

12.7 

0.4 96.2 ± 

11.4 

92.1 ± 

10.7 

≤ 

0.05 

92.7 ± 

13.9 

87.14 ± 

17.4 

0.12 

F. Insulin(µUl/mL) 22.6 ± 

14.7 

23.9 ± 

13.1 

0.6 19.45 ± 

15.4 

15.98 ± 

9.9 

≤ 

0.05 

16.9 ± 

10.3 

16.5 ± 

10.8 

0.88 

HOMA-IR 5.5 ± 3.9 5.7 ± 3.3 0.7 4.7 ± 3.9 3.7 ± 2.5 ≤ 

0.05 

3.9 ± 2.5 3.6 ± 2.7 0.7 

HbA1c% 4.8 ± 0.7 4.7 ± 0.7 0.4 5.05 ± 

0.65 

4.6 ± 0.6 ≤ 

0.05 

4.9 ± 0.7 4.4 ± 0.66 ≤ 

0.05 

TG(mg/dL) 122.5 ± 

39.08 

116.9 ± 

35.2 

0.4 130.96 ± 

57.5 

110.12 ± 

42.4 

≤ 

0.01 

126.8 ± 

38.5 

115.5 ± 

34.6 

0.18 

LDL-C(mg/dL) 88.1 ± 

26.5 

85.2 ± 

24.4 

0.5 106.5 ± 

88.9 

85.01 ± 

27.9 

≤ 

0.01 

90.98 ± 

18.3 

85.2 ± 

19.6 

0.2 

HDL-C(mg/dL) 45.15 ± 

9.6 

44.7 ± 

10.1 

0.8 44.2 ± 

10.9 

46.96 ± 

9.7 

≤ 

0.05 

45.95 ± 

7.4 

47.15 ± 

7.2 

0.5 

Total 

cholesterol(mg/dL) 

157.3 ± 

37.3 

153.5 ± 

39.4 

0.55 164.9 ± 

48.99 

141.8 ± 

47.7 

≤ 

0.01 

154.12 ± 

37.3 

148.2 ± 

39.5 

0.49 

Paired t-test, P value ≤ 0.05 : significant change, P value ≤ 0.01 :highly significant change 
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3.3.3. Effect of MATE1 (SLC47A1) (A> G) (rs1961669) Genetic 

Polymorphism on Response to Metformin in Polycystic Ovary 

Syndrome 

3.3.3.1. Comparison of the Clinical Response to Metformin in 

Demographic Parameters Across SLC47A1 (A> G) (rs1961669) 

Genotypes  

     The results of the present study were displayed in table (3.8) using Fissure exact 

test, Chi-Square and Paired t-test. The table showed demographic parameters before 

and after initiation of metformin therapy in each genotype of SLC47A1(A> G) 

(rs1961669). 

     There was highly significant response to metformin in hirsutism in (AA) 

genotype (P value ≤ 0.01), χ
2 

= 95.79 while there was non- significant response in 

(GA) and (GG) groups (p value=0.15), χ
2
= 2.1 and (P value=0.5) respectively. 

     The current study also demonstrated that there is highly significant response to 

metformin for alopecia in (AA) and (GA) genotypes (P value ≤ 0.01) between pre- 

and post- treatment period  where the results  were as follows: for (AA), χ
2 

= 74.97 

and for (GA), χ
2
= 6.56. In contrast, there was non-significant response in (GG) 

genotype with (P value = 0.4), χ
2 
= 0.68. 

     Menstrual regularity in the current study recorded statistically highly significant 

response (P value ≤ 0.01) between pre- and post- treatment period in both (AA) and 

(GA) groups while (GG) genotype showed non-significant response in regularity of 

menstrual cycle (P value= 0.06).   

     The results of current study showed highly significant reduction in BMI (P value 

≤0.01) in (AA) group between pre- and post- therapy (29.8 ± 5.6 vs 27.5 ± 5.4) 

kg/m
2
 respectively, while both (GA) and (GG) indicated non-significant reduction 

between pre- and post- treatment [P value=0.6 and P value=0.2]respectively. 
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Table 3.8. Effect of genetic polymorphism of SLC47A1(A>G)                                                                                                              

(rs1961669) on response to metformin in demographic parameters in 

Iraqi PCOS women n.=(231)                                             

Parameter Genotype Number Response Pre-

metformin          

treatment 

n(%) 

Post -

metformin 

treatment 

n(%) 

Statistical 

Analysis 

 

Probability 

 

 

Hirsutism 

 

 

AA 

 

152 

(+) 138 (90.8) 56 (36.8) χ
2
=95.79 P value ≤0.01 

(-) 14 (9.2) 96 (63.2) 

GA 67 (+) 60 (89.5) 54 (80.6) χ
 2 

= 2.1 P value =0.15 

(-) 7 (10.5) 13 (19.4) 

GG 12 (+) 11 (91.7 ) 10 (83.3) Fissure 

exact test 

P value = 0.5 

(-) 1 (8.3) 2 (16.7) 

 

 

Alopecia 

 

AA 

 

152 

(+) 128 (84.2) 54 (35.6) χ
2
=74.97 P value ≤0.01 

(-) 24 (15.8) 98 (64.4) 

GA 67 (+) 48 (71.7) 56 (83.6) χ
 2 

= 2.75 P value = 

0.097 (-) 19 (28.3) 11 (16.4) 

GG 12 (+) 10 (83.3) 9 (75) Fissure 

exact test 

P value = 0.6 

(-) 2 (16.7) 3 (25) 

 

 

Regularity 

of 

menstrual 

cycle 

 

AA 

 

152 

(+) 0 (0) 79 (52) Fissure 

exact test 

P value ≤0.01 

(-) 152 (100) 73 (48) 

GA 67 (+) 0 (0) 13 (19.4) Fissure 

exact test 

P value ≤0.01 

(-) 67 (100) 54 (80.6) 

GG 12 (+) 0 (0) 3 (25) Fissure 

exact test 

P value =0.06 

 (-) 12 (100) 9 (75) 

Parameter 

 

Genotype Pre-

metformin          

treatment 

Post -

metformin 

treatment 

P value 

BMI(kg/m
2)

