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In the last two hundred years, discoveries in animal and
human physiology, disease, and drug development have been
made. Animals stood at the centre of the experiments to opti-
mise the drug doses and administration routes. Human progress
has been driven by various anthropogenic aims and desires.
The knowledge development and discoveries continue to in-
crease about the fundamental reality of human existence and
the ontological realm in which the socio-ecological systems con-
tinue to evolve. Members of Homo sapiens have now reached
an understanding, power of knowledge and actions which have
the ability to influence the Earth’s ecosystem. This produces the
by-products of human progress, e.g. CO, and these have start-
ed to alter the fundamental/situational reality boundary of human
existence and the ontological realm of the socio-ecological sys-
tems. Benefits and suffering of humans and animals, separate-
ly and together, can be viewed through various lenses, e.g. the
precautionary principle. The current article uses the methodology
which is a combination of bioethical analysis and a theoretical
biology analysis of the precautionary principle and its implications
into the relationship between human and broader socio-ecologi-
cal systems. The principle can provide some guidance on ethical
understanding of the duality of human actions during Anthropo-
cene and the Great Acceleration and how it is linked to the very
chemical essence of life. Humans develop their knowledge about
the fundamental reality as part of their search for truth, for un-
derstanding of the chemical and other dimensions of the nature
of life. This is ‘normal science’, i.e. the search for ‘truth’ or hu-
man understanding of fundamental reality of existence, moves
humanity forward. However, its deployment for human devel-
opment creates by-products that require ‘regulatory science’, or
settings of rules for regulation of the deployment of the normal-
science-derived knowledge. An examples of this can be the need
to take action and to mitigate the climate change impacts across
the globe, impacts on both human and animal life.

Key words: precautionary principle, levels of biological or-
ganisation, ethical framework

Introduction

of quality of life of humanity, e.g. by the use of coal, as
a source of energy from about the 1800’s [19]. This was

Progress of humanity has resulted in the development a catalyst for development, population growth and other
of new technologies. These facilitated the improvement improvements in the nature of human reality, and other

The Animal Biology, 2025, vol. 27, no. 3
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human achievements since the industrial revolution that
would not have been possible without the use of coal
and fossil fuels [24]. Humanity has now reached a stage
of Anthropocene and the Great Acceleration [19]. The
epoch in geological time is characterised by numerous
discoveries in areas of biomedical science, manufac-
turing, energy, transportation and so on. Humans have
conquered Earth’s surface in that they have reached and
settled the entire planet, with very few exceptions [24].
The carbon intensive economy and the related develop-
ment have created feedback loops, where the actions
of humanity have created conditions under which the
greenhouse gases and their release into the atmosphere
and environment have created a negative feedback loop
and effects on humanity/human wellbeing [39]. Humans
need to act to mitigate further impacts of climate change
on nature and on humans themselves [66]. Expansion of
human reach and the climate-change-related feedback
loop contribute to increased impacts of CO,on the en-
vironment and on human health across all geographical
scales. One way to demonstrate this is that 250000 addi-
tional human deaths per annum have been estimated to
occur between 2030 and 2050 due to climate change [9].
In addition, there will be an additional 2x10° to 4x10° USD
of healthcare costs due to climate change for the same
time period [9]. Increases in the global population means
that there will be more emissions of CO,and other green-
house gases, which in turn expose more people to the
climate-change related risks or impacts. Humanity started
acting to decrease these impacts and releases of green-
house gases by adopting the international guidelines
and agreements to mitigate climate change.

Goal 13 of the Sustainable Development Goals pro-
motes finding solutions to issues that are linked to cli-
mate change, e.g. by taking measures to combat climate
change itself and its derivative impacts on the socio-eco-
logical systems [58]. In this context, the issue of resilience
is indirectly addressed in Goals 9 and 11 [58]. The Paris
Agreement was adopted in 2015, where all participants
of 194 countries from across the globe accepted to limit
the increase in global temperatures up to 1.5 °C [62].
An argument could be made that there are often time lags
between environmental pressure (such as those of an-
thropisation of space [24]), and tangible impacts of such
actions, e.g. climate change impacts on humans and an-
imals. However, the current phase of the Great Acceler-
ation is specific as the impacts are happening in our life
time. This distinguishes the current climate change prob-
lem from other issues facing the socio-ecological systems
and their components. Such impacts apply to the human
population and the environmental nexus, because the di-
rect cost of any successful mitigation will be borne in large
part by people and environment now, and in the future.
An argument could also be made that any positive action
taken would mostly benefit the future human populations
on Earth. However, no positive actions by humanity to
address the climate-change feedback loops, will surely
mean disaster for today’s and future socio-ecological

systems. Careful considerations must be made in order
to weigh the costs, benefits and impacts of any relevant
decisions in the short term and the in the long term.

The social cost of carbon dioxide (SCC) is the eco-
nomic cost of each additional ton of carbon dioxide emis-
sions due to climate change [37]. Climate change poli-
cies and their implementation can be explained and also
evaluated through the SCC concept [37]. To choose the
best mitigation strategy, considerations based on the SCC
concept must take into account two aspects. The first one
is the assessment of the CO, emission pressures/effects
created by the human population, the related human pop-
ulation growth rates and future impacts/costs [37, 54].
Achieving reliable estimates in this context has proven
somewhat challenging in relation to the predicted increas-
es with greenhouse gas emissions [37, 54] The second
requirement that the SCC must meet, and which policy
advice might be influenced by, is the need to create a con-
sistent and transparent strategy to evaluating the wellbe-
ing of future human generations over several time scales,
and in connection to the CO, release and to climate
change in general [54]. Approaches such the SCC evalu-
ate the use and impact of anthropogenic technologies
on the environment surrounding humans [21]. From
a decision-making point of view, the decision-making
based on concepts such as the SCC is critical to manage-
ment of the climate-change-feedback loops that humans
have contributed to creating. Such decisions require
consideration of the following characteristics of the cur-
rent ontological realm of socio-ecological systems:

a) humans have reached the technological know-how
and state of understanding of the fundamental reality of
their existence that allows them to, however indirectly,
alter said fundamental reality [24];

b) such level of knowledge and possible alterations
will manifest at the boundary between the situational and
fundamental reality of human existence and the existence
of the socio-ecological systems, i.e. animals and abiotic
compartments in these system will be impacted by hu-
man actions alongside Homo sapiens;

c) whatever the original intention behind the search
for knowledge and technological development was by
humanity as a species, once the power of fundamental
reality alterations is in the humans’ hands, they live in it,
but they are also responsible for managing it in a benign
and non-destructive manner, they must prevent malign
and destructive manner of management — a manner
which could decimate all of the socio-ecological systems
worldwide.

Points a)—) are a distillation of various principles that
have been investigated and talked about in the various
types of literature over the last century. Humans have
reached the ability to influence life on Earth, i.e. Homo
sapiens has reached the ability to influence the global
ecosystem and life itself. Humanity has reached the sta-
tus of Homo deus [22, p. 20]. Examples can include the
deciphering of the molecular essence of life by elucidating
the structure of DNA [60] This then led to the original and
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then the ‘reformulated central dogma of molecular biolo-
gy’, which describes the flow of information from DNA to
proteins, while capturing any ‘detours’ from across all living
organisms to complete the picture [20]. Theory of evolution
and its adjustment or modifications happened in the last
century [6], as new elements of fundamental reality of hu-
man existence became known to Homo deus, as analysed
[24]. Discoveries in nuclear physics led to realisation by
humanity that nuclear radiation can cause mutations and
the inducement of the single- and double-strand breaks in
DNA, as well as aberrations in chromosomes [31]. Sys-
tematic development of sequencing methods, genetic
manipulation and related IT advancements got humanity
to the point of sequencing of all vertebrate genomes [46].
Existence of the non-human animals, its molecular basis,
categorisation of non-human living organisms had been
discovered and/or clarified. Synthetic life has been creat-
ed by various scientists (e.g. [63]). These examples and
points summarise the level of human beings’ knowledge
of about their surrounding... the power to alter the very
essence of such surroundings, and the need to manage
the application and impacts of such knowledge. Principles
of the decision-making under the weight of such human
power must balance human progress and protection of
non-human parts of socio-ecological systems. One ba-
sis for the decision-making is the precautionary principle,
which can be defined as follows [47, article 15]:

“In order to protect the environment, the precau-
tionary approach shall be widely applied by States
according to their capabilities. Where there are
threats of serious or irreversible damage, lack
of full scientific certainty shall not be used as
a reason for postponing cost-effective measures
to prevent environmental degradation.”

The precautionary principle summarises the three
elements of the necessary approach of humans to the
deployment of their knowledge in the Age of Anthropo-
cene and the Great Acceleration [19, 24], namely [44]:

“Action-guiding principles tell us which course
of action to choose given certain circumstances;
(sets of) epistemic principles tell us what we should
reasonably believe under conditions of uncertainty;
procedural principles express requirements for
decision-making, and tell us how we should choose
a course of action.”

The precautionary principle takes into account the
possibility of the impacts of human of knowledge and its
development on non-human parts of the socio-ecological
systems, while human development and existing knowl-
edge exploitation are taking place. Application of the
precautionary principle acknowledges the uncertainty
about the outcomes of the human actions and tries to
strike a balance between the need for humans to explore
the ontology of existence in the climate-change-feedback
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loop time. The time when the socio-ecological systems
around the globe and their existence are in peril. Actions
by humans, according to the precautionary principle,
are fundamentally seen as those by custodians of the
socio-ecological systems. Application of the precaution-
ary principle in some decision-making will be a tool for
management of the human existence at the boundary
between the fundamental and situational reality, the cur-
rent reality of Homo deus (based on [22)). It is against this
background that the current article seeks to investigate
the significance of the precautionary principle at evaluat-
ing the practical implications of human existence at the
boundary between the fundamental and situational real-
ity boundary. This existence is relational to non-human
animal life and the environment. The chemical and organ-
isation structure of life, both human and non-human, is
used as the start of the discussion about the link being
the essence of life and the drivers/necessary drivers of
the regulation of human research and deployment of the
results. Precautionary principle and the ethics of manage-
ment/deployment of the human knowledge, for the way
to conduct research that impacts, or involves non-human
animals, are then presented and subjected to analysis
from the viewpoints of theoretical biology and bioethics.

Methodology

Methodology in the current article will be focused on
examination of the relationship between humans and
non-human components of the socio-ecological systems.
The analysis will be bioethical and theoretical-biological
in nature, and it will start with performing a set of small
thought experiments to set the stage for demonstrating
the links between humans, human activity, and nature.
This analysis will be aimed at presenting the links and
implications between the fundamental and situational re-
ality of human existence in the Age of Anthropocene and
during the Great Acceleration [19, 24]. More specifically, it
will be aimed at establishing the link between the human
existence and the nature of the discoveries that drive
human development and the general improvement of the
human condition, and the general ontological realm
of the existence of the socio-ecological systems globally.
After that, the duality of the chemical elements, molecules
in living organisms and their impacts on the organisms
themselves are linked to the human actions and their
impacts on the socio-ecological systems. The duality of
the nature of life and the nature and essence of human
actions put and presented side by side to close the analy-
ses with the precautionary principle. Finally, the bioethical
analysis is linked to the framework for the ethical treat-
ment of non-human parts of socio-ecological systems.
The need for the ‘normal’ and ‘regulatory’ science is out-
lined, as a way to manage the impact of human knowledge
generation and application at the boundary between
fundamental and situational reality in the Age of Anthropo-
cene and the Great Acceleration.
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Thought experiments and real-world examples
on the relationship between human, living organisms
and socio-ecological systems

in the Age of Anthropocene

A Balance and mass at the boundary
of the fundamental and situational reality

The human knowledge of the fundamental reality
has been researched and defined in terms of fundamen-
tal constants, as tools for humanity to have a language
of scientific discourse and the standardised notation.
An example of this notational unity of our fundamen-
tal reality of human existence (designated as notational
unity in further text of this article) is the Sl unit system.
The one kilogram, as the basic unit of mass in the SI
system, was based on the international standard until
2019, which has been housed in Sévre, France [12].
This was changed in 2019, when the kilogram was re-
defined to be based on the fundamental constants of
the human existence, e.g. the Planck constant. This can
be summarised as outlined [56]:

“The kilogram, symbol kg, is the Sl unit of mass.
It is defined by taking the fixed numerical value
of the Planck constant h to be 6.62607015x%10-34
when expressed in the unit Js, which is equal to
kg m?s™', where the metre and the second are
defined in terms of ¢ and Avg,.”

Ever more accurate equipment to measure mass
have been developed and so balances/scales have
been omnipresent in scientific institutions and non-scien-
tific contexts for a long time. The measurement of mass
is an elemental unit operation in the scientific process.
For example in the biomedical and laboratory/clinical
chemistry, a mass of crystals of FeCl; must be weighed
out to prepare the calibration solution with an accurately
known concentration of iron to analyse a blood sample,
if a patient might be suffering from anaemia. Such om-
nipresence of the mass measuring equipment makes
a balance or scale a manifestation of the fundamental
reality of human existence, the human knowledge about
it, and the situational reality of human existence in which
the balance/scale is used. The construction or manufac-
turing of the balance is an expression of the human inter-
pretation of the fundamental reality, as the construction
or manufacturing of a balance/scale would not be possi-
ble without the definition of the kilogram. Neither would it
be possible without the application of the mass concept
to the design and manufacture a relevant measuring
instrument, i.e. balance or scale by members of Homo
deus. Using a scale to measure mass, a fundamental
constant for measuring the ‘size of living organisms for
specific purposes’ would then be a manifestation of the
boundary between fundamental and situational reality of
human existence in the Age of Anthropocene and during
the Great Acceleration [19]. Let us look at the sizing up
of living things.

Now considering, the omnipresence of mass mea-
surement and the related equipment will indicate that
each part of the human life and the existence of the wid-
er socio-ecological systems. Let's consider the following
short thought experiment. A hypothetical animal welfare
organisation in a hypothetical city in the developing world
looks after the cats and dogs (this organisation is referred
to as AWO in further text of the article), as well as provides
callouts and investigative capacity in relation to suspected
case of animal cruelty. The AWO is in need to get a bal-
ance to determine the mass of the kittens and puppies,
young cats, and dogs. These cats and dogs have been
rescued in the AWO's area of jurisdiction. In the vicinity of
the AWO facility, there is a hypothetical university which
is a research-intensive one, and it has a spare balance
available. That balance makes it possible to measure
mass accurately up to 50 kg, and calibrated weights of 1,
5 and 10 kg are available to ensure accurate mass mea-
surements. This balance/scale is normally used for the
weighing out of kilogram quantities of environmental sor-
bents and/or pharmaceutical formulation ingredients. The
AWO makes informal enquiries around the city of their
geographical location, about the possibility to procure
a new balance for measuring of mass of young cats and
dogs, as well as the rescued and emaciated adult/strayed
animals. The need for a balance/scale is a manifestation
fundamental reality that species individuals, belonging to
Felis catus and Canis familiaris, have evolved to have an
expected body mass. The body mass and chemical com-
position of the animals body are an indication of the inex-
orability principle of the nature of life, and the vital deter-
minism related to it [20]. The inexorability principle means
that life is present in front of us, as it is meant to be, or it
has developed into an optimised form based on evolution.
The lack of a working scale at the AWO is a time-sensitive
matter, as not monitoring the weight of the cats and dogs
housed at the AWO can have detrimental effect on the
animal welfare and on the life of the animals. Therefore,
this time dimension of life is a potential source of animal
suffering, if a rescued animal is underweight or malnour-
ished it may die if a mass of it is not determined due to the
lack of balance, and veterinary medical care is not be ini-
tiated as needed [20]. Potential animal suffering is a man-
ifestation of the situational reality of the rescued animals,
and it is also linked to the fundamental reality of animal
lives. That suffering must be decrease as much as possi-
ble, and its management takes place at the boundary
of the situational and fundamental reality of animal lives,
where humans are an important interventionist force.
The human boundary of situational and fundamental re-
ality is also implicitly relevant here, as the AWO staff care
about animal welfare and wellbeing as the protection
of animal life is the call to duty of the AWO staff and
the raison d’étre of the AWO.

In this context, the research-intensive university
through their staff, who are in charge of the 50 kg bal-
ance, should apply their knowledge of the fundamental
reality of the mass and kilogram to assist the AWO.
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Deployment of the fundamental reality knowledge,
through derivative epistemic authority of the researcher,
the particular human being, who is knowledgeable about
the use of balances and the definition of a kilogram,
should assist the AWO with deploying their knowledge
and to decrease/prevent animal suffering. That research-
er should and likely would deploy this knowledge to help
the AWO to manage the situational/fundamental reali-
ty boundary, they should loan the balance to the AWO
and provide a calibration service on a regular basis. This
would all be done free of charge. In this way, the humans
in question use their epistemic authority to prevent animal
suffering or alleviate it by the provision of a body mass
monitoring tool. The action-based nature of the engage-
ment and mass monitoring assistance would be in line
with the precautionary principle. At the same time, the
action is driven by the derivative epistemic authority of
the researchers with the mass measurement knowledge.
Finally, the decision about the provision of assistance by
the researcher to the AWO with the mass measuring is
based on the inherent nature of life time commandment
and element of life’s essence. Time is essential from the
sensitivity of the matter of animal life prevention. The AWO
can also reject the offer of a balance loan from the re-
search-intensive university on the grounds that there is
a need for a researcher to interact with the AWO, and
the recipient of the loan might perceive that a power
imbalance might exist there. Using researcher’s epistem-
ic authority to assist the AWO might be perceived to act
outside of the normal scope of professional practice of
the AWO, and the researcher if they are not an animal
scientist, zoologist or any kind of scientist that works with
animals. The AWO might be of the impression that the
researcher is not qualified or in the best professional po-
sition to assist the AWO and the animals they house. The
AWO might therefore be placed in a difficult position due
to the potential ad hoc funding model of the organisation,
and potential perception that a financial gain will be sought
by the researcher because of the balance loan.
Ultimately, a researcher assisting the AWO would like-
ly have an ethical and moral interest in diminishing the
animal suffering and would offer to help the AWO to de-
crease animal suffering of the currently and future housed
cats and dogs there. This would likely be the case, as the
AWO would reach out to the research-intensive universi-
ty via unofficial or official contacts, or via word of mouth.
Therefore the AWQ is likely to be actively seeking, at least
to some extent, assistance from the university and indi-
rectly from the researcher who might ultimately provide
a balance for the body mass determination of animals.
Thus the power relationship between the researcher and
the AWO would likely be more equitable than not. Based
on the considerations in this thought experiment, the re-
searcher should provide the assistance where necessary
expertise and equipment in the body mass monitoring is
needed so that the AWO. The AWO should work with the
researcher, the community, and the veterinarians in the
area to decrease the animal suffering. The ethical drivers
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for the support by the researcher would be voluntary in
nature but would be linked to the professional knowledge
of the researcher and caring nature of the researcher.
It might also be an expression of the categorial imper-
ative [25], i.e. the moral imperative of the researcher to
contribute to decreasing the human and animal suffering
wherever they might encounter it, or where they foresee
it developing. This would be the suffering of the housed
animals and potentially the staff at the AWO. Said action
would be taken, because it is based on the social context
which commands it as necessary to diminishing of animal
suffering if, where and when possible. By the same token,
there is also necessity to diminish or prevent the suffering
or mental health problems of the AWO staff when seeing
animal suffering. It would be ethically right and morally
necessary because it is the right thing to do, it is the right
action to take in the context of the researcher’s epistemic
authority, knowledge about the fundamental reality of hu-
man life, its deployment and application at the boundary
with the situational reality in connection to AWO'’s exis-
tence at this boundary.

The researcher is able to use a scale, and the calibra-
tion is available using the calibrated weights. The mass
of a kilogram, as the Sl unit and the construction of the
scale, are an expression or the outcome of the accumula-
tion of the knowledge about the fundamental reality of
human existence by scientists and researchers, by Homo
deus. This knowledge can then be used to manage or deal
with the animal welfare issue at the AWO. Such activities
take place on the boundary between fundamental and
situational reality of human and non-human animal lives.
Assistance and the will of the researcher to help the AWO
with application of their knowledge of fundamental reality
of human existence and life must be aimed at decreasing
or preventing animal suffering which is the result of human
actions. More specifically, the researcher’s assistance with
weighing the cats and dogs housed at the AWO is aimed
at decreasing the animal suffering which is, at least in part,
caused by human actions, where the human owners have
let the animal to become strays. This embodies a precau-
tionary action against the occurrence of the animal suffer-
ing, and indirectly some mental health suffering among the
AWO staff. The latter type of suffering might arise among
the AWO staff if they can’t carry out their mandate and help
the animals they look after unless animal weighing tools
are available. The researcher and the AWO staff could
extend the project to research that can collect information
about the body mass of rescue cats and dogs in a partic-
ular. Such data can be linked to optimisation of the animal
welfare and wellbeing management by humans at the
AWO. The data and research can help optimise the de-
ployment of the human knowledge about the fundamental
reality of animal health and its human understanding
towards optimisation of the situational reality of the AWO
animal health management. These links to the operational
aspects and optimisation of knowledge deployment, about
the fundamental reality, might maximise the action-driven
and voluntary application of the precautionary principle.
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Antibiotic development and potential impacts
on the environment

Antibiotics and antimicrobial agents have been one
of the backbone of the antimicrobial therapy and infec-
tious disease prevention in the 20" century [2]. They were
discovered through a series of exposure of staphylococ-
cal cultures to the ambient environment and isolation
of a Penicillium spp. which had produced penicillin [18].
Even though some discoveries might have been acciden-
tal over time the discovery and development of antibiotics
led to the increase in life expectancy in the developed
world by about 75 % [2]. Development of antibiotics will
be demonstrated on the quinolone antibiotic develop-
ment. Quinolone antibiotics are a specific class of anti-
biotics and are classified into four generations, with the
more recent drugs (4" generation) having a much broad-
er antimicrobial spectrum. The 1%t generation includes
nalidixic acid, which was the first quinolone antibiotics
and discovered in the early 1960s [35]. First-generation
quinolone antibiotics have activity against Gram-negative
bacteria. Recent generations have a broader spectrum
of activity and enhanced pharmacokinetics compared to
nalidixic acid. The second-generation quinolone antibiot-
ics include ciprofloxacin, norfloxacin, lomefloxacin, enox-
acin, and ofloxacin. These have higher activity against
Gram-negative bacteria, some Gram-positive organisms
and achieve higher serum levels of the active pharma-
ceutical ingredient, as compared to the predecessor-
generation drugs [41]. The third-generation quinolone
antibiotics include levofloxacin, moxifloxacin, sparfloxa-
cin, and gatifloxacin, and these have second-generation
qualities, further having activity against atypical pathogens.
Trovafloxacin is a part of the fourth generation and has
activity against anaerobes [5]. Levaquin and trovafloxacin
have since been removed from the market due to hepato-
toxicity reported in patients.

Though alternative first-line treatment exists, quino-
lone antibiotics are often prescribed in uncomplicated uri-
nary tract infections (UTI), bronchitis, and bacterial upper
respiratory infection [50]. They are prescribed due to their
low dosing frequency, high potency, a broad-spectrum of
activity, and low chances of side effects [50]. However, ad-
verse effects have been associated with the long-term use
of quinolone antibiotics, such as tendonitis, higher chanc-
es of experiencing retinal detachment, angiosis, and the
‘quinolone-associated disability syndrome’ (FADS) [33].
In May 2016, the FDA issued a box warning, suggesting
alternative uses to quinolone antibiotics in cases where
the side effects of the quinolone antibiotics outweighed
the benefits of treatment [17]. These include bacterial si-
nusitis, acute bacterial exacerbation of chronic bronchitis
and uncomplicated urinary tract infection. In the 1t gen-
eration of quinolones, nalidixic acid was first marketed in
1962 and a two-year study on mice and rats that were giv-
en feed containing nalidixic acid determined the possible
carcinogenic properties of the drug over long periods [33].

The 2 generation started with norfloxacin, ciproflox-
acin, ofloxacin, enoxacin, and lomefloxacin; these have

a broader action against Gram-negative pathogens,
Gram-positive bacteria, and atypical pathogens [28].
The addition of a methylated piperazine at position R7
adds activity against gram-positive bacteria by inhibiting
efflux pumps [41]. A quinolone at position R6 increases
the drugs’ potency, and in the case of ciprofloxacin (com-
monly used in South Africa), the addition of cyclopropy!
at position R1 makes the drug 4-fold more active [41].
Due to having similar joint anatomy to humans, sheep are
the animal model of choice in investigating the growth-
inhibiting properties and drug safety of ciprofloxacin and
gemifloxacin for use in pediatric patients [51]. Through
such studies, quinolone antibiotics for patients below
18 years are limited because the drug is now known to
have anti-growth effects. In a separate study, immuno-
compromised mice were treated with levofloxacin and
ciprofloxacin [49], after inoculation with pneumonia from
the causative agent Klebsiella pneumoniae. Such animal
studies have allowed for the formulation of a time-saving
essential drug list for pneumonia infections.

Next there was the 3 generation of quinolone antibiot-
ics which had the same activity as the predecessor group
plus improved action against atypical pathogens [55]. The
list of drugs includes gatifloxacin, grepafloxacin, sparflox-
acin, and clinafloxacin. They have a cyclopropyl ring at
position R1, which improves the potency of the drug. The
addition of NH, or CH, at position R5 increases the drug’s
activity against Gram-positive bacteria [48]. The presence
of fluorine/chlorine at position R8 increases the drug’s
half-life and tissue penetration. Finally, the 4" generation
quinolone drugs include moxifloxacin, gemifloxacin, and
trovafloxacin, and they have activity against gram-positive
bacteria, gram-negative bacteria, atypical pathogens and
extended anaerobic activity [8]. Structural modifications
include the addition of 3-methoximine-4-aminomethyl-
pyrrolidin-1-yl/amine-substituted bicyclic pyrrolidin-1-yl
group/azabicyclo group/ azabicyclo group at position R7
improves the drugs’ activity against Gram-positive bacte-
ria [48]. Animal studies enable predicting adverse effects
of quinolone antibiotics [32], i.e. human suffering has
been decreased by animal suffering instead.

Mechanism of action of quinolone antibiotics has most-
ly been inhibition of the replication of DNA in bacteria.
DNA is a highly condensed structure, and for cell repli-
cation to proceed, the structure needs to be unwound to
expose the DNA template to DNA primase and DNA poly-
merases. DNA gyrase enzyme relieves the positive super
helical twists that are a result of DNA strands unwinding.
Topoisomerase IV separates the newly formed prokary-
otic chromosomes and eliminates the DNA knots using
the energy of ATP hydrolysis. Quinolone antibiotics act by
inhibiting to the DNA gyrase and topoisomerase IV and
induce cell death is by DNA inhibition and/or production of
stress response proteins [41]. In South Africa, gonococci
have built up resistance for ciprofloxacin (a quinolones
antibiotic), proving it ineffective against gonorrhoea [50].
It should also be noted that moxifloxacin and levofloxa-
cin are a part of second-line tuberculosis drug treatment,
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so quinolone antibiotics are essential in the South African
context [50]. Quinolone antibiotics are therefore important
in the public health in South Africa and resistance against
them poses a severe threat in this regard. There are
three main resistance mechanisms of resistance micro-
bial pathogens against quinolone antibiotics [13]: firstly,
an increase in efflux pumps. Drug resistance is built by
limiting drug concentration within the cell. This is achieved
by increasing the number of efflux pumps present on
the cell envelope [41]. Next, mechanism is lowered
porin expression and mutation of lipid-mediated path-
ways. This limits the amount of quinolone able to enter
the bacterial cell cytoplasm [48]. Finally, mutation of to-
poisomerase IV and DNA gyrase can occur. These mu-
tations reduce quinolone affinity for the target enzyme,
and thus reduce drug effectiveness [41]. There have
been clear benefits ciprofloxacin and other quinolones,
but the development was done against animal suffer-
ing, as many active pharmaceutical ingredients were
done by testing on animals [38, 52].

Drug development and the development of antimicro-
bial agents is where many animal models have been
included [67]. During the animal testing of antibiotic and
drug development, some negative impacts on animal
health were recorded. More specifically, penicillin is
fatally toxic to Guinea pigs [57]. Aspirin was suggested
to be toxic to rat embryos [65] and repetitive adminis-
tration of paracetamol to dogs and cats led to toxic side
effects [64]. Testing of ciprofloxacin showed that mon-
key embryos and dogs did not suffer from toxicological
side effects from quinolones administration [53]. The use
of antibiotics in human medicine was led to environmen-
tal contamination and the presence of antimicrobial
resistance elements in the Great Apes in previous unan-
thropised areas of the world [61]. Selection of the animal
models and the types of experiments have been based
on the progressive improvements of the fundamental re-
ality by humans throughout the Age of Anthropocene and
recently during the Great Acceleration. The knowledge
accumulation about this fundamental reality has been re-
lated to the understanding of animal physiology, genetics
and biology. Application of that knowledge to the situa-
tional reality of human existence has then been taking
place, i.e. deployment of the use of animal models in the
antibiotic development to fight infectious diseases in the
Age of Anthropocene and recently during the Great Ac-
celeration. Many animals have been euthanised and the
subjected to injuries/welfare impacts, when animals are
used in the drug development. Human suffering has been
alleviated by suffering of animals, and the animal models
have not always been optimum in transfer of results for
humans [67]. Over time, this search and application of the
fundamental reality knowledge at the boundary with sit-
uational reality has led to the realisation by humans that
more care and protection must be extended to animals.
This led to adoption of preventative measures that pro-
tect animals as quasi-participants and the draw down of
the human suffering (see section on Integrating remarks
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below). There has also been a move away from the use
of animal models in drug testing and development; and
towards the use of replacement systems and potentially
challenge trials. It can, therefore, clearly be seen as a pro-
gressive adoption of the precautionary principle in drug
development.

Precautionary principle and its links
to the fundamental and situational reality

General aspects application in the Age of Anthropocene
and the Great Acceleration

Ultimately, the human actions such as release of
nuclear radiation and excess CO, into the environment
must be seen as possible examples of threat to life on
Earth, e.g. through the alteration of the conditions under
which socio-ecological systems will exist in the Age of An-
thropocene. The precautionary principle expresses that
causality of human actions can be unpredictable, i.e. the
consequences of the release of CO, and other gases and
chemical compounds into the environment due to the an-
thropogenic activities cannot always be understood, mod-
elled, or completely quantified/mitigated at the point of
creation of those impacts or even long time after the onset
of such impacts. The decrease of the use of animal mod-
els in drug development can be seen as a decrease of the
animal suffering at the fundamental and situational reality
boundary. At the same time, future suffering is to be pre-
vented. Therefore human actions can have unpredictable
impacts on the human-animal-environment impact nexus,
and this is taken into account at the boundary between
fundamental and situational reality. Application of the pre-
cautionary principle is aimed to preventing the alterations
in the amount and sometimes even the bonding nature of
life. It is an expression of the fact that humans and their
actions set the terms of concrete and indirect impacts of a
set of chemical molecules onto the socio-ecological sys-
tems. As a result, the precautionary principle is aimed at
preventing the destruction of life, to limit the potential im-
pacts of human activities in the Age of Anthropocene and
the Great Acceleration on the non-human components of
the socio-ecological systems. The precautionary principle
is aimed at preventing harm to other living organisms and
directly or indirectly due to the application of the human
knowledge and the search for new knowledge, as well as
its potential applications. This should and does apply to
the current and/or future generations of humans, animals,
and environmental settings [24].

Human actions, putting aside colonialism and other
forms oppression for now, can have benign, beneficial, or
detrimental impacts on the other components and com-
partments in the socio-ecological systems. Therefore, the
precautionary principle allows for the continuation of the
‘normal science’, which is aimed at discovering the nature
of the fundamental and situational reality of human exis-
tence and the environment humans share with animals
and other living organisms [44]. However, the principle
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strongly suggests normative, cautious, and deterministic
actions in the domain of the ‘regulatory science’. In other
words, the precautionary principle is guiding principle for
drafting and implementing of the policies and regulations
of human actions that can result in unforeseen impacts of
application of knowledge, development and deployment
of normal science. Such impacts might be irreversible in
effect on non-human animals, on all living organisms and
the socio-ecological systems as a whole. The regulatory
science and precautionary principle are aimed at miti-
gating potential human errors in the deployment of the
human knowledge at the boundary between the funda-
mental and situational reality of human existence, as
well as the existence of the socio-ecological systems.
They aim to limit human errors to the type | errors, where
human causality of detrimental effects on socio-ecologi-
cal system is not necessarily proven, but is plausible [44].
Precautionary principle and all human impacts must be
managed or pre-emptied in order to eliminate impacts
on the socio-ecological systems which are of type I,
i.e. human causality of such impacts is unforeseen and
ignored until it is too late to prevent it and the impact had
occurred, and it is deemed irreversible [44].

Precautionary principle is also the result of human ac-
tion, human understanding, and collective interpretation
of current and potential future changes at the boundary
between the fundamental and situational reality of human
and socio-ecological system’s existence. Changes can
and do apply to both realities of existence as well. The pre-
cautionary principle has been deemed irrelevant or prob-
lematic by some authors for the following reasons [44]:

a) the principle limits human decision-making and
even goes against rationality, i.e. limiting the decisions
based on hypothetical consequences is irrational and/or
precautionary principle prevents a human being from mak-
ing any decisions;

b) the principle is vacuous;

c) the principle is contradictory in its very essence.

This is a truncated version of the objections by scien-
tists and philosophers, but many of them can be allayed
or even eliminated. These objections will be discussed
in a shortened version, and it will be based on the [44]
reference, as well as on the authors own interpretation
of the precautionary principle.

Normal and regulatory science
as justification for application of precautionary principle
in biological sciences

Firstly, the limitations and irrationality of the precaution-
ary principle are not actually an accurate interpretation of
its essence and scope of the principle’s application. The
precautionary principle is in its very nature a principle that is
action-based, that would have epistemic and knowledge-
creating dimension, and which is to be a procedural mea-
sure to guide human actions under the conditions of
uncertainty of the actions’ outcome. The precautionary
principle is not in any shape of form itself to be applied to
all decisions that humanity makes, i.e. it cannot be seen
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as a generally-applied and only normative principle to di-
rect all human actions and decisions. Rather, humans are
still able, free and obliged by the need to generate knowl-
edge about fundamental and situational reality improve
the overall human condition and to decreaseftry to elimi-
nate injustice and inequality among humans. Humans
can explore fundamental reality of their world, ontological
realm of existence... humanity can, in spite and because
of the precautionary principle still, continue to strive and
understand the laws of nature and the links between that
and human health, wellbeing, the welfare of animal and
abiotic components of socio-ecological systems. In other
words, the precautionary principle does not stop, impede,
or weaken the human’s rights, need and entitlement to
conduct normal science. On the contrary, the precaution-
ary principle should only be used in the regulatory science
domain to indirectly guide the normal science. However,
the precautionary principle should only be applied in sit-
uations where humans action, e.g. increase in the atmo-
spheric concentration of CO,, can have (un)predictable
and detrimental consequences on broader environment.
Offering a deontological ethical framework that com-
plements the precautionary principle is Immanuel Kant's
first formulation of the categorical imperative, which as-
serts, in the first instance, that one should act only accord-
ing to maxims that can be universally applied [26]. This
means that ethical decisions should be made based on
principles that could be universally endorsed without con-
tradiction. The second instance of the imperative empha-
sizes the need to treat individuals as ends in themselves,
rather than merely as means to an end [26]. For exam-
ple, if a proposed genetic modification could potentially
harm the living organisms which are part of the existing
socio-ecological system along with human. As a results,
applying the precautionary principle means rejecting such
modifications unless they can be universally justified as
safe and beneficial [45]. By ensuring that scientific and
ethical decisions respect the intrinsic value of living organ-
isms and their molecular integrity (as far as possible at the
boundary between the fundamental and situational reality
of existence), the precautionary principle upholds the need
for ethical treatment of all entities involved. Therefore and
from a moral, as well as rational point of view, humans
must act to mitigate or prevent a type Il error in terms of
impacts of human actions on non-human animals, living
organisms and the abiotic components of the socio-eco-
logical systems. Humanity must follow the precautionary
principle, in the regulatory science domain, from the mo-
ment that there exist sufficient evidence, strong indica-
tions or pragmatic human consensus that anthropogenic
actions might be the cause for detrimental or non-benign
impacts on any part of the socio-ecological systems in the
holistic understanding of this ontological term or notion.
The objection premise that the precautionary principles
is ‘vacuous’ or devoid of meaning, content, or practical sig-
nificance [44]. This objection can be addressed and de-
bunked as follows. Human actions are unavoidable and
a fact of life and will be assumed to be part of epistemic or
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perceived human reality and not illusion in the discussion/
analysis going forward. One could theoretically argue that
human action is only an illusion, but the impacts of anthro-
pogenic action on Earth and the ontological realm of the
socio-ecological systems are a reality, as indicated to and
perceived by humans and indicated by the ontological ex-
istence in the Age of Anthropocene and during the Great
Acceleration [19]. This last point is supported by address-
ing of climate change in the international treaties such as
the Paris Agreement. Therefore the precautionary princi-
ple is a manifestation, a component of the human endeav-
our to mitigate the impacts of the real actions, that human
development and its side effects can have on non-human
animals and abiotic components of the socio-ecological
systems. The unity of human mind, the collective one of
Homo deus, its drive to change and improve the human
condition, and the impacts, such endeavours have on
the nature, are thus not vacuous. It is clear that such lack
of vacuousity does have limitations, as Paris Agreement
implementation is currently not meeting of its targets [36].
However, the precautionary principle is not vacuous, and it
is driven by specific regulatory science consideration and
intended epistemic actions by Homo deus. Regulatory
science and the human search for new knowledge could
both be seen as an expression of unity of human mind and
nature. Such an interpretation is similar to the view of Jo-
nas, who saw human mind and nature as one [21]. If one
accepts this unity and the moral implications of it, as well
as the fact that the precautionary principle was drafted,
one can then state and argue that humans have realised,
at least to some extent, that they have an impact on the
environment and that at least some of those impacts are
likely not positive or at minimum not benign. Therefore, the
precautionary principle has substance and drives, in how-
ever limited fashion, human actions in the Age of Anthro-
pocene, as well as during the great Acceleration, where
applicable and in unison with scientific discoveries [24].
This pre-empts any sense that the principle is or could be
vacuous. There is an essence of subject and action-driven
decisions, and ethical implications, are based on decisions
that are made based on the broad understanding of the
human ontological essence and existence, and links to
the wider socio-ecological systems. Human actions, such
as drafting of the Paris Agreement and its adoption by the
United Nations, indicate that human understand their link
to the other parts of the socio-ecological systems. As a re-
sult, the precautionary principle is not vacuous.

The most difficult objection to deal with about the
precautionary principle is the contradictory nature of it.
It is true that regulatory science and the application of the
precautionary principle could, at face value, very seen as
limiting scientific progress, knowledge generation and ulti-
mately the impacts of humans on the non-human parts of
the socio-ecological systems. The point being that regu-
latory science, which strictly or predominantly, adheres to
the application of the precautionary principle, can impose
such limitations on the normal science that it becomes im-
possible for Homo deus to deepen their understanding of
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fundamental reality of existence. This in turn then prevents
humans from dealing with the challenges at the boundary
with situational reality, e.g. understanding the exact nature
of the climate-change-feedback loops and the anthropo-
genic impacts of humanity on non-human parts of the
socio-ecological systems. However, this point of view and
line of argument are not an accurate representation of the
current, perceived reality of human existence... the reality
of the Age of Anthropocene and the time of the Great Ac-
celeration. The precautionary principle is only one of many
political, legal and ethical/moral ways to deal with anthropo-
genic impacts on the non-human parts of socio-ecological
system. The freedom to conduct research still goes on and
the normal science has not stopped after the 1992 adop-
tion of the precautionary principle [47]. Such science has
been updated, as the knowledge on climate-change-feed-
back loops and impacts has been updated between 1992
and the 2015 adoption of the Paris Agreement [36, 62].
For the biological sciences, the number of papers pub-
lished has steadily increased between 2000 and 2017 [27].
At the same time, the number of authors per paper and the
apparent interdisciplinarity in biological sciences publish-
ing has increased for the same time period [27]. Therefore,
the precautionary principle is not just contradictory, and
so the regulatory science seems to have a limited impact
on the normal science based on the reasoning above.
The impact is likely limited to specific aspects of the bio-
logical science research, e.g. demonstrated by the 0.2 %
increase in the similarity between the topics of papers
in biological sciences and the likely increased level of this
type of coherence between 2017 and 2040 [27].

Precautionary principle as a foundation
for a balance between regulatory and normal science
In summary, the precautionary principle has an epis-
temic foundation for its derivation, i.e. there is an admit-
tance by humanity that we do not know everything but
that there are some of our actions which have the poten-
tial to cause good/benefits and harm at the same time.
This is in relation to humanity, to Homo deus and non-hu-
man components of the socio-ecological systems. There
is epistemic humility in the principle that we cannot predict
all the outcomes of our actions, even though they might
only be based on positive intentions. This humility is an
expression of the need for the iterative process of normal
science to continue, and the regulatory science to adopt
some of the major findings, facts, findings, and knowledge
about uncertainty from the normal science, translating
those into its regulations and policies. The precautionary
principle and its application are thus a flexible framework
for the management of uncertainty of knowledge genera-
tion by Homo deus. They are somewhat contradictory in
nature, but the contradictions are like to be limited. Finally,
the precautionary principle and the related uncertainty are
manifestations of the boundary between the fundamental
and situational reality of human reality of existence, and
that this boundary is in a permanent state of change and
flux [24]. Thus, the uncertainty arises from the promotion
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of the discoveries of normal human science, develop-
ment of technologies and the improvement of the overall
human condition and the side effects of the deployment
of normal science knowledge in the Age of Anthropocene
and during the Great Acceleration [19]. The discussion in
this section shows the duty of humanity to address and
pre-empt, where possible the effects of the actions by
Homo deus on non-human components of the socio-eco-
logical systems. There is an inherent rationality in this
duty, as demonstrated by the application of the categorical
imperative above. The actions based on the precaution-
ary principle are not vacuous and neither is the principle
itself. Contradiction might, and probably do arise, from the
precautionary principle in the decision-making about the
human actions impacts on the socio-ecological systems.
However, the precautionary principle leads to updating of
the commitment and treaties that manage human actions
and management of the climate-change-feedback loops
on humanity and socio-ecological systems.

The time is an important factor in the nature of the
boundary between the fundamental and situational reality
of the existence of Homo deus during the Age of Anthro-
pocene and the Great Acceleration. Dynamic nature of
this boundary is an important factor in human endeavours
and so it must be a consideration in the decisions that
can impact the ontological realm of the socio-ecological
systems. That time is often limited, as shown for the most
part of living organisms [20]. Implicitly, the precautionary
principle has a temporal dimension, and time is an import-
ant variable in the considerations in relations to anthropo-
genic activities, in relation to the manifestation of human
lives and lives of all organisms on Earth. Thus precaution-
ary principle is supportive of protecting life, it shares fun-
damental features with it, and it is aimed at recognition of
life’s inherent value [21]. As a result of this reasoning, any
contradiction in relation to the precautionary principle is
temporary and quickly dissipates in case an action needs
to be taken by Homo deus [22]. Such action would apply
to the boundary between the fundamental and situational
reality of the humans, non-human animals and living
organisms in the ontological realm where they are part of
socio-ecological systems. Precautionary principle and the
balance between the normal and regulatory science are
an outcome of the long line of discoveries, as mentioned
above, that humans have already performed since the
onset of fossil fuel use and application in the promotion
of human development. Those discoveries led to impacts
and by-products, which over time led to the generation of
the uncertainty at the boundary between the fundamental
and situational reality. Further examination of the precau-
tionary principle and some regulatory science policies, or
best practices, need to be understood from the view point
of the inherent link between the molecular basis of all or
most living organisms. It is also necessary about to expli-
cate more clearly the duality of the use and possible na-
ture of the knowledge that Homo deus has accumulated.
One can start with the byproducts of the anthropogenic
knowledge generation and deployment by Homo deus,

12

which are simple in chemical structure, and which are
also essential components of living organisms.

Said by-products are often dual in character, e.g. CO,
is produced by living organisms and used in maintenance
of their normal functioning (see next section for details).
At the same time, the greenhouse gases can be produced
anthropogenically, such as CO,, and these can cause
changes to the conditions of life, and they can also damage
or terminate life itself. CO, is a symptom of the duality of
chemical molecules that are related to life. In other words,
CO, and other elements/molecules have wide-ranging im-
pacts in terms of the human and animal wellbeing, as well
as environmental health. These molecules play essential
roles in the normal functioning of the living organisms, i.e.
they are part of the molecular mechanism of the inexo-
rability principle. However, there is an inherent duality in
them: they can become a source of harm to humans and
socio-ecological systems when released outside of living
organisms and in much higher concentrations. Below the
duality of impact of CO, and other chemical components
of life will be interpreted more broadly in the ethical domain
and in the context of the human-with-animal-with-environ-
ment interactions. The duality was discovered based on
the execution and practice of normal science by Homo
sapiens and later Homo deus. The knowledge deploy-
ment about CO, and other dual-inexorability chemicals
has been the basis for the regulatory science, e.g. such as
that which led to the drafting of the Paris Agreement. In the
next section of the article, duality of inexorability chemicals
is used to demonstrate the need for the regulatory science
to be applied as a tool to manage the normal science.
That management does take place at the boundary be-
tween the fundamental and situational reality of everyday
existence of Homo deus in the Age of Anthropocene and
during the Great Acceleration [19, 24].

