Original article

doi: 10.20535/ibb.2023.7.4.284774

EFFECT OF ZINC SUPPLEMENTATION TO DILUENT BOAR SEMEN
ON SPERM CHARACTERISTICS AND ACTIVITY OF ANTIOXIDANT ENZYMES

O.Yu. Slyvchuk, O.V. Shtapenko*, .M. Yaremchuk, S.B. Kornyat, Ye.O. Dzen

Institute of Animal Biology of NAAS, Lviv, Ukraine

*Corresponding author: shtapenko31@gmail.com

Received 16 July 2023; Accepted 26 October 2023

Background. Zinc is essential for male reproductive function as it is necessary for spermatozoa maturation,
capacitation, acrosome reaction, and fertilization. It has been established that the use of chelates compounds
of metals with amino acids, nucleotides, peptides, and carbohydrates is not only more effective but also eco-
nomically justified.

Objective. The aim of this study was to evaluate and compare the effect of different concentrations of Zn
glutamic amino acid chelate (ZnGlu) on boar spermatozoa motility, viability parameters, and prooxidant-
antioxidant homeostasis during in vitro incubation.

Methods. Freshly ejaculated boar semen, after the addition of "Ecosperm” diluent, was divided into
groups: a control group and three experimental groups. Zinc glutamate was supplemented to the experimen-
tal samples at concentrations of 1.0, 2.0, and 5.0 pg/ml, respectively. Semen samples were stored at 18 °C
for 4 days. Every 24 hours, sperm motility and viability and the antioxidant status were assessed by the
level of diene conjugates (DC), concentration of malondialdehydere (MDA), and the activities of catalase
and superoxide dismutase.

Results. It was observed that boar sperm motility decreased with the extension of storage time, while the ad-
dition of 2.0 and 5.0 ug ZnGlu significantly improved sperm total motility and the percentage of vitality
spermatozoa during 48—96 hours of incubation. Our studies also demonstrate that ZnGlu possess a protective
effect in alleviating oxidative stress in boar sperm in vitro. The addition of ZnGlu significantly reduced the
content of MDA and DC in ejaculate samples in all experimental groups during incubation, compared to the
control group. Moreover, the activity of superoxide dismutase and catalase increased after adding ZnGlu to
the boar semen, especially at concentrations of 2.0 and 5.0 ug/ml (P < 0.05).

Conclusions. These data demonstrate that the supplementation of zinc glutamate enhances the antioxidant

defence system of sperm and improves quality of boar semen in vitro.
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Introduction

Zinc is an essential element with antioxidant
properties and is a vital component of semen. Zinc
ions play a crucial role in spermatozoa's fertilization
ability, affecting aspects like motility, capacitation,
membrane stability, and acrosome reaction [1—3].
A deficiency in zinc during the meiosis period can
result in germ cell death without the formation of
mature sperm cells and leads to the change can
lead to changes in the structure, proliferation, and
differentiation of Leydig cells, ultimately impairing
spermatogenesis [4]. Notably, zinc is associated
with protecting sperm cells from oxidative stress
as it acts as a co-factor for superoxide dismutase
(Cu/Zn-SOD) [5]. The absence or moderate de-
ficiency of zinc in seminal plasma increases the
risk of oxidative damage, resulting in reduced
sperm quality and idiopathic male infertility [6, 7].
Adding Zn*' to semen extenders before freezing
has been shown to reduce the levels of reactive

oxygen species (ROS) [8]. However, excessive Zn>*
can have a pro-oxidant effect leading to mitochon-
drial oxidative stress [9].

One of the causes of male infertility is oxi-
dative stress, which results from elevated levels of
reactive oxygen species (ROS) that can have harm-
ful effect on spermatogenesis and sperm quality. The
excessive production of ROS overwhelms the li-
mited antioxidant defense system in sperm [10, 11].
Sperm cells are particularly vulnerable to oxidative
stress as they contain very low levels of enzymatic
antioxidants, while plasma membrane contains sig-
nificant amounts of polyunsaturated fatty acids [12],
which are insufficient for protecting sperm from
high levels of ROS. Moreover, excessive ROS can
lead to reduced spermatozoa vitality and fertilisa-
tion through the initiation of DNA damage, lipid
peroxidation, loss of membrane integrity, increased
permeability, inactivation of cellular enzymes, and
cell apoptosis [13, 14]. To maintain the optimal
functioning of sperm cells, it is essential to balance
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the redox potential, which can be achieved, in
part, through the use of zinc compounds.

