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Short research communication

Seminal malondialdehyde concentration but not glutathione peroxidase activity
is negatively correlated with seminal concentration and motility
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Objectives: Reactive oxygen species (ROS) induced lipid peroxidation is associated with sperm function.
Malondialdehyde (MDA) concentration and glutathione peroxidase (GPx) activity represent the lipid
eroxidation and spermicidal antioxidant, respectively. We aimed to evaluate the relationship of MDA and GPx
evels with sperm parameters.

Patients and methods: Specimens were divided into two groups: group 1. normospermia (n=20); grouﬁj 2.
oligoasthenospermia (n=31). Seminal MDA concentration was measured by thiobarbituric acid reaction method.
Seminal GPx activity was measured by oxidation of reduced nicotinamide-adenine dinucleotide. Seminal MDA
levels and GPx activities in both groups were compared.

Results: MDA concentrations in both groups were significantly different (1.52 £ 0.75 vs. 2.25 £ 0.88 nM, p =
0.0021). GPx activities in both groups were non-significantly different (0.48 = 0.11 vs. 0.47 £ 0.12 U/ml). MDA
levels were negatively correlated with the sperm motility (MDA = -0.014 x motility + 2.62, p =0.017) and
concentration (%/IDA = -0.0045 x concentration + 2.23, p = 0.0166). GPx activities were positively but non-
significantly correlated with the sperm concentration and sperm motility.

Conclusions: Seminal MDA concentrations are negatively correlated with sperm concentration and motility,
which might provide a simple and useful tool in predicting sperm parameters. GPx activity is non-significantly
correlated with the seminal quality. Roles of seminal MDA upon spermatogenesis merits further surveys.
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Lipid peroxidation triggers the loss of

1. Introduction

) . membrane integrity, causing increased cell
 Reactive oxygen species (ROS) play an permeability, enzyme inactivation, structural damage
important role in the human reproduction.  t, DNA, and cell death [3]. Polyunsaturated fatty acid

Spermatozoa are rich in polyunsaturated fatty acids

- in the phospholipids of the human spermatozooa is
as well as susceptible to be attacked by ROS or

highly susceptible to peroxidation. Oxygen free

membrane lipid peroxide ion. The equilibrium
between the amounts of ROS produced and
scavenged is related with the gamete cell stability and
damage. Free radicals have beneficial or detrimental
effects upon sperm functions, which depend on their
nature and concentration. The generations of ROS,
such as superoxide anion, hydrogen peroxide, and
the hydroxyl radical can result in the damage to cell
membranes. Spermatozoa are highly sensitive to
injuries caused by high ROS concentration [1].
Excessive generation of ROS in semen may be
associated with reduced sperm fertilizing potentials.
Spermatozoa are rendered dysfunctional by lipid
peroxidation and altered membrane function,
together with impaired metabolism, morphology, and
motility [2]. Excessive generation of ROS in semen,
mainly by neutrophils but also by abnormal
spermatozoa, could be linked with infertility.

radicals generated by spermatozoa may be involved
in the production of spermicidal cytotoxic end
products [4]. Human spermatozoa possess these
defense enzymes, which might be useful in the
prediction of sperm fertilizing potentials [5].
Numerous antioxidants are related with the ROS
detoxification, including superoxide dismutase
(SOD), catalase, malondialdehyde (MDA), and
glutathione peroxidase (GPx). MDA, an end product
of lipid peroxidation, represented the level of lipid
peroxidation. High lipid peroxidation as represented
by MDA levels may cause changes in the sperm and
diminish fertility [5]. GPx, a selenium-containing
antioxidative enzyme scavenging system, act directly
as an antioxidant and an inhibitor of lipid
peroxidation. GPx could protect the sperm against
peroxidative damage [6]. GPx also plays an important
role in sperm maturation from the early events up to
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the onset of fertilization [7]. With the absence of GPx
may lead to reduce fertilizing capacity [8]. The
activities of seminal GPx was lower in infertile
patients than in fertile patients [9].

However, the correlation or real roles of MDA
and GPx with seminal quality remains controversial
[10]. Few investigators presented the role of MDA
upon sperm concentration and motility. We have
previously demonstrated the relationship between
the SOD and sperm quality [11]. We noted that the
SOD activities of sperm and seminal plasma were
non-significantly correlated with the seminal quality.
Herein we further tried to detect the relationship of
the seminal MDA and GPx activity with
spermatozoal characteristics in subfertile men. To the
best of our knowledge, it is among the first few
reports in this aspect.

