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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,
Cc.*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 econom-
ically important traits in Ukrainian Carpathian Mountain sheep.

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

Introduction

farms located at the foothill and mountainous regions
of the Transcarpathian, lvano-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 ewes
the Western region of Ukraine. This breed is kept in the of the Tsakel type with rams of the Tsygai breed.

The Animal Biology, 2025, vol. 27, no. 1
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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 [21].

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 con-
ditions, the number of livestock has been decreasing
uncontrollably 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
explained by the low profitability of breeding.

Today, 9 sheep breeds have already disappeared
without a trace in Ukraine: Walahian, Pirni, Reshetilivs-
ka, Chushka, Mazayev Merino, Malich, Hutsulian, Chun-
tuk [22]. The long-term crisis in sheep breeding and the
active 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
region, preserving cultural crafts, traditions, and the
material 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 lifestyle and culture, which over the centuries
formed a specific 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 [23].

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 regulation of
muscle growth. Variations in MSTN, particularly in regu-
latory regions such as the 3'UTR, have been associated
with enhanced muscle mass, feed efficiency, and overall
carcass quality, making it a valuable target for marker-
assisted selection in breeding programs [10, 13].

And it is specifically the 3'UTR region of the myostatin
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 collect-
ed from the sheep’s jugular vein in blood collection
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 bioinfor-
matic 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 performed
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).
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The PCR program was carried out with an initial
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 pos-
sible mutations in the 3'UTR of MSTN.

Clustal Omega Multiple Sequence Alignment (MSA)
was used to generate the sequence multiple align-
ments [7].

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 similar-
ity of the 3'UTR region of the myostatin gene between
sheep and antelope (Oryx dammah, XM_040227852.1),
red deer (Cervus elaphus, 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 [9]. There are more
than twenty thousand miRNAs identified, and their
number is rapidly increasing [18, 20].

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 re-
gions targeted by miR-27b in the 3'UTR region. According
to Zhang et al., miR-27b contributes to the prolifera-
tion of sheep skeletal muscle satellite cells, targeting
MSTN and suppressing its expression. Furthermore,
miR-27b controls MSTN in ovine satellite cells by sup-
pressing its translation at the initial stage, followed by
mRNA degradation [25].

According to the Ensembl database [8], 8 poly-
morphisms are currently known in the studied region
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(1093 bp). These polymorphisms occur with individual
frequencies in different breeds (table). The most stud-
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 particular:
g.9827G>A, g.+6723G-A, ¢.2360G>A [13].

Polymorphism at this locus occurs in crossbred
sheep (Blue-faced Leicester x Scottish Blackface [19]),
in Texel and Charollais, in Poll Dorset x White Suffolk
rams and AG or GG White Suffolk x (Border Leices-
ter x Merino) dams [14], in Australian Texels, White
Suffolk, Poll Dorset, and Lincoln [16], New Zealand
Texel-cross sheep [15], and in Polish breeds such as
Kamieniec and Pomeranian sheep [17], and in Charol-
lais and Texel sheep bred in Latvia [24].

On the other hand, the Colored Polish Merino sheep
were monomorphic for G at the ¢.*1232 position [10].
No polymorphism was found at this locus in the Latvian
dark-head, Merinolandschaf, lle de France, Dorper [24],
NZ Romney, Coopworth, Corriedale, Dorper, Peren-
dale, Suffolk, Merino, Dorset Down, Coopdale, and Poll
Dorset [12]. 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 [24], loin and fore
shank weights [10], proportion and muscle-to-bone
ratio, muscle-to-fat ratio [19], carcass composition,
and the proportional weights of the loin and hindquarter
muscles [14].

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.
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AGGTTTATCAAGCAAAAAACATTCAGTAAAGTAATAAGTTTCTCCTTTCTTCAGGTGCATTTTTACACTC
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 C or Gor T, R—Aor G. Information about the polymorphisms
was obtained from the Ensembl database [8]).

Capra_hircus
Sus_crofa
Bos_taurus
[Oryx_dammah
Ovis_aries[with_SNP]
[Ovis_aries

Capra_hircus
Sus_crofa
Bos_taurus
[Oryx_dammah
(Ovis_aries[with_SNP]
[Ovis_aries

Capra_hircus
Sus_crofa
Bos_taurus
[Oryx_dammah
Ovis_aries[with_SNP]
[Ovis_aries

Capra_hircus
Sus_crofa
Bos_taurus
[Oryx_dammah
Ovis_aries[with_SNP]
[Ovis_aries

GAGCAAGGAAAAAGATTGTATTGATTTTAAAACCATGCAAARACTGCAAATCTTTGTTTA
GCTGAATGGCTGGTGTTATCAGGTTTATCAAATAAAAGC - -AT - - -TCAGTAAAGTAATG
GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAA - -CGTTCAGGAAAGTAATAAG
GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAMA - -CACTCAGTAAAGTAATAAG
GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAARA - -CATTCAGTAAAGTAATAAG
GCTGAATGGCTGATGTTATCAGGTTTATCAAGCAAAAAA - -CATTCAGTAAAGTAATAAG
GAAGGAAAATGTGGAAAAAAAGGGGCTGTGTAATGCATGCTTGTGGAGACAAAACAATAA
TGAAAGAAAAATCATTTTTCTAGAGCTCTGCATTCAATTCTGTAGCATACTTG-------
AGAMAGAAAACTCATTCTCCTAGAGGTCTACATTCAATTCTGTAGCATACTTG- - - - - - -
AGAAAGAAAAATCATTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG-------
AGAAAGAAAAANCMTTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG-- - ----
AGAAAGAAAAATCATTTTTCTAGAGGTCTACATTCAATTCTGTAGCATACTTG -------

=w  omm om omm =

www W W mom omom om om mm mm = o o

ACTGATTGATCAGTACGATGTCCAGAGAGATGACAGCAGCGACGGCTCCTTGGAAGACGA
GTT----o o TTTATGATAAAATCATGGCAATGACTGATTCTATCAATATTG

GCT- --TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG
GCT- --TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG
GCT- --TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATAKTG
GCT- --TTTAGGATGAAATAATGGAAATGACTGATTCTATCAATATTG

EEIE

GACTCCTACAACAGTGTTTGTGCAAATCCTGAGACTCATCAAACCCATRAAAGACGGTAC
ATTTCGGAGCARATTAGCTGATTAAATAGTGGTCTTARAACTCCATATGCTAATGGTTAG
ATTTTGGAGCAAATTAGTTGATTAAATAGTGGTCTTAAMACTCCATATGCTAATGGTTAG
ATTTTGGAGCAAATTAGTTGAT TAAATAGTGGTCTTAAMACTCCATATGC TAATGGT TAG
ATTTTGGAGCAAATTAGTTGAT TAAATAGTGGTCTTAAMACTCCATATGCRAATGGT TAG
ATTTTGGAGCAMTTAGTTGATTAAATAGTGGTCTTAMACTCCATATGCAAATGETTAG
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CTAAAAGAT - - - -ATAAGGCCAATTACTGCTCTGRAGAATGTGAATTTTTATTTTTGCAA
TTATGACTAAGTGAAATTATTTCTTACATCTAATGTGTAGAAACAATATAAATTATATTA
TTATGATTAAGTGAAATTATTTCTTACATCCAATGTGTAGAAACAATTTAAGTTATATTA
TTATGATTAAGTGAAATTATTTCTTACATCTAATGTGTAGAAACAATGTAAGTTATATTA
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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— Gor T, M—Aor C,N—Aor CorGorT, R—Aor 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)
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671
681
681
682
682
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727
737
737
738
738
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78e
79@
791
791
791

991
896

987
987
207

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 [24]
and Texel (TEX)
rs414527527 2:118150142 A/C c.*709A>C Charollais [24]
rs1093989187 2:118150307 T/G c.*874T>G — [8]
rs430092736 2:118150531 AIG c.*1098A>G — [8]
Texel,
Charollais,
c.*1232G>A Poll Dorset
. g.9827G>A, White Suffolk, [10, 11, 12, 14, 16,
rs408469734 2:118150665 A/G g, +6723G>A, Lincoln, 17,19, 24]
c. 2360G>A Kamieniec,
Pomeranian,
Colored Polish Merino
rs1088525878 2:118150700 AIG c.*1267A>G Romney [8]
rs419982449 2:118150749 G/A c.*1316G>A Charollais [24]
rs592881811 2:118150922 G/A c.*1489G>A Ouled Djellad [8]
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It is also worth noting that while polymorphic (partic-
ularly heterozygous) loci are typically used in marker-
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 inter-
preted 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 accurately assess the po-
tential of MSTN as a genetic marker for improving eco-
nomically important traits in the Ukrainian Carpathian
Mountain sheep.

Using sequencing of the 3-untranslated region
(3'UTR) of the myostatin gene of the Ukrainian Carpathian
Mountain sheep the following genotypes were identified:
c.*707TT, c.*709AA, c.*874TT, c.*1098AA, c.*1232GG,
c.*1267AA, c.*1316GG, c.*1267AA, ¢.*1489GG. Based
on obtained results, we concluded that it is important
to continue studying other regions of the MSTN gene, in-
cluding 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 important traits in the Ukrainian Carpathian
Mountain sheep.
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MeToaAM cenekuinHo-nneMiHHoi poboTy 3abe3nevyioTb pearnisauito reHETUYHOTO MoTeHuUiany Ans niaBULLEHHS NPOAYKTUBHOCTI Ta nne-
MiIHHOT LIHHOCTI CinbCbKOrocnoaapchknx TBapuH. 36epexeHHst LiHHOMo reHopoHAY YKpaiHChKOI ripCcbkokapnaTCbKoi Mopoan oBeLb Mae
3[iCHIOBATNCS HAYKOBO O6I'PyHTOBaHUMW METOAAMM, SKi AO3BONAOTL 36eperTu LiHHI BNacTUBOCTI NOpoAM — BUCOKY aganTalinHy
30aTHICTb 4O YMOB FiPCbKOrO PErioHy Ta MOFIOYHO-M’ACHWI HanpsAM NpoayKTUBHOCTI. [eH mioctatuHy (MSTN) po3rnsiaatoTe Sk Mapkep
ONsi NOKpaLLEHHS rocrnogapCbKo KOPUCHMX O3HaK y TBapwH. byno npoBegeHo cekBeHyBaHHsi oparmeHTy 1093 bp 3'-HeTpaHcnio4oi
ainsHku (3'UTR) reHa miocTaTUHY yKpaiHCbKUX FpCbKOKapnaTCbKUX OBELb AN MOLYKY NOTEHUIHO KOPUCHUX MyTaLii y reHi. Bicim
Bigomunx SNP, kinbka 3 SkuMx € noniMopdHNMU Y MOpiA NaTeificbka TEMHOrONoBa, MepuHonaHaLuad, inb-ge-paHc, Tekcenb, waponrne,
nongopcet, 6inunin cyddornk, NiHKOMbH, KaM'sIHCbKa, MOMepaHCbKa, KOMbOPOBUIA NOMbCLKUN MEPUHOC, Byn MOHOMOPCHUMU B YKpaiH-
CbKOI ripcbkoKkapnaTcbKoi nopoaun. Y AocnifpKyBaHiin nonynsuii oBeLp BUABMNEHO reHotunu: ¢.*707TT, c.*709AA, c.*874TT, c.*1098AA,
€.*1232GG, ¢.*1267AA, c.*1316GG, c.*1267AA, c.*1489GG. BapTo 3a3Ha4nTu, WO y 3B’3Ky 3 MOHOMOpPQHICTIo gocnigxeHnx SNP
3-HeTpaHCMIoYOT AINSAHKM reHa MIOCTaTUHY YKPaiHCbKUX MPCbKMX KapnaTCbKUX OBELb MapKep-acouiioBaHy Cenexu;iio 3a LM perioHoM
(3'UTR) reHa mioctatuHa NpoBOAUTU He MOXHa. Ha migcTaBsi oTpyMaHunx pesynstaTiB My LY BUCHOBKY NMPO BaXXNMBICTb nogarnb-
LLIOrO BUBYEHHS iHLLMX AiNsHOK reHa MSTN 3 oxonneHHsM BinbLUoi KinbKOCTi TBapuWH i AaHux deHoTuny. Lie gonomoxe ineHTndikyBatn
cneunaivHi MyTauii B reHi, ki MOXyTb CryryBaT NOTEHUIHUMW reHeTUYHUMW MapKepamm Ans NOKpaLLeHHsi EKOHOMIYHO BaXIMBUX
03HaK B OBeLb YKpaiHCbKOI FNpcbKoKapnaTCbKoi nopoau.

KnrouoBi cnoBa: MSTN, mioctatuH, 3'UTR, ykpaiHcbKa ripcbkokapnaTcbka nopoaa, BiBLi

Buslyk T, Kozak M, Yuzviak M, Salyha Y, Stapay P, Saienko A, Trapina I, Paramonova N. Sequence analysis of the 3'UTR region of the myostatin gene
in Ukrainian Carpathian Mountain sheep. Biol Tvarin. 2025; 27 (1): 3-8. DOI: 10.15407/animbiol27.01.003.
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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
pouliry 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 Escherichia coli is included
in the list of pathogens that the WHO considers to be
resistant pathogens [6]. In particular, E. coli is able to
develop resistance to clinically important antibiot-
ics — fluoroquinolones. The mechanism of action of
fluoroquinolones is based on the specific inhibition of
DNA gyrase (for gram-negative microorganisms) 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 NAAS (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,
ofloxacin (5 ug) and norfloxacin (10 ug) — second-gen-
eration fluoroquinolones, levofloxacin (5 pg) — third-
generation fluoroquinolones and moxifloxacin (5 ug) —
fourth-generation 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 fluoroquinolones 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 pg), norfloxacin (10 pg), levofloxacin (5 pg),
moxifloxacin (5 ug) [18].

Mueller Hinton Agar M173 (Mueller-Hinton agar) with
apHinthe range of 7.2—7.4 was used for testing according to
EUCAST recommendations. The manufacturer is Himedia,
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the batch used has been tested and standardized in accor-
dance with the requirements of CISI-M6: 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 com-
pletely 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 cm3). After complete so-
lidification of the agar, the dishes were dried to remove con-
densation. Ready-made Mueller-Hinton agar plates were
checked for sterility and suitability for E. coli growth. To con-
trol the sterility, the plates with Mueller-Hinton medium were
leftin a thermostat at 37.0+1.0°C for 24 hours. Control of the
growth properties of Mueller-Hinton medium was checked
by using a test culture of E. coli ATCC 25922 for inocula-
tion, followed 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 fluoro-
quinolone disks were recorded by measuring the diam-
eter of the zones of growth inhibition of the test cul-
ture of E. coli ATCC 25922 and checking their compli-
ance 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-
Hinton agar in a volume of 0.1 cm?3 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.
The results were recorded by measuring the diameter
of the growth inhibition zones of each E. coli strain around

bionozis meapuH, 2025, 1. 27, N@1
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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

approved 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 suscep-
tible population. This was confirmed by the growth of
single colonies in the zone of crop growth inhibition,
the diameter 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
of E. coli. This was confirmed by the results of the study,
as the diameter of the zone of inhibition of culture growth

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 — " — — " —
Levofloxacin 5 29-37 33 — " — —
Moxifloxacin 5 28-35 30 — = — " —
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Table 2. Results of tests for fluoroguinolone 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 which Isolated c e c g c g c e

N isolated and identified trai 2 g g 2

o. isolated and identifie strains == = fop= = 2= = 2E -
strains of E. coli of E. coli S - = S - = 8 - 2 8 = 2
= © =k = © E L © = =
£ 3 3 £ 3 ko] £ 3 3 £ 3 i
= e = oo 9 = =) e = = e =
g2 £ 35 & 85 & 5z &
o c Qo 0 c QS o c 2 o c =
E's IS E's IS €T IS E's c

S5 8= 8= =]

a» a» @ @ g @

According to EUCAST requirements

Range gf pe_rmis_sible values of t_he diameter s> R< Ss R< S> R< S> R<
of the disk diffusion zone according to the 24 22 24 24 25 22 52 22
EUCAST checkpoint table, mm

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 ??J)’ R *(?;’ R 26 s 27 s
g  aminandmeralPlOmX  Ecs3 23 s 28 s 28 s 25 s
10 Corn grain Ec55 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 33 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, N@1
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of this strain was 30 mm, and decreased to 21 mm due
to the growth of single culture colonies in the zone of
inhibition. 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. coliresistant to antibacterial drugs, the share of
which in 2021 amounted to 26.6 % of the studied feed sam-
ples. 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, peptonococci, 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 rap-
id and effective bactericidal effect, have good penetration
into organs and tissues, and ensure a high level of drug
concentration in the blood. Currently, fluoroquinolones are
considered to be one of the most bactericidally effective
drugs to which bacterial pathogens are very sensitive and
only in a few cases have they developed resistance to

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).

these antibiotics [10, 15]. That is why fluoroquinolones 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 representatives of the En-
terobacteriaeceae family — E. coli and Klebsiella spp. [13].
There is still no consensus on this issue. Other researchers
and medical practitioners report a low therapeutic level of llI
and IV generation fluoroquinolones and the need for fluo-
roquinolones with higher bactericidal activity [11].
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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
indicates possible risks of disease in animals and poultry
and epidemiological consequences due to the possibility
of transmission of such resistance to other species
of microorganisms and the normal intestinal biota of
humans, animals and poultry.
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PTOPXiHONMOHPE3UCTEHTHI WTaMu Escherichia coli B kopmax ansa TBapvH i nTuli

3 KOPMOBUPOOBHNYUMX NiANPUEMCTB YKpaiHu

H. B. Kypsma’, O. M. HYedem?, O. I. lopbamiok?, O. B. lNiwaHcekuti?, /1. B. banan4yk? H. . Mex?, O. M. >KosHip?
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"IHcTuTyT Gionorii TBapuH HAAH, Byn. Bacuns Ctyca, 38, m. JlbBiB, 79034, YkpaiHa
2[lep>kaBHWIN HAyKOBO-AOCHIAHWI IHCTUTYT 3 NabopaTopHOI AiarHOCTVKM Ta BETEPUHAPHO-CaHITapHOI eKCnepTusm,

Byn. foHeubka, 30, m. Kuig, 03151, YkpaiHa

SIHCTUTYT BeTepuHapHoi meanumHn HAAH, Byn. [oHeubka, 30, M. Kuig, 03151, YkpaiHa

Y cTaTTi NpeacTaBneHo pe3ynsratv BUBYEHHS YyTNMBOCTI WTaMiB Escherichia coli, BuaineHux 3i 3paskiB KOpMiB A5t TBAPWH i NTUL,
0o cpropxiHonoHis |l (ocdbnokcauuHy, HopchnokcaumHy), Il (nesodnokcauumHy) Ta IV (MokcicornokcaumHy) nokoniHb. MNokasaHo, LWo BUCOKY
CTiMKICTb 4O HOPCPMOKCALIMHY BUSIBIIEHO B CEMU LUTaMIB BUAINEHMX eLuepuxin, Wwo ctaHoBuTb 33,3 % igeHTudikoBaHux. [1o odrokcaumHy
Ta go npeactasHuka |l nokoniHHs PTOpXiHOMOHIB — neBodrokcaumHy — Gynu CTiikuMK No Tpu BUAINeHi wramu E. coli, Wo cTaHoBUTb
no 14,3 % ycix gocnimkennx. [lo npeacraBHuka IV nokoniHHSA (PTOPXiHOMOHIB — MOKCIGIOKCaLMHY — PE3UCTEHTHICTb BUSIBMEHO B OOHO-
ro wramy E. coli, To670 B 4,8 % pocnigxeHux. Pesynsratv npoBegeHnX AOCHiIKEHb 3 BUBYEHHS CTIMKOCTI 40 (pTOPXIHOMOHIB BUAINEHNX
wramiB E. coli BkasytoTb Ha 3Ha4Hy KOHTaMiHaLiit0 KOPMIB AN TBAPWH i NTULI PTOPXIHONOHPE3NCTEHTHUMM eLuepuxiamu. Lle cTBoproe no-
TeHLUianbHi pU3MKKN 3 PO3MOBCIOIKEHHS Ta MMOBIPHOI Nepefadi Takoi CTIKOCTI iHLLIUM BuaamM BakTepiit i HOpMOBIOTi LLIMYHKOBO-KULLKOBOTO
TPaKTy TBapwH i NTULi NPV NOTPannsiHHi B OPraHiamM 3 KOPMOM, @ TaKoX JIOAVHN — SKLLO BOHA BXUBATUME NPOAYKLil0 TBAPUHHOMO

NOXOMKEHHS nicns 3rogoByBaHHA TakuUx KOpMiB.

KnroyoBi cnoBa: Escherichia coli, (TOpXiHONOHW, KOMGIKOPM, BUCIBKM, LLPOT, MPEMIKCH, Myka TBAapUHHOIO MOXOMKEHHS!, pubHa Myka

Kuryata NV, Chechet OM, Gorbatyuk Ol, Pishchanskyi OV, Balanchuk LV, Mekh NY, Zhovnir OM. Fluoroquinolone-resistant Escherichia coli strains
in animal and poultry feed from Ukrainian feed-producing enterprises. Biol Tvarin. 2025; 27 (1): 9-14. DOI: 10.15407/animbiol27.01.009.
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MeTaboniyHi npouecu B opraHiami Ta B KiCTKax eKCrepMmMeHTanbHUX TBapuH
3a YMOB BNJIMBY iOHIB KaaMilo Ta HITpUTIB
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IBaHO-DpaHKiBCbKMI HaLiOHaNbHUN MEAUYHUIA YHiBepcuTeT, Byn. Manuubka, 2, M. IBaHo-PpaHkiBcbk, 76018, YkpaiHa

Bakki meTanu, 4O SIKUX HanexuTb KaaMil, a TakoX HiTpatu
N HITPUTK BiOHOCATbL 4O HaMOINbLL NOLUMPEHMX MOSOTaHTIB O0-
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MeTaboiuHi NpoLeck B OpraHiaMi Ta B KiCTKax TBAPWH 3a BMJIVBY iOHIB KaaMitO Ta HITPUTIB

Beryn

Y cyyacHux ymoBsax YKpaiHu, KOnu Ha 3HauHin Tepu-
Topii BigOyBaloTbCA akTUBHI 6OWMOBI Aii Ta 0ogHOYaCHO
BELETbCS IHTEHCVBHE arpapHe BUPOOHMLTBO i3 3acTocy-
BaHHSAM MiHeparnbHUX JoBpWB, 3arpo3nmBo 3poCcTae 3a-
OpyaoHEHHS JOBKINISA CONAMM BaXXKWMX MeTaniB, 30Kpema
kagmito (Cd), a Takox HiTpaTamu n HiTputamn. Jocni-
[PKEHHS1, MPOBeAEHi B MiBHIYHMX obnacTax — YepHirie-
Cbkiri, CyMCbKil i XapKiBCbKii — nokasanu, Lo IpyHTH
MiCTSITb HeGEe3NeyYHO BUCOKNIA PiBEHb BaXKKUX MeTaniB,
a e CTBOPHOE MOTEHLHY 3arpo3y Ansi CiNbCbLKOMo roc-
nogapcTea n ekocucteM [2, 4]. OgHak BiiCbKOBiI Aii He €
€OMHMM YMHHUKOM BMNIMBY Ha MOTPLUEHHSA SIKOCTi I'PpyH-
TiB — YMMano BaXuTb NOPYLUEHHS arpOTEXHIKW, Hanpu-
Knaga, HagMmipHe BUKOPUCTaHHS MiHepanbHUX 4o6pus,
30Kpema a3oTHUX. Y BiQHOCHO eKOomoriYHO Ynuctomy [Mpu-
KapnaTCbKOMY perioHi 3abpyaHEeHHs I'pyHTIB, BOOONM
i pxepen NUTHOI Boawn ioHamun Cd, a Takox HiTpatamu
M HiTpUTamn BrsiBrieHo nobnmay bByputnHebkoi OPEC,
y parioHax 3 iIHTEHCUBHUM arpoBUPOOHULITBOM i HaBiTb
Ha JesaKknx TepuTopisx ripcbkoi 3oHu Kapnart [14, 15].

MpoGnema 3abpyaHEHHS LOBKINIA BXKKMMU MeTana-
MW CTOITb Ha NOPSAKY OEHHOMY Y CBiTi BXXe He odHe de-
cATUNiTTA. 30Kpema, BiJoMO, LLIO aHTPOMOrEHHUIA YAHHUK
nowmpeHHs cnonyk Cd B ekocuctemax yTpudi nepesu-
LLye NpUpoaHi Kepena HagxomkeHHs [23]. BignosigHo,
no xap4oBux naHutorax Cd noTpannse B opraHiam Tea-
PWH i MoAMHKW. AHani3 XxapyoBKX JIET PO3BUHYTUX KpaiH
3a JaHnMY H13KK aBTopiB [15] nokasas, Lo B OpraHiam
[0pOCroi NoamHn 3 iketo HagxoauTb Bia 4 0o 84 mkr Cd
LLIOAEHHO, X04a onTMMaribHa MOoro KirnbKiCTb HE MOBWHHA
nepesuLLyBatn 1-5 mMkr/goby, TMMYacoM noporoea TOK-
CUYHiCTb cTaHoBUTbL 30 MKr/aoby [23]. Liurapkosuin aum
TaKkoX BHOCUTb Baromy 4actky B OTPYEHHS OpraHiamy
Cd [8, 18]. MexaHizm TokcuyHoro Bnnuey Cd 3ymoBne-
HWIA MOro 3OaTHICTIO aKTMBYBATW NPOLECH nepokcuaaLii
ninigis i NpoTeiHy (Mp1 0QHOYaCHOMY NMPUrHIYEHHI aHTK-
OKCMOAHTHOIO 3axMCTy), NOpYLLYBaTH LiNiCHICTL MeMb-
paH, iHribyBaTV aKTUBHICTb €H3UMIB, LLIO MalOTb BaXIN-
B€ 3HaYeHHs ONd NiATPYMaHHS roMeocTasy opraHiamy
[9, 10, 20, 23]. Binoma xBopoba iTaii-italn — OTPYEHHSI
noaewn, BUKNMKaHe BXXUBAHHAM pUCY, LLO MiCTUB Cnory-
kn Cd. NMpn LbOMY PO3BUBAETLCS YLUKOAXKEHHS HUPOK
Ta kictok [19, 20].

[Nopsaa 3 BaXXKMMU MeTanamum HiTpatn N HITpUTU BXe
TPYBarWin Yac 3anuLaloTbCsl HANMOLUMPEHILUMMIW MOrto-
TaHTamMm JOBKinnsa B 6aratbox KpaiHax CBiTy, 30kpema
i B YKpaiHi. OcobnmBo 4yTnmBei 40 IXHbOI TOKCUYHOI Aji Taki
KaTeropil HaceneHHs: AiTv, BariTHI, XPOHIYHO XBOpi 3 Na-
TOnorieto Kapaio- Ta pecnipatopHol cuctem [5, 11, 24].
HanHebe3neyHiLLIo 3 TOUKW 30pY YpaXKeHHs HiTpatamu
€ BOAa 3 Konoadsis i noBepxHeBuX gxepen. paHny-
HO JonycTMMa KOHUEeHTpauis HiTpaTie y Bodi 50 mr/n,
a GinbL TOKCUYHKMX HiTpuTiB — 0,5 Mr/n. 3a gesknmn
OaHnmu [4, 5] B OKpeMUX CiflbCbKMUX MICLIEBOCTAX LLe
00 2022 poky piBeHb HITpaTiB Y KPMHUYHIN BOAI 3HAYHO
nepesyiLLyBaB JOMYCTUMI NOKa3HWKW. TakoX BiOMO, LLO
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xapyoBa gobaska E250 (HaTpin Hitput NaNO,) Bukopuc-
TOBYETBCS SIK KOHCEPBAHT i noninwysay 3abapBneHHs
pVBHKX | M’ACHUX NpoayKTiB [6]. B opraHiami 3Ha4yHa Yac-
TWHA HITPAaTIB BiAHOBMIOIOTLCS Y BinbLLU TOKCUYHWIA METa-
6onit HiTpuT-ioH (NO;"), sIKMRA, AK cBigYaTh AOCHiOKEH-
HA [5, 11, 21, 22], cnpusie OKUCHEHHIO remornobiHy go
MeTreMornobiHy, BHACNigOK YOro po3BUBAETLCS remiud-
Ha MNOKCisi Ta 3HMWXYETLCS IHTEHCUBHICTb EHEPreTUYHOro
00miHy. LLle ogHMM hakTOpOM TOKCUYHOCTI HITPUTIB
€ IXHA 3gaTHiCTb MeTabonisyBaTn 40 KaHLEepPOreHHMX
HiTpo3amiHiB. OgHak HeMae 0OoCTaTHLOI iHopMauii
LLIOAO BNSIMBY HITPUTIB HA CTaH KiCTKOBOI TKAHUHW.

3Baxkaroum Ha ckasaHe BULLEe, aKkTyallbHUM € J0-
cnigxeHHa snnuey ioHiB Cd?* Ta NO, - Ha nokasHuKn
MeTabonivyHMX NpoLEecCiB Y KICTKOBI TKaHUHI ekcnepu-
MeHTanbHNX TBapuH. ToMy MeToto Lijei poboTtu Byno go-
CnignTV KOMNIEKCHUIA BrnuB kagmito xnopuay (CdCly)
i HaTpito HiTpMTY (NaNO,) Ha NokKasHWKKN MeTabOoMIYHMX
MPOLECIB Y KICTKOBI TKaHWHI Binnx LLypiB, BMICT OCTEO-
TponHux GioenemenTiB i MLLKT y pisHux ginsiHkax crer-
HOBWX KICTOK TBapWH.

