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Abstract. Animal mycobacterioses, unlike those in humans, are not in the focus of veterinary
science and practice for various reasons. This fact, as well as some others, including the growing
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sensitisation of productive animals, is an objective, albeit indirect, indication of the existing problem
of mycobacteriosis in veterinary medicine. This study employed the comparative geographical and
epizootological methods of analysis. The findings obtained from the publications of scientists
from around the world helped to summarise and objectively assess the severity of the epizootic
situation regarding mycobacteriosis in animals in the world and in Ukraine, to identify a range of
features of the infectious and epizootic processes, and to establish the dominant aetiopathogenetic
criteria for this infection in animal populations. Animal mycobacteriosis is the subject of detailed
scientific research in most countries of the world, as this disease is widespread among productive
and unproductive (domestic and wild) animals, as well as the fish fauna of sea and river waters.
It was found that the most common causative agents of mycobacteriosis are nontuberculous
mycobacteria such as Mycobacterium avium complex, M. abscessus complex, M. kansasii, and
M. fortuitum, and some others. In Ukraine, animal mycobacteriosis is not given due attention,
even though parallergic reactions to tuberculin in cattle lead to complications in the diagnosis
of tuberculosis infection. They cause considerable losses in dairy farming due to the culling and
slaughter of highly productive cows. Identification of aetiopathogenetic patterns of paraallergic
reactions to tuberculin in productive animals is a key to effective control and management of the
epizootic process of animal mycobacteriosis and reduction of biohazards of human infection with
non-tuberculous mycobacteria through food of animal origin

Keywords: tuberculosis; tuberculin; allergen of atypical mycobacteria; epizootic process; infectious
process; allergic reactions; diagnostics

Introduction

Animal mycobacterioses, among other well-
known problems of modern veterinary med-
icine, have become an objective issue in
many countries. According to O.A. Zhurylo et
al. (2020) and the World Health Organisation
(2022), mycobacterioses of cattle — animals
that are the main producers of milk and dairy
products — are of the greatest epizootological
and biomedical significance. The findings from
L. Varela-Castro et al. (2022) also support this.
The detection of nonspecific (paraallergic) re-
actions to tuberculin, primarily in cows from
dairy farms that are free of tuberculosis, is a
common phenomenon in many countries, in-
cluding Ukraine. However, such para-allergic
reactions to tuberculin in cattle are not usually
recorded by specialists of state veterinary insti-
tutions, as they are deeply rooted in the opinion
that non-tuberculous mycobacteria (NTMB) do

not cause an infectious process in animals, but
only cause sensitisation of the animal body.
Based on this postulate, developed back in
the 1950s, a misconception is being built that
animal sensitisation is not the result of a la-
tent infectious process caused by NTMB, but a
permanent, harmless phenomenon that is not
related to the infectious process. Thus, if there
is no infectious process, then there can be no
question of an epizootic process. Mycobacter-
iosis is an infectious disease caused by NTMB,
which has its own aetiopathogenesis, inherent
pathological and specific histomorphological
changes, and is characterised by a predomi-
nantly asymptomatic, permanent form with
sensitisation and chronic course. And as indi-
cated by P.K. Boyko et al. (2021), the presence of
an infectious process in one third of the dairy
cows in the herd of a dairy farm is indisputable
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evidence of the functioning of the epizootic
process of mycobacteriosis in the herd.

The epidemiological monitoring of dis-
eases caused by ATMB can become the basis
for creating an information base for in-depth
investigation of the epidemiology of mycobac-
terioses and the ecology of the causative agents
of these infections to develop further concepts
for the control and management of infectious
and epizootic processes of mycobacterioses in
animals. This, as pointed out by V.O. Busol et
al. (2014), will allow to consider milk and dairy
products not only as dietary foods, but also as
a potential factor of NTMB transmission from
AMB-infected cows to the public. Monitoring
for the presence of NTMBs in raw milk may
eventually become a mandatory requirement of
the DSTU as one of the criteria for preventing
biohazards to human health from milk and dairy
products. Therefore, the purpose of this review
was to analyse the literature on the specific
features of the epizootic process and the dom-
inant aetiopathogenetic criteria of mycobacte-
riosis in animal populations at the global level.

To fulfil this purpose, the comparative geo-
graphical and statistical methods, as well as the
method of epizootological analysis, were used.
Furthermore, in processing the scientific litera-
ture data, generally accepted research methods
and techniques were employed, namely, scien-
tific search, systematic approach, observation,
generalisation, and description of published
experimental data of other researchers, etc.
The authors summarised and provided their
own assessment of the main conclusions of the
researchers of each of the scientific sources.

Environmental mycobacteria -
potential causative agents of
mycobacteriosis in animals
Mycobacteriosis is an infectious disease of
humans and animals caused by representa-
tives of a large group of NTMBs. V.N. Dahl et
al. (2023) found an increasing role of NTMB in

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2

the incidence of pneumonia in Denmark, while
I. Pavlik et al. (2021) established the clinical
manifestation of mycobacteriosis in fish, ani-
mals, and humans caused by M. fortuitum.

According to F. Jamal & M. Hammer (2022),
in the early years, according to the introduced
classification system for non-tuberculous
mycobacteria, they were also called atypical
mycobacteria (AMB). Presently, according to
J.O. Falkinham (2013), they have been given
another name - environmental mycobacteria.
K.H. Schroder et al. (1992) report that ATMBs
were identified shortly after they were found to
cause human lung disease in the 1950s. Accord-
ing to Z. Cvetni¢ et al. (2018), in 1954, A. Tim-
ple and E. Runyon proposed a classification of
NTMBs, which is now called the Runyon classi-
fication. According to this classification, myco-
bacteria are divided into 4 main groups based on
growth rate, colony morphology, and pigmen-
tation ability. According to O.S. Shevchenko et
al. (2019), the group of NTMBs most commonly
encountered in the clinical practice of humane
medicine doctors includes M. avium-intracellu-
lare complex (MAC-complex), M. kansasii, M. for-
tuitum, M. abscessus, M. chelonae and a range of
others. They are often released from water, soil,
and other environmental objects.

On the other hand, the unique structure
of the mycobacterial cell wall, which contains
many fatty and waxy compounds, substantially
increases both the adaptive properties of myco-
bacteria to changing environmental conditions
and their resistance to phagocytosis. This, ac-
cording to D.T. Armstrong et al. (2022), provides
mycobacteria with the ability to survive in the
environment foralongtime andisthusoneofthe
determining factors in the considerable spread
of mycobacteria among farm and wild animals.

Given the widespread distribution of ATMB
in biotic and abiotic environmental objects,
confirmation of their aetiopathogenic role in
a particular case, detection of signs of sensi-
tisation of the organism by them, and even
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isolation and identification of the mycobacte-
ria themselves requires the establishment of
an infectious process in animals. Therefore,
the available criteria for this may include the
results of bacteriological and biological studies,
which can be used to establish the presence of
pathogenicity factors in the identified myco-
bacteria, or to detect pathological or pathomo-
rphological changes in the organs and tissues
of animals suspected of having the disease.

According to T.K. Marras et al. (2017), the
American Association of Thoracic Surgeons has
developed microbiological, clinical, and molec-
ular genetic criteria to establish the aetiologi-
cal role of NTMB in HIV-positive and HIV-neg-
ative patients. Unfortunately, such criteria have
not yet been developed in veterinary medicine.

The results of the monitoring of scientific
literature on the persistence of AMB in animal
organisms suggest that a wide range of differ-
ent animal species inhabiting the territories of
countries on all continents are infected with
them. The list of animals from which NTMBs
have been isolated that have caused myco-
bacterioses includes productive agricultural,
domestic, and wild animals, poultry, fish, am-
phibians, reptiles, and insects. The present re-
view focused on those animal species and those
types of NTMBs that can or do pose a biohazard
to public health, both as evident and potential-
ly pathogenic microorganisms.

Thus, according to K. Roltgen & G. Plus-
chke (2022), M. ulcerans infection, or Buruli
ulcer, is a mycobacterial disease of humans in
West and Central Africa, as well as Austral-
ia and Oceania, and is closely associated with
tropical wetlands where M. ulcerans is found in
water, marshes, fish, and insects. Experimental
infections with M. ulcerans have been repro-
duced in lizards, amphibians, chicken embryos,
opossums, armadillos, rats, mice, and cattle.
Natural infection in animals has been observed
only in Australia, specifically in captive koalas,

ring-necked possums, and alpacas. The lesions
were clinically analogous to those observed in
humans.From this review, it can be concluded
that the parasitism of M. ulcerans on amphib-
ians and warm-blooded animals, as well as
humans, is optional, while the ecology of the
pathogen itself indicates a saprophytic mode
of life as the main one. That is, in the evolu-
tion of this AMB species, a gradual transition
from saprophyticism to pronounced parasitism
is observed, which suggests considering it a po-
tential pathogen of a dangerous infectious dis-
ease of animals and humans.

Analysing the epidemiological features of
mycobacterioses, O.A. Zhurylo et al. (2020) re-
port that up to 80% of human mycobacterioses
are caused by M. avium complex. They believe
that the main reservoir of M. avium is open wa-
ter. M. avium is transmitted from water to hu-
mans by aerosolisation as a result of the natural
formation of aerosols above the water surface.
Sick poultry are often the source of M. avium.
Therefore, it can be argued that the infection
caused by M. avium complex is sapronotic or zo-
onotic. This report raises the question: if open
water is a reservoir of M. avium, then what is
the source of this mycobacterium species from
which it enters open water? Could water bod-
ies be a habitat for mycobacteria? Scientific re-
search on the ecology of M. avium may provide
answers to these questions.

Infectious and epizootic processes
in mycobacteriosis in Ukraine
Mycobacteriosis as a nosological unit of infec-
tious pathology in veterinary medicine does not
yet have the recognition and even definition
that infections caused by mycobacteria of the
tuberculosis complex (M. tuberculosis, M. bovis,
M. africanum) have. The World Organisation
for Animal Health (OIE) does not include ani-
mal mycobacterioses in epizootic monitoring.
Therefore, it is impossible to give an objective
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assessment of the spatial and temporal dynam-
ics of the intensity of the epizootic process of
mycobacteriosis in the world and in Ukraine
specifically. Therefore, to fulfil this purpose,
the materials of scientific publications related
to this issue were used. The findings of these
studies were obtained using different meth-
ods and did not always have the same purpose,
which also bears the imprint of non-uniformity
of the data being compared.

To assess the severity of the epizootic sit-
uation with mycobacteriosis in Ukraine objec-
tively, it was necessary to first investigate the
spatial and temporal features of the manifes-
tation of mycobacteriosis in animals. The peri-
od of scientific observation included the years
from 2000 to 2023. There are a range of reasons
for the complexity of the task of assessing the
epizootic situation in Ukraine. The objective
reasons include a considerable reduction in
the number of productive animals, the com-
plete elimination of certain livestock industries
(horse breeding, sheep breeding, rabbit breed-
ing), and a considerable reduction in the period
of keeping cows on dairy farms due to changes
in milk production technology. The subjective
reasons include the unsatisfactory level of diag-
nosis by veterinary practitioners and the lack of
interest of specialists from state veterinary in-
stitutions in diagnosing new infectious pathol-
ogies, which adversely affected the reflection
of the real state of the epizootic situation with
mycobacteriosis, and hence the reduction in
demand for the development of modern diag-
nostic methods and means of preventing infec-
tions caused by atypical mycobacteria (AMB).

B.M. Yarchuk et al. (2002) note that, as with
any factor infection, the epizootic process of
mycobacteriosis in animals is characterised by
the interaction of three links — the source of
the infectious agent, the mechanism of trans-
mission of the pathogen, and the susceptible
organism. This interaction takes place against
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the backdrop of various environmental factors.
Therewith, the latter in most cases play a deci-
sive role in the manifestation of the infectious
process of all factor infections, including myco-
bacteriosis. There is currently no consensus on
the source of the causative agents of animal my-
cobacteriosis. However, P.K. Boyko et al. (2021)
suggest that animals infected with AMB, in-
cluding those that respond positively to AMA,
are the main source of the infectious agent, be-
cause mycobacteria in their bodies are not just
indifferent microorganisms, but also cause an
active, albeit clinically latent, infectious pro-
cess. Once in the body of animals, AMBs in-
crease their pathogenicity and, when excreted
into the environment in faeces, milk, or other
secretions, infect other animals, which we ob-
served in the cows of the dairy farm we studied.

However, considering that the problem
of mycobacteriosis in animals is at the initial
stage of its development, we believe that the
first link of the epizootic chain, namely the
characteristics of the source of the infection
agent, has been understudied. V.M. Gorzheev et
al. (2004) emphasise that the investigation of
the ecology of different mycobacterial species
in animals and in environmental objects al-
lows determining the degree of activity of the
pathogen in the manifestation of the epizootic
process. Such a theoretical substantiation can
be used for a comprehensive study of the ep-
izootic process in both tuberculosis and other
mycobacterioses.

L. Heifets (2004) believes that little at-
tention is paid to the study of microbiological
characteristics of AMB. This is explained by a
range of reasons. As reported by L.M. Feazel et
al. (2009), mycobacterioses do not have a tuber-
culosis-like clinical course, and therefore are
difficult to detect by clinical diagnostic meth-
ods. They often form a mix of infections with
tuberculosis, which is why diagnosticians over-
look them. However, possessing a wide range
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of resistance, AMBs can survive in the environ-
ment for a long time and infect susceptible an-
imals for a considerable period of time, causing
sensitisation or infection, which is determined
by the virulence of mycobacteria.

According to E.M. Lipner et al. (2017), the
source of pathogens in animal mycobacterioses
is sick animals and bacterial carriers, as well
as various environmental objects (feed, water,
soil, manure), where mycobacteria can not only
survive but also multiply, increasing their pop-
ulation, but also have certain ways of entering
susceptible organisms, which from the stand-
point of epizootology is the basis for classifying
them as saprophytic. However, considering the
genetically determined pathogenicity factors
(cord factor; specific feature of the cell wall
structure, which provides resistance to phago-
cytosis; ability to form L-forms; availability of
mechanisms to overcome and inactivate ad-
verse environmental factors, which puts them
in second place after spore-forming microor-
ganisms in the bacterial domain), R.A. Mercal-
do et al. (2023) argue that a considerable num-
ber of Mycobacterium species evolve towards
complete pathogens such as M. avium, M. intra-
cellulare, M. kansasii, M. fortuitum, M. abscessus,
M vaccae, etc.

According to V.M. Gorzheev (2005) and
A.l. Zavgorodnyi (2014), in Ukraine, during
routine allergic studies, 200-280 farms annual-
ly detect reactive animals in which no lesions
inherent in tuberculosis are found in organs
and tissues during diagnostic slaughter. Bac-
teriological tests of biomaterial from such
animals do not isolate the tuberculosis path-
ogen. However, non-tuberculous mycobacte-
ria (NTMB) are isolated from the lymph nodes
and submucosal layer of the cranial colon, in-
cluding M. fortuitum, M. scrofulaceum, M. xen-
opi, etc. The studies of such Ukrainian scien-
tists as V.M. Gorzheev (2005), G. Dyachenko et
al. (2006), B. T. Stegniy et al. (2014) proved that

over the past 30 years, the isolation of AMB,
specifically M. smegmatis, M. fortuitum, M. phlei,
M. vaccae, etc. has increased significantly (up
to 86.2% of the total number of all isolated and
identified mycobacteria) from tuberculin-reac-
tive cattle.

The isolation of AMB adversely affects di-
agnosis and health promotion activities, es-
pecially in the case of recurrent tuberculosis.
G. Dyachenko et al. (2006) note that the use of a
comprehensive method of tuberculosis testing
allows differentiating the nature of reactions
to tuberculin in cattle during two cycles of di-
agnostic tests. Farms in which cattle are sen-
sitised by AMB should be considered TB-free,
as atypical mycobacteria in healthy animals do
not cause the development of the TB process.

However, the question of how to deal with
animals that tested positive for the atypical
mycobacterial allergen (AMA) is still open.
According to B.T. Stegniy et al. (2014), these
animals, as well as those that have shown par-
allergic reactions to tuberculin, are considered
free of TB and can stay in the herd without any
restrictions. In this regard, the question stays
as to the mechanism of sensitisation — wheth-
er it is a physiological or pathological reaction
of the immune system in response to perma-
nent or permanent ingestion of AMB into the
body of animals or the result of an infectious
process caused by AMB. The answers to this, as
well as to many other related questions, can be
obtained in a detailed investigation of the ways
of infection of animals with AMB, their interac-
tion at the cellular, tissue, organ, and organis-
mal levels of infected animals.

A.l. Zavhorodniy & O.V. Kotlyar (2014)
found that among cattle in TB-free farms in
Ukraine, reactions to tuberculin (purified pro-
tein derivative) for mammals were caused by
13 species of atypical mycobacteria, including
M. gordone, M. scrofulaceum, M. avium, M. ter-
rae, M. xenopi, M. peregrinum, M. fortuitum,
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M. smegmatis, M. vaccae, M. phlei, M. flavenscens,
M. diernhoferi, M. thamnpheos. The researchers
proved that some isolated species of atypical
mycobacteria caused in guinea pigs an increased
delayed-type sensitivity to mammalian tuber-
culin (PPD) but did not cause pathological and
anatomical changes inherent in tuberculosis.

However, the scientists do not mention the
presence of histomorphological changes in the
experimental animals. According to V.O. Bu-
sol et al. (2014), histological studies and bacte-
riological examination of regional lymph nodes
in infected guinea pigs for the presence of AMB
would provide a broader view of the mecha-
nism of sensitisation, and therefore the nature
of paraallergic reactions in both experimental
animals and animals from which these myco-
bacteria were isolated. The data obtained by the
researchers suggest that a considerable number
of AMBs circulate among the cattle population
in Ukraine, which complicate allergic diagnosis
of tuberculosis in herds of productive animals
and pose a threat of human infection through
food of animal origin.

This review suggests that none of the
Ukrainian scientists has addressed the underly-
ing mechanisms of AMB-induced sensitisation
in animals. It is unclear at what stage of inter-
action between a microorganism and a macro-
organism sensitisation occurs, whether it is a
result of a latent infectious process caused by
AMB, or whether infection with AMB is a purely
mechanical process of their penetration into the
bodywith the subsequent activation of a delayed
hypersensitivity reaction, which is detected by
allergic testing. In the end, the mechanisms of
extinction of this process are still unexplored,
because paraallergic reactions to tuberculin
are permanent, i.e., they can disappear after
a certain period of time and then reappear.

The detection of nonspecific (paraallergic)
reactions to tuberculin, primarily in cows from
dairy farms free of tuberculosis, is a common
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phenomenon in many countries. Thus, accord-
ing to G. Dyachenko et al. (2006), A.1. Zavhorod-
niy et al. (2018), in the United States, 10-15%
of animals with paraallergic reactions to tu-
berculin are detected in routine allergic tests
of cattle for tuberculosis, in France - 15-30%,
in Latvia — 35.8%, in Lithuania — 81.8-98.3%, in
Estonia — 92-95.1%.

These facts are indirect, but objective evi-
dence that AMB circulate in cattle herds around
the world, which are the main factors in the
occurrence of non-specific reactions to tuber-
culin. On the other hand, it can be argued that
the problem of infection of productive animals
with AMB is relevant not only from a scientific
standpoint, specifically, a deeper investigation
of the aetiopathogenesis, but also from a prac-
tical standpoint — how to reduce “spontaneous”
outbreaks of paraallergic reactions in a particu-
lar herd. The question persists whether these
reactions are based on sensitisation of the body
as a physiological reaction of the immune sys-
tem in response to the ingestion of AMB, or
sensitisation of the body as a result of an infec-
tious process caused by these bacteria.

According to A.I. Zavhorodniy et al. (2018),
as of 1 January 2017, there were no more TB-af-
fected locations in Ukraine. However, according
to the World Organisation for Animal Health
(OIE), Ukraine is currently not in a good situa-
tion regarding animal tuberculosis. This is evi-
denced by allergic reactions of cattle to tuber-
culin, which are constantly detected in many
farms in Ukraine. Reports by V.Yu. Kassich et
al. (2010), A.I. Zavhorodniy et al. (2018) on the
epizootic situation of tuberculosis and other
mycobacterioses of cattle in Ukraine at the be-
ginning of the 21st century indicates that the
average annual number of dairy farms where
reactive animals to tuberculin and allergen of
atypical mycobacteria are detected is about
250%30, (1.47%) of all medium and large dairy
farms in the country. The absence of a unified
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reporting system of the State Service of Ukraine
for Food Safety and Consumer Protection on ex-
isting cases of mycobacteriosis in animals does
not allow for an objective characterisation of
the spatial and temporal dynamics of the epi-
zootic process of mycobacteriosis and the iden-
tification of epizootic features of this infection.
Therefore, for the above reasons, it is not possi-
ble to show the distribution of mycobacteriosis
foci by regions of Ukraine, and therefore to es-
tablish the territorial confinement of mycobac-
terial infections in each region.

Features of the manifestation
of infectious and epizootic processes

of mycobacteriosis of animals

in countries around the world
To identify trends in the development of the ep-
izootic process of mycobacteriosis on different
continents, the study first analysed scientific
publications related to the isolation and iden-
tification of AMB from productive animals, and
more concretely from cattle in different coun-
tries of the world. The next step was to analyse
the epidemiological situation regarding myco-
bacteriosis in other animal species, including
amphibians, fish, and poultry.

A group of Brazilian scientists S.A. Bola-
nos et al. (2018) in 08.2014-08.2015 tested
4,766 cows with an intradermal simultaneous
tuberculin test in 15 districts of the state of
Parand (Brazil) using PPD-tuberculin and an
allergen from M. avium. 142 (2.98%) animals
were positive. Most often (71%), cows aged 5-10
years were positive. 14 strains of mycobacteria
(8.4%) were isolated from 12 cows, including
M. engbaekii (n=>5), M. nonchromogenic (n=3),
M. arupense (n=4), and M. heraklionense (n=2).
Despite the absence of M. tuberculosis complex
mycobacteria in the milk samples, the results
highlight the risk of transmission of pathogens
from cattle to humans through milk, as some
mycobacterial species identified in milk have

been identified as aetiological agents in pulmo-
nary and extrapulmonary diseases in immuno-
compromised individuals.

In Brazil, where there are more than 220
million heads of cattle, the study of the ecology
of mycobacterial pathogens is receiving due at-
tention. Thus, R.B. Pardo et al. (2001) identified
Mycobacterium spp. most frequently (78.95%)
out of 780 raw milk samples from 52 cows with
a positive simultaneous sample (Stormont test),
followed by M. fortuitum (10.52%), M. bovis and
M. avium (5.26% each). This is evidenced by sci-
entific publications by C.Q. Leite et al. (2003),
S.A. Sgarioni et al. (2014), which, among other
things, even reported the isolation of NTMBs
from pasteurised milk samples. Consider-
ing that Brazil is the largest country in Latin
America, it can be argued that the prevalence
of mycobacteriosis among productive animals,
especially cattle, is high in other countries of
the continent. This requires further research
to develop effective measures to prevent myco-
bacteriosis in herds of productive animals.

NTMB in cow’s milk was detected in Asian
countries, specifically, M.F. Qamar et al. (2013)
in Pakistan; F. Aydin et al. (2012) in Turkey, and
R.R. Kazwala et al. (1998) in the African con-
tinent — Tanzania. According to C. Chang et
al. (2002), NTMBs are widespread on dairy
farms, being isolated from manure, feed, plants,
and water. NTMB infection in cattle occurs nu-
tritionally through the consumption of con-
taminated water and feed, and aerogenously.
However, few studies have been devoted to the
elimination of mycobacteria from the body of
cows, especially those with positive tuberculin
test results. In this case, the reports of G.S. Pan-
dey et al. (2013), 1. Ben Kahla et al. (2011) on
the detection of M. bovis in milk samples from
cows that reacted positively to tuberculin are of
great interest. M.M. Franco et al. (2013) found
that the majority of mycobacteria are eliminat-
ed by the intramammary route.
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Thus, AMBs are widespread on the territory
of dairy farms in many countries on different
continents of the world - they are isolated both
from abiotic environmental objects and from
the body of cows. Therewith, they are identified
in the milk of both clinically healthy cows and
in the milk of cows that react positively to tu-
berculin and AMA, which suggests that they are
not just transient in the body of cows, but ac-
tively multiply in it with all possible manifesta-
tions of this form of interaction, which is inher-
ent in a clinically latent or chronic course of the
infectious process, and not just sensitisation.

According to scientific publications, NTMBs
are widespread among both domestic and wild-
life animals. Thus, a group of Polish scientists
L. Radulski et al. (2022) found that mycobac-
teriosis in animals is often caused by M. avium
ssp. hominissuis. Many species of animals are
susceptible to infection with this bacterium,
even those in zoos. Therefore, another group
of Polish scientists, M. Bruczyniska et al. (2023),
investigated zoo animals for paratuberculosis
(PTB). Out of 131 faecal samples collected from
different animal species of eight zoos in Poland,
7 isolates of mycobacteria were bacteriological-
ly isolated, including 5 — M. avium, 1 — M. fortu-
itum, and one unidentified species of Mycobac-
terium. PCR confirmed the presence of PTB in
faeces from 9 animals. These data also suggest
that the paratuberculosis pathogen circulates
in animal populations in Polish zoos.

The Australian team of scientists C.R.O’Bri-
en et al. (2014) investigated the spread and
manifestation of the infectious process caused
by M. ulcerans among wildlife (common, ringed,
mountain, and brushtail possums). The mode
of transmission and reservoirs of the bacterium
in the environment is still unknown. Real-time
PCR studies have detected M. ulcerans DNA in
a variety of environmental samples, including
faeces from local opossums with and without
clinical signs of infection. In 27 clinical cases
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of M ulcerans infection in adult opossums, sin-
gle or multiple ulcerative skin lesions were ob-
served, mainly in the head, limbs, and tail, while
in 4 cases, pathological examination revealed
systemic disease. The natural course of the dis-
ease is still unknown, but some easily affected
possums (common brush-tailed and mountain
possums) can spontaneously overcome the in-
fection, while in other animals (common and
ringed possums) the infection can be potential-
ly fatal. The authors believe that further work is
needed to determine whether M ulcerans infec-
tion poses a potential threat to opossum pop-
ulations and whether these animals can act as
reservoirs of the pathogen.

A group of Italian scientists A. Vetere et
al. (2022) described a fatal case of systemic my-
cobacteriosis caused by M. goodii in a Kenyan
sand boa (Eryx colubrinus loveridgei) captured in
the wild. Histological examination of the whole
organs confirmed systemic mycobacteriosis.
M. goodii was identified by real-time PCR. South
American scientists D.H. Morais et al. (2021) pay
great attention to infectious diseases of wild
animals, which are a potential source of human
infectious agents. A total of 1,306 amphibian
specimens belonging to 6 families, 12 genera,
and 21 species were subjected to a comprehen-
sive study. Of these, 17 samples (0.76%) showed
petrified nodules in the intestinal cavity, kid-
neys, liver, lungs, intestines, and pancreas.
The nodules were examined histologically and
by PCR. As a result, M. gordonae was identified.
This is the first report of M. gordonae infection
in these amphibian species in the wild, while
histopathology confirmed a typical mycobacte-
rial lesion in amphibians in northeastern Brazil.

As the results of studies conducted by sci-
entists from different countries suggest, myco-
bacteriosis is widespread in wild populations of
both warm- and cold-blooded animals. There-
with, clinical manifestations of this infection
were observed in animals in all countries where




Epizootological and aetiopathogenetic aspects...

comprehensive (clinical, pathological, bacte-
riological, histomorphological, and molecular
genetic) studies of biomaterials were conduct-
ed. The most commonly identified aetiological
agents include M. ulcerans, M. gordonae, M. avi-
um, M. fortuitum, and many unidentified spe-
cies. This suggests that animal mycobacteriosis
is a widespread phenomenon in the wild fauna
and requires a deeper and broader study of the
specific features of both infectious and epizo-
otic processes, as well as the establishment of
the species composition of pathogens and their
ecology. The findings obtained will be of both
general biological and health and veterinary
significance, as the data will be used to devel-
op an effective system for controlling epizootic
and epidemic processes of mycobacteriosis.

The monitoring of scientific studies on
avian mycobacteriosis has shown that this
subject has received considerable attention
from scientists from around the world. Thus, a
group of scientists from European universities
R.K. Hoop et al. (1993) investigated six cases
of mycobacteriosis caused by M. genavense in
three budgerigars (Melopsittacus undulatus),
one orange-winged amazon (Amazon amazon-
ica), one blue-and-white flycatcher (Cyanoptila
cyanomelana), and one Sunda zebra finch (Tae-
niopygia guttata). Pathological changes caused
by NTMB included muscle wasting (5 cases),
hepatomegaly (4 cases), and thickening of the
small intestine wall (4 cases), as well as gran-
ulomas in the lungs and subcutaneous tissue
(1 case each). Acid-fast bacilli were found in the
liver of all 6 birds. M. genavense was isolated only
on acidic BACTEC medium, while the pathogen
was not isolated on egg medium. These findings
suggest the significant role of the environment
as a reservoir for M. genavense.

German scientists V. Schmidt et al. (2022)
investigated mycobacteriosis of domestic and
some wild birds and the factors contributing to
their occurrence. A total of 50 birds diagnosed

with mycobacteriosis based on pathological
changes were examined. It was found that the
causative agents of mycobacteriosis in birds
were M. avium subsp. avium (identified in 20
out of 50 birds), M. genavense (in 16 out of 50),
and M. avium subsp. hominissuis (in 3 out of 50).
Co-infections (psittacosis, virions, bacteriosis,
mycosis, and endoparasitosis) had no effect on
the manifestation of mycobacteriosis. Patho-
logical changes of mycobacterial origin were
most often (95%) detected in M. avium infection,
while in M. genavense infection - 66%. Patholog-
ical changes were detected in the small intes-
tine in 71% of the birds studied and in the lungs
in 65%, indicating oral and pulmonary inges-
tion of mycobacteria. The new strains of M. avi-
um subsp. hominissuis that were isolated and
identified from birds are of epidemiological sig-
nificance in terms of their zoonotic role, as this
species is of increasing public health concern.

In the 1990s, a group of Czech scientists
K. Hejlicek & F. Treml (1994) investigated the
occurrence and spread of mycobacteriosis
among pigeons, their susceptibility to infection
and epizootological significance as a source of
M. avium. A total of 470 pigeons from seven
settlements with different epizootic situations
regarding avian tuberculosis were studied.
Tuberculosis lesions were detected in 2 birds
(0.43%), and mycobacteria were isolated from 5
birds (1.06%). Four out of five isolated strains of
mycobacteria were pathogenic to poultry. High
resistance of pigeons to M. avium was experi-
mentally proved.

A group of scientists from the Universi-
ty of Panama, C. Rengifo-Herrera et al. (2019),
reported mycobacteriosis in a harpy eagle that
showed extreme emaciation with dyspnoea,
abnormal changes in the spleen, liver, and air
sacs. The biochemical and haematological
changes associated with the infection were not
initially suspected to be mycobacteriosis. The
diagnosis was confirmed by PCR analysis, which
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revealed the presence of the M. avium complex
in the tissue samples. A group of scientists
from the United States, G. Pawsat et al. (2023),
investigated a unique case of mycobacteriosis
in a 32-year-old male salmon crested cockatoo
(Cacatua moluccensis), which was histological-
ly diagnosed with bilateral ulnar lymphoma.
M. genavense was identified by PCR. This is an
unusual case of simultaneous manifestation of
two major diseases — mycobacteriosis and se-
vere degenerative changes in the joints, which
could lead to lymphoma.

The analysis of the above publications
suggests that infection of birds with NTMB is
quite common, and it can be associated with
other pathologies and co-infections, which of-
ten leads to misdiagnosis. The pH of the medi-
um in which we want to isolate mycobacteria
from environmental objects is of particular im-
portance. Clearly, this fact should be borne in
mind not only in the microbiological laboratory
when isolating mycobacteria from biomaterials
and abiotic objects, but also when investigating
the specific features of their ecology. Mycobac-
teriosis in fish is a well-known problem in or-
namental fish farming worldwide, as well as in
food fish species. Less is known about the prev-
alence of mycobacteriosis in wild fish species.
Norwegian scientists N. Sandlund et al. (2023)
described mycobacteriosis in Atlantic mackerel
(Scomber scombrus) in the form of granuloma-
tous kidney disease. M. lentiflavum, M. stomate-
piae, and M. montefiorense were isolated from
6 samples of mackerel caught in the North Sea.

The freshwater ornamental fish trade is the
main source of livelihood for many producers
in Trinidad and Tobago. The Aquatic Animal
Health Unit of the School of Veterinary Medi-
cine, University of the West Indies, has shown
that fish mycobacteriosis is a quite common in-
fection in local ornamental fish. This is based
on the findings of studies of 122 fish samples
by P. Savage et al. (2022). Mycobacterium sp. was
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identified by real-time PCR. The prevalence
of infection caused by Mycobacterium sp. was
61+7% (74/122), with positive samples obtained
from 54.2% (13/24) of the surveyed farms. Sia-
mese fighting fish (Betta splendens) play a sig-
nificant role in the global aquarium fish trade,
but their susceptibility to mycobacteriosis could
threaten the long-term sustainability of the
industry. Furthermore, N.D. Hung et al. (2023)
believe that the emergence of highly pathogen-
ic and multidrug-resistant NTMB strains such
as M. chelonae, M. cosmeticum, M. farcinogenes,
M. mucogenicum, and M. senegalense isolated
from Betta splendens fish has raised concerns
both in terms of negative economic impact and
public health risks.

Scientists from the University of Bagh-
dad, F. Hussein et al. (2016), investigated the
significance and role of M. marinum in human
and animal infection. M. marinum is a species
that causes mycobacteriosis in all species of
fish (freshwater, brackish, and saltwater), as
well as in humans and some animal species. In
fish, transmission can occur through the con-
sumption of contaminated food, cannibalism
of infected fish or aquatic detritus, or through
injury, skin abrasions, or external parasites. The
infection in humans mostly occurs in people
who keep aquarium fish at home. The infection
can be an occupational disease for workers —
fish processors or pet shops. Damage to the
skin serves as an entry gate for the microorgan-
ism during contact with infected fish, during
cleaning or maintenance of aquariums, after fin
injuries or fish bites. Less commonly, infection
can occur through contact with natural water
sources while fishing, boating, or swimming.
Contact with marine animals and reptiles plays
arole in the transmission of the pathogen.

Spanish scientists, E. Montero et al. (2022),
described in detail mycobacteriosis in syng-
nathids that were susceptible to NTMB infec-
tion. Clinical manifestations of the disease
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ranged from sudden death to non-specific signs
(anorexia, depressed general condition, weight
loss, severe shortness of breath with increased
respiratory rate). Visible ulcers were found on
the tail and small white nodules in the liver and
inside the eye. The gills, liver, intestines, and
mesentery were most often affected. M. fortu-
itum, M. chelonae, M. marinum, and Mycobac-
terium spp. were identified by real-time PCR.
R.S.M. Chong (2022) investigated cases of my-
cobacteriosis in fish. The first identified path-
ogen of fish mycobacteriosis was M. piscium.
Over 200 species of fish found in waters ranging
from the cold subarctic to tropical regions have
been found to be infected with mycobacteria.
Many species of Mycobacterium have been iden-
tified in fish that do not show clinical signs of
disease. However, the most common causative
agents of fish mycobacteriosis are M. marinum,
M. fortuitum, and M. chelonae. Mycobacteriosis
in fish is chronic and is characterised by ex-
haustion or poor body condition, loss of scales,
skin ulcers, reproductive disorders and, rarely,
deep haemorrhagic skin lesions. However, the
researcher believes that the key takeaway is
that fish mycobacteriosis is a zoonotic disease
of people who come into contact with affected
fish and the water bodies where they are found.
Summarising the above, further investiga-
tion of the spatial and temporal parameters of
the spread of animal mycobacteriosis in Ukraine
and other countries may reveal new patterns
of manifestation of the epizootic process of
animal mycobacteriosis and its driving forces,
which will allow developing effective ways to
control this infection not only in populations of
different animal species, but will also guarantee
food safety and, consequently, human health.

Conclusions

The epidemiological analysis of the spatial and
temporal intensity of the epizootic situation
regarding mycobacteriosis of animals caused by

AMB in Ukraine and some countries of different
continents of the world for 2000-2023 revealed
that mycobacterial infections are constantly
occurring and are widespread both geographi-
cally and in terms of species. In Ukraine, my-
cobacteriosis was most often recorded in cattle,
where it occurs in a latent asymptomatic form
and is detected by a simultaneous test in the al-
lergic diagnosis of tuberculosis using PPD-tu-
berculin and AMA, with additional postmortem
bacteriological and histomorphological exam-
ination of biomaterial from reactive animals.
Every year in Ukraine, 250 = 30 dairy farms are
registered, where AMA-reactive animals are de-
tected, as well as individuals with parallergic
reactions to PPD-tuberculin, which indicates
the circulation of AMB in Ukrainian dairy cow
herds. M. smegmatis, M. scrofulaceum, M. fortui-
tum, M. avium, M. phlei, M. vaccae and a range of
others, including M. gordone, M. terrae, M. xeno-
pi, M. peregrinum, M. flavenscens, M. diernhoferi,
M. thamnpheos, were identified as potential
causative agents of mycobacteriosis in Ukraine.

On the territory of dairy farms in many
countries on different continents of the world,
AMBs are widespread, as they are isolated both
from abiotic environmental objects and from
the body of cows. Therewith, atypical mycobac-
teria are identified in the milk of both clinically
healthy cows and in the milk of cows that react
positively to AMA and tuberculin, which sug-
gests that they are not merely transient in the
animal body, but also actively multiply in it with
all possible manifestations of this form of inter-
action, which is inherent in the latent course of
the infectious process, not just sensitisation.

Mycobacteriosis is widespread in wild pop-
ulations of both warm- and cold-blooded ani-
mals, as well as poultry and fish. Therewith,
clinical manifestations of this infection were
observed in all countries where comprehensive
(clinical, pathological, bacteriological, histo-
morphological, and molecular genetic) studies
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of biomaterials were conducted. The most com-
monly identified mycobacterial species include
M. ulcerans, M. gordonae, M.avium, M. fortuitum
in animals; M. avium subsp. Avium, M. avium sub-
sp. Hominissuis, M. genavense in poultry; M. mari-
num, M. fortuitum, and M. chelonae in fish, and
many unidentified mycobacterial species. This

The prospect of furtherresearchwillbetoin-
vestigate the impact of NTMBs circulating on the
territory of a particular dairy farm on the organ-
ism of productive animals to establish the ways
of infecting animals, pathogenesis, and mecha-
nism of excretion from the body of animals as
potential pathogens of human mycobacteriosis.

suggests that mycobacteriosis is a widespread

phenomenon in the wild fauna and requires a Acknowledgements
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AHoTaiis. Miko6aKkTepio3u TBapyuH, Ha BiAMiHY Bif TaKMX Y JIFO[€ii, BHACTIIOK Pi3HUX MPUYUH
He 1epeOyBalOTh B IOJIi yBaru BeTepUHApHOi Hayku i mpakTuku. lleit dakT gKk i HM3KA iHIIMX,
30KpeMa 3pPOCTaHHS 3aXBOPIOBAHOCTI JIIofielt Ha MiKo6aKkTepiosu, 36yIHMKAMY SIKMX BUCTYIAIOTh
HeTy6epKy/Ibo3HI Miko6akTepii, ki mpuueTHi 0 ceHcubinisalii opraHisMy TPOAYKTUBHUX
TBapMH, € 06’€KTUBHMM, X04a ¥ HEMPSIMUM CBiTUEHHSM iCHYIOUOi Mpo6ieMu MikoGakTepiosiB y
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Epizootological and aetiopathogenetic aspects...

BeTepUHapHii MeauIMHi. B mporieci BUKOHaHHS pOOOTM BUKOPMCTAHO MOPiBHSAIbHO-TeorpadiuHmi
Ta emi300TOMOTiUYHMIT METOV aHATi3y. Pe3ynbTaTi, OTpuMaHi 3 my6imikailiit HayKOBI[iB pi3HUX KpaiH
CBiTY, Iaiy 3MOTYy y3araJbHUTK Ta O0’€KTUBHO OLIIHUTM HAIMPYKEHICTh €IMi300TUYHOI CHUTYyaIlii
100 MiKO6aKTepio3iB TBapMH y CBiTi Ta B YKpaiHi, BUSBUTY HU3KY 0COOMMBOCTeI iHDeKIiiiHOro
Ta eli300TMYHOrO MpPOIIeCiB, @ TAKOX BCTAHOBUTH JOMiHYIOUi eTionaToreHeTMYHi KpuTepii uiel
indexuii B momynaisix TBapuH. MiKo6aKkTepio3u TBApUH € MPeIMeTOM [eTaTbHUX HAayKOBUX
IOCTiIKeHb y OiMbIIOCTI KpaiH CBiTYy OCKiJIbKM Ile 3aXBOPIOBAHHSI Ma€ 3HAYHE IOUIMPEHHS
cepefl MPOAYKTMBHUX i HEMPOMYKTUBHUX (HOMAIIHIX i IMKUX) TBapUH, ixTiodhayHM MOPCHKUX i
PiUKOBMX BOZLOMM. BcTaHOBIEHO, 110 HajfyacTime sIK 30yTHUKM MiKOGaKTepio3iB BUCTYMAIOTD TaKi
BUIM HeTy6epKy/IbO3HUX MiKkobakTepiit stk Mycobacterium avium complex, M. abscessus complex,
M. kansasii, i M. fortuitum Ta HMU3Ka iHIIMX. B YkpaiHi Miko6akTepio3aM TBapuH He MPUTIISIETbCS
HaJeskHa yBara, He 3BaskKalouiu Ha Te, 110 TlapaaiepriyHi peakiiii Ha Ty6epKy/IiH y BeIMKOi poraToi
XyI00U MPU3BOISTH 10 YCKJIaJHEHHS IiarHOCTUKM TYOepKy/Ibo3HOI iHdeKIlii. BOoHM € MPUUMHOI0
3HAYHMX 30MTKiB B MOJIOYHOMY CKOTAapCTBi uepe3 BMOPAKOBKY Ta 3a6ili BMCOKOIPOSYKTUBHUX
KODiB. BUsIB/IeHHS eTionmaToreHeTMUHMX 3aKOHOMiPHOCTe apaaieprivHmx peaxiliii Ha Ty6epKyIiH
y IPOAYKTMBHMX TBapuH — 3amopyka e(eKTMBHOTO KOHTDPOJIO Ta YIPaBIiHHSI eNi300TUYHUM
MPOI[ECOM 3a MiKOOaKTepio3y TBapMH Ta 3MeHIIeHHs 6iopusukiB iHbIKyBaHHS rofeii
HeTy6epKyJIbO3HUMM MiKOGAKTepisiMU Yepe3 IIPOLYKTY XapuyBaHHS TBAPMHHOTO TTOXOIKeHHST

KirouoBi cimoBa: Ty6epKy/ib03; TYOepKymlTiH; ajmepreH aTUIIOBMX MiKoOGaKTepiit; ermi3ooTuyHumit
rpoiiec; iHdeKiifiHMii mpoiiec; ajgepriudi peakiiii; JiarHoCcTMKa
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the literature on the pharmacological and toxicological properties of iron-containing drugs and the
specific features of their use in veterinary medicine. The study employed the method of literature
analysis with the formulation of relevant substantiated conclusions and their generalisation or
comparison. Iron-containing medicines are particularly relevant in modern veterinary medicine
for the prevention of iron deficiency anaemia in piglets. The use of iron dextran preparations is
a scientifically sound and necessary preventive measure in modern pig production. Furthermore,
the study covered new approaches to the development of effective antianaemic drugs for animals
of other species, including calves. The study also covered the controversial issues of the use of
iron-containing drugs in pregnant females for the prevention of iron deficiency in animals born
from them. The analysis of the literature data presented in this study shows a prominent degree
of scientific interest in the study of pharmacological and toxicological properties of iron in high
valences (specifically, ferrous iron in clathrochelate form) with a view to their use in medicine. The
conducted literature review suggests the multidirectional use of iron-containing drugs in various
dosage forms in veterinary medicine. The study identified the key trends in the pharmaceutical
market of iron-containing drugs registered in Ukraine. In recent years, there has been a growing
body of scientifically based evidence indicating the effectiveness of iron-dextran complex in
combination with micro- and macronutrients and vitamins. Currently, the use of iron-containing
drugs in the world’s veterinary practice, considering their scientifically and experimentally proven
pharmacological properties, is extremely promising. The materials of this study are of practical
value for expanding the possibilities of using new forms of iron in veterinary medicine

Keywords: iron; iron deficiency; anaemia; piglets; calves; prevention

Introduction

Iron is one of the most abundant metals in na-
ture. It is well known that as a chemical element,
it can change its valence. At present, iron in
low valence forms, i.e., the second and third, is
well-researched. The properties of high-valent
iron are being actively investigated in Ukraine
and worldwide (Derkach, 2023; Plutenko, 2024).

In a living organism, the biological role of
iron correlates with the physiological role of
iron-containing compounds that ensure the
body’s vital functions. Thus, the trace element
iron is a necessary structural part of haemo-
globin, iron-containing and iron-dependent
enzymes that affect physiological and bio-
chemical processes in the body and cell func-
tioning. It is natural that a lack or excess of this
trace element provokes the development of
pathological conditions, and with a prolonged

imbalance in its content, diseases occur that
can have fatal consequences. M. Morales &
X.Xue (2021) prove the correlation between iron
levels in the body and cell proliferation in cancer.

According to recent publications, hepsidin
plays a crucial role in iron metabolism in an-
imals as a humoral factor, with an increase in
the trace element’s content stimulating hep-
sidin synthesis in the liver, which reduces iron
absorption in the intestine and its transport
into the bloodstream. Conversely, a decrease
in iron absorption in the intestine leads to in-
hibition of hepcidin synthesis and, as a result,
restoration of iron absorption. This hormone,
which is a 25-amino acid peptide, affects the ab-
sorption and release of iron from macrophages
during recycling from red blood cells. Hepsidin
can also block iron transport in the placenta,
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epithelium, and other tissues (Nemeth &
Ganz, 2021). Under anaemic and hypoxic con-
ditions, hepsidin gene expression decreases,
while iron absorption from macrophages and
the intestine increases (Vydyborets & Borysen-
ko, 2019). According to J.H. Joachim & K.J. Meh-
ta (2022),hepcidin, as a hormone that maintains
systemic iron homeostasis, is involved in the
development of hepatocellular carcinoma, one
of the most common causes of death in cancer.

In veterinary medicine, the use of iron-con-
taining products is particularly relevant in pig
farming. This-is primarily due to the risk of iron
deficiency anaemia in piglets. Animals of this
species have a biological predisposition to de-
velop iron deficiency during the suckling peri-
od. First of all; this is conditioned by the fact
that of all farm animals, they are born the most
immature; their growth is comparatively quite
intensive, which precedes the development of
erythrocytopoiesis in their body. Inhibition of
erythrocytopoiesis in the spleen and liver oc-
curs against the background of activation of
the erythropoietic capacity of the bone marrow.
The consequence is that during this period, the
piglet’s body does not sufficiently ensure the
production of red blood cells and the synthe-
sis of haemoglobin (Derkach, 2023). According
to M. Todorov et al. (2023), the complex use of
iron-containing and tonic preparations in the
case of rehabilitation and treatment measures
in piglets is more effective than the conven-
tional scheme used on farms for the treatment
of weakened and anaemic piglets.

However, iron deficiency also develops in
young animals of other species, and in adult
animals it is a symptom of certain diseases or
poisoning (Paslawski et al., 2021). According
to the latest data, haemotransfusion is effec-
tive in the treatment of anaemia in cats (Ma-
lyuk et al., 2022). The development of new or
improvement of current preventive measures
against the occurrence and development of iron

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2

deficiency in animals of different species stays
relevant. Moreover, new properties of iron in
high valence forms are being investigated with
a view to their application in medicine.

The purpose of this study was to analyse
the literature data on the findings of modern
scientific research on the pharmacological and
toxicological properties of iron-containing
medicines and promising areas of their use in
veterinary medicine, as well as their range in
the pharmaceutical market of veterinary med-
icines in Ukraine. The study was conducted
using widely recognised scientific methods,
including search, observation, analysis, com-
parison, systematisation, and comparison with
the findings of other studies, description, and
a systematic approach. The search for and pro-
cessing of scientific information was carried
out through a literature review, which helped
to identify key trends and gaps in existing
knowledge. Observations of facts and phenom-
ena were an essential component of obtaining
concrete data and formulating assumptions.
The analysis and comparison of the findings
with the results of other studies helped to
identify trends, confirmation or contradiction
of the findings. Systematisation and structur-
ing of information was important for the log-
ical presentation of data. The description and
systematic approach helped to put the research
findings in context, contributing to the field
and facilitating further research.

