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Features of lung organometry in domestic animals...

Abstract. The study of the animal body and its morphoarchitectonics is a priority area for the
successful development of animal husbandry. The purpose of the study is to establish the
macroscopic structure of the lungs and provide an organometric assessment of their morphological
structures in domestic sexually mature animals. The study used 30 clinically healthy individuals
of 6 animal species belonging to the class Mammalia - Mammals. According to the results of the
morphometry analysis of absolute and relative lung values in domestic mammals and their right
and left lobes, a pronounced asymmetry was established, the coefficient of which corresponded
to: in rabbits — 1:1.30, in dogs — 1:1.33, in sheep — 1:1.37, in pigs — 1:1.34, in cattle — 1:1.37, in
horses — 1:1.2. For morphological assessment of typical lung features characteristic of a particular
animal species, a morphological scale of marker features of the organ is proposed. According to
the results of the studyj, it is proposed to classify the lungs of domestic mammals, considering the
structure and shape, into 4 types: 1% — expanded-shortened (lung development index (LDI)=85-
100%); 2 —intermediate (LDI=101-120%); 3" — moderately elongated (LDI=121-130%); 4 —
elongated (LDI=131-140%). Based on a detailed analysis of organometric studies, a scale for
assessing marker features of the lung is proposed - in rabbits (LDI=90+ 1.89%) assigned to the
extended-shortened type, in cattle (LDI=117*2.21%) and sheep (LDI=114#*2.08%) - intermediate
type, in horses (LDI =127 + 2.74%) — moderately elongated type, in pigs (LDI=136 + 3.01%) and
dogs (LDI =137 +2.84%) — elongated type. The obtained results of morphological studies of the
lungs of the representatives of the mammalian class are of practical importance in biology and
veterinary medicine since they are marker signs of their morphofunctional state and criteria for
pathomorphological diagnosis of respiratory diseases

Keywords: comparative anatomy; quantitative morphology; respiratory organs; asymmetry
coefficient; lung development index

Introduction

A living organism is a complex biological sys-
tem built from structural elements - organs
and tissues that are anatomically intercon-
nected and form a single morphofunctional
complex that directly interacts with the envi-
ronment (Lyabakh, 2019). The response of the
animal body to the influence of external factors
occurs only during the normal morphofunc-
tional activity of all its systems, including the
respiratory apparatus, which includes the lungs
(Bilash et al., 2019).

An important and new area of research in
morphology is the investigation of adaptive
morphofunctional changes in the body of living
things to the conditions of external and inter-
nal environments (Koptev, 2011; Dzubanovsky

et al., 2019). In addition, identifying the mor-
phological features and functional state of
organs and systems in normal conditions will
allow effectively correcting vital processes of
the body for pathology associated with the res-
piratory system. Therefore, the study of macro-
morphology and organometric parameters of
respiratory organs, including lungs in domestic
mammals, is important and is a morphological
criterion for indicators of the functional state
of all important systems of the animal body.

A comprehensive study of the respiratory
system, including the lungs, which perform an
extremely vital function in humans and ani-
mals — gas exchange, is important (Hyde et al.,
2009; Johnson-Delaney & Orosz, 2011).

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1
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The mammalian respiratory system should
be considered as an open system of the body,
providing it with several multifunctional adap-
tive responses to the air environment. This sys-
tem is one of the most important, providing gas
exchange in the mammalian body by saturating
the blood with oxygen and removing carbon
dioxide from it to the environment (Patwa &
Shah, 2015; Samborska, 2021).

The lungs are soft, compact, parenchymal
tissue. They are located in the pleural cavity
within the chest (Ramchandani et al., 2019).
The lungs in mammals are usually formed by
the lobes of the lungs, which is due to the need
to stretch them in different areas (Ramchan-
dani et al., 2003). The typical division of the
lungs into lobes is not observed in all placental
animals. In primitive placental animals (most
insectivores, many rodents, etc.), this division
is not detected: the left lung is usually not
divided into lobes and the right lung is rep-
resented by incomplete lobular division (ac-
cording to the number of lobes) or indistinctly
expressed lobe clippings (Ferner et al., 2017).
The lungs of different animal species have in-
dividual morphofunctional features regarding
their lobular structure (Ramchandani et al.,
2019). Some foreign morphologists believe
that in mammals, the lobular structure of the
lungs is natural and has no specific features
(Duncan, 2004).

The degree of morphofunctional complex-
ity of lung organisation varies in animals: it is
simpler in lower terrestrial vertebrates and be-
comes more complex as their overall organisa-
tion increases (Patra, 1986).

The lungs, according to many research-
ers, belong to the immunocompetent organs
(Moyron-Quiroz et al., 2004). Thus, in the pro-
tection of the lungs from damage, and in the
pathogenesis of many respiratory diseases,
the main importance is the pulmonary part of
the mononuclear phagocyte system (Hiemstra,

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

2016). The state of the cellular component,
mobilisation ability, and functional reserves
determine the resistance of lung tissue to in-
fections, exogenous and endogenous toxins
(Wright, 2004).

An urgent task of modern morphology is to
examine the morphofunctional features of an-
imal body systems and establish their adaptive
capabilities, including the respiratory organs,
which include the lungs. Lungs in mammals are
paired parenchymal organs that perform the
function of gas exchange and others: metabol-
ic, secretory, barrier, excretory, thermoregula-
tory and, thereby, take part in ensuring the ho-
meostasis of the body. The internal structural
basis of the lungs consists of numerous lobes
that have a cone-shaped or pyramidal shape.
Moreover, indicators of morphohistological ar-
chitectonics of respiratory organs are not only
of cognitive importance for fundamental disci-
plines but also serve as a clinical basis for vet-
erinary medicine.

Therefore, the purpose of this study was to
establish the macroscopic comparative struc-
ture of the lungs and conduct an organometric
assessment of their morphological structures in
domestic sexually mature animals belonging to
the Mammals class - Mammalia.

The following tasks were set to achieve the
stated purpose:

<& conduct organometric studies of the
lungs to determine their linear (Iength, width,
thickness) and weight (absolute and relative
mass) indicators in domestic mammals;

<& perform morphometric analysis of struc-
tural components to determine their linear and
weight parameters of the pulmonary lobes (cra-
nial, cardiac, caudal, additional) of the right and
left lungs in domestic mammals;

<& develop a morphological scale of regu-
larities in the formation of the lung develop-
ment index to determine the normal shape of
the lungs.

A
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Literature review

The parenchymal organ is a complex morpho-
logical structure that performs certain func-
tions of interaction with other anatomically
and functionally related organs, takes part in
the exchange of energy and plastic substances
in the animal’s body during individual develop-
ment. Specific features of the organ structure
are not only a consequence of a high degree of
adaptation of the animal body but can also be
a consequence of the development of various
pathological processes.

There is no doubt that studies of the mor-
phophysiological state of the animal body
always remain the most important in the
morphological area in both biological and vet-
erinary and medical studies (Kryshtoforova et
al., 2015; Archer et al., 2021). In this regard,
they are widely used to establish the indica-
tors of the physiological norm in the diagnosis
of diseases of various origins, in assessing the
impact of conditions of keeping and feeding an-
imals, ways to increase their productivity, etc.

A number of researchers focus on mor-
phological research methods (Weibel, 2017;
Archer et al., 2021). Thus, morphological in-
dicators — the volume of the organ in general
and its individual structural units, and abso-
lute and relative mass are considered optimal
parameters for macroscopic assessment, which
allows reconstructing the quantitative and spa-
tial relationships of structural elements of the
animal body. Therefore, there is no doubt that
an important criterion for the development of
an organ is its absolute mass, which directly in-
dicates its morphofunctional maturity. There-
with, the relative mass of the lungs directly de-
pends on the body weight of the animal and the
absolute mass of the organ.

The process of respiration is a source of
energy necessary to ensure the vital activity
of the body. Researchers around the world are
actively engaged in respiratory research. Thus,

the human and animal respiratory systems, as
the entire organic nature in general, show a
morphofunctional pattern of continuous unity
and interdependence of anatomical structure
and function (Blagojevi¢ et al., 2018). This is no
coincidence because researchers note a clear
link between the morphological structures of
the respiratory system and other body systems
(Johnson-Delaney & Orosz, 2011).

The lungs are constantly exposed to vari-
ous environmental influences. Thus, mechan-
ical particles, microorganisms, and gases can
enter the lungs from the air, which negatively
affects pulmonary homeostasis and thereby in-
crease the vulnerability of the organ to infec-
tious agents. The authors (Khoury et al., 2022)
established that a substantial area of the alve-
olar surface of the lungs and constant contact
with dangerous environmental factors create
potential conditions for the development of in-
fections. Han et al. (2015) note the ability of the
respiratory system to remain relatively resist-
ant to various pathogens, which is explained
by an effective body defence system (Han &
Mallampalli 2015). However, despite preventive
measures in animal husbandry, recently, many
researchers have noted a tendency to increase
respiratory diseases, including lung patholo-
gy (Hiemstra, 2016; Williams & Roman, 2016).
Surgical treatment, correct interpretation of re-
search results and prevention of these diseases
are impossible without knowledge of the fea-
tures of comparative morphology and topogra-
phy of organs in accordance with physiological
characteristics.

Therefore, the study of structural and func-
tional features of the macro- and microscopic
structure of the lungs in domestic animals re-
mains an urgent issue today of the mammali-
an class (Mammalia): Orictolagus cunicalus L.,
1758 — European rabbit; Sapis familiaris L.,
1759 - domestic dog; Sus scrofa, forma do-
mestica L., 1758 — domestic pig; Ovis aries L.,
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1758 — domestic ram (sheep); Bos Taurus L.,
1758 - domestic bull; Equus ferus Caballus L.,
1758 — domestic horse. Therewith, it is neces-
sary to consider organometric studies to form
morphological criteria (marker features) of the
organ. The results of such studies, considering
the use of morphological marker criteria de-
veloped by the authors for assessing the mor-
phofunctional state of the lungs in clinically
healthy animals, will not only have cognitive
importance but will also be the basis as indi-
cators of the norm for the prevention and di-
agnosis of diseases of various origins. They will
also be important for the comparative anatomy
of investigating the constitution of animals in
zootechnics and contribute to the successful
development of the livestock industry, improv-
ing the productive qualities of animals, etc.

Materials and Methods
The studies were conducted by employees of
the Department of Normal and Pathological
Morphology, Hygiene, and Expertise of Polis-
sia National University during 2021-2023.

Experimental animals were selected ac-
cording to the principle of analogues, breed
and age. The paper uses 30 individuals of 6
species of animals belonging to the class Mam-
malia — Mammals: Orictolagus cunicalus L.,
1758 - European rabbit; Sapis familiaris L.,
1759 - domestic dog; Sus scrofa, forma do-
mestica L., 1758 — domestic pig; Ovis aries L.,
1758 — domestic ram (sheep); Bos Taurus L.,
1758 - domestic bull; Equus ferus Caballus L.,
1758 — domestic horse.

The fresh lungs of the examined animals
were subjected to anatomical preparation.
During the study, the general rules of good
laboratory practice GLP (1981) and the provi-
sions of the “Ethical Guidelines for the Use of
Animals in Research”, adopted by the First Na-
tional Congress on Bioethics (Kyiv, 2001), were
observed. The entire experimental part of the
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study was conducted in accordance with the
requirements of the international principles of
the “European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes” (Strasbourg, 1986)
(European Convention, 1986), “Rules for Con-
ducting Work Using Experimental Animals”,
approved by the order of the Ministry of Health
No. 281 of November 1, 2000 “On measures for
further improvement of organisational forms
of work using experimental animals” and the
relevant Law of Ukraine “On the protection of
animals from ill-treatment” (No. 3447-IV of
21.02.2006, Kyiv) (Law of Ukraine, 2006; Mish-
alov et al., 2007).

Lungs from clinically healthy animals were
selected for macroscopic studies and organo-
metric analysis (n =5). After the autopsy, the
shape of the lungs and their location in the
chest cavity were determined, the absolute and
relative mass, length, width, and thickness of
the organ lobes were identified.

The absolute mass of the lungs and their
lobes was determined by weighing on a labora-
tory scale RADWAG PS 6000/C/2 (Poland). The
relative mass of the lungs (RM) was calculated
by the formula (1):

AM
RM = 52 100%, 1)

where AM - the absolute mass of the lungs;
MA - mass of the animal.

Determination of linear parameters of the
organ (length, width, and thickness) was con-
ducted by direct measurement with a marking
ruler LR 1000 (Ukraine).

The coefficient of asymmetry (CA) of the
lungs was determined by the formula (2):

__ AMRL
~ amLy’

CA 2

where: AMRL - the absolute mass of the right
lung; AMLL - the absolute mass of the left lung.
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The lung development index (LDI) was de-
termined by the ratio of their total length to
width using the formula (3):

LDI = % «100%, (3)
where: LO - the length of the organ; WO -
width of the organ.

According to the indicator of the lung de-
velopment index, the shape (types) of the lungs
were determined (expanded-shortened, inter-
mediate, moderately elongated, elongated): in
the case of the LDI value: 85-100%, it is defined
as expanded-shortened; according to the LDI
indicator: 101-120% - as intermediate, accord-
ing to the LDI indicator: 121-130% - moder-
ately elongated, according to the LDI indicator:
131-140% - elongated.

Based on the outlined tasks of morpho-
logical studies, the following stages were
performed: preparation of lungs; description
of their shape and structure; organometry,
which included determining linear measure-
ments of the lungs (length, width, thickness);
clarification of the absolute and relative mass
of the lungs and their lobes (left and right);

determination of absolute and relative indi-
cators of the lungs.

The names of morphological structures of
the lungs are presented in accordance with the
requirements of the International Veterinary
Anatomical Nomenclature (Khomych, 2005).

Digital data was processed using variation-
al and statistical methods on a personal com-
puter using the Microsoft Excel programme.
Therewith, the arithmetic mean (M) and statis-
tical error of the arithmetic mean (m), the prob-
ability of the difference between the arithmetic
mean of two variational series were determined
- according to the probability criterion (P) and
the student’s tables. The difference between
the two values was considered substantial at
P<0.05; P<0.01; P<0.001.

Results and Discussion

The lungs of domestic mammals, according to
the symmetry of their body, are divided into left
and right and have a lobular structure (Autifi,
et al., 2009). An important criterion for the de-
velopment of an organ, which directly indicates
its morphofunctional maturity, is the absolute
mass (Fig. 1) (Prokushenkova, 2009).
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Figure 1. Specific features of the absolute lung mass of domestic mammals (g)

The relative mass of lungs in domestic
mammals varies (Maina, 1988). According to

the results obtained, the highest relative lung
mass in dogs is 1.21+0.14% (Fig. 2).
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Figure 2. Specific features of the relative lung mass of domestic mammals (%)

The established feature is assumably due to
the fact that this animal species has frequent
and vigorous breathing, and the remaining air
is used quite quickly. On average, in 1 min,
depending on the age and size of the animals
and at rest, the dog performs from 14 to 30
breathing movements, and during movement
and under other circumstances, the intensity of
breathing can increase by 2-2.5 times (Horalsky
et al., 2009). In the remaining animal species
examined, the relative lung mass was: in cat-
tle - 0.59+0.024%, in horses — 0.60+0.052%, in
rabbits — 0.62 £0.013%, in pigs — 0.65+0.018%,
in sheep — 0.72+0.038% (Fig. 2).

According to the classical literature on an-
imal anatomy (Akaevsky et al., 2005), the rela-
tive lung mass in horses is equal to 1.43% of the
animal’s body weight, which does not coincide
with the results obtained (0.60+0.052%) in the
context of the conducted research and may be
related to the breed characteristics of the ex-
amined animal species.

Thus, the absolute and relative mass of
lungs in domestic animals, and their morpho-
logical structures are different and depend on
the specific characteristics of animals, their
body weight, and the absolute mass of the organ.

In modern morphology, using morpho-
metric (quantitative) research methods, it is
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possible to establish relationships and inter-
dependence between quantitative changes in
individual structures of the animal body and
their relative characteristics (individual lobes
and sites, etc.) at different stages of individual
and phylogenetic development. In addition to
that, it is essential to consider the function-
al state of a particular system of the animal
body, depending on their species’ character-
istics (Krishtoforova & Lemeshchenko, 2007;
Jensen et al., 2019).

It was established that the right lung in do-
mestic mammals is larger than the left, which is
manifested by signs of asymmetry, depending
on the animal species (Musabayeva et al., 2017,
Blagojevi¢ et al., 2018; Goralsky et al., 2020).

Some researchers (Kling, 2011) consider
the manifestation of lung asymmetry in do-
mestic mammals to be a genetic trait. Others
claim (Pantoja, et al., 2020) that the asymmetry
is associated with the asymmetric position of
the heart and other organs in the chest cavity,
which depends on the intensity of their gas ex-
change function, which was manifested during
the evolutionary development of animals (Sam-
borska, 2021). According to the literature data,
the ratio of the size of the left to right lung is
1.21:1 in horses, 1.38:1 in cattle, 1.35:1 in pigs,
and 1.32:1 in dogs (Rudik et al., 2001).
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According to the results of organometric
studies of the authors in domestic mammals,
the right lung is slightly larger than the left,
since the heart is shifted to the left. Therefore,
the pronounced asymmetry of the lungs oc-
curs due to the different absolute mass of the
right lung to the left, the development index of
which is equal to: in rabbits — 1:1.30, in dogs —
1:1.33,in sheep - 1:1.37, in pigs — 1:1.34, in cat-
tle - 1:1.37,in horses — 1:1.2.

In most domestic mammals, the left lung
has three lobes (cranial, middle, and caudal),
and the right lung has four lobes (cranial, mid-
dle, caudal, and complementary) (Kling, 2011;
Prohl et al., 2014).

The peculiarity of the lungs of horses is
that their division into lobes is poorly ex-
pressed (the middle and caudal lobes have
merged into one and form a caudal lobe), and
on their sharp edge there is an inclined inter-
lobular gap that divides each lung into cranial

(smaller) and caudal (larger) lobes. The right
lung also has an additional lobe. As a result of
this evolutionary restructuring of the lungs,
their shape and size in general, and lobes in
particular, and, as a rule, the absolute and rel-
ative mass of individual lobes to the total ab-
solute mass of the lungs, have changed. This
is not accidental, since the diversity of lung
shapes according to their lobular structure,
which is observed in mammals, obeys certain
laws of their adaptive changes in the course of
evolution (Prokushenkova, 2009). Therefore,
depending on the type of animal, in the pro-
cess of evolutionary development, the shape of
the lungs in general and the lobes in particular,
their absolute and relative mass, changes.

The caudal lobes of the right lung have the
highest value of the absolute mass index in ex-
perimental animals (Table 1). In the left lung,
the examined indicators are slightly lower than
in the right.

Table 1. Specific features of the absolute mass of lung lobes of domestic mammals (g), M*m, n=5

Animal species

Lung lobes
< rabbits dogs pigs sheep cattle horses
left 0.79+0.03 22.09+3.01 62.59+8.02 39.58+4.08 259.98+29.02 197.43+19.24
Cranial
right 1.71+0.06™ 27.29+3.21 82.17£8.96 56.12+6.04 318.31+38.16 214.02%24.04
left 1.49+0.05 19.91£2.84 72.73%9.21 30.36+2.31 292.25+31.38 -
Middle
right 1.98+0.07" 23.65+2.96™ 102.72+11.04 35.06%£3.26 402.69%40.02 -
left 5.56+0.32 4426+6,02 247.88+28.04 129.10+10.02 756.98+67.93 1308.66+98.75
Caudal
right 5.63+0.41 47.96+6.38 26.07£29.48 164.08+16.17 903.78+72.18 1423.8+102.71
left - - - - -
Additional
right 0.89+0.04 16.14+2.08 61.63+7.48 17.72£1.72 168.41+27.33 174.2%+16.02
left 7.84%0.73 86,26%8,01 383,2+28,75 199.04+19.82 1309,21+43,38 1506.1*60.48
In all
right 10.21+0.91 115.04%#10.14" 513.6%+49.88° 272.98+26.91° 1793.19+54.87™" 1812.0+62.92"
Absolutemass of ¢ oy 0y 90134184  896.8+50.66 472.02¢46.34 3102.4498.62  3318.1+364.4
both lungs
Coefficient of
asymmetry (CA) 1:1.30 1:1.33 1:1.34 1:1.37 1:1.37 1:1.2
of the lungs

Note: *P < 0.05;**P < 0.01; *** P < 0.001 the right lobe of the lungs compared to the left
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Therewith, in all experimental animal spe-
cies, there is only a tendency to increase the
absolute mass of the right lung to the left (Ta-
ble 1). High values of the results of the absolute
mass of the caudal lobes of the lungs in domes-
tic mammals are associated with morphoto-
pography of the lungs, their functional load in
general, and the pulmonary lobes in particular,
during pulmonary (external) respiration (Hor-
alsky, et al., 2009).

Lower morphometric values are character-
istic of the cranial lobes of the lungs (Table 1).
The absolute mass of the left lobe of the lungs
in rabbits and sheep is substantially less by 2.2
times (P <0.001) and 1.4 times (P < 0.05) com-
pared to the right one. Therewith, in dogs, pigs,
cattle, and horses, there is a tendency to in-
crease the ratio of the mass of the right lung to
the left (Table 1).

Therewith, the absolute mass of the middle
lobes of the right and left lungs in most exper-
imental mammals has an intermediate value
compared to the same indicator of the cranial
and caudal lobes (except for dogs and sheep, in

which the absolute mass of such lobes is great-
er than that of the cranial lobes). The absolute
mass of the middle lobe of the left lung almost
does not change inrelation to the right in all the
examined animals, so there is only a tendency to
reduce this indicator: in rabbits — by 1.3 times,
in dogs — by 1.2 times, in pigs — by 1.4 times, in
sheep - by 1.2 times, and cattle — by 1.4 times. In
the lungs of horses, this middle part is absent.

Among the examined indicators (Table 1),
the lowest absolute mass index is set for the
additional proportion of lungs in all the exam-
ined animals.

According to the results obtained, the ra-
tio of the relative mass of anatomical parts of
the lungs (Fig. 3) (cranial, medium, caudal, ad-
ditional lobes) to the average absolute mass of
the lungs is directly proportional to the body
mass of animals and the absolute mass of the
organ and varies depending on the indicators of
the absolute mass of the lobes and the absolute
mass of the lungs, which also coincides with the
results of other researchers (Maina & Igbokwe,
2020; Pantoja et al., 2020).

45
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Figure 3. Specific features of the relative mass of the left lung lobes of domestic mammals (%)

According to the results of morphomet-
ric studies, the caudal lobes of the right and
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left lungs have the largest total mass, which
depends on the absolute mass of the lobes.
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In the right lung of rabbits, this indicator is
31.19£1.38%, in dogs — 23.83+1.82%, in pigs —
29.79+1.37%, in sheep — 34.76 £ 3.04%, in cat-
tle — 29.13+2.54%, in horses — 42.91+4.06%. In
the left lung, the relative mass of caudal lobes
in accordance with the total absolute mass of
the lungs is: in rabbits — 30.8 £ 1.54%; in dogs —
21.98+1.82%;in pigs — 27.64*+1.66%; in sheep —
27.35+2.36%; in cattle - 24.4£1.92%, and in
horses — 39.44 £3.57% (Fig. 3). Therewith, the
largest percentage of the relative mass of the
caudal lobes of the lungs of horses (Fig. 3) can
be explained by the absence of middle pulmo-
nary lobes in the lungs.

Compared to other indicators examined,
the cranial lobes of the lungs of animals have a
lower relative mass. However, in the right lung,
the relative mass of cranial lobes (in rabbits —
9.47 + 0.89%, dogs — 13.56 * 0.92%, sheep —
11.89 # 1.07%, pigs — 11.89 = 1.07%, cattle -
10.26 £0.97%, horses — 6.45+0.62%) is higher
relative to such indicators in the left lung (in
rabbits - 4.38 £ 0.31%, dogs - 10.97 £ 0.96%,
pigs — 6.98+0.67%, sheep — 8.4%1.04%, cattle —

8.38+0.64%, and horses — 5.95%£0.51% (Fig. 3),
which is consistent with the results of other
researchers (Maina & Igbokwe, 2020; Pantoja
etal., 2020).

The relative mass of the middle lobes of the
lungs in experimental animals varies but is low-
er compared to that of the caudal lobes. How-
ever, their organometric data are slightly larger
than the relative mass of cranial lobes. Howev-
er, in dogs, the relative mass of the middle lobes
is greater than that of the cranial lobes (Fig. 4).
The relative mass of the middle lobes of the
right lung in rabbits is 10.97 £0.98%, in dogs —
11.75+1.14%, in pigs — 11.45+1.04%, in sheep —
7.42%0.88%,and in cattle—12.98+1.32%. There-
with, the relative mass of the lobes of the left
lung is lower compared to the right lung and is:
in rabbits — 8.25+0.81%, in dogs — 9.89+0.64%,
in pigs — 8.11£0.72%, in sheep - 6.43+0.62%
and in cattle - 9.42£0.88% (Fig. 4). Additional
lung lobes have the lowest relative weight: rab-
bits — 4.93+0.36%, dogs — 8.02 £ 0.48%, pigs —
6.87 £ 0.64%, sheep - 3.75 + 0.12%, cattle -
5.42%0.56%, and horses — 5.25£0.68% (Fig. 4).
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Figure 3. Specific features of the relative mass of right lung lobes of domestic mammals (%)

Thus, analysing the results of lung mor-
phometry in domestic mammals, it was estab-
lished that the absolute and relative mass of

lung lobes (cranial, medium, caudal, additional)
depend on the morphotopography of the lungs,
functional load, and species characteristics of
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experimental animals. Therewith, the lowest
absolute mass of all lung lobes was established
in rabbits (the smallest animals), slightly high-
er in dogs, then sheep, pigs, and the highest
in cattle and horses, which are the largest an-

imals in terms of body weight. Analysing the
organometric linear parameters of the lungs of
domestic mammals, it should be noted that the
greatest total length, width and thickness of the
lungs were determined in horses (Table 2).

Table 2. Specific features of linear lung measurements of domestic mammals (cm), M*¥m, n=5

Indicator
rabbits dogs
Total length 7.2+0.50 23.0+2.42
Total width 7.98+0.54 16.7+1.34
Total thickness 1.52%0.20 1.9£0.36
Lung development gy, g9 1371784
index, (%)
length 6.4+0.45 20.2+0.24
Left lung width 3.54%0.32 7.6%0.54
thickness  1.28+0.38 1.5+0.09
length 7.01£0.40 22.9%£2.18
Right lung width 4.18+0.36 8.1+£0.62
thickness  1.52+0.34 1.8+0.11

According to Table 2, the smallest indica-
tors of the total length, width and thickness of
the lungs, in particular, the right and left lungs,
were determined in rabbits. Linear lung param-
eters increase in accordance with the increase
in body weight of animals. Therewith, the linear
characteristics (Iength, width, thickness) of the
right lung in all types of experimental animals
are larger than the left, and accordingly, the
development index (ratio of length to width)
of the lungs in domestic animals has different
values (Table 2).

Analysing the results obtained in detail,
considering the macroscopic structure of the
lungs, their asymmetry coefficient (the ratio of
the absolute mass of the right lung to the left), a
morphological scale was developed to determine
the lung development index (marker signs). Ac-
cording to the morphological scale, the lungs of
domestic mammals were classified according
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Animal species

pigs sheep cattle horses
35.3+2.82  25.6%2.98 55.15%4.58 61.5+6.32
25.8+1.79 22.4%290 47.08+3.59 48.44+4.14
3.6+1.30 5.1+1.12 7.68+1.02 9.6%1.1
136+3.01 114+2.08 117+2.21 127+2.74
29.8+1.90 21.1*1.90 47.34*3.46 60.35%6.96
10.5+0.30  10.7+1.67 21.5#1.10 23.51%+1.44
3.3%1.21 5.0£1.01 7.49+1.32 9.1+£1.37
35.2%2.41 254+24  55.04%4.41 61.84+6.39
12.2+1.34  12.1+1.76  23.2+1.04 23.9+1.42
3.6+1.30 5.1+1.10 7.60+1.34  9.64+1.48

to their structure and shape into 4 types: 1 -
expanded-shortened (LDI=85-100%); 2™ - in-
termediate (LDI=101-120%); 3¢ — moderately
elongated (LDI = 121-130%); 4™ - elongated
(LDI = 131-140%). According to the proposed
scale for assessing marker signs of lungs in
clinically healthy animals, their development
index differs: in rabbits, the LDI is 90 = 1.89%,
so their lungs are expanded-shortened type; in
cattle and sheep, this indicator is 117 +2.21%
and 114 £ 2.08%, respectively, and their lungs
are characterised as expanded-elongated type;
in horses, the LDI is 127 +2.74%, so their lungs
are moderately elongated type; in pigs and dogs,
LDI, respectively, is 136+3.01% and 137 £2.84%,
and therefore their lungs are elongated.

Conclusions

According to the symmetry of the animal body,
the lungs are divided into left and right and have
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a typical partial structure: the left lung in all ex-
perimental animals (except horses) has three
lobes - cranial, middle, caudal; and the right
four - cranial, middle, caudal, and additional. In
horses, the interlobular cardiac notch divides the
right and left lungs into only two lobes - the cra-
nial (much smaller) and caudal (larger), and the
right lung has an additional lobe on the medial
side. The left lung is much smaller than the right.

Accordingtotheresultsofthestudy,theabso-
lute mass of lungs in representatives of domestic
mammals (the smallest in rabbits — 18.05+1.32 g,
the largest in horses — 3318.1+364.4 g) synchro-
nously obeys the well-known and recognised
facts of organ development and depends on
the phylogenetic level of animal development.
The higher the systematic ratio of animal spe-
cies (their size, body weight, etc.), the great-
er the organometric parameters of the organ.

The relative lung mass in experimental
mammals varies asynchronously, depend-
ing on the animals’ body weight and absolute
lung mass. Thus, the highest relative weight
in dogs is 1.21 £0.14% and the lowest in cat-
tle — 0.59+0.024%. The intermediate value of
the relative lung mass index is typical for hors-

ing on the type of respiration characteristic of
them, the lungs are different in shape and size,
and therefore differ in the parameters of the de-
velopment index: in rabbits (LDI =90 * 1.89%),
the lungs are expanded-shortened type;
in cattle (LDI = 117 * 2.21%), and sheep
(LDI=114%2.08%) — expanded-elongated type;
in horses (LDI=127+2.74%) — moderately elon-
gated type; in pigs (LDI=136+3.01%), and dogs
(LDI=137+2.84) - elongated type.

In domestic mammals, there is a pro-
nounced asymmetry of the lungs (the ratio of
the absolute mass of the left lung to the right),
the coefficient of which in rabbits is 1:1.30,
dogs - 1:1.33, sheep — 1:1.37, pigs — 1:1.34, cat-
tle - 1:1.37 and horses — 1:1.2.

