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Introduction

It was shown that approximately 15–20% of couples

attempting their first pregnancy meet with failure (Ramesh

Babu et al., 2002). Male infertility involves oxidative DNA

damage of the spermatozoa because deoxyribonucleic bases

are susceptible to oxidative stress (Hideya et al., 1997).

Oxidative stress disrupts the integrity of DNA in sperm

nucleus; and mitochondria further leads to disruption of

fertilising capacity of human spermatozoa (Aitken &

Krausz, 2001). Semen contains significant amount of gluta-

thione S-transferase (GST), which produces isoenzyme that

is important for protection against oxidative stress, i.e. the

enzyme could decrease toxicity of ROS to spermatozoa

(Mann et al., 2000). Reduced activity of GST and increase

in ROS lead to sperm membrane damage (Gopalakrishnan

& Shaha, 1998). The sperm membrane becomes more frag-

ile and antioxidant treatment may prevent lipoperoxidation

of sperm membranes (Lenzi et al., 1998). ROS may cause

DNA damage because of intracellular and extracellular

antioxidant defence mechanisms and leads to mutations

(Geva et al., 1998). GSTM1 has polymorphic expression,

and about half of the people from different racial groups

lack the enzyme activity and this deficiency is due to homo-

zygous deletion of the gene (Board et al., 1990). In recent

years, there is a lot of focus on detoxifying enzymes includ-

ing GSTM1 in man. GSTM1 located on human chromosome

1p13.3, is polymorphic and three alleles have been

described: GSTM1a, GSTM1b and GSTM1 null ()) (Suzuki

et al., 1987). The GSTM1a and GSTM1b alleles differ only

by a K172N amino acid exchange and seem to be function-

ally identical. The GSTM1 null allele has been shown to be

the result of a deletion of the entire GSTM1 gene. Studies

from some parts of the globe also indicated that GSTM1

polymorphism is associated with male infertility (Aydemir

et al., 2007). It has been demonstrated that GST has a rele-

vant protective role during spermatogenesis (Castellon,

1999). GSTM1 might be a critical isozyme in the detoxifica-

tion of oxidative stress (Chen et al., 2002; Quinones et al.,

2006). Studies on the association of GSTM1 with male

infertility are very meagre (Pajarinen et al., 1996). GSTM1,

GSTM3 and GSTM5 gene polymorphisms have been

shown to be associated with male infertility (Okuno et al.,

2000; Chen et al., 2002). Hence the study on GSTM1

polymorphism to understand its role in male infertility was

carried out in a sample of Indian population.
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Summary

The aim of this study was to examine whether an association exists between

glutathione S-transferase Mu-1 (GSTM1) gene polymorphism and idiopathic

male infertility. Forty-two men with infertility and 43 fertile men were

recruited for this study. GSTM1 gene was analysed using PCR technique. The

frequency of GSTM1 null ()) genotype was observed to be 45.2% in infertile

men as against 20.09% in fertile men. Subjects with the GSTM1 null genotype

had lower sperm concentrations and motility when compared with the subjects

with GSTM1-positive genotype in both the groups. This study shows that the

frequency of GSTM1 null ()) genotype is significantly high in infertile males

when compared with the frequency in fertile males (OR = 0.32, P = 0.017,

95% CI = 0.124–0.831).
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Materials and methods

Collection of sample

Forty-two men with infertility in the age group of

25–45 years and 43 healthy individuals belonging to the

same age group, religion and socioeconomic status who

fathered at least one child (control participants) were

recruited for the study. The healthy individuals (control

participants) were selected from the Institute of Genetics

& Hospital for Genetic Diseases. Infertile men comprised

subjects attending the Institute of Genetics & Hospital for

Genetic Diseases and Rama’s Institute for Fertility. Semen

analysis was performed for control participants and

samples from Rama’s Institute for Fertility. Physical

examination was carried out and information from infer-

tile males on their age, duration of marriage, duration of

unprotected sex, occupation, nature of job, illness,

lifestyle, habits such as smoking and drug use, exposure

to chemicals or radiation, sexual history, family history,

surgical history, etc. were recorded using a standard

questionnaire. Institutional ethical committee approval

for this project was obtained. Volunteers recruited for the

study were informed about the study and their consent

was taken. The control participants selected were healthy

and without past chronic ill health and family history for

genetic diseases, infertility, etc. The spouses of the

infertile men were healthy and investigations carried out

showed that they were fertile and had no abortions.

Thirty cases with known causes for infertility such as

cytogenetic abnormalities, Y chromosomal deletions and

hormonal imbalance were excluded from the study.