2. Materials and methods

Fifty-one infertile couples who accepted the
semen analyses were included. Semen was obtained
by masturbation after at least 72 hours of sexual
abstinence. Semen samples were collected into sterile
containers for immediate transportation to the
laboratory within 30 minutes after ejaculation. This
series was approved by the ethical committee and
institutional review board of the China Medical
University Hospital. Informed consents were signed
by all couples who donated their semen.

After liquefaction, samples were analyzed for
volume, leukocyte count, sperm motility and
morphology according to WHO guidelines [12]. Then
an aliquot of 6 pl of each specimen was loaded into a
30-mm microcell slide and subjected to computer-
assisted semen analysis (CASA) with the use of a
HTM-S motility analyzer (Hamilton-Thorne Research,
Beverly, MA). All semen samples were divided into 2

groups: Group 1. idiopathic infertility
(normospermia, n=20); Group 2. male infertility
(oligo- or asthenozoospermia, n=31, count <

20x10°/ml, motility <50%). Then the semen samples
were loaded into the Eppendorf tubes (3 ml) and
stored in the liquid nitrogen tank before MDA and
GPx analyses.

MDA levels were analyzed according to
methods described by Rao et al. [13]. MDA was
assessed using the thiobarbituric acid method. Briefly,
one hundred pl of seminal plasma was added in 0.9
ml of distilled water into glass tube. To each tube, 0.5
ml of thiobarbituric acid reagent (0.67 of 2-
thiobarbituric acid dissolved in 100 ml of distilled
water with 0.5 g NaOH and 100 ml glacial acetic acid
added) was added and then heated for 1 h in a
boiling water bath. After cooling, each tube was
centrifuged for 10 min at 4,000 x g and the
supernatant  absorbance was read on a
spectrophotometer at 534 nm.

GPx activity was measured in accordance with
our previous report [14]. In brief, the 3 ml reaction
consisted of 0.1 M PB (pH 7.0) containing 1 mM
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EDTA, 1.5 mM NADPH, 10 mM GSH, 0.4 U/ml GSH
reductase, 12 mM tert-butyl hydroperoxide, and 1
mM NaN3 to inhibit catalase activity in the sample.
The tert-butyl hydroperoxide was used as substrate
instead of H>O». Reaction rate was determined at 340
nm and 37°C for 5 min. Enzyme activity was
expressed in unit per mg of protein. One unit is
defined as the amount of GPx leading 1 pmol GSH
oxidized per min.

The MDA levels and GPx activities in both
groups were determined. The relationships of the
MDA levels and GPx activities with the sperm
motility and concentrations were also compared. The
SAS system (version 8.1, SAS Institute Inc., Cary,
North Carolina, USA) with t#-test and linear
regression model were utilized for statistical analyses.

A p-value < 005 was considered statistically
significant.
3. Results

The concentrations of seminal MDA in both
groups were significantly different. Individuals with
oligoasthenospermia are related with the elevated
MDA concentrations. The levels of MDA in Group 1
and 2 were 152 + 075 and 225 = 0.88 nM,
respectively (Figure 1A, p = 0.0021). In contrast, the
activities of seminal plasma GPx in both groups were
not significantly different. The values of GPx
activities in Group 1 and 2 were 0.48 + 0.11 and 0.47 +
0.12 U/ml, respectively (Figure 1B, p = 0.713).

Figure 1. Comparisons of (A) malondialdehyde and (B)
glutathione peroxidase activities in normal individuals and
oligoasthenozoospermia patients.
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Sperm concentration is negatively correlated with MDA level. The formula of their relationship was: MDA
= -0.0045 x sperm concentration + 2.23 (Figure 2A, p = 0.0166). Sperm concentration is positively but non-
statistically related with GPx level. The formula of their relationship was: GPx = 0.0009 x sperm concentration +
0.42 (Figure 2B, p = 0.0696). We noted the negative correlation between the MDA activity and sperm motility.
We establish the formula of their relationship: MDA = -0.014 x sperm motility + 2.62 (Figure 3A, p = 0.017). We
also noted the positive, but non-significant correlation between the sperm motility and the GPx activity. The
formula of their relationship was: GPx = 0.0012 x sperm motility + 0.42 (Figure 3B, p = 0.134).

