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ABSTRACT

Background: The lipid peroxides and their degradation products are highly toxic
to spermatozoa and may play a major role in sperm dysfunction. The purpose of this
study was to determine the level of lipid peroxidation as indicated by malondialdehyde
(MDA) in the spermatozoa and seminal plasma of asthenozoospermic and
normozoospermic males. In addition, correlation oflipid peroxidation withmotility grades:
a (rapid progressive), b (slow progressive), ¢ (nonprogressive), d (immotile), percent
of normal morphology, acrosome and tail defect, and concentration of spermatozoa
was determined.

Methods: MDA of spermatozoa and seminal plasma was determined in 35
asthenozoospermic and 15 normozoospermic men by spectrofluorometry. Semenanaly-
sis was done according to the WHO standard.

Results: MDA in the spermatozoa of asthenozoospermic patients was signifi-
cantly higher than normozoospermic males (0.14+0.01 and 0.09+0.01 nmol/10*10°¢
spermatozoa respectively, mean+SE). A significant negative correlation was observed
between MDA of spermatozoa with grade a motility and concentration of spermato-
zoa. In addition, a significant positive correlation was observed between MDA of sper-
matozoa with the acrosome and tail defect. The MDA value in the seminal plasma of
asthenozoospermic and normozoospermic patients was 1.35+0.07 and 1.2+0.08 nmol/
mL seminal plasmarespectively (mean+SE). The MDA of seminal plasma exhibited a
negative correlation with grade a+b motility and positive correlation with grade c+d
motility and head defect.

Conclusion: Lipid peroxidation has a deleterious effect on semen quality and
MDA is an index of lipid peroxidation which may be a diagnostic tool for the analysis of
infertility in asthenozoospermic patients.
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INTRODUCTION

Peroxidation damage to the plasma membrane of sper-
matozoa has been suggested as an important pathologi-
cal mechanism of male infertility.”** The human sperm
cell plasma membrane is particularly susceptible to oxi-
dation due to the existence of a high concentration of
polyunsaturated fatty acids (PUFA) in these mem-
branes.!*** The toxic lipid peroxides are known to cause
various impairments of the sperm cell, such as membrane
damage and decrease in motility.%” The reactive oxygen
species (ROS) derived from spermatozoa themselves®®#
or from white blood cells (WBC) which represent an ad-
ditional powerful source of ROS in semen* are respon-
sible for the peroxidation damage that has been proposed
as a major factor in male infertility.*!° A simple tool to
evaluate the effect of lipid peroxidation on the sperma-
tozoa is the assay of sperm and seminal plasma
malondialdehyde (MDA) which is a stable lipid
peroxidation product.!’ The aim of this study was: 1) to
determine the lipid peroxidation level, as expressed by
MDA in the spermatozoa and seminal plasma of
asthenozoospermic and normozoospermic males, 2) its
possible correlation with motility (i.e. rapid progressive
motility, grade a; progressive motility, grade b;
nonprogressive motility, grade c; immotility, grade d),
acrosome and tail defect, percent of normal morphology
and concentration of spermatozoa.

MATERIAL AND METHODS

Study groups

Semen samples of infertile and fertile groups were
obtained from men attending the Omid Fertility Clinic
for infertility evaluation. All patients were evaluated
with a complete history, physical examination (vari-
cocele), drugs used, occupational exposure to heavy
metals and cigarette smoking. Subjects were deter-
mined to be either normozoospermic (control) or
asthenozoospermic after analysis of semen samples.
Criteria for the asthenozoospermic (n=35) group were
age 20-50 years, infertility for at least 12 months,
sperm concentration of >20*10%/mL and motility
(grade a+b)<50% irrespective of morphology. In ad-
dition, 15 normal healthy men with semen character-
istics that met the WHO (1999) criteria (sperm con-
centration>20*10%mL, motility grade a+b >50% and
normal morphology> 14%) were enrolled as controls.
Patients fulfilling the inclusion criteria were asked to
participate in a research project (experimental study)
which was duly explained to them. Written informed
consents were obtained from all volunteers accord-
ing to the criteria of the Ethical Committee of Tehran
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University of Medical Sciences.

