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Many chemotherapeutics drugs have low water solubil-
ity, which potentially can decrease their anticancer potential.
The use of drug delivery systems has proven to be highly ef-
fective in addressing the challenges associated with delivering
hydrophobic chemotherapy drugs to tumor tissues. However,
two major issues that arise in the clinical nanoparticle-based
treatment of cancer are hepatotoxicity and suppression of the
hematopoietic system, which can limit their medical applicability.
As previously established, thiazole derivative N-(5-benzyl-
1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-2-carboxamide
in complex with polymeric nanocarriers (nanomicelles) based
on polyethylene glycol exhibited a greater level of cytotoxicity
towards specific tumor cell ines melanoma, glioblastoma, hepato-
carcinoma, leukemia, etc. This compound and its complexes
with polymeric nanomicelle significantly changed the activity of
antioxidant enzymes in lymphoma cells. Therefore, the purpose
of this study was to examine the impact of a thiazole derivative
with polymeric nanomicelles based on polyethylene glycol on
the hepatocytes (liver cells) of mice that had been implanted
with Nemet-Kelner lymphoma. The investigated compounds
thiazole derivative, polymeric nanomicelle, and combination
of thiazole derivative with nanomicelle at a final concentration
of 10 uM were added to the liver samples and incubated for
10 min. The activity of antioxidant defense system enzymes
such as superoxiddismutase, catalase, glutathionperoxidase
was determined in liver homogenate under the action of stud-
ied compounds in vitro. It was reported that neither thiazole
derivative, nanomicelle, nor their complex changed the activity of
antioxidant enzymes in hepatocytes from mice with lymphoma.
Thiazole derivative and it complex with nanomicelle had limited
negative side effects in the mice with lymphoma. The investigated
compounds were not hepatotoxic toward murine liver cells.

Key words: antitumor drugs, nanomicelle, hepatotoxicity,
antioxidant system

Introduction

In the ever-evolving battle against cancer, the devel-
opment of powerful chemotherapeutics anticancer drugs
has been an instrument for extending survival rates and

The Animal Biology, 2023, vol. 25, no. 3

improving the life quality for countless patients. While
these potential anticancer agents hold potential in target-
ing malignant cells, their impact on healthy tissues cannot
be overlooked. Among the vital organs affected, the liver,
the central organ in both metabolism and detoxification,
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stands particularly vulnerable [10, 18]. Understanding the
complicated interaction between anticancer drugs and
liver cells is crucial for optimizing treatment strategies
and minimizing potential side effects. Different chemo-
therapeutic anticancer drugs can have varying effects on
healthy liver cells. Anthracycline drugs, such as Doxorubi-
cin and Daunorubicin, are widely used in cancer treatment
but can lead to hepatocellular injury, causing hepatocyte
damage and impairing liver function [18, 21]. The mech-
anism of toxicity involves the generation of reactive oxy-
gen species (ROS) and interference with mitochondrial
function. Taxanes, such as Paclitaxel and Docetaxel, can
lead to hepatocellular injury, resulting in liver enzyme ele-
vations and hepatotoxicity [14, 21]. The underlying mech-
anisms involve interference with microtubule function and
disruption of cell division. Tyrosine kinase inhibitors, such
as Sorafenib and Imatinib, have a more selective mech-
anism of action compared to traditional chemotherapy,
but they also can cause hepatotoxicity, including elevated
liver enzymes activity and hepatic steatosis [1, 21]. Over-
all, the impact of chemotherapeutic anticancer drugs on
healthy liver cells can vary depending on the specific drug
and individual factors. Understanding these effects is cru-
cial for oncology to optimize treatment regimens, manage
potential liver toxicity, and provide supportive care to
patients undergoing cancer treatment.

Previous studies have demonstrated that thiazole
N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-
2-carboxamide (BF1) possesses a significant level of
toxicity towards some tumor cell lines, while exhibiting
no destructive effects on pseudonormal cell lines and
hepatocytes in NK/Ly mice [8, 19]. The possible anti-
cancer mechanism of action of the thiazole derivative
based on the generation of a large number of ROS,
which triggers a cascade of reactions in tumor cells that
lead to their apoptosis [11].

However, BF1, like many chemotherapeutics drugs,
has low water solubility, which potentially can decrease its
anticancer potential. Nanomicelles, also known as poly-
meric micelles, are self-assembled nanostructures com-
posed of amphiphilic block copolymers. These nanoscale
structures have a hydrophilic outer shell and a hydropho-
bic core [2]. The unique structure of nanomicelles enables
them to encapsulate hydrophobic anticancer drugs within
their hydrophobic core, thereby increasing the solubility of
these drugs. Thus, nanomicelles serve as effective drug
delivery vehicles by encapsulating hydrophobic antican-
cer drugs, improving their solubility, stability, and targeted
delivery to tumor tissues [16, 20]. This approach holds
great promise for enhancing the therapeutic efficacy
of anticancer drugs and reducing their side effects.

As previously established, thiazole derivative BF1
in complex with polymeric nanomicelles based on poly-
ethylene glycol (PEG) poly(PEGMA) (Th3) exhibited
a greater level of cytotoxicity towards specific tumor
cell lines compare to unconjugated BF1 or/and chemo-
therapeutic drug Doxorubicin and lead to apoptotic-like
changes in lymphoma cells [9].

It is important to note that nanomicelles can interact
with liver cells through several mechanisms, which can
impact their function and overall cellular response [4].
Nanomicelles can be internalized by liver cells through
endocytosis or receptor-mediated pathways. The nano-
micelles can influence the intracellular environment and
signaling pathways within liver cells. On the other hand,
nanomicelles can trigger cellular responses in liver cells.
Depending on their composition and properties, they
can activate signaling pathways, induce inflammatory
responses, or affect gene expression within the cells [5].
These responses can influence cellular functions and may
have implications for liver health and toxicity.

The aim this work was to study the effect of thiazole
derivative BF1 in complex with PEG-based nanomicelles
(Th3) on the prooxidant-antioxidant balance in hepato-
cytes of mice with grafted NK/Ly.

Materials and methods

All experiments were performed on white wild-type
male mice with a grafted NK/Ly lymphoma (n=10; body
weight 20-30 g). Manipulations with animals were carried
out under the principles of the “General Ethical Principles
of Experimentation on Animals” approved by the First
National Congress on Bioethics (Kyiv, Ukraine, 2001) and
“European Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific Purposes”
(Strasbourg, France, 1985) as well as approved by the
Ethics Committee of lvan Franko National University of Lviv,
Ukraine at the beginning of the research (Protocol no. 17-
02-2021 from 09.02.2021) and after the completion of the
study (Protocol no. 12-05-2023 from 5.05.2023). Mice were
housed in a standard vivarium under typical laboratory
conditions with constant temperature on a mixed ration.

To initiate the mouse lymphoma tumor 0.15-0.2 mL
of ascite of (15-20%10°¢ of NK/Ly cells) were injected in-
traperitoneally. To extirpate the liver, the animals were de-
capitated under ether anesthesia, after which the organ
was quickly excised. After removal, the liver was weighed
and washed from blood with a cooled solution of the
following composition (in mM): NaCl — 140, KCI — 4.7,
MgCl, — 1, glucose — 5, HEPES — 10; pH 7.4. The liver
was crushed using a metal press, solution was added in
the ratio of 8 ml of solution per 1 g of tissue, and cells were
destroyed in a Potter-Evelheim homogenizer at 800 rpm.
The initial 10 uM solution of thiazole derivative BF1 was
synthesized at the Department of Organic Chemistry of
Ivan Franko National University of Lviv and the homopoly-
mer of PEG-methacrylate with a molecular weight of the
PEG-unit 475 kDa (poly(PEGMA) (Th3)) were synthe-
sized at the Department of Organic Chemistry of the Lviv
Polytechnic National University, as described earlier [8,
15]. Water dispersions of polymeric nanomicelle (PN) —
Th3 and its complex with the BF1 (Th4) derivative was
dissolved in dimethyl sulfoxide (DMSO) and the solutions
were subsequently transferred in water.
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Catalase (CAT) activity was measured by the meth-
od of Hamza et al. [7] with an absorption wavelength of
410 nm and was expressed in nmoles of H,O,/minxmg
of protein. Superoxide dismutase (SOD) activity was
measured by the method of Paoletti et al. [17] and was
expressed as unit active/minxmg protein. Glutathione
peroxidase (GPx) activity was measured by the method
of Hadwan et al. [6] with an absorption wave length of
412 nm and was expressed in G—=SH/minxmg of protein.
Protein concentration in every sample was determined
by the method of O. Lowry et al. [13].

The statistical analysis of the results was made and
illustrated using MS Excel-2013 and Statistica programs.
All experiments were repeated 5 times in each variant.
All data are presented as a mean+SD. To determine
statistically significant differences between the means
of independent investigation groups, the one-way anal-
ysis of variance (ANOVA) was used. Statistical analy-
ses were performed using t-test. P values below 0.05
were considered as statistically significant.

Results and Discussion

Since the redox balance in the cells of the body sig-
nificantly changes during the development of a tumor,
a change in the antioxidant enzymes activity should be
expected. Therefore, the superoxide dismutase in the liver
cells of a tumor-bearing mouse was investigated. Fig. 1
shows the changes in the SOD activity under the action of
BF1, nanomicelle Th3 and complex Th3 with BF1 (Th4).
Control levels of the enzyme activity in the liver of tumor-
bearing mice were 5.9+0.85 units active/minxmg protein.
Under the action of tested compounds, the enzyme activity
in the liver of tumor-bearing mice did not change.

Because H,0, is the product of SOD activity, the nor-
mal functioning of other enzymes that neutralize hydro-
gen peroxide is important. Therefore, we tested the ef-
fect of the studied compounds on the activity of CAT and
GPO. Fig. 2 shows the changes in catalase activity under
the action of BF1, nanomicelle Th3 and complex Th3 with
BF1 (Th4). Control levels of enzyme activity in the liver
of tumor-bearing mice were 14+1.4 nmol H,O,/minxmg
protein. Tested compounds did not change the activity
of the enzyme.

Disposing of the increased amount of H,O,, in addition
to the CAT, is also carried out by the GPx. This enzyme
has a greater affinity for hydrogen peroxide than CAT.
GPx functions more efficiently at low H,O, concentra-
tions, while CAT is more efficient at high substrate con-
centrations during the development of oxidative stress.

Fig. 3 shows the changes in GPx activity under the
action of BF 1, nanomicelle Th3 and complex Th3 with
BF1 (Th4). Control levels of GPx activity in the liver of
tumor-bearing mice were 8.1+0.7 nmol GSH/minxmg
protein. Under the action of both tested compounds,
the activity of the enzyme in the liver of tumor-bearing
mice did not change.
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Fig. 1. The level of SOD activity in the liver of tumor-bearing mice
under the action of thiazole derivative BF1, polymeric nanomicelle Th3
and complex of BF1 with Th3 (Th4) (Mtm, n=5)
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Fig. 3. The level of GPx activity in the liver of tumor-bearing mice
under the action of thiazole derivative BF 1, polymeric nanomicelle Th3
and complex of BF1 with Th3 (Th4) (M+m, n=5)

One of the main problems of chemotherapy treatment
is side effects, when anticancer drugs negatively affect
healthy cells, in particular, hepatocytes. Since the liver is
the main detoxifying organ in humans and animals and
plays an important role in the elimination of drugs from
the body, changes in the antioxidant processes of in liver
cells due to the action of newly synthesized antitumor
substances may indicate negative side effects that often
occur due to use of such substances.

Many chemotherapeutic drugs have a low selective
effect and therefore provoke significant side effects.
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Side effects of cytostatics, such as cardiotoxicity, hepato-
toxicity, neurotoxicity, nephrotoxicity, and effects on the
immune system are especially dangerous. The effect
on the liver of antitumor substances can significantly
damage the functioning of the organ and the body.

It was previously established that thiazole derivative
BF1 and its complexes with PNs significantly changed
the activity of antioxidant enzymes in lymphoma cells
[11]. In particular, the activity of SOD increased, while
the activity of CAT and GPx decreased. Such changes
indicate an imbalance of enzyme activity in cancer cells
under the action of antitumor substances. Therefore,
antioxidant processes are involved in the mechanism
of action of BF1 in a complex with polymer carriers.
Interestingly, it was the complex Th4 that demonstrat-
ed the greatest effect. Therefore, it was important to
investigate the effect of the studied compounds on the
antioxidant enzymes activity in liver cells.

Hepatotoxicity, a commonly observed clinical man-
ifestation associated with various anticancer treatments
such as chemotherapy [10], is often accompanied by
the accumulation of certain nanomaterials in the liver,
leading to liver injury [21]. The primary manifestation
of toxicity observed in cells or animal models exposed
to different therapeutic drugs and nanomaterials is the
induction of oxidative stress, which disrupts the balance
between prooxidants and antioxidants [21].

A study conducted on murine hepatocytes revealed
that the thiazole derivative BF1 did not induce oxidative
stress or alter the levels of primary and secondary lipid
peroxidation (LPO) products, namely hydroperoxides
and TBA-positive products [21]. Similarly, the adminis-
tration of unconjugated PN Th3 or its complex with BF 1
(Th4) did not affect the levels of LPO products in
hepatocytes of mice with grafted NK/Ly tumors (data not
shown). However, a decline in the activity of antioxidant
enzymes such as GPx, SOD, and CAT is associated
with an altered oxidative status and reduced oxidative
defenses [2]. Nevertheless, it was observed that neither
BF1, PN, nor their complex Th4 altered the levels of
antioxidant enzymes in hepatocyte cells derived from
mice with NK/Ly tumors.

Based on our data, it can be inferred that significant
hepatotoxicity is unlikely to occur with the administra-
tion of the BF1+PN complex, which exhibits a more
pronounced therapeutic effect compared to unconju-
gated BF1.

Therefore, the BF1 complex with a polymer nano-
micelle, which shows toxicity to cancer cells, did not
affect the activity of antioxidant enzymes in the liver
cells of tumor-bearing mice in vitro. It is also known that
these complexes were not toxic to non-tumor human
kidney cell lines and keratinocytes [9]. However, further
research is needed to ensure the safety of these sub-
stances. It is important to examine additional parame-
ters, including the activity of other antioxidant enzymes
and levels of peroxidation products in vivo, to obtain
a comprehensive assessment of their effects.
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AKTUBHICTb aHTUOKCUAAHTHMX €H3MMIB Yy renatouuTax muiuen 3 nimcgpomoro
3a aii noxigHoro Tiaszony B KOMMNeKci 3 nofliMepHUM HaHOHOCIEM

b. Omeniox', A. WWanad’, M. bypa’, M. Inskig’, FO. M. Ocmam’iok’, H. Mimina?, O. 3aiveHko?, A. babcbkull’
Yaryna.Shalay@Inu.edu.ua

JIbBiBCbKMI HaLiOHaNbHWUI yHIBEpCUTET iMeHi IBaHa ®paHka, Byn. Ipywescbkoro, 4, M. JIbeiB, 79005, YkpaiHa
2HauioHanbHui yHiBepcuTeT «JIbBiBCbKa nomnitexHikay, nn. Ce. Opa, 9, m. JlbeiB, 79013, YkpaiHa

BaraTo ximioTepaneBTUYHMX NpenapaTiB MalTb HU3bKY PO3YUHHICTE Y BOAI, LLO MOTEHLINHO MOXE 3HU3UTU IXHIN NPOTUNYXIMHHWIA
noTeHuian. BukopuctaHHs cucteM LOCTaBKM MikiB BUSIBUIIOCS BUCOKOEEKTUBHUM Y BUPILLEHHI Npobnem, NoB’A3aHMX i3 NoCTa4aHHAM
rigpodobHUX XimioTepaneBTUYHNX NpenapariB 40 MYXIMHHUX TKaHWH. OgHak ABOMa OCHOBHUMYM Npobnemamu, siki BUHMKaloTb 3a KniHid-
HOTO MiKyBaHHS paKy 3 BUKOPUCTaHHAAM HaHOYACTUHOK, € reNaTOTOKCUYHICTb i NPUrHIYEHHSI KDOBOTBOPHOT CUCTEMM, LLIO MOXKE 0BMEXUTH
X MeanyHe 3acTocyBaHHs. PaHille BCTaHOBNEHO, Lo noxigHe Tiaszony N-(5-6eH3nn-1,3-Tia3on-2-in)-3,5-gumetun-1-6eHsodypaH-2-
Kapbokcamig y KoMnnekci 3 noniMepHUMMN HAHOHOCIAAMU (HAaHOMILLeNamMm) Ha OCHOBI NMONIETUIEHINIKOMI0 AEMOHCTPYBAaro NigBULLEHWUIA
piBEHb LIMTOTOKCUYHOCTI LWOAO cneuundiyHnX NiHid NyXNMHHUX KNITUH MenaHomu, rmiobnactoMu, renatokapuyuHOMU, NENKO3Y TOLLO.
Lla cnonyka Ta ii koMnnekey 3 noniMepHUMM HaHOMILIENaMU iICTOTHO 3MIHIOBaIM aKTUBHICTb aHTUOKCUOAHTHUX EH3UMIB Y KITiTMHAX niMdomu.
ToMy MeTOI0 LbOro AocnigXeHHs1 6yno BUBYMTM BMAMB NOXiAHOrO Tia3ony y KOMMMEKCi 3 NoNiMepHUMN HAaHOMILLeNnaMuy Ha OCHOBI
nonieTUNEHrNIKomno Ha renaTtoumuTu (KNiTUHW NEYiHKK) MULLEN, sikuM Byno imnnaHToBaHo nimdomMy Hemet-KenHepa. KnituHu nimcomum
HewmeT-KenHepa npuviiennioBan METOAOM BHYTPILLHbOYePeBHOI iHOKynsLji. Ha 14—16-1 AeHb po3BUTKY MyXJIMHW MULLEN HAapKOTW3yBa-
nn aieTmnoBum edipoM, AekaniTyBanu, BUAANSanu neviHky Ta romoreHidyBanu. [JocnimkyBaHi cnonykn — noxigHe Tiasony, noniMepHa
HaHoMiLena Ha OCHOBI NONIETUMEHINIKOSI0 Ta KOMMNEKC NOXiAHOro Tia3ony 3 HAHOMILLENOHo B KiHUEBIN koHUeHTpauii 10 vkM — gonasa-
N1 0o 3paskiB NeviHkK Ta iHkyOyBanu npotsirom 10 xB. Y romoreHari neviHkv nig Aieto JocnimKyBaHUX CNonyk in vitro BU3Ha4anu aktme-
HICTb TAKUX EH3UMIB CUCTEMMU aHTUOKCULAAHTHOIO 3aXUCTY, ik CynepokcuaaMcMyTasa, katanasa, ryraTioHnepokcuaasa. BectaHoeneHo,
Lo Hi noXigHe Tia3ony, Hi HaHOMiILena, Hi IXHiN KOMNNEKC He 3MIHWUMM aKTUBHOCTI aHTMOKCUAAHTHUX EH3UMIB Y renaToumTax Muemn
3 nimdpomoto. [NoxigHe Tia3ony Ta Moro KOMNEKC 3 HaHOMILenamy Manu obmMexeHi HeraTMBHiI MOBIYHI eddekTn y MuLLen 3 NiMdomoto.
[ocnigxyBaHi cnomnyku He Bynu renaToTOKCUYHUMM LLOAO KIITUH NEYiHKN MULLEN.

Kno4yoBi cnosa: npoTunyxnuHHi npenapaTy, HAHOMILLENW, renaToTOKCUYHICTb, aHTUOKCUAAHTHa cuctema
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DOI: 10.15407/animbiol25.03.003.
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The study was aimed at establishing the presence of
MC4R (c.1426 A>G) gene polymorphism among the popula-
tion of immunologically castrated and native gilts (Large White
x Landrace) x Maxgro. Asp298Asn polymorphism affects the
economic rate of growth and fattening productivity of commer-
cial lines of pigs. Since the polymorphism of the MC4R gene
correlates with the concentration of androstenone, skatole,
and indole, the possible use of polymorphism as a molecular
DNA marker MC4R for genetic selection in order to reduce
the level of boar odor in gilts meat and fat. This will establish
which alleles and genotypes in general will be determined
as desirable in the marker dilution of hybrid pigs. With this in
mind, the purpose of the study was to determine the effect
of the MC4R genotype on fattening performance indicators
and correlation with boar odor in hybrid gilts based on popu-
lation-genetic variability. Genomic DNA was isolated from the
ear hair follicle of native gilts (h=42) and epithelial tissue from
the ear of immunologically castrated ones (n=52). Genotyping
was performed using polymorphism of the lengths of restrictive
fragments (RFLP). Genetic-correlation parameters for native and
immunologically castrated gilts were evaluated by ADG/AGE30
and ADG/AGE100. However, the polymorphism of the c.1426
A>G gene did not significantly affect the ADG/AGE100 per-
formance of hybrid gilts. The predominance of the frequency
of allele A (0.55) is established above the frequency of the
allele G (0.45). Analysis of the frequency distribution of gen-
otypes showed the saturation of micropopulation with hetero-
zygotes AG (0.51) with a small proportion of GG carriers (0.19).
Immunologically castrated and uncastrated gilts with an MC4RA
allele are characterized by a sufficiently high ADG/AGE100 and
are probably characterized by a high level of boar-specific odor
compared to gilts with lower ADG/AGE100 with an MC4R®¢
allele. According to the data obtained, the desired genotype
for an equilibrium of the concentration of boar odor without
compromising physiological development, growth rate, and pro-
ductivity formation is heterozygous offspring with the MC4RA¢
genotype.

Key words: hybrid gilts, (Large White x Landrace) x Maxgro,
native gilts, immunologically castrated gilts, polymorphism, MC4R,
Asp298Asn, ADG, AGE30, AGE100, boar smell, genotype, allele,
PCR-RFLP analysis
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Introduction

The melanocortin-4 receptor (MC4R) gene encodes
a membrane-bound receptor protein and is a member of
the melanocortin receptor family of genes [6, 13]. One
of the popular drawbacks of raising gilts is the presence
of boar taint, an off-odor present in heated meat or fat.
The main compounds of this odor are androstenone,
skatole, and indole [1, 8, 14]. In addition to management
strategies of the genetics selection toward lower boar
taint incidence could help pig farmers to shift toward
raising gilts and boars. An important candidate polymor-
phism that could serve as the molecular marker is the
Asp298Asn polymorphism of the MC4R (c.1426 A>G) gene.
The Asp298Asn polymorphism of the melanocortin-4
receptor (c.1426 A>G) in pigs to affect economically im-
portant traits such as AGE100. this missense mutation
Asp298Asn is associated with increased ADFI, in-
creased ADG, and decreased lean meat percentage [14].
Breeds of pigs with a low lean meat percentage, to have
high levels of boar taint and back fat thickness is cor-
related with androstenone and skatole levels in fat [4,
9, 14]. Therefore, | assume that the Asp298Asn poly-
morphism of the MC4R gene could serve as a possible
marker for boar taint. Allele ¢.1426 A>G* is characteristic
of pigs with lower lean meat percentages and possibly
have higher levels of boar taint compared to pigs (al-
lele c.1426 A>G®) with higher lean meat percentages.
The interest of the study was the search for associa-
tions of the MC4R polymorphism, especially when one
genotype is overrepresented in the population of hybrid
pigs. Ascertain assess of genetic selection toward lower
boar taint levels is possible in the meat and lard of
female pigs by using the MC4R marker in commercial
pigs, without compromising growth. Scientists assessed
the main effects and possible interactions between sex
and MC4R genotype in homozygous boars and gilts
of the AA and GG genotype. The concentrations of the
3 boar taint compounds androstenone (P=0.044), ska-
tole (P=0.049), and indole (P=0.006) were significantly
higher in the fat of boars with the MC4RA* genotype
compared to boars with the MC4R&¢ genotype. An inter-
action between genotype and sex was evaluated for the
parameter ADG (P=0.044): boars with MC4R” geno-
type had a significantly higher ADG than MC4R®¢ boars
but there was no significant difference between the gilts.
Daily lean meat gain was higher in boars compared to
gilts (P=0.051), independent of genotype. Genotype and
sex affected the quality parameters of the carcass.
It is established that the compound causes the smell of
boar, and meat quality was not affected by genotype.
The results of the study show that pork of gilts was darker
(P=0.014) and less exudative during cooking (P<0.001)
and contained more intramuscular fat (P=0.013) [11, 14].
In this regard, the interest was to assess if genetic
selection toward lower boar taint levels is possible by
using this marker in hybrid gilts and assess the correlation
of productivity indicators with the smell of boar.

The Animal Biology, 2023, vol. 25, no. 3

According to the analyzed scientific sources, world
scientists, we concluded that the productivity of pigs is
determined by the genotype inherited from the parents.
It was analyzed, according to world literary sources, that
pigs with the desired genotype under certain conditions
are characterized by unexpectedly worse productivity
compared to parents carriers of genotypes with lower
or higher productivity [3, 7, 10, 12].

The objective of the present study was to examine
if there were any associations between variations in the
MC4R gene with signs of fattening productivity in a com-
mercial native and immunologically castrated gilts popu-
lation in Ukraine based on population-genetic variability.

Materials and Methods

The hair follicle and epithelial tissue samples were
collected from hybrid pigs of the (Large White x Landra-
ce) of ages (10-12 months) and of different groups: im-
munologically castrated (n=52) and uncastrated (n=42)
kept at the Globyno Pig Complex. Hair follicle samples
from the ear of pigs were collected using tweezers or
simple plucking by hand. Appropriate measures were
observed to avoid contamination of the hair samples.
The hair samples were placed in an “Eppendorf’-type
test tube, carefully labeled, and stored at a temperature
of —20°C in a laboratory of genetics, at the Institute of
Pig Breeding and Agro-Industrial Production NAAS.
120-150 pL of 20% Chelex-100 suspension was add-
ed to the contents of the test tubes and incubated for
6 hours at 56°C. After shaking the test tubes on Vortex,
they were placed in a solid-state thermostat and incu-
bated for 8 min at a temperature of 98°C. DNA solution
samples were stored at —20°C [5]. Isolation of DNA from
epithelial tissue was carried out using a set for the iso-
lation of nucleic acids DNA-sorb-B of the manufacturer
InterLab Service-Ukraine LLC [2].

PCR amplification of porcine MC4R gene fragment

The PCR components include 12.5 ng of genomic
DNA, 1.25 pl of 1x PCR buffer, 1.0 yl MgCI2, 1.25 pl
dNTPs, 0.25 pl of each primer, and 0.4 ul Tag DNA
polymerase (ThermoFisherScientific™), ultrapure ster-
ile water — 5.0 uL and the final volume of the template
DNA 7.6 pL. The total volume of PCR mixture with
genomic DNA is 17 uL/1 sample. For the amplification
of specific MC4R gene fragments, the following prim-
ers by were used: Forward: 5 — TAC CCT GAC CAT
CTT GAT TG-3', 157.4 ug, 26.0 nmol and Reverse:
5'— ATAGCAACAGAT GATCTC TTT G-3',171.8 pg,
25.5 nmol. The components were subjected to the
following cycling profile: 3 min at 94°C; 31 cycles at
94°C — 25 min; 64°C — 26 sec; 40 sec at 72°C; and
a final 2-minute extension at 72°C in a thermal cycler
(TERTSYK, DNA Technology). Gel documentation was
done after subjecting the amplicons to electrophoresis
on 2% agarose gels.
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Analyses of SNPs in the MC4R gene

The restriction Fragment Length Polymorphism (RFLP)
method was used to detect polymorphisms in the MC4R
(rs81219178) gene, using endonuclease Taql (Thermo-
FisherScientific™) as the restriction enzyme. Enzymatic
digestion was performed in a final volume of 15 L, in-
cluding 5 pL (~0.1-0.5 pg of DNA) of the PCR product,
0.2 pL of Tagl endonuclease (ThermoFisherScientific™),
and 2.8 L Buffer 10x, together with nuclease-free water
to reach final volume 7.0 uL. Samples were incubated at
65°C, time — 1 h 50 min for MC4R (Taql). Electropho-
retic separation of DNA fragments was carried out in 8%
polyacrylamide gel in 1x TBE buffer, at current strength
(5V/cm) gel length. Visualization of restriction products
was carried out by dyeing bromide ethidium and view-
ing on the transilluminator in UV light (MicroDOC Gel
Documentation Digital camera with UV Transilluminator,
Cleaver Scientific).

Results and discussion

DNA typing of the studied groups was carried out
on the uncastrated (n=42) and immunologically cas-
trated hybrid pigs (n=52) for SNP MC4R (c.1426 A>G).
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Fig. 1. Electrophoregram of Taq | restriction products
of MC4R (c.1426 A>G) locus DNA in 8% PAAG.
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DNA typing involves identifying allele gene variants al-
leles of which are characterized by restriction fragments
the size of base pairs (bp). Fragments of the resulting
electrophoregram (fig. 1-2): Track — 1, 3, 4, 6, 7, 8, 10,
12, 14, 15, 18, 20, 24—26 with genotype c.1426AG (70
bp.); 2,5,9, 11,13, 16, 17, 19, 22, 23, 28-30 with geno-
type ¢.1426AA (220 bp); 21, 27 with genotype ¢.1426GG
(150 bp.). Size of DNA fragments in (bp) major allele
MC4R c.1426G (150+70); DNA fragment size in (bp)
of the MC4R c.1426A minor allele (220).

According to the results of the electrophoregram
(fig. 1-2) it is observed that the studied hybrid piglets are
predominantly heterozygous in genotype MC4RA¢,

Homozygous AA and homozygous GG boars and
gilts were produced by crossing hybrid sows (geno-
type AG; Genetics, Hermitage) with Maxgro terminal
boars (also genotype AG).

The analysis of fattening productivity was carried
out according to the results of control cultivation up to
100 kg according to the following indicators: the age the
birth weight, adjusted 30-day weaning weight (AGE 30),
average daily gain (ADG), and growth rate (AGE 100)
of gilts; time spent in the rearing group, days; time spent
in the fattening group, days (table 1).

Genetic correlations for native gilts by ADG/AGE30
parameters with MC4RA* genotype are +0.67 in relation
to MC4RA¢ genotype and +0.101 in relation to MC4R¢®¢
genotype. Immunologically castrated gilts are evalu-
ated according to the same parameters: with MC4RA
genotype are +0.47 in relation to MC4RA¢ genotype
and +0.138 in relation to MC4R®® genotype. In relation
to the ADG/AGE100 parameters, the correlation in im-
munologically castrated gilts with respect to native gilts
with genotype MC4R* is ADG +0.77 and for AGE100
-5 days; for pigs with MC4RA® genotype are ADG +0.85

Table 1. Effect of MC4R genotype on fattening productivity
parameters in gilts

Trait Locus genotype
I. Native gilts MC4RM  MC4RA¢ MC4Ree
(n=11)  (n=22) (n=9)
ADG, g/day 0.748 0.681 0.647
AGE30, day 30 30 30
ADG, g/day 0.940 0.845 0,774
AGE100, day 142 151 159
Time spent in the rearing group, days 44 44 44
Time spent in the fattening group, days 107 107 107
RL, % 1,287 1,262 1,255

MC4RM MC4RA® MC4Re¢

Il. Immunologically castrated gilts (n=18)  (n=25)  (n=9)

ADG, g/day 0.797 0.750 0.659
AGE30, day 30 30 30
ADG, g/day 1.017 0.930 0.753
AGE100, day 137 143 154
Time spent in the rearing group, days 44 44 44
Time spent in the fattening group, days 107 107 107
RL, % 1.342 1.312 1.199

Note. ADG — average daily gain; AGE — average daily gain;
RL — relative gain.
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and for AGE100 -8 days; for MC4R®¢ genotype are
ADG -0.21 and for AGE100 +5 days. Immunologically
castrated and uncastrated gilts with the MC4R* allele
are characterized by a sufficiently high ADG/AGE100
and could possibly have higher levels of boar taint com-
pared to gilts with lower ADG/AGE100 (MC4Re allele).
Genotyping of micropopulation of hybrid gilts (Large
White x Landrace) x Maxgro SPE “Globinsky pig com-
plex’ LLC showed that the MC4R (c.1426A>G) locus is
polymorphic, the level of which turned out to be sufficient
to be able to search for the connection of individual gen-
otypes with performance indicators and for associative
research. This is indicated by the value of the calculated
index of the polymorphic information content of the
locus (0.37) (table 2). The predominance of frequency
of allele A (0.55) over allele G (0.45) was established.
Analysis of the distribution of frequencies of gen-
otypes showed the saturation of micropopulation with
heterozygotes AG (0.51) with a small proportion of
GG carriers (0.19). Animals with the homozygous gen-
otype AA (0.30) accounted for almost a third of the
sample analyzed. The resulting spectra frequency gen-
otypes indicate that animals behind this locus are not
subject to both targeted and situational selection in this
farm, and therefore the herd is not consolidated accord-
ing to the marker under study, which creates favorable
opportunities for marker-auxiliary selection according to
MC4R (c.1426A>G). No probable difference was found
in the distribution of actual frequencies genotypes from
the theoretically possible x2 method according to Hardy-
Weinberg. There is a slight advantage of the actual het-
erozygosity value (0.509) over the expected (0.495).
To test the working hypothesis about the existence
of a significant effect of individual genotypes of the locus
¢.1426A>G on the formation of fattening characteristics
of gilts (Large White x Landrace) x Maxgro dispersion

analysis of the obtained experimental results was ap-
plied (table 3).

For the sample of pigs (Large White x Landra-
ce) x Maxgro, a probable association of genotypes ac-
cording to the studied polymorphism of the melanocortin
receptor gene with an indicator of average daily gain
(P<0.05) is shown, and the breeding index of fattening
qualities (P<0.01), and the parameters of the influence
of the genetic factor on the studied trait were 32.14%,
67.69%, and 8.81%. The lowest ADG score was ob-
served in homozygous pigs on the G allele, while the
highest average daily gains were characterized by pigs
of heterozygous genotypes. By ranking the selection
index of fattening qualities, in which the indicators of
average daily weight gain are laid, the group of carrier
animals of the AA genotype had a significant advantage
over each of the other groups. No statistically signifi-
cant effect of MC4R (c.1426A>G) on age gain of 100 kg
and ADG in the studied micropopulation of pigs (Large
White x Landrace) x Maxgro was found.

An experiment was designed to study the effect of
MC4R genotype, on the parameters of fattening produc-
tivity and boar taint levels in commercial female pigs.
The data obtained will form the basis for the development
of a methodology for assessing the projected efficacy
of SNP MC4R in the population of commercial pigs.

The studied herd of native and immunologically
castrated gilts was successfully genotyped for the
¢.892A>G (p. Asp298Asn) single nucleotide polymor-
phism (SNP) by using Tagl PCR-RFLP methods. This
SNP was significantly associated with (P<0.00017***),
(P<0.017*).

The results indicate that genetic selection against
boar taint is possible using the MC4R marker. Perhaps
this will lead also result in lower feed intake and ADG
and, consequently, better carcass quality.

Table 2. The gene frequency of MC4R (c.1426 A>G) in the transboundary breed of gilts (Large White x Landrace) x Maxgro

Genotypes Gene frequency
Ho He PIC X Fis
AA GG AG A G
0.30/0.30 0.19/0.20 0.51/0.49 0.55 0.45 0.509 0.495 0.37 0.092 -0.029

Note. Ho — actual heterozygosity; He — expected heterozygosity; x? — deviations between empirical and theoretical frequencies of genotypes
relative to the Hardy—Weinberg law; PIC (polymorphic information content) — index of the polymorphic information content of the locus;

Fis — Wright fixation index.

Table 3. Association of individual genotypes of the MC4R (c.1426A>G) locus with the productive performance of gilts

X+Sx X+Sx X+Sx
Performance indicators 02,% P
GG AG AA
Age of reaching live weight of 100 kg, days 156.545,04 146,96+2.51 139.5+2.91 32.14 0.07
Average daily gain, g 763.5+£10.68 887.5£7.43 978.5+7.26 67.69 0.00017***
Breeding index of fattening qualities 96.84+2,16 96.95+2 44 104.84+1,85 8.81 0.017**

Note. N? — impact strength indicator; P — significance indicator; *** — P<0,01, ** — P<0,01, * — P<0,05 by the criterion of Fisher’s significance;

X — average for intra-breed type; +Sx — arithmetic mean error.

