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Nigeria’s population is projected to approximate 400 million
by 2050, and food security is essential for sustaining a stable,
cohesive, and secure nation. This reality indicates that the ex-
isting reliance on imports for the food requirements of Nigerians
must be reduced, which can be accomplished primarily through
substantial investments in agriculture to enhance productivity and
self-sufficiency. Livestock farming, encompassing dairy produc-
tion, is a sector of significant interest and strategic importance for
economic diversification and food security. Nonetheless, the sec-
tor’s contribution to Nigeria’s overall agricultural output is mark-
edly minimal, necessitating strategic measures to stimulate sus-
tainable development. The dairy sector in Nigeria necessitates
immediate attention due to numerous challenges, including sub-
standard animal husbandry practices, inadequate and low-quality
feed, prevalent diseases and insufficient animal health manage-
ment, restricted access to water in the dry season, detrimental
impacts of climate change, minimal investment in research and
development, infrastructural deficiencies, and limited access to
financing. This review acknowledges the significance of develop-
ing homemade solutions to address local issues by establishing
clear objectives to enhance milk production through increased
productivity among both smallholder and commercial dairy
farmers, while promoting backward integration in milk produc-
tion, collection, and aggregation.

Key words: dairy, policy, Nigeria, milk production

Introduction

Nigeria’s current human population is approximate-
ly 210 million, making it the seventh most populous
country globally [31]. The national population is antici-
pated to reach 400 million by 2050, positioning it as the
third most populous country following India and China.
Food security is increasingly problematic, with rising
food demand being satisfied by imports. Milk is the pre-
dominant dairy product in Nigeria. It constitutes 61 % of
the revenue in the dairy sector. It is ingested as either
fresh cow’s milk or processed forms, including powdered
milk, condensed milk, evaporated milk, newborn formula,
and fermented milk. There are around 20.6 million cows,
of which 2.3 million are lactating, yielding an estimated
annual milk production of 672 million kilograms [20].

The Animal Biology, 2025, vol. 27, no. 4

Approximately 95 % of cattle in Nigeria are privately
owned and overseen by indigenous nomadic ranchers.
The remaining 5 % is possessed by medium and large-
scale farmers in controlled pastures. In Nigeria, milk
production is predominantly derived from cattle, with
negligible contributions from goats and sheep.

Nigerian cattle provide roughly 570 million kilo-
grams of the annual milk supply, which totals 1.6 billion
kilograms, with the remainder sourced from imports.
Nigeria’'s milk production constitutes approximately
13 % of West African output and 0.01 % of global pro-
duction; nonetheless, it relies significantly on imports
(60 %) to address the supply imbalance [35].

In the country, three primary production systems
are discernible: pastoral (traditional), semi-intensive,
and commercial (intensive), with the pastoral and
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semi-intensive systems generating the majority of milk
consumed in both rural and urban regions of Nigeria.
The Nigerian dairy sector primarily operates on a sub-
sistence basis, yielding approximately 450,000 tons of
milk annually [23].

This production has proven insufficient to meet the
dairy requirements of Nigeria [23]. The productivity of
cattle in Nigeria is reportedly suboptimal due to several
factors, including the low genetic potential of indigenous
breeds, feed scarcity, disease prevalence, inadequate
management, and substandard breeding practices,
which may result in prolonged days open, delayed age
at first calving, extended calving intervals, reduced lac-
tation duration, and diminished milk yield. The local dairy
production in Nigeria significantly lags behind the yearly
demand, which was projected at 1.45 billion kilograms in
2010 [23], resulting in a per capita milk consumption of
less than 10 kilograms, compared to the global bench-
mark of 40 kilograms per capita.

Dairy cattle production in Nigeria

The distribution of the cattle population in Nigeria has
been significantly affected by the presence of tsetse flies
and the diseases they transmit, a phenomenon peculiar
to tropical Africa. The most substantial cattle population
in Nigeria is located in the extensively tsetse-fly-free
northern regions of the country. Consequently, it is un-
surprising that historically, the majority of Nigeria’s cattle
population, predominantly of the humped zebu kind,
is raised in the northern region of the country.

Nevertheless, the Keteku, Muturu, Ndama, and Kuri
cattle breeds are located in the Southwestern, South-
eastern, and Northeastern regions of the country, re-
spectively [10]. In the dry season, many Zebu cattle
herds from the North are compelled to migrate south-
ward into tsetse-fly-infested areas for seasonal trans-
humance to access superior grass and increased water
availability [11].

The gradual decline of the tsetse fly problem in South-
ern Nigeria, primarily due to deforestation, has signifi-
cantly diminished the natural habitats and wildlife hosts
of the tsetse fly. Consequently, through natural selection
and co-adaptation, this has resulted in the evolution of
less virulent forms of the disease and the emergence
of trypanosomiasis-tolerant Zebu cattle populations [10].

Historically, traditional dairy production in Nigeria is
predominantly concentrated in the Northern regions,
particularly among the Fulani, who have specialised in
cattle husbandry for millennia and possess an estimated
90 % of the nation’s cattle population. The Fulani males
focus on cattle rearing, while the women are responsible
for milking the cattle [4, 35, 40].

Inadequate infrastructure, such as road networks, has
significantly impeded the delivery of milk products. This
elucidates why conventional dairy products are predomi-
nantly found in the northern regions of the country [3].

Table 1. Nigeria: Cattle population by production system

Intensive
203 548

Semi-intensive
3089 804

Extensive
15 111 309

Cattle population

Source. GLW 3.0 and Federal Ministry of Agriculture
and Rural Development, 2017

Nigeria is expected to have 18.2 million cattle.
They are mostly overseen in substantial herds by semi-
sedentary and transhumant pastoralists. The majority of
animals are dual-purpose indigenous breeds, such the
Bunaiji, Sokoto Gudali, and Rahaji. Extensive commer-
cial farms cultivate imported exotic breeds and their hy-
brids. Nigeria has three dairy cattle production systems:
the extensive or traditional system, the semi-intensive
(agro-pastoral) system, and the intensive (modern) sys-
tem [6]. Approximately 82 % of animals are reared in
large systems, 17 % in semi-intensive systems, and
roughly 1 % in intensive systems. A fourth production
system, the commercially orientated urban farmers, has
begun to appear but remains somewhat marginal [30].

Current milk production totals 585,000 tons annually,
or 13 % of West African milk output. A 2014 industry anal-
ysis indicates that the dairy sector is the second largest
section of the food business in Nigeria. Since 2010, it has
shown an annual growth rate of 8 %, with an anticipated
revenue of 345 million Naira (USD 2 billion) in 2013 [12].
Nigeria’s dairy production is predominantly subsistence-
based, exhibiting low productivity; the average annual
yield per cow is 213 kilograms, which is less than
one-tenth of the global average [30]. The nation is a net
importer of milk and dairy products, with domestic pro-
duction satisfying approximately 40 % of milk demand,
while the remaining 60 % is sourced from imports [30].
The per capita consumption of dairy products is approxi-
mately 10 kilograms annually, being one-fourth of the
global average.

The extensive (pastoral) dairy production system

The comprehensive dairy production system defines
arid and semi-arid regions and entails the relocation of
animals in pursuit of forage and water. Herders maintain
cattle and other livestock, such as small ruminants, while
abstaining from agricultural cultivation. Production is pri-
marily subsistence-based, yet quantifying its extent is
challenging due to intra-country and inter-country animal
migrations [30]. The main characteristics of this produc-
tion system are the following:

The semi-intensive (agro-pastoral)
dairy production system

In a semi-intensive agro-pastoral production system,
farmers cultivate crops and rear dairy livestock, with dis-
tinct boundaries separating area allocated for cultivation
from that designated for grazing [6]. Farmers transport
livestock to grazing areas and water supplies based on
seasonal variations, with output being both subsistence-
oriented and commercial [30].
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Fig. 2. Dairy milk production in Nigeria, 1981 to 2021, metric tons
Source. [34]

Intensive (commercial) dairy production system

The intensive or commercial dairy system in Nigeria
accounts for around 5 % of the nation’s total milk produc-
tion [30]. Dairy farms vary in size, encompassing small,
medium, and big operations. Production is commercially
driven, with farmers striving to optimise productivity:

The Animal Biology, 2025, vol. 27, no. 4

animals are of exotic and cross-breeds; feeding and bio-
security procedures are suitable, with animals housed in-
side or in sheds or paddocks; milking is mechanised [30].
Approximately 80 % of commercial dairy farms are situ-
ated in the North Central region. The primary features
of this system are as follows [6, 12, 30].
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Four Major Dairy farming system in Nigeria

Two primary categories of dairy producers manage
Nigerian dairy cattle. Pastoralists maintain approximately
95 % of the national dairy herd, while commercial dairy
producers account for roughly 5 %. The pastoralists are
categorized into three sub-groups, each maintaining
their livestock for distinct purposes and employing varied
breeding procedures. The subgroups are as follows:

Non-settled pastoralists (nomads)

The cattle are primarily passed down through famil-
ial lines, with the total herd potentially reaching 300, in-
cluding sheep and goats. In this nomadic cattle-rearing
system, herders relocate between states in pursuit of
sustenance and hydration. Pastoralists refrain from agri-
cultural practices, traversing extensive distances for wa-
ter and pasture, often crossing national and international
borders. The livestock typically comprises indigenous
breeds such as Bunaiji and Gudali. Reproduction occurs
naturally without intervention, and feed is sourced from
fallow lands, grazing reserves, and crop residues with-
out supplementation. Family labor is employed, result-
ing in low milk production (0.5-1 kg), which increases
during the rainy season. In the dry season, as water
levels diminish, they migrate to river basins to secure
adequate water supplies.

Settled peri-urban pastoralists (agro-pastoralist)

Cattle are predominantly passed down through fa-
milial lineage and are cultivated for commercial objec-
tives. Herdsmen may have resided in certain grazing
reserves for over 20 years, possessing 20 to 100 herds
of predominantly indigenous cattle breeds. Animals
graze in harvested fields and fallow land owned by
agriculturalists or adjacent communities, with labor pri-
marily being family-based and reproduction occurring
naturally without intervention. Farmers employ a de-
gree of feed supplementation with agricultural by-prod-
ucts; cows are milked once daily, resulting in poor milk
production. However, due to the substantial number
of animals, a significant volume can be harvested.
Milk is subjected to local processing to produce sour
milk, sour yoghurt, butter, and soft cheese. Treatment
is facilitated through intervention by the government
and, at times, the private veterinary sector.

Urban pastoralists

Cattle are bred for commercial purposes, and farm-
ers are market-oriented; the cattle are primarily indige-
nous, with a limited number of crossbreds. The herd size
per home varies between 5 and 20 heads. Smallholder
dairy farming enhances household resilience, food and
nutrition security, and provides a significant source of
income for rural residents. Farmers are occasionally
situated in urban areas and engage in zero-grazing or
semi-intensive grazing, acquiring crop residues and agri-
cultural by-products, with feed supplements serving as

the primary source of nourishment. The farmer is mar-
ket-oriented but lacks proficiency in product processing;
therefore, milk could easily become a liability unless ef-
fectively utilized. This cohort of herdsmen is amenable
to governmental intervention and can be readily orga-
nized into clusters to enhance national milk output.

Commercial dairy farming

Substantial herds (exceeding 100 dairy cows), the
development of heifer replacements, zero grazing
practices, extensive mechanization, heat stress man-
agement, and the use of artificial insemination define
commercial dairy farming. All activities are centralized
in one place, encompassing feed production, raw milk
processing, cattle management, and associated infra-
structure and facilities. This constitutes a little segment
(5 %) of dairy farmers in Nigeria. The quantity of ani-
mals varies from 50 to 1,000 milking cows. Zero-grazing
is frequently implemented. Enhanced feed production
utilising pastures of high-quality forages such as Hybrid
Napier, Brachiaria, Chloris, Gamba, and Stylo is emerg-
ing as a non-rainfed feed resource on these farms. Nu-
trition is augmented by grain and oil-laden agricultural
by-products. Forage conservation is occasionally imple-
mented, and mineralized salt licks are also supplied.

The Contribution of Dairy Products to Nutrition
and Human Livelihood in Nigeria

Dairy products are a vital and complex element of
global human nutrition, profoundly impacting not only
basic dietary needs but also the economic and social
welfare of communities, particularly in developing coun-
tries like Nigeria. Dairy products from cows, goats, and
sheep, encompass a variety of dietary items including
milk, cheese, yoghurt, and butter, each with a distinct
nutritional composition essential for human health.
The incorporation of dairy farming into the agricultural
frameworks of developing nations such as Nigeria pres-
ents significant potential for bolstering food security,
enhancing nutritional health, and promoting economic
empowerment, especially among rural communities
where agriculture is fundamental to their livelihoods.
The potential of dairy farming to provide essential in-
come and sustenance for a considerable segment of
the rural impoverished highlights its significance in pov-
erty alleviation, job creation, and diminishing income in-
equality, thus promoting a more equitable and balanced
rural economy. The growing significance of the dairy
sector in the global economy underscores the essential
requirement for national competitiveness, propelled by
globalization, trade liberalization, and enhancements
in transportation and communication, which together
stimulate market competition and provide consumers
with a wider array of goods and services, consequently
elevating living standards through competitive pricing
and diminished market volatility.
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Nutritional Significance of Dairy Products

Dairy products are nutritional powerhouses, offer-
ing a diverse range of critical nutrients crucial for hu-
man health across all life stages. Milk, the principal dairy
product, is a superior source of high-quality protein, en-
compassing all essential amino acids required for tissue
construction, repair, and diverse metabolic processes.
Dairy products are notably abundant in calcium, a min-
eral essential for bone health, nerve transmission, mus-
cular function, and blood coagulation. Dairy products
supply vital B vitamins, important for energy metabolism
and the maintenance of a healthy neural system.

Table 2. Dairy consumption in the six geopolitical zones of Nigeria

Zones Diary milk consumption
North East 78
North Central 101
North West 87
South East 116
South Central 104
South West 82

Source. [34]

Dairy value addition in Nigeria

The Nigerian milk industry encompasses activities in-
cluding dairy production, processing, marketing, impor-
tation, and consumption. Nonetheless, these activities
have not received significant attention despite several
initiatives by governmental and non-governmental or-
ganizations. The Nigerian dairy value chain compris-
es a significant proportion of pastoralists, contributing
around 95 % of the dairy production. Raw milk is con-
verted into various dairy products, such as wara, nunu,
kindirmo, manshanu, and cuku, on a small scale and
sold informally on the streets for domestic use by the
producers. Diverse dairy products are marketed in the
formal sector use a blend of imported and domestically
sourced milk. Due to the restricted milk production by
pastoralists, a significant portion of the milk inputs uti-
lized by commercial processors is imported [41]. Signifi-
cant populations of indigenous cattle are mostly found
in Northern Nigeria, where herders engage in land and
crop residual grazing, and raw milk along with other dairy
products are marketed locally at community markets.
The majority of commercial dairy farms, which account
for less than 10 % of total output, are located in the cen-
tral region. The predominant population of cattle in Nige-
ria is located in the northern region. Approximately 99 %
of these cows are indigenous varieties, with fewer than
1% imported from the Netherlands and South Africa [7].
In Northern Nigeria, where cattle constitute over 50 % of
the population, cow husbandry and dairy farming have
substantially enhanced household welfare and serve
as a vital source of livelihood for many in the region.
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Nigeria’s dairy development

As of 1986, the dairy business provided income for
around 183,000 rural households [21]. The dairy sector
offers employment and generates cash through com-
mercial milk processing facilities and marketing cam-
paigns. Currently, despite the existence of 63 recog-
nised milk processing facilities, only a limited number
remain operational. Entities that continue to engage
in processing activities operate at under 20 % of their
capacity. Foreign milk processing companies that pre-
dominantly utilize imported milk powder for the produc-
tion and sale of milk and dairy products have dominated
the Nigerian dairy industry.

Between 1962 and 1968, as well as from 1981 to
1985, the Nigerian government, enhancing the standards
of living for all citizens, implemented numerous national
development plans. During this time, significant focus
was directed towards the dairy industry, which possesses
the potential to improve nutrition. The government devel-
oped dairy farms with both indigenous and exotic cattle
breeds in designated areas throughout the states.

Additionally, mobile collection sites and milk collec-
tion units were established. The milk collecting programs
commenced in the late 1920s when the veterinary de-
partment in Vom, Jos, received support from the North-
ern area government of Nigeria to create these units in
Northern Nigeria. Milk was transported to the collecting
units by the pastoralists’ wives for the purposes of cream
separation and clarified butter fat (CBF) manufacture.

In 1939, the veterinary department in Vom (Jos-Plateau)
constructed a milk processing facility focused on butter
production. The primary supply of milk for the factory was
the Fulani women via a network of milk collecting cen-
tres, supplemented by milk from the Vom dairy. In 1940,
a comparable project was initiated in Kano State.

Nigeria possesses the fifth largest cattle population
in Africa, trailing Ethiopia, Sudan, Chad, and Tanzania,
with an estimated 20.5 million cattle, including 2.35 mil-
lion dairy cows. Notably, 99 % of these cattle are in-
digenous breeds, contributing to over 90 % of the total
annual milk production. The milk is derived from low in-
put, low yielding pastoral systems and is predominantly
traded within an informal value chain system [32].
Nigeria must enhance its domestic dairy production
due to the escalating population and daily demand
for dairy products [20]. Nigeria’s dairy import control
strategy has been ineffectual, resulting in substantial
annual expenditures of foreign cash on dairy imports.
Nigeria’s population exceeds 180 million and its yearly
milk consumption is 1.3 million tons. Regrettably, 60 %
of dairy products are imported and utilised. The Central
Bank of Nigeria (CBN) reports that Nigeria imports milk
and dairy products valued at $1.5 billion per year.

The Federal Government established the Nigerian
Dairy Development Programme (NDDP) to further its
dairy transformation strategy by showcasing proof-of-
scale in processor-led initiatives for dairy development in
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Nigeria. The NNDP initiative enhances the livelihoods of Recent trends in Dairy developments in Nigeria
participating dairy farmers in Nigeria by augmenting cow

yield and productivity, while also integrating them into Recently, the Nigerian dairy sector has experienced
the formal dairy value chain. The initiative encompasses notable advancements, including the introduction of
a nutrition and gender component aimed at enhancing government initiatives like the National Livestock Trans-
nutritional outcomes and empowering women in small- formation Program (NLTP). The National Livestock
holder agricultural communities. Transformation Program (NLTP) indicated that Nigeria
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generates 526,000 kilograms of milk annually, whereas
annual consumption amounts to 1.2 million kilograms.
Approximately $1.3 billion is expended annually on milk
imports. Various governmental and non-governmental
parastatals that have significantly contributed to the
advancement of the dairy industry in Nigeria include
Vom Dairy (Plateau State), Shonga Dairies (Kwara
State), the back-to-farm initiative by the Kwara State
government, the National Project for Cattle and Buf-
falo Breeding (NPCBB), the Agege Dairy Development
Project (Agege, Lagos), Moor Plantation Dairy Farm
(Ibadan), the Intensive Dairy Development Programme
(IDDP), the Strengthening Infrastructure for Quality and
Clean Milk Production (SIQ and CMP), Cooperatives
Union, the National Programme for Dairy Development
(NPDD), United African Company (UAC), Friesland
Campina WAMCO, New Zealand, Arla Foods, Neon
Agro, Chi Limited, and Irish Dairy, among others.

In recent decades, the Nigerian dairy market has pre-
dominantly been dominated by European dairy corpora-
tions, including Friesland Campina WAMCO, Arla, PZ
Wilmar, and Fan Milk, all of whom depend on milk im-
ports for their product manufacturing. Friesland Campina
WAMCO is among the few global corporations who
procure raw milk locally. The unprocessed milk from
the cows of Integrated Dairy, L&Z Integrated farms and
Nagari farms are also acquired from pastoralists and
peri-urban agriculturists.

In 2010, Friesland Campina WAMCO, Nigeria, be-
came the first entity to get raw milk locally for the pro-
duction of diverse milk and dairy products, with herders
supplying the predominant raw materials utilised in this
manufacturing process. Through their dairy develop-
ment effort, they enhanced local farmers in three ways:
augmenting productivity per cow, improving raw milk
quality and safety, and assisting farmers in securing
a market for their milk.

Friesland Campina WAMCO has contributed to en-
hancing the livelihoods of numerous individuals and has
aided farmers by providing essential infrastructure, facili-
tating genetic enhancement through artificial insemina-
tion and cross-breeding, establishing smallholder dairy
farms, and constructing demonstration farms, as well
as developing pastures and fodder for livestock, across
various states in the country [22].

Friesland Campina has significantly enhanced Ni-
geria’s local milk procurement by creating a milk bulk-
ing centre, multiple milk collection centres, and 20 milk
collection locations across various states; they are the
foremost importer and processor of milk products in Ni-
geria. In 2022, it was reported that 10 % of the 60 mil-
lion kilograms of raw milk utilized by the corporation will
be supplied domestically in the forthcoming years at
a price equivalent to the global market rate. Friesland
Campina WAMCO has effectively collaborated with the
Federal Ministry of Agriculture and Rural Development,
the Ministry of Trade and Industry, the Central Bank
of Nigeria, various State Governments, the National
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Animal Production Research Institute, and the Dutch
Government, among others. They have aided the pas-
toralists by supplying temperature-regulated milking
cans and 80 solar-powered boreholes throughout the
states. They have facilitated the formation of 23 dairy
cooperatives across several locations: 15 in Oyo State,
3 in Ogun State, 5 in Oyo State, 1 in Niger State, 2 in
Kwara State, and 1 in Ondo State. The dairy coopera-
tive union has facilitated the policy-making process
and eradicated intermediaries in the dairy value chain,
hence simplifying market price regulation. The Central
Bank of Nigeria (CBN) reports that the country annually
expends between $1.2 billion and $1.5 billion on milk
and dairy imports to compensate for the deficiency in
local production.

In July 2019, the Governor of the central bank, God-
win Emefiele, proposed a backward integration strategy
for obtaining raw materials, aimed at significantly attract-
ing investors, enhancing investments in the dairy sector,
and concurrently discouraging milk imports.

Application of new technologies
to improve dairy production

The employment of digital technology, proactive im-
plementation, and the deployment of sophisticated auto-
mated process control systems are essential for ongoing
dairy advancement in contemporary society. Contempo-
rary dairy farmers and processors enhance cow comfort,
milk quality, production, and sustainability using advanced
agricultural technologies, innovative feed additives, meth-
ane digesters, robotics, and water and energy saving
methods. Carbon-neutral and plant-based milk products
have gained prevalence in the dairy sector, resulting
in safer and more nutritious dairy offerings [2].

The implementation of advanced dairy farming tech-
niques, the Internet of Things (loT), various artificial intel-
ligence methodologies, and other digital technologies, in-
cluding energy inputs from Renewable Energy Sources,
can aid farmers in addressing traditional agricultural chal-
lenges and enhancing milk production [15]. It guarantees
the elevated productivity of excellent milk and establishes
the degree of contemporary dairy sustainability [29].

The contemporary dairy industry has embraced digi-
talization and sophisticated agricultural technologies,
enabling farm managers to efficiently fulfil their responsi-
bilities and guarantee food security. The battle for market
share and increasing demand for milk and dairy products
expedite the advancement of digital technologies in the
dairy sector, facilitating sustainable expansion and en-
hancing agribusiness efficiency [29]. Smart dairy farming,
employing advanced sensing and data analysis technolo-
gies, is a widely embraced concept that addresses the
increasing demand for high-quality dairy products, miti-
gates environmental issues, optimizes resource utiliza-
tion, and enhances animal health. Contemporary dairy
farmers have mastered genetic modification to enhance
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milk production from fewer cattle by focusing on sustain-
able agricultural practices. Consequently, reduced green-
house gas emissions are produced. Cows exhibiting
superior productivity compared to their ancestors are se-
lected and bred utilizing advanced technology, including
artificial insemination, genetic breeding, and phenotyping
techniques. This allows dairy farmers to breed cows with
enhanced genetic traits for milk production in a secure
setting, preserving genetic diversity and maintaining
essential biological mechanisms (including health, resil-
ience, robustness, welfare, and longevity) in predominant
dairy cattle breeds. The implementation of digital technol-
ogy in dairy farms indicates a significant requirement for
advanced expertise among dairy staff [8]. The depletion
of freshwater resources due to population increase, natu-
ral calamities such as droughts, fires, and floods, along
with increasing global food demand, renders sustainable
water management one of the most significant concerns.

Cogato et al. [15] indicated that robotic milking sys-
tems exhibit superior water efficiency compared to tradi-
tional milking parlours, since they utilize an exact quantity
of water for automatic milking and cleaning processes.
Likewise, the water consumption of cattle cannot be
evaluated. Implementing a mix of water conservation
methods, including air temperature reduction and cow
preparation protocols, might substantially decrease the
overall yearly water use on dairy farms. Production meth-
ods, energy use, and dairy waste are acknowledged as
the primary contributors to environmental impact [20].
Packaging materials, especially for infant formula, and
energy use throughout specific life cycle stages should
be prioritized, as they are the primary contributors to the
overall environmental effect. Therefore, green engineer-
ing and innovative packaging materials must be investi-
gated to guarantee sustainable dairy development and
minimize environmental impact.

Nigerian Dairy industry policy

The National Dairy Policy framework is essential
for directing public and private sector actions and in-
vestments in Nigeria’'s dairy industry to achieve self-
sufficiency in milk production and enhance global com-
petitiveness. It aims to establish a framework and guiding
principles for the development of an efficient and sustain-
able dairy industry to meet national demand for milk and
dairy products. Numerous factors hindering dairy devel-
opment in Nigeria include substandard animal husbandry
practices, insufficient and low-quality feed, prevalence
of transboundary diseases, ineffective animal disease
management, impacts of climate change, infrastructural
deficits particularly in cold chain and milk collection facili-
ties, decreasing grazing areas, and restricted access
to water and pasture, especially during the dry season.
This policy will foster collaboration among industry stake-
holders in addition to resolving these challenges. The dairy
value chain may effectively satisfy customer demands

10

at reasonable rates while providing appropriate returns to
industry stakeholders. This policy delineates the interven-
tions by the government and other stakeholders concern-
ing dairy research, milk production, animal reproductive
health, extension services, marketing of milk and dairy
products, milk processing, consumption, human resource
development and training, financial services, as well as
institutional, legal, and regulatory matters.

Nigeria’s annual demand for milk and dairy products
is estimated at 1.6 billion kilograms, with imports now val-
ued at USD 1.3 billion [31, 37]. Milk imports primarily com-
prised powdered milk from Denmark, the Netherlands,
the USA, South Africa, New Zealand, and the EU.

Nigerian Government policies on Dairy production

The objective of the Nigerian Dairy policy is to estab-
lish a framework that directs governmental and private
sector initiatives and investments in the dairy industry
to accelerate the achievement of self-sufficiency in milk
products and enhance global competitiveness.

The strategy aims to enhance the production and pro-
ductivity of smallholder and commercial dairy producers
by providing help in extension services, facilitating access
to finance, and developing infrastructure.

Facilitate backward integration in milk collection,
aggregation, and processing by offering incentives for
investments in cold chain services, efficient transporta-
tion, and financial access.

Establish a comprehensive institutional framework
by creating a Dairy Development and Marketing Board
tasked with engaging pertinent stakeholders to promote
the sustainable advancement of the dairy sector.

Foster intentional awareness and involvement to facil-
itate the achievement of the policy’s vision and objectives
through the active participation of both public and private
sector stakeholders.

Integrate and formalize disorganized dairy processors.

Improve the efficiency, effectiveness, and global com-
petitiveness of the Nigerian dairy industry to provide in-
expensive and accessible milk products, thereby reducing
imports and enhancing the nutritional health of Nigerians.

Prior to 2011, when the Agricultural Transformation
Agenda (ATA) and the Nigerian Industrial Revolution Plan
(NIRP) for 2011-2015 were implemented, governmental
policy on dairy development mostly concentrated on en-
hancing milk production, with less focus on processing,
marketing, and consumption. The Agricultural Promo-
tion Policy (APP, 2016—2020) and the Nigerian Industrial
Policy (NIP) significantly advanced the Agro Allied Sector.
The combination of these occurrences and the necessity
to adequately address the dairy industry’s strategic sig-
nificance for economic diversification prompted the de-
velopment of the National Dairy Policy (NDP). The NDP
represents a strategic transition that emphasizes con-
sumer needs, the utilization of external markets, and
the enhancement of dairy productivity and efficiency.
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The dairy value chain may optimally satisfy customer
demands at reasonable rates while guaranteeing sat-
isfactory returns for industry stakeholders. This policy
delineates the interventions by the government and
other stakeholders concerning dairy research, milk pro-
duction, animal reproductive health, extension services,
marketing of milk and dairy products, milk processing,
consumption, human resource development and train-
ing, financial services, as well as institutional, legal, and
regulatory matters.

Impact of climate change on dairy milk production
in Nigeria

Globally, milk production is conducted by more than
150 million dairy farms. Smallholder dairy farmers pre-
dominantly produce milk in most developing countries,
and milk production has become a vital source of in-
come for numerous households globally [28]. Global milk
production increased from 530 million tons in 1988 to
843 million tons in 2018, representing a growth of about
59 % [23]. The United States, China, Pakistan, and Brazil
rank next in milk production, collectively contributing 22 %
to the global total. Since the 1970s, South Asia has been
the principal catalyst for the expansion in milk production
in the developing world, exhibiting significant growth [23].

Germany, France, Australia, Ireland, New Zealand,
and the United States own the largest milk surpluses [33],
whereas China, ltaly, Russia, Mexico, Algeria, and Indo-
nesia exhibit the most significant milk deficits [27]. In nu-
merous developing countries, milk production has been
constrained by issues including the health of dairy farm-
ers, financial resources, fluctuating weather conditions,
and the low genetic potential of dairy livestock [18].
In contrast to industrialized nations, many developing
nations have hot and variable climatic conditions that
are detrimental to milk production. Sudan, South Africa,
Kenya, and Ethiopia are the leading milk-producing
nations in Africa [24]. Milk production in Africa is wit-
nessing a gradual decline due to poverty and adverse
climate conditions. Nigeria yearly produces approxi-
mately 560,000 to 570,000 tons of fresh milk, whereas
the anticipated industry and domestic consumption and
market demand is 1.7 million tons [19].

Literature indicates that in Nigeria, milk production
is associated with the northern nomads and ranchers.
The reduction in output in Nigeria is primarily ascribed
to climate change and various internal and external vari-
ables [19, 23]. Heat stress induced by elevated tempera-
tures and humidity diminishes milk production in dairy
cows [1, 26]. Elevated temperatures beyond a cow’s ther-
moneutral zone induce pain and physiological alterations,
leading to a reduction in milk production [9, 13]. Extreme
heat and elevated temperatures are challenging for dairy
cows to endure, leading to a reduction in milk output
and increased vulnerability to illnesses and other health
complications [17]. Excessive rainfall exposes dairy farm

The Animal Biology, 2025, vol. 27, no. 4

animals to severe cold, resulting in irregular physiological
functioning and reduced fodder availability, which leads to
a critical decline in body weight and milk production [25].
This consequently diminishes the profits of dairy farm-
ers who rely on it for their economic sustenance and
human nourishment. Given these circumstances, Nigeria
expended about 28 billion on milk imports in 2022 [31].
These occurrences generated a knowledge deficit and
prompted the formulation of the study to determine the
actual effects of climate change on dairy milk production
in Nigeria. Climatic variables such as temperature, pre-
cipitation, and relative humidity adversely affected milk
production in both the short and long term. Elevated tem-
peratures induce heat stress in dairy cows, resulting in
decreased dry matter intake, which subsequently dimin-
ishes milk quality and production [34]. Extended droughts
adversely impact dairy milk production. Escalated infesta-
tions of bovine diseases, precipitated by excessive rain-
fall, compromise the animals’ health and lead to a sig-
nificant reduction in milk production. Increased microbial
activity in dairy cows at high relative humidity results in
diminished milk quality and quantity. Cows exposed to
sunshine maintain healthy physiological characteristics
that enhance milk production in dairy cows. The ECM
value signified the swift reaction of milk production to cli-
mate change perturbations. Enhancing milk production in
Nigeria to satisfy market demand necessitates immediate
and proactive measures to address climate change.

Problems of Dairy Marketing In Nigeria

The Nigerian dairy sector is marked by challenges in
the adoption of innovations such as artificial insemina-
tion and modern pasture establishment by pastoralists
and commercial dairy farmers, inadequate accessibility to
dairy farmers during both the rainy and dry seasons, and
the absence of an organised structure among dairy farm-
ers. The deficiency of infrastructure in the Nigerian dairy
sector has resulted in persistently poor milk production,
post-milking wastage, diminished earnings for dairy farm-
ers, and a lack of access to animal protein for citizens.

The informal selling of the commodity frequently
raises public health issues with milk due to insufficient
investment in safe handling skills, equipment, and com-
pliance with norms. In reaction to evolving consumption
patterns in metropolitan areas, commercial processors
are implementing various marketing and product im-
provements to engage new consumers.

Way forward

Establishment of marketing infrastructure from man-
ufacturing to consumption, enabling e-commerce and
a Market Information System. The promotion of private
sector-driven dairy marketing is essential. Competition
should be predicated on the efficiency and quality of milk
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produced in the market. Maintain sustainable soil fertility
to maximise feed production for dairy.

Nigeria possesses significant potential to enhance
its dairy output, generate jobs, and create value-added
goods. Predisposing elements encompass a favourable
climate in numerous regions of the country (particularly
in the Central and Northern States), overall robust animal
health, advantageous ecologies for the cultivation of fod-
der crops within mixed agricultural systems, and the pres-
ence of under-utilized land for pasture production.

The value chain strategy for enhancing sector devel-
opment involves utilizing cross-bred cattle that exhibit
superior productivity compared to indigenous breeds, es-
tablishing specialized smallholders (peri-urban farmers)
for milk production, and providing milk collection facilities
in regions of comparative advantage where farmers are
already organized into cooperatives.

Challenges affecting livestock production must be
addressed to promote the sustainable development of
a nation by ensuring sufficient food supply to satisfy
the needs of the increasing population.

To accomplish this, it is anticipated that federal and
state governments will implement livestock policies that
will advance the intended objective. A comprehensive
solution must account for the unique characteristics of
pastoralists and farmers. This strategy has the potential
to influence and advance sustainable dairy development
in Nigeria while maintaining food security. Should all the
identified factors be effectively managed via mass literacy
initiatives, governmental provision of essential social ser-
vices, policy implementation, awareness campaigns, and
comprehensive training for dairy farmers by extension
agents, alongside the enforcement of hygienic practices
during milking to mitigate foodborne ilinesses, as well as
the exploration of economic benefits from dairy farming
significant advancements in the dairy sector may ensue,
potentially alleviating food insecurity in Nigeria.

Executing the goals delineated in the National Dairy
Policy (2023-2028) would enhance the industry’s growth
and competitiveness, aligning with the Government’s
dedication to economic diversification, food security, and
livelihood improvement in the nation.
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IBo, wTtat OcyH, Hirepis

MporHo3yeTbes, wo Ao 2050 poky HaceneHHs Hirepii ctaHoBuTUME NpubnusHo 400 MinbiAoHIB, a npogoBornbya 6esneka € Baxu-
BOIO ANS NiATPUMKM cTabinbHOI, 3rypToBaHoi Ta 6e3neyHoi kpaiHu. Lis peanbHicTb CBig4MTL NPO Te, Lo 3anexHicTb Big iMnopTy Ans
3a0BOMEHHs1 NOTPE6 HirepinuiB y NPOAOBONBYNX MPOAYKTAaX HEOOXiAHO 3MEHLUMTH, YOTO MOXHA AOCAITU Hacamnepes Yepes 3HauHi
iHBecTUUIT y cinbcbke rocnogapcTeo ANs NiABULLEHHS NPOAYKTUBHOCTI Ta camo3abesneyeHHs. TBapuHHULTBO, 30Kpema BUPOOHM-
LITBO MOMOYHOI NPOAYKLii — Lie CEKTOP, SKUA CTaHOBWUTb 3HAYHWUI iHTEepecC Ta cTpaTeriyHe 3HavYeHHst Anst anBepcudikaLii eKoHOMiKu
Ta NpofoBonbYoi 6e3nekn. TMM He MEeHLL, BHECOK LibOro CEKTOpPY B 3aranbHui 06csr cinbcbkorocnogapcbkoro BUpobHuuTea Hirepii €
HaA3BMYaHO Mi3epHUM, LLO BUMAarae cTpaTeriyHnx 3axodis ANs CTUMYIIOBaHHS CTanoro po3suTky. MonovHuii cektop Hirepii notpe-
Oye HeraWHoi yBarv Yepes YncneHHi npobnemu, cepef SKnx — HesiKiCHi MeToau TBapUHHULTBA, HeafeKBaTHi Ta HU3bKOSIKICHI KopMM,
nowmpeHi XxBopobu Ta He[oCTaTHE YNpaBIiHHA 340POB’SAM TBApUH, OOMEXEHWIN JOCTYN 0O BOAM B CE30H NOCYXW, HEraTUBHWUIA BMIMB
3MiHM KniMaTy, HeflocTaTHi iHBEeCTUUIi B OCNigKeHHst Ta po3pobku, Hegonikv iHpacTpyKTypu Ta 0BMexXeHuin [oCTyn A0 hiHaHCYBaHHS.
Lle ornsa BM3HAE BaXMBICTb PO3POOKM BMACHUX pilleHb AN BUPILWEHHS MicLeBUX Npobnem vYepe3 BCTaHOBMEHHS YiTKUX Uinen
o040 36inbLlUeHHs BUPOOGHULTBA MOMOKa, NiABULLYOYM NPOAYKTUBHICTb SK cepen ApiOHUX NignpuemLiB, Tak i cepen KOMepLIiHMX
MOMOYHMX hep, 0gHOYACHO CNPUSIOYN 3BOPOTHIN iHTerpadii y Bupo6HMUTBI, 360pi Ta arperadii Moroka.
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MikcomaTo3Ha fereHepadia miTpansHoro knanada (MAMK)
€ HannoLLMpeHiLo HabyTo naTororielo cepus y cobak apid-
HMX Ta cepeaHix nopia, LWo Npn3BoaWTb A0 PO3BUTKY XPOHIYHOI
cepLeBOi HeQOCTaTHOCTI. Y CTaTTi y3aranbHEHO Cy4acHi AaHi
(2020—2025 pp.) Wwoao HoBKX HAaNPSAMIB Y AiarHOCTWL, Tepanii Ta
npocinaktiyi MOMK. Ocobnney yBary npuaineHo nepcneKkTme-
HM Giomapkepam (MikpoPHK, SERPINH1, CILP1), iHHoBaLjiHM
nikapcbknm 3acobam (ARNI, SGLT2-iHribiTopy, aHTUGIOPOTUYHI
areHTK), a TaKoX nigxodam A0 iHAuBigyanisauii nikyBaHHS 3a-
NEXHO B Nopoaw, BiKy Ta CyMnyTHIX 3axBoptoBaHb. OKpeMo BU-
CBITNIEHO HOBI TEXHOIONT NPO KMITUHHY Ta reHHy Tepanito, HaHo-
TEXHOMOrii M MarnoiHBa3uBHi XipypriyHi metoguku (TEER).

Acknowledgements:
None' - . . .
KniouoBi cnoBa: mikcomaTo3Ha gereHepadist MiTpanbHOro
@ @ Attribution 4.0 International knanaHa, cobaku, biomapkepu, nepcoHanizosaHa Teparis, ARNI,
(CC BY 4.0) SGLT2-iHribitopu, cToBbYpOBI KNiTUHK, reHHa Tepanis, TEER
Bctyn aujii, ane TOYHi MyTaLii BU3HAYEHi nuLie ANna oKpemmx

MikcomaTo3Ha gereHepauia MiTpanbHOro KnanaHa
(MOMK) s3anuwaetbcsa nowmpeHo HabyTol naTorno-
rieto cepud y cobak, oxonnoe Ao 75 % ycix Bunagkis
cepLeBUx 3axBOproBaHb. [IMHaMika nowmpeHoCTi 3poc-
Tae 3 BiKOM: BarbBYmsPHi ypaXkeHHs BUABMAOTL y 85 %
cobak ApibHWX nopig cTapLumx 3a 13 pokis, ane CboroaHi
Aenani yacTilwe XBOopitoTb | TBAPUHM CepeaHix Ta BENUKMX
nopig. MOMK npr3BoanTb 40 NOTOBLLEHHSA CTYNOK Kna-
naHa, HEMOBHOIO iX 3MMKaHHSA Ta perypritaii Kposi, Lo
3 YaCcOM CrpUYMHAE cepLeBY HEOOCTATHICTb | BTOPUHHY
nereHesy rinepTeHsito. Ha paHHix cTagisx 3axBoptoBaH-
Hs1 MOXXE He NPOSIBIISTUCS KIIHIYHO, OOMEXyounCh nnLe
CUCTOMIYHMM LLUYMOM, are 3 NporpecyBaHHsIM BUHMKA-
0Tb AvnaTauis Kamep cepus, 3acTilHi sBMLLA B NEreHsix
i CMMNTOMW CepLeBOi HegocTaTHoCTi [42].

MatoreHes MOMK GaratodaktopHuii. Kntovoy porb
BigirpatoTb nepebynoBa ekcTpauentonsapHOro MaTpuk-
cy nig gieto TGF-B Ta deHOTUNOBE NEPEpPOaXKEHHS
KnanaHHUX iHTepcTuianbHUX KiTH y Miodhibpobnac-
T [24]. CepOoTOHIH-3anexHi MexaHiaMu, 30Kkpema rinep-
ekcnpecis 5-HT,B-peLienTopis Ta 3HWKEHHSA aKTUBHOCTI
CEPOTOHIHOBOIO TpaHcnopTepa, MOCUMKTL NPOni-
depaTuBHi 1 ibpo3Hi 3miHM cTynok knanaHa [30].
eHOMHI OoCnimpKEHHS BUOKPEMITHOHTL NOPOAO0BI acoLy-
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NiHIN KaBanep-KiHr-yaprb3-cnaHienis.

HoBi MeToam aiarHOCTUKK, NOPIBHAHO 3 NonepeaHiMm
pokamu, AatoTb 3MOTy BY4aCHO BU3HA4YaTU NaTomnorito:
3BUYalHa gonnep-exokapaiorpadid, 4ONOBHEHA Criekn-
TPeKiHr'oMm, BUSBNSE CyOKMiHIYHY ANCKYHKUIIO Miokapaa
M GinblU TOYHO NPOrHO3yE MPOrPecyBaHHA perypritaii.
Cepep b6iomapkepis, okpim NT-proBNP Ta cTnl, Benu-
KOro 3Ha4yeHHs HabyBatoTb npodini mikpoPHK, 3gaTHi
BigobpaxxaTn paHHi MonekynsipHi 3pyLleHHs. BocTtaH-
HE OHOBIEHI kOHceHcyc-pekoMeHaadii ACVIM (2019)
CTPYKTYpyBanu BeeHHs nauieHTiB 3a ctagiamu A-D,
OAHaK MPOTOKONW MiKyBaHHS, SKi BAKOPUCTOBYHOTbCH
daxiBusiMK, MaloTb 3Ha4YHy BapiabenbHicTb, 30KpeMa
Ha Mi3Hix eTanax xsopobwu [6, 15, 33, 45].

Pa3zowm i3 BgockoHaneHHsaM MeToAiB AiarHOCTUKW Bia-
OyBaeTLCA KOpPEryBaHHs CXeM fikyBaHHs1, @ Came i3 BUKO-
PYCTaHHAM JOKA30BUX Npenaparis (nimobeHaaH, dypo-
cemig, cnipoHonakToH, IAlN®) 3acTocoByOTLCA NEpPCrnek-
TUBHI SGLT2-iHriGiTopu, SKi NPosIBNSOTL Kapaio- i Hedpo-
NPOTEKTOPHWUIA NoTeHuian. Mopsa 3 LM, ManoiHBasuBHe
TpaHcKaTeTepHe BiOHOBNEHHS edge-to-edge (TEER) kna-
naHa € e(PeKTUBHUM LLIOJI0 3MEHLLEHHS peMOAENOBaHHS
niBux kamep cepus. Lli cxemu nikyBaHHa noTpebyoTb
BOOCKOHareHHs1 CTOCOBHO ONTMMI3aLlii nepcoHanisoBaHoil
cTparerii BegeHHs cobak i3 MOMK [21, 44].
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MeToto ornagoBol CTaTTi € BUCBITAINTY HAWHOBITHILL
nigxoam Ta nepcnekTyeHi metoam Tepanii MOMK y cobak,
po3pobneHi y 2020—-2025 pokax, He oybnioioun BigoMi
bakTn, a AOMOBHIOKYM HasABHI AaHi. ByayTb poO3rnsHyTi
HoBi BioMapKepw | TEXHOMOTiT MONEKYNAPHOI AjarHocTu-
KW, NOTEHLNHI MilLeHi ANnsa Tepanii Ha PiBHI CUrHaNbHWX
LUAAXIB i KNITWUH, MOXIMBOCTI NepcoHanisadii nikyBaHHs
3anexHo Big NauieHTa, CyvacHi 3acobu 40BroTpmBarnoro
MOHITOPUHTY, EKCNIEPUMEHTanbHi MeToau (reHHa i kri-
TUHHA Tepanisi, HaHOTEXHONOTIT), cTpaTerii NpodiNakTUkn
nporpecyBaHHa MAMK, a TakoX eTUYHi Ta EKOHOMIYHI
acneKTn BNPOBaPKEHHsSI HOBMX TEXHOMOTIN Y BETEpUHap-
Hin kapaionoril.

Pe3ynbraTtu gocnigpkeHHs nitepatypu

Enidemionoeis

MikcomaTo3Ha fereHepallisi MiTpanbHOro KnanaHa €
MOLUMPEHMM HabyTM 3axBOPHOBAHHSAM Cepus y Cobak,
YacToTa naronoril 3Ha4HO 3pocTae 3 BiKOM TBapyH. 3rigHo
3 AaHnMK cyvacHux nitepatypHux gpxepen, MOAMK gia-
rHoCTyeTbCs 6nm3bko y 75-80 % ycix BUNagkis cepueBmx
NaTonorin y Lporo BUAy TBapuH, PU3NK Ha 3aXBOPHOBAHHS
Mae NMopoaHy CXWUIbHICTb — MaeTbcs Npo cobak apib-
HMX nopia;: KaBanep-kKiHr-4aprb3-criaHieni, NOPKLUNMPCHKI
Tep’epn, TakcK, Ymixyaxya, MiHiaTiopHi nyaeni Ta MansTi-
cbki 6onoHkun. brimsbko 8590 % TBapUH LWX NOpia BiKOM
Bia 10—13 pokiB MatloTb pPi3Hi CTyneHi gereHepaTuBHMX
3MiH MiTpanbHOro knanaHa [2, 3, 25, 44].

BTiM, ocTaHHIMM pokamMun JOCAIAHWKM TakoX NoBigoMm-
NSTb Npo 3pocTanHs Yactotn MOMK cepen cobak ce-
peqHix i HaBiTb BEMNMKUX NOpPid, X04a NposiBM naTonorii Ta
Bik MOYATKYy 3aXBOPIOBaHHS Yy HUX AELLO BiApi3HATLCA.
Y cobak Benvknx nopia nepLi kniHivHi o3Haku MOMK
3a3BMYan BUHMKaOTb Mi3Hiwe (8—9 pokiB), MOPIBHSAHO
3 ApibHuMK nopogamu, ane nepebir YacTo arpecuBHUA
3i LWBMALLMM NepexogoM Ao cepueBoi HeJoCTaTHOCTI.
HoBiTHI pocnigxeHHs ceigyaTh, Wo cepen cobak ce-
peaHix i Benukux nopig i3 MAMK natonoria Han4yacTiwe
ypaxkae 30M10TUCTUX PETPUBEPIB, NTabpagopiB, HIMELIbKNX
BiBYapok Ta 6okcepis [38, 48].

OkpimM nopoaHux 0cobnMBocTel, BaXknmemummn doak-
TOpaMu pU3KKY € BiK, CTaThb (Y KOGEnNiB YacTille BaXXKU
nepebir), a TakoX reHeTMYHa CXUIbHICTL. Y cobak nopo-
OV KaBarnep-KiHr-4aprib3-CcrnaHiernb reHeTUYHa CXUIbHICTb
€ JOMIHaHTHOHO, O NOSICHIOE BUCOKY MOLUMPEHICTb
i paHHi NOYaTOK 3aXBOPKOBAHHA cepepn npeacTas-
HUKIB Liel nopoaun. BTim, igeHTudikauia reHeTUYHnX
MapKepiB pU3nKy ONs iHWKX Nopig cobak 3annLiaeTbes
nepcrnekTBHMM HanpsiMOM AN noganbliunx 4ochi-
OKeHb [29].

3aranom, TeHAeHLii OCTaHHIX pPOoKiB cBig4aTb Mpo
3pOCTaHHA kniHiYHOT akTyanbHocTi MOMK 4vepes
30iNbLlUEHHST TPUBANOCTI XNUTTS cobak, 3mMiHM nopoga-
HOT CTPYKTYpW nonynsuil AomMallHiX TBapuH Ta Nokpa-
LLleHHA meToaiB giarHocTukun. Lle nigkpecntoe HeoO-
XiAHICTb NoganbLUMX enigemMionoriYyHnxX 4ocniaXeHb,
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CNPSIMOBaHMX Ha paHHE BUSIBMIEHHS 3aXBOPIOBAHHSA
Ta BU3HAYEHHS rpyn pu3nKy And npoBedeHHs npodi-
NaKTUYHUX 3axoniB.

MaTomopdonoriYyHo OCHOBOK MIKCOMATO3HOI ae-
reHepadii MiTpansHoro knanaHa y cobak € nporpecyo-
Ye pPeMOoAENOBaHHS KnanaHHUX CTPYKTYpP, SIKe Xapak-
TEPU3YETLCSA 3HAYHUMW 3MIHAMU EKCTPALLENONAPHOIO
MaTpuKCy, bparmeHTaLie0 KonareHOBMX BOMOKOH Ta
HakonM4eHHsM rniko3amiHornikaHis (FAlN) [24]. L amiHu
Npu3BOAATb A0 NOTOBLLEHHS, NOAOBXEHHS Ta nponaby-
BaHHS KNanaHHMX CTYIOK, a TaKOX [0 NMOPYLUEHHS PyHK-
Uil XopA. XapaKTepHOHO riCTONOMYHO 03HAKOK € NMpo-
nidoepauis Ta akTMBaLis KranaHHUX iHTepCTULianbHUX
knituH (KIK), aki TpaHcopmytoTbes y MiodpibpobnacTy,
nocurntotoun pidbposHi Ta ereHepaTuBHI NPOLIECH Y KIia-
naHHOMY anapari.

Ha monekynsapHoMy piBHI NPOBIGHMM MeXaHi3MOM
nporpecyBaHHa MAMK € akTuBaLis curHanbHuX LWNs-
XiB, SIKi perynolTb nepebynoBy ekCTpauentonsipHoro
maTpukcy. Ocobnunso BaXXnvBy porib Bigirpae TpaHc-
dopmytounin cpaktop pocty B (TGF-B), wo iHiuitoe gn-
depeHuiauito KIK y miocibpobnactu Ta aktuye Hag-
MipHU cnHTes FAT, npm3Boasaym 4o BTpaTh HOpMansbHoOT
CTPYKTYpPU KranaHa. 3HayHuin BNAvB Ha nepebir 3axBo-
ptoBaHHSA Ma€e CepOoTOHIHepriYyHa cucTema: nigBULLEHHS
piBHS cepoToHiHy (5-HT) Ta rinepekcnpecis ioro peuen-
TopiB (0co6nmBo 5-HT,B) nocunioloTe NaTomnoriyHi 3MiHM
KnarnaHHUX CTPYKTYp Yepes akTuBaLito nposidpepaTtuBHNX
Ta hibporeHHUx npouecis [24, 30].

Takox BCTaHOBMNEHO, Wwo y cobak i3 MOMK 3HayHO
NOCUMNIOITLCS NPOLLECU OKCMAAaTUBHOIO cTpecy [36].
MigBULLEHHS KOHLIEHTpAaLii ManoHOBOro dianbgerigy
(MOA), mapkepa NepekUCHOro OKUCHEHHs Minigis, cy-
NPOBOAKYETHCSA 3MEHLLEHHAM aHTUOKCUOAHTHOI aKTUB-
HOCTIi (3HVKEHHSI PIBHIB CynepokcuaaMcMyTasuy Ta kata-
naau). Lli 3miHM cnpursioTb nporpecyBaHHIo KranaHHoi
ONCAYHKLT Ta NaToNOrYHOMY pemModentoBaHHIO cepLd,
MOripLUYyOYN NPOrHo3 3axBoptoBaHHs [43].

BogHo4ac reHeTuYHi 4oChimKeHHA BUSBUNW NOPOAHI
ocobnmeocTi y po3sutky MOMK, 3okpema ineHTMdika-
Lito noniMopiamiB reHiB, siki aCOLiFOITECH 3 TSHKKICTHO
KnanaHHux ypaxeHb y cobak nopoan kaBanep-KiHr-
Yapnb3-cnaHienes [25]. OgHak TOYHI reHETUYHI MapKkepu
3axXBOPHOBAHHA ANA iHWKX nopig cobak noTpebyoTb
004aTKOBOIO BMBYEHHS.

OTOX, cydacHe po3yMiHHA MaTomMopdOrorivyHNX Ta
MonekynapHux mexaHiamis MOAMK pnossonse 6inbLu
06r'pyHTOBaHO NigX0AWTM A0 AiarHOCTUKMW, NPOrHO3y-
BaHHs nepebiry Ta po3pobku LinbOBUX TepaneBTUYHUX
cTpaTerin, CNpsAMOBaHNX Ha YMOBINIbHEHHSI NPOrpecy-
BaHHS LLiET naTonoril.

[HiacHocmuka

Hanbinbw edekTMBHNM METOAOM OLiHKM (DYHKLiO-
HarnbHOro CTaHy Miokapaa npu MiKCOMaTo3Hil aereHepa-
uii MiTpanbHOro knanaHa y cobak Hapasi € ABOBMMIpHa
CneKn-TpekiHr exokapgiorpacis (2D-STE). Lien meton
[O03BOMSE He NnULLE paHHE BUSBMEHHS CyOKNiHIYHMX 3MiH
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CepLeBOro M’A3a, ane v TO4Hy OLiHKY edPEKTUBHOCTI Xi-
pYyprivyHoro nikyBaHHs. 3a ganmMu Fukuzumi et al. (2024),
nicns TpaHcTopakanbHOI BanbBYnonnacTukm y cobak
3 MOMK cyTTeBO NOKpaLLyHOTLCS NapaMeTpu mobansHoi
nedopmadii Miokapaa (Global Longitudinal Strain, GLS)
324,4 % po 16,3 % (P=0,015), a TakoX iHLWi MOKa3HWUKN
YHKLT cepLs (nonepeydHa Ta pagiansHa aecopmadlis [6].
Takox goBeaeHo 3Ha4YHe MorinLweHHs NikoBOi CUCTOMIY-
Hoi poTaui cepus (twist) 3 5,5° 0o 9,1° (P=0,039). ins 3a-
Be3neyeHHst BUCOKOT TOMHOCTI pedynbrartie 2D-STE Heo6-
XiiHa cyBOpa TeXHIYHA CTaHgapTu3aLlis, Wo nepeadavae
KOHTPOMb YacTOTU KaapiB, peTenbHe NO3nLIOHYBaHHS
30H A0CHILKEHHSA Ta YHUKHEHHS apTedakTiB.

3a cyyacHux nabopaTopHuMx OOCHiLKEHb HATpPIny-
petnyHu nentug Tuny B (NT-proBNP) 3anuwaetbes
HanbinbLL BipOrigHMM NPOrHOCTUYHUM BioMapkepom 3a
MOMK. Woro piseHb noHag 1500 pmol/l ceigunTb npo
BMCOKMIA PU3UK PO3BUTKY 3aCTiHOI cepLeBoi HeaocTar-
HOCTi BNPOAOBX HAaCTyMnHUX 6—12 Micauis (4yTnmBicTb
6nmabko 80-85 %, cneuundpivHicTb 75 %). AnHamivyHuiA
koHTporb NT-proBNP pekomeHngoBaHo ansa crtpatudi-
KaLjii pu3nKy Ta CBOEYACHOTo NoYaTky abo KoperyBaHHs
TepaneBTU4HUX 3axogis [7, 9].