Historical background
on the use of anti-anaemic drugs
in veterinary medicine
As noted by H. Saito (2014), the trace element
iron is important for the animal body, while
its metabolism, according to recent data, is
regulated primarily by the hormone hepsidin
(Starzynski et al., 2013; Machalova Siskové et
al., 2016; Sangkhae & Nemeth, 2017). We share
the opinion of researchers who believe that in
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veterinary medicine, iron deficiency poses the
greatest risks to newborn piglets.

Iron deficiency anaemia is a separate no-
sological disease of suckling pigs. In animals
of this species, it develops from 5-7 days of
life, and a month after the birth of piglets, it
manifests itself to the maximum. The main
symptoms of this disease are a decrease in the
number of red blood cells and/or a decrease in
the content of haemoglobin per unit volume of
blood; metabolic disorders, hypoxia, growth re-
tardation, decreased resistance to other diseas-
es, and a high mortality rate (Antonyak, 2002;
Levchenko et al., 2015).

According to primary sources, the first
attempts to prevent anaemia in piglets were
based on feeding newborn piglets red clay and
watering them with solutions of iron and cop-
per sulphates. With the development of phar-
maceuticals in the 20" century, preventive
measures were associated with the use (first
enteral and later parenteral) of anti-anaemic
drugs containing low-valent iron.

Thus, to prevent iron deficiency anaemia,
it was recommended to use salts of iron, man-
ganese, copper, and cobalt; licks with ferrous
fumarate; chalk-based iron-containing bri-
quettes; highly dispersed paste, granular feed
with ferric glycerophosphate in piglet feeding
(Ulyzko & Todorov, 2014). Among other options
available were foal blood, protein extract of ru-
minant liver and spleen using the Filatov meth-
od. Generally, it was believed that the intro-
duction of proteins, which can be sourced from
vegetable or animal proteins (soy protein, albu-
min, gelatin, casein, etc.), has a positive effect.
Liver products and immunostimulants were
offered as anti-anaemic drugs. Subsequently,
organic/inorganic and complex iron-contain-
ing compounds were widely used: ferrous sul-
phate (II) preparations for oral administration,
ferrous dextran (III) preparations for enteral
and parenteral administration. In general, from

the 1930s to the present day, anti-anaemic
iron-containing drugs are generally divided
into those used orally (monocompounds of iron
salts, their combinations with cobalt and cop-
per salts, vitamins (Svoboda & Pistkova, 2018),
and those used parenterally (complex iron-con-
taining compounds of iron with dextran, trace
elements, vitamins).

As the range of iron-containing products
has expanded, researchers have tried to de-
velop classifications based on various criteria.
Thus, according to one classification, this phar-
macological group includes iron (II) medicinal
products; iron (III) medicinal products; inor-
ganic medicinal products; organic medicinal
products. Therewith, inorganic compounds are
represented by iron (II) sulphate and iron (III)
chloride, while organic compounds are iron (II)
gluconate, fumarate, xylitol, sorbitol, and
iron (II) dextran, dextrin, and iron (III) ferro-
protein (Troshin & Nechaeva, 2006).

According to the literature; researchers
have investigated the use of iron-containing
drugs in various dosage forms and with differ-
ent routes of administration, including aero-
solisation; oral administration in the form of
powder (Grushanska, 2005), pastes (Ulyzko &
Todorov, 2014), etc. Many journals indicate that
they used to treat the sow’s udder with a solu-
tion of ferrous sulphate (together with copper
sulphate and cobalt chloride).

Use of iron-containing anti-anaemic
drugs in suckling piglets
The conducted literature analysis suggests
that currently the simplest and most effective
way to prevent anaemia and treat animals with
anaemia is to use iron-containing drugs in the
neonatal period. However; the disadvantages of
the injection route of administration are that
this method involves non-physiological intake
of iron in the animal’s body, and high doses
of the trace element are unsafe, as iron is a
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heavy metal with the ability to accumulate and
pro-oxidant properties (Boldt, 1999) and blocks
phagocytic mononuclear cells in the form of
haemosiderin (Levchenko et al., 2015).

Notably, the method of oral administra-
tion of iron-containing medicines is natural.
The use of iron in feed additives is considered
a significant advantage for suckling piglets in
terms of prevention of iron deficiency anae-
mia (Maes et al., 2011; Starzynski et al., 2013).
R. Antileo et al. (2016) investigated the an-
ti-anaemic efficacy of non-heme (NHI) and
heme (HI) iron microparticles to develop a new
oral iron supplement. It was found that iron
deficiency anaemia in piglets can be prevented
by administering an oral encapsulated NHI/HI
supplement in three doses.

However, the authors of the present study
share the opinion of scientists who believe that
iron absorption is inhibited by inflammation
and this method of treating anaemic animals
is ineffective in case of metabolic disorders in
their bodies. It is also well-known that inor-
ganic iron-containing substances have poor
absorption properties, which can result in dys-
peptic conditions. T. Tuomainen et al. (1999)
proved that, compared with the use of non-ion-
ised iron-containing combination preparations,
oral use of ferrous sulphate increases sensitivi-
ty to oxidation of plasma lipoproteins.

The study of the toxicological and pharma-
cological properties of new iron-containing an-
tianaemic drugs stays relevant worldwide (Li-
pinski et al., 2010; Geisser & Burckhardt, 2011;
Cui et al., 2018). Comparative studies of the ef-
ficacy of iron-dextran medicines in the preven-
tion of anaemia and the treatment of patients
with this pathology are relevant. Such medici-
nal products in a dose of 150-200 mg of iron per
injection are recommended for intramuscular
administration to piglets on the days 3-5 after
birth (if necessary, repeated on the days 7-10).
The advantage of using iron dextran compared
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to iron salts is that it creates an iron depot in
the body of newborn animals and minimises
the risk of anaemia. The researchers found that
the absolute weight gain in piglets treated with
Bioferon during the first month of life was 880 g
higher, and in piglets treated with Suiferovit —
1,134 g compared to the control. At weaning,
the average weight of piglets was 1.81 kg and
2.66 kg higher, respectively. Researchers attrib-
ute this to the fact that in the first case, Sui-
ferovit contains trace elements and vitamins
(Prokopenko & Martynov, 2012).

Many researchers believe that iron-dextran
preparations should be combined with trace
elements (zinc, copper, cobalt) and vitamins
(groups B, C), which will help stimulate haemo-
cytopoiesis, as iron is absorbed by only 60-70%
when administered parenterally. J.D. Cook &
M.B. Reddy (2001) found that the use of ascor-
bic acid promotes haemocytopoiesis, as iron
absorption increases by 2.9-3.5 times. Some
scientists emphasised the pro-oxidant capac-
ity of iron ions in high concentrations, which
was considered a disadvantage of iron-dextran
preparations. Therefore, combinations with
cyanobalamin, tocopherol, and selenium were
recommended. Therewith, developers of new
iron-containing drugs have tried to reduce the
iron content in complex anti-anaemic drugs
(Vered, 2006; Danchuk et al., 2017).

T.S. Tokarchuk & V.V. Danchuk (2017)
found that intramuscular injection of a com-
plex of zinc, iron, and germanium citrates
twice together with vitamin E supplementa-
tion increased piglet body weight by 6.8%. The
use of 2.5 mL of this combination of trace ele-
ment citrates increased the haemoglobin con-
centration by 18.0% and 15.5%, respectively,
and increased the number of red blood cells
in piglets’ blood on day 35 of life. V.B. Todo-
ryuk (2012) noted that the use of an iron-con-
taining micronutrient composition (synergistic
essential polynuclear complexes that exhibit a
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biocoordination effect) in piglets of the exper-
imental group led to an increase in haemoglo-
bin concentration by 18% on day 8, by 20% on
day 14, and by 17% on 32, while the number of
red blood cells increased by 8% on days 8 and
14, and by 4% on day 32 compared to the con-
trol. Therewith, an increase in haematocrit by
6-8% was found throughout the experiment.
Erythrocyte parameters were increased com-
pared to the control: MCH by 11-15%, MCV/
MCHC by 5-9%. The use of additional amounts
of trace elements contributed to their accumu-
lation in the piglets’ body, specifically, on day
32 of life, the level of iron in the animals’ blood
increased by 53%.

V.S. Bityutskyi (2007) proposed the de-
velopment of complex preparations contain-
ing iron in the form of cluster compounds
stabilised by the carbohydrate component of
micelles. The latter is an analogue of ferritin
and a source of a non-toxic and easily acces-
sible form of the trace element. Apart from
the prosthetic groups of antioxidant enzymes,
such medicines include chelated complexes of
copper, zinc, and selenium. It was found that
the administration of polymetal and polymet-
al-selenium to suckling piglets prevented iron
deficiency anaemia in animals, as evidenced
by positive changes in common diagnostic
markers of iron deficiency in the experimental
groups compared to the control. Thus, accord-
ing to the findings of research by many authors,
it was proved that a reliable anti-anaemic ef-
fect in suckling piglets was observed when iron
was combined with other trace elements, vita-
mins, and antioxidants.

In previous studies by I. Derkach (2023),
a comprehensive solution to this scientific
and practical problem was presented, which
makes provision for the investigation of the
anti-anaemic activity of iron in valence IV.
S. Tomyn et al. (2017) first reported clathroche-
late iron compounds in valence IV. The physic-

ochemical properties of these compounds were
actively studied: the high stability of iron (IV)
clathrochelate was found to be primarily con-
ditioned by the fact that metal ions in this
compound are “packed” in an organic matrix,
from which the metal is released gradually in
vivo as the substance biodegrades. It was pre-
dicted that the use of medicinal products based
on iron (IV) clathrochelate would minimise the
undesirable effects associated with the toxicity
of aquariums and aquacomplexes of low-valent
iron. Preclinical studies have established that
iron (IV) in clathrochelate form corresponds
to Hazard Class III according to the classifi-
cation of chemicals by hazard and to Toxicity
Class IV as a low-toxic substance. The studied
tetravalent iron exhibited weakly expressed
cumulative properties, and no irritant or aller-
genic effects were observed. Clinical studies of
iron (IV) clathrochelate and its use in newborn
piglets have shown an anti-anaemic effect,
which is confirmed by high levels of haemo-
globin, haematocrit, and red blood cell count
(Derkach, 2023).

Many publications are devoted to the study
of the effectiveness of nanocompounds in med-
icine. The use of iron nanocompounds is also
promising in veterinary medicine. Such drugs
in low doses have a pronounced pharmacologi-
cal effect. Ukrainian researchers have conduct-
ed a range of studies of the combination of iron
nanopreparation and brovapherone-100. It was
found that the iron content in the blood plas-
ma of suckling piglets increased during 20 days
of life compared to piglets that were adminis-
tered these drugs separately. It was also proved
that piglets from the experimental groups were
more active and competitive than those from
the higher lactation groups. The use of iron
nanochelates contributed to a dose-depend-
ent decrease in cortisol concentration, an in-
crease in T3 and insulin concentration in pig-
lets’ blood, which increased stress tolerance,
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productivity, and resistance of animals. It was
found that the combined administration of
iron nanopreparation and iron dextran reduced
the prooxidant effect, while increasing the ac-
tivity of catalase and glutathione peroxidase
(Danchuk et al., 2017). Thus, despite the long
history of research on piglet iron deficiency
anaemia, the development of drugs for its pre-
vention and treatment of sick animals, this is-
sue is still relevant today.

Use of iron-containing

anti-anaemic drugs in sows
The issue of using iron-containing prepara-
tions in pregnant sows to prevent anaemia
in piglets born from them is currently under
debate. Some scientists believed that the ad-
ministration of iron-containing medicines to
pregnant and lactating animals would ensure
reliable iron reserves in the liver and blood
of suckling piglets, while others believed that
such preventive measures would not have a re-
liable preventive effect.

L.Ya.Bozhik (2009) noted that feeding sows
with ferrous methionate in doses of 0.7 mg/kg
body weight for 30 days before farrowing and
1.4 mg/kg before weaning would prevent the
development of anaemia in piglets and have a
positive effect on the physiological state of the
sow’s body and increase the count of red blood
cells and haemoglobin content in their blood
by 12.2% and 32.4%, respectively, compared to
the control. Therewith, an increase in the count
of T- and B-lymphocytes and immunoglobulin
content was observed by 12.4%, 16.7%, and
19.9%, respectively; in sow colostrum, the level
of total protein increased by 17.0% and immu-
noglobulins by 20.0%.

S. Bhattarai et al. (2019) investigated the
relationship between haemoglobin levels in
sows and piglets during farrowing, as well as
the correlation between sow haemoglobin lev-
els and the probability of foetal death. The re-
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searchers found that the average haemoglobin
content in the blood of sows and piglets was
106.9+12.2 g/.and 124.4%+19.9 g/L, respective-
ly. There is also a positive correlation between
these indicators (P =0.058). On the other hand,
the probability of dead piglets is negatively re-
lated to sow haemoglobin content (P =0.021).
The findings obtained by the researchers sug-
gest that the haemoglobin content in the blood
of newborn piglets can be increased and still-
birth rates reduced as a result of increasing the
haemoglobin level in the blood of sows.

The results obtained by the researchers
when using a solution of iron (IV) clathroche-
late to farrowing sows 14 and 7 days before
farrowing are of great significance. Studies
have not observed any stillbirths or iron de-
ficiency anaemia during the critical period
of piglet rearing for the development of iron
deficiency. The pharmacokinetic properties of
iron (IV) clathrochelate administered to ges-
tating sows were characterised by the ability
of iron to penetrate the placenta and be ex-
creted in colostrum. The above suggests the
antianaemic activity of iron (IV) clathroche-
late, and therefore it was proposed for the pre-
vention of iron deficiency anaemia in piglets
in production conditions: intramuscular injec-
tion of 10% solution of ferrous clathrochelate
(IV) to pregnant sows at a dose of 10 mL 14 and
7 days before expected farrowing, which will
ensure transplacental iron intake into the foe-
tus; intramuscular injection of a 10% solution
of iron (IV) clathrochelate at a dose of 10 mL
and cyanocobalamin at a dose of 500 pg in the
form of a solution 14 and 7 days before expect-
ed farrowing to stimulate erythropoietic func-
tion in pregnant sows and piglets born from
them (Derkach, 2023). Thus, the opinion of re-
searchers who consider the prevention of iron
deficiency anaemia in piglets, which involves
the use of iron-containing drugs in farrowing
sows, to be effective, is relevant.
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Use of iron-containing
anti-anaemic drugs in calves

It is well-known that iron deficiency develops
in young ruminants and other species, while
in adult animals it is a symptom of various
pathologies. Therefore, there are many reports
in the literature on the effectiveness of vari-
ous iron-containing drugs for the prevention
of anaemia in other species of animals or the
treatment of already anaemic animals.

According to V.M. Sokolyuk et al. (1995), it
was proved that 30% of calves under 3 days of
age suffer from anaemia, 35.4% — at 10 days of
age, and 33.6% of these animals — at 20-40 days
of age. The results of the clinical examination
and laboratory analysis of blood serum for
bilirubin and trace elements showed that at
1-3 days of age, calves had hypoplastic nutri-
tional deficiency anaemia, which the research-
ers attributed to unsatisfactory feeding of dry
cows. In older calves, myelotoxic anaemia was
also observed, which was explained by the tox-
ic effect on the bone marrow of products of
impaired metabolism in diarrhoea syndrome.
Calf anaemia was characterised by a marked
decrease in haemoglobin content compared
with changes in the number of red blood cells.
Therefore, according to various classifications
of anaemia, these animals showed hypochromic
and microcytic anaemia. The hemoglobin con-
tent in the blood of sick 10-day-old calves was
77+1.2 g/L (105%1.2 g/L in healthy animals),
the number of red blood cells, respectively,
was 6.1+0.1 T/L compared to 6.5*0.15 T/L in
healthy animals. The researchers pointed out
that the largest number of calves with anaemia
was observed in the last months of the year, in
winter and early spring, while in summer the
number of such cases decreased by 2-4 times.
Thus, a critical decrease in the intensity of
hemocytopoiesis occurred in the autumn-win-
ter and spring periods. Therefore, it was in the
autumn-winter and spring seasons that the use

of drugs to stimulate blood formation in calves
was recommended.

Whole milk is known to contain low lev-
els of iron, and therefore studies of iron defi-
ciency anaemia in dairy calves fed whole milk
are relevant. J. Allan et al. (2020) evaluated the
effect of iron supplementation on calf growth
rate and blood haemoglobin levels. It was found
that iron caused an average increase in growth
rate by 78 g/day (standard deviation 18 g/day)
in calves of the experimental groups compared
to the control. There was also a considerable
increase in haemoglobin levels in the blood of
calves aged 6 weeks, with haemoglobin levels in
animals not receiving iron decreasing by an av-
erage of 12.1 g/L. In contrast, calves with high-
er growth rates in the first 6 weeks were also
more likely to have low haemoglobin levels.
There were differences in animal growth rates
and haemoglobin levels on each farm. However,
generally, on all farms, the level of iron in the
body of calves affected their daily weight gain
during the first 6 weeks. The researchers sug-
gested that the magnitude of the effect depend-
ed on the farm, as there was a marked difference
between the variations in animal growth rates
across farms. The researchers proposed iron in-
jections that led to a considerable increase in
haemoglobin levels after 6 weeks, which pre-
vented its decline during the first 6 weeks of
life. The use of systemic iron supplements has
been shown to have a positive effect. Therefore,
considering the current industry recommen-
dations to feed larger volumes of milk over a
longer period of time, the researchers suggest-
ed systemic iron supplementation for calves fed
whole milk. In the future, it was planned to es-
tablish a link between early iron deficiency and
long-term growth rates of calves, as well as to
investigate the relationship with their morbidi-
ty before weaning.

J. Joerling & K. Doll (2019) found no direct
correlation between serum ferritin and serum
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iron. Comparing calves’ dairy diets; it was found
that reduced levels of ferritin in the blood se-
rum of calves were observed more often in
those animals fed milk replacer compared to
calves fed whole milk. The findings obtained
by the researchers suggest that the determi-
nation of haemoglobin and serum iron content
is limitedly suitable for the diagnosis of iron
deficiency in calves. Serum ferritin was consid-
ered more informative, as serum iron levels are
subject to physiological fluctuations, while iron
deficiency can be caused by inflammation or
neoplastic diseases.

V.I. Levchenko et al. (2015) investigated the
effect of ferrolife on haemocytopoiesis in calves
and piglets. They found that double adminis-
tration of the drug in a dose of 4-5 mL to sick
calves increased the haemoglobin content by
20.8%, iron concentration — by 23.5%, red blood
cell count - by 31.4% and haematocrit value —
by 8.6%; no negative effect on the albumin
synthesising function of the liver was observed.

According to the results of studies by many
researchers, it was proved that the iron con-
tained in milk replacer meets only the basic
needs of this trace element for erythrocyto-
poiesis. R. Kupczynski et al. (2017) established
the effect of feeding a protein-iron complex on
productivity and iron metabolism, haematolog-
ical parameters, antioxidant and immune sta-
tus within 35 days after calf birth. The prepa-
ration of the complex involved the enzymatic
hydrolysis of milk casein and the addition of
ferric chloride to the hydrolysate and lyophili-
sate. Therewith, experimental groups of calves
were created that received low and high dos-
es of iron as part of a protein-iron complex
(10 g/day and 20 g/day, respectively) and a con-
trol group. Dietary supplements containing a
lower concentration of iron had a significant
positive effect on the metabolism of the trace
element, while a higher dose of concentrate led
to an increase in total iron binding capacity,
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transferrin saturation and a decrease in un-
saturated iron binding capacity, which indicat-
ed iron overload. Furthermore, treatment with
lower doses of iron noticeably increased anti-
oxidant parameters, mainly the overall antioxi-
dant status of the body and the activity of blood
glutathione peroxidase. At higher doses of iron
in the protein-iron complex, a lower overall an-
tioxidant status was observed. Concentrations
of IgG, IgM, insulin, glucose, TNFa, and IGF-1
stayed unchanged in any of the groups after
supplementation. The researchers stressed
that in practice, the use of protein-iron com-
plex concentrate requires accommodating for
the iron content of milk substitutes and other
feeds. Only a lower dose of the protein-iron
complex had a positive effect on the immune
and antioxidant status of the body. The authors
plan to focus further research on the investiga-
tion of iron concentration in the liver, as well
as the relationship between hepsidin-ferropor-
tin and cytotoxicity after adding a protein-iron
complex to calf diets.

A. Budny-Walczak et al. (2023) studied the
effect of protein-iron complex on productivity
and iron metabolism, haematological and bio-
chemical parameters when fed whole milk until
weaning. The Polish Holstein cattle were divided
into a control group, where they were fed whole
milk, and an experimental group, where calves
received an iron supplement in milk at a dose of
16 g/day. To determine the production perfor-
mance, calves were weighed at 7 and 42 days of
life, and changes in such production parameters
as average weight gain, feed conversion rate and
growth rate were analysed. Blood was also taken
from the jugular vein on days 7, 14, 28, and 42
of life. It was found that the average daily body
weight gain, growth intensity and feed conver-
sion rate were the highest in calves of the exper-
imental group. The addition of a protein-iron
complex had a substantial effect on iron me-
tabolism in the experimental group of animals.
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Doctors described the latest drugs con-
taining the iron complex trimaltol (interna-
tional non-proprietary name: ferrimaltol),
which was developed, synthesised, and tested
in vitro and in vivo in 1980-1981 after the dis-
covery of a new class of alpha-keto-hydroxy-
heteroaromatic iron chelators. According to
the findings of relevant studies, it was estab-
lished that natural and synthetic lipophilic
chelators, including maltol, formed stable iron
complexes and transferred it across cell mem-
branes, as well as contributed to an increase
in the intensity of iron absorption in animals
(Kontoghiorghes et al., 2021). Although the
risks of developing iron deficiency anaemia
in animals of other species at a young age are
much lower compared to suckling pigs, their
study is also relevant, and the scheme of pre-
ventive measures and treatment of sick ani-
mals needs to be improved considering mod-
ern world developments in medicine.

Iron-containing drugs
in obstetric and gynaecological
veterinary practice

Considering the significance of iron for all liv-
ing things, apart from the use of iron-contain-
ing products for the prevention of anaemia,
other areas of application of iron-containing
products for various pathologies in animals, in-
cluding obstetric and gynaecological veterinary
practice, are being investigated.

VY. Stefanyk et al. (2017) proved that the
effectiveness of intrauterine administration of
suppositories containing iron nanoparticles
after calving and aftermath of litter stimulat-
ed antioxidant functions in the body of cows,
contributed to a decrease in the content of li-
pid peroxidation products. I.B. Kobylukh et
al. (2017) found that after the application of
suppositories with iron nanoparticles to cows
(intrauterine after the afterbirth), the content
of immunoglobulins of class A (3.9 times),

immunoglobulins of class M (2.8 times) in the
blood serum significantly increased, while the
content of immunoglobulins of class G de-
creased (4 times). The duration of the service
period was reduced by 14 days (P < 0.05), and
the insemination index decreased by 0.2 units
compared to the control.

C.M. Oliveira et al. (2012) proposed new
methods for studying the placental transi-
tion using iron and other nutrients necessary
for the survival and maintenance of the em-
bryonic foetus until birth. According to the
classification of placental types among ani-
mals (cattle, small ruminants, dogs, and cats),
iron transfer across the placenta can occur
by transferrin-associated absorption through
the outer surface of the trophoblast in direct
contact with the mother’s circulating blood;
erythrocyte uptake by the chorionic epitheli-
um in direct contact with a pool of blood ex-
tracted from haemotophages; absorption by
the chorionic epithelium in direct contact with
iron-rich secretions from the endometrial
glands and absorption by blood extracts on the
surface of the mother and foetus with subse-
quent phagocytosis of erythrocytes by tropho-
blast cells. The function of erythrophagocyto-
sis observed after extravasation of blood into
the maternal-foetal interface has not been
determined in several species. The researchers
suggested that iron is transferred to the foetus
through trophoblastic erythrophagocytosis in
the haemophageal region of the placenta, as
well as in the glands of the endometrium.

Thus, the literature presents the find-
ings of studies confirming the effectiveness
of iron-containing preparations for obstet-
ric and gynaecological pathologies. Howev-
er, this issue needs to be investigated more
extensively to develop new drugs in relevant
dosage forms, register them on the pharma-
ceutical market, and introduce them into vet-
erinary practice.
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Analysis of the pharmaceutical
market of iron-containing drugs
registered in Ukraine
Currently, colloidal solutions of ferric hydrox-
ides in low-molecular-weight glucose polymers
(dextrans) are particularly effective in iron de-
ficiency. In modern veterinary practice, they
are administered to newborn animals (mainly
piglets and calves) in the first days of life to
prevent iron deficiency anaemia and ensure the
creation of iron depots in the liver of young an-
imals, as well as to fur-bearing animals when

they are fed fish, etc.

Many publications cover the research on
the pharmaceutical market for iron-contain-
ing drugs. Thus, previous publications have
analysed the Ukrainian pharmaceutical mar-
ket of anti-anaemic drugs for pigs in recent
years (Derkach, 2023). In Ukraine, in 2017,
the market was represented by 13 medicinal
products in the group QBO3A Anti-anaemic
agents. Ukrainian pharmaceutical manufactur-
ers (0O.L.KAR-AgroZooVet-Service, Farmaton,
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Brovapharma, Research and Experimental
Production of the Institute of Epizootology,
Biopharm and Vetsintez) provided 38% of the
iron preparations (ATC-vet classification). At
the same time, 62% of foreign pharmaceutical
products in this group are represented by phar-
maceutical companies from Estonia, Denmark,
South Korea, Poland, France, and the Czech
Republic. The medicines contained a dextran
complex of ferrous hydroxide, which in some
products was combined with vitamins, macro-
and microelements. Moreover, the Ukrainian
pharmaceutical market offers iron-containing
feed additives, ready-made feeds and premix-
es for animals and poultry of various species in
various forms.

In 2017-2022, the modern pharmaceutical
market of veterinary drugs in Ukraine was suf-
ficiently supplied with anti-anaemic drugs for
pigs, but mostly imported drugs (Fig. 1).

The share of Ukrainian drugs in this group
was higher in 2020, but in 2022 the share of im-
ported drugs prevailed again (Table 1).

Ukrainian anti-anaemic medicines
Imported anti-anaemic medicines
2020 2022

Figure 1. Trends in the domestic pharmaceutical market
of anti-anaemic iron-containing drugs for pigs, 2017-2022

Sourse: I. Derkach (2023)

Table 1. Iron-containing drugs registered in Ukraine as of 01.01.2022

Regi A m A

Drugname o8 O el
Ferrum + 04.03.2021 03.03.2026
Brovaferan-100  24.12.2020 23.12.2025
Ferrovet +B12®  26.11.2019 25.11.2024
Ferofort 12.04.2017 11.04.2022
Bioferon Forte 26.11.2019 25.11.2024

Srocedure  Mamufacturer  UEN
re-registration Biotestlab

re-registration Brovapharma

re-registration Vet-synthesis Ukraine

registration
registration

Fortis-pharma
Biopharm
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Table 1. Continued

Drug name Registration Regl‘stratlt_)n Registration Manufacturer Country of
date valid until procedure manufacture
Ferro 2000 07.07.2020 16.12.2023 changes Dopharma France France
Gafervit 07.07.2020 06.07.2025 re-registration . .
Ferribion 10%  15.07.2019 14.07.2024  re-registration Bioveta, a.s Czech Republic
Intrafer-100 V12  07.07.2020 06.07.2025 re-registration  Interchem Verken
. . “De Adelaar” Esti Estonia
Intrafer-200 V12 04.03.2019 03.03.2024 re-registration AS
Uniferon 28.02.2018 27.02.2023 re-registration Pharmacosmos A/S Denmark

Source: I. Derkach et al. (2023)

According to the analysis of the pharma-
ceutical market of iron-containing drugs, ac-
cording to official data provided in the State
Register of Veterinary Drugs, it was found that
this group is currently represented by 11 an-
ti-anaemic drugs out of 1,394 items registered
in Ukraine as of 1 January 2024 (Official website
of the State Service of Ukraine on Food Safety
and Consumer Protection of People, n.d.). All
medicinal products are solutions of trivalent
iron in combination with dextran for injection.
Of these, 5 drugs (45%) are of Ukrainian origin
(manufacturers: Vetsintez LLC, JSC Biopharm
LLC, Biotestlab LLC, German-Ukrainian Pro-
duction Company Brovapharma LLC). Biopharm
Pharmaceutical Company offers 2 iron-con-
taining products: Bioferon and Bioferon Forte.
The first preparation is a 10% solution of iron
dextran, containing excipients phenol and pu-
rified water. 1 mL of Biopheron Forte contains
7.5% of the active ingredient ferrodextrin, as
well as copper chloride, cobalt chloride, cyano-
cobalamin, phenol, and highly purified water.
These medicinal products are intended for the
treatment of animals with anaemia and for the
prevention of iron deficiency anaemia in sows,
piglets, calves, and lambs.

Ferrovet+B,, (Ukraine) contains iron (III)
hydroxide complex with low molecular weight
dextran, which stimulates the hematopoietic
system, increases haemoglobin levels, increas-
es the number of red blood cells, replenishes
iron deficiency, and increases animal produc-
tivity, and cyanocobalamin, which stimulates

hematopoiesis, activates creatine synthesis, li-
pid metabolism, methionine biosynthesis, and
metabolic processes necessary for DNA synthe-
sis. The half-life of iron from blood plasma is
5 hours. Therewith, small amounts of iron are
excreted in the urine, while dextran is metab-
olised and excreted by the kidneys. The drug is
intended for the prevention and treatment of
iron deficiency anaemia in calves, foals, sows,
lambs, puppies, and piglets. If necessary, the
injection of the drug in an analogous dose is re-
peated in 10-12 days.

Brovapheran 100 (Ukraine) is a complex
compound of ferric hydroxide and low-molec-
ular-weight dextran. Its pharmacological effect
is based on increasing the level of iron and hae-
moglobin, increasing the number of red blood
cells in the body, stimulating the haematopoi-
etic system and improving the safety of young
livestock. The medicine is used for the treat-
ment and prevention of iron deficiency anaemia
in animals, especially piglets and calves. 1 mL of
Ferrum+ (Ukraine) contains 100.0 mg of ferrous
iron (in a complex with low molecular weight
dextran), 5.0 pg of cyanocobalamin, 200.0 ug
of folic acid; excipients: phenol and water for
injection. The drug is recommended for the
treatment of piglets, sows, calves, lambs, goats,
dogs, fur-bearing animals with iron deficiency
anaemia and for the prevention of the disease in
case of blood loss and haemorrhagic diathesis.

According to the product leaflets, the con-
traindications were listed by Ukrainian manu-
facturers as follows: do not use in animals with
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insufficient vitamin E and/or selenium in their
bodies; animals with diarrhoea; in combination
with tetracyclines; do not mix with other vet-
erinary drugs, and do not use in animals with
hypersensitivity to the drug’s components.
Among the warnings for use, it was noted that
allergic reactions may occur, and in case of
overdose, peripheral vascular collapse, which
may result in depression, slowing/acceleration
of the pulse, hypotension, cyanosis of the mu-
cous membranes, ataxia, and coma. Cases of no
symptoms of toxicity within 12-48 hours after
administration of the drug were described, but
later, pulmonary edema, vascular and motor
collapse, cyanosis, acute liver failure, etc. sud-
denly developed. In case of an overdose, it is
recommended to use the antidote Deferoxam-
ine, which forms water-soluble chelated com-
pounds with iron that are rapidly excreted by
the kidneys. In rare cases, animals may die, spe-
cifically in breeds that are genetically sensitive
to iron-containing drugs. There may be slight
pigmentation of the tissues in the injection
site, slight swelling that disappears in 2-3 days.
Antacids slow down the absorption of iron.
Some manufacturers indicated that after the
first withdrawal from the vial, the drug should
be used within 14 days (subject to aseptic with-
drawal and storage in a dark place at 5-25°C),
while others indicated that after opening the
vial, the drug should be used within 24 hours
and that it should not be frozen.

The medicines Intrafer-100 B,,, Intra-
fer-200 B, (Estonia), Feribion 10% (Czech Re-
public), Ferro 2000 (France), and Uniferon
(Denmark) contain a complex compound of
iron (III) hydroxide and cyanobalamin. These
drugs are prescribed intramuscularly and sub-
cutaneously for the prevention and treatment
of calves and piglets (Ferro 2000 and Uniferon
were recommended only for pigs, including
piglets) with iron deficiency anaemia. Hafervit
injectable (Czech Republic) contains ferrous
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dextran, porcine serum immunoglobulin, thi-
amine hydrochloride, riboflavin, pyridoxine
hydrochloride, nicotinamide, calcium pantoth-
enate, copper chloride, and cobalt chloride an-
hydrous. It is prescribed only for pigs.

According to the manufacturers’ official
instructions for use, iron in combination with
low-molecular-weight dextran is a low-tox-
ic anti-anaemic drug that reliably increases
haemoglobin levels. After parenteral adminis-
tration, iron accumulates in the tissues and is
gradually released from the dextran complex,
binding to proteins. Up to 60% of iron dextran
is absorbed 3 days after administration, and up
to 90% within 1-3 weeks.

Conclusions

Iron-containing medicines are particularly
relevant in veterinary medicine for the pre-
vention of iron deficiency anaemia in suck-
ling piglets. To stimulate erythrocytopoiesis
in the hematopoietic organs, animals of this
species are administered iron-containing com-
pounds on the days 3-5 after birth, the most
commonly used of which are iron-dextran
preparations worldwide. There are a range of
advantages and disadvantages regarding the
methods and forms of their application, but
in the system of preventive measures for pig
health, such prevention is generally accepted.
The review analyses the various possibilities
of using iron-containing drugs in veterinary
medicine and describes new approaches to this
with due regard for the development of modern
medicine and pharmaceuticals. The study ana-
lysed the pharmaceutical market of iron-con-
taining veterinary drugs registered in Ukraine
in recent years. Notably, the share of relevant
Ukrainian medicines is lower than that of im-
ported pharmaceutical products, which should
be a motivational task for Ukrainian producers.
There is a general trend towards the combina-
tion of iron dextran with vitamins (especially
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cyanobalamin), macro- and microelements in
modern anti-anaemic iron-containing drugs.
Ukrainian scientists have paid great attention
to the study of the prooxidant effect of these
drugs and the effect of selenium on lipid per-
oxidation and the antioxidant system in gen-
eral. The literature provides data on the use
of iron-containing compounds in pregnant fe-
males to provide microelements to piglets af-
ter farrowing. Some scientists proved that the
formation of a reserve of the trace element in
the liver/blood of newborn piglets and in co-
lostrum/milk of sows can be achieved by using
iron-containing preparations during pregnan-
cy and lactation, although others have refuted
this. For this reason, this prevention scheme
has not been widely used in veterinary med-
icine. At the same time, the authors have al-
ready proved that in production conditions
for the prevention of iron deficiency anaemia

and intramuscular injection of 10% solution
of ferrous clathrochelate (IV) and cyanocobal-
amin 14 and 7 days before expected farrowing
(stimulated erythrocytopoiesis in farrowing
sows and piglets born from them).

The findings presented in this study are
significant for clarifying the possibilities of
using new iron-containing drugs in veterinary
medicine. For instance, this is the case with
iron-containing medicinal substances in which
the trace element has high valence forms. Only
their physicochemical properties are well-stud-
ied, and the issues of pharmacokinetics and
pharmacodynamics require further in-depth
research and development of a new scheme
for the effective prevention of iron deficiency
in animals, which we consider to be promising
areas for further research in the context of the
subject under study.

in piglets, intramuscular injection of ferrous Acknowledgements
clathrochelate (IV) solution to farrowing sows  None.
14 and 7 days before the expected farrow-
ing has a reliable preventive effect (provided Conflict of Interest
transplacental intake of iron into the foetus) None.
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AHoTaris. AKTYa/JbHICTh [JOCTIIPKEHHSI 3YMOBJIEHa HeOOXigHICTIO y3arajlbHEHHS CydacHUX
ySIBJIEHb MPO 3aCTOCYBaHHS 3ai30BMiCHMX JIIKapCbKUX 3ac00iB y BeTepUHApHilit MeAUIMHI Ta
iX HAyKOBOTO OOI'pYHTYBaHHS. MeTa MOCTIIKEHHS — MPOBECTM aHaji3 pe3ylIbTaTiB OCTaHHIX
eKCIIepMMEHTATbHUX AAHUX, TPENCTaBIeHNX Y JiTepaTypi Imomo dhapMako-TOKCUKOIOTUHUX
BJIACTUBOCTE} 3a/i30BMiCHUX MpernapaTiB Ta 0COGIMBOCTEN iX BUKOPUCTAHHS Y BeTepUHAPHI
vemuuuHi. Ilig dvac gocmigkeHHS BMKOPUCTAHO METOA, aHaJi3y JiTepaTypHUX [Kepen 3
(bopMymOBaHHSAM BilMOBiMHUX OOIPYHTOBAHMX BMCHOBKIB Ta iX y3araJbHEHHS UM MMOPiBHSIHHS.
Oco6MMBO aKTyaTbHUMM 3aTi30BMICHI JiKapchKi 3aco6M y cydacHiil BeTepMHapHiil MeIULIMHI
€ 3a npodinaktuky 3anizomediuuTHOI aHeMii y MOpOCST. 3aCTOCYBaHHSI 3aTi30€KCTaHOBUX
MpernapariB € HayKOBO OOGIPYHTOBAaHMM i HEOOXiIHMM IPEBEHTUBHMUX 3aXOJOM Yy Cy4aCHOMY
cBuHapcTBi. KpiM Toro, y craTTi po3KpMBAIOTbCS HOBi MigXoau OO PO3poOKM edeKTUBHUX
aHTMAHEeMIUHMX MperapaTiB TBapMHAM iHIIMX BUIIiB, 30KpeMa TeasiTaM. PO3KPUTO OUCKYCiiiHi
MMUTAHHS IIOA0 3aCTOCYBAaHHS 3a/i30BMICHMX IIpernapariB BariTHUM camMKaM 3 MeTOI0
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npodinakTuky 3amizonedilUTy y HAPOMKEHMX BiJi HUX TBAPUH. AHATI3 JIiTepaTypHUX JAHUX,
NpeACTaBIeHMIl y CTaTTi, 3acBifuye BMCOKMII CTYIiHb HAyKOBOTO iHTepecy OO BUBUYEHHS
(hapmaKko-TOKCUKONOTIUYHMX BIACTMBOCTEN 3aJli3a Yy BUCOKMX BaJeHTHOCTSIX (30KpeMa 3ajiza
YOTUPbOXBAJEHTHOTO Yy KiIaTpoxenaTHiii ¢opmi) 3 MeTol iX 3acTOCyBaHHSI y MeOULIMHI.
HaBepmeHnit ornsih jiTepaTypHUX [Kepen 3acBiguye Mpo 6araTOBEKTOPHICTh 3aCTOCOBYBaHHSI
y BeTepMHapHiii MeIUIMHI 3a1i30BMiCHUX JIIKAPCbKUX PEUOBMH y Pi3HMX JiKapChKUX Gopmax.
BcTaHOB/IEHO OCHOBHiI TeHAeHIi Ha (apMaleBTUUYHOMY PUHKY 3a/li30BMiCHMX ITperaparis,
3apeecTpoBaHMX B YKpaiHi. YIPOIOBK OCTaHHIX POKiB 3pOCTAE KiTbKiCTh HAYKOBO OGIPYHTOBAHMX
IO0Ka3iB, sIKi BKa3yI0Th Ha e()eKTUBHICTh 3a/1i30[JeKCTPAHOBOTO KOMITJIEKCY B KOMGiHaIlii 3 MiKpo-
Ta MakpoejneMeHTamu i BiTamiHamu. HuHi y cBiTOBiii BeTepMHapHiii NMPaKTUILi 3aCTOCYBaHHS
3a/1i30BMiCHMX TIpernapaTiB i3 BpaxyBaHHSM iX HAyKOBO OOIPYHTOBAHUX Ta eKCIIEPUMEHTaIbHO
noBefeHMX (HapMaKoIOriuHMX BIACTUBOCTE € Ha3BUYATHO MepcreKTMBHMM. MaTtepianau cTaTTi
CTaHOBJISITh MPAKTUYHY IiHHICTH IJI PO3IIMPEHHSI MOK/IMBOCTE} 3aCTOCYBaHHS HOBMX (HOpM
3aJ1i3a y BeTepMHAPHi MeauIHi

KnrouoBi croBa: 3a71i30; 3a1i30mediliT; aHeMis ; ITIOpocsTa; TeJsTa; mpodiJakTUKa

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2




UKRAINIAN
JOURNAL OF 2024. Volume 15, No. 2. P. 46-65

VETERINARY
SCIENCES

Received: 13.02.2024 Revised: 23.04.2024 Accepted: 29.05.2024
DOI: 10.31548/veterinary2.2024.46

UDC 612.357.15; 612.357.32; 616.36-003.826

Bilirubin derivatives in bile, blood,
and liver of rats upon correction of experimental fatty hepatosis

Josef Illek
Doctor of Veterinary Sciences, Professor
University of Veterinary Sciences Brno
61242, 1946/1 Palackého Str., Brno, Czech Republic
https://orcid.org/0000-0002-1374-7918
Stanislav Veselskyi
Doctor of Biological Sciences, Senior Researcher
Taras Shevchenko National University of Kyiv
01601, 64/13 Volodymyrska Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9971-0333
Andrii Pototskyi
Postgraduate Student
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-2500-6647

Viktoriia Gryshchenko
Doctor of Veterinary Sciences, Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-0622-6345
Yevdokiia Reshetnik
PhD in Biological Sciences
Educational and Scientific Center “Institute of Biology and Medicine”
Taras Shevchenko National University of Kyiv
01601, 64/13 Volodymyrska Str., Kyiv, Ukraine
https://orcid.org/0000-0003-1084-842X

Abstract. The relevance of this study lies in the lack of reliable information on the key aspects of
the molecular mechanisms of fatty hepatosis, a common mammalian disease, and its dangerous

Suggested Citation:

Illek, J., Veselskyi, S., Pototskyi, A., Gryshchenko, V., & Reshetnik, Ye. (2024). Bilirubin derivatives in bile,
blood, and liver of rats upon correction of experimental fatty hepatosis. Ukrainian Journal of Veterinary
Sciences, 15(2), 46-65. doi: 10.31548/veterinary2.2024.46.

“Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-1374-7918
https://orcid.org/0000-0001-9971-0333
https://orcid.org/0000-0003-0622-6345
https://orcid.org/0000-0003-1084-842X

Illek et al.

complications, such as fibrosis, cirrhosis, and hepatocellular carcinoma. These circumstances
substantially complicate the prompt diagnosis of this hepatopathology and reduce the effectiveness
of treatment. The metabolism of the heme derivative bilirubin is unique and inherent in the liver,
which undergoes transformation due to hepatocyte enzyme systems to form neutral compounds,
such as glucurono-conjugates and sulphoconjugates, which undergoes changes and requires
analysis in fatty hepatosis in animals. The aim of the study was to determine the characteristic
changes in the content of unconjugated bilirubin and its sulphoconjugate, glucuronide,
monoglucuronide, monoglucoside, and diglucuronide in the blood, bile, and liver of rats under
the modelling of fatty hepatosis and the administration of rehabilitation therapy. For this, the
thin-layer chromatography method was used. It was found that under tetracycline-induced fatty
hepatosis in laboratory rats, the concentration of unconjugated bilirubin in the blood decreased
by 39.3%, bilirubin glucuronide by 44.4%, and the total fraction of bilirubin monoglucuronide and
monoglycoside by 78.9%. Oral administration of the milk phospholipid complex in the composition
of the BAS “FLP-MD” to sick animals ensured the maintenance of these indicators at the control
level. The content of bilirubin glucuronide and bilirubin diglucuronide decreased in the liver tissue
of the treated rats. When these animals were administered a phospholipid-containing bioadditives,
the level of unconjugated bilirubin in the liver tissue increased by 22.2%, but the content of its
conjugated forms decreased. The content of all the studied bilirubin fractions decreased in the bile
of sick rats during self-rehabilitation. The components of the BAS “FLP-MD” in fatty hepatosis in
rats did not affect the reduction of unconjugated bilirubin in bile but eliminated the inhibitory
effect of the modelled pathology on the content of all conjugated forms of bilirubin. The findings
can be used as biochemical markers to monitor the pigment metabolism in the development of
fatty hepatosis in mammals

Keywords: bile pigments; milk phospholipids; thin-layer
chromatography; corrective therapy; fatty degeneration

tetracycline hydrochloride;

Introduction

By the definition given in H. Tilg & M. Effen-
berger (2020) and Y. Liu et al. (2024), meta-
bolic dysfunction-associated fatty liver dis-
ease (MAFLD) is a chronic progressive disease
with a variable spectrum of clinical symptoms
and varying severity of course: from steato-
sis to end-stage liver disease. Recent evidence
suggests that total serum bilirubin levels are
inversely correlated with the prevalence of
metabolic syndrome, including metabolically
associated fatty liver disease.

K. Moss et al. (2023) investigated the effect
of bilirubin levels in patients on the complexi-
ty of the course and mortality stratified by the
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severity of fatty liver disease. As a result, the
researchers noted that higher levels of bilirubin
in the blood of patients with fatty liver disease,
which was diagnosed in patients in combina-
tion with other pathologies, were associated
with a lower risk of mortality from cardiovascu-
lar disease and malignant tumours.

The data presented by H. Han et al. (2024)
confirm that a moderate increase in total bil-
irubin has antioxidant and anti-inflammatory
properties in many metabolic diseases, includ-
ing fatty liver disease, and reduces the risk of
all-cause mortality. It turns out that a high
concentration of total bilirubin in the blood
within the physiological range is associated
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with a reduced risk of severe fatty liver disease,
a reduced probability of its transformation into
more severe forms of liver damage and the re-
sulting mortality. These observations prompt
the investigation of possible mechanisms of
changes in pigment metabolism in metaboli-
cally associated fatty liver disease. Attention
is also drawn to the question of whether met-
abolically related fatty liver disease is always
accompanied by some increase in the level of
total, unconjugated and conjugated bilirubin
in the blood and other biological fluids and
tissues. The answers to these questions can
only be obtained by conducting comprehensive
studies with analysis of clinical statistics and
experimental modelling of fatty liver.

T. Yamamoto et al. (2021) suggest that a
risk factor for the development of fatty liver
disease is the overuse of antibiotics. The ac-
tive use of antibiotics in animals has led to the
detection of their residues in food derivatives
such as milk and dairy products. G. Tarantino
& V. Citro (2024) argue that antibiotic residues
in the environment affect the intestinal flora
of animals and humans, leading to a variety of
metabolic changes that may ultimately contrib-
ute to the onset and progression of fatty liver.
Therefore, the use of models of artificial repro-
duction of fatty liver in laboratory animals by
using high-dose antibiotics in experimental
veterinary medicine is of great practical signifi-
cance. There are currently no proven and highly
effective pharmacological treatments for fatty
liver disease. The lack of properly validated pre-
clinical studies using successful and relevant
experimental disease models is a major obsta-
cle to the development of clinical treatments.
D.G.Buyco et al. (2021) and H. Wang et al. (2023)
suggest that to find therapeutic approaches to
fatty liver, the full range of metabolic disor-
ders should be identified in model experiments
and, based on the findings obtained, promis-
ing drugs of various origins should be tested.

A.J.McGlinchey et al. (2022) emphasise that
the danger of fatty liver disease is that it is not
amenable to drug therapy, and in many cases, it
progresses to steatohepatitis with further pro-
gression to cirrhosis. M. Yin et al. (2021) prove
the effectiveness and feasibility of using drugs
of natural origin with minimal side effects on
the body in fatty liver of various aetiologies.
This is how phospholipid-containing medicines
and phospholipid-containing food bioaddi-
tives have proven themselves. D. Wupperfeld et
al. (2022) explain the effectiveness of phospho-
lipid-containing agents by their hepatoprotec-
tive effect. M. Mitrovic et al. (2022) note that
different sources of phospholipids (oilseeds,
seafood, egg yolk, etc.) are used to produce
phospholipid-containing agents with hepato-
protective properties, which leads to different
properties and the corresponding effectiveness
of the use of drugs derived from them.

V.A. Gryshchenko et al. (2023) point out
that milk is a valuable source of phospholipid
complexes, the unique phospholipid spectrum
of which is inherent in mammals, and there-
fore is expected to be the most effective for the
designing of preparations for the medication
of animals. Researchers have confirmed a sub-
stantial positive effect of the biologically active
supplement (BAS) FLP-MD, based on a complex
of milk phospholipids, on lipid metabolism in
animals with calf dyspepsia and toxic hepatitis.