The scientific originality of these studies
consists in the scientific substantiation of the
obtained results of morphometric studies, lin-
ear parameters, absolute and relative values of
lungs, and their lobes in domestic mammals. In
the future, it is planned to conduct histo- and
ultramicroscopic studies of the respiratory part
of the lungs of domestic animals.
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AHoranis. [IocmiikeHHsS OpraHisMy TBapuH, #oro MopdoapxiTeKTOHiKM, € MpiopuUTeTHUM
HaIpsSIMOM Il YCIIIIHOTO PO3BUTKY TBAPMHHULITBA. MeTa po60TH — 3’ICYBAaTU MAaKpPOCKOIIYHY
O6yIOBY JieTeHb Ta HANAaTU OPraHOMETPUUHY OIHKY iX MOpPG®OMOTiYHMX CTPYKTYp y CBiliCbKUX
CTaTeBO3PiMuX TBapMH. Y HOCTiIKeHHI BuKopucTaHi 30 KITiHIYHO 300p0oBYX 0CO6MH 6 BU/IiB TBAPUH,
sSIKi HajexkaTh 1o Knacy Mammalia — CcaBiii. 3a pesynbraTamMy aHaiisy MopdomMeTpii abcomoTHUX
i BiZTHOCHUX BeNMUYMH JieTeHb Y CBifICBKMX CCaBI[iB Ta iX MpPaBoi i JIiBOi 4aCTOK BCTaHOBJIEHO
BUpPaKeHy acuMeTpito, KoedillieHT siKoi Biamosimas: y kponiB — 1:1,30, y cobak — 1:1,33, y oBelp —
1:1,37,y cBuHeit — 1:1,34, y Benukoi poraroi xymoom — 1:1,37, y koHeit — 1:1,2. [lynig mopdosnoriunoi
OLIiHKM TUIIOBMX O3HAaK JiereHb, XapakTepHUX [Ji1 KOHKPETHOTO BUAY TBapMH, 3alIPOIIOHOBAHO
MOpdOIOTiuHy IKaIY 3 MAapKEPHUX 03HAK OpraHa. 3a pe3y/ibTaTaMy AOCTiIKeHb 3aIIPOTIOHOBAHO
KimacubikyBaTy JieTeHi CBifiCbKMX CCaBIiB i3 ypaxyBaHHIM OygoBu Ta dhopmu 3a 4 Tumamm: 1-it —
PO3IIMPEHO-BKOPOUYEH Mt (iHIeKC po3BUTKY jereHb (IPJT)=85-100%); 2-it — mpomiskumii (IPJ1=101-
120%); 3-11 — momipHo BunoBskeuuit (IPJ1=121-130%); 4-it — Bumosxenuii (IPJ1=131-140%). Ha
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OCHOBI JIeTaJIbHOTO aHalIi3y OpraHOMEeTPUYHMX OC/TiIKeHb 3alIPOIIOHOBAHO LIKATY [JISI OLLiHKU
MapKepHMX O3HaK JyiereHi — y KposiB (IPJ1=90* 1,89%) BimHeceHO A0 pO3MIMPeHHO-BKOPOYEHOTO
THIy, y Benkoi poratoi xymo6u (IPJ1=117 *2,21%) ta oBenb (IPJ1=114*2,08%) — mpoMisKHOTO
Tuiy, B KoHeit (IPJ1=127 +2,74%) — nomipHO-BUA0BXeHOro Tuity, y cBuHeit (IPJ1=136*3,01%) Ta
cobax (IPJ1=137%2,84%) — BumoBskeHoro Tumy. OTpuMaHi pe3yabTaTy MOp(ONOTiYHMX JOCTiAKeHb
JleTeHb MpeACTaBHUKIB kiacy CcaBili MalOTh MpaKTUYHe 3HAUYeHHS y Giosorii Ta BeTepuHapHiit
MeIUIIMHI, OCKIJTbKM € MapKePHUMM O3HAKaMM iX MOp}ODYHKITIOHAILHOTO CTaHY Ta KPUTEPiIMU
rmaToMop@oIoriuHoi JiarHOCTUKM pecripaTOpHUX 3aXBOPIOBaHb

KiiouoBi c/1oBa: NopiBHsIbHA aHATOMIsI; KiJibKicHa MOPQOIIOris; opraHu AuxaHHs; kKoedillieHT
acuMeTpii; iHAeKC PO3BUTKY JieTeHb
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Abstract. To evaluate the quality and safety of fish and seafood meat, along with generally
accepted methods, new histological research methods are used, which allow establishing
microscopic changes in fresh, spoiled, and canned foods. The purpose of this study is to examine
the microscopic structure of salted fish meat (Herring, Pollock) and seafood (squid, mussels) by
freezing. It was confirmed that fish meat is composed of skeletal muscle, fibrous connective (endo-
, perimysium) tissues with blood, lymphatic vessels, and nerves. Muscle tissue fibres have the
appearance of cylindrical formations, with well-defined transverse striation and numerous nuclei.
The basis of seafood meat is smooth muscle tissue with layers of loose fibrous connective tissue,
blood vessels, and nerve fibres. Smooth muscle cells are fusiform in shape, without transverse
striation and with a single nucleus. During freezing of fish meat at a temperature of -18°C, ice
crystals are small and well-defined in the endo- and perimysium, and at a temperature of -23°C -
in muscle fibres. When fish is re-frozen, large ice crystals form in both the muscle fibres and
the endomysium and perimysium of the muscles, the muscle fibres are fragmented and have
cracks. In frozen seafood meat, there is a deformation of bundles of smooth muscle cells and
their fragmentation. During the salting of fish meat, in the dehydration phase, a decrease in the
diameter of muscle fibres and the width of the endo- and perimysium is noted, the transverse
striation and nuclei of muscle fibres are well expressed, and in the dehydration phase, the reverse
processes occur. Meanwhile, the fibres become straight with cracks and crevices, and graininess
is noticeable in the endomysium and perimysium. Based on the results obtained, it is possible to
evaluate the microstructure of frozen and salted fish and seafood meat, which is important when
monitoring the suitability of food products for consumers

Keywords: fishing industry; canning; histological methods; muscle tissue; skeletal muscles

Introduction

Fish and seafood have long been consumed by
humans and used as affordable and tasty food
products. Currently, the value of fish products
hasbeen substantiated based on the quantitative
and qualitative evaluation of proteins, fats, car-
bohydrates, vitamins, microelements, and oth-
er substances contained in them, and the tech-
nologies for their production and canning have
been developed to preserve natural properties
and improve quality (Abraha et al.,2017; Alimon
et al., 2018; Volkhova & Holembovska, 2021).

By chemical composition, muscle tissue
contains a considerable amount of protein and
is a source of essential fatty acids (omega-3)
and minerals (phosphorus, calcium, magnesi-
um, zinc, iron, etc.). In particular, fish protein
is easily absorbed in the human body, which
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creates conditions for lowering cholesterol lev-
els. Fish meat also contains vitamins (A, D, E, K,
B,, B,) and other biologically active substances
that prevent the development of metabolic dis-
orders and the occurrence of various diseases, in
particular atherosclerosis. They have a positive
effect on the functioning of the brain, cardiovas-
cularand endocrine systems (Abrahaetal.,2017).

Fat obtained from fish has a positive effect
on the human body. In addition, sea fish con-
tains much more fat than river fish. It contains
polyunsaturated fatty acids and fat-soluble
vitamins that promote the formation of pros-
taglandins. The latter compounds increase the
body’s immunity and resistance to infections
and have an anti-inflammatory effect (Duarte
etal., 2020).

A,
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Recently, some producers often falsify fish
(Semenov et al., 2020). Due to the above, the
fish is of improper quality and becomes a source
of human diseases, in particular, salmonellosis,
botulism, etc. (Pohrebnyak, 2015). Quite often,
to notably increase the mass of fish and sea-
food, manufacturers add water during freezing
and, as a result, freeze a large amount of it, and
also freeze fish that has begun to spoil or is al-
ready spoiled. Moreover, fish products can be
treated with a variety of stabilisers (preserv-
atives, antibiotics), including hydrogen per-
oxide, to freshen the corresponding products.
The consumer must be protected from coun-
terfeiting and consume high-quality and safe
products to preserve their health. Therefore,
veterinary and sanitary expertise of fish and
seafood meat is particularly relevant (Pohreb-
nyak, 2015; Semenov et al., 2020).

To evaluate the quality and safety of fish
meat and seafood, histological research meth-
ods based on microstructural analysis are
gaining popularity (Abraha et al., 2017; Pop-
ova et al., 2020). They are used by veterinary
medicine doctors who work in accredited lab-
oratories and supermarkets, based on various
types of food production and processing facili-
ties and possess the technique of manufactur-
ing histological preparations, which is one of
their professional competencies. Using a light
microscope, histological methods make it pos-
sible to establish microscopic changes in fresh
and spoiled food products, including canned
products. Histological methods allow veteri-
nary doctors to finally confirm the suitability
of meat fish and seafood for food purposes,
namely, the proper quality and safety of the
food product for human consumption.

The purpose of the study is to examine
microscopic qualitative changes in fish and
seafood meat under various canning methods
(freezing and salting).

Literature Review

The fishing industry is a branch of the food
industry, the enterprises of which are engaged
in catching fish and seafood and producing
various products from them. The latter are a
source of many nutrients for humans, which
are necessary for strengthening bones, in-
creasing immunity, and preventing the devel-
opment of diseases of various organ systems
and apparatuses (Mahmud et al., 2018; Standal
etal., 2018).

To prevent spoilage of fish and extend its
shelf life, it is necessary to preserve products.
These methods are designed to inhibit bacterial
activity and metabolic changes that lead to loss
of fish quality (Boziaris et al., 2013; Semenov et
al., 2020). One of the main methods of preserv-
ing the freshness of fish is its freezing (applying
cold), which is used to extend the long-term
storage time.

According to Kong et al. (2008), physical
changes occur in frozen fish meat, during which
frozen water in the tissue forms ice crystals,
which lead to partial destruction of the sheath
of muscle fibres and leakage of tissue fluids due
to deformations.

Alizadeh et al. (2007) note that physical
changes are considerably affected by the freez-
ing rate and the condition of raw materials. In
their opinion, fish should be frozen quickly and
at a low temperature. During rapid freezing,
small ice crystals are formed, which on histo-
logical preparations look like voids, they are
evenly distributed in the tissues and do not dis-
turb their structure. The concentration of tissue
fluids almost does not change and the proteins
retain the ability to swell during defrosting.
Moreover, the lower the freezing temperature,
the smaller the size of the crystals. When fro-
zen slowly, large ice crystals form, mainly in fi-
brous connective tissue, which on histological
preparations have the appearance of significant
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voids, since some of the water moves there
from muscle fibres. Large crystals deform mus-
cle fibres, destroy fibrous connective tissue and
during defrosting, liquid flows out of the fish’s
tissues, and therefore it loses its original taste
and appearance.

Khomych & Bal-Prylypko (2018) indicate
that fish is better preserved if it is frozen im-
mediately after catching when the shell of the
muscle fibres of its meat is elastic, has con-
siderable elasticity, and there is no damage so
that the resulting ice crystals do not destroy
this shell. As the freezing point decreases, this
process occurs faster and the structure of body
tissues changes microscopically less.

According to Popelka et al. (2012), during
long-term storage of fish, microscopic changes
occur, which are characterised by loss of mus-
cle fibres, swelling and destruction of their nu-
clei, the appearance of numerous voids that are
formed by ice crystals, and loosening of the en-
domysium and perimysium.

In addition, another common method of
preserving fish is salting, which uses salt crys-
tals or brine Dal Bello et al. (2020). Sodium
chloride diffuses into the muscles from the
outside due to the difference in osmotic pres-
sure between the internal environment of the
muscle fibres and the brine.

According to Dal Bello et al. (2020) during
the dry method, the moisture content in the
muscles, as well as bacterial and enzymatic ac-
tivity, is notably reduced. Therewith, the muscle
fibres are located denser and acquire a smaller
length and width. The duration of the salting
period and the salt concentration depend on
the expected final product.

Horner (1997) considers that the main dis-
advantage of the dry method of salting is the
dehydration of meat products, as a result of
which they become hard. In this case, the dis-
tribution of salt is quite uneven.
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Materials and Methods

The study was conducted during 2020-2022
in the scientific laboratory of the Department
of Anatomy, Histology, and Pathomorphol-
ogy of Animals of V.G. Kasyanenko National
University of Life and Environmental Sciences
of Ukraine (Kyiv). Samples of frozen and salt-
ed fish and seafood meat were taken for his-
tological studies. According to external signs
and organoleptic parameters, all samples of
frozen fish met the regulatory requirements of
DSTU 4868:2007 (2009).

The process of making histopreparations
included a series of sequential steps: sampling,
fixing, washing the fixed samples with water,
dehydration, sealing the samples with paraffin,
making sections from the compacted material,
staining the sections, and embedding the sec-
tions in balsam.

Samples were taken from fish and seafood
carcasses using various canning technologies:
freezing (herring, pollock, squid, mussels) and
salting (herring). Two sampleswith a thickness of
2-3 cm were obtained from one carcass. Samples
obtained from one carcass were numbered with
the same number, placed in a glass jar, and fixed
in a 10% neutral formalin solution. The mini-
mum period of fixing the material was 24 hours.

The samples were washed with cold run-
ning water for several hours, after which they
were dehydrated with ethyl alcohol of increas-
ing strength (60%, 80%, 96% and absolute alco-
hol). Samples were kept in each of these alco-
hols for 12 to 24 hours. Paraffin was used to seal
the dehydrated samples. Before compaction,
the material was kept in two portions of chloro-
form for 2.5-3 hours. Samples from chloroform
were transferred to a mixture of chloroform and
paraffin and placed in a thermostat at 37°C for
two hours. Subsequently, all samples were kept
in paraffin at a temperature of 56°C. Then the
paraffin samples were transferred to containers
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and filled with hot paraffin. Paraffin blocks con-
taining samples were obtained.

Subsequently, histological sections with
a thickness of 6-11 microns were made on an
MPS-2 microtome (Kharkiv plant “Tochmed-
prylad”, Ukraine). Sections were stained with
Karatsi’s hematoxylin and eosin to establish
the general microstructure of fish and seafood
meat. The stained sections were placed in a Ca-
nadian balsam and examined using an Olympus
CX 43 light microscope (Olympus, Japan). Indi-
vidual histopreparations and their fragments
were photographed with a Nikon Coolpix S3100
(Nikon, Japan).

Results and Discussion

Composition of fish and seafood meat
According to the data obtained, the composi-
tion of fish meat (herring, pollock) and seafood
(squid, mussels) was not the same. The com-
position of fish meat included skeletal mus-
cles, the basis of which is composed of skeletal
muscle tissue, dense fibrous connective tissues,
blood vessels, nerve fibres, and endings. In ad-
dition, muscle tissue was quantitatively superi-
or to other tissues.

The skeletal muscles of fish are formed
by muscle fibres, which are symplastic struc-
tures. On the longitudinal sections, they had
the appearance of cylinders, the ends of which
are rounded, jagged, or bevelled. The length of
such fibres was 1.5-3.5 mm, and the diameter
was 10-70 microns. The overall microstructure
of the muscle fibre of fish meat is similar to that
of mammalian meat (Stasishen, 2009; Dubinina
et al., 2010; Khomych & Bal-Prylypko, 2018).

The fibre consisted of numerous nuclei,
sarcoplasm (viscous protein solution), and sar-
colemma (shells). The nuclei were rod-shaped
or elongated-oval in shape and were located on
the periphery of the muscle fibre, directly un-
der the sarcolemma. There were from several
dozen to several hundred of them. In the nuclei,

their components were well distinguished: the
nuclear envelope, chromatin (a small amount),
the nucleolus, and karyoplasm (nuclear juice).
A significant volume of the sarcoplasm of mus-
cle fibres was occupied by hyaloplasm, which is
a colloidal structure and, accordingly, its rarest
part. The sarcoplasm contains special orga-
nelles-myofibrils, which provide contraction
of muscle fibres. They were located along the
muscle fibre and occupied the central part of it.
Myofibrils consisted of myofilaments and had
characteristic alternating dark and light stripes.
Asnoted in the literature (Khomych et al., 2013),
since the light and dark stripes are located at
the same level, the muscle fibre looks striated.

Individual muscle fibres were thin layers of
loose connective tissue (endomysium), in which
a network of hemocapillaries and nerve fibres
were located. Muscle fibres were combined into
bundles, between which thicker layers of loose
connective tissue (perimysium) were located.
Loose fibrous connective tissue consisted of cells
and intercellular substance. The latter includ-
ed a basic (amorphous) substance and fibrous
structures. The cellular composition of this
tissue was represented mainly by fibroblasts,
which produce components of the intercellu-
lar substance, and in much smaller quantities,
there were histiocytes, plasma cells, mast cells,
etc. (Khomych & Bal-Prylypko, 2018). A consid-
erable number of adipocytes or fat cells were
found in the loose fibrous connective tissue of
herring. The latter had a pear-shaped appear-
ance and a significant diameter on histoprepa-
rations. The nucleus in such cells was shifted
to the plasmolemma (shell) and had an elon-
gated oval shape. The loose fibrous connective
tissue of pollock contained notably fewer adi-
pocytes, which were arranged in small groups.

According to the results of research, part of
the fish’s muscles began or ended with tendons.
The latter were formed by dense fibrous con-
nective tissue with a significant cellular content
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of fibrocytes. Tendons turned into septa, which
are formed by loose fibrous connective tissue
(Fig. 1). Septa divided the fish muscles into my-
omeres, which had the appearance of concentri-
cally arranged semicircles and circles. Fat cells
were visible in individual myosepta.

Figure 1. Skeletal muscle of fish (herring).
Hematoxylin and eosin, x90

Note: 1 - septa; 2 — muscle fibres

Depending on the colour, fish meat is di-
vided into white with different shades and
pink-red. White muscle fibres are thicker and
contain less of pigment-protein myoglobin,
while red ones are the opposite (Horner, 1997,
Doe, 2002). In the studied meat of herring and
pollock, muscle fibres had a white colour with
different shades.

According to the obtained results, the basis
of the meat of invertebrate seafood is composed
of smooth muscle tissue, loose fibrous connec-
tive tissue (endomysium, perimysium), vessels,
nerve fibres, and endings (Fig. 2). The muscle
tissue of squid was white, while mussels were
white and pink in colour with different mark-
ings. It was formed by smooth muscle cells
that had a microscopic structure similar to the
smooth muscle tissue cells of aquatic mammals
(Khomych et al., 2013). These are fusiform cells
with a single, centrally located oval-shaped
nucleus. Their length was about 100 microns,
while in aquatic mammals these cells can reach
up to 200 microns (Khomych et al., 2013), and
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the thickness is 3-10 microns. In the nucleus
of smooth muscle cells, insufficient hetero-
chromatin was noted and one, less often two
nucleoli were found. There was no transverse
striation in these cells, which indicates the ab-
sence of myofibrils. Smooth muscle cells were
combined into bundles consisting of 8-12 cells,
and the bundles formed layers.

Figure 2. Smooth muscle tissue of seafood
(squid). Hematoxylin and eosin, x90

Note: 1 — smooth muscle cells; 2 — loose fibrous
connective tissue

Frozen fish meat

The microstructure of frozen fish meat depends
on its condition, temperature, speed, and mul-
tiplicity of freezing. Fish is considered frozen if
the temperature in its thickness is below 6°C.
Usually, unassembled and disassembled fish
are frozen until their posthumous conjuration.
In industrial production, the freezing temper-
ature can range from -5 to -80°C. As a rule, fish
is frozen at a temperature of -5 and -20°C (Al-
izadeh et al., 2007).

The results of the research confirmed that
the tissue liquid (water) of frozen fish meat
(herring and pollock) turns into ice crystals.
They caused changes in the microstructure of
meat. Ice crystals melted in thawed meat, and
in histological preparations, their locations had
the appearance of cavities of various configura-
tions and sizes. The size of the ice crystals de-
pended on the freezing rate of the meat.
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It was confirmed by Alizadeh et al. (2007)
and Duarte et al. (2010) that large ice crystals
are formed during slow freezing, and much
smaller crystals are formed during fast freezing.
The authors believe that the size and location
of ice crystals are the most important factors
affecting the texture quality of frozen food.
From the surface to the deeper layers, the rate
of freezing of meat decreased. In addition, ice
crystals were smaller in the surface areas of the
meat than in the deep ones.

At a temperature of -18°C, ice crystals in
frozen fish meat were found in connective tissue
layers (endomysium and perimysium) (Fig. 3).

Figure 3. Ice crystals in the endomysium of
herring meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Large ice crystals with appendages stuck
into muscle fibres, leading to their destruction
or deformation. The endomysium and perimy-
sium in ice crystals had a slightly expanded
appearance. Transverse striation was well ex-
pressed in the muscle fibres, and some of the
nuclei in the places of their deformation were
marked by destruction.

In fish frozen at -23°C or lower, ice crystals
were found in the endomysium, perimysium,
and muscle fibres (Fig. 4).

These crystals were small in size, oval and
rounded in shape. The muscle fibres that con-
tain ice crystals were deformed in some places,
but not destroyed, with a weak transverse stri-

ation. Some of their nuclei were in a state of
destruction. The endomysium and perimysium
showed notable extensions.

Figure 4. Ice crystals in the muscle fibres of
herring meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Substantial destructive changes occur in
fish meat when it is re-frozen (Fig. 5), manifest-
ed by the formation of large ice crystals in the
endomysium, perimysium, and muscle fibres
with noticeable cracks, while some of the fibres
are fragmented, which is consistent with the
findings of Popelka et al. (2012). These authors
also consider unstable temperature conditions
as a factor that increases lipid oxidation. Pre-
venting temperature fluctuations during stor-
age is important to preserve the quality of fro-
zen fish meat.

Figure 5. Muscle tissue of pollock when re-
frozen. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres
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When fish meat is re-frozen, the transverse
striation of muscle fibres is almost invisible, a
significant part of their nuclei is destroyed, ly-
sed, or deformed. The endomysium and perimy-
sium are considerably expanded and loosened.
They contain a fine substance of pink colour.

Frozen seafood meat

In industrial conditions, seafood (squid and
mussels) is frozen at a temperature of 30°C
(shock freezing). It is also allowed to freeze
these products at a temperature of -5 °C and
below (Nagarajarao, 2016).

According to the results of studies, ex-
tremely pronounced destructive changes were
noted in frozen squid and mussel meat. They
were best expressed in perimysium, which had
a loose appearance and significant expansions.
Ice crystals of various shapes and sizes, noticea-
ble pink granularity and fibrous structures were
found in perimysium. Deformation of smooth
muscle cell bundles was observed, which were
oriented differently. In some areas, they formed
grid-like formations (Fig. 6).

Figure 6. Locations of ice crystals in frozen
squid meat. Hematoxylin and eosin, x90

Note: 1-ice crystals; 2 — bundles of smooth muscle cells

The nuclei of smooth muscle cells, which
are located near ice crystals, were not ex-
pressed, and the cell bodies looked fragment-
ed and deformed. In some places, ice crystals
were found in bundles of smooth muscle cells,
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which lead to their fragmentation and destruc-
tion. Furthermore, the destruction of individual
smooth muscle cells in bundles with ice crystals
was observed. Similar changes were recorded in
the meat of frozen mussels (Fig. 7).

Figure 7. Location of ice crystals in frozen
mussel meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — bundles of smooth muscle cells

Meat of salted fish

The microscopic structure of salted fish meat
depends on the methods of salting and is based
on the penetration of a solution of table salt
into fish meat, while tissue liquid (water) and
water-soluble substances are displaced from it
(Kong et al., 2008).

For wet salting, the duration of which is
from 4 to 8 days, fish (disassembled or not dis-
assembled) is placed in a solution (brine) con-
taining up to 40% table salt (Varlet et al., 2007).
Within a few days, fish meat is considerably de-
hydrated (compacted), as the tissue fluid from
the meat diffuses into the salty solution (dehy-
dration phase).

According to the results of studies in the
phase of dehydration of fish (herring), there
was a decrease in the diameter of muscle fibres
and the width of endomysium and perimysium,
the fibres fit snugly together (Fig. 8).

Transverse striation and muscle fibre nu-
clei were well defined. The dehydration phase is
quickly replaced by the dehydration phase, due
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to the accumulation of salt in muscle fibres. In
addition, water enters the fish meat from the
brine, which led to an increase in the width of
the endomysium, perimysium, and the diame-
ter of muscle fibres (Fig. 9).

Figure 8. Dehydration phase of muscle tissue
of pre-thawed salted herring.
Hematoxylin and eosin, x100

Note: 1 —ice crystals; 2 — muscle fibres

Figure 9. Hydration phase of muscle tissue of
previously thawed salted herring.
Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Microscopic changes were observed in the
muscle fibres. Some of the rectilinear fibres
were fragmented and had cracks and crevices,
and the striation was not visible. Some of the
nuclei were destroyed. In the endomysium and
perimysium, pink graininess was noted. When
brine was introduced into fish meat by syring-
ing, there was no dehydration phase for this
type of wet salting. Microscopic changes in the

fish meat are similar to the hydration phase,
however, destruction of individual muscle fib-
ers was noted at the sites of brine injection.

During dry salting (mixing fish with salt
crystals), the duration of which is from 5 to 7
days, the fish is rubbed with salt and placed in
a container in layers (rows). Layers of fish in
containers were also sprinkled with salt. On
the surface of the fish’s body, salt dissolves in
mucus, sodium ions enter the meat, and tissue
fluid is released from it, that is, only dehydra-
tion of fish meat occurs, which is manifested by
its compaction (Montero et al., 2003). Micro-
scopic changes in this meat were similar to the
dehydration phase in the wet salting method.
Thus, muscle fibers had a dense arrangement,
and their length and diameter were reduced.
Transverse striation and nuclei in muscle fibres
were preserved. Using the mixed salting meth-
od, the fish is sprinkled with table salt and then
dipped into the brine. This method of salting
fish meat first dehydrates and compacts it, fol-
lowed by rehydration (Goulas & Kontominas,
2005). As noted in this paper, this method is the
most common and allows obtaining products of
standard quality.

In the compacted fish meat, the layers of
endomysium and perimysium were weakly ex-
pressed, muscle fibres acquired an elongated
appearance, their diameter decreased, while
nuclei and striation were preserved. Brine that
penetrates into fish meat (hydration) caused
reverse changes, in which the epimysium and
perimysium were expanded and loosened, the
diameter of muscle fibres looked enlarged, and
their striation was not noted. Most of the fibres
were fragmented.

Conclusions
The basis of fish meat (herring, pollack) is
composed of skeletal muscles, the muscle fi-
bres of which are symplastic structures with
pronounced transverse striations and a large
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content of cytoplasm and nuclei. Most skele-
tal muscles start and end with tendons, which
are built from dense fibrous connective tissue.
A characteristic feature of fish muscles is the
presence of well-expressed myosepta (bridg-
es) on histopreparations, where muscle fibres
begin and end. Myosepta are loose fibrous
connective tissues and are located across the
muscles. They divide the fish’s muscles into
myomeres. Seafood meat (squid, mussels) is
composed of spindle-shaped mononuclear
cells of smooth muscle tissue, which do not
have transverse striations. Muscle fibres of
fish meat and smooth muscle cells of seafood
are layers of fibrous connective tissue (en-
domysium and perimysium) with blood ves-
sels and nerves.

In histopreparations made from frozen fish
meat, ice crystals have the appearance of cavi-

seafood, the smooth muscle cells are deformed
and fragmented, while fibrous structures and a
pink substance are visible in the perimysium.

During the salting of fish meat, qualita-
tive changes in its microscopic structure oc-
cur. Thus, in the dehydration phase, fish meat
is considerably compacted, and the muscle fi-
bres retain striation and well-defined nuclei.
In the rehydration phase, there is an increase
in the diameter of muscle fibres and the width
of endomysium and perimysium. The striation
of muscle fibres disappears, cracks appear in
them, and a pink substance is found in the en-
domysium and perimysium.

Further studies should examine the histo-
logical structure of fish meat and invertebrate
seafood using other methods of preserving
them (smoking, drying, frying, etc.).

ties of various sizes, which at a temperature of Acknowledgements
-18°C are found in layers of fibrous connective ~ None.
tissue and are absent in the muscle fibres, while
at temperatures of -23°C - also appear in mus- Conflict of Interest
cle fibres. In the frozen meat of invertebrate  None.
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Microstructural analysis of frozen and salted fish and seafood meat

[TigTBEpAKEHO, IO M’SICO PMOM YTBOPEHE CKEJIETHOI M SI30BOI0, BOIOKHUCTOIO CIIOYYHOIO (€H/T0-,
repumisiit) TKAaHMHAMM 3 KPOBOHOCHMMM, JIiMbaTUUHUMM CyAMHAMM Ta HepBamMu. BosokHa
M’S130BOi TKaAHMHM MAiOTh BUIISM LWIIHAPMYHUX YTBOPEHb, 3 HOOpPE BUPAKEHOIO MOIMEPEYHOI0
MIOCMYTOBAHICTIO i uncieHHMMH sigpamu. OCHOBY M’sica MOPepoayKTiB Gopmye rnanka M’si30Ba
TKaHMHA 3 MPOLIApPKaMM IyXKOi BOMOKHUCTOI CIIOMYYHOI TKAaHMHM, CYAMHAMMU Ta HEPBOBUMU
BOJIOKHaMM. [anki M’130Bi KIITHMHY BepeTeHOMonioHoi popmu, 6e3 rmonepeyHoi MOCMyroBaHOCTI
i 3 omHuM sapom. ITig uac 3aMOpOXKyBaHHSI M’sica puOu 3a Temriiepatypu -18°C, Kpuctaan JIbomy
Ipi6Hi Ta MOOGPe BMpaXKeHi y eHa0- i mepumisii, a 3a TemmepaTtypu -23°C — € y M’I30BUX BOJIOKHAX.
ITiJ yac MOBTOPHOTO 3aMOPOKYBaHHS pu6M GOPMYIOTHCS BEVUKI KPUCTAIN JIbOLY SIK B M’SI30BUX
BOJIOKHAX, TaK i B eHI0Mi3ii i mepumisii M’s13iB, M’s130Bi BOJIOKHA )parMeHTOBaHi Ta MalOTh TPillIVIHNA.
VY 3aMOpOXeHOMY M’SICi MOPEMPOAYKTIB CITOCTEPIraeThest Aedopmallist MydKiB ITIaAKUX M SI30BUX
KITUH Ta iX ¢parmenTanis. Ilig yac coninHsa m’sica pubu y ¢dasi 06e3BogHEHHSI BiI3HAUAETHCS
3MeHIIeHHSI JiaMeTpy M’SI30BUX BOJIOKOH i IIMPYHY eHI0- Ta ITepuMi3iio, mornepeyHa CMyracTicTh
i smpa M’130BMX BOJIOKOH J06pe BUpaskeHi, a y (asi 0BOmHEHHS BigOyBalOThCS 3BOPOTHI MPOIECH.
[Ipu 11bOMY, BOJIOKHA CTAIOTh MPSIMOMIHIMHMMM 3 TpillMHaMM i uiinMHaMu, a B eHAoMi3ii Ta
repumisii MOMiTHa 3€pHUCTICTD. 32 OTPUMAHUMM PE3YJIbTaTAMM MOKHA OLLiIHUTY MiKPOCTPYKTYPY
3aMOPOXKEHOTO i COJIOHOTO M’sica pubM Ta MOPENpPOAYKTiB, IO BAXKIMBO ITiJi YaC KOHTPOJIIO
MPUIATHOCTI XapuOBUX MPOAYKTIB JJIs1 CIIOKMBAYiB
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Abstract. The relevance of the study lies in the growing demand for safe and high-quality bee
products, primarily honey, and the non-admission of low-quality products that can harm the health
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honey are in the greatest demand in export potential. The purpose of the study is to determine
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national and European Food legislation. To achieve this purpose, organoleptic methods of natural
honey research were used and the diastase number, acidity, content of pollen grains, mass fraction
of water, mass fraction of reducing sugars, sucrose, and hydroxymethylfurfural were determined.
Analysis of rapeseed honey for the presence of genetically modified pollen was conducted using
the polymerase chain reaction method in real time. It was established that prototypes of sunflower
honey from Vinnytsia, Odesa, and Kyiv regions met the requirements of the national standard
and European Food legislation, without signs of fraud. Currently, the use of genetically modified
organisms is subject to regulation. Samples of rapeseed honey taken from the Vinnytsia, Odesa,
and Kyiv regions did not contain genetically modified deoxyribonucleic acid. In terms of physical
and chemical parameters, rapeseed honey met the requirements of the national standard. Honey
collected in the Kyiv and Vinnytsia regions had an average water content of more than 18.5%, which
meets the requirements for first-grade honey according to the national standard. Honey collected
in the Odesa region corresponded to the indicators of the top-grade honey, the water content in it
averaged 17.7%. According to the main physical and chemical indicators, rapeseed honey collected
in Ukraine also meets the requirements of European food legislation. In addition, rapeseed and
sunflower honey from the Vinnytsia, Odesa, and Kyiv regions are natural and can be sold not only

in Ukraine but also on the territory of the European Union and the World Trade Organisation

Keywords: flower pollen; control; legal regulations; fraud; genetically modified organisms

Introduction

Beekeeping is one of the most promising
agro-industrial sectors in Ukraine. Among all
bee products consumed by the population, the
first place belongs to honey. Currently, Vin-
nytsia, Dnipro, Zhytomyr, Mykolaiv, Zapor-
izhzhia, Poltava, Donetsk, and Kirovohrad re-
gions of Ukraine are the largest producers of
natural honey. These regions produce about 70
percent of national natural honey exported to
different countries (Vinichenko, 2021).

Natural honey is used in the food industry,
pharmacological production, cosmetology, etc.
Theincrease inhoneyconsumptionisinfluenced
by the culture of health-improving nutrition,
the demand for organic products, and the in-
dustry’s focus on natural raw materials contain-
ing natural biologically active substances that
positively affect the immune system (Samar-
ghandian et al., 2017), especially during a tough
epidemic situation in the world. In the context
of the pandemic, the honey market continues

to develop actively, and exports to the Europe-
an Union are increasing (Covaci et al., 2023).

By origin, honey is divided into monofloral
(obtained mainly from the nectar of one plant
species) and polyfloral (obtained from different
types of flower nectar). Monofloral honey is in
better demand and more expensive than its poly-
floral counterparts, which increases the need
for an appropriate analysis method that could
be used to determine its origin (Voyslavov et al.,
2021). A set of plant species identified by pollen
analysis provides information about the local or
regional origin of honey. A collection of pollen
samples should be available to compare the mor-
phology of pollen grains obtained directly from
flowers with those obtained during honey sed-
iment collection. The volume of this collection
depends on the studied territory and the radius
of action of the bees (Almeida-Muradian, 2020).

In Ukraine, the most extensive honey col-
lection is provided by regions with large acreage
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for sunflowers; sunflower honey accounts for
the largest share of domestic production (Vin-
ichenko, 2021). Sunflower honey is a valuable
therapeutic and preventive product. This honey
is characterised by a high content of glucose and
fructose and a low content of sucrose. Among
light varieties of honeyj, it is distinguished by a
high enzymatic activity. In the European Union,
sunflower honey is one of the most expensive
varieties. In addition to sunflower honey, the
most common monofloral varieties in Ukraine
are rapeseed, buckwheat, linden, and acacia.
Honey is used for various medical purposes, and
recent studies confirmed its effectiveness in the
treatment of various diseases due to its compo-
nents and antibacterial, anti-inflammatory, an-
tioxidant, and antiviral properties (Fakhlaei et
al., 2020). Doctors recommend including honey
in the diet of schoolchildren and people living
in ecologically unfavourable regions and in ar-
eas of high radioactive background. The thera-
peutic effect of honey consumption in diseases
of the gastrointestinal tract, cardiovascular sys-
tem, various metabolic disorders, etc. has been
identified (Fakhlaei et al., 2020). Notably, the
physical and chemical properties of honey are
considerably influenced by natural and climatic
factors, industrial characteristics of a particular
region, the state of agriculture, the content of ra-
dionuclides, and so on. Therefore, it is important
to examine honey samples from different areas.

