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ABSTRACT Anovulation is the failure of the ovaries to release ova over a period of time generally exceeding three 
months. Anovulation is one of the major causes of infertility. Among the causes of infertility, 20-25% ac-

counts for anovulation. The present study was undertaken to evaluate the androgen excess and genetic instabilities 
in anovulatory infertility by investigating the various anthropometric and clinical aspects of the subjects. Twenty four 
subjects with anovulatory infertility and 19 healthy women without any chronic illness were involved in this study. Re-
productive hormones namely leutinizing hormone (LH) and follicle stimulating hormone (FSH) 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. Anovulatory women with various risk factors 
such as history of chronic illness, family history of cancer, increased duration of married life, endometriosis, hypercho-
lesterolemia etc. can lead to increased genetic instabilities and the severity of infertility. Lifestyle management should 
be used as the primary therapy for the treatment of metabolic complications and improvement in ovulatory function 
and pregnancy.

INTRODUCTION
The normal function of ovary to releases one ovum every 
25–28 days. This average time between ovulation events is 
variable, especially during puberty and the perimenopause 
period (StreeRoga, 2010). Anovulation is the failure of the 
ovaries to produce, mature and release ova. This condi-
tion may result from ovarian immaturity or post maturity, 
altered ovarian functions, primary ovarian dysfunction or 
disturbed interaction of the hypothalamus, pituitary gland 
and ovary, caused by stress or distress (Mosby’s Medical 
Dictionary, 2009). 

Anovulation or irregular menstrual cycle is the hallmark of 
polycystic ovary syndrome (PCOS) and remain a central 
part of the consensus diagnosis. PCOS is probably the 
most common cause of anovulatory infertility (Rotterdam, 
2004; Jakubowski, 2005). PCOS affects 5–10% of women 
of reproductive age (Mastorakos, 2006). There is high 
prevalence of PCOS in women with anovulatory infertility 
(83%) (Kousta, 1999). Androgen excess is one of the most 
common endocrine disorders of reproductive aged wom-
en, affecting approximately 7% of population (Asuncion 
et al., 2000). Anovulation among regularly menstruating 
women may be associated with androgen levels and endo-
crine changes similar to those seen in women with PCOS 
(Sunni, 2013). The prevalence of PCOS is excess (5%) with 
the combination of anovulation and hyperandrogenism 
(ESHRE, 2012).  Such ovulatory dysfunction also frequently 
represents foetal or perinatal exposure of females to an-
drogen excess in many mammalian species.

Anovulatory Androgen Excess (AAE) is a condition in 
women that usually develops in adolescence and is diag-

nosed in about five of every 100 women of any race and 
any country of origin. It is diagnosed by a combination of 
abnormal cycles (amenorrhea, oligomenorrhea or irregular 
cycles) and evidences that male like hormones called an-
drogens are either too high or too active causing hirsutism, 
acne and androgenetic alopecia (Azziz et al., 2009).

Anovulation is one of the major causes of infertility (Pad-
ma, 2013). Among the causes of infertility, 20-25% ac-
counts for anovulation. One of the most common iden-
tifiable factors that accounted for female infertility was 
ovulatory disorders (25%). Other reports describe ovulatory 
disorders are responsible for more than half of the causes 
of female infertility (Unuane et al., 2011).

Female infertility is also associated with genomic instabil-
ity. There is a high incidence of genomic instability in lym-
phocytes of women with PCOS (Milosevic, 2012). Moreo-
ver, couples with a history of spontaneous abortions and 
idiopathic infertility tend to have an increased micronuclei 
(MN) frequency in lymphocytes (Trkova et al., 2000).

