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Abstract : Infertility is a major health problem which affects approximately 22% of married 

couples in reproductive age. Androgens (testosterone and dihydrotestosterone) from another 
side are essential for male fertility and the maintenance of spermatogenesis, and to determine 

the expression of male phenotype, and their actions are mediated by single androgen receptor 

(AR). 
So any mutation that disrupts (AR) functions completely or partially results in androgen 

insensitivity syndrome with impaired spermatogenesis and even XY genotype. 

In the present study, male patients with infertility divided as (non-obstructive azoospermia, 
oligo and oligoasthenozoospermia) were studied in order to investigate the molecular genetics 

and molecular analysis for androgen receptor gene alteration, as a reason of male infertility in 

Iraq. 

For molecular study 100 patients (39 azoospermia, 16 Oligo and 45 oligoasthenozoospermia) 
were examined, and 30 normal men were subjected for detection of androgen receptor gene 

alteration using molecular analysis by polymerase chain reaction (PCR) for exons (4) of 

androgen receptor gene. 
The results show deleted exon 4 as detection by PCR in the groups of infertile men but control 

group. The Androgen receptor (AR) gene deletion was considered in all  infertile groups as 

compared with control group, and in exons (4) the highest percentage of deletion was 

registered in oligoasthenozoospermic patients 40% from wild exon in a highly significant 
differences (P<0.01). 

The patients with deleted exon 4, appeared decreased semen volume, progressive motility in a 

highly significant differences (P<0.01), and decreased grade B, and increased in liquefaction 
time in a significant differences (P<0.05) as compared with semen parameters of patients with 

wild exon (4). 

The results demonstrated the necessity of the exons (4) presence and integrity for the AR 
function and spermatogenesis process. 

Key words : Infertility, Androgen receptor, oligoasthenozoospermia, exons (4), 

spermatogenesis. 
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Introduction 

Infertility is a disease (an interruption, cessation, or disorder of body functions, systems, or organs) of 

the reproductive tract which prevents the conception of a child or the ability to carry a pregnancy to delivery
1.
 

Infertility is a relatively common health condition, affecting nearly (7-15) % of all couples. Clinically, it is a 

highly heterogeneous pathology with a complex etiology that includes environmental and genetic factors. It has 

been estimated that nearly 50 % of infertility cases are due to genetic defects
2,3

. 

The end-organ resistance to androgens, called androgen insensitivity syndrome (AIS), is a rare disorder
4
.  

The end-organ resistance to androgens has been designated as Androgen Insensitivity Syndrome (AIS), 
an X-linked disorder caused bymutations in the Androgen Receptor (AR) gene. It is generally accepted that 

defects in the AR gene prevent the normal development of both internal and external genital structures in 

46,XY individuals, causing a variety of phenotypes ranging from male infertility to completely normal female 
external genitalia

5
. 

Androgen insensitivity syndrome (AIS) or testicular feminization is a partial or complete inability of 
cell response to androgen. The cause is enzymatic defect in synthesis of testosterone, resulting sexually 

immature phenotypically female, with primary amenorrhea. There are three categories of AIS, complete, partial 

and mild, depending on the degree of external genital masculinization
6
. According to the molecular analysis for 

different exons within androgen receptor gene, the most common cause of AIS is mutations in the androgen 
receptor (AR) gene that the Complete AIS in this individual enrolled in the study was due to a G708E 

substitution in the AR protein result from a 2650G>A mutation (mRNA sequence reference) in exon (4) of the 

gene, resulting in replacement of glycine with glutamate at codon 708 in the ligand-binding domain of the AR 
protein

4
. 

These men have normal male external genitalia and a male gender orientation
7
. They usually present 

with gynecomastia at puberty. Spermatogenesis may or may not be impaired. In some instances the only 

observed abnormality appears to be male infertility; therefore,  

MAIS could explain some idiopathic male infertility
8
.Male infertility is a common cause of reproductive failure 

in humans
9
. 

Disturbances in the function of the androgen receptor can lead to several forms of male 
pseudohermaphroditism, such as androgen insensitivity syndrome, which can lead to infertility. Infertility 

affects around 20% of couples, and in half of the cases it is a male problem
10

. 

The gene has a length of about 90kb and includes 8 exons. The exons are separated by 7 introns. This 

gene codifies the AR receptor protein that is composed by 919 amino acids with a molecular weight of 110-112 

Kd. The protein is characterized by four functional regions figure (1),11. 

