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Abstract. Disorders in lipid metabolism in the bodies of horses (genus Equus) due to various factors
often lead to the development of diseases, including those associated with the onset of metabolic
syndrome. Therefore, determining marker changes in the serum lipid profile during metabolic
disorders is a relevant issue in investigating the pathogenesis of the most common diseases in
this species. The purpose of the study is to identify the features of lipid metabolism indicators
in the serum of horses in a physiological state and in the case of the onset of colic, laminitis,
and metabolic syndrome symptom complexes. The investigation of lipid metabolism indicators in
the serum of these animals was conducted using an enzymatic colorimetric method with the use
of a biochemical automatic analyzer COBAS C 311 (“Roche Diagnostics GmbH”, Germany). It is
established that in the lipid profile of the serum of clinically healthy Ukrainian Hutsul horses, the
share of high-density lipoprotein cholesterol was 75.1%, low-density lipoproteins were 15.7%, and
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very low-density lipoproteins were 9.2%. In cases of pathologies with colic symptom complex in the
serum of horses, the share of high-density lipoprotein cholesterol significantly decreased, while
low-density lipoproteins increased 3.9 times compared to healthy animals. In the lipid profile of
the serum of clinically healthy ponies, the share of high-density lipoprotein cholesterol was 26.3%,
low-density lipoproteins were 65.1%, and very low-density lipoproteins were 8.61%. In the case of
laminitis in ponies, the dynamics of lipid profile indicators corresponded to those in horses. The
established regularities regarding changes in the serum lipid profile in different representatives of
the horse genus allowed specifying their role in the pathogenesis of certain prevalent pathologies.
The results of the study are of practical value for application in clinical veterinary medicine and
will contribute to conducting high-quality laboratory diagnostics of the most common horse
pathologies (colic symptom complex, laminitis, and metabolic syndrome), characterised by lipid
metabolism disorders

Keywords: pony; Ukrainian Hutsul breed; cholesterol; lipoproteins; colic symptom complex;

laminitis; metabolic syndrome

Introduction

Horse breeding is considered a substantial area
within the agricultural sector and veterinary
science. Modern horse breeding provides oppor-
tunities for the development of sports, tourism,
and recreation and serves as a source of agricul-
tural production. However, there is a negative
trend in the development of the horse breeding
industry. According to T.A. Yusiuk-Omelnyts-
ka (2023),in 2001, the total number of horses in
Ukraine was 701.2 thousand, with 209.8 thou-
sand on enterprises and 451.4 thousand in pri-
vate households. By 2019, there was a signifi-
cant decrease to 244.0 thousand, mainly due to
a reduction in horses in private households. As
of 2020, Ukraine has 79 institutions involved in
breeding activities in horse breeding, includ-
ing 20 horse farms, 46 breeding reproducers,
3 breeding centres, and 2 genetic control en-
terprises, as noted by O. Stetsiuk (2020). State
horse farms concentrate 28.0% of the breeding
population, while the rest is distributed among
farms of various ownership forms.
Nevertheless, proper conditions for the
maintenance and feeding of horses are often
not observed, especially in recent years, which
can have serious negative consequences for the

animals. Issues such as insufficient body weight
or, conversely, obesity, musculoskeletal prob-
lems, digestive system issues, weakened immu-
nity, and nervous disorders can be observed in
horses. Therefore, it is crucial to create suitable
conditions for the housing, proper nutrition,
and regular veterinary care of horses to ensure
their health and well-being.

Among the most common pathologies in
horses related to metabolic syndrome is lami-
nitis. Researchers like A. Reynolds et al. (2019)
noted equine metabolic syndrome, classified
in 2010 by the American College of Veterinary
Internal Medicine as insulin resistance, general
or regional obesity, and susceptibility to lam-
initis. Equine metabolic syndrome is similar
to that in humans. It is classified by features
such as visceral obesity, hypertriglyceridem-
ia, glucose intolerance, low cholesterol levels,
and high-density lipoproteins. A.C. Ericsson et
al. (2021) compared metabolic syndrome in
horses with that in humans, allowing the ap-
plication of methodologies already developed
in medicine for diagnosis and differential di-
agnosis of metabolic syndrome in horses. The
state of hyperlipidemia in horses can develop
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in various forms. Therefore, different terms are
used to differentiate them based on the severity
of these diseases. In this context, four terms are
proposed, determined by the concentration of
triglycerides in the horse’s blood serum: hyper-
triglyceridemia, hyperlipidemia, severe hyper-
triglyceridemia, and hyperlipemia. Hyperlipi-
demia usually results from a negative energy
balance, primarily caused by feed restriction,
especially during periods of high energy de-
mand, such as pregnancy, lactation, or anorex-
ia induced by illness. However, other findings
suggest that obese and stressed mares pose the
highest risk of developing hyperlipidemia re-
gardless of pregnancy status.

There are several factors that can cause
disruptions in energy metabolism in horses,
but the most common cause is insulin resist-
ance, as described in most publications, includ-
ing Z. Daradics et al. (2021) and J. Delarocque et
al. (2021). Various studies have been conducted
to demonstrate that horses with insulin resist-
ance are prone to hyperlipidemia; however, the
etiology of this condition remains unknown.
Hyperlipidemia most often arises as a prima-
ry sign. However, through clinical trials, it has
been proven that its occurrence is secondary,
resulting from the development of pathologies
in various systemic diseases leading to a nega-
tive energy balance. Among the most common
pathologies in miniature horse breeds are en-
terocolitis, dental diseases, bacterial and para-
sitic infections, pneumonia, colic, and laminitis.

Therefore, the purpose of this study is to
investigate lipid metabolism indicators in the
blood serum of horses and ponies under normal
conditions and in the case of colic, laminitis,
and metabolic syndrome.

Literature Review

In the last decade, lipid metabolism in horses
and other animals has become the subject of
in-depth research in global veterinary medi-
cine.].J. Kaneko et al. (2008) and C.M.M. Loos et
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al. (2019) indicate that disorders in lipid metab-
olism are associated with diseases of the liver
and biliary tract, kidneys, pancreas, and lungs.
J. Delarocque et al. (2021) note that changes in
lipid metabolism play a crucial role in the onset
of dystrophic processes, endocrine pathology,
and obesity, negatively affecting the animals’
bodies and leading to the development of oth-
er pathologies. Equine metabolic syndrome has
significant prevalence and is a current issue
in horse breeding, as evidenced by a consid-
erable number of publications. It is a complex
disorder, with more questions than answers, as
A.C. Ericsson et al. (2021) note that the main
components of metabolic syndrome in horses
are intense obesity, insulin resistance, and lam-
initis. This is complemented by the results of
studies by N. Heliczer et al. (2017) and R. Lu et
al. (2018), indicating that this syndrome encom-
passes a much broader range of disorders af-
fecting energy metabolism, adipocyte function,
promoting thrombosis, causing inflammation
and oxidative stress, and altering the function
of vascular endothelial cells in affected horses.

The role of adipose tissue in the devel-
opment of metabolic syndrome is not limited
to the excessive accumulation of nutrients.
K. Marycz et al. (2018a; 2018b) show that ad-
ipokines released from adipocytes and other
cells in adipose tissues, including leptin, re-
sistin, adiponectin, visfatin, and apelin, as well
as inflammatory cytokines, play a crucial role.
A. Reynolds et al. (2019) state that disruptions
in lipid metabolism, particularly enhanced lipid
peroxidation, are one of the primary links in
the stress response associated with metabolic
syndrome. According to the research conduct-
ed in Ukraine, specifically by A. Andriichuk et
al. (2014) and M.A. de Laat & D.M. Fitzger-
ald (2023), the causes of lipid metabolism dis-
orders in farm animals were identified.

C.M.M. Loos et al. (2019) and Z. Daradics et
al. (2021) developed and implemented suffi-
cient diagnostic methods for this syndrome,
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including biochemical ones. These methods
include determining glucose, insulin, interleu-
kins, and lipid exchange indicators in the blood,
including lipoproteins. Researchers note that
blood lipid profile indicators undergo specific
changes and depend on the region, breed, and
age characteristics of the animals.

Therewith, information regarding this
problem in horses is lacking, although these
animals often experience pathological condi-
tions and diseases accompanied by disruptions
in lipid metabolism, including lipoproteins —
obesity, hepatic lipidosis, nephropathy, ca-
chexia, tumors, lung diseases, and others. This
is mentioned in individual studies by domestic
researchers such as I.A. Zhukova (2014) and
L.I. Posternak (2017).

R.B. Olley et al. (2019), N.P. Karikoski et
al. (2022) and C. Cantarelli et al. (2018) empha-
sise that there is currently a lack of in-depth
research on the role of lipid metabolism disor-
ders in the development of pathologies in the
internal organs of horses. The causative factors
of these disorders may include the pathogenic
influence of environmental factors, especially
inappropriate conditions of maintenance and
feeding, neurogenic stress, various physical,
chemical, and other factors. Therefore, explor-
ing the features of lipid metabolism disorders,
determining the informativeness of their indi-
cators for the diagnosis and assessment of the
effectiveness of horse treatment for various in-
ternal diseases, is a relevant task for veterinary
science and practice.

Materials and Methods

During the study, Ukrainian riding breed hors-
es and ponies housed at the State Biotechno-
logical University Equestrian Sports Complex
(Kharkiv) and at the Feldman Eco Park Public
Organisation (Kharkiv region) were examined.
Specifically, 10 Ukrainian riding breed horses,
males and females, of sports direction, aged

6-10 years, in a state of relative rest (control
group), 5 horses with colic syndrome, and 5
horses with symptoms of laminitis were exam-
ined. 5 clinically healthy ponies (control group)
and 5 ponies with metabolic syndrome on the
background of obesity were used for the study.
Thus, a total of 30 animals were examined.
Studies on these farms were conducted during
2021-2023. The research scheme included a
minimal number of animals for statistical pro-
cessing using non-parametric methods of sta-
tistical analysis, allowing the determination of
the informativeness of indicators according to
the stated research purpose.

Feeding and housing conditions corre-
sponded to the physiological needs of the an-
imals. The ration of animals was balanced with
essential nutrients. All animals had free access
to water and enjoyed walking. Animals under-
went clinical examination according to gener-
ally accepted methods, including the determi-
nation of basic physiological indicators, the
examination of major organs and systems using
inspection, percussion, palpation, and auscul-
tation methods. Only clinically healthy animals
were selected for the control group. The diagno-
sis of metabolic syndrome, colic symptom com-
plex, and laminitis was made comprehensively,
considering the data of the medical history,
clinical picture, and based on the conducted
laboratory studies. In addition, for the diagno-
sis of metabolic syndrome, an oral glucose tol-
erance test with insulin was applied. Horses in
the control group were examined during show
jumping competitions, when their bodies were
subjected to significant physical and emotional
stress. Blood samples from the animals were ob-
tained in a state of relative rest and 15 minutes
after a entertainment show performance with a
large audience and loud music accompaniment.
Blood samples were taken from the jugular vein
into Vacuette vacuum tubes with a volume of 10
cm? for further obtaining native blood, plasma,
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and serum depending on the research methods
for its biochemical analysis, which were con-
ducted at the Research Institute of Experimen-
tal and Clinical Medicine, Kharkiv.

The research on biochemical indicators
in the blood serum, including total cholester-
ol, triacylglycerols, high-density lipoproteins
(HDL), low-density lipoproteins (LDL), and very
low-density lipoproteins (VLDL), was conduct-
ed using the photometric system COBAS C 311
(Germany) with the corresponding ion-selec-
tive electrodes. Total cholesterol was deter-
mined using an enzymatic colorimetric meth-
od, where cholesterol esters are hydrolysed by
cholesterol esterase into cholesterol and fatty
acids. Cholesterol oxidase catalyses the oxida-
tion of cholesterol to form hydrogen peroxide.
In the presence of peroxidase, hydrogen per-
oxide acts on the oxidative coupling of phenol
and 4-aminophenazone to form a red-coloured
compound, the intensity of which determines
the concentration of cholesterol. Cholesterol
in lipoproteins was determined using a homo-
geneous colorimetric method based on the use
of cholesterol esterase and cholesterol oxidase
in the presence of surfactants that selectively
absorb certain types of lipoproteins.

During the experimental research, all ma-
nipulations with the horses involved in the
studies were conducted considering the basic
principles of bioethics, in accordance with the
Law of Ukraine No. 3447-1V (2006, February),
the European Convention for the Protection
of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (1986), and the
“General Ethical Principles of Experiments on
Animals” adopted by the First National Con-
gress on Bioethics (Procedure for conduct-
ing..., 2012).

Statistical analysis of the data was per-
formed using the Minitab 19 program by Mi-
nitab Inc. The results of the statistical process-
ing present non-parametric indicators in the
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tables, such as Median, Quartiles Q, and Q,
The significant difference between the study
groups was established based on the calcula-

tion of the Mann-Whitney criterion (P<0.05).

Results and Discussion

The clinical condition of the horses before the
start of the study corresponded to physiological
parameters. The body temperature, pulse, and
respiratory rate in horses were within the range
of Me=quartile Q, and Q,, respectively. Cardiac
auscultation revealed no changes in heart tones
and murmurs, and lung auscultation detected
vesicular breath sounds throughout the projec-
tion of the lungs on the chest wall. Therefore,
these animals were selected into the control
group for further investigation.

According to the results of H. Gehlen et
al. (2020), the composition of the blood lipid
profile in animals of different species shows
significant differences. For instance, in pigs,
the quantitative distribution of cholesterol
fractions is similar to that in humans, namely,
the share of low-density lipoprotein cholesterol
accounts for about 50-60% of the total serum
cholesterol. In rabbits and mice, on the contra-
ry, almost all serum cholesterol is part of very
low-density and high-density lipoproteins.
According to P.G. Xenoulis et al. (2020) and
F.H. Alonso et al. (2022), in the blood serum of
dogs, cholesterol in high-density lipoproteins
is 5-7 times higher than in low-density lipopro-
teins. In horses, as reported by E.M. Norton et
al. (2019), similar to dogs and unlike humans,
the highest proportion of cholesterol is noted
in high-density lipoproteins, preventing the
development of atherosclerosis in animals of
these species. These data indicate significant
variability in lipid metabolism indicators in
the blood serum of different animal species,
necessitating further examination. It can be
assumed that such variability may result from
the influence of different diets and genetically
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determined differences in the mechanisms of
lipoprotein and cholesterol metabolism in an-
imals of different species.

Table 1 presents the results of the study of
the lipid profile in the blood serum of clinically
healthy resting horses.

Table 1. Lipid profile indicators in the blood serum
of clinically healthy horses, n=10 (mmol/L)

Total

Indicator cholesterol Triglycerides
Median 1.85 0.36
Q, 1.81 0.34
Q 1.89 0.38

=3

Source: developed by the author

According to the results shown in Table 1,
it was found that in clinically healthy horses,
the share of HDL cholesterol was 75.1%, while
LDL cholesterol was 15.7%, and associated with
VLDL cholesterol was 9.2%. This indicator is
consistently unchanging in all examined an-
imals, both in terms of the median value and
when calculating individual quartiles. This
aligns with the findings of most other research-
ers. For example, ].J. Kaneko et al. (2008) indi-
cated that in the bodies of clinically healthy
horses, high-density lipoproteins play a crucial
role in lipid metabolism. This is explained by
their ability to transport cholesterol alongside
other representatives of this class through the
circulatory system’s organ network. According
to their model, high-density lipoproteins ex-
hibit an anti-atherogenic effect through their
role in the reverse transport of cholesterol by
removing it from macrophages and incorpo-
rating it into the early forms of these lipopro-
teins, followed by the transformation of free
cholesterol into esterified form (cholesterol
esters). Esterified cholesterol is then extracted
from the plasma by the liver through high-den-
sity lipoprotein receptors and transported to
the bile for subsequent intestinal excretion.
Thus, high-density lipoproteins can perform
functions related to transporting cholesterol

HDL LDL VLDL
Cholesterol Cholesterol Cholesterol
1.39 0.29 0.17
1.37 0.28 0.16
1.40 0.31 0.18

from tissues and the intima of blood vessels
to the liver for the synthesis of bile acids and
the elimination of excess lipids from the body.
J. Delarocque et al. (2021) indicated that this
mechanism provides regulation of cholesterol
levels in the body. In addition, high-density li-
poproteins exhibit antioxidant properties posi-
tively impacting the endothelium and the vas-
cular system’s condition. They also transport
cholesterol for the synthesis of not only bile
acids but also steroid hormones and vitamin D.
This underscores the substantial functional as-
pects of lipid metabolism in horses, indicating
the importance of high-density lipoproteins
in maintaining effective cholesterol and other
lipid exchange. Understanding these metabol-
ic processes in clinically healthy animals can
shed light on anomalies that occur in horses,
especially those suffering from laminitis, where
considerable changes in lipid metabolism and
serum lipid profile are observed. Such studies
open prospects for developing targeted ther-
apeutic strategies to overcome characteristic
lipid metabolism disorders affecting the devel-
opment of internal diseases in horses.

It can be asserted that determining lipid
metabolism indicators, along with other bio-
chemical tests, should be applied not only in
diagnosing internal diseases in horses but also
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in assessing the condition of clinically healthy
animals under physical or emotional stress,
particularly during sports competitions or oth-
er stressful factors. In the current environment
where demands on sports horses are steadi-
ly increasing, their bodies are not always able
to withstand intense training and stress loads
during competitions. Therefore, veterinary
professionals need rapid and effective meth-
ods to assess the functional state and training
capabilities of horses’ bodies to maximise their
adaptation to stress factors, adequately and
timely correct possible disorders, and thus sup-
port their ability to endure intense loads and
demonstrate high performance in competitions.
This is precisely what prompted the determina-
tion of lipid metabolism indicators in sports
horses during show jumping competitions.

The increase in the content of triglycerides
in the blood serum is a specific indicator for ex-
ercising horses, as the primary source for work-
ing muscles during loading is the oxidation of
free fatty acids released by their breakdown.
Despite the consumption of free fatty acids
by the muscles, the triglyceride content in the
blood serum increases, and their synthesis
in the liver also increases. Therefore, this in-
crease is a specific sign for a horse undergoing
emotional and physical stress during training.
This elevation is a basis for a more in-depth
analysis of lipid metabolism in sports hors-
es and should be considered when assessing

lipid exchange indicators in horses. Therefore,
an examination of lipid exchange indicators in
major pathologies associated with its distur-
bances has been conducted.

Among the pathologies in horses that man-
ifest substantial changes in lipid metabolism,
researchers prefer a group of diseases accom-
panied by a colic symptom complex, caused by
a sharp change in the diet when transitioning
animals from stable to pasture. The diagnosis
of the colic symptom complex was established
comprehensively. According to the history, it
is known that the animals were transferred to
green fodder, which included mown meadow
grass, replacing hay. They eagerly consumed the
green mass of mown grass, and in the evening,
clinical signs of digestive disorders in the form
of colic were observed. These animals showed
restlessness, constantly lying down and get-
ting up, hitting their abdomen with their limbs,
making pendulum-like movements with their
bodies. At the same time, an increase in pulse
and respiration rates was noted. Upon palpa-
tion of the abdominal wall, tension and tender-
ness were detected. Auscultation revealed the
absence of bowel peristalsis sounds, and per-
cussion indicated excessive gas accumulation.
After blood sampling, the animals were given
symptomatic treatment and transferred to a
different diet. The lipid profile indicators in the
blood serum of horses with the colic symptom
complex are presented in Table 2.

Table 2. Lipid profile indicators in the blood serum
of horses with the colic symptom complex, n=5 (mmol/L)

Total

Indicator cholesterol Triacylglycerols
Median 2.55% 0.38
Q, 2.32 0.36
Q 2.93 0.46

=3

HDL LDL VLDL
Cholesterol Cholesterol Cholesterol
1.19 1.15* 0.21
1.09 1.05 0.18
1.32 1.29 0.32

Note: * P<0.05, compared to clinically healthy horses (Table 1)

Source: developed by the author

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Marker changes in the blood lipidogram...

From the indicators presented in Table 2,
it can be inferred that with the clinical mani-
festation of colic in the blood serum of horses,
there was an increase in the concentration of
total cholesterol by 37.8% (P<0.05) compared to
clinically healthy animals (Table 1), mainly due
to a 3.9-fold increase (P<0.05) in the concen-
tration of low-density lipoprotein cholesterol.
Therefore, with a sharp change in the diet of
these animals, the reverse cycle of cholesterol
metabolism is likely to be disrupted. As a result,
the intensity of cholesterol entering tissues
and vessels increases, further deposition un-
der the intima occurs, and the functioning of
internal organs is disrupted. However, for col-
ic symptoms caused by a sharp change in the
diet, there were no noteworthy changes in the
blood serum level of triglycerides and, accord-
ingly, very low-density lipoprotein cholesterol.
Thus, hypercholesterolemia developed in this
pathological condition due to low-density lipo-
protein cholesterol against the background of a
relatively stable level of triglycerides.

Another fairly common pathology among
all breeds of horses is laminitis. Its pathophys-
iology is not yet fully understood and is con-
tradictory. Chronic laminitis is accompanied by
persistent lameness, breakdown of anatomical
structures of the hoof, including changes in the
laminae, prolapse of the sole, and disruption of
hoof horn growth. There is a separation of the
basal membrane of the hoof bone and the epider-
mal lamellae lining the inner surface of the hoof
capsule. Only a very limited number of horses
restore their athletic condition after experienc-
ing chronic laminitis and can return to a normal
training regimen. Laminitis more often occurs
as a complication of pathologies of internal or-
gans that seem unrelated to the limbs, among
which the most common are gastrointestinal
pathologies, septic metritis, pneumonia, pleu-
ritis, insulin resistance, and others. According
to A.C. Ericsson et al. (2021), laminitis can also

occur against the background of hyperlipidemia.
However, this mechanism in the pathogenesis of
this pathology in horses is not sufficiently stud-
ied. Presumably, hyperlipidemia induces insulin
resistance, suppressing the biological action of
the hormone and reducing glucose intake into
all cells of the body. This includes the lamel-
lar keratinocytes of the horse’s hoof, which
have an extremely high glucose requirement.

Perhaps it is associated with hyperinsu-
linemia and “glucose starvation” of the hoof
tissues, or perhaps with an increase in capillary
pressure in the hoof vessels. Nevertheless, the
final mechanism of laminitis development is
not yet established. Therefore, five horses with
clinical symptoms of laminitis were investigat-
ed, and a complex of biochemical indicators, in-
cluding a lipid profile, was determined in their
blood serum. The animals showed a change in
gait and short steps, changes in body position,
limb swapping to alleviate pain. Some animals
had swelling in the hoof wall area, increased
temperature in the hoof area. Unnatural posi-
tions were also noted; horses tried to reduce
the load on the limbs, standing on the back of
the hoof or even lying down. Difficulty in stand-
ing up was observed because horses with lami-
nitis may have difficulty rising or even refuse to
stand due to pain.

Considering this, the lipid exchange indi-
cators in the blood serum of horses with lamini-
tis were determined (Table 3). According to the
research results, horses with laminitis showed
a considerable increase in the serum concen-
tration of total cholesterol by 34.1% (P<0.05)
and low-density lipoprotein (LDL) cholester-
ol by 51.7% (P<0.05) compared to clinically
healthy animals (Table 1). It is noteworthy that
lipoproteins of this fraction transport choles-
terol to tissues, and in normal circumstances,
their level in the blood of animals is insignif-
icant, unlike in humans, where this indicator
depends particularly on dietary fat intake. The
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elevation of cholesterol concentration in this
fraction is a pathogenic factor in the develop-

ment of internal diseases in animals, particu-
larly laminitis in horses.

Table 3. Indicators of the lipid profile in the blood serum of horses with laminitis, n=5 (mmol/L)

Indicator ch(')ll‘:e):at‘elsrol Triacylglycerols
Median 2.48% 1.02*
Q, 2.27 0.83
Q 2.77 1.07

<3

HDL LDL VLDL
Cholesterol Cholesterol Cholesterol
1.56 0.44* 0.48*
1.49 0.39 0.39
1.68 0.55 0.54

Notes: * P<0.05, compared to clinically healthy horses (Table 1)

Source: developed by the author

However, an increase in the level of
high-density lipoprotein (HDL) cholesterol,
where cholesterol concentration is usually
highest in clinically healthy animals compared
to other lipoprotein fractions, is not observed
in horses. High-density lipoproteins are known
to facilitate the reverse transport of cholester-
ol from tissues to the liver, where it serves as a
source for bile acid formation, vitamin D, and
steroid hormones. Horses with laminitis expe-
rienced a substantial increase in the concentra-
tion of triglycerides and very low-density lipo-
proteins by 2.8 times (P<0.05), indicating the
development of hyperlipidemia (Table 3). This
condition arises due to the increase in choles-
terol concentration, which is a cyclic alcohol by
chemical structure and a neutral fat represent-
ed by triglycerides. This phenomenon is not ob-
served in colic symptoms. However, this hyper-
lipidemia does not lead to the direct deposition
of fats on the epidermal lamellae covering the
inner surface of the hoof capsule in horses, as is
characteristic in large ruminants.

Thus, in horses, hypercholesterolemia like-
ly leads to microvessel damage in the distal
part of the limb, accelerating dystrophic and
destructive disturbances in hoof tissues and
contributing negatively to the development
of the pathological process. However, all the
pathogenetic links of this process are currently
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not definitively revealed. It is worth noting that
direct deposition of triglycerides on the lamel-
lae did not occur.

In horses, especially in ponies as their va-
riety, metabolic disorders, primarily associat-
ed with obesity, are highlighted as a separate
metabolic syndrome, often accompanied by
laminitis, making it particularly important to
inspect pathologies in horses. The existence of
metabolic syndrome is considered established
only in horses and ponies, and its presence
in animals of other species remains an open
question. For instance, N. Heliczer et al. (2022)
noted that ponies with excess body weight ex-
hibit large local fat deposits, especially in the
withers and on the back, often accompanied by
insulin resistance, a leading factor in the de-
velopment of laminitis in horses, as described
earlier. Moreover, the authors acknowledge
that ponies, like horses, with metabolic syn-
drome are less prone to vascular complications,
including the development of ischemic disease
and atherosclerosis, compared to humans. This
is primarily attributed to differences in lipopro-
tein metabolism, dietary habits, and different
lifespans. The pathophysiological mechanisms
linking metabolic syndrome to impaired in-
sulin regulation and the onset of laminitis in
these animals require further investigation.
Various mechanisms are considered, including
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the impact of reduced intensity of peripheral
glucose metabolism on lamellar bone tissue,
pro-inflammatory status associated with insu-
lin resistance, accumulation of end products
of glycation, effects mediated by insulin-like
growth factor, vasoactive properties of insulin,
and subsequent development of endothelial
damage. Endothelial dysfunction likely plays
a primary role in the development of laminitis.
Nevertheless, whether laminitis in the presence
of metabolic syndrome should be interpreted
as a metabolic, cardiovascular, or inflammato-
ry condition or as their combination remains a
contentious issue.

Metabolic syndrome in ponies was diag-
nosed based on the analysis of anamnesis data,
clinical presentation, morphometric indicators,
and the results of biochemical blood serum
studies. Insulin resistance in ponies was diag-
nosed using an oral sugar test, which is increas-
ingly used by practicing veterinarians to assess
insulin regulation disorders. Although this test
quantitatively determines hyperinsulinemia
and insulin regulation disorders in response to

oral glucose levels, its results were used to as-
sess insulin sensitivity in horses and ponies. In
these animals, pancreatic exhaustion is rarely
observed. Conversely, it begins to produce sig-
nificant amounts of insulin. The peculiarity lies
in the fact that insulin toxicity may play a key
role in triggering laminitis when exceeding its
maximum norm values (100 ulU/mL) by more
than 3 times.

This aspect opens up new possibilities for
further investigation and the development of
treatment and prevention strategies for lam-
initis in ponies, considering the importance
of metabolic syndrome in this process. Fur-
ther exploration of the relationships between
metabolic syndrome and the development of
laminitis in these animals will contribute to
the understanding of its mechanisms and al-
low the development of effective measures to
preserve their health.

Table 4 provides the results of the exam-
ination of two groups of ponies — those with-
out signs of obesity and those with massive fat
deposits.

Table 4. Serum lipid profile indicators in ponies under normal conditions
and with metabolic syndrome, n=5 (mmol/L)

group No. cho'Il‘g:zlerol Triacylglycerols
1.Median 2.09 0.39
Q, 1.96 0.37
Q, 2.24 0.42
2.Median 4.57 0.62*
Q, 4.31 0.58
Q 4.81 0.69

=3

Cholesterol Cholesterol Cholesterol
LDL HDL VLDL
0.55 1.36 0.18
0.49 1.31 0.16
0.60 1.45 0.19
1.98* 2.30* 0.29*
1.85 2.21 0.25
2.09 2.39 0.33

Notes: 1. - clinically healthy animals; 2. — obesity, metabolic syndrome; *P<0.05 compared between groups

Source: developed by the author

According to the data in Table 4, in the
blood serum of clinically healthy ponies, the
content of total cholesterol and triglycerides
did not significantly differ from the indicators
in clinically healthy horses (Table 1). However,

unlike the latter, in animals without signs of
obesity, a reverse correlation between the frac-
tions of low-density lipoprotein cholesterol and
high-density lipoproteins was observed — the
amount of low-density lipoproteins exceeded
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the content of high-density lipoproteins by 2.5
times. In healthy horses, on the contrary, the
amount of high-density lipoproteins is 4.8 times
higher than that of low-density lipoproteins.
This indicates the existence of metabolic syn-
drome in animals, which may be analogous to
that in humans. Defining metabolic syndrome
in animals requires specifying their species af-
filiation, for example, metabolic syndrome in
cats, dogs, horses, etc. In cases where there is
insufficient objective evidence of the develop-
ment of metabolic syndrome in animals, it is
considered appropriate to use the term “meta-
bolic dysfunction” to describe the condition of
representatives of a certain species.

In the group of ponies with pronounced
signs of obesity, significant hyperlipidemia was
observed, confirming the presence of meta-
bolic syndrome and being a risk factor for the
development of laminitis. The increase in the
levels of all lipid profile indicators in the blood
serum of animals in this group confirms its
importance in the formation of the specified
pathological condition. The directionality of
the ratio of low-density lipoprotein cholesterol
to high-density lipoproteins was maintained,
but an increase in the amount of low-density
lipoprotein cholesterol by 1.2 times compared
to high-density lipoproteins was noted (Ta-
ble 4). This highlights the complex metabolic
changes that occurred in the bodies of ponies
with obesity and emphasises the need for fur-
ther examination to uncover the molecular
mechanisms of these changes and develop ef-
fective strategies for managing metabolic dis-
orders in horses with obesity. Considering the
complexity of the impact of these changes on
the organism, further investigation will be a
key stage in the development of therapeutic ap-
proaches and preventive measures for correct-
ing metabolic disorders in the studied species.
The obtained results on determining lipid me-
tabolism indicators in horses and ponies with
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colic symptoms, laminitis, and obesity suggest
the feasibility of a more in-depth investigation
of the role of lipids and lipoproteins in the de-
velopment of internal diseases in horses as in-
formative diagnostic tests.

Conclusions

The conducted study disclosed that the serum
lipid profile in clinically healthy Ukrainian
Hutsul horses was characterised by the follow-
ing composition: the share of high-density li-
poprotein cholesterol was 75.1%, low-density
lipoproteins were 15.7%, and very low-density
lipoproteins were 9.2%. In cases of colic symp-
tom complex induced by a sharp change in the
diet, horses experienced an acute inflammatory
process accompanied by hypercholesterolemia,
due to an increase in the content of low-den-
sity lipoprotein cholesterol, compared to clin-
ically healthy animals, with no changes in the
content of triglycerides, very low-density, and
high-density lipoproteins.

For laminitis as a chronic inflammatory
process, horses exhibited hyperlipidemia due
to an increase in the concentration of triglyc-
erides, total cholesterol, very low-density lipo-
protein cholesterol, and low-density lipopro-
teins, compared to clinically healthy animals,
with no changes in the content of high-density
lipoprotein cholesterol. In clinically healthy
ponies, the content of total cholesterol and tri-
glycerides in serum did not significantly differ
from the indicators in clinically healthy hors-
es. However, in horses, quantitative indicators
of high-density lipoprotein cholesterol were
4.8 times higher than those for low-density
lipoproteins; in ponies, on the contrary, the
amount of low-density lipoprotein cholesterol
was 2.5 times higher than high-density lipopro-
teins. This supports the idea of a tendency to
develop metabolic syndrome in ponies, similar
in course to that in humans. Ponies with met-
abolic syndrome showed hyperlipidemia due
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to an increase in both serum triglyceride and  expediency of more in-depth further inves-
cholesterol content in all types of lipoprotein  tigation of the role of lipids and lipoprotein
complexes of the lipid profile. In diseased an- complexes in the development of internal an-
imals, the content of low-density lipoprotein  imal diseases.
cholesterol exceeded high-density lipoprotein
cholesterol by 1.2 times. Acknowledgements

The results of determining lipid metabo-  None.
lism indicators, as informative diagnostic tests,
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MapxkepHi 3MiHH JinmigorpamMmu KpoBi
y maToreHesi JeAKuX BHYTPIlIHiX XBOPOO KOHEH
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AHotanig. ITopymeHHs MeTabomi3mMy JimigiB B opraHismi KoHeit (pim Kinb, Equus) 3a nii
pi3HOMAHITHMX UMHHMKIB 4YacTO MPU3BOAUTH [0 BMHUKHEHHS 3aXBOPIOBaHb, Y TOMY YMCIi
3 PO3BUTKOM MeTaboMiyHOTO CcUHApPOMY. TOMy BM3HAUEHHS MapKepHUX 3MiH JimimorpamMu
CUPOBATKM KPOBi 32 MeTab0OMUHMX PO3/Ia/IiB € aKTyaJbHUM MUTAHHIM Y TOCTiIKeHHi ITaTOreHe3y
HalMomupeHimmux XBOpPo6 y IIbOro BUAY TBapuH. MeTa po6OTM mojsiraga y BM3HAUeHHi
0cobnMBOCTeli TTOKa3HMKIB 0OOMiHY JIiMiiB B CMpOBATLi KPOBi KOHel 3a disionoriuHoro crany
Ta y pas3i BUHMKHEHHSI CMMIITOMOKOMIUIEKCY KOJIbOK, JIAMIHITY i MeTaboJi4YHOTO CUHAPOMY.
NocmiaskeHHST TTOKasHMKIB 0OMiHY JIMiAiB y cupoBaTii KpoOBi IMX TBapMH 3MiliCHIOBAIU
€H3VMAaTUYHMUM KOJIOPUMETPUYHUM METOIO0M i3 BUKOPUCTAHHSIM 6iOXiMiYHOTO aBTOMAaTUYHOTO
anamizatopa COBAS C 311 (“Roche Diagnostics GmbH”, HimeuunHa). BcraHoBieHO, 1O Yy
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JimigorpamMi CMpOBaTKM KpOBi KIIHIYHO 300pPOBUX KOHel YKpaiHChKOi BepxoBOi mopoau
YyacTKa XOJIeCTepOoJy JIIIONpPOTeiHiB BMCOKOI IIibHOCTI craHoBwia 75,1 %, mimomporeiHiB
HM3bKOI IiMbHOCTI — 15,7 %, ninornpoTeiHiB myske HU3BKOI MIisbHOCTI — 9,2 %. 3a maTosorii 3
CMMIITOMOKOMIIIEKCOM KOJbOK Yy CHMPOBATIIi KPOBi KOHel yacTKa XO0JIeCTeposy JiMompoTeiHiB
BMCOKOI IIiJIbHOCTI iCTOTHO 3MeHITyBasacs, a JilMonpoTeiHiB HM3bKO1 HIiIIbHOCTI MigBUITYyBaIaCs
y 3,9 pa3a MopiBHSIHO i3 3m0poBMMM TBapMHamu. [Ipu 1boMy, B JIiMigorpamMi cMpoBaTKM KpPOBi
KJIiIHIYHO 3/I0pPOBMX IOHI Ha YaCTKYy XOJeCTeposTy JiMoNpoTeiHiB BMCOKOI LiTbHOCTI JOBOAMIOCH
26,3 %, JNMonpoTeiHiB HU3bKOI WIIBHOCTI — 65,1 %, JiMonpoTeiHiB Ay’ke HM3bKOI MIJIBHOCTI —
8,61 %.V pasi BUHMKHEHHS B [OHI JJaMiHiTy, AMHAMiKa ITOKa3HMKIB JIIMTiIHOTO CKJIaZy CUPOBATKUA
KpOBi BifmoBijasa Takili y KoHeil. BcTaHOB/IeHI 3aKOHOMIpHOCTI IIOAO 3MiH JilmigorpaMu
CUPOBATKM KPOBi y Pi3HUX MTPEACTAaBHMKIB POIY KOHE T03BOIVIIY YTOUHUTH iX POJIb Y MaTOTeHe3i
OKpeMMX HaMIMOMMPEHIINX MaTonoriii. PesynbTaTi HOWIII)KEHHSI MalOTh MPAaKTUYHY LiHHICTb
IIJISI 3aCTOCYBAHHS Y KIiHIUHIl BeTepuHApHili MeOUIMHI Ta CIPUSITUMYTDb ITPOBEAEHHIO SIKiCHOI
7a60paTOPHOI MiarHOCTMKY HAMIMOIIMPEHINX MaTOJOriii B KOHEi (32 CHMMITTOMOKOMILIEKCY
KOJIbOK, JJaMiHITy Ta MeTa6oJiYHOrO CMHAPOMY), y MaTOTeHe3i SIKMUX BiIMidaroThCs MOPYIIEHHS
MeTa6osi3My JIiMijiB

KmouoBi c©1oBa: T10oHi; VkpaiHCbKa BepxoBa IIOPOJA; XOJECTepos; JIIOMPOTeiHM;
CUMITTOMOKOMIIIEKC KOJTiK; JIAMiHIT; MeTaObOTiuHMiT CUHAPOM
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Abstract. Probiotic preparation containing bacteria of the genus Bacillus subtilis and Bacillus
licheniformis used for feeding broiler chickens to improve feed digestion, nutrient absorption,
increase immune status and productivity, and for the prevention and treatment of various poultry
diseases. The purpose of the study is to conduct histological tests of broiler chicken slaughter
products when they were administered a probiotic biologic medical product in doses of: 0.5 g,
2.0, and 4.0 g per 10 dm?® of water. The material was examined by the histological method. It was
found that the muscle fibres in the pectoralis major are of the same type, evenly directed, the
cytoplasm of muscle fibres is moderately eosinophilic, uniformly light pink, and minor layers of
adipose tissue are found between the bundles of muscle fibres. The morphological architectonics
of the heart muscle are preserved, cardiomyocytes are homogeneous and have a clear orientation.
The microstructure of the liver of broiler chickens is unchanged: hepatocytes are collected in the
same type of groups; the central veins are desolate; the cytoplasm of these cells is homogeneous,
clear, and pink; the nuclei are weakly basophilic. In the spleen, the follicular structure is formed,
leukocytes are diffusely placed at different stages of differentiation; vessels in significant numbers,
thickened, of different calibre. The cuticle of the muscular part of the stomach contains the
epithelial layer, the volume part of the connective tissue base layer is revealed; muscle fibres
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are located under the mesenchymal base of the cuticle. Lungs by morphological structure have
bronchial tubes throughout the structure, which contain blood cells. According to the results of
the conducted studies, a beneficial effect of a probiotic biological product at a dose of 4.0 g/10 dm3
of water on the morphology of the pectoralis major and internal organs of broiler chickens was
established. Therefore, a probiotic at a dose of 4.0 g/10 dm3 of water during the drinking of broiler
chickens can be recommended to increase productivity and produce safe slaughter products. The
practical significance of the results obtained is to determine the features of the effect of feeding
poultry with different doses of probiotics on the microstructure of its slaughter products, which is
important for obtaining the best effect from its use

Keywords: poultry; pectoralis major; slaughter products; histological studies; morphology;

probiotic

Introduction

The poultry industry uses modern intensive
technologies for the production of poultry
slaughter products, in particular, more than
120 million tonnes of chicken, turkey, duck, and
quail meat are produced per year. However, due
to the intensive nature of modern poultry farm-
ing, there are problems with the well-being of
poultry, the impact on the environment, and
the economic stability of the country. There-
fore, it is necessary to develop modern systems
for monitoring and controlling the mainte-
nance of poultry, and well-being, in particular,
improving the diet of feeding with the use of
probiotic drugs (excluding antibiotics), and
monitoring the production of poultry slaugh-
ter products and their safety. A.S. George &
A.S.H. George (2023) pointed out that a modern
monitoring and control system — the HACCP
system — has been widely implemented in ac-
cordance with the requirements of the National
Food Management Standard ISO 22000:2018
and the international food standard Global Food
Safety Initiative (GFSI).

Probiotics, prebiotics, and synbiotics have
had significant positive effects not only on hu-
man health, but also on animal health, accord-
ing to A. Rousseaux et al. (2023), in particular
on the functions of internal organs, muscle
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tissue, and intestinal mucosa, where the com-
position of beneficial microorganisms was
modulated - Bifidobacteria and Firmicute. The
use of probiotics has led to positive results in
the prevention and treatment of a significant
number of diseases, such as infectious diseases,
malignant tumours, allergies, etc. When plan-
ning the development of poultry processing
enterprises, it is necessary to consider the im-
pact of their functioning on the environment.
R. Kler et al. (2022) found that during the pro-
duction of high-quality and safe meat of broiler
chickens, it is necessary to ensure proper sani-
tary and hygienic conditions for their mainte-
nance, feeding, and well-being. S. Tavaniello et
al. (2023) proved a significant effect of the syn-
biotic drug “PoultryStar”, when fed to broiler
chickens, on increasing body weight, carcass
yield, improving the quality indicators of meat
and offal, in particular morphological ones.

J. Lei et al. (2022) noted a significant ef-
fect of the gut microbiota of broiler chickens
on some indicators of meat quality, in particu-
lar, moisture retention capacity and structure.
Therefore, it is necessary to use probiotic drugs
during poultry feeding, which will affect the
state of the intestinal microflora. Y. Zhao et
al. (2020) claimed that when feeding broiler
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chickens a dietary probiotic Bacillus licheni-
formis H2 was noted to increase their growth,
improve the morphological characteristics of
the intestine, liver, and other internal organs.
Safety and quality of poultry meat, as noted
by D. Shalginbayev et al. (2022), can be deter-
mined not only by the content of moisture, fat,
dry matter, etc., but also confirmed by histolog-
ical studies during meat production and stor-
age. The researchers established morphological
changes in poultry meat when it was frozen at
a temperature of negative (18+2)°C, which oc-
curred during transportation. Researchers also
developed a colorimetric method for identi-
fying defrosted poultry meat by processing it
with current and gas, which was used to estab-
lish falsification of the thermal state of poultry
meat due to repeated freezing. F. Abdulkhaliq
& A.D. Sabow (2023) evaluated the morpho-
logical characteristics of poultry slaughter
products, considering the effectiveness of the
pre-slaughter state of poultry, the degree of ex-
sanguination of carcasses, the composition of
feed for feeding and the quality of poultry meat.

A.P. Paliy et al. (2020) pointed out the im-
portance of conducting histological studies
of meat raw materials and poultry slaughter
products, since this method can confirm the
safety and quality of meat products. V.G. Stoy-
anovskyy et al. (2020) claimed that the addition
of humic acids and the probiotic “Laktin” with
plant-based preparations to the diet of broiler
chickens increased the immunological status
of the body, increased the safety of poultry, and
the level of productivity. The morphological
structure of the poultry intestinal tissue was
characterised by the presence of immune struc-
tures, which affected the growth and devel-
opment of broiler chickens during the rearing
period. The Regulation of the European Union
No. 1381 (2019) stipulates that monitoring the
safety of meat and slaughtered products should
be carried out transparently, considering the

sustainability of risk assessment in the food
and feed chains. Currently, the use of probiot-
ic biological product “Subtiform” is relevant in
the production of broiler chicken meat.

The purpose of the study is to conduct a
microstructural analysis of the pectoralis major
muscle of broiler chickens and internal organs
(heart, spleen, liver, stomach muscle tissue,
lungs) after feeding probiotic biologics to broil-
er chickens in different doses.

Literature Review

The use of antibiotics in the rearing of broiler
chickens is harmful to their health, due to the
irrational use and accumulation of residues
in poultry meat and the appearance of anti-
biotic-resistant strains of microorganisms.
Q. Zhu et al. (2021) searched for feed additives
that are functional and beneficial for the health
of broiler chickens and affect their growth and
productivity. The researchers preferred to de-
velop diets containing probiotics, prebiotics,
emulsifiers, organic acids, essential oils, en-
zymes, etc.

Use of enzymatic products, probiotics,
and prebiotics as indicated by G. Vinderola et
al. (2023) and J. Choi et al. (2023) brought
health benefits to animals and humans, con-
sidering their microbiological and chemical
properties, and also had a positive effect on the
microstructure of internal organs and muscle
tissue. M.A. Arain et al. (2022) showed that pro-
biotics added to feeding broiler chickens affect-
ed weight gain, organ growth, and development
of digestive organs, muscle tissue, and their
morphological composition. F.U. Memon et
al. (2022) claimed that probiotic preparations
were easily mixed with feed and water, im-
proved feed intake by broiler chickens and their
immunity, digestive process, increased nutrient
absorption, had antimicrobial effects, and did
not negatively affect the morphological param-
eters of the carcass and internal organs.
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R.Jha et al. (2023) pointed out that improv-
ing the efficiency of feeding broiler chickens,
maintaining the physiological health of poul-
try, and the morphological structure of meat
and internal organs was influenced by the state
of the gastrointestinal tract and immune sys-
tem. Therefore, to regulate the process of feed
digestion, it is necessary to use probiotics in
the poultry diet, which positively affected the
microstructural integrity of the intestine and
the stability of the microbiota. O.M. Chechet et
al. (2022) argued that the use of probiotic drugs
in broiler chickens is a promising area for in-
creasing poultry resistance and productivity,
providing prevention of infectious diseases in
poultry. Researchers also pointed out the pos-
itive effect of the synbiotic drug “Biomagn” on
the productivity and quality of poultry meat, in
particular, on its morphological structure.

When feeding broiler chickens vitamin
supplements containing tocopherol acetate
and ascorbic acid, as indicated by O.I. Vish-
chur et al. (2020), there was an improvement
in lipid synthesis in the liver and their depo-
sition in skeletal muscle, and the preservation
of liver and muscle structure. M.A.M. Shaufi et
al. (2023) and G.M. Suliman et al. (2023) noted
a positive effect of probiotics and their combi-
nations on the gut microbiota of broiler chick-
ens and the structure of muscle tissue and in-
ternal organs that did not change. Z. Zhang et
al. (2023) proved that a probiotic Lactobacillus
johnsonii had therapeutic properties in vari-
ous diseases of poultry, had a positive effect on
their performance, structure of internal organs,
intestines, and muscle tissue. S.L. Weimer et
al. (2018) noted a positive effects of probiotic
preparation and yeast Saccharomyces cerevisi-
ae on the structure of internal organs of broil-
er chickens. S. Aslam et al. (2020) found that
the use of probiotic drugs in the diet of broil-
er chickens not only increased productivity,
but also mobilised all processes in the body at
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the cellular level, improved the physical and
chemical parameters of meat, and the struc-
ture of muscle tissue and slaughter products.
R.N. Soomro et al. (2019) proved that the pro-
biotic mixture “Protexin” as a growth stimula-
tor of poultry increased productivity, improved
health and reduced mortality rate for raising
meat-type quails, and improved the qualitative
and morphological parameters of muscle tissue
and internal organs.

Materials and Methods

The research was conducted in 2022-2023 in
the accredited research laboratory of the De-
partment of the Veterinary and Sanitary Ex-
pertise, Hygiene of Animal Husbandry Products
and Pathological Anatomy called after J.S. Za-
haievskyi and accredited research laboratory
of the Department of Veterinary and Sanitary
Expertise of Institute of Postgraduated Educa-
tion for managers and specialists of Veterinary
medicine of the Bila Tserkva National Agrarian
University.

Samples of the pectoralis major muscle of
broiler chickens and internal organs of the bird
— the heart, spleen, liver, the muscular part of
the stomach and lungs — served as material for
the study. A control group of broiler chickens
was formed in the amount of 20 animals, who
were not given probiotic biologics “Subtiform”,
and three experimental groups (each with 20
animals) — who were given probiotic biologics
with water as follows: chickens of the experi-
mental group 1-0.5 g/10 dm?; experimental
group 2-2.0 g/10 dm?; experimental group
3-4.0 g/10 dm3. The drug was given to broiler
chickens from 28 to 42 days of rearing.

According to the methodology of L.P. Ho-
ralskyi et al. (2015) and the national standard
DSTU 7353:2013 (2014) a microstructural anal-
ysis of the pectoralis major and internal organs
(heart, spleen, liver, stomach muscles, and
lungs) of broiler chickens was performed. At
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least three pieces of the pectoralis major mus-
cle and internal organs, 0.2-0.4 cm thick, were
taken from each sample and placed in dispos-
able labelled plastic cassettes, which were then
placed in a container for fixation with a 10%
aqueous formalin solution.

