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Preservation and rational use of the sheep gene pool is a high-
ly urgent issue in the development of sheep breeding. Modern
methods of selection and breeding work enable the realisation
of genetic potential for increased productivity and breeding value
in farm animals. Preservation of the valuable gene pool of the
Ukrainian Mountain Carpathian sheep breed should be carried
out using scientifically based methods that allow for the protection
of the breed’s valuable traits, such as high adaptive capacity to
the conditions of the mountain region and the dairy and meat di-
rection of productivity. The myostatin (MSTN) gene is considered
as a marker for improving economically useful traits in livestock.
The sequence of 1093 bp of the 3-untranslated region (3'UTR)
of the Ukrainian Mountain Carpathian sheep myostatin gene was
analysed to search for potentially beneficial mutations in the gene.
Several of eight known SNPs that are polymorphic in Latvian
dark-head, Merinolandschaf, lle de France, Texel, Charollais, Poll
Dorset, White Suffolk, Lincoln, Kamieniec, Pomeranian, Colored
Polish Merino were found to be monomorphic in the Ukrainian
Carpathian Mountain breed. The following genotypes were iden-
tified: c.*707TT, c.*709AA, c.*874TT, c.*1098AA, ¢.*1232GG,
c.*1267AA, ¢c.*1316GG, ¢.*1489GG in the Ukrainian Carpathian
Mountain breed. In conclusion, it should be noted that marker-as-
sociated selection of the 3"-untranslated region of the myostatin
gene (3UTR) is not suitable for Ukrainian Carpathian Mountain
sheep due to the confirmed monomorphism of the studied SNPs
in this region. Based on the obtained results, we concluded that it
is important to continue studying other regions of the MSTN gene,
including a larger number of animals and phenotype data. This
will help to identify specific mutations within the gene that may
serve as potential genetic markers for improving economically im-
portant traits in Ukrainian Carpathian Mountain sheep.

Key words: MSTN, myostatin, 3'UTR, Ukrainian Car-
pathian Mountain Sheep-breed, sheep

Introduction

farms located at the foothill and mountainous regions of
the Transcarpathian, Ivano-Frankivsk, Lviv, and Cher-

The Ukrainian Carpathian Mountain Sheep (UCM) nivtsi regions. The UCM breed of sheep was bred by the
breed of sheep belongs to the local breeds of sheep in method of reproductive crossing of local coarse-wool
the Western region of Ukraine. This breed is kept in the ewes of the Tsakel type with rams of the Tsygai breed.

The Animal Biology, 2025, vol. 27, no. 1
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AHani3z 3'UTR nocnifoBHOCTI reHy MiOCTaTUHY B OBELlb YKPAIHCbKOI rpCcbKoKapnaTCbKoi Mopoaun

In the mountainous areas of the Carpathians, aborig-
inal coarse-wool sheep with wool of various colors have
been bred for a long period of time and were used for
the production of carpet wool. Smooth and pile carpets,
artificial fur, coat fabrics, knitwear, and other products
were also manufactured [20].

As a breed, the UCM breed began its development
in 1993 with the order from the Ministry of Agriculture
and Food of Ukraine dated December 31, 1993 no. 363.
Despite the unique characteristics of sheep of this breed
and their ability to adapt to difficult environmental condi-
tions, the number of livestock has been decreasing un-
controllably over the past 20 years.

According to the database of the Ukrainian Animal
Breeding Center, the population of animals of the UCM
breed decreased sharply in 2023, from 1,288 sheep in
2019 to 296 in 2023 [1]. Such a rapid decrease is ex-
plained by the low profitability of breeding.

Today, 9 sheep breeds have already disappeared
without a trace in Ukraine: Walahian, Pirni, Reshetilivska,
Chushka, Mazayev Merino, Malich, Hutsulian, Chuntuk
[21]. The long-term crisis in sheep breeding and the ac-
tive war phase in the territory of Ukraine exacerbate this
situation even more.

The Carpathian sheep breed played an important
role in the historical development of the Carpathian re-
gion, preserving cultural crafts, traditions, and the ma-
terial culture of local communities. Sheep breeding was
the main animal husbandry activity of the local Hutsulian
population and had a great influence on the entire life-
style and culture, which over the centuries formed a spe-
cific structure of economic activity in the region [4].

The Carpathian Mountain sheep are characterized
by a high foraging ability. The selection of these animals
was aimed at securing the maximum possible meat pro-
ductivity when using mainly green pasture fodder. Under
the conditions of feeding them with concentrated feed
at the rate of 0.4-0.5 kg per head, the young animals
reach slaughter conditions (up to 28 kg) by the age of
six months. It typically takes 4.1-5.1 feed units to obtain
1 kg of growth in lambs up to 6 months of age, and 7.9
feed units in sheep up to one-year-old [22].

At the same time, the Mountain Carpathian sheep
are relatively small — for example, breeding rams have
a live weight of 55-65 kg, and ewes have a weight of
36—41 kg. It is important to note that there is a positive
relationship between live weight and milk yield of ewes.
With an increase in body weight, the milk yield also in-
creases. With a live weight of ewes between 26-30 kg,
their milk yield is 71 kg, and with a live weight of 36 kg
— 90 kg or higher [3].

A literature analysis over the past 10 years showed
that the UCM breed is practically unstudied in terms
of genetics. Only in 2018, Chokan and co-authors de-
scribed the genetic structure of the UCM breed using
11 microsatellite loci. Their analysis indicated significant
genetic variability of the studied microsatellite loci. A to-
tal of 106 alleles were identified, and the average value

of the inbreeding coefficient had a low negative value
(0.070), which suggested almost no inbreeding in the
studied UCM population [5].

In view of the above context, the urgent issue of de-
veloping new breeding methods using molecular genet-
ic markers to increase the meat productivity of sheep
is emerging, which will certainly increase the economic
potential of the sheep industry in Ukraine. The myostatin
gene (MSTN) is considered a potential genetic marker
for improving economically important traits in livestock
due to its well-established role in the negative regula-
tion of muscle growth. Variations in MSTN, particularly in
regulatory regions such as the 3'UTR, have been asso-
ciated with enhanced muscle mass, feed efficiency, and
overall carcass quality, making it a valuable target for
marker-assisted selection in breeding programs [9, 12].

And it is specifically the 3'UTR region of the myosta-
tin gene in the UCM sheep that interests us.

Materials and Methods

The studies were carried out on 14 purebred
Ukrainian Carpathian Mountain sheep of both sexes
(three rams and eleven ewes), which were bred on
the farm “Gafynets” (Pavshino village, Mukachevo
district, Transcarpathian region). Blood samples were
collected from the sheep’s jugular vein in blood collec-
tion tubes with an EDTA anticoagulant.

For genomic DNA extraction, we used a DNA ex-
traction kit (Zymo Research, USA) according to the
manufacturer’s instructions for extraction from whole
blood, serum, and plasma samples. DNA quality and
quantity were assessed using agarose gel electropho-
resis and spectrophotometry techniques. DNA yields
were quantified using a Nanodrop spectrophotometer
(Thermo Fisher Scientific Inc., USA).

Sequence information for the sheep MSTN gene
(AY918121, AM992883, and AF393618) available in
GenBank was used for the genomic region reconstruc-
tion and primer design. MSTN gene sequence informa-
tion for Oryx dammah (XM_040227852.1), Bos taurus
(JQ711180.1), Cervus elaphus (OU343110.1), Capra
hircus (EF591039), Equus asinus (XM_014837576.3),
and Sus scrofa (AY208121.1) was used in the bioin-
formatic analysis.

A 1.093 kb myostatin gene fragment containing
the 3'UTR sequence was amplified by polymerase
chain reaction (PCR) from the UCM sheep breed ge-
nomic DNA.

The structure of primers: forward: 5-GCTGAAT-
GGCTGATGTTATC-3'; reverse: 5-AGCAACTTGAC-
CAGAACCAATGT-3". The PCR reaction was per-
formed in a 50 pl reaction containing 100 ng of sheep
genomic DNA, 1x Taq reaction buffer, 5 nmol dNTPs,
20 pmol of each primer, and 0.25 units of Taq DNA
polymerase (New England Biolabs).

The PCR program was carried out with an initial
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5 min denaturing step at 94°C, followed by 35 cycles
(each cycle included 30 s at 94°C, 30 s at 57.5°C, and
1 min at 68°C), and a final 10 min extension at 72°C.

PCR products were then sequenced by the Sanger
sequencing method at Explogen LLC (Lviv, Ukraine),
and the chromatograms were analyzed using FinchTV
software (Geospiza Inc.) for the identification of possi-
ble mutations in the 3'UTR of MSTN.

Clustal Omega Multiple Sequence Alignment (MSA)
(https://www.ebi.ac.uk/jdispatcher/msa/clustalo) was
used to generate the sequence multiple alignments.

Results and Discussion

The study sequenced of the 3'UTR region of the
MSTN gene with a length of 1093 bp, localized from
118150011 to 118151103 (fig. 1).

Alignment analysis of the myostatin 1.093 kb
sequence of the 3'UTR of myostatin from the NCBI
revealed a high degree of its conservation during
evolution. The similarity of the 3'UTR region of the
myostatin gene between sheep and antelope (Oryx
dammah, XM_040227852.1), red deer (Cervus ela-
phus, OU343110.1), cattle (Bos taurus, JQ711180.1),
pig (Sus scrofa, AY208121.1), and donkey (Equus
asinus, XM_014837576.3) was found to be 98.08%,
97.00%, 96.80%, 91.28%, and 89.34%, respectively.

The alignment results indicate that this region is
quite conserved, which may primarily be associated
with its functionality (fig. 2).

For the first time, data on the significant impact of
mutations in the 3'UTR of the sheep myostatin gene
were published in 2006. The author demonstrated an
important role in the regulation of myostatin expres-
sion through target sites for microRNAs [6] demon-
strated, through target sites. MicroRNAs (miRNAs)
are a class of endogenous, short non-coding RNAs
about 22 nucleotides in length [8]. There are more
than twenty thousand miRNAs identified, and their
number is rapidly increasing [17, 19].

The mutations in the Texel's 3'UTR of the MSTN
(myostatin) gene create a potential target site for miR-
1 and miR-206, so its expression is inhibited and the
suppression of skeletal muscle growth is removed.
Therefore, this sheep breed shows a double-muscled
phenotype [6]. It has also been shown that there are
regions targeted by miR-27b in the 3'UTR region. Ac-
cording to Zhang et al., miR-27b contributes to the
proliferation of sheep skeletal muscle satellite cells,
targeting MSTN and suppressing its expression. Fur-
thermore, miR-27b controls MSTN in ovine satellite
cells by suppressing its translation at the initial stage,
followed by mRNA degradation [24].

According to the Ensembl database [7], 8 poly-
morphisms are currently known in the studied region
(1093 bp). These polymorphisms occur with individual
frequencies in different breeds (table). The most stud-
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ied SNP in the 3'UTR is rs408469734 (c.*1232G>A).
It is worth noting that this polymorphism is also found
in various publications under other names, in particu-
lar: g.9827G>A, g.+6723G-A, ¢.2360G>A [12].

Polymorphism at this locus occurs in crossbred
sheep (Blue-faced Leicester x Scottish Blackface
[18]), in Texel and Charollais, in Poll Dorset x White
Suffolk rams and AG or GG White Suffolk x (Border
Leicester x Merino) dams [13], in Australian Texels,
White Suffolk, Poll Dorset, and Lincoln [15], New
Zealand Texel-cross sheep [14], and in Polish breeds
such as Kamieniec and Pomeranian sheep [16], and
in Charollais and Texel sheep bred in Latvia [23].

On the other hand, the Colored Polish Merino
sheep were monomorphic for G at the ¢.*1232 po-
sition [9]. No polymorphism was found at this locus
in the Latvian dark-head, Merinolandschaf, lle de
France, Dorper [23], NZ Romney, Coopworth, Cor-
riedale, Dorper, Perendale, Suffolk, Merino, Dorset
Down, Coopdale, and Poll Dorset [11]. Summarizing
the literature data, it can be concluded that this SNP
€.*1232G>A is associated with various phenotypic
traits related to economic benefits, in particular body
weight at birth, average daily gain, dry matter intake,
slaughter weight [23], loin and fore shank weights [9],
proportion and muscle-to-bone ratio, muscle-to-fat
ratio [18], carcass composition, and the proportional
weights of the loin and hindquarter muscles [13].

Several of eight known SNPs that are polymor-
phic in the Latvian dark-head, Merinolandschaf, lle de
France, Texel, Charollais, Poll Dorset, White Suffolk,
Lincoln, Kamieniec, Pomeranian, and Colored Polish
Merino were monomorphic in the Ukrainian Carpath-
ian Mountain breed. The following genotypes were
identified: c.*707TT, c.*709AA, c.*874TT, c.*1098AA,
€.*1232GG, c.*1267AA, ¢.*1316GG, ¢.*1489GG in
the Ukrainian Carpathian Mountain breed.

Thus, the sequencing of the 3'-untranslated region
of the myostatin gene in the Ukrainian Carpathian
Mountain sheep revealed complete monomorphism
across eight known SNP loci, including ¢.*1232G>A,
which has been previously linked to economically
important traits in other sheep breeds. While the ab-
sence of genetic variation in the studied region sug-
gests that this particular fragment may have limited
utility for marker-assisted selection in this population,
this conclusion should be interpreted with caution.
The small sample size may not fully reflect the genet-
ic diversity of the breed, and the study did not include
phenotype-genotype association analysis, which is
essential for assessing the functional significance of
genetic markers. Moreover, focusing solely on the
3'UTR excludes the possibility that other regions of
the MSTN gene, such as exons, introns, or promoter
regions, may harbor functional polymorphisms with
relevance for selection.

It is also worth noting that while polymorphic (par-
ticularly heterozygous) loci are typically used in mark-
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GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAACATTCAGTAAAGTAATAAGTTTCTCCTTTCTTCAGGTGCATTTTTACACTC
CTCCCTATGGGCAATGGATTTTCCATAAAGAAAGAAAAANCMTTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTGGAGAAGCTGT
GTTTAAAAGGCAGTCAAAAAGTATTCATTTTTGTCAAAATTTCAAAATTATAGCCTGCCTTTGCAATACTGCAGCTTTTAGGATGAAATAATG
GAAATGACTGATTCTATCAATAKTGTATAAAAAGATTTTGAAAACAGTTGCATTTATATAATATGTATACAATATTGTTTTGTAAATAAATGTCT
CCTTTTTTATTTACTTTGGTATATTTTTACAGTAAGGACATTTCAAATTAAGTATTAAGGCACAAAGACATGTCATGTGGGACATAAAAGCAA
ATGCTTATATTTTGGAGCAAATTAGTTGATTAAATAGTGGTCTTAAAACTCCATATGCRAATGGTTAGATGGTTATATTACAATCATTTTATATT
TTTTTACATTGTTAGCATTCACTTATGGGTTCGTGATGGCTGTATAATGTGAATGTGAAATTTCAATGGTTTACTGTCATTGTATTCAAATCT
CAACRTTCCATTATTTTAATACTTATAAATATTAAGCAARCCAAAATGATTTAACTCTATTATCTGAAATCAGAATAATAAACTGATGRTATCTT
ACAAATTGTTAATTTTATTTTATAATTTGATAATGAATATATTTCTGCATATATTTACTACTATTTTGTAAATTAGGATTTTGTTAATCAAATAAATT
GTACTTATGATTAAGTGAAATTATTTCTTACATCTAATGTGTAGAAACAATGTAAGTTATATTAAAGTRTTTTCACCTTTTTTGAAAGACAACA
GTTTTAGGTTATAATGATTAACTCTAGATTTCTGGCTTCCACTTTATTATAAAAGTTTAAGGACTGAGCACAAAAGTTTGGTTTAGAAATGTT
AGGTCTGCTACTCTAGTTTCTCATGGGTGAAATTCCTGTTACATTGGTTCTGGTCAAGTTGCT

Fig. 1. The work sequence of the DNA. The forward and reverse primers and positions where single nucleotide substitutions could
potentially occur are underlined and highlighted: K— Gor T, M—Aor C,N—Aor Cor G or T, R—Aor G. Information about the
polymorphisms was obtained from the Ensemb/ database (on 11 March 2025]).

Capra_hircus GAGCAAGGAAAAAGATTGTATTGATTTTAAAACCATGCAAARACTGCAAATCTTTGTTTA 6@ CAACTTAGGCATTGAAATCAAAGCTTTAGATGAGAATGGTCATGATCTTGCTGTAACCTT 756
Sus_crofa GCTGAATGGCTGGTGTTATCAGGTTTATCAAATAAAAGC - -AT- - -TCAGTAAAGTAATG 55 --GTCAATGTATTCAAATCTCAACGTTCCATTATTTTAATACTTATAAG - - - - - - - - -~ 671
Bos_taurus GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAA - -CGTTCAGGAAAGTAATAAG 58 --GTCATTGTATTCAAATCTCAACGTTCCATTATTTTAATACTTATAAATAT - - - - - -~ 681
(0ryx_dammah GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAA - -CACTCAGTAAAGTAATAAG 58 --GTCATTGTATTCAAATCTCAACGTTCCATTATTTTAATACTTATAAATAT - - - - - - -~ 681
Ovis_aries[with_SHP] GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAMA - -CATTCAGTAAAGTAATAAG 58 --GTCATTGTATTCAAATCTCAACRTTCCATTATTTTAATACTTATAAATAT - - - - - -~ 682
Ovis_aries GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAA - -CATTCAGTAAAGTAATAAG 58 --GTCATTGTATTCAAATCTCAACATTCCATTATTTTAATACTTATAAATAT - - - - - - 682
PR soR ® R EE R ER E ok mEkaE & aePeox EE R R R R EE
Capra_hircus GAAGGAAAATGTGGAAAAAAAGGGGCTGTGTAATGCATGCTTGTGGAGACAAAACAATAA 180 CCCAGAACCAGGAGAAGAAGGACTGAATCCTTTTTTAGAAGTCAAGGTAACAGACACACC 816
Sus_crofa TGAAAGAAAAATCATTTTTCTAGAGCTCTGCATTCAATTCTGTAGCATACTTG------- 168 -~ TAAGCATACCAAAATGATTTAACTCAATTATCTGAAATCAGAATAATAAACTGATG 727
Bos_taurus AGAAAGAAAACTCATTCTCCTAGAGGTCTACATTCAATTCTGTAGCATACTTG------- 171 ----TAAGCATACCAAAATGATTTAACTCTATTATCTGAAATCAGAATAATAAACTGATG 737
0ryx_dammah AGAAAGAAAAATCATTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG- - - - - - - 171 - - --TAAGCAAACCAAAATGATTTAACTCTATTATCTGAAATCAGAATAATAAACTGATG 737
Ovis_aries[with_SNP] AGAAAGAAAAANCMTTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG------- 171 - - --TAAGCAARCCAAAATGATTTAACTCTATTATCTGAAATCAGAATAATAAACTGATG 738
(Ovis_aries AGAAAGAAAAATCATTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG------- 171 --TAAGCAAACCAAAATGATTTAACTCTATTATCTGAAATCAGAATAATAAACTGATG 738
= owmm W wom o om om om RE mm = % s L] R R TR
Capra_hircus ACTGATTGATCAGTACGATGTCCAGAGAGATGACAGCAGCGACGGCTCCTTGGAAGACGA 368 AAAAAGATCTAGGAGAGATTTTGGGCTTGATTGTGATGAGCAC - TCCACAGAATCTCGAT 875
Sus_crofa GTT-----o - TTTATGATAAAATCATGGCAATGACTGATTCTATCAATATTG 296 Ao TATCTTAAGAATTGTTAATTTAATTTTATAATTCGATAATG-AATATATTTCT 7860
Bos_taurus GCT----- - TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG 299 Ao TATCTTACAAATTGTTAATTTTATTTTATAATTTGATAATG-AATATATTTCT 798
(Oryx_dammah GCT----- - TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG 299 Ao TATCTTACAAATTGTTAATTTTATTTTATAATTTGATAATGAAATATATTTCT 791
Ovis_aries[with_SNP] GCT-----mmmmmmm TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATAKTG 299 R------ TATCTTACAAATTGTTAATTTTATTTTATAATTTGATAATG-AATATATTTCT 791
Ovis_aries GCT-----mmmmmme TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG 299 G------ TATCTTACAAATTGTTAATTTTATTTTATAATTTGATAATG-AATATATTTCT 791
& EREd EE A R ET L EREY E3 EEE K e ReRE R % owE 3
Capra_hircus GACTCCTACAACAGTGTTTGTGCAAATCCTGAGACTCATCAAACCCATGAAAGACGGTAC 585 CTAAAAGAT -- - -ATAAGGCCAATTACTGCTCTGGAGAATGTGAATTTTTATTTTTGCAA 991
Sus_crofa ATTTCGEAGCAAATTAGCTGATTAAATAGTGGTCTTAAMACTCCATATGCTAATGGTTAG 523 TTATGACTAAGTGAMATTATTTCTTACATCTAATGTGTAGAAACAATATAAATTATATTA 896
Bos_taurus ATTTTGEAGCAAATTAGTTGATTAAATAGTGGTCTTAAAACTCCATATGCTAATGGTTAG 529 TTATGATTAAGTGAAATTATTTCTTACATCCAATGTGTAGAAACAATTTAAGTTATATTA  9@6
(Oryx_dammah ATTTTGGAGCAAATTAGTTGATTAAATAGTGGTCTTAAMACTCCATATGCTAATGGTTAG 529 TTATGATTAAGTGAAATTATTTCTTACATCTAATGTGTAGAAACAATGTAAGTTATATTA  9@7
Ovis_aries[with_SNP] ATTTTGGAGCAAATTAGTTGATTAAATAGTGGTCTTAAAACTCCATATGCRAATGGTTAG 538 TTATGATTAAGTGAAATTATYTCTTACATCTAATGTGTAGAAACAATGTAAGTTATATTA  9@7
Ovis_aries ATTTTGGAGCAAATTAGTTGATTAAATAGTGGTCTTAAAACTCCATATGCAAATGGTTAG 538 TTATGATTAAGTGAAATTATTTCTTACATCTAATGTGTAGAAACAATGTAAGTTATATTA 987
E Rk R R kR EEEE EE * EOREE K R EE EEE = EERE ® oK R R R R R ¥ =

Fig. 2. The MSTN gene partial sequence alignment between species. Single-nucleotide polymorphisms (SNPs) in the 3'UTR region are
described in sheep using single letter code: K— G or T, M—Aor C,N—Aor Cor Gor T, R— A or G. GenBank (NCBI) accession
numbers of the MSTN gene sequences used in the study are indicated in the Materials and Methods section.

Table. Sheep breeds and MSTN gene polymorphisms located in the 3'UTR (1093 pb)

ID Localization Mutation Alternative name Breed in which the mutation was detected Reference
Latvian dark-head Merinolandschaf,
rs591795591 2:118150140 T/- c.*707DelT lle de France [23]
and Texel (TEX)
rs414527527 2:118150142 A/C c.*709A>C Charollais [23]
rs1093989187 2:118150307 T/G c.*874T>G — [7]
rs430092736 2:118150531 AIG c.*1098A>G — [7]
Texel,
Charollais,
c.*1232G>A Poll Dorset
. g.9827G>A, White Suffolk, [9, 10, 11, 13, 15,
rs408469734 2:118150665 AIG g, +6723G>A, Lincoln, 16,18, 23]
c. 2360G>A Kamieniec,
Pomeranian,
Colored Polish Merino
rs1088525878 2:118150700 AIG c.*1267A>G Romney [7]
rs419982449 2:118150749 G/A c.*1316G>A Charollais [23]
rs592881811 2:118150922 G/A C.*1489G>A Ouled Djellad [7]
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er-assisted selection due to their ability to differentiate
individuals and associate genotypes with phenotypes,
monomorphic loci can also hold value. A fixed (mono-
morphic) allele may indicate a previously successful
selection event and a genetically established trait in
the breed. Additionally, such loci can be informative
in population comparisons, evolutionary studies, or
when evaluating the genetic uniformity of a breed.
Therefore, the presence of monomorphic loci should
not be interpreted as entirely lacking relevance but
rather as part of a broader genetic context. Therefore,
it is important to continue studying other regions of
the MSTN gene, including a larger number of animals
and phenotype data. This will help to more accurate-
ly assess the potential of MSTN as a genetic mark-
er for improving economically important traits in the
Ukrainian Carpathian Mountain sheep.

Using sequencing of the 3-untranslated region
(3'UTR) of the myostatin gene of the Ukrainian Car-
pathian Mountain sheep the following genotypes were
identified: c.*707TT, c.*709AA, c.*874TT, c.*1098AA,
€.*1232GG, c.*1267AA, c.*1316GG, Cc.*1267AA,
¢.*1489GG. Based on obtained results, we concluded
that it is important to continue studying other regions
of the MSTN gene, including a larger number of an-
imals and phenotype data. This will help to identify
specific mutations within the gene that may serve as
potential genetic markers for improving economically
important traits in the Ukrainian Carpathian Mountain
sheep.
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36epexeHHa Ta pauioHanbHe BUMKOPUCTaHHS reHoPoHAYy OBeLb € AyXe akTyanbHolo npobnemoto pos3suTKy BiB4apctsa. Cy-
YacHi MeToam cenekuinHo-nnemiHHoi poboTn 3abesnevyoTe peanisauito reHeETUYHOro NoTeHLiany Ans NiABULLEHHS NPOAYKTUBHOCTI
Ta NNEeMIHHOI LLIHHOCTI CinbcbKkorocnogapchbkux TBapuH. 36epexeHHst LiHHOro reHooHAYy YKpaiHCbKOI ripcbkokapnaTcbkoi nopoau
oBeLb Ma€ 3AINCHIOBATNCA HayKOBO OBIPYHTOBaHMMM MeToAamu, siki 4O3BONSIOTL 306epertv LiHHI BMacTUBOCTI MOPOAN — BUCOKY
apanTauiiHy 34aTHICTb 4O YMOB FPCbKOTO PerioHy Ta MOSIOYHO-M'ICHWUI HanpsM npogyKTuBHOCTI. eH mioctatuHy (MSTN) posrns-
0aloTb SIK Mapkep A5 NoKpaLLeHHs roCnoAapCbko KOPUCHUX O3HaK y TBapuH. Byno nposedeHo cekBeHyBaHHs dparmeHTy 1093 bp
3'-HeTpaHcntotoyoi ainsHkn (3'UTR) reHa miocTaTuHy yKpaiHCbKMX TipCbKOKapnaTChKMX OBELb Aflsi MOLUYKY MOTEHLINHO KOPWUCHUX
MmyTauin y reHi. Bicim Binomnx SNP, kinbka 3 skux € noniMopdHUMM y Nopia NaTBiliCbka TEMHOronoBa, MepuHonanawad, inb-ge-
paHc, Tekcenb, Waponne, nongopceTt, 6inuii cyddonk, NiHKOMbH, kKaM'stHCbka, NOMepaHCbKa, KOMbOPOBUIA MOMbCbKUIA MEPUHOC,
6ynvM MOHOMOPMHUMM B YKpaiHCBbKOI ripCbkokapnaTcbkoi nopoau. Y AocnigXyBaHil nonynsuii oBeub BUSIBNEHO reHotunu: ¢.*707TT,
C.*709AA, c.*874TT, c.*1098AA, ¢.*1232GG, c.*1267AA, ¢c.*1316GG, c.*1267AA, c.*1489GG. BapTo 3a3HaunTu, L0 y 3B’A3KYy 3 MO-
HoMoOpHicTIo gocnimkeHnx SNP 3-HeTpaHCMoYoi AiNSHKM reHa MiOCTaTUHY YKpaiHCbKUX MPCbKMX KapnaTCbKUX OBeLb MapKep-
acouiioBaHy cenekuito 3a uum perioHom (3'UTR) reHa mioctatuHa npoBoAMTM HEe MOXHa. Ha nigcTaBi oTpumaHunx pesynerartis My gi-
MUY BUCHOBKY NPO BaXIMBICTb NMOAANbLUIONO BUBYEHHS iHLIMX OiNSHOK reHa MSTN 3 oxonneHHsM BinbLuoi KinbKOCTi TBAPWH | AaHNX
eHoTuny. Lle gonomoxe iaeHTndikyBatn cneundidHi MyTauii B reHi, iki MOXyTb CyryBaTy NOTEHUiIMHUMU FeHETUYHUMUN MapKepamu
ONs NOKpaLLEeHHs: eKOHOMIYHO BaXKIMBUX O3HAK B OBeLb YKPAiHCLKOI rpCbKoKapnaTCcbKoi nopoau.

KnrouoBi cnoBa: MSTN, mioctatuH, 3'UTR, ykpaiHcbka ripcbkokapnaTcbka nopoaa, BiBLi
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The article presents the results of studying the sensitivity
of Escherichia coli strains isolated from animal and poultry
feed samples to fluoroquinolones of the second (ofloxacin,
norfloxacin), third (levofloxacin) and fourth (moxifloxacin)
generations. It was shown that high resistance to norfloxacin
was detected in 7 strains of isolated E. coli, which account-
ed for 33.3 % of the identified ones. To ofloxacin and to the
representative of the third generation of fluoroquinolones —
levofloxacin, 3 isolated strains of E. coli were resistant, which
was 14.3 % of the studied strains. Resistance to the rep-
resentative of the fourth generation of fluoroquinolones —
moxifloxacin — was detected in 1 strain of E. coli, which was
4.8 % of the tested strains. The results of the studies on fluo-
roquinolone resistance of the isolated E. coli strains indicate
a significant contamination of animal and poultry feed with
fluoroquinolone-resistant escherichia. This poses potential
risks for the spread and possible transmission of such resis-
tance to other bacterial species and the normobiota of the
gastrointestinal tract of animals, poultry when ingested with
feed and humans when consuming products of animal origin
after feeding such feed.

Key words: Escherichia coli, fluoroquinolones, mixed
fodder, bran, meal, premixes, animal meal, fish meal

Introduction

Achieving the welfare of animals and poultry, ensuring
their high productivity, their resistance to bacterial diseas-
es, high livestock safety, and obtaining safe animal prod-
ucts is impossible without the use of high-quality, safe and
nutritious feed [16, 19]. Scientists emphasize the need to
create a strong feed base, which includes a system and
structure for the production of biologically safe feed and
is one of the main conditions for ensuring food security in
Ukraine [9, 12]. However, a number of researchers em-
phasize the problem of contamination of feed with bac-
terial pathogens, including zoonotic pathogens, during
their production, at critical points of certain technological
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processes, due to the lack of prediction of contamination
of individual components of feed used as raw materials
from other agricultural sectors [7, 14]. Although Ukraine
has a system for monitoring raw materials and products
of the entire agricultural sector, monitoring of animal and
poultry feed does not cover all possible risks. The resis-
tance of pathogenic microorganisms to antibiotics isolated
from cattle, pig and poultry feed, feed materials, dry and
canned feed remains an extremely urgent problem today.
This is due to the danger of antibiotic resistance transmis-
sion to other species of animals, poultry, and humans [2,
4]. In the last decade, bacterial microorganisms have de-
veloped resistance mechanisms that have seriously limit-
ed the effectiveness of conventional antibiotic therapy [3].
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It should be recalled that Ukraine has implemented the
National Action Plan to Combat Antimicrobial Resistance
in accordance with the provisions of the Global Strategy
of the World Health Organisation (WHO) to curb antibiotic
resistance. However, the Plan does not cover Ukrainian
feed production enterprises.

Scientists point out that E. coli is included in the list of
pathogens that the WHO considers to be resistant patho-
gens [6]. In particular, E. coliis able to develop resistance
to clinically important antibiotics — fluoroquinolones. The
mechanism of action of fluoroquinolones is based on the
specific inhibition of DNA gyrase (for gram-negative mi-
croorganisms) and topoisomerase IV for gram-positive
bacteria [3].

The aim of our work was to test E. coli strains isolated
from animal and poultry feed samples for susceptibility to
clinically important representatives of fluoroquinolones
of the Il (ofloxacin, norfloxacin), lll (levofloxacin) and IV
(moxifloxacin) generations and to determine the preva-
lence of fluoroquinolone-resistant escherichia.

Materials and Methods

The study was carried out in the Scientific Research
Microbiology Department of SSRILDVSE (Kyiv) and the
Institute of Animal Biology of the National Academy of
Agrarian Sciences of Ukraine (Lviv).

As a result of microbiological studies of 382 samples
of various types of animal and poultry feed, 21 E. coli
strains were isolated and identified. In particular, among
36 samples of premixes, E. coli was isolated in 2 cases;
among 47 samples of mixed fodder and bran — in 7 cas-
es; among 127 samples of meal and cake — in 6 cases;
among 88 samples of other feeds — in 6 cases, E. coli
was isolated from grain samples [7].

In the studies to determine the susceptibility of E. coli
of the isolated strains to fluoroquinolones, discs with a
certain antibiotic concentration were used according to
the latest EUCAST recommendations, in particular, oflox-
acin (5 pg) and norfloxacin (10 ug) — second-generation
fluoroquinolones, levofloxacin (5 pg) — third-generation
fluoroquinolones and moxifloxacin (5 ug) — fourth-gener-
ation fluoroquinolones [17].

All antibiotic disks are manufactured by Himedia Labo-
ratories Pvt. Limited, India with the appropriate expiration
dates. Antibiotic disks are registered in Ukraine and meet
international quality standards ISO, CE, WHO GMP [17].

In accordance with the recommendations of the
EUCAST version, before setting up experiments to de-
termine the susceptibility to fluoroguinolones of the iso-
lated E. coli strains, regular and extended internal quality
control was performed to determine the diffusion of disks
with fluoroquinolones at their respective concentrations:
ofloxacin (5 ug), norfloxacin (10 pg), levofloxacin (5 ug),
moxifloxacin (5 pg) [18].

Mueller Hinton Agar M173 (Mueller-Hinton agar)
with a pH in the range of 7.2—7.4 was used for testing
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according to EUCAST recommendations. The manufac-
turer is HIMEDIA, the batch used has been tested and
standardized in accordance with the requirements of Cl-
SI-M@6: Protocol for the evaluation of dry Mueller Hinton
agar. The composition of the Mueller-Hinton agar on a g/l
basis includes: meat infusion 300.0; acid hydrolyzate of
casein 17.5; starch 1.50; agar-agar 17.00. The agar was
prepared according to the described method: 38.0 g of
powder was dissolved in 1000 ml of distilled water, boiled
until the powder was completely dissolved; sterilized at
1.1 atm (121°C) for 15 min. After sterilization, the Mueller-
Hinton agar was thoroughly mixed and poured into Petri
dishes with an agar column height of 4.0+0.5 mm (about
25.0 cm?3). After complete solidification of the agar, the
dishes were dried to remove condensation. Ready-made
Mueller-Hinton agar plates were checked for sterility and
suitability for E. coli growth. To control the sterility, the
plates with Mueller-Hinton medium were left in a ther-
mostat at 37.0+1.0°C for 24 hours. Control of the growth
properties of Mueller-Hinton medium was checked by us-
ing a test culture of E. coli ATCC 25922 for inoculation, fol-
lowed by cultivation in a thermostat at 37.0+1.0°C for 24
hours and determination of the growth rate of the culture.

For regular extended internal control of the determi-
nation of diffusion of fluoroquinolone disks, the test cul-
ture of E. coli ATSS 25922, recommended by EUCAST
for microorganisms of the Enterobacterales order, was
used. The test culture of E. coli was inoculated on MPA
and after 24 h of incubation in a thermostat at 37+0.5°C,
the agar of the grown daily culture was washed off with
sterile saline under aseptic conditions. Using a turbidity
detector for bacteriological suspensions (Densi-La-Meter
“Lachema”), the inoculums were brought to a concentra-
tion of 0.5 McFarland optical units with sterile saline.

The results of the routine and extended internal
quality control for determining the diffusion of fluoroqui-
nolone disks were recorded by measuring the diameter
of the zones of growth inhibition of the test culture of
E. coli ATCC 25922 and checking their compliance with
the values recommended by EUCAST [18].

To determine the susceptibility to the indicated fluoro-
quinolones, inoculums of the isolated E. coli strains were
prepared in a similar way (as well as the test culture).

The prepared bacterial inocula of the isolated E. coli
strains were applied to bacterial plates with Mueller-Hin-
ton agar in a volume of 0.1 cm?® per plate. Inoculation of
the respective bacterial suspensions into the agar was
performed using a sterile swab, which was previously
moistened in the respective inoculum. The applied inocu-
lum of escherichia was thoroughly rubbed into the agar
surface. Rubbing was performed by rotating the test dish
in a circle. The inoculated bacterial dishes were kept at
room temperature for about 15 minutes to diffuse the
respective bacterial inocula into the agar. The antibiotic
disks were applied to the surface of the inoculated bacte-
rial dishes (4 for each dish). Incubation of the cups with
cultures and antibiotic disks was carried out for 20 h in a
thermostat at a temperature of 35+1°C.

bionozis meapuH, 2025, 1. 27, N1
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The results were recorded by measuring the diameter
of the growth inhibition zones of each E. coli strain around
the disk with the corresponding antibiotic. The zone of
growth inhibition of escherichia strains was clear, with-
out any growth within it. To measure the growth inhibition
zones, the bacterial dish with the lid closed was placed
upside down over a dark matte surface at an angle of 45°,
creating a reflected light effect. The growth inhibition zone
was measured using a caliper to the nearest millimeter.

The results were interpreted in accordance with the
current version of EUCAST according to the Breakpoint
Tables for the interpretation of the diameters of the zones
of growth inhibition of cultures. [17].

Research Results

The results of routine quality control of disks contain-
ing fluoroquinolones ofloxacin, norfloxacin, levofloxacin,
and moxifloxacin are presented in table 1.

The results of the quality control of the diffusion of disks
with ofloxacin, norfloxacin, levofloxacin and moxifloxacin
showed that the diameters of the growth inhibition zones
under their action on the test culture of E. coli ATCC
25922 were within the permissible values. In particular,
according to EUCAST, the range of permissible values of
the size of the zone of growth inhibition of E. coli ATCC
25922 for ofloxacin is within 29-33 mm. During the qual-
ity control of the disks with ofloxacin, the diameter of the
growth inhibition zone was 32 mm, which confirmed the
compliance of the drug with EUCAST requirements. Ac-
cording to the results of the quality control of the diffusion
of disks with norfloxacin, its compliance with EUCAST
requirements was confirmed, since the diameter of the
growth inhibition zones of the test culture of E. coli was
31 mm, with the permissible range of values from 28 to
35 mm. The quality of diffusion of moxifloxacin disks was
confirmed by the diameter of the zone of growth inhibi-
tion of the test culture of E. coli at 30 mm with a range
of permissible values from 28 to 35 mm. Based on the

analysis of the results of the control of diffusion of disks
with fluoroquinolones, these antibacterial drugs were ap-
proved for use in further studies of the sensitivity of the
isolated E. coli strains.

According to the analysis of the results of studies on
the sensitivity of 21 (twenty-one) identified E. coli strains
to fluoroquinolones, the highest resistance to norfloxacin
was found in 7 (33.3 %) strains of E. coli. It should be
noted that the above-mentioned strains of E. coli were
isolated from samples of feed bran (2 strains), wheat
grain (2), sunflower sprats (2) and protein-mineral-vitamin
supplements for poultry (1 strain). Importantly, the E. coli
strain Ec18 isolated from wheat bran was completely in-
sensitive to norfloxacin, as evidenced by the continuous
growth of Escherichia colonies around the antibiotic disk.