 AA     29.8 ± 

5.6 

   27.5 ± 5.4 ≤ 0.01 

GA 28.2 ± 4.8 27.1 ± 4.6 0.2 

GG 26.1 ± 5.6   24.99 ± 

5.2 

0.6 

Fissure exact test, Chi-square test, paired t-test, P value ≤ 0.01: highly significant change,  

(+) : present, (-) : not present, BMI: body mass index 
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3.3.3.1.1.  Association Between Allele Frequencies in Obese and Non-

obese Women with SLC47A1(rs1961669)(A˃G) Genetic 

Polymorphism 

     Regarding SLC47A1(rs1961669)(A˃ G), comparison between obese and non-

obese women in the present study revealed that the odd ratio (OR) of GA genotype 

of SLC47A1(rs1961669) (A˃ G) is 1.44 , CI 95% was 0.8 – 2.6 and (P ≤ 0.05) as 

compared to wild (reference) which is represented by AA genotype, while the GG 

genotype of this SNP has the odd ratio of 2, CI 95% is 1.03 – 22.97 and (P  ≤ 0.05) 

as compared to wild genotype as shown in table (3.9). 

 

   Table 3.9.  Comparison between allele frequencies in obese and non-obese 

patients with SLC47A1(rs1961669)(A ˃ G) genetic polymorphism 

Genotype Non-obese 

BMI<30kg 

n. (%) 

Obese 

BMI ≥30kg 

  n. (%) 

 

Odds 

ratio 

CI 95% P value 

AA  

(Reference) 

75 (32.5) 77 (33.3) 

 

- - - 

GA 27 (11.7) 40 (17.3) 

 

1.44 0.8 – 2.6 ≤ 0.05 

GG 2 (0.9) 10 (4.3) 

 

2 1.03 – 22.97 ≤ 0.05 

  Odds ratio, CI 95% , P value≤ 0.05: significant change, BMI: body mass index 

 

3.3.3.2. Comparison of the Clinical Response to Metformin in   

Biochemical Parameters Across SLC47A1 (A> G) (rs1961669) 

Genotypes 

    The results of the present study were shown in table (3.10)  using paired t-test , 

the table showed biochemical parameters before and after initiation of metformin 

therapy  in each genotype of SLC47A1 (A> G) (rs1961669). The association 

between genetic polymorphism and metformin treatment response in PCOS should 
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be analyzed so the relation between genotypes and response in mean levels of 

hormones including (FSH, LH, TSH, estrogen, prolactin, T. testosterone and 

SHBG) and biochemical markers including (FBS, Insulin, HbA1c% and lipid 

profiles) should be detected.  

     The results of current study demonstrated that the reduction in LH level between 

pre- and post- metformin treatment are highly significant in patients of 

heterozygous and homozygous carriers of SLC47A1 Of (A> G) (rs1961669)     

[(10.4 ± 5.3 vs 7.6 ± 3.7) mIU/mL(P value ≤ 0.01) and (17.9 ± 9.3 vs 10.3 ± 5.1) 

mIU/mL(P value≤ 0.05)] respectively. In contrast, AA genotype showed non-

significant reduction (P value = 0.33) between pre- and post- treatment period.  

      A highly significant increase in FSH in both GA (P value≤ 0.01) and GG         

(P value≤ 0.05) genotypes has been revealed as the result in GA group for FSH 

before therapy was (5.7 ± 2) mIU/Ml while after therapy the result was (7.1 ± 2.2) 

mIU/Ml, furthermore,  in GG group, the result before treatment was (5.6 ± 2.1) 

mIU/Ml while after treatment, the result for FSH was (7.6 ± 2.5)mIU/mL. However, 

AA genotype showed non-significant increase (P value = 0.08) in mean of FSH 

level.  

     LH/FSH ratio also indicated significant reduction in GA and GG genotypes      

(P value≤ 0.05) between pre- and post- metformin treatment[(1.9 ± 0.8 vs 1.1± 0.6) 

and (3.3 ± 1.2 vs 1.4 ± 0.6)] respectively while there was non-significant decrease 

in the same ratio in AA genotype between pre- and post- treatment period (P value 

= 0.087). 

      There was no statistical change for TSH level between pre- and post- treatment 

period in all genotypes groups (AA, GA and GG genotypes) as [P value = 0.4, P 

value = 0.6 and P value=0.9] respectively.  

       The results of the current study of prolactin were significant in all three groups 

(AA, GA and GG) as (P value ≤ 0.05) between pre- and post- treatment period,     
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the results in AA group was (24.9 ± 14.1) ng/mL before treatment while the results 

after treatment was (21.4 ± 10.6) ng/mL, in GA group the result for prolactin was 

(21.4 ± 12.4) ng/mL while the results after treatment was (17.7 ± 8.3) ng/mL, in GG 

group, the result before metformin therapy was (26.1 ± 12.15) ng/mL while after 

therapy, the result was (18.2 ± 5.2) ng/mL.  

     There is non-significant change  in Estradiol level in all groups AA, GA and GG 

(P value = 0.5, P value=0.15 and P value = 0.5) respectively between pre- and post- 

treatment period. 

     The data of the current study revealed a significant reduction in total testosterone 

level (P value ≤ 0.05) between pre- and post- metformin therapy in GA and AA 

genotype [(0.6 ± 0.35 vs 0.5 ± 0.3) and (0.5 ± 0.3 vs 0.4 ± 0.2) ng/mL] respectively 

while there is non-significant decrease in GG genotype (P value=0.09).  

     SHBG level recorded highly significant increase (P value ≤ 0.01) in both GA and 

AA genotypes so in GA group, its value before treatment was (38.4 ± 20.6) nmol/L 

while its value after treatment was (52.2 ± 22.1)nmol/L, and in AA group, the result 

was(43.2 ± 22.97) nmol/L before treatment while the result was (49.95 ± 21.3) 

nmol/L after treatment. In contrast, a non-significant increase for SHBG in GG 

genotype (P value = 0.1) has been shown. 

     The results of FAI in this study before and after treatment were (7.95 ± 9.8 and 

3.4 ± 5.1) for GA group respectively and the results for AA group were             

(10.2 ± 20.4 and 5.1 ± 7.4) as there was highly significant reduction between them 

(P value ≤ 0.01) while there is non-significant reduction in FAI in GG genotype     

(P value= 0.066). 

