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The level of the products of lipid peroxidation measured as the thiobarbituric acid
reactive substances (TBARS) and activity of enzymes of glutathione antioxidant protec-
tion system in spermatozoa were studied. It was shown that mean levels of TBARS in
sperm cells of infertile men with oligozoo-, astenozoo-, oligoastenozoo- and leucocyto-
spermia were 1.6-, 2.0-, 2.0- and 2.7-fold higher, respectively, compared with such levels
in the fertile men. The glutathione peroxidase activity was decreased 2.2-fold in patients
with oligozoospermia, 2.8-fold in patients with astenozoo- and oligoastenozoospermia
and 3.8-fold in patients with leucocytospermia. It was found that glutathione reductase
activity in patients with oligozoo-, astenozoo-, oligoastenozoo- and leucocytospermia
were 2.3-, 1.6-, 1.7- and 3.3-fold lower than that in normozoospermic men, respectively.
In addition, the glutathione transferase activity was decreased 1.8-2.1-fold in patients
with oligozoo-, astenozoo- and oligoastenozoospermia and 5.0-fold in patients with
leucocytospermia in comparison with healthy donors. The most significant changes
were observed in the infertile men with leucocytospermia. This manifestation could be
explained by the fact that white blood cells stimulate the formation of reactive oxygen
species, induction and development of oxidative stress in sperm cells.
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INTRODUCTION

Infertility is an important worldwide socio-demographic and medical-biological prob-
lem not only in Ukraine but in the most developed countries. Infertility affects approxi-
mately 15 % of couples globally, and approximately 50 % of infertility is caused by male
factor [1]. Defective sperm function is the most common cause of male infertility [13].
Hyperproduction of Oxygen free radicals or reactive oxygen species (ROS) damage
sperm cells and is considered to be as one of the mechanisms of infertility [14, 15]. It is
known that animal and human spermatozoa are able to generate ROS which are impor-
tant regulators of sperm functions (hyperactivation, capacitation and acrosome reaction).
Spermatozoa have an unusual lipid composition of plasma membranes distinct from
those of mammalian somatic cells. They are rich in polyunsaturated fatty acids and are
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very susceptible to be attacked by ROS [19, 20]. ROS can modify different biomolecules
including the polyunsaturated fatty acids of sperm membranes resulting in a lipid per-
oxidation (LPO). Thiobarbituric acid reactive substances (TBARS) is the most important
marker of LPO used to monitor a degree of peroxidative damage in spermatozoa [11].

Under physiological conditions a balance between the intensity of free radical pro-
cesses and the activity of antioxidant systems is maintained. When this balance is dis-
turbed, a cellular damage arises. One of the most important enzymatic antioxidant de-
fence mechanisms in spermatozoa consists of the glutathione system including glu-
tathione peroxidase (GPx, EC 1.11.1.9), glutathione reductase (GR, EC 1.6.4.2) and glu-
tathione S-transferase (GST, EC 2.5.1.18). GPx catalyzes a reduction of H,O, or organic
hydroperoxide, using a reduced glutathione. GR stimulates the reduction of glutathione
disulfide (GSSG) to reduced glutathione (GSH). GST activity is refined by the conjugation
of glutathione to a wide variety of endogenous and exogenous toxic compounds [5].

Over the past few decades, many researches addressed studying the LPO, anti-
oxidant enzymes, and their role in male infertility. Previous studies have analyzed LPO
and the activity of antioxidant enzymes of glutathione system in human spermatozoa
and seminal plasma of infertilie men. However, results in different papers were even
contradicting one another which makes it difficult to understand the current state of
knowledge on that question [5, 22, 27].

The aim of present work was to determine the LPO levels expressed by TBARS
and the activity of antioxidant enzymes such as glutathione peroxidase, glutathione re-
ductase and glutathione S-transferase in sperm cells of patients with different forms of
pathospermia.