Figure 2. The correlations of the sperm concentration with
(A) malondialdehyde and (B) glutathione peroxidase

activities.
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Figure 3. The correlations of the sperm motility with (A)
malondialdehyde and (B) glutathione peroxidase activities
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4. Discussion

Oxidative damage is common for spermatozoa
during epididymal maturation and storage. Human
spermatozoa are highly susceptible to oxidative
injury but are naturally protected from such injury by
the antioxidant properties of seminal plasma. ROS
plays a central for sperm physiology such as sperm
maturation and capacitation. Abnormal ROS
production is associated with defective sperm
function [15, 16]. A fine balance between ROS
production and recycling is essential for
spermatogenesis. Excessive generation of seminal
ROS, mainly by neutrophils but also by immobile
sperm, morphologically abnormal sperm, or
morphologically normal but functionally abnormal
sperm, could be a cause for male infertility [17]. The
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incidence of spontaneous pregnancy was negatively
correlates with ROS production [18]. In fact, ROS
have beneficial or detrimental effects on sperm
functions depending on the nature and concentration
of the ROS involved, as well as the moment and the
location of exposure [19].

Antioxidants in semen serve to protect
ejaculated spermatozoa from oxidative stress such as
that which occurs in the female reproductive tract.
The lipid peroxidation of unsaturated fatty acids in
sperm membranes is one of the most important
effects from ROS-induced cell damage what may lead
to persistent infertility [20]. Lipid peroxidation was
increased during in-vitro storage of spermatozoa,
which might impair sperm motility [21]. Camejo et al.
[22] observed a significant positive correlation
between seminal IL-6 levels and lipid peroxidation of
sperm membrane. The high level cytokines produced
by human sperm and leucocytes might further
stimulate the ROS production. Exposure of
spermatozoa to ROS has been associated with cellular
injury, which includes DNA damage and lipid
peroxidation [23]. ROS may affect the integrity of the
sperm genome and induce high frequencies of single
and double DNA strand breaks [24].

ROS is known to play a major role in the
etiology of defective sperm function via mechanisms
involving the induction of peroxidative damage to
the plasma membrane [25]. ROS is related with the
spermatozoa hyperactivation, capacitation and
acrosome reaction [26]. ROS production is negatively
related with the sperm-oocyte fusion capacity of
human spermatozoa [27]. ROS at low concentrations
may inhibit sperm-egg fusion via oxidation of the SH-
proteins in the sperm membrane [28]. High lipid
peroxidation may reduce the capacity of the sperm to
undergo acrosomal reaction and to fertilize [27]. The
spermatozoa capability for oocyte fusion was
impaired with the addition of hydrogen peroxide
[29].

Antioxidant enzymes, such as SOD and GPx,
could dispose hydroperoxide and other ROS. A
balance is maintained between the amount of ROS
and that scavenged by antioxidant. Cellular damage
arises when this equilibrium is disturbed, especially
when the cellular scavenging systems cannot
eliminate the increased ROS. Lipid peroxidation
could damage the cell plasma membrane, which leads
to loss of cytosolic components and cell death.
Human spermatozoa possess the anti-
lipoperoxidative enzymes, including SOD and GPx.
These enzymes could dispose hydroperoxide and
other ROS. Normally, a balance is maintained
between the amount of ROS and that scavenged by
antioxidant. Cellular damage arises when this
equilibrium is disturbed, especially when the cellular
scavenging systems cannot eliminate the increased
ROS.

Among the various methods for detection of
lipid peroxidation, we chose to measure spontaneous
MDA production, which reflects the peroxidation of
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polyunsaturated phospholipids, the major
components of sperm membrane [2]. MDA
measurements are physiological and relevant because
major loss of sperm function may occur with minimal
damage to the membranes that envelop the sperm
and/or divide key intracellular sperm compartments.
Geva et al. [5] demonstrated that the high MDA
production in the male with low fertilization rates in
their previous IVF cycles. They also found that the
reduction of MDA by using antioxidant therapy was
correlated with the improvement of fertilization rates.