The hinge region encoded by(exon 4); as well as Ligand Binding Domain (LBD): region that represents 

the link region fo the steroid (exon 4-8(,
11,12

 as shown in figure (2). 
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Figure (1): Structural Organization of Nuclear ReceptorsTop – Schematic 1D amino   acid sequence of a 

nuclear receptor. Bottom – 3D structures of the DBD (bound to DNA) and LBD (bound to hormone) 

regions of the nuclear receptor. The structures shown are of the estrogen receptor. Experimental 

structures of N-terminal domain (A/B), hinge region (D), and C-terminal domain (F) have not been 

determined therefore are represented by red, purple, and orange dashed lines, respectively. 

 

Figure (2):  Location and structure of the human androgen receptor. Top, The AR gene is located on the 

proximal long arm of the X chromosome. Middle, The eight exons are separated by introns of various 

lengths. Bottom, Illustration of the AR protein, with primary functional domains labeled (not 

representative of actual 3-D structure).  

The AR COOH-terminal domain (CTD), encoded by exon 4-8, harbors the AR ligand-binding domain 

(LBD) and transcriptional activation function 2 (AF2) co-regulator binding interface
13

. 

However, the somatic Sertoli, PTM, Leydig, vascular endothelial and vascular smooth muscle cells of 

the mature testis express androgen receptor
14

, and it is widely accepted that the requirement of testosterone for 

spermatogenesis is mediated by these cell types. 

2. Material and Method: 

Genomic DNA was isolated from blood cells under aseptic condition according to the protocol 

described by Geneaid Biotechnology Companyfor wizard genomic DNA purification kit.  

The sense primer of exon 4 was (5’ACA CTA CAC CTG GCT CAA TGG 3’) and the antisense was (5’ 

CGG AAG CTG AAG AAA CTT GG 3’). 

The components of PCR deionized water (9 µl), Green Master mix (12.5 µl), F-Primer (1µl), R-Primer 
(1µl) and DNA sample (1.5µl) at total volume 25µl. The optimization of amplification was performed under the 

following conditions Tables (1). 

https://en.wikipedia.org/wiki/Peptide_sequence
https://en.wikipedia.org/wiki/Estrogen_receptor
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Table (1): Optimization of PCR conditions for exon (4 ) of Androgen   receptor gene. 

Name of cycle  Temperature °C Time  Noof 

cycle  

Initial danaturation 95 3 min  1 cycle  

Denaturation  95  1 min   35 cycle 

Annealing  55.3 1 min  35 cycle  

Extension  72  1 min 35 cycle  

Final extension  72  5 min  1 cycle  

Soak  4  - 1 cycle  

 

The solutions were prepared to transferred DNA by dissolved agarose 1 mg per 100 ml of T.B.E, while 
to transferred PCR products the solution performed by dissolved agarose 1.5 per 100 of T.B.E buffer

10
. 

Electrophoresis was then run for 10 min at 30v and 70v for 1hr, andwhen the electrophoresis was completed the 

gel was placed on a UV transilluminator
15

.And the DNA ladder marker (50 - 1000 bp) used for correlation from 
Promega company USA. 

3. Results and Discussion: 

The results embedded in table (2) expressed the presence or absence (wild type or deleted) respectively 

of exon (4) in the PCR test figures (3), for different groups of infertility and control. The different groups of 

infertility showed variant percentage of wild type or deleted exon (4), and registered highly significant 
differences (P<0.01) between wild type exon and deleted exon (4) in all infertility groups, while all the men in 

control group indicate presence of exon (4).  

On the other hand, as compared between infertility groups the highest percentage of exon (4) deletion 

was registered in the patients of Oligoasthenozoospermia group, and the lowest percentage of exon (4) deletion 

was in Oligozoospermia group. 

Table (2): Distribution of Exon (4) in different groups of infertility and control group. 

The groups  PCR/ exon 4  No. Percentage (%) Chi-square 

Control Wild type 30 100.00 14.75 

** deleted 0 0.00 

Azoospermia Wild type 36 92.31 14.272  

** deleted 3 7.69 

OligoZoospermia Wild type 15 93.75 14.108  

** deleted 1 6.25 

OligoAstheno- 
zoospermia 

Wild type  35 77.78 12.967  
** deleted 10 22.22 

Total  Wild type 116 89.23  

deleted 14 10.76 

** (P<0.01) means highly significant differences in each group. 
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Figure (3):show the presence (wild type) of exon(4) bands on the left and right of the ladder and some 

bands lacked.  