Subsequently, histological preparations
were made from the selected material and
stained with Carazzi’s hematoxylin and eosin
to identify the main structural elements of
tissues and pathological changes. The histo-
logical specimens were microscoped using an
Axioskop laboratory microscope (Poland) on a
“light field” contrast at 10x, 20x, 40x magnifi-
cation and a colour digital camera Industrial
Digital Camera 8.0MP 1/2.5 Color USB 2.0 with
a resolution of 8.0 MP (Poland), which reflected
the actual magnification of the objects in the
field of view. ToupView software was used to
analyse the image. When stained with Caraz-
zi’s hematoxylin and eosin, the cell nuclei were
stained blue-purple, the cytoplasm - pink-
red. Microstructural analysis of the pectoralis
major, heart, spleen, liver, stomach, and lung
muscles was performed in accordance with
the requirements of the regulatory document
(DSTU 7353:2013, 2014).

Scientific research was conducted in ac-
cordance with requirements of DSTU ISO/
IEC 17025:2005 (2006), EUs Directive 2010/63/
EU on the protection of animals used for sci-
entific purposes (2010) and Law of Ukraine
No. 3447-1V (2006, February).

Results and Discussion

According to histological studies of the pecto-
ralis major muscle and internal organs of broil-
er chickens: heart, spleen, liver, muscle part of
the stomach and lungs, it was found that the
microstructure of the pectoralis major muscle
did not change, but revealed muscles consisting

of relatively large fibres, and others — of smaller
fibres. The nuclei had an elongated-oval shape.
In the striated muscles, the nuclei were located
on the periphery of the cytoplasm, the fibers —
near the sarcolemma and are oriented paral-
lel to it by their long axis. Transverse straight
stripes are visible on clearly longitudinal sec-
tions. But on sections that run slightly oblique-
ly, these stripes are arched (Fig. 1-14).

Along the longitudinal section, the muscle
fibres of the pectoralis major muscle of broil-
er chickens of the control group are the same
thickness and evenly directed (Fig. 1).

Figure 1. Morphologically unchanged
structure of the muscle tissue of the pectoralis
major muscle in the control group
Notes: 1 — muscle fibres are the same thickness, evenly

directed. Staining with Carazzi’s hematoxylin and
eosin, x200
Source: developed by the authors

A uniform pale pink cytoplasm and empty
blood vessels were noted. Rather large nuclei of
elongated-oval shape, light, weakly basophilic,
located closer to the sarcolemma containing
nucleoli were observed. It was also noted that
individual muscles had constrictions, which
preceded their fragmentation. Minor fat layers
were found between the bundles of muscle fi-
bres (Fig. 2).
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Figure 2. Morphologically unchanged
structure of the muscle tissue of the pectoralis
major muscle in the control group
Notes: 1 - constrictions in the muscles; 2 - fat layers.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figure 3 shows the microscopic structure of
the heart muscle of broiler chickens in the con-
trol group. Morphologically unchanged struc-
ture of the heart muscle was noted. The heart
muscle tissue looked like a mass of branching
and anastomosing fibres separated by slit-like
spaces. These fibres were made up of individual
cells connected end-to-end. The slit-like spac-
es between the anastomosing fibres were filled
by the endomysium, where capillaries and lym-
phatic vessels passed closely. The fibres of the
heart muscle are characterised by transverse
striation. Individual heart muscle fibre cells usu-
ally contained a single nucleus, but sometimes
binucleated cells were also found. It was noted
that the nuclei are slightly larger and lighter
than in skeletal muscle fibres and are usually
located closer to the central axis of the fibre.

Thus, Figure 3 shows that the structure of
the heart muscle is preserved: cardiomyocytes
(in longitudinal section) are the same thick-
ness, pale pink with homogeneous cytoplasm.
The nuclei are cigar-shaped, basophilic, with a
moderate chromatin content. The vessels are
moderately dilated and thickened.
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Figure 3. Microscopic structure of the heart
muscleofbroiler chickens from the controlgroup
Notes: 1 —cardiomyocytes (in longitudinal section) are
the same thickness. Staining with Carazzi’s hematoxylin
and eosin, x200

Source: developed by the authors

From the cross-section of the muscles, a
uniform pale pink cytoplasm was noted, the
nuclei in which are moderately basophilic. The
vessels are moderately dilated (Fig. 4).

Figure 4. Microscopic structure of the heart
muscle ofbroiler chickens fromthe control group
Notes: 1 — in a cross-section of the muscle - the
structure is preserved, the cytoplasm is uniformly pale
pink; 2 — vessels are moderately dilated. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Histological examination of the spleen of
broiler chickens from the control group revealed
that the structure of the organ is represented
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by a diffuse accumulation of leukocytes at var-
ying stages of differentiation. The vessels are
desolate and moderately dilated (Fig. 5).

Figure 5. Microscopic structure of the spleen
of broiler chickens from the control group
Notes: 1 - diffuse accumulation of leukocytes; 2 —
vessels are moderately dilated. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

The trabecular base of the spleen is poorly
defined (Fig. 6). Lymphoid nodules do not have
a clear structure.

Figure 6. Microscopic structure of the spleen
of broiler chickens from the control group
Notes: 1 - leukocytes in a state of differentiation; 2 —
vessel. Staining with Carazzi’s hematoxylin and eosin,

x200.
Source: developed by the authors

According to the conducted studies, it was
found that the morphological structure of the
liver of broiler chickens of the control group
did not undergo pathological changes. The liv-
er lobules are usually separated from each oth-
er by layers of loose connective tissue called
interlobular septa or interstices. In the liver
of broiler chickens, interparticle layers were
not visible. Figure 7, 1 show that hepatocytes
are collected in groups of the same type. The
central veins are dessolated (Fig. 7, 2), of mod-
erate size. The cytoplasm of hepatocytes is
uniform, clear, and pink. The nuclei are weak-
ly basophilic. Interstitial vessels are desolate
(Fig. 7, 3) or contain isolated blood cells.

Figure 7. Microstructure of liver hepatocytes
in broiler chickens from the control group
Notes: 1 — hepatocytes; 2 — central vein is desolate; 3 —
interstitial vessels are desolate. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

Histological examination of the muscular
part of the stomach of broiler chickens was ob-
served (Fig. 8) that the cuticle is represented
by a formed epithelial layer (Fig. 8, 1) under
which a sufficiently wide layer is occupied by
the connective tissue base.
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Figure 8. Formed epithelial layer of the muscle
cuticle parts of the stomach of broiler chickens
from the control group
Notes: 1 - epithelial layer; 2 - submucosal base.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Under the stromal base there are muscle
fibres that are loosened by rather voluminous
layers of the mesenchyme (Fig. 9, 1). The ves-
sels are dilated, partially filled with blood
cells (Fig. 9; 10).

Figure 10. Microscopic structure of the
muscular part of the stomach of broiler
chickens from the control group
Notes: 1 -longitudinal section of the muscles. Staining
with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The lower layers of muscles (relative to
the cuticle) are characterised by uniformity,
clear orientation (Fig. 11, 1). The nuclei are
elongated-oval in shape and moderately ba-
sophilic (Fig. 11).

Figure 9. Microscopic structure of the muscular
part of the stomach of broiler chickens of broiler
chickens from the control group
Notes: 1 — loose muscle fibres. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors
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Figure 11. Microscopic structure of the
muscular part of the stomach of broiler
chickens from the control group
Notes: 1 - longitudinal direction of muscle fibres.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors
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Histological examination of the lungs of

broiler chickens revealed that the bronchial
tubes largely contained blood cells (possibly
post-slaughter artefacts) (Fig. 12).

Figure 12. Microscopic structure of the lungs
of broiler chicken from the control group
Notes: 1 - bronchial tubes; 2 — shaped elements.
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The structure of the lung tissue was in a
state of compression deformation (Fig. 13).

Figure 13. Compression deformity in the lungs
of broiler chicken from the control group
Notes: 1 - deformed wall of the bronchial tube; 2 — a
vessel containing blood cells. Staining with Carazzi’s

hematoxylin and eosin, x200.
Source: developed by the author

The vessels of the organ contained a sig-
nificant amount of blood cells (possibly poor
exsanguination of the carcass) (Fig. 14, 1).

Figure 14. Microscopic structure of the lungs
of broiler chicken from the control group
Notes: 1 - Dblood cells in the vessels of the lungs. Staining
with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figures 15 and 16 show the microscop-
ic structure of the pectoralis major muscle of
broiler chickens from experimental group 1. It
was found that according to the longitudinal
projection, the pectoralis major muscles are
uniform, striation was not determined, they
have different thickness, single — minor flask-
shaped thickenings. Most muscle groups are
divided into fairly large fragments (Fig. 15, 1).
The cytoplasm of muscle fibres is weakly eosin-
ophilic and has different intensity. The nuclei,
in most cases, are located closer to sarcolemes,
elongated, of which single ones have acquired a
rounded shape, weakly basophilic.

Figure 15. Pectoralis major of broiler chickens
from experimental group 1

Notes: 1 - muscle fragmentation. Staining with

Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Bogatko & Utechenko

Figure 16. Pectoralis major of broiler chickens
from experimental group 1

Notes: 1 - muscle cytoplasm is weakly basophilic.

Staining with Carazzi’s hematoxylin and eosin, x400

Source: developed by the authors

Figure 17 presents the preserved morpho-
logical architectonics of the heart (epicardium,
myocardium, endocardium) of broiler chickens
from experimental group 1. Cardiomyocytes, in
longitudinal section, are homogeneous, had a
cleardirection, the latter anastomosed with each
other, forming specific branched formations.
Intermuscular connective tissue is moderately
loose (Fig. 17, 2), along the course of the fibres,
there are blood capillaries located in the en-
domysium. The cytoplasm of cardiomyocytes is
pale pink, uniformly homogeneously coloured.
The nuclei are elongated (cigar-shaped), mod-
erately basophilic, and the vessels are desolate.

Figure 17. Microscopic structure of
the heart muscle of broiler chickens from
experimental group 1
Notes: 1 — bundles of muscle fibres; 2 — intermuscular
connective tissue. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors
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According to histological examination
of the spleen (Fig. 18) it was found that leu-
kocytes are diffusely placed throughout the
entire structure of the specimen under study
(Fig. 18, 1) at different stages of differentiation.
Lymphoid nodules are single, clearly defined.
Vessels of various calibre, desolate. The trabec-
ular base is poorly developed.

Figure 18. Microscopic structure of the spleen
of broiler chickens from experimental group 1
Notes: 1 - diffuse placement of leukocytes. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The liver microstructure of broiler chick-
ens from experimental group 1 is represented
by unformed groups of hepatocytes (Fig. 19).
Hepatocytes are slightly enlarged and displaced
relative to the basement membrane (Fig. 19, 1),
contained clear eosinophilic cytoplasm of var-
ying intensity. The nuclei of such hepatocytes
are enlarged, the karyoplasm is clear. Intersti-
tial vessels (Fig. 19, 2) and the central veins are
desolate. The bile ducts are clearly developed.
The latter do not have an exosecret.

Microscopic structure of the stomach of
broiler chickens from experimental group 1
(Fig. 20) is represented by the developed ep-
ithelial layer of the cuticle (Fig. 20, 1) under
which a sufficiently wide layer is occupied by
a connective tissue base (Fig. 20, 2). Under the
latter are muscle fibres (Fig. 20, 3), which are
separated by rather voluminous layers of the
mesenchyme.
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The vessels of the organ contain a significant
amount of blood cells (poor exsanguination of
the carcass is possible) (Fig. 22).

Figure 19. Microscopic structure of the liver of
broiler chickens from experimental group 1
Notes: 1 - liver plates; 2 - vessel. Staining with Carazzi’s

hematoxylin and eosin, x400

Source: developed by the authors Figure 21. Microscopic structure of the

muscular part of the stomach of broiler
chickens from experimental group 1
Notes: 1 - loose muscle fibres. Staining with Carazzi’s
hematoxylin and eosin, x200
Source: developed by the authors

Figure 20. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 1
Notes: 1 - epithelial layer; 2 — submucosal base; 3 -

muscles. Staining with Carazzi’s hematoxylin and eosin,
X200 Figure 22. Microscopic structure of the lungs
Source: developed by the authors of broiler chickens from experimental group 1
Notes: 1 — bronchial tubes; 2 — hemolised erythrocytes.
The vessels are intensively dilated, partial-  Staining with Carazzi’s hematoxylin and eosin, x200
ly filled with blood cells. Figure 21 shows that  Source: developed by the authors
the muscle layers below (relative to the cuticle)

are uniform and loose (Fig. 21, 1), have a certain Figure 23 shows the microscopic struc-
orientation. The nuclei are elongated, moder-  ture of the pectoralis major muscle of broiler
ately basophilic. chickens from experimental group 2 - part

The structure of the lungs was charac- of the pectoralis major muscle is thickened
terised by the fact that the bronchial tubes (Fig. 23, 1), contained pale pink cytoplasm; the
(Fig. 22, 1) largely contain blood cells, possibly  nuclei are weakly basophilic, elongated. Be-
a post-slaughter artefact. The structure of lung  tween the fragments of muscle fibres — layers
tissue in a state of compression deformation. of adipose tissue (Fig. 23, 2)
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Figure 23. Microscopic structure of the
pectoralis major muscle of broiler chickens
from experimental group 2
Notes: 1 — muscle fibres; 2 — layers of adipose tissue.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Thickened, partially fragmented muscle
fibres of the pectoralis major (Fig. 24, 1) with
a uniform pale pink cytoplasm, oval-elongated
nuclei with a low chromatin content. Adipose
tissue is placed between individual fragments
of muscle fibres (Fig. 24, 3).

Figure 24. Microscopic structure of the
pectoralis major muscle of broiler chickens
from experimental group 2
Notes: 1 — muscle fibres; 2 — muscle fragmentation; 3 —
adipose tissue. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Figure 25 shows that the structure of the
myocardium is preserved: cardiomyocytes (in
longitudinal section) are of the same thickness,
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have a pale pink cytoplasm of uniform density
(Fig. 25, 1). The vessels are moderately dilated
and desolate. According to the cross-section
of the muscles, the structure is preserved (Fig.
25, 2), the cytoplasm is uniformly pale pink, the
nuclei are moderately basophilic.

Figure 25. Microscopic structure
of the heart muscle of broiler chickens
from experimental group 2
Notes: 1 - cardiomyocytes; 2 — the muscle structure
is preserved. Staining with Carazzi’s hematoxylin and
eosin, x200
Source: developed by the authors

Individual muscle fibres are clear and con-
tain an enlarged, rounded nucleus with a low
chromatin content (Fig. 26, 2).

Figure 26. Microscopic structure of the heart
muscle of broiler chickens from experimental
group 2: preservation of muscle structure
Notes: 1 — clear muscle karyoplasm; 2 — muscle fibres.
Staining with Carazzi’s hematoxylin and eosin, x400

Source: developed by the authors
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In the spleen, the white pulp was based on
Iymphoid nodules, and diffusely placed leuko-
cytes were recorded at different stages of differ-
entiation (Fig. 27).

Figure 27. Microscopic structure of the spleen
of broiler chickens from experimental group 2
Notes: 1 — lymphoid nodules; 2 - red pulp; 3 — blood
vessels. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Histological studies of the liver showed that
the groups of hepatocytes are slightly enlarged
with a uniform pale pink cytoplasm (Fig. 28, 1,
2). The nuclei of such hepatocytes are rounded
and enlarged. They contained a small amount
of chromatin (Fig. 28).

Figure 28. Follicular structure of the liver of
broiler chickens from experimental group 2
Notes: 1 — hepatocytes; 2 — hypsochromic hepatocytes
with cytoplasm.  Staining with Carazzi’s

hematoxylin and eosin, x400

clear
Source: developed by the authors

The apical part of the gastric cuticle of
broiler chickens from experimental group 2 is

presented in a state of desquamation (peeling
epithelium) (Fig. 29, 1). The cuticle is thinned
(part of the epithelium is replaced by reticular
cells and fibrous structures) (Fig. 29, 2).

Figure 29. Desquamation of the cuticle of
the muscular part of the stomach of broiler
chickens from experimental group 2
Notes: 1 - cuticle desquamation; 2 — epithelium; 3 —
submucosal base. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors

The muscles under the subquicular layer
are clearly divided into bundles, and the muscle
structure is somewhat blurred (some bundles
are thicker, others are thinner), the intermus-
cular tissue is loosened. By the longitudinal
section of the muscles — the latter are swollen,
the structure is uniform, and the nuclei are
mostly rounded, although they contain enough
chromatin (Fig. 30; 31).

Figure 30. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 2

Notes: 1 - muscles; 2 - bundles of muscle fibres. Staining
with Carazzi’s hematoxylin and eosin, x200
Source: developed by the authors
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Figure 31. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 2
Notes: 1 — muscles; 2 - bundles of muscle fibres;
3 — loosening of muscles. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

Figure 32 shows the microscopic structure
of the lungs of broiler chickens from experi-
mental group 2 in a state of compression defor-
mation. The bronchial tubes largely contain
blood cells (possibly a post-slaughter artefact).
The vessels of the organ contain a significant
amount of blood cells (poor exsanguination of
the carcass is possible).

Figure 32. Compression deformity of the
lung structure of broiler chickens from
experimental group 2
Notes: 1-bronchial tubes; 2 — compression deformation
of the lung structure. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors

Fig. 33, 34 show the microstructure of the
pectoralis major muscle of broiler chickens from
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experimental group 3. According to the longitu-
dinal section of the muscles, the following was
recorded: muscle fibres of the same type, iden-
tical in thickness, evenly directed (Fig. 33, 1,
2). The vessels are desolate. The cytoplasm of
muscle fibres is moderately eosinophilic, uni-
formly light pink. The nuclei are elongated-ov-
al in shape, weakly basophilic, located closer to
the sarcolemma, and contain nucleoli. Minor
layers of adipose tissue were found between the
bundles of muscle fibres (Fig. 33, 3).

Figure 33. Microstructure of the pectoralis
major muscle of broiler chickens from
experimental group 3
Notes: 1 — muscle; 2 — longitudinal muscle fibres; 3 —
adipose tissue. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Figure 34. Microstructure of the pectoralis
major muscle of broiler chickens from
experimental group 3
Notes: 1 - longitudinal direction of muscle fibres; 2 —
layers of fat. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors
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Figure 35 shows the microstructure of the
heart muscle of broiler chickens from exper-
imental group 3. It was found that the mor-
phological architectonics of the heart were
preserved, cardiomyocytes of longitudinal
shape, uniform, clearly directed, anastomo-
sed with each other, forming specific branched
formations. Intermuscular connective tissue is
moderately loose. Blood capillaries in the en-
domysium are located longitudinally, along the
course of the fibres; the cytoplasm of cardiomy-
ocytes is pale pink, uniformly coloured; the nu-
clei are elongated (cigar-shaped), moderately
basophilic, the vessels are desolate.

Figure 35. Morphological architectonics
of the heart muscle broiler chickens from
experimental group 3
Notes: 1 - cross-section of muscles; 2 — homogeneous
eosinophilic karyoplasm; 3 - anastomoses of muscle
fibres.
eosin, x200

Staining with Carazzi’s hematoxylin and
Source: developed by the authors

Figure 36 shows the microstructure of the
spleen of broiler chickens from experimental
group 3. It was found that the follicular struc-
ture is formed with diffusely placed leukocytes
at different stages of differentiation (Fig. 36, 2).
A significant number of thickened vessels of
various calibre were observed.

Figure 36. Microscopic structure of the spleen
of broiler chickens from experimental group 3
Notes: 1 - homogeneous structure of red pulp; 2 -
leukocytes in a state of differentiation. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The microstructure of the liver is repre-
sented by hepatocytes collected in homoge-
neous groups (Fig. 37, 1). The central veins are
desolate and moderate in size. The cytoplasm
of hepatocytes is homogeneous, clear, and pink,
their nuclei are weakly basophilic. The intersti-
tial vessels were desolate or contained isolated
blood cells.

Figure 37. Uniformity of the microscopic
structure of the liver of broiler chickens from
experimental group 3
Notes: 1 — hepatocytes; 2 — preserved structure; 3 —
central vein. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors
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Figure 38 shows the microscopic structure
of the muscular part of the stomach of broiler
chickens from experimental group 3.

Figure 38. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 3
Notes: 1 - cuticle; 2 — connective tissue base; 3 —
homogeneous muscles. Staining with Carazzi’s

hematoxylin and eosin, x200

Source: developed by the authors

The cuticle of the muscular part of the
stomach of broiler chickens contained a formed
epithelial layer (Fig. 38, 1) under which a suffi-
ciently voluminous part of the connective tis-
sue base layer is placed (Fig. 38, 2). Both layers
of the muscular part of the stomach of broiler
chickens form single, well-defined folds. Under
the mesenchymal base of the cuticle are mus-
cle fibres, which in some places are loosened by
insignificant layers of the stroma. The vessels
are dilated, partially filled with blood cells. Be-
low (relative to the cuticle), the muscle layers
are uniform and have a certain orientation. The
nuclei are elongated-oval in shape, moderately
basophilic (Fig. 39).

The microscopic structure of the lungs of
broiler chickens from experimental group 3 is
shown in Figures 40, 41. The bronchial tubes
of the lungs contain blood cells, possibly as a
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post-slaughter artefact (Fig. 40; 41, 1). The ves-
sels of the organ contained a significant amount
of blood cells (possibly poor exsanguination of
the carcass) (Fig. 40, 2).

Figure 39. Uniformity of the microscopic
structure of the muscle part of the stomach of
broiler chickens from experimental group 3
Notes: 1 — longitudinal muscle section. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figure 40. Microscopic structure
of the lungs of broiler chicken
from experimental group 3
Notes: 1 - bronchial tubes of the lungs; 2 —blood cells.
Staining with Carazzi’s hematoxylin and eosin, x200
Source: developed by the authors

The structure of the lung tissue was in a
state of compression deformation (Fig. 41, 2).




Microstructural analysis of meat and internal organs...

Figure 41. Microscopic structure of the lungs
of broiler chicken from experimental group 3
Notes: 1 — bronchial tubes of the lungs; 2 — structure
of the lungs in a state of compression deformation.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Researchers M. Angelovicova et al. (2016)
argue that due to the use of phytogenic ad-
ditives and nutraceuticals in feeding broiler
chickens, the chemical composition of the pec-
toralis major and femoral muscles of carcasses
improved. In particular, a significant increase
in protein content by 3.05% (P<0.001) and fat
content by 2.9% (P<0.001) was observed in the
meat of this bird, which positively affected the
morphological parameters of muscle tissue. The
researchers did not note pathological changes
in the form of granular dystrophy in the mus-
cle tissue of broiler chickens and degeneration
of internal organ tissues. In general, based on
the conducted histological studies, they noted
a positive effect of phytogenic additives and
nutraceuticals on the development of internal
organs of broiler chickens. Thus, the structure
of the heart muscle was preserved. Cardiomyo-
cytes had the same thickness, pale pink colour
with uniform cytoplasm, basophilic nuclei with
moderate chromatin content, slightly dilated
and thickened vessels. In the muscular part of
the stomach, the cuticle was represented by a
developed epithelial layer, below which a sig-
nificant layer of connective tissue base was

found. No pathological changes were detected
in the liver, namely: the hepatic lobules of the
gland were separated from each other by layers
of connective tissue, including no interparticle
layers. The structure of the spleen was marked
by a diffuse accumulation of leukocytes at dif-
ferent stages of differentiation. Thus, the data
of researchers correlated with the results ob-
tained experimentally, according to Fig. 35-39.
The results obtained from this study co-
incide with the results of V.G. Stoyanovskyy et
al. (2020), who found that when the probiot-
ic “Laktin” was added to the diet with plant-
based preparations, the morphological struc-
ture of the pectoralis major muscle of broiler
chickens was characterised by the same type
of muscle fibres, uniform orientation and
looseness of the intermuscular connective tis-
sue, which contained layers of adipose tissue.
These morphological parameters corresponded
to the author’s results of experimental tests in
the control group (Fig. 1, 2) and experimen-
tal groups of broiler chickens: 1 - Fig. 15, 16;
2 — Fig. 23, 24; 3 — Fig. 33, 34. The researchers
also established a morphologically unchanged
structure of the heart muscle, the same size of
cardiomyocytes with a uniform pink cytoplasm
and basophilic nuclei. Histological examina-
tion of the liver revealed that the hepatocytes
were gathered in similar groups, the intersti-
tial vessels and central veins were desolate,
and in some places single blood cells were
found, which confirmed the results of the tests
with the probiotic. Thus, Figure 7, 1 shows that
hepatocytes in the liver are collected in the
same type of groups, the central veins are des-
olate (Fig. 7, 2) and of moderate size. The cy-
toplasm of hepatocytes is homogeneous, clear,
and pink, the nuclei are weakly basophilic, the
interstitial vessels are desolate. The vessels of
the lung tissue contained a significant amount
of blood cells, which indicated non-compliance
with veterinary and sanitary requirements
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when slaughtering broiler chickens and ,as a
result, poor exsanguination of poultry carcass-
es. According to the results of the study, similar
data were obtained, in particular, a significant
number of blood cells were found in the vessels
of the organ, which may be due to poor exsan-
guination of the carcass (Fig. 14,1; 22; 32; 40).
The structure of the lung tissue was in a state
of compression deformation (Fig. 41, 2), which
is also confirmed by researchers.

As noted by G. Vinderola et al. (2023), the
use of probiotic drugs in the poultry diet had a
positive effect on the morphological structure
of the muscle tissue of the pectoralis major,
femoral and cardiac muscles, and desolate ves-
sels were also detected in the structure of the
spleen. It was found that in the structure of the
spleen of the control group of birds, the vessels
are desolate and moderately dilated, the tra-
becular base of the spleen is poorly developed
(Fig.6).Figure 36 shows the uniformity of the red
pulp structure in the spleen of the experimental
group 3 of broiler chickens (Fig. 36, 1) and leu-
kocytes in a state of differentiation (Fig. 36, 2).

But the microstructure of the liver did not
change, but the interstitial vessels contained a
small amount of blood cells. The researchers
found that the microstructure of the muscu-
lar part of the stomach for the use of probiotic
drugs in broiler chickens is represented by the
formed epithelial layer of the cuticle, a wide
layer of intermuscular connective tissue with-
out pathological changes, which coincides with
the results obtained in this study. ]J. Choi et
al. (2023) indicated that probiotic drugs had a
fairly positive effect on the development of the
pectoralis major muscle of broiler chickens in
the intermuscular connective tissue of which
small layers of adipose tissue with muscle fibres
of the same size were found. No pathological
changes were detected in the heart muscle, and
microstructural analysis of the lungs revealed
that the bronchial tubes contained blood cells.
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These data are also confirmed by the study —
there are 3 broiler chickens in the experimental
group, as shown in Figures 40; 41, 1, blood cells
were found in the bronchial tubes of the lungs
(possibly a post-slaughter artefact). Moreover,
the vessels of the organ contained a significant
amount of blood cells, probably due to poor
exsanguination of the carcass (Fig. 40, 2). Re-
searchers have noted that in the cross-section
of the spleen, there were no small accumula-
tions of leukocytes, and the microstructure of
the liver remained unchanged.

The results of the study presented in this
paper are also consistent with the results ob-
tained by Y. Zhao et al. (2020), who claimed
that when feeding broiler chickens a dietary
probiotic Bacillus licheniformis H2 an increase
in poultry productivity, improved immune sta-
tus, and also had a positive effect on the micro-
structure of skeletal muscles and other internal
organs, in particular the liver, heart muscle,
and lungs, were observed. T. Yang et al. (2023)
proved that the addition of probiotic drugs to
the diet of broiler chickens led to rational di-
gestion of feed and improved nutrient absorp-
tion. In turn, this affected the improvement of
the quality indicators of meat and offal — an in-
crease in water content by 2.9% (P<0.001), fat
by 3.2% (P<0.001), protein by 3.2% (P<0.001),
and their micromorphological characteristics —
the development of the pectoralis major muscle
with layers of adipose tissue, which is consist-
ent with the results of microstructural anilisa-
tion described in this paper (Fig. 34, 1; 34, 2); in
the liver, hepatocytes were collected in groups
of the same type, their cytoplasm looked uni-
form, clear and pink, the nuclei had weak ba-
sophilicity and empty interstitial vessels, which
correlates with the data of this study (Fig. 37, 1;
37, 2); the spleen also had empty blood vessels,
and its trabecular base looked underdeveloped,
as shown in Fig. 36, 1; 36, 2; the bronchial tubes
of the lungs contained blood cells, as shown
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in Fig. 40, 1, 40, 2; the muscular part of the
stomach was well developed, had a sufficiently
formed epithelial layer and a voluminous layer
of connective tissue base, which corresponded
to the results of this study (Fig. 38, 1; 38, 2).

To achieve an optimal effect, it is neces-
sary to make a choice in favour of probiotic
strains of microorganisms Bacillus subtilis and
Bacillus licheniformis. ]. Karavolias et al. (2018)
noted that the national policy of most Europe-
an countries is aimed at growing animals and
poultry are free of antibiotics, and therefore,
the use of probiotics is an alternative in animal
husbandry, in particular in poultry farming. Re-
searchers claimed a pronounced positive effect
of probiotics on the well-being of broiler chick-
ens, preventing the occurrence of infectious
diseases, and improving the safety and quality
of slaughter products.

A. Sharma et al. (2019) emphasised that,
guided by European regulations, in par-
ticular Regulation of the European Union
No. 625 (2017), veterinary inspectors should
identify the risks associated with production,
in particular, the inclusion of probiotic drugs in
the poultry diet that affect their health and pro-
ductivity, and control the circulation of meat
and slaughter products of broiler chickens. For
the implementation of the traceability system,
which is an integral part of the functioning of
the HACCP system, at the poultry meat produc-
tion facility, it is necessary to follow the basic
requirements for establishing dangerous risks
at all stages of production and sale of broiler
chicken slaughter products in accordance with
the requirements of Regulation of the Europe-
an Union No. 765 (2008).

The Rapid Alert System for Food and Feed
(RASFF) has provided the competent control
authorities with an effective tool for exchanging
information on sanitary and hygienic measures
to ensure the safety of feed and feed additives
that have affected the safety of broiler chicken

slaughter products in accordance with the re-
quirements of the regulatory document Regu-
lation of the European Union No. 1020 (2019).
The results obtained were consistent with the
requirements of this document. Thus, having
studied the effect of the probiotic “Subtiform”
in different doses on the microstructure of the
pectoralis major muscle and internal organs of
broiler chickens, certain structural and mor-
phological differences were found in the or-
gans, which led to the following conclusions.

Conclusions

According to microstructural changes in the
pectoralis major muscle and internal organs
(heart, spleen, liver, stomach muscle, lungs)
of broiler chickens, the most favourable effect
of the probiotic biological product at a dose of
4.0 g/10 dm3 of water was found (experimen-
tal group 3). The microscopic structure of the
pectoralis major muscle of broiler chickens did
not change, in particular, the muscle fibres did
not differ in thickness, they were evenly direct-
ed, the cytoplasm was uniformly pale pink and
fat layers were visible; the intermuscular con-
nective tissue was somewhat loosened, and the
blood capillaries in the endomysium followed
the fibres. The structure of the heart muscle
has been preserved, its cytoplasm is uniformly
pale pink, the nuclei are moderately basophilic,
cardiomyocytes in the longitudinal section are
of the same size, and the vessels are desolate.
Histological examination of the spleen re-
vealed that the microstructure of the organ is
represented by a diffuse accumulation of leu-
kocytes at different stages of differentiation.
At the same time, thickened vessels of various
calibres were found in significant quantities.
It was also proved that the microstructure of
the liver of broiler chickens did not change
after feeding the probiotic biological product
“Subtiform”. It was found that the hepatocytes
were gathered in groups of the same type, the
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central veins and interstitial vessels were deso-
late or contained single blood cells. The micro-
structure of the muscular part of the stomach
of broiler chickens is formed by the epithelial
layer of the cuticle, under which a fairly wide
layer of connective tissue base is placed, form-
ing single, clearly formed folds. The vessels are
dilated, slightly filled with blood cells, muscle
fibres are located under the mesenchymal base
of the cuticle, which are somewhat loosened by

blood cells (poor exsanguination of the carcass
is possible). It is suggested that histological ex-
amination is an important method for identify-
ing possible pathological changes in the organs
of broiler chickens, which can lead to a decrease
in their productivity, product quality, and asso-
ciated risks. In the future study, it is planned to
conduct microbiological tests of broiler chicken
slaughter products with the use of a probiotic
biological product.

insignificant stroma layers. Histological exami-

nation of the lungs of broiler chickens revealed Acknowledgements
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blood cells. The structure of the lung tissue is in .
a state of compression deformation, the vessels Conflict of Interest
of the organ contain a significant amount of = None.
References

[1] Abdulkhalig, F., & Sabow, A.D. (2023). Carcass characteristics and meat quality assessments
in broiler chickens subject to different pre-slaughter restraining methods. Tikrit Journal for
Agricultural Sciences, 23(2), 42-61. doi: 10.25130/tjas.23.2.4.

[2] Angelovitova, M., Mellen, M., Bucko, O., Tka¢ov4, J., Capla, ]., Zajac, P., & Angelovi¢, M. (2016).
Relation between selected nutrients in the chicken meat depending on phytogenic feed
additives. Potravinarstvo Slovak Journal of Food Sciences, 10(1), 215-222. doi :10.5219/573.

[3] Arain, M.A., Nabi, F., Marghazani, I.B., & Hassan, F., Soomro, H., Kalhoro, H., Soomro, F., &
Buzdar, J.A. (2022). In ovo delivery of nutraceuticals improves health status and production
performance of poultry birds: A review. World’s Poultry Science Journal, 78(3), 765-788.
doi: 10.1080/00439339.2022.2091501.

[4] Aslam, S., Shukat, R., Khan, M.I., & Shahid, M. (2020). Effect of dietary supplementation
of bioactive peptides on antioxidant potential of broiler breast meat and physicochemical
characteristics of nuggets. Food Science Animal Resource, 40(1), 55-73. doi: 10.5851/
kosfa.2019.e82.

[5] Chechet, O.M., Kovalenko, V.L., Vishchur, O.1., Haidei, O.S., Liniichuk, N.V., Gutyj, B.V.,
& Krushelnytska, O.V. (2022). The activity of T- and B-cell links of specific protection of
chicken-broilers under the influence of synbiotic preparation “Biomagn” and “Diolide”
disinfectant. Ukrainian Journal of Veterinary and Agricultural Sciences, 5(1),46-52.doi: 10.32718/
ujvas5-1.08.

[6] Choi, J., Kong, B., Bowker, B.C., Zhuang, H., & Kim, W.K. (2023). Nutritional strategies to
improve meat quality and composition in the challenging conditions of broiler production: A
review. Animals, 13(8), article number 1386. doi: 10.3390/ani13081386.

[7] DSTU 7353:2013. (2014). “Meat. Methodology of histological determination of freshness and
degree of ripening”. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_
doc=89373.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



http://dx.doi.org/10.25130/tjas.23.2.4
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/573
https://doi.org/10.1080/00439339.2022.2091501
https://doi.org/10.5851/kosfa.2019.e82
https://doi.org/10.5851/kosfa.2019.e82
https://ujvas.com.ua/index.php/journal/article/view/122
https://ujvas.com.ua/index.php/journal/article/view/122
https://doi.org/10.3390/ani13081386
https://online.budstandart.com/ua/catalog/doc-page?id_doc=89373
https://online.budstandart.com/ua/catalog/doc-page?id_doc=89373

Microstructural analysis of meat and internal organs...

[8] DSTU ISO/IEC 17025:2006. (2006). General requirements for the competence of testing and
calibration laboratories. Retrieved from http://online.budstandart.com/ua/catalog/doc-page.
html?id_doc=50873.

[9] EUs Directive 2010/63/EU on the protection of animals used for scientific purposes. (2010).
Retrieved from https://norecopa.no/legislation/eu-directive-201063/.

[10] George, A.S., & George, A.S.H. (2023). Optimizing poultry production through advanced
monitoring and control systems. Partners Universal International Innovation Journal (PUIIJ),
1(5), 77-97. doi: 10.5281/zenodo.10050352.

[11] Horalskyi, L.P., Khomych, V.T., & Kononskyi, O.1. (2015). Fundamentals of histological technique
and morphofunctional research methods in normal and pathological conditions: A study guide.
Zhytomyr: Polissya.

[12] Tha, R., Singh, A.K., Yadav, S., Berrocoso, J.F.D., & Mishra, B. (2019). Early nutrition
programming (in ovo and post-hatch feeding) as a strategy to modulate gut health of poultry.
Frontiers in Veterinary Science, 6, article number 82. doi: 10.3389/fvets.2019.00082.

[13] Karavolias,]., Salois, M.]., Baker, K.T., & Watkins, K. (2018). Raised without antibiotics: Impact
on animal welfare and implications for food policy. Animal Science, 2(4), 337-348. doi: 10.1093/
tas/txy016.

[14] Kler,R., Gangurde, R., Elmirzaev, S., Hossain, M.S., Vo, N.V., Nguyen, T.V., & Kumar, P.N. (2022).
Optimization of meat and poultry farm inventory stock using data analytics for green supply
chain network. Hindawi Discrete Dynamics in Nature and Society, 2022, article number 8970549.
doi: 10.1155/2022/8970549.

[15] Law of Ukraine No. 3447-IV “On Protection of Animals from Cruelty”. (2006, February).
Retrieved from https://zakon.rada.gov.ua/laws/show/3447-15#Text.

[16] Lei, J., Dong, Y., Hou, Q., He, Y., Lai, Y., Liao, C., Kawamura, Y., Li, J., & Zhang, B. (2022).
Intestinal microbiota regulate certain meat quality parameters in chicken. Frontiers in
Nutrition, 9, article number 747705. doi: 10.3389/fnut.2022.747705.

[17] Memon, F.U., Yang, Y., Zhang, G., Leghari, I.H., Lv, F., Wang, Y., Laghari, F., Khushk, F.A.,
& Si, H. (2022). Chicken gut microbiota responses to dietary Bacillus subtilis probiotic in
the presence and absence of Eimeria infection. Microorganisms, 10(8), article number 1548.
doi: 10.3390/microorganisms10081548.

[18] Paliy, A.P., Stegniy, B.T., Palii, A.P., Rodionova, A.O., Bogatko, N.M., Vashchyk, Ye.V.,,
Sakhniuk, N.I., Ovcharenko, H.V., Dudus, T.V., Ihnatieva, T.M., & Kovalenko, L.V. (2020).
Microstructural alanalysis of sausage quality. Ukrainian Journal of Ecology, 10(2), 404-409.
doi: 10.15421/2020 115.

[19] Regulation (EU) 2019/1020 of the European Parliament and of the Council of 20 June 2019 “On
Market Surveillance and Compliance of Products and Amending Directive 2004/42/EC and
Regulations (EC) No. 765/2008 and (EU) No. 305/2011”. (2019, June). Retrieved from https://
eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020.

[20] Regulation (EU) 2019/1020 of the European Parliament and of the Council of 20 June 2019 “On
Market Surveillance and Compliance of Products and Amending Directive 2004/42/EC and
Regulations (EC) No. 765/2008 and (EU) No. 305/2011”. (2019, June). Retrieved from https://
eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
https://norecopa.no/legislation/eu-directive-201063/
https://zenodo.org/records/10050352
http://ir.polissiauniver.edu.ua/handle/123456789/3788
http://ir.polissiauniver.edu.ua/handle/123456789/3788
https://www.frontiersin.org/articles/10.3389/fvets.2019.00082/full
https://academic.oup.com/tas/article/2/4/337/5068836
https://academic.oup.com/tas/article/2/4/337/5068836
https://downloads.hindawi.com/journals/ddns/2022/8970549.pdf?_gl=1*q3tzek*_ga*MTUxNzQ0NjUzNy4xNzAzNzU2MjI4*_ga_NF5QFMJT5V*MTcwNDcyMjU1Ny4zLjAuMTcwNDcyMjU1Ny42MC4wLjA.&_ga=2.106156099.1979236919.1704722557-1517446537.1703756228
https://www.frontiersin.org/articles/10.3389/fnut.2022.747705/full
https://www.mdpi.com/2076-2607/10/8/1548
http://lib.osau.edu.ua/jspui/handle/123456789/2856
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32019R1020

Bogatko & Utechenko

[21] Regulation of the European Parliament and of the Council (EU) No. 765/2008 “On the
Establishment of Requirements for Accreditation and Market Surveillance Related to the Sale
of Products and on the Repeal of Regulation (EEC) No. 339/93. (2008, July). Retrieved from
https://zakon.rada.gov.ua/laws/show/994 938#Text.

[22] Regulation of the European Parliament and of the Council (EU) No. 1381/2019 “Regarding
the Transparency and Sustainability of Risk Assessment in the Food Chain”. (2019, June).
Retrieved from https://zakon.rada.gov.ua/laws/show/984 032-09#Text.

[23] Rousseaux, A., Brosseau, C., & Bodinier, M. (2023). Immunomodulation of B- lymphocytes
by prebiotics, probiotics and synbiotics: Application in pathologies. Nutrients, 15(2), article
number 269. doi: 10.3390/nu15020269.

[24] Shalginbayev, D., Uazhanova, R., & Mateyeva, A. (2022). Development of a laboratory method
for determination of the quality and freshness of frozen poultry meat. Potravinarstvo Slovak
Journal of Food Sciences, 16,271-278. doi: 10.5219/1757.

[25] Sharma, A., Motta, V., & Martinez, L. (2019). Effectiveness of short videos to enhance
HACCP information for consumers. Journal of Foodservice Business Research, 22(1), 1-14.
doi: 10.1080/15378020.2019.1663104.

[26] Shaufi, M.A.M., Sieo, C.C., Chong, C.W., Geok Hun, T., Omar, A.R., Han Ming, G., &
Wan Ho, Y. (2023). Effects of phage cocktail, probiotics, and their combination on growth
performance and gut vicrobiota of broiler chickens. Animals, 13(8), article number 1328.
doi: 10.3390/ani13081328.

[27] Soomro, R.N., Abd El-Hack, M.E., Shah, S.S., Taha, A.E., Alagawany, M., Swelum, A.A.,
Hussein, E.O.S., Ba-Aawdh, H.A., Saadeldin, I., E1-Edel, M.A., & Tufarelli, V. (2019). Impact of
restricting feed and probiotic supplementation on growth performance, mortality and carcass
traits of meat-type quails. Animal Science, 90(10), 1388-1395. doi: 10.1111/asj.13290.

[28] Stoyanovskyy, V.G., Shevchuk, M.O., & Kolomiiets, I. A. (2020). Physiological state of the
body of broiler chickens against the background of combined stress when humic acids and
probiotics are included in the diet. Scientific Bulletin of the Lviv National University of Veterinary
Medicine and Biotechnology named after S.Z. Gzhitskyi (Veterinary Sciences), 22(99), 157-161.
doi: 10.32718/nvlvet9725.

[29] Suliman, G.M., Hussein, E.O.S., Alsagan, A., Al-Owaimer, A.N., Alhotan, R., Al-Baadani, H.H.,
Ba-Awadh, H.A., Qaid, M.M., & Swelum, A.A. (2023). Effects of adding nano-emulsified
plant oil and probiotics to drinking water during different periods besides sex on processing
characteristics, physicochemical properties, and meat quality traits of broiler chickens.
Frontiers in Veterinary Science, 10, article number 1133605. doi: 10.3389/fvets.2023.1133605.

[30] Tavaniello, S., De Marzo, D., Bednarczyk, M., Palazzo, M., Zejnelhoxha, S., Wu, M., Peng, M.,
Stadnicka, K., & Maiorano, G. (2023). Influence of a commercial synbiotic administered in
ovo and in-water on broiler chicken performance and meat quality. Foods, 12(13), article
number 2470. doi: 10.3390/foods12132470.

[31] Vinderola, G., Cotter, P.D., Freitas, M., Gueimonde, M., Holscher, H.D., Ruas-Madiedo, P.,
Salminen, S., Swanson, K.S., Sanders, M.E., & Cifelli, C.]. (2023). Fermented foods: A perspective
on their role in delivering biotics. Frontiers in Microbiology, 14, article number 1196239.
doi: 10.3389/fmicb.2023.1196239.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



https://zakon.rada.gov.ua/laws/show/994_938#Text
https://zakon.rada.gov.ua/laws/show/984_032-09#Text
https://pubmed.ncbi.nlm.nih.gov/36678140/
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1757
https://doi.org/10.1080/15378020.2019.1663104
https://www.mdpi.com/2076-2615/13/8/1328
https://pubmed.ncbi.nlm.nih.gov/31464048/
https://nvlvet.com.ua/index.php/journal/article/view/3942
https://www.frontiersin.org/articles/10.3389/fvets.2023.1133605/full
https://www.mdpi.com/2304-8158/12/13/2470
https://www.frontiersin.org/articles/10.3389/fmicb.2023.1196239/full

Microstructural analysis of meat and internal organs...

(32]

[33]

[34]

[35]

[36]

[37]

Vishchur, 0.I., Romanovych, L.V.,, Smolyaninov, K.B., Masyuk, M.B.,, &
Romanovych, M.M. (2020). The effects of vitamins E and C on individual lipides in the
liver and skeletal muscles of chicken broilers’. Journal for Veterinary Medicine, Biotechnology
and Biosafety, 6(1), 11-14. doi: 10.36016/JVMBBS-2020-6-1-2.

Weimer, S.L., Wideman, R.F., Scanes, C.G., Mauromoustakos, A., Christensen K.D., & Vizzier-
Thaxton, Y. (2018). An evaluation of methods for measuring stress in broiler chickens. Poultry
Science, 97(10), 3381-3389. doi: 10.3382/ps/pey204.

Yang, T., Du, M., Zhang, J., Ahmad, B., Cheng, Q., Wang, X., Abbas, Z., Tong, Y., Li, J., Zhou,
Y., Zhang, R., & Si, D. (2023). Effects of Clostridium butyricum as an antibiotic alternative on
growth performance, intestinal morphology, serum biochemical response, and immunity of
broilers. Antibiotics, 12(3), article number 433. doi: 10.3390/antibiotics12030433.

Zhang, Z., Zhao, L., Wu, ]., Pan, Y., Zhao, G., Li, Z., & Zhang, L. (2023). The effects of
Lactobacillus johnsonii on diseases and its potential applications. Microorganisms, 11(10),
article number 2580. doi: 10.3390/microorganisms11102580.

Zhao, Y., Zeng, D., Wang, H., Qing, X., Sun, N., Xin, J., Luo, M., Khalique, A., Pan, K., Shu, G.,
Jing, B., & Ni, X. (2020). Dietary probiotic Bacillus licheniformis H2 enhanced growth
performance, morphology of small intestine and liver, and antioxidant capacity of broiler
chickens against Clostridium perfringens-induced subclinical necrotic enteritis. Probiotics and
Antimicrobial Proteins, 12(3), 883-895. doi: 10.1007/s12602-019-09597-8.