Therefore, the purpose of this study was to
determine the content of unconjugated biliru-
bin and its conjugated forms in blood, bile, and
liver tissue in laboratory rats under artificial re-
production of fatty hepatosis, and in the case of
corrective therapy based on a complex of milk
phospholipids in the composition of the BAS
“FLP-MD”.

Literature Review

According to A. De & A. Duseja (2022), fatty liv-
er is characterised by the accumulation of lipid
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vesicles in hepatocytes without pronounced
changes resulting from inflammatory process-
es in the liver tissue - steatosis (fatty liver) or
with lobular inflammation - steatohepatitis.
Generally, fatty liver constitutes a wide range of
structural and functional disorders, the patho-
genesis of which does not involve hepatotrop-
ic viral infections, autoimmune processes, or
clearly defined genetic risk factors.

According to the data presented in X. Shu et
al. (2022), fatty degeneration of liver tissue is a
fairly common hepatopathology in the world. It
is believed that up to 25% of the world’s pop-
ulation suffers from it, which is accompanied
by hyperlipidemia, obesity, diabetes mellitus,
and hypertension. At the same time, according
to G. Tarantino & V. Citro (2024), all these dis-
orders (obesity, insulin resistance, metabolic
syndrome) are among the factors that provoke
the development of fatty liver. N. Chalasani et
al.(2018) associate the occurrence of this disease
primarily with the development of metabolic
syndrome and disorders of not only lipid me-
tabolism but also closely related carbohydrate
metabolism. H. Tilg & M. Effenberger (2020)
and Y. Liu et al. (2024) point out the hetero-
geneous pathogenesis of fatty liver disease, in
which metabolic disorder is the leading factor.
Since fatty liver is associated with metabolic
dysfunction, researchers have proposed to focus
on identifying changes in various parts of me-
tabolism in this pathology and to accelerate the
search for new effective drugs and treatments.

Metabolic steatohepatitis is one of the
hepatocellular diseases that can cause pigment
metabolism disorders. T. Yamamoto et al. (2021)
reported that in the case of severe hepatocel-
lular necrosis, an increase in transaminase ac-
tivity was observed, and hyperbilirubinaemia
developed. In fatty liver disease, no jaundice
was observed in the absence of inflammato-
ry processes and significant disorders of bil-
irubin transport and biotransformation. As
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summarised by K. Moss et al. (2023), an increase
in blood bilirubin levels and a decrease in its
content in bodily fluids may result from chang-
es in various stages of its metabolism. Specif-
ically, due to excessive production of bilirubin
(pathological haemolysis), there is a distur-
bance in the liver’s absorption of bilirubin from
the blood and an increase in the level of uncon-
jugated bilirubin, followed by a disturbance in
its conjugation caused by a defect in UDP-glu-
curonosyltransferase, and bile clearance disor-
ders with increased levels of direct bilirubin due
to defects in the transport proteins of the chan-
nel (apical) domain of the hepatocyte plasma
membrane or the inability of bile to reach the
small intestine in case of bile duct obstruction.
Liver damage caused by any cause and with var-
ying degrees of severity reduces the number of
functionally fit hepatocytes, which can impair
the absorption of unconjugated bilirubin from
the blood plasma and reduce bilirubin clearance
through the bile ducts. Therefore, deviations
from the normal content of bilirubin and its de-
rivatives can be detected in blood and bile tests
even in the absence of jaundice accompanying
metabolically determined liver diseases. Over
three decades ago, H.S. Kaufman et al. (1991)
also reported that elevated bilirubin levels in
bile may be another pathogenic factor in the
formation of gallstones, even in the absence of
cholesterol supersaturation of the hepatic se-
cretion. In some models of experimental fatty
liver, an increase in blood bilirubin levels was
also detected.

M.P. Boychak et al. (2022) concluded that
an increase in the concentration of conjugated
bilirubin in the blood is associated with hepa-
tocellular lesions, not just cholestasis. Where-
as changes in unconjugated bilirubin are more
indicative of the ability to synthesise less toxic
forms of bile pigment metabolites even in criti-
cal conditions. Lipid peroxidation and oxidative
stress are considered the leading factors in the
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development of fatty hepatosis of various aeti-
ologies. N. Sadasivam et al. (2022) claim that cy-
tochrome P450 2E1 (CYP2E1), which also pro-
duces reactive oxygen species (H,0, and 0,"), is
a provoking factor in the development of fatty
liver disease, as inhibition of CYP2E1 has been
proven to protect liver cells in disorders regu-
lation of lipid metabolism and oxidative stress.
According to the researchers, serum bilirubin
can also affect the manifestation of cytoprotec-
tive and antioxidant phenomena in the absence
of hepatopathology. Serum bilirubin levels are
inversely correlated with insulin resistance and
the development of diabetes mellitus and car-
diovascular disease in patients with fatty hepa-
titis. At the same time, the correlation between
serum bilirubin levels and fatty liver is still un-
clear. It was suggested that elevated levels of
bilirubin and its metabolites in the blood serum
can reduce oxidative stress, inflammation, and
inhibit the development of fatty liver. However,
as noted by X. Shu et al. (2022), there was no
independent association between serum bili-
rubin and fatty liver infiltration in non-obese
patients. Thus, there is an urgent need to deter-
mine the causal relationship between bilirubin
metabolism and excretion and fatty hepatosis
in randomised controlled trials.

According to D.O. Melnychuk et al. (2014),
the effectiveness of the use of milk phospho-
lipids in the composition of the BAS “FLP-MD”
for the correction of lipid metabolism disorders
in toxic hepatitis by eliminating the structural
and functional destabilisation of hepatocytes,
especially their membrane systems, was estab-
lished. The established effectiveness of a bioad-
ditive containing milk phospholipids (FLP-MD)
is promising for veterinary medicine, including
in the development of drug-induced hepatosis.
As discussions continue on the involvement of
pigment metabolism and fluctuations in the
content of bilirubin and its derivatives in the
mammalian body in the pathogenesis of fatty

liver disease, the question arises as to the spe-
cific features of changes in this metabolism
when using milk phospholipids in the compo-
sition of the BAS “FLP-MD” in conditions of
modelled fatty hepatosis.

Materials and Methods

A series of experimental studies was conducted
at the scientific laboratories of the Faculty of
Veterinary Medicine of the National University
of Life and Environmental Sciences of Ukraine
and the Educational and Research Centre “Insti-
tute of High Technologies” of Taras Shevchenko
Kyiv National University in 2022-2023. To de-
termine the effects of milk phospholipids in the
BAS “FLP-MD” under conditions of simulated
fatty hepatosis on the content of various forms
of bilirubin: unconjugated bilirubin, bilirubin
sulphate, bilirubin monoglucuronide, total bil-
irubin monoglucuronide and monoglucoside
fractions, bilirubin diglucuronide in liver tis-
sue, blood, and bile, an experimental study was
conducted using male Wistar rats (32 animals)
weighing 200 = 50 g. Only males were used for
the experimental studies because of the known
sexual dimorphism of fatty liver disease in
mammals (Martin-Grau & Monleon, 2023) and
differences in clinical manifestation and prog-
nosis in animals of different sexes. To weigh
rats during the experiment, electronic scales
ORION 0OS-0K22 (ORION ELECTRONICS LTD,
Europe) were used.

The laboratory animals were maintained
in a vivarium under standard state, with an in-
door temperature of 22-24°C, 14-hour daylight
hours, a standardised nutritious diet and free
access to water. The experimental study was
conducted according to the European conven-
tion for the protection of vertebrate animals
used for research and other scientific purpos-
es (1986) and the Law of Ukraine No. 3447-1V
(2006). All surgical interventions required
by the study plan in acute experiments were
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performed according to the ARRIVE guide-
lines, following the guidelines of Council Di-
rective 2010/63/EU (2010) on the protection of
animals used in experiments.

The author’s methodology (Gryshchenko et
al., 2019) was used to model fatty hepatosis in
laboratory rats. For this, applying a soft silicone
tubes, the animals were administered a 4%
solution of tetracycline hydrochloride in the
high dose: 250 mg/kg body weight daily intra-
gastrically for 7 days. As a result, rats developed
fatty hepatosis induced by high-dose tetracy-
cline. Rats that were treated with intragastric
administration of tetracycline hydrochloride
were included in the “Self-rehabilitation” group
(n=8). Animals of the “Correction” group (n=8)
received an intragastric 1% solution of the BAS
“FLP-MD?”, the main active ingredient of which
is milk phospholipids, for 7 days before oral
administration of the antibiotic and addition-
ally for the next two days after its completion.
The daily single dose of the BAS “FLP-MD” was
13.5 mg/kg body weight (Pat. 86516 UA, 2009).
Animals that were administered intragastrical-
ly with the same volume of distilled water to the
volume of antibiotic and bioadditive were in the
“Control” group (n=8). A separate group of an-
imals stayed “intact” in terms of antibiotic use
but received milk phospholipids as part of the
BAS “FLP-MD” (n=_8). An essential component
of the study was regular determination of the
animals’ body weight and recalculation of the
dose of preparations according to its change
during the experiment. In acute experiments on
rats, bile samples were collected with a cannu-
lated bile duct. The duration of the acute exper-
iment was two hours. The day before the surgery
experiment (acute experiment), we weighed
the rats and deprived them of access to food.
During the day before the acute experiment,
animals of all experimental groups had free
access to drinking water. The absence of feed-
ing during the day before the acute experiment
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was conditioned by the need to avoid possible
reflex regulatory effects of feed intake on bil-
iary function and blood chemistry.

To perform the surgical intervention in the
acute experiment, rats were intraperitoneally
injected with sodium thiopental at 7 png/100 g
of body weight, which ensured immobilisation
and anaesthesia of the animals. The anaesthet-
ic effect occurred 3-5 minutes after the drug
injection. Subsequently, the abdominal wall
of the experimental animal was cut along the
white line of the abdomen. After that, we can-
nulated the animal’s bile ducts using a special
plastic tubes (cannulas) to which a micropi-
pettes were attached. The cannula was fixed in
the bile duct using ligatures. Bile samples were
distributed into separate plastic epidurals every
30 minutes during the acute experiment. As a
result of the one-and-a-half-hour acute exper-
iment, three individual half-hour bile samples
were taken from each rat at the end of the acute
experiment, blood and liver tissue samples
were taken for further determination of the
content of bilirubin and its derivatives. In sam-
ples of liver tissue, bile and whole heparin sta-
bilising blood, after extraction according to the
method Pat. 99031324 UA, MPK A61B5/14, the
concentration of free and conjugated forms of
bilirubin was identified and determined accord-
ing to the method under Utility model patent
41602 Ukraine, IPC GOIN 33/52, GOIN 33/72
(Garnyk, 2009). For this, 50 pL of stabilising
aqueous solution was added to the liver, bile,
or blood samples obtained in the acute experi-
ment (50 uL each). The stabilising solution con-
tained 5.0% urea and 0.5% ascorbic acid. Subse-
quently, butanol and acetone were added to the
mixture of the biological sample and stabilising
solution in the following volume ratio: 2:2:7.
The mixture was intensively mixed and centri-
fuged for 10 minutes at 3,000 rpm. A laboratory
centrifuge OPN-8 (Ukraine) was used to centri-
fuge the resulting mixture. Acetone and butanol
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were passively evaporated from the superna-
tant. Subsequently, 5 uL of the aqueous com-
ponent from the biological sample extract was
applied 2-4 times to pre-marked Silufol chro-
matographic plates (Czech Republic). The chro-
matographic separation of pigments extracted
according to the method described above is also
possible on FN-16 chromatographic paper from
Filtrak (Czech Republic). The chromatograph-
ic separation of pigments from the processed
liver, bile, or blood samples was performed in
the chromatography chamber. For this, the side
walls of the chromatography chamber were
preliminarily lined with filter paper and a mix-
ture of solvents was poured into the chamber:
amyl acetic acid ester, concentrated acetic acid,
propanol, water, ethylene glycol in a volume ra-
tio of 21:10:5:5:3. The chromatography plates
or chromatography paper with the applied
samples were placed in the chromatography
chamber. After the separation into fractions
was completed, solvent was extracted from the
chromatograms in a fume hood. The finished
chromatograms were previewed in the visible
and ultraviolet regions of the spectrum using
special light sources (chromatoscope and lamp
type A-FC-301) to activate the fluorescence of
pyrrole groups in bilirubin and its derivatives.
For quantification, the chromatograms were
stained using a glass laboratory sprayer to ap-
ply the modified diazo reagent: 10 mL of diazo
solution No. 1 and 0.25 mL of diazo solution
No. 2 with 1.0 mL of formic aldehyde added to
the mixture. Densitometry of 5 separate frac-
tions of different forms of bilirubin metabolites
was performed in the ultraviolet and visible
spectral range using a densitometer DO-1M
(Ukraine). The methodology used for the iden-
tification and distribution of pigments in bile
and blood helped to determine unconjugated
bilirubin, bilirubin sulphate, bilirubin monoglu-
curonide, the total fraction of bilirubin mono-
glucuronide and monoglucoside, and bilirubin
diglucuronide in both of these biological fluids.

The results of the study were statistically
processed using Statistica 5.0 software (Stat-
Soft Inc., USA). According to the recommen-
dations of N.B. Filimonova et al. (2005) used
the t-Student’s test to determine the statisti-
cal reliability of differences between the val-
ues of indicators of pigment metabolism in
the studied groups. To test the nature of the
distribution for normality, the study employed
the Shapiro-Wilk test offered by Statistica 5.0
software. It was found that the concentrations
of all five fractions of bilirubin derivatives ob-
tained in the experiment were normally dis-
tributed. Differences between two comparable
indicators from two different samples were
defined as statistically reliable at P < 0.05,
P<0.01, or P<0.001.

Results and Discussion

To investigate the mechanisms of influence of
the components of the BAS “FLP-MD” on the
metabolism of bile pigments in the body of lab-
oratory rats with artificial reproduction of fatty
hepatosis, the content of bilirubin metabolites
was determined in samples of blood, bile, and
liver tissue. A study of the levels of various bili-
rubin metabolites in liver tissue, bile, and blood
obtained from rats with artificially reproduced
fatty hepatosis showed that both in the mod-
elling of this hepatopathology and in case of
using milk phospholipids in the composition of
the “FLP-MD” bioadditive, the fractions of free
and conjugated bilirubin underwent substantial
quantitative changes.

The concentration of unconjugated bil-
irubin in the blood of animals with tetracy-
cline-induced liver damage was 39.3% lower
than the control value (Table 1). Oral adminis-
tration of the milk phospholipid complex in the
BAS “FLP-MD” to rats both under conditions of
modelled pathology and in intact animals did
not affect the concentration of unconjugated
bilirubin in the blood, and therefore it did not
differ from the control values.
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Table 1. The content (mg%) of bilirubin derivatives
in the blood of experimental rats under experimental conditions (M*m, n=8)

Bile pigment fraction of Animal group
blood “Control” “Self- “Correction” “Healthy + BAS
rehabilitation” “FLP-MD”“
Bilirubin unconjugated 0.56%0.16 0.34%0.10% 0.55%0.06 0.64%+0.09
Bilirubin sulphate 0.0087 £0.0045 0.0042+0.0027 0.0085%0.0021 0.0105+0.0024
Bilirubin glucuronide 0.054+0.016 0.030=0.010™## 0.066*0.007 0.057+0.020
Bilirubin monoglucuronide ¢ 1940009 0.004+0.002"*  0.020%0.006 0.019%0.006
and monoglucoside
Bilirubin diglucuronide 0.067£0.02 0.047+0.02 0.060£0.01 0.063£0.01

Notes: *P<0.05, **P<0.01, statistically significant differences between the indicators of the experimental groups
(“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“ groups) and the control indicators (“Control”
group); #P<0.05, ###P<0.001, the difference is significant between the values of indicators in the “Correction” and

“Self-rehabilitation” groups
Source: developed by the author of this study

Thus, the administration of the phospho-
lipid complex in the form of the BAS “FLP-
MD?” to rats did not cause significant changes
in the concentration of unconjugated bilirubin
in the blood and slightly reduced it in the bile
in intact animals. In rats with artificially re-
produced fatty hepatosis, the administration
of the BAS “FLP-MD” had an effective effect in
terms of complete recovery to the control val-
ues of unconjugated bilirubin concentration in
the blood and partial recovery in bile. There-
with, the concentration of unconjugated biliru-
bin in the blood of animals with modelled fatty
hepatosis was substantially lower (by 39.3%)
than the control value.

In most cases of liver pathology, research-
ers observed hyperbilirubinaemia due to an
increase in the level of its unconjugated form
in the blood. As pointed out by S. Gazzin et
al. (2017), unconjugated hyperbilirubinaemia
is associated with increased bilirubin pro-
duction, impaired delivery from the blood to
hepatocytes, and improper functioning of en-
zyme systems that ensure pigment conjuga-
tion in hepatocytes. Generally, unconjugated
bilirubin can bind to biomembranes, which
changes their fluidity, affects mitochondri-
al respiration, and the production of reactive
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oxygen species. Thus, this form of pigment
acts on its own transport and enzyme systems,
changing metabolism. The researchers em-
phasised that unconjugated hyperbilirubinae-
mia is not typical for fatty hepatosis, and its
manifestations are recorded in the transition
of steatosis to steatohepatitis with further
progression of liver fibrosis. The experiment
revealed that the level of unconjugated biliru-
bin in the blood of rats of the “Self-rehabili-
tation” group was characterised by a decrease
compared to the control and the value of this
indicator in the “Correction” group. Situations
in which blood bilirubin concentrations are
substantially reduced, as reported by Y. Aoki et
al. (2022), also correlate with impaired renal
function and pancreatic damage. In this re-
gard, the authors of the publication emphasise
the need for constant monitoring of the kid-
neys in case of low bilirubin levels. According
to Y. Aoki et al. (2022), the search for thera-
peutic measures to normalise pathologically
reduced levels of unconjugated bilirubin is a
vital area of research to prevent hypobiliru-
binaemia-related disorders of body functions.

C.-C. Zhao et al. (2023) reported normal
and slightly elevated levels of both unconjugat-
ed and conjugated bilirubin fractions in blood
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plasma, which may suggest the anti-inflamma-
tory and protective effects of unconjugated bil-
irubin and is an angioprotective factor. L. Vitek
& C. Tiribelli (2021) noted that unconjugated
bilirubin can be considered as a biologically
active factor with antioxidant properties that
reduces the risks of cardiovascular disease and
atherosclerosis, metabolic syndrome and dia-
betes mellitus, autoimmune and neurodegen-
erative diseases. Bilirubin should be considered
not only as a potentially dangerous end prod-
uct of heme metabolism, but also as a kind of
“yellow hormone” that affects metabolism,
which requires thorough investigation. Condi-
tions in which the level of bilirubin in the blood
decreases can be dangerous for the course of
many common diseases and increase the risk
of complications. D.O. Melnychuk et al. (2014)
observed a decrease in the content of unconju-
gated bilirubin (by 20%) in the whole blood of
rats with simulated cadmium chloride injury at
a dose corresponding to 150 LD, .

We assume that the 39.3% decrease in the
concentration of unconjugated bilirubin in the
blood of diseased rats may be explained by the
inhibition of albumin biosynthesis in hepat-
ocyte damage and reduced haemoglobin pro-
duction due to inhibition of the hematopoietic
function of the red bone marrow under condi-
tions of artificial reproduction of fatty hepato-
sis, as demonstrated in a previous study (Grysh-
chenko et al., 2019).

The unconjugated bilirubin content stayed
unchanged in the liver tissue of the “Self-reha-
bilitation” group rats (Table 2). On the contra-
ry, the administration of the milk phospholipid
complex in the BAS “FLP-MD” in intact animals
caused a 27.6% decrease in the content of un-
conjugated bilirubin in liver tissue compared
to the control. However, when using the BAS
“FLP-MD”in animals with experimental fatty
hepatosis, the concentration of unconjugated
bilirubin in liver tissue was 22.2% higher than
in the control.

Table 2. Content (mg%) of bile pigments in the liver tissue of experimental rats under
experimental conditions (M*m, n=8)

Animal group
Bile pigment fraction “Control” “Self- “c ction” “Healthy + BAS
ontro rehabilitation” orrection “FLP-MD”*“
Bilirubinunconjugated 3.69%0.82 3.11+£0.51%* 4.51+0.65" 2.67%0.56™
Bilirubin sulphate 1.56+0.44 1.78+0.27" 0.95+0.16™ 1.77£0.34"
Bilirubin glucuronide 13.24+1.93 10.50%1.77* 9.16+0.74™ 13.16%2.11%
B3] R o IO 2 1.79+0.33 1.51£0.21% 0.99+0.16™ 1.84£0.29"
and monoglucoside
Bilirubin diglucuronide 31.31%£4.76 25.09+2.22%## 19.74%2.06™ 27.81£3.06

Notes: *P<0.05, **P<0.01, ***P<0.001, statistically significant differences between the indicators of the experimental
groups (“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“groups) and the control indicators (“Control”
group); # P<0.05, ### P<0.001, the difference is significant between the values of indicators in the rats of the
“Correction” and “Self-rehabilitation” groups or the “Healthy + BAS “FLP-MD”“ group

Source: developed by the author of this study

The detected accumulation of unconjugat-
ed bilirubin in the liver tissue of the diseased
animals of the “Correction” group may be as-
sociated with the intensification of pigment

transport from the blood to hepatocytes under
the influence of milk phospholipids in the BAS
“FLP-MD” due to the stimulation of albumin
synthesis. We also assume that the components
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of the BAS “FLP-MD” can stimulate the uptake
of unconjugated bilirubin by hepatocytes in con-
ditions of simulated fatty hepatosis, which is a
significant therapeutic property of the phospho-
lipid bioadditive under study and its ability to
accelerate repair processes in cell membranes.

Unconjugated bilirubin was found in all
three bile samples obtained from rats with
modelled pathology at a concentration lower
than in the first, second, and third control sam-
ples by 29.5%, 26.0% and 29.9%, respectively
(Table 3).

Table 3. The content (mg%) of unconjugated bilirubin
in the bile of experimental rats under experimental conditions (M*m, n=8)

Experiment time, min

“Control”
30 2.37%0.33
60 2.30£0.26
90 2.21+£.27

Animal group
“Self-rehabilitation” “Correction”
1.67+0.23™ 1.90£0.25"
1.71£0.27™ 1.90£0.26™
1.55%£0.26™ 1.81£0.23™

Notes: *P<0.05, **P<0.01, ***P<0.001, statistically significant differences between the indicators of the experimental

» «

groups (“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“groups) and the control indicators (“Control”
group); # P<0.05, the difference is significant between the values of the indicator in the “Correction” and “Self-

rehabilitation” groups
Source: developed by the author of this study

When using the BAS “FLP-MD” in animals
with modelled fatty hepatosis, the concen-
tration of unconjugated bilirubin in all three
bile samples remains lower than in control
samples by 19.8%, 17.4%, 18.1%, respectively.
However, when comparing the results in the
“Self-rehabilitation” and “Correction” groups,
it was found that the content of unconjugated
bilirubin in the third bile sample of animals
treated with a biologically active phospholipid

supplement was 17% higher than the con-
tent of unconjugated bilirubin in the third
bile sample of rats with modelled fatty hepa-
tosis (Table 3). Therewith, the concentration
of bilirubin sulphate in all three bile samples
obtained from rats with experimental hepato-
pathology was substantially lower compared
to the first, second, and third samples in the
control, by 20.8%, 22.6% and 36.0%, respec-
tively (Table 4).

Table 4. The content (mg%) of bilirubin sulphate
in the bile of experimental rats under experimental conditions (M*m, n=8)

Experiment time, min

“Control”
30 1.06+0.21
60 1.06£0.18
90 1.00£0.17

Group of rats

“Self-rehabilitation” “Correction”

0.84+0.13* 1.17+0.18"
0.82%0.10** 1.00+0.26"
0.74%0.11%** 1.01£0.23"

Notes: *P<0.05, **P<0.01, ***P<0.01, statistically significant differences between the indicators of the experimental
groups (“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“groups) and the control indicators (“Control”
group); ### P<0.001, the difference is significant between the values of the indicator in the “Correction” and “Self-
rehabilitation” groups

Source: developed by the author of this study
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In case of administration of BAS “FLP-MD”
in animals with experimental fatty hepatosis, in
all three bile samples the concentration of bil-
irubin sulphate did not differ from the control
and, respectively, was 39.3%, 36.0%, and 36.5%
higher than the values of these indicators in the
“Self-rehabilitation” group (Table 4). There-
with, there were no changes in the concentra-
tion of bilirubin sulphate in the blood samples
of experimental animals with modelled hepato-
pathology and with the use of BAS “FLP-MD”
(Table 1). Consequently, no accumulation of
this bilirubin metabolite in the innner environ-
ment of the organism was observed.

Therewith, the study of the content of bili-
rubin sulphate in liver tissue showed that in the
case of correction of the conditional liver status
in animals with modelled fatty hepatosis, the
concentration of this metabolite increased by
39.1% compared with the control (Table 2). As
a result, it was found that under the influence
of the components of the bioadditive in the
conditions of modelling hepatopathology, the
processes of formation of bilirubin sulphocon-
jugates by the enzyme systems of hepatocytes
intensified, which positively characterises the
neutralising function of the liver. D.O. Mel-
nychuk et al. (2014) noted a comparable incre-
ment in the concentration of bilirubin sulphate
in liver tissue (by 33%) after exposure of rats to
toxic doses of cadmium chloride (for 14 days).
According to the researchers, growing of the
content of bilirubin sulphate in rat liver tissue
after xenobiotic exposure may indicate an in-
crease in the role of neutral pair compounds
formation in case of compensatory intensifica-
tion of detoxification processes.

Back in the 1990s, H.S. Kaufman et
al. (1991) showed that bilirubin monoglucu-
ronide in bile interacts with bile acids and is
incorporated into mixed micellar bile particles.
Thus, bilirubin monoglucuronide displaces
cholesterol from bile micelles to cholesterol

vesicles, which contributes to the formation of
its monohydrate crystals, which provokes the
development of cholelithiasis. This is not the
only evidence of the pathogenetic significance
of disorders of bilirubin glucuronide metabo-
lism and excretion. Adverse drug reactions may
be caused by changes in bilirubin metabolism
and the development of jaundice. As noted by
X. Yang et al. (2022), the leading mechanism
appears to be the inhibition of bilirubin glu-
curonidation mediated by UDP-glucuronos-
yltransferase 1A1 (UGT1Al) and the factual
competition of many compounds, particularly
those containing phenolic hydroxyl groups,
with the endogenous metabolite bilirubin. As
a result, the activity of UDP-glucuronosyl-
transferase 1A1 towards bilirubin is inhibited
and the formation of bilirubin glucuronide is
reduced. According to E. Jarvinen et al. (2022),
glucuronic and sulphate metabolites are most-
ly unable to freely penetrate the plasma mem-
branes of cells. Therefore, for their entry into
hepatocytes and excretion into bile, proper ac-
tivity of organic anion transporters of the basal
domains of cell membranes and multidrug-re-
sistant transporters of the apical domains of
plasma membranes of liver cells is required.
Therefore, changes in the concentration of bil-
irubin glucuronide in bile may be caused by the
effect of hepatotropic factors on the transport
systems of the hepatocyte plasma membrane,
which ensure the excretion of this form of bili-
rubin to the bile ducts.

It was found that in animals with modelled
fatty hepatosis, the concentration of biliru-
bin glucuronide in all three bile samples was
significantly lower than in control bile sam-
ples. Specifically, in the first bile sample of the
“Self-rehabilitation” group, the concentration
of bilirubin glucuronide decreased by 34.0%, in
the second sample — by 35.8%, and in the third
sample — by 36.4% compared to the values of
this indicator in the control group (Table 5).

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2




Illek et al.

Table 5. Bilirubin glucuronide content (mg%)
in bile of experimental rats under experimental conditions (M*m, n=_8)

Experiment time, min

“Control”
30 11.69+£1.89
60 11.81£1.81
90 11.06%1.82

Group of rats

“Self-rehabilitation” “Correction”

7.72%1.09%** 10.96 +2.18###
7.58+1.27%** 11.27 £ 2.43###
7.03+.21%** 10.52£1.83###

Notes: *P<0.05, **P<0.01, ***P<0.01, statistically significant differences between the indicators of the experimental
groups (“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“groups) and the control indicators (“Control”
group); ### P<0.001, the difference is significant between the values of the indicator in the “Correction” and “Self-

rehabilitation” groups
Source: developed by the author of this study

When comparing the “Self-rehabilitation”
and “Correction” groups, it was found that the
content of bilirubin glucuronide in animals ad-
ministered the bioadditive exceeded that of rats
with experimental fatty hepatosis. Thus, in the
first sample of bile from the “Correction” group,
the content of bilirubin glucuronide was 42.0%
higher than in the bile from the “Self-rehabili-
tation” group, in the second sample - by 48.7%,
and in the third sample - by 49.6%. There-
with, no statistically significant differences
were observed between the bilirubin glucuro-
nide content in the bile samples of the “Con-
trol” and “Correction” groups (Table 5). In the
blood of animals with artificially reproduced
fatty hepatosis, the concentration of bilirubin
glucuronide decreased by 44.4% compared to
the control values, and in case of administra-
tion of the bioadditive to both intact animals
and rats with hepatopathology, this indicator
was close to the control values (Table 1). In the
liver tissue, the content of bilirubin glucuron-
ide in both fatty hepatosis and the use of the
BAS “FLP-MD” was substantially lower than in
the control (Table 2). However, we believe that
the mechanisms of this decline are different.

Namely, in the context of artificial modelling
of fatty hepatosis, a reduction in the content of
bilirubin glucuronide in liver tissue is associat-
ed with a general decrease in bilirubin levels in
the body due to the characteristic development
of anaemia in this pathology (Gryshchenko et
al., 2019). The use of a phospholipid prepara-
tion intensifies the transport of bilirubin glucu-
ronide from hepatocytes. Thus, the use of milk
phospholipids in the BAS “FLP-MD” in sick rats
has a pronounced restorative effect on the pro-
cesses that determine the formation and flow
of bilirubin glucuronide into the bile in animals
with experimental fatty hepatosis.

It was found that in patients of the
“Self-rehabilitation” group, in all three bile
samples, the concentration of the components
of the total bilirubin fraction monoglucuro-
nide and monoglucoside was lower than in
control samples by 26.5%, 31.2%, and 25.5%,
respectively. Whereas oral administration
of BAS “FLP-MD” in rats of the “Correction”
group eliminated the inhibitory effect on the
concentration of the components of the stud-
ied total bilirubin fraction monoglucuronide
and monoglucoside (Table 6).

Table 6. The content (mg%) of the common fraction of bilirubin monoglucuronide
and monoglucoside in the bile of experimental rats under experimental conditions (M*m, n=8)

Experiment time, min

“Control”
30 1.17+0.15
60 1.26+0.24

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2

Group of rats

“Self-rehabilitation” “Correction”
0.86+0.18*** 1.01+0.26
0.88+0.12%** 1.02+0.27
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Experiment time, min w .
Control

90 1.10£0.14

Table 6. Continued

Group of rats
“Self-rehabilitation”
0.82%0.11%**

“Correction”
0.94+0.26

Notes: *P<0.05, **P<0.01, ***P<0.01, statistically significant differences between the indicators of the experimental
groups (“Self-rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD”“ groups) and the control indicators (“Control”
group); # P<0.05, the difference is significant between the values of the indicators in the “Correction” and “Self-

rehabilitation” groups
Source: developed by the author of this study

Thus, according to the described results
of determining the effectiveness of the milk
phospholipid complex in the BAS “FLP-MD” on
the background of simulated liver pathology, it
was noted that the endogenous formation and
stimulation of bilirubin monoglucuronide and
monoglucoside in bile were enhanced. This ef-
fect of the BAS “FLP-MD” was manifested in the
fact that the content of bilirubin monoglucu-
ronide and monoglucoside in the bile of these
animals approached the level of control values.
In the blood of animals with fatty hepatosis, a
78.9% decrease in the concentration of biliru-
bin monoglucuronide and monoglucoside was
observed (Table 1), which is possible with the
simultaneous development of anaemia in dis-
eased animals, as described earlier (Gryshchen-

ko et al., 2019). This leads to a decrease in the
content of heme transformation derivatives in
the blood in response to artificial modelling of
liver pathology. Administration of the bioaddi-
tive to sick animals completely eliminates this
depressive effect.

Under the conditions of artificial modelling
of hepatopathology, due to the introduction
of toxic doses of tetracycline hydrochloride
(“Self-rehabilitation” group), the concentration
of bilirubin diglucuronide in the bile of diseased
animals decreased. Thus, in the first sample of
bile from the “Self-rehabilitation” group, the
content of bilirubin diglucuronide was 24.0%
lower than in the control group, in the second
sample — by 22.4%, and in the third sample — by
24.0% (Table 7).

Table 7. Bilirubin diglucuronide content (mg%)
in bile of experimental rats under experimental conditions (M*m, n=_8)

Experiment time, min

“Control”
30 21.23+2.37
60 21.03£1.86
90 19.81+1.98

Notes:

Group of rats

“Self-rehabilitation” “Correction”
16.13+1.92%%*## 19.90+2.93
16.31 +1.45%**## 19.89+2.74
15.06 % 1.52%*## 19.44+2.46

*#% P<0.01 statistically significant differences between the indicators of the experimental groups (“Self-

rehabilitation”, “Correction”, “Healthy + BAS “FLP-MD” groups) and the control indicators (“Control” group);
###P<0.001, ## P<0.01, the difference is significant between the values of the indicator in the “Correction” and

“Self-rehabilitation” groups
Source: developed by the author of this study

Correction of the condition of animals
with experimental fatty hepatosis with the
help of BAS “FLP-MD” contributed to the res-
toration of bilirubin diglucuronide content in
rat bile. Notably, both in the modelling of fatty

hepatosis and in the group of animals treat-
ed with milk phospholipids as part of the BAS
“FLP-MD”, no significant changes in the con-
centration of bilirubin diglucuronide in the
blood were detected (Table 1). Therewith, a
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19.9% decrease in the concentration of bilirubin
diglucuronide was recorded in the liver tissue
of the diseased rats, which is probably due to
the inhibition of hepatocyte enzyme systems of
bilirubin glucuronidation. In the liver samples
of animals treated with the BAS “FLP-MD” on
the background of experimental fatty hepato-
sis, the content of bilirubin diglucuronide was
37.0% lower than the control values, which may
be due to the intensive formation and excretion
of this bilirubin metabolite into the bile ducts.

Hyperbilirubinaemia has always been not-
ed as a typical sign of liver damage of various
aetiologies and was considered a marker of
the relevant severity of hepatopathology. To
a large extent, the accumulation of bilirubin
and its metabolites is caused by the activa-
tion of certain genetic transcription factors.
S. Miura & A. Suzuki (2020) noted that bil-
irubin accumulation in blood and tissues is
associated with over-expression of the tran-
scription factor snail, which leads to impaired
secretion of primary bile by hepatocytes and
is further manifested by the development of
steatohepatitis. Lipid accumulation in liver
cells is caused by an excess of snail in steato-
hepatitis. Eventually, this causes pathological
changes in the liver tissue, accompanied by a
violation of bile acid homeostasis, the devel-
opment of further mitochondrial dysfunctions
and oxidative stress. It is important that snail
induces epithelial-mesenchymal degenera-
tion with subsequent transition to hepato-
cellular carcinoma. Thus, the overactivity of
the above-mentioned transcription factor in
knockout and mutant mice with the corre-
sponding gene alleles correlates with fatty
liver. Therefore, it is important to find all pos-
sible factors that would allow controlling the
proper activity of snail in hepatocytes.

In a study of the correlations between to-
tal blood bilirubin and the severity of steatosis
in patients with fatty liver, X. Ma et al. (2022)
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pointed out how excess snail may influence
the complex relationship between bilirubin
levels in the body’s internal environment
and the intensity of fatty liver. According to
their findings, there is a negative correlation
between the level of circulating bilirubin in
the blood and the risk of developing fatty
liver disease. Patients with fatty liver usual-
ly have low levels of direct bilirubin in their
blood. Therewith, the level of uridine 5-di-
phospho-glucuronosyltransferase (UGT1A1)
activity positively correlated with the inten-
sity of hepatocyte lipidosis. X. Ma et al. (2022)
emphasised the need for further research to
identify the relationship between fatty liver
disease, circulating total bilirubin and UG-
T1A1 activity. According to the analysis of
X. Shu et al. (2022), the leading risk factors
for the development of fatty hepatosis include
obesity, dyslipidaemia, diabetes mellitus with
insulin resistance, and metabolic syndrome.
Although the aetiology of fatty hepatosis is
insufficiently understood, oxidative stress
is considered a component of possible path-
ogenic mechanisms. X. Shu et al. (2022) em-
phasised that simultaneous changes in both
direct and total bilirubin are unlikely to be as-
sociated with the risk of initial development
of fatty liver. However, the risk of more severe
fatty liver is inversely related to the level of
bilirubin in the blood due to the inability to
exercise its antioxidant properties in case of a
decrease in its concentration in the body.
Thus, the decrease in the content of var-
ious bilirubin metabolites in tetracycline-in-
duced fatty liver disease found in the present
study indicates the possibility of a decrease in
the body’s adaptive capacity in the conditions
of this type of liver damage with intensifying
pathological changes in all physiological sys-
tems. Therewith, modelling of tetracycline-in-
duced fatty liver in Wistar rats revealed char-
acteristic changes in bile pigment metabolism
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caused by the direct cytotoxic effect of high
doses of the antibiotic on hepatocytes. Accord-
ing to the findings of chromatographic analy-
sis of the content of bilirubin and its deriva-
tives in the blood, liver, and bile of rats under
artificial modelling of hepatopathology, sub-
stantial disorders of bile pigment metabolism
were found, which is primarily associated with
the level of structural and functional destabili-
sation of hepatocytes, specifically, their mem-
brane systems. Experimental reproduction of
this hepatopathology in laboratory rats helped
to determine the corrective effectiveness of
milk phospholipids in the composition of the
BAS “FLP-MD?”, the use of which substantially
improved the bile-forming and biliary func-
tions of the liver and accelerated the recovery
of pigment metabolism in diseased animals.

Conclusions

In conditions of tetracycline-induced fatty
hepatosis in male Wistar rats, a significant de-
crease in blood levels of unconjugated biliru-
bin by 39.3%, bilirubin glucuronide by 44.4%,
and the total fraction of bilirubin monoglucu-
ronide and monoglycoside by 78.9% was ob-
served compared to the corresponding control.
The use of the milk phospholipid complex in
the BAS “FLP-MD” in sick animals eliminat-
ed the above effects of pathological changes
in the functioning of liver cells and the level
of the studied unconjugated and conjugated
forms of bilirubin in the blood. The ability of
the BAS “FLP-MD” to stabilise the concen-
tration of bilirubin and its derivatives in the
blood at a physiological level in the develop-
ment of experimental fatty hepatosis is one of
the mechanisms of its hepatoprotective effect
mediated by the reparative, antioxidant, and
choleretic properties of milk phospholipids.
Therewith, in the liver tissue of rats with
experimental fatty hepatosis, the content of
bilirubin glucuronide decreased by 20.7% and

bilirubin diglucuronide by 19.9% compared
to the control. The use of phospholipid-con-
taining BAS in rats with experimental fatty
hepatosis led to a decrease in the content of
bilirubin sulphate, bilirubin glucuronide in the
liver tissue, bilirubin monoglucuronide, and
the total fraction of monoglucoside and bili-
rubin diglucuronide, which is associated with
the intensive excretion of conjugated forms of
bilirubin into the bile ducts, and thus the chol-
eretic effect of milk phospholipids. The accu-
mulation of unconjugated bilirubin in the liver
tissue of rats with the use of the BAS “FLP-
MD” against the background of fatty hepato-
sis indicates the intensification of its removal
from the blood by the transport systems of
hepatocytes under the influence of the active
substances of the bioadditive. The ability of
the BAS “FLP-MD” to enhance the movement
of unconjugated bilirubin from the blood to
liver cells under conditions of modelled fatty
hepatosis is another mechanism of its thera-
peutic effect, which prevents the development
of intoxication and jaundice.

The revealed unidirectional changes — a
decrease in the concentration of unconjugated
bilirubin and its conjugated forms in bile both
in tetracycline-induced fatty hepatosis and in
the conditions of administration of BAS “FLP-
MD” to sick rats — are conditioned by different
mechanisms. Specifically, under conditions of
experimental fatty hepatosis caused by inhibi-
tion of protein synthesis processes and associ-
ated anaemia, a decrease in the pigment con-
tent in bile was observed. We assume the fact
that under the action of the BAS “FLP-MD”,
synthetic and energy-dependent transport and
enzymatic processes of bilirubin biotransfor-
mation are enhanced, which, together with the
simultaneous choleretic effect of the investi-
gated phospholipid bioadditive, contributed
to a decrease in the concentration of uncon-
jugated and conjugated bilirubin in bile. The
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established regularities allow recommending
this bioadditive as a means of corrective ther-
apy for the development of pigment metabo-

in the liver tissue of the liver in simulated toxic
form of fatty hepatosis in animals.

lism disorders in animals with fatty hepatosis, Acknowledgements
as well as for the prevention of cholestasis and  None.
bilirubin encephalopathy.
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AHoTauis. AKTYyaJbHICTb HOCTI[KEHHS TIOJSITAa€ y BiJICYTHOCTI HAa CBOTOJHI [TOCTOBipHOI
indopmarnii 1oH0 MPOBIZHMX ACIEKTiB MOJIEKYASIPHUX MexaHi3MiB BMHMKHEHHS IMOMIMPEHOro
B CCaBI[iB KMPOBOTO TrelaTo3y Ta JOro HebesMmeuHuX YyCKIagHeHb - ¢Gibpo3y, Huposy Ta
rernaTouenoasipHoi kapuyHomu. i 06CTaBMHM iCTOTHO YCKIAJHIOIOTh CBOE€YACHY HiaTHOCTUKY
3a3HaueHOl rernaTonaTosorii Ta 3HMKYIOTh e(PeKTUBHICTD JIiIKyBaHHS. YHiKaJbHUM i BJIaCTUBUM
IUIST TIEYiHKM € MeTabomi3M TMOXiIHOTro TeMy — Oiipy6iHy, sIKMii 3aBASIKM €H3MMHUM CHUCTEMaM
rernaTolMTiB 3a3Ha€ TpaHCchopMallii 3 yTBOPEHHSIM HEMTPATbHUX CIIOIYK — ITIOKYPOHOKOH 10TaTiB
Ta Ccy1bGOKOH I0TaTiB, 110 3a3HA€ 3MiH i MOTpebye aHaMi3y 3a KMPOBOTO rernaTo3y B TBapuH. MeTa
IOCTi[IKeHHsI TO/sTana y BM3HAUeHHI xapakTepHMX 3MiH BMICTy HEKOHIOTOBaHOro Oinipy6iHy
Ta #oro cyabGOKOH I0TaTy, ITIOKYPOHiLy, MOHOTTIOKYPOHily, MOHOIIIOKO3ULY i JUIITIOKYPOHIZY
B KpOBi, ’KOBUi Ta TIeUiHI[i IIypiB 3a MOZIEIIOBAHHSI XKMPOBOTO TemNaTo3y ¥ IMpuU3HAUeHHS
BiIHOBJIIOBA/IbHOI Teparrii. JIJIs 11bOr0 BMKOPMCTOBYBa/IIM METO, TOHKOIIApOBOi Xpomartorpadii.
BcTaHOBI/IEHO, 1O 3@ TETPAIMKIIHIHIYKOBAHOTO KMPOBOTO TernaTo3y B JIAG0pAaTOPHMX MLIypiB
BiIOyBasIOCs 3MeHIIEeHHS B KPOBi KOHIIEHTpaIlii HeKOH I0TOBaHOTO 6iipy6iny Ha 39,3 %, 6inipy6iny
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DTIOKYPOHiny Ha 44,4 %, cymapHoi dpakiii 6imipy6iHy MOHOMTIOKYPOHiy Ta MOHOITIKO3UIY Ha
78,9 %. IlepopanbHe BBeIEeHHS XBOPUM TBapMHaM KoMmruiekcy docdominifis Monoka y ckiami
6iomo6aBku «FLP-MD» 3a6e3meuyBaso MigTpUMaHHs BKa3aHUX MOKA3HUKIB HA PiBHI KOHTPOIIO.
V TKaHUHI THeuiHKM XBOpPUX IIypiB 3HIOKYBaBCS BMICT OinipybiHy IIMIOKYpOHIny it 6imipy6iHy
IULTIOKYPOHiny. Y pasi 3acTocyBaHHS I[uM TBapuHaM docdomninizoBmicHoi 6iom06aBKM B TKAHMHI
TeYiHKM 3POCTaB piBeHb HEKOH I0TOBAHOTO 6imipy6iny Ha 22,2 %, ajie 3MEeHIIyBaBCsI BMiCT 110TO
KOH1oroBaHMX GopM. Y KOBYi XBOpMX IIypiB 3a caMopeabGimiTaiii 3MeHIIyBaBCS BMICT ycCix
nmocmimkyBaHuX (pakiiiit 6inipy6iny. KomnonenTu 6iomo6aBky «FLP-MD» 3a >XKMpPOBOTO rernaTo3y
B IIYpiB He BIUIMBA/IM HA 3MEHIIEHHS BMiCTy HEKOH IOTOBAHOTO Oi/ipy6iHy B SKOBUi, ajie yCyBaau
iHribytounii edekT 3MOIeNbOBaHOI MATOJMOrii Ha BMICT ycix KOH'IOroBaHux ¢opm 6imipy6iny.
OTpumaHi pe3ynbTaT MOXYTb 6yTY BUKOPUCTAHI B IKOCTi 6i0XiMIYHMX MapKepiB IJ1sI KOHTPOJIIO
3a MTOKa3HMKAaMM ITirMEHTHOr0 06MiHY 38 PO3BUTKY JKMPOBOTO T€aTo3y B CCaBIIiB

KmiouoBi cmoBa: >KOBYHi TirmMeHTH; bochomimiaym MoiaoKa; TeTPAIMKIIHY TigpOXIOpu;
TOHKOIIIApOBa XpomaTorpadisi; KopuryBaabHa Tepartis; Kuposa quctpodist
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Abstract. At present, there are no legally consolidated, regulated procedures for conducting
forensic veterinary examination of animal cadavers in Ukraine, which makes it difficult for law
enforcement agencies to objectively qualify forms of administrative and criminal offences within
the framework of pre-trial investigations. Therefore, scientifically sound research results in the
field of animal treatment are of particular relevance. The purpose of this study was to substantiate
the cause-and-effect relationships in the genesis of violent death of animals caused by mechanical
injuries, thermal trauma, and mechanical asphyxiation with the identification of thanatognomonic
patterns according to a two-level system of evidence. Methods of comprehensive forensic veterinary
examination of animal cadavers were employed, followed by logical and epistemological processing
of the results. It was argued that the main links of thanatogenesis in the case of death of animals
from these species are irreversible haemodynamic disorders and acute hypoxemia. Based on this
approach, an estimate of the area of pathological damage to internal organs incompatible with life is
proposed, followed by an “expert hypothesis” regarding the determining cause of the animal’s death.
The morphological positions of the forensic veterinary diagnosis in the form of thanatognomonic
positions inherent in a certain subspecies of violent animal death were distinguished by two levels
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of evidence and their criterion informativeness was proved. Patterns of rapid death of animals of
the first level of evidence common to the fatal consequences of mechanical and thermal trauma and
mechanical asphyxiation were established: “asphyxiated heart”, congestive venous hyperaemia of
internal organs, Tardieu’s spots, alveolar emphysema of the lungs. Patterns of the second level of
evidence were selectively randomised and their species specificity was presented. The circumstances
under which animals suffer fatal mechanical and thermal injuries and asphyxiation were detailed,
and the mechanisms of death were substantiated. The study focused on the specific features of
argumentation in concluding the necessary direct causal link between the genesis of violent death
and the cause of death. The findings obtained following the standard of evidentiality “study of the
object of forensic veterinary examination at different morphological levels” are recommended for
implementation in the practice of forensic veterinary examination of animal cadavers

Keywords: bodily injury; thermal trauma; mechanical asphyxia; animal thanatogenesis;

argumentation of an expert opinion

Introduction

In Ukraine, the national legislation regulates
the issues of organising and conducting fo-
rensic examinations in a fairly comprehen-
sive manner. However, the procedures for
conducting a forensic veterinary examination
of animal cadavers are currently not legally
consolidated. Therefore, as reported by A. Yas-
hchenko (2022), the development of concrete
issues of forensic veterinary examination is
essential to assist law enforcement agencies
in the correct qualification of forms of animal
abuse offences during pre-trial investigation,
trial of crimes against animal health, and im-
position of sanctions for grave consequences.
To eliminate the gaps in this area of expertise,
the study analysed the possibilities of forensic
veterinary examination as a new type of fo-
rensic examination, its current state and pros-
pects for development in Ukraine, and forensic
cases of examination of animal cadavers with
signs of violent death from mechanical inju-
ries, asphyxiation and overall cruel treatment.
Therewith, M. Yushkov (2022) focuses on the
prevention of administrative offences in the
field of animal treatment: an individual who
keeps an animal is obliged by law to ensure
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the prompt provision of veterinary services,
including examination and treatment, to im-
mediately notify state medical or veterinary
institutions of cases of injury to humans or
other animals by an animal and, in this case,
to immediately bring it to a veterinary medical
institution for examination.