MATERIALS AND METHODS

Patients. 72 infertile men with different forms of pathospermia were involved the-
this study. They were recruited between January 2014 and April 2016. A detailed medi-
cal history was performed in all studied cases. Exclusion criteria: subjects currently on
any medication or antioxidant supplementation were not included. In addition, subjects
with infertility over 10 years, azoospermia, testicular varicocele, genital infection, chronic
illness and serious systemic diseases, smokers and alcoholic men were excluded from
the study because of their well-known high seminal ROS levels and decreased antioxi-
dant activity [3].

Ejaculates from 72 infertile and 20 fertile healthy individuals were obtained. Control
group consisted of 20 healthy men with somatic fertility, normozoospermia and con-
firmed parenthood (married for 3—10 years and have healthy 1-3 children). Semen
samples were obtained by masturbation and collected into sterile containers, following
3-5 days’ abstinence from sexual activity. After liquefaction at 37 °C with 5% CO, in air,
semen samples were examined for volume, sperm concentration, pH, morphology and
motility according to World Health Organization guidelines [26]. Before turning to study,
all men were aware of patient information leaflets and gave informed consent to partici-
pate in research. Terms of sample selection meet the requirements of the principles of
Helsinki Declaration on protection of human rights, Convention of Europe Council on
human rights and biomedicine and the provisions of laws of Ukraine. Approval for study
was taken from the ethics committe of Danylo Halytsky Lviv National Medical University.
All patients and healthy donors gave written informed consent to participate in research
(Ethical Committee Approval, protocol No 2 from February 16, 2015).
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Cell preparation. Sperm cells were washed of semen plasma by 3 times centrifu-
gation at 3,000 xg for 10 min in media which contained (mM): 120 NaCl, 30 KCI,
30 Hepes (pH 7.4). The content of total protein in the samples was determined by
Lowry method using a kit from “Simko Ltd”. Determination of LPO and enzyme activi-
ties was carried out in permeabilized spermatozoa. Saponin detergent in a final con-
centration of 0.5% was added to sperm suspension for permeabilization of sperm mem-
branes [24].

Assay of oxidative stress parameters. The marker of LPO (TBARS) as evalua-
ted by measuring substances reacting with thiobarbituric acid [21]. GPx activity was
determined by the oxidation of glutathione [17]. GR activity was measured by the oxida-
tion of NADPH [23]. GST was determined by the rate of conjugate in reaction with
1-chloro-2,4 dinitrobenzene, as described [10].

Statistical analysis. Experimental data were processed by methods of variation
statistics using software MS Office. Differences were calculated using the t-Student test
for independent groups, assuming p < 0.05 as the minimum significance level. The re-
sults are presented as the mean + standard deviation of the mean.

RESULTS AND DISCUSSION

In our previous study, we found morphological and functional semen changes in
spermatozoa at excretory toxic form of men infertility that correlated with increasing
LPO and decreasing of activity of glutathione antioxidant enzymes [7, 18, 25]. These
results prompted further characterization biochemical features of glutathione antioxi-
dant protection system in ejaculated spermatozoa of infertile men with different forms of
pathospermia.

Semen samples from infertile men were classified according to criteria established
by the WHO. According to results of semen analysis, oligozoospermia was found in 12 pa-
tients (16.7 %), astenozoospermia was detected in 17 patients (23.6 %), oligoasteno-
zoospermia was observed in 10 patients (13.9 %). Thirty-nine (54.2 %) infertile men had
leukocytes content in semen below 1.0-10° ml™*, only in 33 patients (45.8 %) leukocyto-
spermia was noted (the leukocytes content ranged from 1.0-108 ml* to 3.0-10° ml") which
indicates inflammation in this group of infertile men. The mean values of the examined
morphological characteristics of semen samples in control (normozoospermia) and infer-
tile men with different forms of pathospermia are shown in Table 1.

The concentration of spermatozoa, their motility and the percentage of normal mor-
phological forms were significantly higher in normozoospermics than in four abnormal
groups. Statistically significant deviations by main parameters of spermatograms were
detected in all studied groups. The most pronounced changes were observed in amount
of white blood cells (WBC) in ejaculate of patients, but other spermatogram parameters
in this group of patients were within the physiological norm.

