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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:
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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



OkyHnona O. O., lasanb T. E., Ananage Ax. A., Aiiyna M. O., Aaebici |. A. Ornsa ctaHy BUPOHHULTBA MOJIOYHOI NpoayKLii y Hirepii

The Nigerian Milk Value Chain ﬁv
| + Pastoral Herders
= Commercial
Breeding Farms
Milk Production |
E Collaction . " CQ_mm
E Aggregation and ! * Independent
Bulking :
% i Imported e et
E | Milk Powder
= Pastoral Herders
. = Dairy Processors
"f’,‘";:“"?“ . Marketing * Distributors
ackaging * Retailers
= Milk Howkers
Fig. 3. The Nigerian milk value chain
Principal Dairy Products i
y Traditional Dairy
Processed Milk Products
Condensed Milk Nono
&> Evaporated Milk L
Yoghurt Infant Formula Kindirme (sour
yeghurt)
Coftage Cheese
— Man-shanu
Cheese Cream Cheese (local butter)
> Cvukuv (Fulani
— cheese)
Butter
- Wara (Yorvuba
v cheese)
Lonrce: PR lce Cream .

Fig. 4. Principal dairy products

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

11
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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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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
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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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Note. * — P<0.05; ** — P<0.01; *** — P<0.001.

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
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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.
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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.

44

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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& | genotypes, Ng
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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,
Byn. LeeueHka, 12, M. Kam’siHeLb-MNoginbcbkuil, XMenbHULbKa 06n., 32316, YkpaiHa

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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MAP®, reHeTyHa MiHMUBICTB
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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,

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

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 (meantSD). 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
(40.2942.69 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 um, 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-1, 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 H 43:2812’77 *kk * *kk *k *kk
follicles, in 1 mm? it # i

Diameter of the hair 18,44+1,81 21,61+1,74 19,34%1,75 22194212 23,16+2,78 22,89+1,97
fO"iCle, Hm 19,3111,43 * Fkk *k *kk # Hit

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).
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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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Y pocnigKeHHi BUBYEHO pereHepauiiHuin NoTeHLian BOAHO-CONMbOBOIO eKCTPaKTy MeanyHoi m'siBku Hirudo verbana npwv 3aroexHi
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NOXOMKEHHIO, BE3MEYHOCTi Ta KOMMMNEKCHIN BionorivHii gji BiH MoXxe 6yTh NepcnekTMBHUM BiOTEXHOMNOMYHMM 3acO00M Ans BiGHOBIEHHS
LUKipW Ta NiKyBaHHS paH.
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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].

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

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
increasing the adaptive potential and resistance of the
piglet organism under conditions of negative environ-
mental influences. In this context, feed additives con-
taining immunoglobulins, B-glucans and mannan-oligo-
saccharides, which provide passive immune protection,
stimulate nonspecific resistance and support the func-
tional 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

Table 1. Indoor microclimate parameters

Day Day Day Acceptable
) 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
54

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,
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), leukocytes (WBC)
and platelets (PLT), hemoglobin concentration (HGB), he-
matocrit (HCT), mean erythrocyte volume (MCV), mean
hemoglobin content in erythrocytes (MCH) were deter-
mined on the MYTHIC 18 Vet hematology analyzer. The
ratio of individual forms of leukocytes (blood leukogram)
was calculated using visual microscopy, according to the
methods described by us in the reference book [18].

Results and Discussion

Analysis of the research results showed that the
microclimate parameters significantly differed from the
recommended reference values (table 1). Thus, the air
temperature (°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 piglets’ organism (table 2), which is also evidenced
by the results of our previous studies [13, 19].

bionozis meapuH, 2025, 1. 27, N4
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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
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

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

Table 2. Hematological blood parameters of piglets (M+m, n=5)

Periods of the experiment

Indicators Group Bay5 Day 19 Day 33
Erythrocytes C 3.88+0.59 4.76x0.42 5.11:0.40
(RBC), thil E  4.93+0.39 5.92+0.26* 6.88+0.34**
Hemoglobin C  84.0+5.15 96.8+4.68 98.4+4.20
(HGB), g/l E  94.86.11 111.4+4.17* 1152+4.07*
Leukocytes C  8.76+0.98 8.38+0.57 13.5+1.18
(WBC), g/l E  9.8240.99 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  721+229 73.1+1.38 74.7+1.78
volume (MCV),fL  E  73.6+1.71 75.6+1.66 77.7+1.46
Mean hemoglobin ~ C  18.0+0.59 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 Day 5 Day 19 Day 33
Basophils Cc 0.6+0.24 0.4+0.4 0.21+0.2
E 0.840.20 0.8+0.2 0.8+0.37
Eosinophils C 3.0£0.71 4.2#¢0.86 5.4+0.93
E 2.2+049 3.0£0.45 2.6+0.68*
Vi C 0.4+0.24 0.6+0.40 0.840.37
E 0.6+0.24 0.6+0.24 0.4+0.24
Rod-shaped C 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 Cc 37.6+£1.72 39.0+1.52 38.4+1.50
neutrophils E 34.241.43 33.5+1.54* 33.0+2.00
. o 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*
Ve Cc 2.8+0.73  3.4+0.93  3.2+0.58
E 3.0+0.71 3.810.66  4.0+0.71

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 result,
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 $-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, B-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: 1g 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 1gY, p-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: HMIGA1 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
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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 HMGA 1 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 HMGA1 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
HMGA1 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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MC4R, 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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Table 1. Primers structure, GC content and melting temperature

T °C

Mak-
. GC, Kim  gahle-

PR % %3'_' etal, laet

2004 al.,

lated  “19] 2009

[24]

5-AGAAGGAGCCCAGCGAAGT-3' 579 65.7 62 60

5-ACAGTGCTCACCCAATGGC-3 57.9 66.7

molecular weight marker. Gel images were documented
under ultraviolet illumination using a Canon digital camera.

Population genetic analysis was conducted using the
GenAlEx 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.

AGAAGGAGCCCAGCGAAGTGCCAACACCTAAAAGACCTCGGGGCCGACCA
AAGGGGAGCAAAAACAAGGGCGCCGCCAAGACCCGGGTGAGGCTTGAAGG
GGTGGCTCCTGGTGGAGGGAAGTGGGAAGTAACCCCCGTCCCCTGCAAGC
AGCTGAGGGAGGTCTGGGAAGGGGTGGGCTTGTCCTGATTCTCTGCATGC
CCTTTCTCTGGTACGTGGGCCCGATGGGTCTTGGCTAGTTGAGGAAAGTG
GGGTGATGGCCGAGGCCTAACTTCTAGGGCCTTGTCTTGCCCAGGACACT
GGGGAAGTCAAGTCAGATGTCCCAGAGCTTTCCTGGTCTGGAGGGAGGCC
AGTTGGGCAGAATGGAGGGCTGTTCCCCCTGGGCTGAGATGTCACCTCCC
CCCCAACCCCAGGCCGCCTGGGTCCTGAGGGTGGGGGAGCAGGCAAGGCC
AGATCTACAGTGGCATTGGCCTTTGGAGAAGTTGTTTTGTTTTTTATTTT
ATTTTTTCTAAGACACGACTCATATCCTCTGAGTCACGGGTGAAGGAGGG
AGTGGGGGCGTGTGTGTGTATGTTGGGGTGGGGGGCGGTGTGGCCGGCCA
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.
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Previous publications indicated that the analyzed
polymorphism in the HMGA 1 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 HMGA 1 gene, including
the positions of the primers and the polymorphic site,
is shown in fig. 1.

During optimization of the PCR ampilification 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
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.

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.
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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.

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-
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

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

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.

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

HMGA1 60 30 31
68 40
68 300 1

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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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
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 CBMHEN YKpaiHCbKOI BeNMKoi 6inoi nopoau 3a iHTpoHHUM nonimopcdiamom rena HMGA1

B. Tenseg’, A. CaeHko’, M. lMeka’? O. LepeHrtok’
saenko_artem@meta.ua

"[HCTUTYT cBMHapcTBa i arponpomMucnoBoro BupobHuuTea HAAH Ykpainu, 36013, Ykpaina, m. MNMonTaea, Byn. Leeacbka Moruna, 1

2XapkiBCbkUI HauioHanbHUI yHiBepcuTeT iMmeHi B. H. Kapasina, 61022, m. Xapkis, nn. Ceoboau, 4

'eH HMGA1 (High Mobility Group AT-hook 1) BBaxaeTbCs NMOKyCOM-KaHAMAATOM A 03HaK, NOB’A3aHMX i3 POCTOM i BITOAOBAHICTIO Y
CBUHEMN, 3aBAsiK1 OO Y4acTi B perynsiuii TpaHCKpunLii Ta eHepreTMyHoMy MeTaboni3mi Ta 1oro nokanisawii B 06nacTi Ha NoKycCy KinbKiCHUX
o3Hak (QTL) Ha xpomocomi 7 Sus scrofa. MeToto Liboro AoCnimMKeHHst Byno oxapaKkTepu3yBaTh paHiLLe OnMcaHuii iIHTPOHHWI nomniMopdiam
reHa HMGA1 B ykpaiHCbkii monynsiuii Benmkoi 6inoi nopoay cBUHeN Ta OUiHWTY MOro NOMYNALINHO-TeHETUYHI NapaMeTpy AN MOXITMBOMO
3aCTOCYBaHHS1 B MapKep-acoLioBaHin cenekuii. AHani3 in silico Ha ocHoBi pedepeHTHOro reHoma Sscrofa11.1 6yB npoBeaeHWii Ans BU3Ha-
YeHHS reHOMHOI nokanisauii amnnicpikoBaHoro dparmeHTa, onucy noniMopdiamMy BignosigHo 40 HOMeHKNaTypy Ensembl Ta ineHTudikauii
noro rsID B European Variation Archive. leHoTunyBaHHsi 30 CBMHEN yKpaiHCbKOI BeNMKOi 6inoi nopoam NpoBOANIN METOAOM MoriMmepasHol
NaHUIroBoI peakuii—noniMopdiamy OOBXUHU pecTpuKuinHux dpparmenTis (MJTP-TOP®) 3 eHgoHykneasoto pectpukuii Nael. Monimopd-
HWI canTt ByB nokanisoBaHwi y noauuii 7:30,326,531 Ta ineHTudikoBaHui sik rs80981303 (c.220-170C>T). MonynsAujiiHWiA aHani3 BUSBKB
yactotu reHoTunie 0,10 (CC), 0,40 (CT)i 0,50 (TT), 3 yactotamu anenis C — 0,30 i T — 0,70. Po3nogin reHoTMNiB He BigXUnsaBCs Big, piB-
HoBaru Xapgi—BanH6epra (x? = 0,068, P=0,794). 3Ha4yeHHs iHdopmaLiiHoro 3micTy nonimopdiamy (PIC=0,3318) Bka3dyBarno Ha JOCTaTHIO
iHdbopMaTMBHICTb Nokycy. OTpuMaHi peaynsTaTi NigTBEpAKYTh NoniMopdHicTs reHa HMGA 1 y cBuHen ykpaiHcbkoi Benukoi 6inoi nopoaum
Ta NigTBEPOXKYOTb NOTEHLiINHY KopucHicTb rs80981303 sk reHeTM4HOro Mapkepa. MNoganbLui JocnimakeHHs acouialii 3 NpoayKTUBHUMM
0O3HaKamy MOXyTb OBI'pyHTYBaTM MOro NpaKkTUYHE 3aCTOCYBaHHS B NpOrpaMax po3BedeHHs CBUHEN.

Knroyvogi cnosa: reH HMGA1, cBuHs, ykpaiHcbka Benmka bina nopoaa, iHTpoHHui nonimopdiam, MIP-TAP®, nonynsuinHa reHeTuka,
Mapkep-acouiioBaHa cenekuis
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Mono4ko maTovyHe B6OXOMNMHE € YHIKanbHUM NPOoAYyKTOM
pobo4mx 64xXin, a came CEKPETOM iXHiX MOTKOBUX i BEPXHbO-
LLenenHmx 3anos. Lle ocHoBHe oykepeno NOXMBHKX i BionoriyHo
aKTUBHMX PEYOBMH ANA NIMYMHOK | MaTok. [1o cknagy mMonou-
Ka MaToO4YHOro 64)KONMMHONO BXOAUThL LUMPOKUIA CNEKTP MaKpo-
i MikpoenemeHTiB, SKi BigirpaloTb KIHOYOBY POrib Y PO3BUTKY
OOKONUHOI ciM’i, perynsiuii 06mMiHy pe4oBmH. Momnovko MaTovHe
O0KONUHE € NePCNeKTUBHUM ANS 3aCTOCYBaHHA Y MEAULINHI,
drapmaueBTuLi, kocMeTonorii Towwo. MNMopiBHANLHE BUBYEHHSA
MiHepanbHOro cknagy MaTo4yHOro MofnoYvka, OTPUMaHoro Bif
pi3HUX nopig 64xin Ta B pi3Hi Nepiogn poky € BaXnNMBMM AN
PO3YMiHHs1 BiOXiMIYHMX MeXaHi3MiB MOro cekpeLi 1 onTumisadii
TEXHOSONYHMX YMOB OTPUMAHHS LibOTrO NMPOAYKTY 3 MakCUMarib-
HO BMCOKOO GionorivyHo UiHHicTo. MeToto poboTu 6yno no-
PiBHATM 3MiHM BMiCTYy Migi (Cu), maHrany (Mn), umHky (Zn), Ko-
6anbty (Co) 1 Hikerto (Ni) y MOnoYLi MaTtoYHOMY GHKONMUMHOMY;,
OTPUMaHOMYy B Pi3HWI Yac, a came: y TpaBHi, YepBHi 1 NWMHI Big,
MELOHOCHMX OpKin YoTnpbOX nopig (nigBuaiB) — KapnaTCbKoi
ooxonu (Apis mellifera carpatica), kpaiHcbkoi 6axonu (Apis
mellifera camnica), iTaniicbkoi 6mxonu (Apis mellifera ligustica)
Ta yKpaiHcbKoi cTtenoBoi 6axonu (Apis mellifera sossimai).
Y pesynbraTti AOCHiMKEHHST BCTaHOBINIEHO BapiabenbHICTb 3MiH
BMIiCTY MIKpOENEeMEHTIB Y MOoYLi MaTO4HOMY OKOMMHOMY
gocrnigpkyBaHux nopig (nigeuais) 6mkin 3anexHo Big nepiogy
NOro oTpMaHHs.

Knro4yoBi cnoBa: Mono4yko maTtodHe 6a)KonmHe, Mikpo-
enemeHTun, Apis mellifera carpatica, Apis mellifera carnica,
Apis mellifera ligustica, Apis mellifera sossimai

BcTyn

MiHepanbHWiA cknag MoroYka MaTo4HOro GPKONMHO-
ro (MMB) npeacTtaBneHni LUIMPOKNM CMEKTPOM Makpo-
N MikpoeneMeHTiIB, siKi MatoTb BaxnnBe bionoriyHe 3Ha-
YEHHS1 AN PO3BUTKY NMYMHOK Bmpkin. MiHeparbHi pe4osu-
HW CBDKOrO MOSIOYKa MaTOYHOMo B64KOMNMHOMO CTaHOBMATH
0,8-3 % 1a 2-5 % cyxoro [5, 10]. Y MMB mictaTbcs Taki
miHepanu, sk K*, P-, S?-, Na*, Ca?, AP, Mg?, Zn?*, Fe?,
Cut i Mn?*, a Takox mikpoenemeHTtu: Ni, Cr, Sn, W, Sb, Bi
Ta Ti [4, 7]. OcHoBHUM enemeHTom MME € kanin (K) —
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npuénusHo 290 mr/100 r (gianazoH 246—-320 mr/100 r),
MeHLIe mictuTbest pocdopy (P) — 210 mr/100 r (194—
235 mr/100 r), marHito (Mg) — 28 mr/100 r (27-31 mr/100 ),
kanbuito (Ca) — 14—-20 mr/100 r, Hatpito (Na) — 4 mr/100 r
(3—14 mr/100 ), cipkm (S) — 115-140 mr/100r [2, 3, 6, 7].
3 mikpoenemeHTiB, ki micTATbes y MMB, Bigomo npo
HasBHICTb UMHKY (Zn) — 2,3 mr/100 r (2,0-2,6 mr/10 1),
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 gesiknx 3paskax), map-
raHuto (Mn): =0,1 mr/100 r (0,01-0,1 mr/100 1) [3, 7, 12].
Takox MMB mictutb cnigu antominito (Al), 6apito (Ba),
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cTpoHLuito (Sr), kagmito (Cd), ceuHuto (Pb), monibaeHy
(Mo), Hikenito (Ni), xpomy (Cr), BaHagito (V), Tutany (Ti)
B Ay>Xe HU3bKMX KOHLIEHTpaLlisiX, L0 3aneXuTb B eKo-
TNOrYHMX YMOB YTPUMaHHS 6mpkonmHux cimen [3, 7, 12].
Yci nepepaxoBaHi BuLLEe MiHepanbHi enemMeHTn € Karta-
nisaTopamm YNCNEHHNX BIOXIMIYHMX peaKLin, CIpUSATb
CUHTE3Y BinkiB, aHTMOKCUAAHTHOMY 3axXUCTy, perynsuii
iMyHHOI BigMNoOBIAi, pO3BUTKY i (OYHKLIIOHYBaHHIO HEPBO-
BOI cucTeMu ToLLo. BMmicT MiHepanbHux pevosuH y MMB
MOXXEe BapitoBaTV 3aneXHO Bif HU3KM hakTopiB, 30KpeMa
nopoam ©mkin, Ce30HHMX KONMMBaHb, MiCLIEBOCTi Ta 0CO0-
nuBocTen xap4oBoi 6a3u. MopiBHANBHE BUBYEHHSA MiHE-
panbHoro cknagy MMB pi3Hux nopia y pisHi nepioam poky
€ BaXXIMMBUM A PO3YMiHHS BIOXIMIYHMX MeXaHi3MiB MOoro
bopMyBaHHS!, ONTUMI3aL,il yMOB OTPUMAHHS LibOro npo-
OYKTY 3 BUCOKOIO Bi0NOriYHO0 LHHICTIO.