       In the present study, FBS recorded significant decrease (P value≤ 0.05) in both 

GA and AA genotypes between pre- and post- metformin therapy [(94.96 ± 12.5 , 

90 ± 10.95) and (96.5 ± 12.6, 93.4 ± 14)] mg/dL respectively, while a non- 

significant decrease in FBS has been shown in GG genotype (P value = 0.7).  
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     There was no statistical difference for fasting insulin level between pre- and 

post- treatment period in all genotypes AA, GA and GG as the values were:           

[P value = 0.6 , P value=0.15 and P value=0.6]respectively, accordingly, HOMA-

IR indicated non-significant reduction the same as fasting insulin in all genotypes : 

AA, GA and GG between pre- and post- treatment period [P value = 0.48, P value = 

0.076 and P value= 0.6] respectively.  

     Regarding HbA1c, it recorded highly significant reduction (P value ≤ 0.01) in 

AA genotype where the value before treatment was (4.9 ± 0.7) while the value after 

treatment was (4.6 ± 0.7) , GA group showed significant decrease in HbA1c as the 

value in GA before treatment was (5.01 ± 0.6) while the value after treatment was 

(4.5 ± 0.6) , however, GG group displayed non-significant reduction in HbA1c%    

(P value=0.1) between pre- and post- treatment period with metformin.    

      The results of current study showed that TG recorded highly significant 

decrease (P value ≤ 0.01) in TG level in GA and AA genotypes when comparing 

the outcome values between pre- and post- treatment period as for GA group  

(131.9 ± 63.7and 108.6 ± 43.1) mg/dL and for AA group (126.6 ± 40.4 and 116.4 ± 

36.2)] mg/dL respectively while GG group revealed non-significant change in TG 

(P value= 0.4.)  

     LDL-C also showed a significant decrease (P value ≤ 0.05) in both GA and AA 

genotypes between pre- and post- metformin treatment [(96.7 ± 37.8 vs 83.6± 30.7) 

and (98.4 ± 77.3 vs 85.4 ± 22.5)] mg/dL respectively, while GG genotypes 

indicated non-significant reduction in LDL (P value=0.4).      

     HDL-C level recorded highly significant increase (P value ≤ 0.05) only in (GA) 

group between pre- and post- metformin treatment (42.2 ± 10.8 vs 45.9 ± 9.98) 

mg/dL respectively while there was no statistical change in both AA and GG groups 

[(P value = 0.5) and (P value = 0.9)] respectively. 
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      In current study, a significant reduction in total cholesterol in both GA             

(P value ≤ 0.01) and AA (P value ≤ 0.05) genotypes has been obtained as the value 

in GA group was (154.5 ± 46.9) mg/dL before treatment while the value after 

treatment was(131.9 ± 43.6) mg/dL, and in AA group, the results before treatment 

was (162.5 ± 41.8) mg/dL while the result after treatment was(152.2 ± 42.4) mg/dL 

but GG genotype showed non-significant change in TC (P value=0.47) . 
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Table 3.10.  Effect of  genetic polymorphism of SLC47A1(A>G) (rs1961669) on 

response to metformin in biochemical parameters in Iraqi PCOS women 

(n.=231) 

 
Genotypes 

 
AA    n.=(152) GA    n.=(67)    GG    n.=(12)        

Parameters Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P 

value 

Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P value Pre 

metformin 

treatment 

Post 

metformin 

treatment 

P 

value 

LH(mIU/mL) 9.4 ± 5.9 8.8 ± 5.1 0.33 10.4 ± 

5.3 

7.6 ± 3.7 ≤ 0.01 17.9 ± 

9.3 

10.3 ± 5.1 ≤ 

0.05 

FSH(mIU/mL) 5.7 ± 

1.98 

6.2 ± 2.4 0.08 5.7 ± 2 7.1 ± 2.2 ≤ 0.01 5.6 ± 2.1 7.6 ± 2.5 ≤ 

0.05 

LH/FSH Ratio 1.7 ± 1.1 1.5 ± 0.9 0.08

7 

1.9 ± 0.8 1.1 ± 0.6 ≤ 0.05 3.3 ± 1.2 1.4 ± 0.6 ≤ 

0.01 

TSH(ulU/mL) 2.2 ± 

0.95 

2.1 ± 0.9 0.4 2.3 ± 1 2.5 ± 3.2 0.6 2.7 ± 0.8 2.6 ± 0.8 0.9 

Prolactin 

(ng/mL) 

24.9 ± 

14.1 

21.4 ± 

10.6 

≤ 

0.05 

21.4 ± 

12.4 

17.7 ± 8.3 ≤ 0.05 26.1 ± 

12.15 

18.2 ± 5.2 ≤ 

0.05 

Estradiol 

(pg/mL) 

63.3 ± 

29.96 

60.8 ± 

33.3 

0.5 66.3 ± 

26.7 

59.8 ± 

25.1 

0.15 68.5 ± 

36.4 

79.1 ± 

38.9 

0.5 

T.testosterone 

(ng/mL) 

0.6 ± 

0.35 

0.5 ± 0.3 ≤ 

0.05 

0.5 ± 0.3 0.4 ± 0.2 ≤ 0.05 0.6 ± 0.4 0.4 ± 0.2 0.09 

SHBG (nmol/L) 43.2 ± 

22.97 

49.95 ± 

21.3 

≤ 

0.01 

38.4 ± 

20.6 

52.2 ± 

22.1 

≤ 0.01 44.1 ± 

27.9 

62.4 ± 

24.4 

0.1 

FAI 10.2 ± 

20.4 

5.1 ± 7.4 ≤ 

0.01 

7.95 ± 

9.8 

3.4 ± 5.1 ≤ 0.01 10.6 ± 

14.6 

2.4 ± 2.01 0.066 

FBS(mg/dL) 96.5 ± 

12.6 

93.4 ± 14 ≤ 

0.05 

94.96 ± 

12.5 

90 ± 10.95 ≤ 0.05 95.6 ± 

10.3 

94.3 ± 7.4 0.7 

F. Insulin 

(µUl/mL) 