If the investigating authorities establish
objective circumstances that, individually or in
combination, give grounds to believe that the
cause of the animal’s death was bodily injury or
mechanical asphyxiation, a forensic veterinary
examination is ordered. The purpose of the lat-
ter is to establish the initial (determinative)
cause of death and the final forensic veterinary
diagnosis based on a comprehensive examina-
tion of the case file and objects of examination.

J.K. Serdioucov & D.Yu. Shkundia (2021)
found that in the practice of forensic veterinary
examination, there are often cases of statuto-
ry forms of animal abuse: killing animals with
firearms or bladed weapons, sharp instruments
or blunt objects, as a result of falling from a
height, drowning, death in road accidents,
etc. Among the most popular methods for de-
termining the age of death of animals, the
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researchers cite the following: visual-palpatory,
thermometry, morphometric, and morphologi-
cal (including histochemical, histological, and
micromorphometric examination), biophysical
(including the adhesive method, measurement
of the water-binding capacity of tissues), and
a wide range of biochemical methods aimed at
determining the content of certain chemicals —
products of decay and breakdown of tissues — in
the tissues and fluids of an animal cadaver.

Based on the specific features of the pre-tri-
al investigation and the principles of legal pro-
ceedings, during which only a direct link be-
tween the actions of a particular person and the
consequences that have occurred is accepted as
evidence of an offence, one of the difficult tasks
of forensic veterinary examination is to estab-
lish a causal link between animal trauma and
adverse outcomes. After all, the objective side of
the crime regulates the need to establish a caus-
al link between the actions of a particular per-
son and the consequences that have occurred.

Establishing the cause of death during
the forensic veterinary examination of an an-
imal cadaver is important, and, in the context
of forensic veterinary examination, the cause
of death of an animal should be interpreted in
the same way by forensic experts and law en-
forcement agencies. The conclusion as to the
cause of death (accident or violent injury) is
the prerogative of law enforcement agencies,
but in some cases, a forensic veterinarian may
point to signs inherent in a particular type of
death. Therewith, law enforcement agencies
mainly identify direct causal links between
the unlawful act and its consequences, which
is also related to the position of the customers
of the expertise. At the same time, the direct
link between cause and effect must be clear to
all parties. The latter, in contrast to a possible
connection, is characterised in all cases by the
constant occurrence of consequences with oth-
er qualitative characteristics.

Therefore, if the forensic veterinary ex-
amination of the cadaver does not establish a
direct causal link between the injury and the
condition that directly caused the death of the
animal, law enforcement agencies will have no
grounds to establish a direct causal link be-
tween the violent actions of the person who
caused the injury and the death of the animal.

As practice shows, professional mistakes
by veterinary specialists performing diagnostic
autopsies of animal cadavers occur precisely
during their detailed description, which is ar-
guably caused by the lack of an accepted uni-
fied algorithm. In this context, V. Delgado et
al. (2021) and R. Munro (2022) believe that for
the scientific solution of these problems, it is
necessary to continue the search and substan-
tiation of standardised algorithms and criteria
in the forensic veterinary examination of ani-
mal cadavers.

The purpose of this study was to substan-
tiate the cause and effect relationships in the
genesis of violent death of animals due to hae-
modynamic disorders and hypoxemia based
on the findings of original research based on
the proposed approach with the identification
of thanatognomonic patterns (the definition
“thanatognomonic pattern” should be under-
stood as specific signs inherent in a particular
type of violent death of animals), which will
increase the level of reasonableness of the con-
clusion of a forensic veterinary expert.

Literature Review

N.M.A. Parry & A. Stoll (2020) note that various
issues in the field of forensic veterinary med-
icine are constantly discussed in the pages of
periodicals. Among the studies of Ukrainian re-
searchers on the problem of establishing caus-
al relationships in animal cadavers in criminal
cases, one can distinguish the studies of V. Lem-
ishevskyi (2021), who detailed the case of a fo-
rensic veterinary examination of a dog cadaver
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with signs of violent death, Yu. Fedyk & I. Be-
saha (2023), who highlighted the evidentiary
value of the veterinary medicine specialist’s
opinion during legal proceedings, I. Yatsenko &
R. Kazantsev (2021) showed the features of the
structure of the conclusion of a forensic veter-
inary expert based on the findings of the study
of poultry cadavers. In the corpus of currently
accumulated data, B. Borysevich et al. (2024)
summarised information on mechanical as-
phyxia in small animals, while M. Skrypka et
al. (2023) established the pathomorphogenesis
of mechanical injuries of the axial skeleton of
animals in case of fatal polytrauma.

Analysing systematic reviews by foreign
researchers published in recent years, there is
some limited information on the use of algo-
rithms, and those that are used are mainly rep-
resented by literature on forensic medicine,
which does not specify the range of issues
addressed by forensic veterinary examina-
tion. Clearly, this is associated with a certain
conservatism in the argumentation and for-
mulation of the forensic veterinary diagnosis
for certain subtypes of violent death of dogs
and cats. Among the publications of foreign
researchers in this context, it is worth high-
lighting the systematic review by N. Kulnides
& A. Lorsirigool (2023), which outlines general
approaches to the forensic veterinary exami-
nation of animal cadavers affected by cruelty.
All these researchers argued for fatal conse-
quences mainly in the context of certain types
of violent animal deaths and emphasised the
need to use professional knowledge in forensic
veterinary examination, while S. Monsalve et
al. (2021) in a separate report stressed the
need to improve the theoretical and practical
training of specialists in forensic veterinary
examination.

Notwithstanding the above, the reason-
ing behind the conclusion of a forensic veteri-
nary expert in criminal proceedings for animal
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deaths caused by acute haemodynamic disor-
ders and hypoxia has not yet received proper
coverage. Specifically, the main links in the
thanatogenesis of mechanical, thermal trauma,
and certain subtypes of mechanical asphyxia-
tion are not generalised, since the establish-
ment of the mechanism of death and the nec-
essary causal link between the injuries and the
cause of death of an animal substantially af-
fects the outcome of the pre-trial investigation
of criminal offences.

Considering the above, there is every rea-
son to state the existence of a significant em-
pirical body of work, which should form the
theoretical framework for further scientific
research towards solving fundamental and ap-
plied problems of forensic veterinary medicine.

In summary, one of the key tasks of forensic
veterinary examination is to argue the neces-
sary causal link between the lifetime injuries of
an animal and its death, which is also empha-
sised by D. Doukas (2022). The development of
new methods, techniques, and means of foren-
sic veterinary examination of animal cadavers
in various types of violent death and their im-
plementation in expert practice can positively
affect the efficiency and effectiveness of foren-
sic veterinary examination, providing a reliable,
substantiated. and objective expert opinion in
a categorical form, which directly affects its
assessment as evidence and, accordingly, the
court decision.

Materials and Methods

This study is a fragment of the research
work of the National Scientific Centre
“Hon. Prof. M.S. Bokarius Forensic Science In-
stitute”, Kharkiv (state registration number
0121U0100299). The methods of extrapolation
and logic were applied retrospectively based
on the results of the analysis of 300 veteri-
nary medical opinions during 2013-2023. In
each sectional case, the study of experimental




Thanatognomonic substantiation of the forensic veterinary diagnosis...

animal cadavers was performed following the
methodology approved by the Ministry of Jus-
tice of Ukraine (Yatsenko & Kazantsev, 2023).

The methods employed were those of a
modern clinical trial standard: objects, pat-
terns, inclusion, and exclusion categories,
statistical sampling, representativeness, ran-
domisation, levels of the pyramid of evidenti-
ality. The objects of the study were selected by
random sampling — examinee dogs and cats and
examinee dog and cat cadavers (170 dogs and
150 cats aged from 1 day to 10 years), forensic
veterinary experts’ opinions. Inclusion criteria:
mechanical injuries, thermal injuries, and me-
chanical asphyxia in dogs and cats with exitus
letalis. The exclusion criteria were non-fatal
mechanical injuries, thermal injuries, and me-
chanical asphyxiation of dogs and cats.

A randomised prospective study was con-
ducted in the inpatient setting of veterinary
medical institutions in Kharkiv (2021-2023;
cats, n=100; dogs, n=100) by clinical observa-
tion of the posttraumatic period for seven days.
All animal manipulations were carried out in
strict compliance with the principles of bio-
ethics regulated by the Procedure for Conduct-
ing Experiments and Experiments on Animals
by Scientific Institutions following the Law of
Ukraine No. 3447-1V (2006). In case of death of
dogs and cats, their cadavers were autopsied no
earlier than two hours postmortem. According
to the Law of Ukraine No. 287-VIII (2015), the
cadavers of all animals were classified as Cate-
gory III by-products.

For histomorphological studies of the loci
of pathological lesions and/or injuries, cylin-
drical necropsies were taken from them during
sectio using Panch (China), then histological
preparations were made from them according
to the generally accepted method (Horalskyi et
al., 2015) and then stained with haematoxylin
and eosin. The obtained histotopograms were
evaluated in the field of view of a 10x40 optical

microscope “Granum R50” (China). The most
representative changes were photographed us-
ing a ToupCam UCMOS03100KPA camera (Chi-
na) integrated with a microscope and analysed
following the recommendations (Raskin et
al., 2022).

Macro photographs of dog and cat cadavers
were taken with an Olympus E-450 SLR cam-
era (Japan). Digital radiographic images were
obtained using the X-ray Device PCMAX-40HP
(Korea), magnetic resonance imaging — ECHE-
LON Smart 1.5T (Japan), X-ray tomography —
32GE Optima CT 540 (Netherlands), and endos-
copy — Olympus CLV-160 (Japan).

Photographic screens obtained during ra-
diological and endoscopic examinations of fo-
rensic veterinary objects were detailed using
the RadiAnt DICOM Viewer 2023.1 software
package. All photos were processed in Photo
Frame Studio 3.0 on a personal computer. The
photogrammetry was performed using a foren-
sic ruler designed for large-scale photographic
recording of objects. The statistical analysis of
the original data was performed by calculating
the percentage of expert cases.

Results and Discussion

When analysing the forensic veterinary case
files, it was noted that the tasks to be solved by
the investigating authorities vary depending on
the case. However, questions about the cause of
death are always encountered in the examina-
tion of an animal cadaver.

Our expert practice shows that each trau-
matic case is a consequence of a concrete cause,
while the pathomorphogenesis of a traumatic
disease materially reflects the cause of the an-
imal’s injury. Death caused by the adverse ef-
fects of a traumatic animal disease is the result
of a sequential chain of concrete cause-and-ef-
fect relationships. However, it is important to
emphasise that this sequence requires a suffi-
cient set of conditions that further determine
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the development of the consequences. Thus,
only a comprehensive determination of the
pathomorphogenesis of the injury can confirm
or refute the existence of a causal relationship
between a particular event and the death of an
injured animal.

Authors argue that the forensic veterinary
diagnosis, as the quintessence of an autopsy
with the statement of changes that have aris-
en as a result of the impact of certain damaging
factors from the beginning of their action to the
fatal outcome, is based only on this principle,
and allows clearly tracing the links between the
root cause of death, its fatal complication, and
the immediate cause of death. To establish a fo-
rensic veterinary diagnosis, it is first of all ad-
visable to identify the underlying disease (the
initial cause of death), which in a monocausal
diagnosis is represented by one nosological
unit, and in a bicausal diagnosis — by two (com-
peting, combined, or primary and background
diseases). The main nosological entity that in-
cludes the fatal complication (the immediate
cause of death) should be given as the second
item of the diagnosis. Background conditions
(if any) that aggravate the underlying cause
should be outlined at the end. We believe that
unfavourable complications of the underlying
cause of death in the form of morphological
positions should be considered as natural man-
ifestations of the underlying cause of death,
combined by a common thanatogenetic mech-
anism. At the same time, the immediate cause
of the animal’s death with the corresponding
manifestations as a result of an independently
completed pathogenesis becomes the basis for
the development of the dying process and leads
to a premorbid state.

Authors state that the forensic veterinary
diagnosis should be based on a set of objective
evidence obtained during a comprehensive,
thorough examination of the animal cadaver,
even in cases of seemingly obvious direct cause
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of death, including morphological positions,
and must be supplemented by the results of
microstructural tissue analysis. For instance,
in the case of acute blood loss syndrome, we
note morphological changes in the lung paren-
chyma, which are equally likely to characterise
both haemorrhagic shock and congestive ve-
nous hyperaemia, depending on the duration of
the terminal period, circulating blood volume
deficit, etc. Thus, to determine the mechanism
of death in this condition in each case, it is nec-
essary to conduct additional verification of the
locus of the lesion at different levels of struc-
tural organisation.

During the forensic veterinary autopsies of
the examinee cadavers of animals whose death
occurred rapidly from mechanical injuries or
mechanical asphyxiation, the presence of char-
acteristic common morphological positions
was established. Authors propose to refer such
non-specific signs to general asphyxial signs
(patterns of the first level of evidence) in the di-
agnostic algorithm for differentiating the direct
cause of animal death.

To follow the principle of objectivity in
substantiating the conclusion of a forensic vet-
erinary expert, authors consider it necessary
to distinguish specific signs of traumatic inju-
ry (patterns of the second level of evidence),
namely, the presence of body damage, the ple-
omorphism of the manifestations of which de-
pends on the location and nature of the injury;
acute blood loss; general anaemia (background
condition in the form of circulatory anaemic
hypoxia). It was established that the variants of
transformation of cadaveric phenomena large-
ly depend on thanatogenesis, the features of
which differ depending on the species and con-
ditions of animal death.

Objectification of the cause-and-effect
relationship between severe mechanical trau-
ma of an animal and the onset of death in a
hospital of veterinary medicine based on the
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analysis of clinical and morphological epic-
risis requires a retrospective reproduction of
the development of the premortem state and a
conclusion on the adequacy of the amount of
veterinary care provided. Based on the analy-
sis of case files, clinical and sectional epicri-
sis reports, and direct clinical observation, we
emphasise that most often the adverse effects
of traumatic disease in animals occur, specif-
ically, due to causes that can be systematised
into two groups. Firstly, this is morphological
damage. These include life-threatening inju-
ries: a) gross anatomical destruction (crush-
ing or separation) of the body; b) considerable
damage to vital organs (e.g., cardiac tamponade
with blood due to extra-mural infarction, brain
and/or heart contusion); c) acute bleeding:
1 — external, 2 — internal; d) obstruction of the
main vessels by traumatic emboli (air, tissue,
etc.); e) mechanical asphyxia: 1 — aspiration of
the respiratory tract with blood, 2 — traumat-
ic laryngeal oedema; f) combined polytrauma.
The second group include life-threatening
functional disorders caused by acute organ fail-
ure and/or pain shock. Fatal complications of
traumatic animal disease include, specifically,
anaerobic/purulent infections and intoxication
(infectious toxic shock). An injury that does not
cause death on its own can be a condition for
the aggravation of another factor that causes
an adverse outcome.

As a result of the clinical observations of
the course of traumatic animal diseases in the
inpatient conditions of veterinary medical in-
stitutions, we found that within a week of the
post-traumatic period, the death of animals
occurs depending on certain causes. Thus,
in the first day after the injuries, death was
caused primarily by acute systemic disorders,
specifically, by a violation of the volume and
redistribution of circulating blood. Consider-
ing this, a complete diagnosis of such disor-
ders should include an assessment of clinical

data, the nature and morphological features of
injuries, and other pathological changes that
affect the pathogenesis of traumatic illness.
On Days 2-3, the onset of cerebral thanatogen-
esis in the form of destructive cerebral oedema
and pulmonary insufficiency, in the form of
pneumonitis and non-cardiogenic pulmonary
oedema against the background of acute res-
piratory distress syndrome was observed. On
Days 4-5 of the observation period, the mani-
festations of the systemic coagulopathy phase
in the form of disseminated intravascular
coagulation syndrome prevailed. After Day 6
of traumatic illness, death occurred with the
development of septic conditions, which sug-
gests a prognostically unfavourable outcome
of the traumatic injury.

Authors argue that a direct, necessary caus-
al link should be substantiated in all successive
links of the (patho)tanatogenesis of traumatic
disease. However, it is not possible to establish
at what point during a traumatic illness the
triggering thanatogenic link is implemented,
since aspects of thanatogenesis (its types and
mechanisms) differ substantially depending on
the concrete type of trauma. This circumstance
clearly leads to a high probability of expert er-
ror in determining the cause of death and ag-
gravating factors, especially in the case of fatal
complications. Undoubtedly, the transition of
the pathogenesis of a traumatic animal disease
to its fatal outcome occurs gradually, but it is
also impossible to clearly define the clinical
manifestation that reflects such a mechanism,
while the thanatological analysis of a particular
expert case during comparison is complicated
by the lack of common principles of interpre-
tation of the main thanatological principles
among veterinary medicine specialists.

In such conditions, it is advisable to focus,
firstly, on functional changes that trigger the
chain of links in thanatogenesis and, second-
ly, on morphological patterns that contribute
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to the onset of the fatal outcome of traumatic
illness. It is recommended to establish the types
of thanatogenesis during a forensic veterinary
autopsy using a comprehensive morphological
approach to the study of internal organs and to
assess the organ whose function has decreased
to a critical level and made further ontogeny of
the animal impossible. Based on this approach,
it is necessary to assess the area of pathological
changes in internal organs incompatible with
life and build an “expert hypothesis” about the
cause of death.

Probably, irreversible metabolic disorders
associated with oxygen consumption deficien-
cy are still a key link in the thanatogenesis of
animals in critical condition and directly cause
death in the early post-traumatic period. The
systemic inflammatory response that develops
after a week is a reflection of the immunolog-
ical conflict caused by the inability to control
the localisation of the infection against the
background of consumption coagulopathy, cy-
topathic hypoxia, which causes mono/multior-
gan failure during the development of general
inflammation. Endogenous intoxication caused
by acute or chronic kidney disease substantially
increases the risk of mortality in the long-term
post-traumatic period. Therewith, acute kidney
damage was diagnosed in 50% of animals ad-
mitted to veterinary hospitals with a history of
traumatic illness.

The development of acute heart failure
plays a crucial role in thanatogenesis after
concussions of the corresponding reflexogenic
chest area. The most common cause of pulmo-
nary end-stage disease is mechanical asphyxia.
The cerebral type of terminal condition is in-
herent in death occurring in the first hours due
to traumatic brain injury, massive blood loss on
an intact premorbid background, carbon mon-
oxide poisoning, and mechanical asphyxiation.
However, in our practice, we most often had to
observe a combined type of thanatogenesis of
the terminal state, with predominantly hypox-
emic, dysmicrocirculatory, and coagulopathic
accents, which often had independent thana-
togenetic significance due to the interrelated
consequences.

A retrospective analysis of the conclusions
of veterinary specialists after diagnostic exam-
inations of animal cadavers revealed quite sig-
nificant, sometimes contradictory, discrepan-
cies between the results of the examination and
synthesis parts, which may be due to a low level
of professional competence. However, it is reli-
ably known that the largest number of deceased
dogs and cats subjected to sectional examina-
tion were those that died suddenly, including
outside/within veterinary medical institutions,
and without evident signs of violent death,
which accounted for 40% of the total number of
autopsies (Table 1).

Table 1. Retrospective analysis of the leading causes
of death of dogs (n=150) and cats (n=150) in 2013-2023 in Kharkiv

Number of cases

Percentage share, %

Type of animal death dogs cats dogs cats
L. Sudden death 60 60 40.0 40.0
II. Mechanical damage (by subtypes):

1. Effects of a sharp object 15 14 10.0 9.3
2. Effects of firearms 8 7 5.3 4.7
3. Rail-associated injury 2 1 1.3 0.7
4. Motor vehicle associated injury 16 18 10.8 12.0
5. Catatrauma 9 11 6.0 7.3
6. Effects of a blunt object 11 9 7.3 6.0
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Number of cases

Table 1. Continued

Percentage share, %

Type of animal death dogs cats dogs cats
III. Thermal injury (by subtypes):
1. Generalised hypothermia 5 4 3.3 2.7
2. General thermoplegia 5 4 3.3 2.7
IV. Mechanical asphyxia (by subtypes):
1. Aspiration 8 12 5.3 8.0
2. Strangulation 6 5 4.1 3.3
3. Obstruction 3 2 2.0 1.3
4. Compression 2 3 1.3 2.0

Source: developed by the author of this study

Table 1 shows that the total array of me-
chanical injuries and mechanical asphyxiation
manifestly demonstrates the onset of death in
80 (53.4%) dogs and 82 (54.6%) cats, which to-
gether accounts for more than half of all cases
studied. However, there was no significant rela-
tionship between the distribution of mechani-
cal injuries or asphyxiation in dogs and cats by
season. It should also be emphasised that there
is no significant difference in the statistical dis-
tribution by species and subspecies in the over-
all structure of dog and cat mortality, expressed
in the number of registered cases and their per-
centage. The analysis of the sub-sample of me-
chanical injuries indicates that 61 (40.8%) dogs
and 60 (40%) cats died from them. As for open
mechanical injuries caused by sharp and fire-

arms, such cases were observed in 23 (15.3%)
dogs and 21 (14.0%) cats.

In the forensic veterinary practice, we have
increasingly encountered cases of animal inju-
ries caused by objects commonly used in every-
day life. Thus, monitoring studies of the no-
sological structure of open mechanical trauma
of animals admitted to veterinary medical in-
stitutions suggest that such injuries are caused
by owners or third persons using various tools.
The consequences of exposure to such weapons
in dogs and cats are comparable - skin damage
in the form of wounds that penetrate deeper
than the papillary layer. All cases of overt me-
chanical injuries of dogs and cats were system-
atised and listed according to the number of
diagnosed cases (Table 2).

Table 2. Retrospective analysis of open mechanical injuries
of dogs (n=170) and cats (n=150) for 2021-2023 in Kharkiv

Statistical distribution

e a il Number of cases
wounds
dogs share, % cats
scalped 4 2.4 1
chopped 5 3.1 4
stabbed 7 4.2 6
shot by firearm 10 5.9 10
crushed 16 9.6 16
bludgeoned 16 9.7 16
combined 18 10.5 17
cut 25 14.5 21
torn 29 16.8 23
bitten 40 23.3 36

Source: developed by the author of this study

Dynamics by years, units

share, % 2021 2022 2023
0.7 1 1 3
a0 B 4 2
3.7 4 5 4
6.9 B 14 5]
10.5 8 14 10
10.7 7 11 14
11.3 9 12 14
14.1 13 15 18
15.6 17 19 16
23.6 23 21 32
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According to the obtained numerical data
(Table 2), the anthropogenic factor was deter-
mined to be aetiological with varying degrees
of presence in all types of injuries, except for
bite wounds spontaneously induced by other
animals. With such injuries, the skin flap had
a characteristic bitemark. F. Iarussi et al. (2020)
proposed to transfer the nosology of injuries
caused by dog bite wounds to the objects of
forensic veterinary research, since the conse-
quences of such injuries can be not only civil
but also criminal in nature. The same opinion
was shared by C.L. Hsiou et al. (2022), who iden-
tified the pleomorphism of bite wounds on cat
cadavers. The researchers agree with both the-
ses, because this type of injury, according to the
data obtained, significantly prevails over other
types of wounds among both dogs and cats.

The statistical distribution of cases of
open mechanical injuries in animals suggests
that the largest number of cases were lac-
erations (16.8% among dogs, 15.6% among
cats), and the smallest number were scalped
wounds (2.4% among dogs, 0.7% among cats).
Both types of injuries were caused by soft tis-
sue sprains. Depending on the mechanism of
traumatic impact of the weapon, typical in-
juries were observed. Thus, the formation of
cut (14.5% among dogs, 14.1% among cats),
stabbed (4.2% among dogs, 3.7% among cats),
and chopped (3.1% among dogs, 2.9% among
cats) wounds is typical of sharp objects. The
morphological features typical of such injuries
were established in the form of their smooth
edges, smooth walls, limited locus of injury,
and the absence of connective tissue mem-
branes in the wound channel. The combined
type of wounds (10.5% among dogs and 11.3%
among cats) was observed under conditions of
combined simultaneous exposure to traumat-
ic factors. Most often, combined injuries were
recorded in several anatomical areas of the an-
imal body during transport accidents or falls
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from a great height. The formation of firearm
wounds (5.9% among dogs and 6.9% among
cats) is associated with the impact of high-
speed kinetic projectiles, such as bullets, shell
fragments, shrapnel, etc. During a collision
with a sufficiently large solid surface, animals
sustained bruises (9.7% of dogs, 10.7% of cats)
and crushed wounds (9.6% of dogs, 10.5% of
cats) as a result of compression. The morpho-
logical features of these types of wounds in the
form of uneven, blood-soaked edges and pro-
nounced connective tissue membranes in the
lumen of the wound canal were noted.

In terms of the dynamics of mechanical
damage, during 2021-2023, certain types of
damage were evenly distributed between years.
However, in 2022, there was a rapid increase in
cases of gunshot wounds and shrapnel injuries
among animals, which is clearly related to the
hostilities in the monitored area, as dogs and
cats were injured during mass shelling with
shells and their fragments. At the same time, it
was found that there is no correlation between
the time of year and the number of cases of an-
imal injuries.

In terms of the topography of lesions in
dogs and cats, the characteristic features of lo-
calisation were established. Thus, among dogs,
wounds were most often recorded in the pelvic
limbs, neck, and torso, while among cats — in the
neck, torso, and head. There was also a correla-
tion between the type of wound and its location
in animals: bitten and torn wounds were most
often observed in the neck and torso, while
bruises were mostly observed in the head. Most-
ly cut and puncture wounds were diagnosed on
the animals’ limbs, apparently because these
areas of the body are the first to come into di-
rect contact with various cutting and piercing
objects (glass, nails, etc.) in the soil. However,
the localisation of cut and stabbed injuries in
other parts of the body could have been caused
by cruel treatment. There were also isolated
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cases of isolated open injuries of other parts
of the animal body, but no regular relation-
ship between their location was established.

In forensic veterinary tanatology, when re-
constructing the conditions of injury, one of the
key tasks is to establish the fact that the injury
was caused by a certain instrument, and not by
any other, because the identification of this ob-
ject substantially assists law enforcement agen-
cies in recreating a reliable picture of the event.

Thus, the presented retrospective analysis
of the type, location, and nature of open bodily
injuries most often diagnosed among dogs and
cats will allow, in the future, to pay special at-
tention to law enforcement agencies to search
for traumatic instruments when investigating
crimes against animal health. This was also
emphasised by E.]. Bartelink et al. (2022), who
investigated the cadavers of dogs with signs of
ante-mortem blunt force trauma. The distri-
bution and severity of injuries, including frac-
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Figure 1. Cadaver
of a cat with scissor injuries
Notes: macro photo
Source: developed by the author of
this study

Notes:

this study

The plain radiographs of the cat’s cadav-
er, performed in RL (Fig. 2) and DV (Fig. 3)
projections, show a section of the traumatic

Figure 2. Cadaver of a cat
with scissor injuries

photographic screen of

radiograph in RL projection (X-ray

Device PCMAX-40HP)

Source: developed by the author of

tures, were mainly localised to the axial skele-
ton (skull, thorax, spinal column, pelvis), which
is partially consistent with the data obtained
from our studies and with documented cases of
non-accidental injuries (NAI) among domestic
animals.

Using the analysis of the examination sec-
tions of the forensic veterinary experts’ opin-
ions, a certain similarity in the macromorpho-
logical pattern of animal injuries was found,
which depended on the aetiological factor. We
present an algorithm for formulating a foren-
sic veterinary diagnosis and its substantiation
based on the established thanatognomonic
patterns of certain subtypes of violent animal
death caused by bodily injury, thermal injury,
and mechanical asphyxia in typical cases.

During the external examination of the ca-
daver of cat No. 1, scissors were found sticking
out of the right ventral abdomen at an angle of
30° (Fig. 1).

Figure 3. Cadaver of a cat
with scissor injuries

Notes: photographic screen of
radiograph in DV projection
(X-ray Device PCMAX-40HP)
Source: developed by the author of
this study

canal located 2.5 cm to the left of the linea me-
diana anterior at the level of the pelvic bones
at a distance of 13.7 cm from the hip joint. The
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oblique-vertical wound formed on the skin in
situ, 6.3 cm deep and 0.8 cm long, has smooth,
sharply bevelled edges, and is saturated with
blood. The subcutaneous base is visible in the
lumen of the wound. On the wound walls, nu-
merous dark brown blood particles ranging in
size from 0.4x0.6 cm to 0.6x0.8 cm were ob-
served. The wound canal begins on the lateral
surface of the trunk, located in the soft tissues
from right to left and from top to bottom at an
acute angle. The X-ray examination shows no
signs of haemorrhage, thus, on the one hand,
death probably occurred shortly after the inju-

ry, and on the other hand, the blood saturation
of the ribs and wound edges suggests that they
were formed pro vita. The injuries found on the
cat’s body caused severe short-term pain before
it died. Considering the facts, the initial cause
of death of cat No. 1 was a single penetrating
stab wound to the abdomen, while the imme-
diate cause of death was traumatic pain shock.
During the external examination of the
experimental cadaver of cat No. 2, it was found
that a knife with a one-sided blade was sticking
out of the area of the 3 intercostal space of the
chest on the left at an angle of 45° (Fig. 4).

VI R

Figure 4. Cadaver of a cat
with injuries caused by a
kitchen knife
Notes: macro photo

Figure 5. Cadaver of a cat
with knife injuries
Notes: photographic screen of
X-ray in RL projection (X-ray

Figure 6. Cadaver of a cat
with knife injuries
Notes: photographic screen of
X-ray in DV projection (X-ray

Source: developed by the author of Device PCMAX-40HP) Device PCMAX-40HP)
this study Source: developed by the author of Source: developed by the author of
this study this study

Plain radiographs of the cat’s cadaver,
performed in RL (Fig. 5) and DV (Fig. 6) pro-
jections, show a section of the traumatic canal
located 5.3 cm to the left of the linea mediana
anterior at the level of the scapula at a distance
of 15.9 cm from the shoulder joint. A 2.0 cm
long rectilinear penetrating wound is found on
the skin with convergent edges, soaked with
blood. The ends of the wound are oriented
at 8 and 14 o’clock on the conventional dial,
without connective tissue bridges. The wound
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edges are clear, the edges are relatively
smooth, not incised, the walls are smooth, and
bevelled. On the wound walls, numerous dark
brown blood particles ranging in size from
0.3x0.5 cm to 0.5%0.7 cm were observed. The
subcutaneous base in situ revealed a rectiline-
ar wound channel with a depth of 11.3 cm. In
the chest cavity, the knife blade touches the
heart and penetrates through the lobes of the
left and right lungs. The X-ray examination
showed no signs of haemorrhage, thus, on the
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one hand, death occurred shortly after the in-
jury, while on the other hand, the blood satura-
tion of the ribs and wound edges indicates that
they were formed pro vita. The injuries found
on the cat’s body caused severe short-term
pain before it died. Considering the above
data, the initial cause of death of cat No. 2

was determined to be a single penetrating stab
wound to the chest, while the immediate cause
of death was traumatic pain shock.

During the external examination of the
experimental cadaver of cat No. 3, it was noted
that a sewing needle was sticking out of the left
eye at an angle of 25° (Fig. 7).

-
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Figure 7. Cadaver of a cat
with needle injuries
Notes: macro photo
Source: developed by the author of

Figure 8. Cadaver of a cat
with needle injuries
Notes: photographic screen of
radiograph in RL projection (X-ray

Figure 9. Cadaver of a cat
with needle injuries
Notes: photographic screen of
radiograph in DV  projection

this study Device PCMAX-40HP) (X-ray Device PCMAX-40HP)
Source: developed by the author of Source: developed by the author of
this study this study

The overview radiographs of the cat’s ca-
daver, performed in RL (Fig. 8) and DV (Fig. 9)
projections, showed that the needle pene-
trated the brain substance through the brain-
stem in an oblique-aboral direction, forming
a wound channel. During the enucleation of
the injured eye, retrobulbar haemorrhage was
detected, and the injury was a rounded wound
with a diameter of 0.3 ¢cm, which corresponds
to the diameter of a foreign object. The wound
canal was straight, its walls were even, cross-
ing the arteries of the arachnoid membrane
of the brain and, as a result, bleeding into the
subdural space. Due to a puncture wound, mi-
nor visual damage was accompanied by a vi-
olation of the anatomical integrity of deeply
located tissues. Thus, the diagnosis of a stab

wound was difficult, because, depending on
the topographical area, such wounds cause
health damage of varying severity. Proceed-
ing from the above, it was concluded that the
death of the cat submitted for forensic veteri-
nary examination was caused by compression
with gross destruction of the brain matter, in-
stantaneously.

During the external examination of the ca-
davers of dogs with injuries caused by cutting
tools, typical morphological signs of such in-
juries were found: their length always exceeds
their width and depth, which clearly depends
on the sharpness of the blade, the pressure,
and the density of the tissues. Due to the pres-
sure of the blade on the skin and underlying
tissue while pulling, the tool separates the soft
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tissue, causing a laceration. Thus, the incised
wound of the experimental dog cadaver in the
ventral abdomen (Fig. 10) with entrapment

of the greater omentum was characterised by
straight, clear edges with a smooth surface,
23.3 cm long and 12.5 cm wide.

Figure 10. A wound
in the umbilical region
of the dog’s abdomen
Notes: macro photo
Source: developed by the author of
this study

this study

On the wound walls, numerous rounded
dark brown blood particles ranging in size from
0.1x0.1 cm to 0.3x0.3 cm were observed. In this
regard, it was concluded that the wound was
caused by a cutting object with a sharp blade,
as indicated by its somewhat tortuous shape,
smooth unabraded edges, relatively flat walls
with no signs of active bleeding.

As for the cutting injury of the distal thorac-
ic limb (Fig. 11) of the experimental dog cadav-
er, it occupies an intermediate place between
cut and bruised injuries and combines their fea-
tures in its morphological patterns. The gaping
of such a wound in an animal cadaver is visually
pronounced, the edges are uneven, there are no
signs of external bleeding, but areas of necrosis
are visible on the wound ribs and skin flaps. The
instrument of injury is a massive yet sharp ob-
ject with a limited cutting surface. Such an ob-
ject in this expert case could be a garden shov-
el. The patterns of wound contracture indicate
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Figure 11. Wound
in the distal region
of the right thoracic limb
of a dog cadaver
Notes: macro photo
Source: developed by the author of

Figure 12. Wound
in the area of the lower leg
of the left pelvic limb
of a dog cadave
Notes: macro photo
Source: developed by the author of
this study

that the wound was formed 5-7 days prior,
which is explained by the formation of granu-
lation tissue with epithelialisation. Considering
the above, there is no direct necessary causal
link between the injuries in the form of a cut
wound in the ventral abdomen of the examinee
dog cadaver and a chopped wound in the distal
segment of the right thoracic limb of the exam-
inee dog cadaver and the death of the animals.

Injuries to animals caused by the design
features of electric transport tracks (rail-asso-
ciated injury) are rarely recorded, but deserve
attention, as the thanatogenesis of this type of
violent death is still controversial. The factual
injury occurs when the animal’s limb hits the
railway switch necessary to shift the moving
elements of the transport to another railway
track (Fig. 12). It is known that such a device
consists of frame rails, switch points, and a
transfer mechanism. Clearly, the mechanogen-
esis of this injury is caused, on the one hand, by
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compression and overstretching of soft tissues,
and, on the other hand, by traumatic amputa-
tion of the limb. The specificity of this ampu-
tation is probably conditioned by the animal’s
attempts to free the limb, which was clamped
between the rails, while the points clutch. Mac-
romorphological patterns of the pelvic limb
fragment of a service dog, separated from the
body, submitted for forensic veterinary exam-
ination, indicate stripe-shaped skin tears in
the form of wide flaps, a wedge-shaped defect
of the greater tibia with an overlay of black
oily substance in the centre of the bone grind
and polished edges with a “metallic sheen”.
M. Smith-Blackmore & J. D. Bethard (2021), in
their report on the analysis of dog bone injuries
at different stages of healing, pointed out the
expediency of collaborating with forensic an-
thropologists in resolving the issue of the age
of such an injury. It is not possible to answer
the question of the cause of death and the life-
time of the injuries in a categorical manner, as
the researchers also emphasise. According to
our expert hypothesis, the damage to the v. sa-
phena is undoubtedly fatal. However, the soft
tissues of the stump look somewhat anaemic,
while the blood saturation of the edges of the
crushed wound is not visually evident. Such
haemostasis can be lifelong, provided that skel-
etal muscle fibres contract reflexively. The re-
searchers believe that the time of fatal outcome
is determined by two parameters: a decrease
in the volume of circulating blood to a critical
level or the time of direct collision with the
moving elements of electric vehicles. Thus, in
this expert case, the direct necessary causality
is two-linked, since the initial cause of death is
traumatic amputation at the level of the lower
leg, the fatal complication is anaemia of inter-
nal organs, and the immediate cause is trau-
matic pain shock.

Fatal transport-associated injury was re-
corded in 18 (12.1%) dogs and 19 (12.7%) cats

with combined injuries of different parts of the
body. In the total number of fatalities caused
by blunt objects, the statistical distribution of
the number of such cases in dogs and cats is
the same. Blunt force injuries (including cata-
trauma) were mostly bludgeoned and crushed
wounds, which is clearly related to the mecha-
nism of their formation.

Car-associated injury caused by the impact
of a large blunt object has always been associ-
ated with cranial injury and/or brain contusion
in dogs and cats. Damage to certain parts of
the animals’ bodies was accompanied by the
formation of scalp wounds (Fig. 13). Admit-
tedly, rapid death is directly caused by gross
anatomical damage to the animal’s body that
is incompatible with life, such as defragmen-
tation of the head and torso, and damage to
vital organs (Fig. 14). Thus, in the case of a
combination of gross anatomical destruction
of the body of a cat whose death occurred as a
result of a complete collision with the wheels
of a motor vehicle (Fig. 15), it was not possible
to isolate a fatal injury. Therefore, it is nec-
essary to state the death of the animal from
the totality of the injuries found, expressed in
the following formulation: the cause of death
of the cat whose cadaver was submitted for
forensic veterinary examination was a com-
bined injury to the head, torso, thoracic, and
pelvic limbs caused by a blunt object with a
large surface. According to the results of the
forensic veterinary examination, a direct and
necessary causal link was established between
the injuries caused by the pressure of high ki-
netic energy at high speed on the entire area
of the animal and the consequences that oc-
curred in the form of the cat’s exitus letalis. In
this expert case, the causality is one-link, be-
cause the initial cause of death was also the
immediate cause of death, which occurred due
to gross anatomical destruction of body parts
incompatible with life.
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Figure 13. Scalped wound of
the right pelvic limb
in a cat cadaver following
a car accident
Notes: macro photo
Source: developed by the author of

this study this study

The structure of fatal road traffic injuries to
animals has always included severe combined
body trauma, which in the vast majority of cas-
es was combined with craniocerebral trauma.

Thus, during the X-ray examination of
the experimental cadaver of a dog injured in a
road accident as a result of a collision with a
moving vehicle, signs of diaphyseal fractures
of the long tubular bones of two segments of

Figure 14. Gross anatomical
destruction of the head
of a cat cadaver caused
by a vehicle collision
Notes: macro photo
Source: developed by the author of

Figure 15. Anatomical
destruction of the torso
of a cat cadaver after being
hit by a vehicle
Notes: macro photo
Source: developed by the author of
this study

the pelvic limbs (thigh and lower leg) with
distraction of bone fragments into skeletal
muscles were found (Fig. 16). The internal
examination of the dog’s cadaver revealed in-
juries inherent in a tangential collision with
a vehicle: considerable haemorrhage in the
mediastinal organs (Fig. 17), contusion, and
focal haemorrhage in the soft tissues of the
neck (Fig. 18).

Figure 16. Dog cadaver
fragment with diaphyseal
fractures of the femur
and tibia
Notes: photographic screen of
X-ray in LL projection (X-ray

Device PCMAX-40HP)
Source: developed by the author of
this study

this study
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Figure 17. Haemorrhage
into the mediastinum of a
dog cadaver in case of death
from a tangential collision
with a motor vehicle

Notes: macro photo
Source: developed by the author of

Figure 18. Focal
haemorrhages in the soft
tissues of the neck of a dog
cadaver in case of death from
a tangential collision with a
motor vehicle

Notes: macro photo
Source: developed by the author of
this study
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The cause of death of the dog, whose ca-
daver was submitted for forensic veterinary
examination, was a combined trauma in the
form of open fractures of the left femur with a
ruptured femoral vein, an open fracture of the
left tibia, traumatic lung injuries, contusion of
the spleen and liver parenchyma with ruptured
capsules of these organs, numerous tears of the
soft abdominal wall muscle tissue with entrap-
ment of internal organs under the skin of the
left lateral abdominal wall. The severe injuries
found on the cadaver of the experimental dog
were accompanied by the development of trau-
matic shock and led to its death. We argue that
the nature and multifocal localisation of the
injuries indicate their formation as a result of
a single impact followed by compression with a
large surface of a hard blunt object, specifically,
a moving vehicle.

N b

Considering the above, the main (initial)
cause of death of the animal was a combined
trauma with damage to the main vessel, and the
immediate cause of death was anaemia of inter-
nal organs due to haemorrhagic shock. In this ex-
pert case, there is a direct, necessary, single-link
causality between the injury sustained by the
animal and its death, because the rupture of the
main vessel, without any outside veterinary as-
sistance, certainly causes the death of the animal.

In the expert case of a cat falling from a
nine-storey building, the animal died on the
first day of the post-traumatic period in a veter-
inary hospital. During the external examination
of the cadaver’s oral cavity, the following inju-
ries were noted: oronasal fissure (Fig. 19), open
fracture of the vault bones with violation of the
integrity of the dura mater and the anatomical
base of the skull (Fig. 20).

s a

Figure 19. Oronasal fissure
of a cat cadaver in case of
death from catatrauma

Notes: macro photo
Source: developed by the author of
this study

Figure 20. Bone structure of
the calvaria and skull base of
a cat cadaver in case of death
from catatrauma
Notes: photo screen of X-ray
tomography (32GE Optima CT 540)
Source: developed by the author of
this study

Figure 21. Cerebral cavity of
a cat cadaver in case of death
from catatrauma
Notes: 1 - subdural haemorrhage.
Photoscreen of magnetic resonance

imaging (ECHELON Smart 1.57)
Source: developed by the author of
this study

Magnetic resonance imaging images of
the cadaveric brain indicate a subdural haem-
orrhage into the cranial cavity (Fig. 21.1), tear
of the articulatio atlantooccipitalis ligaments, as

evidenced by increased unnatural head mobil-
ity and a compression fracture of the antrum.
No other injuries were diagnosed during the
autopsy. The factual patterns together explain
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a certain mechanogenesis of the injuries: trau-
ma to the skull bones with fractures of the
calvaria and skull base and tears and haemat-
omas of soft tissues in the corresponding area,
which indicates contact of the animal’s head
with a blunt object with a large surface area or
an animal hitting a hard surface (such an ob-
ject, for instance, may be dense soil or asphalt
pavement). All the injuries found on the ex-
pert’s cadaver were caused during its lifetime,
simultaneously, as a result of a catatrauma with
a gravitationally accelerated fall velocity, and
death occurred instantly. It was found that such
a macromorphological picture is typical for ca-
tatrauma. In this expert case, the main (initial)
cause of death was an open head injury with
contusion of the brain matter, while the imme-
diate cause was the destruction of the animal’s
medulla oblongata due to the distraction of the
first cervical vertebrae. When presenting argu-
ments for the cause of death of an animal, at-
tention should also be focused on the presence
of a fatal complication - a subdural haemato-
ma. At the same time, V. Lemishevskyi (2021),
based on the findings of a sectional study using
complete evisceration of the organs of the ca-
daver, argues that in cases of catatrauma, even
with premortem diagnosed craniocerebral con-
tusion of an animal, a strong blow to the chest
during a fall from a great height causes bludg-
eoning of the lungs and heart, which is poten-
tially life-threatening in itself, which must be
considered in the presence of competing causes
of death. The expert established the following
injuries to the cat’s cadaver: blunt trauma to
the chest with blood imbibition of muscle tis-
sue, haemorrhages in the muscle fascia, liga-
ment rupture, and compression fracture of the
transverse rib process of the fifth cervical ver-
tebra. An in-depth analysis of the results of the
examination of the cadaver of this animal indi-
cates that the necessary causality between the
injuries and the death of the cat is direct, but
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two-linked. The initial cause of death and its
complications are phenomena that are not tan-
atogenetically related, which is consistent with
the data of M. Skrypka et al. (2023), who showed
methods for identifying and differentially di-
agnosing spinal injuries and found out the
pathomorphogenesis of cervical vertebral dis-
traction in polytrauma in criminal proceedings.
In explaining the mechanogenesis of cervical
spinal cord injuries caused by sharp traumat-
ic neck flexion, researchers have noted partial
or complete ruptures of the intervertebral disc
and destruction of vertebral ligaments. It was
found that hyperaemia of the vessels of the me-
ninges of the brain was a consequence of blood
circulation disorders in the occipital and cau-
dal arteries of the meninges, and mechanical
destruction of intervertebral discs or rupture
of cervical vertebrae ligaments led to disorders
of innervation of various organs and systems
of the body and was fatal for the animal. It was
proved that distraction trauma of the cervical
spine led to oedema and haemorrhage in the
caudo-ventral part of the brain substance. A di-
rect correlation between vagus nerve irritation
and hyperaemia of large (aorta and pulmonary
artery trunk) vessels, caudal mesenteric artery
and, accordingly, hyperaemia of the thorac-
ic and abdominal cavities was demonstrated.
Thus, the findings obtained by the researchers
coincide with observations presented in this
study. However, such contradictory information
indicates that when addressing the questions
of the investigating authorities regarding cata-
trauma, it is important to determine the landing
zone and the impact of the applied force vector.

The trend towards an increase in the num-
ber of cases of firearms-associated injuries in
animals is noteworthy, which undoubtedly re-
flects certain processes in society and certainly
indicates the recent spread of firearms among
the population. The number of wound holes in
animals caused by this type of weapon in some
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expert cases indicates particular cruelty in the
treatment of the animal, and the location of the
wound holes indicates their chaotic localisation.

Thus, during the external examination of
the scalp of a dog (Fig. 22), whose cadaver was

submitted for forensic veterinary examination,
numerous injuries, round and oval in shape,
with a diameter of 0.5 cm to 0.9 cm, were vis-
ually noticeable, while the skin itself was cov-
ered with red spots appearing to be blood.

Figure 22. The skin of the left lateral surface
of the dog’s head with wound holes located
in a concentrated manner
Notes: macro photo
Source: developed by the author of this study

The X-ray comparison of the relevant
anatomical area proves the presence of more
than twenty objects with a cylindrical shape
and pyramidal contact surface, X-ray con-
trast, “metallic” density in the soft tissues of
the dog’s head (Fig. 23). The X-ray shows that
they are topographically localised mainly in
the soft tissues of the vault of the skull and,
to a lesser extent, in the nasal bones and skull
base, in the skeletal muscles of the neck, and
correspond to the location of the wound holes
on the skin. As for the skin of the pelvic limbs
of the experimental dog cadaver (Fig. 24), it
also shows numerous wound openings, alike
in their macromorphological features to
those found during the external examination
of the head.