Semen evaluation

All semen samples were collected by masturbation
after 3 days of abstinence. After liquefaction of the
samples, semen volume, its concentration
(haemocytometer method), total count, morphology (Pa-
panicolaou staining method), motility grades: a (rapid
progressive), b (slow progressive), ¢ (nonprogressive),
d (immotile), acrosome and tail defect (Papanicolaou
staining method) were determined using standard pro-
cedures (WHO 1999).!2 Semen samples with more than
1*10%mL neutrophilic granulocytes (peroxidase stain-
ing, WHO, 1999) were excluded. After liquefaction of
semen, spermatozoa were separated from seminal plasma
by centrifugation (1000*g for 1 0 min at room tempera-
ture). Supernatant was removed immediately and pellets
were resuspended in phosphate buffer saline (PBS; pH
7.2).1

Lipid peroxidation

Mean concentration of spermatozoa in samples pre-
pared for measurement was 10”/0.2 mL. Lipid peroxidation
in spermatozoa and seminal plasma was measured by
reaction of thiobarbituric acid (TBA) with MDA accord-
ing to Yagi.'* Content of MDA was measured
spectrofluorometrically using a Jasco (FP-6200) spec-
trofluorometer (excitation 515nm, emission 553 nm). The
MDA fluorescence intensity of spermatozoa and semi-
nal plasma was determined using various concentrations
of tetraethoxypropane as standards. The results are ex-
pressed as nmolM DA/10cells and nmole MDA/mL semi-
nal plasma.

Statistical analysis

For comparing plasma MDA, total sperm count and
acrosome defect, two independent sample t-tests were
used. Since the distribution of sperm MDA and other
semen parameters werenot normally distributed, Mann-
Whitney U test was applied to compare between
asthenozoospermic and normozoospermic groups.

RESULTS

The mean values of the examined semen parameters
in the asthenozoospermic and normozoospermic groups
are illustrated in Table I. The mean + SE of MDA value in
spermatozoa of asthenozoospermic and normozoospermic
groupswere 0.14 £ 0.01 and 0.09 + 0.01 nmol/107 sperma-
tozoa respectively. There was a significant difference
between MD A concentration in the two groups (p<0.01).
Spearman’s correlation analysis revealed a significant
negative correlation between MDA concentration in the
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spermatozoa with grade a motility (Fig.1A) and concen-
tration of spermatozoa (r =-0.313, p< 0.05 and r=-0.36,
p<0.05 respectively).

A significant positive correlation was observed be-
tween the MDA concentration of spermatozoa with
acrosome and tail defects (Fig.1B and 1C) (r=0.407, p<0.01
and r=0.364,p< 0.05). In addition, a significant negative
correlation was observed between motility grade a+b with
tail defects (r=-0.43, p<0.01, Fig. 2).

The mean + SE MDA value in the seminal plasma of
asthenozoospermic and normozoospermic groups were
1.35+0.07 and 1.2 = 0.08 nmol/mL seminal plasma re-
spectively (Table II). There was no significant differ-
ence between MDA concentration of seminal plasma in
the two groups. The MDA concentration in seminal
plasma exhibited negative correlation with motility grade
a+b (r=-0.284, p< 0.05), positive correlation with sperm
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Fig. 1. Correlation between MDA concentration (nmol/10’cells)
in all sperm samples (n = 50) with: (A) percent of motility grade
a (a= rapid progressive, WHO, 1999) (r=-0.313, p<0.05 ), (B)
percent of spermatozoa with acrosome defects (r=0.407, p<0.01),
and (C) percent of spermatozoa with tail defects (1=0.36,p<0.05).

100

motility grade a+b (%)
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Fig. 2. Correlation betweenpercent of motility grade a+b (a=rapid
progressive, b=slow progressive, WHO, 1999)in all sperm samples
(n=50) with percent of spermatozoa with tail defects (r=-0.43,
p<0.01).

head defect (r=0.38, p<0.05), grade c + d (r= 0.296, p<
0.05) and graded motilities (r=0.31, p<0.05).