One of the main problems for consumers
is food fraud, since not only does the quality of
food decrease, but also negative consequences
for human health are possible. Food testing and
counterfeit toxicology are essential to ensure
that consumers are protected from fraud (Jaafar
et al., 2020). According to Codex Alimentarius,
consumers have the right to receive truthful
information about the food they consume (Co-
dex Alimentarius..., 2019). It also notes that
honey should not contain any artificially added
ingredients, foreign tastes or aromas that may

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

appear during processing and storage. It is also
forbidden to heat or process honey to such an
extent that its composition changes and its
quality worsens.

The purpose of this study is to check the
quality and safety indicators of honey varieties
from different regions of Ukraine and establish
their compliance with the main criteria of Euro-
pean and national food legislation.

Literature Review

The quality and safety of honey can be influ-
enced by various factors, such as the period of
honey collection, the terrain, the landscape of
the territory, technological methods of keeping
bees, feeding bees with sucrose, pumping un-
ripe honey, unsanitary storage conditions, add-
ing inverted sugar, etc.

To determine the safety and quality of the
product, organoleptic and physico-chemical
studies are conducted. In addition, an impor-
tant criterion is the presence of genetically
modified components in honey. Scientific data
indicate that three genetically modified crops -
soy, corn, and rapeseed — are most common in
Ukraine (Kushnir, 2021).

It should be noted that currently, the leg-
islation of Ukraine regulates the use of genet-
ically modified organisms (Law of Ukraine...,
2012). A prerequisite for using such organisms
in an open system is their identification. It is
forbidden to release genetically modified or-
ganisms into the environment without their
state registration, with the exception of testing.
The legislation prohibits industrial production
and introduction into circulation of geneti-
cally modified organisms, including products
manufactured with their use, before official
registration. Currently, not a single variety
of agricultural plants is included in the state
register of genetically modified organisms. Re-
search on the impact of biotechnology products
on human health and the environment still
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continues. In the European Union countries,
great attention is paid to food quality and bi-
ological safety of food products and a very
cautious attitude towards genetically modified
organisms (Regulation (EU)..., 2003; Bruetschy,
2019). Therefore, it is forbidden to sell honey
without conducting an analysis of the content
of genetically modified pollen. Among genet-
ically modified plants, only rapeseed belongs
to honey crops. The development of rapeseed
crops is of great economic importance for
Ukraine. The presence of a genetically modi-
fied rapeseed crop was recorded in the country
(Oblap et al., 2018). However, for the successful
cultivation of this crop, various pesticides are
used, which can affect bee products.

Measures are being actively implement-
ed at the local and international levels to de-
tect fraud (Fakhlaei et al., 2020). High-quality
and safe food products are the key to a healthy
nation and an important link in the social and
ecological well-being of the country.

Considering the economic and social con-
ditions and the future development of beekeep-
ing in Ukraine, it is necessary to analyse the
world and European requirements for different
varieties of honey. The issue of biological safety
is important; therefore, in addition to the es-
tablished organoleptic and physico-chemical
studies of honey, including the determination
of the characteristics of the pollen composition,
it is planned to conduct studies on the content
of genetically modified organisms and identify
the competitiveness of the domestic product on
the world market. The scientific originality of
this study lies in the fact that for the first time,
approaches to the method of pollen analysis are
scientifically justified, which allows confirming
the naturalness of national honey and its varie-
ty. In addition, the presented technique can be
used to create an atlas of pollen of Ukraine to
establish not only the variety of honey but also
its geographical origin.

Materials and Methods

To conduct the study, samples of rapeseed and
sunflower honey were selected, which were
obtained from apiaries of different regions of
Ukraine: Vinnytsia, Odesa, and Kyiv. The study
was conducted during 2019-2021. A total of
60 honey samples were received for the study,
indicating the date and place of selection. Or-
ganoleptic and physico-chemical parameters
were determined according to the methods of
the current national standard of Ukraine (Na-
tional standard of Ukraine..., 2005).

The organoleptic parameters of honey
and its pollen analysis were conducted based
on the Department of veterinary hygiene after
A. K. Skorokhodko of Life and Environmental
Sciences of Ukraine 3 research groups were
formed to examine sunflower honey. Experi-
mental samples of honey were characterised by
the presence of the main nectar source, which
was a sunflower. Accordingly, they had simi-
lar organoleptic characteristics. Experimental
samples of honey differed by the region of their
collection. Considering the natural and climatic
factors that affect the quality of honey, samples
were taken from three regions of Ukraine for
the study. The first experimental group con-
tained 10 prototypes of honey from the Kyiv re-
gion, the second experimental group - 10 pro-
totypes of sunflower honey from the Vinnytsia
region, and the third experimental group - 10
prototypes from the Odesa region. Accordingly,
three research groups were established to ex-
amine the sensory and physical-chemical pa-
rameters of rapeseed honey, with 10 samples
in each group. The first experimental group
included samples of rapeseed honey from the
Kyiv region, the second experimental group in-
cluded samples from the Vinnytsia region, and
the third experimental group included sam-
ples of rapeseed honey from the Odesa region.

Determination of organoleptic parameters,
namely: colour, crystallisation, and the presence
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of signs of fermentation was performed visual-
ly in daylight in a laboratory transparent glass;
taste — by tasting several grams of honey; two
honey tastings were conducted sequentially.
To determine the aroma, a sample of 30 g was
taken, added to a weighing bottle, tightly closed
with alid, and heated in a water bath for 10 min,
to a temperature of 45°C. After that, the lid of
the weighing bottle was opened, and the aroma
was examined by slowly inhaling the air. The
consistency was determined at 20°C, the spat-
ula was dipped in honey, raised and observed
for the nature of its flow. The presence of me-
chanical impurities was examined by complete-
ly dissolving 50 g of honey in 50 mL of warm
distilled water. The resulting solution was care-
fully poured into a laboratory glass cylinder and
the degree of contamination of the product was
identified. In the presence of mechanical impu-
rities, they are found at the bottom of the cylin-
der or on the surface of the solution, depending
on the relative density. To determine the quality,
safety of the product, and the botanical compo-
sition of honey, laboratory tests are mandatory.

The following materials and reagents
were used to conduct pollen analysis of hon-
ey: laboratory microscope “Granum” (China),
Goryaev chamber “Skloprylad” (Ukraine); an
electric centrifuge of the company “Dastan”
(Kyrgyzstan) with a rotation speed of up to
5000 rpm, laboratory scales of the II accuracy
class of the company “Radwag” (Poland); cen-
trifuge tubes; water bath; laboratory mercury
thermometer up to 100°C; a set of chemical
glasses with a volume of 100 mL from the com-
panies “Olis” and “Skloprylad” (Ukraine); recti-
fied ethyl alcohol with a mass fraction of 96%;
basic crystalline fuchsin, alcohol solution with
a mass fraction of 10%; distilled water; acetic
anhydride; glacial acetic acid; concentrated sul-
furic acid, density 1.84 g/cm?® (Ukraine, China).

To initiate the preparation for pollen anal-
ysis, a laboratory glass was utilized to weigh 20
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g of honey with an accuracy of 0.01 g. Subse-
quently, 40 mL of distilled water was added to
the measured honey. The resulting mixture
was then placed in a water bath set at a tem-
perature of 45°C. The solution was carefully
heated in the water bath until the honey was
completely dissolved. The resulting solution
was poured into test tubes and centrifuged for
15 min at a speed of 3,000 rpm. After that, the
upper layer was drained from each test tube,
and 2 mL of distilled water was added to the
sediment, mixed, and all solutions were poured
into one test tube and centrifuged. Then the
solution was drained, and 3 ml of a mixture of
sulfuric acid and acetic anhydride in a ratio of
1:9 was added to the precipitate, carefully drop
by drop to avoid splashing. Further, the con-
tents of the test tube were mixed and placed in
a water bath at a temperature of 80°C for two
minutes. The test tube was again centrifuged
for 15 min at a speed of 3,000 rpm. The sedi-
ment was washed with acetic acid (glacial), and
then three times with distilled water until the
vinegar smell disappeared. The resulting liquid
was drained from the sediment after each
washing and centrifugation for 15 min.

The sediment from the test tube was care-
fully poured onto filter paper to remove water.
0.1 mL of distilled water was added to the sedi-
ment, mixed, and a drop of the solution was tak-
en and placed in a Goryaev chamber for further
counting of pollen grains and determination
of species composition. A suspension of pollen
grains was applied to both grids of Goryaev’s
chamber, and a cover glass was applied so that
excess liquid was removed into the grooves. At
least 200 pollen grains were counted under a
microscope at high magnification (X900) and
their species composition was determined. The
number of pollen grains of each species was
calculated by the formula:

X=100x a/b,
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where X is the number of pollen grains of each
species, %; a — the calculated number of pollen
grains of each species, pcs; b — total number of
counted pollen grains, pcs.

5 prototypes of sunflower and rapeseed
honey were selected from each experimental
group. During microscopy, the size of the pol-
len grain, surface features, shape, colouration,
and the presence of apertures were determined.
These apertures are the sites through which the
pollen grains, from which the microsporangia
later emerge, are released. They are charac-
terised by the thinning of the enzyme and the
formation of an intine composed of pectin cork.
The latter were not clearly visualised during
light microscopy. During the examination of the
pollen surface, attention was paid to the pres-
ence of spikes, wrinkles, grooves, hooks, humps,
etc. For better visualisation of pollen grains, the
depth of field of the microscope was periodical-
ly changed. The shape of pollen grains depends
on the ratio of the length of the polar axis to
the equatorial diameter. Spherical, elliptical,
oval, oval-oblong, triangular, hexagonal shapes
of pollen grains are distinguished. During the
research, pollen was distinguished by its col-
our as golden, yellow, dark yellow, brown, light
yellow, yellow-green, grey-green. Using the
gradation specified in the order on approval of
requirements for honey, the botanical origin of
honey was established, namely, for monofloral
sunflower and rapeseed honey, the content of
pollen grains of one plant species must be at
least 30% (Order of the Ministry..., 2019).

An important indicator for determining the
maturity and ability to store honey for a long
time is the mass fraction of water. All samples
with signs of crystallisation were heated in a
water bath until the crystals were complete-
ly dissolved, after which a drop of honey was
applied to the prism of the RL 2 refractometer
(Poland). The mass fraction of the water con-
tent was found by the refractive index.

Examination of honey to establish the di-
astase number, hydroxymethylfurfural content,
mass fraction of reducible sugars and sucrose,
acidity was conducted in the Ukrainian Labora-
tory of Quality and Safety of Agricultural Prod-
ucts, Chabany, Kyiv region The sucrose content
characterises the maturity of honey and is an
indicator of botanical origin. An increased con-
tent may indicate fraud or insufficient maturity
of honey. Determination of enzymatic activity
servesasareliable method for assessing the qual-
ity and naturalness of honey. In the countries of
the European Union and according to national
requirements, it is customary to characterise the
enzymatic activity of honey by determining the
diastase number in Goethe units. The acidity of
honey was determined by the titrimetric meth-
od, and milliequivalents of sodium hydroxide
solution with a concentration of 0.1 mol/dm3
per 1 kg of honey were calculated. The con-
tent of hydroxymethylfurfural, expressed in mg
per 1 kg of honey, is an indicator of the qual-
ity and safety of the product during heating.

Considering the content of pollen grains in
natural honey, research was conducted on the
range of genetically modified organisms in ex-
perimental samples of rapeseed honey by the
polymerase chain reaction method in real-time
(PRC Real-Time) on the ICycler IQ5 “Bio-Rad”
amplifier (France). The research was conducted
in the laboratory of molecular genetic research
of the research centre for product testing of the
state enterprise “Ukrmetrteststandart”, which is
accredited by the National Accreditation Agency
of Ukraine in accordance with the requirements
DSTU ISO/IEC 17025 (DSTU EN ISO..., 2019).

The grade of honey was determined in ac-
cordance with the requirements of the current
national standard DSTU 4497:2005 (2005).
“Natural honey. Technical specifications”, the
Council Directive on Honey (Council Directive
2001/110/EC..., 2001), the criteria of the Euro-
pean Union (Codex Alimentarius..., 2019).
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The research results were processed sta-
tistically using Microsoft Excel. Tukey test was
used, which is a modified student criterion. In-
dices a, b indicate values that significantly dif-
fered in the same row of the table (P<0.05),P -
critical significance level, which is 0.05 (or 5%)
and is acceptable for most biological studies.

Results and Discussion

It was established that the colour of all experi-
mental samples of sunflower honey was amber.
Bee honey shows a significant variety of aro-
matic shades, depending on the type of honey
plants from which the nectar was collected, the
conditions and shelf life, the degree of subse-
quent temperature treatment, and so on. The
aroma of honey was pleasant and pronounced.
The taste of sunflower honey is characteristic,
pleasant, and has a somewhat irritating effect
on the oral mucosa, there are no foreign tastes.
The sweet-tart taste of honey is due to the con-
centration and type of sugar. The consistency of
the samples in the first, second, and third groups
is dense, the crystallisation is fine-grained, and
the presence of crystallisation does not worsen
the nutritional qualities and medicinal proper-
ties of honey. Careful studies of honey samples
and their aqueous solutions did not reveal any
signs of fermentation or mechanical impurities.
Thus, according to organoleptic parameters, all
samples of sunflower honey meet the require-
ments of the national standard.

The colour of rapeseed honey in the exper-
imental samples of the first, second, and third
groups was milky with a yellowish tinge. The
aroma of experimental honey samples is pleas-
ant, weak, and without foreign odours, the taste
is characteristic, pleasant, somewhat irritates
the oral mucosa, and no foreign flavours were
detected. The consistency of samples of the first,
second, and third groups of honey is viscous,
crystallisation is fine-grained. During the exam-
ination of samples of rapeseed honey and their
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aqueous solutions, no signs of fermentation and
mechanical impurities were found. Thus, accord-
ing to organoleptic parameters, all prototypes of
rapeseed honey meet the current requirements.

It should be noted that laboratory studies
are characterised by greater objectivity in de-
termining the honey variety compared to or-
ganoleptic parameters. The method of assess-
ing the botanical origin of honey based on the
analysis of pollen grains is essential and helps
to increase the economic efficiency of the pro-
duction of this product (Muhati & Warui, 2022)
since monofloral honey is more valued in the
world market due to its good quality and orig-
inal sensory characteristics (Manolova et al. ,
2021). In addition, the content of pollen grains
serves as one of the additional methods for es-
tablishing food fraud (Pospiech et al., 2021).

Natural honey must contain flower pollen,
the species and quantitative composition of
which depends on the species ratio of honey
plants. Bee pollen contains more than 250 bio-
logically active substances, such as amino acids,
carbohydrates, lipids, enzymes and coenzymes,
vitamins, and also has antioxidant activity,
which is explained by the presence of phenol-
ic acids and flavonoids (Tutun et al., 2021). The
largest proportion of pollen found in honey
comes from the main nectar sources. Among
agricultural crops, sunflower, rapeseed, buck-
wheat, melons, etc. are distinguished. Honey
is considered monofloral in terms of a certain
pollen content from one plant species, but up
to 10-20 types of pollen from other plants are
found in natural honey during research. The ab-
sence of pollen clearly indicates the presence of
fraud. The presence of characteristic structural
elements of the aperture — furrows, pores, vari-
ous shapes, colour, and size, allow determining
the botanical affiliation of pollen grains (Pos-
piech et al., 2021).

According to the appearance of pollen
grains contained in experimental samples of
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honey, its botanical origin was established.
Specially developed bases of pollen grains of
plants are used to identify bee products in in-
ternational practice. The territory of Ukraine
is characterized by the presence of a variety
of vegetation of the Carpathians, steppes, for-
est-steppe and Polissia, which complicates the
evaluation of honey, especially in the absence
of a Ukrainian pollen grain base. Moreover,

1 2
4 5
7 8

products obtained from different natural and
climatic zones are unique in terms of the con-
tent of minerals, vitamins, amino acids, and
other useful components. The examination of
these properties of honey, bee bread, and bee
pollen, including their botanical origin, will
create a domestic informative base.
Amicroscopic view of the pollen grains con-
tained in the honey samples is shown in Fig. 1.

Figure 1. Morphology of pollen grains of various plant species in honey samples

Note: 1 — Common sunflower (Helianthu sannuus); 2 — Rapeseed (Brassica napus); 3 — Buckwheat (Fagopyrum
esculentum); 4 — Black locust (Robinia pseudoacacia); 5 — Little-leaf linden (Tilia cordata); 6 — Red clover (Trifolium
pretense); 7 — Sour cherry (Cerasus vulgaris); 8 — Apple (Malus domestica); 9 — Field sow thistle (Sonchus arvensis)

Sunflower pollen was found in common
sunflower honey (Fig. 1.1). The pollen grain is
medium-sized, spherical in shape, has a golden
colourandaspikysurface.The percentage of sun-
flower pollen grains in it averaged 52% (Table 1).

Rapeseed honey was found to contain mainly
rapeseed pollen (Fig. 1.2) — pollen grain of medi-
um size, yellow colour, rounded shape, with a re-
ticulated surface. The percentage of rapeseed pol-
len grains in the product averaged 68% (Table 2).

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1




Kolacz et al.

Table 1. Pollen grain content in sunflower honey (%), x*SD, n=5

Experimental group 1,

Plant type Kyiv region, Ukraine
Common sunflower 51.6+4.9
Buckwheat 17.0£3.0
Field sow thistle 11.0+4.1
Red clover 11.2+3.1
Cornflower 3.6+1.8
Little-leaf linden 2.4+1.5
Other types of plants 3.2+1.8

Experimental group 2,
Vinnytsya region

Experimental group 3,
Odesa region

49.2%6.5 55.6+42
19.4+2.3 17.6+26
9.4%5.5 10.4%4.0
9.2%£3.9 8.8£4.3
4.6%2.1 3.4+1.5
4.8+1.6 24+1.7
3.4%1.7 1.8+0.9

Table 2. Pollen grain content in rapeseed honey (%), x*SD, n=5

Experimental group 1,

Plant type Kyiv region, Ukraine
Rapeseed 66.4+4.8
Black locust 12.4%3.7
Sour cherry 7.6+3.8
Apple 10.8+4.3
Other types of plants 2.8+1.5

During microscopy of experimental sam-
ples of honey, pollen grains of other plant spe-
cies were found that differed in morphologi-
cal characteristics, namely: buckwheat, black
locust (Robinia vulgaris), field sow thistle, red
clover, sour cherry, apple, blue cornflower, lin-
den, etc. Pollen grains of buckwheat were found
(Fig. 1.3), which are characterised by an average
size, rounded shape, dark yellow colour, and
a reticulated surface. Black locust (Fig. 1.4) is
characterised by a triangular pollen grain shape,
yellow colour, medium size, and fine-spotted
surface. Little-leaf linden pollen (Fig. 1.5) was
identified by the triangular-flattened shape of
the pollen grain, which has a yellow-green col-
our, medium size, and fine-speckled surface.
The pollen grain of red clover (Fig. 1.6) is el-
lipsoid, brown in colour, medium-sized, with a
fine-speckled surface. In sour cherries (Fig. 1.7),
the pollen grain is triangular in shape, me-
dium in size, light yellow in colour, and has a
wavy ornament on the surface. For the apple
(Fig. 1.8), the triangular shape of a pollen grain,
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Experimental group 3,
Odesa region

Experimental group 2,
Vinnytsya region

68.2%3.6 68.8+5.4
11.2+2.5 11.8+3.4
9.8+2.8 74%4.1
8.2%3.0 9.8+£3.8
2.6+1.8 2.2%1.3

yellow colour, small-speckled surface, and me-
dium size are characteristic. The pollen grain of
field sow thistle (Fig. 1.9) is characterised by a
porous surface with long spikes, rounded shape,
dark yellow colour, and medium size. Pollen
analysis of honey gave a positive result: pollen
grains were found in all experimental samples,
which is a sign of its naturalness.

An important indicator of the quality of
natural honey is its water content. According
to the Council Directive on honey (Council Di-
rective 2001/110/EC..., 2001), the water content
of honey should be no more than 20% (the ex-
ception is heather honey). This is an important
physical and chemical parameter for the shelf
life of honey. Usually, the water content in hon-
ey ranges from 13 to 25%, while the average
value is about 17%. According to scientific data,
the water content in mature honey ranges from
14 to 21% and is one of the essential quality in-
dicators that affects not only product storage,
but also changes in its constituent components
(Almeida-Muradian et al., 2020). An increase
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in humidity can be observed in unripe honey,
when adulterated with water or when liquid
sugar syrup is added. In addition, such honey
has a higher probability of fermentation dur-
ing storage (Almeida-Muradian et al, 2020).
It should be noted that the water content may

change during long-term storage, which is as-
sociated with chemical and enzymatic process-
es that occur immediately after pumping honey
from the honeycomb. The results of studies of
the physical and chemical parameters of sun-
flower honey are presented in Table 3.

Table 3. Physical and chemical parameters of sunflower honey, x+SD, n=10

Experimental group 1,

Plant type Kyiv region, Ukraine
Mass fraction of water, % 18.08+0.49
Mass fraction oi reducing 86.95+1.89
sugars, %
Mass fraction ofsucrose, % 1.55+0.82
Diastase number, Goethe 18.90+3.03
units
Content of
hydroxymethylfurfural 6.29+1.72
(HMF), mg per 1 kg
Acidity, milliequivalents of 15.40£2.29

sodium hydroxide per 1 kg

The composition of the dry residue of hon-
ey includes about 300 substances and ash ele-
ments. The main ones are carbohydrates, which
make up 95-99% of dry matter, among which
monosaccharides — glucose and fructose-pre-
dominate. Honey also contains 11 disaccharides
and 12 polysaccharides. The content of carbo-
hydrates varies widely, depending on the bo-
tanical origin of honey, the conditions of stor-
age and processing of nectar by bees. Despite
the variety of carbohydrates contained in hon-
ey, the content of glucose, fructose, and sucrose
in the product is now used for its examination.
A mixture of grape and fruit sugars, namely glu-
cose and fructose, is commonly called inverted
sugar since it is obtained from nectar as a result
of the breakdown of sucrose in the bee’s honey
chamber and in the honeycombs under the ac-
tion of the invertase enzyme. Accordingly, the
higher the content of inverted sugars in honey,
the better its quality.

Experimental group 2,
Vinnytsya region

Experimental group 3,
Odesa region

18.32+0.46 17.91+0.38
85.92+2.03 84.19+2.48
1.32+0.64 1.86+0.95
21.54+3.80 20.10+3.65
7.04%1.00 5.59+1.09
14.41+2.54 13.59+1.77

The results of the research show that the
average mass fraction of water in honey collect-
ed in the Kyiv, Vinnytsia, and Odesa regions was
less than 18.5%, which meets the requirements
for top-grade honey.

The percentage content of reducing sug-
ars in the honey of all experimental groups
was more than 80%, which also meets the re-
quirements for a higher grade. Honey adulter-
ated with saccharin, glycerin, starch, gelatin or
sucrose, just like a product obtained from bees
that were fed sugar syrup, contains less invert-
ed sugars. According to the national standard,
the mass fraction of sucrose in flower honey
normally ranges from 1-6%. The specified value
is obtained during the ripening of honey, due to
the work of the enzyme invertase, which breaks
down sucrose to simple sugars. After pumping
honey for several months at room temperature,
this process continues. According to Codex Al-
imentarius and the Council of the European
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Union, sucrose concentrations should not ex-
ceed 5 g per 100 g of honey. If the sucrose con-
tent in honey is more than 5%, this indicates its
immaturity or fraud (Aykas, 2023). According to
the laboratory analysis of sunflower honey sam-
ples, the mass fraction of sucrose was not more
than 3.5%, which meets the requirements of
the national standard for a top-grade product.

It should be noted that enzymes are bio-
logical catalysts that accelerate decomposi-
tion and synthesis reactions. Natural honey
includes the following active enzymes: alpha-
and beta-amylase, glucose oxidase, diastase,
catalase, invertase, phosphatase, peroxidase,
etc. (Puscion-Jakubik et al., 2020). The amount
and composition of honey enzymes depend on
its botanical and regional origin, the period of
nectar collection, natural and climatic condi-
tions, primary processing, and so on. One of
the most valuable and studied is the enzyme
diastase, which breaks down starch into amy-
lodextrins (glucose and maltose). The activity
of this enzyme is expressed in Goethe units. It
was found that heating honey to a temperature
above 40°C causes partial or complete inacti-
vation of enzymes and heating to 60°C causes
their destruction (Adamchuk et al., 2019). Di-
astase activity is also an indicator of the natu-
ralness of honey and, according to the require-
ments of the national standard, should be at
least 10 Goethe units for first-grade honey and
15 units for premium honey.

According to the results of studies of the
enzymatic activity of diastase, presented in Ta-
ble 3, prototypes of sunflower honey meet the re-
quirements of the top grade, which indicates the
proper quality and naturalness of the product.

Current DSTU 4497: 2005 “Natural honey.
Technical specifications” regulates the max-
imum hydroxymethylfurfural content for the
top-grade honey - 10 mg/kg, and for the honey
of the first grade — 25 mg/kg. Notably, hydrox-
ymethylfurfural can be formed in honey in case
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of violation of storage conditions, when exposed
to external high temperatures, during heating.
The level of toxicity of hydroxymethylfurfural
for humans has not been precisely determined,
as it depends on the state of health. According
to scientific data, an adult can take from 30 to
150 mg of hydroxymethylfurfural daily from
various food sources and it is reported that
the concentration of hydroxymethylfurfural in
the human body decreases to zero within 24-
48 hours. Even if one consumes up to 240 mg
of hydroxymethylfurfural per day (Alaerjani et
al., 2022). Based on the results of the conducted
studies, it was established that all samples of
sunflower honey had a low content of hydrox-
ymethylfurfural, which meets the requirements
of the national standard, confirms the quality
of this product, the absence of exposure to high
temperatures on honey, and indicates the safe-
ty for human use.

The acidity of honey depends on the type
of raw material, the season of its production,
and the degree of its maturity. Honey contains
organic (malic, lactic, citric, formic, tartaric,
acetic, oxalic, etc.) acids that have an acidic
reaction which prevents the development of
microorganisms and extends the shelf life of
the product (Dobrinas et al.,, 2022). According
to the current requirements for the physical
and chemical parameters of natural honey,
the acidity of top-grade honey should not ex-
ceed 40 meg/kg, and for the honey of the first
grade — no more than 50 meg/kg. It was es-
tablished that all samples of sunflower honey
selected from the Kyiv, Vinnytsia, and Odesa
regions met the requirements of the current
DSTU for a top-grade product. In addition, an
assessment of the product’s compliance with
the criteria of the European Union (Codex Al-
imentarius..., 2019) was performed according
to the main physico-chemical indicators, and
it is necessary to note that all experimental
samples of honey meet the requirements of
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European food legislation, which indicates the
competitiveness of Ukrainian sunflower honey.

The main physical and chemical indica-
tors were determined when studying samples
of rapeseed honey collected in the Kyiv, Vin-
nytsia, and Odesa regions. It was established
that the average value of the mass fraction of
water in honey collected in the Odesa region
was 17.73%. This corresponds to the indicators
of top-grade honey. The mass fraction of water
in the experimental samples of rapeseed honey

of the Odesa region substantially differed from
the indicators of honey obtained from the Kyiv
and Vinnytsia regions, which is probably due to
the natural and climatic conditions of storage
at a higher average daily temperature. Rape-
seed honey collected in the Kyiv and Vinnytsia
regions showed an average mass fraction of
water of more than 19.0%, which meets the re-
quirements for a first-grade product and is 1.3%
higher compared to honey obtained from the
Odesa region (Table 4).

Table 4. Physical and chemical parameters of rapeseed honey, x+SD, n=10

Experimental group 1,

Plant type Kyiv region, Ukraine

Mass fraction of water, % 19.50+1.222
Mass fraction 0£reducmg 89.20+1.31
sugars, %
Mass fraction of sucrose, % 3.21+0.19?
Diastase nun}ber, Goethe 11.65+1.18
units
Content of
hydroxymethylfurfural 1.74+1.26
(HMF), mg per 1 kg
Acidity, milliequivalents of 13.641.14

sodium hydroxide per 1 kg

Experimental group 2,
Vinnytsya region

Experimental group 3,
Odesa region

19.00£0.41° 17.73+0.21°
89.18+0.84 91.07+2.57
1.50+ 0.24° 1.66+0.90°
12.12+1.57 11.10+1.42
2.61%1.53 1.59+0.67
12.69+0.32 13.5+0.41

Note: different superscript letters %" 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

Honey with a high mass fraction of water
can quickly deteriorate, so it is not subject to
long-term storage.

The percentage of reducing sugars in all
honey samples was at a high level, which con-
firms the quality of the product and meets the
requirements of the top grade. According to
laboratory analysis, the mass fraction of su-
crose in experimental samples of rapeseed
honey was below 3.5%, which indicates the
maturity of honey. In the first experimental
group, rapeseed honey from the Kyiv region
contained 3.21% sucrose, which is on average
2 times higher than its content in the product
from the Vinnytsia and Odesa regions. The

result obtained may be due to the fact that hon-
ey has not fully passed the fermentation pro-
cess provided by invertase. However, this type
of honey meets the requirements: the maxi-
mum permissible sucrose content, according to
the national standard, is 3.5% — for top-grade
honey, 6% — for honey of the first grade.

The enzymatic activity of honey, which
was determined by diastase activity, ranged
from 10 to 14 Goethe units. The amount of hy-
droxymethylfurfural per 1 kg of honey was less
than 10 mg, which indicates compliance with
the storage conditions of the product and the
absence of exposure to external high tempera-
tures or heating.
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It was found that the acidity of all sam-
ples of natural rapeseed honey selected from
the Vinnytsia, Odesa, and Kyiv regions met
the requirements for top-grade honey ac-
cording to the current national standard. Ac-
cording to other physical and chemical indi-
cators, namely, the mass fraction of water in
the product samples of the Kyiv and Vinnytsia
regions, rapeseed honey met the requirements
of the national standard for first-grade honey.
Honey collected in the Odesa region met the
requirements for a top-grade product. The
mass fraction of water, respectively, was below
18.5%, which is probably due to the weather
conditions of the area and the storage of the
product. Considerable differences in physical
and chemical indicators of honey quality in na-
tional and international requirements include
the following values: the content of reducing
sugars according to the national standard is
10-20% higher than required by international
legislation; the content of sucrose according to
the requirements of DSTU 4497:2005 is 1.5%
lower compared to Codex Alimentarius and
Honey Directive 2001/110/EC (Council Direc-
tive..., 2001). The permissible content of hy-
droxymethylfurfural according to the national
standard is up to 25 mg/kg, and in the EU and
WTO countries (World Trade Organisation) —
should not exceed 15 mg/kg. The content of the
mass fraction of water must not exceed 20%
according to the Honey Directive 2001/110/EC.
Thus, rapeseed honey meets the requirements
of Ukrainian and European food legislation.

In accordance with the standards of the
European Union, quality and safety control of
honey includes the establishment of organo-
leptic and basic physical and chemical param-
eters. In addition, the maximum permissible
levels of residues of antibiotics, sulfonamide
drugs, pesticides, heavy metals, radionuclides,
and the content of pollen of genetically modi-
fied organisms are set.
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Many countries have introduced state reg-
ulations on the use of genetically modified or-
ganisms and appropriate labelling of products
made from raw materials of biotechnological
origin. The following countries have partially
or completely abandoned the use of genetically
modified products: Austria, Germany, France,
Great Britain, Spain, and others (Seifert, 2021).
Rapeseed is one of the most common biotech-
nological crops. Therefore, it is important to
conduct research on the presence of genetically
modified rapeseed DNA in honey. It should be
noted that seeds of both domestic varieties and
hybrid seeds of this crop imported from abroad
are used for sowing in the fields of Ukraine.
The state register of plant varieties suitable for
distribution in Ukraine contains 466 registered
rapeseed hybrids and parental forms. Regarding
the use of genetically modified rapeseed, the
information is not officially confirmed (Sheba-
nin et al., 2021).

After testing prototypes of rapeseed honey
from the Vinnytsia, Odesa, and Kyiv regions, it
was found that there were no target sequences
of the 35s promoter of the cauliflower mosa-
ic virus (CaMV) and NOS (nopaline synthase)
from Agrobacterium tumefacient. Thus, no ge-
netically modified organisms were found in the
experimental samples of rapeseed honey.