Figure 23. The head of a dog cadaver
with objects of “metallic” density

Notes: photographic screen of radiograph in RL
projection (X-ray Device PCMAX-40HP)
Source: developed by the author of this study

Analysing the X-ray images of the dog’s
head and pelvic limbs taken in RL (Fig. 25)
and DV (Fig. 26) projections, it was found that
all the bullets were located in the soft tissues
of the body at different angles, which may in-
dicate shots from different directions from a
relatively short distance. Considering this, we
agree with the opinion of M. Grela et al. (2021)
on the expediency of using the radiological
method of examining an animal cadaver along
with a classical autopsy to assess the fatal con-
sequences of gunshot wounds to dog cadavers.
Furthermore, the researchers note that damage
caused by gunshots is correlated with the cali-
bre, kinetic energy of the projectile, and its ini-
tial velocity, as well as the distance between the
muzzle of the gun and the object of the shot.
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Figure 24. The skin of
the lateral surface of the
right pelvic limb of a dog

cadaver with rounded wound

openings
Notes: macro photo

Figure 25. Fragment of
the right pelvic limb of a
dog cadaver with objects of
“metallic” density
Notes: photographic screen of
radiograph in RL projection (X-ray

Figure 26. Fragment of the
back of a dog cadaver with
objects of “metallic” density
Notes: photographic screen of
radiograph in DV projection

(X-ray Device PCMAX-40HP)

Source: developed by the authorof ~ Device PCMAX-40HP) Source: developed by the author of
this study Source: developed by the author of this study
this study

During the internal examination of the
dog’s cadaver, it was found that the through soft
tissue damage began with a rounded entrance
wound with a 0.9 cm diameter soot rim locat-
ed on the skin in the middle third of the right
thigh along its lateral surface (Fig. 27). When
a bullet enters soft tissue, it destroys the skin
and denser tissue due to its high kinetic ener-
gy, forming a rounded hole. It was found that
the local defect of the skin of the “minus tissue”
type is probably caused by hydrodynamic and
contusion effects on the tissue along the tra-
jectory of the traumatic weapon, which is con-
firmed by our observations. Next, the wound
channel is located through the subcutaneous
tissue and muscles in the direction from top to
bottom, from front to back, and ends with an
oval-shaped wound with irregular edges in the
distal third of the right thigh along its medial
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surface (Fig. 28). Thus, the above bodily inju-
ries have morphological signs of wounds, each
of which was separately caused by a shot from
a firearm with a compact projectile (bullet) that
had a relatively low contusion-dynamic impact
on the inner surface of the skin of the dog’s ca-
daver when it left the body.

Explaining the mechanogenesis of the in-
juries, we argue that the wounds of the right
thigh were caused by the penetrating effect of
a projectile with high kinetic energy made of
metal compounds typical of a jacketed bullet
fired in the specified tangential direction. The
wounds found are not in the required direct
causal relationship with the death of the an-
imal. Considering the above, we believe that
even if the pain and suffering experienced by
the animal before death did not cause the de-
velopment of a shock state, the large number
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of haemorrhages caused by numerous bullet
wounds, together with the systemic changes in
the animal’s haemodynamics, can be consid-
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Figure 27. Entrance wound of a dog cadaver
with a skin defect of the “minus tissue” type
Notes: macro photo
Source: developed by the author of this study

Thus, in the expert practice of mechanical
trauma, there is often a combined simultane-
ous effect of pathogenic factors, which, admit-
tedly, significantly complicates the analysis of
further thanatogenesis in each case. It is advis-
able to point out that despite the diversity of
the macromorphological picture of the lethal
consequences of mechanical trauma in animals,
acute haemodynamic disorders are the basis of
thanatogenesis. Such premortem conditions
are explained by a decrease in the intensity of
hemoperfusion, against which hypovolaemic
shock occurs with specific causes in the form
of mechanical injuries, specifically, contusion
of internal organs with violation of their ana-
tomical integrity, distraction of limbs with soft
tissue damage. Notably, in such cases, there
was usually considerable blood loss caused by
extensive injuries. Haemorrhage plays a trig-
gering role in the thanatogenesis of traumatic
shock, as acute blood loss causes an imbalance
between the circulating blood volume and the
blood vessels. M. Skrypka et al. (2024) reached
analogous conclusions within the framework

ered avariant of haemorrhagic syndrome, which
may have independent thanatogenetic signifi-
cance and be the cause of the animal’s death.

Figure 28. Exit wound of a dog cadaver
Notes: macro photo
Source: developed by the author of this study

of a pre-trial investigation into cruel treatment
that led to the death of an animal (forensic
veterinary examination of a dog cadaver with
signs of polytrauma). According to the results
of the forensic veterinary examination, it was
established that the injuries were caused by
repeated mechanical interaction (blows) of the
left side of the body with a blunt object. The se-
rious injuries included, specifically, disruption
of the connection between the bones of the hy-
oid skeleton and laryngeal cartilage, cerebral
haemorrhage, disruption of the integrity of the
ligamentous apparatus of the atlanto-occipital
joint, fracture of the arch of the first cervical
vertebra, mechanical trauma to the subclavian
and internal thoracic artery with disruption of
their anatomical integrity. Thus, the injuries
caused (multiple combined trauma) are in di-
rect causality with the death of the animal.
Experts argue that the fatal outcome was the
result of hypovolaemic shock caused by vio-
lation of the integrity of the subclavian artery
and internal thoracic artery by rib fragments.

Progressive hypovolaemia clearly reduces
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venous pressure in the vessels and provokes the
development of transient arrhythmia, which
results in a decrease in the minute output of
the heart pump. Decompensation of such con-
ditions against the background of acute hypox-
emia occurs due to the supra-threshold effect
of catabolic products on the vital centres of the
animal’s medulla oblongata. Excessive expo-
sure to extreme temperatures, according to the
data obtained, caused death in 10 (6.6%) dogs
and 8 (5.4%) cats.

During forensic veterinary sectional exam-
inations of animal cadavers whose deaths were
caused by general hypothermia, two permanent
non-random macromorphological signs were
found in each expert case. Firstly, the dog’s
non-trivial “compact” body position, which
stayed unchanged after death, is noteworthy
(Fig. 29). Forensic veterinary autopsy of ani-
mal cadavers indicates small-dot haemorrhages
in the apical parts of the gastric mucosa folds

(Wischnewsky spots), which are usually linear-
ly sinuous and small in size (up to 0.3x0.5 cm),
against the background of general erythema
(Fig.30). Histomorphological examination of the
stomach samples of the experimental dog ca-
daver taken from loci with visually pronounced
hyperaemia of the mucous membrane revealed
that it was covered with a single-layer foveal ep-
ithelium, with changes manifested in the form
of desquamation of cylindrical and prismat-
ic cells (Fig. 31.1). Beneath the epithelium is a
submucosal layer consisting of loose connective
tissue, blood vessels, and dilated glandular ex-
cretory ducts. Glands with moderate secretion
are located in the lamina propria in the direc-
tion from the gastric mucosa to its muscular
lamina, which separates the mucosa from the
submucosa. The mucosal lamina propria be-
tween the glandular ducts and the submucosa
are reactive, intensely infiltrated with conglom-
erates formed by erythrocytes and neutrophils.

Figure 29. Appearance of
a dog cadaver in case of
death caused by general
hypothermia
Notes: macro photo
Source: developed by the author of
this study

Figure 30. Diapedetic
haemorrhage in the cardiac
part of the stomach of
a dog cadaver in case of
death caused by general
hypothermia

Notes: macro photo
Source: developed by the author of
this study

Figure 31. Histotopogram
of the gastric mucosa
epithelium of a dog cadaver
Notes: 1 - foci of epithelial
desquamation with erythrocyte
conglomerates. Haematoxylin
and eosin, 10%40, (Granum R50

microscope)
Source: developed by the author of
this study

Considering the above, we believe that at
the onset of general hypothermia, the changes
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occurring in the animal’s body are hypo-
thetically reversible and limited to systemic
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circulatory disorders. In this case, it is crucial
to establish the duration of the state of emer-
gency. As a result of the examination, it was
established that death from cold injury occurs
as a result of vasomotor collapse without icing
of the body, and, therefore, the cadaver freezes
after the animal’s death. Proceeding from this
expert hypothesis, the identified patterns of
cold injury in animals are always postmortem
in nature, conditioning the mechanogenesis of
hypothermia. A certain resistance to the effects
of low temperature on the animal body neces-
sitates the development of microscopic dam-
age by a sufficiently long exposure to low tem-
peratures. Under such conditions, the animal
takes a specific “compact” posture to maintain
thermoregulation, followed by the mobilisa-
tion of reserve capabilities to maintain home-
ostasis, specifically, skeletal muscle glycogen

Figure 32. General view of a
cat’s cadaver in case of death
caused by burn injury

Notes: macro photo

Source: developed by the author of
this study

this study

Damage to animal carcasses associated
with exposure to, for instance, a burning house,
may conceal other changes. Therefore, it is

Figure 33. Swelling of the
brain of a cat cadaver
Notes: macro photo
Source: developed by the author of

is utilised. However, prolonged exposure to ex-
tremely low ambient temperatures is likely to
cause a gradual overall decrease in the animal’s
body temperature against the background of
anoxia and anaemia of peripheral tissues, in-
cluding skeletal muscles, with a characteristic
inhibition of the relevant biochemical process-
es in the body.

Thus, a direct, necessary causal link is log-
ically argued between the established changes
that occurred in the cadaver of an animal with
a cold injury and its death. In the case of an-
imals whose death was caused by generalised
overheating, specifically burn injuries, an expert
hypothesis about the conditions and cause of
death can be built at the stage of external ex-
amination of such cadavers. Thus, the burnt
hair of the experimental cat cadaver was caused
by direct contact with the flame (Fig. 32).

Figure 34. Histotopogram
of the lungs of a cat cadaver
with alveolar emphysema
caused by burn injury
Notes: 1 - destruction of the
alveolar septa with numerous
diapedeses; 2 - intact alveolus.
Haematoxylin and eosin, 10x40,

(Granum R50 microscope)
Source: developed by the author of
this study

necessary to verify the vital nature of their for-
mation and substantiate the forensic veterinary
diagnosis. The animal’s open mouth indicates
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terminal tachypnea and the development of
respiratory failure caused by inhalation of toxic
smoke against the background of hypercapnia
and carbon monoxide poisoning. Erythema of
the mucous membrane of the oral cavity and
the back of the pharynx confirms an acute le-
sion of the animal’s respiratory tract.

The autopsy of the cat’s cadaver revealed
patterns of cerebral oedema: the furrows of the
hemispheres were visually smoothed, while the
vessels were markedly blood-filled (Fig. 33),
which was explained by hypoperfusion of the
nervous tissue and fluid leakage from the nar-
rowed vessels in the interstitium beyond the
neurocytes caused by general hypovolaemia.
Histomorphological examination of the lungs
suggests the development of acute alveolar
emphysema, because among the single intact
alveoli (Fig. 34.2), numerous lesions of the
membranes of the parenchyma with micro-
diapedeses (Fig. 34.1) were found due to their
overstretching by air, which confirms the vital
formation of these changes.

Thus, the above signs found in a cadaver
with a burn injury, specifically, acute disor-
ders of the haemocirculation of the brain and
respiratory tract, are specific to establishing
the cause of death of an animal due to general
overheating.

In the overall structure of mortality, ac-
cording to the sub-sample, asphyxial death was
diagnosed in 19 (12.6%) dogs and 22 (14.6%)
cats. Obtained by D. Aratjo et al. (2021) anal-
ogous statistical information. Specifically, ac-
cording to the researchers, most of the animals
that were violently attacked were dogs (87%),
outbred (55%), medium-sized (57%), male
(58%), and died due to various causes, includ-
ing asphyxiation (15%). It is known that the
asphyxiated state is accompanied by decom-
pensated hypoxia of vital organs, specifically,
the brain and heart, which over time leads to
the cessation of respiratory excursions due to
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central nervous system depletion, transient
arrhythmia and, as a result, the onset of ani-
mal death.

Authors state that the mechanism of death
of animals from mechanical asphyxiation, de-
spite the variety of instruments of trauma, is
the same. Based on the mechanogenesis, we
consider mechanical asphyxia to be a traumatic
injury, with the only difference being that the
mechanical factor affects the locus of injury
throughout the entire period of death, thereby
constantly irritating the corresponding recep-
tors of the reflexogenic zone and exacerbating
the pathological manifestations of hypoxia in
the animal’s body. This hypothesis is confirmed
by the subcutaneous dark red haematomas of
the pelvic limbs, which were apparently formed
as aresult of the animal’s body hitting hard sur-
faces during agonal convulsions at the time of
the terminal pause.

Considering the above, we propose to de-
tail the classification of animal deaths from
mechanical asphyxiation depending on the
nature of the traumatic factor and the place of
its impact, with consideration of the case file.
Considering the thanatological cases from our
expert practice (Table 1), asphyxiological death
of an animal can occur in cases of neck stran-
gulation (e.g., with a rope), chest compression
(e.g., with hands), obstruction of the respirato-
ry tract (e.g., with dense objects), or aspiration
(e.g., with liquids).

The thanatogenesis of mechanical asphyx-
ia can be logically represented in two parts:
firstly, the cessation of free air access causes
the development of acute anoxia of the me-
dulla oblongata, and secondly, damage to the
neck stimulates vagal reflexes, causing sudden
myocardial paralysis due to the development of
bradycardia. However, in the premortem state,
according to our clinical observations, the ab-
sence of respiratory excursions of the animal’s
chest precedes cardiac paralysis, which should
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be considered from the standpoint of view of
the semiotics of rapid death.

Therefore, when arguing for a forensic vet-
erinary diagnosis of asphyxiated animal death,
it is advisable to consider the genesis of death,
where the initial (determining) and immediate
causes of death coincide, while fatal complica-
tions in the form of cerebral anoxia and brad-
ycardia are, in the causal aspect, competing
links in thanatogenesis. Undoubtedly, in case of
rapid death of animals, there is a need, firstly,
to identify criteria that impartially substantiate
the conclusion of a forensic veterinary expert,
and secondly, to differentiate mechanical as-
phyxiation from other comparable conditions
that result in sudden death.

It is during the implementation of the
mechanism of animal death caused by asphyx-
iation that general signs are formed, which are
proposed to be recorded at the relevant stages

Figure 35. Conjunctival
petechiae of the right eye
of a dog cadaver in case of
death from strangulation

asphyxia
Notes: macro photo
Source: developed by the author of

this study this study

When determining the cause of death of a
dog with external signs of violent death, the po-
sition of the cadaver’s head with its unnaturally
increased mobility against the background of

Figure 36. “Pinching” of the
tongue and haemorrhage
of the oral mucosa of a dog
cadaver in case of death from
strangulation asphyxia

Notes: macro photo
Source: developed by the author of

of forensic veterinary examination of the ani-
mal cadaver.

Thus, to substantiate the evidence of an
animal’s death from a specific type of asphyxia,
it is logical to describe, first of all, the external
general asphyxial signs (patterns of the first
level of evidence). Thus, during the examina-
tion of the experimental cadaver of a dog whose
death occurred as a result of neck strangulation
by the locking system of a device for remote
fixation of dogs, attention is drawn to the pro-
nounced swelling of the muzzle, hyperaemia of
the conjunctiva and sclera in the form of sub-
conjunctival petechiae (Fig. 35), rounded small-
point haemorrhages with a diameter of 0.3 cm
in the area of the tongue root and damage from
the teeth to the back of the tongue (Fig. 36),
prolapse of the rectum due to relaxation of the
sphincters (Fig. 37). W.-H. Huang et al. (2021)
described death in such situations.

Figure 37. Prolapse of the
rectum of a dog cadaver
in case of death from
strangulation asphyxia
Notes: macro photo
Source: developed by the author of
this study

an unexpressed postmortem contracture of the
neckmusclesisofparticularnote.Externalbleed-
ing that contaminates the scalp is also caused
by trauma to the tongue by canines (Fig. 38).
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Radiological examination of the neck of
the experimental dog cadaver in RL projection
indicates anatomical instability of the cervical
vertebrae at the level of the articulatio atlan-
tooccipitalis (Fig. 39). Histotopograms of skel-
etal muscles obtained from the area of neck

strangulation confirm signs of local soft tissue
compression: thinning, flattening, and pressing
of muscle fibres against each other, their dys-
trophy, compaction, compression, and desola-
tion of blood vessels, waviness and rupture of
myofibrils (Fig. 40.1).

Figure 38. Contamination
of the dog’s head with
blood due to strangulation
asphyxia
Notes: macro photo

Figure 39. Rupture of the
atlanto-occipital joint of a
dog cadaver
Notes: photographic screen of
X-ray in RL projection (X-ray

Figure 40. Histotopogram
of the muscle tissue of the
strangulated area of the neck
of a dog cadaver due to local
compression

Source: developed by the author of Device PCMAX-40HP) Notes: 1-deformation and tearing
this study Source: developed by the author of of muscle fibres. Haematoxylin
this study and eosin, 10x40, (microscope

As for the peripheral organs of haemoim-
munopoiesis, diametrically opposite morpho-
logical changes were observed in them. Thus,
histological examination of the mandibular
lymph nodes located topographically above the
locus of strangulation revealed haemorrhages
in the tissue above their capsule with simulta-
neous severe hyperaemia of the venules around
and directly in the capsule of these nodes. The
vessels of the lymph node are dilated and filled
with blood cells, the focuses of microdiapen-
ic haemorrhages are distributed evenly over
the entire area of the histological specimen
(Fig. 41.1), and the lumen of the vessel is filled
with conglomerates of erythrocytes (Fig. 41.2).
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“Granum R50”)

Source: developed by the author of
this study

The histomorphological examination of
the spleen revealed the absence of pronounced
microscopic changes. The outside is covered
with a capsule made of dense fibrous fabric,
which can be easily removed. Trabeculae, con-
taining blood vessels, smooth muscle fibres and
nerves, extend from the capsule. The white pulp
covers a large area. It is organised into cylindri-
cal clutches of lymphocytes that surround the
central arteries that form the periarterial lym-
phoid sheaths. The red pulp consists of sinusoi-
dal vessels and pulp bundles located between
them. However, the segmental section shows
visual anaemia (Sabinsky sign) and a slight
scraping, which is confirmed by the findings
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of histomorphological studies (Fig. 42). The
erythrocytes are located in small clusters over
the histotopogram area, unevenly (Fig. 43.1).
During the forensic veterinary examination

Figure 41. Histotopogram

Figure 42. Segmental

of the cadavers of animals whose deaths were
caused by mechanical asphyxiation, general
signs of asphyxiation of varying degrees of se-
verity were identified.

|
=N

Figure 43. Histotopogram

of a lymph node of a dog section of the spleen of a of the spleen of a dog

cadaver in case of death dog cadaver in case of death cadaver in case of death

caused by strangulation caused by strangulation caused by strangulation
asphyxia asphyxia asphyxia

Notes: 1-diapedetichaemorrhages;
2 — erythrocyte conglomerates in
the vessel Ilumen. Haematoxylin
and eosin, 10x40, (Granum R50
microscope)

Source: developed by the author of
this study

this study

In such cases, it is crucial to adequately
interpret and distinguish between them, which
is particularly true for the statement of inter-
nal general asphyxiological features (patterns
of the first level of evidence). Specifically, the
absence of dark red blood clots in large vessels,
an “asphyxiated heart” due to blood stasis in
its right half, venous hyperaemia of internal
organs, multifocal spotted or punctate haem-
orrhages (Tardieu spots) under the epicardium
(Fig. 44) and lung pleura (Fig. 45), emphysema
with numerous ruptures of alveolar membranes
and haemorrhages in them (Fig. 46.1) on a
small number of intact structural elements of
the parenchyma (Fig. 46.2).

In the array of animal deaths from me-
chanical asphyxiation, fatal neck strangulation

Notes: macro photo
Source: developed by the author of

Notes: 1 — uneven accumulation
of red blood cells. Haematoxylin
and eosin, 10x40, (Granum R50
microscope)

Source: developed by the author of
this study

ranks second. Notably, imitation of killing an
animal by hanging has been encountered in our
forensic practice. In contrast to humans, among
whom hanging is one of the most common
causes of violent death (Marrone et al. 2023),
strangulation asphyxiation in animals is pre-
dominantly the result of cruelty. During the ex-
perimental suspension of animal cadavers two
hours after death, local signs of strangulation
were observed, specifically, subcutaneous hae-
matomas, mucosal oedema, and skin compres-
sion, which is caused by the prolonged vertical
position of the cadaver in the noose under the
influence of gravity. Unlike the human neck, the
neck of animals is densely covered with hair,
which clearly determines the absence of a pro-
nounced classical strangulation furrow, which
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is not a permanent feature, but, accordingly, the
main sign of death from strangulation. In this
regard, the forensic veterinary expert’s special
attention should be focused on establishing the
signs of intravital formation of fatal injuries.
Thus, during the dissection of the neck skin of

a dog whose death was reliably caused by stran-
gulation asphyxia, there was a spilled blood im-
bibition of the muscles and subcutaneous tis-
sue with a characteristic relief impression from
the laryngeal cartilage and dermal oedema be-
low the strangulation locus (Fig. 47).

Figure 44. Spotted
haemorrhage under the
epicardium of a dog cadaver
in case of death from
asphyxiation

Notes: macro photo

Source: developed by the author of
this study

Figure 47. Haematoma of
the locus of strangulation of
a dog cadaver

Notes: macro photo
Source: developed by the author of
this study
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Figure 45. Point
haemorrhages under the
lung pleura of a dog cadaver
in case of death from
asphyxiation

Notes: macro photo
Source: developed by the author of
this study

Figure 48. Blood leakage
into the larynx of a dog
cadaver due to strangulation
asphyxia (sagittal section)

Notes: macro photo
Source: developed by the author of
this study

Figure 46. Histotopogram of
the lungs of a dog cadaver in
case of death from asphyxia
with alveolar emphysema

Notes: 1 - haemorrhage and
destruction  of the alveolar
membranes; 2 - intact alveolus.
Haematoxylin and eosin, 10x40,
(Granum R50 microscope)

Source: developed by the author of
this study

Figure 49. Foreign body
in the laryngeal cavity
of a dog cadaver
Notes: photo screen of endoscopic
examination (Olympus CLV-160)
Source: developed by the author of
this study
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A sectional examination of the larynx of an
experimental dogcadaverrevealed signsofblood
leakage into the cavity itself (Fig. 48), caused by
damage to the surrounding blood vessels. In the
absence of reliable macroscopic signs of intra-
vital strangulation, we emphasise that the mor-
phological picture of an animal cadaver must be
supported by the results of histomorphological
studies that reasonably document pathological
patterns at the micro level, and a forensic vet-
erinary expert can only reach a reasoned con-
clusion by considering structural changes at
different levels of organisation, only in totality.

Summarising the above, we emphasise that
in the death of animals caused by strangulation
asphyxia, apart from general asphyxial signs,
subspecific signs (patterns of the second level
of evidence) were identified, namely, “pinch-
ing” of the tongue between the teeth, blood
leakage from the mouth and nose above and be-
low the locus of injury, hyperaemia of the near-
est lymph nodes, spleen anaemia, diapedetic
haemorrhages in the mucous membrane of the
tongue root, deformation of the skeletal muscle
fibres of the animal’s neck at the locus of inju-
ry, which should be considered in the practice
of forensic veterinary examination. N.M. Maz-
zante et al. (2020) cited cases of lethal strangula-
tion of the neck of animal cadavers with intimal
tears, tears of the carotid arteries and jugular
veins, damage to the ligaments and muscles of
the neck, cartilage of the larynx and trachea,
and the hyoid apparatus. In our expert practice,
we have not detected the specified phenomena.

Structural and functional changes that oc-
cur in rare accidents of mechanical obstruction
of air access caused by obstruction of the res-
piratory tract of animals by foreign objects are
conditioned by the direct effect of the obstruct-
ing factor on the laryngeal interoceptors, fol-
lowed by the development of a reflex response
in the form of a combination of acute haemo-
dynamic disorders and metabolic syndrome,
which together lead to rapid death (Fig. 49).

During the forensic veterinary internal exam-
ination of the cadavers of such animals, only
general asphyxiological signs are found.

From the standpoint of forensic veterinary
examination, it stays relevant to establish sub-
species-specific signs of death caused by aspi-
ration asphyxiation, since drowning, as a sepa-
rate variant of animal killing, is most common
in expert practice. In this context, the death
of an animal as a result of fluid aspiration can
occur in certain pathological conditions or pro-
cesses; however, such a lethal outcome is clas-
sified as a non-violent death and occurs mainly
during hospitalisation in veterinary medicine.
However, in case of suspicion of violent death
caused by drowning, the forensic veterinarian
should pay special attention to the argumen-
tation of a direct causal link, since, according
to our observations, during a long stay of the
animal cadaver in water, the fluid can fill the
lung parenchyma through direct entry into the
respiratory tract or by diffusion caused by em-
physematous biotransformation.

Thus, during the external examination of
the examinee cadaver of akitten whose death oc-
curred due to drowning and which was removed
from the water immediately after death, a fine
bubbly light-coloured foam around the nostrils
and mouth was visually noticeable (Fig. 50).

The autopsy of the respiratory tract shows
that similar fluid also fills the lumen of the tra-
chea, but in the bifurcation area and below, in
the bronchi, it has a pinkish tint (Krushevsky
sign). The lungs appear to be enlarged in vol-
ume, with pronounced rounded edges, “mar-
bled” in colour (Fig. 51): light red areas alter-
nate with light grey oval spots. The latter are
subpleural haemorrhages (Rasskazov-Lukom-
sky-Paltauf sign) and are formed as a result
of destruction of pulmonary acini capillaries
due to excessive stretching and rupture in the
setting of acute alveolar emphysema. A pink,
foamy liquid may flow freely from the surface
of the lung incision.
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Figure 50. Light foamy liquid
in the mouth of a kitten cadaver

in case of death by drowning
Notes: macro photo
Source: developed by the author of
this study
this study

Histomorphologically, the lumen of the
bronchioles was found to be filled with fluid
with red blood cells (Fig. 52.1), and the alve-
olar vesicles were in a state of congestive hy-
peraemia, which was confirmed by G. Piegari et
al. (2019), who obtained analogous macroscop-
ic and microscopic findings.

Thus, the signs found in the experimen-
tal cadaver prove the death of the animal by
thanatogenesis of aspiration asphyxia caused
by drowning. In terms of the death of ani-
mals caused by asphyxiation as a result of
compression of the chest cavity, in the prac-
tice of forensic veterinary examination, such
cases are rare. This was confirmed by Kr. Pri-
hirunkit (2022) in an alternative study of dog
cadavers that died due to chest compression
by hands. Undoubtedly, excessive compression
of the animal’s chest limits the number of res-
piratory excursions and, subsequently, due to
pressure, disrupts lung vascularisation. Pres-
sure on the chest contributes to an increase
in partial pressure in the pleural cavities, is
accompanied by overstretching and rupture
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Figure 51. Pronounced
haemorrhages under the lung
pleura of a kitten cadaver in
case of death by drowning
Notes: macro photo
Source: developed by the author of

Figure 52. Histotopogram
of pulmonary acinus of a kitten
cadaver in case of death
by drowning
Notes: 1 - the lumen of the
bronchioles is filled with light red
fluid. Haematoxylin and eosin,

10%40, (Granum R50 microscope)
Source: developed by the author of
this study

of the microcirculatory vessels and causes the
development of acute hypoxia in the setting of
hypercapnia.

The forensic veterinary diagnosis of com-
pression asphyxia can be made only in the ab-
sence of “active” organ nosology, prolonged
crush syndrome, gross trauma to the chest,
or penetrating injuries to the chest, as such
injuries cause pulmonary atelectasis, which
has independent thanatogenetic significance.
Thus, during the external examination of the
experimental cadaver of a neonatal puppy that
died due to an accident caused by another dog
squeezing the abdomen and thorax in the an-
teroposterior direction, the presence of sub-
conjunctival haemorrhages and an “ecchymotic
mask” of the skin of the oronasal part of the head
and distal thoracic limbs was detected (Fig. 53).

Cardiosternal contact, verified by radiolog-
ical examination of the chest of the cadaveric
puppy in the RL projection, indicates no signs
of pneumothorax (Fig. 54). The autopsy data
confirm the expert hypothesis of compres-
sion of the chest cavity organs, as the cadaver
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revealed massive dark red infarcts in the cranial
lobes of the lungs, relief of the inner surfaces
of the lungs from the heart, their atelectasis

o %
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Figure 53. “Ecchymotic
mask” of the head and thoracic
limbs of a puppy cadaver in
case of death from compression
asphyxia

Notes: macro photo
Source: developed by the author of

this study this study

Thus, an objective basis for establishing
causal relationships in critical conditions of
animals with fatal consequences of mechanical
and thermal trauma and asphyxiation is the es-
tablishment of morphological positions of fatal
injury, reflected in the form of a forensic vet-
erinary diagnosis, expressed in thanatogenetic
and nosological forms, integrated with each
other. From the standpoint of evidence-based
veterinary medicine, we consider it necessary to
selectively distinguish all morphological signs
identified during the forensic veterinary exam-
ination of an animal cadaver by levels with the
obligatory substantiation of the thanatognomic
criteria inherent in a particular subspecies of
violent animal death.

Thus, when a forensic veterinary expert is
arguing for a conclusion on the cause of death,
we believe that it is necessary to rely on the
main links of thanatogenesis to resolve certain

Figure 54. Pulmonary
atelectasis of a puppy
cadaver in case of death from
compression asphyxia
Notes: photographic screen of
radiograph in RL projection (X-ray

Device PCMAX-40HP)
Source: developed by the author of

against the background of venous hyperaemia,
and a liquid state of blood in the heart cham-
bers and large blood vessels (Fig. 55).

Figure 55. Appearance of
the organ complex of the chest
cavity of a puppy cadaver in
case of death from compression
asphyxia

Notes: macro photo
Source: developed by the author of
this study

issues in the construction of the diagnosis, con-
sidering the semiotics of the injury. Considering
the above, it is advisable to distinguish the ini-
tial cause of death of an animal according to the
principle of complete completion of the links of
the intra-nosological cause-effect relationship:
the main cause of death is considered to be a
nosological unit that, through the cause-effect
relationship of pathomorphogenesis, ends with
the direct cause of death.

Conclusions

For the first time in Ukraine, the authors of
this study substantiated the cause-and-effect
relationships in the genesis of violent death
of animals caused by haemodynamic disor-
ders and hypoxemia based on the findings of
original research using the proposed approach
with the identification of thanatognomonic
patterns according to a two-level system of
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evidence. It was substantiated that irreversi-
ble disorders of haemodynamics and hypoxia
are involved in the thanatogenesis of animal
death caused by mechanical injuries, thermal
trauma, and mechanical asphyxiation. Based
on such approach, it is necessary to assess
the area of pathological changes in internal
organs that are incompatible with life and to
build an “expert hypothesis” about the deter-
mining cause of the animal’s death.

To follow the principles of evidence-based
veterinary medicine, we consider it necessary
to selectively distinguish all morphological
positions identified during the forensic veter-
inary examination of an animal cadaver into
two levels with the obligatory substantiation of
the thanatognomonic criteria inherent in a par-
ticular subtype of violent death of an animal.

The patterns of rapid death of animals of
the first level of evidence common to the fa-
tal consequences of mechanical trauma and
mechanical asphyxiation were established as
follows: absence of blood clots in large-calibre
vessels, congestive venous hyperaemia of in-
ternal organs, multifocal spotted or punctate
haemorrhages (Tardieu spots) under the epi-
cardium and pleura of the lungs, alveolar em-
physema of the lungs.

Proven patterns of mechanical asphyxia of
the second level of evidence: “pinching” of the
tongue between the teeth, blood leakage from
the mouth and nose above and below the lo-
cus of injury, hyperaemia of the nearest lymph
nodes, Sabinsky sign, diapedetic haemorrhages

The cause of death of the animals due to gen-
eralised overheating as a result of brain swell-
ing and hyperaemia of its membranes was
substantiated. A reliable sign of death in the
case of general hypothermia, the Wischnewsky
spots, was found.

Specific signs of traumatic injury (patterns
of the second level of evidence) were identified:
pleomorphism of the body injury, acute blood
loss, general anaemia of the circulatory anae-
mic type. It was found that the most common
adverse effects of traumatic illness in animals
are caused by life-threatening injuries, namely:
gross anatomical destruction (crushing or sep-
aration) of the body, significant damage to vital
organs (e.g., heart tamponade with blood due
to extra-mural infarction, brain and/or heart
contusion); acute bleeding: external and inter-
nal; obstruction of major vessels by traumatic
emboli (air, tissue, etc.); mechanical asphyxia:
aspiration of the respiratory tract with blood
and traumatic laryngeal edema; combined
polytrauma; incompatible functional disorders
caused by acute organ failure and/or pain shock.
The new data obtained should be implemented
in the practice of forensic veterinary examina-
tion of animal cadavers.

The prospect of further research will be the
application of the thanatogenetic approach to
the formulation of a forensic veterinary diag-
nosis in cases of fatal haemostasis and cardiac
death of animals.
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AHoranis. Huni B VKkpaiHi BigcyTHi OpMAMYHO 3aKkpilvieHi periaMeHTOBaHi Hpolexypu
MPOBEJIeHHSI CYHOBO-BeTepPMHAPHOI eKCIepTU3M TPYIiB TBapuH, L0 YCKIAJHIOE O06’€KTUBHY
KBasmidikaiilo MpaBOOXOPOHHMMM oOpraHamu GopM aaMiHICTPaTUBHUX Ta KPUMiHAIbHUX
MPaBOMOPYIIEeHb Y paMKax AOCYI0BOTO PO3C/TiyBaHHS. A TOMY, 0COG/IMBOI aKTyaabHOCTi HAOYBAIOTh
HayKOBO OGIPYHTOBAHi pe3yibTaTy MOCTiIKeHHS y chepi MOBOMKEHHS 3 TBapMHAMU. Y PoOOTi
MOCTaB/IE€HO 3a METy — OGIPYHTYBaTH NMPUUMHHO-HACTIAKOBI 3B’SI3KM Yy reHe3i HacMIbHUIIBKOL
CMepTi TBapMH BHACIIZOK MeXaHIYHUX YUIKOIKeHb, TEpMiuHOI TpaBMM Ta MexaHiuHOi acdikcii
3 BMOKDEMJIEHHSM TaHAaTOTHOMOHIYHMX NaTepHiB 3a [BOPiBHEBOI CUCTEMOIO JOKAa30BOCTi.
BUKOpPUCTOBYBa/M METOIM KOMILIEKCHOTO Cy[LOBO-BETEPMHAPHOIO AOCTiIKEHHS TPYIiB TBapUH
i3 HACTYITHOIO JIOTiKO-THOCEOJIOTiYHOI0 00POOKOI0 pe3y/bTaTiB. ApryMeHTOBAHO, 10 TOJIOBHMMM
JlaHKaMM TaHaToreHe3y Yy pa3i cMepTi TBapMH Bif, 3a3Hau€HMX BU[iB € HE3BOPOTHi MOPYIIEHHS
reMoaMHaMiKu Ta roctpoi rinmokcemii. Ha mimerasi Takoro migxomy, 3arponoHOBaHa OI[iHKa TUIOIIL
HEeCYMiCHMUX i3 )KUTTSIM IaTONOTiYHUX YIIKO/I3KeHb BHYTPIIlIHIX OPTaHiB i3 MOAaabLIO0 «eKCIIEePTHOIO
rinoTe3010» 00 BU3HAYAIbHOI IPUUMHY CMepTi TBapMHU. BuokpemiieHi MOpQonoriuyHi mo3urii
CY[LOBO-BeTePMHAPHOTO [AiarHO3y y BUIVISIAI TAHATOTHOMOHIYHMX TMO3MIIiM, MpUTaMaHHUX
MeBHOMY MiABUAY HACUIbHUIIBKOI CMepTi TBapUHH, 3a BOMA PiBHSIMM J0KAa30BOCTi Ta JoBeHeHa ixX
KpuTepianbHa iHGOPMaTUBHICTh. BCTaHOB/IEH] MAaTEPHYM MIBUIKOI CMepTi TBApUH MEPUIOTO PiBHS
JTIOKAa30BOCTi, CITiIbHI IJig (aTaqbHMX HACTIAKIB MeXaHiYHOI Ta TepMiuHOi TpaBMM i MexaHiuHOI
acdikcii: «achikTuuHe cepue», 3acTiiiHa BeHO3Ha rinepeMisi BHYTpPilllHiX opraHiB, o3Haka Tapz’e,
anbBeossipHa eMbizeMa iereHiB. CeJleKTMBHO PaHIOMi30BaHi IaTepHY JPYroro piBHs 4,0Ka30BOCTi,
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roKasaHa ix BugocrnenydiuHicTs. JleTanizoBaHi 06CTaBMHM, 32 IKMX Y TBAPMH BUHMKAIOTb haTambHi
MexaHiuHi i TepMmiuHi yIIKOmskKeHHSI Ta acdikcis, o6rpyHTOBaHi MexaHi3MM HAaCTaHHS CMEPTi.
AKIIeHTOBaHa yBara CyI0BO-BeTepMHAPHMX eKCIIePTiB Ha 0COBIMBOCTSIX apTyMeHTallii y BUCHOBKY
HeOoOXiJHOTO MPSIMOT0 MPUUYMHHO-HACTiIKOBOTO 3B’513Ky reHe3y HaCUIbHUIbKOI cMepTi. OTpuMaHi
pe3yabTaTy 3 JOTPMMAHHSIM CTAaHAAPTY JOKA30BOCTi «JOCTiIKeHHS 06’ €KTa Cy0BO-BeTepUHAPHOL
eKCIIepTU3Y Ha Pi3HMX MOPGOIOTiYHUX PiBHIX» PEKOMEHIYIOThCS 0 BIIPOBAIKEHHS Y MTPAKTUKY
CyIOBO-BETEPMHAPHOI €KCITePTU3Y TPYIIiB TBAPUH

KniouoBi «1oBa: TijiecHi YIIKOIKeHHSI; TepMiuHa TpaBMa; MexaHiuHa acdikcis; TaHaToreHes
TBapMH; apryMeHTallisl BUCHOBKY eKCIiepTa
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Abstract. The relevance of this study is conditioned by the widespread use of stem cells in
veterinary medicine, a wide range of studies and ambiguous data on the oncoprotective properties
of stem cells of different origins. In this regard, the purpose of this study was to investigate the
course of the tumour process in Lewis lung carcinoma and the specific features of the effect of
allogeneic mesenchymal stem cells of red bone marrow culture on it. The leading approach to
investigating this problem was the method of modelling Lewis lung carcinoma in C57BL6 mice and
the use of stem cells. The use of allogeneic mesenchymal stem cells from the bone marrow culture
of C57BL6 mice with transplanted epidermoid metastatic carcinoma of the Lewis lung contributed
to the activation of the tumour process. Under the influence of allogeneic mesenchymal stem cells
of red bone marrow culture from Day 14 to Day 24 of the study, the body weight of mice decreased
by 7.0-12.1% (P <0.05) compared to the control, the diameter of the primary tumour increased by
1.43-1.51 times (P < 0.05), which is conditioned by the activation of primary tumour growth. The
number of lymphocytes as producers of vascular growth factor in primary tumour tissue under the
influence of allogeneic mesenchymal stem cells of red bone marrow culture significantly increased
by 1.47 and 1.52 times on Day 18 of the experiment compared to animals of the control group
and placebo (P <0.05), respectively. This promoted angiogenesis in the primary tumour node and
metastasis through the circulatory system. After administration allogeneic mesenchymal cells of
red bone marrow culture to mice, a larger volume of lung metastases was recorded, which was
41.52%+7.9 mm?® compared to the values in the control and placebo groups, respectively, 17.94+6.59
and 16.43+5.32 mm3. The morphological picture of the histological sections of the primary tumour
of Lewis lung carcinoma confirms all the signs of qualitative and quantitative indicators of its
progression. The findings obtained are of both theoretical and practical value for clinical veterinary
medicine on the use of allogeneic bone marrow mesenchymal stem cells in tumour processes

Keywords: primary tumour; infiltration; lymphocytes; metastases; vascularisation; C57BL6 mice

Introduction

Mesenchymal stem cells (MSCs) are multipo-
tent stem cells with significant potential for
differentiation and self-renewal. The therapeu-
tic properties of MSCs are associated with the
potential for transdifferentiation, secretion of
trophic factors, and immunomodulation. MSCs
differentiate into numerous mesenchymal cell
lineages, including adipocytes, osteocytes,
chondrocytes, pericytes, and fibroblasts. Ac-
cording to H. Yang et al. (2022), they are also
able to transform into epithelial (endodermal)
and neural (ectodermal) lineages, into hepato-
cytes under certain conditions of in vitro cul-
ture, and are involved in maintaining tissue
structure and controlling inflammation.
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Overall, MSCs have a beneficial effect
through immunomodulatory regulation and
paracrine mechanisms. Y. Xia et al. (2023) re-
port that MSCs have been shown to have a
therapeutic effect in many diseases, such as
myocardial infarction, liver cirrhosis, limb is-
chaemia, nervous injury, among others. In gen-
eral, MSCs maintain tissue integrity as the key
regulators of tissue homeostasis. Apart from
their normal distribution in individual organs,
they accumulate in damaged tissues, promot-
ing tissue regeneration. In response to tissue
damage, MSCs are mobilised from their niches
by relevant signals and migrate to take part in
tissue regeneration and remodelling. Certain
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cultivation factors and body functioning condi-
tions can increase their intake into the blood-
stream and damaged tissues. It is also known
that MSCs can be localised together and form
the core of blood clots, which leads to circulato-
ry disorders. In addition, L. Frisbie et al. (2022)
note that MSCs are tumourigenic due to their
reproductive properties and the ability to pro-
voke acute or chronic immunogenicity of cells
as foreign agents in the body.

The development and progression of a
tumour is determined not only by the tumour
cells involved, but also by the tumour microen-
vironment. The cell populations surrounding
tumours can interact indirectly or directly with
tumour cells and significantly affect their func-
tions and properties. In particular, MSCs play an
important role in tumour development, demon-
strating various variants of intercellular inter-
action through cytokines, chemokines, growth
factors, which can ultimately trigger the forma-
tion of a tumour stem cell pool (TSCP) or the
reproduction of new tumour cell populations.

X.Xuan et al. (2021) reported that MSCs had
multifaceted effects on tumour cells, mainly
promoting tumour growth through their role in
regulating inflammation and tissue repair. Ac-
cording to G. Zhang et al. (2020), mesenchymal
stem cells support tumour growth through var-
ious mechanisms, including promotion of drug
resistance, activation of metastasis, pro-angio-
genic effects, enrichment of the cancer stem cell
niche, and high immuno-inhibitory properties.

According to G. Guo et al. (2021), MSCs also
affect the survival and stemness of tumour cells
and promote the growth of the tumour vascu-
lature, produce angiogenic factors, and differ-
entiate into pericytes. Mesenchymal stem cells
promote tumour cell motility and secrete cy-
tokines (IL-6), chemokines (CXCL1, CXCL2, and
CXCL12), and several matrix metalloproteinas-
es that facilitate tumour cell migration. Accord-
ing to C.R. Harrell et al. (2021), they have an

important immunomodulatory function, which
is primarily immunosuppressive. M. Timaner et
al. (2020) suggest that MSCs can enhance the
resistance of tumour cells to anticancer drugs,
at least in part, by releasing exosomes contain-
ing numerous mediators, including microRNAs,
which can alter the properties of tumour cells.
Thus, in most studies, MSCs have a pro-tumour
effect, but there are studies that have shown
that they can also exert an anti-tumour effect
by inhibiting Wnt signalling, suppressing angi-
ogenesis, stimulating inflammatory cell infil-
tration, inducing cell cycle arrest and cause ap-
optosis. Z. Chen et al. (2021) proved that IFN-
is synthesised by adipose tissue-derived MSCs
cultured at high cell density, which reduces the
growth of breast cancer cells - MCF-7.

Y. Stepanov et al. (2021) found that the
route of administration of mesenchymal stem
cells — intramuscular or intravenous — also has
an impact on tumour growth and angiogenesis.
Specifically, intramuscular transplantation of
placenta-derived stem cells slows down prima-
ry tumour growth and angiogenesis compared
to the control on Day 15 of the study, while
intravenous injection of stem cells stimulates
these processes. On Day 23 of the tumour pro-
cess, no significant changes in tumour growth
were observed in animals of both groups, in
contrast to angiogenesis, which was slowed or
activated, respectively. The number and volume
of metastases in both groups of animals was
higher than in the control. These findings sug-
gest a bidirectional effect on the development
of the tumour process in the early period of de-
velopment. However, regardless of the route of
MSC transplantation, tumour progression, and
activation of metastasis are evident.

To obtain enough material for transplan-
tation, scientists have developed methods to
activate the proliferation of stem cells during
in vitro cultivation. Thus, A. Mazurkevych et
al. (2021) propose to activate proliferation using
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different concentrations of insulin-like growth
factor (IGF-1), growth hormone (rhGH), fibro-
blast growth factor (FGF-2), and biolaminin 521
LN. The findings obtained upon the use of stem
cell growth activators were ambiguous, name-
ly, IGF-1 had a positive effect on proliferative
activity, while the effect of rhGH decreased the
proliferative index. However, both growth fac-
tors did not affect genetic changes in cells.

Thus, considering the numerous and am-
biguous results found in the study of the effect
of MSCs on the tumour process, the study of
carcinogenesis, metastasis, changes in the skel-
etal muscle of mice with transplanted Lewis
lung carcinoma under the influence of alloge-
neic mesenchymal stem cells of bone marrow
culture is a relevant issue.

The aim of the study is to determine the
effect of allogeneic mesenchymal stem cells on
the oncological process in the experimental re-
production of Lewis lung carcinoma.

Literature Review

The principal mechanisms of MSCs influence
on the oncological process include stimula-
tion of angiogenesis; changes in the biolog-
ical properties of tumour cells, specifically
sensitivity to apoptosis induction; effect on
immunocompetent cells, modulation of ep-
ithelial-mesenchymal transition. X. Li et
al. (2022) noted that carcinoma growth can be
considered the result of a “war” or “alliance”
due to the intercellular signalling observed
between different cell types. Cancer cells se-
crete chemokines and cytokines, such as CCL2
and TGF-B, which are involved in the activa-
tion and retention of mononuclear inflamma-
tory cells and tumour-associated fibroblasts,
as well as in the carcinogenic transformation
of macrophages. Furthermore, as noted by
N. Wu et al. (2020), a complex and dynamic
interaction occurs after stromal cell reten-
tion. MSCs play a key role as they interact with
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stromal cells and cancer. The multidirectional
signals between these cells are mediated by
soluble factors, integrins (apoptotic bodies,
microvesicles and exosomes), which leads to
a special nanocommunication between dif-
ferent types of tumour cells. G. Jothimani et
al. (2022) proved that exosomes, the smallest
subgroup of EVs (30-150 nm in diameter), are
surrounded by a protein-phospholipid bilayer
membrane, and its lumen partially repeats the
contents of the parent cell (DNA, microRNA,
matrix RNA (mRNA), growth factors, nucleic
acids, chemokines, and cytokines).

G. Jothimani et al. (2022) found that under
physiological conditions, MSCs produce many
exosomes (MSCs-Ex). MSC-Ex include a power-
ful set of molecules, including more than 150
different microRNAs and more than 850 unique
gene products. Thus, MSC-Ex can induce vari-
ous cellular responses in a wide range of cells
that are responsible for modulating many phys-
iological functions. In the study by S. Guo et
al. (2021) found that MSCs are recipients of im-
pulses from the tumour, but thanks to MSC-EX,
MSCshave the ability tointeract with several cell
types in the tumour microenvironment, there-
by inducing phenotypic and functional changes
that can have a significant impact on tumour
growth. Similar to MSCs, some types of MSCs-
Ex exhibit the ability to support and induce
tumour growth, metastasis and invasion, while
other MSCs-Ex have antitumour effects, which
are related to their origin and tumour type.

Lewis lung carcinoma is a spontaneous
tumour isolated from C57BL/6 Margaret Lewis
mice and maintained by subcutaneous or in-
tramuscular transplantation since 1951 and is
widely used in experimental pathology. In the
subcutaneous transplantation of Lewis lung
carcinoma culture cells, both the primary tu-
mour and its metastases showed a comparable
histological aspect. The primary tumour (pri-
mary tumour node) is formed at the transplant
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site, penetrating the border subcutaneous tis-
sue and muscles. The primary tumour contains
large cells without clear differentiation — un-
differentiated carcinoma. The cells are large,
rounded or irregularly shaped with an eosino-
philic cytoplasm and usually a large, rounded
nucleus. Atypical mitoses were recorded in each
field of view of the slide. In the primary tumour
and its metastases, giant cells with one or more
hyperchromatic nuclei were detected. Exten-
sive necrosis of the central area of the tumour
was recorded. The presence of a thin, unevenly
distributed fibrillar stroma can be observed by
staining with Gomori reticulin.

H. Kuroda et al. (2021) proved that mesen-
chymal stem cells are localised in breast car-
cinoma, where they are incorporated into the
tumour-associated stroma. However, the in-
volvement of MSCs, including their derivatives,
in the pathophysiology of carcinoma has not
been considered. The authors found that hu-
man bone marrow-derived MSCs, when added
to mildly metastatic mammary tumour cells,
cause a significant increase in the metastatic
activity of cancer cells. If this cellular mixture is
injected into the subcutaneous area, the forma-
tion of a xenograft tumour is recorded. Breast
carcinoma cells increase the de novo supply of
the chemokine CCL5 from MSCs, which subse-
quently has a paracrine effect on cancer cells,
stimulating their invasion, motility and me-
tastasis. This enhanced metastatic capacity
is reversible and depends on CCL5 signalling
through the chemokine receptor CCR5. Tak-
en together, these data provide evidence that
the tumour microenvironment promotes the
spread of metastases, causing reversible chang-
es in the phenotype of cancer cells.