DISCUSSION

The results presented in this study indicate two main
points. First, the value of MDA spermatozoa was higher
in asthenozoospermic sperm samples than in
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Table 1. Basic parameters of semen samples in normozoospermic (n=15) and asthenozoospermic (n=35) patients.

Results are presented as mean + SD.

Semen parameters Normozoospermic (n=15) Asthenozoospermic (n=35)
Volume (mL) 358+ 1.16 335+ 1.16

Sperm concentration (10%mL) 113 +60.53 84.29 + 26.39*

Total sperm count (10° sperm /ejaculate) 384.8 +£203.8 270.8 £ 131

Normal morphology (%) 22.7+5.44 8.22 + 3,19%** |
Acrosome defect (%) 27.91 £ 8.06 31.81+7.66

White blood cell(10%mL) 0.66 = 0.34 0.72 + 0.47

Motility grade a' (%) 2759 6.5 £ 5.20%**

Motility grade at+b' (%) 57.6 +£9.80 28.7 £ 10,1 ***

Motility grade c+d' (%) 41.15 +£10.02 69.8 + 11.4%**

Motility grade d' (%) 31+9.87 55.& 1 2%**

Taildefect (%) 8.3%3 131 £5.8%*

Head defect (%) 283+6 | 33.8+7.2*%

'Grade of sperm movementaccording to WHO criteria (World Health Organization, 1999).
a=rapid progressive, b=slow progressive, c=nonprogressive and d=immotile. *»<0.05,

**p<0.01, ***p<0.001

Table II. MDA concentration in sperm and seminal plasma of normozoospermic and asthenozoospermic patients.

Results are presented as mean + SE.

Type of seminal fluid Sperm MDA Seminal plasma MDA
(nmol/107 spermatozoa) (nmol/mL seminal plasma)
Normozoospermic 0.09 + 0.01 1.2+0.08
(n=15)
Asthenozoospermic 0.14+0.01* 1.35+0.07
(n=35)
*p<0.01

nommozoospemnic sperm samples. Second, the MDA level
in spermatozoa correlates significantly with semen pa-
rameters. [t has been suggested that toxic membrane lipid
peroxides may play a major role in sperm dysfunction.®
The most widely used assay for lipid peroxidation in-
volves the measurement of MDA, that can be measured
readily by virtue of its capacity to form adducts with
TBA' but sensitive detection of the TBA adducts gen-
erallyrequires a spectrofluorometer.'* In this study MDA
was measured spectrofluorometrically'* without FeSO,
to promote lipid peroxidation which is used by many
researchers.>!® In our study MDA concentration in sper-
matozoa was almost similar to Soleiman et al."” who used
specific absorbance coefficent by spectrophotometry but
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was very different from that detected by Zabludovsky
et al.'® who used ferrous sulfate and sodium ascorbate
as promoter and calculated MDA by molar absorbance
coefficient. Since several components other than MDA
might generate reaction products with similar spectral
characteristics to the true TBA-adducts,” abnormal re-
sults could be obtained using specific absorbance coef-
ficient method. In addition seminal plasma MDA con-
centration was much lower (almost 1/5%) than the con-
centration reported by Suleiman et al.,'” due to interfer-
ence with other compounds of seminal plasma that
readily form TBA adducts, for example aldehyde func-
tions. Therefore the spectrofluorometrical method for
MDA measurement provides better results as compared
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to spectrophotometery'® and promoter induced lipid
peroxidation.