Duality of the chemical composition of life
and its relation to the existence of Homo deus

CO, binds the normal and regulatory science together

CO, is a good example of the duality that simple mol-
ecules and greenhouse gases, or their dissolved forms,
can play in the living organisms and the biosphere in gen-
eral. Fig. 1 shows that CO, plays a fundamental role in
the chemistry of life. It is the ‘very raw material’ for the
production of the universal energy source of living cells
and organisms, regardless of their complexity, namely
glucose. This is formed in the process of photosynthe-
sis, where CO, or the HCO;~ in marine environments
are utilised by autotrophs to synthesise glucose (fig. 1).
Glucose provides the ability for the living organisms to
produce ATP and other important molecules of life, e.g.
the pentoses for the nucleotide production in the pentose
phosphate shunt. CO,has also evolved into the basis
for the maintenance of the pH homeostasis of the living
cells and (micro)organisms and the supply of H* in vari-
ous compartments of living cells and (micro)organisms

bionoeis meapuH, 2025, 1. 27, N3



Msimang A., Tandlich R.

Links between human and animal life in the Age of Anthropocene

[22, 40]. In the gaseous form, CO, is not toxic to human
respiration at low concentrations, but it causes the follow-
ing symptoms as its local atmospheric concentration in
a confined space increases [30]: “increased respiratory
rate, tachycardia, cardiac arrhythmias and impaired con-
sciousness”. If the volume fraction concentration of CO,
in the ambient air reaches ten percent or more, humans
start experiencing results in convulsions, coma and/or
death. In other applications, carbon dioxide has been
used as a cooling agent or a sorbent for contaminants,
i.e. dry ice [29]. The bicarbonate ions also play a role in
the exchange of single carbon atoms in living organisms,
e.g. propionyl-CoA-carboxylase [3]. In this case, the CO,
central role in the pH homeostasis, as a reactant in some
enzymatic reactions, and the preservation of those role
across many of the species and level of biological or-
ganisation in the Earth’s biosphere, is an expression of
the conservation rule of life as defined by J. Gémez-
Marquez [20], namely

“once the evolutionary process finds and selects
a structure or a process that works well at any
level of complexity (from macromolecules to mul-
ticellular organisms) it will not change it or if it
does it would consist only in a fine-tuning”.

Discussion of CO, shows that molecules of this com-
pound are clearly tied into the very essence of life on
Earth. It also shows that human and other living organ-
isms, i.e. including non-human animals are tied together
at the molecular level. The tying forces of the essence of
life happen at the most fundamental level of it, i.e. they
can be seen as an expression of the conservation rule
of life [20]. As an expression of fundamental reality of
human and living organisms’ existence, the conserva-
tion of the favourable traits among living organisms is
maintained in all organisms where it is favourable for the
survival of the species [20]. Depending on the concen-
tration CO, and carbon indirectly, this element and mol-
ecules in which it has covalent bonds with other atoms
of life can be beneficial or dangerous to human life.
This is an expression of the duality of threat vs. carbon’s
role in the essence of life will depend on human role in
relation to the molecules such as CO, and its application.
The duality in turn will be a manifestation of the human
influence on the use of molecules such as CO, at the
boundary between fundamental and situational reality of
the ontological realm of human existence and the exis-
tence of the socio-ecological systems [24].

Such a role of humans can be passive, i.e. humans
can only live with the way carbon is arranged in their body,
and how CO, is exchanged with the environment due to
the functioning of the human body. The normal scientific
endeavours of humans led to the discovery of the roles
that CO, has played in the essence of life [44]. By exten-
sion, the normal science would include exploitation of that
knowledge for the management of the CO, essence role
in human wellbeing and health, e.g. the management of
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Fig. 1. Cycling of the carbon between inorganic and organic pools
in the environments. The figure ultimately demonstrates the central role
of the carbon dioxide in the cycling of C in the biosphere [42]

carbon dioxide in context of human health... treatment
of hypocapnia and hypercapnia [4]. At the same time and
in this context, CO, will also play a role in the maintenance
of the human wellbeing, e.g. through medical treatment.
The human role in the ‘molecule’s application’ is passive
in this context, and it is the result of the fundamental re-
ality of human existence. The molecule executes its role
based on the laws of nature (its chemical potential and
energy) and based on the fundamental reality of human
existence and molecular essence of life. The role of mole-
cules such as CO; in the situational reality of human exis-
tence will be observed when humans actively ‘deploys the
molecule for a specific purpose, which they choose [24].
In that context, humans will play an active role in way that
the molecules are dispersed or applied. For examples,
if a human plays an active role in the way they use their
knowledge of the fundamental reality to deploy a tech-
nology and to generate/contribute to the release of mole-
cules such as CO, into the environment.

When looking at the development of the human de-
ployment of CO,, one can argue that this was done by
humanity in a semi-intentional way. This line of argument
will be explained in the following paragraph. Since about
the 1800’s, humans have been changing their reality,
i.e. technological advancement is derived from the way

13



Mcimanr A., TaHanix P.

3B'A3KN MiDK XKUTTAM JIKOANHN Ta TBAPWH B €MOXY aHTPOMOLEHY

in which human’s discovered the fundamental laws of
nature, the chemical composition of fossil fuels and technol-
ogies that could harness the energy such fuels release
during combustion. The fundamental reality knowledge
led to human progress, to wars and to human suffering
but it also launched an era of progress and discoveries,
which have improved the overall human condition over
several generations. Humans have been altering their
situational reality by intuitively exploiting the fundamental
reality laws, etc. (based on [24]). Situational reality has,
however, recently become characterised by the exces-
sive release of human-initiated/produced CO, molecules
into the environment and living space of human, non-
human animals and all living organisms. At least since
the 1980’s, humans have realised that there are impacts
of this intentional deployed CO, and it is starting to alter
the socio-ecological systems, e.g. decreasing biodiversity
and impacts of human activities on coral reefs [59]. Into
the ontological realm of existence of the human’s lifetime,
a new evolutionary force entered, namely humans or
Homo deus. Progress of humanity and the development
at the boundary between fundamental and situational
reality have reached the stage that humans have started
to exercise influence on the evolutionary imperative [20],
i.e. humans have started to create global conditions
where selection pressure is exerted onto the non-human
parts of the socio-ecological systems. This can lead to
natural selection of species, genetic changes and drifts
to adapt to the human-induced climate change. Extinction
can also be result of these action of Homo deus in the Age
of Anthropocene and during the Great Acceleration [19].
This power is realised by humanity and solutions such
as continued research in normal science, as well as regu-
latory science of treaties such as the Paris Agreement. The
level of CO, deployment is being regulated and controlled
by humanity. Precautionary principle is being implement-
ed, however in a limited fashion, applied by action-based,
epistemically-humble and justified, and filled with the col-
lective, anthropogenic intent to protect life. Changing hu-
man ways is not always easy and continuous negotiation
ethical, moral, and scientific iteration of knowledge from
normal science must be re-examined and where appro-
priate to feed into the regulatory science. Approaching
dealing with the climate-change-feedback loops, based
on the precautionary principle, requires one to realise that
knowledge of Homo deus about the fundamental reality
of their existence and the duality of the CO, molecules in
it. It requires individual humans and the collective wisdom
of humanity to manage the unknown impacts of climate
change by strongly considering and by always keeping in
mind the life and death nature of what Homo deus knows
about CO, and similar molecules. Striking the right bal-
ance here makes it clear that normal science expresses
the drive to gain move knowledge and to move forward.
Regulatory science, on the hand, charts the way forward
to getting that new knowledge. How this balance is struck
is critical to the success of Homo deus in the Age of
Anthropocene and during the Great Acceleration [19, 22].
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Knowledge and the power of life
in the Age of Anthropocene
and during the Great Acceleration

Discussion in this article so far shows that the humans
and non-human life are tied together with the chemical
elements and molecules they form their bodies, that give
them their material character. Humans are composed
of a mixture of the chemical elements and component of
life, and they share these features and molecular basis
with the other living organisms. Life has been defined by
many authors and the article/thought piece by J. Gomez-
Marquez [20] will be used here to demonstrate the links
to normal and regulatory science. This is not to copy
that author’s thoughts or arguments, but rather to pro-
vide a unified framework for finishing the argument
in this article. Evolution and a certain level of natural
determinism in the way chemical composition of living
organisms evolved and has common features, and these
are maintained across different living organisms, as well
as in the optimum solution to the chemistry of life and its
functioning at the molecular level. This is summarised in
the inexorability principle that states [20]

“life is like that because it should be like that”

However, the inexorability principle does not imply
intelligent design, as the chemical composition and other
commonalities between various living organisms are not
based on a pre-determined plan [20]. At the same time,
the chemical nature of human life and other life is not the
result or sign of causal determinism, i.e. the chemical
composition will not be fixed in time at the scale of the fun-
damental reality of human existence [20]. It can undergo
changes as a result of evolution and the chemical com-
position will thus be the result of a combination between
deteminism and contigency [20], i.e. they are subject to
change over a long period of time. By the same token,
all living organisms exchange energy and matter with
their environment to maintain their order, the essence of
life and to continuously increase the entropy of their sur-
roundings in order to comply with the second law of ther-
modynamics [20]. Life is maintained by maintaining the
chemical composition of its cells and bodies, i.e. the order
of the non-equilibrium existence of humans and non-hu-
man animals, of all life is maintained. However, given that
life has survived and has been self-maintained over bil-
lions of years, throughout varying fudamental reality, life
is worth protecting. It must be studied, understood and
protected. In the course of the human situational reality,
the study of life, at least since the progress of humanity
of the 1800’s had started, and it has led to the continuous
discovery of the nature of fundamental reality by humans.
This knowledge has developed over the situational reality
of generations for the human beings, and it led to the Age
of Anthropocene and the Great Acceleration. The relevant
knowledge acccumulation and deployment of that knowl-
edge at the boundary between fundamental and situa-
tional reality has led to Homo deus.
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Besides CO, and carbon, other molecules and atoms
with duality attached to them include those that contain
nitrogen or N, and four other of the six macroelements, or
atoms which are found in all living organisms, and that all
biologically important molecules are made out of, namely
O, H, S, and P. Each of the macroelements has a biogeo-
chemical cycle, e.g. nitrogen and other atoms undergo
chemical reactions which result in the movement of the
macro-element atoms between various environmental
and biosphere compartments. The movement can be
based on physical laws, e.g. the Fick’s law of diffusion, or
based on biological agents catalysing the changes in the
covalent structures which in tumn allow for the inter-com-
partmental movement of the macro-element in question.
Azotobacter spp. can fix atmospheric N, and convert it
into NH; due to the activity of the nitrogenase enzyme [1].
Then ammonium/ammonia molecules can be converted
into the amino acids and proteins [43]. Similar reactions
also play a role in the conversions of NH; and its detoxifi-
cation in the brain tissue of humans [10]. Other processes
in the biogeochemical cycle of nitrogen can be seen in
fig. 2. There is, however, a clear conclusion that humans

and non-human animals will contain at least some of the
same chemical reactions and molecules that contain
nitrogen in their cells and bodies. Human discovery of the
individual processes that are involved in the cycling
of macroelements and the deciphering of their impact
on human understanding of natural laws and biological
essence of life. This can be seen as a manifestation of the
fundamental reality of the human existence — an under-
standing of the fundamental principles and laws that
govern the nature functioning, that ‘control’ the human
existence and the space and broad parameters of the
ontological realm of human existence [24]. The nitrogen
cycling is another example that shows that humans and
non-human animals/parts of the socio-ecological systems
are intertwined at the very molecular and fundamental
level of life. This manifestations of the fundamental reality
of human existence proves that humans have an under-
standing of the interlinking and the inexorability principles
of human and non-human life. As a result, Homo deus
has a duty to manage and to be a custodian of the life at
the boundary of the fundamental and situational reality
of human and animal life.

Atmospheric Nitrogen(N,)

Nitrogen-fixing
bacteria living in
legume root nodules

Decom
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Denitri
Bacteria

Nitrates(NO, )
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Fig. 2. N, is first fixed from the atmospheric nitrogen pool and then the atoms of nitrogen undergo changes from NHj, to glutamate and glutamine,
and more complex monomers and biopolymers. Cycling is completed by the processes of ammonification, nitrification and denitrification.
Protein degradation in lysosomes and through the ubiquitin system provides the other steps in the nitrogen cycle [7]
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Knowledge about the fundamental reality, e.g. the tox-
icity of a specific form of nitrogen, has been deployed
by humans and Homo deus for various uses. [16] exam-
ined the ‘ethical duality of nitrogen, N,'. Dinitrogen or N, is
a gas which it accounts for 78 % of the total gas volume
in Earth’s atmosphere [16]. This is the pool from which
nitrogen can be converted into organic and bioavailable
form for the biosphere (as shown in fig. 2). Yet, it has been
used by humans in other uses that can demonstrate of
the link of the fundamental and situational reality, based
on human knowledge deployment of the N, molecular
properties. Specifically, R. Escandon [16] talked about
the inhumane suffering caused by using the properties of
N, as an asphyxiant to execute an inmate, to carry out the
punishment of death penalty. The ethically-questionable
‘humanness of the execution’ using dinitrogen as an as-
phyxiant can be seen as occurring at the interface of the
fundamental reality of human existence, the chemical na-
ture of the electron density distribution and the presence
of one sigma and two pi bonds in the molecule of nitro-
gen make it inert. Those chemical and atomic properties
make nitrogen chemically stable and chemically inert in
the atmospheric compartment in the biogeochemical cy-
cle of nitrogen on Earth (fig. 2). However, the inertness of
N, also leads to the possibility to affect the situational re-
ality of a human being executed, e.g. by being used as an
asphyxiant in the death penalty execution N, deprives the
death row inmate of oxygen and the ability to breathe [16].
Deliberate human use of nitrogen, specifically flooding
the death penalty chamber with N»(g) eliminates another
human’s access to oxygen and after a short period of
time that human dies of oxygen deprivation.

On the flipside of the same coin’, it can be argued
that the execution of a convicted inmate ‘balances the
equation of justice’ in that taking the life of the murderer
in a state-sanctioned execution returns some justice to
the oxygen-deprived murder victim that succumbs to the
violence of the executed prisoner. In any case, the death
penalty use of the dinitrogen molecules is derived from
the human understanding of fundamental reality of their
existence, the chemical properties of one of the macro-
elements that compose molecules of living organisms.
However, the application of the properties of N, is driven
by human interpretation in situational reality of the death
penalty convict and the relatives of their victims. The ex-
ploitation of this fundamental reality for one sigma and two
pi bonds is a specific manifestation of the nitrogen mo-
lecular properties in the situational reality of the execut-
ed convict and the victim’s family members. N, is a qua-
si-agent of life at the interface between the situational and
the fundamental reality of human existence. Homo deus
makes a judgment call how to apply its understanding of
the fundamental reality at the boundary with the situation-
al one. The dinitrogen part of the argument in this section
indicates that humanity can act with a strong sense of
choice about the deployment of their knowledge of the
fundamental reality of human existence at the boundary
with the situational reality of it. At the same time, the CO,
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part of the argument shows that Homo deus can reach
the understanding of the intertwined character of the fun-
damental chemistry and reality of the human and animal
life at the molecular level. Therefore, humanity and Homo
deus has the ability, and due to the climate-change-feed-
back loops on human health the duty, to apply caution and
rational decision making in mitigating the impacts of the
greenhouse gases, such as CO,, onto the socio-ecolog-
ical systems. This calls for deployment of the humanity’s
knowledge, about fundamental reality of their existence,
according to the precautionary principle at the boundary,
inside the situational reality of the socio-ecological system
Homo deus is part of.

Integrating remarks and suggestions
for the way forward

Discussion in the previous sections point to the be-
nign and extreme examples of the chemical properties of
the simple molecules of life and their significance in the
socio-ecological systems. The N, example is similar to
the increase in the atmospheric concentrations of CO,,
a molecule which is essential to the molecular functioning
of cellular-level of life, but which can be toxic in high con-
centrations and if resulting from the deployment of fun-
damental reality knowledge by humans for a derivative/
situational purposes. At the same time, excess production
of CO, and its triggering by the Age of Anthropocene and
the Great Acceleration have now made such simple mol-
ecules, outside of the life-supporting systems, a source
of suffering for humanity and non-human parts of the
socio-ecological systems [24]. Both N, and CO, are ex-
amples of the knowledge duality in the relation of Homo
deus to humanity and other living organisms. Duality of
life has an inside and outside dimension, as health and
normal functioning of cells and death of living organisms
are related to the concentration and chemical form of N or
C, and also in the nature and manner of their release into
the environment. The information from this article clearly
shows that Homo deus has the power to decide whether
a set of simple molecules will be deployed or produced to
sustain or to end life. The boundary between the funda-
mental and situational reality of human existence and the
existence of the socio-ecological systems is thus a mani-
festation of the ability of Homo deus to choose to support
life or to end it. Therefore, Homo deus has the ability to
choose to act in a preventative fashion in relation to life,
i.e. to follow the precautionary principle.

More specifically, inside the living organisms, in mole-
cule such as proteins and amino acids, inside the carbo-
hydrates such as glucose, N and C are sources of life’s
very essence. Their understanding and use by humans
in relation to those ‘inside functions of life’, e.g. for the
maintenance of health and wellbeing of humans and oth-
er parts of the socio-ecological systems, is supportive of
life. The inside dimension of life’s chemical duality is ulti-
mately aimed at decreasing pain and suffering of all living
organisms, or a substantial number of them. Actions by
Homo deus in support of life and the adherence to the
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precautionary principle facilitate this outside of human-
ity’s physical bodies, but next to or in the environment of
non-human animals and other parts of the socio-ecologi-
cal systems. Precautionary principle can thus be seen
as a way to positively manage the outside settings of
life by humanity, by Homo deus.

If humans act inside the biogeochemical cycle of the
macroelements, e.g. humanity directly or indirectly act
inside the fundamental reality of their existence and not
disruptively towards other components of the socio-eco-
logical systems or in relation to them... if they act in sup-
port of life, then human actions are ethically justified to
maintain human and non-human life. Precautionary prin-
ciple is part of such efforts. However, if the CO, and N,
molecules are used in relation to outside of the biogeo-
chemical cycle of the macroelements, or indirectly in rela-
tion to them, then the situational reality of human life and
the existence of the socio-ecological systems is at play —
humans apply the building blocks of life in non-essential
way, in a way that has caused the Age of Anthropocene
and the Great Acceleration. Such application can have le-
thal consequences on humans and non-human animals.
Such lethal consequences do occur at the interface of the
fundamental and situational reality can then lead to the
negative impacts on the single human life, e.g. inhumane
death penalty due to the exposure to the N, overdose.
The same would apply to the wellbeing and welfare of
humans and animals by the ever-increasing CO, concen-
trations in Earth’s atmosphere and the cascading impacts
on the socio-ecological systems. From the drug discov-
ery point of view, similar situation would be observed if
the animal suffering would continue if the humanity would
not have stopped or decreased the suffering of animals in
the drug testing despite the experimental results showing
that transfer of the knowledge from animal experiments to
humans has limitations. Improvements have been made
over the years in mandating the ethical review of animal
studies, the changes to the addressing and naming of
animal welfare to animal wellbeing, the shutting down of
research facilities with primates [34]. Regulatory science
has taken in the normal science findings about the fun-
damental reality and the end points in the animal testing
have been updated to decrease animal suffering, e.g. the
suspension of the LD50 dose experiments [15]. Some
controversies still occur [14], and so precautionary prin-
ciple and its application in the management of the non-
human animal wellbeing is necessary. It is a critical to
maintain a balance between the knowledge develop-
ment and deployment, between the normal and regu-
latory science.

The current article shows that the precautionary prin-
ciple is a way to manage the need for the normal science,
i.e. knowledge and data collection about the fundamental
reality of human existence, and the knowledge manage-
ment and deployment at the boundary of the fundamental
and situational reality of existence of Homo deus (regu-
latory science). It is clear that humanity has the ability to
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choose to act and to deploy their knowledge in a specific
way, and also in an ethical way. Precautionary principle
is grounded in the inherent uncertainty of the Age of
Anthropocene and the Great Acceleration. The current
article clearly shows that the precautionary principle can
be applied effectively is Homo deus chooses to do so.
There is also a continuous need to provide regulatory
science oversight in order to protect or to minimise the
suffering experienced by the non-human animals and
other parts of the socio-ecological systems globally.
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MpoTarom ocTaHHiX ABOXCOT poOKiB 3pobreHo BiAKpUTTs y cpisionorii TBapuH i noauHN, xBopobax Ta po3pobui nikie. TBapuHM cTo-
ANV B LIEHTPi eKCnepuMEHTIB 3 ONTUMiI3aLii 403 MikiB Ta WwnaxiB BBeAeHHs. [Mporpec nogcTea 3yMOBEHUN Pi3HUMU aHTPOMOreHHUMI
Linsmy Ta nparHeHHsaMW. HeBMMHHO 3pOocTaloTb PO3BUTOK 3HaHb Ta BIAKPUTTS WOA0 yHAAMEHTaNbHOI peanbHOCTI IIOACHKOro iCHY-
BaHHS Ta OHTONOrYHOI cdhepy, B 5K NPOOOBXKYIOTb PO3BMBATUCH COLianbHO-eKOMNOrivHi cuctemu. MNpeactaBHukm Homo sapiens 3apa3
AO0CArNN PO3yMiHHSA, CUIMKN 3HaHb Ta i, 3aaTHWUX BNNMBaTK Ha ekocuctemy 3emni. Lie nprn3soauTte A0 NoGiYHMX NPOAYKTIB MIOACHKOMO
nporpecy, Hanpuknag, CO,, Aki noYanu 3miHBaTh PyHAaMEHTanbHy/CUTyaTMBHY MEXY peanbHOCTi NOACHKOrO iCHYBaHHS Ta OHTOMO-
riyHy cdpepy couianbHO-eKonoriYHMx cucteM. lNepeBaru Ta cTpaxaaHHs Niogew | TBApuH, OKPEMO Ta pa3oM, MOXHA po3rnsaaTh Kpisb
pi3Hi NpU3Mn — Hanpuknag, npuHUMN 3anobixHuX 3axomis. Y Ui cTaTTi BUKOPUCTOBYETLCS METOAOMOrA, sika NoegHye GioeTuyHuiA Ta
TEOPEeTUYHUIA BIoNOriYHMI aHarni3 NPUHLMMY 3anobikHMX 3axOAiB i MOro HacniakiB AN B3aEMO3B'A3KY MiX JIIOAVHOIO Ta LUMPLUMMU CO-
LjianbHO-eKonoriyHuMu cuctemamu. Liert npuHUMn Moxe HagaTv NeBHI BKa3iBKW WOAO ETUYHOTO PO3yMiHHS MOABINHOCTI NOACHKMX A
nif Yac aHTporoLeHy Ta Benmkoro NnpUCKOpeHHsi, a TakoX TOoro, SIK Lie NMOB'A3aH0 3 CaMO0 XiMIYHOK CYTHICTIO XUTTA. JTioau po3smBatoTh CBOT
3HaHHS NPO PyHAAMEHTarbHy pearbHiCTb SiK YaCTUHY MOLUYKY iCTUHW, PO3YMIHHS XiMiYHUX Ta iHLLIMX BUMIPIB Npypoau xuTTs. Lie «<HopmarnbHa
Hayka», TOBTO MOLLYK «iCTUHWMY» abo MoACHKOro PO3yMiHHS hyHOAAMEHTarbHOT pearnbHOCTi iCHYBaHHS, ik pyxae NoacTeo Brepen. OnHak i
BUKOPUCTaHHS AN PO3BUTKY NOACTBA CTBOPIOE NOBIYHI MPOAYKTW, Ak MOTPebyioTb «perynsTopHOi Haykv» abo BCTAHOBMEHHS MpaBwn
ANSA peryrnoBaHHA BUKOPUCTaHHS 3HaHb, OTPUMAaHUX 3 HOPMarbHOI Hayku. [Mpuknagom Uboro Moxe 6yTn HeOOXiAHICTb BXUTK 3axOAiB
Ta MNOM'SKLLIMTW HACMiAKM 3MiHU KniMaTy MO BCbOMY CBITY, BMAIUB SIK HA XXUTTS NIIOANHM, TaK i HA XUTTSA TBApUWH.
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This article provides a comprehensive review of the mor-
phofunctional basis of the cutaneous immune system, detail-
ing the cellular composition and integration within a complex
neuro-immune-endocrine network. The main immune compe-
tent cells including keratinocytes, dendritic cells (Langerhans,
myeloid), macrophages, mast cells, and lymphocytes are char-
acterized in terms of their roles in maintaining skin homeostasis
and defense against external and internal factors. The literature
search was conducted using scientific databases such as Sco-
pus, PubMed, and Web of Science. Particular attention is giv-
en to the concept of inducible skin-associated lymphoid tissue
(iSALT) and its role in local immune regulation. The conclusions
emphasize the complexity of cellular interactions in the skin
and their contribution to systemic immune responses.

Key words: cutaneous immune system, keratinocytes, lym-
phocytes, dendritic cells, macrophages, mast cells, immuno-
competent cells
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Introduction

The skin is the largest and most complex organ of the
human body. Its extensive surface area in contact with the
external environment, along with the specific features of its
tissue composition and blood supply, necessitates power-
ful defense mechanisms against adverse external factors
as well as against internal factors in cases of homeostatic
imbalance [13, 31, 43, 45]. For many years, skin was
regarded primarily as an organ providing mechanical and
chemical barriers. However, this concept has undergone
a profound transformation in recent decades.

Modern research has demonstrated that the skin is
an active immunocompetent organ with its own complex
immune network, capable of systemic immune responses
and interactions with the cutaneous microbiota. Investiga-
tions into the protective functions of the skin have led to
a new understanding of it as an immunocompetent organ
possessing a set of organ-specific defense mechanisms.
The resistance of skin structures to damaging agents is
determined by mechanisms of nonspecific defense and
immunological reactivity [13, 45, 56, 75, 77]. The latter is
mediated by cellular and humoral reactions aimed at the
elimination of microbial and non-microbial elements. Vari-
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ous cell populations involved in immune surveillance of the
skin constitute the local immune defense and are collective-
ly referred to as the “skin immune system” [26, 40, 45, 71].
Occupying a barrier position, the skin is continuously
exposed to external and internal adverse influences,
which may lead to disturbances of varying severity in its
protective complex. Understanding the mechanisms of
interaction and regulation of all components of the skin
immune system is of great importance for medicine, par-
ticularly in light of the increasing recognition of the role
of the skin microbiome and its influence on immunity.

Materials and Methods

The aim of this review is to comprehensively summa-
rize the current knowledge on the morphofunctional basis
of the cutaneous immune system, highlighting the cellular
components and their roles in maintaining skin homeo-
stasis and systemic immune interactions. To achieve this,
a systematic literature search was conducted using major
scientific databases including Scopus, Web of Science,
and PubMed. The search covered articles published
between 2010 and 2025 and employed keywords related
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to skin immunity, immune cells of the skin, neuroimmune
interactions, and immune regulation in dermatology. Se-
lected publications were screened for relevance, focusing
on both original research and recent comprehensive re-
views, to provide an up-to-date synthesis of the subject.

Cutaneous immune system

In recent decades, the cutaneous immune system
has been increasingly recognized as an integral and
functionally coordinated component of overall immunity,
contributing to the maintenance of systemic homeostasis
by providing protection against foreign biological agents
[10, 13, 55, 79]. Due to its vast surface area in constant
contact with the external environment, the skin is uniquely
positioned as the first line of defense against a wide range
of exogenous factors, including antigenic stimuli [66].

Pioneering work in the 1980s by J. W. Streilein intro-
duced, by analogy with MALT (mucosa-associated lym-
phoid tissue), the concept of SALT (skin-associated
lymphoid tissue). This term referred to populations of
immune cells, including lymphocytes and antigen-pre-
senting cells, residing in the epidermis and dermis.
Building on this concept, J. D. Bos and colleagues later
proposed the broader term skin immune system (SIS),
encompassing SALT together with the epidermis, dermis,
and regional lymph nodes [15, 21, 46, 64].

Current evidence supports a functional subdivision of
skin defenses into nonspecific mechanisms — mechanical,
biochemical, and cellular defenses — and specific immune
responses, comprising both cellular and humoral compo-
nents. The nonspecific arm of cutaneous defense is medi-
ated primarily by epidermal elements such as keratinocytes
and dendritic cells, as well as dermal populations including
macrophages, mast cells, and granulocytes. In contrast,
specific local immunity is ensured by lymphocytes, which or-
chestrate antigen-specific responses within the skin [45, 51].

More recently, an important conceptual advance has
been the recognition of the cutaneous neuroimmune
endocrine (CINE) system, a complex network integrating
neurons, immune cells, and endocrine cells. This system
enables rapid and precise skin responses to stressors by
modulating immune defenses and homeostatic process-
es through neurotransmitters, hormones, and cytokines.
Importantly, the CINE system operates both locally with-
in the skin and systemically, thereby influencing not only
cutaneous but also organismal immunity. This perspec-
tive underscores the integration of the skin into broader
neuro—immune—endocrine interactions and highlights the
critical role of intercellular communication across the ner-
vous, immune, and endocrine compartments [4, 61].

The extensive surface area of the skin in contact with
the external environment, together with its specific tissue
composition and vascularization, necessitates the pres-
ence of powerful defense mechanisms against adverse
external factors, as well as internal factors arising from
disruptions of homeostasis [33, 45]. In this context, the
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traditional view of the skin merely as a mechanical and
chemical barrier has been substantially broadened: the
skin is now regarded as an immunocompetent organ
equipped with a complex network of local and systemic
defense mechanisms. The resistance of cutaneous struc-
tures to damaging agents is mediated by both nonspecific
and specific immune mechanisms, which include cellular
and humoral responses directed at the elimination of
microorganisms and altered host cells [31, 45].

Components of Innate Immunity

Keratinocytes

Keratinocytes represent the principal cellular compo-
nent of the epidermis. Through differentiation and apop-
tosis, they give rise to corneocytes of the stratum corne-
um, which provide the physical barrier of the skin.
Beyond this structural role, keratinocytes produce a wide
range of regulatory factors, including growth factors and
cytokines, and upon injury they secrete antimicrobial
peptides such as defensins and cathelicidins.

Keratinocytes of the granular, spinous, and cornified
layers express pattern-recognition receptors (PRRs),
enabling them to sense microbial invasion and initiate im-
mune responses. Recent studies have shown that PRR
activation triggers the NF-kB signaling pathway, lead-
ing to the production of pro-inflammatory cytokines and
chemokines that recruit immune cells to sites of injury or
infection. Moreover, keratinocytes express Toll-like recep-
tors (TLRs) upon activation, thereby acquiring functions
resembling those of antigen-presenting cells. Strong
activation of keratinocyte TLRs has been associated with
polarization toward a Th1 immune response and the syn-
thesis of pro-inflammatory interferons [18, 41, 52].

Keratinocytes also engage in contact-dependent inter-
actions with Langerhans cells and intraepidermal lym-
phocytes through adhesion molecules such as E-cadher-
in and ICAM-1. Disruption of these adhesion pathways
has been implicated in the pathogenesis of several skin
disorders. In addition, activated keratinocytes release
chemokines that attract T lymphocytes from the circu-
lation to sites of tissue damage [12, 65].

Recent evidence highlights the regulatory role of
keratinocyte apoptosis in maintaining Treg cell pop-
ulations and skin tissue homeostasis. Coculture exper-
iments further suggest that keratinocytes can suppress
the proliferation of phytohemagglutinin (PHA)-activated
lymphocytes in vitro [2, 19, 29, 50, 59].

Of particular interest is the interaction between
keratinocytes and immature T lymphocytes. Several stud-
ies suggest that keratinocytes, which share lineage simi-
larities with thymic reticuloepithelial cells, can produce
factors influencing T-cell differentiation [73].

Dendritic Cells (DCs)

Dendritic cells (DCs) represent a heterogeneous pop-
ulation of professional antigen-presenting cells (APCs)

21



OwmenaHuumk J1. O., Taspor M. J1., T'pomokoBcbka T. C., MoTtoupbka O. |.

MopdodyHKLIOHANbHI OCHOBU iIMYHHOT CUCTEMU LLKIPU

that play a pivotal role in both the initiation of adaptive
immunity and the maintenance of immune tolerance.
Multiple subsets of DCs are present in the skin, each
with distinct phenotypic, functional, and molecular char-
acteristics.

The major subsets include:

— Langerhans cells (LCs) in the epidermis, special-
ized in antigen presentation and epidermal immune ho-
meostasis;

— dermal myeloid DCs, including CD11b* and CD11b~
subsets, which contribute to T-cell activation, cytokine
secretion, and migration to lymphoid tissues;

— plasmacytoid DCs (pDCs), potent producers of
type | interferons during viral infections, with additional
roles in immune tolerance [7, 60, 78].

Skin DCs display remarkable functional plasticity,
adapting their properties to the tissue microenviron-
ment, shifting from tolerance induction to strong immu-
nogenic responses. Certain subpopulations also exhibit
cross-presentation capabilities, crucial for CD8* T-cell
activation and antitumor immunity. Modern classification
based on molecular markers (CD1a, CD207, CD11c,
CD1c, XCR1, CD14, among others) and transcriptomic
profiling has refined the identification of functionally dis-
tinct dermal DC subsets. This is of particular relevance
for the development of immunotherapeutic strategies
in inflammatory and oncological skin diseases [6, 58].

Langerhans Cells (LCs)

Langerhans cells constitute the major specialized
APCs of the epidermis, localized in the basal and spi-
nous layers, accounting for 2—4 % of all epidermal cells.
Most LCs are thought to originate from CD34* hemato-
poietic progenitors, although recent evidence suggests
that resident CD14* dermal cells can differentiate into
LC-like cells under the influence of TGF-f, underscoring
the plasticity of LC development within the cytokine
milieu of the skin [9, 20, 47, 80].

LCs, although tightly associated with keratinocytes, are
highly dynamic, capable of migration and phenotype mod-
ulation. Their defining markers include MHC class Il mole-
cules, E-cadherin, langerin (CD207), and CD1a. A hallmark
ultrastructural feature of LCs are Birbeck granules, rod- or
racket-shaped organelle-like structures formed by the accu-
mulation of langerin in endosomal compartments. Although
their precise function remains incompletely understood,
emerging evidence suggests they are involved in recep-
tor-mediated endocytosis and antigen transport, significant-
ly influencing the antigen-presenting capacity of LCs [39].

Upon inflammatory stimulation, LCs capture antigens
in the epidermis, process them during migration, and travel
via lymphatic vessels to regional lymph nodes, thereby
forming a functional “skin—lymph node” axis [24, 68].
In lymph nodes, they present processed antigens to
T cells, triggering downstream immune responses and
antigen elimination [23, 47]. Human LCs preferentially
drive Th2 cell differentiation and can prime both naive
and cross-present CD8* T cells [3, 38, 48].
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LC activation is mediated by microbial molecules
recognized via TLR and NOD-like receptors, as well as
cytokines from the microenvironment. LCs are central to
the initiation of cellular immunity, notably by stimulating
natural killer cells and CD8* T lymphocytes. Importantly,
they express distinct sets of Toll-like receptors, the acti-
vation of which promotes IL-15 secretion, a cytokine
critical for CD8* T-cell proliferation [8, 63].

Dermal Myeloid Dendritic Cells (dDCs)

Dermal myeloid dendritic cells (dDCs) are functionally
comparable to other interstitial DC populations identified
within the stromal connective tissues of various organs.
They are distributed throughout all layers of the dermis
and characteristically express MHC class Il and CD1c
(BDCAT1) molecules on their surface. Their principal func-
tions include antigen presentation and the secretion of cy-
tokines and chemokines. Upon activation, dDCs migrate
to the paracortical regions of draining lymph nodes.
Recent studies in models of allergic contact dermatitis
have demonstrated that dDCs isolated from lymph nodes
can induce robust T-cell proliferation [1, 37, 58].

Plasmacytoid Dendritic Cells (pDCs)

Plasmacytoid dendritic cells (pDCs) represent a dis-
tinct class of DCs that are much less frequent in the skin
compared with dDCs. They are phenotypically defined
by surface expression of CD123, CD45RA, and CD303
(BDCAZ2). Functionally, pDCs are potent producers of
type | interferons, particularly IFN-a, during viral infec-
tions. Beyond their antiviral role, pDCs are also thought
to modulate plasma cell activity and contribute to the
induction of immune tolerance [14, 44].

Dermal Macrophages

Dermal macrophages are large amoeboid cells rich
in lysosomes. They are also regarded as professional
antigen-presenting cells; however, unlike dendritic cells,
macrophages lack the capacity to initiate primary immune
responses. Their contribution to nonspecific defense
relies primarily on phagocytosis and the neutralization of
infectious agents through the secretion of cytokines and
chemokines. Skin macrophages originate from circulat-
ing monocytes, which in turn derive from bone marrow
myeloid progenitors. Recent evidence suggests that
macrophages in the skin retain proliferative capacity,
highlighting their persistence and role in tissue homeo-
stasis [34, 62, 74]. Macrophages express pattern recog-
nition receptors (PRRs) on their surface, subdivided into
membrane-bound and cytoplasmic receptors, which are
crucial for the recognition of pathogen-associated ele-
ments. Once activated, macrophages migrate to sites of
inflammation, where they produce interleukins and toxic
mediators that suppress microbial activity [36].

Several macrophage subsets have been identified
in the skin and are generally classified into two main
categories: resident and inflammatory. Resident macro-
phages are permanently present within the dermal con-
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nective tissue and are essential for maintaining homeo-
stasis. In contrast, inflammatory macrophages arise
de novo at sites of infection or tissue injury. Classically
activated macrophages exert pro-inflammatory functions
and are characterized by the synthesis of IL-12 and IL-
23 [17, 28, 34]. Alternatively activated macrophages, in
contrast, secrete IL-10 while lacking IL-12 production,
thereby suppressing T-cell proliferation and attenuating
inflammation. Recent studies have shown that alter-
natively activated macrophages promote fibrogenesis,
angiogenesis, and wound healing [11, 53]. Importantly,
macrophages in wounds display a mixed and dynamic
phenotype that combines features of both classical and
alternative activation states.

Mast Cells and Dermal Granulocytes

Mast cells represent an integral component of non-
specific antibacterial and antiparasitic defense but are
also key contributors to allergic and inflammatory re-
actions due to their production of cytokines, chemo-
kines, lipid mediators, proteases, and biogenic amines.
They have been implicated in the pathogenesis of
stress-related effects on the skin. Under physiological
conditions, mast cells participate in tissue homeosta-
sis, regulation of interstitial fluid balance, and control
of microvascular tone [27, 42, 72].

Neutrophils constitute another central element of non-
specific defense, capable of recognizing, phagocytosing,
and destroying pathogens. Under normal conditions, their
presence in the dermis is limited; however, during inflam-
mation, they are rapidly recruited from the bloodstream.
Recent research revealed a specialized population of
neutrophils in the skin that synthesize collagen and other
extracellular matrix (ECM) components, physically rein-
forcing the skin barrier beyond their traditional antimicro-
bial role. These “matrix-producing neutrophils” produce
type Ill collagen (COL3A1) and other ECM molecules not
only during injury but also in homeostasis, thus enhancing
mechanical integrity and barrier function of the skin. After
skin injury, these neutrophils form protective ECM “rings”
around wounds (~1 mm diameter) that prevent bacterial
and toxin penetration. This process is regulated by the
TGF-B signaling pathway, with inhibition of this pathway
impairing ring formation and increasing skin permeabil-
ity. Additionally, their activity follows a circadian rhythm,
showing increased migration and ECM formation during
the night, correlating with enhanced skin mechanical
strength at this time. In addition to their antimicrobial func-
tions, neutrophils interact closely with other immune and
stromal cells to regulate reparative processes [67].

Moreover, skin-resident dermal neutrophils differ
from circulating blood neutrophils by their longer lifespan,
immune-modulatory roles, and active interactions with
skin cells such as fibroblasts and keratinocytes. They
participate not only in classical defense mechanisms
including phagocytosis, reactive oxygen species (ROS)
production, and neutrophil extracellular trap (NET) for-
mation but also engage in immunoregulation via cyto-
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kine secretion (e.g., TNF-a, IL-1B8, IL-17), affecting
macrophages, dendritic cells, and T lymphocytes. Their
coordinated “swarming” migration around infection foci
helps isolate pathogens and modulate inflammation.
These dermal neutrophils have been implicated in the
pathogenesis of chronic skin diseases such as psoriasis,
chronic wounds, and autoimmune dermatitis [67].

Innate Lymphoid Cells

The system of nonspecific defense also includes in-
nate lymphoid cells (ILCs) — namely NK, NKT, and y®
T lymphocytes — which, according to most research-
ers, represent an evolutionarily more ancient layer of
the lymphoid immune system. These cells not only
perform classical protective functions but also contrib-
ute to histogenesis, tissue remodeling, and stem cell
regeneration [25, 51, 70].

Natural Killer (NK) Cells

NK cells are capable of directly attacking virus-
infected and tumor cells as well as producing cytokines.
They are characterized by the phenotype CD3-CD16*,
CD3-CD56". However, many functions of NK cells un-
der pathological conditions remain poorly understood,
and recent studies have reconsidered their role. In par-
ticular, NK cells have been implicated in the pathogen-
esis of allergic and autoimmune diseases. In the skin,
two distinct NK cell populations have been identified:
one producing IL-22 alone, and another producing both
IL-22 and IL-17. The latter are often referred to as lym-
phoid tissue inducer (LTI)-like cells, which participate
in autoimmunity and inflammation, although current
evidence about them remains limited [30].

Natural Killer T (NKT) Cells

NKT cells, or natural killer T lymphocytes, co-express
CD16, CD56, CD57, CD94, and CD161. Unlike conven-
tional T lymphocytes, they recognize glycolipid antigens
presented by CD1d molecules. NKT cells rapidly se-
crete cytokines and exhibit cytotoxic activity through
the expression of perforin, granzymes, and granulysin.
They mediate both protective and regulatory immune
functions [69, 81].

yo T Cells

yO T cells are abundantly present in the epidermis and
are considered part of the first line of defense against
pathogens, as well as key players in maintaining epi-
dermal homeostasis. They are capable of recognizing
non-peptide antigens, including autoantigens expressed
by damaged keratinocytes. Close interactions between
yO T cells and dendritic cells (DCs) have been estab-
lished: DCs activate yd T cells, which in turn accelerate
the maturation of immature DCs. Skin-resident yo T cells
expressing NKG2D play a pivotal role in cutaneous ma-
lignancies. In addition, human yd T cells produce growth
factors essential for wound healing, including CTGF,
FGF9 (GAF), KGF, and IGF1 [5, 22, 76].
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Adaptive Immunity

T Lymphocytes

Adaptive immunity in the skin is primarily mediated
by effector T lymphocytes, which constitute more than
90 % of all cutaneous lymphocytes. CD4* and CD8*
T-cell subsets are present in the dermis in approximately
equal proportions, with most of them belonging to the
memory cell pool. In the epidermis, CD8* T cells predom-
inate. Studies of inflammatory processes have identified
the main types of CD4* T cells: Th1, Th2, Th17, and
regulatory T cells (Tregs). Th1 cells are activated during
intracellular infections; Th2 cells participate in allergic
responses; Th17 cells provide protection against fun-
gal and bacterial pathogens; and Tregs regulate (limit)
immune responses. Most CD4* T lymphocytes express
memory T-cell markers (CD45R0O") and activation
markers (HLA-DR*, CD25*). Resident T lymphocytes
also express cutaneous homing receptors, which
ensure tissue-specific migration and differentiation.
More recently, a subpopulation of Th22 cells produc-
ing IL-22 has been identified in skin cell cultures de-
rived from patients with atopic dermatitis [49, 54, 71].

B Lymphocytes

B lymphocytes are present in small numbers in the
deeper layers of the dermis, where they contribute
to immunoglobulin production and immune regulation.
However, some studies have reported the absence of
B lymphocytes in normal skin. Particular attention has
been given to recently described “regulatory B cells”
(Bregs), which have been identified in the skin under
conditions of transplantation and malignancy. Bregs
suppress inflammation, tumor progression, and auto-
immune responses, and they contribute to the estab-
lishment of immune tolerance [16, 32, 35].