The results were embedded in table (3) showed the effect of the wild type or deletion of exon (4) on the 

hormonal values and semen parameters enrolled in the present study. 

When compared between the patients group with presence (wild type) of exon (4) and those with 

absence (deletion) of exon (4), the results showed there were significant differences (P<0.05) in the semen 

volume which decreased and liquefaction time was increased in patients group with absence of exon (4) as 
compared with patients group have exon (4). 

In addition the results were registered highly significant differences (P<0.01) in the progressive motility 
and grade (B) of sperm, they were decreased in the patients group with absence of exon (4) as compared with 

patients group have exon (4). In contrast, no significant differences registered in hormonal values and other 

semen parameters for both groups. 

Table (3): shown the effect of the wild type or deletion of exon (4) on the hormonal values and semen 

parameters. 

Parameters   Mean ± SE  T-test  

Wild type /exon 4 deleted/ exon 4  

Testosterone(ng/ml) 4.03 ± 0.15 4.96 ± 0.74 0.998 NS 

FSH(mlU /ml) 5.87 ± 0.32 6.17 ± 1.04 1.881 NS 

LH(mlU /ml) 3.91 ± 0.16 4.02 ± 0.45 0.926 NS 

TSH(mlU /ml) 1.49 ± 0.06 1.528 ± 0.21 0.342 NS 

T3(nmol /L) 115.35 ± 2.96 118.69 ± 7.79 16.845 BNS 

T4(nmol /L) 84.60 ± 1.82 88.98 ± 5.06 10.431 NS 

Semen volume (ml) 2.21 ± 0.08   a 1.71 ± 0.13   b 0.481 * 

Liquefaction    time 37.32 ± 0.98  b 43.21 ± 2.37  a 5.508 * 

Sperm count 13.95 ± 2.75 5.71 ± 1.15 14.645 NS 

Sperm morphology 30.11 ± 2.31 21.27 ± 3.56 11.346 NS 

Sperm motility 35.75 ± 3.37    22.81 ± 3.46    16.035 NS 

Progressive motility 16.65 ± 2.87   a 1.18 ± 1.02   b 13.271 ** 

SP. A % 2.69 ± 0.72 0.00 ± 0.00 3.471 NS 

SP. B % 13.95 ± 2.30   a 1.18 ± 1.02   b 10.651 ** 

Ladder 

50-1000  bp 

 

Exon 4 

180 bp 
Exon 4 

deleted 
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SP. C % 19.15 ± 1.64 21.63 ± 2.63 8.331 NS 

SP. D % 63.86 ± 3.47 77.18 ± 3.46 16.663 NS 

* (P<0.05), ** (P<0.01), NS: Non-significant. 

*(P<0.05) means significant differences with different letters in rows. 
** (P<0.01) means highly significant differences with different letters in rows. 

Letter (a) refers to increased value, and letter (b) refers to decreased value. 

 

The androgen receptor (AR), encoded by AR gene, is a steroid receptor transcription and regulator 

factor that mediates the cellular activities of testosterone (T) and dihydrotestosterone (DHT)
16

. The AR-

mediated androgen function plays important roles in the development and maintenance of male and female 
phenotype and reproduction activity

17,18
. 

Given the complicated structure and the necessary function of each AR domain represented by (8) 
exons, it is not surprised that AR alternative splicing would impairs the AR cellular signal and result in 

pathologic conditions. Several alternative spliced AR isoforms have been considered in different pathologic 

conditions such as prostate cancer, Kennedy disease, androgen insensitivity syndrome (AIS) and so on
19,20

.The 

AIS is represented by a variety of phenotypes ranging from male infertility to completely normal female 
external genitalia with 46XY for both condition

21
.  

The alternative splicing of androgen receptor may be a critical pathogenic mechanism in human 
infertility

22
. 

The exon (4) responsible for coding the short flexible hinge region, which regulates DNA binding, 
nuclear translocation, and transactivation of the androgen receptor

23
. 

