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Abstract. Conducting routine allergy tests of cattle with a simultaneous sample in TB-prone
farms is necessary to confirm the stage of the epizootic process. The purpose of the research —
to explore the pathomorphological changes in cows upon detection of para allergic reactions
during diagnostic testing for tuberculosis. The diagnosis of tuberculosis in animals was performed
comprehensively using all methods for tuberculosis control provided for in the guidelines -
epidemiological, clinical, allergic, pathological, histomorphological, bacteriological and biological.
It allowed establishing that the reactions to tuberculin in cows were of a paraallergic nature,
caused by nontuberculous mycobacteria or so-called atypical mycobacteria. It was determined
that cows that reacted positively to tuberculin and an atypical mycobacterial allergen and were
sent for slaughter for diagnostic purposes did not demonstrate pathological changes characteristic
of tuberculosis. However, pathological changes (granulomatous foci, atrophy of lymphoid and
epithelioid tissue, hyperplasia of varying intensity and nature, dotted haemorrhages in the cortical
zone) were observed in many lymph nodes, including mediastinal, mesenteric, pharyngeal and
mandibular lymph nodes, indicating an active infectious process in the body of animals caused
by nontuberculous mycobacteria. Therewith, several changes were observed in the lymph nodes
during histomorphological examination: development of primary nodules of lymphocytes and
reticular tissue in reactive centres, degradation and necrosis of lymphocytes, the establishment
of cellular detritus in the centre of the nodules and capsules of epithelioid elements around the
nodules, etc., which can be used to confirm the patterns of pathology development and, indirectly,
the mechanism of sensitisation of the cow’s body, and therefore the nature of paraallergic reactions
in animals. The obtained results are important for the timely detection and identification at the
histomorphological level of a complex of changes in the organs and tissues of cows due to the
penetration of nontuberculous mycobacteria, which is the key to the successful diagnosis of
primary foci of mycobacteriosis and their effective prevention

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

Introduction

Mycobacteriosis is an infectious disease of
animals and humans caused by pathogens be-
longing to a large group of nontuberculous my-
cobacteria (NTMB) or so-called atypical myco-
bacteria (AMB).

Currently, it has been identified more than
180 species of mycobacteria, of which 30-60 are
etiological agents of mycobacteriosis (Adjemian
et al., 2017, 2018; Armstrong et al., 2023).

The relevance of mycobacteriosis was
raised after an increase in mortality of AIDS
patients with generalised NTMB infection was
noted (Ose et al.,2021; Thomas et al., 2023). The

increase in the incidence of mycobacteriosis is
associated with immunosuppression resulting
from glucocorticoid and cytostatic therapy,
treatment with tumour necrosis factor o block-
ers (Taira et al., 2018), a decrease in the spread
of tuberculosis (Madzinga et al., 2022), and im-
proved methods of isolation and identification
of NTMB (Haworth et al., 2017; Kok et al., 2022).

Recently, scientists in many countries
around the world have been focusing on the
growing problem of NTMB infection in mam-
mals. Thus, since 2000, North America, Europe,
New Zealand, and Australia have recorded a

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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steady increase in the prevalence of NTMB
(Prevots & Marras, 2015). The authors state
that the prevalence of NTMB in the setting of
pulmonary disease continues to increase, and
the number of such cases is lower in Europe
than in North America and Australia. Global
surveys of tertiary care facilities in East Asia
(Japan, South Korea, Taiwan) indicate a high
and growing prevalence of NTBIs. In several
African countries, NTMBs were detected in 4.2-
15% of cases of suspected tuberculosis and in
18-20% of individuals with “chronic” suspected
multidrug-resistant tuberculosis.

The first documented cases of NTMB pul-
monary infections in the English medical liter-
ature from Ecuador were reported by Echeverria
et al. (2023). In Denmark (Dahl et al., 2023), the
incidence rate fluctuated from 1.3 (2013) to 2.5
(2021) per 100 thousand people. Scientists con-
clude that there is a highly positive linear cor-
relation between the incidence of NTMB over
the years (r=0.75, p=0.010), which indicates an
upward trend. Vonasek et al. (2023) reported a
stable annual incidence of NTMB infection in
Wisconsin (USA) in 2011-2018. The authors re-
port more than 90% of cases of respiratory tract
NTMB infection, the vast majority of which
were caused by M. avium complex. Among the
fast-growing mycobacteria, skin and soft tissue
pathogens predominated and were considered
secondary respiratory pathogens.

Within the genus Mycobacterium, of the
more than 170 different species of mycobacte-
ria, the largest number (more than 160 species)
belonged to nontuberculous mycobacteria.
They occurred in the environment, were highly
resistant and adaptable to growth and devel-
opment. They frequently infected humans and
animals (Cvetnic et al., 2018).

Nontuberculous mycobacteria, in particu-
lar: M. scrofulaceum, M. fortuitum, M. chelonei,
M. kansasii, M. marinum, M. xenopi, M. vaccae,
M. phleii, M. diernhoferi M. smegmatis,

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

M. peregrinum were isolated from bioma-
terial from animals (cattle, pigs) and poul-
try (pigeons, sparrows, chickens), and from
environmental objects (soil, feed, water,
manure, etc.) (Sumbul & Doymaz, 2020;
Pavlik et al, 2021; Ulmann et al, 2021).

Lesions of the gastrointestinal tract and
respiratory organs in cattle caused by Mycobac-
terium caprae were detected by Ozturk-Gurgen
et al. (2020). Scientists believe that the changes
they observed reflect a continuous primary pe-
riod of infection, without the lesions typical of
the secondary (post-primary) period, which is
typical for humans and bovine TB.

Circulation of a significant number of
NTMBs (according to the International Classi-
fication of Bacteria, ICD-10, 1993; synonyms:
ACM - atypical acid-fast mycobacteria; NTM -
nontuberculous mycobacteria; ACB — acid-fast
bacteria; MAS — M. avium complex) in the envi-
ronment and specifically in cattle herds results
in parallergic reactions to tuberculin in animals,
which can be up to 50% in herds (Zavgorodnii
et al., 2016; Zavgorodnii et al., 2021).

Bovinemycobacteriosisandtuberculosisare
diseases that are widespread in the world (Busol
et al., 2014; Zimpel et al., 2020; Varela-Castro
et al.,2022). Some scientists believe that one of
the factors of nonspecific reactions to tubercu-
lin may be latent microbiism caused by human
and avian mycobacteria or atypical mycobac-
terial species (Oleksyuk & Levkivskyi, 2009).

Despite the fact that Ukrainian livestock
production is free from TB (Dyachenko et al.,
2005) tuberculin-reactive animals continue to
be found in many TB-prone farms (Zavgorodnii
et al., 2016). Thus, for each specific case of de-
tection of tuberculin-reactive animals, a com-
prehensive approach to timely and effective
diagnosis should be professionally applied
(Zavgorodnii et al., 2016).

Animal tuberculosis causes significant eco-
nomic losses to the livestock industry and pos-
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es a threat to human health, and therefore the
fight against this anthropophagous disease is
of epidemiological importance (Golovko et al.,
2016). Epizootic control of bovine tuberculo-
sis is conducted comprehensively. However,
preference is given to timely lifetime diagnosis
using the allergic method (Kassych et al., 2004,
Dyachenko et al., 2005).

Disclosure of the mechanism of paraaller-
gic reactions to tuberculin requires a compre-
hensive approach to the exploration of the
infectious process in mycobacteriosis, in par-
ticular, immunological, biochemical, patho-
physiological and pathohistological aspects of
the interaction between the pathogen and the
macroorganism. The establishment of patho-
logical and histomorphological changes in the
organs and tissues of NTBM-infected animals
will allow disclosing of the mechanism of sen-
sitisation and the nature of these reactions to
tuberculin more fully. The relevance of such re-
searches is confirmed by the fact that in recent
years there have been a rather small number of
reports in the scientific literature on the influ-
ence of NTMB at the organ, tissue and cellular
levels in cattle.

The purpose of the research was to de-
termine pathological and pathohistological

changes in the body of cattle with mycobacte-
riosis.
Materials and Methods

In one of the cattle farms in the Volyn region,
more than ten cows were found to be positive
for tuberculin during a routine tuberculosis test.
Based on the analysis of the epizootic situation
in this farm in 2017-2022, it was found that
the farm’s cattle herd was free of tuberculosis
pathogen, cows’ reactions to tuberculin were
parallergic in nature, and the dairy herd was
infected with NTMB of several species, which
cause latent mycobacteriosis (Boyko et al.,
2020a; Boyko et al., 2020b). Some features of the
infectious and epizootic processes of this disease
have been identified (Boyko et al., 2021). A com-
prehensive research of infectious and epizootic
processes in mycobacteriosis of dairy cows has
been launched in June 2017. During this time,
14 allergy studies were performed, 13 diagnos-
tic slaughters of reactive animals were conduct-
ed, and biomaterial from 57 cows was subjected
to comprehensive (pathological, histological,
microbiological and biological) examination
(Table 1). However, despite a significant num-
ber of studies conducted in this area, the nature
of paraallergic reactions to tuberculin has not
been definitively established.

Table 1. Register of diagnostic slaughter of cows that tested positive for tuberculin or allergen
atypical mycobacteria, conducted during 2017-2022

No. Date of Place of sl Inventory number of Pathologic_a :
mon slaughter slaughter .Of animals s typlcql
animals for tuberculosis
| 24072017  Horodok T S 5952,6605,  Not detected
2 18.08.2017 Ivanychi 2 3464, 1412 Not detected
3 10.10.2017 Horodok 3 3415, 9838 and 794504 Not detected
4 05.06.2018 V. Mosty 3 3427,7899, 6571 Not detected
5 12.12.2018 Horodok 3 794572, 3458, 7378 Not detected
6 26.06.2019 Dubno 3 5588, 124539, 124558 Not detected
7 25.10.2019 Horodok 5 7364, 9905, 5810, 1729, 8112 Not detected
8 23.06.2020 Horodok 4 3495, 4615, 6571, 5510 Not detected
9 25.10.2020 Horodok 6 3433, 5991, 5895, 5856, 4594, 5620 Not detected
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Table 1. Continued

No. Date of Place of W Inventory number of Pathologlcg !
of : changes typical

mon slaughter slaughter . animals -
animals for tuberculosis

10 26.04.2021 Horodok 4 5894, 4283, 5647, 794591 Not detected

11 03.11.2021 Horodok 4 7837,9772,089896, 7894 Not detected

12 27.04.2022 Horodok 4 9438, 794588, 9819, 944265 Not detected

13 02.11.2022 Horodok 6 107890, 5587, 9373, 429894, 9408, 1721 Not detected

Total 57
Source: author’s development

The epizootic situation was controlled by
double allergy testing of the entire animal pop-
ulation with a simultaneous test using purified
tuberculin for mammals in standard solution
(hereinafter referred to as tuberculin) and al-
lergen dry purified from atypical mycobacteria
(NTM) with a solvent of mycobacterial aller-
gens (Kassych et al., 2004).

Cows with the most pronounced reactions
to both tuberculin and NTM were selected for
diagnostic slaughter. Animals were slaughtered
on day 5-7 after the allergy research.

The pathological examination was con-
ducted in a modernly equipped slaughterhouse.
To identify changes typical for tuberculosis,
all lymph nodes were examined: mandibular,
pharyngeal, cervical, forearm, scapular, knee
fold, supraorbital, mediastinal, mesenteric and
portal, as well as parenchymal organs: liver,
kidneys, spleen, heart, lungs and both lining of
the lung pleura, udder parenchyma, mesentery,
small and large intestine.

For histological examination, the pharyn-
geal, mandibular, mediastinal, portal, mesen-
teric, supraorbital, pre-orbital, scapular and
knee fold lymph nodes, and altered areas of the
large intestine were selected.

The sampled material was fixed ina 10% solu-
tion of neutral formalin. After thorough washing,
the material was placed in a homogenised paraf-
fin mixture. The blocks were cut serially, with a
cut thickness of 5 um. Sections were stained with
hematoxylin and eosin. Photographs of histolog-
ical specimens were taken using a ZEISS Primo
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Star 3 microscope (Germany), a colour digital
camera Axiocam 208 (Germany) and Zen ZEISS
software at the Department of Histology and
Medical Biology of Lesya Ukrainka Volyn Na-
tional University. The research was conducted
according to the ARRIVE guidelines for report-
ing experiments using live animals.

Results and Discussion

In previous studies, it was established that the
first manifestations of parallergic reactions in
heifers and in first-calf cows of the dairy farm of
the examined farm were caused by sensitisation
of the animals’ organism to NTMB. The latter
caused sensitisation of the animals’ organisms
and an infectious disease - mycobacteriosis
(Boyko et al., 2020a; Boyko et al., 2020b).

The study of the infectious process became
possible provided that after each scheduled aller-
gy test of cows, a clinical examination of reactive
animals was performed, a commission selection
of cows for diagnostic slaughter, and post-slaugh-
ter examination of organs and tissues, sampling
of biomaterial and its complete microbiological
and histomorphological examination. Using such
comprehensive research allowed for a more ob-
jective assessment of certain aspects of the infec-
tious process in cows caused by NTMB.

New methods have been developed for the
detection and identification of NTMBs, includ-
ing molecular genetic methods (polymerase
chain reaction — PCR), which are faster and
easier to use than methods based on the isola-
tion of pure cultures (Shevchenko et al., 2019).
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However, due to the widespread distribution of
most NTMB species in the environment, the
definitive diagnosis of an infectious disease
caused by these mycobacteria cannot be based
on culture or PCR alone. Thus, pathological and
pathohistological findings are required to es-
tablish the final diagnostic result for mycobac-
teriosis (Prevots & Marras, 2015).

Analysing the data presented in Table 1, it
can be noted that out of 57 cows with positive

reactions to allergens, no pathological changes
characteristic of tuberculosis were found in
any of the examined animals. However, in all
cows slaughtered for diagnostic purposes, sev-
eral other pathological changes were noted, in
particular: granulomatous foci, atrophy of lym-
phoid and proliferation of epithelioid tissue,
hyperplasia of varying intensity and nature,
and dotted haemorrhages in the cortical zone
of the lymph nodes (Fig. 1-2).

Figure 1. Pathological changes in the supraclavicular lymph nodes
Notes: 1 - degeneration with complete atrophy of the parenchyma of the cerebral layer; 2 — parenchymal remnants

in the cortical layer; 3 — haemorrhages in the cortical zone

Figure 2. Pathological changes in mediastinal (1) and mandibular (2) lymph nodes
Notes: 1 - granulomatous foci in the mediastinal lymph node; 2 — parenchymal hyperplasia in the submandibular

lymph node (pronounced parenchymal greasiness)

Notably, the pathological changes pre-
sented in these figures were detected only in
the sagittal section of the lymph nodes exam-
ined. Therewith, there was no crunching char-
acteristic of tuberculosis, which is caused by
the calcification of tuberculous nodules, which

confirms the absence of tuberculous changes.
Thus, the pathological picture presented in the
figures, on the one hand, confirms the presence
of an infectious process in the body of the re-
acting cows, which is mainly localised in the
lymph nodes, and on the other hand, indicates
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the absence of a tuberculosis process caused by
Mycobacterium bovis or M. tuberculosis in the
body of the reacting animals.