In conclusion, this review synthesizes current under-
standing of the morphofunctional basis of the cutaneous
immune system, emphasizing its complex cellular com-
position and dynamic interactions. The findings highlight
the skin’s role as an active immunocompetent organ, ca-
pable of orchestrating both local and systemic immune
responses. Recognizing the intricate network of immune
cells and their functions is essential for advancing thera-
peutic strategies in dermatology and immunology, as
well as for understanding skin pathology and microbi-
ome interactions. Future research should focus on elu-
cidating the mechanisms of cell communication within
the skin and exploring novel approaches to modulate
immune responses for clinical benefit.
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This meta-analysis examined the safety of genetically modi-
fied (GM) crops by collating findings from controlled animal feed-
ing trials and human observational studies published between
2017 and 2025. The investigation critically assessed acute and
chronic toxicity, allergenicity, metabolic disturbances and carcino-
genic endpoints, focusing on research from Nigeria, Africa and
Western regions (Europe and the USA). Advanced statistical
methods, including random-effects modelling, subgroup analy-
ses and meta-regression, were employed to quantify heteroge-
neity and evaluate the robustness of the evidence. The findings
are presented in percentage terms to facilitate a clear summary
of the safety profile of GM crops. The analysis indicates that ge-
netically modified foods are not acutely toxic while some studies
reported minor metabolic and immunological changes on chronic
or prolonged exposure. Discrepancies in chronic toxicity find-
ings were largely due to variations in experimental model, study
design and sample size. Therefore, overall evidence supports
the general safety of GM crops under current testing protocols;
however, some uncertainties persist regarding long-term effects.
Hence, the paper concluded that safety depends on the type
of modifications made. Insect-resistant and pesticide-tolerant
modifications are more associated with safety concerns than
any other type, like biofortified modification.

Key words: genetically modified crops, toxicological safety,
meta-research, crop-vigilance, risk assessment

Introduction

Evaluating the safety of genetically modified (GM)
crops has spanned scientific, ethical and socio-political
domains for more than three decades. Following the
first field trials in the early 1990s, most notably for insect-
resistant Bacillus thuringiensis (Bf) maize and herbicide-
tolerant soybean, commercial approvals soon followed in
the United States and Canada, ushering in the first GMO
foods in the marketplace [29]. Subsequent generations
of stacked-trait cultivars, combining pest resistance with
herbicide tolerance (e.g. NK603 x MON810 maize), re-
flect advances in molecular breeding but have also in-
tensified scrutiny regarding their long-term toxicological

The Animal Biology, 2025, vol. 27, no. 3

profiles. Regulatory authorities such as the European
Food Safety Authority [15—16] have instituted rigorous,
case-by-case assessments; nevertheless, debates per-
sist due to rapid innovation in gene-editing techniques
and variable global approval processes.

In regions with minimal market oversight, such as
Nigeria and wider sub-Saharan Africa, prolonged ex-
posure to imported GM commodities amplifies public
health concerns. Several studies in Nigerian contexts,
ranging from rodent feeding trials with Bt maize [29]
to observational surveys of imported Roundup Ready
soybean meal [24], underscore the need for integrative
safety evaluations. Divergent regulatory assurances in
Western nations contrast sharply with local scepticism,
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often influenced by perceptions of corporate regulatory
capture [4, 46]. Nigerian scholars have called for toxico-
logical research that accounts for indigenous diets and
agricultural practices, which may modify exposure path-
ways and risk profiles [19, 40].

A core challenge in GM-crop safety assessment
is the reliance on conventional in vivo animal models.
While these studies yield valuable mechanistic insights,
inter-species differences in metabolism and immune
response can limit the extrapolation to human health
outcomes [28]. Pharmacology brings a pharmacokinetic
and pharmacodynamic lens to these translational gaps,
yet recent meta-analyses have highlighted that standard
endpoints, such as acute toxicity, allergenicity and car-
cinogenic potential, may fail to detect subclinical pertur-
bations over long-term exposure [4, 9, 12]. Heterogene-
ity in study design, event constructs and statistical power
further complicates meta-synthesis.

Socio-political forces likewise shape the GM debate.
In many Western countries, robust research infrastructure
underpins comprehensive risk assessments; by contrast,
African regulatory systems often contend with limited tech-
nical capacity and evolving biosafety frameworks [38].
Some nations embrace GM technology to bolster food
security, whereas others resist due to environmental and
health concerns [2, 21]. These divergent stances highlight
the necessity of context-specific research and trans-
parent stakeholder engagement.

The study employs a meta-research methodology,
systematically pooling data from animal trials and human
observational studies, to deliver a more nuanced risk as-
sessment framework grounded in veterinary pharmacol-
ogy and public health. The study applied random-effects
meta-analysis, complemented by narrative synthesis
where heterogeneity precludes quantitative pooling.
Advanced omics techniques (metabolomics, epigenetics)
are integrated to identify early biomarkers of toxicity that
traditional endpoints may overlook [23, 35].

Ultimately, this study situates GM-crop safety within
the larger imperatives of food security, public health and
environmental sustainability. Through reconciling histor-
ical progress with emerging methodological innovations
and socio-political realities, we aim to provide policy-
makers, researchers and practitioners with an evidence-
based foundation for informed decisions about GM-crop
adoption, regulation and communication.

Literature Review

The evaluation of the toxicological safety of genetical-
ly modified (GM) crops has received sustained academic
attention over the past decades. As GM technology has
been applied in agriculture to improve yield, resistance
to pests and diseases and nutritional content, concerns
about potential adverse effects on human and animal
health have persisted. This review critically examines re-
cent literature from Nigerian, African and Western sources
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to assess current evidence on toxicological endpoints as-
sociated with GM crops, while addressing methodological
limitations and regional variations in safety evaluations.

Evidence from Experimental Animal Studies

A significant portion of toxicological data on GM crops
originates from experimental studies using rodent mod-
els. These investigations primarily assess acute toxicity,
chronic toxicity, allergenicity, carcinogenic potential and
metabolic disturbances. For instance, EFSA GMO Panel
and colleagues [15] have documented that, under con-
trolled laboratory conditions, GM crops generally do not
induce adverse acute effects when compared with conven-
tional counterparts. In these studies, standard biochemical
and haematological parameters remain within acceptable
ranges and histopathological examinations typically do not
reveal significant tissue abnormalities [5, 15, 23, 45].

Nevertheless, the extrapolation of animal study re-
sults to human risk assessments is not straightforward.
Differences in metabolism, physiology and lifespan be-
tween rodents and humans can limit the applicability of
findings. A. Moresis et al. [35], E. Hermans et al. [22]
and N. Marsteller et al. [31] have emphasised that while
rodent models are useful in defining dose-response
relationships and identifying mechanistic pathways, the
inherent interspecies differences necessitate additional
approaches to confirm human relevance. Furthermore,
some studies have reported transient biochemical fluc-
tuations that, although not reaching clinical significance,
suggest that short-term assessments may not capture
subtle or cumulative toxic effects [5, 23, 45]. This issue
is particularly pertinent in studies of chronic exposure,
where the potential for low-incidence but significant
effects may be underestimated due to short study du-
rations and limited sample sizes.

Observational Evidence from Human Populations

Observational studies in human populations offer
a complementary perspective to controlled animal ex-
periments. In countries where GM crops are widely con-
sumed, particularly in areas with less rigorous regulatory
oversight such as Nigeria, epidemiological research
provides essential information on long-term health out-
comes. S. Adeyeye and F. Idowu-Adebayo [1] O. Oladipo
et al. [40] reported that in Nigerian populations, while the
majority of individuals consuming GM crops did not ex-
hibit overt health issues, there were occasional observa-
tions of subclinical effects such as mild allergic reactions
and alterations in metabolic markers. Similarly, U. Yaha-
ya et al. [51], S. Adeyeye and F. Idowu-Adebayo [1] and
O. Oladipo et al. [40] noted that despite an overall trend of
safety, certain vulnerable groups might experience cumu-
lative adverse effects over time.

However, observational studies face inherent chal-
lenges. Confounding factors such as variations in diet, en-
vironmental exposures and genetic diversity can compli-
cate the attribution of health outcomes solely to GM crop
consumption. Additionally, the long-term nature of these
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studies means that the sample sizes are often modest
and the data may be affected by reporting biases. Despite
these limitations, human observational research remains
indispensable for contextualising laboratory findings and
assessing real-world exposure risks [40, 51].

Integration through Meta-Analytical Studies

Meta-analyses serve as a vital tool to reconcile the
diverse findings from both animal and human studies.
J. Caradus [9] and P. Krogh et al. [28] conducted a com-
prehensive meta-analysis that synthesised data across
numerous toxicological investigations. Their findings in-
dicate that although the maijority of research supports
the overall safety of GM crops, a subset of studies re-
ports potential adverse outcomes, particularly in relation
to chronic toxicity and allergenicity. Meta-analytical tech-
nigues also highlight the methodological heterogeneity
across studies, including differences in study design,
sample size and the nature of genetic modifications im-
plemented. This variation contributes to inconsistencies
in the reported outcomes, making it challenging to draw
definitive conclusions about the long-term safety profile
of GM crops [9, 12, 28].

A further quantitative synthesis, which expressed
outcomes in percentage terms, reveals that approxi-
mately 90 % of studies report no significant adverse ef-
fects concerning acute toxicity [47]. In contrast, around
30 % of studies on chronic toxicity indicate subtle met-
abolic or histopathological changes that could be clin-
ically relevant if exposures persist over a lifetime [36].
Similarly, while about 80 % of studies suggest low aller-
genic potential, the remaining 20 % document mild to
moderate immune responses under certain conditions.
Overall, nearly 95 % of the evidence supports a lack
of carcinogenic potential, though isolated instances in
studies of stacked genetic modifications necessitate
cautious interpretation [6, 8, 25, 34, 36, 49].

Challenges in Data Synthesis
and Methodological Considerations

Despite the wealth of data available, several method-
ological challenges hinder the comprehensive assessment
of GM crop safety [11, 20, 44]. One prominent issue is the
variability in experimental design. Many animal studies use
short-term endpoints that may fail to capture the cumula-
tive effects of chronic exposure. Observational studies, on
the other hand, are often constrained by limited statistical
power and the presence of confounding factors that make
causal inferences difficult. M. Dadgamejad et al. [11] and
M. Glevitzky et al. [20] have pointed out that the lack of
standardisation in study protocols — ranging from dosing
regimens to the selection of animal strains — further com-
plicates the aggregation of findings in meta-analyses.

Another significant concern is the influence of funding
sources on research outcomes. Evidence suggests that
studies sponsored by industry tend to report fewer ad-
verse effects compared with those funded independently
[13, 26, 48]. This discrepancy raises issues regarding
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potential bias in study design and reporting. The impera-
tive for transparent disclosure of funding and adherence
to standardized reporting guidelines is therefore essen-
tial to ensure the integrity of safety assessments.

Furthermore, there remains a notable gap in our un-
derstanding of the mechanistic underpinnings of subtle
toxicological effects. Traditional endpoints such as acute
toxicity markers and histopathological evaluations may not
detect early biochemical perturbations that presage long-
term adverse outcomes [30, 42]. Recent advancements
in analytical techniques, including metabolomic and epi-
genetic profiling, have demonstrated the capacity to iden-
tify early biomarkers of toxicity that conventional methods
might overlook [7, 30, 42]. Integrating these modern tech-
niques with standard toxicological assessments could
significantly improve the sensitivity of risk evaluations and
provide a more comprehensive picture of the potential
hazards associated with GM crop consumption.

The heterogeneity observed across studies also pos-
es a challenge. Differences in genetic modifications —
such as the use of Bt genes for pest resistance versus
cp4 epsps for herbicide tolerance — introduce variability
in the metabolic and immunological responses elicited by
GM crops. Additionally, the source of the transgene plays
a critical role; genes derived from closely related species
tend to produce fewer adverse effects compared with
those sourced from organisms not typically consumed by
humans or animals [14, 32, 51]. This variation underscores
the necessity of conducting region-specific research that
accounts for local dietary practices and genetic diversity
[4, 11, 19], particularly in African contexts where environ-
mental conditions and consumption patterns may differ
markedly from those in Western countries [1, 40].

Regional Perspectives and Socio-Political Implications
The safety evaluation of GM crops cannot be separat-
ed from the socio-political context in which they are devel-
oped and deployed. In many Western countries, regula-
tory bodies operate with extensive scientific expertise and
resources, enabling the implementation of rigorous safety
assessments [40]. However, in Nigeria and other sub-
Saharan African nations, regulatory frameworks are often
still developing and the capacity for comprehensive risk
evaluation may be limited [1]. Studies conducted in these
regions have highlighted discrepancies between the safe-
ty standards applied in Western nations and those in local
settings [2, 21, 38]. Factors such as public skepticism,
economic pressures and the influence of multinational
corporations on national policy further complicate the
environment. These challenges underscore the need for
research that is tailored to the specific socio-economic
and environmental contexts of developing countries.

Synthesis of Toxicological Endpoints

In synthesizing the extant literature, the following key
toxicological endpoints were identified: acute toxicity,
chronic toxicity, allergenicity, metabolic disturbances, gas-
trointestinal effects and carcinogenic potential. The major-
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ity of animal studies and several meta-analyses support
the safety of GM crops in terms of acute toxicity, with over
90 % of studies reporting no significant adverse effects.
However, chronic toxicity data are more heterogeneous;
approximately 30 % of studies indicate subtle adverse
effects that may have long-term implications. In the realm
of allergenicity, while most research (around 80 %) sug-
gests a low risk, some studies report mild immunologi-
cal responses that warrant further investigation [1, 4, 9].
Metabolic disturbances and gastrointestinal effects are
generally minimal in short-term studies, although minor
alterations have been noted in longer-term evaluations.
Finally, carcinogenic potential appears negligible in the
vast majority of studies, with isolated reports in research
focusing on stacked genetic modifications necessitating
continued vigilance [12, 15-16, 28].

Materials and Methods

Design

This study employs a meta-research approach to
synthesize and critically evaluate the toxicological safe-
ty of genetically modified (GM) crops. The methodology
has been designed according to rigorous standards in
veterinary pharmacology and adapted for the context
of the Faculty of Veterinary Science at the University of
Maiduguri (Nigeria). The following section describes the
systematic literature search strategy, methods for data
extraction, criteria for inclusion and exclusion, quality
assessment and the analytical approaches used to in-
tegrate findings from experimental animal feeding trials
and human observational studies.

Target GM Crops and Commodities

To clarify the specific genetically modified events and
commodity forms that underpin our comparative meta-
analysis, we have identified seven principal cultivars

Table 1. Summary of target GM events included in meta-analysis

GM event Primary trait

and their derived products (a summary of target GM
events included in meta-analysis is provided in table 1).
These include:

1. Maize MON810 (Cry1Ab insect-resistant). Evalu-
ated in maize grain and maize meal from both European
Union field trials and Nigerian feeding studies [15, 29].

2. Maize MON863 (Cry3Bb1 insect-resistant). As-
sessed in grain-based feeding trials conducted in North
America and West Africa.

3. Maize NK603 x MON810 (cp4 epsps herbicide
tolerance + Cry1Ab insect resistance). Studied in Brazil
and Nigeria to determine combined-trait safety in grain.

4. Soybean (Roundup Ready) (cp4 epsps herbicide
tolerance). Analysed in seed, refined oil and lecithin
imports to Nigeria, as well as in United States and
Argentinian production systems [24].

5. Coftton (Cry1Ac + Cry2Ab events). Investigated
primarily through cottonseed cake and meal used in
livestock feed in India and West Africa [31].

6. Golden Rice (phytoene synthase + crtl provita-
min A biofortification). Examined in polished rice grain
for both nutritional efficacy and toxicological endpoints
in rodent and limited human cohort studies [23].

7. Biofortified Cassava (B-carotene pathway genes).
Included as tuber and flour in field trials and observational
research from Nigeria and Ghana, with emphasis on
provitamin A uptake and safety [27].

The table 1 shows the diversity of GM events includ-
ed in the meta-analysis, highlighting both agronomic
traits and their relevance to Nigerian and global contexts.
The predominance of insect-resistant maize events,
MON810 and MON8G63, reflects widespread cultivation
and safety assessment across Europe, North America
and West Africa [15, 29]. The stacked NK603xMON810
variety, combining herbicide tolerance with pest resis-
tance, exemplifies the trend towards multi-trait cultivars,
with studies in Brazil and Nigeria revealing similar safety
profiles to monogenic lines.

Commodity form  Geographical focus of key studies

Maize MON810
Maize MON863

Maize NK603 x MON810 resistance (Cry1Ab)

Soybean (Roundup Ready)
Cotton (Cry1Ac/Cry2Ab events)
Golden Rice (PSY + Crtl genes)

Cassava (p-carotene biosynthesis)

Insect resistance (Cry1Ab protein)

Insect resistance (Cry3Bb1 protein)

Herbicide tolerance (cp4 epsps) + insect

Herbicide tolerance (cp4 epsps)
Insect resistance (Cry1Ac + Cry2Ab proteins)
Provitamin A biofortification

Provitamin A biofortification

Grain, Nigeria; European Union
maize meal (EFSA evaluations)

Grain Nigeria; United States

Grain Nigeria; Brazil

Seed, oil, lecithin  Nigeria (imports); USA; Argentina

Fibre by-products India; West Africa
Polished rice grain India; Philippines

Tuber, flour Nigeria; Ghana

Note. MON810, MON863, NK603 — event designations refer to constructs approved in various jurisdictions; studies in Nigeria often exam-
ined monogenic events [15, 29]. Roundup Ready soybean — Nigeria imports significant volumes of RR soybean meal and oil, prompting
observational studies on market composition [24]. Bt cotton — although primarily cultivated for fiber, cottonseed cake is used in livestock feed
and assessed in animal feeding trials [31]. Golden Rice and biofortified cassava — evaluated for nutritional efficacy alongside toxicological

endpoints in rodents and limited human cohorts [23, 27].
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Herbicide-tolerant soybean (Roundup Ready) fea-
tures prominently, owing to its extensive importation into
Nigerian food and feed chains and robust toxicological
evaluation in the Americas [24]. In contrast, Bt cotton
events, which are primarily studied for their livestock-feed
by-products, underscore the indirect pathways through
which non-food GM crops may enter human and animal
diets [31].

Biofortified staple crops, such as Golden Rice and 3-car-
otene cassava, represent a newer paradigm in GM technol-
ogy aimed at alleviating micronutrient deficiencies. Although
fewer in number, safety studies from India, the Philippines
and Ghana suggest these provitamin A crops exhibit similar
toxicological profiles to conventional counterparts [23, 27].

The table 1 confirms that our meta-analysis encom-
passes the most commercially and nutritionally signif-
icant GM events, thereby ensuring that conclusions
about acute and chronic safety endpoints are directly
applicable to the crops most likely to affect food security
and public health in Nigeria and beyond.

Moreover, enumerating those events and commod-
ity forms establishes the study’s clear boundaries for its
inclusion criteria and ensure that subsequent data ex-
traction and quality-assessment processes are trans-
parently linked to the crops most relevant to Nigerian
and global food-security contexts.

Systematic Literature Search Strategy

A thorough comprehensive literature search was
conducted to identify peer-reviewed studies pub-
lished from 2017 to 2025 that examined toxicological
endpoints associated with GM crops. Searches were
performed across several major electronic databases
including PubMed, Web of Science, Scopus and Google
Scholar, as well as region-specific resources such as Af-
rican Journals Online (AJOL) to secure adequate rep-
resentation of research from Nigeria and other parts of
Africa [1, 14, 46, 51]. The selection of these databases
was based on their extensive coverage of biomedical,
agricultural and toxicological research, ensuring a broad
perspective on GM crop safety from both international
[46] and African contexts [14, 40, 51].

The search strategy was designed by combining perti-
nent keywords and Medical Subject Headings (MeSH)
terms. Search strings were carefully formulated using
Boolean operators “AND” and “OR” to combine key terms
and subject headings related to genetically modified or-
ganisms and their safety evaluation. For instance, one of
the main search queries used in PubMed was as follows:

(“genetically modified crops” OR “GM crops”)
AND (“toxicity” OR “toxicology” OR “safety”)
AND (“animal feeding trial” OR “in vivo study”
OR “observational study”)

AND (“acute toxicity” OR “chronic toxicity”
OR “allergenicity” OR “metabolic disturbances”
OR *“carcinogenicity”)

This approach ensured that only studies directly rel-
evant to toxicological assessments were captured while
minimising irrelevant results. The approach was designed
to minimize bias in the retrieval process and to ensure
that both laboratory-based and epidemiological data
were represented [8, 25, 31, 35].

Inclusion and Exclusion Criteria

To ensure that only high-quality studies were included
in the analysis, stringent inclusion and exclusion criteria
were applied. Table 2 encapsulates the robust criteria that
formed the basis of our systematic literature search. Stud-
ies were included if they met the following specifications:

e Study design. Only primary research articles
reporting experimental animal feeding trials or human
observational studies were considered. Although meta-
analyses and systematic reviews were reviewed for
background and methodological context, only original
data from primary studies were used in the synthesis.

e Publication period. Articles published between
2017 and 2025 were selected to ensure the findings
reflect current research and contemporary methods
in GM crop safety evaluation.

o Language. Only studies published in English were
included, reflecting the language proficiency required
for a detailed critical appraisal.

Table 2. Summary of inclusion and exclusion criteria for the systematic literature search

Criteria category

Details

Inclusion: peer-reviewed primary research articles reporting experimental animal feeding trials or human observational

Study design studies.

Exclusion: conference abstracts, editorials, grey literature and studies lacking original data.

Publication period
Language

Endpoints
assessed

Geographical
scope

Data quality

Inclusion: only articles published in English.

Inclusion: studies published between 2017 and 2025 to capture the most recent evidence.

Inclusion: studies evaluating one or more toxicological endpoints, including acute toxicity, chronic toxicity,
allergenicity, metabolic and gastrointestinal disturbances or carcinogenic potential.

Inclusion: global studies with particular emphasis on research from Nigeria, Africa and Western countries.

Exclusion: studies with insufficient methodological details (e.g., unclear sample sizes, lack of bias assessment)
or duplicate reports (only the most comprehensive version retained).
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e FEndpoints assessed. Studies needed to assess at
least one of the key toxicological endpoints: acute toxic-
ity, chronic toxicity, allergenicity, metabolic disturbances,
gastrointestinal effects or carcinogenic potential.

e Geographical scope. Although the search was
global, emphasis was placed on incorporating studies
from Nigeria, broader Africa and Western countries to
achieve a balanced, cross-regional synthesis.

Two independent reviewers conducted the screening
of titles, abstracts and full texts. Any discrepancies were
resolved through discussion or consultation with a third
reviewer, thereby minimising subjective bias [13, 26, 48].

Data Extraction

A comprehensive, standardized data extraction form
was developed to record the essential characteristics
of each study identified in our systematic search. This
form served to document crucial information including
author details, year of publication, geographical origin,
study design, sample size, study duration, the specific
GM crop investigated, details of genetic modifications
(for instance, Bt gene insertion or cp4 epsps expression)
and the toxicological endpoints evaluated. In addition,
information regarding methodological aspects such as
randomization procedures, blinding methods and fund-
ing sources was recorded in order to enable a rigorous
assessment of bias.

The extraction form allowed us to categorize each
study under several key domains:

Study characteristics. These included the authorship,
publication year and geographical context, providing
an overview of the origin and timeline of the research.
The study design, whether an experimental animal
feeding trial or a human observational study, along
with sample size and duration, was also recorded, en-
suring that details influencing the statistical reliability
of findings were captured accurately.

Intervention details. For each study, the precise
nature of the GM crop under evaluation was noted,
along with the specific genetic modifications employed.
For instance, the form noted modifications such as the
insertion of Bt genes for insect resistance or the use of
cp4 epsps for herbicide tolerance. The intended agro-
nomic purpose— be it pest control, improved nutrition-
al content or herbicide resistance — was recorded to
contextualize the toxicological outcomes.

Toxicological endpoints. Data extraction focused
on a range of toxicological endpoints. For acute toxicity,
biochemical markers such as serum enzyme levels and
haematological parameters were reviewed. Chronic tox-
icity was assessed through the recording of histopatho-
logical findings and metabolic alterations. In addition,
studies reporting immunological assays to assess aller-
genicity, evaluations of gastrointestinal function and any
evidence indicating carcinogenic potential were carefully
documented.

Methodological quality. To facilitate a detailed bias
assessment, we extracted information on randomiza-
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tion, blinding and sample size adequacy, as well as
details of funding sources. Particular attention was paid
to identifying any potential for commercial influence that
might affect study outcomes.

Data extraction was conducted independently by two
reviewers. Their independent extraction ensured accura-
¢y and consistency in collating the data and any discrep-
ancies were resolved through consensus or, when neces-
sary, the involvement of a third reviewer. This dual-review
process adheres to best practice in systematic reviews
and supports the integrity of the synthesis [11, 20, 44].

Quality Assessment and Risk of Bias

Athorough quality assessment was undertaken for all
included studies. For the quality appraisal of the selected
studies, we used established tools. For animal feeding tri-
als, the SYRCLE risk of bias tool was employed to evalu-
ate aspects such as randomness of animal assignment to
groups, the adequacy of blinding and the completeness
of outcome reporting. For human observational studies,
the Newcastle-Ottawa Scale (NOS) [25] was applied to
assess the quality of non-randomized studies, focusing
on the selection of study groups, comparability across
cohorts and the rigorous assessment of outcomes. Addi-
tionally, potential publication bias was examined through
funnel plots and Egger’s regression test [4, 46], particu-
larly when the quantitative data supported such analyses.
This comprehensive quality assessment ensured that our
synthesis relied on studies with robust methodologies and
that any potential bias — whether due to small sample
sizes, reliance on animal models or industry funding —
was duly considered [13, 22, 26, 31, 35, 48]. Studies
demonstrating strong methodological design were given
greater weighting in the overall analysis, whereas studies
exhibiting significant shortcomings were either excluded
from the quantitative synthesis or discussed separately
in the narrative review [8, 31, 35].

Data Synthesis and Statistical Methods

Following comprehensive data extraction and quality
assessment, the synthesized data were analyzed using
a combination of quantitative and qualitative methodolo-
gies. The objective was to consolidate the findings from
studies with comparable designs and endpoints while
accounting for inherent variability across the literature.
In cases where studies displayed similar design param-
eters and reported analogous endpoints, a random-
effects meta-analysis was performed. This model was
selected to account for the inherent variability among
studies regarding design, population characteristics
and the specific endpoints measured [6, 34, 47].

Quantitative Meta-Analysis

For those studies reporting similar outcomes, a ran-
dom-effects model was applied using Review Manager
(RevMan) and STATA (version 16). This model was pre-
ferred because it assumes that the true effect size varies
among studies due to differences in design, population
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and experimental methods [25]. When a sufficient num-
ber of studies allowed for quantitative synthesis, the I?
statistic was calculated to quantify heterogeneity: values
surpassing 50 % were interpreted as indicative of mod-
erate to high variability among study findings [4].

Handling Heterogeneity and Mixed Outcomes

In cases where heterogeneity was high, additional
analyses were performed to discern the influence of spe-
cific study-level factors. The heterogeneity inherent in the
studies was addressed through several strategies:

e Subgroup analysis. Studies were categorised
based on factors such as the type of genetic modifica-
tion (for example, comparing pest-resistant traits with
herbicide-tolerant modifications) as well as geograph-
ical region (contrasting studies from Nigeria and broader
African contexts with those from Western countries) and
funding source (independent versus industry-funded
studies) to clarify sources of variability.

o Meta-regression. Continuous variables such as
study duration and GM crop dosage, were examined
to understand their impact on toxicological outcomes.
These analyses provided a means of exploring dose-
response relationships and assisted in identifying the
sources of variability across the literature [25].

o Sensitivity analysis (leave-one-out procedure).
Systematic exclusion of studies with high risk of bias en-
sured that the pooled estimates remained robust. This
involved systematically removing one study at a time
and recalculating the pooled effect to ensure that no
single study disproportionately influenced the results
[17, 37, 43].

e Publication bias assessment. Funnel plots and
Egger’s tests were conducted to identify any potential
bias in the literature, ensuring that any tendency towards
underreporting of null or adverse findings was identi-
fied [17, 37, 43]. Forest plots were generated to visu-
ally represent the pooled effect sizes and the degree of
heterogeneity. These plots provided a clear depiction of
the contribution of individual studies to the overall effect
and highlighted the consistency of findings across the
dataset.

These approaches enhanced the reliability of the
overall conclusions, ensuring that methodological limita-
tions such as small sample sizes and ethical constraints
in animal studies were taken into account [10, 11].

Analytical Approach

The analytical strategy aimed to both summarize the
overall safety profile and explore variations among indi-
vidual studies. The primary objectives were as follows:

e Determine the overall safety profile. Combining
data from both animal feeding trials and human obser-
vational studies allowed us to produce an aggregated
assessment of the toxicological safety of GM crops.

o Identify sources of variability. Subgroup analy-
ses were conducted based on factors such as the type
of genetic modification (e.g., pest resistance versus
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herbicide tolerance), geographical region (Nigeria/Africa
versus Western studies) and funding source.

o FEvaluate the influence of methodological variations.
Sensitivity analyses assessed how differences in study
design, sample size and quality affected the pooled
findings. These analyses were essential for identifying
potential confounders and biases in the safety data.

Qualitative Synthesis

In instances where quantitative pooling was not fea-
sible — primarily due to extensive heterogeneity in study
design or outcome measures — a qualitative (narrative)
synthesis was conducted through thematic analysis [17,
37, 43]. This process involved categorizing findings
based on toxicological endpoints and systematically com-
paring these across different research studies. By doing
s0, a comprehensive account of the toxicological profiles
of genetically modified crops was developed. The narra-
tive approach allowed for the consideration of contextual
factors and subtle variations that may not be fully cap-
tured by statistical methods alone.

Data Management and Software Usage

To ensure the accuracy and reproducibility of the
analysis, extracted data were systematically entered
into a centralized database. Basic meta-analytical proce-
dures were conducted using Review Manager (RevMan),
while more complex analyses, including meta-regression
and sensitivity testing, were performed with STATA (ver-
sion 16). These software tools were selected due to their
proven effectiveness in managing multilayered datasets
and performing advanced statistical analyses, thus en-
suring that the final synthesis accurately reflects the un-
derlying evidence. Detailed documentation of all analyti-
cal decisions was maintained to provide a clear audit trail,
ensuring that the findings are both robust and replicable.

Ethical Considerations and Research Transparency

Given the contentious nature of GM crop research
and the potential for commercial influence, ethical integ-
rity was a central focus throughout the meta-research
process [18, 33]. Each study included in this analysis
was carefully reviewed to ensure compliance with ethi-
cal standards, particularly with respect to the treatment
of animal subjects and the adherence of human ob-
servational studies to informed consent procedures.
Adherence to ethical guidelines in the original studies
was a prerequisite for inclusion, thereby ensuring that
the meta-research was founded on ethically sound and
scientifically rigorous evidence [39, 41, 50]. Detailed re-
porting of funding sources and any conflicts of interest
was required, with studies funded by commercial inter-
ests scrutinized to minimize bias. This commitment to
ethical practice and transparency is vital in maintaining
the reliability of the research findings [26, 48].

The entire process — from literature search to data
synthesis — was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) guidelines. Comprehensive
documentation of search strategies, inclusion criteria
and data extraction methods was maintained to ensure
that the meta-research is both replicable and verifiable.
This transparent approach underpins the scientific
rigour of the study and contributes to its overall credi-
bility [10, 11, 20, 44].

Results and Data Interpretation

Study Selection Summary

An initial search returned 200 articles from the selected
databases. After screening titles and abstracts, 70 articles
were retained for full-text review. During the full-text evalu-
ation, 22 articles were excluded for the following reasons:

¢ Insufficient Methodological Detail. Several articles
did not provide complete experimental protocols, sample
sizes or statistical analyses. Articles lacking adequate
methodological detail such as sample size or sta-
tistical analysis, were not considered.

o Non-Peer-Reviewed or Grey Literature. Articles
that did not undergo strict peer review (e.g., conference
abstracts lacking full data, grey literature, editorials)
were excluded.

o Irrelevant Endpoints. Studies not addressing the
specified toxicological endpoints relevant to GM crops
or that focused solely on agronomic performance were
omitted.

Table 3. Study selection summary

Number

o Duplicate Publications. In cases where the same
study was reported in multiple articles, the most com-
prehensive version was selected.

Ultimately, 48 high-quality studies were included in
the final meta-analysis. A summary of study selection
is provided in table 3. The table provides a transpar-
ent account of the article selection process, which was
conducted in accordance with PRISMA guidelines [13,
26, 48].

Analysis of Meta-Analysed Data in Percentages

The pooled quantitative data were further expressed
as percentages for key toxicological endpoints to pro-
vide a clear summary of the evidence. Table 4 presents
the meta-analyzed data summarized as percentages,
indicating the proportion of studies that reported either
the absence or the presence of adverse effects.

The data indicate that a substantial majority of stud-
ies support the safety of GM crops regarding acute tox-
icity. However, the chronic toxicity data show that 30 %
of studies report minor adverse effects, indicating that
cumulative exposure may be under-reported in short-
er studies. Similarly, while most studies indicate low
allergenic risk, the reported 20 % of studies with mild
immune responses indicate the need for standardised
testing protocols. Carcinogenic potential is generally
not observed, although isolated reports in studies with
multiple genetic modifications prompt additional mech-
anistic research [22, 34, 36, 47].

S of articles iy
Initial retrieval 200 Articles retrieved from PubMed, Web of Science, Scopus, AJOL, etc.
Title/abstract screening 70 Articles that appeared relevant based on preliminary screening.
Full-text review 70 Detailed review against inclusion/exclusion criteria.
Sralvets) afer MilHe < e 29 :?r(?e?:\?anr?t: ienns(ju;g?ri]tte;t (;‘r;zt"rl(;(tigls?gical detail, non-peer-reviewed/grey literature,
Final articles included 48 High-quality studies meeting all criteria, forming the basis of the meta-analysis.

Table 4. Meta-analysed data in percentages for key toxicological endpoints

Studies reporting ~ Studies reporting

Toxicological endpoint no adverse adverse effects, Comments
effects, % %

Acute toxicity 90 10 The majority of §tud|es reported normal biochemical
and haematological parameters.

Chronic toxicit 70 30 While most studies found no overt chronic effects,

y a subset reported subtle metabolic changes.

Allergenicity 80 20 M.ost research indicates Ipw allergenic potential,

with some evidence of mild to moderate responses.
- Short-term studies showed minimal effects; long-term studies
HEEEIB eI e £ e noted minor alterations in lipid profiles and enzyme activities.
Carcinogenic potential 95 5 Nearly all studies found no significant carcinogenic risk

at standard exposure levels.
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Evaluation of Mixed Outcomes

Certain toxicological endpoints exhibited mixed
outcomes among the studies. For example, while the
maijority of studies indicated that GM crops exhibit low
acute toxicity — with over 90 % of studies reporting nor-
mal biochemical and haematological parameters — ap-
proximately 30 % of studies on chronic toxicity reported
minor metabolic disturbances. In the field of allergenic-
ity, around 80 % of studies suggested minimal immune
responses, yet 20 % documented mild to moderate
immunological changes. Such inconsistencies neces-
sitated a closer examination using meta-regression.
By integrating study-level covariates such as duration of
exposure and specific genetic constructs into the anal-
ysis, we were able to identify trends that may explain
these mixed results. This detailed exploration of the
data enables a more precise interpretation of the risks
associated with GM crop consumption.

Publication Bias and Robustness

The visual inspection of the funnel plots, combined
with statistical tests, provided assurance that studies
reporting non-significant or adverse effects were not
systematically underrepresented. This step was crucial
in validating the overall integrity of the meta-analytical
results. In addition, sensitivity analyses reinforced the
robustness of the pooled estimates by confirming that
the exclusion of any single study did not markedly alter
the overall conclusions [17, 37, 43].

Integration of Experimental and Observational Data

A salient feature of the synthesis process was the
integration of evidence from both controlled animal stud-
ies and observational research in human populations.
This dual approach was vital for bridging the gap be-
tween laboratory findings and real-world observations.
Animal feeding trials provided detailed mechanistic in-
sights into acute toxic responses and subtle histopatho-
logical alterations, while observational studies contribut-
ed complementary data on long-term health outcomes
in populations consuming GM crops. The fusion of these
data sources enabled the construction of a more com-
prehensive risk profile, which serves to inform regula-
tory decision-making and public health policy in a more
robust manner.

Advanced Analytical Techniques

Notwithstanding the considerable breadth of the ex-
isting literature, challenges persist in detecting low-inci-
dence adverse effects and subtle metabolic disturbances.
Traditional endpoints might not capture early molecular
changes that precede clinical manifestations of toxicity.

Recognizing the limitations inherent in current method-
ologies, our analysis acknowledges issues such as small
sample sizes and ethical constraints that limit the dura-
tion of animal studies. These challenges reduce statistical
power and may impede the detection of low-incidence
adverse effects [25, 35]. Moreover, the extrapolation of
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data from rodent models to human populations remains
problematic due to intrinsic interspecies differences in
metabolism and immune response.

Hence, it is recommended that future research incor-
porates advanced analytical methods such as metabo-
lomic and epigenetic profiling. These approaches have
demonstrated an ability to reveal early biomarkers of tox-
icity that may be missed by conventional assays, thereby
augmenting the translational relevance of laboratory
findings to human health outcomes [7, 30, 42].

Bridging Laboratory Findings
with Clinical and Epidemiological Relevance

A significant challenge in toxicological research is
translating findings from controlled laboratory settings
to clinical and epidemiological contexts. Animal studies,
which typically involve homogeneous rodent models
under controlled conditions, provide important mech-
anistic details; however, their ability to represent human
health outcomes is limited due to interspecies differenc-
es in metabolism, physiology and exposure conditions
[20, 44]. As such, the integration of animal data with
evidence derived from observational studies in human
populations is essential [44].

This study combined data from controlled animal
feeding trials with findings from epidemiological studies
to form a more comprehensive assessment of toxico-
logical safety. For example, while animal experiments
offer detailed biochemical and histopathological profiles
following exposure to GM crops, observational studies
provide information on long-term health outcomes un-
der real-world conditions. This dual approach enables
a more balanced evaluation of potential risks associated
with GM crop consumption [10, 11, 20, 44].

Advanced statistical techniques such as meta-regres-
sion, were used to examine the influence of laboratory-
specific variables — such as the duration of exposure
and controlled dosing regimens — on toxicological
endpoints. By comparing these findings with epidemi-
ological data, the analysis facilitated the development
of translational models that better reflect human health
outcomes. Furthermore, the incorporation of modern
analytical methods, including metabolomic and epigen-
etic profiling, has the potential to identify early markers
of toxicity that may not be detectable through conven-
tional assessments. Such integration provides a mecha-
nism for linking molecular-level changes observed in the
laboratory with broader clinical observations in human
populations [7, 30, 42].

Significance of the Findings

The findings of this systematic review and meta-anal-
ysis bear considerable importance for contemporary vet-
erinary pharmacology, public health policy and agri-food
biotechnology regulation. The comprehensive synthesis
of data from both controlled animal feeding trials and hu-
man observational studies provides a structured and evi-
dence-based clarification of the toxicological profile of GM
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crops within the context of global and regional (notably
African and Nigerian) agricultural consumption.

Foremost, the consistency of findings indicating nor-
mal acute toxicity parameters across more than 80 %
of the included studies is reassuring, particularly given
the global expansion of GM crop usage in animal feed.
For veterinary practitioners and animal nutritionists,
this suggests that short-term exposure to commonly
used GM crops does not compromise physiological
function or induce immediate systemic toxicity in an-
imals. Moreover, this affirms the current veterinary di-
etary guidelines that integrate GM-derived ingredients
as part of conventional livestock nutrition protocols.

However, the detection of minor metabolic and im-
munological changes in a subset of studies focusing on
chronic exposure raises legitimate questions regarding
long-term safety — especially in species with extended
life cycles or cumulative dietary exposure. While these
changes did not meet clinical thresholds of pathology in
most cases, their recurrence suggests that subtle physi-
ological perturbations may warrant further pharmaco-
dynamic scrutiny. This finding is particularly relevant in
the context of food-producing animals, where long-term
health directly influences meat and dairy quality, repro-
ductive success and economic viability.

Furthermore, the study’s focus on African data, partic-
ularly from Nigeria, highlights an essential knowledge gap:
the paucity of indigenous long-term studies on the health
effects of GM crop consumption in tropical veterinary
environments. This observation has direct implications for
national food safety authorities such as the National Food,
Drug, Administration and Control Agency (NAFDAC) and
the National Biosafety Management Agency, as it under-
scores the necessity for locally contextualised evidence
to support or recalibrate current biosafety frameworks.

On a broader scientific level, the application of robust
statistical techniques — such as meta-regression and
subgroup analysis — to quantify heterogeneity and identi-
fy sources of bias enhances the methodological quality of
the findings. This lends credibility to the call for harmoni-

Table 5. Aggregated findings on toxicological endpoints of GM crops

zation of experimental protocols and stricter adherence
to OECD toxicity testing guidelines in future studies.

Ultimately, the review contributes significantly to the
pharmacological discourse on GM crop safety, bridging
the gap between laboratory toxicology and field-based
risk assessment. The findings are expected to guide vet-
erinarians, pharmacologists, regulatory authorities and
policymakers towards more empirically grounded deci-
sions on GM crop usage, not merely as a matter of agri-
cultural convenience, but as a determinant of long-term
animal health and food system integrity.

The table 5 summarizes the toxicological profiles of GM
crops by endpoint. For acute toxicity, pest-resistant crops
show virtually no adverse effects, while herbicide-tolerant
varieties exhibit minor chronic disturbances. Allergenicity
and metabolic changes remain low overall, and carcino-
genic potential is negligible, although occasional signals
in stacked modifications warrant further scrutiny. The find-
ings indicate that GM crops generally present a safe pro-
file in controlled conditions. However, the discrepancies in
chronic toxicity and allergenicity call for additional targeted
research to confirm these subtle effects. This critical evalu-
ation underscores the need for enhanced, methodologically
rigorous assessments to fully ascertain long-term safety.

Discussion and Analysis

The synthesis of data from 52 studies indicates that,
while most evidence confirms the safety of GM crops un-
der existing testing protocols, uncertainties persist in spe-
cific areas. Overall, studies focusing on GM crops mod-
ified for pest resistance and herbicide tolerance generally
report low levels of acute toxicity. Nonetheless, chronic
toxicity data reveal a mixed picture, with a minority of stud-
ies noting slight histopathological changes that may have
long-term implications for health. These discrepancies ap-
pear to arise from methodological limitations such as small
sample sizes and ethical restrictions that limit the duration
and depth of animal experiments [5, 23, 25, 31, 35, 45].

Toxicological " Representative
endpoint CLAICE T G AR references
Acute toxicity Pest-resistant No significant differences in serum enzymes, haematology or histopathology [15-16, 23, 45]

(Bt crops)

compared with conventional crops.

6, 8, 31, 34-36, 47]

[1,4, 11,19, 40, 46]

Chronic Herbicide-tolerant ~ Generally safe in short-term studies; minor metabolic disturbances
toxicity (cp4 epsps crops)  (e.g., slight liver enzyme alterations) observed in some long-term studies.
. . . Majority report low allergenic potential; however, sporadic mild

- Various (including ; ) . .

Allergenicity to moderate immune responses noted, particularly with non-traditional
stacked events) . : .
protein sources or high-expression constructs.

. Herbicide-tolerant ~ Most studies indicate negligible metabolic effects in acute settings;

Metabolic

disturbances and biofortified

some long-term trials report subtle alterations in lipid profiles

[3, 8, 14, 25, 49, 51]

crops and enzyme activities, warranting further investigation.
. ) No inherent carcinogenicity at typical dietary exposures; isolated reports
C:tl;::twic;?emc itsgill(‘iecitions of neoplastic lesions in animal models require additional long-term surveillance  [1, 15-16, 40, 51]
P and mechanistic studies.
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In animal feeding trials, numerous studies show that
short-term exposure to GM crops does not cause sig-
nificant biochemical or haematological disturbances.
For instance, controlled experiments using rodent mod-
els consistently demonstrate that parameters such as
liver enzymes and blood cell counts remain within nor-
mal ranges [15-16]. However, certain studies reveal
that extended exposure may lead to subtle alterations
in metabolic markers, suggesting that the cumulative ef-
fects of long-term ingestion might be underestimated in
shorter experiments [34, 36, 47]. Such findings call for
extended-duration studies with larger sample cohorts
to ensure that low-incidence adverse effects are accu-
rately captured.

Observational research in human populations pro-
vides a complementary perspective. Studies conducted
in countries where GM crops are widely consumed, par-
ticularly in Nigeria, have detected occasional cases of
mild allergic reactions and modest metabolic changes.
S. Adeyeye and F. Idowu-Adebayo [1] and S. Gbashi
et al. [19] reported that while most individuals do not
experience significant adverse effects, a small propor-
tion exhibit transient immunological responses after
prolonged exposure to GM crops. U. Yahaya et al. [51],
S. Adeyeye and F. Idowu-Adebayo [1] and O. Oladipo
et al. [40] further note that although overt health effects
are rare, subtle alterations in immune function may
occur in specific subgroups. These observations under-
score the need for continuous monitoring in real-world
settings, where factors such as dietary habits and ge-
netic variability are not controlled.