L. Sun et al. (2020) noted that current thera-
peutic strategies for cancer treatment are usual-
ly insufficient to completely destroy malignant
cells, as cancer stroma cells are therapeutical-
ly resistant. E. Sahai et al. (2020) found that

cancer-associated fibroblasts (CAFs) primarily
represent a heterogeneous type of stromal cell
and are important components of the tumour
microenvironment (TME). CAFs are the most
common type of stromal cells that contribute to
tumour progression through specific intracel-
lular mechanisms and their ability to influence
other cell types. Recent studies have highlight-
ed a new function of CAF in the remodelling of
TMEs, which contributes to tumour progression
and affects treatment response through various
molecular mechanisms. The complex mecha-
nism of CAF activity, which promotes tumour
development, can be used to improve the effi-
ciency of diagnostic and therapeutic procedures.

Materials and Methods

The experiments were conducted on the basis
of the scientific laboratory of the Department
of Animal Biochemistry and Physiology named
after Academician M.F. Gulyi of the NUBiP of
Ukraine during 2019-2023 on male mice of the
C57Bl/6 line. The mice were 2.0-2.5 months old
and weighed 19.0-22.0 g. Mices were kept under
standard vivarium conditions with natural light
on a full diet, with water freely available. The
study followed the ARRIVE guidelines and was
conducted according to the guidelines of the
EU Directive 2010/63/EU on the protection of
animals used for scientific purposes (Directive
2010/63/EU..., 2010; Percie du Sert et al., 2020).

For the experimental studies, the tumour
process of Lewis lung carcinoma (LCC), which
metastasises to the lungs, was modelled. For
this, Lewis lung epidermoid carcinoma cells
were used, which were obtained from the cell
bank of human and animal tissue lines of the
R.E. Kavetsky Institute of Experimental Pathol-
ogy, Oncology and Radiobiology of the National
Academy of Sciences of Ukraine (Kyiv).

Before transplantation, Lewis lung carci-
noma cells were cultured under standard con-
ditions in Dulbecco’s Modified Eagle Medium

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2




Kladnytska et al.

(DMEM) with 3-5% foetal bovine serum (FBS)
and 1% antibiotic antimycotic (Sigma, USA).
Cultivation was carried out in a CO, incubator
at absolute humidity, 37°C and 5% CO, After
forming a monolayer of cells, the biomaterial
was seeded and cultured under analogous con-
ditions to obtain a sufficient number of cells for
transplantation. Cells were suspended using
detergents under the control of an inverted Carl
Zeiss 40 microscope (Germany).

Obtaining allogeneic mesenchymal cells of
red bone marrow culture (BM-AMSCs). These
cells were obtained by washing out red bone
marrow from the femoral diaphysis of C57/
Bl6 mice. Primary material and early passage
cells were cultured in disposable plastic culture
dishes (Sarstedt, Germany) under standard con-
ditions. The accumulated cellular material was
passaged to obtain the required number of cells
for transplantation (Kladnytska et al., 2020).
The obtained mesenchymal stem cells were an-
alysed by flow cytometry, and the cells were in-
cubated with PE Anti-Mouse CD90.2 (30-H12)
antibody (Becton Dickinson, New Jersey, USA)
at a dilution of 1:200, according to the manufac-
turer’s instructions (Donnenberg et al., 2013).
Data were analysed on a BD FACS Aria cell sort-
er (Becton Dickinson) using BD FACS Diva 6.1.2
software. A 488 nm laser and 585/42 nm filter
were used (Robinson et al., 2023).

The mesenchymal stem cells of the red
bone marrow culture of the 3rd passage were
tested for viability. The viability of BM-derived
aMSCs was determined by staining with trypan
blue. A 0.4% aqueous solution of trypan blue
(Sigma, USA) was added to the cell suspension,
and the mixture was incubated for 2 min. Tryp-
an blue stains dead cells or non-viable cells
with damaged membranes blue. The resulting
cell suspension was examined in a Goryaev
chamber, and under low magnification, live
(unstained) cells, as well as dead and damaged
(blue) cells were visually counted.
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Scheme of the experiment. Lewis lung car-
cinoma cells were transplanted into male C57/
B16 mice in the thigh muscle area in the amount
of 10* cells in 0.5 cm® of phosphate-buffered
saline. From the moment of cancer initiation,
C57/Bl6 mice were divided into three groups.
The first group included mice with transplanted
Lewis lung carcinoma; the second group includ-
ed mice with transplanted Lewis lung carcino-
ma, which were injected with BM-derived AM-
SCs in the amount of 1.25x10* on Day 8 after
tumour cell transplantation. The third group in-
cluded mice with transplanted Lewis lung car-
cinoma, which were injected with 0.89% NaCl
solution (placebo effect).

The course of the tumour process of Lew-
is lung carcinoma (LLC) was characterised by
standard indicators: weight of animals in the
experimental groups, latent period of the pri-
mary tumour node, parameters of the primary
tumour at different periods of tumour growth,
the number of mice in the group with lung
metastases, the average number of metastases
per animal, tumour volume and infiltration of
the primary tumour by lymphocytes were de-
termined.

To isolate the mononuclear cell fraction,
the method of separating cells of homogenized
tumour tissue in a ficoll density gradient was
used. The tumour tissue (2 g) from the exper-
imental groups was homogenised. In a centri-
fuge tube, the tumour tissue homogenate was
carefully layered onto ficoll (p=1.119 g/mL) and
centrifuged at 1,500 rpm. A layer of lympho-
cytes was collected over the entire cross-sec-
tional area of the tube above the fraction of the
ficoll solution, transferred to a clean centrifuge
tube, added to Hanks’ solution, and precipitat-
ed by centrifugation. The supernatant was re-
moved, and the resulting precipitate was resus-
pended in a certain volume of Hanks’ solution.
The number of lymphocytes was counted in a
Goryaev chamber.
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Histological preparations were made to in-
vestigate the microscopic structure of muscle
tissue at the site of Lewis lung carcinoma pri-
mary tumour localisation under the influence
of BM-derived AMSCs. For this, fragments of
skeletal muscles of the pelvic limb were sepa-
rated with a sharp blade from the central and
peripheral parts of the primary tumour node.
Samples were kept for 5 days in a 10% aqueous
solution of neutral formalin for fixation. The
samples were then rinsed in running water and
dehydrated in alcohols of increasing concen-
tration, compacted, and embedded in paraffin
on wooden blocks. Sections of skeletal muscle
tissue 5-8 pum thick were made on a sled mi-
crotome MPS-2. Prepared sections were stained
with Carazzi haematoxylin and eosin (Horal-
skyi et al., 2016). Histological specimens were
used to investigate the structure of skeletal
muscles at the site of her Lewis lung carcinoma.
The area of the tumour parenchyma, vessels,
tissue devitalisation areas, and necrotic lesions
was calculated by the “point count” method us-
ing a Carl Zeiss 40 light-optical binocular mi-
croscope (Germany), a Weibel grid for measure-
ments, a MBI-2 microscope and a MOV-1-15*
eyepiece micrometer, and UTHSCSA Image Tool
software for Windows 7 (version 3.0).

The results were statistically analysed us-
ing ANOVA analysis of variance. The results are
presented as x+SD (mean *standard deviation).
The reliability of the data obtained was assessed
by the F-criterion, considering the Bonferroni
correction, with a significance level of P <0.05.

Results and Discussion

To conduct the experiment, prior to the study,
work was done to obtain mesenchymal stem
cells from red bone marrow culture for trans-
plantation. According to the author’s findings
(Kladnytska et al., 2020), red bone marrow
aspirate from the femur and humerus of the
limbs of C57/Bl6 mice served as the primary

material for obtaining cells with high prolif-
erative activity. The red bone marrow aspirate
obtained under sterile conditions was put into
centrifuge tubes, phosphate-buffered saline
was added and pipetted. Next, the cell sus-
pension was precipitated by centrifugation at
300 g for 20 minutes. The supernatant was re-
moved, and Dulbecco’s modified Eagle medium
(DMEM) was added to the cell pellet. The cells
were suspended and placed in culture dishes
for cultivation. The cell suspension was sup-
plemented with 10-15% foetal bovine serum
(FBS); 10 upL/cm® of antibiotic-antimycotic
and cultured in a CO, incubator. Cells cultured
in vitro have discrete properties compared
to conventional cells and therefore require a
suitable growth medium system. The nature of
various environmental factors has a substan-
tial impact on cells in culture. Most often, it
is the type of substrate in which cells grow,
the components of the culture medium, such
as nutrients, chemical and physical properties
of the medium, the use of biologically active
substances (hormones and growth factors),
the temperature of culture incubation, and the
manipulations with cells that are provided for
by the procedure of obtaining. Subculturing
a culture can cause morphological and func-
tional changes when the actual cultured cells
change their shape, size, nuclear-cytoplasmic
ratio, properties, and the use of such a graft
can lead to false results.

The process of cultivation, preservation,
and storage of stem cells involves the use of re-
agents that are not chemically neutral for bio-
logical objects. M. Awan et al. (2020) noted that
dimethyl sulphoxide, which is used as a cryo-
protectant to ensure the integrity of cell orga-
noids, is toxic and affects the biological proper-
ties of the preserved material. Thus, stem cells
obtained under different culture conditions,
using additional factors to stimulate prolifer-
ation, differ in their biological and functional
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properties, and in our opinion, they can have
different effects in the recipient’s body.

Thus, the choice of culture medium, the ad-
dition of growth factors for the cultured cells,
and the culture conditions are crucial steps in
maintaining cell proliferation and vital activity,
as well as in preserving the actual morphology
and function of the cultured cells. The first ad-
herent cells appeared in the culture dishes after
24-48 hours of cultivation. On Day 3 of cultiva-
tion, the formation of mesenchymal stem cell
colonies was recorded (Fig. 1).

Figure 1. Colonies of mesenchymal
stem cells of red bone marrow culture,

Day 3 of cultivation
Notes: native preparation: red bone marrow culture
stem cells, x 100
Sourse: developed by the author of this study

As Figure 2 shows, mesenchymal stem
cells adhered to the surface of the culture plas-
tic are spread out over the surface and in con-
tact with each other. Under these conditions,
contact inhibition of cell proliferation begins,
and therefore when the monolayer was 90-
100% confluent, a 0.25% solution of trypsin
and ethylenediaminetetraacetic acid (EDTA)
was added to the culture and left in a thermo-
stat at +37°C for 2 min.

Screening of red bone marrow culture MSC
characteristics. Analysis of cytometry data re-
vealed CD90 expression in 69% of cells in the
31 passage. During the study of the viability of
red bone marrow MSCs, it was found that 98%
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of the cells did not pass the dye through the
cytoplasmic membrane and did not stain blue,
which confirms the integrity of the cell mem-
brane and their viability. The findings obtained
using the flow cytometry method confirmed
that the red bone marrow MSC culture met the
criteria for MSCs according to the recommen-
dations of the International Society for Cell
Therapy (Dominici et al., 2006; Choudhery et
al., 2022).V.V.Kovpak & O.S. Kovpak (2018) em-
phasise that it is important to verify the quality
and confirm the characteristics of the obtained
cellular material, as this affects its proliferative
and functional properties.

Figure 2. Mesenchymal stem cells
of red bone marrow culture,
Day 12 of cultivation, monolayer
Notes: native preparation: red bone marrow culture
stem cells, x 100
Sourse: developed by the author of this study

Mesenchymal stem cells are involved in nu-
merous physiological processes, including or-
ganogenesis, tissue regeneration or repair, and
maintenance of tissue homeostasis. G. Guo et
al.(2021) recognise that MSCs playanimportant,
dual, and complex role in cancer pathophysiol-
ogy through their ability to limit or promote tu-
mour progression. Specifically, in gastric cancer,
mesenchymal stem cells inhibit the function
of normal killer cells through signalling mol-
ecules and thus activate tumour progression.

According to C.R. Harrell et al. (2021), MSCs
interact with the tumour microenvironment,
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modulate tumour cell behaviour, affect their
functions, and promote the formation of dis-
tant metastases through the secretion of me-
diators, modulation of the immune response,
and regulation of intercellular interactions.
This dynamic system is capable of inducing
the formation of immunoprivileged tissue
niches or the development of new tumours,
which occurs as a result of the differentiation
and proliferation of stem cells into tumour-as-
sociated fibroblasts and tumour stem cells. At
the same time, MSCs have therapeutic effects,
including anti-inflammatory, anti-tumour, an-
tioxidant or antiproliferative effects. L. Fris-
bie et al. (2022) reported the ability of MSCs
to selectively migrate and penetrate tumour
sites. The interaction between tumour cells
and non-malignant cells in the tumour mi-
croenvironment is a crucial factor in the course
of the tumour process. Stromal, immune, en-
dothelial cells, MSCs, which are involved in
complex bidirectional cross-interaction with

malignant tumour cells, play a crucial role in
the directed formation and functioning of the
entire microenvironment of tumour tissue.
Mesenchymal stem cells are reprogrammed by
tumour cells into carcinoma-associated MSCs,
which can differentiate into almost all stromal
sublines, adipocytes, tumour-associated fibro-
blasts, and myofibroblasts. Carcinoma-associ-
ated mesenchymal stem cells and fibroblasts
secrete most of the extracellular matrix in the
tumour microenvironment and promote tu-
mour growth and metastasis.

After transplantation of Lewis lung carci-
noma cells into C57/B16 mice, the time of pri-
mary tumour formation in animals of all three
groups was almost the same and amounted to
8.2 £0.40 days, 8.0 £0.35 days, and 8.2 #0.40
days, respectively. The body weight of mice
with LLC under the influence of BM-AMSCs on
Day 14 of the study significantly decreased by
13% (P <0.05) compared to animals of the first
and third groups (Table 1).

Table 1. Indicators of tumour diameter and body weight in experimental mice, M*m, n=9

TRe Tt Group 1 Group 2 Group 3

growth

period,  body welght jimerer, PO giomergr, DO WS giamrer

mm mm mm

8 21.4+0.4 4.8%0.2 20.2+0.7 5.0+0.2 21.3+£0.4 4.9£0.3
11 21.3%0.5 5.3%0.5 19.9£0.6 7.3£0.2%* 21.4%+0.3 5.2%0.5
14 21.4%+0.2 6.2+0.7 18.7+£0.6** 9.5+0.4** 21.3+0.5 6.3+0.5
18 20.6%0.8 8.1£0.4 18.1+0.4** 12.3+0.3** 20.4%0.6 8.2+0.4
24 19.1£0.4 8.9+0.4 17.7+£0.3** 12.8+0.2** 19.6+0.4 8.5%0.4

Notes: *— P<0.05, **—- P<0.01, ***- P<0.001 relative to the data in the control group, " — P<0.05, ** — P<0.01, """ -

P<0.001 relative to the data in the placebo group
Source: developed by the author of this study

The body weight of mice in the experimen-
tal groups was inversely correlated with the size
of the primary tumour node (Table 1). Accord-
ing to the findings, on Day 18 of the study, the
tumour diameter increased 1.50 times in mice

under the influence of MSCs, and body weight
decreased by 12.1% (P < 0.05) compared to the
control group. Under the influence of MSCs,
the diameter of the tumour in mice increased
by 1.50 times, while the body weight of the
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animals decreased by 11.3% (P<0.05) compared
to the placebo group.

Subsequently, on Day 24 of the experiment,
the dynamics of changes in animal body weight
and growth of the primary tumour node was
maintained. Significant changes in body weight
and diameter of the primary tumour node in
mice under the influence of MSCs were record-
ed. According to the findings of the study, on
Day 24 of the experiment, the tumour diameter
in mice under the influence of MSCs increased
by 1.43 times, and the body weight of the ani-
mals decreased by 7.3% (P < 0.05) compared to
the animals of the control group. The tumour
diameter in mice under the influence of MSCs
increased by 1.51 times, while the body weight
of the animals decreased by 9.7% (P < 0.05)
compared to the placebo group. Indicators of
animal body weight and tumour diameter of
group 3 did not significantly differ from those
of group 1, which demonstrates the absence of
the effect of 0.89% NaCl solution on the promo-
tion of LLC in the classical course.

Z.Jiang et al. (2023) noted that tumour-as-
sociated macrophages are the main inflam-
matory component of the stroma of many
tumours, which can affect various aspects of
neoplastic tissue. It is pericytes located be-
tween capillary endothelial cells and the base-
ment membrane that perform the vasomotor
function of capillaries, support tissue and organ
microcirculation, induce macrophage polarisa-
tion, form a pre-metastatic niche, and are an
essential component of the tumour microen-
vironment. S.S. Davidson et al. (2020), using
RNA sequencing, investigated the diversity
of tumour stromal cells at different stages of
tumour development. Thus, stromal compart-
ments were identified in murine melanoma and
draining lymph nodes (LN) in the locations of
tumour formation. Existing lymphocytes from
the lymph nodes are activated and cloned with-
in the tumour, while tumour-associated mye-
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loid cells contribute to the formation of a sup-
pressive niche. The authors of the publication
emphasised the identification of three tempo-
rally distinct populations of stromal cells that
demonstrated unique functional characteris-
tics. According to their data, “immune” stromal
cells predominate in the early stages of tumour
development, and the population of “contrac-
tile” cells increases in the later stages of tumour
progression. The C3 component of complement
is specifically expressed in the immune popula-
tion. It was found that its degradation product
C3a engages C3aR+ macrophages, and changes
in C3a and C3aR affect immune infiltration, in-
hibiting tumour development.

Numerous studies have shown that mac-
rophages in the tumour microenvironment
promote angiogenesis, matrix remodelling,
and suppression of adaptive immunity, which
at the final stage activates the tumour pro-
cess. H. Kuroda et al. (2021) found a positive
correlation between an increase in tumour-as-
sociated macrophages and a poor prognosis
for patients. The researchers point out the
significance of the tumour microenvironment.
Specifically, an increase in the number of mac-
rophages in the tumour stroma activates in-
tercellular interaction and leads to activation
of tumour growth.

Tumour-associated lymphocytes are in-
volved in angiogenesis as producers of vascular
endothelial growth factor (VEGF). An increase
in the number of tumour-associated lympho-
cytes confirms the acceleration of the process
of vascularisation of the primary tumour and,
as a result, metastasis through the circulatory
system. The obtained results show analogous
data. The number of lymphocytes in the pri-
mary tumour tissue under the influence of
red bone marrow-derived aMSCs significantly
increased by 1.47 and 1.52 times on Day 18,
respectively, compared to animals of the con-
trol group and placebo, respectively (P <0.05).
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Table 2. The number of lymphocytes
in primary tumour tissue, x10%/g tumour tissue, M+m, n=9

Tumour growth period,
days 1
Day 18 1.83+0.35
Day 24 2.13%0.23

Group of mice

2 3
2.72%0.11** 1.79+0.29
2.83+0.35*" 2.11%0.15

Notes: *— P<0.05, **- P<0.01, ***- P<0.001 relative to the data in the control group, " — P<0.05, ** — P<0.01, """ -

P<0.001 relative to the data in the placebo group
Source: developed by the author of this study

Comparable results were obtained on
Day 24 of the development of the primary tu-
mour node of Lewis lung carcinoma. The num-
ber of lymphocytes in the primary tumour tissue
under the influence of red bone marrow-de-
rived aMSCs on day 24 significantly increased
by 1.33 and 1.34 times compared to control and
placebo animals, respectively (P < 0.05). This
suggests that MSCs create the conditions for
vascularisation of the tumour node, and as a re-
sult, metastasis by haematogenous means, and,
accordingly, activation of the tumour process.

These results are in line with the findings
of a study on primary tumour metastasis to the
lungs. Notably, in mice of group 2 with LLC, un-
der the influence of red bone marrow-derived
aMSCs, the process of lung metastasis was ac-
celerated. This is confirmed by a significantly
larger volume of lung metastases, which was
41.52+ 7.9 mm3 (P < 0.05) compared with the
indicators of animals of groups 1 and 3, where
they were 17.94%6.59 and 16.43+5.32 mm3, re-
spectively. Thus, in mice with Lewis lung carci-
noma, transplantation of red bone marrow-de-
rived aMSCs significantly affected the process
of metastasis and promoted the active transi-
tion of lung metastases to the vascular stage.

It was found that MSCs demonstrate high
plasticity and undergo functional changes
in different microenvironments. Mesenchy-
mal stromal cells are considered to be one
of the important components of the tumour
microenvironment that induce tumour devel-
opment. Y. Miyazaki et al. (2021) found that

MSCs do not inherently promote tumour de-
velopment, but they acquire tumourigenic
properties when exposed to components of
the tumour microenvironment. In this con-
text, various elements of the tumour microen-
vironment that affect the biological character-
istics of MSCs through complex interactions
are considered: tumour cells, pro-inflam-
matory factors, immune cells, extracellular
matrix, and hypoxia. The researchers noted
that in pancreatic ductal adenocarcinoma,
cancer-associated fibroblasts are a key com-
ponent of the proliferating tumour stroma.
It was found that adipose tissue culture stem
cells can differentiate into separate subtypes
of cancer-associated fibroblasts depending
on the culture conditions in vitro. Therefore,
the identification of potential markers of can-
cer-associated fibroblast subtypes will enable
the investigation of the mechanisms of the
latter’s influence on tumorigenesis.

J. Liu et al. (2020) summarised the data
on the multifaceted therapeutic functions
of MSCs, but in general, they are able to bal-
ance the regenerative and inflammatory mi-
croenvironment of the affected tissue in the
case of severe inflammation. The interaction
between MSCs and the immune system was
demonstrated by changes in the activity of
B lymphocytes. MSCs can induce the forma-
tion of regulatory B cells through intercellular
contact, soluble factors, and extracellular ves-
icles. Thus, these cells can complement each
other’s immunomodulatory functions.
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H. Gu et al. (2022) noted that extracellular
vesicles have a substantial impact on MSCs in
the tumour microenvironment, as they carry a
variable range of molecules, such as RNA, and
can therefore induce reprogramming of MSCs
by exosomal oncogenic factors. Exosomes de-
rived from MSCs from various sources, includ-
ing adipose tissue, bone marrow, umbilical
cord, and human olfactory bulbs, showed inhi-
bition of proliferation, migration, and invasion
of colorectal cancer cells through regulation of
the RAP2B/PI3K/AKT and ITGA2/ITGA®6 signal-
ling pathways.

J. Kim et al. (2021) investigated methods
for obtaining highly purified exosomes from
human umbilical cord MSCs and bovine foetal
serum based on ultracentrifugation and a tan-
gential flow filtration system. Exosomes de-
rived from human umbilical cord MSCs based
on the tangential flow method demonstrated a
high angiogenic effect and faster wound heal-
ing by 71.4% and 23.1%, respectively.

P. Bule et al. (2021) showed that MSCs are
exposed to components of the tumour mi-
croenvironment and can induce angiogenesis
through numerous proangiogenic factors. It
was found that after treatment of MSCs with
conditioned medium collected from tumour
cells, the amount of proangiogenic factors
in the tumour microenvironment (mRNA of
TGF-B, VEGF, IL-6 and MIP-2) increased. The
authors noted that chemokines - chemotactic
cytokines — coordinate the exchange between
cells in the tumour microenvironment, affect
metastasis, angiogenesis, cancer cell prolifera-
tion, invasiveness and stemness, and therefore
are key dominants in the development of the
disease. Many chemokine receptor inhibitors
targeting various chemokine signalling path-
ways are currently being evaluated to modulate
the tumour microenvironment and optimise
the immune response to overcome patient re-
sistance to chemotherapy. A. Birbrair (2020)
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reported that MSCs, when interacting with the
tumour microenvironment, can directly pro-
mote the growth and migration of tumour cells,
suppress anti-tumour immunity, and contrib-
ute to angiogenesis and overall tumour promo-
tion. Thus, the data presented in this paper on
the involvement of MSCs in tumour vasculari-
sation both in vivo and in vitro coincide with the
findings of the above studies.

However, there are well-known scientif-
ic studies by H. Gu et al. (2021), which proved
that MSCs can effectively inhibit tumour pro-
gression. The effect of exosomes from MSCs
on hepatocellular carcinoma stem cells in vitro
was investigated. As a result, it was proved that
exosomes derived from MSCs block the “malig-
nant behaviour” of hepatocellular carcinoma
stem cells due to a considerable reduction in
their proliferation, migration, invasion, stim-
ulation of angiogenesis, and self-renewal. This
suggests the need to consider the conditions
of the experiment. Under these conditions, the
MSCs were not exposed to the tumour microen-
vironment, because the duration of co-culti-
vation of MSCs with carcinoma cells does not
provide the interaction of microenvironmental
factors that occurs in vivo. In vivo hypoxia con-
ditions in tissues also have an impact on tu-
mour development.

S. Bagheri-Mohammadi et al. (2020) per-
formed the application of human adipose tissue
culture MSCs transfected with TSP-1 factor as a
vector therapy for melanoma in mice. As not-
ed above, MSCs affect the tumour process due
to their localisation in the microenvironment
of tumour tissue. When allogeneic MSCs were
injected into bone marrow cultures of animals
with Lewis lung carcinoma, the microscopic
structure of muscle tissue was noticeably dif-
ferent from that of the control group at all peri-
ods of observation.

Under the influence of bone marrow cul-
ture MSCs on Day 18 of the study in C57Bl6
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mice, the progression of tumour growth in skel-
etal muscles was found to be greater compared
to its spontaneous development. The histolog-
ical sections revealed that the primary tumour
of Lewis lung carcinoma consisted of polymor-
phic round and oval cells. A nucleus with a large
nucleolus occupied almost the entire cell and
contained a nucleolus (Fig. 3).

Figure 3. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of

red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — nucleus occupying
the entire cell with a large nucleolus; 2 — oval-shaped
LLC cells; 3 - longitudinal section of skeletal muscle;
4 — daughter cell of the primary tumour growth. Carazzi
hematoxylin and eosin staining, x 400
Sourse: developed by the author of this study

The primary tumour tissue is formed by
atypical cells of predominantly round and oval
shapes with intensely basophilic large nuclei.
The tumour did not have a distinct stroma,
which confirms a high degree of its anapla-
sia. The nuclei of the cells are large, the vast
majority of them have a distinct nucleus. The
cytoplasm of all tumour cells was intensively
stained with Carazzi haematoxylin, which con-
firms active processes of RNA and, accordingly,
protein synthesis. Single giant multinucleated
tumour cells were detected. There were signs
of metastasis by extension and hematogenous
metastasis. These signs are typical for the most
malignant tumours and indicate active growth
of tumour tissue and progression of the pro-
cess. On histological sections on Day 18 of the

study, under the influence of BM-AMSCs, ac-
tive metastasis by extension was recorded: the
penetration of LLC cells between muscle fibres
from the primary tumour node, which formed
daughter metastases, was recorded (Fig. 3).
There were also relatively large foci of haem-
orrhage and necrosis of tumour tissue, which
were mainly localised in the central part of the
tumour, but sometimes also in the peripheral
areas (Figs. 4, 5).

Figure 4. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of
red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — mitosis; 2 — light
areas of the nucleus — chromatin; 3 — haemorrhage;
4 — tissue necrosis. Carazzi haematoxylin and eosin

staining, x 200
Sourse: developed by the author of this study

Figure 5. Skeletal muscle of the mouse during
the development of primary Lewis lung
carcinoma tumour using allogeneic MSCs of
red bone marrow culture, Day 18 of the study
Notes: Histological preparation: 1 — blood vessel; 2 —
multinucleated cell; 3 — karyolysis. Carazzi haematoxylin

and eosin staining, x 200
Sourse: developed by the author of this study
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Notably, on Day 18 of the study, the den-
sity of blood vessels in the tumour tissue un-
der the influence of BM-derived aMSCs was
1.4 times higher than in the control and placebo
groups. The specific gravity of parenchyma de-
creased compared to the control group and was
65.5%2.3% (P<0.05). The specific gravity of ne-
crosis areas was almost 2 times higher than that
of the control group and amounted to 25.7 +4.2
(P <0.05). The studied morphological features
of LLC tumour tissue are fully confirmed by the
data obtained on the progression of the primary
tumour, activation of the lung metastasis un-
der the influence of BM-AMSCs. Studies have
shown that MSCs can stimulate the growth of
cancer cells and angiogenesis of the primary
tumour. In breast and prostate tumours, ac-
cording to T.E. Krueger et al. (2019), MSCs also
increased the amount of proangiogenic factors
such as VEGF, MIP-2, IL-6, and TGF-pB. These
factors, as noted by F. Ah-Pine et al. (2023), in-
duced tumour cell proliferation and angiogene-
sis, which substantially accelerated the rate of
tumour development in vitro and in vivo.

Thus, the progression of tumour growth
depends entirely on multidirectional signals
of soluble factors and intercellular interaction
of the tumour microenvironment. Allogeneic
MSCs are actively embedded in the tumour
stroma, produce exosomes containing many
gene products that have an ambiguous effect
on a wide range of cells, their phenotype, bio-
logical function, induce active cellular respons-
es, and create conditions for nanoconnection of
tumour microenvironment components. As a
result of this interaction, we observed progres-
sion of tumour growth, active vascularisation of
tumour tissue, acceleration of metastasis, and
its transition to the vascular stage.

Conclusions

The use of allogeneic mesenchymal stem cells
from bone marrow culture in C57BL6 mice with
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Lewis epidermoid metastatic lung carcinoma
promoted the activation of the tumour process.
After transplantation of Lewis lung carcinoma
cells, the period of primary tumour formation
in animals of all three groups was practically
the same and was 8.2+0.40 days, 8.0+0.35 days,
and 8.2 £0.40 days, respectively. Under the in-
fluence of allogeneic MSCs of red bone marrow
culture from Day 14 to Day 24 of the study,
the weight of mice decreased by 7.0-12.1%
(P<0.05) compared to the control, the diameter
of the primary tumour increased by 1.43-1.51
times (P <0.05), which is associated with the ac-
tivation of primary tumour growth. On Day 18
of the experiment, the number of tumour-as-
sociated lymphocytes increased by 1.47 and
1.52 times compared to the control and place-
bo groups, respectively (P < 0.05). Analogous
results were obtained on Day 24 of growth of
the primary Lewis lung carcinoma tumour. This
suggests that MSCs create the conditions for
accelerating the vascularisation of the primary
tumour and, as a result, metastasis through the
circulatory system. Under the influence alloge-
neic mesenchymal stem cells of bone marrow
culture in mice, the process of lung metastasis
was accelerated. This is confirmed by a signifi-
cantly larger volume of lung metastases, which
was 1.52+7.9 (P<0.05) compared with the an-
imals of the first and third groups, in which
these indicators were 17.94 # 6.59 mm?® and
16.43+5.32 mm?, respectively. The morpholog-
ical picture of the histological sections of the
primary tumour of Lewis lung carcinoma con-
firms all the signs of qualitative and quantita-
tive indicators of its progression. Under the in-
fluence of bone marrow culture MSCs on Day 18
of the study in C57Bl6 mice, the progression of
the primary tumour in skeletal muscle tissue
was found compared to its spontaneous devel-
opment. The histological sections revealed that
the primary tumour of Lewis lung carcinoma
consisted of polymorphic round and oval cells
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with an intensely basophilic large nucleus and
a nucleolus that occupied almost the entire cell.
The cytoplasm of all tumour cells was inten-
sively stained with Carazzi haematoxylin, which
confirms active processes of RNA and, accord-
ingly, protein synthesis. Single giant multinu-
cleated tumour cells were detected. The tumour

tral part. These signs are typical for the most
malignant tumours and indicate active growth
of tumour tissue and progression of the process.

In the future, it is planned to determine the
influence of allogeneic stem cells from the cul-
ture of adipose and nervous tissue on the tumor
process.

did not have a distinct stroma, which confirms
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Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 2



https://orcid.org/0000-0002-9360-0587
https://orcid.org/0000-0003-0622-6345
https://orcid.org/0000-0002-5227-9168
https://orcid.org/0000-0002-7175-493X
https://orcid.org/0000-0002-5471-0046
https://doi.org/10.17305%2Fbjbms.2019.4344

Influence of allogeneic mesenchymal stem cells...

Ta 3aCTOCYBaHHS TPU IIbOMY CTOBOYPOBUX KIITMH. BUKOPUCTAHHSI aJIOTEHHUX Me3eHXiMHUX
CTOBOYPOBUX KITITUH KyJIbTypU KiCTKOBOrO MO3Ky wmuiieii C57BL6 3 TpaHCIZIaHTOBAaHOIO
enifepMioifHOI0 MeTacTaTMYHOI0 KapLMHOMOIO JieTeHi JIbIoic CIIpMsIO aKTUBi3alil MyXJIMHHOTO
npotiecy. 3a BIUIMBY aJOT€HHMX Me3eHXiMHUX CTOBOYPOBMX KIITMH KyJIbTYPU UYEePBOHOTO
KiCTKOBOTO MO3Ky 3 14 mo 24 mo6u OOCTiIKeHHs Bara MuIleil smeHmryBaiacs Ha 7,0-12,1 %
(P < 0,05) BimHOCHO KOHTpOJIO, JiaMeTp MepBUHHOI MyxauHu 36iabiryBaBcst B 1,43-1,51 pasa
(P < 0,05), mo o6yMOBIEHO aKTUBi3aI[i€l0 POCTY MEePBUHHOI MyxauHK. KiabKicTh giMdounTis,
SIK MIPOMYIIEHTIB (GaKTOPy POCTY CYIMH Y MEePBUHHI MyXJIMHHI TKAaHWHI, 32 BIUIMBY aJOT€HHUX
Me3eHXiMHMX CTOBOYPOBUX KITITUH KYJIbTYPU U€PBOHOTO KiCTKOBOTO MO3KY TOCTOBipHO 3pocTaja
Bke Ha 18 o6y excriepuMeHTy B 1,47 i 1,52 pa3a MOpiBHSIHO 3 TBapMHAMM KOHTPOIbHOI I'PyIN
Ta mane6o (P < 0,05), BigmoBigHo. Lle cripusio aHrioreHe3y B MepBUMHHOMY IyXJIMHHOMY BY3JIi
Ta MeTacTa3yBaHHIO yepe3 CUCTeMY KPOBOOOIry. 3a BBeJJeHHSI MUIIAM JIOTeHHUX Me3eHXiMHUX
KJIITUH KyJIbTypU YEPBOHOTO KiCTKOBOTO MO3KY 3apeeCcTpoBaHO Oilbiinii 06’eM MeTacTasiB y
JIeTeHi, ikuit cTaHoBUB 41,52+ 7,9 MM® MOPiBHSIHO 3 MOKA3HMKAMM B TBAPUH KOHTPOIbHOI TPyIn
Ta 1aiebo, BigmosigHo 17,94 * 6,59 i 16,43 * 5,32 mm®. Mopdonoriuda KapTMHa TicTO3pi3iB
MEepBUMHHOI MYXJIMHU KapUMHOMU JiereHi JIploic migTBepaKye BCi 0O3HAKM SIKICHUX 1 KUTbKICHUX
MOKa3HMUKIB il mporpecii. OTpuMaHi pe3yabTaTy CTAaHOBJSTH SIK TEOPETUUYHY, TaK i MPakTUUYHY
LiHHICTh [/ KIiHIYHOI BeTepMHApHOI MeAMLUVHM 3 TIUTAHHS 3aCTOCYBaHHSI aJOTeHHUX
Me3eHXiMHMX CTOBOYPOBMX KJIiTUH KiCTKOBOT'O MO3KY 3a ITyXJIMHHOT'O ITPOIeCy

KirouoBi cmoBa: mepBuHHA NMyXJIMHA; iHbIIbTpalis; aiMmbornTi; MetacTasu; BaCKyIsIpu3allis;
muiri C57BL6
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Influence of autonomic nervous system tone...

body of goats, which will improve the understanding of individual metabolic characteristics in
these animals. The use of established blood markers will make it possible to analyse the state of
lipid metabolism in the body of goats and ensure an increase in the effectiveness of methods of
its correction. The purpose of this study was to determine the specific features of the autonomic
nervous system influence on the relative content of unsaturated fatty acids in goat plasma lipids.
The experiment involved goats of the Zaanenska breed, of which, using electrocardiographic
analysis according to the Baevsky method and depending on the tone of the autonomic
nervous system, three experimental groups were formed: normotonics, sympathotonics, and
vagotonics. The method of gas-liquid chromatography was used to determine the percentage of
unsaturated fatty acids in goat plasma lipids. Thus, in goats with sympathotonics, which have a
predominance of sympathetic nervous system activity, a high percentage of the following lipids
in blood plasma was noted: linolenic (P <0.01), cis-4, 7, 10, 13, 16, 19-docosahexaenoic (P < 0.05),
docosahexapentaenoic (P < 0.001), and arachidonic acids (P <0.001) compared to normotonics.
These animals also had a lower content of palmitoleic (P < 0.05) and oleic acids (P < 0.01) in
plasma lipids against the background of normotonics. In vagotonic goats, in which the influence
of the parasympathetic nervous system predominates, the relative content of cis-4, 7, 10, 13, 16,
19-docosahexaenoic (P < 0.05), linoleic (P <0.001) and arachidonic acids (P <0.001) and high cis-
11-eicosenoic acid (P<0.01) in blood plasma lipids was found to be low compared to normotonic
goats. The established features suggest a substantial influence of the tone of the autonomic nervous
system on the quantitative redistribution of unsaturated fatty acids in the composition of goat
blood plasma lipids and the need to consider them when analysing the state of the corresponding
metabolism in the body, which will substantially improve not only the effectiveness of scientific
research, but also its reliability

Keywords: sympathotonia; vagotonia; normotonia; gas-liquid chromatography; plasma

Introduction

Globally, dairy products form an integral part of
the diet of most people. In terms of global con-
sumption, cow’s milk is the leader, followed by
buffalo, and goat’s milk, which is rapidly gaining
momentum (Monllor et al., 2020). According to
A.Maslyuk et al. (2020), goat breeding is rapidly
beginning to catch up with previous favourites
in consumer choice. This can be explained by
the fact that people are increasingly faced with
the impossibility of consuming cow’s milk due
to the loss of its full absorption or the devel-
opment of an allergic reaction. In such situa-
tions, goat’s milk is a good alternative for con-
sumers. The biological value of goat products is
not inferior to that of dairy cattle, and in some

respects is even better. According to H. Sedilo et
al. (2020), this contributes to the intensive de-
velopment of goat milk production enterprises.

As a result, farm owners are faced with the
question of how to improve milk quality at a
lower economic cost. The question of the need
to enrich milk with essential fatty acids is often
raised. Products with a high content of these
components, namely omega 3, omega 6, and
omega 9 fatty acids, improve the metabolism
of mammals, especially lipids. According to
]. Djordjevic et al. (2019), considering the quali-
ty indicators of dairy products, one of the most
key factors for evaluation is the study of their
fatty acid content, specifically, unsaturated
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fatty acids. Today, scientists are actively in-
vestigating the issues related to increasing the
content of essential fatty acids in dairy prod-
ucts, which creates different avenues for solv-
ing them. For this, the introduction of unsatu-
rated fatty acids into the body of goats with the
help of various plant-based additives is widely
used. Therewith, there were slight changes in
the content of fatty acids in the blood against
the background of substantial disorders of
scarred digestion. Few people pay attention to
the fact that not only the diet consumed by the
animal will play a role in the concentration of
unsaturated fatty acids in the blood and milk.
N. Ghavipanje et al. (2022) believe that meta-
bolic processes in the body itself and systems
that substantially affect homeostasis in general
should be considered. This implies the signif-
icant role of the autonomic nervous system,
which forms an integral part of the centralised
system that regulates the synthesis and break-
down of nutrients.

The study of the role of the autonomic
nervous system tone in goats, which is a char-
acteristic of the specific individual features of
the animal depending on the predominance of
the influence of the sympathetic or parasym-
pathetic nervous system, will be a key factor
in the analysis of the content of fatty acids in
blood plasma lipids. Therefore, depending on
the sympatho-vagal balance - normotonia,
vagotonia, sympathotonia — the synthesis and
breakdown of nutrients in the animal body will
differ. Accordingly, the processes of digestion
and absorption of nutrients in the gastrointes-
tinal tract will proceed at different rates. No-
tably, the use of energy-rich substances by the
body’s cells with the corresponding metabolic
rate will also differ. This should be considered
when calculating the diet for goats, but gener-
ally, the general schemes for highly productive
animals should be followed. As a result, differ-
ent indicators are noted in terms of both milk
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fat content and productivity of these animals.
A.K. Verma et al. (2023) argued that it is neces-
sary to increase the dietary intake of essential
fatty acids in goats to enrich their dairy prod-
ucts. Consideration of new facts in the investi-
gation of lipid homeostasis in goats depending
on the sympathetic-vagal balance will be the
basis for ensuring the reliability of scientific re-
sults. As a result, I. Erez & U. Serbester (2023)
noted that scientists in research on improving
the content of unsaturated fatty acids in goat
dairy products need to have additional markers
for effective statistical analysis of the results.

Therefore, the purpose of this study was to
determine the specific features of the quanti-
tative redistribution of unsaturated fatty acids
in blood plasma lipids depending on the sym-
pathetic-vagal balance in the body of clinically
healthy goats.

Literature Review

Over the past 50 years, dairy production from
goats has increased to 53% and continues to
grow. Among the countries most actively de-
veloping in this area, Asia ranks first, followed
by Africa, Europe, and the Americas (Nudda et
al., 2021). The most common products made
from goat’s milk are yoghurts, cottage cheese,
and ryazhanka. A. Mavrommatis et al. (2020)
noted that goat’s milk is a good source of fat
and protein. The farms that supply these prod-
ucts are committed to improving the quality of
their raw materials. A. Lopez et al. (2019) noted
that the key indicator in this area is the fatty
acid content. Comparing milk from cows and
goats, the ratio of saturated and unsaturated
fatty acids differs. According to S. Mitsiopou-
lou et al. (2021) and X. Tian et al. (2022), goat
products are healthier because they contain a
higher amount of polyunsaturated fatty acids,
which ensure the endogenous synthesis of bi-
ologically active substances and prevent the
accumulation of excess cholesterol in the body.
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P. Monllor et al. (2020) developed an entire
scheme of balanced diets with different compo-
sition of plant feeds for goats to improve the in-
take and synthesis of unsaturated fatty acids. In
addition, various mixtures are added to the ani-
mals’ diet in the form of compound feed, which
includes corn, rapeseed, flax, sesame seeds, etc.
The results of using this additional supplement
changed the fatty acid composition of milk.
A. Nudda et al. (2021) noted an increase in the
content of unsaturated fatty acids, especially
polyunsaturated ones, which further increases
the oxidative stability of products. However,
not all methods involving dietary changes im-
proved the ratio of fatty acids; in most cases,
the changes were insubstantial. When using
diets enriched with unsaturated fatty acids, the
researchers also noted the consequences.

One of the most common problems faced
by researchers is the disruption of scar diges-
tion in ruminants. The activity of the microflora
in the stomach is highly dependent on the en-
vironment. Specifically, excessive intake of un-
saturated fatty acids in the stomach can have
negative consequences. Thus, rumen microor-
ganisms are activated to provide biohydrogena-
tion of linoleic acid to reduce unsaturated fatty
acids and increase saturated fatty acid content.
Such processes are explained by the fact that
polyunsaturated fatty acids in excess can cause
changes in the physical and chemical proper-
ties of bacterial cell membranes and provoke
their destruction. According to A. Nudda et
al. (2021), this not only reduces the number of
microorganisms in the rumen, but also increas-
es the content of saturated fatty acids.

Notably, the mechanisms of ensuring the
homeostasis of lipid metabolism in goats have
individual characteristics. As stated by J. Orzu-
na-Orzuna et al. (2023), many factors affect the
transformation of lipids in tissues, which pro-
vides the necessary conditions for the synthesis
and decomposition of the relevant substances.

Goats are constantly exposed to a variety of fac-
tors that can stimulate or inhibit biochemical
processes. A classic example of a mechanism
for changing the steady course of any type of
metabolism is the development of stress. This
is the most common reason that every animal
faces in its life, and depending on its individual
characteristics, adaptation to it occurs in differ-
ent ways. B. Paszczyk et al. (2020) note that the
consequences of this process are differences in
the absorption and use of the same lipids that
have the highest energy value.

H. Tian et al. (2022) pointed out that lipid
metabolism and the concentration of these
substances in the blood are affected by diet,
conditions of detention, the functional state of
body systems, especially the digestive system,
etc. This study discusses the role of the auto-
nomic nervous system in these processes. As
noted by Jr. Myers et al. (2022), the sympathetic
and parasympathetic parts of the nervous sys-
tem, through their coordinated influence on the
body, correct metabolic processes. The sympa-
thetic nervous system contributes to the body’s
adaptation to a stressful factor by increasing
the activity of the cardiovascular system, en-
hancing the processes of nutrient breakdown,
etc. The parasympathetic system has the oppo-
site function - it slows down the activity of the
cardiovascular system, activates digestion, and
endogenous synthesis of substances important
for the body. These systems work in concert
to ensure that the body adapts to endogenous
changes and changing environmental condi-
tions. At the same time, each animal has specif-
ic individual features in terms of the function-
ing of adaptation mechanisms. This implies a
significant regulatory role for the tone of the
autonomic nervous system, which, depending
on the predominance of the sympathetic and
parasympathetic nervous system, can divide
all animals into three groups: normotonics,
sympathotonics, and vagotonics. According to
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D. Goldstein (2020) and A. Lima et al. (2022),
the specific features of the influence of the au-
tonomic nervous system tone should be consid-
ered when analysing homeostasis indicators.

Materials and Methods

The material for the study was collected from
goats of the Zaanenska breed based on a pri-
vate dairy farm in the village of Kniahynynok,
Lutsk district, Volyn region, in 2022-2023. For
the study, animals of the same age were pre-se-
lected, and a clinical examination was carried
out to confirm the health status of 60 goats. The
next stage was the formation of research groups
from the selected livestock that met the criteria
for the experiment.

Experimental groups of animals were
formed by means of a variational pulse oxime-
try study according to the method of R.M. Bae-
vsky et al. (2001). The goats were divided into
three experimental groups of five each accord-
ingto the tone of autonomic nervous regulation:
sympathotonics, vagotonics, and normotonics.
This division was based on an electrocardiolog-
ical study considering the following indicators:
mode (Mo), mode amplitude (AMo), variation
range (Ax), autonomic rhythm index (ARI), au-
tonomic balance index (ABI), and voltage index
(VI) (Baevsky et al., 2001). According to the re-
sults of the variational pulse study, it was found
that normotonics have a balanced influence of
the sympathetic and parasympathetic nervous
systems; vagotonics have a predominant influ-
ence of the parasympathetic nervous system;
and sympathotonics have a predominant in-
fluence of the sympathetic nervous system. As
a result, three experimental groups of animals
were formed with different tones of the auto-
nomic nervous system, reflecting the individual
characteristics of their organism.

Blood was collected in the morning 4 hours
after feeding from the jugular vein using a ster-
ile heparin syringe at the rate of 3 drops of 1%
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heparin solution per 10 mL of blood. The sam-
ples were transported in a thermal container at
+4°C. To obtain plasma, blood with anticoagu-
lant was centrifuged at 2,000 rpm for 10 min. Li-
pid extraction from goat plasma was performed
according to the method of J. Folch et al. (1957).
Blood plasma was introduced into a flask with
a lapped lid, then a mixture of methanol and
chloroform was added to it in a ratio of 2:1 and
to the test material in a ratio of 1:20. Subse-
quently, the flask was closed and the contents
were shaken thoroughly, leaving them over-
night for extraction. The next day, the mixture
was filtered and 0.74% KCl was added to the
filtrate in such a concentration that its content
corresponded to one fifth of the total volume.
Then it was settled overnight to separate the
mixture into two phases. The lower phase was
taken off and chloroform was extracted using
an extractor, while the lipid residue was used for
chromatographic analysis (Folch et al., 1957).

The chromatographic study was performed
using a Trace GC Ultra chromatograph (USA)
with a flame ionisation detector. Chromatog-
raphy of the samples was performed at the
following parameters: detector temperature
+260°C, column temperature +140-240°C. A
1 uL sample was injected into the chromato-
graph using a TriPlus autosampler. The analysis
time for one test sample was 65 min. A stand-
ard sample of Supelco 37 Component FAME
Mix (USA) was used to identify the results of a
chromatographic study to determine the fatty
acid composition of plasma lipids in goats. The
study was conducted in three parallel groups.
The analysis of the chromatographic display
of the components of the material under study
was determined considering the following
characteristics: peak retention time, peak base,
peak area, peak height, peak width, and peak
half-width. The chromatograph software auto-
matically processes the results in the following
steps: noise filtering, peak marking, qualitative
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analysis with peak identification, and quantita-
tive analysis of the area or height of the peaks.
The results obtained during the distribution of
the extracted lipids in the chromatograph col-
umn were compared with the standard for the
identification of fatty acids in the sample.

