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SUMMARY. According to modern ideas, the development of pathological processes in the body, in particular relat-
ed to infertility, is accompanied by a violation of the mechanisms of antioxidant protection of cells. Hyperproduction of
reactive oxygen species (ROS) is found in many pathological conditions, both related to the reproductive system and not
directly related to it. Excessive ROS production, is thought, to be caused by an imbalance between prooxidants and the
antioxidant system and causes damage to the sperm membrane, chromosome DNA, and initiates sperm apoptosis that
leading to infertility.

The aim - to study of the functional state of the pro-/ antioxidant system in the seminal fluid and serum of infertile
men with concomitant pathology.

Material and Methods. The studies were performed on the serum and seminal fluid of infertile men aged 22-
48 years with diagnosed idiopathic infertility (n=23) and rheumatoid arthritis (n=22). The control group consisted of
27 men of the same age. The ejaculate was analyzed according to WHO recommendations (2010). Determination of
malonic dialdehyde (MDA) concentration was performed based on its interaction with 2-thiobarbituric acid. The state of
the antioxidant system of semen and blood serum was concluded based on determining the total antioxidant activity by
enzyme-linked immunosorbent assay using a commercial test system manufactured by Elabscience (ELISA, USA).

Results. It was found that in patients with autoimmune pathology, the concentration of MDA in the serum exceed-
ed the control group by 2.25 times, and in idiopathic infertility — by 2.16 times. In semen, the content of MDA in men with
infertility due to autoimmune pathology is likely to exceed 4 times the control values. In patients with idiopathic infer-
tility, the content of MDA in the seminal fluid was within normal limits. Against the background of intensification of lipid
peroxidation processes, the overall antioxidant activity decreases. At autoimmune pathology it decreases in 8.1 times.

Conclusion. Oxidative stress is one of the immunopathogenetic mechanisms of development of male infertility
against the background of autoimmune pathology and idiopathic infertility.
KEY WORDS: idiopathic infertility; rheumatoid arthritis’ oxidative stress; malonic dialdehyde’ antioxidant activity.

Introduction. According to modern ideas, the
development of pathological processes in the body,
in particular related to infertility, is accompanied by a
violation of the mechanisms of antioxidant protec-
tion of cells [1-7]. Intensification of lipid peroxidation
leads to the accumulation of toxic products, which
leads to a decrease in the body's resistance [3, 6,
8-10]. At the same time, the buffer capacity of the an-
tioxidant system (AOC) is quite large and is provided
by various components. An important place among
the AOC of the cell is occupied by the glutathione sys-
tem [1, 5, 11-13].

It is believed that the oxidative stress of sperm,
which leads to a decrease in their fertility, develops
when the dynamic balance between oxidants and the
antioxidant systemin the seminal fluid, which neutrali-
zes active free radicals. Increasing the concentration
of reactive oxygen species (ROS) and decreasing the
activity of the antioxidant system can cause signifi-
cant DNA damage in sperm [12, 14]. Hyperproduction
of reactive oxygen species — free radicals — can be de-
tected in many pathological conditions, both related
to the reproductive system and not directly related to
it [15, 16]. In ejaculate, the sources of ROS are imma-
ture sperm (appear in the case of improper cell diffe-
rentiation during the stages of spermatogenesis) and
leukocytes [180]. Insignificant generation of reactive
oxygen species is required for normal regulation of

sperm function (capacitance and acrosomal respon-
se). However, excess ROS production causes damage
to the sperm membrane, chromosome DNA, and initi-
ates sperm apoptosis, leading to infertility [11, 12, 18].

Lipids as components of the membrane play an
important role in the performance of sperm func-
tions. In addition, impaired spermatogenesis as a
cause of infertility is associated with dyslipidemia,
which can lead to damage to the testosterone-syn-
thesizing function of Leydig cells. Oxidative stress
leads to the activation of lipid peroxidation process-
es. The concentration of free radical oxidation prod-
ucts, in particular, malonic dialdehyde (MDA) in the
blood and tissues increases. This substance is formed
constantly, but in minimal quantities and it plays an
important role in the synthesis of prostaglandins, pro-
gesterone and other steroids [10]. Increased oxida-
tive stress mediates testicular damage and spermato-
genesis [7, 11, 18]. Oxidative stress also plays a crucial
role in the dysfunction of the reproductive system as
a whole. Therefore, the analysis of the functional
state of the pro- / antioxidant system will reveal its
role in the pathogenesis and prognosis of the disease.

Purpose -to study of the functional state of the
pro- / antioxidant system in the seminal fluid and se-
rum of infertile men with comorbidities.

