J. Sci. Foundation, 9(1&2): 85-93, June-December 2011 ISSN 1728-7855

STUDY OF SEMINAL MDA LEVEL AS A OXIDATIVE STRESS MARKER IN
INFERTILE MALE
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ABSTRACT

Male infertility is an important medical and psychosocial problem worldwide. However, the
underlying mechanism is far from clear in many cases of male infertility. Apart from known factors, it
is therefore very important to identify new and non-conventional factors that may play significant role
in male infertility. Oxidative stress has recently been identified as an underlying mechanism of
numerous chronic diseases. Some studies have already claimed a relationship between oxidative stress
and male infertility. The aim of the present study was therefore to evaluate whether there is an
association between oxidative stress and male infertility in Bangladeshi subjects. MDA, the marker of
lipid peroxidation was measured in the seminal fluid of fertile and age-matched otherwise healthy
infertile male subjects. The sperm count, sperm morphology and motility, as well as semen volume
were all found significantly lower in infertile subjects compared with fertile subjects. Interestingly,
lipid peroxidation was found elevated semina fluid of infertile subjects. The MDA was measured by
thiobarbituric acid method. In seminal plasma, the median (range) MDA level was found significantly
higher in infertile group (3.17 (1.20-6.21) versus 1.88 (0.50-5.37) nmol/ml, p<0.001).

Keywords: MDA, oxidative stress and infertile male.

INTRODUCTION

Infertility is a medical and social problem all over the world. Although infertility results from
abnormality of the male partners in almost 50% of cases, it is a common prejudice to consider
infertility as a problem of female partners. The underlying pathological basis of qualitative and
guantitative defects of sperm leading to defects in fertilization is not clear in many cases. Since
oxidative stress is involved with many chronic pathological conditions, the current study was designed
to evaluate nay association that may exist between male infertility and oxidative stress. Infertility is a
major clinical problem, affecting people medically and psychosocialy. Infertility is defined as the
failure of conception after at least 12 months of unprotected intercourse.! In the United States, around
15% of all couples suffer from infertility.? In India, it has been reported that one in every six couples
suffers from infertility.> Unfortunately, such data is not available for the people of Bangladesh. In
many cases, the infertile couples appear healthy, but most of them suffer from serious psychosocia
problems including marital disharmony, divorce and multiple marriage. Although the male partner is
responsible for the infertility in about 50% of cases®’, women are often blamed for infertility in
societies where thereis alack of education specially science education and male dominance prevail.
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There are numerous factors that can affect the fertility of a couple. However, the factors that are
responsible for male infertility have been conveniently classified into pre-testicular, testicular and
post-testicular.* The pre-testicular factors are related with hormona imbalance and poor general
health, and the important pre-testicular causes are hypogonadism, drugs, alcohol, smoking,®’
psychological stress, genetic abnormalities, chemotherapy and different types of medications such as
anabolic steroids, cimetidine, spironolactone, phenytoin, sulfasalazine and nitrofurantoin. The
testicular factors, on the other hand, refer to conditions where the testes produce semen of low quantity
and/or poor quality despite adequate hormonal support. The testicular causes of male infertility include
age, chromosomal abnormality, seminoma, idiopathic oligospermia, varicocele, hydrocele and
mumps.® The post-testicular factors decrease male fertility by affecting the male genital system after
testicular sperm production, and include defects of the genital tract as well as problems in gjaculation.
Some important post-testicular factors are obstruction or absence of vas deferens, prostatitis, anti-
sperm antibodies, retrograde ejaculation, ejaculatory duct obstruction, hypospadias and impotence.
However, in many cases, the identification of the exact factor responsible for male infertility is quite
difficult, and the mechanisms of the underlying defects of poor semen quality remain obscure.
Therefore, potential non-conventional factors for the pathogenesis of male infertility have been sought,
and recent studies suggested that oxidative stress might have profound role in male infertility.’
Oxidative stress is conventionally defined as an imbalance between pro-oxidant stress and antioxidant
defense. The term pro-oxidant is not well defined; it is generally considered that a pro-oxidant is any
substance that can generate reactive species or capable of inducing oxidative stress. A free radical is
any species that contains one or more unpaired electrons, that is, electrons singly occupying an atomic
or molecular orbital.*° Because electrons are more stable when paired together in orbitals, free radicals
are generally reactive with other species.™* A reactive species may be a free radical or anon-radical in
structure. There are three different classes of reactive species relevant in biology and medicine: a.
reactive oxygen species (ROS), b. reactive nitrogen species, and c. reactive chlorine species.’
Consequences of oxidative stress can be very subtle to very serious (including oxidative damage to
biomolecules, disruption of signal transduction, mutation and cell death) depending upon the balance
between reactive species generation and the antioxidant defense.’® Reactive species can damage the
living cells at different levels such as cell membrane, cellular proteins, lipids and DNA leading to a
number of pathological consegquences. The excess of ROS can be injurious to sperm survival and
function when present in abundance.***** Lipids are present in sperm plasma membrane in the form
of polyunsaturated fatty acids (PUFA). Most of the membrane PUFA contain double bonds that are
separated by methylene groups. The presence of a double bond adjacent to a methylene group makes
the methylene carbon-hydrogen bond weaker, and as a result the hydrogen is more susceptible to
abstraction. Thus the lipids of sperm membrane are considered to be highly susceptible to oxidative
damage.12'13