MeTtoau pocnigxeHHs

EkcnepumeHTn nposogunu Ha 6innx 6e3nopogHux
wypax-camusax (n=36) 3 macoto Tina 170-240 r, akux
yTpMMyBanu B yMoBax BiBapito Ha CTaH4apTHOMY
pauioHi. YTpMMaHHS TBapWH i MaHinynauii 3 HUIMKM NpoBo-
OVnncs 3 4OTPUMaHHSAM BUMOT BioeTVKM 3rigHO 3 yKpaiH-
CbKMM 3aKOHOJABCTBOM Ta BiAMnoBigHO 0 NOSOXeHb €B-
ponevicbkoi KoHBEHLi Loao 3axuncTy XpebeTHNX TBapyH
(Ctpacbypr, 1986). TeapuH Oyno nogineHo Ha YoTMpKn
rpynu: nepLua rpyna — iHTakTHi (n=12), CAy>Xunm KoHTpo-
nem; gpyra, TpeTH i YeTBepTa — iHTOKCMKOBaHi TBapyHU.
IHTaKTHUM TBapmMHam BBOAMMAN i3ioNoriyHmMin po3yvmH
(0,9 % posumH NaCl) signosigHoro o6’emy. IHTOKCKKaLLiKO
TBapWH 34iNCHIOBaNM NPOTAroM AecsaTu 4ib yBegeHHAM
BignosigHoi coni B 0o3i 1/10 LDy, WwWoaeHHo oauH pas Ha
noby (BogHu posyimH NaNO, 3 nuTHot Bogow 21 mr/kr
Ta BHYTPiLWHbOM'130BO po34yumH CdCl, 1,2 mr/kr macu
Tina TBapvHK). 3 METOI BMBYEHHS MOKA3HUKIB Y Pi3HUI
nepiog, aganTadii 6invx wypie o Bnnmey ioHiB Cd?* Ta
NO,~ 3abip matepiany (KpoB i CTEMHOBI KiCTK1) NPOBOAK-
nn nicna gekanitauii nig nerkum edpipHUM HapKo3oM Ha
1-wy (apyra rpyna TBapuH), 14-Ty (TpeTa rpyna) Ta 28-my
noby (YeTBepTa rpyna) nicns 3aBepLUeHHS BBEAEHHS
TOKCMKaHTIB. Y nna3mi KpoBi BU3Ha4Yanm KOHLEHTpaLiito
3aranbHoro 1 ioHisoBaHoro kanbuito (Ca), martito (Mg),
piBeHb dpocpaTiB, akTUBHICTb NyxHoI (JIP) i kucnoi
(KP) dpocdaTasm 3a JONOMOIOH YHiIPiKOBaHMX METO-
OVIK 3 BUKOPUCTaHHAM HabopiB peakTueiB «Simko LTD»,
«Lachema» Ta «®iniciT-OiarHocTnka». MLLUKT Bumipto-
Banu 3a A0NOMOIO ETarIOHHOI PEHTIEHIBCbKOI AEHCUTO-
meTpii (anapatr KUNTCERD-701) y pi3HMX ainsiHkax cTer-
HOBUX KiCTOK: Aiadiza, enidiza, ronosku, WwnmkK. MNicns
NpOBEAEHHS] AEHCUTOMETPUYHUX BMMIPHOBaHb CTErHOBI
KICTKV1 030mMtoBanu 1 'y 3omi BU3Havyanm KoHLeHTpauito

bionozis meapuH, 2025, 1. 27, N@1
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6ioenemeHTiB Ca, Mg, umHky (Zn), kynpymy (Cu), a Ta-
koxx Cd Ha aToMHO-abcopbUinHOMY cnekTpodoToOMETPI
C-115[1K. OTpumaHi pesynsratv onpaLboBaHO 3 BUKO-
pycTaHHAM Kputepito CTbiogeHTa. Yci faHi aHanisyBanm
3a gornomoroto nporpamu Statistica 8.0 (StatSoft Inc., CLUA).
Pesynbraty B Tabnuusax nokasaHo sk x+SE (cepegHe
3HavYeHHsECcTaHgapTHa noxubka). BigmiHHOCTI Mix 3Ha-
YeHHAMW BBaxkanm BiporigHumun 3a P<0,05 [23].

Pe3ynkTaty 1 06roBopeHHs

MpoBeaeHi gocnig)XeHHs nokasanu, Wwo 3a yMoB
KoMnrekcHoi Aii ioHiB Cd?* Ta NO,~ B opraHi3mi iHTOKCHKO-
BaHWX TBAPWH CMOCTEPIraloTbCs CyTTEBI 3MiHW aKTVBHOCTI
€H3UMIB, sIKi € MapKepHUMU Ans CTaHy ocTeobnacTis Ta
ocTteoknacTis (Tabn. 1). JlyxkHa dpoccpatasa (J19, rinpo-
nasa, wndp Ko 3.1.3.1.) — romogumepHuia rmikonpote-
TH, Y KOXXHOMY MOHOMEPI SIKOrO € MATb 3anuLUKiB LmcTel-
HY, iBa aTOMW LHKY 1 OOWH MarHito, siKi 00pMyoTb MOro
aKkTnBHUIA LeHTp. J1® aedhoccopunioe cybeTpaTtn, akTme-
Ha B Ny>XHOMY cepegosuLLi [5, 7]. KicTkoBui i30eH31M
ny>xHoi poccpatasu, rmikonpoTelH, KNI NoKanisyeTbes
B MeMOpaHax ocTeobnacrTiB, XapaKTepusye ix QinbHICTb
Y NPOLIECi OCTEOCUHTE3Y (KICTKOYTBOPEHHST) Ta CTAHOBUTb
3Ha4Hy YacTuHy 3aranbHoi aktusHocTi J1®. Tomy BM3Ha-
YeHHs 3aranbHol akTUBHOCTI J1® cnyxuTb MapkepoM pe-
MOAENOBaHHS KICTKOBOT TKaHWHM [6]. JocnimKeHHs Lbo-
o MOKa3HWKa B Pi3HMX rpyrax TBapWH Nnokasarso, Lo ak-
TUBHICTb eH3umy J1D BiporigHO 3HWXYyBanacsi NPoTArom
YCbOro Mepiofy CNOCTEPEXEHHS, a HANHKYY aKTUBHICTb
3acpikcoBaHo Ha 28-My [oby — BoHa Ha 47 % MeHLa,
HiK B iHTaKTHUX TBapuH. Knucna docdarasa (KP, wmdp
Ko 3.1.3.2) — nisocomansbHUn eH3um, sk aedocdo-
puntoe cybetpatu. KP moHodocdoecTepasa B akTUBHO-
MY LeHTpPi MiCTUTb iOHU ZNn?* Ta OKMCHO-BIAHOBHY rpyny
Fe2*** [19]. BaraTtosgepHi KniTuHW, Wo 6epyTb yyacTb
y pe3opOuii KICTKM i XpsLLia — OCTEOKITacTh, CEKPETYIOTb
KICTKOBWIA I30€H3UM KMCNOoI dhochaTtasn — TapTpaTpesmc-
TEHTHy kncny gocdarasy (TPKD) [13, 16]. MMigsnLeHHs
Tl aKTUBHOCTI CBiQYUTb NPO MOCUMEHHS NPOLIECIB PYNHY-
BaHHS KICTKOBOI TKaHWHM [1], @ TakoX cnocTepiraetbca
Npu Pi3HUX 3aXBOPIOBAHHSIX, LLIO CYNPOBOMKYOTLCH MO-
CUINEHO pe3opbLieto KiICTKOBOI TKaHMHK, a came: npu
ocTeonoposi, xBopobi MemkeTa, rinepnaparMpeosi, HUp-
KOBIn ocTeogucTpodii. Hawi gocnigykeHHs 3acsigumny,
Lo BXe Ha 1-wwy o6y nicna 4ecATUOEHHOMo BBEAEHHS
TOKCWHIB aKTMBHICTb LibOro MapKepHOro eH3nMy KiCTKOBOI
pe3opOuii nigsuvLLyBanacs BABidi, a 4O KiHLA cnocTepe-
XeHHs (YeTBepTa rpyna tBapvH) y 4,5 pasa, NnopiBHAHO
3 iHTaKTHUMU LypamMu. Y npoueci pemogerntoBaHHs KicT-
KOBOI TKaHWHW BaXNUBUMY € 36anaHCoBaHICTb NpoLeciB
pe3opbuii 1 ocTeocnHTesy. BinobpaXKeHHAM Liboro Moxe
cnyxuTu iHgekc NO/K® [8]. Ak BuaHo 3 AaHux Tabnuui 1,
Len iHOeKC NOCTYNOBO BiPOriAHO 3HWKYBABCA Y BCIX Mpy-
nax iHToKCukoBaHuX LypiB: y 3,8—4,3 pasa BignoBigHO
Ha 1-wy 1 14-Ty gobu Ta y 9,5 pasa Ha 28-my o0y,
NMOPIBHSAHO 3 MOKa3HUKOM iHTaKTHUX LLYpPIB.
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3a Taknx 06CTaBVH BaXMBUM € AOCHIMKEHHS PiBHSA
iOHIB MeTaniB, SIKi BUCTYNaloTb akTMBaTopamMun SOCHIoKY-
BaHMX eH3UMIB. Ak 3a3Ha4yeHo BuLle, aAng JIO Takumm
akTmBatopamu € ioHn Zn2+ i Mg?*, siki OpMyHOTb CTPYK-
TYpy NOro akTUMBHOrO LIeHTpY. Pe3ynsrati focnimkeHHs
KOHUeHTpauii Mg y nnaami KpoBi ypakeHux TBapuH 3a-
CBig4mnu 1i BiporigHe 3HWkeHHs BianosigHo Big 40 % Ha
1-wy goby 0o 54-57 % Ha 14-Ty i 28-my 0obu, NOPIBHAHO
3 iHTakTHUMK (Tadn. 2). Lle MoXHa NOSCHATW HaKonu4eH-
HAM TOKCUYHMX ioHiB Cd?*, aKuiA € BiOMMUM aHTaroHic-
TOM eccCeHujanbHMX ABOBanNeHTHNX MeTarniB, 30Kpema,
KanbLito, MarHito, LMHKY Ta iHwux [9, 19, 20]. CTocoBHO
pi3koro NiaBULLEHHS akTMBHOCTI K@ i KOHLeHTpauii B 30
KICTOK Zn?* (Tabn. 3), TO ynpoaoBX eKCrnepuMeHTY BMICT
uboro bioenemeHTta konmeaecs Ha 20—31 % Huk4Ye 3a
MOKa3HUKW IHTaKTHUX TBapuH. MOXNMBO, ANt aKTUBHOCTI
K® BinbLue 3HauyeHHsA Mae KoHUeHTpauia depymy (Fe'"
Ta Fe''), wo nnaHyemo Hagani BUBYNTN.

3HmkeHHs1 akTMBHOCTI J1P Ta piske nigpuweHHs KO
CYNpOBOMKYBarocst HEOAHO3HAYHUMM 3MIHAMW KOHLIEH-
Tpauii HeopraHiyHoro doccparty (tabn. 2). Hansuwwmn pi-
BEHb CrocTepirascs Ha 1-wwy Aoby nicnst 4eCATUAEHHOTO
ypaxeHHs: Ha 62 % nepesyLLyBaB 3HAYEHHS IHTAKTHNX
TBapWH. Y HacTynHui nepiog (14-ta goba) Habnwkascs
00 KOHTPOMbHMX 3HaYeHb, a Ha 28-My noby — Ha 25 %
nepesuLLyBaB KOHTPOSbHI MOKa3HUKW. PiBeHb dhocdart-
iOHIB BENMKOO MipOH BU3HAYaETLCA CriBBIAHOLLEHHSM
aktuHocTen J1O i KO, saki katanidytotb rigponia dhocdo-
€CTepHUX 3B’sI3KIB 3 YTBOPEHHSAM HeopraHiyHoro dhocda-
Ty, LLO Ma€e BaXMBe 3HaYEeHHs Ang npouecis MiHepani-
3aLii KICTKOBOI TKaHUHU. MOXHa NpuUNyCTUTK, LLO paHHSA
docharemis noe’sizaHa 3i 3pOCTAHHAM aKTMBHOCTI K.
AKTMBALiS1 LbOrO eH3MMy MOXe BiabyBaTuca nig Bnnw-
BOM CyBKOMMEHCOBAHOrO MeTaboniyHOro aumaoay, skum
PO3BMBAETLCS NPU KaaMIEBI iIHTOKCUKaUi [24]. 3 iHworo
BOKy, KOHLEHTpaLis HeopraHiyHoro dpocaty nepebysae
N, KOHTPOMEM MapaTropMOHY, KarnbLMTOHIHY i BiTaMiHy D.
MopyLueHHs cekpedii abo akTUBHOCTI UMX perynaTopis
MOXe MPU3BECTM 4O 3MiHW KanbLjn-docdaTHOro obMiHy
B OpraHi3Mi ekcriepumMmeHTansHux teapuH [10, 21, 25].

CTOCOBHO KOHLIEHTpaLUii 3araneHoro Ca y nnaami KpoBi
iHTOKCMKOBaHWX TBapWH, TO MU BCTAHOBUIU, LLO LIEN
MOKa3HWK 3pOCTaB yNpoAOBX nepLunx 14-tv gHis nicns 3a-
BEpLLEHHSsT iHTOKeuKaLii 40 21 %, NOPIBHAHO 3 KOHTPOIb-
HOtO rpyrnoto (Tabn. 2). Y BigaaneHui nepioq ekcriepymeH-
Ty (28-ma goba) cnocTepiranocs 3HWKEHHS 3aranbHoro
BMICTY KarnbLito Ha 27 %, nopiBHAHO 3 14-10 goboto, Ta
Ha 12 %, NOPIBHAHO 3 iHTaKTHUMK TBapuHamu. Ons oe-
TanbHILOI XxapakTepucTukn metaboniamy Ca B opraHi3mi
BaXXMMBUM € JOCHIIKEHHS PiBHS iOHI30BAHOMO KarbLiito.
Bioomo, Lo came ioHi3oBaHMI KarbLji Nna3mm BU3Ha4ae
GiororiyHy aKTMBHICTb LIbOro eniemMeHTa: ioHn Ca?* 6epyTb
yyacTb y perynsuii NpoHUKHOCTI MeMbpaH, y nepeaadi rop-
MOHarbHMX CUrHaniB, HEPBOBOTO IMMYILCY, Y PYHKLIOHY-
BaHHI MioKapaa, MexaHiamax M'130BOro CKOPO4EHHS, 3rop-
TaHHi kpoBi Towwo. KoHueHTpauis Ca?* y nnasmi KpoBi ypa-
YKEHUX TBapWH Ha 1-wy 1 14-Ty gobw nicns 3aBepLUEHHS
BBeaeHHS ioHiB Cd?* Ta NO,~Byrna BULLIOIO, HiX Y IHTAKTHMX
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Ha 8-17 %, y Ni3HEOMY Nepiodi CNOCTEPEXEHHS 3HMXKYBa-
nacs oo piBHA KOHTPOSTbHMX MOKA3HUKIB iIHTAKTHMX LLYPIB.
Taki 3miHn piBHst Ca?* y nna3mi KpoBi MOXYTb CBiAYMTM NPO
MopYyLUEHHST YHKLIi MapaLLmMTonogibHMX 3aro3, OCKibKM
BiIOMO, L0 perynsuis KoHUeHTpaLlji ioHiB Ca?* 3ajicHio-
€TbCS NAPaTrOPMOHOM i KarnbLMTOHIHOM. Ha nopyLueHHs

OYHKUT LLpTONoAibHOT 3ar103n 3a YyMOB KaaMIEBOI iIHTOKCH-
Kauil BKaaytoTb i aBTopu okpemmx gocnigkeHs [3]. LLoao
BNMMBY HITpUTIB Ha 0OMiH Ca, TO MOXHa BUCMOBUTY MpU-
nyLeHHs, wo ioHn NO,~ MOXyTb B3aEMOAISITU 3 amopdo-
HUM ¢poccbaToM KanbLito | CIIPUYMHATI MOPYLLEHHS Liinic-
HOCTi MiHEpanbHOro MaTPUKCY KICTKOBOI TKAHWHM.

Tabnuus 1. AKTUBHICTb Ny>HOI Ta Kucnoi chocdartas y nnasmi Kposi 6invx wypis-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 NoKasHWKu,
aKTUBHICTb €H3UMY Y MKMOSb/C 1
Investigated parameters,
enzyme activity in pmol/s-|

IHTakTHI / Intact

MepLua, KOHTPONb
I, control (n=12)

I'pynu TBapuH / Groups of animals
IHTOKCKKOBaHI / Intoxicated

Tpets, 14 noba
Ill, 14 day (n=8)

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

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

JlyxHa dpoccparasa, NP

Alkaline phosphatase, ALP S
TapTpart pe3ucTeHTHa kucna cocdarasa, TPKP 0.93+0 23
Tartrate resistant acid phosphatase, TRACP R

CniBBigHoLLEeHHs akTuBHOCTEN JIP/KP 16,20£0.35

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 Tabnuuax P — cTyniHb BiporigHOCTi, NOPIBHAHO 3 iIHTAKTHUMMW TBapyHaMMU.
Note. Here and in the next tables P is the significance level compared to the intact animals.

Tabnuua 2. bioximiyHi Noka3HWKM NNasmu KpoB.i Ginux wypis-camuis (n=36, x+SE)
Table 2. Blood plasma biochemical parameters in white male rats (n=36, x+SE)

I'pynu TBapuH / Groups of animals

[ocnigpkyBaHi NOKa3HUKX, MMOFb/N
Investigated parameters, mmol/l

IHTakTHI / Intact

Mepla, KOHTpoOnb
I, control (n=12)

Opyra, 1 npob6a
II, 2" day (n=8)

IHTOKCMKOBaHI / Intoxicated

TpeTs, 14 poba
IIl, 14 day (n=8)

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

3aranbHuii Ca / Total Calcium 2,34+0,08 2{:1%%86153 2#2%%(?6114 2&%%86157
lowisosakuii Ca / lonized Calcium 0,6810,02 ot e oor Ry
OxkcunponiH / Oxyproline 28,31+2,79 71F’,?;801:8523 74|55<%i:(1)’139 9%381(—)20194
docdatn / Phosphates 1,33+0,05 ZPL%i80254 1;33%?8 1;33%;5
Mariii / Magnesium 0,72+0,08 03 fg%?z 0|,33;101T86013 0{,1%%&?

Ta6nuus 3. KoHueHTpauist oCHOBHUX BioenemeHTIiB Ta kagMito B 30Mi CTEFHOBKX KICTOK Binux wwypis-camuis (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)

I'pynu TBapuH / Groups of animals

[LocnigpKyBaHi noka3HUKK, maca Ha 1 r 30num IHTakTHI / Intact IHTOKCKKOBaHiI / Intoxicated

Investigated parameters, weight per 1 g of ash Tpersi, 14 no6a

I1l, 14" day (n=8)

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

[NepLua, KOHTPOnb
I, control (n=12)

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

Kanuiit, r / Calcium, mg 330,946,25 e oot sl
MarhiiA, mr / Magnesium, mg 38,14+1,40 5:338%20114 34#22()17(1)’181 4|533(1)i020$3
Lk, Mk / Zing, mkg 458,61£37,24 e o RS
Kynpym, mkr / Copper, mkg 17,95+0,88 1%58%%172 1‘2,35%%172 17’7i1’05
Kaamifi, mkr / Cadmium, mkg 2,10£0,26 iy oot o
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BcraHoBneHi 3MiHM NOKa3HUKIB KanbLin-gooctaTHOro
0OMiHy y nna3mi KpoBi CMOHyKanu 40 BUBYEHHS Kiflb-
KiCHOrO BMiCTY OCHOBHUX MiHEpanbHUX KOMMOHEHTIB
KICTKOBOI TKaHWHM NigaoCcnigHNX TBapuH. Y pesyrnbrarTi
[JOCTiMKEHHS1 BCTAHOBMNEHO OCHOBHI BiAMIHHOCTI B XiMiy-
HOMY cKragi MiHeparibHoOro Matpukcy (Tabn. 3) iHToKCK-
KOBaHWX Ta iHTAKTHUX TBapWH, SIKi NONSAratoTb y TOMY, LLO
yNpoaoBX 28-AeHHOTO CroCTEPEXEHHA BMICT OCHOBHOIO
MaKpoerniemMeHTa KiCTKOBOI TKaHWHM Ca 3HWXKXyBaBCs, Mo-
PIBHSHO 3 KOHTPOIBHOIO FPYMoto, BiA 6,3 % Ha 1-wwy o6y
00 13,8 % Ha 28-my noby. CtocoBHo piBHst Mg, To My Big-
3HaYWNKM 3pOCTaHHA MOro BMICTY Y CTErHOBIW KIiCTL ypa-
»XeHux TBapuH Ha 35,8 % (1-wa goba), noTiM BMICT AeLLo
3HWXKyBaBCcs | Ha 28-My 0oby Ha 19,6 % 3anuiiaeTbes
BULLMM 3a piBEHb IHTAKTHUX. BUaHa4yeHHS KoHUeHTpaLil
OCTEOTPOMHUX MiKpoeneMmeHTiB KynpymMy (Cu) i UuHKy
(Zn) nokasarno, wo Bwmict Cu Ha 1-wy i 14-Ty gobwu cra-
HOBMB Tiflbkn 73 % MOKa3HWKA iHTaKTHUX TBapWH, a Ha
28-my noby crnoctepiranacsa TeHAEHList 40 Hopmarisalii.
BMmicT Zn y cTerHoBux KicTkax TBapuH, SiKUX nigaasanu
iIHTOKCUKaLIiT, TPOTArOM YCbOro Nepioay CrnoCTePeeHHs
OyB CYTTEBO HWXKYMI 32 NMOKA3HMKM KOHTPOIbHOI rpynu,
HalMeHLUi 3HavYeHHs 3adpikcoBaHi Ha 14-Ty goby — Ha
45 % HwxK4e Bif piBHSA IHTAKTHUX TBApUH. [OCHimKeHHs
BMICTY TOKCMYHOIO enemeHTy Cd nokasano HakonuyeHHst
MOro B KICTKOBII TKaHWHI, NounHaro4m 3 1-i gobu (gpyra
rpyna wypis) — y 3,9 pasa, Ha 3aBepLUEHHS ekcrnepu-
MEHTY Liei NoKasHuK nepesuwlyBaB y 17,7 pasa KOH-
TPOrbHI 3Ha4YeHHS iHTaKTHWUX TBapwWH (Tabn. 3).

[NopyLleHHA Makpo- Ta MiKpOeneMeHTHOro ckrnagy
KICTKOBOI TKaHMHM, Sike cnocTepiranocs 3a ymoB KOMOi-
HoBaHoro BrnuBy CdCl, i NaNO,, BUKNnkae CTpyKTYpHI
3MiHK MiHeparnbHoro MaTpukcy kictku. Kpim uporo, Cu
i Zn BUCTyMaloTb y Pori KOPaKTopiB eH3uMIB, | TOMy Ma-
I0Tb BaXKIMBE 3HAYEHHS B perynsuii MetabonivyHmx npo-
LeciB y KicTkax. 3okpema, B yTBOpeHHi konareHy (Cu?* sk
aKTMBaTop nponin- i nisunrigpokcunas), oomiHi docdaris
(Zn?* ak aktusatop J1® i KP). Ha Tni Takmx 3miH wikaBo
Oyro JoCcnianTX CTaH KonareHoBOI MaTpuui KicTku. Kona-
reHoBi 6inku | Tuny craHoBnATb 90 % MKKMITUHHOT pe-
YOBMHMU KiCTKM, peLlTa — Le OCHOBHa MiHepanisoBaHa
peyoBrHa. AMIHOKMCIOTHWI CKIaf KonareHy Ayxe crnewm-
ivHMI: BiH MICTUTb 23 % OKCUNPOMiHY 1 OKCUMI3UHY —
aMiHOKUCIOT, Ki He BXOAATb [0 »KOAHOro 3 iHWMX OinkiB
OpraHiamy Ta yTBOPIOKOTLCA 3 NPOMiHy 1 NisuHy 3a Aono-
MOrOH0 rigpokcunas, sragaHux suLle [22]. Takui cknag
3abesnevye yTBOPEHHS MiLHUX NONepeYHnX 3B’ A3KiB,
sIKi, CBOEIO Yeproto, hopMyroTb 0CODNMBUIA yKNag, Kona-
FEHOBMX BOIMOKOH Y KIiCTUi, WO cnpusie 1i MiHepanisauii.
Tomy BM3HaAYEHHS KOHLUEHTpaLil y nna3mi KpoBi OKCU-
NponiHy, kM 3abe3snevye opmMyBaHHS MILHOI Konare-
HOBOI MaTpuLi KICTKM | 3'ABNSIETLCS B KPOBi Ta Cedi Npu
kataboniami konareHy, JOBOAUTL PYVHYBaHHS KonareHy
i € OOHMM i3 3aranbHONPUNHATUX MapKepIB KICTKOBOI pe-
30p6buii [1, 25]. B iHTOKCMKOBaHWX TBapWH (Opyra, TpeTts,
yeTBepTa rpynum) KOHLEHTPALisi OKCUMNPORiHy 3pocTana
Ha rnoyaTky ekcrnepumeHTy B 2,7 pasa, a B KiHLi crnocTte-
pexeHHs y 3,5 pa3 nepeBuLLyBana 3Ha4e€HHS iHTaKTHMX
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TBApPWH, LLO Y3ro4Ky€ETbCA 3 Pi3KMM 3pOCTaHHAM aKTUB-
HocTi TPK® — nisocomanbHOro eH3mMMy oCTeoKnacTiB,
AKi PyWHYIOTb KiICTKOBY TKaHWUHY.

Ha tni Takmx pesynbrariB LikaBo Oyro 3’scyBaty 3Mi-
H1 MLUKT B pisHMX QingHKax CTErHOBUX KiCTOK IHTOKCU-
KOBaHUX LLYPIB Y ANHAMIL ekcnepuMeHTy. Y nigcymMmKy
BM3Ha4eHo 3HkeHHs MLLKT y BCix BUBYEHMX AinsiHKax
CTErHOBOI KICTKW, @ HaWHWX4i 3HAYEHHs criocTepiranucst
Ha 14-Ty poOy (TpeTsa rpyna TBapwH) y cepeqHboMy Ha
48 %. Jo kiHus ekcnepumenty MLKT gewo sigHoBnto-
Banacs, ogHak oyna BiporigHo Hwk4ot Ha 21-25 % 3a
KOHTPOJbHi 3HAaYEHHS IHTAKTHUX, @ HAMMEHLLWIA NoKas-
HUK MLLIKT 3adpikcoBaHO B rofnoBLi Ta LML CTErHOBOI
KICTKMW, LLLO Y3rOAXKYETbCS 3 IHLIMMUK pe3ynsraTami, siki
MU ofepkanu.

KomnnekcHa fisi ioHiB KagMito Ta HITpUTY Ha opra-
Hi3M eKkcriepMMeHTanbHNX TBapyH (Binux LypiB-camuiB)
00yMOBIIOE 3HAYHE HAKOMUYEHHS B KiICTKOBIV TKaHWHI
KagMmito, Npu LibOMY B MiHeparbHin asi 3HUXKyeTbCs
BMICT BioenemeHTiB KanbLjto, MarHito, LIMHKY 1 Kyrnpymy.
BogHouac ameHwyeTbea MLLKT, ocobnueo B ginsHui
rONoBKY Ta LUMNKN CTErHOBUX KiCTOK. [NopyLLeHHs Mmi-
HeparbHOro ckragy KiCTKM ypaKeHUX TBapuH cynpo-
BOXKYETLCA 3MiHAMM MOKa3HWKIB KanbLi-pocdaTHoro
0BMiHY Nnasmu KpoBi, 30KpeMa KOHLEeHTpaUii KanbLito
Ta MarHito. AKTUBHICTb NY>KHOI dhocdhaTasn 3HUKYETb-
Csl Ha TNi 3pOCTaHHA aKTUBHOCTI TapTpaT Pe3nUCTEHTHOI
kucnoi pocdpartasu, koHUeHTpaLii dpocdartis i okcunpo-
niHy. OTXe, BCTaHOBMNEHO NepeBaXaHHs NPoLIeciB ocTe-
OKIMAaCTUYHOI pe3opOuii B KiCTkax Hag OCTEOCUHTE30M.
OTpumaHi AaHi BiaKp1BaloTb NEPCNEKTUBY NoAanbLLmMX
[ocnigXeHb i Nowyky epekTnBHNX 3acobiB KOpeKLUii
MeTabOMIMHUX NPOLIECIB B OpraHiaMi TBApWH, BUKITMKaHMX
BMIIMBOM OPraHiYHMX i HEOPraHiYHMX NOMITAHTIB.
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Metabolic processes in the body and bones of experimental animals
under conditions of exposure by cadmium and nitrite ions
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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.
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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. Treatment
of skin wounds in our time requires the use of therapy that pro-
motes wound cleansing and facilitates their healing. In recent
years, scientists have focused on the study of natural biologi-
cally active substances capable of accelerating 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 acceler-
ating 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 application accelerates wound cleansing and
reparative processes. Moreover, on the 14 day, the wound in
animals of the experimental group almost completely healed.
On the 30 day, the wounds in the experimental group of rats
completely healed, epithelialized and began to actively be cov-
ered with hair.