In some lymph nodes, changes in the colour
of the parenchyma (reddening or dark grey dis-
colouration), sebaceousness, and replacement
of the node parenchyma with connective tissue
were detected, indicating the presence of atrophic
processes, as evidenced by the growth of connec-
tive tissue, which displaces lymphoid tissue, as a
result of which the lymph node gradually loses
its physiological function (Fig. 1). Hyperplastic
processes in the lymph nodes were manifested
by the growth of lymphoid tissue, and infiltra-
tion with lymphocytes, which is evidence of the
presence of latent inflammatory processes in the
surrounding tissues of the nodes themselves,
provided that foreign agents — bacteria, fungi,
etc. In the described case, these are acid-fast
NTMB species that sensitised the immune sys-
tem to their antigens, which manifested as al-
lergic reactions to NTM, and to antigens of other
mycobacterial species, including tuberculosis
with parallergic reactions to tuberculin.

Analysing the manifestation of the infec-
tious process in the lymph nodes depending

on their location, pathological changes were
most frequently detected in mediastinal,
mesenteric (especially those that collect lymph
from the large intestine), supraclavicular,
pharyngeal, mandibular and much less fre-
quently in the lymph nodes of the knee fold,
pre-lobar and scapular lymph nodes. The
established facts suggest that the detected re-
gional intensity of the infectious process in-
dicates a high intensity of a load of tissues
and organs of the respiratory and digestive
systems with NTMB antigens. It, in turn, indi-
cates the priority of aerogenic (hyperplasia of
mediastinal lymph nodes - (Fig. 2.1) and nu-
tritional (hyperplasia of mesenteric, pharyn-
geal and mandibular lymph nodes - (Fig. 2.2)
ways of entering these microorganisms into
the body of animals.

The severity of pathological changes de-
creases over time. Thus, in cows slaughtered
at the first diagnostic slaughter (2017-2019),
pathological changes in the lymph nodes are
more pronounced than those found in cows
slaughtered for diagnostic purposes in subse-
quent years, when the number of responding
animals began to decrease markedly (Fig. 3).

Figure 3. Pathological changes in lymph nodes in cows at the first (2017)
diagnostic slaughter (A) and the last (2022) (B)
Notes: A — pronounced granulomatosis and hyperplasia of mediastinal, mandibular and pharyngeal lymph nodes at
the first diagnostic slaughter of reactive cows. B — slight replacement of the parenchyma of the suprarenal node with
loose connective tissue

It may indicate that at the beginning of the
research, the epizootic process of mycobacteri-
osis in cattle in the herd was characterised by a
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long and uncontrolled development. As a result,
pathological reactions prevailed over physio-
logical ones, which caused greater damage to
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the structure of the organs where they occurred
and, ultimately, led to more pronounced patho-
logical changes in the lymph nodes.

At the first diagnostic slaughter, in addition
to lymph nodes, pathological changes in the
large intestine were found in most slaughtered
cows. These changes were mainly localised in
the initial part of the colon and resembled para-
tuberculous enteritis. In particular, the affected
areas of the intestine (30 to 60 cm long) had a
mild thickening on the serous membrane. In the
section, the entire affected area of the intestine
was characterised by a pronounced folding of
the mucous membrane, which resembled the

surface of the cerebral hemispheres (Fig. 4). The
detected pathological changes in the large intes-
tine indicate local penetration of NTMB into the
submucosal layer of the colon. The latter is rich
in lymphoid elements in the form of solitary fol-
licles and peyer’s plaques, where the infectious
process between NTMB and the animal’s body
occurs. This fact gives reason to believe that the
nutritional route of mycobacteria entering the
body is one of the main ones. Propagating in
the intestinal submucosa, NTMBs provide both
the entobiotic phase of their population and are
both an endogenous and exogenous source of
mycobacterial infection.

Figure 4. Pathological changes in the proximal colon
Notes: 1 - transverse pathological folding of the colon caused by an infectious process; 2 — longitudinal physiological

folding of the colon.

In addition to the transverse folding of
the large intestine as a local manifestation
of the infectious process in mycobacteriosis
caused by NTMB, most animals demonstrated
local pathological changes in the colon in the
form of diverticula. These diverticula can be

easily identified from the serous membrane as
a bulging wall thickening in this area with a
darker colour of the serous membrane. The in-
creased folding of the mucous membrane and
its thickening are clearly visible in the section

(Fig. 5).

Figure 5. Pathological changes in the large intestine
Notes: A - diverticulum in the wall of the colon mucosa; B - bulging of the colon mucosa into the intestinal lumen
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The detected pathological changes are not
typical for tuberculosis, but they indicate the
presence of local foci of the infectious process
of varying intensity in the body of cows that re-
acted positively to tuberculin and NTM.

The isolation of acid-resistant NTMBs from
lymph nodes and affected areas of the large in-
testine suggests that allergic reactions to tuber-
culin and NTM are the result of sensitisation of

the body to these microorganisms (Zavgorodnii
et al.,, 2016). To better understand the infec-
tious process caused by NTMB, histomorpho-
logical changes in the lymph nodes taken from
each animal killed for diagnostic purposes were
thoroughly explored. The most characteris-
tic histological changes found in lymph nodes
from cows that were positive for PPD-tubercu-
lin and NTM are presented below (Figs. 6-10).

Figure 6. Structure of the lymph node (hematoxylin and eosin staining)
Notes: 1 - lymph node capsule; 2 — lymph follicle; 3 - cortical zone

Fig. 6 presents the microscopic structure of
a lymph node in the physiological standard. As
can be observed from Figures 7 and 8, the place
of influence of NTMB pathogenicity factors on
the immune system of infected animals is the
Iymphatic follicles, where the development of
primary nodules of lymphocytes and reticular

tissue was observed at the beginning of the
infectious process. Subsequently, degradation
was observed in them (cytoplasm swelling,
increased eosinophilia, noticeable changes in
nuclei, in particular, their wrinkling (karyopyk-
nosis), and increased basophilia), which ends in
lymphocyte necrosis.

Figure 7. Reactive centres in the lymph follicle as a result of the reaction of lymphocytes to
foreign antigens (haematoxylin and eosin staining)
Notes: 1 - initial stages of development of primary nodules from lymphocytes; 2 — reticulocytes under the influence

of mycobacterial exotoxins; 3 — periphery of the reactive centre
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Figure 8. Reactive centres in the lymphatic follicle as a result of lymphocyte reaction to foreign
antigens (haematoxylin and eosin staining)
Notes: 1 - clusters of normal lymphocytes; 2 — degraded lymphocytes with severe karyopycnosis and karyorexia under
the influence of mycobacterial exotoxins in the process of primary nodule development

Cellular detritus is developed at the site of  primary nodule is established, surrounded by a
lymphocyte death (Fig. 9.1), and a pronounced significant layer of lymphocytes (Fig. 9.2).

Figure 9. Development of nodules in NTBM-infected lymph nodes at later stages of the infectious
process (hematoxylin and eosin staining. Magnification x400)
Notes: 1 - cellular detritus in the centre of the nodule; 2 — accumulation of lymphoid elements around the detritus

Similar morphological changes were found  centre (Fig. 10.1), a slight peripheral accumu-
in histological sections of suprarenal lymph lation of lymphocytes (Fig. 10.2) and the es-
nodes (Fig. 10), where the development of tablishment of a visible capsule of epithelioid
primary nodules with cellular detritus in the elements (Fig. 10.3) were noted.
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Figure 10. Development of nodules in NTMB-infected lymph nodes at later stages of the
infectious process (haematoxylin-eosin staining)
Notes: 1 - cellular detritus in the centre of the nodule; 2 — accumulation of lymphoid elements around the detritus;

3 — formation of a capsule from epithelioid cells

In no case did the authors detect cal-
cification of these capsules, as is the case
with tuberculous mycobacteria (M. bovis or
M. tuberculosis). Evidently, such epithelioid
strands develop complete or incomplete con-
nective tissue capsules, merging, displacing or
replacing the primary nodules formed in the re-
active centres and, subsequently, the lymphoid
follicles themselves and, ultimately, the cortical
zone (Fig. 1.2).

Morphologically, this process is accompa-
nied by the proliferation of epithelioid tissue,
which leads to atrophy of the lymphoid tissue of
the lymph nodes (Fig. 11.1). In cows of 7-9 years
of age, more pronounced atrophy of the cortical
layer of the lymph nodes was observed compared
to this pathology in younger cows. It is probable
that the longer the exposure of lymphoid tissue to
NTMB pathogenicity factors, the more significant
the atrophy of the cortical zone of the latter.

Figure 11. Development of nodules in lymph nodes infected with NTMB
Notes: 1 - necrosis of lymphocytes in the centre of the nodule, fragmentation of nuclei and condensation of chromatin,

loss of whole areas of dead cells; 2 — a zone of lymphocytes around detritus; 3 — capsule of epithelioid cells
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The detected pathohistomorphological
changes in the lymph nodes and in the submu-
cosal layer of the large intestine indicate an ac-
tive infectious process in the body of cows caused
by NTMB. Although NTMBs were isolated from
all lymph nodes taken for bacteriological exami-
nation (Boyko et al., 2020), pathological changes
were detected only in the supraclavicular, medi-
astinal, mesenteric, occasionally in the subman-
dibular and pharyngeal lymph nodes and very
rarely in the anterior and posterior phrenic and
knee lymph nodes. These changes, along with
cortical haemorrhages, can be detected visually
when the nodes are sagittally incised. Developed

primary nodules, which are noted during the
histological examination, remain invisible vis-
ually and are not detected by palpation.

It can be assumed that primary nodules
arise as a result of a powerful, both in terms of
quantity and duration, exposure to antigenic
irritation of the immune system, in particular
the lymph nodes. As a result, cellular reactions
occurring in the reactive zones lead to the ne-
crosis of lymphocytes and their replacement by
epithelioid cells (Figs. 9-12), which penetrate
the cortical layer in the form of strands, start-
ing from the cerebral layer, displacing lymphoid
tissue and causing atrophy of the latter.

Figure 12. Replacement of lymphoid tissue with epithelioid elements in lymph nodes infected
with NTMB as a result of the infectious process (hematoxylin and eosin staining)
Notes: 1 - cords of epithelioid cells; 2 — remnants of lymphoid tissue

The establishment of granulomas in the
lymph nodes (Fig. 3 A) confirms the prolonged
effect of mycobacterial toxins on the immune
system of animals, which leads to the develop-
ment of a specific granulomatous inflammation.
The mechanism of its development is based
on primary perivascular infiltration by CD4+
T-lymphocytes, which are gradually (within 2-3
weeks) replaced by macrophages, and the latter,
due to their activation by cytokines, increase
in size and resemble squamous epithelium in

shape, their cytoplasm becomes eosinophilic,
and they gradually transform into epithelioid
cells. Some cytokines, such as IFN-y, acting on
transformed epithelioid cells, transform them
into multinucleated giant cells (Kumar et al.,
2019). Foci of mycobacterial penetration and
proliferation lead to the accumulation of epi-
thelioid cells, including giant cells. And these
clusters, in turn, are surrounded by a thick shaft
of lymphocytes, resulting in the development
of granulomas (Fig. 13).
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Figure 13. Granuloma development (haematoxylin and eosin staining)
Notes: 1 - clusters of epithelioid cells surrounded by a thick shaft of lymphocytes (2)

T-cell-mediated inflammation underlies
the mechanism of tissue damage in many au-
toimmune diseases or those caused by uncon-
trolled reactions to commensal bacteria or
atypical acid-fast mycobacteria when they are
constantly and in large volumes ingested by an-
imals (inflammatory bowel disease in humans
(Kumar et al., 2019). In the present research,
the source of NTBM in the organs and tissues
of cows was chronic local interstitial colitis
(Figs. 4, 5).

The pathological changes presented in Figs.
7-13, pathomorphological changes occur at the
cellular and tissue levels and are characterised
by irreversibility. These pictures demonstrate
the development of primary nodules from
lymphocytes and reticular tissue, lymphocyte
degradation - the cytoplasm swells, its eosin-
ophilia increases; changes in the nuclei, result-
ing in their wrinkling (karyopyknosis), which
in turn is manifested by increased basophilia,
and karyorexis (nucleus fragmentation), which
ends with karyolysis of the nuclei and necrosis
of lymphocytes. The affected lymphoid tissue
is replaced by epithelioid tissue, which leads to
atrophy of the lymph node parenchyma.
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Evidently, the body’s sensitisation to NTMB
antigens begins at the stage of primary nod-
ule development in the reactive centres of the
lymph nodes and is permanently maintained by
each subsequent ingestion of a fresh portion of
NTMB from the environment.

Finally, the possibility of permanent inges-
tion of NTMBs from the digestive tract, where
mycobacteria can be in the entobiotic phase
of existence, colonising the submucosal layer
of the large intestine wall, cannot be excluded
(Boyko et al., 2020a; Boyko et al., 2020b). How-
ever, it is assumed that this mechanism of
maintaining the sensitisation of the cow’s or-
ganism is not decisive, as then the permanence
of paraallergic reactions remains unexplained.

It can be argued that the permanence of
paraallergic reactions in animals is a conse-
quence of a significant amount of NTMB enter-
ing the body of cows over a long period (accord-
ing to observations, at least 2-3 months) from
the outside (alimentary or aerogenic).

Exploring the epizootological features of
cow mycobacteriosis in a particular farm, it was
found that the number of cows reacting to both
allergens was significantly (2-3 times) higher
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in the allergic test after winter-stall housing
compared to that in summer-exercise hous-
ing. It proves that keeping animals indoors for
a long period (more than 2-3 months) leads to
constant ingestion of NTMBs, which cause the
pathomorphological changes identified and
described and manifest themselves as a perma-
nent allergy to tuberculin and NTM.

According to the authors, a significant re-
duction in the antigenic load on the body of
NTMB cows would reduce the infectious pro-
cess in the body of infected animals and, thus,
sensitise the body of cows to allergens of atypi-
cal mycobacteria. The assumptions made are ful-
ly consistent with the findings published earlier
by some researchers (Falkinham, 2013). They ar-
gue that any changes in human health or animal
husbandry conditions could lead to the emer-
gence of new infections through NTMB as a re-
sult of the widespread distribution of these my-
cobacteria in most ecological niches (water, soil,
sphagnum and wildlife) (Schroder et al., 1992).

For this purpose, it is necessary to explore
more thoroughly the ecology of NTMBs on the
territory of the dairy farm. It will allow for a more
targeted and effective implementation of several
preventive measures aimed primarily at break-
ing the epizootic chain by reducing NTMB on
the premises and the farm. It will have an objec-
tive impact on the welfare of the dairy herd and
reduce or even eliminate the risk of spreading
NTMB through dairy products, which will be of
great medical and epidemiological importance
for the prevention of human mycobacteriosis.

Conclusions

According to the results obtained, it was proved
that the epizootic process in cattle herds is
caused by the infection of animals with ac-
id-fast mycobacteria. This phenomenon is quite
common and therefore should be constantly
monitored by qualified specialists of the state
veterinary service.

