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Female infertility is defined as the inability to conceive naturally or to 

carry a pregnancy to full term. It occurs for almost 15% of all women 

worldwide. The etiology of infertility is an important criterion for 

recognition and characterization of infertile women. The common 

factors for infertility in females are anovulatory disorder, tubal factors, 

endometriosis, uterine and cervical factors. Infertility affects 40% of 

women with PCOS and is the most common cause of female infertility. 

The present study was undertaken to evaluate the cytogenetics and 

molecular genetics on female infertility with special emphasis on 

polycystic ovarian syndrome by investigating the various 

anthropometric and clinical aspects of the subjects. Seventy five female 

subjects with infertility and 50 healthy women without any chronic 

illness were involved in this study. Reproductive hormones namely 

leutinizing hormone (LH), follicle stimulating hormone (FSH), 

prolactin and estradiol were estimated in each subjects after obtaining 

their informed consent. Cytokinesis-block micronuclei (CBMN) assay 

was also carried out in the lymphocytes of the subjects to assess the 

somatic DNA damage. The study demonstrated that the micronuclei 

frequency significantly elevated in the study subjects than control 

subjects. Infertile women with various risk factors such as increasing 

age, BMI, family history of infertility, family history of cancer, 

menarche, endometriosis etc. can lead to increased genetic instabilities 

and the severity of infertility. Lifestyle modification with diet and 

exercise will reduce the risk for infertility. 
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…………………………………………………………………………………………………….... 

Introduction:- 
Female infertility is defined as the inability to conceive naturally or to carry a pregnancy to full term (Gaware et al., 

2009). The incidence of female infertility is rising and varies from 10 to 20% (Moghadam et al., 2013). Female 

infertility is caused by genetic, hormonal, or environmental factors. In addition, pelvic inflammatory disease, uterine 

fibroids, age-related factors, tubal blockage, and hostile cervical mucus can cause infertility in females (Olooto, 

2012). Female infertility occurs in about 37% of all infertile couples (Unuane et al., 2011). 
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The etiology is an important criterion for recognition and characterization for infertile subjects. Advanced age, high 

body mass index, age of onset of sexual activity, prior pelvic surgeries and stress were the most significant risk 

factors associated with women’s infertility (Romero et al., 2008). Problems regarding menstruation (ammenhorroea, 

menorrhagia polymenhorroea, dysmenhorroea) along with insanitation are the major danger alarms (Maeda and 

Tsukamura, 2006). Any cause leading to irreversible or non-compensable damage to the genital tract, uterus, 

fallopian tubes or ovaries may cause inability to conceive (Jain et al., 2004; World Health Organization, 2003).  

 

The polycystic ovary syndrome (PCOS) affects 7 to 8% of women (Azziz et al., 2004) and may be the most 

common cause of female infertility (Norman et al., 2002). Women with PCOS have an increased risk of miscarriage, 

gestational diabetes, preeclampsia and preterm labour (Boomsma et al., 2006). 

 

Accumulating evidence suggests that genetic factors contribute to the etiology of female infertility in humans (The 

ESHRE Capri Workshop Group, 2008; Matzuk and Lamb, 2008). Genes involved in meiosis are also good 

candidates for genes contributing to female infertility (Sanderson et al., 2008). Karyotype analysis is also performed 

in women presenting with primary amenorrhoea, premature menopause, and recurrent pregnancy loss (ESHRE 

Capri workshop group, 2000). The sex chromosome aberrations and the presence of constitutional inversions, 

translocations, or small supernumerary marker chromosomes (sSMC) can lead both to infertility and repeated 

abortions (Liehr et al., 2004; Shah et al., 2003). Diminished ovarian reserve (DOR) is a primary infertility disorder 

characterized by a reduction in the number and/or quality of oocytes, usually accompanied by high follicle-

stimulating hormone (FSH) levels and regular menses (Broekmans et al., 2007). Cytogenetic studies of female 

patients enrolled in an intracytoplasmic sperm injection (ICSI) programme reviewed by Gekas et al., (2001) have 

shown an unexpectedly increased incidence of abnormal karyotypes, ranging from 1.1 to 9.8% when cases with low 

level sex chromosome mosaicism were included. 