Antioxidants (including vitamins C and E) and antioxidant 
cofactors (such as selenium, zinc, and copper) are capable 
of disposing, scavenging or suppressing the formation of 
reactive oxygen species (ROS) (Ruder, 2009). ROS is also 
believed to play a role in the different phases of the endo-
metrial cycle. Late luteal phase is characterized by elevat-
ed levels of lipid peroxide and a decrease in the antioxi-
dant, superoxide dismutase. ROS stimulates the secretion 
of Prostaglandin 2F-α (PG2Fα) through activation of  nucle-
ar factor-kappaα (NFkα). Disruption in physiological levels 
of ROS leads to female reproductive dysfunction and in 
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some cases, to unexplained infertility. Oxidative stress (OS) 
in female reproduction has been associated with PCOS 
and endometriosis. These pathologies negatively affect 
pregnancy rates and in vitro fertilization (IVF) outcomes 
(Gupta, 2014). 

Management of anovulatory infertility is still a difficult 
medical task because of the difficulty in the diagnosis and 
treatment. Anovulation can sometimes be treated with 
medical or surgical induction, but it is the cause of ano-
vulation that will determine whether ovulation induction 
is possible (Hamilton et al., 2006). There is now a greater 
focus on the management of the metabolic consequences 
of anovulatory infertility, primarily through lifestyle interven-
tion to achieve weight loss and increase physical activity. 
No systematic studies were reported regarding the genetic 
instability, especially the DNA damage in anovulatory infer-
tility. Hence, the present study was undertaken to evaluate 
androgen excess and genetic instabilities in anovulaory in-
fertility.

MATERIALS AND METHODS
Twenty four subjects with anovuatory infertility were select-
ed for this study. The samples were referred from various 
gynecology departments and infertility centers of Kerala 
to Genetika, Centre for Advanced Genetic studies, Thiru-
vananthapuram, Kerala. Nineteen healthy subjects without 
any chronic illness were also selected as control for this 
study. Detailed anthropometric and clinical characteristics 
were recorded using proforma. Both the study and con-
trol subjects reported normal Karyotype. In this study Cy-
tokinesis Block Micronuclei (CBMN) Assay was also carried 
out in each subject. CBMN Assay was performed by using 
Cytochalasin B for quantitating the extent of somatic DNA 
damages.

Five ml of blood sample was collected by venipuncture 
and transferred two ml of blood into sodium heparinized 
vacuutainers for quantifying the extent of somatic DNA 
damages by cytokinesis-block micronuclei (CBMN) as-
say. The remaining three ml of blood was transferred into 
a plain tube. Blood was allowed to clot, serum was sepa-
rated immediately. Luteinizing hormone (LH) and Follicle 
stimulating hormone (FSH) were measured by Chemilumi-
nescence Immunoassay (CLIA). 

Two ml blood was added to a culture tube containing 10 
mL RPMI 1640 supplemented with 100units/mL penicil-
lin, 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 44thhours of initiation of cells with phytohaemaggluti-
nin. 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: ace-
tic acid, 3:1). The cells were dropped onto slides and the 
slides were air dried and stained with 10% Giemsa. Micro-
nucleated cells were analyzed under light microscopy at 
100X magnification. The number of micronuclei in not less 
than 1000 binucleated cells were scored and the distribu-
tion of micronuclei among binucleated cells was recorded.

RESULTS
The subjects were grouped according to their demograph-
ic and anthropometric characteristics such as age, birth or-
der, residence, religion, occupation, parental consanguinity, 
duration of married life, economic status and BMI. Among 
the 24 study subjects, 14 subjects (58.33%) were belonged 
to below the age of <25 years and showed a mean CBMN 