Zhu, Q., Sun, P., Zhang, B., Kong, L., Xiao, C., & Song, Z. (2021). Progress on gut health
maintenance and antibiotic alternatives in broiler chicken production. Frontiers in Nutrition,
8, article number 692839. doi: 10.3389/fnut.2021.692839.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



http://dx.doi.org/10.36016/JVMBBS-2020-6-1-2
https://www.sciencedirect.com/science/article/pii/S0032579119304341
https://www.mdpi.com/2079-6382/12/3/433
https://www.mdpi.com/2076-2607/11/10/2580
https://pubmed.ncbi.nlm.nih.gov/31713770/
https://www.frontiersin.org/articles/10.3389/fnut.2021.692839/full

Bogatko & Utechenko

MikpoCTpyKTYypHHH aHaAJi3 M’sica Ta BHYTPillIHiX opraHiB
Kyp4ar-0poiijiepiB 3a BHKOPHUCTAHHA MPO0ioTHYHOrO Gionmpenapary

AnboHa denopiBHa boraTko
AcrmripaHT
BinouepkiBcbKkMit HalliOHATBHMIT arpapHNii YHiBEpCUTET
09117, Co6opsa mioina, 8/1, M. bina Ilepksa, Ykpaina
https://orcid.org/0000-0001-8089-5884
Muxkosna BaneHTMHOBUY YTE€UEHKO
Kaugumat BeTeprHApPHUX HAYK, JOLEHT
BimonepkiBCcbKMit HalliOHAAbHUIT arpapHuii YHiBEpCUTET
09117, Co6opHa mioia, 8/1, m. bina IlepkBa, Ykpaina
https://orcid.org/0000-0003-3747-9054

AHoranig. IIpobioTnuHmii mpemapaT i3 ymicrom 6akrepiit pomy Bacillus subtilis i Bacillus
licheniformis 3aCTOCOBYETBHCSI TIPYU TOMiBJIi KypuaT-OGpoitiepiB IJs MOKpAIIeHHs MepeTpaBaeHHs
KOpMY, 3aCBOIOBAHOCTI MOXKMBHUX PEUOBMH, MiJBUIIEHHS IMYHHOTO CTaTyCy Ta MPOAYKTUBHOCTI,
a TakoX [yst mpodimakTukM i JIiKyBaHHS DPi3HOMaHIiTHMX XBOpo6 mnTuli. Mera pobotu -
MPOBECTU TiCTOJOTIUHI JOCTIIKeHHS MPOLYKTIB 326010 KypuaT-6poiiiepiB mpu 3acTOCYBaHHI iM
npob6ioTuuHoro 6iompemnapaty B mo3ax: 0,51, 2,0,14,0 r va 10 ;m3 Boau. MaTepiasn JOCTiI3KyBaIu
riCTOJIOTiYHMM METONOM. BCTaHOBJIEHO, IO M’SI30Bi BOJIOKHA Y BEIMKOMY TPYIHOMY M sI3i
OIHOTUIIOBi, PIBHOMipHO HAaIlpaBJIeHi, IMTOIJIa3Ma M’SI30BMX BOJIOKOH ITOMipHO €03MHOMi/IbHA,
OIHOPiTHO-CBIT/IO-POXKeBa, MK ITydyKaMy M’SI30BMX BOJIOKOH BUSIBJIEHO HE3HAUHi MPOIIAPKU
skMpoBoi TKaHMHMU. MopdosoriyHa apxiTeKTOHiKa cepieBOro M’siza 36epeskeHa, KapLioMiOLUTH
OIHOPiJIHi, MalOTh UiTKY CIPSIMOBaHicTh. [Ipy 11bOMY, He3MiHeHa MiKpPOCTPYKTypa [1eUiHKM KypuarT-
OpoiiyepiB: remaToMTH 3i6paHi B OAHOTUITHI TPYITN; LIEHTPaJIbHI BEHM 3aITyCTi/Ii ; IMTOTUIa3Ma IUX
KJIITMH OHOPiIHA, TPOCBiTIeHA, POKeBa, siapa cinabo 6a3odinbHi. Y cenesinii homikynsapHa CTpyK-
Typa odopmiieHa, nudy3HO po3MilleHi TeMKOIUTY Ha Pi3HUX eTanaxX AudepeHIIiloBaHHS ; CYIVHU
y 3HauHii KiJbKOCTI, 3aryctifii, pisHoro kani6py. KyTukyna M’s130BOi 4aCTMHM NIUTYHKA MiCTUTD
chopmoBaHMit emiTenianbHMIt 1Iap, BUsBIeHa 06’€MHA YaCTHHA MTPOIIAPKY CITOMYYHOTKAHMHHOL
OCHOBM; TIiJ, Me3eHXiMaJbHOI0 OCHOBOIO KYTMKY/IM DO3TallloBaHi M’s130Bi BolOKHa. JlereHi 3a
MOpP(]OIOTiYHOI0 CTPYKTYPOK MalOTh OPOHXia/bHI TPyOOUKM IO BCiii CTPYKTYpi, SIKi MiCTSTh
(dbopmeHi ereMeHTH KPOBi. 3a pe3ynbTaTamMu MPOBeAeHNX AOCTiKeHb BCTAHOBJIEHO CIIPUSI TIUBUIA
BIUIMB pob6ioTyHOTO 6iompenapaty B 103i 4,0 r/10 am® Boay Ha MOPGOJIOTi0 BEIMKOTO IPYHOTO
M’s13a Ta BHYTPIIlIHiX opraHiB KypuaT-6poitnepis. Tomy, mpo6ioTuxk y mosi 4,0 r/10 nm3 Boau Tif,
yac BUIOIOBAHHS KypyaT-6poiiiepiB MOKHA PeKOMEHAYBATH /IS MiABUIIEHHS TTPOAYKTUBHOCTI
Ta OTpUMMaHHSI 6e3MeUHMX MPOAYKTiB 3a6010. [IpakTMyHA 3HAUMMICTh OTPUMAaHMX Pe3y/bTaTiB
MOJISATa€E y BM3HAUEHHI 0COGMMBOCTEN BIUVIMBY BUIIOIOBAHHS MTULI Pi3HMX 03 MPO6GIOTMKY Ha
MiKpPOCTPYKTYPY MPOAYKTiB ii 326010, 1110 BasKJIMBO JJIs1 OTPUMAaHHSI Haiikpaioro eexry Biz itoro
3aCTOCYBaHHS

KiiouoBi cioBa: MTHlls; BEIUKUI TPYIHMIA M’S13; TPOAYKTM 3a6010; TiCTOMOTIUHI JOCTiIKEHHS;
Mopdosorist; mpo6ioTuK
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its spoilage. The purpose of the study is to determine the effectiveness of the final treatment
of pork half-carcasses with ferment cultures of SafePro® B-SF-443 (Leuconostoc carnosum) and
SafePro® B-2 (Lactobacillus sakei) strains for their bioconservation and preservation of freshness.
The paper uses organoleptic, chemical, and microbiological research methods. It was established
that cooling half-carcasses of pork in the refrigerator using cold water washing contributes to the
appearance of signs of meat spoilage in terms of microbial contamination and pH value already
on the 4th day of storage. Surface treatment of half-carcasses with suspensions of lactic acid
microorganisms of SafePro® B-SF-43 (Leuconostoc carnosum) and SafePro® B-2 (Lactobacillus sakei)
strains at a dose of 107/cm? provides proper organoleptic parameters and the pH value of pork up
to 7 days of storage, which correspond to high-quality meat. Both ferment cultures of lactic acid
microorganisms reduce microbial contamination of meat due to the number of mesophilic aerobic
and facultative anaerobic microorganisms in paired carcasses by 1.25 and 0.65 1g CFU/cm? and
increase the number of lactic acid microorganisms by 3.47 and 3.43 Ig CFU/cm? accordingly, this
allows extending the shelf life of meat in the chilled form to at least 7 days. The most suitable
culture for the final processing of half-carcasses of pork, which are cooled in the refrigerator in
combination with washing with chilled water, is the SafePro® B-2 (Lactobacillus sakei) strain. The
results obtained are promising for improving the technology of primary pork processing at the
cooling stage using ferment cultures of lactic acid microorganisms as natural preservatives, which
will increase the shelf life of meat, considering its quality and safety

Keywords: meat; cooling; washing; storage; microbial contamination

Introduction

Post-slaughter changes that occur during the
maturation process of slaughtered animal meat
play a crucial role in developing its qualitative
characteristics and the overall perception of a
fresh product. After animal slaughter, muscle
glycogen, together with high-energy phos-
phate compounds, is anaerobically mobilised
to maintain homeostasis by synthesising aden-
osine triphosphate (ATP). As a consequence
of post-slaughter glycolysis, lactate and H* ac-
cumulate in the muscles and cause a decrease
in pH. In the end, post-slaughter metabolism
in the tissues of slaughtered animals stops
due to substrate depletion or inactivation of
phosphofructokinase-1, which leads to ATP
deficiency and the beginning of meat freezing
processes. Over time, animal muscles undergo
proteolysis of structural proteins that change
their properties. As noted by J.C. Wicks et
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al. (2022), during the breakdown of individual
peptide bonds, the structure of proteins chang-
es its configuration, which further improves the
tenderness of muscle tissue.

Usually, muscle tissue is considered prac-
tically sterile before slaughter, but the envi-
ronment during animal slaughter is not ster-
ile, which causes a certain degree of microbial
contamination, which leads to spoilage of meat.
The sources of microbial contamination in this
process can be generalised as endogenous and
exogenous. K. Klaharn et al. (2021) report that
the microbiological quality of fresh animal
meat largely depends on its type, processing
conditions, handling, and storage. In addition,
according to this author, improper hygiene
of slaughtering equipment, personnel and
environmental factors (for example, water,
air, and soil) lead to cross-contamination with
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microorganisms associated with spoilage of
meat and processed products. During storage,
the process of microbial contamination of meat
is influenced by various internal and external
factors, in particular, the presence of oxygen,
pH level, temperature, and competing micro-
organisms in the environment. The diversity of
these ecophysiological factors affects microbial
growth dynamics, including the composition
and ratio of the microbiota, which ultimately
affects the type and rate of meat spoilage pro-
cesses. K. Koutsoumanis et al. (2023) indicate
that the main bacteria that cause meat spoilage
include Pseudomonas spp., Lactobacillus spp.
Enterococcus spp., Weissella spp., Brochothrix
spp., Leuconostoc spp., Lactobacillus spp., She-
wanella spp., and Clostridium spp. According to
the traditional practice of primary processing
of carcasses, microbiological risks that cause
spoilage can affect the maturation of meat.
Keeping meat under controlled conditions can
reduce the burden of microbiological hazards to
a certain extent.

In a study by A. Nakamura et al. (2023),
it is noted that a fast decrease in the temper-
ature of the meat before it reaches the proper
level of acidification can lead to weight loss
in the carcass. Shrinkage during rapid cooling
can particularly affect carcasses obtained from
high-performance meat breeds of pigs due to
the lower subcutaneous fat content and faster
heat release. A substantial number of technol-
ogies for their primary processing are used to
reduce the weight loss of slaughtered animal
carcasses, in particular, the use of washing,
which allows quickly reducing the temperature
of the half-carcass and the intensity of mois-
ture evaporation. Therewith, this does not al-
low avoiding contamination of carcasses with
microflora, which occurs during the time of
slaughter of animals and subsequent opera-
tions of their primary processing. There is ex-
ogenous and endogenous contamination with

microorganisms, the sources of which can be
the skin, the contents of the digestive system,
the air environment, technological equipment,
vehicles, tools, hands, clothing, and shoes of
workers who have contact with meat, and water
used for processing carcasses. The air micro-
flora in animal slaughtering and primary pro-
cessing of carcasses is most often represented
by various spore microflora, in particular, aero-
bic and anaerobic bacteria, and gram-negative
non-spore rods, actinomycetes, mould fungi,
and yeast. They get to the surface of meat from
the external environment during skinning and
subsequent stages of primary processing of
slaughtered animals.

V. Vovkotrub et al. (2023) proved that one of
the promising ways to reduce meat contamina-
tion are biotechnologies based on using lactic
acid microorganisms of various strains that can
show antagonism to putrefactive and patho-
genic microflora. These cultures include Safe-
Pro® B-SF-43 (Leuconostoc carnosum) and Safe-
Pro® B-2 (Lactobacillus sakei) strains, the use of
which in a dose of 107/cm? in half-carcasses of
pork helped to reduce the intensity of autolysis
of muscle tissue and, thus, extend the shelf life
of meat to 7 days in a chilled form.

In most studies, lactic acid microorganisms
areused in the technology of boiled or dried meat
products, but for fresh meat, in particular, pork,
they have not become widespread, which is due
to the lack of scientifically based data on the ef-
fect of ferment cultures on the quality and safe-
ty of meat for storage in a chilled state. The pur-
pose of the study is to determine the quality and
safety indicators of pork in half-carcasses during
cooling in the refrigerator compartment using
washing and final treatment with suspensions
Lactobacillus sakei and Leuconostoc carnosum.

Literature Review

Meat is a source of protein in the human diet,
but simultaneously - a source of spread of
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pathogens of food origin around the world. Mi-
crobial contamination of meat can cause food
infections, toxicoinfections, and toxicosis in
humans. K. Klaharn et al. (2022) and Z. Rani et
al. (2023) note that the risks associated with
the threat to consumers of pathogenic micro-
organisms transmitted through meat require
not only the examination of their distribution
chains but also measures to prevent potential
human diseases.

Under such conditions, there is a need to
develop and implement scientifically based
ways to reduce microbial contamination of
animal carcasses using various means with
an antimicrobial spectrum of action, in par-
ticular, organic acids, chlorine compounds,
bacteriocins, essential oils, as described by
F. Soyer  (2020), Z.A. Ellatif et al. (2020),
D.F. Benitez-Chao et al. (2021), and com-
bining them with physical methods of meat
decontamination. Because the above meth-
ods of reducing microbial contamination of
meat contribute to the emergence of changes
in the sensory properties of both fresh meat
and products made from it, technologies that
guarantee the safety of meat and improve its
organoleptic characteristics come to the fore.
S. Soltani et al. (2022) believe that one of the
most promising ways to address this issue,
along with good hygiene practices, is the treat-
ment of the surface of half-carcasses of slaugh-
tered animals with natural preservatives, in
particular, suspensions of lactic acid bacteria,
which can show antagonistic activity against
undesirable and pathogenic microorganisms.

Bioconservation is a promising way to con-
trol the growth of unwanted bacteria on fresh
meat. It is based on the ability to inhibit the
growth of bacteria that spoil meat and thus
increase the shelf life of meat. This aspect is
much less studied compared to using an ap-
proach aimed at eliminating pathogenic bac-
teria in meat and processed products. Equally
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important is the influence of these microor-
ganisms on the sensory characteristics of meat
that attract the consumer. Studies have shown
that microbial ferment cultures can delay the
growth of bacteria that spoil meat, in particular,
Brochothrix thermosphacta, Pseudomonas spp.,
and Enterobacteriaceae. However, despite the
fact that the examination results give grounds
for the introduction of such a technology in
meat production, the concept of bioconser-
vation using microorganisms for fresh meat is
still limited. This is due to a lack of research in
this area, especially in relation to the primary
processing of pork. In addition, according to
M.M. Xu et al. (2022), bioconservatives based
on microbial ferment cultures require addition-
al testing under conditions typical of specific
meat processing plants.

The most promising microorganisms
that can be used for primary processing and
storage of pork include lactic acid bacteria of
specialised strains that can form bacteriocins,
have an antagonistic effect against pathogen-
ic and conditionally pathogenic microorgan-
isms, and improve the organoleptic proper-
ties of meat, especially during its storage in
a chilled state. These microorganisms include
bacteria of the Lactobacillus genus, in particu-
lar, Lactobacillus sakei (Costa et al., 2019) and
Leuconostoc carnosum (Raimondi et al., 2019).
As noted by A. Najjari et al. (2020), Lactobacil-
lus sakei can withstand a substantial temper-
ature range, pH level, and table salt content
in the medium up to 8% and dominate among
other microflora. In addition, this lactic acid
microorganism forms a number of organic ac-
ids and aromatic compounds that give flavour
to meat products, which makes it promising
for use in meat production technology. Leu-
conostoc carnosum can grow at temperatures
compatible with cooling and in the presence
of up to 60 g/L of sodium chloride (NaCl) in
many meat-based products.
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Materials and Methods

The experiment used half-carcasses of pork,
which were obtained after slaughter and pri-
mary processing in the conditions of LLC “An-
tonivsky meat processing plant”, Kyiv region,
during May 2021. 30 fattening pigs aged 6
months were used for slaughter. The slaughter
of pigs was conducted in compliance with the
current Order No. 28 “Rules of Pre-Slaughter
Veterinary Inspection of Animals and Veteri-
nary-Sanitary Examination of Meat and Meat

Products” (2002), good hygiene practices (GMP).
After slaughter, half-carcasses of pigs were
transported to specialised cold storage rooms
for cooling and further storage. The resulting
pork half-carcasses were divided into 3 groups
of 10 half-carcasses each, which were processed
according to the scheme shown in Table 1. Sus-
pensions of lactic acid microorganisms Leucon-
ostoc carnosum and Lactobacillus sakei produced
by Chr. Hansen (LLC “Chr. Hansen Ukraine”) were
used to treat the surface of pork half-carcasses.

Table 1. Scheme of the experiment to determine the effect of ferment cultures
of lactic acid microorganisms on the freshness of pork during storage in a chilled state

Group
Control
Experimental 1
Experimental 2

Source: compiled by the authors

Ferment cultures of lactic acid microorgan-
isms were applied to the surface of the half-car-
casses after the washing process ended. All
half-carcasses of pork were stored in the indus-
trial refrigerator of the meat processing plant
at a temperature of 3*1°C. The results of the
study were recorded 1 hour after cooling, on the
4t and 7t days of storage of half-carcasses. The
mass of half-carcasses of pork was determined
in a meat processing plant using industrial
scales TV4-1500 with an accuracy of 0.1 kg. The
temperature and pH of the meat were examined
using EZODO MP-103M pH meter (Taiwan,
GOnDO’Electronic Co., Ltd).

All microbiological studies were conduct-
ed in the Bila Tserkva city state laboratory of
the State Food Safety and Consumer Protection
Service of Ukraine. For determining the num-
ber of mesophilic aerobic and facultative an-
aerobic microorganisms (MAFAM), bacteria of

Experiment conditions

Half-carcasses of pork are subjected to a wet toilet and washing

Half-carcasses of pork are subjected to wet toilet and washing with the final treatment with
ferment culture of the SafePro® B-SF-43 (Leuconostoc carnosum) strain at a dose of 107/cm?

Half-carcasses of pork are subjected to wet toilet and washing with the final treatment with
ferment culture of the SafePro® B-2 (Lactobacillus sakei) at a dose of 107/cm?

the Salmonella spp., S. aureus, Lactobacillus, L.
monocytogenes genera, fungi, and mould were
washed off from the surface of half-carcass-
es in the area of the collar. Consecutive nine-
fold dilutions using sterile saline solution were
prepared for the study. The number of micro-
organisms in meat samples was determined in
colony-forming units (CFU), and the results are
presented in 1g CFU/cm? of the surface. Generic
and specific identification of microorganisms
isolated from the meat of half-carcasses of the
control and both experimental groups was con-
ducted in accordance with the current methods.

The Plate count agar M091 medium (HiMe-
dia, India) was used to determine the number of
MAFAM. For isolation and quantitative count-
ing of bacteria of the Lactobacillus genus — Lac-
tobacillus MRS Agar M641 (HiMedia, India),
for isolation of pathogenic and non-patho-
genic staphylococci — Baird Parker, Agar M043
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(HiMedia, India), for Salmonella - Bismuth
Sulfite Agar M027 (HiMedia, India) and Xylose
Lysine Deoxycholate Agar M031 (HiMedia, In-
dia), for L. monocytogenes — Agar Palcam, Agar
Oxford (HiMedia, India). Organoleptic assess-
ment of pork (colour, smell, consistency, cook-
ing sample) was determined according to DSTU
7992:2015 (2017). Microscopic analysis of meat
freshness was conducted in accordance with
GOST 23392:2016 (2017). Moisture-retaining
ability of meat was determined by pressing.
Meat sampling of slaughtered animals and their
preparation for microbiological tests were con-
ducted in accordance with the requirements of
DSTU 8381:2015 (2017). The selection of wash-
es from the surface of half-carcasses of meat
stored in the cold storage rooms of the meat pro-
cessing plant was conducted in the collar area
in accordance with the requirements of DSTU
ISO 17604:2014 (2015). Statistical processing
of the examination results was performed us-
ing the ANOVA programme, and the data in the
tables are presented as x*SD (mean * standard
deviation). The difference between the groups
was considered likely using the Tukey Test at
P<0.05 (considering the Bonferroni correction).

Results and Discussion

Cooling pork in the refrigerator in combina-
tion with washing affected the appearance of
the paired half-carcasses - the surface is wet,

pale, and without a drying crust. When pro-
cessing pork with microbial ferment cultures
of SafePro® B-SF-443 (Leuconostoc carnosum)
and SafePro® B-2 (Lactobacillus sakei) strains
at a dose of 107/cm?, it was determined that on
the fourth day of storage, organoleptic indica-
tors: the appearance, colour, consistency, and
smell of meat of half-carcasses of the control
and experimental groups did not differ. The
meat had a pink colour, inherent in pork, on the
cut - quite dense and elastic, and the smell was
specific, characteristic of fresh meat. Organo-
leptic parameters of meat on the 4™ day of stor-
age of half-carcasses in these groups, compared
with the initial data immediately after their
washing (in paired half-carcasses) and ferment
treatment, substantially improved. They have
acquired an attractive pink colour, and their ap-
pearance is characteristic of pork.

As noted by S. Ali & A.F. Alsayeqh (2022),
the degree of microbial contamination is one of
the important indicators of meat safety, espe-
cially when storing it in a chilled state. Micro-
scopic analysis of prints of pork samples from
both the control and experimental groups on
the 4 day of storage revealed that the number
of microorganisms in the field of view did not
depend on the method of processing half-car-
casses (Table 2) and was within the limits char-
acteristic of Information of N. Bogatko (2019)
for chilled meat.

Table 2. Indicators of microscopic analysis of smears
and moisture capacity of pork on the 4™ day of storage, x=SD, n=5

Number of microorganisms in

Group the field of view Moisture capacity, mg

Control 24.60%4.15° 32.44*5.312
Experimental 1 9.20%4.21* 32.44*3.87°
Experimental 2 17.75%3.69* 52.28%9.67°

Note: different superscript letters a, b indicate the values that considerably differed in the same row of the table

(P<0.05) based on the results of comparison using the Tukey test

Source: compiled by the authors
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Half-carcass washing, in this case, did not
affect the microbial contamination of pork,
which is consistent with the results obtained by
LF. Jaja et al. (2018), before and after washing
beef, lamb, and pork. In particular, as noted in
this study, the most contaminated areas were
the neck, sides, and chest, and washing car-
casses did not change the amount of sanitary
microflora in the neck and sternum of pork and
beef carcasses. The largest number of E. coli col-
onies was identified after washing the samples
in the neck area, and the highest number of S.
aureus colonies was isolated from the washes
on the sides. One of the main technological
characteristics of meat is its water retention
capacity since it substantially affects the yield
of the finished product. Water retention capac-
ity of meat, according to the data, obtained by
B. Lebret & M. Candek-Potokar (2022), is main-

ly determined by the changes that occur in it
after slaughter, especially the rate and degree
of pH decrease. The moisture capacity of pork
in half-carcasses in the chilled form on the 4™
day of storage did not substantially differ be-
tween the control and experimental groups.
Therewith, the final treatment of half-carcass-
es of pork with ferment culture of the SafePro®
B-2 (Lactobacillus sakei) strain at a dose of
107/cm? contributed to the tendency to increase
the moisture capacity of meat, which indicates
some improvement in its technological prop-
erties. The temperature in the thickness of
half-carcasses of pork in both the control group
and both experimental groups on the 7% day
of storage did not substantially differ, which is
associated with their storage at a stable tem-
perature in one refrigerator at a temperature of
3+1°C (Table 3).

Table 3. Temperature and pH value of pork in half-carcasses on the 7" day of storage, x*SD, n=5

Group Temperature in the thickness of the half-carcass, °C pH of meat, units

Control 4.41+0.17° 6.71%0.16°
Experimental 1 4.39%+0.23* 5.90%+0.12°
Experimental 2 4.30%0.10° 5.86%0.14"

Note: different superscript letters a, b indicate the values that considerably differed in the same row of the table

(P<0.05) based on the results of comparison using the Tukey test

Source: compiled by the authors

One of the critical indicators that indicate
the freshness of meat is its pH value, which,
in the case of cooling half-carcasses of pork in
the refrigerator using washing and final treat-
ment with ferment SafePro® B-SF-43 (Leucon-
ostoc carnosum) and SafePro® B-2 (Lactobacillus
sakei) strains at a dose of 107/cm? on the 7" day
of storage was lower (P<0.05) by 0.81 and 0.85
units compared to the control. Therewith, on
the 7™ day of storage, the pH value of pork in
both experimental groups was within the limits
characteristic of fresh meat, and in the control

group - higher and indicated the beginning of
its spoilage. Notably, unlike live animals, which
have a muscle tissue pH value in the range of
7.0-7.2, after slaughter, as a result of oxygen
deficiency, anaerobic processes begin to pre-
vail over aerobic ones, which are accompanied
by the accumulation of lactic acid and rapid
acidification of muscle tissue. Although carbo-
hydrates make up a small percentage of muscle
tissue (0.5-1.5% of muscle mass), they play an
essential role in converting muscle into meat. In
particular, glucose and glycogen are important
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for muscle metabolism and can be used in both
aerobic and anaerobic environments. C. Alva-
rez et al. (2019) report that glycogen is convert-
ed to ATP with the accumulation of lactic acid
until the pH value of meat reaches a 5.6-5.3.

The optimal pH value of pork is consid-
ered to be 5.6-5.9 units, which, according to
A. Zmudzinska et al. (2020) and H. Jankowiak et
al. (2021), indicates its freshness and proper
quality. All properties of meat are directly or
indirectly determined by the intensity of bi-
ochemical processes that occur in the muscle
tissue of the animal during life, after slaughter,
and during the maturation of meat, and the
pH value of the medium largely regulates their
course. The level of acidification (pH value)
is associated with changes in muscle protein
hydration and in the binding and retention of
water in meat, which ultimately determines its

tenderness. In addition, the changes in the pH
values in pork during chilled storage reflect to a
certain extent the ratio, total number, and met-
abolic activity of the dominant microorganisms
that cause meat spoilage, in particular, species
belonging to the Pseudomonas genus which are
known for their proteolytic activity. This, in
turn, can lead to the formation of alkaline bac-
terial metabolites, which lead to a shift in the
pH value of meat to the alkaline side (Fengou et
al., 2019). Such changes were identified in the
experiment in pork of the control group.

The obtained data on changes in the pH
value of pork cooled in a refrigerator using
washing and treatment of half-carcasses with
ferment cultures of lactic acid microorganisms
are consistent with the indicators of organo-
leptic research of meat of the control and both
experimental groups (Table 4).

Table 4. Organoleptic parameters of pork meat on the 7* day of storage, n=10

Group Appearance, colour Consistency Smell
the surface is moistened. the meat is not dense and elastic slightly sour or with a
Control > enough, the hole is made slowly during

slightly sticky, darkened

the meat is pink or
pale pink in colour, the
surface is shiny, without
pronounced stickiness

Experimental 1

Experimental 2
Source: compiled by the authors

Thus, pork meat in half-carcasses of the first
and second experimental groups showed signs
of fresh. The meat of half-carcasses of pork in
the control group was classified as questionable
freshness according to the main organoleptic
parameters since it showed signs of spoilage.
Signs of meat spoilage that were observed dur-
ing the storage of half-carcasses of pork in the
control group include, according to information
of Y. Zhu et al. (2022), substantial discoloura-
tion, unpleasant odours, and mucus formation,
which define the main criteria for consumers’
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on the cut, the meat is dense, elastic,
the hole is quickly filled when pressed.

hint of mustiness

pressing (within 1 min.), the fat is soft.

specific,
characteristic of pork
that is ripe

rejection of this food product. Considering
the data of organoleptic studies, pork samples
from half-carcasses of experimental groups
were taken for further analysis of smear-prepa-
rations. The number of microorganisms in
smears-preparation of pork that was cooled in a
refrigerator using washing and a final treatment
with ferment culture of the SafePro® B-SF-43
(Leuconostoc carnosum) strain, on the 7" day
of storage was 2 times higher (P<0.05), than
when treating the culture of SafePro® B-2 (Lac-
tobacillus sakei) strain with ferment (Table 5).
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Table 5. Indicators of microscopic analysis of smears-impressions
and moisture capacity of pork for 7 days of storage of half-carcasses, xSD, n=5

Group

Experimental 1
Experimental 2

Number of microorganisms in the field of view

505.67%25.00°
251.67%+16.42°

Moisture capacity, mg

40.63%9.94*
46.53+4.25¢

Note: different superscript letters a, b indicate the values that considerably differed in the same row of the table

(P<0.05) based on the results of comparison using the Tukey test

Source: compiled by the authors

An increase in the number of microorgan-
isms in smears-prints indicates the questiona-
ble freshness of meat, but the reason for such a
large number of bacteria in the field of view of
the microscope, in this case, was the process-
ing of pork in half-carcasses with cultures of
lactic acid bacteria that suppress putrefactive
microflora and can penetrate the thickness for
7 days of its storage. Therewith, the absence of
tissue breakdown, the presence of delineation
of muscle fibres and organoleptic research data
indicate the proper freshness of this meat. The
moisture content of pork during this period
did not substantially differ between the exper-
imental groups (Table 5) and was in the optimal
range characteristic of the meat of young pigs,
which, according to O.M. Iakubchak et al. (2005),
ranges from 38 to 48%. This indicator can be
influenced by a number of factors: growing

conditions, fattening, breed, primary processing,
meat storage, and microflora contamination.

Although the surface of half-carcasses of
pork of experimental groups was treated with
suspensions of lactic acid bacteria of SafePro®
B-2 (Lactobacillus sakei) and SafePro® B-SF-43
(Leuconostoc carnosum) strains at a dose of 107/
cm?, the number of MAFAM on the meat sur-
face decreased (P<0.05) by 1.25 Ig CFU/cm? and
0.65 1g CFU/cm?, respectively, compared to the
control. Therewith, the number of MAFAM on
the surface of the meat of half carcasses of pork,
which was subject to the final surface treatment
with ferment culture of the SafePro® B-2 (Lac-
tobacillus sakei) strain, increased (P<0.05) by
0.6 1g CFU/cm? compared to the same indica-
tor of half-carcasses that were treated with fer-
ment culture of the SafePro® B-SF-43 (Leucon-
ostoc carnosum) strain (Table 6).

Table 6. Microbiological parameters of pork in paired half-carcasses, x+SD, n=5, 1g CFU/cm?

Group MAFAM Lactic acid bacteria

Control 5.29%0.912 2.51+0.94°
Experimental 1 4.04%0.67° 5.98+0.32°
Experimental 2 4.64%*0.23¢ 5.94%+0.51°

Note: different superscript letters a, b indicate the values that considerably differed in the same table row (P<0.05)

based on the results of comparison using the Tukey test
Source: compiled by the authors

The number of lactic acid bacteria on the
surface of paired pork half-carcasses, which
were treated with suspensions of lactic acid
bacteria of SafePro® B-2 (Lactobacillus sakei)
and SafePro” B-SF-43 (Leuconostoc carnosum)

strains during cooling at a dose of 107/cm?,
increased (P<0.05) by 3.47 lg CFU/cm? and
3.43 1g CFU/cm?, respectively, compared to the
control group (Table 6). This is due to the abil-
ity of lactic acid microorganisms to penetrate
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the thickness of meat and show an antagonistic
effect on other types of microbiota. The most
common approach to producing quality meat
is to use agents that have antimicrobial effects
against bacteria responsible for food spoilage.
The ideal bioconservation agent should exhib-
it only specific antimicrobial activity against
targeted pathogens or microorganisms that
cause spoilage and should not negatively affect
the consumer’s own gut microbiome.Lactic
acid microorganisms L. carnosum and L. sakei
correspond to these characteristics Therewith,
an important property of L. carnosum and L.
sakei is the ability to rapidly increase the num-
ber of colonies in food products, in particular,
meat, acidify the environment in combination
with antibacterial, bacteriostatic, and bacteri-
cidal properties due to the formation of organ-
ic acids, hydrogen peroxide, and bacteriocins
(Barcenilla et al., 2022). High adaptation of
Leuconostoc carnosum and Lactobacillus sakei,
as noted by M. Zagorec & M.C. Champomi-
er-Verges (2017) and F. Candeliere et al. (2021),

also contributes to a nitrogen-rich environ-
ment, such as meat. Colonisation of meat with
individual strains of these lactic acid microor-
ganisms avoids changes in its sensory charac-
teristics during storage in a chilled form.

In addition, meat, as noted by O.A. Od-
eyemi et al. (2020), is an ideal substrate for
microbes due to its rich nutrient density, fa-
vourable water activity and pH value. On the
4™ day of storage of pork, which was treated
with suspensions of lactic acid bacteria of
SafePro” B-2 (Lactobacillus sakei) and Safe-
Pro® B-SF-43 (Leuconostoc carnosum) strains
during cooling at a dose of 107/cm?, a lower
number of MAFAM was identified at 0.82 g
CFU/cm? and 0.53 Ig CFU/cm? compared to
control. Simultaneously, in pork of both ex-
perimental groups, which was] subjected to
final treatment with suspensions of lactic
acid microorganisms, an increase (P<0.05)
in the number of lactic acid bacteria was ob-
served by 1.65 Ig Kuo/cm? and 1.17 Ig Kuo/cm?
compared to the control (Table 7).

Table 7. Microbiological parameters of pork in half-carcasses
on the 4™ day of storage, x+SD, n=5, g CFU/cm?

Group MAFAM Lactic acid bacteria

Control 5.34%+0.87 4.08%0.16°
Experimental 1 4.52%0.36" 5.73%0.23"
Experimental 2 4.51%0.07° 5.25%+0.18"

Note: different superscript letters a, b indicate the values that considerably differed in the same row of the table

(P<0.05) based on the results of comparison using the Tukey test

Source: compiled by the authors

It was proved that in pork that was cooled in
a refrigerator using washing without treatment
with suspensions of lactic acid microorganisms
(control group), lactic acid microorganisms
dominated on the 4™ day of storage. The same
pattern was found by C. Braley et al. (2023) for
storing pork in vacuum packaging on days 15
and 29 at a temperature regime of -1.5°C, which
was changed according to production risks at
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2°C or 10°C for several hours. However, in this
case, the researchers note that in contrast to
SafePro® B-2 (Lactobacillus sakei) and SafePro®
B-SF-43 (Leuconostoc carnosum) strain cultures,
most types of lactic acid microorganisms be-
long to the microflora that cause spoilage of
meat (EFSA Panel on Biological Hazards (BIO-
HAZ) (2023). Therewith, it is proved that after
applying cultures of lactic acid microorganisms




Effect of lactic acid bacteria ferment cultures...

of the above-mentioned strains to half-carcass-
es for 4 days of storage in a chilled state, their
number practically does not increase. This is
regarded as a positive fact, provided that these
lactic acid microorganisms, to some extent,
restrain the development of other microflora,
especially mould fungi and yeast, and do not
form mucus and fermentation products with an
unpleasant smell.

According to C.H. Jeong et al. (2022) and
S.G. Kim & S.Y. Kim (2023), the property of in-
dividual strains of lactic acid microorganisms
has been used for quite a long time for the pro-
duction of various meat products, in particular,
sausages and dried ham. However, in this case,
it is desirable to achieve a substantial increase
in the number of lactic acid bacteria that are in-
volved in the fermentation of the food product.
Thus, it not only ensures its preservation but
also the maturation and acquisition of specif-
ic sensory properties.In the case of processing
half-carcasses of pork with suspensions of lac-
tic acid microorganisms SafePro” B-2 (Lactoba-
cillus sakei) and SafePro® B-SF-43 (Leuconostoc
carnosum) as bioconservants, the goal is to
achieve a stable number of them in the product,
which guarantees the suppression of the devel-
opment and reproduction of unwanted micro-
flora, including other types of lactic acid micro-
organisms that cause meat spoilage, but does

not provide for their further rapid growth. This
method of bioconservation of pork half-car-
casses during primary processing and cooling
has not yet become widespread in meat pro-
cessing enterprises.

Considering the fact that the pork of the
control group, which was subjected to cool-
ing in a refrigerator using washing, according
to organoleptic parameters, is not suitable for
further storage, microbiological studies on the
7* day of storage were conducted on only half
of the experimental groups. The data obtained
in the course of the study are consistent with
similar results of M. Kukhtyn et al. (2020), noted
for storing beef chilled. Therewith, the authors
established that storage of beef meat with an
initial amount of mesophilic bacteria of about
4.881og CFU/cm? and surface and psychrotroph-
ic bacteria — 3.79 log CFU/cm? at a temperature
of 0°C is possible only for 8 days. Further, mi-
crobiological indicators exceed the permissible
norms and such meat is considered unsuitable.
The number of MAFAM per 7 days of storage in
pork during the final ferment treatment of the
SafePro® B-SF-43 (Leuconostoc carnosum) strain
culture increased (P<0.05) compared to similar
indicators of pork during the final treatment of
half-carcasses with a suspension of lactic acid
microorganisms of the SafePro® B-2 (Lactoba-
cillus sakei) strain (Table 8).

Table 8. Microbiological indicators of pork
in half-carcasses by 7 storage day, x+SD, n=5, g CFU/cm?

Group MAFAM Lactic acid bacteria
Experimental 1 5.62%0.35" 4.80%0.88"
Experimental 2 4.82%0.512 5.47+0.08*

Note: different superscript letters a, b indicate the values that considerably differed in the same row of the table

(P<0.05) based on the results of comparison using the Tukey test

Source: compiled by the authors

Therewith, the number of lactic acid micro-
organisms in pork treated with ferment culture
of the SafePro” B-SF-43 (Leuconostoc carnosum)

strain decreased by 0.67 1g CFU/cm? (P<0.05)
compared to pork treated with a suspension of
lactic acid microorganisms of the SafePro® B-2

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Vovkotrub et al.

(Lactobacillus sakei) strain. It is difficult to com-
pare the research results obtained with similar
data from other researchers since they were
performed on meat processing products and
using different packaging options. In this case,
S. Raimondi et al. (2019) established that the
number of Leuconostoc carnosum in packaged
meat products, in particular, in boiled ham, in-
creases from the first days of the shelf life to
several weeks, reaching its peak by 108 cells/g
and dominates the microflora until the end of
the product’s shelf life. In an experiment on
pork in half-carcasses treated with a spray sus-
pension of the SafePro® B-SF-43 (Leuconostoc
carnosum), this effect was not observed during
the meat storage period.

This fact indicates the specificity of vari-
ous strains of this microorganism and selective
suitability for processing raw meat, in particu-
lar, half-carcasses of pork. Although the micro-
organisms of the SafePro® B-2 (Lactobacillus
sakei) strain were not characterised by rapid
reproduction in meat stored in a refrigerator,
their numbers were fairly stable throughout
the entire study period (Table 8). Furthermore,
A. Najjari et al. (2020) indicate that microor-
ganisms of this type, can substantially improve
the organoleptic characteristics of meat prod-
ucts by creating an attractive aroma, in particu-
lar, during the fermentation of dry sausages.
Therewith, the resistance of these microor-
ganisms to bile acids, which, against the back-
ground of their entry into the small intestine
and the ability to form bacteriocins, ensures
the performance of a probiotic function and
prevents colonisation by pathogenic microflora
of the consumer’s body. Therefore, it is neces-
sary to focus further research on using ferment
cultures of lactic acid microorganisms for pre-
serving pork in half-carcasses after eliminating
the risks of meat contamination at this meat
processing enterprise and improving good hy-
giene practices.
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Colonies of S. aureus, Salmonella spp. and L.
monocytogenes were not identified on the sur-
face of paired half-carcasses of pork of the con-
trol group and both experimental groups during
the entire storage period, which indicates the
safety of meat according to these pathogens.
The data obtained do not contradict the results
of the paper by T. Jacobsen et al. (2003), which
indicate the advantages of using live lactic acid
microorganisms in meat product technology
over white blood cells or bacteriocins to sup-
press pathogenic microorganisms, especially
L. monocytogenes. This is due to ensuring the
stability of the number of colonies of lactic acid
microorganisms in the food product, in con-
trast to the use of biotechnological synthesis
products that can be destroyed during storage.
Notably, the latest studies of a number of re-
searchers, in particular, D.-M. Meng et al. (2020;
2021), are devoted to the use of impure cultures
of living microorganisms and preservatives of
microbial synthesis for storing pork in chilled,
packaged form, in particular, Hispidalin and
Mitihitin-A. These results indicate a reduction
in meat weight loss during storage and sup-
pression of pathogenic microflora, preventing
an increase in pH and meat spoilage. Howev-
er, the effectiveness of these preservatives for
processing whole carcasses or half-carcasses of
slaughtered animals during chilled storage is
not fully understood.

Notably, each meat processing enterprise
has its own microbial association, which must
be considered when developing measures to
improve hygiene practices. A comprehensive
approach is needed to reduce the risks of con-
tamination of meat with microorganisms, espe-
cially pork in half-carcasses that are stored in
chilled form, which will allow combining meas-
ures to reduce air contamination of meat pro-
cessing shops, equipment, and the pork itself
during primary processing and, thus, increase
the duration of its storage in fresh form.
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Conclusions

Cooling half-carcasses using washing and final
treatment with suspensions of lactic acid mi-
croorganisms of SafePro® B-SF-43 (Leuconos-
toc carnosum) and SafePro® B-2 (Lactobacillus
sakei) strains at a dose of 107/cm? to extend the
shelf life of pork in half-carcasses in chilled
form up to 7 days and preserve its freshness
is promising.

Cooling half-carcasses of pork in the refrig-
erator using washing without additional treat-
ment with bioconservants contributes to meat
spoilage already on the 4™ day of storage. The
use of washing to cool half-carcasses of pork in
the refrigerator in combination with final treat-
ment with suspensions of bacterial ferment
cultures of SafePro® B-SF-43 (Leuconostoc car-
nosum) and SafePro” B-2 (Lactobacillus sakei)
strains at a dose of 107/cm? contributed to a de-
crease in the number of MAFAM in fresh pork
meat by 1.25 and 0.65 1g CFU/cm?, respectively,
with a simultaneous increase in the number of
lactic acid bacteria by 3.47 and 3.43 1g CFU/cm?,
respectively, compared to the control. Storage
of pork that was cooled using washing caused
an increase in the number of MAFAM on day
4, which led to signs of meat spoilage. Pork in
half-carcasses, which was subjected to final
treatment with suspensions of bacterial fer-
ment cultures of SafePro® B-SF-43 (Leuconos-
toc carnosum) and SafePro® B-2 (Lactobacillus

compared to the control. Surface treatment of
pork half carcasses with suspensions of bacte-
rial ferment cultures of SafePro® B-SF-43 (Leu-
conostoc carnosum) and SafePro® B-2 (Lactoba-
cillus sakei) strains at a dose of 107/cm? provided
a stable number and dominance of lactic acid
microorganisms in meat during 7 days of stor-
age in a chilled state. Cooling of half-carcasses
of pork in the refrigerator using washing and
final treatment of the surface of half-carcasses
with suspensions of lactic acid microorganisms
of SafePro® B-SF-43 (Leuconostoc carnosum)
and SafePro® B-2 (Lactobacillus sakei) strains
at a dose of 107/cm? created conditions for en-
suring the pH value of meat on the 7* day of
storage at a level characteristic of high-quality
meat and did not affect its moisture-retaining
ability. The use of processing half-carcasses of
pork with suspensions of lactic acid microor-
ganisms will allow increasing the shelf life of
chilled pork while maintaining its quality and
ensuring safety. A promising area of research
is to determine the effectiveness of cold water
washing of pork in half-carcasses in combina-
tion with treatment with suspensions of lactic
acid microorganisms and physical methods of
meat bioconservation aimed at improving or-
ganoleptic parameters and preserving its fresh-
ness and biological value.
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Awnoraris. ITig yac nepBMHHOI Iepepo6KY CBUHMHM Ha eTarli OXOJIOKeHHSI MiBTYII BiGYBa€ThCS
BTpaTa iX Macu, I0 MPU3BOAUTH A0 €KOHOMiUHMX 36MTKiB. OOHMUM i3 MEpPCIeKTUBHUX LUISXiB
BUpIIIeHHST 1ie€i mpobrmemMyu € BMKOPUCTAHHS IYITYBaHHSI MIiBTYLI OXOJOIKEHOIO BOZOI0, IO
rorpebye 3aCTOCYBaHHSI 3aco0iB JeKOHTaMiHallii mM’sica Bim Mikpoduiopu, sika CIPUYMHSIE J10TO
TICyBaHHS. MeTa TOCTiIKeHHSI — BU3HAUUTM e(DeKTUBHICTh 3aK/II0YHOI 0OPOOKM MiBTYII CBUHUHU
3aKkBackamu KynbTyp mramiB SafePro® B-SF-43 (Leuconostoc carnosum) i SafePro® B-2 (Lactobacillus
sakei) iy ix 6iokoHcepBaillii Ta 36epeskeHHST CBiXXKOCTi. B po6OTi BUKOPUCTAHO OPraHONENTUYHI,
xiMiuHi Ta MiKkpob6ionoriudi mMeTomyu AOCTiIKeHHS. BCTaHOBIEHO, IO OXOJIOMKEHHS TiBTYII
CBMHVHM B XOJOOW/IbHI KaMmepi 3 BUKOPUCTAHHSIM MAYIIYBAHHSI XOJIOMHOKO BOZOK CIIPUSIE
BMHMKHEHHIO O3HaK TICYBaHHS M’sca 3a piBHEM MiKpOOHOI KOHTaMiHallii Ta BeIMunHO0 pH Bske
Ha 4 100y 36epiranHs. O6po6Ka ITOBEPXHi MiBTYII CYCIIEH3iIMM MOJIOUHOKUCIMX MiKpOOpraHismMiB
mramiB SafePro® B-SF-43 (Leuconostoc carnosum) i SafePro® B-2 (Lactobacillus sakei) y no3i 107/cm?
3a6e3reuye HaJIeXKHi OpraHONeNTUYHI TOKa3HUKM i Benmunuy pH cBUHMHM 10 7 106U 36epiraHHsI,
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SKi BiIMOBiZalOTh sIKicHOMY M’scy. O6GMIBI 3aKBAaCKM MOJOYHOKUCIMX MiKpOOpraHi3miB
3HIDKYIOTh MiKpOGHY KOHTaMiHallifo M’sica 32 PaXyHOK YMCEIbHOCTI Me30(iabHUX aepoOHUX i
(akynbTaTMBHO-aHaepOGHMX MiKpOOpPraHi3sMiB y mapHux Tymax Ha 1,25 ta 0,65 Ig KYO/cm? Ta
36iIbLIYIOTH UMCETbHICTH MOTIOUHOKMCINX MiKpOOpraHismis Ha 3.47 i 3.43 1g KYO/cm? BifmoBigHo,
110 JO3BOJISIE TIPOJOBXKUTY TePMiH 36epiraHHsi M’sica B OXOJIO[IKEHOMY BUITISIAI He MeHIe 7 1i6.
Iyt 3aK/II0YHOT 06pOOKYM MIiBTYII CBMHMHM 3a OXOJIOKEHHST B XOJIOAWIbHIl KaMepi y moeqHaHHi
3 JIYITYBaHHSIM OXOJIO[KEHOI0 BOZOI HAMIPUIOATHINIOW € KyabTypa Imramy SafePro® B-2
(Lactobacillus sakei). OTpuMaHi pe3yabTaTy HOCTiIKEHb € TePCIEKTUBHUMU IJIs1 YIOCKOHATEHHS
TEXHOJIOTii MePBMHHOI TIepepo6Ky CBMHMHM Ha eTari OXOJIOMKEHHS 3 BUKOPUCTAHHSIM 3aKBacOK
MOJIOYHOKMCIVX MiKpPOOPraHi3MiB B SIKOCTi HATYypaTbHUX KOHCEPBAHTIB, L0 I03BOIUTD 301TbIIATI
TepMiH 36epiraHHs M’sica 3 ypaxyBaHHSIM 1OT0 SIKOCTi Ta 6e31MeYHOCTi
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Abstract. Analysis of the method of using sonography during surgery in animals with polycystic
kidney disease is an urgent task since firstly, sonography is a safe and non-invasive method of
examination, which allows determining the structural features of the kidneys before, during, and
after surgery. Secondly, from the standpoint of improving the results of surgery, sonography helps
to clarify the localisation of cysts and determine their size. Thirdly, an important factor in the use
of sonography is the reduction of pain and the risk of postoperative complications. In addition,
due to this method of kidney examination, it is possible to more accurately determine the optimal
route of access to cysts, which helps to reduce tissue injury and ensures rapid recovery of the
animal after surgery. The purpose of the study is to analyse in detail and describe the method
of using sonography during surgery in animals with polycystic kidney disease. The study focuses
on the need to determine how sonography affects reducing the duration of surgery, improving
the quality of cyst removal, and reducing the risk of complications during abdominal surgery. The
approach in this study is based on the analysis of scientific papers on this subject, in particular on
the experience of veterinarians who have already used sonography during abdominal operations
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in animals with polycystic kidney disease. Thus, special techniques of sonography and surgical
treatment of kidney cysts include dopplerography, colour dopplerography, 3D and 4D sonography,
elastography, introperative sonography, intraperitoneal sonography, and duplex scanning of renal
arteries and veins. Surgical methods of treatment include extraction of individual cysts, drainage of
cysts, resection, and nephrectomy. The use of sonography at different stages of surgical intervention
helps to optimise the operation process, reduce the risk of complications, and contribute to the
introduction of new approaches in the treatment of animals with polycystic kidney disease, which
will substantially improve their quality of life

Keywords: veterinary medicine; organ degeneration; epithelial cells; diagnostics; abdominal

cavity; minimally invasive surgery

Introduction

According to F. Perondi et al. (2020), the prob-
lem of polycystic kidney disease is important
in the field of veterinary medicine, as its prev-
alence in animals is increasing. This is a chal-
lenge for veterinary specialists and requires the
development of effective treatment and diag-
nosis methods. The importance of the problem
lies in the fact that polycystic kidney disease
can lead to the development of kidney failure
and other serious complications.

Scientific studies on polycystic kidney
disease in animals are conducted in different
countries of the world. Sonography is one of the
most effective methods for diagnosing polycys-
tic kidney disease, which allows accurately de-
termining the size, shape, and number of cysts
on the surface of the kidneys. Most research
on polycystic kidney disease in animals has
focused on the use of sonography to diagnose
and monitor kidney health during treatment.
Some of them focus on analysing the results of
sonography and its impact on the results of sur-
gery, while other studies determine the effec-
tiveness of minimally invasive surgical meth-
ods for treating animals with polycystic kidney
disease. The results of the analysis of current
studies of Ukrainian researchers in the context
of polycystic kidney disease in animals reflect
the focus of research on determining effective
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methods for the diagnosis and treatment of this
disease. Thus, N.]. Patel et al. (2020) indicate
the importance of sonography for determining
the prevalence and monitoring the dynamics
of polycystic fibrosis. The results of their study
show that sonography is an important tool in
the diagnosis and monitoring of kidney disease
in animals with this pathology. The study of
L. Schirrer et al. (2021) highlights the main as-
pects of diagnosis and approaches to treating
polycystic fibrosis. Researchers emphasise the
importance of timely diagnosis and choosing
the optimal treatment plan, considering the
age and individual characteristics of the pa-
tient. K. Debruyn et al. (2012) describe current
methods for the diagnosis and treatment of
polycystic kidney disease, mentioning sonogra-
phy and focusing on the importance of early de-
tection and thorough examination of patients
to choose the optimal treatment strategy.
Studies on the effectiveness of sonogra-
phy during abdominal surgery for polycystic
kidney disease in animals have shown that
this method is reliable and helps reduce the
risk of complications during its implementa-
tion. One such recent study was conducted by
B. Dekerle et al. (2022), analysing data from a
10-month-old dog the sonography of which ac-
curately determined the location of a cyst in the
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kidney. Subsequently, the cyst was drained by
ultrasound monitoring, performed before and
during surgery. The study showed that sonog-
raphy helped to more accurately determine the
size and location of the cyst on the surface of
the kidney, which contributed to its effective
removal during surgery. In addition, sonogra-
phy during surgery was identified to determine
the presence of additional cysts and compli-
cations, such as bleeding. The same conclu-
sion was reached in the studies by F. Rossi et
al. (2023), which describe the use of computed
tomography and sonography to detect cysts on
the kidney surface in dogs and cats with pol-
yeystic kidney disease. The researchers noted
that sonography is a highly sensitive meth-
od for diagnosing the presence of cysts in the
kidneys, which helps determine the degree of
prevalence of the disease and decide whether
to perform surgery.