The Animal Biology, 2023, vol. 25, no. 3
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Acouiauisa nonimopdizmy Asp298Asn reHa MC4R 3 BigroaisenbHO NPOAYKTUBHICTIO

B iMyHOﬂOFi‘-IHO KacTpoBaHUX Ta HATUBHUX CBUHOK

€. O. lNoyepHsiesa, K. @. lNoyepHsies, I. b. baHbKOBChKa
yelyzavetapocherniaieva@gmail.com

IHCTUTYT cBMHapcTBa i arponpomuciioBoro BUpobHuutea HAAH,
Byn. LLiBeacbka Moruna, 1, m. MNMonTaea, 36013, YkpaiHa

HocnimxeHHs 6yno cnpsiMoBaHe Ha BCTAHOBIEHHS HasiBHOCTI nonimopdiamy reHa MC4R (c.1426 A>G) cepen nonynsuii iMyHo-
NOriYHO KaCTpOBaHUX Ta HATUBHUX NIACBUHKIB (Benvka 6ina x naHgpac) x Maxgro. Monimopdiam Asp298Asn BnNnvBae Ha €KOHOMIY-
HWUW NOKa3HWK LUBWAKOCTI POCTY Ta BiAroAiBenbHy NPOAYyKTUBHICTb KOMEpPLIMHUX MiHi cBuHen. Ockinbkun nonimopdiam reHa MC4R
KOperntoe 3 KOHLEeHTpaLieto aHAPOCTEHOHY, cKaTony Ta iHAOMNY, TO MOXIMBE BUKOPWUCTaHHA nomiMopdiamy sik monekynapHoro OHK-
Mapkepa Ans reHeETUYHOTO BiAOOPY 3 METOK 3HWXKEHHS PIBHA 3anaxy KHypa y M’ACi Ta cani CBUHOK JO3BONWUTL BCTAHOBUTY, Ski aneni
Ta reHoTUNK 3aranom GyayTb BU3HaYEHI sik 6axaHi y MapkepHOMY po3BedeHHi ribpuaHux cBuHel. 3 ornaay Ha Le, METO NPOBeAEHOrO
pocnigkeHHs 6yno BusHaumTy Bnnve reHotuny MC4R Ha noka3Huku BigroaiBenbHOi NpoayKTUBHOCTI Ta KOPEnsLIio i3 3anaxoM KHypa
y ribpuaHUX NiACBMHKIB HA OCHOBI NONYNAUINHO-reHETUYHOI MiHNMBOCTi. FeHoMHy [IHK BuAainunu 3 BonocsiHoro donikyna Byxa HaTvB-
HUX (N=42) Ta eniTenianbHOI TKAHWHW 3 ByXa iMyHOIOrYHO KacTpoBaHUX NiACBUHKIB (N=52). leHOT1NyBaHHS NPOBOAUIM 3a AONOMOro0
nonimopaiamy JOBXWH pecTpuKTHUX doparmeHTiB (MJ1P). MeHeTnko-kopensuiiHi napaMeTpu Ans HaTUBHKX Ta iMyHOMOFYHO KacTpoBa-
HUX NiACBUHKIB oLiHIoBanu 3a nokasHnkamm ADG/AGE30 ta ADG/AGE100. Npote nonimopgiam reHa ¢.1426 A>G He BMnUHYB CYTTEBO
Ha nokasHukn ADG/AGE100 ribpuaHux niaceuHkiB. BctaHoBneHo nepeBaxaHHsi Yactotu anenst A (0,55) Hag yacTototo anens G (0,45).
AHania po3noginy 4acToT reHOTMMIB NMoKasaB Hacu4eHICTb Mikpononynsuii rereposurotamm AG (0,51) 3 HeBenuKkoto YacTkoto HociiB GG
(0,19). IMmyHOMoriYHO KacTpoBaHi Ta HekacTpoBaHi MiacBMHKM 3 anenem MC4RA xapakTepusytoTbes ocTaTtHbo Bucokum ADG/AGE100
i, IMOBIPHO, MalOTb BUCOKUI PiBEHb Crieumndi4YHOro 3anaxy KHypa nopiBHAHO 3 NigcBUHKamu 3 Hx4mm ADG/AGE100 3 anenem MC4R®.
3rigHo 3 OTPUMaHVMK AaHUMK, BaXKaHUM reHOTUMOM AfA PiBHOBAr KOHLUEHTpaLli 3anaxy kHypa 6es Lwkoau ¢isionoriyHoro po3sumTky,
LUBUAKOCTI POCTy Ta hopMyBaHHSA NPOAYKTUBHOCTI € reTepO3NroTHe MOTOMCTBO 3 reHoTunom MC4RAG.

KntouoBi cnoBa: ribpuaHi cBuHkn, (Benuka 6ina x nangpac) x Maxgro, HaTMBHI NiJCBUHKM, iMYHOMOTYHO KAaCTPOBaHi MiACBUHKM,
nonimopdiam, MC4R, Asp298Asn, ADG, AGE30, AGE100, 3anax kHypa, reHotun, anens, aHania MNP-NarPo

Pocherniaieva Y, Pochernyayev K, Bankovska |. Association of the Asp298Asn polymorphism in the MC4R gene with fattening productivity

of immunologically castrated and uncastrated gilts. Biol. Tvarin. 2023; 25 (3): 8—12. DOI: 10.15407/animbiol25.03.008.
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This study investigated the influence of thiosulfonate esters,
specifically S-ethyl-4-aminobenzenethiosulfonate (ETS), S-allyl-
4-aminobenzenethiosulfonate (ATS), and S-allyl-4-acetylamino-
benzenethiosulfonate (AATS), at a dose of 50 mg/kg body weight
on the antioxidant defense system in rat kidneys. The kidneys
are essential organs involved in maintaining metabolic homeo-
stasis and they are constantly exposed to reactive oxygen
species (ROS) and oxidative stress. The effectiveness of the
antioxidant defense system was evaluated by measuring oxida-
tive stress markers, including lipid peroxidation (LPO), as well as
the activity of key antioxidant enzymes, such as catalase (CAT),
superoxide dismutase (SOD), glutathione peroxidase (GP),
glutathione reductase (GR), and the level of reduced glutathi-
one (GSH). Dysfunction of oxidant protection was observed
with an oily diet, characterized by an increase in lipid hydroper-
oxide levels, a decrease in the SOD and catalase activity, and
a decrease in the antioxidant activity of the entire glutathione
chain. Administration of thiosulfonates, especially ETS and
AATS, helped stabilize antioxidant protection. The beneficial
antioxidant effects of thiosulfonates can be partially explained
by their ability to prevent the formation of free radicals, can
intercept, neutralize reactive oxygen species and other harm-
ful substances that can damage body cells.

Key words: S-ethyl-4-aminobenzenethiosulfonate, S-allyl-
4-aminobenzenethiosulfonate, S-allyl-4-acetylaminobenzene-
thiosulfonate, kidneys, antioxidant system

Introduction

Organosulfur compounds (OSCs) are natural com-
pounds found in various Allium species, known for their
diverse biological activities such as antimicrobial, anti-
oxidant, anti-inflammatory, antidiabetic, anticarcinogen-
ic, and antispasmodic effects. These compounds have
gained attention in the agri-food industry as potential
alternatives to synthetic preservatives. However, before
their widespread use in the food industry, it is essential
to assess their safety according to the guidelines provided
by the European Food Safety Authority (EFSA).

Thiosulfonates are a class of chemical compounds
that contain a sulfonate group (—SO;) and a thiosulfon-

The Animal Biology, 2023, vol. 25, no. 3

ate group (-S—S0O;). These compounds have potential
applications in various fields, including:

e Industry. Thiosulfonates are used in industrial
processes as stabilizers, antioxidants, pH regulators,
corrosion inhibitors, and more. They can be employed
in the production of plastics, paints, detergents, pharma-
ceuticals, and other products [24].

o Agrochemistry. Some thiosulfonates have potential
applications in agriculture as fungicides, insecticides, and
herbicides. They can be used to control harmful organ-
isms such as fungi, insects, and weeds, and improve
crop yield [12].

¢ Medicine. Certain studies have indicated potential
medical applications of thiosulfonates. For instance,
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some thiosulfonates are being investigated as antitumor
agents due to their ability to impact the growth and prolif-
eration of cancer cells. Additionally, some thiosulfonates
have demonstrated anti-inflammatory and antioxidant
activities, which could be beneficial in treating oxidative
stress-related diseases [2, 22].

o Electrochemistry. Thiosulfonates can also find appli-
cations in the field of electrochemistry. They are used as
electrolytes in batteries, electrolytic processes, and other
electrochemical applications [7].

Considering the potential applications of thiosulfonates,
it is important to also consider their toxicity, environmental
impact, and safety of use [14, 23].

The kidneys play a crucial role in toxin elimination
and are involved in the regulation of water and elec-
trolyte balance, as well as blood filtration. Studying the
antioxidant system of the kidneys in the context of thio-
sulfonate research is essential because the antioxidant
system is a key defense mechanism against oxidative
stress, which can be induced by certain chemical sub-
stances, including thiosulfonates [8, 16].

Oxidative stress occurs when the level of free radi-
cals and other reactive oxygen species exceeds the ca-
pacity of the antioxidant system to neutralize them. This
can lead to cell and tissue damage, including in the kid-
neys. Thiosulfonates not only inhibit oxidative processes
within cells but also stimulate the expression of genes
that produce enzymes involved in the antioxidant de-
fense system. One important target within cells for these
compounds is redox-sensitive transcription factors,
specifically antioxidant-responsive elements (ARE).
By modulating the expression of genes regulated by ARE,
thiosulfonic acid esters can exert cytoprotective effects.

In thiosulfonate studies, investigating the antioxidant
system of the kidneys and spleen allows for an assess-
ment of whether these compounds can induce oxidative
stress and cellular damage in these organs. Research
may involve measuring the levels of antioxidants such as
glutathione, superoxide dismutase (SOD), catalase, and
other antioxidant enzymes, as well as evaluating the levels
of oxidative markers such as malondialdehyde (MDA) [17]
or reactive oxygen species (ROS). In our study, we inves-
tigated the radical scavenging and antiradical activities of
S-ethyl-4-aminobenzenethiosulfonate (ETS), S-allyl-4-
aminobenzenethiosulfonate (ATS), and S-allyl-4-acetyl-
aminobenzenethiosulfonate (AATS) in vivo to establish
the relationship between their structure and activity.

Based on the aforementioned information, the ob-
jective of our study was to investigate the impact of
various sulfur-containing compounds, specifically ETS,
ATS, and AATS, on the antioxidant defense system in
the kidneys of rats.

Materials and Methods

Our study focused on investigating the biological
effects of S-ethyl-4-aminobenzenethiosulfonate (ETS),
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S-allyl-4-aminobenzenethiosulfonate (ATS), and S-allyl-
4-acetylaminobenzenethiosulfonate (AATS). These com-
pounds were synthesized at the Department of Technolo-
gy of Biologically Active Compounds, Pharmacy, and
Biotechnology of the Lviv Polytechnic National University
following a previously described protocol. The dosage
and duration of administration were determined based on
our previous studies [12]. The selected doses of thiosul-
fonates was 50mg/kg of body weight, administered orally
for a period of 21 days to white male Wistar rats weighing
between 190 and 210 g. The research was conducted
at the Laboratory of Biochemistry of Animal Adaptation
and Ontogeny, Institute of Animal Biology NAAS (Lviv,
Ukraine). The study was conducted following the general
ethical principles of animal experiments established by
the First National Congress on Bioethics (Kyiv, Ukraine,
2001) and in accordance with the provisions of the “Euro-
pean Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes”
(Strasbourg, France, 1986). Permission to conduct the
study was obtained from the Bioethics Committee of the
Institute of Animal Biology NAAS (Protocol no. 128 from
February 27, 2023). The animals were housed in a vivari-
um with suitable lighting and temperature conditions.

Each experiment involved dividing the animals into
four groups, each consisting of 5 rats: | group served as
the control; Il, 111, IV, and V groups were experimental.
The control group (1) did not receive any substances,
while the experimental groups (I, Ill, IV, and V) were ad-
ministered either oil or an oil solution of thiosulfonates.

Both the control and experimental groups were pro-
vided with standard pelleted food for laboratory rats.
The animals in the experimental groups were given
500 pL of either oil or an oil solution of thiosulfonates.

The activity of superoxide dismutase (SOD) was
measured by the reduction of nitrotetrazolium blue by
superoxide radicals. The results were expressed in
arbitrary units per 1 mg of protein.

To determine the activity of catalase (CAT), the ability
of hydrogen peroxide to form a stable colored complex
with molybdenum salts was utilized. The CAT activity was
expressed as the reduction in hydrogen peroxide content.

The activity of glutathione peroxidase (GP) was deter-
mined by the rate of glutathione oxidation during its interaction
with tert-butyl hydroperoxide. The GP activity was expressed
in nmol of glutathione per minute per 1 mg of protein.

The activity of glutathione reductase (GR) was mea-
sured by the decrease in oxidized glutathione content during
its interaction with NADPH. The GR activity was expressed
in umol of oxidized NADP per min per 1 mg of protein.

To determine the level of free glutathione (GSH),
the reaction of GSH with 5,5'-dithiobis-2-nitrobenzoic acid
was employed, resulting in the formation of a colored
product. The GSH content was expressed in millimoles
per gram of tissue [11].

After conducting the experiments, the data were
statistically analyzed using the Microsoft Excel software,
employing the one-way method.
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The statistical analysis was performed using Microsoft
Excel 2013. The results were presented as the MeantStan-
dard Error of the Mean (M+SEM). To assess the signifi-
cance of the differences between groups, one-way analy-
sis of variance (ANOVA) was conducted, followed by the
Tukey-Kramer test. Significance levels were categorized
into three gradations: * or # for P<0.1, ** or # for P<0.05,
and *** or ## for P<0.01. Differences were considered sta-
tistically significant at a significance level of P<0.1, which
spoke about the existence of a 10% probability that the
relationship found between the variables in the samples
is just a random feature of the given samples.

Results and Discussion

Lipid peroxidation and oxidative stress play a significant
role in the pathophysiology of kidney damage. Reactive
oxygen species (ROS) can induce oxidative damage to
cellular components, including lipids, proteins, and DNA,
leading to dysfunction and injury of renal cells [8].

One of the key mechanisms involved in lipid peroxida-
tion is the generation of lipid hydroperoxides, which are
highly reactive and can initiate a chain reaction of oxida-
tive damage in the kidneys [15]. The accumulation of lipid
hydroperoxides can lead to cellular dysfunction and
contribute to the development of kidney diseases.

The antioxidant defense system in the kidneys plays
a crucial role in maintaining the redox balance and pro-
tecting against oxidative stress. This system involves
various antioxidant enzymes, including superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxi-
dase (GPx), as well as non-enzymatic antioxidants like
reduced glutathione (GSH) [1, 9].

Studies have shown that increased ROS produc-
tion and impaired antioxidant defense mechanisms
can disrupt the pro/antioxidant balance in the kidneys,
leading to oxidative stress and tissue damage [5, 9].

The results of the research show that the level of lipid
hydroperoxides in the kidney homogenate of rats in
IV and V groups likely increased under the influence of
thiosulfonates compared to the control (table), by 61.4%

and 29.5%, respectively, with a probability of 1 and
10 percent. However, it should be noted that the rela-
tionship between the variables observed in the samples
may be a random feature of the specific sample (table,
fig. 1). This increasing trend is also observed when com-
paring with the group of rats that received oil. Therefore,
the thiosulfonates ATS and AATS may contribute to the
elevation of lipid hydroperoxide levels in the rat kidney
homogenate, indicating a potential induction of oxida-
tive stress in the animal’s body. Lipid hydroperoxides are
products of lipid peroxidation, which occurs when there
is an excessive presence of free oxygen radicals or
insufficient activity of antioxidant systems.

On the contrary, a probable decrease in the content
of TBC (thiobarbituric acid reactive substances)-active
products was observed in the kidney homogenate of rats
that received both oil and thiosulfonates compared to the
control group. This suggests that the oil, as a solvent,
may also provide protection against free radical damage
to the kidneys (table, fig. 2).

When there is an imbalance between the production
of reactive oxygen species (ROS) and the antioxidant de-
fense system, oxidative stress can occur, leading to lipid
peroxidation. Lipid peroxidation is a process in which re-
active oxygen species attack polyunsaturated fatty acids
in cell membranes, resulting in the formation of lipid
hydroperoxides. These hydroperoxides can then decom-
pose into various byproducts, including TBARS (thio-
barbituric acid reactive substances). Therefore, increased
levels of TBARS indicate higher levels of lipid peroxida-
tion and oxidative damage to cellular membranes [6].

Reducing oxidative stress would be expected to lead
to a decrease in lipid peroxidation and consequently low-
er levels of TBARS. By maintaining a balance between
ROS production and antioxidant defenses, it is possible
to mitigate the harmful consequences of oxidative stress
on cellular structures and functions.

In contrast to the level of lipid hydroperoxides in the
kidney homogenate of rats that received both oil and
thiosulfonates, a significant decrease in the content of
TBARS (thiobarbituric acid reactive substances)-active
products was observed compared to the control group.

Table. Indicators of antioxidant parameters of rat kidney homogenate (M+S.E.M., n=5)

Indicator | — Control Il — oil II—ETS IV —ATS V —AATS
SOD, U/mg of protein 28,00+0,61 18,55+0,23***  22,82+0,60**1## 2257+0,60]**1#*  19,89+1,26***
CAT, mmol/minxmg of protein 17,76+0,27 15,18+1,32| 17,3440,221* 16,86+0,48* 13,56+0,84 | **
GPx, nmol GSH/minxmg of protein 83,4612,51 52,97+3,95|*** 64,20+3,78|**1* 58,4414,27 |***  77,7812,91|**1##
GR, nmol NADPH/minxmg of protein 1,40+0,06 1,25+0,31 2,00+0,481**1* 0,88+0,11**|* 1,44+0,03
GSH (*10-"), mmol/g 3,3620,11 2,83+0,15)** 3,36+0,211# 2,15+0,10*** | ##*  4,39+0,071*1###
TBARS, nmol/g tissue 6,34+0,81 4,18+0,21** 4,72+0,13**1* 4,46+0,23|**1 3,63+ 0,22 *** | #
LHP, CU/g tissue 0,44+0,02 0,48+0,04 0,48+0,05 0,71+0,057***1### 0,57+0,041*1*

Note. here and further *-*** — P <,1; 0,05; 0,001 — the statistically significant difference in llI, IV, V, VI, VII groups compared to | group (control);
#—## — P< 0,1; 0,05; 0,001 — the statistically significant difference in Ill, IV, V groups compared to Il group.
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ATS —e— AATS

GSH GR

Fig. 1. Relative percentage deviation of the experimental groups
relative to the control, which we took as the zero reference

Fig. 2. The relative percentage deviation of the experimental groups
relative to the group that was fed pure oil, which we took
as the zero reference

This suggests that the oil, as a solvent, may introduce
and reduce the content of TBARS by 34% compared to
the control (see fig. 1). However, when comparing the ef-
fects of esters on the kidney homogenate relative to the oil
group, it was found that feeding rats ATS resulted in a sta-
tistically insignificant increase in TBARS, while feeding rats
ETS led to a statistically significant increase. On the other
hand, feeding rats AATS resulted in a statistically signifi-
cant reduction of 13.16% compared to the oil group, with
a significance level of P<0.1. This suggests that despite the
increase in the level of lipid hydroperoxides in the rat kidney
homogenate after the introduction of thiosulfonates into the
diet, the antioxidant system neutralizes the appearance of
free radicals and subsequent oxidation, thereby minimizing
oxidative stress and reducing the TBARS level. By main-
taining a balance between the production of reactive
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oxygen species (ROS) and antioxidant defences, it is
possible to mitigate the harmful consequences of oxi-
dative stress on cellular structures and functions.

Interesting patterns were also observed in the glutathi-
one antioxidant chain of free radical oxidation. Specifically,
a decrease in the activity of superoxide dismutase (SOD)
was observed in all experimental groups compared to the
control group (see table, fig. 1). This reduction in SOD
activity can disrupt the balance between ROS production
and antioxidant defences, resulting in an accumulation of
superoxide radicals and subsequent oxidative damage
to cellular structures. The reduction in SOD activity was
33.75% in the oil group, 18.5% in the ETS group, 19.39%
in the ATS group, and 28.96% in the AATS group. Howev-
er, comparing the effects of thiosulfonates with oil, it can
be observed that all thiosulfonates mitigate the reduction
in SOD activity (see fig. 2) and enhance antioxidant pro-
tection compared to the oil group. Specifically, SOD activ-
ity increases by 23% in the ETS group, by 21.67% in the
ATS group, and by 7.22% in the AATS group. This is con-
sistent with other studies, as thiosulfonates have been re-
ported to have varied effects on SOD activity. Some stud-
ies suggest that thiosulfonates can enhance SOD activity,
while others indicate a decrease in SOD levels. The spe-
cific impact may depend on the experimental conditions,
dosage, and the specific system being investigated [4, 6].

A decrease or increase in catalase levels can provide
insights into the oxidative status and the efficiency of
the antioxidant defence system in the body. Catalase
is an enzyme that plays a crucial role in breaking down
hydrogen peroxide into water and oxygen, thereby pro-
tecting cells from oxidative damage. Changes in catalase
levels can indicate alterations in oxidative stress levels
and the overall balance between reactive oxygen species
(ROS) production and antioxidant defence.

In this case, all groups showed decreased catalase
levels compared to the control. The largest decrease of
23.64% was observed in the AATS group, while the use of
oil led to a decrease of 14.52% in catalase levels. The use
of ETS and ATS resulted in a decrease of approximately
5% in catalase levels. These reductions in catalase levels
suggest a potential disruption in the antioxidant defence
system and an imbalance between ROS production and
antioxidant protection in the kidney homogenate of rats
treated with thiosulfonates or oil [1, 18].

A decrease in catalase levels can indicate a compro-
mised antioxidant defense system, which may lead to an
accumulation of hydrogen peroxide and other reactive
oxygen species (ROS). This reduction in catalase activity
can result in an impaired ability to neutralize oxidative
stress and may suggest an imbalance between ROS pro-
duction and antioxidant capacity. Additionally, decreased
catalase levels may indicate a higher susceptibility to
oxidative damage and an increased risk of oxidative
stress-related diseases [3, 10]. Since oil and oil solutions
reduce the level of catalase, we can conclude that the
main influence on this indicator is exerted by oil as an in-
dependent substance and a solvent for thiosulfonates.
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At the same time, thiosulfonates such as ETS and ATS
neutralize this oil effect, and an increase in catalase levels
when using these ethers relative to the oil group can in-
dicate an upregulation of the antioxidant defense system
in response to oxidative stress [13]. This upregulation of
catalase activity serves as a protective mechanism to miti-
gate the harmful effects of reactive oxygen species (ROS)
and maintain redox balance within cells, which is caused
by thiosulfonates compared to oil (see fig. 2).

A decrease in glutathione peroxidase (includes
both catalase and glutathione links) levels can indicate
a compromised antioxidant defense system, particularly
in the context of the cellular antioxidant enzyme network.
Glutathione peroxidase is responsible for the reduction
of hydrogen peroxide and organic hydroperoxides, utiliz-
ing glutathione as a co-substrate. Therefore, a reduction
in its levels may suggest an impaired ability to neutralize
peroxides and mitigate oxidative stress.

QOil solutions led to a decrease in the level of glutathi-
one peroxidase in all groups (see fig. 1) compared to the
control group. A decrease in glutathione peroxidase was
observed by 36.5% in the oil group (P<0.001), 29.97%
in the ATS group (P<0.001), 23.07% in the ETS group
(P<0.05), and 6.8% in the AATS group (P<0.05).

Adecrease in glutathione peroxidase activity can lead
to an accumulation of peroxides and reactive oxygen
species (ROS), which can contribute to oxidative damage
and disrupt cellular redox balance. This reduction may
also indicate a decreased capacity to protect against ox-
idative stress-related diseases and conditions. However,
a direct comparison with the oil group allows us to draw
conclusions about the antioxidant protection caused by
thiosulfonates. All thiosulfonates increase the glutathione
peroxidase level relative to the oil group by 10.32% (ETS),
21.2% (ATS), and 46.83% (AATS) (see fig. 2).

Glutathione reductase is a key enzyme involved in main-
taining the reduced form of glutathione, which is crucial for
neutralizing reactive oxygen species (ROS) and detoxifying
harmful substances. In the ail group, there is an insignificant
decrease by 10.31% in the level of this enzyme relative to
the control, but unlike the previous results, ATS does not
exhibit antioxidant properties. On the contrary, it further en-
hances the effect of oxidative damage relative to the control
group. The decrease in the level of glutathione reductase in
ATS is 37.4% relative to the control group, which is 29.6%
relative to the oil group (see fig. 1). A reduction in glutathi-
one reductase levels can lead to an accumulation of ox-
idized glutathione and a diminished capacity to regenerate
reduced glutathione. This imbalance can disrupt the anti-
oxidant capacity of cells, resulting in increased oxidative
stress and heightened vulnerability to oxidative damage.

Other thiosulfonates showed an antioxidant effect,
and this effect was so great that it completely compensat-
ed for the oxidizing effect of the oil, increasing the content
of glutathione reductase by 2.8% in the AATS group and
by 42.87% in the ETS group relative to the control group,
which was an increase of 15.2% and 60% compared
to the oil group, respectively.

The Animal Biology, 2023, vol. 25, no. 3

The last of the glutathione chain is reduced glutathione.
In the groups of animals that consumed oil and ATS in the
kidney homogenate, the level of GSH was reduced relative
to the control group by 15.77% and 36.01%, respectively.
A decrease in the content of reduced glutathione (GSH)
can indicate a disruption in the antioxidant defense system
and redox balance within cells. Here are some charac-
teristics associated with a decrease in GSH levels.

Impaired antioxidant capacity: GSH plays a crucial role in
cellular antioxidant defense by taking part in the reactive ox-
ygen species (ROS) reduction and neutralizing free radicals.
Adecrease in GSH content can result in reduced antioxidant
capacity, making cells more susceptible to oxidative damage.

Oxidative stress: Decreased GSH levels are often asso-
ciated with increased oxidative stress. GSH acts as a critical
cellular redox buffer, and its depletion can disrupt the balance
between pro-oxidants and antioxidants, leading to an ROS
accumulation and oxidative damage to cellular components.

Imbalanced redox status: GSH serves as a critical
regulator of the cellular redox status, maintaining a reduc-
ing environment inside cells. A decrease in GSH content
can disturb the redox balance and affect cellular signaling
pathways and redox-sensitive processes.

Impaired detoxification: GSH is involved in the detoxi-
fication of xenobiotics and harmful substances. Reduced
GSH levels can hinder proper detoxification processes,
leading to the accumulation of toxic compounds and
increased susceptibility to cellular damage.

It should be noted that ETS and AATS stabilized the
level of GSH. We did not observe differences in the level
of GSH between the ETS group and the control group.
The indicators in these groups differed only by mathemat-
ical expectation. However, AATS led to an increase in
the GSH indicator by 30% relative to the control group
and by 55.12% relative to the oil group [20].

Our data are consistent with the results of research by
other authors and indicate that oil, as a solvent, causes
a decrease in GSH content and may be the cause of dis-
turbances in the functioning of the glutathione link of antioxi-
dant protection. At the same time, thiosulfonates at different
stages, depending on the type, act as antioxidants, restore
antioxidant protection, and normalize oxidative processes.

Studies have reported a decrease in activity of the anti-
oxidant system following an oil diet. This reduction in activity
of the antioxidant system may be associated with oxidative
stress and the generation of ROS. It is important to note that
excessive consumption of certain types of oils, particularly
those high in omega-6 fatty acids, can lead to an imbalance
between pro-oxidants and antioxidants, thereby affecting
the activity of the antioxidant system and other antioxidant
enzymes. At the same time, thiosulfonates to varying de-
grees improved antioxidant indicators. Thiosulfonates can
react with reactive oxygen species, donating their electrons
and forming stable, less reactive compounds. This reduces
oxidative stress and prevents cell damage. In addition, some
thiosulfonates can activate enzymatic antioxidant defense
systems, particularly glutathione-S-transferase, which plays
an important role in the detoxification of harmful compounds.
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Genetic variations among breeds within a species can im-
pact not only productivity traits, such as milk yield and quality,
but also animal health, including fertility. This study aimed to
compare the reproductive characteristics of bucks from the
Saanen and Alpine breeds. Sperm concentration and motility
were assessed using light microscopy, viability was determined
using eosin-nigrosin staining, and morphological parameters
were evaluated using the Spermac Stain method. DNA frag-
mentation was measured using the Halosperm kit. Artificial
insemination of goats was conducted with fresh semen during
natural estrus. Statistical analysis was performed using the
Graph Pad Prism software. The results revealed that Alpine
bucks exhibited significantly higher semen volume, sperm con-
centration, viability, and motility (P<0.05). No significant differ-
ences (P=0,05) were observed between the breeds regarding
the number of spermatozoa with normal morphology and the
rate of DNA fragmentation. Cryobiological analysis of spermato-
zoa from Saanen bucks suggested a higher cryoresistance
compared to the Alpine breed. Following artificial insemination
of goats, the pregnancy rate for the Saanen breed was 61.8%,
which was twice as high as that observed in Alpine goats —
28.8% (P<0.05). These findings demonstrate significant dif-
ferences in reproductive characteristics between Saanen and
Alpine goats. Despite superior sperm characteristics, the preg-
nancy rate after artificial insemination was significantly lower in
the Alpine breed compared to the Saanen breed. Consequently,
it is crucial to consider these variations in essential reproduc-
tive characteristics when implementing breeding programs
and employing reproductive biotechnology in animal husbandry
to ensure their successful application and effectiveness.

Key words: sperm, reproductive characteristics, cryopreser-
vation, pregnancy, goats, bucks, Saanen breed, Alpine breed

Introduction

Breeding in livestock makes it possible to develop
breeds of domestic animals that have high productive
characteristics and allows to improve their genetic value
through breeding programs and reproductive biotech-
nology [5, 16]. Intraspecies genetic differences between

The Animal Biology, 2023, vol. 25, no. 3

breeds can affect not only productivity characteristics,
such as milk yield and its quality [8], but also animal
health, particularly fertility [15]. Saanen and Alpine
breeds of goats belong to the same species Capra ae-
gagrus hircus [1]. The Saanen goat breed is a Swiss
breed and is widely used in dairy farming due to its
ability to produce large quantities of high-quality milk.
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A common feature of this breed is its adaptability to dif-
ferent environmental conditions. The Alpine goat breed,
also known as the French Alpine or Alpine Chamois, is
originated from the French Alps. Alpine goats are known
for their milk production, adaptability, and endurance [17].
Sperm cryopreservation is widely used in animal
breeding as one of the methods of assisted reproduc-
tion, because it allows for more efficient animal repro-
duction [7, 18]. Cryotolerance of spermatozoa depends
on their initial morphological characteristics, such as
size and shape, and functional characteristics, such
as motility, DNA integrity, and membrane lipid compo-
sition, which are seasonally dependent [3; 11].
Considering the importance of these characteristics
when applying assisted reproductive technologies and
choosing the most promising ones for further breeding,
the study of reproductive peculiarities of different goat
breeds is an essential task. Therefore, the aim of our
study was to compare the sperm reproductive charac-
teristics of Saanen and Alpine breeds of bucks.

Materials and methods

All manipulations with animals and their biological
material were carried out according to the permission
of the Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine NAS of Ukraine (Pro-
tocol no. 1 from 28.01.2021) and in compliance with the
main provisions of the Law of Ukraine “On Protection
of Animals from Cruelty” (no. 3447-1V from 21.02.2006)
and the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Ejaculates were obtained using an artificial vagina and
a goat in estrus for attraction from four mature Saanen
bucks (n=48) and three Alpine bucks (n=36) once a week
during the breeding season (September-December)
at the “Tetyana 2011” farm (Cherevky village, Kyiv re-
gion, Ukraine). All animals were kept under the same
conditions and had the same nutrition [13].

The volume of semen was determined. The concen-
tration and motility of spermatozoa were counted using
a Makler chamber (Sefi medical instrument, Israel).
Sperm viability was assessed in stained with eosin-
nigrosin VitalScreen (FertiPro, Belgium) smears under
a light microscope (*400). The number of spermatozoa
with normal morphological parameters was counted un-
der a light microscope with a magpnification x1000 in the
smears, which were fixed and stained using the Spermac
Stain kit (FeriPro, Belgium) according to the manufac-
turer’s protocol. The level of DNA fragmentation was
determined using the Halosperm kit (Halotech, Spain)
according to the protocol provided by the manufacturer.

For the cryopreservation, sperm were isolated from
the seminal plasma by centrifugation for 10 min at 200g,
diluted with HEPES-based medium (WASH, IVF Biosci-
ence, United Kingdom) supplemented with 10% glycerol
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and 20% egg yolk to reach a final concentration of
200x%10°¢ sperm/ml. The sperm suspension was equili-
brated for 15 min at room temperature (25°C), loaded
into 0.25 ml straws (Minitube, Germany), and equilibrated
again for 2 h at 5°C, placed horizontally 4 cm above
the level of liquid nitrogen for 15 min, and then plunged
into liquid nitrogen. Thawing was performed on a water
bath at 37°C for 30 sec. The supernatant containing the
cryoprotectant was removed after centrifugation at 200g
for 5 min with 2 ml of washing medium (WASH, /VF Bio-
science, United Kingdom). Sperm motility and viability,
morphological characteristics, and DNA fragmentation
level were evaluated after cryopreservation.

To perform artificial insemination of Saanen (n=131)
and Alpine (n=78) goats aged 2-3 years in natural estrus,
the obtained fresh sperm after analysis mentioned above
was diluted with Andromed diluent (Minitube, Germany)
to achieve a final concentration of 200x108 sperm/ml,
loaded into 0.25 ml straws, and artificial insemination was
performed using the cervical method. After 60 days, ultra-
sound diagnostics was performed to detect pregnancy.

Statistical analysis was performed using Graph Pad
Prism software (GraphPad Software, USA). The data
were presented as meanzstandard deviation for all pa-
rameters except those related to pregnancy after artifi-
cial insemination. The data were tested for normality of
distribution using the Shapiro-Wilk test. To compare two
samples, a non-parametric test was used to compare
samples with non-normal distribution — the Mann-Whitney
U-test, the difference was considered significant at P<0.05.
Fisher’s exact test was used to compare the parameters
related to pregnancy, the difference was considered
significant at P<0.05.

Results and discussion

Comparing the parameters of the fresh semen of the
studied breeds, we found a significant difference between
the following reproductive characteristics: sperm volume,
concentration, sperm motility and viability (table 1).

Thus, the Alpine bucks had a significantly higher
semen volume, sperm concentration, sperm motility
and viability compared to the Saanen bucks (P<0.05).
There was no significant difference between the breeds
in the normal morphology rate of spermatozoa and the
sperm DNA fragmentation rate.

It is considered that semen volume and sperm con-
centration are not affected by season and feeding [20].
Sperm motility also does not depend on the diet of the
bucks, but varies in different breeding seasons. Our re-
sults may indicate that despite the similar physiological
functioning of the reproductive system of different breeds,
the genetic characteristics of the breed have an impact on
some semen characteristics. This is confirmed by a study
conducted with three different breeds, which demonstrat-
ed that Alpine bucks had higher quantitative sperm pa-
rameters (sperm volume, sperm concentration) but lower
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qualitative characteristics (sperm motility) compared
to the same parameters for Saanen and Damascus
breeds [6]. Similar to the results of our study, there was
found no difference in sperm DNA fragmentation rate
between the Zaraibi and Baladi goat breeds [19].