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

Introduction

The skin is the largest organ of the organism, playing
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 because
of a wide range of therapeutic effects due to the presence
of more than 100 BAS in their body [3-6, 9, 18, 24, 26].
An important factor in accelerating the skin wounds heal-
ing is perfusion, and the saliva of ML has such ability. ML
secrete various anticoagulants like hirudin and factor Xa
inhibitors into the wound, preventing scab formation and
thereby accelerating the healing process.
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Our previous studies and the results by other re-
searchers prove the positive effect of ML Hirudo ver-
bana 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 orien-
talis, in healing of incised wounds under primary tension,
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 activ-
ity of various cells, such as endothelial cells, lymphocytes,
platelets, and macrophages, thereby promoting granu-
lation tissue formation. Additionally, antihemostatic sub-
stances like calins, apyrase, platelet-activating factor an-
tagonists, and hirudin play a role in regulating blood clotting
mechanisms. The presence of eglin C also reduces free
oxygen radical levels in neutrophils, preventing inflam-
mation and tissue destruction. They have also found use
in the treatment of chronic non-healing wounds, such as
the diabetic foot ulcers, bedsores, and venous leg ulcers,
which was experimentally confirmed in a mouse model,
where in animals after the use of leeches, the necrosis
decreased and the survival rate of heart valves increased
[27]. These effects are likely due to the release of vasodi-
lators, such as histamine-like substances, acetylcholine,
and carboxypeptidase-A inhibitors, which increase blood
flow to the site of the bite and reduce local swelling. Acetyl-
choline, in particular, can relax endothelial muscles, dilate
blood vessels, and promote microcirculation, delivering
fresh oxygenated blood to the affected area. This restores
normal blood flow and provides tissues and hair follicles
around the wound with the oxygen and nutrients required
for regeneration. Also, studies by other researchers indi-
cate the hirudotherapy effectiveness in regeneration of
organs in normal conditions and those damaged by trau-
matic injuries. For example, in the case of diabetic ulcer, in
the early stages of healing a human ear wound the use of
ML shows increased vascularization and reduced hyper-
emia of the wound due to the necrotic areas disappear-
ance and rapid wound healing [27]. Given the significant
effects of ML, the study of the effect of the Hirudo verbana
water-salt extract on the regenerative properties of an in-
cised 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 white male laborato-
ry rats weighing 245-260 g. Experimental animals were
held in standard sanitary and hygienic conditions. After
the experimental cut wounds had been inflicted, the
animals were housed in separate cages with bedding
changed weekly under aseptic conditions. No signs of
contaminant bacterial infection were revealed during the
observation period in either group of animals. Through-
out the study, the rats were held in a vivarium with tem-
perature 20-25°C, humidity not exceeding 55 %, with
a natural light “day-night” cycle, in the individual plastic
cages, and received a balanced diet [19].

All the experimental procedures were in accordance
with the “International Recommendations for Medical and
Biological Research Using Animals” and the national “Joint
Ethical Principles of Animal Experiments” (Ukraine, 2001),
the Council Regulation 2010/63/EU of the European Par-
liament 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
randomly divided into 2 groups of 30 animals each. The
circular skin areas of 1,5 cm (706,5 mm?) were excised
with surgical scissors using a template [10, 19]. In the
control group the wound healing occurred spontane-
ously without treatment; in the experimental group 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.

On days 3, 7, 14, and 30, we measured the wound
area in all animal groups, and calculated the healing rate
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, mm?.

The wound healing rate is a relative indicator and it
allows characterizing the dynamics of the wound heal-
ing 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 present-
ed as meanzSD, using the IBM SPSS Statistics 21.0
(USA) software packages. Differences were consid-
ered significant at a significance level of P<0.05.

bionozis meapuH, 2025, 1. 27, N@1
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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:](:ne;rea, woun%area, mmeiday wou;%fzrea, woun;)area, mm2iday

Before excision of the skin flap 176.62+7.66 100.0046.44 — 176.62+7.66 100.0016.44 —
Immediately after excision 183.76+8.49 101.96+6.33 — 153.86+9.22 93.33+7.11 —
Day 3 167.33+7.88 97.76+5.97 8.94+1.44 116.84+6.88* 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 96.658.75 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 chloromy-
cetin, theromycin, thermisin, and destabilase in leech
saliva demonstrate strong antimicrobial activity by de-
stroying bacterial cell components.

In subsequent observation periods, the significant
changes in the wound condition and the healing course
were recorded (table). On the 7™ day of observation,
the macroscopic picture changed even more signifi-
cantly (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 com-
pletely cleansed (fig. 21), has small areas, is covered
with a scab and actively epithelizes, the wound edges
fit tightly to its bottom, on which granulation tissues be-
gin to develop. This accelerated healing may be linked
to the presence of peptidases in the ML, which influ-
ence the functional activity of various cells, thereby
promoting granulation tissue formation.

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

Further wound healing in all groups was character-
ized by the development of granulation tissue, covered
with epithelium from the edges. The dominance of
these processes was significantly stronger in rats of the
experimental group, which received an aqueous-saline
extract in the form of a compress. On the 14t day of ob-
servation, the wound in the control group animals did
not heal completely (fig. 2F, 2G). A defect remained,
covered with a scab. In the experimental group, the
wound almost healed, a small part of it remained in
the process of epithelization. Interestingly, in the same
animals, 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 ef-
fects are likely due to the release of vasodilators, such
as histamine-like substances, acetylcholine, and car-
boxypeptidase-A inhibitors, 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 14t day, the further process of wound epitheli-
zation from the edges and, accordingly, a decrease in
the wound area was observed. The pronounced positive
changes in the animals of the experimental group receiv-
ing an aqueous-saline extract consisted in the formation
of the small, clean, oval-stretched wound in the middle of
the area of the primary injury [10]. On the 30" day, at the
end of the observation, in the control group the wound
almost completely healed, a small area covered with
a dense scab was observed (fig. 2H). In the experimental
group, no wound is visible, since the hairline has recov-
ered, which covered the site of the previous injury (fig. 2I).
A significant decrease in the wound size and the rapid
restoration of the hairline at the final stages of healing in-
dicated the quickness of regenerative processes. Similar
results were obtained by other scientists when analyzing
the effect of Hirudo medicinalis and H. orientalis on the
healing of wounds by primary tension [2, 27].

23



AwmiHoB P. ®., AmiHoBa A. C, MakeeBa J1. B. Ta iH. Brn/viB BOAHO-CO/IOBOTO eKCTpaKTy Hirudo verbana Ha pereHepaTvBHi BAACTMBOCTI LUKIPY LLYDIB

G H 1

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, we can con-

clude that the water-salt extract with local use acceler-
ates the cleansing of wounds and reparative processes
compared with the control. Moreover, on the 14t 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, epithelial-
ized and actively began to be covered with a hairline.
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Bnnue BoaHO-CONbLOBOro eKCTPakTy Meau4Hoi n’aBku Hirudo verbana
Ha pereHepaTUBHI BNacTMBOCTI pi3aHOi paHu WKipy WwWypis

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

3anopisbknin HauioHanbHUI yHiBEpCUTET, nabopaTopis KMiITMHHOI Ta OpraHi3MeHHOo| 6ioTexHONorii HayKoBO-AOCNIAHOT YaCTUHN,
BYn. YHiBepcuTeTchka, 66, M. 3anopixoka 69011, YkpaiHa

[Mpouec 3aroeHHs LKIPHOT paHn NOYNHAETLCS Bigpady nicns TpaBMu. PaHn 3anuwatoTbCa OAHIE 3 HanakTyanbHILLNX HayKOBUX
i NpakTUYHKMX Npobrnem cyyacHoi BeTepuHapii Ta MeanumHW. JlikyBaHHSA paH LUKIpM B HaLW Yac BMMAarae 3acToCyBaHHSA Tepanii, ska
CMPUSIE OYULLIEHHIO PaH i noneriuye ix 3aroeHHs. OCTaHHIMM pokamu JOCNIAHWKN 30CEPEAUTUCA Ha BUBYEHHI NPUpoaHNUX BionoriyHo
aKTUBHUX PEYOBWH, 30aTHUX NMPUCKOPIOBATY 3aroEHHS paH i BNAUBaTK Ha iHLWi 3axBoptoBaHHs. Cepeal H1UX ocobnuee Micle nocigatoTb
MeOMYHi MSIBKM, SIKi MatoTb LUMPOKMIA CNEKTP NiKyBarbHOI Aji 3aBASKM HASABHOCTI B iXHbOMY OpraHi3mi noHaz cta 6ionoriyHo akTuBHUX pe-
YOBUWH. Baxnnenm hakTopoM NPUCKOPEHHS 3aroEHHS LLKIPHUX paH € nepdy3is, | Takoo 3AATHICTIO Bonogjie cnvHa n'seku. Bpaxosytoun
CYTTEBUW i epeKT, akTyanbHUM CTano BUBYEHHS BNMBY BOAHO-CONbOBOrO eKCTpaKkTy Hirudo verbana Ha pereHepaTuBHI BNacTUBOCTI
pizaHoi paHu. Pe3ynbraTi focnigkeHHs NoKasytoTb, L0 BOAHO-COMNbOBWI €KCTPaKT MpU MiCLIEBOMY 3aCTOCYBaHHI MPUCKOPIOE OYNLLEHHS
paH i penapatusHi npouecu. MNMpuyomy Ha 14-Ty 4oby paHa y TBapyH AOCNIAHOI rpynu Maike NoBHICTHo 3arotoeTbes. Ha 30-Ty Aoby paHn
B LypiB AOCMIAHOI Fpynu LINIKOM 3aroinucs, eniteniayBanucst Ta noYanu akTMBHO NOKPUBATUCS BOMIOCAHUM MOKPVBOM.

KnrouoBi cnoBa: pisaHi paHu, wkipa, MeanyHi n’'aeku, Hirudo verbana, 6ionoriyHo akTUBHI peYOBUHM, LLypU

Aminov RF, Aminova AS, Makyeyeva LV, Frolov OK, Fedotov ER, Piatyhorets TV. The effect of water-salt extract of the medicinal leech Hirudo verbana
on the regenerative properties of excisional wounds of rat skin. Biol Tvarin. 2025; 27 (1): 21-26. DOI: 10.15407/animbiol27.01.021.
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BnnuB kodeiHy Ha NOKa3HUKK BapiabenbHOCTi cepLeBOro putmy
CaMOK LUypiB i3 AOKCOPYOiLMHOBOK KapaiomionaTieto

B. B. Myksuy, O. B. CegepuHoscbKa OPEN 8ACCESS

mukvichv@ukr.net

[HiNpoBCbKkUIA HaUioHanbHWUI yHiBepcuTeT iMmeHi Onecsa MNoHyapa, npocn. Hayku, 72, m. OHinpo, 49045, YkpaiHa

KapaioTOKCMYHICTb 3anuLLaeTbcs OQHUM i3 KIK4YOoBMX (haKTo-
piB, SKi OOMEXYIOTb KNiHIYHE BUKOPUCTAHHS XiMiOTEPaneBTUYHUX
ORCID: npenaparis, 30KpeMa aHTpaLmKIiHoBUX aHTubioTukie. Cepen
V. V. Mukvych: https://orcid.org/0000-0002-9180-5589 OCTaHHiX gokcopyOiumH (DOX) BUPI3HSAETHCA BUCOKOH NPOTUMYX-
O. V. Severynovska: https://orcid.org/0000-0002-0002-1237 | rIMHHOIO AKTMBHICTIO i LUMPOKO 3aCTOCOBYETLCH AMNs NiKyBaHHS
PiI3HOMaHITHMX POPM 3MOSKICHUX HOBOYTBOPEHb. OQHMM i3 Cy-
YacCHUX HEiHBa3MBHWX Ta iIHGOPMAaTUBHMUX METOLIB OLLHKN (PyHK-
LjioHanbHOro CTaHy cepLeBO-CYAUHHOI CUCTEMU € aHani3 Bapia-
6enbHocTi cepuesoro putmy (BCP). Y nowykax 3acobiB Kopekuii
A0KCopybILMHOBOI kapaioMionarii 3pocTae iHTepec 40 BUBYEHHS
BNNVBY NPUPOAHWX CMOMYK i3 MOTEHLNHNM KapaionpoTEKTOPHUM

Authors’ Contributions: edpektom. KodpeiH y HM3bKMX | TOMIPHMX J03aX MOXe NPOSBNSTU
MVV: Conceptualization; Investigation; Data curation; aHTVMOKCUAAHTY Aito i Mae NOTEHLNHI KapAionpPOTEKTOPHI Briac-
Formal analysis; Writing — original draft, review & editing; | TmBoCTI. [locnian npoBoannu Ha Ginvx cTaTteBo3pINMX Lypax-
Visualization. camkax niHii Bictap macoto 25050 r (n=36). 300poBMX TBAPUH

SOV: Conceptualization; Investigation; Formal analysis;

Writing — review & editing; BUMaAKOBUM YMHOM PO3MOAINMIN Ha TpW rpynm no 12 ocobuH

Y KOXHIN: | (KOHTPOMb) — Yepes 30H4 OTPMMYBanu disionorivyHui
po3unH (1 mr/kr); Il — oTpumysanu gokcopybiumH (1 Mr/kr macu
Tina) BHyTpiLLHbOUYEepEBHO 1 pa3 Ha TWXKAEHb BNPOLAOBXK 4 TUXKHIB;
Il — oTpumMyBanu kocheiH (25 mr/kr macu Tina) yepes 3oHg 1 pas
Ha Joby Ta gokcopyOiumH (1 Mr/kr macu Tina) BHyTPILLIHLOYepeB-
HO 1 pa3 Ha TWKOEHb BNPOAOBXK 4 TWXKHIB. Y CaMOK LLypiB pee-
cTpyBanu enektpokapgiorpamy (EKI) Ta ouiHioBanm nokasHukm
Declaration of Conflict of Interests: aHanisy BCP 3a P. M. Baescbkum. BBeieHHs JOKCOPYBiLIMHY npu-
TS 10 o175 G 19 Eiileh € i e 3Bero A0 BiporigHMX 3MiH BCix nokasHukis BCP, siki ceiguats npo
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LLIEHHS YacToTn cepueBmx ckopoyeHb (YCC), mogm (Mo), amnni-
Tyam mogm (AMo), iHaekcy BereTaTmsHoiI piBHoBaru (IBP), iHgekcy
Hanpyrv (IH) Ta BiporigHe 3HWxeHHs BapiauinHoro posmaxy (BP),
cepeaHbokBagpaTtuyHoro BioxuneHHs (RMSSD), sigcotoka NN-
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Beryn

KapaioTOKCMYHICTb 3anmaeTbCa OAHUM i3 HanbinbLU
aKTyanbHMX OBMeXeHb Y KiHIYHOMY 3aCTOCyBaHHI XiMio-
TepaneBTU4HKX 3acobiB, a Came aHTPaLUVKIIHOBMX aHTU-
BioTuki. Cepen NpencTaBHUKIB L€l rpynn JOKcopybiLmH
(DOX) € ogHMM i3 eheKTUBHUX NPOTUMYXITMHHMX Npena-
partiB, SIKMA 3aCTOCOBYIOTb Y JiKYBaHHi Pi3HWUX 3MOSIKICHWUX
HOBOYTBOPEHb. [JOKCOPYOILMH 30aTeH CNPUYMNHATI pO3-
BUTOK [10303anexHoi Kapaiomionaril, sika NposiBNSETbLCA
CTPYKTYPHO-(PYHKLIOHaNbHUMN NOPYLUEHHAMW MiOKap-
[y Ta posnagjamu cepuesoro putmy [4-5, 7, 10, 20]. o
MOMNEKYNAPHMX MEXaHi3MiB KapdiOTOKCUYHOCTI JOKCOPY-
BiunHY BXOOSATb OKCUAATUBHMWI CTPEC, MITOXOHApIanbHa
ONCOYHKLIS, anonTo3 KapgioMiouuTie, NOPYLUEHHS MeTa-
Boniamy KanbLito, iHAYKLiS 3ananbHWUX NPOLECiB TOLO
[8-9, 11, 16]. Y 3B’a3Ky 3 UMM, 3an1LLIAETLCS aKTyarnbHUM
nowyk ecbekTuBHUX i 6e3neyHnx 3acobiB NpodinakTukm
4M KOPEKLLT KapaioTOKCUYHNX edheKTiB JOKCOPYBILUHY.

OnHWM i3 cydacHUX HeiHBa3UBHMX Ta iIHOPMAaTUBHMX
METOLIB OLLIHKN hyHKLIIOHaNbHOro CTaHy cepLeBo-CyanH-
HOI cuCTEMM € aHani3 BapiabenbLHOCTI CepLEBOro pUTMY
(BCP) [13, 19]. Y Bunaaky AOKCOpPYDiLIMHOBOI KapgioMio-
naTii aHani3 nokasHwukie BCP, sikui Binobpaxkae 6anaHc
MDK CUMMNaTUYHUM | NapacuMnaTUYHUM BigainaMmu aBTo-
HOMHOI HEPBOBO| CUCTEMM, € BAXKIMBUM iHCTPYMEHTOM
ONsi BUSBMEHHSA paHHIX CTafin AUCOYHKLLIN BereTaTuBHOI
perynsuji, ki nepeayroTb BUPaXXeHUM CTPYKTYPHO-PYHK-
LioHanbHUM 3MiHaMm miokapay.

Y KOHTEKCTi NoLLyKy 3acobiB Kopekuii AoKcopybiLmHo-
BOI Kapaiomionaril 3pocTae iHTepec 4O BUBYEHHS BMVBY
NPUPOJHUX CrOMYK i3 MOTEHUINHUM KapgionpOTEKTOPHUM
edpekToM. KodbeiH — oayH i3 HanbinbLL BXXMBaHMX MCUXO-
cTumynaTopis [6]. BiH BxoguTb A0 rpyny METUMNKCAHTUHIB
N YNHUTb Pi3HOCNPSIMOBAHMIN Ta GaratorpaHHUn BNAnB
SIK HA CepLEeBO-CYOUHHY CUCTEMY, TaK i HA BECH >XUBUW
opraHiam. 3 ogHoro 6oky, kodeiH Moxe niasumLLyBaTV ap-
TepianbHWN TUCK | YaCTOTY cepLEBUX CKOPOYEHb, a 3 iH-
LIOr0 — Y HM3bKMUX | NOMIPHUX J03aX 34aTeH YMHUTU
aHTUOKCUAAHTY At Ta NPOSIBMATU NOTEHLHI Kapaionpo-
TekTopHi BnactmeocTi [1, 3, 17—18]. [MpoTe noro Bnnve Ha
BeretatuBHY perynsuito cepueBol gisnbHOCTI 3a yMOB
TOKCUYHOTO YpaXeHHs cepLd BUBYEHO HeOoCTaTHLO. He-
3BaXKalouM Ha BEMUKY KiNbKiCTb HAYKOBUX A0CHILXEHD
Loao dhapmakonorivHol Aji KodeiHy, iXHi pesynsrati 3a-
nmwakTbesa cynepednueumn. Kpim Toro, GinbLuUicTb ekc-
nepyMeHTanbHUX pobiT NPoBEAEHI NEPEBAKHO HA caM-
LSX LWypiB, WO 0OMexXye eKCTpanonsLito pesynsrartiB Ha
XKIHOYY NoONynsALito. Y LIbOMY KOHTEKCTI 0COBNMBY HayKOBY
LiiHHICTb CTaHOBWTb OOCHiMKEHHSA BNMBY KOhEIHY Ha No-
Ka3HWKW BapiabernbHOCTi CepLEeBOro putMy Came B CaMOK
LypiB 3 MOgeNmMo 4OKCOpPYOBiLMHOBOI Kapgiomionarii.

MeTa pob0oTn — O0CNiMKEHHS 3MiH MOKa3HWKIB Ba-
piabenbHOCTI cepueBoro putMy nig BNMBOM KOEiHY
B CaMOK LLypiB i3 AOKCOPYOILMHOBOI KapaiomionaTieto
324515 BUSIBNEHHS MOro NOTEHLUINHOro KapaionpoTek-
TOPHOIo edheKTY | MOXITMBOCTEWN perynsiLii aBTOHOMHOI
HepBOBOI cUCTEMU.
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YTpuMaHHSA WypiB Ta ekcnepuMeHTanbHi gocni-
DPKEHHSA NpoBeAeHo 3rigHo 3 npasunamn «Esponen-
CbKOI KOHBEHLUii Npo 3axmncT XxpebeTHNX TBapwH, WO
BUKOPUCTOBYIOTHCA ANSA AOCHIAHMX Ta iHWKX HAYKO-
Bux uinew» (Ctpacbypr, 1986), 3akoHy Ykpainu «[1po
3axuMCT TBaApUWH Bif XXOPCTOKOro NoBoaXeHHSA», «[1o-
NOXEHHSI NPO BUMKOPUCTaHHA TBapuH B BioMeauyHuX
pocnigax», signosigHo go Oupektneun 2010/63/€C
Big 22 BepecHs 2010 poky Npo 3axMCT TBApWH, LLO BU-
KOPUCTOBYIOTLCA Afsi HAYKOBMX Linen. EkcnepmmeHTu
3aTBepOKEHi KoMicieto 3 BioeTukm [IHINPOBCHKOro Haio-
HanbHOro yHiBepcuTeTy iMeHi Onecsi loH4apa.

[ocnign npoBoaunu Ha Binux CTaTeBo3pinmx Lypax-
camkax ninii Bictap macoto 250150 r (n=36) 3a knacu-
dhikauieto nabopatopHux TBapuH . . 3anagHioka [21]
BMNPOOOBX MicAUSA. 340pOBUX TBApUH BUNAOKOBUM Y-
HOM PO3MOAINUAK Ha TpW rpynn No 12 0COBUH Y KOXHIN:
| — KOHTpOMbHa rpyna camok LLypiB, SKMM Yepes 30H[,
BBOAUNM pisionoriyHnii po3yuH (1 mr/kr), Il — camkm
LLypiB, SKi oTpUMyBanu gokcopybiuuH («dokcopyOiumH
.£0eBe”», EBEWE Pharma Ges. m. b. H. Nfg. KG, AB-
CTpid) y A03i 1 MI/Kr Macu Tina BHyTpiLLHboYepeBHO 1 pa3
Ha TWXOeHb BNPOAOBX 4 TUXHIB, |l — camku LwypiB, Skum
yepes 30HA BBOAMnM kodbeiH («Kodpein-6eHsoat HaTpito-
HapHuusy, MpAT «PapmauestnyHa dipma ,JdapHiusa’,
YkpaiHa) y gosysaHHi 25 mr/kr macu Tina 1 pa3 Ha goby Ta
JokcopybiunH (JokcopybiuvH «EGeBey, EBEWE Pharma
Ges. m. b. H. Nfg. KG, ABcTpisi) BHYTpiLLHbOYEPEBHO
y 0osi 1 mr/kr macu Tina 1 pas Ha TWXOEeHb BNPOAOBXK
4 TwxkHiB. BBeoeHHs1 kodpeiHy 3aicHI0Bany BHYTPILLHBO-
LLITYHKOBO Yepes3 30HA Y BUMMSi BOAHOMO PO34UHY, Ans
NPUroTYBaHHS KOO KOGOEIH pO34UHANK Y didionorivyHOMY
poauuHi (0,9 % NaCl) 6esnocepenHb0 nepes BBEAEHHSM.
KoHueHTpaujsi ctaHoBuna 2,5 mr/mn, Lo 3abe3nevyBano
BeeaeHHs 1 mn/100 r macu Tina ana go3u 25 mMr/kr macu
Tina. JokcopybiLnH — Lie roTOBWI iH'EKLIAHWIA NMIKapCbKWiA
3acib y BUrmsai CTepunbHOro BOGHOTO PO3YUHY, KU He
notpebyBaB 4oAaTKOBOro po3seaeHHs. O0'emM BBEOEHHS
ctaHosuB 0,05 mn/100 r macu Tina [12].

lMepen Nno4aTkoOM ekcrnepuMeHTanbHOI YacTUHU Ha-
LWoi poboTH ANg LWypiB, SIKUX BUKOPUCTOBYBAnu y AoChi-
Ji, NpoBOAUNN KapaHTWH BignoBigHO 0 BCiX NpaBwui 30-
oririeHn. TBapuWH BCiX AOCHIAKYBaHMX rpyn yTpuMyBanm
y CTaHdapTHUX yMOBaxX — 3a AOCTaTHbOro Temneparyp-
HOro PEeXUMY, OCBITNIEHOCTi Ta BOMOroCTi Y NPUMILLEHHI
BiBapito, a TakoX 3abe3nedyBanu 3BMYaNHNA Xap4oBUN
paLioH B po3paxyHKy o60BOi NoTpebu Ta NUTHY Body
6e3 obmexeHb [21].

Enekrpokapgiorpamy (EKI') B camok LypiB peecTpy-
Banu 3a JOMNOMOroto ronyatux enekrpoais (Il craHaapTHe
BigBeOeHHs1). 3anuc Ta umdpoBe NEPETBOPEHHS CUrHary
EKI™ sgincHioBanu Ha enekTpokapgiorpadiyHoOMy KOMM-
NeKCi 4ns NPOoBeAEHHS LLUMPOKOro CNEKTPY Kapaionoriy-
HMX gocnimkeHb «Kapaionab» (XAl-Meguka, M. Xapkis,
YkpaiHa). Tpuanictb koxHoro 3anucy EKI™ wypis —
1 xBunuHa. OuiHIOBanNM NokasHWKN aHanisy Bapiabernb-
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Effect of caffeine on heart rate variability in female rats with doxorubicin-induced cardiomyopathy

HocTi cepuesoro putmy (BCP) 3a P. M. Baescbkum [13].
BusHauyanu cepegHio 4acToTy CepueBUX CKOPOYEHb
(UCC), moay (Mo), amnnityay moan (AMo), Bapiauin-
HuM po3max (BP), iHaoekc BeretatneHOi piBHoBaru (IBP),
iHOekc Hanpyru (IH), a Takox Yacosi nokasHvkm BCP —
RMSSD (cepenHbokBagpatuyHe BigxuneHHsi), pPNN50
(BigcoTok NN-iHTepBanis i3 pisHuueto >50 mc).
CratuctnyHy 06pobKy OTpUMaHunX pesyrnsraTtis BUKO-
HaHo 3a goromMoroto nakety IBM SPSS Statistics, Bepcis
26.0. Yci oTpuMaHi gaHi nepesipsanu Ha BigNOBIAHICTb
HOpMarnbHOMY PO3Moginy 3a JOMOMOorok kpuTepito La-
nipo-Binka. 3a pesynsratamu nepesipkn, y BCIX rpynax
pPO3MOoAiNn NOKasHWUKIB He BiAPI3HABCS Bif HOPMarbHOMo
(P<0.05), wo 0o3B0ONMUNO 3aCTOCOBYBAaTU NapameTpuYHi
METOAN CTaTUCTUYHOTO aHanisy. [ns ouiHKM BigMiHHOCTEN
MiXX TpbOMa rpynamm BUKOPUCTOBYBAN OQHOMaKTOPHNI
avcnepcinHni aHania (ANOVA). TMpu BUSIBNEHHI ctatuc-
TUYHO BiporiaHux BigMiHHocTer (P<0.05) noaatkoso npo-
BOAMNY post hoc aHani3 i3 BUKOPUCTAHHAM TECTY ThIOKi
(Tukey HSD) anst BU3Ha4eHHs nap rpyr, Mixk SkuMu cro-
CTepiratoTbCA BiporigHi BigMiHOCTI. ONMcoBy CTaTUCTUKY
npeacTaBneHo y BUMMAAI KiNbKOCTI TBapwH y rpyni (n),
cepeaHboro 3HadyeHHs (M) Ta ctaHgapTHOrO BiOXUNEHHS
(SD). ing Bisyanisauji 4aHmX BUKOPUCTOBYBanu rpadivHi
mMeToam, 3oKpema AWmnKoBi giarpamu (Boxplot).

Pe3ynbrat 1 06roBopeHHs

Y Mexax Haworo aocrnigkeHHs 6yno npoaHanisoea-
HO BNNMB kodbeiHy Ha BapiabenbHICTb CepLEBOro pUTMy
B CaMOK LLypiB 3 OKCOPYOILMHOBOIO Kapgiomionarieto.
[nsa uboro My BU3Ha4yanu HU3KYy iHOpMaTUBHUX MO-
Ka3HWKiB, SIKi XapakTepuayoTb BEreTaTuBHy perynsiuito
CepLeBOI AiSNbHOCTI: CepedHo YacToTy CepLEBMX CKO-
poyeHb (UCC), moay (Mo), amnnitygy mogu (AMo), Ba-
piauiviiuin poamax (BP), iHOeKC BeretaTtmeHOI piBHOBaru
(IBP), iHaekc Hanpyru (IH), a Takox YacoBi MOKa3HUKM
BCP — RMSSD (cepenHbokBagpaTuUyHe BigXuIeHHs)
Ta pNN50 (BigcoTok NN-iHTepBaniB i3 pisHuueto >50 mc).
OujiHka unx napameTpiB 4O3BONUIA KOMMIIEKCHO OXapak-
TepusyBaTh CTaH CMMMaTUKo-napacumnaTnyHoro 6anaH-
Cy Ta ajanTauiiHUX MOXMUBOCTEN CepLeBO-CyaNHHOI
CUCTEMM Yy cCaMOK LLypiB. [ani HaBegeHo pesynsrati 3MiH
KOXXHOTO 3 BKa3aHWX MOKA3HWUKIB Y CaMOK LLypiB TPbOX
rpyn, CTaTUCTUYHO BipOrigHi BigMiHHOCTI MiXK HUMM,
a TaKoX IHTEepPNpeTaLito OTPUMaHMX AaHWUX LOJO CTaHy
aBTOHOMHOI perynsauii cepLeBoi AisinbHOCTI.

[NpoBegeHUn HaMM CTaTUCTUYHWI aHarni3 OTPUMaHMX
pesyneraTiB NigTBEPAVB HasiBHICTb BipOrigHUX BiAMiH-
HOCTeMN Mi>K 4OoCHigKyBaHMMM rpynammn camok LLypiB 3a
nokasHukom YCC. OgHogakTopHUIA AncnepciiHuin aHa-
ni3 (ANOVA) nokasas, Lo BiAMiHHOCTi 3Ha4yeHb YCC mix
camkamu KoHTponbHoi rpynu (I rpyna) (n=12, M=502.23,
SD=10,11), camkamu LLypiB, SKi LLIOAEHHO OTpUMyBanu
pokcopybiumH (Il rpyna) (n=12, M=618.36, SD=8.05),
i caMKamu LLypiB, SIKUM BBOAMIM AOKCOPYOILMH pasom
3 kodpeiHom (Il rpyna) (n=12, M=503.78, SD=5.51),
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€ cratucTnyHo siporigHumm (F(2.51)=1212.98, P<0.001,
n?=0.979). Post hoc aHani3 3a kputepiem Tbtoki (Tukey
HSD) fnaB HaM MOXINUBICTb BU3HAYUTU, LLLO NOKA3HMK
YCC y camok wypis gpyroi rpynu 6ye BiporigHO Bu-
wum B 1,2 pasa, NOPIBHAHO 3 CaMKaMN KOHTPONbHOT
(P<0.001, cepenHs pisHuua — 116,13) i TpeTboi rpynn
(P<0.001, cepegHs pizHnua — 114,57), wo mu Binobpa-
3unu Ha puc. 1.