During organoleptic and physico-chemical
examinations of sunflower and rapeseed hon-
ey, their compliance with the current national
regulations was established, and the data ob-
tained were compared with the criteria of the
European Union and the requirements of Codex
Alimentarius. In particular, discrepancies were
found regarding the content of reducing sugars
and sucrose, the permissible level of hydroxym-
ethylfurfural, water content and, considering
the regulations in different countries regarding
the use of raw materials of biotechnological or-
igin, rapeseed honey was examined for the con-
tent of genetically modified pollen.
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Conclusions
The organoleptic studies and the results of pol-
len analysis confirmed the botanical origin of
natural sunflower and rapeseed honey obtained
from different regions of Ukraine: Kyiv, Vin-
nytsia, and Odesa. According to pollen analysis,
prototypes of the product belong to monofloral
honey - the content of dominant pollen was
52% in sunflower honey, 68% - in rapeseed.
Sunflower honey meets the main physical and
chemical national requirements for top-grade
honey. The water content of sunflower honey
averaged 18.1%, which meets the requirements
of both the national standard and the require-
ments of the EU Council Directive relating to
honey and Codex Alimentarius. The mass frac-
tion of sucrose was not more than 3.5%, which
corresponds to the top grade and meets the
requirements of the national standard, Codex
Alimentarius, and EU Council Directives (no
higher than 5%). The average diastase number
was 20.2 Goethe units, which considerably ex-
ceeds the requirements of Codex Alimentarius
and the EU Council Directive (no higher than
8 Goethe units). Regarding the content of hy-
droxymethylfurfural, Codex Alimentarius and
the EU Council Directive regulate no more
than 40 mg/kg, which is notably higher than
the obtained indicators, averaging 6.3 mg/kg.
Therefore, according to the main indicators,
sunflower honey meets not only national, but

regions, according to the requirements of the
national standard and considering the water
content in it, meets the requirements for a first-
grade product, and honey from the Odesa re-
gion — top grade. Rapeseed honey produced in
Ukraine also meets the main European and Co-
dex Alimentarius requirements both in terms
of organoleptic parameters and basic physical
and chemical characteristics. Considering some
differences in the regulations of the European
Union and Codex Alimentarius on the quality
and safety of natural honey, in particular, the
moisture content and free acidity, and in the
national standard - the water content and ac-
tive acidity, it is necessary to harmonise meth-
ods for these indicators. Additionally, an exam-
ination of rapeseed honey for the presence of
biotechnological pollen was conducted and the
following conclusion was obtained: experimen-
tal samples of rapeseed honey do not contain
genetically modified DNA. Rapeseed honey col-
lected in the Kyiv, Vinnytsia, and Odesa regions
has sufficient export potential. Comprehensive
studies of sunflower and rapeseed honey have
confirmed its naturalness and the absence of
fraud in the product. Further studies should
focus on pollen analysis and physico-chemical
examination of flower and linden honey.
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AHoTanist. AKTyaJbHICTh HOCTIIKEHHS 3yMOBJIEHA 3POCTaHHSIM IIONMUTYy Ha Oe3meuyHi Ta
SIKiCHI TIPOAYKTM OIKiTbHUIITBA, HAcaMIlepen MeAy, Ta HeOOMYIIeHHSIM Ha BiTUYM3HSHUI Ta
puHKM EBporieiicbkoro Corwo3y HesSKiCHUX MPOAYKTiB, sIKi MOXYTb 3aBHATM LIKOOM 300POB’I0
crioskuBaviB. B Vkpaini Hai6GinbIMM IMOMUTOM B €KCIIOPTHOMY IOTEHIIiali KOPUCTYETHCS
COHSIIIHUKOBMIA Ta pimakoBuit Men. MeToio MOCTiIKeHb Oy/l0 BU3HAUEHHS BigMOBiMHOCTI
pilTakoBOro Ta COHSAIIHMKOBOTO MeZdy, OTpMMaHOro B YKpaiHi, BMMOram HalliOHaJIbHOTO Ta
€BPOTENCbKOr0 XapuoBOro 3aKOHOAABCTBA. [l BUPillIeHHSI TIOCTaBIeHOI MeTy 6Y/Ix BUKOPUCTaHI
OpraHOJeNTUYHI MeToOM IOCTiIKeHHS Meoy HaTypaJbHOrO Ta IPOBeIEHO BU3HAUEHHS
JiacTa3HOro YmMcia, KUCJIOTHOCTI, BMiCTY IMMIKOBMX 3€pPeH, MacOBOi YaCTKY BOJIY, MAaCOBOi YaCTKMU
BiIHOBJIIOBAJILHUX IYKPiB i caxapo3u Ta Tigpokcumetwidypdypory. Metomom moniMepasHoi
JIAHIIOTOBOI peakiiii B peaJpHOMY uYaci 3[ilfiCHEHO aHaji3 pimakoBOro meny Ha HaSBHICThb
reHeTMYHO MOAMGDIKOBAHOTO NMJKY. BCTaHOB/NEHO, IO OOCTIAHI 3pa3Ku COHSIIHMKOBOTO
meny 3 BinHuipkoi, Omechkoi Ta KuiBcbkoi o6acteit BimmoBigaau BuMoraM HailiOHaJbHOTO
CTAHIApPTy Ta €BPOIECbKOTO XapuyoBOTO 3aKOHOMABCTBa, 0e3 o3HaK danbcudikanii. Huni
ITiIJiIrae peryaoBaHHI0 BUKOPUCTAHHS TeHETUUYHO MOAM(DiIKOBaHMX OpraHi3MiB. 3pasku Memy
pirmakoBoro, Bimi6paHi 3 Binuuibkoi, Omecbkoi Ta KuiBcbKoi o6acTeil, He MiCTWIN TeHETUYHO
MoanGbiKoBaHOI [e30KCMPUOOHYKIEIHOBOI KucaoTh. 3a (i3uKo-XiMiYHMMM TTOKa3HUKAMU
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pirmakoBuit Mep BiAMOBimaB BMMOraM HalliOHAJABHOTO CTAHJApPTy. BcTaHOBIEHO, IO Me[,
3i6panuit B KuiBchKiii Ta BiHHUIBKil 06/acTsIX MaB cepefHiii MOKa3HMUK BMIiCTy BOIM — BUIIIE
18,5%, 10 BiAmoBilae BMMOram 10 Me[y MepuIoro raTyHKy 3TiTHO 3 HAI[iOHAJIbHUM CTaHAAPTOM.
Meq, 3i6panuit B OmechbKiit 061acTi, BiAMoBigaB mokasHuKaM Meay BUIIOTO 'aTyHKY, BMiCT BOAU
B HbOMY B CepelHbOMY CTAHOBUB 17,7%. 3a OoCHOBHMMM (Gi3MKO-XIMiYHMMU TTOKA3HUKAMU
pirmakoBuit Men, 3i6paHuii B YKpaiHi, TaKOX BiJITOBiZae BMMOraM €BpOII€/iCbKOTO XapuOBOTO
3aKOHOJaBCTBA. TaKkoX pirmakoBuit i COHSIMTHMKOBMI Meq i3 BiHHuUIIbKOI, Omechkoi Ta KuiBchbKoi
obacTeil € HATYpPaJIbHUMM i MOXYTb peasi3oByBaTUCS He Jiuiie B YKpaiHi, a it Ha Teputopii
€sporneiicbkoro Cow3y ta CBiTooi Opranisanii Toprismi

KimiouoBi cnmoBa: KBITKOBUMiT NUIOK;, KOHTPOJb; HOPMATUBHO-NPaBOBi akTy; danbcudikallis;
reHeTMYHO MoaybiKOBaHi OpraHisMu
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Abstract. Mastocytoma is one of the most common skin tumours in dogs. It is characterised by
a specific course, unpredictable behaviour, and prognosis. This tumour is dangerous because it
mimics the external signs of other neoplasms, from less-threatening lipoma to skin cancer. The
purpose of the study is to conduct pathomorphological verification and classification of neoplasia
in dogs diagnosed during a clinical examination and to establish the features of the morphological
manifestation of the skin form of mastocytoma in them. The material for the studies was obtained by
excisional biopsy during surgical interventions for skin neoplasms. The diagnosis of mastocytoma
was established based on the results of a clinical examination of animals and the examination of
biopsy material of neoplasms using cytological and histological research methods. It was established
that the share of skin neoplasia in the structure of oncological diseases of dogs was 30.12%. Among
the animals with skin neoplasia that were examined, mastocytoma was diagnosed in 17.55% of
dogs aged 3 to 14 years. The highest incidence rates were established in dogs aged 7 to 12 years.
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Clinical and morphological features of mastocyte diagnosis in dogs

Most often, skin mastocytoma was diagnosed in dogs of the following breeds: Shar Pei - 13.5%;
Labrador — 9.5%; Boxer — 8.2%. Isolated cases of tumour formations were observed in animals of
such breeds as: German shepherd, Spaniel, Central Asian Shepherd, and Pug. Depending on gender:
males accounted for 52.2%, females — 47.8%. In 50% of the examined animals, mastocytomas
developed with rapid dynamics, which indicates a substantial aggressiveness of tumour growth.
Clinically, signs of dehydration and gastrointestinal disorders were detected in dogs, which
indicates the development of paraneoplastic syndrome. According to the results of sonography,
it was established that skin mastocytomas are visualised as heterogeneous hypoechoic structures
with indistinct contours and uneven edges. Based on the results of the study, new information was
obtained regarding the morphological features of the manifestation and development of mastocytes
in dogs. Thus, the obtained results complement and expand knowledge about the pathogenesis
of mastocytoma in dogs, the frequency of spread and features of the course of this oncological

pathology in a separate geographical population of Ukraine

Keywords: cytological examination; histological examination; tumour; skin; metastasis

Introduction

In recent years, animal tumours have been used
to test genetic engineering technologies as
generally accepted models, which is important
in the treatment of people with cancer (Akin,
2020). Over the past decade, there has been a
growing interest in investigating neoplasia
in dogs. This is due to large economic losses,
which are caused by the need for examinations,
diagnostics, and treatment of animals with ne-
oplasms. Measures to prevent tumour growth
also require scientific justification. The inves-
tigation of “natural models” of neoplasia in
animals plays a leading role in expanding the
understanding of the essence of tumour growth
(Leguit et al., 2020).

In animals, over the past 30 years, the rate
of growth of diseases for malignant tumours
and mortality from them has increased (Leguit
et al., 2020; Tamlin et al., 2020).

Dogs are located in the closest climatic
and living conditions to humans and are also
exposed to the same negative environmental
factors in large and technogenically saturated
cities. According to the World Health Organ-
isation, animal tumours meet many criteria

for “natural model candidates” for human tu-
mours (Tamlin et al., 2020). Animal tumours
have many features of the clinical course,
risk factors, biochemical characteristics, and
some pathogenetic and prognostic factors in
common with human tumours (Willmann et
al., 2019). Indications on the frequency of oc-
currence, morphology, pathogenesis, clinical
course, diagnosis, and treatment of tumours in
dogs are insufficient and sometimes scattered,
which makes it difficult to solve a number of is-
sues of comparative oncology (Akin, 2020; Bal-
ima & Vairamuthu, 2020).

Problems in solving most oncology issues
are associated with a large histogenetic and
histological specificity of malignant and benign
neoplasms and are the result of versatile ap-
proaches to grouping tumours according to dif-
ferent classifications based on different evalua-
tion criteria (Smiech et al., 2018). There are only
a few banks in the world that store a substantial
number of tumour samples from various tissues
obtained from dogs that differed in breed, age,
region, and habitat conditions. In Ukraine, al-
most no studies have been conducted on various
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aspects of neoplasms in dogs. Therefore, there
is a need to identify the regional features of the
manifestation of neoplasia in dogs, their spread,
and features of behaviour in the body, which
is quite valuable clinical material. Conducting
these studies will help to clarify some issues of
carcinogenesis and contribute to obtaining new
data on the role of individual environmental
factors in these processes due to technogen-
ic human activities. These data will also be of
biological interest since the processes that de-
termine the geographical accumulation of cases
of neoplasms in humans and dogs are to some
extent completely different and not always in-
terdependent (Garden et al., 2018).

Ambiguous assessments and certain dis-
crepancies in the diagnosis and prognosis of
the biological behaviour of mastocytes indicate
the relevance of conducting more in-depth and
diverse studies of this neoplasia. Notably, this
issue is quite important for veterinary science
and practice. The study of pathomorphological
and clinical-biological features of mastocytoma
in different geographical populations of Ukraine
is not only of scientific interest but also of great
practical importance for veterinary medicine.

Considering the above, the purpose of the
study was to examine the features of the clin-
ical and morphological manifestation of the
cutaneous form of mastocytoma, the frequen-
cy of spread, breed, and gender predisposition
of dogs to the cutaneous form of mastocytoma
in dogs under conditions of the city of Kyiv and
the suburban area.

Literature review
Mastocytoma (mast cell tumour, histiocytic
mastocytoma, mast cell sarcoma, mast cell tu-
mour, MST, Mastocytoma) got its name from the
type of cells from which it is formed - masto-
cytes (Macewen & Withrow, 2013). Mast cells
are oval or round cells of mesenchymal nature,
their diameter is 10-13 microns, with secretory
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granules that are located in the cytoplasm
(Sledge et al., 2016; Balima & Vairamuthu,
2020). Mast cell precursors are formed in the
bone marrow, then they migrate through the
walls of blood vessels to the tissues, where they
differentiate. Their final maturation occurs in
the connective tissue. Mast cells are found in
almost all body tissues, but their greatest con-
centration is around blood and lymphatic ves-
sels in places of contact with the external en-
vironment (skin, respiratory tract, intestines).
Mast cells are one of the main cells that per-
form a protective function in the animal body,
and they also regulate the homeostasis of con-
nective tissue. These cells produce biological-
ly active substances and mediators: heparin,
histamine, serotonin, tumour necrosis factor-o
(TNF-a), proteases, interleukins, glycoproteins,
chemotactic migration factor of eosinophils,
etc. and are able to deposit and store them in
cytoplasmic granules. The release of biologi-
cally active substances from mast cells occurs
by exocytosis. Two types of mast cell degran-
ulation are described: partial, which lasts the
whole day, and rapid, which takes several min-
utes. During the activation and degranulation
of mastocytes, these biologically active sub-
stances are released, which play a leading role
in the course of physiological and pathological
processes (Garden et al., 2018).

Mast cell activation syndrome is a fairly
common disorder in the pathogenesis of both
rare and common diseases. Therewith, it is not-
ed in the literature that the number of mast
cells increases substantially with inflamma-
tion and immune responses (Valent et al., 2012;
Bautista-Quach et al., 2013; Akin, 2020).

An important function of these cells is
their involvement in the manifestation of adap-
tive immunity. On their surface, mast cells car-
ry antibodies (Class E immunoglobulins), which
are released by plasma cells under the action of
antigens, and in the process of cell life, they
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actively bind to the surface of mast cells. There
can be from 5,000 to 500,000 IgE molecules on the
surface of mast cells simultaneously, which are
directed against various antigens (Broudy, 1997).

The course of diseases involving activated
mastocytes in animals and humans has certain
differences (Willmann et al., 2018; Tamlin et
al., 2020).

Mastocytoma can also occur in other tis-
sues of the reticuloendothelial system: in the
bone marrow, kidneys, and liver, referred to by
the term “systemic mastocytosis”. The biologi-
cal behaviour of systemic mastocytosis is very
different from that of cutaneous mastocytes
(Lisickaja & Sedov, 2011).

According to the medical literature (Par-
danani, 2016; Frolova et al., 2018; Leguit et al.,
2020), mastocytosis affects both adults and
children. Adults experience systemic mastocy-
tosis, which affects not only the skin, but also
the spleen, liver, and bone marrow. A benign
period is rare. The disease has an unfavourable
prognosis and a very aggressive course. In chil-
dren, the prognosis is more favourable and the
disease occurs mainly in the skin form and in
the form of pigmented urticaria.

Skin neoplasms in dogs occupy one of the
first places in terms of frequency of occurrence
and spread and account for 1/3 of all cancer cases
(Sledge et al., 2016). Most often, dogs are diag-
nosed with mastocytoma of the skin. This type
of tumour is observed in 16-21% of cases of all
skin neoplasms (Balima & Vairamuthu, 2020).

Factors that lead to the risk of skin masto-
cytoma in dogs remain unclear. Therewith, ge-
netic factors play a substantial role, indicating
a different frequency of neoplasia in different
breeds of dogs. Another important endogenous
risk factor for tumours is the age of animals.
Tumours in dogs can be detected throughout
their lives, but the largest proportion of ani-
mals with mastocytoma is diagnosed at the age
of 7-12 years (Withrow & MacEwen’s, 2013).

Other factors that may be important in the
etiology of tumours in dogs are carcinogenic
environmental hazards, parasitic and viral in-
fection, and injuries (Leguit et al., 2020). There
is also an assumption about the viral aetiology
of mastocytes (Lisickaja & Sedov, 2011). How-
ever, to date, there are no studies that would
support this theory. Receptors for sex hor-
mones (testosterone and estrogens) have been
established in the cytoplasm of mast cells and,
together with data on a more favourable prog-
nosis of the disease in females, may indicate
the role of hormones in tumour development
(Balima & Vairamuthu, 2020).

Recently, considerable attention from re-
searchers has been focused on finding genes
that may be associated with the development
of mastocytoma (Mohammad & Joanne, 2016).
Mutations in the c-kit gene have recently been
identified in some dog, human, rat, and mouse
mastocytoma cell lines and tissue samples (Web-
ster et al., 2006). The gene encodes a receptor on
the mast cell progenitor membrane in the bone
marrow that binds the mast stem cell growth
factor (SCF). This factor stimulates the prolifer-
ation and differentiation of mast cell progenitor
cells into mature cells. Mutations in the gene
cause changes in the structure of the receptors,
which leads to the launch of a cascade of bio-
chemical reactions without binding SCF itself
(semke et al., 2001; Jones et al., 2004). Based on
the results of a study in the field of humane ge-
netics, it was established that point mutations
of the gene in children are often associated
with mastocytosis in adults (Jones et al., 2004).

Currently, there are several types of classi-
fication of skin tumours, including cutaneous
mastocytes. Classification by stages of the pro-
cess is conducted according to the international
clinical TNM classification (Owen, 1980), which
is used to describe the anatomical spread of the
tumour process and is based on three compo-
nents: T — the size and spread of the primary
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tumour; N — the absence or presence of metas-
tases in regional lymph nodes; M — the absence
or presence of metastases.

The figures added to these three main com-
ponents indicate the spread of the process: T,
(there is no tumour); T, (tumour up to 2 cm
in diameter); T, (tumour with a diameter of
2-5 cm); T, (the diameter of the tumour is from
5 cm, they note germination into the subcuta-
neous tissue, regardless of the size); T, (the tu-
mour spreads to muscles or other structures);
N, (there are no metastases in regional lymph

nodes); N, (there are small metastases in the
nearest regional lymph nodes, but their mo-
bility is preserved); N, (there are metastases
in several regional lymph nodes); N, (damage
to all regional lymph nodes, Immobile lymph
nodes); M, (there are no metastases in other or-
gans); M, (metastases were established in other
organs, including the bone marrow).

In addition to the TNM classification, the
WHO clinical classification is widely used,
which provides for mastocyte division accord-
ing to 5 stages (Table 1).

Table 1. WHO classification of skin mastocytes in dogs

0 The tumour is absent or completely removed, confirmed histologically
I Well-limited single node without lymph node metastases
I Well-limited single node, but with lymph node metastases
1 Single large node or multiple nodes with signs of infiltrative growth without / with lymph node
metastases
IVa A tumour with distant metastases, but no common clinical symptoms
IVb A tumour with distant metastases with common clinical symptoms present

Source: compiled by the author based on data from (Owen, 1980)

According to the WHO International his-
tological classification of canine skin tumours,
mastocytomas belong to cutaneous lymphop-
roliferative tumours and are divided according
to the degree of differentiation. According to
the degree of differentiation, there is no single
gradation of mastocytes. Today, three systems

are used simultaneously: according to Pat-
naik (1984), according to Bostock (1986), and a
more modern classification according to Kiupel
(2011). They are all based on tumour size, cell
morphology, and mitotic index, with the dif-
ference only in assigning a degree of gradation
from 1 to 3 (Table 2).

Table 2. Histological classification of mastocytes according to Patnaik and Bostock

Gradation according

Mastocytoma to
Patnaik Bostock
Anaplastic /
3 1
low-grade
Intermediate
/ medium- 2 2
differentiated
Highly differentiated 1 3

Cell morphology

A substantial number of mitotic figures; cytoplasm is poorly
restricted; asymmetrical nuclei, few secretory granules.

A small number of mitotic figures; the ratio of the nucleus to
the cytoplasm is less than the anaplastic type; the average
number of secretory granules is noted

A small number of mitotic figures; large secretory granules are
pronounced, the nuclei are rounded, the cytoplasm is limited

Source: compiled by the author based on the studies by Patnaik (1984), Bostock (1986)
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According to the classification of Kiupel et
al. (2011), mastocytomas are divided into two
groups: high or low degree of differentiation
and completely ignore moderately differentiat-
ed tumours. Notably, animal tumours meet sim-
ilar neoplasms in humans by many criteria. The
similarity in the aetiology, pathogenesis, symp-
toms, and morphology of tumours in dogs and
humans gives researchers the opportunity to
use animal models to examine the course of the
tumour process and develop modern diagnostic
and therapeutic measures for the treatment of
humans (Garden et al., 2018; Gargiulo, 2018).

Materials and Methods

The study was conducted based on a veterinary
clinic “Animal health” (Kyiv region, u.t.s. Hle-
vakha) and the laboratory of the Volodymyr Ka-
sianenko Department of Animal Anatomy,
Histology, and Pathomorphology throughout
2021-2022. During this study period, 1,205 dogs
with surgical pathology were registered.

The study material included 98 dogs with
skin tumours, including 9 animals with masto-
cytoma. The dogs were of different breeds and
genders, ranging in age from 3 to 14 years. Can-
cer-stricken animals were examined in accord-
ance with the criteria of clinical TNM classifi-
cation of tumours using clinical and laboratory
research methods (Owen, 1980).

Ultrasound examination was performed
using the ESAOTE MyLab 40 device (Italy).
Sonographic examination was performed on
the tumour itself, surrounding tissues, and
regional lymph nodes. The organs of the ab-
dominal and pelvic cavities were examined to
detect distant metastases. Sonographic imag-
es were used to analyse the echostructure of
the examined objects.

Radiography of the tumour site, abdominal
cavity, and chest was performed using a digital
X-ray machine “ZooMax LC” (Hungary) in two
standard (straight and lateral) perpendicular

projections. Material for cytological examination
was obtained by fine-needle puncture biopsy of
neoplasia. This method is based on taking a cy-
tological sample, by puncture, during which cells
are sucked in from the neoplasm. A 10 mL plastic
syringe and needle No. 22 were used to do this.
Before performing the puncture, the tumour
was palpated, its interaction with surrounding
tissues and blood vessels was determined, its
mobility and convenient position for performing
the puncture were examined. Next, the tumour
was fixed with the fingers of the left hand. A nee-
dle with or without a syringe (the plunger is low-
ered) was passed perpendicularly through the
skin directly into the tumour. Fingers checked
the correctness of the puncture. If the syringe
was not attached, it was attached with the
plunger lowered. 2-3 sudden suction movements
were performed, removing the syringe from
the needle each time after lifting the plunger.
The syringe was removed along with the
needle. Therewith, ensuring that the plunger
of the syringe occupies a lowered position be-
fore removing the needle. After removing the
needle, a syringe with a raised plunger was at-
tached to it. The contents of the syringe were
carefully squeezed out onto a slide. The distri-
bution of cellular material on the glass surface
was conducted in one direction using a needle.
The resulting smear should be oblong in
shape and of medium thickness so that the cells
areplacedinasinglelayerandcanbedifferentiat-
ed. The smear was air-dried and stained accord-
ing to Poppenheim. The main criterion for mas-
tocytoma verification is the detection of round
tumour cells in cytological preparations that
contain azurophilic granules in the cytoplasm.
Experiments using live animals were con-
ducted in accordance with the recommenda-
tions of Arrive. For digital processing of the
results, the statistical analysis method using
Microsoft Excel 2019 and Statistica 6.0 comput-
er programmes was used.
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Results and Discussion

Among the examined animals, the average can-
cer rate was 12.5%. From the total number of
sick animals with cancer problems (n = 295),
108 dogs were diagnosed with tumours and tu-
mour-like skin lesions. The results of the study
(Hosseini et al., 2014) confirm that among an-
imals with oncological pathologies, dogs are
at risk of developing cutaneous mastocytoma,
which accounts for up to 21% of all skin tu-
mours. The aetiology of mastocytes in dogs is
unknown, but assumably, is multifactorial.

According to the results of a clinical exami-
nation of animals, and based on cytological ex-
amination of biopsy punctates of neoplasia in
13 dogs, the diagnosis of mastocytoma of the
skin was confirmed. In dogs, most of these tu-
mours occur as primary skin tumours.

According to the registration data, the sick
animals were of different breeds and genders,
aged from 3 to 14 years. Most often, skin mas-
tocytoma was recorded in dogs of the following
breeds: Shar Pei — 3 cases, Staffordshire terri-
er — 2, Boxer - 2, Labrador - 3, Doberman - 1,
and Rottweiler — 2 cases. German shepherd,
Spaniel, Pug, Alabai, and French bulldog dogs
had isolated cases (3.9%). Among animals with
mastocytoma, males accounted for 52.2% and
females — for 47.8%. The vast majority of ani-
mals admitted to the clinic underwent a full
course of vaccinations, but the animals were
also vaccinated only once in their lifetime. Not
all animals were also regularly treated with an-
tiparasitic agents. The sample includes animals
of both residential and street maintenance,
mainly with a mixed type of feeding.

In the age aspect, the number of cases of the
disease was distributed as follows: animals aged
3years — 1 case; 5-6 years — 2; 7-8 years — 2; 9-10
years — 4; 11-12 years — 3; 13-14 years — 1 case.
The highest incidence rates were established
in animals aged 7 to 13 years. It can be noted
that the results of this study coincide with the
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data of foreign researchers (Sledge et al., 2016;
Smiech et al., 2018). According to the literature
data (Smiech et al., 2018), dogs of such breeds
as Boxer, American Staffordshire Terrier, Labra-
dor Retriever, Beagle, French and English Bull-
dogs, Pug, and Shar Pei are susceptible to the
development of the skin form of mastocytoma.
It is also known that along with the above-men-
tioned dog breeds, high morbidity rates are
noted among other breeds-these are Rottweil-
ers, Dobermans, German Shepherds, and Cock-
er Spaniels (Shoop-Worrall et al., 2015). Per-
haps such discrepancies in the literature data
can be explained by the distribution of certain
breeds in different geographical populations.

In clinical practice, mastocytoma is con-
sidered a skin neoplasia with a specific clinical
course, unpredictable biological behaviour and
prognosis. The priority area of research in this
study was to identify the prognostic factors of
this disease.

According to the results of clinical exami-
nations of dogs during the diagnostic and treat-
ment period, a substantial polymorphism in the
appearance and clinical manifestation of mas-
tocytes was established.

The examined dogs showed neoplasia,
which had the appearance of small dense nod-
ules (Fig. 1), and nodes of 3-5 cm in size, usu-
ally similar to lipomas and giant tumours of
9-10 cm or more in size.

Figure 1. Mastocytoma of the body area
in the form of a dense nodule
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In some animals, eczema-like skin lesions
were noted, which were very similar in appear-
ance to nodular panniculitis (Fig. 2).

Figure 2. Eczema-like skin lesions.
Boxer dog, age — 9 years

It was established that in 92.7% of dogs,
mastocytomas had the appearance of single
nodes and only in 7.3% — multiple (Fig. 3).

Figure 3. Mastocytoma on the pelvic limb.
Pug dog, age — 7 years

Most often, mastocytomas were localised
on the trunk — 44.7% and limbs — 38.5%, less
often in the head and neck (Fig. 4), and inguinal
and perineal-perianal areas (16.8%).

Figure 4. Mastocytoma of the neck area.
Russian spaniel dog, age —10 years

Mastocytomas are located in the groin ar-
eas, especially those involving the foreskin or
scrotum, and preputial mastocytomas can usu-
ally have more malignant biological behaviour.

During the studies, it was established that
small neoplasms (up to 2.5-3.0 cm) were main-
ly located in the thickness of the skin. These
neoplasms had the appearance of a node that
was mobile, well delimited from the surround-
ing tissues, and mostly rounded or ellipsoid in
shape. In some animals, at the initial stages of
mastocytoma development, it manifested itself
as a nodular seal in the thickness of the skin,
the contours of which were almost not palpated
and already based on this seal, the formation of
a tumour node took place.

Based on anamnestic data and the results
of the study;, it was established that in seven ex-
amined animals, the rate of mastocytoma devel-
opment was rapid — in two months, the tumours
doubled their size. Within 8-9 weeks, small seals
or nodules formed tumours with a diameter of
4-5 cm or more, indicating a substantial tumour
growth aggressiveness. The growth of neoplasia
was also rapid in four dogs. The time of dou-
bling the size of the primary tumour reached
an average of four months. Therewith, accord-
ing to the medical history, it was established
that in two dogs, the neoplasm development
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period lasted about a year and a half. It is be-
lieved that one of the clinical prognostic factors
in the assessment of mastocytoma is the rate
of doubling of the tumour mass of neoplasia.

During the study of the local process and
the results of monitoring the course of the dis-
ease, a variety in the clinical manifestation of
mastocytes was noted. On palpation at the ini-
tial stage of development, the consistency of the
tumours was soft, and over time they acquired
a dense elastic consistency. The surface of the
tumour went from smooth to bumpy. In 88% of
cases, the characteristic signs of mastocytoma
were swelling and inflammation. Inflammation
was observed both in the tumour itself and in
the surrounding tissues. Alopecia, erythema,
the presence of skin ulcers, and pain on palpa-
tion, were visualised on the tumour. Notably, in
addition to pain, mastocytes are characterised
by itching of the skin in the tumour area, which
is caused by the release of biologically active
substances, in particular, histamine. Therefore,
the animals constantly licked the tumour, tried
to scratch and even gnaw, thereby provoking its
growth. Constant irritation and trauma of the
neoplasia led to the periodic exacerbation of
the inflammatory process: increased oedema,
ulceration, and, as a result, accelerated growth
of tumours. It was established that the progres-
sive course of the disease occurred due to the
localisation of tumours in the groin, pelvic ex-
tremities, perineum, and neck.

The main indicators that indicate mas-
tocyte malignancy are the size of neoplasms,
their growth rate, the degree of germination in
surrounding tissues, damage to regional lymph
nodes and metastasis to internal organs (Beer
et al., 2018). During the clinical examination of
animals, the condition of the mandibular, axil-
lary, superficial inguinal, popliteal, and other
(regional) lymph nodes was considered.

According to the results of the initial ex-
amination of 13 dogs, six of them did not show
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any changes in the lymph nodes. They were al-
most not palpated, which indicates that there is
no reaction to the pathological process. In five
dogs, the regional lymph nodes were slightly
enlarged, but did not ache, were mobile and not
compacted. In two dogs with large tumours, the
lymph nodes were enlarged, sedentary, and had
dense consistency, which indicates the general-
isation of the pathological process.

In accordance with the international clini-
cal TNM classification of tumours, the scheme
of examination of animals for oncological dis-
eases provides for conducting a clinical study in
combination with radiation diagnostics. In the
available Ukrainian literature, it is not always
possible to find information on the use of X-ray
and ultrasonographic research methods, and
their effectiveness in differential diagnosis of
individual skin pathologies in dogs. Each test
animal was subjected to X-ray and ultrasound
examinations at the time of admission to the
veterinary clinic and at certain intervals. This
allowed tracing the dynamics of the patholog-
ical process and external changes in tumours.
According to the results of X-ray imaging, three
types of mastocyte growth were identified-lim-
ited nodular, infiltrative nodular, and diffuse
infiltrative types.

Limited nodular growth of mastocytes was
characterised by a homogeneous, heterogene-
ous radiological shadow. The tumour node was
mostly oval, less often rounded in shape and
was located in the thickness of the skin. Infiltra-
tive nodular type of tumours was characterised
by visualisation of the tumour shadow without
clear contours, and structural changes were
well expressed in the skin thickness and subcu-
taneous tissue. According to the diffuse infiltra-
tive type of tumour growth, the X-ray shadow of
neoplasms was compacted. Due to the swelling
and thickening of the skin, it was almost impos-
sible to establish clear boundaries of the neo-
plasm. In X-ray imaging, infiltrative nodular
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and diffuse infiltrative types of neoplasia char-
acterise the process of mastocyte malignancy.

During ultrasound examination, it was
established that the sonographic structure of
mastocytes depends on the location of the tu-
mour, the degree of spread of the pathological
process and the stage of the neoplastic process.
Mostly mastocytomas localised in the thickness
of the dermis were visualised as heterogeneous
hypoechoic structures. These structures had
uneven edges and indistinct contours. They
showed signs of infiltration into the surround-
ing tissues, which may indicate a low ability of
such tumours to form capsules. Increased pe-
ripheral vascularisation of mastocytoma and
diffuse hypoechoic infiltration of surrounding
tissues in such cases was a sign of inflammato-
ry oedema. Due to sonographic studies of some
mastocytes, which were characterised by pre-
vailing inflammation, deposits of calcium salts
in the thickness of the tumour were noted.

During the generalised process and the
spread of mastocytoma to internal organs, the
liver and spleen were primarily affected, which
may indicate a preference for the hematogenic
pathway of metastasis. Sonographically, such
foci had similar structures and were visualised
as heterogeneous dense formations with clear
contours and uneven edges, with increased
chaotic vascularisation.

The high variability of clinical symptoms in
animals with the development of mastocytoma
substantially complicates the determination of
the diagnosis for a veterinarian. Therefore, de-
termining the features of clinical changes and
blood parameters in dogs with this pathology
will contribute to the development of a complex
of diagnostic markers.

One of the main steps in the diagnosis of
mastocytes is cytological examination. Mas-
tocytoma is characterised by heterogeneous
behaviour. Highly differentiated tumours have
a low metastasis potential, and the metastatic

potential of low-differentiated tumours is high
and amounts to up to 95% (Leguit et al., 2020).

In most cases, diagnosing cutaneous mas-
tocytoma by cytological or histological studies
is not difficult, but forming an accurate prog-
nosis is more complicated. Prognostic substan-
tiality factors included classification (cytology
and histopathology), stage (regional and dis-
tant metastases), breed, tumour location, and
treatment (surgery, radiation, and chemother-
apy). Cytological examination after fine nee-
dle aspiration is useful for making a diagnosis,
but histopathology is necessary for evaluation.
Cytological examination often helps in the di-
agnosis of mast cells due to the characteristic
appearance of mast cells with regular staining.
As with other species, Wright-Giemsa staining
results in more intense granule staining in tu-
mour mast cells. The mechanism of differences
in staining is unclear. Several mast cell sub-
types were identified in humans and dogs based
on granule content and biological function.
(Hosseini et al., 2014).