Analyzing the morphofunctional parameters of sperma-
tozoa after cryopreservation, no significant difference was
found between the two breeds as for the motility and via-
bility of spermatozoa, the amount of morphologically nor-
mal spermatozoa, and the number of spermatozoa with
fragmented DNA. However, considering the parameters
of sperm before cryopreservation, it can be concluded that
the cryotolerance of spermatozoa of the Saanen goats is
higher, although the difference is not significant (table 2).

In this study, conducted during the breeding season,
fresh semen was used to inseminate goats. However,
during the non-breeding season, it is planned to use
cryopreserved biomaterial.

To ensure a high fertilization rate after cryopreservation,
spermatozoa must have a high cryotolerance. Our previous
studies have shown that to achieve higher fertilization rate
using cryopreserved sperm of Saanen goats, it is recom-
mended to collect semen during the breeding season [2].
In general, sperm resistance to cryodamage is associated
with seminal plasma proteins that provide protection against
oxidative stress during cryopreservation [18]. In addition,
better sperm cryotolerance is demonstrated when the
translation of aquaporin proteins (AQP3, AQP7, AQP11) is
upregulated, as they presumably facilitate the penetration
of cryoprotectants into the cell during equilibration [14].

After the artificial insemination of goats, the preg-
nancy rate was significantly higher (P<0.05) in Saanen
goats and twice as high as in Alpine goats. There was
no significant difference in the occurrence of pseudo-
pregnancy, singleton and multifetal pregnancy between
the studied breeds (table 3).

The pregnancy rate in small ruminants depends on
both the male factor, i.e. semen parameters, and the fe-
male factor, i.e. follicular development, egg maturation, and
hormonal regulation of endometrial development. It has
been shown that the expression of genes responsible for
follicular development and atresia differs in different goat
breeds, and thus is genetically determined [21]. However,
the results of other groups of scientists also highlight the
influence of environmental conditions, such as husbandry,
climate, and feeding, on the pregnancy rate [10]. The inci-
dence of pseudo-pregnancy in our study was much lower
(approx. 7%) than in a study conducted on Saanen goats
in northeastern Brazil (approx. 30%) [9]. This may indicate
that environmental conditions have a considerable impact
on this parameter. This is confirmed by a study conducted
on three breeds of goats, which found no correlation
between the pseudopregnancy rate and genetic or pheno-
typic traits of goats, but revealed a link with out-of-season re-
production, when estrus stimulation is performed by admin-
istering hormones [4]. Regarding the occurrence of single-
ton and multifetal pregnancies, the results of our study are
consistent with the research of a group of scientists who
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Table 1. Fresh semen parameters of Saanen and Alpine bucks

Semen parameters Breed
Saanen Alpine
Semen volume, pl 8504375 1575+275*
Sperm concentration, x10%ml 1.7£0.5 3.2+0.2*
Sperm motility, % 80.4+4.1 91.14£3.1*
Sperm viability, % 88.3+2.9 95.9+3.9*
Sperm with normal morphology, % 93.4+1.1 95.1+0.9
Sperm DNA fragmentation rate, % 2.8+0.16 3.1+0.2

Note. Here and further * — the difference is significant (P<0.05)
compared to Saanen goats.

Table 2. Sperm parameters of Saanen and Alpine bucks
after cryopreservation

Sperm parameters Breed
after cryopreservation Saanen Alpine
Sperm motility, % 65.5+5.8 67.2+6.8
Sperm viability, % 85.2+5.1 83.2+4.8
Sperm with normal morphology, %  86.9+2.4 89.5+3.4
Sperm DNA fragmentation rate, % 6.2+1.9 7.142.4

Table 3. Parameters related to pregnancy
after artificial insemination of goats in natural estrus
with fresh semen of Saanen and Alpine bucks

Parameter Breed
Saanen Alpine
Pregnancy rate, % (n) 61.8 (81/131) 28.2 (22/78)*
Pseudopregnancy rate, % (n) 6.9 (9/131) 7.7 (6/78)
Singleton pregnancy rate, % (n) 46.9 (38/81)  40.9 (9/22)

Multifetal pregnancy rate, % (n) 53.1 (43/81) 59.1 (13/22)

showed the effect of hormonal stimulation on increasing
the frequency of multifetal pregnancies, but did not find any
difference for this parameter between the three breeds
after artificial insemination in natural estrus [12].

Thus, the study of breed-specific reproductive char-
acteristics allows us to identify specific genetic features
of breeds that affect the effectiveness of reproductive
biotechnology in livestock. This provides an opportu-
nity to select males and females for further breeding,
improve the genetic potential of the herd, and develop
effective breeding programs.

The reproductive characteristics of spermatozoa of
Saanen and Alpine goats differ significantly. Despite the
better characteristics of the semen, the pregnancy rate for
Alpine breed after artificial insemination was significantly
lower than for Saanen. The spermatozoa of Saanen goats
are characterized by a higher survival rate after cryopres-
ervation compared to the same characteristic of the Alpine
breed, which may have an impact on the effectiveness
of artificial insemination with cryopreserved sperm. For the
successful implementation of breeding programs and the
effective use of reproductive biotechnology in animal hus-
bandry, it is important to take into account the breed-specific
differences in the main reproductive characteristics.
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BHYTpiLLHEOBWAOBA reHETUYHA PI3HMLIA MK MOPOAaMM MOXe BNANBATU HE TiNbKv Ha XapakTepUCTUKK NPOAYKTUBHOCTI — HanpuKnag,
Ha KinbKiCTb Ta AKICTb HaAot0, ane /i Ha 340pOB’S TBapuH, 30Kpema ixHIo dhepTunbHiCTb. MeTa gocnigkeHHs — MOpiBHATY PenpOAYKTUBHI
XapaKTepuCTVKM 3aaHEeHCbKOI Ta anbnincebkoi nopig. KoHueHTpaLito Ta pyxnuBiCTb CnepMaTtosoifiB BU3Ha4Yanu 3a JONOMOroto CBITNoBOT
MIKpOCKOMii; XWTTE3AaTHICTb — Y 3abapBNeHNX €03UH-HIrpPO3MHOM; MOPOIOriYHi NapamMmeTpn — MeToaoM Spermac Stain, BU3HaYeHHst
piBHs doparmeHTauii JHK nposoaunu 3 BukopuctaHHsM Habopy Halosperm. LLUTy4He ociMEHIHHS Ki3 NPOBOAUMWN HATUBHUM ESIKYNSTOM B
ecTpyci camuupb. CTatucTuyHy 06pobKy AaHnx BUKOHyBanu y ripoepami Graph Pad Prism. BcTaHOBNEHO, LLO Lianu anbmniincbkoi nopoau
Manu CTaTMCTUYHO GinbLUniA 06’eM esIKyNATY, KOHLEHTpaLito cnepMaTo30iiB, XUTTE3AAaTHICTb Ta pyxnusicTe (P<0,05). He 6yno BusieneHo
CTaTUCTMYHO BiporigHoi pisHuLi (P=0,05) Mixk nopogamm y KinbKoCTi crnepmaTo3oifis 3 HopMarbHMU MOPAOONYHNMI XapaKTepPUCTUKaMM
Ta piBHeM (parmeHTauii HK cnepmatosoigis. KpioGionoridyHi xapakTepucTvkM cnepmaTosoifiB Lianie 3aaHeHCbKOI Nopoay Manu TeHOeH-
Ljjto A0 BinbLUOi Kpiope3ncTeHTHOCTI. MMicns WTY4YHOro OCiMEHIHHS Ki3 YacToTa BariTHOCTEN y CAMOK 3aaHeHCbKOI nopoam cknana 61,8%,
Lo BABIYI NepeByLLyBano 4acToTy HaCTaHHA BariTHOCTI Y Ki3 anbniicbkoi nopoan — 28,8% (P<0,05). PenpoayKTuBHI xapakTepucTyku
Crnepmartos30ifiB LianiB 3aaHeHCbKOI Ta anbniicbKoi Mopif CTaTUCTUYHO BiAPI3HAIOTLCA. He3Baxkaroun Ha KpaLlli XapakTepuCTUKN esKynsTy,
YacToTa HacTaHHS BariTHOCTI cCamuLb anbniiCbKoi NOPOAK NiCAs LWUTYYHOrO OCiMeHiHHS Byna BiporiaHO HUXYOH, HiXX 3aaHeHCBbKOT mopoau.
[nsa ycnilwHoro BNpoBafKeHHs NporpaMm po3MHOXEHHS Ta eheKTUBHOIO BUKOPUCTAHHS BiOTEXHONOrIN Y TBAPUHHULTBI BaXIMBUM €
KOMMneKCcHe BpaxyBaHHS BHYTPILLHbOBWAOBOI Pi3HULI OCHOBHUX PenpOayKTUBHUX XapaKTepPUCTUK.

KnrouoBi cnoBa: cnepmMaro3oigun, penpoayKTUBHI XapakTepuUCTUKN, KPIOKOHCEPBYBaHHS, BariTHICTb, KO3W, Lianu, 3aaHeHCbKa nopoaa,
anbnicbka nopoaa

Bogdaniuk A, Garkavii V, Petrushko M. Reproductive characteristics of Saanen and Alpine bucks. Biol. Tvarin. 2023; 25 (3): 19-22.
DOI: 10.15407/animbiol25.03.019.



https://doi.org/10.15407/animbiol25.03.023
UDC 636.32/.38:612.616:620.3

Received 11.07.2023 = Revision 13.08.2023 = Accepted 24.09.2023 = Published online 02.10.2023

KiHeMaTy4Hi NOKa3HUKN Ta AMXanbHa aKTUBHICTb
AEeKOHCcepBOBaHUX cnepmiiB 6apaHiB 3a AoaaBaHHA
HaHouuTpaTty Mn, Zn Ta Cu fo cepeaoBULLa AJA KPiOKOHCEepBYBaHHSA
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Mertoto poboTun Byno 3'sicyBaTu BNiMB A0AaBaHHSA HAHOLW-
Tpaty Mn, Zn Ta Cu g0 cepenosuLLia ANs KPIOKOHCEPBYBaHHS
crnepmu 6apaHiB Ha KiHeMaTUYHI MOKa3HUKM Ta AMXarnbHY ak-
TUBHICTb OEKOHCEpPBOBaHMX crepMmiiB. EkcnepMMeHT npoBo-
OVIITN Ha LLECTM KNiHIYHO 300poBMX GapaHax-nnigHMKax nopoau
Tekcenb BikoM 2—4 poku. [Micnsa oTpyMaHHs eskynsitn GapaHis
OUjiHIOBanNM 3a 06’eMOM, KOHLIEHTPALLEd Ta PyXIMBICTIO cnep-
MiiB i 4iNWNKN Ha KOHTPOSbHY i gocnigHi rpynu. KOHTPOMbHI
3pasku criepMm po3BaBnAnM NakTo30-XOBTKOBO-TPIC-LUTpaTO-
rniuepuHoBmM cepeaosuwem (JDKTUIC). Y gocnigHux 3pas-
Kax crnepmu BapaHiB 40 cepenoBuLLa AodaBaniv HaHOLMTPaTK
MikpoenemeHTiB y gosax: Zni Mn — 2,5, 5,0 ta 7,5 mkr/n,
Cu —1,25, 2,5, i 3,75 mkr/n. Po3pimkeHy cnepmy ¢hacysanu
B COITOMUHKW, EKBINIOpYBarv BNpoaoBx 2,5 rof i 3aMopoxxyBarnu.
lMicnsa po3mMopoXXyBaHHSA cnepMy BU3Ha4anm pyxnmeicTb,
MOPONOriyHi YLLKOMKEHHSA CnepMmiiB, KIHEMaTUYHi mapameTpu
pyxy cnepmiiB (CASA), ouxanbHy Ta BiQHOBHY aKTUBHICTb
cnepmu. BctaHoBneHo go3sosanexHy gito HaHoumTpatis Mn,
Zn Ta Cu 3a gogaeaHHs ix go JDKTUIC. 3a gogaBaHHs HaHO-
umtpaty Mni Zny gosi 5,0 mkr/n go JIXKTUIC BiporigHo
(P<0,05-0,01) nigBMLYETLCA aKTUBHICTb AEKOHCEPBOBAHNX
cnepwmiiB 6apaHiB, a foaaBaHHS HaHouuTpaTy Cu y 3pocTakoumx
[03aX 3HAYHO 3HUXKYE aKTUBHICTb CMEPMIiB Yy PO3MOPOXKEHIN
cnepwmi 6apaHiB. [logaBaHHs HaHoumTpaTy Mn i Zn B onTumarns-
Hin gosi 5,0 mkr/n go JOKTLUIC eiporigHo (P<0,05-0,01) 3meH-
LUyE KiNbKICTb AereHepoBaHuX CNepMiiB Ta 3 YLLIKOIKEHUMMU
akpocoMamu, a 3a AodaBaHHsA HaHoumTpaTty Cu y 3pocTaroumx
[03ax 3Ha4HO 36iMbLUYIOTHCA MOPOIONiYHI MOPYLLEHHS cTaTe-
BMX KNiTWH. [logaBaHHA HaHoumTtpaty Mn i Zn y gosi 5,0 mkr/n
fo JDKTUIC siporigHo (P<0,01-0,001) nigBuLLye KiHeMaTW4HI
napameTpu EKOHCEPBOBaHMX cnepMiiB 6apaHiB, a 4ogaBaHHS
HaHouuTpaTy Cu y 3pocTaloumx 4o3ax 3Ha4YHO 3HIDKYE NnokKas-
HWUKW pyXy cTaTeBuX KNiTWH. 3a goaaBaHHs HaHoumTparis Mn
i Zn 0o cepedoBuLLIA A5t KPIOKOHCEPBYBaHHS cnepmm bapaHis
niaBULLYETLCSA AMXanbHa Ta iHrbyeTbCsi BidHOBHA aKTUBHICTb
AeKoHcepBoBaHoI cnepmu. [logaBaHHsi HaHoumTpaTty Cu go
JDKTUIC y 3pocTaroumnx osax 3HKYE auxanbHy Ta nigsuLLye
Bi[JHOBHY aKTMBHICTb PO3MOPOXEHOI cnepmMmu 6apaHis.

KnroyoBi cnoea: 6apaH, cnepma, HaHouutpat Mn, Zn, Cu,
KiHeMaTW4Hi NOKa3HWKK, PyXNnBICTb, ANXanbHa akTUBHICTb
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MoKa3HNKM AeKOHCEPBOBaHMX criepMiis 6apaHis 3a AoaaBaHHA HaHouuTpaty Mn, Zn 1a Cu 0 cepeioBULLA KPIOKOHCEPBYBaHHS

Bctyn

LLITy4He OCIMEHIHHSA € OOHUM i3 CyYaCHUX MeTofiB
penpoayKTUBHOI BioTeXHONOrii, 30aTHUM CYTTEBO MNiaBU-
LLUNTY reHETUYHY LiHHICTb Ta aganTaLiiHi BNacTUBOCTI
OBeLlb 3a NOCTINHOI HAABHOCTI KPIOKOHCEPBOBAHOI Cnep-
MU MAigHKUKIB [23]. Y 3B’A3KY 3 LM, B OCTaHHi pOKM Kpio-
KOHCepBaLito cnepMmu GapaHiB po3rnsagatTb sIK OAMH
i3 MeToZiB NiABULLIEHHSA NPOAYKTMBHOCTI oBeLb [1].

EkcnepumeHTanbHO BCTAHOBMAEHO, LLO TEXHOMOMYHMIA
npouec KpioKOHCEepBYBaHHSA CriepMuU MPOBOKYE yrbTpa-
CTPYKTYPHI, BioxiMiuHi Ta pyHKUiOHaNbHI 3MiHM cnepma-
To3oigiB [32]. BogHo4ac nna3sma i akpocoma crnepmisi
MatoTb BUCOKY KPIOYYTNMBICTb, LLO NPU3BOANTL A0 36inb-
LLIEHHS MPOHUKHOCTI KNITUHHMX MEMOpPaH i BUHMKHEHHS
NopyLUEHb PYXMNMUBOCTI CTaTEBUX KMITUH Ta IXHLOI MOpP-
doonorii [33, 8]. YWKomKeHHS nra3maTtuiHux MeMopaH
CYNpPOBOOKYETLCA BUTOKOM €H3MMIB, 30Kpema Tux, sKi
OepyTb Be3nocepeaHto y4acTb Y NpoLecax 3anligHEeHHS!.
Kpim Toro, pyriHytTbCA MITOXOHAPIT — OCHOBHI €Hepro-
reHepytodi opraHenu crtateBux knituH [30].

3 meToto 3abe3neyeHHsT HafiiHOro 3axXMCTy CriepmiiB
Bi, HECNPUATIIMBMX YMHHMKIB 3a Aii HAOHW3BbKMX TEMMe-
paTyp BMKOPUCTOBYHOTb PidHi CUHTETUYHI cepenoBuLLa
ONs KPIOKOHCEPBYBaHHS, CKnag skMX BU3Ha4vae edek-
TUBHICTb 3aMOPOXyBaHHs [41].

MikpoenemeHTn Zn, Mn Ta Cu BigirpatoTb Baxnmey
porb y peryntoBaHHi METabOMNIYHMX NPOLIECIB Yy CNEPMISIX,
OCKiNbKM € KothakTopaMm eH3UMIB TriKonisy, AuxansHOro
naHurora MiTOXOHAPIN Ta aHTUOKCUOAHTHOMO 3aXMUCTY,
a TakoX 3a0e3ne4yroTb eHepreTuyHi NOTpedn 1 yTunisa-
Liit0 UMTOTOKCMYHMX MeTaboniTiB KNiTuH [27]. 3okpema,
LIMHK BXOQUTL 4O aKTMBHUX LIEHTPIB BaraTbox eH3nMiB
rMikoni3y 1 NeHTo30h0CaTHOrO LUFIAXY OKUCHEHHS TIto-
koan, Kynpym 3abe3nevye akTUBHICTb EH3UMIB Ouxarb-
HOrO NnaHutora i npoteiHas, a MaHraH — eH3uMIB LukIy
Kpebca. Kpim Toro, BKkasaHi MikpoernemeHTu BXxoasTb 40
cKragy NepLuoi NaHKM eH3UMaTUYHOrO aHTUOKCUAAHT-
HOro 3axucTy — cynepokcmpgaucmyTasn (COL), TobTto
€ kodhakTopammn eHaumy, Lo nepetsoptoe O, | ranbmye
YTBOPEHHS akTuBHUX cbopm OkecureHy (APO) [5, 19].
BcraHogeneHo, 1o CO[l y cnepmisix HasiBHa y TPbOX reHe-
TUYHO 3YMOBIEHUX i30¢hopmax, aKi MICTATb Y KaTaniTuy-
HOMY LIeHTpi MoHW: Mn — miToxoHapianeHin; Zn i Cu —
uMTONMIa3MaTnYHIn i eksouentonapHin [37, 20]. Y unx
OOCNiMKEHHAX JOBEAEHO, LLO Big, aKTUBHOCTI BKa3aHOM
€H3VMY Ta CriBBiQHOLLUEHHS 10ro i303uMiB, BMICTy Kynpy-
My 3anexuTb BUXKMBaHHS i, BiANOBIAHO, 3annigHoBansHa
30aTHICTb CTaTEBUX KNITKH.

Y npoueci NigroToBkM esKkynaATiB 40 KPIOKOHCEepBY-
BaHHSA 3MEHLLYETbCS KOHLEHTPaLis BKa3aHWX VOHIB, LLO
NpY3BOANTb 0 3HMXKEHHS aKTUBHOCTI EH3MMIB Ta, 9K
Hacnigok, nopyLuye npolec TpaHcdopMmaLii cybeTpaTis
i pecnHTes AT®. Tomy aons 36epexxeHHs1 BUCOKUX pisio-
NOTiYHMX XapaKTEPUCTKK i 3annigHoBanbHOI 34aTHOCTI
cnepMiiB Jo cknagy po3pimpKyBadviB esKynsTiB 4oOakTb
MikpoenemeHTu. [poTe BUKOPUCTaHHSA HEOPraHiyHUX
conen MikpoenemeHTIB Y cKragi po3pigKysadiB Mano-
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ebekTnBHE, L0 3yMOBMEHO HETPMBANMM iX KOHTAKTOM
3i cTaTeBUMU KNITUHAMK NiCNSA PO3PISXKEHHS cnepmu,
HM3bKOIO MPOHMKITUBICTIO Yepe3 MeMbpaHu Ta 30aTHICTIO
3any4atucb y metaboniam [31].

Hepnonikn BUKOPUCTaAHHA HEOPraHiYHUX COnen MiKpo-
erneMeHTIB Y pOo3pifxXyBayax eskynsaTiB MOXHa YCyHYTU
3aCTOCyBaHHAM OpraHiyHMx oopmMm MeTarniB, 30Kpema
HaHOLMTpaTIB, LLO A03BONMUTL 3a0E3MeYNTU iX 3amy4eHHS
B 0OMiHHI npouecu cnepmiis [17, 22].

HewopnaBHoO B YKpaiHi 3a 4ONOMOro HaHOTEXHO-
norii gocnigHNKaMmM OTPUMaHO HagunCTi kKapbokeunatu
OCHOBHUX Xap4oBUX KMUCIOT i BioTnumnx enemeHTiB (Zn,
Mg, S, Mn, Fe, Cu, Co, Mo, Cr, |, Se), Lo ctano ocHo-
BOKO AN po3pobneHHs HOBOro Hanpsmy 3baravyeHHs
KOpMOBUX J0BaBOK MiKpoeneMeHTamu y BUrnagi um-
TpaTiB BIOTUYHMX ENEMEHTIB, OAepPXKaHUX 3a LONOMO-
roto akBaHaHoTexHonorii [14, 35]. B IHcTuTyTi Gionorii
TBapuMH HAAH npoBegeHo JocnigkKeHHs i3 3’AcyBaHHSA
dpisionoro-6ioxiMi4HMX MexaHi3MiB aii HaHoaKBaLUTpa-
TiB MiKpOENEMEHTIB B OpPraHi3mi TBapuH i BUHAYEHO iX
TOKCWMYHI 1031, SKi BUSIBUIUCH Y 6—8 pasiB HKYMMU Bif
IXHIX MiHepanbHux conen [44, 13]. Takox NnpoBegeHo
€KCMEPUMEHTM 3 BUBYEHHS BMMBY A0AaBaHHS HaHo-
cykumHaty Zn, Mn Ta Cu go pospigxysadis cnepmu
Oyrais, WO AOMNOMOTMO 3’ACyBaTN NO3UTUBHY Jit0
HaHOCYKLUMHATY MaHraHy Ta LUMHKY Ha SIKiCHi napame-
Tpu cnepmiiB [16, 49]. Y 3B’A3Ky 3 HAaBeOEeHUM BuLLE,
OOUiNbHO AoCcnignTY BAAMB HAHOCYKLUUHATY Ta HaHO-
uutpaty Mn, Zn ta Cu y cknagi po3pimpKyBadiB cnep-
MW Ha SIKICHI NoKa3HWKK cnepMiiB GapaHis. ToMmy MeTo0
JocnimpkeHHs Byno 3'sicyBatu BMNMB A0AaBaHHSA HaHoO-
uutpaty Mn, Zn ta Cu go cepenoBmLLLa Anst KPIOKOHCEp-
BYBaHHsI CMIEPMUN Ha KIHETUYHI NMOKA3HUKN Ta AMXanbHy
aKTUBHICTb AIEKOHCEPBOBAHUX criepMiiB bapaHiB.

MaTtepianu i meTogm

[ocnigkeHHsa npoBeeHo Ha LLECTH KIiHIYHO 300p0o-
BMX BapaHax nopoamn Tekcerb BiKOM 2—4 poku, SKi yTpu-
MYyBanu y TpbOX KITiTKax Mo ABa camui y KoxHin. Cnepmy
Bi 6apaHiB OTp1MyBanu 3a JONOMOTOH0 LUTYYHOT BariHu
Minitube i KOXXHUIM eaKyNAaT ouiHoBany okpemMo. CBixko-
OTPUMaHIi esiKynATU OLiHIOBanu 3a 06’eMoM, KOHLIEHTpa-
Lieto cnepmiiB, 3aranbHOHO KiNbKICTHO CNepMiiB y esiky-
N4Ti, IXHBOKO PYXIUBICTIO, BiCOTKOM CMEPMIiB 3 NpsiMo-
NiHINHO-NOCTYNanNbHMM PyXOM 3a 3arafibHOMPUAHATUMMU
mMeTogukamu. KoxxeH esakynaT Qinvunm Ha KOHTPOSbHY
i gocnigHi rpynu. ina po3baBneHHs BUKOPUCTOBYBamnu
cnepmy GapaHiB 3 pyxnMBICTIO He HWkYe 8 GaniB i KOH-
LeHTpauieto He MeHLe 2,5 mnpg/mn. IMicns ouiHoBaHHSA
criepmy BUTpUMYBanu 3a KiMHaTHOI Temnepatypu 15 xs,
MOTIM KOHTPOIbHI 3pa3ky OAHOMOMEHTHO po36aBnsnu
JTaKTO30-KOBTKOBO-TRIC-UUTPaTO-MIiLEPMHOBUM Cepeno-
Buwem (JOKTUIC) y cniBBigHOLWEHHI 1:2—1:3, BNBaouu
cepefoBMLLEe Y CepMy 3 po3paxyHKOM ogepKaTu y OO3i
JeKoHCepBOBaHOI cnepmu He MeHLLe 60—-80 MnH. criep-
MiiB 3 NPSIMONiHIMHO-NOCTYNaNbHNUM PYXOM.

bionoeis meapuH, 2023, 1. 25, N3
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JDKTUIC rotyBanu y aea etanu. Cnoyatky 13 r nak-
TO3M po34mHANM B 100 M AMCTUNBLOBAHOI BOAW 3a TEMIe-
patypu 90°C, a nicnsa oxonomkeHHs Ao 40°C Oo posynHy
popasanu 30 mn siedHoro oBeTka. [ani cymiw petenbHO
nepemillyBanu 3a JONOMOroK MarHiTHOI MilLanku 4o
OTPUMaHHS ofHopigHol cycneHaii. Motim y 100 mn uiei
cycneHsii no4eproBo posdnHanu Tpuc (0,6 r), IMMOHHY
kmucnoty (0,3 r) i HacamkiHeLp Aogasany 9 MI MiLEPUHY.

Y pocnigHux 3paskax cnepmu 6apatis go JDKTLIC
JodaBany HaHouuTpaTh MiKpOeneMeHTiB y go3sax: Zn
iMn—2,5,5,0Ta 7,5 wmkr/n, Cu—1,25,2,5i 3,75 mxr/n.
HanouwnTpatn Mn, Zn Ta Cu oTprMaHi MeTogom eposiiHo-
BMOYx0BOI akBaHaHoTexHonorii Bia TOB «HaHoTexHo-
norii Ta HaHoMatepianu» (M. Kuis) [18].

Pos3baeneHy cnepmy 3a 4OMNOMOIO crnewjianbHOro
obnagHaHHs (Minitube, HimewunHa) dhacyBanm y cono-
MWHKM | OXONOMpKYBanu NpoTtaroM 2,5 rod 3a Temneparypu
+2...+4°C. Iicns uboro CoroMUHKM 3i CNEePMO0 NOMILLIANN
B napwm a3oTty Ha 30 xB, NOTiM OnycKkanu B pigkunin as3or.
[Micnga 3aMopoXXyBaHHS Y KOXHIl cepil cnepmu KOHTPOrto-
Banu pyxnuBeicTb cnepmiis. [ns uporo po3amopoxysanu
1—2 CONoMMHKM Ha BogsHi GaHi 3a Temneparypu 40-42°C
Bnpogosx 20 cek. Cnepmy BBakanu npuaaTHo Ans 36e-
piraHHs i BUKOPUCTaHHS 32 HAsiBHOCTI Y Hil He MeHLe 40%
cnepmiiB 3 NPSIMONIHIMHO-NOCTYNAaNbHUM PYXOM.

MMicna po3aMopoXXyBaHHA BU3HaYann pyxsnuBicTb,
MOPONOrivHI NOPYLUEHHS, AuXanbHy Ta BiAHOBHY ak-
TMBHICTb criepMiiB. >KUTTe34aTHICTb CTaTEBMX KIiTUH,
MopdOnorivHi NOpPYLLEHHS Ta BIACOTOK AiereHepaTUBHUX
crnepMiiB BU3Ha4anm KOMm'rtoTepmM30oBaHOK CUCTEMOKD
CASA (Computer Assisted Semen Analysis) 3 akTuBy-
BaHHsAM mogyns Sperm Vision [48].

IHTEHCUBHICTb MOTMMHAHHA KUCHIO CNEPMOLO (Hr-
arom O + 0,1 mn cnepmu x XB) BU3Ha4anm nonsiporpadiv-
HO 3 BMKOPUCTaHHAM enekTpoga Knapka, BMOHTOBaHOroO
y TepmocTartoBaHy Komipky (38,5°C) o6’emom 1 mn, 3 aBTo-
MaTU4HOI peecTpaldieto nepebiry NpoLecy, a BigHOBHY
30aTHICTb — TeX noTeHujomeTpuyHo (MV/xB x 0,1 mn cnep-
MI) 32 METOANKOO, OMNMCaHO0 y AoBiaHUKY (2012) [45].

[ns BCix 3pa3kiB o0uMcnioBany cepeaHe apnMeTny-
He 3HaJYeHHs | cepeaHboKBagpaTUyHy nomunky (M+m).
OTpumaHui undpoBuin matepian cTaTUCTUYHO onpa-
LibOBYBarv i3 3aCToCyBaHHSAM nakeTy nporpam Microsoft
Office Excel 2010.

Pe3ynbraTtu

EkcneprMmeHTanbHO BCTAHOBMEHO, WO Ais HaHO-
LUMTpaTiB MiIKpOENeMeHTIB y cKnagi cepegoBuia aons
KPIOKOHCEPBYBaHHS CMEPMM Ha SIKICHI MOKa3HUKN OEKOH-
cepBoBaHOI criepmm 6apaHiB 3Ha4HO 3anexana Big 4o3n
enemeHTa. [logaBaHHs HaHouuTpaTty Mn y 0osi 2,5 Mkr/n
NiABULLIMITO aKTUBHICTb AEKOHCEPBOBaHMX cnepmiiB 6a-
paHiB nuwe Ha 5,6% nopiBHAHO 3 KOHTporem (Tabn. 1).
BogHouyac 3a nonaeaHHs HaHoumTpaty Mn y 0o3i 5,0 Mkr/n
aKTUBHICTb cnepmiiB nigpuwmnacsa Ha 22,2% (P<0,05) no-
PIBHSIHO 3 KOHTpOneM. Noganblue 36inbLLEHHS 4031 HaHO-
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Tabnuua 1. AKTMBHICTb Ta MOPAOSIOTiYHI MOPYLUEHHSA CNepMmiiB
GapaHiB 3a foAaBaHHS HaHOUMUTPaTy MikpoenemeHTiB (n=6, Mtm)
Table 1. Activity and morphological disorders of rams’ sperm
after the addition of trace elements nanocitrate (n=6, M+m)

HaHouuTpar

Mikpoere- Criepwii
YETTIR. TR AKTUBHICTb [ereHepoBaHi 3 YLUKOOXEHOI
» A033, cnepwmiia, % crnepwmii, %  akpocomoto, %
MKr/n o :
Micronutrient Sperm motility, = Degenerate Sperm with
. % sperm, % damaged acro-
nanocitrate, R
dose, pg/l e
2,5 47,5+1,12 12,0+1,41 20,5+1,54
Mn2+ 5,0 55,0+1,83* 10,3+0,88* 16,5+1,26*
7,5 44,2+1,54 14,2+1,35 21,0+1,24
2,5 50,8+1,54* 12,5+1,12 19,5+0,99*
Zn? 50 56,7+1,67* 9,5+0,67** 15,5+1,26*
7,5 46,7+2,11 12,8+0,79 20,7+1,28
1,25 47,3+2,67 14,5+1,12 20,3+1,67*
Cu? 2,5 39,243,01 19,0+1,24* 27,5+1,26
3,75  35,0+1,83 18,2+0,65* 28,5+2,24**
KoHTponb
Control 45,0+1,83 15,0+£1,07 23,3+1,54

lMpumimka. Y uin i HacTynHKMx Tabnuusix * — P<0,05, ** — P<0,01,
*** — P<0,001 NOpiBHAHO 3 KOHTPOIBHOK FPYMOK0.

Note. In this and the following tables * — P<0.05, ** — P<0.01, *** —
P<0.001 compared with the control group.

uMTpaTy MaHraHy 4o 7,5 MKr/n npnsBeno 40 3HWKEHHS
aKTMBHOCTI cnepMiiB 6apaHiB 40 PiBHS KOHTPOTIO.
HopaBaHHsA HaHoumTpaTy Mn go cepenoBua ans
KpIiOKOHCEpBYBaHHS criepMu 6apaHiB 40303arexHo Bnmuv-
Basio Ha YLUKOO)KEHHSA CMEPMIIB NiCNA pO3MOPOXKYBaHHS.
FAKLLIO Y KOHTPOMBHIN rpyni 4EKOHCEPBOBaHOI CnepMun BU-
aBneHo 13,2% fereHepoBaHux cnepmiis Ta 25,3% crnepmi-
1B 3 YLLIKO[DKEHOH aKpOCOMOI0, TO AoaasaHHsa Ao JIKTLIMC
HaHoumTpaTty Mn y 0o3i 2,5 MKr/n 3HWM3UIo BigCOTOK aere-
HepOBaHMX CrepMIiB y po3MopoxeHin cnepmi Ha 20,0%,
a B gosi 5,0 mkr/n — Ha 31,4% (P<0,05) nopiBHsHO 3 KOH-
Tporem. Buuwia gosa HaHouutpary maHray (7,5 Mkr/n)
3HM3WIa BIACOTOK AEHEpOBaHUX criepmiis nuie Ha 5,3%.
MopjiGHi 3MiHM BCTAHOBIEHO i 3a KiNbKICTIO cnepmiiB
3 YLLKOOXKEHOI0 aKpOCOMOI0 y AEKOHCEPBOBaHiIl cnepMi
GapaHiB. [logaBaHHS 0O cepenoBuLLa anst KPioKOHCEPBY-
BaHHS cnepMu 6apaHis 2,5 Mkr/n HaHoumTpaty Mn 3HM3UNO
BiJCOTOK CMEpMIiB 3 YLLKOKEHOI akpocomoto Ha 12,0%,
306inbLUEHHS 403K eneMeHTa A0 5,0 MKI/r npu3Beso Ao 3Hu-
YKEHHS KINIbKOCTi CNEepMIiB 3 YLLKOPKEHOK aKpOCOMOH0 Ha
29,2% (P<0,05) nopiBHsHO 3 kKOHTponeM. [NoganbLue 306inb-
LLEHHS! [03K HaHoumTpaty Mn o 7,5 MKI/n 3HWU3UIO YLLKO-
IPKEHHSs1 aKpocoM JmLe Ha 9,9% MOPIBHSIHO 3 KOHTPOEM.
BinbLu BUpaXkeHi 3MiHM aKTUBHOCTI Ta MOPONOriYHIX
NopyLLEHb PO3MOPOXEHUX CriepMmiiB GapaHiB BCTAHOBNEHO
i 32 AogaBaHHA HaHoumuTpaTy LyHKy Ao JDKTLIMC (tabn. 1).
3okpema, akTUBHICTb CNepPMIiB 3a JogaBaHHs 2,5, 5,0
i 7,5 MKr/n HaHouuTpaty Zn 3pocna, BignoBigHo, Ha 12,9%
(P<0,05), 26,0% (P<0,01) Ta 3,8% NOpiBHSHO 3 KOHTPONEM.
BogHouac BigcoTok cnepmiiB AereHepaTBHUX Ta 3 YLLIKO-
PKEHHSIM aKpOCOMM Y JEKOHCEPBOBaHiIl crnepmi bapa-
HIB CYTTEBO 3HWKYBanucs 3a f4oAaBaHHs HaHoOUMTpaTy
LUMHKY 00 cepenoBuLLa A1 KPIOKOHCEpBYBaHHS. 3a [0-
AaBaHHs 2,5, 5,0 i 7,5 MKr/n HaHouMTpaTy Zn BigCOTOK
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JereHepoBaHWX CNepMiiB 3MEHLUMBCS, BIANOBIAHO, HA
16,7%, 36,7% (P<0,01) Ta 14,7% NOPIBHSIHO 3 KOHTPONEM.
AHanoriyHo, joaaBaHHS HaHoumTpaty LnHKy Ao JDKTLMC
y Aosax 2,5, 5,0i 7,5 MKr/n 3H13MB BiaCOTOK criepmiie Gapa-
HIB 3 YLLIKO[PKEHOI aKpocoMoto Ha 16,3% (P<0,05), 33,5%
(P<0,05) Ta 11,2% BignoBiaHO NOPIBHAHO 3 KOHTPOIEM.