A study published by C. Thanaboonnipat et
al. (2020) examines the use of elastography (a
type of sonography) in the examination of kid-
neys in animals. Research has shown that elas-
tography can be useful in assessing the texture
of kidney tissue and help identify kidney can-
cer. Other studies focus on the use of 3D and
4D sonography to determine the shape and size
of cysts on the kidney surface in animals, in-
cluding in real-time. For example, Y. Huang et
al. (2021) showed the use of 3D sonography to
assess the size and shape of cysts on the kidney
surface in dogs with acute abdominal haemor-
rhage. It was established that 3D sonography
can be useful for assessing the relationship of
cysts with nearby organs and structures. Au-
thors investigated the use of sonography in kid-
ney screening and reducing invasiveness. As a
result, it was argued that “sonography can be a
promising imaging diagnostic tool for assessing
kidney condition”. Studies on the effectiveness
of sonography during abdominal surgery for
polycystic kidney disease in animals show that

sonography is an integral part of surgical prac-
tice for such patients.

This review paper is based on an analysis
of various sources and methods, including Pu-
bMed, Google Scholar, and other databases, for
obtaining scientific publications, monographs,
dissertations, and scientific conference reports
on polycystic kidney disease in animals. The
information obtained was processed, summa-
rised, and evaluated in the context of surgical
treatment. By comparative analysis of various
methods of diagnosis and treatment of pol-
ycystic kidney disease, the most effective ap-
proach was identified. The results of previous
studies and publications, including data from
well-known specialists related to the surgical
treatment of animals with this disease, were
reviewed. The data obtained helped deter-
mine the best approaches for the diagnosis
and treatment of animals with polycystic kid-
ney disease and also confirmed the validity of
using sonography in the surgical treatment of
this pathology.

The purpose of the study is to analyse
scientific sources regarding the nature of ab-
dominal surgery for polycystic kidney disease
in animals and the role of sonographic indica-
tors at different stages of surgical intervention.
This will lead to the enrichment of scientific
knowledge, solving the problem of polycystic
kidney disease in animals, and improving the
practice of surgical intervention in this case.
Tasks include: analysis of scientific papers
covering the problem of polycystic kidney dis-
ease in animals and the nature of abdominal
surgery in this case; determination of the role
of sonography as a diagnostic method for pol-
ycystic kidney disease in animals; establishing
a relationship between sonography indicators
and surgical intervention results; evaluating
the effectiveness of using sonography at differ-
ent stages of abdominal surgery for polycystic
kidney disease in animals.
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Methods of treatment of polycystic kidney
disease in animals and basic tools
Abdominal surgery for polycystic kidney dis-
ease in animals can be performed using various
methods depending on the size and number of
cysts on the surface of the kidneys and requires
great care and precision on the part of the vet-
erinary surgeon since cysts can be very thin-
walled and easily torn during surgery. Accord-
ing to the data of I.S. Dekhnych et al. (2021), this
may lead to the development of complications.

The studies of N.J. Patel et al. (2020) and
B. Dekerle et al. (2022) indicate that abdominal
surgery for polycystic kidney disease in ani-
mals can include several stages: preparation
of the animal for the operation: keeping it on
a starvation diet for 12-24 hours before the
operation, improving the level of hygiene and
additional studies, such as clinical blood tests
and sonography; anaesthesia of the animal:
before the operation, the animal is subjected
to anaesthesia, which ensures a painless con-
dition during its implementation and helps to
reduce the risk of complications. Instruments
and tools are also prepared for the operation,
as various methods can be applied to the op-
eration, such as sterilisation of the operating
area and preparation of proper equipment for
its implementation. After preparing the oper-
ating area, the animal is given a lying position
on its side with a positional sonography lens to
clarify the location of cysts and kidneys; then,
an incision is made, and muscle and fascial
tissues are separated to provide access to the
kidneys. Once access to the kidneys is achieved,
cysts are removed, which can include various
methods, such as removing cysts with special
tools or cutting them into smaller pieces that
can be removed with minimal damage to the
surrounding tissue. After that, the final stage of
the operation takes place.

J. Park et al. (2019) argue that after open-
ing the abdominal cavity and examining the
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kidneys, the surgeon can continue to compare
the presence of cysts with a preliminary sono-
graphic assessment. If a cyst is found that ob-
scures the image, the surgeon can confirm its
location and size using dopplerography and
elastography. In addition, additional sono-
graphic studies, such as colour dopplerography
and 3D/4D sonography, can be performed to as-
sess the relationship of cysts with surrounding
organs and structures.

X. Zhang et al. (2020) in their paper note
that after evaluating the results of the sono-
graphic examination, the surgeon can apply
various treatment methods:

¢ (extraction) of individual cysts: the sur-
geon removes the cyst from the kidney using a
special tool;

¢ cyst drainage: the surgeon inserts a thin
hose through the kidney cyst and applies drain-
age to remove fluid from the cysts;

¢ kidney resection (partial removal): the
surgeon can perform resection of the part of the
kidney where the cysts are located;

¢ nephrectomy (complete removal) of the
kidney: if the cysts are located in the area of
the renal branches, the surgeon performs a ne-
phrectomy — complete removal of the kidney.

After removing cysts that could cause com-
plications, according to E. Stock et al. (2018), a
final examination of the kidneys and surround-
ing tissues is performed to detect other abnor-
malities or complications. After removing the
cysts and performing drainage, the surgeon
should check all operated vessels for bleeding
and ensure their hemostasis. Then, the condi-
tion of the kidneys is evaluated and it is iden-
tified whether they are working well. Special
tests are usually performed to do this, for ex-
ample, diuresis and blood creatinine levels are
measured. If the operation is successful and
no complications occur, the sick animal can be
sent to the hospital for postoperative obser-
vation or allowed to be taken home, provided
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that certain instructions and recommenda-
tions for care are followed. Notably, polycystic
kidney disease is a chronic disease, so postop-
erative care and regular medical examinations
by a veterinarian are necessary to monitor the
functional state of the kidneys and prevent re-
lapses of the disease.

During surgery for polycystic kidney dis-
ease in animals, a variety of tools are used to
remove cysts. The main tools, according to
Y. Bayazit et al. (2003), include:

¢ endograbler or “rake”, which has very
thin forceps with a hook at the end, enabling
the collection and removal of small cysts from
the kidneys;

+ endoclipper or “scissors”, equipped with
two blades, which are usually located at the end
of a flexible shaft, and designed for cutting cysts;

¢ an endodrill or “crushing drill” is used to
remove large cysts, which is supplemented with
a crushing head that can rotate at high speed,
allowing the cysts to be crushed;

+ an endoscope is a small device consisting
of a thin tube with a camera at the end that is
inserted into the body through a small incision
in the skin and used to examine the surgical
field and monitor the process of removing cysts;

¢+ laparoscope - allows the surgeon to per-
form surgery through small incisions in the skin
using a camera located at the end of a thin tube.

The surgeon selects instruments based on
the size and location of the cysts, and the func-
tional ability of the kidneys and the general
health of the animal. It is essential to choose
the right tools and techniques to reduce the
risk of complications and maximise kidney
function. According to K. Debruyn et al. (2012),
the role of sonography during surgery for pol-
ycystic kidney disease in animals depends on
the type of instrument used during surgery.
When using traditional tools such as scissors,
tweezers, and curettes, sonography can be
helpful in determining the location of cysts

and tracking the process of removing them.
Additionally, sonography allows tracking the
degree of violation of the structure of tissues
during surgery.

When using endoscopic control instru-
ments, such as laparoscopes and robotic sys-
tems, as noted by F. Rossi et al. (2023), sonog-
raphy can be used to map the internal structure
of kidney organs and cysts with high resolution.
This can help reduce the risk of damage to sur-
rounding tissues and organs during surgery.
Abdominal surgery for polycystic kidney dis-
ease in animals is a serious medical interven-
tion that should only be performed by qualified
veterinary surgeons with experience in such
operations. The animal should be prepared in
detail for the operation, including a preliminary
assessment of its health status, performing var-
ious laboratory and instrumental studies to en-
sure safety during the operation.

Postoperative animal care is also quite im-
portant. After the operation, the animal should
be placed in a special room where it can recover
under the supervision of veterinary specialists.
The animal must receive sufficient food and
water and the necessary amount of medicine.
Signs of possible postoperative complications,
such as bleeding, infections, or other health
problems must be carefully monitored.

Methods of sonographic research,
disadvantages of using sonography
in polycystic kidney disease in animals
and evaluation of the effectiveness
of using sonography

C. Thanaboonnipat et al. (2020) note in their
paper that sonographic examination is a pain-
less and non-invasive method that plays an es-
sential role at various stages of abdominal sur-
gery in the case of polycystic kidney disease in
animals. Sonography allows estimating the size
and number of cysts that may be present in the
animal’s kidneys. Before starting the operation,
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sonography helps the veterinary surgeon plan
the course of the operation, choosing the safest
technique for removing cysts from the animal’s
kidneys. In addition, this method can be used
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to assess the extent of damage to the kidneys
and other internal organs, which can help the
veterinary surgeon determine the complexity of
the operation (Fig. 1).

Figure 1. Ultrasound image along the long axis of the left kidney of an 8.8-year-old, 41.9 kg,
neutered male, mixed breed with a diagnosis of intra-renal cystic lesion

Sourse: M. Vagias (2022)

The method of the study consists in plac-
ing the patient on the operating table so that
the cyst under study is available for scanning
from different angles. The study should be
conducted in B-mode, which allows getting a
two-dimensional image of the object, as stat-
ed by L. Meomartino et al. (2021). According to
N. Bilgen et al. (2020), to determine the size of
the cyst, images are made in two projections:
vertical and horizontal. Scanning from different
angles, changing the position of the sensor is
conducted to do this. The image measures the
distance between opposite points on the pe-
riphery of the cyst. Y. Hwang et al. (2020) note
that for a more accurate assessment of the cyst
size, it is necessary to make several measure-
ments in different projections and calculate the
average value.

It is important to get images in different
projections to assess the shape of the cyst.
Visualisation of the cyst in a profile projection
allows you to estimate its shape and length-
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to-width ratio. As studies by K.R. Waller et
al. (2007) show, to determine the relationship
of cysts with surrounding organs and struc-
tures, sonographic studies using various scan-
ning modes are applied. Commonly used modes
are B-mode, M-mode, and colour dopplerog-
raphy. The patient should be positioned on its
back to determine the relationship of the cyst
with the kidneys and ureters. Firstly, the kid-
neys are examined and their size and shape are
determined. Then, with the help of an angular
sonda, examinations are performed at different
levels of the kidneys and ureters. M.M. Lar-
son et al. (2021) note that during this study, it
is important to determine the presence of cysts
in the kidneys and ureters and to determine
whether cysts are able to compress or interfere
with the normal flow of urine.

G. Kumar (2012) indicate that B-mode and
colour dopplerography are used to determine
the relationship of cysts with the abdominal
cavity and individual internal organs. Firstly,
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the abdominal cavity is examined to deter-
mine the presence of cysts and their location.
I. Matos et al. (2018) report that individual in-
ternal organs and structures should then be
examined using various sondas to elucidate
existing relationships with cysts. According to

W.M. Thaiss et al. (2019), in some cases, addi-
tional examinations may be required, such as
computed tomography (Fig. 2) or magnetic res-
onance imaging, for more detailed information
about the relationship of cysts with surround-
ing organs and structures.

Figure 2. Transverse (a), sagittal (b), and dorsal (c) conventional computed tomography
multiplanar reconstructions of images of the same dog diagnosed with a kidney cyst
Notes: numerous non-contrasting, well-defined ovoid structures of various sizes and fluid attenuation are visible in
the cortical and medulla of both kidneys. The caudal pole of the right kidney contains a very large, egg-shaped, thin-
walled, non-contrasting reinforcing fluid weakening structure that has replaced the normal architecture of its caudal
third. In Figures (a) and (c), the left side of the dog is to the right of the images

Sourse: M. Vagias (2022)

According to C.A. McAloney et al. (2018),
special techniques are used to determine the
location of a cyst during sonographic exami-
nation. One of them is the “cross-scanning” or
“perpendicular scanning” technique. It consists
in the fact that the sonography device is placed
parallel to the surface of the animal’s body, and
the probe is placed perpendicular to it in the
direction that needs to be examined. During
cross-scanning, the probe is placed on the an-
imal’s skin where the examination is required,
and scans are performed from different angles.
This allows getting more detailed information
about the location of the cyst, its size, and shape.

In addition, as noted by K. Debruyn et
al. (2012), the “real-time scanning” or “two-way
scanning” technique can be used to determine
the location of the cyst. In this case, the probe
is placed on the animal’s skin at the point that
needs to be examined, and scans are performed
in real-time. During the scan, not only the cyst
tissue but also the surrounding space is visual-
ised, which allows getting more detailed infor-
mation about the location of the cyst, as con-
firmed by W.R. Widmer et al. (2004). A. Agut et
al. (2020) note that in any case, to determine the
topography of cyst placement, it is necessary to
conduct a study in different planes, using dif-
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ferent scanning techniques to get the most
complete information about its size, shape,
and location. During surgery, especially in or-
gans with a rich network of blood vessels, the
possibility of bleeding is a severe risk. Sonog-
raphy can be useful for identifying possible
sources of bleeding and estimating its volume.

In their study, L. Schirrer et al. (2021) note
that sonography can assess the structure of tis-
sues, which helps to identify possible bleeding
sites, in particular, the separation of bleeding
vessels from non-bleeding tissues, the detec-
tion of narrowing or dilation of blood vessels,
and the identification of possible changes in
the shape and size of organs. In addition, us-
ing colour and pulse dopplerography, the speed
of blood flow in the vessels can be determined,
which can help identify pathological changes in
blood circulation. If a bleeding area is detected
during surgery, the doctor may take the nec-
essary measures to stop the bleeding, such as
ligation or blood coagulation. Sonography can
help during these procedures by providing vis-
ualisation of bleeding vessels and helping the
doctor choose the most effective method to
stop the bleeding.

After surgery, a sonographic examination
can be used to monitor the condition of the an-
imal’s kidneys and evaluate the effectiveness of
the treatment. It allows the veterinary surgeon
to determine how completely cysts were re-
moved from the animal’s kidneys and assess the
condition of the kidneys and surrounding tis-
sues after surgery. D.J.X. Liu et al. (2019) claim
that sonographic examination can be per-
formed during surgery using a portable device
with an ultrasound head. High-frequency ultra-
sound heads with a frequency of 7.5 to 12 MHz
are usually used to ensure optimal visualisation
of the kidneys during surgery.

According to the study by M.M. Larson et
al. (2021), sonography techniques during sur-
gery may vary depending on the type of surgery
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and the location of cysts in the animal’s kidneys.
However, the general approach to perform-
ing sonography includes the following steps.
Preparation of the patient when the animal is
subjected to general anaesthesia and placed on
the operating table. Preparation of the device
head and sonography (the ultrasound head is
sterilised and applied to the animal’s skin in the
kidney area). Communication with the device is
provided by means of a gel. The operating team
receives an image of the kidneys on the device
screen. Monitoring the operation with sonog-
raphy: during the operation, the veterinary sur-
geon determines the exact location of the cysts
and the degree of their interaction with the kid-
neys, noted M. Bertolotto et al. (2018). It also
monitors the condition of the kidneys and oth-
er internal organs to detect possible complica-
tions during surgery. After surgery, a veterinary
surgeon may perform additional sonography to
assess the condition of the kidneys and other
internal organs.

Based on the resulting images, as noted by
I.C.K. Cruz et al. (2021), the doctor evaluates
the condition of the kidneys, their shape, size,
number, and size of cysts. If the kidneys appear
substantially enlarged, with a large number of
cysts, complications may occur during surgery,
such as bleeding, impaired kidney function,
and damage to surrounding organs. Therefore,
P.G.S. Cardoso et al. (2019) indicate that it is
important to accurately determine the size and
number of cysts and the location of the kidneys
before starting surgery. For this purpose, spe-
cial sonography techniques can be used, such as
dynamic sonography, which allows visualising
changes in the size and shape of the kidneys dur-
ing the animal’s movements and various phas-
es of breathing. 3D and 4D sonography can also
be used, which allows getting a more detailed
image of the structure of the kidneys and cysts.

When performing sonography during sur-
gery, it is important, according to D.].X. Liu et
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al. (2019), to ensure the safety of the animal.
Therefore, it is fixed in a soft fabric that pre-
vents movement. In addition, special gels can
be used to improve the connection between the
sonograph sensor and the animal’s skin, which
improves image quality.

Although sonography is a useful tool for di-
agnosing and determining the location of cysts
on the surface of the kidneys during abdom-
inal surgery for polycystic kidney disease in
animals, it has some disadvantages. F. Rossi et
al. (2023) stated in their paper that sonogra-
phy might be less effective if the kidneys are far
from the surface of the skin, if there are thick
layers of muscle and adipose tissue between
them and the sensor that interfere with visual-
isation, or when the presence of air structures
in the stomach or intestines reduces the effec-
tiveness of sonography. This method can also
provide only limited information about the in-
ternal structure of cysts, such as the presence
of internal partitions or stones. As noted by
S. Griffin (2020), sonography may be less effec-
tive in diagnosing smaller cysts because they
tend to be less visible in the image. There may
be cases when this method does not provide
sufficient information to decide on the type
of surgery and may require additional studies,
such as computed tomography or magnetic res-
onance imaging. However, given these short-
comings, sonography is still a valuable tool for
surgical intervention in polycystic kidney dis-
ease in animals. B. Vazquez & J. Daniel (2021)
argues that in the case of non-standard situa-
tions, veterinarians combine sonography with
other diagnostic methods, such as radiography,
computed tomography, magnetic resonance
imaging, etc., to obtain maximum information
about the condition of the animal’s kidneys and
determine the optimal treatment tactics. The
author’s assessment of the use of sonography
at different stages of abdominal surgery for pol-
yeystic kidney disease in animals indicates its

effectiveness, informative value, and prospects.
Thus, it was found that sonography allows get-
ting a detailed three-dimensional image of the
kidneys and other internal organs during sur-
gery. This improves the ability to accurately
locate and evaluate kidney cysts and provides
real-time visualisation of blood circulation and
blood flow (International renal..., n.d.).

In the early stages of surgery, when the
question of the possibility of resection or ex-
traction of cysts is decided, sonography provides
the possibility of accurate diagnosis and assess-
ment of the size of cysts, which contributes to
more precise planning of surgical actions. In
addition, during the operation itself, intraop-
erative sonography provides an opportunity to
monitor the process of cyst removal, drainage,
and other manipulations in real time. The data
obtained confirm that the use of sonography
allows the veterinary surgeon to perform accu-
rate and safe operations, minimising the risk of
possible complications. An important aspect is
also to reduce the invasiveness of surgery due
to the possibility of intraperitoneal sonography,
which allows obtaining diagnostic information
without interfering with the renal parenchyma
(Frazier & Huppmann, 2020).

Thus, the results of the study confirm that
sonography is an integral and effective compo-
nent of abdominal surgery for polycystic kidney
disease in animals, providing accurate diagno-
sis, greater controllability of surgical proce-
dures, and improved treatment outcomes.

Special sonography techniques:
Dopplerography, colour dopplerography,
3D and 4D sonography, elastography,
introperative sonography, intraperitoneal
sonography, duplex scanning of renal
arteries and veins
In cases where the animal’s kidneys have a
complex structure or in the presence of compli-
cations during the development of polycystic
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kidney disease, M.M. Larson et al. (2021) indi-
cate that special sonography techniques may
be involved:

¢ dopplerography — used to assess blood
circulation in the kidneys, which allows iden-
tifying possible problems with blood flow, such
as narrowing of the arteries, which can cause
complications during surgery;

¢ colour dopplerography - used to deter-
mine the direction and speed of blood flow in
the kidneys, which allows the veterinary sur-
geon to assess the condition of the kidneys in
more detail and identify possible circulatory
problems;

¢ 3D and 4D sonography - necessary for
obtaining a three-dimensional image of the
kidneys and other internal organs, allowing the
veterinary surgeon to determine the size and
shape of the kidneys in more detail and can be
helpful when planning surgery;,

¢+ elastography — used to determine the
density and stiffness of tissues, which can be
useful in determining possible complications
during surgery and helps the veterinary sur-
geon more accurately determine the condition
of the kidneys;

¢+ introperative sonography — allows getting
images of organs in real time during surgery,
which requires the use of a special probe that is
connected to the sonograph and inserted into
the animal’s body through a small injection;

¢+ intraperitoneal sonography — provides an
image of the kidneys and parotid space without
interfering with the parenchyma of the organ;

¢ duplex scanning of renal arteries and
veins — allows assessing the degree of nodular
damage and determine the possibility of pre-
serving the renal parenchyma during surgery.

M. Vagias et al. (2022) noted in their paper
that the following steps are used to perform in-
troperative sonography during abdominal sur-
gery for polycystic kidney disease in animals. An
incision of the muscles and anterior abdominal
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wall is performed to access the abdominal cav-
ity. A miniature probe is used, which is inserted
into the abdominal cavity to do this. The next
step is to perform a sonography of cysts to de-
termine the location of the kidneys. The num-
ber of cysts that affect the size of the kidneys
is assessed, and the number of polyps and their
size located in the kidney cavity is estimated.
Then, the size and condition of the kidneys are
evaluated using a high-frequency probe, and
colour Doppler sonography is used to examine
the blood supply to the kidneys. In the next
step, the renal arteries and veins are examined
to determine their size and diameter. At the
end, the cysts are punctured to examine their
contents.

Based on the result of Y. Huang et al. (2022),
the method of dopplerography for abdominal
surgery for polycystic kidney disease in animals
consists of the following steps. Preparation of
the animal: the animal is subjected to general
anaesthesia and fixed in the optimal position
for the examination. Coat of the animal in
the examination area should be trimmed and
cleaned of various types of dirt. It is important
to ensure the thermal comfort of the animal
during the operation. Installation of the dop-
plerographic sensor on the surface of the ani-
mal’s skin: before starting the examination, the
sensor is lubricated with gel to ensure better
contact with the surface of the animal’s skin
and better transmission of sound waves. Deter-
mination of test parameters: the doctor deter-
mines the test parameters, such as the signal
penetration depth and sensor frequency. This
allows obtaining the most accurate results. Im-
age acquisition and analysis of results: a dop-
plerographic sensor is moved along the vessel
to obtain an image of blood flow. After finding
the appropriate blood vessels, dopplerography
is performed to measure the blood flow rate.
The image is transmitted to the monitor, where
the doctor analyses the results. F. Freccero et
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al. (2020) emphasise that the data obtained on
the rate of blood flow in the arteries and veins
help to assess the condition of the kidneys, di-
agnose the presence of bleeding, and determine
the level of blood flow in the organs.

For example, the rate of blood flow in the
renal artery can help assess the perfusion (pa-
tency) of the kidneys, that is, how fully the blood
flow supplies the kidneys with oxygen and nu-
trients. If perfusion is impaired, problems with
kidney function may occur. The blood flow rate
in the renal vein can also indicate the degree
of blood drainage (outflow) from the kidneys. A
decrease in the rate of blood flow in the renal
vein indicates impaired drainage and blood re-
tention in the kidneys. The rate of blood flow in
the renal artery is usually in the range of 80 to
180 cm/s. Therewith, a decrease in blood flow
rate to 70 cm/s or less may be a consequence
of impaired renal perfusion. S.M. McLeland et
al. (2015) note that the rate of blood flow in
the renal vein is usually in the range of 15 to
40 cm/s. A decrease in the blood flow rate
to 10 cm/s or less may indicate a violation of
blood drainage from the kidneys. Assessment of
blood flow rate in arteries and veins using dop-
plerography is an important component of the
diagnosis and treatment of animals with kidney
pathology. These data help doctors more accu-
rately assess the condition of the kidneys and
plan further treatment tactics.

N.J. Patel et al. (2020) noted in their paper
that colour dopplerography is a modern meth-
od of visualising and examining blood circu-
lation in animal organs. The main method of
colour dopplerography for abdominal surgery
for polycystic kidney disease in animals is as
follows. After opening the abdominal cavity,
the researcher finds the animal’s kidneys and
discovers the blood vessels that supply these
organs. Next, the device is configured for colour

dopplerography, and optimal scanning param-
eters are determined. After that, the research-
er begins scanning the arteries and veins that
feed the kidneys using colour dopplerography.
During the scan, the doctor receives an image
of blood vessels with a colour-coded blood
flow rate. This allows estimating the speed of
blood flow in the arteries and veins and deter-
mining the direction of blood flow. The data
on the speed of blood flow in the arteries and
veins allowed assessing the condition of the
kidneys and deciding on further actions during
surgery. After completing the examination, the
data obtained are analysed and the results are
recorded. Colour dopplerography allows ana-
lysing not only the speed of blood flow in arter-
ies and veins but also determining the size and
structure of blood vessels, which is vital in the
diagnosis and treatment of polycystic kidney
disease in animals (Fig. 3).

J. Park et al. (2019) note that the optimal
scanning parameters for colour dopplerogra-
phy may vary depending on the specific sit-
uation and the scanning technique used by
the doctor. However, in general, the following
parameters are recommended: the frequen-
cy corresponds to the range between 2 and
5 Mhz, depending on the depth at which the
examination is to be conducted; the flow rate
is usually adjusted to the maximum value that
can be measured during the study; angular
correction: the angle adjustment between the
direction of blood flow and the direction of the
ultrasound wave, which affects the accuracy of
measuring the flow rate; acoustic power should
be adjusted to a safe level. The scan settings
may change during the study, depending on
what is displayed on the screen. Optimal scan-
ning parameters should provide a high-quality
and accurate image to assess the condition of
the kidneys and blood circulation.
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Figure 3. Colour dopplerography of the kidneys
Notes: measurement of resistivity index (RI) and pulsation index (PI) in the intrathecal artery. Doppler wave showing
the difference for peak systolic velocity (PSV), end-diastolic velocity (EDV), and time averaged maximum velocity
(TAMX)
Sourse: study by G.C. Evangelista et al. (2023)

During dopplerography, based on the re-
sults of the studies by K.R. Waller et al. (2007),
it was established that the following parame-
ters should be used to estimate the blood flow
rate in arteries and veins. Peak Systolic Veloci-
ty (PSV) is the maximum blood flow rate in an
artery during the systolic phase of the cardiac
cycle. End Diastolic Velocity (EDV) - the rate
of blood flow in an artery during the diastol-
ic phase of the cardiac cycle. Resistive Index
(RI) - the ratio of the difference between the
maximum and minimum blood flow rate in the
artery to the maximum blood flow rate. Pul-
satility Index (PI) — the ratio of the difference
between the maximum and minimum blood
flow rate in an artery to the average blood flow
rate. The direction of blood flow is determined
using a coloured doppler, which reflects the
direction of blood movement in the corre-
sponding vessels (Parolini et al., 2009). Opti-
mal scanning parameters may vary depending
on the specific technique and type of doppler
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equipment. As noted by B. Singh (2018), to ac-
curately assess the blood flow rate and deter-
mine the direction of blood flow, it is crucial to
follow the recommendations of the manufac-
turer of doppler equipment and conduct scans
under optimal conditions.

3D and 4D sonography are methods that
allow obtaining a three-dimensional image
of an object. In the case of polycystic kidney
disease, 3D and 4D sonography can help de-
termine the size and shape of kidney cysts and
the position and location of polyps and cysts.
Y. Huang et al. (2022) indicate that the meth-
ods of 3D and 4D sonography for abdominal
surgery for polycystic kidney disease in ani-
mals are the same as for conventional sonog-
raphy. However, to get three-dimensional im-
ages, it is necessary to increase the number
of cross-sections and change the position of
the probe. In the case of 3D sonography, the
resulting image can be viewed in different
planes, which provides detailed information
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about the internal structure of the kidneys.
In the case of 4D sonography, the image can
be viewed in real-time, which allows assess-
ing the movement and dynamics of the object.
Elastography is a method that allows assessing
the elasticity of tissues. In abdominal surgery
for polycystic kidney disease in animals, elas-
tography can be used to assess the stiffness of
renal tissue and detect signs of fibrosis.

M. Vagias et al. (2022) argue that the meth-
od of performing elastography in abdominal
surgery for polycystic kidney disease in animals
includes the following steps:

¢ animal training: the animal must be under
anaesthesia, which will ensure maximum stabil-
ity during elastography. At the moment, there is
no special dietary preparation for elastography;

¢ conducting elastography: after standard
sonography, elastography is performed, for
which an elastography sensor is placed on the
surface of the kidney to measure tissue stiffness.
When using a device with integrated elastogra-
phy, sonography usually proceeds immediately
to measuring stiffness. The screen displays an
image of fabrics, in which the stiffness is shown
on a colourful scale. The darker the colour, the
softer the fabrics, the lighter — the stiffer;

¢ data analysis: after performing elastog-
raphy, the obtained data can be processed and
analysed using special software.

For intraperitoneal sonography, based on
the results of C.A. McAloney et al. (2018), a spe-
cial catheter must first be inserted through the
terminal intestine into the coccyx area, allow-
ing access to the intraperitoneal cavity. Next,
a special elastic hydrogel balloon is placed on
top of the catheter, which ensures a tight seal
at the entrance to the cavity and prevents flu-
id from escaping during the study. After that, a
sonographic sensor is connected to the cathe-
ter, which allows getting an image of the kid-
neys and parotid space and assessing the size
and number of cysts in the kidneys. These

techniques reduce the risk of kidney damage
during surgery and maximise its effectiveness.

Disadvantages of using sonography
for polycystic kidney disease in animals
and evaluating the effectiveness
of using sonography
Although sonography is a useful tool for di-
agnosing and determining the location of
cysts on the surface of the kidneys during
abdominal surgery for polycystic kidney dis-
ease in animals, it has some disadvantages.
This method can also provide only limited
information about the internal structure of
cysts, such as the presence of internal parti-
tions or stones. As noted by S. Griffin (2020),
sonography may be less effective in diagnos-
ing smaller cysts because they tend to be less
visible in the image. There may be cases when
this method does not provide sufficient infor-
mation to decide on the type of surgery and
may require additional studies, such as com-
puted tomography or magnetic resonance
imaging. However, given these shortcomings,
sonography is still a valuable tool for surgical
intervention in polycystic kidney disease in
animals. B. Vazquez & J. Daniel (2021) argues
that in the case of non-standard situations,
veterinarians combine sonography with oth-
er diagnostic methods, such as radiography,
computed tomography, magnetic resonance
imaging, etc., to obtain maximum information
about the condition of the animal’s kidneys
and determine the optimal treatment tactics.
The author’s assessment of the use of sonog-
raphy at different stages of abdominal surgery
for polycystic kidney disease in animals indi-
cates its effectiveness, informative value, and
prospects. Thus, it was found that sonography
allows getting a detailed three-dimensional
image of the kidneys and other internal or-
gans during surgery. This improves the ability
to accurately locate and evaluate kidney cysts
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and provides real-time visualisation of blood
circulation and blood flow.

Intheearlystagesofsurgery,whentheques-
tion of the possibility of resection or extraction
of cysts is decided, sonography provides the
possibility of accurate diagnosis and assess-
ment of the size of cysts, which contributes to
more precise planning of surgical actions. In
addition, during the operation itself, intraop-
erative sonography provides an opportunity to
monitor the process of cyst removal, drainage,
and other manipulations in real time. The data
obtained confirm that the use of sonography
allows the veterinary surgeon to perform accu-
rate and safe operations, minimising the risk
of possible complications. An important as-
pect is also to reduce the invasiveness of sur-
gery due to the possibility of intraperitoneal
sonography, which allows obtaining diagnos-
tic information without interfering with the
renal parenchyma.

Thus, the results of the study confirm that
sonography is an integral and effective compo-
nent of abdominal surgery for polycystic kidney
disease in animals, providing accurate diagno-
sis, greater controllability of surgical proce-
dures, and improved treatment outcomes.

Conclusions

The use of sonography during abdominal sur-
gery for polycystic kidney disease in animals
is a valuable tool that reduces the risk of com-
plications and improves the accuracy of the
operation. This method reduces the duration
of surgery for polycystic kidney disease in ani-
mals, as it helps the surgeon to more accurate-
ly and quickly determine the location of cysts
on the surface of the kidneys and not damage
the surrounding tissues during their removal.
In addition, using sonography reduces the risk
of complications after surgery and increas-
es its effectiveness. However, as indicated in
studies, there are some disadvantages to the
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use of sonography in the case of abdominal
surgery. This is primarily due to insufficient
wave penetration depth and inefficiency in
studying high-density structures, such as
cysts. In addition, during the operation, it is
not always possible to provide optimal condi-
tions for sonography. Thus, the use of sonog-
raphy in abdominal surgery for polycystic kid-
ney disease in animals has both advantages
and disadvantages. Given these shortcomings,
sonography is still an effective tool for surgi-
cal intervention in polycystic kidney disease
in animals. In general, the examination of the
problem of polycystic kidney disease in ani-
mals is an urgent and vital task for veterinar-
ians and researchers, which requires further
scientific research and improvement of diag-
nostic and treatment methods.

Prospects for further research include de-
termining the optimal parameters of sonog-
raphy during abdominal surgery in the case
of polycystic kidney disease, such as the size,
number, and location of cysts, which is ex-
tremely important for such surgical interven-
tions. Further investigation of the relationship
between polycystic kidney disease and other
animal diseases is necessary to identify pos-
sible common causes and develop effective
methods of prevention and treatment. In ad-
dition, determining the possibility of develop-
ing new surgical methods that can reduce the
risk of complications and improve the results
of surgery, is important. Lastly, exploring the
possibility of using new technologies, such as
robotic systems, to improve the accuracy and
efficiency of surgical intervention for polycys-
tic kidney disease is also required.
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XapakTep adgoMiHaJIBLHOI onepaiii Npu MoJIiKicTo3i HUPOK
y TBapMH Ta PoJib NOKa3HHKIB COHOrpagivyHOro AOCIigsKeHHA
Ha pi3HHUX eTanax XipyprivyHoro BTpy4aHH:: OIJIA JiTepaTrypyu

Irop CepriiioBuu JexHmua
AcmipaHTt
[MonTaBCchKUit IepKaBHMIT arpapHUii YHiBEPCUTET
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AHoTanis. AHa/li3 MeTOAMKU BUKOPUCTAHHSI coHorpadii mig yac XipypriyHOro BTpyYaHHS Yy
TBapMH i3 MOJIKiCTO30M HUPOK € aKTyaJbHMUM 3aBIAHHSIM, OCKiJIbKM, IMO-Tiepiie, coHorpadist
€ 0e3NeyHM Ta HeiHBa3MBHMM METOHOM OOCTeKEeHHS, IO JO3BOJISIE BU3HAUUTU CTPYKTYPHI
0COBMMBOCTI HMPOK Iepen, Mix yac Ta Tmicas oneparii. [To-gpyre, 3 TOYKM 30py MOKPAIEHHS
pesyibTaTiB omepaliii, BUKOPUCTAHHSI coHorpadii mormomorae YTOUHUTM JIOKadisallilo KicT
Ta BU3HAUUTY ixHi po3Mmipu. ITo-TpeTe, BasKIMBUM (DaKTOPOM Yy BMKOPUCTAHHI coHOorpadii €
3HIMKEHHST 6OJTI0 Ta PUBUKY MicasionepaniifHux yckiaagHeHb. KpiM Toro, 3aBAsiku 1IbOMY METOIY
MOCTiIKeHHSI HUPOK MOK/IMBO TOYHillle BM3HAYATY ONTUMAIbHUIA HUISX JOCTYITY IO KiCT, IO
CTIpyMsie 3MEHIIEHHIO TpaBMaTu3allii TKaHUH Ta 3a6e3Ieuye MBUIKE BiHOBIEHHS TBAPUHY TTiCIIST
orepariii. MeTa gocCisKeHHS MOJsITaAa B IeTa/IbHOMY aHali3i Ta OMNUCi MeTOAMKY BUKOPUCTAHHS
coHorpadii mig yac XipypriuHoro BTpPyYaHHSI Y TBApUH 3 IMOJMiKiCTO30M HUPOK. JOCTimKeHHS
opieHTOBaHe Ha HeOOXiTHOCTI BU3HAUEHHS, IK cOHOrpadist BIIMBAE Ha 3MEHIIEHHS TPUBaIOCTi
omepaiiii, MOMIMIIeHHST SKOCTi BUAAJIEHHSI KiCT Ta 3HMKEHHS PU3MKY YCKIAgHEHb ITif Yac
TIpoBeieHHsT abIoMiHaTbHUX Orepaliii. JJoCaimHUIIbKII Miaxin 6a3yeThcsl Ha aHaTi3i HAYKOBUX
Tpalb 3a 1ji€l0 TeMaTMUKOI0, 30KpeMa Ha JOCBiJli BeTepMHApPHMUX JIiKapiB, SIKi B>Ke BUKOPUCTOBYBAIN
coHorpadiro 1 yac abmoMiHaaIbHMX OTepalliil y TBApUH i3 ToJTiKicTo30M HUPOK. Tak, crierjiaabHi
TexHiKM coHorpadii Ta XipypriuHoro jgiKyBaHHS KiCT Y HMpPKaxX BK/IIOUAIOTh Aoruieporpadiio,
KOJTbOPOBY Aoruieporpadito, 3D Ta 4D coHorpadito, enacrorpadito, iHTporepaTuBHy coHOorpadiio,
iHTparnepuTOHea bHy COHOTPadilo, a TAKOX MYIVIEKCHEe CKaHYBAaHHS HUPKOBUX apTepiii Ta BEH.
V xipypriuHux mMeTopmax JiiKyBaHHSI BiZj3HAUaIOThCSI €KCTPAKIIisi OKpeMUX KiCT, ApeHyBaHHSI KiCT,
pesexkilis, a Takok HedpekTomisi. BukopucranHs coHorpadii Ha pi3HMX eTarmax XipypriaHoro
BTPyYaHHS [JOIMOMOTAa€ OINTMMIi3yBaTy TIpoIeC oreparii Ta 3HU3UTU PUSUK BUHUKHEHHS
YCKIagHEHb, a TAKOX CIPUSITMME BIIPOBAIKEHHI0O HOBUX IiIXOAiB Yy JKyBaHHi TBapuH 3
TMOJIiKiCTO30M HUPOK, 1110 iCTOTHO IMOJIIMIINUTD SIKiCTh iIXHBOTO SKUTTSI
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Abstract. Exotoxins that produce vaccine strains of the anthrax pathogen are the main source
of immunogenicity of anti-selective vaccines used in veterinary medicine. The relevance of the
study is due to the search for the most suitable vaccine strains of the anthrax pathogen to obtain
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high production of exotoxin as a factor of the effectiveness of drugs for the implementation of
preventive and safety measures in the field of veterinary medicine. In this regard, the purpose of
the study was to examine the productive properties of microbes of the Bacillus genus regarding the
production of exotoxin under changes in cultivation conditions during incubation. Microbiological
and biotechnological methods and comparative statistical analysis are used to examine vaccine
strains of the anthrax pathogen. Strains are selected according to the intensity of growth on nutrient
media. A biotechnological approach to obtaining a specific anthrax protein is used to analyse the
production of exotoxin by vaccine strains of the anthrax pathogen. When cultured on identical
nutrient media, the vaccine strains produce different amounts of exotoxin. Virulent (B. anthracis
IBM-92 Z), vaccine (B. anthracis K-79 Z, B. anthracis Sterne 34F 2, B. anthracis 55, B. anthracis SB.
anthracis Tsenkovsky II) strains, and anthrax cultures (B. cereus 8035, B. anthracoides 67, B. subtilis
BKM 17) are examined. In the course of experimental work, it is determined that the production
of exotoxin of various anthrax pathogen strains depends on the medium’s pH. It is established
that with identical pH values of the medium and cultivation conditions, the highest production of
exotoxin was shown by the vaccine strain B. anthracis K-79 Z. The titer of a specific anthrax protein
was 1:64. Changes in the pH of the medium during the cultivation of strains affect the amount of
exotoxin formation - the main factor in the formation of specific immunity against the anthrax
pathogen. The results of the study can be applied by specialists of the veterinary service to select
antigen producers in the development of new drugs against anthrax in animals based on exotoxins

Keywords: anthrax; toxin formation; cultivation; medium pH; virulent strains; reference cultures

Introduction

Anthrax is an infectious disease caused by a
spore-forming gram-positive, rod-shaped bac-
terium, Bacillus anthracis. In the large Bacillus
genus, B. anthracis is the only obligate path-
ogen. As noted by M. Omodo et al. (2023), an-
thrax is a zoonotic disease transmitted through
the soil by a pathogen found on all continents
of the globe. Anthrax is potentially contagious
to most mammals. However, first of all, it af-
fects ruminants. This bacterium survives for
decades as spores in meadows contaminated
with abandoned or buried corpses of animals
that died from anthrax. R. Liddington (2021)
draws attention to the fact that people become
infected with anthrax through contact with in-
fected animals or by eating contaminated an-
imal products. In 95% of cases, when a person
is infected with anthrax, the skin form is most
common. E. Kisaakye et al. (2020) indicate that
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WHO estimates that between 2,000 and 20,000
human cases of anthrax are reported annually
in the world.

Infection with B. anthracis is possible
through the skin, gastrointestinal, or respira-
tory tract. Anthrax exists in two forms: vege-
tative cells (inside the host) and endospores
in the soil or environment, where, as noted by
S. Topluoglu et al. (2021), it can remain viable
for decades to come. The global distribution
of anthrax, in most cases, is determined by the
presence of soils that support the survival of
spores, namely those that are rich in organ-
ic substances and calcium and have a pH>6.4.
W. Ashenefe et al. (2022) proved that a warming
climate will increase the risk of anthrax in some
regions of the world. The preservation of spores
and unpretentiousness to the conditions of ex-
istence created prerequisites for the potential
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use of bacteria as a weapon for bioterrorism. As
stated by E.K. Dumas et al. (2020), anthrax out-
breaks and isolated cases of animal and human
infection have been reported in many coun-
tries. High mortality in the invasive form of an-
thrax and the development of shock during the
disease are quite common consequences of this
disease compared to the effect of other bacteria
on the body. Therefore, developed countries pay
considerable attention to this deadly infection.

Bacillus anthracis, the etiological agent of
anthrax, becomes particularly virulent due to
the capsule and two AB-type toxins: lethal fac-
tor LF and edematous factor EF. These toxins
primarily disable immunocompetent cells. Both
toxins are transferred to the host cell via the
adhesin-Internalin subunit, a protective PA an-
tigen. T.G. Sumithra et al. (2021) report that PA
allows LF to reach intraluminal vesicles, where
it remains active for a long time.

The main criterion for the development of
modern anti-anthrax agents in veterinary medi-
cineistheuse of anthrax vaccine strains. Accord-
ing to W. Liu & E.M. Nestorovich (2021), it fol-
lows that the feature of B. anthracis is a property
to produce exotoxin outside its cell. This product
of metabolism of the vegetative form of bacilli
consists of three fractions: protective, edema-
tous, and lethal. The ability of anthrax microbes
to produce exotoxin varies. All anthrax vaccines
form antitoxic immunity in the vaccinated an-
imal. The intensity and duration of immunity
depends on this property, so the examination
of toxigenicity of anthrax strains is relevant.

The toxin contains various combinations
of protective antigen (PA), lethal factor (LF),
and edema factor (EF). These three proteins
combine to form two toxins: a lethal toxin (LT,
a combination of PA and LF) and an edematous
toxin (ET, a combination of PA and EF). Tox-
ins alter the signalling pathways of host cells
to interfere with the innate immune response
in the early stages of infection and cause a

vascular collapse in the later stages of the dis-
ease. According to R. Liddington (2021), toxins
not only affect the innate and adaptive immune
system but also determine the subsequent con-
sequences of the disease. Due to the key role of
the protective antigen (PA) in the action of an-
thrax toxin, efforts are being made to develop
new vaccines consisting of a purified recombi-
nant form of PA (rPA) adsorbed on an alumin-
ium adjuvant that can cause a persistent neu-
tralising effect. PA is immunogenic and causes
the formation of toxin-neutralising antibodies
that correlate with anthrax protection. Vaccines
against toxin-mediated bacterial diseases such
as diphtheria, tetanus, and anthrax protect by
triggering sustained antibody responses that
neutralise the toxin. However, attempts to de-
velop such vaccines are difficult due to the lack
of stability of the vaccine during storage.

When cultivating field virulent strains of
B. anthracis in the laboratory, a slight produc-
tion of the toxin is recorded, but it has a high
aggressiveness. In the composition of the tox-
in of the field strain, the lethal and edema-
tous fractions occupy more than 70%. Thus, as
proved by W. Liu & E.M. Nestorovich (2021),
the protective fraction accounts for less than
30%. Anthrax vaccine strains produce exotox-
in, which is dominated by the protective frac-
tion. When grown under identical conditions,
they produce different amounts of exotoxin.
Saprophytic spore-forming aerobic microbes
from the Bacillus genus produce their own me-
tabolites in the culture fluid but do not form a
specific anthrax toxin. The ability of a vaccine
strain to produce exotoxin in vitro depends on
many factors: genetic makings, composition
and type of nutrient medium, pH values, dura-
tion of cultivation, temperature, and number
of cultivation passages. M. Manish et al. (2020)
note that an important role in the creation of
drugs using anthrax is played by the selection
of anthrax vaccine strains.
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From the above, the purpose of the study
is to investigate the ability of various microbes
of the Bacillus genus to produce exotoxins
outside the cell wall when culture conditions
change during incubation in a veterinary lab-
oratory. Therewith, special attention was paid
to the effect of the pH of the medium on the
production of exotoxin, which is an important
stage in the toxin formation and further use of
anthrax pathogen strains in the case of creat-
ing new veterinary drugs. The main develop-
ment of drugs based on anthrax exotoxins was
carried out during the lifetime of Academician
A.L. Zaviryukha, under his leadership a group
of scientists (DNU State Center for Innovative
Biotechnologies, Ukraine, Kyiv). This study is
a continuation of scientific work on the devel-
opment of modern technologies for obtaining
exotoxins of pathogenic microorganisms.

Literature Review

K.A. Simonsen & K. Chatterjee (2019) indicated
that anthrax actors, once in a favourable en-
vironment, during reproduction in a living or-
ganism (in vivo) and on liquid nutrient media (in
vitro), germinate quickly and secrete exotoxin
outside the cell wall. Anthrax toxin consists of
threeproteins: protective antigen (PA, 83 kDa),
lethal factor (LF, 90 kDa), and edema factor (EF,
89 kDa). These three polypeptides are encoded
by the pXO1 plasmid and form dicotyledonous
combinations. The combination of LF and PA
forms a lethal toxin (LT), whereas EF, in com-
bination with PA, creates an edematous toxin
(ET). Two protein components of anthrax toxin
(EF and PA) increase the host’s susceptibility
to infection by inhibiting PMN function and
increasing the body’s resistance. The research-
ers proved that the combination of LT and ET is
a disease factor. Instead, separately, the three
toxin components (PA, LF, and EF) are non-tox-
ic, which follows from the mortality of mice
with LT and ET.
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According to the results of the study, today,
there is a wide possibility of using attenuat-
ed toxins as drug delivery systems. J.L. Dale et
al. (2018) noted that experimental preparations
containing exotoxins had high preventive prop-
erties. PA was shown to be a harmless toxin
subunit that triggers a protective immune re-
sponse and is the basis for all preventive meas-
ures against anthrax. According to J. Frydrych et
al. (2018), M. Manish et al. (2020) and J. Tourni-
er & C. Rougeaux (2020), anthrax protein vac-
cines licensed for human use include partially
purified PA enhanced with various excipients.

In recent years, anthrax toxin has been
modernised, and it acts as a targeted anti-an-
giogenic antitumour agent that kills tumours
and has excellent therapeutic performance in
experiments on animal models. Two concep-
tually different functions were added to PA to
achieve high specificity when targeting the tu-
mour. Anthrax toxin is a powerful tool for de-
livering proteins and drugs to cells. The ability
of PA to various modifications and the growing
number of new LF drug conjugates, as proved
by C.]. Young et al. (2018) and E.S. Fischer et
al. (2019), make this system a fairly versatile
tool not only for antitumour therapy but also
for use in other areas of veterinary medicine
and biomedicine. ].M. Fonseca et al. (2020) in-
dicate that anthrax toxin has proven to be a
universal system for delivering drugs to cells
from multiple enzyme fragments. This highly
efficient delivery system was further modified
by introducing ubiquitin as a cytosolic cleavage
site into lethal fusion proteins. Such develop-
ments are conducted for the purpose of target-
ing tumours and delivering drugs to them.