Nontuberculous mycobacteria colonise
mainly the digestive and respiratory organs,
which indicates their alimentary and aero-
genic routes of entry into the animal body.
They linger for the longest time in the regional
lymph nodes of these organs, where they cause
profound and often irreversible pathological
changes at the cellular and tissue levels, which
were identified through detailed pathological
and histological examinations. The pathomo-
rphological changes in the lymph nodes and
large intestine of the reacting animals can be
used to determine the presence of an intense
infectious process caused by NTMB in their
bodies and the functioning of the epizootic pro-
cess — mycobacteriosis — in the dairy cow herd.
Thus, reactive animals should be considered as
an active source of NTBM, which is important
both epizootologically and epidemiologically.

More detailed research on the species com-
position of NTMBs infecting animals and the
ecology of NTMBs identified on the farm and
their potential pathogenic properties will be of
both economic and epidemiological and medical
epidemiological importance. Considering the
significant role of NTBMs in human infectious
pathology, each case of establishing the func-
tioning of the epizootic process of mycobacte-
riosis in herds of productive animals should be
considered as a source of potential biohazards
to human health in the food chain. Therefore,
further research will focus on an in-depth study
of other aspects of the mycobacteriosis infection
process, the ecology of NTMBs on the territory of
a dairy farm, and ways to minimise the biohaz-
ards of human infection with NTMBs that cause
dangerous meat and dairy food products.
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AHotanis. T[IpoBeleHHS TUIAHOBUX aJIepriuHMX OOCTI[KEHb BEJMKOI poraroi Xymobu
CUMYJIbTAHHOIO MPO60I0 B TOCIIONAPCTBAX GJIATOMOTYYHMX HIOA0 TYOEPKYIbO3Yy € HEOOXiTIHIM JJIst
MMiATBEPIKEHHS CTafii emni3ooTuYHOro mpoiecy. Meta pob6otu — mHotiguTu rnaTomopdonoriuni
3MiHM Y KOPiB 3a BMUSIBJIEHHS IMapaajepridHmux peaxiliii i Jac AiarHOCTMYHOTO JOCTiIKeHHS Ha
Ty6epKynbo3. [IiarTHOCTUKY Ty6epKy/IbO3y B TBAPUH 3[i/ICHIOBAIY KOMIUIEKCHO 3 BUKOPUCTAHHIM
ycix mepem6avyeHNx iHCTPYKITEI0 METO/IB 00 60pOThGH 3 TY6EPKYIbO30M — eTi300TOJIOTiYHOTO,
KJIiHIYHOTO, aJepriuHoTOo, IaTOJIOTOAHATOMIUHOTO, TicTOMOP(MOJIOTIYHOro, 6GaKTepioaoriuHOro
i GiomoriyHoro. 3aBOSIKM LbOMY BJIAJOCS BCTAHOBUTM, WO peakilii Ha TyOGepKkysdiH y KOpiB
MaJM Tapaajepriuydy MPUPOAY, BUKIMKAHI HETyOepKyIbO3HMMM MikoOakTepisimu abo, Tak
3BaHMMM, aTUTIOBMMM MiKOOGaKTepisiMu. BcTaHOBIIEHO, 110 Y KOPiB, SIKi MO3UTUBHO pearyBajiu Ha
Ty6epKyJIiH i Ha ajlepreH aTUIIOBUX MiKo6aKkTepiii Ta 6y/u BimnpasieHi Ha 3a6iii 3 1iarHOCTUYHOIO
MEeTOI0, He BUSIBJIEHO TATOJOTOAHATOMIUHUX 3MiH, XapaKTepHUX IJis TyOepKyabo3y. I[Ipore, y
6araTbox JiMpaTUUYHMX By3jaX, 30KpeMa MeAiaCTMHAJbHUX, Me3eHTepialbHUX, 3aTTIOTKOBUX

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2



Busol et al.

i HWKHBOILIENENHNX, BiAMiUuaaM mMaToyMoriyHi 3MiHM (TpaHYJIOMaToO3Hi BOTHMINA, aTpodiio
niMmdoigHoi i po3pocTaHHS emiTenioimHOI TKaHMH, TinepIriasiro pi3HOi iHTEeHCMBHOCTI Ta
XapakTepy, KparmJacTi KpOBOBWIMBM Y KipKOBii1 30Hi), IKi BKa3yIOThb Ha aKTUBHMUIA iHGEKIiiHMI
mpoliec B OpraHi3mi TBapMH, CIPUUYMHEHUIT HeTyOepKy/lbO3HUMMM MiKobakTepismu. BogHouac
MpY TIPOBeJeHHi ricToMopdOoNOriuHNX NOCTiIKeHb Y JiMbaTUIHMX By3/lIax Big3Hauanu HU3KY
3MiH: (hOpPMYBaHHS MEPBUHHUX BY3JIMKIB i3 TiM(OIMUTIB Ta peTUKYISIPHOI TKAHVHY Y PEAKTUBHUX
IIeHTpax, Jerpajallito Ta HeKpo3 JiMGOLUNTIB, YTBOPEHHS KIITMHHOTO AETPUTY Y IEHTPI BY3IUKiB
Ta Karcys i3 emiTeqioigHMX eleMeHTiB HaBKOJIO BY3/IMKiB TOIIO, 32 SKMMM MOXHA ITiITBEPIAUTU
3aKOHOMIPHOCTi pO3BUTKY IMATOJIOTi] i, OrmocepenkoBaHO, — MeXaHi3M ceHcubinisanii opra"ismy
KOpiB, a OTXXe i NMpMUPOAY NapaajepriyHux peakuii y TBapmH. OTpuMaHi pesynabTaTy MalOTb
BasK/IMBe 3HAUEHHS JIJIsl CBOEYACHOTO BUSIBIIEHHSI Ta imeHTUdiKa1ii Ha ricromopdonoriuHoMy piBHi
KOMILJIEKCY 3MiH B OpraHax i TKaHMHAX KOPiB 32 MPOHUKHEHHS HeTy6epKy/IbO3HUX MiKOOaKTepiit,
IO € 3aITOPYKOI0 YCITIITHOI MiarHOCTUKM TIEPBUHHMX BOTHUIN, MiKO6aKTepiosiB Ta eeKTUBHOI ixX
podinakTUKM

KimiouoBi coBa: Ty6epKy/ibo3; TYOepKy/iH; aHTMUIeH aTUIIOBMX MikoOakTepiit; iHbekmiitHmit
Tpoliec; aTUIIOBI MikobOaKTepii; ajepriuni peaxuii; JiarHoCTHKa
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Abstract. Cow mastitis is a polyetiological disease involving pathogenic microorganisms.
Antibiotics are used to treat sick animals, which contributes to the development of resistant clones
of bacteria, and consumption of the corresponding milk leads to the spread of antibiotic-resistant
microorganisms. The purpose of the work is to determine strains of antibiotic-resistant bacteria
in the milk of cows suffering from subclinical mastitis. Bacteriological studies of mammary gland
secretion samples were performed by inoculating the sediment obtained after centrifugation of
the examined material on an agarised nutrient medium (with 5% ram erythrocytes). The study
of antimicrobial sensitivity was performed by the disk diffusion method. It was established that
pathogens with multiple resistance to antibiotics circulate among cows suffering from mastitis
on the farm, which indicates their indiscriminate use in animal therapy schemes, in particular
mastitis. It was found that the overall level of phenotypic resistance to antimicrobial agents of
the examined isolates was within 19-33% (in Staphylococcus spp. — 19.9%, in E. coli — 33.2%, in
Enterococcus spp. — 32.5%). The analysis of the results allowed assigning the culture study to
the category of multiresistant: 31.6% of cultures of Staphylococcus spp. demonstrated resistance
to five groups of antibiotics; 54.5% of Escherichia cultures — up to five groups of antibiotics;
37.5% of cultures of Enterococcus spp. resistant to three groups of antibiotics. It was established
that 100% of the studied cultures of Staphylococcus spp. are sensitive to netilmicin, sparfloxacin,
gatifloxacin and clarithromycin. Therewith, 100% of the examined cultures of Enterococcus spp.
sensitive to gentamicin, norfloxacin, and nitrofurantoin, and 100% of the examined E. coli cultures
were sensitive to cephalothin, meropenem, gentamicin, tobramycin, amikacin, nitroxoline, and
gatifloxacin. Thus, dairy cows suffering from subclinical mastitis are a source of bacteria with
multiple resistance to antibiotics and carry risks for consumers due to the consumption of dairy
products contaminated with pathogens of zoonotic diseases, which requires proper control by
veterinary service specialists

Keywords: antimicrobial drugs; disk diffusion; antibiotic-resistant bacteria; antibiotic therapydairy
cows; milk

Introduction

One of the key objectives of the animal hus-
bandry industry is to ensure the demand of
consumers with safe dairy products of appro-
priate quality, and the basis for their produc-
tion is, accordingly, raw milk that corresponds
to the requirements of current standards.

In Ukraine, the requirements for the quality
of raw milk are harmonised with international
standards, which define the microbiological cri-
teria for the quality of raw milk: €1.0x10° - for
milk of the extra grade; <3.0x10° for high-qual-
ity milk; <5.0x10° for milk of the first grade
(DSTU 3662:2018, 2019).
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However, in many cases, the sustainable
production of livestock products is hindered
by diseases, in particular mastitis in lactating
cows. Mastitis in cows is an inflammation of the
mammary gland under the action of, as a rule,
a complex etiological factor with a prominent
role of microbial agents (Amer et al., 2018). It is
important to consider that the course of masti-
tis, as indicated by the authors (Dittrich et al.,
2019, Blackmon et al., 2023), is associated with
a deterioration of the animal’s welfare — painful
sensations (redness, pain on palpation, swell-
ing and hardening of the skin of the udder) and
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deterioration of well-being (fever, anorexia, de-
pression, lethargy, etc.).

The development of the disease is accom-
panied by significant losses of productivity and
a decrease in milk quality indicators (Romero
et al., 2018). Significant economic losses are
caused both by a decrease in productivity and
by low reproduction rates and possible prema-
ture culling of cows (Cheng & Han, 2020).

According to many authors, the subclinical
form of mastitis is most often registered among
lactating cows around the world (Cheng & Han,
2020; Danchukeet al., 2021); (Sharun et al., 2021;
Pascu et al., 2022; Saeed et al., 2022), which is
accompanied by an increase in the content of
somatic cells and changes in its physical and
chemical qualities, in particular, the fatty acid
composition.

Among the etiological factors of mastitis in
cows, microorganisms play an important role,
thus, some authors indicate that more than
140 types of microorganisms can be causative
agents of mastitis (Goulart & Mellata, 2022).
However, the development of mastitis is most
often caused by Staphylococcus aureus, coagu-
lase-negative Staphylococcus (non-aureus), Es-
cherichia coli, Corynebacterium bovis, Streptococ-
cus uberis and Streptococcus dysgalactiae, which
are considered the most common pathogens
of the mammary gland (Heikkila et al., 2018).

As the authors note (Heikkild et al., 2018;
Goulart & Mellata, 2022), economic losses due
to mastitis in cows in the USA are in the range
of $2 billion, with losses from each case esti-
mated at $326. The course of clinical mastitis
caused by pathogenic Escherichia coli causes
Holstein cows to decrease daily milk yield by al-
most 15%, which is considered an average milk
loss of approximately 200 litres per cow during
the 305-day lactation period.

As a result of the analysis of losses dur-
ing milk production in Finland (Heikkila

et al., 2018) it was established that mastitis
caused by Escherichia coli caused the loss of
10.6% of milk from a 305-day milking per day
(~3.5 kg/day); lack of milk as a result of masti-
tis caused by Staphylococcus aureus was 7.1%
(2.3 kg/day); mammary gland disease caused
by Streptococcus uberis and Streptococcus dys-
galactiae led to a shortage of milk in the range
of 3.7% (1.2 kg/day) — 6.6% (2.1 kg/day); losses
in mastitis caused by Corynebacterium bovis
amounted to 7.4% (2.4 kg/day); losses in masti-
tis caused by Staphylococcus non-aureus — 5.7%
(1.8 kg/day). The authors conclude that system-
atic measures to prevent and combat mastitis
lead to a significant increase in the efficiency
of dairy farms. Among the measures designed
to combat the spread of mastitis, a particular
place is given to specific prevention and im-
munotherapy (Vasileiou et al., 2019; Chobyrka
et al., 2020; Rozos et al., 2022).

Notably, in addition to the risks of reduc-
ing the economic efficiency of dairy farms and
losses of livestock products, mastitis carries
risks to human health — both in an individu-
al aspect due to the risks of consuming dairy
products contaminated with zoonotic micro-
organisms with a high pathogenic potential
(Sugrue et al, 2019; Maity & Ambatipudi,
2020), and public health in general — potential
spread with milk and dairy products of antibiot-
ics residues and antibiotics resistant to micro-
organisms, the development of which is caused
by the indiscriminate use of antibiotics for the
treatment of mastitis (Boireau et al., 2018;
Singh et al., 2018), which are critically impor-
tant for humans, for example — cephalosporins
and fluoroquinolones, colistin, tetracycline and
macrolides (McEwen & Collignon, 2018).

The purpose of the work was to explore
the signs of resistance to antibiotics in micro-
organisms isolated from cows with subclinical
mastitis.
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Materials and Methods

The diagnosis of subclinical mastitis was made
based on the results of milk studies on the farm
from the farms of the Poltava regions using the
California mastitis test (Avita test). For micro-
biological research, udder secretion samples
were taken from 23 cows with subclinical mas-
titis. The study complied with ARRIVE recom-
mendations and was conducted without violat-
ing the guidelines of EU Directive 2010/63/EU
on the protection of animals used for scientific
purposes (2010).

Culture media were prepared and con-
trolled according to ISO 11133:2014 “Microbi-
ology of food, animal feeding stuffs and water”
(2014). Preparation, production, storage and
performance testing of culture media. The nu-
trient media, commercial tests, and discs with
antimicrobial drugs manufactured by HiMedia
were used in the study.

Bacteriological studies of mammary gland
secretion samples were conducted by sowing
the sediment obtained after centrifugation of
the examined material on an agarised nutrient
medium (with 5% ram erythrocytes and 0.05%
esculin), which ensures the vegetation of most
microorganisms that cause the development
of mastitis. The isolated microorganisms were
subjected to further differentiation according
to cultural-morphological, tinctorial signs and
the ability of bacteria to metabolise substrates.
In addition, for the identification of isolated

bacterial cultures, the relevant recommen-
dations presented in ISO 16649-2:2015 “Mi-
crobiology of food and animal feeding stuffs”.
Horizontal method for the enumeration of -glu-
curonidase-positive Escherichia coli; SSU 8534:
2015 “Food products. Method for detection and
determination of Enterococci” (2017).;1SO 6888-
1:2021 (2021) “Microbiology of food and animal
feeding stuffs” — Horizontal method for the enu-
meration of coagulase-positive staphylococci.

Antimicrobial susceptibility testing was
performed by the disc diffusion method (con-
sidering some provisions of EUCAST, 2021).
The results of the study were recorded and in-
terpreted using an automatic colony counter
Scan® 500 manufactured by INTERSCI.