In the case of the examined neoplasms, a
typical cytological picture was observed. Round
cells were noted against the background of a
substantial number of red blood cells and eosin-
ophils, which contained a large number of small
metachromatic granules and a homogeneous
nucleus in their cytoplasm, without pronounced
atypia. In some cells, metachromatic granules
completely covered the nucleus and made it
invisible. Granules were established both in
the cytoplasm and outside the cells (Fig. 5, 6).

The cells themselves were more often ar-
ranged in groups and had pronounced aniso-
cariosis and anisocytosis. 2-3 figures of mito-
sis were identified on the glass. Basically, the
degree of mastocytoma differentiation is de-
termined during a histological examination,
but given the individual mitosis patterns and
a large number of granules, it can be assumed
that all samples were highly differentiated.
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Figure 5. Highly differentiated mastocytoma.
Pappenheim staining, x100

Notes: cells with small granules in the cytoplasm and a
typical nucleus (indicated by arrows)

Figure 6. Highly differentiated mastocytoma.
Pappenheim staining, x100

Notes: cells with small granules in the cytoplasm and a
typical nucleus (indicated by arrows)

According to the results of the cytological
study, mastocytoma can be considered poten-
tially aggressive, the cells of which contain few
metachromatic granules and there are two or
more of the following signs: the presence of
multinucleated and mirror cells in the prepara-
tion; nuclear polymorphism in more than 50% of
the population cells; a large number of mitoses.

Often, mastocytoma granules are not
stained with Diff-Quik paint and require stain-
ing with Wright dye. During Diff-Quik cytology,
if eosinophils are observed together with large
round cells without granules, mastocytoma
should be suspected and a different staining
method should be used.
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The main disadvantage of cytological ex-
amination is that it does not allow for deter-
mining the degree of cell differentiation, which
is an important prognostic feature. Therefore, it
is believed that in the diagnosis of mastocytes,
the most accurate method is the use of histo-
logical examination.

A study (Hosseini et al., 2014) clearly
showed cellular infiltration of mast cells, mon-
onuclears, and eosinophils in the thickened,
hyperplastic, and hyperkeratinised epidermis.
In contrast to delayed-hypersensitivity mon-
onuclear cells, mast cells and eosinophils pre-
vailed, indicating an immediate-type hypersen-
sitivity reaction. Once activated, mast cells at
the wound edge are known to release inflam-
matory mediators in the damaged tissue by de-
granulation. Thus, immediate hypersensitivity
reactions may be responsible for the develop-
ment of skin damage due to a tumour in dogs.
However, the results show that intensive pro-
liferation of mast cells after the tumour occurs
mainly in the skin.

For single mastocytes, surgical excision
of the tumour with a wide capture of healthy
tissues is always recommended to radically re-
move it (Lisickaja & Sedov, 2011; Pardanani,
2016). Therewith, it is necessary to remove at
least 3 cm of healthy tissue bordering the tu-
mour. After its removal, a 0.5 x 1 cm piece of tis-
sue is cut off from the edge of this place from
3-5 sides, placed in a 10% aqueous solution of
formalin and sent for research. Histological ex-
amination of excisional mastocytoma should
necessarily examine the edges of resection
where it will be determined whether the tumour
cells remain in the border tissue. If the result
of histological examination is negative, then
“clean edges” are indicated. During fine-needle
aspiration of surgical excision and over-manip-
ulation of the mastocytoma site, local bleeding
often occurs, assumably due to coagulation de-
fects caused by the release of heparin. Indeed,
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there was an extended clotting time of blood
taken from or around the tumour. Since bleed-
ing can be a serious complication of surgery,
doctors should anticipate local bleeding and try
to avoid over-manipulating the tumour during
a biopsy or during its removal.

Mastocytomas are very radiosensitive, and
numerous studies show that fractionated radi-
ation (daily or every other day for 15-18 proce-
dures with a total dose of 46 to 54 Gray) is an
effective adjunct therapy for incomplete edges
after surgery) in almost 75-96% of dogs with top-
ical treatment (no signs of re-growth 3-5 years
after exposure) (Laura D Garrett, 2014). However,
disagreements about what “incomplete” edges
mean and how likely such dirty edges are to lead
to tumour re-growth cast doubt on the need for
radiation therapy in some cases. If the tumour
is located in a place where only minimal resec-
tion can be obtained, then in practice the author
suggests radiation therapy. Radiation therapy
can also be very useful when used in weekly dos-
es of large fractions for four to six procedures
for treating bulky non-surgical mastocytes.

According to the conducted histological
studies, a diverse picture was established in
the samples. Cell morphology depends on the
degree of differentiation, but most neoplastic
cells have a clear cell membrane, a centrally lo-
cated round nucleus, and a different number of
cytoplasmic granules, which are coloured light
grey when stained with hematoxylin and eo-
sin, or purple with metachromatic spots when
stained with toluidine blue. The connective tis-
sue stroma varies from small to large and may
look swollen or hyalinised.

However, most often indistinct bound-
aries of the neoplasm were determined. The
surrounding area was diffusely infiltrated by
tumour tissues under the skin, a small number
of mitoses (no more than one in a large field of
view) and massive destruction of the dermis. In
some cases, the shape of the tumour cells was

only round, while in others it was polygonal. The
cytoplasm of cells is clearly defined and gran-
ular, in such cells, there is a separate nucleus
located in the centre, with two nucleoli. There-
with, cells that had an inconspicuous cytoplasm
with a dark small nucleus were observed. These
cells were very similar to small lymphocytes. In
the vast majority of cases, two cell types were
established simultaneously in the same sample.
The cells were arranged in groups, often form-
ing nests, chains, and “paths”, and were sepa-
rated by bundles of collagen fibres.

On histological sections stained with he-
matoxylin and eosin, the nuclei of mast cells are
very similar and resemble the nuclei of fibro-
blasts or pericytes, so special types of staining
are required to establish the correct diagnosis.

The histological picture of all forms of
mastocytosis is manifested by infiltrates con-
sisting mainly of mast cells. A different number
of eosinophils are either dispersed through-
out the tumour mass or form aggregates. Me-
tachromasia of mast cell granules was detected
using toluidine, methylene blue, and naph-
thol-as-D-chloroacetate esterase, which turns
the cytoplasmic granules of mast cells red.

According to the gradation of mastocytes
according to Patnaik (1984), according to the
degree of differentiation, all neoplasms can be
attributed to the second degree. According to
the Kiupel classification (2011), all neoplasms
corresponded to mastocytomas with a high de-
gree of differentiation.

A study (Hosseini et al., 2014) showed cy-
tohistopathological features of cutaneous mas-
tocytes in dogs in the skin area. Histological
features of these tumours indicate that most
of them should be classified as mastocytomas
with a high degree of differentiation. The use
of a classification system by tumour type can be
useful for differentiating this type of neoplasm
from other malignancies with similar morphol-
ogy. In addition, the study demonstrated that
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skin mastocytomas in dogs can be used as a
sensitive prognostic indicator of tumour be-
haviour after surgery, which is associated with
other histopathological variables that are wide-
ly recognised as having prognostic value.

Conclusions

Among the dogs admitted to the veterinary
clinic “Animal health” (Kyiv region, u.t.s. Hle-
vakha) with surgical diseases, the proportion of
neoplasia was 12.5%. According to the structure
of oncological diseases, skin tumour lesions in
dogs accounted for 32.16%. As a result, masto-
cytoma was diagnosed in 13 dogs aged 3 to 14
years. The highest incidence rates were estab-
lished in dogs aged 7 to 12 years. Notably, in
92.7% of dogs, mastocytomas were isolated and
only in 7.3% of cases they were multiple.

The most common places of localisation
of neoplasia are the trunk, limbs, less often the
head and neck, and groin area. The behaviour of
mastocytes is very diverse and depends on the
degree of cell differentiation. Low-differentiat-
ed tumours have a high potential for metastasis
and often recur. A high frequency of mastocyte

clinical stages and histology of cutaneous mas-
tocytosis, a direct correlation was established
between the size of the tumour and the degree
of its malignancy. A more malignant course of
the disease was characterised by mastocytomas
in dogs that were localised in areas of the body
accessible for permanent injury (limbs, groin
area, neck). According to the pathomorpholog-
ical assessment of mastocytoma, it is necessary
to consider the clinical stage of neoplasia to de-
termine diagnostic accuracy.

During X-ray imaging, the infiltrative nod-
ular and diffuse infiltrative types of mastocytes
characterise the process of their malignancy.
According to the gradation of mastocytes by the
degree of differentiation, all the examined neo-
plasms can be attributed to the second degree.
However, according to another classification, all
neoplasms corresponded to mastocytomas of
a high degree of differentiation. Prospects for
further research are to examine the prognostic
factors for the biological behaviour of cutane-
ous mastocytoma in dogs during surgery.
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AHoTanis. MacTouuToMa € OfHi€l0 3 HaMOIIMpEHIMX NYXJAMH IKipu B cobak. BoHa
XapaKTepusyeThcs criendiunum mepebirom, Herepen6auyBaHO0 MTOBEIiHKOK Ta MPOTHO30M. LIs
MyX/IMHA HeGe31eyHa TUM, 1[0 iMiTye 30BHIillTHi 03HAKY iHIIMX HOBOYTBOPEHb, BiJl MEHII 3arPO3/IMBOL
jainmoMyu o0 paky ImKipu. Mera mocmimkeHb — TpoBecTu martoMopdosioriuny Bepudikamino Ta
kmacudikaiiito Heoriasiit y cobax, siki [iarHOCTOBAHO IIifi Yac KAiHiYHOTO OOGCTEXEHHS, a TaKOX
BCTAHOBUTH 0COGIMBOCTI MOP(OIOTiYHOTO MPOSIBY B HUX HIKipHO1 hOpMM MacTOIMTOMM. MaTepian
ILJISLAOCITi IKEHb OTPUMYBaJIM METOIOM eKCIM3iiTHO1 6iorcii mimyac XipypriuHux BTpy4yaHb 3 TPUBOAY
HOBOYTBOpEeHHS 1Kipy. [liarHO3 Ha MacTOLMTOMY BCTAHOBJIIOBAIM 3a pe3yabTaTaMy KIiHIiYHOTO
0o6CTeskeHHST TBapuH i JOCTiIKeHHSI GioTmCiifHOrO Marepiasly HOBOYTBOpPEHb 3a JOTIOMOTOIO
LMUTOJOTIYHMX i FiCTONIOTiUHMX METOZiB NOCTiIKeHHS. BcTaHOBIIEHO, 1110 YacTKa Heor1asiii HKipu y
CTPYKTYPi OHKOJIOTiYHMX 3aXBOPIOBaHb cO6aK cTaHoBwiIa — 30,12%. Cepen TBapyH i3 HeOTIa3issMu
HIKipH, SIKi TTPOXOIMIN 06CTEsKeHHST, MacTOIMTOMA Oyiia AiarHocToBaHa y 17,55% cobak, BikoM Bif,
3 mo 14 pokiB. HaitBuiili moKasHUKYM 3aXBOPIOBAHOCTi BCTAHOBJIEHO Y cO6aK BikOM Bif 7 o 12 pokiB.
Hajtuacriiire mKipHy MacTOLMTOMY AiaTHOCTYBa/IM y cob6ak mopon: iapieit — 13,5%; mabpamop —
9,5%; 6okcep — 8,2%. ITOOOMHOKI BUMIAAKY MyXJIMHHUX YTBOPEHb CIIOCTEPIrasu y TBApUH TaKUX
MopiJl, SK: HiMellbKa BiBuapka, CIlaHie€/lb, cepelHboa3iaTchKka BiBuapka Ta MOIIC. 3aJIeKHO Bif,
crati: Kobem craHOBMIM — 52,2%, cyku — 47,8%. Y 50% mocmimKyBaHMX TBApMH MACTOIMTOMMU
PO3BUBAINCS 3 CTPIMKOIO JMHAMIKOIO, 1[0 CBiAUMTH PO 3HAUHY arPpeCUBHICTb MyXJIMHHOTO POCTY.
KrniniuHo y co6aKk BU3HaUaaM 03HAKM AETiApaTallii Ta po3ianu 3i CTOpOHY ITYHKOBO-KUIIIKOBOTO
TPaKTY, 1[0 BKA3y€ HAa PO3BUTOK IMapaHeOIUIaCTUYHOIO CMHAPOMY. 3a pe3ynbraTaMu coHorpadii
BCTaHOBJIEHO, 1110 MAaCTOLMTOMM LIKipY Bi3yasi3ylOTbCS SK HEOLHOPiAHI rinoexoreHHi CTPYKTypU
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3 HEUiTKMMM KOHTypaMM i HepiBHMMM KpasMu. 3a pe3ylbTaTaMu IOCTiIKeHHSI OTpMMaHi HOBi
BimomMocTi 100 MOpPGOIOTiYHNX OCOGIMBOCTEN MPOSIBY Ta PO3BUTKY MAaCTOLMTOM Y COGak.
TakuM YMHOM, OIep>KaHi pe3y/abTaTy LOMNOBHIOIOTh Ta PO3MIMPIOIOTh 3HAHHS IIOL0 MaTOreHe3y
MacCTOLMTOMM B COOAK, YaCTOTH MOIMIMPEHHS Ta 0COGIMBOCTI repebiry 1iei OHKOMIOTiYHOI MaTOoMOoTii
B OKpeMiit reorpadiuHiii momymsiii Ykpainu

KniouoBi coBa: UMTONOTiYHE AOCTIIKEHHS; TiCTOJMOTiYHE MOCTiIKeHHS; IMyXJIMHA; IIKipa;
MeTacras
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Abstract. Investigating the impact of vascular blockage on blood biochemical parameters,
particularly in the context of acute heart failure, is crucial for understanding the underlying
mechanisms of arterial thromboembolism in animals. The purpose of the study is to investigate
the effect of vascular occlusion on the biochemical parameters of blood in cats with cardiogenic
arterial thromboembolism. The study involved 12 cats and formed two groups: the first — animals
with acute heart failure and the second — animals with arterial thromboembolism. Anamnesis data
were collected for experimental animals, clinical examination, echocardiography, and biochemical
examination of blood samples were performed. The activity of alanine aminotransferase, aspartate
aminotransferase and gamma-glutamyl transpeptidase, the concentration of glucose, creatinine,
urea, potassium, calcium, total and inorganic phosphorus were determined spectrophotometrically
in blood serum. It was found that in cats with acute heart failure, the average value of serum
aspartate aminotransferase activity increased by 2.8 times, and the creatinine concentration by
1.9 times compared to the upper limit of reference values. This indicates functional changes in
the myocardium and kidneys in this pathology. In cats affected by arterial thromboembolism, the
blood serum shows a significant elevation in various biochemical parameters compared to the
upper limit of the corresponding reference intervals. Specifically, there is a 4.4-fold increase in
alanine aminotransferase activity, a 4.3-fold increase in aspartate aminotransferase activity, a 1.4-
fold increase in glucose concentration, a 1.8-fold increase in creatinine levels, a 2.0-fold increase
in urea levels, and a 1.3-fold increase in inorganic phosphorus levels. The changes in biochemical
parameters for feline thromboembolism may be a consequence of functional renal failure, ischemia,
and muscle necrosis. Moreover, it was established that in most cats with acute heart failure, the
urinary system is primarily affected, and with arterial thromboembolism, changes in muscle tissue
also occur. The results obtained are of practical value for veterinary doctors when choosing a
therapeutic strategy and prescribing additional diagnostic examinations

Keywords: hypertrophic cardiomyopathy; diagnosis; ischemia; pulmonary oedema; renal failure

Introduction

Among the considerable variety of heart dis-
eases, cats are more likely to develop cardiomy-
opathies. Hypertrophic cardiomyopathy (HCM)
ranks first in terms of prevalence, followed by
dilated (DCM) and restrictive (RCM), less often
arrhythmogenic (ACM) or unclassified cardio-
myopathy (UCM) (Fuentes et al., 2020; Tish-
kina et al., 2022). Based on statistical data on
the incidence and risk of non-cardiovascular
death in clinically healthy cats and in cats with
preclinical hypertrophic cardiomyopathy, Fox
et al. (2019) found that mortality from various
causes was notably higher in the group of ani-
mals with hypertrophic cardiomyopathy.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

In the study by Fox et al. (2019), complications
of cardiomyopathies include the development
of heart failure (HF), arterial thromboembolism
(ATE), and sudden cardiac death. The latter is
not sufficiently studied among cats and is obvi-
ously more common than is possible to register.
The most common structural cause of sudden
death is HCM (Brugada-Terradellas et al., 2021).

Acute heart failure is often the first man-
ifestation of heart disease in cats, character-
ised by a rapid and severe course. Most often,
hypothermia, tachycardia, auscultatory — gal-
lop sound, and respiratory symptoms: dyspnea
and tachypnea are registered. Notably, Liu et al.
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(2020) established that animals with congestive
heart failure have a substantially higher res-
piratory rate, a larger left atrium diameter, and
a higher left atrium-to-aorta ratio compared to
cats with preclinical cardiomyopathy. Kostiuk
et al., (2020) found that the mortality rate of
cats with acute heart failure is most affected by
the presence of systolic dysfunction, increased
size of the left atrium, and the degree of radio-
logical changes. According to Liu et al. (2020),
in animals with congestive heart failure, serum
concentrations of symmetric dimethylarginine
(SDMA) and creatinine were elevated compared
to preclinical and healthy cats.

Romito et al. (2022) provided a study of two
cats with acute heart failure that was associated
with Toxoplasma gondii. In one of the animals an
increase in the activity of alanine aminotrans-
ferase, creatinine kinase, concentration of urea,
serum amyloid A and troponin I was noted in
the blood serum, while in the other — an in-
crease in the activity of creatinine kinase and
troponin I level. Studies of electrolyte abnor-
malities and markers of kidney damage in an-
imals with heart failure are of great interest. A
change in electrolyte balance is associated with
neurohumoral activation of the renin-angio-
tensin-aldosterone and arginine-vasopressin
systems, the use of diuretics (Roche-Catholy et
al., 2021; Lean et al., 2022). Serum creatinine
and potassium concentrations also change in
both cats and dogs in response to furosemide
administration (Ohad et al., 2018).

The development of HF is associated with
the occurrence of cardiogenic arterial thrombo-
embolism — an acute blockage of a blood vessel
that leads to ischemia of a certain area (Fox et
al., 2018). The prevalence of pathology is about
15% (Busato et al., 2022).

The formation of a blood clot is a complex
process that can have a different course, but
the main elements will always be the compo-
nents of Virchow’s triad. The resulting embolus

moves with the flow of blood and clogs a ves-
sel smaller in diameter. Occasionally, occlusion
of blood vessels of internal organs or the brain
is diagnosed. The most common location for
a blood clot is in the terminal branches of the
aorta when both pelvic limbs are affected. With
this location, the pathology is manifested by
paresis or paralysis of the limbs, hypothermia,
anaemia or cyanosis of non-pigmented areas of
the skin of the affected limbs and vocalisation
of pain (Hassan et al., 2020).

Abnormally high levels of laboratory in-
dicators are often registered in cats with ATE.
Thus, in a retrospective study by Mitropoulou
et al. (2022), in animals hospitalised for arterial
thromboembolism, hyperglycemia and high se-
rum creatine phosphokinase activity were not-
ed as the most common abnormalities.

The purpose of this study is to determine
the effect of vascular blockage on the quantita-
tive characteristics of biochemical parameters
of blood serum. Cardiomyopathy and congestive
heart failure have a considerable number of sim-
ilar elements. This allows separating the influ-
ence of heart pathology and investigating the ef-
fect of vascular occlusion on the body separately.

Task: to compare the values of biochemical
blood parameters in cats with cardiogenic arte-
rial thromboembolism and acute heart failure
with cardiomyopathy.

Literature Review
The investigation of pathologies of the heart of
cats is of great interest to researchers from all
over the world. In addition to veterinary medi-
cine research, humane doctors attach great im-
portance to studying cardiomyopathies. Thus,
the HCM phenotype in cats is very similar to
the HCM phenotype in humans, but the pathol-
ogy has a faster course and is a very valuable

model to study (Stern et al., 2019).
Today, the scientific community places sig-
nificant emphasis on research areas pertaining
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to arterial thromboembolism in cats, focusing
on enhancing diagnostic techniques and ad-
vancing therapeutic and preventive strategies.
Thus, French researchers (Eberle et al., 2022)
described the ultrasound characteristics of ar-
terial thromboembolism in cats and identified
a potential relationship between ultrasound
results and predicting the development of the
disease. The link between cardiogenic pleural
effusion and a reduced risk of arterial thrombo-
embolism in cats was found in a study by Ital-
ian researchers (Busato et al., 2022). One of the
latest publications on the treatment and pre-
vention of thromboembolism in cats is a study
on the effectiveness of dual therapy with clopi-
dogrel and rivaroxaban (Lo et al., 2022).

For this study, it is of interest to examine
biochemical abnormalities in cats with arteri-
al thromboembolism and acute heart failure.
These pathologies are commonly mentioned in
studies dealing with a broader subject - feline
cardiomyopathy (Fuentes et al., 2020; Kittelson
et al., 2021), and the highly specific studies on
them are not often published. A large number
of large-scale and fundamental studies on this
subject with a description of clinical and lab-
oratory indicators were published in the late
1990s and early 2000s. From modern sources,
the most complete is the study of 250 cats with
arterial thromboembolism in general practice
(Borgeat et al., 2013). However, of the biochem-
ical parameters, only the concentrations of
urea, creatinine, phosphates, and potassium are
highlighted in this paper. Therefore, there was
a need to refer to the study that was conducted
earlier (Smith et al., 2003). The features of bi-
ochemical blood analysis in cats with ATE are
thoroughly described by Moise (2007).

Studies on acute heart failure in cats face a
similar situation. While the topic is often dis-
cussed within broader subjects like cardiomy-
opathy, there is a limited amount of research
specifically dedicated to this pathology as an
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independent focus. More often, researchers
examined the effect of pathology on the con-
centration of electrolytes in the blood serum
(Roche-Catholy et al., 2021), interaction of bi-
omarkers of kidney damage, myocardium, and
inflammatory proteins (Liu et al., 2020). Ohad
et al. (2018) described changes in sodium, chlo-
ride, creatinine, and calcium concentrations in
response to furosemide administration. The
most extensive features of biochemical analysis
of blood serum in cats with acute heart failure
are described by Gountal et al. (2010).

Currently, cardiological pathologies of
small animals have gained popularity among
Ukrainianresearchers. The subject of cardiogen-
ic pulmonary oedema is covered by Zamorska et
al. (2021). The prevalence of cardiomyopathy
and arterial thromboembolism phenotypes in
cats was investigated by Petrushko & Grushan-
ska (2022). Kostiuk et al. (2020) devoted their
study to echocardiographic parameters in cats
with hypertrophic cardiomyopathy; a descrip-
tion of the aetiology and classification of fe-
line cardiomyopathy are provided by Plysiuk
& Tsvilikhovski (2016); report of clinical cases
of hypertrophic cardiomyopathy in cats is pre-
sented by Tishkina et al. (2022), which expand
the knowledge about this pathology.

Materials and Methods

The study was conducted based on the
VetHouse veterinary centre in Vinnytsia (here-
inafter VC). In the database for 2021-2022, a
search for animals was conducted using key-
words in the diagnoses: “pulmonary oedema”,
“heart failure”, “cardiomyopathy”, and “arteri-
al thromboembolism”. Records were analyzed,
and those animals were selected that had a
complete history, clinical examination, echo-
cardiographic examination of the heart, and
in which biochemical indicators of blood were
examined. Cats who were first admitted with
symptoms of acute congestive heart failure and
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arterial thromboembolism were selected. Ani-
mals with information about previously diag-
nosed chronic heart failure were excluded from
the study. Previous administration of drugs to
stabilize the condition was not an exclusion cri-
terion if this was the first case of heart failure.

To confirm the cardiological pathology,
the animals underwent an echocardiographic
examination using Esaote MyLab Gamma (It-
aly) or General Electric Vivid S6 ultrasound
devices (USA). A 7.5 MHz phased array sen-
sor was used. In already stable animals, the
examination was performed on the right and
left sides using B-mode, M-mode, and Dop-
pler echocardiography. The right parasternal
(short and long axis) and left apical positions
were assessed. If it was necessary to conduct
an examination before the condition stabi-
lizes, echocardiography was performed only
from the right parasternal position. Signs of
left-sided congestive heart failure were con-
sidered (assessment in the right paraster-
nal access): the size of the left atrium in the
4-chamber projection is more than 14 mm,
the ratio of the left atrium to the aorta is more
than 1.7 in the short projection.

Biochemical examination of cat blood
serum samples was performed using a BS-
3000m Sinnowa biochemical analyser (China)
and SpainLab reagents (Kharkiv). Indicators
studied: alanine aminotransferase (ALT; EC
2.6.1.2), aspartate aminotransferase (AST;
EC 2.6.1.1), gamma-glutamyl transpeptidase
(GGTP; ES 2.3.2.2), creatinine, urea, glucose,
phosphorus, potassium, calcium.

The cats were divided into two groups. The
group of animals with “acute heart failure” in-
cluded cats admitted to the veterinary centre
with respiratory signs (tachypnea, dyspnea),
hypothermia, tachycardia, and echocardio-
graphic signs of left-sided congestive heart
failure. One cat had a restrictive cardiomyo-
pathy phenotype, and five had a hypertrophic

cardiomyopathy phenotype. All were males
aged 1 to 9 years. They belonged to the Bengal,
Himalayan, European shorthair, Sphinx, Scot-
tish fold, and Scottish longhair breeds.

The group of cats with “cardiogenic arte-
rial thromboembolism” included animals that
were admitted to the veterinary centre in an
urgent state. Owners noted a sudden deterio-
ration in the animal’s condition, vocalisation,
aggression, shortness of breath, and lack of
functioning of the pelvic limbs. During the
clinical examination, paresis or paralysis of the
pelvic limbs, anaemia or cyanosis, hypother-
mia, tachypnea, dyspnea, tachycardia, pain
and aggression were noted. Echocardiographic
examination revealed congestive heart failure.
Five cats had the hypertrophic cardiomyopa-
thy phenotype, and one had the restrictive
cardiomyopathy phenotype. Two animals each
belonged to the European shorthair and Mes-
tizo breeds; one each belonged to the Europe-
an long-haired and British shorthair breeds.
Four of the six animals belonged to males.
The animals ranged in age from 4 to 13 years.

Statistical analysis was performed using a
personal computer and Microsoft Office Excel
2007 program. From the obtained data (con-
centration of indicators), variational series
were developed. The normality of continuous
data was proved according to the empirical
rule: if a random variable is distributed nor-
mally, the absolute value of its deviation from
the mathematical expectation does not exceed
three times the mean square deviation. The
statistical significance of differences between
groups of cats was checked using the student’s
t-test and expressed using the probability of
error (P). The difference between the groups
was considered significant at P <0.05. For de-
scriptive analysis, the data were presented
as the arithmetic mean (M; x - the sum of all
fixed values of the set divided by the number
of terms) and the standard error of the mean
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(£ m is an indicator of the accuracy of the ave-
rage value of the sample).

Information on compliance with bioethical
standards. The study complied with the ARRIVE
guidelines and was conducted without violating
the guidelines of the EU Directive 2010/63/EU
on the protection of animals used for scientific
purposes (Percie du Sert et al., 2020; Direktive
2010/63/EU..., 2010).

Results and Discussion

Among the studied and analysed parameters
of blood serum in cats with arterial thrombo-
embolism, the average value of alanine ami-
notransferase, aspartate aminotransferase
activity, creatinine, glucose, urea, and phos-
phorus concentrations are higher than the ref-
erence range and the values obtained from cats
with acute heart failure (Table 1). However, the
difference was not always significant.

Table 1. Biochemical parameters of cat blood serum with acute heart failure
and arterial thromboembolism, M+m

Animals with acute heart Animals with arterial Reference
failure thromboembolism values
Biochemical Nur_nber of cats Nur_nber of cats
parameters with a value with a value
M#m outside the M+m outside the
reference range reference range
(n) (n)
ALT, U/L 51.7%15.6 1 329.0£59.5" 6 5.0-5.0
AST, U/L 140.9+43.9 5 215.5+47.7 6 5.0-50.0
GGTP, U/L 5.0+1.5 0 9.5+1.8 3 0.0-10.0
Creatinine, mmol/L 162.9+19.0 5 251.0%23.2" 6 50.0-140.0
Potassium, mmol/L 4.2+0.5 1 4.8+0.1 0 3.7-6.1
Calcium, mmol/L 2.2%0.1 4 1.9+0.1 5 2.2-2.9
Glucose, mmol/L 7.2+1.8 2 9.0£1.5 5 3.6-6.5
Urea, mmol/L 13.4%£1.9 4 22.0+5.1 6 5.5-11.0
Phosphorus, mmol/L 1.6+0.1 1 2.3+0.4 5 0.9-1.7

Note: *P<0.01, **P < 0.001 compared to the group of cats with acute heart failure

In the blood serum of all animals with ar-
terial thromboembolism, an increase in alt ac-
tivity was found by 4.4 times compared to the
upper limit of reference values. This intracellu-
lar enzyme is found mainly in liver and kidney
cells, and in smaller amounts in heart muscle
and skeletal muscle. Similar results were pub-
lished earlier: out of 127 cats with arterial
thromboembolism, an increase in ALT activity
was observed in 72.8% of animals and a de-
crease in 1.2% (Smith et al., 2003). This is prob-
ably due to large-scale necrosis of muscle tissue
(Moise, 2007). Moreover, among cats with acute
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heart failure, the activity of the aforemen-
tioned enzyme increased only in one animal
out of six. This is consistent with the results
of a retrospective study in which 45 cats with
heart failure were examined, and only 7 of them
had increased activity of this indicator (Goutal
et al., 2010). In this study, in the group of ani-
mals with arterial thromboembolism, the aver-
age value of the indicatons activity increased in
the blood by 6.4 times compared to the group
of cats with acute heart failure. The difference
in indicators in the two groups is significant, so
it can be argued that a high probability of an
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increase in ALT activity in the blood serum is
associated with muscle damage and, to a lesser
extent, with myocardial damage. In addition,
there is a high probability of an increase in the
value of the indicator due to renal ischemia, be-
cause the concentration of urea and creatinine
was also higher in cats with arterial thrombo-
embolism. The probability of an increase in ALT
activity in the liver in this case seems less likely.

Aspartate aminotransferase is one of the
first cardiac biomarkers in history. It is used
for the diagnosis of heart diseases, but it is of
limited importance due to low sensitivity and
lack of cardiac specificity. An increase in se-
rum AST activity in animals with heart failure
is expected, but it is not clear whether the de-
velopment of thromboembolism will affect the
activity of the indicator. In the blood serum of
most of the studied animals (n=11), except for
the cat with acute heart failure, AST activity in-
creased. The average activity value in animals
with thromboembolism was higher, although
the difference in AST activity between the two
groups was insignificant (P <0.2). A larger study
of animals with acute heart failure showed an
increase in AST activity in a smaller number of
cats — in 17 out of 45 (Goutal et al., 2010).

Gamma-glutamyltranspeptidase is classi-
fied as an enzyme involved in the metabolism
of amino acids. This enzyme is found in the
cells of the liver, bile ducts, and kidneys. All
animals with acute heart failure had GGTP ac-
tivity within physiological parameters, but cats
with arterial thromboembolism (n=3) had in-
creased GGTP activity. The difference between
the groups is defined as insignificant (P < 0.1).
The most likely cause of the increased activity
of this indicator is kidney injury.

Increased activity of AST, ALT, and GGTP is
more common in liver, kidney, and heart diseas-
es. Goutal et al. (2010) call increased activity of
liver enzymes (alanine aminotransferase, aspar-
tate aminotransferase, alkaline phosphotase)

in cats with acute heart failure one of the most
common abnormalities, and suggest that this
is the result of low cardiac output or passive
stagnation. In this study, acute heart failure
was associated with the development of hy-
pertrophic and restrictive cardiomyopathies.
With these pathologies, the structure of the
myocardium changes, relaxation slows down,
and left ventricular stiffness increases. In this
case, there is a violation of diastolic function.
The chamber stretches worse, so blood enters
the left ventricle under greater pressure, and
its blood supply decreases. Increased diastol-
ic pressure in the left ventricle is accompa-
nied by increased pressure in the left atrium,
pulmonary veins, and capillaries. As a result,
there is stagnation of blood in the small circle
of blood circulation. In the acute state, affer-
ent vasoconstriction occurs when the neuro-
hormonal system is activated. Because of this,
liver perfusion may decrease, and systemic
hypotension may occur. Such heart failure is
classified as left-sided retrograde. Stagnation
of blood can also be transmitted to a large cir-
cle of blood circulation, however, this is more
typical for people. In cats, this is rarely record-
ed in the end stages of the disease. Concerning
stagnation of blood, which can cause compli-
cations in the liver, it is reasonable to discuss
right-sided retrograde heart failure, which
is characteristic of the development of other
heart pathologies and is more common in dogs
(dilated cardiomyopathy, end-stage endocar-
ditis of the mitral valve, etc.).

It is more likely that during the develop-
ment of acute left-sided heart failure in cats,
perfusion of organs (including kidneys and liv-
er) was reduced, and the obtained deviations in
biochemical parameters are primarily associat-
ed with renal ischemia, to a lesser extent, with
damage to the myocardium and liver, and in the
case of cats diagnosed with arterial thrombo-
embolism, with muscle necrosis.
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Serum creatinine concentration is consid-
ered a marker of glomerular filtration rate and
is used in animals with heart failure to monitor
renal function. In the blood serum of 92% of the
studied cats (n=11), the creatinine content in-
creased and the difference in the concentration
of this indicator between the groups was signif-
icant. In cats with arterial thromboembolism,
the average value of the indicator increased by
1.5 times compared to animals with acute heart
failure. Analyzing cases of acute heart failure in
cats, Goutal et al. (2010) recorded an increase
in creatinine concentrations relative to refer-
ence values in a smaller percentage of animals
(11 out of 45 cats). The authors do not indicate
that this deviation is common in cats with AHF.
However, compared to healthy animals, cre-
atinine concentrations in cats with congestive
heart failure are usually higher. This is proved
by the study on the cardiovascular-renal axis by
Liu et al. (2020), during which an increase and
correlation of creatinine and other renal bio-
markers were observed in animals with conges-
tive heart failure compared to healthy cats and
animals with preclinical cardiomyopathy.