BogHouac 3a pesynsratamm YUCC B OCTaHHIX BULLIE-
3a3Ha4YeHux rpynax camok LLypiB CTaTUCTUYHO BipoOria-
HMX BigMiHHOCTel He BusBneHo (P=0.834), wo cBig-
YWUTb NPO MOAIBHICTL LUMX rpyn TBApWH 3a BiANOBIgHUM
nokasHukom. BenuumHa edpekty (n?=0.979) Bkasye, WO
97.9 % Bapiauii YCC 3yMmoBreHo ekcrnepyMeHTansHUMm
yMOBaMy; Lie € NigTBEPAXKEHHSM MOTY>XHOro BMANBY
JocrnigkysaHnx dhakTopis.

OpHodaKTopHUI ANCNEPCINHUIA aHari3 3acBigunB,
LLIO BiAMIHHOCTI 3Ha4YeHb iHTEpPBaniB MiXX cepueBuMun
CKOPOYEHHSIMU, SIKi TPannsaiTbCA HandacTille B MaKCcu-
ManbHOMy po3psagi rictorpamn R-R Mixk camkamu Ly-
piB nepwoi (n=12, M=497.78, SD=7.40), gpyroi (n=12,
M=617.06, SD=7.15) i Tpetboi rpynu (n=12, M=502.83,
SD=8.98), € ctatuctnyHo BiporigHmn (F(2.51)=1317.38,
P<0.001, n?>=0.981). Post hoc aHani3 3a kputepiem TbHOKi
nokasas, Lo cepeaHi 3HavyeHHs Mo B caMok LypiB, SKi
NPOTAromM MicsiLd OTpUMYyBanu gokcopybiunH, Gynu
BiporigHo BuLLMMKM B 1,2 pa3a, NOPIBHAHO 3 CaMKaMm KOH-
TponbHoi (P<0.001, cepenHs pisHmua = 119.28) i TpeTboi
rpynu (P<0.001, cepenns pisHuua = 114.23). BigcyTHicTb
CTaTUCTUYHOI BipOriQHOCTi CnocTepirany 3a NoKasHUKamm
Mo B camok nepLuoi rpynu, NOPIBHAHO 3 AaHWMU CaMOK
TpeTboi rpynu (P=0.1424).

3a oonomMoroto 0gHOaKTOPHOrO AMCMEPCINHOIO aHa-
nizy M1 BUSIBUMN HasiBHICTb CTAaTUCTUYHO BipOrigHWX Bid-
MiHHOCTel cepep, nokasHukisB AMo Mix TpboMa rpynamm
camok Wwypis (F(2.15)=87.66, P<0.001, n?>=0.062). 3 puc. 2
BMAHO, LLO cepenHe 3Ha4eHHs AMO B caMOK LLypiB KOH-
TPONbHOI rpyni cTaHoBWUNO 72.46 % (SD=2.72), y camok
LLypiB ApYrol rpynu, ski oTpuMyBanun npoTarom Micaus
nokcopy6iumH, — 90.76 % (SD=5.38), y camok LuypiB Tpe-
TbOI rpynn — 79.13 % (SD=4.07). Ha puc. 2 6a4nmo, Lo
post hoc aHani3 3a kputepiem Tbioki, NpOBEEHNI 3 METOLO
ineHTudikauji napH1x BigMiIHHOCTEN, 3acBig4YMB BipOria-
He MiaBuULLIEHHA NokasHuka AMo B caMok Apyroi rpynu
B 1,3 pasa, NopiBHAHO 3 BiANOBIAHMMMN 3HAYEHHSIMI CaMOK
KOHTporbHoi rpynu (P<0.001, cepeaHs pisHnusa = 18.3),
a Takox B 1,2 pa3sa LWoao LmMX 3Ha4YeHb Y CaMOK TPETLOI
rpynu (P<0.001, cepegHs pisHuusa = 11.63).

Cawmku Wwypis, Siki OTpUMyBanu KogeiH pasom 3 Jo-
KcopybiumHoM, Manu B 1,1 pasa BiporigHO BULLj 3HAYEH-
Hsi AMo, nopiBHsiHO 3 camkamu nepuoi rpynu (P<0.001,
cepenHs pisHuUs = 6.67). Bin'emHa pi3HuuA, 3a3HadeHa
BULLIE MK MOKa3HMKaMM B CaMOK ApYroi Ta TPeTbOol rpym,
CBiQYMTb NnLLIe NpO Te, WO 3HavyeHHs AMo B ogHin 3 rpyn
nepeBuLLYIOTb MOTO X B iHLWIM rpyni, a 3HaK MiHYC BKasye
nvLIe Ha NopsAoK BigHIMaHHS. TakvuM YMHOM, pesynsTati
Tukey HSD nigTBepmKytoTh, L0 BCi PNy CaMoK LLypiB
MatoTb CTaTUCTUYHO BIPOriAHi BiAMIHHOCTI MixX coB0t0.
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OpHoaKkTopHUI AUCNEPCINHUI aHani3 nokasas,
LLIO BiAMIHHOCTi 3Ha4YeHb MiXX TPMBanICTHO HaNbINbLLIOro
Ta HaMEHLLOro KapaioiHTepBaniB Mk camMkamu LLypiB
nepwoi (n=12, M=29, SD=4.13), gpyroi (n=12, M=14.06,
SD=2.29), i Tpetboi rpynu (n=12, M=25.72, SD=3.27)
€ cTatucTuyHo BiporigHnvn (F(2.15)=101.04, P<0.001,
n?=0.062), wo BigobpaxxeHo Ha puc. 3.

Post hoc aHani3 3a kputepiem Tbloki NOkasas, LU0
B CaMOK LLLypiB KOHTPOMbHOI rpynu nokasHuk BP xapak-
TepusyBaBCs BipOrigHMM nigBuLeHHAM y 2.1 pasa, no-
PIBHSIHO 3i 3HA4YeHHsAMM B camok apyroi rpynum (P<0.001,
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Puc. 1. QuHamika yactotu cepuesux ckopoveHb (UCC) (ya/xs)
y camok LwypiB koHTponbHoi rpynu (1), 3a aii gokcopybiumny (I1)
Ta cninbHOro BNnvBYy KodeiHy i gokcopybiumny (IIl)

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 (l11)
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Puc. 2. innamika amnnityan moau (AMo) (%) y camok LypiB
koHTponbHoi rpynu (1), 3a aii gokcopybiuuHy (I1)

Ta noefHaHHs kodpeiny i gokcopybiumny (I11)

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)

cepenHs pisHvug = 14.944). HatomicTb y camoK LLypiB,
SKi IPOTAroM Micausa oTpumyBanu KodeiH pasom 3 Jo-
kcopybiumHoMm, 3HadeHHs1 BP B 1,8 pasa BiporigHo nepe-
BULLLYBanu BignoOBiAHUIN MOKa3HMK B CaMOK LLYpiB, SKi
oTpumMyBanu nuwe gokcopybiunH (P<0.001, cepenHs
pisHUUA = 11.667).

Mwu Takox npoaHanisyBanu nokasHuKW, NOB'A3aHi
3 mapacuMnaTUyHOK aKTUBHICTIO aBTOHOMHOI HEPBO-
Boi cuctemn, — RMSSD i pNN50. OgHodakTopHUIA
OVCnepcCinHUM aHani3 nokasase, Wo BiAMIHHOCTI 3Ha-
yeHb RMSSD wmix camkamu wypiB nepwoi (n=12,
M=14.18, SD=1.70), gpyroi (n=12, M=5.10, SD=0.96)
i TpeTboi rpynu (n=12, M=6.17, SD=0.73) € ctatuctny-
Ho BiporigHumm (F(2.15)=306.46, P<0.001, n?=0.062).
3a gonomoroto post hoc aHanidy Tbloki BUSBUNNK, LLO
3HavyeHHs RMSSD y camok LwypiB Apyroi Ta TpeTboi
rpyn Big3HAYUNUCHL Pi3KUM BipOrigHUM 3HUXEHHAM
y 2,8 pasa (P<0.001, cepegHs pisHnys = —9.0807)
Ta 2.3 pasa (P<0.001, cepegHs pisHuus = —8.0147),
NMOPIBHSAHO 3 CaMKaMu KOHTporbHOI rpynu. OaHodak-
TOPHWI ANCNEPCIHMI aHani3 NoKasae, Lo BiAMIHHOCTI
cepeq nokasHukie pPNN50 B camMok LLypiB KOHTPOMbHOI
rpynun (n=12, M=22.56, SD=2.89), B camok, Sk1uM npo-
TArOM MicsLsa BBOAWUIM JokcopybiumH (n=12, M=14.73,
SD=1.49), Ta camoK, siki BNpOOOBX MiCALSA OTpMMyBa-
N1 KodpeiH pasom 3 gokcpybiunHom (n=12, M=19.26,
SD=1.92), € ctatuctuyHo BiporigHmm (F(2.15)=58.51,
P<0.001, n>=0.062). Post hoc aHani3 3a kpuTepieM Tbto-
Ki 3acBigumB BiporigHe 3HMXeHHS nokasHukisa pNN50
y CaMOK LLypiB gpyroi rpynu — B 1.5 pasa 1a B 1.3 pasa,
MOPIBHAHO 3 BiAMOBIAHUMW 3HAYEHHAMW B CAMOK KOH-
TponbHoi (P<0.001, cepeaHs pisHunus = —7.830) Ta Tpe-
Tboi rpynu (P<0.001, cepenHs pisHuus = 4.532).
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Puc. 3. luHamika BapiauiiHoro po3maxy (BP) (Mc) y camok Luypis
KOHTpornbHoi rpynu (1), 3a aii aokcopybiumnny (1)

Ta NnoefHaHHsA kodeiny i aokcopybiumny (I11)

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

of the control group (l), under action of doxorubicin (Il)

and the combination of caffeine and doxorubicin (lI1)

lMpumimka. * — BipoOriAHICTb WOAO Noka3sHukiB camok | rpynun (P<0,001); ** — BiporigHicTb Lwo[o nokasHukis camok Il 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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Effect of caffeine on heart rate variability in female rats with doxorubicin-induced cardiomyopathy

IBP € ogHUM 3 4yTnMBMX MNOKa3HWKOM Y CTPYKTY-
pi BCP, wo Bigobpaxae 6anaHc Mixk cuMnaTU4yHNM
i napacuMmnaTM4HMM Bigainamm BeretatTMuBHOI HEPBO-
BOi cuctemn. OgHoaKkTOpHWIA AUCNEPCINHNA aHani3
nokasas, LLO BiAMiHHOCTI 3HayeHb IBP mix camkamu
wypis nepwoi (n=12, M=0.0025, SD=0.0003), apyroi
(n=12, M=0.0051, SD=0.0005) i TpeTboi rpynu (n=12,
M=0.0030, SD=0.0003) € cTaTUCTU4YHO BipOrigHNMHU
(F(2.51)=239.45, P<0.001, n?=0.904). Post hoc aHani3
3a KpuTepiem Tbtoki 3acBigumMB, LU0 3HaYeHHs IBP y camok
LLypiB, SIKMM BBOOMIM AOKCOPYOILIMH, Bynu BiporiaHo yaBi-
Yi BALLMMU Bi BigNOBIAHOMO NOKa3HMKA y CaMOK LLypiB
koHTponbHoi rpynu (P<0.001, cepeaHst pisHmus = 0.0026)
Ta B 1.7 pa3sa BULLMMM, MOPIBHAHO 3 NOKa3HWKOM Y CaMOK
LLypiB, SIKi OTPMMyBanu KodeiH pa3om 3 goKcopybiuu-
HoMm (P<0.001, cepeaHs pisHuua = 0.0021). IBP y camok
LLYpiB TPETLOI rPYN XapakTepm3yBaBCs BipOrigHUM nig-
BULLIEHHSM B 1.2 pasa oo caMoK LLYpiB NepLuoi rpynm
(P<0.0004, cepenHs pisHuusa = 0.0005).

IH € uyTnMBMM NOKa3HUKOM CUMMNATUYHOI aKTMBaLll
cepepn napameTpiB BapiabenbHOCTI CEPLIEBOrO pUTMY,
AKWMIN Jornomarae oUiHUTY piBEHb PerynaTopHol Hanpyru
3 6OKy aBTOHOMHOI HEPBOBOI cucTemMun. 3a JOMOMOIo
0OHOAKTOPHOro AMCNEPCIMHOrO aHamnisy My BUSIBUMMK,
Lo BigMIHHOCTI 3HayeHb IH mixk camkamu wypis nep-
woi (n=12, M=0.25, SD=0.034), apyroi (n=12, M=0.52,
SD=0.028) i TpeTboi rpynu (n=12, M=0.31, SD=0.027)
€ cTatuctmnyHo BiporigHumn (F(2.51)=373.74, P<0.001,
Nn?=0.936). Post hoc aHani3 3a kpuTepieM ThtoKi MOKa3asB,
LLO caMe B TUX CaMOK LLYpPIB, AKi OTPUMYBanu NpoTarom
MicsiLs JoKcopybiLUyH, crnocTepirany MakcumarnbHi 3Ha-
YeHHs IH — BiporigHo Buwwi y 2.1 pasa Ta B 1.7 pasa, no-
PIBHSHO 3 caMKaMW LLypiB KOHTporbHOI rpynu (P<0.001,
cepenHs pisHnua = 0.271) Ta camkamm LLypiB, SKUM BBO-
avnu kodbeiH pasom 3 gokcopybiumHom (P<0.001, cepea-
Hs pisHunus = 0.210).

OTpuMaHi Hamy pesynsTaTy Y3romKyHTeCA 3 AaHUMN
iHLIMX AocniaXeHb, SKi BKasyoTb Ha KapaioTOKCUYHUI
edeKT JOKCOPYOBILMHY, LLO CYNPOBOAKYETLCA 3HAYHNM
BiporiaHMM niasuiLeHHsm YCC [4-5, 20]. 36inbLueHHs
LibOro MoKasHuKa, MMOBIPHO, 3yMOBEHEe PO3BUTKOM KOM-
neHcaTopHoI Taxikapgil y BiAnoBiab Ha kapgiomionarito,
cnpuyrHeHy gokcopybiuuHoM. Bigomo, wo gokcopy6i-
LIH MPOBOKYE OKCUAATVBHUIA CTPEC i MOLLKOKEHHS MITO-
XOHAPIN KAp4iOMIOLUTIB, LLO MOXE CNPUSITU NOPYLLIEHHIO
cepLeBoro putMy, a TakoX rinepakTneaLito CUMNaTUYHoOI
HepBoBOI cuctemu [8-9, 15-16]. OgHak noegHaHe BBe-
OEHHS KodheiHy pa3om 3 JOKCOPYDILMHOM y camoK Luy-
piB HE NPM3BENO A0 BiPOrigHOMo NiABULLEHHS 3Ha4YeHb
YCC nopiBHSAHO 3 caMKaMu LLypPiB KOHTPOSLHOI rpynu.
Lle moxxe BkasyBaTV Ha NOTEHLNHUIA KapaionpoTeKTop-
HUN edoeKT KOGOEiHY, KNI, 3rigHO 3 HU3KOH AOCHIKEHD,
30aTeH 3HUXKYBaTU OKCUAATMBHUIA CTpeC, noninLwysaTu
dyHKLjiO cepLeBoro M’siza 1 MogentoBaTh akTUBHICTb
ageHo3nHoBux peuentopis [1, 18]. OgHUM i3 noTeH-
LiMHUX MEeXaHi3aMiB Takoro BrnmBy Moxe 6yTn bnokaga
aneHo3nHoBMX peuenTtopis A1 i A2A, L0 3MEHLLIYE aKTu-
BaLil0 NPOaNONTOTUYHMX LUFISAXIB i CNIpUsie 36epexeHHIo
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KapgiomiouuTiB Big ywkomkeHHs [2]. KodeiH 3gaTHum
NPOSBASATM aHTUaNoONTOTUYHMIA BNIIMB | CIPUATU CTa-
Ginizauii oyHKLiT MiITOXOHAPIV B cepueBoMy M’A3i, YAM
MOXHa NosSICHUTK BiporigHe 3HmkeHHa YCC y camok
LLypiB, SIKi OTPMMYyBanu KodbeiH i LOKCopyBiLMH, NOpiBHS-
HO 3 CaMKaMMu LLypiB Apyroi rpynu. Pesynsraty HaWoro
OOCNiMKEHHA JEMOHCTPYIOTb, L0 JOKCOPYBILMH cnpuyn-
HsIE BUpaXXeHe BiporigHe niaBuLLieHHs nokasHuka YCC,
LLIO NMOB’sI3aHO 3 MOr0 KAp4iOTOKCUYHMMMW BIACTUBOCTS-
mun [4, 20]. HaTtomicTb 1oro kombiHOBaHe 3aCTOCyBaHHS
pa3oM 3 KohbeiHOM 403BOSSE BipOrigHO 3HM3UTK Bigmno-
BiAHWI NOKa3HWK Make 4o piBHA 3HaveHb YCC camok
KOHTPOSBHOI rpynK, LLO CBiAYMUTL NPO MOXITMBWIA Kapaio-
NPOTEKTOPHUN BB KOETHY.

Pe3ynbTat 3a nokasHnkamu Mo B caMok LLypiB
TPETLOI rPynM MOXYTb BKasdyBaTu Ha Te, WO KodeiH
MOTEHLINHO MoZyrtoe abo 3MEHLLYE HEraTUBHUIN BNINB
OOKCOpPYOILMHY; Lie y3romKyeTbest 3 nitepatypHMmn aa-
HUMW NPO MOro HENPOMNPOTEKTOPHI, aHTMOKCUAAHTHI Ta
KapaionpoTekTopHi BnactmeocTi [17-18]. Bigomo, wo
OOKCOPYOBILIMH € aHTPaUMKITIHOBUM aHTMBIOTUKOM, SIKWIA
LLIMPOKO 3aCTOCOBYETLCA B XiMioTepanii, NpoTe Noro Bu-
KOPWUCTaHHsi OBMeEXeHe Yepes BUpaXKeHy KapaioTOKCUY-
HICTb, NOB’sI3aHY 3 NiABULLIEHHAM PIBHA OKUCHOIO CTpecy
Ta AucdyHKuieto MiToxoHapiv [4, 9, 11]. Y cBoto 4vepry,
KOGOEiH NPOSIBIISE aHTUOKCUMOAHTHI BNAcTMBOCTI, BNMBae
Ha KNiTUHHI curHanbHi wnaxm — PISK/AKYMTOR, AMPK,
MAPK, p53, siki peryntotoTb anonTo3 i Metaboniam, Lo
MOXE NOSICHIOBATU pe3yrbTraTi HALLOro AOCHIAKEHHS [2].

OTpumaHi Hamu 3Ha4yeHHs AMo cBigyaTb npo Te,
LLIO BBEAEHHSI CamkaM JOKCOPYOILMHY NPOTAroM MicsiLs
NpU3BOANTL 0 3HAYHOTO BIPOriAHOMO MiABULLIEHHS LIbOTO
noKasHuMKa, L0 MOXe BKa3yBaTh Ha PO3BUTOK OUCTpe-
cy abo (pyHKLiOHaNbHMX 3MiH Yy BereTatuneHin perynadii
cepueBo-CyanHHOI cuctemun. HatoMicTb KodbeiH, BBeae-
HWIA pa3oM 3 JOKCOPYBILMHOM, 3HA4YHO 3HUXKYBaB PiBEHb
AMo nopiBHSHO 3 camKkamu ApYrol rpynu, xo4va i He 4o
KOHTPOSbHOro piBHS. Lle Moxe cBiguMTN Npo MOXNUBY
3axucHy abo Mogynowouy Aito KoeiHy Ha NopyLUEHHS,
iHOyKoBaHi gokcopybiunHom [14].

3HWKEHHA aganTauinHOI 30aTHOCTI CePLIEBO-CYAVMHHOI
cucTeMU, NPOSIB NOPYLLEHHST perynsuil aBTOHOMHOI Hep-
BOBOI CUCTEMM, @ TaKoX CepLeBoi ANCYHKLIT, MOxe
OyT 3yMOBMEHE Pi3KUM BiPOMAHNM 3HVDKEHHS! MOKa3HM-
ka BP y camok LypiB, siki NpOTAroM MicsaLs OTpyMyBanm
aokcopybiumH. OgHak KodeiH, KM BBOAMIN cCaMKaMm
LLypiB TPETLOI rPYNU pa3oM 3 AOKCOPYBILIMHOM, BiporigHO
nigBuwme BP nopiBHAHO 3 camkamu Apyroi rpynu.

Y caMok LwypiB, siki OTprMyBany gokcopyoiuuH, 6yno
3acpikcoBaHO BiporigHe 3HMXEeHHS1 3Ha4eHb RMSSD
i PNN50 BigHOCHO BiANOBIgHMX NOKA3HUKIB Y CaMOK
KOHTPOMbHOI rpynin. Taki 3MiHM cBig4YaTh NPO NPUrHIYEHHSI
napacumnaTu4Hol perynsauii cepus, Lo € XapakTepHUM
ONs CTaHiB OKCUOATUBHOIO CTPECy, 3ananeHHs uu ypa-
»eHHs1 miokapga [11]. Bigomo, o gokcopy6iunH cripw-
YMHSIE NIABWLLEHHS PIBHA peakTUBHUX POPM KUCHIO, LLO
Npu3BOaAUTL 4O MITOXOHAPIaNsLHOT ANCHYHKLIT 1 anonTosy
KapaiomiouuTi. [1posiB BUPaXKEHOro HEraTUBHOIO BrNMBY
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AOKcopybiunHy Ha BapiabenbHICTb cepueBoro putMy
MOXke ByTW HaCrigKOM MPUrHIYEHHS] aBTOHOMHOI perynsi-
LT cepLeBOro putMy nif BNAYMBOM LIbOro XimioTepanes-
TUYHOrO 3acoby [15]. HatomicTb JogaBaHHs Kogoeiny npu
BBEEHHI JOKCOPYOILMHY y CaMOK LLypiB TPETBOI rpynu
YacTKOBO MOM’SKLLYBaro HeraTyBHWIA BMNIMB BKa3aHOro
npenapary, xo4a npuv LbOMYy He CMOCTepirany NoBHOrO
BiIHOBMEHHSA aBTOHOMHOIO KOHTpOrto cepud. OckKinbku
MW NPOCTEXYBan TeHAEHLI0 A0 30iNbLUeHHSA 3Ha4YeHb
RMSSD i BiporigHe niaBuweHHs nokasHnka pNN5O0,
NOPIBHAHO 3 camMKaMW LLypiB APYrol rpynu, Le Moxe
BKadyBaTW Ha MOTEHUiMHUA MOZYNAUIHUIN edekT Ko-
deiHy Ha cepueBO-CYANHHY CUCTEMY.

Y KOHTPOIbHIV rpyni camok Lwypis 3HayeHHs IBP
BiOMoBiganu gisionorivHin HopMi aBBTOHOMHOIO GanaHcy
MiXX CMMNaTUYHOIO Ta NapacuMnaTUYHOK JTaHKOH.
MigBuLLIEHHA NokasHuka IBP y camok apyroi rpynu Bka-
3y€ Ha pi3Ke 3MilLeHHs BeretatuBHoro 6anaHcy B 6ik
CMMMATUKOTOHII ab0 3HVKEHHST aganTauiHnx pesepsiB
cepLueBO-CyAMHHOI cuctemun. BeeaeHHs kodeiHy B KOM-
BiHauii 3 gokcopyBiLMHOM CNPUYMHWAO BiPOrigHEe 3HU-
XEeHHS 3HayeHb IBP y caMok TpeTboi rpynu, NOpiBHAHO
i3 camkamu gpyroi rpynu. Lle moxe cBiguntu npo mo-
AynauinHMn edekT KodeiHy Ha aBTOHOMHY perynsito
CepLeBOoro pUTMy i 3MEHLLEHHSA BUPaXeHOCTi cumna-
TUYHOT AOMIHAHTW, sika Byna cnpuynMHeHa gieto Biano-
BiHOro XiMioTepaneBTUYHOIo Npenapary.

Piske 3pocTaHHs IH y camok LwypiB Apyroi rpynu, no-
PIBHSHO 3 Bi4NOBIOHMM MOKA3HMKOM KOHTPOIHO, CBiAYNTb
Npo MNOCUNEHHHA CUMNAaTUYHOIO BNNBY Ha CepLEeBO-
CYOuMHHY cucteMy. Takuii eqpekT Y3romKyeTbCsa 3 paHille
OMNMCaHUMM HaMM MPOsIBaMM KapioTOKCUYHOI Aii JOKCOo-
pyOiumHy [5, 20]. HaTomicTb BignoBigHUIA BUCOKUIA MOKas-
HYK |[H y camok LypiB Apyroi rpynm Takox moxe Bigobpa-
)KaTW 3HVKEHHSI BapiaTMBHOCTI CEPLIEBOMO PUTMY SIK MapKep
3MEHLLEHHS aganTauiiHnx pe3epBiB cepLeBO-CyaANHHOT
cuctemun. OTpMMaHi HaMn pesyneTath CBigYaTe Npo BU-
COKWI CTYNiHb 3aneXHOCTi 3HadYeHb IH Big HanexHocTi
CaMOK LLypiB A0 TiET Ym iHLIOI ekxcrepumeHTarnbHOI rpynu.
3HaueHHs koediuieHTa N?=0.936, oTpumaHe B pesynesrari
NpoBeaeHHA HamMW OMCNEPCIMHOIO aHanisy, BKasye Ha Te,
Lo 6nm3bko 94 % 3aranbHoi Bapiauii B nokasHukax IH
MOSICHIOETLCS BMITMBOM €KCMIEPUMEHTANbHOIO YMHHMKA.
Lle Bkasye Ha HasIBHICTb HaA3BUYANHO CUMBHOIO ehekTy
BBEOEHHSA A0KCOPYOiLUMHY Ta KOMBIHOBaHOI Aii AOKCO-
pyOiLMHY 3 KODEIHOM Ha CTaH BeretaTMBHOI perynsuii
cepLeBoi gisnbHOCTI.