Seminal fluid was collected twice to rule out errors from

both infertile and fertile males after 3 days of abstinence

from sex. The samples were collected from infertile men

before any treatment was given. Semen analysis was

carried out according to WHO guidelines (1999). Semen

volume and pH, concentration and sperm characters such

as sperm count, motility, etc. were recorded by micro-

scopic examination. Depending upon sperm characters,

the subjects were categorised. Counts of less than 20

million ml)1 were considered distinctly abnormal. Motil-

ity of the spermatozoa was graded as rapid progressive

motile or motile spermatozoa (i.e. ‡25 lm s)1 at 37 �C

and ‡20 lm s)1 at 20 �C), slow or sluggish progressive

motile or sluggish spermatozoa, and immotile or dead

spermatozoa.

GSTM1 polymorphism

Five millilitre of blood samples was collected from infertile

males and healthy individuals. For the determination of

genetic status, DNA was extracted from peripheral

lymphocytes of anticoagulated blood (EDTA) samples by

proteinase K digestion and phenol/chloroform extraction.

GSTM1 gene was analysed according to the method of Bell

et al. (1993) using a pair of primers for GSTM1 gene (G5:

5¢-GAACTCCCTGAAAAGCTAAAGC-3¢; G6: 5¢-GTTGGG

CTCAAATATACGGTGG-3¢) and two primers for b-globulin

gene (PC04- 5¢-CAACTTCATCCACGTTCACC-3¢; GH20:

5¢-GAAGAGCCAAGGACAGGTAC-3¢). GSTM1 gene poly-

morphism was determined by polymerase chain reaction

(PCR). PCR was carried out for 35 cycles in a DNA ther-

mal cycler using a thermal profile of denaturation at 94 �C

for 40 s, annealing at 63.8 �C for 40 s and primer extension

at 72 �C for 40 s. The PCR products were then separated on

a 3% agarose gel at 150 V for 1.5 h and stained with 1 lg

ml)1 ethidium bromide at 25 �C for 10 min. DNA frag-

ments of the GSTM1 gene amplified by PCR were 268 and

215 bp in size, but only 268 bp band was observed in

patients with GSTM1 null ()) genotype. Both the infertile

and control individuals were categorised into GSTM1 null

and GSTM1-positive groups based on the presence or

absence of GSTM1 gene.

Results

The results on GSTM1 gene polymorphism and the

sperm characteristics are presented in Tables 1–5. The fre-

quency of GSTM1 null ()) genotype was observed to be

45.2% in infertile men as against 20.09% in fertile men.

The statistical analysis of the data using Fisher’s exact test

showed that the GSTM1 null genotype is significantly

associated with male infertility (OR = 0.32, P = 0.017,

95% CI = 0.124–0.831) when compared with fertile males

(Table 1, Fig. 1). The results showed that there was a

drastic decrease in the sperm count and motility in infer-

tile males when compared with the control subjects.

While the sperm count was 72.5 millions ml)1 in fertile

Table 1 GSTM1 polymorphism in control and

infertile males

Group

GSTM1 wild type GSTM1 Null type

Number Percentage Number Percentage

Control (n = 43) 34 79.06 9 20.09

Infertile men (n = 42) 23 54.76 19 45.2

Relative risk for null is 0.463, and for positive is 1.444, Odds Ratio is 0.320, and P-value is

0.017 (95% CI lower 0.124, upper 0.831).
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males, it was 19.9 million ml)1 in infertile males. Simi-

larly, motility was 59.3% in fertile males and 35.9% in

infertile males. Dead spermatozoa constituted 20.9% in

fertile males and 42.3% in infertile males (Table 2).

Sperm count was 74.9 million ml)1 in fertile males of

GSTM1 wild type and 26.6 millions ml)1 in infertile

males. Similarly, motility was 60.5% in fertile males of

GSTM1 wild type and 38.6% in infertile males. Dead

spermatozoa constituted 20% in fertile males of GSTM1

wild type and 40.6% in infertile males. Sperm count was

63.4 million ml)1 in fertile males of GSTM1 ()) null type

and 11.8 millions ml)1 in infertile males with the same

genotype. Similarly, motility was 54.4% in fertile males of

GSTM1 null type and 32.6% in infertile males. Dead

spermatozoa constituted 24.4% in fertile males of GSTM1

null type and 44.4% in infertile males (Table 3).