Borgeat et al. (2013) examined creatinine
concentrations in only 30 of the 250 cats diag-
nosed with arterial thromboembolism. An in-
crease in the value of the indicator relative to
the reference intervals was found only in 26.7%
of cats. In a study conducted based on the
VetHouse veterinary centre (Vinnytsia), an in-
crease in the concentration of this indicator was
observed in all cats with a significant difference
compared to the group of cats with AHF. The
differences between the results obtained and
the mentioned literature data may be explained
by the smaller number of animals in the study.

The content of urea in the blood serum
of all the studied animals with arterial throm-
boembolism increased (more than the physi-
ological limit), and its average value is higher
compared to the second group (22,05). Among

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

animals with AHF (13,4), the urea concentra-
tion index was within the reference interval in
two animals. The difference between the groups
was statistically insignificant (P <0.1). In most
of the studied cats with AHF, the urea content
in the blood increased (Goutal et al., 2010), and
in 68.6% of cats with arterial thromboembo-
lism (Borgeat et al., 2013). It can be stated that
the concentration of urea often increases both
in the blood of cats with AHF and with arterial
thromboembolism.

Serum potassium concentrations in 11 cats
were within physiological parameters and al-
most did not differ between the groups. Other
authors indicate that 27.3% of 22 cats with arte-
rial thromboembolism developed hyperkalemia
(Borgeat et al., 2013). Probably, such results are
due to the fact that the study was conducted in
the first hours after the occurrence of vascu-
lar occlusion, and hyperkalemia as a marker of
reperfusion syndrome can develop at any time
within three weeks after the incident of arterial
thromboembolism.

In the blood serum of a cat with hyperten-
sion, a reduced potassium content was found.
In a study conducted on 34 cats with AHF, 79%
of the potassium content was within physio-
logical parameters, and 21% had hypokalemia.
Blood potassium concentrations did not affect
the survival of cats (Roche-Catholy et al., 2021).
American researchers proved that the potas-
sium content in the blood of 33 animals was
within physiological limits, hypokalemia was
observed in 10 and hyperkalemia in 2 (Goutal
et al., 2010). Hypokalemia in the blood of cats
during the study was caused by the use of furo-
semide before blood sampling.

An increase in serum creatinine and urea
concentrations in sick cats indicates changes
in renal function, possibly as a result of hypop-
erfusion and activation of neurohumoral sys-
tems in patients with heart failure. In a study
conducted by Plysiuk et al. (2017) on cats with
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hypertrophic cardiomyopathy and symptoms
of pulmonary oedema (AHF), they observed a
significant increase in serum urea concentra-
tion by 2.5 times and creatinine by 2.2 times
compared to clinically healthy cats. There is a
strong link between the renal and cardiovas-
cular systems. In humans, renal dysfunction is
considered an important prognostic factor for
heart failure Liu et al. (2020). In most cats with
congestive heart failure, azotemia is observed
and the number of cases of detection of this
anomaly increases with the progression of heart
pathology. According to the findings from Liu et
al.’s (2020) study on cats with primary cardio-
myopathy and cardiovascular-renal axis dys-
function, all cardiorenal biomarkers, including
creatinine, exhibited a positive correlation and
were higher in cats with heart failure. Addition-
ally, elevated levels of the natriuretic hormone
(B-type) N-terminal polypeptide (NT-proBNP)
and symmetric dimethylarginine (SDMA) were
associated with an unfavourable prognosis.
Such results indicate a close functional rela-
tionship between the heart and kidneys in heart
failure. In addition, congestive heart failure is
an inflammatory disorder, and the prognosis, in
this case, can be determined by the degree of
inflammation and, possibly, the level of residu-
al kidney function.

A systematic study of morbidity and mor-
tality risk in cats by Fox et al. (2018) showed
that cats with preclinical hypertrophic cardio-
myopathy were slightly more likely to die from
chronic kidney disease (CKD). If among clinical-
ly healthy animals the mortality rate from CKD
was 6.4%, in animals with HCM, this indicator
was 7.5%. This indicator is actually higher, but
it differs slightly from clinically healthy animals
in the control group. For comparison, the mor-
tality rate from cardiovascular pathology in the
group of cats with cardiomyopathy was 27.9%,
and in the control group, only 1%. The authors
note that mortality from non-cardiovascular

diseases was similar between the study groups.
Therefore, abnormalities in kidney function are
often recorded in cats for cardiomyopathy, but
such animals die from CKD no more often than
animals that do not have HCM.

Some cats have arterial thromboembo-
lism, as Borgeat et al., (2013) noted, who also
reported severe azotemia or hyperkalemia.
Still, the incidence of acute metabolic disorders
may have been underestimated due to periodic
monitoring. As indicated by the authors, azo-
temia and hyperkalemia can be caused by rep-
erfusion injury or acute kidney damage.

In the study, all animals involved were di-
agnosed with left-sided congestive heart fail-
ure, which is classified as “wet and cold” from
a hemodynamic perspective. Pouchelon et al.
(2015) established that cardiovascular and re-
nal disorders in such cats are associated with
increased venous renal pressure, decreased
renal blood flow, and impaired autoregula-
tion. As noted by Haase et al. (2013), in the
acute state, with a significant decrease in the
effective volume of circulating fluid, the neu-
rohormonal system is activated, which leads
to afferent vasoconstriction. This causes a de-
crease in renal blood flow and renal perfusion
pressure. In such patients, low values of cardi-
ac output and effective volume of circulating
fluid may be associated with reduced systemic
blood pressure. Therefore, it reduces renal per-
fusion pressure, even if venous renal pressure
corresponded to relatively normal values since
autoregulation does not always compensate for
low blood pressure with a decrease in the effec-
tive circulating volume.

An additional risk factor for animals with
heart failure is kidney infarction. As Hikey et al.
(2014) established, cats with kidney infarction
were 4.5 times more likely to have hypertrophic
cardiomyopathy and 8 times more likely to be
diagnosed with distal aortic thromboembolism
compared to cats without kidney infarction.
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Since ATE was cardiogenic in cats of the
second group, the likelihood of developing
acute kidney damage due to reduced cardiac
output, activation of the neurohormonal sys-
tem, and kidney infarcts in these animals is
also present. In addition, cats with ATE may
experience reperfusion syndrome. One of the
elements of the pathogenesis of this condition
is the release of a large amount of toxic sub-
stances from the area that was cut off from the
blood flow. This condition occurs if the blood
supply is restored more than four hours after
occlusion. In this study, all cats were examined
more than 6 hours after the onset of symptoms
of thromboembolism, so they are likely to de-
velop reperfusion injury.

The results of this study and the detection
of a statistically significant difference in cre-
atinine concentration in animals with acute
heart failure compared to animals with arterial
thromboembolism indicate more severe kidney
damage in cats diagnosed with thromboembo-
lism. Acute kidney damage in this animal species
can be caused by toxic, ischemic, inflammatory,
or infectious lesions. As heart failure progress-
es, there is inadequate perfusion of the kidneys.

The content of calcium in the blood serum
of the vast majority of the studied animals (n=9)
is reduced. In two animals with AHF and one
with arterial thromboembolism, the value of
serum calcium content corresponded to phys-
iological limits. The quantitative indicator of
calcium content in the blood serum of animals
with arterial thromboembolism decreased, but
the difference between the groups was insignif-
icant (P < 0.1). Such changes in the concentra-
tion of calcium in the blood serum of cats may
be due to hyperphosphatemia because excess
phosphorus binds to calcium (Moise, 2007).

Hyperglycemia was reported in two cats
with AHF and in five with arterial thrombo-
embolism. As is known, hyperglycemia or nor-
moglycemia is usually recorded in the blood
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serum of animals with arterial thromboembo-
lism, and with damage to the extremities, the
glucose concentration decreases (Klainbart et
al., 2014). Hyperglycemia was observed in most
cats with acute heart failure (66.6%) (Goutal et
al., 2010). Stress-induced hyperglycemia causes
an intense release of adrenergic hormones that
inhibit insulin secretion. Cortisol and glucagon
levels also increase in the blood. In addition,
in cats with arterial thromboembolism, lactate
production increases due to muscle anaerobic
glycolysis, which leads to an intense increase
in blood glucose concentrations (Moise, 2007).
Therefore, it was expected to detect an increase
in the concentration of glucose in the blood
serum of cats for AHF in accordance with the
norm. In fact, the average value was higher,
however, the difference with the group of cats
with acute heart failure was classified as insig-
nificant (P<0.2).

In a study by English researchers, an in-
creased concentration of phosphorus in the
blood is noted as the least frequent deviation
among other biochemical parameters, which
occurred only in 5.3% of cats (Borgeat et
al., 2013). However, American researcher Moi-
se (2007) diagnosed hyperphosphatemia along
with the most common biochemical abnormal-
ities in cats with arterial thromboembolism,
which may indicate kidney hypoperfusion and
massive muscle necrosis. In turn, the serum
phosphorus content in five of the six cats that
belonged to the group with arterial thrombo-
embolism is higher than normal. In cats with
AHF, an increase in the indicator was record-
ed in one animal out of six. The difference in
quantitative indicators between animal groups
was statistically insignificant (P < 0.1).

Conclusions
In the blood serum of five out of the six cats
with acute heart failure, an increase in aspar-
tate aminotransferase activity and creatinine
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concentration was observed (the average val-
ue was increased relative to the upper limit of
the reference range by 2.8 and 1.9 times, re-
spectively). This indicates the development of
complications in the urinary system due to the
progression of this cardiopathology.

In the blood serum of cats with arteri-
al thromboembolism, the average values in-
creased compared to the reference intervals as
follows: alanine aminotransferase activity — by
4.4 times, aspartate aminotransferase — by 4.3
times, creatinine concentrations — by 1.8 times,
and urea - by 2 times. Quantitative changes in
these indicators compared to the reference val-
ues were recorded in all the studied animals. It
was found that the difference in alanine ami-
notransferase activity (P <0.001) and creatinine
content (P <0.01) was statistically significant
between animals of both experimental groups.

In the blood serum of cats of the exper-
imental groups, an increase in urea content
and the development of hypocalcemia were
also noted, compared with the values of the
reference intervals. This indicates not only the
negative impact of acute heart failure on the
functional state of cats’ urinary system but also
structural changes in the myocardium. Moreo-
ver, an increase in gamma-glutamyltranspep-
tidase activity and glucose and phosphorus
content was observed in animals with arterial
thromboembolism compared to the values of
reference intervals. The obtained regularities
regarding changes in blood biochemical param-

eters complement the established picture of
changes in the internal organs of sick animals
and indicate structural and functional disorders
in the kidneys, as well as ischemia and necrosis
in skeletal muscles.

The observed variations in the biochemi-
cal parameters of blood serum among the ex-
perimental groups of cats can be attributed to
distinct differences in the pathogenesis of the
respective pathologies. However, a certain sim-
ilarity in the manifestation of pathologies (car-
diomyopathy, congestive heart failure) allows
determining the features of the effect of block-
age of a vessel on a whole organism.

In the future, studies comparing other in-
dicators (troponin, clotting factors, etc.) in the
blood of cats with acute heart failure and arte-
rial thromboembolism will be useful.
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BioximiuHi NIOKa3HUKH KPOBi y KOTiB 3a KapiOreHHo1 apTepiajJbHOIL
TPOMO0€eMO00JIii Ta TOCTPOT cepIeBOl HEAOCTATHOCTI
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Anoraris. 3’sicyBaHHS OCOGMMBOCTE! BIUIMBY 3aKyIMOPKU CYAMHM Ha GioXiMiuHi MMOKasHMKU
KDOBi, y TOMY UM(JIi Ha T/Ii TOCTPOI CeplieBOi HeOCTaTHOCTI, BasK/IMBi J/151 BUSHAUEHHS [IaTOTeHe3y
aprepiagbHOi TpomGoemOosii B TBapuH. MeTa po6GOTM — AOCTIAUTU BIUIMB OK/IIO3ii CyauMH Ha
rapameTpy 6i0XiMiuHMX MMOKa3HMKIB KPOBi B KOTIiB 3a KapAioreHHOi apTepiaabHOi TpoM60eMOOTii.
V mociikeHHS BKITIOUEHO 12 KOTiB i chopMOBaHO JIBi IpyIIN: MepIiia — TBAPMHM 3a TOCTPOi cepIieBoi
HeJ0CTAaTHOCTI a Ipyra — TBAPMHM 3 apTepiasbHOI0 TpoM60oeM6bosIict0. Y BiTHOIEHH] TiAIOCTiIHUX
TBapuH 3i6paHO JaHi aHAMHe3y, MPOBeleHO KIiHIUHUIt orsa, exokapmiorpadilo Ta 6ioxiMmiune
IOCTiIKeHHS 3pa3KiB KpoBi. B cupoBaTtii KpoBi crieKTpoGOTOMETPUYHO BMU3HAUYAIM aKTUBHICTD
ana"iHamiHoTpaHcdepasy, acmnapratTamiHoTpaHcdepasu i ramma-mIyTaMiITpaHCIIENTUIA3H,
KOHITeHTpaIllil0 ITI0KO3M, KpeaTuHiHy, CeUOBMHM, Kalilo, Kajbllil0 3araJibHOTO i HEOpraHiuHOTO
docdopy.BcTaHOBIIEHO, IO BKOTIB3aroCTPOicepIieBOi HEIOCTATHOCTI CepeHE 3SHAUEHHSIaKTBHOCTI
acnapratamiHoTpaHcdepasu y CMpOBaTIi KpoBi migBumryBasocss B 2,8 pasa, a KOHILEHTpAIlist
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KpeaTuHiHy B 1,9 pa3a MOpiBHAHO 3 BepXHbOIO Mexkel0 pedepeHTHUX 3HaueHb. lle BKasye Ha
¢dyHKIIioOHAMBHI 3MiHM Miokapay i HUPOK 3a JaHOoi maTosnorii. 3a aprepiasbHOi TpoM60eM60oii B
CUPOBAaTLi KPOBi XBOpMX KOTIB Bigmivyanu mifgBuILeHHS] aKTMBHOCTI anaHiHaMiHOTpaHcdepasy B
4,4 pa3sa, acriapratamiHoTpaHcdepasu B 4,3 pa3a, KOHLIeHTpallii 110ko3u B 1,4 pa3a, KpeaTUHIHY —
B 1,8 pasa, ceuoBuHu - B 2,0 pasu, HeopraHiuHoro ¢ocdopy B 1,3 pasa, BiTHOCHO BepxXHbOI
Mexi BinmoBimHMx pedepeHTHMX iHTepBasiB. BcTaHOBeHi 3MiHM 6iOXiMiUHMX MMOKa3HMKIB 3a
TpoM60eM60JIii KOTiB MOXYTb 6YyTM HaCTIiAKOM (DYHKIIIOHAJIBHOTO IOPYIIEHHS HUPOK, imemii i
HeKpo3y M’s13iB. [Ipy 1IbOMY BUSIBJIEHO, 1[0 Y Gi/IBIIOCTi KOTiB 3@ TOCTPOi CepiieBoi HeOCTATHOCTI,
HacamIlepes, 3a3Ha€ ypakeHHS CeyoBa CUCTeMa, a 3a aprepiasbHOI Tpomboembomii TakoX
BiIOYBAIOThCS 3MiHM Y M’I30Biit TKaHMHi. OTpUMaHi pe3ylIbTaTy CTAHOBJISATH MPAKTUYHY I[iHHICTh
L7181 TiKapiB BeTepMHApHOI MeIULIMHY IIiJ yac BUOOPY TepaneBTMYHOI cTpaTerii Ta Npu3HaueHHS
IOJAaTKOBUX NiarHOCTUYHUX TOCTiIKeHb

KitouoBi csioBa: rineprpodiuna KapaioMionatist; AiarHOCTMKA; illleMist; HAOPSIK JiereHb; HUPKOBA
HeJIOCTaTHICTb
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Abstract. In Ukraine, as in every country in the world, an important task is to develop an effective
development strategy for producing natural dairy products through probiotics. Feeding PFA
to animals shows different effectiveness depending on their age, the intestinal microbiome's
characteristics, the feed diet's composition and production technology. The purpose of the study
was to identify the most effective period of application of PFA “Immunobacterin-D" and to select a
yeast culture to increase the milk productivity of cows. The effectiveness of PFA was evaluated by
the amount of milk produced, and its quality — by using an Ecomilk ultrasound analyser. The health
status of cows was monitored based on the results of a spectrophotometric study of biochemical
parameters of blood serum on a LabLine-010 biochemical analyser (Austria). As a result, it was
determined that the optimal period of application of PFA is 30-60 days after calving. On the 13"
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day of PFA feeding, milk yields in cows of the experimental group increased by 1.2-2.5 L/day. The
difference in the amount of milk produced between the animals of the experimental and control
groups was 0.7-1.9 L/day. From 70 days after calving, the use of PFA in cows did not cause changes
in the volume of milk yield but contributed to an increase in its fat content. By feeding cows of the
experimental strain for 21 days S. cerevisiae as part of the PFA, the maximum increase in milk yield
was obtained - by 2.13 L, and milk fat — by 0.45%. Whereas the use of PFA with a conventional strain
S. cerevisiae AF 338 contributed to an increase in milk yield by 1.73 L, and in the control group of cows
only by 1.30 L. According to the results of biochemical studies of blood serum, the positive effect
of PFA “Immunobacterin-D” on the health status of cows was proved. PFA can be recommended
for feeding cows in production, which will help increase milk yield and improve their health

Keywords: dairy cattle breeding; yeast; Bacillus subtilis; Bacillus licheniformis; Saccharomyces

cerevisiae

Introduction

The United Nations has joined the food secu-
rity programme to fight hunger in the world.
The national approach to the transformation
of food systems in Ukraine provides for three
areas of action: “Healthy food for all”, “Envi-
ronmentally friendly production”, “Resistance
to market instability and availability of food
products for all” (Koval, 2021).

Livestock products ensure the well-being
of the population and more and more consum-
ers want to increase the composition of dairy
products in the diet to improve health. Due to
military operations and the deterioration of the
economic situation, Ukrainians consume 50-
60% less dairy products (Koval, 2021).

Every country in the world, including
Ukraine faces a difficult task — to create an ef-
fective strategy for developing the production
of natural dairy products against the back-
ground of reducing greenhouse gas emissions
per unit of production and improving resource
efficiency (Mingmongkolchai & Panbangred,
2018; Hovhera, 2022). In dairy cattle breeding,
this goal can be achieved by applying probiot-
ics (Edmond, 2019). The sufficient effectiveness
of the use of probiotics for various animal spe-
cies has been proven. However, ruminants have
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their own characteristics in the anatomical
structure and physiology of digestion (Tishkova
& Krasinko, 2018).

The profitability of the dairy industry of
animal husbandry depends on many factors,
the main one of which is providing animals with
high-quality feeding. This is not only about the
quantitative and qualitative supply of feed to
animals but also the ability to digest and assim-
ilate feed with maximum efficiency in terms of
growth, development and increase in milk pro-
duction. The difficulty of digestion of ruminants
lies in the duration of digestion of various types
of feed (hay, silage, concentrated feed) (Tish-
kova & Krasinko, 2018), and for comparison,
digestibility (%) and duration of breakdown (h)
can be provided, respectively: molasses - 95
and 0.5; grains of cereals — 80 and 12-14; quali-
ty grass — 70 and 18-24; quality clover — 70 and
12-18; hay - 55 and 30-40, and straw — 40 and
45-55. The solution to this issue is facilitated by
the use of probiotic feed additives to animals,
which are formed from cultures of endogenous
or exogenous microflora and have different
effectiveness depending on the age of the an-
imals, the growing period, the diet, production
technology, and the genetic inheritance of the

A
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body, which determines the intestinal microbi-
ome (Ban & Guan, 2021). Given the list of ex-
posure factors, probiotic feed additives include
various types of microorganisms. The main fo-
cus of the study was on probiotic feed additives
(PFA) based on bacteria of the Bacillus genus
since the spore form of bacteria ensures good
preservation and reproduction in the digestive
canal of ruminants, and Saccharomyces cerevi-
siae yeast have a positive effect on digestion in
the pancreas and contribute to the preserva-
tion of spore microflora by consuming oxygen.

Combination of the Bacillus subtilis, Bacil-
lus licheniformis and Saccharomyces cerevisiae
complex is used to increase the survival rate of
these bacterial cultures due to the respirato-
ry activity of yeast, which protects anaerobic
bacteria from the effects of oxygen (Newbold
et al., 2007). This is because the pre-pancre-
as and intestines of ruminants have their own
microbiota with a numerical predominance of
bacteria (1 litre of rumen fluid contains 10
bacteria) and for each newly introduced bac-
terium there are 1 million well-adapted ones —
rumen (Lemishevckyi, 2021), that is, probiotic
feed additives in rumen digestion are assigned
only a corrective role. The most rational ap-
plication is a short-term course (Lytvynenko &
Yukhymchuk, 2021), which ensures reproduc-
tion and the right concentration of probiotic
cultures to correct the gut microbiome dur-
ing critical or stressful periods of animal life.
Short-term use of exogenous microorganisms
prevents dysbiosis in emaciated animals and
contributes to the improvement of the intes-
tinal tract due to antagonism to pathogenic
Salmonella and Escherichia coli (Brewer et al.,
2014; Xiao et al., 2016), reducing inflammato-
ry processes in the intestines and showing an
antitoxic effect to feed toxins (Zhu et al., 2017;
Sammes, 2022).

Global recognition of sustainable ruminant
breeding through the addition of probiotics will

undoubtedly ensure food security and quality
food production around the world (Reuben et
al., 2022).

The purpose of the study is to identify the
most effective period of short-term use of the
probiotic feed additive “Immunobacterin-D”
(contains B. subtili, B. licheniformis, S. cerevisiae)
to maintain health and increase the milk pro-
ductivity of cows.

The primary task was to determine the
most effective period of application of the
feed additive from the beginning of lactation
of cows, that is, during the milking period, in
which the cow’s productivity is laid during the
current lactation. Secondly, to determine the
most effective and stress-resistant yeast cul-
ture as part of a probiotic feed additive for cow
consumption.

Literature Review

The present raises the need to solve a problem-
atic issue — the dosage of probiotic cultures in
complex use. The effectiveness of the use, co-
operation, synergy of different strains of mi-
croorganisms, and the effect of their action on
different age groups of animals of certain spe-
cies should ensure maximum efficiency when
changing the feeding diet. Even with the same
type of feeding, last year’s feed is changed to
the current one (Podobed et al., 2020).

Bacteria of the Bacillus genus — gram-pos-
itive aerobic or facultative anaerobic microor-
ganisms that form endospores. The ability to
form spores is very useful and allows long-term
preservation of the microorganism without loss
of viability. Spores can withstand low pH val-
ues of gastric juice, and as a result of entering
the small intestine, exhibit probiotic proper-
ties (Cutting et al., 2011). Therewith, they are
marked by a substantial antagonistic effect
with more pronounced adhesion compared to
vegetative forms of bacteria (Mingmongkolchai
& Panbangred, 2018).
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Strains of Bacillus produce extracellular
enzymes that promote the digestion of feed,
improve the absorption of nutrients (Latorre et
al., 2015), and also exhibit antioxidant activity
(Shobharani et al., 2016). B. subtilis C-3102 al-
lows for avoiding a long-term negative energy
balance of dairy cows after calving (Urakawa et
al., 2022). Thus, influencing the microbiome of
cows’ pre-rumens, contributing to an increase
in milk production (Sun et al., 2013). Treatment
of cow udder teats with a bacterial preparation
containing B. subtilis C-3102 improves milk
quality (Sokoliuk et al., 2022). In the world liter-
ature, considerable attention is paid to Synergy
and potentiation in the combination of probiot-
ic cultures Bacillus subtilis and Bacillus licheni-
formis. Their synergy and the effect of the ratio
of these probiotic cultures on pigs were proved
(Kim et al., 2022). Supplements B. licheniformis
and B. subtilis in young pigs substantially im-
prove the digestibility of feed and reduce the
amount of E. Soli in faeces, NH, and H,S emis-
sions. Increasing B. subtilis coefficient in pro-
biotic supplements reduces the smell of pus
(Kim et al., 2022). Antimicrobial agents B. sub-
tilis actively counteract gram-positive bacterial
and fungal pathogens (Khochamit et al., 2015).

Bacillus licheniformis — gram-positive, en-
dosporous-forming mesophilic bacterium be-
longing to the Bacillaceae family (Makowski et
al., 2021). It is isolated from soil and feed and
is resistant to antibiotics (chloramphenicol and
clindamycin). Sorokulova et al., 2008; Muras et
al., 2021). A combination of B. licheniformis with
B. subtilis increases the activity of antioxidant
enzymes (Salehi et al., 2022), and by itself, B.
licheniformis improves innate immune function
by reducing oxidative stress associated with the
accumulation of ammonia in tissues and blood
(Gopi et al., 2022), and improves liver function
(Devyatkin et al., 2021).

The positive effect of yeast Saccharomyces
cerevisiae on the productivity of ruminants has
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been known for a long time. Food additives of
live yeast based on Saccharomyces cerevisiae im-
prove the health and productivity of ruminants
(Oeztuerk et al., 2009). The action of yeast
stimulates the metabolism of microbial nitro-
gen, which leads to an increase in the supply
of microbial protein to the intestine and reduc-
es nitrogen loss (Hassan et al., 2019). However,
the effect of yeast in the large intestine of ru-
minants is still unclear, there is an increase in
digestibility in the rumen, which is especially
pronounced in calves for improving rumen fer-
mentation (Alugongo et al., 2017).

Yeast provides the body with vitamins and
growth factors for beneficial bacteria (Newbold
et al., 1996; Poppy et al., 2012), protect the ru-
men by showing antagonism against patho-
genic bacteria (Kenney et al., 2015). Feeding
cows with S. cerevisiae included leads to an in-
crease in milk yield (by 1.18 kg/day), milk fat,
and protein during the first 70 days of lactation
(Poppy et al., 2012). According to other studies,
the use of yeast from 73 days of lactation last-
ing 70 days led to an increase in milk yield by
1.36 litres (Sun et al., 2021), and after 42 days
of feeding yeast to cows, milk yield increased
by 23% and the peak lactation lengthened by
1 week (Ayad et al., 2013). Other authors also
report an increase in milk yield and a decrease
in the percentage of protein in milk (Bakr et al.,
2015). Especially effective for the body of cows
(Maamouri et al., 2014) and buffaloes (Para et
al., 2018) is the introduction of live yeast S. cer-
evisiae in a hot climate. Tishkova & Krasinko
(2018), investigating the effects of the S. cere-
visiae selenium-producing strains on the body
of cows, prove that they form resistant to stress
due to overheating.

The combined action of probiotic bacteria
improves the productivity of not only cows but
also other dairy ruminants. Thus, adding sheep
to the diet B. subtilis and B. licheniformis leads
to an increase in milk yield, fat, and protein
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(Kritas et al., 2006). A combination of S. cerevi-
siae, B. subtilis, and Enterococcus faecalis in Saa-
nen goats improves the production and compo-
sition of milk and fecal microflora ( Ma et al.,
2020). Based on the analysis of these literature
sources, it can be concluded that depending on
the duration of feeding feed additives, yeast has
a positive effect of varying degrees on milk pro-
ductivity at different stages of lactation of cows.

Therewith, some literature sources indi-
cate antagonism and increased productivity of
animals due to feeding probiotics. However, the
value of combined probiotics with the content
of B. subtilis, B. licheniformis, S. cerevisiae also
consists in their immunostimulating effect. Ba-
cillus spores can stimulate the immune system
and macrophage phagocytosis (Xu et al., 2012).
Live B. subtilis bacteria, approximately at 1 in
1000 ratio, when introduced into the rumen,
enter the blood and lymph, accumulate in the
spleen, lymph nodes, liver, and foci of inflam-
mation. Oral administration of spores to mice
substantially increases the stimulation of an-
tigen-presenting cells and T-lymphocytes, the
induction of cytokines in the spleen and mes-
enteric lymph nodes. Their interaction with
macrophages is similar to B. anthracis (Hughes
et al., 2005). B. subtilis, as a probiotic feed ad-
ditive, is widely used for heterologous antigen
expression and protective immunisation. It
promotes an increased percentage of T cells
in the mesenteric lymph nodes and spleen and
higher levels of sIgA and IgG in the gut (Lin et
al., 2022). Administrating B. licheniformis to
mice with water improves their condition by re-
ducing inflammation of the colon mucosa and
inhibiting the activation of inflammatory pro-
cesses (Tsai et al., 2022).

Combining S. cerevisiae and B. licheniformis
reduces the permeability of the small intestine
in pigs infected with E. Soli K88, showing im-
proved intestinal integrity and barrier func-
tion (Pan et al., 2017). Reducing systemic or

subclinical inflammation can reduce the im-
mune system’s need for energy, which is of-
ten ignored when controlling animal produc-
tivity. The immune system of cattle and pigs
has been shown to use approximately 1 kg of
glucose during the first 12 hours after exper-
imental immune infection with lipopolysac-
charide (Kvidera et al., 2017). The addition
of yeast also stimulates the protective sys-
tems of the animal body and increases the
formation of antibodies in the blood serum
and the antibody titer in colostrum (Wafa et
al., 2020). However, the reasons for the more
effective use of a complex probiotic supple-
ment due to the activation of the immune sys-
tem are not fully understood (Rychlik, 2020).

It is the immunological features of probiot-
ic cultures that determine the name of the pro-
biotic feed additive — Immunobacterin-D.

One of the reasons for writing this study
is the papers by Ma et al. (2020) and Sun et al.
(2021), where the authors highlight the lack of
information on the use of yeast: firstly, on the
duration of supplementation to reduce the inci-
dence of cattle; secondly, how long the benefits
of adding a yeast product persist after stopping
feeding at different stages of production. Based
on the results of previous studies, only partial
answers to these questions have been received,
and therefore the need to continue research in
this area is present.

Materials and Methods

Probiotic feed supplement “Immunobacter-
in-D” (RP AV-05553-04-14 production of the
private enterprise “Kronos Agro”, Ukraine) has
a powdery structure, which allows it to be used
as part of mixed feeds.

Scientific and production studies on the
effect of the feed additive “Immunobacte-
rin-D” with the content of baking yeast on
the milk productivity of black speckled cows
were conducted in farms of the Kyiv region
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during 2016-2021. Probiotic feed additives
were given individually at a dose of 10 g per
day to cows after calving with a body weight
of 400-500 kg. Control milking operations
were conducted to record the milk produced.
The study was conducted in two stages: the
first was in the summer period from May 27
to June 11; the second — from April 6 to May
10, during the critical period of winter stall
maintenance, which allowed to get the maxi-
mum impact of natural environmental factors
on the body of cows.

During the first stage, the researchers se-
lected calved cows of black speckled breed ac-
cording to the principle of pairs-analogues, in
accordance with the calving date. Analogue
pairs were completed from animals at the age
of 10 days and with the appropriate formation
of technological schemes. Control milking was
performed after 3-4 days and the study lasted
13 days. Animals in the post-calving period
(from 4 days after calving to 3 months of lacta-
tion) were divided into two groups — 8 in the ex-
perimental and 6 in the control. Animals of the
experimental group were fed a probiotic feed
supplement “Immunobacterin-D” (B. subtilis
12P-130, 1-10*° CFU/g-mL, B. licheniformis 12P-
896, 1-10'° CFU/g-mL, S. cerevisiae AF 338, 1-10°
CFU/g'mL) individually, once with mixed feed
for 10 g per day. The animals in the control
group remained intact.

In the second stage, for the examination
to determine a more effective yeast strain, two
experimental and one control group of cows
from the post-calf period were formed. The
cows were kept tethered, with automatic wa-
tering. Milk yield was recorded after 12 days.
The experiment lasted 36 days. Cows of the
first experimental group were given a probiotic
feed supplement “Immunobacterin-D” (B. sub-
tilis 12P-130, 1-10'° CFU-g * mL, B. licheniformis
12P-896, 1-10'° CFU-g * mL, S. cerevisiae AF 338,
1-10° CFU-g * mL ( conventional); and the
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second — Immunobacterin-D (B. subtilis 12P-
130, 1-10'° CFU-g * mL, B. licheniformis 12P-896,
1-10% CFU-g * mL, S. cerevisiae, experimental
1-10° CFU-g * mL). The animals in the control
group remained intact. The experiment lasted
36 days.

Studies on the assessment of milk quality
indicators were conducted using an ultrasonic
milk quality analyser “Ecomilk”, Milkan type
KAM-98-2A (Bulgaria).

The effect of the probiotic feed additive
“Immunobacterin-D” on the health status of
cows was assessed by biochemical parameters
of animal blood serum, which were determined
using an automatic biochemical analyser La-
bLine-010 (Austria) based on the scientific lab-
oratory of the Department of Therapy and Clini-
cal Diagnostics of the National University of Life
and Environmental Sciences of Ukraine (Kyiv).

Experiments using live animals were con-
ducted in accordance with the recommenda-
tions of Arrive.

The obtained study results were pro-
cessed in the Microsoft Excel programme using
the Student’s coefficient ; P < 0.001; P < 0.05;
P<0.01 to compare the obtained digital values.