The lipid peroxides and their degradation products
are highly toxic to spermatozoa and may play a major
role in sperm dysfunction.® The extensive study on the
peroxidation of phospholipids in mammalian sperm dem-
onstrated that the peroxidation reaction caused
membranc damage,which would inevitably lead to loss
of motility and that the products of lipid peroxidation
were also deleterious to membrane integrity.* Griveau et
al.’® have also shown that reactive oxygen species (ROS)
cause a decrease in sperm motility, an increase in lipid
peroxidation and a loss of membrane polyunsaturated
fatty acids. In this study MDA concentration of sperma-
tozoa is positively correlated with tail defect (r=0.36,
p<0.05, Fig.1C), as well as anegative correlation between
motility grade a+b and tail defect (r=-0.43, p<0.01, Fig. 2)
was observed. Taking into account that docosahexaenoic
acid (DHA) is the main and most widely polyunsatu-
rated fatty acid found in the sperm tail and may contrib-
ute to membrane fluidity necessary for binding and flex-
ibility of the tail required for motility,?® thus oxidation of
DHA could be the cause of decreased motility. In this
study MDA concentration in spermatozoa and seminal
plasma was found to have a significant negative correla-
tion with grade a (Fig.1A) and grade a+b motility (re-
spectively). In addition, a positive correlation was ob-
served between seminal plasma MDA with grade c+d
and grade d motilities that was similarly reported by
Gomez et al.'® which suggested that the immotile and
nonprogressive motile spermatozoa are influenced by
lipid peroxidation and loss of motility.

Morphology is one of the semen parameters reported
to have an association with lipid peroxidation.!* Ollero
etal.?! and Gil-Guzmat et al.?? reported that levels of ROS
production in semen were negatively correlated with the
percentage of normal spermatozoa forms. It seems that
products of lipid peroxidation are deleterious to mem-
brane integrity* and an increase of abnormal formed fea-
tures accompanies the increase of MDA in the sperma-
tozoa and seminal plasma. Our finding that the MDA
concentration of spermatozoa and seminal plasma is posi-
tively correlated with acrosomal (Fig.1B) and head de-
fects (respectively) was supported by authors'®*? who
also reported that spermatozoa with high lipid
peroxidation exhibit selective destabilization and loss of
the acrosomal cap.

Seminal plasma is especially relevant for protecting
spermatozoa from ROS and lipid peroxidation, since the
cytoplasmic volume of spermatozoa is low in compari-
son to cell types and surrounding media.* The dimin-
ished cytoplasm of the spermatozoa reduces its capac-
ity to retain an adequate load of protective molecules

inside the cell, which in turn protect the cell from extra-
cellular ROS attack. Thus protection is provided by the
extracellular environment.?* Jones et al.* reported that
the presence of seminal plasma has a preventive effect
on the peroxidation reaction and that the enhanced rate
of peroxidation caused by repeated washing of sperma-
tozoa is due to a progressively more thorough removal
of seminal plasma. In a normal situation, the seminal
plasma contains antioxidant mechanisms, which are likely
to quench ROS and protect against any likely damage to
spermatozoa.?

The MDA concentration of spermatozoa was found
to have a negative significant correlation withthe con-
centration of spermatozoa. Many studies have demon-
strated the association of lipid peroxidation with de-
creased sperm count.?®?” Nonogaki et al.?® suggested that
lipid peroxidation occurs variably in different parts of
human male genital organs which can explain a decrease
in sperm concentration in asthenozoospermic patients.
Furthermore, it has been proposed that oxidative dam-
age is a possible cause of idiopathic male infertility in-
volving disruption of spermatogenesis.?’

In conclusion, the spermatozoa is a regionalized cell
with specific functions localized in distinct regions:
acrosome reaction take place in the anterior region of
the head, sperm — oocyte plasma membrane fusion oc-
curs in the equatorial region of the head and motion
energy from mitochondria occurs in the midpiece, while
motility is exhibited in the tail. This regionalization af-
fects the distribution of both plasma membrane lipids
and proteins,*® and alteration of lipid composition by
lipid peroxidation process can have deleterious effects
on function and structure of spermatozoa. In this re-
spect MDA as an index of lipid peroxidation provides a
sensitive assay for diagnostic dysfunction of spermato-
zoa and may be a good tool for analysis of infertility in
asthenozoospermic patients.
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