In our study, oligospermic subjects with the GSTM1

null genotype had lower sperm concentrations and also

showed decrease in motility when compared with the

subjects with GSTM1 positive genotype. In healthy fertile

subjects (control group), a high percentage of GSTM1

wild type (79.06%) was observed and the same was signif-

icantly decreased in infertile males (54.76%). The fre-

quency of infertile males with GSTM1 null type increased

significantly (Table 1). The statistical analysis for the average

age, sperm concentration, motility, etc between the

groups was carried out using Mann–Whitney test

(Table 1–4). The statistical analysis showed that the dif-

ferences in sperm count, motility and dead spermatozoa

between the fertile and infertile males and between

GSTM1 null and GSTM1 wild type in both the control

and infertile groups were significant.

The estimated logistic regression analysis is: ln [p/(1–

p)] = 0.919 + 2.156 smoking status – 0.065 age. Smoking

status is a statistically significant variable (asymptotic

t-value = 4.236, P £ 0.001) and age is not a significant

variable (asymptotic t-value = 1.2, P = 0.231). Odds

increase by 8.6 times if the subject is a smoker.

[exp(2.156) = 8.6] (Table 5).

Discussion

Glutathione S-transferase plays an important role in the

biotransformation and detoxification of many chemical

agents. A decrease in sperm count and motility and an

increase in dead spermatozoa in GSTM1 null were

recorded in the present study. The decrease in sperm

count in infertile males may be due to oxidative DNA

damage (Aitken & Krausz, 2001). Our study showed a

significant decrease in motility of spermatozoa in GSTM1

null genotype. It has been postulated that semen contains

GST and this enzyme nullifies the toxic effects of chemi-

cal compounds. Kazutoshi et al. (2005) reported that

GSTM1 polymorphism is associated with seminal findings

Table 2 Sperm characteristics of fertile and infertile males

Group Avg. age

Sperm conc.

(million ml)1)

Motility of

spermatozoa (%)

Sluggish

spermatozoa (%)

Dead

spermatozoa (%)

Control (n = 43) 33.5 (28–40) 72.5 (35–94) 59.3 (40–80) 19.7 (10–40) 20.9 (10–40)

Infertile men (n = 42) 32.3 (25–45) 19.9 (3.2–75) 35.9 (10–60) 21.4 (5–40) 42.3 (20–70)

The values given in the parenthesis are ranges.

L-1 L-2 L-3 L-4 L-5 L-6 L-7 L-8 

268 bp

215 bp

Lane 1 and 9 - Marker 

Lane 4, 5, 10 and 15 - null type
Lane 8 - null type control

Lane 2, 3, 6, 7, 11–14, 16 - wild type

L-9 L-10 L-11 L-12 L-13 L-14 L-15L-16

Fig. 1 Picture of electrophoresed agarose gel showing PCR products

of GSTM1 gene taken from peripheral lymphocytes of human blood.

The sizes of the DNA fragments of GSTM1 gene and beta-globulin

(Internal control) amplified by PCR were 215 bp and 268 bp respec-

tively, but only 268 bp was amplified from total DNA of the patients

with GSTM1 ()) genotypes.
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after varicocelectomy. GSTM1 wild type showed a favour-

able response (80%), while GSTM1 ()) null showed less

response (43%). Collateral peroxidative damage to the

sperm plasma membrane leads to the induction of DNA

strand breaks in the male germ line because of oxidative

stress, particularly in case of male subfertility associated

with poor semen quality, and showed decreased rates of

fertilisation rates (Aitken & Krausz, 2001). Our findings

suggest that the spermatozoa of infertile males with

GSTM1 null genotype with lack of enzyme appear to be

affected by oxidative stress. Ketterer et al. (1983) reported

that one of the defence systems against the damaging

effects of oxidative stress in human semen are the GST.

These catalyse the conjugation of glutathione (GSH) with

various electrophilic substances, and play a role in pre-

venting oxidative damage by conjugating breakdown

products of lipid peroxides to GSH. GSTM1 gene poly-

morphism was studied in idiopathic male infertile cases.