Meta-analytical studies provide a framework to con-
solidate these findings. J. Caradus [9], C. Dang et al. [12]
and P. Krogh et al. [28] conducted a comprehensive anal-
ysis that revealed a strong consensus regarding the safe-
ty of GM crops in acute toxicity assessments. However,
J. Caradus [9] and C. Dang et al. [12] also reported that
approximately 30 % of studies on chronic toxicity indicate
minor adverse changes, suggesting that further inves-
tigation is warranted. Similarly, the analysis of allerge-
nicity across studies shows that while 80 % of research
finds no significant immune response, 20 % document
mild to moderate reactions, which may vary according
to the source of the transgene and local dietary condi-
tions [1, 4, 11, 19, 40, 46].

The aggregated data from our meta-research, ex-
pressed in percentage terms, reinforce these conclu-
sions (table 4). Acute toxicity appears well-controlled,
with 90 % of studies indicating no harmful effects.
In contrast, chronic toxicity outcomes are more variable,
with 30 % of studies identifying subtle metabolic distur-
bances. Similarly, while 80 % of studies report low aller-
genic potential, the remaining 20 % highlight instances
of mild immunological responses. Carcinogenic poten-
tial is largely dismissed, with 95 % of studies confirming
no significant risk, although a few studies suggest that
stacked genetic modifications may require further ex-
amination [15-16, 25, 31, 35].
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The heterogeneity among studies is a key challenge
in synthesizing the literature. Variability in study design,
sample size and the specific genetic modifications em-
ployed contributes to differences in outcomes [20]. For
example, the type of genetic modification plays a criti-
cal role; crops engineered for pest resistance using Bt
genes generally produce more consistent results than
those modified for herbicide tolerance or biofortification.
Additionally, regional factors — such as differing dietary
practices and genetic backgrounds — appear to influ-
ence the expression of toxicological endpoints. In Nigeria,
for instance, variations in local diets and environmental
exposures may lead to outcomes that differ from those
observed in Western settings [10, 20, 44].

Addressing heterogeneity involved several analytical
strategies. Subgroup analyses were conducted to cate-
gorize studies according to the type of GM modification
and geographical context. Meta-regression analyses
were used to examine the effect of continuous variables
such as study duration and dosage, on toxicological
endpoints. Sensitivity analyses, including leave-one-
out procedures, confirmed that no single study unduly
influenced the overall results. Publication bias was also
assessed using funnel plots and Egger’s test, ensuring
that the synthesis is robust and not skewed by underre-
porting of adverse findings [17, 37, 43].

The translational gap between laboratory findings and
clinical or epidemiological outcomes remains a significant
concern. Although animal experiments provide detailed
mechanistic information, their controlled conditions can-
not fully replicate the diversity of human exposures [7].
To bridge this gap, the study integrated data from both
experimental and observational sources. This approach
allowed for a more comprehensive risk evaluation, rec-
ognizing that laboratory results must be interpreted in
the context of real-world data. Advanced analytical tech-
niques such as metabolomic and epigenetic profiling, are
proposed as essential tools to detect early markers of tox-
icity that traditional assays may miss. These techniques
can serve as a link between molecular-level changes in
controlled experiments and long-term health outcomes
observed in epidemiological studies [7, 30, 42].

Furthermore, the integration of data from diverse
study designs underscores the importance of multidis-
ciplinary research in this field [42]. Veterinary pharma-
cologists, toxicologists and epidemiologists must work
collaboratively to refine risk assessment models that
reflect both experimental and observational evidence.
This collaboration is particularly important in countries
like Nigeria, where the consumption of GM crops may
have different health implications compared to Western
populations [1, 19, 40].

The combined discussion highlights that while the
majority of evidence supports the safety of GM crops
in terms of acute toxicity, uncertainties remain regarding
chronic toxicity, allergenicity and subtle metabolic distur-
bances. These uncertainties, compounded by method-
ological limitations such as small sample sizes and limited
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study duration, underscore the need for more extensive
research. Future studies should extend observation
periods, incorporate advanced analytical methods and
ensure rigorous study designs to capture low-frequency
adverse effects accurately. Such efforts are critical for
developing a more reliable framework for evaluating
the long-term safety of GM crops.

Broader Implications for Veterinary Pharmacology
and Public Health

The implications of these findings extend beyond the
laboratory, influencing both animal feed safety and hu-
man health. In the field of veterinary pharmacology, en-
suring that livestock feed derived from GM crops is safe
is essential for animal welfare and productivity. Although
most studies report normal acute toxicity markers in ani-
mal feed, the detection of subtle metabolic disturbances
in a fraction of studies suggests that long-term exposure
might impact livestock health. Such effects could poten-
tially lead to secondary health issues, compromising the
quality and safety of animal-derived products and there-
by affecting food security and public health in countries
such as Nigeria [1, 19, 40].

For human health, while the acute safety of GM crops
is well supported, the long-term impact of chronic expo-
sure remains less certain [40, 46]. Observational studies
indicate that even minor subclinical effects may accumu-
late over time, potentially leading to significant health risks.
Epidemiological research in areas with high GM crop con-
sumption, including parts of Nigeria, underscores the im-
portance of monitoring health outcomes over extended
periods. Integrating advanced omics technologies into
future research will be essential for detecting early molec-
ular alterations that precede clinical symptoms, thereby
informing more accurate risk assessments [30, 35].

Given these considerations, there is a pressing need
to implement a proactive ‘crop-vigilance’ system. This
system, modelled on pharmacovigilance in human med-
icine, would enable continuous monitoring of GM crop
safety in both animal feed and human food. Such a sys-
tem would require the coordinated effort of regulatory
bodies, research institutions and industry stakeholders
to collect and analyze safety data in real time, ensur-
ing that any emerging adverse effects are promptly ad-
dressed [3, 51]. In countries like Nigeria, where regula-
tory frameworks are still developing, establishing an in-
dependent and transparent Crop-vigilance mechanism
would be particularly beneficial in maintaining public
confidence and safeguarding health [19, 32].

Policy recommendations emerging from this review
include the need for more stringent, independent regu-
latory oversight in the approval process for GM crops.
Regulatory agencies must maintain clear boundaries
from industry influence and all safety assessments
should be subject to independent audits and trans-
parent reporting. Standardized testing protocols that
combine conventional toxicological endpoints with ad-
vanced analytical methods should be developed and
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adopted internationally. Such protocols would improve
the sensitivity and reliability of risk assessments across
diverse populations [17, 37, 43].

In addition, interdisciplinary research collaborations
are essential. Veterinary pharmacologists, toxicologists
and epidemiologists must jointly design studies that ac-
curately reflect real-world conditions. Funding agencies
and research institutions should prioritize projects that
integrate experimental and observational data to pro-
duce a more comprehensive understanding of GM crop
safety. Transparent communication of research findings
to the public is also critical, as it helps to build trust and
facilitate informed decision-making at both the individual
and community levels [4, 11, 46].

Combined Results and Discussion (Extract)

The meta-research synthesis incorporated data
from 48 high-quality studies published between 2017
and 2025. These studies, which included both experi-
mental animal feeding trials and human observational
research, covered a range of agronomic modifications
such as pest resistance, herbicide tolerance and biofor-
tification. Overall, the analysis indicated that GM crops
generally exhibit a favourable toxicological profile un-
der controlled conditions. Acute toxicity endpoints were
largely reassuring, with over 90 % of studies reporting
no adverse biochemical or haematological changes.
However, data on chronic toxicity revealed that approx-
imately 30 % of studies noted minor metabolic alter-
ations, a finding that warrants further investigation over
extended exposure periods.

Similarly, while most studies reported low allergenic
potential — with 80 % of studies indicating no significant
immune responses — a minority (20 %) documented
mild to moderate allergenic reactions. These variations
may be attributed to differences in the source of the trans-
genes, as well as to regional differences in dietary prac-
tices and genetic backgrounds. Moreover, metabolic dis-
turbances were generally minimal in short-term studies,
though about 15 % of studies observed subtle changes
in lipid profiles and liver enzyme activities in long-term
assessments. Carcinogenic potential was reported as
negligible in nearly all studies, although rare instances of
neoplastic lesions in animal models of stacked modifica-
tions suggest the need for ongoing surveillance.

The analysis further highlighted methodological
challenges, including small sample sizes and the lim-
itations of extrapolating animal data to human popu-
lations. The observed heterogeneity among studies,
as measured by the I? statistic, necessitated subgroup
and sensitivity analyses to ascertain the influence of
various study-level factors on toxicological outcomes.
These methodological issues underscore the necessity
for more extensive, long-term studies that incorporate
advanced analytical techniques such as metabolomics
and epigenetics. By addressing these challenges,
future research can refine risk assessment protocols
and enhance the reliability of safety evaluations.
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The integration of data from both controlled experi-
ments and observational studies provides a comprehen-
sive basis for evaluating the toxicological safety of GM
crops. Despite the overall supportive evidence, uncer-
tainties remain regarding chronic toxicity and allergenic-
ity. Addressing these gaps requires further research that
employs advanced analytical methods and adopts ro-
bust study designs. This systematic approach, conduct-
ed in accordance with PRISMA guidelines, ensures that
the findings are both scientifically rigorous and ethically
sound, thereby contributing to improved regulatory prac-
tices and enhanced public health assurance in countries
with diverse dietary exposures such as Nigeria.

The synthesis of 52 studies reveals that the majority
of research supports the safety of GM crops when as-
sessed for acute toxicity, with most studies showing nor-
mal biochemical and haematological profiles. However,
the analysis identifies inconsistencies in chronic toxicity
data, with approximately 30 % of studies indicating sub-
tle metabolic alterations. Similarly, while the majority
of studies report low allergenic responses, a minority
document mild immunological changes.

Moreover, this paper argues that safety depends on
the type of modifications made. Insect-resistant and pesti-
cide-tolerant modifications are highly associated with safety
concemns than any other type, like biofortified modification.

These findings are influenced by limitations such as
small sample sizes, differences in experimental proto-
cols and constraints imposed by ethical standards in
animal research. The current evaluation underscores
the need for extended-duration studies with larger pop-
ulations to better capture infrequent or subtle adverse
effects. It is recommended that future research incor-
porate advanced methodologies, including metabolo-
mic and epigenetic analyses, to detect early signs of
toxicity not observable through conventional endpoints.
Additionally, there is a pressing requirement for studies
that merge controlled laboratory findings with long-term
epidemiological data to provide a more complete risk
assessment for both animal and human health.

Efforts should be made to standardize experimen-
tal protocols across different research settings to re-
duce variability and improve comparability of results.
Enhanced transparency in funding and methodology is
essential to minimize bias. Future research must also ex-
plore the effects of combined genetic modifications, par-
ticularly in countries where GM crop consumption is high.
Such measures will contribute to a more robust frame-
work for assessing the long-term safety of GM crops and
will inform regulatory practices, ensuring that both public
and animal health are adequately protected.
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Llen metaaHanis ouiHioBaB 6e3neky reHeTU4HO MoaudikoBaHux (M) KynbTyp Yepes 3icTaBneHHs pe3ynbTaTtiB KOHTPONbOBaHMX
BMnpobyBaHb rofieni TBapuH Ta obcepBaLiiHAX AOCHiMKeHb Ha Noasx, onybnikosaHux y 2017-2025 pp. [ocnimkeHHs nofae KpUtuiHy
OLiHKY rOCTPOi Ta XPOHIYHOI TOKCUYHOCTI, anepreHHOCTi, MeTaboniuyHMX NOpYLUEHb Ta KAHLEPOreHHMX KiHLEBUX TOYOK, 30CEPeKY0HUCH
Ha gocnimkeHHsX 3 Hirepii, Adpuku Ta 3axigHux perioHis (E€Bponu Ta CLUA). [Ins KinbKiCHOT OLIIHKX reTepOoreHHOCTi Ta OLiHKWN HaAinHOCTi
[0Ka3iB BUKOPUCTaHi NepefoBi CTaTUCTUYHI METOAN, 30KpeMa MOAeNoBaHHSA BUNaaKoBMX edekTis, aHani3 niarpyn T1a MeTaperpecis.
PesynbtaTy npeAcTaBneHi y BiacoTkax, Wob nonerwmTy vitke y3aranbHeHHs npodinto 6e3nekn MTM-kynbTyp. AHani3 nokasye, LU0
reHeTUYHO MoAMMIKOBaHI NPOAYKTU HE € FTOCTPO TOKCUYHUMMU, TOAI SIK AesiKi AOCMIAXKEHHSI NOBIAOMMAANM NPO HE3HaYHi MeTabonivHi Ta
iMyHOROriYHi 3MiHM 3a XpOoHi4YHOro abo Tpmsanoro BrnuBy. Po36ixHOCTI y pe3ynsTatax XpOHIYHOI TOKCUYHOCTI By CyTTEBO 3yMOBMEHI
BapiauisimMy B ekcrnepyMeHTarbHin MoAeni, An3aiiHi AoChimKeHHs Ta po3mipi BUBipkK. 3aranbHi AaHi NiaTBepmxyoTh 3aranbHy 6e3neky
MM-KynTyp 3a YHHUMM NPOTOKONaMu BUNpobyBaHb; ofHaK He A0 KiHLA BU3HAYeHi JOBrOCTPOKOBI HAcniaKuW. Y cTaTTi 3pobreHo BUCHOBOK,
Lo 6e3neka 3anexuTb Big TUNY BHeCeHX moaudikauin. CTivki 4o komax Ta nectuumais moamdikauii GinbLue nos'asaHi 3 npobnemammu
6e3neku, Hixx Byab-sKUIA iHLWWIA TUN — SIK, Hanpuknag, GiocopTudikoBaHa MoaudikaLis.

KnrouoBi cnoBa: reHeTu4HO MoamdikoBaHi KynbTypy, TOKCUKOMOriYHa 6e3neka, MeTagoCniKeHHsl, KOHTPOMb 3a Cinbcbkorocnogap-
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Introduction

shortages in animal feed [6]. This has severely affect-
The changing climatic conditions in the past years ed ruminant animal production, leading to a dire need
have resulted in persistent droughts, heat waves and to address feed shortages, particularly in small-scale
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farming systems. One of the most challenging factors in
achieving this is the scarcity of feed, both in quantity and
quality, especially during the dry periods of the year, thus
resulting in animals’ low productivity and even death [7].
Feed accounts for 6070 % of the total cost of livestock
production, and an inadequacy in quality and quantity
could lead to a situation of low nutritional status, poor
weight gain, poor reproductive ability, poor production,
poor health condition and poor conversion ratio [5].
The rumen temperature and pH are critical phenome-
na that depend on the fermentation of ingested feeds
in the rumen. R. Mohammed and A. Chaundry (2008)
indicated that rumen fermentation products, such as
volatile fatty acids, are essential nutrients to meet the
demand of rumen microbes and the animal’'s body
build-up [10]. This study was carried out to evaluate
rumen parameters of growing West African Dwarf bucks
fed varying proportions of Sesbania sesban fodder
and Napier grass hay mixture.

Materials and Methods

Experimental site and animals

The experiment was conducted at the Sheep and Goat
Unit, Teaching and Research Farm, Oyo State College of
Agriculture and Technology, Igboora. Sixteen (16) grow-
ing West African dwarf bucks weighing 6.00-10.00 kg and
6-9 months of age were used. The animals were allowed
to acclimatise for two weeks and treated before the com-
mencement of the experiment. Fresh and clean water
was also made available throughout the experiment.

Harvesting and processing of experimental diets

Napier grass and Sesbania sesban forage were har-
vested around the college farm, chopped at 3 cm long,
wilted for 2—3 hours in the sun and air dried under shade
for 4-5 days to prevent bleaching and loss of nutrients,
bailed and stored for the experiment.

Experimental layout, design and feeding method

The animals were allocated by weight into four treat-
ments of four bucks per treatment, and two bucks served
as a replicate in a completely randomised design (CRD).
The Sesbania sesban forage and Napier grass harvested
and air-dried for 4 to 5 days were mixed in varying propor-

Table 1. Composition of formulated low-cost concentrate
for experimental West African Dwarf growing bucks

Ingredients Level, %

Palm kernel cake 60.00
Wheat offal 20.00
Corn bran 9.75
Groundnut cake 8.00
Bone meal 2.00
Salt 0.25

Total 100

The Animal Biology, 2025, vol. 27, no. 3

tions as the experimental diets (ED) and fed to each buck
per day at 3 % body weight. The Sesbania sesban and
Napier grass air-dried fodders combinations were thor-
oughly mixed to eliminate/minimise selection by the animal.
The bucks were offered their respective experimental feeds
(Forage hay) at 8.00 am. Each buck was offered 500 g of
concentrate per buck per day at 2.00 pm, and 3 litres
of fresh and clean water were also supplied daily.

The compared experimental diets (ED) were: T, =100 %
NG hay (100NG); T, =25 % NG + 75 % SS hay (25NG75SS);
T3=50 % NG + 50 % SS hay (50NG50SS); T, =100 %
SS hay (100SS) with a 500 g concentrate diet at 3 %
body weight of individual animals, and their proximate
composition is shown in table 1. Each group of animals
was assigned to an experimental diet.

Data Collection

Rumen samples were collected six hours post-feeding
from the animals 90 days of supplementation using a suc-
tion tube. The samples were immediately measured for pH
using a portable pH meter (Universal pH Test Kit-Digital
pH Meter®). They were thereafter filtered with a four-layer
cheesecloth, and subsamples were divided into two por-
tions. The first portion was used to analysed for ammonia
nitrogen (NHs-N) using AOAC method [2], while the sec-
ond portion was used to estimated total volatile fatty acids
(VFAs) and the proportions of acetate (C,), propionate (C,),
and butyric acid (C,) as previously described by [9]. Briefly,
the samples were centrifuged at 3,000x g for 10 minutes;
allowed to settle, and then, decanted. The decant was ti-
trated with 0.1 M of sodium hydroxide (4/1000 gml-'H,0O)
solution, and 2-3 drops of phenolphthalein (1/1000 gml-'
ethanol) were used as an indicator. Determination of
the various fractions were as follows:

Titre value x 0.1 x 0.06 x 100)

Acetic acid ={ 3 ;

PO . ¢ _ (Titre value x 0.1 x 0.04 x 100).
Propionic acid = 3 :

(Titre value x 0.1 x 0.006 x 100).
5 b

Total volatile fatty acids = (T/ire value x 051 x0.09 x100)

Butyric acid =

Statistical analysis

Data were subjected to a one-way Analysis of Variance
(ANOVA) procedure of SAS version 9.4 [14]. The differ-
ence among treatment means with P<0.05 were assessed
using Duncan’s Multiple Range Test (DMRT) [4].

Results and Discussion

The proximate composition and fibre fractions of the
varied mixture of the experimental diets were presented
in table 2. The diet T, (100 % NG) has the highest dry
matter (DM) content, crude fibre (CF), Ash, Nitrogen free
extract (NFE), Neutral detergent fibre (NDF), Acid de-
tergent fibre (ADF), Acid detergent lignin (ADL) value of
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87.63 %, 29.57 %, 11.95 %, 36.84 %, 51.50 %, 40.09 %,
and 14.03 %, respectively. In comparison, the lowest CF,
NDF and ADL value of 19.01 %, 41.65 % and 10.27 %
respectively was recorded in diet T, (100SS) while the
lowest DM and NFE value of 71.59 % and 23.86 % re-
spectively were observed in diet T; (NG50SS50). It was
observed that crude protein in the forage diets enhances
microbial multiplication, which determines the extent
of the experimental diet’'s fermentation.

Significant differences (P<0.05) were in all the pa-
rameters across the dietary treatments. The result of the
rumen metabolites of WAD bucks fed air-dried Sesbania
sesban and Napier grass hay mixture with concentrate
diets (table 3) revealed that more dry matter degradation
was still possible in the rumen as the highest pH of 8.56
was observed in bucks fed T, diet that contained solely
(100SS+500 g concentrate) while the least pH of 7.40
was recorded in rumen metabolites of bucks fed T, diet
containing only Napier grass (100NG+500g concentrate
diet) (P<0.05). The observed rumen pH values of range
7.40-8.56 in this current study were higher than the re-
ported values of 6.00—7.20 as the suitable pH to facilitate

optimum growth and activities of rumen microbes [12],
and also higher than 5.92—-6.60 reported by M. Okoru-
wa et al. [11] for rumen metabolites of WAD sheep fed
Ficus foliage with differently processed breadfruit meals.
The higher rumen pH observed in bucks on experimental
diets could be due to less fermentable feed components
that the animals consumed. Browse legume fodders and
herbs have anti-microbial properties and can modify the
rumen to improve energy or protein use [8].

An increase in volatile fatty acids and their propor-
tions as caused by browse fodder supplementation in this
study indicates the efficiency of nutrient digestion. How-
ever, buck fed diet T, recorded the highest acetic acid
value of 13.80 mmole/100ml while the lowest acetic value
of 10.19 mmole/100mlwas observed in buck fed diet T,
(fig. 1). The obtained acetic acid values of acetic acid in
this study were lower to 42.03—46.65 mmole/100 ml re-
ported by M. Okoruwa et al. [11], which due to the differ-
ence in the varying levels of browse fodder in the diets.
The lactic acid values recorded from this experiment were
12.68-17.16 mmole/100 ml and were lower compared to
5.00-21.00 mol/100 ml reported by B. Suarez et al. [15].

Table 2. Proximate composition of air-dried Sesbania sesban and Napier grass hay mixture and concentrate diets fed to bucks

LB, e {00NG  NG2sbs7s  NGsOssso ook Concentrate
Dry matter 87.63 73.52 71.59 81.12 94.48
Crude protein 8.12 15.28 15.61 18.67 17.57
Crude fibre 29.57 20.34 20.12 19.01 8.75
Ether extract 1.15 2.28 2.33 2.37 10.39
Ash 11.95 7.06 9.67 10.69 5.85
Nitrogen free extract 36.84 28.64 23.86 30.38 50.21
Neutral detergent fibre 51.50 45.18 48.16 41.65 30.34
Acid detergent fibre 40.09 30.17 31.78 32.07 16.05
Acid detergent lignin 14.03 10.60 11.03 10.27 5.65
Calculated metabolizable energy, Kcal/Kg 1702.33 1676.15 1615.19 1963.15 3282.45

Table 3. Rumen metabolites of WAD bucks fed air-dried Sesbania sesban and Napier grass hay mixture with concentrate diets

Parameters T, T, Ts T, SEM (%)
pH 7.40% 7.80%¢ 8.20% 8.562 0.22
Acetic acid, mmole/100 ml 12.25% 10.19¢ 13.802 13.28° 0.69
Propionic acid, mmole/100 ml 11.690¢ 9.72c 13.162 12.67° 0.66
Butyric acid, mmole/100 ml 11.17b¢ 9.29 12.572 12.10° 0.63
Valeric acid, mmole/100 ml 11.11e 9.25« 12.512 12.05° 0.62
Lactic acid, mmole/100 ml 15.24¢ 12.68¢ 17.162 16.53° 0.86
Total volatile fatty acids, mmole/100 ml 173.74b° 144 .54 194.642 188.34° 9.66
Ammonia nitrogen (NH3-N), % 0.70¢ 0.72bc 0.862 0.77° 0.03

Note. 2b<¢ means on the same row with different superscript are significantly different (P<0.05).
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Fig. 1. Rumen metabolites of WAD bucks fed air-dried Sesbania sesban and Napier grass hay mixture with concentrate diets
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Fig. 2. Total volatile fatty acids in the rumen of WAD bucks
fed air-dried Sesbania sesban and Napier grass hay mixture
with concentrate diets

Butyric acid values recorded in this study ranges
between 9.29-12.57 mmole/100 ml, which are within the
range of 8.80—-12.47 mmol/100 ml reported by K. Adebayo
et al. [1]. The propionic acid values recorded from this
study were within the range of 9.27-13.16 mmole/100 ml
and were observed to lower than 21.6—28.8 mol/100 ml
reported by B. Suarez et al. [15]. However, the high pro-
portion of propionic and butyric acids was recorded in
bucks fed diet T, revealed that equal proportion of air-
dried Sesbania sesban and Napier grass hay mixture has
a great and best effect on the rumen fermentation of the
diets by microbial activity as well as good nutrient util-
isation to yield energy [11].

The highest TVFA value of 194.64 mmole/100 ml
was recorded in the buck fed diet T; that contained
NC50SS50+500 g concentrate while the least value of
144.54 mmole/100 ml was noted in the buck fed T, diet
that contained NG25SS75+500g concentrate (fig. 2).
However, the observed TVFA values were lower than
66.00—72.00 mmol/litre recorded by M. Okoruwa et al. [11]
who fed WAD sheep with differently processed breadfruit
meals and Ficus foliage.

The highest NH3-N value of 0.86 % was recorded
in the buck fed diet T; while the lowest value of 0.70 %

The Animal Biology, 2025, vol. 27, no. 3
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Fig. 3. Ammonia-Nitrogen in the rumen of WAD bucks
fed air-dried Sesbania sesban and Napier grass hay mixture
with concentrate diets

was noted in the buck fed T, diet, these values fell within
the normal range (0.5-2.5 %) of optimum ammonia lev-
el for growth and microbial activity [13]. Furthermore, the
obtained rumen ammonia levels were within the normal
range of 0—13 % as reported by K. Yusuf et al. [16].

The study revealed that feeding varying levels of
Napier grass (Pennisefum purpureum) hay supplement-
ed with browse fodder increase in nutrient intake, espe-
cially CP intake, posed no adverse effects on rumen ecol-
ogy of the animals and enhanced rumen fermentation
in WAD growing bucks. Hence, farmers can incorporate
S. sesban fodder hay up to 50 % inclusion levels in the
diets of their goats to help alleviate the challenge of feed
availability all year round.
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Bnnue kopmoi cymilli Sesbania sesban Ta ciHHOI cyMiLi 3i CNOHOBOI TpaBu
Ha meTaboniTu pyousa monoaHsAKy 3axigHoadpUKaHCbLKUX KapfIMKOBUX Ki3

1. A. Adebici’, A. b. Adxibike'? O. O. OkyHnona’, O. A. AdeHii®, A. 6. Onoko’, O. Onadeno’,

T. b. Mycmagpa’, O. K. AkaHmy’, A. T. AGecone’, P. ®. OnadtiHka'
ademolaibrahim01@yahoo.com

'CinbcbKkorocnogapcbkuin Ta TeXHonoriyHuiA konegx wraty Oro,

aKynbTeT TEXHOMOri TBApMHHMLTBA Ta pubHOro rocnogapcTsea, kadeapa TeXHONorii npoaykuii TBapuHHULTBA,

PMB 10, Irbypa, wrat Ovio, 200234, Hirepis

2YHiBepcutet Can-lNayny, LLkona TBapvHHWLTBA Ta Xap4oBOI iHXeHepii,

HaykoBo-gocnigHuii LeHTp po3BeAeHHs TBapuH, 6ioTeXHOMOrii Ta TpaHCreHesy,
npocn. Adyki-Ai-Kawiac HopTte, 225, MipacyHyHra, 13635-900, CaH-MNayny, bpasunis

3Konepx cinbcbkoro rocnogapctea Ta TexHornorin wraty Ono,

dakynbTeT TEXHOMOTIN TBAPUHHULTBA Ta pUBHOro rocnogapcTea, kadeapa TEXHOMOTIN 300POB'st TBAPWH,

PMB 10, Irbypa, wrat Oito, 200234, Hirepis

3a40BOMBLHUTI NOTPEDOU XKYWHMX TBAPUH Y MOXMBHUX PEYOBUHAX B CE30H MOCYXM CKITaAHO Yepe3 HU3bKY SIKICTb KOPMIB. TOMY BUHMKaE
notpe6a JOMOBHUTY NAaCOBMLLHI pauioHn TpaBamu, Wob 3abe3neunTy onTumarbsHe cepefoBuLle B pybui Ans po3suTky Mikpobiomy Ta
depMeHTaLji KOpMIB, Lo NiABMULLYE NPOAYKTUBHICTL TBapuH. OuiHioBanu BNnne kopMy Sesbania sesban (SS) 3 CIHHOIO CyMILLILLIFO CIIOHO-
Boi TpaBu (NG) Ha meTaboniTv pybus camuiB 3axigHoadpuKaHCLKOT KapnykoBoi ko3u nicnst 90-aeHHoro 3rogoByBaHHS. LWicTHagusaTs (16)
MOIOANX KO3eHSAT BiKOM Bif 6 40 9 MicsuiB i3 cepeaHboto Macoto Tina 6,00—10,00 kr BUNagkoByM YYHOM PO3MOAINUIAM Ha YOTUPK FPYMu Mo
4YeTBEpO B rpyni Ta ABOE SK MOBTOPHICTb 3@ MOBHICTIO paHAOMI30BaHUM AVU3anHOM. TBapWH LLIOAHS rogyBany PisHOMaHITHUMU eKCriepuMeH-
TanbHUMK pauioHamu: T, = 100 % ciHa cnoHoeoi Tpaeu (100NG); T, = 25 % cnoHoBoi Tpaeu + 75 % ciHa Sesbania sesban (25NG75SS);
T; =50 % cnoHooi Tpasu + 50 % Sesbania sesban (50NG50SS); T, = 100 % Sesbania sesban (100SS), 3 po3paxyHky 500 r KOHLEHTpoBa-
Horo pauioHy Ha 3 % macu Tina TBapuHu. Cnoctepiranu BiporigHi (P<0,05) BigMiHHOCTI B napameTpax py6Ls 3a pi3HWX BapiaHTiB paLlioHy.
3HaueHHsi pH konvBaeTbes Big, 7,40 (pauioH T,) oo 8,56 (paujoH T,). HanBuwwe 3HaveHHst ouToBoi knucnotu (13,80 mmons/100 mn), npo-
nioHoBoi knucnotu (13,60 Mmonb/100 mn), macnsHoi kucnoty (12,57 mmons/100 M) Ta NeTkMX XupHUX kucnot (194,64 mmonb/100 M)
crocTepirany y Larkis, sikvx rogyeanu pauioHoM T,, Togi Sk HariMeHLwe ouToBoi kncnotu (10,19 mmone/100 mn), NponioHOBOI KUCMOTH
(9,72 mmonb/100 mn), macnsaHoi kucnoTu (9,27 mmonb/100 mn) Ta JIKK (144,54 mmons/100 mn) 6yno 3adikcoBaHo y camuiB, AKX rofyBa-
nu pauioHom T,, BignosigHo. Havieumwmii BMicT NH5-N (0,86 %) cnocTepiranu y TBapuH Ha pauioHi T, Tofi sk HanHwxye 3HaveHHs NH;-N
(0,70 %) BusiBUNM y Li@nkiB, sIkMX rogyeany paujoHoM T,. MoxHa 3pobuTy BUCHOBOK, LLIO MOEAHAHHS CIIOHOBOI TpaBu 3 BUOpaHUMM KopMamu
ans xynobw y kinbkocTi 50 % moxe niaBnLWMTY piBeHb MeTaboniTie y pybui camuiB 3axigHOadPUKaHCHKOT KapyiMKOBOi KO3M.

Knro4yoBi crnoBa: TponiyHi nacoBuLLHI KOPMW, CIIOHOBA TpaBa, 3axifgHoadprkaHcbka KaprnmKoBa Ko3a, ekonoris pyous’

Adebisi IA, Ajibike AB, Okunlola OO, Adeniyi OA, Oloko AB, Oladepo O, Mustapha TB, Akanmu OC, Adesope AT, Olayinka RF.
Effect of Sesbania sesban fodder and Napier grass hay mixture diets on rumen metabolites of West African dwarf growing goats.
Biol Tvarin. 2025; 27 (3): 42—46. DOI: 10.15407/animbiol27.03.042.
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Canine babesiosis is a vector-borne disease caused by pro-
tozoan parasites of the genus Babesia, primarily transmitted by
ixodid ticks. The disease is widespread globally, including across
most regions of Ukraine. Babesia canis is the most prevalent
species affecting dogs, with increasing clinical relevance in both
domestic and wild carnivores. Infection leads to intravascular
hemolysis, hypoxic tissue injury, and multi-organ dysfunction.
Despite advances in diagnostics, early hematological changes in
the initial stages of infection remain underexplored. This study
aims to compare the hematological parameters of dogs in the
early stage of babesiosis with healthy controls to identify reliable
indicators for early diagnosis and disease monitoring. This study
was conducted on 13 clinical cases of Babesia canis infection in
dogs, with data collected directly from animals presented at the
Peredovyi Veterinary Complex (Dnipro, Ukraine) between Feb-
ruary and April 2024. Blood smears confirmed parasitemia, and
complete blood counts were performed using the MicroCC-20
Plus automated analyzer. Results showed a statistically signif-
icant decrease in red blood cell count (3.59+0.37x108/uL) and
hemoglobin (83.42+2.96 g/L) in infected dogs compared to con-
trols (6.36+0.17x10%/uL and 158.5815.87 g/L, respectively).
Hematocrit values were also markedly reduced (22.54+1.45 %
vs. 43.51+2.39 %; P<0.0001). Significant thrombocytopenia
(38.23+6.20%10%/uL) and leukopenia (7.08+0.60%10°L) were
observed, with a concurrent neutrophilic shift and lymphopenia.
Mean corpuscular volume (MCV) was significantly lower in
the infected group (63.45+2.49 fL), while other red cell indices
(MCHC, RDW) and total protein levels showed no statistically
significant differences. These findings highlight the pronounced
hematological disturbances associated with early-stage Babesia
canis infection. The changes in erythrocyte count, hemoglobin
concentration, hematocrit, and platelet levels may serve as early
diagnostic markers. Further research is needed to refine hemato-
logical profiling for improved clinical decision-making and timely
intervention in canine babesiosis.

Key words: dogs, blood, hematological parameters, Babesia
canis, erythrocyte, leukocyte, anaemia, differential diagnostics

Introduction

[28]. These parasites are intracellular hemoparasites that
infect erythrocytes of mammals, including dogs, cats, wild

Babesiosis is an infectious natural focal disease carnivores and, less commonly, humans [6, 43, 50]. Infec-
caused by unicellular parasites of the genus Babesia, tion usually occurs through the bites of Ixodes ticks (family
which belong to the class of sporozoites (Apicomplexa) Ixodidae), which are natural vectors of the pathogen [13].
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The geographical distribution of babesiosis covers
most temperate and tropical regions of the world, including
the territories of Ukraine, where the disease is endemic [41].
In recent decades, there has been an increase in the inci-
dence of the disease in animals due to changes in climatic
conditions, migration of vectors and expansion of tick
ranges [15, 16, 56]. Large-scale monitoring studies have
shown the spread of Dermacentor reticulatus in Central
and Eastern Europe, including Germany, Poland and the
Czech Republic, which significantly increases the risk of
canine infection [13, 17, 18, 42, 47, 49, 57]. In southeast-
ern and northeastern Europe, babesiosis is considered
an emerging and re-emerging disease, which emphasiz-
es its growing epidemiological significance [3, 4, 20].

The pathogenesis of babesiosis is associated with the
penetration of parasites into erythrocytes, where they un-
dergo several cycles of division, causing their destruction
(hemolysis) [26; 27; 31; 59]. This leads to the development
of hemolytic anemia, accompanied by fever, jaundice,
weakness, and multiple organ failure in severe cases [8,
35]. Mortality in virulent forms of canine babesiosis is often
linked to consumptive coagulopathy and systemic inflam-
matory responses [5, 26]. In addition, alterations in hemo-
stasis and coagulation markers have been confirmed as im-
portant prognostic indicators of disease progression [7, 35].

The immune response plays a decisive role in the
clinical course of babesiosis. Cytokine-mediated inflam-
mation and immune exhaustion mechanisms, similar to
those observed in malaria, are implicated in the severity
of the disease [36, 58]. Moreover, reinfections occur
frequently, since post-infectious immunity is short-lived
and often non-sterile [12].

The clinical manifestations of babesiosis are highly
variable and depend on the type of parasite, the degree
of parasitemia, the immune status of the animal, and the
presence of concomitant infections (e.g., Ehrlichia canis)
[14, 21, 22, 50]. Thus, two main species of Babesia are
most commonly found in dogs: B. canis and B. gibsoni,
which differ in size, pathogenesis, and sensitivity to ther-
apy [1, 6]. Molecular epidemiological studies confirm
a high genetic diversity of B. canis, which may complicate
diagnosis and therapy [29]. Global distribution studies
also indicate regional differences in species prevalence
and tick associations [9].

Diagnosis of babesiosis includes both traditional
methods and modern molecular tests. Microscopic exam-
ination of blood smears is a rapid and accessible meth-
od, but has low sensitivity at low parasitemia levels [33].
Enzyme-linked immunosorbent assays (ELISA) and im-
munofluorescence tests can detect antibodies, but they
do not always distinguish between active and past in-
fections [24, 34]. The most accurate method is the poly-
merase chain reaction (PCR), which can detect parasite
DNA and identify its species [1, 10, 16]. Novel PCR-
based assays have been successfully used for rapid
field diagnostics and species differentiation [32, 34].

Treatment of babesiosis is based on the use of anti-
parasitic drugs, among which imidocarb dipropionate and
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atovaquone are the most effective [2, 12]. However, the
choice of therapy depends on the type of pathogen and
the severity of the disease. Supportive therapy is often es-
sential to manage anemia, oxidative stress, and systemic
inflammation [25, 53]. Clinical outcomes are strongly
associated with early therapeutic intervention and the
ability to correct hematological abnormalities [46, 51].

Hematological changes are of particular diagnostic
and prognostic importance. Numerous studies have
demonstrated alterations in erythrocytic and platelet indi-
ces during infection, which can serve as early diagnostic
markers [25, 55, 61]. Severe thrombocytopenia and co-
agulation disorders are especially characteristic in acute
babesiosis [19, 31]. Additionally, microcirculatory distur-
bances and cardiovascular complications are increasingly
recognized as causes of mortality in infected dogs [8, 60].

Thus, babesiosis in animals and humans is an import-
ant problem of veterinary and medical parasitology, re-
quiring an integrated approach to ensure effective control
and treatment. The study of hematological changes in
the early stages of babesiosis is of particular relevance,
as it allows timely diagnosis and the identification of
prognostic markers of disease severity.

The aim of this study is to perform a comparative analy-
sis of hematological parameters in dogs in the early stages
of babesiosis to identify diagnostically significant changes.

Materials and Methods

This study was conducted on 13 dogs presenting
with the first signs of Babesia canis infection at the Pere-
dovyi Veterinary Complex (Dnipro, Ukraine) between
February and April 2024. All clinical and laboratory data
were collected prospectively by the authors, including
blood sampling, smear preparation, and hematological
analysis. The study included dogs of various breeds,
ages, and sexes. Although these factors may influence
hematological parameters, the primary focus was on ear-
ly-stage Babesia canis infection. Statistical analysis was
conducted to compare infected animals with healthy con-
trols, minimizing potential confounding effects of breed,
age, and sex. Dogs with diagnosed concomitant diseases
or with unreliable laboratory data were excluded from
the study to ensure data reliability.

Detection of Babesia canis parasites in erythrocytes
was carried out using thin blood smears stained with
fast-acting dyes LEUCODIF 200 (Erba Lachema, Czech
Republic), with subsequent examination under 100x
magnification using an optical microscope Leica DM4
(Germany) (fig. 1).

The stage of babesiosis in dogs was determined
based on a combination of clinical signs and laborato-
ry parameters. The early stage included animals that
showed mild lethargy, loss of appetite, moderate fever,
pale or icteric mucous membranes, sometimes dark
urine, but without pronounced anemia or intoxication.
Laboratory tests at the early stage revealed 1 infected

bionoeis meapuH, 2025, 1. 27, N3



Nevidnyk-Pravda A. Yu., Ushakova G. O. Hematological parameters in dogs at the early stages of babesiosis in the Dnipro region of Ukraine

erythrocyte per 10-15 fields of view in the study of blood
smears, confirming a low level of parasitemia. Only the
early stage of the disease was assessed in this study;
therefore, differentiation between intermediate and late
stages was not performed.

For hematological studies, blood was taken from the
cephalic or subcutaneous vein into a tube with EDTA.
After that, parameters such as the number of erythro-
cytes, hemoglobin level, leukocytes, platelets, mean
hemoglobin concentration in erythrocytes, erythrocyte
distribution width, total protein and hematocrit were ana-
lyzed. The analysis of these parameters was carried out
using an automatic hematological analyzer MicroCC-20
Plus (HTI, USA). Quantitative assessment of segment-
ed neutrophils and lymphocytes was carried out by
microscopic counting on stained blood smears.

Animal handling complied with the European Conven-
tion for the Protection of Vertebrate Animals Used for Exper-
imental and Other Scientific Purposes (Strasbourg, 1986)
and the Regulations on the Use of Animals in Biomedical
Research. All procedures were performed in accordance
with ethical standards for working with experimental ani-
mals and were approved by the local Ethics Committee.

A variety of statistical methods were used to study
hemolytic anemia in dogs caused by the protozoan par-
asite Babesia canis. Descriptive statistics were used to
determine the mean, median, mode, standard deviation,
and variance of the indicators in the control group and
the group of animals with the initial stage of the disease.
The t-test was used to compare the mean values. Addi-
tionally, analysis of variance (ANOVA) was used to com-
pare the mean values in the groups.

Results and Discussion

Key hematological parameters were analyzed in
13 clinically healthy dogs (control group) and 13 dogs
showing signs of the initial stage of babesiosis.

}"' - ...- ‘h

Fig. 1. Blood smear of a dog with Babesia canis detected
(Leucodiff stain, x100 oil immersion, NA 1.25).
Intraerythrocytic forms of the parasite are visible
(highlighted with a red circle)

The average RBC count in the control group (fig. 2)
was 6.361+0.17%x10%/uL, whereas in the infected dogs,
the count decreased significantly to 3.59+0.37x10%/uL
(P<0.0001; F=0.0107). This substantial reduction indi-
cates a pronounced anemia likely caused by parasite-
induced hemolysis.

Similarly, hemoglobin levels in the control dogs av-
eraged 158.58+5.87 g/L, while in the infected group,
HGB dropped markedly to 83.42+2.96 g/L (P<0.0001;
F=0.0250). The decline reflects impaired oxygen trans-
port capacity and suggests severe erythrocyte destruc-
tion during the course of infection. A parallel trend was
observed in hematocrit values. Control animals showed
a mean HCT of 43.51+£2.39 %, which fell dramatical-
ly to 22.54+1.45 % in the infected group (P<0.0001;
F=0.0955). The significant differences in all three pa-
rameters between healthy and infected dogs under-
score the profound hematological disruption caused by
Babesia infection prior to any therapeutic intervention.

The mean total protein level (fig. 3) in the control group
was 67.42+3.36 g/L. In contrast, infected dogs exhibited
a slightly lower mean value of 65.59+2.26 g/L.

Although the reduction was not statistically significant
(P=0.1300; F=0.1845), the trend suggests a possible
mild disturbance in protein metabolism or plasma volume
shifts associated with the acute phase of infection.
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Fig. 2. Red blood cell count (a), hemoglobin concentration (b), and hematocrit (¢) in the blood of dogs infected with Babesia canis

compared to the control group (x+SD, n=13)

Note. Here and in the next figures 1 — control group of healthy dogs; 2 — group of dogs infected with Babesia canis.
a, ® — mean values with unlike letters were significantly different between the groups (P<0.0001).
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Fig. 3. Total protein concentration in the blood serum of dogs
infected with Babesia canis and control group (x+SD, n=13)

The MCYV value in the control group (fig. 4) averaged
66.38+3.13 fL, while in infected dogs, MCV was signifi-
cantly lower at 63.45+2.49 fL (P=0.0178; F=0.4335).
This reduction may reflect the predominance of micro-
cytic erythrocytes or early regenerative responses during
the course of infection.

MCHC values remained relatively stable between
the groups. The control cohort had a mean MCHC of
362.56+9.56 g/L, compared to 362.09+5.58 g/L in the in-
fected group (P=0.8844; F=0.0739), indicating no statisti-
cally significant difference. This suggests that hemoglobin
concentration within individual red blood cells was largely
unaffected by the infection at this stage. Similarly, RDW
values showed only a slight, non-significant change.

The control group had a mean RDW of 16.15+1.03 %,
while the infected group presented a mean of 15.99+1.04 %

(P=0.7061; F=0.9790). The minimal variation suggests
that anisocytosis (variation in red blood cell size) was
not markedly increased in the early stages of Babesia
infection.

The mean PLT count in the control group (fig. 5)
was 330.23+£26.44x%10%/uL. In contrast, dogs with Ba-
besia infection exhibited a profound and statistically
significant reduction in platelet levels, averaging just
38.2346.20%x103%/uL (P<0.0001; F<0.0001). This sharp
decline clearly indicates the presence of severe thrombo-
cytopenia, a common clinical manifestation of canine
babesiosis.

In the control group, the mean WBC count (fig. 6) was
11.294£1.04x10°%L, whereas in dogs with babesiosis, it
decreased significantly to 7.08+£0.60x%10%L (P<0.0001),
indicating the presence of leukopenia, which is char-
acteristic of the acute phase of the disease.

The relative count of segmented neutrophils was mod-
erately increased in the diseased group (60.66+1.88 %)
compared to the control group (57.15+2.82 %) (P=0.0015),
suggesting a neutrophilic shift typical of acute inflamma-
tory responses.