It should also be noted that in E. coli strain Ec49,
isolated from sunflower meal, developed resistance to
norfloxacin in individual bacteria among the susceptible
population. This was confirmed by the growth of single
colonies in the zone of crop growth inhibition, the diam-
eter of which was 33 mm, and the zone without colony
growth was 24 mm (table 2).

It should be noted that among the isolated escherich-
ia, strain Ec18 isolated from wheat bran was found to be
completely resistant to norfloxacin, a representative of the
second-generation fluoroquinolones (fig. 1).

The results of tests to study the sensitivity of isolated
E. coli to ofloxacin showed the resistance of 3 (14.3 %
of the identified) strains of E. coli Ec31, Ec42, and Ec49
isolated from samples of wheat bran and sunflower meal.

According to the results of the study, 33.3 % of E. coli
strains isolated from animal and poultry feed samples
had a high level of resistance to norfloxacin and 3 strains
of E. coli showed resistance to ofloxacin. At the same
time, resistance to ofloxacin continued to develop among
susceptible bacteria in the E. coli population. This was
confirmed by the growth of single colonies in the zone
of growth inhibition. The strain Ec49 was re-identified, in
which, under the action of ofloxacin, bacteria with resis-
tance to ofloxacin were formed in the sensitive population

Table 1. Results of regular extended internal quality control for the determination of diffusion of fluoroquinolone disks

with E. coli test culture ATCC 25922 according to EUCAST

According to EUCAST recommendations
(Version 13.2, 2023)

Diameter of the

Results of studies of regular extended internal quality control of diffusion

of disks with fluoroquinolones:

with the test culture of E. coli ATCC 25922 (according to the latest

Antibiotic inhibition zone growth EUCAST recommendations for the study of the sensitivity of bacteria
Concentration  of the test culture, mm of the genus Enterobacterales to fluoroquinolones)
of the drug, ug
range of permissible Diameter of growth conformity recom- Conclusions
values, mm inhibition zones, mm mendations EUCAST
Ofloxacin 5 29-33 32 is With_in t_he range admission t_o the main
of permissible values experiment
Norfloxacin 10 28-35 31 — P
Levofloxacin 5 29-37 33 — 7 — — " —
Moxifloxacin 5 28-35 30 — = — =
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Table 2. Results of tests for fluoroquinolone susceptibility of E. coli strains isolated from animal and poultry feed samples
from feed production enterprises in Ukraine, mm (n strains = 21)

Fluoroquinolones used in the experiment:

Ofloxacin (5 pg) Norfloxacin (10 pg)  Levofoxacin (5 ug) Moxifloxacin (5 pg)

Il generation Il generation 11l generation 1V generation
Type of feed from vyhich Isolqted 8 = S = 8 = g- =
No. isolated and identified strains S E c S E P S € P g e =
strains of E. coli of E. coli g - 2 8 - = 8 - 2 8 -~ 2
f= © e [0 = @© < @©
€% 5 €% 3 €% o €% =
- @ Q -0 Q = ® o - 0 2
OlS) = Ole) = oo = OlS) =
O _9 O _9 O & O _9
E's IS E's IS E's IS E's c
S5 S5 S s 85
S @ S @ @ @ S @

According to EUCAST requirements

Range of permissible values of the diameter
of the disk diffusion zone according to the
EUCAST checkpoint table, mm

S2 R< S2 R< S22 R< S2 R<
24 22 24 24 2522 2222

Research results

Protein, mineral and vitamin

1 supplement for poultry Ec15 31 S 20 R 28 S 20 R
2 Compound feed for cattle Ec16 30 S 28 S 25 S 23 S
3 Wheat bran Ec18 22 S *c.rg. R 20 R 25 S
4 Pre-starter food «Piglet» Ec21 30 S 26 S 18 R 31 S
5 Wheat fodder bran Ec27 27 S 31 S 28 S 29 S
6 Sunflower meal Ec31 15 R 30 S 23 S 25 S
7 Wheat fodder bran Ec42 15 R 30 S 26 S 25 S
8  Sunflower meal Ec49 *(;201)’ R *(??3’ R 26 s 27 s
g  aminandmheralPromX  Ecs3 23 s 28 s 28 s 25 s
10 Corn grain EcS5) 23 S 28 S 28 S 25 S
11 Sunflower meal Ec57 27 S 28 S 25 S 24 S
12 Wheat fodder bran Ec58 26 S 30 S 21 R 30 S
13 Soybean meal Ec59 25 S 31 S 25 S 29 S
14 Sunflower meal Ec61 28 S 28 S 24 S 32 S
15 Corn grain Ec64 26 S 28 S 25 S 24 S
16 Corn grain Ec65 29 S B3] S 28 S 28 S
17 Wheat fodder bran Ec66 28 S 22 R 30 S 24 S
18 Corn grain Ec67 30 S 28 S 26 S 30 S
19 Wheat grain Ec68 26 S 20 R 24 S 27 S
20 Sunflower meal Ec69 26 S 22 R 27 S 24 S
21 Wheat of 2 and 3 classes Ec70 26 S 19 R 26 S 22 S
ALL fluoroquinolone-resistant strains: 3 7 3 1

Note. S — sensitive; R — resistant *c.gr. — continuous growth of bacteria to the disk (no growth inhibition zone); **21/(30) — a clear zone
of growth inhibition of 21 mm with the formation of a growth inhibition zone of 30 mm (single colonies of E. coli grew from 30 mm to 21 mm)

12 bionozis meapuH, 2025, 1. 27, N1
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of E. coli. This was confirmed by the results of the study,
as the diameter of the zone of inhibition of culture growth
of this strain was 30 mm, and decreased to 21 mm due
to the growth of single culture colonies in the zone of in-
hibition. In E. coli strains Ec31, Ec42, the diameter of the
growth inhibition zone was limited and amounted to 15
mm, while the range of permissible values according to
EUCAST was less than 22 mm (fig. 2).

The analysis of the test results showed that the level of
resistance of 3 (14.3 % of the identified) strains of E. coli
Ec18, Ec21 and Ec58 was quite high to the representative
of the third generation of fluoroquinolones — levofloxacin.

Resistance to moxifloxacin was detected in one strain
of E. coli Ec15 (4.8 % of the identified strains). The risk of
spreading E. coli resistant to IV generation fluoroquino-
lones, as recognized antibiotics with high bactericidal ac-
tivity, is enhanced by the fact that this strain was isolated
from samples of protein-mineral-vitamin supplement for
poultry and is likely to contaminate a large percentage
of poultry, transmit its resistance to other populations of
bacterial microorganisms and therefore be dangerous to
human health, other animal and poultry species.

Discussion

A number of researchers still hold the opinion of the
high bactericidal efficacy of third-generation fluoroquino-
lones and are convinced that they have high bactericidal
activity against gram-negative and gram-positive microor-
ganisms; bacterial pathogens sensitive to penicillin; pen-
icillin-resistant Streptococcus pneumonia and show bac-
tericidal activity against atypical pathogens. The results of
our research and that of other scientists show that sen-
sitivity is decreasing and resistance is being developed
in microorganisms to all generations of fluoroquinolones.

Scientists report that in the study of animal feed and
mixed fodder, the species composition of the microflora
is represented by Enterobacter spp., Klebsiella spp., E.
coli, Pseudomonas aeruginosae. The largest share was
made up of E. coli isolates . According to the authors,
during the period 2019-2021, there was a tendency to
increase the number of E. coli resistant to antibacterial
drugs, the share of which in 2021 amounted to 26.6 %
of the studied feed samples. Scientists emphasize that
among E. coli isolates, the activity of resistance to fourth-
generation fluoroquinolones is increasing, which until
now have been characterized by high bactericidal activity
against gram-positive, gram-negative, anaerobic, acid-
fast microorganisms, as well as atypical pathogens, pep-
tonococci, peptinostreptococci [8].

Resistance to moxifloxacin was detected according to
the results of our studies in the case when E. coli was
isolated and identified in a sample of poultry feed.

Scientists emphasize that fluoroquinolones have a
rapid and effective bactericidal effect, have good penetra-
tion into organs and tissues, and ensure a high level of
drug concentration in the blood. Currently, fluoroquino-

The Animal Biology, 2025, vol. 27, no. 1

Fig. 1. Norfloxacin resistance of E. coli strain Ec18
isolated from wheat bran

Note. 1 — no zone of growth inhibition.

Fig. 2. Formation of antibiotic resistance in individual bacteria
of the sensitive population of the E. coli strain Ec31 isolated
from sunflower meal sample

Note. 1 — the zone of growth inhibition is clear of colony growth
(culture is sensitive to the antibiotic); 2 — growth characteristics
of individual colonies after exposure to fluoroquinolones and other
antibiotics in the zone of inhibition of the sensitive population of
escherichia (formation of resistance).

lones are considered to be one of the most bactericidally
effective drugs to which bacterial pathogens are very sen-
sitive and only in a few cases have they developed resis-
tance to these antibiotics [10, 15]. That is why fluoroqui-
nolones are considered to be priority antibiotics to which
resistance in pathogens of bacterial etiology develops to
a lesser extent. This is also reported by practitioners and
scientists who use fluoroquinolones in severe cases of
pneumonia caused by various pathogens, including rep-
resentatives of the Enterobacteriaeceae family — E. coli
and Klebsiella spp. [13]. There is still no consensus on
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this issue. Other researchers and medical practitioners
report a low therapeutic level of Il and IV generation
fluoroquinolones and the need for fluoroquinolones with
higher bactericidal activity [11].

The results of our studies have shown the preva-
lence of fluoroquinolone-resistant E. coli strains isolated
from different types of animal and poultry feed, which in-
dicates possible risks of disease in animals and poultry
and epidemiological consequences due to the possibility
of transmission of such resistance to other species of mi-
croorganisms and the normal intestinal biota of humans,
animals and poultry.
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PTOpXiHONOHPE3NCTEHTHI WTamu Escherichia coli B kopmax Ansa TBapuH i nTuli

3 KOPMOBUPOOHMUYMX NigNPUEMCTB YKpaiHu

H. B. Kypsma’, O. M. Heuem?, O. I. lopbamiok?, O. B. lMiwjaHcekut?, Jl. B. banan4yk? H. 5. Mex?, O. M. )KoeHip®
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"IHcTuTyT Gionorii TBapuH HAAH, Byn. Bacunsa Cryca, 38, m. JlbBiB, 79034, YkpaiHa
2[lepxaBHU HAyKOBO-AOCMIAHUI IHCTUTYT 3 nabopaTopHOi AiarHOCTUKN Ta BETEPUHAPHO-CaHITapHOI ekcnepTman,

Byn. floHeubka, 30, M. Kuis, 03151, YkpaiHa

SlHcTuTyT BeTepuHapHoi meamuuim HAAH, Byn. JoHeupbka, 30, m. Kui, 03151, YkpaiHa

Y cTaTTi NpeacTaBneHo pesynsraTv BUBYEHHS YYTNUBOCTI WTamiB Escherichia coli, BugineHux 3i 3paskiB KopMiB ANst TBApWUH i NTML,
o cropxiHonoHis |l (odpnokcauuHy, HopdpnokcauuHy), Il (neBodonokcaumHy) Ta IV (MokcidnokcauuHy) nokoniHb. [NokasaHo, Lo BUCOKY
CTIVIKICTb 40 HOpPOMOKCALMHY BUSIBIEHO B CEMU LUTaMIB BUAINEHMX ellepuxin, wo ctaHosutb 33,3 % igeHTudikoBaHmx. [1o odriokcaumHy
Ta go npencrtasHuka |l nokoniHHS dpTopxiHoNoHIB — neBodnokcaumHy — Bynu CTiikumm no Tpu BUAineHi wramu E. coli, Wwo cTaHoBUTb
no 14,3 % ycix gocnimkeHnx. [lo npeacrasHyka [V nokoniHHS (TOPXIHONOHIB — MOKCI(hIOKCaLMHYy — PEe3NCTEHTHICTb BUSBMEHO B OOHO-
ro wramy E. coli, To670 B 4,8 % pocnigkeHnx. Peaynsrati npoBegeHUX [OCNIMKEHb 3 BUBYEHHS CTIMKOCTI 40 (DTOPXIHOMOHIB BUAINEHNX
WwTamiB E. coli Bka3ytoTb Ha 3Ha4YHy KOHTaMiHaLilo KOPMIB ANt TBAPUWH i NTUL (PTOPXIHONOHPE3NCTEHTHUMU eLLepuxiamu. Lie cTBoproe no-
TeHUianbHi pU3vKu 3 pO3MOBCIOMKEHHS Ta MMOBIPHOI Nepeaadi Takoi CTINKOCTi iHLWMM Buaam HakTepil i HOpMODBIOTi LLINTYHKOBO-KULLIKOBOTO
TpaKTy TBApWH i NTULi NPY NOTPaNMsSHHI B OpraHiaM 3 KOPMOM, a TaKOX JIIOAVHN — SIKLLIO BOHA BXMBATUME NMPOAyKLito TBapMHHOIO NOXo-

[PKEHHS! MiCNs 3rofoBYBaHHS! TAKUX KOPMIB.

KnrouoBi cnoBa: Escherichia coli, bTOpXiHOMOHK, KOMBIKOPM, BUCIBKM, LLPOT, MPEMIKCU, MyKa TBapUHHOIO MOXOMKEHHS, pubHa Myka
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MeTaboniyHi npouecu B opraHiami Ta B KicTKax eKCrnepMMmeHTanbHUX TBapyH
3a YMOB BNJIMBY iOHIiB KagMito Ta HITpUTIB
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Baxki MeTanu, 40 SKMX HanexuTb KaaMin, a TakoxX HiTpaTtm
M HITPUTM BiAHOCATb A0 HaMOINbLL NOLUMPEHMX MOSOTaHTIB O0-
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panbHoI LLINBHOCTI KICTOK. B excnepumeHTi BrB4amu mMapkepm
KicTkoBOro metaboniamy y nrasmi KpoBi Ta CTETHOBMX KicTKax bi-
WX LLYypiB-CamLiB 32 YMOB KOMMMEKCHOT Ajl iOHIB KaaMito i HITpuy-
TiB. IHTOKCMKaLjl0 TBApWH 34IMCHIOBaNM YNpPOAOBXK AecATn aid
yBedeHHaM BignosigHoi coni (BogHui posimH NaNO, 3 nuTHO
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MeTaboiuHi NPoLEecK B OpraHiaMi Ta B KiCTKax TBAPWH 3a BAJINBY iOHIB KaaMitO Ta HITPUTIB

Beryn

Y cyyacHux ymoBax YKpaiHu, KOnu Ha 3HauHin Tepu-
Topil BigOyBaloTLCS akTMBHI OONOBI Aii Ta oAHO4YaCcHO Be-
OeTbCsl iHTEHCMBHE arpapHe BMPOGHMUTBO i3 3acTocy-
BaHHAM MiHeparnbH1X J0BpWB, 3arpo3nmMBoO 3poCcTae 3a-
OpyOHEHHS OOBKINMSA CONSAMM BaXXKWUX MeTaniB, 30Kpema
kagmito (Cd), a Takox HiTpatamu n Hitputamu. Jocni-
[PKEHHS1, MpoBeaeHi B MiBHIYHNX obrnacTax — YepHirie-
cbkirl, CyMCbKiln i XapKiBCbKii — mokasanu, Lo FpyHTH
MICTATb HEGE3MEYHO BUCOKUIA PiBEHb BaXKKUX METaniB,
a Lie CTBOPIOE MOTEHLHY 3arpo3y Ansi CiNbCbLKOro roc-
nogapcTea n ekocuctem [2, 4]. OgHak BiiCbKOBI Aii He €
€OMHMM YMHHUKOM BMNIMBY Ha MOTIPLUEHHSA SIKOCTi MPpyH-
TiB — YMMano BaXmTb NOPYLUEHHS arpOTEXHIKW, Hanpw-
Knag, HaaMipHe BUKOPUCTaHHS MiHeparnbHUX O00puB,
30KpemMa a30THUX. Y BiAHOCHO eKororiyHo unctomy Npu-
KapnaTcbKOMy perioHi 3abpydHEHHs I'pyHTIB, BOAONM
i jkepen nuTHOI Bogn ioHammn Cd, a Takox HiTpatamu
N HiTpUTamn BrsiBrieHo nobnmay bByputnHebkoi OPEC,
Yy panioHax 3 iHTEHCMBHMM arpoBUPOGHULITBOM i HaBITb
Ha JesKux TepuTopisx ripcbkoi 3oHu Kapnat [14, 15].

Mpobnema 3abpyaHEHHS OOBKINMS BaXKKUMK MeTa-
namu CTOiTb Ha NOPSAKY AEHHOMY Y CBITi BXXE HE OfHe
pecatmnitta. 3okpema, BigOMO, O aHTPOMOreHHWUn
YMHHUK nowmpeHHs crnonyk Cd B ekocuctemax yTpudi
nepeBuLLIYE NPUPOAHI JKepena HaaxomkeHhs [23]. Bio-
noBigHoO, MO xap4oBmx NaHutorax Cd notpannsie B opra-
Hi3M TBapWH i MoanHU. AHani3 xapyoBUX JiET PO3BUHY-
TUX KpaiH 3a AaHWMKU HU3KK aBTopiB [15] nokasas, LWwo B
OopraHiam JOpocrol NoanHK 3 DKeto HaaxoauThb Big 4 0o
84 wmkr Cd woaeHHo, xo4a onTMMaribHa Moro KinbKicTb
He noBWHHA nepeBulyBaTn 1-5 MKr/goby, TMMYacom
MoporoBa TOKCMYHICTb cTaHoBUTL 30 MKr/aoby [23]. Liu-
rapkoBUiA OUM TaKOX BHOCUTb Baromy YacTKy B OTPYEH-
Hs opraHisamy Cd [8, 18]. MexaHi3m TOKCU4HOro BrnuBy
Cd 3ymOBneHWn MOro 3OaTHICTIO aKTMBYBaTW MpoLEecU
nepokcugadii ninigis i npoTeiHy (npyM ogHoYacHoMy
MPUrHIYeHHI aHTMOKCMOAHTHOMO 3aXUCTY), NOpYLLyBaTK
uinicHicTb Mem0bpaH, iHridyBaTu aKTUBHICTb EH3MMIB,
WO MalTb BaXUBE 3HAYEHHA AnS NiATPUMAHHA ro-
mMeocTady opraHiamy [9, 10, 20, 23]. Bigoma xBopoba
iTal-iTan — OTPYEHHSA NIOAEN, BUKIMKAHE BXMBaHHSM
pucy, wwo mictue cnonyku Cd. MNpur LboMy po3BMBaETLCS
YLLIKOMKEHHSA HUPOK Ta KicTok [19, 20].

Mopsa 3 BaXKKMMKW MeTanamu HiTpat i HITpUTK BXe
TpPMBanuii Yac 3anuLIaTLCS HaNMOLUMPEHILLMMU MOMto-
TaHTaMn OOBKINNs B OaraTbOx KpaiHax CBIiTYy, 3okpema
i B YkpaiHi. OcobnmBo 4yTnmBi OO iXHbOI TOKCUYHOI Aii
Taki KaTeropil HaceneHHs: 4iTk, BariTHi, XPOHIYHO XBOpi 3
naTororieto Kapaio- Ta pecnipatopHol cuctem [5, 11, 24].
HaliHebe3neyHILLo 3 TOYKN 30pY YpaKeHHs HiTpatamu
€ BOda 3 KOnoasisiB i MOBEPXHEBUX mkepen. [paHuu-
HO JonycTMa KOHUeHTpauis Hitpatie y Bogi 50 mr/n,
a Binbw TokcuYHMX HiTpuTiB — 0,5 mr/n. 3a geskummn
OaHnmu [4, 5] B OKpeMUX CinbCbKUX MICLIEBOCTAX LLe A0
2022 poKy piBeHb HITpaTiB Y KPUHWYHIA BOAI 3HAYHO ne-
peByLLlyBaB OOMYCTUMI MOKa3HWKW. TakoX BIigOMO, LU0
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xapyoBa gobaska E250 (HaTpin Hitput NaNO,) Bukopuc-
TOBYETBCH SIK KOHCEPBAHT i moninwwysad 3abapBreHHs
pUBHUX | M’ACHMX NpoaykKTiB [6]. B opraHiami 3Ha4yHa Yac-
TWHA HITPAaTIB BiAHOBMIOKOTLCS Y BirbLL TOKCUYHWIA METa-
Bonit HiTpuT-ioH (NOy), sIkuiA, K cBigyYaTe AOCMioKeH-
Hs [5, 11, 21, 22], cnpusie OKUCHEHHIO reMorrnobiHy Oo
MeTreMornobiHy, BHACMIOOK YOro PO3BMBAETLCS reMivHa
MMOKCis Ta 3HWXKYETLCS IHTEHCMBHICTL EHEPTreTUYHOrO 06-
MiHy. LLle ogHVMM ¢bakTOPOM TOKCUYHOCTI HITPUTIB € iXHs
3paTHICTb MeTabonidyBaTh 40 KaHLEPOreHHMX HITpo3aMi-
HiB. OgHak Hemae [oCTaTHBOI iIHopMaLli Wwoao BnnvBy
HITPWTIB Ha CTaH KiCTKOBOI TKaHWHMW.

3Baxkaloumn Ha ckasaHe BuLle, akTyarnbHUM € OOCHi-
DkeHHs BnnmBy ioHiB Cd?* Ta NO, ‘Ha nokasHukn meTa-
OOoniYHMX NPOLECIB Yy KICTKOBIN TKAHWHI €KCnepuMeH-
TanbHWX TBapuH. Tomy MeToo aaHoi pobotn Byno ao-
cnignT KOMMNMEeKCHU BNNMB kagMito xropuay (CdCly)
i HaTpito HiTpMUTY (NaNO,) Ha NokasHMKM MeTabomMiYHMX
MPOLECIB Y KICTKOBI TKaHWHI Binnx LypiB, BMICT OCTEO-
TponHux GioenemeHTiB i MLLKT y pisHux ginsiHkax crer-
HOBWX KICTOK TBapVH.

MeTtoau pocnigxeHHs

EkcnepumeHt nposogunu Ha 6inux 6e3nopogHmx
wypax-camusix (n=36) 3 macoto Tina 170-240 r, axkmx
yTpPMMyBanu B yMOBaXx BiBapito Ha CTaHOapTHOMY paLujo-
Hi. YTpMMaHHS TBapWH i MaHinynauii 3 HUMK nposoaunu-
€S 3 AOTPUMAHHSIM BUMOT BIOETMKM 3riAHO 3 YKPaiHCLKUM
3aKOHOOABCTBOM Ta BIgMOBIOHO OO0 MONMOXeHb €Bpo-
nevicbkoi KOHBEHLIT LLOA0 3axMCTy XpebeTHMX TBapuH
(Ctpacbypr, 1986). TeapuH Gyno nogineHo Ha YoTUpU
rpynu: nepLia rpyna — iHTakTHi (n=12), cry>Xvunm KoHTp-
onem; apyra, TpeTa i YeTBepTa — iIHTOKCMKOBaHi TBapu-
HW. IHTaKTHMM TBapyHam BBOAUNM Qi3iONOriYHNIA PO34UH
(0,9 % posumH NaCl) signosigHoro 06’emy. IHTOKCUKaLLiIO
TBAPWH 3MJNCHIOBanNy NPOTAroM AecATV Oi0 yBeoeHHAM
BignosigHoi coni B 0o3i 1/10 LDy, WwoaeHHo oguH pas Ha
006y (BogHun po3umH NaNO, 3 nuTHow Bogowo 21 mr/
Kr Ta BHYTPILUHEOM'A30BO po3dnH CdCl, 1,2 mr/kr macu
Tira TBapuHW). 3 METOI BMBYEHHS MOKA3HWKIB Y Pi3HUI
nepion, aganTadii 6inux wypis oo BrinuBy ioHiB Cd?** Ta
NO, 3abip matepiany (KpOB i CTErHOBI KiCTK/) NPOBOAM-
N1 nicnga gekanitadii nig nerkum edipHMM HapKo3oM Ha
1-wy (gpyra rpyna TBapuH), 14-Ty (TpeTs rpyna) Ta 28-
My 00Oy (4eTBepTa rpyna) nicnsi 3aBepLUEHHS1 BBEAEHHS
TOKCVKaHTIB. Y Mmra3mi KpoBi BU3HaYanu KOHLEHTPaLito
3aranbHOro 1 ioHisoBaHoro Kanbuijto (Ca), martito (Mg),
piBeHb hocdatiB, akTuBHICTb nyxHoi (J1®) i kucnoi
(Kd) dbocpatasm 3a SOMOMOrOK YHIGOIiKOBaHMX METo-
OVIK 3 BUKOPUCTaHHAM HabopiB peakTueiB «Simko LTD»,
«Lachema» Ta «®inicit-OiarHoctukay. MLLKT Bumiptosa-
N 332 OMOMOTOH ETASNTIOHHOI PEHTIEHIBCLKOI AEHCUTOME-
Tpii (anapat KUNTCERD-701) y pi3Hux AinsHkax crer-
HOBMX KIiCTOK: Ajadida, enidpiza, ronosku, wuikn. licns
NpoBedeHHs] AEHCUTOMETPUYHUX BUMIPIOBaHb CTErHOBI
KICTKM O30MoBann i y 301i BU3HayanM KOHUEHTpaLlito
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GioenemeHTiB Ca, Mg, umHky (Zn), kynpymy (Cu), a Ta-
kok Cd Ha aTtoMHO-abcopbLuiiHOMY CnEeKTPOdOTOMETPI
C-115I1K. OTpumaHi pesynsrati onpauboBaHO 3 BUKO-
puCTaHHAM Kputepito CTbiogeHTa. Yci faHi aHanisyBanm
3a gonomoroto nporpamn Statistica 8.0 (StatSoft Inc.,
CLLA). Pesynbratn B Tabnuusix nokasaHo sik xtSE (ce-
peaHe 3HaYeHHsitCcTaHAapTHa noxmbka). BigMiHHOCTI Mk
3Ha4YeHHAMM BBaXKanu BiporigHummn 3a P<0,05 [23].

Pe3ynkTaty 1 06roBopeHHs

MpoBeneHi JocnimpkeHHA Mokasanu, Wo 3a YMOB
komnrekcHoi aii ioHiB Cd? Ta NO,” B opraHiami iHTOKCHKO-
BaHWX TBAPWH CMOCTEPIraloTbCs CyTTEBI 3MiHW aKTVBHOCTI
€H3MMIB, SIKi € MapKepHUMW AN CTaHy ocTeobnacTiB Ta
ocreoknacrtie (tabn. 1). JlyxxHa coccpatasza (J1d, rigpo-
nasa, wndp Ko 3.1.3.1.) — romogumepHuia rmikonpote-
TH, Y KOXXHOMY MOHOMEPI SIKOro € MATb 3anuLKiB LmcTel-
HY, iBa aTOMW LMHKY 1 OOMH MarHito, siKi 00pMYyoTb MOro
aKkTMBHUIA LeHTp. J1® aedhoccopunioe cybeTpaTtn, akTve-
Ha B NyxHomy cepegosuLi [5, 7]. KicTkoBui i3oeH3nm
nyxHol dpocdhatasm, MikonpoTeiH, SIKMIN NOKanisyeTbcs B
MemOpaHax ocTeobnacTiB, xapakTepusye iX QinbHICTb y
MpoLEeci ocTeocHTE3y (KICTKOYTBOPEHHST) Ta CTAHOBUTb
3Ha4Hy YacTuHy 3aranbHoi aktusHocTi J1®. Tomy BM3Ha-
YeHHs 3aranbHOol akTUBHOCTI J1® cnyxuTbe MapkepoM pe-
MOZENOBaHHS KICTKOBOI TKaHWHM [6]. JocnimKeHHs Lbo-
o MOKa3HWKa B Pi3HMX rpyrnax TBapWH nokasarso, Lo ak-
TUBHICTb eH3uMy J1® BiporigHO 3HWKyBanacs NpOTAroM
YCbOIo Mepiofy CNOCTEPEXEHHS, a HANHKYY aKTUBHICTb
3adgpikcoBaHO Ha 28-my [oby — BoHa Ha 47 % MmeHLwa,
HDK B iHTaKTHUX TBapuH. Kucrna dpocdparasa (KP, wmdp
Ko 3.1.3.2) — nisocomanbHuin eH3um, sikuii gedpocdo-
puntoe cybetpatu. Kd moHodgocdoecTepasa B akTUBHO-
MYy LEHTPi MICTUTb iOHW Zn?* Ta OKUCHO-BIAHOBHY rpyny
Fe?*3* [19]. baratosgepHi knituHK, Wo 6epyTb yyacTb y
pe3opOLii KICTKM i Xpsilia — OCTEOKITacTW, CEKPETYIOTb
KICTKOBMW i30€H31M K1Cnoi dhochaTtasm — TapTpaTpesmnc-
TeHTHy kucny dpocdpatasy (TPKD) [13, 16]. MNigBuweHHs
Ti aKTUBHOCTi CBIAYUTb MPO NOCUMEHHSI NPOLIECIB PYIHY-
BaHHS KiCTKOBOI TKaHWMHM [1], @ TakoX cnocTtepiraeTbcs
npy PisHUX 3axXBOPIOBaHHSIX, LLO CYMPOBOMDKYOTLCS MO-
CUIIEHOK pe30pOLEd KICTKOBOI TKaHWMHW, a came: npu
ocreonoposi, xBopobi MNemkera, rinepnapatMpeosi, HUp-
KOBilN ocTeoaucTpodii. Hawli gocnimkeHHs 3acBiguunu,
Lo BXe Ha 1-wy goby nicns AecAaTuaeHHOro BBEAEHHS
TOKCWHIB aKTMBHICTb LibOro MapKepHOro eH3nMy KiCTKOBOI
pe3op6uii nigBuLLyBanaca BABii, @ OO KiHUA cniocTtepe-
XEeHHs1 (YeTBepTa rpyna TBapuH) y 4,5 pasa, NopiBHAHO
3 iHTaKTHUMU LypamMu. Y npoueci pemogerntoBaHHs KicT-
KOBOI TKaHWHW BaXXNMBUMY € 36anaHCcoBaHICTb NpoLeciB
pe3opbuii 1 ocTeocnHTesy. BinobpaXKeHHAM Liboro Moxe
cnyxutu iHgekc J1O/K® [8]. Ak BuaHo 3 gaHux Tabnuui 1,
Lier iHOeKC NOCTYNOBO BiPOriAHO 3HWKYBAaBCH Y BCIX Mpy-
nax iHTOKCcMKoBaHuX Wwypis: y 3,8—4,3 pa3sa BignosigHo Ha
1-wy n 14-ty pobwn ta y 9,5 pasa Ha 28-my go06y, NopiBHS-
HO 3 MOKa3HUKOM IHTaKTHUX LLYpIB.
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3a Taknx 06CTaBVH BaXMBUM € AOCHIMKEHHS PiBHSA
iOHIB MeTaniB, sIKi BUCTYNalOTb akTMBaTopamMun SOCNIOKy-
BaHMX eH3nMIB. Ak 3a3HadyeHo Bulle, ans J1P Takumm
aKTMBaTopamu € ioHn Zn?* i Mg, siki hopMytoTb CTPYK-
TYpY MOro akTMBHOIO LIeHTpY. Pesynsrat gocnimkeHHs
KOHUeHTpauii Mg y nnas3mi KpoBi ypaKeHUX TBapWH 3a-
CBigumnu 1i BiporigHe 3HWkeHHs BianosigHo Big 40 % Ha
1-wy o6y 0o 54-57 % Ha 14-Ty i 28-my [obu, NOPIBHAHO
3 iHTakTHUMK (Tadn. 2). Lle MoXHa NOSCHATW HaKonu4eH-
HAM TOKCUYHUX ioHIB Cd?*, KM € BiOOMWM aHTaroHic-
TOM ecCeHUianbH1X ABOBaneHTHUX MeTaniB, 30Kpema,
KanbLito, MarHito, LMHKY Ta iHwux [9, 19, 20]. CTocoBHO
pi3koro NiaBULLEHHS akTMBHOCTI K@ i KOHLEeHTpauji B 301
KicTok Zn?* (Tabn. 3), To yNnpoaoBX ekcnepuMeHTy BMICT
uporo bioenemeHTa konmeascsa Ha 20—-31 % Hwkye 3a
MOKa3HUKW IHTaKTHUX TBapuH. MOXNMBO, ANt aKTUBHOCTI
KO GinbLue 3HaueHHs Mae KoHUeHTpauis depymy (Fe' Ta
Fe'), wo nnaHyemo Hagani BUBHUTW.

3HmxeHHs akTmBHoCTI JI® Ta piske nigBuLeHHs KD
CYNpPOBOLKYBanocs HEOAHO3HAYHMMKN 3MiHAMMW KOHLIEH-
Tpauii HeopraHidHoro docdpaty (Tabn. 2). Hansuwwmn pi-
BEHb CrocTepiraBcs Ha 1-wwy Aoby nicnst 4eCATUAEHHOTO
ypaxkeHHs:: Ha 62 % nepeBuLLYBaB 3HAYEHHS IHTAKTHUX
TBapWH. Y HacTynHuin nepiog (14-ta goba) Habnwkascs
00 KOHTPOMbHMX 3Ha4YeHb, a Ha 28-My noby — Ha 25 %
nepeBuLLYBaB KOHTPOMbHI NOKasHMKN. PiBeHb ¢hocdat-
iOHIB BENWMKOK MIPOK BU3HAYaETLCHA CRIBBiAHOLLEHHSM
aktuHocTen J1O i KO, saki katanidytotb rigponia dhocdo-
€CTepHUX 3B’sI3KIB 3 YTBOPEHHSAM HeopraHiyHoro dhocda-
Ty, LLO MaE BaXMBEe 3HaYEeHHs Ang npouecis MiHepani-
3aLii KICTKOBOI TKaHUHU. MOXHa NpuNyCTUTK, LLO paHHSA
docatemis noe’sidaHa 3i 3pOCTAHHAM aKTMBHOCTI K.
AKTUBaLS LbOro eH3MMy Moxe BigbysaTtvcsa nig Brnu-
BOM CyOKOMMNEHCOBAHOro METabomnivHOro aumgosy, Skum
PO3BMBAETLCS NPU KaaMiEBi iIHTOKCUKaii [24]. 3 iHworo
BOKy, KOHLEHTpaLlisi HeopraHidHoro dhocaty nepebysae
nif KOHTPONeM NapaTropMOHY, KanbLMTOHIHY i BiTaMiHy D.
MopyLweHHs cekpedii abo aKTMBHOCTI UMX perynstopis
MOXXe MPU3BECTM 4O 3MiHW KanbLjn-docdaTHOro obMiHy
B OpraHi3aMi ekcriepumMmeHTanbHux TsapuH [10, 21, 25].

CTOCOBHO KOHLEHTpaLUii 3aranesHoro Ca y nnaami KpoBi
IHTOKCMKOBaHWX TBapWH, TO MU BCTaHOBUNK, LUO LIei Mno-
Ka3HWK 3pOCTaB yNpodoRx nepwmx 14-tm gHiB nicnsi 3a-
BepLUEHHST iHTokemKauii 0o 21 %, NOpIBHSAHO 3 KOHTPOSb-
HOIO rpymnoto (Tabn. 2). Y BigaaneHui nepioq ekcrepymeH-
Ty (28-ma gobGa) criocTepiranocs 3HWKEHHS 3ararbHOro
BMICTY KanbLjito Ha 27 %, nopiBHaHO 3 14-t0 foboto, Ta Ha
12 %, NOPIBHSIHO 3 IHTAKTHUMM TBapuHaMu. [ns netanbHi-
LLIOI XapakTepucTukm Metaboniamy Ca B OpraHiamMi Baxu-
BMM € JOCHiMKEHHSA PiBHSA iOHI30BaHOrO KanbLjito. Bigomo,
LLIO came iOHI30BaHWI KarnbLji Nnasmu BuaHadae bionoriy-
HY aKTUBHICTb LIbOTO ernemeHTa: ioHn Ca?* 6epyTb y4acTb y
perynsiuii NPOHUKHOCTI MeMOpaH, y nepeaadi ropMoHarib-
HMX CuUrHanie, HEpPBOBOMO IMMNYSbCY, Y QOYHKUIOHYBaHHI
MioKapaa, MexaHiaMax M’Si30BOro CKOPOYEHHS, 3ropTaHHI
KpoBi ToLo. KoHueHTpauis Ca?* y nnasmi KpoBi yparKeHmx
TBapWH Ha 1-wy 1 14-Ty oobu nicns 3aBepLUEHHS BBe-
AeHns ioHiB Cd?* Ta NO, Byna BULLIOKO, HiXK Y iHTaKTHUX
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Ha 8-17 %, y Ni3HEOMY Nnepiodi CNOCTEPEXEHHS 3HWXKYBa-
nacs oo piBHA KOHTPOSTbHMX MOKA3HUKIB iIHTAKTHMX LLYpPIB.
Taki 3miHu piBHst Ca?* y nna3mi KpoBi MOXYTb CBiAYMTI NPO
MOPYLLEHHsT CPyHKLIT MapamTonoaidHMX 3aro3, OCKirbKu
BIOMO, LU0 perynsuis KoHUeHTpaLil ioHiB Ca?* 3aiicHIo-
€TbCA MapaTroPMOHOM i KanbUMTOHIHOM. Ha nopyLueHHs

ChYHKUT LLMTOMNOAIBHOI 32031 32 YMOB KaaMIEBOI iIHTOKCK-
Kauji BKa3ytoTb i aBTopu okpemux gocnigpkeHs [3]. Woao
BMNMAMBY HITpUTIB HA 06MiH Ca, TO MOXHa BUCIOBUTU MpU-
nyLieHHs, wo ioHn NO, MoXyTb B3aemopmisitv 3 amopdo-
HUM ¢poccbaToM KanbLito | CIIPUYMHATL MOPYLLEHHS Liinic-
HOCTi MiHEpParibHOrO MaTpUKCY KICTKOBOI TKAHMHW.

Tabnuua 1. AKTUBHICTb NMYXHOI Ta kncnoi docdaras y nrnasmi Kposi 6inmx wwypis-camuis (n=36, x+SE)
Table 1. Alkaline and acid phosphatase activity in the blood plasma of white male rats (n=36, x+SE)

[ocnigxyBaHi NoKasHUKK,
aKTUBHICTb €H3UMY Y MKMOSb/C' 1
Investigated parameters,
enzyme activity in pmol/s-|

IHTaKkTHI / Intact

MepLa, KOHTPOnb
I, control (n=12)

I'pynu TBapuH / Groups of animals
IHTOKCUKOBaHI / Intoxicated

TpeTs, 14 noba
Ill, 14t day (n=8)

YetBepTa, 28 noba
1V, 28 day (n=8)

[Opyra, 1 goba
II, 2" day (n=8)

JlyxxHa dpochatasa, J1d

Alkaline phosphatase, ALP 15,07+0,08
TapTpart pesncTeHTHa kucna gocgarasa, TPKD 0.93+0 23
Tartrate resistant acid phosphatase, TRACP R

CniBBigHoLWeHHS akTuBHocTel JIO/KD 16,2040,35

Activity ratio ALP/TRACP

10,84+2,28 9,30%1,23 7,10+£1,95
P<0,005 P<0,001 P<0,001

1,88+0,18 2,47+0,13 4,17+0,48
P<0,01 P<0,01 P<0,001

5,77+0,21 3,76+0,28 1,70+0,19
P<0,05 P<0,001 P<0,005

lMpumimka. TyT i B iHWKX Tabnuusx P — cTyniHb BiporigHOCTi, NOPIBHAHO 3 iIHTAKTHUMUW TBapUHaMU.
Note. Here and in the next tables P is the significance level compared to the intact animals.