LPO expressed by TBARS level in sperm cells was found to be significantly higher
in four abnormal groups than in fertile group (Table 2). Our results indicate that maxi-
mum increase in TBARS level in comparison with healthy donors was in patients with
leukocytospermia. TBARS is widely used as indicator of oxidative stress. Their concen-
tration in sperm cells was increased as a result of the oxidative damage of unsaturated
fatty acids induced by the imbalanced hyperproduction of ROS. Consequently, in-
creased TBARS level indicates hyperproduction of ROS.
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Table 1. Main morphological characteristics of semen samples of the infertile men with
different forms of pathospermia, M * m, n = 10-33

Tabnuus 1. OcHoBHiI MopdobyHKLiOHaNbHI XxapakTepucTUKN eaKynAaTy iHbepTUNbLHUX Yo-
nosikiB i3 pisHumu cpopmamun natocnepmii, M £ m, n = 10-33

Infertile men
Investigated Normozoo-
parameters of ejaculates  spermia oligozoo- astenozoo- oligoastenozoo- leukocyto-
spermia spermia spermia spermia
Concentration
of spermatozoa, 50.0£6.40 11.95+2.35***  44.30+5.35 9.95+1.65*** 46.40+6.20

10® ml-'

Relative number

of motile sperm, % 52.86+3,22 42.33%4,95 24.05+5.35"* 26.05+4.25* 42.34+3.24

Armer 32.8:2.8 3972432  45552* 427432 424436
of pathological forms, %

Concentration

of WBC in the ejaculate, 0.28+0.06  0.46:0.08  0.34+0.08 0.44+0.09 1.5640.25***

106 ml*

Hereinafter: asterisks indicate the values that significantly differ from control; *p<0.05; **p<0.01; ***p<0.001
relative to the control group (normozoospermia)

Mpumitka: TyT i Hagani *p<0,05; **p<0,01; ***p<0,001 CTOCOBHO BENWYMH Yy OCIG Pynu KOHTPOIO
(HopMo300cnepmist)

Table 2. TBARS level and activity of antioxidant enzymes of glutathione system in
ejaculated spermatozoa of the infertile men with different forms of pathospermia,
Mzm, n=10-33

Tabnuus 2. Bmict TBK-akTMUBHUX NpPOAYKTIiB i aKTUBHICTb €H3UMIB rNyTaTiOHOBOI JaHKX

aHTMOKCUOAHTHOrO 3aXMCTY B CriepMaTo30ifax HennigHMX YonoBikiB i3 pisHUMK
¢opmamu natocnepminn, M * m, n = 10-33

. Infertile men

Investigated

ters in Normozoo- . .

[PEIEIS spermia oligozoo-  astenozoo-  oligoastenozoo- leukocyto-

spermatozoa spermia spermia spermia spermia
UEE 2 . 162.2+15.6 260.4+20.1*** 320.24+25.2** 315.4445.6** 440.8+15.6***
nmol/mg of protein
GPx,
pmol GSH/min mg 6.5+0.9 2.9+0.3™ 2.3+0.4* 2.3+0.5*** 1.7+£0.4***
of protein
GR,
nmol NADPH/min mg  0.52+0.08 0.23+0.05* 0.32+0.04* 0.3+0.04 0.16+£0.03***
of protein
GST,
pmol GSH/min mg 0.60+0,08 0.34+0.06 0.28+0.08* 0.30+0.05* 0.12+0.05***
of protein

It is known that alterations in intracellular ROS could be associated with male idio-
pathic infertility [16]. These results are in agreement with data of our previous publica-
tions [18] and some other studies [4, 27] also demonstrating that the increased malone-
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dialdehyde level (evaluated as TBARS) in semen was significantly higher in oligoasthe-
nozoospermic and asthenozoospermic groups compared with normozoospermic group.