Material and research methods. The set of ma-
terial - blood and ejaculate — was conducted in the
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rheumatology and urology departments of the Lviv
Regional Clinical Hospital. A detailed medical history
was collected, as well as medical and surgical treat-
ment. The men underwent a thorough examination
of the genitourinary system to establish exclusion
criteria. The study included individuals with normally
developed urogenital organs. The study included in-
dividuals diagnosed with rheumatoid arthritis (RA)
without concomitant inflammatory diseases of con-
nective tissue, other inflammatory diseases, cancer
at the time of the study. The duration of the pa-
tient's disease ranged from 6 to 360 months. All RA
patients were diagnosed with asthenozoospermia or
leukocytospermia. An idiopathic form of infertility
characterized by unexplored etiopathogenesis has
been diagnosed by the lack of fertilization during a
couple's regular sexual life and the inability to deter-
mine the cause of the disease. This form of infertility
included men with oligozoospermia, oligoastheno-
zoospermia, asthenozoospermia, and leukospermia.

All studies were conducted with the appropri-
ate permission of the Commission on Bioethical Ex-
pertise of Danylo Halytsky Lviv National Medical Uni-
versity and with the written consent of patients.

We examined 45 infertile men aged 22-48 years,
which were divided into 2 groups: 1 group — 22 men
with systemic autoimmune disease — rheumatoid ar-
thritis (RA); Group 2 —23 somatically healthy patients
with idiopathic infertility. The control group includ-
ed 27 fertile healthy men aged 22-48 years.

Ejaculate analysis was performed according to
WHO recommendations (2010) [19]. Semen plasma
was obtained by centrifuging ejaculate samples at
3000 g for 10 min and precipitating sperm. Blood
collection, by venipuncture, was performed from
the elbow vein in the morning, under conditions of
physiological rest, on an empty stomach, for 20 ml
in test tubes stabilized with heparin (final dilution
1:100).

Determination of the concentration of malonic
dialdehyde (MDA) was performed on the basis of its
interaction with 2-thiobarbituric acid with the for-
mation of chromogen with a maximum absorption in
the red spectrum at a wavelength of 532 nm [20].
The state of the antioxidant system of semen and
blood serum was concluded based on determining
the total antioxidant activity by enzyme-linked im-
munosorbent assay using a commercial test system
manufactured by Elabscience (ELISA, USA). The pro-
tein content in the lymphocyte mixture was deter-
mined by a modified Lowry method [21].

Variational and statistical data processing was
performed using the software package for Microsoft
Excel personal computers. The results are presented
as the arithmetic mean (M) + standard error of the
mean (m). The number of experiments (n) corresponds
to the number of subjects studied in each case (each
time using samples obtained from one patient or a
virtually healthy donor). The reliability of changes be-
tween the statistical characteristics of two alterna-
tive sets of parametric data was determined by Stu-
dent's t-test. The critical levels of reliability in testing
statistical hypotheses in the studies were taken as
0.95,0.99 and 0.999. The relationship between the two
traits in the presence of a normal distribution was as-
sessed by Pearson correlation analysis (r). The probabi-
lity of correlation coefficients was evaluated by com-
paring the calculated coefficients with the critical ones.

Results and Discussion. Malonic dialdehyde
(MDA), which is formed as a result of metabolism of
arachidonic and other polyunsaturated fatty acids, is
currently considered as a marker of oxidative stress
and lipid peroxidation [9, 10, 20]. In the serum of in-
fertile men, the MDA content was significantly high-
er than the control values in all surveyed groups. At
the same time, in patients with autoimmune patho-
logy, it exceeded the control group by 2.25 times,
and in idiopathic infertility — by 2.16 times (Table 1).

Table 1. MDA content and total antioxidant activity in the serum of infertile men
with various concomitant pathologies, Mtm

Control / pathology MDA content (umol / 1) Total antioxidant activity (umol /1)
Control 3.80+0.41 1.48+0.21

(n=27)

Idiopathic infertility 8.22+0.86™ 0.79+0.08™

(n=23)

Autoimmune pathology (rheumatoid 8.51+0.83™ 0.78+0.08™

arthritis)

(n=22)

Note: “— p<0.01; "~ p<0.001 — the probability of the difference compared to the control.

It should be noted that the mean serum MDA
content among all infertile men was highest in pa-
tients with autoimmune pathology, which is probably
due to the underlying pathological process. Increased

lipid peroxidation at the general level found in the
study groups may affect reproductive function local-
ly. Therefore, it was important to investigate the level
of MDA in semen and determine its effect on sperm
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motility and morphological features. Human semen
contains antioxidants and an enzymatic antioxidant
system that protects sperm from oxidative damage.
When oxidants suppress the antioxidant defense sys-
tem, oxidative stress occurs. It induces apoptosis, per-
oxidation of membrane lipids and DNA fragmenta-
tion, which impairs sperm function.