Procedures for sampling biological materi-
al from goats for subsequent fatty acid analysis
of plasma lipids were carried out following AR-
RIVE recommendations without violating the
main provisions of EUs Directive 2010/63/EU
“On the Protection of Animals Used for Scien-
tific Purposes” (2010).

The statistical processing of the study re-
sults involved the use of Microsoft Excel with
an assessment of the significance of the differ-

ence in assessment indicators according to Stu-
dent’s t-test and P<0.05, P<0.01, P<0.001.

Results and Discussion

The statistical analysis of the chromatograph-
ic results revealed differences in the content of
unsaturated fatty acids depending on the tone
of autonomic nervous regulation (Table 1).
The relative content of omega-3, omega-6, and
omega-9 acids in goat plasma lipids was deter-
mined among the essential fatty acids. Animals
with different tone of the autonomic nervous
system — normotonics, vagotonics, and sympa-
thotonics - differed in the relative content of
unsaturated fatty acids compared to that of the
experimental group (normotonics).

Table 1. Content of unsaturated fatty acids in plasma lipids
in goats depending on the tone of autonomic nervous regulation (M*m; n=5, %)

Unsaturated fatty acid Normotonics  Sympathotonics Vagotonics
Myristoleic C14:1 0.18+0.01 0.15+0.01 0.23+0.01**
Palmitoleic C16:109 0.44+0.03 0.34%0.02* 0.51+0.04
Oleic C18:109 18.89+0.14 18.02£0.20%* 18.46+0.10*
Linoleic C18:206 24.54+0.51 24.65+0.43 20.69+0.19%**
Linolenic C18:303 1.04+0.06 1.33+0.05** 1.03+0.05
Cis-11-eicosenoic, C20:109 0.47+0.01 0.51+0.01* 0.53+0.01**
Cis-8,11,14-eicosatrienoic C20:306 0.07+0.01 0.11+0.01* 0.15+0.01%**
Arachidonic C20:406 6.75+0.14 7.75+0.15%** 5.58+0.11%**
Docosapentaenoic C22:503 0.22%0.01 0.34+0.01%*** 0.24%0.01
Cis-4,7,10,13,16,19-docosahexaenoic C22:6w3 0.76+0.05 0.94%0.04* 0.64+0.01*

Notes: *P<0.05, **P<0.01, ***P<0.001 - relative to the data in the experimental group (normotonic)

Source: developed by the author of this study

Analysing the relative content of unsatu-
rated fatty acids in goat plasma lipids, it was
found that the most significant total volume
is made up of such acids as oleic, linoleic, li-
nolenic, arachidonic, and cis-4, 7, 10, 13, 16,
19-docosahexaenoic. The highest content of
omega-3 fatty acids was recorded in sympa-
thotonics. Thus, in sympathotonics, the level of
linolenic acid in the blood plasma is 1.3 times
higher than in normotonic goats, which is
1.33+0.05% (P<0.01). Furthermore, the highest

percentage of sympathotonics was observed
for docosapentaenoic acid (1.6 times), which
was 0.34%0.01% (P<0.001). The content of cis-
4,7, 10, 13, 16, 19-docosahexaenoic acid was
1.2 times higher in goats with sympathotonia
0.94+0.04% (P<0.05) compared to normotonics
and 1.5 times higher in vagotonics 0.64+0.01%
(P <0.05). Thus, animals with a predominance
of sympathetic nervous system processes had
the highest levels of unsaturated fatty acids be-
longing to the omega-3 fatty acid family (Fig. 1).
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Figure 1. The content of omega-3 fatty acids (%)
in blood plasma lipids in goats of experimental groups

Sourse: developed by the author of this study

The high content of omega-3 fatty acids in
sympathotonic goats with a predominance of
sympathetic nervous system activity indicat-
ed a more pronounced intensity of metabolic
processes in the body. This is explained by the
functional characteristics of this part of the
autonomic nervous system. The sympathetic
nervous system stimulates the breakdown of
nutrients to provide the body with the neces-
sary energy, which is important for maintain-
ing homeostasis. This was reflected in the in-
crease in the content of omega-3 fatty acids in
the blood plasma, which indicated an increase
in the intensity of metabolism in the body of
these animals. Furthermore, goats with a pre-
dominance of sympathetic nervous system ac-
tivity have a more excitable nervous system. In
confirmation of this, sympathotonic goats had
a higher content of docosahexaenoic acid com-
pared to animals in other experimental groups,

which plays an essential role in ensuring the
transmission of nerve impulses.

Considering the percentage of omega-6
fatty acids, it was found that the content of lin-
oleic acid in the blood plasma of vagotonic goats
was the lowest among all experimental groups
(P<0.001) and amounted to 20.69%0.19%. The
level of arachidonic acid in the blood plasma
of goats compared to animals of the normo-
tonic group was 1.2 times higher in sympa-
thotonics (7.75£0.15, P<0.001) and 1.2 times
lower in vagotonics (5.58 = 0.11, P < 0.001).
Cis-8,11,14-eicosatrienoic acid had the highest
percentage in goats with vagotonia by 2.1 times
(0.15£0.01%, P <0.001) compared to normo-
tonics. Indicators of unsaturated fatty acids in
animals with a predominance of the parasym-
pathetic nervous system, primarily omega-6
fatty acids in plasma lipids, were the lowest
among other experimental groups (Fig. 2).

Omega-6
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Figure 2. The content of linoleic and arachidonic acid
in plasma lipids of goats of experimental groups, %

Sourse: developed by the author of this study
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Analysing the results on the content of
omega-6 fatty acids, it was found that animals
with a more pronounced activity of the parasym-
pathetic nervous system had the lowest content
of these acids in the blood plasma. Considering
that this part of the autonomic nervous system
is responsible for processes that are opposite to
the sympathetic nervous system, the predom-
inance of vagotonia has been found to play a
significant role in shaping the level of essential
fatty acids in the blood plasma. Furthermore,
the relative content of linoleic acid in the blood
plasma of animals with the predominance of
the influence of the parasympathetic nervous
system on the studied processes substantially
decreased compared to that of goats in other
experimental groups. This omega-6 fatty acid
plays a significant role in the correction of cho-
lesterol levels — the higher its concentration,
the more actively this essential fatty acid is

Omega-9
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Cl16:1w9

consumed. Since the parasympathetic nervous
system affects digestion and endogenous syn-
thesis of substances, a corresponding decrease
in the content of linoleic acid, which is actively
involved in them, was observed.

As for omega-9 fatty acids, cis-11-eicose-
noic acid had 1.1 times higher percentage in
sympathotonics (0.51 £ 0.01%) (P < 0.05) and
1.1 times higher percentage in vagotonics
(0.53£0.01%) (P<0.01) compared to the exper-
imental group of normotonics. Palmitoleic acid
was the lowest in goats with a predominance of
the sympathetic nervous system of 0.34+0.02%
(P<0.05) (Fig. 3). Oleic acid, as the representa-
tive with the highest percentage concentration
in the body of goats among omega-9 fatty acids,
had 1.1 times lower relative content in sympa-
thotonics (18.02 #0.20%, P < 0.01) and 0.46%
lower in vagotonics (18.46 = 0.10%, P < 0.05)
compared to normotonics (Fig. 4).
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Figure 3. Content of palmitoleic and cis-9 eicosenoic acid
in plasma lipids of goats of experimental groups, %
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Figure 4. Oleic acid content in blood plasma lipids of goats of experimental groups, %
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The content of omega-9 fatty acids in the
blood plasma of sympathotonic goats was the
lowest. The obtained values reflect the specific
feature of the intensity of metabolic process-
es in these animals. Considering the impact
of omega-9 fatty acids, especially oleic acid,
on immunity, regeneration, and inflammation,
their metabolic activity should also be accom-
modated. Therefore, animals with a predomi-
nance of sympathetic nervous system activity
showed a more pronounced intensity of metab-
olism. As a result, omega-9 fatty acids are used
more efficiently by the goat’s body, as indicated
by the findings of this study.

It is important to note the significant role
of omega-3, omega-6, and omega-9 fatty acids
in the body. All products obtained from the
farm are used in human nutrition, both in pri-
mary and secondary form. It is an integral com-
ponent of every consumer’s diet, which can be
implemented in various variations. Empha-
sis is placed on the consumption of essential
fatty acids. The reason is that they cannot be
endogenously synthesised in mammals. This is
because they are not synthesised in the mam-
malian body, but come from food, mainly plant
foods. The concentration of unsaturated fatty
acids in the mammalian body within certain
limits is crucial. These acids play a leading role
in stabilising lipid metabolism. Comparing the
same saturated and unsaturated fatty acids,
their ratio should always be in favour of essen-
tial fatty acids. One of the first reasons is their
effect on blood cholesterol levels. Due to a suf-
ficient concentration of unsaturated fatty acids
in blood plasma lipids, they are quite effective
in improving the process of removing excess
fat from the body. Essential fatty acids stimu-
late the formation of high-density lipoprotein,
which transports excess cholesterol from the
tissues into the bloodstream to the liver, where
it is converted to bile acids and excreted in
bile into the duodenum. It is also important to
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highlight certain groups of unsaturated fatty
acids that can substantially affect the homeo-
stasis of lipid metabolism in mammals. These
include such fatty acids as omega-3, omega-6,
and omega-9 fatty acids (Czyz et al., 2020;
Giger-Reverdinetal.,2020; Coniglio et al., 2022).

According to A. Moustafa (2021), among
the omega-6 fatty acids with the highest con-
centration is linoleic acid, which is involved
in the regulation of many processes. Normal
intake of this fatty acid improves the structur-
al integrity of the skin, which also ensures its
barrier function. These features are explained
by the fact that this omega-6 fatty acid is part of
the composition of ceramics. Linoleic acid is in-
volved in the correction of cholesterol content
in the body. It enhances the transcription of
the hepatic receptor X alpha, which promotes
the activation of the peroxisome proliferator.
As a result, the expression of the cholesterol
Ta-hydroxylase gene, which is responsible for
encoding enzymes whose main role is its con-
version into bile acids, increases. As a result of
the process of lipid conversion in the liver, the
synthesis of high-density lipoprotein increas-
es. This also engages proteins involved in the
binding of sterol regulatory elements, which
are transcription factors and play a major role
in the regulation of cholesterol levels. The ele-
ments responsible for sterols activate the tran-
scription of genes that encode the synthesis of
high-density lipoprotein, cholesterol, fatty ac-
ids, and triacylglycerols. This ensures the pro-
cess of lipid metabolism in the body. Accord-
ing to R.D. Taylor & E.H. Clayton et al. (2021),
arachidonic acid plays a significant role in the
inflammatory process. This omega-6 fatty acid
makes up 25% of the fatty acids that make up
the phospholipids of skeletal muscle, brain, liv-
er, platelets, and immune cells. The deacylation
and reactivation process maintains low levels
of free arachidonic acid in the cell membranes,
which helps prevent oxidation. The interaction
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of this fatty acid with oxygen through cycloox-
ygenase, lipoxygenase, and cytochrome P450
pathways gives rise to the formation of media-
tors, commonly called eicosanoids (prostaglan-
dins, thromboxanes, and leukotrienes). Consid-
ering this, arachidonic acid plays a major role in
inflammation processes as their mediator and
regulator. When omega-6 fatty acids are used
as feed additives, researchers have noted their
stimulating effect on metabolic processes, the
functioning of the antioxidant system, and the
reproductive function of the body. According to
the findings of this study, goats with lower lev-
els of omega-6 fatty acids in their blood plasma
showed fewer functional features compared to
animals in other groups.

J. Shunthwal et al. (2023) note that ome-
ga-3 fatty acids correct the course of important
processes that ensure the full functioning of
the animal body. Docosahexaenoic acid per-
forms many functions, such as regulation of ac-
tive transport of amino acids (choline, glycine,
taurine) across cell membranes; regulation of
sodium channel function and implementation
of the rhodopsin response to visual stimuli.
This fatty acid is the most abundant component
in the central nervous system and retina. This
is explained by the fact that docosahexaenoic
acid supports such processes as neurotrans-
mission, neuroplasticity, and nerve impulse
transmission. This fatty acid also increases the
concentration of serotonin and acetylcholine in
nervous tissue and is a precursor of neuropro-
tectin D1. Docosahexaenoic acid has anti-in-
flammatory effect. It primarily affects the for-
mation of eicosanoids. This feature is provided
by the effect on the release of arachidonic acid
from cell membranes, inhibition of enzymes
and competition with omega-6 fatty acids for
participation in enzyme-dependent metabolic
processes. The feed additives described by the
authors were effective in improving the bal-
ance of fatty acids. However, changes in their

concentration were not considered in the anal-
ysis of the overall course of lipid metabolism.
Therewith, the findings obtained suggest that
to clarify the specific features of metabolic pro-
cesses, the factor of influence of the autonomic
nervous system should be considered, especial-
ly in relation to the use of feed additives.

A.K. Verma et al. (2023) indicate that ome-
ga-9 fatty acids, specifically oleic acid, are in-
volved in the regulation of immunity, inflam-
mation, and tissue regeneration. For instance,
when there is an injury to the skin structure, the
processes of inflammation are activated. For the
normal course of these stages, a large number
of mediators, such as nitric oxide, is required,
which is essential for rapid wound healing. This
is explained by the fact that it ensures the func-
tioning of fibroblasts, macrophages, and ker-
atonocytes during the regenerative process. A
sufficient concentration of oleic acid provides
an effective anti-inflammatory effect, which
occurs as a result of an increase in the supply
of neutrophils to the affected tissue area, and
the mediator neutrophilamine is also produced,
which accelerates wound healing. The authors
noted the pronounced effectiveness of using
oil blends enriched with essential fatty acids.
Nevertheless, slight differences in the findings
obtained are noteworthy, which may be pri-
marily due to the individual characteristics of
the animals. It is quite difficult to successful-
ly classify animals according to the criteria of
the respective groups. Therefore, such studies
should consider the factor of autonomic nerv-
ous system tone, which causes substantial dif-
ferences in the content of omega-9 fatty acids
in the blood plasma of goats.

Considering the enormous benefits of es-
sential fatty acids, which are classified as un-
saturated fatty acids, it is important to ensure
that dairy products are better supplied with
these substances. Such useful compounds will
enrich the raw materials obtained from goat
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breeding. Every day, many scientists provide in-
creasingly more evidence of the value of these
fatty acids. Due to this, people are beginning to
enrich their diets with unsaturated fatty acids
to prevent problems with the cardiovascular
system, improve lipid metabolism in the body,
etc. As a result, consumers are becoming more
focused in their choice of dairy products and
are forcing farmers to adjust the composition of
milk and secondary raw materials. As a result of
this rapid pace of development and growing de-
mand, scientists are increasingly interested in
investigating the issues that arise on goat farms.
J.F. Orzuna-Orzuna et al. (2023) point out that
one of the main challenges facing scientists is
to improve animal productivity and the quality
of raw materials obtained in production, while
reducing the costs of solving this problem. In
their research, they provide examples of the
successful use of feed additives in this regard.
However, according to the findings of the pre-
sented study, in conducting such studies, when
forming experimental groups of animals, it is
necessary to consider the individual properties
of the autonomic nervous system tone, which
will substantially improve the analysis and cal-
culation of the results obtained.

R. Zhang et al. (2022) note that the most
popular opinion among the majority is the is-
sue of dietary adjustment. The researchers
pointed out a wide range of different food ad-
ditives in the form of mixed fodder from dif-
ferent cereals, even the addition of seaweed to
the goats’ diet. When analysing the researchers’
recommendations on the use of feed additives
to maintain the required level of essential fatty
acids in animals, attention should be drawn to
the significance of considering the individual
characteristics of lipid metabolism depending
on the tone of the autonomic nervous system.

Analysing the results of introducing an
excess of essential fatty acids into the diet of
goats, in most cases there was an increase in
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their concentration in the body and subse-
quently in milk. Most often, polyunsaturated
fatty acids are added to the diet of these an-
imals. There are two schemes for enriching
goats with unsaturated fatty acids. According
to the findings of E. Amr et al. (2023), the first
is to increase their content in the feed, while
the second is to control biohydrogenation pro-
cesses in the rumen with the subsequent accu-
mulation of polyunsaturated fatty acids. Each
of the areas has an interesting foundation for
achieving the desired result. It should also be
borne in mind that, despite all the positive as-
pects of unsaturated fatty acids, there are many
undesirable consequences. The simplest prob-
lem cited by M. Afshar et al. (2022) lies in the
deterioration of the productive state of micro-
organisms in the rumen. This can cause further
dysfunction of the digestive system. Therefore,
the use of different feed additives is not al-
ways an effective solution. The data obtained
by N. Ghavipanje et al. (2022), R. Zhang et
al. (2022) suggested a slight increase in un-
saturated fatty acids or even no clear change.
This was mainly explained by the inclusion of
a small number of fatty acids in the diet to pre-
vent their negative effects.

Considering the studies of researchers
aimed at implementing the idea of increasing
the content of unsaturated fatty acids in feed,
the question arises as to why the body’s reac-
tion to the consumption of excess of these sub-
stances is not observed. Insufficient attention
is paid to the mechanism of maintaining lipid
homeostasis in the body of goats, its provision
and correction. The autonomic nervous sys-
tem is a good example of this, and its role as a
component of a well-coordinated homeostasis
regulation system reflects metabolic process-
es quite well. J. Imai & H. Katagiri (2022) de-
scribed in detail the mechanisms of metabolic
homeostasis adjustment involving the sympa-
thetic and parasympathetic nervous systems,
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especially in the correction of lipid metabo-
lism. They gave an example of the coordinated
work of these parts of the autonomic nervous
system. Thus, the sympathetic nervous system
not only accelerates the breakdown of nutri-
ents in the body, but also constantly adjusts
the stability of the necessary energy com-
pounds, including glucose and lipids, to ensure
the nutrition of the brain, muscles, and other
tissues. In turn, the parasympathetic nervous
system ensures the processes of glycogen syn-
thesis and accumulation and the formation of
adipose tissue. There was an increase in oxida-
tive processes in animals with a predominance
of the activity of the sympathetic nervous sys-
tem, which contributed to an increase in the
content of fatty acids in the blood due to lipid
breakdown in the muscles. J. Zhang et al. (2023)
conducted a study to determine the effect of
the autonomic nervous system on the fatty
acid composition of muscles in sheep. Specifi-
cally, an increase in the content of unsaturated
fatty acids, especially linoleic and oleic acids,
was found in animals with a predominance of
sympathetic nervous system activity. This dif-
ference was explained by the fact that due to
the greater activity of sympathotonia, oxida-
tion processes in the body are accelerated, and
as a result, a large number of free radicals accu-
mulate in the blood.

According to the findings described in this
study, there is a considerable difference in the
content of unsaturated fatty acids in goat plas-
ma lipids depending on the tone of the auto-
nomic nervous system. Omega-3 fatty acids in
sympathotonics have the highest concentration
compared to other experimental groups of an-
imals. Omega-6 fatty acids were characterised
by low levels in vagotonics and elevated levels
in goats with a predominance of sympathetic
nervous system activity. Omega-9 fatty acids
differed in their percentage content, but sym-
pathotonics showed a lower concentration in

plasma lipids compared to vagotonics and nor-
motonics. Comparing the findings obtained
with the data of other researchers, J. Zhang et
al. (2023) noted a comparable trend towards an
increase in the concentration of unsaturated
fatty acids in animals with a predominance of
sympathetic nervous system activity. With this
in mind, it is worth noting that in goats with a
predominance of sympathetic nervous system
activity, a considerable increase in the content
of unsaturated fatty acids is observed. This fea-
ture is characterised by the increased activity of
metabolic processes in the body of these ani-
mals. The sympathetic nervous system mainly
regulates the breakdown of nutrients, which
leads to an increase in the content of unsatu-
rated fatty acids in blood plasma lipids. Accord-
ingly, high levels of omega-3 and omega-6 fatty
acids were noted compared to other experimen-
tal groups of animals. Goat vagotonics, which
have the advantage of the influence of the par-
asympathetic nervous system, were character-
ised by lower levels of unsaturated fatty acids
in plasma lipids. Animals with active vagotonia
processes have an advantage in the reactions of
increasing the synthesis of nutrients and their
subsequent storage in reserve.

Considering the above, adjusting the fatty
acid content is the key to understanding lipid
metabolism, which makes it possible to coun-
teract the growth of excess fat and maximise
its positive role. When investigating a topi-
cal issue, one should consider the key mech-
anisms that affect the course of the synthesis
and breakdown of nutrients to obtain reliable
results. Such a factor as the autonomic nerv-
ous system demonstrates the distribution of
animals according to the criterion of metabolic
processes. This suggests the need to consider it
when assessing lipid metabolism in goats. Since
a clear division of animals depending on the
tone of the autonomic nervous system has been
established in the analysis of the content of
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unsaturated fatty acids in blood plasma lipids,
gradations of indicators are observed between
vagotonics, sympathotonics, and normotonics.

Conclusions

It was found that the tone of the autonomic
nervous system has a substantial effect on the
content of unsaturated fatty acids in goat plas-
ma lipids. This is evidenced by the high relative
content of linolenic acid, cis-11-eicosanoic
acid, cis-8, 11, 14-eicosatrienoic acid, arachi-
donic acid, docosapentaenoic acid, cis-4, 7, 10,
13, 16, 19-docosahexaenoic acid and low con-
centration of palmitoleic acid, oleic acid in an-
imals with predominance of sympathetic nerv-
ous system activity compared to normotonics
and vagotonics. Therewith, animals character-
ised by the predominance of the parasympa-
thetic nervous system influence had a higher
content of myristoleic acid, cis-11-eicosenoic
acid, cis-8, 11, 14-eicosatrienoic acid and low-
er values of linoleic, arachidonic and cis-4, 7,
10, 13, 16, 19-docosahexaenoic acids in blood
plasma lipids compared to other experimental
groups of animals.

The autonomic nervous system plays a ma-

instance, if an animal has a predominance of
the sympathetic nervous system over the par-
asympathetic nervous system, this will result
in a more active breakdown of nutrients. And
if one takes goats with a predominance of the
parasympathetic nervous system over the sym-
pathetic nervous system, an increase will be
observed in the synthesis of metabolic products
and their storage in the body’s reserves. Ana-
lysing the findings of this study, a number of
features of lipid metabolism in goats depend-
ing on the tone of the autonomic nervous sys-
tem should be noted, which is vital to consider
when adjusting the fatty acid composition of
blood plasma lipids, specifically, the content of
unsaturated fatty acids, in this species of ani-
mals. Consideration of individual animal char-
acteristics should also be used in the study of
homeostasis, which is crucial when assessing
the nutritional and biological value of feeds in
the diet for dairy goats. It is promising to in-
vestigate the effect of fatty acid supplements
on the body of goats with different tone of the
autonomic nervous system.
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opraHismi Ki3, 1[0 MOJIMIIMTb PO3YMiHHS iHAMBiAYyaabHUX 0COGIMBOCTEl MeTabosi3My B IIUX
TBApMH. BUKOpPUCTAaHHS BCTAHOBJAEHUX MapKepHMX ITOKA3HMKIB KPOBi HAJacTb MOXIMBICTH
3AilicHIOBATY aHaji3 CTaHy OOMiHy JIiMifgiB B OpraHiami Ki3 Ta 3a6e3MeunTh MiABUIIEHHS
edeKTUBHOCTI MeTOAiB iioro Kopekuii. MeTol po6OTM O6ya0 BU3HAUEHHSI OCOGIMBOCTEN
BIUITMBY aBTOHOMHOI HEPBOBOi CHMCTEMM Ha BiHOCHMII BMiCT HEHACUUYEHUX KUPHUX KUCIOT y
Jimigax maasMu KpoBi Ki3. B eKcIiepMMeHT 3aaydany Ki3 Mmopoay 3aaHeHChKa, 3 IKMX 3aBISIKU
BUKODPWUCTAHHIO eJieKTpokapriorpadgiuHoro aHamizy 3a MeTOAMKOI BaeBChbKOro Ta 3aaeskHO
Bil TOHYCY aBTOHOMHOi HepBOBOi cuctemMyu (HOPMYBIM TPU OOCTIAHI TPYNy: HOPMOTOHIKM,
CUMITaTOTOHIKM, BaroToHikM. [l BUM3HAuUeHHS BiJJCOTKOBOI'O BMiCTy HEHACUMYEHMX >XUPHUX
KUCIOT y JIiMiax ria3sMu KpoBi Ki3 BUKOPMCTOBYBAIM MeTO/[I Ta30pianHHOI xpomarorpadii. Tak,
Y Ki3 CMMIIaTMKOTOHIKIB, $IKi MalTh IepeBary akKTMBHOCTI CMMIIaTMYHOI HEPBOBOI CUCTEMH,
BiAMiuany BUCOKMIA BilCOTKOBMII BMICT y JIiNifax ria3mMu Kposi: niHoneHosoi (P <0,01), nuc-4,
7, 10, 13, 16, 19-goko3arekcaeHoBoi (P < 0,05), mokosaneHtaeHoBoi (P <0,001) i apaximoHoBoi
kucior (P <0,001) mopiBHSIHO 3 HOPMOTOHIKaMM. Y LIMX TBapMH TaKOX 3a(ikKCOBAHO MEHIINIL
BMICT y cKyIaAi mimigiB rma3mu Kposi nmanbmiTooneinosoi (P < 0,05) i oneinosoi kucior (P<0,01)
Ha TJIi HOpPMOTOHIKiB. Y Ki3 BaroToHiKiB, B SIKMX IIepeBaka€ BIUIMB ITapacyMIAaTUUYHOI HEPBOBOI
CUCTeMU, y JAiMifax miasMu KpoBi BCTAHOBJIEHO HU3bKMIT BiZHOCHMIT BMicT: umuc-4, 7, 10, 13,
16, 19-moko3arekcaeHnoBoi (P <0,05), ninonesoi (P <0,001) i apaxigoHosoi kuciaot (P <0,001) Ta
BUCOKMII — 1juc-11-eiiko3eHoBoi kuciotu (P <0,01) nopiBHIHO 3 HOpMOTOHIKamu. BcraHoBeHi
0COBGIMBOCTI CBiAUATH PO iCTOTHMIT BIUIMB TOHYCY aBTOHOMHOI HEPBOBOI CMCTEMM HA KiTbKiCHMIT
Iepeposnoij HeHACMUYEHNX KUPHUX KUCIOT Y CKJIa/i JIiITiIiB 11a3Mu KPOBi Ki3 Ta HeOOXiAHICTh
ix BpaxyBaHHS IpM aHasi3i cTaHy BiAMOBiAHOTO 06MiHY B OpraHi3Mi, o iCTOTHO MTOKPAIIUTh He
Juie pe3ylnbTaTUBHICTh HAYKOBUX JOCITiIKeHb, a ¥ 1X JOCTOBipHICTb

KirouoBi cj1oBa: CMMIIATOTOHISI; BAaTOTOHisI; HOPMOTOHIST; ra3opiguHHa xpoMmartorpadist; miasma
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weight, topography, and structure of the digestive organs of the Yemeni chameleon, to determine
their morphometric parameters in animals from 1 day to 1 year of age. The research material
included the tongue, oesophagus, stomach, intestines, liver, and pancreas of chameleons of
different sexes of 9 age groups. The data obtained were processed by one-factor analysis of
variance (ANOVA). According to the topography, macroscopic structure and surface of the mucous
membrane, there are three intestines in the small intestine: duodenum, jejunum, and ileum, and
two intestines in the large intestine: the colon with a diverticulum and the rectum, which passes
into the cloaca. A feature of the serous membrane of the chameleon intestine is that it is coloured
black by melanin. From 1 day to 1 year of age, the body weight of chameleons increased 185.9
times, the snout-vent length (SVL) increased 6.7 times, the length of the digestive tract increased
3.8 times, and the ratio of the length of the digestive tract to SVL decreased from 3.2 to 1.8 times.
The most intensive increase in body weight and SVL occurred during the second and third months
of life. The relative length of the small intestine in chameleons of different age groups was 65.1-
81.6%, with the longest part being the jejunum. The increase in the morphometric parameters of
the stomach, intestines, liver, and pancreas was asynchronous. The most pronounced changes in
their relative weight were determined in animals of 2-3 months of age. The obtained materials
supplement and clarify the information on the topography and structure of the digestive organs
of the Yemeni chameleon, and therefore they will be useful in X-ray and ultrasound examination
during veterinary manipulations

Keywords: reptiles; stomach; intestine; liver; pancreas; topography

Introduction

According to E.E.V. Crouch et al. (2021), various
species of small reptiles are commonly traded
and kept in home terrariums. As pointed out
by G.S. Tang et al. (2020), captivity is an im-
portant measure for the conservation of en-
dangered species and is a hot topic in conser-
vation biology. At the same time, unbalanced
nutrition, caging, lighting, substrate, temper-
ature, and humidity can lead to stress and the
development of various diseases. H.]. Sollom &
H.R. Baron (2023) found that nutritional disor-
ders in captive reptiles are still quite common
despite improved knowledge of their breeding
and feeding practices. As L.V. La’Toya (2023)
points out, due to the specific features of com-
pensatory mechanisms, reptiles do not imme-
diately manifest the disease and owners seek
veterinary care only when the problem is ad-
vanced and close to terminal.
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According to B.]. Pinto et al. (2019), the
reptile family Chameleonidae comprises over
200 species, which originate mainly from Africa
and slightly extend into South Asia and Europe.
They are distinguished by their zygodactyl
paws, long retractable throwing tongue, which
has no analogues in other vertebrates, rotating
eye turrets that move independently of each
other, a clinging tail, and a striking appearance,
primarily due to psychedelic skin colour chang-
es. M. Kubiak et al. (2020) noted that despite the
popularity of chameleons as pets, these species
are difficult to keep in captivity. According to
A. Melero et al. (2023), Yemeni (veiled) cha-
meleons (Chamaeleo calyptratus) and panther
chameleons (Furcifer pardalis) are the most
popular chameleons in the world, and therefore
the two most commonly encountered species in
veterinary practice. Furthermore, as found by
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B.]J.Pinto et al. (2019), Yemeni chameleons have
attracted the attention of researchers as an im-
portant biological model for studying the role of
functional morphology and evolutionary biolo-
gy in the adaptation to arboreal life. However,
according to K.A. Mathes et al. (2019), A. Mele-
ro et al. (2020), there are currently no published
studies of the normal anatomy of these lizards.

According to Ardente et al. (2023), involv-
ing a veterinarian early in the life of exotic
companion animals can help ensure that they
are properly fed from the start of their lives to
support growth and create a solid foundation
for a healthy transition to adulthood. There is
limited or no research on the energy and nu-
trient requirements of exotic domestic animals
of different ages, especially young animals. Ac-
cording to M.V. Skrypka et al. (2020), the mor-
phological features of the gastrointestinal tract
in reptiles have been investigated only partially
and require further research. There is a need
to expand the basic knowledge of the spe-
cies, to conduct a thorough anatomical study
of its digestive organs for further physiologi-
cal, pathological, and phylogenetic research.
K.A. Mathes et al. (2019), O.1. Tul (2021) point-
ed out that for the correct diagnosis and in-
terpretation of diagnostic images of X-ray and
ultrasound examination results, veterinary spe-
cialists need in-depth knowledge of the special
anatomy of a particular animal species. Fur-
thermore, according to E. Engelke et al. (2020),
during clinical trials, the nomenclature of or-
gans is a problem in the diagnosis of reptile
diseases, which is not the only one, which can
lead to misunderstandings about the affected
parts of the digestive system. Therefore, it is an
urgent task to develop a unified nomenclature
of the internal organs of the Yemeni chameleon
for practicing veterinarians, based on anatomi-
cal research methods.

The purpose of this study was to determine
the specific features of topography, macro-

scopic structure of digestive organs and their
age-related linear and mass parameters of the
Yemeni chameleon (Chamaeleo calyptratus).

Materials and Methods

The study was conducted in 2022-2024 at the
Department of Normal and Pathological Mor-
phology of the State Biotechnological Uni-
versity (Kharkiv, Ukraine). Material for mor-
phological studies was collected from Yemeni
chameleons of 9 age groups: 1-, 7-, 14-day-old,
1-, 2-, 3-, 6-, 8-month-old, and 1-year-old cha-
meleons (n=5) of different sexes. All experi-
mental studies were conducted following the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (1986). Animals for the re-
search were obtained from private reptile nurs-
eries and veterinary clinics. Some chameleons
were euthanised for clinical reasons unrelat-
ed to digestive diseases. Some cadavers were
obtained from a private reptile nursery locat-
ed in the combat zone in the east of Ukraine,
where the electricity supply was suddenly cut
off, creating impossible conditions for keeping
animals. Such animals died as a result of hypo-
thermia or were slaughtered forcibly. The bod-
ies of such animals or their organs were fixed in
a 10% solution of neutral formalin.

The animals were kept in a separate room
with comfortable conditions for reptiles. Adult
animals were kept individually in terrariums
with ventilation holes. The bottom of the ter-
rarium was covered with paper, which was
changed every week, allowing the chameleons
to move around. The terrariums were equipped
with bamboo branches for the animals to climb.
The air temperature in the cold zone of the ter-
rarium was maintained at 21-27°C, and in the
warm zone - at 32-38°C. Along with heating
and lighting provided by daylight and fluores-
cent lamps, the animals received ultraviolet
radiation via UV lamps. The relative humidity
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was 40-70%. Reptiles of 1 day to 1 year of age
were fed with Jamaican field crickets (Gryllus lo-
corojo) of different sizes, which were pretreated
with calcium powder. The water was supplied
continuously by drip and was fresh. The physio-
logical condition of the animals was monitored
during the keeping. Attention was paid to the
behaviour, skin condition, including changes in
its colour, mouth, eyes, muscle tone, limbs, clo-
aca, shape, and consistency of faeces.

The animals were necropsied through the
abdominal wall with an incision in the medi-
an plane from the intermaxillary space to the
cloacal slit to open the viscera. During the se-
lection of internal organs, their topography,
shape, size, and colour were determined. The
absolute body weight of animals and organs
was determined using the VLKT-500 balance
and the Techniprot Waga Torsyjna-WT 250
torsion balance. The linear parameters of the
organs were determined using a ruler, measur-
ing tape, and callipers. The snout-vent length
(SVL) of the animals’ bodies was determined
separately, as well as the length of the entire
body from the top of the nose to the tip of the
tail. The length of the digestive tract was deter-
mined as the length of the mouth, oesophagus,
stomach, intestines, and cloaca. To describe the
surface of the mucous membrane of the diges-
tive tract, it was opened on the antimesenteric
side. Subsequently, the preparations obtained
in this way were photographed for documenta-
tion purposes.

The digital data were processed by one-fac-
tor analysis of variance (ANOVA). The data were
analysed using the statistical analysis software
Biostat LE 7.3 (AnalystSoft Inc., 2020). The dif-
ference between the values of indicators for
each organ in different age groups of chame-
leons was determined according to the Tukey
test, where the difference at P < 0.05 (includ-
ing the Bonferroni correction) was considered
significant. Numerical data in the tables are
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presented as x * SD (x * standard deviation).
Changes in body weight and length, as well as
digestive system parameters of chameleons
were assessed in comparison with the previous
age. Considering the different lengths of differ-
ent chameleon intestines in different age peri-
ods, the mean age index (MAI) was determined
for their evaluation. The SVP of each intestine
was determined as the arithmetic mean of 9
age-specific relative lengths of each intestine.

Results and Discussion

In the diagram of the structure of the digestive
tract of the Yemeni chameleon (Chamaeleo ca-
lyptratus), the oropharynx, oesophagus, stom-
ach, small and large intestine, ending in the
cloaca, were identified. Thus, the digestive
apparatus is comparable to that of higher ver-
tebrates and other lizards, which is consistent
with the relevant data of N. Hamdi et al. (2014),
E. Engelke et al. (2020).

Three parts of the Yemeni chameleon’s
tongue were identified: proximal, middle, and
distal. The proximal and middle parts of the
chameleon’s tongue occupy almost the entire
oral cavity. The proximal part of the tongue
is cylindrical, its dorsal surface is represent-
ed by the tongue cushion. The anterior free
end of the tongue is slightly bifurcated in the
horizontal plane, which creates a lingual fos-
sa with a more forward projecting lower part.
The middle part of the tongue has an elongated
tube-like folded structure. Generally, the data
obtained are consistent with the information
of Y.A. Fouda et al. (2015), S. Frei et al. (2020)
regarding the structure of the Yemeni chame-
leon’s tongue. According to S. Frei et al. (2020),
in the tongue of three species of chameleons —
Chamaeleo chamaeleon, Chamaeleo africanus,
and Chamaeleon vulgaris — three parts are dis-
tinguished: proximal, middle, and distal, which
have some species-specific structural features.
According to P.C. Wainwright et al. (1991), the
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distal part is located among the soft tissues in
the intermaxillary space.

The thoracic abdominal cavity of Yemeni
chameleons is limited by the skeletal frame
formed by the vertebral column and sternum,

as well as the ribs connecting them. The spinal
column consists of thoracic, lumbar, and sacral

vertebrae. The ribs have two segments: bony
vertebral-costal and cartilaginous sternocos-
tal (Fig. 1).

Figure 1. Organs of the thoracic-abdominal cavity
and its wall of a 1-year-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: Left side. 1 — heart; 2 — lungs; 3 — liver; 3a — gallbladder; 4 — stomach; 5 — pancreas; 6 — duodenum; 7 —
jejunum; 8 — ileum; 9 — colon; 10 — colonic diverticulum; 11 - rectum; 12 — testis; 13 — adipose body; 14 - vertebral-

costal segments of ribs; 15 - sternocostal segments of ribs

Sourse: developed by the author of this study

Some ribs present a third cartilaginous
segment located between the vertebral-costal
and sternocostal segments. The distal carti-
laginous segments of several parasternal ribs
merge along the midline of the abdomen and
form the parasternum caudal to the sternum.
Caudoventrally, it is generally delimited by a
soft abdominal wall. The oesophagus enters
cranially through the inlet (apertura thora-
cis cranialis), and the cloaca enters caudally
through the outlet (apertura pelvis caudalis).

The oesophagus, a thin, short tube, is lo-
cated along the axis of the body and shifts to
theleftbeforeenteringthestomach.Therewas
no clear boundary between the oesophagus

and the empty stomach. When the stomach
was filled with food, it was clearly distin-
guished by a much larger diameter than the
oesophagus (Fig. 2). When empty, the stom-
ach is cylindrical. The body of the stomach is
located mainly in the right part of the tho-
racic cavity, dorsal to the liver and caudal
vena cava, and its pyloric section is located
on the left side. The pyloric part of the stom-
ach passes without a sharp border into the
small intestine, which has a much smaller
diameter and is located mainly in the cau-
dal part of the thoracic cavity. Ventral to the
stomach is the spleen, which is spherical and
cherry-red in colour.
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Figure 2. Digestive organs of an 8-month-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: 1 - tongue; 2 — oesophagus; 3 — stomach; 4 — duodenum; 5 — jejunum; 6 — ileum; 7 — colon; 8 — colonic
diverticulum; 9 - rectum; 10 - cloaca; 11 - pancreas; 12 - liver; 13 — gallbladder; 14 - spleen

Sourse: developed by the author of this study

The liver of the Yemeni chameleon is locat-
ed in the cranioventral part of the thoracic cav-
ity, where it borders ventrally on its wall. It bor-
ders cranially on the apex of the heart, dorsally
on the lungs, and caudally on the intestines and
fatty bodies. The gallbladder is located between
the lobes of the liver, has an ovoid shape, and
when filled, it protrudes caudally beyond the
lobes and borders the intestines and fatty bod-
ies. The liver in the segmental plane is trian-
gular, brownish-grey, and consists of two lobes:
the right lobe, to which the gallbladder with
green bile is attached, and the left lobe. The size
of the right lobe of the liver has a pronounced
individual variation: it is slightly or significant-
ly larger than the left lobe, which is consistent
with the data of A.A. Al-Doaiss et al. (2023) and
A. Melero et al. (2023) and contradicts the data
of O.I. Tul (2021), according to which the left
lobe of the liver is the largest in the Yemeni
chameleon. In some animals after 6 months of
age, the gallbladder contents are represented
by a transparent dense oval-shaped green body,
which is consistent with findings of A. Gim-
mel et al. (2017) on the detection of cholelith
in the gallbladder of reptiles. The right lobe of
the liver has two caudal processes: one larger
in the caudal corner of the dorsal margin, the
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other smaller in the middle of the dorsal mar-
gin; the left lobe has one process in the middle
of the dorsal margin. A.A. Al-Doaiss et al. (2023)
reported melanin deposits in the liver of a Yem-
eni chameleon. According to the findings of this
study, no melanin pigmentation of the chame-
leon liver surface was detected.

According to S. Mans (2013), the gastroin-
testinal tract is the most diverse of all reptile
body systems, which poses a particular chal-
lenge for veterinarians when trying to provide
nutritional advice, interpret diagnostic tests,
and develop treatment regimens. According to
N.D. Youngblut et al. (2019), reptiles have a less
differentiated gastrointestinal anatomy com-
pared to mammals. O. Cakici & E. Akat (2013)
in the snake-eyed lizard (Ophisops elegans), the
intestine was divided only into small and large
intestines, without division into separate in-
testines. In the Egyptian mastigure (Uromastyx
aegyptiaca), M. Zaher et al. (2012) also did not
divide the small intestine into separate intes-
tines. R. Diaz-Figueroa & M.A. Mitchell (2006)
distinguished the small and large intestine,
as well as the colon, in the reptilian intestine.
According to N. Srichairat et al. (2018), the in-
testine of the Asian water monitor (Varanus
salvator) lacks the jejunum and caecum, and
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according to M.V. Skrypka et al. (2020), the sand
lizard (Lacerta agilis) lacks the caecum. H.S. Lee
& S. Ku (2004) identified the duodenum, small
intestine, and colon in the intestine of the
mountain grass lizard (Takydromus wolteri).
There is limited information on the structure of
the Yemeni chameleon’s intestines. According
to R. Nesas (2004), the intestinal tract of the
Yemeni chameleon is short and poorly differen-
tiated. According to N. Hamdi et al. (2014), the
small intestine of the African chameleon (Cha-
maeleo africanus) is not divided into duodenum
and ileum, and the large intestine can be divid-
ed into colon and rectum.

When dividing the small and large in-
testines of the Yemeni chameleon into sepa-
rate intestines, this study was guided by the

detailed description of the digestive organs of
the central bearded dragon (Pogona vitticeps),
which belongs to the family Agamidae, provid-
ed by E. Engelke et al. (2020). These data were
obtained based on a study of the macroscopic
structure of the intestine, the relief of the mu-
cous membrane, and its blood supply. The small
intestine is located in the caudoventral part of
the thoracic cavity, cranially bordering the liver
and lungs, caudodorsally - the kidneys. Three
intestines were identified in the small intestine
of the Yemeni chameleon: duodenum, jejunum,
and ileum. The duodenum is separated from
the jejunum by the confluence of the pancreatic
duct and bile duct. On the surface of the duode-
num, there was a pancreas, which had the shape
of a narrow thin strip of pale pink colour (Fig. 3).

Figure 3. Digestive organs of a 1-year-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: 1 - stomach; 2 — duodenum; 3 — pancreas; 4 — jejunum; 5 - ileum; 6 — colon; 7 - colonic diverticulum

Sourse: developed by the author of this study

As a result of anatomical examinations, it
was found that there was no division of the
pancreas into lobes. At the same time, R. Ne-
sas (2004) points to the presence of two lobes
in the pancreas of the Yemeni chameleon,
although not always separate. The caecum is
the longest and forms a U-shaped loop that
is held in place by a long mesentery. At the
end of the distal part of the loop, the caecum
passes into the short ileum, which flows into
the colon. The boundary between the ileum
and colon is a narrow opening formed by the

ileocolic sphincter. In chameleons up to
2 months of age, the remnant of the yolk blad-
der was detected on the surface of the caecum
in the form of a yellowish spherical formation
with a diameter of 1.0-1.5 mm. As pointed
out by T. Mazurkevych & S. Usenko (2023),
in birds, a permanent structure is formed at
the site of the remnant of the yolk duct, which
connects the yolk bladder cavity with the
small intestine cavity during embryonic on-
togeny, — Meckel’s diverticulum, which is an
organ of immune defence.
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Two intestines were identified in the large
intestine of Yemeni chameleons: the colon and
the rectum. The colon is located mainly in the
middle of the whole between the right and left
fatty body in the caudoventral part of the ab-
domen. Compared to the ileum, the colon has
a much larger diameter. Its characteristic fea-
ture is the presence of a bulge — a diverticulum
corresponding to the caecum. Relative to the
colon, the axis of the diverticulum is directed
somewhat caudally. Before passing into the
rectum, the colon narrows and forms the col-
ic isthmus. In contrast to the central bearded
dragon’s colon, which is spherical (ampulli-

form), as found by K.A. Mathes et al. (2019), the
Yemeni chameleon’s colon is cylindrical. The
rectum has a large diameter, is located directly
along the axis of the body and passes into the
cloaca. Attention is drawn to the complete or
partial black discolouration of the intestinal se-
rosa, which was observed from the duodenum
and extended to the rectum inclusive. There is
no such information available on the structure
of the intestines of both chameleons and other
reptile species.

The surface structure of the mucous mem-
brane of the digestive tract has substantial fea-
tures in different parts of the tract (Fig. 4).

Figure 4. The surface structure of the mucous membrane of the oesophagus, stomach

and small intestine of the Yemeni chameleon (Chamaeleo calyptratus)
Notes: A — oesophagus — stomach; B — stomach — duodenum; C — caecum; D — ileum. 1 — oesophagus; 2 — stomach;

3 - duodenum
Sourse: developed by the author of this study

In the oesophagus, the mucous membrane
forms several longitudinal, almost parallel folds
that continue to the entrance to the stomach.
The gastric mucosa contains several thick folds
that have different directions, which is consist-
ent with the reports of T.S. Parsons & J.E. Cam-
eron 1977) regarding their non-parallel direc-
tion and the presence of both wavy and straight
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parts of the folds. In the duodenal mucosa,
there were clearly visible thin longitudinal
folds, which in the duodenum were much more
numerous, thin, wavy, and had a somewhat
chaotic arrangement, which is consistent with
the data of T.S. Parsons & J.E. Cameron (1977).
In the ileum, the number and height of the folds
are smaller. The ileum and colon are separated
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by the ileocecal foramen, which is based on a
thick circular fold that forms the ileocolic valve.
The mucous membrane of the colon and rectum
contains several longitudinal folds and is sepa-
rated from each other by a circular fold.

D

Figure 5. Surface structure of the mucous
membrane of the large intestine of the Yemeni
chameleon (Chamaeleo calyptratus)
Notes: 1 — colon; 2 - colonic diverticulum;
3 — rectum; 4 — caecum; a - ileocolic valve;
b - circular fold between colon and rectum; ¢ —
circular fold between rectum and caecum

Sourse: developed by the author of this study

The area of the colon in front of the rec-
tum has several distinct longitudinal folds, its

diameter decreases slightly, which corresponds
to the colic isthmus. The mucous membrane of
the colic diverticulum is smooth. The mucous
membrane of the cloaca forms several distinct
longitudinal folds. Generally, the features of the
relief of the mucous membrane of the oesoph-
agus, stomach, and individual intestines of the
Yemeni chameleon are comparable to those of
the central bearded dragon, which is consistent
with the data of E. Engelke et al. (2020). Com-
pared to 1-day-old animals, the body weight
of 1-year-old Yemeni chameleons increased
185.9 times (Table 1), which corresponds to the
data of A. Herrel et al. (2014) on the increase
in body weight of this species within a year af-
ter hatching by up to two orders of magnitude.
During the first month of postnatal ontogeny,
the body weight of chameleons increased by
92.9%, in the second month - by 240.7%, and in
the third month — by 452.3%. In the period from
3 months to 6 months of age, the increase was
197.6%, from 6 to 8 months of age — 13.6%, from
8 months to 1 year of age — 392.4%. Thus, dur-
ing the observation period, the most intensive
increase in chameleon body weight occurred
during the second and third months of life.