[opaBaHHA HaHOUMTPATY KynpyMy 0O cepeaoBuLLa
ONs KPIOKOHCEpBYBaHHS criepmm B6apaHis CripuynHANo
JeLLo iHLWi 3MiHW aKTUBHOCTI Ta MOPdONOriYHNX Nopy-
LeHb cnepwmiis (Tabn. 1). 3okpema, 3i 36inbLUEHHAM 403K
HaHouuTpaTy Cu aKTUBHICTb CNEPMIiB Y JEKOHCEPBOBAHIN
crnepmi 6apaHis 3HWKyBanacs. [logasaHHs 1,25 MKr/n HaHO-
uMTpaTy Kynpymy npusBerno 4o NiABULLEHHS aKTUBHOCTI
cnepmiiB y po3mopoxeHin cnepmi Ha 5,1%. MNoganbLue
NiaBWLLIEHHS 03K HaHoumTpaty Cu go 2,5 ta 3,75 MKr/n
CNPUYNHNIO 3HWXKEHHS aKTUBHOCTI cnepmiiB 6apaHis,
BignoBigHo, Ha 12,9 1a 35,0% (P<0,05) nopiBHAHO 3 KOH-
Tponem. BogHouac 3i 30inbLueHHAM 403U HaHoUMTpaTy
Kynpymy 36inbLUyeTbCA KinbKiCTb MOPAOMNOrivYHUX NO-
pYLUEHb CTATEBUX KNITUH — AofaBaHHs 2,5 i 3,75 mkr/n
HaHouuTpaTy Cu 36inbLINMO BiACOTOK AereHepoBaHUX
CrnepMiiB y JeKOHCEPBOBaHiI criepmi 6apaHiB, BianoBigHo,
Ha 26,7% (P<0,05) Ta 21,3% (P<0,05) nopiBHsIHO 3 KOH-
TponeM. [lonaBaHHA HaHOUMTPATY Kynpymy Y HaiHWKYIn
[o3i 1,25 MKr/n npnseeno Ao He3HAYHOrO 3MEHLLEHHS
KirTbKOCTi iereHepoBaHmnx crnepmiiB — Ha 3,4% nopiBHSIHO
3 KOHTpOreM. AHarnoriyHo, BiACOTOK CNEPMIIB 3 YLLIKO[KEH-
HAM aKpoCoMM 3a AodaBaHHs 1,25 MKr/n HaHouuTpaTy
Cu 3Hm3mBcs Ha 12,9%, a 3a BuWMX 103 2,5 i 3,75 MKr/n
HaHOLMTPAaTy Kyrnpymy — HaBraku, niguwmeca Ha 18,0
i 22,3% (P<0,01) BignoBigHO NOPIBHAHO 3 KOHTPOMEM.

Tabnuus 2. KiHemaTuyHi NokasHykv AekoHcepBoBaHmX criepmiis (CASA)
6apaHiB 3a AoAaBaHHS HAHOLMTPAaTy MaHraHy, Mkm/c (n=6, M+m)
Table 2. Kinematic parameters of thawed spermatozoa (CASA)

of rams after the addition of manganese nanocitrate, um/s (n=6, M+m)

[lo3a HaHOUUTPaTy MaHraHy, MKr/n

JocnimpkeHHsaM pyxnMBOCTi CnepMmiiB KOMM'IOTEPU30-
BaHoo cctemoto CASA BCTaHOBIEHO 3MiHW KiIHEMaTUY-
HMX MOKa3HWKIB CNepPMIiB 3a BUKOPUCTaHHS HaHOLMTPaTIB
Mn, Zn i Cu y cknagi cepenoBuLLia ans KpiokOHCEpPBY-
BaHHs cnepmu bapaHiB. 3okpema, foAaBaHHS 2,5 MKr/n
HaHOUMTPATy MaHraHy nigsuLLmMO WBUAKICTb crnepMmid
npu kpmsoniHinHomy pyci (VCL) Ha 8,2% (P<0,01),
LUBMAKICTb NPOCYBAHHA FOMIOBKM CMEPMIs MO CEPeaHin
TpaekTopii pyxy (VAP) — Ha 15,0% (P<0,01), a wsua-
KiCTb MPSAMOSIHINHOIO pyXy rofioBKU CNepMist y3a0BX
NPSIMOro Bigpi3ka MK NOYaTKOBOHO | KIHLIEBOK TOYKaMM
TpaekTopii (VSL) — Ha 15,3% (P<0,01) (tabn. 2).

36inbweHHs Ao3n HadHouuTpaTy Mn go 5,0 mkr/n
3ab6e3neynno HanbinbLue 3pOCTaHHS KiHeMaTUYHMX NOo-
KasHuKiB gekoHcepBoBaHux criepmiis: VCL — Ha 13,9%
(P<0,01), VAP — Ha 24,8% (P<0,01) i VSL — Ha 31,4%
(P<0,001) nopiBHSAAHO 3 KOHTpONeM. 3a AoAaBaHHSA OO
JDKTUIC HaHouuTpaty Mn y HamBuLin Aosi 7,5 MKr/n
3POCTaHHS KIHETUYHUX MOKa3HUKIB PO3MOPOXEHNX Criep-
MiiB GapaHiB 6yno He3HayHum: VCL — Ha 4,8%, VAP —
Ha 0,5% i VSL — Ha 7,6% nopiBHAHO 3 KOHTPONEM.

B 3Ha4eHHs1 AMHaMIMHUX NOKa3HUKIB cnepmiis 6a-
paHiB 3a Aji HaHoumTpaty Mn npussenn o NiABULLEHHS
KoeqiLjieHTIB iXHBOrO pyxy, NpoTe abCOMOTHI iX 3Ha4eH-
Hs Bynu HesHauHUMK. 3okpema, cTyniHb MiHiMHOCTI (LIN)
cnepmiie 6apaHiB 3a JOAaBaHHS HAHOUMTPATy MaHraHy
y bosax 2,5, 5,0 Ta 7,5 MKr/n MmaB BULLL 3HAYEHHS Bif] KOH-
Tporto, BianoBigHo, Ha 6,9%, 30,4 (P<0,001) Ta 13,8%.
3pocTaHHs cTyneHs BigxuneHHs (WOB) pyxy AeKoH-
cepBOBaHMX crnepMiiB 6apaHiB 6yrno HesHa4YHMM — Bif-
noBeigHo, Ha 3,5%, 4,1 Ta 4,2% NOPIBHAHO 3 KOHTPOIEM.

Tabnuus 3. KiHemaTuyHi nokasHvkv aekoHcepBoBaHux criepmiis (CASA)
OapaHiB 3a foAaBaHHA HaHOLMTPATY LIMHKY, MKM/C (n=6, M+m)
Table 3. Kinematic parameters of thawed spermatozoa (CASA)

of rams after the addition of zinc nanocitrate, pm/s (n=6, Mtm)

[lo3a HaHOUMTPATy LIMHKY, MKI/n

[MokasHuk ; KoHTpornb MokasHuk ; ; KoHTponb
Parameter Dos:’ ;)f mangan(::g nanocnra;i,spgll Conarol Parameter I;osse of zinc gi)n00|trate, p;gél ConF:roI
VCL 1498454 157,8+441 14528+237 138,5+4,27 VCL 150,2+4,67 16254595 145,544,40 138,5+4,27
VAP 74,2+2,12* 80,542,01** 64,242,39 64,5+2,81 VAP 74,3+2,12** 80,2+1,92** 65,7+1,82 64,5+2,81
VSL 62,5+1,57* 71,242,890 58,3+2,95 54,2+2,04 VSL 64,7£2,117* 71,7£3,58"* 58,56 12,55 54,2+2,04
LIN, % 41,9+1,39 51,1125 44,6+2,72 39,2+1,58 LIN, % 43,1+1,27 44,5+2,84 40,3+1,86 39,2+1,58
STR, % 84,4+2,12 88,5+3,45 91,0+3,68* 84,4+3,11 STR, % 87,24¢3,08 89,2+3,81 89,1+2,79 84,4+3,11
WOB, % 49,7+2,03 51,1+1,25* 44,6+2,72 46,8+2,37 WOB, % 49,6+1,21 49,6+1,73 45,4+2,04 46,8+2,37

Tabnuus 4. KiHemaTuyHi NokasHyKy AekoHcepBoBaHmX criepmiis (CASA)
6apaHiB 3a foAaBaHHS HAaHOLMTPaTY KyrnpyMy, MKM/c (n=6, M+m)
Table 4. Kinematic parameters of thawed spermatozoa (CASA)

of rams after the addition of cuprum nanocitrate, pm/s (n=6, M+m)

[lo3a HaHOUMTPaTy KynpyMmy, MKr/n

MokasHuk Dose of cuprum nanocitrate, pg/l  KOHTPONb
Parameter 125 25 3.75 Control
VCL 142,2+4,26 135,545,95 124,2+437 138,5+4,27
VAP 69,2+2,12* 60,2+2,15 51,3+1,71* 64,5+2,81
VSL 54,0+2,27 46,3+3,58** 40,2+3,15** 54,2+2,04
LIN, % 38,1£1,63 34,3+2,65* 32,5+2,45* 39,2+1,58
STR, % 78,2+3,11 77,145,88 78,2+524 84,4+3,11
WOB, % 52,5+1,02 52,9+226 47,9+2,64 46,8+2,37
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lMpumimka. Y Tabn. 2—4 VCL — wBunakKicTb cnepmis

npu KpmBoMiHiNHOMY pyci, VAP — LUBUAKICTb NPOCYBaHHSA
rofioBKW CrepMmist N0 CepeaiHin TPaekTopii pyxy,

VSL — WwBnAKICTb NPSAMONIHINHOMO PyXy rONOBKW CriepMist
Y3A0BX NPSAMOro BiApi3ka MiX NOYaTKOBOIO i KIHLEBOK TOMKaMun
TpaekTopii, LIN — cTyniHb niHinHoOCTI cnepmiis,

STR — cTyniHb NPSAIMONIHIAHOCTI pyxy cnepmiis,

WOB — cTyniHb BigXUNEHHS pyXy crepMiiB.

Note. In tables 2—4 VCL means sperm velocity

during curvilinear movement, VAP — sperm head
advancement velocity along the average trajectory,

VSL — rectilinear movement velocity of the sperm head

along the straight line between the trajectory initial and final points,
LIN — sperm linearity level, STR — sperm movement
rectilinearity level, WOB — sperm movement deviation level.
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CryniHb NpAIMOMIHIMHOCTI pyXxy cnepmii 6apanis (STR) 3a
aojaBanHs 2,5 i 5,0 Mkr/n HaHoumTpaty Mn ©yB BULLMIA,
BiAnoBigHo, Ha 4,9 Ta 7,8% NopiBHAHO 3 KOHTPOrEM, a 3a
003m1 7,5 MKI/n MaB aHanoriyHe 3Ha4eHHs1 3 KOHTPOIEM.

TaKy >k 3aKOHOMIpHICTb BCTAHOBINEHO i 3a A0AaBaHHS
HaHouMTpaTy Zn 4O cepenoBuLLa AS1s KPiOKOHCEPBY-
BaHHs cnepmu bapaHiB. 3okpema, foAaBaHHsS 2,5 MKr/n
HaHOUMTpaTy LUUHKY CIIPUYUHUIO 3POCTaHHSA KiHeMa-
TUYHMX NOKa3HWMKIB pO3MOpOXeHUX cnepmiia: VCL — Ha
8,3%, VAP — Ha 13,8% (P<0,01) Ta VSL — Ha 19,4%
(P<0,001) nopiBHAHO 3 kKOHTpONem (Tabn. 3).

HanbinbLuy pisHULIO KIHETUYHMX MOKA3HUKIB crnep-
MiiB GapaHiB AocnigHMX rpyn NopiBHAHO 3 KOHTPOSEM
BCTaAHOBINEHO 3a gofdasaHHs 5,0 Mkr/n HaHoumTpaty Zn:
VCL — Ha 17,3% (P<0,01), VAP — Ha 24,3% (P<0,01)
Ta VSL — Ha 32,3% (P<0,001). 36inbLUeHHs 4031 HaHO-
UMTPaTy UMHKY A0 7,5 MK/ CNPUYUMHKITIO 3HWXKEHHS KiHe-
TUYHMX MOKA3HWKIB CepMIiB y AEKOHCEPBOBaHIl cnepmi
GapaHiB. 3Ha4YeHHs kKpuoniHinHoi wemnakocTi (VCL),
cepenHboi WwenakocTi (VAP) Ta npsamMoniHinHoi wena-
kocTi (VSL) pyxy cnepwmiiB bapaHiB Oynu BULLMMU Bif,
KOHTPON0, BignoBigHo, Ha 5,1%, 1,9 Ta 7,9%.

3pocTaHHS KiIHEMaTUYHUX MOKa3HWKIB PyXy AeKOHCep-
BOBaHWX CnepMiiB 6apaHiB nig BAIMBOM HaHOUUTpaTy
Zn cnpyYmMHNNO 36inbLUeHHS KoediLEHTIB PyXNIMBOCTI.
3okpema, ctyniHb niHinHocTi (LIN) cnepmiiB 6apaHis
3a JoJaBaHHA HaHOLMTPAaTY UUHKY y fo3ax 2,5, 5,0 Ta
7,5 mMkr/n ©yB BUWMM Big KOHTpoOro Ha 9,9%, 13,5%
Ta 2,8% BignoBigHo.

3pocTaHHs CTyneHs1 NPSIMONIHIMHOCTI PyXy cnepmiiB
6apaHiB (STR) 6yno HeaHa4yHMM — BignosiaHo, Ha 3,3%,
5,7 Ta 5,6% NOPIBHAHO 3 KOHTPONEeM. AHarorivyHo, CTy-
niHb BigxuneHHsa (WOB) pyxy aekoHcepBoBaHMX crep-
MmiiB 6apaHiB 3a gogaBaHHsa 2,5, 5,01 7,5 MKr/n HaHo-
unTparty Zn 6ys BumM Ha 6,0%, 6,0 i 3,0% BignosigHo
MOPIBHSAHO 3 KOHTPONEM.

HonaaHHst HaHoumuTpaty Cu go JDKTUIMC npusseno
00 iHLWKWX 3MiH AMHAMIYHMX NOKa3HWKIB cnepmiiB bapa-
HiB Micnsa po3MOpoXXyBaHHS. 3a AogaBaHHs 2,5 MKr/n
HaHouMTpaTy Kynpymy KiIHETUYHI NOKa3HUKM cnepmMiiB
Oynu1 Ha piBHi KOHTPOSKO abo AELLO NOro NePeBULLIYBaIU:
VCL i VAP 6ynu Buwnmu, BignosigHo, Ha 2,7 i 10,3%
(P<0,05), a VSL mawxe He Biapi3HSBCA Big KOHTPOSTbHOIO
3Ha4eHHs (Tabn. 4).

HopasaHHs BULLMX 003 HaHoumTpaTy Cu npu3Beno
00 3HWKEHHS1 AMHaMIYHMX NapameTpiB cnepMiiB bapa-
HiB nicns AekoHcepByBaHHA. 3a godaeaHHsA 2,5 MKr/n
HaHoUMTpaTy Kynpymy nokasHuku pyxy crnepmiis VCL,
VAP i VSL 6ynu Huk4umu Big, KOHTponto Ha 2,2%, 6,7
Ta 14,6% BignosigHo (P<0,01). Noganble 36inbLueH-
Hs1 403n HaHouuTpaTy Cu go 3,75 mkr/n npusseno 4o
BipOrigAHOro 3HWXXEHHS BCiX AOCNIAXYBaHUX napame-
TpiB pyxy cnepwmiis: VCL, VAP i VSL — BignosigHo,
Ha 10,3%, 20,5 Ta 25,8% (P<0,01-0,001).

3MeHLUEHHS 3Ha4YeHb KIHETUYHUX NapamMeTpiB ae-
KOHCEepBOBaHUX CNepMiiB Mig BAAMBOM HaHoOUMTpaTy
Cu cnpUYNHNNO 3HMKEHHS KOeiLiEHTIB PyXNUBOCTI.
CryniHb niHinHocTi (LIN) cnepwmiie 6apaHisB 3a JogaBaHHs
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Tabnuusa 5. [JnxanbHa i BiGHOBHa aKTUBHICTb PO3MOPOXEHOI criepmMu
GapaHiB 3a JoAaBaHHS HAHOLMTPATIB MikpoernemeHTiB (n=6, Mtm)
Table 5. Oxidation and reduction activity of thawed ram sperm
after the addition of nanocitrates of trace elements (n=6, Mtm)

HaHouuTpat . . .
. [uxanbHa akTUBHICTb, BigHOBHA aKTUBHICTb,
Mlﬁcginmfma‘ Hr-atom O,/0,1 Mn*xB mV/0,1 Mnxxs
. ). Oxidation processes, Reduction processes,
Z{gﬁgugggtenin&l ng-atom O,/0.1 mixmin mV/0.1 mlxmin
2,5 2,3040,13 0,18+0,012
Mn?* 5,0 2,60£0,11* 0,16+0,009*
75 2,4040,12 0,20+0,012
25 2,3840,12 0,1940,009
Zn? 5,0 2,93+0,13* 0,15+0,014*
75 2,50+0,14 0,180,011
1,25 2,42+0,11 0,19 £0,010
Cu* 25 2,03+0,13 0,23+0,02*
3,75 1,80+0,13* 0,38+0,024***
el 2,20£0,15 0,20£0,013

HaHouuMTpaTy Kynpymy B gosax 1,25, 2,5 ta 3,75 mkr/n
OyB HWX4YMM Bifg KOHTpono Ha 2,8%, 12,5% (P<0,05)
Ta 17,1% (P<0,05) BignosigHo.

3HWXKEHHSs1 CTyNeHs NPSAMONIHIMHOCTI pyxy cnepmiis
6apaHis (STR) 6yno gewo meHwWnm — BignoBiaHoO, Ha
7,3%, 8,7 Ta 7,3% NOpiBHAHO 3 KOHTPOreM. 3a CTyneHem
BigxuneHHsa (WOB) pyxy aekoHcepBoBaHMX CNepMmiiB
GapaHiB 3MeHLLEHHS CTAHOBWITO, MOPIBHSHO 3 KOHTPOMEM,
12,2%, 13,0 Ta 2,4% BignosiagHo.

Y pocnigyXeHHi iHTEHCUBHOCTI CNOXXUBAHHSA KUCHIO
CnepMisiMM BCTAHOBINEHO 3MiHW AMXanbHOI Ta BigHOBHOI
aKTMBHOCTI IEKOHCEPBOBAHOI cnepMu bapaHie 3a goaa-
BaHHs HaHouuTpaty Mn, Zn i Cu go JDKTUIC. OJonasaHHs
HaHOLMTpaTy MaHraHy y Aosax 2,5 1a 7,5 MKr/n npu3eeno
[0 HE3HAYHOMO 3POCTaHHS AMXaribHOI aKTUBHOCTI CriepMMm
GapaHiB — BignoBiaHo, Ha 4,5 i 9,1% NOPIBHAHO 3 KOHTPO-
newm (Tabn. 5). BogHouac 3a gogaBaHHst 5 MKr/n HaHO-
umTpaTty Mn guxanbHa akTMBHICTb criepMu GapaHis Byna
MaKCVMaribHO BULLIOHO Bif, KOHTpOrito — Ha 18,2% (P<0,05).

MpoTunexHy 3akOHOMIPHICTb CrocTepiranu 3a BigHOB-
HOH aKTUBHICTIO IEKOHCEPBOBAHOI criepMu 6apaHiB nig,
BMNIMBOM HaHOUMTPaTy MaHraHy. 3okpema, 3a AoAaBaHHs
HaHouuTpaty Mn cnocTtepirani 3HWKEHHS BiTHOBHOI aKTUB-
HOCTi CriepMu MOPIBHSIHO 3 KOHTponeM: y o03i 2,5 MKr/n —
Ha 10,0%, 5,0 mkr/n — 20,0% (P<0,05), a B 8o3i 7,5 mMkr/n
BOHa He Bigpi3Hsanacs Big KOHTPOMbHOIO 3HAYEHHS.

MoaibHy TeHaEeHLIo Woao 3MiH AMxanbHOI Ta BigHOB-
HOI aKTUBHOCTiI pO3MOpPOXKEHOI crnepmMmn 6apaHiB BCTaHOB-
NeHo i 3a godaBaHHA HaHouuTpaTy Zn OO cepenosuLla
ONs KpioKoHcepByBaHHSA. [JogasaHHsa 5,0 MKr/n HaHO-
LUUTpaTy LUHKY CNPUYNHUNO Hanbinblue 3pocTaHHs
AnxanbHoi akTMBHoCTI cnepmy — Ha 33,2% (P<0,001)
3 04HOYaCHUM 3HWKEHHAM BiAHOBHOI aKTUBHOCTI Ha
25,0% (P<0,05) nopiBHSAHO 3 kKOHTpOreM. 3a ooaBaHHSA
HaHoumuTpaTy Zn y gosax 2,5 ta 7,5 MKr/n BCTaHOBMNEHO
NigBULLIEHHSA ANXanbHOI aKTMBHOCTI cnepmu GapaHis,
BiANoBiaHO, Ha 8,2% Ta 13,6% i 3HMKEeHHS BiAHOBHOI
aKTMBHOCTI, BignoBigHo, Ha 5,0% T1a 10,0%.
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HopasaHHsa HaHouuTpaTty Cu go JDKTUIC cnpunyn-
HWMNO OELLO iHLWi 3MiHW CNIOXUBAHHS KUCHIO Y OEKOHCep-
BOBaHiIlN cnepmi 6apaHiB — 36inbLUEHHSA 003U 3HUXKYE
OunxanbHy aKTMBHICTb Ta MiABULLYE BiQHOBHY aKTUBHICTb.
3okpema, 3a gofgaBaHHA 1,25 MKr/n HaHoUMTpaTy Kynpy-
My AuxarbHa aKTMBHICTb cnepmMu GapaHiB Gyna BuLLO
Ha 10,0%, a BigHOBHa aKTUBHICTb — HKYO0 Ha 5,0%,
HiDK KOHTPOMbHi 3Ha4YeHHs1. [JogaBaHHs 2,5 MKr/n HaHo-
uutpaty Cu Npmn3BoanTb OO 3HWXKEHHSA OuXanbHOI Ta
NiABULLEHHS BIAHOBHOI aKTUBHOCTI PO3MOPOXEHOI cnep-
Mu B6apaHis, BignosigHo, Ha 7,7% Ta 50,0% (P<0,01),
a B 403i 3,75 MKr/n amMxanbHa akTMBHICTb Byria MeHLLO
Ha 18,2% (P<0,01), a BigHOBHa aKTWBHICTb — BinbLLIOD
Ha 90,0% (P<0,001) nopiBHAHO 3 KOHTPONEM.

O6roBopeHHs

BukopuctaHHsi 3amopoxeHo-BiaTanoi cnepmu 6apa-
HIB Ma€ BaXnvBe 3Ha4YEeHHs1 B Cy4aCHUX MeTodax po3-
MHOXEHHS1 OBELlb, TOMY KPIOKOHCEPBYBAHHSI € BXXIIMBMM
IHCTPYMEHTOM Arisi penpoayKTUBHMX TEXHOMOTiN [2]. Bigomo,
LLIO pO3pigKyBayi, METOAM PO3BEAEHHS-OXONOMKEHHS-
3aMOpOXYBaHHS Ta PO3MOPOXYBaHHS BidirpatoTb BaXn-
BY pOIb B YCniXy KpiokoHcepBalLlii cnepmu 6apanis [40].
[nsa nigTpyMaHHs BUCOKMX QPi3ioNoriYHMX XapakTepucTuk
crnepmiiB 4o cKragy po3pigKyBadiB esKkynaTis 4o4aloTb
MikpoenemeHTV. BogHouvac nitepaTtypHi AaHi BKasyoTb
Ha HeraTUBHMWI BNANB HaAIULLKY MIKpOerieMeHTIB Ha
QpizionorivHi xapakTepuUcTUK i 3annigHoBanbHy 30aTHICTb
cnepmiiB [34, 46]. 3a HagMipHOI KINTbKOCTi OKpEMUX ene-
MEHTIB MOXIMBE NOPYLUEHHS (PYHKLIA MITOXOHAPIN, LU0
NPU3BOANTL A0 3HWXKEHHS (i3ioNoriYHMX XapakTepucTunk
i 3annigHoBanbHOI 34aTHOCTI cnepmiis [24].

3 ornsaay Ha BkasaHe Buwe, 6arato aBTopiB NPOBO-
OSTb JOCAiMKEHHS 3 BMNMBY Ha SKICTb CriepMiiB ccaBLiB
MeTanis y BUMs4i HAHOPO3MIpHMX dhopm abo HaHo4acTu-
HOK [6, 15, 12]. HewonaBHo B YkpaiHi po3pobrneHo HoBy
TEXHOMOrito oAepXKaHHA HaHoKapBoKeMNaTiB MaKpo- i MIKPo-
€NeMeHTIB, 30KpeMa HaHOCYKLMHATY Ta HaHouMTpary
MaHraHy, LUMHKy Ta kynpymy [3, 11, 18]. Y gocnimkeHHsx
3 BUKOPUCTaHHSIM cnepmum ByraiB BCTAaHOBINEHO eDEKTMB-
HICTb cepepoBuLLa ANs KPIOKOHCEPBYBaHHS crnepmMu
OyraiB-nnigHVKiB 3 oAaBaHHSM OO0 CKIlafy HaHOCYKLUMHA-
Ty Mn, Zn i Cu, a TakoX BU3HAYEHO iX onTUMarbHi 103K,
30aTHi MO3MTUBHO BNMBATU Ha PyXITUBICTb, BMKMBAHHS
Ta 3annigHoBanbHy 34aTHICTb cnepmiis [49, 16].

3Baxxaloun Ha BuLLIE3a3HavYeHe, M1 NPOBENW eKcrepu-
MEHT 3 BUBYEHHS BMNMBY A0AaBaHHS HaHouuTtpaty Mn,
Zn i Cu po cknagy cepenosuLla anst KPiokOHCEPBYBaHHSA
cnepmMm bapaHiB Ha KIHEMaTUYHI MOKa3HUKN Ta AnXarbHy
aKTMBHICTb JEKOHCEPBOBaHUX CnepMmiiB. EkcnepmmeH-
TarnbHO 3'ICOBaHO, L0 A0AaBaHHA HaHoumTpaty Mn i Zn
B onTumManbHin fosi 5,0 mkr/n go JDKTUIC BiporigHo
NigBULLYYE aKTMBHICTb PO3MOPOXEHUX CriepMiiB OapaHiB,
a TakoX 3HWXKYE BiCOTOK cnepMiiB 3 MopdonoriyHMMun
nopyLUeHHamW. HaTtomicTe gogasBaHHA HaHoumTpaty Cu
Y 3p0OCTaloumnx J03aX 3HAYHO 3HUXKYE aKTUBHICTb CNepMiiB
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Yy PO3MOPOXEHIN cnepmi 6apaHiB, 0gHO4YacHO MigBULLyHO-
4Yn BIACOTOK AereHepaTnBHUX CMEPMIIB Ta YLLKOOKEHHSA
akpocowm. Lle nintBepmkye gocnimkeHHs T. Leahy et al.,
Y SIKMX BCTAHOBMNEHO, WO Haanuwok Cu?* B pospimxe-
Hin cnepmi 6GapaHa CNpUYUHSIE armoTUHALLIKD CcnepMmiiB
BHaCMiAOK OKUCHEHHS BiNbHUX CYrNbMriapuUnbHUX rpyn
0o gucynbdigHux [21].

PyxnuBicTb cnepmiiB € BaXKnMMBUM KOMMOHEHTOM pe-
NPOAYKTMBHOI 30aTHOCTI CaMLiiB, OCKINTbKM BOHA € BaXKNu-
BOHO N4 MirpaLlii B cTaTeBoOMY TpaKTi Ta B3aemogji rameT
ans 3annigHeHHs [28]. Came 30aTHICTb YOMOBIYMX KITITUH
aKTUBHO pyXaTuCb A03BOMNSE IM NoAonaTh aHaTomMo-gisio-
norivHi 6ap’epu XIHOUMX CTaTEBMX OPraHiB i 3annigHUTL
aueknituHy [39]. OuiHka pyxrnmMBOCTI CriepMmiiB Tpaguuin-
HUM MIKPOCKOMNIYHUM METOAOM € AOCUTb CYD’EKTUBHOIO
[36] i He 3aBXxaun Kopentoe 3i 3gaTHICTIO 40 3anfigHeH-
Hs1 [29]. Po3pobneHunin HanpukiHLi XX CT. KOMM'KOTEPHUI
aHani3 cnepmiiB (CASA — Computer Assisted Sperm
Analysis) [o3BONMB OTPUMaTh 06’€KTUBHUI | TOYHMI
niaxia 0o OUiHKM PyXNUBOCTI CTaTeBUX KIITUH. TEXHO-
norisi KoMm'toTepHoro aHanisy cnepmu (CASA) TouHo
" 0B’EKTVBHO BUMIPIOE PyXIMBICTb CIEpMIiB 3a 4OMNOMO-
oK ABOBMMIPHOIO BiACTEXEHHS PYXY FONTOBKM CMIEPMMU,
WO pobuTb Ti NONYNAPHUM METOAOM MEPEBIPKN AKOCTI
crnepmMu B nnabopartopisix NnemMiHHUX ueHTpiB [42].

HocniopxeHHs B3aeMO3B'a3Ky MK napaMmeTpamm pyxy
criepmiiB, oTpumMaHnmMuy 3a gonomMororo cuctemm CASA,
i penpoayKTMBHOKO 30aTHICTIO NPOBOAMIK Y GaraTbox Bu-
AiB, 3okpema GapaHis [47]. Kopensuis Mk aHanisom pyx-
nuneocti CASA Ta 3annigHioBanbHOK 30aTHICTIO cnepmiiB
Ha GapaHax gocnigXeHa MeHLUE, MOPIBHSAHO 3 iHLMMMK
BMOaMK TBapWH, i Mae pisHi pesynstatn. O'Meara et al.
nosigomunm [25] Npo BiACYTHICTb 3B’A3KY MiX aHanisom
CASA cnepwmii bapaHa Ta penpogyKTUBHO 34aTHICTHO
cTateBux KniTuH. MNpoTe GinbLwicTb aBTOPIB BKa3yOTb
Ha 3Ha4Hy Kopensuito napameTpis pyxnmeocTti CASA (30-
Kpema BigcoTtok pyxommux crnepmiis, VAP, VCL), a Takox
3MiHM LUMX NapameTpiB BNPoAoBX 6 rod iHkyGaLiji 3 penpo-
OYKTUBHOIO 30aTHICTIO cTaTteBux KNiTuH [38, 4, 43].

Y HawoMmy eKkcnepuMeHTi JogaBaHHA HaHoUUTpaTy
Mn i Zn y posi 5,0 mkr/n go cepegosuwa ans 3amo-
pOXXyBaHHS cnepmMu 6apaHiB BiporigHo nigsuLLyBarno
KiHemaTu4Hi nokasHukn crnepmiie VCL, VAP, VSL nicna
[OEKOHCEPBYBaHHS, 30iMbLUYH4YM BogHOYAC KoedilieHTH
pyxnumeocTi LIN, STR i WOB. [logaBaHHs >k HaHoLMTpaTy
Cu y 3pocTatumx go3ax 3Ha4yHO 3HWKYBano gUHaMIYHI
napameTpu CnepmiiB y pO3MOPOXKEHiIn cnepmi bapaHis,
0OHOYACHO 3HWMXKYHOUMN KOeMILEHTN PYXIIMBOCTI.

Ockinbkn TexHonoriss CASA 3abesneyye 06’eKTUBHY
OLiHKY pyXInMBOCTI CnepMiiB, a 6arato napameTpis pyxnu-
BOCTI, SIKi BOHa BUMIPIOE, 3@ YACNIEHHUMU FliTepaTypHUMM
JaH1MK1 NMoB’A3aHi 3 BUCOKOK hepTUnbHICTIO B GapaHiB,
TO MOXHa CTBEPKYBaTK, LLO A0AaBaHHSA HaHOUMTpaTy
MniZny posi 5,0 mkr/n go JDKTUIC niguwye penpo-
OYKTUBHY 3[0aTHICTb CTaTeBUX KITiTMH BapaHiB.

[1ns ouiHKM AKOCTi cnepmm BaXKnMBO OLHWUTY eHepre-
TUYHWIM OOMIiH, OCKINbKW PYXIMBICTb CNEPMIiB 3anexuTb
Big HasiBHOCTI eHeprii. Bigomo, LwWo ageHoanHTpmdocdat
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(AT®) cnyrye 0CHOBHUM JpXepPernom eHepril, Lo BUKOPUC-
TOBYETLCS aKCOHEMarbHUMKN AUHETHOBMMN ATdazamu
BCEpeaVHi XBOCTMKa cnepmis ans iHaykuii noro pyxy [7].
ATO y cnepmisix yTBOPHOETLCS 32 JOMOMOrOH KOMOIHALLT
MeTaboniyHUX LUNSAXIB, OXONSOYKM OKNCHE hocdopu-
NoBaHHS i umkn Kpebca B MIiTOXOHAOpISIX cepeaHboi Yac-
TUHW Ta MIKOMi3 y ronoBHI YaCTWHI [MHKryTUKa. Y NpoLec
3aMOPOXXYBaHHS CMEPMM BUHMKAKOTb KPIOMOLLKOMPKEHHS,
AKi 3HWKYIOTb PYXIMBICTb CNEPMIIB, LLLO OKpeMi aBTopu
[26] nosicHIOIOTL NOPYLUEHHAM (YHKUIT MiTOXOHAPIN.

EkcnepumeHTanbHO JoBedeHO, LWo crnepmii 6apaHa
3anexarb Hacamnepes Big OKUCHOro hocdhopuntoBaHHS
ans BupobHuuTea ATO [9, 10]. Y 3B'A3Ky 3 LM, BaXKIMBO
OLHUTW CTaH OKUCHOTO (POCCHOPUITIOBAHHS Y CNIEPMISIX 5K
BaXKINMBOTO ¢paKkTopa AJ1s1 OLiHKM SIKOCTi cnepmMu 6apaHiB
nicnsi KPiOKOHCEPBYBAHHS.