Tabnuus 2. bioximMiYHi NokasHWKK Nnas3Mmn KpoBi 6inux wypis-camui (N=36, x+SE)
Table 2. Blood plasma biochemical parameters in white male rats (n=36, x+SE)

[JocnigpKyBaHi NoKasHWKW, MMOMb/MN
Investigated parameters, mmol/l

MepLa, kOHTpOMNb
I, control (n=12)

IHTakTHI / Intact

Ipynu TBapuH / Groups of animals
IHTOKCMKOBaHI / Intoxicated

YetBepTa, 28 noba
IV, 28 day (n=8)

Tpets, 14 poba
IIl, 14t day (n=8)

Opyra, 1 noba
I, 2nd day (n=8)

BaranbHui Ca / Total Calcium 2,34+0,08
loHizoBaHu Ca?* / lonized Calcium 0,68+0,02
OkcunponiH / Oxyproline 28,31+2,79
®ocdatn / Phosphates 1,331£0,05
Marhin / Magnesium 0,72+0,08

2,68+0,13 2,83+0,14 2,08+0,17
P<0,005 P<0,001 P<0,005
0,43+0,04 0,38+0,02 0,35+0,02
P<0,005 P<0,001 P<0,01
71,38+3,23 74,56+1,39 99,70+2,94
P<0,05 P<0,01 P<0,001
2,16+0,24 1,42+0,08 1,76x0,15
P<0,005 P<0,01 P<0,05
0,43+0,02 0,31+0,03 0,33+0,03
P<0,01 P<0,001 P<0,005

Tabnuusa 3. KoHueHTpaLisi OCHOBHMX GioenemMeHTIB Ta KagMilo B 30Mi CTErHOBMX KIiCTOK 6inux wypis-camuiB (n=36, x+SE)
Table 3. The concentration of main bioelements and cadmium in the ashes of femurs of white male rats (n=36, x+SE)

HocnigxyBaHi nokasHuku, Maca Ha 1 r 3onum
Investigated parameters, weight per 1 g of ash

MepLia, KOHTPOMb
I, control (n=12)

IHTakTHI / Intact

I'pynu TBapuH / Groups of animals
IHTOKCKKOBaHiI / Intoxicated

TpeTs, 14 noba
IIl, 14* day (n=8)

YetBepTa, 28 noba
1V, 28" day (n=8)

[Opyra, 1 goba
I, 2" day (n=8)

Kanbuint, mr / Calcium, mg 330,9+6,25
Marrin, mr / Magnesium, mg 38,14+1,40
LinHk, mkr / Zinc, mkg 458,61+£37,24
Kynpym, mkr / Copper, mkg 17,95+0,88
Kagwmin, mkr / Cadmium, mkg 2,10+0,26

311,12+3,31 305,65+3,28 285,06+3,47
P<0,01 P<0,001 P<0,001
51,83+2,14 34,62+1,81 45,61+2,53
P<0,001 P<0,01 P<0,001
314,17£25,12 252,90+32,81 369,62+29,33
P<0,001 P<0,001 P<0,001
13,56+0.72 13,62+0,72 17,7+1,05
P<0,001 P<0,001 =
8,18+0,43 8,85+0,52 37,08+1,02*
P<0,001 P<0,001 P<0,001
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BcraHoBneHi 3miHM MOKa3HUKIB KarbLii-ghocdaTHO-
ro oOMiHy y nnasmi KpoBi CMIOHyKanu 0O BUBYEHHST Kilb-
KICHOTO BMICTy OCHOBHUX MiHEepanbHUX KOMMOHEHTIB
KICTKOBOI TKaHWHW MigAoCnigHUX TBapwH. Y pesynbrarti
[OCTiMKEHHS BCTAHOBMNEHO OCHOBHI BiAMIHHOCTI B XiMiy-
HOMY cKragi MiHeparibHoro Matpukcy (Tabn. 3) iHToKcK-
KOBaHMWX Ta iHTAKTHUX TBAPWH, SKi MONAraloTb Yy TOMY, LLO
YAPOAOBX 28-4EHHOMO CNOCTEPEXEHHSA BMICT OCHOBHOTO
MakpoenemeHTa KiCTKOBOI TkaHuHM Ca 3HWXyBaBCs, No-
PIBHSIHO 3 KOHTPOSBHOO rPyNoto, Bid 6,3 % Ha 1-wy Jody
00 13,8 % Ha 28-my noby. CTocoBHO piBHst Mg, To My Big-
3HaYWNKM 3POCTaHHA MOro BMICTY Y CTErHOBIW KIiCTLi ypa-
»XeHnX TBapuvH Ha 35,8 % (1-wa goba), moTim BMICT AeLLo
3HWKYBaBCS | Ha 28-my 0oby Ha 19,6 % 3anuwaeTtsea
BULUMM 32 PiBEHb iHTAKTHWUX. BU3Ha4yeHHs KOHUEHTpauil
OCTEOTPONHUX MikpoenemeHTiB kynpymy (Cu) i UmHKY
(Zn) nokazarno, wo Bwmict Cu Ha 1-wy i 14-Ty gobwu cra-
HOBMB TiNbkn 73 % MNOKa3HWKa iHTaKTHUX TBAapWH, a Ha
28-my noby crnoctepiranacsa TeHAeHLUist 40 Hopmarisalii.
BmicT Zn y cTerHoBux KiCTKax TBapwWH, SIKUX Miggasanv
iIHTOKCUKALLil, MPOTArOM YCbOro Mnepiogy CrioCTEPEXEHHST
OyB CYTTEBO HWXYMI 3a NMOKA3HWMKM KOHTPOMBbHOI Mpynu,
HalMMEHLUI 3HaveHHs1 3adoikcoBaHi Ha 14-Ty goby — Ha
45 % Hwxk4e Big piBHSA iHTaKTHMX TBapWH. LocnimpkeHHs
BMICTY TOKCUYHOTO enemeHTy Cd nokasano Hakomnm4eHHs
MOro B KICTKOBI TKaHWHI, modmHatoum 3 1-i gobu (gpyra
rpyna Lypis) — y 3,9 pasa, Ha 3aBepLUEHHsI eKkcriepu-
MEHTY Liei NoKasHWK nepesuyBaB y 17,7 pasa KOHTp-
OfbHi 3HAaYEHHS IHTAKTHWX TBApuH (Tabn. 3).

lNopylweHHs Makpo- Ta MIKPOEneMEHTHOro cknagy
KICTKOBOI TKaHVHW, SIKE CrocTepiranocs 3a yMoB KOMOIHO-
BaHoro BrnnmBy CdCl, i NaNO,, Buknukae CTPYKTYpHi 3Mmi-
HW MiHepanbHoro Matpukey Kictkn. Kpim uporo, Cu i Zn
BMCTYMatoTb Y porni KOQaKTopiB eH3MMIB, i TOMy MatoTb
Ba)XNMBE 3HaYeHHS B perynsuii meTaboniyHux npoueciB y
KicTkax. 30kpema, B yTBOpeHHi konareHy (Cu?* sik akTvea-
TOp nponin- i nisunrigpokcunas), obMiHi hocdparis (Zn?*
Ak aktusatop J1® i KP). Ha tni Takmx 3miH ujkaso 6yno
Jocnigntn CTaH KonareHoBoI MaTpuLi KicTkn. KonareHosi
Ginkun | Tuny craHoBNATE 90 % MIKKNITUHHOT PEYOBUHU
KICTKW, peLuTa — Lie OCHOBHa MiHepanizoBaHa peyHoBuHa.
AMIHOKUCNOTHUIA CKMaf, KonareHy ayxe cneumndivyHui:
BiH MiCTUTb 23 % OKCWMNPONiHY 1 OKCWII3UHY — aMmiHO-
KMCIOT, siKi He BXOOATb [0 OQHOrO 3 iHWmMX BinkiB opra-
Hi3MYy Ta yTBOPIOKOTLCA 3 NPOAiHY 1 Mi3nHY 32 AOMOMOIo0
rigpokcunas, aragaHux sulle [22]. Takui cknag 3abesne-
Yy€e YTBOPEHHS MILIHUX MOMepeYHMX 3B’A3KiB, siKi, CBOEO
Yyeproto, hopMytoTb OCOBNUBUIA YKINa, KONareHoBMX BO-
FOKOH Y KiCTUj, WO cripusie Ti MiHepanisadii. Tomy BU3Ha-
YEeHHs1 KOHUEHTpaLii y nnasmi KpoBi OKCUNPORiHY, SKUiA
3abesneyvye hopMyBaHHA MILHOI KOMareHOoBOI Matpui
KICTKM | 3'ABNSIETHCA B KPOBI Ta cedi Npu kataboniami ko-
nareHy, 4OBOAUTb PyWHYBaHHSA KorareHy i € OgHUM i3 3a-
ranbHOMPUHATUX MapKepiB KICTKOBOI pe3opbuyi [1, 25]. B
IHTOKCUKOBaHUX TBapWH (Opyra, TPETS, YeTBepTa rpynu)
KOHLEHTpALLisi OKCUMMNPOAiHY 3pocTana Ha noyaTky ekcre-
PYMEHTY B 2,7 pa3sa, a B KiHUj criocTepexxeHHs y 3,5 pas
nepesyLLlyBarna 3Ha4YeHHs1 iIHTAKTHUX TBapWH, LLO Y3ro-
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[PKYETBCS 3 PI3KUM 3POCTaHHAM akTUBHOCTI TPK® — ni-
30COMaribHOro0 EH3NMY OCTEOKMACTIB, SKi PYMHYHOTb KIiCT-
KOBY TKaHWHY.

Ha Tni Taknx pesynsrariB LjkaBo 6yrno 3'sicyBatii 3Mi-
HY MLKT B pi3HMX QingHKax CTerHoBUX KICTOK iHTOKCK-
KOBaHUX LLYpIB Y OUHaMILi ekcnepuMeHTy. Y nigcymky
BM3Ha4YeHo 3HWxKeHHs MLLKT y BCiX BUBYEHUX AinsHKax
CTErHOBOI KICTKW, @ HaHWk4i 3HaYEHHs1 cnocTepiranmcs
Ha 14-Ty oy (TpeTsa rpyna TBapwWH) y cepenHboMy Ha
48 %. [o kiHusa ekcnepumenTy MLLUKT gelwo sigHoBnto-
Barnacsi, ogHak Gyra BiporigHo Hwk4oto Ha 21-25 % 3a
KOHTPOMbHI 3HAYEHHS IHTaKTHMX, @ HaVMEeHLUWA nokas-
H1K MLLUKT 3adikcoBaHo B ronoBLi Ta LWL CTErHOBOI
KICTKM, LLIO Y3rO[KYETLCS 3 IHLLMMW pe3yrnbsratamu, siki My
ofepxanu.

KomnnekcHa ais ioHiB kagMmito Ta HITpUTY Ha OpraHiam
eKkcnepumeHTanbH1X TBapuH (6inmx LwypiB-camuiB) o0y-
MOBIIOE 3Ha4YHE HAKOMUYEHHSA B KICTKOBIM TKaHWHI Kaf-
Mito, MPU LibOMY B MiHEparbHii gasi 3HWKYETbCA BMICT
BioenemeHTiB KarnbLjto, MarHito, UMHKY i Kynpymy. Boa-
Houac 3meHwyeTbes MLLKT, ocobnmBeo B AinsiHLi ronoskm
Ta LUMIAKMA CTErHOBUX KIiCTOK. opyLUeHHs MiHepanbHOro
cKkragy KiCTKN ypaXeHuX TBapuH CYnpOBOLKYETHCH 3Mi-
HaMM MOKa3HUKIB kanbLin-gocdaTtHoro obmiHy nnasmm
KPOBI, 30KpeMa KOHLEHTpaLlii KanbLjito Ta MarHito. AKTUB-
HICTb NY>XHOI (pocdraTasun 3HWKYETLCA Ha TNi 3pOCTaHHA
aKTUBHOCTI TapTpaT pe3vCTEHTHOI Kucrnoi ¢hoccatasu,
KOHUEeHTpaLii docdpartie i okcmnponiHy. OTxe, BCTaHOB-
NEHO NepeBakaHHs1 MPOLIECIB OCTEOKINACTUYHOI pe3op6-
Lji B KicTKax Hag octeocuHTe3oM. OTpUMaHi faHi BigKpu-
BalOTb MEpPCneKTMBY MofanblumxX AOCHiMKEeHb i NoLyKy
eeKTUBHMX 3acobiB KOpeKLii MeTabomnidHux npoueciB
B OpraHiami TBapWH, BUKMMKAHUX BMSIMBOM OpraHiyHuX i
HeopraHiYHWX NOMOTaHTIB.
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Metabolic processes in the body and bones of experimental animals
under conditions of exposure by cadmium and nitrite ions

N. S. Khopta, A. L. Romaniuk, L. Ja. Netchitajlo, A. M. Ersteniuk
nhopta@ifnmu.edu.ua

Ivano-Frankivsk National Medical University, 2 Halytska str. lvano-Frankivsk, 76018, Ukraine

Heavy metals, including cadmium, and also nitrates and nitrites, belong to the most common environmental pollutants. It is known that
the condition of bone tissue is determined by the coherence of de- and remineralization processes, the balance of calcium-phosphate me-
tabolism, the content of essential bioelements, and the activity of enzymes that ensure the degree of bone mineral density. The experiment
studied markers of bone metabolism in blood plasma and femurs of white male rats under conditions of complex action of cadmium ions
and nitrites. Intoxication of animals was carried out for 10 days by administration of the appropriate salt (aqueous solution of NaNO, with
drinking water and intramuscular solution of CdCl,) at a dose of 1/10 LDs, daily once a day. Bone metabolism indicators were examined
on the 1%, 14", and 28" day after the end of toxicant administration. The concentration of total and ionized calcium, magnesium, phos-
phates, oxyproline, activity of alkaline and acid phosphatase were determined in blood plasma by standardized methods. The content of
the bioelements calcium, magnesium, zinc, copper, and toxic cadmium in the femurs was determined using a S-115PK atomic absorption
spectrophotometer. Bone mineral density (BMD) was determined by X-ray densitometry. The experiment was conducted in compliance with
bioethical requirements. The results of the study showed that under the conditions of the complex action of the studied toxicants, significant
changes in the concentration of total and ionized calcium, magnesium, and phosphates occur in blood plasma. The concentration of oxy-
proline and acid phosphatase activity increase as markers of osteoclast activity. At the same time, alkaline phosphatase activity decreases,
indicating inhibition of osteoblast function. In the mineral phase of femoral bones, a decrease in the content of osteotropic bioelements was
found against the background of an increase in toxic cadmium. The mineral density of the femurs also decreased significantly, especially in
the head and neck areas. The greatest changes were observed on the 14" and 28" days after the introduction of toxicants. The obtained
results indicate a violation of calcium-phosphate metabolism and bone tissue remodeling processes in intoxicated rats, in particular, the
predominance of osteoclastic resorption processes over osteosynthesis.

Key words: cadmium chloride, sodium nitrite, bone tissue, markers of bone metabolism, osteotropic bioelements, bone mineral density
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The process of skin wound healing begins immediately
after injury. Wounds remain one of the most pressing scien-
tific and practical problems of modern veterinary medicine.
Treatment of skin wounds in our time requires the use of
therapy that promotes wound cleansing and facilitates their
healing. In recent years, scientists have focused on the study
of natural biologically active substances capable of acceler-
ating wound healing and affecting other diseases. Among
them a special place is occupied by medicinal leeches, which
have a wide range of therapeutic effects due to the presence
of over 100 biologically active substances in their body. An
important factor in accelerating the healing of skin wounds is
perfusion, such an ability is possessed by leech saliva. Given
their significant effects, the study of the effect of water-salt
extract of Hirudo verbana on the regenerative properties of
excisional wounds has become relevant. The results of the
study indicate that the water-salt extract for topical applica-
tion accelerates wound cleansing and reparative processes.
Moreover, on the 14™ day, the wound in animals of the exper-
imental group almost completely healed. On the 30" day, the
wounds in the experimental group of rats completely healed,
epithelialized and began to actively be covered with hair.

Key words: excisional wounds, skin, medicinal leeches,
Hirudo verbana, biologically active substances, rats

Introduction

The skin is the largest organ of the body, which plays
the role of a barrier that protects the body from adverse
environmental factors and pathogenic microorganisms,
and is of fundamental importance in maintaining homeo-
stasis [12, 14, 16, 20, 22]. The process of skin wound
healing begins immediately after injury. Wounds remain
one of the most pressing scientific and practical problems
of modern veterinary medicine and medicine [1, 8, 11, 21,
25, 28]. Skin wound healing is accompanied by a phased
change in the structure of its structural elements — the
epidermis, dermis, and subcutaneous tissue, which de-
pends on the reactivity of tissues and cells in their compo-
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sition [1, 8, 12, 16]. Treatment of skin wounds in today’s
world requires the use of therapy that promotes wound
cleansing and facilitates their healing. In recent years, sci-
entists have focused on the study of natural biologically
active substances (BAS) that can accelerate wound heal-
ing and affect other diseases [13, 17, 23]. Among them,
medicinal leeches (ML) occupy a special place, which
have a wide range of therapeutic effects due to the pres-
ence of more than 100 BAS in their body [3-6, 9, 18, 24,
26]. An important factor in accelerating the healing of skin
wounds is perfusion, and the saliva of ML has this ability.
ML secrete various anticoagulants, such as hirudin and
factor Xa inhibitors, into the wound, preventing scab for-
mation and thereby accelerating the healing process.
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Our previous studies and studies by other researchers
prove the positive effect of ML Hirudo verbana on a rat
model on the reparative regeneration of internal organs:
thymus, spleen, kidneys, and liver [5, 7, 9, 18, 24].

There are some studies on the effectiveness of ML
of two other species, Hirudo medicinalis and Hirudo ori-
entalis, in healing of incised wounds under primary ten-
sion, wound reduction by more than 50 % on day 14
[2, 27]. This accelerated healing may be linked to the
presence of peptidases in the ML, which influence the
functional activity of various cells, such as endothelial
cells, lymphocytes, platelets, and macrophages, there-
by promoting granulation tissue formation. Additionally,
antihemostatic substances like calins, apyrase, platelet-
activating factor antagonists, and hirudin play a role in
regulating blood clotting mechanisms. The presence of
eglin C also reduces free oxygen radical levels in neu-
trophils, preventing inflammation and tissue destruction.
They have also found use in the treatment of chronic
non-healing wounds, such as the treatment of diabet-
ic foot ulcers, bedsores, and venous leg ulcers, which
has been experimentally confirmed in a mouse model,
where in animals after the use of leeches, necrosis de-
creased and the survival rate of heart flaps increased
[27]. These effects are likely due to the release of vaso-
dilators, such as histamine-like substances, acetylcho-
line, and carboxypeptidase-A inhibitors, which increase
blood flow to the site of the bite and reduce local swell-
ing. Acetylcholine, in particular, can relax endothelial
muscles, dilate blood vessels, and promote microcircu-
lation, delivering fresh oxygenated blood to the affected
area. This restores normal blood flow and provides tis-
sues and hair follicles around the wound with the oxygen
and nutrients required for regeneration. Also, studies by
other authors indicate the effectiveness of hirudotherapy
in restoring organs in norm and damaged by traumatic
injuries. For example, in the early stages of healing a
human ear wound in the case of diabetic ulcer, the use
of ML shows increased vascularization and reduced
hyperemia of the wound due to the disappearance of
necrotic areas and rapid healing of wounds [27]. Given
the significant effects of ML, the study of the effect of the
water-salt extract of Hirudo verbana on the regenerative
properties of an incised wound has become relevant.

Fig. 1. Compress application moistened with water-salt extract
of medical leech
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Materials and Methods

The study was conducted on 60 male white labora-
tory rats weighing 245-260 g. Experimental animals were
kept under standard sanitary conditions. After creating the
incisional experimental wound, the animals were housed
in separate cages with weekly bedding changes under
aseptic conditions. No signs of contaminant bacterial in-
fection were observed during the observation period in
either group of animals. Throughout the study, they were
housed in a vivarium maintained at a temperature of 20—
25°C, with humidity not exceeding 55 %, on a natural light
“day-night” cycle, individually in plastic cages, and fed a
balanced diet [19].

The experimental procedures adhered to the “Inter-
national Recommendations for Medical and Biological
Research Using Animals” and the national “Joint Ethi-
cal Principles of Animal Experiments” (Ukraine, 2001), in
accordance with Council Regulation 2010/63/EU of the
European Parliament and of the Council of September
22, 2010, on the protection of animals used for scientific
purposes.

The wound model was created as follows: under ket-
amine anesthesia (40 mg/kg b.w.), after hair removal on
the back of the animals, following aseptic and antiseptic
procedures. Before the experiment, the animals were ran-
domly divided into 2 groups of 30 animals each. Using a
template, circular skin areas of 1,5 cm (706,5 mm?) were
excised with surgical scissors [10, 19]: 1 — control group,
where wound healing occurred spontaneously without
treatment; 2 — experimental group of animals, where an
aqueous saline extract of medicinal leech was applied to
the lesion site in the form of a lotion on days 1, 2, 3, 7, 10,
and 14. The concentration of the aqueous saline extract
was 0.022 mg/ml (fig. 1).

Treatment began 24 hours after wound creation. The
rate of epithelialization and wound edge contraction was
calculated based on the decrease in the wound area at
specific time intervals.

Ondays 3, 7, 14, and 30 of the experiment, the wound
area was measured in all animal groups, and the healing
rate was calculated using the formula:

V =100 x (So — St)/So,

where So is the initial wound area, mm?;
St is the wound area on the day of measurement, mm2.

The wound healing rate is a relative indicator and al-
lows characterizing the dynamics of the wound healing
process, regardless of the difference in the initial wound
area.

Statistical processing of the obtained data was car-
ried out using parametric statistical methods (Student’s
t-test), after preliminary verification of the samples for
normal distribution. The data in the table are presented
as meantSD, using the IBM SPSS Statistics 21.0 (USA)
software packages. Differences were considered signifi-
cant at a significance level of P<0.05.

bionozis meapuH, 2025, 1. 27, N1
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Table. The dynamics of wound healing in rats (mean+SD)

Indicator
Control Experiment
Day of wound healing
Absolute Relative v, Absolute Relative v,
wourr:](:rsrea, woun%area, mmeiday wourr111cr|ne;rea, woun;)area, mm2iday
Before excision of the skin flap 176.62+7.66 100.00£6.44 — 176.62+7.66 100.00+6.44 —
Immediately after excision 183.76+8.49 101.96+6.33 — 153.8649.22 93.337.11 —
Day 3 167.33+7.88 97.76+5.97 8.94+1.44 116.8416.88* 81.33+8.86* 24.06+3.23*
Day 7 136.78+7.12 88.30+8.09 25.56+2.66 78.50+7.11* 66.6616.79* 48.98+5.89*
Day 14 30.17+2.93 41.65+£3.94 83.58+8.77 10.17+1.02* 24.46+2.12* 93.39+8.78
Day 30 6.15+£0.99 18.33+2.04 96.65+8.75 1.13+0.21* 8.00+0.78* 99.26+9.11

Note. * — P<0.05 compared to the control group.
Results of the Study

After the wound was inflicted, it was observed that the
condition of the wound in all groups was almost identical
(fig. 2A): tissues of pink-red color [10, 19].

On the 3 day of observation, the control group was
dominated by a post-traumatic inflammatory process,
the edges of the wound were roller-shaped, swollen, the
wound was covered with thick brown crusts, the bottom
was hyperemic, the wound took on a purulent character,
with a large amount of purulent content (fig. 2B), which
corresponds to the physiological norm and corresponds
to the studies conducted by other scientists [10, 11, 15,
16, 19, 28]. In the experimental group, the wounds de-
creased somewhat in size, actively began to cleanse and
become covered with a scab (fig. 2C). This observed ef-
fect may be attributed to the presence of bdelins, ellins,
and the multifunctional protein destabilase-lysozyme,
which not only has destabilase activity but also exhibits
lysozyme and antimicrobial properties. As an antibiotic,
destabilase inhibits the growth of many bacteria, fungi,
and archaea. Moreover, substances such as chloromyce-
tin, theromycin, thermisin, and destabilase in leech saliva
demonstrate strong antimicrobial activity by destroying
bacterial cell components.

In subsequent observation periods, significant chang-
es in the condition of the wounds and the course of heal-
ing were recorded in table. On the 7" day of observation,
the macroscopic picture changed even more significantly
(fig. 2D, 2I). As can be seen from fig. 2D, the wound in
the control group animal practically did not decrease in
size, is of a purulent-necrotic nature. In the experimental
groups of animals, the wound was completely cleansed
(fig. 21), has small areas, is covered with a scab and ac-
tively epithelizes, the edges of the wound fit tightly to its
bottom, on which granulation tissues begin to develop.
This accelerated healing may be linked to the presence
of peptidases in the ML, which influence the functional
activity of various cells, thereby promoting granulation tis-
sue formation.

The Animal Biology, 2025, vol. 27, no. 1

Further healing of wounds in all groups was charac-
terized by the development of granulation tissue, which
was covered with epithelium from the edges. Significantly
stronger dominance of these processes in the experimen-
tal group, which received an aqueous-saline extract in the
form of a compress. On the 14" day of observation, the
wound in the control group animals did not heal complete-
ly (fig. 2F, 2G). A defect remained, which was covered
with a scab. In the experimental group, the wound almost
healed, where a small part of it remained, which is in the
process of epithelization. Interestingly, in the same ani-
mals, the hairline began to actively recover (fig. 2G). The
faster regrowth of new hair may be attributed to improved
blood supply to hair follicles due to enhanced circulation
in the wound area an effect of ML. These effects are likely
due to the release of vasodilators, such as histamine-like
substances, acetylcholine, and carboxypeptidase-A in-
hibitors, which increase blood flow to the site of the bite
and reduce local swelling. This restores normal blood flow
and provides tissues and hair follicles around the wound
with the oxygen and nutrients required for regeneration.

On the 14" day, the condition of the wounds was
characterized by a further process of epithelization from
its edges and, accordingly, a decrease in the area of the
wound. Pronounced positive changes in the animals of
the experimental group, which were treated with an aque-
ous-saline extract, consisted in the fact that they had a
small, clean, oval-stretched wound in the middle of the
area where the primary wound was modeled [10]. At the
end of the observation, on the 30 day, the wound almost
completely healed in the control group, a small area cov-
ered with a dense scab was observed (fig. 2H). In the ex-
perimental group, no wound is visible, since the hairline
has recovered, which covered the site of the previous inju-
ry (fig. 21). A significant decrease in the size of the wound
and rapid restoration of the hairline at the final stages of
healing indicated the speed of regenerative processes.
Similar results were obtained by other scientists when an-
alyzing the effect of Hirudo medicinalis and Hirudo orien-
talis on the healing of wounds by primary tension [2, 27].
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Fig. 2. Wound appearance during healing at different times. A — intact, B — day 3 control, C — day 3 experiment, D — day 7 control,
E — day 7 experiment, F — day 14 control, G — day 14 experiment, H — day 30 control, | — day 30 experiment
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Thus, according to visual assessments, it can be con-

cluded that the water-salt extract with local use acceler-
ates the cleansing of wounds and reparative processes
compared with the control group. Moreover, on the 14"
day, the wound in the animals of the experimental group
almost completely healed. On the 30" day, the wounds
in the rats of the experimental group completely healed,
epithelialized and actively began to be covered with a
hairline.
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Bnnue BoaHO-CONbLOBOro eKCTPakTy Mean4Hoi n’aBku Hirudo verbana
Ha pereHepaTUBHI BNacTMBOCTI pPi3aHOi paHu WKipy WwWypiB

P. ®. AmiHos, A. C. AmiHoea, J1. B. Makeesa, O. K. ®poros, €. P. ®edomos, T. B. [T'amuzopeypb
91_amin_91@ukr.net

3anopisbkuin HauioHanbHUI yHiBepcuTeT, nabopatopis KMiTMHHOI Ta OpraHisMeHHoi 6ioTexHonorii HayKoBO-AOCNIAHOT YaCTUHN,
BYn. YHiBepcuTeTchka, 66, M. 3anopixoksa 69011, YkpaiHa

[Mpouec 3aroeHHs LWKIPHOT paHn NOYMHAETLCS Bigpasy nmicna TpaBmu. PaHu 3anuwaloTbCa OAHIE 3 HAaNaKTyarbHiLMX HAyKOBUX
i NpakTM4yHMX Npobnem cyyacHoi BeTepuHapii Ta MeauumHu. JlikyBaHHS paH LUKIpM B Hall Yac BMMarae 3acTOCYBaHHA Tepanii, fka
CNpUsie OYULLIEHHIO paH i nonerwye ix 3aroeHHA. OCTaHHIMKM pokamy AOCNIAHNKA 30Cepeannncsa Ha BUBYEHHI NPUPOAHMX BionoriyHo
aKTVBHUX PEYOBWH, 34aTHUX NPUCKOPIOBATM 3ar0EHHs paH i BINMBaTU Ha iHLWI 3axBoptoBaHHs. Cepen HUX ocobnuee Micue nocigatoTb
MeOMYHi MSIBKM, SIKi MatoTb LUMPOKMIA CEKTP NiKyBarbHOI Aii 3aBASKM HASABHOCTI B iXHbOMY OpraHiami noHaz cta 6ionoriyHo akTuBHUX pe-
YOBUWH. Baxnnenm cakTopomM NPUCKOPEHHS 3aroEHHS LLKIPHUX paH € nepdy3is, | Takoo 3AATHICTIO BoNogje crnvHa n'siBku. Bpaxosytoun
CYTTEBUW i epeKT, akTyanbHUM CTano BUBYEHHS BNMBY BOAHO-CONbOBOrO eKCTpaKkTy Hirudo verbana Ha pereHepaTuBHI BNacTUBOCTI
pizaHoi paHu. Pe3ynbraTti AocnigkeHHs NoKasytoTb, L0 BOAHO-COMbOBWI €KCTPaKT Mpu MiCLIEBOMY 3aCTOCYBaHHi MPUCKOPIOE OYNLLEHHS
paH i penapaTtusHi npouecy. MNMpuyomy Ha 14-Ty 4oby paHa y TBapyH AOCNIAHOI rpynn Maike NoBHICTHo 3arotoeTbes. Ha 30-Ty Aoby paHn
B LLypiB AOCMIAHOI rpynu LINIKOM 3aroinucs, eniteniayBanucst Ta noYanu akTMBHO NOKPUBATUCS BOMIOCSHUM MOKPVBOM.

KnrouyoBi cnoBa: pisaHi paHu, wwkipa, MeanyHi n’'saeku, Hirudo verbana, 6ionoriyHo akTUBHI peYOBUHM, LLypU
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Bnnue KoeiHy Ha NOKa3HMKKN BapiabenbHOCTi cepLeBOro putmy
CaMOK LWypiB i3 AOKCOPYOiLMHOBOK KapAaiomionaTicro

B. B. Myksuy, O. B. CegepuHoscbKa OPEN aACCEss

mukvichv@ukr.net

[HinpoBCbKMI HauioHanbHWI yHiBepeuTeT imeHi Onecs NoHyvapa, npocn. Haykn, 72, m. Hinpo, 49045, Ykpaina

KapaioTOKCMYHICTb 3anuLLaeTbcs OQHUM i3 KIMK4YOoBMX (haKTo-
piB, SKi OOMEXYIOTb KINiHIYHE BUKOPUCTAHHS XiMiOTEPaneBTUYHUX
ORCID: npenapariB, 30KpemMa aHTpauuKniHoBMX aHTubioTukiB. Cepen
V. V. Mukvych: https://orcid.org/0000-0002-9180-5589 ocTaHHix gokcopybiuuH (DOX) BUPI3HAETECA BUCOKOHO NPOTUMYX-
0. V. Severynovska: https://orcid.org/0000-0002-0002-1237 | nMHHOK aKTMBHICTHO i LUMPOKO 3aCTOCOBYETLCA AN NiKyBaHHS
Pi3HOMaHITHUX (POpPM 3MOSIKICHMX HOBOYTBOPEHb. OgHUM i3 Cy-
YaCHUX HEiHBa3MBHWX Ta iIHGOPMATUBHMX METOLIB OLLHKN (PyHK-
LjioHaNbLHOro CTaHy cepLEeBO-CYANHHOI CUCTEMW € aHani3 Bapia-
6enbHocTi cepueoro putmy (BCP). Y nowykax 3acobiB KopekLuii
A0KCopybILMHOBOI kapaioMionarii 3pocTae iHTepec 40 BUBYEHHS
BMAMBY NPUPOOHMX CMOSTYK i3 MOTEHLIMHUM KapAionpOTEKTOPHNM

Authors’ Contributions: epektom. KodpeiH y HM3bKMX | TOMIPHMX J03aX MOXEe NPOSBNSATU
MVV: Conceptualization; Investigation; Data curation; aHTUOKCUOAHTY Ajt0 i Mae NOTEHLNHI KapaionpOTEKTOPHI Brac-
Formal analysis; Writing — original draft, review & editing; | TumBoCTi. [Jocnion nposoaunu Ha Ginux cTateBo3pinux LLypax-
Visualization. camkax niHii Bictap mMacoto 250450 r (n=36). 3nopoByx TBApWH

SOV: Conceptualization; Investigation; Formal analysis;

Wiiting — review, & ediling: BUMaAKOBMM YMHOM PO3MOAINMAN Ha TpY rpynu no 12 ocobuH y

KOXHIR: | (KOHTPOmMb) — Yepe3 30HA OTpMMYBanu disionorivHuA
po3unH (1 mr/kr); Il — oTpumysanu gokcopybiumH (1 Mr/kr macu
Tina) BHyTpiLLHbOUEepPEBHO 1 pa3 Ha TXKAEHb BNPOLAOBXK 4 TUXKHIB;
Il — oTpyumyBanu kocheiH (25 mr/kr macu Tina) yepes 3oHg 1 pa3s
Ha Joby Ta gokcopyOiumH (1 Mr/kr macu Tina) BHyTPILLUHLOYepeB-
HO 1 pa3 Ha TWKOEHb BMPOAOBXK 4 TWXKHIB. Y CaMOK LLypiB pee-
cTpyBanu enektpokapgiorpamy (EKIN) Ta ouiHoBanu nokasHukm
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Beryn

KapaioTOKCMYHICTb 3anmLaeTbCa OAHUM i3 HanbinbLU
aKTyanbHMX OBMeXeHb Yy KiHIYHOMY 3aCTOCyBaHHI XiMio-
TepaneBTU4HMX 3acobiB, a Came aHTPaLUVKIIHOBMX aHTU-
BioTvki. Cepen NpencTaBHUKIB L€l rpynun AoKcopybiLmH
(DOX) € ogHWM i3 ePEKTMBHMX NPOTUMYXITMHHUX Mpena-
partiB, SIKMA 3aCTOCOBYIOTb Y JiKYBaHHi Pi3HNX 3MOSIKICHWUX
HOBOYTBOpPEHb. [JOKCOPYOILMH 30aTeH CMPUYMHSTA PO3-
BMTOK [0303aneXxHoi kapaiomionarii, sika NposiBNseTbCA
CTPYKTYPHO-(PYHKLIOHANbHUMM NMOPYLLUEHHSAMU MioKapay
Ta posnagamu cepuesoro putmy [4-5, 7, 10, 20]. o
MOMEKYIAPHUX MEXaHi3MiB KapAiOTOKCUYHOCTI JOKCOpPY-
BiuVHY BXOOSATH OKCMOATUBHMWIA CTPEC, MITOXOHApianbHa
ONCOYHKLIS, anonTo3 KapgioMioumTiB, MOPYLUEHHS MeTa-
foniamy KanbLjto, iHAYKUiS 3ananbHWX NPOLECIB TOLLO
[8-9, 11, 16]. Y 3B’a3Ky 3 UMM, 3anmLLIAETbCS aKTyannbHUM
noLuyk echeKTMBHMX i 6e3neyHnx 3acobiB NpodinakTvkmn
YM KOpeKLUIT KapaioTOKCUYHNX edheKTiB JOKCOPYOILIMHY.

OnHWM i3 cydacHUX HeiHBa3UBHMX Ta iIHOPMAaTUBHMX
METOLB OLLHKN OYHKLIIOHaNbHOro CTaHy cepLeBo-CyanH-
HOI cuCTeMM € aHani3 BapiabernbHOCTi CEpLEBOrO pUTMY
(BCP) [13, 19]. Y Bunaaky AOKCOPYOILIMHOBOI KapgioMio-
narii aHani3 nokasHukie BCP, sikni BigoOpaxae 6anaHc
MDK CUMMAaTUYHUM | NapacuMnaTUYHUM BigdinaMmu aBsTo-
HOMHOI HEPBOBOI CUCTEMW, € BaXKITUBUM IHCTPYMEHTOM
0Nl BUSBMEHHA paHHIX CTafin AUCHYHKLLIN BereTaTuBHOI
perynsuji, Ski nepeayroTb BUPaXXeHUM CTPYKTYPHO-(PyHK-
LjioHansHMM 3MiHaM Miokapay.

Y KOHTEKCTi NoLUyKy 3acobiB kopekuii 4okcopybiLmHo-
BOI Kapaiomionarii 3pocTae iHTepec 4O BUBYEHHS BMNVBY
NPUPOOHUX CrOMYK i3 MOTEHUNHUM KapgionpOTEKTOPHUM
edpektoM. KodheiH — oauH i3 HarbinbLL BXMBAHMX MNCU-
XocTumynaTopis [6]. BiH BXoauTb A0 rpyny METUNKCaH-
TUHIB N YMHWUTb PI3HOCTIPAMOBaHUA Ta OaratorpaHHum
BM/IMB SIK HA CEPLEBO-CYAUHHY CUCTEMY, TaK i Ha BECb
XUBUIA opraHi3am. 3 ogHoro Boky, KodeiH Moxe NiaBuLLY-
BaTW apTepiarnbHUA TUCK | YacTOTy CEPLIEBMNX CKOPOYEHD,
a 3 iHWOro — Yy HM3bKMX | MOMIPHMX 403aX 30aTeH YHUTU
aHTUOKCUAAHTY [t Ta NPOSIBMATY NOTEHLHI Kapaionpo-
TekTopHi BnactmeocTi [1, 3, 17—18]. [MpoTe noro Bnnve Ha
BereTatyBHy perynsuilo cepueBoi OifnbHOCTI 3a YMOB
TOKCUYHOTO YpaXeHHs cepLid BUBYEHO HEOOCTaTHLO. He-
3BaXKalO4M Ha BESNUKY KiNbKiCTb HAyKOBWX AOCHIMKEHb
Loao chapmakonorivyHol Aji kodeiHy, iXHi pesynsrati 3a-
nvwaTbesa cynepednueumn. Kpim Toro, GinbLUicTb ekc-
nepuMeHTanbHNX pobIT NPOBEAEHI NepeBaXXHO Ha cam-
LSX LWypiB, WO 0OMexXye eKCTpanonsiLito pesynsrariB Ha
XKIHOYY Nonynsuito. Y LIbOMY KOHTEKCTI 0COBNMBY HayKoBYy
LiiHHICTb CTaHOBUTb OOCHIMKEHHS BNMBY KOOEIHY Ha No-
KasHWKM BapiabernbHOCTI CepLEeBOro puTMy came B CaMOK
LLYypiB 3 MOENI0 JOKCOPYBILMHOBOI Kapaiomionaril.