MigbvBatoum NigcymMKkn NnpoBegeHOro HaMKn AOCTTi-
[PKEHHS1, BApTO 3a3HaYMTK, L0 AOKCOPYBILMH CNpUYnHSE
3HaYHi 3MiHK B NOKa3HMKax BapiabenbHOCTI cepLEeBOro
pUTMY, TOAi 9K KOhETH MOXKe YaCTKOBO HEMTpanisyBaTh Lij
edpekTn. BBEOEHHs1 camkam LLypiB AOKCOPYOiLMHY npu-
3Berio 4o BiporigHMxX 3MiH Beix nokasHukie BCP, aki ceia-
YyaTb MPO PO3BUTOK BEreTaTMBHOMO AucbanaHcy. Y camok
LLypiB Opyroi rpynu, NOPIBHAHO 3 KOHTPONeM, crioctepi-
ranv BiporigHe nigeuenHss YCC, Mo, AMo, IBP, IH Tta
BiporiaHe 3HWkeHHs BP, RMSSD, pNN50, wo Bkasye
Ha nepeBaXkaHHA CUMNATUYHOI aKTUBHOCTI Ta 3HWDKEHHSI
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napacvMnaTM4HOro BnnmBy. Y CaMoK LLYpIB, SKUM BBO-
annv KogoeiH pasom 3 JOKCOpPYBILMHOM, MPOCTEXYBanu
YyacTkoBy HopMarnisadito nokasHukisa BCP, a came YCC,
Mo i BP, 4o HabnuxeHnx 3Ha4eHb CaMOK LLyPiB KOH-
TponbHoi rpynu. MokasHukn AMo, IBP, IH xapaktepusy-
Banuchb BipOrigHMM NigBULLIEHHSIM, MOPIBHSAHO 3 BiANOBIa-
HVYMU J@HUMW B CAMOK KOHTPOIBHOI rpyni, Ta BiporigHUM
3HDKEHHSAM BIQHOCHO CaMOK LLypiB apyroi rpynun. OTxe,
OTPUMaHi HaMu pesynbTaTh cBiavaTb NPO NOTEHLINHY
Moayrtokody Aito KodheiHy Ha aBTOHOMHY perynsito cep-
LIeBOro pUTMY CaMOK LLypiB 3 JOKCOPYOILMHOBO Kapgi-
mionarieto. KodpeiH y 3a3HavyeHoMy Jo3yBaHHI 3anobirae
BEreTaTvBHUM 3CyBaM, CIIPUYMHEHUM XiMiOTepanesTny-
HUM npenapaTtom, abo X NoOM’aKLLYE.
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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
mukvichv@ukr.net

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. Doxo-
rubicin (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 cardio-
vascular system is heart rate variability (HRV) analysis. In the context of searching for means to correct doxorubicin-induced cardiomyop-
athy, 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 cardioprotective 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 | (control) received physiological saline (1 mg/kg) via oral gavage; group Il received 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 cardiological studies (HAI-Medica, Kharkiv, Ukraine). Thus, the adminis-
tration 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 S| 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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MeToto poboTun Byno 3’ssicyBaTi BNfMB 3rof0BYBaHHSI KOMIT-
NEKCHMX KOPMOBMX 40DaBOK Ha reMaTornoriyYHi MOKA3HWKN KHypIiB
3a YMOB TEMJIOBOro CTPECy Ta HOpMalbHOI TemnepaTypu.
EkcnepvmeHT npoBenu Ha OeB’ATU KIiHIYHO 300POBMX KHypax-
nnigHMKax BikoM 2—4 poku nopig naHgpac, MeTpeH i MakcTep.
MpoBeaeHo ABi cepii ekcnepumeHTie TpueanicTio 90 aid (gocni-
[DPKEHHS TBAPWH, BiaOip Ta aHania martepiany 6yrnn aHanoriyHmm):
3a HopMarbHUx TennoBmx ymoB (<23°C) i 3a yMOB TEMMOBOIo
ctpecy (25-30°C). Y nepuuin cepii (rpyna JocnigHa 1) BCiM KHy-
pam iHgmBigyanbHo 4o kombikopmy Bripogoex 30 aid gopasanu
KopMoBY J06aBKy Y d)OpMi NiNocoMarnbHOI eMyrbCii, ka MicTuna
BiTamiHn A, Ds, E, i C 3 rmiokoHaToM LIMHKY y A03i 2 M. Y apyrin
cepii ekcnepyuMeHTiB (rpyna JocnigHa 2) BCiM kHypam iHauBigy-
anbHo 0o kombikopmy Bnpogosx 30 Oi6 gogaBanu KOPMOBY
nobaeky y dopMi ninocomarbHOT eMyrbCii, ika MiCTuna BitamiHm
A, D, E, C, rmtokoHat unHKy Ta 6etaiH y gosi 20 mn. [ina mo-
JentoBaHHSA TENMOBOrO CTPECYy CTBOPHOBAni yMOBW MiABULLIEHOT
Temnepatypu (25-30°C) i BororocTi (70—80 %) BNpogoex 7 AHIB
TpmBanicTio 3 rof WoaHs, i30M0K4M KITiITKM NOMNieTUNEHOBOO
nniBkoto. TemnepaTtypy Ta BONOrCTb KOHTPOSOBAuW TepMOrirpo-
METPOM 3 BU3HAYEHHSAM CepeaHiX BEMMYUH Ha KOXXHOMY eTani.
HanpwukiHui koXXHOro etany gocnigy Big ycix niggocnigHMX KHy-
piB Bpanu Npobu KPoBi i BU3HaYanM reMatonoriyHi NOKasHUKK:
€pUTPOLIUTH, reMOINOBIH, reMaToKpUT, EPUTPOLIMTAPHI IHAEKCH,
BMICT TpombouuTiB i nerikouuTie. BctaHoBNEHO, LLO Mg BANIMBOM
TEMNI0BOro CTpecy B kHypiB BiporigHo (P<0,05-0,001) 3HWKyoTb-
Cs1 reMaTosIorivHi MOKA3HMKN: BMICT €PUTPOLUTIB, reMOorobiny,
rematokput, MCV, MCHC 3a He3Ha4HOro 3amMeHLIEeHHs1 BMICTY
NenkoumTiB i TPOMBOLMTIB NOPIBHAHO 3 NepiogoM HopMarbHUX
TemnepaTypHuX yMOB. 3rodoByBaHHS KHypaM BiTaMiHiB A, Ds, E,
i C 3 rMoKoHaTOM LIMHKY 3a YMOB TEMMOBOrO CTPECY BiporigHO
(P<0,05-0,01) niaBnLLMINO BMICT €PUTPOLIUTIB, JIENKOLIUTIB, FeMO-
rnoBiHy, remaTokpuTy, epuTpoumuTapHmx iHgekcie MCV ta MCH
MOPIBHAHO 3 KOHTPONeM. AHanoriYHo, 3ro4oBYBaHHS KHypaM-
nnigHvkam BitamiHiB A, D;, E, C, rmiokoHaTy LMHKY Ta BeTaiHy
B YMOBaXx TENoBoro CTpecy npusseno Jo siporigHoro (P<0,01)
NiABVLLEHHS BMICTY EPUTPOLMTIB, NENKOUMTIB, reMornobiHy Ta
reMaToKpuTy 3 OAHOYACHMM 3POCTaHHAM €PUTPOLIMTapHUX iH-
aexciB MCV, MCH (P<0,05) ta MCHC. BoagHo4ac 3rogoByBaHHS
KHypam 060X KOMMMEKCHNX KOPMOBUX 400aBOK 3@ YMOB HOp-
MarbHUX TeMNepaTypu Ta BOOrM CpUYMHANO He3HadHe 36inb-
LLEHHS YCiX AOCTigKyBaHUX reMaTornoriYHMX NOKa3HUKIB.

KnrouyoBi cnoBa: kHypu, TEenNnoBun cTpec, KopMmosa fnino-
comanbHa gobaBka, remaTonorivHi NoKasHNKK
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Betyn

TennoBumn cTpec MoXxe MaTu BEMUKUIA BMNNUB Ha
BiNbLUICTb acnekTiB penpogyKTUBHOI (OYHKLT Y ccaBujiB.
[lo noro HacnigkiB Hanexatb NOpyLUEHHS cnepmaTto-
reHesy Ta po3BUTKY OOLUTIB, AO3PiBaHHA SWLIEKITITUH,
paHHBOrO PO3BUTKY eMDOpioHa, pOCTy Mroga i NnaueHTh
Ta nakTtauii. i wkignuei edpekTn TEeNNOBOro cTpecy
€ pesynesratoM abo rinepTepmii, NoB’A3aHOI 3 Tenno-
BMM cTpecoMm, abo disionoriuyHmx amMiH y TBapuH, sKi
nepebyBaloTb y TENNOBOMY CTPECi, AN PeryrnoBaHHs
Temnepatypu Tina [28]. baraTo BNNuBIB NigBULLEHOT
TemMnepartypu Ha raMeTu i paHHin eMBOpioH NoB’sA3aHi
3i 3pOCTaHHAM BUPOOMEHHST akTUBHUX (POPM KUCHIO.
leHeTnYHa aganTauia 4o TenmnoBoro CTpecy MoXnmnea
AK WoAo perynsuii Temneparypu Tina, Tak i Wwoao CTin-
KOCTI KMiTUH o nigBuLeHoT Temnepatypu [7].

Y ranysi penpoayKTUBHOI BiOTEXHOIOrT OAHIEH i3 Mpo-
Grnem € AOCMiMKEHHS NPUYNH 3HDKEHHS SIKOCTi criepMa-
TO-, 00- 1 eMOpioreHe3y BMCOKOMPOAYKTUBHUX TBAPWH.
dizionoriyHi i GioxiMi4Hi MexaHi3mu nepebiry nopyLleHb
YHKLiOHanNbHOro cTaHy penpoaykTUBHOI cucteMm
TBapWH, NOB’A3aHi 30KpeMa i3 NOTEMMIHHAM KriMaTy un
3 BiKOBMMU ab0 CE30HHMMM acnekTamu, e AeTarnbHO
He 3’dAcoBaHi, a MeToau iHTeHcudikauil penpoayKTUBHOT
dYHKLi TBAPWH 3 ypaxyBaHHAM MOMEKYNAPHUX MEXaHi3-
MiB perymsuii octatodHo He po3pobneHi [38]. Tomy no-
OanbLuUi KOMMNEKCHI OCMMKEHHS 3 BUBHEHHS BiTBOPHOI
OyHKLT NPOOYKTUBHNX TBApWH 3a Ail TEMMOBOro cTpecy
€ aKTyanbHUMM.

Y npakTuui CBMHAPCTBA B MiTHIM nepiof CBYHI YacTo
noTepnaoTb Bif TENMOBOrO CTPECY, AKUIN CYNpPOBOAXY-
€TbCS 3HWKEHHSIM TXHBbOI NPOAYKTUBHOCTI Ta BiATBOpP-
HoOi 3aaTHocTi [35]. Y uer nepion NoripLyeTbes SKiCTb
cnepmMonpoayKuii y KHypiB-nnigHWKIB, 0cobrmBo dyHKLi-
OHanbHa aKTMBHICTb cnepmiiB [13, 19]. Y kopekKuiT unx
npoLeciB Ans 3MEeHLEeHHS Aji TennoBoro CTpecy Nposig-
Ha porb HanNeXuTb Pi3HUM BIOMNOrYHO aKTUBHUM PeYo-
BMHaM. [loCnimKeHHs NOKa3ytoTb, LU0 TEMNMOBUIN CTpeC
CMPUYMNHSIE O3HAKN OKCUOALIMHOIO CTPECY y CBUHEN,
a TaKoX 3HWXKYE iXHi penpoayKTUBHI NOKasHukn [5, 33,
36]. HaykoBLji i NpakTUKM 3anponoHyBann HU3KY 3axo-
[iB ANs 3HWKEHHA HeraTMBHOI Aji TeNNOBOro CTpecy Ha
OpraHi3M CBUHEN, sIKi NnepeadayaoTb KOPEKLio roaieni,
TEXHOMNOriYHUX enemeHTIB ToLo [8, 23]. OcTaHHIM
YacoM NPaKTUKYIOTb 3rogoByBaHHs 6eTaiHy Sk aHTK-
CTPecoBOro npenapary Ta ocmonpoTektopa [11, 37].
[ocnimkeHHsa Ha GapaHax-nnigHMKax BCTaHOBWUIM MO-
3UTUBHY fil0 3roAoBYyBaHHs BiTamiHiB A, D, E, i C
3 [MIIOKOHATOM LIMHKY Ha reMaTtosnoriyHi MOKa3HWKK Ta
AKICTb cnepMu y nepiof ctatesoro cnokoto [29, 30].

BoaHovac HegocTaTHbLO AaHMX LWOAO BNAMBY TEMSO-
BOrO CTpecy Ha MeTaboriyHi poLecK B opraHiaMi KHypiB
Ta B3aEMO3B’'SI30K MiXK MOKa3HMKaMM aHTUOKCMOAHTHOIO
3axXUCTy Ta SKiCTo cnepMu. Takox He po3pobneHo
JieBnx 3axofiB Ans npodpinakTuku Ta YCYHEHHS He-
raTMBHOI Aii TEMMOBOro CTPECy Ha CNepPMONpPOaYKTMB-
HiCTb KHypiB [16].

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

3 ornsAdy Ha YMCHEeHHi niTepaTypHi AaHi, NoriYHUM
€ 3'cyBaHHs Oil TENSIOBOro CTPecy Ha reMaTosorivHi
MOKa3HWKN y KHYPIB-MMiOHWKIB i MOXIMBICTb X KOpek-
Ljii sarogoByBaHHAM BiTamiHiB A, D3, E, i C y noegHaHHi
3 [NIOKOHATOM LMHKY Ta 6eTaiHoM, Lo i cTano MeTot
HaLMX gocnigXeHb.

MaTepianu Ta metoaun

HocnigpxeHHs npoBegeHo y JIbBIBCbKOMY HayKOBO-
BMPOBHMYOMY LIeHTpi «3axignnempecypcuy» Ha AeB ATu
KIMiHIYHO 300POBUX KHypax BikoM 2—4 poku nopig NaHapac,
METPEH | MakcTep, AKUX YTpUMyBanu B iHaMBIAyanbHUX
knitkax. MNepeq noyatkoM ekCcnepuMeHTy NpoBEAEHO
KNiHIYHWIA OrnAg KOXHOT TBapUHU 3 BU3HAYEHHAM TEM-
neparypu Tina.

MpoBeaeHo ABa eTanu OOCNIAKEHb, Y AKUX SOCHIi-
I)KeHHs1 TBapwH, Biabip matepiany, noro aHanis 6ynu
aHanoriyHumm: 1) gocnigKeHHs 3a HopManbHUX Ten-
noeux ymoB (<23°C) — 90 gi6; 2) gocnigXeHHs 3a
ymoB TennoBoro ctpecy (25-30°C) — 90 gi6. Ha kox-
HOMY 3 eTarniB NpoBeaeHO TPU cepii eKCnepuMeHTIB
TpuBanictio no 30 gib, wo obymoBneHo TpusanicTio
crnepmartoreHesy y KHypiB.

Y nepwin cepii (rpyna OocnigHa 1) BCiM kHypam
iHaMBigyaneHo 0o kombGikopMy Brnipogoex 30 gib go-
Aasanun kopmoBy fobasky y dopmi ninocomansHOT
eMynbCii, 4O cKknagy dkoi Bxoaunu BiTamiim A, Ds, E,
i C 3 MIOKOHATOM LMHKY Y 03I 2 M. [ns BUrOTOBMEH-
Hs1 20 MmN fo6aBkM BUKOPUCTAHO: 2 T ITHOKOHATY LIVHKY,
250 tuc. MO BitamiHy A, 25 tuc. MO BiTamiHy D,
250 wmr BiTamiHy E, 500 mr BiTamiHy C, a Takox newu-
TWH i TBIH-20 Ta AeioHi3oBaHy BOAY.

Y gpyrin cepii ekcnepumeHTis (rpyna JocnigHa 2)
BCiM KHypam iHAMBiAyanbHO Ao KoMBikopmy BNpo-
posx 30 ai6 gnogasanu kopmoBy Aobasky y hopmi
ninocomanbeHOT emMynbCil, 40 cknagy Kol BXOAWMK Bi-
TamiHn A, D, E, C, rmiokoHaT uuHKy Ta 6etaiH y fosi
20 mn. [inst BurotoeneHHsa 20 mn gobaBku BUKOpUCTa-
Ho: 200 Mr rrokoHaTy uUmHKY, 25 Tnc. MO BiTamiHy A,
2500 MO Bitaminy D5, 25 mr BiTaminy E, 50 mr BiTami-
Hy C, 8 r GeTaiHy, a TakoXx neunTtuH, TBiH-20 Ta aeio-
Hi3oBaHy BOaY.

[ns BurotoBneHHs o60x npenaparisB cyMill nepe-
MiLlyBanu Ta gucnepryeany Ha ynbTpa3BykOBOMY OMUC-
nepratopi Y3[H-1 3a yactotn 22k BNpoaoBx 2—3 XB
00 YTBOPEHHSI TOHKO| eMynbCil.

Y Tperin cepii ekcnepumeHTiB (rpyna KoHTponbHa)
KOpMOBUX [06aBOK 3 KOMBIKOPMOM KHypaMm He 3rogo-
ByBanw.

MogentoBanu Tennosuin CTpec, Ans Yoro CTBOPHo-
Banv ymoBM nigsueHoi Temnepatypu (25-30°C) i Bo-
norocTi (noHag 80 %) BnpoaoBx 7 AHIB TpMBanicTo
3 rof WOoAHS, i30rHOHMM KIITKU NOSIETUIEHOBOHO MIIBKOH.
Temnepatypy Ta BOMOriCTb KOHTPOMOBaNM TepMorirpo-
METPOM 3 BU3HAYEHHSIM CEPEHIX BENTMYMH HA KOXKHO-
My eTani.
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HanpukiHui koxxHoro etany gocnigy Bifg ycix nigao-
CrnigHNX KHypiB Bigbupanu npobu KpoBsi 3 XxBOCTa A0
paHKOBOI rodisni. Y KpoBi BU3Ha4Yanu remaTonorivHi
MOKa3HUKU: epUTPOLUTL, FreMOITIO0IH, reMaToKpuT, epu-
TpouuTapHi KoedilieHTn — cepefHin 06’'eM epuTpouy-
Ta (MCV), cepegHin BMIicT reMornobiHy B epUTpoLmTi
(MCH), cepenHto KOHUEHTpaLlito remornobiHy B ogHOMY
eputpouuti (MCHC), a Takox BMICT TpOMOOUMTIB i nen-
KouuTiB. BU3Ha4YeHHSA NOKasHWKIB MPOBOAMIN HA aBTo-
MaTU4YHOMY remaTonoriyHoMmy aHanisatopi Mythic 18
Orphee Vet (Orphee, Leenuapis).

Yci oTpumMani undposi gaHi o6pobnsnu 3a gono-
MOroOK KOMM'tOTEpPHOI Nporpamu Statistica 3 BUKoOpuc-
TaHHAM MeToAyY BapialiHOi CTaTUCTUKM Ta nporpamm
Excel i3 nakeriB cepsgiciB Microsoft Office 2007 Ta 2010.
BigmiHHOCTI MK rpynamum BBaxkanvcs CTaTUCTUYHO Bipo-
rigHumu npu P<0,05.

Pe3ynbraTtun

Y npoBegeHux OOCiAXKEHHAX BCTAHOBMEHO 3HAYHI
3MiHW remMaTornoriYHMX NOKa3HUKIB Y KHYpIB Nig, BNAYBOM
TENnoBOro cTpecy. 3okpema, BMICT EPUTPOLIUTIB Y KPOBI
KHypiB 3mMeHLwmBCs Ha 13,62 % (P<0,01) nopiBHsHO 3 ne-
piogom HopmMarnbHUX Temneparyp i BonorocTi (tabn. 1).
AHanoriyHo, 3a fji TennoBoro CTpecy BMIiCT reMornobiHy
Y KpOBi KHypiB 6yB Hxx4uM Ha 9,87 % (P<0,05), Hix 3a Hop-
MarbHol Temnepatypu. BogHovac remaTtokpuT nig Brmuv-
BOM TEMNMOBOro CTPeCy 3HM3mMBCs Ha 9,76 % (P<0,001) no-
PIBHSHO 3 NEPIOAOM HOPMarbHUX TeMNepaTypHUX YMOB.

KomnnekcHi kopmoBi fo6aBkM 3rogoByBanu sk 3a
HOpManbHUX TeMNepaTypHMX YMOB, Tak i 3a Aji Tenno-

Ta6nuusa 1. OCHOBHI remaTonoriyHi NoKasHUKU KHypiB

3a 3rof0BYBaHHS KOMMMEKCHUX MinocoManbHKX AobaBok (n=9, M+m)
Table 1. Main hematological indicators of boars

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

Ipynu / Groups
MokasHuk - :
Index KoHTponbHa HocnigHa 1 LocnigHa 2
Control Experiment 1 Experiment 2

BOro ctpecy. AHani3 BnnuBy 3rogoByBaHHA fo06aBok
3acBiguMB IXHIO MO3UTUBHY Ait0 HA remMaTororiyHi Nokas-
HUKW KHYpPIB-NAiQHWKIB 3@ HOpMarbHOT TemnepaTypu.
Tak, nicnsa 3rogoByBaHHs KHypam BiTamiHiB A, Ds, E, i C
3 [MIOKOHaTOM UMHKY (JocnigHa 1) BMICT eputpoumTis
Maixe He 3MiHMBCS, NPOTE cnocTepirany TeHAEeHUio
[0 30inblUeHHst BMICTY reMornobiHy Ta remaTtokpuTty
Ha 5,98 % Ta 3,14 % BianosigHo.

MopnjibHi 3MiHK remaTornoriYHMX NOKasHMKIB CNocTepi-
ranv v nicns 3rogoByBaHHA KHypaM-MnigHUKam BiTaMiHiB
A, Ds, E, C, rmokoHaty umHKy Ta 6eTainy (JocnigHa 2).
3okpema, BCTaHOBMNEHO TeHAEHLi0 40 36inblUeHHA
BMICTY epuTpoumTiB i remornobiHy Ha 3,14 % Ta 3,60 %
BIAMOBIQHO 3a OQHOYACHOrO 36iNbLUEHHS reMaToKpUTy
Ha 4,47 %.

3a 3rogoByBaHHS KOMMNEKCHNX KOpMOBMX doba-
BOK KHypam-nnigHvkam B yMOBax TEMMOBOro cTpecy
3MiHM reMaTonoriyHMx NoKa3HwkiB 6ynu GinbL BUpa-
XeHi. 3okpema, 3rogoByBaHHS kKHypaMm BiTamiHiB A, D,
E, i C 3 rmokoHaToMm umHky (JocnigHa 1) npusseno ao
36inbLeHHs BMiCTy epuTpouunTiB y Kposi Ha 11,41 %
(P<0,01). AHanoriyHo, BMICT reMorno0iHy i remaTokpuT
Y KPOBI KHYPIB Mig BMSIMBOM 3rog0BYyBaHHS KOMMSEKC-
Hoi go6aBku 3a YMOB TenmoBoro cTpecy 30inbLmnmcs
Ha 12,73 % (P<0,01) Ta 11,63 % (P<0,01) signosigHo,
MOPIBHSAHO 3 KOHTPOMNEM.

NoaibHi 3MiHM reMaTonoriYHMX NOKa3HWKIB BCTaHOBME-
HO i Micrs 3rooBYBaHHS KHYpaM-niigHWKaMm BiTaMiHiB A,
Ds, E, C, rmiokoHaTty umHKy Ta 6eTaiHy (JocnigHa 2) B ymo-
Bax TEMJI0BOro ctpecy. 30kpema, BMiCT EpUTPOLIMTIB,
reMornoOiHy Ta remaToKpu1T Y KPOBi KHypiB-MNiAHMKIB, No-
PIBHAHO 3 KOHTponeM, 36inbwmeca Ha 13,26 % (P<0,01),
13,93 % (P<0,01) ta 9,59 % (P<0,01) BignosigHo.

Ta6nuus 2. EputpounTapHi iHaeKcu KpoBi KHypiB

3a 3rooBYBaHHA KOMMMEKCHUX MinocomMarnbHux fobasok (n=9, M+m)
Table 2. Erythrocyte blood indices of boars

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

Ipynu / Groups
[NokasHuk - -
Index KoHTponbHa LocnigHa 1 HocnigHa 2
Control Experiment 1 Experiment 2

3a HopmanbHoi Temnepatypu / At normal temperature

3a HopmanbHoi Temneparypu / At normal temperature

Eputpountn, T/n

MCV, 105 n

e oooe T 7431014 7402013 7,67:0,12 Moy 1061 26,53+143  28,03+160  2588+1,58
[emorno6iH, r/n MCH, 102 r
Hemoglobin, g/l 107,50+2,94  113,93+#3,02  111,37+3,30 MCH, 102 g 10,16+0,47 10,43+0,44 11,38+0,49
remarokput, % 39594058  40,52¢0,38  41,04£0,40% GG, 288,91424.21 304,93+19,49 317,19+21,06*
Hematocrit, % MCHC, g/l

3a ymoB TennoBoro ctpecy / Under heat stress conditions 3a ymoB Tennooro ctpecy / Under heat stress conditions
EputpounTtn, T/n B o ey MCV, 10-"® n a . "
P oooe 1 6621019°  7.3820,13"  7,5020,14 Moy 101 227741215 26,60+1,11*  26,07+1,16
lemorno6in, r/n R - o0 MCH, 102 r 5 o o
e 96,8042410  1092243.41% 110,3943,13 MOP ICRL BATi04T  987:040°  966:033
rematokput, % 44 5140,45¢  39,58+0,24**  38,86£0,57** LA, G 283,02426,81 304,93+19.49 302,98+16,77
Hematocrit, % MCHC, g/l

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

P<0,001 — BiporigHa pi3H1Us MK JOCAIOHMMMW Ta KOHTPOMbHOW rpynamu; @ — P<0,05, b —

P<0,01, ¢ — P<0,001 — BiporigHa pi3H1LA MK KOHTPOSBHOK rPynoto 3a HOPMarbHOI TeMnepaTypu Ta 3a yMOB TEMNMNOBOro 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.

36

bionozis meapuH, 2025, 1. 27, N@1



Ivanytskyi |. T., Sharan M. M.

Hematological parameters of boars fed with complex feed additives under heat stress conditions

3MiHW epuTpoOUMTIB Ni BNANBOM 3ro40BYBaHHS
KHypam-MnigHMKkamM KOMMIIEKCHNX KOPMOBMX 006aBOK
NigTBEPOXKYE KONMUBAHHA €pUTPOLIMTAPHUX iHOEKCIB SK
3a HopMarbHOI TemMnepaTypu, Tak i nig Yac TennoBoro
cTpecy. Tak, 3a HopManbHUX TeMnepaTypHUX YMOB nic-
ns1 3rogoBYyBaHHSA KHypam BiTamiHiB A, Ds, E, i C 3 rmio-
KoHaToM UuHKY (JocnigHa 1) cnocTtepiranu TeHAeH-
Lito 0o 36inblUeHHA cepeaHboro ob’emy eputpounTa
(MCV), cepegHbOro BMicTy remorfniobiHy B epUTpOLMTI
(MCH) i cepenHbOi kOHUEHTpaLii remornobiHy B 0gHo-
my eputpounti (MCHC) — Ha 5,65 %, 2,74 1a 5,55 %
BiNOBIQHO, NOPIBHAHO 3 KOHTponeM (Tabn. 2). Micns
3rogoByBaHHSA KHypam-nnigHukam BitamiHiB A, D, E,
C, rmrokoHaTy umHKy Ta betainy (QocnigHa 2) MCH Ta
MCHC manu Ha 12,04 i 9,79 % BignoBiaHo OinbLui 3Ha-
YEHHS!, MOPIBHAHO 3 KOHTPOMNEeM, 3a Mamxe HE3MIHHOro
3HayeHHs MCV.

[Mig BNNMBOM TENNOBOrO CTPECY epUTPOLIMTApPHI iH-
OEKCU KPOBi KHYpiB 3HA4YHO 3HM3unucd. 3okpema, ce-
penHii 06’em eputpoumnTa (MCV), cepeaHin BMIiCT reMo-
rnobiHy B eputpouuti (MCH), cepegHsi KoHUeHTpauis
remorno6iHy B ogHoMy eputpouuTi (MCHC) 3ameHwmnu-
cs Ha 14,20 % (P<0,05), 19,58 % (P<0,01) Ta 2,04 %
BignoBigHo.

3rogoByBaHHs kKHypam BiTamiHiB A, Ds, E, i C 3 rmio-
KoHaTom uuHky (JocnigHa 1) 3a yMOB TEMNSIOBOro CTpe-
CY CNPUYMHMIO 3POCTaHHA epUTPOLUTAPHUX iIHOEKCIB
MCV, MCH ta MCHC Ha 16,84 % (P<0,05), 20,82 %
(P<0,01) Ta 7,74 % BignoBiaHO, MOPIBHAHO 3 KOHTPOMEM.
MopibHi 3MiHM epuUTPOLMTaPHMX iHOEKCIB BCTAHOBIIEHO
3a 3roflOByBaHHs KHypam-nnigHvukam BitamiHiB A, Ds, E,
C, rmokoHaTy uuHky Ta 6etaiHy (JocnigHa 2): 3HayeH-
Hs MCV, MCH ta MCHC manu Ha 14,49 % (P<0,05),
18,23 % (P<0,05) Ta 7,05 % BignoBigHO BULLi Bif, KOH-
TPOMtO 3HAYEHHS.

[Micnsa 3rogoByBaHHA KOMMIIEKCHMX NiNOCOManbHUX
[06aBoK KHypaM-nnigHUKam BCTAHOBIIEHO 3MiHW BMICTY
nemnkouuTiB i TPOMBOLUTIB SIK 3@ HOpMarnbHOI TeMnepa-
Typw, Tak i 3a yMOB TeMM0BOro cTpecy (tabn. 3).

Ta6nuus 3. BmicT nevikouuTis i TPOMGOLUTIB y KPOBI KHYpIB

3a 3rof0BYBaHHS KOMMMEKCHUX MinocoManbHux Aobasok (n=9, M+m)
Table 3. The content of leukocytes and platelets in the blood of boars
fed complex liposomal supplements (n=9, M+m)

Ipynu / Groups
[NokasHuk . :
Index KoHTponbHa Hocnigna 1 DocnigHa 2
Control Experiment 1 Experiment 2
3a HopmanbHoi Temnepatypu / At normal temperature
TpombBouuTy,
x10%/n 359,60+9,08 349,89+13,97 353,20+14,45

Platelets, x10%/1

Tevikouymn, x10°%/n
Leukocytes, x10%1
3a ymoB TennoBoro ctpecy / Under heat stress conditions

8,11+0,31 9,60+0,32**  9,40+0,20***

Tpombouuntn,
109/ 355,20411,01 383,04+1325  8,40£0,27**
Platelets, x109/1
TNeowmma, x10°n ¢ 03,0 58 379,04414,67  9,20£0,20™

Leukocytes, x10%/
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3okpema, 3a HopMarnbHOI Temneparypu nicns 3ro-
OOBYBaHHS KHypaM BiTaMmiHiB A, Ds, E, i C 3 rntokoHa-
TOoM UMHKY (JocnigHa 1) cnocTepirany TeHaeHUilo o
3HWXKEHHS BMICTY TpombouunTiB Ha 2,70 %, NOPiBHAHO
3 KOHTpOreM, Ha (POoHi NiABULLEHHS BMICTY nenkouu-
TiB Ha 18,36 % (P<0,01).

MopibHi 3MiHM cnocTepiranu i nicns 3rogoByBaHHS
KHypam BiTamiHiB A, D, E, C, rmiokoHaTy UuHKy Ta 6e-
TaiHy (JocnigHa 2) — 36inbLUeHHs BMICTY NeNkouuTiB
Ha 15,89 % (P<0,001) 3 ogHOYaCHO TeHAEHLiE 4O
3HWXKEHHS BMiCTy TpombouuTiB Ha 1,78 %.

Mig BNNMBOM TENNOBOrO CTPECY KiNbKICTb NEenKo-
UMTIB y KPOBI KHYPIiB-MMiAHUKIB 3HM3unacs Ha 15,75 %,
Xoua Ui AaHi HeBiporigHi, HAaTOMICTb BMICT TpomMbGoL K-
TiB 3mMeHLwWwmBcsa nuwe Ha 1,20 %. lMicna 3rogoByBaH-
Hs kHypaMm BiTamiHiB A, Ds, E, i C 3 rmtokoHaToM LMHKY
(OocnigHa 1) y nepiog BNNmBY TENIOBOIO CTPECY BMICT
nevikounTis 3pic Ha 22,93 % (P<0,01) 3a ogHo4yacHoro
30inbLUEHHSI KiNTbKOCTi TpomboumTie nuwe Ha 7,81 %.

AHarnoriyHo, 3rogoByBaHHS KHypaM-niigHWUKam BiTa-
MiHiB A, D, E, C, rmitokoHaTy umHky Ta 6etainy (Jocnia-
Ha 2) Np13BeNo 40 3pOCTaHHSA KiNbKOCTi NIEMKOUMTIB Ha
34,63 % (P<0,01) Ha Tni HE3Ha4YHOrO 36iNbLUEHHST BMiC-
Ty TpombouuTiB Ha 6,69 %.