It is known that GPx is a key antioxidant enzyme regulating ROS levels and pro-
tecting sperm cells from LPO and oxidative stress. We showed that GPx activity was
significantly decreased in patients with all forms of pathospermia compared to healthy
men with normozoospermia. The activity of GR was also decreased in all studied
groups of infertile men. Furthermore, GST enzyme activity was significantly decreased
in patients with different forms of pathospermia. Maximum decrease in GPx, GR and
GST activities were observed in patients with leukocytospermia in comparison with
healthy donors.

Leukocytes are the markers of inflammation and / or presence of infection. White
blood cells negatively affect sperm cells because they stimulate ROS formation of, induc-
tion and development of oxidative stress, thus, inhibiting sperm motility and functional
activity [12]. In particular, it was shown [9] that ROS produced by white blood cells, cause
damage of sperm DNA. Although the presence of leukocytes in semen did not diminish
the in vitro fertilizing capacity of spermatozoa, the introduction of leukocytes into washed
sperm preparations reduced sperm function by ROS production [2]. This finding seems
paradoxic, but it indicates that seminal plasma has significant antioxidant or ROS sca-
venging capacity which may prevent sperm damage by the leukocytes.

There are two types of GPs: Se-dependent and Se-independent. GPx isoenzymes
are interdependent; a deficit of Se-dependent form increases second isoform activi-
ty [6]. Decreased Se concentrations in seminal plasma of infertile men were accompa-
nied by increased levels of seminal malondialdehyde of the same patients [3]. In this
respect, a diminution of Se activity as an antioxidant can explain the elevated LPO in the
infertile patients.

Similarly, Zhang et al. [27] reported a significantly lower GPx activity and the extent
of reduction revealed a disorder-associated trend (asthenospermia < oligospermia =
oligoasthenozoospermia). By contrast, the semen disorder groups had significantly
higher malondialdehyde content; the extent of this increase also revealed a disorder-
associated trend (asthenospermia > oligospermia = oligoasthenozoospermia).

It was shown that GPx-4 activity but not mRNA expression is directly related to
sperm morphology (strict criteria) and is more compromised with a low percentage of
normal sperm [8].

The obtained results are contradictory to findings of Dandekar et al. Who showed
the increases in GPx activity in asthenozoospermic samples which represent an at-
tempt made to overcome the reactive oxygen species [5]. Tramer et al. [22] showed that
native specific activity of GPx-1, phospholipid hydroperoxide GPx (PHGPx) and GR
does not differ between normo- and hypomotile human sperm samples.

GPx activity depends on the intracellular content of reduced glutathione, that is
supported by GR functioning. In turn, activity of GR is determined by the level of resto-
red nicotinamide adenine dinucleotide phosphate. Energy deficiency caused by a lack
of energy substrates affects the efficiency of glutathione antioxidant protection system.
That is why energy deficiency of sperm cells causes dysfunction (exhaustion) of the
antioxidant protection systems.

For many years, disturbances in the prooxidant-antioxidant system have been as-
sociated with poor semen quality, however we believe that it contribution to infertility has
been underestimated. In this study, we found that the levels of intracellular TBARS were
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elevated and the activity of glutathione antioxidant protection system (GPx, GR, GST)
was decreased in the infertile individuals with different forms of pathospermia compared
with healthy man with normozoospermia.

Changes in glutathione antioxidant defence system might either result from a re-
duced glutathione synthesis or utilization of glutathione in the detoxification process
against the induced oxidative stress. The altered glutathione antioxidant defence sys-
tem may ultimately affect thiol disulphide ratio or cellular proteins and their functions.

Data about sperm enzymatic antioxidant systems and male fertility potential are
non-uniform [5, 22, 27]. Moreover, it is important to underline the contradictions and the
controversial results published in literature. In fact, these results can be due to different
reasons, for example inclusion and exclusion criteria for selection of patient, different
methodologies used, lifestyle, dietary pattern and patient’s origin.

It should be noted that each form of pathospermia can be characterized by certain
level of oxidative stress markers (TBARS) and activity of enzymatic antioxidant systems
(GPx, GR, GST). These changes indicate that in patients with pathospermia the deple-
tion of compensatory mechanisms occurs in sperm cells.