Results and Discussion

This research presents the results of the study
of selected cultures of zoonotic microorgan-
isms from milk samples obtained from cows
with signs of subclinical mastitis. As a result of
the study, 23 samples of udder secretion sam-
ples were isolated: 19 cultures of Staphilococcus
spp. (13 coagulase-positive staphylococci (CoPS)
and 6 coagulase-negative staphylococci (CoNS),
8 cultures of Enterococcus spp. (Enterococ-
cus faecalis and Enterococcus faecium) and 11
cultures of Escherichia coli.

The results of sensitivity/resistance studies
of isolates of Staphylococcus spp. are presented
in Table 1.

Table 1. The sensitivity of Staphylococcus spp. isolates from milk samples
to antibacterial drugs (n=19)

Cultures
Antibiotics ATU, mm
S (/%) R (n/%) ATU (n/%)
Penicillins
Benzylpenicillin 9/47.4% 10/52.6% 0 26/26
Ampicillin 7/36.8% 12/63.2% 0 18/18
Oxacillin 3/15.8% 13/68.4% 3/15.8% 17/18
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Table 1. Continued

Antibiotics Cultures ATU, mm
S (/%) R (n/%) ATU (n/%)
Aminoglycosides
Gentamicin (I) 17/89.5% 2/10.5% 0 22/22
Kanamycin 14/73.7% 3/15.8% 2/10.5% 13/18
Tobramycin (II) 18/94.7% 1/5.3% 0 22/22
Netilmycin 19/100% 0 0 12/15
Amikacin (III) 16/84.2% 3/15.8% 0 22/22
Tetracyclines
Tetracycline 11/57.9% 6/31.6% 2/10.5% 19/22
Doxycycline 13/68.4% 1/5.3% 5/26.3% 12/16
Quinolones
Sparfloxacin 19/100% 0 0 15/19
Norfloxacin (II) 17/89.5% 1/5.3% 1/5.3% 17/17
Ciprofloxacin (II) 1/5.3% 5/26.3% 13/68.4% 24/50
Ofloxacin (II) 0 6/31.6% 13/68.4% 17/18
Levofloxacin (II) 0 4/21.1% 15/78.9% 24/50
Pefloxacin (II) 16/84.2% 0 3/15.8% 15/22
Gatifloxacin (IV) 19/100% 0 0 14/18
Lomefloxacin 16/84.2% 0 3/15.8% 18/22
Other antibiotics

Nitrofurantoin 14/73.7% 5/26.3% 0 13/13
Chloramphenicol 18/94.7% 0 1/5.3% 18/18
Fusidic acid 12/63.2% 0 7/36.8% 24/24
Rifampicin 16/84.2% 1/5.3% 2/10.5% 23/26
Lincomycin 17/89.5% 1/5.3% 1/5.3% 17/21

Note: “S” is sensitive; “R” — resistant; “ATU” — Area of Technical Uncertainty

Source: author’s development

The analysis of the obtained data demon-
strated that among the examined staphylo-
cocci, 61.5% of the isolates were resistant to
penicillins; resistant to aminoglycosides were:
15.7% of isolates — to amikacin and 5.2% - to
tobramycin; resistant to tetracycline drugs was
31.6% - to tetracycline and 5.3% - to doxycy-
cline; resistant to drugs of the quinolone group
were found: 26.3% — to ciprofloxacin, 31.6% —
to ofloxacin, 21.1% — to levofloxacin. 36.8% of

isolates were resistant to fusidic acid, 26.3% to
nitrofurantoin, 15.8% to lincomycin, and 5.3%
to chloramphenicol. Thus, the circulation of
staphylococci with multiple resistance to anti-
microbial agents was detected, which indirectly
indicates their indiscriminate use for antibac-
terial therapy of animals on this farm.

Results of sensitivity/resistance studies of
isolates of Enterococcus spp. are presented in
Table 2.
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Table 2. The sensitivity of isolates of Enterococcus spp. from milk samples to antibacterial

preparations (n=8)

e Cultures
Antibiotics
S (n/%) R (n/%)
Penicillins
Benzylpenicillin 3/37.5% 4/50%
Ampicillin 5/62.5% 2/25%
Carbapenems
Imipenem 0 6/75%
Aminoglycosides
Gentamicin (I) 8/100% 0
Streptomycin 6/75% 1/12.5%
Tetracyclines
Tetracycline 4/50% 3/37.5%
Doxycycline 4/50% 2/25%
Quinolones
Norfloxacin (II) 8/100% 0
Ciprofloxacin (II) 6/75% 2/25%
Levofloxacin (IT) 6/75% 2/25%
Gatifloxacin (IV) 3/37.5% 0
Other antibiotics
Nitrofurantoin 8/100% 0
Chloramphenicol 6/75% 1/12.5%
Vancomycin 5/62.5% 3/37.5%
Erythromycin 0 2/25%

ATU (/%)

1/12.5%
1/12.5%

2/25%

0
1/12.5%

1/12.5%
2/25%

0

0

0
5/62.5%

0
1/12.5%
0
6/75%

ATU, mm

14/15
8/10

21/50

6/10
6/10

14/19
12/16

12/12
15/15
15/5
14/18

15/15
12/18
12/12
13/23

Note: “S” - sensitive; “R” - resistant; “ATU” - Area of Technical Uncertainty

Source: author’s development

The results of determining the antibi-
otic profile of Enterococcus isolates identify
resistance to antibiotics from the penicillin
group: 25% of isolates to ampicillin and 50%
to benzylpenicillin; 75% of the examined iso-
lates were resistant to imipenem; resistance
to quinolones was found in: 25% of isolates to

ciprofloxacin and levofloxacin, respectively;
resistant to drugs of the tetracycline group,
therewith, to tetracycline — 37.5%, to doxycy-
cline — 25%; resistance to chloramphenicol was
found in 25% of the examined isolates; 37.5% of
enterococci were resistant to vancomycin, 25%
were resistant to erythromycin.

Table 3. Sensitivity of E. coli isolates from milk samples to antibacterial drugs (n=11)

Cultures
Antibiotics ATU, mm
S (/%) R (1/%) ATU (n/%)
Penicillins
Ampicillin 4/36.4% 7/63.6% 0 14/14
Ampicillin/sulbactam 10/90.9% 1/9.1% 0 14/14
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Antibiotics

Amoxicillin-clavulanic acid
Ticarcillin
Ticarcillin / clavulanic acid

Piperacillin

Cefalotin (I)
Cephalexin (I)
Cefazolin (I)
Cefaclor (II)
Cefuroxime (II)
Cefamandole (II)
Cefixim (III)
Cefoperazone (III)
Cefotaxim (III)
Cefepim (IV)
Cefpodoxime (III)

Meropenem

Gentamicin (I)
Kanamycin (I)
Tobramycin (II)
Netilmicin
Amikacin (IIT)

Tetracycline

Doxycycline

Nalidixic acid (I)
Nitroxoline (I)
Ciprofloxacin (IT)
Ofloxacin (II)
Lomefloxacin (II)

Gatifloxacin (IV)

Chloramphenicol

Note: “S” - sensitive; “R” — resistant; “ATU” — Area of Technical Uncertainty

Source: author’s development

Cultures
S (/%) R (0/%)
0 11/100%
5/45.5% 4/36.4%
0 6/54.5%
7/63.6% 0
Cephalosporins
11/100%
11/100%
10/90.9% 1/9.1%
2/18.2% 5/45.5%
0 11/100%
7/63.6% 1/9.1%
9/81.2% 2/18.2%
8/72.3% 0
10/90.9% 1/9.1%
0 10/90.9%
11/100% 0
Carbapenems
11/100% 0
Aminoglycosides
11/100% 0
3/27.3% 0
11/100% 0
11/100% 0
11/100% 0
Tetracyclines
0 11/100%
1/9.1% 10/90.9%
Quinolones
8/72.3%
11/100%
10/90.9% 0
8/72.3% 1/9.1%
10/90.9% 0
11/100% 0
Other antibiotics
11/100% 0

Table 3. Continued

ATU, mm
ATU (n/%)

0 19/19
2/18.2% 17/20
5/45.5% 20/23
4/36.4% 17/20

0 14/18

0 14/14

0 1418
4/36.4% 14/18

0
3/27.3% 14/18

0 17/17
3/27.3% 15/21

0 17/20

1/9.1% 24/27

0 21/21

0 16/22

0 17/17
8/72.3% 13/18

0 17/17

0 12/15

0 18/18

19/19

12/16

3/27.3% 13/19
0 15/15
1/9.1% 22/25
2/18.2% 22/24
1/9.1% 18/22
0 14/18

0 17/17
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Among the studied Escherichia coli (Ta-
ble 3), an average of 43.6% was resistant to Pen-
icillins, 34.7% — from the group of Cephalospor-
ins, 14.5% - from the Aminoglycosides group,
95.5% of E. coli cultures were resistant to Tetra-
cyclines, 11.8% — were resistant to Quinolones.

According to the results of the study, it was
found that pathogens with multiple resistance
to antibiotics are circulating among the cows
on this farm, which indicates their indiscrim-
inate use for the antibacterial therapy of ani-
mals on this farm.

Thus, as a result of studies of cultures
isolated from cows with signs of subclinical
mastitis, it was established that 100% of the
examined cultures of Staphilococcus spp. were
sensitive to Netilmycin, Sparfloxacin, Gati-
floxacin, Clarithromycin; 100% of the studied
cultures of Enterococcus spp. were sensitive to
Gentamicin, Norfloxacin, Nitrofurantoin; 100%
of the studied E. coli cultures were sensitive
to Cefalotin, Cephalexin, Cefpodoxime, Mero-
penem, Gentamicin, Tobramycin, Netilmicin,
Amikacin, Nitroxoline, Gatifloxacin, Chloram-
phenicol, and resistant in 100% of cases to
Amoxicillin-clavulanic acid, Cefuroxime (II),
Tetracycline.

Many researchers have proven that masti-
tis is one of the most common diseases of dairy
cattle, which causes economic losses due to a
decrease in milk yield and poor milk quality. It
is believed that the main cause of mastitis in
cattle is the striking effect of microorganisms
with a high pathogenic potential, which causes
the development of inflammation of the udder.
Measures designed to combat the spread of in-
fectious mastitis have been identified (Bradley,
2002; Blowey & Edmondson, 2010), which in-
clude: identification and treatment of clinical
cases, teat disinfection after milking, dry cow
therapy (DCT), timely culling of cows when
chronic cases of mastitis are registered, prop-
er ongoing maintenance of milking equipment.
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However, practice demonstrates that the pro-
posed actions are not sufficiently effective. Ac-
cordingly, there is an objective need to improve
existing mastitis prevention and treatment
measures, in particular, the improvement of
etiotropic therapy schemes (Down et al., 2016).
The data obtained during the analysis of the
epizootic situation with mastitis of cows in the
studied farm indirectly testify to the imperfec-
tion of the implemented preventive and cura-
tive measures.

Currently, several microorganisms have
been identified as causative agents of mastitis
(Heikkila et al., 2018; Goulart & Mellata, 2022).
But, more often, specialists identify represent-
atives of the coccal microflora (Staphylococcus
spp., Streptococcus spp., Enterococcus spp.) and
a prominent representative of enterobacteria —
Escherichia coli, as factors in the occurrence
of mastitis, and, accordingly, in many cases,
antibiotics are included in mastitis treatment
regimens. The results of this research are con-
sistent with the evidence of other authors re-
garding (Cheng & Han, 2020) the causative
agents of cow mastitis.

Escherichia coli is a microorganism that
can have in its arsenal a combination of path-
ogenicity factors (toxins, adhesins, invasins,
capsule development, the ability to resist serum
complement and iron absorption, resistance to
antibiotics and the ability to colonise, the abil-
ity to produce biofilms), which provides the
ability to persist in the dairy gland, causing re-
current mastitis (Kaper et al., 2004; Fernandes
et al., 2011; Gomes et al., 2016; Cheng & Han,
2020). Enterococcus spp. (primarily E. faecalis
and E. faecium) - are frequently obligate micro-
organisms of organic litter in livestock premises,
which have a set of pathogenic factors (toxicity,
adhesiveness, antibiotic resistance, ability to
form a biofilm, etc.), which provides microor-
ganisms with the opportunity to colonise the
epithelium of the mammary gland and persist
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causing inflammation (Elhadidy & Zahran,
2014; Roézanska et al., 2019). Representatives
of Staphylococcus spp.: coagulase-positive
staphylococci are recognised causative agents
of mastitis in a wide range of animals, and co-
agulase-negative staphylococci (S. simulans,
S. chromogens, S. hyicus, S. epidermis) are a rel-
atively “new” causative agent of mastitis — ac-
cording to researchers (Vasudevan et al., 2003;
Taponen & Pyorild, 2009; Simojoki et al., 2012;
Hamid et al., 2017) diseases caused by them have
a less severe course, causing mainly the sub-
clinical form of mastitis and have a set of path-
ogenicity factors (adhesiveness, resistance to
antibiotics, toxigenicity) and are environmen-
tal pathogens. Data obtained by the authors in
previous years (Ushkalov et al., 2021, Vishovan,
et al., 2021) indicate the presence of a high
pathogenic potential in potential mastitis path-
ogens and are consistent with the cited authors.

Thus, one of the important factors in the
pathogenicity of mastitis pathogens is resist-
ance to antibiotics. It is known that improper
use of antibacterial therapy contributes to the
development of antibiotic-resistant clones
of microorganisms. Milk obtained from cows
suffering from subclinical mastitis potentially
poses a threat to human health, as it can be a
source of zoonotic pathogens for a long time
(asymptomatic course of the disease), causing
diseases of the skin, upper respiratory tract, etc.
(Schamberger et al., 2004; Maity & Ambatipudi,
2020). In this regard, it is the problem of sub-
clinical mastitis that needs particular attention
since bacterial etiological factors have the op-
portunity for a long time (before the diagnosis
and the beginning of therapeutic measures) to
pollute the environment, including livestock
products and have the potential to spread to
people (such as service personnel and on prod-
uct consumers). Thus, there are objective risks
of the spread of zoonotic microorganisms with
high pathogenic potential, in particular with

multiple resistance to antibiotics in the hu-
man population (Cheng & Han, 2020; Maity &
Ambatipudi, 2020; Goulart & Mellata, 2022).

In the presented research, sensitivity to
antibiotics in cultures of Staphylococcus spp.,
Escherichia coli, Enterococcus spp. was explored
within a small sample size, isolated from udder
secretion samples of animals suffering from
subclinical mastitis on a commodity farm.

It was established that 100% of the ex-
amined cultures of Staphilococcus spp. were
sensitive to Netilmycin, Sparfloxacin, Gati-
floxacin, Clarithromycin; 100% of the studied
cultures of Enterococcus spp. were sensitive to
Gentamicin, Norfloxacin, Nitrofurantoin; 100%
of E. coli cultures tested were sensitive to Ce-
falotin, Cephalexin, Cefpodoxime, Meropenem,
Gentamicin, Tobramycin, Netilmicin, Amikacin,
Nitroxoline, Gatifloxacin, Chloramphenicol.