Conversely, the relative count of lymphocytes was
significantly reduced in the Babesia canis-infected
group (28.45+1.56 %) compared to the healthy control
group (30.45+1.65 %) (P=0.0056), which is consistent
with a stress leukogram commonly observed during
severe infectious processes.

Our findings align with previous studies that highlight
significant hematological alterations during the early stag-
es of canine babesiosis. One of the key parameters we
observed was leukopenia, particularly a reduction in total
white blood cell (WBC) count. This is consistent with
the results of Eichenberger et al. [19], who reported that
nonsurviving dogs with Babesia canis infection exhibited
moderate leukopenia, while survivors generally main-
tained WBC levels within the reference range. Notably,
leukopenia was also observed in up to 60 % of mild cas-
es [37], suggesting that it is a sensitive though not entire-
ly specific marker of disease severity. Similar diagnostic

75.00 385.00 19.00
73.00 380.00
18.00
71.00 375.00
69.00 370.00 «g 17.00
g = o
g 67.00 > 365.00 ) ® o
€ Q * % 16.00 R
3 6500 O 360.00 4
2 = 8 o
63.00 355.00 j 15.00
61.00 350.00
14.00
59.00 345.00
57.00 340.00 13.00
a) 1 2 b) 1 2 c) 1 2

Fig. 4. Mean corpuscular volume (MCV) (a), mean corpuscular hemoglobin concentration (MCHC) (b), and red cell distribution width (RDW) (c)
in dogs infected with Babesia canis compared to the control group (x£SD, n=13)
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trends have been confirmed in cattle and small ruminants
infected with different Babesia species, underscoring the
conserved hematological response across hosts [1, 2].

Our data suggest that lymphopenia, especially during
the early phase, may serve as an early indicator of im-
mune suppression or immune dysregulation. This is in
line with studies on Babesia rossi, where elevated cortisol
levels were associated with immunosuppressive states
and poor outcomes [44, 48]. Similarly, in malaria infec-
tions caused by Plasmodium spp., lymphocyte deple-
tion has been attributed to redistribution, immune cell
exhaustion, or parasite-induced apoptosis [30, 39, 58].
Immunological studies further suggest that post-infection
immunity in dogs is often short-lived and non-sterile,
which may explain why lymphocyte recovery is de-
layed [12]. These mechanisms may also contribute to
the lymphopenia observed in Babesia infections.

Another critical hematological abnormality identified
was thrombocytopenia, which was both profound and
consistent in affected dogs. Thrombocytopenia is consid-
ered the most dramatic hematological change in babesio-
sis [25, 61]. Eichenberger et al. [19] proposed a prog-
nostic cut-off of 27,500 platelets/uL, which, although not
perfectly sensitive or specific, may still aid in early clinical
decision-making. The pathogenesis of thrombocytopenia
is likely multifactorial, involving systemic inflammatory
responses (SIRS), platelet consumption, sequestration,
and impaired production [7; 45]. Reports from endemic
regions indicate that thrombocytopenia often precedes
anemia, making it a valuable early diagnostic marker for
clinicians [16].

Interestingly, although hemolytic anemia was expect-
ed, it was not always severe in the early stages of infec-
tion in our study. This finding is consistent with previous
reports suggesting that anemia may develop progres-
sively, depending on the stage of the disease and the bal-
ance between erythrocyte destruction and regenera-
tion [35, 61]. This progressive anemia has also been
linked to parasite genetic variability, which influences
virulence and the rate of erythrocyte destruction [29].
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Fig. 5. Platelet (PLT) count in dogs infected with Babesia canis
compared to the control group (x + SD, n=13)

The hematologic responses observed in our study
align with the findings of Scheepers et al. [46], who
conducted a longitudinal analysis of transfused and
non-transfused dogs naturally infected with Babesia
rossi. Their work confirmed the presence of mild to mod-
erate normocytic, normochromic regenerative anemia
in all cases, consistent with the hemolytic nature of
babesiosis. Notably, although transfusions effectively
corrected anemia, they did not appear to significantly
influence leukocyte or platelet dynamics, suggesting
that the underlying pathophysiological mechanisms of
inflammation and thrombocytopenia are independent
of red blood cell restoration. This agrees with earlier
observations that hematologic imbalances in babesi-
osis are driven more by immune-mediated and inflam-
matory mechanisms than by anemia alone [6].

o

33.00
32.00
31.00

30.00

29.00

28.00

27.00

26.00

f——o00+ 0 Mo o fo—]=

25.00

Lymphocytes (relative quantity), %

24.00

23.00

14.00
13.00 = 7400
=
12.00 E
S 69.00
5 1100 2
° ©
= K]
g 10.00 £
E % 64.00
< =
o 900 s
m b ,3
2 goo g 59.00
3
7.00 5
S 54.00
O
6.00 &
5.00
a) 3 3 b) 4000

1

2 C) 22.00 1 >

Fig. 6. Total white blood cell (WBC) count (a), relative segmented neutrophil percentage (b), and relative lymphocyte percentage (c)
in dogs infected with Babesia canis compared to the control group (xtSD, n=13)

The Animal Biology, 2025, vol. 27, no. 3

51



HesiaHuk-Mpasaa A. FO., Ywakosa I'. O.

[eMaTONOriUHI MOKa3HWKW Y cOBaK Ha paHHixX cTagisx 6abesiosy B [HiNponeTpoBchkii 061acTi, YKpaiHa

Moreover, their observation of an inflammatory leuko-
gram with a left shift, even in the absence of neutrophilia,
highlights the atypical white cell responses in babesiosis
and may reflect bone marrow suppression or consump-
tion of neutrophils in peripheral tissues. Comparable
atypical leukogram patterns have also been reported
in Babesia canis and Babesia gibsoni infections, under-
scoring the complexity of immune responses during par-
asitemia [11]. The consistently severe thrombocytopenia,
resolving within a few days, further supports the hypothe-
sis of an immune-mediated etiology, rather than direct
destruction by the parasite or marrow suppression.

These findings, when integrated with our data,
strengthen the understanding that hematologic abnor-
malities such as anemia and thrombocytopenia are
multifactorial in origin and dynamically evolve during the
course of babesiosis. Early monitoring and interpretation
of these patterns can help guide clinical decision-making,
particularly regarding the need for transfusion and
prognosis estimation. This is consistent with broader
diagnostic recommendations emphasizing early hema-
tologic surveillance in vector-borne diseases [1, 2].

Our findings are further supported by a large-scale
retrospective analysis conducted by Fabisiak et al. [25],
which statistically examined hematological abnormalities
in 350 dogs diagnosed with Babesia spp. infection. Their
results reinforce that thrombocytopenia is the most con-
sistent and significant hematologic alteration in canine ba-
besiosis, corroborating observations from our study and
previous reports. Interestingly, their analysis also highlight-
ed age- and breed-related variations in hematologic re-
sponses, including significant differences in PCV between
young and adult dogs, as well as in total leukocyte counts
between German Shepherds and mixed-breed dogs.
Regional studies from Latin America and the Caribbean
also suggest that epidemiological context may influence
hematologic presentation, pointing to possible interactions
between environmental and host-related factors [23].

These findings suggest that host factors such as age
and breed may influence the severity of hematologic ab-
normalities, potentially affecting disease progression and
prognosis. While our study did not stratify dogs by age
or breed, the consistency of thrombocytopenia and the
presence of varying degrees of anemia and leukopenia
align with the broader population trends observed by Fa-
bisiak et al. [25]. The rare but notable occurrence of bi-
or pancytopenia in their dataset also warrants attention,
particularly in severe or complicated cases of babesiosis.
Notably, pancytopenia has also been observed in cases
where parasitemia co-occurs with secondary infections,
further complicating prognosis [12, 16].

Taken together, these insights highlight the multifacto-
rial nature of hematologic responses in canine babesio-
sis, driven by parasite virulence, host immune status, and
possibly genetic predispositions. Future studies incorpo-
rating larger sample sizes and breed-specific analysis
may offer a more nuanced understanding of hematologic
alterations and improve early prognostic capabilities [32].
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Furthermore, exploring cytokine-driven mechanisms of ane-
mia and thrombocytopenia may shed light on host—parasite
interactions and provide novel therapeutic targets [29].

The study by Zvorc et al. [61] further complements our
findings by providing a detailed assessment of erythro-
cyte and platelet indices in dogs naturally infected with
large Babesia. Their results confirm that thrombocyto-
penia remains a consistent hematological hallmark, ac-
companied by a decrease in plateletcrit (PCT) and an in-
crease in mean platelet volume (MPV), indicating platelet
activation and consumption, possibly as part of a system-
ic inflammatory or coagulopathic process. Similar alter-
ations in platelet indices have been noted in other vec-
tor-borne diseases, reinforcing the diagnostic relevance
of MPV and PCT monitoring [6, 16]. These changes are
consistent with the concept of immune-mediated thrombo-
cytopenia or disseminated intravascular coagulation,
as observed in other studies.

Moreover, the authors observed decreased RBC
count, MCV, and hematocrit values both before and
after treatment, which is consistent with the normocytic,
normochromic anemia frequently seen in babesiosis.
Interestingly, red cell distribution width (RDW) remained
unchanged, suggesting a uniform population of erythro-
cytes and possibly limited regenerative response in many
cases, which may reflect either the early stage of infection
or a suppressed erythropoiesis due to systemic infamma-
tion. Comparable patterns of anemia with poor regenera-
tive response have also been described in Babesia rossi
infections, highlighting the role of systemic inflammatory
mediators in inhibiting bone marrow function [11, 29, 52].

These findings support the diagnostic and prognostic
relevance of automated erythrocyte and platelet indices in
canine babesiosis. Monitoring MPV and PCT in particular
may offer insight into the pathophysiological processes
underlying thrombocytopenia and help assess treatment
efficacy and disease progression, especially when paired
with classical parameters such as HCT and RBC count.
As our study also indicated significant shifts in platelet
and red cell parameters in affected animals, the integra-
tion of such indices could enhance early detection and
prognostic stratification in clinical settings. Such integra-
tive diagnostic approaches are strongly recommended in
current guidelines for canine vector-borne diseases [1, 2].

This study confirms that canine babesiosis caused
by Babesia canis leads to significant hematological alter-
ations, including consistent thrombocytopenia, variable
degrees of anemia, leukopenia, and lymphopenia, which
can serve as valuable early diagnostic and prognostic
markers. Thrombocytopenia, in particular, emerged as
the most consistent and severe abnormality, likely result-
ing from immune-mediated mechanisms and systemic in-
flammation. Although anemia was common, it was often
mild to moderate in early stages, suggesting progressive
red blood cell destruction rather than acute hemolysis.
Regional analyses also indicate that differences in prev-
alence and hematologic severity may be shaped by
environmental and epidemiological factors [23, 38].
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Our findings align with previous studies and empha-
size the importance of monitoring platelet and erythrocyte
indices, such as mean platelet volume (MPV), plateletcrit
(PCT), and red blood cell parameters, to better under-
stand disease progression and guide clinical decisions.
The presence of leukopenia and lymphopenia also high-
lights possible immune dysregulation during infection,
further supporting the need for timely intervention.
Immunological studies suggest that reinfection resis-
tance in dogs is often incomplete, making early moni-
toring of hematologic patterns essential for long-term
disease control [12, 40, 54].

Overall, routine hematological profiling remains a crit-
ical component in the diagnosis and management of
canine babesiosis. Early recognition of key changes in
blood parameters can aid in identifying high-risk patients,
optimizing treatment strategies, and improving clinical
outcomes. Further studies are warranted to explore long-
term hematologic and immunologic responses, as well as
the influence of host factors such as breed and age on
disease severity and prognosis.

References

1. Alvarez JA, Rojas C, Figueroa JV. Diagnostic tools for the identifica-
tion of Babesia sp. in persistently infected cattle. Pathogens. 2019;
8: 143. DOI: 10.3390/pathogens8030143.

2. Antunes S, Rosa C, Couto J, Ferrolho J, Domingos A. Decipher-
ing Babesia-vector interactions. Front Cell Infect Microbiol. 2017;
7:429. DOI: 10.3389/fcimb.2017.00429.

3. Bajer A, Beck A, Beck R, Behnke JM, Dwuznik-Szarek D, Eichen-
berger RM, Farkas R, Fuehrer HP, Heddergott M, Jokelainen P,
Leschnik M, Oborina V, Paulauskas A, Radzijevskaja J, Ranka R,
Schnyder M, Springer A, Strube C, Tolkacz K, Walochnik J. Babe-
siosis in southeastern, central and northeastern Europe: An
emerging and re-emerging tick-borne disease of humans and
animals. Microorganisms. 2022; 10 (5): 945. DOI: 10.3390/
microorganisms10050945.

4. Bajer A, Kowalec M, Levytska VA, Mierzejewska EJ, Alsarraf M,
Poliukhovych V, Rodo A, Wezyk D, Dwuznik-Szarek D. Tick-borne
pathogens, Babesia spp. and Borrelia burgdorferi sl, in sled and
companion dogs from central and north-eastern Europe. Patho-
gens. 2022; 11 (5): 499. DOI: 10.3390/pathogens11050499.

5. Beleti¢ A, Janji¢ F, Radakovi¢ M, Spariosu K, Francuski Andri¢ J,
Chandrashekar R, Tyrrell P, Radonji¢ V, Balint B, Ajti¢ J, Kovacevi¢
Filipovi¢ M. Systemic inflammatory response syndrome in dogs
with naturally infected with Babesia canis: Association with the
parasite load and host factors. Vet Parasitol. 2021; 291: 109366.
DOI: 10.1016/j.vetpar.2021.109366.

6. Baneth G, Bourdeau P, Bourdoiseau G, Bowman D, Breitschwerdt E,
Capelli G, Cardoso L, Dantas-Torres F, Day M, Dedet JP, Dobler G,
Ferrer L, Irwin P, Kempf V, Kohn B, Lappin M, Little S, Maggi R,
Miré G, Naucke T, Oliva G, Otranto D, Penzhorn B, Pfeffer M,
Roura X, Sainz A, Shaw S, Shin S, Solano-Gallego L, Straubinger R,
Traub R, Trees A, Truyen U, Demonceau T, Fitzgerald R, Gatti D,
Hostetler J, Kilmer B, Krieger K, Mencke N, Mend&o C, Mottier L,
Pachnicke S, Rees B, Siebert S, Stanneck D, Tarancén Mingote M,
von Simson C, Weston S. Vector-borne diseases — constant
challenge for practicing veterinarians: Recommendations from
the CVBD World Forum. Parasites Vectors. 2012; 5: 55. DOI:
10.1186/1756-3305-5-55.

7. Bari¢ Rafaj R, Kules J, Selanec J, Vrki¢ N, Zovko V, Zupanci¢ M,
Trampus$ Bakija A, Matijatko V, Crnogaj M, Mrljak V. Markers of

The Animal Biology, 2025, vol. 27, no. 3

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

coagulation activation, endothelial stimulation, and inflammation in
dogs with babesiosis. J Vet Intern Med. 2013; 27 (5): 1172-1178.
DOI: 10.1111/jvim.12146.

Bartnicki M, typ P, Debiak P, Staniec M, Winiarczyk S, Buczek K,
Adaszek t. Cardiac disorders in dogs infected with Babesia canis.
Pol J Vet Sci. 2017; 20 (3): 573-581. DOI: 10.1515/pjvs-2017-0070.

Birkenheuer AJ, Buch J, Beall MJ, Braff J, Chandrashekar R.
Global distribution of canine Babesia species identified by a com-
mercial diagnostic laboratory. Vet Parasitol Reg Stud Rep. 2020;
22:100471. DOI: 10.1016/j.vprsr.2020.100471.

Bilwal A, Mandali G, Tandel F. Liver enzyme activity in dogs infected
with Babesia canis. Intas Polivet. 2018; 19 (ll): 313-314. Available
at: https://www.cabidigitallibrary.org/doi/pdf/10.5555/20193238376

Boozer AL, Macintire DK. Canine babesiosis. Vet Clin N Am
Small Anim Pract. 2003; 33 (4): 885-904. DOI: 10.1016/S0195-
5616(03)00039-1.

Brandao LP, Hagiwara MK, Myiashiro SI. Humoral immunity
and reinfection resistance in dogs experimentally inoculated
with Babesia canis and either treated or untreated with imido-
carb dipropionate. Vet Parasitol. 2003; 114 (4): 253—-265. DOI:
10.1016/S0304-4017(03)00130-4.

Danék O, Hrazdilova K, Kozderkova D, Jirkt D, Modry D. The
distribution of Dermacentor reticulatus in the Czech Republic
re-assessed: Citizen science approach to understanding the cur-
rent distribution of the Babesia canis vector. Parasites Vectors.
2022; 15: 132. DOI: 10.1186/s13071-022-05242-6.

Dantas-Torres F. Biology and ecology of the brown dog tick,
Rhipicephalus sanguineus. Parasites Vectors. 2010; 3: 26.
DOI: 10.1186/1756-3305-3-26.

Dantas-Torres F, Ketzis J, Mihalca AD, Baneth G, Otranto D,
Tort GP, Watanabe M, Linh BK, Inpankaew T, Castro PDJ, Bor-
ras P, Arumugam S, Penzhorn BL, Ybafiez AP, Irwin P, Traub RJ.
TroCCAP recommendations for the diagnosis, prevention and treat-
ment of parasitic infections in dogs and cats in the tropics. Vet Par-
asitol. 2020; 283: 109167. DOI: 10.1016/j.vetpar.2020.109167.

Djokic V, Rocha SC, Parveen N. Lessons learned for pathogenesis,
immunology, and disease of erythrocytic parasites: Plasmodi-
um and Babesia. Front Cell Infect Microbiol. 2021; 11: 685239.
DOI: 10.3389/fcimb.2021.685239.

Drehmann M, Springer A, Lindau A, Fachet K, Mai S, Thoma D,
Schneider CR, Chitimia-Dobler L, Broker M, Dobler G, Mackenst-
edt U, Strube C. The spatial distribution of Dermacentor ticks
(Ixodidae) in Germany — evidence of a continuing spread of
Dermacentor reticulatus. Front Vet Sci. 2020; 7: 578220. DOI:
10.3389/fvets.2020.578220.

Dwuznik-Szarek D, Mierzejewska EJ, Rodo A, Gozdzik K, Behnke-
Borowczyk J, Kiewra D, Kartawik N, Bajer A. Monitoring the ex-
pansion of Dermacentor reticulatus and occurrence of canine
babesiosis in Poland in 2016—2018. Parasites Vectors. 2021; 14:
267. DOI: 10.1186/s13071-021-04758-7.

Eichenberger RM, Riond B, Willi B, Hofmann-Lehmann R, Depla-
zes P. Prognostic markers in acute Babesia canis infections. J Vet
Intern Med. 2016; 30 (1): 174—182. DOI: 10.1111/jvim.13822.

Efstratiou A, Karanis G, Karanis P. Tick-borne pathogens and
diseases in Greece. Microorganisms. 2021; 9 (8): 1732. DOI:
10.3390/microorganisms9081732.

Eslahi AV, Mowlavi G, Houshmand E, Pirestani M, Majidiani H, Na-
havandi KH, Johkool MG, Badri M. Occurrence of Dioctophyme re-
nale (Goeze, 1782) in road-killed canids of Iran and its public health
implication. Vet Parasitol Reg Stud Rep. 2021; 24: 100568. DOI:
10.1016/j.vprsr.2021.100568.

Eslahi AV, Olfatifar M, Zaki L, Pirestani M, Sotoodeh S, Farah-
vash MA, Maleki A, Badri M. The worldwide prevalence of in-
testinal helminthic parasites among food handlers: A systematic
review and meta-analysis. Food Control. 2023; 148: 109658.
DOI: 10.1016/j.foodcont.2023.109658.

Galon EM, Zafar |, Ji S, Li H, Ma Z, Xuan X. Molecular reports of
ruminant Babesia in southeast Asia. Pathogens. 2022; 11 (8): 915.
DOI: 10.3390/pathogens11080915.

53



HesiaHuk-Mpasaa A. FO., Ywakosa I'. O.

[eMaTONOriUHI MOKa3HWKW Y cOBaK Ha paHHixX cTagisx 6abesiosy B [HiNponeTpoBchkii 061acTi, YKpaiHa

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

54

Garcia K, Weakley M, Do T, Mir S. Current and future molecular
diagnostics of tick-borne diseases in cattle. Vet Sci. 2022; 9 (5): 241.
DOI: 10.3390/vetsci9050241.

Fabisiak M, Sapierzynski R, Klucinski W. Analysis of haematologi-
cal abnormalities observed in dogs infected by a large Babesia. Bull
Vet Inst Pulawy. 2010; 54 (2): 167—170. Available at: https://www.
researchgate.net/publication/289677912_Analyis_of haematological
abnormalities_observed_in_dogs_infected_by_a_large_Babesia

Goddard A, Wiinberg B, Schoeman JP, Kristensen AT, Kjelgaard-
Hansen M. Mortality in virulent canine babesiosis is associated
with a consumptive coagulopathy. Vet J. 2013; 196 (2): 213-217.
DOI: 10.1016/j.tvjl.2012.09.009.

Jacobson LS, Clark IA. The pathophysiology of canine babesiosis:
New approaches to an old puzzle. J S Afr Vet Assoc. 1994; 65 (3):
134-145. PMID: 7595923.

Jalovecka M, Sojka D, Ascencio M, Schnittger L. Babesia life
cycle — when phylogeny meets biology. Trends Parasitol. 2019;
35 (5): 356-368. DOI: 10.1016/j.pt.2019.01.007.

Helm SC, Weingart C, Ramunke S, Schafer |, Mller E, von Sam-
son-Himmelstjerna G, Kohn B, Kriicken J. High genetic diversity
of Babesia canis (Piana & Galli-Valerio, 1895) in a recent local
outbreak in Berlin/Brandenburg, Germany. Transbound Emerg Dis.
2022; 69: €3336. DOI: 10.1111/tbed.14617.

Kassa D, Petros B, Mesele T, Hailu E, Wolday D. Characterization
of peripheral blood lymphocyte subsets in patients with acute Plas-
modium falciparum and P. vivax malaria infections at Wonji Sugar
Estate, Ethiopia. Clin. Vaccine Immunol. 2006; 13 (3): 376-379.
DOI: 10.1128/CVI.13.3.376-379.2006.

Kettner F, Reyers F, Miller D. Thrombocytopaenia in canine babesi-
osis and its clinical usefulness. J S Afr Vet Assoc. 2003; 74 (3):
63-68. DOI: 10.4102/jsava.v74i3.512.

Kirtz G, Leschnik M, Hooijberg E, Tichy A, Leidinger E. In-clinic labo-
ratory diagnosis of canine babesiosis (Babesia canis canis) for veter-
inary practitioners in Central Europe. Tierarztl Prax Ausg K Kleintiere
Heimtiere. 2012; 40 (2): 87-94. DOI: 10.1055/s-0038-1623628.

Kule§ J, Potocnakova L, Bhide K, Tomassone L, Fuehrer HP,
Horvati¢ A, Galan A, Guillemin N, Nizi¢ P, Mrljak V, Bhide M. The
challenges and advances in diagnosis of vector-borne diseases:
where do we stand? Vector Borne Zoonotic Dis. 2017; 17 (5):
285-296. DOI: 10.1089/vbz.2016.2074.

Kuo CY, Zhao C, Cheng T, Tsou CC, Li YC, Zhang Y, Hsieh MC,
Haung SB, Chen WY. Rapid identification of Babesia canis and
Babesia gibsoni (Asian genotype) in canine blood samples us-
ing a customized portable real-time PCR analyzer and TagMan-
based assay. Ticks Tick Borne Dis. 2020; 11 (2): 101362. DOI:
10.1016/).ttbdis.2019.101362.

Liebenberg C, Goddard A, Wiinberg B, Kjelgaard-Hansen M, van
der Merwe LL, Thompson PN, Matjila PT, Schoeman JP. Hemostatic
abnormalities in uncomplicated babesiosis (Babesia rossi) in dogs.
J Vet Intern Med. 2013; 27 (1): 150-156. DOI: 10.1111/jvim.12016.

Leisewitz A, Goddard A, De Gier J, Van Engelshoven J, Clift S,
Thompson P, Schoeman JP. Disease severity and blood cytokine
concentrations in dogs with natural Babesia rossi infection. Parasite
Immunol. 2019; 41 (7): €12630. DOI: 10.1111/pim.12630.

Mathé A, Vords K, Nemeth T, Biksi |, Hetyey C, Manczur F, Tekes L.
Clinicopathological changes and effect of imidocarb therapy in dogs
experimentally infected with Babesia canis. Acta Vet Hung. 2006;
54 (1): 19-33. DOI: 10.1556/avet.54.2006.1.3.

Milanovi¢ Z, Beleti¢ A, Veki¢ J, Zeljkovic A, Andri¢ N, lli¢ Bozovi¢ A,
Spariosu K, Radakovi¢ M, Ajti¢ J, Kovacevic¢ Filipovi¢ M. Evidence
of acute phase reaction in asymptomatic dogs naturally infect-
ed with Babesia canis. Vet Parasitol. 2020; 282: 109140. DOI:
10.1016/j.vetpar.2020.109140.

Onishi T, Suzuki S, Horie M, Hashimoto M, Kajikawa T, Ohishi |,
Ejima H. Serum hemolytic activity of Babesia gibsoni-infected dogs:
the difference in the activity between self and nonself red blood cells.
J Vet Med Sci. 1993; 55 (2): 203-206. DOI: 10.1292/jvms.55.203.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Otranto D, Dantas-Torres F, Fourie JJ, Lorusso V, Varloud M, Gra-
doni L, Drake J, Geurden T, Kaminsky R, Heckeroth AR, Schunack B,
Pollmeier M, Beugnet F, Holdsworth P. World Association for the
Advancement of Veterinary Parasitology (W.A.A.V.P.) guidelines for
studies evaluating the efficacy of parasiticides in reducing the risk of
vector-borne pathogen transmission in dogs and cats. Vet Parasitol.
2021; 290: 109369. DOI: 10.1016/j.vetpar.2021.109369.

Panti-May JA, Rodriguez-Vivas RI. Canine babesiosis: A literature
review of prevalence, distribution, and diagnosis in Latin America
and the Caribbean. Vet Parasitol Reg Stud Rep. 2020; 21: 100417.
DOI: 10.1016/j.vprsr.2020.100417.

Pawetczyk O, Kotela D, Asman M, Witecka J, Wilhelmsson P,
Bubel P, Solarz K. The first records of canine babesiosis in dogs
from Dermacentor reticulatus — Free zone in Poland. Pathogens.
2022; 11 (11): 1329. DOI: 10.3390/pathogens11111329.

Penzhorn BL. Don't let sleeping dogs lie: Unravelling the identity and
taxonomy of Babesia canis, Babesia rossi and Babesia vogeli. Par-
asites Vectors. 2020; 13: 184. DOI: 10.1186/s13071-020-04062-w.

Penzhorn BL, Harrison-White RF, Stoltsz WH. Completing the cycle:
Haemaphysalis elliptica, the vector of Babesia rossi, is the most
prevalent tick infesting black-backed jackals (Canis mesomelas),
an indigenous reservoir host of B. rossi in South Africa. Ticks Tick
Bormne Dis. 2020; 11 (2): 101325. DOI: 10.1016/.ttbdis.2019.101325.

Reyers F, Leisewitz AL, Lobetti RG, Milner RJ, Jacobson LS, van
Zyl M. Canine babesiosis in South Africa: more than one disease. Does
this serve as a model for falciparum malaria? Ann Trop Med Parasi-
tol. 1998; 92 (4): 503-511. DOI: 10.1080/00034983.1998.11813308.

Scheepers E, Leisewitz AL, Thompson PN, Christopher MM. Serial
haematology results in transfused and non-transfused dogs nat-
urally infected with Babesia rossi. J S Afr Vet Assoc. 2011; 82 (3):
136-143. DOI: 10.4102/jsava.v82i3.51.

Schaéfer |, Helm C, Marsboom C, Hendrickx G, Kohn B, Krticken J,
Samson-Himmelstjerna G, Miiller E. Infections with Babesia spp.
in dogs living in Germany (2007-2020). J Vet Intern Med. 2021;
35:3199.

Schoeman JP, Herrtage ME. Adrenal response to the low dose
ACTH stimulation test and the cortisol-to-adrenocorticotrophic
hormone ratio in canine babesiosis. Vet Parasitol. 2008; 154 (3—4):
205-213. DOI: 10.1016/j.vetpar.2008.03.023.

Seleznova M, Kivrane A, Namina A, Krumins R, Aleinikova D,
Lazovska M, Akopjana S, Capligina V, Ranka R. Babesiosis in
Latvian domestic dogs, 2016-2019. Ticks Tick Borne Dis. 2020;
11 (5): 101459. DOI: 10.1016/j.ttbdis.2020.101459.

Solano-Gallego L, Sainz A, Roura X, Estrada-Pefia A, Miré G.
A review of canine babesiosis: The European perspective. Para-
sites Vectors. 2016; 9: 336. DOI: 10.1186/s13071-016-1596-0.

Strobl A, Kiinzel F, Tichy A, Leschnik M. Complications and risk
factors regarding the outcomes of canine babesiosis in Central
Europe — a retrospective analysis of 240 cases. Acta Vet Hung.
2020; 68 (2): 160-168. DOI: 10.1556/004.2020.00031.

Sung LH, Sundaram AH, Glick AL, Chen DF, Shipton L. Babesiosis
as a cause of atraumatic splenic injury: Two case reports and
a review of literature. J Gen Intern Med. 2021; 36: 3869-3874.
DOI: 10.1007/s11606-021-07117-5.

Teodorowski O, Winiarczyk S, Tarhan D, Dokuzeylil B, Ercan AM,
Or ME, Staniec M, Adaszek t.. Antioxidant status, and blood zinc
and copper concentrations in dogs with uncomplicated babesiosis
due to Babesia canis infections. J Vet Res. 2021; 65 (2):169-171.
DOI: 10.2478/jvetres-2021-0031.

Thongsahuan S, Chethanond U, Wasiksiri S, Saechan V, Thong-
tako W, Musikacharoen T. Hematological profile of blood parasit-
ic infected dogs in Southern Thailand. Vet World. 2020; 13 (11):
2388-2394. DOI: 10.14202/vetworld.2020.2388-2394.

Totkacz K, Rodo A, Wdowiarska A, Bajer A, Bednarska M. Impact of
Babesia microti infection on the initiation and course of pregnancy
in BALB/c mice. Parasites Vectors. 2021; 14: 132. DOI: 10.1186/
s$13071-021-04638-0.

bionoeis meapuH, 2025, 1. 27, N3



Nevidnyk-Pravda A. Yu., Ushakova G. O. Hematological parameters in dogs at the early stages of babesiosis in the Dnipro region of Ukraine

56.

57.

58.

Vannier E, Krause PJ. Babesiosis. In: Ryan ET, Hill DR, Solomon T,
Aronson NE, Endy TP (eds.). Hunter’s Tropical Medicine and
Emerging Infectious Diseases. Elsevier, 2020. p. 799-802. DOI:
10.1016/B978-0-323-55512-8.00105-8.

Vatolikova |, Dekany D, Matudkova H, MikloSovi¢ova B, Mace-
nauer Z, Szaboéva A, Simek J, Hanzligek D. Babeziéza psov
na zapadnom Slovensku: retrospektivna klinicka Studia z rokov
2014-2018. Veterinarstvi. 2019; 69: 144—-150.

Wykes MN, Horne-Debets JM, Leow CY, Karunarathne DS. Ma-
laria drives T cells to exhaustion. Front Microbiol. 2014; 5: 249.
DOI: 10.3389/fmicb.2014.00249.

59.

60.

61.

Zygner W, Géjska-Zygner O, Norbury LJ. Pathogenesis of anemia
in canine babesiosis: Possible contribution of pro-inflammatory
cytokines and chemokines — a review. Pathogens. 2023; 12 (2):
166. DOI: 10.3390/pathogens12020166.

Zygner W, Rodo A, Gdjska-Zygner O, Gorski P, Bartosik J, Kotoms-
ki G. Disorders in blood circulation as a probable cause of death in
dogs infected with Babesia canis. J Vet Res. 2021; 65 (3): 277-285.
DOI: 10.2478/jvetres-2021-0036.

Zvorc Z, Baric Rafaj R, Kules J, Mrijak V. Erythrocyte and platelet
indices in babesiosis of dogs. Vet. Arhiv. 2010; 80 (2): 259-267.
Available at: https://wwwi.vef.hr/vetarhiv/papers/2010-80-2-10.pdf

FemaTonorivyHi Noka3HMKM y cobak Ha paHHix cTagisx 6abesiosy B [JHinponeTpoBCcbKi obnacTi, YkpaiHa

A. 1O. HesidHuk-lpasda, I. O. Ywakosa
aaasssaaa079@gmail.com

[HinpoBCbKkWIN HauioHanbHWI yHiIBepeuTeT iMeHi Onecsi MoHuyapa, npocnekT Haykosui, 72, m. [Hinpo, 49010, YkpaiHa

Babesio3 cobak — Lie TpaHCMICYBHE 3aXBOPIOBAHHSI, CMPUHMHEHE HANNPOCTILLMMM Napa3suTaMu pody Babesia, siki nepefatotbcs nepe-
Ba)KHO Yepes ikcoaoBUX KrilliB. 3axBOpHOBaHHS MOLLMPEHe B YCbOMY CBITi, 30Kpema B BinbLUoCTi perioHiB Ykpaitu. Babesia canis — Hai-
NOLUMPEHILLUIA BUA, KU Bpaxae cobak, 3i 3pOCTaHHAM KIiHIYHOTO 3Ha4YeHHs AK ANst JOMALLHIX, TaK i Ana AUKUX M'ACOIAHUX TBApPUH.
IHdbekuis Npy3BOANTL A0 BHYTPILLHBOCYAMHHOIO reMoni3y, MMOKCUYHOTO MOLLKOMXKEHHSI TKaHWH Ta noniopraHHoi AncdyHKUii. Heasaxatoum
Ha AOCArHEHHS B AiarHOCTULL, paHHi reMaTororivHi 3MiH1 Ha NOYaTKOBUX CTagisixX iHeKUii 3anvLarTbCs HeAoCTaTHLO BUBHEHMU. MeToto
LibOro AOCHIAKEHHS € NOPIBHATW reMaTororivHi napaMeTpu cobak Ha paHHix cTapisx 6abesiosy 3i 30OPOBMMMN KOHTPOMbHUMMN TBapMHaMMU,
W06 BU3HAYUTU HaAiINHI MOKA3HWKM ANt paHHBOI AiarHOCTUKM Ta MOHITOPUHIY 3aXBOPIOBaHHs1. Byno npoBedeHO peTpocnekTUBHUIA aHani3
13 kniHiYHMX BUNaakiB iHdekuii Babesia canis y cobak, npeAcTaBneHvx Ha BeTepuHapHomy komrnekci «lepegosuii» (OHinpo, YkpaiHa)
y nepioA 3 nioToro no keiteHb 2024 p. Ma3skv KpoBi niATBEPAMNM NapasvTeMmito, a 3aranbHui aHania KpoBsi Oyno npoeedeHo 3a [omMo-
MOrol0 aBTOMaTu4Horo aHanizatopa MicroCC-20 Plus. PesynstaTy nokasanu cTaTUCTUYHO BipOrigHE 3HWXKEHHS KiNbKOCTi epuTpoLuTiB
(3,59+0,37x10¢/mkn) Ta remornobiHy (83,42+2,96 r/n) y iHdikoBaHUX cobak, MOPIBHAHO 3 KOHTPONbHUMM TBapuHamm (6,3610,17%10%/mkn
Ta 158,5845,87 r/n BignoBiaHO). 3HAaYEHHs1 reMaToOKPUTY TaKoX Oynu 3Ha4YHO 3HWKeHI (22,54+1,45 % npoTn 43,51+2,39 %; P<0,0001).
Cnocrtepiranu 3Ha4yHy TpomboumToneHito (38,2316,20%103/mkn) Ta nevikoneHito (7,08+0,60x%10%1) 3 ogHOYaCHWUM HEWTPOINBHUM 3CyBOM
Ta nimdoneHieto. CepepHin 06’em eputpoumnTie (MCV) B iHdikoBaHi rpyni 6yB 3HaUHO HKYMM (63,4512,49 cbn), ToAi SK iHLLI MOKa3HMKK
eputpoumTie (MCHC, RDW) Ta piBeHb 3aranbHoro 6inka He nokasanu CTaTUCTUYHO BiporigHuX BigMiHHOCTen. Lli AaHi nigkpecnioTb
BUpaXXeHi reMaTororiyHi NopyLUEHHS!, NOB’A3aHi 3 paHHbO cTagieto iHdekuii Babesia canis. 3MiHW KiNbKOCTi epUTPOLMTIB, KOHLEHTpauii
remorno6iHy, reMaToKpuTy Ta piBHA TPOMOOLMTIB MOXYTb CNyryBaTi paHHIMKU AiarHOCTUMHUMKM Mapkepamu. HeobxigHi noganbLui gocni-
[PKEHHSA ANs YTOYHEHHSI reMaTomnoriYHOro NpodintoBaHHs, LWO6 NOKpaWmUTU NPUAHATTSA KNiHIYHMX pilleHb Ta CBOEYacHe BTPYYaHHs
npu 6abesiosi cobak.

KnrouoBi cnoBa: cobaku, KpoB, reMaTonoriyHi nokasHuku, Babesia canis, epuTpounTy, NENKounTH, aHeMmisl, audepeHuianbHa
niarHocTuka
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The article presents the results of studying the effects of hu-
mic substances in dogs with stage C myxomatous mitral valve
degeneration receiving standard therapy according to the rec-
ommendations of the American College of Veterinary Internal
Medicine. Comprehensive assessment of radiographic and
electrocardiographic parameters before and after treatment
was performed. It was found that adding humic substances
to the standard therapy contributed to reducing heart size,
decreasing pulmonary congestion and improving electro-
physiological characteristics of the heart. The obtained results
indicate the advisability of using humic substances as an addi-
tional tool in the complex treatment of dogs with myxomatous
mitral valve degeneration.

0122U000273).
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Introduction

Myxomatous mitral valve degeneration (MMVD), also
known as endocardiosis, is the most common form of
heart valve pathology in dogs, causing heart failure and
significantly deteriorating the animals’ quality of life [16].
The disease is characterized by progressive degenera-
tion of the connective tissue structures of the valve, lead-
ing to blood regurgitation, heart chamber dilation, and
the development of pulmonary congestion. According to
research data, MMVD is diagnosed in 70-80 % of dogs
older than 10 years, especially small and medium breeds,
making this pathology highly relevant for contemporary
veterinary cardiology [4, 5].

According to recommendations by the American Col-
lege of Veterinary Internal Medicine (ACVIM), standard
therapy for dogs with chronic heart failure due to MMVD
includes pimobendan, angiotensin-converting enzyme
inhibitors (ACE inhibitors), diuretics (furosemide), and
aldosterone antagonists (spironolactone). These medi-
cations effectively reduce congestion, improve hemody-
namics, and enhance quality of life [8]. However, despite
proven efficacy, their use is often associated with certain
limitations, including potential side effects, electrolyte
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imbalances, development of diuretic resistance, and
inadequate management of oxidative stress, which plays
a significant role in heart pathology progression.

Recently, more attention has been given to finding
additional therapeutic agents capable of reducing the
negative effects of oxidative stress, maintaining cardio-
myocyte functionality, and slowing structural changes in
the heart [2]. Humic substances, natural organic com-
pounds characterized by high antioxidant activity and the
ability to stabilize cell membranes, reducing myocardial
and cardiac conduction system damage under chronic
heart failure conditions, are of particular interest [19].

Previous studies, conducted in Ukraine and abroad,
indicate the positive impact of humic substances on gen-
eral antioxidant status, reduction of oxidative stress mark-
ers (malondialdehyde, MDA), and their ability to stabilize
cardiac rhythm and reduce cardiac arrhythmias [1, 15].
However, comprehensive assessment of their effective-
ness in dogs with MMVD, especially under standard
therapy conditions, remains insufficiently studied.

The aim of our study was to determine the effects
of humic substances on radiographic and electrocardio-
graphic parameters in dogs with stage C MMVD under-
going standard therapy per ACVIM protocols.

bionoeis meapuH, 2025, 1. 27, N3
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Materials and Methods

The research was conducted from 2020 to 2022 involv-
ing dogs with MMVD at the veterinary clinical diagnostic
center of Dnipro State Agrarian and Economic University
and LLC “Veterinary Space Discovery” in Dnipro. Animals
underwent clinical examinations, radiography, echocardi-
ography, and electrocardiography. Animals were divided
into three groups: standard therapy (ST, n=6), standard
therapy with humic substances (STH, n=6), and control
(n=6). Animals in the ST and STH groups received stan-
dard ACVIM-classified therapy, with the STH group addi-
tionally receiving “Humilid” orally at 10 mg/kg once daily
before feeding. Exclusion criteria included recent specific
treatments, oncology, infections, or severe ilinesses.

Radiography of the thorax in the studied animals was
performed in a single projection to reduce the cost of re-
search during martial law. Animals were positioned in right
lateral recumbency with maximum cranial extension of
the forelimbs, using Optima-xr220amx (GE, USA) equip-
ment and Kodak DirectView CR975 automatic digitizing
system (Carestream Health, USA). The analysis of radio-
graphic images included assessment of the vertebral
heart score (VHS) and vertebral left atrial size (VLAS).
The radiological assessment of lung and vascular con-
ditions was performed subjectively (semi-quantitatively)
based on the severity of bronchial and interstitial patterns
and by comparing the diameter of veins in the cranial lung
lobes with artery diameters. All measurements were
expressed in arbitrary units [3, 7].

To detect disturbances in conduction, excitation, and
automaticity of the heart, the Bioset 9000 apparatus (H6r-
mann, Germany) was used. Animals were positioned
on the examination table in right lateral recumbency for
ECG recording. Electrocardiograms were registered us-
ing standard Einthoven leads (I, Il, ll) and augmented
Goldberger leads (aVR, aVL, aVF) on millimeter paper
at a speed of 50 mm/s and a standard input voltage of
1 mV = 10 mm. ECG recordings lasted 5 minutes and
were analyzed using an electrocardiographic ruler accord-
ing to established algorithms [14]. During ECG analysis,
the rhythm, R-R interval regularity, heart rate (beats/min),
amplitude (mV), and duration (s) of the P wave, PQ inter-
val, QRS complex, and ST segment were evaluated.
Obtained data were compared with reference values from
R. Santilli [14]. The functional state of the animals was as-
sessed without using medications negatively affecting the
vasomotor, respiratory centers of the brain, or the heart.

Statistical data processing was performed using Mic-
rosoft® Excel® (version 2412) in accordance with meth-
odological recommendations. The number of animals
was presented as absolute (n) and relative (%) values.
Data were expressed as mean + standard deviation
(MzSD). The paired Student’s t-test was used to evaluate
dynamics of studied parameters in animal groups before
and after therapy. Intergroup differences were analyzed
using one-way ANOVA followed by Bonferroni retro-
spective tests.

The Animal Biology, 2025, vol. 27, no. 3

Results and Discussion

At the initial stage (Day 1 of the study), animals in both
the ST and STH groups exhibited pronounced changes
in the form of increased bronchial and interstitial patterns
(fig. 1). These changes indicated the presence of conges-
tion and early pulmonary edema. Radiographically, the
thickening of veins in the cranial lung lobes was approxi-
mately twice the diameter of the arteries (a vein to artery
ratio of about 2:1), indicating venous congestion in the
pulmonary circulation. By Day 21 of treatment, noticeable
shifts toward normalization were observed, particularly
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Fig. 1. Radiograph of a dog from the experimental group
at the beginning of therapy (A) and on the 21t day of treatment (B).
Measurement of the VHS
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Table 1. Comparative assessment of radiographic changes in animals of the control group (n=6) and experimental groups (n=6), M+SD

ST

STH

References
Measurement Control ELE
Day 1 (M+SD) Day 21 (M+SD) Day 1 (MtSD) Day 21 (M+SD)
Vertebral Heart Score 8.8+0.3 12.1+0.7 11.2+0.7* 12.1£1.0 10.8+1.1* 8-10.5
Vertebral Left Atrial Size 1.5£0.1 2.5£0.4 2.1£0.3* 2.5+0.3 2.0£0.3* 1.4-2.2

Note. * — P<0.05 — statistically significant difference compared to the beginning of therapy.

a reduction in the intensity of the bronchial pattern. In most
animals, a transition from a “marked” bronchial enhance-
ment to a “mild” or “moderate” one was noted.

Thus, radiographic examination made it possible to
identify the initial degree of venous congestion and track
positive dynamics during treatment, ultimately confirming
the effectiveness of the applied therapy in reducing mani-
festations of pulmonary congestion in dogs with myxo-
matous mitral valve degeneration.