MDA, which is a marker of oxidative stress, may
be a diagnostic indicator for the prognosis of infer-
tility in patients with pathospermia [13, 22, 23]. It is
known that the level of MDA in seminal fluid is nega-

tively correlated with the viability of sperm, their
motility [17, 24]; and positively - with acrosome ab-
normalities and the presence of residual cytoplasmic
droplets [8]. In the analysis of semen, we found that
the content of MDA in it in men with infertility due
to autoimmune pathology probably exceeds the
control values by 4 times (Table 2). In patients with
idiopathic infertility, the content of MDA in the sem-
inal fluid was within the norm, which indicates other
immune mechanisms than the activation of oxida-
tive stress involved in the pathogenesis of infertility.

Table 2. MDA content and total antioxidant activity in the seminal fluid of infertile men
with various comorbidities, M+m

Control / pathology MDA content (umol/l) Total antioxidant activity (umol/l)
Control 2.31+0.30 2.11£0.21

(n=27)

Idiopathic infertility 2.53+0.37 1.82+0.19

(n=23)

Autoimmune pathology (rheumatoid arthritis) 9.17+1.04™ 1.13£0.12™

(n=22)

Note: ** — p<0.001 - the probability of the difference compared to the control.

Correlation analysis was performed to establish
the relationship between pro- and antioxidant indi-
cators and spermogram indicators. No significant
correlation was found between serum MDA and se-
men in all men examined. It should be noted that the
highest level of MDA in seminal fluid was deter-
mined in patients with inflammatory joint disease.
This may be due to leukocytospermia, which is ob-
served in this group, which is confirmed by the re-
sults of correlation analysis. A direct statistically sig-
nificant correlation between the content of MDA in
seminal fluid and the concentration of leukocytes
(r=0.84; p<0.05) was recorded (Fig. 1).

y=3.0277x-0.1664
R?=0.7142

MDA, pmol/l

Leukocyte concentration, 106 ml™

Fig. 1. Correlation between the content of MDA and
the number of leukocytes in the seminal fluid of men with
idiopathic infertility and infertility on the background of
autoimmune diseases.

The presence of an inverse statistically signifi-
cant correlation between the content of MDA in
seminal fluid and sperm motility (r=-0.66; p<0.05),
which indicates a predictor of intensification of
lipid peroxidation in reducing sperm motility
(Fig. 2).
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Fig. 2. Correlation between the content of MDA in
seminal fluid and sperm motility in men with idiopathic
infertility and infertility on the background of autoimmune
diseases.

Against the background of intensification of
lipid peroxidation processes, the total antioxidant
activity decreases, which is confirmed by the in-
verse statistically significant correlation between
the MDA content in seminal fluid and total antioxi-
dant activity (r=-0.65; p<0.05) (Fig. 3).
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Fig. 3. Correlation between the content of MDA in
seminal fluid and total antioxidant activity in men with
idiopathic infertility and infertility on the background of
autoimmune diseases.

There is also a direct correlation between total
antioxidant activity and sperm motility (=0.62;
p<0.05), which indicates the important role of pro-
tective resources of the antioxidant defense system
in maintaining sperm motility (Fig. 4).

The fact that we found a significant inverse cor-
relation between the content of MDA in semen and
the concentration of IL-1B in it was interesting, while
the percentage of motile sperm increased with in-
creasing levels of IL-1B. This is probably a reflection
of the physiological connection, as IL-1f3 is involved
in lipid metabolism. There were no significant corre-
lations between sperm counts and malonic dialde-
hyde levels in semen in men with idiopathic infertili-
ty. An evaluation of all infertile men found that pa-
tients with serum asthenozoospermia had higher
levels of MDA than those with oligozoospermia,
which again indicates a possible primary effect of
lipid peroxidation on sperm motility.
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OKCUAATUBHWN CTPEC B IHOEPTUJIbHUX YOJIOBIKIB I3 CYNYTHbOIO NATOJIOTIEIO
©0. B. MenbHuUK, M. 3. Bopobeupb, P. B. Padyna, O. K. OHydposuy, .. 3. Bopobeub
JIbBiscbKull HauioHaabHUl meouyHul yHisepcumem imeHi JlaHuna [aauybko2o