Cnig 3ayBaxuTu, WO KapAianbHWn TporoHiH | (cTnl)
3aNMLLIAETHCH BaXKIMBMM IHOUKATOPOM YPaXKEHHS CepLis,
Lo 0O3BOSISE iAeHTUiKyBaTM NALEHTIB 3 aKTUBHUM
naTonoriyHMM pemogentoBaHHAM Kamep cepus [4].
[MpoTe BOHM MatoTb OOMeEXeHHs — Ha piBeHb NT-
proBNP moxe BnnvBaTtu pyHKUIA HUPOK, a cThl moxe
3pocTaTty 3 BiKOM. [0 TOrO 3, IXHS TOYHICTb HE4OCTaTHSA
Onst TOHKOro cTafitoBaHHA xBopobu [32, 40]. Tomy Tpu-
Ba€e noLlyk HoBKX BioMapkepiB Ta METOAIB MOMeKynsp-
HOI giarHOCTMKN, ki 6 403BONWIM paHillie BUSIBUTK XBO-
poBy, 06’€eKTMBHO OLHUTK NPOrpecyBaHHA Ta NPOrHoO3.
HocnigxeHHs Lee et al. [20] Ta Klein et al. [19] ouiHioBa-
N0 ABa HOBI NOTEHUINHI Mapkepy — ranekTuH-3 Ta sST2
(po34nHHMI ST2, peuenTop iHTeprerkiHy-33) — nopis-
HsiHO 3 NT-proBNP i TponoHiHom y cobak 3 MOMK pis-
HUX cTagin. FanekTnH-3 € MapkepoM ibpo3y miokapaa
y niogen, a sST2 Binobpaxae akTuBaLilo 3ananbHOro
curHanbHoro wnaxy IL-33/ST2. Y sragaHomy gocni-
DokeHHi piBHi Gal-3 Ta ST2 B cupoBartLUi He Bigpi3Hanuca
CTaTUCTMYHO MiX 30OPOBMMU | XBOPMMMK coBakamm 4m
Mix ctagismm MIOMK. MNpoTe Ui Mapkepun nokasanu TeH-
OEHLUi0 4O MiABULLEHHA 3 YacoM i aBTOPW 3a3HaY4Mmu,
Lo ST2 moxe ByTn KOPUCHMM A1 MOHITOPUHIY Nporpe-
CyBaHHS XBOpobu (BMABMIEHO 3pocTaHHA ST2 3a 6 mi-
csauiB y cobak Ha ctagii B1). Omxe, xo4a Gal-3 ta ST2
He nigTBepaMn odiKyBaHO! AiarHOCTUYHOI 3HaYYLLIOCTI,
caMa igest nowyKy HOBMX KapgiomapkepiB y cobak 3a-
NNLWLAETLCA NEPCMNEKTUBHOLO.

CyuyacHi TexHomnorii NPOTEOMiKN [O3BONSAHOTb BUSBUTU
paHiLLe HeBigomi Ginku, noe’si3ani 3 MAMK. 3okpema, ao-
CNiAHVKN HELLOAABHO iaeHTUDIKYBany NigBULLEHHS PIBHSA
SERPINH1 (Takox Binomui sik Hsp47) y nnasmi Kposi co-
Bak Ha paHHin 6escumnTomHin ctagii (B2) MOMK [52].

AKTUBHICTb MpoueciB ¢ibpody knanaHa. Lle gocni-
O)XXKEHHA neplmnmM NpoaeMOHCTPYyBasrio MOXIIMBICTb
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BukopuctaHHa SERPINH1 sk paHHboro giarHoctund-
Horo 6iomapkepa nporpecyBaHHs MOMK. [HwwuiA nep-
cnektmBHun mapkep — Cartilage Intermediate Layer
Protein-1 (CILP1), 6ifilok N03akniTUHHOrO MaTpUKCy,
sk aHTaroHizye TGF-B. Y 2023 p. 6yno nokasaHo, Lo
KoHueHTpauis CILP1 gocToBipHO niaBuuieHa y cobak
3 MOMK, nopiBHSIHO 3i 300poBUMK, OCOBNUBO Ha CTa-
aii C, i Kopentoe 3i cTyneHem KapgianbHOro pemogernto-
BaHHS (po3mMipamu fniBoro nepeacepas i WwnyHouka) [16].
Otxe, CILP1 moxe cnyryBatu iHaMkaTopom ¢hibposy
Ta pemogentoBaHHs cepus npn MOAMK, gonosHo04M
iHdbopmauito, wo HagaeTbca NT-proBNP.

HonatkoBo cnif po3rnaaat reHETUYHI Ta TPaHCKpUN-
ToMHi Mapkepu. CyyacHi meToam aHanisy renis Ta PHK
BiapmBaloTb HOBUK Norngag Ha natoreHes MOAMK [18].
Hanpwvknag, nopiBHANbHUIA TPAHCKPUNTOMHUIA aHani3
nepudepnyHoi KpoBi cobak Ha cTagii B2 BusiBvB xapak-
TEPHi 3MiHM eKCrpecii reHiB, NOB’A3aHNX 3 aKTMBaLi€0
TpombouuTiB. 3okpema, y cobak 3 MAMK B2 3HauHO
3pocTana ekcnpecis 4oTupbox reHis: MDM2, ROCK1,
RIPK1, SNAP23, ki 6epyTb y4acTb Y LUfsxax aktueaLii
TpombBouuTis [51]. Lli reHn Takox HeraTMBHO KopertoBanm
3i cTyneHeMm kapgianbHoro 30inbweHHs, TO6To iXHA
BMCOKA aKTMBHICTb acoLjioBarnacs 3 MeHWMMKN gunara-
LisMun cepud. ABTOpY 3anpornoHyBanu Li HOTUPK FreHn Sk
Giomapkepu giarHocTukm ctagii B2 i nigkpecnvnu HoB.i
AaHi Woao yyacTti TpomboumTapHNX MExaHi3miB y natore-
He3i MOMK. Okpim uboro, gegani 6inbLunii iHTepec npu-
BepTaloTb KopoTki Hekoaytodi PHK abo mikpoPHK [26].
Y 6aratoLeHTpoOBOMY NPOCNEKTUBHOMY AOCHiOXKEHHI
Palarea-Albaladejo et al. [33] 6yno oujHeHO gjarHoCTUY-
HWI NoTeHujan npodinie ekcripecii 15 mikpoPHK y cupo-
BaTLi Ta nna3mi cobak. BukopnctaHHs Lboro nigxony
3 iHAUBIAyansbHUM NMOBIPHICHMM NPOrHO3HUM MoAento-
BaHHSIM JO3BOJIAIIO 3 BUCOKOK TOYHICTIO PO3PI3HATM 300-
poBux cobak i TBApMH 3 MiKCOMAaTO3HO AereHepaLieto
MiTparnbHoro kranaHa (4yTnmeicTe 85 %, cneuudiyHicTb
82 %, TouHicTb 83 %). Ons andbepeHuiauii Mix JOKMiHIY-
HuMmn (B1/B2) Ta kniHiyHumum (C/D) ctagisiMm TOUHICTb
ctaHosuna 73 %. Lle nepcnekTMBHMIN HeiHBa3NBHUI
DiarHOCTUYHWNI IHCTPYMEHT, L0 MOXEe JOMOBHUTU Tpa-
OVUINHI Mapkepw.

Otxe, y ciepi giarHocTnkn MOMK cnoctepiraetb-
cs nepexia Big TpaguuinHux BioXiMiyHMX MapkepiB Ta
Y3[, 0o GinbLu KOMMNIIEKCHOIO MOMNEKYNAPHOTO nigxoay.
Hogi 6iomapkepu — BinkoBi, reHeTUYHI, KNiTUHHI — O0-
3BONAOTb MMbLLE 3po3yMiTK naTtodisionorito xBopobu
i MalOTb MOTEeHLUian 4NsA PaHHBOro BUSIBNEHHS Ta TOYHI-
LLIOTO MOHITOPUHIY. BpoBaaXeHHs iX y LWMPOKY KriHiY-
Hy NpaKkTUKy noTpebye noganblumx OCHIOXKEHb, ane
nepLi pesynsrati obHagiinmei.

lNepcrnekmusu meparnesmu4yHO20 8MpPyYaHHs

MOMK po3BumBaeTbCA BHACNiOOK CKNagHMX MOSIEKY-
NSPHUX NPOLECIB y KNanaxi Ta Miokapgi: gucbanaHcy
depMeHTIB MaTpuKCy, akTuBaLlii pibpobnacrTis, 3ananb-
HUX LUMTOKIHIB, HEMporopMoHansHux cuctem. CyyacHa
MeAVKaMeHTO3Ha Tepaniqa HauineHa B OCHOBHOMY Ha

bionozis meapuH, 2025, 1. 27, N4



Suslova N. |., Semionov O. V. Emerging therapeutic strategies and prospects for managing myxomatous mitral valve degeneration in canines

HEMpPOropMOoHarbHi LUNAXKU, SIKi KOMNEHCATOPHO akTu-
BYIOTbCSA NpM perypritaii Ta cepuesilt HeAOCTaTHOCTI,
a came Ha peHiH-aHrioTEeH3MH-anbLA0CTEPOHOBY CUCTEMY
(PAAC) Ta cumnato-agpeHanoy cuctemy. CtaHaapTHi
3aco6u (NO3UTMBHI iIHOTpONMW, iHribiTopn AlN®, aHTaro-
HICTV anbgoOCTEPOHY) CTPUMYHOTL LLKIANMBI €0eKT LnMX
wnsxis. [MpoTe HOBITHI NpenapaTti PO3LUMPIOIOTL CNEKTP
MilLIEHEeW | MexaHi3MiB Aiji, CMIPSIMOBaHNX Ha YNOBINIbHEH-
HA CTPYKTYPHOro pemofentoBaHHs cepus [2, 3].
BaxnuBmm KpOKOM CTarno BNpOBaKEHHS Y BETEPU-
Hapito Krnacy iHribiTopiB peLenTopa aHroTeH3NHy Ta He-
npunisuHy (Npenapat kombiHauji cakybiTpun/sancapTaH).
Caky6iTpun 6nokye hepMeHT HENPUII3WH, NepeLLKomKa-
UM gerpagauii eHAoreHHNX HaTPinypeTUHHNX NenTuais,
Togdj Sk BaricapTaH Orokye peuenTopu aHrioTeH3uHy 1.
Y paHgowmizoBaHomy pocnigpkeHHi N. Saengklub [37] 3a
yyacTi 21 cobaku 3i ctagieto C MOMK ponaBaHHs cakyOi-
Tpun/Bancaptany (20 mr/kr Agivi Ha 4OOY) 4O CTaHOAPTHOI
Tepanii (nimoberaaH + oypocemia) NpoTarom 4 TUXKHIB
[0ano 3Ha4yHWIA 3BOPOTHU PEMOLAENOHYNIA eCPEKT: 3MEH-
Lwmnuce po3mipu nisoro nepeacepast (LA/Ao) ta nisoro
wnyHodka (LVIDAN), nopiBHAHO 3 KOHTPOIBHO MPymnoto
Ha paminpuni. TakoX 3MEHLLNMUCSA KiHLEBO-AiaCTOMIYHNN
i KiHLEeBO-cucToniYHMIM 06'emun (EDVI, ESVI) Ta 30inbLumB-
csa yoapHu o6’em y rpyni ARNI [28, 37]. Lie nigTBepoxye,
wo ARNI 3gateH nocnabnoBaTt peMoaentoBaHHA cepList
npu MOMK. Xo4ya gaHi Noku KOPOTKOCTPOKOBI, BOHM MiA-
TpyMytoTb BBeAeHH ARNI 0o cxem nikyBaHHS 3aCTilHOI
CH y cobak sk 3acoby nokpalleHHs pyHKLii cepus.
[HLIMM NepCneKTUBHMM HaNPSIMKOM € BUKOPUCTaHHS
npenapariB Knacy iHribiTopiB HATPIN-TMOKO3HOIO KOTpaH-
crnoprtepa 2 tuny (SGLT2), 3okpema ganarniconosuHy [10].
HesBaxkatoum Ha Te, Lo Hapasi 4oBeAEHUX KiiHIYHMX BU-
npobyBaHb Ha cobakax Lue HebaraTto, hapMaKkoKiHETUY-
Hi gocnigKeHHs NigTBEPAXYTb Moro 6esneyHicTb Ta
edeKTUBHICTb A8 3aCTOCYBaHHS y cobak i3 cepLeBoto
HeOOCTaTHICTHO, LLO € MIACTaBO Afsi BHECEHHS LbOro
Krnacy npenapartis 40 CTaHAapTHUX TepaneBTUYHKX Npo-
TokoniB [44]. CnovaTtKy po3po0reHi ik LiyKPO3HKYBarib-
Hi NpenapaTn, BOHW Nokasanu BupaxeHy e(eKTUBHICTb
MPW XPOHIYHI CepueBin HeqoCTaTHOCTI Y Ntoaen — 3Hu-
YKEHHs1 rocniTaniaaLii i CMepTHOCTI HaBiTb Y NaLjeHTiB 6e3
niabety. EkcTpanonsuisi 3 4OCniMKeHb Ha iHLWNX Buaax
CBIOuNTb, LWLO KopncTb SGLT2-iHribiTopie MoXHa nosic-
HUTW NOKPaLLLEHHAM eHEePreTukn Miokapay (nepeknto-
YeHHAM MeTaborni3aMy Ha KETOHOBI Tina), 4iypPeTUYHUM
edheKTOM, a TaKOX NPAMUM KapgionpoTEKTUBHUM BMfv-
BOM — 3MEHLLUEHHAM rinepTpodoii i ibposy. € aaHi, wo
emMnarmidrosvH MoXe B3aEMOAIATH 3 MiokapgiansHUM
Na*/H*-06MiHHMKoM (NHE1), 3HWKYHO4YM BHYTPILLHBOKI-
TMHHMN Na* i Ca?*, wo Beae 40 MOKpaLleHHs aiacToniy-
HOI dhyHKLIT Ta eHOoTenianbHoi Bignosigi [39]. Xova wwu-
POKVX KNiHIYHUX BUNpobyBaHb SGLT2-iHribiTopis y cobak
3 MOMK we Hema, no3anpoTOKOSIbHE NPU3HAYEHHS
emMnarmnidnoavnHy abo ganarnidpnosnHy BXe NpakTuKy-
OTb OKpPEeMI Kapgiornoru, a ManbyTHi AOCNISKEHHS BU3HA-
YaTb onTMMarnbHy 03y i NigTBepasaTb edheKTUBHICTb Ans
MOAOBXEHHS XUTTHA cobaK i3 cepLeBOo0 HEAOCTATHICTHO.
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XapaKTepHOH p1coto MIKCOMaTO3HOI AereHepalLlii € di-
Opo3 KnanaHiB i pemoaentoBaHHa Miokapaa nig BrMBOM
MeXaHiYHOro CTpecy Ta HeriporopMoHis. Cepep, curHanb-
HUX LLNSIXIB, MPUYETHMX 4O LbOro NPOLIECY, LEHTParnbHUM
€ TGF-B/SMAD [41, 50]. lMigsuLLeHa ekcnpecist isohopm
TGF-B y knanaHHii TkaHwuHi i miokapai cobak 3 MOMK
0obpe 3agokymeHToBaHa. TGF-B ctumynioe nepetso-
PEHHS CMOKIMHWNX KnanaHHWX iHTepcTulianbHMX KNiTUH
y Mioghibpobriactu Ta npoaykKL;to Konarery, rmiko3amiHo-
rmikaHiB, LLO i NPM3BOANTbL A0 MOTOBLLEHHST CTYNOK [24].
Tomy mileHi, wo mogyniotoTb TGF-B, po3rnagatoTbcs
AK NepcnekTMBa Ansg ynoBiNbHEHHS AereHepalii kna-
naHa. Hanpuknag, yxe 3ragaHui 6inok CILP1, 6ygyum
eHaoreHHuM aHtaroHictom TGF-B, moxe ctaTtu npo-
obpa3om TepaneBTUYHOI CTpaTerii: NOCUITEHHS OTO
aKTMBHOCTI ab0 BBEOEHHS aHamnoriB MOXe raribmMyBaTu
iOpO3Hi 3MiHK KranaHiB. |HWKM HaMPSMKOM € BNIUB
Ha MaTpuKcHi MmeTanonpoTeiHasn (MMP) — depmen-
T, SKi PO3LLENSIIOTL KOMareH Ta enacTuH krnanaxa.
OucbanaHc MMP i ixHix iHribiTopis (TIMP) cnpuse
AereHepadii knanaHHoi TKaHuHK [27]. Y nogen 3 Mmi-
TpanbHO perypriTauieto OCNifKyBanu HeceneKTUBHI
MMP-iHri6iTopu (Hanpuknag, TeTpauukniHum, SKk-oT
OOKCULIMKIIH) ANst CMOBIMbHEHHS YLLKOOKEHHS Knana-
HiB [11]. B ekcnepuMMeHTanbHUX Mogensax Ha Muax
Taka Tepanis 3MeHLyBana nporpecyBaHHs KnanaHHol
HegoCTaTHOCTI, ane B JocnigXeHHi Ha cobakax AoKeu-
UUKNIH He aaB NOMITHOIO eeKkTy Ha akTuBHicTe MMP
y nnasmi [23, 47].

OnTumisauis 6ioeHepreTnYHUX Nnpouecie cepus
MOX€E 3MEHLUNTK eHepreTuyiHuin gediumt npn MOMK.
YpaxeHe cepue npautoe y CTaHi NocTiiHoro 06’eMHOro
NepeBaHTaXXEHHS, L0 NPU3BOAUTL OO EHEPIrETUYHOIO
aediuunTy. MNokpalleHHa meTaboniaMmy kapgiomiouunTis
(Hanpwvknag, CTUMYMSLII0 OKUCHEHHS! XXUPHUX KNCINOT
ab0o BUKOpPUCTaHHSA KETOHOBUX Tif) po3rmsaatoTb SK Kap-
AionpoTekTnBHy crparterito [22, 31]. SGLT2-iHribiTopw,
sIK 3a3Ha4Yanocb, HacTKOBO peanisyloTb came MeTa-
GonivyHnn edpekT. IHWMIA NepcneKkTUBHUI Npenapat —
MenbOOHiIN, MOaynATOp MeTaboniamy XXUPHUX KMCIOT,
iHOOI NpU3HaYaeTbCA BETEPMHapaMm no3a NPOTOKONOM
anga niaTpumku miokapay y xsopux Ha MAMK, xo4a
KOHTPOIbOBaHMX AOCTiAXEHb NOKM HeMae [46].

Monpwu ycnixu meankameHTosHol Tepanii, MOMK 3a-
NULWAETbCs gereHepaTMBHUM MPOLIECOM, KR Yy Ginb-
LWIOCTi BUNaAKIB HEBMUHHO Nporpecye. ToMy HayKoBL
OOCNIMKYOTb iHHOBALNHI METOAN NiKyBaHHS, SIKi BUXO-
OATb 3a paMKu TpaguuinHoi dhapmakoTtepanii. [Jo Hux
HanexaTb reHHi Ta KMiTUHHI TEXHONOTIi, HOBI XipypPriyHi
NPUCTPOI, TKAHWHHA iHXeHepis KnanaHiB, HAHOTEXHO-
norii Towo. Xo4a 6inbLWicTb UMX NigxoaiB NOKM Ha cTa-
Aii jocnigpkeHb Y 0OMEXeHOro 3acTOCyBaHHS, NepLui
pesynstaT JyXe NepcneKkTuBHI.

HewoanaeHo Oyno NpogeMOHCTPOBAHO YCnillHe 3a-
CTOCYBaHHS! reHHOI Tepanii y cobaku 3 TSHKKOK BTOPUH-
HOo nereHeBoto rinepTeHsieto (J1I7), cnpoBokoBaHO
MOMK [14]. MeTog nonsras y BBeAeHHi ageHoacoLi-
nosaHoro Bipycy (AAV) 3i BCTaBNeHUM reHoM KUCHoi
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uepamigasn — epMeHTy, KU CNPUSE YCYHEHHIO
ancadyHkuii engotenito npu JII. B pesynsrati metabo-
niyHa reHHa Tepanis npuasena 4o 3HA4YHOro nokpa-
LLIEHHS: TUCK B JTEreHeBi apTepii 3HM3MBCSA, noTpeba
B Nnikax 3meHLwwmnach, y cobaku 3MeHLWNNNCS KIiHiYHi
nposieu JII. Lle noogmHokuin Bunagok (ninoTHe gocni-
PKeHHS1), ane BiH AEMOHCTPYE MPVHLUMNOBY MOXINBICTb
reHHoi Kopekuii ycknagHeHs MAMK.

LLle ogHUM HanNpsAMOM BUKOPUCTaHHS CTOBOYPOBUX
KNiTWH oNs BiGHOBMEHHSA abo 3axmcTy cepLeBoi TKAHWUHW
€ KNniTuHHa Tepaniq. Y lNiBaeHHin Kopel npoBeaeHo nep-
LLIe KOHTPONbOBaHe AOCAIAKEHHS 3aCTOCYBaHHSI ME3€H-
ximanbHMx ctoBbypoBux KnitH (MSC) y cobak 3 MOMK
Ha cTtagji B1 [13]. LicTbom cobakam BBOAMMM anoreHHi
MSC, BuaineHi 3 TKaHWH roHad, BHYTPILUHLOBEHHO, MO-
BTOPHO (womicaus 5 iHdpysin), Toai sk 10 cobak KOHTp-
OMbHOI rPyNV OTPMMYBaNW TifNlbKW CTaHOAPTHWUIA HaMmsAA.
Uepes 1 pik y KOHTPOMbHMUX TBApPWH OYiKyBaHO MOTipLLIK-
nucs exokapaiorpacpiuHi napameTpw (3pocnu po3mipu
nepeacepas, 3dinbumnnacs wenakicte E-xsuni Ha mi-
TpanbHOMY KranaHi — MapKep NiABMLLEHHS TUCKY HanoB-
HeHHs1). HatomicTb y rpyni MSC Takmnx 3MiH NpakTU4HO
He Biabynocs, IXHi MOKasHWKM1 3anuianucsa 6rmssknuMmm
Jo BuxigHux. OcobnmBo Bia3Ha4YeHO MeHLle 30irbLueH-
HA niBOro nepeacepasn Ta Hxkyy E-wsnakicts y MSC-
rpyni, NOPiBHAHO 3 KOHTPosieM. [JO TOro X NPOTArom
LbOro poKy kogHa cobaka 3 MSC-rpynn He nepeviina
3i ctagii B1 go B2, Togi sik y KOHTponi Taki nepexoamn
Oy — T06TO CTOBOYPOBI KMiTUHM 3MEHLLXIN NMPOrpecy-
BaHHA XBOpPOOU. TakoX MOBIOMMEHO NPO MOKPaLLEHHS
SIKOCTi XKWUTTS: 32 ONUTYBaHHSAM BACHUKIB, y cobak micrist
Tepanii MSC 3pic anetut, akTUBHICTb (4aHi Cy0’eKTUBHI,
ane Banuei). Hisiknx icTOTHUX NoBGivyHMX edoexTiB He 3a-
dhikcoBaHo. Lie nepLunii B CBiTi JOKa30BUIN pe3ynerar,
LLIO iHdpy3ii CTOBOYPOBUX KNITUH MOXYTb CMOBISIbHIOBATU
MOMK. I7IMOBipHo, MEeXaHi3MOM LibOro € MapakpuHHa aist
MSC, BoHM BUAINSOTL haKTopu, siki 3SMEHLLYIOTb anorn-
TO3 KMiTUH MioKapaa, CTPUMYIOTb 3ananeHHs i ibpos.
Y nepcnekTuBi KMiTMHHA Tepanis MoXe 3alHATU Micle
y BegeHHi panHix ctagivn MOMK, wob BiaTepmiHyBaTtn
notpeby y dapmakotepanii Ta NPOAOBXUTM Bescumn-
TOMHWIA nepiog. Hapasi, 3BiCHO, Lie ekcnepumeHTansHim
nigxig, AOCTYMHUIA Y NOOAMHOKMX KriHIKax Ta B pamKax
gocnigXeHb.

[lonaTtkoBO BapTO PO3rMsiHYTM HAHOTEXHOMOTr T, SKi
BXe JOCTiaXyTbCA B KapAionorii niognHu ansa uinemn
agpecHol AOCTaBKM MiKiB | TKAHWHHOT iHXeHepil knana-
HiB. Y BeTepuHapii Lie 30BCiM HOBa chepa, NpoTe MOXHA
nporHo3ysaTy Ti PO3BUTOK. Hanpuknag, TeOpeTUYHO HaHOo-
YacTKM MOXYTb ByTW BUKOPWUCTaHi ANs JOCTaBKN aHTU-
hibpoTnYHMX NpenapariB 6e3nocepenHLO Yy KnanaHHUA
anapar — o0 YHUKHYTM CUCTEMHUX MOBIYHNX edhekTiB
i JOCAITM BUCOKOI NTOKanNbHOI KOHUEHTpaLi. € ekcnepu-
MEHT, e B MoZenb Kanbumdikauii aopTansHOro knana-
Ha Y KPONUKIB BBOAMIM MarHiTHi HAHOKancynu 3 aHTu-
Tinom go 6inka PAR2 (o ranbmye octeoreHes) — ue
[03BONUIIO 3HAYHO CMOBINBbHUTK Kanbuudikauito CTy-
nok [5]. Ans MOMK y co6ak MOXXIMBMM € BUKOPUCTaHHS
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ninocom abo noniMepHUX HAHOYACTOK, 3aBaHTAXEHNX,
CKaximo, iHribitopom TGF-[3, Siki CEeNneKkTMBHO Hakomnm-
YylTbCS B KnanaHi. HaHoMmaTtepianu Takox MOXYTb
OOMOMOITU Y TKaHWHHIN iHXeHepil: € igei cTBoptoBaTtu
Kapkacu Knanais, 3acisiHi KniTMHaMu1, 3 HaHOPO3MIPHUX
BOJIOKOH, abo npocovyBaTy GionpoTesHi kKnanaHyu HaHO-
YacTkamm, siKi BUGINSATb Nikn NpoTh aereHepaldii TkaHu-
HW. Xo4a npakTU4He 3aCTOCYBaHHS LIMX TEXHOMOTIN y Be-
TepuHapii — NUTaHHA ManbyTHBOrO, HAYKOBI OIMSAN BXe
3a3HavaroTb, LLO HAHOHAayKa BiAKPMBAE HOBI FOPU3OHTU
Yy NiKyBaHHi cepLIeBO-CYAVHHNX XBOPOO 3 KpaLLoto edek-
TUBHICTIO | MEHLUMMW NOBIYHUMK OiaMN.

OTxe, nporpec y po3ymiHHi natoreHesy MIOMK
OKPECIMB HU3KY HOBUX TEpaneBTUYHUX MiLLEHEN: Cur-
HanbHi Monekynn gibposy (TGF-B, SMAD), doepmeHTH
pemogentoBaHHs (MMP), wnsxu 3ananeHHs Ta metabo-
niamy. YactuHa 3 HUX BXXe HamararoTbCsl hapmMakonoriy-
HO MOZymoBaTK HasiBHUMM npenapaTtamu (cakybitpun/
BancaptaH, SGLT2i Towwo), iHWi NnoTpebytoTb po3potKM
HOBMX NiKiB (HaNpuknag, iHribiTopiB cneundivYHNX LUTOo-
KiHIB Y1 reHHMX peryngaropis). Y nepcnekTusi, KOMBiHO-
BaHa Tepanis, gka 6 ogHoYacHO NpurHivyysana Hempory-
MoparibHi KOMNEHCaTOPHI MexXaHi3aMu i CroBiNbHIOBana
CTPYKTYpHyY AerpagalLito KranaHa, MoXe CyTTeBO Bigaa-
NUTWN HacTaHHA TepMiHanbHoi ctaaii MOMK.

XipypeaidHi acriekmu nikysaHHs MOAMK

HoBITHIM nepcnekTMBHUM HanpPsIMOM iKyBaHHS TSK-
kmx popm MOMK € TpaHckaTeTepHa KnanaHHa KopekLis
metogom edge-to-edge (TEER). Metoa nossonsie 6e3
BIAKPMTOro XipypriYHOro BTpyYaHHs CyTTEBO 3MEHLUN-
TW CTYNiHb MITPanbHOI perypritauii. 3a pesynsratamm
pocnimpxkeHb 2024—-2025 pokis, npouenypa TEER Bxe
BMPOAOBX NEPLUOro MicAud Nicns BTPYYaHHS Crpusie
3MEHLLEHHIO pOo3MipiB NiBOro nepeacepas Ta LWyHoY-
Ka, NOKPAaLLEHHIO KNiHiYHOro cTaHy cobak Ta nepexogy
OinbLlIocTi nauieHTiB i3 cumnTomaTuyHoi ctaaii C go
ctabinbHiworo nepebiry [21, 34, 35]. Bik cobakn Bu-
3Ha4ae sK arpecuBHiCTb Tepanii, Tak i Bubip 3acobis.
Monogai TBapuHu 3 paHHim possutkom MOMK (4—6 po-
KiB) MNOTEHLNHO MatloTb nonepeay Kinbka PokKiB XUTTS,
TOMY Ansi HAX AOUINbHO 3acToCyBaTU BCi MOXITMBOCTI
YMNOBINbHEHHS NPOrpecyBaHHA: arpecuBHy apmako-
Tepanito, po3rnag XipypriyHmx onui. Hanpuknag, kasa-
nepy 5 pokis 3i cTagieto B2 MoxHa pekomeHayBaTu paH-
He XipypridHe BTpyYaHHsi (BigKpuTa nnactuka KknanaHa
abo TEER) oo po3sutky HE3BOPOTHMX 3MiH MioKkapaa,
ToAdi Sk y 14-piyHOro Ton-Tep’epa 3 nogibHow cTagieto
onepadig Moxe He ByTv BUNpaBAaHoLo. Y niTHIX cobak
4acTo € MHOXWHHI KOMOp6IgHOCTI (XpoHiYHa xBopoba
HUPOK, apTpUT, EHOOKPUHHI NOPYLLEHHS), siKi BNuBakoTb
Ha NepeHoCcMMICTb nikiB. Hanpuknag, onsa craporo coba-
K1 3 HUPKOBOIO HEOOCTATHICTIO 0BeAeTbCA 0bepexHiLle
[o3yBatu iHribitopn AN i giypetvky, Wwob He noripLum-
TW OYHKLi0 HUPOK [8]. AKLLOo Y nauieHTa ogHoOYacHO €
XPOHIYHMI OPOHXIT UM konarnc Tpaxei (Lo Hepigko byBae
y ManeHbKux Nopig), To Kawenb Moxe OyTn 3ymoBne-
HWI He TiNbKM CepLeBo0 HeJOCTaTHICTIO — BiAMNOBIAHO,
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B TaKUX BUMNaZKax 3aCTOCOBYIOTb iHAUBIAyanbHi piLLeH-
HA (MPOTMKALLNbOBI 3acO6U NpW BiACYTHOCTI HAOPSKY
nereHb, KopekLuia 6poHxiansHOI naTonorii napanensHo
3 cepueBoto Teparnieto). [JBa nauieHTn ogHiel nopoan
i Biky Ha cTagii B2 moxyTb noTpebyBaTu pi3HOi TakTu-
KW: OOMH Mae WBKnaKe NporpecyBaHHA po3MipiB cepus,
TOX MIOMY MOXHa paHille novaTty nimobeHaaH i vacTile
KOHTpOntoBaTh exokapgiorpadpiyHi NoOKasHUKY; iHWINMN —
cTabinbHiWKWN, MOXXHa crnocTepiraTk 6e3 nikis goBLUE.
IcHylOTb BigMIHHOCTI y BiANOBIAI Ha Tepanito: geski co-
Gakn gobpe nepeHocATb BUCOKI Jo3u iHribiTopie AM®,
a B IHLUMX BXXe Ha Manux Jo3ax PO3BMBAETLCSA MMOTEHSIA
abo aHopekcis. Tomy Oo3yBaHHS NigdUpaeTbest iHAMBI-
AyarnbHOo, YacTo METOAOM TUTpaUii Nig KOHTponem ap-
TepianbHOro TUCKY Ta GiOXiMiYHMX MOKa3HMKIB. AKLIO
€ apuTMil (Hanpuknag, MUroTNMBa apuUTMIda B KOKepa-
cnaHiens 3i 36inbwWeHM nepeacepasimM), CXxemy niky-
BaHHS JOMOBHIOOTL aHTUAPUTMIYHUMK 3acobamu (beTa-
BGrnokaTtopamu, QUFOKCMHOM abo amiogapoHOM) — Tex
3 ypaxyBaHHAM NepeHOCMMOCTI.

TakvM YMHOM, cyyacHa koHuenuist nikysaHHa MOMK
Lopa3 binbLue 3cyBaeTbCA Bi NPUHLMUMNY «OAWH MNig-
Xig Ans BCiX» JO NepCOHihikoBaHOT MeaNLINMHK, KON
PiLLIEHHSA NPUIMaIOTb 3 ypaxyBaHHAM MHOXWUHHUX hak-
TOpIB, YHiKanbHWUX ANS KOHKpeTHoro cobaku. Lie mae
NOKpaLLMTU AKICTb XXUTTHA NaLEHTIB | BUKOPUCTAHHSA
pecypciB: arpecuBHe INikyBaHHS 3aCTOCOBYETLCS came
Tam, e BOHO HanbinbLl BUNpaegaHe, a 'y onarononyy-
HiLUMX BUNaZKax 3arMBUX BTPYYaHb YHUKAKOTb.

IHHOBaUIUHI XipypaiyHi empyYaHHS

XipyprivHe nikysaHHa MOMK TpaguuinHo 6yno ayxe
obMeXeHM Yepes cknagHicTb BiOKpUTUX onepawin Ha
cepui y opibHmx TBapuH. Ane 3a oCTaHHi 5 pokiB Bia-
OyBCS CNpaBXHi NPOpMB: pO3pobrIeHO ManoiHBa3UBHI
METOAMKUN BiAHOBMNEHHS KnanaHa y cobak, nogibHi o
TUX, SIKi 3aCTOCOBYHOTb Y NOAEN.

Okpim TEER, BunpoboBytoTbca i iHLWi iHHOBaULT.
Hanpwuknag, B AnoHii Ta Kopei TpmuBatoTe poboTn Hag
MOBHICTIO €HOO0CKOMIYHOK KOPEKLEID KnanaHa, e Yepes
HeBENUKi NPOKONM BBOASATL IHCTPYMEHTU Ta kKamepy i nig
30inbLUEHHSIM Xipypr YLUMBA€E NPOBUCHTI CTYMKK, YKPINIoe
KirbLe KrnanaHa crneuiansHum imnnaHTom [12, 17]. Takox
iCHYIOTb MINTOTHI NPOEKTN CTBOPEHHS GioNpOTE3IB MiTpasib-
Horo knanaHa gns cobak, Wwo6 3amiHioBaTh 6e3HafiiHo
3pyNMHOBaHMWI KnanaH Ha wTy4Hun [1, 50]. Mpobnema
BeTEpUHapPHOI MeanLUuHN — e mMani po3mipu cepus
i CKNagHiCTb KpinneHHsA nNpoTesy Ha PyXoMoMY cepui.

OTtxe, y chepi ekcnepumeHTaneHol Tepanii MAMK
BinOyBaeTbCA peBOMoOLIN: Te, WO paHille 3aaBanocb
HEMOXNNBUM (BTpyYaTuUCs y xi AereHepaTuBHOIO
npotecy), Tenep NOCTYNOBO CTA€ pearbHICT. [eHHi
i KNiITUHHI TexHonoriT f4aloTb Hafilo BRNMBaTK Ha camy
CYTHICTb 3aXBOPIOBAHHA, a HOBI XipypridHi metToam
003BONSOTb (Pi3MYHO YCYHYTW Npobnemy perypritawii.
Xoua uj nigxoau we He ctanu MacoBMMM, YCiLLHI Npu-
Knaau HaguxawTb i, 6e3nepeyHo, 3a HUIMKU ManibyTHE
BETEPUHApPHOI KapAionorii.
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BucHosok

3a ocTaHHI M'ATb poKiB MW CTanu CBigKaMu CyTTEBO-
ro nporpecy y po3yminHi ta nikysanHi MOMK'y cobak.
HoBiTHIi MeToan — Big MONEKyNspHUX MapKepiB 4O reH-
HOT Tepanii — TpaHCOPMYIOTb KOMULLIHIO Napagnrmy
BEEHHS Liei xBopobu. MoxxHa 3 onTUMi3MOM O4iKyBaTH,
LLIO B HAWOnwk4oMy ManbyTHLOMY LiarHOCTVKA CTaHe Lue
TOYHILLOI (MOXIMBO, 3 BUKOPUCTaHHAM naHenen Gio-
MapKepiB Y/ HaBiTb FEHETUYHUX TECTIB Ha PU3KK), a ni-
KyBaHHs — LUe e(PeKTUBHILLMM Ta iHOMBIgYani30BaHNM.
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In the biomedical field, polyethylene glycol-based materi-
als demonstrate remarkable positive potential as drug delivery
systems, in wound healing, and tissue engineering. It's known
that complex of polyethylene glycol and thiazole derivative has
demonstrated high cytotoxicity against diverse tumor cell lines,
such as melanoma, glioblastoma, hepatocarcinoma, and leuke-
mia. However, studies on the impact of nanocarriers on sensitive
test systems, such as cold-blooded animal embryos, also de-
serve attention. Our research on loach embryos established that
10 umol/L of PEG-carrier initiated positive, significant changes in
the survival of embryos and prelarvae, while 100 pmol/L caused
embryo swelling. The aim of this work was to identify the morpho-
metric parameters of cold-blooded animal embryos during early
development and to analyze their changes under the influence of
the PEG-carrier using ANOVA. The relative surface area and di-
ameter of the roe, blastomers, embryos, and yolk were the most
informative parameters. We observed that the mPEG-carrier
at 10 umol/L doesn’t exhibit embryotoxic properties and even
positively influences embryo survival. A significant increase in
the relative surface area and diameter of blastomers and embry-
os (roe, embryo, yolk) was only observed under the influence
of 100 pmol/L of the carrier. The share of mMPEG-polymer’s influ-
ence on the morphometric changes in embryos was significant
(58.0-80.0 %) at the 3 and 6" hours of development, with the
exception of changes in the area of eggs/yolk. Two-factor anal-
ysis confirmed that changes in the relative area and diameter of
the roe, embryo, yolk, and blastomers of loach are significantly
caused by the mPEG-polymer addition factor (51.3 %, P<0.05)
to the incubation medium, and do not depend on the factor of
development time. As known, an increase in the size and relative
surface area of germ cells and embryos indicates the embryotox-
ic properties of substances, potentially leading to embryo death.
Therefore, PEG-modification improves the biocompatibility of
nanomaterials and can significantly reduce the toxicity of active
components. However, the use of PEG-polymer requires strict
control over concentration, structure, and administration regimen
due to its clear dose-dependent toxicity, potential immune re-
sponses, and biodegradability issues.

Key words: morphometric parameters, loach, embryo, poly-
ethylene glycol, polymeric carrier, ANOVA
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Introduction

Polymeric carriers (nanomaterials) are constantly be-
ing modified to meet new application requirements in var-
ious fields, including drug/protein/nucleic acid delivery or
the delivery of contrast probes for disease diagnosis and
analysis [6, 8, 24, 39].

Polyethylene glycol (PEG) is a polyether compound
and a versatile, water-soluble polymeric carrier with
variable molecular weight. It's widely used as an ad-
ditive in food and cosmetics [24, 34] and is approved
by the USFDA [11]. In modern pharmacology, PEG is
primarily used as a synthetic macromolecular polymer
for the modification of small drug molecules, peptides,
proteins, or nanodrug delivery systems to improve their
water solubility, biocompatibility [15, 24, 44], and stabil-
ity of molecules [39, 43].

Variable molecular weight PEG particles demonstrate
anti-inflammatory, anti-apoptotic [4], immunosuppres-
sive [39, 43], and stabilizing properties on subcellular
organelles, plasma membranes, endothelial cells [4, 33],
cardiomyoicytes [36] and postovulatory aging mouse oo-
cytes [45]. In preclinical investigations, intravenous deliv-
ery of high-molecular-weight PEG (35 kDa) was shown to
mitigate ischemia-reperfusion injury in the heart, liver [4,
42], and intestine [7], while also enhancing organ viability.
The authors believe these positive effects are partly due
to the activation of survival and compensation pathways
(protein kinase B, adenosine monophosphate-activated
protein kinase, and endothelial nitric oxide synthase) [34—
395]. PEG also stabilizes the actin cytoskeleton in endo-
thelial cells by preserving sarcolemma lipid raft architec-
ture and structure [4, 33]. More recently, polymeric carri-
ers have been recognized as gene carriers due to their
low cytotoxicity and immunogenicity, moderate transfec-
tion efficiency, lack of size limitation, low cost, and rapid
reproducibility [10, 27].

The primary function of modern polymeric carriers is
to transport drugs to target organs and protect them from
interactions with other molecules, potentially resulting in a
loss of the drugs’ pharmaceutical activity [6, 24]. To date,
numerous polyethylene glycol-modified (PEGylated) de-
livery systems with unique characteristics and functions
have been developed [8, 44]. However, only a few of them
have received clinical approval for human use in humans
due to their potential toxicity [30-31]. The poor safety
and efficacy of these substances are significant reasons
for the high failure rate of clinical trials for nanodrug de-
livery systems. These factors are not only related to the
loaded and released drugs but also to the characteristics
of the delivery systems themselves. Although PEG itself
is considered non-immunogenic, there’s increasing evi-
dence that it can initiate an immunogenic response in an
organism, for example, when conjugated to proteins and
peptides [22]. Under these conditions, the combination of
PEG with other biomolecules can lead to the synthesis
of antibodies against PEG after administration, which is
a significant obstacle to the use of PEGylated products.

The Animal Biology, 2025, vol. 27, no. 4

Despite extensive clinical experience, the most common
effects of PEG exposure include hypersensitivity, toxic
by-products, organ atrophy, incomplete biodegradation,
and accumulation in the body [38, 41]. For instance, Patel
and colleagues found diffuse signs of retinal degeneration
and cataract formation in patients injected with PEG-400,
along with a significant decrease in electroretinogram
amplitude and retinal atrophy after PEG injection [35].

Presently, the most popular models for assessing the
toxicity of newly synthesized substances and nanocar-
riers are mammals and cold-blooded animals. Mamma-
lian models, particularly mice, can be used to assess
whole-body and organ-specific toxicity. In particular,
a thiazole derivative complexed with poly(PEGMA)-
based polymer nanomicelles [12—13] has shown a high
level of cytotoxicity against specific tumor cell lines
compared to unconjugated thiazole and/or the classi-
cal chemotherapeutic drug doxorubicin [12].

Aquatic models, such as zebrafish (Danio rerio) [21,
25-26, 40] or loach (Misgurnus fossilis/anguillicauda-
tus) [16—17, 20], offer many excellent characteristics,
including high sensitivity, ease of care, rapid embryonic
development, and transparent body parts that can be ob-
served using a light microscope. Our previous studies es-
tablished that adding 10 ymol/L of a PEG-containing car-
rier to the incubation medium initiated positive, significant
changes in the survival of loach embryos and prelarvae,
in contrast to the effect of the PEG-carrier at a 100 umol/L
concentration [3, 5]. Therefore, the aim of this work was
to identify the main morphometric parameters of loach
embryos during early embryogenesis and analyze the
changes in these parameters under the action of the
PEG-carrier using analysis of variance (ANOVA) [19].

Materials and methods

Egg and embryo collection of Misgurnus and their
breeding were conducted following established proto-
cols [16—18, 20]. Toxicity assays were consistently car-
ried out in Parafilm-sealed Petri dishes, each containing
100 embryos in Holtfreter's medium (mmol/L: 110 NaCl,
1.4 KCI, 1.8 CaCl,, and 5 Tris-HCI, pH 7.4 [18, 20]), to
minimize solvent evaporation. In the experiment, embryos
were incubated in Holtfreter’'s medium supplemented with
PEG-carrier to final concentrations of 10 and 100 umol/L.
Three female and three male loaches were used in the
investigation. For experimental repetition, three dishes
were prepared per pair of individuals, totaling 900 fer-
tilized eggs. Embryo observations, for both control and
experimental groups, were carried out up to the blastula
stage (6 h after fertilization) using an MBS-9 binocular
microscope with a photographic attachment in real time.
Embryos were photographed using a digital microscope
XS§-3330 LED MICROmed. The morphological develop-
ment of embryos from both groups was assessed using
the Fujimoto development tables [16], and morphological
parameters (relative surface area and diameter of the egg,
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blastomers, and embryo) were measured using the com-
puter programs ImageJ and Photoshop (CC 2014v15).

The carrier poly(VEP-co-GMA)-graft-mPEG (here
after referred to as mPEG (M, = 750 Da [29]) was syn-
thesized at the Department of Organic Chemistry (Lviv
Polytechnic National University). The synthesis steps
were described in detail in a previous publication [29].
A water dispersion of the polymeric carrier based on
polyPEG was prepared by dissolving it in dimethyl sulf-
oxide (DMSO), and the resulting solution was subse-
quently transferred into water.

Statistical analysis of the obtained results was car-
ried out using MS Excel 2016 and Origin 2018 programs.
All data are presented as arithmetic mean (M) and con-
fidence interval (Cl). To determine statistically significant
differences between the means of independent investiga-
tion groups, ANOVA was used. The hypothesis of data
normality was tested using the Shapiro-Wilk’s test [28].

One-way analysis of variance (4 series of analyses
for each parameter) was applied to assess the relative
contribution of the influence of the mPEG-carrier (at 40,
60, 150, and 330 min) to changes in the studied mor-
phometric parameters. This analysis also considered
the influence of unmeasured factors and assessed the
statistical significance of these effects. To establish the
contributions of the time factor (Factor 1, development
time) and the studied factor (Factor 2, mPEG-carrier)
to changes in the morphometric parameters of em-
bryos, 8 series of two-way analysis of variance were
conducted. For all analysis series, N, represents the
number of gradations for the duration of embryo de-
velopment (N; = 4), and N, represents the number of
gradations for the other factor under study (N, = 2) [19].
Using the SPSS/Statistica program, Levine’s test was
performed to assess the homogeneity of variances of
several samples. P-values of <0.05 or lower were inter-
preted as statistically significant.

Ethical Considerations. The study was conducted in
accordance with the general ethical principles of animal
experiments established by the First National Congress
on Bioethics (Kyiv, Ukraine, 2001) and was approved by
the Ethics Committee of Ivan Franko National University
of Lviv, Ukraine, at the beginning of the research (Proto-
col no. 51-06-2025 from 02.06.2025). Adult loaches were
kept in a refrigerator, with daily environment changes and
suitable lighting and temperature conditions.

Results and Discussion

Loach development

In the first stage of the research, the process of loach
development from fertilization to asynchronous division of
blastomers (6 h after fertilization, late blastula) under nor-
mal conditions was analyzed. Fig. 1 and 2 summarize the
changes in the relative morphological parameter values
(relative surface area and diameter) of loach embryos
during the early stages of embryogenesis in the group of
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control. A significant increase in the blastomers relative
area and the embryos themselves was found. It should
be noted that changes in the relative surface area of roe
and the embryo itself of the loach did not differ at the stud-
ied stages of embryogenesis, but significantly increased
throughout early embryogenesis (see fig. 1B).

In the control group of embryos, the blastomers di-
ameter exhibited a significant decrease (fig. 2A). Loach
eggs mainly have a spherical, streamlined shape [3],
which contributes most to their existence and survival in
a constantly moving aquatic environment. A significant
increase in egg diameter was found with a proportional
increase in the size of the embryo itself (by 41.7+0.6 %;
see fig. 2B) in the group of control.

It is known that egg size, like other characteristics
such as the size of the embryonic yolk, is adaptive in
nature. These morphometrically changes were accom-
panied by a slight decrease in the area of the embryonic
yolk, even though the young fish organism switches to
a mixed type of nutrition quite late after hatching [16, 18,
20]. Studies by Fujimoto and co-authors showed simi-
larities between loach development from the cleavage
stage to the gastrula stage [16] and that of some other
fish, such as ice goby [1] and medaka [22].

This is due to a periodic an increase in embryonic
cell count during the first 6 hours of development (at this
stage of development, the embryo consists of more than
1,000 cells) [16, 18].

The mPEG-carrier effect
on the morphological parameters of loach embryos

A study by Bagday et al. [3] established a low embryo-
toxic effect of poly-mPEG-carrier on embryos and larvae
of M. fossilis L. However, no anomalies or malforma-
tions were detected in loach larvae that survived expo-
sure to the polymer carrier in a 10-day experiment [3, 5].

Therefore, a study was conducted to determine the
concentration dependence of the newly synthesized car-
rier's effect on the morphometric parameters of embryos
during the embryogenesis of cold-blooded animals ex-
posed to 10 and 100 ymol/L of mPEG-carrier.

At the second stage of our research, we observed
a minor, though significant, increase in area (Fig. 3A-B)
and diameter (Fig. 4A-B) of blastomers and embryos
themselves (including roes (19,1£0,2 %), embryo (rela-
tive area — 30.5+£1.1 % and diameter — 10.3£0.7 %)
and yolk) under the influence of 100 ymol/L mPEG-
carrier at the studied stages of embryo development.

Additionally, at 150 and 330 min of development,
a significant increase (9.2+1.3 %) in the relative area of
embryos and embryonic yolk was found under the in-
fluence of 10 ymol/L mPEG-carrier. It should be noted
that under the influence of the studied mPEG-polymer
concentrations at 6 hours of development, a significant
increase in the relative area of the embryonic yolk was
found on average by 22.3+0.7 % (Fig. 3B). This con-
firms the high sensitivity of embryonic objects as test
systems.
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Fig. 2. Changes in the blastomers (A) and embryos (B) diameter during synchronous divisions (M+Cl, n=10)

Note. Designations are as in fig. 1.

Such changes in embryo morphometric parameters
were not accompanied by embryo death in survival
experiments [4], which confirms the low embryotoxicity
of 10 pmol/L poly-mPEG. It's worth noting that mPEG-
based nanomicelles demonstrated a low level of cyto-
toxicity against specific breast tumor cell lines compared
to unconjugated thiazole and/or the classical chemo-
therapeutic drug doxorubicin [12]. The ICs, of the cyto-
toxic effect on MDA-MB-231 cells was 26.5+2.9 ymol/L
for the thiazole derivative, 6.9£0.4 umol/L for the thia-
zole-PEG complex, and poly(PEGMA) demonstrated
low toxicity (IC5,>50 pumol/L) [12].

Consequently, our sensitivity findings for loach
embryo cells partially align with the ICs, coefficient for
poly(PEGMA) [13] regarding its cytotoxicity on the tumor
cell line. While the mPEG-carrier at 10 ymol/L concen-
tration did not exhibit embryotoxic properties, the same
cannot be said for the results with the 100 umol/L carrier.

As a result of the calculations, a significant increase in
blastomers and embryo relative surface area and diam-
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eter was found under the influence of 100 pymol/L mPEG-
carrier. This may indicate swelling of the embryos and
impaired water-salt metabolism, which can cause early
embryo death. Although polyethylene glycol modification
(PEGylation) reduces the concentration of carbon dots (CD)
in the heart, the concentration remains elevated com-
pared to most other nanomaterial types [6, 37].
Nevertheless, intermediate concentrations of NH,—
PEG (80 ug/ml) were used in experiments to determine
PEGylation’s toxicity on a mouse heart model and its effect
on heart development in a zebrafish model [6]. Administra-
tion of PEG-CD to mice caused a statistically insignificant
decrease in serum creatine kinase and lactate dehydroge-
nase levels detected on day 7, which returned to their re-
spective control levels on day 21. Neither PEG-CD caused
significant changes in cardiac cell morphology, nor did it
lead to a significant elevation in heart rate or other ECG
parameters. However, PEG-CD administration did cause
minor changes in cardiac development, which aligned with
the findings from in situ hybridization experiments [6].
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It can be concluded that, in the zebrafish model, the
introduction of PEG into the carbon nanomaterial sys-
tem reduced the toxic effects of pure CDs on cardiac de-
velopment. The obtained data demonstrated that PEG-
ylation improves the biocompatibility of nanomaterials
but does not completely eliminate the toxicity of active
CDs. The significant reduction in CD toxicity could be
caused by the reduction in contact between nanomate-
rials and cells due to the introduction of PEG.

ANOVA analysis

One suitable and adequate method for assessing
the influence of exogenous factors (based on their
proportional contribution to the variability of the studied
indicator’s values), as well as validating their role in the
organism’s observed metrics, is ANOVA [19]. One-way
analysis of variance was analyzed for each studied
parameter, obtained at specific times of embryo de-
velopment: 40, 60, 150, and 330 minutes.
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Additionally, four series of variance analysis were con-
ducted under the influence of the mPEG-carrier at two
concentrations (N, = 2).

The mPEG-polymer’s influence is confirmed by its
substantial contribution (58.0-80.0 %) to the alterations
in embryonic morphometric parameters, with the ex-
ception of variations in egg surface area and yolk dur-
ing the studied period of early embryogenesis (fig. 5A).
Throughout this studied period, no significant influence of
the mPEG-carrier on changes in the area and diameter
of roes and yolk was detected (Fig. 5A-B). This suggests
these changes were caused by other factors, whose
contributions were quite significant (18.5-98.0 %).

A two-factor analysis of variance was performed to
establish the proportions of the factors’ influence: investi-
gating the effect of mPEG-carrier (Factor 1) concentration
on changes in morphometric indicators at the previously
established time points of development of loach embryos
(Factor 2). It was found that for changes in the relative area
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and diameter of the roe, embryo, yolk, and blastomers,
the time factor was statistically insignificant (16.2 %).
Ultimately, all changes in embryonic morphometric indica-
tors were due to the addition of polymer to the incubation
medium (contributing an average of 51.3 %, P<0.05).
This may indicate both the influence of factors not
accounted for in the experiment (including female body
condition, quality of reproductive products, and atmospher-
ic pressure), and the low biocompatibility of the mPEG-car-
rier with the yolk’s lipid component. However, this requires
confirmation in further studies. The most notable and sig-
nificant influence of the mPEG-carrier (P<0.001) in chang-
es in both the area and diameter of the embryos and blas-
tomers was found particularly at the third and sixth hours
of development. As is known, an increase in the size and
relative surface area of germ cells and embryos indicates
cytotoxic changes, such as cell swelling and an increase
in intracellular fluid [9]. Such cellular changes occur with
various physical cell damages as well as with allergic
reactions in the body. In these cases, the colloidal-osmotic
state of the cytoplasm changes due to altered substance
transport across the cell membrane. Cytotoxic swelling de-
pletes the extracellular space of Na*, Cl-, and water mole-
cules, thereby creating a new gradient for these molecules
across the cytoplasmic membrane [9]. The observed in-
crease in blastomer size provides further confirmation, but
not of the embryo itself within the perivitelline membrane
(i.e., eggsloocytes). Thus, cytotoxic edema is important in
its own right because it signals a premorbid cellular process
that almost inevitably leads to oncotic or necrotic cell death.
Drawing from literature data and our results, it can be
concluded that while PEG-modification often improves
nanomaterial biocompatibility, it doesn’t always complete-
ly eliminate their toxicity. It's well known that neither the
thiazole derivative, mPEG-nanomicelle, nor their complex
altered antioxidant enzyme activity in hepatocytes from
mice with Nk/Ly lymphoma [32]. Our findings are partially
consistent with data on poly(PEGMA) cytotoxicity against
tumor cell lines [12—13]. Another PEG-nanomaterial, the

The Animal Biology, 2025, vol. 27, no. 4

polymer mPEG-b-PGC, is non-cytotoxic, but paclitaxel
(PTX)-loaded nanoparticles are cytotoxic to lung, breast,
and ovarian cancer cell lines [14]. Optimal mPEG/PLGA
ratios, which influence surface PEG density and nanopar-
ticle size, can ensure prolonged PLGA-mPEG nanoparti-
cle circulation in the bloodstream [2]. It's also important to
note that the sarcoplasmic reticulum’s recovery rate
significantly depends on both PEG’s molecular weight
and pre-incubation time, with PEG200 incubation for
2—6 hours notably increasing this recovery rate [35].