Anthrax toxin receptors: tumour endothe-
lial marker 8 (TEMS8) and capillary morphogen-
esis gene 2 (CMG2) are endothelial receptors
involved in extracellular matrix homeostasis
and angiogenesis that are selectively activat-
ed in many tumours. One of the methods of
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influencing these receptors is the protective
antigen (PA), a protein produced by B. anthracis.
T. Crawford et al. (2019) specified that toxins
targeting PA selectively inhibit tumour growth
and angiogenesis, but the selectivity of PA for
the tumour is still being investigated. Applica-
tion of B. anthracis strains with reduced pro-
tease was identified to be appropriate in com-
bination with drugs to prevent the trigger of an
immune response at the stage of cancer treat-
ment. M.A. Walker et al. (2020) used protective
antigen (PA) for specific targeting of different
types of tumours.

D. Diaz-Arévalo et al. (2021) proved that
the involvement of anthrax exotoxin in nee-
dle-free mucosal vaccines has positive results.
Therewith, the immunogenic properties of
anthrax exotoxin, which was used to develop
combined drugs, were examined. It is noted
that during the development of an influenza
vaccine, its composition should be reviewed
annually due to antigenic changes in circulat-
ing strains of the influenza virus. Due to sea-
sonal drift and changes in circulating strains,
the flu vaccine does not always correspond to
circulating strains, and the adjuvants includ-
ed in it are insufficient to induce a protective
effect on long-lived memory cells. Adjuvants
play an important role in the immune re-
sponse to the vaccine and Bacillus anthracis
the detoxified anthrax edema toxin, which
consists of the protective antigen PA and the
N-fragment of edema factor (EFn), showed an
improved effect on humoral and cellular im-
mune responses. As a result, a universal influ-
enza vaccine design was developed, consisting
of three tandem repeats of influenza antigen
M2E plus HA2 and detoxified toxin EFn, which
is associated with the PA component, and
methods used to confirm protection. This will
help develop a vaccination strategy using de-
toxified anthrax toxin for intranasal delivery
of influenza antigen.

Despite the effectiveness of modern vac-
cines, scientists are searching for the develop-
ment of the most areactogenic drugs, namely,
improving anti-selective vaccines to reduce
irritation and inflammation at the injection
site. Similar reactions, as noted by S. Alameh et
al. (2020) and T.G. Sumithra et al. (2021), oc-
cur when exposed to edematous and fatal fac-
tors. M.A. Smiley et al. (2019), D. Zakowska et
al. (2019), and D.R. Weilhammer et al. (2020)
proved that anthrax vaccines based on mutant
variants of the exotoxin PA have less toxicity
and greater immunogenicity. PA is a central
component of anthrax toxin, which plays a
leading role in protecting against encapsulat-
ed and non-encapsulated anthrax strains. Vac-
cines based on subunit rPA have a good safety
and protection profile. However, there are prob-
lems of PA instability that are substantially ag-
gravated by the use of aluminium adjuvants.
New adjuvant compositions, dry preparations,
and mutant forms of PA that are resistant to
proteolysis and deamidation can solve this
problem. Therefore, as stated by O.A. Kondak-
ova et al. (2019), the development of a modern
anthrax vaccine requires further research.

The protective antigen is the main protec-
tive immunogen in anthrax vaccines licensed
in the United Kingdom and the United States.
Repeated administration of vaccines is required
to protect the body from this disease. However,
depending on how they are developed, vaccines
are relatively coarse products containing trace
amounts of LF, EF, and other bacterial antigens
that contribute to reactogenicity. LF and its in-
dividual domains have been confirmed to stim-
ulate a protective antibody response in animals
and humans. Combining protective regions
into a single fusion protein is a more efficient,
cost-effective, and practical approach. A fusion
protein containing the N-terminal PA-binding
domain LF (LFn) and the C-terminal PA-bind-
ing domain of the host cell can protect mice
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from lethal anthrax infection. T.B. Gallagher et
al. (2019) proved that the production of a single
vaccine containing protective regions against
LF and PA is cost-effective and can provide a
wider range of protection than a vaccine con-
taining only PA.

P. Pilo & J. Frey (2018) and V. Savransky et
al. (2019) conducted a number of studies on the
development of anthrax vaccine with recombi-
nant protective antigen (rPA) (rPA7909), which
is intended for post-exposure prevention of dis-
eases caused by suspicious or confirmed Bacil-
lus anthracis. The reaction at the injection site
in animals treated with the control adjuvant is
similar to that in animals treated with rPA7909
for inflammation. The inflammatory response
at the injection site and drained lymph nodes
was consistent with the expected immune stim-
ulation and indicated a favourable safety pro-
file for rPA7909. Although anthrax is rare, this
microorganism can potentially be used in bio-
terrorism because it produces endospores that
can withstand harsh environmental conditions.
Therefore, as noted by Ch.K. Kang et al. (2019),
in the future, the demand for an effective and
safe anthrax vaccine will grow.

Thus, according to recent scientific studies,
the use of extracellular toxins B. anthracis when
creating new drugs is promising, and there is a
need for further scientific developments on the
prevention and treatment of anthrax.

Materials and Methods

The research was conducted in 2021 based on
the Veterinary Laboratory of the State Scien-
tific Institution “Centre for Innovative Bio-
technologies” (Kyiv) under the programme No.
01190100900 “Exotoxin of the causative agent
of anthrax. Characteristics, identity between
strains, alternative to antibiotic therapy”.

The following nutrient media were used in
the study: nutrient broth (HIMEDIA) and nu-
trient agar (HIMEDIA), nutrient broth (GRM) -
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Kesler medium based on fish meal hydrolysate,
meat-peptone Agar (MPA), and meat-peptone
broth (MPB). Vaccine strains of anthrax and an-
thrax microorganisms: B. anthracis K-79 Z, B. an-
thracis IBM-92Z (Institute of Veterinary Medi-
cine, Kyiv), B. anthracis Sterne 34F 2, B. anthracis
55, B. anthracis SB, B. anthracis Tsenkovsky II,
B. cereus 8035, B. anthracoides 67, B. subtilis BKM
17 (museum collection of microorganisms).

Microbiological, biotechnological, and sta-
tistical research methods were used in the the
process. The selection of strains was applied
depending on the intensity of growth on nu-
trient media. A biotechnological method of
cultivation and filtration was used to obtain a
specific anthrax protein and examine the pro-
duction of exotoxin by vaccine strains of the
anthrax pathogen. The effect of pH on exotox-
in production by experimental strains was de-
termined by changes in the pH of the medium
and the ability of different cultures to exhibit
toxigenic properties. The HANNA H198128 pH
meter was used. Experiments began with the
production of pure working cultures of strains
(Fig. 1-9), which were introduced to the HIME-
DIA Agar (India) on Petri dishes and incubated
at a temperature of 37°C for 48 hours.

Figure 1. B. anthracis K-79 Z culture growth
on nutrient agar (HIMEDIA)
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Figure 5. B. anthracis culture growth
on nutrient agar (HIMEDIA)

Figure 2. B. anthracis Tsenkovsky 11 (IBM92 Z)
culture growth on nutrient agar (HIMEDIA)

Figure 3. B. anthracis Sterne 34f2 culture

growth on nutrient agar (HIMEDIA) Figure 6. B. anthracis Tsenkovsky I culture

growth on nutrient agar (HIMEDIA)

Figure 4. B. anthracis 55 culture growth Figure 7. B. cereus 8035 culture growth
on nutrient agar (HIMEDIA) on nutrient agar (HIMEDIA)
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Figure 8. B. anthracoides 67 culture growth
on nutrient agar (HIMEDIA)

After the first 24 hours of incubation, the
cultures were checked under a microscope for
the presence of alien microflora. After 48 hours,
at the end of incubation on a solid medium,
microscopy of the colonies was performed. The
number of microbial cells was determined using
the generally accepted method of counting the
colony forming units (CFU) in veterinary medi-
cine. At the end of incubation, it was washed off
with a spatula on the nutrient broth (HIMEDIA).

Incubation was conducted for 48 hours in
nutrient broth (HIMEDIA) at a temperature of
37.0x1°C. In the first 24 hours, the purity of
crop growth was monitored. Grown colonies
were selected using a bacteriological loop, and
a “crushed drop” smear was applied and viewed
under a microscope. pH control was conducted
using a HANNA H198128 pH meter (Germany),
the pH of the medium was 7.4. After testing, in-
cubation was continued for up to 48 hours. At
the end of incubation, exotoxins were obtained.
Further, filtration through a bacteriological fil-
ter of the F5 brand (China) was conducted ac-
cording to the author’s certificate No. 1022362.
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Figure 9. B. subtilis BKM 17 culture growth
on nutrient agar (HIMEDIA)
Sourse: compiled by the author

The resulting filtrates were checked for contam-
ination according to DSTU 4483:2005 (2006).
The titer of anthrax protein was determined in
the obtained exotoxins.

The precipitation disk reaction (RDP) was
used to determine the titer of exotoxins. The
disk-precipitation reaction was staged. The
formulation of the disk-precipitation reaction
is aimed at detecting in the culture liquid a
specific for B. anthracis metabolite — exotox-
in by immunodiffusion reaction in Agar gel
using a specific anthrax serum. According to
the Ascoli reaction formulation method, 0.5-
1.0 cm?® opaque precipitation of anthrax serum
was added to the bottom of a clean bacteri-
ological test tube. A 1% agar gel, melted and
cooled to 41-45°C, was layered on the serum
using a Pasteur pipette along the wall of the
test tube. After layering the Agar with a col-
umn 7-10 mm high, the test tube was left in
an upright position for 15-20 minutes until it
completely cooled down. The number of test
tubes with such a system should correspond
to the number of test tubes with sediment and
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sediment dilutions. 1.0-2.0 cm 3 of appropriate
dilution of sediment and sediment was layered
on the agar surface. The prepared test tubes
were placed in a thermostat at a temperature
of 37°C for 16-24 hours. The test tubes were
visible in the penetrating light against a black
background. The presence of a white precipita-
tion line (disk) in the agar column was deter-
mined. The presence of a disk in the test tube
indicated the presence of spencific anthrax

protein. Precipitating anthrax serum (Kherson
State Enterprise — Biological Dactory) was used
in the reaction.

Results and Discussion

During experimental studies, the influence of
changes in cultivation conditions on experi-
mental strains of microbes of the Bacillus genus
was determined. The results of the determina-
tion of exotoxin titers are presented in Table 1.

Table 1. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains during cultivation in nutrient broth (HIMEDIA)

Strai Colony-forming Nutrient Incubation Incubation Tlt?r THGE
train name . . o . resulting filtrate
units (CFU) medium temperature, °C period, h
(genus)
B. anthracis K-79 Z 30x10° 1:64
B. anthracis IBM-92Z 31x10° 1:16
B. anthracis Sterne 34F, 32x10° 1:32
B. anthracis 55 30x10° 1:32
B. anthracis SB 29x10° H%\;I(])EgllA 37.0+1.0 48 1:32
B. anthracis Tsenkovsky II. 31x10° 1:16
B. cereus 8035 30.2x10° -
B. anthracoides 67 31x10° -
B. subtilis BKM 17 29x10° -

Source: compiled by the authors

Based on the results (Table 1), it can be
seen that the strain B. anthracis K-79 Z, under
identical growing conditions in a nutritious
broth (HIMEDIA), produces an exotoxin with
a titer of 1:64. Strains B. anthracis Sterne 34F,
B. anthracis 55, and B. anthracis SB produced an
exotoxin with a titer of 1:32. Therewith, it was
established that the strains B. anthracis IBM-
927 and B. anthracis Tsenkovsky II produced an
exotoxin with a specific anthrax protein titer of

1:16. Anthrax strains B. cereus 8035, B. anthra-
coides 67, and B. subtilis BKM 17 produced no
anthrax exotoxin. The reaction for the genus
was negative. Cultivation of virulent and avir-
ulent strains of anthrax pathogen on nutritious
GRM broth showed that the cultivation of vac-
cine strains of anthrax pathogen B. anthracis
Sterne 34F, B. anthracis 55, and B. anthracis SB
is less productive than the strain B. anthracis
K-79 Z under the same conditions (Table 2).

Table 2. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains during cultivation on nutritious GRM broth

Strain name Color.ly-forming Nutr'ient Incubation Incu!)ation Titgr of the
units (CFU) medium temperature,°C period,h resulting filtrate
B. anthracis K-79 Z 28x10° 1:64
B. anthracis IBM-92Z 29x10° t?r}(z)lt\ﬁ 37.0+1.0 48 1:16
B. anthracis Sterne 34F, 27x10° 1:32
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Table 2. Continued

Strain name Color.ly-forming Nutr-ient Incubation Incu!)ation Tite'er of the
units (CFU) medium temperature, °C period,h resulting filtrate
B. anthracis 55 28x10° 1:32
B. anthracis SB 30x10° 1:32
B. anthracis Tsenkovsky I1. 27x10°0 GRM 1:16
B. cereus 8035 28x10° broth ST.0<1.0 8 ;
B. anthracoides 67 31x10° -
B. subtilis BKM 17 29x10° -

Source: compiled by the authors

As can be seen from the results (Table 2),
the lowest titer of exotoxin when incubated in
GRM broth corresponded to B. anthracis IBM-92
Z and B. anthracis Tsenkovsky II, the titer of exo-

toxin in the RDP reaction was 1:16. The results
of growing crops on HIMEDIA broth with the
addition of 40% glucose solution in the amount
of 5% are presented in Table 3.

Table 3. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains when cultured in nutrient broth (HIMEDIA) + glucose 5%

Colony-forming Nutrient

Incubation Incubation

Sl e units (CFU) medium temperature, °C  period, h R

B. anthracis K-79 Z 31x10° 1:128
Bac. anthracis IBM-92Z 29x10° 1:16
B.anthracis Sterne 34F, 30x10° E’}: 1:32
B.anthracis 55 30x10° < % 1:32
B.anthracis SB 30x10° E %O 37.0+1.0 48 1:32
B.anthracis Tsenkovsky I1. 29x10° = 1:16

B. cereus 8035 28x106 g -

B. anthracoides 67 31x10° -

B. subtilis BKM 17 31x10° -

Source: compiled by the authors

The research shown in Table 3 indicate
that the titer of the exotoxin strain B. anthracis
K-79 Z when grown in HIMEDIA + 5% glucose
broth was 1:128. This indicator is the highest
among vaccine strains of the anthrax pathogen.
Changes in cultivation conditions did not affect
the production of exotoxin by vaccine strains
B. anthracis Sterne 34F, B. anthracis 55, B. an-
thracis SB, and the exotoxin titer was 1:32. Ex-
otoxins of strains B. anthracis IBM-92Z and B.
anthracis Tsenkovsky II had a specific protein ti-
ter of 1:16. Saprophytic spore-forming bacilli B.
anthracoides 67, B. subtilis 17, and B. cereus 8035
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do not produce a specific toxin, and therefore,
their filtrates of culture fluids did not react by
precipitation (Ascoli) with antibodies of precip-
itating anthrax serum.

The examination of the effect of the pH of
the medium on the production of exotoxin of
anthrax strains began with the production of a
bacterial mass with an identical number of mi-
crobial cells — 30.2-30.8 x 10¢ CFU. Strains were
introduced in the amount of: B. anthracis K-79
Z-30.5 % 10° B. anthracis IBM-92Z - 30.7 x 10°,
B. anthracis Sterne 34F2 — 30.2 x 10, B. anthra-
cis 55 - 30.8 x 10%, B. anthracis SB — 30.5 x 10°
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and B. anthracis Tsenkovsky 11 — 30.2 x 10¢. Col-
onies grown on MPA were introduced in a lig-
uid nutrient medium — MPB with different pH
values - 6.5; 8.5; 7.5. Incubation was conduct-
ed in a thermostat for 48 hours at a tempera-
ture of 37°C. The bacterial mass was filtered
through F5 grade bacterial filters. The obtained
filtrates were checked according to DSTU
4483:2005 (2006). With filtrates of the culture
liquid, RDP was applied to determine the titer
of the anthrax protein. According to the results
of the study, it was determined that vaccine
strains produce different amounts of exotoxin
when the pH of the medium changes.
According to the results of the experiment,
it was found that B. anthracis K-79 Z when cul-
tured at pH 6.5, showed an exotoxin titer ac-
cording to RDP - 8, when cultured at pH 7.5, the
exotoxin titer was 64, and when cultured at pH
8.5-32. The average titer of the resulting exo-
toxin corresponded to a value of 1:34.66+16.22.
Culture B. anthracis IBM-92 Z, when cultured at
pH 6.5, showed an exotoxin titer of 4, and when
incubated at pH 7.5-8.0. If the pH of the medium
changed to 8.5, the exotoxin titer corresponded
to 4. The average titer of exotoxin strain B. an-
thracis IBM-92 Z was equal to 1:5.33%1.33. When
the pH value of the medium changes to 6.5, the
vaccine strain B. anthracis Sterne 34F2 showed
the title 8. When cultured on a medium at pH 7.5,
the exotoxin titer corresponded to 32. When
cultured at pH 8.5, a titer of 1:16 was obtained.
The average exotoxin score was 1: 18.66+7.05.
Exotoxin production indicators also
changed in B. anthracis 55. When cultured at pH
6.5, exotoxin production was 1:8 in titer. If the
pH value of the medium changes to 7.5, an ex-
otoxin titer of 1:32 is obtained. For changes in
the pH of the medium to 8.5, an exotoxin titer of
1:16 was noted. Average titer of exotoxin B. an-
thracis 55 in the experiment was 1:18.66%7.05.
Vaccine strain B. anthracis SB, when cultured on
a nutrient medium, a pH value of 6.5 showed a

titer of anthrax protein of 1:8. When cultured at
a medium pH of 7.5, an exotoxin with a titer of
1:32 was obtained. When the pH of the medium
changed to 8.5, an exotoxin was noted in the
titer of 1:16. The average exotoxin production
of the strain B. anthracis SB was 1: 18.66=7.05.

Culture B. anthracis Tsenkovsky II, when
cultured at pH 6.5, showed an exotoxin titer of
1:8. When cultured at pH 7.5, the exotoxin titer
was 1:16. When cultured at a medium pH of 8.5,
an exotoxin titer of 1:8 was obtained. Average
exotoxin production of the strain B. anthracis
Tsenkovsky II corresponded to 1:10.66%2.66.
The results of experimental studies show that
during the cultivation of vaccine strains of an-
thrax at different pH values of the medium, the
content of a specific protein in exotoxins var-
ied. Despite changes in the pH value of the me-
dium, the highest titer of exotoxin was obtained
from the strain B. anthracis K-79Z, the average
amount of specific anthrax protein in the bac-
terial mass filtrate was 1:34.66*16.22. Notably,
at pH values of 8.5 of the medium, B. anthracis
K-79Z produced exotoxin in a titer of 1:32. This
is the highest rate of formation of a specific an-
thrax protein among the experimental strains
at a pH of 8.5 of the medium.

According to the results, it was established
that the production of exotoxin can change
with fluctuations in the pH values of the me-
dium, which has practical application in the
development of a biotechnological process for
manufacturing a vaccine from a strain or cre-
ating diagnosticums as, for example, a standard
anthrax antigen. Changing the pH value of the
medium allows correcting the biotechnologi-
cal process of spore formation, the intensity
of spore germination, the formation and ac-
cumulation of exotoxin in the cultural fluid.
In accordance with the literature data, the re-
search on the exotoxin production of anthrax
pathogen strains is relevant. Typically, studies
use one or two strains to produce vaccines or
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diagnosticums. This study compares the vac-
cine strains used for the production of vaccines
for veterinary medicine in Ukraine and abroad.
Therewith, over the past five years, comparative
studies of such vaccine strains regarding the
production of exotoxin and the influence of ex-
ternal factors on toxin formation have not been
conducted by other researchers.

M.H. Norris et al. (2020) analysed the
spore formation of field and vaccine strains of
the anthrax pathogen in the laboratory using
nutrient media. The number of viable spores
was taken into account according to the CFU.
The authors confirmed that laboratory strains
grown on media without animal protein quick-
ly lose their ability to spore. Laboratory strains
B. anthracis produce fewer proteins associated
with growth and spore formation compared
to wild strains isolated as a result of zoonotic
diseases. According to the results of the paper,
the rate of their growth on nutrient media is
more slowed down than in field strains. It was
also confirmed that wild strains grow faster
than laboratory strains, showing greater sen-
sitivity to the availability of nutrients. Spore
formation in wild strains was substantially
faster compared to laboratory strains, which
indicates the ability of wild strains to accumu-
late spores faster due to nutrient restrictions.
Meanwhile, in laboratory strains, there is a de-
crease in the rate at which they use nutrients
and an increase in the time of spore formation.
In addition, the authors noted that the mech-
anisms of growth retardation in laboratory
strains require further investigation. There-
fore, studies on the influence of the medium
and cultivation conditions of vaccine strains
are relevant and have a practical need.

D. Galante et al. (2022) noted that PA plays
a crucial role in the immune inactivation of
anthrax toxins, as it induces the production
of neutralising antibodies that are necessary
to provide protection against anthrax. The
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researchers proved a clear correlation between
neutralising antibodies and protective immuni-
ty and highlighted the dependence of the effec-
tiveness of anthrax vaccines on the magnitude
of the humoral anti-PA response induced in an-
imals or humans. In addition to toxin proteins,
in media containing bicarbonate and providing
5% CO,, which happens when mammalian tis-
sues are infected, B. anthracis secretes many
other proteins that play an important role in
the virulence process. Therefore, proteases and
degrading enzymes were identified that can
inactivate proteins, cleave host antimicrobial
factors, and modify secreted bacterial virulence
factors, thereby performing additional func-
tions for the complete virulence of B. anthracis.
As noted by A. Verma & D.L. Burns (2018)
and Ch.K. Kang et al. (2019), the demand for an
effective and safe anthrax vaccine is growing
as humanity prepares for possible bioterrorism
in the future. However, the currently adsorbed
anthrax vaccine (AVA, BioThrax TM, Lansing,
Michigan) remains the only U.S. FDA-approved
vaccine that has been researched for decades.
The authors noted that the optimal scheme and
route of administration of AVA is still unknown
and expressed several reservations about its
pharmaceutical quality and consistency from
batch to batch, which requires the creation of a
new anthrax vaccine. Therewith, a randomised,
blind, placebo-controlled phase II clinical trial
was conducted on healthy adult volunteers to
assess the immunogenicity and safety of a new
anthrax vaccine with recombinant protective
antigen (rPA), GC1109. The new anthrax vac-
cine rPA GC1109 was identified to have immu-
nogenic activity after three doses of intramus-
cular administration and was well tolerated.
].B. Felix et al. (2020) proved that the Sterne
vaccine cannot elicit an immune response after
oral vaccination. This vaccine contains a sus-
pension of live attenuated spores of B. anthra-
cis strain Sterne 34f2 (Sterne spores) in saponin




Features of exotoxin production of vaccine strains...

and is a modern injectable vaccine for livestock.
When administered orally, it is ineffective, and
individual subcutaneous injections are not a
practical method of vaccination of wild animals.
Based on the conducted studies, the authors es-
tablished a direct dependence of the effective-
ness of the drug on the pH of the medium and
the effect on the vaccine strain when creating
various cultivation conditions, which confirms
the results described in this paper. The stability
of Sterne spores at different pH values was eval-
uated in vitro, and it was determined that the me-
dium at pH 2 leads to the death of spores of the
vaccine strain. The authors confirmed that pro-
tection from the stomach environment is a ma-
jor problem in the production of oral vaccines.
Therefore, there is a need to create an effective
oral anthrax vaccine for wild animals. An oral an-
thrax vaccine is urgently needed to prevent an-
nual anthrax outbreaks that lead to catastrophic
losses of livestock and wildlife around the world.

V. Savransky et al. (2019) noted that exist-
ing licensed preventive vaccines are heteroge-
neous products and may include inactivated
bacterial and viral vaccines, live attenuated
vaccines, recombinant proteins, polysaccharide
and conjugated vaccines, and DNA vaccines.
They often contain immunostimulating com-
ponents represented by various adjuvants and
require developing new anthrax vaccines de-
signed to improve the currently licensed one.
These improvements include fewer vaccina-
tions and faster protection Times. V. Savran-
sky et al. (2019) indicated that rPA7909 is an
anthrax vaccine with recombinant protective
antigen (rPA) supplemented with the immunos-
timulating oligonucleotide CpG 7909 and was
developed for post-exposure anthrax preven-
tion. The vaccine is a sterile lyophilised form,
which, after dilution, has the appearance of a
suspension from white to almost white in color.
The final reconstituted drug contains 75 mcg of
rPA, 750 mcg of aluminium (as an adjuvant of

algidrogel), and 250 mcg of CpG 7909 in 0.5 mL
(full dose) with other excipients. The rPA7909
vaccine was well tolerated by the animal body
and caused local and systemic effects associ-
ated with the inflammatory process provoked
by the injected material. The expected anti-
gen-specific antibody response was observed in
animals that received the rPA7909 vaccine.
M.A. Smiley et al. (2019), D. Zakowska et
al. (2019), and D.R. Weilhammer et al. (2020)
presented a study on mutant variants of the PA
exotoxin used to improve vaccines. T.B. Gal-
lagher et al. (2019) proved that PA is the main
protective immunogen in anthrax vaccines
licensed in the UK and US. The use of recom-
binant protective antigen (rPA) (rPA7909) as a
post-exposure anthrax prevention was proven
by V. Savransky et al. (2019). Anthrax vaccine
production in the UK (AVP) is focused on repro-
ducing protective antigen (PA) from the Bacillus
anthracis Sterne strain. However, some funda-
mental properties of AVP still need to be exam-
ined. Therefore, it is necessary to investigate the
differences in degrees of protection in different
animal species, even though AVP has been used
for decades, as noted by T. Modi et al. (2021).
S. Jauro et al. (2020) noted that the vaccine
from the Bacillus anthracis Sterne strain with
live spores (SLSV, strain Bacillus anthracis 34F2)
is an effective veterinary anthrax vaccine, al-
though its use with antimicrobials is contrain-
dicated. However, the use of a non-live anthrax
vaccine (NLAV) may overcome the limitations
of SLSV. The authors presented the results of a
study on cattle vaccinated with either NLAV (pu-
rified recombinant PA (PrPA) or rPA (CrPA) and
formaldehyde-inactivated spores (strain FIS B.
anthracis 34f2) and emulsigen-D®/Alhydrogel®
adjuvant. The potential of NLAV (PrPA+FIS
or CrPA+FIS) applied together with combined
adjuvants (Emulsigen-D®/Alhydrogel®) to in-
duce an immune response against toxins
and spores B. anthracis in vaccinated cattle
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was established. Immune response with Pr-
PA+FIS+Emulsigen-D®/Alhydrogel® demon-
strated a substantial level of protection in the
passive protection analysis on mice, which is
comparable to SLSV. Due to the inanimate prop-
erty of the vaccine, it is compatible with antibi-
otic treatment in the event of an outbreak. It
can be used for vaccination of wild animals and
on grazing grounds. It lacks residual virulence
in vaccinated animals. Field clinical trials of
the vaccine are currently underway. The use of
antigens as components of new drugs against
anthrax is a promising direction in improving
methods of control and Prevention of this dis-
ease in animals.

H. Mirhaj et al. (2019) noted that the stand-
ard approach to anthrax therapy is to destroy
germinating bacilli by injecting aggressive
antibiotics. However, antibiotic therapy is in-
effective when systemic symptoms of anthrax
appear since, by this time, deadly concentra-
tions of anthrax toxin accumulate in the body
of sensitive animal species, and as a result of
natural evolution, antibiotic-resistant strains
appear. Deliberate modification through ge-
netic engineering is also a new challenge for
traditional antibiotic treatment. Therefore, the
development of an antitoxin for combined use
with antibiotic therapy is a top priority. Modern
vaccines are produced in England and the Unit-
ed States on the basis of precipitation of cell ex-
tracts. The production of next-generation an-
thrax vaccines focuses on various recombinant
expression systems. As a result of this study,
it was determined that antibodies generated
against four PA regions (PAD4) can neutralise
anthrax toxin and PA mixed with LF, which in-
creases the specific antibody response to PA.
Thus, from the available literature sources, it is
known about the research on toxin formation of
a vaccine strain B. anthracis Sterne 34F, used for
the production of anthrax vaccines in the Unit-
ed States and England.
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In Ukraine, biofactories produce veterinary
preventive drugs from three strains: B. anthra-
cis Sterne 34F2, B. anthracis K-79Z, and B. an-
thracis SB. The creation of vaccines is based
on the spore mass of the anthrax pathogen.
Foreign developments are based on the prod-
ucts of B. anthracis strain metabolism and are
mostly aimed at preventing infection in hu-
mans. Academician A.I. Zaviriukha and a team
of scientists from the relevant laboratory of the
Institute of Molecular Biology and Genetics of
the National Academy of Sciences of Ukraine
(Kyiv) commenced the examination and prac-
tical application of exotoxins of infectious
diseases pathogens in animals in the compo-
sition of biological preparations. The selection
and deposition of strains producing toxins was
conducted: anthrax (strains B. anthracis K-79
Z and IBM 92 Z), colibacteriosis (E. coli IBM-1),
pasteurellosis (P. multocida 84z), salmonellosis.
The possibility of using anthrax exotoxins in
the manufacture of specific diagnosticums and
inactivated immunogenic vaccines were exper-
imentally proven. The results presented in this
paper are a continuation of research on the de-
velopment of modern technologies for obtain-
ing exotoxins of pathogenic microorganisms
and their determination, presence, and quanti-
ty in the culture fluid and elucidation of their
effect on the immune system of animals.

The authors of this paper consider all the
above aspects regarding preventive drugs from
the vaccine strain B. anthracis Sterne 34F2,
especially its properties related to the forma-
tion of exotoxin. Due to the museum of micro-
organisms, in particular, the presence of the
aforementioned strains of anthrax and anthrax
bacilli, researchers have the opportunity to
compare the parameters of cultures of the Ba-
cillus genus. Long-term work with various ref-
erence strains indicates substantial advantages
of the vaccine strain B. anthracis K-79 Z regard-
ing the production of exotoxin in comparison
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with B. anthracis Sterne 34F, B. anthracis 55,
and B. anthracis SB, which is the main source of
immunogenicity of the vaccine, namely the ef-
fectiveness of its use for animals and humans.
At the present stage of creating vaccines for ef-
fective anthrax prevention, it is vital to use an-
thrax pathogens with a lower allergenic effect
and the ability to preserve the stability of exo-
toxin as a source of immunogenicity. Therefore,
examining vaccine strains at different stages of
the creation of anti-selective drugs is a rele-
vant direction of scientific and practical search.

Conclusions

On the basis of the Veterinary Laboratory of
the State Scientific Institution “Centre for In-
novative Biotechnologies”, a study of the abil-
ity of various microbes of the Bacillus genus to
produce exotoxins outside the cell wall when
culture conditions change during incubation
was conducted. It was established that when
the cultivation conditions and pH values of
the medium change, vaccine strains of the an-
thrax pathogen produce different amounts of
exotoxin. The B. anthracis K-79 Z vaccine strain
was the most resistant to changes in the pH of
the medium, the average amount of specific
anthrax protein in the bacterial mass filtrate
was 1: 34.66%16.22. Cultivation in a medium
with a pH value of 7.5 was the most optimal for
strains B. anthracis Sterne 34F, B. anthracis 55,
and B. anthracis SB. The titer of the resulting
anthrax protein was 1:32. Under the same cul-
tivation conditions with the experimental vac-
cine strains and a certain favourable pH 7.5 of
the medium, the highest titer of a specific an-
thrax protein was 1:64, obtained from the ba-
cilli of the vaccine strain B. anthracis K-79 Z. It
was determined that a change in the pH of the
medium to 8.5 provoked experimental strains
of the anthrax pathogen to produce exotoxin
in the titer of a specific anthrax protein — 1:16,
which is much lower than that under optimal

cultivation conditions. Change in the incuba-
tion pH values of the nutrient medium to 6.5
affected the growth properties of strains and
the process of toxin formation, which mani-
fested itself in a decrease in the production of
specific anthrax protein to 1:8 in filtrates of
bacterial masses of vaccine strains B. anthracis
Sterne 34F, B. anthracis 55, and B. anthracis SB.
When the cultivation conditions changed - an
increase in the pH of the medium to 8.5, the
experimental strains showed a similar decrease
in the production of a specific anthrax protein,
which was 1:32. This indicates similar charac-
teristics of these vaccine strains and an iden-
tical effect of the pH value of the medium on
exotoxin production. Under the same cultiva-
tion conditions with the experimental vaccine
strains and a certain favourable pH 7.5 of the
medium, the highest titer of a specific anthrax
protein was 1:64, obtained from the bacilli of
the vaccine strain B. anthracis K-79 Z.

The presence of high rates of exotoxin pro-
duction in vaccine strains of anthrax pathogen
is an important indicator in the development
of new drugs against anthrax pathogen for use
in veterinary medicine. In the future, studies of
toxigenic properties of vaccine strains of the
anthrax pathogen will be conducted and their
further use in veterinary medicine during the
development of new preventive drugs for an-
thrax, which will contribute to the epizootic
security of the state.

Acknowledgements

The team of authors expresses their gratitude
to V.M. Bobyliov, a researcher at the Institute
of Molecular Biology and Genetics of the Na-
tional Academy of Sciences of Ukraine, who
conducted experiments on the selection of mi-
croorganisms.

Conflict of Interest

None.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Zaviryukha et al.

(1]

(2]

(3]

(4]

[5]
[6]

[7]

(8]

(9]

(10]

[11]

[12]

References

Alameh, S., Bartolo, G., O’Brien, S., Henderson, E.A., Gonzalez, L.O., Hartmann, S., Klimko, C.P.,
Shoe, ].L., Cote, C.K., Grill, L.K., Levitin, A., & Martchenko, Sh.M. (2020). Anthrax toxin
component, Protective Antigen, protects insects from bacterial infections. PLoS ONE, 16(8),
article number 1008836. doi: 10.1371/journal.ppat.1008836.

Ashenefe, W., Fantaw, S., Mekonene, Y., Teshale, A., Yitagesu, Y., Tsige, E., Getahun, D.,
Geremew, T., Abichu, G., Moges, B., Abate, E., Abayneh, T., Zeru, T., Belay, Z., & Mor, S. (2022).
First PCR Confirmed anthrax outbreaks in Ethiopia-Amhara region, 2018-2019. PLOS Neglected
Tropical Diseases, 16(2), article number e0010181. doi: 10.1371/journal.pntd.0010181.
Crawford, T., Fletcher, N., Veitch, M., Gonzalez, J.L., Pett, N., Brereton, 1., Wells, ].W., Mobli,
M., & Tesiram, Y. (2019). Bacillus anthracis protective antigen shows high specificity for a UV
induced mouse model of cutaneous squamous cell carcinoma frontiers in medicine (Lausanne).
Frontiers in Medicine, 6, article number 22. doi: 10.3389/fmed.2019.00022.

Dale, ].L.,Raynor, M.]., Ty, M.C., Hadjifrangiskou, M., & Koehler, T.M. (2018). A dual role for the
bacillus anthracis master virulence regulator AtxA: Control of sporulation and anthrax toxin
production. Frontiers in Microbiology, 9, article number 482. doi: 10.3389/fmicb.2018.00482.
Diaz-Arévalo, D., Chen, Y., & Zeng, M. (2021). Vaccine delivery with a detoxified bacterial
toxin, methods in molecular biology, 2183, 423-435. doi: 10.1007/978-1-0716-0795-4_22.
DSTU 4483:2005. (2006). Veterinary immunobiological preparations. Methods of determining
bacterial and fungal contamination. Retrieved from http://surl.li/qqvrj.

Dumas, E.K., Demiraslan, H., & Ingram, R.]., Sparks, R.M., Muns, E., Zamora, A., Larabee, J.,
Garman, L., Ballard, J.D., Boons, G.]., James, J.A., Kayabas, U., Doganay, M., & Darise
Faris, A. (2020). Toxin neutralizing antibodies elicited by naturally acquired cutaneous
anthrax are elevated following severe disease and appear to target conformational epitopes.
PLoS ONE, 15(4), article number e0230782. doi: 10.1371/journal.pone.0230782.

Felix, J.B., Chaki, S.P., Xu, Y., Ficht, T.A., Rice-Ficht, A.C., & Cook, W.E. (2020). Protective
antibody response following oral vaccination with microencapsulated Bacillus Anthracis
Sterne strain 34F2 spores. NPJ Vaccines, 5, article number 59. doi: 10.1038/s41541-020-0208-3.
Fischer, E.S., Campbell, W.A., Liu, Sh., Ghirlando, R., Fattah, R.]., Bugge, T.H., &
Leppla, S.H. (2019). Bismaleimide cross-linked anthrax toxin forms functional octamers with
high specificity in tumor targeting. Protein Science, 28(6), 1059-1070. doi: 10.1002/pro0.3613.
Frydrych, J., Skacel, J., Smidkova, M., Mertlikova-Kaiserova, H., Dra¢insky, M., Gnanasekaran
R., Lepsik, M., Soto-Velasquez, M., Watts, V.J., & Janeba, Z. (2018). Synthesis of a-branched
acyclic nucleoside phosphonates as potential inhibitors of bacterial adenylate cyclases.
ChemMedChem, 13(2), 199-206. doi: 10.1002/cmdc.201700715.

Fonseca, ].M., Mackowiak da Fonseca, I.I., Nagamine, M.K., Oliveira Massoco, C., Nishiya, A.T.,
Ward, J.M., Liu, Sh., Leppla, S.H., Bugge, T.H., & Dagli, M.L. (2020). Inhibitory effects of a
reengineered anthrax toxin on canine and human osteosarcoma cells. Toxins (Basel), 12(10),
article number 614. doi: 10.3390/toxins12100614.

Gallagher, T.B., Mellado-Sanchez, G., Jorgensen, A.L., Moore, S., Nataro, J.P., Pasetti, M.F.,
& Baillie, L.W. (2019). Development of a multiple-antigen protein fusion vaccine candidate
that confers protection against Bacillus anthracis and Yersinia pestis. PLOS Neglected Tropical
Diseases, 13(8), article number e0007644. doi: 10.1371%2Fjournal.pntd.0007644.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1008836
https://doi.org/10.1371/journal.pntd.0010181
https://www.frontiersin.org/articles/10.3389/fmed.2019.00022/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.00482/full
https://pubmed.ncbi.nlm.nih.gov/32959257/
http://shop.uas.org.ua/ua/katalog-normativnih-dokumentiv/11-okhorona-zdorovya/preparati-veterinarni-imunobiologichni-metodi-viznachannja-bakterial-noi-i-gribnoi-kontaminacii.html
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0230782
https://www.nature.com/articles/s41541-020-0208-3
https://onlinelibrary.wiley.com/doi/10.1002/pro.3613
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201700715
https://www.mdpi.com/2072-6651/12/10/614
https://doi.org/10.1371%2Fjournal.pntd.0007644

Features of exotoxin production of vaccine strains...

[13] Galante, D., Manzulli, V., Donatiello, A., Fasanella, A., Chirullo, B., Francia, M., Rondinone, V.,
Serrecchia, L., Pace, L., Iatarola, M., Tarantino, M., & Adone, R. (2022). Production of a Bacillus
anthracis secretome with suitable characteristics as antigen in a complement fixation test.
Life, 12(2), article number 312. doi: 10.3390/1ife12020312.

[14] Jauro, S.,Ndumnego, O.C., Ellis, Ch., Buys, A., Beyer, W., & Heerden, H. (2020). Immunogenicity
of non-living anthrax vaccine candidates in cattle and protective efficacy of immune sera in A/j
mouse model compared to the sterne live spore vaccine. Pathogens, 9(7), article number 557.
doi: 10.3390/pathogens9070557.

[15] Kang, Ch.K.,Kim, N.H.,Kim, Ch.]., Rhie, Gi.E., Jo, S.K., Ahn, M., Kang, J., Choe, P.G., Park, W.B.,
Kim, N.J., & Oh, M.D. (2019). Immunogenicity and safety of a novel recombinant protective
antigen anthrax vaccine (GC1109), a randomized, single-blind, placebo controlled phase II
clinical study. Vaccine, 37(29), 3820-3824. doi: 10.1016/j.vaccine.2019.05.057.

[16] Kisaakye, E., Riolexus Ario, A., Bainomugisha, K., Cossaboom, C., Lowe, D., Bulage, L.,
Kadobera, D., Sekamatte, M., Lubwama, B., Tumusiime, D., Tusiime, P., Downing, R., Buule, J.,
Lutwama, J., Salzer, ].S., Matkovic, E., Ritter, ]., Gary, J., & Zhu, B. (2020). Outbreak of anthrax
associated with handling and eating meat from a cow, Uganda, 2018. Emerging Infectious
Diseases, 26(12), 2799-2806. doi: 10.3201/eid2612.191373.

[17] Kondakova, O.A, Nikitin, N.A., Evtushenko, E., Ryabchevskaya, E.M., Atabekov, ].G., & Karpova,
0.V. (2019). Vaccines against anthrax based on recombinant protective antigen: Problems and
solutions. Expert Review of Vaccines, 18(8), 813-828. doi: 10.1080/14760584.2019.1643242.

[18] Liddington, R.C. (2021). Assembly and Function of the anthrax toxin protein translocation
complex. Subcellular Biochemistry, 96, 563-577. doi: 10.1007/978-3-030-58971-4 18.

[19] Liu, W., & Nestorovich, E.M. (2021). Anthrax toxin channel: What we know based on over 30
years of research. Biochimica et Biophysica Acta, 1863(11), article number 183715.doi: 10.1016/j.
bbamem.2021.183715.

[20] Manish, M., Verma, Sh., Kandari, D., Kulshreshtha, P., Singh, S., & Bhatnagar, R. (2020).
Anthrax prevention through vaccine and post-exposure therapy. Expert Opinion on Biological
Therapy, 20(12), 1405-1425. doi: 10.1080/14712598.2020.1801626.

[21] Mirhaj, H., Honari, H., & Zamani, E. (2019). Evaluation of immune response to
recombinant Bacillus anthracis LFD1-PA4 chimeric protein. Iranian Journal of Veterinary,
20(2), 112-119.

[22] Modi, T., Gervais, D., Smith, S., Miller, J., Subramaniam, Sh., Thalassinos, K., &
Shepherd, A. (2021). Characterization of the UK anthrax vaccine and human immunogenicity.
Human Vaccines & Immunotherapeutics, 17(3), 747-758. doi: 10.1080/21645515.2020.1799668.

[23] Norris, M.H., Zincke, D., Leiser, O.P., Kreuzer, H., Hadfied, T.L., & Blackburn, J.K. (2020).
Laboratory strains of Bacillus anthracis lose their ability to rapidly grow and sporulate compared
to wildlife outbreak strains. Retrieved from https://pubmed.ncbi.nlm.nih.gov/31978128/.

[24] Omodo, M., Gardela, ]., Namatovu, A., Okurut, A., Esau, M., Acham, M., Nakanjako, M.,
Israel, M., Isingoma, E., Moses, M., Paul, L., Ssenkeera, B., Atim, S., Gonahasa, D., Sekamatte, M.,
Gouilh, M., & Gonzalez,].(2023). Anthrax bio-surveillance of livestock in Arua District, Uganda,
2017-2018. Acta Tropica, 240, article number 106841. doi: 10.1016/j.actatropica.2023.106841.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



https://www.mdpi.com/2075-1729/12/2/312
https://www.mdpi.com/2076-0817/9/7/557
https://pubmed.ncbi.nlm.nih.gov/31151800/
https://pubmed.ncbi.nlm.nih.gov/33219644/
https://www.tandfonline.com/doi/full/10.1080/14760584.2019.1643242
https://pubmed.ncbi.nlm.nih.gov/33252744/
https://doi.org/10.1016/j.bbamem.2021.183715
https://doi.org/10.1016/j.bbamem.2021.183715
https://pubmed.ncbi.nlm.nih.gov/32729741/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6716276/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6716276/
https://doi.org/10.1080/21645515.2020.1799668
https://pubmed.ncbi.nlm.nih.gov/31978128/
https://doi.org/10.1016/j.actatropica.2023.106841

Zaviryukha et al.

[25] Pilo, P., & Frey, J. (2018). Pathogenicity, population genetics and dissemination of Bacillus
anthracis. Infection, Genetics and Evolution, 64, 115-125. doi: 10.1016/j.meegid.2018.06.024.

[26] Savransky, V., Lacy, M., Ionin, B., Skiadopoulos, M.H., & Shearer, J. (2019). Toxicity study of a
lyophilized recombinant protective antigen-based anthrax vaccine adjuvanted. International
Journal of Toxicology, 38(3), 163-172. doi: 10.1177/1091581819848722.

[27] Simonsen, K.A., & Chatterjee, K. (2019). Anthrax. Retrieved from https://www.ncbi.nlm.nih.
gov/books/NBK507773/.

[28] Smiley, M.A., Sanford, D.C., Triplett, Ch.A., Callahan, D., Frolov, V., Look, J., Ruiz, Ch.,
Reece, ].J., Miles, A., Ruiz, E., Ionin, B., Shearer, J.D., & Savransky, V. (2019). Comparative
immunogenicity and efficacy of thermostable (lyophilized) and liquid formulation of anthrax
vaccine candidate AV7909. Vaccine, 37(43), 6356-6361. doi: 10.1016/j.vaccine.2019.09.015.

[29] Sumithra, T.G., Chaturvedi, V.K., Gupta, P.K., Bincy, J., Siju, S.J., Sunita, S.C., Reshma, K.J.,
Patel, C.L., & Rai, A.K. (2021). A novel bicistronic DNA vaccine with enhanced protective
immune response against Bacillus anthracis through DNA prime-protein boost
vaccination approach. Microbial Pathogenesis, 158, article number 105104. doi: 10.1016/j.
micpath.2021.105104.

[30] Topluoglu, S., Aktas, D., Celebi, B., Kara, F., Doganay, M., & Alp, E. (2021). Human
anthrax in Turkey: A ten years’ experience (2009-2018). Tropical Doctor, 51(1), 80-83.
doi: 10.1177/0049475520969542.

[31] Tournier,]., & Rougeaux, C. (2020). Anthrax toxin detection: From in vivo studies to diagnostic
applications. Microorganisms, 8(8), article number 1103. doi: 10.3390/microorganisms8081103.

[32] Verma, A., & Burns, D.L. (2018). Improving the stability of recombinant anthrax protective antigen
vaccine. Retrieved from https://pubmed.ncbi.nlm.nih.gov/30228030/.

[33] Walker, M.A., Uribasterra, M., Asher, V., Getz, W.M., Ryan, S.]., Ponciano, J.M., & Blackburn,
J.K. (2021). Anthrax surveillance and the limited overlap between obligate scavengers and
endemic anthrax zones in the United States. Vector-Borne and Zoonotic Diseases, 21(9), 675-
684. doi: 10.1089/vbz.2020.2747.

[34] Weilhammer, D.R., Dunkle, A.D., Boone, T., Gilmore, S.F., Khemmani, M., Peters, S.K.G.,
Hoeprich, P.D., Fischer, N.O., Blanchette, C.D., Driks, A., & Rasley, A. (2020). Characterization
of Bacillus anthracis spore proteins using a nanoscaffold vaccine platform. Frontiers in
Immunology, 11, article number 1264. doi: 10.3389/fimmu.2020.01264.

[35] Young, C.J., Richard, K., Beruar, A., Lo, S.Y., & Siemann, S. (2018). An investigation of the
pH dependence of copper-substituted anthrax lethal factor and its mechanistic implications.
Journal of Inorganic Biochemistry, 182, 1-8. doi: 10.1016/j.jinorgbio.2018.01.015.

[36] Zakowska, D., Graniak, G., Rutyna, P., Naylor, K., Glowacka, P., & Niemcewicz, M. (2019).
Protective antigen domain 4 of Bacillus anthracis as a candidate for use as vaccine for anthrax.
Annals of Agricultural and Environmental Medicine, 26(3), 392-395. doi: 10.26444/aaem/99669.

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1



https://doi.org/10.1016/j.meegid.2018.06.024
https://pubmed.ncbi.nlm.nih.gov/31179828/
https://www.ncbi.nlm.nih.gov/books/NBK507773/
https://www.ncbi.nlm.nih.gov/books/NBK507773/
https://pubmed.ncbi.nlm.nih.gov/31530467/
https://www.sciencedirect.com/science/article/abs/pii/S0882401021003788
https://www.sciencedirect.com/science/article/abs/pii/S0882401021003788
https://pubmed.ncbi.nlm.nih.gov/33167802/
https://doi.org/10.3390/microorganisms8081103
https://pubmed.ncbi.nlm.nih.gov/30228030/
https://pubmed.ncbi.nlm.nih.gov/34077293/
https://pubmed.ncbi.nlm.nih.gov/32714323/
https://pubmed.ncbi.nlm.nih.gov/29407865/
https://pubmed.ncbi.nlm.nih.gov/31559791/

Features of exotoxin production of vaccine strains...