MeTa pob0oTr — OOoCHiMKEHHS 3MiH NMOKa3HWKIB Bapia-
BenbHOCTI cepLeBoro puTMy nig BNiMBOM KogeiHy B ca-
MOK LLlYpiB i3 4OKCOPYBILIMHOBOO Kapaiomionarieto 3aansi
BUSIBITEHHS MOro MOTEHLNHOIO KapaionpoTEKTOPHOro
edhekTy | MOXNMBOCTEN perynsuii aBTOHOMHOI HEPBOBOI
cucTemu.
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YTpuUMaHHA LWypiB Ta eKkcnepumeHTanbHi gocni-
DKeHHS npoBedeHo 3rigHo 3 npasunammn «Esponen-
CbKOi KOHBEHLIii Mpo 3axuCT XpebeTHUX TBapuH, LLO
BUKOPUCTOBYIOTLCA AN1S1 AOCNIAHMX Ta iHLIMX HayKo-
Bux uinen» (Ctpacbypr, 1986), 3akoHy Ykpainu «[1po
3axuUCT TBApWH Bif XXOPCTOKOro MOBOMXEHHS», «[lo-
MNOXEHHS1 NPO BUKOPUCTaHHSA TBapvH B GiomeanyHmx
pocnigax», BignosigHo go [Oupektueu 2010/63/€C
Bifg 22 BepecHs 2010 poky Npo 3axMCT TBAPWH, LLO BU-
KOPUCTOBYIOTbCA ANSA HayKoBuX Uinen. Exkcnepumen-
TV 3aTBEPAXKEHI KOMicCielo 3 BioeTukn [HINpoBCbKOro
HauioHanbHOro yHiBepcutety iMeHi Onecs NoH4apa.

Hocnign npoBogunu Ha Binux cTaTeBo3pinux Ly-
pax camkax niHii Bictap macoto 25050 r (n=36) 3a
knacudikauieto nabopatopHux TBapwuH |. . 3anag-
Hioka [21] BNpogoBX Micaus. 300pOBMX TBApWUH BU-
nagkoBMM YMHOM PO3NOAINUAM Ha Tpu rpynu no 12
0COBOUH Yy KOXHIiN: | — KOHTpoOnbHa rpyna camok Luy-
piB, AKMM Yepes 30HA BBOAWMNN (Pi3ioNoriyHNn po3vmH
(1 mr/kr), Il — camku wWypiB, SiKi OTPMMyBann OOKCO-
pybiunH («dokcopybiumH ,E6eBe”», EBEWE Pharma
Ges. m. b. H. Nfg. KG, AscTtpist) y gosi 1 mr/kr macu
Tina BHYTpPiLWHbOYEPEBHO 1 pa3 Ha TUXKAEHb BNPOLOBX
4 TnxkHiB, Ill — camku wypis, SKMM Yepes 30H4 BBO-
annn kodgeid («KodpeiH-6eH3oat HaTpito-[apHuus»,
MpAT «®apmaueBTnyHa dipma ,JapHuus™», Ykpai-
Ha) y Jo3yBaHHi 25 mr/kr macu Tina 1 pa3 Ha goby
Ta pokcopybiumH (JokcopybiumH «E6ese», EBEWE
Pharma Ges. m. b. H. Nfg. KG, ABcTpisl) BHYTpiLLHbO-
YepeBHO Yy Ao03i 1 Mr/kr macu Tina 1 pa3 Ha TUXAEHb
BNpoaoBx 4 TxHiB. BBeaeHHs kodeiHy 3aiicHioBanm
BHYTPILLUHbOLLIMYHKOBO Yepes 30H Y BMMsa4i BOOHOMO
PO34MHY, AN NPUIrOTYBaHHSA AKOro KOPEiH PO3YNHAIN
y cpizionoriuHomy posuuHi (0,9 % NaCl) 6e3nocepesn-
HbO nepes BeBefeHHAM. KoHueHTpauia ctaHosuna 2,5
Mmr/mn, wo 3abesnedysano BegeHHs 1 mn/100 r macu
Tina gna gosu 25 mr/kr macum Tina. [JokcopybiumH —
Le roToBWM iHEKLiIHUIA NiKapcbkWi 3acib y BumMAgi
CTEPUITbHOrO BOAHOIO PO34MHY, KU He noTpebyBaB
gogartkoBoro poseeaeHHsi. O6’em BBeAEHHSI CTaHO-
BuB 0,05 mn/100 r macm Tina [12].

lNepen noyaTkoM eKCnepUMEHTarNbHOI YacTUHMU
Hawoi poboTn Ans LWypiB, SKUX BUKOPUCTOBYBAIU
y Aocnigi, npoBogunn KapaHTUH BigMOBIAHO A0 BCiX
npasun 3ooririeHn. TBapuH BCIX AOCMIAXKYBaHUX rpyn
YTPYMYyBanu y CTaHgapTHUX YMOBaX — 3a JOCTaTHbO-
ro TEMMNEpPaTypHOrO PEXMMY, OCBITNIEHOCTI Ta BOSO-
rocTi B MpMMIiLLEHHi BiBapito, a Takox 3abesnedysanu
3BMYaMHWI Xap4yoBWI paLioH B po3paxyHKy Ao60BOi
notpebu Ta nuTHY BOoAy 6e3 obmexeHb [21].

Enektpokapgiorpamy (EKI) B camok wypiB pe-
eCcTpyBanu 3a gonomoroto ronyatux enekrtpogis (Il
CTaHOapTHe BigBedeHHs). 3anuc Ta uudpose nepe-
TBOpeHHs curHany EKI™ agincHioBanu Ha enekTpokap-
piorpacpidyHOMy KOMMMEKCi Ans NPOBEAEHHS LUMPOKO-
ro CnekTpy kapgionoriyHnx gocnigxkeHs «Kapgionab»

bionozis meapuH, 2025, 1. 27, N1
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Effect of caffeine on heart rate variability in female rats with doxorubicin-induced cardiomyopathy

(XAl-Meguka, m. Xapkis, YkpaiHa). TpmBanicTb KOX-
Horo 3anucy EKIN wypiB — 1 xBunuHa. OuiHtoBanu
NoKasHUKM aHanidy BapiabensbHOCTi cepueBoro putmy
(BCP) 3a P. M. baescbkum [13]. Busnauanu cepea-
HI0 YacToTy cepuesux ckopoyeHs (UCC), moay (Mo),
amnnitygy mogn (AMo), BapiauinHui posmax (BP),
iHOekc BereTatuBHoI piBHoBaru (IBP), iHgekc Hanpyru
(IH), a Takox Yacosi nokasHnkn BCP — RMSSD (ce-
peaHbokBaapaTuyHe BiaxuneHHs), pNN50 (BigcoTok
NN-iHTepBanis i3 pisHuueto >50 mc).

CratnctnyHy o6pobKy OTprMaHuX pe3ynsraTiB Bu-
KOHaHO 3a gonomoroto nakety IBM SPSS Statistics,
Bepcia 26.0. Yci oTpumaHi gaHi nepeBipanu Ha Big-
NOBIAHICTb HOPManbLHOMY PO3MOAiny 3a AOMNOMOroK
kpuTepito LLanipo-Binka. 3a pesynsratammn nepesip-
KW, y BCiX rpynax po3noAin NoKkasHUKIB He Biapi3HABCS
Big HopmarnbHoro (P<0.05), wo 4o3BONMIo 3acToco-
ByBaTU MapamMeTpu4Hi MeToauM CTaTUCTUYHOro aHa-
nisy. [1ns ouiHk1 BiAMIHHOCTEN MK TpbOMa rpynamu
BUKOPUCTOBYBanNM OAHOMAKTOPHUN AucnepcinHui
aHani3 (ANOVA). MNpwu BUSABNEHHI CTaTUCTUYHO Bipo-
rigHux BigmiHHocTel (P<0.05) gogaTkoBO nmpoBoAu-
nn post hoc aHani3 i3 BMKOPUCTaHHAM TecTy TbiOKi
(Tukey HSD) gna BM3Ha4YeHHs nap rpyn, MK sSKMMm
cnocTepiraloTbesa BiporigHi BigmiHocTi. Onuncosy cTa-
TUCTUKY NPEACTABMNEHO Y BUMAAI KiNbKOCTi TBAPUH Y
rpyni (n), cepenHbOro 3HavyeHHs (M) Ta ctaHgapTHOro
BigxuneHHs (SD). [ing Bidyanisauii 4aHMX BUKOPUCTO-
ByBanu rpadidHi MeToau, 3okpema SALLMKOBI Aiarpamu
(Boxplot).

Pe3ynkTaT 1 06roBopeHHsA

Y Mexax Haloro AocnimpkeHHst 6yno npoaHanisosa-
HO BNNMB KodbeiHy Ha BapiabenbHICTb CepLeBoro putmMmy
B CaMOK LUypiB 3 OOKCOPYOILMHOBOI KapAiomionarieto.
Ons uboro Mu BM3HaYanM HU3KY iHGOPMAaTUBHMX MO-
Ka3HWKIB, SKi XapaKTepusyloTb BeretatmBHy perynsito
CepLeBOoi disrnbHOCTI: CepefHio 4YacToTy CepLeBUX CKO-
poyeHb (UCC), mogy (Mo), amnnityay moan (AMo), Ba-
piauinHmn posmax (BP), iHOeKc BeretatMBHOI piBHOBaru
(IBP), ingekc Hanmpyrm (IH), a TakoX 4acoBi NMOKasHWKM
BCP — RMSSD (cepegHboKBagpaTuyHE BIiOXWIIEHHS)
Ta pNN50 (Bigcotok NN-iHTepBanis i3 pisHuLeto >50 mc).
OuiHka unx napameTpiB [O3BOMMITA KOMMIIEKCHO OXapak-
TepusyBaTh CTaH CMMMNATUKo-NapacumnaTuyHoro 6anax-
Cy Ta ajanTauiiHMX MOXIMBOCTEN CEpLIEBO-CyANHHOI
cucTeMU y camok LWypis. ani HaBegeHo pesynsraTv 3MiH
KOXHOrO 3 BKa3aHWX MOKa3HWUKIB y CaMOK LLypiB TPbOX
rpyn, CTaTUCTUYHO BIpOrigHi BigMIHHOCTI MK HAMK, a Ta-
KOX iHTEpnpeTaLito OTPUMMaHNX AaHWX LLOoJO CTaHy aBTo-
HOMHOI perynsuji cepueBoi OisrnbHOCTI.

MpoBegeHUn HaMK CTaTUCTUYHWIA aHarni3 OTPUMaHKX
pesynerartiB NigTBepAMB HAsIBHICTb BiporigHWX BigMiHHOC-
Ten MbK JOCNiMKyBaHNMM rpynamMmy caMmok LLypiB 3a no-
kasHukom YCC. OgHodbakTopHMIn AMCNEPCIHNIA aHani3
(ANOVA) nokasaB, Wwo BigMiHHOCTI 3Ha4yeHb YCC mix
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camkamu KoHTpornbHol rpynu (I rpyna) (n=12, M=502.23,
SD=10,11), camkamu LLypiB, SiKi LLOOAEHHO OTPMMYyBasm
pokcopy6iumH (Il rpyna) (n=12, M=618.36, SD=8.05), i
camMKaMu LUypiB, SIKMM BBOOWMITU OOKCOPYOILMH pasom
3 kocpeiHom (lll rpyna) (n=12, M=503.78, SD=5.51), ¢
cratuctuyHo Biporighumn (F(2.51)=1212.98, P<0.001,
n?=0.979). Post hoc aHani3 3a kputepiem Tbtoki (Tukey
HSD) paB HaM MOXIMBICTb BM3HAYUTW, LLO MOKA3HWK
UCC y camok LwypiB gpyroi rpynu 6yB BipOrigHO BULLMM
B 1,2 pa3a, NopiBHAHO 3 caMmkamMu KOHTponbHoi (P<0.001,
cepeaHst pisHus — 116,13) i TpeTboi rpynn (P<0.001,
cepedHs pisHius — 114,57), wo mu Bigobpasvunn Ha
puc. 1.

BogHouyac 3a pesynsratamm YCC B oCTaHHIX BuLLe-
3a3HaYeHVX rpynax Camok LLypiB CTaTUCTUYHO BipOrigHNX
BiAMiHHOCTeN He BusBneHo (P=0.834), wo ceiguntb Npo
nogibHICTb UMX rpyn TBApUH 3a BigNOBIAHMM MOKA3HMKOM.
BenuunHa edpekty (n?=0.979) Bkasye, wo 97.9% Bapia-
ujii YCC 3ymoBneHoO ekcriepuMeHTanbH1MMK YMOBaMU; Lie
€ NiATBEPIKEHHAM MOTY)KHOrO BMNAMBY AOCHiMKYBaHNX
dhakTopiB.

OpnHOMaKTOpHMIA  AMCNEPCIMHUIA aHani3 3acBiaqvB,
WO BIgMIHHOCTI 3HA4YeHb iHTEpBaniB MK CepLeBUMM
CKOPOYEHHAMM, SIKi TPannsitoTbCA HanyacTile B Makcu-
MarnbHoMy pospsagi rictorpammn R-R Mix camkamn Ly-
piB nepwoi (n=12, M=497.78, SD=7.40), gpyroi (n=12,
M=617.06, SD=7.15) i Tpetsol rpymnu (n=12, M=502.83,
SD=8.98), € ctatnctnuHo BiporigHMm (F(2.51)=1317.38,
P<0.001, n?=0.981). Post hoc aHani3 3a kputepieM Thbtoki
nokasas, WO cepeaHi 3HavyeHHs Mo B camok LWypiB, siKi
MPOTArOM MicCsiList OTPUMYBaIny AOKCOpYOiLMH, Oyru Bipo-
rigHo BuLMMK B 1,2 pasa, NOPIBHSHO 3 CaMKaMWN KOHTP-
onbHoi (P<0.001, cepenHs pisHuua = 119.28) i TpeTtboi
rpynu (P<0.001, cepeats pisHmus = 114.23). BigcyTHicTb
CTaTUCTUYHOI BipOrigHOCTI CnocTepirany 3a nokasH1MKamm
Mo B camOK nepLUOi rpynu, NOPIBHAHO 3 AaHWMWN CaMOK
TpeTboi rpynu (P=0.1424).

3a [JonoMorol  0gHOMAKTOPHOrO  AUCMEPCIAHOIO
aHarisy My BUSIBUMNM HasIBHICTb CTAaTUCTUYHO BipOriaHNX
BiIMiHHOCTEN cepep nokasHukisa AMo Mk TpboMa rpyna-
mn camok wypis (F(2.15)=87.66, P<0.001, n*>=0.062). 3
puc. 2 BUOHO, LLIO cepeaHe 3HaveHHss AMo B camoKk LLypiB
KOHTPOIbHOI rpynu cTaHoBWIO 72.46 % (SD=2.72), y ca-
MOK LLLypiB ApYroi rpynu, siki OTpUMyBarnu NpoTsrom Mics-
ust gokcopybiumH, — 90.76 % (SD=5.38), y camok Lypis
TpeTboi rpynu — 79.13 % (SD=4.07). Ha puc. 2 6a4unmo,
Lo post hoc aHani3 3a kputepiem TbioKi, NpoBeaeHNI 3
METO igeHTudikauii napHUx BigMIHHOCTEN, 3acBiguvB
BiporigHe niaBuLLEHHsT nokasHuka AMo B camok gpyroi
rpynun B 1,3 pasa, NopiBHSAHO 3 BIANOBIAHUMW 3HAYEHHS-
MM camoK KoHTporbHoT rpynn (P<0.001, cepenHs pisHu-
us = 18.3), a Takox B 1,2 pasa LWodo UMx 3Ha4YeHb Y ca-
Mok TpeTboi rpynu (P<0.001, cepeaHs pisHuus = 11.63).

Camkn WwypiB, siki oTpuMyBanm KodeiH pasom 3 [o-
KcopyOiumHoM, manu B 1,1 pasa BiporigHoO BULLj 3HaYeH-
Hst AMo, nopiBHsIHO 3 camkamu nepuoi rpynu (P<0.001,
cepenHs pisHuUs = 6.67). Bin'’emHa pi3HuUA, 3a3HayeHa
BULLIE MK MOKa3HUKaMM B CAMOK ApYroi Ta TPETLOI rpy,
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CBiOYMTb N Npo Te, WO 3HaveHHs AMo B ogHin 3 rpyn
nepeByLLYIOTb NOTO X B iHLLIM rpyni, a 3HaK MiHYC BKasye
nu1LIe Ha NOPSAOK BiAHIMaHHS. TakuM YHOM, pesyrnsraTtu
Tukey HSD nigTBepmkytoTb, LLO BCi rPYN Camok LLYypIB
MatoTb CTATUCTUYHO BIPOTigHi BigMIHHOCTI Mibk cOBO10.

OpHohakTopHMIA  AMCNEPCIHMIA -~ aHari3 nokasae,
LLO BiAMIHHOCTI 3Ha4YeHb MK TPMBArICTIO HanbinbLIOro
Ta HaNMEHLLUOro KapAioiHTepBaniB MK camkamu LiypiB
nepuoi (n=12, M=29, SD=4.13), apyroi (n=12, M=14.06,
SD=2.29), i TpeTboi rpynu (n=12, M=25.72, SD=3.27) €
ctatuctuyHo  BiporigHimn  (F(2.15)=101.04, P<0.001,
n?=0.062), wo BigobpaxeHo Ha puc. 3.
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Puc. 1. lnHamika yactoTn cepueux ckopodeHb (UCC) (ya/xs) y
camoKk LypiB koHTponbHOI rpynu (1), 3a Aaii Aokcopybiumny (I1) Ta
cninbHoro BNnuBy kodpeiny i aokcopybiumHy (I11)

Fig. 1. Heart rate dynamics (beats/min) in female rats of the
control group (1), under action of doxorubicin (II) and combined
effects of caffeine and doxorubicin (III)
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Puc. 2. unamika amnnitygn mogn (AMo) (%) y camok Luypis
KOHTpornbHoi rpynu (1), 3a Aii AokcopybiumnHy () Ta noegHaHHA
KodheiHy i gokcopy6iuuny (l11)

Fig. 2. Mode amplitude (AMo) dynamics (%) in female rats of
the control group (1), under action of doxorubicin (Il) and the
combination of caffeine and doxorubicin (l11)

Post hoc aHani3 3a kputepiem Tbloki Nokasas, L0 B
CaMOK LLYpiB KOHTPOMbHOI rpynu nokasHuk BP xapak-
TepusyBaBcs BiporigHUM nigsuLLeHHaM y 2.1 pasa, no-
PIBHSIHO 3i 3HaYeHHsAMM B camok apyroi rpynm (P<0.001,
cepenHs pisHnusa = 14.944). HatoMicTb y caMoK LLypiB,
SKi MPOTSAroM MiCsiLst OTPUMYBanu KodpeiH pasom 3 Jo-
KcopyOiumHOM, 3HaveHHst BP B 1,8 pasa BiporigHo ne-
pesuLLyBany BigNOBIAHWIA MOKa3HMK B CaMOK LLYPIB, SKi
oTpyMyBanu nuwe pokcopyOiumH (P<0.001, cepegHst
pisHMus = 11.667).

My Takox npoaHanisyBanu NOKasHWKW, MOB’S3aHi 3
napacvMnaTU4YHOK aKTMBHICTIO aBTOHOMHOI HEpPBOBOI
cuctemn, — RMSSD i pNN50. OgHodakTopHUn auc-
NepCinHUA aHani3 nokasas, LWO BiAMIHHOCTI 3Ha4YeHb
RMSSD mix camkamu wypiB neptuoi (n=12, M=14.18,
SD=1.70), gpyroi (=12, M=5.10, SD=0.96) i TpeTbOI rpy-
mm (n=12, M=6.17, SD=0.73) € cTatuCTU4HO BIipOrigHW-
mun (F(2.15)=306.46, P<0.001, n?>=0.062). 3a gonomMoroto
post hoc aHanisy Tetoki BUSIBUAIMK, O 3Ha4eHHss RMSSD
y CaMOK LLypiB ApYyroi Ta TPeTOI rpyn Big3Ha4nnmch pis-
KM BipOrigH1Mm 3HxeHHAM y 2,8 pasa (P<0.001, cepen-
HA pisHuUa = —9.0807) Ta 2.3 pasza (P<0.001, cepenHs
pisHMUs = —8.0147), NOPIBHAHO 3 CaMKaMn KOHTPOMbLHOI
rpymu. OgHoaKTopHUIA OUCTNIEPCIHUIA aHanMi3 Moka3as,
Lo BigmiHHOCTI cepeq, nokasHukisB pPNN50 B camok Ly-
piB KOHTPOMbHOI rpymn (n=12, M=22.56, SD=2.89), B
CaMOK, SIKUM MPOTArOM MiICSLISE BBOAWUNN AOKCOPYOILMH
(n=12, M=14.73, SD=1.49), Ta caMOK, siki BNpPOOOBX
MicsiUust OTpuMyBanu KodpeiH pasoM 3 [OKCPYGiLMHOM
(n=12, M=19.26, SD=1.92), € CTaTUCTN4HO BIPOriAHNMM
(F(2.15)=58.51, P<0.001, n?>=0.062). Post hoc aHani3 3a
KpuTepieMm TbioKi 3acBigyMB BipOrigHE 3HWWKEHHS noKas-
HukiB pNN50 y camok Lypis gpyroi rpynn — B 1.5 pasa Ta
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Puc. 3. InHamika BapiauiiHoro poamaxy (BP) (Mc) y camok Lwypis
KoHTponbHOI rpynu (1), 3a aii gokcopybiunHy (Il) Ta noegHaHHA
KodpbeiHy i gokcopy6iumny (l11)

Fig. 3. Variation range (VR) dynamics (%) in female rats of

the control group (1), under action of doxorubicin (ll) and the
combination of caffeine and doxorubicin (IIl)

lMpumimka. * — BipOriAHICTb WOAO Moka3HukKiB camok | rpynm (P<0,001); ** — BiporigHicTb Lwo[0 noka3Hukie camok |l rpynu (P<0,001).
Note. * is significance compared to the indicators of the | group female rats (P<0.001); ** is significance compared to the indicators of the Il

group female rats (P<0.001).
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B 1.3 pasa, NopiBHAHO 3 BiANOBIAHWMY 3HAYEHHSMM B Ca-
MOK KoHTporbHoi (P<0.001, cepenHs pisHuus = —7.830)
Ta TpeTtboi rpynu (P<0.001, cepeaHs pisHuus = 4.532).

IBP € ogHMM 3 4yTnMBMX MOKa3HUMKOM Y CTPYKTY-
pi BCP, wo Binobpaxkae GanaHC MbK CUMMNATUYHUM i
napacumnaTMyHMM  BigginiaMmyu  BeretatuBHOI  HEPBO-
Boi cuctemun. OpHOhaKTOpHUIA AUCMEepCiiHM  aHani3
nokasaB, LUO BigMIHHOCTI 3HadeHb IBP mik camkamu
wypie nepwoi (n=12, M=0.0025, SD=0.0003), gpyroi
(n=12, M=0.0051, SD=0.0005) i Tpetboi rpynu (n=12,
M=0.0030, SD=0.0003) € cTaTUCTM4HO BIpPOriZHNMU
(F(2.51)=239.45, P<0.001, n>=0.904). Post hoc aHani3
3a kpuTepiem Tbioki 3acBiguuB, WO 3HayveHHs IBP y ca-
MOK LLIypiB, sSIKMM BBOAMNN A0OKCOpYOGiLmH, Bynu Biporia-
HO yABiMi BULLMMM Bif BiANOBIAHOMO MOKa3HMKa y CaMOK
LLypiB KOHTporbHOI rpynun (P<0.001, cepegHs pisHuUs =
0.0026) Ta B 1.7 pasa BULLMMM, MOPIBHAHO 3 MNOKa3HUKOM
y CaMOK LLypiB, SKi OTpMMYyBanun koeiH pasom 3 AOKCO-
py6iunHom (P<0.001, cepennst pisHuusa = 0.0021). IBP y
CaMOK LLypiB TPETLOI rpyny xapaKkTepusyBaBcs Biporia-
HVM nigBULLEEHHSIM B 1.2 pasa Loao CaMoK LLypPiB NepLuol
rpymu (P<0.0004, cepenHs pisHmus = 0.0005).

IH € 4yTnMBMM MOKa3HWKOM CUMMAaTUYHOI akTuBaLii
cepen napameTpiB BapiabenbHOCTi CepLeBoro puTMy,
AKUA Jonomarae OLUHWUTU PiBEHb PErynaTopHOI Hanpyrm
3 OOKy aBTOHOMHOI HEPBOBOI CMCTEMWU. 3a OOMOMOroH
OOHOMaKTOPHOrO AMCMEPCIMHOTO aHanisy My BUSIBUMM,
O BIiAMIHHOCTI 3HadeHb |H Mk camkamm LwypiB nep-
woi (n=12, M=0.25, SD=0.034), gpyroi (n=12, M=0.52,
SD=0.028) i tpetboi rpynn (n=12, M=0.31, SD=0.027)
€ cratmctnyHo BiporigHummn (F(2.51)=373.74, P<0.001,
n?=0.936). Post hoc aHani3 3a kpuTepieM Tbioki MOKa3aB,
LLIO caMe B TVX CaMOK LLypiB, SIKi OTPUMYBanu NpoTArom
MicsALA JOKCOPYOILMH, cnocTepirany MakcumarbHi 3Ha-
YeHHs IH — BiporigHo BuLi y 2.1 pasa Ta B 1.7 pasa, no-
PIBHSHO 3 caMKaMW LLypiB KOHTporbHOI rpynu (P<0.001,
cepenHsi pisHnusa = 0.271) Ta camkamm LLypiB, SIKUM BBO-
avnu kodpeiH pasom 3 gokcopybiumHom (P<0.001, cepea-
Hs1 pisHnug = 0.210).

OTpuMaHi HaMK pe3ynbTaTh Y3ro4pKyTbCA 3 JaHUMN
HLIMX OOCHiMKEHb, SIKi BKa3ylOTb Ha KapOiOTOKCUYHWIA
echekT [OKCOpYBILMHY, IO CynpOBOMKYETLCA 3HAYHUM
BiporigHuM nigsuweHHsam YCC [4-5, 20]. 36inbLueHHs
LIbOro NoKasHuKa, IMOBIPHO, 3yMOBJIEHE PO3BUTKOM KOM-
neHcaTopHOI Taxikapgii y BignoBigb Ha kapgiomionarito,
CNpUYMHEHY AokcopybiumHom. Bigomo, wo aokcopy®6i-
LMH NPOBOKYE OKCUAATUBHWI CTPEC i MOLLIKOKEHHS MITO-
XOHAPIN KapaioMioUUTIB, L0 MOXe CNPUSITU NOPYLLEHHIO
CepLeBoro pUTMy, a TakoX rinepakTMBaLito CUMNaTUYHOI
HepBOBOI cnctemun [8-9, 15-16]. OgHak noegHaHe BBe-
OeHHs kodpbeiHy pa3oM 3 JOKCOPYBILMHOM Yy CaMOK LLy-
piB He MpPuU3Beno OO0 BIPOrigHOMo MiABULLEHHSA 3HaYEHb
UCC nopiBHAHO 3 caMKamu LLYpiB KOHTPOMbHOI rpynu.
Lle moxxe BkasyBaTy Ha NOTEHUNHWMI KapgionpoTekTop-
HUN edoekT KOGOEiHY, SKUIA, 3rigHO 3 HU3KOH OOCHIDKEHD,
30aTeH 3HWKYBaTW OKCWOATMBHWUIA CTPEC, MONiMLyBaTtu
OyHKLiO CepueBOro M'sida i MOAEMNoBaTU aKTUBHICTb
apeHoavHoBux peuenTtopis [1, 18]. OgHum i3 noTeHu;jn-
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HMX MEXaHi3MiB Takoro BrnuMBy Moxe Oytn 6rnokaga
afeHo3nHoBuMX peuentopiB A1 i A2A, WO 3MEHLLYE aKTK-
BaLlil0 NPOANoONTOTUYHKX LUMSXIB i Ccripusie 36epexxeHHIo
KapgiomioumTiB Big, ywkomkeHHs [2]. KodelH 3gatHuin
NPOSIBMATU aHTUANONTOTUYHUIA BNIMB | CNpUsATI cTabini-
3auii hyHKUIT MITOXOHAPIN B CEPLEBOMY M’S13i, YUM MOX-
Ha noscHUTU BiporigHe 3HxeHHa YCC y camok LuypiB,
SKi OTpumyBanu kodpeiH i JOKCOpPYOILMH, MOPIBHSAHO 3
camMKamu LLypiB apyroi rpynu. Pesynstati Hawloro gocri-
[PKEHHS1 OEeMOHCTPYIOTb, O OOKCOPYOIUMH CrpuYnHSE
BMpaXeHe BiporigHe niaBULLEHHST nokasHuka YCC, wo
MOB’AI3aHO 3 NOro KapQioTOKCUYHUMW BNAcTUBOCTSIMU [4,
20]. HatomicTb oro kKoMGIiHOBaHe 3aCTOCYBaHHSI Pa3oM 3
KOGheiHOM [03BONSIE BipOriAHO 3HU3UTKM BiANOBIOHMIA NO-
Ka3HWK Marke 4o piBHs 3Ha4eHb YCC camok KOHTPOSb-
HOI rpynK, LLIO CBIAYMTL NPO MOXIMBUIA Kap4ionpoTeKTOop-
HWIM BMINB KOOETHY.

Pesynesratv 3a nokasHukamm Mo B camok LLypiB
TPETLOI rPYN MOXYTb BKa3yBaTh Ha Te, L0 KogeiH no-
TEHUIMHO Mopyntoe abo 3MeHLlye HeraTuBHUA BMMB
OOKCOPYOBILMHY; Le y3romKyeTbCa 3 NnitepatypHuMmK aa-
HAMM NPO MO0 HEMPOMPOTEKTOPHI, aHTUOKCUAAHTHI Ta
KapaionpoTekTopHi Bnactmeocti [17-18]. Bigomo, wo
OOKCOPYOILVH € aHTPaUUKIIHOBUM aHTUOIOTUKOM, SKWN
LUMPOKO 3aCTOCOBYETLCS B XiMioTepanii, npoTe 1Moro Bu-
KOPUCTaHHs1 OOMEXeHe Yepes3 BUpPaKeHy KapLioTOKCUY-
HICTb, NOB’sI3aHy 3 NiABULLIEHHAM PIBHA OKUCHOIO CTpecy
Ta gucdpyHKLieto MiToxoHapin [4, 9, 11]. Y cBoto Yepry, ko-
deiH NposaABNsie aHTUOKCUMAAHTHI BNaCcTUBOCTI, BMNvBae
Ha KNiTUHHI curHanbHi wnsxm — PISK/AKYMTOR, AMPK,
MAPK, p53, ki peryntotoTe anonTto3 i Metaboniam, Lo
MOXXE MOSICHIOBATU Pe3yrbTaTh HALWOro AOCTiAKEHHS [2].

OtpuvmaHi Hamn 3HadeHHss AMo cBigyaTb npo Te,
LLIO BBEAEHHSI CamKaM JOKCOPYOiLyHY NpoTAroM Micsus
NpW3BOAUTL A0 3HAYHOTO BiPOrAHOMO NiABULLEHHST LIbOTO
MOKa3HWKa, L0 MOXe BKa3yBaTW Ha PO3BUTOK AUCTPECY
abo yHKLOHaNbHKX 3MiH y BEreTaTuBHIlA perynsii cep-
LieBO-CYAMHHOI cuctemn. HatomicTe kodoeiH, BBeaAEHWI
pa3oM 3 AOKCOpPYOBILIMHOM, 3HA4YHO 3HIKYBaB piBeHb AMOo
MOPIBHSIHO 3 CaMKaMW OPYroi rpynu, Xxo4a i He 0 KOHTP-
OnbHOTO piBHS. Lle MOXxe CBigYMTM NPO MOXXIMBY 3aXMCHY
abo mogyntotody Ajto kKodeiHy Ha MOPYLLIEHHS, iHAYKOBaHi
aokcopybiumHom [14].

3HWXEHHA aganTauiiHoOl 30aTHOCTI cepLeBO-CyauH-
HOI cuCTeMW, NPOSIB NOPYLUEHHS perynsiuii aBTOHOMHOI
HEepPBOBOI CUCTEMU, @ TaKOX CepLeBOl ANCRYHKLIT, Moxe
OyT1 3yMOBMEHE Pi3KUM BIPOMAHNM 3HVDKEHHS MOKa3HW-
ka BP y camok LLypiB, siki NIpOTAromM Micaus oTpumysanmu
aokcopybiumH. OgHak KodheiH, Sk BBOAMMM CaMKam
LLYpIB TPETLOI rPYNi pa3oM 3 LOKCOPYOILIMHOM, BiporigHO
niasuwmB BP nopiBHAHO 3 camkamMum Apyroi rpynu.

Y camok LwypiB, SiKi OTpUMyBany OOKCopyOiuuH, byrno
3adpikcoBaHO BiporigHe 3HWkeHHs1 3HavyeHb RMSSD i
PNNS50 BigHOCHO BIiANOBIAHNX NOKA3HWUKIB Y CAMOK KOHTpP-
onbHOT rpynn. Taki 3MiHX cBigYaTb NPO NPUrHIYEHHs na-
pacMMnaTUYHOI perynsuji cepus, Lo € XapakTepHUm a5t
CTaHiB OKCUAATUBHOIO CTPECY, 3arnarneHHst Y YpaKeHHs
miokapga [11]. Bigomo, WO AOKCOPYBILUMH CrpUYMHSE
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NiABWLLEHHS PIBHA PeakTUBHMX HOPM KUCHIO, LLO Npu-
3BOAUTL [0 MITOXOHApPIanbHOI AUCYHKUIT 1 anonTosy
kapgiomiouuTiB. NposiB BUpaXKEHOro HeraTMBHOMO BMMM-
BY OOKCOpPYOiLMHY Ha BapiabernbHICTb CepLEBOro pUuTMy
Moxe ByTn HacniaKoM MPUrHiYeHHs1 aBTOHOMHOI perynsi-
Lji cepueBoro putMy nig, BNIMBOM LIbOTO XiMioTepanes-
TU4HOro 3acoby [15]. HatomicTb gogaBaHHS kodbeiHy npu
BBEOEHHI JOKCOPYOILMHY Y CaMOK LLypiB TPETLOI rpynm
YacTKOBO MOM’SIKLLYBAso HEraTMBHWIA BMSIMB BKA3aHOIO
npenapary, xo4a npu LpOMYy He crocTepirany NoOBHOrO
BiJHOBINEHHSA aBTOHOMHOMO KOHTpomto cepus. OcKinbku
MW MPOCTEXYBanNM TeHAeHLjlo A0 36inbLUeHH 3HaYeHb
RMSSD i BiporigHe nigsuweHHs nokasHuka pNN50, no-
PIBHSHO 3 CaMKamW LLypiB OPYrol rpynu, Lie MOXe BKasy-
BaTV Ha MOTEHUIMHUIA MOAYNALINHUIA edhbekT KoeiHy Ha
CepLIEBO-CyANHHY CUCTEMY.

Y KOHTPOIbHIM rpyni caMok LUypiB 3HavyeHHs IBP Big-
nosiganu dpisionorivHi Hopmi aBTOHOMHOro 6anaHcy Mix
CMMMNaTMYHOIO Ta MapacumnaTtnyHol naHkoto. [ligsu-
LLieHHs nokasHuka IBP y camok gpyroi rpynu BKkasye Ha
piske 3MmileHHs BereTatmBHOro H6anaHcy B Oik cumnatu-
KOTOHIi ab0 3HWKEHHST aaanTauiiHMX pe3epBiB CepLEBO-
CyOmHHOI cuctemmn. BeegeHHs kodeiHy B KOMOIHaLYi 3 4o-
KCOpYOILMHOM CMPUYMHIUIO BipOrigHE 3HWKEHHS 3HaYEHb
IBP y camok TpeTbOoi rpynu, NOPIBHAHO 3 caMmkaMun Apy-
roi rpynun. Lle moxe cBigunTi Npo MoaynauinHun edekt
KodheiHy Ha aBTOHOMHY perynsuiio CepLeBoro putMmy i
3MEHLLEHHSI BUPaXXEHOCTi CUMMNATUYHOI JOMIHAHTK, sika
Oyna cnpudMHeHa gjeto BignoBigHOrO xiMioTepaneBThy-
HOro npenapary.

Piske 3pocTtaHHs IH y camok LypiB apyroi rpynu, no-
PIBHAHO 3 Bi4NOBIOHMM MOKa3HMKOM KOHTPOSIO, CBiAYNUTL
MPO MOCUIEHHSA CUMMATUYHOIO BMIIMBY Ha CEpLEBO-CY-
OVHHY cucTemy. Takui eddeKT Y3romMKyeTbCs 3 paHille
ONMCaHUMN HaMM NPOsiBaMM KapAioTOKCUYHOI Ail go-
kcopybiumHy [5, 20]. HatomicTe BignoBigHWIA BUCOKUIA
nokasHuk IH y camok LypiB Apyroi rpynu Takox Moxe
BifoBpaxkaTh 3HWKEHHS BapiaTUBHOCTI CEPLIEBOIrO pUTMY
SIK MapKep 3MEHLLEHHS afanTaLiHnx pe3epBsiB cepLeBo-
cyaunHHoT cuctemn. OTprMaHi Hamm pesyneraTy ceigvaTb
NpPO BMCOKMI CTYMiHb 3aneXHOCTi 3Ha4eHb IH Big Hanex-
HOCTi caMOK LLypiB [0 TiEl UM iHLWOI excrnepuMeHTansHOl
rpynu. 3HayeHHst koedoitieHTa N?=0.936, oTpyMaHe B pe-
3ynerati NpoBeAeHHS HamMW AUCNEePCIHOro aHanisy, Bka-
3ye Ha Te, Wo 6rnm3bko 94 % 3aranbHoI BapiaLlii B Mokas-
HVKax IH NOSICHIETLCA BMIMBOM EKCNEPUMEHTarbHOIO
YMHHWKKa. Lle Bkasye Ha HasiBHICTb HaA3BNYaNHO CUIbHO-
ro ecbekTy BBEAEHHS1 AOKCOPYOIiLIMHY Ta KOMOIHOBaHOI Aii
OoKcopyBiLmHy 3 KOEIHOM Ha CTaH BEreTaTMBHOI pery-
nAuUil cepueBol isiNbHOCTI.