frequency of 12.68. The remaining 10 subjects (41.67%) 
with the age of >25 years showed a mean CBMN frequen-
cy of 13.34. The birth order ranged from 1 to 7 and major-
ity of the subjects were belonged to first birth order. The 
highest mean CBMN frequency (13.8) showed by subjects 
with >6 birth order. Majority of the study subjects were 
belonged to rural area (70.83%) followed by coastal area 
(16.67%) and urban area (12.5%) and the highest mean 
CBMN frequency was observed in urban area (13.87). 
Highest mean CBMN frequency showed in the Muslim reli-
gion (13.5) followed by Hindu religion (13.23) and Christian 
religion (12.5). Sixteen study subjects had non-sedentary 
type of occupation with mean CBMN frequency of 12.82 
and only 8 individuals have sedentary type of occupation 
with mean CBMN frequency of 13.59. Parental consanguin-
ity was reported only in 2 out of 24 study subjects and 
showed mean CBMN frequency of 13.19. The duration 
of married life of these subjects ranged from 1 to 5 years 
with a mean duration of married life of 3 years. Subjects 
who have >3 years of married life showed highest mean 
CBMN frequency of 13.35. Those subjects, with high eco-
nomic status showed highest mean CBMN frequency 
13.65. On the basis of BMI, 20 to 25 Kg/m2 showed mean 
CBMN frequency of 12.96 and >30 Kg/m2 showed mean 
CBMN frequency of 14.2. Highest mean CBMN frequency 
showed by subjects with BMI of >30 Kg/m2.

History of chronic illness was reported in 2 out of 24 study 
subjects with mean CBMN frequency of 13.5. Only one re-
ported family history of cancer among 24 study subjects 
with mean CBMN frequency 13.25. Only one had endome-
triosis with mean CBMN frequency of 14.2. Consumption 
of contraceptive drugs was reported in 3 out of 24 study 
subjects and their mean CBMN frequency was 13.2. Major-
ity of study subjects (n=20; 83.33%) attained menarche be-
tween 13 to 15 years of age and the remaining 4 subjects 
attained menarche between 16 to 18 years. Those who at-
tained menarche between 16 to 18 years of age showed 
highest mean CBMN frequency of 13.28.

Normal serum total cholesterol was reported only in 8 
(33.34%) study subjects and the remaining 16 subjects 
were hypercholestrolimic (>200 mg/dL). The mean CBMN 
frequency of hypercholestrolimic subjects were13.38. The 
study subjects showed FSH value 31 to 40 mIU/ml had 
higher mean CBMN frequency (13.53) compared to 11 
to 20 mIU/ml (13.03) and 21 to 30 mIU/ml (13.07). Study 
subject with LH level >80 mIU/ml showed highest mean 
CBMN frequency of 13.4.

Table 1:- Distribution of mean CBMN frequency accord-
ing to various demographic and anthropometric charac-
teristics of the study subjects

Category Variables Total Percentage 
(%)

Mean 
CBMN 
Frequency

Age range
<25 14 58.33 12.68
>25 10 41.67 13.34

Birth order
1 to 3 20 83.3 12.2
4 to 6 3 12.5 13.15
>6 1 4.17 13.8

Residence
Coastal 4 16.67 13.02
Rural 17 70.83 13.27
Urban 3 12.5 13.87

Religion
Christian 2 8.33 12.5
Hindu 20 83.33 13.23
Muslim 2 8.33 13.5
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Nature of 
occupation

Sedentary 8 33.34 13.59
Non sedentary 16 66.67 12.82

Parental 
consan-
guinity

Yes 2 8.33 13.19

No 22 91.67 13.15

Duration of 
married life

<3 11 45.83 12.68
3 5 20.83 13.28
>3 8 33.33 13.35

Economic 
status

High 2 8.33 13.65
Medium 21 87.5 13.17
Low 1 4.17 12.7

BMI (kg/m2)
20 to 25 11 45.83 12.96
26 to 30 12 50 13.32
>30 1 4.17 14.2

Table 2: Distribution of mean CBMN frequency accord-
ing to various clinical and endocrinological characteris-
tics of the study subjects

Category Variables Total Percentage 
(%)

Mean 
CBMN 
frequency

History of 
chronic illness

Yes 2 8.33 13.5
No 22 91.67 13.16

Family history 
of  cancer

Yes 1 4.17 13.25

No 23 95.83 11.9 

Endometrio-
sis

Yes 1 4.17 14.2
No 23 95.83 13.15

Contraceptive 
drugs used

Yes 3 12.5 13.2

No 21 87.5 13.1 

Age at Me-
narche (years)