Oco0MBOCTi MPOAYKILiT eK30TOKCUHY BAKIIMHHUX IITAMiB
30yIHHUKA CHOIpPKH JJIA 3aCTOCYBaHHSA y BEeTepUHAPHIN ramry3i

l'anna A”arosiiBHa 3aBiproxa
Kanaumat cimbChbKOrOCIOAAPChbKIX HAYK, CTAPIINT HAYKOBUIA CIIiIBPOGITHUK
THCTUTYT MOJIEKY/ISIPHOI Giosorii i reHeTuky HarioHanbHO1 akazemii Hayk YRpainu
03143, Bys1. 3a6onotHoro, 150, m. Kuis, Vkpaina
https://orcid.org/0000-0002-4602-8477
Ipuna AnarosiiBHa BumHunbska
KaHngupat 6ioorivHux HayKk
Meanuna mkona CeHT-/keiimc
2640, Bys. KBapran, A-1, M. Anb6ept Jleiik [IpaiiB, AHTibst
https://orcid.org/0000-0003-3880-201X
Vissna MukonaiBHa SIHeHKO
Kaugumat BeTepuHApPHUX HayK, CTAPINNiI HAYKOBUIA CITIBPOOGITHUK
[HCTUTYT MOJIEKY/ISIpHOI Giosiorii i reHeTuky HarioHanbHOI akagemii Hayk YKpainu
03143, Bys1. 3ab6onorHoro, 150, m. Kuis, Vkpaina
https://orcid.org/0000-0001-5678-3356
Haranisa I'puropiBaa Copokina
Kangumat BeTepuHApHUX HAYK, JOIEHT
HarioHanbHMiT yHiBepcuTeT 6iopecypciB i MpUPOmOKOPUCTYBaHHS YRpaiHu
03041, Bysn. TepoiB O6opounu, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0003-3279-7344
Tetsina BopuciBHa BacunbeBa
KaHugupmat BeTepuHApPHUX HAyK, CTAPIINII HAYKOBUIA CITiBPOOITHUK
THCTUTYT MOJeKyIIpHOi 6iosorii i reHeTuky HarlioHanbHOI akageMii Hayk YRpainu
03143, Bys1. 3ab6onorHoro, 150, m. Kuis, Vkpaina
https://orcid.org/0000-0002-0924-8251

Auoranisg. OCHOBHIM [KepesioM iMyHOT€HHOCTi MPOTUCUGiPKOBUX BaKIIVH, SIKi 3aCTOCOBYIOThCS
Yy BeTepUHAapHiil MeAUIMHI € eK30TOKCMHM, IO TPOAYKYIOTh BAaKUWHHI IITaMu 30ygHMUKA
CMOipKU. AKTYaJIbHICTh HOCTIIKEHHS 3yMOBJIEHA TTOIIYKOM HAWMPUAATHIIINX A0 BUKOPUCTAHHS
BaKUMHHMX IITaMiB 30yJHMKA CUOIpKM, 3 METOI OTPMMAaHHS BMCOKOI MPOAYKIlii €K30TOKCUHY,
K (hakTopa e(peKTUBHOCTI IpernapariB Ijsl 3Ai/icCHEHHS TTPOQiTakKTUUHNX i 6€3MMEeKOBUX 3aXO0/IiB
y ranysi BetepuHapii. Y 3B’I3Ky 3 UM, MeTa POGOTU MOJSATANA Y OOCTiIKEeHHI MPOTYKTUBHUX
BJIACTUBOCTEN MiKpo6iB pomy Bacillus 100 POAYKIIii eK30TOKCUHY 32 3MiHM YMOB KyJIbTUBYBAHHSI
mig vyac iHkyo6arii. IIpy mociimskeHHI BaKIIMHHMX IITaMiB 36yIHMKA CUGIPKM BUKOPUCTOBYBAIU
MiKkpoG6ionoriuni Ta 6iOTEXHONOTiYHI METOAV, a TAKOX MOPIBHSUIbHMIA CTAaTUCTUYHUIL aHais.
ITpoBoguau Bigbip mTaMiB 3a iHTEHCMBHICTIO POCTY HAa TOXKMBHUX cepemoBuinax. st
BUBYEHHS MPOAYKIIii €K30TOKCUHY BaKIMHHMMM IITaMaMyM 30yIHMKA aHTpaKca 3aCTOCOBYBAIN
6ioTexXHOIOTiUHMIT MiAXig oTpUMMaHHS crenndiyHoro cubipkoBoro 6inka. ITpyu KyJbTUBYBaHHI Ha
iIeHTUYHX MOKMBHMX cepeoBUIIaX BAaKI[MHHI ITaMM ITPOLYKYBa/IM Pi3HY KiJIbKiCTh €K30TOKCUHY.
HocnigxkeHo BipyneHTHi (B. anthracis IBM-92 Z), BakuunHi (B. anthracis K-79 Z, B. anthracis Sterne
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34F 2, B. anthracis 55, B. anthracis CB, B. anthracis LlenkoBcbKoro II) iirramu, a Takok c6ipKomnoai6Hi
kynbtypu (B. cereus 8035, B. anthracoides 67, B. subtilis BKM 17). Y npolieci ekcriepyMeHTalIbHOL
po6OTM BM3HAUEHO, LIO MPOAYKIliS €K30TOKCHMHY Pi3HMX IITaMiB 36yqHMKA CUOIPKM 3aI€KUTb
Bin pH cepenoBuia. BcraHOBIEHO, 110 MpM iIeHTMYHMX NTOKa3HMKax pH cepemoBuina Ta yMOB
KyJIbTUBYBaHHS HAaliBUIIY TPOAYKIIil0 €K30TOKCMHY ITOKa3aB BaKUMHHMI mtam B. anthracis K-79 Z.
Tutp cienudiuHoro cubipkoBoro 6inka craHoBMB 1:64. 3MiHa pH cepeoBuiIiia py KyJIbTUBYBaHHI
IITaMiB BIUIMBAa€ HA KiJTbKICTh YTBOPEHHS €K30TOKCMHY — OCHOBHOrO ¢akTopy (OopMyBaHHS
cnerdivHOTO iMYHITETY MpOTM 30yOHMKA aHTpakca. Pe3ynbTaTv JOCTIIKEeHb MOXKYTb OyTU
3acrocoBaHi (haxiBLsSIMU BeTepMHAPHOI CITyKOU 1711 BiZ6Opy MPOLYIIEHTIB aHTUTEHY MTPY PO3POOILIi
HOBMX IIperapariB MpoTu cUbGipKy B TBAPMH HA OCHOBI €K30TOKCUHIB

KnrouoBi c1oBa: aHTpaKkC; TOKCMHOYTBOPEHHS; KyJAbTUBYBaHHS; pH cepemoBuiia; BipyaeHTHi
mramu; peepeHTHi KyIbTypu
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Abstract. The relevance of the study is driven by the rapid increase in the number of small domestic
animals with surgical pathology of the digestive system, requiring effective diagnosis and surgical
intervention. In this regard, the purpose of this study is to investigate the prevalence of various
diseases of the digestive organs in small domestic animals and to determine the most informative
methods of their diagnosis. The primary approach in the study is to compare the informativeness of
results obtained from examining sick animals, including general (history collection, examination,
palpation) and special (ultrasound diagnostics of abdominal organs, endoscopy of the digestive

Suggested Citation:

Malyuk, M., Tul, O., Kulida, M., & Kovalenko, D. (2024). Prevalence and diagnostic methods of surgical
pathology in the digestive system of animals. Ukrainian Journal of Veterinary Sciences, 15(1), 104-121.
doi: 10.31548/veterinary1.2024.104.

“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/0000-0003-3019-6035
https://orcid.org/0000-0002-2430-1575
https://orcid.org/0000-0001-8937-1972
https://orcid.org/0000-0002-3280-1473

Malyuk et al.

tract, radiography) diagnostic methods. The advantages and disadvantages of different special
diagnostic methods were identified and analysed, providing a comprehensive assessment of
indications and contraindications for their application in clinical veterinary practice. Out of 1863
animals that presented to the veterinary clinic, pathologies of the digestive tract of various origins
were diagnosed in 957 animals. Conservative care was provided to 79.7% of the affected animals
(763 individuals). Complicated pathologies requiring surgical treatment were diagnosed in 194
(20.3%) animals. Among these, 170 (17.7%) had foreign bodies in the stomach, 14 (1.5%) had gastric
erosions, 4 (0.4%) had neoplasms, 3 (0.3%) had perforations,and 3 (0.3%) had inflammatory diseases.
The use of ultrasound diagnostics allowed for the detection of linear foreign bodies in the stomach
and the identification of associated complications such as stomach or intestinal perforations
caused by foreign bodies. Radiographic examination proved effective when radiopaque structures
(metals, stones, bones) were present as foreign bodies. The materials of the study provide practical
value for both researchers and practising veterinarians, offering the opportunity to utilise new
instrumental diagnostic methods to assess the feasibility of surgical manipulations on the stomach
and intestines in dogs and cats

Keywords: esophagogastroduodenoscopy; ultrasound diagnostics; radiographic examination;

plateau level; diverticulum; hernia; inflammatory bowel disease

Introduction

In recent years, there has been a rapid increase
in the number of animals with pathologies in
the digestive tract. S.G. Lishchuk et al. (2023)
indicate that among internal pathologies, gas-
trointestinal organ disorders were most fre-
quently diagnosed, accounting for 44.6% of the
total cases. The process of breaking down com-
plex nutrients in the feed into simple ones, ac-
cessible for absorption by the animal’s body, is
referred to as digestion. A.M. Power et al. (2021)
note that the digestive tract of small domestic
animals, specifically dogs and cats, includes all
organs involved in the intake and processing
of food. The digestive system can be conven-
tionally divided into three sections. The ante-
rior part includes the oral cavity with auxiliary
organs, the pharynx, and the oesophagus. The
middle section comprises the stomach and the
small intestine with digestive glands. The pos-
terior section includes the large intestine. Ac-
cording to N.R. Barash et al. (2022), the anterior
section is responsible for capturing, chewing,
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and swallowing food, the middle section for
digestion and absorption of nutrients, and the
posterior section for the formation of faecal
masses from undigested feed residues.

Studies by R.A. Didier et al. (2021) empha-
sise that the process of digestion in animals be-
gins as soon as the feed enters the oral cavity. It
involves chewing, processing food with saliva,
the catalytic transformation of its components
with the participation of enzymes, and further
movement along the digestive tract. However,
as mentioned by M. Murakami et al. (2022),
the movement of feed mass from the stomach
can be limited or completely stopped due to
partial or complete obstruction of the intesti-
nal lumen by tumours, foreign objects, polyps,
excessive mucosal growth, or the presence of
ulcers. M.G. Derré et al. (2022) clarified that in-
testinal obstruction can be partial or complete,
caused by foreign objects, invagination, swell-
ing, strangulation (e.g., hernia strangulation),
certain infections, and neoplasms.
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Symptoms indicating disruptions in the
functioning of the digestive organs are diverse.
A.B. Bongard et al. (2019) noted that clinical
manifestations of digestive system pathologies
are primarily characterised by excessive sali-
vation and diarrhoea. R.A. Didier et al. (2021)
mention that the onset of abdominal pain,
abdominal distension, loss of appetite, vom-
iting or regurgitation, defecation disorders,
constipation, dehydration, and shock can also
indicate pathology of the digestive system. Ac-
cording to C. Demars et al. (2023), based on the
clinical manifestation of symptoms in affected
animals, it is possible not only to determine
the nature but also to establish the localisa-
tion of the pathological process. For diseases
of the oral cavity — teeth, jaws, or oesophagus
in animals, worsening of biting, chewing, and
swallowing processes is observed. Gastritis
most commonly leads to vomiting due to irri-
tation or infectious processes. Nevertheless, as
asserted by V.I. Woolhead et al. (2020), the act
of vomiting is also a characteristic symptom of
kidney pathology.

C. Demars et al. (2023) demonstrated that
attention should be paid to faeces, as any de-
viations from the norm (changes in colour,
consistency, frequency of discharge) are also
symptoms of intestinal diseases. In the case
of gastric bleeding or in the area of the small
intestine, faeces may turn black. R.A. Didier et
al. (2021) described that straining during def-
ecation occurs in cases of inflammation of the
mucous membrane in the rectal area or ob-
struction of its lumen by a foreign body. Ab-
dominal distension in animals can result from
the accumulation of gases, fluids, or ingested
feed, usually due to a decrease in the activity
of muscles responsible for moving feed along
the digestive tract. Intestinal stretching is
possible, caused by physical obstruction due to
the presence of a foreign object, invagination,
or overeating.

Furthermore, E. Taillieu et al. (2021) note
that abdominal pain arises from stretching or
inflammation of the peritoneal membranes
and can vary in severity. With the develop-
ment of a painful reaction from the abdominal
organs, animals often adopt unnatural body
positions (stretching front limbs, lowering the
chest to the floor, raising the pelvic limbs).
Given the diversity of symptoms that develop
in pathological conditions of the digestive sys-
tem organs, the question of choosing the most
informative method for diagnosing digestive
tract diseases remains relevant. Unfortunate-
ly, there are only isolated studies by Ukrainian
scientists on this issue in the literature. For
example, 1.S. Dekhnych et al. (2021) noted in
their study that ultrasonography is an effective
diagnostic method for diseases of most abdom-
inal organs and is used in veterinary abdominal
surgery. Nevertheless, a drawback of this meth-
od is the inability to perform the procedure in
animals with a high content of adipose tissue
around the examined organ.

Considering all of the above, the purpose of
this study is to investigate the prevalence and
types of pathologies most commonly encoun-
tered in the digestive system of small domes-
tic animals and to analyse the informativeness
of different diagnostic methods, the results of
which may indicate the need for surgical inter-
vention on the stomach or intestines.

Literature Review

In the study by F. Davoodi et al. (2021), attention
was drawn to the fact that digestion is crucial not
only for providing the body with nutrients but
also for maintaining proper fluid and electrolyte
(salt) balance in the body. I. Hennink et al. (2021),
through their investigation of digestive system
functions, suggested that they can be catego-
rised into four main categories: digestion, ab-
sorption of nutrients, motility (movement along
the digestive tract), and faecal elimination.
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Diarrhoea is often a sign of digestive system
disorders, and R.A. Didier et al. (2021) noted in
their study that it can have various causes. Wa-
tery diarrhoea of large volume is usually asso-
ciated with hypersecretion, a condition where
excess fluid is secreted into the intestine. This
can be caused by bacterial infection. Diarrhoea
can also occur due to disruptions in absorption,
affecting the assimilation of nutrients from
the feed. Impaired absorption of hydrolytic
breakdown products of feed components can
occur due to destructive changes in intestinal
cells responsible for absorption. This condition
can be caused by various viruses (e.g., canine
parvovirus, coronavirus, rotavirus).

C.I. Pratt et al. (2014) asserted that the
treatment of animals with digestive system pa-
thology should begin with determining the lo-
calisation of the pathology in the digestive tract,
followed by identifying its cause and prescrib-
ing a treatment regimen, selecting the most
optimal method for each specific case accord-
ing to R. Terragni et al. (2014). D.A. Elsemore et
al. (2017) indicated that the visualisation of
tissue regeneration in damaged tissues due to
digestive system pathologies will expand exist-
ing concepts of the course of the healing pro-
cess and contribute to the search for innovative
technologies to activate their full regeneration.

Refusal of food and vomiting in dogs and
cats — all of these, according to B.A. Brisson et
al. (2018), are vivid manifestations of diseases
of the digestive system. Conventionally, for tar-
geted diagnosis of this group of diseases in vet-
erinary practice, both general methods (palpa-
tion, auscultation) and instrumental methods
(radiography, contrast radiography) of exami-
nation are used, according to D.A. Elsemore et
al. (2017). As noted by R. Terragni et al. (2014),
using these methods, it is not always possible
to objectively diagnose the presence of pathol-
ogy. V.I. Woolhead et al. (2020) and F. Davoo-
di et al. (2021) demonstrated that achieving a
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definitive diagnosis using these methods with-
out detailed visualisation of digestive system
structures, such as the oesophagus, stomach,
and duodenum, is impossible.

K. Allenspach et al. (2015), Q. Cabon et
al. (2017), and M. Binvel et al. (2020) empha-
sised that decisions regarding the necessity and
advisability of surgical or conservative treat-
ment should be based solely on research re-
sults. B.]. Rivers et al. (2017) noted that during
surgical interventions on the stomach or intes-
tines, attention should be focused on optimal
tissue regeneration and the formation of a full-
fledged scar. Studies on wound repair in the
stomach, as indicated by M. Binvel et al. (2020),
have allowed expanding existing concepts of
the healing process and continuing the search
for technologies to activate complete tissue
regeneration. Various methods for activating
regenerative processes, such as cellular tech-
nologies, fibrin gel, and platelet-rich plasma,
were used for this purpose, possessing anti-in-
flammatory effects and containing adhesion
molecules, cytokines, and platelet growth fac-
tors that stimulate reparative and anabolic pro-
cesses in damaged tissues.

Scientific developments by R.K. Sellon et
al. (2003) and D.A. Elsemore et al. (2017) relat-
ed to veterinary medicine in Europe, the United
States, and Ukraine have immensely enriched
information on the diagnosis and methods of
surgical interventions in small animals in re-
cent years. R.A. Didier et al. (2021) improved
diagnostic methods and treatment schemes,
performed minimally traumatic surgical inter-
ventions, and developed methods to enhance
healing and restoration of organ functions af-
ter surgical interventions. This is particularly
important considering statistical data on the
necessity of surgical interventions of varying
complexity. As highlighted by B.]. Rivers et
al. (2017), substantial progress has been made
in recent years in surgical interventions on the
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stomach and intestines, associated with the
widespread adoption of endoscopic research
methods. Using these methods, researchers re-
fine the diagnosis with subsequent implemen-
tation of conservative or surgical treatment.
A.M. Power et al. (2021) demonstrated that sur-
gical interventions on the stomach (gastrotomy)
in dogs and cats are typically performed in the
presence of neoplasms, foreign bodies, or ulcers,
allowing the preservation of the animal’s life.
According to E. Gibson et al. (2020), special
diagnostic methods for diseases of the digestive
system include ultrasound examination, radiog-
raphy,and endoscopy.E. Taillieu et al. (2021) not-
ed that, when necessary, the most informative
method of investigation was chosen, or several
types of additional instrumental studies were
conducted, as they effectively complement each
other. Based on research results, decisions were
made regarding the need for further surgical or
conservative treatment. According to M. Mikie-
wicz et al. (2019), during surgical interventions
on the stomach and intestines, special attention
was paid to optimal tissue regeneration and the
formation of a complete scar. Investigating the
wound repair process in the stomach will allow
expanding existing concepts of the healing pro-
cess and contribute to continuing the search
for technologies to activate full tissue regen-
eration. V.I. Woolhead et al. (2020) employed
various methods to activate regenerative pro-
cesses (cellular technologies, fibrin gel, plate-
let-rich plasma) with anti-inflammatory effects,
containing adhesion molecules, cytokines, and
platelet growth factors that stimulate repara-
tive and anabolic processes in damaged tissues.
In connection with this, it is relevant to
conduct a study on the use of various meth-
ods for diagnosing pathologies of the digestive
system in dogs and cats to determine their in-
formativeness and subsequently assess the ad-
visability of choosing conservative or surgical
treatment methods in each clinical case.

Materials and Methods

The study was conducted from 2022 to 2023 at
the veterinary clinics “Zoolux” in Kyiv and at
the Department of Surgery and Pathophysiol-
ogy named after Academician 1.0. Povazhenko,
National University of Life and Environmental
Sciences of Ukraine. Experiments on animals
were conducted following the requirements of
the “General Ethical Principles of Conducting
Experiments on Animals” approved by the I Na-
tional Congress on Bioethics (Law of Ukraine
No. 3447-1V, 2006), and the provisions of the
“European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (1986).

The object of the study was 957 animals
(dogs — n=586; cats — n=371), aged from 3
months to 12 years. Upon admission to the vet-
erinary clinic, anamnesis collection and clinical
examination of sick patients were conducted.
Animals with clinical symptoms characterising
digestive disorders were selected for further in-
vestigation. During the preliminary acquaint-
ance with the animal, the following clinical
symptoms were identified: nausea, vomiting,
refusal of food, diarrhoea (in some patients with
blood and mucus), abdominal pain, abdominal
wall tension, and absence of defecation.

To determine the type and exact location
of the pathological process, animals underwent
ultrasound examination (USG) using the Es-
aote 70 ultrasound machine (Italy) and a linear
probe UST-5512U (Japan) with a frequency of
5-7.5 MHz. Instrumental diagnostics were per-
formed to examine the abdominal organs. Be-
fore manipulation, the animal’s fur was shaved
in the abdominal area because it could degrade
the quality of the study, and the animals were
fixed in a ventro-dorsal position. Before the
ultrasound examination, the skin was treated
with an alcohol solution, and gel was applied
on a starch basis. During the ultrasound ex-
amination, the condition of all organs of the
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abdominal cavity was assessed to establish
the cause of the deterioration of the patient’s
general condition. The complex of studies in-
cluded the following organs: abdominal aorta,
pancreas, stomach, liver, gallbladder and its
ducts, small and large intestine, urinary blad-
der, urethra, ureters, spleen, kidneys, and adre-
nal glands, uterus and ovaries in females, and
testicles and prostate in males.

During the diagnosis of diseases of the
digestive system organs, survey radiographs
were taken. When studying animals, a device
for digital image reading, IMAX 1010 (China),
was used, and animals were positioned later-
ally on the right and ventro-dorsally. Patients
mainly did not require specific preparation or
sedation. In cases where proper positioning
for the examination was impossible, sedative
drugs such as butorphanol, dexmedetomidine,
gabapentin, or trazodone hydrochloride were
used according to the instructions, considering
the body weight of each patient. Prior to the
use of medications, a thorough history was col-
lected, and the overall condition of the patient
was assessed. In breeds prone to cardiovascular
pathologies, additional echocardiography and
blood sampling were conducted to clarify not
only the structural pathologies of organs but
also the presence of functional disorders.

Endoscopic examinations of animals were
performed using the Olympus 2T10 endoscope
(Japan), under anaesthesia, with intravenous
access using catheterisation of the subcuta-
neous vein of the forearm. Patient intubation
was done with an individualised endotracheal
tube, considering the thickness of the animal’s
nasal septum. Propofol (Lipuro, Germany) was
used for anaesthesia as an ultra-short-acting
hypnotic. Patient monitoring was conduct-
ed using a pulse oximeter (EDAN VE-H100B,
China) and physical monitoring of the depth
of anaesthesia, with the aid of a stetho-
scope (Littmann classic III, USA), manual
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pulse palpation on the femoral and dorsal ar-
teries, pressure in the tail artery region, fem-
oral artery, or on the main brachial artery,
counting the respiratory rate per minute, eye
position, and the level of masticatory muscle
(jaw muscles) relaxation. In specific cases, if
the duration of manipulation exceeded 30-45
minutes, inhalation anaesthesia was used for
animal anaesthesia. This provided better con-
trol of inhalation anaesthesia and reduced the
percentage of statistical complications during
prolonged anaesthetic support for various
types of surgical interventions. The inhala-
tion anaesthetic level was monitored using
a capnograph and an air gas analyser, Cap-
nomac ULTIMA (Germany).

Propofol was used for short-term manipu-
lations and for the induction of patient anaes-
thesia, followed by a transition to inhalation
anaesthesia (for patient intubation). The dos-
age was as follows: for continuous infusion at
a rate of 6 mg/kg per hour and for bolus induc-
tion, 2-4 mg/kg. When using sedative or tran-
quillising drugs for premedication, the dosage
for induction was kept at a minimum of 2 mg/
kg. For sedation of animals, in the absence of
contraindications, medetomidine or dexme-
detomidine was used at a dose of 0.01 mL/
kg for dogs, and butomidor (relaxant) at 0.1-
0.4 mg/kg.

Results and Discussion

During 2022-2023, about two thousand ani-
mals were examined to identify the spread of
pathologies of the digestive tract in dogs and
cats. Based on the results of collecting anam-
nesis and clinical and instrumental studies,
the types of pathologies of the digestive canal
organs most often identified in small pets were
established. The total number of receptions of
animals with surgical pathology and patholo-
gy of the digestive system organs is presented
in Table 1.
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Table 1. The total number of animals in which pathologies
of the digestive system are detected (on the basis of the veterinary clinic “Zoolux” in Kyiv)
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Source: compiled by the author of this study

The total number of animals diagnosed
with the pathology of the digestive system was
957 animals. Conservative care was provided to
seven hundred sixty-three animals, accounting
for 79.7%. Gastroscopy was performed on 122
patients with stomach pathology, accounting
for 12.7% of the total number of visits. 194 sur-
gical interventions were performed for stomach
and intestinal pathology, representing 20.3% of
the total number of visits. During gastric sur-
gery, 170 animals (87.6%) had foreign bodies re-
moved, and 4 (2.1%) operations were performed
to remove neoplasms. Surgical intervention for
gastric perforation was performed in 3 animals
(1.5%), for gastric erosion — in 4 animals (7.4%),
surgical care for Inflammatory bowel diseases
was provided to 3 animals (1.5%). Of the 194
operated animals, four underwent repeated
gastric surgeries associated with repeated eat-
ing of foreign objects.

During the collection of anamnesis, it was
established that most often, the clinics were
visited by owners of animals with functional
disorders of the digestive system, which oc-
curred due to unbalanced feeding and viola-
tions of the conditions of keep. For the most

Complicated pathologies of the digestive canal

(number of operations).
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part, in the animals under study, pathologies
occurred during injury to the tissues of the gas-
trointestinal tract due to eating foreign bodies
(feeding meat with bones), during games (swal-
lowing rubber, plastic toys, and other foreign
bodies), or a distorted appetite (eating inedible
objects). Complicated pathologies (194 cases)
of the digestive canal organs caused perforation
of the stomach wall, erosion, and inflammatory
bowel diseases. In a separate group of animals
(4 cases), malignant neoplasms in the stomach
and intestines were diagnosed, which, like for-
eign bodies, completely or partially obturated
the intestinal lumen.

Some of the examined animals had diges-
tive disorders caused by bacterial or viral fac-
tors and irrational use of antibiotics (dysbiosis)
applied by animal owners without consulting a
doctor. During the analysis of statistical indi-
cators, it was noted that the development of
pathology of the digestive system can occur
as a concomitant pathology or symptom of
other diseases, such as chronic renal pathol-
ogy and, especially in the terminal stage, with
erosive lesions of the digestive system, due to
a substantial and prolonged increase in the
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concentration of urea in the blood. Results of
the study by M. Binvel et al. (2017) highlighted
that the absorption process can be disrupted
due to any induced defect that restricts the
intestinal ability to absorb fluid or disorders
in the secretion of pancreatic juice necessary
for efficient digestion. In rare cases, newborn
pups may have diarrhoea, as noted by R.A. Di-
dier et al. (2021), when they are fed milk be-
cause they are unable to digest lactose. During
diarrhoea, shock can occur due to dehydration
and an electrolyte (salt) imbalance.
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Figure 1. Overview image of the dog's thoracic
and abdominal organs, lateral projection
Note: arrows indicate multiple foreign bodies in the
thoracic oesophagus and stomach of the dog. The
examination was conducted without the use of contrast

agents
Sourse: developed by the author

According to the results of the analysis of
the obtained statistical data, it was determined
that among all surgical pathologies, 52% are
diseases that occur in the organs of the diges-
tive system. Among these diseases, in 25% of
cases, animals needed surgical treatment. The
following instrumental diagnostic methods
were used to clarify the diagnosis of surgical
pathology of the digestive system in animals:
X-ray examination (Figs. 1-11), ultrasound di-
agnostics (Fig. 12), and esophagogastroduo-
denoscopy (Fig. 13).

Figure 2. Overview image

of the chest organs, lateral projection
Note: the arrow indicates a foreign body in the thoracic
oesophagus
Sourse: developed by the author

Figure 3. Overview image

of the abdominal organs, lateral projection
Note: the arrow marks a hollow foreign object in the
patient's stomach
Sourse: compiled by the author
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Figure 4. Overview image

of the abdominal organs, front projection
Note: arrows indicate multiple foreign bodies and their
fragments in the dog's stomach
Sourse: compiled by the author
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Figure 5. Overview image of the abdominal organs, lateral projection
Note: arrows indicate multiple X-ray contrast foreign bodies in the animal's stomach cavity

Sourse: compiled by the author

Figure 6. Overview image of the cervical
oesophagus, lateral projection
Note: the red arrow indicates a foreign body, the contours
of which are circled in pink to improve visualisation, and
the air-expanded lumen of the oesophagus is also visible
(marked with a red two-sided arrow)
Sourse: compiled by the author

Figure 7. Patient after the removal
of the alien body
Note: cat after removal of the side body (star) in the
area of the oesophagus, which was previously visualised
in Fig. 6
Sourse: developed by the author

Figure 8. Overview image of the abdominal
cavity, ventro-dorsal projection
Note: X-ray examination with a contrast agent (barium
sulfate) identified a foreign body (marked with an arrow)
in the stomach without signs of mechanical obstruction
Sourse: compiled by the author

Figure 9. Foreign body after removal
from the animal's stomach
Note: removed foreign body visualised
(marked with a red arrow)
Sourse: compiled by the author
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According to the results of the examina-
tion, it was established that X-ray examination
is especially effective in the presence of X-ray
contrast structures (foreign objects) in the di-
gestive organs, such as metals, stones, bones
(and other objects that are more noticeable in
their density when using this diagnostic meth-
od). In particular, C.I. Pratt et al. (2014) and
A.M. Power et al. (2021) emphasised that using
this method is not 100% effective because not
all foreign bodies are X-ray contrast or denser
than body tissues. In the example of clinical
cases, they showed the informative value of
various diagnostic methods for surgical pathol-
ogy of the gastrointestinal tract of animals.

Example 1. Cat Arnold, Abyssinian breed,
age 3 years. From the history data, it was de-
termined that the animal had swallowed a toy.
Based on the diagnostic investigation results, it
was found that the removal of the foreign body
through endoscopy was not possible due to the
risk of perforation during manipulation and the
presence of feed masses in the stomach. There-
fore, the decision was made to perform upper
midline laparotomy alongthe whiteline and gas-
trotomy, followed by the removal of feed mass-
es and the foreign body. Lembert-Schmieden
sutures were applied to the stomach wall us-
ing monofast 4.0 suture material with a cut-
ting needle. The abdominal cavity was flushed
with sterile physiological saline at a volume
of 200 mL/kg. The abdominal wall was sutured
with a nodular suture using PDS 4.0 thread,
the subcutaneous tissue with a continuous su-
ture, and the skin with an intradermal suture.

In cases where the presence of foreign bod-
ies in the gastrointestinal tract was confirmed,
esophagogastroscope or esophagogastroduo-
denoscopy was not always performed on ani-
mals. According to the research results, linear
foreign bodies that passed into the small intes-
tine and caused its corrugation were not sub-
jected to endoscopic removal due to the high
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risks of perforation, which could lead to the de-
velopment of peritonitis.

Example 2. Luna dog, Labrador breed, 7
months old. Owners presented to the clinic
with complaints of the animal’s attempts to
vomit and refusal to eat. There was suspicion of
ingestion of a foreign body (they allowed chew-
ing on ribs). To refine the diagnosis, a radio-
graphic examination was performed, revealing
the foreign body. A radiographic examination
was conducted in two projections (lateral on
the right side and ventro-dorsally) (Fig. 10, 11).

Figure 10. Overview image
of the dog’s abdominal organs
(lateral projection on the right side)
Note: the red arrows indicate the extent of the foreign
body (pig rib) in the dog’s stomach
Sourse: developed by the author

Figure 11. Overview radiograph of the

abdominal organs (ventro-dorsal projection)
Note: the red arrows on the image indicate the extent of
the foreign body in the dog’s stomach
Sourse: developed by the author
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In many cases, radiographic examination
is highly informative and allows choosing the
most effective surgical treatment method for
animals with foreign bodies in the digestive
system. In addition to radiographic examina-
tion, ultrasound diagnostics (US) were used to
detect linear foreign bodies in the stomach and
accompanying complications, such as thicken-
ing of the stomach wall due to inflammation.
They diagnosed perforations in the stomach
and intestine caused by a foreign body, the
presence of fluid in the abdominal cavity, and
neoplasms in the stomach, protruding into the
pyloric region and causing obstruction of gas-
tric outflow. This type of study provided infor-
mation on the shape, size, echogenicity, and
location of the foreign body, identified signs of
thickening of the stomach and intestinal walls,
and determined the sizes of regional lymph
nodes. It is worth noting that ultrasound also
has a drawback.

With a large amount of feed masses in
the stomach, the informative value of this re-
search method decreases. The results described
are consistent with those of other researchers.
For example, E. Gibson et al. (2020) indicated
that the presence of feed masses or gases in
the stomach makes ultrasound examination of
the digestive tract less informative. Therewith,
].S. Mattoon et al. (2020) demonstrated the use-
fulness of ultrasound examination, especially
in the diagnosis of neoplasia in the stomach of
dogs. The results of the ultrasound correspond-
ed to the localisation of the tumour obtained by
other diagnostic methods. The authors stated
that the clinical picture of ultrasound is diffi-
cult to interpret because benign gastric polyps
are rarely found in dogs, and most of them are
discovered accidentally. Despite the fact that
ultrasound examination allowed assuming the
presence of a polyp in the gastric mucosa, the
final diagnosis can be established based on his-
topathological examination.

V. Barberet et al. (2008) used advanced ul-
trasound diagnostic methods in their studies.
Using transgastric ultrasound, they examined
organs located centrally, such as the pancreas.
These organs can be well examined transgas-
trically using endoscopic ultrasound, without
interfering with the upper intestinal segments,
as is usually the case with transabdominal ul-
trasound. It is necessary to consider factors that
can affect the quality of the study. Parameters
that negatively affect the visibility of organs are
air or feed in the digestive organs. According to
A. Otomo et al. (2020), these parameters posi-
tively influenced the visibility of the pancreas
and duodenum, likely related to the different
body positions used for the study. E. Gibson et
al. (2020) expressed that a retrospective analy-
sis of cases involving simultaneous abdominal
US and endoscopy to assess the presence of
anomalies in the stomach walls, foreign bodies,
tumour localisation, and changes between the
two examinations is more informative. Sonog-
raphy and endoscopy are useful for diagnos-
ing gastric neoplasia, with endoscopy being a
more precise method for detecting gastric ne-
oplasia. However, sonography can raise clinical
suspicion of gastric neoplasia and provide a
less invasive way to gather information before
endoscopy. The presence of gas or fluid in the
stomach lumen limited the diagnostic capabili-
ties of sonographic evaluation.

Example 3. Dog Nicole, Labrador breed.
During the history collection, it was estab-
lished that at 9:00 in the morning, the owners
observed the dog playing with a ball, and with-
in 5 minutes, the toy was not found. Therefore,
the decision was promptly made to seek vet-
erinary care. The animal underwent an ultra-
sound examination of the abdominal cavity to
determine the presence of a foreign body in the
stomach (Fig. 12). After confirming the pres-
ence of the foreign body, endoscopic removal
was performed (Fig. 13).
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Figure 12. Ultrasonographic diagnosis of the

foreign body in the stomach of the dog Nicole
Note: the red arrow indicates the extent of the foreign
body in the patient's stomach
Sourse: developed by the author

Esophagogastroduodenoscopy (EGD) is
one of the most effective diagnostic methods
for detecting foreign bodies in the oesophagus,
stomach, and duodenum. Through EGD (with
the availability of special equipment), the re-
moval of a foreign body from the stomach and
biopsy for oesophagal strictures or mucosal
trauma and neoplasms in the gut were conduct-
ed. This diagnostic method allows for the final
diagnosis to be established, as supported by the
findings of E. Gibson et al. (2020) and helps de-
termine the need for surgical intervention on
the stomach and intestines.

Endoscopic examination was also used to
diagnose and perform therapeutic balloon dila-
tion of oesophageal strictures. According to the
results of the study by R.K. Sellon et al. (2003),
who conducted endoscopic balloon dilation of
benign oesophageal structures in animals, re-
gurgitation is the most common clinical symp-
tom observed on average 4 weeks before the
dilation of the oesophageal segment to the
stenotic zone. Oesophageal perforation was the
only serious complication and occurred in one
patient. I. Hennink et al. (2021) indicated that
this manipulation should be performed under
anaesthesia, preceded by necessary diagnostics,
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Figure 13. Endoscopic removal of the foreign

body from the stomach of the dog Nicole
Note: the red arrows indicate the foreign body in
the stomach, which was removed using endoscopy
(esophagogastroduodenoscopy)
Sourse: developed by the author

to determine the presence of systemic disor-
ders and reduce the patient’s anaesthetic risk.
D.A. Elsemore et al. (2017) emphasised the
importance of examining the stomach wall
throughout its entire area to select the treat-
ment strategy based on the patient’s overall con-
dition and considering all aspects of the history
and results of previous investigations. Howev-
er, M. Pinheiro Souto et al. (2023) demonstrat-
ed that a drawback of this diagnostic method
is the need for anaesthesia, with contraindica-
tions being the occurrence of perforation in the
stomach or intestines. The risk of perforation
may arise during the examination or attempted
removal of a foreign body and in the presence
of free fluid or diaphragmatic or hiatal hernias.

R.K. Sellon et al. (2003) noted that the di-
agnosis and treatment of diseases of the diges-
tive system organs in dogs and cats increasingly
rely on the collection and interpretation of bi-
opsy samples from the mucous membrane ob-
tained endoscopically from one or more areas
of the digestive system. The physician’s goal
is to distinguish between normal and affected
tissues, characterise the nature and severity of
their changes, and make an accurate diagnosis
based on morphological or etiological features,
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facilitating prognosis formation and appropri-
ate therapy selection. The application of his-
topathological methods allows for the rapid
diagnosis of adenocarcinomas or alimentary
lymphomas. Conversely, the interpretation of
inflammatory changes in the mucous mem-
brane proved much more complex.

A. Zamprakou et al. (2016) indicated that
veterinary clinics often create surgical inter-
vention protocols based on generally accepted
rules and modern trends in veterinary medicine
development. The authors compared various
suture materials with Monocryl, which were
selected according to surgical recommenda-
tions and research results. Nevertheless, the
use of Monofilament Maxon contributes to
obtaining much more reliable knots. Sliding
knots with Monocryl (poliglecaprone 25) were
similar, square knots were three times less re-
liable than those tied with PDS-2 monofila-
ment, and Braided Dexon-Plus suture material
was stronger than Monocryl for sliding knots.
Therewith, braided Vicryl did not significantly
differ from Monocryl.

I. Hennink et al. (2021) demonstrated that
the mechanical properties of the Monocryl
knot are identical to those of Vicryl. Still, they
are less reliable than those in other synthetic
absorbable monofilament threads (Maxon) and
respective alternatives (PDS). These conclu-
sions and other characteristics, such as degra-
dation rate, should be used to determine the
application of Monocryl. The positive aspect
of using Monocryl is the lower trauma volume
during surgery and the use of appropriate bi-
ological preparations that stimulate the acti-
vation of regenerative activity in the damaged
area of the organ or tissue under investigation.

Therefore, the use of modern diagnostic
methods in most cases allows for a clear diag-
nosis and resolution of the problem without
surgical intervention or the most effective
implementation of surgery on the stomach

and intestines with minimal possible compli-
cations. The choice of the method depends on
the situation and the reason for the surgical
intervention.

Conclusions

Pathologies of the digestive system are quite
often recorded in dogs and cats. The sharp in-
crease in their incidence is attributed to the
irresponsible attitude of owners who violate
the conditions and rules of keeping and feeding
their pets. It was established that among ani-
mals with surgical pathology, 51.4% had diseas-
es of the gastrointestinal tract, of which 25% of
animals required surgical treatment. The most
common surgical intervention was performed
for the removal of foreign bodies (87.5%), ero-
sion of the stomach (7.4%), diagnosis of neo-
plasms (2.1%), and stomach perforation (1.5%).
Instrumental, radiographic, and ultrasound
methods were used for the diagnosis of gastro-
intestinal tract pathologies, and their informa-
tiveness was determined. The results of these
methods were considered when choosing the
surgical treatment method for sick animals.

High efficiency of radiographic examina-
tion was observed in the presence of radio-
paque structures in the digestive organs, which
are more visible in this diagnostic method due
to their density. The drawback of this method
is that not all foreign bodies are radiopaque
or denser than the body’s tissues. Ultrasound
diagnostics allows the detection of linear for-
eign bodies in the stomach and complications,
such as thickening of its wall due to inflamma-
tion. This method is also informative for per-
forations in the stomach and intestine caused
by a foreign body, the presence of fluid in the
abdominal cavity, and tumours in the stomach
protruding into the pyloric part, causing ob-
struction of gastric outflow.

The application of ultrasound allowed
obtaining information about the shape, size,
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echogenicity, and location of foreign bodies
and identifying signs of thickening of the stom-
ach and intestinal walls. The drawback of this
method is a decrease in informativeness due to
the large volume of feed masses and gases in
the stomach of the examined animal. Clinical
cases demonstrated the algorithm for exam-
ining animals with digestive system pathol-
ogies and the use of various diagnostic meth-
ods, the results of which allowed choosing the
most optimal method of surgical treatment. It
should be noted that in some cases, it is pos-

of the pathological process. The correct choice
of the instrumental diagnostic method in each
specific case, considering the data of the history
and clinical examination of the animal, allowed
selecting the most effective method of surgi-
cal intervention, reducing tissue trauma, and
shortening the recovery period for patients.

In the future, a study on the use of cell-re-
generative therapy to activate the process of
reparative regeneration and the formation of a
complete scar on the stomach to reduce post-
operative complications is planned.
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AHoTanis. AKTyaabHICTh JOCTiIKeHHSI 3yMOBJIeHa CTPIMKMUM 3POCTAHHSIM UMCETbHOCTI APiOGHMX
JMOMalllHiX TBapMH 3 XipypriyHOIO IIAaTOJIOTi€l0 OpraHiB amapaTy TpaBJeHHS, IO IOTpebye
edeKkTUBHOI AiaTHOCTMUKY Ta XipypriYHOrO BTPYYaHHS. Y 3B’I3KY 3 LIMM, MeTa I1iei po60Ty moJsirana
Y IOC/TiIKeHHi MOMMPEHOCTi pi3HUX BUAIB XBOPOO OPraHiB TPAaBHOTO KaHAIY B IPiOHMX JOMAIITHIX
TBapMH, a TAKOX y BM3HAUeHHi HalliHOOPMAaTUBHINIMX METOMiB iX miarHOCTMKU. IIpoBigHUM
MiAX0IOM Y pPO60Ti 6y/10 MOPiBHSIHHS iHGOPMATUBHOCTI pe3y/IbTaTiB JOCTiIKeHb XBOPUX TBAPUH, a
came: 3araJapbHOTO (36ip aHaMHe3Yy, OIS, TabIallis) Ta creliaabHUX (YIbTPa3ByKOBa AiaTHOCTMUKA
OpraHiB yepeBHOI MOPOKHMHM, €HIOCKOIIiSI TPABHOTO KaHaiy, peHTreHorpadis). BusHaueHo Ta
MpOoaHaji30BaHO TepeBary Ta HeJoMiKM Pi3HMUX CITeliaTbHUX JiaTrHOCTUYHMX METOIiB JOC/TiIKeHHSI,
1110 I03BOJISIE KOMITJIEKCHO OLIiHMTHM ITOKa3aHHSI Ta ITPOTUIIOKA3aHHSI JI0 X 3aCTOCYBAHHS Y KIiHIUHi
BeTepuHapHiil mpakTuili. BcraHoBaeHo, 1m0 3 1863 TBapuH, SIKi 3BepHYIMCS OO BeTepUMHapHOL
KJIiHiKM y 957 TBapuH AiarHOCTOBAHO IATOJIOTii TPaBHOTO TPAKTy Pi3HOTO reHe3y. XBOPUM
TBapMHaMmy 79,7 % Bumnaikis (763 rojiB) HaaHO KOHCEPBAaTUBHY fonomory. Y 194 (20,3 %) TBapuH
JiarHOCTOBAHO YCK/IAIHEHi MaToOTii, 10 oTpebyBaiM OTIepaTUBHOTO TiKyBaHHS. Cepes OCTaHHIX
BusiBieHoy 170 (17,7 %) TBapuH — CTOpPOHHI Tijia y IUTYHKY, B 14 (1,5 %) — epo3ii nutyHky, y 4 (0,4 %)
— HOBOyTBOpeHHS, y 3 (0,3 %) — nepdopaiiiiiy 3 (0,3 %) — 3amaabHi 3aXBOPIOBaHHS. BUKOpUCTaHHS
Y/IbTPa3BYKOBOI IiaTHOCTUKM JTO3BOJISIE BUSIBJISITU JIiHiVHI CTOPOHHI Tijla B IIJIYHKY, HasiBHiCTb
CYINYTHIX yCcKIagHeHb (rmepdopaliii ITyHKa M KAIIeYHMKY CTOPOHHIM Tijiom). PeHTreHonoriuHe
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IOCTiIKeHHsT e(eKTYBHE 3a HAsSBHOCTI B SIKOCTi CTOPOHHIX MpeaMeTiB peHTreH-KOHTPAaCTHUX
CTPYKTYp (MeTanau, KaMiHHS, KicTKM). MarepiajiM CTaTTi CTAHOB/STH MPAKTUYHY I[iHHICTb $IK
JIIS1 HAyKOBLIiB, TaK i ISl MPaKTUKYIOUMX JIiKapiB, HaZalo4y MOKIMBICTb BUKOPUCTOBYBATU HOBI
iHCTpyMeHTa/IbHI MEeTOIM AiaTHOCTMKY JJISI 3’ICyBaHHSI JOIIIbHOCTI XipyprivHMX MaHimysii Ha
HITYHKY Ta KUIIEYHUKY B COOAK i KOTiB
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Abstract. Animal cruelty is a criminal offence under the current legislation of Ukraine. When
investigating criminal proceedings related to animal cruelty, including domestic cats, it is
often necessary to establish the time of death. Therefore, the development of new methods for
determining it and improving existing ones is extremely relevant. The purpose of the study was to
establish the relationship between the obtained values of wet spot area indicators and the time of
death. To achieve this goal, the authors propose a new method for determining the age of death
of domestic cats based on the results of measuring the area of a wet spot obtained from skeletal
muscle tissue samples of corpses (Shkundia method). To do this, samples of muscle tissue were
taken from the corpses of cats, a wet spot preparation was obtained by pressing and its area was
calculated to establish a correlation between the values of this indicator and the time that has
passed since death. The study of the obtained indicators established that these values are constant,
and the features of fluctuations in the values of this indicator with the time elapsed since the death
of the animals were established and shown graphically. Using a number of statistical methods, the
absence of dependence of wet spot area indicators on the muscles from which samples were taken
for research and animal breeds was determined. The nature of changes in the values of the wet spot
area indicator depending on time is established and the features of their fluctuations in different
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periods during 27 days from the moment of animal death were explained. Reference values of these
indicators depending on the time elapsed since the death of animals are presented, which can be
used by forensic veterinary experts in practical work to determine the time of the occurrence of
death of domestic cats. Due to a number of advantages, this method can be widely implemented in

the practice of forensic veterinary medicine

Keywords: forensic veterinary examination; postmortem interval; Felis silvestris catus; Shkundia

method; muscle tissue

Introduction

One of the problems that hinders the devel-
opment of a modern legal society is the cruel-
ty to animals. Cruelty to animals is defined as
the actions of certain persons towards animals
that are committed intentionally and lead to
their injury or death, as defined in Article 299 of
the Criminal Code of Ukraine (Criminal Code of
Ukraine, 2001). W. Huang et al. (2020), I. Yatsen-
ko & O. Parilovsky (2022) report that quite often
domestic cats (Felis silvestris catus) appear as the
object of abuse, which are among the most com-
mon pets. There are known cases of killing cats
as a result of the use of weapons, various tools
or items, as noted by D. Doukas (2022). C.M. Ro-
mano et al. (2020) report that crimes commit-
ted by throwing cats from a height, strangling,
poisoning, torturing, and targeting dogs on cats
are not uncommon, as a result of which the an-
imals die. In the vast majority of cases related
to animal cruelty, it is the cases of their death
that are considered and forensic veterinary
examinations of corpses are appointed. In the
process of investigating such crimes, there are
cases when a body is discovered and sent for
examination after a certain period of time after
death, which raises a number of questions for
the investigation. J. Viciano et al. (2022) con-
sidered one of the most common issues — de-
termination of the time of animal death. The
need to determine the time of death of cats
may be related to the need to obtain informa-
tion necessary for inquiry and investigation

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1

about the date of death of the animal, with
clarification of the correspondence in time of
the testimony of persons involved in the in-
vestigation and trial. Such data can also refute
or confirm the alibi of one of the participating
parties. In addition, even in cases not related to
criminal proceedings, the determination of the
time of death is necessary to confirm or deny
the reliability of anamnestic data provided for
conducting a pathologic and anatomical autop-
sy of an animal. The determination of the time
of death, therefore, is one of the main issues
to be resolved by a forensic veterinary expert
based on the results obtained after perform-
ing a forensic veterinary autopsy, and during
the inspection of the scene or the discovery of
a corpse, if the expert participates in these ac-
tivities. I. Yatsenko & O. Parilovsky (2022) note
that such questions are often raised before a fo-
rensic veterinary expert in decisions on the ap-
pointment of forensic veterinary examinations.