In recent years, significant attention has been
given to the study of organic trace elements due to
their potentially higher bioavailability, although
there are some conflicting findings [15, 16]. Fur-
thermore, organic zinc compounds have a slower
release within the cell, allowing cells ample time to
regulate the free zinc ions produced after degradation
of organic compounds within the cytoplasm [17].
It is well-established that the absorption of inor-
ganic metal salts differs from that of metal-amino
acid chelates [18, 19]. Even among metal-amino
acid chelates, absorption rates can vary depending
on factors such as the nature of ligand and the
strength of chelation, solubility, stability constants,
molecular weights, and so on.

However, there has been limited research on
Zn(II) complexes with glutamine. We hypothesized
that using glutamic acid as an organic complexing
agent may enhance the effect of Zinc amino acid
chelate on male reproductive function, as gluta-
mate is involved as a neurotransmitter in the acti-
vation of the hypothalamo-pituitary axis. There-
fore, the primary objective of the current study was
to evaluate and compare the effect of different
concentrations of zinc glutamic amino acid chelate
(ZnGlu) on boars semen motility and viability
parameters, as well as prooxidant-antioxidant ho-
meostasis during in vitro incubation.

Materials and Methods

Experimental design

The study was performed on seven sexually
mature and healthy Landrace boars, aged 24 months
and of known fertility. All boars were individually
housed in well-ventilated pens in appropriate wel-
fare conditions. Semen was collected manually
during routine exploitation of the boars, conducted
twice a week to obtain semen for artificial inse-
mination. For each ejaculate, ejaculate volume and
sperm motility and concentration were determined.
A 5uL sample of sperm suspension was placed
on a pre-warmed slide and sealed with a coverslip
at 37 °C. Using 200x magnification, the percentage
of normally motile spermatozoa was determined
based on the number of sperm present in the micro-
scope's field of vision. Spermatozoa concentration
was determined using the colorimetric method with
a Photometer SDM 5 (MiniTiib, Germany).

Ejaculates in which sperm motility was at
least 70% were mixed with medium "Ecosperm"
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(Ukraine, Patent U200708849) for dilution and
storage of boar sperm. For in vitro analyzes, the
semen doses were divided into four aliquots: three
treatments groups with ZnGlu concentrations of
1.0, 2.0, and 5.0, and a control group (CO) with-
out any additives. These samples were preserved at
18 °C for 4 days. They were stored in a thermally
controlled box set to 18 °C. Samples were collected
every 24 hours for the analysis of sperm motility,
viability, and biochemical parameters. Eight indi-
vidual doses from seven individual boars were used
for in vitro analysis.

Estimation of sperm motility

Sperm motility was assessed utilizing a phase-
contrast system microscope (Olympus, Japan),
which included a heated stage. After each incu-
bation period, an aliquot of sperm suspension was
placed on a pre-warmed slide and sealed with a
coverslip at 37 °C. At each time point, the per-
centage of normally motile spermatozoa was
determined using 200x magnification, based on the
number of sperm visible within the microscope's
field of view.

Sperm viability

To assess sperm viability, supravital staining
was performed using a 1% aqueous Eosin Y and
10% aqueous Nigrosin solution (Sigma, USA) [20].
Briefly, 5 ul of sperm suspension was mixed with
5 ul of Eosin solution. After 15s, 10 ul of the
10% Nigrosin solution was added and thoroughly
mixed. A drop of this mixture was smeared onto a
glass slide left to air-dry. The smears were exa-
mined under a light microscope at 100x magni-
fication. Viable sperm cells were transparent, while
dead sperm appeared pink.