13 to 15 20 83.3 12.72

16 to 18 4 16.67 13.28 

Total choles-
terol (mg/dL)

<200 8 33.34 13.09

>200 16 66.66 13.38

Follicle 
stimulating 
hormone 
(FSH) ( mIU/
ml )

11 to 20 8 33.33 13.03

21 to 30 9 37.5 13.07

31to 40 7 29.17 13.53

Luiteinizing 
hormone (LH) 
(mIU/ml)

21 to 40 4 16.67 12.95

41 to 80 19 79.17 13.23

>80 1 4.17 13.4

DISCUSSION
Anovulation or irregular menstrual cycles are hallmarks of 
polycystic ovary syndrome (PCOS) and remain a central 
part of the consensus diagnoses (Zawadzki and Dunaif, 
1992; Rotterdam, 2004). PCOS is one of the most common 
endocrine disorders amongst women of reproductive age. 
It is characterized by hyperandrogenism, menstrual distur-
bances, infertility due to chronic anovulation and polycystic 
ovaries (Sirmans and Pate, 2013). Cytogenetic studies have 
shown that women with PCOS have increased damage in 
their genetic material (Moran et al., 2008; Nersesyan et al., 
2006; Yesilada et al., 2006).

The present study illustrated that DNA of anovulatory in-
fertile subjects showed significant damage, by increased 
mean CBMN frequency in lymphocytes, confirming some 
reports that deal with this issue (Moran et al., 2008). These 
reports suggest the presence of genetic abnormality in 
PCOS subjects (Nersesyan et al., 2006; Yesilada et al., 
2006; Hamurcu et al., 2010).

In the present study showed increased mean CBMN fre-
quencies with advancing age were consistent with the 
results of international collaborative projects (Bonassi et 
al., 2003). In the current study it was observed that micro-
nuclei frequency (MN) was highest in the age group >25 
years, there seems to be relation between age and micro-
nuclei frequency.

The increase in genomic damage in obese subjects and 
the positive correlation between genomic damage and 
BMI in total over-weight/obese subjects indicate that obe-
sity increases genomic damage (Donmez-Altuntas, 2014). 
The present study showed BMI >30 kg/m2 have highest 
mean CBMN frequency of 14.2.

According to Balen, (2007) the endocrine abnormalities in 
women with polycystic ovary syndrome include raised con-
centrations of luteinising hormone (LH; seen in about 40% 
of women), testosterone and androstenedione in associa-
tion with low or normal concentrations of follicle stimulat-
ing hormone. The present study observed an increased 
FSH value, increased LH value as well as an increased total 
cholesterol level. All these characteristics showed a signifi-
cant increase with mean CBMN frequency among the ano-
vulatory subjects.

Genetic instability can have very serious consequences 
for PCOS patients. It has been proved that chromosomal 
abnormalities (structural, numerical) are associated with in-
creased risk of cancer and early miscarriages (Migliore and 
Coppede, 2002). There are studies supporting the exist-
ence of these two phenomena in PCOS patients (Gadducci 
et al., 2005). In this study a positive correlation exists be-
tween the increase in mean CBMN frequency and subjects 
with family history of cancer. The study subjects with family 
history of cancer showed mean CBMN frequency of 13.25. 
It is generally accepted that PCOS is associated with gy-
naecological malignancies such as endometrial cancer and 
less with ovarian cancer. The present study showed in-
creased mean CBMN frequency in subjects with endome-
triosis (14.2).

The cytokinesis-block micronuclei assay revealed increased 
micronucleus frequency in couples with infertility or two or 
more spontaneous abortions, suggesting a possible role 
of chromosomal instability in reproductive failure (Trkova 
et al., 2000). The current study also observed a higher mi-
cronuclei frequency among study subjects than the control 
subjects.