21.1 ± 

15.4 

20.3 ± 

12.3 

0.6 18.1 ± 

12.4 

15.2 ± 9.5 0.15 19.7 ± 

13.5 

15.3 ± 

9.95 

0.6 

HOMA-IR 5.1 ± 3.9 4.8 ± 3.1 0.48 4.4 ± 3.3 3.5 ± 2.4 0.076 4.3 ± 3.5 3.6 ± 2.5 0.6 

HbA1c% 4.9 ± 0.7 4.6 ± 0.7 ≤ 

0.05 

5.01 ± 

0.6 

4.5 ± 0.6 ≤ 0.01 5.1 ± 0.5 4.7 ± 0.7 0.1 

TG(mg/dL) 126.6 ± 

40.4 

116.4 ± 

36.2 

≤ 

0.05 

131.9 ± 

63.7 

108.6 ± 

43.1 

≤ 0.01 116.3 ± 

62.9 

97.8 ± 

46.5 

0.4 

LDL-C 

(mg/dL) 

98.4 ± 

77.3 

85.4 ± 

22.5 

≤ 

0.05 

96.7 ± 

37.8 

83.6 ± 

30.7 

≤ 0.05 101.9 ± 

38.3 

89.7 ± 

30.9 

0.4 

HDL-C 

(mg/dL) 

45.6 ± 

9.3 

46.3 ± 

9.5 

0.5 42.2 ± 

10.8 

45.9 ± 

9.98 

≤ 0.05 49.2 ± 

11.1 

48.9 ± 5.5 0.9 

Total 

cholesterol 

(mg/dL) 

162.5 ± 

41.8 

152.2 ± 

42.4 

≤ 

0.05 

154.5 ± 

46.9 

131.9 ± 

43.6 

≤ 0.01 172.7 ± 

49.5 

157.8 ± 

51.02 

0.47 

Paired t-test,  P value ≤ 0.05 : significant change, P value ≤ 0.01 :highly significant change 
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4. Discussion      

     Metformin, an insulin sensitizing agent, is commonly used for the treatment 

and improvement of symptoms associated with polycystic ovarian syndrome [141]. 

Metformin clinical response is highly variable among patients, and the 

identification of contributing factors of this variability is important, particularly in 

the field of personalized medicine. Metformin needs drug transporters for its 

absorption, distribution and elimination, because it poorly diffuses passively across 

membranes [156]. Transporter that involved in the excretion of metformin is multi 

drug and toxin extrusion protein (MATE1) that encoded by SLC47A1 gene  where 

is located on the luminal side of the renal proximal tubules of kidney and bile 

canaliculi of liver as involved in transportation of this drug out of the cell to the 

bile and urine [187]. Genetic variants in SLC47A1 gene of MATE1 have been 

demonstrated to influence metformin response in patients with PCOS [188]. 

       This is the first study which has been done to demonstrate and assess the effect 

of MATE1 (SLC47A1) genetic polymorphism on metformin response in Iraqi 

population with PCOS. 

 

4.1. Demographic studies 

       In this prospective study, the most common clinical manifestations of PCOS 

are hirsutism, alopecia and menstrual irregularity which occur as a result of 

abnormal steroidgenesis that included excessive LH secretion and 

hyperandrogenism [47]. 

       Regarding alopecia and menstruation, the study showed a significant 

improvement following three months of metformin treatment and the women 

exhibited more regular cycle and less hair loss where this improvement was due to 

the fact that metformin improves insulin resistance which lead to decrease theca 

cells hypertrophy, consequently decrease LH production from these cells and in 
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turn decrease ovarian androgen production and ovarian (cytochrome P450c17α) 

enzyme activity with a consequent decline in the serum testosterone which is the 

main responsible factor of hair loss [189,190].  

      It has been suggested that metformin can improve the cycle frequency of 

ovulation and menstruation which tend to be disturbed in PCOS women [191]. 

Similar results were obtained from some studies which showed that metformin 

reduce hair loss in women with PCOS [190,192]. However, worsening of alopecia 

was shown by [193], and this may because metformin has the ability to cause 

significant decrease in mean of vitamin B12 level by inhibition of calcium-

dependent ileac absorption of B12-intrinsic factor complex that reverse the calcium 

supplementation as well as metformin decreases folate concentration in patients 

with PCOS after 6 months of treatment and this side effect of metformin is 

duration and dose dependent [142,194].       

      The effect of metformin on menstruation is best represented in table (3.1),  

which showed that following metformin treatment for three months, the cycle 

tended to be more regular than before treatment so these results agreed with these 

studies[191,195], that indicated improvement in cyclicity after metformin 

treatment.  

      Hirsutism response to metformin in this study was non-significant due to the 

fact that the hair growth cycle needs a period of three months, accordingly to 

achieve the highest effect of metformin on hirsutism, treatment is required for 

more than six months [196].   

 

4.2. Biochemical Studies 

     Regarding the effect of metformin on the hormonal profile in PCOS women, it 

is best represented in table (3.2),  the study demonstrated that metformin treatment 

resulted in a significant reduction in serum level of  LH, total testosterone, 
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prolactin along with significant decrease in LH/FSH ratio as well as this study  

clarified a significant increase in FSH, SHBG level. 

     As shown in table (3.2) and figure (3.3), the observed data indicate a significant 

increase in FSH level after 3 months of treatment. In PCOS, an increase in GnRH 

pulse frequency results in decrease of FSH production and reduction in stimulation 

of granulosa cell, this contributes to poor egg development and inability or 

difficulty of ovulation that improved by metformin treatment which reduce 

exaggerated GnRH pulse frequency, rebalanced the hormones level, consequently, 

induces the ovulation [197], so these results are in agreement with 

studies[196,198],  that showed a significant increase in FSH level while the current 

study disagreed with the study [199], which demonstrated that FSH levels remain 

unaffected after treatment with metformin. 

      Women with PCOS exhibit increased expression of cytochrome P450c17α 

(CYP 17), which results in increase the activity of 17α-hydroxylase and 17,20-

lyase in ovarian theca cells where this dysregulation of CYP 17 enhances the 

production of 17α-hydroxyprogesterone, androstenedione and testosterone which 

previously increased by insulin so metformin decreases ovarian cytochrome 

P450c17α activity secondary to a reduction in insulin [200], these findings were 

compatible with the study [200], that showed a similar result, while the study [201] 

showed that the reduction in LH was more limited or non-significant.  