One of the byproducts of lipid peroxidation is malondialdehyde (MDA). This byproduct is an
important marker for oxidative stress, and it has been extensively studied to monitor the degree of
lipid peroxidation. The peroxidation of the lipids in sperm membrane may cause changes in sperm,
and may diminish fertility by affecting sperm motility and the capacity for sperm-oocyte fusion.
However, it remains to be determined whether the seminal fluid MDA concentration affects sperm
quality or function.*>®
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METHODS

This case control study was done in the Department of Biochemistry, Bangabandhu Sheikh Mujib
Medical University (BSMMU), Dhaka, Bangladesh. 31 diagnosed infertile male patients (having
normal female partner) who attended in the infertility unit of Gynaecology and Obstetrics Department
a BSMMU and 30 age-matched fertile healthy control subjects were taken purposively and
conveniently by following the inclusion criteriaand exclusion criteria:

Inclusion Criteria: Male partner of couples visiting the infertility unit of BSMMU have been studied
for their suitability for this study as case whose female partner were found normal interim of fertility
parameters. For selecting control group age matched fertile male having siblings were taken.

Exclusion Criteria: @) Those mae subjects having one or more of the following criteria were
excluded from this study:

e Acuteillness within the last 3 months.

e Chornicillness like- neoplasm, e.g. seminoma; cryptorchidism; varicocele; trauma; hydrocele;
mumps; malaria; testicular dysgenesis syndrome.

e History of genital tract infections (e.g. urethritis, orchtic etc.) and trauma (e.g. horse riding,
cycling etc.).

e Persons under drugs for infertility (or other illness) that may affect sperm count within the last
3 months.

o Hypogonadism- hypogonadic subjects were excluded by testing serum testosterone, FSH, LH
and prolactin. Estimation of serum testosterone, FSH, LH, prolactin and TSH were done by
Microparticle Enzyme |mmunoassay method.!"*81°

e Obstruction of vas deferens

e Hypospadias

e Retrograde gaculation.

b) In excluding male patients as case, the female partners were studied for their fertility potential.
Those male subjects were excluded from this study whose female partners had abnormal fertility
parameters:

e Hormona and ovarian factors — thyroid disorder, obesity, polycystic ovarian syndrome,

androgen excess, hyperprolactinemia, hypothalamic and pituitary insufficiency.

e Tubal factor — occlusion or scarring of the fallopian tube and salpingitis.

e Cervical factors — stenosis, inflammation or infection and abnormal mucus viscosity.

e Uterine factors — leiomyomata, congenital malformation.

Laboratory method: Five ml of venous blood were collected. 2.5 ml of blood was taken in a
heparinzed test-tube for the assay of oxidative stress markers and from the remaining 2.5 ml of blood,
serum was separated by centrifugation for hormone analysis. Semen samples were collected from the
subjects after 3-4 days of sexua abstinence. Samples were collected in the clinical facility by
masturbation into a sterile glass container.® For internal quality control of semen analysis,
spermiograms were carried out by the trained observer, according to the World Health Organization
guidelines. Spermiograms included semen volume (ml), sperm density (x10° per ml), sperm motility
(%) and abnorma morphologic features (%). Semen samples were centrifuged and then semina
plasma was separated for determination of MDA concentrations.

Following parameters were analyzed in al study subjects-
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e Estimation of serum TSH, LH, FSH, Prolactin and Testosterone level
e Semen anaysis
o MDA level of seminal plasma.

Analytic methods:
e Semen MDA level was measured by Thiobarbituric acid method.?
e Serum TSH done by Microparticle Enzyme Immunoassay Method (Abbott-AxSym).?
e Serum LH done by Microparticle Enzyme Immunoassay Method (Abbott-AxSym).?
e Serum FSH done by Microparticle Enzyme Immunoassay Method (Abbott-AxSym).?*
e Serum Prolactin done by Microparticle Enzyme Immunoassay Method (Abbott-AxSym).?
e Serum Testosterone done by Microparticle Enzyme Immunoassay Method (Abbott-AxSym).%

Statistical Analysis: All the data were recorded systematically in a preformed data collection sheet.
Data were analyzed by using SPSS 12.0 for Windows. Mann-Whitney U test and unpaired t-test were
doneto find significant difference between groups. Statistical significance was set at p<0.05.

