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Abstract. The search for effective and safe means for correcting male hypofertility is
an urgent problem of modern reproductology. Researchers have proved the possibility
of the use of nanoparticles based on oxides of rare-earth elements for the treatment
of disorders of male reproductive function. We investigated the effectiveness of the use
of gadolinium orthovanadate nanoparticles activated by europium, the size of which
was 25x8 nm in the dose of 0.0125 mg per kg of live weight to correct reproductive
ability decrease in boars under oxidative stress. After 14 days of hydrosol nanoparticles
administration, we experimentally established the dynamics of the content of oxidative
stress markers and stable metabolites in the nitrogen oxide cycle, and also determined
the changes in sperm quality indicators. Thus, conjugated dienes concentration in the
blood serum of boars on the 15th day tended to decrease, and on the 30th day of the
study was lower by 9.4% compared with the group of animals before administration.
At the same time, the amount of thiobarbituric acid reactive substances decreased on
the 15th day of the study by 24.7%, and the 30th day — by 48.2%, which indicates the
normalization of oxidative processes in males. We noted positive changes in the system
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of the nitrogen oxide cycle, the content of stable metabolites on the 15th day was lower
by 25.2% than in animals before administration and on the 30th day — by 42.6%. At the
same time, we observed an improvement in the boar sperm quality, especially motility
and the number of motile sperm in the ejaculate increased by 42.9 and 57.1% on the 60th
day of the study and by 95.2% and 1.48 times on the 90th day, respectively. In this case,
the volume of ejaculate, sperm concentration, and sperm content with morphological
anomalies with the introduction of nanoparticles normalized and almost reached the
values of the control group. The researchers are interested in further elucidating the
effect of correction of reduced reproductive ability in boars under oxidative stress with
gadolinium orthovanadate nanoparticles on the hormonal background and the state of

enzymatic and non-enzymatic systems of antioxidant protection.
Keywords: sperm quality, prooxidant-antioxidant system, peroxidation, oxidative
stress markers, nitrogen oxide cycle, nanomaterials

Introduction

The main cause of reduced repro-
ductive ability in males (hypofertility)
is a negative impact of oxidative stress
accompanied by an intensification of
the synthesis of reactive oxygen species
(ROS), and at the same time, nitrogen
(RNS) and sulfur, an accumulation of
toxic peroxidation products and reduced
antioxidant activity of antioxidant de-
fense system (ADS) (Bisht et al., 2017,
Barik et al., 2019; Koshevoy & Nau-
menko, 2020; Otasevic et al., 2020).

The problem of research is a signifi-
cant spread of factors that cause oxidative
stress in males and the lack of harmless
means for the correction, which would
also have pronounced effectiveness and
contribute to the rapid improvement of
sperm quality (Mayorga-Torres et al.,
2016; Agarwal et al., 2018).

Analysis of recent researches
and publications

The main means for the correction of
oxidative stress include groups of drugs
that directly or indirectly have an anti-
oxidant effect or reduce the intensity of

peroxidation processes by eliminating
toxic products. The mechanism of action
of these drugs depends on the peculiari-
ties of their pharmaceutical composition.
Vitamin and mineral drugs make an effect
by improving the activity of the non-en-
zymatic part of ADS. For instance, carot-
enoids in the body contribute to vitamin
A synthesis in the liver and activation of
ADS processes, as well as the introduction
of tocopherols and ascorbic acid (Domo-
slawska et al., 2018; Skliarov et al., 2020).
The enzymatic ADS is affected by the
introduction of microelements such as
zinc and copper. They are a part of one
of the main enzymes in the first link of
ADS — superoxide dismutase, which acts
as a substrate for another powerful en-
zyme — catalase (Palani, 2018; Scarlata &
O’Flaherty, 2020). Drugs based on suc-
cinic acid, which is the main component
of Roberts’ shunt and has its effect in the
nervous system (Zarubina et al., 2012),
are characterized by a powerful antiox-
idant effect. In this case, the significant
role of the nitrogen oxide cycle and its
metabolites in the functioning of the male
reproductive system and the relationship
with sperm activation and sperm quality
(Liman & Alan, 2016) were proved.
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A promising direction in the creation
of oxidative stress correction is the de-
velopment of nanomaterials that exhibit
redox properties, such as cerium diox-
ide and vanadates based on rare-earth
elements, in particular gadolinium (Ko-
reneva et al., 2016). A positive effect of
such nanoparticles on the reproductive
function of male rats in the case of re-
productive diseases and experimental
prostatitis has been proved (Belkina et
al., 2017; Karpenko et al., 2020). A pe-
culiar feature of vanadium compound
action is the effect on the ADS by in-
creasing the activity of enzymes such
as superoxide dismutase, catalase, and,
especially, glutathione link — glutathi-
one peroxidase, as indicated in human
hepatocytes in vitro (Kim et al., 2012).