Y pesynbraTi Hawmx AoChimpKeHb BCTAHOBIEHO, L0
JonasaHHsA HaHouuTpaty Mn i Zn oo cepeposuLla ons
KPIOKOHCEPBYBaHHs criepMun GapaHiB niaBuLLye auxarb-
Hy Ta iHribye BiHOBHY aKTUBHICTb JEKOHCEPBOBAHOI
cnepmm 3 HaMBINbLLIOK BIPOTigHICTIO 3a 403K 060X MiKpO-
enemeHTiB 5,0 MKr/n, WO BKa3dye Ha NiABMLLEHHS aKTVB-
HocTi cnepmiiB. [logaBaHHs  HaHouuTpaTty Cu nposiense
NPOTUNEXHY Ait0 HA CMNOXMBAHHS KUCHIO cnepMoto bapa-
HIB, 3HWXKYIO4M TM caMuM i SKiCTb. [MoaibHI pedynsratu
OTPMMaHO aBTOpaMu B EKCNEPUMEHTI 3 A0A4aBaHHAM
HaHocyKumHaTiB Zn, Mn i Cu 0 NakTO30-KOBTKOBO-IMiLle-
PVHOBOTO CEepedoBMLLA OJ151 KPIOKOHCEPBYBaAHHS CNepMm
GyraiB-nnigHukie [49], WO BKkasye Ha BiACYTHICTbL MiXKBMOO-
BOI Pi3HWLI Y AOji HAHOCMOMYK AOCHiIIKyBaHMX METaniB.

[opaBaHHA HaHouuTpaTy Mn i Zn B onTUMansHin
003i 5,0 MKr/n oo cepepoBuLLia NS KPIOKOHCEPBYBAHHS
cnepmun 6apanis (JDKTUIC) siporigHo (P<0,05-0,01)
NiABM1LLYYE aKTMBHICTb JEKOHCEPBOBAHMX CriepMmiiB, OgHO-
YacHO 3HWPKYHOUYM MOPAPONOriYHI MOLLKOKEHHS CTaTEBUX
KMiTWH, 3MEHLLYE KiNbKiCTb AereHepoBaHNX CrepmiiB Ta
3 YLIKOMKEHUMM aKpOCOMamK, 30irbLUye KiIHEMaTUYHi na-
pameTpu (CASA), a Takox NigBuLLye anxaneHy Ta iHridye
BiJHOBHY aKTVBHICTb criepmiiB. BogHoyac nonaBaHHSA HaHO-
uutpaty Cu y 3pocTtatodmx gosax go JOKTUIC sHmxkye
nepeniyeHi BULLE NMOKa3HMKK (KPiM YLLKODKEHb CriepMiiB),
NigBMLLLYE BIACOTOK AEreHepaTUBHMX CriepMiiB, 30inbLUye
MOPdOOMOriYHi MOPYLLEHHSI CTaTEBUX KITITWH, LLIO BKa3ye Ha
HEraTUBHMWI BNIIMB HAHOYACTUHOK LIbOro MiKpoeneMeHTa.
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Kinematic parameters and redox state of thawed ram sperm after adding nanocitrate of Mn, Zn, and Cu
to the medium for cryopreservation
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The aim of the work was to find out the effect of adding nanocitrate of Mn, Zn and Cu to the medium for cryopreservation of ram sperm on
kinematic indicators and respiratory activity of thawed sperm. The experiment was conducted on six clinically healthy breeder rams of the Texel
breed aged 2—4 years. After receiving the ejaculates of the rams, they were evaluated for the volume, concentration and motility of the sperm
and were divided into control and experimental groups. Control sperm samples were diluted with lactose-yolk-tris-citrate-glycerol medium
(LYTCGM). Nanocitrates of trace elements were added to the medium in experimental samples of ram sperm in the following doses: Zn and
Mn — 2.5, 5.0 and 7.5 pg/l, Cu — 1.25, 2.5 and 3.75 pg/l. Diluted sperm was packaged in straws, equilibrated for 2.5 hours and frozen.
After thawing of sperm, motility, morphological damage of sperm, kinematic parameters of sperm motility (CASA), oxidation and reduction
activity of sperm were determined. A dose-dependent effect of Mn, Zn, and Cu nanocitrates upon their addition to LYTCGM was established.
The addition of Mn and Zn nanocitrate at a dose of 5.0 pg/l to LYTCGM significantly (P<0.05-0.01) increases the activity of thawed ram sperm,
while the addition of Cu nanocitrate in increasing doses significantly reduces the motility of sperm in thawed ram sperm. Addition of Mn and Zn
nanocitrate in an optimal dose of 5.0 ug/l to LYTCGM significantly (P<0.05-0.01) reduces the number of spermatozoa degenerated and with
damaged acrosomes, and with the addition of Cu nanocitrate in increasing doses, morphological disorders of germ cell significantly increase
cells The addition of Mn and Zn nanocitrate at a dose of 5.0 pg/l to LYTCGM significantly (P<0.01-0.001) increases the kinematic parameters
of thawed ram sperm, and the addition of Cu nanocitrate in increasing doses significantly reduces the indicators of germ cell motility. The addition
of Mn and Zn nanocitrates to the medium for cryopreservation of ram sperm increases the oxidation and inhibits the reduction activity of thawed
sperm. Addition of Cu nanocitrate to LYTCGM in increasing doses reduces the oxidation and increases the reduction activity of thawed ram sperm.

Key words: ram, sperm, Mn, Zn, Cu nanocitrate, kinematic parameters, motility, respiratory activity
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lMpeacTtaBneHi pesynsrat AocnigXeHb penpogyKTUBHOI
OWHaMIKM KIoYoBUX BMAIB aMqibint YkpaiHcbkoro Po3Touus.
OCKiNnbK1 pO3MHOXEHHSI HANEXWTb 40 HAaNBaXKITMBILLMX Ta
KIHOHYOBMX €TaniB CE30HHOTO LMKIY 38MHOBOLHWUX, Came LibOMYy
nepiogy 6yno npucesiyeHo ocobnmey yBary. Mn Bukopuctanm
Krnacu4Hi i TMMOBi MeToam obniky cTaTeBOaKTUBHUX NpeacTaB-
HWKiB amaibin: MapLUpyTHi 0Bniku, NOLLYK 3armbnmnx 3eMHoBOa-
HWX Ha aBTOLLAXax, BOKanisauiiHi METOAM Ta BCTAHOBIEHHS
TUMYACOBMX 3axXMCHUX Bap’epiB, ki YHEMOXIMBAIOWOTE Nepe-
xig amdibin uepes gopoxHe nonoTtHo. OToX, 40 BUAIB 3 panTo-
BMM TWMOM PO3MHOXEHHS HanexaTb 3eMHOBOAHI poaiB Rana
Ta Bufo. [1o BUAiB TpUBANoro po3MHOXEHHSAM MY BHECTN Npea-
CTaBHVKiB pogis Lissotriton, Triturus, Bombina, Hyla, Pelophylax.
3okpema, TMM4YacoBi 3aXUCHi Gap’epy fanv Ham NOKa3oBi i YiT-
Ki MOHATTS CTOCOBHO 4acoBMX MiKiB i criafiB penpoayKTUBHUX
Mirpauiv LoCnimKyBaHNX BUAIB amdibil, a TakoXX HaNpsiM pyxy
[0 penpoayKTUBHMX Ta TPOMIYHKX ocenuLLl. MNopiBHIOKHM NOYaTOK
CTaTeBOI aKTMBHOCTI Ta il nepebir BNpogoBx ce3oHy, 6a4Mmo
neBHi BigMiHHOCTI Mk MogensHumMmu Buaamm B. bufo Ta R. tem-
poraria, 3okpemMa Le B1bip penpogyKTMBHUX BOAOWM, Yac Bif-
KrnadaHHS ikpu Ta Nepiof aKTMBHOCTI CTAaTEBOAKTUBHMX OCODVH.
CrtaTteBa aKTUBHICTb abu TpasB’'aHOI NpMnagae Ha nepuy
nonoBuHy 6epesHs — cepeavHy KBiTHSA. B opyrii nonoBuHi
KBITHS MW BigioBnoBanu xab TpaB'aHunx 3 060x 6okis 6ap’epis,
LLO CBig4YMTb NPO «NepesioMHUn» MOMEHT CTaTeBOI akTMB-
HOCTI Uboro Buay. Xo4a pornyxa cipa nepLuoto 3’saBNAeTbCs
nicnsi ribepHaLji, HepecT BigbyBa€eTbCA OPIEHTOBHO HA Aekady
nisHilwe, HiX y )xabu TpaB’siHOI, ane TpuBae AELL0 JOBLUE.
Beaxkaemo, L0 Taki 4ocnigKeHHs NoTPiGHO NPOBOANTM pery-
NSPHO i Lo odepkaHi pe3ynbsraTh CrIoHyKalTb reprneTosoris
[0 noganbLlunx | TpuBanux OOCHIoKEHb.

Knro4yoBi cnoBa: Ce30HHWIN LWKI, 3eMHOBOAHI, YKpaiHCbke
PosTouus, penpogykTMBHa AnHaMiKa, PO3MHOXEHHS

Bctyn
OOHUM i3 HaMBaXXNUBILLIMX eTaniB CE30HHOro LMKNY
Ce30HHMI UMK — Lie CYKYMHICTb Ta XapakTep nepe- 3eMHOBOAHUMX. [ig TepMiHOM «penpoadyKTMBHa AMHaMIKay
Giry yCixX >XMTTEBO BaXKINMBMX NPOLIECIB XMBMX OpraHiamis pO3yMIiEMO BCi MpoLEecH y penpoayKTUBHUX foKaniTe-
nig Yac nepiogy X akTMBHOCTI. PO3MHOXEHHS1 BBaXatoTb Tax ynpoaoBX Ce30HYy PO3MHOXEHHSA 3€MHOBOOHMX,
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AKi NOB’A3aHi 3 IMOBIPHICTIO BOANOro PO3MHOXEHHSA Ta
3anexarTb Bif TPMBanocTi N iHTEHCUBHOCTI LLTHOOHOIO
nepioay. 3i cBoro 60oKy, Ui ABMLLA OXOMMIOKTb LLUMPOKUIA
JianasoH NoBeaiHKOBUX MoAenen pa3oMm i3 Mopdono-
riYHMMM i Gi3ionoriyHMMmM 3miHamMn 0cobunH BNPOJOBX
penpoayKkTMBHOro nepioay [5].

K. D. Wells nponoHye aBa penpoayKTUBHUX TUMKX
y 6e3XBOCTUX 3eMHOBOAHUX: BUOYXOBOIO (PanToBOro)
i TpmBanoro po3aMmHoxeHHs [14]. i oBi kateropii pe-
NPe3eHTYITb ABa MOXIUBI 3aKiHYEHHSA KOHTUHYYMY
(npouecy), NOYMHaOUK Bif, PO3MHOXEHHS, LLO TPUBAE
OOHY HiY Yy AeAKMNX BUAIB, i 3aKiHYYOUYN PO3MHOXEHHSAM
TpuBanicTio Aekinbka Micauis B iHWux [14, 15].

Panmosut (8ubyxosuti) murn pO3MHOXEHHS XapakK-
TEPU3YETLCSA 3HAYHMM CKYMYEHHSM OCOOMH Y MEBHMUX
BiAMNOBIAHMX NoKaniTeTax i KOPOTKUM PenpoayKTUB-
HUM NepiogoM — Bif KifTbKOX AHIB A0 KiSTbKOX TUXKHIB.
PanToBe pOo3MHOXEHHS XxapakTepHe Anst 6araTtbox
B6e3xBocTmx amaibii nomipHnx wupoT: Bufonidae,
Ranidae, Pelobatidae [3, 4, 13]. Camui 3eMHOBOAHNX
TaKoro TMny pO3MHOXEHHSA POPMYIOTb XOpU Y penpo-
OYKTVMBHKX foKariterax.

MpepenpoaykTMBHU nepiod, To6To nepiog Mk nep-
LLOO BOKasi3aui€to i nepLLuMMmn MacoBoO BigknageHumMmm
ANLAMM, € BIGQHOCHO KOPOTKUM Y €BPONENCHLKNX BUAIB
3eMHOBOAHUX [5]. G. Stromberg B pe3ynbraTi CeMMUpIYHNX
JocnifxeHb WBeaCcbKoT nonynsauii xabwu npyakoi Rana
dalmatina BcTaHOBMB, WO NepLlla Maca BigknageHnx
SeUb 3'ABNAnacs B iHTepBani Big YoTupbox Ao 11 gHis
nicnsi novatky Bokanisauii [11]. J. EiImberg BctaHoBUB ce-
peaviHHUIA NepegHepPeCcToBUi Nepiod y 5,4 AHs Ans xabu
TpaB’sHoi R. temporaria npotarom 10-pivHMX JOCHigKEeHb
(LWBseuist) [2, 3]. IHWi TprBani gocnigykeHHs1 nokasanw, LWo
y R. temporaria BokanizaujiHa nosegiHka 3anexuTb Big
eHepreTMYHMX 3anaciB, SKi 3anuLIaoTbCa Nicns nepioay
ribepHaui. Takum YMHOM, CniBU camLiB MOXYTb ByTI Ljin-
KOM BiACYTHIMM, SIKLLIO EHEPreTUYHI pe3epBu BUYepnanu-
ca nicnsa ayxe posroi 3uvu [2, 3]. Camui 6aratbox BuaiB
panToBOro TUMY PO3MHOXEHHSI AEMOHCTPYIOTb HEPO30ip-
NYBY MOBEAIHKY LLOAO NOLLYKY Napu AN HepecTy nig vyac
penpoayKTMBHOTO CE30HY. TMMOBUMK NpeacTaBHUKaMM
TaKoi noBediHkM € ponyxa cipa B. bufo i xaba Tpas'siHa
R. temporaria, camuj AK1X 3aX0NIoTb Oyab-sKkuin 06’ exT
y BOfi, SKuin 3a po3Mipamu BigNoBiaHUM camuui, — ca-
MWLb iHLIKMX BMAIB Ta HaBiTb CynyTHiX camuis [8, 14, 15].
Y B/MNagKy NOMMUIIKOBOTO «NapyBaHHS» 3 iHLUMMK camLs-
MW CBOIO X BYAY BOKarnisaLis BBigirpae porib BHYTPILLHLO0-
BWOOBOroO po3nidHaBaHH4A [12].

Ha xanb, HemMa€e KOHKpeTHUX BigoOMOCTeN LWoa0
3B’AA3KY MiXX YacoM npubyTTa (paHo YM Ni3HO Nig Yac
wintobHoro nepiody) i po3mipom camuis ponyx. [deski po-
00TM BKa3ytoTb, WO BinbLui (CTapLui) caMmui npudyBaoTb
Ha PO3MHOXEHHSI paHille [7], ToAi SK iHLWi cBigyaTh Npo
paHHi Mirpavji MeHLLnx 3a po3Mipamm camuiB [4]. Poamip
Tina pisHnx ocobuH [1] i nonepeaHi penpoayKTUBHWIA 0O-
cBia [9] € BaxNMBMM AeTEPMIHAHTOM AN CamMLiB Ponyxu
cipoi nig yac amnnekcycy. Camui MoOXyTb TUMYacOBO
BiACTyNnaTu 3 penpoayKTMBHOI BOAOVMMU Y MOLLYyKax
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MOXITMBOCTEN AN KONyNnsvji B HABKOMULLIHIX HA3eMHNX
ocenuiax. Taki npyknaau Woao ponyxu Cipoi NOKasyoTb,
LLIO penpoayKkTMBHa cucteMa amdibivi pantosoro Tuny
PO3MHOXEHHS MOXe OyT! AOCUTb FHYYKOHO.

Tpueanuti murn pO3MHOXEHHST XapaKTepu3yeTbCs 3a-
TSPKHUMW PENPOLAYKTUBHUMM Nepiogamun. Ha BigMiHy Big,
amdibin 3 panToBMM TUMOM PO3MHOXEHHSI, NpeacTaB-
HWKN TPMBArioro PO3MHOXEHHS BOKasi3yloTb e0EeKTUBHO
ONsi po3MeXyBaHHS TEPUTOPIN | NpMBabneHHA camuLib
00 penpoayKTMBHUX ocenuiL. B Takomy BUNagKy camuui
roToBi BUSIBUTU i 0B6paTu camMuiB Ha OCHOBiI caMe xapak-
TEPUCTUK BOKanisawii.

Hartel et al. (2004) [6], pocnimkyro4um penpogyKTUBHiI
XapaKTepuCTUKN KYMKW )XOBToYepeBoi Bombina varie-
gata, AEMOHCTPYE, O caMLi TaKOX BUKOPUCTOBYIOTb
pi3HOMaHITHI cTpaTeril Ansa yTBopeHHs napw. Li ctpate-
rii YacTo KOpentoTb 3 BUOOPOM CamMULIIMU BOAOWM A5lst
PO3MHOXEHHS, LU0 NOB’sI3aHe 3 X TUMYacoBOK AOCTYnN-
HiCTt0. B Cyxi ce30HM KinbKiCTb AOCTYMHUX AN1s penpo-
OYKUii BOAOWM € Mi3epHOI0, TOMY CamuLli NPOSBSAIOTb
CXUNBHICTb 40 NOCTINHOCTI NnepebyBaHHA Y BOAOWMI.
Y BOMori ce3oHy camuLi HacensaTb BinbLy KiNbKiCTb
penpoayKTuBHMX BogonM [5]. BctaHoBneHo, Lo B Tako-
My BUMaAKy camui YacTille MirpytoTb 3 ogHiei BOOOMMM
B iHLUY Mig Yac Cyxux CE30HiIB, TOAi SIK CMNiBBIOHOLLUEHHS
HEeMIrpytoumnx KyMOK Yy BO4OWMI € BinbLUMM Yy BOori ce-
30HM. ABTOPU NPUNYCKatoTb, LLO Takui Niaxig 36inbLye
NMOBIPHICTb 3HAUTX CaMULIt0 ANSA PO3MHOXEHHS, axe
3anuwiaTnca y Bo4ONMI, Konu GinbLUicTb caMuLb, Briac-
He, i LWyKae BO4OMMM Mif Yac BOSIOrOro CE30HY, MOXe
BUSIBUTUCH BiNnbLL BUFAHUM Ta e(PEKTUBHUM.

MaTepianu i meTogm

[ocnimpkeHHs npoBoann Ha TepuTopii YkpaiHCbKO-
ro Postouusa npotarom 2017—2021 pp. Bigomo, wo go-
CRifXXeHHSA penpoayKTUBHOI AUHAMIKN 3€eMHOBOOHUX
4acTo NOEOHYOTb 3 PAYHICTUYHUMM Ta MirpauiiHMMm
JocnimKeHHAMU. ToOMy Micns BCTAHOBMEHHS 3aXMCHUX
Bap’epiB y Ce30HM MirpaLinHOI aKTUBHOCTI HABECHI Ta BU-
NOBY TyOW 3€MHOBOOHMX € MOXIUBICTb BCTAHOBUTM iXHi
MirpauiiHi nikv B Yac penpoayKTUBHOTO eTany Ce30HHOrO
LMKy, a TaKoX MNiCrsi PO3MHOXEHHS, MirpauiiHi niku nig
Yyac nepemilLieHHs1 3 BOAOKMM [0 XapyOBUX OCENMLL, BiT-
Ky Towo. Mun BCTaHOBUITM TUMYaCOBI 3axMCHi 6ap’epw,
AKi YHEMOXITUBIIOOTL Nepexia aMmaibin Yepes OPOKHE
MOJTOTHO; OKPIM LibOro, Taki 6ap’epn KOHTPOMOKOTL CriB-
POGITHMKN NPUPOAOOXOPOHHUX TEPUTOPIN | BONOHTEPU
(puc. 1). O6bniku 3arnbnunx amibiv Ha aBTOLWNAXAX
TaKoX JlonomararoTb y po3yMiHHI MoYaTKiB, Nikie Ta 3aBep-
LWeHb penpogyKT1BHMX Mirpadivi [10]. He meHw Baxnu-
BOIO € BOKasisaLiiHa KOMMOHEHTa, 0COOMMBO AN Takmx
npeacTaBHUKIB, SK Bypi Ta 3eneHi xxabw, KBakLLi, poryxu
N KyMkn. Tox gocnigXeHHsa Bokanisauii 3eMHOBOOHMX
Y CE30H IXHbOI aKTUBHOCTI € HEBI EMHMM KOMMOHEHTOM
K payHICTUYHMX, TaK i TONYNAUIMHMX AOCAIgXEeHb.
Takui acnekT AO3BOMSIE HAM NPOBECTU iHBEHTapU3aLlito
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Puc. 1. 3aranbHun Burnag doparMeHTy 3axucHoro 6ap’epy
Ha y36ivyvi goporun T-1425

BMAOBOro cknagy amdibin, BiaCTEXNTH IXHIO CE30HHY
i penpogyKkTnBHY AnHamiky. Ce3oHHa Bokanisauis am-
ibin [O3BONSIE TAKOXK, OKPIM SIKICHOTO CcKnaay, OLiHWUTK
BiAHOCHY YMCENbHICTb Ta CMiBBIAHOLIEHHS BUAIB, SKi
BXOAATb OO cknagy 6aTpaxoueHosis.

Yci B3aemogis Ta MaHinynauii 3 gocnigpkyBaHUMmy TBa-
pyHaMy BUKOHYBarnmncs 3rigHo 3 Hopmamm €BpOornencbKoi
KOHBEHLiT NPpO 3axucT XpebeTHNX TBAPWH, SiKi BUKOPUCTO-
BYIOTbCS Y HaykoBux Linsx (Ctpacbypr, 1986).

lMpoTaromM gocnigkeHb BUKOPUCTOBYBAM METOAM
MapLIpyTHMX 06nikiB. MapLupyTun 6ynu obpaHi Tak, Lwob
OXOMIIKBATM MaKCUMaribHY KifbKiCTb pENPOAYKTUBHUX
ocenuLy 3eMHoOBOAHUX. PenpoaykTuBHi BogoriMn 06-
CTEXYBanu perynsapHo, NpoBoannm obnik Ta obpaxyHok
0OCOBOUH 3eMHOBOAHMX, @ TaKOX IXHbOI IKpW, TIMYUHOK
Ta meTamopdiB. bpanu o yearu i norogHi ymoBu siK
PYLWINHWIA Ta KIMOYOBUA YUHHUK Y NPOXOMKEHHI eTaniB
penpoayKTUBHOIo nepioay.

Pe3ynkTaTt 1 06roBopeHHsA

3a pesynsratamum 4ochnigpKeHb, OnMparyvmch Ha Gio-
TWYHI | peHonorivyHi ocobnmBocCTi BUAIB 3eMHOBOAHUX,
poau Rana ta Bufo HanexaTb 40 TUNY «panToBOro»
PO3MHOXEHHS, Ha BiAMIHY BiJ peLuTn 3e MHOBOAHMUX,
00 9Kux HanexaTtb Buan pogis Lissotriton, Triturus,
Bombina, Hyla, Pelophylax.

Rana temporaria npoTarom gocnig)eHb nposisuna
TUMNOBY CTaTeBy AMHAMIKY. NepLui nosien xabwu Tpae’siHOT
peECTpyBanu B OCTaHHiI aekadi 6epesHs — nepLuin ge-
Kagi KBiTHS. BapTo 3a3HaunTw, WO, Ha BigMiHY Big ponyxum
cipoi, »xaba Tpap’siHa BusiBUacs GinbLL Ni3HiM MirpaHTOM.
3a pesynbratamum gocnimkeHb nepediry mirpaLii 3eMHo-
BOOHMWX HA MoAenbHin AinsHui goporun T-1425, ne 6ynu
BCTaHOBINEHI 3axXVCHi 6ap’epn, BECHSHI CE30HN aKTUBHOC-
Ti 3emHoBoaHUX TpuBanu 3 03.04.2018 no 01.05.2018
i 315.03 2019 no 20.05 2019. Y nepLuin NONOBMWHI KBITHS
20182019 pp. y Bigpax-nacTtkax 3 6oky nicy (y Hanpsam-
Ky 4O penpodyKTUBHNX BOAOWM) My 0bnikoByBanu Bxe
HeuncneHHux (go 10 ocobuH) npeacTaBHUKIB Rana tem-
poraria, B Apyrin NONOBUHI KBITHA iXHA KifbKICTb 3pocna
NpUGNM3HO BABIMi, O4HAK YXXe B TOW Yac MU NPOCHiAKo-
ByBanu BEMUKY KirnbKiCTb OCOOMH Y Bigpax-nacTkax 3 6oky
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penpoayKTUBHMX BOAOWUM — Y HANPSIMKY A0 Micy, AKUiA,
OYeBUAHO, Cryrye TpodivyHUM ocenuiLlemMm 3eMHOBOA-
HUX Ha Ui MoaenbHin aingHui. B apyrin NnonoBuHi KBiT-
HA 2018 p. mu 3adpikcyBanu noHag 400 ocobuH xabun
TpaB’aHOI, SiKi BXXe NoKkMaanu penpoayKTUBHI BOOONMU.
IxHg KinbKiCTb pi3ko 3HM3aMnacsa Ao 30-T1 0cobuH Ha Tpe-
TBOMY TVDKHI KBITHSI, @ Ha YETBEPTOMY MU BXXE HE BUSIBUIU
0COOMH xabu TpaB’'aHOI, BNiNMaHUX y Bigpa-nacTKu.
Takui po3noain ceiguMTb NPO Te, WO CTaTeBa aKTUBHICTb
xabwu TpaB’saHOI Nnpunagae Ha apyry NonoBuHy Gepes-
HS — OpYry NOMOBUHY KBITHS (pUC. 2), L0 € TUNOBUM
Ans suay B ymoBax YkpaiHn. Many KinbkicTb Mirpytoumx
0CcobuH y Bik penpoayKTMBHUX BOOOWM (AVB. pyc. 2) Mo-
XKEMO MOSACHUTU TUM, LLO 3aXUCHi Bap’epy BCTAHOBUNU
BXXe MiCris Toro, sk BiabyBCsl MacOBWI Nepexid Lx 3eMHO-
BOOHUX [0 MiCLb PO3MHOXEHHS (4ac BCTAHOBMNEHHA —
noyartok kBiTHs1 2018 p.).

HagecHi 2019 p. 6ap’epu Gynun BCTaHOBNEHI Ha ABa
TWKHI LWIBMALWE AN NepeBipKy rinoTesu, LWo 3 NoYyaTtkomM
MirpaLin 3eMHOBOAHI MirpytoTb 3 60Ky MiCOBMX MacuBiB
00 BOOONMU, a OPIEHTOBHO 3 CEPEAVHM KBITHSI — HaBna-
ku (puc. 3). | Taka TeHOeHUia nmigTBepavnack: 3 6epesHs
no Apyry NonoBUHY KBITHA BCi BUsiBneHi amdibil 6ynu
y Bigpax-nacTtkax 3 60Ky ricy, notim — 3 60Ky cTaBy. Hato-
MiCTb OCTaHHi obnikoBaHi amdibii 6ynn y Bigpax-nacTkax
y NepLuMin TWKaeHb TpaBHs, Jani nactku bynu nyctumMn.
BapTo 3a3HaunTy, L0 NPOTArOM TPaBHS MU cniocTepiranu
TaKOXX HE3HAYHY KiNTbKICTb pO34aBNEHUX 3€MHOBOAHUX Ha
BCilA MOAENbHIN AiNsHUI — 3aranom 27 npeacTaBHUKIB
ponyxw cCipoi i >xabuv Tpae’saHOi pa3oM. TM He MeHLLE, 3a-
ranbHa gvHaMika noTpannsiHHs: amdibin y Bigpa-nacTku
LLIOAO HanpsIMKIB cTaBy i nicy 36iraeTbcs.

Takum YMHOM, MM NiOTBEPAMNN LLIBMAOKUA Nepebir cTa-
TEBOI aKTUBHOCTI abw TpaB'sHOI, Xo4a B Pi3Hi POKK iIXHS
YNCENBHICTb AELLO Pi3HUTLCS.

Bufo bufo Takox nposiBuia paHHLOBECHSHY i LLUBUAKO-
NANHHY CTaTeBY aKTUBHICTb, ane nepLui BECHSHI Mirpavyii
ponyxa cipa 34iMCHIOE Ha TWXAEHb LIBMALLE, HidX xaba
TpaB’siHa. Bnpopoex 2018—-2020 pp. BXe B Apyrin no-
NOBUWHI 6Gepe3Hs KiNbKICTb MIrpyto4nMx 0COOUH CTaHoBMNA
npubnmnsHo 140.

3a pesynsratamu nigpaxyHky B. bufo y Bigpax-nact-
Kax Ha 3axucHux 6ap’epax gOXoAMMO BUCHOBKY, LLIO B HUX
OVHaMiKka i YacoBi cTparerii nofgibHi. Ha noyatky KBiTHS
2018 p. KinbKiCTb 0COBWH, AKi NpsIMyBanu Big nicy 4o cTa-
BY, byna GinbLuoto — 18 ocobuH, a B Apyrin Aekagi KBiTHs
Hanpsim pyxy 0CobrH ponyxm Cipoi 3MiHWBCS Big, BOAONMM
4o nicy. Bigtak 6yno BignoeneHo 6inbe 160 ocobuH
y Bigpa-nacTku, po3TtalloBaHi 3 60Ky cTaBy, a ue CBia-
4YnTb, LLIO B APYrii AeKkadi KBITHS 3Ha4Ha YacTuHa nonyns-
LT ponyxu Cipoi BXe 3aBepLuunna HepecT. HatomicTe go
KIHLA KBITHSI MW BUJTOBIOBaNM ocobuH B. bufo sik 3 Boky
nicy, Tak i 3 60Ky penpoayKTUBHOI BOAOMM (puc. 4).

MpoTsarom BecHn 2019 p. NpocnigkoBYEMO YiTKiLy
3MiHY HanpsiMiB pyxy ponyxu cCipoi. 3 TPETbOro TUXHS
GepesHsi Mo NepLUN TUXAEHb KBITHS KiMbKIiCTb ponyx
3 OoKy nicy HEBMUHHO 3pocTana — Big 12 4o 57 ocobuH,
[0 YETBEPTOTO TVXKHSA KBITHSI PyX POryXu OyB HE3HAYHMM,
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PenpoaykTMeHa AvHamika ponyxu cipoi Bufo bufo i xabu Tpas'aHoi Rana temporaria K OAnH 3 eTanis iX CE30HHOro LKAy
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Puc. 2. 3aranbHa kinbkicTb 0COOUH R. temporaria, BUNOBNEHWX
3axMCcHMMK BGap’epamun Ha MoAenbHin ainsHui goporn T-1425
Ha TepuTopii YkpaiHcbkoro Po3touust npoTtarom keiTHA 2018 p.
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Puc. 3. 3aranbHa kinbkictb 0cobuH R. temporaria, BUNOBNeHMX
3axMcHMMK Bap’epamu Ha MoAenbHin ainsaHui goporn T-1425
Ha TepuTopii YkpaiHcbkoro Po3touust npotsarom BecHu 2019 p.
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Puc. 4. 3aranbHa KinbkicTb 0co6uH B. bufo, BUNoBneHnx

y Bifpa-nacTku 3axucHUMu 6ap’epamMun Ha MogernbHIN AinsHui
poporu T-1425 Ha TepuTopii YkpaiHcbkoro Po3Toyus
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Puc. 5. 3aranbHa Kinbkictb 0cobuH B. bufo, BUNOBRNEHNX
3axucH1MK Bap’epamu Ha MogenbHin AinsHui goporn T-1425
Ha TepuTopii YkpaiHcbkoro Po3toyus npotsrom BecHu 2019 p.
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a NPOTAroM YeTBEPTOro TUXKHS KBITHS BUNOBUIW NOHAA
90 ocobuH, ane Bxe 3 60Ky penpoayKTMBHOI BOOOVIMU.
Ha nouatky TpaBHS KifbKiCTb Mirpyto4nx 3eMHOBOLHUX
CyTTEBO 3HM3MNAack 0o >10 oc. i nicns Uboro MacoBmx
NosiB Ha 3axuCHKX Bap’epax Mu He peecTpyBani (puc. 5).
Ponyxa cipa nposBuna TakoX LUBUOKWUA TUM PO3MHO-
YKEHHs1, Xo4a, Ha BigMiHy Bif >xabu TpaB'siHOI, B XpPOHOIO-
[YHOMY NaHi NPOTSPKHICTL HEPECTY Y POMNYyXy AeLLO GinbLua,
ocobnmeo y 2019 p. lNMpoTe KinbKiCTb CTaTEBO aKTUBHMX
0cobuH y 2019 p. BuABUNachL HUx4oto, Hix 'y 2018 p.
Taki MirpauinHi npouecy 4na MoAenbHUX BULIB 3€MHO-
BOOHMX «BUBYXOBOIO TUMY PO3MHOXEHHS» NigKpeCcnto-
I0Tb HEOOXIOHICTE OXOPOHWN PENPOAYKTUBHMX OCENULL,
0CcoBnMBO Ha NOYaTKOBKX eTanax IXHLOr0 CE30HHOTO LINKITY,
OCKiflbK/ CaMe B Liel Yac iMyHHa cuctema 3eMHOBOAHUX
nicns ribepHadii i nig 4ac HecTabiNbHUX KiMATUYHNX
YMOB MOPIBHAHO criabka [6]. Tum nave, Len novaTkoBum
€Tan Ce30HHOro LMKy BOa4aemMo 3a [OLiNbHE BBaXXaTh
OAHWM i3 BUpiLIanbHMX, OCKINbKN Bif HbOro 3anexnTb
KiNbKICTb MOTOMCTBA Ta CTaH nonynsdii Hasaran.
Otox, nepLui peecTpalii 0cobyH JOCTigKyBaHMX BB
nicng ribepHadii MM peecTpyBanu Ha noyaTtky 6epesHs
MPOTHAroM YCix pokiB gocnimkenHs. Mpote B. bufo, R. tem-
poraria i R. arvalis nposiBUnn HambinbLL paHHIO cTaTeBy
aKTVBHICTb. IHLLI NpeacTaBHMKY, 30kpema xabu pogy Pelo-
phylax, 3'aBnsnuncs nisHilwe, ane 6ynyM aKTMBHUMU NPOTS-
rom TpmBaniworo nepiogy Yacy. Macosy nosiBy ikpu 3adik-
CyBarM HaMpUKiHLi 6epesHs — Ha novaTky KBiTHS, TYT Xe
1 Byno obnikoBaHO MaCcoBi CKYMYEHHS! | XOpy CamLiB »abu
TpaB’siHOI Y pENPOAYKTUBHUX BOAONMAX. HanpukiHui nep-
LLOI AeKaaw KBITHS MW PeECTpyBany BEMUKY KirnbKiCTb ikpy
TpaB'sHOI Ta roCTPOMOPAOI >ab Ha JOoCHigpKyBaHin AinsHL
y BOLONMaXx Ha TepuTopii ¢. [lybpoBuLA SABOPIBCLKOTO p-Hy.
B umx ke crauisx Byrno 3acpikcoaHo 14 nap ponyxw cipoi
(amnnekcyc) Ta YoTMpK NOOAMHOKI camui. Hasaran, Kinb-
KICTb aKTUBHUX CaML,iB Y BOAONMAX CYTTEBO NEpPEBULLYE
KiNbKIiCTb caMunLb — ogHa cammusl Ha 33 camui. KiHeub
PO3MHOXEHHS )abu TpaB'siHOI Ta rocTpoMopaoi Npynaaae
Ha 10—13 kBiTHSA, a ponyxu cipoi — Ha 20—25 KBIiTHS.
Mig yac pocnimkeHb penpoayKTMBHOT AMHAMIKM amdi-
Gin YkpaiHcbkoro Po3Touus My nigTeepanny, LWo Ao BuaiB
3 panToBNM TUMOM PO3MHOXEHHS HanexaTb 3eMHOBOAHI
pogiB Rana Ta Bufo. [Jo BuAjB TpMBANoro pO3MHOXEHHSI
HanexaTb poawu Lissotriton, Triturus, Bombina, Hyla,
Pelophylax. INopiBHIOIO4M NOYATOK CTaTEBOI aKTUBHOCTI
Ta ii nepebir BNpogoBx Ce30Hy, 6a4nMo NeBHI BiAMIHHOCTI
MiX MogensHuMmn Bugamu B. bufo Ta R. temporaria: 30kpe-
Ma BMGIp penpodyKTUBHMX BOAOVIM, Yac BigKnagaHHs ikpu
Ta nepiof aKTMBHOCTI METaMOpiB. X04a poryxa cipa nep-
LLIOO 3'ABMSIETLCA MICNs ribepHaLi, HepecT BiaOyBaeTLCS
OpiEHTOBHO Ha Aekafy nisHille, HixX Yy xxabu TpaB’sHoT,
ane Tpveae fello gosile. Bnpogosx 2018-2020 pp., Bxe
B APYriv NONOBWHI BepesHst KiNbKiCTb Mirpytoumx 0cobuH
cTaHoBurna npmbnmaHo 140 ocobmH CtaTteBa aKTUBHICTb
»abw TpaB’'aHOI NpuNafae Ha NepLUy NnoroBuHy GepesHa —
cepeauHy KBiTHs. B apyrii nonoBuHiI KBITHA MUY BiAnoBnoBa-
1 ab TpaB'siHMX 3 060X BoKiB Gap’epiB, LLIO CBIAYUTL MPOo
«MEPENOMHUINY MOMEHT CTaTEBOI aKTUBHOCTI LIbOTO BUAY.
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Reproductive dynamics of the common toad (Bufo bufo) and the grass frog (Rana temporaria)
as one of the key species of their seasonal cycle