MigBoasiumM NiacymMky NpoBeaeHoro Hamu AOCHiIKeH-
H], BapTO 3a3HayuTh, WO AOKCOPYOILUMH ChpUYMHSE
3HayHi 3MiHM B MokasHUKax BapiabenbHOCTi cepLeBoro
pUTMY, TOAI SIK KOhEIH MOXe YacTKOBO HeWTpanisyBatu
Ui edektn. BBegeHHsa camkam LypiB SOKCOPYGILMHY
Npu3Beno 4o BiporigHMX 3MiH BCix MokasHukiB BCP, ski
CBigYaTb NPO PO3BMTOK BEreTatMBHOrO AvcbanaHcy. Y
CaMOK LLLypiB APYroi rpynu, MOPIBHSAHO 3 KOHTPOIEM, Cro-
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cTepiranu siporigHe niasuweHHs YCC, Mo, AMo, IBP, IH
Ta BiporigHe 3HmwkeHHs BP, RMSSD, pNN50, o Bkasye
Ha nepeBaXaHHA CUMNATUYHOT aKTUBHOCTI Ta 3HWDKEHHSI
napacvMnaTu4YHOro BrNMBY. Y CaMOK LLypiB, SKUM BBO-
avnn kocpeiH pasom 3 JOoKCOpYOILMHOM, NPOCTEXyBanm
YyacTkoBy Hopmanisadito nokasHukie BCP, a came YCC,
Mo i BP, 0o HabnmkeHWX 3Ha4YeHb CaMOK LLypiB KOHTP-
onbHoi rpynn. MokasHukn AMo, IBP, IH xapaktepuayBa-
NCb BiPOTiAHUM NiABULLEHHAM, MOPIBHSAHO 3 BiAMNOBIAHU-
MW JAHWMKU B CaMOK KOHTPOSbHOI rpynn, Ta BiporigHUm
3HWKEHHSAM BiZHOCHO CaMOK LLypiB Aapyroi rpynu. OTxe,
OTPVYMaHi HaMn pesynbrati cBigyaTb MpO MOTEHLiNHY
MOZyItoKoMY fito KodeiHy Ha aBTOHOMHY peryrsiuito cep-
LIeBOrO pUTMY CaMOK LLYpIB 3 JOKCOPYOILMHOBOIO Kapgi-
mionarieto. KodoeiH y 3a3HayeHoMy [o3yBaHHi 3anobirae
BEreTaTMBHUM 3CyBaM, CrPUYMHEHUM XiMioTepaneBTuy-
HMM NpenapaTtoMm, abo iX MOM'sIKLLYE.
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Effect of caffeine on heart rate variability parameters in female rats
with doxorubicin-induced cardiomyopathy

V. V. Mukvych, O. V. Severynovska
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Oles Honchar Dnipro National University, 72 Nauky Ave., Dnipro, 49045, Ukraine

Cardiotoxicity remains a significant limitation in the clinical application of chemotherapeutic agents, particularly anthracyclines.
Doxorubicin (DOX), a widely used representative of this group, exhibits potent antitumor activity and is commonly administered in
the treatment of various malignant tumors. One of the modern, non-invasive, and informative methods for assessing the functional
state of the cardiovascular system is heart rate variability (HRV) analysis. In the context of searching for means to correct doxoru-
bicin-induced cardiomyopathy, there is growing interest in studying the effects of natural compounds with potential cardioprotective
properties. Caffeine, at low and moderate doses, is capable of exerting antioxidant effects and demonstrating potential cardioprotec-
tive activity. The study was conducted on 36 sexually mature female Wistar rats weighing 250 + 50 g. Healthy animals were randomly
divided into three groups (n=12 per group): GROUP I (control) received physiological saline (1 mg/kg) via oral gavage; group Il re-
ceived doxorubicin at a dose of 1 mg/kg body weight intraperitoneally once a week for 4 weeks; group Il received caffeine at a dose
of 25 mg/kg body weight daily via oral gavage, along with doxorubicin at a dose of 1 mg/kg intraperitoneally once a week for 4 weeks.
The electrocardiogram (ECG) was recorded in female rats using a “Cardiolab” electrocardiographic complex for a wide range of car-
diological studies (HAI-Medica, Kharkiv, Ukraine). Thus, the administration of doxorubicin to female rats led to statistically significant
changes in all HRV parameters, indicating the development of autonomic imbalance. In female rats of the second group, compared
to the control, a significant increase was observed in heart rate (HR), mode (Mo), mode amplitude (AMo), vegetative balance index
(VBI), and stress index (Sl), along with a significant decrease in variation range (VR), root mean square of successive differences
(RMSSD), and the percentage of NN intervals differing by more than 50 ms (pNN50). These changes suggest a predominance of
sympathetic activity and reduced parasympathetic influence. In female rats that received caffeine in combination with doxorubicin,
a partial normalization of HRV parameters was observed, approaching the values recorded in the control group, particularly HR,
Mo, and VR. Meanwhile, AMo, VBI, and Sl remained significantly elevated compared to the control group, but showed a significant
decrease relative to the second group. These findings indicate the potential modulatory effect of caffeine on the autonomic regulation
of heart rhythm in female rats with doxorubicin-induced cardiomyopathy. Caffeine, at the given dosage, helps prevent or attenuate
autonomic disturbances caused by this chemotherapeutic agent.

Key words: cytotoxicity, doxorubicin-induced cardiomyopathy, caffeine, stimulant effects, heart rate variability, oxidative stress,
female rats
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Mertoto poboTn Gyno 3'sicyBaTu BNAMB 3roA0BYBaHHS KOMI-
NEKCHMX KOPMOBMX 40BaBOK Ha reMaTornoriYHi MOKa3HWKN KHypIiB
3a YMOB TENMOBOro CTPECy Ta HopManbHOI TemnepaTtypu. Ekc-
NepPUMEHT NPOBEN Ha AEeB'sITU KNiHIYHO 300POBUX KHYpax-nrig-
HMKax BIKOM 2—4 poKK nopig naHapac, MeTpeH i makctep. MNpo-
BeOEHO ABi cepii ekcnepumeHTis TpmeanicTio 90 ib (gocnigkeH-
Hs1 TBApWH, Bigbip Ta aHani3 marepiany Oynm aHanoriyHumn): 3a
HOpMarbHUX Tennosmx ymoB (<23°C) i 3a yMOB TENSIOBOO CTpe-
cy (25-30°C). ¥ nepuuivi cepii (rpyna JocnigHa 1) BCiM kHypam iH-
OviBioyanbHo fo kombikopmy Bnpogoexk 30 A4ib jonaeany Kopmo-
By [06aBKy y dhopMmi ninocomarnbsHOi eMyrnbcii, sika MicTuna BiTa-
MiHM A, D5, E, i C 3 rmokoHaToM LMHKY y 003i 2 Mi. Y apyrin cepii
ekcnepumeHTie (rpyna JocnigHa 2) BCiM KHypaMm iHaOMBIgyanbHO
0o kombikopmy Bnpogosk 30 Ai6 gogasany kopmoBy obaBky y
dopmi ninocomanbHOT eMyrnbcii, sika Mictuna BitamiHm A, Ds, E,
C, rmiokoHaT UmHKy Ta 6ertaiH y gosi 20 mn. [ns mogentoBaHHs
TENIOBOrO CTPECY CTBOPHOBAIIM YMOBU NiABWLLEHOT TEMMEpaTypu
(25-30°C) i Bonorocti (70-80 %) BnpoaoBx 7 AHIB TpuBanicTio 3
rof LWOAHS, 301004 KIITKX MOSIETUITEHOBOO NIIBKOK. Temne-
paTypy Ta BOMOriCTb KOHTPOSOBanM TEPMOrirPOMETPOM 3 BU3HA-
YeHHSAM CepefHiX BEMUYMH Ha KOXXHOMY eTani. HanpukiHui Kox-
HOro eTany Jocnigy Big ycix nigoocnigHux KHypiB 6panu npotu
KpOBI i BU3Ha4anu reMaTornoriyHi NOKasHWKW: epuUTpoLUTU, reMo-
rnobiH, reMaToKpPUT, EPUTPOLMTAPHI IHOEKCU, BMICT TPOMOOLTIB
i nenkouuTiB. BcTaHOBMEHO, LLO Nif BNSIMBOM TEMMOBOrO CTPeCcy
B kHypiB BiporigHo (P<0,05-0,001) 3HWKytOTbCS reMaTonoriyHi
MOKa3HWKKN: BMICT epuUTpoLIMTIB, reMornobiHy, remaTtokput, MCV,
MCHC 3a He3Ha4HOro 3MeHLLEHHS BMICTY JIENKOLMTIB | TPOMOO-
LMTIB NOPIBHSHO 3 NepiogoM HopMaribHVUX TeMMNepaTypHUX YMOB.
3ronoByBaHHs KHypaM BiTaMiHiB A, Ds, E, i C 3 rriokoHaToM UMHKY
3a yMOB TennoBoro cTpecy BiporigHo (P<0,05-0,01) nigenwmno
BMICT €pUTPOLIMTIB, NENKOLUTIB, reMOrnoBiHy, reMaToKpuTy, epu-
TpoumTapHux iHgekcis MCV 1a MCH nopiBHSIHO 3 KOHTporem.
AHanoriyHo, 3rooByBaHHA KHypaM-MnigHvkam BitTamiHis A, Ds,
E, C, rmiokoHaTy UMHKy Ta GeTaiHy B yMOBaXx TEMOBOro CTpecy
npu3eeno go siporigHoro (P<0,01) migBuLLEHHS BMICTY epuTpo-
LMTIB, NENKOLMTIB, reMornobiHy Ta reMaToKpuTy 3 OAHOYaCHUM
3pOCTaHHAM epuTpoumTapHmx iHgekcie MCV, MCH (P<0,05) Ta
MCHC. BogHo4ac 3rogoByBaHHS KHypam OBOX KOMMMEKCHUX
KOPMOBWX [O0OABOK 32 YMOB HOPMasibHUX TEMMepaTypy Ta BO-
NOTW CMPUYUHSANO He3HayHe 30iNbLUEHHST YCiX OOCHigKyBaHMX
reMaTororiyHMX NOKasHWKIB.

KntoyoBi cnosa: kHypu, TENMOBUiA CTPeC, KOPMOBA MiNoco-
MarnbHa gobaBKa, reMaTornorivHi NOKa3HMKK
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Bctyn

TennoBwuiA CTPeC MOoXxe MaTu BENUKWIA BMNUB Ha binb-
LUICTb acnekTiB penpodyKTMBHOI oyHKLii y ccasuis. [Jo
MOro HacnigkiB Hanexarb MOPYLUEHHS ClepMaToreHesy
Ta pO3BUTKY OOLMTIB, JO3PIBAHHSA AWLEKNITUH, PAHHBOIO
pO3BUTKY eMBpioHa, poCTy Nroga i NfaueHTH Ta nakra-
uii. Li wkignvei echexkT TENNOBOro CTpecy € pesynsra-
TOoM abo rinepTepmii, NOB’A3aHOI 3 TEMITOBMM CTPECOM,
abo qisionoriyHnx 3miH y TBapuWH, ki nepebysaloTb
y TennoBOMY CTPeCi, AN peryrnoBaHHA Temnepatypu
Tina [28]. barato BNNMBIB NiABULLEHOT TEMNepaTypu Ha
raMeTu i paHHin emOpioH NOB’sI3aHi 3i 3POCTaHHAM BU-
pOGNEeHHs akTUBHUX POPM KUCHIO. eHeTuYHa aganTa-
LS 4O TEMMOBOrO CTPeCcy MOXIMBA SAK LWOAO perynsuji
Temneparypu Tina, Tak i Woao CTIKOCTI KNiTUH A0 nig-
BULLIEHOT TemnepaTypum [7].

Y ranysi penpogyKTuBHOI GioTexHororii ogHieto i3
npobneM € JAOCRIOXEHHS MPUYMH 3HWKEHHS SKOCTI
cnepmaro-, 00- 1 eMbpioreHe3y BMCOKOMPOAYKTUBHUX
TBapuH. disionorivHi i GioxiMiyHI MexaHiamu nepebiry
nopyLleHb (pyHKLiOHaNbHOrO CTaHy penpoayKTUBHOI
CMCTEMU TBApWH, MOB’A3aHi 30Kpema i3 MoTenmniHHAM
Knimary um 3 BiKOBUMM ab0 CE30HHVMMM acnekTamu, Lie
JeTanbHO He 3’AcoBaHi, a MeToan iHTeHcudikauii pe-
NPOAYKTUBHOI (PYHKLiT TBAPWH 3 ypaxyBaHHSIM MOIEKy-
NSAPHUX MEXaHI3MIB perynsuji ocTaTo4HO He po3pobreHi
[38]. Tomy noganbLli KOMMIEKCHI AOCTIMHKEHHS 3 BU-
BYEHHS BiOTBOPHOI (PyHKLUii NPOAYKTUBHMX TBAPWH 3a Aji
TENNOBOroO CTPECY € aKTyanbHUMMU.

Y npakTuui CBMHAPCTBA B fiTHIM nepiod CBMHI YacTo
noTepnarTb Bif TENNOBOrO CTPECY, KU CyNPOBOLXKY-
E€TbCSA 3HWKEHHSIM XHbOI NPOAYKTUBHOCTI Ta BiATBOpP-
HoI 3aaTHOCTi [35]. Y Len nepiod NoripLyeTbea AKICTb
cnepmMonpoayKLii y KHypiB-NnigHUKIB, 0cobrmBo doyHKLy-
OHarnbHa akTuBHICTb cnepmiiB [13, 19]. Y kopekuii unx
NpPOoLECIB AN 3MEHLLUEHHS Aii TeN0BOro CTpecy NpoB.ia-
Ha porb HaneXuTb Pi3HUM BIOMNOrYHO aKTUBHUM PEYo-
BMHaM. [JOCMiMKEHHA NOKa3ytoTb, LLIO TEMMOBUIN CTPeC
CMPUYNHSAE O3HAKN OKCMOALNHOTO CTPecy Yy CBUHEW,
a TaKoX 3HWKYE iXHi PenpodyKTVBHI NoKasHukm [5, 33,
36]. HaykoBUj i npakTuk1 3anpornoHyBanu HU3KY 3axo-
4iB ANs 3HWKEHHA HeraTMBHOI Aji TENMOBOro CTpecy Ha
OpraHi3M CBUHEN, siKi NnepeabadaoTb KOPEKLito roaisni,
TEXHOMOrYHNX enemeHTiB Towwo [8, 23]. OcTaHHIM ya-
COM MPaKTUKYHOTb 3rofoByBaHHs BeTaiHy siKk aHTUCTpe-
COBOro npenaparty Ta ocmonpotekTtopa [11, 37]. Oocni-
PKeHHS Ha BapaHax-nnigHVMKax BCTaHOBWIW MO3UTUBHY
Jito 3rofoByBaHHs BiTaMiHiB A, Ds, E, i C 3 rntokoHaTom
LUMHKY Ha reMaTonoriyHi NokasHWKK Ta AKiCTb crnepmu y
nepiog craresoro criokoto [29, 30].

BogHovac HegoCTaTHBO AaHUX LOAO BNAMBY Te-
MroBOro CTpecy Ha MeTaboniyHi MpoLecu B OpraHiami
KHYpIiB Ta B3aEMO3B’SA30K MK MOKa3HWKaMu aHTUOKCK-
OaHTHOrO 3aXMCTy Ta AKICTIO cnepmn. Takox He po3po-
6neHo aieBnx 3axodiB Ana NPOMINaKTUKL Ta YCYHEHHSI
HeraTuMBHOI Ail TensoBOro CTpecy Ha cnepMonpoayk-
TUBHICTb KHypiB [16].

The Animal Biology, 2025, vol. 27, no. 1

3 ormsgy Ha YMCneHHi nitepatypHi AaHi, NorivYHuM €
3'AcyBaHHA Aii TENNOBOro CTpecy Ha reMaTtofnoriyHi no-
Ka3HWKM Y KHYPIiB-NNIQHWKIB | MOXIUBICTb TX KOPEeKLUii 3ro-
AOBYBaHHsAM BiTamiHiB A, D, E, i C y noegHaHHi 3 rmnto-
KOHaTOM LMHKY Ta GeTaiHoM, LLO i CTano METO HalLmX
JOCTiIKEHb.

MaTepianu Ta metoau

HocnipxeHHst nposegeHo y JbBIBCLKOMY HayKOBO-BU-
pOBHMYOMY LIEHTPI «3axignnempecypcu» Ha OeB’'aTU Kri-
HIYHO 300pOBKX KHYpax BikOM 2—4 poku Mopig naHgpac,
METPEH i MaKcTep, SKUX YTpUMyBanu B iHAMBIQyarbHUX
kniTkax. MNepen novyaTkoM ekcrepuMeHTy NPOoBEOEHO Krli-
HIYHWIA OrMAA KOXHOI TBApUHM 3 BU3HAYEHHAM Temnepa-
Typu Tina.

MpoBeaeHo ABa eTany SOCHIMKEHb, Y AKUX AOCTioKEH-
Hs TBApWH, Biabip matepiany, noro aHania 6ynn aHanoriy-
HUMK: 1) JOCHImKEHHS 32 HOpMaribHUX TENOBUX YMOB
(<23°C) — 90 gi6; 2) pocnimKeHHs1 3a YMOB TEMIOBOIrO
ctpecy (25-30°C) — 90 gi6. Ha koxxHoMy 3 eTanie npoBse-
O€eHO Tpu cepil ekcriepumeHTiB TpmeanicTio no 30 4o, wo
0BYMOBIEHO TPMBAriCTIO CepMaToreHesy Y KHypiB.

Y nepLwin cepii (rpyna JocnigHa 1) BCiM KHypam iHau-
BigyanbHO A0 kombikopmy Brnpogosx 30 A6 aogasanm
KOpMOBY [06aBKy y dopMi NinocoManbHOi emynbcii, 40
cknagy sikoi Bxoaunu Bitamitm A, D, E, i C 3 rmiokoHaTtom
UMHKY Y 003i 2 Mn. [nsa BurotonenHs 20 mn godaeku BU-
KOPUCTaHO: 2 T [MoKoHaTy UMHKY, 250 tTuc. MO BiTamiHy
A, 25 Tnc. MO Bitaminy Ds, 250 mr BitamiHy E, 500 mr Bi-
TamiHy C, a TakoX neumTuH i TBiH-20 Ta AeioHi30BaHy BOAY.

Y apyrin cepii ekcnepumeHTis (rpyna JocnigHa 2) Bcim
KHypaMm iHOmBIgyansHo Jo kombikopmy Bnpogosx 30 i
aogaeany kopmoBy A06aBky y dhopmi ninocomarnbHoOl
eMynbCii, o cknafy sikoi Bxoawmnu BitamiHn A, Ds, E, C,
ITIFOKOHAT LMHKY Ta 6eTaiH y Ao3i 20 mn. [ns BUroToBrneH-
Hs 20 mn go6asku BrkopucTaHo: 200 Mr rTFOKOHATY LIMHKY,
25 tuc. MO gitaminy A, 2500 MO sitamiHy Ds, 25 mr Bi-
TamiHy E, 50 mr Bitaminy C, 8 r 6eTaiHy, a TakoX NELUTVH,
TBiH-20 Ta AeioHi30BaHy BOAY.

[ins BUroToBneHHs 060X npenapariB CyMiLl NepemiLLy-
Banu Ta Aucnepryeany Ha ynsrpassykoBOMY Aucriepraro-
pi Y3[OH-1 3a yactotn 22k, BNpoaoBX 2—3 XB [0 YTBO-
PEHHS1 TOHKOT eMYIbCil.

Y TperTivi cepii ekcneprmeHTiB (rpyna KoHTporbHa) Kop-
MOBMX J0DABOK 3 KOMBIKOPMOM KHypam He 3rofoByBarnu.

MogentoBanu TennoBuMin CTPEC, Ars YOro CTBOPHOBasu
yMOBM niaBumLLEeHOi Temnepatypu (25-30°C) i BororocTi
(noHag 80 %) BnpogoBX 7 AHIB TPMBAnNICTO 3 rog, LWoaHs,
i30M1H0K0MM KIITKW MOMIETUNEHOBOIO NMiBKOKO. Temnepatypy
Ta BOMONCTb KOHTPOMIOBanM TePMOrirpOMETPOM 3 BU3Ha-
YEHHSIM CepeaHiX BENMYUH Ha KOXKHOMY eTari.

HanpukiHui koxxHOro etany gocnigy Big ycix nigaocnia-
HMX KHYpIB BiaOpanu npobu KpoBi 3 XBOCTa 40 PaHKOBOI
ro4ieni. Y KpoBi BU3Ha4anM reMarornoriyHi NoKasHUKW: epu-
TPOUMTH, reMorrobiH, reMaToKpuT, epuTpoLmMTapHi koedi-
LieHTn — cepedHii o6’em eputpounta (MCV), cepeaHin
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BMIiCT remornobiHy B eputpouuti (MCH), cepegHio KoH-
LeHTpaujto remornobiHy B ogHomy eputpoumTti (MCHC),
a TakKoX BMICT TpoMbouuTiB i nenkoumnTis. BusHayeHHs
MOKa3HWUKIB MPOBOAMIIM HA aBTOMAaTUYHOMY Femartorioriy-
Homy aHanisatopi Mythic 18 Ormphee Vet (Orphee, LLBen-
Lapis).

Yci oTpumaHi Lumdposi aaHi 06pobnann 3a aonomo-
ol KOMITHOTEPHOI NMporpamun Statistica 3 BUKOPUCTaHHSM
MeToay BapiaLiiHOT CTaTUCTWKK Ta nporpamun Excel i3 na-
keTiB cepaiciB Microsoft Office 2007 Tta 2010. BigmiHHoOCTi
MK rpynamy BBaXKamnucsa CTaTUCTUYHO BipOMiaHMMK MpU
P<0,05.

Ta6nuus 1. OCHOBHI remaTornoriyHi NoKasHUKN KHypiB

3a 3rofoBYBaHHs KOMMIIEKCHUX NinocoManbHux Aobasok (n=9, Mtm)
Table 1. Main hematological indicators of boars

fed complex liposomal supplements (n=9, M+m)

Ipynwu / Groups
[MokasHuk : :
Index KoHTponbHa LocnigHa 1 DocnigHa 2
Control Experiment 1 Experiment 2

3a HopmanbHoi Temnepatypu / At normal temperature

EpwutpounTtn, T/n

Enthrooytes, T 743014 7,49+0,13 7,6740,12
Femomobin, rin 407 501994 113.9343,02  111,3743,30
Hemoglobin, g/l

0,
lematokput, % 39994058  40,52¢0,38  41,04£0,40%

Hematocrit, %

3a ymoB Tennosoro ctpecy / Under heat stress conditions

EpwutpounTtn, T/n
Erythrocytes, T/l
FemornobiH, r/n
Hemoglobin, g/l
lemaTtokpuT, %
Hematocrit, %

6,62+0,19° 7,38+0,13** 7,50+0,14**

96,89+2,412  109,22+3,41** 110,39+3,13™*

41,21+0,45¢  39,58+0,24*  38,86+0,57**

Tabnuus 2. EputpouuTapHi iHaeKcn KpoBi KHypiB

3a 3rofloBYBaHHs1 KOMMIIEKCHUX NinocoManbHux obasok (n=9, Mtm)
Table 2. Erythrocyte blood indices of boars

fed complex liposomal supplements (n=9, Mtm)

PesynbraTtu

Y npoBedeHnX AOCHIMKEHHSAX BCTAHOBIEHO 3HAYHI
3MiHW remMaTonoriYHNX MOKa3HWKIB y KHYpIB Mig BNMBOM
TENMOBOIo CTpecy. 3oKkpema, BMICT epUTPOLIUTIB Y KPOBI
KHypiB 3MeHLmnBCs Ha 13,62 % (P<0,01) nopiBHSAHO 3 ne-
piogoM HopMarbHMX TeMmneparyp i BororocTi (Tabn. 1).
AHarori4Ho, 3a Aji TennoBoro cTpecy BMIiCT remorrnobi-
Hy Y KpOBi kHypiB OyB Hvxuum Ha 9,87 % (P<0,05), Hix
3a HOpMarsbHOi Temnepatypu. BogHodac rematokput
nig BNAMBOM TENSOBOrO CTpecy 3HM3MBCA Ha 9,76 %
(P<0,001) nopiBHSIHO 3 NEPIOAOM HOPMAsbHUX TemMnepa-
TYPHUX YMOB.

KomnnekcHi kopmoBi Oo00aBkM 3rogoByBanv sk 3a
HOpMaribHUX TeMNepaTypHUX ymoB, TaK i 3a Aaii Tenno-
BOrO CTpecy. AHani3 BrnvBy 3rofoByBaHHS [O0OaBOK 3a-
CBiYMB TXHIO MO3UTMBHY Ajt0 HA reMaTonoriYHi MOKasHMKK
KHypIB-MMiAHUKIB 3a HOpMarbHOI Temnepatypu. Tak, nic-
ns 3rogoByBaHHSA KHypam BiTamiHiB A, D, E, i C 3 rmio-
KOHaToM UMHKY ([docnigHa 1) BMICT epuTpoLMTiB Maike
He 3MIHMBCS, NPOTe crocTepirany TeHAEHUI0 A0 36inb-
LLIEHHS BMICTY reMOrro0iHy Ta remaTtokpuTy Ha 5,98 % Ta
3,14 % BignosigHo.

MogibHi 3miHM remaTonoriYHNX MOKA3HWKIB CroCTepi-
ranu 1 nicnsa 3rogoByBaHHs KHypam-niigHUKam BiTaMiHiB
A, D;, E, C, rmiokoHaTy unHky Ta 6etaiHy (JocnigHa 2).
3okpema, BCTaHOBIEHO TEHAEHLiI0 40 30iNbLLEHHS BMIC-
Ty eputpoumTis i remornobiHy Ha 3,14 % Ta 3,60 % Big-
MOBIOHO 3@ OZHOYACHOrO 3OINbLUEHHST FEeMaToKpUTy Ha
4,47 %.

Ta6nuus 3. BmicT nevkouuTis i TPOMOOLMTIB y KPOBI KHYpIiB

3a 3rofoBYBaHHS KOMMIEKCHUX MinocomManbHmx gobasok (n=9, Mtm)
Table 3. The content of leukocytes and platelets in the blood of boars
fed complex liposomal supplements (n=9, M+m)

Ipynu / Groups MoKasHmK Ipynwn / Groups
! . :
?ﬁi::;(w( KouTponbHa  [ocnigHa 1 [ocnigHa 2 Index KontponbHa — [ocniata 1 JlocnigHa 2
Control Experiment 1 Experiment 2 Control Experiment 1 __Experiment 2
3a HopmarnbHoi Temnepatypu / At normal temperature 3a HopmManbHoi Temnepatypu / At normal temperature
MCV, 10-'5 TpombouuTu,
MCV, 1051 26,53+1,43  28,03£1,60  25,88+1,58 *x10%/n 359,60£9,08 349,80+13,97 353,20+14,45
v Platelets, x10%1
MCH, 10-"2 r ,
MCH. 102 g 10,16+0,47 10,4310,44 11,3840,49 NeikounTy,
MCHC, rin . x10%n 811031 9,60£0,32"  9,40+0,20""
MGHG. g 288,91:24,21 304,93:19,49 317,19:21,06 Leukooytes, 10/
3a ymoB Tennosoro ctpecy / Under heat stress conditions 3a ymoB Tennosoro ctpecy / Under heat stress conditions
MCV, 10-"® n . . R TpombGouuTn,
MCV, 10-51 e e x109/1 355,20£11,01 383,04£13,25 8,40£0,27*
MCH, 10-'2 1 . . . Platelets, x109/1
MCH. 10-2 g 8,17+0,41 9,87+0,40 9,66+0,33 S —
MCHC, r/n x10%/n 6,83+0,58 379,04+14,67 9,20+0,20**
MCHC, g/l 283,02+26,81 304,93+19,49 302,98+16,77 Leukocytes, x10°

Mpumimka. * — P<0,05, ** — P<0,01, *** —

P<0,001 — BiporigHa pi3HMua MK JOCAIOHUMW Ta KOHTPOSMbHOW rpynamu; @ — P<0,05, » —

P<0,01, ¢ — P<0,001 — BiporigHa pi3H/LA Mi>K KOHTPOMbHOIO FPYMNO0 3a HOPMarbHOI TeMNepaTypu Ta 3a yMOB TEMNSIOBOro CTPECY.
Note. * — P<0.05, ** — P<0.01, *** — P<0.001 — significant difference between the experimental and control groups; @ — P<0.05, ® —
P<0.01, ¢ — P<0.001 — significant difference between the control group at normal temperature and under heat stress conditions.
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3a 3rogoByBaHHST KOMIMMEKCHUX KOPMOBUX A06aBOK
KHypam-nnigHyKam B yMoBaXx TEMMOBOIO CTPECY 3MiHU re-
MaTOMNOrYHUX MOKa3HUKiB Bynmn BinbLL BUpaxeHi. 3okpe-
Ma, 3rogoBYBaHHS KHypaMm BiTamiHiB A, Ds, E, i C 3 rmio-
koHaToM uUmHKy (docnigHa 1) npusseno Ao 36inbLUeHHS
BMICTY epuTpouuTiB y kpoBi Ha 11,41 % (P<0,01). AHaro-
riYHO, BMICT remormnoBiHy i reMaToKpuT y KpOBi KHypIB Mig,
BMIMBOM 3rofjOByBaHHA KOMMIEKCHOI A4obaBku 3a yMOB
TennoBoro crpecy 36inbwmnmcs Ha 12,73 % (P<0,01) Ta
11,63 % (P<0,01) BignoBigHO, MOPIBHSAHO 3 KOHTPOIEM.

MopaibHi 3MiHM remaTornoriYyHMX NMoKasHWKIB BCTaHOB-
NEeHO i nicnsa 3rogoByBaHHA KHypaM-niigHWKam BiTamiHiB
A, Ds, E, C, miokoHaty umHky Ta 6etaiHy (JocnigHa 2) B
yMOBaXx TENMOBOIo CTpecy. 30Kkpema, BMICT epUTpOLMTIB,
reMornoOiHy Ta reMaToKpUT Y KPOBi KHYpiB-MNigHWKIB, NO-
PIBHSIHO 3 KOHTpOreMm, 30inbLumees Ha 13,26 % (P<0,01),
13,93 % (P<0,01) Ta 9,59 % (P<0,01) BignosigHo.

3MiHK epuTpOUMTIB N BNAMBOM 3rofOBYBaHHS KHY-
pam-MnrigHUKam KOMMIIEKCHUX KOPMOBMX [00aBOK nig-
TBEPYKYE KONMMBAHHS €pUTPOLMTApHUX iHOEKCIB sK 3a
HOpMarnbHOI TemnepaTypu, Tak i nig 4ac TEennoBoro
cTpecy. Tak, 3a HopMarbHMX TeMNepaTypHUX yMOB Mic-
Ns1 3rofoByBaHHs KHypam BiTamiHiB A, Ds, E, i C 3 mito-
KoHaToM uUuMHKy ([docnigHa 1) cnoctepirany TeHOEHLo
00 36inbLUeHHs cepeaHboro o6’emy eputpouuta (MCV),
cepenHbLoro BMICTy remornobiHy B eputpoumTti (MCH) i
cepenHbOl KOHLEeHTpalUii remMornobiHy B OQHOMY epUTpo-
umTi (MCHC) — Ha 5,65 %, 2,74 Ta 5,55 % BignoBigHo,
MOpPIBHAHO 3 KOHTporeM (1abn. 2). Micna 3rogoByBaH-
Hs1 KHypam-nnigHukam BiTamiHiB A, Ds, E, C, rmiokoHaty
umHKy Ta 6eraiHy (JocnigHa 2) MCH ta MCHC manm Ha
12,04 19,79 % BignoBigHO GinbLUi 3HA4YEHHS, MOPIBHSAHO 3
KOHTpoOseM, 3a Maike He3MIHHOro 3HaveHHs MCV.

[Mig BNAMBOM TEMNOBOIO CTPECY EPUTPOLIMTAPHI IHOEK-
CW KPOBI KHypIB 3Ha4YHO 3HM3UUCS. 30Kpema, cepenHin
06’em eputpoumta (MCV), cepeqHin BMIiCT reMornoGiHy B
eputpoumTi (MCH), cepenHs KOHLEHTpaLli reMorro0iHy
B ogHomy eputpoumTti (MCHC) ameHwunucsa Ha 14,20 %
(P<0,05), 19,58 % (P<0,01) Ta 2,04 % BignosigHo.

3rogoByBaHHs1 kHypaMm BiTaMiHiB A, Ds, E, i C 3 mio-
KOHaToM UMHKy ([ocnigHa 1) 3a yMOB TeMnnoBoro CTpecy
CNPUYMHNIO 3POCTaHHS epuTpoLmTapHuX iHaekcis MCV,
MCH ta MCHC Ha 16,84 % (P<0,05), 20,82 % (P<0,01)
Ta 7,74 % BianoBigHO, NOPIBHAHO 3 KOHTponeMm. MoaibHi
3MiHV epUTPOLIMTAPHUX IHAEKCIB BCTAHOBMEHO 3a 3rofoBY-
BaHHS KHypaM-MnrigH1kam BitamiHie A, Ds, E, C, rrtokoHaTy
UmMHKY Ta BeraiHy (QocnigHa 2): 3HadeHHs MCV, MCH T1a
MCHC manu Ha 14,49 % (P<0,05), 18,23 % (P<0,05) Ta
7,05 % BignNoBIOHO BULL Bi, KOHTPOIHO 3HAYEHHS.

MMicns 3rogoBYBaHHST KOMMIEKCHWUX NiNOCOManbHUX
006aBoK KHypaMm-MnigHMKaM BCTAHOBMEHO 3MiHWM BMICTY
NENKOUUTIB | TPOMBOUMTIB sIK 32 HOpMaribHOI Temnepary-
pu, TaK i 3a yMOB TeMroBoro cTpecy (tabn. 3).

30Kpema, 3a HOpMarbHOI Temnepatypu nicrns 3ro-
OOBYBaHHS KHypaMm BiTamiHiB A, D;, E, i C 3 rniokoHa-
ToM UmHKy (JocnigHa 1) crnoctepiranu TeHOEHUjlo Oo
3HWKEHHSA BMICTY TpoMbouumTiB Ha 2,70 %, NopiBHSHO 3
KOHTporeMm, Ha (OOHI MigBULLEHHS BMICTY NEMKOLMTIB Ha
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18,36 % (P<0,01).

MoaibHi 3MiHM cnocTepirann i nicns 3rogoBYBaHHS
KHypam BiTamiHiB A, Ds, E, C, rntokoHaTy UuHKy Ta 6eta-
iHy (QocnigHa 2) — 36inblUEeHHS BMICTY NEAKOLMTIB Ha
15,89 % (P<0,001) 3 ogHO4acHOI TEHOEHLE A0 3HU-
YKEHHs1 BMiCTy TpombouuTis Ha 1,78 %.

[Mig BNNMBOM TEMMOBOIO CTPECY KiMNbKICTh NENKOLMTIB
Y KPOBi KHYPIiB-MMigHWKIB 3HM3unacs Ha 15,75 %, xova Ui
AaHi HeBiporigHi, HaTOMICTb BMICT TPOMOOUUTIB 3MeH-
wwuees mvwe Ha 1,20 %. licna 3rogoByBaHHS kKHypam
BiTamiHiB A, D, E, i C 3 rmiokoHaTom umHky (OocnigHa
1) y nepiog BNAuBY TENSIOBOMO CTPECY BMICT NENKOLMTIB
3pic Ha 22,93 % (P<0,01) 3a ogHo4YacHOro 36inbLUEHHS
KinbKocTi TpomBouuTie nuwe Ha 7,81 %.

AHarnoriyHo, 3rogoByBaHHA KHypam-nnigHukam BiTa-
MiHiB A, D3, E, C, rmiokoHaTy UmMHKy Ta 6etainy (Jocnia-
Ha 2) NpPM3BENO OO0 3POCTaHHS KiNbKOCTI NENKOUMTIB Ha
34,63 % (P<0,01) Ha Tni He3HaYHOTO 3BiNbLUEHHSI BMICTY
TpombBouuTiB Ha 6,69 %.

O6roBopeHHA

TennoBui CTpec € OQHWM i3 HaMBaXXMBILLMX (HaKTo-
piB, SIKUIA CEPO3HO BNNMBae Ha A0OpoOyT TBApWH Ta eKo-
HOMiYHI BUrOaM TBAPMHHULITBA. TENNOBMWIA CTPEC BUHUKAE
yepes avcbanaHc y MexaHiami HagxomKeHHs1 Ta BTpaTtu
Tenna [25]. CTpec y TBapuH CMPUYMHSE Kackad Pi3Kunx
3MiH y BionoriyHMX yHKLISX, cepen SKUX — 3HUKEHHS
CMOXMBAHHSA CyXOl PEeYOBUHY, €OEKTUBHICTb KOPMY Ans
POCTY, NOpyLUEHHA MeTaboniamy Boau, Oinky, eHeprii Ta
MiHepanbHoro 6anaHcy [26, 27]. Lie Takoxx NpoBOKyeE 3Mmi-
HY FOPMOHaIbHOI cekpeLlii, epMEHTaTUBHUX PEAKLi i
MeTaboniTiB kpoBi [15]. Taki 3MiHK NpU3BOAATL 4O MOrip-
LLEHHS poCTy, BUpOoBHMLTBa Ta BiaTBOpPeHHS. Ce30HHI Ta
€KOmnoriYHi 3MiH/N MOXYTb BMNIMBaTU Ha NMOKA3HWKM KPOBI
xygo6w [14].

Ce30HHWI CTpec y TBAapUH MOXHA nepeadaynTy 3a 4o-
MOMOTO0 TEMMEePaTYPHO-BOIONCHOrO iHAeKcy [2]. Y Hawlo-
My eKCrepyMeEHTi Byrno CTBOPEHO YMOBMW NMOMIPHOTO TEMN0o-
BOro cTpecy (Temnepatypa 25-28°C, sonoricte 80-88 %).
Ockinbku dpisionoriyHa piBHOBara MigTPUMYETLCS KPOB'HO,
TO KOXHa 3MiHa, sika BinOyBaeTbLCA B OpraHiami TBapyH,
BiOOpaXXaeTbCA B MOKasHMKax KpoBi [9]. Y 3B's3Ky 3 uyM,
MW aKLEeHTyBanu CBOI AOCNIMKEHHS HA BUBYEHHS 3MiH re-
MaTomMOriYHNX MOKa3HWKIB Mg, BNIMBOM TEMMOBOMO CTPECY.

3MiHM MOKA3HWKIB KPOBi € BaXKINMBUMM MOKA3HWMKaMU
(hi3ionoriYHOro cTaHy TBapuHW. 3aranbHuiA aHani3 KpoBi
€ BaXMBMM AiarHOCTUYHMM iIHCTPYMEHTOM A1 MOHITO-
pVHry Bignosigi Ta AudbepeHuianbHOI giarHocTuku. [o-
6pe BigoMO, LLIO Taki 3MiHHi, Sk nopopaa, duisionoriyHa cra-
Jis1, BiK, penpoayKTBHa CTafisl, a TakoX YMOBW JOBKINMA
Ta nopa poKy BMMBalOTb Ha isnko-GioximivHi napame-
Tpu. B okpemmx ekcnepumeHTax napaMmeTpu Kposi bynu
BUKOPUCTaHi Ans COPTYBaHHS OOMEXeHb NPOayKTUBHOC-
Ti M'siCHOI Xyoowm [17].