PE3KOME. 3rigHo i3 cy4aCHMMM yABNEHHAMM, PO3BMTOK NAaTOJIONYHMX NPOLECiB B OPraHiami, 30KkpemMa nos'a3aHunx
i3 HENNIQHICTIO, CyNPOBOAXYETLCA MOPYLUEHHAM MEXaHi3MiB aHTUOKCUAAHTHOIO 3aXMCTY KAiTKH. FinepnpoaykLuis akTns-
HUX GOPM KNCHIO BUABNAETLCA NPy HaraTboX NATONOMYHNX CTAHAX, IK MOB'A3aHNX i3 PENPOAYKTUBHOK CUCTEMOLO, TaK i
He NoB'A33aHMX 3 Heto be3nocepeHbO. BBaXatoTb, WO HAAMLLKOBA NpoaykLuia ADK, Aka BUHNMKAE BHACIAOK NOPYLUEHHSA
PiBHOBArM Mixx NPOOKCMAAHTAMM Ta AHTUOKCMAIHTHOI CMCTEMOLO, CMPUYMNHSIE NMOLIKOAXKEHHS MEMBPaHKN cnepmMaTo3oi-
nig, AHK XpOMOCOM Ta iHiLit0€E aNONTO3 CNepMaTo30i4iB, WO NPM3BOANTL 40 HenAigan.

MeTa - BMBYEHHS PYHKLiOHANIbHOrO CTaHY MPO-/aHTUOKCMAAHTHOT CUCTEMM B CiM'AHIN pianHI Ta CMpPOBATLi KPOBI
iHpEepTUIbHMX YON0BIKIB i3 CynyTHLOI NaTOJIOTiE.

MarTepian i MeToam. [locniaxXeHHSA NPOBOAW/IM Ha CMPOBATLi KPOBI Ta CiM'AHIM pianHI iHGepTUAbLHMUX YONO0BIKIB Bi-
KOM 22-48 pOKiB i3 AiarHOCTOBaHMM iflionaTUYHUM Hennigasm (n=23) Ta aBTOIMYHHO NaToO/I0TiE0 (peBMATOIAHNUM ap-
TpUTOM) (N=22). KOHTPOJIbHY rpyny CK1afaaam 27 4o0BiKiB Takoro X Biky. AHani3 esKynaTy NPOBOAMN 3TiAHO i3 peko-
MeHaauiamm BOO3 (2010). BusHauyeHHA KOHLLEHTPaLiT ManoHoBOro aianbaerigy (MJA) npoBoanv Ha OCHOBI MOro B3a-
eMopji 3 2-TiobapbiTypoBOtO KMC/I0TOHO. [P0 CTaH aHTMOKCMAAHTHOI CUCTEMM CIM'AHOT PiAMHM Ta CMPOBATKM KPOBi pobu-
JIN BUCHOBOK Ha OCHOBI BU3HAY€HHSA 3arasibHOi aHTMOKCUMAAHTHOT aKTUBHOCTI iMyHOpEPMEHTHUM METOAOM i3 BUKOPUC-
TaHHAM KOMePpLiNHOT TecT-cncteMm BMpobHMUTBa dipmu «Elabscience» (ELISA, CLUA).

Pe3ynbTaTu. 3'ACOBAHO, L0 Y NALLIEHTIB i3 aBTOIMYHHOIO NaTOJIOTi€l0 KOHLEeHTpauia MAA y cMpoBaTLi KpoBi nepeBu-
LLyBaJ1a MOKA3HUKN KOHTPOJIbHOI rpynn B 2,25 pasa, a npu igionatmyHoMy Henniaai—y 2,16 pasa. Y ciM'aHin pianHi Bmict
MJA y 4010BIKiB i3 HENNIZAAM HA I'PYHTI @aBTOIMYHHOI NATOJ10Tii BipOriAHO NepeBULLYE KOHTPOJIbHI 3HAaUYEHHA Y 4 pa3n. Y
naujieHTIB 3 igionaTMYHMM Hennigaam BMicT MIA y ciM'aHii pignHi 6yB y Mexax HopMu. Ha Thi iHTeHcndikauii npouecis
NepOKCUAHOr0 OKMCHEHHS JiNifiB 3HMXKYETbCA 3arasibHa AaHTMOKCMAAHTHA aKTUBHICTb. [1py aBTOIMYHHIM NaTo10rii BOHA
3HMXKYETbCA B 8,1 pasa.

BUCHOBOK. OKCMAATMBHUI CTPEC € O4HMM i3 iIMyHONATOreHETUYHNX MEXaHi3MiB pO3BUTKY iHPEPTUALHOCTI YO0BI-
KiB Ha T/1i aBTOIMYHHOI NATO/10rii Ta iZ4ioNaTMYHOro HenAigan.

KJIFOYOBI CJIOBA: igionatnyHe HenAaigas, peBMATOIAHNI apTPUT, OKCMAATMBHNUI CTPEC, MAJIOHOBUI Aianbaeria,
QHTMOKCMAAHTHA aKTUBHICTb.
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