MeTa poboT — MOPIBHATM 3MiHM BMICTY OCHOBHMX
MiKpoeneMmeHTiB, a came 3arisa, MaHraHy, LUMHKY, Ko-
Ganbty 1 Hikento y MMB oTprmaHOMy B TpaBHi, YEpBHI
Ta NUMHI Big MEOOHOCHUX BN YoTnpbox nopig (rio-
sudig): kapnatcbkoi 6mpxonu (Apis mellifera carpatica),
KpaiHcbkoi 6mpkonu (Apis mellifera carnica), iTaniicekoi
6oxonu (Apis mellifera ligustica) Ta ykpaiHCbKOI CTe-
noBoi 6gxonu (Apis mellifera sossimai). BpaxoBytoun
BiAMIHHOCTI ¥ Di3ioNoriYHMX XxapakTepucTukax pisHux
nopia 64xxin, AOCNiMKEeHHs] CE30HHOI AUHAMIKM BMICTY
MiKpOerneMeHTIB 03BOSISE BU3HAYUTWN ONTUMAanbHi ne-
piogn 360py Ta BUOKpeMnTH nopoau (nigBuawn) 6axin
3 MakcMMasibHO BUCOKMM BiofnoriyHMM noTeHLianom.

LLlo6 miHimMi3yBaTK BNAMB 30BHILLUHIX YMHHMKIB Ha
KinbKiCHWA cknapg, enemeHTiB gocnigxysaHoro MMB,
eKkcrnepuMmeHTanbHi 60KonuHi ciM’i yTpMyBanu B CTaH-
0apTn3oBaHUX ymoBax. Yci nopogu 6yno po3milieHo
B OOQHaKOBOMY CepeoBuLLi — Bynuku nepebysBanu Ha
OfHi naciui, Ha OQHaKOBIN BUCOTI, 3 OOHAKOBUM piBHEM
iHCONALi, BONMOroCTi 1 TeMnepaTypHOro pexumy. boxonm
Marnu igeHTUYHy xap4oBy 6a3y, sika bopmyBanacs 3 npu-
POAHOIrO MEAOHOCHOIO Pi3HOTpaB’st 663 BUKOPUCTAHHS
JopaTtkoBux nigrogisens. Yci npouenypwv Agornsay 3a
6mronamm Byrno yHidhikoBaHo Ta ix MpoBoAMNM ogHoYac-
HO Ans KOXHOI rpynn. Takui nigxig, AO3BONMB BUKITOUNTI
abo npyHaiMHi MakCMMarbHO 3HU3UTK BNINB Ccepeno-
BULLIHMX | TEXHOMNOMYHUX PaKTopIB, 30CepemyKyrodm yesary
Ha BHYTPILLUHLOMY, FEHETUYHO 3YMOBIEHOMY BapitOBaHHI
dhisionoro-6ioxiMiYHUX NPOLECIB KOMaX.

MaTepianu Ta meToau aocnigxeHb

HocnigxeHHs nposegeHo y MMB 64xin 4oTupbox
nopig (rmidsudie): kapnatcekoi 6mkonu (Apis mellifera car-
patica), kpaiHcbkoi 6axonu (Apis mellifera carnica), ita-
nivicbkoi 6mxonm (Apis mellifera ligustica) Ta ykpaiHCbKOI
ctenoBoi 6mxonu (Apis mellifera sossimai). LLlob 3a6e3-
ne4nTu piBHI YMOBW A5 BCiX nopig, ©mpkin, Oyno cdopmo-
BaHO YOTMPM TPYMNM OOHAKOBUX 3a CUMOK Bmkonocimen,
a ons ix yTpumaHHs v po3BuTKy 6axin 3abesneveHo
[JOCTaTHBOIO KiNbKICTHO MEOOBMX | NeproBmx pamok. [1obip
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OKONMHUX ciMen Anst AoCchioKeHb 30iNCHEHO METOAOM
aHaroriB 3a pyxSIMBICTIO, XXUTTE3OATHICTHO, KiNbKICTIO pO3-
nnogy Ta kopmis. MNigaocnigHi 64KONuHI KONoHii po3mi-
LLIeHO Y BigaaneHin YacTnHi OCHOBHOI Naciku, NibOTKaMm
Y pi3Hi 60K, LLI06 YHEMOXITMBUTM TaK 3BaHi HANaay iHLWINX
Omkin, Ta gnst ix NpodoinakTukm — BnokyBaHHs. Y nepiop,
6e3 B3sITkM BCi CIM'I OTpUMyBanu igeHTUYHY CTUMYMIO-
BanbHy MiAroAiBnio LyKpOBUM cMpornom. DisionorivyHmm
PO3BUTOK BAXIN-rogyBanbHNULL Takox OyB OOHAKOBUIA.
MaTto4He MOMOYKO OTPUMYBanNM BIPOAOBX TPHOX MiCALIB
(TpaBeHb—nMNeHb) 2025 poky. Binbip MMB 3gilicHioBanu,
OOTPMMYHOYUCh YCIX NPaBuI CENTUKM 1 aCenTUKN.

Y pocnigXeHHi BUKopucToByBanu 6aratokopnycHy
cucTemy yTpuMaHHsa 6oxin y Bynukax. CteoptoBanu Cim'i-
BUXOBATENbKN 3 YaCTKOBMM OCUMPOTIHHAM Ta yTpYMYyBasm
X Yepes po3aifnbHy PeLUiTKy. Y TakmMX CIM’aX Y HXHEOMY
KOpMyci — po3nigHu1Ky, BinbHO NpaLtoBana 6mkonuHa
MaTka, a y BepXHbOMY KOpMycCi, BigokpemMneHomy Bif
HWXKHBOMO PO34iNbHOK PELLITKOK, PO3MilLlyBanu pam-
Ky 3 Nn4nHKamm, nepemiwieHnmmn nicnsi Bigbopy MMB.
OntumanbHoro pesynsrarty 3 otpumaHHs MMB Ha naciui
Jocsaranu, 3acToCOBYHO4M ABOMATOYHE YTpUMaHHs. Lie
YMOXITMBUITIO BUKOPUCTOBYBATU (Di3iONOriYHy MOTYXHICTb
ofpasy OBOX MaToK, 3Ha4HO LUBUALLE HAPOCTUTU aKTUBHI
60KonuHi ciM'i Ta B BinbL paHHi TepMiHM posnoyaTy
poboty 3 Bindopy MMB. Tako OBOMATOYHE YTPUMaHHS
0ano MOXNMBICTb NPOAOBXUTU Nepioa Bindopy MMB.

TexHornorivHun npouec oTpumMaHHa MMB poanoyu-
Harnu 3 NnepeHeceHHs NMYMHOK MiHIManbHOrO BiKy Y LUTYY-
Hi MMCOYKM, SIKi pO3MiLLlyBanu B CiM’siX-BUXoBaTesbKax,
Ta 3anvwany Ha 72 roguHu, BigTak NPUBMBOYHI paMKu
3 NYMHKaMK nepemillyBanu B naboparopito, e y cre-
pynbHUX ymoBax Bigoupanu MMB. CrnoyaTky, BUKOpUC-
TOBYIOUU CKanbnernb, 3pi3any BOCKOBI HAag0yaoBU Haa
cneuianbHUMU LUTYYHUMU MUCOYKamu, LWob martun 3mo-
ry gictatmcsa 4o NIMYMHOK, siKi MNaBakTb Y MaTo4yHOMY
morodui. CrneujanbHUM WnaTenem BUITyHany fMYnHKK,
a nicns uboro 3a 4ONOMOTOK M’SIKOT CUITIKOHOBOI NOXKeY-
K1 npoeogmnu Bigbip MMB y cknisiHi npoGipku. 3rogom
BIAMOBIAHY KiNbKICTb NEPEHOCUNN Y NIIACTUKOBI MIKPO-
npoGipku TNy EnneHgopd mictkicTio 2,0 mn Ta 3amo-
poxysanu npu Temnepatypi —21 °C.

Bu3Ha4yeHHsA BMICTY MiKpoeneMeHTiB NnpoBoagMnu
MeTo40M aTOMHO-abcopObuinHoi cnekTpodoToMETpIi,
BuKopucTosytoun npunag CEJIMI-115 (YkpaiHa).

CTaTMCTUYHMI aHani3 oAepXaHux pesyneratiB ao-
cnigppkeHb NPOBOAMIM 3a BUKOPUCTAHHS NPUHLMMIB Ba-
piauinHOl CTaTUCTUKM Ta NakeTa NpUKagHuUX nporpam
Microsoft Excel i Statistica 3 ypaxyBaHHAM -Kputepito 4o-
ctoBipHocTi CTblogeHTa. PisHuui Mixk cepegHimm apud-
METUYHNMU 3HAYEHHAMU BBa>XXanu BiporigHUMu 3a: * —
P<0,05; ** — P<0,01; *** — P<0,001 [9].

Pe3ynbTaTtH i iXx 06roBopeHHs

Monpw YncneHHi gocnimkeHHs GioximiyHoro cknagy
NpOJYKTIB 6oKINbHMUTBA, Y AOCTYMHIN NiTepatypi HEeMae
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Bopob6eup M. 1. BMiCT MiKpOEIEMEHTIB Y MOJIOULL MaTOYHOMY 6AXOIMHOMY Pi3HUX MOPIiA MEAOHOCHUX BAXIN 3a1eXHO Bia Micsus Biabopy

AeTanbHOI KinbKicHOI iHbopMaLii LWoAo BMICTY Mikpoene-
MEHTIB Y MaTO4HOMY MOJOYLL BDKONMMHOMY, OTPUMaHOMy
Bi pi3HUX Nopig MeaoHocHUX Boxin. HaasHi nyonikauii
CBigyaTh, O OOUH 3 KIHOYOBUX EK30TE€HHNX YNHHMUKIB,
30aTHUX BNAMBATU Ha MiHeparnbHUin Npodinb MaToYHO-
ro MOSioYKa — Lie Xap4oBUiA paLlioH, a TakoX Tun Migro-
Aieni 6mpkin. 3okpema, BXUBaHHA Medy abo caxaposu sK
DpKepena ByrmeBogiB CpUYMHAE 3MIHU B KOHLEHTPaLSX
Takux enemMeHTiB, sk kanin (K), marnii (Mg), dbepym (Fe),
mapraHeub (Mn) i dpoccop (P). MikpoenemeHTu, xoua
N MICTATbCS1 Y HEBEMNMWKMX KINMbKOCTSAX, BUKOHYIOTb HU3KY
KPUTUYHO BaxkNBMX oyHKUIN. Tak, UMHK (Zn) HeobxigHmi
ans nponicpepadii KNiTMH, pereHepadji TKaHWH i 3a6e3-
neYeHHs aHTUOKCUOAHTHOTO 3axMCTy; 3ani3o (Fe) 6epe
y4acTb y TPAHCMOPTYBaHHI KUCHLO 1 BiOCMHTESI reMonpo-
TeiHiB; Migb (Cu) — y chopMyBaHHi CNONy4YHOI TKAHUHK
i PYHKLIOHYBaHHI aHTMOKCUAAHTHUX (DePMEHTIB; Mapra-
Heub (Mn) — y metabonismi amiHokmcnort; xpom (Cr) —
y perynsuii ByrneBogHOro oomiHy.

MiHepanbHui cknag MMB e BapiabenbHuM, a konu-
BaHHA KOHLUEHTPpaUii OKpeMUX eNeMeHTIB MOXe cdara-
Tn Bia 10 oo 30 %. Ha uto MiHAMBICTbL BNNMBAKOTb TaKi
YMHHWKK, SK reorpadiyHe po3TallyBaHHS nacik, Krima-
TWYHI YMOBW, @ TAKOX EKOSOriYHi 0COBNMBOCTI perioHy
(Hanpuknag, ripcbka 4m npubepexxHa 3oHa). Hamsuwwa
KOHLIEHTpaLlisi MikpoenemeHTiB crioctepiraetbcsi B MMB,
3ibpaHOMy Ha opyruii AeHb NiCNs NepeHeCEeHHS! NIMYMHOK,
TO6TO y Tak 3BaHOMy ABOAEHHOMY MaTO4YHOMY MOJFIOY-
Ui — came B Liei nepiod iIHTEHCUBHO BiAOyBatoTbCs NPo-
LIECU XKMBIEHHST 1 pOpMyBaHHsI ManbyTHLOI MaTKu.

MopiBHANBHMI aHanNi3 BMicTy Kynpymy (Miai)
B MMB 6mpkin 4yotnpbox nopig (rrideudie) — kapraTCbKoi
o6oxonu (Apis mellifera carpatica), KpaiHCbKOi 6a0-
nwn (Apis mellifera carnica), itanivicekoi 6gxonu (Apis
mellifera ligustica) Ta ykpaiHCbKOi cTenoBoi 6axonu
(Apis mellifera sossimai). Migp € XXUTTEBO BaXXNTUBUM Mi-
KpoenemMeHTOM, Lo 6epe yvacTb y hOpMyBaHHi aHTMOK-
CMOAHTHOIO 3aXMUCTY, aKTUBHOCTI PepMeEHTIB i migTpumMLi
HopMarbHOI pob0oTK 3ano3 64XKin, SiKi CUHTE3YyI0Tb Ma-
TOYHE MOMOoYKo. B niacymky npoBefeHuX AOCniaXeHb
MW BCTaQHOBWIIM, LLIO B MaTtO4YHOMY MOfouLi, OTpuma-
HOMY Y TpaBHi, HalBULLMIA BMICT Kynpymy 6yB y gocni-
I)KYBaHMX 3pa3kax MaTO4yHOro MoJsioyka yKkpaiHCbKol
ctenoBoi 6mxonu (Apis mellifera sossimai) — 4,48 wmrikr,
LLIO JOCTOBIPHO NMEPEBMLLYBaB MOKA3HUKM iTamnincbKoi
6mxonu (Apis mellifera ligustica) (3,57 mr/kr, P<0,05) Ta
KpaiHcbkol 6mkonu (Apis mellifera carnica) (3,52 mr/kr,
P<0,001). Y maTo4HOMY MOrouYLi KapnaTcbKoi 6aKo-
nwn (Apis mellifera carpatica) BMiCT Kynpymy CTaHOBMB
4,08 mr/kr Ta 6yB 4OCTOBIPHO BMLLIMIA 332 NOKA3HUKN BMiC-
TY UbOro MiKpOENeMeHTY Y 3paskax KpaiHCbKOI 6mkonm
(Apis mellifera camica) (3,52 wr/kr, P<0,001). Noka3Hu-
KV BMICTY Kynpymy B Mato4HOMY MOSIOML, OTPUMaHOMY
y TpaeHi Big 6gxxin Apis mellifera ligustica n Apis mel-
lifera carnica, 6ynu HanHwk4numn Ta 6e3 JOCTOBIPHOI
Pi3HMLi Mk coboto. OgHaK BMICT KynpyMy B Maro4HOMY
MOMOULL, OTPMMaHOMY B YepBHiI Bi AOCMigKyBaHMX Nia-
BMAiB / nopig 6opkin, BigpisHABCA Big NonepeaHix Hamx
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pesyneraTiB. Y YepBHi HaMBULLIMI BMICT Kynpymy Byno
3acpikcoBaHo B MMB iTanivicbkoi 6mxonu (Apis mellifera
ligustica) (4,30 Mr/kr), LLO AOCTOBIPHO NEepeBULLYE BMICT
Kynpymy y 3paskax Big 64xin Apis mellifera carnica
(2,79 mr/kr P<0,001). Y MMB kapnatcbkoi 6axxonu
(Apis mellifera carpatica) BMiCT KynpyMy OyB Tak camo
BMCOKMM, SIK i B MaTO4YHOMY MOMOUL iTaniicekoi 6mko-
nm (Apis mellifera ligustica), Ta ctaHoBuB 4,24 mr/kr, WO
TaKOX JOCTOBIPHO BULLMIA 32 NMOKA3HWKN BMICTY Kynpy-
My B MatodHomy monouui 6axin Apis mellifera carnica
(2,79 wmr/kr, P<0,01). JOCTOBIpHO BMLLMIA BMICT Kynpymy
Byno 3acpikcoBaHo y YepsHi B MMB ykpaiHcbkol cTenoBoi
6mxonu (Apis mellifera sossimai) — 3,58 mr/kr, P<0,05,
MOPIBHAHO 3 BMICTOM Yy 3paskax MaTO4YHOro Moroyka Big
ooxin Apis mellifera carnica. Cepen pocnigxyBaHuX
3paskiB MMB 4otupbox nopig, (nigemais) 6mkin, Bigidpa-
HUX Y YEPBHi, HANHWXYi 3HaYEeHHsI (2,79 Mr/Kr) BMiCTy
KynpyMy cnocrtepirans B MaToMHOMY Mooyl 64xin
Apis mellifera carnica. ¥ MMB, oTpyumaHoMy B NUMHi,
crnocTepiranu 3aranbHy TEHOEHL0 [0 3HVKEHHS BMICTY
Kynpymy y BCiX AocnigKyBaHux nopig, (nigsuais) 6oxin.
Y MMB Apis mellifera ligustica 36epernncst HanBuLLi No-
Ka3HWKu BMICTY Kynpymy — 3,97 Mr/kr, BOCTOBIpHO nepe-
BULLLtOUM MOKa3Hukn BMicTy Kynpymy B Apis mellifera
carnica, ki 6ynu HanHwkanummn — 1,49 mr/kr (P<0,001).
MMB kapnaTtcbkoi 6akonu (Apis mellifera carpatica)
Marno JOCTOBIPHO BULLMI BMICT Kynpymy — 3,36 Mr/kr
(P<0,05), nopiBHsIHO 3 NokasHMkamu 6axin Apis mel-
lifera carnica. CTaTUCTUYHO OOCTOBIPHY PI3HULIO BMiC-
TY KynpyMy BCTaHOBIIEHO MiX MOKa3HMKaMM y 3paskax
MMB Apis mellifera ligustica n Apis mellifera sossimai,
AKI Many HAKYUA BMICT Kyrnpymy, NOPiBHAHO 3 Apis mel-
lifera ligustica, wo ctaHoBuB 2,92 mr/kr (P<0,001).