For comparison, the study was carried out in control par-

ticipants who were matched with the infertile group with

reference to age, religion, socioeconomic status, health,

etc. We observed GSTM1 null ()) genotype in 19 of 42

infertile males tested (45.20%), whereas the GSTM1 null

()) genotype was found only in nine of 43 fertile men

tested (20.09%). The statistical techniques such as regres-

sion analysis, Mann–Whitney test and Fishers exact test

were used. The differences in the frequencies of null and

wild genotypes were found to be significant between fer-

tile and infertile groups. Logistic regression analysis was

carried out for age and smoking as variables and observed

that smoking is a statistically significant variable and age

is not a significant variable. However, odds increase by

8.6 times if the subject is a smoker. Thus the results sug-

gest that GSTM1 null ()) genotype is associated with idi-

opathic male infertility (P < 0.01). Aydemir et al. (2007)

from Turkey reported GSTM1 null ()) genotype in 27 of

52 infertile males tested (51.9%), whereas the frequency

of GSTM1 null ()) genotype was found in 28 of 60 fertile

men tested (46.6%). They reported oxidative stress signif-

icantly higher in idiopathic infertile men with the GSTM1

null ()) genotype compared with those with GSTM1 (+)

genotype. Gopalakrishnan & Shaha (1998) also showed

that influence of sperm motility is the consequence of

inhibition of GST activity. Chen et al. (2002) from

Taiwan reported that the frequencies of GSTM1 ())

Table 4 Age and sperm characteristics in control and infertile men in

null and positive group in parametric test

Sperm

parameters

Control and infertile together

Null Positive

Age 32 (26.2–36) 33 (29.5–37)

Motility 40 (30–50) 50 (45–65)

Sluggish 20 (12.5–30) 20 (17.5–20)

Dead 40 (30–50) 30 (20–30)

Sperm count 29 (8.3–52.25) 55 (160–83.5)

Data are expressed as median with inter-quartile range. Mann–Whit-

ney test was used for the analysis.

Parametric analysis: GSTM1 null, P-values for age, motility, sluggish,

dead and sperm count are 0.050, 0.000, 0.749, 0.000 and 0.000.

GSTM1 positive, P-values for age, motility, sluggish spermatozoa,

dead spermatozoa and sperm count are 0.766, 0.000, 0.507, 0.000

and 0.000 respectively.

Table 5 Logistic regression analysis using smoking and age as vari-

ables

Constant

term

Smoking

status Age

Value SE 0.919 2.156 (0.51) 0.065 (0.05)

Asymptotic t-value 4.236 1.2

P-value <0.001 0.231

P-value refers to probability of a subject having infertility.

Table 3 Characteristics of the spermatozoa both in control and infertile men in null and positive group in nonparametric test

Genotype Avg. age Sperm conc.

Motility of

Spermatozoa

Sluggish

Spermatozoa

Dead

spermatozoa

Null Genotype

GSTM1 (Infertile) n = 19 30.8 (27–40) 11.8 (4–19.6) 32.6 (10–50) 22.3 (5–40) 44.4 (30–70)

GSTM1 (Control) n = 9 35 (25–40) 63.4 (53–90) 54.4 (40–80) 21.1 (10–40) 24.4 (1–40)

P-value 0.42a 0.001b 0.772c 0.001d 0e

Wild type

GSTM1 (Infertile) n = 23 33.5 (25–45) 26.6 (3.2–75) 38.6 (10–60) 20.6 (5–30) 40.6 (20–60)

GSTM1 (Control) n = 34 33.2 (28–40) 74.9 (35–94) 60.5 (50–80) 19.4 (10–40) 20 (10–30)

P-value 0.788a 0.00b 0.30c 0.00d 0.00e

The values given in the parenthesis are ranges.

Superscript alphabets are P-values compared between infertile and control group (<0.05 was considered as significant) for wild and null genotypes

of GSTM1.
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genotype were 43.8%, 41.9% and 45% in male patients

with varicocele, with subclinical varicocele and normal

young males, respectively, and that spermatozoa of vari-

cocele patients with the GSTM1 null genotype are more

vulnerable to oxidative damage. Earlier studies have indi-

cated that there is no difference in sperm concentration

and motility between GSTM1 wild and null genotypes in

both the groups (Chen et al., 2002). Our data are in

agreement with the view that GSTM1 is critical in the

detoxification of the products of oxidative stress, and in

the present study, the gene is absent in some cases result-

ing in oxidative stress causing damage to the male germ

cells. GSTM1 null ()) genotype predisposes to increased

oxidative damage to spermatozoa of infertile males. The

present study showed that GSTM1 null type males had

lower sperm count and decreased sperm motility, thus

revealing an adverse effect of GSTM null type on sperm

characteristics.

Conclusion

We can conclude from this study that the frequency of

GSTM1 null ()) genotype is significantly associated with

idiopathic male infertility.

Acknowledgement

The authors wish to thank Dr G K Mitra, Fellow, Centre

for Economic and Social Studies, Institute of Genetics

campus, Hyderabad 500 016 for his kind help in statisti-

cal analysis and the authors also wish to thank volunteers

who participated in the study.