Analysis of the obtained data presented that
the overall level of phenotypic resistance of the
examined isolates was within 19-33% (19.9%
was found among Staphylococcus spp., 33.2%
among E. coli, 32.5% among Enterococcus spp.).
When determining sensitivity to antibiotics,
EUCAST recommends determining both indica-
tors of sensitivity and resistance and the zone
of technical uncertainty — “Area of Technical
Uncertainty”. Accordingly, within the “Area of
Technical Uncertainty” there were 6.36% of
E. coli cultures, 12.8% - Staphylococcus spp.,
16.3% — Enterococcus spp. Thus, the level of
resistance among bacterial populations asso-
ciated with subclinical mastitis may have the
corresponding potential for growth.

Further, evaluating the obtained data, an
attempt was made to characterise the examined
cultures of microorganisms according to the
degree of resistance to antibiotics. An interna-
tional group of experts (Magiorakos et al., 2012)
under the auspices of the European Centre for
Disease Prevention and Control (ECDC) and
the Centres for Disease Control and Prevention
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(CDC) of the USA proposed a special terminol-
ogy to describe acquired resistance profiles.
The following resistance profiles are defined:
multidrug resistance (MDR) — acquired lack of
sensitivity to at least one agent in three or more
categories of antimicrobial drugs; extensive
drug resistance (XDR) — lack of sensitivity to at
least one drug in all but two or fewer categories
of antimicrobial drugs (ie, bacterial isolates re-
main sensitive to only one or two categories);
pan-resistance (PDR) — defined as insensitivity
to all agents in all categories of antimicrobials.
The analysis of the results (Tables 1-3) allowed
assigning the study of the culture to the cate-
gory of MDR. Among the group of Enterococcus
spp. 37.5% of cultures were resistant to three
groups of antibiotics, 25% of cultures were
resistant to two groups of antibiotics. Among
Staphylococcus spp. 31.6% of cultures were
resistant to five groups of antibiotic groups,
5.3% of cultures were resistant to four groups.
Among E. coli, 54.5% of cultures were resistant
to five groups of antibiotics, 18.2% of cultures
were resistant to four groups of antibiotics.
Considering the small size of the sample,
the presented results are indicative and will
determine the field of further research on the
study of pathogenicity (phenotypic and geno-
typic determinants) and virulence in microor-
ganisms associated with subclinical mastitis.

Conclusions
It was established that cultures of Staphylo-
coccus spp. isolated from milk from cows with
signs of subclinical mastitis showed sensitivity
to Netilmycin, Sparfloxacin, Gatifloxacin, Clar-
ithromycin in 100% of cases; cultures of Ente-
rococcus spp. in 100% of cases were sensitive
to Gentamicin, Norfloxacin, Nitrofurantoin;
E. coli cultures showed sensitivity to Cefalotin,
Cephalexin, Cefpodoxime, Meropenem, Gen-
tamicin, Tobramycin, Netilmicin, Amikacin,
Nitroxoline, Gatifloxacin, Chloramphenicol in
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100% of cases. The level of resistance of the
examined isolates was in the range of 19-33%,
the analysis of the results allowed classifying
the study isolates into the MDR category. Thus,
milk from cows with subclinical mastitis is a
risk factor for the spread of antibiotic-resist-
ant bacterial clones. Measures at the level of
individual livestock farms designed to reduce
the risks of the spread of antibiotic-resistant
microorganisms, in particular, etiologically sig-
nificant in mastitis in cows, focus on ensuring
the well-being of animals, increasing the level
of biosecurity and introducing the technology
of production of livestock products, elements
of permanent monitoring of the condition of
the udder, timely diagnosis of mastitis, if nec-
essary — laboratory and it is possible to use
means of extemporaneous formulation and
autogenous immunobiological drugs - as an
alternative to antimicrobial agents. There is
reasonable evidence that preventive measures
using autogenous vaccines, sera and globulins
can be of significant importance for reducing
the level of use of antimicrobial substances in
the production of livestock products, which will
contribute to the disruption of the food route
of transmission of resistant populations of bac-
teria and metabolites of antimicrobial drugs. It
is believed that autogenous immunobiological
drugs can be used both for specific prevention
and for the treatment of persistent infections.

Further research can be designed to estab-
lish a collection of strains of microorganisms —
the causative agents of mastitis, studying the
signs of pathogenicity in them and their possi-
ble use for the production of an autovaccine for
the prevention of this dangerous disease.
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AHoTanis. MacTuT KOpiB - TOJieTiosoriuHe 3aXBOPIOBAaHHS 33 YYacCTIO [MaTOTEHHUX
MiKpoopraHi3MiB. [Ijis1 JTiKyBaHHSI XBOPUX TBapUH BUKOPUCTOBYIOThCSI aHTUOIOTUKM, IO CIIPUSIE
YTBOPEHHIO CTiliKMX KJIOHIB 0aKTepiif, a CIOXMBAaHHSI BilIOBiZHOTO MOJIOKa IPU3BOAUTDH IO
MOIIMPEHHS CTiiKMX A0 aHTUOIOTMKIB MikpoopraHizmiB. MeTa po6OTM — BU3HAYUTU IITAMU
aHTMOIOTMKOPE3UCTEHTHMUX 6akTepiii y MOJOLi KOpiB, XBOPUMX Ha CYOKTIHIYHMIA MaCTUT.
BakTepiosnoriuHi JoCTiIkeHHST TPO6 CEKPeTy MOIOYHOI 371031 MPOBOIMIIN LIJITXOM TIOCiBY OCamy,
OTPUMAHOIO IMC/IsT HeHTPUYryBaHHSI AOCTiIKYBAHOTO MaTepiaay, Ha arapu3oBaHe KUBWIbHE
cepenoBuile (3 5 % epurpouuTiB 6apana). JociIKeHHS aHTUMiKPOOHOT UyTIMBOCTI 37i/iCHIOBAIN
MeTOoIOM IMCKOBOi audy3ii. BcraHOBIEHO, 10 cepel, XBOPMX Ha MACTUT KOPIiB y TOCIONApCTBi
LIMPKYITIOITh 30yIHUKM 3 MHOXXWHHOIO CTiliKiCTIO 0 aHTMOIOTHKIB, 1110 BKa3ye Ha iX HeBUOGipKOBe
3aCTOCYBaHHSI B CXeMax Tepalrii TBapMH, 30KpeMa MaCTUTy. BUsIBIeHO, 10 3arajbHUII piBeHb
(beHOTUTIOBOI CTiTKOCTI 70 AHTUMIKPOOHMX 3aC06iB TOCTiIKYBAHMX i30/IATiB 3HAXOAMBCS Y MexKax
19-33 % (y Staphylococcus spp. — 19.9 %, y E. coli — 33.2 %,y Enterococcus spp. — 32.5 %). AHaumi3
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pe3y/bTaTiB AaB MOKIMBICTh BiTHECTU TOCTiIKeHHI KyJIbTYPH [0 KaTeropii MyJbTUPe3UCTeHTHUX:
31.6 % kynabTyp Staphylococcus spp. BUSIBJISUIM CTifiKiCTh IO IUSTU T'PyN aHTUOIOTMKIB; 54.5 %
KyJIbTYD €lIepuXxiit — 10 I’SITU TPy aHTUGiOTHKIB; 37.5 % KynbTyp rpymu Enterococcus spp. CTiiiki
IO TPBOX TPyN aHTUGiOTMKIB. 3’sscoBaHo, w0 100 % mocmimkeHux KynabTyp Staphilococcus spp.
€ UyTIMBUMMMU A0 HETUIMILMHY, criapdIoKcanuHy, raTu@IoKcanyHy Ta KIapuTpoMinuuy. IIpu
ubomy, 100 % mocmimkeHUX KynbTyp Enterococcus spp. YyTIuBi A0 TeHTaMillMHY, HOPGIOKCAIMHY
Ta HiTpodypaHTOiHY, a 100 % mOCTiAKYBaHNX KY/IbTYP KUIIKOBOI MAIMYKMA BUSBWINCS UYTIMBUMU
no 1edaJoTHHy, MepoIleHeMy, TeHTaMillMHy, ToOpaMillMHy, aMiKallMHy, HiTPOKCOMiHy Ta
ratudokcanyiy. TakMM YMHOM, [iliHi KOPOBU, XBOpi Ha CYOKIIHIYHWUI MaCTUT, € IKepPeIoM
6aKTepiit 3 MHOXKMHHOIO CTilKiCTIO O aHTMOIOTUKIB i HECYTb PU3UKM AJIS CIIOKMBAYiB BHACTIIOK
BXMBAHHS MOJIOUHMX IPOJYKTiB, KOHTAaMiHOBaHMX 30yTHMKAMM 300HO3HUX 3aXBOPIOBaHb, IO
roTpebye HaJIEKHOTO KOHTPOJTIO 3 60Ky (axiBIiB BeTepMHAPHOI CITysKOU

KirouoBi csioBa: aHTUMIKpOOHi ITpernapaT; qyuckoBa aqudysisi; aHTHOI0TUKROPe3NCTEeHTHI 6aKkTepii;
aHTUOIOTUKOTEpAITis; AifiHi KOPOBM; MOJIOKO
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Determination of heart rate variability as an indicator...

Abstract. The relevance of the subject is the significance of exploring the role of the autonomic
nervous system in regulating the cardiovascular system to improve the welfare of productive animals.
Heart rate variability is a non-invasive research method that can be useful in exploring the health
status of an animal and analysing its psychophysiological state in farm conditions. The purpose of
the research - to determine the effect of the tone of autonomic nervous regulation on the cow’s body,
which is reflected in changes in the sympathovagal balance. Experimental research was conducted on
Ukrainian Black-and-White dairy cows. To explore the variability of heart rate, an electrocardiograph
was used, followed by the determination of the main indicators according to the Baevsky method,
which included the determination of mode, mode amplitude, variation range, autonomic balance
index, autonomic rhythm index and stress index. Based on the results of the study, three experimental
groups of animals were established: normotonics, vagotonics, and sympathotonics. Considering the
results obtained, cows, depending on the influence of the tone of the autonomic nervous system,
have differences in the activity of the cardiovascular system. It will result in different responses to
stress, which in turn will affect their productivity. Determination of heart rate variability can be one
of the indispensable indicators in analysing the health of an animal on a dairy farm. This issue is a
promising area of research, especially when exploring the metabolic processes of high-yield cows to
improve productivity while maintaining the physiological state of the animal

Keywords: sympathovagal balance; normotonics; vagotonics; sympathotonics; animal health;

cattle

Introduction
Many techniques have been developed to im-
prove the welfare of modern dairy farms pro-
ducing animal products. One of the most fre-
quently asked questions is the impact of stress
on animals. It is explained by the fact that cows
are kept on farms in a relatively isolated envi-
ronment, with no possibility of migration out-
side the paddock (Periyanayagi et al., 2022). The
animal’s motility is stable and consistent with
familiar places, surroundings and climatic con-
ditions. When the environment in which a cow
lives changes, stress occurs in its body under the
influence of a new factor. Depending on indi-
vidual characteristics, animals react differently
to these changes (Kremer et al., 2022). One of
the key factors in the mechanism of response to
this stress is changes in the autonomic nervous
system. It is involved in the regulation of home-
ostasis along with other structures of the body
through its departments (Mulkey & du Plessis,

2019; Janig, 2022). Under the influence of the
sympathetic nervous system, the activity of the
cardiovascular system increases, the accumula-
tion of nutrients in the bloodstream increases,
and they are distributed to all organs and tis-
sues of the animal’s body. Due to this, the body
has the necessary energy to ensure a proper
response to the stressor (Bellato et al., 2020;
Weber et al., 2021). The parasympathetic nerv-
ous system performs the opposite functions: it
reduces the activity of the cardiovascular system
and activates the processes of digestion and syn-
thesis of nutrients to establish a reserve for im-
mediate use (Gibbons, 2019; Benarroch, 2020).

Cardiovascular studies provide informa-
tive indicators that reflect the health and wel-
fare of many animals. The researchers initially
analysed heart rate to reflect the activity of
the sympathetic and parasympathetic nerv-
ous systems. However, the results were mixed
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(Quevedo et al., 2019; Turini et al., 2022).
Changes in heart rate fluctuated greatly under
the influence of physical and psychological fac-
tors. It could include a change in the animal’s
environment, pain, for example, as a result of
medical procedures, or a stranger in the cows’
location. To obtain more accurate data, they be-
gan to measure cardiac intervals based on car-
diological and psychophysiological diagnostic
methods. It allowed for a better interpretation
of cardiac activity in terms of the activity of the
autonomic nervous system. Heart rate intervals
are frequently referred to as heart rate variabil-
ity, which reflects the sympathetic-vagal bal-
ance. Considering this indicator, it allows for
a better analysis of animal health, welfare, and
psychophysiological state (Kovacs et al., 2019;
Grelet et al., 2022).

Electrocardiography is one of the most ef-
fective and non-invasive methods of exploring
heart rate variability. During the recording of
the heart’s electrical potentials, fluctuations in
the variability of successive heartbeat intervals
can be recorded. Depending on the individual
characteristics of the animal organism, the ac-
tivity of the autonomic nervous system varies.
It is reflected in an increase or decrease in the
heart rate variability. These differences are ex-
plained by the cow’s different perception of the
environment and adaptation to the changes it
encounters throughout its life. Most scientists,
based on their research, emphasise the multi-
dimensionality of individual animal charac-
teristics (Hunter et al.,, 2021; Kitajima et al.,
2022). Reactivity is one of the most common
signs to measure the state of a cow’s body. It
is frequently replaced by behavioural reactivity
in a person. Since each animal develops in
a specific familiar environment, any change
can cause stress (Emelyanova et al., 2020). The
reason for this may be a stranger in the cow’s
resting area or milking parlour. Depending on
its reactivity, the animal may try to increase its
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distance to interact less with the stressor or, on
the contrary, demonstrate interest and activity
in the opposite area (La Maestra et al., 2021;
Devi et al., 2022). When analysing the activity
of the cardiovascular system, certain groups of
animals can be identified based on the sympa-
thetic-vagal balance. Normotonics will have a
balanced equilibrium of both systems, sympa-
thotonics — with a predominance of the sympa-
thetic nervous system and vagotonics — with a
greater influence of the parasympathetic nerv-
ous system. Accordingly, cows will have differ-
ent responses to the factors (Gibbons, 2019;
Cheshire et al., 2020).

The purpose of the research — to determine
the effect of the tone of autonomic nervous
regulation on the body of cows, which is re-
flected in changes in sympathovagal balance.