The aim of the study is to investigate
the effectiveness of the use of gadolin-
ium orthovanadate nanoparticles acti-
vated by europium to correct reduced
reproductive ability in boars under ox-
idative stress.

Materials and methods
of research

The research was conducted at the De-
partment of Veterinary Reproductology,
Faculty of Veterinary Medicine at Kharkiv
State Zooveterinary Academy. The studies
were performed on boars kept on a stan-
dard diet with free access to water.

Animals in terms of sperm quali-
ty and the content of oxidative stress
markers — conjugated dienes (CD), as
primary of lipid peroxidation products,
the final product — thiobarbituric acid
reactive substance (TBARS), as well as
stable metabolites of the nitrogen ox-
ide (NO ) cycle were divided into two
groups. The sperm quality in males of
the control group (n = 5) met the stan-
dards. It was reduced in the experimen-

tal group (n = 5), especially in terms of
sperm motility and the number of motile
sperm in the ejaculate, while there was
an intensification of peroxidation pro-
cesses by the content of oxidative stress
markers in blood serum.

To correct oxidative stress, nanopar-
ticles (NPs) of oxides of rare-earth ele-
ments synthesized at the Department of
Nanostructured Materials of the Institute
of Scintillation Materials at the National
Academy of Sciences of Ukraine under
the agreement on scientific and practical
cooperation (Ne 48, 22/07/2020) were
used. Males of the experimental group
were orally administered hydrosol of gad-
olinium orthovanadate NPs activated by
europium, size 25%8 nm granular form at
a dose of 0.0125 mg per kg of live weight
for 14 days. It has been investigated that
gadolinium orthovanadate NPs belong
to the toxicity class IV — low-toxic com-
pounds, which allows use in biomedical
studies (Koreneva et al., 2016).

The effectiveness of the developed
method for the correction was evaluat-
ed by the changes in sperm quality and
the content of oxidative stress markers
in blood serum of males. Blood serum
samples were taken on the 1st, 15th, and
30th days. Sperm quality was assessed on
the 1st, 60th, and 90th day of the study.
Macroscopic (volume) and microscop-
ic (sperm motility and number of motile
sperm in the ejaculate, concentration, per-
centage of sperm content with morpholog-
ical abnormalities) sperm quality indica-
tors were evaluated according to common
methods (Yablonskyi, 2005). The content
of oxidative stress markers in blood serum
was estimated using spectrophotometric
methods in order to determine the concen-
trations of CD and TBARS (Vlizlo et al.,
2012) and NO_ (Golikov, 2004).

All manipulations with animals were
carried out in accordance with the Europe-
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an Convention for the protection and ver-
tebrate animals used for experimental and
other scientific purposes (2006) and Gener-
al ethical principles of animal experiments
adopted by the First National Congress on
Bioethics (Kyiv, Ukraine, 2001).

All digital data obtained during the
study were processed statistically using
Microsoft EXCEL. The Student’s crite-
rion was used to determine the probabil-
ity of differences between mean values.

Results of the research
and their discussion

Determination of the content of ox-
idative stress markers in biological flu-
ids — blood, serum or plasma, sperm or
sperm plasma allows obtaining objective
information concerning the intensity of
biological oxidation processes in males.
This becomes important taking into ac-
count the seasonality of these processes
and possible lack of adequate response
from antioxidant defense system, especial-
ly in case of combined action of negative
factors — inducers of peroxidation. Analyz-

CD, pmol/L
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m Control ® Before administration

ing the results of biochemical studies, we
determined the state of oxidative stress in
males of the experimental group (Fig. 1) —
the content of primary LPO products — CD
was higher than the control rate by 19.3%
(P < 0.01). There was also an increase in
the concentration of TBARS in blood se-
rum by 1.07 times (P << 0.001), which is
the final product of LPO.