There is controversy about the seminal MDA
activity and the sperm quality. Kobayashi et al. [32]
demonstrated that MDA  concentration in
spermatozoa was significantly related to the number
of immotile spermatozoa. Elevated seminal MDA
concentration was noted in patients with
oligoasthenoteratozoospermia [20]. In contrast,
Suleiman et al. [33] demonstrated that the MDA
concentration in the seminal plasma was not
correlated with the sperm concentration and motility.
In this series, we found the different concentrations of
MDA Dbetween the samples of normo- and
oligoasthenozoospermoa. We observed the negative
correlation between the MDA activity and sperm
motility or concentration, which was compatible with
the findings of Geva et al. [5], Fraczek et al. [20], and
Kobayashi et al. [32].

Oligoasthenozoosperm is associated with higher
seminal MDA activity. It suggested that the lipid
peroxidation, which was represented by the MDA
activity, might compromise the sperm viability.
Increased MDA activity could represent the
pathologic lipid peroxidation of spermatozoa
membrane and the following inhibition of sperm
motility and viability. Some agents wused for
improving the sperm qualities could influence the
MDA activity. Administration of vitamin E may
decrease the MDA activity with concomitant
increased sperm motility and viability [30].
Administration of pentoxifylline could decrease the
generation of ROS, lipid peroxidation and MDA in
human spermatozoa [31]. These suggested that the
vitamin E and pentoxifylline might improve the
motility and fertilization rate of sperm by reducing
the lipid peroxidation [5].

GPx , a ROS scavenger, plays a role in protecting
sperm membranes from the deleterious effects of
lipid peroxidation [34]. GPx is related with the
balance between the GSSG (reduced form of
glutathione) and GSH (oxidized form of glutathione)
[10]. Glutathione acts as a free radical scavenger and
improves the semen quality. Glutathione could
inhibit the lipid peroxidation of the cell membrane
[10]. Reduced glutathione could protect spermatozoa
from oxidative stress [35]. Through the interaction
with GPx, reduced glutathione can neutralize
hydroxyl radicals and detoxify the peroxides [10].

In subfertile patients, increased leukocytes in
semen were associated with lower GPx activity [36].
GPx activities were significantly elevated when the
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semen samples contained < 10° leukocytes/ml [36]. It
has been suggested that higher ROS production in
infertile patients may be due to increased ROS
production rather than defective ROS scavenging
activity [37]. GPx activity in follicular fluid from
infertile women was significantly lower than in fertile
women [38]. GPx is also associated with the nuclear
function of sperm [39]. GPx could scavenges lipid
peroxides released form the plasma membrane and
further protect the DNA from oxidative attack [40].
Suppressed GPx activity may allow the production of
the peroxides from the sperm plasma membrane to
the chromatin where they could induce DNA strand
breakage [40].

Recently, Dandekar et al. [41] demonstrated that
the GPx concentration correlate positively with
asthenozoospermia. Higher GPx may catalyze the
ROS, which might improve the sperm motility.
Increased spermatozoa might produce higher level of
GPx. These could interpret the positive but non-
significant correlation between GPx and sperm
motility and concentration in this study. Giannattasio
et al. [42] demonstrate that the seminal GPx activity
from healthy subjects was 10 times greater than that
from infertile males. In contrast, Tramer et al., [43]
demonstrated the non-difference of GPx activities
between normo- and hypomotile human sperm
samples. In this study, we could not observe their
statistical correlations. It suggests that the seminal
GPx is still not a useful tool in determining sperm
fertilizing potential. This may be due to the case
limitation or the complex interactions between the
ROS and numerous antioxidants. In fact, the
regulation of sperm function and the mechanisms
involved may be complex and multifactorial.

In conclusion, the MDA level representing lipid
peroxidation is negatively correlated with the sperm
motility and concentration. In contrast, the GPx
activities are not significantly correlated with the
sperm motility or concentration. This could provide
the database about the effects of MDA and GPx upon
sperm. Increased activity of seminal MDA may be
correlated or even  responsible for the
pathophysiology of male infertility. Furthermore,
seminal MDA survey is a simple and useful screening
tool in determining sperm fertilizing potentials.
However, the regulation of sperm function and the
mechanisms involved may be complex and
multifactorial. Real role of MDA, GPx and other
antioxidants upon the sperm qualities merits further
surveys.
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