  In addition to the AR COOH-terminal domain (CTD), encoded by exon 4-8, contains the AR ligand-
binding domain (LBD) and transcriptional activation function 2 (AF2) as co-regulator binding interface

24,13
.The 

first zinc finger in the AR DBD determines the specificity of DNA recognition, which makes contact with 

major groove residues in an androgen-response element (ARE) half-site
25,26

. The second zinc finger is a 

dimerization interface that mediates binding with a neighboring AR molecule engaged with an adjacent ARE 
half-site. The short flexible hinge region, encoded by exon 4, regulates DNA binding, nuclear translocation, and 

transactivation of the androgen receptor
24

. However, this region was shown to be involved in DNA binding as 

well as AR dimerization. It was suggested that the hinge region also acts to attenuate transcriptional activity of 
the AR gene. 

The AR is not able to migrate into the nucleus as well as to link to the target genes DNA, and the 
interaction with the androgen leads to the dissociation between AR and heat shock protein (hsp), the further 

phosphorylation and the migration into the cellular nucleus, where the receptor undergoes a process of 

homodimerization. This process is characterized by the each other linkage of the complex hormone-receptors, 

allowing the recognition and the link to the responsive element present on the target gene and generating the 
synthesis of new specific proteins

27
.  

The androgen insensitivity syndrome (AIS), because of an inactivating mutation of the AR, the testes 
may exhibit some degree of dysgenesis, and are at elevated risk of developing cancer in testicular germ cell

28
. 

The ablated AR by Endocrine disruption pathways in male sexual differentiation, and transgenesis, both show 

30–50% decreasing in Sertoli cell number at around the time of birth and a more severe decreasing (60–75%) in 
adulthood

29.
 

Another study in newborn rats has shown that interference with androgen action neonatally, via 

administration of the AR antagonist flutamide, also decrease Sertoli cell number
30

. These results appear that 
androgens exert a proliferative action on Sertoli cells during the perinatal period, and the Sertoli cells do not 

express AR for all or most of this period
31

. 

Regardless of the mechanism of such influence, recognition the deficiency in androgen production or 

action in foetal or early postnatal life is the important point, likely to result in a testis with fewer Sertoli cells. 

As Sertoli cell count per testis determines how many germ cells can be supported through maturation into 
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spermatozoa

32
, it can be appreciated idea that effects on sperm counts and/or fertility in an impaired individual 

are then a possibility.  

This is particularly the case in humans, as men do not store sperm (as do many domestic animals), in 

the same context that Sertoli cell number and abstinence period (frequency of ejaculation) reflects the sperm 

counts are produced. Another important reason in this context is that spermatogenesis in the human is less 
efficient when compared with that in most mammals

33
. 

The leakage of these free radicals makes mitochondria a major intracellular source of reactive oxygen 

species (ROS). These unique features are probably the cause of faster accumulation of sequence variations in 
mitochondrial DNA than in nuclear DNA

34
.The PCR amplification of mtDNA has shown a higher incidence of 

mtDNA deletion in asthenozoospermic patients as compared with unaffected individuals
35,36

. 

This excessive ROS production may induce the opening of membrane permeability transition pores and 

release of free radicals, cytochrome C and other apoptogenic factors that ultimately lead to apoptosis. Although 

mtDNA mutations have been identified in many studies, their role as a diagnostic marker in male infertility is 
still under debate. Nonetheless, male infertility due to mtDNA mutation can be successfully treated by ICSI, as 

mtDNA mutations are not transmitted to the offspring
37,38

. 

The results demonstrated the necessity of the exons (4) presence and integrity of the AR function and 
spermatogenesis process. So it is necessary to put the detection presence and integrity of exon (4), as well as 

chromosomes aberrations in the infertility prediction and diagnosis for infertility in men. 

References : 

1. American Society for Reproductive Medicine and Society for Assisted Reproductive Technology. 
Intracytoplasmic sperm injection (ICSI) for non-male factor infertility: a committee opinion. 

FertilSteril., 2012, 98(6);1395-9. 

2. McLachlan RI, O’Bryan MK. Clinical review: state of the art for genetic testing of infertile men. J 
ClinEndocrinolMetab., 2010, 95(3);1013–24.  

3. Zorrilla M,  Yatsenko , Alexander N. The Genetics of Infertility: Current Status of the Field, Curr 

Genet Med Rep., 2013, 1;247–260. 