 

As many as 20% of women with infertility problems (including fecundability and early pregnancy loss) have been 

diagnosed with PCOS (Diamanti et al 1998). PCOS is the most common cause of menstrual irregularity that leads to 

infertility. There is now a greater focus on the management of the metabolic consequences of PCOS, primarly 

through lifestyle interventions to achieve weight loss and increase physical activity (Sevendsen et al., 2005). The 

investigation and management of female infertility can be done by changing lifestyle, regular exercise, dieting etc. 

and this is one of the debated topics. No serious attempts were made earlier to correlate DNA damage and female 

infertility with polycystic ovarian syndrome. Hence the present study was undertaken to correlate various 

cytogenetics and molecular genetics on female infertility with polycystic ovarian syndrome. 

 

Materials and Methods:- 
Seventy five study subjects with a clinical diagnosis of infertility referred from various infertility centers of Kerala 

to Genetika, Centre for Advanced Genetic studies, Trivandrum. Fifty healthy subjects without any chronic illness 

were also selected as control for this study. Detailed demographic, clinical and biochemical characteristics of the 

subjects were recorded using proforma. In this study, Cytokinesis Block Micronuclei (CBMN) assay was carried out 

in each subject. CBMN assay was performed by using Cytochalasin B for quantitating the extent of somatic DNA 

damages. 

 

Seven ml of blood sample was collected by venepuncture. Two ml of blood was transferred into sodium heparinized 

vacuutainers for quantifying the extent of somatic DNA damages by Cytokinesis-Block Micronuclei (CBMN) assay. 

The remaining five ml of blood was transferred into a plain tube. Blood was allowed to clot, serum separated 

immediately. Blood sugar and lipid profile were estimated using semi-automated clinical chemistry analyzer.  

 

Two ml blood was added to a culture tube containing 10 mL RPMI 1640 supplemented with 100units/mL penicillin, 

100µg/mL streptomycin, 15% fetal bovine serum and 100µg/mL phytohemagglutinin. Cytochalasin B was added to 

the cultures at a final concentration of 4.5µg/mL (Sigma) after 44
th

 hours of initiation of cells with 

phytohaemagglutinin. Cells were harvested after 72 hr incubation, and they were treated with a hypotonic solution 

(0.075M KCl) for 1 min and fixed in fresh fixative solution (methanol: acetic acid, 3:1). The cells were dropped 

onto slides and the slides were air dried and stained with 10% Giemsa. Micronucleated cells were analyzed under 

light microscopy at 100X magnification. The number of micronuclei is not less than 1000 binucleated cells were 

scored and the distribution of micronuclei among binucleated cells was recorded. 
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Results:- 
In the present study 75 individuals were taken as the study subjects and 50 healthy individuals were taken as the 

control subjects. The study subjects showed a mean CBMN frequency of 13.18 while the control subjects showed a 

mean CBMN frequency of 10.63. This difference in mean CBMN frequencies showed a statistically significant 

difference. 

Table 1:- Distribution of mean CBMN frequency according to various demographic characteristics  

 

The subjects were grouped on their demographic characteristics such as age, birth order, residence, parental 

consanguinity, duration of married life, social status and BMI (Table 1). Among the 75 study subjects, 40 subjects 

(53.3%) were between the age of 20 to 28 years and showed a mean CBMN frequency of 13.01. The highest mean 

CBMN frequency of 13.38 was shown by 35 subjects (46.6%) of age between 29 to 36 years. The highest mean 

CBMN frequency (13.76) shown by subjects between 7 to 9 birth order. Majority of the study subjects were 

belonged to rural (69.3%) followed by urban area (20%) and coastal area (10.6%). The highest mean CBMN 

frequency was observed in urban area (13.54). Subjects with parental consanguinity showed highest mean CBMN 

frequency of 13.45. Subjects having 6 to 11 years of married life showed highest mean CBMN frequency of 13.27. 

From the study subjects, 9 (12%) subjects were showed a high social status with a highest mean CBMN frequency 

of 13.69. 64 subjects (85.3%) were belonged to middle social status and showed a mean CBMN frequency (13.11). 

On the basis of BMI, subjects with <20 Kg/m
2
 showed mean CBMN frequency of 12.06 and 20 to 25 Kg/m

2
 showed 

mean CBMN frequency of 13.02. Highest mean CBMN frequency (13.33) showed by subjects with BMI >25 

Kg/m
2
. 