Y Hawux [JOCHiMKEHHSX BCTaHOBMEHO BiporigHe
(P<0,05-0,001) 3HWXEHHs1 BMICTY €pUTPOLUTIB, reMOrmo-
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BiHy Ta remaToKpuTy B KHypIiB-MNIAHWKIB Nia Aieto TeNnoBo-
ro ctpecy. INMogibHi pesynsrat otpumanu L. Gutierrez-De
La R. 3i cnigasrt. [17] i S. Casella 3i cnisaBT. [9], siki BCTa-
HOBWIMN 3HAYHE 3HWKEHHS KiNbKOCTi epUTPOLIMTIB Y KOpIB
i3 CynyTHIMW 3Ha4YHUMK 3MiHaMK remornobiHy Ta remaro-
KpuTy Bnponoex nita. K. Singh 3i cnisaeT. [34] Takox nig-
TBEPOWIWN 3HKEHHS KiNbKOCTI epuTpoumTiB Y OBeLb nia
Yyac TEensoBoro CTPecy i 4OBENN, WO BMICT epuUTpoLMTIB
3HWXKYETLCA Y TBAPWH, SIKi MOraHO aanToBaHi [0 XONoA4Yy,
ane nigBuLLYOTLCA Y BUCOKoaaanToBaHmx [18]. BogHo4ac
C. T. Shibu 3i cnieasr. [32] noBigOMMNM NPO 3HAYHO HYHKUWIA
remMornobiH nig Yac criekn MopiBHAHO 3 XOrOQHOK TeMre-
paTypoto, a iHLLi JOCNiAHWKM BRITKY CriocTepirany CyTTeBo
BULLIMI piBeHb reMornobiHy y BEMWKOI poraToi Xynobu, Hbx
B3NMKy [22, 24].

OkpeMi aBTOpUM 3BEPTAIOTh YBary Ha BaXKNUBICTb epu-
TPOUMTapHMX iHOEKCIB B iHTepnpeTaujii aHanisiB Mmetabo-
niYHoro Npodpinto BeNMKoi poratoi xynobu [21]. Y Hawwomy
eKCrnepuMeHTi Mig BrifvBOM TEMroBOro CTpecy BiporigHo
(P<0,05-0,01) 3Hu3MNUCs epuTpoLMTapHi iHOEKCUM Kpo-
Bi KHypiB: cepegHii o6'em eputpoumnta (MCV) i cepeaHin
BMiCT remorrnofiHy B eputpouuti (MCH) 3a HesHayHoro
3HWKEHHSA CepenHbOi KOHLEHTpaLji remornobiHy B ogHOMY
eputpouuti (MCHC) Ha 2,04 %.

[na HiBenoBaHHS Ajl TENMOBOMO CTPeCy Ha KHypiB-
NMigHWKIB MW 3anporoHyBanM ABi KOpMoBi A06aBku y
chopMi ninocomarnsHoi eMynbcii, 40 cknagy sSKUX BXoOsTb
BiTamiHn A, D;, E, C, mtokoHaT UHKy Ta 6etaiH. Jlinoco-
MarnbHa emyrbcisi 3abesnedye MNponoHroBaHUA edoexT,
3axuLLae ajtodi pevoBMHM Mg, Yac NPOXOMKEHHST iX Yepes
TPaBHWIN TPaKT BUKOPUCTaAHHSIM NELMTUHY Ta TBiHY. Bkasa-
Hi BiTaMiHW MatoTb aHTMOKCUOAHTHI BracTMBOCTI [1, 4, 6],
aKTMBI3yHO4M Y KOMMIEKCi OOMIHHI MpoLiecy Ta NMoKpaLLyto-
4m penpoaykTueHy doyHkujto camuis [12, 31]. Ponb LinHky
Y penpoayKTU1BHiIN (oyHKLLT CamLLiB TEX LLIMPOKO BUCBITIEHA
y nitepartypi [3, 10]: BCTaHOBMNEHa MOro NO3WUTMBHA Ais Ha
CUHTE3 TECTOCTEPOHY, CTAaTEBY AKTUBHICTb Ta SIKICHI MOKa3-
HUKN criepMun. AHTUCTPECOBI Ta OCMOMPOTEKTOPHI Bnac-
TMBOCTI BeTaiHy 6asyloTbCa Ha TOMY, LLO SK NMPUPOOHWIA
[OOHOP METUIY BiH MOXe 3HKYBaTU PiBEHb TOMOLIMCTETHY
B KPOBI, MOCUIIOBATN aHTUOKCUOAHTHY aKTUBHICTb i 3HIDKY-
BaTW okeuaaTmeHUM cTpec [20].

AHani3 pesynbsrartis NpoBeaeHnX JocrnigpkeHb niaTeep-
OVIB MO3UTVBHY [il0 3roAOBYBaHHS KHypaM-MiigHMKam
000X koMnnekcHnx Jobaeok 3 BitamiHamu A, Ds, E, C, rmto-
KOHaTOM LMHKY Ta 6eTaiHOM Mg Yac TENMOBOro CTPECy Ha
remMarororiyHi Moka3HVKL. 3okpema, BCTaHOBIEHO BipOrig-
He (P<0,05-0,01) 3pocTaHHsi BMICTYy €pUTPOLIMTIB, NEVKO-
uMTiB | reMOrToBiHy, reMaToKpUTY, EpUTPOLIMTAPHUX iIHOEK-
ciB MCV, MCH 1a MCHC Ha Tni He3Ha4HOro 36irbLUeHHsI
KinbkocTi TpombouuTiB. Lle moxe caigunty Npo HopMmaniaa-
Lijto MeTaboniyHMX NMPOoLIECIB Ta iHTEHCUADIKALLIFO 3aXMCHMX
CUN B OpraHi3mi KHypiB-nniaHuKiB.

Taknm 4mMHOM, 3acToCyBaHHsI BiTamiHiB A, D;, E Ta C
y NOEOHaHHI 3 MIOKOHATOM LMHKY Ta 6etaiHoM y chopmi
ninocomarnkeHOi emyrbCii Hopmarnisye B KHypiB reMartoso-
rYHi MOKa3HWKW, 3HWKEHI i€t TEennoBoro CTpecy, Wo B
MigCYMKy MOXe NMOKpaLLmMTV MeTaboniyHi Ta penpoayKTuB-
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Hi NOKa3HVKM MNigHWUKIB; OOHaK ue notpebye noaaTkoBmx
JOCIiMKEHb.

OToX, 3a Aii TennoBoro CTpecy BiPOraHO 3HWKYHOTb-
CS1 reMaTororiyHi MOKa3HUKN B KHYPIB: BMICT epuUTpOLIMTIB
— Ha 13,62 % (P<0,01), BmicT remornobiHy — Ha 9,87 %
(P<0,05), rematokput — Ha 9,76 % (P<0,001), MCV — Ha
14,20 % (P<0,05), MCHC — Ha 19,58 % (P<0,01), nopie-
HSIHO 3 NepiogoM HOPMarbHUX TeMnepaTyp i BONOroCTi.

3rogoByBaHHs kHypam BiTamiHiB A, D;, E, i C 3 mio-
KOHAaTtoM LIMHKY 32 YMOB TEMSIOBOrO CTPECY CrpUHMHM-
no 36inblUEHHs BMICTY epuTpoumTiB Yy kposi Ha 11,41 %
(P<0,01), remornobiHy — Ha 12,73 % (P<0,01), remato-
kpuTy — Ha 11,63 % (P<0,01), eputpoumTapHux iHOEKCIB
MCV 1a MCH — Ha 16,84 % (P<0,05) i 20,82 % (P<0,01)
BIgMOBIQHO, BMICT nenkoumTiB — Ha 22,93 % (P<0,01), no-
PIBHSIHO 3 KOHTPOMEM.

3rogoByBaHHs! KHypam-MrigHukam BitamiHiB A, Ds, E, C,
ITIIOKOHATY LMHKY Ta 6eTaiHy B yMoBax TEMNMOBOTO CTPecy
NpPM3BEO A0 NiABMLLIEHHSI BMICTY €PUTPOLMTIB, reMornobi-
Hy Ta rematokpuTy Ha 13,26 % (P<0,01), 13,93 % (P<0,01)
Ta 9,59 % (P<0,01) BigroBigHO, NOPIBHSHO 3 KOHTPOMNEM, 3
0OOHOYaCHUM 3pOCTaHHAM epuTpoumTapHmX iHaekcis MCV,
MCH 1a MCHC Ha 14,49 % (P<0,05), 18,23 % (P<0,05) i
7,05 % BignoBiOHO, a TakoX 36iMbLUEHHSIM KirbKOCTi Neit-
koumTiB Ha 34,63 % (P<0,01) Ta TpombouuTie Ha 6,69 %.

3rogoByBaHHA kHypaM 0BOX KOMMIEKCHMX KOPMOBWX
006aBoK 3a YMOB HOPMaribHUX TeMMNepPaTypPHO-BOMOMCHMX
YMOB CMPUYMHANO HeBiporigHe 36inbLUeHHs yCixX Aocri-
PKYBaHUX remMaTornoriYHMX NoKasHUKIB.

Moganblwi  gocnimkeHHs OyayTb CKepoBaHi  Ha
3'9CyBaHHS1 BMNBY 3rof0BYBaHHs1 KOMIMIEKCHNX KOPMOBUX
006aBoK KHypaM-MrigHMKam B yMOBax TEMNOBOroO CTPecy
Ha BioxiMi4Hi NpoLecK B opraHiaMi Ta criepmisix.
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Hematological parameters of boars fed with complex feed additives under heat stress conditions

1. T. Ivanytskyi, M. M. Sharan
ivanickijivan285@gmail.com

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

The aim of the work was to determine the effect of feeding complex feed additives on hematological indicators of boars under
conditions of heat stress and normal temperature. The experiment was conducted on nine clinically healthy breeding boars aged 2—4
years of the Landrace, Piétrain and Maxter breeds. Two series of experiments lasting 90 days were conducted with the similar study
of animals, material selection and analysis: under normal thermal conditions (<23°C) and under conditions of heat stress (25-30°C).
In the first series (Experimental group 1), all boars were individually given a feed additive in the form of a liposomal emulsion,
which contained vitamins A, D3, E, and C with zinc gluconate in a dose of 2 ml, for 30 days. In the second series of experiments
(Experimental group 2), all boars were individually given a feed additive in the form of a liposomal emulsion, which contained vitamins
A, D3, E, C, zinc gluconate and betaine in a dose of 20 ml, for 30 days. Heat stress was simulated by creating conditions of elevated
temperature (25-30°C) and humidity (70-80%) 3 hours daily for 7 days by insulating the cages with polyethylene film. Temperature
and humidity were monitored with a thermohygrometer with average values determined at each stage. At the end of each stage of
the experiment, blood samples were taken from all experimental boars and hematological parameters (erythrocytes, hemoglobin,
hematocrit, erythrocyte indices, platelet and leukocyte content) were determined. It has been found that under the influence of heat
stress in boars, hematological indicators significantly (P<0.05-0.001) decrease: the content of erythrocytes, hemoglobin, hematocrit,
MCV, MCHC with a slight decrease in the content of leukocytes and platelets compared to the period of normal temperature
conditions. Feeding boars vitamins A, D3, E, and C with zinc gluconate under heat stress conditions caused a significant (P<0.05—
0.01) increase in the content of erythrocytes, leukocytes, hemoglobin, hematocrit, erythrocyte indices MCV and MCH, compared to
the control. Similarly, feeding boars with vitamins A, D3, E, C, zinc gluconate and betaine under heat stress conditions resulted in
a significant (P<0.01) increase in the content of erythrocytes, leukocytes, hemoglobin and hematocrit with a simultaneous increase
in the erythrocyte indices MCV, MCH (P<0.05) and MCHC. At the same time, feeding boars with both complex feed additives under
normal temperature and humidity conditions caused a slight increase in all studied hematological parameters.

Key words: boar, heat stress, liposomal feed additive, hematological parameters
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The goal of the research was to determine the effect of the
complex use of symbiotic and disinfectant on immunological in-
dicators in broiler chickens. The research was carried out on
ROSS-308 cross broiler chickens. Chickens 1-41 days old (2
groups of 100 chickens) were kept in standard production prem-
ises with free access to feed and water, observing the techno-
logical parameters of cultivation. The chickens of the research
group, in addition to the standard diet, were fed the synbiotic
“Biomagn” (0.5 kg/t compound feed) according to the scheme
and throughout the experiment they drank the drug “Diolaid”
with water (1 mg/l). Blood for immunological studies was col-
lected on 10—27-34—41 days. The study was conducted without
violating the guidelines of the EU Directive 2010/63/EU on the
protection of animals used for scientific purposes. Complex ap-
plication of the proposed synbiotic and disinfectant to chickens
contributed to an increase in the level of immunological reactiv-
ity, as indicated by higher (P<0.05-0.01) bactericidal and lyso-
zyme activity of blood serum and phagocytic activity of blood
pseudoeosinophils of chickens compared to the control, an
optimizing effect on the level of circulating immune complexes.
So, the results of the research indicate the additive effect of the
synbiotic drug “Biomagn” and the disinfectant “Diolide” on the
functioning of the mechanisms of natural protection of broiler
chickens during their growing period. This effect is due to the
complex normalizing effect of the applied agents.

Key words: broiler chickens, symbiotic, chlorine dioxide,
bactericidal, lysozyme and phagocytic activity

Introduction

Natural (or nonspecific) resistance of animal’s or-
ganism and poultry is associated with immune system
development and environmental factors: feeding, envi-
ronmental, man-made. Deterioration of the ecological
situation, increase in the number and influence forces
of stress factors, including anthropogenic factors, have
a negative influence on the health of poultry. All this
contributes to the suppression of natural resistance,

The Animal Biology, 2025, vol. 27, no. 1

reduced immune potential and productive qualities of
poultry, as a result of which the organism is unable to
produce the required number of immunocompetent
cells and antibodies to form a full immune response
[16, 18, 22, 29].

Moreover, presence of critical physiological periods
and uncontrolled use of antibiotics, sulfonamides prepa-
rations, coccidiostats and carrying out numerous vaccina-
tions leads to antibiotic resistance, immunodeficiency and
death of poultry [5, 12, 23, 25].
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Aiming to normalize the intestinal microflora, increase
the immune potential and viability of poultry in Ukraine
and abroad began to use probiotics and prebiotics.

Microbial preparations from associations of non-patho-
genic bacteria demonstrate a positive influence on pro-
ductivity and natural resistance of the organism. Litera-
ture data analysis demonstrates number of advantages
of probiotics and prebiotics using over existing the effect
of applied vitamin and antibiotic preparations [11, 20, 21].
Combined preparations from probiotics and prebiotics are
called synbiotics [4, 5, 13, 16].

Biomagn is synbiotic preparation consisting of a com-
plex: magnesium chloride, chitosan, and probiotic bacte-
ria cultures of the following species: Bacillus subtilis, B. li-
cheniformis, Enterococcus faecium and dried products
of fermentation of microorganisms Lactococcus lactis,
B. subtilis, B. licheniformis and other substances [7]. It
shows antagonistic activity to different pathogenic bacte-
ria and fungi.

Despite a long period of research and impressive re-
sults, the “probiotic concept” still remains hypothetical.
And first of all because the mechanisms by which probi-
otic strains of bacteria exhibit their protective properties
in vivo is not deeply studied. For today, the influence of
probiotic preparations on the activity of protective sys-
tems of the poultry’s organism has not been sufficiently
studied. First of all, elucidation requires research of the
influence of synbiotic preparations on the state of natural
defense mechanisms in chickens in critical periods of
their rearing [16, 23].

Currently the quality and safety of drinking water is
especially relevant in the case of getting them from dif-
ferent water supply systems with high levels of chemical
and biological pollution [1, 9, 10, 15]. The main reason for
the low quality of drinking water from surface and ground-
water sources in poultry farms is their unsatisfactory con-
dition due to untimely replacement of filters, cleaning of
pipelines and their rehabilitation. Scientists have accumu-
lated extensive experience in the processing of water with
chlorine dioxide at various stages of the technological pro-
cess. Compared to chlorine, chlorine dioxide is character-
ized by lower doses and a higher rate of interaction with
water components, such as 0.1-2.0 mg/L at a exposure
of 30 min contact for complete disinfection. Dosages of
0.2-0.4 mg/L are effective bactericidal concentrations at
which residual concentrations of chlorite are safe, prevent
unpleasant odors and tastes in water [2, 9, 17, 24, 31].

At the post-disinfection stage, chlorine dioxide has a
double action: bactericidal and virucidal effects as chlorine
dioxide; bactericidal effects in chlorite ion form. As a bac-
tericidal agent, chlorine dioxide can remain active in water
for at least 48 hours, i.e. it has a prolonged action [3, 27].

That is why we performed study of the influence of
“Biomagn” synbiotic preparation in combination with an
aqueous solution of disinfectant “Diolide” on the indica-
tors of cellular and humoral links of nonspecific resistance
in broiler chickens during their rearing have high applied
importance.

42

The purpose of the research was to determine the
influence of the synbiotic preparation “Biomagn” in com-
bination with an aqueous solution of the disinfectant “Di-
olide” on the activity of natural defense mechanisms in
broiler chickens during the period of their rearing.

Materials and Methods

The research was performed in one of the farms of
Lviv region on broiler chickens of ROSS-308 cross, 1-41
days after hatching. The study was conducted without
violating the guidelines of the EU Directive 2010/63/EU
on the protection of animals used for scientific purposes.
Chickens were maintained in poultry houses with free
access to feed-stuff and water, technological parameters
of broiler breeding (temperature and light regime) under
norms of ONTP-2005.

Two groups of broiler chickens were created for re-
search: control and experimental groups, 100 heads in
each. The control group of poultry received the standard
compound feed-stuff (SCF) according to the existing
norms recommended for ROSS-308 cross. The experi-
mental chickens were similarly fed SCF and “Biomagn”
synbiotic preparation at the rate of 0.5 kg per ton of com-
bined feed. This preparation was used by such scheme:
the first time at one day of age — seven days in a row, the
next task — at 22 days of age, seven days in a row.

The preparation “Biomagn” represents probiotic bac-
teria mixture, involving the following species: Bacillus
subtilis, B. licheniformis, B. coagulans, Enterococcus fae-
cium and dried fermentation products of microorganisms:
Lactococcus lactis, B. subtilis, B. licheniformis, as well
as chitosan, magnesium chloride, xylanase, cellulase,
protease, milk thistle meal, acidity regulator, betaine and
emulsifier.

Along with this, the experimental group of poultry was
supplied by water a solution of the preparation “Diolide”
[7] where the main active substances: sodium chlorite
and sodium chloride. For disinfection of drinking water,
the preparation “Diolide” was used at a dose of 1.0 mg/L
of chlorine dioxide. Diolide was added through the medi-
ators. Pre-mother liquor is diluted to a concentration that
allows it to be presented by the medicator in accordance
with its technical characteristics. This preparation was
developed in the State Research Institute for Laboratory
Diagnostics and Veterinary Sanitary Expertise.

To carry out the immunological testing was performed
on chicken of different ages: 10-; 27-; 34- and 41-days
after hatching.

Phagocytosis was determined in heparin-stabilized
blood. The phagocytic reaction of pseudoeosinophils in
the blood was evaluated using a daily culture of Esch-
erichia coli strain VKM-125 by phagocytic activity (FA),
phagocytic index (FI) and phagocytic number (PN) by the
method described in the reference book [2].The content
of circulating immune complexes (CIC) — by their precip-
itation with polyethylene glycol, lysozyme activity (LASK)
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using Micrococcus lysodeicticus strain VKM-109, bacte-
ricidal activity (BASK) with the use of daily culture of E.
coli strain VKM-125 were determined in the blood serum,
according to these methods, which are described in the
reference book [2].

Also, quality and safety of drinking water was tested
by microbiological indicators. Samples of drinking water
before and after disinfection of the water supply system
were taken for the research. The study was carried out
using microbiological research methods according to the
orders and methodological recommendations of the Min-
istry of Health of Ukraine [32]. From 2 different dilutions of
the test sample in the amount of 1 ml was made in 2 bac-
teriological cups and poured 15 ml of molten and cooled
to 45°C MPA, the samples were cultured at temperature
37°C. The total number of microorganisms in 1 ml was
determined by the method of colonies counting that grew
from each dilution, multiplied the number of colonies by
the degree of dilution and summed their number [26].

The experimental study was carried out under rec-
ommendations of “General Ethical Principles of Animal
Experiments”, approved by the National Congress on
Bioethics (Kyiv, 2001) and agreed with the provisions of
the European Convention for the Protection of Vertebrate
Animals (Strasbourg, 1985).

Digital data were processed by biometric method of
variational nonparametric analysis using Microsoft Excel
spreadsheet package Microsoit Office Professional XP
and Origin 6.1 program. The differences between values
were considered statistically significant. P<0.05; P<0.01
and P<0.001.

The free software Jamovi 2.3.28 (jamovi.org) was
used for statistical processing. The Shapiro-Wilk test was
applied to check the normality of the distribution, and the
Levene’s test was used to assess the equality of varianc-
es. In the case of normal distribution and equal variances,
the Student’s t-test was used to determine statistically sig-
nificant differences between groups.

Results and Discussion

The key principle of evaluation the immune status
of poultry involves the quantitative characterization of
the functional activity of non-specific resistance factors.

Analysed the data in the compared groups met the
criteria of normality of distribution (according to Shap-
iro-Wilk algorithm) and homogeneity of variances (ac-
cording to Levene’s test). The probability of difference
was estimated by Student’s t-test. As we can observe
from the data in table 1, the tested indicators of the
humoral link of nonspecific resistance in broilers of the
control group are increased. At the same time, these
changes were more pronounced in chickens when
studying the content of circulating immune complexes.
Thus, in 34 days chicken the content of the CIC was
one and a half times higher than in 10days. These data
indicate an increase in the antigenic load on the organ-
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ism of chickens during this period, which may be due to
a number of negative factors.

The “Biomagn” synbiotic preparation in combination
with an aqueous solution of “Diolide” preparation caused
an activating influence on the mechanisms of non-spe-
cific protection of the organism of broilers. It is known that
the state of natural resistance of the organism fully char-
acterizes the bactericidal activity of blood serum, which
is an integral indicator of the humoral link of nonspecific
resistance of the organism and is the ability to inhibit the
growth of microorganisms. From the data shown in table
1 we see that the use of the studied preparations caused
an increase in BASK in chickens of the experimental
group compared with the control, especially at 16 days
of age, where the differences were significant. Here with
the lysozyme activity of serum in experimental group at
27%; 34h and 41* days after hatching was respectively
5.6 (P<0.01); 5.0 (P<0.05) and 6.6% (P<0.05) is higher
in comparison with control group. These data indicate
the activating effect of the tested preparations on humor-
al resistance markers in poultry.

Instead, the action of “Biomagn” in combination with
“Diolide” solution in working concentration revealed a
decrease in the level of circulating immune complex-
es in the serum of broiler chickens of the experimental
group relative to the control (table 1). In particular, on
the 10t and 27™ day the content of CIC in the blood of
broilers of the experimental group tended to increase,
and at 34" and 41t days of age was 1.3 (P<0.001) and
1.27 times, respectively (P<0.01) is smaller than in the
control group. Thus, the results of these investigations
indicate the optimizing influence of the studied prepa-
rations on the level of circulating immune complexes
in the serum of broiler chickens. It is known that sig-
nificant and long-term circulation of CIC content in the
organism can lead to organ pathology.

Phagocytes are the main active components of the
cellular component of natural defense, starting from
the embryonic period of development. They form the
first line of defense of the cellular component of the
organism’s natural or nonspecific resistance. From
the data shown in table 2 we can see, that synbiotic
preparation application in combination with the disin-
fectant “Diolide” significantly affected the state of the
cell unit of nonspecific resistance in broilers. In particu-
lar, phagocytic activity, which characterizes the level of
pseudoeosinophils in peripheral blood at 27t%; 34" and
41% days after hatching was higher (P<0.01-0.001)
than in control group of chicken.

Also, the direct coordination was found between
phagocytic activity and phagocytic number, and espe-
cially the phagocytic index in the blood of experimen-
tal group of broilers. In all periods of the investigation,
the phagocytic index in experimental group was higher
(P<0.05-0.001) than in the control group. It indicates
the stimulating influence of the components of the in-
vestigated preparation on the activity of the cellular link
of the natural defense mechanisms of the poultry.
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Table 1. Nonspecific resistance humoral factors in broiler chicken under the action of the studied preparations (M+m; n=7)

Research period (age of poultry), day

Indicators Groups 10t o7 A 4o

BASK, % C 38.04+0.56 39.61+0.30 39.22+0.42 40.01+£0.56
= 40.87+0.52** 41.29+0.56 41.48+1.27 42.17+1.25

LASK, % c 17.4+2.27 19.2+0.66 22.6%0.75 21.29+1.57
E 20.29+1.32 24.8+1.16** 27.57+1.45* 27.8+1.77*

cIC. mmolll @ 38.0+2.86 42.2+2.96 55.2+2.83 54.8+2.15
’ E 43.14+2.56 45.14+2.16 42.4+1.13*** 43.0+1.38**

Note. Here and further * — P<0.05, ** — P<0.01, *** — P<0.001 compared to the control group of chicken using Student’s t-test.

Table 2. Phagocytosis and pseudoeosinophils’ level markers in broiler chicken peripheral blood under the action of the tested preparations (M+m; n=7)

Research periods, day

Indicators Groups 10t o7 34m 410
Phagocytic activity, % o 31.6+0.81 32.0+0.83 33.4+0,51 33.80+0.37
E 35.0+0.58 36.2+0.58* 37.5+0.50*** 38.0+0.31***
e fes 0l C 4.55+0.08 4.69+0.10 4.67+0.12 4.89+0.04
’ E 5.14+0.04*** 5.26+0.05** 5.33+£0.03*** 5.76+0.27*
e C 14.45+0.50 14.69+0.49 13.99+0.21 14.47+0.20
' E 14.62+0.26 14.55+0.26 14.19+0.21 15.15+0.62

Table 3. “Diolide” effect for the water supply system treatment

Concentration of working solution (for
chlorine dioxide):

Consumption of mother liquor
(ml) Diolide for the production

Before disinfection number After disinfection number

Percentage of the of working solution in the CFU/cm?® CFU/cm?® (norm <20 CFU/cm?)
mg/L preparation % amount of: 100 liters
1.0 0.0004 20.0 56 0

Other results of this experiment demonstrated pres-
ence of mesophilic, aerobic and facultative anaerobic
microorganisms in the amount of 56 CFU/cm? (at less
than 20 CFU/cm?), does not correspond to sanitary and
hygienic norms and rules (table 3) in the drinking water
for poultry.

The use of disinfectant “Diolide” allowed to normal-
ize bacteriological parameters of water.

These data, on the one hand, indicate the possible
contamination of tested water with opportunistic patho-
gens for use from decentralized water supply. On the
other hand — the effectiveness of tested disinfectant to
normalize the bacterial microflora of water was demon-
strated. It should be noted that opportunistic pathogens
in large quantities can cause disease in humans, ani-
mals and poultry.

This is also indicated by the results obtained by
[26] and [32], who noted that opportunistic pathogens
in large scales in decentralized water supply can be
a reason of disease cases in humans, and animals
(including poultry). However, [24] and other scientists
recommend chlorine dioxide use for the improvement
of disinfectant effectiveness, which has also been con-
firmed by other scientists. After disinfection of the water
supply system in the samples of the investigated water,
no growth of bacterial microflora was detected, which
corresponds to DSTU 7525:2014 “Requirements and
methods of quality control of drinking water’. These
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data are also consistent with the results of research
[6] conducted on laboratory animals, which indicates
the safety of chlorine dioxide in the water supply sys-
tem. The influence of chlorine dioxide on water quality
is also noted by scientists [27]. At the same time, they
pay attention to filters for water purification, because
without control over the use of disinfectants, they can
serve as a source of microorganisms, which is also
consistent with our previous work [9, 17, 26].

Thus, the results of the research indicate a posi-
tive influence of the synbiotic “Biomagn” together with
an aqueous solution of the preparation “Diolide” on the
activity of natural defense mechanisms in broiler chick-
ens during the period of their rearing. This influence is
due to the complex additive action of factors containing
the studied preparations. In particular, the active basis
of the preparation “Biomagn” is a multicomponent sym-
biosis of probiotic strains, designed taking into account
the synergistic complement of the unique properties of
each of them, namely: antagonistic activity against a
wide range of pathogenic and opportunistic microor-
ganisms [11]. Thus, as noted [30], representatives of
the genus Bacillus, containing the investigated prepa-
ration, having a clear antagonism against pathogenic
microorganisms, produce a number of enzymes: xy-
lanase, protease, cellulose which improve cleavage in
the gastrointestinal tract (GIT) of arabinoxylans (pen-
tosans) and starch into oligosaccharides and partially
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into mono- and trisaccharides, and reduce the viscosity
of food in the digestive tract [28, 30]. In this case, the
investigated symbiotic preparation contains the prod-
ucts of metabolism of the above miroorganisms, and
especially the genus Bacillus, providing the synthesis
of various amino acids and antibiotics [14, 19].

At the same time, the synbiotic preparation contains
the products of metabolism of the above microorgan-
isms — enzymes: xylanase, protease, cellulase, which
improve the breakdown in the gastrointestinal tract
(GIT) of arabinoxylans (pentosans) and starch into oli-
gosaccharides and partly on mono-, di- and trisaccha-
rides, and reduce the viscosity of food in the digestive
tract. Proteases (alkaline and acidic) improve the ab-
sorption of the protein they break down into peptides.
It should be noted that the yeast cell wall contained
in the preparation contains mannanol oligosaccha-
rides (MOS), which are bound to bacterial receptors by
mannose residues they are not destroyed by digestive
enzymes and are firmly held on the surface of patho-
genic bacteria. Pathogenic bacteria with blocked re-
ceptors cannot attach to the surface of epithelial cells
and pass through the gastrointestinal tract. At the same
time, MOS exhibits prebiotic properties and strength-
ens the non-specific protection of animals and poultry,
improves their intestinal microflora which is confirmed
in the works of many authors [11, 23, 28].

The multidirectional influence of probiotic prepara-
tions from aerobic bacilli may be due to bacterial trans-
location. This phenomenon, which was discovered
only at the end of the last century, is the penetration of
viable bacteria from the gastrointestinal tract through
the blood into the internal organs. Translocation of
representatives of the normal microflora and bacterial
components of probiotics is a natural defense mecha-
nism, one of the important factors in the activation of
nonspecific resistance of the microorganism [13].

The preparation “Biomagn” has pronounced sorp-
tion properties due to the high content of aluminosili-
cates, which allows you to effectively sorb mycotoxins
or other toxins from food. Another component of the
preparation, milk thistle flour, which contains the active
substance — silymarin, which has hepatoprotective
and antioxidant properties. Along with this there is a
stimulation of mucin synthesis and strengthening of the
intestinal mucosal protective barrier and supply micro-
biota stability in the intestinal tract.

The tested synbiotic preparation contains magne-
sium chloride. As noted by [28], magnesium ions are
known to simultaneously activate natural resistance in
chicken by participating in process of immune response
as a cofactor in Ig synthesis, antibody-dependent cy-
tolysis, lymphocyte binding to Ig M, macrophage re-
sponses to lymphokines. Magnesium is involved in the
formation of adhesion molecules, in the interaction of
phagocytes and the object of phagocytosis, is part of
the properdin system. In the presence of Mg?*ions, a
C3b complex with factor B is formed. C3b triggers an
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alternative pathway for complement activation. Magne-
sium is also involved in the classical pathway of com-
plement activation, in the formation of the C4b2a com-
plex, which has converting activity against C3 [8, 32].

In general, the mechanism “Biomagn” influence
is based due to the complex action of both probiotic
microorganisms and products of their synthesis and
other substances. The latter are known to be powerful
regulators of immune and antioxidant function of the
organism, and due to the disinfectant “Diolide” is the
neutralization of microorganisms in the water supply
system, which allows to get quality and safe water. This
complex additive action of the investigated factors pro-
vides optimal microbocinosis and acid-base balance,
protects the intestinal mucosa, improves digestion of
nutrients, enhances immune potential, and in particular
natural defense mechanisms, which generally has a
positive influence on the growth and viability of broilers.

Thus, we can note the positive effect of “Biomagn”
synbiotic preparation together with the aqueous solu-
tion of the disinfectant “Diolide” on the activity of natural
protective factors in broiler chickens during their grow-
ing period. This is evidenced by the higher lysozyme
activity of blood serum and phagocytic activity of pseu-
doeosinophils in chickens of the experimental group
compared to the control at 27%; 34" and 44" days after
hatching (P<0.05-0.001). In all periods of research,
the phagocytic index in experimental group was higher
than in the control chicken (P<0.05-0.001).

Under the action of the investigated preparations
in the blood serum of broiler chickens at 16 days af-
ter hatching recorded higher bactericidal activity of
blood serum (P<0.01), while at 34" and 44® days af-
ter hatching revealed a lower content of circulating im-
mune complexes (P<0.01-0.001), which indicates the
activating influence of the investigated preparations on
the activity of the humoral link of nonspecific resistance
and reducing the antigenic load on the organism.
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MigBuLLEHH: 306epeXeHHst KypyaT Ta 3abe3nevyeHHs1 BUCOKOT IHTEHCMBHOCTI iX POCTY Ha BCiX CTafisiX BUPOLLYBAHHS € OHI€0 3
HanbinbLL akTyanbHUX Npobnem NTaxiBHMLTBA. Y 3B'A3KY 3 MM, HaA3BUYANHO BaXUBKMMK € po3pobka i BNPOBa[XXEHHS Y BUPOOHM-
LTBO pi3HMX 3acobiB Ans niaBULLEHHS iIMyHOBIONOriYHOI peakTUBHOCTI Ta XUTTE3AATHOCTI NTMUi. 3HaYHI NepcnekTMBM Y LbOMY Ha-
NpsSIMKY BiAKPUBAOTLCA 38 BUKOPUCTaHHA npe- i npobioTukiB Ta 6e3nevHnx AesiHekuinHux 3acobis. 3 ormsaay Ha ue, akTyanbHUM €
OOCHiIKEHHS KOMMNIEKCHOI Aii CMHGIOTUKa Ta AesiHeKTaHTa Ha (OYHKLIOHYBaHHS NPUPOAHUX MEXaHI3MIB 3aXUCTy KypyaT-6poiinepis
ynNpoAoBX nepioAy ix BUpoLyBaHHS. [JocniakeHHs NpoBOAMNN B OAHOMY i3 rocnodapcTs JIbBiBCbkOT obnacTi Ha KypyaTax-6povinepax
kpocy POCC-308, nounHatoum 3 1- o 41-gobosoro Biky. KypyaTt yTpumyBanu y nTaliHuKax 3 BiMbHUM AOCTYNOM A0 KOPMY i BOAM,
3a TEXHOMOrYHUX NapaMeTpiB BUpOLLyBaHHsi Bpoiinepis (TemnepaTypHuUiA Ta CBITNOBUIA pexum) BignosiaHo go Hopm OHTIM-2005.
[na pocnimxeHb cdopmyBanu 2 rpynu KypyaT-6ponnepiB — KOHTPOIbHY i gocnigHy rpynu, no 100 roniB y koxHii. Bponnepam
KOHTPOMbHOI rpynu 3rogoByBanu ctaHgapTHuin kombikopm (CK) 3rigHo 3 YMHHUMKW HOpMamu, pekoMmeHpgoBaHummn Ansa kpocy POCC-
308. Kypyatam gocnigHoi rpynu aHanoriyHo 3rogosyBanu CK i cuHbioTuuHuiA npenapat «biomarH» i3 po3paxyHky 0,5 Kr Ha TOHHY
KoMbikopMy. BkasaHuii npenapaTt 3acTOCOByBanu 3a CXEMOI: MepLuvin pa3 B 04HOJ000BOMY Bilji — CiM [HIB Mocninb, HacTynHe
3afjaBaHHsA — y 22-no6oBoMy Billi, ciM AgHiB nocninb. Mpenapat «biomarH» — Le cymiw npobioTnyHux Gaktepini Bacillus subtilis,
B. licheniformis, B. coagulans, Enterococcus faecium Ta BUCyLweHMUX NpoayKTiB hepmeHTaLii MikpoopraHiamis Lactococcus lactis,
B. subtilis, B. licheniformis, marHito xnopuay, XiTosaHy ¥ iHWMX peyoBWH Ta emynbratopa. BogHouyac 6povinepam gocnigHoi rpynu
BMPOAOBX BCbOro EKCNEPVMEHTY 3 BOAOIO BUMOKOBANV po34uH npenaparty «[ionanay», e OCHOBHI Aitodi pEYOBUHMN — HATPIO XMOPWT,
HaTpito xnopua, fo3oto 1,0 Mr/n 3a ABookUCOM xropy. [ns npoBeAeHHs! iMyHOMOrYHMX AoCnigKeHb Y KypyaT 6panu KpoB Yy pisHi
BikoBi nepiogu: y 10-, 27-, 34- i 41-po6oBomy BiLji. 3acTocyBaHHs KypyaTam cuHbioTuyHoro npenaparty «biomarH», a Takox gesiHdek-
uinHoro 3acoby «[lionang» NO3MTMBHO BNMBAIO Ha AOCHIAXYBaHi NOKa3HWKW KNITUHHOI | FyMOparnbHOI TaHOK HecneumdiyHoi peaunc-
TeHTHOCTi opraHiamy. [Mpo ue ceigyath Buwwa (P<0,05-0,01) 6GakTeprumaHa i nisouyMHa akTMBHICTb CUPOBATKM KPOBI Ta charoumTapHa
aKTUBHICTb NCEBAOE03MHOMINIB KPOBi y KypyaT AOCNIAHOI rpynu LWodo KOHTPOmbHOI. MNpy LbOMY KOHCTaTOBaHO OMTUMI3yBalbHWN
BMAMB AOCMIAKyBaHUX MpenapaTiB Ha piBeHb LIMPKYIOKYMX IMYHHUX KOMMMeKciB. Pesynbratn npoBeAeHnx AOChiAKeHb CBigYaTh
npo aguTMBHWIA BNMB cMHBiOTMYHOro npenapaty «biomarHy i aesiHdekuinHoro 3acoby «[ionana» Ha yHKUIOHYBaHHS MexaHi3miB
NPUPOJHOro 3axMCTy KypyaT-6polinepis ynpoaoBx nepiody ix BUpOLLyBaHHS. Lie BnnvB 3yMoBNeHUin KOMMIEKCHO HOPMani3yo4oto
Aieto oCniAXYBaHNX YMHHUKIB, LLO MiCTUTb CMHBIOTUYHMI Npenapar i AesiHdeKUiiHniA 3aci6.

Knrouosi cnosa: kypyata-6povinepu, npo- i npebioTuku, Aiokcua Xnopy, NceBAoeo3nHOMINM KpoBi, HecneumdiyHa pe3uCTEHTHICTb
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Intensive farming technologies are developed primarily to
maximise economic benefits. At the same time, productive an-
imals are often exposed to many stress factors and excessive
physiological stress, which subsequently leads to a deterioration
in animal welfare, health and, ultimately, a decrease in produc-
tive performance. Oxidative stress is one of the most common
negative processes that occur in the animal body in the result
of various factors, namely, a violation of the pro- and antioxidant
balance. This does not occur on its own, but is mainly an ac-
companying process under the influence of various nature stress
factors, such as toxins, temperatures, critical physiological peri-
ods, infectious pathologies, excessive, unbalanced or insufficient
feeding, etc. This article elucidates the results of the feed additive
“Activo” effect studies, that contains secondary plant components
of oregano and chilli pepper essential oils on the quantitative con-
tent of lipid peroxidation products and the activity of antioxidant
defence systems in sows and piglets obtained from them. The
study was carried out in the conditions of the industrial complex
Barkom LLC, Lviv region. Based on the principle of analogues,
two groups of Large White breed gestating sows were formed,
10 animals per group — control and experimental. For the ex-
perimental group, the feed additive “Activo” was additionally in-
troduced into the diet in the amount of 0.1 kg/t of finished feed.
The content of lipid hydroperoxides and TBA-active products,
glutathione peroxidase and superoxide dismutase activity were
determined in the blood of sows and their progeny. The results
of our studies showed that the use of the feed additive “Activo”
for sows and piglets obtained from them is helpful to reduce the
negative effects of oxidative stress, which has a negative effect
on both sows and their offspring.