AKLWwo nigcymyBaTt 1 NOPIBHATY OTPUMaHIi pesynsra-
TV gocnigxeHs BMicTy Kynpymy B MMB, To MoXHa 3a-
YB&XXUTU, LLIO B MAaTOYHOMY MOSOYLLi KapnaTcbKol 6ao-
nn (Apis mellifera carpatica) cnoctepiranu BigHOCHO
BMCOKMIA BMICT KOBanbTy y TpaBHIi—4EepPBHi, 3 MOMipHUM
MOro 3HWKeHHAM y nunHi. BogHovac MMB Apis mellifera
carnica xapakTepu3ayBanocsi HaNHWXYUM BMICTOM Ky-
npymy BNPOOOBX TpaBHs—4epBHA—NMNHSA. LLlogo BmicTy
kynpymy B MMB Apis mellifera ligustica cnoctepiranu
TeHAEHLi0 0O HaKOMUYEHHS KyrnpyMy B Nepiog akTuBe-
HOro Ce30HY (YepBeHb—NuNeHb), a y 6axin Apis mellif-
era ligustica BuLLi 3Ha4eHHS kynpymy B MMB Ha novatky
Ce30Hy — Y TpaBHi. Y nitepaTypi Hemae aeTanbHuX aa-
HMX MPO BMICT MiHepaniB y MaTo4HOMY MornoYLi 64kin
Pi3HUX Nopig, ane € uikasi pe3ynbraTi AOCNiOKEHHSA
Balkanska, Mladenova et al. [1], aki gocnigunn 30 3pas-
KiB MaTo4Horo morodka 3 bonrapii. ABTopu BUMiptoBanmu
KOHLIEHTpaLU,ilo TakMx MiHepanis, sk Al, Ba, Ca, Cr, Cu,
Fe, K, Mg, Mn, Na, P, Sr, Zn, a Takox As, Cd, Co, Ni, Pb,
i BCTAHOBWIM, LLO BMBpaHi MiHepanu i MiKpoenemeHTu
BUSIBMEHO Y BiAHOCHO MOCTINHUX KOHLIEHTPALisiX Y BCiX
npoaHanisoBaHnx 3paskax MMB, a BMICT XiMi4HMX ene-
MEHTIB He 3anexuTb Bi reorpadiyHOro posrallyBaHHsI
KOpMOBOI 0a3un Omkin i 3anuwaeTbesa cTabinbHNM 3aBas-
KM rOMeoCTaTUYHOMY peryrnoBaHHio [7].
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MopiBHANBLHUM aHani3 BMicTy maHraHy (Mn)
B MMB 6xin pisHnx nopig (NigBvAaiB) NpoTArom Tpae-
Hs1, YepBHs 1 NUNHSA. JocnimkeHHa nokasano, Lo BMICT
MaHraHy B MMB ©gxxin 4oTmpbox gocnigKyBaHux nopig
(nigBmAiB) 3MiHIOBABCS 3aNeXHO Bif CE30HY Ta reHoTUny
komax. BctaHoBMNEHO TakoX CTaTUCTUYHO AOCTOBIPHI Bif-
MIHHOCTI LIMX 3MiH. HarnBuULLmMIA BMICT MaHraHy crnocTtepira-
v B MMB, oTpumaHoMy y TpaBHi Bif KapnaTCbKoi Gmxonm
(Apis mellifera carpatica) (2,36 mr/kr) i KpaiHCbKOI BoKoNM
(Apis mellifera carnica) — (2,10 mr/kr). BuseneHo gocto-
BIPHO HWXYi NOKa3HWKM BMiCTY MaHraHy B MMB itanin-
cbkoil 6axxonu (Apis mellifera ligustica): pisHMUS 3HaYeHb
Mik Apis mellifera ligustica n Apis mellifera carnica ctaHo-
Buna P<0,05, a mix Apis mellifera ligustica n Apis mellifera
carpatica — P<0,001. lNoka3Huk BMicTy MaHraHy B MMB
yKpaiHCbKoi cTenoBoi 6mkonu (Apis mellifera sossimai)
(1,67 mr/kr) 6yB npomixkH1M, 6e3 AOCTOBIPHNX BigMiHHOC-
Tel Big iHWKMX rpyn. Y MMB, 3ibpaHomy B YepBHi, cTa-
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TUCTUYHO 3HAYYLLMX BiAMIHHOCTEN Y BMICTi MaHraHy Mixk
JocnimKkeHmM nopogamu (nigsuaamm) 6opxin He BusBne-
HO. BMicT MaHraHy Bru3HayeHo B Mexax 1,48-2,12 mr/kr,
LLIO BKa3ye Ha BiAHOCHY CTabiNbHICTb LibOro eneMeHTa
y cknagi MMB B nepiog akTMBHOI NPOOYKTUBHOCTI OpKin.
Y MMB B n1nHi HamBuLWMIA BMICT MaHraHy Gyro Busierie-
Ho 'y 6oxin Apis mellifera carpatica (1,22 mr/kr), a Han-
HWK4nn — y 6axin Apis mellifera sossimai (0,99 mr/kr).
BapTo 3ayBaxuTL, LLIO MM JOCNIANIM JOCTOBIPHE 3HIDKEH-
Hs1 BMiCTy MaHraHy B MMB 6oxin Apis mellifera sossimai,
MOpPIBHSIHO 3i 3paskamu Apis mellifera carpatica (P<0,05).
B iHLWMX rpynax OOCTOBIPHOI Pi3HML He criocTepiranocs.
BigMiHHOCTI y BMICTi MaHraHy Mk nopogamm MOXyTb
OyTV 3yMOBIEHi iXHIMW reHETUYHUMW OCOONMBOCTAMM.
CTabinbHiCTb MOKa3HUKIB Yy YEPBHI Ta MEBHE X 3HVKEHHS
B OKpEMMX MOpia Y NWMHI BKa3yloTb Ha POrib aAanTUBHKX
MeXaHi3MiB, CNpsiIMOBaHUX Ha 30epexXeHHs1 roMeocTasy
MiHepaniB y NpoayKTax CEKPETOPHUX 3arno3 6axin.
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Puc. 3win BmicTy MikpoenemeHTiB: Migi (Cu), MaHraHy (Mn), umHky (Zn),
ko6ankty (Co) i Hikento (Ni) y MMB, 3i6paHomy y TpasHi, YepBHi

Ta nunHi Big 6mkin nineuais Apis mellifera carpatica, A. mellifera carnica,
A. mellifera ligustica n A. mellifera sossimai

IMpumimka. * — P<0,05; ** — P<0,01; *** — P<0,001 — 0OCTOBIpHI pi3HWL
no A. mellifera carpatica; # — P<0,05; # — P<0,01; #* — P<0,001 —
[[OCTOBIpHI pisHMUi Ao A. mellifera camica; * — P<0,05; > — P<0,01,

»* — P<0,001 — pgocToBipHi pisHuui go 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 camnica,
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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Bopob6eup M. 1. BMiCT MiKpOEIEMEHTIB Y MOJIOULL MaTOYHOMY 6AXOIMHOMY Pi3HUX MOPIiA MEAOHOCHUX BAXIN 3a1eXHO Bia Micsus Biabopy

Bwmict uunky B MMB 6xin pisHux nopig (nineuais)
y OVHaMILl BECHAHO-NITHLOrO nepioAay. Y O6mkKin UyHK €
He3aMiHHMM MikpoeneMeHToM, Lo 6epe ydacTb y pyHK-
LjioHyBaHHI (hePMEHTATUBHUX CUCTEM, perynsuii iIMyHHOI
BIiOMOBIAi Ta cuHTESI GinkiB. BcTaHOBNEHO, LU0 BMICT LIMHKY
B MMB Omkin 4oTvpbOox AOCNimMKyBaHUX Nopig, (Niasvais)
OEMOHCTPYE CTaTUCTUYHO AOCTOBIPHI 3MiHMW, 3aMneXHO Bif
Yacy 3abopy 3paskiB i nopig (nigsuaie) 6mxin. Haveumwmmn
BMICT LIMHKY BusiBrieHo B MMB oTpumaHoMy y TpasHi Bif
6mkin Apis mellifera carpatica (27,49 mr/kr) n Apis mellifera
camica (27,67 mr/kr). Y MMB ykpaiHCbKoI CTenoBoi 6ako-
nm (Apis mellifera sossimai) BMICT UMHKy ByB JOCTOBIPHO
HWXKX4YMM, NOpiBHAHO 3 3paskamn MMBb Big, kapnaTcbKoi
ooxonu (Apis mellifera carpatica) (P<0,05) Ta kpaiHCbKOT
omxonm (Apis mellifera carnica) (P<0,01). Y MMB, otpu-
MaHOMY Y YepBHi, MakCMMarbHi NMOKA3HWKMA BMICTY LIMHKY
3adpikcyBanu B Apis mellifera carpatica (30,85 mr/kr), wo
[JOCTOBIPHO NepesuLLYBaB BMICT Lioro ernemeHta 8 MMb
6oxin Apis mellifera carnica (27,59 mr/xr; P<0,001), Apis
mellifera ligustica (24,59 wr/kr; P<0,05) n Apis mellifera sos-
simai (27,84 mr/kr; P<0,05). Y MMB otpumaHoMy B nnMHi,
crnocTepirany 30epeXxeHHs TeHAEHLi 3 BULLIMX MOKa3HUKIB
BMICTY UMHKY Y ©mxin Apis mellifera carpatica— 29,68 mr/kr,
nopieHsHO 3 Apis mellifera ligustica — 26,99 mr/kr i Apis
mellifera sossimai — 26,90 mr/kr, (P<0,05).

Bwmict ko6ansTy B MMB 64kin pisHMx nopig. Ko-
GanbT € OgHUM 3 KIKOYOBMX MIKpOEneMeHTIB, Wwo bepe
y4acTb y CUHTESI BiTamiHy B;, Ta perynsuji ocHoBHMX Gio-
XiMi4HMX npoueciB y 6axin. Ce3oHHa AMHaMika BMICTY
koGansry MMB Gmpxin 4oTMpbox AoCHimpKyBaHUX nopig, (nia-
BMAiB) AEMOHCTPYE AK MKMOPOAHI, TaK | CE30HHI KorMBaH-
Hs1 LUbOro MOKa3HWKa, Lo Mae KIovoBe GionorivyHe 1 npak-
TUYHE 3HaYeHHs1. BcTaHoBNEHO HaMBULLMIA BMICT kobBansTy
B MMB oTtpumaHomy y TpasHi Big 6axin Apis mellifera
camica — 0,52 Mr/Kr, LLIO JOCTOBIPHO NEPEBULLYE 3HAYEH-
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-
HWXKYMIA BMICT KOBankTy crnioctepiranu B Apis mellifera
sossimai (0,07 Mr/kr), WO € CTaTUCTUYHO 3HAYYLLOKO 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 pPiBEHb
kobanety B MMB Apis mellifera sossimai'y TpaBHi Moxe
ByTv NoB’szaHNMin 3 0COBNMBOCTAMM Nnopoau Ta cneumdi-
KO aganTauii 4o KniMaTU4HUX YMOB. Y YepBHi cnocTe-
piranu 3HWKeHHs 3aransHoro BMicTy kobansty B MMB
Maibke BCix nopia, okpim Apis mellifera ligustica, ne Bmict
kobanbry nigsumeca 4o 0,38 Mr/kr, LWo AOCTOBIPHO nepe-
BULLYE nokasHukn Apis mellifera carnica (0,23 mr/kr)
(P<0,05). BogHouac y Apis mellifera sossimai BmicT
kobansry B MMB craHoBuB 0,17 MI/KT, LLO CyTTEBO MEH-
e, NopiBHsIHO 3i 3paskamu MMB y 6oxxin Apis mellifera
carpatica (0,27 wmr/kr) (P<0,05). Takuih xapakTep 3MiH CBif-
YWTb NPO CUMBHWIA BMIMB CE30HHOIO YMHHUKA Ta MOXIN-
BY 3MiHy cKknagy nunkosoi 6asn. Y nunHi B Maro4HOMy
mMorouui 6mkin Apis mellifera carpatica BMICT kobanesry
nigeuwmeca oo 0,42 mr/kr, a B Apis mellifera ligustica, Ha-
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Bnaku, ameHLwmecs o 0,18 Mr/kr, LWo AeMOHCTpye A0CTO-
BipHY PI3HMLIO MiX NMokasHuKamu B umx nopig (P<0,05).
OTpumaHi pesynbsratin gocnigpkeHb MaTOMHOrO MOSoY-
Ka, 3i0paHoro B JNIUMHI, XapakTepuaytTbCs NMOCTYMNOBOK
cTabinisaLieto MiHepanbHOro cknaay, NpoTe BiAMIHHOCTI
MiXX nopogamMu 3anvLatTbCs CyTTEBUMMN.

Hikenb € ogH1M 3 MiKpOENEMEHTIB, KM MOXe Had-
XOOAMUTW A0 OpraHiaMy 6opkin 3 KOPMOBMX PeCypCiB, a Moro
BMicT y MMB yacTo posrnsagarotb Sk Mapkep MiHeparsHO-
ro 0BMiHy 1 €KOroriYHOro CTaHy TepuTopii. Pesynsratu Ha-
LLIOrO AOCHgKEHHS! NMOKa3yoTb BUPaXKEHY BapiaberbHICTb
BMICTY Hikento B MMB oTprmaHomy Big 64xkin 4oTupLox
JocnigpKysaHux nopia (nigsmais). Y TpaBHi Makcumarb-
HU BMICT Hikento ByB y 3paskax MMB 6opxin Apis mellifera
carpatica (1,04 mr/kr), Apis mellifera carnica (0,98 mr/kr)
Ta Apis mellifera sossimai (0,97 mr/kr). BogHodac y MMB
omxin Apis mellifera ligustica BMICT Hikento 6yB 3Ha4HO
Hx4um — 0,27 mr/kr, Wwo Byno AOCTOBIPHO BiAMiIHHMM
Big nokasHukiB 6okin iHwmx nopig (P<0,001). Otpymani
pesyrnsrat MOXyTb CBIOYMTU NMPO 3HWXKEHI MOTPeOM B Ha-
KOMWYEHHI Liboro enemeHTa y 6mkin Apis mellifera ligustica.
B otpumaHomy y yepsHi MMB Big3Ha4YeHo cyTTeBe 3HU-
XXEHHs1 BMICTY Hikento B Apis mellifera camica (0,21 mr/kr),
LLIO AOCTOBIPHO BiApPI3HANOCS K Bifd 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) 1 Apis mellifera sossimai
(0,48 mr/kr; P<0,001). MNokasnukn Apis mellifera carpatica
[OOCTOBIpHO nepesuLLyBanu aaxi Apis mellifera ligustica
(P<0,05) n Apis mellifera sossimai (P<0,001). BogHo4yac
BCTAHOBJIEHO BipPOTiAHY Pi3HULIKO MK LMK nopogamum (Mig-
suagamu) (P<0,05). Y MMB, oTprMaHoMy B NUMHi, BMICT
Hikento BUPIBHIOETBCA ANns GinbLocTi nopig (nigsvais),
npote B MMB 6mxin Apis mellifera ligustica BiH cTaHOBUB
0,98 mr/kr i 4OCTOBIPHO NepeBuLLYBaB NOKa3HWKN Apis
mellifera carpatica (0,71 mr/kr; P<0,05), Lo Moxe cBigunTH
MPO KOMMEHCATOPHE HaKOMMYEeHHs1 MiHepany Ha Tri Tenno-
Boro ctpecy. 3 iHworo 6oky, B MMB 6oxin Apis mellifera
sossimai BMICT Hikento (0,71 Mr/kr) 4OCTOBIPHO HYDKYUIA,
Hi>xk y MMB 6axin Apis mellifera ligustica (P<0,05).