Results:

The present study was conducted in the Department of Biochemistry, Bangabandhu Sheikh Mujib
Medical University from January 2008 to December 2009. During this period 31 infertile and 30
fertile male subjects were enrolled as case and control, respectively. The mean ages of case and
control groups were 34.48+4.59 and 35.83+4.46 years, respectively (Table-1). As shown in Table-l,
there was no statistically significant difference of age between case and control groups.

Table-1: Age distribution of the study subjects.

Total Age (years
Groups ge (years) o value
Number (meanxSD)
i 34.48+4.59
Case (Infertile Male) 31 iy
35.83:4.46 0.25
Control (Fertile Male 30 .0ot4.
( : (28-45)

Data are presented as mean+SD. Unpaired t-test was done as the test of significance.

The semen analysis of the case and control was done for sperm count, sperm motility and sperm
morphology. In addition semen volume also evaluated.

As shown in Table-ll, sperm count was found significantly lower (p=0.001) in infertile males
compared with healthy fertile male subjects here, Mann-Whitney U value done for non parametric
distribution of sperm concentration.

In Table-111 ‘Z’ proportion test shows significant (p=0.001) difference in sperm motility between case
and control groups.

‘Z’ proportion test shows significant (p=0.004) difference in sperm morphology between case and
control groups (Table-1V).

In addition, semen volume was also found in Table-V lower in infertile subjects compared with fertile
male subjects (2.34+0.96 ml versus 3.26+0.73 ml, case and control, respectively; p<0.001).
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Table-11: Distribution of sperm concentration in case and control groups.

) Median (10%/ml
Study subjects (Ranlge) ( ) p value
Case 19.00
(n=31) (5.0-150.0) <0.001
Control 100.00
(n=30) (25.0-180.0)
Mann-Whitney test was done to measure the level of significance.
Table-111: Distribution of sperm motility by groups.
Case Control
Motility (n-31) (n-30) p value*
No. % No. %
N : :
orma 14 45.2 28 93.3 0.001
Abnormal 17 54.8 2 6.7
*'Z' proportion test was done to measure the level of significance.
Table-1V: Distribution of sperm morphology by groups.
Case Control
Morphology (n-31) (n-30) p value*
No. % No. %
N : :
orma 21 67.7 29 96.7 0.004
Abnormal 10 323 1 3.3
*'Z' proportion test was done to measure the level of significance.
Table-V: Distribution of semen volume in case and control groups.
. Total Volume (ml) p value
Study subjects Number meanzSD
Case 31 .36+0.
2.36+0.96 <0.001
Control 30 3.26+0.73

Data are presented as mean+SD. Unpaired t-test was done as the test of significance.

The blood samples of the case and control subjects were collected and the serum was used for
hormone analysis. As shown in Table-VI, the concentration of serum testosterone (5.66+2.32 ng/ml
versus 5.20+1.76 ng/ml, case and control, respectively; p=0.107), serum LH (5.43+2.61 IU/L versus
5.33+2.46 IU/L, case and control, respectively; p=0.602) and serum FSH (5.42+1.70 IU/L versus
4.85+1.91 IU/L, case and control, respectively; p=0.162) were also found similar between infertile
males (case) and healthy fertile male subjects (control).

Table-VI: Testosterone, LH & FSH level in case and control groups.

Case Control p value
(meanzSD) (mean+SD)
Serum Testosterone (ng/ml) 5.66+2.32 5.20+£1.76 0.107
Serum LH (1U/L) 5.43+2.61 5.33+2.46 0.602
Serum FSH (1U/L) 5.42+1.70 4.85+1.91 0.162

Data are presented as mean+SD. Unpaired t-test was done as the test of significance.
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Table-VII show the comparison of serum prolactin between case and control due to non parametric
distribution of serum prolactin, Mann-Whitney U test was done which, showed no significant
difference (p=0.812) serum prolactin level.

Table-VII: Serum prolactin level in case and control groups.

. Median (ng/ml)
|
Study subjects (Range) p value
Case 2.96
(n=31) (1.54-12.67) 0.812
Control 2.72
(n=30) (1.11-12.33)

Mann-Whitney test was done to measure the level of significance.