Antioxidant activity analysis

The levels of superoxide dismutase (SOD),
catalase activity (CAT), diene conjugates (DC),
and malondialdehyde (MDA) were monitored at
24, 48, 72, and 96 hours after storage. Semen sam-
ples were centrifuged at 7500xg for 10 min to re-
move the supernatants. The obtained cell pellets
were washed three times with PBS and then incu-
bated with 0.2% Triton X-100 on ice to lyse cells
at 4 °C for 20 min. The supernatant was collected
by centrifugation (4000xg, 30 min, 4 °C) and kept
on ice for further assays. The concentration of total
protein in the tissue homogenates was measured
using the Lowry [21] with kits "Simko LTD"
(Ukraine, Lviv). All absorbance values were mea-
sured using a spectrophotometer.
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Determination of diene conjugates content

DC, which form due to the rearrangement of
double bonds in polyunsaturated fatty acids, were
determined by Vlizlo [21]. After extraction in a
mixture of heptane-isopropanol (2:1) and subse-
quent layering with HCI (pH 2.0), DC were de-
tected in the heptane phase at A =233 nm. The
content of DC was expressed in relative micro-
moles (umol) per 1 mL of sperm.

Concentration of malondialdehyde

The assessment of MDA concentration relies
on the reaction between MDA and thiobarbituric
acid under conditions of acidity and elevated tem-
perature [22]. The result of interaction is the color
reaction. The colored product absorbance recording
was performed spectrophotometrically (A = 535 nm
and A = 580 nm). The concentration of thiobar-
bituric acid reactive substances (TBARS) was ex-
pressed in micromoles per milliliter (umol/ml).

Activity of superoxide dismutase

SOD enzymatic activity was measured in
the presence of NADH and phenazine methosul-
fate [21]. SOD activity was determined by a me-
thod based on its ability to reduce nitroblue tetra-
zolium. The degree of inhibition of the nitroblue
tetrazolium reduction reflects the intensity of en-
zyme activity. The absorbance recording was per-
formed spectrophotometrically (A = 540 nm). SOD
activity was expressed as units per milligram of
protein (unit/mg protein).

Catalase activity

CAT (EC 1.11.1.6) was assessed using the
reaction between hydrogen peroxide and ammo-
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nium molybdate [23]. The intensity of the resulting
product color was measured spectrophotometrically
at A =410 nm. Enzyme activity was quantified as
millimoles per minute per milligram of protein
(mmol/minute x 1 mg of protein).

Statistical analysis

All experimental data underwent statistical
analysis using Microsoft Excel software with one-
way analysis of variance (ANOVA). The normality
of data was assessed using the Shapiro—Wilk test.
Statistical comparisons with the control group were
conducted using the paired r-test, as all variables
exhibited a normal distribution in all groups. Re-
sults were presented as mean + standard error of
the mean (SEM) and considered as statistically
significant at P < 0.05.

Bioethics

The study was conducted in accordance with
the guidelines of the European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes.

Results

Total sperm motility in fresh semen did not
change significantly in all groups after 24 hours of
storage. After 48 hours of incubation, a significant in-
crese was noted in the group containing 1 g
ZnGlu compared to the remaining gropus
(Fig. 1a). In all samples, sperm motility continued
to decrease in successive hours of storage. In turn,
no significant differences were observed in sperm
motility between groups after 72 hours of storage.
Notably, the total motility was significantly higher
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Figure 1: Effects of ZnGlu at different concentrations on sperm motility (a) and vitality (b). Boar spermatozoa were incubated in
non-treatment media (control) or in the presence of different concentrations of ZnGlu (1.0, 2.0, and 5.0 ) at 18 °C for 96 hours:

H — control, — ZnGlu 1.0 pg/ml,

— ZnGlu 2.0 pg/ml, ®m — ZnGlu 5.0 pg/ml. This experiment was conducted 3

times (n = 3), and the results are presented as the mean percentage of total spermatozoa + SEM. Experimental groups were com-
pared pairwise with the control. Statistical differences are indicated with * — P < 0.05, ** — P < 0.01
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(P <0.05) after 96 hours of storage in samples pre-
served with the addition of 2 and 5 pg ZnGlu
compared to the control and incubation with the
lowest concentration of ZnGlu.