      The observed data also showed that the reduction in values of LH/FSH ratio 

after metformin treatment period was highly significant as LH has decreased 

significantly and there is significant change in FSH, so LH / FSH ratio is also 

decreased significantly.      

     Prolactin was recorded a significant reduction in its value after 3 month of 

treatment. High levels of estrogen in PCOS which are produced by conversion of 

androgen by the enzyme aromatase would stimulate prolactin production so 
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metformin reduces elevated prolactin levels as a result of reducing the level of 

estrogen [196]. In addition, metformin can cross the blood brain barrier and stored 

locally in the pituitary gland resulting in the reduction of prolactin synthesis and/or 

release by affecting dopaminergic regulation of lactotroph function as well as 

metformin is improving local dopamine action, partially restoring normal function 

of these cells, consequently, decreasing circulating prolactin levels [202,203], so 

these results are in line with the study [195] and not compatible with other study 

[196], which showed that metformin has no effect on prolactin level after 6 months 

of treatment.  

     Data observed in Figure (3.5), described a significant reduction in total 

testosterone levels and significant increase in SHBG levels due to that metformin 

induces insulin level reduction which is associated with an increase in SHBG 

production, IGFBP-I availability to ovaries and a reduced IGF-I/IGFBP-I ratio, 

which may be partly responsible for the reduction of plasma androgen levels in 

PCOS patients[201,204], similar results were obtained from other studies 

[205,206], that showed a significant reduction in total testosterone and significant 

increment in SHBG after metformin therapy while other studies interfered with 

these results demonstrated a non-significant decrease and increase in total 

testosterone and SHBG respectively after metformin therapy [207,208]. Free 

androgen index (FAI) in current study showed a significant reduction after three 

months of metformin treatment as there was a significant decrease in total 

testosterone and significant increase in SHBG, accordingly FAI decreased 

significantly , these findings are in agreement with these studies [205,209]. 

     Results of current study indicated that metformin treatment also improved 

biochemical profile (i.e.) there was a significant decrease in fasting blood sugar 

level (FBS), HbA1c% and lipid profile. 
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     The effect of metformin on FBS is well represented in figure (3.6) which 

indicated that fasting blood sugar (FBS) in current study demonstrated a significant 

reduction after metformin therapy as the drug suppresses liver production of 

glucose, increases the sensitivity of liver, muscle, fat and cells to insulin and 

decrease the absorption of carbohydrates [196], therefore, current results  agreed 

with the study [196], and disagreed with other [210], which showed non-significant 

reduction of FBS. 

     The Present study showed a significant reduction in HbA1c% level after 

metformin treatment where HbA1c% level reflects the average blood 

glucose levels from the last 3 months because once glucose has attached to 

hemoglobin in a red blood cell, it stays there for the life of the red blood cell, 

which is around 3 months which were the same period of treatment of present 

study so metformin decrease glucose production from liver and absorption of 

glucose from intestine and result in decrease HbA1c% after three months treatment 

[210], these outcomes are compatible with the study [210] and interfere with other 

[211], that indicted a non-significant reduction in HbA1c% after metformin 

treatment.  

      Regarding lipid profiles data that are observed in Figure )3.7) which showed a 

significant reduction of TG, LDL-C and total cholesterol after three months of 

metformin treatment as the treatment led to a reduction in the activity and 

expression of several products or enzymes that involved in the lipid synthesis, such 

as acetyl-CoA carboxylase, Sterol regulatory element-binding protein-1      

(SREBP-1), fatty acid synthase, and HMG-CoA reductase so metformin improved 

lipid profiles by its glucose lowering effects, these outcomes are in agreement with 

studies which showed similar results [207,212]. 
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4.3. Molecular Studies 

      Various studies regarding the effects of variants in MATE1 )SLC47A1 gene) 

on metformin response in T2DM patients [213,214]. This study was the first 

research project performed which assessed MATE1)SLC47A1gene) 

polymorphisms effects follow –up on metformin response in Iraqi women with 

PCOS. 

 

4.3.1. MATE1 (SLC47A1) (G>A) (rs2289669) Genetic 

Polymorphism 

      In current study as shown in table (3.3), the genotypic distribution of MATE1 

and the allele frequency of SLC47A1 gene rs2289669 in Iraqi populations was 

approximately the same as those found in Iranian populations [215]. There was a 

significant response in hirsutism  and alopecia after three months of treatment with 

metformin in AG and GG genotypes as compared to AA genotype i.e. AG and GG 

genotypes had better response to metformin than homozygous carriers of 

SLC47A1 rs2289669 A- allele, since the clinical response to metformin required 

duration of treatment for at least six months to be optimal or maximum as hair 

cycle growth lasts for three months [196]. 

      Regularity of menstrual cycle in current study indicated a significant response 

to metformin after three months treatment in the three groups of genotypes. The 

presented work demonstrated a significant reduction in BMI after three months of 

metformin therapy in AG genotypes in comparison with GG and AA genotypes of 

PCOS women. 

       Regarding association between allele frequencies in obese and non-obese 

PCOS women , it is well represented in table (3.6) which revealed that odds ratio 

value that results from comparing AG genotypes of SLC47A1 (G>A) (rs2289669) 

of both obese and non-obese with the wild genotype GG (reference) was more than 
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one, it means that  there was an association between these two genotypes in both 

groups  as well as the odds ratio which observed from comparing AA genotypes of 

both obese and non-obese women with GG indicated that there was an association 

between these genotypes as odds ratio value was more than one which leads to a 

fact that the presence of SLC47A1 (G>A) (rs2289669) genetic polymorphism had 

an association with the obesity which considers as important risk factor for PCOS. 

     In the current study , as shown in table (3.7), there was highly significant 

reduction in LH level among heterozygous carriers of SLC47A1 (G>A) 

(rs2289669) genetic polymorphism after metformin therapy, FSH level showed 

significant increment in AG genotype only as a response to three months of 

metformin therapy , as a result LH/FSH ratio indicated significant reduction in AG 

genotype in comparison to other genotypes.  

     In present study, patients with AG genotype had the highest significant 

reduction in  prolactin level, FAI, fasting insulin, FBS and HOMA-IR in response 

to metformin. AG genotype indicated significant increase in SHBG level  in this 

study. Lipid profile (TG, LDL-C and TC) demonstrated significant reduction in 

AG genotype while HDL-C also showed significant increase in AG genotype in 

response to metformin treatment. Total testosterone level and HbA1c% indicated 

significant reduction in both homozygous and heterozygous carriers of  SLC47A1 

(G>A) (rs2289669) genetic polymorphism (i.e.) A-allele carriers in comparison 

with the wild GG genotype.  