O6roBopeHHs

TennoBuin CTpecC € O4HWM i3 HaNBaXXNMBILLNX doak-
TOpIB, SIKUA CEPMO3HO BNNMBAE Ha fO6GPoOYT TBapUH
Ta €KOHOMIYHI BUroan TBapUHHMLTBA. Tennosui cTpec
BMHUKaE Yepes3 aucbanaHc y MexaHiami HaaXOmKeHHS
Ta BTpaTty Tenna [25]. CTpec y TBapuH CNPUYMHSIE Kac-
Kaf pi3kux 3MiH y BionoriyHmnx dyHKLiSX, cepen sKux —
3HWDKEHHST CNOXUBAHHS CYXOl PEYOBUHN, €PEKTUBHICTb
KOpMY Ans POCTY, NOPYLUEHHs MeTaboniaMmy Boau, Gin-
Ky, eHepril Ta MiHepanbHoro 6anaHcy [26, 27]. Lie Takox
NPOBOKYE 3MiHY rOPMOHarnbHOI cekpeLlii, hepmeHTaTuB-
HUX peakuin i meTabonitis kposi [15]. Taki 3miHK npu-
3BOAATb O MOTipLUEHHS POCTY, BUPOOHMLTBA Ta BigTBO-
peHHs. Ce30HHi Ta eKONOorivHi 3MiHW MOXYTb BNNMBaTK
Ha MOKa3HWMKK KpoBi Xygoobu [14].

Ce30HHUI cTpec y TBApWMH MOXHa nepeabavntu
3a JONOMOro TemMnepaTypHO-BOMOrCHOrO iHAeKcy [2].
Y Halomy ekcrniepuMeHTi Byrno CTBOpPEHO YMOBW MoMip-
HOro TEeNnsoBoro cTpecy (Temneparypa 25-28°C, Borno-
rictb 80—88 %). Ockinbku dhizionoriyHa piBHOBara nig-
TPUMYETBCS KPOB'H0, TO KOXHA 3MiHa, sika BiabyBaeTbCcs
B OpraHi3amMi TBapuH, BigobpaxaeTbCcsi B MoKasHMKax
KpoBi [9]. Y 3B’A3Ky 3 UMM, M1 aKLeHTyBanu cBoi A4oChi-
DPKEHHS1 Ha BMBYEHHS 3MiH reMaTosOriYHMX NOKAa3HUKIB
nig, BNA“MBOM TEMNNOBOro CTPECY.

3MiHM NOKa3HUKIB KPOBi € BaXKNMBUMM MOKa3HMKaMM
dpisionorivHoro ctaHy TBapuHW. 3aranbHWn aHani3 KpoBi
€ BaXJIMBUM [iarHOCTUYHUM iHCTPYMEHTOM AN MOHi-
TOPUHrY BiANoBiAi Ta audepeHuianbHOI OiarHOCTUKN.
[ob6pe Bigomo, Lo Taki 3MiHHI, Sk nopoaa, disionoriyHa
CcTajiq, Bik, penpoayKTUBHA CTafisl, a TakoX YMOBMU
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[OOBKINNs Ta nopa poKy BnnBaoTb Ha 4i3nKo-BioXiMiYHi
napameTpu. B okpemunx ekcnepmmeHTax napameTpu
KpoBi Bynun BUKOPUCTaHI ANsi COPTyBaHHA 0BMexXeHb
NPOAYKTUBHOCTI M’SICHOT Xygoobwm [17].

Y Halwmx gocnigXXeHHAX BCTaHOBMNEHO BiporiaHe
(P<0,05-0,001) 3HWKEHHSI BMICTY €PUTPOLIUTIB, reMo-
rnmobiHy Ta reMaTOKpUTY B KHYPIB-MMigHUKIB Nig Aieto
Tennosoro ctpecy. [oaibHi pesynetatn oTpnmanmu
L. Gutierrez-De La R. 3i cnieaBT. [17] i S. Casella 3i cnis-
aBT. [9], siki BCTAHOBUNN 3HAYHE 3HMKEHHS KiNTbKOCTI
€pUTPOLNTIB Y KOPIB i3 CyNYyTHIMWU 3HAYHUMK 3MiHaAMN
reMorrnobiHy Ta remaTokpuTy Bnpogosx nita. K. Singh
3i cniBaBT. [34] TaKOX NiSTBEPANNN 3HUKEHHS KifTbKOCTI
epuTpouuTiB Y oBeLpb nif vac TennoBoro cTpecy i oo-
BENU, WO BMICT EPUTPOLUTIB 3HUXKYETLCS Y TBApPWH,
SKi NoraHo aganToBaHi 4O XoNoAay, ane niaABULLYIOTLCA
y BucokoagantoBaHux [18]. BogHouac C. T. Shibu 3i
cniBaBT. [32] noBigOMUNKU NPO 3HAYHO HUXKYUIA FrEMO-
rnoGiH nifg, Yac cnekun NopiBHSHO 3 XONOAHOK TeMNepa-
TYpOIO, a iHLI JOCMiAHWKKX BRITKY CriocTepiranu CyTTeBO
BMLLWI piBeHb reMornobiHy y Benukoi poraTtoi xygobw,
HX B3UMKY [22, 24].

OkpeMi aBTOpM 3BEPTaIOTL YBary Ha BaXUBICTb epu-
TpOUMTapHUX IHOEKCIB B iHTepnpeTauil aHanisiB MeTa-
BoniyHoro npodinto Benukoi poratoi xygoowm [21]. Y Ha-
LIOMY eKCMepUMEHTI Nig BMNSIMBOM TEMITOBOrO CTpecy
BiporigHo (P<0,05-0,01) 3HM3uUnN1cs epuTpoLmUTapHi iH-
[OEKCU KPOBI KHYpIB: cepeaHini 06’em eputpoumta (MCV)
i cepeaHivi BMicT remornobiHy B eputpouunti (MCH) 3a
HE3HaYHOrO 3HMKEHHS CepeaHbOi KOHLIEHTpaLii remo-
rnobiHy B ogHomy eputpounti (MCHC) Ha 2,04 %.

[ns HiBentoBaHHSA Aii TENNOBOro CTPECy Ha KHypiB-
NNigHWKIB MY 3anponoHyBanu ABi KOpMoBi Jo6aBKK
y cpopmi ninocomanbHOT emMynbcii, A0 Cknagy Skux BXo-
OaTb BiTaminm A, D3, E, C, rniokoHaT UMHKy Ta GeTaiH.
JlinocomanbHa emynbcia 3abesnedye NponNoHroBaHUi
edoekT, 3axuLLIae AitoYi pe4oBMHM Ni Yac NPOXOMKEHHS
X Yepes TpaBHUI TPaKT BUKOPUCTAHHSIM NELUTUHY Ta
TBiHY. BkasaHi BiTamiHW MaloTb aHTMOKCUOAHTHI BNac-
TUBOCTI [1, 4, 6], aKTUBI3Yy04M y KOMMEKCi 0OOMiHHI Npo-
Lilecu Ta NoKpaLLyoumn penpogykTUBHY OyHKLiO caMmLiB
[12, 31]. Ponb LiMHKY y penpoayKTvBHIN hyHKUiT cam-
LB TEX LUMPOKO BUCBITNEHA Yy NniTepaTypi [3, 10]: BcTa-
HOBIEeHa Noro No3nTMBHA Aist HA CUHTE3 TECTOCTEPOHY,
CTaTeBy aKTVBHICTb Ta SKICHi MOKa3HUKN criepMu. AHTK-
CTPECOBi Ta OCMOMNPOTEKTOPHI BNAacTUBOCTi 6eTaiHy
0a3yTbCsl Ha TOMY, LLO SIK MPUPOAHMI OOHOP METUIY
BiH MOXe 3HMXYBaTWU piBEHb rOMOLUCTEIHY B KPOBI,
NOCUMIOBATM aHTUOKCUOAHTHY aKTUBHICTb i 3HWXKYBaTK
okcngaTusHuin ctpec [20].

AHania pesynesraTtiB npoBegeHUX JOCHiMKeHb Nia-
TBEPAVB NMO3UTUBHY Ail0 3ro40BYBaHHSA KHypaM-MigHu-
kam 060X KOMMNNeKcHMX AobaBok 3 BiTamiHamu A, Ds, E,
C, rmoKkoHaTOM LUUHKY Ta BeTaiHOM nig Yac TennoBoro
CTpecy Ha remMaTtosnoriyHi NokasHukK. 3okpema, BCTa-
HoBrneHo BiporigHe (P<0,05-0,01) 3pocTaHHS BMICTY
epUTPOLMTIB, NENKOLUTIB i remornobiHy, remaTokpuTy,
epuTtpoumTapHux ingekcis MCV, MCH ta MCHC Ha Tni
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He3HaYyHOro 30irnbLUEHHS KinbKoCTi TpombouuTis. Lie moxe
CBiAYMTU NPO HOopManisauito MeTaboniyHMx npouecis
Ta iHTeHCUIKaLilo 3aXMCHUX CUM B OpraHi3Mi KHypiB-
NNigHVKIB.

TakuMm 4mMHOM, 3acTocyBaHHS BiTamiHiB A, D;, E Ta C
y MOEOHAHHI 3 ITIIOKOHATOM LMHKY Ta 6eTaiHoM y dhopmi
ninocomarbeHOI eMynbCii HopMariisye B KHypiB remaTo-
JOriYHI MOKa3HMKN, 3HUXKEHI i€t TeNNOBOro CTpecy,
LLO B MiACYMKY MOXe MOKpaLLMTK MeTaboniyHi Ta pe-
NPOAYKTVUBHI NOKA3HMKN MAiOHWKIB; OgHAK Le notpebye
004aTKOBUX OOCNIIKEHD.

OTox, 3a gii TennoBoro CTpecy BipOrigHO 3HKYHOTb-
CS1 reMaTororiyHi NOKa3HUKN B KHYPIB: BMICT epuUTpOLU-
TiB — 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), nopiBHAHO 3 NepPiogOM HOpMarbHUX TeMMe-
paTtyp i BONOrocri.

3rogoByBaHHs kHypam BiTamiHiB A, Ds, E, i C 3 rmito-
KOHaTOM LIMHKY 3@ YMOB TEMNSIOBOrO CTPECY CMPUYMHUIO
36iMbLUEHHST BMICTY epuTpoumTiB y kpoBi Ha 11,41 %
(P<0,01), remornobiHy — Ha 12,73 % (P<0,01), rema-
TOKpuTY — Ha 11,63 % (P<0,01), eputpoupnTapHuX iH-
aexciB MCV ta MCH — Ha 16,84 % (P<0,05) i 20,82 %
(P<0,01) BignosigHo, BMICT nenkountieB — Ha 22,93 %
(P<0,01), NOpiBHAHO 3 KOHTPONEM.

3ronoByBaHHA KHypaM-nnigHukam BiTamiHiB A, Ds,
E, C, rmokoHaTy umMHKy Ta GeTaiHy B ymoOBax TEMoBo-
ro CTpecy npv3Beno A0 NiABULLIEHHS BMICTY epUTpOLU-
TiB, remornobiHy Ta rematokputy Ha 13,26 % (P<0,01),
13,93 % (P<0,01) ta 9,59 % (P<0,01) BignosigHo,
MOPIBHSIHO 3 KOHTPOSEM, 3 O4HOYACHMM 3POCTaHHAM
eputpoumnTapHux iHaekcis MCV, MCH ta MCHC Ha
14,49 % (P<0,05), 18,23 % (P<0,05) i 7,05 % Bigno-
BiAHO, a TaKOX 30iNbLUEHHAM KiNIbKOCTi NeNKOoLUTIB Ha
34,63 % (P<0,01) Ta TpombouuTie Ha 6,69 %.

3rogoByBaHHS KHypam 060X KOMMIEKCHNX KOPMO-
BUX A0DOaBOK 3a YMOB HOpManbHUX TeMnepaTypHO-
BOJIOMCHUX YMOB CMPUYMHANO HEBIpOrigHe 30iNbLUEHHSsI
YCiX A0CniaKyBaHUX remMaTosioriYHNX NOKa3HUKIB.

MopanbLui gocnimpkeHHs OyayTb CKepoBaHi Ha 3'Acy-
BaHHS BNIMBY 3roqoBYBaHHSA KOMMMEKCHUX KOPMOBUX
[06aBoK KHypaM-nnigH1KaM B yMOBax TEMoBOro CTpecy
Ha BioximiyHi Npoluecu B opraHiami Ta cnepmisix.
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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,
Ds, 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, D;, 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, D;, 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
indicators 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
premises with free access to feed and water, observing the
technological 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
“Diolide” with water (1 mg/l). Blood for immunological studies
was collected 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 application of the proposed synbiotic and disinfectant
to chickens contributed to an increase in the level of immunolog-
ical reactivity, as indicated by higher (P<0.05-0.01) bactericidal
and lysozyme 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 vacci-
nations 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 bac-
teria cultures of the following species: Bacillus subtilis,
B. licheniformis, Enterococcus faecium and dried prod-
ucts of fermentation of microorganisms Lactococcus
lactis, B. subtilis, B. licheniformis and other substanc-
es [7]. It shows antagonistic activity to different pathogenic
bacteria 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 bacte-
ricidal 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.
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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
“Diolide” 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
faecium and dried fermentation products of microorgan-
isms: 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 media-
tors. 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, bacteri-
cidal 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 Ver-
tebrate Animals (Strasbourg, 1985).

Digital data were processed by biometric method of
variational nonparametric analysis using Microsoft Excel
spreadsheet package Microsoft 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
significant 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 Shapiro-
Wilk algorithm) and homogeneity of variances (accord-
ing 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 chang-
es 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 10 days. These data indi-
cate an increase in the antigenic load on the organism

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

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 hu-
moral 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 41 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 (Mtm; n=7)

Research period (age of poultry), day

Indicators Groups
10t 27h 34t 41t

C 38.04+0.56 39.61+0.30 39.22+0.42 40.01+0.56
BASK, %

E 40.87+0.52** 41.29+0.56 41.48+1.27 42.17+1.25

C 17.4+2.27 19.2+0.66 22.6+0.75 21.29+1.57
LASK, %

E 20.29+1.32 24.8+1.16** 27.57+1.45* 27.8+1.77*

C 38.0+2.86 42.2+2.96 55.2+2.83 54.8+2.15
CIC, mmol/l

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 27t 34t 41t

C 31.6+0.81 32.0+0.83 33.4+0,51 33.80+0.37
Phagocytic activity, %

E 35.0+0.58 36.2+0.58** 37.5£0.50*** 38.0+£0.31***

C 4.55+0.08 4.69+0.10 4.67+0.12 4.89+0.04
Phagocytic index, un.

E 5.14+0.04** 5.26+0.05** 5.33+0.03*** 5.76+0.27*

C 14.45+0.50 14.69+0.49 13.99+0.21 14.47+0.20
Phagocytic number, un.

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) liquor (ml) Diolide
for the production
percentage of the of working solution

i preparation, %

Consumption of mother

in the amount of: 100 liters

After disinfection, CFU/cm?

Before disinfection, CFU/cm? (norm <20 CFU/cm?)

1.0 0.0004 20.0

56 0

Other results of this experiment demonstrated presence
of mesophilic, aerobic and facultative anaerobic micro-
organisms in the amount of 56 CFU/cm? (at less than
20 CFU/cm?), does not correspond to sanitary and hygien-
ic 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 rea-
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son 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 confirmed 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 data are also
consistent with the results of research [6] conducted on
laboratory animals, which indicates the safety of chlo-
rine dioxide in the water supply system. The influence of
chlorine dioxide on water quality is also noted by scien-
tists [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].
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Thus, the results of the research indicate a positive in-
fluence of the synbiotic “Biomagn” together with an aque-
ous solution of the preparation “Diolide” on the activity of
natural defense mechanisms in broiler chickens 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 prepara-
tion “Biomagn” is a multicomponent symbiosis of probiotic
strains, designed taking into account the synergistic com-
plement of the unique properties of each of them, namely:
antagonistic activity against a wide range of pathogenic
and opportunistic microorganisms [11]. Thus, as not-
ed [30], representatives of the genus Bacillus, containing
the investigated preparation, having a clear antagonism
against pathogenic microorganisms, produce a number
of enzymes: xylanase, protease, cellulose which improve
cleavage in the gastrointestinal tract (GIT) of arabinox-
ylans (pentosans) and starch into oligosaccharides and
partially 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 products 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 sorption
properties due to the high content of aluminosilicates,
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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 microbiota 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 cytoly-
sis, lymphocyte binding to Ig M, macrophage responses
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 alternative pathway
for complement activation. Magnesium is also involved
in the classical pathway of complement activation, in the
formation of the C4b2a complex, which has converting
activity against C3 [8, 32].

In general, the mechanism “Biomagn” influence is
based due to the complex action of both probiotic micro-
organisms and products of their synthesis and other
substances. The latter are known to be powerful regula-
tors 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 al-
lows to get quality and safe water. This complex additive
action of the investigated factors provides optimal micro-
bocinosis and acid-base balance, protects the intestinal
mucosa, improves digestion of nutrients, enhances im-
mune potential, and in particular natural defense mech-
anisms, 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 after
hatching recorded higher bactericidal activity of blood
serum (P<0.01), while at 34" and 44" days after hatch-
ing revealed a lower content of circulating immune com-
plexes (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 reduc-
ing the antigenic load on the organism.
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AKTUBHICTb NPUPOAHMNX MeXaHi3MiB 3aXMCTy B Kyp4yaT-Opounepis
3a Aii cnHGioTnyHoro npenaparty «biomarH» Ta gesiHdekuintHoro 3acoby «[ionana»

O. M. Heuem’, O. I. Biwyp?®, B. J1. KosaneHko', b. M. Kypmsik®, K. 6. CmonisiHiHog?, A. B. BonmopHicmuu?
smolianinow@ukr.net

'[ep>xaBHUIN HAyKOBO-AOCNIAHWIA IHCTUTYT 3 NabopaTopHOi AiarHOCTMKM

Ta BETEpUHaApHO-CaHiTapHOI ekcnepTuan, Byn. [loHeubka, 30, M. Knis, 03151, YkpaiHa

2lHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa

3[1bBIBCLKMIT HALIIOHAMNLHUI YHIBEPCUTET BeTEpUHaPHOT MeauLUmMHK i GioTexHonoril im. C. 3. [xuubkoro,
Byn. Mekapcbka, 50 m. JbsiB, 79010, YkpaiHa

MioByLLEHHS 36epexXeHHs KypyaT Ta 3abe3neveHHs1 BUCOKOT iIHTEHCUBHOCTI iX POCTY Ha BCix CTafisix BUPOLLYBaHHSI € OfHiet0 3 Hali-
BinbLL akTyanbHUX Npobnem NTaxiBHULTBA. Y 3B’A3KY 3 LIMM, HaA3BUYaHO BaXIMBUMMN € PO3pobKa i BNPOBaAXXEeHHS Y BUPOBHMLITBO
pi3HMX 3acobiB ANSA MiABWLLEHHSA iIMYHOBIONOrYHOI peaKTUBHOCTI Ta XWUTTE3AaTHOCTI NTUL. 3HaYHi MEPCNEKTVBYU Yy LIbOMY HanpsMKY Bid-
KpVBaIOTBLCS 3@ BUKOPUCTaHHS Mpe- i NpobioTukiB Ta 6e3neyHnx AesiHekUinHux 3acobiB. 3 ornsay Ha ue, akTyarnbHUM € AOCHIKEHHS
KOMMIeKcHoi Aii cuHbioTvka Ta AesiHdekTaHTa Ha yHKLIOHYBaHHSA NPUPOOHUX MEXaHi3MiB 3axXUCTy KypyaT-bporinepiB ynpogosxk nepiogy
X BMpOLLYyBaHHSA. [locnigykeHHsi NpoBOAMNM B OAHOMY i3 rocnogapcTs J1bBiBCbKOi 0bracTi Ha kypyatax-oponnepax kpocy POCC-308, no-
YnHatoum 3 1- oo 41-gobosoro Biky. Kypyat yTpuMyBanu y nTallH1kax 3 BiflbHUM AOCTYNOM [0 KOPMY | BOAM, 3@ TEXHOMOMYHUX NapameTpis
BMPOLLYyBaHHs Bpornepis (TemnepaTypHuiA Ta CBITNOBMIA pexuM) BianosigHo Ao Hopm OHTIM-2005. Ansa gocnigkeHs chopmyBanu 2 rpyni
KypyaT-6ponnepiB — KOHTPOSbHY i gocnigHy rpynu, no 100 roniB y KOXHI. Bporinepam KOHTPOMbLHOI rpyny 3rofoByBani CTaHAAPTHUIA
kombikopm (CK) 3rigHO 3 YMHHUMMK HOpMaMK, pekoMeHaoBaHUMK Anst kpocy POCC-308. Kypuatam gocnigHoi rpyny aHanoriYHo 3rofoBy-
Banu CK i cuHbiotnyHmin npenapart «biomarHy i3 po3paxyHky 0,5 Kr Ha ToHHY kombikopmy. BkaszaHuin npenapart 3acTocoByBanu 3a CXeMOH0:
nepLunin pas B 04HOA0O0BOMY BiLli — CiM AHIB NMOCNinb, HACTyMHe 3aJaBaHHA — y 22-4000BOMY Billi, CiM AHIB nocnink. MNpenapar «bio-
MarH» — e cymill npobioTnyHmx GakTepin Bacillus subtilis, B. licheniformis, B. coagulans, Enterococcus faecium Ta BUCYLLEHNX NPOJYKTIB
depMmeHTaLji MikpoopraHiamiB Lactococcus lactis, B. subtilis, B. licheniformis, marito xnopuay, XitozaHy 1 iHLLMX Pe4OBUH Ta eMynbratopa.
BopHouac 6povinepam gocnigHoi rpynv BIPOAOBX BCbOrO KCNEPUMEHTY 3 BOAOHO BUMOKOBAsv pO34uH npenapary «[ionangy, Ae OCHOBHI
LiloMi pe4OBUHN — HaTPIt0 XIIOPUT, HAaTpito xropug, Ao3o 1,0 Mr/n 3a ABOOKUCOM XNopy. [ns NpoBeAeHHS iMyHOMNOMYHMX JOCHIgXKEHb
y KypyaT 6panu KpoB y pi3Hi Bikosi nepiogu: y 10-, 27-, 34- i 41-go6oBomy BiLj. 3acTocyBaHHs KypyaTtam cuHGIoTUYHOro npenapaty «bio-
MarH», a Takox AesiHdekuiiHoro 3acoby «[lionana» nosuTUBHO BNMBANO Ha AOCHIAKYBaHI MOKa3HUKW KMITUHHOI i ryMOparbHOi MaHoK
HecneumdiYHOT pe3ncTeHTHOCTi opraHiamy. Mpo e ceigyathb Buwa (P<0,05-0,01) 6aktepuumaHa i Ni3oLMMHa akTUBHICTb CUPOBAaTKM KPOBI
Ta dparoumMTapHa akTUBHICTb NCEBA0E03MHOMIMIB KPOBI y KypyaT JOCNIAHOT FPyNnM LLOAO KOHTPOMBHOI. [py LibOMy KOHCTaTOBaHO OMTUMI3y-
BarbHWI BMNVB AOCHIAKYBaHMX NpenapaTiB Ha piBeHb LIPKYTIOKYMX iIMyHHUX KOMMMNeEKCiB. Pesynsratn npoBeaeHnx AOCHiAKeHb CBigYaThb
npo aauTVBHWN BNIMB CUHGIOTMYHOIO npenapaty «biomarHy i aesiHdekuiiHoro 3acoby «[ionana» Ha (yHKUIOHYBaHHsI MexaHi3MiB npu-
POAHOro 3axMCTy KypyaT-6poinepiB ynpodoBx nepiody iX BUpOLLYyBaHHS. Lien BNnnB 3ymMOBIeHUIA KOMMIIEKCHOK HOPMari3yrtouoko fjieto
OOCMiAKYBaHNX YMHHUKIB, LLO MICTUTb CUHBIOTUYHWUIA Npenapar i Ae3iHdeKuinHWn 3aci6.

KnroyoBi cnosa: kypyarta-6poinnepu, npo- i npebioTuku, Aiokecua xnopy, NceBaoeo3nHOInm KpoBi, HecneundiyHa Pe3nCTEHTHICTb

Chechet O, Vishchur O, Kovalenko V, Kurtyak B, Smolyaninov K, Voltornistyi A. The activity of immunological indicators in chickens with the complex use
of a symbiotic drug “Biomagn” and a disinfectant “Diolide”. Biol Tvarin. 2025; 27 (1): 41-47. DOI: 10.15407/animbiol27.01.041.
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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
content of lipid peroxidation products and the activity of antioxi-
dant 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 an-
alogues, two groups of Large White breed gestating sows were
formed, 10 animals per group — control and experimental. For the
experimental 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”, essential
oils, oxidative stress, superoxide dismutase, glutathione peroxi-
dase, 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 technologies, and pig 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
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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 devel-
op new highly effective and at the same time safe and
affordable 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 synthe-
sised 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
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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 in-
dustrial complex of Barkom LLC, Lviv region (Ukraine).
Two groups of the Large White breed gestating sows were
formed according to the principle of analogues, 10 ani-
mals per group — control and experimental. 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 bi-
ologically active substances. 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 ex-
periment 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 exper-
iment. The sows were transferred to the maternity 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 specified feed additive.
Lactating sows were fed in individual 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 21t day of lactation.
Piglets obtained from sows of the control and experimen-
tal groups automatically became piglets of the control and
experimental 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 biochemical stud-
ies 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 pa-
rameters: the lipid hydroperoxides and TBA-active prod-
ucts content, the activity of glutathione peroxidase and
superoxide dismutase, by the methods described [11, 14].
Namely, the lipid hydroperoxides content in blood plasma
was determined by a method based on the optical densi-
ty spectrophotometric measurement of reaction products
with ammonium thiocyanate, Mohr’s salt and hydrochloric
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acid. The concentration of TBA-active products, which
characterises 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 co-
loured trimethyl complex containing one MDA molecule
and two TBA molecules. Glutathione peroxidase activity
was determined by a method based on a comparative
study of the degree of reduced glutathione oxidation
(GSH) by tertiary butyl peroxide. Superoxide 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 be-
tween 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 methodolo-
gy is approved by the Bioethics Committee of the Institute
of Animal Biology of the National Academy of Scienc-
es 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
affects 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 prod-
ucts 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 introduce,
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
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 21st day of lactation. The increase of
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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 21 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
lipid 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 21t 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
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].
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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 (Mtm, n=5)

Periods of experiment

Indexes Groups
5% day of life 14t day of life 28 day of life
C 4.8167+0.054 4.332310.03 3.9424+0.126
TBARS, pmol/ml
E 4.4501£0.128 4.0599+0.061** 3.480+0.184
C 0.530.02 0.52+0.01 0.489+0.02
HPL, Units. E/ml
E 0.3940.03* 0.42+0.03* 0.436+0.019

Table 3. Activity of glutathione peroxidase and superoxide dismutase in blood erythrocytes of sows (Mtm, 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
E 11.18+0.40 6.32 +0.53 10.23+0.23
Superoxide dismutase, units C 21.54+3.61 19.91+1.84 22.15+1.57
G R E 22.8611.64 23.8111.41 26.811.20*

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*

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-
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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.
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Bnnue kopMoBoi 406aBKM «AKTMBO» Ha AesiKi NTOKa3HUKM CUCTEMU aHTUOKCUAAHTHOIO 3aXUCTy
CBMHOMATOK Ta OTPUMaHUX Bif HUX NOPOCAT

T. A. Npyduyc
tarasvet126@gmail.com

IHcTUTYT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa

IHTEHCUBHI TEXHOMOTii BUPOLLYBaHHS CiNbCbKOrOCMOAAPCLKNX TBAPWH PO3POBNAOTECA NEPEBAKHO ANt OTPMMAaHHS Makcumarb-
HOro eKOHOMiYHOro edbekTy. MNpn LbOMY NPOAYKTUBHI TBAPMHM YACTO 3a3HatoTb Aii 6araTboX CTPECOBMX YMHHUKIB | HaAMIPHUX disio-
NOTiYHNX HaBaHTaXeHb, L0 NPU3BOAUTL A0 MOripLIEeHHs 406PobyTy TBapWH, iX 300POB’S i, BPeLUTi-peLUT, A0 3HWKEHHS NPOAYKTUBHUX
nokasHukis. OQHVMM 3 HaNMOLUMPEHILLMX HeraTUBHMX NPOLIECIB, AKi BUHWKaKOTb Y TBApMHHOMY OpraHi3aMi BHacnigok Aii pi3HOMaHiTH1X
YMHHUKIB, € OKCMOATUBHUI CTpec, TOOTO NOpPYLUEHHS NPO- | aHTUOKCUAAHTHOI piBHOBarn. OKCMAaTMBHUMI CTPEC He BUHMKAE caM Mo
cobi, a nepeBaxHO € CynpoBiAHMM NpoLecoM 3a Aii cTpec-haKkTopiB pi3HOT NPUPOAN — HanpuKknad, TOKCUHIB, TEMNepaTyp, KpUTUYHUX
dpigionoriyHnx nepioAdis, iHpeKLiNHMX naTonorii, HagMipHoi, Yn HesbanaHcoBaHoi, abo HegoCTaTHBOI rogiBni Towo. Y poboTi nokasa-
HO pe3ynbTaTi 4OCNiMKEHHb BNNNBY KOPMOBOI A06aBKM « AKTUBOY, 4O CKNaay SKOi BXOAATb BTOPUHHI POCIIMHHI KOMMOHEHTU edipHUX
onin operaHo, NepLr Yuni, Ha KinbkicHUA BMicT npoaykTi MOJ1 Ta aKTUBHICTb CUCTEM aHTUOKCUAAHTHOIO 3aXMCTy Y CBMHOMATOK
Ta OTPMMaHVX Bif HMX nopocAT. [locnigXeHHsi NpoBeAeHO B yMoBax npomucrnoBoro komnnekcy TOB «bapkom» (JlbBiBcbka 061.).
3a npuHumnom aHanoris 6yno cpopmoBaHO ABi rpynu NOPOCHMX CBMHOMATOK Benukoi 6inoi nopoam no 10 TBapuH y KOXHii — KOHTp-
onbHy Ta gocnigHy. [ins gocnigHoi rpynu B pauioH gogaTkoso 6yno BBeAeHO KOpMOBY Ao6aBKy «AKTUBOY Y KinbkocTi 0,1 Kr/T roToBoro
KOpMY. Y KpOBi CBMHOMAaTOK Ta MOPOCSAT Bi HUX OTPMMaHMX BU3Ha4anu BMICT rigponepokcuaiB ninigis i TBK-akTMBHMX npoaykTi.,
aKTUBHICTb rMyTaTiOHNepoKcMaasu Ta cynepokcuaancMyTasn. Pesynstatn npoBeaeHUx HaMu Jocnigx)eHb nokasanu, LWo 3acTocy-
BaHHS AN CBMHOMATOK Ta OTPUMaHMX Bif HUX NMOPOCAT KOPMOBOT f06aBKM «AKTUBO» € AOLiNbHUM 3 METOK 3MEHLLUEHHS HeraTuBHOI
nii OKCMAATMBHOIO CTPECY, KU YMHUTL HEraTUBHY Aito IK HA CBUHOMATOK, TakK i Ha IXHE MOTOMCTBO.