To solve the issue of establishing the time
of death of animals, in particular, domestic cats,
it is of great importance to choose the method
that allows this to be done. Methods for deter-
mining the time and duration of death are based
on recording the regularities of the dynamics of
cadaveric phenomena, the time of residual vital
activity of various body tissues in the first hours
after death, the nature of biochemical chang-
es that develop in the tissues of the corpse, in
particular, according to E.K. Hryhorian (2019).
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Some of these methods help to determine the
duration of death directly, some - indirectly,
for example, by determining the time of stay of
the corpse in certain conditions, for example, in
water, soil, etc. To more accurately determine
the time of death of animals, it is also neces-
sary to consider natural and other factors that
affect the condition of the corpse. S.]. Jeong et
al. (2020), in particular, note that such factors
can be climatic components, that is, tempera-
ture, humidity and air velocity, the impact of
natural phenomena (rain, snowfall, etc.), the
presence of a corpse in the ground, reservoirs,
premises, under the rubble of buildings, death
in fires and other man-made accidents and ca-
tastrophes. Damage to corpses by representa-
tives of fauna and flora also has a certain im-
pact. All these conditions can accelerate or slow
down the development of cadaveric phenomena,
that is, the criteria by which the time of death
is determined. Of great importance is also the
time interval from the moment of death, during
which each of the methods can provide infor-
mation that can be correlated with the time of
its occurrence. Most methods are suitable for
use only for short periods of time after death.

The purpose of the study was to correlate
the obtained values of the wet spot area indi-
cator with the time of death of a domestic cat
(F. silvestris catus). To achieve the goal, the fol-
lowing tasks were set: to take material from the
corpses of cats whose time of death is known;
to examine tissue samples of cat corpses using
the wet spot method; to conduct statistical pro-
cessing of the obtained data, with the help of
which to prove their reliability; to find out the
patterns of changes in the studied indicators
relative to the time that has passed since the
onset of death and the presence of correlation.

Literature Review

To date, quite a few methods have been de-
veloped for determining the time of death.

Yu.V. Sarkisova (2021), I.G. Savka et al. (2021),
V.K. Sokol (2022) note that the vast majority of
these methods were invented by scientists in
the field of forensic medicine. These methods
are primarily intended for the study of objects
such as human corpses. E.K. Hryhorian (2019),
Yu.V. Sarkisova & S.M. Malanchuk (2020),
M. Merck & D. Miller (2013) note that only some
of these methods are used by veterinary doctors
in forensic veterinary practice in the case of ex-
amination of animal corpses. The most common
methods in use are classical methods. These
include, for example, the visual and palpation
method, which involves assessing the state of
development of cadaveric changes by exami-
nation and palpation. Thermometry is widely
used, as noted by S.]. Jeong et al. (2020), the es-
sence of which is to measure the temperature of
the corpse at certain points. H. Muggenthaler et
al. (2012) emphasise the need to correlate the
obtained values with tabular data reflecting the
dynamics of postmortem cooling for animals
of a certain species, weight, etc. A variation of
this method is to measure the temperature of
the place of death of an animal or person. Of
the biochemical methods used, as reported by
G. Piegari et al. (2023), studies of protein con-
centrations in cadaveric tissues; a number of
authors, such as M.T. Ave et al. (2021), J. Gar-
land et al. (2020), and M. Nioi et al. (2021),
propose to investigate changes in the vitre-
ous body in the eyeballs; some other methods
have also been developed. There are a number
of methods that are based on image analysis.
E. Watson & J.Kr. Baucom (2020) suggest ana-
lysing data obtained using computed tomogra-
phy, and M. Zhang (2022) — magnetic resonance
imaging. There is also an elastographic method.
J.Byrd & L. Sutton (2021) recommend the wide-
spread use of forensic entomology.

According to S. Matuszewski (2021), this
method consists of estimating the time after
death, which can often coincide with the time of
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colonisation of cadaver tissue by entomofauna.
Such a study is based on determining the activ-
ity and number of insects that contaminate the
corpse, and determination of the age and stage
of development of these insects. M. Heba El-
Sayed et al. (2023) propose to apply DNA studies
in the aspect of assessing the degree of its deg-
radation over the time that has passed since the
onset of death, and to identify the species affil-
iation of the remains of an animal’s corpse. A
number of methods consist in studying the mi-
crostructure of cadaver tissues using light, lu-
minescent, and electron microscopy. A method
for determining the time of death based on the
results of microscopic examination, as reported
by V.K. Sokol (2022), is based on visual and mor-
phometric assessment of tissue-level changes
caused by tertiary cadaveric changes, namely
autolysis and putrefaction. The development
of destructive changes directly depends on the
time of death. In the field of forensic medical
examination today, in addition to histological
examination, some of its varieties are used.
Thus, Yu.V. Sarkisova & S.M. Malanchuk (2020)
suggest using the spectropolarimetric method,
the essence of which is to establish the time of
death in a long-term interval by analysing data
obtained by spectral-selective laser-induced
fluorescence microscopy of tissue sections, and
O.Iu. Lytvynenko (2022) - reconstruction of
the polycrystalline structure of tissue sections,
which consists in determining the relationships
between changes of values that characterise the
distribution of values of the degree of crystalli-
sation of tissue sections of various organs and
the time of death.

D.Yu. Shkundia et al. (2023) proposed a
method for determining the time of death
by measuring the area of a wet spot obtained
from cadaver tissue samples. In turn, the liter-
ature, both Ukrainian and foreign, devoted to
the problem of determining the time of death,
does not reflect the features of such studies of
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cadaveric material, especially in the aspects of
studying corpses of different types and breeds
of animals; their gender and age categories.

Materials and Methods

The study was conducted in 2022-2023 at the
Academician Volodymyr Kasyanenko Depart-
ment of Animal Anatomy, Histology and Patho-
morphology of the National University of Life
and Environmental Sciences of Ukraine, Kyiv.
The selection of cadaveric material from the an-
imals used in the experiment was carried out in
accordance with the ethical norms of interna-
tional and Ukrainian legislation (Law of Ukraine
No. 3447-1V, 2006; European convention...., 1986).

The material was taken from the corpses of
4 domestic cats (Felis silvestris catus), of which
two animals belonged to the Burmese breed,
the other two - to the Maine Coon breed. The
animals involved in the experiment were male,
aged 2.5-3.5 years, of average fatness. Their
corpses were received by the department from
various veterinary clinics in Kyiv after euthana-
sia on the recommendations of veterinarians,
subject to the consent of the animal owners,
and were used by the authors to establish the
time of death. After that, pathologic and ana-
tomical autopsy of cat corpses was performed
according to generally accepted methods (with-
out evisceration). In the future, samples of skel-
etal muscle tissue weighing 3 g were taken from
animal corpses from the shoulder and thigh
area, provided that there were no visible patho-
logic and anatomical changes. Samples were
taken once a day, for 27 days from the moment
of arrival of the corpse. Corpses were stored in
sterile conditions at a stable temperature of
20°C during the material selection period. After
that, the sampling was stopped.

The selected samples were examined using
the Shkundia method (Shkundia et al., 2023).
To do this, each sample was placed in the mid-
dle of a separate sheet of 1010 cm plastic film,
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and then placed between two 1010 cm glass
plates. A sheet of decontaminated filter paper
was previously placed on the bottom plate.
The polyethylene film with the sample was
placed so that the surface of the sample was
in contact with the filter paper. After placing
the sample between two glass plates in the de-
scribed manner, the plates were placed under
a 1 kg press for 15 minutes. Next, the top plate
and plastic film were removed, the contours of
the wet spot and the contours of the pressed
sample were outlined with a simple pencil, the
pressed sample was removed, and then the fil-
ter paper was dried.

The wet spot area was measured using a
polar planimeter PP-2k and calculated using
the equation:

_X1tX

S xPp— 2t¥2 y p, 1)
2

where S - area of the wet spot, cm?; x,, x, — indi-
cators of planimeter divisions when measuring
the external contour of a wet spot; y,, y, — indi-
cators of planimeter divisions when measuring
the internal contour of a wet spot; P - price of

dividing the planimeter in units of measure-
ment (cm?).

Statistical processing of the obtained re-
sults was carried out in the following sequence.
The normality of the distribution was deter-
mined by the Shapiro-Wilk test (Gonzélez-Es-
trada et al.,, 2022; Rodrigues de Souza et
al., 2023). The equality of variances was deter-
mined by the Levene test (Wang et al., 2022). The
T-test (for two independent samples) was used
to compare samples between animals of the
same breed (Novak, 2022). ANOVA (univariate
analysis of variance) was used to compare sam-
ples between animals of different breeds (Em-
erson, 2022). The calculations were performed
using the Real Statistics Resource Pack 2007,
which is an add-on to Excel-2010 software suite.

Results and Discussion

Based on the results of calculating the wet spot
area obtained from samples of skeletal muscle
tissue of cat corpses, their values for various
muscle groups in the animals under study were
obtained (Table 1).

Table 1. Value of the wet spot area obtained from the muscles
of experimental animals at different time intervals from the moment of death, n=4

Wet spot area,

Wet spot area,

Wet spot area, Wet spot area,

Days after death  shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,

Maine Coon,cm? Maine Coon, cm? Burmese, cm? Burmese, cm?
0 3.42 4.01 2.36 3.39
1 4.36 2.34 3.67 2.55
2 2.07 5.62 2.88 4.92
3 9.36 6.53 7.00 6.31
4 5.08 4.45 5.28 7.66
5 3.78 10.67 4.70 9.09
6 8.73 8.05 7.03 7.18
7 6.88 5.22 6.00 5.89
8 9.00 8.10 8.50 8.24
9 7.10 6.58 7.36 6.60
10 6.70 7.89 6.83 7.05
11 10.02 7.24 9.10 8.19
12 5.49 5.04 5.66 5.44
13 7.29 4.45 7.00 5.05
14 6.75 3.06 5.24 3.39

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Shkundia & Serdioucov

Table 1. Continued

Wet spot area, Wet spot area, Wet spot area, Wet spot area,

Days after death  shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,
Maine Coon,cm? Maine Coon, cm? Burmese, cm? Burmese, cm?

15 3.11 4.20 3.72 3.48

16 5.00 4.54 4.49 4.01

17 2.25 5.49 3.42 3.65

18 6.34 2.16 5.93 3.92

19 4.05 4.46 4.71 4.09

20 6.35 2.62 6.19 3.62

21 4.05 3.75 5.88 3.83

22 6.17 3.91 5.24 4.00

23 4.23 5.68 5.94 5.86

24 10.58 6.84 8.09 6.51

25 8.73 712 9.12 7.00

26 10.35 8.03 9.86 8.29

27 10.83 9.52 10.59 9.72

Average 6.36 5.63 6.14 5.68

Standard deviation 2.59 2.17 2.10 2.01

Sample variance 6.70 4.70 4.40 4.02

Source: developed by the author

in samples taken from the shoulder muscles of a
Maine Coon cat are graphically shown in Figure 1.

Changes in the wet spot area index depend-
ing on the time elapsed since the animal’s death

—_
N

Wet spot area, cm?

Wet spot area, shoulder muscles, Maine Coon

2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Day from the onset of death

01

Figure 1. Diagram of changes in the wet spot area indicator depending
on the time since death, Maine Coon, shoulder muscle
Source: developed by the authors

From days 1 to 3 after the death of the
animal, the indicator of the wet spot area first
slightly decreased, and then sharply increased,
t09.36 cm? on day 3. From days 3 to 5, a decrease
was again observed,and fromdays 6 to 12 —a sta-
ble increase to values in the range of 8-10 cm?.
From days 12 to 17, a gradual decrease in the
wet spot area indicator to values in the range of
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2-4 cm?was detected, from days 17 to 23, the in-
dicator was consistently in the range of 4-6 cm?,
after which it grew abruptly to values of 10-
11 cm? and remained at this level in the future.
Changes in the wet spot area depending
on the time elapsed since the animal’s death
in samples taken from the thigh muscles of a
Maine Coon are graphically shown in Figure 2.
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Wet spot area, hip muscles, Maine Coon
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Day from the onset of death

Figure 2. Graph of changes in the wet spot area indicator depending
on the time since death, Maine Coon, thigh muscles

Source: developed by the authors

From days 1 to 3 after the death of the an-
imal, the indicator of the area of the wet spot
first slightly decreased, and then increased, to
6.53 cm? on day 3. From days 4 to 5, a sharp
increase to 10.67 cm? was observed, and from
day 6 to 14 — a stable decrease to a value of
3.06 cm?. From days 15 to 17, a gradual increase
in the value of the wet spot area in the range

_ =
[«IE S

Wet spot area, cm?

(= S )

of 4-6 cm? was detected, and from days 18 to
20, this indicator steadily decreased and was in
the range of 2-4.5 cm?, after which it gradually
increased to a value of 9.52 cm?. Changes in the
size of the wet spot area depending on the time
elapsed since the animal’s death in samples
taken from the shoulder muscles of a Burmese
cat are graphically shown in Figure 3.

Wet spot area, shoulder muscles, Burmese

012 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Day from the onset of death

Figure 3. Diagram of changes in wet spot area indicator depending
on the time since death, Burmese, shoulder muscles

Source: developed by the authors

From days 1 to 2 after the death of the
animal, the indicator of the wet spot area first
slightly decreased, and then sharply increased,
to 7 cm? on day 3. From days 4 to 5, a gradual

decrease in its value to 4.7 cm? was observed,
and from days 6 to 11, an abrupt increase in val-
ues in the range of 6-9 cm? was observed. From
days 12 to 17, first a sharp and then gradual
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decrease in the wet spot area to values in the
range of 3-4 cm? were detected. From days 18
to 24, the parameters of this indicator increased
and were in the range of 5-6 cm?, after which
they sharply increased to 10.59 cm?.

—_ =
o N

Wet spot area, cm?

S N B~ OV

0 1

Changes in the wet spot area indicator de-
pending on the time elapsed since the animal’s
death in samples taken from the thigh mus-
cles of a Burmese cat are graphically shown in
Figure 4.

Wet spot area, hip muscles, Burmese

2 345 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Day from the onset of death

Figure 4. Graph of changes in the wet spot area indicator depending
on the time since death, Burmese, thigh muscle

Source: developed by the authors

From day 1 to 5 after the death of the
animal, the indicator of the area of the wet
spot initially increased very sharply to a val-
ue of 9.09 cm?, and from days 6 to 11 this
indicator remained in the range of values of
6-8 cm?. From days 12 to 14, a sharp decrease
in its value to 5.66 cm? was observed, and then
from days 15 to 22 — the values almost did

—_ =
N

A

7

Wet spot area, cm?

S N B~ O

01

J/’\\%\/\/\/\%v

2 3 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

not change and were in the range of 3-4 cm?.
From days 23 to 27, the indicator increased
sharply to a value of 9.72 cm?. Changes in wet
spot area indicators as a function of the time
elapsed since animal death in samples taken
from the shoulder and thigh muscles of Maine
Coon and Burmese cats are graphically shown
in Figure 5.

Day after death

—— Wet spot area, shoulder muscles, Maine Coon

Wet spot area, shoulder muscles, Burmese

Wet spot area, hip muscles, Maine Coon

Wet spot area, hip muscles, Burmese

Figure 5. Diagram of changes in wet spot area indicators depending
on the time since death of all animals under study

Source: developed by the authors
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When assessing the results obtained from
the animals corpses, it is possible to identi-
fy general patterns of changes in the wet spot
area obtained from samples of their skeletal
muscles depending on the time elapsed since
their death. From the onset of death to days
1-2, the indicator was in the range of 2-4 cm?,
sometimes even having a tendency to decrease.
Starting from days 1-2, an abrupt increase
in the values of this indicator was observed,
which reached peak values at days 3-5, in the
range of 8-11 cm?. In the future, their values
with small fluctuations corresponded to the
range of 6-10 cm?, and starting from day 11,
a sharp decrease in the value of these indica-
tors was observed, which corresponded to the
range of 2-4 cm?. The values were in the range
of 2-6 cm? up to days 22-23. Next, there was a
sharp abrupt increase in the size of the wet spot
area obtained from skeletal muscle samples of
cats, depending on the time that has passed

since the death of animals, with a subsequent
tendency to increase.

For mathematical processing of data as a
null hypothesis, the statement was taken as a
basis that according to the results of measuring
the area of a wet spot obtained from samples of
muscle tissue of cat corpses, there should be no
significant difference between the indicators tak-
en from animals of different breeds, and the dif-
ference between the indicators obtained during
the study of samples taken from different skele-
tal muscles. Thus, the values obtained at certain
time intervals, regardless of the breed of cats
and the muscle group from which the samples
were taken, should correlate with the time that
has passed since the onset of death, and these
indicators can be used to calculate the time of
death of animals, using the data obtained by the
authors as a reference. Using the Shapiro-Wilk
test, the distribution normality was established
in all the data samples under study (Table 2).

Table 2. Normality of the distribution of samples of wet spot area values obtained from the
muscles of experimental animals at different time intervals from the moment of death, n=4

Wet spot area,

Wet spot area,

Wet spot area, Wet spot area,

Shapiro-Wilk test shoulder muscles, thigh muscles, shoulder muscles, thigh muscles,
Maine Coon Maine Coon Burmese Burmese
Distribution
normality indicator 0.957271813 0.969241318 0.979122624 0.940969325
(W-stat)
Sgm ez e 0.299880488 0.560395402 0.828890163 0.11699154
(p-value)
Threshold
significance level 0.05 0.05 0.05 0.05
(alpha)
Normality Yes Yes Yes

Source: developed by the author

The Shapiro-Wilk test (Table 2) shows that
the distribution is normal in all the data samples
under study, i.e.,no sample has values that differ

significantly from all the others. Using the Lev-
ene test, equality of variances was established
in all the data samples under study (Table 3).
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Table 3. Equality of sample dispersions of wet spot area values obtained from the muscles
of experimental animals at different time intervals from the moment of death, n=4

Variance between wet
spot area samples of
shoulder and thigh
muscles, Maine Coon

Levene test

Average values (means) 0.325441

Threshold significance

level (alpha) s

Source: developed by the author

The Levene test (Table 3) determined the
equality of variances between the values of the
wet spot area of the shoulder and thigh mus-
cles in animals of the same breed and between
the animals of different breeds. The average
values of variances exceeded the threshold
level of significance. Since the difference in
variances in the cases was not statistically
significant, the variances can be considered

Variance between wet
spot area samples
of Maine Coon and

Burmese cats

Variance between wet
spot area samples of
shoulder and thigh
muscles, Burmese

0.798616 0.492355

0.05 0.05

homoscedastic. Thus, with the normality of
the distribution and equality of variances, the
null hypothesis is confirmed. Using the T-test
(for two independent samples with equal var-
iances in the Student’s distribution), the ab-
sence of differences between the samples of
these values of the wet spot area of the shoul-
der and thigh muscles in animals of each breed
was established (Table 4).

Table 4. Value of the t-criterion for samples of wet spot area indicators obtained from
the muscles of experimental animals at different time intervals from the moment of death, n=4

Resulting value of the

Critical value of the

Significance level

il Student’s criterion (t-stat) Student’s criterion (t-crit) (p-value)
Maine Coon 1.1474 2.0048 0.2562
Burmese 0.8375 2.0048 0.4060

Source: developed by the author

Using the T-test, it was found that in an-
imals of each studied breed there was no dif-
ference between the samples of data on the
area of the wet spot of the shoulder and thigh
muscles, since the obtained values of the Stu-
dent’s criterion for the data samples of each
breed compared with each other were less than
the corresponding critical values of this varia-
ble. Therefore, the values of the wet spot area
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indicator do not significantly depend on which
group of skeletal muscles (shoulder or thigh) to
take samples for research using this method.

As a result of using univariate analysis of
variance (ANOVA) with the calculation of the
Fischer criterion, there was no difference be-
tween the samples of these values of the wet
spot area of the shoulder and thigh muscles in
cats of different breeds (Table 5).
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Table 5. Value of the F-criterion for samples of wet spot area indicators obtained from
the muscles of experimental animals at different time intervals from the moment of death, n=4

Resulting value of the

Source of variation s ..
Fischer criterion (F)

Between groups, Maine

Coon and Burmese breeds 0.7179

Source: developed by the author

Based on the results of univariate variance
analysis, it was found that there is no difference
between the value of the wet spot area of the
shoulder and thigh muscles in cats of different
breeds, since the obtained values of the Fischer
criterion for comparable data samples obtained
from cats of different breeds were less than the
corresponding critical values of this variable.
Thus, the breed of cats whose corpses were used
for research by this method did not significant-
ly affect the value of the wet spot area indicator.
Thus, the null hypothesis, according to the cal-
culations performed on the Shapiro-Wilk, Lev-
ene, t-test, and univariate analysis of variance
(Wang et al; 2022, Emerson, 2022; Rodrigues de
Souza et al., 2023), it is confirmed that the val-
ues obtained at certain time intervals, regard-
less of the breed of cats and the muscle group
from which the samples were taken, correlate
with the time elapsed since the onset of death.

The idea of this study was based on the as-
sumption that changes in wet spot area indica-
tors over time would represent uniform growth
in the form of a linear relationship. However,
the data obtained had a slightly different trend.
The wet spot area increased on day 3-5 and re-
mained relatively stable for days 5-11, slight-
ly decreased from day 11 to day 15, stabilised
again between days 15 and 22-23, and began
to increase sharply thereafter. The increase
in the area of the wet spot on days 3-5 can be
explained by the release of water due to the
collapse of the structures of intermuscular con-
nective tissue, and the result of the diffusion of
the liquid part of the blood after death from the

Critical value of the
Fischer criterion (F-crit)

Significance level
(p-value)

2.6887 0.5433

vessels that supply blood to the muscles into
the intermuscular space. At this time, water
remained in the muscle fibres, and their struc-
ture was preserved in this period of time from
the moment of death. The relative stability of
the indicators during days 5-11 after the death
of the animals can be explained by the limited
amount of water in the intermuscular space, as
muscle fibres are not yet destroyed during this
period. The decrease in the area of the wet spot
during days 11-15 from the moment of death
is explained by the loss of a certain amount of
water through diffusion to other parts of the
corpse and through its surface. The stability of
indicators from days 15 to 22-23 may be asso-
ciated with the beginning of the breakdown of
muscle fibres, which compensates for the dif-
fusion of water to other parts of the corpse and
through its surface. An abrupt increase in the
area of a wet spot, starting from days 22-23,
can be the result of the breakdown of a large
number of muscle fibres, and the destruction of
macromolecules of proteins and lipids, as a re-
sult of which liquid is released. However, in all
data samples under study, the described trend
was clearly observed, so the data obtained can
serve as a reference against which to compare
the data from the corpses of cats obtained by
the Shkundia method (Shkundia et al., 2023),
whose time of death must be established for fo-
rensic examinations.

Based onthe above,itis proposedto calculate
the time of death in cats based on the wet spot area
obtained from skeletal muscle samples of corps-
es, using the reference values given in Table 6.
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Table 6. Reference values of the wet spot area indicator obtained
from skeletal muscle samples from cat corpses, M*¥m

Days after Reference Days after
death values, cm? death
0 3.30%0.33 10
1 3.23%0.56 11
2 3.87%1.01 12
3 7.30+0.74 13
4 5.62%0.73 14
5 7.06%2.04 15
6 7.75%0.46 16
7 6.00+0.32 17
8 8.46%0.20 18
9 6.91+0.23 19

Source: developed by the author

A specialist who performs a forensic vet-
erinary examination, if representatives of the
investigative authorities are tasked with estab-
lishing the time of the occurrence of death in
a cat, can, after performing a study using the
Shkundia method, compare the obtained in-
dicator with the reference value, and establish
the time that has passed since the death of the
animal, with an accuracy of one day. The data
obtained can be compared with data obtained
using other methods for determining the time
of death, in order to exclude possible errors.
Thus, the method of determining the area of a
wet spot is informative and can be implement-
ed in forensic veterinary practice. Compared
to other methods of determining the time of
death, the advantage of such studies is a long
time interval — about 1 month from the moment
of death, while thermometry is suitable in the
time interval of 1-3 days, which is indicated, for
example, by S.]. Jeong et al. (2020), microscopic
examination — 1-18 days, and a method based
on determining the state of entomofauna of the
corpse, according to J. Byrd & I. Sutton (2021)
and S. Matussewski (2021) — no more than 10-
15 days. In addition, the equipment required for
working with the wet spot method is not diffi-
cult to use and expensive, as, for example, for
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Reference Days after Reference
values, cm? death values, cm?
7.120.27 20 4.70%1.13
8.64+0.66 21 4.38%0.54
5.41+0.13 22 4.83%0.63
5.95+0.86 23 5.43+0.43
4.61%£1.01 24 8.01+0.96
3.63+0.24 25 7.99+0.67
4.51%0.18 26 9.13+0.71
3.70%0.64 27 10.17#0.39
4.59+1.11
4.33+0.18

studies using computer or magnetic resonance
imaging, which are proposed by E. Watson &
J.Kr. Baucom (2020) and M. Zhang (2022).

J. Serdioucov et al. (2023) note that one of
the most common and accurate methods for
determining the time of death — histological
examination of postmortem changes in various
tissues and organs of the corpse — provides valid
results only during the first 18 days after death.
It is characteristic that the results presented
by J. Serdioucov et al. (2023) are obtained spe-
cifically on the corpses of domestic cats. The
wet spot method proposed by the authors has
a number of advantages over the histologi-
cal method. The postmortem interval, which
can be determined by the Shkundia method, is
significantly longer than that that can be de-
termined histologically — 27 days and 18 days,
respectively. The time required to make a wet
spot preparation is approximately 1 hour, while
a histological preparation, depending on the
latest equipment used by the researcher, takes
from 2 to 14 days. Although, according to most
researchers, for example, V.K. Sokol (2022),
histological examination is a widely available
diagnostic method, but the amount of equip-
ment required for histology (automatic filling
of material and staining of histoses, microtoms,
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microscopes, photo nozzles, etc.) is several
times greater than that required for the wet
spot method (glass plates, planimeter). In addi-
tion, the wet spot method does not require the
use of chemical reagents. Wet spot preparations
are better preserved than histopreparations.
Quantitative data, as noted by D. Shkundia et
al. (2023), also easier to get by the wet spot
method. However, histopreparations have much
greater visibility than wet spot preparations. In
addition to classic micrographs, as reported
by Yu.V. Sarkisova & S.M. Malanchuk (2020),
microscopy of histopreparations can produce
spectropolarimetric images and reconstruction
of their polycrystalline structure, as noted by
O.Iu. Lytvynenko (2022).

Measurement of cadaveric cooling rate by
thermometry, by definition of C. HenfSge &
B. Madea (2004), is the most commonly used
method for determining the time of death of
humans and animals. The features of postmor-
tem cooling in domestic cats have not yet been
practically studied. The wet spot method pro-
posed by the authors has a number of advan-
tages over the thermometric method. The most
important of these is that the time interval for
the onset of death, which can be determined by
the Skundia method, is much longer than that
which, in particular, according to S.]. Jeong et
al. (2020), can be recorded by thermometry — 27
days and 1-3 days, respectively. Domestic cats
are small animals and therefore a complete
equalisation of the temperature of the corpse
with the ambient temperature occurs at most
during the 2™ day after death. In addition, as
noted by S.]. Jeong et al. (2020), the depend-
ence of the accuracy of determining the time of
death by the thermometric method on climatic
conditions is very significant, which affects the
measurement results, often not allowing to es-
tablish a correlation between the obtained and
tabular data. The results of the thermometric
study are particularly negatively affected by

the air temperature both in open areas and in
various rooms, the humidity level and speed of
air movement, weather conditions (rain, snow,
etc.). The data obtained by the wet spot meth-
od are much less affected by these factors, es-
pecially when preparations are obtained from
cadaveric skeletal muscle, as recommended by
D. Shkundia et al. (2023). In addition, there is
a dependence of the validity of indicators ob-
tained using thermometry on the causes of
death, especially diseases, the symptoms of
which, in particular, are characterised by a pro-
nounced increase or decrease in body temper-
ature. The authors are not aware of any such
influence on the results obtained by the wet
spot method. In addition, the wet spot prepa-
ration can be used as physical evidence, while
the reliability of temperature measurements,
especially in the field, sometimes raises doubts
among law enforcement officials. Thermometry
also has a number of advantages over the wet
spot method. This is significantly less time, as
noted by C. Henfsge & B. Madea (2004), which
takes from 1 to 5 minutes depending on the
design features of the thermometers, while the
production time of the wet spot preparation is
approximately 1 hour; simple portable equip-
ment that allows on-site measurements, etc.

Entomological method, according to J. Byrd
& L. Sutton (2021), is extremely common in fo-
rensic and veterinary medicine. When compar-
ing it with the wet spot method, the obvious
advantage of the latter is one thing: an even
greater dependence on climatic conditions and,
even, the time of year than with the thermo-
metric method, which is associated with the
seasonality of the insect life cycle, as noted by
S. Matuszewski (2021). For these two methods,
the measurement range of the postmortem
interval and the time spent on conducting re-
search are approximately the same. The advan-
tage of the entomological method is also the
low need for equipment.
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This study presents a proprietary method.
It is based on determining the moisture-re-
taining ability of animal body tissues, which
changes after the death of an animal, since lig-
uid is released during the breakdown of cellular
structures and macromolecules. When compar-
ing the wet spot method with other widely used
methods for determining the time of death, a
number of advantages over each one are re-
vealed, however, as well as some disadvantages.
Therefore, the authors consider it appropriate
to use it widely, in particular, in the practice of
forensic veterinary examination.

Conclusions

The proposed method for determining the time
of death by measuring the area of a wet spot
obtained from skeletal muscle tissue samples
from domestic cat corpses is informative and
has a number of advantages over other meth-
ods for determining the time of death. The most
important advantage is the long time interval
in which results can be obtained that correlate
with the time of death. In addition, the validity
of this method is much less dependent on cli-
matic conditions, such as temperature and hu-
midity, weather conditions in the place where
the corpse of the animal was found, being in the
room, packing corpses in plastic bags, wrapping
in blankets, clothing elements, etc. Wet spot
preparations obtained when working with fab-
rics using this method can be stored for a long
time and serve as material evidence in the in-
vestigation and judicial review of criminal cases.

An explanation is found for fluctuations
in the values of the wet spot area indicator de-
pending on the time that has passed since death.
Statistical studies have shown that the data ob-
tained by measuring the area of a wet spot cor-
relate with the time of death. Reference values
of the wet spot area obtained from samples of
skeletal muscle of cat corpses have been devel-
oped, which forensic veterinarians can use in
their practical activities to compare with the data
obtained by this method of examining material
from cat corpses in specific cases that become
the basis for investigating criminal proceedings.

The disadvantages of the method for deter-
mining the time of death by measuring the area
of a wet spot obtained from skeletal muscle tis-
sue samples from cat corpses are its specificity
for certain animal species and certain tissues. In
addition, to perform research using this meth-
od, it is necessary to have a device (planimeter),
which is not widely used equipment. The influ-
ence of climatic and other conditions in which
the animal’s corpse is located on the reliability
of the results obtained by applying this meth-
od remains unclear. The prospects for further
research are to determine the time of death
by measuring the area of the wet spot from
the material of various organs, species, breeds,
sex and age categories of animals, developing
amendments to reference values that take into
account climatic conditions and the environ-
ment in which the corpse can be located, etc.
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AHoranis. )KopcToke MOBOIYKeHHS 3 TBAPMHAMMU, BiJITOBiIHO 10 YMHHOTO 3aKOHOJABCTBA YKpaiHu,
€ KpUMiHaJbHUM 3JI0uMHOM. ITim vac po3cligyBaHHS KpPUMiHAJIbHUX TPOBAKEHb, TOB’SI3aHUX
i3 JKOPCTOKMM ITOBOJIKEHHSIM i3 TBapMHaMM, B TOMY YMCIi KOTaMM CBiliCbKMMM, YACTO BUHUKAE
HeOOXiHICTh BCTAHOBJIEHHSI MAaBHOCTI HAcTaHHS cMmepTi. TOMy Haa3BMYAHO aKTyaTbHUMMU €
pPO3poOKa HOBMX METOZiB ii BM3HAUEHHS Ta BIOCKOHAJEHHS BXXe iCHYIOUMX. MeTOI0 JOCTiIKeHHS
6Yy/10 BCTAaHOBJIEHHST 3a/IEKHOCTI M3k OTpMMaHMMM 3HAU€HHSIMU ITOKa3HMKIB TUIOMIi BOJIOTOI TUISIMU
Ta YaCoOM HaCTaHHS CMePTi. [IJis MOCSITHEHHSI TOCTaBIEHOT METY aBTOPaMM 3aITpOIIOHOBAHMIT HOBUIT
MeTOJ, BU3HAUeHHSI JaBHOCTI HAaCTaHHSI CMepTi KOTIiB CBiliCbKMX 3a pe3y/abTaTaMM BMMipHOBaHHS
TJIONIi BOJIOTOI TUISIMM, OTPUMAHOI 3i 3pa3KiB TKAHMHM CKeJeTHUX M’sI3iB TpymiB (MeTop IIKyH/Ii).
st bOTO BimGupany Bif TPYIiB KOTiB 3pa3sKy M’S30BOI TKAaHMHM, 3@ JOIIOMOTOI0 MPECYBaHHS
OTPUMYBAJIM TIperapar BOJOTrOi TUISIMM Ta BUPAXOBYBaIM il IJIONIY, 3 METOK BCTAHOBJIEHHS
KOpeJisiiiii 3HaueHb 11bOTO TTOKa3HMKa 3 YaCOM, SIKMI MPOMIIOB 3 HACTaHHS CMepTi. JoCTiIkeHHIM
OTPUMaHMX IMOKA3HUKIB BCTAHOBJIEHO, IO Ili 3HAUEHHS € CTAJMMM, BCTAHOBJIEHO i TOKa3aHO
rpadiuHO 0CcO6IMBOCTI KOMMBAaHb 3HAUEHb JAHOTO IMOKA3HMKA 3 YacOM, L0 MPOJIIOB 3 MOMEHTY
cMepTi TBapuH. 3a JOMOMOT0I0 HM3KM CTAaTUCTUYHMX METO/iB BM3HAUEHO BiCYTHICTh 3aJIEKHOCTI
ITOKa3HVKIiB IO BOJIOTOT IJISIMM Bifi M’sI13iB, i3 IKMX Bim6MpaloTh 3pa3Kiu AJis JOCTiIKEHHS, Ta TOpif,
TBapuH. BcTaHOB/IEHO XapaKTep 3MiH 3HaUeHb [TOKAa3HMKA TUIOIIIi BOJIOTOI TUISIMM 3aJI€KHO Bif, yacy
i mpoaHaisoBaHO 0COGAMBOCTI X KOMMBAHb Y pi3Hi mepiogyu mpoTsarom 27 ai6 3 MOMEHTY 3aru6erti
TBapuHU. [IpeCcTaBIeHO eTaIOHHI 3HAUeHHST JaHMX MMOKa3HMKIB 3aJIeKHO BiJI yacy, 1o MmpoiIios 3
MOMEHTY CMEPTiTBapuH,IKiCyI0BO-BeTepMHAPHI €KCIIEPTY MOXKYTh BUKOPUCTOBYBATH BITPAKTUYUHI i1
po6OTi 111 BCTAHOBJIEHHS AABHOCTI HACTaHHS CMEPTi KOTIiB CBilfichbKMX. 3aBASIKM HM3II IlepeBar
JaHuil MeTon Moke OYTH IIMPOKO BIIPOBA/KEHMIA Y MPAKTUKY CYI0BOi BETEPMHAPHOI MeOULIHUI

KniouoBi ¢1oBa: cymoBo-BeTepMHApHa eKCIepTu3a; MoCcTMOopTanbHuil iHTepBan; Felis silvestris
catus; metop, lIIKyHzi; M’s130Ba TKaHMHA
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Abstract. The relevance of the study is conditioned by the need in the practice of forensic veterinary
expertise to establish the statute of limitations for the occurrence of death of dogs and cats during
the investigation of crimes against animal health and life. In this regard, the purpose of the study
is to solve diagnostic forensic veterinary problems regarding the informative value of postmortem
disorganisation of skeletal neck muscles of dog and cat corpses within 72 hours after the death of
animals. The main methods of investigating the diagnostic information content of postmortem
dynamics of skeletal muscles of dog and cat corpses for forensic veterinary determination of the
conditions and prescription of death due to acute hypoxia are those that can be comprehensively
considered the identified problem, in particular, Papenheim-Kryukov staining of smears, slides —
hematoxylin and eosin, fluorescein isothiocyanate, and Shabadash staining. The forensic veterinary
diagnostic significance of two expert criteria is justified: “the number of patterns of disorganisation
of the neck muscles of dog and cat corpses” and “glycogen content in the neck muscles of dog
and cat corpses”. It is proved that biotransformation of skeletal muscles occurs in the following
sequence: during the first 24 hours after the death of the animal, postmortem stiffness of the
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muscles of corpses occurs, accompanied by dehydration, compaction, contraction of myofibrils;
muscle relaxation is observed from 24 to 48 hours after death, myofibrils are stretched and swollen;
from 48 to 72 hours, autolysis of muscles is recorded under the influence of saprotrophs. It was
found that the destruction of skeletal muscle tissue is more intense in the case of death due to
suffocation compared to death from poisoning, and the destruction of muscle tissue is more dynamic
in the case of death due to freezing compared to death caused by drowning in cold water. For the
first time, the results obtained will contribute to solving diagnostic forensic veterinary tasks, in
particular, establishing the statute of limitations and conditions for the occurrence of death of dogs
and cats during the investigation by law enforcement agencies of crimes related to animal cruelty

Keywords: asphyxia; cytomorphological examination; histotopograms; destruction patterns;

thanatogenesis; abuse

Introduction

The study of postmortem dynamics of organs
and tissues of animal corpses is important for
forensic veterinary diagnostics, as can accu-
rately determine the time and cause of death of
the animal. Analysing these changes also helps
to identify possible cases of abuse or improper
animal care. In addition, this study is relevant
for ensuring justice, as it can reveal evidence of
criminal acts, such as animal cruelty or illegal
hunting. It helps in determining the exact time
of death, which can be a key element in criminal
investigations. Thus, post-mortem diagnostics
of veterinary and forensic medicine is a neces-
sary tool in the protection of animals and en-
sures the maintenance of law and order.
Questions of informative postmortem dy-
namics of various organs and tissues of ani-
mal corpses for forensic veterinary diagnosis
of death for various reasons were analysed by
a large number of researchers. Among them:
J.J. Paltian et al. (2019) evaluated the duration
of the postmortem interval by determining the
activity of catalase and aminolevulinate de-
hydratase in the liver, kidney, skeletal muscle,
and brain tissues of Swiss mice; J. Abbate et
al. (2022) found the informativeness of post-
mortem changes in skeletal muscle electrical
conductivity of Dicentrarchus labrax to esti-
mate the duration of the postmortem period;

]. Geissenberger et al. (2021) investigated post-
mortem degradation of skeletal limb protein in
pigs; T. Du et al. (2018) characterised the met-
abolic profile of rat femoral muscle at different
time periods after death; F.X. Shi et al. (2020)
observed the expression of autophagy-relat-
ed protein in rat muscle tissue after ante-and
postmortem trauma; Z. Zheng et al. (2019) sub-
stantiated the relationship between electrical
conductivity and chemical content of rat skele-
tal muscle impregnation solution to determine
the duration of the postmortem period.

The achievements obtained contributed to
solving some problems. According to reports
R.Kazantsev & I. Yatsenko (2022) and M. Skryp-
ka et al. (2023), the issue of finding informative
criteria remains relevant, the use of which will
allow a forensic veterinary expert to come to
certain categorical conclusions when solving
situational problems and argumentation of
causal relationships. The lack of prospective
morphological studies of muscle tissue of ani-
mal corpses, clarification of the significance of
marker changes in its postmortem disorgani-
sation during forensic veterinary diagnosis of
causes of death and systematisation of scien-
tifically based information in scientometric da-
tabases on these issues, necessitates in-depth
research in this area. As noted by M. Lamri et
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al. (2023) and G. Piegari et al. (2023), the study
of skeletal muscles is promising in this context
due to their histomorphological (fibre density)
and histochemical (glycogen depot) features.

Thus, the lack of developed expert criteria
for determining the time of death of animals
of various species for postmortem phenomena
negatively affects the practice of conducting fo-
rensic veterinary expertise, causing unjustified
refusals to conduct it; substitution of forensic
expertise for other procedural actions; rais-
ing questions that go beyond the competence
of a forensic expert, etc.; and determined the
purpose of this study — to substantiate the di-
agnostic information content of postmortem
biotransformation of skeletal muscles of dog
and cat corpses to establish the conditions and
duration of the postmortem period for hypoxic
thanatogenesis. In this regard, the experimen-
tal solution of these issues is of both theoretical
and practical significance.

Materials and Methods

The subject of the study was the dynamics of
post-mortem biotransformation of skeletal
muscles within 72 hours after death from acute
hypoxia in 28 animals (Felis silvestris catus,
n=12; Canis lupus familiaris, n=16) in the ab-
sence of anamnesis data on zooanthroponoses.
The category of violent death was known in ad-
vance. The study was conducted at the State Bi-
otechnological University during 2021-2023 in
compliance with the requirements of DSTU EN
ISO/IEC 17025:2019 (2021). During the model-
ling of hypoxic thanatogenesis, environmental
climatic factors were reproduced in which, with
a high probability, the corresponding type of
animal death occurred.

All the cases under study were divided
into four experimental groups according to the
principle of the immediate cause of death of
the animal (n=7 in the group). Each group con-
tained corpses with the following distribution:
by taxonomic species (cats, n=3; dogs, n=4),
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sex (females, n=3; males, n=4), age (neonatal,
n=2; mature, n=3; geriatric, n=2).

Group 1 included the corpses of animals
whose death occurred due to intoxication
with carbon monoxide or isoniazid. They were
stored at a temperature of 18°C and a humidity
of 59%. Group 2 included the corpses of animals
that died from mechanical asphyxia or general
overheating. They were placed in a thick plastic
bag and stored at a temperature of 18°C and a
humidity of 64%. Group 3 consisted of corpses
of animals whose death occurred as a result of
fluid aspiration during drowning or perinatal
pneumopathy. They were stored in tap water
at a temperature of plus 2°C and a humidity of
73%. Group 4 includes the corpses of animals
that died from a general cold injury. They were
stored at negative 18°C and 92% humidity.

Skeletal muscle samples from mm. proprii
colli. were taken from the corpses of animals of
all experimental groups after forensic veterinary
necropsy. The choice of object for this study is
justified by three reasons. Firstly, the relatively
easy availability of material selection. Second-
ly, even in fragmented animal corpses, there is
a certain possibility of obtaining the necessary
number of tissue samples. Thirdly, the muscles
are sufficiently isolated from the destructive
effects of the environment and putrefactive
transformation by endogenous saprotrophs.

During the first day after the onset of ani-
mal death, a series of preparations were made
from muscle necropsies. For cytomorpholog-
ical examination, they were stained using the
Papenheim-Kryukov method. For histological
studies of muscles, samples from corpses were
taken at the 48™ and 72" hours of follow-up us-
ing a special punch. Histological slides with a
thickness of 6 microns from samples were made
on a rotary Microtome MPS-2 (Ukraine) in
accordance with the generally accepted method
(Horalskyi et al., 2015).

For general histomorphological examina-
tion at the final stage, the slides were stained
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with hematoxylin and eosin. Fluorescein isothi-
ocyanate staining with neutral glycerin immer-
sion was used to indicate bacterial colonies. For
the purpose of histochemical determination of
muscle glycogen content, the slides were stained
using the Shabadash method. All the glasses
were air-dried. Using an optical microscope
Granum R50 (China), skeletal muscle cytograms
were examinedin 10x10and 10x100visual fields,
and 10x20 and 10x40 microscope visual fields
were used to study muscle histotopograms.
The results were evaluated within each
day, comparing the previous data with the next
and the first with the last in each study group.
The most representative changes were photo-
graphed using the ToupCam UCMOS03100KPA
digital nozzle (China) integrated with the mi-
croscope. The obtained information was an-
alysed on a personal computer with the Win-
dows 10 operating system. The resulting photos
were processed using the Photo Frame Studio
3.0 software suite and the destruction patterns
were evaluated according to the recommenda-
tions of R.E. Raskin et al. (2022). Patterns in this
study were considered any elements of muscle
fibre decomposition, in particular, cell destruc-
tion and bacterial colonies, which were ana-
lysed in dynamics on the obtained cytograms
and histotopograms. Then, in the image editor
Adobe Photoshop CS6, histograms of slides
were created, additionally coloured according
to Shabadash, which automatically displayed
the perimeter of glycogen distribution over the
image, expressed in pixels, according to the
tinkorial brightness level. On the histograms,
attention was drawn to the last two indicators
of the gradation scale: the total number of pix-
els, which identifies the outlined area in logical
units, and the median of the integrated densi-
ty, which is equivalent to the average value of
colour brightness. In statistical data, using the
MS Office Excel 2016 software suite, arithmetic
mean indicators were determined (M*m) and
evaluated by the level of reliability (P).

All studies at different levels of structur-
al organisation were conducted in Ukraine for
the first time, in compliance with the principles
of evidence-based veterinary medicine in the
context of forensic veterinary expertise and in
accordance with the principles of European As-
sociation for Animal Research (n.d.).

Results and Discussion

Applying a retrospective analysis of the no-
sological structure of exitus letalis among cats
and dogs in veterinary medical institutions,
it was found that decompensated hypoxia of
various aetiologies is fatal in 7% of all cases of
death of various categories, including due to
acute respiratory distress syndrome, neonatal
lung atelectasis, and aspiration pneumonitis.
Two hours after the death of the animals, dur-
ing their forensic veterinary sectional examina-
tion, it was determined that mm. proprii colli are
dense to the touch, and the joints of the cervi-
cal vertebrae are almost not mobile.

Cytomorphological studies of muscle spec-
imens from the corpses of cats from group
1, obtained 8 hours after death, revealed the
preservation of their vital structure. Cytograms
showed clusters of striated skeletal muscle fi-
bres in the form of spindle-shaped strands lo-
cated tightly (Fig. 1).

Figure 1. Cytogram of the skeletal muscle
of the cat corpse from group 1, 8 hours after death
Notes: 1 — fibres of striated skeletal muscle. Eyepiece
10xlens 10, stained according to Papenheim-Kryukov
Source: developed by the authors
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Myosymplasts are dark blue in colour, with
pronounced transverse striation and clear edg-
es. The nuclei of cells are oblong in shape, their
chromatin is concentrated in the depths. The
background of drugs is represented by singular
erythrocytes around clusters of fibres. 16 hours
after the death of cats from group 1, there are
no optical changes in skeletal muscle. Cytolog-
ical preparations contained accumulations of
striated muscle fibres. Nuclei of elongated myo-
symplasts without morphological changes in
karyolema, karyoplasm, and chromatin (Fig. 2).
Transverse striation was found with clearly
structured boundaries of their cytoarchitecture
(Fig. 2). The cells were dark blue in colour, and
some of them showed indistinct membranes.
The background of drugs is a small number of
erythrocytes.

Figure 2. Cytogram of skeletal muscle of the cat
corpse from group 1, 16 hours after death
Notes: 1 - nuclei in the middle of the muscle fibres;
2 - edges of the muscle fibre with clear borders. Eyepiece
10 x lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors

24 hours after the death of cats from group
1, changes in muscle striation were visualised.
On cytological preparations, muscle fibres are
arranged in clusters. The shape of individual
myosymplast nuclei is fragmented (Fig. 3). The
cytoplasm of cells is coloured dark blue, and
there is mostly no striation. The indistinct edg-
es of the fibres were stained eosinophilic pink.
Against the background of such destructive
changes in the structure of muscle fibre cells,
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isolated nuclei located outside the cytoplasm
were observed.

2\,

Figure 3. Cytogram of the skeletal muscle of the
cat corpse from group 1, 24 hours after death
Notes: 1-fragments of the muscle fibre nucleus; 2 - part of
the muscle fibre with an altered internal structure. Eyepiece
10 x lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors

8 hours after the onset of death of dogs of
the group 1, the fibres of their skeletal muscle
looked morphologically typical and retained
their intravital structure. Dense accumula-
tions of muscle fibres in the form of elongated
strands were recorded on cytological prepara-
tions (Fig. 4). Myosymplasts are dark blue in
colour, with well-defined transverse striation
and edges. The nuclei are elongated in shape
with tightly concentrated chromatin. The back-
ground of cytopreparations is represented by
singular erythrocytes around clusters of fibres.

Figure 4. Cytogram of the skeletal muscle of the
corpse of a dog from group 1, 8 hours after death
Notes: 1 — fibres of striated skeletal muscle. Eyepiece
10 x lens 10, stained according to Papenheim-Kryukov

Source: developed by the authors
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In cytological preparations of muscle
tissue from dogs from group 1, obtained 16
hours after death, there were almost no mor-
phological changes in the muscles. The mus-
cle fibres retained their striated structure and
were arranged in clusters. Myosymplasts were
coloured dark blue, and their edges remained
clear (Fig. 5). The transverse striation is well
expressed, the nuclei are oblong in shape with-
out noticeable morphological changes in kary-
oplasm, karyolema, and chromatin. The back-
ground of the print preparation is represented
by a small number of erythrocytes and isolated
nuclei of myosymplasts.

Figure 5. Cytogram of the skeletal muscle of the
corpse of a dog from group 1, 16 hours after death
Notes: 1 — edges of the muscle fibre; 2 — nucleus in
the middle of the muscle fibre. Eyepiece 10 x lens 100,
stained according to Papenheim-Kryukov

Source: developed by the authors

24 hours after the onset of death of dogs
from group 1, significant changes in the struc-
ture of muscle fibres were observed, which
were placed in clusters on the slides. The cyto-
plasm of myosymplasts is coloured dark blue,
their striation is mostly absent. The indistinct
edges of the fibres change the tinkorial prop-
erties towards eosinophilic staining (Fig. 6).
The sarcoplasm and individual nuclei in the
middle of the fibres changed shape and struc-
ture. The background of cytological prepara-
tions is protein, grey in colour, represented by
isolated nuclei of myosymplasts.