References

Aitken RJ, Krausz C (2001) Oxidative stress, DNA damage and

the Y chromosome. Reproduction 122:497–506.

Aydemir B, Onaran I, Kiziler AR, Alici B, Akyolcu MC (2007)

Increased oxidative damage of sperm and seminal plasma in

men with idiopathic infertility is higher in patients with

glutathione S-transferase Mu-1 null genotype. Asian

J Androl 9:108–115.

Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL,

Lucier GW (1993) Genetic risk and carcinogen exposure:

a common defect of the carcinogen-metabolism gene

glutathione S-transferease M1 (GSTM1) that increases

susceptibility to bladder cancer. J Natl Cancer Inst

85:1159–1164.

Board P, Coggan M, Johnston P, Ross V, Suzuki T, Webb G

(1990) Genetic heterogeneity of the human glutathione

S-transferases: a complex of gene families. Pharmacol Ther

48:357–369.

Castellon EA (1999) Influence of age, hormones and germ cells

on glutathione S-transferase activity in cultured Sertoli cells.

Int J Androl 22:49–55.

Chen SS, Chang LS, Chen HW, Wie YH (2002) Polymorphisms

of glutathione S-transferase M1 and male infertility in

Taiwanese patients with varicocele. Hum Reprod 17:718–725.

Geva E, Lessing JB, Lerner-Geva L, Amit A (1998) Debate: Is

antioxidant therapy a promising strategy to improve human

reproduction? Free radicals, antioxidants and human sper-

matozoa: clinical implications. Hum Reprod 13:1422–1424.

Gopalakrishnan B, Shaha C (1998) Inhibition of sperm

glutathione S-transferase leads to functional impairment

due to membrane damage. FEBS 422:296–300.

Hideya K, Raizo Y, Jun F, Hiroshi K, Toshinobu T (1997)

Increased oxidative deoxyribonucleic acid damage in the sper-

matozoa of infertile male patients. Fertil Steril 68:519–524.

Kazutoshi O, Kanji N, Toshiyuki K, Hiroshi O, Osamu O,

Hiroyuki N (2005) GSTT1 and GSTM1 polymorphisms

are associated with improvement in seminal findings after

varicocelectomy. Fertil Steril 83:1579–1580.

Ketterer B, Coles B, Meyes DJ (1983) The role of glutathione

in detoxification. Environ Health Perspect 49:59–69.

Lenzi A, Gandini L, Debate PM (1998) Is antioxidant therapy

a promising strategy to improve human reproduction? A

rationale for glutathione therapy. Hum Reprod 13:1419–

1422.

Mann CL, Davies MB, Boggild MD, Aldersea J, Fryer AA,

Jones PW, Koko C, Young C, Strange RC, Hawkins CP

(2000) Glutathione S-transferase polymorphisms in MS:

their relationship to disability. Neurology 54:552–557.

Okuno H, Nakamura E, Onishi H, Shichiri Y, Kakehi Y,

Ogawa O (2000) Clinical significance of varicocelectomy

for male infertility. Jpn J Fertil Steril 45:333–337.

Pajarinen J, Savolaine V, Perola M, Penttila A, Karhunen PJ

(1996) Glutathione S-transferase M1 null genotype and

alcohol-induced disorders of human spermatogenesis. Int

J Androl 19:155–163.

Quinones LA, Irarrazabal CE, Rojas CR, Orellana CE, Acevedo

C, Huidobro C, Varela NE, Caceres DD (2006) Joint effect

among p53, CYP1A1, GSTM1 polymorphism combinations

and smoking on prostate cancer risk: an exploratory

genotype-environment interaction study. Asian J Androl

8:349–355.

Ramesh Babu S, Swarna M, Padmavathi P, Reddy PP (2002)

PCR analysis of Yq microdeletions in infertile males, a study

from Sourth India. Asian J Androl 4:265–268.

Suzuki TGW, Coggan M, Shaw DC, Board PG (1987) Electro-

phoretic and immunological analysis of human glutathione

S-transferase isoenzymes. Ann Hum Genet 51:95–106.

World Health Organization (WHO) (1999) Laboratory Manual

for the Examination of Human Semen and Sperm–Cervical

Mucus Interaction, 3rd edn. Cambridge University Press,

New York.

G. Tirumala Vani et al. GSTM1 polymorphism in idiopathic infertile males

ª 2010 Blackwell Verlag GmbH Æ Andrologia 42, 213–217 217