IMig Yac npoBeaeHOro OOCHIMKEHHSI BUSIBNEHO SIK MK~
MOPOAHI, TaK i CE30HHI BIAMIHHOCTI Yy BMICTi OKpeMMX MIKpO-
enemMeHTiB Yy MMB 6mpkin 4otypbox OOCHimpKyBaHMX Mopig
(nigBMAiB), WO CBIAYMTb NPO CKINaaHWA XapakTep peryrnsuji
MiHeparnbHOro cKrnafy Liboro BionorivyHO aKTUBHOTO MPOAYK-
Ty. BusiBneHi BigMiHHOCTI, IMOBIPHO, 3yMOBIIEHI SIK reHeTUY-
HMMM OCOBNMMBOCTAIMM OKPEMMX Nopig, (MiaBraiB) Gopkin, Tak
i 3MiHaMK y BiopuTMax, NOB'A3aHUMM i3 CE30HHUMW 3MiHa-
MU KniMaTnyHKUX pakTopiB, priopncTMYHUM CKNagoM He-
KTapOHOCIB | AOCTYMHICTIO MIKPOENEMEHTIB Y Xap4oBii 6asi
BNpPOAOBX BereTauiiHoro nepiogy. Ockinbku BCi OCHiAH
rpynu yTpumyBanu B O4HAKOBMX YMOBaX, Ha OHAKOBI
Xap4ogili 6asi Ta 3a €ANHOro NPOTOKONY BiAbopy MaTo4Ho-
ro MOriodKa, BUsIBNeEHi B MiHEpansHOMYy cknagi MiKnopoaHi
BiMIHHOCTi MOXHa MOSACHUTY FEHETUYHUMK OCOBNMBOCTS-
My nopig. Kapnarceka 6mxona (Apis mellifera carpatica) —
abopvreHHa nopoda, aganTtoBaHa Ao MPCbKUX YMOB YKpa-
THCbKMX Kapnart. [1ns uiel nopoan xapaktepHa 3aaTHICTb
eheKTMBHO BUKOPUCTOBYBATW KOPOTKOTPMBAri Meao3oopm
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3 ripcbkux pocrvH. i reHeTuHiA oMz chopMoBaHMIA Mg,
BMNSIMBOM MPOXOSIOAHOTO KMiMaTy i OOMEXeHOro criekTpa
HEeKTapOHOCIB, LLIO MOITIO BMNIAMHYTU HA MeTabonivHi Luns-
XV CUHTE3Y 1 TPaHCMOPTY MIKPOENEMEHTIB Y MaTO4YHe MO-
no4KO. AHani3ytoum AaHi Hawmnx JochimKeHb, 6a4nMo, Lo
BMICT MikpoeriemeHTiB y MBM Big, 6okin ujei nopoam (nig-
BMAY) 3a3BMYal € HaBULLMM, i Lie BapTO B3ATM A0 yBaru
nig Yac Bubopy nopig Ansa yrpumanHs. bopxonu kpaiHcekol
nopoau (Apis mellifera carnica) Bigomi CBO€O BUCOKOHO
MPOJYKTUBHICTIO, AOOPOI0 3MMOCTIMKICTIO 1 paHHIM pO3BU-
TKOM ODKONMMHMX CiMen. FeHeTUYHO LS Mopoada XapakTe-
PU3YyETHCS aKTUBHUM BinkoBrM MeTaborniamMomMm, Lo MoXe
3ymOoBInoBaTH BinbLuy NoTpedy B TaKMX MiKpoenemMeHTax,
SK LIMHK, Miflb — KITKOHOBUX A1 CUHTE3Y BinkiB, hepMeHTiB
i FOPMOHIB, 30KpeMa Nif, Yac XMBIEHHS! MaTOYHKKa. ITanin-
cbka Omrona (Apis mellifera ligustica), sika AEMOHCTPYE BY-
COKMI piBeHb NPOAYKTMBHOCTI B YMOBaX JOBIOro Tensoro
CEe30HY, Ma€e TpyBanui nepios SNLIEKNaaky MaTku i CXuIrb-
HICTb 0O YTBOPEHHS BENUKUX ciMen. MopiBHAHO 3 iHLLIUMK
nopodamu (niaeugamu), it Metaboniam opieHToBaHMI Ha
BMCOKi TEMMUN CMHTE3Y BiONOrYHO aKTUBHMX PEHOBVH, LLIO
MOXe BrnmMBath Ha notpeby B doocdopi, MarHii, kanii Ta
Kanbujii 4nsg 3abesneyeHHst po3BUTKY nuumnHok. Mu gocni-
OVNK, LLIO B MaTto4HOMY MOIoML O@kin iTaniincbkoi nopoan
(Apis mellifera ligustica) € BOCUTL BUCOKMIA BMICT HATPito,
Migi 1 kanbLito. YkpaiHceka ctenoBa 6mkona (Apis mellifera
S0Ssimai) xapakTepuayeTbCsl MOMIPHUM PO3BUTKOM BOKO-
TIMHWX CiMEN, J0BPOIO BIPKMBAHICTIO B YMOBaX OOMEXEHMX
pecypciB i MiABULLEHOHO CTIKICTIO A0 KiMaTU4HKUX CTPECIB.
VIMoBipHO, Lii aganTaLji CyrnpoBOmMKYOTLCA CrieLmdiHHAMM
ocobnmBocTaAMM B 0OMiHi MiHepaniB, NOB’A3aHUMIN 3 eKO-
HOMHMM BUKOPUCTaHHSIM pecypciB Ta ecpekTrBHUM 30epe-
YKEHHSIM MaKpO- | MiKpoeneMeHTIB y BionoriYHmX piguHax,
BKITHO4YHO 3 MATOYHUM MOSTOYKOM.

OTmxe, BiOMIHHOCTI Y BMICTi TaKUX EMEMEHTIB, 5K LMHK,
Midb TOLLO, MOXYTb ByTW pesyrnsraTtom He fnuLLe 30BHiLL-
HIX CE30HHWX BMMMBIB, ane 1 mMmbLUMX BHYTPILUHEOBNAO-
BMX MEXaHi3MiB, L0 6a3ytoTbCs Ha reHETUYHO AETEPMIHO-
BaHUX 0COBNMBOCTSX MeTaboniamy, NoBeaiHKOBMX pucax,
a TakoX TPMBANOCTi N IHTEHCMBHOCTI Nepiofy rogyBaHHSA

nunHOK. MNMoganbLui AOCHIMKEHHS i3 3any4YeHHAM reHe-
TUYHOIO aHanizy MOXyTb MOMMMOUTU PO3YMIHHSI 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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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 camica), 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 camica, Apis mellifera ligustica, Apis mellifera sossimai
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Mertoto poboTtu Byro 3'sicyBaTy BNVB 3ro4oByBaHHS Minoco-
MaribHOro KOMMIIeKCy BiTaMiHIB 3 rTHOKOHaTOM LMHKY B yMOBaX Te-
nroeoro ctpecy (TC) Ha KOHUEHTPALLjt0 OKPEMMX TOPMOHIB i AKICTb
crepmm KHypiB. EkcnepyMeHT NpoBoannmv Ha AeB’ Ty KNiHIYHO 340-
POBUX KHypax-MrigHuKax BikoM 2—4 poku rnopig naHapac, meTpeH
i Aropok. MNpoBeaeHo Tpy eTanu OOCNIMKEHHS, KOXEH TPMBAricTo
30 gHiB, B sik1x BUOIp MaTtepiany Ta 1oro aHania 6ynm nogioHmm:
1) 3a HopmanbHKx Tennosmx ymoB (<23 °C); 2) 3a ymos TC (25—
30 °C); 3) 3a rogieni KOMMIIEKCHO NiNOCOMarnbHO 406aBKOH
B ymoBax TC (25-30 °C). Y TpeTbomMy eTani JocnigkeHb Ha GOOHi
TC BciM kHypam iHamBigyanbHO 0o kombikopmy Bnpogosx 30 aHiB
Aofjasanv kopmMoBy JobaBKy y hopMi inocomansHOI eMyrscii, 40
cKrnagy sikoi Bxogunu Bitaminm A, Ds, E, i C 3 rmokoHaToM LIMHKY
y A03i 2 Mn. HanpuKiHLi KOXHOTO eTany eKCriepumeHTy Yy nigao-
CniaHWX KHypIB BinOMpanv Nnpobu KpoBi. Y nna3smi KpoBi BU3Ha4anm
KOHLIEHTPALLit0 TECTOCTEPOHY, KOPTU3OITY Ta TUPOKCUHY iMyHodep-
MEHTHUM MeTogoM. [1icnsi 3aBepLUEHHSI KOXKHOTO eTany Y KHypiB
BioBupanu eskynsTy MaHyanbHUM MEeTOAOM ABiMi Ha TVXAEHb
yNpOJOBX ABOX TWKHIB. BU3Hayann napameTpu pyxnmBocTi Ta
MOPAOONOrito CTaTeBUX KIITUH, aKTUBHICTb CyNepOKCMOANCMYTasn
(COD), rmyrartioHnepokcuaasm (I'MO) Ta katanaan (KAT). BeTa-
HOBMEHO, WO nig Brnmeom TC y nna3mi KpoBi KHypiB 3pic piBeHb
koptusony (P<0,01) Ta TupokcuHy (P<0,05), BogHO4ac cyTTeBO
3HM3UNacs KoHueHTpauis Tectoctepory (P<0,05). HeratusHy
aito TC Ha cnepmartoreHes nigTeep4kye goctosipHe (P<0,001)
3HWKEHHS KOHLIEHTpaLii TECTOCTEPOHY Y nra3mi crnepmu. Momip-
HUI TC 3HWKYE 3aranbHy pPyXJIMBICTb CNEPMIIB KHYPIB-NMigHMKIB
(P<0,001) Ta aKTMBHICTb CTaTEBUX KMITUH 3 NPSMOSIHIMHO-MOCTY-
nansHum pyxom (MMNP) (P<0,01), yasidi nigBuLLye BiOCOTOK aere-
HepoBaHux cnepmiis (P<0,001). Mig snnneom TC cnocTepiratoTb
3HWKeHHs akTmeHocTi MT10 Ta KAT (P<0,001) y cniepmi KHypiB Ha
TNi He3Ha4Horo nigsuLLeHHs aktmeHocTi COL. lNicnsa 3roqoByBaH-
Hs1 ninocomanbHoi Ao6aBku 3a Aji TC KOHUEeHTpauis KopTu3ony
Ta TUPOKCUHY B KPOBI KHYpiB 3Ha4HO (P<0,05-0,01) 3HM3unu-
CS, piBEHb TECTOCTEPOHY B KPOBI Ta CnepMi KHypiB CyTTEBO 3piC
(P<0,05-0,001). Lie npu3seno o nokpaLleHHs pyxrMBOCTi cnep-
MiiB i TXHIX MOPONOriYHUX XapaKTEPUCTUK: LOCTOBIPHO 3pocna
3aranbHa pyxnusictb cnepmiis (P<0,01) Ta akTUBHICTb cnepmiiB
3 MNP (P<0,01) 3 ogHO4aCHUM 3MEHLLIEHHSIM BiiCOTKa AereHepo-
BaHuXx cnepwmiis (P<0,01). BogHoyac aktmeHicTe COL gocToBipHO
3Hm3unacs (P<0,01) 3 ogHOYacHUM MiABULLEHHSAM aKTUBHOCTI
MO (P<0,001) Ta KAT (P<0,001).

KnrouoBi cnosa: kHyp, cnepma, TC, kopmoBa ninocomarsHa
pobaBka, GioxiMiYHi napameTpu, TECTOCTEPOH, KOPTU30S
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Bctyn

3pocTtaHHA mobanbHOT TeMnepaTypuy CynpOBOLKYETb-
CH 3MiHaMM MOroAHMX YMOB, BHACTIOOK YOO 3pOCTae pUsyiK
Tennosoro ctpecy (TC) y cinbcbkorocnogapcbkmx Tea-
pvH [6]. TC BnnmBae Ha Garato GiororivH1x NpoLECiB B Op-
raHi3Mi TBApVH, siKi MPSIMO YM OMOCEPENKOBaHO BrinNMBaloTh
Ha po3mHoXeHH4 [37]. MNigsuweHa Temneparypa y cBuHap-
HWKY YaCTO HEraTMBHO BINIMBAE Ha OPraHi3aM CBMHOMATOK Ta
KHYPIB. Y NpaKTuL CBMHaPCTBa TBapUHW HYaCcTo CTpaxaaroTb
Big TC y niTHIM nepioa, O CYNPOBOMKYETLCA 3HDKEHHSIM
TXHBOI MPOAYKTMBHOCTI Ta PENPOAYKTUBHOI 30aTHOCTI. Y Lito
rapsdy nopy POKy MOrpLUYETLCS SKICTb eSKYNATIB Y KHypIB,
30KpemMa oyHKLiOHarNbHa aKTUBHICTb CTAaTeBUX KINITWH [6, 5].
Lle noB’d3aHo 3 TUM, LLIO KHypY OCOBINMBO CXMIbHI 4O Brin-
By TC [11], ockinbku NOToBMAINbHA 30aTHICTL CBUHEV 0BMe-
»eHa [30, 10], a kKanunTka aHaTOMIYHO pO3TaLLoBaHa Orinab-
Ko 0 Tina, Wo obmexye ii 3gaTHicTb oxonomkysatucs [20].

Cnepwmii kHypiB € OCOGNMMBO YyTIIMBUMM 0O OKCUOATMB-
HMX YLLIKOKEHb Yepes NPUCYTHICTb HAAMULLIKOBOI KiNbKOCTI
MONIHEHACUYEHNX XXNPHMX KUCMOT Y NrasmaTuyHii Memo-
paHi, Lo pobuTb iX BpasnmByMm A0 NEPEKUCHOMO OKUCHEH-
HA NiNigiB, NPU3BOOSAYN A0 3HWKEHHS MNAacTUYHOCTI MEMO-
paHu criepMmist i 3SMEHLLIEHHS PyXIMBOCTI MOro XBOCTUKA [23].
Y 38'a3ky 3 umm, TC npu3BoguTb 40 OKCUOATUBHOTO MOLLIKO-
OXKeHHs cnepMiiB KHypiB [34].

Bigomo, o koHTponb penpogykuii y camuis Biabysa-
€TbCA 3a JONOMOroH0 rinoTanamMo-rinodisapHo-roHagHol
oci (I'TT) [43]. QocnigxeHHAMM BCTaHOBMNEHO, o TC 3Mi-
HIOE aKTUBHICTb oci I'TT, Wwo Npu3BoanTb 40 NOPYLUEHHS
cnepmartoreHesy Ta 3HWKEHHS (pepTUNbLHOCTI, 30Kpema
nopyLUye CTepoigoreHes KnitmHamu Jlengira Ta cekpeLito
TecTocTepoHy [35, 19, 24].

[ns 3MEeHLLEHHSI HEraTMBHOIO BMSIMBY TEMSIOBOrO
CTpecy Ha OpraHi3aMm CBMHEeN BNPOAOBX OCTaHHIX POKiB
3anponoHOBaHO HM3KY 3aXO0AiB, Ski OXONSIOKTb 3aCTOCY-
BaHHS1 HOBMX TEXHOJTOMYHMX piLLeHb, KOpeKLii roaisni, 6io-
NOrYHO aKTUBHUX PEYOBUH [4, 22, 31]. [N NOM AKLLEHHS
TENMNoBOro CTPecy Yy KHypiB AOCHIAHWKA HanyacTille Bu-
KOpUCTOBYBanu KOPMoBi 06aBKU 3 aHTUOKCUAAHTHUMM
BracTMBoCcTAMU. Hanpuknag, B eKkcnepMmeHTax BUKO-
puctoByBanu BiTamiHu C, D, E, cnonyku ceneny, LIMHKY,
sIKi OKPEMO Ta B Pi3HUX KOMBIHALisSIX NO3UTUBHO BNMBa-
nn Ha pepTUNbHICTBL | SKICTb cnepmu [7, 28, 25, 9, 41].
lNpoTe oTpuMaHi pesynsTatv NPogeMOHCTpyBanu He-
OOHO3HaYHY fjto Ha SKICHI MOKa3HWUKW cnepMu KHypiB [26,
15, 33], Wwo Ha Tni pisHMX NPUYMH MOXe ByTH CrpUYnHEHe
0BMEXEHHSIM TPaHCMOPTY PEYOBUH Yepe3 MeMOpaHHWUIA
Bap’ep MixX KPOBOTOKOM i CiM SHUMU KaHanbuamu [27].

[ns 4acTKOBOro 3aMeHLEeHHS poni MeMmbpaHHOro
6ap’epy B IHcTuTyTi Bionorii TBapnH HAAH pospobunu
KOMMJIeKCHy NninocomarnbHy Ao6aBKy Anst CTUMyIsLii pe-
NPOAYKTUBHOI 34aTHOCTI GapaHiB 3 aHTUOKCMAAHTHUMM
BriactmBocTsiMM [38]. 3okpema, KOMMNIEKCHI AOCiMKEHHS
BCTAHOBWIIN MO3UTUBHUIA BNIIMB 3rof0BYBaHHA GapaHam
KOMMJIEKCHOI ninocomarnbHoi gobasku (BiTaminm A, D, E,
C Ta rnoKoHaT LIMHKY) Ha SKiCHI napamMeTpu cnepMu y pisHi
nepiogm ctateBoi akTUBHOCTI [39].
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Tomy mMeTol0 AocrnigKeHHst Byno 3’sacyBaTu BNuB
3rofoByBaHHS NiNOCOMArbHOMO KOMMIEKCY BiTaMiHIB 3 ITto-
KOHaTOM LIMHKY B YMOBaX TEMMOBOrO CTPECY Ha KOHLIEH-
TpaLito OKPeMMX FOPMOHIB i SIKICTb CNepMU KHYpIB.

MaTepianu Ta meToau

EkcnepumeHTn npoBoaunu snpoaosx 2024 p.
y J1bBiBCbKOMY HayKOBO-BUPOBHUYOMY LeHTpI «3axig-
nnempecypcu» (JlbBiBCcbka 061.) Ta IHCTUTYTI Gionorii
TBapuH HAAH.

Y NeBiecbkomy HBL, «3axignnempecypcn» 9 KniHiyHO
300pOBUX KHYPIB Mopig naHapac, MeTpeH Ta ApoK pos-
MICTWUIU B iHOMBIOYanbHUX KniTkax. MNepea noyaTkom exkc-
NepPUMEHTY NPOBENMU KNIHIYHUIA OrNSA KOXHOT TBapuHM
3 BM3HAYEHHAM TeMnepatypu Tina. Temnepatypy BusHa-
Yanu 6eskoHTakTHUM TepmomeTpom (N 38,0-39,5 °C).

MpoBegeHo Tpu eTanun AocnimKeHb, KOXeH Tpusanic-
1o 30 gib, B Akmx BUGIp MaTepiany Ta voro aHani3 6ynu
nogioHumu: 1) 3a HopMarnbeHMX TennoBmx ymos (<23 °C);
2) 3a ymoB TennoBoro ctpecy (25-30 °C); 3) 3a rogis-
ni KOMNMAEKCHOHO NinocomMansHo A06aBKOK B yMOBaXx
Tennosoro cTpecy (25-30 °C).

Opyrvi i TpeTi eTany ekcnepumeHTy NpoBOAUIIM
y rapsiyy nopy poky (4epBeHb-N1MneHb), KOru cnocTepi-
ranu nigsuiLeHy Temnepatypy (25-30 °C) Ta BonoricTb
(75—85 %). OcKinbKkn KHypiB yTPMMYyBamnu B HU3bKOMY
NPUMILLEHHI 3i cNabkoo BEHTUNAUIELD, L& CNPUYNHANO
nomipHuin TC y kHypiB. TemnepaTypy Ta BOSIOriCTb KOH-
TpOntoBanu TeEPMOrirpOMETPOM 3 BUSHAYEHHSIM CepeHiX
BEMYMH Ha KOXXHOMY eTani. Ha TpetboMy eTani gocni-
PKEHHS Ha TNi TENOBOrO CTPECy BCiM KHypaM BMNPOAOBX
30 gib iHamBiayanbHO 3rogoByBanu KOPMOBY J06aBKY
y BUMSAAi ninocoManeHOI eMynbCii, 0 cknay AKoi BXO-
avinu BitamiHn A, Ds, E, C Ta rmtokoHaT UmHKy, y A03i 2 Mr.