Results and Discussion

Based on the results of the first stage of the
study, the most favourable terms for the ra-
tional use of the feed additive “Immunobacte-
rin-D” to cows of the experimental group were
determined. Thus, the average daily milk yield
of cows of the experimental group before intro-
ducing the supplement was 20.5 L, in the con-
trol group - 19.7 L. During the period of feed-
ing the probiotic feed additive (13 days), the
milk yield of cows of the experimental group
increased by 1.2-2.5 L per day. In the control
group of cows, milk yield also increased by 0.3-
1.5 L, but the difference in the amount of milk
produced between the groups was 0.7-1.9 L in
favour of the experimental group (Table 1).
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Table 1. Effect of the feed additive “Immunobacterin-D”
on the amount of milk produced, L, M*m, n=6

Name Mass of . Day of control milking Day of control milking during the experiment
Inventory Calving - .
number of.the the body date 29.05 before the experiment period
animal 27.05 02.06 05.06 07.06 11.06
8015 Bagheera 500 08.03 20 21 22.5 24 23 22
2734 Dymbka 400 17.03 21 20 19 20 21.1 23
5638 Azalea 410 20.03 15 14 14 14 12 13.5
5645 Zorka 405 01.04 21 23 34 32.5 30 31.5
5604 Rosa 390 10.04 21 18 21.5 23 23 21.5
5607 Klumba 405 12.05 18 19 20 19 20 21.5
9085 Tryda 400 15.05 17 21 21 20 17.2 19
8968 Lypa 450 28.05 29 31 32 30 27.4 31.5
20.3+1.5 20.8+1.7 23%£2.4 22.8+2.1* 21.7+2* 229*1.1*
Increase to the average daily milk yield 20.5 +2.5 +2.3 +1.2 +2.4
8867 Mayka 390 08.03 18 20 21.5 21.5 22 22
2607 Antaliia 425 17.03 17 18 20.5 19.5 15.8 16
4545 Korona 400 01.04 18 19 19.5 20.5 19 23
2744 Niagara 405 20.04 16 15 17.5 18 16.3 19
4494 Hroza 390 12.05 18 20 19 20 20.2 15.5
5623 Ilona 410 22.05 28 29 29 28 26.8 25.5
19.2+41.7 20.2+*19 21.2#1.6 21.3*¥#1.4 20%#1.7 20.2%*1.6
Increase to the average daily milk yield 19.7 +1.5 +1.6 +0.3 +0.5

Note: *

Based on the analysis of the results shown
in Table 1, cows of the experimental group have
a stable tendency to maintain an increase in the
average daily milk yield. In particular, the milk
yields of these cows increased by an average
of 9.23%. Therewith, in animals of the control
group, theincrease in the average daily milk yield
decreased over time and amounted to 4.65%,
which is 4.58% less compared to the experimen-
tal one. During the study period, the milk pro-
ductivity of cows in the experimental group in-
creased by 4.58% compared to the control group.

The average daily milk yield of cows was
compared among analog pairs grouped depend-
ing on the day of lactation for 10 days (Table 2).

The highest performance indicator com-
pared to the amount of milk produced was ob-
served in cows from 30 to 60 days after calving.

Comparing pairs-analogues of cows, it was
established that the tendency to increase milk
yields occurs as early as the 4th day of introduc-
ing a probiotic feed additive. However, based on
the results of the study, there is a decrease in

*P < 0.05; **P < 0.01; *P < 0.01 compared to the control

milk yield in cows on the 10 day of the experi-
ment (12-25 days after calving). This is assum-
ably due to the physiological characteristics
of the cows’ bodies in the post-calving period
since the diet, content, and dose of probiotic
feed supplement were the same for everyone.
According to the conducted studies of milk
quality, an increase in the fat content of milk by
0.6-2.2% during the first 30 days of lactation was
established in all cows, especially in experimen-
tal ones. With a larger difference in milk yields,
an increase in density and a decrease in fat
content of milk by 0.7% were observed. Feeding
cows a probiotic feed supplement after 70 days
of lactation affected a decrease in milk yield
compared to previous values for an increase in
fat content, density, and protein content in milk.
According to the indicators shown in Table 3,
milk yield had a maximum increase on the 30-
60 days of lactation, and from the 70-90 days,
the fat content, density, and protein content
in milk increased when feeding cows the pro-
biotic feed supplement “Immunobacterin-D”.
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Table 2. Difference in the amount of milk produced depending on the initial milk yield, L

Pafirs—analogue.s for the G Inventory Control milkings, day of the experiment
period after calving (days) number 4 7 10 13
Experiment 8968 2 0 -2.6 1.5

Pair 1 (10) Experiment 9085 2 1 -1.8 0
Control 5623 0 1 1.2 -3.5

Pair 2 (20) experiment 5607 1.5 0.5 1.5 3
control 4494 3 2 -1.7 -1.5

Pair 3 (30) experiment 5645 12 10.5 8 9.5
control 4545 0.5 -0.5 -1.7 -3

Pair 4 (40) experiment 5604 2 3.5 3.5 2
control 2744 1 2 0.5 4.5

experiment 5638 -0.5 -0.5 -2 -1

Pair 5 (70) experiment 2734 -1.5 -0.5 -0.4 2.5
control 2607 B 2 -2 -1.5

Pair 6 (80) experiment 8015 2 3.5 2.5 1.5
control 8867 2 2 2.5 2.5

Table 3. Milk quality indicators of experimental cows, M*m, n=6

No. [Inventory dL;acfizttri;)I? Fat, % Density, °A Protein, %
n/m  number saznplingg before after before after before after
1 8968 12 3.88 4.43 29.76 25.7 4.12 3.79
2 9085 25 2.83 5 30.78 26.04 4.6 3.69
3 5623 18 3.45 3.63 27.78 27.89 3.31 3.07
4 5607 30 3.72 4.26 27.84 27.12 3.35 3.07
5 4494 30 3.99 3.99 27.99 28.59 4.69 3.45
6 5645 40 3.77 2.45 27.35 28.75 3.25 3.25
7 4545 40 3.6 3.66 28.9 28.98 3.79 3.79
8 5604 60 2.1 1.75 30.03 30.46 3.21 3.21
9 2744 50 4 3.95 27.87 28.61 3.79 3.25
10 5638 80 3.23 4.36 30.16 30.58 2.88 4.41
11 2734 84 4.07 4.1 27.92 29.13 2.93 3.35
12 2607 84 3.23 3.22 30.19 30.78 2.83 3.74
13 8015 93 4.77 6.06 29.51 27.7 4.02 4.02
14 8867 93 4.2 4.05 27.72 29.06 3.16 3.94

Arithmetic mean of the

- 3.55+0.27 4.05+0.45 29.17+0.42 28.19%+0.62 3.55+0.21 3.60%0.15
experimental group

Arithmetic mean of the

3.75+0.19 3.75+0.16 28.41+0.49 28.99+0.48 3.60+0.33 3.54=0.17
control group

Considering the results obtained, it is worth The combination of these cultures was
continuing to examine the effect of this supple-  identified to be quite successful. The results
ment during subsequent lactation periods. obtained coincide with those in the study by

A,

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1




Effect of the probiotic feed additive “Immunobacterin-D”...

Poppy et al. (2012) since the most pronounced
effect of using a feed additive was manifested
in the first half of lactation. According to the
paper of Alugongo et al. (2017), the milk pro-
ductivity of cows during the use of anaerobic
probiotics was most pronounced in the group
of cows that were fed B. licheniformis compared
to B. subtilis and with a group that didn’t get
any supplements.

Results indicate that B. licheniformis is the
better live feed additive compared to B. sub-
tilis, which is logical for a ruminant since the
advantages of B. licheniformis are especially
pronounced for feeding coarse feed, and its op-
timal dose should be 0.25x107 CFU/500 mg of
substrates (Wang et al., 2015).

Study results obtained by Peng et al. (2012)
prove that the fermentation product B. subtilis
natto was effective in increasing the lactation
performance of dairy cows at the beginning of
lactation. Adding S. cerevisiae yeast to the diet
of Holstein cows increased rumen fermentation
and improved serum metabolic profile, and dai-
ly milk yield increased by 4% 3, 7, 11, 15, and 19
weeks after calving (Kumprechtova et al., 2019).

Thus, the quantitative and qualitative in-
dicators of milk produced depend both on the
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composition of the probiotic feed additive and
on the lactation period of cows.

Since the interest lies in the short-term as
the most rational feeding of probiotic feed ad-
ditives to increase milk yield in cows, it was de-
cided to conduct a study on the effect of various
yeasts on improving their lactation in its most
substantial first period — milking. Considering
previous results, additional observations were
made regarding the content of various yeast cul-
tures S. cerevisiae in a probiotic feed supplement.

The second stage the study was conduct-
ed during the most critical winter-spring period
for feeding. According to the indicators of the
difference in the arithmetic mean indicators of
the control milking of cows of the experimental
groups, a positive effect of the probiotic feed
additive “Immunobacterin-D” with the content
of both conventional and experimental yeast
strains was established in comparison with the
control group. The maximum increase in milk
yield was observed on the 24th day of the ex-
periment in all groups: in the first group, the
indicator was 23.75+ 2.27 L; in the second -
26.88%0.39 L. Figures 1 and 2 show the analysis
of indicators of the difference in milk produc-
tivity between groups of animals.

IR

20 day 30 day
1.3 -2.83
1.72 -0.53
2.13 -1.5

control milking, day

Figure 1. Analysis of milk yields (L) of cows of experimental groups
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Figure 2. Indicators of the difference (%) of milk produced by cow groups

An increase in milk yield by 2.13 L com-
pared to the initial one was observed on the
24% day of the experiment in cows of the sec-
ond group, which were fed experimental yeast
strains, and in cows of the first experimental
group, an increase in the number of milk yields
by 1.72 L was noted, in the control group - by
1.3 L. This pattern is displayed as a percentage
(Fig. 2). The results of studies indicate a positive
effect of the feed additive “Immunobacterin-D”
on increasing milk yield, which eliminates the
effect of negative factors.

The results of the study coincide with those
of other authors (Poppy et al., 2012; Maamouri
et al., 2014; Para et al., 2018) on the positive ef-
fect of combined probiotic feed additives with
yeast on the milk productivity of cows. As noted
in the literature review, yeast supplements in-
crease milk yield in the first half of lactation,
and milk fat content increases at the end of lac-
tation, which allows using them during differ-
ent lactation periods (Ayad et al., 2013; Bakr et
al., 2015; Sun et al., 2021). However, the effec-
tiveness of the application varies depending on
the diet and strain, which is confirmed by the
results obtained. Microbiological and biochem-
ical processes in the rumen depend on the con-
tent of coarse and concentrated feed in the diet
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(Alugongo et al., 2017). Cellulose is ferment-
ed by bacteria that are very sensitive to acid-
ic environments. They function better at pH
6.4-7.0 which is important to know when com-
bining feeds (Kalachniuk & Kalachniuk, 2015)
to achieve optimal pH. In addition, cellulolyt-
ic microbes are sensitive to fats. If fat is more
than 5% of the dry weight of the feed substance,
then microorganisms sharply reduce their ac-
tivity. The action of a probiotic feed additive
with feed yeast is improved by its high antioxi-
dant activity (Liu et al., 2018). The supplement
intake should be daily, but not permanent and
not long-term to get the effect of yeast in ma-
nipulating the rumen microbiome (Ogbuewu et
al., 2018; Lytvynenko & Yukhymchuk, 2021).
Analysis of the effect of the probiotic feed
additive “Immunobacterin-D” on milk quality
was determined by comparing milk taken before
and after feeding. As a result, in the first group
of animals, patterns similar to the previous
experiment were obtained, since milk samples
were taken from cows on the 40-70 day of lacta-
tion (Table 4). In cows of the first group, the fat
content of milk decreased by 0.34%, the density
increased by 0.55%, and the protein content by
0.02%. Considering the indicators of the control
group as physiological, then there is a tendency
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to increase the percentage of fat content and
reduce the density and protein content. A sim-
ilar trend is observed in animals of the second
experimental group, in which the fat content of
milk increased by 0.45% after feeding a probiot-
ic feed additive, and the density - by 1.4%, the
protein content decreased by 0.1%. In cows of
the first experimental group, the fat content of

milk decreased by 0.67%, and in the second — by
0.44% (P < 0.05). However, the protein content
in the milk of cows in the first experimental
group increased by 0.06%, in the second group,
it decreased by 0.06% compared to the control
group. In the first group of cows, milk density
increased by 0.46% (P<0.01), and in the second
group, on the contrary, it decreased by 0.01%.

Table 4. Influence of yeast cultures S. cerevisiae on cow's milk quality indicators

Fat content, % Density, °A Protein, %
before after before after before after
No. conducting completing difference in conducting completing difference in conducting completing difference in
the the values the the values the the values
experiment experiment experiment experiment experiment experiment
Control group
1 3.21 3.5 0.29 29 26.8 -2.2 3.11 2.93 -0.18
2 3.13 3.7 0.57 29.8 27.6 -2.2 3.17 3.02 -0.15
3. 3.94 4.64 0.7 29 26.1 -2.9 3.17 2.97 -0.2
4 4.2 3.8 -0.4 30.4 279 -2.5 3.42 3.06 -0.36
M#+m 3.62%0.28 3.91%£0.23 0.29%#0.21 29.55+0.34 27.1+0.41 -2.45%0.14 3.225+0.06 2.99%0.03 -0.2+0.04
0.29 -2.45 -0.22
First experimental group
5. 3.48 3.36 -0.12 28 28.4 0.4 3.04 3.06 0.02
6. 3.89 3.37 -0.52 26.7 27.8 1.1. 2.96 3.01 0.05
7. 3.98 3.3. -0.68 27.4 29.1 1.7 3.04 3.13 0.09
8. 2.95 2.93 -0.02 29.1 28.1 -1 3.09 3 -0.09
3.58+0.23" 3.24%0.1° -0.34+0.14" 27.8+0.47° 28.35+0.25" 0.55+0.5"" 3.03+0.02" 3.05+0.03 0.02%0.03"
-0.34 0.55 0.02
Second experimental group
9. 3.03 3.3. 0.27 27.3 27.8 0.5 2.94 3 0.06
10. 3.52 3.3. -0.22 26.7 25.7 -1 2.93 2.81 -0.12
11. 2.91 3.89 0.98 28.8 27.7 -1.1 3.06 3.05 -0.01
12. 2.63 3.39 0.76 30.3 26.3 -4 3.18 2.87 -0.31
M#+m 3.02+0.16" 3.47+0.13" 0.45+0.23 28.28+0.8" 26.88+0.56 -1.4%0.81 3.03+0.06" 2.93%0.06 -0.1+0.07
0.45 -1.4 -0.1

Note: ***P < 0.001; **P < 0.05; *P < 0.01 compared to the control group

B. licheniformis also contributes to an in-
crease in the protein content in milk (Qiao et
al., 2010), in contrast to B. subtilis, the use of
which did not affect digestion in the rumen.
The results of the study prove the pronounced
positive effect of yeast in the composition of
the probiotic feed additive “Immunobacter-
in-D” on milk quality indicators and predict

the prospect of further research with the S.
cerevisiae experimental strain. Moreover, the
rumen microbiota of highly productive and
low-yielding cows during lactation is different
and determines new strategies for improving
the productivity of dairy cows.

The results of the analysis of biochemi-
cal parameters of cow blood serum are shown
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in Table 5. In the blood serum of cows of the
first experimental group, the total protein con-
tent increased by 4.9% (P <0.05), in the second
experimental group by - 9.0% (P < 0.01) com-
pared to the control group. The concentration
of glucose in the blood serum of cows of the
first experimental group decreased by 23.3%
(P <0.01), and in the blood serum of cows of
the second experimental group, on the contra-
ry, it increased by 10.1% (P <0.01) compared to
the control group. The concentration of urea in
the blood serum of cows of the second group
increased by 84.8% (P < 0.05) compared to the
control group.

The content of creatinine and phosphorus
in the blood serum of cows of the first group

increased by 18.6% (P < 0.05) and by 31.4%
(P<0.05), respectively, compared to the control
group.

In the blood serum of cows of the first and
second experimental groups, a decrease in the
activity of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) was estab-
lished compared to the control group. Thus, in
the blood serum of cows of the second exper-
imental group, the ALT content decreased by
25.6% (P<0.05) compared to the control group.
Therewith, the AST/ALT ratio in the blood serum
of cows in the second study increased by 9.4%
(P < 0.05) compared to the control group. No
statistically substantial difference was estab-
lished for the remaining indicators examined.

Table 5. Biochemical parameters of cow blood serum under the influence
of S. cerevisiae cultures as part of the feed additive “Immunobacterin-D”, GEm,n=6

Before conducting the experiment

No.

Indicator first second
/1 . .
experimental experimental
group group
1.  Total Protein, g/L 76+3.69 77.8+4.39
2. Albumins, g/L 38.28+0.88 31.13+1.66
3.  Glucose, mmol/L 1.07+0.06 1.26%0.10
4. Urea, mmol/L 2.7+0.08 3.0+0.29
5, creatinine, oy 001986 168.98+5.78
mmol/L
6.  Calcium, mmol/L 2.62%0.09 2.58+0.03
P USHou 1455009  1.46+0.06
mmol/L
g, Totalbilitubin, ) 01619 4884053
umol/L
9. AST, U/L 83.98+6.38 79.43+4.28
10. ALT, U/L 19.25+1.08 16.8+1.28
11. Correlatg% Of AST/ 4334015  4.890.38

After completing the experiment

first second
control - - control
ou experimental experimental rou
group group group group
82.35+0.14 87.68+1.79" 91.15+0.67°  83.6+1.62
31.13£1.01  36.33%2.50 30.27+1.50  30.9%0.17
1.86%0.15 1.22+0.08" 1.75+0.12° 1.59+0.03
4.25+0.19 2.28+0.07 4.25+0.19" 2.30+0.08
171.1+1.57 200.3+9.01" 187.63+18.10 168.85+1.39
2.7%£0.04 2.95%0.18 2.58+0.12 2.65+0.02
1.9+0.004 2.05+0.14" 1.66+0.25 1.56+0.05
5.97+0.11 3.90+0.17" 3.68%0.42 4.08+0.42
75.95£4.74  57.93%7.26 69.8+10.73 77.3+3.52
25.65%2.59  27.3%#1.72  22.77%£1.38"  30.6*1.95
3.03+0.12 2.27+0.41 2.79+£0.45**  2.55%0.05

Note: ***P < 0.001; **P < 0.05; *P < 0.01 compared to the control group

The concentration of glucose in the blood
serum of cows of all experimental groups indi-
cates the occurrence of an energy imbalance at
the beginning of lactation. Feeding the probiotic
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feed supplement “Immunobacterin-D” slight-
ly affects the increase in the concentration of
glucose in the blood serum of cows. However,
it causes a likely increase in the total protein
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content, but not due to the albumin fraction.
Therewith, there is a substantial effect of the
feed additive “Immunobacterin-D” on the val-
ue of the ratio of AST/ALT activity in the blood
serum of cows of experimental groups, primar-
ily due to a decrease in AST activity and resto-
ration of the structural and functional state of
hepatocytes, which is also confirmed by the re-
sults of the study by Kumprechtova et al. (2019).
This is assumably due to the fact that live yeast
has a positive effect on the energy balance at
the cellular level and has a hepatoprotective
effect. According to the results of the analysis
of biochemical parameters of blood serum, an
increase in the content of phosphorus (by 41%)
and total bilirubin (by 49%) in cows of the first
experimental group was also established. Thus,
the applied symbiotic cultures contribute to
improving the health of cows during lactation.

Conclusions
Application of probiotic feed additive “Immunob-
acterin-D” with S. Cerevisiae, B. Subtilis, B. licheni-
formis in cows provides an increase in the aver-
age daily milk yield in the post-calving period.

When feeding the probiotic feed additive
“Immunobacterin-D” in cows from 4 to 90 days
after calving, an increase in the value of milk
yields was noted with the greatest effect of
manifestation on the 30-60 days after calving.
Consumption of probiotic feed additives from
70 to 90 days was accompanied by a decrease in
the amount of milk produced but contributed to
an increase in the fat content of milk in cows of
the experimental group.

Analysing the effect of probiotic feed addi-
tives on animals of the experimental group for
the entire study period, a positive effect in the
increase in the average daily amount of milk
from 1.2 to 2.5 L should be noted. The differ-
ence in milk yield difference with the control
group of cows in favour of the experimental
group is from 1.9 to 0.7 L.

The probiotic feed additive “Immunobac-
terin-D” in both versions during the milking

period shows the best effect on the 24" day of
use. The maximum result during this period
was obtained with the experimental strain. In
particular, the milk allowance for the cow group
increased to 2.13 litres, and the milk fat content
increased by 0.45%.

Application of probiotic feed additive “Im-
munobacterin-D” with strain S. cerevisiae AF
338 contributed to an increase in the amount
of milk produced in cows of the experimental
group by 1.73 L, while in the control group -
only by 1.3 L. The milk fat content decreased
by 0.34% from the previous value and by 0.67%
compared to the control. Summarising the
data on the total amount of milk produced for
the entire study period, positive trends can be
traced, mainly in cows of the first group that
consumed conventional yeast and showed
stress resistance to environmental factors.

The probiotic feed supplement “Immu-
nobacterin-D” in both versions used helps to
improve the health status of cows in the dairy
area of productivity, as indicated by the equal-
isation of the ratio of AST/ALT activity in their
blood serum. This has a positive effect on the
processes of liver cell renewal. In addition, cows
of the first group have a substantial increase in
the content of phosphorus and total bilirubin in
the blood serum.

If it is possible to regulate the factors of
external influence on productive animals, the
use of a probiotic feed additive with an experi-
mental strain may become more promising, as
indicated by obtaining more milk yield and in-
creasing the fat content of milk.

The stidy on Sashagomuses cerevisiae as
part of probiotic feed additives predicts the
prospect of further research with an experi-
mental yeast strain.
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BB npo6ioTHYHOT KOpMOBOI 100aBKH «IMyHOOaKTEpUH-D»
Ha IPOAYKTUBHICTH KOPiB YOPHO-PsA00I MOPOIU MiJf Yac JaKTanil
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AHoranis. B YkpaiHi, SIK i 1J151 KOsKHOT KpaiHy CBiTY, BasK/IMBYUM 3aBIAHHSIM € pO3p0o6Ka eeKTUBHOI
cTparerii po3BUTKY 3 BUPOOHMIITBA HATYPAJIbHMUX MOJIOUHMX MPOAYKTIB IMIJITXOM BUKOPUCTAHHS
npo6ioTukiB. 3romoByBaHHs TBapuHam ITKII BuUSAB/SE pisHY eDeKTUBHICTh 3aJ€KHO Bif iX BiKy,
0CO6MMBOCTE MiKpOGIOMM KUIIEUHUKY, CKIaAy KOPMiB palliOHy Ta TEXHOJIOTii BMPOOGHUIITBA.
MeTa [mocmimkeHHS Tonsirasia y 3’scyBaHHi HaltedexktuBHimoro mepiomy 3acrocyBaHHs IIK]]
«ImyHOGakTepuH-D» Ta y BUGOPi KyIbTYpM OPiKIKIB 15 MiIBUIIEHHS] MOJIOYHOI MPOAYKTUBHOCTI
KopiB. EdektuBHicTh ITK]I o1iHIOBa/IM 3a KiJIBKICTIO HAJOEHOTO MOJIOKA, & JOT0 SIKiCTh — HIJITXOM
BUKOPUCTAHHS YJIbTPAa3BYKOBOro aHajizaTopa «Ekomink». CTaH 340pOB’ST KOpPiB KOHTPOJIIOBAIN
3a pe3y/nbTaTaMiu CIEeKTPO(POTOMETPUUYHOTO AOCTiIKEHHS 6iOXiMiUHMX TMMOKA3HMUKIB CHUPOBATKU
KpoBi Ha 6GioximiuHomy anamizaTopi LabLine-010 (ABctpist). B pesynbrari 6y/n0 BM3HAYEHO,
0 ONMTMMaJbHMM Tiepiomom 3actocyBaHHs K[l € 30-60 mob6a micias oteneHHs. Ha 13 mo6y
sromoByBaHHs IIK]I Hamoi MosoKa B KOpiB mociimHoi rpymu 36inbiryBanmcs Ha 1,2-2,5 1/m06y.
Pi3HMIIA y KiZTBKOCTI HAA0IHOTO MOJIOKA M)XK TBapMHaMM JOCIILHOI i KOHTPOJIBHOI TPyl CKIajasa
0,7-1,9 n/mo6y. 3 70 mobu mic/asS OTeNeHHsT 3acTOCyBaHHS KopoBaM IIK/I He BUK/IMKAIO 3MiH B
obcsrax HaI00 MOJIOKA, ajie CITPUSIIO MiABUIIEHHIO 10T0 KMPHOCTI. BIpogoBk 21 o6y 3rogyBaHHS
KOpoBaM eKCIepuMeHTaJbHOro mTamy S. cerevisiae y ckmaai ITK[ Bigmiuaau MakcumaabHe
36ibIIeHHS HAO1B MOJTOKa — Ha 2,13 J1, a MosouHoro xkupy — Ha 0,45%. Topi sk 3actocyBaHHs [TK]],
3 TpaguUIiiHUM 1TaMoM S. cerevisiae AF 338 cripusiiio 36imbiieHHI0 Ha 1,73 1 HalOiB MOJIOKa, a Y
KOHTPOJIbHOI I'pyTu Kopis yiuiire Ha 1,30 J1. 3a pesynbraTaMu 6i0XiMiuHMX JOCTIIKEHb CMPOBATKU
KpOBi moBemeHo mosuTtuBHMit BIuinB IIK]I «IMyHo6akTepuH-D» Ha cTaH 3mM0poB’s KopiB. [TKII Moske
6yTV peKOMeHIoBaHa /st 3T0J0BYBaHHS KOPOBaM Ha BUPOGHMIITBI, 1[0 CIIPUSATUME ITiABUIIIEHHIO
HaJl0iB MOJIOKA Ta 3MiIlHEHHIO CTaHY iXHbOTO 3[I0POB’ST

KiiouoBi coBa: MoJIOYHE CKOTAapCTBO; ApiKmXKi; Bacillus subtilis; Bacillus licheniformis;
Saccharomyces cerevisiae
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Abstract. The increasing level of anthropogenic environmental pollution and effective means to
reduce the negative impact of xenobiotics on animal and human health is an urgent problem today.
Considering this, the purpose of the study is to examine the effect of heavy metals on accumulation
processes under poisoning conditions, and biochemical parameters in the body of rats. Analogue
groups were formed of rats of the same age, gender, and body weight to conduct the study. Rats
were poisoned with solutions of copper sulfate, zinc sulfate, cadmium sulfate, and lead nitrate for
14 days. Using the method of infrared spectroscopy, substantial differences in the spatial structure
of protein components in intact and poisoned animals were established. The difference between
the spectral characteristics of the examined tissues is clearly demonstrated by the statistical
indicators of skewness and kurtosis. It was determined that poisoning of rats with copper, zinc,
cadmium, and lead ions affects the course of glycolysis reactions and the tricarboxylic acid cycle,
which leads to a likely increase in serum concentrations of lactate and pyruvate, oxaloacetate and
a-ketoglutarate and a decrease in Malate content compared to intact rats. It was established that
under the conditions of poisoning, there is also a substantial increase (P < 0.05) in the content
of the examined heavy metals in the blood, liver, and kidneys. In animals poisoned with heavy
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metals, a decrease in the pool of free amino acids in the kidneys is observed. In particular, the
content of aspartic acid, valine, glycine, tyrosine, and cystine (more than 1.5 times) in the kidneys
of such rats decreases; alanine, leucine, serine, taurine, threonine, phenylalanine (more than 2.0
times), lysine — 3.4-4.9 times. Therewith, an increase in the level of isoleucine and methionine
by 1.3-1.5 times, ornithine — by 1.8-2.1 times, and glutamic acid — by 4.4-5.3 times in rats of
the experimental group compared to intact ones was identified. The results of the study can be
helpful in the professional activities of doctors of veterinary medicine, toxicologists, biologists,
and environmentalists and used to control the quality of livestock products, conduct toxicological

studies, and analyse environmental objects

Keywords: copper; zinc; cadmium; lead; blood; internal organs

Introduction

A large number of various chemical com-
pounds, including heavy metals, that enter the
environment require research to establish their
impact on the biota and find ways and means to
reduce the negative impact on animal and hu-
man health (Cao et al., 2018; Engwa et al., 2019;
Djordjevic et al., 2019). Balali-Mood et al. (2021)
investigated the impact of anthropogenic envi-
ronmental pollution with heavy metals, toxic to
all living things, which necessitates a thorough
study and establishing the biochemical effect
on the body individually and under complex
impact conditions. Wallace & Buha (2020) de-
termined the complex effects of heavy metals
and pesticides on the body and their probable
involvement in carcinogenesis. Still, their work
lacks consideration of biochemical parameters
and the use of infrared spectroscopy. The body
has the ability to accumulate heavy metals at
the cellular, tissue, and organ levels of the or-
ganisation of living matter, which is primarily
due to the specific features of metal accumula-
tion in various tissues and organs, and the ac-
tion of protective mechanisms that limit their
migration (Kumar & Sharma, 2019; Ohta &
Ohba, 2020; Schaefer et al., 2020).

Schaefer et al. (2020), showed that the con-
stant increase in anthropogenic load on en-
vironmental objects in the form of chemical,

physical, and biological compounds has quite
serious consequences, but they focused on tox-
icological aspects without investigating bio-
chemical parameters and did not use the meth-
od of infrared spectroscopy. Targeted impact on
one of the objects of the environment through
a chain reaction of relationships in the biosys-
tem can cause changes in the state of the other,
which in turn is a real threat to the gene pool of
all living beings and can lead to an increase in
mutagenic pressure on the population of both
animals and humans. Therewith, total pollu-
tion of atmospheric air, soil, drinking water,
and food products with a wide range of xenobi-
otics can cause genetically determined pathol-
ogies manifested by congenital malformations,
cytogenetic disorders in germ and somatic cells
(Kumar & Sharma, 2019; Li & Saleem, 2022).
Ortiz et al. (2022) examined an environ-
mental biota that is constantly in contact with
a large a wide variety of chemical compounds.
The authors note that not only substances that
are part of food products and are contained in
water and enter the air are essential for the
body (proteins, lipids, carbohydrates, vitamins,
macro - and microelements), but also those that
do not represent nutritional value or, even in
certain doses, are able to show toxic effects on
the mammalian body being components of both
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natural (essential oils, dyes, alkaloids, tannins)
and artificial origin (preservatives, flavouring
and aromatic additives, pesticides, and medici-
nal and hormonal preparations that were added
during animal feeding), without investigating
the effect on metabolic processes. Ohta & Ohba
(2020) indicated that a large group of substanc-
es not involved in metabolism are called xeno-
biotics. Solving numerous problems due to the
negative impact of xenobiotics on a living or-
ganism is extremely relevant and one of the pri-
ority tasks for humanity; however, the existing
studies did not investigate the effect of heavy
metals on metabolic processes and did not use
the infrared spectroscopy method, as noted in
the materials of this paper.

It is important to establish and examine
specific molecular targets that ensure the se-
lectivity of xenobiotics biotransformation and
detoxification to understand their biological
effect and the limits of the body’s tolerance to
them. As Stefanac et al. (2021) note, detoxifica-
tion for organic compounds is associated with
their chemical transformation, including par-
tial oxidation of molecules, and in the case of
metal ions, the neutralisation process consists
in their deposition as part of specific functional
groups and molecules. Aemere et al. (2020) re-
port that this process occurs due to the specific
features of the binding constants of metal ions
to certain ligands.

Thus, the scientific literature does not fully
cover the issue of animals poisoned with heavy
metals, namely their effect on metabolism in
tissues depending on the type of poisoning and
the specific features of their effect on the con-
tent of other heavy metals, using the method of
infrared spectroscopy and simultaneous moni-
toring of biochemical parameters.

Objective - to investigate how heavy met-
als affect the accumulation of substances under
toxic conditions, and biochemical parameters
in the body of rats.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

Literature Review

Heavy metals can often interact with biologi-
cal systems, losing one or more electrons and
forming metal cations that are related to the
nucleophilic centres of vital macromolecules.
Several acute and chronic toxic effects of heavy
metals affect various organs in the body. Gas-
trointestinal and kidney dysfunction, nervous
and immune system disorders, skin damage,
vascular damage, birth defects, and cancer are
examples of complications of heavy metal tox-
icity. In particular, Kumar & Sharma (2019) indi-
cate that simultaneous exposure to two or more
metals can have a carcinogenic effect. However,
they did not determine their effect on biochem-
ical parameters and did not examine tissues us-
ing infrared spectroscopy, which is presented in
this study. The fact that heavy metals are car-
cinogenic to mammals is an important aspect
of chronic exposure. Although the exact mech-
anism is not fully understood, abnormal chang-
es in the genome and gene expression are con-
sidered the main process. Carcinogenic metals
such as arsenic, cadmium, and chromium can
disrupt the synthesis and renewal of DNA. Kim
et al. (2019), covered the toxic mechanism of
action of heavy metals on the body, which func-
tions in a similar way, usually through the for-
mation of reactive oxygen species, inactivation
of enzymes, and inhibition of antioxidant pro-
tection, yet infrared spectroscopy was not used.