B. O. Andriishyn
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National Research and Development Restoration Center of Ukraine (Lviv branch), 10 Lesi Ukrainky str., Lviv, 79008, Ukraine

The results of research on the reproductive dynamics of the key amphibian species of the Ukrainian Roztochchia are presented.
Since reproduction is one of the most important and key stages of the seasonal cycle of amphibians, special attention was paid
to this period. We used classic and typical methods of recording reproductive activity of amphibians: route records, searching for
dead amphibians on the roads, vocalization methods and installation of temporary protective barriers that prevent amphibians from
crossing the road. Therefore, amphibians of the genera Rana and Bufo belong to the species with a sudden type of reproduction.
We included representatives of the genera Lissotriton, Triturus, Bombina, Hyla, and Pelophylax to the long-term breeding species.
In particular, temporary protective barriers gave us indicative and clear concepts regarding the temporal peaks and troughs of
reproductive migrations of the studied amphibian species, as well as the direction of movement to reproductive and trophic habitats.
Comparing the beginning of reproductive activity and its course throughout the season, we can see certain differences between the
model species B. bufo and R. temporaria, in particular, the choice of breeding ponds, the time of spawning and the period of activity
of sexually active individuals. Reproductive activity of the common frog occurs in the first half of March — mid-April. In the second half
of April, we caught common frogs on both sides of the barriers, which indicates a “turning point” in the sexual activity of this species.
Although the common toad is the first to appear after hibernation, spawning occurs approximately a decade later than that of the
common frog but takes a little longer. We believe that such research should be continued regularly and our results will encourage
herpetologists to further and long-term research.
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MpuHUMNK NiKyBaHHA MnasyHiB 3HAYHO BiAPI3HAOTLCSA Bif
MeaVKaMeHTO3HOI Tepanii y ccaBLiB Ta NTaxis, LLO Hacam-
nepes Noe’si3aHo 3 aHAaTOMIYHMMM Ta pisionoriYHMMM ocobnu-
BOCTAMU penTtunin. IMig Yac nikyBaHHs iHEKLiiHMX XBOPO6
penTunin BUKOPUCTOBYETLCSA rEHTaMILMH, SIKUI Mae He(OPOTOK-
CW4HY Aito. 3 METOIO BUBYEHHS BMMMBY Ha OpraHiaM nrasyHis
reHTaMiuMHy npoBegeHo GioxiMivyHe OOoCnioKEHHsST CUPOBAaTKN
KpPOBi 3 BU3HA4YEHHAM aKTMBHOCTI acrnapTtaTtamiHoTpaHcdepa-
31 Ta anaHiHamiHOTpaHcdepasu, KOHLEHTpaLlii CEYOBUHM Ta
CEYOBOI KMUCIOTK, a TaKoX rCToMNoriYHe Ta ynbTpacTpyKTypHe
JOCTiMKEHHA HAPOK i nediHku. Ona gocnimkeHHa cdhopmoBa-
HO AOBi AOCHiAHI rpyny YePBOHOBYXUX NPICHOBOAHMX Yepenax
(Trachemys scripta elegans), SKnm KoxHi 48 roguH y m’a3um
rPy4HOI KiHLiBKM BBOAUIM reHTaMiumH B fo3i 10 mr/kr. TBapuH
nepLioi 4OCHiAHOT rpyny BUBOAMIIN 3 EKCNEPUMEHTY Ha 7-y
poby, a TBapuH apyroi rpynu — Ha 14-y goby gocnigy. BHa-
CnigoK napeHTepanbHOro BBEAEHHs reHTaMiLuHy B Yepenax
BiA3Ha4anu 3poCTaHHA KOHLUEeHTpaLii ce4oBOi KACNOTU Ta
CEYOBMHM, a TaKOX aKTUBHOCTI acnapTaTtaMiHoTpaHcdepasn
Ta anaHiHamiHoTpaHcdepasn cupoBaTku KpoBi. B HMpkax
BUSIBUNMW CTPYKTYPHI 3MiHW HUPKOBUX KITyOOYKiB: ansrepaTus-
Hi 3MiHM NOJOUMTIB, @ TaKOX ANCTPOIYHI Ta HEKPOTUYHI 3MiHM
eniTenito HAPKOBMX KaHanbUiB. [lereHepaTuBHi 3MiHK Hedpo-
UMTIB CyNpOBOOXKYBaNMCh PO3LLMPEHHAM KaHanbLiB rmagkoi
€HAoNnasMaTnYHoI CiTKW, AECTPYKLUIE KPUCT MITOXOHAPIN,
HarpoMaxeHHsM B LMTONMNasmi aBTodaronisaocom, LIMTOCoM
Ta nizocom. TakoX BUABMIM O3HAKM anonTo3y HepouuTiB,
3 popMyBaHHSM anoONTUYHUX Tineub. 3a JOCNIOKEHHS NeYiH-

Acknowledgements: KV peecTpyBany AUCTPOdiYHi Ta HEKPOTUYHI 3MiHM renaToum-
s TiB, PO3LUMPEHHS Ta NEPENOBHEHHS CyAMH BEHO3HOTO pycna.
Knro4voBi cnosa: penTtunii, reHTamiLWH, Yepenaxu, HUPKH,
@ Attribution 4.0 International NeuiHka, Ce4oBnHa, cevosa kMCnoTa, AcAT, AnAT, naTo-
(CC BY 4.0) Mopdonoris

Bertyn NpeacTaBHUKN OKPEMOTO TpaauLIiHOro Krnacy xpebert-
HUX MONKINOTEPMHUX TBAPWH, SKi YCNILLHO KONOHi3yBanum
Ha cborogHi BeTepuHapHi crneuianictn gegani Yac- OinbLUy YacTuHy Hawoi nnaHeTu [13]. EBontouinHa ponb
Tille AoCNiaXyoTh NpeACcTaBHUKIB Pi3HUX KnaciB TBa- penTunin Bigirpana BupilanbHy porb Y NOXOMXEHHI Ta
PUHHOrO CBITY, B TOMY 4ucni penTtunin. MNnasyHn — ue noganbLIOMy PO3BUTKY NTaxiB Ta ccasuiB [20]. Mopdo-
36 bionoeis meapuH, 2023, 1. 25, N3
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dyHKLiOHanbHi 0cOBnNMBOCTI OpraHiaMy penTunini, pos-
BMUTOK NATOMOriYHNX CTaHiB Ta XBOPOOU NnasyHis Ha
CbOrogHi BMBYEHO HegocTaTHbO [7, 17, 21].

Y penTunin, SKMX yTpUMyoTb B YMOBaX HEBOITi, BHa-
CnigoKk HeagekBaTHOI roAiBni, HEBIANOBIAHOCTI TEeMMe-
paTypHOro pexumMy Ta napameTpiB BONOrocCTi, HeaocTaT-
HBbOrO yNbTPagioNeToBoro ONPOMIHEHHS!, JOCUTb YacTo
BMHMKaE iHgeKUiHa Ta He3apasHa natonoria [1, 11, 19].
MpyHUMnK nikyBaHHA XBOPOO penTunin 3HayHo Bia-
Pi3HAOTLCA Big MeauKaMeHTO3HOI Tepanii y ccaBuiB
i NTaxis, LLO NOB’A3aHe Hacamnepes 3 aHaTOMIYHUMK Ta
pisioNoriYHNMN XxapakTepucTukamm nasyHis, HU3bKUM
piBHeM MeTaboniamy nowkinotTepmHmx TBapuH. lig Yac
KOMIMJIEKCHOI Tepanii 6akTepianbHUX Ta rpnbKoBUX XBO-
po6 penTunin NnpoTUMikpobHa Tepanisa € BaxXnnBum Ta
OCHOBHMM KOMMOHEHTOM [9]. MeHTaMiumMH, SK1iA OCUTb
4acTO BMKOPUCTOBYETLCA 3a NiKyBaHHS iHAEKLiMHMUX
XBOPOO pi3HMX BMAIB TBApWH, NPOSIBNSAE HEPOTOKCUY-
Hy fito [3, 10, 14, 15]. Bnnue napeHTepanbHOro BBeAeH-
Hs1 aHTUBIOTMKIB, y TOMY YACHi FEHTaMILUHY, Ha OpraHiam
penTunin BUBYEHO HEOOCTATHLO. Y 3B’A3KY LIUM, aKTy-
anbHUM NUTaHHAM Cy4acHOi BETEPUHAPHOI MeanUmMHN
Ta repneTonorii € 4oCniopKeHHSA BIOXiMIYHNX NOKa3HMKIB
CMpPOBAaTKU KPOBi Ta CTPYKTYPHMX 3MiH BHYTPILLHIX Op-
raHiB nNnasyHis 3a fii aHTUOIOTUKIB.

MaTepianu i meTogm gocnigxeHb

[ocnimkeHHa NpoBenn Ha CTaTeBO3pPINNX YEPBOHOBY-
XMX npicHOBoaHWX Yepenax (Trachemys scripta elegans).
[ocnig npoBeeHO B BECHAHO-OCIHHIN Nepiod poky.
HocnigHnx Ta KOHTPONbHMX TBAPUH YTPMMYBaru B OMNTU-
MarnbHKX yMmoBax Mikpoknimarty. logiens 6yna 36anaHco-
BaHO'O, BiAMoBigana KpuTepisiM, peKoMeHL0BaHUM Afsi
Lporo Buay pentunii. ocnigHum TBapyuHam KoxHI 48 roa.
BBOAWUNN reHTamiumH B fo3i 10 Mr/kr B M’i3u rpyaHoi
KiHLiBKW. TBapWH nepLuoi gocnigHol rpynm (n=4) BMBoaum
3 eKCrnepuUMEHTY Ha 7 foby, a TBapuH pyroi rpynmn (n=4) —
Ha 14 poby. [ins koHTponto (n=4) niabupanu kniHiYHo
30,0pOBMX TBAPVH 3a NPUHLMNOM aHanori.. ig Yyac npo-
BeLlEHHSA AoCnigKeHb A0TPUMYBanNMCh pekoMeHaauin
«EBPONENCHKOI KOHBEHLIii MPO 3aXUCT XPEOETHMX TBAPWH,
LLIO BUKOPUCTOBYHOTHCA A AOCAIAHMX Ta HLLMX HAyKOBMX
uinen (Ctpacbypr, 18.03.1986 p.)» [16].

BioxiMi4He QOCnimKEeHHA CUPOBaTKX KPOBi MPOBOAMIN
3a gonomoroto GioximiyHoro aHanizatopa Cobas Integra
400 plus. EBTaHagsito Yepenax 3gilcHioBanu 3a 4onoMo-
Fo0 iH'eKLT TIoNeHTany HaTpito B rpyao-YepeBHY NMOPOXHU-
Hy B A03i 100 mr/kr. [Ins ricTonoriYHoro A0CHiSKEHHS LUMa-
TOYKM opraHiB pikcyBanu B 10% 3abydepeHomy posqmHI
HenTpanbHoro doopMarsniHy. BUroToBneHHs ricto3pisis npo-
BOAWINM 3@ JOMOMOIOK CaHHOrO MIKpOTOMa Ta MiKpoTOMa-
KpiocTara. licTo3pian papOyBanu remaTtokCuriHOM Ta
eoauHoM, cyaaHoM I [6]. Mikponpenapatv dootorpadpysani
3 BUKOPMCTaHHsIM Mikpockona Leica DM-2500 (LLseriuapist),
dotokamepm Leica DFC450C i nporpaMHoro 3abe3neqeHHs
Leica Application Suite Version.
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[1ns npoBeaeHHs TPaHCMICIMHOT eNEKTPOHHOT MIKpO-
ckonii pparMeHTV HUPOK Ta nediHkK dhikcyBann'y 2% pos-
umHi OsO, y dpocdpatHomy Oydbepi (pH 7,36). YnbTpaToHKi
3pi3n BUrOTOBMSANN 32 JONOMOTOK YNbTpaMikpoToMa
YMI1-3M, MOHTYBanu1 Ha OMOpHI CITKM Ta KOHTpacTyBanum
y 2% po3uuHi ypaHinauetarty [2, 18]. EnekTpoHHOMIKpO-
CKOMiYHE AOCHIMKEHHS NPOBOAUNN 332 AOMOMOrOH enek-
TpoHHOro mikpockona MN3M-100-01.

OpeprkaHi LMdpoBi AaHi OnpaLboByBarii CTaTUCTUYHO
3 BU3HAYEHHSIM cepeaHboi apudpmMeTnyHOT BennymnHn (M)
Ta il noMunkx (M), cepeaHLOro KBaapaTUYHOIO BIOXUIEHHS
(s). BiporigHicTb pisHMLIb CepenHix 3Ha4yeHb BCTaHOBHOBaNM
3a kputepiem CTrogeHTa. PisHWLO MK BOMa BENUYMHAMM
BBarkanu BiporigHoto 3a P<0,05; P<0,01; P<0,001 [12].
Mig yac po6oT 3 LdpOoBUM MaTepiariom BUKOPMUCTOBYBaru
nporpamMmHe 3abe3neyeHHst Microsoft Office Excel 2016.

Pe3ynbTaty 1 06roBopeHHs

Y pesynbrati npoBeaeHoro A0CHiKEHHS BCTaHOBe-
HO, LLIO NapeHTeparibHe BBEAEHHSI FreHTaMiLMHY YepBOHO-
ByXVMM MnpicHOBOAHMM Yepenaxam (Trachemys scripta el-
egans) B A03i 10 Mr/Kr CNpU4MHSIE PO3BUTOK CTPYKTYPHUX
3MiH B HUPKOBMX KiyBodKkax Ta KaHanbLEBOMY CErMEHTI
HecbpoHa. Y yepenax nepLuoi gocnigHoi rpynu (7-a goba
eKCnepuMMEeHTY) reMoKaninsapu HUPKOBUX Tineub 6ynu
po3LLMpPEHi, NepenoBHeHi eputpoumtamm (puc. 1). Liuto-
nnasma nogouuTiB HeoaHopiAHO Habyxana, NogeKyaAm
npocsiTnoBanack. Takox BigsHavanu gegopmadito
neTernb OKPEMUX HUPKOBUX KIyBOUKiB.

3a npoBeaeHHs TPaHCMICIHOT €NEKTPOHHOI MiKpO-
cKonii HUPOK AOCMIAHNX TBAPWUH BUSIBUNU 3MiHW CTPYK-
TYPHMX KOMMOHEHTIB binbTpauinHoro 6ap’epy (puc. 2).
dinbrpauinHuii 6ap’ep oxonnoe eHecTpoBaHNIA eHOoTe-
nin Kaninsapis HUPKOBOTO krnybo4ka, Tpywaposy 6asanbHy
MemOpaHy, inbTPauifHi WinMHM Ta LMTonnasmMaTuyHi
BiQPOCTKM NOAOLMTIB. Y NPOCBITi remoKaninsapis HUPKOBMX
KrnyGO4KIB NMOKani3yBanncb epuUTpoLMTM Ta Macu Mna3mm
KpoBi. B okpeMux HUPKOBMX TiMbLsX AOCAIAHUX TBapWH
rmomepynsipHa 6asanbHa MembpaHa Gyna NoTOBLLEHOM,
KOHTYpW ii HeuiTKi. [Noaekyam Big3Havanm nopyLueHHs e-
HecTpauii eHgoTenioumTiB. 30kpema, heHeCTpu B eHOO-
Tenii kaninspie HAPKOBMX Kybo4kiB Oynn HeogHOPIAHOI
LUMPWHW: NMOAEKYAN 3HAYHO 3BYXKEHI, @ B OKPEMMX LiNsH-
Kax — po3sLlumpeHi. Llntonnasma nepBrMHHUX BiOpPOCTKIB
(umnToTpabekyn) nogouuTiB HEOAHOPIAHO Habyxana. Liuto-
neavKynm NogoLMTIB LLIMbHO KOHTaKTyBamnu 3 rmomepy-
napHoto 6asanbHo MembpaHoto. [eski uutoneamkynm
Oynu HeogHOPIAHO NOTOBLLEHUMU, ePOPMOBAHVMMU.
BHacnigok 3miHu koHirypauii Ta po3mipy LMToneankyn
Bi3Hayanu amiHy LWMPUHU PiNbTpaLinHMX LWifnH, LWo
CBiAYNTb NPO MOPYLLEHHS npoLecy KnyboykoBoi ¢inb-
Tpauii. Takox crnoctepirany HabyxaHHs1 Ta 3NUTTSI OKpe-
Mux ApibHMX BigpocTkiB nogounTie. BHacnigok uboro
dopMyBanuch QiNstHKM CyLinbHOI LMTONIa3mMmn nogo-
uuTiB. LWinuHHI giacdbparmu B okpemmx inbTpauinHmx
LLiNIMHaX Manu HeOOHOPIAHY eNEeKTPOHHY LLUiNbHICTb.
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Pwuc. 1. | pocnigHa rpyna: nepenoBHeHHS epuTpoumTamm (1)
remokaninspis HUPKOBOro Krybouyka.

lemaTtokcuniH Ta eo3unH, x1000

Fig. 1. The 1t experimental group: the overflow of the renal
glomerulus hemocapillaries with erythrocytes (1).
Hematoxylin and eosin, x1000

Puc. 2. | gocnigHa rpyna: eputpouuTt (1) Ta Macy nnasmm Kposi (2)

y MPOCBITi reMoKaninsipa HAPKOBOTO Kyb6oyka, heHecTpy B LMTONNasmi
eHgoTenito (3), dhinbTpaLiiHi WwinvHm (4). EnextpoHorpama, %1900

Fig. 2. The 1¢t experimental group: the erythorycte (1) and blood plasma
mass (2) in the renal glomerulus hemocapillary lumen, fenestrae in the
endothelium cytoplasm (3), filtration slits (4). Electrogram, x1900

Y TBapvH gpyroi gocnigHoi rpynu (14-a goba ekcne-
PUMEHTY), OKPIM CTPYKTYPHUX 3MiH B HUPKOBMX TifbLSX,
sKi Oyrn BUSIBINEHi B Yepenax Ha 7-y [oOy eKCepUMEHTY,
TaKOX BiA3Ha4Yanu BMpasHe NOTOBLLEHHSA CTPOMU HUPKO-
BMX Tineub. B okpemMunx HMPKOBMKX TiNbLSAX criocTepiranu
OECTPYKTUBHI 3MiHW KaninsipHUX NeTenb Ta 3anyCTiHHA
HUPKOBUX KITyBOUKiB.

3a rictonoriyHoro gocnigXeHHsi KaHarnbLEeBOI Yac-
TUHN HebpoHa BUABUNM PO3BUTOK anbTepaTMBHUX 3MiH
HedppoumTiB (puc. 3), Aki Oynm HanbiNbL BUPaXeHUMM
Y NPOKCUMArbHNX Ta AUCTanbHNX CErMeHTax HedpoHa.
3asHauyeHi CTPYKTYpHi 3MiHM peecTpyBanu y TBapvH
nepLuoi Ta Apyroi AoCMigHMX rpyn. Y umMTonnasMmi okpe-
MUX eniTeniounTiB NPOKCUManbHNX KaHarnbLiB Harpo-
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Pwuc. 3. [pyra gocnigHa rpyna: auctpodiyHi (1) Ta HeKpoTuyHi (2)
3MiHK eniTenito HUPKOBUX KaHanbLiB, OKpeMi sapa HedppouunTis

y CTaHi nikHo3y (2). lemaTtokcuniH Ta eo3uH, x200

Fig. 3. The 2" experimental group: dystrophic (1) and necrotic
(2) changes in the renal tubules epithelium, individual nephrocyte
nuclei in pyknosis (2). Hematoxylin and eosin, x200

MaKyBanacb HagMipHa KinbkicTb aunaodinbHUX OKpy-
rmux Kpanenb. B npocsiTi HUPKOBUX KaHarnbLiB Bidyari-
3yBanvcb rOMOreHHi aunaodinbHi umniHapu. B enitenii
OKpeMUuX AUCTanbHUX KaHanbLiB nokanisyBanuch Ba-
Kyoni, 3anoBHEHi ONTUYHOCBITIION LIUTONasMaTU4HO
pignHoto. 3a dhapbyBaHHSA ricTonpenaparis cygaHom |l
BiAKNA4aHHSA HEWTPAITbHUX XMUPIB B TaKMX AiNsiHKax
umTonnasmm HedpoumnTiB HE BUABUIN. TakoX Big3Ha-
Yanun HEKPOTMYHI 3MiHM OKPEMMX HEPPOLIMTIB, BHACIAOK
PO3BUTKY SKMUX 3yCTpivanuch sapa HepoLuTiB y CTaHi
nikHosy (puc. 3).

3a eneKkTpoHHOMIKPOCKOMIYHOIro OOCHIiAXEHHS Mpo-
KCUMarbHUX KaHanbLiB BUSBUNW AereHepaTuBHI 3MiHK,
AKi CynpoBOAXYBanUCb PO3LLMPEHHAM KaHanbUiB
rnagkoil eHaonnasMaTu4HoOI CiTK1, HarpoMaXXeHHAM
LMTOCOCOM, 3arOBHEHMX BMICTOM BUCOKOI €MIEKTPOHHOI
LLiNbHOCTI, Ni30COM 3 reTepoMOpPdHUM BMICTOM (puC. 4).
Takox criocTepiranu HabyxaHHS MITOXOHAPIN, AECTPYK-
uito ix kpucT. baszanbHa MembpaHa B MpoOKCUMarnbHUX
KaHanbLsAx notoByBanack. OKpiM Lporo, B LMTOMNMAa3-
Mi MpOKCUMAanbHUX KaHanbLiB Tpannanucs asrodaro-
ni30COMMU, 3anoBHEHI iIHTEHCUBHOCMIOMINIBHNM BMICTOM.
Takox peecTpyBanu BOrHULLEBY AECTPYKLUIO LLTOYKOBOT
0BnAMIBKM NPOKCUMATBHUX 3BUBUCTUX KaHarbLiB. 3a pos-
BUTKY HEKPOTUYHUX 3MiH HEOpOUUTIB SApO eniTeniounta
3MeHLLIyBanock B 06’emi, NnepenoBHIOBaNoCh iHTEHCUBHO-
KOHAEHCOBaHVM XPOMaTvHOM, a LIMTONa3MaTuyHi opra-
Henu 3a3HaBanu BUpaXXeHoi AeCTPyKLUil, BidyanisyBanmnch
nuwe ixHi pparmeHTu.

OxpiM AMCTPOdIYHNX Ta HEKPOTUYHUX 3MiH Hedpo-
LMTIB, PEECTPYBAnu MosiBy anonTUYHUX Tineub, WO CBia-
YMTb MPO PO3BUTOK AnoMNTO3Y OKPEMUX KIITUH eniTenito
HUPKOBUX KaHasbLiB.

3a ricTonoriyHoro AoCniaXKeHHs NeviHk1 BUABUNN
OVCTPOiYHI Ta HEKPOTUYHI 3MiHM renaTouuTiB, a TakoX
rinepemito CyanH BEHO3HOIo pycna neviHku (puc. 5).
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Pwuc. 4. ipyra gocnigHa rpyna: HeO4HOPiAHE MOTOBLUEHHS!
6aszanbHoi MembpaHu eniTenito NpokcMMarnbHOro kaHanbus (1),
po3LMpEHi KaHarnbLi rmagkoi eHaonnasMaTuyHoi Citku (2),
LUmMTOCOMM oBarnbHoi dopmu (3), 4ECTPYKList KPUCT MITOXOHAPIN (4),
aBTodaronizocomu B anikarnbHil YacTuHi umtonnasmm (5),
BOFHULLEBA OECTPYKLUIsi LLiTOYKOBOI 06namiBku (6).
EnektpoHorpama, x2200

Fig. 4. The 2" experimental group: heterogeneous thickening

of the proximal tubule epithelium basal membrane (1), dilated tubules
of the smooth endoplasmic reticulum (2), oval-shaped cytosomes (3),
destruction of mitochondrial cristae (4), autophagolysosomes

in the apical part of the cytoplasm (5), focal destruction of the brush
border (6). Electrogram, x2200

Puc. 5. [pyra gocnigHa rpyna: sigpa HEeKpOTU30BaHWUX renaTounTis
y CTaHi MikHo3y (1), po3LUMPEHHS Ta NepEenoOBHEHHSI KPOB'tO
Mi>X4aCTOYKOBOI BEHM (2)

Fig. 5. The 2" experimental group: nuclei of necrotized hepatocytes
in pyknosis (1), expansion and overflow of interlobular vein with blood (2)

Okpim LBOro, B JOCHIOHUX TBAPUH 3MEHLLIYBarach LLirb-
HiCTb MenaHoMakpoddaranbHUX KOMMMEKCIB Y NeviHu;.
3a pocnimkeHHs rictonpenaparis, nogapboBaHux cy-
OaHowm lll, BctaHOBUNM HEOOHOPIAHE 3MEHLLEHHS BMICTY
ninigHMX BaKyoren B UMTOMMa3Mi renatouuTiB y TBapyH
nepLuoi Ta apyroi gocnigHux rpyn. Tpeba 3asHaumTy, Wo
y yepenax qisionoriyHum ABULLEM € HASIBHICTb 3HAYHOI
KINbKOCTi HEMTPanbHUX XXMPIB B LMTOMNa3Mi renatoumTis,
LLIO MU TaKOX BMSIBUNW 3@ AOCNIAXEHHSI TBAPUH KOH-
TPONbLHOI rpynu.
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Puc. 6. [ipyra gocnigHa rpyna: ynsTpacTpyKTypHi 3MiHW renaTtoumTis;
AiNAHKV AeCTpyKUil umTonnasmatuyHmnx opraten (1), minigHi Bakyoni
HenpasunbHOI okpyrnoi opmu (2). EnektpoHorpama, x1900
Fig. 6. The 2" experimental group: ultrastructural changes of
hepatocytes; sites of cytoplasmic organelles destruction (1), lipid
vacuoles of irregular rounded shape (2). Electrogram, x1900

3a npoBeneHHs1 TPaHCMICIHOT €NEKTPOHHOT MiKpO-
CKONii NeviHkM JocnigHMX Yepenax peecTpyBanu ge-
CTPYKL,IO LuMTONnasMaTuyHux opraHen (puc. 6). JTinigHi
BaKyori 6ynv Heo4HaKoOBOro PO3Mipy, HENPaBIBLHOI OKPYT-
noi popmu. KinbKicTb rpaHyn rrikoreHy B umutonnasmi
renaTtouuTiB B JOCNIAHUX TBAPWH 3HWXKyBanach.

BapTo 3a3HaunTK, Lo BioXiMiYHi MOKa3HUKN CUPOBATKM
KpoBi penTunii B HOPMI i 3@ NaTonoriYHMX CTaHiB Ha CbOo-
rofHi BMBYeHi HegocTaTHbO. OLuiHKa BioXiMIYHMX NOKa3HK-
KiB CMpOBAaTKM KPOBI Bigobpaxae meTaboniyHuiA cTatyc
TKaHWH Ta KNiHIYHWIM CTaH OpraHiaMy, JO3BOMSE OLHUTK
anbsrepalijio Ta NopyLUeHHS OYHKLIA BHYTPILLHIX OpraHiB,
PO3BUTOK aanTUBHMX peakLin ToLwo. bioxiMidHi nokasHu-
KV CMPOBATKM KPOBi YEPBOHOBYXMX NPICHOBOAHUX Yepe-
nax (Trachemys scripta elegans), skum napeHTepansHO
BBOOMMM reHTamiumH B Ao3i 10 mr/kr, HaBedeHo B Tabn.

Tabnuus. bioxiMiYHi NOKa3HWMKN CUPOBATKM KPOBI

YepBOHOBYXMX MPICHOBOAHWX Yepenax (Trachemys scripta elegans)
3a NapeHTepanbHOro BBEAEHHS reHTamiumHy (M+m)

Table. Biochemical indicators of blood serum in red-eared
freshwater sliders (Trachemys scripta elegans) under parenteral
gentamicin administration (M£m)

Mepwa Opyra KoHTponb-
INokasHuk gocrnigHa  gocnigHa  Ha rpyna
Indicator rpyna rpyna Control
1st group 2 goup group
AkTtuBHicTb AcAT, oa./n 351,25+ 163,75+ 55,5+
AST activity, un./L +26,54***  £3,14*** +2,66
AkTUBHICTb ANAT, oa./n 14,9+ 18,68+ 13,76+
ALT activity, un./L +0,95* +1,11** 40,33
CeuvoBa kucnora, MMonb/n 0,055+ 0,048+ 0,024+
Uric acid, mmol/l +0,00339**  +0,0032 +0,0357
Ce4yoBurHa, MMOnb/n 11,14+ 10,45+ 4,28+
Urea, mmol/l +0,43*** +0,84*** 10,54

lMpumimka. Pi3aHnUs i3 MOKa3HWKaMW KOHTPOSbHUX TBApUWH
BiporigHa 3a * — P<0,05, ** — P<0,01, *** — P<0,001.

Note. The difference with the control indicators is significant by
* — P<0.05, ** — P<0.01, *** — P<0.001.

39



[anHkosuny P. C, Yyntok B. I MatomopdooriyuHi 3MiHM Ta 6ioxiMiUHi NOKa3HUKM KPOBI YEPBOHOBYXMX MPICHOBOAHWX Yepenax 3a BBEAEHHS reHTaMiLMHY

Y pesynbrati NpoBeAeHOro Hamy AOCHigKeHHs BCTa-
HOBJIEHO 3POCTaHHA aKTMBHOCTI amiHoTpaHcdepas y go-
cnigHux yepenax. Tpeba 3azHaunTw, Lo NiTepaTypHi AaHi
040 KITiHIYHOro 3Ha4YeHHSA NOKa3HUKIB anaHiHaMiHO-
TpaHcdepasy B nNnasyHiB JocuTb obmexeHi. Acnaprar-
amMiHoTpaHcgepasa (AcAT) B nnasyHiB € Hecneumaiy-
HUM chepMEHTOM, NoKani3yeTbesi B 6araTbox opraHax,
NpoTe oro KOHLEHTPALlisi HAaMBULLIA B NEYiHLi Ta M'a3aX,
a nigsueHHs aktmBHocTi ACAT B penTuniin moxe nepiu
3a BCe BKasyBaTu Ha YpaxkeHHs neviHkv [8, 23]. BuasneHi
HaMM HEKPOTUYHI 3MiHM renaTtouuTiB MOMTN CIIPUYMHITY
NigBULLIEHHS aKTMBHOCTI aMiHOoTpaHcdepas y yepenax,
KM MapeHTepanbHO BBOOUIN FrEeHTaMiLVH.

OuiHka piBHSA CE4OBMHM Ta CE4OBOI KUCMNOTW CUpOBAT-
KM KPOBI Y PENTUIIN € BaXIMBOO CKITaJ0BO AiarHOCTUKM
3axBOpoBaHb HUPOK [5]. Y pesynbTaTi NpoBeaeHoro
[OCnigKeHHS BCTAHOBIEHO 3pOCTaHHSA KOHUEHTpauil
CE4OBWHW Ta CE4YOBOI KUCIOTU CUPOBATKM KPOBi YEPBOHO-
BYXUX NPiCHOBOAHMX Yepenax (Trachemys scripta el-
egans) 3a napeHTepanbHOro BBEAEHHS reHTaMiLuHy
(Tabn.). Ha Hawwy gymKy, 3pOCTaHHs1 KOHLEHTpaLlii cevo-
BMHW Ta CEYOBOI KMCMOTM CUPOBATKU KPOBI B JOCAIAHUX
yepernax po3BMBasioCh YHACNIAOK MOLUKOKEHHS CTPYK-
TYPHUX KOMMOHEHTIB chinbTpavinHoro 6ap’epy Ta anbre-
pauii enitenito kaHanbLEeBOl YaCTUHW HedpoHa.

Ce4yoBMHa € OAHUM 3 OCHOBHUX KiHLIEBMX NPOAYKTIB
mMeTaboniamy asoTy B 6inbLIOCTI NPICHOBOAHWX Yepenax
[22]. 3a3Buyal B CyxonyTHUX BUAIB Ma3yHiB KOHLIEH-
Tpauisa ce4oBOI KUCIOTN CUPOBATKU KPOBi € BULLIOKD, HiXK
y penTunin 3 BogsH1UM abo HaniBBoASIHUM CMOCOOGOM
XuTTa. CeyoBa KUCMNOTa Y ALLPOK Ta 3Mil NEPEBAXHO €
OCHOBHMM a30TUCTUM MEeTaboniTOM, KU BUBOOUTLCS
3 ceveto, yTBOptotoun Big 54,55% o 67,51% 3aransHoro
€KCKPETOPHOro a3oTy. BuaineHHs Hepo34MHHOI cevoBoi
KMCIMOTM SK OCHOBHOIO a30TMUCTOrO KiHLIEBOIO NMPOAYKTY
MeTaboniamy gonomarae CyxonyTHUM penTuniam 3a-
OLLia/DKyBaTV BOAY, LLIO OCOONMBO BaXXNMBO OJ151 TBAPVH,
AKi HacensTb 3acyWwnmei NpupogdHi apeanu [4]. OgHak
B CYXOMyTHUX NNasyHiB piBeHb CEHOBOI KUCIOTU BUPA3HO
3pocTae 3a baraTbox MaTonoriyHUX cTaHiB, 0cobnNMBo 3a
YPaKEHHSI OpraHiB Ce40BOi CUCTEMM, IHAYKYHOHM PO3BUTOK
BicLlepanbHoi oopMu ceyokmcnoro giatesy. Po3Butok
BiCLIepanbHOI Nogarpy BiA3Ha4YaeTbCsl HArPOMAaPKEHHSIM
ypaTiB Y BHYTPILLHIX OpraHiB, 3 MOSBOIO B TAKUX AiNsHKax
HEKPOTUYHMX 3MiH Ta rpaHynemMaTo3HOro 3ananeHHs —
dopmMyBaHHA nogarpu4Hmx Togpycis [10].

Y nonepeaHix ekcrnepnuMeHTanbHUX SOCHiIIKEHHSX,
NpoBeLEHNX Ha XOBpaxoBux 3misix (Pitophis melanoleu-
cus catenifer), 3a BHyTPILLHEOM I30BOrO BBEAEHHS reHTa-
MiLmMHY B 403i 50 MI/Kr oTpumany BUpaxxeHy Hedpponarito
3 PO3BUTKOM TyBYNsApHOrO HEKPO3y Ta BicLeparnbHOI no-
narpu [10]. Y Hawmx JocnimpkeHHsaX M1 He cnocTepiranm
MaKpPOCKOMNIYHMX O3HaK BicLlepanbHOI nogarpu B 4epBo-
HOBYXMX MpiCHOBOAHMX Yepenax (Trachemys scripta el-
egans), IKUM BHYTPILLHEOM’ I30BO BBOAMIU reHTaMILWH
B #o3i 10 mr/kr. Ha Haly oymKy, Lie NoB’si3aHO 3 TUM, LLO
Yy MPICHOBOAHUX Yepenax, 30Kpema B YepPBOHOBYXOI MPICHO-
BOaHOI Yepenaxu (Trachemys scripta elegans), OCHOBHUM
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NPOAYKTOM a30TUCTOro MeTaboniaMmy € Ce4oBMHa, a He
CEeY0Ba KMCIOTa, a TaKoX i3 BUKOPUCTAHHSM Pi3HWUX 403
reHTamiuuHy.