Onsa npurotyBaHHs 20 mn gobaBky BUKOPUCTOBYBASM
Taki iHrpegieHTn: 250 Tnc. MO BiTaminy A, 25 Tnc. MO Bi-
TamiHy D5, 250 mr Bitaminy E, 500 mr BiTamiHy C, a Takox
neuuTtuH i TBiH-20 Ta AeioHi3oBaHy Boay. Cymill 3millyBa-
N1 Ta QvcnepryBanu Ha yrsTpasByKOBOMY Aucnepraropi
Y3[H-1 3 yactoTtoto 22 k' BNpoaoBx 2—3 XB. A0 YTBO-
PEHHSI TOHKOT eMyrbCii (6e3 kpanenb Xupy).

B KiHLi KOXHOrO eTany ekcnepMMeHTy Y NiaaocnigHmMX
KHypIB Bigbupanu npobu kposi. [1icnsi 3aBepLUEHHST KOX-
HOro eTany y KHypiB Bigbvpanu eskynsatm MaHyanbHUM
METOAOM ABiYi Ha TMXAEHb YNPOAOBX ABOX TUXKHIB.

KoHLeHTpaLilo TECTOCTEPOHY, KOPTM30ITy Ta TUPOK-
CWMHY B NNia3mi KpOBi BM3Ha4anuM Metogom imyHodep-
MEHTHOrO aHanisy 3 BUKOpUCTaHHAM Habopis Big TOB
«JJABOPATOPIA TPAHYM» (YkpaiHa) Ta imyHodep-
MEHTHOrO aHanisaropa.

Yci npouenypw, onucaHi B Ui cTaTTi, Bignosiganu pe-
KOMeHaauisMm, BuknageHum y dvpextuei €C 2010/63/€C
oo ekcnepuMeHTiB Ha TBapuHax (http://ec.europa.eu/
environment/chemicals/lab_animals/legislation_en.htm)
Ta Bynu cxBaneHi eTM4HOI0 KoMicieto IHCTuTyTy Gionorii
TBapuH HAAH.
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AHarni3 crniepmu

PyxnuBicTb cnepmiiB BU3Ha4anu komm'toTepn3osa-
Hoto cuctemoro CASA (Computer Assisted Semen Anal-
ysis) 3 akTuByBaHHAM Moaynst Sperm Vision [44]. Okpim
3ararnbHoi, NPOrpecuBHOI (MPSIMONIHIMHO MNOCTYNaNbHUN
pyx, MNMP) pyxnuBocTi cnepmiiB, BU3Ha4Yanu BiACOTOK
cnepMiiB 3 UUTOMMA3MaTUYHMMKN KPanaMm Ta 4acTKy
JereHepoBaHuX (YLLKOMKEHMX, 3 MOPAdONOriYHUMK No-
PYLUEHHSIMMW) CTaTeBUX KNiTUH.

[nsi BU3HaYeHHS PiBHS aHTUOKCUOAHTHOTO 3aXMCTy
Y PO3BEAEHMX 3paskax CNepMmn BUMIpHOBanu akTUBHICTb
cynepokcugamcmytasm (COL), rmyTaTioHnepokcuaasm
('TO) Ta katanaan (KAT). AKTUBHICTb aHTUOKCUOAHT-
HMX EH3VMIB BU3Ha4anu 3a metogamu, onvcaHumm Bip-
Tom Ta Misinom [42].

3okpema, aktmBHicTb COLl BU3Ha4anu 3a KinbKicTo
HiTpodhopmaszaHy, yTBOPEHOro B peakLii M oeHasnH-
mMeTtacynbgartom Ta HAIH, B1ukopucToBytoumn Kaniopy-
BarnbHYy KpWBY, 41 SKOi BUKOPUCTOBYBaNN CTaHAapT-
HU posunH CO[, (Sigma, CLUA; C1345) Ta Bupaxanu
B MO/mr 6inka. NornnHaHHs 3paskiB BUMIPIOBanu Criek-
TpopoTOMETPMYHO B KioBETI (ToBLWMHA wapy 10 mm)
npu goBxuHi xBuni A=540 Hm (cnekTpodoToMeTp
JENWAY 6300, Kembpugxwup, Benuka bputaHis),
a aktueHicTe CO[] po3paxoByBanu B MO/mr Ginka.

AxTuneHicTb [T1O BM3Ha4anM 3a JONOMOIOK0 peakTuBy
Enmana (0,01 M posunH 5,5-auTiobic-2-HiTpobeH30MHOI
kmucnotn, Acros Organics, leenb, benbris); MNornMHaHHA
3paskiB BUMIptoBanu cnekTpogpoToMeTpUYHO B KIOBETI
(ToBLWMHA Wwapy 10 MM) Npy JOBXWUHI XBUMi A=412 HM.

AkTmBHicTb KAT Bn3Hayanu 3a metogom Kopontok
Ta cniBaBT. [21]. lMornnHaHHA 3paskiB BUMIptOBanu crnek-
TPOhOTOMETPUYHO B KioBETI (TOBLUMHA wapy 10 mm)
npu AoBxuHi xBuni A=410 HM. AktuBHicTb 'T10 Ta KAT
po3paxoByBanu 3a popmynoto a=n/V, ge a — akTumB-
HIiCTb hepMEHTY; N — KiNbKiCTb Mornen cybcTpary, LWo
NepeTBOPIOETLCS 3a OAUHMLEO Yacy; V — oB’eM peakulil;
Ta BUpaXkanu B MKMOJb/XB X Mr Binka.

CmamucmuyHul aHani3

Yci oTpumaHi LMdpoBi AaHi aHanisyBanu 3a Aono-
MOroOK KOMM'OTEPHOI Nporpamu Statistica 3 BUKopuc-
TaHHAM MeToAy BapiaLiHOi CTaTUCTUKM Ta nporpamm
Excel 3 naketis nocnyr Microsoft Office 2007 Ta 2010.
PisHuui MiXk rpynamu Beaxanu cTaTUCTUYHO OOCTOBIp-
HumK npu P<0,05.

PesynbraTtu

BcraHoBsneHo, o 3a Brnnusy TC KOHUEHTpaLjis kop-
TU30ITy Ta TUPOKCUHY B MNila3Mi KpOBi KHYpIB 30iMbLUMINCD
Ha 45,86 % (P<0,01) Ta 15,47 % (P<0,05) BignosigHo, no-
PIBHSIHO 3 BEMMYMHAMU 3HAYE€Hb MOKA3HMKIB 32 HOpMarib-
HUX TemnepaTypHux ymoB (Tabn. 1). IMicna 3rogoByBaHHsA
KHypaMm KOMMIEKCHOI ninocomanbHoi gobaeku 3a TC pi-
BEHb KOPTM30/Y Ta TMPOKCUHY B Nia3mi KpOBi 3HWM3MBCSA
Ha 20,79 % (P<0,05) Ta 15,82 % (P<0,01) BignosigHo.
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MpoTunexHi 3aMiHW BCTaHOBMNEHI 3a AOCNIAXEHHS
KOHLIEHTpaLii TECTOCTEPOHY Y NnasMi KpoBi Ta criepmu.
3okpema, TC cnpuunHMB 3HMKEHHSA BEMUYNH 3HAYEHb
Ha 21,71 % (P<0,05) Ta 52,23 % (P<0,001) BignosigHo.
Micnsa 3rogoByBaHHA kKHypaMm BiTaMiHiB A, Ds, E, C Ta rmio-
KOHaTy LMHKY y hopMi finocomMarnbHOi eMyrnbCii B yMOBaxX
TC KoHUeHTpaLil TECTOCTEPOHY B Mria3mi KpoBi Ta criep-
Mu 3pocnm Ha 31,68 % (P<0,05) Tay 2,05 pasa (P<0,001)
BigMoBigHO.

3a BnnuBy TC dAKiCHi NOKa3HWNKM eAKyNATIB KHYpiB
3Ha4HO 3HM3UNMcA. 30Kpema, 3ararnibHa pyXxJMBiCTb
cnepMiiB (fotal motility) kHypis 3a aii TC 3HM3nnacsa Ha
15,89 % (P<0,001) Ta aktmBHicTb cnepmiis 3 INMI1P (pro-
gressive motility) — Ha 14,15 % (P<0,01; Tabn. 2).

MogibHo, nomipHn TC npmr3BiB A0 30iNbLUEHHS MOp-
POMOrivYHNX YLLKOMXKEHb CNEpPMIiB: BIACOTOK AereHepo-
BaHMX CTaTeBMX KNiTUH 3pic y 2,04 pasa (P<0,001) Ha
TNi 3HWKEHHS YacTKK CnepMiiB 3 LMTonnasmaTM4HUMm
kpannamu Ha 30,56 %.

3a BNnmBy 3rogoByBaHHS KOMMMEKCHOT Ninocomarnbs-
HOi AobaBkn B ymoBax TC 3Ha4HO MOKPALLMIMCA NoKas-
HVKW PyXITMBOCTi Ta Mopdbororii cnepmiis. 3okpema, 3a-
ranbHa pyxn1BiCTb criepmiis 3pocna Ha 12,13 % (P<0,01)
Ta aKkTuBHicTb criepmiis 3 MNP —Ha 9,2 % (P<0,01). Boa-
HOYac, BiACOTOK ereHepoBaHyX CrnepmiiB Micns 3roaosy-
BaHHSA ninocomanbHoi gobasku nig yac TC aMmeHLmMBCS
Ha 33,64 % (P<0,01) Ha Tni 3pOCTaHHs YaCTKM cTaTeBux
KNiTWMH 3 uMTOoNNa3MaTMYHUMK Kpannsmm Ha 42,61 %.

AKTUBHICTb €H3UMIB aHTUOKCUAAHTHOrO 3aXUCTy
y cnepMi kHypiB 3a Bnnuy TC 3Ha4yHO 3MiHUNMcs. 3o-
Kpema, aktmeHicTb 10 i KAT 3HmM3mnacsa Ha 35,54 %
(P<0,001) Ta 17,84 % (P<0,001) BignosigHO Ha Tri He3HaY-
Horo 3pocTaHHs aktuBHocTi CO[] Ha 6,54 % (Tabn. 3).

Micns 3rogoByBaHHA KOMMMEKCHOI NinoOCOMansHoi
000aBKM aKTUBHICTb EH3UMIB 3MIHWUITAcs y NPOTUNEXHWI
6ik — akTuBHicTb CO[l 3HM3mnacsa Ha 8,74 % (P<0,01),
Toai sk akTuHicTb MO i KAT 3pocnu Ha 55,54 %
(P<0,001) Ta 32,96 % (P<0,001) BignosigHo.

O6roBopeHHs

Y cyyacHOMY CBMHAPCTBi BaXXNMBOK YMOBOO BU-
COKOi e(peKTUBHOCTI € HasiBHICTb JOCTaTHbOI KiNbKOCTI
SAKICHOT CnepMu KHYpiB ANS WTYYHOrO OCIMEHIHHA
CBMHOMAaTOK. EkcnepumeHTanbHo aosefeHo, wo TC sk
OAVH i3 aHTMOKCUAALIMHMX CTPECIB BMSMBAE Ha piBEHb
FOPMOHIB B opraHiami ceuHen [12]. Ockinbku rinotana-
Mo-rinocpizapHo-roHagHa BiCb — Lie CKnagHa mepexa
FOPMOHIB, SIKi KOHTPOMNIOOTb Ta PEryniolTb PenpoaykK-
Ljlo, BOHa 3a3Ha€ 3MiH 3a Pi3HUX CTPECOBUX YNHHUKIB
[43]. Bokpema, ekcnepuMeHTanbHO NioTBEPOKEHO, LLO
TpuBanun (BNpodoBX Tpbox TWkHIB) TC nigBuLLye pi-
BEHb KOPTWU30MY Y nnasMi KpoBi KHypUiB Ha Bigroaisni.
AHanoriyHo y Halwomy ekcnepumeHTi 3a Bnnmey TC
poctosipHo (P<0,01) 3pic piBeHb KOpPTU30MY Yy Nnasmi
KpOBIi KHypiB Ha OOHI NiABULLIEHHS KOHLEHTpauii TMpOK-
cuny (P<0,05).
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Tabnuus 1. KoHueHTpaLis oKpemyx ropMOHIB y Mniasmi KPoBi Ta cnepmu KHypiB MiCNns 3ro4oBYBaHHSA KOMMNIIEKCHOI NinocomarnbHoi 4obaBku
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)

Micnsa 3arogoByBaHHA
KOMMIeKCHOT JobaBku
After feeding
a complex supplement

3a TennoBoro cTpecy
Under heat stress
conditions

3a HopMarnbHoi
Temnepartypu
At normal temperature

MokasHuk
Parameter

KopTunson, Hmonb/n / Cortisol, nmol/l 95,70+4,54 139,59+8,27° 110,57+4,04*
TupokcuH, HMonb/n / Thyroxine,nmol/| 56,01+£2,76 64,68+1,652 54,44+1,77*

TecTtocTepoH y nnasmi KpoBi, Hr/mn 11,470,93 8,98+0,52 11,82+1,06*

Testosterone in blood plasma, ng/ml

TecToCTepoH y nnasmi cnepmu, Hr/mn 3.2340.10 1,54+0,12¢ 31740224

Testosterone in semen plasma, ng/ml

lMpumimka. Y uin i HacTynHKx Tabnuusix: * — P<0,05, ** — P<0,01, *** — P<0,001 — [OCTOBIpHa Pi3HMLsI MK AOCTAHMMM Ta KOHTPOMBbHO rpynamu;
a— P<0,05, > — P<0,01, c— P<0,001 gocToBipHa pi3H1LISI Mi>X KOHTPOIBbHOIO rPYMOI0 32 HOPMaribHOI TemnepaTtypu Ta 3a YMOB TENf0BOro 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 Mopdoriorisi cnepmiiB KHypiB Micrsi 3ro4oBYBaHHS KOMIMMEKCHOI NinocomarnbHoi obaBku
B YMOBax Tennosoro 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)

Micnsa sarogoByBaHHSA

3a HopmarnbHoi 3a TennoBoro cTpecy

INokasHuk KOMMeKCcHoi nobaBku
Temneparypu Under heat stress )
FEIETIELDT At normal temperature conditions AL R
a complex supplement
3aranbHa pyxnueicTb / Total motility, % 86,70+2,06 72,92+1,92¢ 81,77+1,68**
MrP* / Progressive motility, % 77,50+2,28 66,53+2,13° 72,66+1,65**
o
Cnepwmii 3 LMTONNa3MaT4HIMM KpaI'IJ'IﬂMOI/I, % 9.20+0,81 6.39+1,09 9.11+1,06
Spermatozoa with cytoplasmic droplets, %
i iT O

AETCIEPREETCE T, 13,28+2,06 27,08+1,92° 18,23+1,82*

Degenerated spermatozoa, %

lMpumimka. * — NpAMONIHINHO NOCTynanbHWA (NPOrPECUBHWI) PyX.
Note. * — rectilinearly progressive movement.

Tabnuus 3. AKTUBHICTb €H31MIB aHTMOKCUAAHTHOIO 3aXUCTY Y CnepMi KHypiB Micns 3rogoByBaHHS KOMMNIEKCHOI ninocomanbHoi obaBku
B YyMOBax Tennosoro ctpecy (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)

[Micns 3rogoByBaHHSA

3a HopMarnbHoi 3a TennoBoro cTpecy

Moka3Huk KOMMNIieKcHoi fobaBkm
P Temnepartypu Under he_a_\t stress After feeding
At normal temperature conditions
a complex supplement
COofA, MO/wmr 6inka / SOD, IU/mg protein 7,53+0,25 8,02+0,27 7,32+0,23**
MO, mmonb/xB * Mr Binka / GPX, umol/min x mg protein 0,25+0,02 0,16+0,01¢ 0,25+0,02***
KAT, Mmmonb/xB x Mr Ginka / AT, umol/min x mg protein 1,56+0,09 1,28+0,04¢ 1,71+0,12***

OpHak TC cnpuyrHMB OOCTOBIPHE 3HMKEHHS KOH-
LieHTpaLlii TECTOCTEPOHY y nna3mi KpoBi kHypiB (P<0,05),
LLIO Y3romKyeTbCA 3 AaHMMM iHLIMX BYEHMX. 30Kpema, Ha
OYMKY OKpeMux AocnigHukiB, nicnst TC 3HMKYETbCS Kinb-
KiCTb €H3UMIB, HeODOXigHMX Ans GIOCMHTE3Y TECTOCTEPOHY
[19, 24, 3, 36], Wo B NiaCYMKy NPU3BOAUTE 0 3HWKEHHSI
piBHS TECTOCTEPOHY [24, 29, 36].