CONCLUSION
In short, the present study involves androgen excess and 
genetic instabilities in anovulatory infertility. The distribu-
tion of mean CBMN frequency according to demographic, 
biochemical and endocrinological factors of the study sub-
jects was observed. Age, birth order, parental consanguin-
ity, BMI etc. showed increased level of CBMN frequency. 
The level of mean CBMN frequency was higher among 
those who have the family history of cancer and history 
of chronic illness. Total cholesterol, FSH and LH were also 
found to be significantly elevated in study subjects. These 
findings suggest that the women with anovulatory infertility 
have a high incidence of genomic instability and androgen 
excess does not cause morbidity or mortality, but it was 
associated with insulin resistance, dyslipidemia, hyperten-
sion, and vascular diseases; therefore, it is a forerunner of 
cardiovascular disease. The deep rooted origin and detri-
mental effects of PCOS on the biochemical, reproductive 
and metabolic functions of the body and its life-threaten-
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ing consequences warns the early recognition and man-
agement of this syndrome. It may be impossible to reverse 
the genetic programming of the syndrome. It can be man-
aged by modifying various lifestyle factors. A wider range 
of treatment options have become available to infertile 
couples like medical treatment, surgical treatment and dif-
ferent assisted reproduction techniques.

REFERENCE
1. Asuncion, M.; Calvo, RM.; San Millan, JL.; Sancho, J.; Avila, S.; Escobar-

Morreale HF.; A prospective study of the prevalence of the polycystic 

ovary syndrome in unselected Caucasian women from Spain. J ClinEndo-

crinolMetab. 2000; 85:2434–2438.

2. Azziz, R.; Carmina, E.; Dewailly, D.; et al. The androgen excess and PCOS 

society criteria for the polycystic ovary syndrome: The complete task 

force report. FertilSteril 2009; 91(2): 456-88.

3. Balen, AH.; PCOS, obesity and reproductive function: RCOG Special 

Study Group on Obesity. 2007. London: RCOG Press.

4. Bonassi, S.; Neri, M.; Lando, C.; et al. HUMN collaborative group. Effect 

of smoking habit on the frequency of micronuclei in human lymphocytes: 

results from the Human MicroNucleus project. Mutat Res 2003;543:155 

– 66.

5. Donmez-Altuntas, H.; Sahin, F.; Bayram, F.; Bitgen, N.; Mert, M.; Guclu, 

K.; et al. Evaluation of chromosomal damage, cytostasis, cytotoxicity, 

oxidative DNA damage and their association with body-mass index in 

obese subjects. Mutation Research/Genetic Toxicology and Environmen-

tal Mutagenesis, 30-36.2014.

6. E. H. Ruder.; Hartman, T. J..; and. Goldman, M. B.; Impact of oxidative 

stress on female fertility, Current Opinion in Obstetrics & Gynecology. 

2009; vol. 21, no. 3, pp. 219–222.

7. E. Kousta,  D.M.; White,  E.; Cela,  M.I.; McCarthy.;  and  S. Franks.; The 

prevalence of polycystic ovaries in women with infertility Hum.Re-

prod. 1999.

8. ESHRE Capri Workshop Group Health and fertility in World Health 

Organization group.; 2 anovulatory women Hum. Reprod. Up-

date 18 (5): 586-599, May 19, 2012.

9. Gadducci,A.; Gargini, A.; Palla, E.;  Fanucchi, A.; and Genazzani.; A.R. 

(2005) Poly-Cystic Ovary Syndrome and Gynecological Cancers: Is There 

a Link? Gynecological Endocrinology, 20, 200-208.

10. Gupta, S.; Ghulmiyyah, J.; Sharma, R.; Halabi, J.; Agarwal, A.; Power of 

Proteomics in Linking Oxidative Stress and Female Infertility. BioMed Re-

search International. 2014.

11. Hamilton-Fairley, D.; Taylor, A.; ABC of subfertility: Anovulation. BMJ. 

2006; 327:546–549. 