Figure 6. Cytogram of the skeletal muscle of the
corpse of a dog from group 1, 24 hours after death
Notes: 1 - indistinct edges of the muscle fibre with pink
cytoplasm; 2 — part of the muscle fibre with changes in
the internal structure. Eyepiece 10 x lens 100, stained
according to Papenheim-Kryukov

Source: developed by the authors

During cytomorphological examination of
skeletal muscles of corpses of cats from group 2,
it was found that as early as 8 hours after death,
the muscle fibres looked morphologically typical
(Fig. 7). However, a significant number of fibre
nuclei located in isolation were found. Cytolog-
ical preparations are represented by accumu-
lations of striated skeletal muscle fibres in the
form of elongated strands. The cells are colour-
ed dark blue, with a slightly altered transverse
striation. The boundaries of the sarcoplasm are
clearly defined, the nuclei inside are oblong in
shape with tightly concentrated chromatin. The
background is represented by singular erythro-
cytes and a large number of extra-fibre nuclei.

16 hours after the death of cats from group
2, changes in skeletal muscle were visualised,
which characterised the destruction of cell
structure. In addition to compactly arranged
striated muscle fibres, numerous nuclei located
outside of them were found (Fig. 8). Myosym-
plasts are coloured dark blue, their edges are
blurred, stained in light pink. The transverse
striation was almost not observed in compari-
son with the samples obtained in the previous
interval of the experiment. The cell nuclei were
mostly not morphologically altered, but single
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nuclei with a modified shape were also found.
The background of cytological preparations is

Figure 7. Cytogram of the skeletal muscle of the
cat corpse from group 2, 8 hours after death
Notes: 1 — fibres of striated skeletal muscle; 2 —
accumulationsofseparatednucleiofmusclefibres. Eyepiece
10 x lens 10, stained according to Papenheim-Kryukov

Source: developed by the authors

24 hours after the death of cats in group 2,
significant changes in the structure of muscle
fibres were observed. The preparations obtained
during this period of time showed clusters of
muscle fibres with dark blue cells. Their charac-
teristic striation is completely absent, and the

represented by a significant number of isolated
nuclei and blood cells.

Figure 8. Cytogram of the skeletal muscle of the
cat corpse from group 2, 16 hours after death
Notes: 1 —isolated nucleus of a muscle fibre; 2 — part of a
musclefibrewith changesinits internal structure. Eyepiece
10 x lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors

edges of the fibres are indistinct (Fig. 9). The
shape of the nuclei in the middle of the fibres
is morphologically altered. The background of
cytological preparations is protein, grey-blue in
colour with a large number of fragmented myo-
symplast nuclei.

Figure 9. Cytogram of the skeletal muscle of the cat corpse from group 2, 24 hours after death
Notes: 1 — muscle fibre with complete loss of internal structure; 2 — fragments of the nucleus in the middle of the

muscle fibre. Eyepiece 10 = lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors

During the cytomorphological study of
skeletal muscle imprints of corpses of dogs from
group 2, it was found that 8 hours after death,
the fibres are represented morphologically
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typically, but with minor destruction of myo-
symplasts and the formation of extra-fibre
nuclear formations (Fig. 10). Cytological prepa-
rations contained accumulations of striated
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skeletal muscle fibres in the form of elongat-
ed strands, in some of them the shape was de-
structively changed. Skeletal muscle fibres are
coloured dark blue, mostly with clear trans-
verse striation and edges. Myosymplast nuclei
are elongated in shape with tightly concentrat-
ed chromatin. The background of cytological
preparations is represented by singular eryth-
rocytes and isolated non-destroyed nuclei.

Figure 10. Cytogram of the skeletal muscle of
the dog corpse from group 2, 8 hours after death
Notes: 1 — accumulation of isolated nuclei of muscle
fibres; 2 — fibres of striated skeletal muscle with an
altered shape. Eyepiece 10 x lens 10, stained according

to Papenheim-Kryukov
Source: developed by the authors

At the 16th hour of the experiment, signifi-
cant destructive changes in the shape of muscle
fibres were detected in the corpses of dogs in
group 2. The imprinted preparations contained
clusters of striated muscle fibres and separated
nuclei arranged in small clusters (Fig. 11). Myo-
symplasts are coloured dark blue, with blurred
fibre edges and a light pink background around
the edges. The transverse striation is somewhat
blurred compared to samples obtained in pre-
vious time intervals. Local fibre regions were
observed with significant structural changes in
the form of a complete loss of internal struc-
ture. The nuclei are mostly without noticeable
changes, but some of them are deformed. The
background of cytological preparations is rep-
resented by isolated muscle fibre nuclei, eryth-
rocytes, and endotheliocytes.

Figure 11. Cytogram of the skeletal muscle of
the corpseofadogfromgroup 2, 16 hours afterdeath
Notes: 1 - isolated nucleus of the muscle fibre; 2 — part
of the muscle fibre with minor changes in the internal
structure; 3 — accumulation of endotheliocytes. Eyepiece
10 = lens 100, stained according to Papenheim-Kryukov
Source: developed by the authors

After 24 hours of the experiment, it was
found that myosymplasts of skeletal muscle
corpses of dogs from group 2 underwent sig-
nificant destructive changes not only in terms
of shape, but also in their internal structure.
Thus, microscopic examination of preparations
revealed that the muscle fibres completely lost
their transverse striation (Fig. 12). Myosym-
plasts are dark blue in colour, their edges are
blurred, and the preserved nuclei are deformed.
The background of such cytological prepara-
tions is grey-blue, represented mainly by frag-
ments of isolated nuclei and protein debris.

Figure 12. Cytogram of the skeletal muscle of
the dog corpse from group 2, 24 hours after death
Notes: 1 — accumulation of destroyed muscle fibres; 2 —
deformed nucleus of the muscle fibre. Eyepiece 10 x lens
100, stained according to Papenheim-Kryukov
Source: developed by the authors
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Cytomorphological examination of the
skeletal muscle tissue of the corpses of cats
from group 3 revealed that at 8 hours after
their death, the muscle fibres looked mor-
phologically typical, but showed an increased
number of extra-fibrous, separately located
myosymplastic nuclei. The cellular composi-
tion of preparations is represented by clusters
of myosymplasts of muscle fibres in the form
of elongated strands (Fig. 13) and destroyed
fibres with separately located nuclei.

Myosymplasts are dark blue in colour,
with well-defined transverse striation and
clear edges. The nuclei are elongated, and
chromatin is placed compactly in them. The
background of cytological preparations is

Figure 13. Cytogram of the skeletal muscle
of the cat corpse from group 3,
8 hours after death
Notes: 1 — skeletal muscle fibre; 2 — cluster of detached
myosymplastic nuclei. Eyepiece 10 x lens 10, stained
according to Papenheim-Kryukov
Source: developed by the authors

24 hours after the death of cats in group 3,
there were significant changes in the clarity of
the edges of muscle fibres and the number of
nuclei outside them (Fig. 15), and the severity
of transverse striation. On the print prepara-
tions, a cluster of muscle fibres with sarcoplas-
ma coloured dark blue is visible. Their visual
striation is almost invisible, and the edges of
the fibres are indistinct. The fibre nuclei are
fragmented. The cytological background of
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represented by singular erythrocytes and iso-
lated nuclei of muscle fibres. 16 hours after
the death of cats from group 3, characteris-
tic changes in the structure of myosymplasts
began to appear. Cytological preparations
contained clusters of striated muscle fibres
against the background of a small number of
nuclei located outside them (Fig. 14). The fi-
bres are turned dark blue, the contouring of
their edges is reduced, the colour is eosino-
philic, light pink. The severity of transverse
striation is slightly reduced compared to pre-
vious samples. The nuclei of myosymplasts
located in the sarcoplasm are oblong in shape
without noticeable changes in karyolema,
chromatin, and karyoplasm.

Figure 14. Cytogram of the skeletal muscle of
the cat corpse from group 3, 16 hours after death
Notes: 1 - isolated nucleus of the muscle fibre;
2 - indistinct edges of the muscle fibre; 3 — nucleus in
the middle of the muscle fibre. Eyepiece 10 x lens 100,
stained according to Papenheim-Kryukov
Source: developed by the authors

such drugs is represented by a large number of
nuclei isolated from sarcoplasm.

With regard to the dynamics of chang-
es in the muscle tissue of dogs from group
3, 8 hours after death, it was proved that the
muscle fibres were morphologically typical.
However, a significant number of extra-fibre
nuclei separated from the cytoplasm were ob-
served. On such preparations, accumulations
of striated skeletal muscle fibres in the form
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of elongated strands are visually noticeable.
The cytoplasm of myosymplasts is coloured
dark blue. The transverse striation and edges
are clearly defined (Fig. 16). The nuclei are

Figure 15. Cytogram of the skeletal muscle of
the cat corpse from group 3, 24 hours after death
Notes: 1 — nucleus of the muscle fibre separated from
the sarcoplasm; 2 — striation of the muscle fibre; 3 —
nucleus in the middle of the muscle fibre. Eyepiece 10 x
lens 100, stained according to Papenheim-Kryukov
Source: developed by the authors

16 hours after the death of dogs in group
3, patterns of cell destruction began to appear
in the skeletal muscle specimens. Cytological
preparations contained clusters of individu-
al muscle fibres with a significant number of
nuclei separated from sarcoplasm (Fig. 17).
The fibres are coloured dark blue, and the clar-
ity of their edges is reduced. The severity of

elongated in shape, and their chromatin is
densely located. The background of cytoprepa-
rations is represented by erythrocytes in com-
bination with separated nuclei.

Figure 16. Cytogram of the skeletal muscle of
the dog corpse from group 3, 8 hours after death
Notes: 1 — fibres of striated skeletal muscle; 2 -
accumulations of isolated nuclei of myosymplasts.
Eyepiece 10 x lens 10, stained according to Papenheim-

Kryukov
Source: developed by the authors

transverse striation is slightly reduced or absent
in some fibres. Areas with a modified structure
and a light pink background along the contour
were visualised. Most myosymplast nuclei are
elongated without noticeable morphological
changes in karyolema and chromatin. The cy-
tological background is represented by isolated
nuclei of muscle fibres.

Figure 17. Cytogram of the skeletal muscle of the dog corpse from group 3, 16 hours after death
Notes: 1 - the nucleus separated from the sarcoplasm; 2 — transverse striation of the muscle fibre; 3 — part of
the muscle fibre with destructive changes in the internal structure. Eyepiece 10 x lens 100, stained according to

Papenheim-Kryukov
Source: developed by the authors
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The destructive changes that occurred in
the skeletal muscle tissue of the corpses of dogs
from group 3, 24 hours after death, were char-
acterised by the presence of separated vascu-
lar endothelial cell nuclei from the cytoplasm
(Fig. 18) and tintorial properties around the
edges of fibres and their internal structure. The
preparations contained accumulations of mus-
cle fibres. Myosymplasts are dark blue in colour,
with reduced striation, indistinct fibre edges, a
small number of altered fibre nuclei and nucle-
ols. The cytological background is represented
by isolated nuclei of muscle fibres and frag-
ments of blood capillaries.

Figure 18. Cytogram of the skeletal muscle of
the dog corpse from group 3, 24 hours after death
Notes: 1 — cytoplasm of capillary endotheliocytes; 2 —
nuclei of capillary endotheliocytes; 3 — nucleus of muscle
fibre with destructive changes. Eyepiece 10 x lens 100,
stained according to Papenheim-Kryukov
Source: developed by the authors

According to cytomorphological changes
in the muscle tissue of corpses of cats in group
4, it was found that 8 hours after their death,
skeletal muscle fibres retained a morpho-
logically typical structure. The preparations
contained accumulations of striated skeletal
muscle fibres in the form of elongated strands
(Fig. 19). Myosymplasts are dark blue in col-
our, with pronounced transverse striation and
clear edges. The nuclei are elongated, and
their chromatin is densely located. The cellu-
lar background of such drugs is represented by
singular erythrocytes.
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Figure 19. Cytogram of the skeletal muscle of
the cat corpse from group 4, 8 hours after death
Notes: 1 - fibres of striated skeletal muscle. Eyepiece 10
x lens 10, stained according to Papenheim-Kryukov

Source: developed by the authors

At the same time, 16 hours after death,
characteristic changes in the structure of skel-
etal muscle fibres of corpses of cats in group
4 were observed. Striated muscle fibres locat-
ed in dense clusters were determined on the
print preparations. Sarcoplasma is stained in a
dark blue colour with a light pink background
around the edges. The transverse striation is
not clearly expressed (Fig. 20). The nuclei are
oblong in shape without noticeable morpho-
logical changes in karyolema and chromatin.
The background of cytological preparations is
represented by nuclei located outside the visual
contour of the sarcolemma of muscle fibres.

Figure 20. Cytogram of the skeletal muscle of
the cat corpse from group 4, 16 hours after death
Notes: 1 - indistinct edges of the striated skeletal
muscle fibre; 2 — nucleus of the muscle fibre; 3 nucleus
of the muscle cell outside the skeletal fibre. Eyepiece 10 x
lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors
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Twenty-four hours after the onset of death
in cats from group 4, significant destructive
changes were observed in their muscle tissue
compared with the previous interval of the ex-
periment. Thus, tightly placed and deformed
muscle fibres were found on the impression
preparations. Their sarcoplasm is coloured blue
with completely lost banding (Fig. 21). The
contours of muscle fibres were characterised by
changes in tinctorial properties, a characteris-
tic eosinophilic hue, and indistinct edges. The
nuclei were visualised with altered karyolema,

Figure 21. Cytogram of the skeletal muscle of
the cat corpse from group 4, 24 hours after death
Notes: 1 - indistinct edges of skeletal muscle fibre;
2 — muscle fibre with lost striation. Eyepiece 10 x lens
100, stained according to Papenheim-Kryukov

Source: developed by the authors

Muscle tissue specimens obtained 16
hours after the death of dogs from group 4
are represented by clusters of striated mus-
cle fibres. Their sarcoplasm turned dark blue,
but the contours became eosinophilic. The
striation and boundaries of the fibres are not

irregular geometric shape. However, their num-
ber against previously obtained samples is in-
significant.

Cytological preparations of skeletal mus-
cles of dogs in group 4 (8 hours after the death
of dogs) contained dense clusters of striated
skeletal muscle fibres in the form of elongated
strands (Fig. 22). Sarcoplasma is coloured dark
blue with pronounced transverse striation and
clear edges. The nuclei of myosymplasts are
also elongated, and the chromatin in the nucle-
oli is represented by condensed structures.

Figure 22. Cytogram of the skeletal muscle
of the dog corpse from group 4,
8 hours after death
Notes: 1 - fibres of striated skeletal muscle. Eyepiece 10
x lens 10, stained according to Papenheim-Kryukov
Source: developed by the authors

clearly expressed (Fig. 23). A small number
of karyol-altered myosymplast nuclei locat-
ed in the middle of the fibres were recorded.
The background of cytological preparations is
represented only by isolated nuclei of skeletal
muscle fibres.

Figure 23. Cytogram of the skeletal muscle of the dog corpse from group 4, 16 hours after death
Notes: 1 - indistinct edges of the skeletal muscle fibre; 2 — nucleus outside the muscle fibre; 3 nucleus in the middle

of the muscle fibre. Eyepiece 10 = lens 100, stained according to Papenheim-Kryukov

Source: developed by the authors
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It was found that within a day after the
death of dogs from group 4, significant de-
structive changes in the structure of skeletal
fibres occurred. It was found that myosym-
plasts were located in the form of significant-
ly deformed clusters. The sarcoplasm was
coloured dark blue, its banding and optical
boundaries were not visualised (Fig. 24). The
shape of the indestructible fibre nuclei is oval.
The background of cytological preparations is
represented by single, fragmented nuclei of
polygonal myosymplasts located outside their
visual contour.

Figure 24. Cytogram of the skeletal muscle of
the dog corpse from group 4, 24 hours after death
Notes: 1 - indistinct edges of the skeletal muscle fibre;
2 - intact nucleus of the muscle fibre; 3 — nucleus
outside the muscle fibre. Eyepiece 10 x lens 100, stained
according to Papenheim-Kryukov
Source: developed by the authors

According to the results of microscopy of
skeletal muscles of corpses of dogs and cats of
all experimental groups, it was proved that the
degree of development of destructive changes
after 24 hours of the postmortem period does
not allow using the cytomorphological method
to monitor further biotransformation of myo-
symplasts. Therefore, the focus of research was
shifted to the tissue level of structural organi-
sation of animal corpses.

On the 48™ hour after the onset of death in
cats from group 1, individual areas of slightly
swollen, relaxed myofibrils were found in their
skeletal muscles, which were tightly adjacent to
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each other (Fig. 25), with small gaps between
fibres. Total destruction of myofibrils was not
observed. In the process of disorganisation of
muscle tissue, there was a fairly rapid transition
from their jamming to the stage of relaxation.
As a result, some areas of myofibrils underwent
pronounced postmortem contraction. Margin-
alisation of myosymplast nuclei in the form of
their deformation was observed mainly among
clusters located in sarcoplasm. Bacterial colo-
nies formed around such clusters, which appar-
ently enhanced further skeletal muscle autoly-
sis (Fig. 26).

Figure 25. Histotopogram of the skeletal muscle
of the cat corpse from group 1,48 hours after death
Notes: 1 - densely located myofibrils; 2 — accumulation
of myosymplast nuclei in the middle of the fibres.
Eyepiece 10 x 40 lens, hematoxylin and eosin staining
Source: developed by the authors

Figure 26. Histotopogram of the skeletal
muscle of the cat corpse from group 1,
48 hours after death
Notes: 1 - bacterial colony. Eyepiece 10 = lens 20,
immersion, fluorescein isothiocyanate staining
Source: developed by the authors
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At 48 hours after the onset of death in dogs
from group 1, significant structural changes
were recorded in their skeletal muscles in the
form of focal ruptures of individual myofibrils
and individual muscle bundles. Isolated myo-
symplast nuclei were observed between de-
formed and preserved muscle fibres (Fig. 27),
which also underwent destruction with a sig-
nificant change in the shape of karyolema.

Loci of total destruction of muscle fibres
changed their own tinctorial properties, which
was reflected in the eosinophilic staining of
such histological preparations. There was a

Figure 27. Histotopogram of the skeletal muscle of
the corpse of a dog from group 1,48 hours after death
Notes: 1 - accumulation of myosymplast nuclei in
the middle of the fibres; 2 — densely placed myofibrils.
Eyepiece 10 = 40 lens, hematoxylin and eosin staining
Source: developed by the authors

The histomorphological examination of
skeletal muscle obtained from the corpses of
cats and dogs from group 2, 48 hours after
death, revealed patterns of destruction typ-
ical of the processes of deep autolysis of in-
dividual myofibril sections. Marginalisation
of myosymplast nuclei was observed among
clusters located mainly separately from the
sarcoplasm, in the form of loss of their natural

natural loss of parallel arrangement of fibres
and their significant deformation and fragmen-
tation. Such destroyed areas were somewhat
compacted (Fig. 27). Completely destroyed
myofibrils also underwent fragmentation. Dis-
organisation of myofibrils was aggravated by
the activation of enzymes, under the influence
of which an amorphous mass was formed. The
mass fraction in the rapid development of skel-
etal muscle autolysis processes was played by
the bright development of saprotrophs (Fig. 28),
which colonised not only on the surface of tis-
sues, but also penetrated deep.

Figure 28. Histotopogram of the skeletal muscle
of the corpse of a dog from group 1,
48 hours after death
Notes: 1 - bacterial colony. Eyepiece 10 x lens 20,
immersion, fluorescein isothiocyanate staining
Source: developed by the authors

rounded shape. Bacterial colonies were formed
around such clusters due to cross-contam-
ination (Fig. 29, 30), which increased further
disorganisation of muscle fibres. Most of the
myofibrils were placed randomly on the area of
histological preparations and underwent total
decay. However, it should be noted that frag-
mentation of myofibrils covered only a small
part of their total number.
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Figure 29. Histotopogram of the skeletal muscle
of the cat corpse from group 2, 48 hours after death
Notes: 1 - bacterial colonies around marginalised
myosymplast nuclei; 2 - fragmented myofibrils. Eyepiece
10 x 40 lens, hematoxylin and eosin staining

Source: developed by the authors

~

Figure 30. Histotopogram of the skeletal muscle
ofthe dog corpse from group 2,48 hours after death

Notes: 1 - bacterial colonies. Eyepiece 10 x 40 lens,
hematoxylin and eosin staining
Source: developed by the authors

It is worth noting that histotopograms of
skeletal muscles of cats and dogs 48 hours af-
ter the start of the experiment showed changes
characteristic of the autolysis stage. Some of
the fibres were represented by an “amorphous
mass”, homogenised, and their transverse stri-
ation was not visually manifested. Destructive
processes led to the destruction of myofibrils.
A significant number of them acquired some-
what thickened, wavy shapes. Their sarcomeric
structure remained partially preserved. Further
intensive growth of saprotrophs occurred to the
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same extent as in cat corpses (Fig. 31), and in
the dog corpses (Fig. 32).

Figure 31. Histotopogram of the skeletal muscle
of the cat corpse from group 2,48 hours after death
Notes: 1 — bacterial colonies. Eyepiece 10 x lens 20,
immersion, fluorescein isothiocyanate staining

Source: developed by the authors

Figure 32. Histotopogram of the skeletal muscle
of the dog corpse from group 2,48 hours after death
Notes: 1 — bacterial colonies. Eyepiece 10 x lens 20,
immersion, fluorescein isothiocyanate staining

Source: developed by the authors

The study of skeletal muscle samples from
cats and dogs from group 3, 48 hours after
death, revealed the formation of large gaps due
to the crystallisation of fluid localised between
myofibril cords and separated muscle fibres.
Isolated myosymplast nuclei were arranged in
clusters (Fig. 33), marginalised (Fig. 34). Liquid
crystals created unevenly placed cavities of dif-
ferent areas in the layers of sarcoplasm, which
were deformed due to compression.
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Figure 33. Histotopogram of the skeletal muscle
of the cat corpse from group 3, 48 hours after death
Notes: 1 - clusters of isolated, marginalised nuclei of
myosymplasts; 2 — gaps between muscle filaments.
Eyepiece 10 x 40 lens, hematoxylin and eosin staining
Source: developed by the authors

Figure 34. Histotopogram of skeletal muscle of a
dog corpse from group 3, 48 hours after death
Notes: 1 - isolated nuclei of myosymplasts; 2 —gaps
between muscle filaments. Eyepiece 10 x 40 lens,

hematoxylin and eosin staining
Source: developed by the authors

The histotopograms of muscle fibre sam-
ples from the corpses from group 3 cats, 48
hours after death, looked “loose”. The nuclei lo-
cated in the sarcoplasm of muscle fibres were in
a state of total pycnosis. During histochemical
identification of glycogen, it was found that it is
represented by a fine-grained, deep substance
with inherent oxyphilic properties (Fig. 35a),
which evenly filled most of the area of histolog-
ical slides not only in the cavities, but also was
located directly in the sarcoplasm of myosym-

plasts. Gaps formed in the liquid crystallisation
sites were observed between the fibres of indi-
vidual filaments (Fig. 35b). At the stage of mus-
cle relaxation, the phenomenon of «loosening»
of fibres was observed, which is explained by
the action of autolytic processes.

Figure 35. Histotopogram of the skeletal muscle
of the cat corpse from group 3,48 hours after death
Notes: eyepiece 10 x lens 20; a — hematoxylin and eosin
staining, Shabadash post-staining; b — immersion,
fluorescein isothiocyanate staining

Source: developed by the authors

The histotopograms of muscle fibre sam-
ples obtained 48 hours after the death of dogs in
group 3 showed some loosening of their struc-
ture. The nuclei of myosymplasts were pycnot-
ic, the contours of karyolema were not visually
distinguished. The damaging effect of tissue
fluid crystals on the sarcolemma was mani-
fested by the development of gaps around the
contours of individual muscle filaments. Dur-
ing histochemical identification of glycogen, it
was noted that it is evenly distributed over al-
most the entire area of histological slides and is
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represented by a fine-grained lumpy substance
with a characteristic oxyphilic colour (Fig. 36a).

Figure 36. Histotopogram of skeletal muscle
of a dog corpse from group 3, 48 hours after death
Notes: a eyepiece 10 x lens 20, hematoxylin and eosin
staining, Shabadash post-staining; b eyepiece 10 x lens
20, immersion, fluorescein isothiocyanate staining
Source: developed by the authors

Small gaps were observed between the in-
dividual fibres of deformed myofibrils, which
formed in the areas of crystallisation of tissue
fluid, as a result of which the muscles looked
somewhat “loose” (Fig. 36b). 48 hours after
death, rapid development of numerous lig-
uid crystals was recorded in tissue samples
from the corpses of cats and dogs in group 4,
which caused a pronounced total deformation
of myofibrils with their rough fragmentation
(Fig. 37a). However, their transverse striation
was well defined. The muscle fibres were sub-
jected to significant compression, as a result
of which some of them looked torn (Fig. 37b).
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Figure 37. Histotopogram of the skeletal muscle
of the cat corpse from group 4,48 hours after death
Notes: a — 1 — fragments of torn myofibrils; 2 — gaps
between myofibrils. Eyepiece 10 x lens 40, hematoxylin
and eosin staining; b — 1 — fragments of torn myofibrils;
2 — gaps between myofibrils. Eyepiece 10 x 40 lens,
hematoxylin and eosin staining

Source: developed by the authors

Total crystallisation was accompanied by
development both inside and outside the sar-
coplasm. As a result of the destructive effect
of liquid crystals, in the deep layers of skele-
tal muscles, there was a significant deforma-
tion of both muscle fibre bundles and tissue
layers between the bundles of myofibrils. The
marginal nuclei of myosymplasts remained
outside the visual contour of the sarcolem-
ma and were located on histological slides in
the form of isolated clusters. Histochemical
studies of striated skeletal muscle of cats from
group 4, 48 hours after death, revealed that
the glycogen substance was localised on histo-
logical slides in some limited areas and was a
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fine-grained substance with a characteristic
oxyphilic colour (Fig. 38).

Figure 38. Histotopogram
of the skeletal muscle of the cat corpse from
group 4, 48 hours after death
Notes: 1 - deep structures of glycogen. Eyepiece 10 x

lens 20, hematoxylin and eosin staining, Shabadash
post-staining
Source: developed by the authors

Significant morphological changes were
recorded not only in the surface, but also in the
deep layers of muscle tissue. The destructive ef-
fect of liquid crystals formed a significant num-
ber of large voids (Fig. 39) between myofibrils.
Histomorphological examination of skeletal
muscles revealed a significant amount of not
only surface deformed muscle fibres, but also
intramuscular crystallisation with increasing
spaces between fibres and sarcolemma breaks.

Figure 39. Histotopogram of the skeletal muscle
of the cat corpse from group 4, 48 hours after death
Notes: 1 — gaps between myofibrils. Eyepiece 10 x lens
20, immersion, fluorescein isothiocyanate staining
Source: developed by the authors

Histochemical studies of striated skeletal
muscle from the corpses of dogs in group 4, 48
hours after death, showed that the glycogen
substance on histological slides was localised
in some limited areas and was represented by
a fine-grained substance with a characteristic
oxyphilic colour (Fig. 40).

Figure 40. Histotopogram of skeletal muscle
of a dog corpse from group 4, 48 hours after death
Notes: 1 — deep structures of glycogen. Eyepiece 10 x
lens 20, hematoxylin and eosin staining, Shabadash
post-staining
Source: developed by the authors

During histomorphological microscopy of
skeletal muscles, homogenisation of muscle fi-
bres, a significant number and sufficiently large
voids were recorded (Fig. 41) between bundles
of muscle fibres in places of fluid crystallisation.

Figure 41. Histotopogram of skeletal muscle
of a dog corpse from group 4, 48 hours after death
Notes: 1 - gaps between myofibrils. Eyepiece 10 x lens
20, immersion, fluorescein isothiocyanate staining
Source: developed by the authors
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Microscopy of histotopograms of skeletal
muscles obtained from the corpses of cats and
dogs from group 1 at 72 hours after death was
similar. The identified patterns indicated deep
autolytic processes. Diffuse destruction of the
architectonics of muscle fibres caused the de-
velopment of homogeneous, fragmented, with
no signs of histological differentiation, shape-
less structures. Areas of destructive changes
were found in the form of significant gaps in
myofibrils with the development of wide layers
between the endomysium and lysis of marginal
karyoplasma residues, which had the same gen-
eral character in the skeletal muscles of cats
and dogs. Individual bacteria (Fig. 42) against
the background of chaotic enzymatic reactions
contributed to further disorganisation of the tis-
sue and manifestly indicated the stage of putre-
factive biotransformation of skeletal muscles.

Figure 42. Histotopogram of skeletal muscle
of corpse from group 1, 72 hours after death
Notes: a - cat corpse; b — dog corpse; 1 — individual
bacteria. Eyepiece 10 x lens 20, immersion, staining with

fluorescein isothiocyanate
Source: developed by the authors
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72 hours after the onset of death of cats
and dogs from group 2, the manifestation of
cross-contaminated saprotrophs covered with a
common film was observed (Fig. 43).

Figure 43. Histotopogram of skeletal muscle
of corpse from group 2, 72 hours after death
Notes: a — cat corpse; b — dog corpse; 1 — bacterial
colonies. Eyepiece 10 x lens 20, immersion, fluorescein

isothiocyanate staining
Source: developed by the authors

Such colonies were recorded in the expand-
ed layers between myofibrils in the same way
in histotopograms of muscle tissue from cats
and dogs. Patterns of putrefactive biotransfor-
mation were found in the form of significant
changes in histoarchitectonics and the order
of placement of deformed muscle fibres that
are subject to diffuse fragmentation and total
destruction. In the nuclei of myosymplasts,
lysis of the remnants of the totally destroyed
karyoplasm and karyolema was observed. Mi-
croscopy of histological specimens revealed
deep processes of autolysis on the part of
the sarcoplasm with structurally destroyed
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endomysium and significant ruptures of muscle
fibre bundles. This degree of autolysis indicates
the final stage of disorganisation of muscle
tissue, characterised by diffuse deep homoge-
nisation of the tissue with the formation of an
amorphous substance.

According to the results of histomorpho-
logical studies of skeletal muscles of corpses of
cats from group 3, 72 hours after death, it was
found that liquid crystals formed under the in-
fluence of low temperature were characterised
by significantly smaller sizes, were found in
larger quantities and were evenly located over
the entire area of histological slides. There
were practically no breaks in the integrity of
muscle fibres, and the myofibrils themselves
were placed tightly, sometimes with slight un-
dulation (Fig. 44). Bacterial contaminants and
fibre breaks in the transverse direction were
not observed, and the layers between them
were insignificant.

Figure 44. Histotopogram of skeletal muscle
of the cat corpse from group 3,
72 hours after death
Notes: eyepiece 10 x lens 20, immersion, fluorescein
isothiocyanate staining
Source: developed by the authors

During histochemical identification of gly-
cogen, it was found that it is localised mainly in
the centre of the histological slide area in the
form of a fine-grained deep substance with ox-
yphilic staining (Fig. 45).

Figure 45. Histotopogram of skeletal muscle
of the cat corpse from group 3,
72 hours after death
Notes: eyepiece 10 x lens 20, hematoxylin and eosin
staining, Shabadash post-staining
Source: developed by the authors

According to the results of histomor-
phological studies of skeletal muscles of dog
corpses from group 4, 72 hours after death,
it was found that liquid crystals formed un-
der the influence of low temperature caused
structural changes, as a result of which my-
ofibrils loosened. Between the bundles of
muscle fibres, slits filled with liquid crystals
were formed, followed by deformation of the
fibres, which acquired more rounded shapes
(Fig. 46).

Figure 46. Histotopogram of skeletal muscle
of a dog corpse from group 3,
72 hours after death
Notes: eyepiece 10 x lens 20, immersion, fluorescein
isothiocyanate staining
Source: developed by the authors
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There were practically no breaks in the
integrity of muscle fibres, and the myofibrils
themselves were placed tightly, sometimes
with slight undulation. The number of fibre
deformations and sarcolemma breaks in the
deep layers of the muscles was significant-
ly less than in the surface muscles. Bacterial
contamination and fibre breaks in the trans-
verse direction were not observed, and the
gaps between them remained insignificant.
During histochemical identification of glyco-
gen, it was found that it is localised mainly in
the centre of the histological slide area and is
represented by a fine-grained deep substance
with oxyphilic staining (Fig. 47).

Figure 47. Histotopogram of skeletal muscle
of a dog corpse from group 3, 72 hours after death
Notes: eyepiece 10 x lens 20, hematoxylin and eosin
staining, Shabadash post-staining
Source: developed by the authors

As a result of histomorphological studies
of skeletal muscles of cats from group 4, after
72 hours of postmortem period, it was found
that there were no patterns of bacterial con-
tamination at the onset of death under such
conditions. However, numerous fluid crystals
were formed evenly between the muscle fibres
and bundles, which damaged the sarcolemma
and caused severe deformation of the myofi-
brils (Fig. 48).
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Figure 48. Histotopogram of the skeletal muscle
of the cat corpse from group 4, 72 hours after death
Notes: 1 - gaps between myofibrils. Eyepiece 10 x lens
20, immersion, fluorescein isothiocyanate staining
Source: developed by the authors

Theresidues of the deep glycogen substance
on histological slides were localised in areas
with a small area and defined as a fine-grained
substance with an oxyphilic colour (Fig. 49).

Figure 49. Histotopogram of the skeletal muscle
of the cat corpse from group 4, 72 hours after death
Notes: 1 - condensed glycogen structures. Eyepiece 10
x lens 20, hematoxylin and eosin staining, Shabadash
post-staining

Source: developed by the authors

In the case of histomorphological studies
of skeletal muscles of dog corpses from group 4,
no bacterial contamination was detected after
72 hours of postmortem. Numerous liquid crys-
tals formed in the fabric under such conditions
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caused compression of the fibres, their breaks
and deformation. Due to prolonged exposure
to excessively low temperatures, shrinkage
processes occurred in the muscle tissue, which
contributed to the development of large voids
between the muscle fibres (Fig. 50).

Figure 50. Histotopogram of the skeletal muscle
of the dog corpse from group 4, 72 hours after death
Notes: 1 — gaps between myofibrils. Eyepiece 10 x lens
20, immersion, fluorescein isothiocyanate staining
Source: developed by the authors

Glycogen residues in the deep substance on
histological slides were localised in areas with a
small area as a fine-grained substance with ox-
yphilic staining (Fig. 51).

Figure 51. Histotopogram of the skeletal muscle
of the dog corpse from group 4, 72 hours after death
Notes: 1 - condensed glycogen structures. Eyepiece 10
x lens 20, hematoxylin and eosin staining, Shabadash
post-staining

Source: developed by the authors

As a result of the conducted studies, it was
established that disorganisation of skeletal
muscles of corpses of cats and dogs of all ex-
perimental groups developed in the following
sequence and in the corresponding time ranges
of the postmortem period: muscle stiffening,
muscle relaxation, and muscle destruction.

Researchers like T. Du et al (2018),
B.P.H. Righetti et al. (2022) and R. Liu et
al. (2022), note the importance of morpholog-
ical changes in animal organisms observed in
various types of injuries and poisoning. How-
ever, their research shows that these morpho-
logical changes are mainly caused by chaotic
enzymatic reactions and a lack of energy resyn-
thesis in cells. This means that after damage or
poisoning, the body’s cells can go into a state
of chaos, where enzymatic reactions become
disorganised and uncontrolled. This can lead
to the destruction of cellular structures and or-
gans. in addition, the influence of saprotrophs
(organisms that decompose organic substanc-
es) can play an important role in the process-
es of thanatogenesis. Saprotrophs can actively
decompose organic substances, which can lead
to the build-up of toxic products and further
deterioration of the body’s condition.

Despite the variety of factors that can
cause injury or poisoning, the researchers also
emphasise that the main link of thanatogene-
sis in animals is the development of mixed hy-
poxia and cerebral anoxia, as stated by G. Pie-
gari et al. (2019), A.F.M. Botelho et al. (2020)
and M.A. King et al. (2021). Hypoxia indicates
insufficient oxygen supply to the cells, and
cerebral anoxia means a lack of oxygen for the
brain. These conditions can result from various
types of injuries or poisoning and can lead to
serious disorders in the body. It is proved that
the intensity of the manifestation of patterns
of postmortem disorganisation of skeletal neck
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muscles of corpses of dogs and cats was directly
dependent on the influence of environmental

conditions and the nature of fatal damaging
factors, which is reflected in Table 1.

Table 1. Dynamics of skeletal neck muscle disorganisation patterns (units)
of dog and cat corpses in the time ranges of the postmortem period

Time Dog corpses (n=16) Cat corpses (n=12)
range
(hours) Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4
98 ) 2.66 10.07 16.53 B 2.56 11.83 14.87
+0.20 +0.11 +0.09 *0.16 *0.22 +0.25
3-16 0.91 6.71 16.07 18.59 0.70 6.64 13.86 22.37
£0.07 (.34 £0.09%%  £0,12% £0.12 0,367 0,08 £0.14%%*
16-24 1.50 11.36 16.70 22.93 1.50 11.77 16.16 23.40
*0.09%* *0.71%** +0.06*** *0.06%** *0.15%* +0.58%** +0.05%** +0.54
24-48 2.49 16.69 17.79 27.93 1.66 13.76 18.33 27.09
£0.13%* +0.89* +(,07%** +(0.4] %% +0.10 +(.29* +(),04 *** +0,55%*
48-72 3.17 22.10 18.47 38.54 291 22.84 18.71 36.74
io_lo**/\/\ i0_78***/m/\ i0_04*’1‘*/"‘ iO.lé”‘**AM io.sz)}:*/\/\ il.lS***M“ 10.04#**/\/\ i()A.Z***A/‘/‘

Notes: *P<0.05, **P<0.01, ***P<0.001 compared to the indicators of the previous study interval within the
experimental group; “P<0.05, “"P<0.01, “*"P<0.001 compared between the first and last indicators within the

experimental group
Source: developed by the authors

The data in Table 1 show that there are
common patterns of postmortem neck muscle
disorganisation in dog and cat corpses. In all ex-
perimental groups of dog corpses, quantitative
indicators significantly increased during the
corresponding time intervals of observation,
but with different intensity. Similar to changes
in dog corpses, in all study groups of cat corps-
es, muscle fibre biotransformation rates also in-
creased significantly during the corresponding
follow-up time periods. The intensity of such
growth is variable and was directly depend-
ent on the conditions of death of the animal.

W. Li et al. (2023) note that under the in-
fluence of hydrolases, the hydrogen index of
muscle tissue changes, favourable conditions
are created for contamination with bacteria,
which cause further biotransformation and
autolysis of skeletal muscles, which explains
these phenomena. W. Zhu et al. (2021) argue
that post-mortem autolysis of muscle tissue is
caused by the destructive effects of a number

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1

of enzymes that cause skeletal muscle stiffness,
their progressive destruction, and accumula-
tion of catabolism products. However, the study
suggests that the destructive effects of enzymes
are interrelated. Their role in the correspond-
ing time ranges for the development of post-
mortem disorganisation of cellular and tissue
components of muscles varies.

Based on the results of histochemical
staining according to Shabadash, the pattern
of a gradual decrease in the glycogen content
by the indicator of its distribution over the
area of the histotopogram is proved. N. Wen-
zlow et al. (2023) note that glycogen, espe-
cially in hypothermia, is sensitive to impaired
muscle oxygenation, and, therefore, it is a pre-
dictor of the development of tissue hypoxia,
which is accompanied by a slowdown in phos-
phorylation, which is consistent with obtained
data. The variability of glycogen content di-
rectly depended on the duration of the post-
mortem period, if the death of the animal was
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caused by excessive exposure to low ambient
temperatures. In connection with the results
obtained, it can be assumed that at the begin-
ning of general hypothermia of the animal,
the changes that occur are reversed, which
is consistent with the results obtained by
C-C.Liao et al. (2016) and P. Listos et al. (2017).
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Based on the results of histogram evaluation,
it was detailed that the enzymatic processes
of glycogenolysis during prolonged exposure
to excessively low temperatures were slower
in dog corpses (Fig. 52 a, b) and cats (53 a, b)
from group 3 compared to such changes in the
corpses of animals from group 4.
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Figure 52. Histological preparation of skeletal muscle
of a dog corpse from group 3 and histogram of glycogen distribution

Notes: a — 48 hours after death, b — 72 hours after death.

Source: developed by the authors
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Figure 53. Histological specimen of skeletal muscle

from a cat corpse from group 3 and histogram of glycogen distribution

Notes: a — 48 hours after death, b - 72 hours after death

Source: developed by the authors

According to histochemical studies of skel-
etal muscles of dog (Fig. 54 a, b) and cat
(Fig. 55 a, b) corpses from group 4 found
that the vast majority of glycogen was

decomposed to low-molecular-weight com-
pounds over the time range — from 48 up
to 72 hours after the death of animals from
freezing.
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Figure 54. Histological preparation of skeletal muscle

of a dog corpse from group 4 and histogram of glycogen distribution

Notes: a — 48 hours after death, b - 72 hours after death; 1 — condensed glycogen structures

Source: developed by the authors
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Figure 55. Histological preparation of skeletal muscle
of the cat corpse from group 4 and histogram of glycogen distribution
Notes: a — 48 hours after death, b - 72 hours after death; 1 — condensed glycogen structures
Source: developed by the authors

The results of quantitative changes in gly-
cogen content in the neck myosymplasts of
dogs and cats whose death occurred under con-
ditions of general hypothermia were charac-
terised by a tendency to a rapid decrease in the
level of the latter. They were directly depend-
ent on the increase in the duration of death.
Therefore, their authors considered them ba-
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sic. The established facts about the informa-
tive value of postmortem biotransformation
of skeletal muscles of animal corpses to find
out the causes and duration of the post-mor-
tem period for hypoxic thanatogenesis should
be applied in the practical activities of a fo-
rensic veterinary expert to solve situational
problems with similar adverse consequences.
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Conclusions

The results of postmortem biotransforma-
tion of skeletal muscles of animal corpses are
important for elucidating the causes and du-
ration of the postmortem period for hypoxic
thanatogenesis in dogs and cats. The “inter-
mediate” values of the dynamics of the indi-
cators of the patterns of disorganisation of
the skeletal muscles of the neck of dogs and
cats, statistically reflected in different time
ranges of the early postmortem period, out-
line the identified regular trends and allow
diagnosing the time of death of the animal
during the first three days of the postmortem
period according to two forensic veterinary
criteria: “the number of patterns of disor-
ganisation of the neck muscles of dog and cat
corpses” and “the level of glycogen content in
the neck muscles of dog and cat corpses” with
maximum approximation and minimum er-
ror, which, according to the principles of evi-
dence-based veterinary medicine, correspond
to expert information.

It is proved that the biotransformation
of skeletal muscles of all the studied animal
corpses proceeds in the same direction from
the stage of postmortem stiffness, through
the stage of muscle relaxation to their final

by its dehydration, compaction, and contrac-
tion of myofibrils. Skeletal muscle relaxation
occurs between 24 and 48 hours after death
and is characterised by stretching and swell-
ing of the fibres. Under the influence of
saprotrophs and autolytic processes, deep
changes in the structure and composition of
muscle fibres occur in the interval from 48 to
72 hours after the death of animals. For the
first time in Ukraine, based on the results of
a study of the dynamics of structural and bi-
ochemical changes in symplasts of skeletal
neck muscles of dogs and cats, an algorithm
was developed, the value of which consists of
in the use of the identified relationship be-
tween the degree of disorganisation and the
72-hour time range after the onset of animal
death in order to solve forensic veterinary di-
agnostic problems.

In the future, a promising area is to in-
vestigate the informative value of other than-
atognomonic criteria for determining the
causes and time of death of dogs and cats
during a comprehensive forensic veterinary
assessment of the phenomena of biotransfor-
mation of corpses, considering their various
conditions.

autolysis. However, the attention is focused on Acknowledgements
the different duration of such stages, depend-  None.
ing on the conditions of death. Postmortem
changes in muscle tissue up to 24 hours after Conflict of Interest
the onset of animal death are accompanied None.
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IndopMaTUBHiICTH IOCTMOPTATBHOIL JMHAMIKH CKeJIETHUX M’A3iB
TPYIiB cCO0AK i KOTIB IJIsI CyI0BO-BeTEPHHAPHOI IiarHOCTHKH CMEPTi
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AHoOTaIis. AKTYalbHICTh AOCTIIKEHHS 3yMOBJ/IeHa MOTPeboI0 y MPaKTULli CyL0BO-BeTepMHAPHOI
eKCIePTU3M BCTAaHOBUTM JaBHICTh HACTAHHS CMepPTi co6aK i KOTiB ITijT yac po3c/iigyBaHHS 3JI0UMHIB
MIPOTU 3[0POB’S i SKUTTS TBapuH. Y 3B’I3KYy 3 MM MeTa POOOTH — 1ie BUPIlIeHHS AiarTHOCTUUHUX
CYIOBO-BeTEPMHAPHUX 3aBIaHb IIOAO iHGOPMATMBHOCTI TOCTMOPTaJIbHOI mAe3opraHisailii
CKeJIeTHUX M’S13iB i TPyTIiB cO6aK i KOTiB yIIPOJOBIK 72 TOIMH Tic/st cMepTi TBapuH. OCHOBHUMU
MeTOZaMMU JOCTiIKeHHS AiarHOCTUIHOI iHPOPMaTUBHOCTI IOCTMOPTAIBHOI IMHAMIKM CKeJIETHUX
M’s13iB TpymiB c06aK i KOTiB AJI1 CYyLOBO-BETEPMHAPHOTO BCTAHOBJIEHHS YMOB i JaBHOCTI
HACTaHHS CMepTi BHACIILOK rOCTPOi TiMoKcii € Ti, 3a SIKUMM MO’KHA KOMIUIEKCHO PO3IISHYTU
BUOKpEMJIEHY TPo6ieMy, 30KpeMa, ¢papOyBaHHSI Ma3KiB-BimouTKiB 3a IlareHreiiMom-KprokoBum,
CIaiiIiB — TreMaTOKCUJIIHOM Ta e03uHOM, ¢uiyopeciieiHa iszorionmanaTtoM i 3a IllaGamariem.
OGIpyHTOBAaHO CY[OBO-BETEPUMHAPHE [iaTHOCTMYHE 3HAUEHHSI JBOX EKCIIePTHUX KPUTEpiiB:
«KiJTbKiCTb MMaTePHiB Ae3opraxisaiiii M’s13iB mmi TpymiB co6ak i KOTiB» i «BMiCT IJTiKOT€HY B M’sI3aX
i TPYIiB cobak i KOoTiB». [loBemeHo, mo 6ioTpaHcopMaliisi ckeleTHMUX M'SI3iB BimOyBaeThCs y
HACTYIHi} NOCAiLOBHOCTI: YIPOLOBXK ITeplInx 24 TOAVH ITiC/Isl CMepTi TBapMHYM HACTA€E TOCMepTHe
3aK/ISIKAHHS M’SI3iB TPYITiB, 11O CYMTPOBOMKYETHCS METifpaTalli€lo, yiliIbHEHHIM, CKOPOUYEHHSIM
Miodi6pwi1; po3ciabieHHsT M'SI3iB criocTepiraeTbest 3 24 10 48 rogyHu Micis cMepTi, Mmiodibpmmmu
PO3TSTHYTI 1 HaAOpsIKii; 3 48 Mo 72 rOAMHM IIiJ BIUIMBOM CanpoTpodiB peecTpyeTbCs ayToi3
M’s13iB. BCcTaHOBI/IEHO, IO JECTPYKILiS CKeJIETHOI M’SI30BOi TKAHWHY BiOYBA€THCSI iIHTEHCUBHIIIIE
y pasi cMmepTi BHACHiZOK 3anylleHHS TMOPiBHSIHO 3i CMepTIO BiJl OTPYEHHS, a AEeCTPYKIList
M’SI30BOi TKaHMHM AMHAMIiuHilIa y pasi cMepTi BHAWIIOK 3aMep3aHHSI MOPiBHSIHO 3i CMepTIo,
CTIPUUMHEHOIO YTOIUIEHHSIM Yy XOJIO[Hii BoAi. Brepime oTpuMaHi pe3yabTaT CIPUSITUMYTh
BUPIllIEHHIO AiarHOCTUYHUX CYJIOBO-BeTepUHAPHMUX 3aBlaHb, 30KpeMa, BCTAHOBIEHHIO TaBHOCTI
Ta YMOB HACTaHHSI cMepTi cobak i KOTIB IMiJi Yac po3CIifLyBaHHS MPaBOOXOPOHHMMY OpPraHaMu
3JI0YMHIB CTOCOBHO KOPCTOKOT'O TOBO/ISKEHHSI 3 TBAPMHAMU

KnrouoBi cimoBa: acdikcisa; mmroMopdosoriude HOCTIIKEHHSI; TiCTOTOIIOrpaMy; IaTepHU
JIeCTPYKIIii; TaHATOTeHe3; JKOPCTOKE MTOBOIKEHHS
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