 

Table  2:- Distribution of mean CBMN frequency according to various clinical characteristics 

Category Variables Total Percentage (%) Mean CBMN Frequency 

Age (Years) 20-28 40 53.3 13.01 

29-36 35 46.6 13.38 

Birth Order <3 51 68 13.02 

4 to 6 20 26 13.46 

7 to 9 4 5.3 13.76 

Residence Coastal 8 10.6 12.98 

Rural 52 69.3 13.11 

Urban 15 20 13.54 

Parental  consanguinity Yes 8 10.6 13.45 

No 67 89.3 13.15 

Duration of married life (Years) 1 to 5 52 70 13.14 

6 to 11 23 29.3 13.27 

Social Status High 9 12 13.69 

Low 2 2.6 13.11 

Medium 64 85.3 13.11 

BMI (Kg/m
2
) <20 1 1.33 12.06 

20 to 25 42 56 13.02 

>25 32 42.66 13.33 

Category Variables Total Percentage 

%) 

Mean CBMN Frequency 

Family H/o infertility or subfertility Yes 6 8 13.19 

No 69 92 13.18 

Family H/o cancer  Yes 3 4 13.22 

No 72 96 13.18 

Family H/o chronic illness Yes 71 94.6 13.19 

No 4 5.3 12.93 

H/o X-ray exposure Yes 70 93.3 13.19 

No 5 6.6 13.05 

Menstrual periods Irregular 38 50.6 13.21 

Regular 37 49.3 13.16 
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The subjects were grouped on their clinical characteristics such as family history of infertility or subfertility, family 

history of cancer, family history of chronic illness, history of X-ray exposure, menstrual periods, menarche, 

endometriosis, contraceptive drugs used and clinical condition (Table 2). Subjects with family history of 

infertility/subfertility (8%) showed highest mean CBMN frequency of 13.19. Subjects with family history of cancer 

showed higher mean CBMN frequency (13.22) than subjects without family history of cancer. Family history of 

chronic illness was reported in 71 out of 75 study subjects with mean CBMN frequency of 13.19. Subjects with 

irregular menstrual periods showed high mean CBMN frequency of 13.21. Majority of study subjects (n=69; 92%) 

attained menarche between 13 to 15 years of age and the remaining 6 subjects attained menarche between 16 to 18 

years. Those who attained menarche between 16 to 18 years of age showed highest mean CBMN frequency of 

13.21. Nine subjects had endometriosis with mean CBMN frequency of 13.22. Consumption of contraceptive drugs 

was reported in 12 out of 75 study subjects and their mean CBMN frequency was 13.18. 

 

Table 3:- Distribution of mean CBMN frequency according to various biochemical and endocrinological 

characteristics 

Category Variables Total Percentage (%) Mean CBMN 

Frequency 

Fasting blood sugar (FBS) 

(mg/dl) 

70 to 100 7 9.33 13.17 

101 to 126 30 40 13.19 

>126 38 50.6 13.20 

Total Cholesterol (mg/dl) <200 26 34.6 13.04 

>200 49 65.2 13.2 

HDL (mg/dl) 21 to 31 18 24 13.27 

32 to 42 44 58.6 13.22 

43 to 51 12 16 12.95 

LDL (mg/dl) <100 6 8 13.13 

100 to 150 32 42.6 13.18 

>150 37 49.3 13.19 

TG (mg/dl) <150 53 70.6 13.04 

150 to 250 19 25.3 13.10 

>250 3 4 13.22 

Follicle stimulating (FSH)  

(mIU/ml ) 

<25 41 54.6 13.09 

 25 to 30 12 16 13.24 

>30 22 29.3 13.37 

 

Luteinizing hormone (LH) 

(mIU/ml ) 

<45 16 21.33 13.04 

45 to 60 41 53.33 13.18 

>60 19 25.33 13.30 

 

Estradiol (pg/ml) 

<25 8 10.6 12.84 

25 to 75 36  48 13.20 

>75 31 41.3 13.24 

Prolactin (ng/l) <25 24  32 13.02 

>25 51 68 13.53 

 

 

The subjects were grouped on their various biochemical and endocrinological characteristics such as FBS, total 

cholesterol, HDL, LDL, TG, FSH, LH, Estradiol and Prolactin (Table 3). Normal FBS was reported in 7 (9.33%) 