The number of NO_ was also signifi-
cantly increased (Fig. 2) — by 83.6% (P <
0.001) compared with the control group.
The increase of these indicators shows an
increase in the intensity of peroxidation
processes and the presence of nitrosative
damage in boars, which is the main cause
of reduced reproductive ability and is
consistent with previously obtained data
(Koshevoy & Naumenko, 2020).

We conducted a chronic experiment
in order to establish the effectiveness of
the use of NPs oxides of rare-earth ele-
ments as a safe pharmacological agent
to correct reduced reproductive ability
in boars under oxidative stress with pro-
nounced redox and sperm-modulating
activities.

TBARS, pmol/L

u 15th day m 30th day

Fig. 1. The intensity of peroxidation processes in blood serum of boars during
the correction by gadolinium orthovanadate nanoparticles (M £ m, n =5)

Notes. * P <0.05; ** P <0.01; *** P <0.001 — statistically significant changes in relation to the
control group; 'P < 0,05; 2P < 0,001 — statistically significant changes in relation to the group of
animals before administration.
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NO,, pmol/L

u Control

B Before administration

m 15th day ®30th day

Fig. 2. The content of stable metabolites of the nitrogen oxide cycle
in blood serum of boars after the correction by gadolinium orthovanadate
nanoparticles (M £ m, n = 5)
Notes. * P <0.05; ** P<0.001 — statistically significant changes in relation to the control group;
P <0.001 — statistically significant changes in relation to the group of animals before administration.

Thus, after the correction by gado-
linium orthovanadate NPs activated by
europium, a decrease in the intensity of
peroxidation processes was observed in
the blood serum of boars. At the same
time, the studied indicators had a positive
dynamics of changes on the 15th day of
the study: the amount of CD tended to
decrease and was 5.4% less than before
administration, and the concentration of
TBARS was lower by 24.7% (P < 0.05).
The amount of NO, also decreased by
25.2% (P < 0.001). This indicates that
the administration of NPs has a positive
effect on the dynamics of peroxidation.

Restoration of prooxidant balance,
which almost reached the indicators
of the control group was observed in
the blood serum on the 30th day of the
study. The CD content was reduced by
9.4% (P < 0.05), the TBARS concen-
tration was lower than before admin-
istration by 48.2% (P < 0.001). This
indicates a decrease in the intensity of

LPO processes and the presence of a
prolonged effect of the introduction of
NPs hydrosol. Similar changes were
observed in the nitrogen oxide cy-
cle — its amount was lower by 42.6%
(P <0.001). The obtained data confirm
the effectiveness of the use of gadolin-
ium orthovanadate NPs for the correc-
tion of oxidative stress in boars.
Reduced reproductive ability in
boars under oxidative stress is deter-
mined by the deterioration of sperm
quality. It was found that males of the
experimental group had significant-
ly reduced sperm motility (by 51.2%,
P < 0.001) and the number of mo-
tile sperm in the ejaculate (by 63.2%,
P <<0.001). There was also a decrease in
ejaculate volume by 17.2% (P < 0.001)
and sperm concentration by 10.5%
(P < 0.01), while the content of sperm
with morphological abnormalities was
higher by 24% (P < 0.001) compared
with the indicators of the control group.
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The presence of a correlation be-
tween LPO intensity and indicators of
male sperm quality has been proved by
many authors. In particular, our studies
have confirmed a significant decrease in
motility and the number of motile sperm
in boar ejaculate. Analyzing the obtained
data, we can conclude that the influence
of the accumulation of ROS and RNS in
boars, i.e. oxidative stress leads to deteri-
oration of spermogram indicators and re-
quires correction. This coincides with the
opinion of most authors of the cited liter-
ature. The correction of oxidative stress
in boars in case of reduced reproductive
ability by gadolinium orthovanadate NPs
has a positive effect on the dynamics of
spermiogenesis, which was established
by assessing the sperm quality in animals
of the experimental group (Table 1).