4. RajenderS, PoojaS, Nalini JG, BaidyanathC, LaljiS, KumarsamyT. G708E Mutation in the Androgen 
Receptor Results in Complete Loss of Androgen Function. Journal of Andrology., 2011, 32( 2). 

5. GalaniA, Kitsiou-Tzeli S, Sofokleous C, Kanavakis E,Kalpini-MavrouA. Androgen insensitivity 

syndrome: clinical features and molecular defects, hormones., 2008, 7(3);217-229.  
6. Farhud DD, Yeganeh MZ, Sadighi H, Zandvakili S. Testicular Feminization or Androgen Insensitivity 

Syndrome (AIS) in Iran: a Retrospective Analysis of 30-Year Data . Iran J Public Health., 2016, 45 

(1);1-5 .  

7. Danilovic DL, Correa PH, Costa EM, Melo KF, Mendonca, BB. Height and Bone mineral density in 
androgen insensitivity syndrome with mutations in the androgen receptor gene. Osteoporo Int., 2007, 

18; 369-374. 

8. Pokale Y, Jadhav A, Kalthe B, Kate U, Khadke P. A case of primary amenorrhea with 46,XY 
Karyotype: Androgen insensitivity syndrome (AIS). IOSR Journal of Pharmacy and Biological 

Sciences (IOSR-JPBS)., 2013, 5(5);36-39. 

9. Sunnotel O,  Hiripi L,  Lagan K,  McDaid JR,  León JMD,  Miyagawa Y,  Crowe H,  Kaluskar S,  Ward 
M, Scullion C,  Campbell A,  Downes CS,  Hirst D,  Barton D,  Mocanu E,  Tsujimura A,  Cox MB,  

Robson T,  Walsh CP. Alterations in the steroid hormone receptor co-chaperone FKBPL are associated 

with male infertility: a case-control study. Reproductive Biology and Endocrinology., 2010, 8; 22. 

10. Melo COA, Danin AR, Silva DM, Tacon JA, Moura1 KKVO, Costa EOA, da Cruz AD. Association 
between male infertility and androgen receptor mutations in Brazilian patients.  Genet Mol Res., 2010, 

9 (1); 128-133. 

11. Yang J, Zhang C, Hu Zh, Zhan YX, Cao JQ, Ren H. Study on clinical manifestation, genotype and 
genetic characteristics of two kennedy disease pedigrees. Zhonghua Yi Xue Yi ChuanXueZaZhi., 2010, 

27; 125-131. 

12. Xu CM, Li1 SY, Zhang JY, Liu Y, Pan JX, Li1 C, Huang HF. Androgen Receptor Alternative Splicing 
and Human Infertility. Mol Biol., 2015, 4; 3. 

http://www.ncbi.nlm.nih.gov/pubmed/17077943
http://www.ncbi.nlm.nih.gov/pubmed/17077943
http://www.ncbi.nlm.nih.gov/pubmed/17077943


Majid Hameed Jaffer et al /International Journal of ChemTech Research, 2017,10(9): 781-789.  788 

 

 
13. He B, Gampe RT, Kole AJ, Hnat AT, Stanley TB. Structural basis for androgen receptor interdomain 

and co-activator interactions suggests a transition in nuclear receptor activation function dominance. 

Molecular cell., 2004, 16; 425-438. 
14. Zhou Q, Nie R, Prins GS. Localization of androgen and estrogen receptors in adult male mouse 

reproductive tract. J Androl., 2002, 23(6); 870-81. 

15. ManiatisT, Fritsch E, Sambrook J. Molecular Cloning, A laboratory Manual. Cold Spring Harbor 

Laboratory Press. Cold Spring Harbor, N.Y.,1982 ;471. 
16. White R, Parker M. Molecular mechanisms of steroid hormone action. Endocrine-Related Cancer., 

1998, 5; 1-14.  

17. Walters KA, Simanainen U, Handelsman DJ. Molecular insights into androgen actions in male and 
female reproductive function from androgen receptor knockout models. Hum ReprodUpdate., 2010, 16; 

543-558.  

18. Zhou X. Roles of androgen receptor in male and female reproduction: Lessons from global and cell-
specific androgen receptor knockout (ARKO) mice. J Androl., 2010, 31; 235-243. 

19. Gottlieb B, Beitel LK, Nadarajah A. The androgen receptor gene mutations database: Hum Mutat., 

2012, 33(5);887-94. 