Table 1 provides a comparative assessment of ra-
diographic changes in animals from the control group
(n=6) and experimental groups (ST, STH, n=6) before
and after treatment. Since the data in the ST group met
the conditions of normal distribution (verified using the
Shapiro-Wilk test, P>0.05), a paired t-test was used to
compare changes in the vertebral heart score between
Day 1 and Day 21. As a result, a statistically significant
(P<0.01) decrease of 7.4 % in this parameter was ob-
served, although it remained above the reference val-
ues (8—10.5 units) after treatment.

For the STH group, due to the non-normal distribu-
tion of data (P<0.05 according to the Shapiro-Wilk test),
the non-parametric Wilcoxon test was applied, which
showed a statistically significant (P<0.05) decrease in
the vertebral heart score by 10.7 %.

The vertebral left atrial size in both groups initially
exceeded the normal range (=2.5). On Day 21 of treat-
ment, it decreased by 16.0 % in the ST group and by
17.6 % in the STH group, aligning with the reference
range (P<0.05). This indicates reduced left atrial dilation
and a decrease in both preload and afterload. Our re-
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sults are consistent with findings from other studies that
also report increased VLAS in dogs with MMVD at early
disease stages, reflecting early left atrial dilation in re-
sponse to mitral valve dysfunction [11, 12].

This is the first study to comprehensively analyze
changes in vertebral heart score and vertebral left atrial
size in dogs with myxomatous mitral valve degeneration
under the influence of humic substances.

As a result of the electrocardiographic evaluation
conducted in dogs with myxomatous mitral valve degen-
eration, several characteristic features were identified.
The primary focus was placed on assessing the func-
tional state of the cardiac conduction system, the nature
of rhythm disturbances, and the relationship between
echocardiographic parameters (particularly left atrial
dilation) and ECG wave morphology.

The main objectives of ECG analysis were to detect
conduction disturbances, changes in interval durations,
and wave amplitudes, which could indicate structural
changes in heart chambers or pathological processes
in the myocardium. In the control group (n=4), ST (n=5),
and STH (n=3) groups, respiratory (sinus) arrhythmia
was observed (fig. 2). This is a result of parasympathetic
nervous system influence on the sinoatrial node and is
considered normal in dogs with high vagal tone at rest,
thus requiring no additional correction.

The P wave interval and amplitude in all groups
remained within reference values (up to 0.04 sec. and
0.4 mV). However, no significant differences were detect-
ed between groups, indicating a lack of pronounced treat-
ment effect on these electrocardiographic parameters.

A L |

Fig. 2. Electrocardiogram of a dog with MMVD (Leads |, Il, lll, aVR, aVL, aVF; tape speed 50 mm/s). The recording shows sinus arrhythmia
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Table 2. Comparative assessment of electrocardiographic results in animals of the control group (n=6) and experimental groups (n=6), M+SD

ST STH
Parameters Control Day 1 Day 21 Day 1 Day 21 Ret/egﬁréces
(MSD) (M£SD) (M+SD) (MSD)
P mV 0,2+0,04 0,1840,08 0,20,06 0,26+0,09 0,2+0,07 Up to 0,4
P, sec 0,03£0,01 0,04£0,01 0,03+0,01 0,04+0,01 0,03+0,01%* Up to 0,04
PQ, sec 0,08£0,02 0,09£0,02 0,07£0,02 0,11+0,05 0,09£0,03 0,06-0,13
QRS, sec 0,06+0,02 0,05+0,01 0,04+0,01 0,070,02 0,07£0,03 Up to 0,7
R, mV 1,120,3 0,9+0,2 0,0+0,2 1,15£0,5 0,8£0,2 Up to 3
QT, sec 0,16+0,05 0,18+0,02 0,170,02 0,17+0,06 0,15£0,03 0,15-0,24
HR, bpm 181,0£11,2 156418, 1 142£10,2* 184£9,0 172+4,2%* 60-170

Note. * — P<0.01; ** — P<0.05 compared to Day 1, *** — P<0.05, a statistically significant difference between day 1 and day 21 according
to the t-test, P=0.025. (Despite minimal absolute changes, significance was confirmed when analyzing individual values).

Analysis of the R waves, QRS complex, and PQ seg-
ments on the ECG showed no changes in either group
at the beginning or end of the study, suggesting the ab-
sence of pathological alterations in impulse conduction
during the development of this disease (table 2). In some
animals, excitability disturbances were identified. These
arrhythmias are commonly observed in cases of myxo-
matous mitral valve involvement, likely due to mechanical
irritation of the endocardium by stretched chordae or
hypoxia, which can prolong the refractory period in myo-
cardial regions near the papillary muscles [10].

Radiographic studies confirm the development of
cardiomegaly in dogs with myxomatous mitral valve
degeneration and the presence of pulmonary conges-
tion. During treatment, a positive trend was observed
in the form of reduced heart size and normalization of
pulmonary circulation, indicating the effectiveness of the
prescribed therapy, particularly the use of diuretics and
a comprehensive approach to correcting hemodynamic
disorders.

The results of the study on electrocardiographic
changes in dogs with myxomatous mitral valve degen-
eration demonstrated that the use of standard therapy
in combination with humic substances had no effect on
the electrophysiological characteristics of the heart.
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In today’s conditions of growing anthropogenic pressure
on aquatic ecosystems, the problem of heavy metal accumu-
lation, including cobalt ions, is becoming particularly relevant.
Cobalt ions can enter aquatic environments as a result of
mining activities, metallurgy, and the production of batteries,
dyes, catalysts, and magnetic materials. It is collectively may
lead to local exceedances of permissible concentration limits
in freshwater ecosystems. Despite the fact that cobalt is a bio-
genic element in low concentrations, its excess has a toxic
effect on hydrobionts, in particular affecting lipid homeostasis.
One of the sensitive indicators of metabolic disorders in fish is
a change in the fatty acid composition of tissues, which can be
used as a bioindicator of toxic pressure and the functional state
of the organism. The paper analyses changes in the fatty acid
composition of the muscle tissue of crucian carp (Carassius
gibelio Bloch) and pike (Esox lucius L.) under the influence of
cobalt ions at concentrations of 0.1 mg/dm?® and 0.25 mg/dm?
over a period of 14 days. These concentrations correspond to
2 and 5 maximum permissible concentrations. Total lipids were
extracted and transesterified to obtain fatty acid methyl esters,
which were then analyzed by gas chromatography for the quan-
titative determination of individual fatty acids. In crucian carp, the
influence of cobalt ions led to significant changes in the composi-
tion of essential fatty acids. In particular, the fractions of saturated
myristic acid (14:0) and long-chain monounsaturated eicosenoic
acid (20:1) increased proportionally to the concentration of the
investigated metal, while the levels of stearic acid (18:0) and oleic
acid (18:1) decreased. A more systematic effect was observed in
pike muscles: the content of many saturated fatty acid fractions
decreased compared to the control group, while changes in the
proportions of key polyunsaturated fatty acids likely indicate im-
paired desaturase activity. In the pike organism, a more systemic
effect of cobalt ions was observed, which consisted in a tendency
to decrease the amount of most saturated fatty acids. Some nu-
tritional indices for assessing fatty acids were also analyzed.

Key words: fishes, fatty acids, defense system, physiologi-
cal response, regulation, adaptive reactions, biomonitoring, toxic
pollution, cobalt

Introduction

mental concerns in contemporary ecological research.
The growth of industrial activity, wastewater discharge

Heavy metal contamination of aquatic ecosystems and the accumulation of man-made waste lead to in-
is recognized as one of the most significant environ- creased concentrations of these elements. This poses
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a significant threat to the environment due to the high
potential of metals for bioaccumulation and biomagnifi-
cation in living organisms [15, 24].

Fish are constantly exposed to heavy metals in the
aquatic environment, which explains their widespread
use as model organisms in ecotoxicological studies [22,
40]. The accumulation and toxicity of heavy metals in fish
organisms are multidirectional and often lead to phys-
iological and biochemical changes, such as excessive
formation of reactive oxygen species (ROS), enzyme
dysfunction, and imbalance of redox reactions. This usu-
ally leads to structural damage to lipids, especially unsat-
urated fatty acids [32]. This may frequently result in the
degradation of fatty acid molecules, which are essential
for the structural and functional integrity of fish biological
membranes and significantly contribute to their nutritional
value in the human diet [12, 27].

Fish is distinguished by its valuable nutritional com-
position, primarily due to the presence of high-quality
higher fatty carboxylic acids fatty acids, among which
long-chain omega-3 (w—3) fatty acids are of particular
importance [36, 46]. The lipid composition of fish muscle
tissue differs from that of mammals in terms of the num-
ber of double bonds. [27]. Omega-6 (w-6) and omega-3
(w—3) are important metabolic precursors of long-chain
polyunsaturated fatty acids (C 20—24), such as arachi-
donic acid (20:4), eicosapentaenoic acid (20:5) and
docosahexaenoic acid (22:6), which are mainly found in
fish with a high fat content [2, 21, 45].

Changes in the composition of fatty acids can indi-
cate not only the quality of fish products, but also the
level of toxicant contamination of freshwater environ-
ments [27]. Lipids and individual fatty acids are responsi-
ble for the permeability, fluidity and integrity of biological
cell membranes [3, 39]. They are precursors of bioactive
and signaling molecules responsible for regulating bio-
chemical reactions in cells [7]. Eicosapentaenoic acid is
a precursor of eicosanoids, which have a wide range
of physiological effects and play a role in immune and
inflammatory responses, nervous system functions, and
reproduction [37]. Eicosanoids also help fish adapt to
environmental stressors [27].

The presence of pollutants such as heavy metals
can significantly affect the fatty acid profile in fish tissues
due to changes in the relative amounts of individual fatty
acids [14, 41, 43]. Changes in lipid metabolism and fatty
acid profiles were used to better understand how metals
affect aquatic organisms in food chains, as well as the
integrative biochemical response to the impact of pollut-
ants and their accumulation in aquatic organisms [31].
This makes them promising biomarkers for assessing
the impact of pollutants. Most previous studies have fo-
cused exclusively on metal accumulation or on analyz-
ing the fatty acid composition in fish [25, 29, 35, 50].

Considering that the lipid content in fish muscle tissue
is influenced by species-specific characteristics, the eco-
logical status of the water body, and the presence of toxic
agents, it is important to investigate alterations in the fatty
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acid composition of muscle lipids caused by metal ions in
general, with particular attention to cobalt. Cobalt is a tech-
nically important trace element with wide applications
across various industries and technologies, including its
use in high-temperature alloys for jet engines and in im-
proving the efficiency of magnetic materials and recharge-
able batteries. This metal is rarely present in freshwater en-
vironments at elevated levels, except in cases where min-
ing, manufacturing, or other anthropogenic activities cause
local increases in cobalt concentrations [44]. Although co-
balt is an important element contained in vitamin B;,, only
trace amounts are needed for life, and an increase in its
content can lead to toxic effects on aquatic biota [5].

Materials and Methods

Experimental studies were conducted on two-year-old
crucian carp (Carassius gibelio Bloch) and pike (Esox Iu-
cius L.), with average body weights of 200220 g and 150—
170 g, respectively. The effects of two elevated concentra-
tions of cobalt ions, 0.1 and 0.25 mg/dm?3, corresponding
to 2 and 5 times the maximum permissible concentrations,
were investigated. Metal in the form of CoCl, - 6H,0 was
added to the water in 200-litre aquariums containing test
groups of fish (five individuals in each). To limit the influ-
ence of fish exometabolites on their physiology, the water
in each aquarium was replaced every two days. To en-
sure the full development and maximal functional expres-
sion of compensatory-adaptive responses to the metal,
fish were acclimatized over a 14-day period. According to
the author [34], this period is sufficient for the formation of
adaptive responses in the bodies of exothermic animals.
The control group consisted of fish tissue samples taken
from aquariums without added cobalt chloride. The fish
were not fed during the research. The experiments were
conducted in accordance with the rules of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes [17] and
the principles of animal research ethics [12].

To determinate the content of lipids and fatty acids,
the muscles were ground in cold glass homogenizers,
followed by extraction of total lipids from the tissue with
a chloroform-methanol mixture in a 2:1 ratio using the
Folch method [20]. At the same time, 20 parts of the ex-
tracting mixture were added to one mass part of the tissue
and left for 12 hours for extraction. Non-lipid impurities
were removed from the extract by washing with a 1 % KClI
solution. Total lipids were obtained after distillation of the
extract mixture [26]. The dried samples were dissolved in
1 ml of hexane and used for further analysis of fatty acids.

Fatty acid methyl esters (FAME) were obtained from
total lipids by acid-catalyzed transesterification [11].
100 mg of extracted lipid was dissolved in 1.5 ml of di-
chloromethane and 3 ml of methanol-sulphuric acid solu-
tion (200:3 by volume) and shaken vigorously. The re-
action mixture was heated at 100 °C for approximately
1 hour and then cooled to room temperature. Then, 3 ml
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of hexane and 1 ml of distilled water were added to
the mixture. After mixing and layering, the entire upper
phase was collected. One gram of anhydrous sodium
sulphate was added to the collected sample and then left
for 24 hours to allow separation. After filtration, the sam-
ple was evaporated until its mass became constant under
a stream of nitrogen. Heptane was added to the sample
to achieve a final concentration of 50 mg/dm3.

FAME analysis was performed using a gas chromato-
graph (Agilent6890, California, USA) equipped with
a BPX70 fused silica capillary column (length 50 m; inner
diameter 0.22 mm; film thickness 0.25 pym) and a flame
ionization detector (FID). Nitrogen was used as the carrier
gas, and the split ratio was set at 1:100.

The temperatures for the injection port and detector were
set at 270 °C and 300 °C, respectively. The mass spec-
trum data were processed using STAR-GC3800 software.
Fatty acids were identified by comparing their retention
times with a mixture of standards (NU-CHEK PRER, Inc.).
Each fatty acid was quantified (%) by calculating its peak
and area relative to the total peak area.

The results of the studies were statistically processed
using Student’s t-test and R software to determine the
significant difference between the experimental and
control groups.

Research Results and Discussion

Fish tissues are characterized by a significant variety
of saturated (SFA), monounsaturated (MUFA) and poly-
unsaturated fatty acids (PUFA) [23]. As a result of experi-
mental research, we identified 13 fatty acids in the muscle
lipids of crucian carp and pike, including five SFA, three
MUFA and five PUFA (table).

In the muscles of crucian carp, under the action of both
concentrations of cobalt ions among SFA, some increase
in the content of myristic acid (14:0) by 35.6 % and 33.1 %
and a decrease in stearic acid (18:0) by 34.9 % and 33.3 %
relative to the control values were found. This probably in-
dicates that the elongation stages (which normally convert
C14:0 to C18:0) were disrupted, leading to the accumula-
tion of shorter SFA. Heavy metals such as cobalt can affect
the activity of enzymes that synthesize lipids. In particular,
it has been shown that cobalt exposure alters the activity of
desaturase and elongase in fish [10, 18]. Therefore, cobalt
ions can influence the balance between the synthesis of
saturated and unsaturated fatty acids.

Analysis of SFA in pike muscles indicated some de-
crease in lauric acid (12:0) content by 14.2 % and ara-
chidic acid (20:0) content by 25.4 % under the influence
of 0.1 mg/dm? cobalt ions, while under the influence of
0.25 mg/dm? of metal, the proportions of all saturated fatty
acids decreased: lauric (12:0) by 21.3 %, myristic (14:0)
by 10.4 %, palmitic (16:0) by 5 %, stearic (18:0) by 4.2 %,
and arachidic (20:0) by 20.8 %. Under the action of max-
imum cobalt ion concentration, the total content of all de-
tected SFAs decreased by 5.4 % compared to the control
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group. Various fish species have different lipid metabo-
lisms and therefore react differently to toxins. In particular,
due to biomagnification, predatory fish can accumulate
larger amounts of heavy metal ions compared to species
at lower trophic levels [24]. Under the influence of cobalt
ions, pike showed a significant decrease in the amount
of virtually all measured fatty acids, which indicates their
intensive mobilization or breakdown. In fish, cobalt ions
contribute to the generation of active forms of oxygen,
among which the hydroxyl radical (-OH) plays a leading
role, capable of initiating peroxide oxidation of unsatu-
rated fatty acids [24, 32].

Differences in the content of MUFA were found in fish
muscles: in crucian carp, their total amount in the con-
trol group was 37.6 %, and in pike — 13.5 %. As a re-
sult of exposing fish to cobalt ions at a concentration of
0.25 mg/dm?, a decrease in the content of essential im-
portant monounsaturated fatty acids in fish muscles was
observed oleic acid (18:1) by 20.1 % in crucian carp and
palmitoleic acid (16:1) by 9.1 % in pike. At the same time,
an increase in the concentration of eicosenoic acid (20:1)
was found in both species of fish studied — by 46.2 %
under the action of 0.25 mg/dm? of cobalt ions in crucian
carp, and by 19.1 % and 23.6 % under the influence of
both concentrations of metal in pike. An increase in the
proportion of eicosenoic acid (20:1) can alter the fluidity of
cell membranes (making them more rigid), which poten-
tially affects the transport of substances, the activity
of membrane enzymes and receptor function. This cor-
responds to the phenomenon of cellular adaptation to
stressful conditions — homeoviscous adaptation, when
a change in lipid composition ensures the preservation
of the physicochemical properties of membranes under
the influence of toxicants [16, 49]. The oleic acid (18:1)
content in crucian carp muscles was the highest, and its
decrease under the action of 0.25 mg/dm3 cobalt ions led
to a decrease in the total amount of MUFA in this group
of fish. In addition, the decrease in oleic acid (18:1) levels
is likely to be the result of its active use in the process
of lipid restructuring and cell membrane restoration. Sim-
ilar metabolic reactions are observed in stress response
models, where short MUFA are converted or directed into
PUFA synthesis to maintain the physicochemical stabil-
ity of membranes [47]. Fish under stress often remodel
membrane lipids to maintain cell function [19].

Unlike saturated and monounsaturated fatty acids,
the content of PUFA in crucian carp muscles increased
by 23.2 % under the influence of 0.25 mg/dm? cobalt ions.
The highest concentrations of the studied metal caused
the biggest changes in the content of docosahexaenoic
acid (DHA) (22:6), which is an omega-3 fatty acid. Thus,
its percentage increased by 29.2 % and 78.8 % under the
action of 0.1 and 0.25 mg/dm? of cobalt ions. Elevated
DHA levels may help stabilize cell membranes under the
influence of heavy metals or modulate anti-inflammatory
signals. This effect is likely a compensatory adaptation: in-
creased DHA helps maintain fluidity and integrity of mem-
branes under the influence of toxic metal [18, 28, 41].
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Table. The content of fatty acids in fish muscles under the influence of cobalt ions, % (Mtm, n=5)

Crucian carp Pike
Fatty acids
Control 0.1 mg/dm? 0.25 mg/dm? Control 0.1 mg/dm? 0.25 mg/dm?
C12:0 0,15+0,01 0,14+0,01 0,17+0,01 0,49+0,01 0,42+0,02* 0,38+0,02*
C 14:0 2,34+0,09 3,18+0,23* 3,12+0,18* 0,55+0,02 0,56+0,02 0,49+0,01*
C 16:0 16,27+0,63 17,33+1,56 16,11+0,72 16,87+0,20 16,62+0,36 16,02+0,24*
C 18:0 8,09+0,63 5,27+0,52* 5,40+0,53* 4,92+0,07 4,93+0,15 4,71+0,04*
C 20:0 0,20+0,02 0,22+0,02 0,20+0,02 0,047+0,002 0,035+0,003* 0,037+0,002*
> SFA 27,05+1,10 26,14+1,45 24,99+0,35 22,87+0,15 22,56+0,42 21,65+0,29*
C 16:1 9,65+0,66 11,02+1,05 8,58+0,65 2,77+0,08 2,63+0,11 2,52+0,04*
C 18:1 25,00+1,36 23,28+1,86 19,97+0,66* 10,2040,35 10,4940,34 10,47+0,49
C 20:1 2,93+0,24 3,08+0,19 4,28+0,26* 0,51+0,02 0,60+0,02* 0,63+0,03*
> MUFA 37,58+1,43 37,38+0,89 32,83+0,82* 13,48+0,41 13,72+0,38 13,62+0,53
C18:2 7,41+0,50 7,42+0,58 7,14+0,69 5,26 + 0,15 5,88+0,48 7,07+0,38*
C 18:3 2,84+0,30 2,61+0,29 2,94+0,24 2,27+0,07 2,23+0,18 2,39+0,07
C20:4 4,81+0,34 4,40+0,36 5,260,48 8,47+0,11 9,12+0,20* 9,11+0,21*
C 20:5 3,32+0,32 2,69+0,21 2,96+0,30 5,43 +0,14 4,76+0,16* 4,39+0,10*
C22:6 7,86+0,55 10,16+0,33* 14,0240,93* 32,17+0,92 31,79+ 1,13 31,66+1,35
> PUFA 26,23 0,76 27,29+1,17 32,31+0,74* 53,60 + 0,99 53,78+1,50 54,62+1,30
Other 9,1410,27 9,20+0,13 9,87+0,03 10,05+0,97 9,94+1,18 10,1241,03

Note. * — difference from control is confident (P<0,05); SFA — saturated fatty acids, MUFA — monounsaturated fatty acids,

PUFA — polyunsaturated fatty acids

In pike muscles, more systematic changes were found
in the amount of other important PUFAs. In particular, this
increase in the proportion of linoleic acid (18:2) by 34.5 %
under the influence of 0.25 mg/dm? of cobalt ions, arachi-
donic acid (20:4) by 7.6 % and 7.5 % under the influence
of 0.1 and 0.25 mg/dm? of cobalt ions, and a decrease in
eicosapentaenoic acid (20:5) by 12.4 % and 19.1 % under
the influence of both concentrations of the studied metal
relative to the control values. Increased concentrations
of linoleic (C18:2) and arachidonic (C20:4) fatty acids in
tissues may indicate activation of pro-inflammatory path-
ways: linoleic acid is a precursor of arachidonic acid [48],
which in turn is a substrate for the synthesis of pro-inflam-
matory eicosanoid [1, 8]. The augmented production of
these mediators reflects a heightened immune response
triggered by toxic or damaging influences. In fish, some
highly unsaturated fatty acids with more than three double
bonds, such as arachidonic acid (20:4), eicosapentaenoic
acid (20:5) and docosahexaenoic acid (22:6), are consid-
ered essential [38]. These PUFAs are of crucial impor-
tance for the maintenance of vital activity and the normal
physiological functioning of aquatic organisms. For exam-
ple, eicosapentaenoic acid (20:5) is an excellent source
of energy and a precursor to eicosanoids, which regulate
inflammation and immune responses [6, 28].

Important indicators of environmental changes are
nutritional indices for assessing fatty acids [9]. In par-
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ticular, at the maximum concentration of cobalt ions in
the muscles of crucian carp, an increase in the PUFA/
SFA ratio of 32.5 % was found, indicating a shift in the
balance towards higher unsaturation and, probably,
a compensatory reaction to maintain membrane fluidi-
ty and cell stress signaling: membranes become more
fluid and dynamic, oxidative damage is buffered, and
the balance of lipid mediators shifts, which contributes
to the survival of fish under the influence of toxic sub-
stances [10, 18]. The same trend towards an increase
in the PUFA/SFA ratio was observed in pike muscles
exposed to 0.25 mg/dm? of cobalt ions. However,
a number of other publications indicate the opposite —
metal-induced lipid peroxidation breaks the double
bonds of PUFAs, leading to a decrease in PUFA con-
tent in fish muscles [24, 27, 33]. Part of the adaptive
response of the crucian carp organism may also be
an increase in the unsaturation index by 22.2 % under
the action of 0.25 mg/dm? of cobalt ions, indicating
a high degree of general unsaturation [9].

The increase in Fish Lipid Quality (FLQ) in crucian
carp muscles by 15.0 % and 51.9 % at both studied
concentrations of cobalt ions is an atypical result, as this
metal in high concentrations is usually considered toxic to
fish and can cause disturbances in lipid metabolism and
overall health, which typically leads to a decrease rather
than an increase in this nutritional index [4, 27, 30].
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Fig. 1. The ratio of PUFA/SFA in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Fig. 2. The unsaturation index (Ul) in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Fig. 3. The Fish Lipid Quality index (FLQ) in fish muscles under the influence of cobalt ions, % (M+m, n=5)
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Therefore, it was established that the composition of
fatty acids in fish muscles under the influence of elevated
concentrations of cobalt ions in water is primarily deter-
mined by the concentration of the metal and the type of
fish. In crucian carp, the influence of cobalt ions led to an
increase in the proportions of myristic (14:0) and eicose-
noic (20:1) acids, while the levels of stearic (18:0) and ole-
ic (18:1) acids decreased. A more systemic response was
observed in the pike’s body: the content of many SFAs
decreased compared to the control group, and multidirec-
tional changes in the proportions of key PUFASs likely indi-
cate a disruption in desaturase activity. It should be noted
that highly specialized and finely regulated adaptive
mechanisms are engaged to preserve the optimal fluidity
of cellular membranes, thereby ensuring their structural
integrity and functional performance in response to en-
vironmental fluctuations in aquatic habitats.
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OvHamika CKnagy XUpHUX KUCINOT y m’si3ax Kapacs Ta WyKu

nig BNNMBOM NigBULLEHMX KOHLIEHTPaL il ioHiB KoGanbTy

B. C. Mapkis, b. M. lMempywka, B. O. Xomeryyk, B. 3. KypaHm
viktor.markiv@tnpu.edu.ua

TepHONINbLCbKMN HaLiOHanNbHWI NefaroriYHWin yHiBepcuTeT iMeHi Bonogmmupa MHaTioka, Byn. KpmeoHoca, 2, m. TepHonine, 46027, YkpaiHa

Y cyyacHux yMoBax 3pOCTaryoro aHTPOMOreHHOro HaBaHTaXXeHHS Ha BOAHI EKOCUCTEMM Mpobrnema HakonMYeHHS BaXKUX MeTa-
niB, 30Kpema ioHiB KobanbTy, cTae 0COBNMBO akTyanbHO. |oHM KOBanbTy MOXYTb NOTPaNNSATN y BOAHE CepedoBuLLe B pe3ynbraTi
ripH140800yBHOI AisiNbHOCTI, MeTanyprii, BUpOGHULTBA akyMynsiTopiB, 6apBHUKIB, kaTani3aTopiB Ta MarHiTHUX MaTepianis. Y CyKynHoOCTi
Lie MOXe MPW3BECTN [0 NMOKaNbHWX NepeBuLLEHb AOMYCTUMMX KOHLIEHTPALiN y NPiICHOBOAHUX eKocucTeMax. Hessaxaroum Ha Te, Wo
KoGanbT € GiOreHHVM eneMEHTOM Y HU3bKUX KOHLEHTpaLisiX, MOro HaasMLLIOK Mae TOKCUYHY AIito Ha rigpoOBioHTiB, 30KkpeMa BNvMBaum
Ha ninigHWN romeoctas. OgHWM i3 YyTNMBUX iHAUKATOPIB NOPYLUEHb OOMiHY PeHOBUH Y pUb € 3MiHa XXMPHOKUCIIOTHOO CKNagy TKaHWH,
Lo Moxe ByTu BUKOpUCTaHO sk BioiHAMKATOP TOKCUYHOIO BNAMBY Ta (OYHKLIOHANBbHOMO CTaHy opraHiamMy. Y cTaTTi aHanisytoTbCst 3MiHU
>KMPHOKUCIIOTHOIO cKnagdy M’A30BOi TKaHWHW kapacs cpibnsctoro (Carassius gibelio Bloch) Ta wyku 3BuyanHoi (Esox lucius L.) nig
BMIIMBOM iOHIB k06anksTy B koHUeHTpauisx 0,1 mr/gm® ta 0,25 mr/gm® npotsarom 14 gHie. Lli koHueHTpauii BignosigatoTs 2 Ta 5 rpaHUy4HO
AONYCTUMMM KOHUEeHTpauisaM. 3aranbHi niniay ekcTparysany Ta nepeTBopoBani Ha METUMOBI edpipy XXMPHMX KUCNOT, SiKi MOTiM aHanisy-
Banv METOOM ra3oBoi xpomartorpadii Ansi KinbKiCHOro BU3Ha4YEHHST OKPEMUX XKUPHUX KUCHOT. Y kapacs BMnuB ioHIB kobansTy npu3sis
[0 CYTTEBUX 3MiH Y CKNafi OCHOBHUX XMUPHUX KUCINOT. 30Kpema, 4acTku HacuyeHoi MipuctnHoBoi knucnotu (14:0) Ta goBronaHLroBoi
MOHOHEHaCH4eHOI eriko3eHoBOI kncnotu (20:1) 36inbLuyBanmcsa NponopLinHO KOHLEHTpaLlii AoCnigKyBaHOro MeTarny, TOAi SK piBHi cTea-
pviHoBOI kcnotn (18:0) Ta oneiHosoi kucnotu (18:1) sHuxkyBanucs. B oprariami Lwyku 6yno BigMideHo GinbLu cMCTEMHMI edekT Aiji ioHiB
KoGanbsTy, sikii NonsiraB y TeHAEHLT A0 3MEHLLEHHS KiNbKOCTi GiNbLUOCTI HACUHMEHMX XUPHMX KUCTOT. Takox Bynv npoaHanizoBaHi gesiki
MOKa3HWUKW XapyyBaHHS AN OLHKW XXVPHWX KACIIOT Xap4oBi iHAEKCU A5 OLHIOBAHHS XXVPHWX KUCIIOT.

Kno4oBi cnoBa: pubu, XMUpHi KUCMOTK, cUCTEMA 3axmMCTy, isionoriyHa peakuisi, perynsisi, aganTuBHi peakuii, 6iOMOHITOPUHT,
TOKCUYHe 3abpyaHeHHs1, kobanst
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HaBeneHo y3aranbHeHuin aHania OCHOBHMX MiAXoAaiB LWoao
Onucy 1 Po3yMiHHS OCOGINMBOCTEN peryntoBaHHA PO3LLENSIEHHS
Ta depmeHTauji NOXUBHUX PEYOBMH KOPMY B KOPIB Ha Mpukna-
Ai mogeni Monni. Matepianom ans gocnimpkeHb criyrysanu gaHi
595 kopiB ronwwTUHCLKOT NOpPoaMn, SKi YTPUMYIOTECS B YyMOBaXxX
TOB «Arpocpipma “Konoc”» Kuiecbkoi obnacri. lNposeaeHo aHa-
ni3 38’A3Ky MK TaKMMK BUXiOHMMUW NapamMeTpamu, SK: BEnuunHa
HaZot0, BMICT Xupy, BinKy, NakTosu, piBeHb CE4OBUHM B MOMOLLi
(MUN), >xmBa mMaca KopiB i piBeHb Ha0, CKOPUIoBaHUN Ha
eHepreTnyHy UiHHICTb (ECM). Ak ocHoBHWI Biomapkep BUKopUC-
TaHo 3HaveHHs MUN. NpoBeaeHo po3paxyHkM epeKkTUBHOCTI
BMKOPUCTaHHSA a3oTy Anga BupobHuuTBa mornoka (MNE, aHrn.
milk nitrogen efficiency) 3anexHo Bif, MOKa3HWKIB NPO4YKTUBHOCTI.
Ha ocHoBI perpeciiHoro aHanisy oTpMMaHo Taki BiporigHi 3a-
nexHocTi: MNE — pobosun Hagin +3,29; MNE — BMmicT xupy
B Moroui —5,93; MNE — BmicT 6inky B monouj —42,32; MNE —
BMICT nakto3u B mornoui —17,45; MNE — MUN -2,49; MNE —
»uea maca koposu —0,07; MNE — Hagiii, ckopuroBaHuii Ha BMIiCT
eHeprii +3,12. Ha ocHoBi oTprmaHnx koediLieHTiB perpecii 3mo-
JenboBaHO MOXIMBI 3MiHW e(PEeKTUBHOCTI BUKOPUCTaHHS a30Ty,
KONW BHACMNIAoK 36iNbLUeHHA abCOMTHOMO 3HaYEHHS TakMx No-
Ka3HWKIB, SIK: BMICT >upy, Binky n naktoau B moroui, MUN, >uBoi
mMacu kopis, MNE 3meHLUYyeTbCs, a BHacnigoK 3pocTaHHsa Jo6o-
BOIO HaJO0 Ta Hagor, CKOPUrOBAHOMO HA EHEPrETUYHUIA BMICT,
cnoctepiraeTbcs 36inbweHHss MNE pauioHy anst BupobHuuTea
Mornoka. OTpumaHi gaHi ceigyaTe NPo MOXIUBICTb BUKOPUCTaH-
Hs iHOMBIgQYanbHNX abo rpynoBmx 3Ha4eHb BMicTy MUN i MNE
Ha BMPOBHMLTBI MOJIOKa B MporpamMax OLiHKv 1 Bigbopy ans Ha-
OIIHOTO NPOrHO3YBaHHSI OTPUMAHOIO edDEKTY 3@ MOMOYHOL MPO-
OYKTUBHICTIO, CKNagoM MOroka Ta epeKTUBHICTIO BUPOBHMLTBA.

Knrouyosi cnosa: a3oT ceyoBuHu monoka (MUN), edpbex-
TUBHICTb BUKOPUCTaHHS a30Ty ANns BUpobHMUTBa MOoKa
(MNE), 6inok, xup, naktosa

Bctyn

BukopucToBytoumn iHgpopmauito npo BUPOGHULTBO
KOpMiB Ta noTpedu B HMX y TBapuH B CnonyyeHux LLtatax
Awmepukm, A. Ostroski, O. A. Prokopyeyv, V. Khanna pos-
poounn aHaniTMYHY Mepexy NPOCTOPOBUX MOTOKIB a30-
Ty, NOB’I3aHNX 3 NaHLoraMmn BUPOGHMLTBA SNOBUYMHN
[16]. ABTOpK 3anpOnoHyBanM anropuTm 4ns NiaBULLIEHHS
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€(PEKTUBHOCTI KOPMIB, LLIAXOM NepepobKM rHO K JxKe-
pena a3oTy 4119 KOPMOBMX KyNbTyp Ta OTPUMaHHs Bia-
HOCHO AeLueBoil npoaykLii TBapuHHMLTBa. M. Quemada,
L. Lassaletta ob6rpyHTYyBanu cnocié 36insLeHHs edekTne-
HocTi BukopuctaHHa aszoty NUE (nitrogen use efficiency)
B CUCTEMIi BUPOLLYBaHHS CillbCbKOrOCNOAapChKMX Kyrb-
TYp (POCMUHA-T'PYHT), KOHCTaTYIOUM CYTTEBY 3areXHICTb
POCNUHHULTBA Bif a30THUX JobpuB 3 47 % 0o 95 % [17].

bionoeis meapuH, 2025, 1. 27, N3
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3aranom 3a oCTaHHi eCATUINITTA 3anexHicTb rnobanb-
HMX CUCTEM BMPOLLYYBaHHSI CiNbCbKOTOCMOAAPCHKNX KyTb-
Typ Bif, a30THMX Aobpus 3pocna o 83 %, a NUE crae
HOBMM MOKa3HMKOM [J15 OLiHKM arpOeKOIIoriYHOI CTiNKOCTi
CUCTEM BUPOLLYBaHHS CiNlbCbKOroCNoAapChKUX KyMbTyp.
3a Taknx 00CTaBMH BMHMKAE HEOOXIOHICTb MOLLYKY Bigno-
BiOHNX METOAMK ANS OLiHIOBaHHS TUX TBapWH, SIKi edpek-
TMBHO BMKOPUCTOBYIOTb a30T Kopmy [1, 7, 18].

KopMu Ans MOMOYHUX KOPIB MICTATL a30T y hopMi
cnpaexHboro 6inky Ta Hebinkosoro asoty NPN (Big
aHmn. non-protein nitrogen). NPN Bkrnto4ae Taki cro-
nyku: cedoBuHa (aHrn. urea abo kapbamig — kiHue-
BMI NpogyKT 006MiHy GinkiB B opraHiami), 6iypeT (aHrm.
biuret — amign anodaHoBOT KUCMOTK), COMi aMOHito
(aHrn. ammonium salts). NPN moxe 6yt nepeTBopeHo
Ha Ginok Mikpobamu pybus, Lo pobuTh ix JoAATKOBMM
xepernom cnpaexHboro 0inky [19]. CnpaexHin 6inok
BKIOMAE a30T, WO MICTUTbCA B aMiHOKUCIOTax, Bigpis-
HAETLCS LWBUAOKICTIO Ta MOBHOTO NOrO pO3LLENSIEHHSA
B pybui n 3anexuTb Big BUOY KOPMY Ta MO0 SIKICHUX
nokasHukis [2, 7, 20, 26]. NPN moxe 6yTn eKOHOMIYHO
edeKkTMBHUM CMocobOM JOMOBHEHHST Binky B paLioHax
MOSOYHUX KOPIiB, 0COBNMBO AKLO BMICT CNPaBXHbLOro
GinKy HM3bKkMN. Takum YnHOM, cupun npotein CP (Big
aHrn. crude protein) y KOpMi Ansi KOPiB € Mipoto 3aranb-
HOro BMICTY MPOTEiHY Ta BKITOYAE: CNpaBXHin BINok,
SIKUA CKNagaeTbCsl 3 aMiHOKMCNOT; Binku, WO po3Llen-
notoTbes B pybui RDP (aHrmn. rumen degradable pro-
tein for specified feed) — Tun cnpaBxHbOro BiNkKy, AKUA
pPO3LEneETHCS | MEPETBOPIOETHCA Ha BiflbHI aMiHO-
KMCNoTu, NeNTMaM N amiak, MikpoopraHiamu pyous Bu-
KOPWCTOBYIOTb iX AN POCTY Ta CTBOPEHHS MIKpOBHOro
Ginky — OCHOBHOrO fxepena binky ans XynHux TBa-
pViH; He poswenntoBaHui 6inok pybus RUP (Big aHrm.
rumen undegradable protein), BigoMui SiK 0OXigHWI
6inok, abo TN cnpaBXHbLOro BinkKy, AKMN NPOXOaUTb
yepes pybeub y HeamiHHoMy Burnagi [10, 13, 24].
YacTrHa Moro BCMOKTYETbCHA B TOHKOMY KULLIKIBHUKY NS
3abe3neyeHHs NoTpeb B amiHOKMCIOTax, a peLuTa BUBO-
anTbces; Hebinkosuii a3ot (NPN) He € Ginkom, ane BMicT
as3oTy gonomarae Mikpobam pyous BUpobnsiTu Mikpoo-
HWW Ginok. Y Tabn. 1 npeacTaBneHo CTPYKTYpy rpyn
3a Bmictom CP.

Ta6nuus 1. [pynu cuporo NpoTeiHy AN BENWKOI poraTtoi Xyaoou
Table 1. Crude protein groups for cattle

Cwupun npoteid CP (Crude protein)
CnpaBXHin NpoTeiH,

abo HaTypanbHuii npoteid TP
(True Protein, Natural Protein)

Po3wennioBaHnii  Hepo3swiennioBaHui

Hebinkosuin asotr NPN
(Nonprotein Nitrogens)

npoteiH RDP npoteiH RUP
(Degradable (Undegradable
Protein) Protein)
CnoxuBaHHs
CnoxviBaHHs po3LuenntoBaHoro npoteiHy DIP ﬁ«;gggﬁsmgaamm
(Degradable Intake Protein) (Undegradable

Intake Protein)

Ihkepero / Source. Starblends. [24]
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LLlo6 po3spaxyBaTtu Cupuii NPOTEIH Y KOPMI, BMICT a30Ty
MHOXaTb Ha 6,25, 6asytoumnck Ha Tomy, LLO Ginku 3a3Buyan
MicTaTb 16 % asoty (1/0,16 = 6,25), a 3BOpOTHIN po3paxy-
HOK @€ MOXIMBICTb BUSHAYUTU KiNbKICTb @30Ty B KOPMI
(1/6,25 = 0,16). OgHak HaWTOYHILLMM criocobom BU3Ha-
YEHHS KifNlbKOCTI a30Ty 3anvaeTbCsa nabdbopaTopHuin
aHarnis, A1 MoXe HafiaTi TOHHY iHopMaLLiio Npo BMICT
CMpOro NPOTEiHY B KOXXHOMY 3 BMAiB kopMy. P. Huhtanen
Ta iH. 3aNpoMoHyBan BUKOPUCTOBYBATU KOHLIEHTPALLto
asoty cevoBuHM mornoka (NMCE), piBeHb SKOI 3anexuTb
Bil KOHLEHTpaLl Ta KinbKOCTi cuporo NpoTeiHy B paujio-
Hi [8]. Onsa uboro NMCE BukopucToBy€eThCA 5K Biomapkep
edeKTUBHOCTI BUKOpUCTaHHsA N ans BupobHuuTBa Mosio-
Ka naktytounmu koposamm — MNE (aHrn. milk nitrogen
efficiency). MNE posrnsgatoTb sik NOKasHUK edpeKTmB-
HOCTi BUKOPUCTaHHS a30TY, LU0 HaaXoamuTb 3 KOPMOM Ans
YTBOPEHHSA Mornoka. 3a gaHumum V. Souza, M. Wattiaux,
asoT cevoBuHM mMortoka (MUN) Ta a30T ce4oBUHU KPOBI
(BUN) koperntotoTb 3 6anaHcom i BUAiNeHHaM asoTy; oa-
HaK € TaKOXX reHeTMYHa KOMMOHEHTa KOHUEeHTpaujin MUN,
sika Moxe ByTu NoB’A3aHa 3 BigMIHHOCTAMM Y TPAHCMOPTi
cevoBuHuU [21, 25]. Byno BUCYHYTO rinoTesy, Lo YacTu-
Ha Bapiauin koHueHTpauin MUN y kopis cnpnynHeHa
BiAMIHHOCTSIMU Y LUITYHKOBO-KULLKOBOMY Ta HUPKOBOMY
knipeHci cevosuHW. B poboti S. Ruban Ta iH. goBegeHo
CYTTEBUIA BMNIMB (haKTOpy NOpoam 3a Takumm GioximivHK-
MW MOKa3HWKaMK1 KpPOBI, K piBeHb 3aranbHoro BinipybiHy
24,70 %, cevoBunm 33,20 Y%, kpeatuHiHy 49,80 %, anaHiH-
amiHoTpaHcdepasu 10,40 %, acnaptatamiHOTpaHche-
paau 46,30 %, anbbymiHy 35,10 % Ta 3aranbHoro Ginky
13,20 % [18]. Jocnig npoBeaeHo B 0OAHAKOBUX yMOBax
YTPUMaHHS 1 rogieni, ane Ha 4OCTaTHbO KOHTPACTHWX No-
poaax: yKpaiHCbka YepBOHO-psiba MOMNoYHa, CUMEHTarb-
CbKa Ta yKpaiHCbKa 4Y0pHO-psiba monoyHa. CyyacHui
nomsig Ha dhakTop Nopoau SIK BaXKINMBUIA NMOKA3HWK reHe-
TUYHOIO PI3HOMAaHITTS nepeabadvae NOLYK KOHKPETHUX
reHETUYHUX AeTepMiHaHT beHOTMNIYHOI Ancnepcil.

AHani3 i nonepeaHi aHaniTuyHi 3BiTKM Xiaowei Zhao
Ta iH. MOKa3yoTb, WO KoHUeHTpauis CP B pauioHi € He
€OVNHUM DaKTOPOM XKMBMEHHS, SIKUIA BMNMBAE Ha KOH-
ueHTpadito MUN [26]. PiBeHb Yy pauioHi HECTPYKTYPHUX
ByrnesoaiB NFC (aHrn. non fiber carbohydrate), 0o sikmx
BXOAATb LIYKPUW, KpOXMarb i NEKTUH, TaKOX Bifirpae Bax-
nusy porb. ABTOpPU HAaBOAATb NiHINHWIA perpecinHnin
aHani3 gns 91 Habopy ekcnepMMeHTanbHUX gaHUX 3a
cnieeigHoweHHAM NFC/CP y «BxigHOMY» pauioHi o
KoHueHTpauii MUN mr/gn, ska ctaHosuTb +0,68. KoHcTa-
ToBaHO chakT, wo konm piseHb MUN nepesuye 14 abo
16 mr/an, signosigHun BmicT CP y pauioHi, sk npasuno,
nepesuLlye 17 %, WO YacTo NPM3BOANTL A0 36iMbLUEHHS
ekckpedii a3oTy i3 ceveto. N. Hossein-Zadeh nposis me-
TaaHani3 3 BUKOPUCTaHHSAM MOAEenNi BUNagKkoBuX eexTis
anst iHTerpavii ouiHok ycnaakosysaHocTi ans MU i MUN,
sKi Oyny HM3bkMMK Ta ctaHoeum 0,20 Ta 0,18 BignoBia-
HO [6]. OuiHka reHeTn4HMX Kopenauin mixx MUN Ta npo-
OYKTVBHUMMW O3HaKamu By HU3bKUMM 1A KONMBanucs Big,
-0,04 mixk MU Ta BigcoTkom nakto3u B monouj, go 0,10
mixx MUN Ta Buxogom mono4dHoro 6inky, a Takox —0,07
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Mk MUN i 6anom comatmnyHmx knituH 1a 0,36 mixk MUN
i BUXOOOM MOJTOYHOrO BislKy.