The study revealed that the viability of boar
spermatozoa was dependent on the concentration
of the compound (Fig. 1b). There were no diffe-
rences in the percentage of boar sperm vitality
among all groups at the initial time of storage
(24 hours). With the extension of preservation
time, addition of ZnGlu improved the sperm vi-
tality, and the treatment groups with ZnGlu sup-
plementation had higher values at the 48 hours of
storage compared to those in the control group. As
observed in Fig. 1b, ZnGlu at concentrations of 2
and 5 pg led to an increase in the percentage of vi-
tal spermatozoa during 48—96 hours of storage, al-
though these changes were not statistically signifi-
cant. Additionally, ZnGlu increased the total mo-
tility and vitality of boar sperm.

To investigate the protective role of ZnGlu in
modulating redox homeostasis in boar sperm, the
levels of DC and MDA, as well as the activities of
catalase (CAT) and superoxide dismutase (SOD),
were evaluated after storage for up to four days
under different conccentrations of ZnGlu. As ob-
served in Fig. 2a, the spermatozoa DC level de-
creased starting from 48 hours after addition of
ZnGlu at concentration of 2 and 5 pug (P<0.05).
DC values were significantly lower than those of
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the controls after 72 and 96 hours of storage
(P<0.05).

However, the addition of ZnGlu at a concen-
tration of 1 pg led to an increase in the DC level
at the initial time of investigation compered to the
control and remained at the same level as the con-
trol group at 96 hours.

The content of MDA in boar sperm was sig-
nificantly lower with higher concentrations of
ZnGlu (2 and 5 pug/ml) compared to the control
group (P < 0.05; P < 0.01) (Fig. 2b). Furthermore,
the MDA content was significantly lower in the
group supplemented with the highest concentration
of ZnGlu (P < 0.01). Meanwhile, the concentra-
tion of MDA product in sperm of the control and
st experimental groups remained almost the same
during investigation time of storage.

The addition of ZnGlu significantly increased
the the activity of CAT in all experimental groups
during incubation (Fig. 3a). This trend was most
pronounced when higher doses of the compound
were used. Regarding SOD, exposure to ZnGlu re-
sulted in an insignificant increase in SOD activity
in experimental groups at 24—48 hours (Fig. 3b).
SOD enzyme activity decreased at 72 hours but in-
creased until the end of the measured period in
experimental groups with the addition of 2 and
5 ug ZnGlu compared to the control group. Thus,
the addition of ZnGlu modulated the redox ho-
meostasis and protected sperm from ROS stress.
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Figure 2: Levels of diene conjugates (DC) (a) and malondialdehyde (MDA) (b) in boar semen after treatment with ZnGlu during

96 hours of incubation at 18 °C: H — control,

— ZnGlu 1.0 pg/ml, M — ZnGlu 2.0 ug/ml, @M — ZnGlu 5.0 pg/ml. Samples

were supplemented with different concentrations of ZnGlu immediately after ejaculation and were assessed every 24 hours of sto-
rage. Experimental groups were compared pairwise with the control. Data are presented as mean values = SEM; * — P< (.05,

** — P < 0.01 vs. the control group
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Figure 3: Activity of antioxidant enzyme in boar sperm after treatment with ZnGlu: catalse (CAT) (a) and superoxide dismutase

(SOD) (b) activity: m — control, @ — ZnGlu 1.0 pg/ml,

— ZnGlu 2.0 ug/ml, ® — ZnGlu 5.0. Sperms were exposed to

1.0, 2.0 and 5.0 pg/mL ZnGlu for 24, 48, 72, and 96 h. Experimental groups were compared pairwise with the control. Data are
presented as mean values + SEM. * — P < 0.05; ** — P < 0.01; *** — P < 0.001 vs. the control group