Key words: sows, piglets, feed additive “Activo”, essen-
tial oils, oxidative stress, superoxide dismutase, glutathione
peroxidase, TBA-active products, lipid hydroperoxides

Introduction

time. Such approaches are primarily driven by economic
efficiency, which is the goal of the vast majority of produc-

Modern livestock farming techn0|ogies, and p|g farm- ers. At the same time, they often do not take into account
ing in particular, are primarily aimed at producing the the very high physiological stresses, sometimes on the
maximum amount of product in the shortest possible verge of pathological disorders, that animals experience
48 bionozis meapuH, 2025, 1. 27, N1
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during their industrial rearing and maintenance. An animal
organism has biological limits to its growth, development,
reproduction, etc. and healthy viability in general. In re-
cent years, in addition to the emergence and spread of
new diseases of various etiologies, including infectious
diseases (both viral and bacterial), pigs and piglets of-
ten suffer from various physiological disorders caused
by overly intensive housing and feeding technologies. It
is also worth noting changes in the genetic potential of
pigs, such as high fertility, multiple births, reduced fatten-
ing time, composition and properties of feed, premixes,
veterinary preparations, vaccines, etc. All of this leads to
excessive stress factors in pigs, which in turn often leads
to a decrease in their immunity and negatively affects the
health and welfare of animals, ultimately reducing the
quality and quantity of their productivity.

Stressful factors in the animal bodies often result in an
increase in the so-called reactive oxygen species (ROS)
and free radicals formation, and a decrease in the anti-
oxidant defence of the body [1]. There are many types of
ROS, including singlet oxygen, hydrogen peroxide (H,0,)
and oxygen radicals — superoxide anion radical (O,),
hydroperoxide (HO,") and hydroxyl radical (OH'), which
are formed in the process of reducing molecular oxygen.
Oxidative stress and ROS are often interrelated with a
wide range of pathological processes in the body.

Many studies have shown that the periods of sow ges-
tation, piglet birth, lactation, and weaning are character-
ised by increased oxidative stress parameters [2], which
subsequently negatively affects milk synthesis, reproduc-
tive functions, and shortens the period of productive use
of sows [5]. In addition, numerous studies have estab-
lished the fact that excessive ROS production can even-
tually lead to insulin resistance [11], which has a negative
impact during the prenatal and lactation periods of sows,
which significantly reduces animal feed intake [10, 15].

Piglets are exposed to stress during and after birth,
which also increases the amount of ROS in the body.
Newborn piglets often have a reduced level of passive
immunity obtained with sow colostrum, which, in combi-
nation with underdeveloped active immunity, can have
negative consequences for their health and survival.

In order to reduce negative stress effects, mitigate
them and normalise animal homeostasis, scientists from
many countries are actively working to find and develop
new highly effective and at the same time safe and af-
fordable stress-protective agents, including antioxidants.
In recent years, various components of biological, micro-
biological and plant origin have been increasingly used
for this purpose. Preparations and feed additives based
on such substances should have as little toxicity and side
effects as possible, unlike many artificially synthesised
factors.

In this regard, the use of several plant essential oils
(PEs) is promising. Essential oils are a large class of sec-
ondary plant metabolites that often have high antioxidant
capacity. All (EOs) are structurally characterised by aro-
matic rings with several hydrogen hydroxyl groups, which

The Animal Biology, 2025, vol. 27, no. 1

makes EOs suitable for neutralising free radicals and oth-
er reactive oxygen species. In the last decade, more and
more attention has been paid to EOs as functional com-
ponents of feed additives for sows and piglets. In partic-
ular, a number of studies have shown that EOs can have
an anti-inflammatory effect and reduce oxidative stress in
sows, increase their reproductive capacity and promote
the growth and development of their progeny [3].

The aim of the study was to investigate the effect of
the feed additive “Activo”, which contains secondary plant
components of oregano and chilli pepper essential oils,
on the lipid peroxidation products quantitative content and
the activity of antioxidant defence systems in sows and
piglets obtained from them.

Materials and Methods

The study was conducted in the conditions of
the industrial complex of Barkom LLC, Lviv region
(Ukraine). Two groups of the Large White breed ges-
tating sows were formed according to the principle of
analogues, 10 animals per group — control and ex-
perimental. The animals were kept in the same box in
individual farrowing pens under the same conditions.
The control and experimental groups of animals were
fed a feed balanced in terms of biologically active sub-
stances. For the experimental group, the feed additive
“Activo” was additionally introduced into the diet in the
amount of 0.1 kg/t of finished feed. The experiment
started on the 85" day of gestation or 30 days before
the expected farrowing. Blood samples were taken
from the jugular vein of pregnant sows before the ex-
periment. The sows were transferred to the materni-
ty ward, 5 days before the planned farrowing, where
they were fed lactating sow feed, and the animals in
the experimental group continued to receive the spec-
ified feed additive. Lactating sows were fed in individ-
ual troughs four times a day in the amount of 7 kg.
Blood samples were taken from the jugular vein for
research three days before the expected farrowing,
as well as on the 21st day of lactation. Piglets obtained
from sows of the control and experimental groups au-
tomatically became piglets of the control and experi-
mental groups. The piglets were fed pre-starter feed
starting from the fifth day of life. The piglets of the
experimental group were administered the specified
feed additive in the amount of 0.2 kg/t of finished feed
in the pre-start feed. The finished feed was fed from
day 5 after birth until weaning. Blood samples for bio-
chemical studies were taken from the cranial vena
cava of newborn suckling piglets at 5", 14" and 28"
days of age.

In the blood of sows and piglets we determined
the parameters: the lipid hydroperoxides and TBA-ac-
tive products content, the activity of glutathione per-
oxidase and superoxide dismutase, by the methods
described [11, 14]. Namely, the lipid hydroperoxides
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content in blood plasma was determined by a meth-
od based on the optical density spectrophotometric
measurement of reaction products with ammonium
thiocyanate, Mohr’s salt and hydrochloric acid. The
concentration of TBA-active products, which charac-
terises the lipid peroxidation rate, was determined by
a method based on the reaction between MDA and
thiobarbituric acid (TBA), which at high temperature
and acidic environment proceeds with the formation
of a coloured trimethyl complex containing one MDA
molecule and two TBA molecules. Glutathione perox-
idase activity was determined by a method based on
a comparative study of the degree of reduced gluta-
thione oxidation (GSH) by tertiary butyl peroxide. Su-
peroxide dismutase (SOD) activity was determined
by the method based on the reduction of nitroblue
tetrazolium to nitroformazone by superoxide anion
radicals formed in the reaction between phenazine
methanesulfate and the reduced form of NADPH.

The results were processed by standard methods
of mathematical statistics using Microsoft Excel soft-
ware. Statistical significance was determined by the
Student’s test.

The study is fully complied with the ethical require-
ments for the use of animals in experimental research
(Strasbourg, 1986; Kyiv, 2002), and the study meth-
odology is approved by the Bioethics Committee of
the Institute of Animal Biology of the National Acade-
my of Sciences of Ukraine.

Results and Discussion

Sows are exposed to various stressors, including
pregnancy, lactation, weaning, estrus and insemination
throughout their productive lives. One of the most stress-
ful periods is the farrowing period, during which sows un-
dergo significant physiological changes associated with
zygote formation, embryo growth, and subsequently far-
rowing and lactation. The most significant oxidative stress
occurs during pregnancy, as the placenta is the site of ac-
tive oxygen metabolism [16]. Scientists have proved that
oxidative stress and lipid peroxidation are stronger and
more intense in pregnant animals compared to non-preg-
nant animals [6]. Excessive formation of reactive nitrogen
species and reactive oxygen species disrupts the normal
physiological function of the mammalian placenta and af-
fects most other physiological processes [16].

According to the results of our studies with the use
of the feed additive “Activo” in gestating and lactating
sows, the lipid peroxide products (LPP) and TBA-active
products content in their blood compared to the control
was significantly lower in the experimental group animals
(table 1). Starting from the first blood sampling period
and the beginning of the experimental feed additive intro-
duce, it can be seen that with the systematic consumption
of mixed fodder in the blood of the experimental group
sows, the indicators of TBA-active products significantly
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decreased. TBA-active products indicators in the con-
trol group slightly decreased at the beginning of the 85"
day of farrowing, but increased on the 112" day and
decreased on the 21t day of lactation. The increase of
parameters on day 112 of gestation can be explained by
a abrupt increase in fetal development. But, as can be
seen from the results obtained in the experimental group,
the indicators of oxidative processes were systematically
statistically significantly reduced: on the 85", 112t day of
pregnancy, and 21st day of lactation by 16.78% (P<0.05),
22.65% (P<0.001), 24.89% (P<0.001) compared to the
control group, respectively.

Thus, analysing the feed additive “Activo” use, which
contains components from oregano, chilli, cinnamon and
rosemary, in particular, such as carvacrol, thymol, we see
that these components have a great potential to enhance
antioxidant protection and the ability to reduce oxidative
stress in sows. Analysing similar works by other authors,
we can say that this, in turn, has a positive effect on the
embryonic and post-embryonic development of piglets [4,
8], development and function of the gastrointestinal tract
[9], body formation [4] and acid-base balance [14], etc.
A number of studies also show that the addition of orega-
no, chilli, carvacrol, and thymol to sow feed has an effect
on the antioxidant function of suckling piglets [3].

An interesting natural tendency in the presence of lip-
id peroxidation products — hydroperoxides (HPO) and
TBA-active products, was noted in the study of young
piglets blood. According to the estimation of total lipid
peroxidation (LPP), we see a tendency to their gradual
decrease (table 2).

In particular, it was admitted that piglets of the exper-
imental group had significantly lower level of TBA-active
products on the 14" day of life of 6.28% (P<0.01) com-
pared to the control group. Regarding the content of lipid
hydroperoxides, in piglets of the experimental group, sta-
tistically lower values were found on the 5th and 14th day
of life 26.42% (P<0.05), 19.23% (P<0.01), respectively,
compared to the control group. Since piglets born from
sows of the experimental group consumed only colos-
trum and milk from birth to 5 days of life and showed lower
HPL and TBARS, this may indicate the transfer of active
components of essential oils to piglets through colostrum.
We can also see that piglets’ consumption of sows milk in
the experimental group and starter feed containing orega-
no, chilli, carvacrol, thymol led to an even lower reduction
in LPPs. The obtained results indicate the inhibitory effect
of the studied feed additive on the intensity of the lipid
peroxidation processes.

According to the results of glutathione peroxidase and
superoxide dismutase determination in sows’ erythro-
cytes, it was found increased activity of these enzymes
(table 3). During the period of the “Activo” feed additive
use, a significantly higher level of COD activity was found
in animals of the experimental group on the 21st day of
lactation by 21% (P<0.05) compared to the control.

Furthermore, in piglet blood, superoxide dismutase
(SOD) is the primary antioxidant, which maintains and
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controls the free radicals level and creates conditions for
the normal use of the oxygen environment of the body.
This enzyme deactivates reactive oxygen species, which
degrade to hydrogen peroxide [13].

From the table 4 data, we can see that the feed addi-
tive “Activo” exhibits antioxidant properties, which led to
a decrease in the free radical oxidation activity degree,
which led to a decrease in the use of GSH (glutathione
peroxidase) and a statistical increase in its use in erythro-

cytes in the experimental group on the 14" and 28" day
by 19.7% (P<0.01), 22.7% (P<0.01), respectively, com-
pared to the control. This explains the increase in protec-
tive and detoxifying properties in the body.

To sum up, the results of our studies have shown that
the use of the “Activo” feed additive for sows and piglets
obtained from them is advisable to reduce the negative
effects of oxidative stress, which has a negative effect on
both sows and their progeny.

Table 1. The content of lipid peroxidation products in the blood plasma of sows (M+m, n=5)

Periods of experiment

Indexes Groups
85 days in gestation 112 days in gestation 21 days in lactation
C 4.31+£0.103 4.37+0.111 4.26+0.143
TBARS, pmol/ml
E 3.5868+0.0304* 3.38+0.068*** 3.1998+0.091***
C 2.58+0.110 2.60+0.045 2.42+0.035
HPL, Units. E/ml
E 2.261+0.054** 2.241+0.057*** 2.150+0.041***

Note. Here and further * — P<0.05, ** — P<0.01, *** — P<0.001 compared to the control group.

Table 2. The content of lipid peroxidation products in the blood plasma of suckling piglets (M+m, n=5)

Periods of experiment

Indexes Groups
5t day of life 14t day of life 28" day of life
c 4.8167+0.054 4.3323+0.03 3.9424+0.126
TBARS, pmol/ml
E 4.4501+0.128 4.0599+0.061** 3.480+0.184
C 0.53+0.02 0.52+0.01 0.489+0.02
HPL, Units. E/ml
E 0.39+0.03* 0.42+0.03* 0.436+0.019

Table 3. Activity of glutathione peroxidase and superoxide dismutase in blood erythrocytes of sows (M+m, n=5)

Periods of experiment

Indexes Groups
85 days in gestation 112 days in gestation ~ 21 days in lactation
C 10.55+0.21 7.39+0.25 9.73+0.09
Glutathione peroxidase, nM NADPH/min./mg Hb RBS
H 11.18+£0.40 6.32 +0.53 10.231£0.23
Superoxide dismutase, units @ 21.54+3.61 19.91+1.84 22.15+1.57
AR [P ST E 22.86+1.64 23.81£1.41 26.81£1.20*

Table 4. Activity of glutathione peroxidase and superoxide dismutase in blood erythrocytes of suckling piglets (M+m, n=5)

Periods of experiment

Indexes Group
5 days of life 14 days of life 28 days of life
C 15.1£0.31 13.45+0.19 13.86+0.17
Glutathione peroxidase, nM NADPH/min./mg Hb RBS
E 15.5+0.81 16.1+£0.68** 17.0£0.72**
C 22.40+1.18 23.36+1.07 26.30+1.25
Superoxide dismutase, units Act/mg protein*min
E 24.43+0.69 25.56+0.75 31.12+1.03*

The Animal Biology, 2025, vol. 27, no. 1
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Bnnue kopMmoBOi 4O6aBKU «KAKTUBO» Ha AeAKi NOKa3HMKM CUCTEeMUN aHTUOKCUAAHTHOIO 3aXUCTY
CBMHOMATOK Ta OTPUMaHUX Bif HUX NOPOCAT

T. A. Mpyduyc
tarasvet126@gmail.com

IHcTuTYT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JbsiB, 79034, YkpaiHa

IHTEHCMBHI TexHOMOorii BUPOLLyBaHHS CiNbCbKOrOCMOAapPChbKUX TBapyH pO3pobnsatoTbCa NepeBaXHO ANs OTPMMaHHA MakcuMarb-
HOro eKOHOMIYHOro edpekTy. MNpu LbOMY NPOAYKTUBHI TBAPUHU YACTO 3a3HatloTh Ail 6araTbox CTPECOBMX YMHHUKIB | HAAMIPHUX disio-
NOrYHNX HaBaHTaXeHb, L0 MPM3BOANTL A0 NOTipLUEHHSA 40OPObYTY TBApWH, X 340POB’S i, BPELUTI-peLUT, A0 3HVXEHHS NPOAYKTUBHUX
nokasHukis. OAHVMM 3 HaAWMOLLUMPEHILLMX HEraTUBHUX NPOLIECIB, AKi BUHWKAKOTb Y TBAPMHHOMY OpPraHi3mi BHACMIAOK Al Pi3HOMaHITHMX
UYMHHUKIB, € OKCMAATUBHUIA CTpec, TOBTO MOPYLUEHHSI NPO- i aHTUOKCUAAHTHOI piBHOBarM. OKcMaaTUBHUIA CTPEC HE BUHMKAE caM Mo
cobi, a nepeBaxHO € CynpoBIAHUM NPOLIECOM 3a Aii CTpec-hakTopiB Pi3HOI NPpUpoan — HaNpUKNag, TOKCKHIB, TeMneparyp, KpUTHY-
HUX cpisionoriyHnx nepioais, IHPEKUINHMX NATONOriA, HaaAMIpHOI, Y He3banaHcoBaHOi, abo HeLoCTaTHLOI rodieni Towo. Y poboTi
nokasaHo pesynbsTaTv OOCHifXXEHHb BNIMBY KOPMOBOT [06aBkU « AKTUBO», [0 CKNaay sIKoi BXOASITb BTOPUHHI POCIIMHHI KOMMNOHEHTU
edipHMX onin operaHo, NepLto Yuni, Ha KinbKicHW BMICT NnpoaykTiB MOJ1 Ta akTUBHICTb CUCTEM aHTUOKCUOAHTHOIO 3aXUCTY Y CBU-
HOMAaTOK Ta OTPUMAaHMX Bif HUX MOPOCAT. [JocniAkeHHA NpoBEAEHO B yMoBax npomucnosoro komnnekcy TOB «bapkom» (IbBiBcbka
06n.). 3a npuHUMNom aHanoris 6yno chopMoBaHO ABi FPYNU NMOPOCHUX CBUHOMATOK BENUKOI 6inoi nopoan no 10 TBapWH Yy KOXHIl
— KOHTpOMbHY Ta gocnigHy. [ns gocnigHoi rpyny B pauioH AoaatkoBo 6yno BBeAeHO KopMoBy [o06aBKy «AKTUBO» Y KinbkocTi 0,1
Kr/T roTOBOro KOpMy. Y KpOBi CBMHOMATOK Ta MOPOCHAT Bif HUX OTPUMaHWX BU3Ha4Yanu BMICT rigponepokcumgis ninigis i TBK-akTuBHMX
NpoayKTiB, aKTUBHICTb FNyTaTiOHNepokcuaasu Ta cynepokeugancmytasn. Pesynstati npoBegeHnx HaMmy AOCHiAXeHb nokasanu, Lo
3aCTOCYyBaHHA A5 CBUHOMATOK Ta OTPMMaHMX Bifl HUX MOPOCAT KOPMOBOi 400aBKN «AKTMBO» € AOLINbHUM 3 METOI 3MEHLLEHHS He-
raTUBHOI Aiii OKCUAATMBHOIO CTPECY, KM YNHUTBL HEraTUBHY Ait0 sIK HA CBUHOMATOK, TaK i Ha iXHE MOTOMCTBO.

KniouoBi cnoBa: cBMHOMaTKK, NopocsaTa, kopmoBa fobaBka «AKTUBO», edpipHi onii, OKCMAATUBHUI CTPEC, CynepokeuaancmyTa-
3a, ryTaTioHnepokcuaasa, TBK-akTuBHi npogykTu, rigponepokcmau ninigis
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Y cTaTTi HaBeAeHO pe3ynbTaTi baraTopiYHMX OOCHiOXKEHD
BMSIMBY NMPUPOAHOrO Ta cTaTeBoro Biabopy Ha penpogyKTvBe-
Hy QoyHKLil0 Oyraie 3a yMOB NpuB’SAI3HOrO Ta 6e3npuB’sa3HOro
yTpuMaHHs. BctaHoBREHO, WO B iepapXivHin CTpyKTypi cTaga
OOMIHaHTHI camui OTpUMYIOTL NepeBary y 40CTyni 40 pecyp-
CiB Ta cTaTeBUX NapTHEPIB, WO NPU3BOAUTL A0 3HVKEHHS i-
6igo, SKOCTi cnepMu i penpoayKTUBHOI akTMBHOCTI y nigne-
rnux Byrais. loBegeHo, LLO paHroBUIN CTPEC € OQHIEL 3 KIto-
YOBMX MPUYUH iMMNOTEHUIT Ta penpoayKTUBHOI HE4OCTaTHOCTI
y Takux TBapuH. 3’ACOBaHO, L0 AOMIHAHTHI OCOOMHM MatoTb
Kpalli aganTauinHi BNacTUBOCTI, BULLYY CNepMONpoayKLito Ta
TMNONOTiYHI XapaKTePUCTUKN HEPBOBOI CUCTEMM, NOB’A3aHI 3
nigepcteoM. [NpoBegeHoO KoMMMeKCHe BUBYEHHSA pisionoriy-
HUX, €TOMNOriYHMX, BIOXiMIYHMX, MOPEOMNOriYHNX MOKA3HUKIB,
LLIO 4O3BOMUNO BUABUTU e(PeKTUBHI NigXoan [0 NOKpaLLEHHS
YMOB yTpuMaHHs OyraiB, MiHimMi3auji gii iHTpacekcyansHoro
aobopy Ta crabinisauii penpogyKTMBHOI (PyHKUIT Yy nNnemiH-
HUX cTagax. Bnepwe nokasaHo, WO TWN BULLOI HEPBOBOI
AiSANbHOCTI TBApUH MOXe OYyTU BUKOPUCTaHUN AK Cenekuin-
HUIA KpUTEpin Ana opmyBaHHS BUCOKONPOAYKTUBHOIO Niia-
Huubkoro cknagy. OTpyMaHi pesynstat MalTb BaXKnvBe
3HaYeHHs NS YOOCKOHAaNEHHS METOAIB YTPUMaHHS, Bigbdopy
Ta BUKOPUCTaHHA ByraiB y WTYYHOMY OCIMEHIHHI Ta CUCTEMI
nnemiHHoi poboTtu.

Kntouogi cnoBa: Gyrai, npupoaHui Biabip, ctateBa qyHKLis,
paHroBui CTpec, iepapxisa B ctagi

BeTyn

Ha Garatbox nnemnignpuemcTaax OionorivyHi MoXnu-
BOCTi pOpMYBaHHS! i HOpMarnbHOrO OYHKLIIOHYBaHHS Bia-
TBOPHOI cucTemu y Byrais He BUKOPWUCTOBYIOTbCH B Ha-
nexHomMy obcssi Yepes Te, WO peanisauis reHeTUYHOro
noTeHujany NNigHYKIB y LbOMY HaMPSMKY 3aneXuTb Bif
Oaratbox chakTopiB, NOB'I3aHNX 3 NPUPOAHNM BigbopoM
i KOHKPETHUMM YMOBaMM YTPUMaHHS Ta BUKOPUCTAHHS
TBapWH [2, 6]. Hepigko ymoBu BUpoOHULITBa ByBatoTh He-
CNpUATNNBAMK, IO NepenyciM HEeraTMBHO BNNMBAaE Ha
NMOKa3HWKM CNepMMu, sKi CIOHTaHHO NOTiPLLYOTECS HaBiTb
Yy KniHibYHO 300poBux Byrais [23]. Lie oy»ke BaXKo yCyHyTH
cyyacHummn metodamu [2]. MNoTpibHi HaginHi Ta Be3neyHi
3acobu BNnMBYy Ha cTtateBy cucteMy GyraiB onst Npucko-
PEHOro NOKPALLEHHST IX CNepMOonpoayKLil i HaaaHHS CTiln-

The Animal Biology, 2025, vol. 27, no. 1

KOCTi BUPOOHMYOMY MPOLIECY YAOCKOHANEHHS MaTOYHMX
cTag, sSIKUi LNKoM 3anexuTb Big Gnaronony4Horo ctaHy
cTarteBoi cdepu nnigHukiB [8, 19].

OpHak y nitepatypi He4OCTaTHLO BUCBITIIEHO BMMUB
npupogHoro Bigbopy 1 enimiHauii B ymoBax ctaga abo
rpynoBoro 6e3npuB’A3HOTO YTPUMaHHS Ha cTateBy (hyHK-
ujto xygobw. Mano gaHux nMpo 3B’A30K 300CYCMifbHOI
NMPUCTOCOBAHOCTI, peakuin AOMIHYBaHHS | nignernoc-
Ti Ta cTaTeBoi OyHKUii TBapWH B CTafj, ke € LUTY4HOI
nonynauieto. Mamke He BMBYEHO €TONOro-hisionoriyHi
MexaHi3Mu hopMyBaHHS | NIATPUMaHHA CTagHoT iepapxii
Ta ii poni y npouecax BigTBOPEHHSI MOTOMCTBA, a TaKoX
NpUpOZHOI perynsuii YACenbHOCTI cTaaa i Buxody Tendr
B 3B'AI3Ky 3 iHTpaceKkcyarnbHMM Ta eniraMHUM Bigbopom.
He BMBYEHO TaKkoX, siK BMNMBaE TN HEPBOBOI CUCTEMMU
Ha paHr TBapwuH y cTagi.
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Bnive nprpoaHoro Biabopy Ha BiATBOPHOBaAbHY QYHKLIHO Byrais

[MpaKkTUYHO HE BMBYEHO 3axOniB 3 OOMEXEHHST He-
raTMBHOI Aii npupoaHoro Bigbopy crnocobamu yTpu-
MaHHS MMAHWKIB y Nepiof X BUPOLLYBaHHS, HaBYaHHS
Big4adi cnepmMun Ta BUKOPUCTaHHSA B MEPEXi LUTYYHOrO
OCiMeHiHHS. TOMYy AOCUTb aKTyanbHUM € TEOPETUYHE
06r'pyHTyBaHHA Ta po3pobka crnocobiB yTpMMaHHS,
BMKOPUCTaHHS i CTUMYNSALT BiATBOPHOI hyHKLIT y By-
raie. BuB4eHHs1 3a3HauyeHMx Npobrnem Mae Benvke Ha-
yKOBe i HapogHorocnogapcbke 3Ha4eHHs, BOHO Aa€
MOXIMBICTb PO3POBUTU edEKTUBHILY ETOMOorvYHO Ta
€KOInoriYyHo obrpyHTOBaHy TEXHONOTI0 YTPUMAHHS, BU-
KOpUCTaHHS Ta CTMMYnsAUiT ctaTeBoi cuctemm Byrais Ha
cyyacHux nnemnignpuemcreax [7, 25].

MaTtepianu i meToguka gocnigxeHb

HocnimpkeHHsa nposoamnu npotarom 20 pokiB y pearb-
HMX yMOBaXx poboTu MreMIHHMX roCnoaapcTs, arpodipm
i TBAPMHHULIBKUX NigNpUeMCcTB B YkpaiHi Ta Pecryoniui
TapkmkmcTaH. 3aranom y OOCNiMKEHHAX B3SNN y4acTb
noHag 1400 Gyraie-nnigHukiB, GinbLue 10 TMCAY Moroamx
OyranuiB Ha Bigrogieni, a Takox noHag 20 TUCAY KOpIB i
Tenuup PisHNX Nopig (YepBoHa CcTenosa, ykpaiHcbka Yop-
HO-psiba, CMMeEHTarbCbKa, LUBiLbKa, KOCTPOMCbKA, Kasax-
cbka binoronosa) Bikom Big 12 micsauiB 4o 3 pokis.

LWo6 pesynsratm OynM makcMmanbHO TOYHUMMK Ta
HafiNnHMMK, BYEHi 3aCTOCOBYBarnu LinniA KOMMNEKC B3a-
€MOZOMOBHIOYNX MeTogiB. OcHoBHUM ByB MeToq, rpym-
aHaroris, sSikMin 4O3BOISAB NOPIBHIOBATW TBAPUH, LLIO Manmu
OJIHaKOBY FOAIBMI0 Ta BUKOPUCTaHHS, ane nepebysanu B
Pi3HNX YMOBaXxX yTpUMaHHA — Hanpuknazg, nNpuB’s3aHuX,
©e3npuB’a3HMX abo 3 AOCTYMNOM [0 MOLOHY.

MpoBoaunu geTanbHi CNOCTEPEXEHHS 3a NOBEAIHKOH
TBapWH, 30KpemMa nposiBamMy AOMiIHYBaHHS, MignernocTi,
cTaTeBOl aKTUBHOCTI, peakLisiMy Ha HOBUX TBapWH Y rpy-
ni, a TakoxX [OOOBOK (LMPKaAOHOK) akTUBHICTHO. Lle go-
3BONWIO AOCNIANTK, 9K (OOPMYETLCA iEpapxia y cTagi.

BuikopucToByBanu dpisionorivHi Ta GioximivHi MeToau
— BUBYanuM SKicTb criepmu (06'em, KOHLEHTpaLio, pyx-
NYBICTb CepMaTo30iaiB), ra30006MiH, cknag, KpoBi, PiBEHb
ropMoHiB nicns BeedeHHss AKTT, wo BnnmBae Ha ¢oyHK-
LLit0 HAOHPHWKIB.

3acTocoByBanM 300TEXHIYHI METOAM AMSt KOHTPOSIO
POCTY, MBOI Macw, TiNbHOCTI KopiB, edheKTUBHOCTI OCi-
MEHIHHSA. A TUMONOriYHI TECTV AOMNOMOITIN BU3HAYNTU TUT
HEPBOBOI cMCTEMM ByraiB Ta 0COBGNMMBOCTI IXHBOI peakLii
Ha NoapasHVKKM, NOBEAHKY B CTPECOBUX CUTYaLlsIX.

Ona ouiHkn pesynsraTiB BUKOPUCTOBYBanM cTaTtuc-
TUYHI MeToaM, sIKi A03BONSANU BU3HAYMTK BIPOMigHICTb
BiAMIHHOCTEN MiXX TBapuMHaMK pisHKX rpyn, nopig, ymoB
YTPMMaHHS, a TakoX BUSIBUTM B3AEMO3B'A3KN MK IXHIMK
NoBeLiHKOBUMM, (i3ioNoriYHMMKM Ta penpodyKTUBHUMN
NoKasHUKamu.

Y Oesikux BunagkKax npoBOOAUIM KOHTPOMbHUI 3abil,
LWo6 MOPIBHATM PO3BUTOK OpPraHiB Ta TKaHWH y TBapWH,
AKUX YTPMMYBaInu B pisHNX yMoBax, — 3 gieto abo 6e3 aji
npuYpogHoro BindopY.
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ByraiB po3noginunu Ha KOHTPOMbHI (NPUB’A3HE yTpu-
MaHHs) Ta gocnigHi (6e3npuB’siHe rpynoBe yTprMaHHs)
rpynu. Lie 4o3BONUO OUiHUTY, SK BNMBaE KOHKYPEHLS
MiK camusiMu (iIHTpacekcyanbsHWI Bigbip) Ha IXHE CTaHO-
BuLLIE B iepapxii, cTaTteBy (hyHKLjt0, NOBEAIHKY, 30aTHICTb
[0 aganTauii.

Okpemo JocnimkyBanu BrnnB CoLianbHOrO CTpecy,
SKUA BMHWKAE BHACIOOK PaHroBoi 60poTbby Mk TBa-
pvHamu. Bue4anu nposiev iMnoTeHLii, 3HKeHHs nidigo,
MOTipLUEHHS SKOCTi criepmuy y nignernux ocobuH. Takox
aHanisysanu umpkagHi peaxdii, ropMoHanbHi 3MiHW, pe-
aKujto opraHiamy Ha BBegeHHs cTpec-ropmoHy AKTT.

Yci pocnimkeHHst NpoBoaniv 3 AOTPUMAHHSAM ETUMHUX
HOPM MOBOMKEHHS 3 TBAPUHAMM BigNOBIOHO A0 YMHHOIO
3aKoHOOABCTBA YKpaiHn Ta MKHapOAHWX CTaHOapTIB.

Pe3ynbraTtu gocnigxeHb

[is dakTopie npupoaHoro Bigdopy B ctagax Gyna
TaKoK X, SK i Npu MogensHomy Biabopi [17]. ETono-
rYHi JOCNIMKEHHSA IHTpaceKcyanbHOro Ta eniraMHoro
Biabopy B cTagi, AKi BU3Ha4anmMcb CUHXPOHHO, NoKasa-
nn, WO B YMOBAaX BiflbHOro MOKPUTTSA MaTOK BCbOIO AABa
Oyrai-ooMiHaHTK 3 LIEeCTU NepeBaxHO Opanu yyacTb
y NpUpOOHOMY PO3MHOXEHHI. 3a nepiod gocnigKeHb
BOXaK CTafa NokpuB 23, a NOro Hanbnmkuum cynep-
HWUK — 12 KkopiB. BogHoyac 4 nignernux 6yrai nokpunm
BCbOrO MO OAHI KOPOBi, TOBGTO Mamxe He Bpanu yyacTi
Yy PO3MHOXEHHI Yepes paHroBumn ctpec (Tabn. 1).

Y onmabko 100 ctag o6’egHaHHsA «XoBaniHr» Oyrai-
JOMIHaHTM HeratMBHO BMNMBanW Ha nidigo nignernux
camujB, Y 3B'SI3Ky 3 UMM cepe OCTaHHiX BinbLu Hik 60
% manu iMnoTeHL;to, Lo BUHMKNA i NigTpMMyBanacb Ha
OCHOBI HecrneumdivHMX aganTaLinHUX peakLin Ta CTpecy.

B 3B’s3ky 3 Takow Aieto cTateBoro Biabopy KOpoBM
CTafa TakoXX Manu pisHy NMpUCTOCOBaHICTb, TOOTO 3aar-
HICTb 0 BWKMBAHHSI Ta PO3MHOXEHHS: Yy 26—28 % He
Byno TensaT B noto4HoMy poui. [Mpu upomy nuwe 43,1 %
HaMNPUCTOCOBaHILLNX TBApPMH Manu TeNAT Ha nigcoci Ta
3HOBY 3annigHUNMCA B Kpali Ans ManbyTHLOro NOTOM-
CTBa NMPUPOAHI CTPOKM (Tabn. 2).

Pi3Hnusa B 3annigHeHHi MiXk JOMIHAHTHMMK Ta nia-
nernumMm Koposamu y ctagi gocsrna 32 %. Y Kopis-go-
YOK JOMiIHAHTHMX MaTepiB MBa Maca gocsrna 400 «r,
TOo6TO Malxke He 3MiHunacs, a 3annigHeHiCTb 3HU3U-
nacsa Ha 4,6 %, Togi SK y nignernux Kopie-go4oK Xuea
mMaca 3pocna Ha 30 kr i 3annigHoBaHiCTe — Ha 4,4 %,
O MOXHa MOSACHUTM Li€l0 pyLlinHoro Bigbopy, siKui
nigTarye nignernux ocobvH ctaga oo cepenHboi Hop-
Mu. Hanpsam npypogHoro Binbopy abo noro Bektop 6yB
TaknM Xe, 9K Y HanpaBreHoro LWTY4YHOro Bigdopy, Lo
Tpeba BUKOPUCTOBYBATU Y NPOBEAEHHI CenekLii Xyao-
6 B cuctemi «kopoBa-Tensay [3, 5, 13, 26].

Taknm 4YMHOM, B MpaKTULi BapTo ycyBaTu gjto dhak-
TOpIB NPUPOAHOrO BiAOOPY 3aBASKM NOKPALLEHHIO YMOB
rogieni, yTpyMaHHs i BiATBOPEHHSA TBapwWH, TOMY LIO
3YMOBIEHE HUM 3HWXEHHSA NPOAYKTMBHOCTI Ta nrogto-

bionozis meapuH, 2025, 1. 27, N1
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YOCTi, @ TaKoX NOPYLUEHHSI PenpodyKTUBHOI (OyHKUIT Y
nignernux ocobuH cTaga, NoB’si3aHe 3 MPUPOAHOI0 pe-
rynsiLieto Moro YMcenbHOCTI, € HacmniAKoOM MOro HeraTue-
HOro BNAMBY Ha ePeKTMBHICTb BCIi€l ranysi, Wo nigreep-
DKyH0Tb JOCRIIKEHHSA 1 iHLWNX HaykoBLiB [4, 9].

CrarteBun BigOip Oje Ha piBHi cTaga, sike € LUTY4YHO
nonynsuieto. Lle BinbyBaeTbca Ha OCHOBI Takux iMOBIp-
HUX YMHHMKIB, SIK YMCNO AOMiHAHTHUX OyraiB y cTagj, a
TaKOX KinbKiCTb KOPIB, AKi NPUXOASTb B OXOTY B OQUHU-
L0 Yacy, TpMBanicTb Yacy Ha MOKPUTTS MaToKk — KOpIB
Ta Tenuup B oxoTi. BogHovac y ctagi fitoTb ABi Yepri,
MoB’A3aHi 3i 3MEHLUEHHSIM MOro uncenbHocTi. Lle nep-
LLIOYEeproBU JOCTYN TBapWH OO BCiX pecypciB craja,
AKMA 3abesnevye AOMIHAaHTHUM OCOBMHaM penpogyk-
Ljito 3a paxyHok nignernux. Kpim Toro, y ctagi gie Yepra 3
BiAMOBMNEHHSIMU, SIKa (PYHKLIOHYE B TOMY BUNAZKY, KOMu
BCi Oyrai 3aHATI NOKPUTTAM MaToK, a iMOBIPHI OCOOUHM,
AKi NPUALLNM B OXOTY, YCYHYTI Bil PO3MHOXEHHS!, X0o4a
BOHM Mornv 6 maTn Hawaakie [21].

[Mpn UBOMY YMCNO MOKPUTUX | YCYHYTUX Bifg pPO3-
MHOXEHHS1 KopiB 0BYyMOBMIOE eniMiHauilo, ska 34in-
CHIOETBCA Ha OCHOBI aganTauiiHUX peakuii Ta peak-
uii, ctpecy. Lle npusBogMTb 40 iMNOTEHLIT Nignernmx
Oyranuis, a TakoX [0 BiACYTHOCTI NOTOMCTBA Yy nia-
nernux B cTagi KopiB 4epes BNIMB 300COLUianbHOro
paHrosoro crpecy [16].

[ns BiporigHiWoro cnocrepexeHHss NPUPOSHOro
nobopy HeobxigHO Oyno He TinNbkn BUSIBUTK Oyrai.,
AKki He 6epyTb y4yacTi B NpYpPOOHOMY PO3MHOXEHHI,
a " BU3Ha4MTu Hanpsim Bigdopy abo noro BekTop i fo-
BECTU, WO BiabyBaeTbCs came BUBiIpkoBa enimiHauis
nignernux i BUbipkoBe BWXMBAHHSA Ta y4acTb B poO3-
MHOXEHHi AOMiHaHTHMX ocobuH cTtaga. lNpu ubomy
BigoOpaxkeHHAM HanpsiMKy ctateBoro gobopy € ump-
KagHa, 3acpikcoBaHa reHeTMYHOK NaM’aATTI0 MoBe-
AiHKa TBapWH, KOTpa 3 MOKOSMiIHHA 4O MOKOIiHHA 06e3
HaB4YaHHS BUHMKAE MpU B3AaEMOBIOHOCMHAX OCOOWH
y cTagi.