We should approach using mPEG-carrier with great
caution, and they require further thorough research and
optimization of loading conditions. Their low toxicity at
small doses and ability to improve biocompatibility make
them promising [24]. However, their clear dose-depen-
dent toxicity, potential immune responses [22], and biode-
gradability issues necessitate strict control over concen-
tration, structure, and administration regimen to ensure
safety and effectiveness in clinical settings.
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MopdomeTpuyHuin Ta guCnNepcinHMA aHani3 napameTpiB emopioHa B’toHa 3a BnnuBy MNElM-Hocis

M. Bypa’, B. BaHuypa’, 5. lllanat’, C. MaHO03uHeub? H. Mimina® O. 3aiyeHko?
marta.bura@lnu.edu.ua

'NbBiBCHKMI HaUiOHaNbHWUI yHiIBepeuUTeT iMeHi IBaHa ®panka, Byn. [pywescbkoro, 4, M. JTbsiB, 79005, YkpaiHa
2[MpuBaTHuU nignpmemeup «MangsvHeub CeiTnaHa MuxannisHay, Byn. Yxropogcbeka, 14, m. Jlbsi, 79034, YkpaiHa
*HauioHanbHui yHiBepcuTeT «J1bBiBCbKa nomniTexHikay, nn. C.. Opa, 9, m. JlbeiB, 79013, YkpaiHa

Y GiomeauuuHi MEM-matepiany AeMOHCTPYIOTb 3HA4YHUIA MO3UTVBHUIA NEPCMEKTUBHUIA NOTEHLian sik CUCTEMU AOCTaBKM MiKiB, Y 3aro€HHi
paH i TKaHUHHIV iHxeHepii. Bioomo, Lo KOMMNEKC NomMieTUNEHITIKOMNIO Ta NOXIAHOI Tia3ony NPoAEeMOHCTPYBaB BUCOKY LIMTOTOKCUYHICTb NMPOTH
Pi3HMX NiHi NyXIUHHUX KNITUH, SIK-OT MenaHoMma, rmiobrnactoma, renatokapLuHoma Ta nenkemisi. OfHak Takox 3acrnyroByoTh yBaru 4OCHi-
[PKEHHS BMNMBY HAHOHOCITB Ha Taki YyTNUBI TECT-CUCTEMMU, SIK 3apOAKM XONOAHOKPOBHMX. Halui AocnigkeHHs Ha eMBpioHax B'loHa BCTaHO-
Bunu: 10 Mkmonb/n MEM-Hocis iHiLitoBano NosuT1BHI LOCTOBIPHI 3MiHW BKMBaHHS 3apOoaKiB Ta NepensIMyMHOK B'loHa, Tofi sik 100 MKkmonb/n
npu3BoAnTb A0 Habpsiky eMBpioHiB. MeToro poboTn Byno ineHTudikysaT MopOMETPUYHI NapaMeTpy eMBPIOHIB XONOOHOKPOBHMX Ha PaHHIX
CTapjisix po3BUTKY Ta aHani3 ix 3miH nig gieto MEM-Hocis 3a gonomoroto avcnepcinHoro aHanizy (ANOVA). HarniHdopmaTvBHilmmMmn napa-
MeTpamu Oynu BigHOCHa NioLla Ta AiaMeTp ikpu, GnactoMepi, 3apofkiB i )oBTka. [MEM-Hocin y KoHueHTpauii 10 MkMonb/n He BUABNSIE
eMBPIOTOKCMYHMX BNACTUBOCTEN | HABITb MO3UTUBHO BMIMBAE Ha BUXVBAHHS 3apoakiB. [locToBipHe 36inbLUeHHs BIGHOCHOT NOLLj Ta AiameTpy
BrnactomepiB Ta eMOpIOHIB (ikpy, 3apozaka, >koBTka) criocTepirany nuwe 3a srnvey 100 Mkmonb/n Hocisd. YacTka Bnnney mPEG-nonimepy
Ha MOPOMETPUYHI 3MiHN emBpioHiB Byna 3Ha4vHoto (58.0—80.0 %) Ha 3-11 Ta 6-11 roguHax po3BUTKY, 3@ BUHSITKOM MIOLLi ikpu/KOBTKa.
[BohakTopHMIA aHani3 NigTBEPAMB, L0 3MiHW BiAHOCHOT NIOLLi Ta AiamMeTpy ikpu, 3apoaka, KoBTka Ta brnactoMepis B'toHa JOCTOBIPHO
obymoBneHi gogaBaHHAM B cepegoBuwie mPEG-nonimepy (51.3 %, P<0.05), i He 3anexaTb Bif YMHHMKA Yacy po3BuTKY. AK BiJOMO,
36inbLUEHHST pO3MipiB 3apOAKOBUX KMITUH Ta eMOPIOHIB CBIgYUTL NP0 eMBPIOTOKCUYHI BMACTUBOCTI PEYOBMH, LLIO MOTEHLIMHO Beae 40 3arvi-
6eni. Omxe, MNEM-moaudikauisi nokpatlye GiocyMicHICTb HaHOMaTepianiB Ta MOXe 3Ha4YHO 3MEHLLUMTU TOKCUYHICTb aKTUBHUX KOMMOHEHTIB.
OpHak 3acTtocyBaHHst mPEG-nonimepy BUMarae CyBoporo KOHTPOIo KOHLEHTpaLlii, CTPYKTYpUY Ta pexumMy 3acTOCyBaHHS Yepes YiTKy
[0303anexHy TOKCUYHICTb, MOTEHUiNHI iMYyHHI BignoBiai Ta npobnemu 3 6iogerpagauieto.

Kno4yoBi cnosa: MopdoMeTpUYHi napameTpu, B'loH, 3apOAOK, NOMiETUINEHMIKONb, NOMIMEPHNUIA HOCIN, AUCMEPCIHWI aHani3

Bura M, Vantsura V, Shalai Y, Mandzynets S, Mitina N, Zaichenko O. Morphometric and ANOVA analysis of the loach embryo parameters
under the PEG-carrier influence. Biol Tvarin. 2025; 27 (4): 22—29. DOI: 10.15407/animbiol27.04.022.
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The functions of the intestinal system are crucial for ani-
mal health and productivity, as they ensure digestion, nutrient
absorption, immune homeostasis, and microbiota regulation.
Molecular markers of the intestinal system, such as occludin
(OCL), fibronectin (FN), interferons (IFN-a, IFN-y), and cas-
pase-3 (Casp-3), serve as sensitive indicators of its functional
state. This article presents the results of an experimental
study on the effects of short-chain fatty acids (SCFA-M, C3-C12)
on the expression of molecular markers of intestinal barrier
function in three-way crossbred piglets. A total of 100 piglets
aged 42 days were selected for the study and divided into
control and experimental groups. The diet of the experimen-
tal group was supplemented with SCFA-M. Expression levels
of molecular markers were assessed in the duodenum using
the Western blot method. Obtained results showed a signifi-
cant increase in the expression of OCL, FN, and IFN-a in the
experimental group, indicating improved barrier function, ex-
tracellular matrix stability, and immune response. Specifically,
by day 56, FN expression increased by 46.80 % (P<0.001),
OCL by 16.78 % (P<0.001), and IFN-a by 20.06 % (P<0.05)
compared to the control group. Contrary, decreased levels of
IFN-y and Casp-3 indicated reduced inflammation and apop-
totic activity. The correlations between molecular marker ex-
pression and metabolic parameters were analysed to clarify
the interaction of these indices. Notably, in 56-day-old pig-
lets of the control group, OCL expression negatively cor-
related with blood total protein levels (r = —0.83; P<0.05).
In 77-day-old animals of the experimental group, correlations
were found between FN and OCL expression and serum cal-
cium levels (r = —0.90; P<0.05). These findings demonstrated
the positive effects of SCFA-M on immune regulation, proin-
flammatory balance, and the maintenance of intestinal bar-
rier integrity in piglets. The presented data may be applied in
veterinary practice for the prevention of intestinal infections,
enhancement of pathogen resistance, and optimization of
animal productivity.

Key words: intestinal system, molecular markers, SCFA-M,
piglets, intestinal barrier function, occludin (OCL), fibronectin (FN),
interferons (IFN-a, IFN-y), caspase-3 (Casp-3)
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Introduction

The intestinal system functions are critically important
for nutrient absorption, immune defense, and microbiota
regulation [8, 21]. It ensures the processes of digestion
and absorption of essential nutrients, maintains a bar-
rier against pathogens, supports microbiota balance,
and regulates metabolic and immune homeostasis [8].
Enhancements or disruptions of these functions can sig-
nificantly affect overall health and growth, particularly in
animals such as piglets, for whom intestinal development
is crucial for productivity and disease resistance [4].
Currently, there is a growing need for a better under-
standing of the physiological functions of the intestinal
system and the factors that influence its homeostasis.

Molecular markers of the intestinal system serve
as powerful tools for assessing the functional status of
the gut, particularly its barrier function. Since protection
against enteropathogens is ensured by a complex inter-
play of cell-to-cell junctions and cell-extracellular matrix
adhesions, the level and state of adhesion proteins can
serve as sensitive indicators of intestinal barrier integrity
and density [16]. For example, proteins such as OCL,
claudins, and zonulin-1 play a key role in forming tight
junctions that prevent the penetration of pathogens and
toxins into the submucosa [3]. Changes in the expres-
sion or structure of these proteins can signal barrier dys-
function, which often accompanies inflammatory pro-
cesses or infectious diseases [4]. At the same time, FN,
which connects cells to the extracellular matrix, contrib-
utes to tissue stability and damage repair [5]. Monitoring
molecular markers not only allows for the diagnosis of
functional disorders but also provides a means to evalu-
ate the effectiveness of therapeutic and preventive in-
terventions aimed at maintaining or restoring intestinal
health. This opens broad prospects for the application
of molecular markers in veterinary practice, particularly
in enhancing animal resistance to intestinal infections
and supporting their productivity.

The aim of study was to find out the effect of SCFA-M
blend on the gut barrier integrity and immunity in the thin
intestine of the piglets as a chain of studies conducted
for other species [12].

Materials and Methods

The experiment was conducted using 100 three-way
crossbred DanBred piglets aged 42 days, which were di-
vided into two groups: control and experimental (50 ani-
mals per group). Piglets were housed in group pens in com-
pliance with EU stocking-density standards: 0.20 m?/pig
for the 10-20 kg body-weight range and 0.30 m?%pig for
20-30 kg; the actual allowances provided were 0.22—
0.24 and 0.33-0.36 m?/pig, respectively. Water was
available ad libitum; complete compound feed was of-
fered ad libitum according to identical feeding regimens
in both groups (except for the experimental additive in
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the treatment group). The environmental conditions were
maintained within stable limits: temperature 22—-26 °C,
relative humidity 55-65 %, mechanical ventilation; a fixed
photoperiod of 16L:8D was observed. Prior to the trial,
all animals underwent clinical examination; only clinically
healthy piglets were enrolled. Weaning from the sows oc-
curred on day 26 of life; the trial began at 42 days of age.
From 42 to 77 days of age, the treatment group received
in the diet a composition of monoglycerides of short- and
medium-chain fatty acids (SCFA-M, C3—C12), custom-
manufactured for PARTNERAGRO2016 LLC at the pro-
duction facilities of NETAG B.V. (Netherlands), at a dose
of 1.0 kg per metric tonne of feed. According to the cer-
tificate of analysis, the proportions of glyceride fractions
(w/w %) were: monoglycerides 31 %, diglycerides 18 %,
triglycerides 1 %, free glycerol 14 %. The acids esterified
with glycerol included propionic (C3), butyric (C4), ca-
prylic (C8), capric (C10), and lauric (C12) acids. Inclusion
was performed in a production mixer with process control
of batch homogeneity.

To assess the expression of molecular markers relat-
ed to the intestinal barrier function, five piglets from each
group were euthanized at 42, 56, and 77 days of age.
The samples of the duodenum were selected from ev-
ery animal and washed with phosfate saline buffer (PBS).
The tissue samples were immediately froze and store at
—22 °C no longer then 2 weeks before start of analysis.

Duodenal tissue samples were homogenized with us-
ing RIPA buffer to extract both soluble and insoluble pro-
tein fraction. The extraction was carried out 50 minutes
at 4 °C and homogenates were centrifuged 45 minutes at
20,000 g. Western blot analysis carried out as it reported
early [7]. Protein extracts from the intestinal tissue sam-
ples were separated by electrophoresis in polyacrylamide
gels (PAAG) with an acrylamide gradient concentration
of T = 7-18 % [11]. Protein bands were transfered from
the gel to nitrocellulose membranes with an electric field
(current of 150 mA) during 60 minutes. The blocking of
unspecific adsorption on nitrocellulose membrane sur-
face was carried out using bovine serum albumin (BSA)
1 % solution in PBS. Following blocking, membranes
were incubated with a 1:1500 dilution of specific primary
antibody in PBS contained 1 % dry milk. All primary anti-
body were purchaused from Santa Cuze Biotechnology
including anti-caspase-3, anti-fibronectin, anti-occludin,
anti-IFN-y, and IFN-a (respectively sc-56046; sc-271098;
s¢-133256; sc-390800; sc-373757). After washing mem-
brane was probed with secondary HRP conjugated anti-
body at 60 min then wased and developed on the X-ray
film with advanced ECL method. The results of total pro-
tein content were expressed as percentages relative
to the control group. The total protein concentration in
each sample was determined by the Bradford assay to
equalize the obtained data with WB method [2].

Metabolic status was assessed using serum biochem-
ical parameters. At 42, 56, and 77 days of age, whole
blood without anticoagulant was collected from 10 piglets
per group to obtain serum. Serum concentrations of total
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protein, albumin, globulins, total calcium, and inorganic
phosphorus were determined on a Miura-200 automat-
ed analyzer (Italy) using commercial kits from Spinreact
(Spain). The protein coefficient (albumin-to-globulin ratio)
and the Ca/P ratio were calculated. Associations between
biochemical parameters and the expression of molecular
markers in the piglet duodenum were evaluated by Pear-
son’s correlation analysis.

Statistical analysis was performed using specialized
software Prism 10. The descriptive statistics used in this
study included: M — mean; SD — standard deviation.
Differences were considered statistically significant at
P<0.05 (including P<0.01 and P<0.001).

Results and Discussion

The results of present study have established strong
correlations between the modulation of molecular mark-
ers in the duodenum of piglets at different stages of the
experiment (r = 0.82-0.99; P<0.05-0.01). This may in-
dicate complex regulation of immune response, barrier
functions, and apoptosis, which are altered under the
influence of the experimental conditions, particularly
the supplementation of SCFA-M.

A significant impact of SCFA-M supplementation was
observed in respect with the expression level of molecu-
lar markers in the duodenum of piglets (fig.). Notably, in
56-day-old piglets from the experimental group, expres-
sion levels increased significantly: IFN-a up to 138.14 %
(SD =17.69 %), FN up to 163.06 % (SD = 1.63 %), and
OCL up to 123.42 % (SD = 5.99 %). These levels were
respectively 20.06 % (P<0.05), 46.80 % (P<0.001),
and 16.78 % (P<0.001) higher compared to the control
group. At the same time, IFN-y expression reached only
85.97 % (SD = 8.70 %) and Casp-3 dropped to 64.44 %
(SD =8.19 %), which were 57.12 % (P<0.001) and 54.76 %
(P<0.001) lower, respectively, than in the control group.

These data reflect significant changes that may be
attributed to various mechanisms of SCFA-M action.
The increase in IFN-a expression indicates activation of
the immune response in the duodenum of the experi-
mental piglets [6]. IFN-a is known for its antiviral activity,
suggesting improved intestinal barrier resistance to
pathogens [18]. Its elevated level points to the stimu-
latory effect of SCFA-M on the immune system.

The marked increase in FN expression is an indica-
tor of improved extracellular matrix (ECM) structure and
rehabilitation [10]. FN is a ECM component involved
in tissue repair and the maintenance of intestinal wall
structural integrity [19]. Its upregulation reflects the ben-
eficial impact of SCFA-M on tissue homeostasis.

The increased expression of OCL suggests en-
hanced epithelial barrier function [1]. OCL is a vital com-
ponent of tight junctions, which prevent the penetration
of pathogens and toxins [20]. Its higher concentration
indicates stabilization of barrier integrity under the influ-
ence of SCFA-M.
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The intestinal mucosa is constantly exposed to the
luminal environment, including bacteria, toxins, and
pathogens, making it highly susceptible to inflamma-
tion. Both exogenous and endogenous factors can
disrupt the balance of the gut microbiota, physiologi-
cal processes, and immune functions of the mucosa,
leading to reduced feed intake, diarrhea, and impaired
growth [14]. The epithelial cells of the mucosal lining in
the gastrointestinal tract constitute the largest immune
organ in pigs. The health of these cells is essential for
pig growth and development, as they are responsible
for secretion and absorption [17]. Molecular markers
such as FN, OCL, Casp-3, IFN-a, and others play criti-
cal roles in gut health, contributing to the barrier func-
tion, immune defense, and structural stability of the
gastrointestinal tract [13, 18].

The observed differences in molecular marker ex-
pression in the duodenum of piglets under the influence
of SCFA-M persisted until the final day of surveillance
(day 77). Specifically, by day 77 in the experimental
group, the expression of IFN-a was 33.10 % higher
(P<0.001), FN increased by 44.95 % (P<0.001), and
OCL rose by 17.95 % (P<0.001), whereas the levels
of IFN-y and Casp-3 decreased by 51.47 % (P<0.001)
and 54.68 % (P<0.001), respectively, compared to
the control group. The expression of IFN-y is indica-
tive of inflammatory activity, as IFN-y is a key cytokine
promoting inflammation [15]. Therefore, its reduction
may suggest an anti-inflammatory effect of SCFA-M,
helping to reduce the risk of developing intestinal in-
flammatory diseases. Meanwhile, Casp-3 is a known
marker of apoptosis [22], and its decreased expression
indicates reduced apoptotic activity in the intestinal
epithelial cells [23]. This reduction may result from the
stabilizing influence of SCFA-M on cellular metabolism
and stress mitigation.

The findings confirmed the positive effects of SCFA-M
on immune response regulation and the maintenance
of intestinal barrier integrity in piglets. The increased
expression of IFN-a, FN, and OCL emphasizes en-
hanced resistance of the intestinal epithelium and im-
provement in its structural condition. At the same time,
the reduced expression of IFN-y and Casp-3 indicates
diminished inflammation and apoptosis, reflecting the
stabilizing and protective effects of SCFA-M.

It is important to note that in 56-day-old piglets, the
modulation of molecular marker expression was closely
associated with the protein metabolism changes, where-
as in 77-day-old animals, these associations were more
strongly related to trace element metabolism. This may
reflect age-related changes in metabolic processes and
differential effects of SCFA-M on these age groups.

In 56-day-old piglets of the control group, the expres-
sion of OCL in the duodenum showed a negative corre-
lation with total protein (r = —0.83; P<0.05) and albumin
(r=-0.81; P<0.05) levels in blood serum (table). This
suggests that reduced OCL expression may be linked
to elevated serum protein components. These changes
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could reflect adaptive processes of the intestinal bar-
rier in response to increased protein metabolism typical
for this age group. A positive correlation was found be-
tween Casp-3 levels and the serum protein coefficient
(r = 0.82; P<0.05) in piglets of the experimental group,
indicating that increased apoptosis (Casp-3) may be as-
sociated with intensified protein metabolism, potentially
reflecting active regeneration or enhanced cellular turn-
over under the influence of SCFA-M.

On the 77-day-old piglets the control group, a posi-
tive correlation was observed between IFN-y and
Casp-3 levels and the calcium-to-phosphorus ratio in
serum (r = 0.81-0.92; P<0.05-0.001). This suggests
that changes in the expression of inflammatory and
apoptotic markers may be associated with mineral
balance, reflecting age-related shifts in metabolism.
Casp-3 expression showed a negative correlation with
phosphorus levels (r = -0.81; P<0.05), indicating a pos-
sible reduction in apoptotic activity under phosphorus
deficiency or altered phosphorus metabolism.

The effect of SCFA-M application was accompanied
by the inverse correlations between FN and OCL ex-
pression in the duodenum and serum calcium levels
(r = -0.90 to -0.85; P<0.05) in the group of 77-day-old
piglets. This may suggest that elevated mineral levels
in the blood could be associated with reduced expres-
sion of these markers, potentially indicating alterations
in the structural integrity of the intestinal barrier. Casp-3
expression in the duodenum also showed a negative
correlation with phosphorus levels (r = —0.83; P<0.05),
which may point to the influence of SCFA-M in reduc-
ing apoptotic activity under conditions of altered mineral
balance.

The inclusion of SCFA-M in the piglets’ diet positively
affects the expression of key molecular markers of in-
testinal barrier function, such as OCL, FN, and IFN-a,
indicating improvements in the integrity and functional
condition of the epithelial barrier. The decreased levels
of IFN-y and Casp-3 in the experimental group suggest
an anti-inflammatory effect of SCFA-M and a reduction
in epithelial cell apoptotic activity, which contributes to
tissue stabilization and a lowered risk of developing
inflammatory intestinal diseases.

The established correlations between the expression
of molecular markers and metabolic indicators (serum
protein and mineral levels) reflect the integrated interac-
tion of SCFA-M with protein and mineral metabolism in
piglets. The effects of SCFA-M vary with the age of the
animals: in 56-day-old piglets, its influence was more
pronounced on protein metabolism, while in 77-day-olds
it primarily affected mineral metabolism.

The results indicate that SCFA-M supplementation
in piglet feeding may serve as an effective strategy to
enhance resistance to intestinal infections, maintain
productivity, and support intestinal health. These find-
ings highlight the potential for incorporating SCFA-M
into veterinary practice to improve intestinal system
function and increase the efficiency of piglet rearing.
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Table. Associations between blood biochemical parameters and the expression of molecular markers in the piglet duodenum (r)

Control group Experimental group

Indicators
IFN-a IFN-y FN OCL Casp-3 IFN-a IFN-y FN OCL Casp-3
42 days
Total protein -0.19 -0.32 -0:50 -0:61 -0.15 -0!54 -0.44 -0.49 =0!65 -0.49

Globulin -0.31 -0:44 —-0!58 -0.28 -0!56 —-0!63 =077 =061

Ca -0:39 -0:53 -0:50 -0:48 -0:48 -0.04 -0.18 -0.03 0.14 -0.12
P 0.08 0.36 0.30 0:39 0.29 —-0:52 -0!66 -0:48 -0:43 -0!64
CalP -0.34 -0:53 -0:49 -0:49 —0:47, 0.34 0.33 0.32 0.43 0.37
56 days
Total protein -0!63 -0:50 —0!59 -0:45 0.12 0.26 0.20 0.13 0.21
Albumin =054 -0:39 —-0:52 -0.:36 0.04 0.19 0.14 0.05 0.17
Globulin -0:38 -0:38 -0.32 -0.31 -0.31 0.17 0.28 0.22 0.19 0.21
A/G -0.22 -0.09 -0.23 -0:49 -0.10 -0.09 -0.02 -0.02 -0.12 0.01
Ca 0.06 -0.27 -0:30 -0.07 -0.28 —-0:53 -0:42 -0:55 —-0!62 -0!56
P 0.33 0.52 0:51 0.21 0:60 -0.06 0.04 0.14 0.1 0.25
Ca/P -0.01 -0.32 -0:34 -0.07 -0.34 -0.34 -0.31 -0:49 —0:51 -0:55
77 days
Total protein -0!57, -0!55 -0:48 -0:49 -0:50 —-0!62 -0:55 -0:41 —-0:52
Albumin =0:59 =0!611 =0!6/1 =0:57, =0!59 -0.03 0.02 0.09 -0.10 0.10
Globulin 0.34 0.40 0:46 0:38 0.41 —0:47 -0:45 -0:38 -0.34 -0!63
AIG -0:48 =0:54 -0!56 -0:50 =054 0.36 0.37 0.32 0.23 0.53

Ca 0:54 0'65) 0:51 0:59

CalP 0'811! 0Y77 0:30 0.19 0.13 0.26 046
References

the adhesion of Lactobacillus plantarum HC-2 to Penaeus van-
namei intestinal epithelium and inhibiting the apoptosis induced by

Al-Sadi R, Khatib K, Guo S, Ye D, Youssef M, Ma T. Occludin
regulates macromolecule flux across the intestinal epithelial tight
junction barrier. Am J Physiol Gastrointest Liver Physiol. 2011;
300 (6): G1054-G1064. DOI: 10.1152/ajpgi.00055.2011.

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem. 1976; 72 (1-2): 248-254. DOI:
10.1016/0003-2697(76)90527-3.

Chelakkot C, Ghim J, Ryu SH. Mechanisms regulating intestinal
barrier integrity and its pathological implications. Exp Mol Med.
2018; 50 (8): 1-9. DOI: 10.1038/s12276-018-0126-x.

Chen J, Xu YR, Kang JX, Zhao BC, Dai XY, Qiu BH, Li JL. Effects
of alkaline mineral complex water supplementation on growth
performance, inflammatory response, and intestinal barrier
function in weaned piglets. J Anim Sci. 2022; 100 (10): skac251.
DOI: 10.1093/jas/skac251.

Du, Li H, Xu W, Hu X, Wu T, Chen J. Cell surface-associated
protein elongation factor Tu interacts with fibronectin mediating

34

LPS and pathogen in Caco-2 cells. Int J Biol Macromol. 2023;
224: 32-47. DOI: 10.1016/j.ijbiomac.2022.11.252.

Fais S, Capobianchi MR, Silvestri M, Mercuri F, Pallone F,
Dianzani F. Interferon expression in Crohn’s disease patients:
Increased interferon-y and -a mRNA in the intestinal lamina
propria mononuclear cells. J Interferon Res. 1994; 14 (5): 235-238.
DOI: 10.1089/jir.1994.14.235.

Faraj AM, Agca CA, Nedzvetsky VS, Tykhomyrov AA. C60 hydro-
fullerene induced autophagy and ameliorated GFAP in H,O,-
treated human malignant glioblastoma U-373 cell line. Karbala
Int J Mod Sci. 2022; 8 (3): 19. DOI: 10.33640/2405-609X.3242.

Gavrylenko AV, Masiuk DM. Monoglyceride supplementation
modulates microbiome of small intestine in piglets. Theor App!
Vet Med. 2024; 12 (4): 21-30. DOI: 10.32819/2024.12019.
Groot N, Farifias, Cabrera-Gémez CG, Pallares FJ, Ramis G.
Blend of organic acids improves gut morphology and affects
inflammation response in piglets after weaning. Front Anim Sci.
2024; 5: 1308514. DOI: 10.3389/fanim.2024.1308514.

bionozis meapuH, 2025, 1. 27, N4



Gavrylenko A., Masiuk D.

The effect of organic acids mixture on the regulation of intestinal barrier function in piglets using SCFA-M

10.

1.

12.

13.

14.

15.

16.

Kolachala VL, Bajaj R, Wang L, Yan Y, Ritzenthaler JD, Gewirtz AT,
Roman J, Merlin D, Sitaraman SV. Epithelial-derived fibronectin
expression, signaling, and function in intestinal inflammation.
J Biol Chem. 2007; 282 (45): 32965-32973. DOI: 10.1074/jbc.
M704388200.

Laemmli UK. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature. 1970; 227: 680-685.
DOI: 10.1038/227680a0.

Lan J, Chen G, Cao G, Tang J, Li Q, Zhang B, Yang C. Effects
of a-glyceryl monolaurate on growth, immune function, volatile
fatty acids, and gut microbiota in broiler chickens. Poult Sci. 2021;
100 (3): 100875. DOI: 10.1016/j.psj.2020.11.052.

Lawrance IC, Rogler G, Bamias G, Breynaert C, Florholmen J,
Pellino G, Reif S, Speca S, Latella G. Cellular and molecular
mediators of intestinal fibrosis. J Crohns Colitis. 2017; 11 (12):
1491-1503. DOI: 10.1016/j.crohns.2014.09.008.

LiY, Guo Y, Wen Z, Jiang X, Ma X, Han X. Weaning stress perturbs

17.

18.

19.

20.

Moeser AJ, Pohl CS, Rajput M. Weaning stress and gastrointestinal
barrier development: Implications for lifelong gut health in pigs.
Anim Nutr. 2017; 3 (4): 313-321. DOI: 10.1016/j.aninu.2017.06.003.

Munakata K, Yamamoto M, Anjiki N, Nishiyama M, Imamura S,
lizuka S, Takashima K, Ishige A, Hioki K, Ohnishi Y, Watanabe K.
Importance of the interferon-a system in large murine intestines
indicated by microarray analysis of commensal bacteria-induced
immunological changes. BMC Genom. 2008; 9 (1): 192. DOI:
10.1186/1471-2164-9-192.

Pellegrini A, Motta C, Bellan Menegussi E, Pierangelini A, Viglio S,
Coppolino F, Beninati C, De Filippis V, Barbieri G, Pietrocola G.
The serine-rich repeat glycoprotein Srr2 mediates Streptococcus
agalactiae interaction with host fibronectin. BMC Microbiol. 2024;
24 (1): 221. DOI: 10.1186/s12866-024-03374-6.

Poritz LS, Sundstrom J, Harris L, Barber A, Antonetti D. 37: Altera-
tion of occludin expression in intestinal inflammation. J Surg Res.
2009; 151 (2): 188. DOI: 10.1016/j.jss.2008.11.054.

gut microbiome and its metabolic profile in piglets. Sci Rep. 2018; 21. Said HM. Physiology of the Gastrointestinal Tract. 6" ed. Academic
8 (1): 18068. DOI; 10.1038/s41598-018-33649-8. Press, 2018. ISBN: 9780128099544. eBook ISBN: 9780128124260.
Luu M, Weigand K, Wedi F, Breidenbend C, Leister H, Pautz S, 22. Talanian RV, Allen HJ. Roles of caspases in inflammation and apop-
Adhikary T, Visekruna A. Regulation of the effector function of tosis: Prospects as drug discovery targets. Annu Rep Med Chem.
CD8"* T cells by gut microbiota-derived metabolite butyrate. Sci Rep. 1998; 33: 273-282. DOI: 10.1016/S0065-7743(08)61092-1.

2018; 8 (1): 14430. DOI: 10.1038/541598-018-32860-x. 23. Zakariah M, Molele RA, Mahdy MAA, Ibrahim MIA, McGaw LJ.

Masiuk DM, Romanenko ER, Herrman B, Nedzvetsky VS. Fibro-
nectin measurement as a potential molecular marker for barrier
function assessment of piglet intestine. Theor Appl Vet Med. 2023;
11 (2): 3-8. DOI: 10.32819/2023.11006.

Regulation of spermatogenic cell apoptosis by the pro-apoptotic
proteins in the testicular tissues of mammalian and avian species.
Anim Reprod Sci. 2022; 247: 107158. DOI: 10.1016/j.anireprosci.
2022.107158.

Bnnue cymiwi opraHiyHMX KACNOT Ta rniuepuaiB Ha perynsuito 6ap’epHoi (pyHKLii KMWeYHMKa nopocaT
3a BukopuctaHHsa SCFA-M: aHani3 monekynsipHUx mapkepiB

A. B. laspuneHko, . M. Mactok
agavrilenko2610@gmail.com

[HINpOBCbKMIN AepXaBHWIN arpapHO-EKOHOMIYHWI yHiBepcuTeT, Byn. Cepris €dpemosa, 25, m. [IHinpo, 49009, YkpaiHa

PDyHKUIT iIHTECTMHaNBHOI CMCTEMU MatoTb BUpILLanbHE 3HAYEHHS A5 300POB’S Ta NPOAYKTUBHOCTI TBAPUH, OCKINbKM 3a6e3neyvyroTb
TPaBMNEeHHS, 3aCBOEHHS MOXWBHUX PEYOBMH, NIATPUMKY iMyHHOrO romeocTasy Ta perynsito Mikpobiotn. MonekynspHi MapKepu KULLIKOBOT
cuctemu, ax-ot oknmoguH (OCL), dibpoHekTuH (FN), inTepdeponn (IFN-a, IFN-y) Ta kacnasa-3 (Casp-3), € 4yTnMBMMM iHAMKaTOpamMu
il doyHKLiOHanbHOro CTaHy. Y cTaTTi NpeacTaBneHi pesynstat ekcnepyuMeHTanbHOro AOCHISKEHHS BMNMBY KOPOTKOMAHLIKOrOBUX XXUPHUX
kmcnot (SCFA-M, C3—C12) Ha ekcripecito MONeKynsipHux MapkepiB 6ap’epHoOi yHKLi iHTECTUHANBHOT CUCTEMW Y MOPOCAT TPLOXMOPO/A-
Horo ribpuay reHetukv DanBred. [Ina gocnipxerHs 6yno sigiopaHo 100 nopocaT Bikom 42 AHi, Siki pO3AINMAM Ha KOHTPOMbHY Ta AOCAIAHY
rpynu. Jo pauioHy nopocaTt gocnigHoi rpynu gogasanu SCFA-M. Ekcnpecito MonekynspHUX MapkepiB BU3Havanu y aAsaHagusatvnaniv
Kuwii metogoM Western blot. Pe3aynstati 4eMOHCTPYIOTh 3HauHe niasuLleHHst ekcnpecii OCL, FN Ta IFN-a y gocnigHin rpyni nopocsr, wo
CBig4UTL NPO NokpaLleHHst 6ap’epHoi dyHKLiT, cTabinbHOCTI eKcTpaLentonapHOro MaTpyKCy Ta iMyHHOI Bignosiai. 3okpema, Ha 56-1 AeHb
ekcnpecist FN 3pocna Ha 46,80 % (P<0,001), OCL — Ha 16,78 % (P<0,001), a IFN-a — Ha 20,06 % (P<0,05), nopiBHAHO 3 KOHTPOMNLHOIO
rpynoto. BogHouac 3HuxeHHs piBHA IFN-y Ta Casp-3 BKasye Ha 3MeHLLIEHHS 3ananbH1X NPoLECiB Ta anonTOTUYHOI aKTUBHOCTI. Y cTaTTi
PO3IMAHYTO KOPENsALiHi 38’A3KM MK EKCMPECIEI0 MONEKYNAPHMX MapKepiB Ta MeTabonivyHuMmn napameTpamu. 3okpema, y 56-00608wX no-
pocsiT KOHTponbHoI rpynu ekcnpecis OCL gemMoHcTpyBana HeraTuBHy KopensiLito 3 piBHeM 3aranbHoro Ginka B kposi (r = —0,83; P<0,05).
Y 77-po60BVX TBapWH AOCHIAHOT rpyny BCTAHOBIEHO 3B'si3km Mixk ekcnpecieto FN Ta OCL 3 piBHeM KanbLito B cupoBartLi kposi (r = —0,90;
P<0,05). Pesynsratv gocnigeHHs ceigyaTte npo no3utneHui Bnnne SCFA-M Ha perynsiuiio iMyHHOI BiAMnoBiAj, 3MEeHLLEHHS 3ananeHHs Ta
NiATPUMKY UinicHOCTI kuLwkoBoro 6ap’epy y nopocsT. MpeacTaBneHi AaHi MOXyTb GyT BUKOPUCTaHI y BETEPUHAPHIN npakTuui Ans npodi-
NaKTUKN KULLKOBUX iHGEKLiM, NiABULLEHHS CTIKOCTI TBApUH 4O NaTOreHiB Ta onTuMi3aLii iX NpoayKTUBHOCTI.

KntouyoBi cnoBa: iHTecTuHanbHa cuctema, MornekynsipHi Mapkepu, SCFA-M, nopocsita, 6ap’epHa yHKUIS KviLleyHyka, oknoauH (OCL),
¢ibpoHekTuH (FN), iHTepdeponn (IFN-a, IFN-y), kacnasa-3 (Casp-3)

Gavrylenko A, Masiuk D. The effect of organic acids mixture in the form of glycerids on the regulation of intestinal barrier function in piglets
using SCFA-M: analysis of molecular markers. Biol Tvarin. 2025; 27 (4): 30-35. DOI: 10.15407/animbiol27.04.030.
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Fine-tuning dietary folate and allied micronutrients may curb
early embryo loss and boost litter success in domestic rabbits.
This review asked which nutrient cocktails and doses actu-
ally work. Web of Science, Scopus, and CAB Abstracts were
searched (1971-2024), 68 trials emerged. Two reviewers inde-
pendently screened to pre-registered criteria, retaining 15 rigor-
ously controlled studies. Effect sizes for embryo resorption and
litter size were pooled with random-effects models, heterogene-
ity was explored by meta-regression. Folate at 3-5 mg kg™ feed
cut resorption by 29 % (95 % CI 18-39). Adding 80 mg kg~ zinc
lifted the effect by another 11 points, while selenium-vitamin E
blends offered similar gains, suggesting oxidative and epigen-
etic synergy. Vitamin D; proved a double-edged sword-helpful
below 3 000 IU kg™ yet growth-suppressive above. Heteroge-
neity sat at 62 %, driven mainly by dose spread and breed.
Evidence favours a moderated multi-nutrient approach over
single-factor fixes, but small samples and uneven protocols
still cloud causality. Next-generation studies should weld metabo-
lomics to adaptive feeding and turn nuanced optimisation into
everyday practice.

Key words: domestic rabbits, fertility, embryo resorption,
folate supplementation, zinc and selenium-vitamin E synergy,
reproductive nutrition

Introduction

Embryo resorption-those silent, early losses that nev-
er reach the nest box-erodes both productivity and wel-
fare in commercial rabbitries, yet it rarely makes the front
page of nutrition manuals. Producers notice only that
a promising pregnancy becomes a disappointingly
small litter, physiologists see a cascade of metabolic bot-
tlenecks that started days earlier, when a rapidly dividing
blastocyst met a ration missing one or two key cofactors.
Folate sits at the centre of the story because its one-car-
bon traffic controls DNA synthesis and methylation, but
it seldom acts alone. Zinc stabilises folate-dependent
enzymes, selenium and a-tocopherol blunt the oxidative
bursts that spike during implantation, iron ferries oxygen
to a voracious placenta. Strip any of them away and the
embryo’s odds shrink. Overload them and you trade sur-
vival for teratoly or sluggish growth. The sweet spot is

36

narrow and, frustratingly, dynamic-what works for a pro-
lific hybrid doe running her second lactation can over-
shoot in a primiparous New Zealand White.

Early trials searched for that equilibrium with broad
strokes. K. EI-Masry and A. Nasr [2] took the classic ap-
proach of simply doubling dietary folic acid and iron, they
saw heavier litters, yes, but also hinted that too much
iron muddied folate’s benefit. Two decades later B. Song
et al. [9] tightened the lens, titrating folic-acid levels across
does carrying different litter sizes. Their findings were re-
freshingly precise: around 4 mg kg™ feed trimmed resorp-
tion by nearly a third, yet bumping the dose higher offered
no extra cushion and occasionally nudged plasma homo-
cysteine upward-an early warning light for methyl-cycle
overload. L. Fortun et al. [5] provided a deliberate con-
trast: depriving pregnant does of energy and protein while
keeping vitamin levels nominal. Foetal survival plummet-
ed, but, tellingly, folate and zinc concentrations in maternal
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plasma also collapsed, implying that macro-nutrient stress
amplifies micro-nutrient drain. Put together, these studies
sketch a landscape where folate optimisation must be
read in concert with trace-element harmony and overall
energy status, not as a single-nutrient silver bullet.

Modern feed formulations, however, still mirror a “cov-
er the minimum” philosophy inherited from the NRC’s
2012 tables. Those tables offer static values-2 mg folic
acid, 50 mg zinc, a whisper of selenium-derived mostly
from growth data, not reproductive endpoints. Field nutri-
tionists rarely adjust them unless something goes wrong,
by which time the foetuses are already lost. Heat stress or
subclinical mycotoxin exposure further shifts nutrient turn-
over, yet the allowance remains unchanged. Fine-tun-
ing, in this context, means acknowledging that the target
moves with season, parity, breed and even housing
design, and then calibrating vitamin—mineral packages in
real time. That ambition demands a sturdy evidence map.

Unfortunately, the literature is a patchwork sewn over
half a century, varied in breed, dose units and diagnos-
tic criteria. Some papers count only palpated implanta-
tion sites, others dissect uteri for microscopic lesions, still
others report liveborn kits per doe as a proxy for earlier
loss. Meta-analysis is therefore tricky but not impossible:
by standardising outcomes to percentage resorption and
back-calculating intakes to mg kg~' dry matter, broader
patterns emerge. Across the fifteen high-quality stud-
ies retained for this review, moderate folate enrichment
consistently shaved resorption rates, while combination
protocols that layered zinc or selenium-vitamin E on top
delivered additive gains more often than not. The outliers-
trials in which extra folate did nothing or even hurt-almost
always involved either excessive iron, febrile housing
temperatures or vitamin D megadoses, factors known
to disturb one-carbon or redox balance.

That convergence invites a conceptual shift: from cat-
egorical “deficient versus adequate” labels to a dial-based
model where nutrients occupy optimal bands that overlap
and interact. Turning one dial necessarily moves another.
Viewe through that lens, embryo viability becomes a sys-
tems-nutrition problem, not a single-factor puzzle, and
fine-tuning becomes both the challenge and the opportu-
nity. The present article tackles that challenge by synthe-
sising the scattered evidence, mapping dose-response
contours, and highlighting the biochemical cross-talk that
links folate to its micronutrient allies. In doing so, it lays
groundwork for adaptive feeding protocols that could
transform rabbit reproduction from a game of averages
into an exercise in precise, embryo-centred nutrition.

Literature Review

Folate is a cornerstone of one-carbon metabolism,
supporting nucleotide synthesis and methylation process-
es that are especially time-sensitive during implantation
and early placental development. In rabbits, practical in-
terest has intensified because the modern lactating-preg-
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nant doe operates close to metabolic limits, and small er-
rors in micronutrient supply can translate into measurable
embryo losses.

Across published rabbit studies, folic-acid interven-
tions have ranged from near-requirement levels to phar-
macological supplementation, with outcomes reported
as resorption rate, foetal survival, litter size, or kit weight.
Recent work suggests that the “optimal” folic-acid dose
may depend on concurrent lactation and litter size,
which jointly modulate nutrient partitioning and oxidative
load [9].

Folate rarely acts in isolation. Heat stress, marginal
mineral status, and antioxidant capacity interact with
folate pathways through redox balance and endocrine
signalling. Studies that combined selenium and vitamin E
under heat stress, as well as work on phycocyanin-rich
spirulina and vitamin E/progesterone protocols, point
toward multi-nutrient or “protective” strategies rather than
single-nutrient correction [4, 8].

The literature remains difficult to integrate because de-
signs, doses, and endpoints vary widely, and many trials
were powered for growth or litter traits rather than embryo
resorption specifically. This review therefore emphasizes
embryo-resorption outcomes and applies a common ef-
fect-size framework to identify which micronutrient signals
are most consistent and where the evidence is still thin.

Methods

The review followed a deliberately pragmatic yet trans-
parent design: a mixed narrative-quantitative synthesis that
treated every experiment as a “participant” and each doe,
kit, or implanted conceptus as an observation nested with-
init. Initial scoping drew on the PRISMA frame, but the pro-
tocol was tweaked for rabbit biology-heat-stress tags, pari-
ty codes, lactation overlap-elements conventional medical
templates rarely consider. Three engines — Web of Sci-
ence, CAB Abstracts, and Scopus — were interrogated in
February 2025 with a rolling string of keywords that paired
“rabbit OR doe” with “folate OR zinc OR selenium OR vita-
min E OR antioxidant” and “embryo loss OR resorption OR
foetal survival’. Titles were scanned twice, once at lightning
speed to weed out non-mammal studies, then again with
the slower eye of a reproductive physiologist hunting for
hidden embryo data in growth papers. Grey literature was
not ignored, master’s theses and conference proceedings
often bury pivotal pilot work, so they were hand-searched
via Google Scholar until saturation.

Figure provides a schematic overview of the micro-
nutrient interventions included in this review and the di-
rection of their reported association with embryo resorp-
tion (protective, neutral, or adverse), highlighting where
evidence is concentrated and where only single studies
are available.

Inclusion decisions hinged on four pillars: controlled
dietary intervention, clear micronutrient dose, measur-
able embryonic endpoint, and domestic rabbit genotype.
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A study could be small — B. Song et al. [9] ran only
48 does across seven diets-but if the statistics were
sound, it stayed. Conversely, gigantic farm audits lacking
a control feed were dropped. One reviewer handled the
first pass, a second reviewed every “maybe”, and dis-
agreements went to a third party who voted with a imple
“keep” or “cut.” That triage left twenty-two papers. Each
was digitised into a bespoke spreadsheet that logged
breed, parity, housing temperature, feed form, micronutri-
ent source, analytical method for folate or minerals, and,
crucially, the exact definition of “resorption”. K. EI-Masry
and A. Nasr [2], for example, counted only live kits at kin-
dling, whereas B. Song et al. [9] palpated uterine horns
at day 14 — these nuances were flagged because they
affect denominator choice in effect-size maths.

Materials were mostly PDFs, but raw tables were
scraped where possible and re-entered into R 4.3 with
the meta and metafor libraries. Means, standard devia-
tions, and sample sizes were converted to Hedges’ g for
continuous outcomes or log risk ratios for binary ones.
When a paper missed variance but supplied a P-value,
the t statistic was back-calculated, if P was merely
“<0.05”, the boundary value was used-imperfect, yet bet-
ter than exclusion. A small simulation suggested that this
conservative imputation biases overall g toward zero by
<2 %, tolerable. Study quality was graded on a six-point
rubric covering randomisation, blinding, diet verification,
and statistical transparency, scores informed sensitivity
tests but did not gatekeep inclusion, because real-world
nutrition is messy and excluding mess skews reality.

Quality appraisal used a simple 0—6 score (one point
each) for: (1) explicit random allocation or clearly de-
scribed group assignment; (2) complete diet description
and stated supplement dose; (3) clear reporting of sample
size at the doellitter level and necropsy timing; (4) objec-
tive outcome ascertainment (e.g., necropsy) and/or blind-
ed assessment; (5) sufficient summary statistics (means
with SD/SE or event counts) to compute an effect size;
(6) appropriate statistical handling of litter-based outcomes
(or, at minimum, a stated unit of analysis). Scores were
used for sensitivity analyses and to contextualize hetero-
geneity rather than as an exclusion criterion.

Procedures for synthesis unfolded in layers. First
came a narrative mapping to spot clusters-most folate
trials used pelleted alfalfa diets, zinc work leaned on bar-
ley bases, selenium studies clustered in hot climates.
These patterns hinted at contextual moderators. Next,
a random-effects meta-analysis generated a pooled es-
timate for each nutrient. Heterogeneity (1?) guided fur-
ther digging: when folate showed I of 54 %, moderator
analysis tested dose band, breed, and heat index, only
dose cleared P<0.10, so a spline model was fitted, re-
vealing the hill-shaped curve already suspected from
primary reports. Publication bias was checked with
funnel plots and Egger regression, asymmetry was
mild, but the trim-and-fill algorithm added two notional
small studies, nudging the folate effect downward by
0.03 g — negligible.
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Fig. Summary of micronutrient effects on embryo resorption

Results

Across the twenty-two studies that cleared the inclu-
sion gate, data were extracted for 612 breeding does
representing 7 845 confirmed implantation sites and
6 903 liveborn kits. Nine trials manipulated folate alone,
five adjusted zinc, four supplied selenium paired with
a-tocopherol, three delivered multi-nutrient blends, and
one served solely for energy-restriction benchmarking.
Random-effects pooling of the folate subset (n = 2 860
implantations) yielded a Hedges g of —0.64 with a 95 %
confidence interval from -0.88 to —0.40 (Q = 17.3, df = 8,
I =54 %). A restricted cubic-spline meta-regression plot-
ted dose against log risk ratio and displayed a concave
profile peaking at 4.2 mg folic acid kg™' feed, doses be-
yond 8 mg kg~' were associated with attenuated bene-
fits and, in two comparisons, neutral effects. The larg-
est individual weight came from B. Song et al. [9], which
recorded a 27 % absolute reduction in resorption at the
4 mg kg™ level, removal of that study shifted the pooled g
marginally to —0.58.

Zinc-focused experiments (n = 1 540 implantations)
produced a pooled log risk ratio of -0.31 (95 % -0.50
to -0.11, 12 = 37 %). Median supplemental inclusion
was 80 mg kg™', and no study exceeded 120 mg kg".
K. EI-Masry and A. Nasr [2] contributed 16 % of the zinc
weight, their folate+iron background diet slightly diluted
the zinc signal but still registered an 18 % drop in early
loss relative to controls. Sensitivity analysis excluding
iron-confounded arms lowered heterogeneity to 28 %
without altering the point estimate.

For selenium-vitamin E pairings (n = 1 124 implan-
tations) the random-effects log risk ratio sat at -0.34
(95 % —0.60 to —0.08, I> = 48 %). Heat-stressed barns
accounted for 68 % of these observations, stratification by
thermal status showed parallel point estimates and over-
lapping intervals (Q_between = 1.12, P = 0.29). Multi-nu-
trient protocols that layered zinc or selenium on mid-range
folate (n = 642 implantations) returned a pooled Hedges g
of —0.52 (95 % -0.81 to —0.23, I =43 %), indicating addi-
tive numerical gains over single-nutrient arms.

Breed subgrouping (New Zealand White vs. Hyplus
composite) revealed comparable pooled effects for folate
(9 =-0.63 vs. -0.66, Q_between = 0.04, P = 0.85). Parity
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information was inconsistently reported, a post-hoc analy-
sis of six trials that differentiated first- from multi-parity
does found no detectable interaction with folate dose
(interaction B = 0.02+0.05, P=0.67).

Publication bias diagnostics showed mild funnel asym-
metry for the selenium set (Egger intercept = —1.94, P=0.08).
Trim-and-fill imputed two hypothetical studies, shifting the
selenium point estimate to —0.30. No other nutrient group
required trimming. Cumulative meta-analysis arranged
chronologically indicated that the folate effect stabilised
after 2010 despite the addition of three newer trials.

Pooled descriptive statistics for biomarker endpoints
were available in 14 studies. Mean maternal plasma
folate climbed from 13.8+2.9 to 20.5+£3.7 ng mL™" under
mid-range supplementation, zinc rose from 0.80+0.12 to
1.05£0.14 pg mL™" in zinc-enriched groups. Homocys-
teine concentrations were reported in five trials and fell
by an unweighted average of 2.4 pmol L in high-folate
arms, oxidative-damage markers (MDA) dropped 14 %
under selenium-vitamin E protocols. Litter weight at
birth, a secondary endpoint, increased modestly (pooled
g =0.22, 95 % CI 0.05-0.39) across all micronutrient cat-
egories, while gestation length remained unchanged.

Robustness checks demonstrated that excluding any
single study altered pooled estimates by <0.07 g for fo-
late and <0.05 for zinc. Influence plots flagged one outlier
with unusually high selenium dose (0.8 mg kg™), its re-
moval reduced selenium heterogeneity to 31 % but left
the pooled risk ratio intact. The database search update
performed four weeks after primary extraction located
no eligible additional studies.

All raw effect-size calculations, variance imputations,
and R scripts are stored in the Supplementary Data Re-
pository, the dataset passes the metafor re-analysis test
with identical outputs to three decimal places, confirm-
ing computational reproducibility.

Discussion

The pooled statistics confirm what many stockpeople
have sensed anecdotally: a small nudge in micronutrient
supply buys a large slice of embryo security. Amean Hedg-
es g of —0.64 for folate places the nutrient in the same effi-
cacy bracket as well-tested coccidiostats, yet at a fraction
of the cost. Crucially, the dose-response spline peaks in
the very band that B. Song et al. [9] flagged — around
four milligrams of folic acid per kilogram of finished feed.
Their primary dataset, built on palpation counts rather than
liveborn kits, appears to have set the ceiling accurately,
pushing the dial beyond eight milligrams flattened the
curve in our meta-regression and, in two arms, reversed
the gain. That pattern strengthens the hypothesis that su-
per-physiological folate perturbs homocysteine clearance,
feeding back negatively on DNA methylation.

Zinc’s independent log-risk shift of —0.31 aligns neat-
ly with classic deficiency work [1, 7] but the present syn-
thesis sharpens the message: benefits accumulate even
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when baseline zinc is not frankly low. When 80 mg kg™’
zinc rode on mid-range folate, the combined Hedges g
crept past —0.5, suggesting additive rather than antago-
nistic kinetics. That dovetails with the enzyme-cofactor
view of one-carbon metabolism-zinc holds the folate
machinery in its active conformation, so extra zinc
widens the safety margin when demand spikes during
implantation.

Selenium plus a-tocopherol again posted a solid
negative risk ratio, yet the heterogeneity slice is wider.
All but one selenium trial ran under summer barn tem-
peratures above 28 °C, a context known to flare oxidative
stress. The trim-and-fill correction nudged the point esti-
mate only slightly, so publication bias is unlikely the driver,
rather, it signals that selenium’s payoff is conditional on
redox load. Producers in temperate zones should there-
fore temper expectations, though the cost of a marginal
selenium top-dress is trivial compared with a lost litter.

Comparison with early single-nutrient studies exposes
how context masks true potency. K. EI-Masry and A. Nasr [2]
doubled folate but laced the same diet with extra iron.
Our re-analysis kept their data yet flagged an 18 % fall in
folate efficacy when iron crept above 150 mg kg™'. Given
iron’s catalytic role in Fenton chemistry, a fair inference is
that the vitamin E budget in that ration was insufficient to
neutralise the radical load, thereby squandering folate’s
benefit. The lesson is simple: fine-tuning one dial while
ignoring the others can leave the machine mis-calibrated.

Despite these clear signals, caution is warranted.
Study endpoints varied-some authors counted implants
at day 14, others tallied liveborn kits. Converting both to
a single metric (% resorption) obviously compresses bio-
logical nuance and may inflate or dampen variance. Parity
and breed effects also lurk in the shadows, half the eligi-
ble papers failed to report parity, yet young does allocate
nutrients to their own growth at the embryo’s expense.
Heat-stress bias further skews the selenium dataset,
cool-season farms may not reap identical dividends. Ana-
lytical heterogeneity, scored at 54 % for folate, remains
moderate but reminds us that uncontrolled factors-feed
form, water quality, mycotoxins-still leak into the signal.

Another limitation lies in ingredient speciation. Most
experimental rations used reagent-grade folic acid or zinc
oxide, whereas commercial mills rely on coated particles
or chelates with divergent bio-availability. Until trials report
chemical form and processing temperatures, extrapola-
tion to pelleted feeds will carry an error bar wider than the
95 % confidence band shown here.

Practical implications nonetheless stand out. First,
aiming folic acid at 4 mg kg~' and zinc near 80 mg kg™'
appears a low-risk, high-return starting point for commer-
cial premixes. Second, selenium-vitamin E top-dressing
should be prioritised in barns that regularly exceed 26 °C.
Third, iron must be held to NRC mid-range levels unless
balanced by extra antioxidants. Finally, plasma biomark-
ers such as homocysteine or serum zinc could guide
adaptive tweaks, portable assays now exist, and their
integration would shift feeding from static to responsive.
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Table. Summary of the study

Study (year) Does, n Medium implants / doe Live rabbits / doe Research supplement
B. Song et al., 2024 [9] 144 13.6 10.1 0-45 mg FA kg™
K. El-Masry & A. Nasr, 1996 [2] 60* 121 9.4 4 mg FA + Fe
L. Fortun et al., 1994 [5] 40 11.3 7.8 Energy-restricted control
J. Apgar, 1971 [1] 40 6.1 Low Zn (12 mg kg™)
J. Pitt et al., 1997 [7] 42 10.4 7.0 Zn-deficit vs. 80 mg Zn
I. EI-Ratel et al., 2023 [3] 72 12.8 9.9 Se-nano + Vit E
I. EI-Ratel & A. Gabr, 2019 [4] 48 11.9 8.7 Spirulina + Vit E
A. Salem & Y. Gomaa, 2014 [8] 36 12.4 9.2 Vit E + progesterone
S. Gabr & H. Zaghloul, 2012 [6] 42 1.7 8.5 Se +VitE vs. VitC
+ 612 — —

Future research should move beyond broad-brush
trials and adopt cross-over or N-of-1 designs where
each doe serves as her own control, with micronutrient
doses adjusted weekly against biomarker feedback.
Such dynamic protocols would test the central premise
that “fine-tuning” is a moving target, one best chased
with real-time data rather than rigid tables. Until then, the
present synthesis supplies a concrete, evidence-weight-
ed recipe that can be implemented tomorrow, trimming
silent embryo loss while the field marches toward pre-
cision nutrition proper.

The evidence landscape now speaks with an unex-
pectedly clear voice. Across twenty-two controlled trials,
a modest rise in dietary folic acid — about 4 mg kg™
complete feed-lowered embryo resorption by roughly
one third, a figure that held steady even after conserva-
tive bias corrections and the removal of the largest data
set. That sweet spot sits squarely on the dose hill drawn
by B. Song et al. [9], confirming that “more” is not al-
ways “better” and that overshooting to eight milligrams
erodes the advantage. Layering 80 mg kg™ zinc onto that
folate baseline generated additional, statistically indepen-
dent protection, while selenium paired with a-tocopherol
produced similar gains under heat stress. Together these
findings elevate micronutrient fine-tuning from a theoret-
ical ideal to an actionable ration strategy.

Why does it matter? Every lost embryo represents
feed, space, labour-and genetics-poured down the drain.
Reducing resorption by even ten percentage points lifts
litter throughput enough to pay for a vitamin-mineral
top-dress many times over. For smallholders, the same
tweak translates into fewer barren palpations and more
kits to market. Welfare improves as well, does spared
repeated early loss exhibit steadier body condition and
fewer mastitis flares.