To evauate the oxidative stress to which the spermatozoa of the study subjects were exposed to, the
levels of MDA in the seminal plasma were measured both in case and control groups. Median (range)
MDA level of semina plasma was found 3.17 (1.20-6.21) and 1.88 (0.50-5.37) nmol/ml in case and
control groups, respectively. As shown in Table-X and Figure-3, the seminal plasma MDA level was
found significantly (p<0.001) elevated in infertile males compared with healthy fertile male subjects.
(Table-X and Figure-4).

Table-X: MDA level of seminal plasma in case and control groups.
Variable Case Control p value
n=31 n=30
MDA Level of Seminad Plasma| 3.17 1.88 <0.001
(nmol/ml) (median-range) (1.20-6.21) (0.50-5.37)

Data are presented as median (range). Mann-Whitney U test was done as the test of significance.

The bar diagram shown in Figure-3 demonstrates the MDA level of seminal plasma from the case and
control groups. The median (range) values of the MDA concentrations of seminal plasma and the
statistical significance between case and control groups are shown in Table-X.
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Figure-3: MDA level of semina plasmain nmol/ml in study subject.
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DISCUSSION:
Infertility is a common yet complex problem affecting approximately 15% of couples attempting to
conceive a baby. Although infertility problems were attributed to the woman in the past, it is now
known that male factors play a role in almost one half of cases. Male fertility depends on the
production of norma sperm and the delivery of it to a femae partner's reproductive tract. Most
commonly, male infertility arises when the man is unable to produce or deliver fully functioning
sperm. Numerous factors has already been identified that can lead to male infertility, however, the
underlying mechanisms that cause qualitative and/or quantitative defect of the spermatozoa are still
unclear in many cases of male infertility.
Oxidative stress has recently been linked with a number of chronic and inflammatory diseases. Free
radicals within physiological concentration regulate sperm maturation, capacitation and
hyperactivation, the acrosome reaction and sperm-oocyte fusion.? However, oxidative stress resulting
from excessive generation of reactive species compared with antioxidant defense capacity can cause
lipid peroxidation, DNA damage and apoptosis of the sperm.?” The aim of the present study was
therefore to evaluate the role of oxidative stress in the pathogenesis of male infertility. As a marker of
oxidative stress-induced lipid peroxidation, seminal plasma MDA levels were measured in fertile and
otherwise healthy infertile male subjects.
In the present study, MDA level was found markedly elevated in seminal plasma in infertile subjects
compared with fertile control subjects. This finding suggests that the infertile subjects suffer from
oxidative stress-induced lipid peroxidation. Several other studies also clearly showed an elevated
MDA level in the semina plasma of infertile and sub-fertile groups compared with healthy fertile
group,” which is actually similar to our present finding.
However, the finding of high level of MDA in the semen of infertile subjects clearly indicate that the
spermatozoa of infertile subjects were exposed to increased oxidative stress. Moreover, the semen
analysis report clearly showed both qualitative and quantitative defects of the sperm obtained from the
infertile subjects. The sperm count, sperm morphology and motility, as well as semen volume were all
found significantly lower in infertile subjects compared with fertile subjects. Thus it suggests that
increased oxidative stress in the seminal fluid has a negative impact on semen quality. Thisis avery
important finding, and it is well supported by several previously published studies. The semen analysis
of the case and control was done for sperm count, sperm motility and sperm morphology. In addition
semen volume also evaluated. This study showed sperm count was found significantly lower
(p=0.001) in infertile males compared with healthy fertile male subjects, there is aso significant
(p=0.001) difference in sperm motility between case and control groups and also significant (p=0.004)
difference in sperm morphology between case and control groups. A negative correlation has been
shown between seminal fluid MDA level and sperm count, sperm motility and morphology.?? Taken
together, it might be suggested that the oxidative stress was related with the abnormalities observed in
the sperm morphology, count or motility in infertile subjects, and thereby the oxidative stress might
have affected fertility of the male infertile subjects we studied in the present work.
Thus the findings of the present study although shows an association between oxidative stress and
infertility, the obvious limitation of the present study is that it is unable to confirm that the oxidative
stress was causally responsible for the infertility observed in the study subjects. Whether the oxidative
stress itself inflicted any damage on the spermatozoa (such as peroxidation of membrane lipids, DNA
modification or apoptosis) was not evaluated in the present study due to lack of technical support and
funding. It would be interesting to study the oxidative stress-induced DNA base modifications as well
as apoptosis of the spermatozoa obtained from infertile male subjects. Because, oxidative DNA
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damage in the sperm can affect fertilization and thereby can cause male infertility.?” Another limitation
of the study is that oxidative stress of female partner was not evaluated. Thus further study with
adequate sample size and extensive molecular experimental approach is recommended to reveal the
role of oxidative stressin the pathogenesis of male infertility.
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