Ta6nuus 1. MokpuTTA KOpIB | TENULb AOMIHAHTHUMK Ta nignernumu Gyrasmm
Table 1. Coverage of cows and heifers by dominant and subordinate bulls

ETonoriyHa HanexHicTb
Ethological affiliation

lepapxiyHun paHr
Hierarchical rank

Yucno kopiB Ta Tenuub, NOKpUTMX Byraem
Number of cows and heifers covered by a bull

B tomy uucni B %
Including in %

Boxak ctapa 1
Herd leader

[omiHaHTHWI Byran >
Dominant bull

Mipnernun 3

Subordinate

Mipnernun 4
Subordinate

Mipnernun 5
Subordinate

Mignernun 6
Subordinate

Bcboro
Total

23 58,99
12 30,77
1 2,56
1 2,56
1 2,56
1 2,56
39 100,00

Tabnuus 2. ’)KvBa maca i TinbHICTb JOMiIHYOUMX Ta Nignernyx B ctagax Kopis Ta ix 4O4OK
Table 2. Live weight and body mass of dominant and subordinate cows and their daughters in herds

ETonoriyHa HanexHicTb Kopis
Ethological affiliation of cows

dakTopw npupoaHoro gobopy [onis
Factors of natural selection

TinbHicTb, %
Body weight, %

YKuBa maca, kr
Live weight, kg

Heads

Martepis [oyok Martepis [Ho4yok
Mothers  Daughters  mothers  Daughters
YacTuHa TBapuH, Ska po3MHOXyeTbcs  CTabinisytoumii, Bedyuui i ctateBui 423 346+2,66 . 71425 .

Part of animals that reproduce

B Tomy yucni / Including
[OMiHaHTHi / dominant

nianerni / subordinate

PisHuus
Difference

stabilizing, driving and sexual

Crabinisyrounii i ctateBuin
stabilizing and sexual

Beay4un i ctatesum
driving and sexual

178 399+3,06 400 85,9+2,4 81,3

245 301+8,3 331 53,8+4,9 68,2

= 97,6 69 32,1 131
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JomiHaHTHi Byrai Manu nepLioYeproBun OOCTyN A0
KOpMiB, BOAW, COMi Ta Kpalumx MicUpb BignovmHKy. BoHu
noiganu GinbLue KOHLEHTPOBaHNX KOPMIB | CyTTEBO MEH-
e Yyacy BuTpayanu Ha irpu, NoOpiBHSAHO 3 nignernuvn B
ctagi nnigHukamu. Lli Gyrai manu GinbLuy cnpoMOXHICTb
0o ekctpononsuii [20].

Byrai-gomiHaHTV MeHLUEe pyxanucs i GinbLue nexanu
abo cTosAnn, NPoSBNSANN KOMCOPTHILLY aKTUBHICTb, HIX
nignerni NNigHXKW, a cTaTeBy aKTWUBHICTb CNpPAMOBYBa-
N1 nyLie Ha KopiB i Tenuue B oxOTi. Ha BigmiHy Big Ao-
MiHaHTHUX, nignerni Gyrai B cTagi NposiBNsNM cratese
30ypKeHHs1 nuwe ogvH Ha ogHoro. Lle 6yno nos’sisaHe
3 BiICYTHICTIO Y HUX CTillKOro nidigo Woao KopiB i Tenuub
B oxori [12].

Y GinbLUoi YacTuHM nignernmx OyraiB cnoctepiranu
NpUpoaHyY iIMNOTEHLIit0, 0BYMOBIEHY PaHrOBMM CTPECOM,
B 3B’S13KY 3 UMM BOHMW HE MOITIN MOKPUTK HaBiTb 3adikco-
BaHy B CTaHKy kopoBy B oxoTi [11].

Omxe, pocnigkeHHs [o60BOI (LMpKagHOI) NOBegiHKN
OyraiB 06’eKTVBHO CBigYaTh NPo Te, L0 BOHA AINCHO € Bi-
[0DpaXeHHsAM BEKTOPY CTATEBOIO Bigbopy, CNpsiMoBaHo-
0 Ha NEPEBaXKHE BYXKUBAHHS | PO3MHOXEHHS JOMIHAHT-
HVX TBapWH B CTaax.

[MpuMITMBHI emoLlii 0GOPOHHOIO TUMY, SKi BUHMKaNW ce-
pen TBapWH B KOHKYPEHTHMX YMOBax CTafa, NOB’si3aHMX
3 BEKTOPOM CTaTeBOro Bigbopy, Manu CyTTEBUN BNIMB Ha
comaTtuyHy nepebyaoBy opraHismy, WO Bigobpaxkanocs
Ha iXHiX eTonorivYHMX i ¢pisionoriyHMx NokasHUKax Ta cnep-
mMonpoaykuii [10].

BcTaHoBrneHo, Lo BULLi aganTUBHI MOXITMBOCTI Y CTa-
i Manu OOMIHAHTHI TBApWMHU 3 CUNbHUM, BPIBHOBaXKe-
HMM, PYXOMUM TMUMOM BULLIOT HEpBOBOI AisinbHocTi (BHL),
MOPIBHSAHO 3 MIANErNMMM 0COBMHAMM 3 TaKUM XKe TUMOM,
AKi CYTTEBO PI3HUMUCS NULLE MOKa3HUKOM Yucna BUTpu-

Tabnuusa 3. XXuea maca i sikictb cnepmu 6yranuis y 18-micssyHoMYy BiLli

Table 3. Live weight and sperm quality of bulls at 18 months of age

MaHUX audepeHLitoBaHb OO0 YMcra No3UTUBHMX Bigno-
BiJen, a TakoX 3a NEepeTBOPEHHAM HeraTuBHOI peakuijl
B MO3UTUBHY («—» B «+»). Lle nos’sazaHe 3 ypiBHOBaxe-
HICTIO HEPBOBWX MPOLIECIB, LLO CBIgYMTbL NPO BULLY CNpo-
MOXHICTb IOMIHAHTIB A0 HABYaHHS Ta aHarnidy 30BHILLHIX
noapasHuKIB.

XuBa maca Ta cnepMa JOMIHaHTHMX OyranuiB LUBILIb-
KOi mopogy Oyna CyTTEBO KpaLLoto, MOPIBHAHO 3 nigne-
MMM ocobrHaMu cTaga, MPOTArOM BCbOro nepiogy BuU-
pOLLyBaHHs1 TBApWH (Tabn. 3).

PisHnus 3a xuBoto mMacoto Byna 3HayHow. [Mokas-
HUKX criepMn OOMIHAHTHKX i nignernux GyranuiB Takox
BiporigHo (P<0,01) Bigpi3HAnuca 3a akTUBHICTIO (pyxo-
MICTIO) CMepmaTo30iaiB, L0 NOSICHIOETECA HASABHICTIO Y
nignernnx TBapyH 300CYCrifIbHOMO CTPECy. TakuM YMHOM,
ofepKaHi HOBi AaHi Npo Te, LLO criepMa Takox € A3ep-
KarioMm aganTuBHUX NPOLECIB B OpraHiami TBapuH i MOXe
00’€KTMBHO XapaKTeprayBaTu NOro CTaH.

Y NpypoaHiX yMOBax NoBediHKa peryroe penpoayk-
TUBHI MpoLecu, SKi nexxaTb B OCHOBI €BOMIOLLT BUay, 3a
paxyHOK i30nsuii, ika obMexxye CxpeLLyBaHHs, Ta Mirpa-
Lii ocobuvH go iHwmnx nonynsuin (ctag) [1,15, 24].

Y pocnigax 6yno BCTaHOBMNEHO, LLO CTaTeBi peakLji
OyranuiB ogvH Ha OOHOTO B MPOoLECi hopmyBaHHs iepap-
xii nicns X nepeBeaeHHs 3 NpuUB’a3HOro Ha 6e3npus’sasHe
yTpMMaHHs abo npu BBeAEHHi 4O CHOPMOBAHOIO cTaga
HOBMX OCOBWH 3aKOHOMIPHO NiAPO3AINATLCS Ha TPY Ne-
pioaw.

B nepwwuin nepiog (TwxkaeHb), ocobnvMBo B nepLuy
rogvHy nicns nepeBefeHHs, y OyranuiB crnoctepiranm
OypxnuvBi cTaTeBi peakuii oguH Ha ogHoro. MNpu upomy
NyrbC | YNCNOo AnxanbHUX PyXiB y TBApuH 3pocTano yasi-
yi i Binblwe. JocnimkeHHs Kposi y 20 ByranuiB LWBILEKOI
nopoau, yTpyMyBaHuX Ha NpuB’asi, Yepes Jo0y nicns ne-

. . . . + OMiHaHTHI Crar. BiporigHicTb pisHuui td
MokasHukn 'HOM'H.aHTH' I'Il,qne_rnl [0 nignernnux npu P<0,01
- Dominant Subordinate . L .
Indicators (n=5) (n=6) + dominant Stat. siginficance of difference td
to subordinate at P<0.01
XKusa maca (kr) y Biui (mic.)
Live weight (kg) at age (months)
9 236+10,6 221+10,5 +15 1,0
12 302+13,2 286+13,3 +16 0,8
15 363+15,6 330+13,2 +33 1,4
18 439+19,8 389+12,4 +50 2,0
Axicte cnepmu / Sperm quality:
o6’em, mn / volume, ml 2,9+0,2 2,2+0,9 +0,7 0,76
aKTUBHICTb, 6anu 5 4 e 1,0
activity, points
KOHLEHTPALIS, Mrpa./vn 0,67240,17 0,487+0,61 +0,185 0,3
concentration, billion/ml ’ ’ ’ ’ ’ ’
BararnbHa sKiCcTb criepmaTo30iais, MrpA. 1,95£0,03 1,070 11 +0.88 78

Overall sperm quality, billion.
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peBefeHHs iX Ha Be3npuB’sA3He yTPMMaHHS, BCTAHOBUIO
HasBHICTb y TBapuH cTpecy. 3a nepLuy foOy »vBa maca
Oyranuis ameHwwmnnacb Ha 20—-30 kr. AKTUBHICTb cnepmu
pisko 3HmMannaca (P<0,05), dyHKuioHanbHa akTUBHICTb
cTaTeBMX 3arno3 3aranbMysanacb. [uxansHuin koediui-
€HT TaKOX pi3ko 3Hmaneca — 3 1,0 oo 0,7.

Y popyrvn nepiog (TpmBanicTio 20 #i6) cnoctepiranm
cTabini3avjito roMoCeKCyanbHNX peakLin y byranuiB cra-
Ja i3 noganbLlmMM ranbMyBaHHSAM CTaTeBMX Ta 0OOpPOH-
HMX pedonekcie. Cnepmonpoaykuid Byranuis ctatncTny-
HO BiporigHO nokpallyBanack. [Noka3HWKW NrasMu KpoBi
Byranuis Yepes 10 gHiB 6e3NpUB’A3HOIO YTPUMAaHHS 3HUW-
3UMUCb Mavbke 4O MOYaTKOBOTO PiBHS, ane 6ynu Buwy-
MK, HX 0O nepeBedeHHs. B uen yac crtateBa QyHKLUis
OyrainuiB BXe He 3a3HaBara Takoro nepeHanpyXeHHsI.

Tpertin nepiog (tpueanicTio 3040 ai6) xapakTepu3sy-
BaBCS1 YiTKMM BCTAHOBMEHHSIM iepapxii cepef TBapyH CTa-
Aa. B Leli nepioa M1 BnepLLe cnocTepiranu ssuLLe BigHOC-
HOTO 3racaHHs1 CTaTeBoro notary (nidigo) Oyranuis Ha oco-
6¥H cBoro cTaga. [MNpoTe goctarHeo Byno BBECT 4O CTaaa
HoBUX ByranLiB (oaHOro abo AeKINbKOX), Ik CTaTeBi peakLii
Ha HWX y OyranLiB cTaaa NoYMHaNM NPosIBNATMCS 3HoBY. B
uen nepiod y 6yranuis BigHOBMIOBanach BTpadeHa paHille
XMBa Maca i cepeaHbon00b0Bi MPMPOCTY, siki 3pocTany 4o
900 rpamis, NoKpaLLyBanacs CriepMonpoayKLis.

OT1xe, Byno ogep>xkaHo HOBI AaHi NPO Te, LLO B OCHO-
Bi 3aKOHOMIpHOCTEN (POPMYBaHHS i NITPUMKN iepapXil
B CTagi GyranuiB nexarb CkragHi KOMMIEKCHM NoBemdiH-
K1 i pisionoriyHmMx peakuin. BnepLue BCTaHOBNEHO Taky
SKICTb iepapxiyHoOro paHry y Gyranuis-nigepis ctaga, siK
NOro AeTepMiHOBaHICTb BNAacTUBOCTSIMU BULLIOT HEPBOBOI
OiSiNBHOCTI, L0 BaXXMBO Af1si NPaKTUKKU BigbOopy TBApWH
019 OLHKN Ta BUKOPUCTaHHS B CENeKL.

Tomy BOXakamu y CTafli 3aBXau craBanm HambinbLu
arpecuBHi Oyranui CUNMbHOTO BPIBHOBAXKEHOTO PYXOMOIO
TNy BULLOI HEPBOBOI AiSANLHOCTI, Y SKUX criepMa Maibke
He noripLlyBanach, Lo CBigYMNo Npo BiACYTHICTb Y HUX
cTpecy. Henigmpytodi Byranui pisHUX iepapXiYHUX paHriB i
Tunis BH manu BunagkoBuin po3nogin y ctagi. byranui si
cnabkvm Trinom BHL, He 6panu yyacTi B aKTUBHIA GopoTh-
0i 3a iepapxiyHUiA paHr i nociganu nignerne CTaHoBuWLLE
B cTagi. BinbvpaHHs Gyraiuis-nigepis MoXHa NpoBOaMTU
B CcreLjanisoBaHMX enesepax 3rigHO 3 OLHKOK 3a npo-

OYKTUBHUMUN SIKOCTSIMM MOTOMCTBA Ans NoganbLIoro Bu-
KOpUCTaHHS B cenekuii. Oaep)xaHi HamMu gaHi Ta BUCHOBKM
nisHiLwe Oyau nigTBepmpKeHi 1 iHWKUMK BYeH MU [14, 26].

[nsa BMBYEHHS MOXINMBOCTI ODMEXEHHSI HEraTUBHOI
Oii edpekTiB iHTpacekcyansHoro Bigbopy Ha picT, po3Bu-
TOK, (Pi3iONOriYHMIM CTaH Ta CnepmonpoaykKLijto GyranLis B
nepion, cTaTeBoro Ao3piBaHHS My NpoBenY Aocnia, B SIKO-
My ogHy rpyny Gyranuis 3 6- 0o 18-micsiuHoro Biky (12
ronis) BUPOLLLyBanu B yMOBax NpUB’A3HOrO, a iHLwy (12 ro-
niB) — B ymoBax 6e3npuB’a3HOro yTpumaHHs, To61o 6e3
0BMEXXEHHST YMHHUKIB MPMPOZHOro Bigbopy.

>Knea maca Byrainuis 060x rpyn NnpoTsrom BCbOro o-
crnigy nepesvLLyBana BUMOMM Ans TBapWH Knacy efita-
pekopa. Y 18-micauHoMy BiLli pi3HMLA 3a >KMBOK Macoro
MiK Byranusmm gocnigHux rpyn ctaHoBuna 30 Kr Ha Ko-
pycTb Byranuis, SKUX BUPOLLYBanu B yMoBax Npue’s3HOro
yTpuMaHHs, — 480 kr npoTu 450 kr BignoeigHo (P<0,1).

Butpaty kOpmiB Ha BUPOLLYBaHHS TBapuH i3
MPUB'A3HMM YTPUMAHHAM CTaHOBMIM 2,7 TWUC. KOp-
MOBWX OOVHWLbL, ONS NigaocnigHol rpnu i3 rpynoBuM
6e3npuB’a3HUM yTpuMaHHAM — 3,0 TUC. KOPMOBWX OaM-
HUUb, TOOTO Ha 12,0 % Ginblue. Maibke BCi ekcTep epHi
npomipu i iHgexkcu Bygosu Tina y Byranuis 6e3npuB’a3HoT
rpynu B 18-micsiuHoMy BiLi 6ynu GinbLumMmu, HiX y TBapyH
npuB’'sasHol. 3a pesynsratamm 3aboto TBapuH (no Tpu By-
raviui 3 rpynu) Gyno BCTAHOBMEHO, LU0 OCTaHHi NocTyna-
nvcsa nepeq GyranusmMu 6e3npuB’a3HOI rpynn 3a Macoto
M’S13iB (3 Cariom) i CyxoXurb BCbOro Ha 2,5 %, a 3a Macoro
cenesiHk — Ha 1,5 %. BogHo4ac 3a Macoto KiCTOK BOHU
nepeBepLUyBanv CBOIX aHaroriB 3 NPUB’A3HOI rpynu Ha
4,0 %, 3a macoto cepusd — Ha 7,0 %, nereHb — Ha 21,0
%, wnyHka — Ha 6,0 %.

OBYMOBMNEHUI PI3HOK [IEH0 YMHHMKIB MPUPOJHOIO
BiAOOPY PO3BUTOK BHYTPILIHIX OpraHiB BUPa3HO BigoO-
OpasuBCst Ha NMPUPOCTI OCHOBHUX TKaHWH i3 TeHAEHL-
€0 3abesneveHHs BUWLLOI XXMTTe3gaTHoOCTi B Oyranuis
Ge3npuB’asHoi rpynu [14].

HocnimpkeHHst ra3o00MiHy Ha Byranuax nig yYac crarte-
BOro 30yMKEHHS 1 esikynsiLii nokasano (1Tabn. 4), LwWo noro
BiIHOBMEHHSA A0 MOYaTKOBOrO piBHA y Gyramuis 3 rpynu
MPUB’A3HOIO YTPMMaHHS 3akKiH4yBasnoch Yepes A4oby, a B
Oyranuis 3 rpynyu Ge3npuB’A3HOMO YTPUMaHHA — 4Yepes
34 rognHn.

Tabnuus 4. Na3oeHepreTUyHMIA 06MiH y Byranuis 4o i nicnsa B3ATTA cnepmn, % A0 cepefHboa060Boro piBHA
Table 4. Gas-energy exchange in bulls before and after semen collection, % of average daily level

BugineHo CO, (1)
Released CO2 (I)

Yac B3aTTa cnepmu (mic.)

pynu Groups Time of sperm collection

MornuHyTo O, (1)
Absorbed O2 (1)

Tennonpoaykuisi (kkar.)
Heat production (kcal)

(months) 12 mic. 18 mic. 12 mic. 18 mic. 12 wmic. 18 mic.
12months 18 months  12months 18 months  12months 18 months
[locriHa 6esnpue’siaHa [o B3sTTA / Before Taking 208 140 171 140 182 141
Experimental loose Micns BasTTs / After Taking 191 133 171 125 178 126
KOHTpOrbHa Npue’siaHa [o B3sTTA / Before Taking 240 212 208 183 215 184
Control tethered Micns BasTTs / After Taking 210 231 193 207 196 207
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Bigomo, Lo B npupoaHOMy CTaHi cniepmaTosoian 36e-
piraloTbCA y XBOCTi NpyaaTka CiM’sHKa B yMOBaX 3HMXe-
HOTO TUCKY KWUCHIO, TOAj SIK B CBXOOAEPKaHin cnepmi 6e3
KOHTaKTy 3 NOBITPSIM MICTKICTb KuCHIO csirae 200 %, a nic-
Nsi po3BEeAEHHS1 CUHTETUYHUM cepenoBueM — Ha 325
% (BigHOCHMX). OTxe, Yepes 6 roauH KUCEeHb y criepmi BU-
Tpa4aeTbCH, LU0 NPU3BOAUTL [0 3HUKEHHS PEOOKCTIOTEH-
Liany W okucnoBasibHO-BiAHOBMHOBASIBHOMO MOKa3HMKA.
BigHOBUTM MICTKICTb KUCHIO B Takili CnepMi MOXHa nuile
LUTYYHOI OKCUreHaujeto. Y BOOHEBOMY XXUBUITBHOMY Ce-
pPEenoBuLLi OKMCIHOBANbHO-BIAHOBIMIOBANIbHUA PEXUM B
CrnepMi, HaBnakw, pi3ko 3HWKyeTbes [18, 22].

AHani3 gocrnigkeHb razoobMiHy i aHWX OO OKUC-
NoBanbHO-BIAHOBMIOBANBbHOIO  MNOKa3HWKa y  cnepmi
OyranuiB gaB Ham 3MOry BriepLle crocrepiratm seuLle
NiABULLEHOI OKcureHalii opraHiamy (30Kpema craTeBoi
cepn) camuiB Npu cTateBOMY 30YIDKEHHI N esKynsLii,
CNpsIMOBaHe Ha 3abe3neyeHHs ONTMMarbHUX CTapTOBUX
YMOB Ans 3annigHEeHHst cCamuLpb.

KoHTpacTHi ymoBU yTpMMaHHs nigaocnigHnx Oyranuis
BMJIMHYNM i HA iXHIO PYXOBY aKTMBHICTb. KpOKOMETPUYHI

OOCHIPKEHHST 3acBiguMnK, WO KiNbKiCTb KPOKOBUX PyXiB
Ha foby B Gyranuis gocnigHoi rpyny 6yna Ha 16 % Ginb-
LLIOIO, HiXK Y TBAPUH KOHTPOIIO.

OocnigxeHHi opieHTyBanbHOro Ta YyMOBHOIO KOPMO-
BOro pecpnekcis nokasano, WO peakuis TBapuH Ha 30-
BHILLHI NOApa3HMKKN 3anexana Big nonepegHix yMmoB ix
BMpOLLYBaHHA. HeagekBaTHa peakuis Oyranuis Ha 30-
BHILLUHI NogpasHMKM cTana OCHOBHOK MPUYMHOKD IXHBOI
aKTUBHOI 06OPOHHOI, a B Aesikux — ByIMHOI NOBeaiHKN,
0bymoBneHoi napabioTMYHOK  BPIBHOBaXKEHO abo
ranbMyBanbHoOW dasamu il KOpU FOfoOBHOMO MO3KY.
OB’ekTVBHA OLiHKa TUMOMNOriYHMX BNACTMBOCTEN HEPBO-
BOI CMCTEMM Ta TUMY KOHCTUTYLIi y OyranuiB LIBILBLKOI
nopoau gana 3mory BCTaHoBuTH, o 63,9 % TBapuH
CUMbHUX TUMIB BULWOT HEPBOBOI AiSNbHOCTI HanexaTtb
00 WwunpokoTinux i 36,1 % — A0 By3bKOTINUX TUNIB KOH-
ctutyuii. To6To BMOpaKoByBaHHS PEMOHTHUX Oyranuis
HebaXkaHnX TUNIB KOHCTUTYLIT Nepen, NOCTaHOBKOK Anst
OLiHKM 33 MPOAYKTUBHMMM AKOCTSIMW HalLagKiB OacTb
3MOry 3anuiaTtv Ha nnem’st Tinbku TBapuH GaxkaHoro
TUMY HEPBOBOI CUCTEMM.

Tabnuusa 5. BmicT eo3nHodinis i He3pinux dpopm HenTpodinie Ao i nicnst BBeaeHHsa AKTT, % (cepepHi aaHi)
Table 5. Content of eosinophils and immature forms of neutrophils before and after ACTH administration, % (average values)

EosuHoginu / Eosinophils

Micns BBegeHHs AKTI

Hewitpodinu / Neutrophils

Micns BBeeHHs AKTI

Tun HepBOBOI cncTEMMN pyna [lo BBeAeHHSA . . [lo BBeaeHHs o .
Type of nervous system Group AKTT After ACTH administration AKTT After ACTH administration
Before ACTH Before ACTH
- . 4 rof. 9 rog. _ . 4 rof. 9 rog.
administration T 9 e administration 7 [ @ e
TN 10,5 6,0 12,5 6,2 12,2 8,7
Control
Cnabkuin / Weak
DocnigHa
Experimental 3,0 1,0 4,5 2,5 8,2 9.5
KoHTporbHa
Control 58 5,0 2,8 6,5 11,5 14,3
CunbHun / Strong
[ocnigHa
Experimental 2,7 3,2 2,7 9,2 16,2 20,2

Tabnuus 6. MNokasHukn cnepmu Byrais go i nicns BBegeHHs AKTI

Table 6. Semen characteristics of bulls before and after ACTH administration

[MokasHuk
Indicator

[o BBEOEHHS
Before administration

BiporigHicTb pi3HWLi
Statistical significance
of difference

[Micns BBEAEHHS
After administration

KinbkicTb Oyrais, ron.

Number of bulls, head >
Yucno eskynATie =
Number of ejaculates
MokasHuku cnepmu / Semen characteristics:
06’em, M. / volume, ml 2,10£0,18
aKTUBHICTb, 6anu / activity, points 6,00+0,01
KOHLIeHTpaUisa, MnpAa./mn.
concentration, billion/ml e 2
3aranbHa KinbKicTb cnepmaros0igis, MnpA. 128

total number of spermatozoa, billion

5 —
12 —
1,7740,25 1,28
3,00£0,50 6,00
0,70£0,11 0,69
1,24 —
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Mpw pocnimKeHHi BNNvMBY agpeHOKOPTUKOTPOMHOrO
ropmoHy (AKTT) Ha cucTemy rinodhis — Kopa HagHUPHU-
KiB Ta cnepmonpoaykLito nigaocnigHnx Gyranuis pisHux
TUNIB HEPBOBOI CUCTEMWU CTaBWUIMW 3aBAAHHS BUSBUTU
3B’A30K MK TMMOMOMYHUMWN BNACTUBOCTSIMU HEPBOBOI
CUCTEMU TBapVH Ta 3MIHOK HasIBHOCTI €03MHOMINIB
(Tabn. 5).

3MiHM  MOpPAOMOriYHOI KapTUHM KPOBI  3anexanu
BiA (PyHKLiIOHaNbHOro ctaHy cuctemu rinogis — kopa
HagHVPHWKIB y Byranuis, BUPOLLEHNX B Pi3HUX YMOBaX
YyTPMMaHHS Ta Aii iHTpacekcyanbHoro Bigbopy. Mopdo-
NOriYHMIA CTaH KpoBi y Byranuis pisHnx Tunis BH takox
3anexas Big (yHKUiOHanNbHOro craHy agpeHorinodi-
3apHoi cuctemu. [NopiBHAHHS peakuii cTpec Ha BBeAeH-
Hs1 AKTT y 6yraiB cnabkoro i cunbHoro Tunie BH noka-
3ano, Lo BOHa 3anexana Bif TMnonoriYyHux BnacTueoc-
TeW HEPBOBOI CUCTEMMU, SIKi € MO3UTMBHO MNOB’A3aHMMM 3
LUIBUAKICTIO BUCHaXXYBaHHA KOPU HaHUPHUKIB.

B 3B’A3Ky 3 LUTY4YHO BUKIMKAHMM CTpecom (Tabn. 6),
SKUA BUHUK BHacnigok seeaeHHs AKTT, noripwmnmch
MOKa3HMKM Cnepmu y BCix Oyranuis, He3anexHo Big Tuny
ix HepBoBOi cuctemn. OcobnmMBo NOMITHUM Byrno cyTTe-
B€ 3HWXEHHA (B 2 pa3n) NOKa3HUKa akTMBHOCTI (pyxo-
MOCTi) cnepmu GyrawnuiB nicnsa BBegeHHst AKTT.

ToBTO nokasHWK aKTMBHOCTI CnepmartosoidiB y Lo-
MHO ofepaHii (HaTUBHIN) cnepMi 4INCHO MOXHa BUKO-
pUCTOBYBATW ANA OLLIHKM CTPECOCTINKOCTI Ta CTPECOYYT-
NMBOCTI OyraiB..

B 383Ky 3 gieto iHTpacekcyanesHoro Bigbopy no-
KasHWKM CnepMn Ta KifbKiCTb e03nHoQiniB B nepude-
PYYHIN KpOBi ByrawLiB 4OCNIQHOT rpyny 3aKOHOMIPHO Bi-
nobpaxanu ixHIo iepapxidHy B3aemogito B ctagi. Tomy,
MOPIBHSIHO 3 BOXXaKOM CTafa, AOMIHaHTHi Oyranui nigao-
crnigHoi rpyny npogykysanu Ha 45,6 % i nignerni — Ha
83,2 % meHLWwe cnepmarto3oigis. BiporigHy pisHuLo Mix
OOMIHaHTHUMK | nignernmu GyranusiMm Ha KOpUCTb
nepLunx Big3Hauunm 3a 06’eMoM esiKynaTy N akTUBHIC-
THO CNEepMM.

BbpakoBaHMx eskynaTiB y nignernux 6yranuig 6yno
Ha 25,4 % 6GinbLue, HiX y BoXaka, i Ha 20,4 % 6GinbLue,
Hi>K Y AOMiIHAHTHMX Oyranuie ctaga. BogHouac Oyranui
KOHTPONbHOT rpynu 3 MPUB’A3HOIO YTPUMaHHSA Manu Ha

0,6 Mn BinbLK 06’eM esKYNATY, MOPIBHAHO 3 BOXAKOM
i AOMIHAHTHUMM, | Ha 1,7 M — NOPIBHAHO 3 NignernMvn
Oyranuamu. 3a 3aranbHOK KiNbKiCTIO criepmaTtos30ifis
y BCiX esikynsitax Gyravili KOHTPOSbHOI rpynu nepesu-
LLyBanu AOMIHaHTHUX Ha 34,2 % i nignernux Gyranuis
niggocnigHoi rpynn — Ha 79,7 %. OgHak Boxak gocnia-
HOI rpynn nepeBepLUyBaB 3a LM NOKa3HUKOM Oyranuis
KoHTporto Ha 19,8 %. Yci HaBeaeHi pi3HUL CTAaTUCTUYHO
BipOriaHi.

MokasHukn cnepmun niggocnigHux Gyranuis 3a BeCb
nepiog, BUPOLLYBaHHA (Tabr. 7) MK KOHTPONbHO Ta
OOCNIQHOI rpynamMmm TakoxX PiHATBCS.

OpepkaHi HamK HOBI AaHi cBig4aTh Mpo Te, Wo O0-
MiHyBaHHs1 YacTMHM Byranuis niggocnigHoi rpynu, oby-
MOBJIEHE [i€t0 IHTpaceKcyanbHOro Binbopy, 3aKOHOMIp-
HO BMNVHYNO Ha PICT, PO3BUTOK, CTAaTEBY aKTUBHICTb Ta
CrepmMonpoayKLito ycix byranuis craga.

OTxe, nnoawdiCTb TICHO NMoB’si3aHa 3 iepapXivyHUM
paHrom TBapuH. BoHa cTaHOBWTE OCHOBHY NaHKy Gara-
ToCXig4acTol NpUMpOAHOT perynsuii iHTpaceKkcyanbHOro
BiOOOpY, fka 34INCHIOETLCS 3a OOMOMOTOK CKIagHUX
KOMMEKCIB NOBEaiHKM, isionoriyHnx aganTtauinHnx
peakuin Ta CcTpecy, KOTpi OOyMOBIIOKTb 3aKOHOMIp-
Hy CUCTEMY MPUCTOCYBaHb OO0 CEPEdOBMLLA 3 PiBHEM
YHKUIOHYBaHHSI CTaTeBOi CUCTEMMU KOXHOI OCOBWHU
cTaga.

Y 3B’A3Ky 3 fgieto ctateBoro Biabopy B ymoBax npu-
POAHOTO PO3MHOXEHHST TPYNOBOr0 0e3npuB’s3HOro Ta
MPUB’A3HOIO YTPMMAHHS (3 MOLLIOHOM B KifbLEBUX KOpU-
Aopax) OCHOBHOI 3aKOHOMIPHICTHO € MOTipLUEHHS Nibigo
(axx o iMnoTeHU;T), epekuin, NpocTaTo-TeCTUCTUKYNSP-
HOI B3aemMogii i cnepmonpogykuii y nignernmx Gyraie sk
Hacnigok nepeHeceHoro 0onto, CTpaxy Ta arpecUBHOCTI
iHWKX TBapuH. Lle MoxHa ycyHyTK 3a JONOMOroH0 pis-
HMX cnocobiB YTPMMaHHA Ta CTMMYNsLii, siki 3abesne-
YyI0Tb paujioHarnbHe BUKOPUCTaHHS MMigHMKIB B yMOBaXx
CyYacHuX NianpueMCTB.

CnpOMOXHICTb TBApUH A0 PO3MHOXEHHS 3anexana
Big IXHbOro Micus y cTagHin iepapxii. Buwa TinbHICTb
OOMIHaHTHUX KOpIiB CTafa, MOPIBHAHO 3 nignernumm
(85,9 % npotn 53,8 %), 3abesnedvyBana GinbLue npea-
CTaBHULTBO IXHiX HaLWaaKiB y HACTYNHOMY MOKOMiHHI.

Ta6nuus 7. MNMokasHuku cnepmMu niggocnigHux Gyranuis 3 12- oo 18-micsayHoro Biky,
Table 7. Semen characteristics of experimental bulls from 12 to 18 months of age

[pynu / Groups
[NokasHuk Pi3Hnus
Indicator KoHTponbHa DocnigHa Difference
Control Experimental

KinbkicTb eakynsTis/ Number of ejaculates 224 160 64
O6’em, mn / Volume, ml 1,97+0,06 1,37+0,06 0,60
AkTUBHICTb, 6anu / Activity, points 0,7 0,7 —
KoHueHTpauis, mnpg./mn. / Concentration, billion/ml 0,735+0,03 0,747+0,04 0,012
3aranbHa KinbkicTb cnepmarto3oifis, Mnpa. 1,446+0,09 1,02140,01 0425

Total number of spermatozoa, billion
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OCHOBHO 3aKOHOMIPHICTIO hOpPMYyBaHHS Ta NiaTpu-
MaHHs1 B3aeMOBIQHOCVH Oyranuis (iepapxii) y ctagi € Bu-
HUKHEHHS1 CKNagHMX KOMMIEKCIB NoBeaiHk1 Ta aganTa-
LiIMHUX peakLUin i CTpecy, a TakoX BIQHOCHOrO 3racaHH4
CEeneKTUBHOI CKNagoBoi Mibigo Ha ocobuH CBOET rpynu,
SIKe BiAHOBMOBANOCh y chopMOBaHOMY CTafi Ha HOBO-
Npubynunx TBapuH.

BcTaHoBneHO BaxnuBy Ansi Bigbopy, OUiHKM Ta BU-
KOPUCTaHHSA B cenekLii siKiCTb iepapXiyHOro paHry oy-
ravuis-nigepis ctaga — MOro 4eTepMiHOBaHICTb TUMOM
HepBOBOI cuctemu. Jligepamn crtaga ctaBanu Hau-
BinbLU arpecnBHi AOMiHaHTHI ByraiLi cunbHOro BPiBHO-
BaXXEHOro PyxoMOro TuUny BULLOT HEPBOBOI OiSANbHOCTI,
AKi Manu 6inbLUy CNPOMOXHICTb A0 eKCTpanonsLii.

KoHTpacTHi BigMiHHOCTI y criocobax obmexeHHs fji iH-
TpacekcyansHoro gobopy HandiTkile sussuucs y 18-mi-
CSYHOMY BiLli, korm Byranui gocnigHoil rpynv (6e3npre’sasHe
YTPMMaHHS1) 3a >KMBOK Macoro MOCTynanucs aHanoram
KOHTpOmto (NpuB’asHe yTpumaHHsi) Ha 50 kr (P<0,1), a 3a
3ararnbHOI0 KiMbKICTIO CNepMaTto30iaiB B esKynaTi TBapvHn
KOHTPOIbBHOI rpynv nepesepLUyBany JOMiHaHTHUX Byran-
uiB gocnigHoi rpynu Ha 34,2 i nignermnux — Ha 79,7 %.

Brneplie nokasaHO 3aKOHOMIPHICTb HeageKkBaTHOI
peakuii Bignosiai 6yranuis, BUPOLLYBaHMX Ha NPUB’A3i
abo B ymoBax OOMEXEHHs iHTpaceKCyarnbHOro Bid-
Dopy, Ha 30BHILLHI MOAPa3HMKK, Ska CTaria OCHOBHOM
NPUYNHOKO TXHBOT aKTUBHO-O0BOPOHHOT i ByMHOT noBse-
[iHKM, 0BYMOBIEHOI BPIBHOBa)KYBasibHOK Ta rarnbMiB-
Hoto hazamu AignbHOCTi KOpW roNoOBHOrO MO3Ky. Peak-
Lji Ha nNogpasHMKM BiAHOBMOBANMCA 40 HOPMU JvLle
nicns nepeBefeHHs caMuiB Ha rpynoBe 6e3npus’sisHe
YTPMMaHHS Ta BCTAHOBIEHHS iepapxii.

O6’ekTnBHa ouiHka Tuny BHL, ta TMny koHCTUTYUIT
y 6ByraiB LBILBKOI MOPOAM Oana MOXNMBICTb BrepLue
BCTaHOBUTH, WO 63,9 % cunbHux TMNiB BHI Hanexatb
00 wupokoTinux i 36,1 % — [0 BY3bKOTINUX TUNIB KOH-
CTUTYLIT, WO cyTTEBO cnpoLyye Biabip TBapuH baxkaHo-
ro TUNy AnS OLiHKN Ta BUKOPUCTAHHS B CENeKLil.
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Influence of natural selection on the reproductive function in bulls

V. I. Petrenko, |V._I. Barabash
izkz003337@gmail.com

Institute of Grain Crops NAAS, 14 Volodymyra Velykoho str., Dnipro, 49027, Ukraine

The article presents long-term research results on the impact of natural and sexual selection on the reproductive function in bulls
under tethered and loose housing conditions. It was found that dominant males within the herd hierarchy have preferential access to
resources and mates, resulting in decreased libido, semen quality, and reproductive activity in subordinate bulls. Rank-related stress
is identified as a key factor causing impotence and reproductive failure in these animals. Dominant individuals demonstrated superior
adaptability, higher sperm production, and neurotypical characteristics associated with leadership. A comprehensive assessment of
physiological, ethological, biochemical, and morphological parameters revealed effective strategies for improving housing conditions,
mitigating the impact of intrasexual selection, and stabilizing reproductive function in breeding herds. For the first time, the type of
higher nervous activity in bulls is proposed as a selection criterion for forming a high-performance breeding stock. The findings are
crucial for refining bull management, selection, and application in artificial insemination and genetic improvement programs.

Keywords: bulls, natural selection, sexual function, rank stress, herd hierarchy
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3anpouwyemMmo po3mMmicTutu peknamy Bawoi komnaHii
Ha cTOopiHKaxX HayKoBoro ypHany «bionoria tBapuH»!

Mw roTosi cniBnpautoBaT 3 Bamun anga cTBOPEHHS e(PeKTUBHOI pekriaMHOI cTpareril,
sika Bignosigae Bawmm notpebam i Grogxery.

[MponoHyeMO pi3Hi BapiaHTV PO3MILLEHHS peknamu, 3oKkpema baHepu, OronoLLEHHS
abo cTaTenHo-peknamHi maTtepianu.

Peknama B Halwiomy xypHani Jo3sonutb Bam:

" 3aNy4Y1TN yBary HaykoBuLiB i ¢paxiBuiB 4o Baluol komnaHil Ta npoaykuir;

" NigBULLMTI Bri3HaBaHICTb 6peHay Ta NO3nLioHyBaHHA Ballol koMnaHil Ha pUHKY;
" 3aMyYNTN HOBUX KNIEHTIB | po3wmpnTi Bawy KnieHTCbKy 6aay.

Mpono3uuii go cnisnpaui Ha 2024 pik:

" peKkriaMHum 6nok Ha 2 ctopiHkm — 1000 rpH B O4HOMY HOMEpI XypHany,
2500 rpH y TpbOX HOMepax XypHany.

» peknamMmHum 6nok Ha 1 ctopiHky — 2000 rpH B og4HOMY HOMeEpI XypHany,
5000 rpH y TpbOX HOMepax XXypHarny.

KoHnTakTu: (+38 096) 814-78-15, inenbiol@gmail.com