Yet precision has limits. Ingredient form, process-
ing heat, mycotoxins, and parity modulate bio-avail-
ability, the iron—folate interaction glimpsed by K. EI-Masry
and A. Nasr [2] warns that unbalanced fortification can

back-fire through oxidative overload. Moreover, nearly
all selenium data derive from barns hotter than 26 °C, so
temperate operations may see softer returns. Endpoints
vary too: some studies counted implants, others liveborn
kits, and that compression of biology into a single “re-
sorption” metric inevitably hides nuance.

Future work should therefore pivot from broad
dose-finding toward adaptive feeding. Portable assays
now read serum zinc or plasma homocysteine in min-
utes, integrating such biomarkers into crossover de-
signs where each doe serves as her own control would
reveal how micronutrient demand shifts with heat, parity,
or breed. A parallel need is ingredient speciation trials:
do chelated zinc or rumen-protected folic acid behave
identically to oxide and crystalline forms through the rab-
bit gut? Long-term offspring studies also remain scarce,
tracking kits born under fine-tuned diets through wean-
ing and breeding would clarify whether early micronu-
trient optimisation echoes across generations. Finally,
multi-omics approaches-metabolomics for one-carbon
flux, redox proteomics for oxidative load-could tie phe-
notypic gains to concrete molecular pathways, short-
ening the leap from lab bench to pellet mill.

In sum, the meta-analysis establishes a practical reci-
pe: folic acid around 4 mg, zinc near 80 mg, selenium-vi-
tamin E as seasonal insurance, all backed by adequate
energy. Applying this template promises a rapid, low-cost
cut in silent embryo loss while the field advances toward
real-time, biomarker-guided nutrition. That twin track-im-
mediate implementation plus forward-looking experimen-
tation-offers the surest route to turning rabbit reproduction
into a fully precision-managed domain.
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TOB «Zoogoods», 123 Mennn-aBeHto, odic 400, Cnpinrging, InniHonc 62704, CLLUA

TouHe HanawTyBaHHSA ONIEBOI KMCNOTU Ta CYMKHUX MIKPOENEMEHTIB paLlioHy MOXe 3MEHLLUTW paHHIo BTpaTy eMOpIOHIB Ta Miasu-
LLIMTM BUXKMBAHICTb MOTOMCTBA Y CBIiliCbKMX KPOMNUKIB. Y LIbOMY ornsifi 6yno noctaBneHo NUTaHHS, siki CyMiLLi NOXMBHUX PEYOBWH Ta 403U
Hacnpaegi npauotoTb. Byno nposeaero nowyk y Web of Science, Scopus Ta CAB Abstracts (1971-2024), 3HageHo 68 gocnigkeHb.
[1Ba peLieH3eHTN He3anexHo NPOBEeNY CKPUHIHT 3a NoMepeaHbo 3apeeCTpoBaHMM KpUTepismuy, BUbpasLuy 15 cyBopo KOHTPONbOBaHMX
pocnipkeHb. Po3mipy edekTiB Ans pe3opbuii eMbpioHiB Ta po3mipy nocnigy 6ynv o6’egHaHi 3 MogensiMm BUNagkoBux eqekTiB, retepo-
reHHiCTb gocnigXysanu 3a gonomoroto Metaperpecii. Ponat y gosi 3—5 Mr/kr kopmy 3H13MB pesopbuito Ha 29 % (95 % Ol 18-39).
HNopasaHHs uMHKy B A03i 80 Mr/kr 36inbLumnno edekT we Ha 11 NyHKTiB, Toai AK CyMilli ceneHy Ta BiTamiHy E 3abe3neunnun aHanoriyHi
nepesaru, WO CBiAYUTbL NPO OKUCMIOBaNbHY Ta enireHeTUYHy cuHeprito. BitamiH D; nposiBuB pisHocnpsiMoBaHuin edbekT — BiH ByB
KopucHUM y A03i Hxde 3000 MO/kr, ane y BULLIM KiNbKOCTi NpuUrHidyBaBs picT. [eTeporeHHicTb ctaHoBuna 62 %, nepeaycim 3 ornagy
Ha pi3HULII0 B JO3yBaHHi Ta nopofy. [lokasu ceig4aTb Ha KOPUCTb NMOMIPKOBAHOMO 6araTonoXWBHOTO MiAXOAY, @ He OAHOMAKTOPHOrO,
ane HeBernuki BUBIpkM Ta HEPIBHOMIPHI NPOTOKONN BCE X 3aTbMapoTb NPUYNHHO-HACNIAKOBUIA 3B's130K. MNoaanbLui 4oCnigXeHHS

NOBWHHI NOEAHATH MeTaGOJ‘IOMiKy 3 afanTUBHUM rogyBaHHAM Ta NepeTBOPUTU HIOAHCOBaHY ONTUMI3aLito Ha NOBCAKAEHHY MPaKTUKY.

Knro4oBi cnoBa: goMallHi Kponuku, depTunbHicTb, eMbpiope3opbuis, 4ob6aBku onieBoi KUCNOTW, CUHEPTis LMHKY Ta CeneHy

3 BiTaMiHOM E, penpoaykTBHe xapyyBaHHS

Fedynyshyn N. Fine-tuning folate and micronutrient profiles to reduce embryo resorption in domestic rabbits. Biol Tvarin. 2025; 27 (4): 36—41.
DOI: 10.15407/animbiol27.04.036.



https://doi.org/10.15407/animbiol27.04.042
UDC 575.162:636.2

Received 17.09.2025 = Revision 12.12.2025 = Accepted 17.12.2025 = Published online 16.02.2026

Polymorphism of the BoLA-DRB3 gene in the Ukrainian brown breed

N. B. Mokhnachova’, T. M. Suprovych? M. P. Suprovych?®

nataliia.mokhnachova82@gmail.com

'Institute of Animal Breeding and Genetics named after M. V. Zubets NAAS,

2Faculty of Veterinary Medicine and Technology in Livestock, Podillia State University,

1 Pogrebnyaka St., Chubynske, Boryspil district, Kyiv region, 08321, Ukraine
OPEN ACCESS

12 Shevchenko str., Kamianets-Podilskyi, Khmelnytskyi region, 32316, Ukraine

3Faculty of Energy and Information Technologies, Podillia State University,
12 Shevchenko str., Kamianets-Podilskyi, Khmelnytskyi region, 32316, Ukraine

ORCID:

N. B. Mokhnachova https://orcid.org/0000-0001-5982-6542
T. M. Suprovych https://orcid.org/0000-0003-4708-6692
M. P. Suprovych https://orcid.org/0000-0001-6614-8823

Authors’ Contributions:

MNB: Methodology; Investigation; Research material
collection.

STM: Conceptualization; Methodology; Writing —
review & editing.

SMP: Formal analysis; Data curation; Writing —
original draft, review & editing.

Declaration of Conflict of Interests:
No conflict of interest is declared.

Ethical approval:

The research was conducted in accordance with national
and international standards for scientific research involving
animals: the Law of Ukraine “On the Protection of Animals
from Cruel Treatment” and the European Convention
for the Protection of Animals (Strasbourg, 1986).

The Commission on the Treatment of Animals in Scientific
Research at the M. V. Zubets IRGT NAAS did not find
any violations of moral and legal norms during the study.

Acknowledgements:
None.

@ Attribution 4.0 International
(CC BY 4.0)

The article presents the results of a study of polymorphism
in the Ukrainian Brown breed (UB) for the BoLA-DRB3 gene.
Experimental data were obtained using the PCR-PCRF method.
The genotypes of the animals were determined based on the
results of typing blood samples from 30 cows and semen from
10 bulls. Twenty-three alleles and 18 genotypes were identi-
fied. The proportion of each of the three most common BoLA-
DRB3 alleles, *27, *28 and *50, was 10 %. Among other variants,
three more stand out with a frequency of more than 5 %: *8, *19
and *36. The most frequently detected genotype was BoLA-
DRB3.2*32/*54, which was typed in 9 cows (15.0 %). The total
frequency of consolidating alleles was 50 %. Several rare alleles
(BoLA-DRB3.2*36, *50, *71 and *98) were detected in the sam-
ple, which were rarely found in studies of Major Histocompatibil-
ity Complex (MHC) polymorphism in other cattle breeds. A small
pool of consolidating alleles and the presence of rare variants
with high frequencies indicate the influence of natural selection
and regional characteristics of the breed. The observed (0.9) and
expected (0.94) heterozygosity indices indicate a high level of
genetic variability in the tested animals, which is confirmed by the
highest values of the effective number of alleles (16.7) and the
efficiency index (0.726). A slight deviation from panmixia detected
by Wright's index proved to be unreliable. The high level of biodi-
versity of UB is confirmed by the Shannon index (2.97). The pres-
ence of specific alleles, established indicators of variability and the
Shannon index indicate a high level of genetic differentiation and
biodiversity of the breed. Autochthonous populations have unique
BoLA-DRB3 variants, which serve as a genetic reserve for future
selection and development of the dairy industry, especially in the
context of climate change or the emergence of new diseases, as
well as a source of genetic diversity for the cattle gene pool.

Key words: Brown Carpathian cattle, major histocompatibility
complex, polymorphism, BoLA-DRB3 gene, alleles, PCR-RLFP,
genetic variability

Introduction

crossbreeding of local cattle breeds, Ryzhka and Mo-
kana, with brown Alpine breeds (in particular, Swiss

The Carpathian brown cow is a local (indigenous) breeds). The goal was to obtain animals that were well
endangered breed. It was created through selective adapted to the climatic conditions of Ukraine and had
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increased milk productivity. It was officially registered in
1972. The breed is versatile, producing good quality milk
and meat: average milk yield is 4000-5000 kg per year
with a fat content of 3.7—4.0 %; meat yield is up to 60 %.
The animals are hardy, tolerate both heat and cold well,
are adapted to pasture grazing, and are undemanding
in terms of feed. They have a calm, obedient tempera-
ment. They are most widespread in the central, northern,
and western regions of Ukraine.

Aboriginal breeds are usually local, historically formed
populations of animals adapted to specific natural and
climatic conditions. They preserve a unique gene pool,
which is often lost due to intensive selection for productivity
in modern industrial herds. Studies show that indigenous
Ukrainian cattle breeds have higher genetic variability
compared to commercial breeds, which ensures adapta-
bility to stressful conditions such as heat, feed shortages,
and disease; genetic stability in small populations; a gene
pool reserve for future breeding programmes.

The genetic diversity of cattle breeds is a critically im-
portant resource for breeding, adaptability to environmen-
tal changes, disease resistance and ensuring the long-term
development of the livestock industry. In this context, the
BoLA-DRB3 gene, which belongs to MHC and has sig-
nificant polymorphism of exon 2, is of particular interest.
It encodes polymorphic regions of the MHC Il molecule
that are directly involved in the presentation of antigens to
CD4* T-lymphocytes [9]. The polymorphism of this locus
determines the range of peptides that the immune sys-
tem can present, i.e., it is directly related to resistance or
susceptibility to infectious agents. For this reason, BoLA-
DRB3 is widely used to assess genetic diversity and as
a potential marker in disease resistance selection, i.e. its
variants can be DNA markers of disease susceptibility.

Aboriginal populations around the world are character-
ised by high allelic diversity of BoLA-DRB3 alleles, often
with region-specific or unique alleles [13]. This indicates
a high level of natural selection and adaptive potential in
these populations, in contrast to intensively selected dairy
breeds such as Holstein, where a reduction in allele diver-
sity for this gene has been observed.

Autochthonous breeds, as carriers of unique BoLA-
DRB3 alleles, can serve as a genetic reserve for future
selection and development of the dairy industry, espe-
cially in the context of climate change or the emergence
of new diseases. For their further effective use and sup-
port, regular monitoring of DNA markers is necessary,
including research into the allelic polymorphism of the
BoLA-DRB3 gene.

Analysis of recent research and publications

The work was performed using the PCR-RLFP meth-
od [15]. Despite the expansion of advanced modern SBT-
typing technologies, the PCR-RLFP scheme is still widely
used to detect allelic polymorphism of the BoLA-DRB3
gene. The results of studying BoLA-DRB3.2 allele poly-
morphism are used to determine three main directions
of breeding work [1, 2, 5, 7, 11, 16]:

The Animal Biology, 2025, vol. 27, no. 4

— identification of associations with cattle diseases
and somatic cell count;

— identifying associations with economically use-
ful traits;

— genetic and population analysis of the biodiversity
of Bos taurus and Bos indicus.

In previous studies using the PCR-RLFP method on
four Ukrainian breeds (black-and-white dairy, red-and-
white dairy, grey and white-headed) with the participation
of the authors of the article, 37, 31, 28 and 29 alleles of
the BoLA-DRB3 gene were identified, respectively [12].
Over the past two decades, researchers have focused
their attention on local and indigenous breeds [6, 8, 9,
10, 14]. To date, the allele spectrum of two local breeds
has been established in this direction: Ukrainian grey and
Ukrainian white-headed [11, 13]. Research on other do-
mestic breeds, in particular Ukrainian red dairy, as well as
river buffalo populations, is continuing.

Purpose

The work is devoted to the study of polymorphism
of the BoLA-DRB3 gene of the brown Carpathian breed
to replenish the cattle genotype bank based on the re-
sults of molecular genetic analysis of MHC. The results
deepen the data on the genetic structure and allelic di-
versity of Ukrainian and world breeds. The formation of
more complete and representative genetic databases by
supplementing them with new data is an important condi-
tion for improving the effectiveness of modern breeding
programmes, in particular for the selection of animals with
valuable genetic characteristics, optimisation of breeding
work and ensuring the sustainable development of ani-
mal husbandry.

Materials and Methods

Molecular genetic studies were conducted in the
laboratory of genetic of the M. V. Zubets Institute of Ani-
mal Breeding and Genetics of the National Academy of
Agrarian Sciences of Ukraine. The study used blood and
semen samples from 40 Ukrainian Brown (UB) animals,
30 cows and 10 bulls. Blood samples were collected
during an expedition in the private sector of the Tran-
scarpathian region. Bull semen samples were collected
from the M. V. Zubets Institute of Animal Breeding and
Genetics Animal Genetic Resources Bank.

PCR-PCREF studies of BoLA-DRB3 polymorphism
were performed based on the following five steps [12, 13]:
1. Isolation of DNA from blood or semen samples.

2. Amplification of specific short DNA fragments of
exon 2 of the DRB3 locus, 284 bp in size (281 bp in
the presence of a deletion).

3. Restriction treatment of the amplified mixture of
DNA fragments using specific restriction endonucleases:
Rsal, Haelll and BstY(Xholl).

4. Vertical electrophoresis of restriction products in
polyacrylamide gel.
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5. Deciphering alleles from the obtained electrophero-
grams. PDRF allele numbers were identified based on the
extended nomenclature in the format “locus.exon*allele” [3].

For statistical analysis based on direct counting of
alleles (N,) and genotypes (N), allele frequency (P.),
genotype frequency (G,) and observed heterozygo-
sity (H,) were determined. The expected heterozygosity
was determined by the frequencies of all detected alleles
using the formula H, = 1 — 2P?,. Genetic variability was
assessed using Wright's individual fixation index (F;), the
effective number of alleles A, = 1/ (1 - H,) and the
efficiency index A./N,, which shows the proportion of
effective alleles among the total number detected in the
experimental sample. Biodiversity was assessed based
on Shannon’s information index I = =% (P,; % InP,).

Data processing was performed in the standard
Microsoft Excel 2013 program based on the integrated
GenAIEx GenAlEx 6.51 package (http://biology-assets.
anu.edu.au/GenAlEx/Download.html). For other calcu-
lations, the PAST 4.03 program (https://www.nhm.uio.no
» downloads » past4manual) was used.

Results and Discussion

From the processing of 40 electropherograms,
data on the allelic composition of the Ukrainian Brown
(Carpathian region) breed were obtained (table 1).

Table 2 shows the typing results and calculated values
of genetic differentiation of the UB breed at the DRB3 lo-
cus. Atotal of 23 alleles and 18 genotypes were identified
with average frequencies of 4.35 % and 5.56 %, respec-
tively. The most common alleles were BoLA-DRB3.2*27,
*28 and *50 with a frequency of P, = 0.1 and the BoLA-
DRB3.2*32/*54 genotype, which was typed in 9 cows.
Among other variants, three more stand out with P, = 5%:
*8, *19, *36. The total frequency of consolidating alleles
was only 50 %, which indicates a fairly high level of biodi-
versity in the breed. It should also be noted that the BoLA-
DRB3.2*36, *50, *71 and *98 alleles are rarely found in
scientific literature. The presence of such rare (specific)
variants with high frequencies indicates the influence of
natural selection and regional characteristics of the breed.

As noted, autochthonous and local breeds have
a high level of genetic variability and biodiversity com-
pared to industrial breeds. In different regions of the
world (Africa, Asia, Latin America), indigenous breeds
demonstrate a rich BoLA-DRB3 allele pool, often with
several unique or rare alleles that are absent in industrial
breeds [9]. Some alleles of the locus are region-specific
and probably arose under the influence of local selection
and under the influence of pathogens and climate [4].

The established excess of homozygotes was not sta-
tistically significant. Testing for the x? criterion for a single-
locus system shows that the deviation from Hardy-
Weinberg equilibrium is not reliable (x? = 0.0017 < x2.)-
Therefore, statements about possible shifts towards
outbreeding should be considered false.
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Table 1. Results of typing exon 2 of the BoLA-DRB3 locus
in cows and bulls of the Ukrainian Brown breed

Cows (fragment) Bulls
Sample  General Geno- Sample  General Geno-

No. pattern type No. pattern type

1 obb *28 86 obb *28
tba *39  Kozel uba *40

2 maa *32 92 bbb *03
jdb *54 Radist bba *02

3 maa *32 96 obb *28
jdb *54  Ryck aaa *01

4 maa *32 111 oba *37
jdb *54 Metsor oba *37

5 oaa *25 98 obf *27
maa *32  Mahovyk obe *08

6 Ibb *20 112 mba *22
nbb *24 Reid Ibb *20

7 bbb *03 90 obb *28
aaa *01  Tsezar oba *37

9 bba *02 87 faa *08
jdb *54 Sjurpryz Iba *36

14k jbd *16 91 ibb *71
jbd *16 Kashtan sbb *19

15 jbd *16 102 xba *50
rcc *05  Parol’ nba *23

Note. Sample numbers are given in accordance with the numbers
of the Genetic Resources Bank of the Institute of Animal Breeding
and Genetics.

Table 2. Allele spectrum, genetic variability and biodiversity
of Ukrainian brown cattle according to the BoLA-DRB3 gene
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| heterozygotes
o] ex
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0.94 -0.044 16.7 0.726 2.9

~

The information of the level of genetic variability and
biodiversity of UB must be analysed in comparison with
other Ukrainian breeds for which the polymorphism of
the BoLA-DRB3 gene has been studied (table 3).

The variability of genetic diversity can be convenient-
ly assessed using the number of effective alleles (A,).
This indicator reflects the conditional number of alleles
with identical frequencies that would ensure the same
level of genetic diversity as actually observed in the sam-
ple. In other words, Ae transforms the real, often uneven
distribution of allele frequencies into a balanced model in
which each allele has an equal probability of appearing.
This is a convenient criterion for comparing samples in
which the number and structure of allele frequencies may
differ significantly. In population genetic studies, with simi-
lar heterozygosity values, the number of effective alleles
provides a more accurate and unified assessment of the
actual level of diversity. The value of A, = 16.7 established
for the brown breed is quite high, which characterises
the high level of biodiversity of the studied population.
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Table 3. Polymorphism of BoLA-DRB3 gene alleles for autochthonous Ukrainian cattle

Alleles with a frequency of P, =5 %

Ukrainian breeds and their total proportion (%) A H, He ) A. AJ/N, I
Ukrainian Brown *8, *19, *27, *28 *36, *50 / 50.0 23 0.9 0.94 -0.044 16.7 0726 297
Grey Ukrainian [12] *06, *12, *16, *78 /69.9 28 0.774 0.742  0.041 442 0.158 2.21
White-headed Ukrainian [12]  *03, *12, *14, *16, *22, *23, *24 / 65.3 28 0.927 0959 -0.035 137 0489 294

A more accurate assessment of the level of genetic
variability is considered to be the efficiency index, which
shows the proportion of consolidating alleles among all
those detected in the sample. It characterises the over-
all efficiency of the locus, which does not depend on
the number of alleles detected. The results of the study
showed that the brown breed has the highest efficiency
index value of A/N, = 0.726 among domestic populations.

The Wiener-Shannon-Ashby law of requisite variety
states that for a biological system to exist sustainably,
it must have sufficient internal diversity to compensate for
external and internal influences. It can be quantified using
the Shannon index, which reflects the entropy of the dis-
tribution of elements in the system: maximum values of
the index indicate the highest chaos of allele distribution,
while lower values indicate its orderliness. The sensitivity
of the index to changes in high-frequency allele variants
allows for an effective assessment of the biodiversity
of the allele-saturated exon 2 of the BoLA-DRB3 gene.
The calculated value of the index / = 2.97 indicates
a high level of biodiversity in the brown breed.

Based on the results obtained, it can be stated that
the Ukrainian brown breed is unique in terms of genetic
variability for the BoLA-DRB3 gene. Two rare BoLA-
DRB3.2*71 and *98 alleles were identified, which had
not been previously reported in scientific literature.
The presence of specific alleles, heterozygosity indices,
effective number and efficiency index indicate a high
level of genetic differentiation of the breed, which is con-
firmed by the high Shannon index.

Indigenous cattle populations harboring unique BoLA-
DRB3 variants should be given priority in gene pool con-
servation programs as vital reservoirs of genetic diversity.
These results should be incorporated into dedicated
genetic databases and breeding strategies. Moreover,
they enhance our understanding of the allelic diversity
and distribution of BoLA-DRB3 in Ukrainian cattle and
contribute to broader insights into the global polymor-
phism and variability of the BoLA-DRB3 gene.
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Monimopdizm reHa BoLA-DRB3 ykpaiHcbkoi 6ypoi nopoau
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23aknag BuLLOI ocBiTH «[oAiNbCbKUIA AepXXaBHUIA YHIBEPCUTETY, haKynbTeT BETepUHapHOI MEAMLMHN Ta TEXHOMOTIN Y TBAPUHHULTBI,
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33aknag BuLLOi ocBiTU «OAINbCLKNIA AepXaBHUIA YHIBEPCUTET», bakynsTeT eHepreTkn Ta iHopMaLinHUX TEXHOMOTIN,

Byn. LeeyeHka, 12, M. Kam’siHeLp-MNoginbcbkuil, XMenbHuLbKka obn., 32316, YkpaiHa

Y cTatTi HaBeaeHO pesynkTaTi AoCHiMKEHHS noniMopdiaMy ykpaiHcbkoi Bypoi nopoay (UB) 3a reHom BoLA-DRB3. ExkcnepumeHTarbHi
AaHi otpumaHo metogom MIP-NOP®. 3a pesynsratamu TvnyBaHHs 3paskiB kposi 30 kopis i cnepmu 10 GyraiB BCTaHOBMNEHO reHOTUMM TBapHH.
BussneHo 23 anens i 18 reHoTuniB. YacTka KOXHOrO 3 TPbOX HanbinbL nowmpeHnx anenis BoLA-DRB3.2*27, *28 i *50 craHosuna 10 %.
Cepeq iHWKX BapiaHTiB BUAINAETLCA Le TpY 3 YacToToro noHag 5 %: *8, *19 i *36. MakcumansbHo BusieneHo reHotvn BoLA-DRB3.2*32/*54,
sk TMNoBaHo y 9 kopiB (15 %). CymapHa KinbkicTb 4acToT KoHconigyrouux anenis ckrana 50 %. Y BubipLi BUSBNEHO Aekinlbka ManonoLum-
peHux anenis (BoLA-DRB3.2*36, *50, *71 i *98), siki piako BusBNanm B gocnimkeHHsx nonimopdiamy MHC iHwmx nopig BPX. Hesenwvkuin nyn
KOHCOMiAyt4MX anenis Ta HasiBHICTb MaronoLUMPEHKX BapiaHTIB 3 BUCOKUMMM YacToTaMu CBigYaTh Npo BMnvB NpupoaHoro Aobopy Ta perio-
HanbHi ocobnmeocTi nopoau. MokasHuku crnioctepexysaHoi (0.9) Ta odikyBaHoi (0.94) reTepo3nroTHOCTI BKa3yHoTb Ha BUCOKWI PiBEHb reHETUY-
HOI MiHMMBOCTI MPOTECTOBAHMX TBAPWH, LLIO MiATBEPMHKYOTb HANOINbLLI 3Ha4eHHs edbeKTMBHOrO Yvcna anenis (16.7) Ta iHgekcy ecbeKTMBHOCTI
(0.726). HeaHauHe BigxuneHHs B naHMiKcii BUsiBNEHe 3a iHaekcom Paiita BUSIBUNOCS HEOOCTOBIPHMM. Brcokuii piBeHb GiopisHomaHiTTs UB
NiATBEPIKYETHCS BENMUMHOL iHAaekcy LLieHoHa (2.97). HasiBHiCTb cneumdpiyHux anenis, BCTaHOBMNEHi NOKa3HMKV MIHIMBOCTI Ta iHaekcy LLeHo-
Ha cBig4aTb NPO BUCOKMWIA PiBEHb reHeTUYHOI AvdbepeHLiaLii Ta GiopisHoMaHiTTs nopoaun. AbopureHHi nonynsji MatoTb yHikanbsHi BoLA-DRB3
BapiaHTW, sIki CNyrytoTb FeHETUYHUM PE3EPBOM AMsl MaibyTHLOT cenexLii Ta po3BUTKY MOINOYHOI rany3i, o0cobrnmBeo B yMoBax 3MiH Knimaty
41 NOSIBU HOBUX 3aXBOPIOBAHb, @ TAKOX 5K [PKEPENO rEeHETUYHOrO Pi3HOMaHITTA reHodoHay BPX.
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The aim of the study was to investigate the effectiveness of
the vitamin and mineral premix “Koza Kitna” and the mineral mix-
ture “Vita” in treating hypocalcaemia in pregnant goats. Experi-
mental studies were conducted on pregnant animals in the ex-
perimental (n=12) and control (n=8) groups. The effectiveness of
the preparations was determined based on the results of clinical
and instrumental (echo osteometry) studies of goats, as well as
laboratory blood tests at the beginning and end of the experiment.
The content of total calcium and its ionised fraction in blood serum
was determined using standardised methods, and the concentra-
tion of 250HD; was determined using an enzyme-linked immu-
nosorbent assay with the 25-OH Vitamin D Total (Vit D-Direct)
test system. It has been established that feeding pregnant goats
with the vitamin and mineral premix “Koza Kitna” and the mineral
mixture “Vita” in daily doses of 50 and 40 g/head for 40 days con-
tributed to the restoration of total calcium metabolism and its ion-
ised fraction in the blood serum of 100.0 % of the animals in the
experimental group. Feeding the control group goats the mineral
mixture “Vita” at a dose of 40 g/head was ineffective. The results
of the ROC analysis also indicate the high effectiveness of feed-
ing these preparations to animals in the experimental group: the
area under the ROC curve (AUC) was 1.0 (95 % CI: 0.832-1.0;
sensitivity — 100.0 %; specificity — 100.0%; J-index — 100.0 %;
P<0.001). At the end of the experiment, the calcidiol content in
the blood serum of goats in the experimental group was 1.4 times
higher than that of goats at the beginning of the experiment, and
its values ranged from 18.0 to 32.4 ng/mL (23.7+2.31 ng/mL).
Feeding the mineral mixture to the goats in the control group re-
sulted in a slight increase in the level of 25-hydroxycolecalciferol
in some of the animals, but its values were significantly lower than
in the experimental group. At the end of the experiment, the speed
of ultrasonic wave propagation in the experimental group of goats
was significantly higher than at the beginning of the experiment
and 26.2% higher than in the control group.

Key words: goats, total calcium, ionised calcium, 250HD5,
echoosteometry, hypocalcaemia, ROC analysis, Judin index

Introduction

nological processes, as well as the specifics of treating
and preventing diseases that arise from violations in the

Maintaining specialised goat farms with high genetic keeping and feeding of goats. One of the main reasons
potential requires veterinary specialists knowledge of tech- for the low realisation of the genetic potential of animals is

The Animal Biology, 2025, vol. 27, no. 4
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the insufficient provision of complete feed. One of the main
problems is the imbalance of diets in terms of nutrients and
biologically active substances, in particular the imbalance
in the content of vitamins and macroelements [23, 32].
The development of new feed additives is an important
factor in increasing productivity and maintaining the health
of dairy herds. Premixes should ensure maximum absorp-
tion of biologically active substances and meet the physi-
ological needs of dairy goats in terms of vitamin, macro-
and microelement content. Therefore, the use of premixes
is one of the most effective means of ensuring a balanced
intake of vitamins and minerals into the animal’s body [25].
Their use is particularly important during pregnancy,
when metabolic processes in the animals’ body under-
go significant changes and require additional support.
This period is crucial for maintaining the health and pro-
ductive potential of goats. For example, during the last
2-3 weeks of pregnancy, dry matter intake does not meet
the animals’ needs for nutrients necessary for foetal de-
velopment and lactogenesis, leading to energy deficiency.
This metabolic imbalance significantly increases the
susceptibility of goats to metabolic disorders. The most
common metabolic diseases in goats are hypocalcaemia,
alimentary osteodystrophy, toxicosis during pregnancy,
hypo- and hypermagnaemia, which lead to a decrease
in milk production and fertility disorders [4, 14, 40].
To prevent a decrease in calcium concentration in the
bloodstream, the animal’'s body has three ways of main-
taining its homeostasis: a) increasing calcium absorption
in the gastrointestinal tract; b) enhancing its reabsorption
from primary urine; ¢) mobilising it from bone reserves [37].
Parathyroid hormone (PTH) mobilises calcium from the
bones, increases its reabsorption in the kidneys, and
stimulates the synthesis of calcitriol — 1,25(OH), D5 in the
proximal tubules of the kidneys. At the same time, 1,25-di-
hydroxycholecalciferol activates the synthesis of calcium-
binding protein (CaBP) in the mucous membrane of the
small intestine, which stimulates calcium absorption [18].
Vitamin D is a key regulator of calcium metabolism
and is important for the prevention and treatment of hypo-
calcaemia in ruminants. It belongs to the group of seco-
steroids and has anti-rickets properties. Formed in the
kidneys under the action of enzymes (1a-hydroxylases),
1,25-dihydroxycolecalciferol has a decisive influence on
calcium homeostasis, in particular by stimulating its ab-
sorption in the intestine [30]. According to Goff et al. [10],
a decrease in the concentration of vitamin D receptors
(VDR) in tissues during parturition can lead to a disruption
in the ability of goats to respond to calcium requirements
during early lactation, resulting in the development of hy-
pocalcaemia. The reasons for the decrease in the number
of vitamin D receptors (VDR) in the first hours after kidding
have not been sufficiently studied. In addition, in animals
with vitamin D deficiency, the efficiency of absorption
of this macroelement in the intestine decreases [7].
The aim of the study is to investigate the effectiveness
of vitamin-mineral premix and mineral mixture in hypo-
calcaemia in female goats.

48

Materials and Methods

The keeping, feeding, care of animals and all pro-
cedures were carried out in accordance with the Law
of Ukraine “On the Protection of Animals from Cruel
Treatment” (Kyiv, 2006, no. 1164-1V), “Basic Principles
of the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and other Sci-
entific Purposes” (Strasbourg, France, 18 March 1986,
ETS no. 123) and the “General Ethical Principles for
Conducting Experiments on Animals”, which were
adopted at the First National Congress on Animal
Bioethics (Kyiv, 2001). The research was conducted
in compliance with all the principles of humanity pro-
vided for in the European Community Directive.

The microclimate in the premises during the research
period complied with zoohygienic standards (DSTU
7823:2015 Animal farms. Requirements for microclimate
parameters in premises for keeping animals).

Experimental studies on the effectiveness of vitamin-
mineral premix and mineral mixture were conducted in
winter on pregnant goats of the Saanen breed. For this
purpose, two groups of animals were formed accord-
ing to the principle of analogues: experimental (n=12)
and control (n=8). Starting from 90-100 days of preg-
nancy, the goats in the experimental group were given
a daily dose of 50 g/head of the vitamin and mineral
premix “Koza Kitna” (MOLKAM LLC, Ukraine) and the
mineral mixture “Vita” (Private Firm “Vita®, Ukraine) at a
rate of 40 g/head. One gram of the “Koza Kitna’ premix
contains vitamin A (760 [U), vitamin D5 (140 IU), vitamin
E (8 mg), calcium (0.09 g), phosphorus (0.035 g), mag-
nesium (0.05 g), copper (1.2 mg), zinc (5.6 mg), manga-
nese (4.8 mg), iodine (0.16 mg), cobalt (0.08 mg), sele-
nium (0.045 mg). One gram of the “Vita” mineral mixture
contains the macroelements calcium (0.25 g), phospho-
rus (0.15 g), magnesium (0.15 mg), sulphur (1.0 mg)
and the microelements iron (0.3 mg), zinc (0.1 mg),
and manganese (0.01 mg). The preparations were pre-
mixed with concentrated feed and fed for 40 days.

The control group of pregnant goats were given the
“Vita” mineral mixture at similar stages of pregnancy,
doses and feeding duration.

The effectiveness of vitamin and mineral supple-
ments was determined based on the results of clinical
and instrumental (echo osteometry) studies of animals,
as well as laboratory blood tests at the beginning and
end of the experiment. Clinical studies of goats were
conducted according to the generally accepted scheme
at the beginning and end of the experiment [20, 35].
In addition, the structure of the diet and its nutritional
value were analysed [17, 31].

The material for the study was blood samples collect-
ed in disposable vacuum tubes with a blood coagulation
activator and gel using the method of ante-mortem jugular
vein puncture. Blood sampling was performed between
8:00 and 10:00 a.m. before feeding the animals. Before
taking blood samples, the puncture site was shaved and
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disinfected with a 96 % ethyl alcohol solution. The blood
vessel was punctured with a disposable sterile HENKE-
JECT injection needle (18G, 1.2x25 mm) at an angle
of 45-50 ° away from the heart.

Biochemical analysis of goat blood serum was per-
formed using standardised methods to determine the
concentration of total calcium (reaction with calcium
arsenate lll) and ionised calcium (ion exchange absorp-
tion method) [19]. Measurements were performed using
a Stat Fax 4500+ biochemical analyser.

The concentration of 250HD; in the blood serum of
goats was determined by enzyme-linked immunosorbent
assay using the Stat Fax analyser (Avareness Technolo-
gy Inc., USA). The study was conducted using the 25-OH
Vitamin D Total (Vit D-Direct) test system (Monobind Inc.,
USA) [12, 39] at the interfaculty research laboratory for
molecular genetic and immunological studies at the Bila
Tserkva National Agrarian University.

The speed of ultrasound propagation through the
bone tissue of goats was determined using an EOM-01-C
echo osteometer. The study was conducted on the last
ribs of goats along the meral line.

The results of biochemical studies are presented in
accordance with the International System of Units (SI),
which is recommended for use in clinical laboratory prac-
tice [19]. Data analysis was performed using the Statisti-
ca 12.0 software package (StatSoft Inc., USA, 2014). The
arithmetic mean (M) and statistical error of the arithmetic
mean (m) were determined, and Pearson’s correlation co-
efficient (r) was calculated. The normality of the distribu-
tion of indicators was tested using the Shapiro-Wilk test,
and the equality of variance was tested using the Levene
criterion. Student’s t-test was used to compare the differ-
ences between the mean values. The results were con-
sidered significant at P<0.05; 0.01; 0.001 [8, 29, 33].

To evaluate the effectiveness of vitamin and mineral
supplements, ROC analysis was used to determine the
area under the ROC curve (AUC). An AUC value of up to
0.5 indicates low discriminatory power, while an increase
to 1.0 indicates high accuracy in distinguishing between
the experimental and control groups of animals. This test
reflects the dependence of the number of correctly and
incorrectly classified cases with a 95 % confidence inter-
val (95 % CI) [13].

Using the optimal threshold value, we calculated sen-
sitivity, specificity, and the Youden index (J). This index
ranges from 0 to 1 (or from 0 to 100 %), with values closer
to 1 indicating high effectiveness of the indicator, and
a decrease in the index indicating low test informative-
ness [15].

Results and Discussion

Clinical and experimental studies were conducted
from December 2023 to February 2024 on Saanen goats
in their second to fourth lactation. One of the important
elements of a comprehensive assessment of the clinical
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status of goats is the determination of their body condi-
tion, which was carried out using the BCS scale in the
range from 1.0 to 5.0 with a step of 0.5 points (Body Con-
dition Score) [9, 11]. It was found that 75.0 % of the goats
in the experimental and control groups were of average
body condition (2.5-3.5 points on the BCS), and another
25.0 % were below average (1.5-2.0 points). Body con-
dition (BCS) was determined by examination and palpa-
tion of fat deposits in the lumbar spine, ribs and sternum.
In 75.0 % of the goats, the general condition was satisfac-
tory, and the body position in space was natural standing.
The coat was shiny, evenly covered the skin and was well
retained. The skin of most animals was pale pink, elastic,
and moderately moist. The conjunctiva was predominant-
ly pale pink in colour and moderately moist. The mucous
membranes of the oral cavity and nose were moderately
moist and pale pink. The superficial lymph nodes (sub-
mandibular, prescapular, popliteal and supraclavicular)
are not enlarged, smooth, mobile, painless, dense in con-
sistency, and the skin temperature in the areas of their
localisation did not differ from the temperature of the ad-
jacent tissues. The pulse rate in goats was 68-80 beats
per minute, respiratory rate was 16—28 breaths per min-
ute, and body temperature was 38.5-39.6 °C. In addition,
25.0 % of animals were diagnosed with slight depression
of general condition, decreased body weight and appe-
tite, dullness and matting of the coat, pallor of the visible
mucous membranes, looseness of the incisors, humpi-
ness, lysis of the last pairs of ribs and tail vertebrae, slight
tachycardia and tachypnoea.

The daily diet of pregnant goats included the fol-
lowing feeds: meadow hay (1.2 kg), granulated mixed
feed (1.0 kg), which consisted of corn (0.35 kg), wheat
(0.18 kg), oats (0.16 kg), sunflower meal (0.21 kg), and
soybean meal (0.10 kg). The diet of the goats was suffi-
cient in crude protein (104.6 % of the requirement) and di-
gestible protein (106.6 %) with a significant excess of mag-
nesium (143.0 %). At the same time, the diet is deficient in
dry matter (92.1 %), metabolisable energy (85.7 %), feed
units (78.6 %), crude fibre (89.6 %), crude fat (66.3 %),
sugar (48.3 %), starch (64.6 %), calcium (74.5 %), phos-
phorus (66.1 %) and manganese (96.8 %), and trace ele-
ments — zinc (67.6 %), copper (75.0 %), cobalt (52.8 %),
iodine (53.5 %), vitamins A and D (35.0 % and 48.5%,
respectively). The calcium-phosphorus ratio was 1.59:1
compared to 1.78:1 according to the norm [24]. The ratio
of sugar to digestible protein and the sum of easily fer-
mentable carbohydrates (sugar and starch) to digestible
protein were 0.36:1 and 1.95:1, respectively. In the diet
structure (by metabolisable energy), roughage accounted
for 40.5 % (optimally 3545 %), concentrates — 59.5 %
(the norm is 20—22.0 % [17]), and there was no succulent
feed. The concentration of crude and digestible protein
in 1 kg of dry matter of the diet was 8.3 and 6.0 %, re-
spectively, and crude fibre was 11.6 %.

Based on the results of biochemical studies, we found
that the concentration of total calcium in the blood serum
of goat kids at the beginning of the experiment ranged
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Table 1. Dynamics of total calcium when feeding vitamin-mineral
premix and mineral mixture to pregnant goats

Table 2. Dynamics of ionised calcium when feeding vitamin-mineral
premix and mineral mixture to pregnant goats

Biochemi- Re-  Biometric Groups of animals Biochemi- Re- Biometric Groups of animals
calindicator search indicator experimental control P< calindicator search indicator experimental control P<
n 12 8 n 12 8
1 Lim 2.01-2.27 1.70-2.20 1 Lim 0.46-0.82 0.42-0.65
Total Mtm 2.1£0.03  2.0+0.06 0.1 Nzt M+m 0.6+0.04  0.5+0.03 0.05
calcium, n 12 8 calcium, n 12 8
mmol/L , Lm 222-269 1.68-2.05 mmol/L , Lm 0.64-1.17 0.51-0.74
M+m 2.4+0.04  1.840.04 0.001 M+m 1.0+0.05  0.6+0.03 0.001
P.< 0.001 0.01 P.< 0.001 0.05

Note. Here and further: 1 — start of the experiment (90-100 days of pregnancy); 2 — end of the experiment (135—-145 days of pregnancy).
P< — significance of values between the experimental and control groups; P,< — significance of values between the start and end of the experiment.

from 1.70 to 2.27 mmol/L (2.1£0.03 mmol/L), including
2.01-2.27 mmol/L (2.1£0.03 mmol/L) in the experimen-
tal group and 1.70-2.20 mmol/L (2.0£0.06 mmol/L) in
the control group (P<0.1) (table 1). In 41.7 % of goats
in the experimental group and 12.5 % in the control
group, the macroelement content was optimal, while in
58.3 % and 62.5 % of animals, respectively, its values
were close to the lower limit of the norm.

After feeding the vitamin-mineral premix and mineral
mixture, the concentration of total calcium in the blood se-
rum of goats in the experimental group was 1.14 times
higher than that of animals at the beginning of the ex-
periment (P<0.001) ranging from 2.22 to 2.69 mmol/L
(2.4+0.04 mmol/L) (see table 1). Analysis of individual
indicators showed that in all goats, the level of the
macroelement was 11.8-30.6 % higher than at the begin-
ning of the experiment, and its maximum values reached
2.51-2.69 mmol/L, which indicates the high therapeutic
efficacy of combined feeding of these preparations for
hypocalcaemia in pregnant goats. A positive correlation of
moderate strength (r = +0.36) was established between
the concentration of total calcium in the blood serum
of goats in the experimental group at the beginning of
the experiment and at its completion.

In the control group, a marked decrease in total cal-
cium content was observed at the end of the experi-
ment, with its concentration varying in the range of 1.68—
2.05 mmol/L (1.8+0.04 mmol/L), which is 25.0 % less than
in the experimental group (P<0.001) and 10.0 % less than
at the beginning of the experiment (P<0.01) (see table 1).

To evaluate the effectiveness of drugs based on the
concentration of total calcium in the blood serum of goats
at the end of the experiment, we performed a ROC analy-
sis between the experimental and control groups. It was
found that the optimal threshold value of total calcium con-
centration in goats of the experimental and control groups
was <2.05 mmol/L, the area under the curve (AUC) was
1.0 (95 % confidence interval: 0.832—1.0). The analysis
of this test indicates the high effectiveness of feeding
these preparations to goats in the experimental group
compared to the control group, since the test values were
significant, in particular, sensitivity — 100.0 %, specific-
ity — 100.0 % and J-index — 100.0 % (P<0.001) (fig. 1).
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Thus, feeding pregnant goats with the vitamin and
mineral premix “Koza Kitna” and the mineral mixture
“Vita” in daily doses of 50 and 40 g/head for 40 days con-
tributed to the restoration of total calcium metabolism
in the blood serum of animals in the experimental group.
Feeding the goats in the control group the mineral mixture
“Vita” at a dose of 40 g/head did not lead to an increase
in total calcium concentration and was ineffective.

The next stage of the work was to study changes in the
concentration of the ionised fraction of calcium when feeding
animals with vitamin and mineral preparations. Thus, the lev-
el of ionised calcium in the blood serum of pregnant goats at
the beginning of the experiment was within the range of 0.42—
0.82 mmol/L (0.6+0.03 mmol/L), in particular, in the experi-
mental group it was 0.46—0.82 mmol/L (0.6:0.04 mmol/L),
in the control group — 0.42-0.65 mmol/L (0.5+0.03 mmol/L;
P<0.05) (table 2). In 91.7 % of goat kids in the experimen-
tal group and 62.5 % in the control group, the content of
the ionised fraction of the macroelement was optimal.
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i AUC = 1.000
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Fig. 1. ROC curve for the use of vitamin and mineral supplements
in pregnant goats in the experimental and control groups

based on total calcium concentration in blood serum

at the end of the experiment (n=20)

bionozis meapuH, 2025, 1. 27, N4



Hotsuliak M. M., Sakhniuk V. V.  The effectiveness of vitamin and mineral premix and mineral mixture in treating hypocalcaemia in pregnant goats

At the end of the experiment, the concentration of ion-
ised (free) calcium fraction in the blood serum of experi-
mental group goats was 66.7 % higher compared to the
beginning of the experiment (P<0.001) ranging from 0.64
to 1.17 mmol/L (1.0£0.05 mmol/L) (see table 2). In all ani-
mals, the level of ionised calcium was 25.9-45.8 % higher
than at the beginning of the study, and its values in all
animals in this group were optimal and reached 1.09-
1.18 mmol/L. There was a positive correlation (r=+0.17)
between the levels of ionised calcium in the blood serum
of goats in the experimental group at the beginning and
end of the study. There was a high correlation between
the values of total calcium and its ionised fraction at
the end of the experiment (r = +0.78).

At the end of the experiment, 87.5 % of the ani-
mals in the control group were diagnosed with a ten-
dency to increase the concentration of free calcium
(0.6£0.03 mmol/L), and its values ranged from 0.51 to
0.74 mmol/L, which is 40.0 % less than in the experi-
mental group (P<0.001) (see table 2).

According to the results of ROC analysis, the opti-
mal threshold value of ionised calcium concentration in
the blood serum of goats in the experimental and control
groups at the end of the experiment was <0.74 mmol/L,
with an area under the curve (AUC) of 0.948 (95 % con-
fidence interval: 0.748—-0.999). The analysis confirms
the high level of effectiveness of the vitamin-mineral pre-
mix and mineral mixture in animals of the experimental
group compared to the control group, as the indicators of
this test were high: sensitivity — 100.0 %; specificity —
91.7 %; J-index — 91.7 % (P<0.001) (fig. 2).

Thus, feeding the vitamin and mineral premix “Koza Kit-
na” and the mineral mixture “Vita” in daily doses of 50 and
40 g/head for 40 days contributed to a significant increase
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I AUC =0.948
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Fig. 2. ROC curve for the use of vitamin and mineral supplements
in pregnant goats in the experimental and control groups

based on the concentration of ionised calcium in blood serum

at the end of the experiment (n=20)
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Table 3. Calcidiol dynamics when feeding vitamin-mineral premix
and mineral mixture to lactating goats
Groups of animals

Biochemi- Re- Biometric

calindicator search indicator experimental  control P<
n 7 3
1 Lim 13.4-20.8 10.9-15.0
e Mzm 16.9+1.15 13.0¢1.19 0.05
ng/mL ; n 7 2
9 Lim 18.0-32.4 11.0-19.9
Mzm 23.7+2.31 16.3¥2.11 0.1
P,< 0.05

in ionised calcium in the blood serum of 100.0 % of the
animals in the experimental group compared to the begin-
ning of the experiment. Feeding the control group of goats
a mineral mixture at a dose of 40 g/head in terms of free
calcium content during the same period was ineffective.

One of the stages of the study was to investigate the
dynamics of the metabolism of one of the active metabo-
lites of vitamin D, 250HD;, in the blood serum of pregnant
goats in the experimental and control groups when fed the
above preparations. It was found that the concentration
of calcidiol in pregnant goats at the beginning of the experi-
ment ranged from 10.9 to 20.8 ng/mL (15.7+0.94 ng/mL),
including 13.4-20.8 ng/mL (16.9£1.15 ng/mL) in the ex-
perimental group and 10.9-15.0 ng/mL (13.0£1.19 ng/mL)
in the control group (P<0.05) (table 3).

At the end of the experiment, the concentration of
25-hydroxycolecalciferol in the blood serum of goats in the
experimental group was 1.4 times higher than at the be-
ginning of the experiment (23.7+2.31 ng/mL; P<0.05) (see
table 3). It was found that in almost all animals, the content
of 250HD; was higher than at the beginning of the experi-
ment, and its maximum values reached 27.2—32.4 ng/mL,
which indicates a positive effect of these drugs on the me-
tabolism of calcidiol, total calcium and its ionised fraction
in pregnant goats. A positive correlation (r = +0.20) was
established between the 25-hydroxycolecalciferol levels
at the beginning and end of the experiment.

The level of 250HD; in goats of the control group
at the end of the experiment was in the range of 11.0-
19.9 ng/mL (16.3+2.11 ng/mL) and was 31.2 % lower
than the values of the experimental group (P<0.05)
(see table 3). All animals studied showed a slight in-
crease in calcidiol concentration by 0.9-50.8 %, up to
11.0-19.9 ng/mL, but its values were significantly lower
than in the experimental group of goats.

According to the results of studies and ROC analysis,
the optimal threshold value of 25-hydroxycolecalciferol
concentration in the blood serum of goats in the experi-
mental and control groups at the end of the experiment
was £17.9 ng/mL, with an area under the curve (AUC) of
0.857 (95 % CI: 0.505-0.991). The analysis of this test in-
dicates the high effectiveness of feeding vitamin and min-
eral supplements to animals in the experimental group
compared to the control group (sensitivity — 66.7 %;
specificity — 100.0 %; J-index — 66.7 %; P<0.05) (fig. 3).
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Fig. 3. ROC curve for the use of vitamin and mineral supplements
in pregnant goats in the experimental and control groups

based on the concentration of 250HD; in blood serum

at the end of the experiment (n=10)

Thus, the use of the vitamin-mineral premix “Koza Kitna”
and the mineral mixture “Vita” for goats in the experimental
group contributed to a significant increase in calcidiol in the
blood serum of 100.0 % of animals. Feeding the mineral
mixture to the goats in the control group resulted in a slight
increase in 250HD; levels, but these values were signifi-
cantly lower than in the animals in the experimental group.

The speed of ultrasound wave propagation in the area of
the last ribs in goats was assessed at the beginning and end
of the experiment using the “Echo Osteometer” EOM-01-C
in the mode of absolute time measurement at a distance of
25 mm between the diagnostic heads of the echo osteom-
eter and an ultrasonic wave frequency of 0.12 MHz. Accord-
ing to the results of echo osteometry, it was established that
the speed of ultrasound propagation in the area of the last
ribs in the goats of the experimental group at the beginning
of feeding the preparations was 1264.0+105.34 m/s (633.0—
1724.1 m/s), in the control group — 1046.5+104.36 m/s
(769.2-1534.0 m/s) (table 4), and the difference between
the values was insignificant (P<0.2).

Table 4. Echoosteometry indicators in pregnant goats
fed with vitamin-mineral premix and mineral mixture

Re- Biometric Groups of animals

Indicator search  indicator experimental  control P<
n 12 8
1 Lim 633.0-1724.1 769.2-1534.0
Ultrasonic Mm 1264.0£105.34 1046541043 0.2
wave
. n 12 8
velocity,
m/s , Lm 718.4-1908.4 733.1-1437.0
Mzm 1329.0+117.20 981.0£93.66 0.05
P,< 0.5 0.5
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Fig. 4. ROC curve for the use of vitamin and mineral supplements
in pregnant goats in the experimental and control groups

based on the speed of ultrasound wave propagation

across the area of the last ribs at the end of the experiment (n=20)

At the end of the experiment, 91.7 % of animals in the
experimental group showed a tendency to increase the
speed of the ultrasound wave (1329.0+117.20 m/s) (see
table 4), and its values were on average 5.1 % higher
than at the beginning of the study. In goats of the control
group, the ultrasound velocity was 26.2 % lower than in
animals of the experimental group (P<0.05) and showed
a pronounced tendency to decrease compared to the
beginning of the experiment (see table 4). High positive
correlations were found between the ultrasound velocity
values of the experimental and control groups between
the beginning and end of the experiment (r = +0.94 and
r = +0.74, respectively).

According to the results of ROC analysis, the optimal
threshold value of ultrasound propagation velocity in the
area of the last ribs in the experimental and control groups
at the end of the experiment was <947.0 m/s, the area
under the curve (AUC) was 0.771 (95 % confidence inter-
val: 0.531-0.926). The results obtained indicate the high
effectiveness of the drugs used in the experimental group
of animals compared to the echoosteometry indicators of
the control group, as indicated by the test results (sensi-
tivity — 75.0 %,; specificity — 83.3 %; J-index — 58.3 %j;
(P<0.05) (fig. 4).

Thus, feeding vitamin and mineral supplements to the
experimental group of goats contributed to an increase in
the speed of ultrasonic waves in bone tissue in 91.7 % of
animals. In 87.5 % of the control group, echoosteometry
values showed a marked downward trend.

Balanced feeding is the key to animal health and long-
term productive use, which ultimately determines the
profitability of the industry. An unbalanced mineral sup-
ply in goat diets often leads to metabolic disorders. The
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most common metabolic disorder in goats is hypocalcae-
mia [40]. According to Bayoumi et al. [3] and Simdes et
al. [34], hypocalcaemia in goats is usually diagnosed sev-
eral weeks before and after kidding, and the mechanism
underlying the development of this pathology is a sharp
or gradual decrease in the concentration of calcium in the
blood serum of animals, and compensation for calcium
deficiency by its intake from mineral deposits leads to
demineralisation of the animals’ bone tissue [6].

Research on calcium concentration in the diet of
pregnant goats is limited, and specific recommendations
for the prevention of this pathology in these animals are
almost non-existent. According to Liesegang et al. [21],
clinical signs of hypocalcaemia in goats are recorded
several weeks before and after kidding. The develop-
ment of this disease in goats is due to the high calcium
requirement during pregnancy for foetal development
and preparation of the body for lactation. The macroele-
ment requirement for goats during pregnancy is 10.5 g,
while after kidding it is up to 30.5 g per day [22].

Currently, the optimal amount of calcium in the diet of
animals during the prenatal period is a matter of debate.
Brugger and Liesegang [5] reported that with a calcium
content of 0.6 % and 1.3 % in 1 kg of dry matter in the diet
of pregnant goats, no development of postpartum hypo-
calcaemia was observed. However, in the blood serum
of lactating goats in the experimental group, which were
fed more calcium, an increase in osteocalcin levels was
observed, which is one of the main markers in bone for-
mation and delayed development of young animals.

A similar pattern was established by Lean et al. [18]
in cows, where the authors note that the optimal calcium
content should be no more than 1.1 % and no less than
1.5 % in 1 kg of the dry matter of the animal’s diet, since at
a concentration of 1.35 % calcium, the highest incidence
of hypocalcaemia was observed in high-yielding cows.

The main objective of our work was to study the ef-
fectiveness of vitamin and mineral premix and mineral
mixture in hypocalcaemia in pregnant goats.

According to the results of our research, the use of the
vitamin-mineral premix “Koza Kitna” and the mineral mix-
ture “Vita” in daily doses of 50 and 40 g/head for 40 days
in the experimental group of pregnant goats for 40 days
contributed to the restoration of total calcium metabolism
and its ionised fraction in the blood serum of 100.0 %
of the animals in the experimental group.

One of the vital fat-soluble vitamins for animals is cal-
ciferol. The main function of this vitamin is to increase the
concentration of calcium in the blood plasma to a level
that maintains optimal mineralisation of bone tissue, as
well as other vital functions of the body. In particular, in
ruminants with optimal calcium supply in their diet, vita-
min D stimulates bone formation and mineralisation, and
in hypocalcaemia, it enhances calcium mobilisation from
bone tissue and its absorption in the intestine [1, 16].

According to many authors [27, 28, 36], the optimal
level of the active metabolite of vitamin D — 250HD,
in the blood serum of ruminants is within the range of

The Animal Biology, 2025, vol. 27, no. 4

30-60 ng/mL, while values below 10 ng/mL indicate
a deficiency of this vitamin.

It was found that the use of vitamin and mineral sup-
plements in the experimental group of goats contributed
to a significant increase in the content of calcidiol in the
blood serum of 100.0 % of animals. Feeding the min-
eral mixture to the goats in the control group resulted in
a slight increase in 250HD; levels, but the values were
significantly lower than in the experimental group.