     In the current prospective study, the MATE1 SLC47A1 (G>A) (rs2289669) 

genetic polymorphism was found to influence the response to metformin in 

patients with PCOS . There were great individual variations among PCOS women 

which carrying different  MATE1 SLC47A1 (G>A) (rs2289669) genotypes. After 

three months follow-up, the conclusion was that SLC47A1 gene rs2289669 (G>A) 

variants had a powerful influence on PCOS patients. There were various 
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explanations: first, the A-allele frequency was approximately 43% in all 

population. Second, patients carrying rs2289669 A/A homozygous and A/G 

heterozygous had remarkably better glucose-lowering effect after three-months of 

treatment with oral metformin, that agreed with the study [216].  

     Several studies indicated a link between SLC47A1 (rs2289669) genetic 

polymorphism and HbA1c% reduction by metformin in T2DM patients [160,215-

217]. The present study was in line with the study [215], that showed highest 

HbA1c% reduction in AG genotype after six-months on metformin treatment in 

Iranian population. In addition, the study [217],  reported that homozygous carriers 

of SLC47A1 (G> A) (rs2289669) A- allele have two folds reduction in HbA1c% 

during six months of metformin treatment in Caucasian population in comparison 

with the rest of diabetic patients, the present study was also in agreement with the 

results obtained by the study [216], which demonstrated 116 metformin users in 

the prospective study and found an increase of metformin effect by 0.3% in A-

allele carriers of this variant. The study [160], showed that the AA homozygous 

carriers of SLC47A1 rs2289669 (G>A) polymorphism had the lower clearance of 

metformin than carriers of wild type in Chinese patients. 

     The data of the current study was disagree with the study [218], which showed 

that the SNP rs2289669 in SLC47A1 did not influence the glycemic response to 

metformin in patients of South India. 

      Estradiol level showed significant decrease in GG genotype in response to 

metformin in comparison with other genotypes which result in conclusion that 

there was no influence of SLC47A1 (G>A) (rs2289669) A- allele variant on 

Estradiol level in response to three months of metformin in women with PCOS. 

     The mechanism by which this polymorphism affects actions of metformin is not 

clear, because, this SNP is located in an intron, and the SNP does not code for an 

amino acid change,  most likely , the A-variant of the SNP rs2289669 is in linkage 



  111Discussion                                                                   our                 Chapter F 

 
 

disequilibrium with a SNP that causes reduction in MATE1 functioning, although 

we cannot exclude that it has a direct effect, e.g., by affecting gene expression 

[216]. 

       A reduced efflux of metformin in the renal brush border due to an impaired 

MATE1 transporter will lead to an increase in metformin plasma levels and 

possibly to a larger decrease in glucose levels. Similarly, a reduced efflux from the 

hepatocyte will lead to higher metformin levels in the hepatocyte and a stronger 

inhibition of the gluconeogenesis, resulting in lower glucose levels.  

      The rs2289669 G>A polymorphism was associated with an increased glucose-

lowering effect, implying that the gene with the A allele encodes a MATE1 efflux 

transporter less effective in transporting metformin (i.e.) the SNP causes loss of 

function of MATE1 transporter resulting in increment in metformin concentration 

and less metformin excreted in urine and bile as a result more metformin action in 

patients ,accordingly ,more glucose lowering effect, reduction in FBG and HbA1c 

,better enhancement in insulin sensitivity and reduction of insulin resistance which 

leads to decrease  in  LH/FSH ratio, total testosterone, consequently, increase of 

SHBG resulting in improvement in PCOS symptoms especially menstrual 

irregularity, therefore; there was an  effect of the SNP rs2289669 in the SLC47A1, 

encoding the MATE1 transporter on the glucose-lowering effect of metformin. 

 

4.3.2. MATE1 (SLC47A1) (A>G) (rs1961669) Genetic 

Polymorphism               

       Table (3.8) showed a significant response in both hirsutism and alopecia in 

homozygous wild A-allele carriers after three months treatment with metformin in 

comparison with homozygous and heterozygous carriers of SLC47A1 (A>G) 

(rs1961669), it means that AA genotype had better response to metformin in 

hirsutism and alopecia than GG and AG genotypes. Regularity of menstrual cycle 
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in current study indicated significant response to metformin after three months of 

treatment in AA and GA genotypes in comparison with GG genotype. Present 

study demonstrated significant reduction in BMI after three months of metformin 

therapy in AA genotypes in comparison with GA and GG genotypes of PCOS 

women, so homozygous carriers of common A- allele had best response to 

metformin as related to BMI so the G-allele variant of SLC47A1 (A>G) 

(rs1961669) had no association with demographic characterizations in Iraqi 

patients with PCOS.  

      In the current study, the association between allele frequencies in obese and 

non-obese PCOS women was shown in table (3.9) which demonstrated that odds 

ratio value resulting from comparison of (GA) genotypes of both obese and non-

obese with the wild genotype (AA) (reference) was more than one lead to a fact 

that  there was an association between these two genotypes in both groups. 

Besides, the odds ratio which concluded from comparing GG genotypes (mutant) 

in both obese and non-obese women with the same reference also indicated that 

there was an association between these genotypes because odds ratio value was 

more than one, these results demonstrated that the obesity in patients with PCOS 

was associated with presence of  SLC47A1 (A> G) (rs1961669) genetic 

polymorphism in those patients. 

      Regarding the effects of the study genotypes of  SLC47A1 (A> G) (rs1961669)  

on the response to metformin in biochemical parameters which was best 

represented  in table (3.71), there was a significant reduction in LH level among 

GG and GA genotypes  after metformin therapy, FSH showed significant increase 

in GG and AG genotype in response to metformin compared with wild A-allele, as 

a result LH/FSH ratio indicated significant reduction in GG and AG genotype 

compared to other genotypes. 

     In the present study, prolactin level showed significant reduction in all 
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genotypes in response to metformin , while total testosterone level indicated 

significant reduction in GA and AA genotypes as compared with GG genotype. 