MeTtoto HaLuol poboTu Byno BU3Ha4YUTN B3aEMO3B’A30K
i perpeciiHy 3anexHiCTb MK OCHOBHUMW KOMMOHEHTaMM
MorioKa (BMICT upy, GinKy, NakTosn), BENIMYMHO HaJoto,
*wuBoto macoto kopie, MUN ta MNE. OcHoBHUM iHTerpyto-
4YM BGiomapKkepoM i NPeaNKTOPOM CKNaaHMX BioXiMi4HMX
npovecie BUCTYNuIo 3HadeHHs MNE, a Ha ocHOBi oTpuma-
HUX PErpeCinHNX 3aneXHOCTEN NPOBEAEHO NPOrHO3yBaH-
Hs1 3Ha4eHHs MNE BigHOCHO 3MiH O3HaK OCHOBHMX KOMMO-
HEHT MOJIOKa, BEMMYMHN HAZO0 Ta XMBOI Macu KopiB.

MaTepianu i meTogm

Martepianom onsa gocnimkeHs cnyrysanm gaHi ekcre-
PYMEHTY Ha KOpOBaXx roMLUTUHCLKOI NOpoamM B yMoBax To-
Bap1CTBa 3 OOMEXEHO0 BignoBiganbHicTio «Arpodipma
“Konoc”» Kuiscbkoi obnacri. IMig Yac npoBeaeHHs ekc-
nepuMeHTarnbHNX OOCHiAKEeHb BCi MaHinynauii 3 Kopo-
Bamu (595 ronis) BUKOHyBanu 3 ypaxyBaHHAM OCHOBHUX
npuHUMniB GioeTuku, BignosigHo Ao CtatTi 26 3akoHy
YkpaiHun Ne 3447 «I1po 3ax1cT TBapWH Bif >XOPCTOKOro
noBompkeHHs» (2006) [15], €Bponencbkoi KOHBEHLi Npo
3aXUCT XpebEeTHUX TBapWH, SKi BUKOPUCTOBYHOTLCA A5
€KCrepUMeHTanbHYX Ta IHLWNX HaykoBumX Linen (1986) [4]
i MopsaaKy NpoBedeHHs1 HayKOBMMMW yCTaHOBaMu1 A0CHi-
[iB, ekcnepuMeHTiB Ha TBapuHax (2012) [14]. Y rocno-
0apCTBi BUKOPWCTOBYIOTb MPUB’SI3HY CUCTEMY YTPYMAaHHS
3 0THHAM B MOrokonpoBia. [JoiHHS Tpupasose, oaunH
nosip obenyrosye 0o 50 kopie. logiento NpoBoaATL 3 BU-
KOpUCTaHHAM 3aranbHoro a3miwaHoro padioHy (TMR),
XapaKTePUCTUKY SKOro nogaHo B T1abn. 2, 3.

CnisBigHoLwleHHA NFC/CP BaxnuBe, ockinbki BOHO
BM/MBAE Ha YTBOPEHHA MOMoKa, 0COBMMBO MOSIOYHO-
ro Ginky, i MoXxe 3yMOBMOBaTW PU3MKM 3i 300POB’AM Ta
BiATBOpPEHHAM KopiB. 36anaHcoBaHe ChiBBiAHOLIEHHS
NFC/CP konusaeTtbes Big 2,15 go 3,60, wo 3assuyan
BaxxaHe Ansa nigTprmMkm onTumansHoro pisHa MUN [23].
3rigHo i3 3aranbHONPUAHATAMM HopMamu, piBeHb NFC
y TMR BU3Ha4€HO LUNAXOM BifHIMaHHSA PiBHS LMX KOM-
NMOHEHTIB y BiACOTKax 3a cyxoto pevyosuHow y TMR
Bia 100 %. BogHouac NFC Bkntoyae kpoxmarb, LlyKop
i NEKTUH, @ BU3HAYEHHS iXHbOro BMiCTY 6a3yBarnocs Ha
po3paxyHKy peLuTu BiACOTKIB Nicnsi BpaxyBaHHSA PiBHS
KNiTKOBWHM, BinKy, >Kupy 1 3onu.

Ons ouiHkn ePeKTUBHOCTI BUKOPUCTaHHS a3oTy nig
Yyac BMPOBHMLTBA MOMOKa BUKOpUCTaHo mogens (1) ans
nporHo3yBaHHs 3a P. Huhtanen Ta iH. [8], po3pobneny
Ha OCHOBI 3amnM1LLIKOBOI Aucnepcii AN NPOrHo3yBaHHS
baratodakTtopHoi HecTabinbHocTi (MNE) BUpOOHMYMX
OaHuX, sika HanbinbLL NOriYHo onucye Lien nNpoLec:

MNE (r/kr) = 238 + 7,0 (MY «kr/geHb) — 0,064 x (1)
x (MY2) - 2,7 x (MUN wmr/gn) — 0,10 x (W) ’

ae MY — mono4dHa npoayKTUBHICTb, Kr;
MUN — piBeHb a30Ty Ce40BMHM MOMOKa, Mr/as;
W — maca KopoBw, Kr.
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Mpu ubomy MNE posrnsgaeTbcsa K NOKa3HUK
€ eKTUBHOCTI BUKOPUCTAHHS @30Ty, KU HagXoauTb
3 KOPMOM, NS YTBOPEHHSA MOroKa.

KinbKicTb CE4OBMHM B MOMNOLLi BU3HAYanv giauetun-
MOHOOKCUMHUM MeToAoM. [Mpo 1T piBeHb cyannu 3a
BMiCTOM YEpPBOHOIO KOMMJIEKCY, YTBOPEHOIO CEYOBU-
HOHO 3 AiaLeTUITIMOHOOKCMMOM Y KUCIOMY CEpPenoBULL
3a HasiIBHOCTI TioceMikapbo3iga 1 TpMBaneHTHOro 3a-
nisa 3a metoagukoto N. Langenfeld Ta iH. [11]. Monsp-
HY KOHUeHTpauito cedoBuHN (C) B 3Ha4YEeHi MMOIb/N
BM3Ha4yanu 3a OTPMMaHUMN JaHUMKU ONTUYHOI TyCTU-
HW gocnigxysaHoi npobu A BigHOCHO cTaHadapTy B 3a
dopmynoto (2):

c=8334 2).

Hagin, ckopuroBaHun Ha eHeprito (ECM), pospaxo-

ByBanu 3rigHo 3 M. Hall [5] 3a popmynoto:

ECM = [(BmicT xupy, % + BMICT Binky, % x 242 +
+ BMiCT nakto3u, % x 165,4 + 20,7)/3140] x  (3).
MOMOYHa NPOJYKTUBHICTb, Kr

CratMcTnyHWIn aHani3 (onmMcoBa CcTaTucTuka, avcnep-
CilHWI aHani3, KOPENALiHW | perpecinHniA aHanis) Nnpose-
[OEHO 3 BUKOPUCTaHHsIM nporpamun RStudio-2023.03.0-386.

[nsa BMBYEHHSA B3aEMO3B’'SI3KY MiX 3aNEXHOI0 3MiH-
HOK (pe3ynsraTtoM) Ta ogHieto abo Kinbkoma Hesanex-
HUMW 3MiHHUMU (haKTOpamMu) BUKOPUCTAHO KnacuyHe
PiBHSAHHSA perpecii (4):

y=a+bx+e (4),

Je a — BiNbHWUI YNeH moaeni;
b — KoediuieHT perpecir;

X — 3MiHHaA BENUYuHa;

e — noxmbka.

AHani3 skicHMx Ta BioXiMiMHUX NOKa3HWKIB MOoKa BU-
3Ha4anu Ha ynerpassykoBomy aHanidaropi «kEKOMILK
Bond».

Pe3ynsraTtun

[lns kopeKkTHOro onucy ocobnMBoOCTEN TPaBMNEHHS
a30Ty, NOIMMHAHHSA, 3aCBOEHHSA | MmeTaboniamy, ooMi-
HY PEYOBMWH, PiBHS CEYOBUHW, a TaKOX e(PEeKTUBHOCTI
yTunisauii asoTy 3 KiHUeBMM aHanisom Moroka [12],
BMKOpUCTaHO Mofenb koposu Monni (puc. 1).

3a P. Gregorini Ta iH. Uust MOgenb HanNexuTb 4o kna-
CY AeTePMIHOBaHOI, MEXaHICTUYHOI, ANHaMIYHOI Mofe-
i, WO BPaxoBYye TpaBlieHHs1, METAbOMI3M i yTBOPEHHS
NpoAayKLUiT AiINHOK KOPOBOK Ha OCHOBI MaTeMaTUYHUX
piBHSHb [4]. ABTOpU 3iCTaBUNM NPOrHO3M eHTepasibHOro
(B yMOBax NpOXOKEHHSI KOPMOBOTO cybCcTpaTty Yepes
BECb LLINMYHKOBO-KULLKOBWIA TPAKT) NPOAYKYBAHHSA METaHY
3 BMXigHOK MatematudHoto Bepcieto Monni (Molly Origin)

bionoeis meapuH, 2025, 1. 27, N3



Ruban S. Y. Shabash M. L.  Modelling the impact of changes in productive indicators in dairy cows on the efficiency of feed nitrogen utilisation

Tabnuus 2. Xapaktepuctuka cymiwi TMR ans kopis ronwTnHCLKOT nopoamn
Table 2. Characteristics of TMR mixture for Holstein cows

IHrpegieHT pauiony

Bara, kr / Weight, kg

Bigcotok / Percentage

Diet ingredients disnyHa p:i gg’:ﬁ?}o 3a (hi3n4HOIO BArOI0 33 CYXOI0 PEYOBIHOID
physical by dry matter by physical weight by dry matter

Cunoc kykypyassiHui / Corn silage 28,00 9,24 49,36 37,55
3epHoBa cymiw / Grain mix 8,72 7,97 15,38 32,37
R
CiHax niouepHnu / Alfalfa silage 3,50 1,84 6,17 7,47
>Xom / Beet pulp 4,00 0,56 7,05 2,28
gi?:(;girr(‘y&/ggm niABWLLEHOT BONOroCTi 2.20 1,54 388 6,26
LLpoT coHsiuHukoBwmiA / Sunflower meal 1,50 1,38 2,64 5,63
Conowma / Straw 0,80 0,70 1,41 2,86
Bopa / Water 2,00 0,00 3,53 —
Mensica 6ypsikoBa / Beet molasses 1,00 0,45 1,76 1,83

Bcboro / Total 56,72 24,60 100,00 43,40

lNpumimka. Po3paxoByBanu ans kopis, Baroto 550—-650 kr, 3 Hagoem 28—30 kr, BMicToM y monoui xwupy 4,00 %, Bmictom y monoui 6inka

3,40 % piBHeM nakto3u 4,68 %.

Ixepeno. 3a pesynsratamu XiMi4HOro aHanisy komnaii ABM Big 25.04.2025.

Note. calculated for cows weighing 550-650 kg, milk yield 28-30 kg, fat content 4.00 %, protein content 3.40 %, lactose level 4.68 %.
Source. Based on the results of chemical analysis by ABM on 25 April 2025.

Tabnuus 3. BioximiyHa xapakTtepuctuka TMR giHuX kopis
Table 3. Biochemical characteristics of TMR in dairy cows

KomnoHeHTn BwmicT 3a cyxoto peqoBuHoto, % BwmicT, r

Components Dry matter,% Content, g
Cwupun npoteid / Crude protein 15,84 3 897,69
HewtpanbHo-getepreHTHa knitkouHa / Neutral detergent fiber 28,95 7 124,15
Neutal detorgen tber n orage. e 20,44 503074
KuncnotHo-getepreHTHa kniTkoBuHa / Acid detergent fiber 19,41 4777,21
Llykop / Sugar 6,15 1 513,01
Kpoxmanb / Starch 26,07 6 416,21
PosuunHHa kniTkoBuHa / Soluble fiber 7,93 1 951,36
3ona / Ash 7,64 1879,01
Kanbuin / Calcium 0,65 160,46
docdop / Phosphorus 0,40 98,13
Marwii / Magnesium 0,44 107,55
Kanin / Potassium 1,11 272,68
dypax / Forage 47,87 —
KoHueHTpat / Concentrates 52,13 —
BaranbHi Byrnesoau / Total carbohydrates 73,15 18 002,88
Awmiak / Ammonia 0,48 119,06
HecTpyKkTypHi Byrnesoam / cupun npoteiH 203 _

Non-fiber carbohydrates / crude protein

lpumimka. 3a pe3synbratamu XimidHoro aHanidy komnaii ABM Big 25.04.2025.
Note. Based on the results of chemical analysis by ABM dated 25 April 2025.

The Animal Biology, 2025, vol. 27, no. 3

71



Py6an C. HO,, LLabaw M. /1.  MoaentoBaHHs BrvBY 3MiH NPOAYKTUBHUX NMOKA3HWKIB Y MOJIOYHMX KOPIB Ha eDEKTUBHICTb BUKOPUCTaHHS a30Ty KOPMY

Tabnuus 4. OnucoBa CcTaTUCTMKA AOCHIAXYBaHMX 03HaK (N=595)
Table 4. Descriptive statistics of the studied characteristics (n=595)

OsHaka / Characteristic Min Max M£m o2 (o] Cv, %
Oo6o.wii Hagii, kr / Daily milk yield, kg 10,00 56,00 27,7+0,36 70,20 8,40 30,30
Bwmict xwupy / Fat content, % 3,17 5,73 4,39+0,08 0,68 0,82 16,70
BwmicT 6inky / Protein content, % 2,40 4,00 3,40£0,01 0,03 0,17 5,00
BwmicT naktosn / Lactose content, % 0,50 5,80 4,68+0,01 0,10 0,32 6,80
pH 2,10 7,40 7,09+0,01 0,06 0,24 3,40
MUN, mr/gn 2,60 32,90 12,31+0,24 35,60 5,97 48,50
Xusa maca kopis, kr / Live weight of cows, kg 488,00 650,00 526,40+0,75 308,00 17,50 3,30

MNE* pauioHy Ansi BApobHMLITBa MOMoKa
MNE* of diet for milk production 116,60 365,50  287,60+1,65 1622,60 40,30 14,00
Hagin, ckopuroBaHuin Ha eHepreTuyHuiA BMicT (ECM)

Milk yield adjusted for energy content (ECM) 10,30 66,60 29,13£0.35 70,00 8,37 28,70

lMpumimka. * MNE — ebekT1BHICTb BUKOPUCTaHHS a30Ty A1t BUPOOHMLTBA MOMoKa BU3HAYaETLCS SIK CMiBBiAHOLLEHHS! CMOXWBaHHS a30Ty
[0 a30Ty B MOMOL.

IDxepeno. Po3apobrneHo aBTopamu Ha OCHOBI JOCTiIXEHb.

Notes. * MNE nitrogen efficiency for milk production is defined as the ratio of nitrogen consumption to nitrogen in milk.

Source. Developed by the authors based on research.

Kopm / Feed CnwuHa / Saliva
PPyGeun | Uren i iKpo ! !BHyTpilWHi opranu;
: Rumen l Ceenie e i i Blood 1 ‘Viscera 1
: ) ) i [CevoBuHa |} : ;
) NH ] : U : ) - ]
E HeposunHHuii N | | PosumHHMiA N ~ 3 ] Ne rea : ] 5|no!( ]
: Insoluble N Soluble N PlTONH, by Protein :
] l l Vo +NH, & »  Monoko
: | IVNE T Milk
: Mikpo6u Vo O N7 N S k
1 Microbes 1 i 1
Ceua
A e LT T r PP PPy PEEPP PR, P e e e P e . i 1 Urine
i KnweyHuk CevoBuHa . i 1
Elntestines l Urea o :
: NH, i ] Gpranian Tl
1 Mikpo6Huin N 1 . ] 1 Body 1
] Microbial N - 5 5
i : | = s i 5
: NANMN 1 ¢ i Protein )

—

Kan
Feces

Puc. 1. KoHuenTyanbHa cxema metaboniamy as3oTy B >XyWHUX — Moaens Monni

lMpumimka. NANMN (nonammonia, nonmicrobial nitrogen) — HeamiayHuii, HemikpobHuii asoT; NA (nucleic acids) — HykneiHoBi kucnotu;
AA (amino acids) — amiHokucnotu; N — a3ot1; NH; — HiTpuT BogHo (amiak); Feed — kopmu; Rumen — py6eup; Intestines — KMLLKIBHUK;
Saliva — cnuHa; Blood — kpoB; Viscera — BHyTpiLHi opraHu; Body — Tino; Feces — dpekanii.

3aTeMHeHi 30HM — Lie opraHu i TkaHuHK, Ae BiabyBatoTbes GioXiMiyHi Npouecy, a CTpinkaMu No3Ha4YeHO HaMpPsIMKK PyXy LiMX NPOLECIB.
[xepeno. Li M. M. [12].

Fig. 1. Conceptual diagram of nitrogen metabolism in ruminants — the ‘Molly model’

Note. NANMN — nonammonia, nonmicrobial nitrogen; NA — nucleic acids; AA— amino acids; N — nitrogen; NH3 — hydrogen nitrite (ammonia);

Feed — feed; Rumen — rumen; Intestines — intestines; Saliva — saliva; Blood — blood; Viscera — internal organs; Body — body; Faeces — faeces.
The shaded areas represent organs and tissues where biochemical processes occur, and the arrows indicate the direction of these processes.
Source. Li M. M. [12].
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i ;BOMAa OHOBMEHMMM HA OCHOBI HU3KW BIOXIMIYHUKX | reHe-
TUYHUX NOKA3HWKIB, LLO BiANOBIgae CXeMi LibOro ekcnepu-
MeHTY. Lli Bepcii Bknto4anu BNNmB KinbKOCTi KNiTKOBUHW
y BMICTi pyOLsi, napaMeTpu TpaBNeHHS Ta rOPMOHarbHI
napameTpu (Molly84) 3 nepernsiHyToo Bepcieto TpaBHUX
i pyMiHanbHMx napametpis (Molly85).

MisHiwe Meng M. Li, Mark D. Hanigan [12] nigsupnm
TOYHICTb MPOrHO30BaHWNX KOHLEHTPALN NETKMX XUPHUX
kucnoT (precision of predicted volatile fatty acids) 3aBosiku
BOOCKOHaneHomy BigobpaxkeHHo perynsuii pH Ta wsuna-
kocTi BupobHuuTtea JIKK. PH pybusi € KputuaHnm dak-
TOPOM AN perynioBaHHs po3LLenneHHs i depmeHTauii
NOXUBHWX PEYOBUH. Y nonepeaHin mogeni koposu Monni
Le He Byno BigobpaxeHo gocTtartHeo. [NpoBeaeHi focni-
[PKEHHS nonsrany B yAOCKOHareHHi BinoOpaxeHHst pH Ta
nepeHanaLuTyBaHHi NapaMeTpiB, NOB’si3aHNX i3 MeTabo-
niaMom pybLs Ta nepeTpaBneHHAM NOXMBHUX PEYOBVH.
BoockoHaneHa mofens MoXe BMKOPUCTOBYBATUCS Ansi
OL|iHIOBaHHSA MOTOKIB a30Ty 1 eHeprii 3 Pi3HNM BMICTOM
Ginky, sikun po3senntoetbes pyouem — RDP (rumen-
degradable protein) y BenuumHax 40 % npotun 60 %, a Ta-
KOX KpOXMarsto, sikuin posLienitoeTecst pybuem — RDSt
(ruminally degraded starch) signosigHo 50 % npoTtn 75 %.

Mwu poarnsHynu 38’a30k MNE gns Bupo6HuuTBa
MOroKa 3anexHo Bif 3HavyeHb 40D0BOro Haoko, BMICTY
MUN i xunBoi macu kopie (puc. 2, 3, 4).

3i 36inbLueHHAM JoBoBOro Hagow ehekTUBHICTb BU-
KOpUCTaHHSA a3oTy ansa BupobHunuTtea monoka (MNE)
3pocTtae. [JocarHysLum piBHSA Hagoto 53 kr, MNE 3Huxy-
€Tbcs. Lle o6ymoBneHo Tum, Wwo oopmMyra po3paxyHKy
edheKTUBHOCTI BUKOPUCTaHHS @30Ty Ansi BUpobHMUTBa
Monoka (dopmyna 1) MicTuTb kBagpat 4O60BOro Hago
3 Big'’eMHUM koedviuieHTom (—0,06). Lie nosicHioeTbCs BY-
COKO0 KOHLIEHTpaLlieto BCix komnoHeHTiB CP B ogHomy
Kirorpami Cyxoi pe4oBUHM KOpMY Ans 3abe3neveHHst no-
Tpeb opraniamy. Lie npu3soamnTb Ao BinbLunx BTpaT a3oTty
3 eKCKpeETamMm 1 MOFTOKOM.

AHanoriyHa 3anexHictb BUHuKkae mixk MNE ans su-
pobHuuTBa Moroka Ta BMicToMm MUN, a Takox >XMBOH
Macoto KopiB (puc. 2, 3).

306inbLLUEHHS LUMX NOKa3HWUKIB Beae 40 MOHOTOHHOIo
3HKEHHSA €PEKTUBHOCTI BUKOPUCTaHHSA a3oTy ANs BU-
pobHuuTtea monoka (MNE), ockinbku BoHM BXxOOSTb 4O
dopmMynun po3paxyHKy echeKTUBHOCTI BUKOPUCTaHHS a30-
Ty Ans BUpoBOHMLUTBa Monoka (dhopmyna 1) 3 Bim'EMHUMM
koedpivieHTamm (-2,70 Ta —-0,10 BignosigHo).

3a pisHMMKU gaHMKn ontumansHe 3HaveHHst MUN ko-
nueaetbes Big 10 mr/on go 14 mr/an, ane ansa 6aratbox
KpaiH pekoMeHO0BaHi 3Ha4YeHHS a30Ty CEHOBMHM MOMOKa
Ons1 KOPOB'AYOro MOJIoka Kornmearotbest Big 10 mr/an go
16 mr/gn monoka [18, 22]. 3miHn NME BigHOCHO 3Ha4YeHb
XWUBOI Macu KopiB (puc. 4), ceigyaTb Npo HEOOXIOHICTb
GiNbLUMX BUTPAT SK BINKOBMX, TaK i EHEPreTUYHMX KOMIO-
HEHT KOpMY, — OOMIiH, NPSIMO NPOMOPLLIAHO NOB’sI3aHNI
3 BiNbLUOIO XXMBOK Maco KOpIB.

CBOEI0 Yeproto Taka 3anexHiCTb CrpUse 3MEHLLEHHIO
HeNpOOyKTMBHOIO BUKOPUCTaHHSA KOPMY Ha CUHTE3 MO-
NOYHOT NPOAYKLUil.
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Y 1abn. 5 HaBegeHo po3paxyHKW perpeciviHol 3anex-
HocTi (b) OCHOBHMX KOMMOHEHTIB Moroka (x) Ha NME.

Ha ocHoBi BiporigHUX piBHAHb perpecii oTpumMaHo
HacTynHi 3anexHocrti: MNE = 201,82 + 3,29* (nobosui Ha-
ain) + e; MNE = 319,80 - 5,93*(BmicT xupy B MoroLi) + €;
MNE = 437,16 — 42,32* (BmicT Ginky B moroui) + €;
MNE = 374,90 — 17,45 (BMiCT nakto3u B Monodii) + €;
MNE = 323,49 - 2,49*MUN + e; MNE = 330,05 - 0,07*
(kmBa maca kopoBwu) + e; MNE = 202,37 + 3,12* (Hagin,
CKOPWUroBaHW Ha BMICT eHeprii) + e.

3a aHanitmyHumMmn gaHmmmn X. Zhao T1a iH. [27] MoxHa
KOHCTaTyBaTh: Byab-aki hakTopu, LLO BUKIMKAOTb 3MIHK
MUN, MOXyTb BrnMBaTh HAa KOMMOHEHTM MOSIOKa; 30inb-
LWeHHs cnoxveaHHA CP, Lo cynpoBomKy€eTLCA MigBULLIEH-
HSAM KoHUeHTpauil MUN, He BnnvBae Ha BUXig MOMOYHOIO
Ginky, Toaj Ik HM3bKKIA BMICT CP MOXe 3MEHLLMTM eKCKpe-
Lit0 Ce4OBMHM Ha (pbeHOTUNOBOMY piBHI, HE BNAMBaoun
HeraTMBHO Ha BMICT MOIOYHOrO Binky; Ha no4yaTky nak-
TaLji MOMOYHI KOPOBW NEPEXUBAIOTL NEPIoL, HEraTUBHOMO
€HEepreTM4HOro BanaHcy, Lo NpPM3BOaMTb A0 30iMNbLUEHHS]
BiJCOTKA MOJIOYHOIO XMpY Yepe3 mMobinisauito >XMpoBoi
TKaHWHY; BNpodoBx uporo nepiogy MUN 3a3Buyant ge-
MOHCTPYE BiHOCHO HU3bKi 3Ha4YEHHS Yepes HeJocTaTHe
CMOXXMBaHHSA KOPMY, MOPIBHSHO 3 iHLUMMM nepiogamm nak-
TaLii; MOXrMBa CUrbHa NO3UTVBHA rEHETUYHA KopensLis
(+0,85) mixk MUN i KinbKiCTHO COMaTUYHMX KIiTUH, OCKiNTbKA
BMHWUKHEHHS MaCTUTY MOXe BMNIMBaTU Ha KOHLIEHTpaLlito
MUN y morouj, a cepegHs reHeTudHa kopensuist Mk MUN
Ta NakTo30l0 3anexHa Bif LbOro; Ha Kopensuito Mix
MUN i cknagom Monoka BnnnBae cTafis nakTauii Ta ctaH
300pOoB’s, 3aBAskM YoMy 38’A30K Mk MUN i o3Hakamum
KOMMOHEHTIB MOJ1oKa € criabkym abo HaBiTb HE3HAYHMM.

lMoTeHujan Bigbopy KopiB 3 HM3bkMM doeHoTunom MUN
ONsi 3MEHLLIEHHST BULINEHHS @30Ty HE BMIMBAE HEraTUBHO
Ha MPOOYKTUBHICTL i SIKICTb MOJIOKa. 332 YMOBW 3HUXKEHHS

o3Hak MUN wwnsaxom cenekuiiHoro Bigdopy HeobxigHo
OLIHUTYM IXHIO KOpPEnsLio 3 iHW1MK o3HaKkamu [27].

3a BrcHoBkamm P. Huhtanen 1a iH., koHueHTpauis MUN
HE € KOPVCHUM iHCTPYMEHTOM (PEHOTUMYBaHHSA Ans Mo-
ninwenHa MNE, ane sumiptoBaHHsi koHUeHTpaLii MUN Ha
piBHI CTaaa A03BONSAOTL TOMHO HanawTyBaTh paLioH Ans
nigBuLLEHHS nepeTpaBntoBaHocTi abo MNE [8]. 3a aaHummn
V. Ishler, HanbinbL pexomeHaoBaHi gianazoHn MUN konu-
BatoTbCSA Big 8 mMr/an go 12 mr/an, wo Binobpakae paLjioHn
3 6anaHcom 6inky 16 %, Ta HagBHICTb BINKOBMX opaKL;in
i ByrneBogaiB An1s YIOBMIOBAHHS HAANMLLIKOM amiaky B pyo-
Ui [9]. Y Tabn. 6 HaBegeHO pe3ynsrati MOOENOBaHHS 3MiH
MNE pauioHy anst BApOOHWLITBA MOSOKa Mpwv 3MiHi 3Ha-
YeHb [OBOBOro Haaok, MOKA3HUKIB MOMOKa, >XUBOI Macu
KOpIB i HAOOD, CKOPUIOBAHOIO Ha EHEPreTUYHWIA BMICT Bif-
MOBIAHO A0 PIBHSHL MiHINHOT perpecii, HaBeaeHWX y Taon. 5.

BcTtaHoBneHo, wo 30inbweHHa MNE pauioHy gns
BMPOOHMLTBa MOJIOKa BMSIBIIEHO NULLIE 32 ABOMA MoKas-
HVKaMun: [OO0BOMY HaZOK Ta HAJoH, CKOPUIOBaHOMY 3a
eHepreTM4YHMM BMicTOM. BHacnigok 30inbLUeHHsT Takmx
MOKa3HUKIB, SIK BMICT Xupy, 6inky, nakrosu, MUN Ta xxuBoi
macu kopie, MNE pauioHy Ans BUpoOHMLITBa MOMoKa
3MEHLLYETLCS.

Hu3abki 3HayeHHa MUN (<8-10 mr/an) BkasyoTb Ha
MOXNUBMIM AediumT Binky B paLioHi, AKUN MOXe BUHUK-
HYTW, KON 3HWXKYETLCS aKTUBHICTb OakTepin pybus, Lo
0BMexXye YTBOPEHHSI MOJIOKa 1 CUHTE3 MOITOYHOTO Birky.

AHanisytoun ekcnepumeHTaneHi gaHi P. Huhtanen Tta
iH. [8], V. Ishler [9], a TakoX OoTpMMaHi B Ui poboTi pe-
3ynbratm (puc. 2, 3, 4) 3pobrneHo nonepeaHi BUCHOBKM
NPO KOPEKTHICTb ouiHOK MNE npu 3Ha4eHHsix piBHS MUN
B Mexax 8—12 mr/gn. Beaxkaemo AoUiNbHUM BUKOPUC-
TOBYBAaTU Lii MapaMeTpu B Nporpamax oLiHkK Ta Bigbopy
ONS HAJIMHOro NPOrHO3yBaHHA OTPUMAHOIo edoekTy 3a
MOIOYHOK NPOAYKTUBHICTIO, ckrnagom monoka i MNE.

Tabnuus 5. PerpeciiiHa 3anexHicTb (b) OCHOBHMX KOMMOHEHTIB Monoka (x) Bia MNE ans BupoGHMLTBa MOMoka,

KinbKiCTb cnocTepexeHb — 595 ronis.

Table 5. Regression dependence (b) of the main components of milk (x) on MNE for milk production, number of observations — 595 heads.

OsHaka (x)
Characteristic (x)

BiflbHWIA YneH (a)
free term (a)

PiBHAHHSA perpecii, ge:

Regression equation where:

KoeiuieHT perpecii (b)
regression coefficient (b)

Ho6osuii Hagin / Daily milk yield 201,82+2,54 3,29+0,09 37,55***
BmicT xwupy B monoui / Fat content in milk 319,80+5,71 -5,93+1,24 2,02%**
BwmicT 6inky B monoui / Protein content in milk 437,16126,47 -42,32+ 7,77 7,63***
BmicT nakto3n B monoui / Lactose content in milk 374,90+19,76 -17,45+4,21 3,88***
MUN 323,49+2,82 -2,50+0,21 11,94%**
XKusa maca koposwu / Live weight of cow 330,05+20,11 -0,07+0,04 1,84

Hapini, ckopuroBaHuii 3 ornsigy Ha BMICT eHepril 202,37+3.00 3.12+0,10 31.49%+

Milk yield adjusted for energy content

lMpumimka. ™ — P>0,999.

IDxepeno. Po3apobneHo aBTopamu Ha OCHOBI AOCHiAXEHb.
Note. *** — P>0.999.

Source. Developed by the authors based on research.
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Tabnuusa 6. MogentoBaHHsa 3miH MNE pauioHy ans BupobHuuTBa Mornoka

Table 6. Modelling changes in the MNE ration for milk production

KOHTpOnbHWUIA NOKa3HUK
Control indicator

3mina gobosoro Hagoto, kr / Change in daily milk yield, kg

5,00 10,00 15,00

MNE 218,27 234,72

251,17

20,00 25,00 30,00 35,00

267,62 284,07 300,52 316,97

3miHa BmicTy xmpy B monoui / Change in milk fat content, %

0,50 1,00 1,50

MNE 316,84

313,87 310,91

2.00 2,50 3,00 3,50

307,94 304,98 302,01 299,05

3miHa BmicTy 6inky B monoui / Change in milk protein content, %

0,50 1,00 1,50

MNE 416,00 394,84

373,68

2.00 2,50 3,00 3,50

352,52 331,36 310,20 289,04

3MiHa BmicTy naktoan B morodi / Change in lactose content in milk, %

0,50 1,00 1,50

MNE 366,18 357,45

348,73

2.00 2,50 3,00 3,50

340,00 331,28 322,55 313,83

3miHa BMmicTy a3oty cevoBuHu B Mmonoui (MUN), mr/gn / Change in milk urea nitrogen (MUN) content, mg/dl

5,00 10,00 15.00

MNE 311,04 298,59

286,14

20,00 25,00 30.00 35.00

273,69 261,24 248,79 236,34

3MiHa xuBoi Macu kopoBwm, kr / Change in live weight of cows, kg

10,00 30,00 50,00 70,00 90,00 110,00 130,00

MNE 329,35 327,95 326,55 325,15 323,75 322,35 320,95
3MiHa Hafot, CKOPUroBaHOTO Ha eHepreTuyHuiA BMICT, kT / Change in milk yield, adjusted for energy content, kg

10,00 20,00 30,00 40,00 50,00 60,00 70,00

MNE 233,57 264,77 295,97 327,17 358,37 389,57 420,77

lMpumimka. BpaxoByeTbCs 3MiHa 3Ha4eHb A060BOro HaAok, NOKa3HMKIB MOMOKA, XXUBOI Macu KopiB i Hago,

CKOPUroBaHOro Ha eHepreTUYHUIA BMICT.
[xepeno. Po3apobrneHo aBTopamMy Ha OCHOBI LOCTIIKEHb.

Note. Changes in daily milk yield, milk indicators, live weight of cows and milk yield adjusted for energy content are taken into account.

Source. Developed by the authors based on research.

Taki KOMMNOHEHTWN MOJOKa, SK BMICT Xupy, Oinky, pi-
BeHb nakto3u Ta MUN, MatoTb LLUMPOKMIA Aiana3oH CBOro
hEeHOTMNOBOIO NPOSIBY, LLIO XapaKTepusye ckrnaaHi bioxi-
MiYHi NpoLecy B opraHiami XXynHux, i3 6aratbmMa YMHHK-
KaMu BMiMBY Ha BapiabenbHICTb LnX 03HakK. [NonepeHi
NpUNYLLEHHS BKa3ylTb HA HEOOXiOHICTb BCTAHOBIEHHS
3B’a3ky Mk MUN sk iHOMKaTOpHOI 03Haku Wo[o Buaj-
NEHHSs1 3aNMLLIKOBOrO a3oTy Ta LiNIbOBOI 03HAKOH0, LU0
BM3HAYaETbCA K iHOMBIAYanbHA XapakTepUCTMKA KOX-
HoOT kopoBWu. Cam NPVHLUMN NOLUYKY FEHETUYHOTO BMINBY
Ha Taki konusaHHs Tpeba byaysBaTu Ha OCHOBI aHanisy
AnHamiku nosTopis ouiHok MUN B yaci y po3spisi reHe-
TUYHUX rpyn. MNpoaoBXeHHA JOCHioKEHb B LIbOMY Ha-
NPSIMKY 4acTb 3MOTYy pO3LWMPUTK Habip aHaniTMYHNX
JaHuX, a B NOEOHaAHHI 3 MeTogamum onTumisaLlii Ta Mo-
JenoBaHHA — OaTu KOHKPETHI pekoMeHaaui Woao Bu-
KOPUCTaHHS TaKMX KOMMNEKCHUX OLHOK. [1pOonoHyeTLCS
BMKOPUCTOBYBATU iHAMBIAYarnbHi ab0 rpyrnoBi 3HA4YEHHS
BMICTY a30Ty CEYOBUHM B MOMOLi Ta e(peKTUBHICTb BU-
KOPUCTaHHS @30Ty Ha YTBOPEHHS MOSIOKa B nporpamax
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OLiHKM 1 BigOopy AN HadiMHOro MNPOrHO3yBaHHSI OTpPW-
MaHoro eoekTy 3a MOMOYHOIO MPOJYKTUBHICTIO, CKINa0M
Mosioka Ta edpeKTUBHICTIO BUPOBHULTBA.
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Modelling the impact of changes in productive indicators in dairy cows
on the efficiency of feed nitrogen utilization
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A generalized analysis of the main approaches to describing and understanding the characteristics of the regulation of the breakdown
and fermentation of feed nutrients in cows is presented using the example of the ‘Molly Model'. The research was based on data from
595 Holstein cows kept at the Kolos Agricultural Firm LLC in the Kyiv region. An analysis was conducted of the relationship between such
‘output’ parameters as: milk yield, fat, protein, lactose content, milk urea nitrogen (MUN), live weight of cows, and milk yield adjusted
for energy content (ECM). MUN values were used as the main biomarker. Calculations were made of the efficiency of nitrogen use for
milk production (MNE, milk nitrogen efficiency) depending on productivity indicators. Based on regression analysis, the following reliable
dependencies were obtained: MNE — daily milk yield +3.29; MNE — milk fat content —5.93; MNE — milk protein content —42.32; MNE —
lactose content in milk —17.45; MNE — MUN -2.49; MNE — live weight of the cow —0.07; MNE — milk yield adjusted for energy content
+3.12. Based on the obtained regression coefficients, possible changes in nitrogen use efficiency were modeled, where an increase in the
absolute values of indicators such as fat, protein and lactose content in milk, MUN, live weight of cows and MNE leads to a decrease, and
when the daily milk yield and milk yield adjusted for energy content increase, there is an increase in the MNE of the diet for milk production.
The data obtained indicate the possibility of using individual or group values of MUN and MNE content in milk production in assessment
and selection programs for reliable prediction of the effect obtained for milk productivity, milk composition and production efficiency.
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MeToto poboTH € BU3HAYEHHS BNSMBY 3aCTOCYBaHHS! i30TO-
HiYHO-npoTeiHoBoi cymiwi (INC) y nepiog Biany4eHHs Ha Gio-
XiMiYHi NOKa3HMKKN KpOBi NOpocAT. [JocnigkeHHa NpoOBOAMM Ha
MOpOCATax PaHHBOro MOCTHaTaNbHOrO nepiody, SKUX po3ginunu
Ha KOHTPOIbHY Ta AOCHIAHY rpynu. Y TBapuH obox rpyn y 9-, 21-
Ta 35-geHHoMy BiLi npoBoanny BiAGIp KPOBi, B kil BU3HaYanm
BMICT OCHOBHMX MeTaboniTiB i akTUBHICTb eH3umiB. BcTaHoB-
NEHO, WO nicns BianyyYeHHs1 y NOPOCAT Big3Hadanu BUpaxxeHy
mMeTabonivuHy nepebynoBy. PiBeHb 3aranbHOro NpoTeiHy 3pic 4o
55,7+3,6 r/n, a nicna Biany4eHHsa 3HM3uMBCS Ha 17,2 % (P<0,05)
0o 46,1+4,7 r/n. Anbbyminn 3pocnu Ha 20,4 % (P<0,05), npo-
Te nicnd Biany4eHHs 3Hm3unucs Ha 5,1 % (P>0,05). MmobyniHu
00 21-ro gHsA 3Hu3mnmes Ha 6,6 % (P>0,05), a nicnsa Bignyyex-
HA — Le Ha 28,8 % (P<0,001). PiBeHb ce4oBuHM 3pic Ha 55,4 %
(P<0,05) y 21-goboBomy BiLi, 0gHaK Nicrs Biany4YeHHs BiH 3a-
nvwaecs nigsuLLeHUM nuwe Ha 8,6 % (P>0,05). PiseHb dep-
MeHTIB neviHku (ALT, AST) ameHwyBaBcs Ao 21-4060B0ro Biky
Ha 19,2 % (P>0,05) Ta 33,5 % (P<0,05) BignosigHo, npote nic-
ns BignyyYeHHs aktmeHicTb ALT 3pocna Ha 35,3 %, a AST — Ha
8,8 %. ByrneBogHuii MeTaboniam 3a3HaBaB 3MiH: PiBEHb ITIOKO3U
3HM3uBCA Ha 11,7 % (P>0,05) oo 21-ro aHs, a nicna signyyveH-
HA — we Ha 25,3 % (P<0,05). Y nopocsT gocnigHoi rpynn cno-
CTepinu ctabinbHiwmn meTabonivyHmin cTaH. PiBeHb 3aranbHoro
npoTteiny 3pic Ha 19,3 % (P<0,05) go 21-ro gHa Ta nicnsa Bigny-
YeHHs1 3HM3MBCA nvwe Ha 12,0 % (P<0,05). AnbGymiHn 3pocnu
Ha 22,0 % (P<0,05) go 21-ro aHA Ta nicns Biany4YeHHs 3anmia-
nmecs Ha 5,8 % (P>0,05) Buwmmm 3a koHTporb. [MoByniHu cro-
yaTky ameHwmnues Ha 12,8 % (P>0,05) go 9-ro gHs, ane oo 21-
ro AHS iX piBeHb 3pic Ha 16,9 % (P<0,05) i sanvwasca Ha 25,6 %
(P<0,05) BuwwmmM nicns Biany4YyeHHs. PiBeHb ce4OBUHM 3pic Ha
19,4 % (P>0,05) oo 21-ro gHs, ane nicns BigTyYeHHs 3HU3NBCS
Ha 11,6 % (P<0,05), wo cBigunTb NPo eheKTUBHiILLE BUKOPUCTaH-
Hs1 BinkoBmx pecypciB. ALT 3anuwuascs ctabinbHum, Togi sk AST
3pic nuie Ha 6,4 %, Lo BKa3ye Ha Kpallly afanTauiio NeYiHKu.
ByrnesogHun oOMiH y NOpocsT AocnigHoi rpyny 6y cTabinbHi-
LUMM: piBEeHb rMoko3u 3pic Ha 3,8 % (P>0,05) oo 21-ro aHs, a nic-
na signyyeHHsa 6y Ha 11,3 % BULMIA, HXX Y KOHTPOMbBHIM rpyni.
3actocyBaHHs IMNC cnpusie crabinisauji OinkoBoro 1 eHepreTny-
HOro OBMiHY, 3MEHLLEHHIO CTPECOBMX PeaKLii nicns BigyyYeHHs
Ta NOKPALLEHHIO 3arasnibHOro MeTaboniyHoro crarycy.

KnrouoBi cnoBa: nopocsita, Metaboniam, i30TOHIYHO-MpoTei-
HOBa CyMiLl, Biany4YeHHS
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BeTtyn

B ymoBax cyyacHoro TBapvHHULTBA O4HUM i3 Han-
KPUTUYHILLMX NepiogiB Y XMTTi MOPOCHAT € paHHin NocT-
HaTanbHWUN OHTOreHe3, 0COOMNMBO B Nepio, BiAmy4YeHHS.
Came B Lel Yac opraHiam TBapuH 3a3Hae 3Ha4YHUX
QpizionoriyHnx 3MiH, NOB’A3aHNX 3 aganTauielo 40 HOBMX
YMOB rofiiBni Ta HaBKonULLHBLOro cepegosuila [19]. Oa-
HUM 3 KIMOYOBMX acneKTiB yCNiLIHOro NOAONaHHS Libo-
ro nepiogy € nigTpumka 6ap’epHOi Ta iIMYHHOIT hyHKLN
KVLLKIBHMKA, LLO ©e3nocepeaHbo BMMBAE Ha 300pPOB’S,
BWKMBAHICTb | NPOAYKTUBHICTE TBApWH. BogHoyac Tpaau-
LiHI nmigxoan, 30KkpemMa 3acToCyBaHHS aHTUDIOTUKIB Af1st
npodinakTvkM Ta nikyBaHHA AUCOAKTEPIOSIB | KULLIKOBMX
posnagiB, MaloTb HU3KY HedonikiB, cepen AkMx ocobnmey
CTypOOBaHICTb BUKINMKAE 3pOCTaHHS aHTUDIOTUKOpE3mC-
TEHTHOCTI MikpoopraHiamie [13]. OgHak, He3BaxKaroum Ha
3HaYHi JOCArHEHHST Y BETEPMHAPHIN MeauLmHi, npobnema
nopyLUueHHs 6ap’epHOT OyHKLT KULLIKIBHUKA 1 amncHanaHcy
MiKpoGioMy B MOPOCAT 3arMLLIAETLCS aKTyarbHOK Ta Mo-
Tpebye cy4HacHuX pillieHb | HoBUX nigxoais. Mepenbaya-
€TbCH, L0 3aCTOCYBaHHSI I30TOHIMHOIO MPOTEIHOBOI CyMiLLli
(INC) moxe cnpuaT Hopmarnisauii CTPYKTYPHO-CpyHKLIO-
HarbHOrO CTaHy KMLLKOBOIO enitenito, CTUMYnoBaT pos-
BWTOK MICLIEBOTO iMYHITETY, CTabinidyBaty Mikpobiom i no-
KpaLLyBaTh eHepreTuyHuin 0bmMiH B eHTepoumTax [16]. Lli
[00aBKN TaKOX CIPUsIFOTb 30EepeXXeHHI0 LLiNiCHOCTi eniTe-
nito KLLKIBHYKA, MOAYNALT iMyHHOT BIigNOBIAj Ta MOXYTb
cKopoudyBaTW TpmMBanicTb BUAineHHs Bipycy PEDV [17].
3acTocyBaHHS TakvMxX TEXHOMOTIN Y rogdieni MopoCAT MOXe
He nuLle CIPUSTU NiABULLEHHIO IX CTIMKOCTI [0 CTPECIB,
a 1 onTumisyBatn meTaboniyHi npouecy, Wo B MigcyMKy
MO3UTMBHO NO3HAYaETLCA Ha iIXHLOMY 3[40POB’T, TEeMMax
poCTy Ta NPOAYKTUBHOCTI [2, 3, 12].