OTxe, y pesynbrarti NpoBeeHOro AOCNiMKEHHS BCTa-
HOBIMEHO, LLIO NapeHTeparbHe BBEAEHHS YepPBOHOBYXMM
Yyepenaxam reHTamiuuHy B 0osi 10 mr/kr cnpuymnHsie no-
LUKOMKEHHS1 CTPYKTYPHUX KOMMOHEHTIB (pinbTpavuinHoro
Oap’epy, anbTepaT1BHI 3MiHX eniTenito NPOKCUManbHMX
i AUCTanbHUX HUPKOBKX KaHasbLiB, a TakoX 30iNMbLUEHHS
KOHLIEHTPALLii CE4OBUHWN Ta CEHOBOI KUCIOTK, NiABULLIEHHST
aKTMBHOCTI aMiHOTpaHcdepas CMpoBaTKN KPOBI.

MepcnekTuBm noganbLMX AOCHiIAKEHb NONAralnTb
Y KOMMIEKCHOMY BMBYEHHI BMAIMBY Pi3HUX rpyn aHTWOI-
OTWKIB Ha opraHiam pentunin. MNoTpebytoTb YyTOYHEHHSA
onTMManbHi 403K Ta cnocobu BBeAEHHS] aHTUBIOTHKIB
B OpraHi3am nnasyHis. Takox HeobXxiaHO B1BYaTKM 0COGNK-
BOCTi PO3BWTKY MATOMNOrYHMX NPOLECIB Y penTunin 3a gijl
aHTMOaKTepianbHUX NpenaparTi..
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Pathomorphological changes of kidneys, liver and blood serum biochemical parameters
in red-eared sliders (Trachemys scripta elegans Wied, 1839) as a result of gentamicin parenteral injection

R. S. Dankovych, V. I. Chuliuk

Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies, 50 Pekarska str., Lviv, 79010, Ukraine

Principles of reptile treatment are significantly different from the drug therapy for mammals and birds, which is primarily due to
anatomical and physiological peculiarities of reptiles. Gentamicin, which has a nephrotoxic effect, is used for the treatment of reptile
infectious diseases. For the purpose of studying the effects of gentamicin of reptiles a serum biochemical analysis was conducted de-
termining aspartate aminotransferase and alanine aminotransferase activity, urea and uric acid concentration. Two research groups
of red-eared sliders (Trachemys scripta elegans) were formed for the study; every 48 hours they received an injection of gentamicin
in a dose 10 mg/kg into thoracic limb muscles. The animals of the first research group were withdrawn from the experiment on the
7t day, and the animals of the second group were withdrawn on the 14" day of the research. As a result of parenteral administration
of gentamicin in turtles, there is an increase in the concentration of uric acid and urea, as well as the activity of aspartate aminotrans-
ferases and alanine aminotransferases in blood serum. In the kidneys, structural changes of the glomeruli were found: alternative
changes in podocytes, as well as degenerative and necrotic changes in the renal tubule epithelium. Degenerative changes of neph-
rocytes were accompanied by the dilation of smooth endoplasmic reticulum tubules, mitochondrial crista destruction, accumulation
of autophagolysosomes, cytosomes and lysosomes in the cytoplasm. Furthermore, signs of nephrocyte apoptosis with the formation
of apoptotic bodies were detected. A liver examination revealed dystrophic and necrotic changes in hepatocytes, expansion and
overflow of the vessels of the venous beds.

Key words: reptile, gentamicin, turtles, kidneys, liver, urea, uric acid, ASAT, ALAT, pathomorphology
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Y cTaTTi NnpoaHarni3oBaHo XUTTEBUM | TBOPUMIA LLNAX Bigo-
Moro disioniora, BYEHOro, JOKTOpa BETEPUHAPHMX HayK, Npo-
decopa, uneHa-kopecnoHaeHta HAAH ®epnopyka Poctcnasa
CrenaHoBuya. BigobpakeHO HaykoBy, neaaroridHy, opraHisa-
TOPCbKY Ta FPOMAaZChKY OianbHICTb Npodecopa. MNpeacrasneHo
pesynbrat (pyHAaMeHTarnbHMUX SOCHIAXKEeHb | MpUKNagHuX
po3pobok, ogepxaHux P. C. Penopykom nig Yac BUKOHAHHS
3aBOaHb, SKi BXOQUNY OO HaykoBMX nporpam HauioHanbHoi
akapemii arpapHux Hayk i HaykoBo-MeToanyHoro LeHTpy «disio-
noris TBapyH». BUCBITNEHO OCHOBHI pe3ynbTaTy NPoBEAEHNX
TEOPETUYHMX Ta NPUKNAGHMX OOCHIMHKEHb M4 KEPIBHULITBOM
P. C. ®epgopyka Wwoao BNAvBy HOBMX e(PEKTUBHUX KOPMOBUX
0006aBoK i 6ionoriYHO aKTMBHUX PEYOBMH, LLIO anpoboBaHi Ta
BMNpoBaKeHi Ha BUPOOHULTBI, 30KpeMa B ranysi CKoTapcTBa,
BiBYApPCTBA, KPONIBHULTBA, NTaxiBHMLTBA Ta OoKiNnbHMLUTBA,
06I'pyHTOBAHO NMPOMO3uLii Ta cnocobu LWOAo iX BUKOPUCTAHHSI.
Poctucnae CtenaHosuy ®enopyk — aBtop noHag 500 Hayko-
BMX Npalpb, 30kpeMa MoHorpadii, HaB4anbHUX MNOCIOHUKIB,
OOBIgHVKIB TOWO. TpmBanumn yac 6yB 3aCTyNMHUKOM rOfIOBHOMO
pefakTopa i YNeHOM pPeKOrerin YNCTIEHHNX HAyKOBMX BUAAHb,
yneHom YkpaiHcbkoro 6ioximiuHoro Ta disionoriyHoro Toea-
puCTB, HaykoBoro ToBapucTea imeHi T. I, LLlesveHka. 3 2015 p.
06paHWn BiLe-Npe3naeHToM YkpaiHCbKoro isionoriyHoro To-
BapucTia imeHi [1. I. KocTioka. HaykoBa gisinbHictb P. C. de-
AOpYKa i NOro y4HiB NpUCBSYEHa BUBHEHHIO NpoLECiB ajanTa-
Uil TBApVH A0 arpoeKorioriyHMX YMOB YTPUMaHHS, 3'iCyBaHHIO
(hizionoro-6ioxiMivHNX MexaHi3MiB BNuBY 6iONOrYHO aKTUBHMX
006aBOK Ha OCHOBHUI Ta NPOMIDKHUI 0OMIHW, OYHKLLiHO pO3-
MHOXEHHS | NPOAYKTUBHICTb CiNlbCbKOroCNoAapChKnx TBapuH,
OUiHKY BiororivyHOI LIHHOCTI NpoayKLii TBapMHHULITBA. 3a nepiog,
HanonernuBoi TBOPYOT Ta HAayKOBO-NeaaroriyHol AisnbHOCTi
P. C. ®enopyk 30006yB BaroMuin aBTOPUTET HAYKOBLIA Ta BYEHOMO
i KOPMCTYBaBCS MUOOKUM LLIaHYBaHHSAM cepeq, KOrer, BrivBas
Ha popmyBaHHS yKpaiHCLKOT arpapHOi Hayku Ta copmyBaB
CBOI HayKOBY LLUKOMY OOCAIAHUKIB.

Knto4oBi cnoBa: Hayka, ocBiTa, goi3ionorisi, eKonorisi, HaHo-
TEeXHONorii

KoxkHa ntoamHa 3anvwae nicns cebe 6inbLl abo MeHLL
NOMITHUI cnig Ha 3emni. Came 3raflyBaHHS 3anexuThb Bif
iHOMBIOYanbHMX 0COONMBOCTEN NOAMHWU. Takor ocobuc-
TICTIO, SIKa 3anuLumnia NOMITHUIA Crif, y cnoragax nogen,
6ys Poctucnas CtenaHoBuy ®egopyk — My 3Hanmm 1Moro

42

yrpoOoBX GaraTbox pPokiB, MMOOKO MOBaXkanu i LaHyBa-
1. Baunnuce WoQEeHHO Y Pi3HUX XXUTTEBMX CUTYaLisIX siK
rpoMagCbKoro, Tak i ocobucToro xapakrepy. Poctucrnas
CrtenaHoBu4Y — 0COBUCTICTL 3 BENUKOI NMiTepyn, MaB 3aB-
Xam ceo AyMmKy i 6yB ykpaiHuem B gyLi. Jyxe nobus
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Living in science and for science (in memory of Rostyslav Fedoruk)

Ykpainy, i 3emnto, pigHy mosy. Kpim Toro, ymis munysa-
TKCA ii NpMpoaoto, ByB yBaXKHUM CriocTepirayem i gyxe
TOHKO CMpUIMaB yCe KpacuBe HaBKOMO, a8 BOHO YacTo
3Haxo4uno BignoBiAHE BigyyTTA y Moro cepui. Boneto
paoni nomy 6yB faHu 0cobnMBUIA TanaHT NOBTOPUTUCS
y CBOIX YYHSIX, BONOAITH, MO CyTi, cnpaBai 6e3uiHHMM
Japom nefarora i NOCTIMHO 3UiMoBaT BTOMMAEHUX LyXOM,
JodasaTu cuny 1 300poB’sl, pOo3yM 1 HacHary.

Poctucnae CtenaHoBu4 ®egopyk HapoamBecs
11 cepnHa 1949 p. B ¢. Ctapun Novais KpemeHeLub-
Koro p-Hy TepHoninbcbKkoi 06n. Bucoka OyxoBHICTb
cepenosyLla, B IKOMY BiH 3pocTaB, fobpoTa, sika ficta-
nacs Big, Mamu, NpaLboBUTICTb — Bif 0aTbka, NOASHICTb,
YMiHHS ByTU BULLIE Bif, YCbOro Api6’si3KOBOro i NOBCAKAEH-
HOrO, iHTENEeKTyarnbHa KynsTypa — Le Ti SIKOCTi, siki Byrnm
nputamaHHi Poctucnasy CtenaHoBuYy.

3akiHumBLLK Yy 1967 p. [NoyaiBCbKy CepeaHHo LKoY,
y 1968-1970 pp. BiabyBaB cTpokoBy cnyby B PagsH-
cbkin apmii. Jemobinidysaswmcs 1970 p., BCTYNUB 80
JIbBIBCBKOIrO 300BETEPMHAPHOIO IHCTUTYTY Ha BETEPU-
HapHWI dakyneTeT, Ak 'y 1975 p. 3akiH4MB 3 Big3HaKOO
3a haxom «BeTepuHapisi». Hanonernmeictb, npauentoo-
HICTb, FOTOBHICTb y ByAb-sKy MUTb y35TU Ha cebe Bia-
MoBidanbHICTb 3HAJOOUNNCA He TiNMbKW Y HAaBYaHHI, ane
M cTanu y npurogi Ha BUpOBHMLTBI. 3rigHO 3 po3Moainom,
npautoBaB y 1975 p. cTapLuimm BETEPUHAPHUM JliKapem
MycTomuTiBCHKOI NTaxodabprku JbBIBCHKOT 061.

Poctncnae CtenaHoBUY NposiBNsSiB CBOI 34iIOHOCTI
[0 Hayku Lie B iHCTUTYTI, Byayum LikaBMM ekcriepymeH-
TatopoM, BMiB CUCTEMHO MUCIIUTK Ta MaB LUMPOKNI
CNeKTp 3HaHb. Lle 4ano MoXnmBicTb NPOOOBXUTY Ha-
BYaHHS Ta pO3BMBATUCS Y HAYKOBIl cdpepi AK acnipaHT.
Y 1975-1978 pp. HaB4aBCA B acnipaHTypi 3 BiApMBOM
Bid BMpOoBHMLTBa 3a cneuianbHicTio 03.00.13 «®Pisiono-
rist NloQuHKW | TBapWH» Y nabopartopii disionorii nakTawii
YKpaiHCbKOro HayKoBO-AOCNIAHOMO IHCTUTYTY dpisionorii
Ta GioxiMii cinbcbkorocnogapcbkx TBapuH NMiBoeHHOro
BioaineHHs BACIHIS (m. JTbBiB), HaykoBWI KepiBHUK —
pokTop GionoriyHnx Hayk B. |. TpeteBuy.

®oto 1. CtyaeHTChki poku P. C. ®epopyka y JlbBiBCbKOMY
300BeTEpPUHaApHOMY yHiBepcuTeTi (1972 p.)
Photo 1. Student years of R. Fedoruk in Lviv Zooveterinary Institute (1972)

The Animal Biology, 2023, vol. 25, no. 3

®doto 2. CTyaeHTCbKi pokn y JTbBIBCbKOMY 300BETEPUHAPHOMY
yHiBepcuTeTi (1972 p.)
Photo 2. Student years in Lviv Zooveterinary Institute (1972)

®oto 3. P. C. Pegopyk — acnipaHT YKpaiHCbKOro HayKoBO-AOCIAHOIO
iHCTMTYTY dpisionorii Ta GioxiMmii cinbCcbkorocnogapcbknx TBapuH
Photo 3. Rostyslav Fedoruk as a PhD student in Ukrainian Scientific
and Research Institute of Physiology and Biochemistry of Farm Animals

TpynoBy AiiNbHICTL po3noyYaB MOMOALLMM HayKo-
BMM cniBpobiTHMKoM (1979-1980), a 3 1980 no 1981 p.
npautoBaB HayKoBUM cniBpobGiTHMKOM nabopaTtopii
dizionoril nakTauii YkpaiHCbKOro HaykoBO-40CHiAHOro
iHCTUTYTY dhigionorii Ta Gioximii CinbCbkorocnogapCbKMx
TBapuH. Y nuctonagi 1981 p. 3axMcTUB KaHAWMOATCbKY
ancepradito Ha TeMy: «BuBdeHHs poni rmikonpoTeiHiB
B YTBOPEHHI MOIoKa y KopiB» 3a crievianesHicTio 03.00.13
«dpisionorist NauHK | TBApUHY». Y ancepTauiriHin poboTi
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DKuTTta B Hayui i Ana Hayku (nam'aTi P. C. degopyka)

3 BUKOPUCTaHHSAM METOAY apTepiOBEHO3HOI Pi3HMLi No
MOMO4HI 3aro3i 3'acoBaHO i3ioNoriYHy porb OKPeMux
MOHOLLYKPIB (rekco3, (pykosn, rekco3aMiHiB) BYIrmeBOAHMX
KOMMOHEHTIB rMiKONPOTEIHIB Y NpoLiecax cekpeLil Moroka
B KOpPIB 3arexHo Bifg, TeXHONorii AOTHHS 1 aniMeHTapHUX
YMHHWKKIB. [loBeaeHo idionorivyHy 30aTHICTb TKaHWH arnb-
BEOMSAPHOro BiAAiNy MOMOYHOI 3arn03u NaKTyHunx Kopis

doto 4. 3acigaHHsi B4eHOI pagu IHcTuTyTy Gionorii TBapuH YAAH
(2004 p.)

Photo 4. Meeting of the Scientific council of the Institute of Animal
Biology UAAS (2004)

®oto 5. P. C. Pegopyk — 3acTynHuk ampekTopa 3 HaykoBoi poboTun
IHcTuTyTY Gionorii TBapuH HAAH 3a po6oyum cTtonom

Photo 5. R. Fedoruk as a the deputy director for scientific work

of the Institute of Animal Biology NAAS at his workplace

®doto 6. Konektus cTBopeHoi y 2000 poui nabopatopii
ekonoriyHoi dpisionorii Ta Gioximii (2002 p.)

Photo 6. The staff of the Laboratory of environmental physiology
and biochemistry established in 2000 (2002)
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00 BiocyHTE3Y CianoBMX KUCIOT | reKco3aMmiHiB, BUKOPUC-
TaHHS MiKONPOTEIHIB KPOBI y CUHTE3i ByrneBoa-6inkoBmx
Komnnekcis monoka [25, 26, 27, 46, 47].

3 1982 no 1989 p. P. C. denopyk npautoBae Ha no-
cafji cTapLloro HaykoBoro cniBpobiTHuKa y naboparopii
cpisionoril naktauii YkpaiHCbKOro HaykoBo-4ocnigHoro
IHCTUTYTY pisionorii Ta Gioximii cinbcbkorocnogapchbkmMx
TBapuH. BueHe 3BaHHsI CTapLLOro HaykKoBOro CriBpooiT-
Huka P. C. ®enopyky npucsoeHe y 1984 p. Hakasom
YAAH y 1989 p. P. C. ®egopyka nepeeneHo B Haykoso-
aocnigHn [HCTUTYT 3emnepobceTBa i TBapUHHMLTBA 3a-
xigHoro perioHy YAAH Ha nocagy 3acTyrnHuka gupekTopa
[HCTUTYTY 3 HayKoBOi pobOTK 3 NUTaHb TBAPUHHMLITBA.

MMicns 06’eaHaHHA OBOX HAYKOBUX YCTAHOB B IHCTUTYT
3emMriepoOCTBa i TBApMHHMLTBA 3axigHoro perioHy YAAH
y 1997—-1998 pp. P. C. ®epopyk 6yB 3aBigyBayem nabdo-
paTopii ekonorii i Tokcukonorii IHcTuTyTYy 3emnepobctea
i Gionorii TBapmH YAAH, y 1998-2000 pp. — 3aCTyMHMKOM
OMpPEeKTopa 3 HaykoBOi pOoOOTK 3 NTaHb TBAPUMHHMLTBA
LpOoro X iHcTUTYTY, 3 2000 p. — 3aCTYNHUKOM AUpeKTopa
3 HaykoBoOi po6oTu IHcTuTy Ty Gionorii TBapuH YAAH
1 0QHOYaCHO 3a CyMICHULITBOM 3aBiflyBadem nabopartopii
€KOMoriyHoi idionorii Ta AKOCTi NPOAYKLi.

3a cnpusiHHa Poctucnasa CtenaHoBuya 3milHEHO
MaTepianbHO-TEXHIYHY 6a3y |[HCTUTYTY, NiagBMLEHO
pe3ynbTaTUBHICTb HAYKOBUX AOCHIOKEHb, MOKpaLLeHO
MNiAroTOBKY HAYKOBUX KaApiB, PO3LUMPEHO HAYKOBI 3B’A3KM
3 MPOBIAHVMMMW HAYKOBUMU LIEHTPaMmM Ta yCTaHOBaMu,
HaBYanbHUMUK 3aKknagamu  iHO3EMHUMU BYEHUMUN.
Ak uneH BipgaineHHs 3ooTexHii HAAH, P. C. ®epopyk
NpoBOAMB 3HAYHy pobOTY OO0 BU3HAYEHHS Npiopu-
TETHUX PyHAAMEHTaNbHUX i NPUKNagHUX HanpsiMis Ao-
crifpykeHb B ranysi TBapyHHULITBA, (hOPMYBaHHS Nporpam
HayKOBMX JOCTiAXeHb Ta 3aBAaHb.

OCHOBHUMW HanpssMaMn HayKOBOT OistNbHOCTI
P. C. ®enopyka bynu: BUBY4EHHS NpoLECiB aganTaLii TBa-
PVIH 0O arpoeKOSIONYHMX | TEXHOMNONYHMX YMOB YTPUMaH-
Hs1, 3'ACyBaHHS (Pi3ioNoro-6ioXiMiYHMX MexaHi3miB BNMBY
GionoriyHo akTMBHNX OOABOK HAa OCHOBHMWI Ta NPOMIX-
HUIN OBMIHW, OYHKLiHO PO3MHOXEHHS | MPOAYKTUBHICTb
TBapWH, @ TAKOX eKonoro-6ioxiMivHa ouiHka npoaykuii
TBaApUHHULTBA 3a Ail TEXHOreHHUX Ta aniMeHTapHuUX
YMHHWKIB; HAyKOBO-OPraHi3auinHoI OisnbHOCTI — 3abes-
neYeHHs nnaHyBaHHS i BUKOHaHHSI HAYKOBO-A0CNIAHUX
poOiT 3 hyHOAMEHTanNbHMX | NPUKITAOHMX HaNpsaMIB 4O-
cnigkeHb IHcTuTyTy Ta HML, «®isionoria Ta Gioximisi cinb-
CbKOroCrnofapCbKnx TBapyH», METOAUYHOTO PIiBHA NpOBe-
OEHHS, pe3ynbTaTMBHOCTI Ta eDEKTUBHOCTI 3aBEPLLEHHS,
opraHisauisi KOHTPOIK HayKOBOIO PiBHSA OOCHIMKEHb.

Ak 3aCTynHWK gMpeKkTopa 3 HayKoBOi poboTH, rornosa
METOAUYHOI KOMICIi Ta 3aCTyMNHMK rofoBM BYEHOI paau,
npodecop P. C. denopyk nnigHo npautoBaB Hag dopmy-
BaHHSIM i BUKOHaHHAM doyHOAMEHTanbHUX Ta NpuknagHmx
3aBgaHb IHctuTyTy. Poctcnae CtenaHoBuy 6yB AoCBia-
YeHUM, iHILaTUBHIIM, BUCOKOI HayKOBOI epyauLiii BYEHUM,
MaB OCOOSMBI OpraHi3aTopPChki 30iGHOCTI Ta KOPUCTYBABCS
3acny)XeHum aBTOPUTETOM Cepef, BYEHUX | HAYKOBLIIB.
Y 2001-2005 pp. 6yB kepisHukoM nignporpamu 02. «[o-

bionoeis meapuH, 2023, 1. 25, N3



Kovalchuk |., Lesyk Ya., Kaplinskyi V., Tsap M., Pylypets A.

Living in science and for science (in memory of Rostyslav Fedoruk)

cnigntn disionoro-6ioximiyHi MexaHiamu i po3pobutu
BiororiyHi OCHOBW NiABMLLIEHHS NPOAYKTUBHOCTI, aAanTa-
LivHOT Ta penpodyKTuBHOI 3aatHocTi TBapuH» HTT1 «bio-
NOriYHi OCHOBW BUCOKOI NPOAYKTUBHOCTI TBApPUH».

HaykoBy AisinbHICTb yCnilWHO NoeAHyBaB 3 negaro-
rivHoto. Y 1998—-1999 pp. npautoBaB Ha nocagi ctapLuo-
ro Buknagaya, y 20002005 pp. — goueHTa, a B 2006—
2014 pp. — npodecop kacdenpn TeXHONOrIT Monoka
i MOMOYHUX NpoayKTiB JIbBIBCbKOrO HaLiOHaNbLHOMO YHi-
BEPCUTETY BETEPUHAPHOI MeguunHu Ta GioTexHomnorin
iMmeHi C. 3. knubKoro 3a CYMiCHULITBOM. K HayKOBUN
KePIiBHVK AVNNOMHUX | Marictepcbkux pobit, niarotysas
N’ATb paxiBLUIiB 3a HANPSIMOM «TEXHOJTOTIS1 MOSIOKa | MO-
NOYHMX NPOAYKTIBY.

3a nepiog HayKoBOi AiSNbHOCTI Nif KEPIBHULTBOM
PocTtucnaea CtenaHoBu4ya cpopMoBaHO HOBI HaNPsiMu
dyHOaMeHTanbHUX i NpUKNagHnX goCcnigXeHb Woao
BMUBY TEXHOMEHHWX 1 arpOEKONONiYHUX YAHHWKIB Pi3HOI
iHTEHCUBHOCTI Ha nepebir doisionoro-GioximivyHnx npoLie-
CiB B OpraHiami TBapuH, iXHbOro BrnmBy Ha GionoriyHy
LiHHICTb Ta SKiCTb NpoayKLuii. BB4eHO BMnMB arpoeko-
NOriYHMX YMOB HU3WHHOI, NepearipHol Ta ripCbKoi 30H
MpvkapnatTa Ha OB6MiHHI NpouecK B OpraHiami BenmKol
poratoi xygobu Ta oBelpb, MOPOCTPYKTYPHI Ta disio-
norivyHi 0cobNMBOCTI (PYHKLOHYBaHHSA OKPEMUX OpraHiB
i cuctem y 60xxin 3a unx ymos [30, 31, 32, 33, 48].

B ovontoeaHin Poctnucnasom CrenaHosnyem deno-
pykom naboparopii BnepLue 3ano4aTkoBaHO BUBYEHHS
BionorivyHoT Ail Ta BNNMBY HOBWX OPraHiYHMX cnonyk Se,
OTPMMaHNX MeToaoM BioTexHomorii, Ta iX NoegHaHHs i3 Co-
namu Cr(lll), BiTamiHy E Ha opraHiam kopis, TensT i Oyrais-
nnigHvkiB. MeTogom apTepioBEHO3HOI Pi3HNL Y MOJIOUHIN
3ano03i 3'9COBaHO OKPEMi MexaHi3aMK isionoriYHoro Brun-
By Cd B opraHiami Tenuup i NakTy4mx KOpiB 3a yMOB €KC-
NEPUMEHTAIBHOTO HABAHTAXXEHHS BOAOPO34YUHHUMU AOTO
CONsIMK Pi3HOT KOHLEHTpaLii, piBeHb BioTpaHcdopmaLii
LibOro ToKcuKaHTa y Moroko [1, 8, 10, 12, 15, 29, 34, 54].

Y 2005 p. Poctucnas CtenaHoBMY 3aXUCTUB JOKTOP-
CbKy AMcepTaLilo Ha Temy: «AganTtalisi KopiB 40 yMOB
YTPUMaHHS i AOTHHA Ta T kopekuist 6i0NoriYHO akTUBHW-
MU pe4oBMHaMU | hapMaKosoriYHMMK nNpenapartammn» 3a
criedjansHicTio 03.00.13 «®izionoriss NoauHn | TBapUH,
HayKOBWIA KOHCYIBTaHT — OOKTOp GionoriyHnx Hayk, npo-
cbecop, akagemik HAAH P. /1. KpasLi. OCHOBHI nMonoxeH-
Hs1 — BUBYEHHSI Di3ionoro-6ioxiMi4HNX 3aKOHOMIPHOCTEN
NPOLIECIB MOTOKOYTBOPEHHS Y KOPIB Ta KOMMOHEHTIB
MOMOKa 3a ji Pi3HNUX TEXHOMOTIYHUX | KOPMOBUX YMHHMKIB.
OB6r'pyHTOBaHO MOXXIMBICTb KOPEKLii aanTaLiiHOi 30aTHOCTi
opraHiamy Ta MigBULLIEHHS! IHTEHCUBHOCTI CeKpeLlii Mornoka
Y KOpiB Pi3HOI NPOOYKTUBHOCTI 3 BUKOPUCTaHHAM chapma-
KOMOrYHUX aganToreHiB, PepPMEHTHUX N aHTUCTPECOBUX
npenapariB. YCTaHOBMEHO, L0 Y BUCOKOMPOAYKTUBHMX
KOpiB afganTauinHi peakLii 40 TEXHOMOMYHMX YMOB OOIHHS
opMYHOTLCS 3 BiNbLUMM HanpPy>KeHHsIM OOMIHHMX NpoLe-
CiB, HDX y cepeaHbonpodyKTMBHMX. [loBeaeHo, Wwo afar-
TauiiHa Ta AeTOKCUKaLiMHa OyHKLT OpraHiaMmy B yMOBax
IHTEHCMBHOIO TEXHOMEHHOIO HaBaHTaXKEHHS1 (DOPMYHOTLCS
Ha BULLIOMY PiBHi y KOpiB 2—3 nakTtauiy, i Taka 30aTHICTb
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®orto 7. 3ycTpiv B4eHUX IHCTUTYTY Gionorii TBapuH HAAH

Ta I[HcTUTYTYy 3emnepobcTBa i TBapuHHMLTBa HAAH

3 KepiBHMKOM BipaineHHs 3ootexHii HAAH, akagemikom HAAH
I. O. borgaHosum (2004 p.). CnpaBa Haniso: B. B. Bnizno;

I. O. borgaHos, B. B. l'ymeHtok, P. C. depopyk

Photo 7. The meeting of the scientists from the Institute of Animal
Biology NAAS and the Institute of Agriculture and Animal Husbandry
NAAS with the head of Department of zootechnics NAAS,
Academician G. Bogdanov (2004). Right to left: V. Vlizlo,

G .Bogdanov, V. Humeniuk, R. Fedoruk

GinbLUe BUpaXxeHa y nacoBuLHUI nepiog. MNokasaHo, Wwo
00 TEXHOTEHHOIO BNMBY META0OMIYHO YyTIMBILLI TKaHUHW
MEYIHKN | HUPOK, HiX iHLWKX opraHiB. OBrpyHTOBaHO 3aCcTo-
CYBaHHS1 Y >MBITEHHI KOPIB 32 YMOB MigBULLEHOTO TEXHO-
reHHOro HaBaHTaXeHHS Po3pobreHol MiHepanbHo-BiTa-
MiHHOI [O06GaBKK, sika MICTUTb MIKpoeneMeHTH, BiTamiH D,
rnyTamar HaTpito i NiABULLYE IHTEHCUBHICTb OCHOBHOMO
0BMiHY, PE3NCTEHTHICTb OpraHi3My Ta CEKPETOPHY (OYHKLIjO
MOJOYHOI 3an03n. [JocnigykeHi ocoBnmMBOCTI BMMBY OKpe-
MWX aganToreHiB (KBaTepuHy, amiHa3vHy, deHasenamy)
i dhepMeHTHUX Npenaparis (LernoTeprHy) Ha iIHTEHCUBHICTb
copOuiji i agcopbuii MONOYHOO 3ar030t0 KopiB MeTaboniTie
GinKoBOro, BYIMEBOAHOTO Ta MinigHoro oomiHy. Pospobne-
HO MeToaM i cnocobu niaBULLIEHHS MOIOYHOT NPOAYKTUB-
HOCTI KopiB i 6ionorivyHoi LIHHOCTI Moroka, ki 3aXULLLEHO
4YOTMPMa aBTOPCLKMMM cBigouTBamu [7, 9, 18, 19, 50].

Micna 3axucTy AgncepTauii 3ano4yaTkoBaHi HOBI Ha-
npsamu gocnigxeHs 3 sBnnnsy NMO Ha popmyBaHHS
ajanTtauinHux peakuin Ta oyHKLiOHYyBaHHA OKpeMUX
opraHiB i cuctem y rabopaTtopHuX i NPOaYKTUBHUX TBa-
pUH. 3'ACOBaHO OKpeMi hi3ionorivyHi MexaHi3Mn BrnvBY
TpvBarnoro 3roqoByBaHHsi 600iB COi Ta BUMOOBAHHS
«COEBOr0 MOJIOKa», OTPMMAHOIO 3 TPAHCIEHHOI COi, ca-
MULISIM TBapUH Y pi3Hi BikoBi nepioaun. [JoBeaeHo BiacyT-
HICTb BUP&XXEHOrO HEraTUBHOIO BNIMBY TPAHCTEHHOT COi
Ha PiCT i PO3BMTOK OpraHiaMy Ta Moro penpoayKTUBHY
30aTHICTb y camuub TBapuH [20, 43, 44].

YyeHe 3BaHHA npodpecopa P. C. denopyky npuceoe-
Ho y 2007 p. 3a piweHHam MNpesunail YAAH Lboro x poky
P. C. ®enopyka obpaHo uneHom-kopecnoHageHTom YAAH
no BigaineHHo BeTepuHApHOI MeQULIMHU Ta 300TEXHIi
3a crnieljianbHicTio «disionoria Ta 6ioximis TBApUHY.

Y 2006-2010 pp., sk cniasTop HTI1 28 «®dizionoro-
GioxiMi4Hi OCHOBU 36epeXeHHs 340pOB’'A Ta BUCOKOI
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XKutTa B Hayui i ana Hayku (mam'aTi P. C. Pegopyka)

npogykTueHocTi TBapuH HML, «®isionoris TBapuHy,
P. C. ®egopyk 6paB akTMBHY y4acTb y hopMyBaHHI 3a-
BAaHb 1- i 2-ro piBHg nporpamu, 6yayyn 3acTynHUKOM
rOMNoBU KOOPAVHALIMHO-METOANYHOI paaun LpOro LEHTPY,
3abe3neyyBaB KOHTPOSIb HAYKOBO-METOANYHOIO PiBHS
iX BUKOHaHHA [45, 51, 52].

Jlabopartopisi ekonorid4Hoi dhisionorii Ta SIKOCTi NpoayK-
Lii nig kepiBHMLTBOM 3aBigyBaya P. C. ®enopyka BuBYa-
na ocobnmeocTi opMyBaHHSA pe3UCTEHTHOCTI, adanTauii
Ta NPOAYKTMBHOI 34aTHOCTI OpraHiamy CinlbCbKOrocno-
OapCbKuX TBApWH, po3pobrisna i BLOCKOHaroBana MeTto-
M €KOnorivHoi 11 GioXiMIYHOT OLIHKI CUPOBWHK Ta NMPOAYK-
LT TBAPUHHWLITBA 3 BpaxyBaHHSM arpoeKororiyH1x yMoB
BMPOBHMLTBA | BNNMBY abioTUYHUX YMHHUKIB. [pioputeT-
HUMW HANPSAMW HAYKOBOI AisNbHOCTI nabopatopii 6ynu:
BM3HAYEHHS1 MOHITOPUHIY BaXKKUX METanIB y CUCTEMI KOp-
MW — TBap1Ha — CUPOBMHA — MPOAYKLiS TBAPUHHMLTBA
B YMOBaX iHTEHCMBHOIO TEXHOTEHHOIO HABaHTaXXEHHS;
OOCTiIKEHHS iIMyHOBIONOri4YHOI peakTUBHOCTI OpraHi3my
TBAPWUH 3aNeXHO BiJ arpOEKomNoriYHNX YMOB JOBKINIA Ta
cpisionoriyHmMx mexaHiamis Brnuey BA[ Ha opraHiam npo-
OYKTVBHUX TBapVH 3@ Pi3HMX EKOMOTYHMX YMOB; €KOJOo-
riyHa i 6ioximMivYHa OujiHKa CMPOBUHU | NPOAYKLIT TBAPUH-
HMLUTBA 3 BUKOPUCTaHHAM CePTUIKOBAHMX aHammiTU4HMX
i BUNpoByBankHWX MeToaiB aocnigkeHs [14, 36, 37, 42].

P. C. denopyk 3abesnevyBaB hOpMyBaHHSI HOBUX Ha-
NpsiMiB Ta BUKOHAHHA TEMATMKN HayKOBUX AOCNIMKEHb
nabopatopii ekonoriyHoi disionorii Ta SKocTi Nnpoayk-
Lii, 30KpemMa LWOoA0 BeeHHS OpraHiyHoro ckotapcTea
i 6KINbHULTBA, 3aCTOCYBAHHSA Y XKMBMEHHI TBApUH Lin-
TpaTiB MiKPOENEMEHTIB, OTPMMaHUX Ha OCHOBI HAHOTEX-
Hororii. Pesynbratv gocnigykeHb ganu amMory ogepxartm
MPVHLMMNOBO HOBI AaHi LLOA0 BMNBY LIMX YUHHWKIB Ha Op-
raHiam BenuKoi poratoi xyaobw, kponis, 6mxin i nabopa-
TOPHMX TBApUH. 3'ICOBaHO MEXaHi3M1 BMIUBY LUTPaTIB
mikpoenemeHTiB (Cr, Se, Co, Ge, Fe, Cu Ta iH.) Ha Gio-
NOriYHY LHHICTb i SIKICTb MPOAYKLiI CKOTApCTBa, KPOSiBHU-
LTBa Ta 6oKiNbHMLTBA 3@ YMOB OpraHi4HOro CirlbCbKOroc-
nogapcbkoro BUpobHuUTBa. MpoBeaeHo NopiBHAMbHI A0-
ChimxeHHs1 BionorivyHol Aji HAHOTEXHOMNOTYHOIrO repMaHito

®doTo 8. Konektns peopraHizoBaHoi nabopaTtopii ekonoriyHoi
dpigionorii Ta akocTi npoaykuii (2010 p.)