The current study demonstrated that SHBG had significant increase in GA and AA 

genotypes as a result FAI showed significant decrease in GA and AA genotypes 

after metformin treatment. Lipid profile included TG, LDL-C and TC showed 

significant reduction in GA and AA genotypes in comparison with GG genotypes.  

      Fasting blood glucose and HbA1c% demonstrated significant reduction in GA 

and AA genotypes so GA and AA groups had better response to metformin than 

GG genotype, while GA genotype only had highest increase in HDL-C level in 

response to metformin. Most of  these results indicated that there was no 

association of G-allele variant of SLC47A1 (A>G) (rs1961669) with demographic 

and biochemical parameters in Iraqi PCOS populations, these results were in line 

with the findings of the study [216], which involve study the effect of SLC47A1 

(A> G) (rs1961669) gene polymorphism and other SNPs of MATE1 (SLC47A1 

gene) on HbA1c% change in diabetic Caucasian populations.  

      The current study is the first study performed to assess the effect of SLC47A1 

(A>G) (rs1961669) genetic polymorphism on metformin response in Iraqi women 

with PCOS. The SNP rs1961669 is an intronic SNP which occurs in non-coding 

region of DNA, accordingly; it doesn’t cause amino acid changes. Minor or G- 

allele frequency was 19.7% (i.e.) approximately (0.2) which approximately similar 

to minor allele frequency or G-allele variant in Caucasian populations in the study 

[216], which showed that the frequency of minor allele was 17% and the SNP was 

in linkage disequilibrium. Because of the low frequency of minor allele for this 

SNP and being an intronic one, the SNP rs1961669 had no strong effect on 

metformin response in demographic and biochemical markers in Iraqi females with 

PCOS who were taking the mentioned drug.  
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Conclusions 

1. The current study indicated that the treatment with metformin showed 

improvement in menstrual irregularity, hormonal and biochemical profile in 

Iraqi women with polycystic ovarian syndrome. 

2.  The application of molecular biology to study the transporters of metformin 

has made a significant progress in determining the factors that lead to the 

development in understanding of metformin efficacy in PCOS. 

3. The MATE1 transporter of metformin in women with PCOS is relatively 

polymorphic, so the response to metformin was different in PCOS patients as  

MATE1 transporter could be important for metformin therapeutic action;  

therefore , genetic polymorphisms of MATE1 might contribute to differences 

in the effectiveness of metformin treatment in patients with polycystic ovarian 

syndrome. 

4. The AG genotype of SLC47A1 (G> A) (rs2289669) genetic polymorphism is 

more predominant than other genotypes which were AA and GG. 

5. The AG genotype of SLC47A1 (G> A) (rs2289669) had the highest response 

to metformin treatment in hormonal and biochemical parameters as observed 

by significant reduction in mean of LH/FSH ratio, Free androgen index, 

fasting insulin, FBG, insulin resistance represented by HOMA-IR and lipid 

profile (TG, LDL-C and TC) with significant increase in SHBG and HDL-C 

levels. 

6. The AA/AG genotypes of SLC47A1 (G> A) (rs2289669) had the highest 

response to metformin that represented by significant reduction in total 

testosterone and HbA1c% levels so A-allele variant of SLC47A1 (G> A) 

(rs2289669) was associated with biochemical parameters in Iraqi women with 

Polycystic ovarian syndrome. 
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7. The SLC47A1 (A> G) (rs1961669) genetic polymorphism had no strong 

effect on metformin response in demographic and most biochemical 

parameters in Iraqi women with Polycystic ovarian syndrome.  

8. The odd ratio indicated an association between presence of both SNPs in 

SLC47A1 gene and obesity which considers as most important risk factor for 

PCOS. 

 

Recommendations 

1. Classify Patients to groups with different doses of metformin according to 

genetic bases. 

2. Study another SNPs of SLC47A1 gene and their effects on MATE1 

transporter and the response to metformin. 

3. Using more advanced molecular techniques for detection of other MATE1 

(SLC47A1) genetic polymorphisms like DNA sequencing and Real time 

PCR. 

4. Increase the period of treatment with metformin to at least (6 months) in order 

to obtain better results or response in clinical parameters and BMI. 

5. Adjustment in dose of metformin must be done in populations which had A-

allele variant of SLC47A1 (G> A) (rs2289669) and who have abnormal 

kidney functions.  

 

  Future Work 

      The response to metformin has long been variable so continuous examination of 

genetic variants influencing metformin transport and action and unbiased genome 

wide studies of genetic polymorphisms associated with metformin response will 

identify genetic markers that predict treatment response in PCOS women as these 

studies will be important for personalized treatment. 
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Questionnaire of PCOS Patients 

Demographic Characterizations 

 

General Information:                                    No. :           

 

Name:                                                            Address: 

 
 Age :                      (         ) years   (         ) months 

 Residence:             (         ) urban   (         ) rural 

 Age of menarche: (          ) years 

 BMI  : (         )  Kg/m² 

 Blood pressure:     systolic:  (         )    Diastolic:  (          ) 

 

 Hirsutism        Yes             No      

 

 Alopecia         Yes             No      

 

 Marital status: 

 Married             No. of kids (       ) times of abortion (      ) 

 Non married    

 

 Jop  (           )                             Education    (           ) 

 

 Smoking 

 Never                  daily           occasionally  

 

 Presence of other diseases         yes        No  

 1-                             2-                              3-                                   4- 

 

 Menstrual cycle 

 Regular               Irregular            frequency (         ) 



 

 

 

 الخلاصت

 
ركٛظ   ثًحفضاد الاَغٕنٍٛ )انًزفٕسيٍٛ( عهٗ َطبق ٔاعع فٙ يزلاصيخ ٚغزخذو انعلاج :الذراست خلفيت 

رجبُٚب فشدٚب فٙ يشػٗ يزلاصيخ  شرظٓفبٌ فعبنٛخ انعلاج  ٔثبنشغى يٍ رنك ,(PCOS) انًزعذد انًجبٚغ

ْٕ (MATE1)  ٔانغًٕو يزعذد الادٔٚخ ُبقمجشٔرٍٛ اناناٌ  ٔقذ اشبسد انذساعبدركٛظ انًجبٚغ 