20. Liu LL, Xie N, Sun S, Plymate S, Mostaghel E. Mechanisms of the androgen receptor splicing in 
prostate cancer cells. Oncogene., 2014, 33; 3140-3150. 

21. Dehm SM, Tindall DJ. Alternatively spliced androgen receptor variants,  EndocrRelat Cancer., 2011, 

18; 183-196. 
22. Wang RS, Yeh S, Tzeng CR, Chang C. Androgen receptor roles in spermatogenesis and fertility: 

Lessons from testicular cell-specific androgen receptor knockout mice. Endocr Rev., 2009, 30; 119-

132. 
23. Haelens A, Tanner T, Denayer S, Callewaert L, Claessens F. The hinge region regulates DNA binding, 

nuclear translocation, and transactivation of the androgen receptor. Cancer Res., 2007, 67;4514-4523. 

24. Matias PM, Donner P, Coelho R, Thomaz M, Peixoto C.  Structural evidence for ligand specificity in 

the binding domain of the human androgen receptor Implications for pathogenic gene mutations. 
Journal of Biological Chemistry., 2000, 275; 26164-26171. 

25. Shaffer PL, Jivan A, Dollins DE, Claessens F, Gewirth DT.Structural basis of androgen receptor 

binding to selective androgen response elements.ProcNatlAcadSci U S A., 2004, 101; 4758-4763. 
26. Melo COA, Silva DM, da Cruz AD. Challenges in clinical and laboratory diagnosis of androgen 

insensitivity syndrome: a case report. Journal of Medical Case Reports., 2011,5;446.  

27. 27.Delle`dera  D, Malvasi  A, Vttullo  E, Epifania  AA, Tinelli A, Laterza F, Novelli  A, Pacella E, 

Mazzone E, Novell G. Androgen insensitivity syndrome (or Morris syndrome) and other associated 
pathologies. European Review for Medical and Pharmacological Sciences., 2010, 14; 947-957. 

28. Toppari J, Kaleva M and Virtanen HE. Trends in the incidence of cryptorchidism and hypospadias, and 

methodological limitations of registry-based data. Human Reproduction., 2001, 7; 282–286. 
29. Tan KAL, De Gendt K, Atanassova N. The role of androgens in Sertoli cell proliferation and functional 

maturation: studies in mice with total (ARKO) or sertoli cell-selective (SCARKO) ablation of the 

androgen receptor. Endocrinology., 2005, 146; 2674–2683. 
30. 30.Atanassova N, Walker M, Fisher McKinnell C. Evidence that androgens and oestrogens, as well as 

FSH, can alter Sertoli cell number in the neonatal rat. The Journal of Endocrinology., 2005, 184; 107–

117. 

31. Sharpe RM. Sertoli cell endocrinology and signal transduction: androgen regulation. In Sertoli cell 
biology. New York: Academic Press., 2005, 199–216. 

32. Sharpe RM, McKinnell C, Kivlin C. Proliferation and functional maturation of Sertoli cells, and their 

relevance to disorders of testis function in adulthood. Reproduction., 2003, 125; 769–784. 
33. Sharpe RM. Regulation of spermatogenesis. In The physiology of reproduction. 2nd ed. New York: 

RavenPress., 1994, 1363–1434. 

34. Wallace DC, Brown MD, Lott MT. Mitochondrial Genetics. London: Churchill Livingstone 1997.  
35. Kao S, Chao HT, Wei YH. Mitochondrial deoxyribonucleic acid 4977-bp deletion is associated with 

diminished fertility and motility of human sperm. BiolReprod., 1995, 52(4); 729-36. 

36. Shamsi MB, Kumar R, Bhatt A. Mitochondrial DNA Mutations in etiopathogenesis of male infertility. 

Indian J Urol., 2008, 24(2); 150-4. 
37. Tatton WG, Olanow CW. Apoptosis in neurodegenerative diseases: the role of mitochondria. 

BiochimBiophysActa., 1999, 1410(2); 195-213. 



Majid Hameed Jaffer et al /International Journal of ChemTech Research, 2017,10(9): 781-789.  789 

 

 
38. Dada R, Shamsi MB, Venkatesh S. Attenuation of oxidative stress and DNA damage in 

varicocelectomy: Implications in infertility management. Indian J Med Res., 2010, (132); 728-30. 

 
***** 