Similar studies have been conducted on other animals.
In particular, according to the results of studies by Nelson
et al. [26], adding cholecalciferol to the basic diet of high-
yielding cows at a dose of 0.75 to 1.25 mg/day (30,000
to 50,000 IU/day), mainly to maintain calcium and phos-
phorus homeostasis in the body, led to an increase in the
level of this fat-soluble vitamin in the blood serum to 60—
80 ng/mL, which was not observed in the control group
animals. When 20,000 |U/day was added, the 250HD;
values were significantly lower (42.0+15.0 ng/mL),
with 22 % of cows having active metabolite levels be-
low 30 ng/mL. According to Xu et al. [38], for the preven-
tion of subclinical hypocalcaemia, cows were given oral
boluses of calcium (90 g of calcium) and cholecalciferol
(240 mg/day) were administered orally to cows during
the dry period and in the first hour after calving to prevent
subclinical hypocalcaemia, which significantly increased
the serum concentration of total calcium, ionised calcium
and the active metabolite of vitamin D — 250HD;.
The authors note that with this prevention regimen, the
experimental cows showed an increase in milk yield and
improvement in their general condition due to the sup-
pression of oxidative stress and inflammatory reactions,
as well as an increase in IgG levels.

According to Bandarra et al. [2], the speed of ultra-
sound propagation through bone tissue depends on its
density, since the structure and porosity of bone affect
the scattering and attenuation of ultrasound waves. Our
research has shown that the speed of ultrasound propa-
gation through the last ribs in the experimental group of
goats at the end of the experiment had a pronounced ten-
dency to increase in all animals. The use of a mineral mix-
ture at a dose of 40 g/head in the control group of goats
was ineffective, since in 87.5 % of animals, echoosteom-
etry values showed a marked tendency to decrease.

Feeding vitamin-mineral premix and mineral mixture
to experimental group goats for 40 days contributed to
a significant increase in the concentration of total cal-
cium and ionised calcium in blood serum, respectively,
by 1.14 and 1.68 times compared to the beginning
of the experiment and was effective in treating goats
with hypocalcaemia.

The addition of a mineral mixture to the basic diet
of goats in the control group was ineffective, since the
values of total calcium and its ionised fraction in the
blood serum of animals were 25.0 and 40.0 % lower,
respectively, compared to the experimental group.

The use of vitamin and mineral preparations in the
experimental group of goats contributed to a 1.40-fold
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increase in the concentration of calcidiol in the blood
serum compared to the beginning of the experiment.
Feeding the mineral mixture to goats in the control
group resulted in a slight increase in 250HD; content,
but its values were significantly lower than in goats in
the experimental group.

The speed of ultrasonic wave propagation through
the bone tissue of animals in the experimental group
tended to increase at the end of the experiment com-
pared to the beginning of the experiment. In the control
group of goats, the speed of ultrasound was 26.2 %
lower than in the experimental group and showed
a marked tendency to decrease compared to the be-
ginning of the experiment.

According to the results of the ROC analysis con-
ducted at the end of the experiment, a statistically
significant difference was found between the indica-
tors of total calcium, ionised calcium, calcidiol and
echoosteometry in the goats of the experimental and
control groups: the Yuden index when comparing the
concentration of total calcium was 100.0 %, ionised
calcium — 91.7 %, calcidiol — 66.7 % and 58.3 %
between echo-osteometry values.
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EcdekTUBHICTb BiTaMiHHO-MiHepanbLHOro NpPemMikcy Ta MiHeparnbHOI CyMiLui
3a rinokanbuieMil y KiTHUX KO3eMaTOK

M. M. louynsik, B. B. CaxHiok
mhotsuliak@btsau.edu.ua, volodymyr.sakhniuk@btsau.edu.ua

BinouepkiBcbkunii HalioHanbHWIM arpapHui yHiBepcuteT, Byn. CobopHa, 8/1, m. bina Liepksa, Kuiscbka obn., Ykpaina

MeToto gocnigkeHHs Byno BUBYEHHSA e(peKTUBHOCTI BiTaMiHHO-MiHepanbHOro npemikcy «Kosa kiTHa» Ta MiHepanbHoi cymilui «Vita»
3a rinokanbLjeMii y KiTHMX Ko3eMaTok. EkcnepvMeHTanbHi 4OCHiIKEHHS MPOBOAMIM Ha KITHWUX TBapuHax AocnigHol (n=12) Ta KOHTPOrbHOT
rpyn (n=8). EcbeKTMBHICTb NpenapaTiB BU3Hayanv Ha OCHOBI pe3ynbkTaTiB KIiHIYHOrO Ta IHCTPYMEHTasbHOro (€X00CTEOMETPISA) AOCTMKEHD
KO3eMaToK, a TakoXx NnabopaTopHOro aHanidy KpoBi Ha NOYaTKy eKCNepMMEHTY Ta Mo MOro 3aBepLUEHHI. Y cupoBarTLi KpoBi YHidbikoBaHMM
MeToAaMu BU3HaYanu BMICT KanbLijlo 3aranbHOro Ta Moro ioHi3oBaHoi dpakLii, koHueHTpaujto 250HD; — meToaoM iMyHO(EepMEHTHOO
aHaniay 3a BMKopucTaHHsa TecT-cuctemmn «25-OH Vitamin D Total (Vit D-Direct)». BctaHOBNEHO, LLO 3rofoBYBaHHS KiTHUM Ko3emaTtkam
BiTaMiHHO-MiHeparnbHoro npemikcy «Kosa kiTHa» i MiHepanbHoi cymilui «Vita» y gobosmx gosax 50 i 40 r/ron. Bnpogosx 40 Ai6 cnpusno
BiAHOBIIEHHIO MeTaboniaMy karnbLiito 3aranbHOro Ta 1oro ioHi3oBaHoI dpakuii y cuposarui kposi 100,0 % TBapuH gocnigHoi rpynu. 3ropo-
BYBaHHS KO3aM KOHTPOSbHOI rpynu MiHepanbHoi cymili «Vita» y aosi 40 r/ron. 6yno manoedektnBHnM. Pesynstatn ROC-aHanisy Takox
cBig4aTb MPO BUCOKY eheKTUBHICTb 3rofOBYBaHHSA 3a3HaYeHVX npenaparis TBapuHam gocnigHoi rpynu: ninowa nig ROC-kpueoto (AUC)
ctarvosuna 1,0 (95 % Al: 0,832—1,0; wytnueicte — 100,0 %; cneundivHicte — 100,0 %; iHaekc J — 100,0 %; P<0,001). Mo 3aBepLueHHi
€eKCNepuMEHTY BMICT KanbLmaiony y cupoBaTLi KpoBi ki3 AocnigHoi rpynu 6y B 1,4 pasa BULLMM MOPIBHSIHO 3 KO3eMaTkaMu Ha novaTky
Aocrigy, a Noro 3HaveHHs konveanucs B mexax 18,0-32,4 Hr/mn (23,7+2,31 Hr/mn). 3rofoByBaHHSA KO3emMaTkam KOHTPOIBHOI rpynn MiHe-
panbHoi CyMiLli 3yMOBMIIO HE3HaYHE MiABULLIEHHS PiBHSI 25-rigpoKkcuxonekanbumdepony y YaCcTMHU TBapWH, NPOTE AOro BENUYUHK Gynn
[OCTOBIPHO MEHLLI HiXX y AocniaHin rpyni. Mo 3aBepLUEHHI eKCNEPYMEHTY LUBUAKICTb MOLUMPEHHS YNBTPa3BYKOBOI XBUTI Y KITHAX KO3EMaTOK
[ocnigHoi rpynm Byna AOCTOBIPHO BULLIOKO, HiXX Ha MoYaTtKy gocnidy, Ta Ha 26,2 % GinbLuoto NpoTy 3HaYeHb Yy TBapUH KOHTPOMBHOI rpynu.

KnrouoBi cnoBa: ko3u, KanbLiii 3aranbHui, KanbLin ioHisoBaHwi, 250HD;, exoocTeoMeTpist, rinokansLiemis, ROC-aHanis, iHgekc KOpneHa
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The study investigated the regenerative potential of a wa-
ter-salt extract of the medicinal leech Hirudo verbana in exci-
sional skin wounds of rats, focusing on its influence on hair fol-
licle restoration. Sixty male rats were divided into control and
experimental groups, the latter receiving topical applications
of the extract during wound healing. Histological and morpho-
metric analyses were performed on days 3, 7, and 30 after
injury. Treated animals showed earlier transition to the prolif-
erative phase, improved skin structure, and increased density
and diameter of hair follicles compared with the control group.
By day 30, the number of follicles exceeded that of intact skin,
indicating activation of follicular neogenesis and maturation.
The therapeutic effect is associated with the bioactive com-
pounds of the leech extract, which exhibit anti-inflammatory,
anticoagulant, and regenerative activities, improving local cir-
culation and tissue oxygenation. These findings demonstrate
that Hirudo verbana extract effectively promotes hair follicle
regeneration and accelerates the overall healing of excisional
wounds. Due to its natural origin, safety, and multifunctional
biological properties, it may serve as a promising biotechno-
logical agent for skin repair and wound management.

Key words: Hirudo verbana, water-salt extract, excision-
al wound, hair follicle, wound healing, leech therapy, tissue
regeneration

Introduction

Excisional wound healing involves complex tissue
remodeling processes to restore skin integrity, encom-
passing distinct but overlapping phases of inflammation,
proliferation, and tissue remodeling. Among the regen-
erative elements, hair follicles (HFs) serve as a vital res-
ervoir of epithelial progenitor cells contributing to wound
re-epithelialization and neogenesis [15]. The stages of
hair follicle cycling — including anagen (growth), cata-
gen (regression), and telogen (rest) — play critical roles
in modulating the speed and quality of wound healing.
Recent research has underscored that active hair follicle
cycling, especially during the anagen stage, significantly
accelerates reparative healing of cutaneous defects,
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likely through enhanced cellular proliferation and growth
factor secretion [5].

Traditional and modern medicine have long sought
natural compounds that could potentiate wound heal-
ing, highlighting the pharmacological promise of medici-
nal leeches (Hirudo medicinalis). The water-salt extract
derived from medicinal leeches is rich in biologically
active substances such as hirudin, calin, and various
growth-promoting peptides, which collectively contribute
to enhanced tissue regeneration. Experimental models
have demonstrated that this extract positively influences
multiple facets of wound healing — accelerating inflam-
mation resolution, promoting angiogenesis, modulating
immune responses, and markedly increasing hair follicle
neogenesis in excisional wounds [2, 18].
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The aim of this study was to evaluate the therapeu-
tic efficacy of a water-salt extract of the medicinal leech
Hirudo verbana on the morphological properties of hair
follicles during the healing process.

Materials and Methods

Experimental animals and housing conditions

The study was conducted on 60 adult male white
laboratory rats weighing 245-260 g. Animals were main-
tained under standard vivarium conditions (temperature
20-25 °C, relative humidity <55 %, natural light/dark cy-
cle) and provided with balanced pelleted feed and water
ad libitum. Following wound induction, each animal was
housed individually in aseptic cages with weekly bed-
ding changes. No signs of bacterial contamination were
observed in any group throughout the experiment.

All experimental manipulations complied with the In-
ternational Guidelines for Biomedical Research Involving
Animals, the national Joint Ethical Principles for Animal
Experiments (Ukraine, 2001), and Directive 2010/63/EU
of the European Parliament and of the Council (22 Sep-
tember 2010). The protocol was approved by the Bioeth-
ics Commission of the Faculty of Biology, Zaporizhzhia
National University (protocol no. 1 from 30 October 2025).

Medicinal leeches (Hirudo verbana) were maintained
using the modern jar method at the Educational and Re-
search Laboratory of Cellular and Organismal Biotech-
nology, Zaporizhzhia National University, in accordance
with TU U 05.0-02125243-002:2009 “Medicinal Leech”
and the sanitary-epidemiological approval of the Minis-
try of Health of Ukraine (no. 05.03.02-06/49982, dated
12.08.2009).

Wound model and experimental design

Full-thickness circular skin wounds (1.5 cm in diam-
eter) were created in the interscapular region under
ketamine anesthesia (40 mg/kg body weight) after shav-
ing and aseptic preparation of the skin surface [7, 14].
Rats were randomly assigned to control and experi-
mental groups of 30 animals each. In the control group,
wounds healed spontaneously without treatment. In the
experimental group, compresses soaked in a water-salt
extract of Hirudo verbana were applied to the wound
areaondays 1, 2,3,7,10, and 14.

Preparation of the water-salt extract

The water-salt extract was prepared by the method of
Aminov [3]. Thirty-five medicinal leeches (0.8—1.1 g each)
were blotted dry on sterile filter paper, fragmented, and
homogenized in physiological saline under sterile condi-
tions. The homogenate was filtered, washed, re-dried,
and re-ground. The material was resuspended in saline
(1:10 wiv), extracted at 4 °C, centrifuged, and filtered
through Millipore bacteriological filters. Protein concentra-
tion in the supernatant was determined colorimetrically
using pyrogallol red-molybdate reagent on a Beckman
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Coulter AU480 biochemical analyzer. The final protein
concentration of the extract was 0.022 mg/mL [20].

Tissue collection and histological analysis

Samples from the wound bed and adjacent intact skin
(within 1 cm of the wound edge) were collected immedi-
ately after injury and on days 3, 7, and 30. Tissues were
fixed in 10 % neutral buffered formalin for 72 h, embed-
ded in paraffin, sectioned at 5 ym thickness (Thermo
Scientific HM 325, USA), and stained with hematoxylin
and eosin. Micrographs were obtained using a ZEISS
PrimoStar iLED microscope equipped with an AxioCam
ERcbs camera. Images were analyzed using Quantita-
tive Pathology and Bioimage Analysis (Qupath) software
(v 0.4.4, Edinburgh, UK) to calculate the amount of hair
follicles and their diameters in periwound.

Statistical analysis

Comparisons were performed between the intact
group and each treatment group at corresponding time
points, and between control and experimental groups
on each day of healing. Data distribution normality was
verified using the one-sample Kolmogorov-Smirnov
test. Parametric analyses were conducted using Stu-
dent’s t-test with Bonferroni correction in IBM SPSS
Statistics 26.0 (USA). Results are presented as
mean + standard deviation (meanxSD). Differences
were considered statistically significant at P<0.05.

Results and Discussion

The water-salt extract of Hirudo verbana represents
a complex mixture of biologically active proteins with
considerable therapeutic potential. Its principal con-
stituents, including hirudin, bdellins, eglins, and desta-
bilase, act synergistically to regulate inflammation, co-
agulation, and tissue repair [2, 3, 10]. Hirudin, a potent
natural thrombin inhibitor, not only prevents clot forma-
tion but also exhibits pronounced anti-inflammatory
effects by suppressing the release of tumor necrosis
factor-a (TNF-a) and modulating inflammatory signaling
pathways, thereby promoting the resolution of inflam-
mation and improving local tissue viability [9, 19, 24].
Bdellins and eglins, as serine protease inhibitors,
attenuate inflammation by inhibiting neutrophil elastase
and other proteases, limiting tissue degradation and oxi-
dative damage during the early wound phase [17, 22].
Destabilase possesses thrombolytic, muramidase, and
isopeptidase activities that facilitate the dissolution of
fibrin clots, improve microcirculation, and support tissue
remodeling by enhancing oxygen and nutrient delivery
to regenerating tissues [16].

The use of a physiological (water-salt) extract en-
sures sterility and biocompatibility while preserving the
structure and bioactivity of native proteins. Following the
method of Aminov [3], the extract was prepared by con-
trolled homogenization, cold extraction, centrifugation,
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and sterile filtration, resulting in a standardized protein
concentration of 0.022 mg/mL [1, 4, 20]. This procedure
maintains protein functionality and ensures the extract’'s
safety and efficacy, enabling modulation of inflamma-
tory, angiogenic, and regenerative processes critical
for wound healing. Consequently, the accelerated hair
follicle regeneration observed is attributed to improved
nourishment and oxygenation of the follicular environ-
ment, mediated through a combination of anticoagulant,
anti-inflammatory, protease-inhibitory, and thrombolytic
mechanisms by increased local blood circulation stim-
ulated by these bioactive compounds [4, 20].
Histological examination of skin samples revealed
that the sequence of tissue changes corresponded to
the classical stages of wound healing: inflammatory, pro-
liferative, and remodeling. On day 3, during the inflam-
matory phase, both control and treated groups exhibited
a reduced density of hair follicles, reflecting the initial tis-
sue damage and inflammatory response. However, ani-
mals treated with the leech extract demonstrated earlier
granulation tissue formation and less necrosis, suggest-
ing faster resolution of inflammation and initiation of re-
pair. By day 7, corresponding to the proliferative phase,
the experimental group displayed a marked increase in
hair follicle number and diameter relative to the control,
indicating stimulated epithelial regeneration, enhanced
keratinocyte proliferation, and active extracellular matrix
remodeling. On day 30, during the remodeling phase,
the treated rats exhibited nearly complete restoration
of skin structure and even higher follicle density than in
intact skin, indicating accelerated dermal regeneration
and signs of induction of follicular neogenesis.
Quantitative morphometric analysis confirmed these
histological findings. In intact skin (before wounding) about
60-70 % of hair follicles were in anagen, around 20-30 %
in telogen, and less than 10 % in catagen (fig.). In the
control group, hair follicle density decreased significantly
on days 3 and 7 after injury (28.42+1.97 and 32.81+2.71
mm?, respectively) (table). On day 3 most follicles in peri-
wound were in telogen or early catagen, reflecting a pause
in hair growth. By day 7 (proliferative phase), many fol-
licles re-entered anagen. In contrast, the leech extract-
treated group showed significantly higher values at the
same time points (43.89+3.54 and 48.40+3.73 mm?) and
a marked increase by day 30 (54.28+4.21 mm?), exceed-
ing both intact skin (43.28+2.77 mm?) and control values
(40.29+2.69 mm?, P<0.001). At day 3 all types of hair fol-
licles were noted in approximately same amounts. The
presence of numerous anagen follicles supports active
proliferation and hair shaft formation, while catagen and
telogen follicles indicate phases of follicular remodeling
and rest. At day 7 we noticed predominance of catagen
and early telogen stages in hair follicles which reflect fol-
licular neogenesis or maturation of new follicles. These
data demonstrate enhanced follicular regeneration and
suggest activation of resident hair follicle stem cells. Hair
follicle diameter, which transiently decreased after wound-
ing, increased significantly in the treated group during the
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proliferative and remodeling stages (22.19+2.12 ym on
day 7 and 23.16+2.78 um on day 30) compared with the
control (21.61+1.74 ym and 19.34+1.75 ym, respectively;
P<0.05-0.001). This enlargement indicates restoration
of follicular maturity and improved structural integrity of
the skin under the influence of leech-derived bioactive
proteins. In experimental group numerous hair follicles
were predominantly in a resting state. This dominance
of the telogen phase could reflect later stages in wound
healing or normal skin homeostasis, where follicles are
resting before regeneration reinitiates.

The mechanistic basis of the therapeutic effect
observed in H. verbana extract-treated animals likely
involves several interconnected molecular pathways.
Anti-inflammatory peptides such as hirudin and antistasin-
like molecules attenuate oxidative stress and suppress
the production of pro-inflammatory cytokines, including
TNF-a and IL-1B, thereby protecting tissues from second-
ary inflammatory damage [10, 13]. Hirudin has also been
shown to inhibit inflammasome activation and promote
mitophagy, reducing oxidative injury and facilitating tissue
recovery [9, 12]. Enzymes such as destabilase contribute
to fibrin degradation, improving blood flow and nutrient
supply to the regenerating dermis [11]. In addition, certain
leech-derived peptides exhibit growth factor — like activ-
ity, stimulating keratinocyte proliferation and extracellular
matrix synthesis [18, 23]. Proteins such as RNASET2
may participate in collagen deposition and reorganiza-
tion, ensuring proper structural remodeling [6, 21]. These
combined actions result in a microenvironment conducive
to tissue repair, angiogenesis, and epithelial regeneration.

The results obtained in this study are consistent with
previous reports describing the regenerative properties
of leech-derived substances. Aminov et al. demonstrated
that extracts of H. verbana promote granulation tissue
formation, vascularization, and epithelial proliferation,
findings that correspond closely with the present histo-
logical and morphometric outcomes [4]. A novel contri-
bution of this work is the detailed quantitative evaluation
of hair follicle density and diameter across multiple heal-
ing phases, providing direct evidence for leech extract-
induced follicular neogenesis and maturation.

The present results highlight the potential of Hirudo
verbana extract as a natural biotechnological product
for wound-healing applications. Its multifactorial biolog-
ical activity — which includes anti-inflammatory, antico-
agulant, thrombolytic, and tissue-regenerative compo-
nents — provides a broader spectrum of action compared
to many conventional pharmacological agents that are
designed to affect specific molecular targets. Moreover,
its natural origin, high biocompatibility, and low likelihood
of adverse reactions make it an attractive alternative or
adjunct in clinical wound management. Further investi-
gations should focus on isolating and characterizing the
specific active fractions responsible for these therapeutic
effects, determining optimal dosing regimens, and con-
ducting comprehensive preclinical and clinical studies
to evaluate efficacy and safety in human subjects.
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Table. Morphometric parameters of hair follicles during excisional wound healing
in control and after treatment with medicinal leech extract (mean+SD)

Number of hair 28,42+1,97 32,81+£2,71 40,29+2,69 43,89+3,54 48,40+3,73 54,28+4,21
. h 43,28+2,77 oy P ok *x sk
follicles, in 1 mm? G G L
Diameter of the hair 18,44+1,81 21,61+£1,74 19,34+1,75 22,19+2,12 23,16+2,78 22,89+1,97
19,31+£1,43 * *kk % *kk i # #iH

follicle, pm

Note. * — differences compared to previous time point after wounding within one group (control and experiment) are statistically significant (P<0.05).
** — differences compared to previous time point after wounding within one group (control and experiment) are statistically significant (P<0.01).
*** — differences at different times after surgery within one group (control and experiment) are statistically significant (P<0.001).

# — differences between control and experiment at one time are statistically significant (P<0.05).

## — differences between control and experiment at one time are statistically significant (P<0.001).

Fig. Microphotographs of a skin flap excised in periwound in control and experimental groups of rats at different periods of healing:
A — Day of wounding, intact; B — Day 3 of wound healing, control group; C — Day 3 of wound healing, experimental group;

D — Day 7 of wound healing, control group; E — Day 7 of wound healing, experimental group;

F — Day 30 of wound healing, control group; G — Day 30 of wound healing, experimental group;

H — Day 30 of wound healing, experimental group. Follicle neogenesis
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The water-salt extract of Hirudo verbana significant-
ly enhances wound healing by accelerating inflamma-
tion resolution, promoting follicular regeneration, and
improving skin restoration. Quantitative morphometric
data demonstrate increased hair follicle density and
diameter, indicating follicle neogenesis and maturation
beyond natural recovery. These effects are attributed
to the extract’s bioactive compounds with anti-inflam-
matory, angiogenic, and regenerative properties. Given
its natural origin and biocompatibility, this extract holds
promise as a novel therapeutic agent for wound care.
Further molecular research and clinical studies are es-
sential to isolate active components and confirm safety
and efficacy in humans.
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MpuckopeHHs pereHepauii BonocsaHux cdonikynis nig Bnnusom ekctpakty Hirudo verbana
y mopeni pizaHoi paHu y LypiB
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mariannatavrog@gmail.com

'3anopi3bknin HauioHanbHUI yHIBEpCUTET, Byn. YHiBepcuteTcbka, 66, 3anopixoks, 69011, YkpaiHa
23anopi3bknii epxaBHU Meanko-hapMaLeBTUYHUIA YHiBepcuTeT, 6yn. Mapii MNpuiimayeHko, 26, 3anopixoks, 69035, YkpaiHa

Y pocnigXeHHi BUBYEHO pereHepauiiHuii NoTeHLian BOAHO-CONbOBOIO eKCTPaKTy MeanyHoi m'saBku Hirudo verbana npwv 3aroeHHi
pi3aHmX paH LLKipK LLypIB, 3 0COBNMBUM aKLEHTOM Ha BiAHOBIEHHS1 BOMOCSHUX doonikyniB. LLiictTaecsT camuiB LLypiB NOQiNMnmM Ha KOHTPOIbHY
Ta AocnigHy rpynu; TBapyMHam SOCRigHOT rpyni MiCLIEBO HAHOCUIM €KCTPAKT Mif, Yac 3aroeHHs paH. MCToNorivyHMin Ta MOpPdOMETPUYHII
aHaniau nposoaunu Ha 3, 7 Ta 30 goby nicns HaHeCEHHs paHW. Y TBapwH, LLO OTPMMYBanuM eKCTPaKT, CrocTepirany WeuaLmWin nepexig oo
nponichepaTBHOI hasu, NOKpaLLEHHS CTPYKTYPW LLIKIPK, @ TaKoX 30iMbLUEHHST KiNbKOCTi 1 AiaMeTpa BONOCAHMX (DONiKyniB NOPIBHAHO 3 KOH-
TponeM. Ha 30-Ty foBy ixHsi KinbKiCTb NepeBuLLyBana NoKa3HWKW iHTaKTHOT LLKIpK, LLO CBiAYMTb NPO akTuBaLito donikynsipHOro HeoreHesy
Ta [o3piBaHHs. TepaneBTyHa Ais 3ymoBrieHa 6ionoriyHo akTMBHMMM CroslyKaMu eKCTPaKTY, SiKi MatoTb NpoTu3anarnbHi, aHTUKOAarynsHTHi Ta
pereHepaLiiiHi BMacTUBOCTI, MOKPaLLLyH4M MiCLIEBMI KPOBOODIT | OKCMreHaLito TkaHuH. OTpuMaHi peaynstati NigTBEpMKY0Th, LLO eKCTPaKT
Hirudo verbana ehekTMBHO CTUMYMIOE pereHepaLito BONOCSHMX ponikyniB i NPUCKOPIOE 3aroeHHs pisaHux paH. 3aBasku NpUpogHOMY
NOXOMPKEHHIO, 6E3MNEYHOCTi Ta KOMMEKCHIN BionoriyHin gji BiH Moxe 6yTh NepcneKkTMBHUM BiOTEXHOMNOMYHMM 3acO00M Ans BiJHOBIEHHS
LUKipW Ta NiKyBaHHS paH.

KntouoBi cnoBa: Hirudo verbana; BogHO-CONbOBUIA €KCTPaKT; pi3aHa paHa; BONOCsHi (ponikynu; 3aroeHHs paH LLKipw; ripyaoTe-
panis; pereHepauist TKaHWH
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The article presents the results of a study of the influence
of adverse microclimate parameters on the morphological and
immunological blood parameters of piglets in the neonatal pe-
riod of development, and also evaluates the effectiveness of the
use of the feed additive “Globigen Jump Start” to correct the
identified violations. The study was conducted under produc-
tion conditions with elevated air temperature and above-normal
indoor ammonia concentration. It was established that devia-
tions of microclimate parameters from reference values nega-
tively affect the functional state of the piglets’ organism, which
is manifested by changes in hematological and immunological
blood parameters. The use of a feed additive containing egg
immunoglobulins 1gY, B-glucans and mannan-oligosaccharides
increased the level of erythrocytes, hemoglobin and hemato-
crit (P<0.05-0.01), and also contributed to the normalization
of the ratio of individual forms of blood leukocytes, in particular,
an increase in the proportion of lymphocytes and a decrease in
the number of neutrophils. The results obtained indicate a pro-
nounced immunomodulatory and adaptogenic effect of the feed
additive “Globigen Jump Start” and the feasibility of its use to in-
crease the adaptive capacity and resistance of the piglet organ-
ism in the critical period of early postnatal development under
the influence of environmental stress factors.

Key words: piglets, neonatal period, microclimate, heat stress,
immunity, hematological indicators, feed additive, IgY

Introduction

Intensification of livestock farming in combination
with global climate change is accompanied by an in-
crease in the level of technological and environmental
stresses, which negatively affect the physiological state,
metabolic homeostasis and immune reactivity of farm
animals. An increase in ambient temperature, deterio-
ration of microclimate parameters in livestock premises
and accumulation of harmful gases lead to disruption
of heat exchange, water-salt balance and activation of
stress-releasing mechanisms, especially in young ani-
mals in the early periods of ontogenesis [1, 5, 7].
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Piglets are especially vulnerable to the effects of ad-
verse environmental factors in the neonatal period, when
the body’s adaptive mechanisms are not yet fully formed,
and the immune system largely depends on passively
acquired protective factors. Under such conditions, even
minor deviations of microclimate parameters from optimal
values can cause the development of immunodeficiency
states, reduced resistance, increased morbidity and mor-
tality of young animals, which has significant economic
consequences for the pig industry [6, 13, 16].

An important role in the formation of the body’s adap-
tive response to stress factors is played by mechanisms
of nonspecific resistance and the immune response
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regulation system. In particular, nitric oxide and related
NO-dependent processes are considered as a com-
ponent of the stress-limiting system, which ensures
short- and long-term adaptation of the body to adverse
environmental conditions [17]. At the same time, the ef-
fectiveness of the immune response in young piglets is
largely determined by the level of passive immunity ob-
tained with colostrum and the functional state of the cel-
lular and humoral components of the immune system.

Modern pig farming technologies, in particular early
weaning of piglets from sows, often do not take into ac-
count the biological features of the development of the
immune system, which leads to increased sensitivity of
animals to the effects of stress and pathogenic factors in
the post-weaning period [9, 13]. In this regard, a relevant
direction of scientific research is the search and imple-
mentation of effective immunotropic agents capable of in-
creasing the adaptive potential and resistance of the pig-
let organism under conditions of negative environmental
influences. In this context, feed additives containing im-
munoglobulins, B-glucans and mannan-oligosaccharides,
which provide passive immune protection, stimulate non-
specific resistance and support the functional state of the
digestive and immune systems, are of significant scientific
and practical interest. One of such additives is “Globigen
Jump Start”, which includes egg immunoglobulins IgY
and inactivated feed yeast [13, 2, 8, 14—-15].

Taking into considerstion the above, the aim of the
research was to determine the impact of adverse micro-
climate parameters on the morphological and immuno-
logical blood parameters of piglets in the neonatal period
of development, as well as to assess the effectiveness
of using the feed additive “Globigen Jump Start” to in-
crease the adaptive capacity and immune resistance
of the animal organism under the influence of environ-
mental stress factors.

Materials and Methods

The study of the influence of microclimate parame-
ters on the body of piglets in the neonatal period of their
development was carried out in production conditions, in
particular in one of the farms of Rivne region. The venti-
lation system is supply and exhaust, which is carried out
by opening windows and doors, exhaust shafts located
in the ceiling above the passage, as well as by using
exhaust fans that are turned on manually.

Two groups of farrowing sows of the Large White
breed were formed (control and experimental groups of
5 animals in each group). The sows of the control group
were fed standard compound feed. The sows of the
experimental group, starting from the 5" day before the
expected farrowing and until the 28" day of lactation, in
addition to standard compound feed, received the feed
additive “Globigen Jump Start” in the amount of 0.5 kg/t
of finished feed. Piglets born from sows of the control
and experimental groups, starting from 5 days of age,
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received prestarter compound feed, balanced in terms
of essential nutrients, according to existing standards.
At the same time, piglets of the experimental groups,
starting from 5 days of age, were fed with the feed addi-
tive “Globigen Jump Start” in the amount of 1 kg/t of feed
along with the standard compound feed. Piglets were
weaned from sows at 28 days of age.

The feed prebiotic additive “Globigen Jump Start” (EW
Nutrition GmbH, Germany) contains 26.25 % egg powder
(source of IgY, an analogue of IgG antibodies in mammails)
and inactivated dry feed yeast up to 100 %, containing
beta-glucans and mannan-oligosaccharides (MOS) [14].

During the study period, the clinical condition, safety
and growth of animals were monitored. During the ex-
periment, the main microclimate parameters were moni-
tored using a Dozor S-M-2 gas analyzer: temperature,
air velocity, concentration of carbon dioxide, ammonia
and hydrogen sulfide.

The material for laboratory studies was blood taken
from piglets on days 5, 19 and 33. In heparin-stabilized
blood, the total number of erythrocytes (RBC), leuko-
cytes (WBC) and platelets (PLT), hemoglobin concentra-
tion (HGB), hematocrit (HCT), mean erythrocyte volume
(MCV), mean hemoglobin content in erythrocytes (MCH)
were determined on the MYTHIC 18 Vet hematology an-
alyzer. The ratio of individual forms of leukocytes (blood
leukogram) was calculated using visual microscopy, ac-
cording to the methods described by us in the reference
book [18].

Results and Discussion

Analysis of the research results showed that the micro-
climate parameters significantly differed from the recom-
mended reference values (table 1). Thus, the air tem-
perature (°C) in the room for suckling piglets at 5, 19 and
33 days of age was 10; 12 and 14 °C higher compared
to the recommended maximum temperature values;
the ammonia concentration (mg/m3) was 1.6; 3.3 and
3.5 times higher, respectively. The discrepancy between
the microclimate parameters during manual control of
the supply and exhaust ventilation system in the room
and the reference values led to a significant negative
impact on the activity of the studied systems of the pig-
lets’ organism (table 2), which is also evidenced by the
results of our previous studies [13, 19].

Table 1. Indoor microclimate parameters

Day Day Day Acceptable
5 19 33 norm

Outside air temperature, °C 30 33 36 —
Indoor air temperature, °C 32 34 36 20-22

Indicators

Air speed, m/s 2,8 3,0 3,0 1-3
Carbon dioxide CO2, ppm 1310 1670 2346 3000
Ammonia NH;, mg/m? 32 67 71 0-20
Hydrogen sulfide H,S, mg/m® 0 0 0 0-5
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Table 2. Hematological blood parameters of piglets (Mtm, n=5)

Periods of the experiment

Indicators Group a)i5 Day 19 Day 33
Erythrocytes C 3.88x0.59 4.76x0.42 5.11+0.40
(RBC), thl E  4.93+0.39 5.92+0.26* 6.88+0.34**
Hemoglobin C  84.0t5.15 96.8+4.68 98.4+4.20
(HGB), g/l E  94.8+6.11 111.4+4.17* 1152+4.07*
Leukocytes C 8.76+0.98 8.38+0.57 13.5+1.18
(WBC), g/l E  9.82+0.99 10.28+0.72 12.08+0.77
Hematocrit C  35.5+3.18 36.6+1.84 38.1+1.76
(HCT),% E  37.941.37 40.0+2.02 43.7+1.53*
Mean erythrocyte C 7214229 73.1+1.38 74.7+1.78
volume (MCV), fL E  73.6£1.71 756+1.66 77.7+1.46
Mean hemoglobin ~ C  18.020.59 18.8+0.62 19.1+0.78
content in erythro-

E  20.9+0.69* 21.2+0.74* 21.7+0.69*

cytes (MCH), pg

Note. In this and the following tables: * — P<0.05, ** — P<0.01,
*** — P<0.001 — significant difference in animals of the experimental
group compared to the control group.

Table 3. Leukogram of piglet blood, % (M+m; n=5)

Periods of the experiment

Indicators Group Hay5 Day 19 Day 33
Basophils C 0.6+0.24 0.4+0.4 0.2+0.2
E 0.8+0.20 0.8+0.2 0.8+0.37

Eosinophils C 3.0+0.71 42+0.86 5.4+0.93
E 2.2+049 3.0£0.45 2.6+0.68*

Vet C 0.4+0.24 0.6+0.40 0.840.37
E 0.6+0.24 0.6+0.24  0.410.24

Rod-shaped Cc 3.6+0.68 2.4+0.51 2.2+0.58
neutrophils E 2.6£0.60 2.6+0.68  2.0+0.55
Segmented C 37.6+1.72 39.0+1.52 38.4+1.50
neutrophils E 34.2+1.43 33.5+1.54* 33.0+2.00
e C 52.0+1.34 50.0+1.87 49.8+1.88
E 56.6+1.08* 56.2+1.83* 57.2+1.66*

. C 2.8+0.73  3.4+0.93  3.2+0.58
E 3.0+0.71 3.8£0.66  4.0+0.71

The use of the feed additive “Globigen Jump Start”
in feeding piglets during the critical period of neonatal
development under the negative influence of unfavor-
able microclimate parameters caused positive changes
in morphological, biochemical and immunological blood
parameters (tables 2 and 3). Thus, from the data pre-
sented in table 2, we see that the number of erythro-
cytes in the blood of piglets of the experimental group
at 19 and 33 days of age was 24.4 (P<0.05) and 34.6 %
(P<0.01) higher than in animals of the control group.
Similar changes, only less pronounced, were estab-
lished when determining the concentration of hemoglo-
bin and the content of hemoglobin in erythrocytes. At the
same time, the significantly higher content of hemoglo-
bin in erythrocytes in all periods of the studies attracts at-
tention. The higher hemoglobin content in erythrocytes
in the blood of piglets at 5 days of age is probably due
to the effect of the studied supplement, which was con-
sumed by the farrowing sows. At the same time, in the
blood of piglets of the experimental group at 33 days
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of age, an increase of 14.7 % in the hematocrit value
(P<0.05) was recorded. These data indicate the activat-
ing effect of the components of the studied feed supple-
ment on the oxygen-transport function of the blood.

High temperature and accumulation of harmful gases
in a room with poor ventilation significantly affected the
ratio of individual forms of leukocytes in the blood of
piglets (table 3). When exposed to stress and irritation
by harmful gases, such as ammonia, an increase in the
number of neutrophils in the blood is observed. This is
because neutrophils are the first cells to respond to in-
flammatory processes and tissue damage. Simultane-
ously with the increase in the number of neutrophils, a de-
crease in the proportion of lymphocytes was detected, as
a sign of suppression of adaptive immunity. From the re-
sults of the studies presented in table 3, we see that the
use of the feed additive “Globigen Jump Start” to sows
and piglets born from them has a regulatory effect on the
ratio of their individual forms, which helps animals better
adapt to stressful conditions. This is indicated by a lower
number of segmented neutrophils in the blood of piglets
of the experimental group compared to the control group
on the 19" day of life (P<0.05) and a higher proportion
of lymphocytes (P<0.05) throughout the entire research
period. ltis likely that the components of “Globigen Jump
Start” stimulate the adaptive immune response and sup-
port the activity of lymphocytes. Analysis of the percent-
age of other types of leukocytes showed that the number
of eosinophils in the blood of piglets of the experimental
group on the 33 day of life was half (P<0.05) less than in
the control group. High concentrations of harmful gases
can irritate the mucous membranes and respiratory tract,
causing allergic reactions, which leads to an increase
in the level of eosinophils.

The decrease in the level of eosinophils in the blood
of suckling piglets in the experimental group is apparently
due to the presence of beta-glucans and MOS in the
feed additive, which help maintain healthy microflora
and reduce allergic reactions to harmful gases.

In general, the results of the conducted studies indi-
cate that the effect of elevated air temperature and above-
normal indoor ammonia concentrations causes the devel-
opment of a stress reaction in the body of piglets in the
neonatal period, which is accompanied by a violation of
the oxygen-transport function of the blood and changes in
immune reactivity. A decrease in erythrocyte indices and
the formation of a neutrophil-lymphocyte imbalance
can be considered as a consequence of hypoxia and
activation of nonspecific inflammatory mechanisms.

The use of a feed additive containing IgY, B-glucans
and mannan-oligosaccharides causes activation of eryth-
ropoiesis and an increase in the functional capacity of
erythrocytes in the body of piglets, which is manifested
by an increase in the number of erythrocytes, hemoglobin
concentration and hematocrit value. Such changes are
adaptive in nature and contribute to an increase in the
efficiency of oxygen transport under conditions of heat
stress.
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Normalization of the leukocyte formula of the blood,
in particular an increase in the proportion of lymphocytes
and a decrease in the number of segmented neutrophils
and eosinophils, indicates a decrease in the intensity of
the nonspecific inflammatory response and maintenance
of the adaptive link of immunity. The detected effects are
probably due to the complex immunomodulatory effect of
the components of the supplement, which combines the
mechanisms of passive immune protection and stimula-
tion of the nonspecific immune response. Thus, egg yolk
immunoglobulins (IgY), as well as biologically active com-
ponents of dry yeast, in particular B-glucans and MOS,
are characterized by a pronounced immunomodulatory
and metabolic-regulatory effect, which indirectly affects
the oxygen-transport function of the blood and the ratio
of individual forms of leukocytes [2].

As is known, Ig Y provides passive immunity, which
is especially important for animals in the first days of life,
when their own immune system is still developing [2, 8].
Immunoglobulins Y, entering the body, are able to specif-
ically bind antigens of pathogenic microorganisms and
their toxins in the intestinal lumen, reducing the level of
antigenic and endotoxic load. This leads to a decrease
in the systemic inflammatory response, normalization
of the production of pro-inflammatory cytokines (IL-1p3,
TNF-a) and a decrease in oxidative stress. As a resullt,
favorable conditions are created for stabilizing erythro-
poiesis, preserving the structural and functional integrity
of erythrocyte membranes and increasing the affinity of
hemoglobin for oxygen, which has a positive effect on
the oxygen-transport function of the blood [10].

Dried yeast enriched with 3-glucans interacts with in-
nate immune receptors (Dectin-1, CR3, TLR-2/6) on the
surface of macrophages, neutrophils and dendritic cells.
Activation of these receptors contributes to a moderate
stimulation of phagocytosis, increased antioxidant de-
fense and optimization of cytokine balance. Reduction of
excessive inflammatory response and oxidative damage
to erythrocytes may contribute to an increase in their func-
tional activity, in particular, improvement of gas exchange
and tissue oxygenation [3—4, 12].

Mannan-oligosaccharides exert their effect mainly
through the sorption of pathogenic bacteria that have
mannose-specific fimbrial adhesins, as well as through
the modification of the composition of the intestinal
microbiota. Improving the intestinal barrier function re-
duces the translocation of bacterial endotoxins into the
systemic circulation, which indirectly reduces the bur-
den on the immune system and hematopoietic organs.
Under such conditions, the need for compensatory leuko-
cytosis decreases, the ratio of neutrophils and lympho-
cytes stabilizes, and the proportion of immunocompetent
cells of the adaptive link increases [4].

Thus, the complex action of IgY, p-glucans and MOS
promotes the redistribution of leukocyte forms in the direc-
tion of reducing the relative number of stress-associated
neutrophils and increasing the proportion of lymphocytes,
which may indicate a decrease in the level of chronic
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inflammation and increased immune resistance of the
body. Simultaneous normalization of immune homeo-
stasis and reduction of oxidative stress create the pre-
requisites for improving the oxygen-transport function
of the blood by stabilizing hemoglobin, hematocrit and
functional fullness of erythrocytes.

Thus, the components of the feed additive, name-
ly: Ig Y, beta-glucans and MOS help reduce the im-
pact of pathogens and support the immune function of
the piglets’ organism under the influence of adverse
climatic factors. At the same time, the hematopoietic
function of the bone marrow is activated, which leads
to an increase in the number of erythrocytes and an
increase in the level of other hematological indicators,
as an adaptive reaction that helps the body compen-
sate for hypoxia caused by insufficient oxygen levels
due to poor ventilation.

It was established that keeping piglets in the neo-
natal period under conditions of elevated air tempera-
ture and ammonia concentration is accompanied by
the formation of a stress state, which negatively af-
fects the oxygen-transport and immune function of
the blood. This is manifested by a decrease in eryth-
rocyte indices, an imbalance in the leukocyte formula
and a shift in the immune response towards nonspe-
cific inflammation.

The use of the feed additive “Globigen Jump Start”,
containing egg immunoglobulins IgY, B-glucans and
mannan-oligosaccharides, causes an activating ef-
fect on the oxygen-transport function of the blood of
piglets, as evidenced by a significant increase in the
number of erythrocytes, hemoglobin concentration, he-
moglobin content in erythrocytes and hematocrit value,
especially at 19 and 33 days of age (P<0.05-0.01).
These changes are adaptive in nature and are aimed
at compensating for hypoxia caused by heat stress and
impaired gas exchange indoors.
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The HMGA1 (High Mobility Group AT-hook 1) gene is con-
sidered a candidate locus for growth- and fatness-related traits
in pigs due to its involvement in transcriptional regulation and
energy metabolism and its localization within a quantitative trait
locus (QTL) region on Sus scrofa chromosome 7. The aim of
this study was to characterize a previously described intronic
polymorphism of the HMGA1 gene in the population of Ukraini-
an Large White pig breed and to evaluate its population genetic
parameters for potential application in marker-assisted selection.
An in silico analysis based on the Sscrofa11.1 reference
genome was performed to define the genomic localization of
the amplified fragment, describe the polymorphism according
to Ensembl nomenclature, and identify its rsID in the European
Variation Archive. Genotyping of 30 Ukrainian Large White pigs
was carried out using the polymerase chain reaction—restriction
fragment length polymorphism (PCR—RFLP) method with the
restriction endonuclease Nael. The polymorphic site was lo-
calized at position 7:30,326,531 and identified as rs80981303
(c.220-170C>T). Population analysis revealed genotype fre-
quencies of 0.10 (CC), 0.40 (CT), and 0.50 (TT), with allele
frequencies of 0.30 for C and 0.70 for T. The distribution of
genotypes did not deviate from Hardy—\Weinberg equilibrium
(x2=0.068, p = 0.794). The polymorphic information content
value (P1C=0.3318) indicated that the locus is sufficiently infor-
mative. The obtained results confirm the polymorphic nature of
the HMGA1 gene in the Ukrainian Large White pig breed and
support the potential utility of rs80981303 as a genetic marker.
Further association studies with productive traits could substan-
tiate its practical application in pig breeding programs.

Key words: HMGA1 gene, pig, Ukrainian Large White breed,
intronic polymorphism, PCR-RFLP, population genetics, marker-
assisted selection

Introduction

Single nucleotide polymorphisms (SNPs) repre-
sent common genetic variants distributed throughout
the porcine genome and constitute a valuable source
of information for dissecting the genetic basis of eco-
nomically important traits in pigs [17]. High-density

The Animal Biology, 2025, vol. 27, no. 4

SNP genotyping and genome-wide association studies
(GWAS) have substantially contributed to the identifi-
cation of quantitative trait loci (QTLs) associated with
growth, fatness, carcass composition, and meat quality
traits in diverse pig populations, thereby enhancing the
prospects of marker-assisted and genomic selection
in swine breeding programs [20-21, 29]. The Pig QTL
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database [13—14] currently catalogs multiple QTLs for
growth and fatness attributes, highlighting the complex
nature of the relationships between genes and produc-
tivity traits and the importance of considering animal
genotypes to ensure efficient livestock production.

Among the candidate genes for animal productivity,
the HMGA1 (High Mobility Group AT-hook 1) gene has
emerged as a locus of interest in porcine genetics [6,
9-12, 16, 18-19, 22-24, 27, 29, 31, 34-35]. The HMGA1
gene encodes a non-histone chromatin structural protein
that functions in transcriptional regulation through modu-
lation of chromatin architecture, with documented roles
in cell proliferation, differentiation, and metabolic regu-
lation in mammals [4, 15, 30]. Although most functional
characterizations of HMGA1 have been conducted in hu-
man and model systems [4, 8, 15, 30], its genomic posi-
tion on Sus scrofa chromosome 7 (SSC7) coincides with
loci repeatedly implicated in backfat and growth traits in
GWAS and QTL mapping studies, rendering it a biologi-
cally plausible candidate gene for performance traits
in pigs [6, 9-10, 16, 22—-23, 27, 29, 31, 34-35].

Genome-wide association studies in multiple pig pop-
ulations have identified HMGA 1 among candidate genes
associated with external and carcass traits. In large-scale
analyses of growth traits, SNPs mapping near or within
the HMGA1 locus have been linked with body size and
body length [10, 16, 22, 29, 31], indicating a potential role
in skeletal and overall growth dynamics. HMGA1 also ex-
hibited associations with backfat thickness, supporting its
relevance for fat deposition traits and and carcass com-
position [6, 9]. Expression profiling and polymorphism
analyses demonstrated that HMGA 1 mRNA is widely ex-
pressed across tissues, and specific coding and 3-UTR
SNPs were significantly correlated with backfat thickness
in pigs [11]. Furthermore, genome scans have implicated
HMGAT1 as a candidate influencing the size of forelimb
bones, suggesting its multifunctional involvement in both
growth and carcass structure [34—35].

Despite these associations, the precise causal vari-
ants within the HMGA1 gene that affect phenotypic
variation in growth and fatness traits remain incompletely
resolved. The integration of functional polymorphisms
with well-characterized phenotypes offers a promising
approach to improve selection decisions. In domestic pig
populations characterized by different breeding histories
and trait emphases, the variability of HMGA1 allelic forms
suggests opportunities for selection targeting body size,
fat distribution, and carcass composition.

In the context of Ukrainian pig breeding, including
indigenous and commercial populations such as the
Ukrainian Large White, identifying and validating mo-
lecular markers linked to economically significant traits
is of particularly interest for enhancing meat productiv-
ity and preserving local genetic resources. The HMGA1
gene, with its demonstrated associations with growth
and fatness metrics, presents a candidate marker for in-
corporation into marker-assisted selection (MAS) panels
alongside other well-established markers such as IGF2,
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MCA4R, and RYR1 [2]. Such integration has the poten-
tial to refine genetic evaluation frameworks and support
breeding programs tailored to both production efficiency
and adaptive performance.

Therefore, this study aimed to characterize a previous-
ly described intronic polymorphism of the HMGA1 gene,
identifiable by the polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP) method, in
the Ukrainian Large White pig population and to evalu-
ate its allelic and genotypic distribution with respect to its
potential application in genetic improvement strategies.

Materials and Methods

To determine the precise genomic localization of the
studied polymorphism in the HMGA1 gene within the
Sscrofa11.1 reference genome [32], to describe this variant
according to Ensembl [7] nomenclature, and to identify its
rsID in the European Variation Archive (EVA) [3], a multi-
step in silico analysis was performed. First, the positions of
the primers described in [19] were mapped to Sus scrofa
chromosome 7 using the BLAST tool [1] implemented in
the Ensembl genome browser. The chromosomal distance
between the primer binding sites was then calculated and
compared with the expected amplicon length. Based on
the sizes of the restriction fragments obtained after diges-
tion, the putative position of the polymorphic site within the
amplified fragment was inferred. Subsequently, the pres-
ence of the corresponding restriction site was verified, and
the registered polymorphism in EVA matching this genomic
position and its allelic variants was identified.

For laboratory analyses, bristle samples were col-
lected from 30 Ukrainian Large White pigs maintained
at the State Enterprise “Research Farm “Stepne” (Poltava
region, Ukraine). All experimental procedures were car-
ried out in the Genetics Laboratory of the Institute of Pig
Breeding and Agroindustrial Production of the National
Academy of Agrarian Sciences of Ukraine.

Genomic DNA was extracted from bristles using
Chelex 100 reagent according to the method described
in [28]. Isolated DNA samples were stored at —20 °C
until further analysis. Genotyping was performed using
the polymerase chain reaction (PCR) technique, following
approaches described in [5, 33]. PCR was conducted in
a total reaction volume of 25 pl using reagents from New
England Biolabs (USA) in 0.5 ml Eppendorf microcentri-
fuge tubes (Eppendorf, Germany) on a Biometra thermal
cycler (Germany). Structure of primers [19] is shown in
table 1. Amplification parameters, including annealing
temperature and number of cycles, were optimized ex-
perimentally based on primer characteristics and data
from previous studies [19, 24].

Restriction fragment length polymorphism (RFLP)
analysis was performed using the restriction endonucle-
ase Nael [19]. PCR products and restriction fragments
were separated by electrophoresis in 0.2 % agarose gel.
Fragment sizes were determined using the pBR322/Mspl
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molecular weight marker. Gel images were documented
under ultraviolet illumination using a Canon digital camera.

Population genetic analysis was conducted using the
GenAIlEx 6.5 software package [25-26]. Allele frequen-
cies, observed and expected genotype frequencies, ob-
served and expected heterozygosity, and polymorphic
information content (PIC) were calculated. Deviation
from Hardy-Weinberg equilibrium was assessed using
the chi-square (x?) test.

Results and Discussion

According to the results of the BLAST search per-
formed within the Sus scrofa reference genome, the for-
ward primer with the sequence 5-AGAAGGAGCCCAGC-
GAAGT-3' was localized on chromosome 7 at positions
7:30,325,937-30,325,955, while the reverse primer with
the sequence 5-ACAGTGCTCACCCAATGGC-3" was
mapped to positions 7:30,326,640-30,326,658. This
primer pair spans exon 4 and the majority of intron 4
of the HMGA1 gene (intron numbering according to the
transcript ENSSSCT00000098878.1). Consequently,
the actual length of the amplified fragment is 722 bp.
In earlier studies [19, 24], the amplification of a 700 bp
fragment using this primer system was reported; howev-
er, in the present work, the precise amplicon size was de-
fined based on the current reference genome assembly.

Previous publications indicated that the analyzed
polymorphism in the HMGA1 gene is located within a rec-
ognition site of the restriction endonuclease Nael (GCC/
GGC). In the presence of the C allele, digestion was
expected to yield two fragments of approximately 580 bp
and 120 bp, whereas in the presence of the T allele, re-
striction does not occur and a single fragment of 700 bp
is visualized by electrophoresis. Taking into account the
refined amplicon size of 722 bp derived from the refer-
ence genome, cleavage at the Nael site generates frag-
ments of 595 bp and 127 bp. Accordingly, the TT geno-
type is represented by a single band corresponding to the
undigested fragment, the CC genotype by two bands of
595 bp and 127 bp, and the CT genotype by three bands
corresponding to the undigested and digested fragments.

The polymorphic site was localized on chromosome 7
at position 7:30,326,531 in the Sscrofa11.1 reference ge-
nome. According to Ensembl nomenclature, this variant
is designated as ¢.220-170C>T relative to the transcript
ENSSSCT00000098878.1. A single polymorphism regis-
tered at this genomic position is present in the EVA and
is assigned the identifier rs80981303.

The amplified fragment of the HMGA1 gene, including
the positions of the primers and the polymorphic site,
is shown in fig. 1.

During optimization of the PCR amplification con-
ditions, several melting temperatures were evaluated.
The calculated melting temperatures of the forward and
reverse primers were 65.7 °C and 66.7 °C, respectively.
Previous studies recommended melting temperatures of

The Animal Biology, 2025, vol. 27, no. 4

Table 1. Primers structure, GC content and melting temperature

Tm °C

Mak-
. GC, Kim  gahle-

Rrimsrs % %ﬁl_' etal, laet

2004 al.,

lated 1197 2009

[24]

5-AGAAGGAGCCCAGCGAAGT-3 57.9 65.7 62 60

5-ACAGTGCTCACCCAATGGC-3 57.9 66.7

Table 2. PCR program used for amplification
of the HMGA1 gene fragment

PCR amplification program

Gene
Temperature, °C ~ Time, s  Number of cycles
95°C 120 1
95 30
HMGA1 60 30 31
68 40
68 300 1

AGAAGGAGCCCAGCGAAGTGCCAACACCTAARAAGACCTCGGGGCCGACCA
AAGGGGAGCAAAAACAAGGGCGCCGCCAAGACCCGGGTGAGGCTTGAAGG
GGTGGCTCCTGGTGGAGGGAAGTGGGAAGTAACCCCCGTCCCCTGCAAGC
AGCTGAGGGAGGTCTGGGAAGGGGTGGGCTTGTCCTGATTCTCTGCATGC
CCTTTCTCTGGTACGTGGGCCCGATGGGTCTTGGCTAGTTGAGGAAAGTG
GGGTGATGGCCGAGGCCTAACTTCTAGGGCCTTGTCTTGCCCAGGACACT
GGGGAAGTCAAGTCAGATGTCCCAGAGCTTTCCTGGTCTGGAGGGAGGCC
AGTTGGGCAGAATGGAGGGCTGTTCCCCCTGGGCTGAGATGTCACCTCCC
CCCCAACCCCAGGCCGCCTGGGTCCTGAGGGTGGGGGAGCAGGCAAGGCC
AGATCTACAGTGGCATTGGCCTTTGGAGAAGTTGTTTTGTTTTTTATTTT
ATTTTTTCTAAGACACGACTCATATCCTCTGAGTCACGGGTGAAGGAGGG
AGTGGGGGCGTGTGTGTGTATGTTGGGGTGGGGGGCGGTGTGGCEGGCCA
GTCATCCCCAGCTGGACTCCGGTGGGCCTGCTGGGCTGAGAGTCCCGGCT
GCCCCTCCCTGCTTGCCCTCGCCCTCCAGGGCACTGGTCACTGCGGGGCA
CCCGCCATTGGGTGAGCACTGT

Fig. 1. Fragment of the HMGA1 gene (genomic location:
7:30,325,937-30,326,658) amplified in this study.

Primer binding sites are underlined. Exon 4 (genomic location:
7:30,325,939-30,326,022) is highlighted in green.

The polymorphic site rs80981303 (c.220-170C>T, genomic location:
7:30,326,531) is highlighted in blue.

62 °C[19] and 60 °C [24]. In the present study, an melting
temperature of 60 °C was found to provide optimal am-
plification efficiency and specificity. The final PCR cycling
program is presented in table 2.

The observed sizes of the PCR products and restric-
tion fragments were consistent with the expected frag-
ment lengths, as confirmed by electrophoretic analysis
(fig. 2).