Bbarato gocnigHuKiB BU3Ha4atoTb piBEHb TECTOCTE-
pOHY nuLle B Nnasmi Kposi. Xoya piBeHb TECTOCTEPOHY

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

B CiM'SHUKaX, € BiaOyBaETLCA CriepMaToreHes, Haassuyan-
HO BaXKINMBWI, NPOTE PiaKO BUMIPIOETHCS, OCKIMNbKM Lie BaXKKO
MPOBECTM Y XMBUX TBapWH. BogHo4ac BcTaHoBMNEHO, Lo TC
MPU3BOAUTL [0 3HYDKEHHSI PIBHSI TECTOCTEPOHY B CM SIHUKaX
[31]. Kpim Toro, nicnst TC B knituHax Jlefaira cnocTepiratotb
BiOKNaaeHHs1 ninigis, Wo ceigynTb Npo Brnme TC Ha CUMHTE3
TecTocTepoHy [1, 8]. | ue nigTBepOKEHO Y HALLIOMY eKcne-
pUMeHTI, Ae BcTaHoRMeHo AoctoBipHe (P<0,001) 3HMKeHHSs
KOHLIEHTpaLii TECTOCTEPOHY Y nna3mi criepmu 3a gii TC.
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Oxkpewmi B4eHi BcTaHOBWMM, Lo TC HeraTMBHO BNu-
Ba€E Ha penpoayKTMBHY 34aTHICTb KHYpIB, 30KpemMa Ha
KiNbKICHWIN Ta SKICHWN CKNa, eskynaTy, npyuyoMy HeraTue-
Ha [ist NPOSIBNAETHCA NLLE Yepes Kinbka AHIB abo TVXKHIB
nicna TC [37, 5, 31]. Lle nigTBepmkeHo y HaLLOMy ekcre-
PUMEHTI, A& BCTAHOBMEHO JOCTOBIPHE 3HWKEHHS 3arasb-
HOI pyxnuBOCTi cnepmiiB kHypiB-nnigHukis (P<0,001) Ta
aKkTMBHOCTI cTateBmx knituH 3 MNP (P<0,01) nig Bnnu-
BoM nomipHoro TC. [locniaHuku cnoctepiranu, wo TC
NocrnigoBHO NPU3BOAMUTL 00 3HUXKEHHA PYXMMBOCTI Ta
Mopdponorii cnepmiis [16, 31], a TakOXX 3MEHLLEHHS Kifnb-
KOCTi cTaTeBuX KMiTUH 3 (PYHKLOHAMNBEHUMM MITOXOHAPISAMM
Ta 3 HEYLUKOMKEHMI MIiasMaTu4HUMm MembpaHamu [45].
Mwu Texx BcTaHOBMK, LLO 3a BNnMBY nomipHoro TC siaco-
TOK JEreHepOoBaHMX CTaTeBUX KIITWH 3pic yagivi (P<0,001)
Ha TNi 3HWKEHHS YacTKu CnepMiiB 3 LiMTonnasmaTuyHMMm
kpannamu Ha 30,56 %, o BKasye Ha 36inbLUeHHS MOp-
GPONOriYHNX YLIKOMKEHb CNEPMIIB.

Bigomo, o y cnepMi yHKUiOHYye edheKkTUBHA eH3u-
MaTMYHa flaHKa CUCTEMU aHTUOKCUAAHTHOIO 3aXMUCTY,
siKa PyNHYE HaANMLLIOK YTBOPEHWX akTuBHNX oopm Okcu-
reHy 1 TMM CaMuUM MoKpaLLye skicTb cnepmm. OCHOBHUMM
€H3MMaMn aHTMoKcuaaHTHoro 3axucty € CO[, IO Ta
KAT [40]. Y Haliomy ekcriepuMeHTi BCTAHOBINEHO 3HaYHe
(P<0,001) 3HwkeHHs aktusHoCTi [T10 Ta KAT y cnepmi
KHYpIB Ha TIli HE3HA4YHOrO NiABULLIEHHS akTMBHOCTI COL
3a snnusy TC.

OpHum 3i cnocobiB nogonatk HeratmBHUA BRnues TC
Ha NneMiHHNX KHYPIB € KOpUryBaHHS ix rofisni: JogaBaH-
HA 0O pauioHiB GiONOriYHO aKTUBHNX PEYOBMH, 30aTHUX
noKpawmTK SKiCTb cnepmu [4]. BpaxoBytouu Lie Ta cnvpa-
IouMChb Ha nonepeaHi gocnimkeHHs [13], B IHCTUTyTI Gio-
norii TBapmH HAAH cTBopunm kopmoBy fobaBky, 4o ckra-
[y AKoi BXoaaTh BitaMiHu A, D, E, C Ta rmtokoHaT uuHKy
y dhopmi ninocomansHOI eMynbCil Ans NponoHravii Agii.

[PYHTYIOMMCB Ha YNCTIEHHUX MITEPATYPHUX JaHUX,
SKi CBigYaTb NPO MNO3UTUBHMIA BNSAIMB OKPEMUX BiTaMiHIB
Ta MIKPOENEMEHTIB gK OKpeMO, TakK i B PisHUX KOMGiHa-
uisix [17, 26, 32, 2, 18], a Takox BpaxoBytoum Te, Wwo TC
Ma€ BCi O3HaKM OKCUOATMBHOIO cTpecy [34], M BBENK
aHTUOKCUOaHTK (BiTaMiHW) Ta akTMBATOP YOSOBIYOI
depTUNbLHOCTI (LWHK) 4O CKnagy KOMMNMeKCHOoI nino-
comarnbHoi AobaBKu.

JocnigpxeHHs BNnUBY 3ro40BYBaHHSA MiNOCOMarnbHOT
nobasku 3a gji TC Ha ropMoHanbHUM POH BCTAHOBU-
no, WO KOHUEHTpaLil KOpTU30ry Ta TUPOKCUHY B KPOBI
KHypiB 3Ha4HO (P<0,05-0,01) 3HM3nnucs, Toai SK piBHi
TECTOCTEPOHY B KPOBi Ta CMepMi KHypiB CyTTEBO 3pOCI U
(P<0,05-0,001). BctaHOBNEHi 3MiHN KOHLEHTpAaL rop-
MOHIB XxapakTepuayBanv nokKpalleHHs pyXIIMBOCTI cnep-
MIiB i iXHbOI Mopdoororii. 3okpeMa, nicna goaasaHHA a0
paLioHy KHypiB-MnigHMKIB BiTamiHiB A, Ds, E, C 3 rmtoko-
HaTOM UMHKY Y dopMi NninocoMansHoi emMynecii nig vac
TC pocToBipHO 3pocnu 3aranbHa pyxnueicTb (P<0,01)
Ta akTuBHicTb cnepwmiis 3 MNP (P<0,01) 3 ogHoyacHUM
3MEHLLIEHHSAIM BifCOTKa AereHepoBaHux criepmiis (P<0,01)
Ha POHi HEQOCTOBIPHOIO 3POCTaHHS YacTKU CTaTEBUX
KNiTMH 3 UUTONNAasMaTUYHMMM Kpanisimu.
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BcTaHoBneHo, Wo nicns KopuryBaHHS BiTaMiHHOIO
3abesneyvyeHHs opraHiaMmy nremiHHUX KHypiB Bigoy-
BalOTbCHA 3MiHN NPOOKCUAAHTHO-aHTUOKCUOAHTHOIO
romeocTasy [40]. Takox [OBEAEHO HasBHICTb y cnepmi
€H3UMAaTUYHOI NaHKN CUCTEMU aHTUOKCUAAHTHOTO 3axumc-
Ty, SIka NepPeTBOPHOE HAAMULLOK akTUBHWUX dhopm Okcure-
HY i, TAKUM YMHOM, MIABMLLIYE SKICTb CMEepMiiB. Y HalLomy
€KCNEPUMEHTI Micrsa 3rogoByBaHHs BiTamiHiB A, D, E, C
Ta [MHOKOHATY LUWHKY Y BUrNSAAI NiNOCOMHOI eMynbCii ak-
TuBHicTb CO[ poctosipHO 3HM3unacs (P<0,01) 3 ogHo-
YacHuM nigsuLLeHHAM aktmeHocTi IT10 (P<0,001) Ta KAT
(P<0,001). Lie moxe Bka3yBaTh Ha BUCOKUI piBEHb aHTK-
OKCMOAHTHOIO 3aXMCTY B CNepPMi i NiABULLEHIN CTINKOCTI
Ta AKOCTi CnepmiiB KHypiB.

Taknm YnMHOM, 3rogoBYyBaHHSA KHypam nig vac TC Bi-
TamiHiB A, D3, E i C 3 rntokoHaToM UMHKY y cknagi ninoco-
MarbHOI eMyribCil MPOSIBIAE KOMIMIEKCHY Ait0, 3MEHLLYE
NpOsiBU OKCUMAATUBHOIO CTPEeCy Ta akTuBye hepTurib-
HICTb KHypIB, WO A03BONse Hopmanidysatv Bnnmes TC
Ha CUHTE3 TECTOCTEPOHY i OTPUMATU 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

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

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

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, D5, 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 gocnimkeHHs Byno ouiHUTK BNNB iHAaKTMBOBaHNX
rnyTaTioHoBUX Apixaxis «EnzActive Protein» Ha guHamiky xu-
BOI Macu, cepeaHboa000Bi NPMPOCTY Ta KOHBEPCIHO KOpMY nepe-
neniB M’siCO-A€4HOTro Hanpsimy nopoav MaHBKypCbka B yMOBaxX
NPOMUCIIOBOro BupoLllyBaHHs. [locnig npoBegeHo Ha TPbOX
rpynax nepenenis, copMoBaHNX 3a NPUHLIMMNOM aHanoris no
15 roniB y KOXHili: KOHTpOsbHa (OCHOBHUIA pauioH), gocnigHa 1
(OP + 0,3 kr/T «<EnzActive Protein»), nocnigHa 2 (OP + 0,5 kr/T).
MMTaxm oTpumyBanu BigNoBiaHI pauioHn 3 20-i Bobu XxnTTa Ao
47-i pobw. LLoTKHEBO peeCTpyBanu XuBy Macy, po3paxoByBa-
nn abcontoTHI Ta cepeaHbOa000BI NPUPOCTU, a TaKOXK KOHBEP-
Cito KOpMY 3a nepiogamn. BctaHOBMEHO, LLIO 3rooByBaHHS iHaK-
TUBOBAHWX TyTaTIOHOBUX APPKIXKIB HE CMPUYNHAIO HEeraTUBHMX
NposiBIiB | CyNnpOBOAXKYBaNocs CyTTEBUM NigBULLEHHSM POCTOBOT
aKTUBHOCTI. Yke Ha 27-My noby Maca Tina nepenenis gocnia-
HWX rpyn nepesuLLyBana KoHTporb Ha 6,9-10,6 %, a Ha 34-Ty
Ta 47-my no6y pi3HuUs 3pocTana signosigHo o 18,6—25,2 %
i 23,6-39,8 % (P<0,001). CepeaHboa060Bi IPMPOCTY BIPOOOBX
ycboro gocnigy 6ynm crabinsHo suwwmmn y 1 1a 12, npuiomy
B nikoBun nepiog pocty (27—34 goba) BOHW nepesBuLyBanu
KOHTpOnb Maixe BABiYi. KoHBepcia kopmy 3a okpeMmMu nepi-
opamum nokpatlysanacsi Ha 8—24 %, a 3a nigcymkom 2047 gi6
BUTPAaTU KOPMY Ha 1 Kr NpyMpocTy Oynu HWKYMMK Y JOCHIOHNX
rpynax, ocobnueo 3a gosu 0,5 kr/T. OTpumaHi pesynsratu cBig-
YaTb NPO BUPaXXEHNN J0303aNEXHNN NPOAYKTUBHUI ePEKT
«EnzActive Protein» Ta ekOHOMIYHY AOUINBHICTE NOro BUKO-
pUCTaHHSI B rOAiBIi nepeneniB M’ ACO-A€4YHOro Hanpsimy.

Knro4yoBi cnoBa: nepeninku, rmyTaTioHoBi Apixaxi, «Enz-
Active Protein», »xuBa maca, cepeaHb0a0060BMI NPUPICT, KOHBEP-
Cist KOpMY, MPOAYKTUBHICTb POCTY

Bctyn

MigBULLIEHHA NPOOYKTUBHOCTI Nepenenis CbOroaHi
po3rnagalTb He NuLe K 3aBAaHHs iHTeHcudikauii
nTaxiBHULUTBA, ane 1 ik HeobXiAHICTb NiATPMMaHHS
BMCOKOrO piBHA GionoriyHoi 6e3nekun Ta BigMOBY Bif
aHTubakTepianbHUX CTUMYNATOpPIB pocTy. 3abopoHa
BMKOPUCTaHHS aHTMBioTUKIB y BinbLiocTi kpaiH €C Ta
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NnocTynoBe 0bMeEXEHHS iX 3aCTOCyBaHHA B YKpaiHi CTu-
MYFtoBanu akTUBHUIA NOLLYK NPUPOOHNX anbTepHaTUB,
3p0aTHUX cTabinisyBatn metaboniyHui cTaH nTuui, no-
CUNIOBAaTK 1 CTINKICTb 40 CTPECOBUX YNHHUKIB | BOOHO-
yac 3abesnevyBath cTabinbHUR picT [9].

Mpobnema okcMaaTBHOIO CTPECY B CyHacHOMY
nTaxiBHULTBI nocigae ocobnmee micue. Mtuus apibHux
BMiB, 30KpemMa rnepenenu, Mae BUCOKUA TeMN MeTa-
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Goniamy n ocobnuey YyTNMBICTb OO AMcbanaHcy Mix
YTBOPEHHSAM aKTUBHUX (DOPM KUCHIO Ta MOXIUBICTIO
X HenTpanisauii. B Taknx ymoBax epekTUBHICTb aHTU-
OKCMAAHTHOrO 3aXMCTy NPSIMO BMMMBAE Ha iHTEHCUB-
HICTb POCTY Ta BUKOPUCTAHHS MOXMBHUX Pe4OBUH. [aHi
YKpaTHCbKMX OOCAIAHMKIB TaKOX MiAKPECNIOTb TiICHUN
B3AEMO3B'A30K MiXK aHTMOKCUOAHTHOK CMCTEMOIO Ta
NPOAYKTUBHICTIO MONOAHSKY nTuui [14, 15].

3a ocTaHHi poku 3pocTae iHTepec 00 APDKOKOBKX NPo-
OYKTiB 9K [kepena GionoriyHO akTUBHUX PEYHOBWH i3 BU-
PaXKEHNM aHTUOKCUAAHTHUM edPekToM. 30Kpema, iHaKTu-
BOBaHi ApiKDKi, 30aradeHi rmyTaTioHOM, po3rmsgatoThb siK
nepcnekTMBHY KOpMoBy [06aBKy, 34aTHY NigTpuMyBaTu
KNITUHHWIA pedokc-0anaHc, CNpUsiTu CUHTE3Y CTPYKTYp-
HUX BinkiB Ta NiaBULLYBaTK 3aCBOEHHSA HYTpieHTIB [10].
[MyTaTioH — Kro4YoBa Moriekyna BHYTPILLUHBOKNITUHHOT
OeTOoKCUKaLii — Bigirpae BaxnmBy porb Yy NigTpUMaHHi
MeTabOoMiYHOT aKTMBHOCTI, LLIO OCOONMBO aKTyarbHO Aris
nepiogy iHTEHCMBHOrO POCTY Nepenenis.

BogHouac, nonpu HasBHICTb YMCIEHHMX POBIT Woao
3aCTOCYBaHHSA APDKOAXOBUX NPOAYKTIB Yy rodieni NTuLi,
BMKOPUCTaHHS cCame MMyTaTiOHOBMX APKIDKIB y paLjioHax
nepenenis, 0COOMNMBO Yy NPAKTUYHMX YMOBaX YKPAiHCbKUX
rocnogapcTs, 3anuaeTbCsl He4OCTaTHLO BUBYEHUM.
HasBHi gocnimpkeHHs nepeBaXHO CTOCYIOTbCS Kypyar-
Bponnepis abo S€4HOI NPOOYKTUBHOCTI, TOAi SIK BNMAVB
uiei rpynyu go6aBoK Ha NOKa3HMKM POCTY Nepenenis
M’AICO-SIEHYHOrO HaNpPsAMy NpeacTaBneHun doparMeHTapHO
[5, 13, 2]. Tomy icHye o4eBMaHa NoTpeba B ekcriepuMeH-
TanbHil OLiHL e(heKTUBHOCTI iHAKTUBOBaHMX FNyTaTiOHO-
BUX OPiKOXKIB 32 YMOB pearlbHOro BUPOGHULTBA.

BpaxoBytoun BUCOKyY BionoriyHy akTUBHICTb ApiKmKO-
BUX MeTaboniTiB, IXHIO MOTEHLMHY 34aTHICTb NigcKnto-
BaTV aHTMOKCUAAHTHY BiAMNOBIAb i NPUPOAHY CYMICHICTb
i3 pauioHamu nepenenis, BUBYEHHS iX e(PEKTUBHOCTI
y NPaKkTUYHNX YMOBaxX NPOMMCIIOBOIO BMPOLLYBAHHS €
akTyarnbHUM i HaykoBo 0brpyHToBaHuMm. Came ToMy Me-
TOHO Liei poBoTK OyNo OLHUTY BNMMB Pi3HMX O03 iHAKTU-
BOBaHMWX rnyTaTtioHoBux apixaxie «EnzActive Protein»
Ha OUHaMIiKy XXMBOI Macu, cepeqHboa000Bi NPUpPOCTU Ta
KOHBEpCIto kopMy nepenenis nopoan MaHb4xXypcbka.

MaTepianu i meToau gocnigxKeHHsA

JocnigxeHHs NpoBedeHO B yMOBax NPOMMUCIOBOIO
komnnekcy «POIM XapuHa» y JbBiBChkin 0651, O6’ekTOM
AOCnigKeHHs cryrysany nepeneny M’sico-9€4HOro Ha-
npsamy nopoan MaHewkypcebka. [Ana gocnigxeHHs 6yno

Ta6nuus 1. Cxema gocnigy Ha TBapuHax

Ipynn/Groups N Xapaktep rogisni / Type of feeding

KoHTponbHa 15 OcHoBHuI pauioH (OP)

Control Basic diet

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

Experimental 2 Basic diet + 0.5 kg of “EnzActive Protein”
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chopMOBaHO TpW rpyn — KOHTporbHY (K), gocnigHy 1
(41), Ta gocnigHy 2 ([2) 3a npyHLMNOM aHanorie no
15 roniB y KOXHin (Tabn. 1). MNTrua mana BinNbHWI Jo-
CTyn 4O KOPMY Ta BOAM Ta CMoXMBara 0OgHaKoBUIA KOM-
GikopM, 36anaHcoBaHU 3a NOXUBHUMMK Ta BionoriyHo
aKTMBHMMM pedoBuHaMMU. |3 20-1 fobu xuTTa nepenenu
OTPUMYBanu NOBHOPALIOHHWIA KOMBIKOPM, SIKUA MICTVB
15 % pepTi KykypyassHoi, 40,35 % aepTi NWeHNYHOI,
30,0 % coesoi makyxu, 6,0 % COHSALLUHMKOBOIO LLPOTY,
3,0 % coHawHukosoi onii, 0,1 % nigkncntoaya, 0,5 %
abcopbeHTy MIKOTOKCUHIB i 5 % BiTaMiHHO-MiHepanbHO-
aMiHOKMCNOTHOrO npemikcy. [locnigHi rpynu 4ogaTtkoso
OTpMMYyBanu iHaKTMBOBAHI FMyTaTIOHOBI APKOXKIB, AKi
BXOAATb A0 cknafy nobasku «EnzActive Protein»: 1
otpumyeana 0,3 kr, a 12 — 0,5 kr Ha 1 TOHy KOMGi-
KOpMmy.