Bigomo, o 3actocyBaHH4 IMNMC y nopocsT BikoMm Bif
2-X A0 8-MU OHIB CNPUSNO 3HWKEHHIO CMEPTHOCTI A0 Bid-
FyYeHHs, 3pOCTaHHIO NPUPOCTIB MICA BigSyYEHHS, a TakoxX
CTMMYIHOBAIIO PO3BUTOK KULLIKIBHUKA LLMNSAXOM 30iMbLUEHHST
BWCOTY BOPCUHOK [B, 7]. Buzoianu Ta cnisagrt. (2020) BcTa-
HOBWIH, LU0 Taka CyMiLLl MO3UTVBHO BMSIMBAE Ha MIiKpobio-
TY KULLKIBHUKA, 30iMbLUYHOYMN KiNbKiCTb KOPUCHWX BakTepii
(Lactobacillus, Bacteroides) i 3HWKyt04MN PiBEHb NATOMEHHMX
MiKpoopraHiamiB, 3okpema Escherichia coli[2, 10]. Donart-
KOBO Bifj3HA4€HO 3pOCTaHHs Nonynsiuin 6akrepin i3 dep-
MEHTaTUBHOIO 1 iIMyHOMOZYNIOBAIbHOK aKTUBHICTIO (30-
kpema Veillonella). Y pocnimkeHHi 3a ydacTto 3862 nopocsat
CMEpPTHICTb A0 BiAny4YeHHs 3Hu3unacs Ha 22,8 %, a cepen-
HS Maca Ha MOMEHT HapomkeHHs 3pocna Ha 0,41 kr [4].
BcraHoBneHo, Wwo edekT INC nposiBnseTbca HezanexHo
Bil Macy Ha MOMEHT HApPOYKEHHS: CMEPTHICTb 3HVDKYBa-
nacsa Ha 13—-20 % 3anexHo Big noyaTkoBoi Macu [1].

Tomy akTyanbHUM HanpsiMOM HayKOBMX OOCHIOKEHb
€ BCTaHOBMEHHS BNNMBY i30TOHIYHO-NPOTEIHOBOI CyMilLLli
Ha CTaH meTaboniamy NOpPOCAT y KPUTUYHI nepioan paH-
HbOro OHTOreHesy. BogHo4yac pesynsrtati OChiAXKeHb
MOXYTb CTaTh (pyHAaMEHTOM AN nodarnbLUMX HayKOBMX
pO3pOBOK i MPaKTUYHMX PEKOMEHAALIN Y BETEPUHAPHIN
MeOULMHI Ta Cy4acHOMY TBapUHHULITBI.
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Meta pocnimKeHHs: — BUBYMTY BMAMB 3rofoBYBaHHS
i30TOHIYHO-NPOTETHOBOI CyMiLLi NoOpocsaTaM y nepioa
BiANy4YeHHsA Ha BioXiMiYHi MOKa3HUKM KPOBI.

MaTtepianu i meToam

Hocnig npoeeaeHo B rocnogapctei TOB «ArpoiHa»
(OHinponeTpoBcbka 06n.). [ns ekcnepymMeHTy BigibpaHo
168 Tpu1nopoaHuXx ridpnaHnx nopocsat reHeTnkn DanBred
Y BiLji 4BOX OHIB, SIKUX METOAOM aHAsOoriB pO3Noginunm Ha
KOHTPOIbHY Ta AOCrigHy rpynu no 84 TBapuHW B KOXHIN.
MounHatoumn 3 3-ro 0o 8-ro gHA XUTTS, NopocaTam [o-
CRigHOT rpynn LLIOAEHHO BUMOOBanM i30TOHIYHO-NPOTET-
HoBy cymiw Tonisity Px (IpnaHgis), y gosi 40 mn/nopocs/
0006y, 0o cknagy SKoi BXoAATh: AekcTposa (52 %), HaTpito
xnopug (10 %), kanito xnopug, (5 %), cuposaTkoBuii Gi-
nok (5 %), moHoHaTpindgocdar (4 %), cMakoBi CrOmMyKu
(16 %), KoHcepBaHT (6 %), cTabinizatop (2 %). MNMoxuBHa
LiHHICTb: cvpwi npoTteiH — 16,6 %, cupi xumpn — 0,7 %,
cupa 3ona — 19,1 %, cupa knitkoBmHa — <0,1 %, Ha-
Tpit — 5,2 %. MNMopocAT KOHTPOMBLHOI MPYNK YTpUMyBanmu
3a CTaHOAPTHO TEXHONOriEto 6e3 BUKOPUCTaHHS CyMiLLi.
Biany4eHHs nopocsaT Big CBMHOMATOK MPOBOAMMN Ha
26-1 geHb xnTT4. Ons ouiHku ctaHy metaboniamy y 9-,
21- Ta 35- geHHoMYy BiLi B NOPOCAT NpoBoAMnM Biabip
kpoBi (no 10 3pa3skiB 3 KOXXHOI FPynK) 3 KpaHianbHoi Mno-
POXHUCTOI BeHW B Npobipku 6e3 aHTKoarynsaHTy Ans no-
[anbLUOro OTPUMaHHS cupoBaTtku. bioximiuHi gocnimkeH-
HS1 CMPOBATKM KPOBI MPOBOAUIM HA aBTOMATUYHOMY Oio-
ximiyHoMy aHanizatopi Miura-200 (ITanis) 3 BUkopucTaH-
HSAIM cepTudikoBaHNX HabopiB peareHTiB BUPOOHMLTBA
Spinreact (IcnaHist), Dialab (AscTpis), Cormay (IMonbLua)
Ta HTI (CLUA). BusHayanu koHUEeHTpaLito 3aranbHOro
npoTeiHy 3a 4ONOMOrok BiypeToBOI peakLiii, BMICT anb-
OyMmiHiB — MeTogoM B3aemogii 3 6poMKpe3onoBsum 3e-
TNEHUM, KOHLEHTpALit0 CE4YOBUHY — DEPMEHTATMBHO 3a
peakuieto BepTno, piBeHb KpeaTUHIHY — KIHETUYHUM Me-
Togoom Adpdhe Ha OCHOBI LLBUAKOCTI YTBOPEHHS KpEeaTUHIH-
NiKPaTHOMO KOMIMIEKCY, ITHOKO3U — ITHOKO300KCUAA3HMM
METOOOM, 3ararbHOro KasbLijto — 3a KONbOPOBOK peak-
ujieto 3 apceHaso lll, a HeopraHidHoro dooccpopy — 3 BU-
KOpUCTaHHAM MonibaaTy amoHito. AKTUBHICTL hepMeHTIB
nepeamiHyBaHHs — anaHiHamiHoTpaHcdepasm (ALT) Ta
acnaprtatamiHoTpaHcepasm (ACT) — Bu3Hayanm KiHe-
TUYHO 3 BUKOPWUCTaHHAM peareHTiB Spinreact (Icnanis).
AKTUBHICTb NyxHOT dpocpaTasn BcTaHOBNOBaNU 3a
LUBUAKICTIO YTBOPEHHS 4-HiTpodpeHony 3 Habopom pe-
areHTiB kKoMmnaHii Cormay (Monbla). Bei aHanian 3gin-
CHIOBanNu 3rigHo 3 NPOTOKONaMn BUPOBHWKIB peareHTiB,
LLIo 3a6e3ne4yBaro BUCOKY TOYHICTb i BIpOrigHICTL OTpU-
MaHux pesyneratie. CTaTucTuyHe onpavioBaHHS oTpumMa-
HUX pe3ynbTaTiB BUKOHYBanuv 3a JONOMOrOI nakeTa
«AHani3 naHnx» Microsoft Office Excel 2019. BubipkoBi
napameTpu, NpeacTaerneHi B poboTi, Manu Taki No3Ha-
YyeHHs: M — Bubipkose cepeaHe; SD — crtaHaapTHe
BigXnneHHs. 3MiHM NoKa3HWKIB BBaXkanu BiporigHUMm
3a P<0,05 (y Tomy umncni P<0,01 i P<0,001).
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Pe3ynbratn 1 06roBopeHHs

[HTEHCUBHICTE MeTaboniaMy NOPOCAT PaHHBOTO BiKY
€ HaA3BMYaHO B1COKOI Yepes LUBUAKUIA PICT i po3Bu-
TOK opraHiamy [21]. BoHa BU3Ha4aeTbCS BUCOKUMU PiB-
HAMMW eHepreTM4YHOro oOMiHy, akTUBHUM 3a2CBOEHHAM
MOXUBHUX PEYOBMH Ta 3HA4YHOK noTpeboto y Binkax,
ninigax i MikpoenemeHTax. Y nepui TUXKHi XUTTS Krto-
YOBY POSb Bigirpae CrnoXXmMBaHHS MOO3MBa 1 MOJIOKa,
Lo 3abe3neyye He nuLe eHepreTUYHi Ta NIacTUYHI
pecypcu, a i iMmyHHy niaTpumky [11]. 3miHun y rogisni
nicns Bigny4YeHHs Npu3BoAATbL O MeTabornivyHoro
CTpecy, WO MOXe BNAMBaTh Ha OYHKLIOHYBAHHS KULL-
KoBoro 6ap’epa Ta iMyHHOI cuctemum [23].

MpoBeaeHMn pgocnigXeHHs MY BCTaHOBIEHO, LU0
B MOPOCSIT KOHTPOSbLHOI FPYNK piBEHb 3aranbHOro NpoTe-
THYy Ha 9-1 aeHb xuTTa ctaHoBuB 53,1+5,5 r/n. o 21-ro
OHS MOro KOHUEHTpauis 3pocna Ha 4,9 % (P>0,05) i cta-
HoBuna 55,7+13,6 r/n. OgHak go 35-ro gHA cnocrepira-
10CS1 3HWKEHHS PiBHSA 3aranbHOro npoteiHy Ha 17,2 %
(P<0,05) BigHOCHO 21-ro aHs, oo 46,1+4,7 r/n (puc. 1).

Y nopocsr, siki otpumysanu INC, BMiCcT 3aransHo-
ro npoteiHy Ha 9-# geHb 6yB 50,3+2,1 r/n, wo Ha 5,3 %
HWXKYE 3a KOHTPOIbHI MOka3Hukn. OgHak go 21-ro aHs
piBeHb npoteiHy 3pic Ha 19,3 % (P<0,05) i ctaHOBMB
60,0+5,9 r/n, wo Ha 8,4 % BuLLe 3a BignNOBIiAHUIA NOKa3-
HWK Y KOHTPOMbHIN rpyni. Ha 35-11 oeHb piBeHb 3aranb-
HOro NpoTeiHy 3HM3uBcs Ao 52,8+4,5 r/n, wo Ha 12,0 %
BULLUE, HiX y koHTponi (P<0,05).

AHanis piBHa anbbyMiHiB i rmobyniHie y cnposartui
KpOBi MOPOCAT CBiA4YUTb NPO 3MiHW BifKOBOro o6MmiHy
nig BASMBOM i30TOHIYHO-NPOTETHOBOT CyMiLli (puc. 2).
AnbOyMiHN € BaXXITMBUM KOMMOHEHTOM Mia3Mu Kpo-
Bi, L0 BigoOpaxae cTtaH GinkoBoro metaboniamy Ta
piBeHb roMeocTasy B OpraHiami MOPOCAT y paHHbOMY
nocTHaTanbHOMY nepiofi [24]. Y NopocsT KOHTPOMbHOI
rpynu piBeHb anbbyMmiHiB Ha 9-11 OeHb XXNTTS CTaHOBMB
22,6+2,8 r/n. o 21-ro aHst KOHUEHTpaLis anbbyMmiHiB
3pocna Ha 20,4 % (P<0,05) i ctaHoBuna 27,2+4,1 r/n,
LLIO BKa3ye Ha aKTuBi3aLito BiNkoBoro cnHTe3y B nepiog
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Puc. 1. BmicT 3aranbHOro npoTeiHy B CMpoOBaTLi KpoBi

nopocsr 3a gii IMNC, r/n (M+SD; n=10)

lMpumimka. TyT i pani * — P<0,05 — NopiBHSIHO 3 KOHTPOMBHOIO FPYMOHO.
Fig. 1. Total protein content in piglet blood serum under the
influence of IPS, g/l (M+SD; n=10)

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

iHTeHcuBHOro pocty. OgHak Ao 35-ro oHS BiA3Hayano-
CSl HE3HaYHe 3HWKEHHS piBHA anbbyMiHiB Ha 5,1 % go
25,8+3,3 r/n, wo, NMOBIpHO, NOB’A3aHe 3 aganTauiiHu-
MW 3MiHaMWK MIiCNS BiAnyYeHHs.

Hawi gocnigxeHHs y3rogXyTbca 3 iHWNUMK a-
HUMU, [EMOHCTPYHOUY, LLO BUKOPUCTAHHS i30TOHIYHUX
PO34MHIB aMiHOKUCINOT K NpoTeiHo30epirato4oi Tepanii
CynepeunTb ycTaneHnm yaBrneHHsIM Npo napeHTeparns-
He xapyyBaHHS Ta Bigobpakae HOBITHI AOCATHEHHS
B pO3yMiHHi MmeTaboniamy [8]. Y nopocsrT, siki oTpumyBa-
nn IMNC, piBeHb anbbymiHiB Ha 9-1 aeHb Oy 23,7+5,5
r/n, wo Ha 4,9 % BuLLEe 3a KOHTPOSbHUI MNOKa3HWK, 04-
HaK U pisHMUs He Byna siporigHoto (P>0,05). [lo 21-ro
OHA piBeHb anbOymiHiB 3pic Ha 22,0 % (P<0,05) i cTa-
HoBuB 28,9+2,8 r/n, wo Ha 6,3 % OGinbLle 3a NoKkasHUK
Y KOHTPOMbHIn rpyni. Ha 35-i aeHb piBeHb anbOymiHiB
3HU3MBCA Ao 27,3+2,9 r/n, ogHak 3anuvwascs Ha 5,8 %
BULLMM, HIXX Y KOHTPOIbHIN rpyni.
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Puc. 2. BmicT anbbymiHiB i rmobyniHiB y cuposarui kposi nopocaT 3a aii IMNC, r/n (M+SD; n=10)
Fig. 2. Albumin and globulin content in piglet blood serum under the influence of IPS, g/l (M+SD; n=10)
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Y NopocAT KOHTPOMbLHOI MPYNU piBeHb rMobyniHiB Ha
9-n geHb xnTTa cTaHoBmB 30,5+6,7 r/n. o 21-ro oHsA
BiA3Ha4Yanocs He3Ha4yHe 3HWXKEHHs PiBHA rMobyniHIB Ha
6,6 % — po 28,5+4,5 r/n. OgHak ao 35-ro aHsA cnocTe-
piranocs iCTOTHe 3HWKEHHS PiBHS rMOBYniHIB Ha 28,8 %
(P<0,001) — po 20,3+4,0 r/n, wo moxe OyTn Noe’sizaHe
3 aganTauiiHuM CTpecoM Micns Biany4yeHHs. Y nopocsr,
sk otpumysanu IMNC, piBeHb rmobyniHie Ha 9-1 AeHb cTa-
HoBMB 26,6+5,7 r/n, wo Ha 12,8 % Hwk4e 3a KOHTPOIb-
HWUI nokasHuk. OgHak, Ha 21-1 AeHb piBeHb rnobyniHiB
3pic Ha 16,9 % (P<0,05) go 31,1+4,7 r/n, To6TO BYB Ha
9,1 % BUMLUMIA, HdX y KOHTPOMbHIN rpyni. Jo 35-ro gHs
cnocTepiranocs 3HWKeHHS piBHSA rmobyniHie Ha 17,9 %
(P<0,05) — no 25,5+4,7 r/n, ogHak Lel piBeHb 3anu-
Wwascs Ha 25,6 % BULLMM, HiXK Y MOPOCAT KOHTPOMbHOI
rpynu (P<0,05).

AHani3 piBHA CEYOBMHM Ta a30Ty CEYOBMHU B CUPO-
BaTLi KPOBi NOPOCAT A03BOSISIE OLIHWUTK CTaH BinkoBoro
mMeTaboniamy, yHKLiIOHanNbHy aKTUBHICTb HAPOK | agan-
Taujlo opraHiamy o 3MiH y xapdyBaHHi [25]. Y nopocaT
KOHTPOMBLHOI rpynu piBeHb CEHYOBUHN Ha 9-11 AeHb CTaHO-
BMB 2,24+0,56 mmonb/n (puc. 3). do 21-ro gHs Binbynocs
3Ha4He 3POCTaHHSA PiBHSA ce4oBMHU Ha 55,4 % (P<0,05) —
0o 3,48+1,08 mmonb/n, Wo moxe 6yTn nos’si3aHe 3 iH-
TEHCMBHUM BinkoBMM MeTaboniamom y nepiog pocTy.
OpaHak Ha 35-11 aeHb piBeHb CEYOBMHM 3HU3UBCS Ha
8,6 % — pno 3,18+0,65 mmonb/n, L0 MOXe CBigYUTM NPo
apanTauiiHi 3MiHM B @30THOMY OBMiHi Micrs Biamy4YeHHs:.
Y nopocsr, siki otpumysanu IMNC, piBeHb ce4oBUHM Ha 9-1
OeHb 6yB 2,52+0,70 mmonb/n, a omxe Ha 12,5 % s,
HIXK Y KOHTpOnbHin rpyni. [Jo 21-ro AHS piBeHb CEYOBUHMU
3pic Ha 19,4 % (P>0,05) i ctaHoBmB 3,01+0,96 mmonb/,
o Ha 13,5 % Hwxk4ye, HixX Yy KOHTpOonbHiIn rpyni. [lo 35-
ro OHS piBeHb Ce4Y0oBUHK 3HM3MBCA Ha 11,6 % — go
2,66+0,42 mmorb/n, Wwo Ha 16,4 % Hwkde, HiX y MopocaT
KoHTponbHoi rpynu (P<0,05).

AHania piBHSA a30Ty CEYOBMHU B CMPOBATLi KPOBI Mo-
pOCAT A03BOSISE OLHUTU edPEKTMBHICTb BINKOBOro mMe-
Taboniamy Ta pyHKUIOHYBaHHS1 HAPOK [25]. Y nopocaT
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KOHTPOMBLHOI rpyn piBeHb a30Ty CEYOBUHU Ha 9- OeHb
cTaHoBuB 5,41+4,55 mr/100 mn. o 21-ro gHs Bigdyno-
cs 36inbweHHs Ha 17,0 % — 0o 6,3312,10 mr/100 mn.
o 35-ro gHa piBeHb a30Ty cevoBmHM 3pic we Ha 7,1 %
(P>0,05) i pocar 6,78+1,89 mr/100 mn. Y nopocAr,
ski otpumyBanu IMNC, piBeHb a30Ty Ce4OBUHU Ha 9-1
aeHb 0yB 6,34+3,99 mr/100 mn, wo Ha 17,2 % 6Ginb-
e, HiXX Yy MopocaT KoHTponbHoi rpynu (P>0,05). [o
21-ro gHs el NoKasHUK 3anunwiascs NpakTUYHO He-
3MiHHUM (6,21£2,29 mr/100 mn), wo Ha 1,9 % Huxue,
HiX Y KOHTpOnbHIK rpyni. Ha 35-i geHb cnocTepirano-
CS1 3HWKEHHS PiBHA a30Ty ceyvoBuHU Ha 17,2 % — fo
5,14+1,48 mr/100 mn, wo Ha 24,2 % HWxKYe, HiX Yy no-
pocAaT KoHTponbHOI rpynu (P<0,05).

KpeaTuHiH € BaXIMBMM MapKepoM BiflkoBOro 1 eHep-
reTM4Horo obMiHy, Binobpaxkae piBeHb M’sI30BOro katabo-
ni3my [5], NOro KOHLEHTpaLis y KpoBi MOPOCAT MOXeE 3Mi-
HIOBaTUCSA 3arexHo Bif piBHSA i3ionoriyHOro po3BuTKY,
CTpecoBux (HaKTopiB Ta BMMBY i30TOHIYHO-MPOTEIHOBOI
cymili (puc. 4). Y nopocsAT KOHTPObHOI rpynu piBeHb
KpeaTuHiHy Ha 9-1 geHb ctaHoBuB 70,7+20,8 mkmonb/m.
[o 21-ro gHA cnocTepiranocs 3HWKEHHS NoKasHUKa Ha
10,6 % (P>0,05) — go 63,2+12,7 MKMOnb/n, LLO MOXe
OyTu NoB’dA3aHe 3i 3MiHOKO OOMiHy BiNnKiB Ta 3MEHLLUEH-
HAM iHTEHCUBHOCTI kaTaboniyHnx npouecis. Ha 35-1
O€eHb piBeHb KpeaTuHiHy 3pic Ha 13,8 % (P>0,05) — no
71,94£8,5 mkmonb/n, Wo cBig4nTb Npo ctabinisauito
binkoBoro metaboniamy nicnsa Bigny4eHHs. Y nopo-
caT, aki otpumysanu IMNC, piBeHb kpeaTUHiHy Ha 9-1
OeHb 6y 79,4+7,9 mkmonb/n, To610 Ha 12,3 % BN,
HiX Y MOpPOCAT KOHTponbHoI rpynu (P>0,05). o 21-ro
OHs piBEHb KpeaTuHiHy 3HM3nBcs Ha 8,7 % i cTaHOBMB
72,5+17,7 Mmkmonb/n, omxe 1 gani Ha 14,7 % nepesuLLy-
BaB KOHTPOrbHMA piBeHb (P>0,05). Ha 35-n aeHb piBeHb
KpeaTuHiHy 3pic Ha 11,3 % — o 80,7+10,1 mkmonb/m,
Wo Ha 12,3 % BuLLE, HiXX Y NOPOCAT KOHTPOMBLHOI rpynu
(P<0,05). LJj a3miHn moxyTb OyT1 NOB’sI3aHi 3 iHTeHCUika-
Ljeto aHabornivYHMX NPOLECIB Y M'A30BIN TKAHUHI Ta 3MEH-
LLUEHHAM KaTaborniyHuX edoeKTiB.
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Fig. 3. Urea content (mmol/L) and urea nitrogen (mg/100 mL) in piglet blood serum under the influence of IPS (M+SD; n=10)
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AnaniHamiHoTpaHcdepasa (ALT) € BaXMBUM Mapke-
pOM CTaHy NeviHKK, Bigobpakaroum piBeHb META0OMMHOIO
HaBaHTa)KEHHSA Ta IHTEHCUBHICTb aMiHOKUCIOTHOro 06-
MiHy [22]. Y nopocAT KOHTPOSLHOI rPynu aKTUBHICTL ALT
Ha 9-1 oeHb cTtaHosuna 61,4+11,9 Op/n (puc. 5). Ao 21-ro
OHSA BigOynocsa 3HWkeHHs akTnBHoOCTI ALT Ha 19,2 %
(P>0,05) — 0o 49,6+17,7 Op/n, wo moxe OyTv noB’sasaHe
3i 3MEHLLEHHsIM MeTabOonNYHOro0 HaBaHTAXKEHHS Ha NeYiH-
Ky B uboMy nepiogi. lNMpote Ha 35-11 AeHb cnocTepirano-
cs 3pocTanHA aktueHocTi ALT Ha 35,3 % (P<0,05) — go
67,1£25,7 Op/n, Wo Moxe CBig4MTX NPOo 30iNbLUEHHS Ha-
BaHTaXXEHHS Ha MediHKy nicns sianyyeHHs. Mg Bnnveom
i30TOHIYHO-NPOTEIHOBOI CyMiLLi MOXYTb BigOyBaTUCS 3MiHN
akTMBHOCTI ALT, Lo CBIig4MTL NPO MOXIMBI aganTainiHi Ta
renaTtonpoTEKTOPHI ehekTn. Y NopocaT, ki OTpUMyBanm
INC, aktneHicTb ALT Ha 9-1 AeHb Oyna 67,6+16,8 Oa/n,
wo Ha 10,1 % Bwuwe, HiXX y KOHTPOMbHIW rpyni. o 21-
ro AHs pieeHb ALT npakTUyHO He 3MiHMBCSH | CTaHOBMB
49,7+9,7 Op/n, WwWo manxe JOPIBHIOE KOHTPONbHOMY
3Ha4yeHHto. Ha 35-1 aeHb aktuBHicTb ALT 3anuwianacs
Ha 8,6 % HWKYOLO, HK Y KOHTPOIbHIN rpyni, i cTaHOBUMA
61,3+15,2 Op/n, ogHak usi pisHULA He Byna BiporigHo
(P>0,05). 3bepexeHHs cTabinbHoro pieHA ALT y nopo-
CAT JOCHIQHOI rPynN MOXe CBIOYUTU MPO MEHLLUIA piBEHb
CTPECOBOro BNMAMBY Ha MEeYiHKy Nicns Bigny4YeHHs, Wo €
BaXKINMBUM MOKa3HMKOM (pisionorivyHol aganTaLlii nopocsT.

AcnapTtatamiHoTpaHcdepasa (AST) € kno4oBUM
depmeHTOM, WO 6epe ydacTb y GinkoBoMy 0bMiHI Ta €
MapKepoM yHKLIOHANbHOIO CTaHy MeYiHkn i M'a30B0I1
TKaHWHYM [18]. Y NopocAT KOHTPOIbHOI rpyn akTUBHICTb
AST Ha 9-i1 geHb ctaHoBuna 83,8+38,9 Oa/n. o 21-ro
OHS piBeHb hepMeHTy 3Ha4HO 3HM3mBca — Ha 33,5 %
(P<0,05), po 55,7+19,0 Og/n, wo Moxe ByTn NoB’sizaHe
3i 3MEHLUEHHAM HaBaHTaXeHHs Ha neJiHky Ta cTtabi-
nisauieto eHepreTnyHoro oomiHy. OgHak Ha 35-11 oeHb
cnocTepiranocs HesHa4yHe nigBuLleHHA piBHa AST —
Ha 8,8 %, no 60,6+£20,4 Oa/n, WO MOXe CBIiAYMTN NPO
ajanTauito opraHiamy nicng BianyyYeHHs. Y nopocsr,
ski otpumyBanu IMNC, aktueHicTe AST Ha 9-11 oeHb cTa-
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lMpumimka. * — P<0,05 — NopiBHSIHO 3 KOHTPOIBLHOK FPYMOL0.

Fig. 4. Creatinine content in piglet blood serum under the influence
of IPS, pmol/L (MxSD; n=10)

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

HoBuna 94,9+14,0 Oa/n, To61o Byna Ha 13,3 % BuLWa,
Hi>K Y KOHTpOnbHIn rpyni. o 21-ro aHa piBeHb AST 3HU-
3uBcd Ha 31,2 % (P>0,05) i ctaHoBumB 65,3143,4 Og/n,
wo Ha 17,2 % BuLLe, HiX Y NOPOCAT KOHTPOIBLHOI rpynu
(P>0,05). Ha 35-1 geHb aktuBHicTb AST nigBnwmnacst
Ha 6,4 % — po 69,5+17,7 Op/n, wo Ha 14,7 % BuLle,
HDK Y KOHTPOMbHIn rpyni.

JlyxxHa dpoccpatasa (ALP) € BaxmBuM goepmMeHTOM,
wo 6epe yyactb y meTaboniami choccopy, pemoaento-
BaHHI KiICTKOBOI TKaHWHM Ta 3aranbHUX Npouecax agarn-
Tauii opraHiamy [15]. Y nopocaT KOHTPOMbHOI rpynu ak-
TmBHicTb ALP Ha 9- aeHb ctaHoBuna 958,5+187,6 Op/n.
[o 21-ro gHs piBeHb (PepMEeHTY 3HaYHO 3HU3NBCS — Ha
73,9 % (P<0,001), mo 250,2+108,3 Og/n, wo moxe bytn
noB’si3aHe 3i 3MEHLLEHHSM IHTEHCUBHOCTI NpoLeciB pocTy
KICTKOBOI TKaHWHM Ta aganTaLliero 4O HOBMX YMOB FOAiBSi.
Ha 35- geHb aktuBHicTb ALP 1 Hapani 3HxyBanacs 1a
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Fig. 5. ALT and AST activity in piglet blood serum under the influence of IPS (U/L; M+SD; n=10)
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ctaHosuna 198,1159,0 Oa/n, wo Ha 20,8 % Hwwkue, HixX
Ha 21-1 geHb (P>0,05). Y nopocsr, aki otpumysanm IMNC,
akTmBHicTb ALP Ha 9-11 geHb 6yna 833,4+181,1 Og/n, wo
Ha 13,0 % Hwk4e, HXX y KOHTPONBHIN rpyni. [o 21-ro gHa
piBeHb hepMeHTY 3HM3MBCS Ha 67,6 % (P<0,001) — po
270,0+61,0 Og/n, wo Ha 7,9 % BuLLe, HiXX Y KOHTPOIbHIN
rpyni. Ha 35- aeHb aktmBHicTb J1® 3pocna Ha 7,8 % —
0o 272,3+59,9 Op/n, wo Ha 37,5 % BuLe, HiX Yy NOpo-
cAT KoHTponbHoi rpynu (P<0,05). Lie moxe cBigumTty npo
BiNbLL aKTUBHWI KICTKOBWIM MeTaboniam i NigTpUMKy MiHe-
paneHoro oOMmiHy B NopocsT, siki oTpumyBanu IMNC, HaBiTb
nicns Bigny4YeHHs.

[MtoKo3a € KINYOBMM NMOKa3HNKOM €HEPreTU4HOro
MeTaborniamy, WO Bigobpaxae CTaH ByrneBogHoro 0bmi-
Hy, piBeHb CTpecy Ta aganTauiiHi MOXITMBOCTi OpraHia-
My [9]. Y NOpOCAT KOHTPOMbHOI FPynu piBeHb rMIOKO3M
Ha 9-n geHb cTaHoBuB 6,98+1,73 mmonb/n (puc. 7).
[lo 21-ro gHA cnocTepiranocsi 3HMWKEHHS PiBHSA TMHOKO-
3u Ha 11,7 % (P>0,05) — po 6,16+0,91 mmonb/n, Wwo
MoXe OyTu NoB’si3aHe 3 MOCTYMNOBMM NEPEXOAOM Op-
raHiamy 4O BUKOPUCTaHHS iHWNX gkepen eHeprii. [o
35-ro gHs KOHUEHTpaUis rMoKo3M 3HM3UNacs Lwe Ha
25,3 % (P<0,05) — o 4,60+0,78 mmonb/n. Y nopocHr,
Ak otpumysanu IMNC, piBeHb Moko3n Ha 9-i oeHb OyB
6,62+1,39 mmonb/n, Wwo Ha 5,2 % HWXYe, HXK Y KOH-
TponbHin rpyni. [Jo 21-ro AHA piBeHb rMIOKO3N 3pic Ha
3,8 % i ctaHoBwMB 6,87+0,76 mmonb/n, wo Ha 11,5 %
BULLE, HK ¥ KOHTPOIbHIN rpyni. Ha 35-1 AeHb KOHLEeH-
Tpauis rnoko3n 3Hm3unacs Ha 25,5 % (P<0,05) — go
5,12+0,70 Mmonb/n, ogHaK Len piBeHb 3anuLiaBcs Ha
11,3 % BULLMM, HIXX ¥ KOHTPOIbHIN rpyni.

KanbLji € 0oHUM i3 HANBAKMUBILLINX MAKPOESIEMEHTIB,
LLIo Bepe yyacTb y hopMyBaHHi KICTKOBOI TKaHWHW, peryns-
Ll HepBOBO-M’AA30BOI aKTVBHOCTI Ta NATPUMLL rOMeocTasy
[20]. Y nopocaT KOHTPOBHOI rpynu piBeHb KanbLjto Ha 9-1
AeHb cTaHoBMB 2,22+0,45 mmonb/n (puc. 8). Jo 21-ro gHa
BigOyrnocs 3HYKEHHS piBHSA KanbLito Ha 9,5 % (P>0,05) —
00 2,01+0,22 mmonk/n, Lo MoXe ByTv NoB’A3aHe 3 akTue-
HVMM POCTOM TBapWH | 3MIHOK MiHEparibHOro MeTaborniamy.
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[o 35-ro aHsa piBeHb KanbLilo 3anuaBcs cTabinbHUM.
Y nopocsT, aki otpumyBanu IMNC, piBeHb kanbLjto Ha 9-1
OeHb 6yB 2,27+0,33 MMornb/n, TOBTO Ha 2,3 % BULLMA, HiXX
Y KOHTPOIbHIn rpyni. [Jo 21-ro gHA piBeHb KanbLito 3HKU-
3uBcs Ha 9,3 % (P>0,05) — no 2,06+0,25 mmonk/n, o
Ha 2,5 % BuLLe, HiX Yy KOHTPOMbHIN rpyni. Ha 35- geHb
KOHLIEHTpaLisi KanbLjto 3aMeHwwmnacs we Ha 6,3 % — ao
1,9340,20 mmonb/n, Wwo Ha 5,9 % HWXKYe, HiXK Yy KOH-
TPOnbHIN rpyni.

doccop € 0gHNM i3 KITHHOBMX MaKPOENEMEHTIB, LLO
Gepe y4acTb y pOpMyBaHHI KICTKOBOI TKAHWUHW, eHepre-
TUYHOMY MeTaboni3mi Ta perynsuii KUCIIOTHO-NY>XHOIo
GanaHcy [14]. Y nopocsaT KOHTPOSLHOI rpynu piBeHb oc-
dopy Ha 9-1 aeHb cTaHoBwB 3,9810,48 mmonk/n (puc. 8).
[o 21-ro gHsa BigGynocs 3Ha4YHe 3HWKEHHST piBHSA hoc-
¢opy — Ha 27,9 % (P<0,05), oo 2,87+0,42 mmonb/n.
Ha 35-11 oeHb piBeHb dhocdopy Lue 3HM3nBCA Ha 22,6 % —
0o 2,22+0,30 mmonb/n.

Y nopocsr, ski otpumysanu IMNC, piseHb dpocdopy
Ha 9-1 AeHb cTaHoBMB 3,69+0,87 Mmonb/n, TO6TO OyB
Ha 7,3 % HWKYMR, HdXX y KOHTPOMbHIN rpyni. o 21-ro
OHs1 piBeHb dhocdopy 3HU3MBCA Ha 26,5 % i cTaHoBMB
2,71+0,56 MMonb/n, WO Ha 5,6 % HWKYe, HiXK Y KOHTPOIb-
Hin rpyni. Ha 35-n geHb piBeHb dhoccopy 3anuiiascs
ctabinbHUm — 2,26+0,35 mmonb/n.

CnieBigHoLweHHSA kanbuito o docdopy (Ca/P) €
BaXMMBUM NOKa3HMKOM MiHepanbHOro obmiHy, Lo Big-
obpaxkae 6anaHc Mk HaaAXOOPKEHHSAM, 3aCBOEHHSIM | BU-
KOPUCTaHHAM LIMX MaKpoereMeHTIB Yy npoLecax pocTy,
PO3BUTKY KICTKOBOI TKaHWHW Ta NiATPUMKMA MeTabonivyHol
piBHOBarn. OnTumManbHUIA piBeHb LbOro koedilieHTa €
KPUTMYHO BaXXNMBMM 4115 NPaBUSIbHOTO hOpMYBaHHSI
cKeneTa 1 3aranbHoro romeoctasy TeapuH [20]. Y nopo-
CAT KOHTPOIbHOI rpynu BigHoweHHsA Ca/P Ha 9-1 aeHb
ctaHoBuno 0,56+0,09 (puc. 9). o 21-ro gHA Len nokas-
HUKK 3pic Ha 28,6 % (P<0,05) — go 0,72+0,17. o 35-ro
[OHs1 crnocTepiranocsa nogasnblue NiaBULLEHHS KoedoiljieH-
Ta Ha 31,9 % (P<0,05) — po 0,95+0,24, 1o moxe cBia-
YUTM NPO 3MEHLLEHHSI OOCTYNMHOCTI hocdopy B OpraHiami
abo komneHcaTopHy ajanTaLito Nicns BianyyYeHHs.

Y nopocsr, aki oTpumyBanu IMNC, cniBBigHOLWEHHS
Ca/P Ha 9-n geHb 6yno 0,64+0,12, To610 Ha 14,3 %
BULLIE, HIXX Y KOHTPONbHIMA rpymi, WO MOXe CBIigYUTU Nnpo
Ginbw 36anaHcoBaHU MiHepanbHUn 0bmiH. [Jo 21-ro
OHS MOKasHuK 3pic Ha 23,4 % (P<0,05) — po 0,79+0,18,
Wo Ha 9,7 % BuLe, HiX Yy KOHTpOnbHIM rpyni. Ha 35-n
JeHb cnieeigHoweHHst Ca/P 3Hu3nnoca Ha 13,9 % — oo
0,88+0,18, Lo Ha 7,4 Y% HWKYe, HDK Y KOHTPOSIbHIN rpyni.
Lli 3miH1 MOXyTb cBig4MTK Npo BinbLl edeKkTUBHE BU-
KOpUCTaHHS KanbLito Ta gocopy B npouecax MiHe-
panisauii Ta aganTadii nicns BianyyYeHHs.

OTpumaHi pesynbTaTy BKa3ylTb Ha Te, wo IMNC
cnpuvsie onTumisadii 6inkoBoro, BYrneBOgHOrO Ta MiHe-
panbHoro obmiHy, MiaTpumyouM disionoriyHy aganTa-
Lit0 MOPOCAT Y CTPECOoBUI Nepio nicrns Biany4YeHHs.
Lle cBigunTb Npo NOTEHUiNHi nepeBary BUKOPUCTaHHS
INC y cycTemi rogieni NopocsT ANst MOKPALLEHHS IXHBOMO
MeTaboniyHOro cTatycy Ta 3aranbHOro 3gopoB’s.
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Fig. 9. Calcium to phosphorus ratio in piglet blood serum under the
influence of IPS, conventional units (MtSD; n=10)

TakvM YMHOM, Y MOPOCAT NiCrsA Bioly4eHHs cnocTepi-
raeTbcs BUpaxkeHa metaboniyHa nepebynoBa, ska € Jo-
Ka30M 3Ha4YHMX aganTauinHuX 3miH. BukopuctaHHs i3o-
TOHIYHO-NPOTEIHOBOT CyMiLLli CNIPUSNIO MOM’AKLLEHHIO LINX
npouecis, 3okpema 3abe3neunno BULLMIA piBEHb 3ararb-
HOrO NPOTEiHY, anbbyMIHIB i rMoByniHiB y mopocAT gocnia-
HOI rpynu K A0, TaK i NicNs BigNy4YeHHs, WO CBiAYATb Npo
KpaLly GinkoBy 3abe3neveHicTb Ta NigTPUMKY iMYyHHOI
dyHkuUil. [icna Biany4YeHHs1 cCnocTepiranocst 3HWXKEHHS
Ce4YoBUHU, cTabinbHi noka3Hukn ALT i He3HadHe nigBu-
weHHa AST, wo Bkasye Ha ePeKTMBHE BUKOPUCTaHHS
NpoTeiHy Ta Kpallly aganTauito neviHku. PiBeHb rmoko3n
OyB BMLLMM, NOPIBHAHO 3 KOHTPOMEM, L0 NiATBEPOKYE
CTabiNbHICTL eHepreTU4Horo oomiHy. 3aranom IMNC cripuse
3MEHLLEHHIO CTPECOBUX PeakKLin Micns BianyyYeHHs i no-
KpaLLleHHIO MeTabornivHOro cTaTtycy NopocAT.
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Biochemical blood parameters of piglets under the influence of an isotonic protein solution

O. A. Sheptukha, D. M. Masiuk
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Dnipro State Agrarian and Economic University, 25 Serhiia Yefremova str., Dnipro, 49027, Ukraine

The aim of this study was to investigate the effect of administering an isotonic protein solution (IPS) during the weaning period on
blood biochemical parameters of piglets. The study was conducted on early postnatal piglets divided into control and experimental groups.
Blood samples were collected at 9, 21, and 35 days of age to assess key metabolites and enzyme activity. In control piglets marked meta-
bolic shift occurred post-weaning. Total protein increased to 55.7+3.6 g/L but decreased by 17.2 % (P<0.05) post-weaning to 46.1+4.7 g/L.
Albumin levels rose by 20.4 % (P<0.05), followed by a non-significant drop of 5.1 % (P>0.05). Globulin concentrations decreased by 6.6 %
by day 21 (P>0.05) and further declined by 28.8 % after weaning (P<0.001). Blood urea levels rose by 55.4 % (P<0.05) by day 21, indicat-
ing intensified protein catabolism, but remained elevated by only 8.6 % post-weaning (P>0.05). Liver enzymes ALT and AST decreased
by 19.2 % (P>0.05) and 33.5 % (P<0.05), respectively, by day 21, but increased by 35.3 % (ALT) and 8.8 % (AST) after weaning.
Carbohydrate metabolism was also affected: glucose levels decreased by 11.7 % (P>0.05) by day 21 and by an additional 25.3 % (P<0.05)
post-weaning. In the experimental group metabolic stability was greater than in the control. Total protein increased by 19.3 % (P<0.05) by
day 21 and decreased by only 12.0 % (P<0.05) post-weaning, remaining above control levels. Albumin increased by 22.0 % (P<0.05) and
remained 5.8 % higher than control after weaning (P>0.05). Globulin levels initially decreased by 12.8 % (P > 0.05) by day 9, but increased
by 16.9 % by day 21 (P<0.05) and remained 25.6 % higher post-weaning (P<0.05). Urea levels increased by 19.4 % (P>0.05) by day 21,
then decreased by 11.6 % post-weaning (P<0.05), suggesting more efficient protein utilization. ALT remained stable, while AST increased
by only 6.4 %, reflecting better hepatic adaptation. Carbohydrate metabolism was also more stable: glucose increased by 3.8 % (P>0.05)
by day 21 and was 11.3 % higher post-weaning compared to the control. Thus, administration of IPS contributes to stabilization of protein
and energy metabolism, reduces post-weaning stress responses, and improves the overall metabolic status of piglets.

Key words: piglets, metabolism, isotonic protein solution, weaning
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o [ocnigxeHHsa kopmiB

o [HocnimkeHHs Morioka

o [ocnimkeHHs 9eub

o BwusHaveHHs nokasHWUKIB AKOCTI Meny
o [ocnigxeHHsa BOBHU | BONoccs

o ATOMHO-abcopOuinHM | aTOMHO-EMICIMHMIA aHani3
KOHLEHTpaUil XiMiYHNX efleMeHTIB

o AHani3 opraHiyHnx nobpmus L

OpraHi3oBye npoBefeHHs AocnigXeHb Ha nlabopaTopHUX TBapmMHax
| Hagae kBarnigikoBaHy iHTepnpeTaLito OTPUMaHUX pesyneTaTiB.

* MOXIuge rnpoe8edeHHs iHWUX 0CIOXeHb
** gci nabopamopii IHcmumymy akpedumosaHi 05151 PoeedeHHs A0CiOXeHb

IHcTuTyT Gionorii rBapuH HAAH

Byn. B. Ctyca 38, m. JlbBiB, 79034
Ten.: +38 (032) 270-23-89, +38 (96) 858-37-76
e-mail: markinfo@inenbiol.com.ua

3aexou padi crniisnpaui 3 Bamu!



3anpouwyemMmo po3mMmicTuT peknamy Bawoi komnaHii
Ha CTOopiHKaxX HayKoBoro ypHany «bionoria tBapumH»!

Mwu roTtosi cniBnpavoatv 3 Bamu anga cTBOpeHHs1 e(pekTUBHOI peknamMHol cTpareril,
sika Bignosigae Bawwum notpebam i 6rogxery.

[MponoHyeMO pi3Hi BapiaHTM pO3MILLEHHS peknamu, 3oKkpema baHepu, OronoLLEeHHS
abo cTaTenHo-peknamHi matepianu.

Peknama B Halomy XypHani 4o3BonuTb Bam:

" 3any4nTN yBary HaykosLiB i ¢paxiBuiB Ao Bawloi komnaHil Ta npoaykKLir;

" NiABULLMTK BRi3HABaHICTb BpeHay Ta No3uuioHyBaHHSA Baluol koMnaHii Ha puHKY;
" 3aMy4YUTU HOBUX KNIEHTIB i po3wmpnTi Bawly knieHTCbKy 6aay.

[Mponoaudii oo cnienpadi Ha 2024 pik:

" peKnamMmHum 6nok Ha 2 ctopiHkn — 1000 rpH B 04HOMY HOMEPI XypHany,
2500 rpH y TpbOX HOMepax XXypHarny.

" peKrnamMmHum 6nokK Ha 1 ctopiHky — 2000 rpH B 0g4HOMY HOMeEpI XypHany,
5000 rpH y TpbOX HOMepax XypHarny.

KoHnTakTn: (+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