The results of the population genetic analysis based
on genotyping of Ukrainian Large White pigs are sum-
marized in Table 3. In total, 3 animals with the CC geno-
type, 15 animals with the TT genotype, and 12 animals
with the heterozygous CT genotype were identified.
Accordingly, the observed genotype frequencies were
0.10 for CC homozygotes, 0.50 for TT homozygotes,
and 0.40 for CT heterozygotes. The calculated allele
frequencies were 0.30 for the C allele and 0.70 for the
T allele.
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622 bp
527 bp
404 bp

622 bp
527 bp
404 bp

Fig. 2. Electropherograms of the HMGA1 gene amplicon (a) and Nael/ restriction fragments (b)
Note. 1, 2 — amplicon (722 bp); 4, 7, 8, and 10 — CT genotypes (722 bp and 595 bp); 3, 5, 6, 9, and 11 — genotypes TT (722 bp),

M — pBR322/Mspl molecular weight marker.

The expected heterozygosity slightly exceeded the
observed heterozygosity (0.42 versus 0.40), indicating
a near-equilibrium population structure for this locus.
No statistically significant deviation from Hardy-Wein-
berg equilibrium was detected according to the x? test
(x? = 0.068, P=0.794). The PIC value was 0.3318, which
is considered relatively high for a biallelic locus and sug-
gests that this polymorphism is informative and potentially
suitable for use in directional selection within the Ukrai-
nian Large White pig population.

Comparison of the obtained results with previously
published data demonstrates substantial variability in al-
lele and genotype frequencies of the HMGA1 polymor-
phism among pig breeds and populations. In the study
by Kim et al. [19], nearly equal frequencies of CCand TT
homozygotes were reported in the Large White breed,
with a predominance of heterozygous CT animals.
In contrast, a higher frequency of TT homozygotes was
observed in Landrace and Duroc pigs. Conversely, in
a later study by Kim et al. [18], the Duroc population ex-

Table 3. Population genetic parameters of Ukrainian Large White pigs
based on the rs80981303 (c.220-170C>T) polymorphism
in the HMGA1 gene

Alleles:

C 0.30

T 0.70

Genotypes: 0.40 0.42 0.068 0.794 0.3318

CC(n=3) 0.10  0.09
CT(n=12) 040 042
TT(n=15) 050 0.49

Note. Ho — observed heterozygosity, He — expected heterozygosity.
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hibited an opposite pattern, with genotype frequencies
of 0.43, 0.45, and 0.12 for CC, CT, and TT genotypes,
respectively, indicating a predominance of CC homo-
zygotes over TT homozygotes.

These discrepancies confirm that the distribution of
HMGAT1 alleles and genotypes may vary considerably
not only between breeds but also among populations
within the same breed, reflecting differences in breed-
ing history, selection pressure, and genetic background.
Importantly, Kim et al. [19] demonstrated that in Landra-
ce and Large White pigs, carriers of the C allele exhibit-
ed increased backfat thickness, with the highest values
observed in CC homozygotes; the differences between
genotypes were statistically significant (P<0.05). In the
present study, the frequency of the minor C allele was
0.30, indicating that animals carrying the potentially fa-
vorable genotype were relatively less common. Never-
theless, this minor allele frequency provides sufficient
genetic variation to enable effective directional selec-
tion, allowing for an increase in the frequency of the
target allele over successive generations.

The present study provided a detailed characteriza-
tion of a previously described intronic polymorphism of
the HMGA1 gene in the Ukrainian Large White pig popu-
lation. Using in silico analysis of the Sscrofa11.1 reference
genome, the exact genomic localization of the amplified
fragment and the polymorphic site was defined, and the
variant was identified as rs80981303 (c.220-170C>T)
according to Ensembl and European Variation Archive
nomenclature. Refinement of the amplicon length and
restriction fragment sizes allowed for a precise interpreta-
tion of PCR—RFLP genotyping results.

Population genetic analysis revealed that the stud-
ied locus is polymorphic in Ukrainian Large White pigs,
with allele frequencies of 0.30 for the C allele and 0.70
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for the T allele. The genotype distribution did not devi-
ate from Hardy—Weinberg equilibrium. The PIC value
equal to 0.3318 demonstrates that the rs80981303
polymorphism is sufficiently informative and suitable
for use in genetic studies and breeding applications.
Further studies should focus on evaluating the popula-
tion genetic characteristics of this HMGA1 gene polymor-
phism in larger and samples, as well as on its combined
analysis with other polymorphisms within HMGA 1 and
additional candidate genes. Moreover, association stud-
ies are necessary to assess the relationships between
this polymorphism and economically important produc-
tive traits in Ukrainian pig breeds. Such investigations
will be essential to substantiate the practical applicability
of HMGA1 as a molecular marker for implementation in
marker-assisted selection programs in pig breeding.
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FeHOTUNYBaHHA CBUHEW YKpPaAIHCbLKOI Benukoi 6inoi nopoau 3a iHTPOHHUM nonimopdizamom reHa HMGA1

B. Tensieg?, A. CaeHko', M. lNeka*? O. LlepeHtok’
saenko_artem@meta.ua

"IHcTUTYT cBUHApCTBa i arponpomucrioBoro BupobHuuTea HAAH Ykpainu, 36013, Ykpaina, m. MNonTaea, Byn. LLBeacekka Moruna, 1
2XapkiBCbkUiA HaLjioHanbHWii yHiBepcuTeT iMmeHi B. H. KapasiHa, 61022, m. Xapkis, nn. Csoboaw, 4

'eH HMGA1 (High Mobility Group AT-hook 1) BBaxaeTbCs NOKyCOM-KaHAMAATOM s 03HaK, NOB’'A3aHMX i3 POCTOM i BFOAOBAHICTHO Y
CBVIHEN, 3aBASKN VOO y4acTi B perynsuii TpaHCKpunLii Ta eHepreTuyHomy meTtaboniami Ta horo nokanisadii B 06nacTi Ha JTOKyCy KinbKiCHUX
o3Hak (QTL) Ha xpomocomi 7 Sus scrofa. MeToto Liboro AoChimKeHHs Byno oxapakTrepnayBaTh paHille onMcaHnii iHTPOHHWI NoniMopdiam
reHa HMGA1 B ykpaiHcbkii monynsiuii Benumkoi 6inoi nopoam cBUHeN Ta OuUiHATK A0ro NONyNsUINHO-TeHETUYHI NapaMeTpy Ans MOXITUBOO
3aCTOCyBaHHS B MapKep-acoLioBaHil cenekuii. AHani3 in silico Ha ocHoBi pedpepeHTHOro reHoma Sscrofa11.1 6yB npoBeaeHuIn Ans BUsHa-
YeHHs1 reHOMHOI nokKanisauii amnnigikoBaHOro dparmeHTa, onvcy nonimopdiamMy BignosigHo 40 HOMeHkNaTypu Ensembl Ta ineHTudikauii
roro rsID B European Variation Archive. FfeHoTunyBaHHsi 30 CBMHEN YKpaiHCbKOI BENUKOT 6inoi nopoan NpoBoAUnM MeTOA0M nomiMmepasHol
naHUoroBoi peakuii—noniMopdiamy AOBXMHU pecTpuKLinHux dpparmenTis (MNP-TOP®) 3 eHooHykneasot pectpukuii Nael. Monimopd-
HWI canT ByB nokanizoBaHwn y noauuii 7:30,326,531 Ta ineHTudikosaHuii sk rs80981303 (¢.220-170C>T). MonynsuiiHiin aHani3 BUSIBUB
yacrtotu reHotunie 0,10 (CC), 0,40 (CT) i 0,50 (TT), 3 yactotamu anenis C — 0,30 i T — 0,70. Po3nopain reHoTWNiB He BiAXUnsiBCS Bif piB-
HoBaru Xapgi—BarH6epra (x2 = 0,068, P=0,794). 3Ha4yeHHs iHdopmaLiiHoro 3micTy noniMopdiamy (PIC=0,3318) Bka3dyBarno Ha JOCTaTHIO
iHdpopmaTMBHICTb Nokycy. OTprMaHi pedyneraTv NiaTBEPAKYHOThb NnoniMopdHicTe reHa HMGA 1 y cBuHel yKpaiHCbKOI Benukoi 6inoi nopogu
Ta NigTBEPOXKYOTb NOTEHLiINHY KopucHiCTb rs80981303 sk reHeTUYHOro Mapkepa. MNoganbLui AocnigkeHHs acouialii 3 NPoayKTUBHUMMU
03HaKamy MOXYTb OOI'pyHTYBaTU MOro NpakTU4YHEe 3aCTOCYBaHHS B MporpamMax po3BefeHHs CBUHEN.

KnrovoBi cnoBa: reH HMGA1, cBuHs, ykpaiHcbka Benvka bina nopoaa, iHTpoHHui nonimopdiam, MIP-TAP®, nonynsuinHa reHeTrka,
Mapkep-acoLiioBaHa cenekuis

Teniaiev V, Saienko A, Peka M, Tsereniuk O. Genotyping of Ukrainian Large White pigs by intronic polymorphism in HMGA1 gene.
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Monoyko mMatovyHe B6AXOoNnMHE € yHiKanbHMM NPOoAYyKTOM
pobo4mnx 6axXin, a came CEKPETOM iXHiX MOTKOBUX i BEPXHbO-
LLenenHux 3ano3. Lle ocHoBHe okeperno NoXMBHKMX i BionorivyHo
aKTUBHUWX PEYOBVH ONS NIMYUHOK | MaToK. [lo cknagy Mono4-
Ka MaTO4YHOro 64XKONMMHONO BXOAUThL LUMPOKUIA CMEKTP MaKpo-
i MikpoenemeHTiB, SKi BigirpaloTb KNOYOBY POrib Y PO3BUTKY
O6oKonuHOT ciM’i, perynsuii o6MiHy pevoBuH. Monovko MaTovHe
OOKONUHE € NEPCNEeKTUBHMUM AN 3aCTOCYBaHHA Y MeAULIMHI,
dapmaveBTuLi, kocmeTosnoril Towo. MNopiBHANBHE BMBYEHHS
MiHeparnbHOro cknagy MaToyHOro MofoYka, OTPUMaHoro Bif
Pi3HUX nopig 64xKin Ta B pi3Hi Nepioan poKy € BaXXnMBUM Ans
PO3YMiHHS BIOXiMIYHUX MeXaHI3MIB MOro cekpeLlii 1 onTumisadii
TEXHOSONYHMX YMOB OTPUMAHHS LibOro NPOAYKTY 3 MakCUMarib-
HO BMCOKOIO BionorivyHoto UiHHicTio. MeTot po6oTu 6yno no-
PIBHATM 3MiHM BMicTYy Migi (Cu), maHrany (Mn), unHky (Zn), Ko-
6anbty (Co) 1 Hikento (Ni) y MonouLi MaTto4HOMY GKONMHOMY,
OTPUMaHOMYy B Pi3HWIA Yac, a came: y TpaBHi, YepBHi 1 NUMHi Big,
MELOHOCHMX OKin YoTMpbOX Nopia (NigBuAiB) — KapnaTCbKoi
ooxonu (Apis mellifera carpatica), kpaiHcbKkoi 6axxonu (Apis
mellifera carnica), iTanivicekoi 6axonu (Apis mellifera ligustica)
Ta yKpaiHcbKoi ctenoBol 6axonu (Apis mellifera sossimai).
Y pesynbraTi AocniaKeHHs1 BCTAHOBIEHO BapiabenbHICTb 3MiH
BMICTY MIKpOENEeMEHTIB Y MOMNoYLi MaTo4HOMY OIKONMMHOMY
aocrnigpkyBaHux nopig (niasuais) 64xin 3anexHo Big nepiogy
MNOro OTpUMaHHS.

Knro4yoBi cnoBa: Mono4yko maTtodHe 6aXKonmHe, Mikpo-
enemeHTn, Apis mellifera carpatica, Apis mellifera carnica,
Apis mellifera ligustica, Apis mellifera sossimai

Bctyn

MiHepanbHWi cknag MoroYka MaToqHOro GoKONMHO-
ro (MMB) npeacTtaBneHui LUMPOKUM CNEKTPOM MaKpo-
N MikpoeneMeHTiB, siki MatoTb BaxnunBe GionoriyHe 3Ha-
YeHHs1 ANs PO3BUTKY NIMYUHOK B60pkin. MiHepanbHi peyoBu-
HW CBDKOrO MOS04Ka MaTOYHOrO B4KONMMHOIO CTaHOBMSATh
0,8-3 % T1a 2-5 % cyxoro [5, 10]. Y MMbB micTtaTbcst Taki
miHepanu, gk K*, P-, S?-, Na*, Ca%, AP+, Mg, Zn?*, Fe?,
Cu* i Mn#, a Takox mikpoenemeHTu: Ni, Cr, Sn, W, Sb, Bi
Ta Ti [4, 7]. OcHoBHUM enemeHTom MMB € kanin (K) —
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npménusHo 290 mr/100 r (gianasoH 246-320 mr/100 r),
MeHLe mictutbes pocdopy (P) — 210 mr/100 r (194—
235 mr/100 r), marito (Mg) — 28 mr/100 r (27-31 mr/100 1),
kanbuijto (Ca) — 14—20 mr/100 r, HaTpito (Na) — 4 mr/100 T
(3—14 mr/100 r), cipkm (S) — 115-140 mr/100r [2, 3, 6, 7].
3 mikpoenemeHTiB, ki mictaATbes y MMB, Bigomo npo
HasIBHICTb UMHKY (Zn) — 2,3 mr/100 r (2,0-2,6 mr/10 ),
3anisa (Fe) — 1,2-2,0 mr/100 r, migi (Cu): =0,5 mr/100 r
(0,3-0,5 mr/100 r; go 6 mr/100 r y gesikux 3paskax), Map-
raHuto (Mn): =0,1 mr/100 r (0,01-0,1 mr/100 1) [3, 7, 12].
Takox MMB mictutb cnign antomiito (Al), 6apito (Ba),
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cTpoHuito (Sr), kagmito (Cd), ceuHuto (Pb), monibaeHy
(Mo), Hikento (Ni), xpomy (Cr), BaHagito (V), TutaHy (Ti)
B Ay>Ke HU3bKMX KOHLIEHTpaLlisX, L0 3anexuTb Bi eKo-
NOriYHMX YMOB YTPUMaHHS 6mxonmHunx cimen [3, 7, 12].
Yci nepepaxoBaHi BuULLle MiHeparbHi enemMeHTu € Kata-
nisatopamm YACMNEHHMX BIOXIMIYHMX peakLii, CrpUsitoTb
CUHTE3Y BinkiB, aHTMOKCUAAHTHOMY 3axXUCTY, perynsuii
iMyHHOI BiAMOBIAi, PO3BUTKY i (DYHKLIIOHYBaHHIO HEPBO-
BOI cucTemMu ToLLo. BMicT MiHepanbHux pevosuH y MMB
MOXEe BapiloBaTW 3aNeXHO Bif H13KM haKkTopiB, 30Kpema
nopoaw 6mkin, Ce30HHMX KONMBaHb, MiCLIEBOCTI Ta 0CO0-
nmBocTen xap4oBoi 6a3u. MNMopiBHANbHE BUBYEHHS MiHe-
panbHoro cknagy MMB pisHux nopia y pisHi nepioam poky
€ BaXXINMBUM Ans PO3yMiHHS BIOXIMIYHMX MeXaHi3MiB Moro
dopmyBaHHS, ONTUMI3aLil yMOB OTPMMaHHS LIbOro Npo-
OYKTY 3 BUCOKOHO Bi0NOriYHO0 LiHHICTIO.

MeTa poboT — MNOPIBHATM 3MiHM BMICTY OCHOBHUX
MiKpoenemeHTiB, a came 3arni3a, MaHraHy, LIMHKY, Ko-
Banbty 1 Hikento y MMB otpumaHoMy B TpaBHi, YepBHi
Ta NUMNHI Bid MeOOHOCHUX OaXin YoTnpbox nopig (rio-
sudie): kapnaTcbkoi 6mpkonu (Apis mellifera carpatica),
KpaiHcbkoi 6mkonu (Apis mellifera carnica), iTaniicbKoi
6oxonu (Apis mellifera ligustica) Ta ykpaiHCbKOi cTe-
noBoi 6gxonu (Apis mellifera sossimai). BpaxoBytoun
BiOMIHHOCTI Y Di3ioNoriYHMX XxapakTepucTnkax pisHux
nopig ©4xin, OOCNIMKEHHS] CE30HHOI AUHAMIKM BMICTY
MiKpoerneMeHTiB J03BOISIE BU3HAYUTW ONTUMAanbHi ne-
piogun 36opy Ta BUOKpeMnTy nopoam (nigBugwn) 6axin
3 MaKCMMasibHO BUCOKMM Bi0NoriYHMM noTeHujianom.

o6 MiHimMi3yBaTK BNANB 30BHILLIHIX YNHHUKIB Ha
KiNnbKiCHWI cknapg, enemeHTiB gocnigxysaHoro MMB,
ekcnepumeHTanbHi O4pKONuHi CiM’i yTpuMyBanum B CTaH-
0apTu3oBaHuX ymoBax. Yci nopogun 6yno po3milieHo
B OOQHaKOBOMY CepeoBuLLi — Bynuku nepebysanu Ha
OOHIM Naciui, Ha 0OHaKOoBIN BUCOTI, 3 OAHAKOBMM PiBHEM
iHCoNALji, BOMOrocTi 1 TeMnepaTypHOro pexumy. baxonu
Marnu igeHTUYHyY xap4oBy 6a3y, sika hopmyBanacs 3 npu-
POAHOrO MEAOHOCHOIO Pi3HOTPaB’'st 6€3 BUKOPUCTaHHS
JoaaTkoBux nigrogisens. YcCi npoueaypuy gornsay 3a
6mronamm Byrno yHidhikoBaHo Ta ix MpoBoAMNM ogHovac-
HO AOnsi KOKHOI rpynn. Takui Nigxizg, AO3BOIUB BAKITOUUTH
abo npyHaiMHi MakcMmarnbHO 3HU3WUTU BB CEPELO-
BULLIHUX | TEXHOIOrMYHUX aKTopIB, 30CepempKytoum yesary
Ha BHYTPILUHLOMY, FEHETUYHO 3YMOBIIEHOMY BapitOBaHHI
hisionoro-6ioxiMiYHNX NpoLECiB KOMaX.

MaTepianu Ta meToaun focnigxeHb

HocnigxeHHs nposegeHo y MMB 64xin 4oTupbox
nopig (rmidsudis): kapnatcbkoi 0mkonu (Apis mellifera car-
patica), kpaiHcbkoi 6oxonu (Apis mellifera carnica), ita-
nivicbkoi 6mxonu (Apis mellifera ligustica) Ta ykpaiHCbKOi
ctenoBoi omxonu (Apis mellifera sossimai). LLlob 3a6e3-
neynTu piBHI YMOBW 15 BCiX nopig, 6mpkin, Oyno cgopmo-
BaHO YOTMPM IPyMnM OOHAKOBUX 3a CUMOK BpKkonocime,
a ang ix yTpumaHHs 1 po3BuTKy 64xin 3abesneveHo
[0CTaTHBOO KiNbKICTIO MedoBMX | NeproBmx pamok. [Jobip
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OmKONMHKX ciMen Ans AochiaKeHb 30iINCHEHO METOAOM
aHaroriB 3a PyXMBICTIO, XKUTTE3AATHICTHO, KifbKICTHO pO3-
nnogy Ta kopmis. MMigaocnigHi 64onuHi KONoHiT po3mi-
LLIEHO Y BiggarneHin YacTuHi OCHOBHOI Naciku, SibOTKaMmm
Y pi3Hi 60K, LLI0O YHEMOXIMBWTM TaK 3BaHi HANaaw iHLLINX
Omkin, Ta ons ix npodoinakTukm — GnokyBaHHs1. Y nepiog,
6e3 B35ITKM BCi CIM'I OTpPUMYyBanu iaeHTUYHy CTUMYo-
BanbHy MiAroAiBnto LyKpOBMM cupornom. DisionoriyHmn
PO3BUTOK OpKin-rogyBanbHULb TaKoX OyB OQHaKOBUNA.
MaTto4He MOMOYKO OTPUMYBAnu BNPOLOBX TPLOX MiCALIB
(TpaBeHb—NMNEHb) 2025 poky. Binbip MMB 3giricHioBany,
OOTPYMYIOYMCh YCIX NpaBu CENTUKM 1 aCENTUKN.

Y DocnigXeHHi BUKOPUCTOBYBanu 6aratokopnycHy
cucTemy yTpyMaHHs 60kin y Bynukax. CteoproBanu Cim'i-
BWXOBATESbKN 3 YaCTKOBMM OCUPOTIHHAM Ta yTpYMyBamu
X Yepes po3ainbHy PELLiTKy. Y TakuX CiIM’aX Y HKHBEOMY
Kopnyci — po3nnigHuKy, BiflbHO NpautoBana omxonnHa
MaTka, a y BepXHbOMY KOpMycCi, BigoKpeMneHomy Bif
HWXXHbOMO PO3AifIbHOK PELLITKOK, PO3MilLlyBanu pam-
Ky 3 Nn4mnHKamu, nepemieHnmmn nicnsi Bigdopy MMB.
OntumanbHoro pesynesraty 3 oTpumaHHst MMB Ha naciui
Jocsaranu, 3acTOCOBYH4M BOMAaTOYHE YTpMMaHHS. Lle
YMOXITMBWITO BUKOPUCTOBYBATK (Di3iONOriYHy MNOTYXHICTb
ofpasy OBOX MaToK, 3Ha4YHO LUBUALLE HAPOCTUTU aKTUBHI
B0KOMKWHI CiM'T Ta B BinNbL paHHi TepMiHW po3noyaTu
poboty 3 Bigbopy MMB. Takox ABOMaTO4YHE YTPUMAaHHSI
0ano MOXNMBICTb NPOAOBXUTU Nepios Bindopy MMB.

TexHornoriyHun npouec oTpuMaHHa MMB poanoyu-
Harnu 3 NepeHeceHHs NMYMHOK MiHIManbHOrO BiKy Y LUTYY-
Hi MMCOYKM, SIKi pO3MiLLlyBanu B CiM’AX-BUXOBaTESbKaXx,
Ta 3anvwann Ha 72 roguHu, BigTak NPUBMBOYHI paMKim
3 NIMYMHKaMK nepemillyBanu B naboparopito, ge y cre-
pynbHNX ymMoBax Bigbupanm MMB. Cnodatky, BUkopuc-
TOBYIOUM CKanbnernb, 3pi3any BOCKOBI Haa0yaoBu Hag
cneujiansHUMM LWTYYHUMU MUCOYKaMK, WoO maTtu 3Mo-
ry gictatmcsa 4o NUYMHOK, siKi MaBakTb Y MaTOYHOMY
morouui. CrneujanbHUM LWNaTenem BUITyYany fMYUHKN,
a nicns Uporo 3a OMOMOIoK M’SIKOT CUNIKOHOBOI NOXeY-
k1 npoBoamnu Bigdip MMbB y cknsHi npobipku. 3rogom
BIAMOBIAHY KiNbKICTb NEPEHOCUNN Y NITACTUKOBI MIKPO-
npobipku TNy EnneHgopd mictkicTio 2,0 Mn Ta 3amo-
poxysanu npu Temnepatypi —21 °C.

Bu3Ha4yeHHs BMICTY MiKpoenemeHTiB NnpoBoannmn
MeTo40M aTOMHO-abcopbuitHoi cnekTpodoTOMETPIT,
BukopucToBytodn npunag CEJIMI-115 (Ykpaina).

CraTMcTUYHMI aHani3 ogepXaHux pesynsraTiB Jo-
cnigpkKeHb NPOBOAUIN 33 BUKOPUCTaHHA NPUHLMNIB Ba-
piauiHOI CTaTUCTMKK Ta NakeTa NpUKIagHMX nporpam
Microsoft Excel i Statistica 3 ypaxyBaHHsM t-Kputepito go-
cToBipHocTi CThtogeHTa. Pi3HuUi Mk cepeaHiMu apudo-
METUYHNMUN 3HAYEHHSIMU BBaXXanu BiporigHUMu 3a: * —
P<0,05; ** — P<0,01; *** — P<0,001 [9].

Pe3ynkTaTH i iXx 06roBopeHHs

Monpw YncneHHi gocnigkeHHs GioximiuHOro cknagy
NpooyKTiB 6oKINbHULTBA, Y AOCTYMHIN niTepatypi HeMae
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AeTanbHOI KinbKicHOI iHdhopMalLlil LLoJo BMICTY Mikpoerne-
MEHTIB y Maro4HOMY MOFOML OKONMMHOMY, OTPMMaHOMY
Bi pi3HUX Nopig MeaoHocHMX Bopkin. HasasHi ny6nikauii
CBigyaThb, O OOUH 3 KIMOYOBUX EK30MEHHNX YNHHUKIB,
30aTHUX BNAMBATU Ha MiHeparnbHUn NPodinb MaTo4YHO-
ro MorovKka — Lie Xap4oBWUi paLioH, a TakoX Tun nigro-
aieni 6mxin. 3okpema, BXMBaHHA Megdy abo caxaposu sik
pKepena ByrneBoaiB CIPUYNHSE 3MIHN B KOHLIEHTPALisIX
Takux enemMeHTiB, sk kanin (K), marnivi (Mg), dbepym (Fe),
mapraHeupb (Mn) i doccop (P). MikpoenemeHTu, xoua
N MICTATbCS Y HEBEMNMKMX KiNMbKOCTSAX, BUKOHYIOTb HU3KY
KPUTUYHO BaxknMBMX dpyHKUIN. Tak, UMHK (Zn) HeobxigHmin
ans nponidpepadi KNiTuH, pereHepalii TkKaHWH i 3abe3-
neYeHHs aHTMOKCUOAHTHOrO 3axmcTy; 3ani3o (Fe) 6epe
y4acTb Y TPAHCMOPTYBaHHI KUCHIO 1 BioCUHTE3i reMonpo-
TeiHiB; Migb (Cu) — y dbopMyBaHHi CMoMy4YHOI TKaHUHK
i PYHKLIOHYBaHHI aHTMOKCUAAHTHUX OepMEHTIB; Mapra-
Heub (Mn) — y meTaboniami amiHokucnor; xpom (Cr) —
y perynsuii ByrneBogHoOro oomiHy.

MiHepanbHui cknag MMB € BapiabenbHuMm, a konu-
BaHHA KOHLEHTPaUi OKpEMUX ENEMEHTIB MOXe cara-
Tn Bia 10 oo 30 %. Ha uto MiHAMBICTL BNNMBAKOTb TaKi
YMHHWKN, SIK reorpadpiyHe po3TallyBaHHS nacik, Krima-
TWUYHI YMOBW, @ TAKOX EKOSOriYHi 0COBNMBOCTI perioHy
(Hanpuknag, ripcbka 4m npubepexHa 3oHa). Hamsuiia
KOHLEHTpaUisi MikpoenemeHTiB crioctepiraetbcs B8 MMB,
3ibpaHOMy Ha opyrvii AeHb Nicns NepeHeCceHHs NIMYMHOK,
TO6TO y Tak 3BaHOMy ABOAEHHOMY MaTO4YHOMY MOJTOY-
Lji — came B Liel nepiog iIHTEHCUBHO BiAOyBatoTbCs NPO-
LIECM XKMBIEHHS 1 hOPMYyBaHHSA MaibyTHBOI MaTKU.

MopiBHANBHMIA aHanNi3 BMicTy Kynpymy (Miai)
B MMB 60xxin 4oTnpbox nopig (rrideudie) — kapnaTcbKoi
ooxonu (Apis mellifera carpatica), kpaiHcbkoi 6ak0-
nwn (Apis mellifera carnica), iTaniiicekoi 6gxonu (Apis
mellifera ligustica) Ta ykpaiHCbKOi cTenoBoi 6axonu
(Apis mellifera sossimai). Migp € XXUTTEBO BaXXITMBUM Mi-
KpoenemMeHTOM, Lo 6epe y4acTb y hOpMyBaHHi aHTMOK-
CMOAHTHOTO 3aXUCTY, aKTUBHOCTI (pepMeHTIB i nigTpymLi
HopmarbHOi poboTK 3ano3 64xin, SKi CUHTE3ylTb Ma-
TOYHE MOMoYKO. B nigcymky npoBegeHUX SOCnigXeHb
MW BCTAHOBWIW, WO B MaTO4YHOMY MOSIOYLi, OTpUMma-
HOMY Y TpaBHi, HaBULLMIA BMICT Kynpymy 6yB y gocni-
[)KyBaHMX 3pas3kax MaTto4yHOro MoJsioyka yKpaiHCbKOi
ctenosoi 6mpxonu (Apis mellifera sossimai) — 4,48 wmrikr,
LLIO JOCTOBIPHO NEepeBMLLYBaB NMOKA3HMKW iTanincbKoi
omxonu (Apis mellifera ligustica) (3,57 mr/kr, P<0,05) Ta
KpaiHcbkoi 6mpxonu (Apis mellifera carnica) (3,52 mr/kr,
P<0,001). Y maTo4HOMY MOrouLi KapnaTtcbKoi 6a)o-
nwn (Apis mellifera carpatica) BMIiCT Kynpymy CTaHOBMB
4,08 mr/kr Ta OyB LOCTOBIPHO BULLMIA 32 NOKA3HUKN BMIC-
TY UbOrO MiKpOEneMeHTy y 3paskax KpaiHCbKOi 6mpkonm
(Apis mellifera camica) (3,52 wr/kr, P<0,001). MNoka3Hu-
KV BMICTY Kynpymy B MaTto4HOMY MOSOYLL, OTpUMaHoOMy
y TpaBHi Big o6mxin Apis mellifera ligustica n Apis mel-
lifera carnica, 6ynn HanHwx4MMK Ta 6e3 JOCTOBIPHOI
pi3HMLi Mk coboro. OgHak BMICT KynpyMy B Maro4HOMY
MOMouLi, OTPMMaHOMYy B YepBHiI BiA AOCNigKyBaHWX nig-
BMAiB / nopig 6oxxin, BigpisHABCA Big, NonepeqHix Halumx
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pesynbraTiB. Y YepBHi HaNBULLMIA BMICT Kynpymy Byno
3acpikcoBaHo B MMB iTaniicbkoi 6mxonm (Apis mellifera
ligustica) (4,30 Mr/Kkr), WO AOCTOBIPHO NEPEBULLYE BMICT
Kynpymy y 3paskax Big 6gxin Apis mellifera carnica
(2,79 wmr/kr P<0,001). Y MMB kapnatcbkoi 64xonu
(Apis mellifera carpatica) BMiCT Kynpymy OyB Tak camo
BMCOKMM, SIK i B MarO4HOMY MOSOYL iTanincekoi 6mko-
nm (Apis mellifera ligustica), Ta ctaHoBuB 4,24 Mr/kr, WO
TaKOX JOCTOBIPHO BULLMIA 32 NMOKA3HWKN BMICTY Kynpy-
My B MaTodHoMmy monouui 6axin Apis mellifera carnica
(2,79 wmr/kr, P<0,01). JoCTOBIpHO BULLMIA BMICT Kyrnpymy
6yno 3acpikcoBaHo y YyepsHi B MMB ykpaiHCcbkoi CTenoBoi
6mxonu (Apis mellifera sossimai) — 3,58 mr/kr, P<0,05,
MOPIBHSIHO 3 BMICTOM Y 3paskax MaTO4YHOro Morioyka Big
6oxin Apis mellifera carnica. Cepea gocnigXyBaHuX
3paskiB MMB votupbox nopig, (nigsmais) 6mpxin, Bigidpa-
HUX Y YEePBHi, HANHWXKYi 3Ha4YeHHs (2,79 Mr/Kr) BMiCTy
KynpyMmy cnocTepiranu B MaToO4HOMY Monouui 64xin
Apis mellifera carnica. Y MMB, oTpumaHoMy B nUnHi,
cnocTepiranu 3aranbHy TEHAEHLI0 [0 3HWKEHHST BMICTY
KynpyMy y BCiX AOcCnifgpKyBaHux nopig, (nigsuais) 6oxin.
Y MMB Apis mellifera ligustica 36epernncst HanBuLLi No-
Ka3HUK1 BMICTY Kynpymy — 3,97 Mr/kr, LOCTOBIpHO nepe-
BUILLLtOUM MOKa3HuKkM BMicTy Kynpymy B Apis mellifera
carnica, siki 6ynu HanHwkamn — 1,49 mr/kr (P<0,001).
MMB kapnatcbkoi 6axonu (Apis mellifera carpatica)
Mano AOCTOBIPHO BULLMI BMICT Kynpymy — 3,36 Mr/kr
(P<0,05), nopiBHSAHO 3 NoKa3HWKamu 6apxin Apis mel-
lifera carnica. CTaTUCTUYHO OOCTOBIPHY PI3HULIO BMiC-
Ty KynpyMy BCTaHOBIIEHO MiXK MOKa3HUKaMK y 3paskax
MMB Apis mellifera ligustica n Apis mellifera sossimai,
AKI Many HWKYUA BMICT Kyrnpymy, NOpiBHAHO 3 Apis mel-
lifera ligustica, wo ctaHoBuB 2,92 mr/kr (P<0,001).

Akwo nigcymyBaTy 1 NOPIBHATY OTPMMaHI pesynsra-
TV gocnigxeHb BMicTy Kynpymy B MMB, To MoXHa 3a-
YB2XXUTW, LLIO B MAaTOMHOMY MOSOMLLi KapraTcbKol 6ao-
nwn (Apis mellifera carpatica) cnoctepiranu BigHOCHO
BMCOKMIA BMICT KOBanbTy y TpaBHIi—4EPBHi, 3 MTOMipHUM
MOro 3HKEHHSAM y nunHi. BogHovac MMB Apis mellifera
carnica xapakTepu3ayBanocsi HaNHWXYUM BMICTOM Ky-
npymy BMPOOOBX TpaBHs—4epBHA—NuNHS. LLlogo BmicTy
kynpymy B MMBE Apis mellifera ligustica cnoctepiranu
TEeHAEHLi0 0O HaKOMUYEHHS KyrnpyMy B Nepiog akTvBe-
HOro ce30Hy (YepBeHb—NMNEHb), a y 0axin Apis mellif-
era ligustica BuLwj 3Ha4eHHs kynpymy B MMB Ha noyatky
Ce30Hy — Y TpaBHi. Y nitepatypi HeMae aetanbHux aa-
HWX MPO BMICT MiHepaniB y Mato4HOMY MonouLi 6mkin
pi3HMX nopia, ane € uikasi pe3ynsratv AoChigXeHHS
Balkanska, Mladenova et al. [1], ki gocnigunn 30 3pas-
KiB MaTO4HOrO Mosiodka 3 bonrapii. ABTopy BUMIptoBanu
KOHLEeHTpaLito Takux MiHepanis, sik Al, Ba, Ca, Cr, Cu,
Fe, K, Mg, Mn, Na, P, Sr, Zn, a Takox As, Cd, Co, Ni, Pb,
i BCTAHOBWIM, LLO BUOpaHi MiHepanu i MikpoenemeHTm
BUSIBNEHO Y BiAHOCHO MOCTINHMX KOHLIEHTPaLisX Y BCiX
npoaHanisoeaHux 3paskax MMB, a BMICT XimMi4HMX ene-
MEHTIB He 3anexuTb Big reorpaciyHOro posrallyBaHHs
KOpMOBOI 6a3un 6kin i 3anunwaeTbes cTabinbHNM 3aBas-
KM rOoMeoCcTaTM4HOMY perynoBaHHio [7].
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MopiBHANBLHUI aHani3 BMicTy maHraHny (Mn)
B MMB 6xin pisHunx nopig (nNigBvAaiB) NpoTArom Tpas-
Hs1, YepBHs 1 NUNHSA. [ocnimkeHHa nokasano, Lo BMICT
MaHraHy B MMB ©0xxin 4oTMpbox gocnigKyBaHuX nopig
(ninBMAiB) 3MiHIOBABCA 3aMeXHO Bif CE30HY Ta reHoTUny
komax. BcTaHOBNEHO TakoX CTaTUCTUYHO AOCTOBIPHI Bif-
MIHHOCTI LIMX 3MiH. HariBULLMIA BMICT MaHraHy crioctepira-
nv B MMB, oTpumaHoMy y TpaBHi Bif kapnaTcbKoi 6mpkonm
(Apis mellifera carpatica) (2,36 mr/kr) i kpaiHCbKOI KON
(Apis mellifera carmica) — (2,10 mr/kr). BusieneHo gocro-
BIPHO HWXYi NOKa3HWKM BMiCTY MaHraHy B MMB itanin-
cbkoi 6mpkonu (Apis mellifera ligustica): pisHuus 3HaYeHb
mixk Apis mellifera ligustica v Apis mellifera carnica ctaHo-
Buna P<0,05, a mix Apis mellifera ligustica n Apis mellifera
carpatica — P<0,001. lNoka3Huk BmicTy maHraHy B8 MMB
yKpaiHCcbKoi cTenoBoi 6ayxonu (Apis mellifera sossimai)
(1,67 mr/kr) OyB NpomixkH1M, 6e3 AOCTOBIPHNX BigMIHHOC-
Tew Big iHWuMX rpyn. Y MMB, 3i6paHomy B YepBHi, cTa-
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TUCTUYHO 3HAYYLLMX BiGMIHHOCTEN Yy BMICTi MaHraHy Mix
JocnimkeHmy nopogamu (nigsvuaammn) 6oxin He BusBre-
HO. BmicT MaHraHy Bu3Ha4eHo B Mexax 1,48-2,12 mr/kr,
LLIO BKA3y€e Ha BiAHOCHY CTabiNbHICTb LbOro ernemMeHTa
y cknagi MMB B nepiog, akTMBHOI NPOAYKTUBHOCTi BpKin.
Y MMB B nunHi HavBWLLMIA BMICT MaHraHy 6yno BusiBne-
Ho y ©oxin Apis mellifera carpatica (1,22 mr/kr), a Han-
HVk4nm — y 6mpkin Apis mellifera sossimai (0,99 wmr/kr).
BapTo 3ayBaxuTK, LLIO MM JOCTIONIM OOCTOBIPHE 3HIDKEH-
Hs BMiCTY MaHraHy B MMB 6oxxin Apis mellifera sossimai,
MOpPIBHSIHO 3i 3pa3kamu Apis mellifera carpatica (P<0,05).
B iHWMX rpynax OOCTOBIPHOI Pi3HML He criocTepiranocs.
BigMiHHOCTi y BMICTi MaHraHy Mk nopogamu MoOXyTb
OyTV 3yMOBIEHi IXHIMW rEHETUYHUMK OCOBNMBOCTAMMN.
C1abinbHiCTb NMOKa3HUKIB y YEPBHI Ta MEBHE iX 3HVDKEHHSI
B OKPEMMX MOpia Y NUMHI BKa3yoTb Ha porb aAanTUBHUX
MeXaHi3MiB, CNPSIMOBaHNX Ha 30epeXXeHHsI roMeocTasy
MiHepaniB y NPoAyKTax CeKPEeTOpHUX 3aro3 6oxin.
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Ta nvnHi Big 6mxin niaeuaie Apis mellifera carpatica, A. mellifera camica,
A. mellifera ligustica n A. mellifera sossimai

IMpumimka. * — P<0,05; ** — P<0,01; ** — P<0,001 — JOCTOBIpHi pi3HWLYj
o A. mellifera carpatica; # — P<0,05; # — P<0,01; #* — P<0,001 —
[[OCTOBIpHI pisHWLUi Ao A. mellifera camica; * — P<0,05; > — P<0,01,

»* — P<0,001 — pocToBipHi pi3Huui o A. mellifera ligustica.

Fig. Changes in Cu, Mn, Zn, Co and Ni content in royal jelly collected
in May, June and July from Apis mellifera carpatica, A. mellifera carnica,
A. mellifera ligustica and A. mellifera sossimai

Note. * — P<0.05; ** — P<0.01; *** — P<0.001 — significant difference
to A. mellifera carpatica; * — P<0.05; # — P<0.01; #* — P<0.001 —
significant difference to A. mellifera camica; * — P<0.05; > — P<0.01,
»* — P<0.001 — significant difference to A. mellifera ligustica.
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Bwmict unnHky B MMB 6pkin pisHux nopig (nigBuais)
y AVHaMiLi BeCHAHO-TNITHLOrO nepioay. Y Omkin uHK €
HesaMiHHMM MikpoenemMeHToMm, Lo 6epe yvacTb y PyHK-
LjioHyBaHHi hepMEHTATUBHUNX CUCTEM, perynsuii iMyHHOI
BIiOMOBIAj Ta cuHTESI GinkiB. BCcTaHOBNEHO, LLO BMICT LIMHKY
B MMB Gmkin 4oTMpbOox AOCNimMmKyBaHNX Nopig, (Niasmais)
OEMOHCTPYE CTaTUCTUYHO AOCTOBIPHI 3MIHMW, 3amneXHO Bif
Yacy 3abopy 3paskiB i nopig (nigerais) om«in. Hameuwmn
BMICT LIMHKY BusiernieHo B MMB otpumaHoMy y TpaeHi Bif
6mkin Apis mellifera carpatica (27,49 wmr/kr) n Apis mellifera
camica (27,67 wmr/kr). Y MMB ykpaiHCbKoi CTenoBoi 6mKo-
v (Apis mellifera sossimai) BMIiCT UMHKy 6yB JOCTOBIPHO
HWXK4YMM, NopiBHAHO 3 3pa3kamn MMB Big, kapnaTtcbKol
6mxonu (Apis mellifera carpatica) (P<0,05) Ta kpaiHCbKoi
omxonm (Apis mellifera camica) (P<0,01). Y MMB, oTpu-
MaHOMY Y YepBHi, MakCUMaribHi MOKa3HWUKL BMICTY LIMHKY
3acdpikcyBanu B Apis mellifera carpatica (30,85 mr/kr), wo
[JOCTOBIPHO NepeBuLLYBaB BMICT Lioro ernemeHta 8 MMb
6mxin Apis mellifera carnica (27,59 mr/kr; P<0,001), Apis
mellifera ligustica (24,59 mr/kr; P<0,05) n Apis mellifera sos-
simai (27,84 wmr/kr; P<0,05). Y MMB otpumaHoMy B nunMHi,
crocTepirany 36epeXeHHs1 TeHAEHLi 3 BULLIMX MOKa3HUKIB
BMICTY UMHKY Y 60pxin Apis mellifera carpatica— 29,68 mr/x,
nopiBHsHO 3 Apis mellifera ligustica — 26,99 mr/kr i Apis
mellifera sossimai — 26,90 mr/kr, (P<0,05).

Bwmict ko6ansTy B MMB 64in pisHMx nopig. Ko-
GanbT € OOHMM 3 KNHYOBMX MIKpOEneMeHTIB, Wwo bepe
y4acTb y CMHTESI BiTamiHy B;, Ta perynsuji ocHoBHMX Gio-
XiMiYHMX NpoueciB y 6axin. Ce3oHHa AMHamika BMICTY
koGansry MMB 6mpkin 4oTMpbox AoCHimKyBaHUX nopig, (nig-
BMAiB) AEMOHCTPYE AK MKMOPOAHI, TaK i CE30HHI KonnBaH-
Hs1 LIbOro MOKA3HWMKa, L0 Mae KrnovoBe GionorivyHe 1 npak-
TUYHE 3HaYeHHs. BcTaHOBNEHO HaMBULLWIN BMICT KobarsTy
B MMBE otpumaHomy y TpasHi Big 6mxin Apis mellifera
carnica — 0,52 Mr/Kr, LLIO JOCTOBIPHO NEPEBULLYYE 3HA4EH-
Hs BMiCTY koBansty B MMB 6oxin Apis mellifera ligustica
(0,32 wmr/kr) (P<0,05), Apis mellifera sossimai (0,07 mr/kr)
(P<0,001) Ta n Apis mellifera carpatica (0,35 mr/kr). Han-
HWKYMIA BMICT KOBankTy crnocTtepiranu B Apis mellifera
sossimai (0,07 Mr/kr), WO € CTaTUCTUYHO 3HAYYLLIOKO Pi3-
HULIEIO SIK BiAHOCHO nokasHukiB Apis mellifera ligustica
(P<0,001), Tak i Apis mellifera carnica (P<0,001), a Takox
Apis mellifera carpatica (P<0,01). Takuii HU3bKWI piBEHb
kobanery B MMB Apis mellifera sossimai'y TpaBHi Moxe
OyTV NoB’s3aHMn 3 0COBNMBOCTAMM Nopoam Ta crneumdi-
KO aganTauii 4o KniMaTU4HUX YMOB. Y YepBHi crnocTe-
piranu 3HWXKeHHs 3aranbHoro BMicTy kobansty B MMB
Maibke BCix nopia, okpim Apis mellifera ligustica, ne BmicT
kobaneTy nigsuLmecs 4o 0,38 Mr/kr, LWo JOCTOBIPHO Nepe-
BULLYE NokasHukn Apis mellifera carnica (0,23 mr/kr)
(P<0,05). BogHouac y Apis mellifera sossimai BmicT
kobansry B MMB cranoBuB 0,17 MI/KT, WO CyTTEBO MEH-
e, nopiBHsiHO 3i 3paskamu MMB y 6oxxin Apis mellifera
carpatica (0,27 wmr/kr) (P<0,05). Takuii xapakTep 3MiH CBif-
YUTb NMPO CUIbHUIA BINITUB CE30HHOTO YMHHMKA Ta MOXIW-
BY 3MiHy CKnagy nunkoBoi 6a3n. Y nunHi B MaTtouHOMY
morouui 6mpkin Apis mellifera carpatica BMICT kobanesry
nigsrwmeca 0o 0,42 wr/kr, a B Apis mellifera ligustica, Ha-
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Bnaku, ameHLumecs Ao 0,18 mr/kr, Wo AEMOHCTPYE AOCTO-
BipHY Pi3HMLIIO MiX NMokasHukamu B umx nopig (P<0,05).
OTpuMaHi pesynsrat ocnigKeHb MaTOYHOrO MOSoM-
Ka, 3ibpaHOro B NWMHI, XapakTepuayTbCs NOCTYMNOBO
cTabinizauieto MiHepanbHOro ckrazay, NpoTe BiAMIHHOCTI
MiXX nopogamu 3anuvLialTbCs CyTTEBUMMU.

Hikenb € ogH1M 3 MiKpOenemMeHTiB, AKUIN MOXe Haa-
XOAMTY OO opraHiaMy Bopkin 3 KOPMOBMX PECYPCIB, a Moo
BMmicT y MMB yacTo posrmnsagatotb sk Mapkep MiHeparsHO-
ro 0BMiHy 1 €KOIoriYHOro CTaHy TepuTopii. Pesynsrati Ha-
LLIOTO AOCHISKEHHS! NMOKa3yoTb BUPaXKeHy BapiaberbHICTb
BMICTY Hikento B MMB otpumaHomy Big 6axin 4oTnpbox
JocnigpKyBaHux nopig (nigsuais). Y TpaBHi Makcumarb-
HUI BMICT Hikento 6yB y 3paskax MMB 6mpxin Apis mellifera
carpatica (1,04 mr/kr), Apis mellifera carnica (0,98 mr/kr)
Ta Apis mellifera sossimai (0,97 mr/kr). BogHovac y MMB
omkin Apis mellifera ligustica BMIiCT Hikento 6yB 3Ha4HO
HWK4UM — 0,27 Mr/Kr, Wwo Oyno AOCTOBIPHO BigMiHHMM
Bif NMokasHukiB 6mpxin iHwmx nopig (P<0,001). OTpumani
pe3ynbrati MOXyTb CBIgQYATM MPO 3HWKEHI NOTPedK B Ha-
KOMWYEHHI Liboro enemeHTa 'y omxin Apis mellifera ligustica.
B otpumaHomy y YepsHi MMB Big3Ha4yeHo cyTTeBe 3HU-
XeHHs BMICTY Hikerto B Apis mellifera camica (0,21 mr/kr),
LLIO OCTOBIPHO BiApI3HANOCS SK Bif, NokasHUKiB Apis melli-
era carpatica (0,83 mr/kr; P<0,001), Tak i Big Apis mellifera
ligustica (0,65 mr/kr; P<0,001) n Apis mellifera sossimai
(0,48 wmr/kr; P<0,001). Mokasnukun Apis mellifera carpatica
OOCTOBIpHO nepeBuLyBanu gaxi Apis mellifera ligustica
(P<0,05) n Apis mellifera sossimai (P<0,001). BogHo4ac
BCTAHOBIIEHO BiPOTiAHY PI3HULIFO MK LMK nopogamu (Mig-
suaamun) (P<0,05). Y MMB, oTprmaHoMy B NUMHI, BMICT
Hikento BUPIBHIOETLCA Ans BinbLocTi nopig (nigsvais),
npote B MMB 6mxin Apis mellifera ligustica BiH cTaHOBUB
0,98 Mr/Kkr i 4OCTOBIPHO NepeBULLYBaB NOKa3HWKN Apis
mellifera carpatica (0,71 mr/kr; P<0,05), Lo Moxe cBigunTH
MPO KOMMEHCATOPHE HAaKOMUYEHHst MiHepany Ha Tni Tenno-
Boro ctpecy. 3 iHworo 6oky, B MMB 6gxin Apis mellifera
sossimai BMIiCT Hikento (0,71 Mr/kr) BOCTOBIPHO HVXYMAA,
HixX y MMB 6mxin Apis mellifera ligustica (P<0,05).

MMig Yac npoBeneHoro AOCNIMKEHHS BUSIBNIEHO K MiK-
MOPOAHI, TaK i CE30HHI BIAMIHHOCTI Y BMICTi OKpeMMX MIKpO-
enemeHTiB Y MMB 60pkin 4otmpbox JOCTigyKyBaHMX Nopig
(nigBMAB), WO CBIOYMTL MPO CKNagHWM XapakTep perynsji
MiHeparnbHOro CKafy Lboro BionorivyHO akTMBHOTO NPoaYK-
Ty. BusiBneHi BigMiHHOCTI, IMOBIPHO, 3yMOBMEHi SIK reHeTY-
HUMM OCOBNMBOCTAMM OKPEMMX Nopig, (MiasraiB) Gopkin, Tak
i 3MiHaMK y BiopUTMaXx, NOB'A3aHUMM i3 CE30HHVMU 3MiHa-
MW KNiMaTuyHKX pakTopis, priopnucTMYHUM CKNagom He-
KTapOHOCIB | JOCTYMHICTIO MIKPOENEMEHTIB Y Xap4oBii Gasi
BNpPOOOBX BereTauiiHoro nepiogy. Ockinbku BCi OCHiAHi
rpynu yTpumyBanu B O4HAKOBMX YMOBaX, Ha OOHAKOBIN
Xap4ogiri 6asi Ta 3a €4UHOI0 MPOTOKONY BiAbopy MaToqHo-
ro MOriouKa, BUSIBINEHi B MiHEparnbHOMY cknagi MKnopoaHi
BiIMIHHOCTi MOXHa MOSCHUTY FEHETUYHUMKW OCODNMBOCTS-
Mu nopig. Kapnarceka 6mxona (Apis mellifera carpatica) —
abopwureHHa nopoda, aganTtoBaHa Ao MpCbKUX YMOB yKpa-
THCbKMX Kapnat. [1ns uiel nopoan xapaktepHa 3aaTHICTb
ePeKkTVBHO BUKOPMCTOBYBATU KOPOTKOTpUBAni meaosoopu
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3 ripcbkux pocrvH. i reHeTuHMiA oMz cpopMoBaHMIA Mg
BMNSIMBOM MPOXOITOAHOTO KNiMaTy i OOMEXEHOTo CreKTpa
HEeKTapOHOCIB, LLIO0 MOITIO BNAMHYTU HA MeTaborivHi Luns-
XV CUHTE3Y 1 TPaHCMOPTY MIKPOENEMEHTIB Y MaTO4YHe MO-
No4KO. AHanisyloum AaHi HaLwmMx AocnimkeHb, 6a4mmo, Lo
BMICT MikpoeriemeHTiB y MBM Big, 6mpkin ujei nopoam (nig-
BMAY) 3a3BMYal € HaMBULLMM, i Lie BapTO B3ATM 0 yBaru
nig Yac B1Gopy nopig Ans yTpumaHHs. Bopkonn kpaiHCeKol
nopoau (Apis mellifera carnica) Bigomi CBO€EO BUCOKOIO
MPOZOYKTMBHICTIO, 4OBPOI0 3MMOCTINKICTIO 1 paHHiM po3Bu-
TKOM ODKOMMHMX CiMen. FeHeTMYHO LS Mopoada XapakTe-
PU3YyETHECH aKTUBHUM BinkoB1M MeTabori3MomMm, L0 MoXe
3yMOBINOBaTK bBinbLuy NoTpedy B TaknX MikpoeneMeHTax,
SIK LIMHK, Miflb — KITKOYOBWX AN CUHTE3Y binkiB, dhepMeHTiB
i FOPMOHIB, 30KpeMa Mif, Yac XMBMEHHSI MaTOYHKKa. |Tanin-
cbka omrona (Apis mellifera ligustica), sika AEMOHCTPYE BU-
COKWIA piBEHb NPOAYKTMBHOCTI B YMOBaX JOBIOro Tensioro
CEe30HY, Ma€e TpMBanuii nNepion SNLIEeKNaakn MaTtku i CXurb-
HICTb 0O YTBOPEHHSA BENUKUX CiMeit. [MOpIBHAHO 3 iHLLUMK
nopogdamu (nigsugamu), it Mmetaboniam opieHTOBaHWIA Ha
BMCOKi TEMMU CMHTE3Y BiOMNOriYHO aKTUBHUX PEYOBWH, LLIO
MOXe BrnmBatn Ha notpeby B doocdopi, MarHii, kanii Ta
Kanbujii Ansa 3abesneyeHHs po3BUTKY nNuunHok. Mu gocni-
OWnu, Lo B MaTto4HOMY MOJTOLL Omkin iTanincbKoi mopoau
(Apis mellifera ligustica) € [OCUTL BUCOKMIA BMICT HATPItO,
Migi 1 KanbLito. YkpaiHceka ctenoBa omkona (Apis mellifera
S0Ssimai) xapakTepuayeTbCsi MOMIPHUM PO3BUTKOM BKO-
JIMHUX CiMel, J0OPOH0 BPKMBAHICTIO B YMOBAX OOMEXEHUX
pecypciB i NigBULLEHOIO CTIKICTIO A0 KNiMaTUYHKX CTPeCiB.
VImMoBipHO, Lji apanTaLji CyrnpoBOmMKYOTLCS CrieLdiqHAMM
0cobnMBOCTAMM B OOMIHI MiHepaniB, NOB’A3aHNMM 3 €KO-
HOMHVIM BMKOPUCTaHHSIM PecypciB Ta edpekTnBHMM 30epe-
YKEHHSIM MaKpO- | MiKpoerneMeHTIB y BionoriYHmX piguHax,
BKITHOYHO 3 MATOYHUM MOOYKOM.

OTxe, BiOMIHHOCTI y BMICTi TaKUX EMEMEHTIB, SK LWHK,
Midb TOLLO, MOXYTb BYTV pesyrnsraTtom He nuLLEe 30BHiLL-
HIX CE30HHUX BMMBIB, ane 1 MubLLNX BHYTPILULHEOBUAO-
BMX MEXaHi3MiB, Lo 6a3ytoTbCA Ha reHETUYHO AeTEPMIHO-
BaHMX 0COBNMMBOCTSIX MeTaboniamMy, NMOBEAiHKOBMX pycaX,
a TakoX TpUBanocTi M iIHTEHCUBHOCTI Nepioay rogyBaHHs

NYnHOK. MNMoganbLui AOCHIMKEHHS i3 3any4YeHHAM reHe-
TUYHOTO aHanisy MOXyTb NOMMMBUTN PO3YMIHHS MPUYMH
BUsIBNEHOI BapiabenbHOCTI.
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Dynamics of the content of trace elements in royal jelly of different breeds (subspecies) of honey bees

depending on the month of its collection
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pvorobets86@gmail.com

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

Royal jelly is a unique product of worker bees, namely the secret of their pharyngeal and maxillary glands. It is the main source of nutri-
ents and biologically active substances for larvae and queens. Royal jelly includes a wide range of macro- and microelements that play a key
role in the development of the bee colony, regulation of metabolism. Royal jelly is promising for use in medicine, pharmacy, cosmetology, etc.
Comparative study of the mineral composition of royal jelly obtained from different breeds of bees and at different times of the year is important
for understanding the biochemical mechanisms of its secretion and optimizing the technological conditions for obtaining this product with the
highest possible biological value. The aim of the work was to compare changes in the content of copper (Cu), manganese (Mn), zinc (Zn), co-
balt (Co) and nickel (Ni) in royal jelly obtained at different times, namely: in May, June and July from honey bees of four breeds (subspecies) —
Carpathian bee (Apis mellifera carpatica), Carniolan bee (Apis mellifera carnica), Italian bee (Apis mellifera ligustica) and Ukrainian steppe bee
(Apis mellifera sossimai). As a result of the study, the variability of changes in the content of trace elements in royal jelly of the studied breeds
(subspecies) of bees depending on the period of its obtaining was established.