Knto4yoBi cnoBa: cBMHoMaTku, nopocsTa, kopmosa AobaBka «AKTMBOY, edpipHi onii, OKcMaaTUBHWI CTPeC, CynepokcuaancMyTasa,
rnyTatioHnepokcupasa, TBK-aktuBHi npoaykTu, rigponepokcuau ninigis
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Y cTatTi HaBedeHo pe3ynerati 6araTopiYHMX JOCTiAXKEHD
BMMMBY NPUMPOOHOrO Ta CTaTeBOro Biabopy Ha penpoayKTMB-
Hy dyHKLUito OyraiB 3a yMOB NpuB’si3HOro Ta 6e3npuB’s3HOro
yTpumMmaHHs. BcTaHoBREHO, WO B iepapXivHi CTPYKTYpi cTaga
JOMIHaHTHI camui OTpMMYIOTb nNepesary y 4OCTyni 40 pecypciB
Ta cTaTeBUX NApTHEPIB, WO NpM3BOANTb A0 3HWXKEHHS nibigo,
SIKOCTi CNepMM 11 penpOoayKTUBHOI aKTUBHOCTI Y Migriernux Gyrais.
[loBeneHo, WO paHroBui CTPEC € OOHIEK 3 KMHOYOBUX MPUYMH
iMMOTEHLii Ta PENPOAYKTUBHOI HEAOCTATHOCTI Yy TakNX TBAPWH.
3’coBaHo, WO AOMIHAHTHI OCOOWHM MatoTb Kpalli aaanTauiiHi
BMacTMBOCTI, BULLY CNEepMONPOAYKL0 Ta TUNOMOTiYHI XapakTe-
PUCTMKN HEPBOBOI CUCTEMM, NOB’A3aHi 3 nigepcTeoM. Npose-
[EHO KOMMNJEKCHE BUBYEHHS Di3iONOriYHNX, eTONOrivyHunX, Gio-
XiMiYHMX, MOPCPONOriYHMX MOKA3HUKIB, LLIO AO3BOMUIIO BUSIBUTH
edeKTMBHI Nigxoam Ao NoKpaleHHs yMOB yTpMMaHHs byrais,
MiHiMi3auii gji iHTpacekcyanbHoro gobopy Ta crabinisadii pe-
NPOAYKTMBHOI (PYHKUIT y MneMiHHMX cTagax. Bneplue nokasaHo,
LLIO TMN BULLIOT HEPBOBOI AiSANIbHOCTI TBAPUH MOXe ByTU BMKO-
PUCTaHWI SIK CENEKLiNHUI KpUTepin Ans opMyBaHHSA BUCOKO-
NpoayKTMBHOIO NnigHuubKoro cknagy. OTpyMMaHi pesynsratu
MatoTb BaXKNMBE 3HAYEHHS AN YAOCKOHANEeHHs MEeTOAIB yTpu-
MaHHS, Bigbopy Ta BUKOPUCTaHHS OyraiB y LUTYYHOMY OCIMEHIHHI
Ta cUcTeMi NNemMiHHOI poboTH.

KnroyoBi cnosa: 6yrai, npupoaHun Bigbip, cratesa qyHKLis,
paHroBun cTpec, iepapxia B cTagi

BcTtyn

Ha Garatbox nnemnignpuemcraax GionorivyHi Moxnu-
BOCTi (POPMYBaHHS i HOPMarbHOro yHKLIOHYBaHHS Bifl-
TBOPHOI cuctemun y ByraiB He BUKOPUCTOBYIOTbCH B Ha-
nexHomy obcasi yepes Te, WO peani3auis reHeETUYHOTo
noTeHuiany NnigHyKIB y LbOMY HanpsMKy 3aneXxuTb Big
Oaratbox chakTopiB, NOB’A3aHNX 3 MPUPOAHNM BiOOpPOM
i KOHKPETHUMUN YMOBaMM YTPUMaHHSA Ta BUKOPUCTAHHS
TBapuH [2, 6]. Hepiako ymoBu BMpoOHMLTBa OyBaloTh
HEeCNpUATNMBMAMM, LLIO NepeayciM HeraTMBHO BrNMBaE Ha
MOKa3HUKM CNePMM, AKi CNOHTAHHO MOTipLUYOTLCS HaBITh
y KniHiYHO 300poBmx Byrais [23]. Lie oy»ke BaXKo yCyHyTU
cyyacHuMmn metodamum [2]. MNoTpiGHI HaginHi Ta 6e3neyHi
3acobv BNnMBYy Ha crtateBy cucteMy GyraiB Ansi NpUcko-
PEHOro NoKpaLleHHs iX crepMonpoaykKuii i HagaHHs CTin-

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

KOCTi BUPOOHMYOMY MPOLIECY YAOCKOHANEHHS MaTO4YHMX
cTag, sIKUA LINKOM 3anexuTb Big, GriarononyyHoro ctaHy
crateBoi cdepu nnigHukie [8, 19].

OpHak y nitTepatypi He[oCTaTHLO BUCBITIEHO BMNUB
NpUpoaHoro Biabopy ¥ enimiHauii B ymoBax craga abo
rpynoBoro 6e3npmB’A3HOMO YTPUMAaHHS Ha cTaTeBy (pyHK-
uito xynobu. Mano gaHmx npo 3B’s130K 300CYCMiNbHOT
NPUCTOCOBAHOCTI, peakLin AOMiHYBaHHS i NiANernocTi
Ta cTtaTeBoi YHKLUii TBApWH B CTagdi, SKe € LUTY4YHO
nonynsuieto. Make He BMBYEHO €TONOro-goisionorivHi
MexaHi3amMun oopMyBaHHS | NigTPUMAaHHS CTagHoI iepapxil
Ta ii poni y npouecax BigTBOPEHHSI MOTOMCTBA, a TaKoX
NpUPOAHOI perynsuii YACenbHOCTI cTaaa i BUXoay TensaT
y 3B’A3Ky 3 iHTpaceKcyanbHUM Ta erniraMmH1UM Bigbopom.
He BMBYEHO TaKOX, sIK BMSMBAE TN HEPBOBOI CUCTEMM
Ha paHr TBapvH y ctagi.
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[MpakTuyHO He BMBYEHO 3axofiB 3 OOMEXEHHS He-
raTMBHOI Aii npnpoaHoro Biabopy cnocobamu yTpu-
MaHHS NNIAHUKIB Y Nepio X BUPOLLYBaHHS, HABYaHHS
Bigdayi cnepmMu Ta BUKOPUCTaAHHSA B MEPEXI LUTYYHOrO
OCiMEHiHHSA. ToOMy 0OCUTb akTyarnbHUM € TEOPETUYHE
06rpyHTYBaHHs1 Ta po3pobka crnocobiB yTpuMaHHS, BU-
KOpWUCTaHHS | CTUMYnSALiT BIATBOPHOI doyHKLiT y Byrais.
BuBYeHHs1 3a3Ha4YeHnXx Npobnem Mae Benuke HaykoBe
i HapogHorocnogapcbke 3HA4YEHHS!, BOHO A€ MOXNN-
BICTb pO3p0OOUTM e(PEKTUBHILLY €TONOrMYHO Ta eKOoriy-
HO OBI'pyHTOBaHy TEXHOMOTI0 YTPUMaHHS, BUKOPUCTaH-
Hsi Ta CTUMYNSAUiT cTaTeBol cucTemMu ByraiB Ha CydacHMX
nnemnignpuemcTeax [7, 25].

MaTtepianu i meToguka gocnimxeHb

HocnimkeHHa nposoaunu npotarom 20 pokiB y pearb-
HMX YMOBaxX poBoTY MNEMIHHNX rocnogapcTs, arpodipm
i TBAPUHHMLBKUX NIZNPMEMCTB B YKpaiHi Ta Pecnyoniui
TampKukncTaH. 3aranom y AoCNiIKEHHsIX B3SNM y4acTb
noHag 1400 Gyrais-nnigHukiB, GinbLue 10 TMCAY Monoamx
OyranuiB Ha Bigrogieni, a Takox noHag 20 Tncsd Kopis
i Tenuub pi3HMX Nopig (YepBoHa CTenoBa, yKpaiHCbka
4YopHO-psiba, CMMeHTarnbCbKa, LWBILbKa, KOCTPOMCbKA,
Kasaxcbka 6inoronosa) BikoM Big, 12 micauis 4o 3 pokis.

o6 pesynbTat 6ynv makcumanbHO TOYHUMK Ta
HagiiHUMW, BYEHI 3aCTOCOBYBanM Linnin KOMMNIeKC B3a-
€MOZOMOBHIOYNX MeTogiB. OcHoBHUM ByB MeToq rpy-
aHaroris, sikMin 4O3BOISAB NOPIBHIOBATM TBAPUH, LLIO Manu
OJHaKOBY rOAIBNIO Ta BUKOPUCTaHHS, ane nepebysanu
B Pi3HNX yMOBaX yTpMMaHHS — Hanpuknag, Npue’s3Hux,
0e3npuB’a3HMX abo 3 4OCTYNOM A0 MOLIOHY.

MpoBoamnu geTanbHi cnocTepeXeHHs 3a NoOBEAiHKO
TBapWH, 30Kpema nposisamu AOMiHYBaHHS, NianernocTi,
cTaTeBOl aKTUBHOCTI, peakLisiMm Ha HOBUX TBapWH Y rpy-
ni, a Takoxx JoBoBOI (LUMPKaAHOK) akTMBHICTIO. Lle go-
3BONUINO JOCMiANTU, 9K POPMYETBCA iepapxia y cTagi.

BukopucTtoByBanu gisionoriyHi Ta GioxiMiyHi meTo-
On — BMBYanu sIKicTb cnepmu (06’eM, KOHLEHTpaL;io,
pyXnMBIiCTb cnepmMaTo30iaiB), ra3o0bMmiH, cknag Kposi,
piBeHb ropMoHiB nicnsa eeegeHHs AKTT, wo snnvBae
Ha dyHKLi0 HAOHUPHUKIB.

3acTocoByBanu 300TEXHIYHI METOAW ANst KOHTPOMO
POCTY, XMBOI Macu, TiflbHOCTi KOpiB, e(peKTUBHOCTI OCi-
MEHIHHSA. A TUNOMOriYHI TECTU JONOMOITIN BU3HAYUTM TUM
HEPBOBOI cMCTEMM ByraiB Ta 0COGNMBOCTI IXHBOI peakLii
Ha nodpasHVKK, NOBEAiHKY B CTPECOBUX CUTYaLLiSIX.

[ns ouiHKM pe3ynbkTaTiB BUKOPUCTOBYBAnNM CTaTuc-
TWUYHI METOAMN, AKi 403BONANN BU3HAYNTM BipOrigHICTb
BiAMIHHOCTEN MiX TBapvHaMW pi3HUX rpyn, nopia, ymoB
YTPUMaHHS, a TaKOX BUSBUTU B3AEMO3B’13KM MiXK IXHIMU
noBeaiHKOBUMMU, (Pi3ioNoriYHNMKU Ta penpoayKTUBHUMU
noKasHuKamu.

Y pesikux BunagKax npoBOOUIIA KOHTPOSbHUI 3a0il,
LLO6 NOPIBHATM PO3BMTOK OpraHiB Ta TKaHWH y TBapwH,
SKMX YTPMMYBanu B pisHUX yMoBax, — 3 fjieto abo 6e3 gji
NpvpoaHoro Biadopy.
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ByraiB po3noginunm Ha KOHTPOrbHI (NMpuB’a3He yTpu-
MaHHs1) Ta gocnigHi (6e3npuB’a3He rpyrnoBe YTPUMaHHS)
rpynu. Lle 1o3BONmMmno OuiHWUTK, SK BNNMBAE KOHKYPEHLS
MiK camusiMK (iIHTpacekcyanbHWI Biadip) Ha iXHE CTaHo-
BULLE B iepapxil, cTateBy (pyHKLUIitO, NOBEAiHKY, 30aTHICTb
[0 aganTauii.

Okpemo focnigysanu BMfvB coLianbHOro CTpecy,
SKMIN BYHWKAE BHACMiAOK paHroBoi 6opoTebu Mix TBa-
pvHamn. Bue4anu nposiBv iMnoTeHLji, 3HkeHHS nibigo,
NOripLIEeHHs SKOCTi cnepMu y mignernmnx ocobuH. Takox
aHanisyBanu uupkagHi peakLii, ropMoHanbHi 3MiHW, pe-
akuito opraHiamy Ha BBefeHHs cTpec-ropMoHy AKTT.

Yci gocnimkeHHs MPoBOaWIM 3 SOTPUMAHHSAM ETUYHNX
HOPM MOBOMKEHHS 3 TBAPUHAMM BIiAMOBIOHO A0 YMHHOIO
3aKoHO4AaBCTBa YKpaiHM Ta MbKHapogHUX CTaHOapTiB.

Pe3ynbraTtu gocnigxeHb

[is dakTopiB npmMpogHoro Bigbopy B cTtagax Gyna
TaKow X, SK i Npu MogenbHoMy Bigbopi [17]. ETono-
rYHi AOCMIOKEHHS iHTpaceKkcyanbHOro Ta eniraMHOro
Biabopy B cTagi, siki BU3Ha4anmcb CMHXPOHHO, NOKa3a-
nn, WO B yMOBaX BifNlbHOr0 MOKPUTTSA MaToOK BCbOro ABa
Oyrai-gomMiHaHTK 3 WecTn nepeBaXkHO Bpanu yyacTb
y NPYpPOOHOMY PO3MHOXEHHI. 3a nepioa gocnigXeHb
BOXaK CTaa Nokpus 23, a KOro Hanbnvk4mm cynep-
HWK — 12 kopiB. BogHovac 4 nignernmx 6yrai nokpunm
BCbOrO MO OAHi KOPOBi, TOGTO Maike He Bpanu ydacTi
Yy PO3MHOXEHHI Yepes paHroBumn ctpec (tTabn. 1).

Y 6nmsbko 100 ctag o6’eagHaHHAa «XoBaniHry byrai-
JOMiHaHTW HeraTMBHO BNNMBanNu Ha Nidigo nianernmx
camuiB, Yy 3B's3Ky 3 UMM cepef OCTaHHixX GinbLu Hix 60 %
Manu iMNoTeHLito, Aka BUHUKNA i NiagTpMMyBanachb Ha
OCHOBI HecreumnivHMX aganTauiiHiX peakLin Ta cTpecy.

Y 3B’s13Ky 3 TAKO Ji€l0 CTaTeBOrO BigdOpy KOPOBMU
CTafa TakoX Manwu pisHy NpUCTOCOBaHiCTb, TOBTO 3aaT-
HICTb O BWKUBAHHS Ta PO3MHOXEHHSA: y 26—28 % He
Byno TendaT B notouHomy poui. [MNpu upomy nuwe 43,1 %
HaMNPUCTOCOBAHILLNX TBAPUH Manu TeNST Ha Niacoci
Ta 3HOBY 3annigHUNUCA B KpaLyi Ans ManbyTHBOro no-
TOMCTBA NPUPOAHI CTPOKM (Tabn. 2).

Pi3Huua B 3annigHeHHi MK JOMIHAHTHMMK Ta nig-
nernumm Koposamu y ctagi gocarna 32 %. Y kopiB-go-
YOK OOMiIHAHTHMX MaTepiB XxuBa mMaca gocsrna 400 «r,
TOBTO Mamxe He 3MiHMNacs, a 3annigHeHiCcTb 3HN3K-
nacs Ha 4,6 %, Togi SK y nignernux KopiB-4040K X1Ba
mMaca 3pocna Ha 30 kr i 3annigHtoBaHicTb — Ha 4,4 %,
IO MOXHa MOSICHUTU A€t pyLWIinHOro Biabopy, skui
nigTarye nignernux ocobuH ctaga 4O cepenHbOoi Hop-
Mu. Hanpsm npupogHoro Big6opy abo 1ioro Bektop OyB
TakuM Xe, K Y HanpaBneHoro LWTy4YHOro Biabopy, Lo
Tpeba BMKOPUCTOBYBATW y MPOBEAEHHI Cenekuii Xyao-
Ou B cucteMi «kopoBa-Tens» [3, 5, 13, 26].

Takum 4YMHOM, B NpaKTULi BapTo ycyBaTuh fit0 dhak-
TOpPIB NPUPOAHOTO BiAOOPY 3aBAsiKM MOKPALLEHHIO YMOB
rogieni, yTpYMaHHs i BiaTBOPEHHA TBapyH, TOMY LLO 3Y-
MOBMEHE HUM 3HWXKEHHS MPOAYKTUBHOCTI Ta NIoAY0CTi,

bionozis meapuH, 2025, 1. 27, N@1
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a TakoX NOPYLUEHHS penpoAyKTUBHOI OyHKLT y nigner-
nmx ocobuWH cTaga, NOB’'sA3aHe 3 MPUPOAHOL perynsujeto
MOro YMcenbHOCTI, € HACMiAKOM NOro HeraTUBHOIO BMSU-
BY Ha ePeKTUBHICTb BCI€l ranyasi, Wo NigTBEpAXYHOTb
JocrnigkeHHs 1 iHWuX HaykoBLiB [4, 9].

CrarteBun BigOip gje Ha piBHi cTaga, sike € LUTYYHO
nonynsidieto. Lle BinbyBaeTbca Ha OCHOBI TakuX iMOBIp-
HUX YMHHUKIB, SIK YNCNO AOMiIHaHTHUX ByraiB y cTagi,
a TakoX KinbKiCTb KOpIB, AKi NPUXOAATb B OXOTY B OAUHW-
L0 Yacy, TpMBanicTb Yacy Ha MOKPUTTS MaToK — KOpIB
Ta Tenuub B OxOTi. BogHouac y ctagi gitoTb ABi Yepru,
MOB’sI3aHi 3i 3MEHLLEHHSIM MOrO YncernbHocTi. Lie nepLuo-
Yeprosui 4OCTYN TBAPMH OO BCiX pecypciB cTaga, skumn
3abe3neyye 4OMIHAHTHUM OCOBUHAM penpoaykKLilo 3a
paxyHok nignernux. Kpim Toro, y ctagi gie yepra 3 Big-
MOBIEHHAMU, sika (PYHKLIIOHY€E B TOMY BUNaAKY, KOMu BCi
Oyrai 3avHATI NOKPUTTSIM MaTOK, a iMOBIPHI 0COBWHM, K
MPUIALLINIA B OXOTY, YCYHYTI Bifl PO3MHOXEHHS, XO4a MOITIN
6 maTu Hawagkis [21].

Mpu LBEOMY YMCNO NOKPUTUX i YCYHYTUX Bif PO3MHO-
YKEHHs1 KOpiB 0OYMOBIIOE eniMiHaLito, sika 3AiINCHIOETLCS
Ha OCHOBI afanTauifHMX peakLin Ta peakuii, cTpecy.
Lle npn3BoguTh 0 iMNOTeHLUiT nignernux 6yranuis,
a TakoxX [0 BiACYTHOCTi NOTOMCTBA Yy nianernux B ctagi
KOpiB Yepes BMNSIMB 300COLianbHOro paHroBoro cTpe-
cy [16].

[na BiporigHiLLOro cnocTepexXeHHst NPUPOLHOro
nobopy HeobxigHO Oyno He Tinbku BUABKUTYK Byrais,
AKi He 6epyTb y4acTi B NpUMpOAHOMY PO3MHOXKEHHI,
a " BU3Ha4nTu Hanpsim Bigbopy abo noro BekTop i fo-
BECTU, WO BiabyBaeTbCs came BUBGiIpKkoBa eniMiHauis
nignernux i BUGipKoBe BUXMBAHHS Ta y4acTb B PO3-
MHOX€HHI AOMiHaHTHUX 0COBMH cTaga. [Npu ybomy
BigOOpaXKeHHAM HanpsiMKy ctateBoro gobopy € ump-
KagHa, 3adikcoBaHa reHeTUYHOI NaM’aTTiO NoBe-
AiHKa TBapWH, KOTpa 3 NOKOJiHHS A0 NOKOMiHHSA 6e3
HaBYaHHSA BUHUKAE NPW B3AEMOBIAHOCUHAX OCOOMH
y cTagi.

Tabnuusa 1. MNoKpUTTS KOpPIB i TeNWLb AOMIHAHTHUMW Ta NignernMMm 6yra;ﬂvw|, X+Sy
Table 1. Cows and heifers coupling with dominant and subordinate bulls, X+S;

ETonoriyHa HanexHictb
Ethological affiliation

lepapxiyHun paHr
Hierarchical rank

Yucno kopiB Ta Tenuupb, NOKpUTUX Byraem
Number of cows and heifers mated with a bull

B Tomy uucni B %
Including in %

Boxak ctapa

Herd leader

HomiHaHTHWI Byran 2
Dominant bull

Mignernuin 3
Subordinate

Mignernuin 4
Subordinate

Mignernuin 5
Subordinate

Mignernuin 6
Subordinate

Bcboro 6
Total

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

Ta6nuus 2. XKuea maca i TinbHICTb JOMiHYlOUMX Ta NiANernux B cTagax KopiB Ta ixHiX 4040k
Table 2. Live weight and body mass of dominant and subordinate cows and their daughters in herds

ETonoriyHa HanexHicTb Kopis
Ethological affiliation of cows

dakTopu npupogHoro gobopy lonis
Factors of natural selection

YKuBa maca, kr
Live weight, kg

TinbHicTb, %
Pregnancy, %

Heads

martepiB [LLOYOK martepiB LLOYOK
mothers daughters mothers daughters
YacTvHa TBapuH, sika po3MHOXyeTbest  Ctabinisytouni, Begyyuii i cTateBui 493 346+2.66 . 71425 .

Part of animals that reproduce

B tomy uumcni / Including
noMiHaHTHi / dominant

nianerni / subordinate

PisHuus
Difference

Stabilizing, driving and sexual

Crabinisyrounii i ctateBun
Stabilizing and sexual

Bepnyuwii i ctateBuii
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 13,1
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JdomiHaHTHI 6yrai Mmanu nepLio4YeproBuin 4OCTYN
00 KopMiB, BOAW, COMi Ta KpalLmMX MiCLb BigNOYUHKY.
BoHu noiganu GinbLue KOHLEHTPOBAHMUX KOPMIB i CyT-
TEBO MEHLLE Yacy BUTpayanu Ha irpy, NopiBHSAHO 3 nig-
nernumu B ctagi nnigHukamu. Lli 6yrai manm GinbLuy
CMPOMOXHICTb 40 ekcTpononsuii [20].

Byrai-gomiHaHTV MeHLUe pyxanucs i BinbLue nexanu
abo cTosnu, NPosBNANY KOMMOPTHILLY aKTUBHICTb, HiX
nignerni NNigHWKN, a ctaTteBy akKTUBHICTb CNPSMOBYBanu
nuwe Ha kopiB i Tenuub B 0XoTi. Ha BiamiHy Big Ao-
MiHaHTHUKX, nignerni 6yrai B cTagi NposiBNAnu ctatese
30ymKeHHs nuwe oguH Ha ogHoro. Lle 6yno nos’asaHe
3 BiJICYTHICTIO Y HWX CTiliKoro nidigo Wwoao Kopis i Tenuub
B oxorTi [12].

Y GinbLoi YacTnHKM nignernunx Gyraie cnocrepiranu
NpUpoaHY iIMMNOTEHLIt0, 0BYMOBMNEHY PaHrOBMM CTPECOM,
B 3B’S13KY 3 UMM BOHMW HE MOITIN MOKPUTMK HaBiTb 3adikco-
BaHy B CTaHKy kopoBy B oxoTi [11].

Otxe, gocnigkeHHsa 4oO0BOI (LMpKaaHOI) noBeqiH-
Ku OyraiB 06’€eKTUBHO cBig4aTh Npo Te, Lo BOHA AiNCHO
€ BiJOBparKeHHsM BEKTOPY CTaTeBoro Bigbopy, cCrnpsamo-
BaAHOIO Ha NepeBaXXHE BUXKMBAHHS i PO3MHOXEHHS J0-
MiHaHTHUX TBapWH B CTagax.

MpumiTuBHI emouii 060pOHHOro TUNY, sIKi BUHU-
Kanu cepep TBapuH B KOHKYPEHTHNX YMOBax cTaja,
NoB’si3aHNX 3 BEKTOPOM CTaTeBOro Bigbopy, Manu cyT-
TEBWIN BMNIMB HA COMAaTUYHY NepebynoBy OpraHiamy, Lo
BigoGpaXkanocst Ha IXHiX eToNorivYHMX i isionoriyHnx
nokasHukax Ta cnepmonpoaykuii [10].

BcTaHoBNEHO, WO BULWi aganTUBHI MOXMMBOCTI
y cTagi Manun AOMiHaHTHI TBapyHU 3 CUMNbHUM, BPIBHO-
BaXKEHVM, PyXOMUM TUMOM BULLOI HEPBOBOI AiANbHOCTI
(BHA), nopiBHSAHO 3 Nignernumm ocobrHamm 3 TakuM xe
TUMOM, SIKi CYTTEBO PISHUNNCS NULLE NOKA3HUKOM Yncna

BUTPUMaHUX andepeHuitoBaHb 40 Ynucna No3nTUBHUX
BigMNoBigen, a TakoX 3a NepeTBOPEHHAM HEraTUBHOI pe-
akuii B No3nTuBHY («—» B «+»). Lle nos’a3aHe 3 ypiBHO-
BaXKEHICTHO HEPBOBMX NPOLIECIB, LLO CBIAYNTb NPO BULLY
CNPOMOXHICTb JOMIHAHTIB 10 HABYaHHA Ta aHanisy
30BHILLHIX NOAPa3HUKIB.

>KuBa maca Ta cnepma JOMiHAHTHUX byranuis
WBiLUbKOI nopoan Byna cyTTEBO KpaLloto, MOPIBHSAHO
3 nignernumn ocobuHamu ctaga, NpoTAroM BCbOTO
nepiogy BUPOLLYBaHHA TBapuH (Tabn. 3).

PisHnus 3a xunBoK mMacoto Gyna 3HadHoto. [okas-
HUKN CnepMu SOMIHAHTHUKX i nignernux Gyranuis Takox
BiporigHo (P<0,01) Bigpi3HsnuMcs 3a akTUBHICTIO (pyXo-
MICTI0) CnepmaTos0igiB, L0 NOSACHIOETLCA HAABHICTIO
y nignernnx TBapuH 300CYCMINIbHOTO CTPecy. Takum Yu-
HOM, ofiep>aHi HOBI JaHi Npo Te, L0 cnepMa Takox €
O3epkanom aganTUBHUX NPOLECIB B OpraHiaMi TBapuH
i MOXXe 00’EKTMBHO XapaKTepuayBaTu NOro cTaH.

Y NpvpoaHix yMOBax NoBeAdiHKa peryroe penpoayk-
TUBHI Npouecw, siKi nexaTb B OCHOBI eBOMOLT BUAY, 3a
paxyHOK i30nsii, ika obMexye CxpeLLyBaHHs, Ta Mirpa-
Lii ocobuH o iHWmMx nonynsuin (ctag) [1,15, 24].

Y pocnigax 6yno BCTaHOBMNEHO, L0 CTaTeBi peakuii
OyranujiB oguH Ha 0QHOrO B NPOLECi hopMyBaHHs iepap-
Xii nicns iX nepeBeaeHHst 3 NPUB’sI3HOMo Ha 6e3npuB’sa3He
yTpumaHHs abo nNpu BBeAEHHI 0 ChOpMOBaHOIO cTaga
HOBUX OCOBMH 3aKOHOMIPHO MiAPO3aiNsaTbLCA Ha TpU
nepioaw.