3MmiHy macu Tina i cepeaHboa0060BI NPMPOCTY Nepeni-
TNOK KOHTPOMNoBanu, 3Baxykoum ixX LWOTUXKHSA. OgHovacHo
obnikoByBanu hakTU4YHe CNOXUBAHHS KOPMY: LLOAEHHO
PEECTPYBanM KiflbKicTb BUOAHOMO KOMOIKOPMY, a Hanpu-
KiHLi KOXKHOTO TWXKHS BU3HaYanu CepeaHto BENUYUHY
noigaHHs, BpaxoBytouM 3anuLLKU B rogiBHULAX. Ha oCHOBI
LMX g4aHux obumcrioBany koediLieHT KOHBepCii KopMy —
TOOTO CMiBBIQHOLLEHHS MiXK KifTbKICTIO KOPMY, SKWIA CMo-
Xuna nTuus, i NpMpoCcToM Ti X1BOT Macu 3a BianoBia-
HWIA Nepiof. Takvi nigxig 403BONMB 06’ EKTUBHO OLLIHUTMK
e(eKTMBHICTb BUKOPUCTaHHS KOPMY 3a Pi3HMX BapiaHTiB
rofiBni.

«EnzActive Protein Powder» — iHakTUBHI ApiXaxi
Ha OCHOBI crevjianbHo nigidpaHoro wramy Saccharomy-
ces cerevisiae, AK1iA 3aBOsKU po3pobneHoOMy npoLiecy
chepmeHTaLil 30aTHUN NPUPOQHO HAKOMUYYBaTK rIyTaTi-
OH — O[INH i3 KIMTIOYOBUX aHTUOKCUAAHTIB, 30aTHUIN 3HU-
XKyBaTu Hacrigkn CTpecoBUX BMMBIB.

MmyTaTioHoBI ApiXAXi BiA3Ha4YalOTbCA BUCOKOKO
cTabinbHICTIO Ta yHiBEpCAnbHICTIO 3aCTOCYBaHHS, LLO
[03BOJISIE NErko iMNNeMeHTyBaTH ix y byab-aKi Tunu
KOpMiB — 51K KOMBIKOpMU, TaK i NPeMIKCU YN pyHKLIiO-
HanbHi JobaBkX. 3aBOsKK cnewjanbHilt TEXHOMOoriT BUro-
ToBneHHsa «EnzActive Protein Powder» € TepmocTivikum
NPOAYKTOM Ta He BTPaYaE CBOIX MOXMBHMX 1 BioNoriyHoO
aKTUBHMX BNacTUBOCTEN Nig Yac 30epiraHHs, TpaHcnop-
TYBaHHS Ta TEXHOIOTMYHNX NPOLECIB, SK-OT rpaHynaisa
abo ekcTpysisa. Y pekoMeHOOBaHWX JO3YBaHHSIX rMyTa-
TIOHOBI APKIKI NpUAaaTHI AN BCiX BUAIB NPOOYKTUBHUX
i AOMALLHIX TBAPUH Ta MOXYTb CIyryBaT O4ATKOBUM
OKepernom BMCOKOSIKICHOIO, Nerko3acBoBaHOro npo-
TeiHy, BiTamiHiB rpynu B, MikpoeneMeHTiB i 5ioakTUBHMX
KOMMOHEHTIB i3 BUP@XKEHUM aHTUOKCUAAHTHUM Ta iIMYHO-
MOZYIOYNM €JDEKTOM.

CratuctuyHe onpauoBaHHs pesynbrarTiB AoCnigKeHb
MPOBOAMNY 3 BUKOPUCTaHHAM OAHOaKTOPHOIo ancnep-
cinHoro aHanizy ANOVA 3 ypaxyBaHHsM nonpasku BoH-
deppoHi. [ins uporo BMKOpUcTaHo nporpamy StatPlus
(AnalystSoft Inc., USA). Pesynsratu npefctaBneHo gk
MeantSD (ctaHgapTHa noxubka). BiamiHHOCTI mix
rpyrnamm TBapyH BBaXKanmcs CTaTMCTUYHO JOCTOBIPHAMM
npu P<0.05.

bionozis meapuH, 2025, 1. 27, N4
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Pe3ynbratn gocnigkeHb

Ha nouatky gocnigy (20 goba) maca Tina nepene-
niB y BCiX TPbOX rpynax He Mana CTaTUCTUYHO AOCTO-
BipHMX BigMiHHOCTEN. Lle niaTBepaXye npaBunbHICTb
dopmyBaHHS rpyn 3a NPUHLUNOM aHanoriB i 4O3BOMSE
BBa)kaTu nogarnblUi 3MiHKM caMe pe3ynsraTtom BBy
KOpMOBOI f00aBKM.

YNpoaoBX HaCTyNHOrO TWXKHS PICT MOSTOAHSAKY No-
CTYMOBO MPUCKOPIOBABCS i BXe Ha 27 foby cnocTepira-
NV NepLwUi AOCTOBIpHI BigMiHHOCTI. Y rpyni 1 maca Tina
Oyna 6inbLuoto 3a KOHTPOnb Ha 6,9 % (P<0,05), Togi sk
y 12 —Ha 10,6 % (P<0,01). Lle cBigumTb Npo no3nTtus-
HWUA BNNUB IHAKTUBOBaHWX rNyTaTiOHOBUX APDKIXKIB Ha
meTaboniam nNTuui.

HansupasHilwa pisHUUS MiXK rpynamMmum npocTexysa-
nacsy nepiog pocty — Ha 34-y no0y. Y uew vyac y nepe-
nenie rpynu 1 maca Tina 6yna GinbLUoto 3a KOHTPOIb
Ha 18,6 %, a B rpyni 12 — Ha 25,2 % (P<0,001).

Ha 41-y poOy BigMIHHOCTI MiX rpyrnamm cTanm Lie Bu-
pasHiwmmu. Mtrua rpynn 1 nepesuLlyBana KOHTPOrb-
Hi 3HauyeHHs Ha 19,1 %, Toai sik y [12 nepesara gocarna
32,2 % (P<0,001). Baxxnueo, Lo came B Len nepiof
NpVpoaHa iIHTEHCUBHICTb POCTY MOYMHAE 3HMXKYBATUCS,
OfHaK 3a YMOB BUKOPUCTAHHS rMyTaTiOHOBUX APDKOKIB
TEMMNW NPUPOCTY 3anuianncs ctabinbHO BUCOKMMU.
Lle Bkasye Ha nigTpMMKy MeTaboniyHOi aKTMBHOCTI Ta
36epexeHHs1 YyTIMBOCTI OpraHi3My A0 HYTPIEHTIB HaBiTb
y CTapLiomy BiLi.

Y 3aBeplianbHui nNepioq BUPOLLYBaHHSA, Ha 47-y
000y, NO3NTUBHMI BNMB 40OaBKM NPOSIBUBCS HAMOINbLL
yiTko. Maca Tina nepenenie rpynu 11 6yna GinbLuoto
3a KOHTPOIb Ha 23,6 %, L0 AEMOHCTPYE MOCHiAOBHUNA
i pIBHOMIpHWIA €dPeKT NPOTATOM YCbOro eKCNepUMEHTY.
Y rpyni [12 pisHnusa gocarna 39,8 % (P<0,001), wo Bka-
3y€ Ha MakcumanbHy NPOAYKTMBHY BiANOBiAb 3a BU-
kKopuctaHHsa gosm 0,5 % i gossonsie posrnagat ii sk
HalepeKTMBHILIMIA piBEHb BBEAEHHS 40OABKM B paLlioH.

Takun xapakTep 3MiHM Macu Tina Bka3sye Ha no-
CTyMnoBe 3pOCTaHHA NPOAYKTMBHOI BiANOBIAi Ta BUCO-
Ky YyTnuBICTb Nepenenis OO rMyTaTiOHOBUX APPKOXIB
NPOTArOM YCbOro Nepioay iHTEHCUBHOIO POCTY.

ABCOnOTHI NPUPOCTK Macy Tina NoBHICTIO Bigobpa-
XarTb 3aKOHOMIPHOCTI, ONMCaHi B AMHaMIL| >XMBOi Macu
(Tabn. 3). Y nepumii nepiog (2027 goba) nepenenu rpy-
nm 01 nepesaxanu koHTponb Ha 30,4 %, a rpynn 2 —
Ha 47,8 % (P<0,05-0,01). PaHHe 36inbLUeHHs1 NpypoCTiB
CBIiguMTb NPO LWBMAKE 3any4YeHHsA OPiPKOYKOBMX KOMMO-
HEHTIB 40 0OMIHHMX NPOLIECIB Ta NOKPaLLEHHS! 30aTHOCTI
00 BUKOPUCTAHHSA MOXUBHUX PEYOBYH.

HanbinbLwi BigMiHHOCTI MiXX rpynamu cnocTtepiranu
y nepioa 27-34 [obw, LWo € NikoBUM A pocTy nepenenis.
TyT npupict A1 6yB BULLMM Ha 76,3 %, a 2 —Ha 97,4 %,
nopiBHsHO 3 koHTponem (P<0,001). Taka pisHuLA Bkasye
Ha BUCOKY YYTIIMBICTb MOJIOAHSKY A0 BionoriYyHo akTuB-
HUX OpbKIDKiB came Y dhasi MakCUMarbHOI IHTEHCUBHOCTI
CUHTe3y BinkoBMX TKaHWH. Y nepiog 34—41 nobwn, konm
NPUPOAHI TEMMU POCTY CMOBINbHIOKTLCSA, Y KOHTPO
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NpUpICT NPakTNYHO He 36inbysascs (0,010 kr), HaTo-
micTb y [11 BiH 6yB BuwwmM Ha 30 %, a B 12 — Ha 190 %
(P<0,01). Lle BaxnnBa 03HakKa TOro, L0 rnyTaTiOHOBI
OPDKIKI NigTPUMYHOTL POCTOBI NPOLECU HaBiTb TOAI, KON
(pisionoriyHa AMHaMika poCcTy NOYMHAE 3HNXYBATUCS.

Ha 3aBepluanbHomy Bigpisky (41—47 poba) npmpoc-
™ 1 nepesuiLyBanu koHTponb Ha 131,3 %, a 12 — Ha
219 %, LLO Y3roMKyeTbCA 3 AaHUMM XKMBOI MacuK Ta nig-
TBEPOXKYE CTabINbHWUIA | BUPaXXeHUn edoekT [obaBKu.

3aranbHun NpupicT Macu Tina 3a nepiog 2047 i
ctarHosuB 0,104 kr y koHTponi, 0,163 kr y 01 — 56,7 %,
(P<0,001) Ta 0,204 kry 12 — 96,1 %, (P<0,001). Lle nia-
TBEPOKYE, L0 i rMyTaTiOHOBUX APDKIPKIB NposiBnsAnacs
He enisognyHo, a 6yna cTabinbHOK NPOTSAroM yCbOoro
nepiogy BUPOLLYBaHHS.

Tabnuusa 2. [JuHamika XuBOi 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° 0,31240,019¢
47 0,246+0,0222 0,304+0,013" 0,344+0,021¢

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

(M+SD, n=15)

Bik, nob6a KoHTponbHa HocnigHa 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+0,0392 0,013+0,022° 0,029+0,030¢
41-47 0,010+0,0412 0,023+0,022°  0,032+0,040b
20-47 0,104+0,0212 0,163+0,011®  0,204+0,015

Tabnuus 4. CepeaHboa060Bi MPUPOCTU XMBOI 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+0,00502 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 kopMmy nepeninok 3a nepiog gocniay, Kr

(MxSD, n=15)

Bik, no6a KoHTponbHa HocnigHa 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 4,75+0,582 4,10+0,39° 3,6240,31°
41-47 5,65+0,602 4,90+0,52° 4,30+0,48°b°
20-47 3,07+0,212 3,50+0,18° 3,3210,17%
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OvHamika cepeaHb00000BMX NPUPOCTIB YiTKO Bigo-
Oparkae BrMB MMyTaTiOHOBUX OPiKIKIB HA iIHTEHCUBHICTb
pocTy nepeneniB y pi3Hi BikoBi nepiogn. Ha novaTky
pocnigy (20-27 poba) nepenenv EMOHCTpyBanv npu-
podHe MPUCKOPEHHSI POCTOBUX MPOLIECIB, OQHAK BUPa3Hi
MDKIPYMOBI BiAMiIHHOCTi NPOSIBUINCSA BXe Y NepLui Cim aid
cnocTepexeHHs. Y Lew nepioq cepegHbo0000BuUiA Npu-
picT y rpyni 1 nepesulyBaB koHTposb Ha 30,3 %, Togi
Ak y 02 — Ha 46,9 % (P<0,01). Taka paHHs BignoBigb
CBiQYMTb NPO NigcuneHHs obmiHHMX npoueciB Ha Thi
nigBuLeHOT 6ioJOCTYNHOCTI aMiHOKUCIIOT i aHTUOKCH-
OAHTHMX KOMMOHEHTIB rMyTaTiOHOBUX APKOXKIB.

Y HactynHun nepiog (27—34 poba) iIHTEHCUBHICTb
pOCTy NpoAOBXyBana 3pocTaTth i pisHMUSA MiXK rpyna-
MU CcTana wie BigyyTHiwow. Y nepenenis rpynu 01
cepeaHbo4060BMI NpuUpIicT ByB BinNbLUMM 3a KOHTPOIb
Ha 77,7 %, a y ntuui 2 — Ha 98,1 % (P<0,001).
Lle Bignosigae dasi makcumansHoro aHaboniamy, Kornm
OpraHiamM HanbinbLL aKTUBHO BUKOPUCTOBYE AOCTYMHWUI
NpoTEiH i NoTpebye aHTUOKCUOAHTHOrO 3axXUCTy AN
cTabinbHOI poBOTY KIMITUHHUX CTPYKTYP.

Y BikoBuIA iHTepBan 34—41 g6, konu B HOpMi TeMnn
POCTY MPMPOOHO CMOBINBHIOKTLCS, Y KOHTPOIBHOI rpy-
My NPUPOCTU CYTTEBO 3HWMXYyBanucsi. BogHodac obuasi
OOCnigHi rpynu NpogoBxXysanu 3bepiratv BUCOKY iHTEH-
CVBHICTb pocTy: y [11 cepeaHbogo6oBuMiA NpupicT byB
BinbLUKM 3a KOHTPOMb Ha 35,7 %, aB 12 — Ha 192,8 %
(P<0,001). Takuin KOHTpACT BKa3ye Ha MigTPUMKY MeTa-
BoniYHOT aKTMBHOCTI, LLIO, MIMOBIPHO, NMOB’s13aHe 3i cTabini-
3auieto KMiTMHHOMO PedoKC-CTaTyCy 3aBaskv 400ATKOBOMY
HaOXOKEHH!O rMyTaTioHY.

Ha 3aBepluansHomy etani (41-47 poba), konu opra-
Hi3M nepenenis NOCTYNOBO NepexoanTb A0 cTabinisadii
TKAHWUHHOMO POCTY, A04aBaHHA rMyTaTIOHOBUX OPDKIXKIB
npogoBXyBarno 3abe3nevysatu nepesary. Y [11 cepeqHso-
[000BI NPUPOCTM NepeBMLLYyBanm KOHTPOsb Ha 123,5 %,
ay 2 — Ha 211,8 % (P<0,001). Lie cBigumMTb npo
3bepexeHHs BUCOKOIHTEHCMBHOIO €HepreTU4Horo Ta
NNacTMYHOro 0OMiHy 4O KiHUSI BUPOLLYYBaHHS.

Y3aranbHeHW NokasHWK 3a Becb nepion 2047 aid nia-
TBEPIPKYE CTIKUIA NO3UTUBHUIA echbekT aobasku. [Nepenenmn
rpynn [11 nepeBuLLYyBarn KOHTPOSb 3a cepenHbo0000BMMM
npupocTamm Ha 56,8 %, Togi sk y rpyni [12 npvpict 6y Bu-
wwm Ha 97,3 % (P<0,001), LLO AEMOHCTPYE MakCUMarbsHO
BMpaKeHy NPoAyKTMBHY peakuito Ha o3y 0,5 %.

Moka3HWKM KOHBEpCIi KopMY BigobpakatoTb, HacKirb-
Kn edpeKTUBHO Nepenenv BUKOPUCTOBYBASN MOXMBHI
pevoBUHM KOPMY Ha KOXHOMY eTani gocrnigy. Yxe B nep-
wwi nepiog, (2027 poba) TBapvHWM AocnigHUX rpyn de-
MOHCTpYBanu NOMITHO BULLLY edpekTUBHICTL. Y rpyni 1
KOHBepcia Byna KpaLloto 3a KOHTporb Ha 8,6 %, Togi sk
y rpyni 02 — Ha 15,0 % (P<0,05). Take paHHe nokpa-
LLIeHHs NoB’si3aHe 3i 36anaHCcyBaHHAM eHepreTU4Horo
Ta aMiHOKMCITOTHOrO OOMIHY, LLIO 3HWKYE HEMPOAYKTUBHI
BUTPaTU KOPMOBUX peCcypCiB.