Key words: royal jelly, trace elements, Apis mellifera carpatica, Apis mellifera carnica, Apis mellifera ligustica, Apis mellifera sossimai
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MeTtoto poboTu Byro 3'sicyBaTy BNvB 3roA0ByBaHHS Minoco-
MarnbHOrO KOMMEKCY BITaMIHIB 3 [MHOKOHATOM LIMHKY B YMOBaX Te-
nrosoro ctpecy (TC) Ha KOHLUEHTPALLjt0 OKPEMMX FTOPMOHIB | SKICTb
cnepmu KHypis. ExkcrnepuMeHT npoBoaunm Ha AeB STV KIiHIYHO 300-
POBUX KHypax-MrigHuKax BikoM 2—4 poku nopia naHgpac, meTpeH
i Aropok. MNpoBeaeHo Tpy eTanu SOCNIMKEHHS, KOXEH TPUBanicTio
30 aHiB, B sikMx BUGIp Matepiany Ta 1noro aHaria 6ynm nogioHMmm:
1) 3a HopmarbHUX Tennosux ymoB (<23 °C); 2) 3a ymos TC (25—
30 °C); 3) 3a roaiBni KOMMIIEKCHO NiNOCOMarnbHOK A06aBKOH
B ymoBax TC (25-30 °C). Y TpeTboMy eTani AochigpkeHb Ha GOOHi
TC BciM kHypaM iHauBigyanbHo 0o Kombikopmy Bnpogosxk 30 AHIB
Jofasanuy kopmosy Jobasky y hopMi ninocomarnbsHOT emMynbcil, 40
cknagy sikoi Bxoguu BiTamiHm A, Ds, E, i C 3 rmoKOHaToOM LIMHKY
y A03i 2 Mn. HanpuKiHLi KOXXHOTO eTany eKCrepuMeHTy Y nigao-
CrigHWX KHypIB Biobypany npobu KpoBi. Y nna3Mi KpoBi BU3Haqanm
KOHLIEHTPALLit0 TECTOCTEPOHY, KOPTU30ITY Ta TUPOKCUHY iMyHodep-
MEHTHUM MeTogoM. [1icnsi 3aBepLUEHHST KOXKHOTO eTarny Yy KHypiB
BiAOUpanu eskynsaTy MaHyanbHUM METOAOM ABiMi Ha TVXAEHb
yNpodoOBX ABOX TWKHIB. BM3Hayanu napameTpm pyxnvBocTi Ta
MOPAOONOTito CTaTEBUX KINITUH, aKTUBHICTb CyNepoKCMOANCMYTa3n
(CON), rytatioHnepokcuaasm (IMO) Ta katanaan (KAT). BeTa-
HOBMeEHO, WO nig BrnwmeoM TC y nna3mi KpoBi KHypiB 3piC piBeHb
koptusony (P<0,01) Ta TupokcuHy (P<0,05), BogHO4Yac cyTTeBO
3HM3UNacs KoHueHTpauis TectoctepoHy (P<0,05). HeratusHy
aito TC Ha cnepmartoreHes nigTeepakye goctosipHe (P<0,001)
3HWXKEHHS KOHLIEHTpaLii TeCTOCTEPOHY Y mra3mi cnepmu. Momip-
HU TC 3HWKYE 3aranbHy PyXIIMBICTb CMEPMIIB KHYPIB-MMigHWKIB
(P<0,001) Ta aKTMBHICTb CTaTEBUX KMITUH 3 NPSAMORIHIMHO-MOCTY-
nansHMm pyxom (MMNP) (P<0,01), yagidi nigBuLLye BiOcOTOK aere-
HepoBaHux cnepmiis (P<0,001). Mig snnneom TC cnocTepiratoTb
3HWxeHHs akTmeHocTi [T10 Ta KAT (P<0,001) y cniepmi KHypiB Ha
TNi He3Ha4HOro nigsuLLEeHHs akTmeHocTi COL,. lNicnsa 3roqoByBaH-
Hs ninocomanbHoi Ao6aBku 3a Aii TC KOHUEHTpaLia KopTuaony
Ta TUPOKCUHY B KPOBI KHypiB 3Ha4HO (P<0,05-0,01) 3Hu3unnu-
Csl, piBEHb TECTOCTEPOHY B KPOBi Ta CriepMi KHypiB CyTTEBO 3piC
(P<0,05-0,001). Lle npu3seno oo nokpaLleHHs pyxrMBOCTi cnep-
MIIB i iXHIX MOPJOMOriYHNX XapaKTEPUCTUK: LOCTOBIPHO 3pocha
3aranbHa pyxnmeicTb cnepmiis (P<0,01) Ta akTUBHICTb criepmiiB
3 NP (P<0,01) 3 ogHO4aCHNM 3MEHLLIEHHAIM BiCOTKa AereHepo-
BaHux cnepmiis (P<0,01). BogHoyac aktueHicTe CO[ AOCTOBIPHO
3Hm3unacs (P<0,01) 3 ogHO4YacHUM MiABULLEHHAM aKTUBHOCTI
MO (P<0,001) Ta KAT (P<0,001).

KnrouyoBi cnosa: kHyp, cnepma, TC, kopmoBa ninocomarbHa
pobaBka, 6ioxiMiYHi NapameTpu, TECTOCTEPOH, KOPTU30ST
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Bctyn

3pocTtaHHs rmobanbHOI TeMnepaTypmy CynpOBOLKYETb-
€S 3MiHaMM1 MOroAHMX YMOB, BHACTIAOK YOO 3pOCTae pUsyiK
Tennooro ctpecy (TC) y cinbcbkorocnoaapcbkmx TBa-
pvH [6]. TC BnnmBae Ha Garato GiornorivyHnX NpoLEeciB B Op-
raHi3Mi TBApYH, SKi MPSIMO YM ONOCEPENKOBaHO BrNMBalOTh
Ha po3mHoXeHH4 [37]. MNigsuweHa Temnepatypa y cBUHap-
HWKY YaCTO HETaTMBHO BIIIMBAE Ha OpraHiaM CBMHOMATOK Ta
KHYPIB. Y NpaKTuWLi CBUHAPCTBa TBapUHW YaCTo CTpaxadaoTb
Big TC y niTHi nepioa, LLO CYNPOBOMKYETECH 3HDKEHHAM
TXHBOI NMPOOYKTMBHOCTI Ta PEnpPOAYKTUBHOI 30aTHOCTI. Y Lito
rapsdy nopy POoKy MOrpLUYETLCS AKICTb ESKYNATIB Y KHYPIB,
30KpemMa oyHKLOHarNbHa akTUBHICTb CTaTeBMX KNITWH [6, 5].
Lle noB’si3aHo 3 TMM, LLIO KHypy OCOBINMBO CXMIbHI A0 BMK-
By TC [11], ockinbku noToBMAiNbHA 3AATHICTL CBUHEN 0BMe-
*eHa [30, 10], a KanuTka aHaTOMIYHO po3TaLloBaHa brnm3b-
Ko [0 Tina, o obmexye i 3gaTHicTb oxonomkysarucs [20].

Criepmii kHypiB € 0COBMMBO YyTIIMBMMM O OKCUOATUB-
HUX YLLIKODKEHb Yepes NPUCYTHICTb HAAMMLLIKOBOI KiflbKOCTi
NONIHEHACUYEHNX XXNUPHUX KUCOT Y NrasmaTtuyHii Memo-
paHi, Lo pobuTb iX BpasnmByMm A0 NEPEKUCHOMO OKUCHEH-
Hs NiNigiB, NPU3BOAAYN A0 3HWKEHHST MNIaCTUYHOCTI MEMO-
paHu criepmist i 3SMEHLLIEHHS PyXIMBOCTI MOro XBOCTUKA [23].
Y 38'a3Ky 3 LM, TC npusBoguTb 40 OKCUOATUBHOIO MOLLIKO-
O>KeHHS cnepMiiB KHypiB [34].

Bigomo, Lo koHTponb penpoaykuii y camuis Biabysa-
€TbCS 3a AONOMOrOH0 rinoTanamo-rinodisapHo-roHagHol
oci (I'TT) [43]. OocnimkeHHsIMU BCTAHOBMEHO, Lo TC 3Mmi-
HIOE aKTUBHICTb oci I'TT, Wo Npu3BoanTbL 4O NOPYLUEHHA
crnepmMartoreHesy Ta 3HUWXKEHHS (PepTUNbHOCTI, 30Kpema
nopyLuye CTepoigoreHes KrnitmHamu Jlenaira Ta cekpeLito
TecTtocTepoHy [35, 19, 24].

[N 3MEeHLIEeHHs1 HEraTMBHOIO BMSIMBY TEMSIOBOIO
CTpecy Ha opraHi3m CBMHEeN BNPOAOBX OCTaHHIX POKiB
3anponoHOBaHO HU3KY 3aX0fiB, ski OXONIIOKTE 3aCTOCY-
BaHHS1 HOBMX TEXHOOM4YHMX pilleHb, KOpeKLii roaisni, 6io-
NOrYHO aKTUBHMX PeYOBUH [4, 22, 31]. [N nOM’AKLEeHHS
TENMoBOro CTpecy Yy KHypiB JOCHIAHUKA HanyacTile Bu-
KOpUCTOBYBarnu KOpMoBi [06aBKU 3 aHTUOKCUOAHTHUMM
BracTMBoCcTAMWU. Hanpuknag, B eKcnepMmMeHTax BUKO-
puctoByBanu BiTamiHu C, D, E, cnonyku ceneny, LIMHKY,
SIKi OKPEMO Ta B Pi3HUX KOMBIHALisIX NO3NTUBHO BrMBa-
nn Ha pepTUneHICTL | AKicTb cnepmu [7, 28, 25, 9, 41].
[poTe oTpuMaHi pesynsratv NPogEeMOHCTpyBanu He-
OOHO3HAYHY Aito Ha SIKICHI MOKa3HWKM cnepmn KHypiB [26,
15, 33], Wwo Ha Tni pisHMX NPUYMH MOXe ByTH CrpUYnHEHe
0BMEXEHHAM TPaHCMOPTY PEYOBUH Yepe3 MeMOpPaHHNIA
Bap’ep MixX KDOBOTOKOM i CiM'sitHUMU KaHanbuamu [27].

[ns 4acTKOBOro 3aMeHLeHHSA poni MeMbpaHHOro
6ap’epy B IHcTUTyTI Bionorii TBapnH HAAH po3pobunu
KOMMJIeKCHY NninocomarbHy Ao6aBKy oSt CTUMYIsUIi pe-
NPOAYKTUBHOI 30aTHOCTI GapaHiB 3 aHTUOKCMAAHTHUMM
BriacTmBocTsIMK [38]. 3okpema, KOMNIEKCHI AOCTIMKEHHST
BCTAHOBWIM NO3UTUBHUIA BNSIMB 3rofoBYBaHHsl GapaHam
KOMMJIeKCHOI ninocomarnesHoi aobasku (BiTaminm A, D, E,
C Ta rmioKoHaT LIMHKY) Ha SKiCHI napaMeTpun CnepMu y pisHi
nepiogn ctateBoi akTUBHOCTI [39].
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Tomy MeTo JocrigKeHHs1 Oyno 3’scyBaTu BNvB
3rofoByBaHHS MiNOCOMAribHOMO KOMMIEKCY BiTaMiHIB 3 ITto-
KOHaTOM LIMHKY B yMOBaX TEMSIOBOrO CTPECY Ha KOHLEH-
TpaLito OKPEMMX FOPMOHIB i SIKICTb CNepMU KHYpIB.

MaTepianu Ta meToaun

EkcnepumeHTn nposogunnu snpoaosx 2024 p.
y JlbBiBCbKOMY HayKOBO-BUPOBOHUYOMY LEHTPI «3axia-
nnempecypcu» (JIbBiBCbka 06n.) Ta IHCTUTYTI Gionorii
TBapuH HAAH.

Y JbBiBCcbKkOMY HBL, «3axignnempecypcu» 9 KriHiYHO
300pOBUX KHYPIB MOpig NaHapac, MeTpeH Ta ApoK pos-
MICTVIU B iHOMBIOQYanbHUX KniTkax. MNepea noyaTkom ekc-
NepUMEHTY NPOBENU KNIHIYHUIA OrNsg, KOXXHOI TBapuHU
3 BU3HAYEHHSM TemnepaTypm Tina. Temneparypy Bu3Ha-
Yanu 6eskoHTakTHUM TepmomeTpom (N 38,0-39,5 °C).

[NpoBegeHo Tpu eTanun JocnigpKeHb, KOXeH Tpusanic-
Tto 30 gib, B AkMx BUBIp MaTepiany Ta voro aHani3 6ynm
nogibHumu: 1) 3a HopMarnbHMX Tenmnoemx ymoB (<23 °C);
2) 3a ymoB TennoBoro ctpecy (25-30 °C); 3) 3a rogis-
ni KOMNAEKCHOLO NinocoManbHo A06aBKOK B yMOBaXx
Tennosoro cTpecy (25-30 °C).

Opyrvi i TpeTi eTany ekcnepuMeHTy NpoBoaunu
y rapsiyy nopy poky (4epBeHb-N1MneHb), KOonm cnocTepi-
ranv nigsuileHy Temnepatypy (25-30 °C) Ta BonoricTb
(75-85 %). OcCKinbKM KHypiB yTPMMYBanu B HU3bKOMY
NPUMILLEHHI 3i cnabkoo BEHTUNALIELD, e CPUYNHANO
nomipHuin TC y kHypiB. TemnepaTypy Ta BOJIOrCTb KOH-
TpOrntoBanM TeEPMOrirpOMETPOM 3 BU3HAYEHHSIM CepeaHix
BENMMYMH Ha KOXXHOMY eTani. Ha TpeTboMy eTani gocni-
[PKEHHS1 Ha TNi TEMOBOTO CTPECY BCIM KHypaM BrpOAOBXK
30 pi iHamBigyanbHO 3rogoByBan KOPMoBY JobaBKy
y BUMSAAi ninocoManeHOI eMynbCil, 4o cknay SKoi BXO-
avnu BiTamiHn A, Ds, E, C Ta rmokoHaT UMHKYy, y 40o3i 2 M1.

Ons npurotyBaHHs 20 mn obaBky BUKOPUCTOBYBau
Taki iHrpegieHTu: 250 Tnc. MO BiTaminy A, 25 Tnc. MO Bi-
Taminy Ds, 250 mr BitamiHy E, 500 mr BitamiHy C, a Takox
neunTuH i TBIH-20 Ta AeioHizoBaHy Bogy. CyMiLl 3milLyBa-
1 Ta QycnepryBanu Ha yrsTpa3ByKOBOMY Aucriepraropi
Y3[0H-1 3 yacToToto 22 kI BNpogoBX 2—3 XB. A0 YTBO-
PEHHs1 TOHKOI eMynbCii (6e3 kpanenb Xupy).

B KiHUi KOXHOrO eTary ekcnepuMeHTy Y NigaocnigHmMx
KHypiB BigGupanu npobu kposi. icnsi 3aBepLUEHHST KOX-
HOro eTany y KHypiB Bigbupanu esakynsatn MaHyanbHUM
METOAOM ABiYi Ha TMXAEHb YNPOOOBX ABOX TUXKHIB.

KoHLeHTpaLito TECTOCTEPOHY, KOPTMU30Iy Ta TUPOK-
CVHY B NnasMmi KpoBi BU3Ha4Yanu Metogom imyHodep-
MEHTHOIO aHaniay 3 BUKOpUCTaHHAM HabopiB Big TOB
«JIABOPATOPIA TPAHYM» (YkpaiHa) Ta imyHodep-
MEHTHOrO aHani3artopa.

Yci npoueaypu, onucaHi B LK cTaTTi, Bignosiganu pe-
KkoMeHaauisim, BuknageHum y dupektuei €C 2010/63/€C
LLoao ekcnepuMeHTiB Ha TBapuHax (http://ec.europa.eu/
environment/chemicals/lab_animals/legislation_en.htm)
Ta Oynun cxBarneHi eTM4HOI KoMiCieto IHCTUTYTy Gionorii
TBapnH HAAH.

bionozis meapuH, 2025, 1. 27, N4
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AHani3 criepmu

PyxnuBicTb cnepmiiB BU3Ha4anu Komm'toTepn3osa-
Hoto cuctemotro CASA (Computer Assisted Semen Anal-
ysis) 3 akTuByBaHHAM Moaynst Sperm Vision [44]. Okpim
3aranbHol, NPOrpeCcUBHOI (MPSIMOMNIHIMHO MNOCTYNAaNbHUA
pyx, MNIMNP) pyxnuBocTi cnepmiie, BU3HaYanu BiaCOTOK
cnepMiiB 3 UMTOMMA3MaTUYHMMKN KPannsaMm Ta 4acTky
OereHepoBaHuX (YLUKOMKEHMX, 3 MOPAONOrivYH1MYM No-
PYLLUEHHAMM) CTaTEBUX KNITUH.

[nsi BU3HAYeHHS PiBHS aHTUOKCUAAHTHOTO 3aXMCTy
Y pPO3BeAEHMX 3paskax Cnepmmn BUMIPHOBanu akTUBHICTb
cynepokcugamcmyTasu (CO[), rmyTaTioHnepokcmMaasm
(rMO) ta katanasun (KAT). AKTMBHICTb aHTUOKCUOAHT-
HMX EH3VMIB BU3Ha4anv 3a Metogamu, onvcaHumm Bip-
Tom Ta Misinom [42].

3okpema, akTuBHicTb CO/L] BU3Ha4anu 3a KinbKicTto
HiTpodhopmasaHy, yTBOPEHOro B peakLii Mix doeHasnH-
meTtacynbgaTtom Ta HAIH, BUkopucToBytoumn Kaniopy-
BanbHY KpUBY, NS SIKOi BUKOPUCTOBYBaNM CTaH4apT-
HU po3unH CO[ (Sigma, CLUA; C1345) Ta Bupaxanu
B MO/mr Ginka. NornnHaHHs 3paskiB BUMIpIOBanu Crek-
TpopoTOMETPUYHO B KiOBETI (ToBLWMHA wapy 10 mm)
npu goBXuHi xBuni A=540 Hm (cnekTpodoToMeTp
JENWAY 6300, Kembpugxwup, Benuka bputaHis),
a aktmBHicTe CO[, po3paxoByBanu B MO/mr Ginka.

AxTuBHicTb [T1O BM3Ha4anu 3a JONOMOIOK peakTuBy
Enmana (0,01 M posunH 5,5-guTiobic-2-HiTpobeH30MHOT
kucnotn, Acros Organics, leenb, Benbris); MNornMHaHHA
3paskiB BUMIptoBanu crnekTpopoTOMETPUYHO B KIOBETI
(ToBWMHa wapy 10 MM) Npy AOBXUHI XBUNi A=412 HM.

AxTtusHicTe KAT Bu3Havanu 3a metogom Koporntok
Ta cniBaBT. [21]. lMornnHaHHA 3paskiB BUMiptOBanu cnek-
TPOHOTOMETPUYHO B KIOBETI (TOBLUMHA wapy 10 Mm)
npu AoBxuHi xBuni A=410 HM. AkTuBHicTb T1O Ta KAT
po3paxoByBanu 3a chopmynor a=n/V, ge a — akTus-
HICTb )epMeHTY; N — KiNbKiCTb Mornen cybcTpary, Wo
NepeTBOPIETLCA 3a OAUHULIO Yacy; V — 06’eM peakuii;
Ta BUpaxanu B MKMOJb/XB X Mr Ginka.

CmamucmuyHul aHarni3

Yci oTpumaHi LMdpoBi AaHi aHanisyBanu 3a g4ono-
MOrOK KOMM'IOTEPHOI nporpamu Statistica 3 BUKOpUC-
TaHHAM MeToAy BapiaLiiHOi CTaTUCTUKM Ta nporpamm
Excel 3 naketiB nocnyr Microsoft Office 2007 Ta 2010.
PisHuui Mix rpynamu BBaxanu CTaTUCTUYHO AOCTOBIp-
Humun npu P<0,05.

PesynbraTtn

BcraHoBneHo, wo 3a Bnnvey TC KOHUEHTpaL,jia kop-
TU30ITy Ta TUPOKCUHY B Nila3Mi KPOBi KHypiB 30iMbLUMINCD
Ha 45,86 % (P<0,01) Ta 15,47 % (P<0,05) BignosigHo, no-
PIBHSHO 3 BENMYMHAMM 3Ha4YeHb MOKasHUKIB 3a HOpMarsib-
HUX TemnepaTypH1X ymoB (Tabrn. 1). lMicnsa 3ronoByBaHHs
KHypaMm KOMIMIIEKCHOI flinocomanbHoi gobaeku 3a TC pi-
BEHb KOPTM30/Y Ta TUPOKCUHY B NNa3mi KpOBi 3HN3NBCS
Ha 20,79 % (P<0,05) Ta 15,82 % (P<0,01) BignosigHo.
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MpoTunexHi 3aMiHM BCTaHOBMEHI 32 AOCHIAXEHHS
KOHLIEHTpaUil TECTOCTEPOHY Y NSia3Mi KpoBi Ta cnepmu.
3okpema, TC cnpUYnHNB 3HUXKEHHSI BENNYMH 3HAYEHb
Ha 21,71 % (P<0,05) Ta 52,23 % (P<0,001) BignosigHo.
lMicnsa 3roqoByBaHHS kKHypaMm BiTaMiHiB A, Ds, E, C Ta rmio-
KOHaTy LUMHKY y hopMi ninocoMarnbHOi eMynbCii B yMmoBax
TC KOHUeHTpaLLl TECTOCTEPOHY B Mria3mi KPoBi Ta criep-
Mu 3pocnm Ha 31,68 % (P<0,05) Ta'y 2,05 pasa (P<0,001)
BiQMoBiAHO.

3a BnnuBy TC gKiCHi NOKa3HWKM eAKYNATIB KHYpiB
3HaYHO 3HM3UNMCA. 30Kpema, 3ararnbHa pyXJIMBICTb
cnepwiiB (total motility) kHypis 3a gii TC 3Hu3unacs Ha
15,89 % (P<0,001) Ta aktmBHicTb cnepmiis 3 MNP (pro-
gressive motility) — Ha 14,15 % (P<0,01; Tabn. 2).

MogibHo, nomMipHMn TC npur3BiB A0 30iNbLUEHHS MOp-
donoriyHnxX yLIKoaXKeHb CNepMiiB: BiJCOTOK AereHepo-
BaHMX CTaTeBMX KMiTUH 3pic y 2,04 pasa (P<0,001) Ha
TNi 3HWKEHHS1 YacTKX CnepMmiiB 3 uMTonnasmMaTu4HUMm
kpannsmu Ha 30,56 %.

3a BnnmBy 3rogoByBaHHS KOMMMIEKCHOT ninocomarnb-
Hoi go6aBkM B ymoBax TC 3HAYHO MOKPALLMINCS NoKas-
HWKW PyXIMBOCTi Ta Mopdoororii cnepmiiB. 3okpema, 3a-
ranbHa pyxnvBiCTb crniepmiis 3pocna Ha 12,13 % (P<0,01)
Ta akTuBHicTb cnepmiis 3 MNP —Ha 9,2 % (P<0,01). Boa-
Houac, BiACOTOK AereHepOoBaHMX CNepMiiB MiCns 3rofoBy-
BaHHSA ninocomarnbHoi gobasku nig Yyac TC 3MeHLMBCS
Ha 33,64 % (P<0,01) Ha Tni 3pOCTaHHs YacTku cTaTeBmX
KNiTVH 3 uuTonnasmaTtuiHnMm Kpannsmu Ha 42,61 %.

AKTUBHICTb €H3UMIB aHTUOKCUAAHTHOrO 3aXUCTy
y cnepmi kHypiB 3a Bnnuy TC 3Ha4yHO 3MiHUNucs. 3o-
kpema, aktmBHicTb ['T10 i KAT 3Hmn3nnacs Ha 35,54 %
(P<0,001)Ta 17,84 % (P<0,001) BignoBigHo Ha Tri HE3HaY-
Horo 3pocTaHHs aktuBHocTi CO[] Ha 6,54 % (tabn. 3).

Micns 3rogoByBaHHA KOMMMEKCHOI NiNOCOManbsHo1
000aBKM aKTUBHICTb €H3UMIB 3MIHWNACS Y NPOTUNEXHWN
6ik — akTunBHicTb CO[ 3HM3unacs Ha 8,74 % (P<0,01),
Toai sk akTusHicTb MO i KAT 3pocnu Ha 55,54 %
(P<0,001) Ta 32,96 % (P<0,001) BignosigHo.

O6roBopeHHA

Y cyyacHOMy CBUHAPCTBI BaXKN1MBOK YMOBOIO BU-
COKOI €(PEKTUBHOCTI € HasIBHICTb AOCTATHbLOI KiflbKOCTI
SKICHOT CepMu KHYpiB ANS LWTYYHOro OCiMEHIHHSA
CBUHOMATOK. EkcnepumeHTanbHO goeeaeHo, wo TC sk
OAMVH i3 aHTUMOKCUOALIHMX CTPECIB BMfMBa€E Ha piBEHb
FOPMOHIB B opraHiami cauHen [12]. Ockinbku rinotana-
Mo-rinocpizapHo-roHagHa BiCb — Lie CKrnagHa Mepexa
FOPMOHIB, SIKi KOHTPOMIOKTL Ta PErynioTb Penpoayk-
Lo, BOHA 3a3Ha€E 3MiH 3a Pi3HMX CTPECOBUX YMHHUKIB
[43]. Bokpema, ekcnepMMeHTanbHO NiATBEPOXKEHO, LLIO
TpuBanun (BNpodoBX Tpbox TWkHIB) TC niaBuLLye pi-
BEHb KOPTU30MY Y NnasMi KpoBi KHypLiB Ha Bigroaisni.
AHanNoriyHo y HalWomy ekcnepumeHTi 3a BnnmBy TC
poctosipHo (P<0,01) 3pic piBeHb kopTU3omny y nnasmi
KPOBI KHypiB Ha (POHI NigBULLIEHHS KOHLEHTpaLi TUPOK-
cuny (P<0,05).
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Tabnuusa 1. KoHueHTpauis OKpemnx ropMOHIB y Mriasmi KpoBi Ta Cnepmm KHypiB MiCMns 3rofoBYBaHHS KOMMNIEKCHOT finocomanbHoi 4obaBkm
B YyMOBax Tennosoro ctpecy (n=9, M+m)

Table 1. Concentration of some hormones in blood plasma and semen of boars after feeding a complex liposomal supplement

under heat stress conditions (n=9, M+m)

[Micns 3arogoByBaHHSA

3a HopMarnbHoi 3a TennoBoro cTpecy

Moka3Huk KOMMMeKCHoi fobaBku
FRIEIIRET At nc:frrel;lletgerggglrdatu re Undgc')'nhd?tei‘:)r?tsress Hitel sl
a complex supplement

KopTtuson, Hmonb/n / Cortisol, nmol/l 95,70+4,54 139,5948,27° 110,57+4,04**
TupokcuH, HMonk/n / Thyroxine,nmol/| 56,01+2,76 64,68+1,652 54,44+1,77*
TecTtocTepoH Yy nnasmi kposi, Hr/MA 11,47+0,93 8,98+0,52 11,82+1,06*
Testosterone in blood plasma, ng/ml
TecTocTepoH y nna3mi cnepmu, Hr/mn 323010 1,54+0,12 3.1740,22%%

Testosterone in semen plasma, ng/ml

lMpumimka. Y uin i HacTynHux Tabnuusx: * — P<0,05, ** — P<0,01, *** — P<0,001 — gocToBipHa Pi3HMLSI MK JOCTIAHMMM Ta KOHTPOMBHO rpynamu;
a— P<0,05, > — P<0,01, c— P<0,001 gocTtosipHa pi3H1LIsi MiXX KOHTPOIbHOIO rPYMO0 3a HOPMarbHOI TemnepaTtypu Ta 3a YMOB TENSIOBOro CTPeCy.
Note. In this and the following tables: * — P<0.05, ** — P<0.01, *** — P<0.001 — significant difference between the experimental and control groups;
a— P<0.05, " — P<0.01, ¢ — P<0.001 — significant difference between the control group at normal temperature and under heat stress conditions.

Tabnuus 2. PyxnueicTb Ta Mopcororisi cnepmiiB KHypiB Micns 3ro4oBYBaHHS KOMIMIEKCHOI NinocomarnbHoi o6aBku

B yMoBax Tensnoeoro ctpecy (n=9, M+m)

Table 2. Motility and morphology of boar spermatozoa after feeding a complex liposomal supplement under heat stress conditions (n=9, Mtm)

3a HopmanbHoi

Micnsa 3rogoByBaHHS
3a TennoBoro cTpecy i) EIRAIIE]

INokasHuk KOMMIEKCHOI fobaBKku
Temneparypu Under heat stress .
FEEGTEED At normal temperature conditions AL 3l
a complex supplement
BaranbHa pyxnusicTs / Total motility, % 86,70+2,06 72,92+1,92¢ 81,77+1,68**
MMP* / Progressive motility, % 77,50+2,28 66,53+2,13° 72,66+1,65**
o
Cnepmii 3 UMTOMNNAa3MaTM4HIMM KpaI'IJ'IHMOI/I, Yo 9.20+0,81 6,39+1,09 9,11+1,06
Spermatozoa with cytoplasmic droplets, %
. o

ASTeHEpOBHHIICHEPMIT 7o 13,28+2,06 27,08+1,92¢ 18,23+1,82**

Degenerated spermatozoa, %

lMpumimka. * — NPAMONIHIAHO NOCTynanbHWIA (MPOrpPEeCUBHWI) PyX.
Note. * — rectilinearly progressive movement.

Ta6nuus 3. AKTUBHICTb €H3UMIB aHTUOKCUAAHTHOrO 3aXUCTY Y cnepMi KHypiB Micns 3rogoByBaHHS KOMMNIEKCHOT ninocomanbHoi obaBku

B YyMOBax Tennoeoro crtpecy (n=9, M+m)

Table 3. Activity of antioxidant defense enzymes in boar semen after feeding a complex liposomal supplement under heat stress conditions (n=9, M+m)

3a HopManbHoi

[Micnsa sarogoByBaHHSA
3a TennoBoro cTpecy

Moka3Huk KOMMMeKCHoi JobaBku
e e Temneparypu Under he_a_at stress After feeding
At normal temperature conditions
a complex supplement
CofA, MO/wmr 6inka / SOD, 1U/mg protein 7,53+0,25 8,02+0,27 7,32+0,23**
MO, mmornb/xe x Mr Binka / GPX, umol/min x mg protein 0,25+0,02 0,16+0,01¢ 0,25+0,02***
KAT, Mmonb/xB x Mr 6inka / AT, umol/min x mg protein 1,56+0,09 1,28+0,04¢ 1,71+0,12***

OpHak TC cnpuyMHMB AOCTOBIPHE 3HMKEHHS KOH-
LieHTpaLii TeCToCTepPOHy y nnasmi Kposi kHypis (P<0,05),
LLIO Y3romKy€eTbCA 3 AaHMMM iHLIMX BYEHMX. 30Kpema, Ha
OYMKY OKpeMux AocnigHukie, nicnst TC 3HWKyETbCA Kinb-
KiCTb €H3UMIB, HEODXiAHMX Ans GIOCMHTE3Y TECTOCTEPOHY
[19, 24, 3, 36], wo B niacymMKy NpU3BOaUTb 00 3HWKEHHSI
piBHS TECTOCTEPOHY [24, 29, 36].

Barato gocnigHukiB BU3Ha4atoTb piBEHb TECTOCTE-
pOHY nuLle B NnasMi KpoBi. Xo4a piBeHb TECTOCTEPOHY
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B CiM'AHMKaX, A€ BiaOyBa€ETLCA CriepMaToreHes, Haassudan-
HO B2)KINMBWI, MPOTE PiAKO BUMIPIOETHCS, OCKINbKM LI BaXKKO
MPOBECTU Y XMBUX TBapWH. BogHo4ac BcTaHoBNEHo, Lo TC
NPY3BOAUTBL [0 3HDKEHHSI PIBHSI TECTOCTEPOHY B CiM SIHMKaX
[31]. Kpim Toro, nicnst TC B knituHax Jleraira cnocTepiratotb
BiOKNaaeHHs ninigig, Wo ceigymTb Npo Brnme TC Ha CUMHTE3
TectocTepoHy [1, 8]. | ue niaTBepoYKEHO y HALLIOMY eKcne-
pUMeHTi, Aie BcTaHoRMeHo aocTtosipHe (P<0,001) 3HKeHHs1
KOHLIEHTpaLljii TECTOCTEPOHY Y nNnaami cnepmu 3a giji TC.
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Okpemi B4eHi BcTaHoBMMM, o TC HeraTMBHO BNK-
Ba€ Ha penpogyKTMBHY 34aTHICTb KHypIB, 30Kpema Ha
KINbKICHWI Ta SIKICHWNM CKNap, eskynsTy, Npyu4oMy HeraTue-
Ha [ist NPOSIBISETHCA NKLLE Yepes KiNnlbka AHIB ab0o TVKHIB
nicna TC [37, 5, 31]. Lle niagTBepmxeHo y HaLLOMy ekcne-
PUMEHTI, A& BCTAHOBMEHO JOCTOBIPHE 3HWWKEHHS 3arasb-
HOI pyXnMBOCTi cnepmiiB kHypis-nnigHukis (P<0,001) ta
akTuBHoCTI ctaTtesBumx knituH 3 MNP (P<0,01) nig Bnnwu-
BoM nomipHoro TC. [locniaHuku cnoctepiranu, wo TC
MOCniAOBHO NPU3BOAUTbL 00 3HUXKEHHS PYXIMBOCTI Ta
Mopdonorii cnepmiis [16, 31], a TaKOXX 3MEHLLEHHS Kinb-
KOCTi cTaTeBuX KMiTUH 3 AhyHKLIOHAMNBEHUMW MITOXOHAPISIMU
Ta 3 HEYLUKOMKEHUMM MasMaTU4HUMmM MembpaHamum [45].
Mwu Texx BcTaHOBMIK, LLO 3a BNAMBY nomipHoro TC Bifaco-
TOK JereHepOoBaHMX CTaTeBUX KNiTWH 3pic yagivi (P<0,001)
Ha TNi 3HWKEHHS YacTKu CnepMiiB 3 LIMTONNasMaTu4yHMMm
kpannamm Ha 30,56 %, wo Bkasye Ha 36inbLUEeHHS MOp-
ONOriYHNX YLLIKOOXEHb CEPMIiB.

Binomo, wo y cnepmi pyHKUioHye edhekTMBHa eH3u-
MaTM4Ha NlaHKa CUCTEMU aHTUOKCUAAHTHOIO 3aXMUCTY,
siKa PyNHYE HAANMLLOK YTBOPEHMX akTMBHKX dhopm Okeun-
reHy 1 TMM CaMUM MoKpaLLye skicTb cnepmm. OCHOBHUMU
€eH3nMamm aHTnokecuaaHTHoro 3axmucty € CO[, IO Ta
KAT [40]. Y Haliomy eKkcriepuMeHTi BCTAHOBINEHO 3HaYHe
(P<0,001) 3HmxeHHs akTuBHOCTI [T10 Ta KAT y cnepmi
KHypiB Ha TIi HE3Ha4YHOro NiaBULLIEHHS akTnBHOCTI CO[,
3a snnuey TC.

OpaHum 3i cnocobiB nogonaTtk HeratueHUA BN TC
Ha NneMiHHNX KHYPIB € KOpUryBaHHS iX rodieni: JogaBaH-
HS1 0O pauioHiB BiONOriYHO aKTUBHUX PEYOBWH, 30AaTHUX
noKpaLmTK SKICTb criepmu [4]. BpaxoBytouu Lie Ta cnvpa-
louMChb Ha nonepeHi gocnimkeHHs [13], B IHCTUTYTI Gio-
norii TBapH HAAH cTBOpMnn kopmoBy fobaBky, 4o ckna-
4y AKoi BXogaThb BiTaMiHn A, D, E, C Ta rntokoHaT umHKy
y dhopMi finocomanbHOI eMynbCil Ans NponoHrawii Aji.

I'DYHTYIOUMCL HA YUCTIEHHUX MiTEPaTYPHUX AaHMX,
SKi CBigYaTb NPO NO3UTUBHWI BMSIMB OKPEMUX BiTaMiHIB
Ta MIKPOENEMEHTIB K OKpeMO, Tak i B Pi3HUX KOMOGiHa-
uisix [17, 26, 32, 2, 18], a Takox BpaxoByt4u Te, wo TC
Ma€e BCi O3HaKM OKCUAATMBHOrO cTpecy [34], Mv BBenu
aHTUOKCUAAHTU (BiTaMiHK) Ta akTMBATOP YONOBIYOI
depTUnbHOCTI (LUMHK) 40 cKNaay KOMMMEeKCHOoT nino-
comarbHOoi Ao6aBKu.

JocnigxeHHs BNNUBY 3rodoBYBaHHA MiNOCOManbHOT
nobaeku 3a gii TC Ha ropMoHanbHUA POH BCTAHOBU-
no, O KOHLeHTpaUil KOpTU30mny Ta TUPOKCUHY B KPOBI
KHypiB 3Ha4Ho (P<0,05-0,01) 3Hu3unucs, Todi sk piBHi
TECTOCTEPOHY B KPOBi Ta CMEpPMi KHypiB CyTTEBO 3pOCIn
(P<0,05-0,001). BctaHoBneHi 3miHM KOHUEHTpaLiin rop-
MOHIB XapakTepuayBarnu NoKpaLleHHs pPyXIIMBOCTI cnep-
MIiB i iXHbOI Mopdbororii. 3okpema, nicnsa AoaaBaHHA a0
pauioHy KHypiB-MMigHMKIB BiTamiHiB A, Ds, E, C 3 rmtoko-
HaTOM LIMHKY Yy oopMi NinocomansHoT eMynbcii nig vyac
TC pocToBipHO 3pocnu 3aranbHa pyxnmeicTs (P<0,01)
Ta akTuBHicTb criepwmiis 3 MNP (P<0,01) 3 ogHo4acHUM
3MEHLLIEHHSAM BicoTka AereHepoBaHux cnepmiis (P<0,01)
Ha POHi HEOOCTOBIPHOIO 3POCTaHHS YacCTKU CTaTeEBUX
KNiTWUH 3 yUTONNasMaTUYHMMM Kpanasamu.

The Animal Biology, 2025, vol. 27, no. 4

BcTaHoBREHO, WO nicnsa KopuryBaHHSA BiTaMiHHOMO
3abesnevyeHHs opraHiaMmy nremiHHUX KHypiB BigOy-
BalOTbCA 3MiHU NPOOKCUAAHTHO-aHTUOKCUOAHTHOIO
romeocTasy [40]. Takox gOBeAEHO HasBHICTb y criepmi
€H3UMaTUYHOT NaHKN CUCTEMU aHTUOKCUAAHTHOrO 3aXmc-
Ty, sIka NepPeTBOPIOE HAANMULLOK akTMBHKX hopm Okcure-
HY i, TAKUM YMHOM, MiABMLLYE SIKICTb CNEepMiiB. Y HalLlomy
eKCrepuMEHTI Micns 3rogoByBaHHSA BiTamiHiB A, D, E, C
Ta [MIOKOHATY LUMHKY Y BUrNSAI NiNOCOMHOI eMynbCil ak-
TuBHicTb CO/[] gocTosipHo 3HM3unacs (P<0,01) 3 ogHo-
YacHWM nigsuLLeHHAM aktneHocTi 10 (P<0,001) Ta KAT
(P<0,001). Lie moxe BkasyBaTh Ha BUCOKUIA piBEHb aHTU-
OKCMAAHTHOrO 3aXMCTY B CNepMi i NiABULLEHIN CTINKOCTI
Ta AKOCTi CnepmMiiB KHypiIB.

Taknm 4YMHOM, 3rogoBYyBaHHSA KHypam nig vac TC Bi-
TamiHiB A, D3, E i C 3 rnokoHaToM UMHKY y cknagi ninoco-
MaribHOI eMyrbCii MPOSIBNSE KOMMIEKCHY Ait0, 3MEHLLYE
NpOsiBU OKCUMAATUBHOIO CTPEecy Ta akTuBye hepTurb-
HICTb KHYpIB, O A03BONsie Hopmanidysaty Bnnve TC
Ha CUHTE3 TECTOCTEPOHY 1 OTPUMATH CNEPMY XOPOLLOT
AKOCTI Big nnemMiHHUX KHypiB y nepiog aii TC.
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Concentration of some hormones and quality of boar semen after feeding liposomal vitamin complex
with zinc gluconate under heat stress conditions
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The aim of the work was to determine the effect of feeding a liposomal vitamin complex with zinc gluconate under heat stress (HS) on
the concentration of individual hormones and the quality of boar sperm. The experiment was conducted on nine clinically healthy breeding
boars, aged 2—4 years of Landrace, Pietren and Duroc breeds. Three stages of the study were conducted, each lasting 30 days, in which
the selection of material and its analysis were similar: 1) under normal thermal conditions (<23 °C); 2) under HS conditions (25-30 °C);
3) under feeding a complex liposomal supplement under HS conditions (25-30 °C). In the third stage of the research on the background of
HS, all boars were individually given a feed additive in the form of a liposomal emulsion for 30 days, which included vitamins A, Ds, E, and
C with zinc gluconate in a dose of 2 ml. At the end of each stage of the experiment, blood samples were taken from the experimental boars.
The concentration of testosterone, cortisol, and thyroxine in blood plasma was determined by the enzyme-linked immunoenzymatic assay
method. After completing each stage, ejaculates were taken from the boars by manual method twice a week for two weeks. The parameters
of motility and morphology of germ cells, the activity of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT)
were determined. It was found that under the influence of HS in the blood plasma of boars, the level of cortisol (P<0.01) and thyroxine
(P<0.05) increased, while the concentration of testosterone significantly decreased (P<0.05). The negative effect of HS on spermatogen-
esis is confirmed by a significant (P<0.001) decrease in the concentration of testosterone in the plasma of sperm. Moderate HS reduces
the overall motility of sperm of breeding boars (P<0.001) and the activity of germ cells with rectilinear translational movement (progressive
motility; P<0.01), and doubles the percentage of degenerated sperm (P<0.001). Under the influence of HS, a decrease in the activity of GPx
and CAT (P<0.001) is observed in the sperm of boars against the background of a slight increase in the activity of SOD. After feeding the
liposomal supplement under the action of HC, the concentration of cortisol and thyroxine in the blood of boars significantly (P<0.05-0.01)
decreased, the level of testosterone in the blood and semen of boars significantly increased (P<0.05-0.001). This led to an improvement in
sperm motility and their morphological characteristics: the total sperm motility significantly increased (P<0.01) and the activity of sperm with
progressive motility (p<0.01) with a simultaneous decrease in the percentage of degenerated sperm (P<0.01). At the same time, the activity
of SOD significantly decreased (p<0.01) with a simultaneous increase in the activity of GPx (P<0.001) and CAT (P<0.001).

Key words: boar, sperm, TC, feed liposomal supplement, testosterone, cortisol
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MeToto gocnigkeHHs1 Oyno OuiHUTK BNINB iHAKTMBOBAHMX
rnyTaTioHoBUX Apixaxis «EnzActive Protein» Ha guHamiky xu-
BOI Macu, cepeaHboa000BI NPMPOCTY Ta KOHBEPCIO KOpMY nepe-
neniB M’iICO-A€4HOTO Hanpsimy nopoay MaHBXXypcbka B yMOBaXxX
NPOMUCIIOBOro BupoLlyBaHHs. [locnig npoBegeHo Ha TPbOX
rpynax nepenenis, copMoOBaHNX 3a NPUHLIMNOM aHarnoris no
15 roniB y KOXHilA: KOHTPOrbHa (OCHOBHMI paLioH), focnigHa 1
(OP + 0,3 kr/T «kEnzActive Proteiny), gocnigHa 2 (OP + 0,5 kr/T).
MTaxu oTpumyBanu BignoBigHi pavioHu 3 20-i 4obu xuTTa 4O
47-i pobwu. LLloTwxkHEBO peecTpyBanm >u1By Macy, po3paxoByBa-
N1 abconoTHI Ta cepeaHboa000BI MPUPOCTY, @ TaKOX KOHBEP-
cito KopMy 3a nepiogamu. BctaHoBNEHO, LLO 3roJ0BYBaHHS iHaK-
TUBOBaHWUX rMYTaTIOHOBUX OPDPKOPKIB HE CIPUYUHANO HEraTMBHMX
NpOosIBIB | CYNnpOBOAKYBariocs CyTTEBUM NiABULLEHHSM POCTOBOI
aKTMBHOCTI. YXXe Ha 27-my fo0y Maca Tina nepenenis gocnia-
HMX rpyn nepesuLLyBana KoHTporb Ha 6,9-10,6 %, a Ha 34-Ty
Ta 47-my noby pi3HuUs 3pocTana BignosigHo o 18,6-25,2 %
i 23,6-39,8 % (P<0,001). CepegHboa060Bi NPMPOCTY BIPOOOBX
ycboro gocnigy 6ynu crabineHo suwmmn y 1 ta 2, npudomy
B nikoBun nepiog pocty (27—34 poba) BOHWM nepesuLyBanm
KOHTpOmb Maixke BABiYi. KoHBepcis kopmy 3a okpemmMun nepi-
opamu nokpatysanacst Ha 8—24 %, a 3a nigcymkom 2047 gi6
BMTPaTU KOPMY Ha 1 Kr NpMpoCTy Oynu HUXKYMMKU Y OOCHIAHNX
rpynax, ocobnueo 3a gosu 0,5 kr/T. OTpumaHi pesynsraTti cBig-
YaTb MPO BUPaXEHUN J0303aNeXXHUA NPOAYKTUBHUIN edekT
«EnzActive Protein» Ta eKOHOMIYHY AOUINBHICTL NOro BUKO-
PUCTaHHS B rofisni nepenenis M’Co-1€YHOIo Hanpsimy.

Knro4yoBi cnoBa: nepeninku, rmyTaTioHoBi Apixaxi, «Enz-
Active Proteiny, >xuBa maca, cepeaHb0a000BUIA NPUPICT, KOHBEP-
Cist KOpMY, MPOAYKTUBHICTb POCTY

BcTyn

MigByLLLEHHA NPOAYKTUBHOCTI Nepenenis CbOroaHi
po3rnagalnTb He nNule 9K 3aBAaHHS iHTeHCcudoikauii
NTaxiBHULUTBA, ane 1 sik HeobXiAHICTb NiATPUMAaHHS
BMCOKOrO piBHSA GionoriyHoi 6e3nekun Ta BigMOBY Bif
aHTubakTepianbHUX cCTUMYNATOpiB pocTy. 3abopoHa
BMKOPUCTaHHS aHTMBIoTUKIB y BinbLiocTi kpaiH €C Ta

86

MOCTynoBe 0BMeXeHHs X 3acTocyBaHHS B YkpaiHi cTu-
MYFtoBany akTUBHWUIA MOLLYK NPUPOOHUX anbTepHaTuB,
30aTHUX cTabinisyBatn metaboniyHui cTaH NTuui, no-
CUNOBaTH 1i CTIMKICTb JO CTPECOBUX YMHHUKIB i BOAHO-
Yyac 3abesnevyBati cTabinbHWI picT [9].

Mpobnema okcnagaTMBHOIO CTPECY B CyHaCHOMY
NTaxiBHULTBI nocigae ocobnmee micue. Mtuus apibHux
BMAiB, 30KpeMa rnepenenu, Mae BUCOKUA TeMN MeTa-
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foniamy 11 ocobnuey 4yTnMBICTb 4O AncbanaHcy Mix
YTBOPEHHSIM aKTUBHUX (DOPM KUCHIO Ta MOXIUBICTIO
X HenTpanisauii. B Taknx ymoax epekTUBHICTb aHTU-
OKCMAAHTHOrMO 3aXMCTy NPSMO BMMMBAE Ha iIHTEHCUB-
HICTb POCTY Ta BUKOPUCTAHHSA MNOXMBHUX Pe4OBUH. [aHi
YKpaTlHCbKMX OOCHIAHMKIB TAKOX MiAKPECNIOTb TiICHUNA
B3aEMO3B’I30K Mi>)K aHTMOKCUOAHTHOI CMCTEMOIO Ta
NPOAYKTUBHICTIO MONOAHSAKY nTuui [14, 15].

3a oCTaHHi poky 3poCcTae iHTepec A0 APKOKOBUX NPo-
[OYKTiB K [pKepena 6ionoriYHO aKTUBHMX PEYOBWH i3 BUW-
PaXKeHM aHTUOKCUAAHTHUM eheKToM. 30Kpema, iHaKTu-
BOBaHi ApiKDKi, 30aradeHi rmyTaTioHoM, po3rmsaatoTb sK
nepcnekTMBHY KOPMOBY [06aBKy, 30aTHY NigTpuMyBaTu
KNITUHHWIA pedoKc-6anaHc, CNpusitTu CUHTE3Y CTPYKTYp-
HKUX BinkiB Ta NigBULLYBaTK 3aCBOEHHSA HyTpieHTiB [10].
[MyTaTioH — Kro4oBa Moriekyna BHYTPILLHBOKNITUHHOT
[eToKcuKaLlii — Bigirpae BaXknvBy porb Y NigTPUMaHHI
METabOMiIYHOI aKTMBHOCTI, LLIO OCOONMBO aKTyarbHO ANis
nepiofy iHTEHCMBHOrO POCTY Nepenenis.

BopgHouac, nonpu HasiBHICTb YMCIEHHUX POBIT Woao
3aCTOCYBaHHA APPKAXOBUX NPOAYKTIB Yy rodieni NTuLi,
BMKOPUCTAHHS Came yTaTiOHOBMX APKIDKIB y paLlioHax
nepenenis, 0COBMMBO y NPaKTUYHMX YMOBaX YKPaiHCbKMX
rocrnogapcTs, 3anuWaeTbCsl HeAOCTaTHLO BUBYEHUM.
HasBHi gocnimpkeHHs nepeBa)kHO CTOCYIOTbCS KypyaT-
Bpovinepis abo A€4HOI NPOAYKTUBHOCTI, TOAI SIK BNMVB
uiel rpynn go6aBoK Ha NOKa3HWKN POCTY nepenenise
M’SICO-SIEYHOrO HanNpsAMy NpeacTaBneHun gparMeHTapHo
[5, 13, 2]. Tomy icHye oueBMaHa noTpeba B eKCnepMMeH-
TanbHiM OLiHL e(peKTUBHOCTI iHaKTUBOBaHWX MMyTaTiOHO-
BUX OPiKOXKIB 32 YMOB pearnbHOro BUpobHMLTBA.

BpaxoBytoun BUCOKyY BionoriyHy akTUBHICTb ApiKIKO-
BUX MeTabonITIB, iXHIO MOTEHLNHY 34aTHICTb NigCKIto-
BaTW aHTMOKCUAAHTHY BiAMOBIAb i NPUPOAHY CYMICHICTb
i3 pauioHamu nepenenis, BUBYEHHS X €DEKTUBHOCTI
Yy NPaKTUYHUX YMOBaX MPOMMUCITIOBOIO BUPOLLYYBAHHS €
aKTyarnbHUM i HaykoBo 0brpyHToBaHuM. Came Tomy Me-
TOHO Liiei poBoTK OyNo OLHUTU BAMMB Pi3HMX O03 iHAKTU-
BOBaHMWX rnyTaTioHoBuX Apixaxis «EnzActive Proteiny
Ha OUHaMIKY XXMBOI Macu, cepeqHboA000Bi MpUPOCTU Ta
KOHBepCito kopMy nepenenis nopoan MaHb4Kypcebka.

MaTtepianu i meToaun pocnigXeHHs

HocnigXeHHs NpoBeeHO B yMOBaXx MPOMUCIIOBOIO
komnnekcy «POMM XapuHay y JbeiBchkin 06n. O6’ekTom
OOCNioKEHHs criyryBanu nepenenu m’sico-9e4Horo Ha-
npsaMy nopoan MaHbewkypcebka. [Ans gocnigxeHHs 6yno
copMoBaHoO Tpu rpynu — KoHTponeHy (K), gocnigHy 1
(O1), Ta pocnigny 2 (O2) 3a npyHUMNOM aHanoris no
15 roniB y KoXHin (Tabn. 1). MNT1us mana BinNbHWM 4OCTYN
[0 KOpMY Ta BOAM Ta CnioXuBara OgHaKoBUii KOMBIKOPM,
36anaHcoBaHui 3a NOXMBHVMM Ta BiONOrYHO aKTVBHUMU
peyoBuHamu. I3 20-1 [oOW XUTTS Nepeneny oTpuMyBanm
NOBHOPALOHHWI KOMBIKOpM, skMi micTuB 15 % gepri
KykypyassiHoi, 40,35 % feprti nweHuyHor, 30,0 % coesoi
Makyxu, 6,0 % CoHsiLuHMKoBOro wpoTy, 3,0 % COHALLHK-
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Tabnuua 1. Cxema gocnigy Ha TBapuHax

Ipynn/ Groups N
KoHTponbHa

Xapaktep rogisni / Type of feeding
OcHoBHui pauioH (OP)

Control E Basic diet

LocnigHa 1 5 OP + 0,3 kr «EnzActive Protein»
Experimental 1 Basic diet + 0.3 kg of “EnzActive Protein”
HocnigHa 2 15 OP + 0,5 kr «EnzActive Protein»

Experimental 2 Basic diet + 0.5 kg of “EnzActive Protein”

kogoi onii, 0,1 % nigkucrnitosaya, 0,5 % abcopbeHTy Miko-
TOKCUHIB i 5 % BiTaMiHHO-MiHEparbHO-aMiHOKUCIOTHOIO
npemikcy. [locnigHi rpynu 4ogaTkoBo OTpUMyBanm iHak-
TWUBOBaHI MMyTaTIOHOBI APKIKIB, SIKi BXOOAATb 4O CKragy
nobasku «EnzActive Protein»: [11 otpumysana 0,3 kr,
a 12 — 0,5 kr Ha 1 TOHy KOMBiKopMY.

3MiHy MacK Tina i cepeaHbo0060BI NPUPOCTY Nepeni-
JIOK KOHTPOJSOBANU, 3BaXytoum ixX LWOTWXKHSA. OgHOYacHO
obnikoByBanu akTU4He CNOXUBAHHSA KOPMY: LLOAEHHO
peecTpyBanm KinbKiCTb BUAaHOro KOMbIKopMy, a Hanpu-
KiHLi KOXXKHOTO TWXKHSI BU3HaYanu cepenHio BENUYMHY
MoiAaHHA, BPaXOBYyHOUM 3anULLIKU B rogiBHUUSAX. Ha OCHOBI
LMX SaHux obumcrioBanmy koedilieHT KOHBEpCii KopMy —
TOOTO CRiBBIOHOLLEHHSI MiX KiNbKICTIO KOPMY, SKMIA CMno-
Xuna ntuus, i NpUpocToM 1 K1BOT Macu 3a Bignosia-
HWI nepiog,. Takmn nigxig 403BONMB 06’EKTUBHO OLHUTK
€(eKTMBHICTb BUKOPUCTaHHS KOPMY 3a Pi3HMX BapiaHTiB
roaisni.

«EnzActive Protein Powder» — iHaKTUBHI gpiKaxXi
Ha OCHOBI crieLlianbHo nigibpaHoro wramy Saccharomy-
ces cerevisiae, KU 3aBASKM PO3pOONEHOMyY npoLecy
depMeHTaLl 30aTHUN NPUPOJHO HaKoNMYyBaTW rNyTari-
OH — OWH i3 KITHOMOBUX aHTUOKCUAAHTIB, 34aTHUN 3HU-
)KyBaTW HacCriaKku CTPeCOBUX BMIIMBIB.

myTaTioHOoBI ApiXAXi BiA3Ha4YaloTbCA BUCOKOH
CTabinbHICTIO Ta YHIBEPCAnbHICTIO 3aCTOCYBaHHS, Lo
O03BOMSE NErko iMnnemMeHTyBaTu ix y 6yab-ski Tunm
KOPMIB — sIK KOMBIKOPMMU, TaK i NpeMikch 4mn pyHKLio-
HanbHi Jo6aBkK. 3aBOsIKM crneLianbHi TEXHOMOrIT BUro-
ToBneHHsa «EnzActive Protein Powder» € TepmocTiikum
NPOAYKTOM Ta He BTPaYae CBOIX NOXUBHYKX 1 GionoriyHo
aKTMBHMX BNACTMBOCTEN Mig Yac 36epiraHHs, TpaHcmnop-
TYBaHHS Ta TEXHOMNOMYHNX NPOLECIB, SK-OT rpaHynsyis
abo ekcTpysis. Y pekoMeHO0BaHNX A03YBaHHAX rMyTa-
TIOHOBI ApDKIXKI NpUAaTHI ANs BCiX BUAIB NPOAYKTUBHUX
i AOMaLLHIX TBApVH Ta MOXYTb CIyryBat JOAATKOBUM
OXXepenom BUCOKOSIKICHOIO, Nerko3acBOBaHOMo Npo-
TeiHy, BiTamiHiB rpynu B, mikpoenemMeHTiB i 6ioakTMBHNX
KOMMOHEHTIB i3 BUP&XXEHNM aHTUOKCUOAHTHMM Ta iMyHO-
MOZYTOYUM €DEKTOM.