B nepwwun nepiog (TwxaeHb), ocobnmMBo B nepLuy
roguHy nicns nepesegeHHs, y Byranuis cnocTtepiranu
OypxnuBi cTaTesi peakuii ognH Ha ogHoro. Mpu ubomy
MynbC i YNCMO AMXanbHNX PyXiB y TBAPWH 3pOCTano yasidi
i 6inbwe. JocnigkeHHst KpoBi y 20 GyranuiB LWBILEKOT
nopoau, yTpyuMmyBaHuX Ha NpuB’asi, Yepes goby nicns

Tabnuusa 3. XXuea maca i fkicTb cnepmum 6yranuis y 18-micauHomy Bil__li, X+S;
Table 3. Live weight and sperm quality of bulls at 18 months of age, X+S;

. . . . + JOMiHaHTHI Crar. BiporigHicTb pisHuui td
MokasHukun 'D'OM'H.aHTH' I'Il,qne_rnl [0 nignernux npu P<0,01
- Dominant Subordinate . L .
Indicators (n=5) (n=6) + dominant Stat. siginficance of difference td
to subordinate at P<0.01
Xusa 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
Akictb cnepmu / Sperm quality:
o6’em, mn / volume, ml 2,9+0,2 2,2+0,9 +0,7 0,76
aKTUBHICTb, 6anu
activity, points 9 a 1
KOHLEeHTpauis, mnpg./mn
concentration, billion/ml BB 2ty Y Bt LU &
3aranbHa SKiCTb CriepMaTo3oigis, Mrpa. 1.95+0.03 1.07+0.11 +0.88 78

Overall sperm quality, billion.
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nepeBeaeHHs iX Ha 6e3npuB’a3He YyTPUMaHHS, BCTaHo-
BUIO HasIBHICTb ¥ TBapWH cTpecy. 3a nepLuy Joby xvea
mMaca 6yranuis ameHwmnack Ha 20—30 kr. AKTUBHICTb
cnepmm pisko 3Hmsunacs (P<0,05), dyHKuioHanbHa ak-
TUBHICTb CTaTeEBUX 3aro03 3aranbMyBanach. [nxansHui
KoedilieHT TakoxX pi3ko 3HM3neca — 3 1,0 0o 0,7.

Y gpyrun nepiog (TpmeanicTio 20 gi6) cnoctepiranu
cTabinizavito romoceKkcyanbHMX peakLin y Gyranuis cta-
4a i3 noganbLIMM ranbMyBaHHSAM CTaTEBUX Ta OOOPOH-
HUX pecpnekcie. Cnepmonpoaykuis Byranuis ctTatucTny-
HO BipOrigHO nokpalLysanach. [NokasHUKW MrasMn KpPoBi
Byranuis Yepes 10 gHiB 6e3NprUB’A3HOIO YTPUMAaHHS 3HUW-
3UNNCb Marxe 0O NOYaTKOBOTO PiBHS, ane 6ynu BuLLmK-
MU, HiX [0 nepeBeneHHs. B el yac ctateBa yHKLis
OyranujB BXXe He 3a3HaBaria Takoro nepeHanpy>XeHHs1.

Tperii nepioa (Tpueanictio 30—40 1i6) xapakTepusy-
BaBCS1 YiTKMM BCTAHOBMEHHSIM iepapxii cepef TBapyH CTa-
na. B uen nepiog Mu BnepLLe cnocrepirany sBuLLE BigHOC-
HOTO 3raCaHHs1 CTaTeBoro Notary (nibigo) Oyranuis Ha oco-
6¥H cBoro ctafa. [NpoTe goctarHeo Byno BBECTV 4O cTada
HoBUX ByranLyiB (0aHOro abo AeKINbKOX), SIK CTaTeBi peakLii
Ha HuX y Oyranuis cTaga NoYMHanu NPosIBIATUCS 3HOBY.
B uew nepiog y 6yranuis BigHOBMOBanack BTpaveHa paHi-
LLIe XKvBa Maca i cepeqHboa000Bi MPMPOCTY, SKi 3pocTanm
Ao 900 rpamis, nokpallyBanacs cnepmonpoayKLuis.

OT1xe, Byno ogep>xkaHo HOBI AaHi NPO Te, Lo B OCHO-
Bi 3aKOHOMiIpHOCTEW (bOpPMYBaHHS i NIATPUMKK iepapxXil
y CTagi OyranuiB nexartb CKragHi KOMNeKCcH noBeniH-
K1 i pisionoriyHmx peakuin. BnepLue BCTaHOBNEHO Taky
SKICTb iepapxivyHOro paHry y byranuis-nigepie craga, sik
NOro AeTepMiHOBaHICTb BNAcTUBOCTSIMU BULLIOT HEPBOBOI
AISNbHOCTI, WO BaXMBO AN NPaKTKW Biabopy TBapyH
019 OLHKN Ta BUKOPUCTaHHS B CENeKL.

Tomy BOXXakamMu y CTai 3aBxau ctaBanu HambinbL
arpecviBHi OyrawiLi CUNbHOTO BPIBHOBAXKEHOIO PYXOMOIO
TUMY BULLIOT HEPBOBOI AiSANBHOCTI, Y AKX CriepMa Maibke
He noripLyBasach, WO CBig4MIo npo BiACYTHICTb Y HMX
cTpecy. Henigupytoui Byranui pisHux iepapxidyHux paHris
i TviniB BHI manu BunagkoBmi po3noain y ctagi. byranui si
cnabkvm Trnom BHL, He Bpanu yyacTi B akTVBHilN 60poTh-
0i 3a iepapxiYHU paHr i nociganu nignerne cTaHoOBMLLE
y cTagi. BinbupaHHs Oyranuis-nigepie MoXkHa NpoBoauTH
y crieujaniaoBaHnx enesepax 3rigHo 3 OLUIHKOK 3a npo-

OYKTUBHUMUW AKOCTSIMU NOTOMCTBA 4151 N04anbLLUOoro Bu-
KOpUCTaHHS B cenekuii. OaepxxaHi HaM1 JaHi Ta BUCHOBKM
nisHiLe 6yau nigTBepmKeHi M iHWMK BYeHUMK [14, 26].

[ns BUBYEHHS MOXITMBOCTI OOMEXEHHS1 HEraTUBHOI
4ii ecpekTiB iHTpacekcyanbHoro Biabopy Ha picT, po3Bu-
TOK, QPi3ionoriYHMiA CTaH Ta cnepMonpoaykuito Oyranuis
B Nnepiog cTaTeBoro Ao3piBaHHSA My NPOBENU Jocnig,
B IKOMY OfHy rpyny Gyranuis 3 6- oo 18-micsiuHOro Biky
(12 ronis) BupoLLyBanu B yMoBax NpUB’A3HOTO, a iHLy
(12 roniB) — B ymoBax 6e3npmB’a3HOro yTprMaHHs, To6To
6e3 0OMeXEeHHS YNHHUKIB NPUPOZHOro Biabopy.

>Knea maca Byrainuis 060x rpyn NpoTsrom BCbOro o-
cnigy nepeBuLLyBana BUMOru A TBapuH Kracy enita-
pekopa. Y 18-MicsayHOMY BiLi Pi3HULIS 3a KMBOK Macoro
MiK Byranusamm gocnigHux rpyn ctaHosuna 30 Kr Ha Ko-
pYCTb ByraiuiB, SIKUX BUPOLLYYBanv B yMOBaXxX MpUB’si3HOro
yTpuMaHHs, — 480 kr npoTu 450 kr BignoeigHo (P<0,1).

BuTpatn KOpMiB Ha BMPOLLYBaHHA TBaApWH i3
NPUB’A3HUM YTPUMaHHAM CTaHOBUIM 2,7 TUC. KOP-
MOBUX OAMHWLUb, AN NiAA0CAIAHOI rpnu i3 rpynoBuM
6e3npuB’a3HMM yTpuMmaHHaM — 3,0 TUC. KOpMO-
BUX OAUHULUbL, ToB6TO Ha 12,0 % binblie. Malixe Bci
eKkcTep’epHi npomipw i ingekcn Byaosu Tina y 6yranuis
6e3npuB’a3Hoi rpynu B 18-MicauHoMy BiLi Gynn GinbLum-
MW, HDK Yy TBapWH NpuB’asHoi. 3a pesynsratamy 3a60oto
TBapwH (No Tpu Oyranuj 3 rpynu) 6yrno BCTaHOBIEHO, L0
OCTaHHi noctynanucs nepe byraviuamm 6e3npus’sa3Hol
rpynu 3a Macoro M’A3iB (3 cariom) i CyxoXurb BCbOro Ha
2,5 %, a 3a macoto cenesiHkn — Ha 1,5 %. BogHo4ac
3a Maco0 KiCTOK BOHM NMepeBepLUyBanu CBOIX aHanoriB
3 npuB’asHoi rpynu Ha 4,0 %, 3a macolo cepust — Ha
7,0 %, nereHb — Ha 21,0 %, wnyHka — Ha 6,0 %.

OByMOBRNEHWUI Pi3HOIO AIEK YNHHMKIB NPUPOOHOIO
BiAGOpy pO3BUTOK BHYTPILLHIX OpraHiB BUpa3HO Bigo-
GpasvBcs Ha NPUPOCTI OCHOBHMX TKAHWH i3 TEHAEHLLEN
3abe3nevyeHHs BMLLOI XXUTTE34aTHOCTI B Byranuis 6e3-
npuB’si3HoI rpynu [14].

HocnimpxeHHs razoobmiHy Ha Byranugsx nig Yac crate-
BOro 30ymKeHHs 1 esikynauii nokasano (Tabn. 4), wo
MOro BigHOBMNEHHSA 4O NOYaTKOBOro PiBHA y Oyranuis
i3 rpynu MPUB’I3HONO YTPMMAaHHS 3aKiH4yBanoch Yepes
poby, a B Gyranuis 3 rpynn 6e3npuB’a3HOr0 yTpyMaH-
HA — 4epe3 3—4 roguHu.

Tabnuus 4. Na3oeHepreTuyHMi 06MiH y Byranuis 4o i nicnsa B3ATTA cnepmn, % A0 cepefHbon060Boro piBHA
Table 4. Gas-energy exchange in bulls before and after semen collection, % of average daily level

BuaineHo CO,, n
Released CO,, |

Yac B3ATTA cnepmMu, Mic.

MornuHyTo Oy, N
Absorbed O,

Tennonpoaykuisi, Kkan.
Heat production, kcal

Ipynu Ti £ lecti
Grolps ime of sperm collection, _ _ _ : _ _
months 12 wmic. 18 mic. 12 wmic. 18 wmic. 12 wmic. 18 wmic.
12months 18 months  12months 18 months  12months 18 months
[locrinHa Gesnpue’siaHa o B3sTTa / Before taking 208 140 171 140 182 141
Experimentaliioose Micns BasTTs / After taking 191 133 171 125 178 126
KOHTpOrbHa Npue’siHa o B3stTa / Before taking 240 212 208 183 215 184
Controlitsthersd Micns BasTTs / After taking 210 231 193 207 196 207
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Bigomo, Lo B npMpoaHOMy CTaHi cnepmaTo3oian 36e-
piraroTbCA y XBOCTI MpMAaaTka CiM'sitHUKa B YyMOBAX 3HUXKeE-
HOrO TUCKY KUCHIO, TOAj SIK B CBiXXOOAEPKaHi cnepmi 6e3
KOHTaKTy 3 NMOBITPSM MICTKICTb KucHtO csrae 200 %, a nic-
Nns po3BeAeHHs CUHTETUYHUM cepenoBueM — Ha 325 %
(BigHOCHUX). OTxe, Yepes 6 roguH KNCEHb Y CriepMi Bu-
Tpa4aeTbCs, LU0 NPU3BOAUTL [0 3HKEHHS PEOOKCTIOTEH-
Liany 1 oK1cnioBarbHO-BiAHOBMNIOBASILHOMO MOKa3HMKa.
BigHOBUTM MICTKICTb KUCHIO B TakKili CnepMi MOXHa nuile
LUTYYHOI OKCUreHauier. Y BOGHEBOMY XUBUIbHOMY
CepeaoBMULLI OKUCIOBaNbHO-BIHOBMIOBANbHUA PEXUM
y CnepMi, HaBnaku, pisko 3HWXyeTbeCs [18, 22].

AHani3 gocrnigxeHb ra3oo00MiHy | 4aHMX LLOA0 OKUC-
noBanbHO-BiAHOBNIOBANbLHOIO NOKa3HUKa y cnepmi
OyranuiB 4aB HaM 3MOry BriepLle CriocTepiratu siBuLLe
NigBYLLEHOI OKCUreHauii opraHiamy (3okpema cratesoil
cdepwn) camuiB Npu cTaTteBOMY 30yIKEHHI 11 esKynsii,
CNpsSIMOBaHe Ha 3abe3neyeHHs ONTUMarbHUX CTapTOBKX
YMOB Ans 3anfigHeHHs caMmuLpb.

KoHTpacTHi ymoBU yTpMMaHHs nigaocnigHnx dyranuis
BNIVHYIM i HA TXHIO PyXOBY aKTUBHICTb. KpOKOMETPUYHI

OOCTIIKEHHS 3acBiaumnu, WO KinbKiCTb KPOKOBUX PyXiB
Ha goby B Gyranuis gocnigHoi rpynu 6yna Ha 16 %
BiNbLLUOID, HIX Yy TBAPWH KOHTPOFIO.

[ocnigeHHi opieHTyBanbHOro Ta YMOBHOIO KOp-
MOBOro pedniekciB nokasano, Lo peakLuis TBapuH Ha
30BHILUHI NogpasHUKKX 3anexarna Big nonepenHix ymos
ix BUpoLyBaHHsl. HeagekBaTHa peakuis Gyranuis Ha
30BHILLHI MOAPAa3HUKM CTaria OCHOBHOK MPUYMHOIO iX-
HbOI aKTMBHOI 0OOPOHHOI, a B AeAKUX — OyMHOI No-
BediHku, 0B6ymoBneHoi napabioTM4HO BpiBHOBaxe-
Hoto abo ranbmyBanbHOKW dasamum gii Kopy roroBHOMO
MO3Ky. O6’eKTVBHa OLjiHKa TUMOMOriYHNX BNacTUBOC-
Tew HEepBOBOI CMCTEMM Ta TUMY KOHCTUTYLIT y Oyranuis
LUBILIKOI NOpoauM gana 3mory BCTaHoBUTH, Wwo 63,9 %
TBapWH CUIbHNX TUMIB BULLOT HEPBOBOI AiSANbHOCTI Ha-
nexarb 4o WupokoTinux i 36,1 % — [0 BY3bKOTINMUX
TUNIB KOHCTUTYLi. TO6TO BUGpakoByBaHHS PEMOHTHUX
Oyranuis Heba)xaHUX TUMIB KOHCTUTYLIT nepea no-
CTaHOBKOI AN OUiHKM 32 MPOAYKTUBHMMM SIKOCTSIMU
Halaakis AacTb 3MOry 3anuiiaTtu Ha nnemM’st Tifbku
TBapWH OaxaHoro Ty HEPBOBOI CUCTEMMU.

Tabnuusa 5. BmicT eo3nHodinis i He3pinux dopm HenTpodinis Ao i nicns BBeaeHHs AKTT, % (cepenHi aaHi)
Table 5. Content of eosinophils and immature forms of neutrophils before and after ACTH administration, % (average values)

Eo3nHodinu / Eosinophils

Tun HepBOBOI cucTemu Mpyna [o BBeaeHHsA

Micnsa BBegeHHs AKTI

Hentpodinu / Neutrophils

[lo BBEAEHHS Micns BBeeHHs AKTI

Type of nervous system G AKTT After ACTH administration AKTT After ACTH administration
Before ACTH Before ACTH
- . 4 rop. 9 rog. - . 4 rop. 9 roa.
administration 4 hrs 9 hrs administration 4 hrs 9 hrs
KoHTponbHa 10,5 6,0 12,5 6,2 12,2 8,7
Control
Cnabkuii / Weak
LocnigHa
Experimental 3,0 1,0 4,5 2,5 8,2 9.5
NETEEESE 58 5,0 2,8 6,5 1,5 14,3
Control
CunbHui / Strong i
Aocniaxa 2,7 32 2,7 9,2 16,2 20,2
Experimental

Tabnuus 6. MNokasHuku cnepmu Byrais Ao i nicns BBeaeHHA AKTI

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

INokasHuk
Indicator

[o BBEOAEHHSA
Before administration

BiporigHicTb pi3HuUi
Statistical significance
of difference

MNicns BBEOAEHHNA
After administration

KinbkicTb Byrais, ron.

Number of bulls, head 9
Yucno eskynATie 7
Number of ejaculates
MokasHuku cnepmu / Semen characteristics:
o6’em, mn. / volume, ml 2,10+0,18
aKTUBHICTb, 6anu / activity, points 6,00+0,01
KOHLeHTpauis, mnpa./mn.
concentration, billion/m Lireathics
3arasnbHa KinbKicTb cnepmaro3oigis, 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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Mpu gocnigXeHHi BNNvBy aapeHOKOPTUKOTPOMNHOIO
ropmoHy (AKTT) Ha cucTemy rinodisa — kopa HagHUPHU-
KiB Ta cnepmonpoaykLito nigaocnigHnx éyranuis pisHux
TUNiB HEPBOBOI CUCTEMMW CTABWUM 3aBAAHHA BUSBUTU
3B’S130K MiXK TUNONOriYHUMW BNACTUBOCTSIMU HEPBOBOT
CUCTEMM TBAPWH Ta 3MiHOO HAsABHOCTI €03MHOQiNiB
(tabn. 5).

3MiHM MOpPdOMOrivYHOT KapTUHM KPOBi 3anexanu
BiJ dhyHKLiOHANbLHOro CTaHy cucTeMu rinogis — kopa
HagHMPHYKIB y Byranuis, BUPOLLEHUX B Pi3HUX yMOBax
YyTPMMaHHS Ta Aii iHTpacekcyanbHoro Bigbopy. Mopdo-
NOriYHMIA CTaH KPoBi y Byranuis pisHnx Tunis BH takox
3anexas Bif yHKUiOHaNbLHOro CTaHy agpeHorinodi-
3apHoi cuctemu. MopiBHAHHA peakuii cTpec Ha BBeAEH-
Hs1 AKTT y 6yraiB cnabkoro i cunbHoro Tunie BH noka-
3ano, L0 BOHa 3anexana Bif TMNnonoriYHux BnacTMeoc-
Ten HEPBOBOI CUCTEMMU, SIKi € MO3UTMBHO NOB’A3aHUMU
3i LUBMAKICTIO BUCHAXYBaHHS KOPWY HaAHUPHUKIB.

B 3B’3Ky 3 LUTYYHO BUKITMKaAHUM cTpecom (Tabn. 6),
SIKMIA BUHUK BHaAcnigok BeegeHHs AKTT, noripwwunuce
MOKa3HMKM Cnepmu y BCix Byranuis, He3anexHo Big Tuny
ix HepBoBoI cuctemu. OcobnmMBo NOMITHMM Byno cyTTeBe
3HWKEHHSA (YABIYi) NOKa3HMKa aKTUBHOCTI (PyXOMOCTI)
cnepmu Byranuis nicnst BBegeHHs AKTT.

ToBTO NOKa3HWK aKTUBHOCTI CNepMaTo30iAiB Y LLONHO
ogepXxaHin (HaTMBHIN) cnepmi OiINCHO MOXHa BUKO-
pucToByBaTW ANS OLHKN CTPECOCTIMKOCTI Ta CTpeco-
YyTnMBOCTI ByraiB.

Y 3B’s13Ky 3 i€t0 iHTpacekcyanbHoro Bigbopy no-
KasHWKW CnepMu Ta KinbKicTb eo3nHodinis B nepude-
PWUYHIi KpoBi ByrainuiB 4OCNIAHOT rPYN 3aKOHOMIPHO
Bigobpaxkanu ixHo iepapxiyHy B3aemogito B cTagi.
Tomy, NMOPIBHSAHO 3 BOXaKOM cTaga, JOMiHaHTHI Byraii-
Ui niggocnigHoi rpyny npoaykyeanu Ha 45,6 % i nia-
nermni — Ha 83,2 % meHwe cnepmarto3oifis. BiporigHy
Pi3HULIO MK JOMIHAHTHUMM | nignernumu Gyranuamm
Ha KOpPUCTb MepLUNX BiA3HA4YMNIM 3a 06’eMOM esiKynsTy
M aKTUBHICTIO CNepMu.

BbpakoBaHux eakynsaTiB y nignernux Gyranuis 6yno
Ha 25,4 % GinbLue, HiX y BoXaka, i Ha 20,4 % OGinbLue,
Hi>K Y AOMiIHAHTHMX Oyranuie ctaga. BogHouac Oyranui
KOHTPOIbHOI rpyni 3 NPUB’I3HOTO YTPMMaHHsSI Manu Ha

0,6 Mn BinbLUKA 06’eM esKYNATY, MOPIBHAHO 3 BOXAKOM
i AOMIHAHTHUMM, | Ha 1,7 M — NOPIBHAHO 3 NignernMvn
Oyranyamun. 3a 3aranbHo KifbKICTIO cnepMaTo30iais
y BCiX eskynsitax 6yranuj KOHTPOIbHOI rpynu NnepeBu-
LyBanu AoMiHaHTHUX Ha 34,2 % i nignernux byranuis
niggocnigHoi rpynn — Ha 79,7 %. OgHak Boxak gocnia-
HOT rpynu NepeBepLUyBaB 3a LM MOKA3HNKOM Oyrawis
KoHTporto Ha 19,8 %. Yci HaBeaeHi pi3HUL CTAaTUCTUYHO
BiporigHi.

MokasHuku cnepmu nigaocnigHux Gyranuis 3a BeCb
nepiog BupoLyBaHHs (Tabn. 7) MK KOHTPOMbHOK Ta
OOCIigHO rpynamMm TakoxX pPisHATbCS.

OpepxaHi HaMu HOBI AaHi cBigYaTb Npo Te, Wo O0-
MiHyBaHHS YaCTUHM Byranuis nigaocnigHoi rpynu, oby-
MOBJIEHE fi€t0 iIHTpaceKkcyanbHOro Bigbopy, 3aKkoHO-
MipHO BMMHYIO Ha PiCT, PO3BUTOK, CTAaTEBY aKTUBHICTb
Ta cnepMonpoaykLito ycix byranuis ctaga.

Omxe, NnoarYicTb TICHO NOB’sA3aHa 3 iepapXivYHUM
paHrom TBapuH. BoHa CTaHOBUTL OCHOBHY JlaHKy GaraTo-
cxigyacTol npupoaHoIT perynauii iHTpacekcyanbHOro
BioOOpY, Aka 30iMCHIOETBCS 3a AOMOMOIoK CKNagHUX
KOMMIEKCiB NOBeAiHKN, doi3ioNnoriyHMx agantauinHmx
peakuin Ta cTpecy, KoTpi 06yMOBIIOKTL 3aKOHOMIpP-
Hy CMCTEMY MPUCTOCYBaHb OO CepefoBULLa 3 PIBHEM
PYHKLIOHYBaHHSA CTaTeBOI CUCTEMUN KOXHOI ocobu-
H¥ cTaga.

Y 3B’A3Ky 3 Aieto cTaTeBoro Bigbopy B ymoBax npu-
POAHOro PO3MHOXEHHS rPYyNoBOro 6e3npue’ss3HOro
Ta MPUB’A3HOr0 YTPUMAHHS (3 MOLIOHOM B KiflbLEBMUX
KOpraopax) OCHOBHOI 3aKOHOMIPHICTHO € MOTipLUEHHS
niGigo (axk go iMnoTeHLii), epekuiii, NpocTaTo-TECTMUC-
TUKYNSPHOI B3aeMogii i cnepmonpogykuii y nignernmx
OyraiB sk Hacnigok nepeHeceHoro 6ont, cTpaxy Ta
arpecmBHOCTI iHLLIMX TBapwWH. Lie moxHa ycyHyTu 3a go-
MOMOIOI0 Pi3HMX CMOCOOIB YTPMMaHHS Ta CTUMYMALT,
AKi 3abe3nevyoTb pauioHanbHe BUKOPUCTaHHA nnig-
HVKIB B YMOBaXx Cy4acHUX NignpuemMcTB.

CRpOMOXHICTb TBApUH 0 PO3MHOXEHHS 3anexana
Bid IXHbLOro Micua y CTagHin iepapxil. Buwa TinbHicTb
OOMIHaHTHUX KOpPIB cTaja, NOPiBHAHO 3 Nianernumum
(85,9 % npotn 53,8 %), 3abesnedyBana GinbLue npea-
CTaBHMLTBO IXHiX HaLLlaaKiB y HACTYMHOMY MOKOMiHHi.

Ta6nuus 7. MNMokasHuku cnepmMu niggocnigHux Gyranyis 3 12- oo 18-mica4Horo Biky, Xi_si
Table 7. Semen characteristics of experimental bulls from 12 to 18 months of age, X+S;

Ipynu / Groups
[NokasHuk Pi3Huusa
Indicator KoHTponbHa HocnigHa Difference
Control Experimental

KinbkicTb esikynsaTis/ 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 —
KoHueHTpauisa, mnpg./mn. / Concentration, billion/ml 0,735+0,03 0,747+0,04 0,012
3ararnbHa KinbKicTb cnepmarto3oifis, MIpa. 1 44640 09 1.021+0.01 0.425

Total number of spermatozoa, billion
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OCHOBHO 3aKOHOMIPHICTIO hOpPMYyBaHHS Ta NiaTpuy-
MaHHs1 B3aeMOBIAHOCUH ByranuiB (iepapxii) y ctagi € Bu-
HUKHEHHSI CKNagHWX KOMMIEKCIB noBeaiHk1 Ta aganTa-
LiIMHUX peakLUin i CTpecy, a TakoX BIQHOCHOIO 3racaHHA
CENeKTUBHOI CKNagoBoi Nibigo Ha ocobuH CBOET rpynu,
sKe BiQHOBNIOBANOCh Y ChopMOBaHOMY CTafi Ha HOBO-
Npudynux TBapuH.

BcraHoeneHo BaxknvBy Ans Bigobopy, OLiHKX Ta BUKO-
PVCTaHHs1 B CeMneKLii SIKiCTb iepapXidHOro paHry Gyranuis-
nigepiB ctaga — MOro AeTepMIiHOBaHICTb TUMOM HEPBOBOI
cuctemun. Jlipepamm ctaga craBany HanbinbLL arpecuBHi
AOMiHaHTHI ByraiLi cUnNbHOMo BPIBHOBAXXEHOMO PYXOMOIO
TUMY BULLIOI HEPBOBOI AiSANBHOCTI, AKi Manu GinbLuy crnpo-
MOXHICTb 40 eKcTpanonsuii.

KoHTpacTHi BigMiHHOCTiI y cnocobax 0O6MeXeHHs
Jii inTpacekcyanbHoro gobopy HanyiTkile BUSIBUNK-
cs 'y 18-micauHomy Bili, konu Byranui gocnigHoi rpynm
(be3npuB’a3He yTpMMaHHS) 3a XMBOK Macol MocTy-
nanucst aHanoram KOHTPOso (MPUB’A3HE YTPUMaHHS)
Ha 50 kr (P<0,1), a 3a 3aranbHOI KiNbKicTiO cnepma-
TO30i4iB B €AKYNATI TBAPMHWN KOHTPOIBLHOI rpynun nepe-
BepLUyBanu AOMiHAHTHUX Oyranuis 4ocnigHOT rpynu
Ha 34,2 i nipnernnx — Ha 79,7 %.

BnepLue nokasaHO 3aKOHOMIpHICTb HeageKBaTHOI
peakuii Bignosiagi Gyranuis, BUpOLLYBaHWUX Ha NPUB’A3i
abo B yMoBax 0OMEXeHHS iHTpaceKkcyanbHOro Bif-
Bopy, Ha 30BHILLUHI NOAPA3HUKN, AKa cTana OCHOBHOM
NPUYMHOI TXHBOI aKTMBHO-OBOPOHHOI i ByIMHOT NoBe-
JiHKK, 0OYMOBMEHOI BPiBHOBa)KYBaIbHOK Ta ranbmis-
HOK dhazaMm OisibHOCTI KOPW rofioBHOMO MO3Ky. Peak-
LiT Ha NoapasHMKK BIAHOBMOBANMNCA 40 HOPMW NuLle
nicns nepeeBedeHHs caMuiB Ha rpynose 6e3npue’asHe
YTPUMaHHS Ta BCTAHOBMNEHHS iepapxii.

O6’ektmBHa ouiHka Tuny BHL Tta Tuny koHCcTUTYUIT
y OyraiB LWBIiLbKOI MOPOAM Aana MOXMMBICTb BnepLue
BCTAHOBUTH, L0 63,9 % cunbHux Tunis BH HanexaTtb
00 wupokoTinux i 36,1 % — [0 By3bKOTINMX TUMIB KOH-
CTUTYLIT, LLIO CYTTEBO CrpOLLYe Biabip TBapunH 6axxaHOro
TMNY ONS OLiHKW Ta BUKOPUCTaHHS B CenekLil.
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Influence of natural selection on the reproductive function in bulls

V. S. Kozyr, V. I. Petrenko,|V. |. Barabash
izkz003337@gmail.com

Institute of Grain Crops NAAS, 14 Volodymyr Vernadsky 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.

Key words: bulls, natural selection, sexual function, rank stress, herd hierarchy
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3anpouwyemMmo po3mMmicTuTm peknamy Bawoi komnaHii
Ha CTOpiHKaxX HayKoBoro XypHany «bionoria tBapumH»!

Mw rotosi cniBrnpautoBaT 3 Bamu anga cTBOPEHHS e(PeKTUBHOI pekSiaMHOI cTpareril,
sika Bignosigae Bawunm notpebam i 6rogxery.

[MponoHyeMOo pi3Hi BapiaHTV pO3MILLEHHS peknamu, 3oKkpema baHepu, OronoLLEHHS
abo cTaTenHO-peknamHi maTtepianu.

Peknama B Halwomy xXypHani 4o3sonutb Bam:

" 3aNny4Y1Tn yBary HaykoBuUiB i paxiBuiB 4o Baluol komnaHil Ta npoaykuit;

" NiABULWMTK Bri3HaBaHICTb 6peHay Ta No3nLioHyBaHHA Balloi KOMNaHil Ha PUHKY;
" 3aNy4UTN HOBUX KNIEHTIB | po3wmpnTi Bawly KnieHTCbKy Gaay.

Mpono3uuii go cnisnpaui Ha 2024 pik:

" peknamMHum 6nok Ha Y2 ctopiHkn — 1000 rpH B 04HOMY HOMEPI XYypHany,
2500 rpH y TpbOX HOMepax XypHarny.

» peknamHum 6nok Ha 1 ctopiHky — 2000 rpH B 04HOMY HOMEPI XypHany,
5000 rpH y TpbOX HOMepax XypHarny.

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