Thus, on the 60th day of the study,
the sperm motility indicator was high-
er than in animals before the admin-
istration of hydrosol NPs by 42.9%
(P < 0.01), while the number of motile
spermintheejaculatewashigherby 57.1%
(P < 0.01). In general, the quality of
the obtained sperm was higher than be-

fore the administration of NPs — ejacu-
late volume by 5.8% (P << 0.05), sperm
concentration — by 5.9% (P < 0.05), and
sperm content with morphological ab-
normalities tended to decrease. This is
likely to ensure the cost-effectiveness of
this method of correction.

Evaluating the effectiveness of the ox-
idative stress correction by gadolinium or-
thovanadate NPs it was noted that on the
90th day of the study the quality indica-
tors of ejaculate almost reached the values
of the control in males. Sperm motility
indicators are particularly sensitive to the
action of oxidative stress and the number
of motile sperm in the ejaculate increased
by 95.2% (P < 0.001) and 1.48 times
(P <0.001) in relation to the group of an-
imals before administration. A positive ef-
fect of nanoparticles was observed on the
dynamics of ejaculate volume, which on
the 90th day of the study was higher by
15.1% (P < 0.001), sperm concentration,
which was higher by 11.8% (P < 0.01).
The sperm content with morphological
anomalies decreased by 18.3% (P <<0.01).

The effectiveness of the introduction
of gadolinium orthovanadate NPs can

1. Indicators of boar sperm quality after the correction by gadolinium
orthovanadate nanoparticles (M = m, n =5)

Animal group
Ne Indicator experiment
control before
administration day 60 day 90

1 | Ejaculate volume, mL 209.5+3.2 | 173.5+£3.0%** | 183.6+£2.9%** | 199.7+2.5*%3
2 | Sperm concentration, billion/mL | 0.19 +0.003 | 0.17 +0.003** | 0.18 £0.002*' | 0.19 +0.0032
3 | Mobility, scores 8.6+£0.3 4.2 4+ 0.4%%* 6.0 £0.3%%*2 82+04

The number of motile sperm ok A2
4 |in the ejaculate, billion 342+1.02 | 12.6+1.32 19.8+1.19 31.3+1.623
5 | Thecontentofspermwith | 'y54. 06 | 19.1404%** | 182+04% | 156+0.62

morphological abnormalities, %

Notes. * P <0.05; ** P <0.01; *** P < 0.001 — statistically significant changes in relation to
the control group; 'P <0.05;2P < 0.01; *P <0.001 — statistically significant changes in relation to

the group of animals before administration.
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be explained by the increased activity
of these compounds in the transition to
the nanoform, as they do not manifest
such properties in the form of industri-
al pharmaceutical compositions, which
are known today. The results of the
study of boar spermogram after oxida-
tive stress correction prove the presence
of sperm-modeling action of NPs based
on oxides of rare-earth elements. It can
be recommended for practical imple-
mentation and development of methods
for correction of hypofertility of differ-
ent genesis in males of different species.

Conclusions and future
perspectives

The efficiency of the developed correc-
tion method for the reduced reproductive
ability in boars under oxidative stress by
gadolinium orthovanadate NPs is proved:
1. Positive dynamics of changes in the

intensity of peroxidation processes

with the introduction of hydrosol

NPs of gadolinium orthovanadate

were observed, namely: the concen-

tration of conjugated dienes in blood
serum of boars, which on the 15th
day tended to decrease, and on the
30th day of the study was less by

9.4% compared with the indicators

before administration.

2. Normalization of oxidative process-
es in males was confirmed by a
decrease in the amount of the final
product of LPO — thiobarbituric acid
reactive substance on the 15th day
of the study — by 24.7%, and on the
30th day — by 48.2%.

3. A decrease in the activity of the Ni-
trogen oxide cycle was determined.
The content of stable metabolites in
the blood serum of boars on the 15th
day was lower than in animals before
administration by 25.2%, and on the

30th day — by 42.6%. Such changes
indicate the action of nanoparticles
as scavengers of oxygen radicals.

4. The method of correction had a sig-
nificant effect on sperm quality indi-
cators, especially on sperm motility
and the number of motile sperm in
the ejaculate, which increased by
42.9 and 57.1% on the 60th day and
by 95.2% and 1.48 times on the 90th
day of the study, respectively.