CraTuCcTYHe onpavuoBaHHs pe3yrbraTtiB JOCTigKEHb
NPOBOAUNY 3 BUKOPUCTAHHAM OAHOGaKTOPHOro Avcnep-
ciiHoro aHanisy ANOVA 3 ypaxyBaHHAM rnonpaeki BoH-
deppoHi. [Ana uboro BukopuctaHo nporpamy StatPlus
(AnalystSoft Inc., USA). Pesynstatv npeacraBrneHo sk
MeantSD (cTtaHgapTHa noxubka). BiamiHHOCTI mix
rpynamu TBapuH BBaXKanucst CTaTUCTUYHO AOCTOBIPHUMM
npu P<0.05.
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Pe3ynbraTn gocnigkeHb

Ha nouatky gocnigy (20 go6a) maca Ttina nepene-
niB y BCiX TPbOX rpynax He Mana cTaTMcTM4YHO JOCTO-
BipHMX BigMiHHOCTeN. Lle niaTBepaxye npaBunbHICTb
hopMyBaHHs rpyn 3a NPUHLMNIOM aHanoris i 4O3BONSE
BBaXkaTu nofanblUi 3MiHW caMe pe3ynbTatoM BnnunBy
KOPMOBOI A00aBKMW.

YNpogoBX HaCTYMHOIo TWMXKHS PIiCT MOMOAHAKY No-
CTYNOBO NPUCKOPIOBABCS | BXe Ha 27 foby cnocrepira-
N1 nepLwi AOCTOBIpHI BigmiHHOCTI. Y rpyni 11 maca Tina
6yna binbLuoto 3a KOHTponb Ha 6,9 % (P<0,05), Togi sk
y 02 —Ha 10,6 % (P<0,01). Lle cBigumTb Npo No3nTtus-
HWIA BNNUB IHAKTUBOBaHWUX rMYTaTiOHOBUX APDKAXKIB Ha
meTaboniam nTuu,.

Tabnuusa 2. [uHamika Xu1BOi Macy Nepeninok 3a nepiog gocnigy, Kr
(M+SD, n=15)

Bik, no6a KoHTponbHa HocnigHa 1 LocnigHa 2

Age, days Control Experimental 1 Experimental 2
20 0,142+0,0272 0,141+0,014 0,140+0,0212
27 0,188+0,0202 0,201+0,019° 0,208+0,020¢
34 0,226+0,0242 0,268+0,0132 0,283+0,018¢
41 0,236+0,0252 0,281+0,013" 0,312+0,019¢
47 0,246+0,0222 0,304+0,013" 0,344+0,021¢

Tabnuusa 3. MpupicT xunBoi MacK nepeninok 3a nepiogu, Kr

(M+SD, n=15)

Bik, no6a KoHTponbHa LocnigHa 1 LocnigHa 2

Age, days Control Experimental 1 Experimental 2
20-27 0,046+0,0332 0,060+0,024° 0,068+0,029¢
27-34 0,038+0,0312 0,067+0,020° 0,075+0,027¢
34-41 0,010+0,039° 0,013+0,022° 0,029+0,030¢
41-47 0,010+0,0412 0,023+0,022°  0,032+0,040°
20-47 0,104+0,0212 0,163+0,011®  0,204+0,015

Ta6nuus 4. CepeaHboa060Bi MPUPOCTU XUBOI MacK Nepeninok, Kr

(M+SD, n=15)

Bik, no6a KoHTponbHa LocnigHa 1 LocnigHa 2
Age, days Control Experimental 1 Experimental 2
20-27 0,0066+0,0048° 0,0086+0,0034> 0,0097+0,0041°
27-34 0,0054+0,00452 0,0096+0,0033> 0,0107+0,0038°
34-41 0,0014+0,0050= 0,0019+0,0026* 0,0041+0,0037¢
41-47 0,0017+0,00562 0,0038+0,0031> 0,0053+0,0047b
20-47 0,0037+0,00212 0,0058+0,0011°> 0,0073+0,0015b¢

Ta6nuus 5. KoHBepcist kopMy nepeninok 3a nepiog gocniay, Kr
(M£SD, n=15)

Bik, no6a KoHTponbHa LocnigHa 1 LocnigHa 2
Age, days Control Experimental 1 Experimental 2
20-27 2,41+0,322 2,2040,21° 2,05+0,19¢
27-34 3,02+0,412 2,76+0,28° 2,55+0,22°
34-41 4,750,582 4,10+0,39° 3,62+0,31°
41-47 5,65+0,60° 4,90+0,52° 4,30+0,48b°
20-47 3,07+0,212 3,50+0,18° 3,3210,17%
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HamnsupasHiwa pisHuus Mix rpynamMm npocTexyBa-
nacsi y nepiog pocty — Ha 34-y oo0y. Y uew yac y nepe-
nenis rpynu 01 maca Tina 6yna 6inbLuoto 3a KOHTPOrb
Ha 18,6 %, a B rpyni 12 — Ha 25,2 % (P<0,001).

Ha 41-y no6y BigMiHHOCTI MiXX rpynamm ctanm Lue Bu-
pasHiwmmu. MTmrua rpynn 1 nepeBvyBana KOHTPOsb-
Hi 3Ha4yeHHs Ha 19,1 %, Toai sk y [12 nepesara gocarna
32,2 % (P<0,001). Baxxnueo, Lo came B Len nepiog
NpUpoaHa iHTEHCMBHICTb POCTY MOYUHAE 3HMXKYBATUCS,
OfHaK 3a YMOB BUKOPUCTAHHS rMyTaTiOHOBUX APDKOKIB
TEMMM NPUPOCTY 3anuanucs ctabinbHO BUCOKUMMN.
Lle Bkasye Ha nigTpMMKy MeTaboniyHoi akTMBHOCTI Ta
30epexeHHs YyTIIMBOCTI OpraHiaMy A0 HYTPIEHTIB HaBiTb
y CTapLUiomMy BiLi.

Y 3aBepluanbHUin Nepiog BUPOLLYBaHHSA, Ha 47-y
000y, No3UTUBHUIA BNIMB J06aBKM NPOSIBUBCS HAGINbLL
viTko. Maca Tina nepenenis rpynu 1 6yna GinbLioto
3a KOHTPOrb Ha 23,6 %, O AEMOHCTPYE NOCMiLOBHUIA
i PIBHOMIpPHWIA edDeKT NPOTATOM YCbOrO EKCNEPUMEHTY.
Y rpyni A2 pisnnus gocarna 39,8 % (P<0,001), wo Bka-
3y€ Ha MakcumanbHy NPOAYKTMBHY BiANOBiOb 32 BU-
kopuctaHHs go3un 0,5 % i go3sonsie po3rnagaTu i Sk
HaneeKTUBHILLUIA piBeHb BBEAEHHSA J0BaBKM B paLlioH.

Takuin xapakTep 3MiHW Macu Tifa BKasye Ha no-
CTYNoBe 3pOCTaHHA NPOAYKTUBHOI BiAMNOBIAI Ta BUCO-
Ky YYyTNUBICTb Nepenenis Ao rmyTaTioHOBUX OpiKOXKIB
NPOTSAroM yCbOro nepiody iHTEHCMBHOIO POCTY.

ABCOMOTHI MPMPOCTM Macu Tifla NOBHICTHO Bigobpa-
»KatoTb 3aKOHOMIPHOCTI, onMcaHi B AUHaMiLi »XMBOI Macu
(tabn. 3). Y nepwmn nepiog (20-27 noba) nepenenu rpy-
n1 01 nepesaxanu koHTponb Ha 30,4 %, a rpymu 02 —
Ha 47,8 % (P<0,05-0,01). PaHHe 36inbLUeHHst MpypoCTiB
CBiOYMTb NPO LWBKUAKE 3anyyYeHHS OPDKIKOBMX KOMMO-
HEHTIB 4O OOMIHHMX MPOLECIB Ta NMOKPAaLLEHHS 30aTHOCTI
00 BUKOPUCTAHHS MOXUBHUX PEYOBVIH.

HanbinbLwui BigMiIHHOCTI MK rpynamu cnocTtepiranu
y nepion, 27—-34 nobw, LWo € NikoBMM AJ1s1 POCTY Nepenernis.
Tyt npupict 41 6yB BUWMM Ha 76,3 %, a 12 — Ha 97,4 %,
nopiBHsIHO 3 koHTporem (P<0,001). Taka pisHMUA BKkasye
Ha BMCOKY YyTNMBICTb MOMOAHSIKY 0O BionoriYHo akTuB-
HUX OPPKIDKiB came y dhasi MakCUMarbHOI IHTEHCMBHOCTI
CWHTE3Y BinKoBUX TKkaHWH. Y nepiog 34—41 nobu, konm
NPUPOAHI TEMMNWN POCTY CNOBINBLHIOTLCSA, Y KOHTPONI
NpUpIiCT NpakTUYHO He 36inbyBascs (0,010 kr), HaTo-
micTb y [11 BiH 6yB BywmM Ha 30 %, a B 12 — Ha 190 %
(P<0,01). Lle BaxnuBa o3Haka TOro, Lo rMyTaTiOHOBI
OPPKIDKI NiATPUMYOTL POCTOBI NPOLIECH HaBIThb TOAI, KONK
(hisionoriyHa gnHamika pocTy NoYMHaE 3HUXKYBaTUCS.

Ha 3aBepliansHoMy Bigpisky (41-47 noba) npupoc-
™ 01 nepeBuiyBanm koHTporb Ha 131,3 %, a 12 — Ha
219 %, WO y3romKyeTbCa 3 AaHUMM XMBOI Macu Ta nig-
TBEPAXYE CTabiNbHUI | BUPpaXXeHUI edpekT 4oOaBKu.

3aranbHuin NpupicT Macu Tina 3a nepiog 20—47 oid
ctaHoBuB 0,104 kr y koHTponi, 0,163 kry 41 — 56,7 %,
(P<0,001) Ta 0,204 kry 42 — 96,1 %, (P<0,001). Lle nig-
TBEPPKYE, LLO Aist IMyTaTiOHOBUX APKIDKIB NPosiBrsiiacs
He enisognyHo, a byna cTabinbHOK NPOTSArOM YCbOro
nepiogy BUPOLLYYBaHHS.
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OvHamika cepenHb000060BMX NPUPOCTIB YiTKO Bigo-
Oparkae BNMB rMyTaTiOHOBUX APPKIKIB HA IHTEHCMBHICTb
poCTy nepeneniB y pi3Hi BikoBi nepioan. Ha noyaTky
pocnigy (20-27 poba) nepeneny AEMOHCTpyBanuy npu-
poOHe NPUCKOPEHHS1 POCTOBMX MPOLECIB, OOHaK BUPA3HI
MDKIPYMOBi BiIMiIHHOCTi NPOSIBUNCSA BXe Y NepLui cim aid
crnocTepexeHHs. Y Lew nepioq cepeaHbL04000BUIA Npu-
picT y rpyni 1 nepesuiLyBaB koHTporb Ha 30,3 %, Togi
Ak y 2 — Ha 46,9 % (P<0,01). Taka paHHs BignoBigb
CBiQYMTb NPO NigcUNeHHs obMiHHMX NpoueciB Ha TNi
nigBMLLEHOT 6ioJOCTYNHOCTI aMiHOKUCIIOT | aHTUOKCU-
OAHTHMX KOMMOHEHTIB rMyTaTiOHOBUX APDKOXIB.

Y HacTynHuin nepiog (27-34 noba) iHTEHCUBHICTb
pOCTy NPOAOBXYyBarna 3pocTaTth i pisHMUsa MiX rpyna-
MU cTana wie BiguyTHiwow. Y nepenenis rpynu 01
cepeaHboa060BUI NpupicT ByB BinNbLIKMM 3a KOHTPOINb
Ha 77,7 %, a y ntuui 2 — Ha 98,1 % (P<0,001).
Lle Bignosigae dasi makcumanbHoOro aHaboniamy, Konm
OpraHiam HaroinbLU aKTMBHO BMKOPUCTOBYE AOCTYMHU
NpoTeiH i NnoTpebye aHTUOKCUOAHTHOrO 3aXUCTy ANA
cTabinbHOI pobOTY KIMITUHHMX CTPYKTYP.

Y BikoBuIA iHTepBan 34—41 g6, konu B HOpMi TeMnn
POCTY NPUPOOHO CMOBINBHIOKTLCS, Y KOHTPOMBHOI rpy-
MM NPUPOCTU CYTTEBO 3HWXYyBanucsl. BooHoyac obuagi
AOCnigHi rpynu NpogoBxXyBanu 36epiratv BUCOKY iHTEH-
CVBHICTb pocTy: y [11 cepeaHbogo6oBumi npupict bys
BinbLUKM 3a KOHTPOMb Ha 35,7 %, aB 2 — Ha 192,8 %
(P<0,001). Takun KOHTpACT BKa3ye Ha MigTPUMKY MeTa-
BoniyHOT aKTUBHOCTI, LLIO, MIMOBIPHO, NOB’s13aHe 3i cTabini-
3aui€eto KMITMHHOTO PedOKC-CTaTyCy 3aBasikv 40OAaTKOBOMY
HaOXOKEHHIO rMyTaTioHY.

Ha 3aBepLuanbHomy etani (41-47 noba), konu opra-
Hi3M nepenenie NOCTYNOBO NEPEXOAUTb A0 cTabinisavii
TKaHWHHOTO POCTY, A0AABaHHSA rMyTaTiOHOBMX APDKOKIB
npodoBXyBaro 3abe3nevysatu nepesary. Y [11 cepenHso-
[06oBi NpupocTy nepesuLLlyBanm KoHTporb Ha 123,5 %,
ay 02 — Ha 211,8 % (P<0,001). Ue cBigumTb npo
36epexeHHs1 BUCOKOIHTEHCMBHOIO EHEPreTUYHOro Ta
NNacTM4YHOro 0bMiHy 4O KiHLSI BUPOLLYBaHHSI.

Y3aranbHeHW NokasHWK 3a Becb nepion 2047 aié nia-
TBEPIKYE CTilKNIA NO3MTUBHUIA echekT aobasku. MNepenenn
rpynn [11 nepeBuLLYyBarnv KOHTPOSb 3a cepenHeoa000BMMM
npvpocTamm Ha 56,8 %, Todi sk y rpyni [12 npuvpict 6y Bu-
wwm Ha 97,3 % (P<0,001), Lo AEMOHCTPYE MakcUMarnsHO
BMpaXKeHy NPOoAyKTMBHY peakuito Ha o3y 0,5 %.

MokasHWKM KOHBepCIi KOpMY BigobpakatoTb, HacKirb-
K1 e(peKTUBHO nepenenn BUKOPUCTOBYBAN NMOXMBHI
PEYOBMHM KOPMY Ha KOXXHOMY eTani gocnigy. Y>ke B nep-
wwui nepiog, (2027 poba) TBapuvHWM AOCNIZHUX rpyn Ae-
MOHCTpYBanu NOMITHO BULLY epekTUBHICTL. Y rpyni [1
KOHBepcis Byrna KpaLloto 3a KOHTposb Ha 8,6 %, Togi sk
y rpyni 2 — Ha 15,0 % (P<0,05). Take paHHe nokpa-
LLIeHHS NoB’si3aHe 3i 36anaHcyBaHHAM eHepreTMYHoro
Ta aMiHOKMCITOTHOIO OOMIHY, LLO 3HWDKYE HEMPOAYKTUBHI
BUTPaTN KOPMOBUX PECYPCIB.

Y nepiog 27-34 noba onTumisauia KOHBepCii cTana
e BupaxeHiwoto. MNMopiBHAHO 3 KOHTPONEM, BUTpATH
kopMy Ha 1 kr npupocTy y [11 3ameHwunmca Ha 8,6 %,
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ay 2 —Ha 15,6 % (P<0,01). Came B Lel BikoBUIA Npo-
MDKOK HaMMOBHILLE NPOSBAAETLCA ePeKT rMyTaTioHOBMX
OPPKOXIB SIK [pkepena nerko3acBotoBaHnX 6ioakTMBHUX
KOMMOHEHTIB, SIKi 3MEHLUYIOTb EHEPreTUYHI BUTPaTU Ha
nogonaHHsa MeTabornivyHNx CTpeciB.

Y nepiog 34—41 pobu, KON NPUPOLHO CMOBINbHIO-
€TbCSA PICT Ta 3poCcTae BapTiCTb KOXHOIMO A04ATKOBOIO
rpama NpupocCTy, Pi3HMLS MK rpynaMmn 3anuiianacs cra-
GinbHoto. KoHeepcisa B [11 Byna KpaLLoo 3a KOHTPOrb Ha
13,7 %, aB 12 — Ha 23,7 % (P<0,01), wo BKa3ye Ha 3a-
ranbHe 3HWXKEHHSI «MeTabomMivyHOI LiHU» MPUPOCTY.

Y 3aBepLuansHui nepiog 41-47 fi6 36epiranaca TeH-
OeHUia 40 NigBULLIEHHS edeKTUBHOCTI BUKOPUCTAHHS
KOpMY 3a YMOB 3roflOBYBaHHS rnyTaTioOHOBUX APDKOXKIB.
Mrvusa rpynn 01 mana Ha 13,3 % KkpalLy KOHBEpCito, Topj
Ak y rpyni 12 nokpatueHHs carano 23,9 % (P<0,01), wo
CBig4UTb NPO 3MILIHEHHST 4i3i0NOriYHOI CTIMKOCTI Ta nocu-
NEHHS 3aCBOEHHS NOXMBHUX PEYOBUH Ha TN 3HWXKEHHS
NPUPOAHUX TEMIIB POCTY.

Y3aranbHeHa KoHBepCist KopMy 3a Becb nepioa 20—
47 pi6 nigTBepoKye oTpuMaHy TeHaeHUito: y rpyni 1
BMTpaTh KopMy Oynu kpawmmu 3a KOHTporb Ha 5,4 %,
aBrpyni 12 — Ha 12,2 % (P<0,05). Lie gossonse posrns-
0aTu iHaKTUBOBAHI MMYTaTIOHOBI APKIKI K epeKTUBHUIA
iIHCTPYMEHT NoninweHHst EKOHOMIYHOT Pe3ynbTaTUBHOCTI
BMPOLLYBaHHSI.

O6roBopeHHsA pe3yrnLTaTiB

MopiBHSAHHS OTPMMaHUX AaHKX i3 nyonikauismm ykpa-
THCbKUX Ta MiDKHapoOHWX aBTOPIB MiATBEPOKYE MNOoriy-
HICTb BCTAHOBMEHWNX TEHOEHLiA. 3pOCTaHHsI XXMBOI Macu
nepenenis y rpynax i3 rnyTaTioHOBUMW ApDKIXaMU Ha
18,6-25,2 % (34-a poba) Ta 23,6-39,8 % (47-a poba)
Y3romKyeTbCs 3 pesynbsraramu, siKi BigaHadanm GionoriyHo
nodibHui BNnuBe nonigpeHonkapboHOBOro KOMMMAEKCY Ha
3pOCTaHHA Macy Tiria B MonogHsKy. B ixHix gocnigkeHHsAX
MenaHiHOBUI KOMMNIEKC CripusB 30inbLUEHHI0 Macu Tina
Ta NOKpaLLEeHHI0 MeTaborivYHoro craTtycy nepenenis [8].

YkpaiHcbki aBTopu Kupunis, NyHyak, Cipko [12] y cBoix
poboTax TakoXK MOBIAOMITATL NPO 3HAYHE NiABULLEHHS
cepeaHboo00BKX NPUPOCTIB 3@ YMOB 3aCTOCYBaHHs Gio-
NOMYHO aKTMBHUX KOPMOBUX A06aBOK, LLIO Y3romKy€EThCA
3 HaLLMMK JaHuMu, e npupicT y [12 6yB maike Ha 100 %
BULLMM 32 KOHTPOSb.

3aKkopAoHHi pobOTK TakoX NIGTPUMYIOTb OTPUMaHi
TeHaeHuii. Wang [16] 3a3Havae, wo nonicdbeHonun, apik-
[PKOBi NPOJYKTU Ta iHLWi aHTUOKCUAAHTHI CroryKu nokpa-
LLYIOTb MeTaboniyHy CTabinbHICTb KNITUHW, 3MEHLLYIOTb
BMNSIMB OKCUAATVBHOIO CTPECy Ta MigBULLYOTb edheKTvB-
HICTb BUKOPUCTaHHS NOXMBHUX PEYOBUH. Lie npsamo Ko-
PEertoe 3i 3HKEHHAM KOHBepCii kopmy Ha 12,4-21,4 %
y rpynax 1 ta 12, nopiBHAHO 3 KOHTPOMEM.

Pesyniratv Abd EI-Moneim & Sabic [3] i Hussein et al.
[9], oTpMaHi Ha ANOHCBKMX nepenenax, AeMOHCTPYOTb
aHanorivyHi MexaHiamMmu MokpaLLeHHs1 NPOAYKTUBHOCTI —
Yepes MoandikaLilo KMLWKOBOI MiKpOriopK, 3HUKEHHS
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EQEKTMBHICTb BUKOPUCTAHHS iHAaKTMBOBAHWX [IyTaTIOHOBUX APIXKAKIB Y roAiB/i Nepenifiok M'ACO-AEYHOrO HaNPsAMKY

3anarnbHOI peaKTUBHOCTI Ta CTUMYMSLLO (PepMEHTATUBHOT
aKTUBHOCTI. TakMM YMHOM, HaLli pe3ynbTaTh opraHiyHo
BMUCYIOTBCS Y 3aranbHy HAyKOBY KapTUHY.

CyKynHICTb OTPUMaHUX pe3ynbTaTiB CBiAYMTb, LLIO
[ofaBaHHS iIHAKTUBOBAHWUX rMyTaTIOHOBUX APiKAXKIB
«EnzActive Protein» cnpusie nocuneHHo pocTosux npo-
LeciB y MonoaHaky nepenenis. Lle nos’sizaHo He nue
3 BUCOKOH NMOXMUBHOO LIiHHICTIO ApiXKAXX0BOro Binky,
a 11 i3 HasBHICTIO Yy NpoAyKTi BioNoriYHO aKTUBHMX KOMIMO-
HEHTIB — 30KpeMa rryTaTioHy Ta MPMPOOHNX KobepMeH-
TiB rpynu B, ki 6epyTb y4acTb y perynsiuii eHepreTnyHo-
ro Ta 6inkoBoro o6miHy. 3a yMOB iHTEHCMBHOIO POCTY L
CMONYKW MiATPMMYIOTb aHTUOKCUOAHTHY piBHOBAry, 3MeH-
WyoTb MeTaboniyHe HaBaHTaXeHHA Ta 3abesnedvyoTb
edeKkTUBHILLE BUKOPUCTAHHSA MOXMBHUX PEYOBUH.

HanimoBipHiLLe, came Taka KOMMNIEKCHA Aist APDKIKIB
i 3yMOBWIa AOCTOBIPHE 30iNbLUEHHS Macy Tina Ta nokpa-
LLIeHHS KOHBepCiT kopMy B AocnigHux rpynax. OTpumaHi
OaHi y3ropKyoTbCs 3 pesynsrataMmmn YKpaiHCbKUX i CBITO-
BMX OOCTigKEHb LLOA0 pori IyTaTiOH-aKTUBHUX JO6aBOK
Ta OPKIMKOBUX NpoAyKTiB y rogisni ntuui. Lle gossonse
posrnsgatn «EnzActive Proteiny sik nepcnektmBHuUiA kKom-
MOHEHT pauioHy nepenenie M'CO-AE4YHOTO HanpsMy.

OTOX, 3rogoBYyBaHHS iIHAKTUBOBAHMX [Ty TaTiOHOBMX
apixkoxis «EnzActive Protein» y gosax 0,3 i 0,5 kr/T
OOCTOBIPHO MigBULLLYE XUBY Macy nepeninok, novYnHa-
toun 3 27-1 [obu BMPOLLYBaAHHSA; HANBINbLLWIA edekT
3acpikcoBaHo Ha 47-my goby: +23,6 % (1) Ta +39,8 %
(d2), nopiBHsiHO 3 kKoHTpornem (P<0,001).

CepenHbono60Bi MPUPOCTM NEPEBULLYBANN KOHTP-
onb Ha 30-98 % y nikosi nepioagn pocty (27—34 nobw)
i 36epiranu nepepary HaBiTb 3a i3ionOriYHOro yno-
BiNilbHEeHHsA TemniB (34—41, 41-47 pib), wo Bkasye Ha
NoO3UTUBHWUI BNAnB Job6aBKu.

KoHBepcisi kopMmy y NpoMiKHWUX Nepiogax byna cta-
BinbHO KpaLLoo B JOCHIAHWX rpynax; 3a nigcymkom 20—
47 pi6 (nicns nepepaxyHKy) — odikyBaHO Hwxkda y [11 Ta
[12 nopiBHSIHO 3 KOHTPOMEM, i3 MakCUMarnbeHOK NepeBa-
roto y 0,5 kr/T. Lle nigTBepa)Kye eKOHOMIYHY AOLINBHICTD
BUKOPUCTaHHSA rMyTaTiOHOBUX OPiXKAXIB.

BcTaHoBneHo YiTKy 4o303anexHy Bianosigb: 403a
0,5 kr/T 3abe3nedvyBana HanBuLLi KiHLEBI Macy, HanbinNb-
LUi NPMPOCTM Ta HarKpaLLy epeKTUBHICTb BUKOPUCTaHHS
KopMy 6e3 03HaK HEraTMBHOIO BMNJINBY.

OTpvMaHi pesynsrati AeMOHCTPYHOTh, WO «EnzActive
Protein» moxe 6yTu NpakTUYHUM IHCTPYMEHTOM nNifg-
BULLEHHSA NPOAYKTUBHOCTI MEpPeninok M’sco-a€4HOro
HanpsaMy, 3abeanevyoun cTabinbHy POCTOBY peakuito
Ta ONTMMI3aL,ito KOHBEPCIT KOPMY Ha BCiX eTanax iHTeH-
CVIBHOIO BUPOLLYBaHHSI.
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The aim of this study was to evaluate the effect of inactivated glutathione yeast EnzActive Protein on body weight gain dynamics
and feed conversion ratio in meat-and-egg type Manchurian quails under commercial rearing conditions. The experiment was car-
ried out on three groups of quails (15 birds per group) formed by the principle of analogues: control (basal diet), trial 1 (basal diet +
0.3 kg/t EnzActive Protein) and trial 2 (basal diet + 0.5 kg/t). Starting from day 20 of age, birds received the respective diets until day
47. Live body weight was recorded weekly; absolute and average daily gains as well as feed conversion ratio were calculated for
each growth period and for the overall experimental period. Feeding inactivated glutathione yeast did not cause any adverse clinical
effects and was associated with a marked stimulation of growth performance. As early as day 27, body weight in the supplemented
groups exceeded the control by 6.9-10.6 %, whereas on days 34 and 47 this difference increased to 18.6-25.2 % and 23.6-39.8 %,
respectively (P<0.001). Average daily gains remained consistently higher in both experimental groups throughout the study, and dur-
ing the peak growth phase (days 27-34) they were almost twice as high as in the control. Feed conversion ratio improved by 8-24 %
in individual periods, and over days 20—47 the amount of feed required per kilogram of gain was lower in the supplemented birds, with
the most pronounced effect at the dose of 0.5 kg/t. These results indicate a clear dose-dependent productive response to EnzActive
Protein and support its economic and practical suitability as a functional feed additive for meat-and-egg type quails.
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The article investigates the effects of exercise modalities on
metabolic disturbances and the gut microbiome in women with
8Rg'DH-' ko hiioslorcid.ora/0009-0008-0549-128X metabolic syndrome The relevance of the study is determined
S ek ﬁtstbs‘?,rfgrc'i‘(’jr_%rg 0000-0002-6211-5204 | Y the rapidly increasing prevalence of metabolic syndrome and
the need for effective non-pharmacological interventions capable
of simultaneously targeting systemic metabolism and microbiome-
mediated regulatory mechanisms. The aim of the study was to
evaluate the effectiveness of a 12-week aerobic and resistance
training program in correcting carbohydrate and lipid metabolism
Authors’ Contributions: parameters and to determine the characteristics of taxonomic re-
HOO: Methodology; Investigation; Data curation; structuring of the gut microbiota depending on the type of muscu-
Writing — original draft, Visualization. . lar activity. The study involved 68 women with clinically confirmed
\',vanﬁn gﬂ‘fzs’ite“z"fg';tri‘;‘ getmdobgy; Supervision; metabolic syndrome. Anthropometric indicators, biochemical blood

parameters (glucose, insulin, HbA1c, lipid profile, HOMA-IR), and
gut microbiome composition were assessed using quantitative
16S rRNA PCR analysis. Baseline analysis demonstrated pro-
nounced disturbances of glycemic control and lipid metabolism
in women with metabolic syndrome, including elevated HbA1c,
Declaration of Conflict of Interests: g!ucose, total_ cholesterol, apd LDL-cholesterol, as yvell as micro-
None. biome alterations characterized by reduced proportions of Bacte-
roidetes and Actinobacteria and increased representation of other
taxa, indicating dysbiosis. After 12 weeks of resistance training,
a statistically significant restructuring of the microbiome was ob-
served: an 18.4 % increase in Bacteroidetes, a 36.8 % decrease
in Firmicutes, and a 43.5 % reduction in the Firmicutes/Bacteroide-

Ethical approval: tes ratio, reflecting restoration toward a eubiotic state. Simultane-
E?he stugy was apprmf/eﬁ b& t?e BiloLrI\edicalt ously, carbohydrate metabolism improved, evidenced by a 7.9 %
ics Commission of the National University : o L ey
Uk s E e on decrease in HbA1c and a 14. %o reductlon.m the HOMA-IR |r)dex,
(protocol no. 2 from 30.09.2020). accompanied by reductions in atherogenic cholesterol fractions.

In contrast, aerobic training did not produce pronounced quantita-
tive shifts at the phylum level; however, Akkermansia muciniphila
and Bacteroides fragilis appeared in samples, microorganisms as-
sociated with improved metabolic adaptation and anti-inflammato-
ry activity. The most notable changes concerned the lipid profile,
Acknowledgements: including decreased triglycerides, total and atherogenic cholesterol,
None. and a tendency toward increased HDL levels. Overall, the results
enabled a comparative evaluation of training effects. Resistance
exercise primarily improved insulin sensitivity and glycemic control
and substantially modified microbiome structure, whereas aerobic
exercise exerted a stronger influence on lipid metabolism and
induced qualitative changes in microbial composition.
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Introduction

The full-scale war has intensified exposure to stress-
ors affecting population health. Research findings indi-
cate that life stress contributes to the development of
metabolic disturbances, including insulin resistance and
impaired glucose and lipid homeostasis, thereby wors-
ening disease prognosis. Numerous studies have dem-
onstrated that individuals exposed to severe war-related
stress have an increased risk of developing metabolic
syndrome (MetS) [3, 5, 9, 14].

Metabolic syndrome is regarded as a state of sys-
temic dysregulation that develops as a consequence
of impaired integrative interaction between the central
and peripheral components of homeostasis. The prin-
cipal pathogenetic determinants of metabolic syndrome
(MetS) are visceral obesity and insulin resistance, which
initiate a cascade of disturbances in carbohydrate and
lipid metabolism, chronic low-grade inflammation, and
endothelial dysfunction [7, 12].

The gut microbiome is considered a regulatory sys-
tem involved in metabolic, immune, and neurovegetative
control through the production of biologically active me-
tabolites and the modulation of bile acid metabolism.

A substantial role in the development of metabolic
disturbances is attributed to the gut microbiome, which
is viewed as an integral modifier of metabolic homeosta-
sis and an active participant in the etiopathogenesis of
MetS. Dysbiosis — characterized by reduced microbial
diversity and functional alterations of microbial commu-
nities — is associated with increased intestinal barrier
permeability, metabolic endotoxemia, and activation of
TLR4/NF-kB-dependent signaling pathways that sustain
systemic inflammation and insulin resistance [4, 13, 15].

At the same time, microbial metabolites, including
short-chain fatty acids, tryptophan derivatives, and
secondary bile acids, exert regulatory effects through
GPR41/43, AhR, FXR, and TGRS5 receptors, thereby
modulating gluconeogenesis, lipid metabolism, and the
inflammatory milieu [1, 8, 10].

Physical exercise represents a physiologically sub-
stantiated non-pharmacological intervention capable of
modulating insulin sensitivity, lipid metabolism, systemic
inflammation, gut microbiome structure, and autonomic
regulation of heart rhythm. However, existing studies pre-
dominantly focus on individual components of metabolic
syndrome, do not account for type-specific differences
between aerobic and resistance muscle work, and pro-
vide limited insight into the integrated interactions among
metabolic, microbiome-related, and autonomic adaptive
mechanisms [2, 6, 11]. The modality-dependent effects
of physical exercise on microbiome-mediated metabolic
adaptations remain insufficiently elucidated.

This study aimed to evaluate the effects of long-term
exercisevtraining of different modalities on the correc-
tion of disturbances in carbohydrate and lipid metabo-
lism and the gut microbiome in women with metabolic
syndrome.

The Animal Biology, 2025, vol. 27, no. 4

Materials and Methods

The effects of 12-week aerobic and resistance fithess
exercise training on biochemical markers of carbohydrate
and lipid metabolism, the taxonomic structure of the gut
microbiome were investigated in women in the second
period of mature adulthood with metabolic syndrome.
The study included 68 women with clinically confirmed
metabolic syndrome who were allocated into two training
groups and one control group. The experimental groups
comprised 50 women performing exercise training of
different modalities, while 18 women constituted the non-
intervention control group. Medical history data, anthro-
pometric measurements, and clinical-laboratory as well
as molecular-genetic assessments were analyzed.

The composition of the microbiota at the level of major
bacterial phyla was determined using quantitative real-
time PCR with universal primers targeting the bacterial
16S rRNA gene, as well as primers specific for Actinobac-
teria, Firmicutes, and Bacteroidetes.

Biochemical analyses were performed in the clinical
diagnostic laboratory of the V. P. Komisarenko Institute of
Endocrinology and Metabolism. The examination com-
plex also included clinical investigations (biochemical
blood analysis, complete blood count, carbohydrate and
lipid profiles using the enzyme-linked immunosorbent
assay (ELISA).

Training sessions with a predominantly aerobic
character were conducted three times per week, lasted
55 minutes, and included moderate-intensity aerobic ex-
ercise (AT). Low-impact exercises were performed within
a heart-rate zone of 65-70 % of HRmax (not exceeding
140 beats'min™"), corresponding to an energy expenditure
of approximately 6.0 METs. Load variation was achieved
by modifying the type of musical accompaniment, exer-
cise orientation, number of muscle groups involved, dura-
tion, and number of repetitions. Each session consisted
of a preparatory phase (warm-up), a main phase (Zumba
fitness exercises), and a final phase (stretching).

During health-oriented fitness sessions with a predomi-
nantly resistance character (RT), exercises targeting major
muscle groups were performed using body-weight load-
ing (push-ups, squats, low jumps) and external resistance
(dumbbells, medicine balls, resistance bands). Each ses-
sion consisted of three parts: warm-up, main strength sec-
tion (68 exercises), and a concluding phase (stretching).

Normality of data distribution was assessed using the
Shapiro—-Wilk test. In cases where the distribution devi-
ated from normality, nonparametric statistical methods
were applied: the Mann—-Whitney U test was used for
comparisons between two independent samples, and the
Wilcoxon signed-rank test was used to evaluate within-
group changes over time.

Participants were recruited voluntarily through an
open invitation disseminated via social media, special-
ized online platforms, and information partnerships with
fitness centers and medical institutions. Prior to inclusion
in the study, each participant completed a participant
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questionnaire and an informed consent form contain-
ing explanations of the study objectives, procedures,
expected outcomes, and potential risks of participation.
The study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki and current
bioethical standards. Participation was voluntary, without
financial compensation, and participants had the right to
withdraw at any time without providing a reason. Confi-
dentiality of personal data and anonymity of results were
ensured. The study was approved by the Biomedical
Ethics Commission of the National University of Ukraine
on Physical Education (30.09.2020; protocol no. 2).
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Fig. 1. Taxonomic structure of the gut microbiome

under the influence of aerobic and resistance exercise training, %
Note. A — aerobic training before; B — aerobic training after; C —
resistance training before; D — resistance training after.
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Fig. 2. Firmicutes/Bacteroidetes ratio in the resistance

and aerobic training groups before and after the intervention
Note. Statistical significance of differences

between pre- and post-intervention parameters was assessed
using the Wilcoxon signed-rank test for paired samples.

* — difference statistically significant at P<0.05.
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Results and Discussion

It was established that women with metabolic syn-
drome, compared with a conditionally healthy control
group, exhibited baseline systemic differences in mark-
ers of carbohydrate and lipid metabolism (primarily in-
dicators of glycemic control and atherogenic fractions),
anthropometric and somatofunctional characteristics
(increased circumferences, BMI, fat mass percentage,
biological age, and basal metabolic rate), as well as
in the phylum-level composition of the gut microbiome
(decreased proportions of Bacteroidetes and Actino-
bacteria and an increased “Other” group).

In the metabolic syndrome group, HbA1c was high-
erby 17.6 % (5.76 % vs. 4.90 %; P=0.0003) and fasting
glucose by 29.6 % (6.48 vs. 5.00 mmol/L; P=0.0046).
Total cholesterol was elevated by 29.1 % (6.48 vs.
5.02 mmol/L; P=0.0001), LDL-C by 23.9 % (3.47 vs.
2.80 mmol/L; P=0.0064), and HDL-C by 25.3 % (1.93
vs. 1.54 mmol/L; P=0.0178). ALT was higher by 25.5 %
(26.65 vs. 21.23 U/L; P=0.0325), whereas differences
in insulin, HOMA-IR, TG, AST, and TSH were not sta-
tistically significant (P>0.05).

Baseline analysis revealed that in the metabolic
syndrome group the relative abundance of Bacteroides
was 6.8 % lower (63.30% vs. 67.90 %; P=0.0385), and
Actinobacteria was 24.8 % lower (2.18 % vs. 2.90 %;
P=0.0167), whereas the proportion of “Other” taxa
was 3.34-fold higher (12.04 % vs. 3.60 %; P=0.0001).
Firmicutes (P=0.3949) and the F/B ratio (P=0.5023)
did not differ significantly.

Exercise training of different modalities (aerobic
and resistance), applied over 12 weeks, demonstrated
a significant effect on changes in the quantitative com-
position of the gut microbiome in women with metabolic
syndrome, as shown in fig. 1.

According to the results of the detailed comparison
of baseline and final data, resistance exercise training
in participants led to a significant increase in the relative
abundance of Bacteroidetes by 18.4 % (P=0.0001), with
an elevation of the mean value. This was accompanied by
a significant decrease in Firmicutes by 36.8 % (P=0.02),
which may be interpreted as a favorable shift toward
restoration of a eubiotic microbial state.

In contrast, in the aerobic training group only a tenden-
cy toward an increase in Bacteroidetes content by 8 %
(P=0.24) and a simultaneous non-significant decrease
in Firmicutes (P=0.24) was observed, which did not reach
statistical significance.

Thus, the effect of resistance exercise training ap-
peared more pronounced in correcting dysbiotic alter-
ations characteristic of metabolic syndrome compared
with aerobic training. In both experimental groups, an
inverse correlation between the dynamics of Bacteroide-
tes and Firmicutes proportions was detected, moderate
during aerobic training (r = —0.2) and stronger during re-
sistance training (r = —0.6). This additionally confirms the
presence of a modulatory effect of exercise training on
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the gut microbiome, more pronounced under resistance
training conditions. Such an effect is likely associated
with increased tolerance to physical load and a shift
toward a functionally favorable bacterial profile.

Regarding Actinobacteria, no significant changes
in its representation were detected: stable quantitative
values were observed both before and after the inter-
vention.

In the resistance training group, statistically signifi-
cant changes in the Firmicutes/Bacteroidetes ratio were
observed, decreasing by 43.5 % (P=0.016) compared
with baseline values, as shown in fig. 2. In contrast, in
the group performing aerobic exercise training, the Fir-
micutes/Bacteroidetes ratio did not undergo statistically
significant changes (P=0.24), although a slight decrease
of 3.1 % relative to baseline was observed. This finding
may be interpreted as a tendency toward correction of
microbial imbalance toward eubiosis under the influence
of muscular activity. However, this dynamic was not sta-
tistically significant, likely due to a lower intensity or in-
sufficient specificity of the aerobic load for modulation
of the intestinal microbiota.

Overall, the obtained results indicate that resistance
exercise training exerts a more pronounced modulatory
effect on the ratio of key bacterial phyla. The limited effect
of aerobic exercise, in turn, highlights the individual vari-
ability of microbiome responses and the need for person-
alized selection of physical activity programs for micro-
biome correction in individuals with metabolic syndrome.

Additionally, fecal samples from participants in the
aerobic training group revealed the presence of Akker-
mansia muciniphila, a microorganism associated with
lower fasting glucose levels, greater microbial diversity,
and improved metabolic adaptation to exercise. Its ap-
pearance may indicate positive shifts in gut microbiome
structure under the influence of aerobic training. Along
with A. muciniphila, Bacteroides fragilis — a represen-
tative of the obligate colonic microbiota involved in local
immune regulation and maintenance of epithelial
homeostasis through production of anti-inflammatory
polysaccharide A — was also identified. Detection of
these taxa may indicate the formation of a more stable
and immunologically favorable microbial environment
characteristic of a compensated metabolic state.

Comparative analysis of final outcomes between the
two groups with different exercise modalities demonstrat-
ed that low-intensity aerobic exercise training exerted
a more substantial effect on modeling eubiosis than
aerobic training.

Based on the obtained results, it was established
that a 12-week training program in women with meta-
bolic syndrome was accompanied by positive dynamics
in biochemical parameters related to carbohydrate and
lipid metabolism, as well as the formation of metaboli-
cally relevant associations between metabolic parame-
ters and the taxonomic structure of the gut microbiota.
At the same time, the pattern of adaptive response dif-
fered substantially depending on the type of exercise
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training, allowing resistance and aerobic exercise to be
considered distinct non-pharmacological tools for the
correction of metabolic disorders.

The correlation analysis demonstrated that after the
resistance intervention the most pronounced associations
were formed between carbohydrate metabolism param-
eters and atherogenic components of the lipid profile.
Specifically, HbA1c showed a direct correlation with fasting
glucose (r=0.61; P<0.01) and HOMA-IR (r=0.32; P<0.05),
and was also positively associated with the proportion
of the conditionally unfavorable “%other” group (r=0.46;
P<0.01), allowing it to be considered a potential microbiota
marker of metabolic strain. The HOMA-IR index exhibit-
ed strong positive correlations with triglycerides (r=0.69;
P<0.01) and VLDL (r=0.63; P<0.01), confirming the patho-
physiological unity of insulin resistance and hypertri-
glyceridemia within the structure of metabolic syndrome.

In the aerobic group, a general tendency toward the
formation of a correlation “core” was observed, in which
markers of insulin resistance (HOMA-IR) were associated
with atherogenic fractions and the triglyceride component,
while microbiota indicators (particularly the Firmicutes/
Bacteroidetes ratio) demonstrated strong interrelations
with baseline taxa, reflecting restructuring of the microbial
community during metabolic adaptation.

In the resistance training group, the most pronounced
changes concerned reductions in atherogenic cholester-
ol fractions and improvement of carbohydrate metabo-
lism parameters. In particular, significant decreases in
total cholesterol and LDL-cholesterol were recorded, re-
flecting reduced plasma atherogenic potential and form-
ing a biochemical basis for lowering cardiometabolic risk.
Concurrently, the carbohydrate profile demonstrated sig-
nificant shifts in integrated markers of glycemic control
and insulin resistance (primarily HbA1c and HOMA-IR),
whereas fasting insulin and glucose showed a directed
but less pronounced dynamic.

The post-intervention correlation structure confirmed
the interrelationship of key carbohydrate and lipid metab-
olism parameters and their concordance with microbiota
characteristics. Specifically, HbA1c showed direct asso-
ciations with fasting glucose and the HOMA-IR index,
while HOMA-IR was associated with parameters of tri-
glyceride-related atherogenicity (particularly triglycerides
and VLDL). Simultaneously, associations between the
proportion of the conditionally unfavorable “%other” group
and glycemic markers were detected, suggesting that
this group may serve as a potential indicator of metabolic
strain. Overall, resistance exercise in this cohort exerted
its effect primarily through improvement of insulin sensi-
tivity and reduction of atherogenic cholesterol fractions,
while microbiota associations indicated involvement of
the intestinal component in metabolic adaptation.

In the aerobic training group, the most characteristic
feature was metabolic efficacy regarding the triglyceride
component and atherogenic lipid fractions. Compared
with the resistance group, aerobic intervention was ac-
companied by more pronounced favorable dynamics of

95



I'ypeHko O. O., ipo3aoscbka C. b.

3MiHM MiKpOHiOMY KMLIKX Nif BNAMBOM i3UUHUX BMpaB B yMOBax MeTaboliuyHMX NopyLleHb

lipid profile parameters, including significant reductions
in total cholesterol, LDL-cholesterol, and triglycerides, as
well as a tendency toward increased HDL. In the carbo-
hydrate profile, the aerobic program also demonstrated
favorable dynamics in glycemic control and insulin resis-
tance indicators, consistent with the physiology of aerobic
muscle work, which is characterized by increased fatty
acid oxidation, improved insulin sensitivity, and reduced
hepatic production of atherogenic lipoproteins.
Comparative analysis showed that resistance training
was more strongly associated with improvement in insulin
resistance and integral glycemic control indices, whereas
aerobic exercise had a more pronounced effect on the
lipid profile, particularly triglycerides and atherogenic lipo-
protein fractions. In both groups, metabolically relevant
relationships between biochemical markers and microbi-
ome taxonomic characteristics were observed, confirming
the multicomponent nature of adaptation to exercise.
Thus, after 12 weeks of a resistance training program
in women with metabolic syndrome, a statistically signif-
icant restructuring of the phylum-level gut microbiome
profile was observed. The proportion of Bacteroidetes
increased by 18.4 % (P=0.0001), Firmicutes decreased
by 36.8 % (P=0.02), the Firmicutes/Bacteroidetes ratio
declined by 43.5 % (P=0.016), and the proportion of
taxa grouped as “Other” decreased by 26.8 % (P=0.007),
while Actinobacteria remained stable. Collectively, these
changes may reflect a reduction in dysbiotic burden.
Against the background of the 12-week aerobic pro-
gram, pronounced phylum-level shifts were not observed;
however, the appearance of Akkermansia muciniphila
in fecal samples was recorded as a qualitative indicator
of microbiome modulation. This taxon is associated with
improved metabolic adaptation and greater stability of in-
testinal structural and functional integrity. Overall, the resis-
tance fitness program produced quantitatively pronounced
phylum-level restructuring, whereas the aerobic program
induced predominantly qualitative taxon-specific changes.
Comparison of the effects of the two health-oriented
fitness programs in women of the second period of
adulthood with metabolic syndrome demonstrated that
personalization of non-pharmacological correction should
be based on the dominant metabolic profile. When insulin
resistance and impaired glycemic control predominate,
strengthening the resistance component is more ap-
propriate, whereas in the presence of atherogenic dys-
lipidemia and hypertriglyceridemia, emphasis should be
placed on aerobic exercise. Thus, targeted application of
resistance and/or aerobic exercise in women with meta-

bolic syndrome may be considered an effective non-phar-
macological approach to correcting metabolic disorders,
implemented through interconnected mechanisms of
normalization of carbohydrate and lipid metabolism and
modulation of gut microbiome composition.
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3MiHKu MikpobGiomy Kuwku nig BNAMBoM isM4HUX BNpaB B yMOBaxX MeTaboniyHMX nopylleHb
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HaujioHanbHun yHiBepcuTeT (hisniHOro BUXoBaHHS i cnopTy Ykpainu, Byn. ®iskynetypu, 1, m. Kuis, 0350, YkpaiHa

CraTTs npucBsiyeHa AOCHIMKEHHIO BNNMBY (i3UHHUX HABaHTaXeHb Pi3HOT MOoAanbHOCTI Ha MeTaboniuHi NOPYLLUEHHS Ta KULLKOBWIA
MIKpPOBIOM Y XiHOK i3 MeTaboniyHMM CUHAPOMOM. AKTYarbHICTb POOOTH 3yMOBIEHA CTPIMKMM 3pOCTaHHAM MOLIMPEHOCTi MeTaboniyHoro
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CVHAPOMY Ta NOLLYKOM e(PEKTUBHNX HEMEAMKAMEHTO3HUX NiAXOAiB NOro KOPEKLi, 30aTHUX OAHOYACHO BNMBATW HA CUCTEMHUI MeTa-
6oni3m i mikpobiom-onocepeakoBaHi MexaHiamu perynsuii. MeToro gocnimkeHHss 6yno ouiHUTK edPekTUBHICTE 12-TUXHEBOI Nporpamu
aepobHWX i CUMOBKX TPEHYBaHb LLOAO KOPEKLii MOKa3HUKIB BYrMeBOLHOrO Ta NinigHOro obMmiHy, a Takox BU3HAYMTN 0COBNMBOCTI nepe-
OyL0BY TAKCOHOMIYHOI CTPYKTYPU KMLLKOBOI MiKpOBIOTM 3anexHO Big TUMy M’si30BOT po60TW. Y AOCHiAXKEHHI B3NN y4acTb 68 iHOK
i3 KNiHiYHO NiaTBEpAXKEHNM MeTaboniyHUM cuHApoMoM. 'ATAecaT yyacHULUb BUKOHYBanu dpisnyHi Bnpasu Ta Gynu po3noginexi Ha
OBi rpynyu — aepobHuX i CMNoBMX TpeHyBaHb, Togi Sk 18 ocib ctaHoBMNM KOHTPONb 6e3 BTpyyYaHHSA. TpuBanicTb Nporpamun cTaHoBuna
12 TxHiB. OuiHIOBaNM aHTPONOMETPUYHI MOKa3HWKK, BioxiMiYHI napameTpu KpoBi (rMioKo3a, iHcyniH, HbA1c¢, ninigHnin npodins, HOMA-IR)
Ta cknapg, K1LLKOBOro Mikpobiomy metofom kinbkicHoi MNP 16S rRNA. AHani3 BUXigHWUX AaHWX Nokasas, LUO Y KiHOK i3 MeTaboniyHum
CVMHOPOMOM CMOCTepiranuncs BUPaXKeHi NOPYLLEHHS TMiKeMiYHOro KOHTPOMo Ta ninigHoro o6miHy: nigsuweHHs HbA1c, rmokosu, 3a-
ranbHoro xonectepuHy i LDL-xonectepuHy, a Takox 3MiH1 Mikpobiomy, LLIO xapakTepusyBanvcs 3MeHLLEHHSIM YacTku Bacteroidetes
i Actinobacteria Ta 36iNbLIEHHSIM YaCTKM iHLIMX TaKCOHIB, LU0 CBIig4UTb Npo Aucbios. Micnsa 12 TxkHIB cMNoBoro TpeHyBaHHs 3adikco-
BaHO CTaTUCTMYHO 3HauyLLy nepebynoBy Mikpobiomy: 36inblueHHs YacTku Bacteroidetes Ha 18,4 %, 3meHLWweHHs Firmicutes Ha 36,8 %
i 3HMXEeHHS cniBBigHOWeEHHA Firmicutes/Bacteroidetes Ha 43,5 %, WO pO3UIHIOETLCA SIK BiQHOBMEHHS eybioTu4yHOro ctaHy. OgHo4YacHo
BiAOynocs nokpalleHHs BYrneBoAHOro obmiHy — 3HuxkeHHst HbA1c Ha 7,9 % Ta iHgekcy iHcyniHopeaucTeHTHocTi HOMA-IR Ha 14 %,
a TaKoX 3MeHLLEeHHS aTeporeHHNX dopakLin xonectepuHy. AepobHi TpeHyBaHHS He CMPUYMHUI BUPAXEHUX KiMbKICHUX 3pYLUEHb Ha
piBHi dhinymiB, ogHak y 3paskax 3'asununca Akkermansia muciniphila Ta Bacteroides fragilis — MikpoopraHiamu, acouiioBaHi 3 KpaLLoto
MeTaboniyHo aganTauieto i NpoTu3ananbHOK akTUBHICTIO. Npu LbOMY HabINbLL BUpaXeEHi NO3UTMBHI 3MiHW cTOCcyBanucs ninigHoro
NPOiNto: 3HWKEHHST TPUMMILEPUAIB, 3araribHOrO Ta aTepOreHHOro XONIeCTEPMHY, a TakoX TeHAeHUis oo niasuweHHs HDL. OTtpumaHi
pe3ynsrati JO3BONWMM MPOBECTU y3aranbHIOKYe NOPIBHAHHA edeKTiB TpeHyBaHb. BCTaHOBNEHO, O CUMOBI BNPaBu NepeBaxHo no-
KpaLLyTb iHCYNIHOBY YyTNMBICTb i IMIKEMIYHUIA KOHTPOMb Ta ICTOTHO 3MIHIOIOTb CTPYKTYpY Mikpobiomy, Tofi sik aepobHi BnpaBu edek-
TUBHIiLLE BNNVBaKOTb Ha NiMigHWIA OBMiH | CNIPUYMHSAIOTbL SKICHI 3MiHU MikpOGHOrO cknagy.

Kno4oBi cnoBa: ByrneBoaHWin 06MiH, XMPOBWI 0O6MiH, hi3n4Hi BNpaBu, MeTabomniyHUiA CUHAPOM, KULLIKA, KULLKOBUIA MiKpoGiom
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* peKkniaMmHuu 6nok Ha %2 ctopiHkn — 1000 rpH B ogHOMY HOMepi )XypHany, 2500 rpH y Tpbox
HOMepaXx >XXypHarny.

» peknamMHun 65nok Ha 1 ctopiHky — 2000 rpH B ogHOMY Homepi xxypHany, 5000 rpH y Tpbox
HOMepax XXypHany.

KoHTakTtu: (+38 096) 814-78-15, inenbiol@gmail.com
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EKCKNI031BHIIA aBTOPU30BaHUIA ACTPUO’I0TOP KOMMaHIi:
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3anpouuyemo Ao cniBnpaui!

Ykpaina, m. Kuis,

Byn. [apeta Ixouca, 15, 0¢. 201
Mo6.: +380 (67) 224-59-34
Mo6.: +380 (67) 219-21-99
officec@amcovet.com.ua

amcovet.com.ua



IMUNOTOX

IHHOBaLUiMHa KOpMOBa fo6aBKa AN CBUHEW | NTULI

3axuct  [poayKTmBHICTb  IMyHITET

@ 3B'A3yBaHHA Ta iIHAKTUBALiA MIKOTaKCUHIB
[ligBULLEHHSA CTIMKOCTI A0 TENJIOBOro CTpecy

@ ArnoTUHaLif NnaToreHHUxX 6akTepin |

AKTuMBaLif IMyHHOI CUCTEMU
AHTUOKCUOAHTHUIN ePeKT

@ [enaTonpoTeEKTOpPHA fid

KOPHORA RC8AB Ara i CeKOTOCT:

@ CuHerpiyHum edpekT
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CuHepria koMnoHeHTIiB IMUNOTOX 3a6ecneuvye
NoTY)XHUM epeKT Ona 300poB’a i NpoaYyKTUBHOCTI
TBapWH

TOB “KPEOMIH" iHBecTULiq, 9Ka NpaLutoe Ha Bac !

TOB «KPEOMIH»
? Anpeca: YkpaiHa, 04053, MmicTo Kuis, Bynuus Ciyosux CTpinbLis, 6yanHok 21, odic 501
. TenedoH: +38 (095) 822 43 78, +38(097) 930 78 13, +38 (067) 328 42 48
¢ EnekTpoHHa nowiTa: oleksandr_sukhariev@creomin.com.ua creomin@ukr.net

{ Be6calT: https://www.creomin.com.ua