Materials and Methods
The research was conducted based on the
dairy farm of “Obriy” LLC, the breed of cows
is Ukrainian black-and-white dairy. The re-
search was conducted according to the ARRIVE
guidelines for reporting experiments using
live animals. 100 clinically healthy cows of 3-4
lactation were selected for the variation-pulse
oximetry study. Electrocardiographic exami-
nation was performed using a single-channel
electrocardiograph Heart Mirror IKO (Hungary,
Innomed). An electrocardiograph - is a volt-
meter or galvanometer that records changes
in the electrical potential of the heart. The
animal should be sufficiently rested before
electrocardiography. The cow is then kept in a
standing position. Electrocardiological gel was
applied to the electrode attachment sites after
pretreating the skin with alcohol. Three sites
were used for the research. The first is located
between 3-5 intercostal spaces on the left, be-
hind the elbow. The electrode of the right hand
was attached to it. The second one is located
to the caudal 1/3 of the jugular sulcus, where
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the left-hand electrode was placed. The third —
in the withers of the animal, where a neutral
lead was placed. During the research, a “croco-
dile” clamp was used. These clips have a sharp
mouth with serrated ends to securely hold them
in place on thick cattle skin. The toothed ends
are very sharp, thus, they need to be dulled be-
forehand to avoid injuring the animal. Dur-
ing the recording of changes in the electrical
potentials of the heart occurring during each
cardiac cycle, the corresponding indicators
were recorded by a galvanometer. The data
was recorded using a stylus on cardiac exam-
ination paper. The stylus deflects according to
the intensity of the heart’s electrical activity
(Jackson & Cockcroft, 2008). The tape pull-
ing speed during cardiac signal recording was
50 mmy/s. The results of the cardiac examina-
tion were calculated using Microsoft Excel.

According to the variational pulse oxime-
try study, the main indicators were determined,
such as mode (Mo) - the interval that most often
occurs in the R-R interval of the heartbeat, i.e.
the duration of the heartbeat recorded by the
cardiograph on paper; mode amplitude (AMo) —
the percentage value of the mode that develops
the mode, i.e. the percentage value of the most
frequent value; variation range (Ax) — the dif-
ference between the maximum and minimum
value of the mode; autonomic balance index
(ABI) - an indicator that reflects the influence
of the sympathetic and parasympathetic nerv-
ous system on the body, determined by the dif-
ference between the amplitude of the mode and
the variation range; autonomic rhythm index
(ARI) - an indicator that reflects the influence
of the sympathetic nervous system on the body,
determined by formula 1:

ARI = 1 + (Mo X Ax); 1)

stress index (SI) — an indicator that reflects the
state of stress of the body, i.e. reflects the stress

index characterising the tone of the autonomic
nervous system, is determined by formula 2:

SI = AMo + (2 X Mo X Ax). )

Analysing the results by the indicators
obtained during the research, research groups
were established. The first indicator that helped
to determine the tone of the autonomic nerv-
ous system was the tension index, which re-
flected the sympathetic-vagal balance. Animals
with low scores belonged to the group of vago-
tonics, those with high scores belonged to the
group of sympathotonics, and cows with inter-
mediate scores belonged to the group of nor-
motonics. Out of 100 cows, 5 animals from each
experimental group were selected for a detailed
examination of the tone of autonomic nervous
regulation. Statistical processing of the exper-
imental data was performed by conventional
methods of variation statistics. The significance
of the difference was assessed by the Student’s
t-test. Differences between the compared indi-
cators were considered probable at the level of
significance P<0.05, P<0.01, P<0.001.

Results and Discussion

During the research of Ukrainian Black-and-
White dairy cows of 3-4 lactation, it was estab-
lished that the vast majority of animals were
characterised by the predominant influence
of the sympathetic division of the autonomic
nervous system and belonged to the sympa-
thotonic group (Fig. 1). The proportion of cows
with sympathotonia was 50%. In contrast, the
proportion of cows with normotony and vagot-
ony was 28% and 22%, respectively.

According to the results of the electrocar-
diographic study, differences in the variational
and pulse rate indices in cows depending on the
tone of the autonomic nervous system were ob-
tained (Table 1).
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Figure 1. Number of animals depending on the tone of the autonomic nervous system (n=100)

Table 1. Indicators of heart rate variability depending on the tone of the autonomic nervous
system in cows (M*m; n=5)

Indicator Normotonics
Heart rate, beats/min 62.0+3.74
Mo, ¢ 1.0£0.05
AMo, % 20.40+1.04
Ax, ¢ 0.13%0.01
ABI 153.31+8.06
ARI 7.95+0.87
SI 79.85+7.90

Sympathotonics Vagotonics
78.0+3.04 50.0+1.60
0.78%0.03* 1.20%0.04*
32.18+0.89** 11.69+0.38**
0.07%0.01* 0.25+0.01**
437.0£22.05 47.93+1.44
18.0+0.89** 3.45+0.15**
284.0%19.11 20.0+0.96

Note: *P<0.01, **P<0.001 - relative to the normotonic group

Source: author’s development

In sympathotonic animals, the modal
parameters of 0.78+0.03 s were the lowest
(P<0.01), indicating the predominance of the
sympathetic nervous system. The decrease in
this value is explained by the fact that the car-
diovascular system is dominated by excitation
processes. It increases the heart rate. The heart
rate increases within physiological standards.
In vagotonics, the mode index (1.20+0.04 s) is
the lowest compared to other groups (P<0.01)
due to the action of the parasympathetic nerv-
ous system. Under the influence of a stress fac-
tor on the animal’s body, the autonomic nerv-
ous system is dominated by the phenomenon of
vagotonia. The cardiovascular system reduces
its excitability, which helps to reduce the heart

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

rate and, accordingly, the pulse rate. There was
an inverse correlation between pulse rate and
mode, which was r=-0.99 for the experimental
groups. Accordingly, the animals of the experi-
mental groups demonstrated a dependence be-
tween heart rate and mode index.

The amplitude of the mode characterises
the percentage of fashion indicators, reflects
the degree of mobilisation influence of the sym-
pathetic nervous system. If sympathotonia pre-
vails in the body, the AMo values will be high. It
is explained by the fact that with a high intensity
of excitation of the cardiovascular system by
the sympathetic nervous system, the interval of
repetitions of the cardiac cycle increases. It in-
creases the amplitude of the mode. Accordingly,
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high values of indicators were noted in cows
of the experimental group of sympathotonics
32.18+0.89% and in small cows of vagotonics
11.69%0.38% (P<0.001). A straight correlation
between the mode and the mode amplitude
was found in the animals of the experimental
groups, namely: normotonics — r=0.92, sympa-
thotonics — r=0.82 and vagotonics — r=0.96.
The variation range describes the differ-
ence between the maximum and minimum
values of a mode. This indicator describes the
influence of the vagus nerve. An increase in
this value reflects the predominance of the par-
asympathetic nervous system over the sympa-
thetic one. Accordingly, the experimental group
of vagotonics is defined by vagotonia due to the
largest variation range of 0.25%0.01 s (P<0.001).
The autonomic balance index reflects the
ratio of the influence of the sympathetic and
parasympathetic nervous systems. An animal
with sympathotonia has an increase in the
amplitude of the mode and a decrease in the
variation range. As a result, the value of the
autonomous equilibrium index will increase.
Therefore, the experimental group of sympa-
thotonics had the highest index (437.0+22.05)
due to the superiority of the influence of the
sympathetic nervous system over the parasym-
pathetic one. An indirect correlation between
the index of autonomous balance and the
variation range in animals of the experimen-
tal groups was found, namely: normotonics —
=-0.73, sympathotonics — r=-0.80 and vagoton-
ics — r=-0.74. A straight correlation between the
autonomic balance index and the mode ampli-
tude was established: in normotonics — r=0.82,
sympathotonics - r=0.52, vagotonics — r=0.66.
The autonomic rhythm index reflects the
influence of the parasympathetic nervous sys-
tem on the body. As its activity increases, the
indicator decreases. In the experimental group,

vagotonics had the lowest value of the autono-
mous rhythm index —3.45+0.15 (P<0.001). It indi-
cates the predominance of the parasympathetic
nervous system in the animal’s body. An indirect
correlation of the autonomous rhythm index and
the variation range was identified in the animals
of the experimental groups, namely: normoton-
ics —r=-0.57, sympathotonics —r=-0.76 and vago-
tonics — r=-0.77. An indirect correlation between
the autonomous rhythm index and mode was
determined: in normotonics — r=-0.65, in sym-
pathotonics — r=0.70, in vagotonics — r=-0.58.

The tension index characterises the tone of
the autonomic nervous system. Its main value —
the determination of the stress index, which in-
dicates the predominance of the sympathetic or
parasympathetic nervous system. Animals with
high stress index values demonstrate increased
aggressiveness and reduced stress resistance,
resulting in increased nervous fatigue. Con-
sidering this, the experimental group of sym-
pathotonics was distinguished by high values
of the tension index (284.0%¥19.11), which in-
dicates the predominance of the sympathetic
nervous system, and vagotonics had the lowest
values (20.0+0.96), which indicates the influ-
ence of the parasympathetic nervous system.

When considering the variation histogram
of sympathicotonic animals (Fig. 2), some fea-
tures should be noted. First of all, they had
small R-R intervals. It, in turn, reflects the in-
creased activity of the cardiovascular system.
As the processes of excitation of the sympa-
thetic division of the autonomic nervous sys-
tem prevailed, the heart rate increased accord-
ingly. Thus, the mode indicators demonstrated
slight differences in the size of the interval but
varied in the number of intervals. This feature
of the variation histogram reflects the predom-
inance of the sympathetic nervous system over
the parasympathetic one.
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Figure 2. Variational histogram of sympathotonics in the experimental group

The variation histogram of the vagotonics
of the experimental group (Fig. 3) demon-
strated an increase in the size of the R-R in-
tervals. This feature is explained by a decrease
in the activity of the cardiovascular system
against the background of vagotonia. The car-
diac muscle contracted less actively and at
different intervals, which in turn was reflected

in the high values of the mode and the value
of the R-R interval. It resulted in a decrease
in the number of R-R intervals compared to
that of animals in other experimental groups.
It reflects the predominance of the parasym-
pathetic nervous system over the sympathetic
one in the animal’s body, as demonstrated by
the histogram above.

Vagotonics
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The size of the R-R intervals, s

Figure 3. Variational histogram of vagotonics of the experimental group
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The experimental group of normotonics
on the variation histogram, compared to the
others, was distinguished by a uniform ratio
of the size of the R-R interval and its number
(Fig. 4). This experimental group of animals
was characterised by a balanced sympathetic-
vagal balance, which in turn affected the car-
diovascular system. If the sympathetic and

parasympathetic nervous systems have a uni-
form effect on the cow’s body, the heart mus-
cle has a uniform R-R interval frequency. It has
a corrective effect on the amount of the R-R
interval. Considering the above, normotonics
were distinguished by a balanced histogram of
heart rate compared to animals of other exper-
imental groups.

Normotonics

25.00

20.00

15.00

10.00

Number of intervals R-R

5.00

0.74

0.00

0.76 090 0.92

1.00

1.09 1.11 1.15 1.18 1.20

The size of the R-R intervals, s

Figure 4. Variation histogram of normotonics of the experimental group

As is known, the issue of assessing the im-
pact of stress on the body of cows is actively
developing. The analysis of heart rate during
milking or pain factor was frequently used to
diagnose the condition of the animal. Over
time, the question of better analysis of the
cardiovascular system to explore the effects of
stress on cows has arisen (Kovacs et al., 2019;
Scoley et al., 2019). Heart rate variability re-
flects the activity of the autonomic nervous
system in the body. Depending on the influ-
ence of the sympathetic or parasympathetic
nervous system, an animal responds differently
to a stressor. Measurement of these indicators
is successfully used to diagnose the health

status of an animal and the effectiveness of
treatment. It is necessary for a better under-
standing of the role of the autonomic nervous
system in the body, as its influence significantly
affects cow productivity (Quevedo et al., 2019;
Scoley et al., 2019).

The results obtained in the variational pulse
oscillometric test may vary from one researcher
to another. It is explained by the fact that de-
pending on the chosen methodology and using
electrocardiographs of different models and
years, different digital data can be obtained. De-
spite this, there is a certain regularity in the de-
termination of sympathetic-vagal balance and
heart rate. Thus, the experiments of Grelet et al.
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(2022) noted that animals exposed to stress fac-
tors had a disorder of sympathovagal balance,
as evidenced by the results of the variational
pulse examination. Notably, at week 0, no dif-
ferences in heart rate were observed between
the groups of cows. At the last stage of the re-
search, the animals exposed to the stress factor
had a heterogeneous heart rate and a decrease
in the values of sympathovagal balance. When
comparing the results obtained with the studies
of Grelet et al. (2022), notably, the animals ex-
posed to stress had low cardiovascular activity.
The researchers noted that the changes in the
data obtained between the control and exper-
imental groups during the four weeks of stress
changed by only 8.2%. It indicates that the dis-
tribution of animals without consideration of
the tone of the autonomic nervous system does
not give a significant result when assessing the
effect of a stressor. Therewith, it is important
to consider the factor of fluctuations in sym-
pathetic-weight balance, and the data of vari-
ability-pulse oximetry, which, according to the
results of the research, corresponded to fluctu-
ations between the groups within 21%.

Kovacs et al. (2015) used a variational pulse
oscillometric examination as an indicator of
the effect of chronic stress on the body of cows.
In animals with a predominance of the para-
sympathetic nervous system over the sympa-
thetic nervous system, a decrease in heart rate
and high values of sympathovagal balance were
observed, which confirmed vagotonia in the ex-
perimental groups. The research on the activity
of the autonomic nervous system in cows before
and during milking identified some differences
in the indicators. The researchers note that
animals with high activity of the sympathetic
nervous system have the highest heart rate and
low levels of variation. According to the results
of the author’s research, the difference in val-
ues between the study groups was 21 and 22%,
respectively, in contrast to Kovacs et al. (2015),
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who obtained differences in values between the
groups of 9 and 14%.

Jurkovich et al. (2017) used a variation-pulse
study to assess the stress state of cows by chang-
ing the type of milking. It appeared that the
connection of animals to automated milking
machines was manifested by a decrease in
heart rate and an increase in sympathetic-va-
gal balance, unlike those in conventional milk-
ing parlours. In cows that had more contact with
humans, increased activity of the sympathetic
nervous system was observed, which was re-
flected in aggressive behaviour and an increase
in the content of glucocorticoids in faeces. To
assess the state of the autonomic nervous sys-
tem, the cardiovascular system was assessed,
and the sympathetic-weight balance was deter-
mined. In particular, the authors noted that the
cows of the experimental groups demonstrated
an increase in the value of the examined indica-
tors during prolonged exposure to a stress factor
on the body. Therewith, an increase in pulse rate
by 15% and sympathetic-weight balance by 35%
was recorded. The experimental group of sympa-
thotonic cows in research was a good reflection
of the high activity of the sympathetic nervous
system, which allowed obtaining slightly higher
values of pulse rate — up to 25% and sympa-
thetic weight balance - up to 38%, compared to
other experimental groups of animals.

When analysing the variability of the heart
rate of cows, an increase in the value of its in-
dicators was observed in sympathotonics and a
decrease in vagotonics. Therewith, normotonics
occupied an intermediate position compared to
the results typical of animals in other experi-
mental groups. Considering the already-known
results of Jurkovich et al. (2017) and their com-
parison with the data of the author’s research,
similar patterns were noted. When evaluating the
results of other researchers, notably, the results
of their studies vary due to different methods
of determining the tone of autonomic nervous
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regulation. When calculating the initial data,
most scientists use the software installed in the
cardiograph to calculate the parameters of the
heart’s electrical potentials. Accordingly, the
units of measurement will be various, but there
is a particular pattern in determining the activity
of the autonomic nervous system. The opposite
results were observed in vagotonic cows com-
pared to sympathotonic cows. Notably, regard-
less of the breed of animal and the size of the
farm, there is a distribution of animals according
to the tone of the autonomic nervous system. In
addition, it reflects the individual characteristics
of each cow (Kovacs et al., 2019). The established
patterns, in turn, will serve as a reflection of the
animal’s health status and the reaction of its
body to stress factors that will arise during milk-
ing, treatment, regrouping, etc.