Table 1. Body weight and length of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Body length,

Age Body weight, g cm
1 day 1.4%0.12 7.0£0.5°
7 days 1.8£0.1% 7.4%0.1%
14 days 2.1+0.1%® 9.3+0.1%®
1 month 2.7+0.3% 9.9£0.2%
2 months 6.5+0.4%® 13.6+0.3°
3 months 29.4+3.3® 16.0£0.6>
6 months 58.1+6.3° 26.2£0.9¢
8 months 66.0% 3.0t 27.3%0.4¢
1 year 260.2+28.3¢ 44.3+1.0¢

Digestive tract Ratio of digestive

B, G length, cm tract length to SVL
3.1+0.3 10.0%1.5%® 3.2%+0.4¢
Se52=0.5 7.5£0.82 2.3£0.3%
4.0£0.2® 8.6%0.7® 2.1%0.1%®
4.4%0.4® 10:2+1.9 2.4+0.1°
6.6%0.5° 12.8+0.7% 1.9+0.2®
8.1£1.2¢ 16.3+1.7° PAEEOSIER
12.3£1.8¢ 23.7%2.4b 1.9%0.2®
129207 22.6%2.9b¢ 1.8+0.2®
20.8£1.94 38.0£6.3¢ 1.8+0.22

Notes: *different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The SVL of 1-year-old chameleons was
6.7 times higher than that of 1-day-olds. In

the first month of keeping these animals, it
increased by 41.9%, in the second - by 50.0%,
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in the third - by 62.1%, from 6 to 8 months of
age - by 4.9%, and from 8 months to 1 year of
age — by 61.2%. Thus, like body weight, SVL
growth was most intense during the third
month of life. It is during the period of the
most intensive growth that chameleons are
particularly sensitive to adverse environmen-
tal factors, which must be considered when
breeding them. During the observation period,
the general pattern of changes in the length of
the digestive tract of Yemeni chameleons was
its increase. The length of the digestive tract in
1-year-old animals was 3.8 times longer than
in 1-day-old chameleons. At the same time, in
the period from 1- to 7-day of age and from 6-
to 8-months of age, a decrease was observed,
which was also described by P.A. Iji et al. (2001),
which focused on the uneven growth rate of the
digestive organs. The ratio of the length of the
alimentary canal to the SVL was highest up to
and including 1 month of age. Subsequently,
this indicator decreased and reached the lowest

values in animals of 8 months and 1 year of age.

In parallel with the increase in the weight
and length of the Yemeni chameleons’ bod-
ies, the absolute weight of their stomachs and
intestines also increased. Thus, the absolute
weight of the stomach and intestine in 1-year-
old animals was 170.5 and 226.3 times higher,
respectively, compared to 1-day-old chamele-
ons (Table 2). In the first month, these figures
increased by 204.0% and 268.8%, respectively,
in the second month - by 99.3% and 317.0%,
in the third month - by 321.1% and 92.7%, and
in the period from 3 to 6 months of age - by
95.8% and 130.0%. Compared to 6 months
of age, the absolute weight of the stomach of
8-month-old chameleons was 10.8% higher,
and the intestines were 23.4% lower. From the
age of 8 months to 1 year, the weight of the
stomach increased by 207.8%, and the weight of
the intestines — by 334.1%. The relative weight
of the stomach and intestines increased until
2 months of age and was lower in older animals.

Table 2. Stomach and intestine weight of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Stomach weight
Age .
absolute, mg relative, %

1 day 27.8+4.32 2.0
7 days 46.8£6.2 2.7
14 days 70.4+8.4% 34
1 month 84.6+12.6® 3.1
2 months 168.6*15.5%® 2.6
3 months 710.0+£157.2° 2.4
6 months 1,390.0£305.4¢ 2.4
8 months 1,540.0%152.1¢ 2.7
1 year 4,740.0£609.9¢ 1.9

Intestines weight

absolute, mg relative, %

60.8+4.8° 4.3
86.8+11.6® 5.0
114.2+14.2® 5.5
224.2+63.0° 8.1
510.0%69.0%® 7.8

1,802.0+570.5° 6.0
4,188.0+925.4 7.1
3,174.0+181.2 4.9
13758.0+3786.4° 5.2

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Against the background of a significant in-
crease in the absolute weight of the stomach
and intestines with age, their linear indicators
changed to a lesser extent. Thus, compared to
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their 1-day-old age, the length and width of the
stomachwere 5.1and 11.0timeslongerin 1-year-
oldanimals,respectively (Table 3),and the length
of the intestine was 3.2 times greater (Table 4).
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Table 3. Linear stomach parameters of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Age Length, mm Width, mm
1 day 11.4%0.8° 1.4%0.17
7 days 14.0+1.0® 1.8+0.1®
14 days 15.2+1.6® 2.2%0.2®
1 month 18.2%1.1® 2.6%0.1%
2 months 20.4%2.1° 5.6%0.4°
3 months 24.4+1.9% 9.8%0.6°
6 months 23.8£2.3 10.6+0.8
8 months 25.4%5.0% 9.4%1.5«
1 year 57.6+8.4¢ 15.4+1.8¢

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Table 4. Length of intestinal sections
of the Yemeni chameleon 1-day-old to 1-year-old (M *Std, n=5)

Age Total length, Thin section Thick section Relative length of Ratio of intestines
mm length, mm length, mm the thin section, % length to SVL
1day 75.0£13.9% 61.2%12.4% 13.8+1.5° 81.6 2.4%0.4°
7 days 43.5+8.52 28.6%6.59* 14.9%2.0® 65.7 1.3+0.2®
14 days 50.4£3.9% 32.8+3.8%® 17.6+2.6® 65.1 1.3+0.1
1 month 61.2%4.2% 44.0+4.0 172211 71.9 1.4%0.1®
2 months 81.6+10.8 59.8%9.1° 21.8+4.6® 73.3 1.2+0.1
3 months 96.8+£15.6° 70.4+13.8 26.4%2.2° 72.7 1.2+0.1®
6 months 156.0+19.6¢¢  121.6*16.0« 34.4+4.3¢ 77.9 1.3£0.1
8 months 144.4+13.8¢ 102.6+18.5¢ 41.8+8.3¢ 71.1 1 ERE
1 year 242.4+35.44 181.0+30.0¢ 61.4%6.1° 74.7 1.2+0.2®

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

According to the data obtained, in the
Yemeni chameleon, the largest relative length
of the small intestine was observed in animals
of 1 day of age, and the smallest — in animals
of 7-14 days of age. In chameleons of 1 month
to 1 year of age, it was 71.1-77.9%. The high
values of both absolute and relative length of
the jejunum and the entire small intestine in
1-day-old animals are probably related to the
significance of this intestine in digestion and
absorption of nutrients from the gallbladder
during the embryonic period of ontogeny. As
K.D. Kohl et al. (2016) point out, the length
of the intestine and its individual intestines
is a rather labile structure that responds

quickly to the body’s nutrient needs and di-
etary composition. According to K.D. Kohl et
al. (2016), omnivorous Ruibal’s tree iguanas
(Liolaemus ruibali) fed plant-based food had
a 17% longer small intestine than lizards fed
mixed food, although no differences in small
intestine weight and volume were observed. In
most animals, juveniles are not simply minia-
ture versions of adults. In fact, as identified by
S.]. Gould (1977), they differ in many aspects,
including morphology, physiology, locomo-
tion, and nutritional preferences. According to
K. Troyer (1984), young and adult reptiles have
different needs for nutrients and specific fea-
tures of the structure of their digestive organs.
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Growing iguanas digest food 1.3-2.0 times
faster than adults, and can reduce the time it
takes to pass it.

According to the results of determining
the relative length of individual intestines of
chameleons of different ages and the mean

age index (MAI) of this parameter, it was found
that the largest length was the caecum, which
was almost half of the total length of the in-
testine, then in descending order of this index
the intestines were located as follows: colon,
duodenum, and ileum (Tables 5, 6).

Table 5. Length of the small intestine of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

g Duodenum Jejunum Ileum

abs., in mm rel., % abs., in mm rel., % abs., in mm rel., %

1 day 4.6+1.4° 6.1 53.2%10.6% 70.9 3.4+0.5° 4.5

7 days 7.4+1.7® 17.0 16.4+4.3? 37.7 4.8+1.2% 11.0

14 days 6.6+1.5% 13.1 22.0+3.7 43.7 4.2+0.5% 8.3

1 month 5.6%1.3® 9.1 32.0£5.1% 52.3 6.4%1.3® 10.5

2 months 10.6+3.1 13.0 40.2+5.1° 49.3 9.0%1.5% 11.0

3 months 13.4+4.4° 13.8 45.4+6.1° 46.9 11.6+4.1° 12.0

6 months 17.6+4.8 11.3 90.8+8.94 58.1 13.2+3.1b¢ 8.6

8 months 18.8+2.6" 13.0 71.4%15.7° 49.4 12.4+2.3b¢ 8.6

1 year 32.6%9.3¢ 134 121.4%15.8¢ 50.1 27.0%7.1¢ 11.1
MAI 12.2+1.0 50.9£3.1 9.5%0.8

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Table 6. Length of the large intestine
and cloaca of Yemeni chameleons of 1 day - 1 year of age (M Std, n=5)

Colon
Age abs., in mm rel., %
1 day 7.2%1.3 9.6
7 days 8.9£1.2: 20.5
14 days 11.2+1.8® 22.2
1 month 9.6%0.9% 15.7
2 months 12.8+2.7% 15.7
3 months 14.0+1.8° 14.5
6 months 16.8+2.7b¢ 10.8
8 months 22.2%5.3¢ 15.4
1 year 33.8+3.84 13.9
MAI - 15.4+1.4

Rectum Cloaca
abs., in mm rel., % abs., in mm
6.6%0.8% 8.8 3.0£0.5°
6.0£0.8* 13.8 3.0£0.5%
6.4%0.8% 12.7 3.2%0.5%
7.6+0.7% 12.4 3.6%0.5®
9.0£1.9% 11.0 3.8+0.8%
12.4+2.1° 12.8 4.4+0.6%
17.6%2.1% 11.3 5.2%0.5°
19.6%3.5¢ 13.6 5.4%0.6"
27.6%3.7¢ 11.4 12.2+2.0¢
- 12.0%0.5 -

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The data obtained suggest an uneven and
asynchronous growth of the length of both
individual intestines and the corresponding
parts of the intestine in Yemeni chameleons,
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which is a manifestation of a known biologi-
cal pattern regarding the growth of this organ
in other animal species, as also indicated by
D. Yovchev et al. (2013), PM. Gavrylin &
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M.O. Nikitina (2017). For instance, during the
second and third months of keeping animals, the
length of the duodenum increased by 89.3% and
9.4%, respectively, the length of the jejunum -
by 25.6% and 12.9%, the ileum - by 66.6% and
28.9%, the colon - by 33.3% and 9.4%, and the
rectum - by 15.4% and 37.8%. Over these age pe-
riods, the length of the small intestine increased
by 35.9% and 17.7%, respectively, and the length
of the large intestine — by 26.7% and 21.1%.

In the first month of postnatal ontogeny
in Yemeni chameleons, the absolute weight of
the liver and pancreas increased by 150.0% and
209.1%, respectively, in the second month - by
192.0% and 170.6%, in the third - by 616.5%
and 271.7%, in the period from 3 months to
6 months of age — by 83.7% and 51.5%, from 6
to 8 months of age — by 11.3% and 4.2%, from
8 months to 1 year of age — by 313.3% and
192.6% (Table 7).

Table 7. Morphometric parameters of the liver
and pancreas of the Yemeni chameleon of 1 day — 1 year of age, M*¥m, n=5

Liver
Age absolute relative
weight, g weight, %

1 day 27.0+1.52 1.9
7 days 38.0+6.5% 2.1
14 days 48.0+3.3% 2.3
1 month 67.4+16.7 2.5
2 months 196.8+34.1% 3.0
3 months 1,410.0£409.22 4.7
6 months 2,590.0+462.3% 4.5
8 months 2,882.0+190.3" 4.4
1 year 11,910.0+2,699.0¢ 4.6

Pancreas
weightimg  weight,ss length,mm
1.1£0.32 0.07 54+1.9°
1.7+0.5% 0.09 8.4+1.7®
1.8+0.5% 0.09 8.0+1.3®
3.4+1.0® 0.12 6.8+1.5®
9.2+2.8%® 0.14 12.0£3.6%
34.2+11.5% 0.12 9.6*3.5%
51.8+7.3® 0.09 19.4%5.1°
54.0+6.1%® 0.07 20.4%2.6
158.0+£69.5° 0.06 35.2+8.1¢

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The relative liver weight increased until
the age of 3 months and then stayed within
4.4-4.7%. The relative weight of the pancreas
increased until 2 months of age, and gradu-
ally decreased in older animals. Thus, during
the observation period, the most intensive
increase in both liver and pancreas weight in
chameleons occurred during the third month
of life, reaching a maximum value at 3 and 2
months of age, respectively.

Thus, based on the results of morpho-
logical studies, the specific features of the
topography and macroscopic structure of the
digestive organs of the Yemeni chameleon, as
well as age-related changes in their mass and

linear parameters, were determined. The ob-
tained findings can be useful in species mor-
phology, for clarifying the development of
digestive organs in the postnatal period of
ontogeny, during diagnostic studies, for deter-
mining morphological changes in pathology,
which will contribute to the development of
new approaches in animal treatment.

Conclusions

Keeping reptiles as exotic pets is not an easy
task for owners due to the diversity of species
and lack of knowledge about their biological
characteristics. Errors in feeding and housing
lead to diseases of reptiles, among which one
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of the most common is pathologies of the di-
gestive system. Among reptiles, Yemeni cha-
meleons (Chamaeleo calyptratus) are consid-
ered especially popular for keeping at home.
The lack of information on the topography
and structure of the digestive organs of these
animals is a limitation for performing veteri-
nary diagnostic procedures, especially radio-
graphic and ultrasound. The study found that
the location of the digestive organs and their
macroscopic structure in the Yemeni chame-
leon corresponded to the general patterns of
structure in lizards. The chameleon tongue has
three parts: proximal, middle, and distal. The
stomach has a cylindrical shape, which pass-
es into the duodenum without a sharp border.
The liver consists of two lobes: the larger right
lobe, to which the gallbladder is attached, and
which has two branches, and the smaller left
lobe, which has one branch. The pancreas is
a strip on the surface of the duodenum, not
divided into lobes. According to the specific
features of topography, macroscopic structure
and mucosal surface structure, three intes-
tines are distinguished in the small intestine:

features in different parts of it. In the oesopha-
gus, the mucous membrane forms several thick
longitudinal folds, and in the stomach - sever-
al thick folds with different directions. In the
small intestine, the mucous membrane forms
thin, numerous folds, which are wavy and more
numerous in the large intestine. The mucous
membrane in the colon and rectum, as well
as the cloaca, has predominantly longitudi-
nal folds, and is smooth in the diverticulum of
the colon. In the period from 1 day to 1 year
of age of Yemeni chameleons, morphometric
parameters of the liver, pancreas, stomach, and
intestines increased against the background
of body weight growth, which occurred asyn-
chronously and unevenly and most intensively
at 2-3 months of age. The linear parameters of
the digestive system increased to a much less-
er extent compared to the weight. The period
of the most intensive growth corresponded to
higher relative weight of the digestive organs.
In the future, it is planned to investigate the
microscopic structure of the digestive organs
of the Yemeni chameleon.
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Muxkoia Kyug
IToKTOp BeTepUMHAPHUX HAYK, Tpodecop
HepskaBHMIT 610TEXHOIOTIUHMIT YHIBEPCUTET

61002, Bys1. AnueBCcbKUX, 44, M. XapKiB, YKpaiHa
https://orcid.org/0000-0002-5280-9755

Cepriit CKauko
AcrmipaHT
HepskaBHMIT 610TEXHOTOTIUHMIT YHIBEPCUTET

61002, Byn1. AmueBCcbKUX, 44, M. XapkiB, YKpaiHa
https://orcid.org/0009-0001-1229-5980

Ipuna ®eceHko
Kanaupat BeTepMHapHMUX HAYK, CTapIIMii BUKIagau
Iep>kaBHMI 6i0TEXHOIOTIUHMIT YHiBEpCUTET

61002, Byn1. AmueBCcbKUX, 44, M. XapkiB, YKpaiHa
https://orcid.org/0000-0002-6076-5545

Onbra MipomrHikoBa
Kanpupat BeTepyMHApHUX HAYK, JOLEHT
Iep>kaBHMI 6i0TEXHOIOTIUHMIT YHiBEpCUTET
61002, Byn1. AmueBCcbKUX, 44, M. XapKiB, YKpaiHa
https://orcid.org/0000-0002-8371-9023

Onena Bupka
KaHgupat BeTepuHApHUX HayK, JOLLEHT
HepskaBHMIT 610TEXHOIOTiUHMIT YHIBEPCUTET
61002, Byn1. AmueBCcbKUX, 44, M. XapKiB, YKpaiHa
https://orcid.org/0000-0001-7316-2500

AHoTalisl. AKTya/IbHICTh JOC/TiIKEHHSI 3yMOBJIEHA BiICYTHICTIO MeTanbHOI iHQopMaliii cTocOBHO
6ymoBu i Tomorpadii opraHiB TpaBJeHHSI €MEHChKOTO xamMesieoHy (Chamaeleo calyptratus). Meta
po6oTH ToNsSgrajga y 3’siCyBaHHI 0co6aMBOCTel 3MiH Macu Tina, Tororpadii i 6ymoBu opraHiB
TpaBJEHHSI EMEHCHKOTO XaMeJIeOHy, BUSHAUeHHi X MOphOMEeTPUYHMX ITOKA3HUKIB y TBAPUH Bif,
1-mo6oBoro mo 1-piuHoro BiKy. MaTepiaJoM AOCTIIKEHb CIYTYBAIU SI3MK, CTPABOXi, IITYHOK,
KUIIeYHMK, TIeUiHKa i MiAILTyHKOBA 3a/7103a XaMeJleoHiB pi3Hoi crari 9 BikoBux rpyn. OTpumai
JaHi 06po6IIsI MeTonoM 0JHOGMAaKTOPHOTO AycrepciiiHoro aHanisy (ANOVA). 3a 0co6IMBOCTSIMU
toriorpadii, MakpockoriuHoi OymoBu i TMOBepXHi C/M30BOi OOOJIOHKM B TOHKOMY Bimmisi
KUIIEYHNKY BUIIJIEHO TPU KUIIKM: ABAHAAISITUIIATY, IOPOKHIO i KIyOOBY, a B TOBCTOMY — JIBi
KUIIKY: 060OBY 3 OMBEPTUKYJIOM i MpPSIMY, L0 IEePeXOAUTh Y KiI0oaky. Oco6nuBicTIO cepo3HOi
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06GOJIOHKY KMUIIIEUHMKY XaMeJIeOHiB € 3a6apBJIeHHSI MeJIaHiHOM B YOPHMIT Kojtip. 3 1-m060BOTO 10
1-piuHoro BiKy Maca Tijla xameseoHiB 36inbiryBanach B 185,9 pasa, JOBKMHA Tija Bil BepXiBKu
HOca 10 aHajabHoro oTBopy (SVL) — B 6,7 pa3a, IOBXMHA TPaBHOTO KaHany —y 3,8 pa3a, BiTHOIIeHHS
JIOBXXMHM TpaBHOTO KaHamy A0 SVL 3meHIryBanocs 3 3,2 no 1,8 pasa. HaltiHTeHCHBHillle 3pOCTaHHS
Macu Tina i SVL Bim6yBasioch BIIPOAOBK APYTOTO i TPEThOTO MiCSIiB YKUTTS TBapuH. BimHocHa
JTOBKMHA TOHKOTO BiJi/Ty KUIIIEUYHKY B XaMeJIeOHIB pi3HMX BiKOBMX I'pYIT cTaHOBMIA 65,1-81,6 %,
y CK/Iazi SKOTO HaiOBLIOK Oy/ia OPOXKHS KMINKA. 36ibIIeHHS MOPGOOMETPUIHNX [TOKA3HMKIB
NIJTYHKA, KUIIEYHWKY, MeYiHKM i MiAIUTyHKOBOI 321031 BifmGyBasoch acCMHXpOHHO. HaiiBupasHimri
3MiHM TIOKa3HUKIB iX BiZHOCHOI Macu BU3HAYaJIM B TBApMH 2-3-MiCSYHOro Biky. OTpumaHi
Marepiaayu ZOMOBHIOTH i YTOUHIOITH iH(opMallito crocoBHO Tomorpadii i ocobnmBocTeit 6ynoBu
OpraHiB TpaBjeHHsI €MEHCbKOTO XaMeJleOHy, TOMY OYAYTb KOPUCHUMM B peHTreHorpadiyHomy i
YJIbTPa3ByKOBOMY JIOC/iJKeHHI i/, yac MpOoBeJleHHs] BeTepYHAPHMUX MaHIIy/sLii

KirouoBi cs1oBa: penTuiiii; MTyHOK; KUIIEYHNMK; TTeYiHKa; MigIITyHKOBA 3a103a; Tornorpadis
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Abstract. The relevance of investigating the distribution, biology, and role of zoophilic flies
Hermetia illucens of the family Stratiomyidae in the occurrence of myiasis in mammals lies in the
ability of these flies to parasitise animals, which poses a threat to their health and life. The purpose
of this review was to analyse scientific research on the possible spread of Hermetia illucens flies as
a potential pathogen of parasitic diseases in Ukraine. The study employed the methods of analysis,
comparison, and synthesis of scientific sources. It was found that the natural habitat of these flies
is the countries of South and North America with tropical and subtropical climates. However,
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these flies are also found in European countries, namely: Portugal, Spain, Malta, France, Albania,
Croatia, Slovenia, and Switzerland. To intensify biotechnology in the agricultural sector, the
larvae of Hermetia illucens flies are used as an ecological utiliser of organic agricultural residues.
It is believed that the main reason for the emergence of Hermetia illucens flies in Europe is their
importation into seaports and subsequent introduction into coastal areas. Considering the above,
it is possible that Hermetia illucens flies may also appear in Ukraine (in the southwestern regions).
Cases of larval parasitism of these flies in mammals have been established. They were mostly
detected as parasites in the gastrointestinal tract. Their ability to cause typical enteric myiasis
has been confirmed. Larval parasitism is non-specific: diarrhoea (faeces with blood and mucus),
flatulence, vomiting, loss of consciousness, etc. The larvae can also parasitise under the skin,
forming boils. A frequent cause of human infestation is the consumption of unwashed, overripe
fruit and vegetables on which these flies lay their eggs. The results of the review can be used to
develop methods for controlling the spread and reproduction of Hermetia illucens flies, as a species
whose larvae are capable of parasitising mammals
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Introduction

Even though flies are generally considered pests
and spread infectious and parasitic diseases,
they are important in providing alternative
sources of protein. Specifically, the Hermetia il-
lucens Linnaeus, 1758 or the black soldier fly has
significant potential for large-scale production
of various biotechnological products through
the processing of organic waste. According to
M. Zamri et al. (2023), this is because insects
are a source of complete protein, vitamins, and
amino acids. At the same time, growing insects
on an industrial scale has many significant ben-
efits, such as reducing greenhouse gas emis-
sions and providing more sustainable economic
opportunities. Researchers have noted the use
of H. illucens pupae for feeding cattle, pigs, and
fish, and the fat from these larvae is used to
produce biodiesel (Kannan et al., 2023). The use
of an alternative protein obtained from H. il-
lucens flies has a positive effect on the growth
rate of fish raised in aquaculture, as well as on
the biochemical parameters of blood serum and
the microbiological composition of the gastro-
intestinal tract of fish (Busti et al., 2024). In the
current conditions of livestock intensification,

this species of fly is of great interest because it
is an excellent “utiliser” of organic waste, a pro-
ducer of high-quality protein for animal feeding
and chitin and chitosan for the pharmaceutical
industry. Components derived from H. illucens
also demonstrated a prominent level of growth
inhibition for all mycelia studied - Alternaria
solani, Botrytis cinerea, Fusarium oxysporum,
Pythium capsici, Sclerotinia sclerotiorum (Kac-
zor et al., 2023). According to A. Makarynska et
al. (2022), the current popularity of using H. il-
lucens flies at different stages of development in
modern biotechnology is considered to be safer
for the environment and can make a substantial
contribution to climate protection.

H. illucens belongs to the order Diptera,
family Stratiomyidae, suborder Brachycera Ort-
orrhapha, infrasuborder Stratiomyomorpha. This
species of fly is common in North and South
America. H. illucens flies have been reported to
be widespread worldwide, specifically in coun-
tries and regions with tropical, subtropical,
and temperate climates (Kaczor et al., 2023).
At the same time, A. Amir et al. (2020) reported
the possibility of larval stages of H. illucens to
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parasitise the gastrointestinal tract of animals
and humans and cause enteric myiasis or her-
matitis. Furthermore, it is noted that the inci-
dence of mammalian enteric myiasis caused by
H. illucens larvae is widespread in regions with a
low level of socio-economic development. This
is primarily due to the feeding of spoiled and
rotten fruit or vegetables to animals, on which
flies lay their eggs beforehand.

The purpose of this review was to analyse
the special scientific literature on the role of
zoophilic flies H. illucens in the spread of my-
iasis in animals and humans and their biology,
as well as the risks of these flies in Ukraine as a
potential facultative parasite.

The study was based on the methods of
analysis, comparison, and systematisation of
scientific literature and the findings of other
studies. The scientific literature was analysed
regarding the role of flies of the genus Herme-
tia, namely Hermetia illucens, in the spread of
myiasis in mammals. This analysis provided
information on known cases of myiasis caused
by zoophilic flies, including their geographical
distribution, mammalian host species, charac-
teristics of the fly parasitoid stages, and im-
pact on host health. Next, the results of differ-
ent studies on the role of Hermetia illucens in
the spread of myiasis were compared to identi-
fy similarities and differences in the data. This
approach helped to identify general patterns
and specific features in the impact of zoo-
philic flies on mammalian health and welfare.
The main part of the study was to systematise
the collected information to create a compre-
hensive understanding of the role of Hermetia
illucens in the spread of myiasis in mammals.
Notably, the current studies cover exclusive-
ly the issues related to the use of zoophilic
flies H. illucens for biotechnological purposes.
This includes domestic research by Ukrainian
scientists on the use of flies for feeding ver-
tebrates and aquatic life. At the same time, a
considerable number of reports on H. illucens
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parasitism in animals and humans date back
to the second half of the 20th century. This
fact is apparently related not so much to the
decrease in cases of H. illucens parasitisation
of flies as to the lack of methods for diagnos-
ing hermatitis in mammals, which makes the
topic extremely relevant.

Features of biology
and morphology of zoophilic flies
of the family Stratiomyidae

According to R.A. Rozkosny (1983), Herme-
tia illucens usually reproduces in underuti-
lised compost from street latrines and poultry
droppings, rotting vegetables and fruits, ani-
mal carcasses and military waste, and other
decomposing organic residues. Fly larvae are
more likely to be found in humid environ-
ments than in dry ones. Adults have mouth-
parts that are not adapted to feed on animal
and human blood. That is why H. illucens flies
are not vectors of blood-borne pathogens.

A. Martinez-Sanchez et al. (2011) reported
the possibility of egg laying and larval devel-
opment of H. illucens in human cadavers. Thus,
in the corpse of an elderly man in the late stag-
es of autolysis found in Northern Spain, larvae
of H. illucens were found in large numbers. In
addition, larvae and pupae of H. illucens flies
were found in human corpses subjected to
decay in Italy (Turchetto et al., 2001). At the
same time, in the southern, central, and west-
ern United States and Hawaii, H. illucens fly
larvae are saprophytes of superficially buried
human remains (Lord et al., 1994).

L. Newton et al. (2005) noted that H. illucens
flies undergo five stages of the developmen-
tal cycle: egg, larva, pre-pupa, pupa, and adult
(female and male). Depending on the temper-
ature and other environmental conditions, pu-
pation lasts from 9 days to 5 months. That is
why in their natural habitats, the first flight of
these flies can be recorded as early as April, but
most of them reach sexual maturity only in late
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summer. The larvae look for sheltered and
dry places to pupate. Specimens, females and
males, emerging from the pupa immediately
copulate in the air during flight. Soon after, the
fertilised females begin to lay eggs on the edges
of the accumulation of decaying organic resi-
dues. The eggs take 4 days to 3 weeks to mature,
after which the larvae hatch. The latter undergo
several stages of development before pupating.

In the first stages of development, as prov-
en by D.C. Hall & R.R. Gerhardt (2002), the
larvae are dull, slightly whitish in colour after
hatching. They have a clearly visible protruding
head with a well-developed chewing appara-
tus. The larvae undergo three moulting stages
and take approximately 30 days to complete
their development. During this period, the
larvae have an extraordinary appetite and are
voracious. However, as adults, flies do not need
nutrients and use fats stored during the larval
stage. The pupal stage is formed inside a specif-
ic skin formation — the puparium.

Thus, according to N.E. Woodley (2001),
the puparium is characterised by circular hair
growth on the last segment and may be some-
what retracted. The puparium of zoophilic flies
of the genus Hermetiinae is morphologically
characterised by an elongated body consisting
of eight segments. There are no spikes on the
surface of the puparium. B.M. Drees & J. Jack-
man (1999) pointed out that some larvae of
zoophilic flies of the family Stratiomyidae are
aquatic or semi-aquatic. During their develop-
ment, they feed on algae, decomposing organic
matter and aquatic organisms. The larvae can
also use animal and human faeces, rotting fruit
and vegetables, or under the bark of decaying
wood as a nutrient substrate.

Sexually mature individuals are black to
metallic blue with green-purple or black-yel-
low patterns (Bondari & Sheppard, 1981).
Adult flies have a body length of 15 to 20 mm.
Their wings are quite dense, smoky black. In

the resting state, flies have their wings pressed
against the dorsal part of their bodies (Tomb-
erlin et al., 2002; Ustiiner et al., 2003) (Fig. 1).

Figure 1. H. illucens fly
Sourse: M. de Groot & P. Veenvliet (2011)

According to F. Oliveira et al. (2015), the
head of adult H. illucens flies is small and nar-
rower than the body. Their eyes are faceted,
divided in both sexes. The antennae have a
long terminal segment with an elongated fla-
gellum. The antennae are twice as long as the
head. The abdomen of flies has 8 segments,
which are formed by rectangular plates. Fur-
thermore, their entire abdomen is covered with
numerous small bristles that look longer from
the caudal angle. These flies have pronounced
sexual dimorphism: the female is larger than
the male. Males have a short genital apparatus
represented by two pairs of lateral lobes. The
reproductive apparatus of females is repre-
sented by a genital furca. The anal opening in
adults looks like a slit in the abdominal cavity
of their body.

The zoophilic flies H. illucens are character-
ised by seasonality. Thus, in France, adult flight
begins in late April and lasts until 15 November
(Alvarez, 2012; Cocquempot & Martinez, 2017).
In Spain, the mating season can begin on 2
March and last until 19 November, as in Alba-
nia (Ustiiner et al., 2003). Thus, zoophilic flies
H. illucens are characterised by a saprophytic
lifestyle, which lies in using various organ-
ic residues of animal or plant origin as energy
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material to ensure the full growth and devel-
opment. That is why the predominant area of
distribution of these flies is associated with
places of accumulation of faeces, rotting vege-
tables and fruits, etc. The life cycle of H. illucens
flies is characterised by seasonality and a full
development cycle consisting of five stages.

Distribution of the zoophilous fly
Hermetia illucens
and results of its introduction

M. Hejda et al. (2019) pointed out that in recent
decades, invasive species of plants and ani-
mals, including insects, have become extremely
widespread. This spread of biologically invasive
species is recognised as a serious internation-
al problem. Certain introduced insect species
do not have a considerable negative impact on
the habitat. However, some of their species can
multiply rapidly and spread to new territories
and have a significant negative impact on eco-
systems, animal and human health, and can be
dangerous pests of crops. Invasive organisms
are a crucial factor in transforming natural eco-
systems, reducing biodiversity and causing sig-
nificant economic damage.

As reported by T. Ustiiner et al. (2003), the
current issue of zoophilic flies is their ever-in-
creasing adaptation to unfavourable environ-
mental conditions, and, accordingly, the growth
of their range of settlement. Under natural con-
ditions, the population of zoophilic flies is in
constant interaction with populations of vari-
ous host animals, which are integral compo-
nents of the biocenosis. From an environmen-
tal standpoint, the use of these flies at different
stages of development is an alternative source of
animal protein. Therewith, flies consume fewer
resources and provide reserves of high-quali-
ty nutrients (Jozefiak et al., 2016). At the same
time, the efficiency with which H. illucens larvae
can process various organic substrates is the
highest among other fly species. Specifically, the
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introduction of H. illucens larvae into poultry
manure in poultry houses leads to a 50% reduc-
tion in its accumulation and 94-100% inhibi-
tion of house fly (Musca domestica L.) develop-
ment (Diclaro & Kaufman, 2015). Furthermore,
H. illucens larvae can change the microflora of
poultry manure, actually reducing the num-
ber of harmful bacteria, specifically Escheri-
chia coli and Salmonella (Erickson et al., 2004).

In Panama, H. illucens flies have been re-
ported to have a considerably negative impact
on banana crops. Female flies lay their eggs on
ripe yellow fruits. The hatched larvae quickly
penetrate the fruit, leaving dark spots on the
fruit. Such bananas lose their consumer appeal
and spoil quickly (Stephens, 1975).

According to D.P. Furman et al. (1959), H. il-
lucens flies are not considered to be vectors of
pathogenic pathogens or to be harmful to hu-
mans. However, there are many species of zo-
ophilic flies known to transmit anthrax, tuber-
culosis, brucellosis, paratyphoid, coccidiosis,
and other contagious diseases in animals and
humans (Lord et al., 1994).

According to the findings of the study by
E. McCallan (1974) and T. Ustiiner et al. (2003),
it was proved that the natural distribution area
of H. illucens flies is the countries of North and
South America within the range from 40° north
latitude to 40° south latitude. In South Ameri-
ca, this species of fly is distributed from Chile,
Argentina, Uruguay to the United States. The
northernmost occurrences of H. illucens flies in
North America are known in the states of Cal-
ifornia, Kansas, Iowa, Indiana, Pennsylvania,
and along the coasts of Massachusetts and New
Hampshire. On the African continent, zoophilic
H. illucens flies are found from South Africa and
Madagascar to Mali; from the Eastern region
of Nepal, India, and Sri Lanka to Thailand, Ma-
laysia, and Vietnam, as well as to the Japanese
islands of Ryukyu, Taiwan, Indonesia (Java and
Sulawesi), and the Philippines. The Australian
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and oceanic portions of the range of these flies
include the Indonesian island of Irian Jaya, Pap-
ua New Guinea, Western Australia, Queensland,
New Zealand, Benin Islands, Northern Mariana
Islands, Guam, Belau, Marshall and Solomon
Islands, Micronesia, New Caledonia, Vanatu,
French Polynesia, and Hawaii (Woodley, 2001).

However, according to J.K. Tomberlin et
al. (2002), the lack of resistance of H. illucens
flies to low temperatures excluded their distri-
bution in Northern Europe. It was found that
flies require an optimum ambient temperature
of 27°C and 60% humidity to lay eggs (Sprang-
hers et al., 2017), as well as appropriate light
intensity and space (Heussler et al., 2018).
However, according to T. Ustiiner et al. (2003),
H. illucens flies are characterised by euryther-
mia, a species that can tolerate significant
changes in air temperature.

In the Western Palaearctic region, especial-
ly in Europe, the presence of Hermetia illucens
flies has been recorded in several countries.
Specifically, they have been found in Malta,
Albania, Croatia, Portugal, and Spain, as men-
tioned by M. Carles-Tolra (2001). According to
other researchers, this species was also found in
France (Chevin, 1986; Richoux, 2009; Cocquem-
pot & Martinez, 2017). Italy was mentioned in
the studies by G. Troiano & E. Toscano (1997),
Switzerland - by W. Sauter (1989) and Slove-
nia — by M. de Groot & P. Veenvliet (2011). This
fly species has also been recorded in Turkey and
Syria (Ustiiner et al., 2003) and in Asian coun-
tries, namely in China (Wang et al., 2023).

At the same time, cases of H. illucens de-
tection in Europe were mainly recorded along
the seacoast and near seaports. However, cases
of inland penetration of this species have been
confirmed in Switzerland, where H. illucens was
found 190 km from the nearest seacoast. Sub-
sequently, such populations successfully repro-
duced in compost heaps and migrated to more
northern areas. The Alps Mountain range is a

natural barrier to flies and their larvae, which
cause hermetiosis, to the north of Europe. For
this reason, some scientists believed that the
spread of H. illucens flies and their larvae occurs
during transport through Mediterranean ports
(Ustiiner et al., 2003). Specifically, the occur-
rence of H. illucens flies in Slovenia is the result
of their importation as a means of biological
control of house flies (Musca domestica L.) and
the use of larval feed for animal feeding. At the
same time, M. de Groot & P. Veenvliet (2011)
pointed out that the full impact of these flies
on the country’s natural biodiversity has been
understudied.

According to E. Molchanova et al. (2021),
it was proved that scientific research on the
possibility of using H. illucens fly larvae in the
processing of plant waste has already been
conducted in Ukraine. Thus, the natural distri-
bution area of zoophilic H. illucens flies is the
territories of South and part of North Ameri-
ca, as well as a range of countries with tropical
and subtropical climates. Despite claims that
H. illucens flies cannot be spread in Northern
Europe due to their demanding temperature
conditions, there are reports of their presence
in a large part of Europe, including Switzer-
land. Due to the tendency for zoophilic flies
to spread through maritime trade routes, one
can expect H. illucens to enter Ukraine through
the seaports of the Black and Azov Seas, given
the growth trends in global trade. At the same
time, conducting experimental research with
H. illucens flies and their larvae may pose a risk
of their introduction into the natural environ-
ment of Ukraine.

Cases of parasitism of zoophilic flies
Hermetia illucens in mammals
Even though H. illucens flies are classical sap-
rophytic organisms that feed mainly on or-
ganic residues, there are described cases of
their larvae parasitising animals and humans.
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At the same time, other flies of the Stratiomy-
iadae family, specifically Chrysomya bezziana
Villeuve, 1914, which are common in coun-
tries with tropical and subtropical climates, are
known to cause intestinal myiasis. Cases of lar-
val parasitism in humans were first identified
and described by researchers in the 1950s. Fur-
thermore, it was reported that C. bezziana lar-
vae can cause genitourinary, intestinal, and skin
myiasis in humans (Oothuman & Jeffery, 1984).
Later, H.L. Lee (1985) described a case of larvae
infestation of the human oral cavity.

Cases of hermetiosis were recorded in an-
imals. A case of myiasis was reported in cattle
of the Simmental breed, one year old, from the
village of Sucila, Yucatan (Mexico). Chronic
tympanic disorder was observed in the animal
for 13 days. Despite treatment, the animal died.
During the pathological autopsy of the animal’s
corpse, 20 H. illucens larvae at the fourth stage
of development were found in the rumen. Some
larvae were fixed on the surface of the mucous
membrane, while others were freely located in
the scar cavity. Inflammation and haemorrhage
were observed in the scar mucosa (Manri-
que-Saide et al., 1999). A case of enteric myiasis
caused by H. illucens fly larvae was reported in
a dog from Buenos Aires, Argentina. The larvae
were found in the dog’s faeces, which contained
blood and mucus. According to P.R. Mulieri et
al. (2019), a dog became infected with the eggs
of the hermetiosis pathogen by eating previous-
ly mown lawn grass that was being composted.

H.E. Meleney & P.D. Harwood (1935) not-
ed that one of the first cases of fly larvae in-
festation of the boy’s digestive tract was de-
scribed in the USA. He was diagnosed with all
the clinical signs of hermetiotic disease. The
disease was characterised by symptoms of
stomach and rectum damage with loss of con-
sciousness. Furthermore, a case of classical
enteric myiasis, namely hermetiotic disease,
in a seven-year-old girl from Kuala Kanchagar,
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Malaysia, is described. The girl had recurrent
acute manifestations of gastrointestinal tract
lesions, accompanied by frequent vomiting.
During the period of infection, the girl vomited
1-2 times a month. Along with vomit, fly lar-
vae were isolated 3-4 times during the disease,
which were identified as H. illucens by parasi-
tological examination. Apart from vomiting, no
other symptoms were observed. According to
H.L. Lee et al. (1995), the larvae developed in
the cavity of the child’s digestive tract. Another
case of H. illucens larvae parasitism in several
human cadavers in Malaysia was reported. It
was noted that the fly larvae corresponded to
a developmental stage that could have been
reached only during the lifetime of humans
(Sinniah et al., 1994).

0. Calderdn-Arguedas et al. (2005) reported
a case of enteric myiasis caused by H. illucens
larvae in a 71-year-old woman from a geriatric
hospital in Costa Rica. The patient’s faecal ex-
amination revealed eggs of the nematode As-
caris lumbricoides. The woman was treated with
Mebendazole. After treatment, the woman was
observed to pass H. illucens larvae in her faeces.
A case of H. illucens larvae parasitising the gas-
trointestinal tract of a 26-year-old woman from
Cuba was also reported. The woman was admit-
ted to hospital with symptoms of abdominal
pain. Herbal infusions such as southernwood
(Artemisa abrotanum L.), mint (Mentha nemo-
rosa Wild) and chamomile (Matricaria chamo-
milla L.) were used for its treatment. However,
during the treatment, H. illucens larvae were
released along with the faeces. A gastroscopic
examination revealed chronic inflammation
of the gastric mucosa with erosions of various
sizes (Gonzalez & Oliva, 2009). A case of en-
teric myiasis was also reported in a 26-year-old
man from Sarawak, Malaysia. The patient had
diarrhoea with blood impurities for one week.
During defecation, fly larvae were found in
the faeces. Using molecular genetic methods,
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it was established that the larvae belong to
the species H. illucens. According to A. Amir et
al. (2020), the symptoms of intestinal myiasis
caused by the black soldier fly are non-specific
and could range from asymptomatic to acute
abdominal pain, diarrhoea, vomiting, and loss
of consciousness. At the same time, there is
currently no clinically proven treatment for
people with hermetiosis.

According to R.F. Harwood & M.T. Ja-
mes (1970), human infection with larvae occurs
when consuming spoilt and rotten fruit and
vegetables contaminated with H. illucens eggs.
The researchers believed that fly larvae are
quite resistant to the acidic environment of the
human digestive tract, and their spiracles can
close tightly, which is an additional adaptive
mechanism to adverse conditions. At the same
time, A.I. Adler & F.P. Brancato (1995) report-
ed that hermetiosis can also manifest itself in
the form of skin myiasis. A case of a furuncle
in a woman from Seattle, Washington, who had
travelled to East Africa, is described. As a result
of surgical intervention, a larva of H. illucens was
isolated from the furuncle cavity. The larvae of
other flies, namely Chrysomya bezziana of the
Stratiomyiadae family, also cause ear myiasis.
N. W. Ahmad et al. (2009). reported a case of lar-
vae in the ears of a newborn child from Malaysia.

Thus, even though H. illucens flies are pre-
dominantly saprophytic, numerous cases of an-
imal and human infestation by their larvae have
been described. This suggests that these flies
also can lead a parasitic lifestyle when their lar-
vae penetrate the body. When the larvae enter
the mammalian body, they cause mechanical
and toxic effects, which is clinically manifested
by the development of non-specific symptoms.

Conclusions

The natural distribution area of zoophilic
flies H. illucens is countries with tropical and
subtropical climates. However, due to the
intensification of maritime trade routes,

H. illucens flies have been successfully intro-
duced into the coastal areas of a range of Eu-
ropean countries, and have been recorded in
some Northern European countries, including
Switzerland. Considering the detection of H. il-
lucens flies in Slovakia, one should expect re-
ports of their occurrence in Ukraine in the near
future. The presence of Ukraine’s seaports is
likely to create an additional factor contribut-
ing to the spread of these flies. Therefore, con-
sidering the above, it is likely that the south-
western regions of Ukraine will be the place
of potential fly spread. These flies are typical
obligate, and according to some reports, condi-
tionally facultative saprophytes that use organ-
ic residues for life and development. However,
under certain conditions, they can parasitise
mammals. The vast majority of cases associ-
ated with parasitism by H. illucens larvae were
characterised by lesions of the digestive tract in
animals and humans with the development of
enteric myiasis. Most cases of hermetiosis are
reported in humans. The disease was accom-
panied by non-specific symptoms of gastroin-
testinal disorders. Only a few cases in animals
have been described in the available literature,
which probably indicates not so much the rarity
of H. illucens larvae parasitism as insufficient
diagnostic studies in case of possible invasion.
Human infestations are associated with the
consumption of unwashed, spoiled, and rotten
fruit and vegetables on which H. illucens flies
lay their eggs. In most of these cases, it is the
violation of hygiene requirements that causes
human infection. Therefore, outside the nat-
ural habitat of parasitic fly species, there is a
constant need for additional research on their
migration routes, biocenological relationships,
phylogeny, and ontogeny, biological features,
including reproduction, possible negative
impact on humans and animals, economic
losses, as well as the development of meas-
ures to control their reproduction and spread.
The use of H. illucens flies in the biological
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conversion of organic waste, animal feeding, as well as clinical trials for the further treat-
etc., requires a thorough risk assessment for the  ment of hermetiotic disease.
areas where they are introduced, as well as the

development of technologies that will consider Acknowledgements
environmental safety elements. None.

Further research is planned to develop pre-
ventive measures to avoid infection of animals Conflict of Interest

and humans with H. illucens zoophilic fly larvae,  None.
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Yy 30aTHOCTi 3a3HaUYeHMX MyX [apasuTyBaTU B OpraHi3mi TBapuH, 110 BUSIBJSIE 3arpo3y AJIS iX
3[I0POB’S Ta KUTTS. Mema 027110y — 3IiJiCHUTU aHaJIi3 HAYKOBUX JOCTi[KEHb 100 MOKIMBOTO
nomMpeHHst myx Hermetia illucens, SIK TIOTEHIIIITHOTO 306yIHMKA TTapa3sUTapPHMUX 3aXBOPIOBaHb, HAa
teputopii Ykpaiuu. Ilig yac mocaifkeHHs GyJ0 BUKOPUCTAHO METONM aHasi3y, MOPiBHSIHHS Ta
y3arajbHeHHS HayKOBUX Jikepesl. BcTaHOBJIEHO, 1110 IPUPOAHMM apeasoM MOUIMPEHHS IUX MyX
€ kpainu IliBgenHoi Ta IliBHiYHOT AMEpUKHM 3 TPOIIIYHUM i CyOTpOMmiyHMM KiIiMaToM. IIpoTe, Iux
MyX BUSIBJISIIOTH i B KpaiHax €Bporm, 30kpema: ITopryranii, Icranii, Manabti, ®paniii, Anbanii,
Xopsarii, Cnosenii ta y IlIBeituapii. s iHTeHcudikamii 6ioTexHOIOTi arpapHOTO CEKTODY,
JMYNHOK MyX Hermetia illucens BUKOPUCTOBYIOTD B SIKOCTi €KOJIOTiYHOTO YTUIi3aTOPa OPraHiYHUX
PEIITOK CiTbChKOTOCIIONAPChKOT0 BUPOOHUIITBA. BBAsKa€ThCsI, 110 OCHOBHOIO IIPUUMHOIO ITOSIBY MYX
Hermetia illucens B EBporii € iX 3aBe3eHHS Y MOPChKi IOPTU Ta MOAAJIbIIA iIHTPOLYKILisl HAa TepUTOpii
npubepeXXHUX 30H. BpaxoByloum o3HaueHe, MOK/IMBA TosiBa MyX Hermetia illucens i B Ykpaini
(y miBAeHHO-3axigHMX perioHax). BcTaHOBIeHO BUIIAAKM MapasUTyBaHHS JIMUMHOK ILMX MYX B
opraHismi ccaBiiB. [lepeBaskHO iX BMUSIBJISUIM 3a MMapa3suTyBaHHS Y IITYHKOBO-KUIIKOBOMY KaHaJTi.
[linTBepaskeHO iX 30AaTHICTh BUKIMKATM TUIIOBI eHTepajabHi Mia3u. IlapasuTyBaHHSI JIMUMHOK
nepebirae HecrenydiyHo: miapes (bekasii 3 mominkaMu KpoBi i cau3y), MeTeopu3M, GITIOBAHHS,
BTpaTa CBilOMOCTi TOIIO. JIMUMHKM TAKOX MOXYTh MapasuMTyBaTH i Mif MIKipow, Gopmyun
dypyHKya. YacToo IPUUMHOIO iHBa3yBaHHS JIIOAVHY € CTIOKMBAHHS HEMUTHUX TIepe3piinx OBOUiB
Ta GPYKTiB, HA IKMX I1i MyXM BiAK/Ia1al0Th s1iiLisl. Pe3ynbTaTyl Orsigy MOXKYTh 6yTH 3aCTOCOBAHI ISt
PO3pOOKYM METOAiB KOHTPOJIIO 3a MOLIMPEHHSIM Ta pO3MHOXKeHHSIM Myx Hermetia illucens, Ik BUnY,
JIMUMHKY SIKOTO 3[IaTHI [Tapa3mUTyBaTy B OpraHi3Mi ccaBIliB
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