Discussion

The essential role of zinc on the spermatoge-
nesis is well-known. Zinc plays an essential role in
sperm cell maturation and motility and pre-ferti-
lization process, including sperm capacitation, bin-
ding of the sperm zona pellucida (ZP), penetration
at the site of the ZP, and zygote activation [4, 24].
An unadequate supply of zinc can negatively affect
male fertility [25] leading to decreased sperm
quality, as zinc levels in seminal fluid are related to
sperm concentration and motility [26]. Our re-
search has shown a strong association between zinc
levels and sperm quality. The addition of Zinc glu-
tamate (ZnGlu) in vitro has a positive effect on the
viability and motility of boar sperm when storedat
18 °C. This effect is dependent on the concentra-
tion of the compound — ZnGlu, at concentrations
of 2 and 5 pg, leads to an increase in the percen-
tage of vital spermatozoa during 48—96 hours of
storage. Other studies have reported that the addi-
tion of ZnCl, to Sus extender for storage and
transport of liquid boar sperm indicates a protec-
tive effect of zinc on mitochondrial sheath and
acrosomal membranes; higher percentage of pro-
gressive and rapid sperm in doses supplemented
with 2 mM ZnCl, [27]. Zinc deficiency leads to a
depletion of total germ cell mass due to impaired
spermatogenesis and increased apoptosis of the
testicular cell sub-population. On the other hand,
some researchers have reported a negative effect of
high zinc levels in seminal plasma or sperm tails
on sperm motility [2, 28, 29]. Therefore, main-

taining the homeostasis of Zn?" is crucial, as both
deficiency and excessive zinc absorption can dis-
rupt normal reproductive function.

The significantly higher percentage of motility
in semen samples after the addition of ZnGlu
could be attributed to the protective effect of zinc
on the microfilaments and mitochondrial and
acrosomal membranes of spermatozoa. Cellular
membranes have been previously shown to be
stabilized by zinc [27], and this effect may be
responsible for the improved sperm motility and
vitality observed in samples supplemented with
zinc. Another study has shown the protective effect
of adding zinc to semen samples before the freeze-
thaw process, which reduces freeze-thaw-induced
DNA damage and helps maintain sperm post-thaw
motility at higher levels [30, 31]. Additionally, zinc
efflux from sperm activates matrix metalloprotei-
nases (MMP2 and MMP9), which can contribute to
increased acrosomal stability [32, 33]. Both MMPs
contain two Zn** sites and four (MMP2) and three
(MMP9) Ca’* sites [34, 35].

Our results can also be explained by the
higher bioavailability of ZnGlu as an organic zinc
compound, which enhances semen characteristics.
Since zinc is known to be crucial for reproduction,
the use of organic zinc compounds helps com-
pensate for the high endogenous zinc loss during
spermatogenesis, thus maintaining a healthy zinc
homeostasis. The bioavailability of trace elements
is high when they are chelates of peptides and
amino acids, resulting in augmentation of the
reproductive function and overal health [36].



Meta-analysis data indicate that the bioavailability
of different organic mineral compounds can depend
on the nature of the ligand, the strength of chela-
tion, and the solubility and stability of the com-
pounds [15]. Huang et al. found that the bioavail-
ability of zinc from Zn-amino acid or Zn-prote-
inate complexes was closely related to their chela-
tion strength, represented by the stability constant,
in starter broilers [38]. In another study compa-
ring the bioavailability of zinc from zinc-glycine
(Zn-Gly) and zinc-methionine (Zn-Met) with zinc
sulfate (ZnSQ,), it was found that zinc in Zn-Met
had higher bioavailability than Zn-Gly [39]. Or-
ganic zinc supplementation increased semen vo-
lume, sperm concentration, and improved the
spermatozoal membrane integrity in bulls and
bucks [40—42].

To investigate the biochemical impact or as a
model for testing potential toxic effects, cell cul-
tures are widely used. Compared to animal models,
in vitro models are more consistent in predicting
clinical outcomes and more suitable for identifying
mechanisms relevant for in vivo toxicity [43]. Be-
side this, the use of spermatozoa to find out the di-
rect influence of the substance under study on their
motile function and viability is the most expedient
and practically justified. Due to their high differen-
tiation and specific function, spermatozoa depend
on and are deeply influenced by the external en-
vironment, making them ideal for testing trace
elements, including antioxidant compounds [44].
Therefore, in this work, boars sperm as an in vitro
model, has been used to assess the efficacy of zinc.