After analysing the results, it can be con-
cluded that among the animals of the experi-
mental groups, sympathotonics demonstrated
the highest level of nervous tension. It was
confirmed by the indicators of the variational
pulse study, which provide the initial data de-
scribing sympathotonia in such cows. As a re-
sult, the cows demonstrated constant nervous
tension, which was expressed in a decrease in
the heart rate interval and an increase in its
frequency. In this regard, the activity of the
cardiovascular system increased. During such
loads, the animal expended more energy under
the influence of external stress factors, which
can adversely affect the health of its body and
milk production.

Conclusions
According to the results of the studies, it was
found that the tone of the autonomic nerv-
ous system affects the cardiovascular system,
which is confirmed by the results of a variation
pulse examination. Therewith, animals with
sympathotonia had high values of heart rate —

78.0+3.04 beats/min, R-R interval intensity —
32.18+0.89 s and low values of R-R interval -
0.78+0.03 s (P<0.01; P<0.001). Animals with
vagotonia demonstrated the opposite features,
which was characterised by a decrease in heart
rate to 50.0+1.60 beats/min, intensity of the R-R
interval to 11.69%0.38 s and an increase in the
R-R interval to 1.20+0.04 s (P<0.01; P<0.001).
Animals with a balanced influence of the sym-
pathetic and parasympathetic nervous systems
occupied an intermediate position in terms of
the examined indicators compared to animals
of other experimental groups. In addition, it was
established that the values of the variational
pulse examination are a reliable reflection of
the influence of the autonomic nervous system
on the entire organism. Depending on the in-
fluence of the sympathetic or parasympathetic
nervous system, a prediction of the animal’s
reaction to a stressor is possible. In addition,
it allows determining the reaction of the cow’s
body to changes introduced to its environment,
for example, new milking machines, regrouping
into new housing units, etc. This method allows
for the analysis of changes in animal metabo-
lism under the influence of various exogenous
factors and can be used to further explore the
effect of new factors in improving the produc-
tivity of the dairy cow herd and their welfare.

In the future, as a continuation of exper-
imental research in this area, it is planned to
explore the influence of the tone of autonomic
nervous regulation, which is determined using
a variation-pulse study, on the homeostasis of
the body of cows with different indicators of
their productivity.
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AHoOTAaLisl. AKTYaJIbHICTh TEeMM IIOJSITA€ Y BAKAMBOCTI BMBUEHHSI POJIi aBTOHOMHOI HepBOBOi
CUCTEMU B PEry/IIOBaHHI JisVIbHOCTI CepIieBO-CyAVMHHOI CYCTeMM IJIsI IIOKPAIIeHHS 61aromoryyyst
MPOLYKTMBHMX TBapuH. BapiaGenbHiCTh CepreBOro pUTMY € HeiHBa3iilHUM MeTOIOM
NOCIiIKeHHs, 10 MOXe GyTM KOPUCHMM IIif 4ac JOCTiIKeHHsI CTaHy 3[0POB’SI TBAPMHM Ta
aHami3y il ncuxodisionoriyHoro craHy B ymoBax rocrofgapctaa. Meta JOCTiIsKeHHST — BCTAHOBUTU
BIUIMB TOHYCY aBTOHOMHOI HEpBOBOi peryssiiii Ha OopraHi3M KOpPOBH, IO BiZoOpaxkaeTbCsl B
3MiHax CMMIIATO-BarajJpbHOro 6anaHcy. EkcrieprMeHTaNbHI TOCTiIKeHHST POBOAMIN Ha KOPOBAX
Mopoayu yKpaiHChKa YOpHO-psi6a MojiouHa. [Jis MOCTiaKeHHsT BapiaGebHOCTI cepiieBOro pUTMy
BMKODUCTOBYBaIM eJleKTpokapziorpad i3 momampmiMM BM3HAUEHHSM OCHOBHUX IIOKa3HUKIB
3a MeToAyMKoI0 BaeBcbKkoro, 1o BKIIIOYaA0 BM3HAUEHHS MOAM, aMIUIITYAM MOAM, BapiallifiHMit
po3Max, iHAeKC aBTOHOMHOI piBHOBaru, aBTOHOMHMII TTOKa3HMUK PUTMY Ta iHAEKC Hampyru. 3a
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pe3yabTaTaMyu JOCTiIKEeHHST 6yn0 chOpPMOBAHO TPU AOCIIAHI TIPyNM TBapMH: HOPMOTOHIKM,
BAarOTOHIKM Ta CMMITATOTOHIKM. 3 OIVISIAY HA OTPMMAaHi pe3y/ibTaTy, KOPOBMU, 3aJIEXKHO BiJl BIUTMBY
TOHYCYy aBTOHOMHOI HEpPBOBOi CUCTEMM, MalOThb BiIMiHHOCTI B JAiSITbHOCTI CeplieBO-CyOMHHOI
CUCTeMM. 3a PAXYHOK I[bOTO 6yme pisHMTMCS IX BiAMOBiAb Ha A0 GaKTOpy CTpecy, I0 y CBOIO
yepry BifoOGpaskaTMMeTbCsl Ha iXHiit MPOZYKTMBHOCTI. BM3HaueHHs BapiabelbHOCTI CepleBOro
PUTMY MOKe CTaTy OJHUM 3 He3aMiHHMX IMOKa3HMKIB TIiJ yac aHai3y CTaHy 340POB’ST TBAPUHU
Ha MOJIOYHOTOBApHUX depmax. Lle MUTaHHS € MePCIEKTUBHUM HAIIPSIMOM TOCTiIKeHb, 0COOIMBO
NP BUBUEHHI MeTa6OoTiUHMX MPOIECiB OPraHi3My BUCOKOTIPOMYKTUBHMX KOPIB JIJIsT TOKPAIleHHSI
e(heKTUBHOCTI MPOAYKTUBHOCTI 3i 36epeskeHHsIM (hi3iooriuHOro CTaHy TBAPUHU

KimrouoBi cmoBa: cuMITaToO-BarajbHMii GajiaHC; HOPMOTOHIKM; BaroTOHIKM; CUMMITATOTOHIKN;
3[0POB’S TBAPVH; BEJIMKA porara Xynoba
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Abstract. The relevance of the study is conditioned upon the need to summarise current data on
the pharmacological properties of Basidiomycota and to provide scientific justification for their
use in veterinary medicine. The purpose of the research was to analyse the results of recent
experimental studies on the pharmacological and toxicological properties of basidiomycetes and
the possibilities of their use in veterinary medicine. The research uses theoretical methods of
analysis and comparison of literature data with the development of substantiated conclusions and
recommendations for the future. Basidiomycetes belong to the higher fungi, their vegetative body
is represented by a branched cellular mycelium. They are a healthy food and rich in biologically
active substances. Analysis of the literature demonstrates a high degree of scientific interest in
the research of their pharmacological properties. Consequently, scientific research is designed
to establish new data on the pharmacodynamics and pharmacokinetics of biologically active
substances of basidiomycetes. For example, the mushroom Inonotus obliquus (I. obliquus) has been
commonly used to treat patients with various gastrointestinal diseases. In recent years, there has
been a growing body of scientific evidence indicating the effectiveness of its extracts in treating
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infections and infestations, cancer, and diabetes. It was established that the biologically active
substances of I. obiquus stimulate the immune system, show hypoglycaemic potential, are sensitive
to insulin, and have an antioxidant effect. In the current scientific discourse, researchers are trying
to identify the molecular mechanism of action of I. obliquus extracts. The presented review of the
literature demonstrates that basidiomycetes exhibit pharmacological properties in cancer and
neurodegenerative diseases, diseases of the digestive, respiratory and cardiovascular systems,
metabolic disorders, antimicrobial, antiviral, immunomodulatory effects, etc. Currently, using
basidiomycetes in the world, considering their scientifically proven and experimentally proven
pharmacological properties, is extremely promising. The material of the research is of practical
value for expanding the possibilities of using fungotherapy in veterinary medicine

Keywords: fungi; prevention; diseases; fungotherapy; biologically active substances; molecular

mechanisms

Introduction

With the continuous development of veterinary
medicine, new ways of preventing diseases and
treating sick animals are emerging. Along with
the expansion of the pharmaceutical market
for synthetic medicines, the number of new
veterinary medicines of natural origin is grow-
ing. Since the first use of penicillin in medical
practice, which was obtained from the mouldy
fungi of the genus Penicillium, fungus-based
medicines have remained relevant. The results
of modern scientific research indicate their
new pharmacological properties (Alvandi et al.,
2020; Lu et al., 2021). It is a prerequisite for ex-
panding the possibilities of their use in modern
veterinary medicine.

A distinct class of fungi that have not pre-
viously received sufficient attention from scien-
tists, physicians and veterinarians is the Basid-
iomycota. They belong to the division of higher
fungi and have a vegetative body represented by
a branched cellular mycelium. The evolutionary
development of basidiomycetes occurred in par-
allel with the evolution of ascomycetes, or mar-
supial fungi. Nowadays, this division of fungi
is the second largest after the Ascomycota in
terms of the number of species; it includes about
thirty thousand species belonging to almost

all ecological groups of fungi, including sapro-
trophs on various substrates, parasites of higher
plants, mycorrhizal mycorrhizae, wood-destroy-
ing fungi, coprotrophs, mycotrophs, etc. It is well
known that many species of basidiomycetes are
poisonous or edible fungi, but some of them
have pharmacological properties (Dogan et al.,
2020; Lu et al., 2021).

Currently, chemotherapy, which has many
disadvantages, is being replaced by new methods
that have a direct effect on tumour cells (Xiong
et al., 2016; Bian et al., 2022; Chis et al., 2022).
Therefore, therapies based on biopolymer sys-
tems are an alternative. In addition, current
trends are focused on natural sources, which
are considered biocompatible, biodegradable,
valuable and renewable sources (Alvandi et al.,
2020; Zhao & Zheng, 2021). Chis et al. (2022)
analyse recent studies focusing on polymer-drug
conjugates containing natural polymers such
as chitosan, hyaluronic acid, dextran, pullulan,
silk fibroin, heparin and polysaccharides from
Auricularia auricula (A. auricula).

In recent years, a large number of studies
have been conducted to establish their phar-
macological effects as antibiotics, antiviral or
antitumour agents, etc. (Fig. 1)
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Figure 1. Prerequisites for using basidiomycetes in modern veterinary medicine
Source: compiled by the authors based on the analysis of literature

The purpose of the research was to analyse
the literature data on the results of modern sci-
entific studies of the pharmacological proper-
ties of basidiomycetes and promising areas of
their use in veterinary medicine.

Efficiency of basidiomycetes
in cancer treatment
Historical chronicles describe the treatment of
Prince Volodymyr Monomakh of Kyiv with the
mushroom Inonotus obliquus (I. obliquus) for a
tumour on his lip. It has now been established
that chemically diverse bioactive metabolites
provide I. obliquus with great potential for in-
hibiting tumour growth and metastasis. Thus,
Zhao & Zheng (2021) proved that I. obliquus
has the potential to reduce the incidence of
tumour development in healthy people. For
people whose complete remission has been
achieved by chemotherapy, the administra-
tion of the fungus inhibits the activation of
advanced oncogenic signals, preventing me-
tastases. After chemotherapy, fungus supple-
mentation sensitises tumour cells, enhancing
chemotherapeutic effects and helping to re-
store weakened immunity and protect against

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

gastrointestinal ulcers and other side effects
caused by chemotherapy.

A. auricula - a fungus of the Auriculariaceae
family, which is common in Eurasia. It contains
biologically active substances such as polysac-
charides, melanin, flavonoids,adenosine, sterols,
alkaloids, and terpenes. Liu et al. (2021) explored
the properties of lectins (AAL) isolated by affinity
chromatography from A. auricula. Their protein
identification results, according to the UniProt
database, demonstrated that the lectin contains
four peptide chains, and the analysis of its phys-
ical and chemical properties showed that AAL
is sensitive to changes in temperature and pH.
The antitumour activity assay demonstrated that
AAL inhibited the proliferation of A549, with
an IC50 value of 28.19%1.92 pug/mL. Due to RNA
sequencing and analysis of the TCGA dataset,
it was identified that AALs can regulate the ex-
pression of JUN, TLR4 and MYD88 to suppress
tumour proliferation. Thus, the lectin protein
isolated from the basidiomycete A. auricula-ju-
dae regulates the expression of some cancer-re-
lated genes and has anti-tumour properties.
Therewith, researchers predict its successful use
to influence the lung microflora.
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A conjugated complex of folic acid (FA)
with the Auricularia auricular polysaccharide
(AAP) - cis-diamidine dichloroplatin (CDDP)
(FA-AAP-CDDP) was used for the treatment of
cervical carcinoma (Qiu et al., 2018). With this
combination, the researchers could increase
the anti-tumour effect of CDDP and reduce
the toxic side effects of CDDP. The kidneys of
mice treated with the FA-AAP-CDDP complex
had increased superoxide dismutase, catalase
and glutathione peroxidase activity and lower
levels of malondialdehyde. The FA-AAP-CDDP
complex has the ability to induce more inter-
leukin-2, interleukin-4 and interferon-y in
mice. In addition, the FA-AAP-CDDP complex
significantly promoted the expression of Bax
and caspase-3 proteins but inhibited the ex-
pression of Bcl-2 protein, which activated the
mitochondrial apoptotic pathway of tumour
cells in laboratory mice. These results provide a
new area for the research of polymers targeting
folic acid receptors to increase the antitumour
activity but reduce the side effects of CDDP.

Qiu et al. (2018) explored the anti-tumour
activity of Calvatia gigantea (C. gigantea) ex-
tract, which belongs to the Lycoperdaceae fam-
ily. Changes in CCND1, CCND2, CDK4, p21, Akt,
Bax, Bcl-2, p53, caspase-3 and caspase-9 were
assessed in A549 lung cancer cells using CTT
(2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide). The results ob-
tained on A549 cells treated with C. gigantea ex-
tract at a dose of 500 pg/mL for 72 h presented
that the expression of CCND1, CCND2, CDK4,
Akt and Bcl-2 decreased, while the expression
of Bax, p53, caspase-3 and caspase-9 increased.
However, no changes in p21 expression were
observed. The examined C. gigantea extract in-
duced cell cycle arrest and apoptosis by decreas-
ing the expression of CCND1, CCND2, CDK4,
Akt and Bcl-2 and increasing the expression
of Bax, p53, caspase-3 and caspase-9 in A549
cells. Eroglu et al. (2016) believe that C. gigantea

extract can be an effective treatment for lung
cancer patients and can be used both alone and
in combination with other drugs.