Y nepiog 27-34 goba onTumisaLis KOHBepCii cTana
e BupaxeHiwoto. MNopiBHAHO 3 KOHTPONEM, BUTPATHU
kopMy Ha 1 kr npupocty y [11 3ameHwunmcs Ha 8,6 %,
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ay[2 —Ha 15,6 % (P<0,01). Came B Len BikoBUI NPO-
MDKOK HalMMOBHILLE NPOSIBRSAETLCA epekT rmyTaTioHOBUX
OPPKOXIB SIK [pKepena nerko3acsBoBaHNX 6ioakTUBHUX
KOMMOHEHTIB, SIKi 3MEHLUYIOTb EHepreTU4Hi BUTpaTu Ha
nogonaHHsa metabonivyHnx cTpecis.

Y nepiog 34—41 nobu, konu NPMPOSHO CMOBINbHIO-
€TbCS PICT Ta 3pOCTaE BapTIiCTb KOXXHOIO 404aTKOBOIO
rpama npupocTy, Pi3HALSA MK rpyrnamm 3anuiianacs cra-
GinbHoto. KoHeepcisa B [11 Byna KpaLLoto 3a KOHTPOrb Ha
13,7 %, aB 12 — Ha 23,7 % (P<0,01), wo Bkasye Ha 3a-
ranbHe 3HWKEHHSI «MeTabomMivHOI LiHU» NPUPOCTY.

Y 3aBepLuansHun nepioa 41-47 aid 3bepiranacsi TeH-
OeHUia 40 nigBuLLLEHHA edeKTUBHOCTI BUKOPUCTAHHSA
KOpMY 3a YMOB 3rofoByBaHHS riyTaTiOHOBUX OPKOXIB.
Mrvug rpynn 01 mana Ha 13,3 % kpally KoHBepCito, Togi
sk y rpyni 2 nokpaiueHHs carano 23,9 % (P<0,01), wo
CBiOUNTb MPO 3MiLHEHHST i3iONOriYHOI CTINKOCTI Ta NOCK-
NEHHS 3aCBOEHHS NOXMBHUX PEYOBUH Ha TNi 3HUKEHHS
NPUPOAHUX TEMIIB POCTY.

Y3aranoHeHa KOHBepCis KopMy 3a Becb nepioa 20—
47 ni6 nigTBepgkye oTpuMaHy TeHgeHuito: y rpyni 11
BMTpaTV KOpMy Oynu Kpawumm 3a KOHTponb Ha 5,4 %,
aBrpyni 12 —Ha 12,2 % (P<0,05). Lle no3ssonsie po3rns-
OaTy iHaKTUBOBaHI rMyTaTIOHOBI APKXI K epeKTUBHUN
iIHCTPYMEHT NoninweHHs: EKOHOMIYHOT Pe3ynbTaTUBHOCTI
BMPOLLYBaHHSI.

OGroBopeHHA pe3ynkraTie

MopiBHAHHST OTPMMaHUX AaHKX i3 nybnikauismm ykpa-
THCbKUX Ta MiDKHapoOHWX aBTOpPIB MiATBEPOXKYE MNOriy-
HICTb BCTAHOBMNEHUX TEHAEHLiN. 3pOCTaHHs XMBOI Macu
nepenenis y rpynax i3 rnyTaTioHOBUMW ApiDKOAXaMu Ha
18,6—25,2 % (34-a poba) Ta 23,6-39,8 % (47-a noba)
Y3romKyeTbCs 3 pesynbsraramu, siKi Big3Haqanm GionoriyHo
nodibHui BnuB nonidbeHonkapboHOBOro KOMMMEKCY Ha
3POCTaHHA MacK Tirla B MONoAHsIKY. B iXHiX gocnimkeHHAX
MenaHiHOBWIA KOMMNIEKC CripusB 30inbLUEHHIO Macu Tina
Ta NoKpaLleHHI0 MeTaboriYHOro craTtycy nepenenis [8].

Ykpaincbki asTopu Kupunis, INyHuak, Cipko [12] y cBoix
poboTax TakoX MOBIAOMIISHOTb MPO 3HAYHE MNiABULLEHHS
cepenHLon000BMX NPUPOCTIB 32 YMOB 3aCTOCYBaHHS Bio-
NOMYHO aKTMBHUX KOPMOBUX J00aBOK, LLO Y3rOmMKyEThCA
3 HaLLUMK JaHuMu, e npupicT y [12 6yB marmke Ha 100 %
BULLMM 33 KOHTPOIb.

3aKkopaoHHi pobOTH TaKoX NIATPUMYIOTb OTPUMaHI
TeHaeHuii. Wang [16] 3a3Havage, o nonicbeHonu, apik-
[PKOBi NPOAYKTY Ta iHLWi aHTUOKCUAAHTHI CronyKu nokpa-
LLYOTb MeTaboniyHy CTabinbHICTb KNITUHW, 3MEHLLYIOTb
BNMB OKCUAATMBHOIO CTPECY Ta NiABULLYIOTL eeKTnB-
HICTb BUKOPUCTaHHSI MOXUBHUX PEYOBUMH. Lle npsamo ko-
PEertoe 3i 3HKEHHAM KOHBeEPCii kopmy Ha 12,4-21,4 %
y rpynax 1 ta 12, nOpiBHAHO 3 KOHTPOMEM.

Pesyneratn Abd EI-Moneim & Sabic [3] i Hussein et al.
[9], oTpMaHi Ha SNOHCBHKMX Nepenenax, 4EMOHCTPYTb
aHanorivyHi MexaHisMmu nokpaLLeHHs NPoayKTUBHOCTI —
yepes moamdikaLito KMLWKOBOT MIKPpOMriopK, 3HUMKEHHS
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3anarnbHOI peakTUBHOCTI Ta CTUMYMALL0 (hepMEHTATUBHOI
AKTUBHOCTI. TaKMM YMHOM, HaLli pe3ynbTaT OpraHiyHo
BMUCYIOTbCS Y 3aranbHy HAyKOBY KapTUHY.

CyKynHICTb OTPUMaHUX pe3ynbTaTiB CBiAYMTb, LLIO
JoLaBaHHS iIHAKTUBOBAHUX My TaTiOHOBUX APDKAXIB
«EnzActive Protein» cnpusie nocuneHHo pocToBnx npo-
ueciB y MonoaHsky nepenenis. Lle nos’a3aHo He nuwie
3 BUCOKOH MOXMBHOM LIiHHICTHO ApiXKAXX0BOro Binky,
a W i3 HasIBHICTIO y NPoAyKTi 6i0NoriYHO aKTUBHMX KOMIMO-
HEHTIB — 30KpeMa rryTaTioHy Ta MPMPOAHNX KobepMeH-
TiB rpynu B, siki 6epyTb y4acTb y perynsiii eHepreTuyHo-
ro Ta 6inkoBoro 06MiHy. 3a yMOB iHTEHCMBHOIO POCTY L
CMONyKW NiATPMMYIOTb aHTUOKCUAAHTHY piBHOBAry, 3MeH-
LYOTb MeTaboniyHe HaBaHTaXXeHHS Ta 3abes3nevyoTb
e(eKTUBHILLIE BUKOPUCTAHHS NMOXUBHUX PEYOBUH.

HarimoBipHile, came Taka KOMMreKcHa aist pikaxkis
i 3ymMOBWMIa AOCTOBIpHE 30iNbLUEHHS Macy Tina Ta nokpa-
LLIeHHS KOHBepCil kopMy B AocnigHux rpynax. OTpumaHi
OaHi y3ropKyoTbCsl 3 pesynsrataMmu YKpaiHCbKUX i CBITO-
BWX JOCTigKEHb LLOAO pori MyTaTiOH-aKTUBHUX J00aBOK
Ta ApPKOXKOBUX NpoAdykTiB y rogisni ntuui. Lle gossonse
posrnsagatn «EnzActive Proteiny sik nepcnektnBHuMiA kKom-
MOHEHT pauioHy nepenenis M’ ACO-AEYHOro HanpsaMmy.

OTOX, 3rogoByBaHHS iIHAKTUBOBAHMX [Ty TaTiOHOBMX
apixoxis «EnzActive Protein» y posax 0,3 i 0,5 kr/T
JOCTOBIPHO MigBULLYE XUBY Macy nepeninok, novYnHa-
toun 3 27-1 O6U BMPOLLYBaAHHSA; HANBINbLUWMIA edekT
3acpikcoBaHo Ha 47-my goby: +23,6 % (O1) Ta +39,8 %
(Od2), nopisHaHO 3 KoHTponem (P<0,001).

CepenHbono60oBi NPUPOCTM NEPEBULLLYBANN KOHTP-
onb Ha 30-98 % y nikosi nepiogn pocty (27—34 nobw)
i 30epiranu nepesary HaBiTb 3a i3i0NOriYHOro yno-
BiNlbHeHHsA TemniB (34—41, 41-47 pib), Wwo BKasye Ha
NO3UTUBHUI BNNINB JOOaBKN.

KoHBepcis kopmy y NpoMiXXHUX nepiogax dyna cra-
BinNbHO KpaLLo B AOCHIAHMX rpynax; 3a nigcymkom 20—
47 pi6 (nicnsa nepepaxyHKy) — oviKyBaHo Hxya y 11 Ta
[12 nopiBHAHO 3 KOHTPOMEM, i3 MakCcUMarnbsHO NepeBa-
roto y 0,5 kr/T. Lle nigTBepaKye EKOHOMIYHY OOLINBHICTD
BMKOPUCTAHHSA rMyTaTiOHOBUX OPiKAXKIB.

BcTaHoBREHO YiTKy 4o303anexHy Bianosigb: 403a
0,5 kr/T 3abe3ne4vyBarna HamBuLLi KiIHLEBI Macy, HanNbinb-
LU NPMPOCTY Ta HarKpaLLy eeKTUBHICTb BUKOPUCTaHHS
KopMy 6e3 03HaK HEraTUBHOIO BIIIUBY.

OTpvMaHi pesynsrat AeMOHCTPYHOTh, WO «EnzActive
Protein» moxe ByTu NpakTUYHUM IHCTPYMEHTOM nifg-
BULLEHHA NPOAYKTUBHOCTI MEPENifnoK M'ACO-9€4HOro
HanpsMmy, 3abe3nevyoum cTabinbHy POCTOBY peakuito
Ta ONTMMI3aLilo KOHBEPCIT KOPMY Ha BCiX eTanax iHTeH-
CVIBHOIO BUPOLLYBaHHS.
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Efficiency of using inactivated glutathione yeast in the feeding of meat-and-egg quails
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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.

Key words: quails, glutathione yeast, EnzActive Protein, body weight, average daily gain, feed conversion ratio, growth performance
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Exercise-induced modulation of the gut microbiome
in metabolically dysregulated state
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The article investigates the effects of exercise modalities on
metabolic disturbances and the gut microbiome in women with
8Rg’DH-' o hitos/lorcid.ora/0009-0008-0549-128X metabolic syndrome The relevance of the study is determined
A e Etstbs?/r/i;réi%lr.grg/oooo-oooz-ez11-5204 by 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 ;ﬂ'?g\ﬂtx'zaﬁ(ﬁg; g_'ethOdO'ogy; 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, totall cholesterol, a_nd LDL-cholesterol, as YVG" 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-
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(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 TGR5 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.
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Materials and Methods

The effects of 12-week aerobic and resistance fitness
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 fithess 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 (6-8 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).

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.
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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.

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
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 intervention.

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
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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.

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 demonstrated that
low-intensity aerobic exercise training exerted a more sub-
stantial 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

bionozis meapuH, 2025, 1. 27, N4



Hurenko O. O., Drozdovska S. B.

Exercise-induced modulation of the gut microbiome in metabolically dysrequlated state

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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3MiHM MikpobGiomy Kuwiku nig BnAMBoM isMyHUX BNpaB B yMOBax MeTaboniyHMX nopylieHb
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CraTTs npucBsiyeHa AOCHIMKEHHIO BNNMBY i3UHHUX HABaHTaXeHb Pi3HO| MOJanbHOCTI Ha MeTaboniyHiI NOPYLUEHHS Ta KULLKOBUIA
MIKpOBIOM Y >KiHOK i3 MeTaboniYHMM CUHOPOMOM. AKTyanbHICTb poboTK 3yMOBMEHa CTPIMKUM 3pOCTaHHSIM NOLUMpeHOCTi MeTaboniyHoro
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CMHAPOMY Ta MOLUYKOM e(EeKTUBHUX HEMEANKAMEHTO3HMX MiAXOAIB NOro KOpeKLUii, 30aTHNX OQHOYACcHO BMANBATK HA CUCTEMHUN MeTa-
6oniam i Mikpobiom-onocepeakoBaHi MexaHiamMu perynsuii. MeToto gocnigkeHHst 6yno ouiHUTU eheKTUBHICTb 12-TXHEBOI Nporpamm
aepobHMX i CUIMOBKX TPEHYBaHb LLOAO KOPEKL,ii MOKa3HUKIB BYrmeBOAHOrO Ta NinigHOro obMmiHy, a Takox BU3HA4YMTU O0COBNMBOCTI nepe-
Oy[0BM TaKCOHOMIYHOI CTPYKTYPU KMLLKOBOI MiKpOBIOTM 3anexHo Big TUMy M’si30BOT poboTuW. Y AOCHiAXKEHHI B3NN y4acTb 68 >iHOK
i3 kniHiYHO NiaTBEpAKEHNM MeTaboniyHUM cuHApoMoM. T'ATAecAT yyacHUUb BMKOHYBanu disuyHi Bnpasu Ta Gynu posnogineHi Ha
OBi rpyny — aepobHuX i CMNoBMX TpeHyBaHb, Togi K 18 ocib ctaHoBMNM KOHTPOrb 6e3 BTpyyaHHSA. TpuBanicTb Nporpammn cTaHoBuna
12 TwxHiB. OuiHOBaNM aHTPONOMETPUYHI MOKa3HWKK, BioxiMiYHi napameTpu KpoBi (rmroko3a, iHcyniH, HbA1c¢, ninigHnin npodpins, HOMA-IR)
Ta cknag KvLKoBoro Mikpobiomy metofom kinbkicHoi MNP 16S rRNA. AHani3 BUXigHWX AaHWX Nokasas, LUOo Y XXiHOK i3 MeTaboniyHum
CVMHOPOMOM CMOCTepIranvca BUpaXeHi NOPYLUEHHS MiKeMiYHOrO KOHTPOSO Ta ninigHoro obmiHy: nigsuweHHss HbA1c, rmiokosw, 3a-
ransHoro xonectepuHy i LDL-xonectepuHy, a Takox 3MiHM MikpoGiomy, Lo xapaKTepusyBanvcs 3MeHLLEHHSIM YacTku Bacteroidetes
i Actinobacteria Ta 36inbLEHHSM YaCTKM iHLIMX TaKCOHIB, LU0 CBiA4MTbL Npo AMchios. Micnsa 12 TUXHIB cMNoBOro TpeHyBaHHs 3adpikco-
BaHO CTaTUCTMYHO 3HaYyLLy nepebynoBy Mikpobiomy: 36inblueHHs YacTkv Bacteroidetes Ha 18,4 %, 3meHweHHs Firmicutes Ha 36,8 %
i 3HMKeHHS cniBBigHOWeEHHS Firmicutes/Bacteroidetes Ha 43,5 %, L0 PO3UIHIOETLCA SIK BiQHOBMEHHS ey6ioTu4HOro ctaHy. OgHo4YacHo
BinOynocs nokpalleHHs BYrneBogHOro obmiHy — 3HmxeHHst HbA1c Ha 7,9 % Ta iHgekcy iHcyniHopeaucteHTHocTi HOMA-IR Ha 14 %,
a TaKkoX 3MeHLLUEeHHS aTeporeHHUX dpakLinn xonectepuHy. AepobHi TpeHyBaHHSA He CMPUYMHUIN BUPaXXEHUX KiMbKiCHWUX 3pyLUeHb Ha
piBHi dbinymiB, ogHak y 3paskax 3’asununca Akkermansia muciniphila Ta Bacteroides fragilis — MikpoopraHiamu, acouiioBaHi 3 KpaLLowo
MeTaboniuHo aganTauiero i NpoTn3anansHOK akTUBHICTHO. Mpy LbOMy HaGINbL BUpPaXeHi NO3UTUBHI 3MiHU CTOCyBanucs NinigHoro
NPOMINto: 3HWKEHHST TPUMMILEepuaiB, 3araribHOTO Ta aTePOreHHOro XONEeCTEPUHY, a TakoX TeHaeHuis oo niasuweHHst HDL. OTtpumaHi
pe3ynsraTti AO3BONWMN NMPOBECTU y3ararnbHIOKYe NMOpIBHAHHS eeKTiB TpeHyBaHb. BcTaHOBNEHO, IO CUMOBI BNpaBu NepeBaxHo no-
KpaLLyTb iHCYNIHOBY YyTNMBICTb i MIKEMIYHUIA KOHTPOMb Ta iCTOTHO 3MIHIOIOTbL CTPYKTYpY Mikpobiomy, Toai sik aepobHi BnpaBu edek-
TUBHILLE BMMMBAKOTb Ha NiNiAHWUI OOMIH | CNPUYMHSAIOTE SKICHI 3MiHM MiKpOBHOrO cKnagy.

Knro4oBi cnoBa: ByrneBofHuin 06MiH, XXMPOBWIA 06MiH, i3vnyHi BNpaBu, METABOMIYHNIA CUHAPOM, KULLKA, KULLIKOBUIA MiKpoGiom
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Ten.: +38 (032) 270-23-89, +38 (96) 858-37-76
e-mail: markinfo@inenbiol.com.ua

3aexou padi criisnpaui 3 Bamu!



3anpouwyemMmo po3mMmicTuTm peknamy Bawoi komnaHii
Ha CTOpiHKaxX HayKoBoro XypHany «bionoria tBapumH»!

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

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

Peknama B Halwomy xXypHani 4o3sonutb Bam:

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

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

Mpono3uuii go cnisnpaui Ha 2024 pik:

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

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

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



VA
AMCOVET

BETEPUHAPHI
NPEMNAPATH

BiJl BiIOMIX CBITOBUX BUPOOHUKIB

EKCKNI031BHIIA aBTOPU30BaHUIA ACTPUO’I0TOP KOMMaHIi:

O kel

focuson health T8 F = Y ynimaineatn

® Y,
InoVet Veko*

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

uuuuuuuuuuuuuu

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