Menarche (years) 13 to 15 69 92 12.87 

16 to 18 6 8 13.21 

Endometriosis Yes 9 12 13.22 

No 66 88 12.91 

Contraceptive drugs used Yes 12 16 13.18 

No  63 84 13.16 

Clinical conditions Abortion 30 40 13.35 

Infertility 45 60 13.07 
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subjects and remaining subjects were pre-diabetic and diabetic. The mean CBMN frequency of pre-diabetic subjects 

and diabetic subjects were 13.19 and 13.20. Normal serum total cholesterol was reported only in 26 (34.6%) study 

subjects and the remaining subjects were hypercholestrolimic (>200 mg/dl). The mean CBMN frequency of 

hypercholestrolimic subjects were 13.2. Subjects with triglyceride value <150 mg/dl showed mean CBMN 

frequency of 13.04. Highest mean CBMN frequency (13.22) was shown by subjects with triglyceride value >250 

mg/dl. The study subjects showed FSH value >30 mIU/ml had higher mean CBMN frequency (13.37) compared to 

<25 mIU/ml (13.09) and 25 to 30 mIU/ml (13.24). Study subject with LH level >60 mIU/ml showed highest mean 

CBMN frequency of 13.30. Subjects with >75 pg/ml value of estradiol showed highest mean CBMN frequency of 

13.24. Majority of the subjects have prolactin level >25 ng/l and showed highest mean CBMN frequency of 13.53. 

 

Discussion:- 
The prevalence of female infertility is varies worldwide ranging from 3% to 7%. Polycystic ovarian syndrome is a 

common condition estimated to affect 4-18% women in the reproductive age. PCOS is associated with reproductive, 

psychological, metabolic and cardiovascular diseases (Boomsma et al., 2006). 

 

According to Zlotogora, (2006) in communities with a high level of consanguineous marriage, diagnosis of a 

recessive disorder in one or more members of the same family is generally indicative of a recent mutation, whereas 

the presence of a rare disorder in several families suggests an older mutational event or previous admixture through 

marriage with a person from another community. In the present study, subjects with parental consanguinity showed 

highest mean CBMN frequency.  

 

Mokhtar et al., (2006) revealed that females with the age of menarche more than 15 years were more risky to 

develop infertility than those with age of menarche less than 15 years. In the present study, the subjects with 

advancing age of menarche were showed a high mean CBMN frequency. 

 

BMI is a common feature in women with PCOS, with prevalence of 30-70%. Certain single nucleotide 

polymorphism associated with obesity and it contributed to elevate the body mass index in PCOS (Ewens et al., 

2011). The present study showed a high CBMN frequency among the subjects with obesity. 

 

According to Wijeyaratne et al., (2005) those with PCOS had significantly higher median BMI. Regarding BMI, 

69.2% of overweight/obese patients had polycystic ovary morphology. The higher incidence of overweight may be 

linked to the lack of exercise amongst women and fatty food habits. Increasing BMI was significantly related to an 

increasing trend in the proportion of women with the metabolic syndrome. PCOS is one of the most common risk 

factor among female infertility. Thus in the present study it is showed that mean CBMN frequency increases with 

increasing the BMI.  

 

According to Guastella et al., (2010) patients with polycystic ovaries have statistically significant higher LH levels 

and LH/FSH ratios than patients with normal ovaries. In the present study, majority of the subjects were shown 

hormonal disturbances and also increased mean CBMN frequency. 

 

Conclusion:-  
The present study involves Cytogenetics and Molecular Genetics on Female Infertility with Special Emphasis on 

Polycystic Ovarian Syndrome. The distribution of mean CBMN frequency according to demographic, clinical and 

biochemical characteristics of the study subjects was observed. Age, birth order, parental consanguinity, and BMI 

etc. showed increased level of mean CBMN frequency. The level of mean CBMN frequency was high among those 

who have the family history of infertility, family history of cancer and family history of chronic illness. FBS, total 

cholesterol, FSH, LH, prolactin and estradiol were also found to be significantly elevated in study subjects. These 

findings suggest that the women with PCOS have a high risk for infertility. While PCOS cannot be prevented or 

cured, it can be controlled, with varying degrees of success, by maintaining a healthy diet and by exercising. Healthy 

lifestyle factors, including exercise, are associated significantly with reduced DNA damage. 
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