Photo 8. The staff of the reorganized Laboratory of environmental
physiology and product quality (2010)
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umMTpaTy Ta XimivyHO CUHTE30BaHOro 3a YMOB TPMBAasoro
BUIMOKOBAHHSI AOTO Pi3HUX 403 TBApMHAM TPbOX MOKOMiHb,
LLIO A4ario 3Mory 3'cyBaTy OKpeMi gisionoridHi MexaHiaMu
BMAMBY LIMX CMOMNYK Ha iMYHHY, JETOKCUKALNHY, aHTu-
OKCUAaHTHY Ta penpoayKTUBHY 34aTHICTb OpraHiamy
TBAPWH i BU3HAYMTKM IX onTUMarnbHi KinbkocTi [2, 3, 4,
6, 38, 39, 40, 41].

Poctncnae CtenaHoBWY GyB 3aCTYNMHUKOM rOfI0BM
crieuianisoBaHoi B4eHoi paan 1 35.368.01 i3 3axucty
JOKTOPCbKUX AncepTauin 3a cneuianbHicTio «bioximia
Ta cpisionoris ntoguHKW i TBApuH» B IHCTUTYTI Bionorii TBa-
pvH HAAH, uneHom KoopanHaLiitHoO-MeToaMYHOI pagmn
3 BuKoHaHHA MHM 35 «®Pisionoris i GioxiMist KMBNEHHS,
BMCOKOI PE3NCTEHTHOCTI Ta NPOAYKTUBHOCTI TBApUH».

32015 no 2023 p. P. C. ®enopyk npavoBaB rofioBHUM
HayKOBMM CriBPOBITHUKOM nabopaTopii ekonorivHol isi-
onorii Ta aKocTi npoaykuji. OCHOBHMMM HanpsMamm Aoro
HayKOBOI AisnbHOCTI Byno BUBYEHHS NpoLeciB aganTavii
TBapWH A0 arpoeKororivyHMX i TEXHOMOMYHUX YMOB YTpU-
MaHHS, 3'sicyBaHHS ¢0i3ionoro-6ioxiMivHNMX MexaHiamiB
BNMBY GiOroOriYHO aKTMBHUX 406ABOK HA NMPoLIECH OOMIHY,
YHKLIIO PO3MHOXEHHS, MPOAYKTUBHICTb CiflbCbKOroCno-
AapCbKyX TBapWH i BionoriyHy LiHHICTb npoaykuii, AocHi-
PKEHHSA QPi3ionoriYHMX MexaHiamiB Aji opraHiyHMX conemn
mManosueYeHnX MikpoenemeHTtisB — Cr, Se, Ge, Ni, Co,
Cu, oTpuMaHux METOAaMN HAHOTEXHOSOTII Ta XiMiYHOrO
CUHTES3Y, Y CinbCbKOorocnogapcekux TBapuviH [5, 11, 21].

3a nepiog, poboTM OTPMMAHO Yy CriBaBTOPCTBI TP aB-
TOPCbKi CBIAOLTBA 3 MUTaHb adanTauii Ta )KUBMNEHHS KOpiB,
14 nateHTiB YKpaiHu LWoao 3acTocyBaHHSA BionoriyHo ak-
TUBHWX A0OABOK Y BEMNUKOI poraToi Xyaoou, Kponis, Omxkin.
P. C. ®enopyk OyB criBaBTOPOM TPbOX KHUI, 30KpeEMa 3 ic-
Topii Haykn 3axigHoro perioHy YkpaiHu, ABOX MigpyyHUKIB,
YOTMPBLOX HaBYaNbHUX NOCIOHUKIB, MATHOX « TEXHIYHMX
yMoB YkpaiHu». 3a nepiog HayKoBOI i HAayKOBO-Meaaroriy-
HOI AisinbHOCTI ony6nikyBas noHag 600 HaykoBMX NpaLp,
3 HUX 50 — B IHO3€MHMX HAYKOBUX BUOAHHSIX.

Mig kepisHuuTBOM P. C. degopyka nigrotoBneHo
i 3axuweHo Bicim kaHanaaTcbkux (l. I. KoBanbuyk,
A. B. Jlecuk, O. I. Oonandyk, I. O. Martioxa, HO.B. lNo-
Tanuyk, O. |. Konewuyk, J1. |. Pomanis, M. |. Xpabko) i Tpu
poktopcbki anceptadii (1. I. KoBaneuyk, A. B. Jlecuk,
Y. I. Tecapiecbka). P. C. degopyk cdhopMyBaB HayKoBY
wkony «EkonorivyHa dpisionorisi BUCOKOI MpOAYyKTUBHOCTI
TBapWHY». YYHi npochecopa NpogoBXKYOTL BUBYaTU Me-
XaHi3MU BMMBY arpOeKOsOriYHNX, CE30HHUX | TEXHOMEH-
HMX PaKTOpIiB Ha BIOMNOriYHY LHHICTbL KOPMY | MPOAYKLUIT
CKOTapcTBa Ta 64XinNbHULTBA, po3pobnaTn cnocobu
i METOOM 3HWXKEHHSI HEraTUBHOTO BMMBY BaXKUX Me-
TaniB Ha opraHiam TBapuH i SKiCTb TX npoaykuil, gocni-
DPKyBaTV MEXaHi3Mu1 BNIMBY BaXKKMX METariB B CUCTEMI
poCnvMHa — TBapvHa — NpOoAyKUist ANs YOOCKOHaneH-
HS TEXHOMOrYHUX enemeHTIB rogieni xygobu ta 6axin
B YMOBaX iHTEHCMBHOIO TEXHOTEHHOIO HaBaHTaXKEHHS.
[ocnigxeHo BBeOEHHS Pi3HMX KiNbKOCTEN HAHOaKBaLW-
TpariB MikpoenemeHTiB (Se, Cr, Co, Zn, Fe) oo pauioHis
TBapWH, BCTAHOBIEHO MiHiManbHi 4i3ionoriyHo akTme-
Hi Ta onTUManbHi iX 403K ANs BENWKOi poraToi Xyaoou
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Living in science and for science (in memory of Rostyslav Fedoruk)

Ta kponis. [locnigXeHo BNMMB LMX Crnonyk Ha: hopmy-
BaHHS iMyHOBIONOri4YHOI peaKTUBHOCTI B OpraHiamMi, BMiCT
y TKaHWHaX i piguHax Makpo- i MikpoenemMeHTiB, CTaH
aHTMOKCUAAHTHOI, Ae3IHTOKCUKAL,INHOI, penpoayKTUBHOI
Ta IMyHHOI CUCTEM, iXHil1 BNNMB Ha PiCT i PO3BUTOK TEMST,
KPOMNEHAT, a TaKOX pofb Y MiKyBaHHI Ta npodinakTuu,i
MikpoenemeHTo3iB y TBapwuH [13, 16, 17, 22, 36].
BuByeHo BNnMB HaHoOakBaxenaTiB Ha 6ionorivyHy
LiHHICTb NpOAYKLUIT TBAPUHHULITBA 3@ NOKa3HWKaMM Xi-
MIYHOTO CKIagy Morioka, M’aca, BMICTY XKUPHUX KMUCOT,
MiKpoeneMeHTiB i npoTeiHiB. OTpuMaHo pesynsraty go-
crigxeHb, ki 3abesne4mnu po3pobneHHs metogonorii
BMBYEHHS BionorivyHoi Aii HaHoakBaxenaTiB B OpraHi3mi
TBapWH, a TaKOX iXHbOTO BNNMBY Ha GIiOMNOriYHY LiHHICTb
Ta AKICTb NpoAyKuil TBAapUHHULTBA. BCTaHOBNEHO NEBHI
BiOMIHHOCTI aii HaHoakBauuTpaTie Se, Cr, Fe B opraHis-
Mi TBapWH MOPIBHSHO 3 iHLUMMW CroNyKammn LMX MiKpo-
€fneMeHTIB, WO 3YMOBEHO IXHLOIO NiABULLEHOIO didio-
NOriYHOK aKTUBHICTIO Ta IHTEHCUBHICTIO BCMOKTYBaHHS
y TpaBHOMY KaHani [23, 24, 28, 49, 50, 51, 53].
OTpumaHo HOBI HayKOBI AaHi Wwogo GionorivHoi i npo-
OYKTUBHOI Aii po3pobneHux BinkoBo-MiHeparnbHmx goba-
BOK Ha opraHi3mMi Kponis 3a pisHMX CrnocobiB yTpuUMaHHs
Ta rogieni, 3'acoBaHo dizionoriyHi Ta GioxiMiuHi MexaHis-
MW BMNVBY CTPOKIB BiANy4eHHS MOMOAHSAKY KPOMiB, IXHIN
BMJIMB Ha iMyHOOIONOriYHY peakTUBHICTb OpraHiamy.
OTpuMmaHi pesynbsrati ekcrnepuMeHTanbH1X AOCrigKeHb
Ta anpobauis iX Ha BUPOBHULITBI By BUKOPUCTaHi ons
PO3pPOONEHHS NATEHTY, MPAKTUYHMX PEKOMEHOALIN | TEXHIY-
HMX YMOB 3 NTaHb €JPEKTUBHOIO BEAEHHS Cy4aCHOO KpO-
NIBHMLUTBA Ta OfepKaHHsi €KOMOMYHOMo i 4IETUHHOIO M’sAca.
3a baraTtopiyHy CyMiiHHY NpaLio B HAyKOBUX yCTa-
HoBax HAAH Poctucnas CtenaHosuny ®enopyk Haro-
pomxeHui: MNoyecHoto rpamoToto KabiHeTy MiHicTpis
Ykpainu (2004), NoyecHoto rpamoToto MNpesngii YAAH
(2004) Ta NouecHoto BiasHakoto YAAH (2007), MNo-
YecHoo Bia3Hakow MiHarpononitukm Ykpainm «3Hak
Mowanuy (2009), Mpemieto imeni C. 3. Mxnubkoro
(2012), Moasikoto MiHicTepcTBa arpapHOi MOMITUKK Ta
npogoBonscTBa YkpaiHu (2014), rpamotamu Akagemii
HayK BULLOI ocBiTK YkpaiHu (2014, 2019), HauioHanbHoI
akagemii arpapHux Hayk YkpaiHu (2014), YkpaiHcbKoro
dpisionoriuHoro ToBapuctea imeHi I1. . KocTioka (2015),
Mo4ecHoto rpamoToto BepxosHoi Paam Ykpainn (2019).
Ykasom [lpesngenTa Ykpainn Ne 4/2020 Big 13 ciuHd
2020 p. 3a poboTy «CTBOpPEHHSA HOBUX MiHEPAIbHMX
cnonyk i nonicpyHKUioHansLHUX HaHOMaTepianis Ta ix
BMKOPUCTaHHS Y TBAPUHHULTBI Ta BETEPUHAPHIN Me-
OWUWHI» NPUCYOXXEHO BUCOKY AEpPXaBHY Haropoay —
[epxaBHy npemito B ranysi Hayku i TexHiku (2019).
PocTtncnae CtenaHoBu4 ByB uneHom YkpaiHCbKOro
BioximiuHOro Ta cpisionoriyHoro ToBapucTea, HaykoBoro
ToBapucTea imeHi T. I. LeedeHka. 3 2015 p. obpaHui
BiLle-Npe3naeHToM YKpaiHCbKOro qisionoriYHoro ToBapu-
ctBa imeHi I'. I". KocTioka. Bxogme o peakonerii Haykoso-
TEXHIYHOro GroneTeHs IHCTUTYTY, HayKOBMX XXypHanis
«bionoris TBapyHY, «BoXinbHNUTBO YKpaiHWy, « TBapuH-
HMUTBO YKpaiHuy». OvonitoBae [epxaBHy kBanidikaLinHy
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®doTo 9. YneHun cneuianizoBaHoi B4eHoi pagn [ 35.368.01
Photo 9. The members of the specialized scientific council [] 35.368.01

KOMicito Ha BionoriyHomy doakynsreTi JIbBIBCbKOro HaLlio-
HanbHOro yHiBepcuTeTy iMeHi |. paHka y 2013-2016 pp.

Mig kepiBHmuTBOM P. C. ®epopyka o4onoBaHa HUM
naboparopis 6arato pokiB TiCHO cniBnpadoBana 3 Bu-
MMM HaBYanbHMMKM 3aknagamu, 3okpema J1bBiBCbKUM
HaLlioHaneHUM YHIBEPCUTETOM BETEPUHAPHOT MEeaULIMHA
Ta GiotexHonoril iMeHi C. 3. [kuLbkoro, JTbBIBCHKUM YHi-
BEpCUTETOM iMeHi |. DpaHka, HaujoHanbHUM yHiBepcuTe-
TOoM BiopecypciB i NPUPOOOKOPUCTYBAHHSA YKpaiHu, IHCTK-
TyToM dpigionorii imeHi O. O. boromonbua HAH Ykpainu,
[HiNpoBCbKMM AepXXaBHUM arpapHO-€KOHOMIYHMM YHi-
BepcuteToM, IHCTUTYTOM Mikpobionorii i Bipyconorii iMeHi
[. K. 3abonortHoro HAH Ykpainuw, AHOKI BeTnpenaparis
Ta kopMoBmx gobasok. OkpiM LOoro, 3a iHiliaTieu Poctuc-
nasa CrenaHosw4a Bynu nignucaHi yrogm npo cnisnpavio
3i CnoBaubKMM arpapHuUM yHiBepcuteTom, KpakiBCcbknm
arpapHuMm yHisepcutetoM i J11o6niHCbKMM NpupoaHn-
YMM YHIBEPCUTETOM. Y pamMKax LuX yrog criBpoBiTHUKM
nabopaTtopii NPOXOAUNN CTa)KyBaHHSA B YHIBepcUTETax
Monbuwi Ta CnoBav4ymHu | oTpumanu rpaHtn — Travel
Grants and Workshop (2018, MNonbLua) i SaveBees — Save
endangered bees to improve nutrition, health and quality
of life — Vishegrad Fund Agency (2019, Cnosay4uHa).

3a poku cymniHHoi npaui Poctucnas CtenaHoBu4
depnopyk 3000yB 6e33anepeyHun aBTopuTeT KoMmne-
TEHTHOrO Ta JOCBiAYeHOro thaxiBLs, Myaporo i poscya-
NNBOTO KEPIBHUKA Ta LLUMPOro naTpiota CBOET AepKaBu.
He BuHIKae »ogHMX cymHiBiB, Lo P. C. denopyk goctoty
peanisyBaBcs sK NAigHWIA HaykoBeLb Ta NpodeciiHmnin
KepiBHMK. Ha KOXHIN 3 LMX HMB Y HbOr0 HAKOMUYUBCS
NO-CNpaBXHLOMY BpaXkatoumin nepenik 30o0yTkiB, SKMMu
MOXHa i NoTpiOHO NMLaTUCk.

Y pisHi Yacu, Ha pisHMx nocagax PoctucnaB Crena-
HOBWY HEOZHOPA30BO AOBOAMB CBIili NpodbecioHarniam Ta
BigOaHiCTb CBOIV cnpasi. BHECOK y4eHOro y CTaHOBMEHHS
Ta po30yaoBy YKpaiHCbKOI HayKy € crpaBgai HEOLHEHHWM.
Jocsig Ta 3HauyHWM HayKoBMIM JOPOOOK CbOrogHi Cnyry-
I0Tb SIK TEOPETUYHMM, TaK i NPAKTUYHUM OPIEHTUPOM
Ans HoBMX NOKoniHb. MpodecioHaniam, TanaHT, 6eamex-
Ha Big4aHiCTb crpasi, NPaLbOBUTICTb | HAMNONErNUBICTb
Yy OOCArHEHHI NOCTaBnNeHnX Linen aanun amory Aocsrtu
3HaYHMX YCnixiB y NPOGECINHIN Ta HayKOBIN AisrbHOCTI,
3000yTH LWaHy Ta noBary cepep Koner.

47



Kosanbuyk I. I, flecuk 8. B., KanniHcbkuii B. B., Llan M. M., Muanneus A. 3.

DKuTTta B Hayui i Ana Hayku (nam'aTi P. C. degopyka)

IHCTNTYTBIOMOTIi TBAPNH HAUIOHANBHOTAKAAEMIIATPAPHNXHAYKYKPATHN

HAYKOBA WKOAA
«EKOAOTTYHA ®1310A0T151 BUCOKOIL IPOAYVKTHUB

DYHAATOP

DEAOPYKPOCTNCAAB CTENAHOBNY

OoKmOp eemepuHapHUX HayK, Npogecop,
_unon-nop_ecn?naan_m HAAH,

®oto 10. HaykoBa Lkona «EkonoriyHa dpisionoris BUCOKOi NpOAYKTUBHOCTI TBAPUH»
Photo 10. Scientific school “Ecological Physiology of High Productivity of Animals”

®doto 11. BpyyeHHs MNovecHoi rpamotn BepxosHoi Pagu Ykpainu
(2019 p.)

Photo 11. Presentation of the Certificate of Honor

of the Verkhovna Rada of Ukraine (2019)
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®doto 12. P. C. Penopyk 3a HanncaHHAM HayKoBOi nybnikauii
Photo 12. R. Fedoruk writing a scientific publication

XXutteBun i TBOopumMi wnsx Poctnucnaea Ctena-
HoBu4a OyB HaNOBHEHWI LLOAEHHOLO i KOMITKO pPo-
6oTot0, 3aebinbLoro HenpocTumn TypboTamu, 3rigHo
3 npuHUmMnom: «TinbKkn TON Jocsarae MeTu, XTo ige,
BYMTBCS XKUTW B rapMOHii 3 NIoAbMU | IPUPOAOH, aKkTUB-
HO BMKOPUCTOBYIOUM OIS LIbOrO MOXIMBOCTI HayKn».
Ceoeto npaveto npodecop cTBopuB cebe cam i CBOIM
XUTTEBUM AOPOOKOM rigHO OOMOBHIOBAB HaabaHHS
i LIHHOCTI HaLioHanNbHOI eniTh YkpaiHu.
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Living in science and for science (in memory of Rostyslav Fedoruk)

Poctucnas CtenaHoBMY — npuknag camoBigaaHol
npaui, CaMOBAOCKOHANEHHS i LMPOro CRyXiHHA CBS-
TOMY — CBOEMY Hapogay, YkpaiHi i Hayui. CTunb noro
XUTTS: OyTW y NOCTIMHOMY MOLLYKY HayKOBUX pilLEHb, SIKi
npuckopuny 6 eKOHOMIYHWIA PO3BMTOK AepXXaBu, a Bia-
noBigHO, brnarononyyysa Hapoay. Y OOCSArHEHHI Lboro
Poctucnasy CtenaHoBuyy Gynv npuTamMaHHi He Tinbku
cuna TBOPYMX idewn, a M NOTYXHICTb iX BUKOHAHHA Ta
peanizadii y npakTuky >xutTs. [JocBig y4eHOoro nepekoHye:
LWo6 gocarati OKYNHWUX HAyKOBUX pillieHb, MOTPIBHO Mo-
GinisyBaTy CBOI BaXkaHHS, TanNaHT, MOXITMBOCTI 1 YMiHHS.
| JonomaratoTb LibOMY foACbKa NPOCTOTa, AOCTYMHICTb,
yBara [0 BCiX i BCbOro, nputamaHHi npodgecopy.

PocTtncnae CtenaHoBuY MaB HENMOBIPHY Xapu3amy,
ByB 3aKoXaHuWI1 y CBOIO cripasy. Vloro He3MiHHUMKM puca-
MW 3aBxay Oynn: NPUPOOHUIA apUCTOKPaTU3M, 30ATHICTb
TOHKO Big4yyBaTW rMUBMHHY CYTHICTb aKkTyarnbHUX MUTaHb
HayKu, BMiHHSA ByTW BULLE Bif, yCbOro Api6’s3koBoro i no-
BCSAKOEHHOrO, iHTEMINeHTHICTb Ta BUCOKA iHTENeKTyanb-
Ha KynbTypa — SIKOCTI, sIKi ogpasy 3a4apoByBanu BCiX,
xT0 BYyB i3 HUM 3Hanomuii. Npodecop 6yB Haa3BuYa-
HO A06pOto, WMPOO NoanHo. 3aBxan AoOpo3nyMBO
cTaBuBcs Ao nignernux. Y Poctucnaea CtenaHoBu4ya
Oyrna npekpacHa p1ca — 3aBxau pobuTty nogsam 4obpo,
He nam’saTaloun 3na, BiH XxapakTepusyBaBCsa Hag3BU-
YarHMM XUCTOM CMiNKyBaHHSA 1 NEPEKOHAHHSA Y CBOIN
cnywHocTi. Poctucnas CtenaHoBUY 3aBXaM yBaXHO
BUCIyXOBYBaB, JOBrO pO3MipKOBYBaB, a To4i npuivas
PiLLEHHST — | BOHO 3aBXau Oyrno HakonNTUManbHiLIMM.
Poctucnae CrenaHosuy denopyk — crnpaBxHin nigep,
TanaHoBUTUMN YYEHUIA, MyapPUIA HACTaBHUK, AyLIEBHA
i Wupa noauHa. YkpaiHi cnpasgi nowacTuno MaTty Tako-
ro goceigyeHoro npodpecioHana i BiggaHoro cuHa!l

Biginwos y noTonbivHi 3acsiTh i 3anuwine 3emHe
xntTa P. C. ®epopyk 21 vepsHsa 2023 p. NoxoBaHun
y MmicTeuky Nyctomutu JlbBiBCLKOT 061.

Bakko 3HanTV crnoBa BTiXW, KOMN 3YNNHSETLCA cep-
Le NoanHY, sika Byna BaXnMBOK Y XUTTI He nuLle Ans
POAVHM, @ 1 NS y4HiB Ta Konektusy. CBiTni cnoragm npo
TUX, XTO 3anMLIMB No cobi 4obpi cnpaBm Ta YecHo Npo-
XMB CBOE XWTTS, 3aBxXau byayTb y nam’aTi. Amke Bigo-
MO, LLO JTI0ANHA XXNBE A0TW, NOKWU NMPO HET NaM’aATatoThb. ..
Hexawn nobpun, ceitnuii cnomuH npo Poctucnaea Cre-
naHoBMYa, HAyKOBUS 3 BEMNWKOI NiTepu, negarora, Ha-
CTaBHMKa, BIpPHOro ToBapvLla Ha3aBXau 3anmmnTbCa
y cepusax pigHUX, YYHIB Ta KOMer, YCix, XTO NOro 3Has,
nobus Ta WwaHysas. BiyHa Ta cBiTna nam’siThb...
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Living in science and for science (in memory of Rostyslav Fedoruk)

I. Kovalchuk, Ya. Lesyk, V. Kaplinskyi, M. Tsap, A. Pylypets
irenakovalchuk@ukr.net

Institute of Animal Biology NAAS, 38 V. Stusa str., Lviv, 79034, Ukraine

The article shows the life and scientific career of the famous physiologist, scientist, doctor of veterinary sciences, professor,
corresponding member of the National Academy of Sciences Rostyslav Fedoruk. It describes the scientific, pedagogical, organizational
and public activities of the professor. The results of fundamental research and applied developments obtained by R. Fedoruk during
the performance of tasks that were part of the scientific programs of the NAAS and the Scientific and Methodological Center “Animal
Physiology” are presented. The main results of the theoretical and applied research conducted under the leadership of R. Fedoruk
regarding the influence of new effective feed additives and biologically active substances tested and implemented in production, in
particular in cattle breeding, sheep breeding, rabbit breeding, poultry farming and beekeeping, and proposals and methods about
their use are substantiated. Rostyslav Fedoruk is the author of more than 500 scientific works, including monographs, textbooks,
reference books, etc. For a long time he was the deputy editor-in-chief and a member of the editorial boards of numerous scientific
publications, a member of the Ukrainian Biochemical and Physiological Societies, the T. Shevchenko Scientific Society. Since 2015,
he has been elected vice-president of the Ukrainian Physiological Society named after P. Kostyuk. The scientific activity of R. Fedoruk
and his students is devoted to studying the processes of adaptation in animals to agroecological conditions of keeping, elucidating the
physiological and biochemical mechanisms of the influence of biologically active additives on the main and intermediate exchanges,
the reproductive function and productivity of farm animals, and the assessment of the biological value of animal husbandry products.
During the period of persistent creative and scientific-pedagogical activity, R. Fedoruk gained a strong authority as a scientist and
enjoyed deep respect among his colleagues, influenced the formation of Ukrainian agricultural science and formed his scientific school
of researchers.
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KOHKYPC HA 340BYTTA NPEMII
IMEHI C. 3. IYKMLLbKOTO

IHcTuTyT Bionorii TBapuH HAAH oronoluye koHKypc Ha 3000yT-
14 Mpewmii imexi C. 3. IMxuubkoro. Mpemito imeni C. 3. Mkuubkoro
NpUCYOXKYIOTb 3@ HAyKOBI NpaLi (LMK HayKoBMX npaub) 3 disionorii
i Bioximii, >KMBNEHHS TBapWH, Po3pobneHHs Ta BNPOBaAKEeHHS HOBUX
GioTexHoMOorYHMX MeToziB, NpenaparTis, GionoriYHo akTMBHUX Ooba-
BOK, [iarHOCTVKYMiB, CTBOPEHHSI HOBMX NOPIA, TUMIB i MiHil CinbCbKo-
rocrnoAapcbknx TBApWH Ta NTUL, @ TaKoX 3a HaykoBi poboTw, ski €
3HaYyLLUMMK Y PO3B’A3aHHI akTyanbHUX npobnem Gionorii, arpoeko-
norii, BETEPUHAPHOT MEOULINHN.

Mpemito NpucyaxyoTb pa3 Ha ABa POKM 3a pesynsratamy KOH-
Kypcy, A0 y4acTi B SIKOMY NpuiMatoTb poboTu, BUKOHAHI OKpeMyumu
HayKoBLSAMM abo KonekTMBaMun aBTopiB. BUCyHEHHSA pobiT Ha
3006yTTA Mpewmii imeHi C. 3. I XMLbKOro nNpoBOAATb Yepes BYEHY
(HayKOBO-TEXHI4HY) pagy HayKOBOI YCTaHOBM 41 3aKNafy BULLIOI OCBITU.
MpeteHaeHTOM Ha oTpuMaHHs [Mpemii Moxe ByTn KoNeKkTUB 40 M'ATY OCI6.
KoxeH yyacHVK Moxe OyTv aBTOPOM 4uM CNiBaBTOPOM NWLLE OfHIET
3 NpeacTaBneHnx Ha KOHKYpC poboTtu abo Lmkny pobiT. YuacTb y KOH-
Kypci 6epyTb HayKoBi MpaLli, Big AHs nyonikauii SKux MMHYINO He MeHLLe
LecTn MmicsiliB, ane He BinbLue MSTV POKIB, @ TaKOX BUHAX0AM Micns
ix BnpoBageHH:A. PoboTu, ki Bxxe oTpumanu [lepxasHi abo iHwi
npemii YkpaiHu, A0 KOHKYpPCY He NpUiMatoThb.

Ha posrnsg koHkypcHoro komiTeTy IHcTuTyTy Gionorii TBapuH HAAH
npeteHaeHTam HeobXiAHO NoJaTH Taki JOKYMEHTH:

m  3as1Ba Npo y4yacTb Y KOHKYPCi 3 NEPENiKOM YneHiB aBTOPCbKOro
KOINEKTUBY;

m  aHKeTa 3 BKaszaHWMW 0COBUCTUMU AaHUMK NpeTeHaeHTa(TiB):
im'a, MPI3BULLE, nata HapomkeHHs, micue poboTtu (agpeca),
nocaga, B4eHe 3BaHHsi, HAyKOBWI CTYMiHb, KOHTAKTHUIA TenedoH,
e-mail, poTo 3x4;

m  poboTa, siKy pekoMmeHayoTb (LMK pobiT, nybnikauin Towwo);

m  aHoTauis poboTn 3 KOPOTKUM BUKNAAOM ii 3MICTy i 3HAYEHHS
st PO3BUTKY HayKu;

m  [I0BigKa Npo TBOPYMI BHECOK KOXHOTO 3 NPETEHAEHTIB, nianucaHa
KOXXHUM 3 aBTOpiB po6oTH;

m  NPOTOKOS BYEHOI (HAYKOBO-TEXHIYHOI) paau Lwoao pekomeHnaauii
po6oTu Ha 3006yTTs Mpemii;

m 32 HasBHOCTi — [0AAaTKOBI MaTepianu (pekoMeHaauiiHi nnctu
BiJ BiJOMUX y4YeHuX, akTu anpobaLiii, akTu BNpoBagXXeHHS, KO-
nii NaTeHTiB, BiArykN rpomMazcbKOCTi TOLWO);

m  NpeTeHAeHTU BignoBifanbHi 3a akagemMiyHy 4OGPOYECHICTb.
3a pesynbratamu KOHKypcy byae BuaaHo aunsiom naypeata

i namM’ATHy BiA3HaKy.

TepMiH noaaHHA KOHKYPCHUX MaTepianiB npoaoBxeHo Ao 31 xxoBTHA 2023 poky.
Appeca: lHctuTyT Gionorii TBapuH HAAH, Byn. Ctyca, 38, M. JlbsiB, 79034, YkpaiHa.
KoHTakTHun Ten.: (032) 260-07-95, cdakc (032) 270-23-89.

IHCTUTYT BION10T1i TBAPUH HAAH

nMPOBOAMUTD:

ooQd

CenekuiiHOo-reHeTUYHI AoCNiAXEeHHS
HocnigpkeHHs kopmiB
[ocnigpkeHHss Monoka

OCoo0oO0OoDo

AHani3 opraHi4Hux gobpue

OpraHizoBye NpoBeaeHHs focnidxeHb Ha nabopaTopHUX TBapuUHaX

i Hagae kBanigikoBaHy iHTepnpeTaLilo OTPUMaHKX pesyneTaris.
* MOXIIUBe rpoe8edeHHsI iHWUX O0CNiOXeHb

DocnimpkeHHs BioxiMiyHMX NokasHuKiB (aHanisatop Humalyzer 2000, Hime4ynHa)
lematonoriyHun aHani3 (aHanisatop Mythic-18Vet, LLisenuapisi)

MikpobionoriyHi gocnimkeHHs (NOCiB Ha CTEPUIbHICTb, aHTUBIOTMKOrpama,

cKnap, MiKpodriopu KULLEYHWKY TBapWH, MikpobionoriyHnii aHania Kopmis, BOAM, NOBITPS)
IMyHobepMeHTHI gocniaxeHHs (aHanisaTtop Stat Fax 3000, HimewuunHa)

OuiHka penpoayKTUBHOI 34aTHOCTI TBAPUH, LUTYYHE OCIMEHIHHS, TPaHCMnaHTauis eMopioHiB
O [HocnimpxeHHs sieub

O Bwu3HayeHHs nokasHuKiB SKOCTi Meay

O [Hocnig)eHHs BOBHM i Bonoccs
ATOMHO-abcopbLiiHNIA | aTOMHO-EMICIiHWUIA aHani3 KOHLUEHTpaLii XiMiYHUX enemeHTiB

** gci nabopamopii iHcmumymy akpedumosaHi 05151 IpoeedeHHs1 A0CiOXeHb

IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca 38, m. J1lbBiB, 79034, YkpaiHa.
Ten.: (+38 032) 270-23-89, (+38 096) 858-37-76. e-mail: markinfo@inenbiol.com.ua
3aexou padi cnienpaui 3 Bamu!

3anpolwyemo po3mMicTuTu peknamy Baluoi komnaHii Ha cTopiHkax HaykoBoro xypHany «Bionoris TBapuH»!

Mwu roToBi cniBnpavtoBaTv 3 Bamu Ans cTtBopeHHs edpeKTUBHOT peknamMHoi cTparerii, sika Bignosigae Bawmm notpebam i GrogxeTy.
[MponoHyeMO pi3Hi BapiaHTX pO3MilLleHHs peknamu, 3okpema b6aHepu, oronoLueHHs abo cTaTeriHo-peknamHi matepianu.

Peknama B Hallomy xypHani o3BonuTb Bam:

= 3anyynTu yBary HaykoBUiB i dhaxiBLiB A0 Baluoi komnaHii Ta npoaykuii;

= MiABULLMTY BMi3HABaHICTb OpeHAdy Ta No3nuioHyBaHHSA Balluoi komnaHii Ha puHKy;

= 3anyyYnTn HOBUWX KNIEHTIB | po3wmpuTy Baluy knieHTCbKy 6asy.
Mpono3awnuii ao cniBnpaui Ha 2023 pik:

= peknamHum 6nok %2 cropiHku — 1000 rpH B ogHOMY HOMepi >XypHary, 2500 rpH y TPbOX HOMepax XypHany.
= peknamHum 6nok 1 crtopiHka — 2000 rpH B ogHOMY HOMepi x)ypHany, 5000 rpH y TpbOX HOMepax >KypHarny.

KoHTaktu: (+38 096) 814-78-15, inenbiol@gmail.com
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Along with you -

IMMYHITI
CTIM

3MiLLHIOE OpraHisM TBapHuH Ta NTaxis, 3aXMULLLAKOYH
KWULWIKOBUM Bap’ep . U N

Cknap: 1 n MictuTe: Bitamin E Sonn—pau,—andeaToxquepmnaueTaT), 25000 wr; Bitamin C, 2100 mr; Mniumn 10000 mr; Cenen - Se (cenewit Hatpito), 0,5 mMr; Mapraneus — Mn
(Cynbtat MapraHuo MoHorigpart), 500 mr; EdipHa onis posmapuHy 10000 mr; EdipHa onisa yebpeuto 10000 mr; EdipHa onis eskaninta 10000 mr; Hatpito xnopuag 1250 wmr; Kanito
xnopup, 500 mr; Opixaxosun ekctpakt 50000 wmr; Monicaxapuaun 20000 mr; Mniuepun nonieTuneHrnikonb puumMHoneat i OemiHepanisoeaHa soga fo 1 n. 3actocyBaHHA: no
i nicna sakumHayii. IMMYHITI CTIM pospobneHo gns: KOHTPOMO cnanaxie BipyCHUX 3aXBOPOBaHb, KOHTPOMIO BCIX BWAIB CTPECY, MOKPALLEHHS TWUTPIB BaKLMHALi, NPUCKOPHOHOTL
PiCT, NOKPALLYOTb KOHBEPCIKD KOPMY, MiABULLYIOTbL 3arafibHy ONipHICTb OPraHisMy Ta NOKpaLLyrTb BUBOAMMICTb Y HECYHOK i NOKpaLLye BiaTBOPHY dyHKLUit0. MokasaHHa Ta LinboBi
BWOMW TBAPHH: CiNbCbKOrOCNOAAPCHKI TBAPUHM, NTULSA, COBAKM Ta KOTU - NOCMNEHHS IMYHHOrO CTaTycy opraHismy. MpoTunokasaHHa, noGiuHi peakuii Ta B3aemMogii: He onucaHo.
Do3syeaHHsA Ta cnoci6 3acTocyBaHHA: NepopanbHo 3 NUTHOK Boaot. PeTenbHo posMiwatk 1 Mn B 1-2 n nuTHOI Boau. 36epiraHHa. 36epiratv B HEQOCTYNHOMY AN OiTEN Micui.
36epiraTv B NPOX0NOAHOMY, CYXOMY MiCLyi, NO4ani Big, AXKepen Tenna i NpsMux COHAYHUX NpomeHis. [Na 3acToCyBaHHsA Y BETEPUHAPHIA MeaULMUHI.

Industrial Veterinaria, S.A.

a LIVISTO company

Ykpaina,03040, m.Kuis,

Byn. BacunbkiBcbka, 14, og. 422

Ten.: +38 044 206 24 30 | ten.: +38 067 238 33 77
livisto.ua@gmail.com | livisto.com