Oxidative stress is another factor that may
account for defective sperm function and lead to
infertility. At physiological levels, ROS are known
to support the sperm's fertilization ability by pro-
moting chromatin compaction in maturing sper-
matozoa, increasing intracellular cAMP, motility,
hyperactivation, sperm capacitation, acrosome re-
action, and oocyte interaction [45, 46]. However,
excessive ROS generation and oxidative stress can
compromise gamete function by causing damage to
cellular lipids, organelles, DNA strand breakage,
alteration in enzymatic function, and apoptosis.
Spermatozoa are particularly susceptible to oxi-
dative stress-induced damage due to the high
concentration of polyunsaturated fatty acids in
their plasma membranes and the low concen-
trations of antioxidant enzymes [47]. Zinc has been
proven to play a key role in spermatogenesis as a
critical component of the antioxidant defense
system [4, 48], which serves to inhibit the gene-
ration of ROS and enhance the activity of anti-
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oxidant pathways [8, 10]. One of the most active
antioxidant enzyme in semen is copper-zinc super-
oxide dismutase (CuZnSOD) [5]. In our inves-
tigation, supplementing zinc glutamic amino acid
chelate demonstrated a protective effect on sperm
against oxidative stress. The activities of superoxide
dismutase and catalase improved after adding
ZnGlu to boar semen, particularly at concentra-
tions of 2 and 5 ug/mL (P <0.05). Mitochondria
are rich in zinc-dependent SOD, which may help
prevent free radical-induced membrane damage,
loss of mitochondrial potential, and subsequently,
loss of motility. Furthermore, as DC and MDA
content decreased with ZnGlu treatment, this
protective effect can also be attributed to the
antioxidant property of zinc. Similar trends were
observed with addition of zinc chloride to the pre-
servation diluent for storing boar sperm at 18 °C.
The results indicated that the addition of ZnCl,
improved the integrity of the sperm membrane,
total antioxidant capacity, and CuZnSOD activity,
while reducing MDA content and sperm aggre-
gation [49]. It was also shown that adding Zinc
oxide to dilute ram semen significantly improved
superoxide dismutase and glutathione peroxidase
activities during cooling. [50]. In the present study,
the addition of ZnGlu increased CAT and SOD
activity and reduced the DC and MDA content
of boar semen (P < 0.05), demonstrating that
supplementation with organic complexes of Zn**
with L-glutamic acid can protect sperm from
oxidative stress.

Conclusions

The present study confirms the crucial func-
tion of zinc in spermatogenesis and demonstrates
that supplementation of organic zinc compound —
ZnGlu improves the semen quality and metabolic
activity of boar semen in vitro. ZnGlu at concen-
trations of 2 and 5 pg, significantly increased the
total motility of boar sperm during 96 hours of sto-
rage at 18 °C. Furthermore, the addition of zinc
glutamic amino acid chelate enhances the antioxi-
dant defence system of sperm. Our results show
that ZnGlu can increase the activities of SOD and
CAT while reducing the MDA content of boar se-
men, thus playing a protective role in preserving
sperm.
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O.10. Cnuuyk, O.B. WtaneHko, I.M. Apemuyk, C.b. KopHsTt, €.0. [13eHb
IHcTuTyT Gionorii TBapuH HAAH, JTbBiB, YkpaiHa

BNNnMB 0OOABAHHA LMHKY OO PO3PIAXYBAYA CMNEPMU KHYPIB
HA XAPAKTEPUCTUKY CNEPMIIB | AKTUBHICTb AHTUOKCUAAHTHUX ®EPMEHTIB

Mpo6nemartuka. LinHk Mae BaxnvBe 3HaYEHHs A5 YOMNOBIYOi penpoayKTUBHOT (OYHKLIT, OCKiNbKu HEOOXiOHWIA ANs 403piBaHHSA cnepMa-
TO30i4iB, Mpouecy kanauyuTadii, akpOCOMHOI peakLii Ta 3anmnigHeHHs. BCTaHOBMNEHO, L0 BUKOPUCTaHHA XenaTHMX Cronyk MeTtanis 3 ami-
HOKWUCIOTamu, HykneotTuaamu, nentuaamu, Byrnesogamu € 6inblu epeKTMBHUM Ta eKOHOMIYHO 0BrpyHTOBaHMM.

