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Abstract. The search for effecƟve and safe means for correcƟng male hypoferƟlity is 
an urgent problem of modern reproductology. Researchers have proved the possibility 
of the use of nanoparƟcles based on oxides of rare-earth elements for the treatment 
of disorders of male reproducƟve funcƟon. We invesƟgated the effecƟveness of the use 
of gadolinium orthovanadate nanoparƟcles acƟvated by europium, the size of which 
was 25×8 nm in the dose of 0.0125 mg per kg of live weight to correct reproducƟve 
ability decrease in boars under oxidaƟve stress. AŌer 14 days of hydrosol nanoparƟcles 
administraƟon, we experimentally established the dynamics of the content of oxidaƟve 
stress markers and stable metabolites in the nitrogen oxide cycle, and also determined 
the changes in sperm quality indicators. Thus, conjugated dienes concentraƟon 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 administraƟon. 
At the same Ɵme, the amount of thiobarbituric acid reacƟve substances decreased on 
the 15th day of the study by 24.7%, and the 30th day – by 48.2%, which indicates the 
normalizaƟon of oxidaƟve processes in males. We noted posiƟve 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 administraƟon and on the 30th day – by 42.6%. At the 
same Ɵme, we observed an improvement in the boar sperm quality, especially moƟlity 
and the number of moƟle 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 Ɵmes on the 90th day, respecƟvely. In this case, 
the volume of ejaculate, sperm concentraƟon, and sperm content with morphological 
anomalies with the introducƟon of nanoparƟcles normalized and almost reached the 
values of the control group. The researchers are interested in further elucidaƟng the 
effect of correcƟon of reduced reproducƟve ability in boars under oxidaƟve stress with 
gadolinium orthovanadate nanoparƟcles on the hormonal background and the state of 
enzymaƟc and non-enzymaƟc systems of anƟoxidant protecƟon.

Keywords:  sperm quality, prooxidant-anƟoxidant system, peroxidaƟon, oxidaƟve 
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 (NOx) 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 (№ 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 NOx (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-

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 NOx 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.
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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; 1P ˂ 0,05; 2P ˂ 0,001 – statistically significant changes in relation to the group of 

animals before administration.
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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 NOx 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.

0

2

4

6

8
**

**1

*1

NOx, mol/  

Control Before administration 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; 
1P ˂ 0.001 – statistically significant changes in relation to the group of animals before administration.
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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 
sperm in the ejaculate was higher by 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)

№ Indicator 

Animal group 

control 
experiment 

before 
administration day 60 day 90 

1 Ejaculate volume, mL 209.5 ± 3.2 173.5 ± 3.0*** 183.6 ± 2.9***1 199.7 ± 2.5*3
2 Sperm concentration, billion/mL 0.19 ± 0.003 0.17 ± 0.003** 0.18 ± 0.002*1 0.19 ± 0.0032
3 Mobility, scores 8.6 ± 0.3 4.2 ± 0.4*** 6.0 ± 0.3***2 8.2 ± 0.4

4 The number of motile sperm 
in the ejaculate, billion 34.2 ± 1.02 12.6 ± 1.32*** 19.8 ± 1.19***2 31.3 ± 1.623

5 The content of sperm with 
morphological abnormalities, % 15.4 ± 0.6 19.1 ± 0.4*** 18.2 ± 0.4** 15.6 ± 0.62

Notes. * P ˂ 0.05; ** P ˂ 0.01; *** P ˂ 0.001 – statistically significant changes in relation to 
the control group; 1 P ˂ 0.05; 2 P ˂ 0.01; 3 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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Анотація. Пошук ефективних і безпечних засобів корекції гіпофертильності самців є ак-

туальною проблемою сучасної репродуктології. Дослідниками доведена можливість засто-
сування наночастинок на основі оксидів рідкісноземельних елементів для лікування розладів 
чоловічої репродуктивної функції. Нами досліджено ефективність використання наночасти-
нок гадолінію ортованадату активованих європієм розміром 25×8 нм зерноподібної форми 
в дозі 0,0125 мг на кг живої маси для корекції зниження репродуктивної здатності кнурів за 
оксидативного стресу. Експериментально, після 14-добового введення гідрозолю наночас-
тинок нами встановлена динаміка вмісту маркерів оксидативного стресу і стабільних ме-
таболітів циклу Нітрогену оксиду, а також визначено зміни показників якості сперми. Так, 
концентрація дієнових кон’югатів у сироватці крові кнурів на 15-ту добу мала тенденцію до 
зниження, а на 30-ту добу дослідження була вірогідно меншою на 9,4% показників групи тва-
рин до введення. Водночас, кількість кінцевого продукту ліпопероксидації – малонового ді-
альдегіду вірогідно зменшувалася на 15-ту добу дослідження на 24,7%, а на 30 добу – на 48,2%, 
що свідчить про нормалізацію окисних процесів в організмі самців. Позитивні зміни відзначе-
но в системі циклу Нітрогену оксиду, вміст стабільних метаболітів якого на 15 добу був віро-
гідно меншим показників тварин до введення на 25,2%, а на 30-ту добу – на 42,6%. Одночасно 
відмічали покращення показників якості сперми кнурів, особливо рухливості й кількості рухли-
вих сперміїв у еякуляті, які підвищилися відповідно на 42,9 і 57,1% на 30-ту добу та на 95,2% і в 
1,48 раза на 60-ту добу дослідження. Водночас, об’єм еякуляту, концентрація сперміїв і вміст 
сперміїв із морфологічними аномаліями за введення наночастинок нормалізувалися й майже 
досягли значень групи контролю. Інтерес дослідників полягає у подальшому з’ясуванні впливу 
корекції зниження репродуктивної здатності кнурів за оксидативного стресу наночастин-
ками гадолінію ортованадату на показники гормонального фону та стан ензиматичної й 
неензиматичної систем антиоксидантного захисту.

Ключові слова: якість сперми, прооксидантно-антиоксидантна система, пероксидація, 
маркери оксидативного стресу, цикл нітрогену оксиду, наноматеріали