At different pathologies associated with the infertility, the determination of these
parameters may be an important tool for diagnosis, prognosis and may help in deciding
on possible treatment by specific antioxidant agents. These results may be an addi-
tional prognostic criterion for confirmation of the infertility and for evaluation of treatment
efficiency.

CONCLUSIONS

1. An impaired antioxidant status was found in the ejaculated spermatozoa of the
infertile men.

2. The infertile group showed a significant increase in spermatozoa LPO levels
and decreased GPx, GR, GST activities compared to such activities in fertile
men with normozoospermia.

3. Among different forms of pathospermia, the most expressed violation in glu-
tathione antioxidant defence system is observed in patients with leukocyto-
spermia, probably due to up-regulated formation of ROS by white blood cells,
induction and development of the oxidative stress in sperm cells.
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[locnigppkeHo akTUBHICTb €H3UMIB TMyTaTiOHOBOI NMTAHKN aHTUOKCUOAHTHOIO 3axXUCTy
M iHTEHCMBHICTb NPOLIECIB NEPOKCUAHOIO OKMCHEHHS MinigiB y cnepmaro3oigax Hensia-
HUX YOMOBIKIB i3 pidHMMK hopmamm natocnepMin. 3'scoBaHo, WO cepeaHi piBHi TBK-
NO3UTMBHUX MPOAYKTIB y CNEepMaTo30igax HennigHMX YoroBikiB 3 0Miro300-, aCTEHO300-,
oriroacTeHo300- i nenkoumTocnepmieto B 1,6-, 2,0-, 2,0- Ta 2,7 pasy BuLi, BiANOBIAHO,
NMOPIBHSIHO 3i 300POBMMM YOrOBiKaMu 3i 36epexxeHor PepTUNbHICTI0. AKTUBHICTb rMyTa-
TiOHMepokcuaasun byna HKYOoK y 2,2 pasdy y NauieHTiB i3 onirosoocnepmieto, y 2,8 pasy
y NaujieHTIB 3 aCTEHO300- i oniroacteHo3oocnepmieto i B 3,8 pasdy y nauieHTiB i3 nemko-
uMTocnepmieto. BctaHoBNEHO, WO akTUBHICTb ryTaTioHpeayKTasu y nauieHTiB i3 oniro-
300-, aCTEHO300-, OflirbacTeHO300- i nenkoumTocnepmieto y 2,3-, 1,6-, 1,7- i 3,3 pasy
HMXYa, HiXK Y YOMNOoBIKiB 3 HOPMO300cnepMieto, BignoBigHO. KpiM Toro, rnyTaTioHTpaHc-
depasHa akTUBHICTb Byna Hk4or B 1,8—2,1 pasy y nauieHTiB 3 oniro300-, acTeHO300-
i oniroacteHo3oocnepMieto Ta B 5,0 pasdy y nauieHTiB 3 TENKOLUTOCNEPMIEID, MOPIBHAHO
3i 300pOBUMM OOHOPAMU. SHMKEHHSA aKTUBHOCTI €H3MMIB ITyTaTiOHOBOI JTAHKM aHTUOK-
CUOAHTHOIO 3aXMCTY i 3pocTaHHsA piBHA TBK-no3nTtnBHMX NpoayKkTiB Mae HanbinbL Bu-
PaXKeHU xapakTep y NaLUieHTIB i3 NTIENKOUMTOCNEPMIELD, WO MOoXe OyTy 3yMOBIEHO ri-
nepnpoayKuieto nemkoumnTamm peakTmBHUX (OOPM KUCHHO, IHOYKLIE Ta PO3BUTKOM OKCU-
OaTVMBHOIO CTPecy y cnepMaTo3oifax.

Knro4oei cnoga: aHTWUOKCUMAAHTHI EH3MMU, MEPOKCUOHE OKUCHEHHSA NinigiB, Yono-
BiYe Hennigas, natocnepmis.
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