MeTta. MeTolo po6oTu Gyno Jocnigutu Ta MOPIBHATU BMIMB Pi3HWX KOHLUEHTpaLii XenaTy LWMHKY 3 FyTaMiHOBOK aMiHOKUCIOTOK
(ZnGlu) Ha pyxnuBICTb, XUTTE3AATHICTL CNepMiiB Ta (POPMyBaHHS MPOOKCMAAHTHO-aHTMOKCUAAHTHOTO roMeocTasy B CMepMi KHypiB-
NNigHUKIB 3@ YMOB in Vitro.

MeTopauka peanisauii. CBi>ooTpuUMaHi esakynsTi kHypiB-nnigHWKIB nicnst gofaBaHHsi po3basHuka “Ekocnepm” po3ainsinu Ha rpynu: KoH-
TPOnbHY Ta Tpu AocnigHi. [lo gocnigHnx 3paskis Aogasanu riytamaTt UmHKy B kinbkocTi 1,0; 2,0; 5,0 mkr/mn BignosigHo. 3pasku cnepmu
36epiranacs 3a 18 °C npotarom 4-x fi6. KoxHi 24 rog ouiHioBanu pyxnuBiCTb, XXUTTE3OATHICTb CNEpPMIiB Ta BU3HAYanyM aHTUOKCUOAHT-
HWUI cTaTyc 3a piBHEM AieHoBux koH’toraTis (OK), koHueHTpauieto manoHoBoro gdianegerigy (MOA), akTUBHICTIO KaTanasu Ta cynepokeua-
avcmyTasu.

PesynbTaTtn. BctaHoBneHo, Wo pyxnuBiCTb CNepMiiB YNpoAoBX iHKyOyBaHHSA 3HWXKYETbCS, TOAi SK AoaaBaHHsa 2 i 5 Mkr ZnGlu icToTHO
noKpaLLunno 3aranbHy pyXnuBICTb | CPUANO MiABWLLEHHIO BiACOTKa BUXKMBaHOCTI cnepMiiB Ha 48—92 rop iHkyGyBaHHs. Hawwi gocnigxeH-
HSl TAKOX AEMOHCTPYIOTh, WO ZnGlu YMHWUTB 3axXMCHY Ailo Ha crepMy KHypIB in Vitro y BiANOBiAb Ha BUHWKHEHHSI OKCMAATUBHOIO CTpecy.
HNopasaHHa ZnGlu ictoTHO 3HMXyBano smicT MAA Ta K y 3pa3kax eskynsiTiB ycix 4OCNiAHUX rpyn yNpOAOBXK iHKyOyBaHHSI NOPIBHSAHO 3
NOKa3HUKOM KOHTPOSbHOI rpynu. BogHo4ac akTMBHICTb CynepokcuaaMcMyTasm Ta katanasu B iHKyGoBaHil cnepmi KHypiB AOCnigHMX rpyn
npu goaasaHHi ZnGlu 3pocTtana BNPOAOBX iHKyOyBaHHA, 0cOGNMBO 3a KOHUEHTpauin 2 Ta 5 mkr/mn (P < 0,05).

BucHoBku. OTpumaHi AaHi JeMOHCTPYHOTh, LU0 AOAABaHHA 2 Ta 5 MKI/MN rmyTamaT LUMHKY ClpUsie akTuBaLii CUCTeMW aHTUOKCUAAHTHOIO
3aXUCTy Ta NOKpaLLye siKiCTb CnepMu KHypiB in vitro.

KnouoBi crnoBa: AkicTb cnepmMu; pyxJnBicTb CepMaTo30idiB; LMHK; Cepma KHypa; aHTUOKCUAAHTY.