ثٍٛ  سرجبؽالا فحض  فقذ هذساعخ انحبنٛخن ايب ثبنُغجخ افشاص انًزفٕسيٍٛ فٙ انكهٗ ٔانظفشاء, انًغؤٔل عٍ

 .انًزفٕسيٍٛ فٙ يشػٗ يزلاصيخ ركٛظ انًجبٚغٔفعبنٛخ علاج   MATE1ل ًُؾ اندُٛٙ رعذد ان

 شخظذٔقذ  (SLC47A1) خٍٛ فٙ  (SNPs) ًزشادفخانطفشاد ان يٍ يب لا ٚقم عٍ أحذ عشش ُْبنك

 .(rs2289669 , rs1961669) :ًْٔب  خفٙ ْزِ انذساعيُٓب ؽفشرٍٛ 

 

زحذٚذ انزأثٛشاد انغشٚشٚخ ٔانٓشيَٕٛخ ٔانكًٛٛبئٛخ انحٕٛٚخ ن طًًذ ْزِ انذساعخ :هي الذراست  الهذف

 PCOS زعذدانً نثلاثخ أشٓش يٍ انعلاج ثبنًٛزفٕسيٍٛ فٙ انُغبء انًظبثبد ثًزلاصيخ ركٛظ انًجبٚغ

ركٛظ يع اعزدبثخ انًزفٕسيٍٛ فٙ يزلاصيخ  MATE1(SLC47A1)اندُٛٙ  ًُؾٔدساعخ اسرجبؽ رعذد ان

  انًجبٚغ.

 زٛشاخ ٔ ,عهٗ انًلاحظخ  قبئًخ رذاخهٛخ ذساعخ اعزطلاعٛخكْزِ انذساعخ  داعذ :رضى والىسائل الو 

كبَذ  ,نهًشبسكخ فٙ ْزِ انذساعخانًزعذد ٌ ايشأح يظبثخ ثًزلاصيخ ركٛظ انًجبٚغ ٌٕ ٔٔاحذ ٔثلاثبيئز

انًٛزفٕسيٍٛ أقشاص  رُبٔل ٔرى عُخ (41-78انفئخ انعًشٚخ ) يٍخًٛع انُغبء انًشًٕلاد فٙ ْزِ انذساعخ 

لإخشاء  خعُٛبد دو يٍ انًشػٗ انًؤْهٍٛ انزٍٚ أعطٕا يٕافقرى عحت  ٔقذ ٕٚيٛبً ربٌيش فًٕٚبيهغ  511

ٌٕ انًُجّ نهدشٚت , ٔانٓشيٌٕ انهٕرُٛٙ , انزغزٕعزٛشٌٔ انكهٙ , الاخزجبساد اندُٛٛخ , ٔقٛبط انٓشي

الأَغٕنٍٛ  , الإعزشادٕٚل , انجشٔلاكزٍٛ , ْشيٌٕ انغذح انذسقٛخ , هٕثٕٛنٍٛ انًشرجؾ ثبنٓشيَٕبد اندُغٛخكان

 ٛشٔلهٕكٕص انظبئى ٔانذٌْٕ ثبَٕاعٓب انثلاثٛخ ٔانًفٛذح ٔانؼبسح ٔ انكٕنٛغزكانظبئى , انغكش انزشاكًٙ , ان

 انكهٙ.

نّ اسرجبؽ كجٛش ثبعزدبثخ   (rs2289669) (G> A) ٔخٕد انطفشح َزبئح انذساعخ أٌأظٓشد  : الٌتائج  

 (A> G) ٔخٕد انطفشح الاخشٖ ًزلاصيخ ركٛظ انًجبٚغ , ثًُٛبانًشػٗ انًظبثٍٛ ث انًٛزفٕسيٍٛ فٙ

(rs1961669)  ٍكًب,  شٚحخ يٍ انًشػَٗفظ انشزفٕسيٍٛ  فٙ نّ اسرجبؽ كجٛش ثبعزدبثخ انًٛنى ٚك 

انًٛزفٕسيٍٛ  اعزخذاو انذًٕٚغشافٛخ ٔانكًٛٛبئٛخ انحٕٛٚخ ثٍٛ َزبئح انعلاج قجم علايبدأظٓشد انًقبسَخ فٙ ان

 .ًزكٕسح أعلاِرحغُبً فٙ انًعبٚٛش انٔثعذِ 



 

 

 

 دٔاء انًزفٕسيٍٛ أظٓش رحغُب يهحٕظب فٙ اَزظبو انذٔسح انشٓشٚخْزِ انذساعخ اٌ  ثُٛذ  الاستٌتاجاث :

ٔكزنك اندٕاَت انٓشيَٕٛخ ٔانحٕٛٚخ فٙ انُغبء انعشاقٛبد انًظبثبد ثًزلاصيخ ركٛظ انًجبٚغ ثبلإػبفخ 

فٙ انجشٔرٍٛ   (rs2289669) (G> A) (SLC47A1) ٔخٕد انطفشح أسرجبؽ قٕ٘ ثٍٛ رنك ُْبنك انٗ

انششٚحخ يٍ ٔالاعزدبثخ انغشٚشٚخ ٔانٓشيَٕٛخ ٔانحٕٛٚخ نعلاج انًزفٕسيٍٛ فٙ ْزِ  (MATE1) انُبقم

 انًشػٗ.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

  الوساعذ                                 الأستار

هازى حاهذ عىدة 

                      

                      

  
 

 

ستجابة الأ على MATE1 (1(SLC47Aلجٌن  تعدد الأشكال تأثٌر

 .تكٌس المباٌض المتعدد للمرأة العراقٌة تفورمٌن فً متلازمةالملعقار 
 

 رسالت 
 

جسء هي هتطلباث ًيل درجت بجاهعت كربلاء ك ت الصيذلتكلي هقذهت الى

ر في  الادويت والسوىمالواجستي  

 من قبل

 مها محمد كاظم مجيد آل طعمة

(2117ثكبنٕسٕٚط طٛذنخ )خبيعخ انكٕفخ   

                                                                                          

بإشراف    
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العراق جوهىريت  

 وزارة التعلين العالي والبحث العلوي

 جاهعت كربلاء

 كليت الصيذلت

 

 ستار الوساعذ الذكتىرالأ

 حسي هحوىد أبى الوعالي
                         