5. Ejaculate volume, sperm concen-
tration, and sperm content with
morphological anomalies after the
administration of nanoparticles nor-
malized and almost reached the val-
ues of the control group.
Perspectives for further research are

to elucidate the effect of correction of re-
duced reproductive ability in boars under
oxidative stress by gadolinium orthova-
nadate NP on the hormonal background
indicators and the state of enzymatic and
non-enzymatic systems of antioxidant
defense, as well as to determine addition-
al spermogram parameters.
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HOK 2a0011iHil0 0pMOBaHAOAMY GKMUBOBAHUX EBPOIMIEM PO3MIPOM 25x8 HM 3epHOModibHOI hopmu
8 003i 0,0125 mz Ha Ke #ueoi Macu 011 KOPeKYii 3HUMEeHHs perpodyKmueHoi 30amHocmi KHypie 3a
oKkcudamusHozo cmpecy. EkcnepumeHmarnsHo, nicia 14-00608020 88edeHHsA 2i0po30/to HaHoYaAC-
MUHOK HaOMU 8CMAHO8/eHa OUHAMIKa emicmy MapKepie okcudamueHo20 cmpecy | cmabinbHuUXx Me-
mabosimie yukny HimpozeHy OKcudy, @ MAKOX< 8U3HAYEHO 3MiHU MOKA3HUKie AKocmi crnepmu. Tak,
KOHUeHmpauis 0ieHos8uUX KOH toeamie y cuposamuyi Kposi KHypie Ha 15-my 006y mana meHoeHy;ito 0o
3HUMCeHHHA, a Ha 30-my 006y docnidxceHHA byna 8ipo2idHo MeHWOo Ha 9,4% MoKa3HUKie epynu mea-
puH 0o esedeHHsA. BoOHouac, KinbKicme KiHUes020 npodyKkmy sinonepoKkcudayii — masoHosoeo Oi-
anboe2idy 8ipo2idHo 3meHwysanacsA Ha 15-my 006y docnioweHHsA Ha 24,7%, a Ha 30 006y —Ha 48,2%,
W0 €8i04UMb MPo HOPMAI3ayito OKUCHUX MPOYecie 8 opeaHiami camyjis. No3umueHi 3miHu 8id3Ha4e-
Ho 8 cucmemi YuKny HimpoaeHy okcudy, emicm cmabineHux Memabosimis skoeo Ha 15 o6y bys eipo-
2i0HO MeHWUM NMOKA3HUKie meapuH 0o eeedeHHsA Ha 25,2%, a Ha 30-my 006y — Ha 42,6%. OOHo4YacHO
8iOMi4a1U MOKPAWEHHSA MOKA3HUKI8 AKOCMI criepmMu KHypie, 0cobnueo pyxausocmi U Kinekocmi pyxsnu-
8ux criepmiia y esarynami, Aki nidsuujunuca 8ionosioHo Ha 42,9 57,1% Ha 30-my 0oby ma Ha 95,2% i 8
1,48 pasa Ha 60-my 006y docnidreHHs. BoOHouac, 06’em eskynamy, KOHUeHmpauis crepmiis i emicm
criepmiie i3 Mopghono2iyHUMU aHOMAnNIAMU 30 86€0€HHA HOHOYACMUHOK Hopmaidysanuca U malixe
docAznu 3Ha4eHb 2pyrnu KOHMposto. IHMepec 00cniOHUKIB MosA2aE y N0OanbWOMy 3’ACY8AHHI 8raugy
KopeKYji 3HUMeHHA penpoOyKmusHoOi 30amHOCMI KHypie 30 OKcUuOamMuHo20 cmpecy HaHOYACMUH-
Kamu 2adoniHito opmoeaHadamy Ha MOKA3HUKU 20PMOHAIbHO20 hOHY Ma CMAaH eH3uMamu4Hoi U
HeeH3UMamuyYHoi cucmem aHMUOKCUOGHMHO20 3axucmy.

Kntouosi crosa: sxicme crepmu, MpooKCUOAHMHO-GHMUOKCUOGHMHA CUCMEMA, NepOKcUOauyis,
MapKepu OKCUOAMUBHO20 CMPECY, YUK/ HimpoaeHy oKcudy, HaHomamepianu
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