12. Hamurcu, Z.; Bayram, F.; Kahriman, G.; Dönmez-Altuntas, H.; and Baskol, 

G.; (2010) Micronucleus Frequency in Lymphocytes and 8-Hydroxydeoxy-

guanosine Level in Plasma of Women with Polycystic Ovary Syndrome. 

Gynecological Endocrinology, 26, 590-595.

13. Jakubowski, L.; Genetic aspects of polycystic ovary syndrome. En-

dokrynol Pol 2005; 56: 285–93.

14. Mastorakos, G.; Lambrinoudaki, I.; Creatsas, G.; Polycystic ovary syn-

drome in adolescents: current and future treatment options. Paediatr 

Drugs 2006;8: 311–8.

15. Migliore, L.; and Coppede, F.; (2002) Genetic and Environmental Factors 

in Cancer Neurodegenerative DISEASES. Mutation Research, 512, 135-

153.

16. Milosevic-Djordjevic, O.; Stosic, I.; Grujicic, D.; et al. Chromosomal insta-

bility in peripheral blood lymphocytes of patients with reproductive fail-

ure assessed by micronucleus assay.  Archives of Industrial Hygiene and 

Toxicology, 2012; 63(3), pp. 367-375.

17. Moran, L.J.; Noakes, M.; Clifton, P.M.; Norman, R.J.; and Fenech, M.F.; 

Genome Instability Is Increased in Lymphocytes of Women with Polycys-

tic Ovary Syndrome and Is Correlated with Insulin Resistance. Mutation 

Research, 2008; 639, 55-63. 

18. Mosby’s Medical Dictionary.; 8th edition. Elsevier. 2009.

19. Nersesyan, A.; Martirosyan, A.; Parsadanyan, G.; and Zalinyan, G.; Chro-

mosomal Aberrations Level in Peripheral Blood Lymphocytes of Women 

with Polycystic Ovary Syndrome. Journal of the Balkan Union of Oncol-

ogy, 2006; 11, 477-480.

20. Padma Raj Pant.; Comparison of efficacy of Clomiphene Citrate and Ta-

moxifen for induction of Ovulation among women with Anovulatory In-

fertility.MedicaInnovatica June 2013.

21. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group.; 

Revised 2003 consensus on diagnostic criteria and long-term health 

risks related to polycystic ovary syndrome (PCOS).2004; Hum Re-

prod19,41–47.

22. Sirmans, S.M.; and Pate, K.A.; Epidemiology, Diagnosis, and Manage-

ment of Polycystic Ovary Syndrome. Clinical Epidemiology, 2013; 6, 

1-13. 

23. StreeRoga Vignan.; by Dr.VNK Usha First edition Chapter 10 Vandhyat-

wa. 2010; Pg No 466.

24. Sunni, L.; Mumford.; Sporadic anovulation in women with regular men-

struation.Sunni L. Mumford, EndocrinolMetabSynd 2013.

25. Trkova, M.; Kapras, J.; Bobkova, K.; Stankova, J.; Mejsnarova, B.; In-

creased micronuclei frequencies in couples with reproductive failure. Re-

prodToxicol 2000; 14:331-5.

26. Unuane, D.; Tournaye, H.; Velkeniers, B.; Poppe, K.; Endocrine disorders 

& female infertility. Best Pract Res ClinEndocrinolMetab. 2011; 25(6):861-

73.

27. Yesilada, E.; Sahin, I.; Ozcan, H.; Yildirim, I.H.; Yologlu, S.; and Taskapan, 

C.; Increased Micronucleus Frequencies in Peripheral Blood Lymphocytes 

in Women with Polycystic Ovary Syndrome. European Journal of Endocri-

nology, 2006; 154, 563-568.

28. Zawadzki, JA.; and Dunaif, A.; Diagnostic criteria for polycystic ovary syn-

drome: towards a rational approach. In Dunaif A, Givens JR, Haseltine FP, 

and Merriam GR. Polycystic Ovary Syndrome. Blackwell Scientific, Bos-

ton. 1992; pp 377–384.