Lietal. (2022) showed that some heavy met-
als cause toxicity according to a specific scheme
and selectively bind to specific macromolecules.
The involvement of metalloproteins (metal +
carrier protein) by tissues is conducted by their
fixing on specific membrane receptors, in com-
bination with which they enter cells, where
they are destroyed by lysosomal enzymes, and
the metal is restored again and can be reused in
metabolism. As is often the case, the implemen-
tation of biological functions depends on the
interaction between ligand-binding residues
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and metal ions, and the molecular mechanism
involves the binding of metal ions to specific
residues in proteins. Some of these amino acid
residues are stored in the protein family, and
they can create key stable interactions or play
an important functional role. Each family has
its own preserved residues, which are involved
in protein recognition and metal ion binding. It
can combine with cadmium with high affinity
and play a role in detoxifying heavy metals and
maintaining a stable state of major metal ions
in cells. Among them are metallothioneins,
which, due to their unique metal binding char-
acteristics, can provide resistance to cadmi-
um and contribute to the stable state of zinc.

Gazwi et al. (2020), investigated the for-
mation of reactive oxygen species and release
of cytochrome C, which may play a role in the
hepatotoxic effects of heavy metal exposure.
An analysis of male Wistar rats exposed to
heavy metals showed intensive development of
oxidative stress and activation of caspase-9, the
initiator of apoptosis signalling.

Entering cells, heavy metals bind mainly
to functional groups of proteins and others (for
example, the formation of metallothioneins or
compounds involved in biotransformation (Kim
et al., 2019; Aemere et al., 2020; Samuel et al.,
2021), which may be related to detoxification
mechanisms. Therewith, this is the cause of
metabolic disorders and an explanation of the
high toxicity of heavy metals (Saha & Paul,
2019; Proshad et al., 2020). However, Kim et al.
(2020) and Luo et al. (2020) note that the bind-
ing strength of heavy metal ions to the func-
tional groups of various biopolymers may vary,
which is a manifestation of the different toxici-
ty of these toxicants.

The interaction of metals entering the cell
can cause antagonism, synergy, and affect to a
certain extent the content of individual metals
in cells and, accordingly, in tissues. This is best
demonstrated by researchers on the example of

plants, when the cadmium content in the soil
is too high, there is an obstacle to the supply
of iron to the plant, which causes growth retar-
dation, chlorosis, and other symptoms similar
to iron deficiency (Asad et al., 2019; Kashif Ir-
shad et al., 2020). The described symptoms are
caused by direct or indirect interaction between
cadmium and iron. The toxic effects of cadmi-
um can cause phosphorus deficiency or reduce
manganese intake and prevent the intake and
transport of several essential nutrients (such as
calcium, magnesium, phosphorus, and potas-
sium) and water by plants. In addition, Kashif
Irshad et al. (2020) note that cadmium is able to
enter the cell through carriers of basic elements.
Due to the lack of specificity of these vectors, it
is usually assumed (Engwa et al., 2019) that it
is absorbed by transporters of basic elements
(such as zinc, iron, and calcium). The following
research expands and deepens knowledge about
the effects of heavy metals on the animal body.

Materials and Methods

The research was conducted during 2020-2022
based on the National University of Life and En-
vironmental Sciences of Ukraine. Experimental
studies were accompanied by the use of three-
month ols rats (males) with a similar body
weight of 200% 15 g, kept in a vivarium under
standard conditions. From animal analogues,
five groups were formed: the first — control (in-
tact), rats of the second, third, fourth, and fifth
groups were orally administered solutions of
copper sulfate, zinc sulfate, cadmium sulfate,
and lead nitrate, respectively, in established
toxicological doses. Intoxication of animals was
conducted for fourteen days, then they were de-
capitated under ether anaesthesia, followed by
the collection of blood samples and pieces of
organs (liver, kidneys) for further research.

All work was conducted in accordance with
the provisions of the European Convention
for the protection of vertebrate animals used
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for experimental and other scientific purposes
(1986). The content of copper, zinc, cadmium
and lead in blood, liver, and kidney samples
selected for research was determined by atom-
ic absorption spectrometric method using the
absorption mode on AAS SpectrAA-55b, Varian
Company (USA). Standard solutions of these
metals were used as controls.

Infrared spectroscopy was used to exam-
ine the internal organs (liver, kidneys) of rats,
which was performed on the infrared (IR)-Fou-
rier spectrophotometer “Nicolet 3807, manu-
factured by Thermo electron corporation (USA).
The obtained spectra were recorded in steps of
4 cm ! using a device for light reflection from the
sample, the working wavelength range was 650-
4000 cmL. The obtained absorption spectra were
processed using specially developed programs —
LabSolution IR, IR Tutor V1.1 Software Kit, Me-
stRe-C (Smith B.C., 2016; Vinet & Anil, 2020).

Metabolites of the tricarboxylic acid cycle
(malate, oxaloacetate, a-ketoglutarate) and gly-
colysis (lactate, pyruvate) in blood serum were
determined by enzymatic methods (Vlizlo et
al., 2012). At the beginning of the biochemical
analysis, blood serum was obtained by centrifu-
gation on an MPW-352 centrifuge (Poland) with
a rotation speed of 3000 rpm, for 15 min. Spe-
cific reagents of lactate dehydrogenase (LDH,
EC 1.1.1.27), malate dehydrogenase (MDG, EC
1.1.1.37) from Reanal (Hungary) and oxidised
and reduced forms of pyridine nucleotides from
Serva (USA) were used for the analytical study
of metabolites of intermediate carbohydrate
metabolism (glycolysis, tricarboxylic acid cy-
cle). The concentration of metabolites was de-
termined spectrophotometrically on Specord
M40 UV-VIS, manufactured by Carl Zeiss (Ger-
many) at A =340 nm. Determination of the
content of free amino acids in the kidneys was
conducted by ion exchange chromatography on
an amino acid analyser model AAA t-339m of
Mikrotechna (Czech Republic).
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Experimental data were processed using
generally accepted methods of variation sta-
tistics. Statistical data calculations were per-
formed using Microsoft Excel 2007.

Results and Discussion

The cumulative properties of heavy metals in
the body of rats were examined. Figure 1 (A)
shows the copper content in the blood, liver,
and kidneys of rats. It was established that dur-
ing their experimental poisoning, the content of
this metal increased: in the blood by 1.4 times,
intheliver by 1.6 times, and in the kidneys by 1.5
times compared to animals of the control group.

For poisoning experimental rats with zinc
(Fig. 1 (B), the content of the test metal in-
creased as follows: in the blood by 1.5 times, in
the liver - by 2.5 times, and in the kidneys - by
1.6 times, compared with the control group of
animals. Poisoning of rats with cadmium ions
led to an increase in its content: in the blood -
by 27 times, in the liver — by 243, and in the kid-
neys — by 23 times compared to animals of the
control group (Fig. 1 (B).

In addition, the mechanisms of interaction
of the examined heavy metals with each other
in the rat body were examined. The results of
experimental studies showed that in the blood
of rats poisoned with copper sulfate, cadmium
increased by 7.5 times and zinc by 1.8 times,
compared with intact animals. In the liver of
animals poisoned with copper ions, the content
of cadmium increased by 6.9 times, zinc — by 1.8
times, and lead — by 1.4 times compared to in-
tact animals. In the kidneys, cadmium content
increased by 2.2 times, zinc and lead, respec-
tively, by 1.5 times, compared with the intact
group of rats (Table 1).

Poisoning of rats with zinc sulfate resulted
in an effect on the content of heavy metals in
all types of biological material studied. Thus,
in the blood and liver of poisoned rats, the lev-
el of cadmium increased by 5.8 and 6.5 times,

2




Infrared spectroscopy and biochemical parameters...

respectively, the copper content remained un-  cadmium in the kidneys increased by 2.4 times,
changed, and lead increased only in the liver by ~ copper — by 1.2 and lead - by 1.7 times com-
1.3 times (Table 2). Therewith, the content of  pared to intact animals.
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Figure 1. Content of heavy metals (a - copper, b — zinc, ¢ - cadmium, d -lead)
in the blood, liver, and kidneys of toxic rats

Notes: (M+m, n=8), *P<0.05, compared to the control

Table 1. Content of cadmium, zinc, and lead in the blood and internal organs of rats poisoned
with copper sulfate, mg/kg (M+m, n=8)

Metal Intact rats Poisoned rats
Blood
Cadmium 0.04 £0.002 0.30 = 0.02*
Zinc 2.39£0.71 4.23+1.12%
Lead 0.38 £ 0.02 0.43 +0.03
Liver
Cadmium 0.14 £0.01 0.96 £ 0.04*
Zinc 18.74 +2.34 34.25+3.17*
Lead 0.29+0.02 0.40 £ 0.02*
Kidneys
Cadmium 0.52 +0.01 1.15 £0.05*
Zinc 12.73+1.82 19.24 £2.71*
Lead 0.43+0.02 0.64 £ 0.03*

Note: * P < 0.05, compared to intact rats
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Table 2. Content of cadmium, copper, and lead in the blood and internal organs of rats
with zinc sulfate poisoning, mg/kg (M£*m, n=38)

Test metal Intact rats Poisoned rats
Blood

Cadmium 0.04 +£0.002 0.23+0.018*

Copper 1.13+0.053 1.32 £0.064

Lead 0.38 £0.022 0.41 £0.020
Liver

Cadmium 0.14 +0.008 0.91 +0.049*

Copper 2.83+0.082 3.29+0.093

Lead 0.29+0.018 0.38 £0.022*

Kidneys

Cadmium 0.52 +0.01 1.24 + 0.06*

Copper 3.73+0.09 4.64+0.10*

Lead 0.44 +0.02 0.73+£0.04 *

Note: * P < 0.05, compared to intact rats

For cadmium poisoning of rats, a substan-
tial increase in the content of heavy metals
in various biological materials was also noted
compared to their quantitative values in intact
animals (Table 3). Thus, the content increased:
in the blood, copper and zinc, respectively, by

1.6 times, lead — by 1.4 times; in the liver, cop-
per increased by 1.5 times, zinc by 1.8, and lead
by 1.2 times. Therewith, the content of copper
in the kidneys increased by 5.2 times, zinc by
1.8 times, and cadmium by 1.7 times compared
to intact rats.

Table 3. Content of zinc, copper, lead in the blood and internal organs of rats
with cadmium sulfate poisoning, mg/kg (M*m, n=8)

Test metal Intact rats Poisoned rats
Blood
Zinc 2.39+0.71 3.88 £0.93*
Copper 1.13+£0.05 1.80 £ 0.09*
Lead 0.38 £0.02 0.52 +0.04*
Liver
Zinc 18.74 £ 2.34 32.83 £3.67*
Copper 2.83 +0.08 4.25 +0.09*
Lead 0.29 £0.02 0.35£0.02
Kidneys
Zinc 12.73£1.82 23.25 £1.99*
Copper 3.73£0.09 19.52 £ 1.79*
Lead 0.44 £0.02 0.75 £ 0.04*

Note: * P < 0.05, compared to intact rats

Under the conditions of lead poisoning
of rats, substantial changes in the content of
heavy metals were noted both in the blood and
in internal organs (liver, kidneys). Thus, the
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blood content of zinc increased by 1.5 times,
copper by 1.4, and cadmium - by 12.3 times,
compared to intact rats. In the liver, there was
an increase in the content of zinc — 1.6 times,
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copper — 1.3 times, and cadmium -7.5 times
compared to the control group. In the kidneys
of rats, an increase in the content of all heavy

metals examined was also noted: zinc by 1.7
times, copper by 4.9 times, and cadmium by 2.6
times compared to intact rats (Table 4).

Table 4. Content of zinc, copper, cadmium in the blood and internal organs of rats
with lead nitrate poisoning, mg/kg (M*m, n=8)

Test metal Intact rats Poisoned rats
Blood
Zinc 2.39+0.71 3.46 + 0.83*
Copper 1.13+0.05 1.53 £0.03*
Cadmium 0.04 £0.002 0.49 £0.03*
Liver
Zinc 18.74 £ 2.34 29.19 £ 3.22*
Copper 2.83+0.08 3.78£0.91*
Cadmium 0.14 £0.008 1.05 £0.05*
Kidneys
Zinc 12.73+£1.82 21.07 £1.95*
Copper 3.73+0.09 18.25 + 2.82*
Cadmium 0.52 £0.01 1.33 £0.06*

Note: * P < 0.05, compared to intact rats

The results of the examination of infrared
spectra of internal organs under conditions of
cadmium poisoning of rats provide a general
spectrum. It is the sum of the spectra in which the
absorption bands corresponding to various func-
tional groups of organic substances and water
molecules are calculated. The number of char-
acteristic absorption bands in accordance with

the groups of atoms, and the intensity and maxi-
mum positions on the obtained infrared spectra,
contribute to determining the component com-
position of substances that are part of the mac-
romolecules of the examined organs, and the
structure of compounds and their interaction and
transformation under pathological conditions.
The absorption spectra are shown in Fig. 2-5.

Figure 2. Infrared spectra of examined liver samples from intact rats with Gaussian (a)
and Lorentz (b) distributions

Notes: in Figs. 2-5, ABS — degree of absorption of infrared waves; cm-1 - reverse centimetres
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b

Figure 3. Infrared spectra of the examined kidney samples in intact rats
with Gaussian (a) and Lorentz (b) distributions

Figure 4. Infrared spectra of examined liver samples from cadmium-poisoned rats
with Gaussian (a) and Lorentz (b) distributions

b

Figure 5. Infrared spectra of examined kidney samples from cadmium-poisoned rats
with Gaussian (a) and Lorentz (b) distributions

A,
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Figs. 2-5 show the obtained original infra-
red absorption spectra of components of liver
and kidney samples in intact and cadmium-poi-
soned animals with a Gaussian (a) and Lorentz
(b) distribution. As a result of the analysis of
the obtained infrared spectra, it was established
that the spectrograms are represented by curves
that have absorption bands with intensities of
different degrees. In addition, in investigating
the obtained frequency range, it was found that
the maximum absorption bands at the following
wavelengths: 1616 cm™, 1632 cm'!, 1650 cm,
1659 cm’!, 1667 cm?, 1677 c¢cm™, 1688 cm,
1696 cml. The analysis of the recorded wave-
lengths showed that the most intense are bands
with a frequency of 1650 cm! and 1659 cm™.

Results of detailed analysis of the maxi-
mum intensity absorption bands at frequencies
of 1650 cm! and 1659 cm™ allow stating that
these bands are characteristic of a- spiral con-
figurations of the polypeptide chain, which in-
dicates a predominance in the spatial structure
of the liver and kidney parenchyma a- helical
conformation of proteins. The data obtained
are consistent with the previously published
results (Brian C. Smith, 2016).

As a result of further analysis of the infra-
red spectra, absorption bands were detected
within the wavelength range from 1640 cm!
up to 1620 cm’!, which is typical for p- folded
protein conformations. Moreover, the max-
imum absorption bands with a frequency of
1622 cm!; 1627 cm!, and 1633 cm™! correspond
to the examined liver samples of intact animals.
Notably, in the mentioned frequency range
(1640-1620 cm!), there is the absorption of an-
tiparallel types B- structures (Socrates, 2004).

Therefore, the results obtained show that
the proteins of liver samples in intact ani-
mals are represented by polypeptide chains
B- a folded structure of the antiparallel type,
which is consistent with the literature data
(Smith, 2011).

When analysing the infrared spectra, the
maximum absorption band at a wavelength of
1660 cm! was also established, which is caused
by amorphous structures and their vibrations
(Smith, 2021).

Furthermore, the presence of absorption
bands in the frequency range from 1680 cm™
to 1670 cm™ was established. These bands are
caused by fluctuations in which the bond length
of carbonyl groups changes. Such fluctuations
are caused by certain sites in the structures of
protein molecules. The obtained spectra also
show maximum absorption bands with wave-
lengths of 1690 and 1696 cm. In the studied
samples of liver and kidney parenchyma, ab-
sorbances were established, which indicate the
presence of reversible turns in certain sections
of polypeptide chains at wavelengths in the
range of 1670-1688 cm™! (Socrates, 2004).

The comparison of the spectrograms of in-
tact and poisoned rats presented in Figs. 2-5 in-
dicated that in the absorption spectra of the liv-
er samples of animals poisoned with cadmium,
there is a notable increase in the intensity of
the absorption bands at the maximum frequen-
cies of 1624 cm™ and 1650 cm!. Therewith, the
stability of the intensity of the absorption band
at 1633 cm’! was determined, which is caused
by the fluctuations of flat, elongated, and twist-
ed B-folded structures (Smith, 2016).

Using the laws of normal Gauss and Lor-
entz distributions, complex curves with nu-
merical bands were decomposed and the sum
of individual curves was obtained for deeper
qualitative and quantitative analysis of spec-
trograms in experimental animals. With such a
perfect analysis, substantial differences in the
examined spectrograms are clearly established.
The difference between the infrared spectra of
the examined liver and kidney tissue samples
taken from intact and cadmium-poisoned ani-
mals was demonstrated using such well-known
statistical indicators as skewness and kurtosis
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(Brown, 2022). In rats poisoned with heavy
metals, there is a substantial increase in the

content of lactate and pyruvate in the blood
serum (Table 5).

Table 5. Content of glycolysis substrates and tricarboxylic acid cycle intermediates
in rat blood serum under heavy metal poisoning conditions, umol/mL (M*m, n=_8)

Poisoned rats

Parameter Intact rats
copper zinc cadmium lead
Glycolysis substrates
Lactate 3.602 £0.709 6.122+0.918*  6.843+0.955*  9.722+1.056*  9.016+1.012*
Pyruvate 0.113 £0.039 0.192 £0.071*  0.225+0.067*  0.853*0.087*  0.632 +0.077*
Intermediates of the tricarboxylic acid cycle

Malat 0.033+0.001 0.027 £0.002*  0.026 +0.002* 0.034 +0.001 0.027 £ 0.002*
Oxaloacetate 0.083 £ 0.002 0.106 £0.007*  0.104+0.007*  0.111 £0.008*  0.109 + 0.007*
a-Ketoglutarate ~ 0.056 = 0.001 0.076 £0.003*  0.075£0.002*  0.082+0.001*  0.079 = 0.002*

Note: * P < 0.05, compared to intact rats

An increase in the lactate concentration
in the blood serum of rats poisoned with cop-
per ions — 1.7 times, zinc — 1.9 times, cadmi-
um - 2.7 times, and lead - 2.5 times compared
to animals of the control group was found. The
content of pyruvate in the blood serum changed
towards increase as follows: for poisoning with
copper ions — by 1.7 times, zinc - by 2 times,
cadmium - by 7.6 times, and lead by 5.6 times
compared to the control.

The examined indicators of tricarboxylic
acidcycleintermediatesintheblood ofratsunder
heavy metal poisoning are presented in Table. 5.

It was established that when rats were poi-
soned with copper ions, the concentration of
oxaloacetate and a-Ketoglutarate in the blood
serum increased by 28 and 36%, respective-
ly, compared to the control group of animals.
Therewith, copper ion intoxication caused a
19% decrease in malate content compared to
the intact group of rats.

When rats were poisoned with zinc ions,
serum concentrations of oxaloacetate (by 25%)
and alpha-ketoglutarate (by 34%) increased.
Meanwhile, there was a 21% decrease in malate
content compared to intact animals.
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Rat poisoning with cadmium ions affected
the serum intermediates of the tricarboxylic
acid cycle as follows: the concentration of ox-
aloacetate and a-Ketoglutarate increased by 34
and 46%, respectively, and the malate content
remained unchanged compared to the control.

Asaresult of lead ion poisoning, an increase
in serum oxaloacetate (by 31%) and alpha-ke-
toglutarate (by 41%) and a decrease in malate
(by 18%) were observed compared to intact rats.

The importance of amino acids in protein
biosynthesis and highly active biological com-
pounds has become the main prerequisite for
numerous examinations of their content in
body fluids and tissues both during experimen-
tal studies and during the occurrence of pathol-
ogies. In intermediate metabolism, amino ac-
ids and their derivatives play a binding role in
the integration of major metabolic pathways
(Kokaman, 2022).

In addition, as noted in the literature (Mo
Zhou et al., 2020), the pool of free amino acids
is represented by metabolically and function-
ally interrelated compounds, the content of
which is a regulatory factor in many key stages
of metabolism in the mammalian body.
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In this regard, the examination of the
molecular mechanisms of the formation of
the fund of free amino acids in vivo is an im-
portant part of solving numerous problems
of modern biochemistry and clinical veter-
inary medicine, related to the purposeful
regulation of metabolic processes in living
organisms under the influence of biologically
active natural compounds and various xeno-
biotics (Oluranti et al., 2021).

Today, the number of pathological condi-
tions continues to grow, in the genesis of which
the violation of amino acid metabolism is given
a leading place (Li & Saleem, 2022).

The ability of the kidneys to concentrate
various compounds, the presence of active
transport processes and systems of metabolic
activation of xenobiotics allow them to be classi-
fied as target organs that affect the level of their
toxic effects in the body (Engwa et al., 2019).

The results of investigating the effect of
heavy metals on the pool of free amino acids
in rat kidneys are shown in Table. 6. Notably,
among the examined amino acids, a decrease in
their total amount was established in rats of all
experimental groups: in rats poisoned with cop-
per sulfate and zinc sulfate - by 1.3 times, and
cadmium sulfate and lead nitrate — by 1.4 times
compared to intact animals. The content of as-
partic acid, valine, glycine, tyrosine, and cystine
(more than 1.5 times) decreased in poisoned
rats; alanine, leucine, serine, taurine, threo-
nine, phenylalanine (more than 2 times), lysine
- on average by 3.4-4.9 times compared to the
control. Therewith, in rats of the experimental
groups, an increase in the level of isoleucine and
methionine in the kidneys was observed by an
average of 1.3-1.5 times, ornithine — by an av-
erage of 1.8-2.1 times, glutamic acid — by an av-
erage of 4.4-5.3 times compared to the control.

Table 6. Free amino acid content in rat kidneys before
and after heavy metal poisoning, pg/g (M m, n=38)

Animal group

Amino acid Intact Coggfsrosrtggate
Alanine 723.4+31.14 446.4 £ 20.43*
Arginine 304.6 £ 17.21 231.2 +16.32*

Aspartic acid 682.7 +27.18 415.3+24.41*
Valine 297.8 £22.34 164.3 + 14.23*
Histidine 214.3£19.57 169.4 £ 15.47*
Glycine 483.2 £ 27.12 339.2 +24.38*
Glutamic acid 182.7 +25.29 823.7 +41.25*

Isoleucine 252.4£23.16 332.4 £26.19*
Leucine 475.8 £21.17 287.3 £19.33*

Lysine 954.5 + 68.23 243.6 +18.47*

Methionine 169.8 +17.64 228.3+17.92*
Ornithine 174.6 £15.31 319.8 £19.23*
Proline 269.3 £21.54 238.5 +20.34

Serine 489.2 +27.12 234.7+19.21*
Taurine 341.4+19.23 182.2 £ 14.36*

Zinc sulfate

Cadmium

Lead nitrate

poisoned sulfate poisoned poisoned
451.2+21.52*  328.3+18.74*  339.3+19.12*
247.6 £18.41*  212.2+14.27% 2174 +15.18*
438.4 £27.15* 397.6 £20.61*  403.8 + 22.74*
161.7 £13.94* 149.4 £ 11.28* 158.9+£12.11*
171.5+16.23*  151.5*10.78* 156.7+11.13*
344.8 £26.82*  318.7+21.32*  321.5+22.17*
798.2£39.18*  984.1+46.27*  972.3*44.16*
327.9 £27.45* 381.4+30.32%  379.8 £29.27*
301.7 £20.17*  215.6*16.41*  218.4+17.33*
281.4+19.53*  195.8 +15.84* 197.6 £ 16.21*
219.7+18.41*  261.3+20.72*  259.7 + 19.89*
317.1+18.42*  364.2+22.81*  356.4 £20.45*
241.6 £ 20.89 212.5+18.92 214.8 £19.17
245.3+20.95*  218.4*17.23*  221.6*18.14*
194.8+15.21*  145.2+10.03*  148.5+10.72*

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1




Popescu & Kalinin

Tyrosine 294.7+19.15 193.5 £19.32*
Threonine 357.6 £32.16 168.3 £ 15.64*
Tryptophan 201.2+21.14 227.1+16.89
Phenylalanine 598.4£25.12 342.3 +15.43*
Cystine 187.3+19.23 102.7 £ 6.02*
Sum of amino 7654.9 5690.2

Table 6, Continued

191.6 + 18.93* 176.4 + 18.27* 179.7 £ 19.44*
197.2 £19.42* 162.8 + 13.26* 164.6 + 14.31*
221.4%17.23 245.3+18.14 243.8 £17.42
338.1+16.25*  210.1+11.47*  211.4+11.53*
99.8 +5.19* 95.4 +4.23* 98.3+4.71*
5791.0 5426.2 5464.5

acids

Note: * P < 0.05, compared to the control group

Increased methionine content, as noted in
the literature (Kokaman, 2022), may indicate
a violation of the transfer of sulfhydryl groups
and methylation of macromolecules. Since iso-
leucine is utilised in the kidneys to ensure the
processes of transamination and synthesis of
adenosine triphosphoric acid, the increase in
its content when heavy metals are introduced
indicates that the affected kidneys are not able
to effectively implement this process. Transam-
ination disorders are indicated by an increase in
glutamic acid (Li & Saleem, 2022). It is assumed
that as a result of heavy metal poisoning, the
ability to break down excess amino acids in the
urea cycle is clearly impaired, as evidenced by
an increase in the concentration of ornithine in
the blood serum. In turn, the literature indicates
(Samuel et al., 2021) that a decrease in the con-
centration of aspartic acid can lead to a violation
of the formation of oxaloacetate and the normal
course of transformations in the Krebs cycle.

The data obtained, consistent with the re-
search (Salama et al., 2016), is associated with
kidney damage in rats with lead poisoning,
which also indicates the involvement of gam-
ma-Glutamylcysteine in the activation of the
expression of the nuclear antigen of proliferat-
ing cells, enhancing the regenerative ability of
this internal organ, reducing inflammation, and
regulating the apoptosis.

In addition, the results presented are the
same as those of Selorm Fiat Kenston et al. (2018)
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concerning the effects of a mixture of heavy met-
als that reduce kidney function, increase liver
damage, and disrupt electrolyte balance in rats.

Identical data were also obtained in relation
to glutamate metabolism during the poisoning of
rats with even one heavy metal (Li et al., 2020).

The established patterns are consistent
with the previous results (Flora et al., 2022),
which, in particular, indicate the use of chela-
tion therapy as one of the promising methods
in the treatment of heavy metal poisoning.

Thus, the poisoning of rats by the studied
heavy metals is reflected in the infrared absorp-
tion spectra and characterises a spiral config-
urations of polypeptide chains and antiparallel
types B of structures in liver and kidney tissues.
Moreover, in blood serum, an increase in the
concentration of lactate, pyruvate, oxaloac-
etate, and o-Ketoglutarate and a decrease in
malate and the total content of amino acids in
rat kidney tissues are observed.

Conclusions
When rats are poisoned, the copper content in
the blood increases by 1.4 times, in the liver -
1.6 times, and in the kidneys - 1.5 times. Mean-
while, the zinc content in the blood of rats in-
creases by 1.5 times, in the liver — by 2.5 times,
in the kidneys — by 1.6 times; cadmium in the
blood of rats increases by 27 times, in the liver -
by 243 times, in the kidneys — by 23 times; lead
in the blood of rats increases by 1.9 times, in
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the liver — by 4.8 times, in the kidneys — by 5.5
times compared to the group of intact animals.

The obtained and analysed infrared absorp-
tion spectra showed a substantial difference in
the spatial organisation of protein components
in liver and kidney tissues in intact and cadmi-
um-poisoned rats, which consists in the shift
of the maximum bands, their appearance or
disappearance, and increase or decrease in the
integral intensity. The presence of all forms of
secondary structures in the spatial structure of
liver and kidney tissue proteins was established,
in particular, a-spirals, p-folded structures and
amorphous regions. In the case of cadmium ion
poisoning, the denaturation of protein mole-
cules and the transformation of their structure
into disordered segments were recorded.

The difference between the infrared spec-
tra of liver and kidney tissues in intact and
cadmium-poisoned rats was identified and
demonstrated using statistical indicators such
as skewness and kurtosis.

It was established that poisoning of rats
with copper sulfate, zinc sulfate, cadmium sul-
fate, and lead nitrate ions causes a likely in-

malate compared to intact rats. This indicates
the sensitivity of glycolysis reactions and the
tricarboxylic acid cycle to the intake of toxic
doses of heavy metals.

Heavy metal poisoning in rats is accompa-
nied by a decrease in the total pool of free ami-
no acids in the kidneys. Thus, the quantitative
changes in the pool of free amino acids in the
kidneys of rats with the experimental introduc-
tion of toxic doses of heavy metals into the body
can be an additional criterion for assessing the
state of exchange of amino acids, nitrogenous
compounds, proteins and nucleotides, internal
reserves of the organ, the degree of disintegra-
tion of metabolism under the influence of xe-
nobiotics and the adaptive capabilities of the
body in general. The obtained research results
can be used for clinical studies under the condi-
tions of heavy metal poisoning of animals.

In the future, it is planned to expand the
range of research on the effect of heavy met-
als on intermediate protein metabolism in the
body of poisoned rats.
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AHoranis. ITinBuieHHsS piBHS aHTPOIIOT€HHOTO 3a6pyJHEHHS] HAaBKOJUIIIHBOTO CEpeloBUIINA Ta
TIOIIYK JIi€BMX 3aCO6iB 11010 3MEHIIIeHHST HETaTMBHOTO BIUTMBY KCEHOOiOTHKIB Ha 3I0POB’SI TBAPUH
i mopedt € akTyalbHOIO TTPO6IEMOIO ChOTOIEHHS. BpaxoByoun 11e, MEeTOI0 POGOTH GY/I0 BUBUEHHS
BIUIMBY BaXXKMX METAJIiB Ha MPOIECH KYMY/IIOBaHHS 32 YMOB OTPYEHHS Ta 6ioXiMiuHi MOKa3HUKMU
B OpraHisMi IypiB. [Ijis TpoBeJeHHs JOCTiakeHHsT chopMOBaHi Ipynm-aHAIOTH 3 LYPiB OIHOTO
BiKy, cTaTi Ta 3a Macolo Tijia. Bnpomosxk 14 mi6 3mificHIOBaJM iHTOKCUKAIIiIO ITYPiB pO3UMHAMM
cynbdary mini, cyabbarty IMHKY, CyabbaTy KaaMilo Ta HITpaTy CBMHINIO. BUROPUCTOBYIOUM METOZ,
iHppauepBOHOI CIEKTPOCKOMii, BCTAHOBAEHO 3HAYHi BiJMIiHHOCTI B ITPOCTOPOBiN CTPYKTYpi
61TKOBMX KOMITOHEHTIB Y iHTaKTHMX Ta TOKCMKOBAHMX TBapMH. Pi3HUII0 MiK CIIEKTpaJbHUMU
XapaKTepUCTUKAMM TOCTiIKYBAHUX TKAHMH IIPOJEMOHCTPOBAHO HAOYHO 33 CTAaTUCTUYHUMU
MOKa3HMKaMM CKIOHeCy i KypTo3ucy. BCcTaHOB/IeHO, 110 OTPYEHHS IIypiB iOHAMM Mifi, LIMHKY,
KaJMil0 Ta CBMHIIO BIUIMBAa€E Ha XiA peakiiii MIKOi3y i IMUKIy TPUKapOOHOBUX KUCIOT, LIO
MPU3BOOUTD 10 BipOTiZHOTO 36iIbIIEHHS B CMPOBATIi KPOBi KOHLIEHTpAllii JaKTaTy it mipysaty,
OKcajoaleTaTy i o-KeTormyTapaTy Ta 3MEeHIIeHHS BMICTYy MaJaTy IOPiBHSHO 3 iHTAKTHUMM
nrypamu. 3’sICOBaHO, IO 38 YMOB OTPYEHHS TAKOX Bil3HauaeThCs BiporimHe 36imbienHs (P < 0,05)
BMICTY JOCTiIKyBaHUX BAXXKMX METaTiB Y KPOBi, eUiHIi Ta HMPKaAxX. Y TOKCMKOBAHMUX BAKKMMMU
MeTaJaMM TBapWH BiMid4aeThCsl 3MEHIIEHHS B HUPKaXx ITyJy BUIBHMX aMiHOKMCIOT. 30Kpema, y
HMPKax TaKMX ILIypiB 3HMKYETbCS BMICT: acmapariHoBOl KMUCIOTH, BaliHy, IMIIVMHY, TUPO3MHY,
uuctuHy (6inbu HiIX y 1,5 pasa); ajnaHiHy, JeilMHy, CepuHy, TaypuHy, TPeOoHiHy, deHintanaHiny
(6inbm HiX y 2,0 pasnu), nisuHy — y 3,4-4,9 pasa. Pasom i3 TMM, BCTAaHOBJIEHO 3POCTaHHS PiBHS
isoneiinyuHy Ta MeTioHiny B 1,3-1,5 pasa, opHitTuay — y 1,8-2,1 pasa, myTaMiHOBOI KUCJIOTU — Y
4,4-5,3 pasa B u1ypiB JOC/Ii IHOI TPyIM MOPiBHSIHO 3 iHTAaKTHMMMU. Pe3ynbTaTyl OCTiIKeHHSI MOXYTh
6yT KOpUCHUMM Y TpodeciiiHiii AisyIbHOCTI JikapiB BeTepUHAPHOI MeIUIIVHY, TOKCUKOJIOTIB,
6i0/10TiB, €KOJIOTiB Ta BUMKOPUCTOBYBATUCS JJIT KOHTPOJIIO 3a SIKiCTIO TBAPMHHUIIBKOI MPOMYKITii,
MPOBeIeHHSI TOKCUKOIOTIUYHMX TOC/TiIKeHb i aHaTi3y 06’€KTiB TOBKI/IIS
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