It is well known that the edible tinder fun-
gus Fomes fomentarius (F. fomentarius) has
anti-cancer, anti-inflammatory and anti-dia-
betic effects. Lee et al. (2019) explored its effec-
tiveness in cancer treatment. To determine the
molecular mechanism of the anticancer effects
of F. fomentarius, the researchers used various
methods, including activated fluorescence cell
sorting, Western blot, migration and crystal vi-
olet analysis. Ethanolic extract of F. fomentarius
ethanolic extract (FFE) decreased cell viability
in six cancer cell lines (MDA-MB-231, MCF-7,
A549, H460, DU145 and PC-3). FFE reduced the
migration of MDA-MB-231 cells without caus-
ing cellular toxicity. In addition, FFE attenuated
the expression of matrix metalloproteinase-9
and Akt phosphorylation and enhanced E-cad-
herin in MDA-MB-231 cells. FFE arrested S and
G2/M populations by inhibiting the expression
of cell cycle regulatory proteins such as cyc-
lin-dependent kinase 2, cyclin A/E and S-phase
kinase-associated protein 2. FFE increased the
sub-G1 population and the expression of cleaved
caspase-9,-3 and cleaved polyadenosine diphos-
phate (ADP-ribose) polymerase after 72 h and
suppressed B-cell lymphoma 2. FFE and AKT in-
hibitors caused similar effects in MDA-MB-231
cells. In addition, FFE contained betulin, which
inhibited p-AKT in MDA-MB-231 cells. The re-
sults obtained by the authors showed that FFE
inhibits cell motility and growth and induces ap-
optosis by inhibiting the phosphoinositide 3-ki-
nase/AKT pathway and activating caspase.

Alvandi et al. (2020) established that the
antiproliferative effect of fungal polysaccha-
rides on cancer cells depends on the type of
cancer and increases with increasing concen-
tration. The results of initial experiments on
biomass and polysaccharide production by
F. fomentarius demonstrated that after 4 days
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of cultivation in the desired culture medium,
biomass production reached 15 g/L, and poly-
saccharide production reached 4.06 g/L. Thus,
a culture medium including glucose, peptone,
malt extract, yeast extract, MgSO4-7H20 and
KH2PO4 is a suitable culture medium for the
growth and production of polysaccharides by
this fungus. Supplements made from tinder
fungus polysaccharides with selenium can be
used to inhibit the proliferation of cancer cells.

Rehman et al. (2020) proposed an alternative
method for the synthesis of nanoparticles (NPs).
In particular, titanium oxide nanoparticles and
silver nanoparticles (TiO, and Ag nanoparticles,
respectively) were obtained by mixing the intra-
cellular extract of a wild fungus, F. fomentarius —
with aqueous solutions of titanium isopropox-
ide and silver nitrate, respectively. Success was
achieved in obtaining NFs of various shapes
and forms and their antibacterial and antitu-
mour activity was established. The researchers
argued that NFs synthesised using wild fungi
have great potential in biomedicine due to the
effective combination of enzymes that allows
them to modify various chemical compounds
into less toxic forms, which is essential for en-
vironmentally friendly and safe biomaterials
for drug synthesis. To evaluate the antitumour
activity and study drug resistance, Dogan et al.
(2020) prepared aqueous, methanolic and eth-
anolic extracts of F. fomentarius and Tricholoma
anatolicum (T. anatolicum). It was established
that the methanolic extract of F. fomentarius and
ethanolic extract of T. anatolicum have poten-
tial value in the development of drugs for the
treatment of breast cancer patients and can be
used as a natural multidrug resistance modula-
tor (MDR modulator).

The Chaga mushroom - Inonotus obliquus
(L. obliquus) — is known as a foodstuff and is used
for medicinal purposes, especially in China,
Korea and some Western countries. Among
the I obliquus extracts, Inonotus obliquus

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

polysaccharide (IOPS) is considered to be one
of the main bioactive components of L. obliquus,
which has antitumour, antioxidant, antiviral,
hypoglycaemic and hypolipidaemic effects. The
review by Lu et al. (2021) summarised the cur-
rent advances in the extraction, purification,
structural characteristics and biological activ-
ity of IOPS, which provides significant insight
into the biological activity of IOPS as it sum-
marised in vitro and in vivo data and listed some
possible mechanisms. In addition, the potential
applications of IOPS were analysed and it was
found that IOPS could be a potential drug for
the treatment of cancer and type 2 diabetes.

Inonotus obliquus is a parasitic fungus that
grows on birch trees and is used in traditional
medicine (especially by the Khanty) for thera-
peutic purposes for various pathologies. The
purpose of the research conducted by Géry et al.
(2018) was to quantify 3 metabolites often de-
scribed in the literature, namely betulin, betu-
linic acid and inotodiol in chaga found in the
forests of Normandy (France) and compare their
concentrations with Ukrainian and Canadian
Chaga. The cytotoxicity of French chaga against
cancer cells and transformed cells was explored.
It was established that French chaga contains
more betulin and betulinic acid than chaga
from other localities, while the concentration
of inotodiol was higher in Canadian Chaga. In
addition, the results highlighted the cytotoxic
activity of the aqueous Chaga extract after 48
and 72 h of exposure, with a higher effect on
A549 cancer cells than on normal transformed
BEAS-2B cells (P=0.025 after 48 h of exposure
and P=0.004 after 72 h of exposure).

Efficiency of basidiomycetes
for metabolic disorders
Obesity
Obese animals develop metabolic changes that
can cause significant adverse effects at various
levels in their bodies.
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Researchers Liu et al. (2022) explored the
effect of polysaccharides derived from the
mushroom Auricularia auricula-judae on die-
tary obesity in C57BL/6] mice induced by high-
fat, high-fructose diets (HFFD). The results
demonstrated that dietary supplementation
with Auricularia auricula-judae polysaccha-
rides (AAP) significantly improved the insulin
resistance of mice, altered serum lipid metab-
olites and delayed the weight gain induced by
HFFD. In addition, AAP supplementation re-
duced inflammatory factor levels and alleviated
changes in liver histomorphology. Therewith,
AAP suppressed the expression of genes re-
lated to liver adipogen, inhibited the levels of
genes responsible for cholesterol synthesis, en-
hanced the expression of genes related to fatty
acid B-oxidation, and promoted the expression
of genes affecting cholesterol efflux, which im-
proved the homeostasis of lipid metabolism in
the liver of mice. Liu et al. (2022) emphasise
the importance of mitochondrial functions in
this process, and the results obtained by the re-
searchers provide a scientific basis for the fur-
ther development and utilisation of Auricularia
auricula-judae resources.

Yu et al. (2022) explored the effects of two
extracts of Inonotus obliquus (I. obliquus, chaga,
birch black mushroom) on mice induced by a
high-fat diet. They were administered an eth-
anolic extract (IOE) and a polysaccharide (IOP)
of I. obliquus. The authors established that IOE
and IOP effectively corrected the increase in
body weight and energy use in the body, affected
the metabolism of glucose in the liver and tri-
glyceride metabolism, the tricarboxylic acid cy-
cle, and the metabolism of carbohydrates, lipids
and proteins in general. Two extracts contain-
ing different bioactive substances of I. obliquus
reduced obesity in mice due to different effects
on the synthesis of microbial metabolites in the
intestine.

Diabetes

Type 2 diabetes mellitus is an urgent problem,
therefore, scientists are actively developing
non-toxic ways to treat animals and humans with
this disease. Thus, it has been established that
Auricularia auricula polysaccharides (AAP) pro-
moterecovery fromthis pathology (Liuetal.,2022).

Liu et al. (2022) demonstrated that AAP
achieves remission by altering the gut microbi-
ota in mice with type 2 diabetes. As a result, a
model of type 2 diabetes mellitus (T2DM) in-
duced by a high-fat diet (HFD) combined with
streptozotocin (STZ) was established, and a de-
crease in fasting blood glucose (FPG) and oral
glucose tolerance test (OGTT) was observed
after 5 weeks of AAP administration. In addi-
tion, AAP enhanced the activity of total super-
oxide dismutase (T-SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) and reduced
malondialdehyde (MDA), which alleviated oxi-
dative stress. The best effect was observed with
AAP-M (200 mg/kg/day). Therewith, 16S rRNA
results demonstrated that AAP decreased the
number of Firmicutes and increased the number
of Bacteroidetes. AAP can reduce the number of
Desulfovibrio, Enterorhabdus and Helicobacter.
Overall, these results suggest that AAP may im-
prove glucose and lipid metabolic disorders by
regulating the gut microbiota structure.

The research by Gery et al. (2018) confirms a
decrease in fasting glucose and insulin levels and
an improvement in insulin resistance in mice.

The identification and authentication of the
giant porchavaca fungus using molecular tools
was performed and its antidiabetic properties
were explored. In an acute in vivo test, a dose of
400 mg/kg body weight presented the best ac-
tivity with a 29.3% reduction in blood glucose
levels, while glibenclamide at a dose of 5 mg/kg
body weight reduced glucose levels by 15%. The
in vitro assay demonstrated that the extract
was highly active with an IC50 of 0.46 pg/mL
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compared to its DCM, butanol and acarbose
fractions (IC50 5.3 pg/mL, 5.6 ug/mL, 45 ug/mL),
respectively. Therewith, BLAST analysis demon-
strated that the fungus was 98% identical to
Calvatia gigantea. Thus, Ogbole et al. (2019)
confirmed its pronounced anti-diabetic effect.

According to Lu et al. (2021), a polysaccha-
ride from Inonotus obliquus reduces the risk of
developing type 2 diabetes by affecting intesti-
nal barrier dysfunction.

Szychowski et al. (2021) established two
mechanisms of action of I obliquus extracts,
which are explained by the effect on antiox-
idant enzymes and reactive oxygen species
levels and by the effects of the peroxisome pro-
liferator-activated receptor gamma (PPARy).
This receptor may be a key factor in the anti-in-
flammatory, antioxidant and anti-cancer ac-
tivity of I obliquus extracts. Researchers claim
that I obliquus has potentially positive health
effects, but there is a need for studies that meet
the criteria of evidence-based medicine.

The protective effect of chaga on the kid-
neys has been confirmed by biochemical data,
colour Doppler ultrasound, light and electron
microscopy, and histopathological studies (Su
et al., 2022). In addition, this effect of Chaga
is associated with its effect on slowing the
progression of kidney damage. An 8-week ad-
ministration of chaga demonstrated excellent
hypoglycaemic and hypolipidaemic effects in
rats with type 2 diabetes mellitus induced by a
high-fat diet (Su et al., 2022; Zhang et al., 2022).

The study conducted by Su et al. (2022)
isolated a single homogeneous polysaccharide
from Inonotus obliquus (IN) and explored the
protective effect and mechanism of IN on type
2 diabetes mellitus from the intestinal barrier.
IN, which was mainly composed of 9 monosac-
charides with an Mw of 373 kDa, reduced body
weight loss, alleviated pathological damage and
suppressed the production of pro-inflammato-
ry cytokines. In addition, IN contributed to the
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restoration of the intestinal barrier by increas-
ing the expression of Ki-67, ZO-1 and MUC2.
The number of Firmicutes increased significantly
during treatment with IN, while the levels of
Bacteroidetes were significantly suppressed.
The scientists concluded that IN protects
against type 2 diabetes by reducing the degree
of intestinal barrier dysfunction and can be rec-
ommended as a new drug for the treatment of
animals and humans with type 2 diabetes.
Diabetic kidney disease (DKD) is currently
the leading cause of end-stage renal disease. To
explore the therapeutic potential of Inonotus
obliquus (Chaga) in the treatment of diabetic
patients, Zhang et al. (2022) used Chaga extract
to determine the renal protective effects in a rat
model of DKD induced by a high-fat diet and
streptozotocin injection. For the 17-week ex-
periment, biological parameters of blood serum
and urine were examined, renal arteries were
colour Doppler, periodic acid-Schiff staining,
and electron microscopy of kidney tissue were
performed. The results of biochemical studies
demonstrated that, compared to the control
group, the DKD model developed insulin re-
sistance, increased levels of glucose and total
cholesterol in the blood, and increased urinary
protein excretion and serum creatinine levels.
Ultrasound examination confirmed the deteri-
oration of blood flow parameters of the left in-
tercalated artery in rat models. It has been es-
tablished that ultrasound Doppler examination
using biochemical parameters has an important
role in the assessment of renal damage in rats.
Based on the biochemical, ultrasound and his-
topathological data, the therapeutic effect of
Chaga on diabetes-induced renal damage was
confirmed, and the above effects may be associ-
ated with delaying the progression of DKD.

Antioxidant features
Su & Li (2020) explored the structural char-
acterisation and antioxidant activity of four
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Auricularia polysaccharides (A. cornea, ACP;
A. auricula, AAP; A. polytricha, APP; M. fungus,
MEFP). The results obtained by the researchers
demonstrated that Auricularia polysaccharides
consisted mainly of mannose and galactose,
containing uronic acid and a pyran ring struc-
ture. A significant difference was observed in
the total antioxidant capacity, in particular, in
ARP it was significantly higher than in other
polysaccharides. It was found that the ability
of ARR to scavenge DPPH and hydroxyl radicals
was higher than that of other polysaccharides,
respectively. Molecular weight was significantly
positively correlated with DPPH radicals, su-
peroxide anion radicals and hydroxyl radicals.
Total antioxidant capacity was significantly
negatively correlated with fucose and galac-
tose. The results demonstrated that fucose and
galactose jointly determine the total antiox-
idant capacity. The polysaccharide from four
auriculars presented resistance to oxidation
and is recommended by the authors as a natural
antioxidant.

Extracellular polysaccharides of Fomes fo-
mentarius have a rather pronounced antioxi-
dant activity (Alvandi et al., 2021). Zhang et al.
(2020) explored the isolation, cultivation, and
purification of extracellular polysaccharides
from Fomes fomentarius. They optimised the
extraction of polysaccharides from the cul-
ture based on extracellular polysaccharides of
F. fomentarius, comparative experiments on the
fermentation of extracellular polysaccharides
were conducted and the optimal fermenta-
tion method was obtained; extracellular pol-
ysaccharides were sulfated, experiments with
phosphorylation, selenium acidification were
conducted, the preparation of polysaccharide
derivatives was examined, etc. The results ob-
tained by the authors presented that the ex-
tracellular polysaccharide and derivatised
polysaccharide of F. fomentarius have certain
antioxidant activity.

Efficiency in diseases

of the stomach and intestines
Using the polysaccharide of A. auricula-judae
to maintain and regulate the composition of
the intestinal microbiota is promising. In par-
ticular, Liu et al. (2022a) found the ability to
regulate the structure and composition of the
gut microbiota in diabetic mice and increase
the number of beneficial bacteria that produce
short-chain fatty acids, including Lachnospir-
aceae, Faecalibaculum, Dubosiella and Allopre-
votella, which play a crucial role in maintaining
the composition of the gut microbiota.

Liu et al. (2022b) explored the effects of
polysaccharides extracted from A. auricula on
the overall metabolism and gut microbiota in
healthy C57BL/6] mice. Based on the meta-
bolic results of LC-MS/MS, 51 AAP-regulated
metabolites were identified, mainly enriched
in the arginine biosynthesis pathway, which
had the highest correlation, and the following
metabolites: arginine and proline; glycine, ser-
ine and threonine; glycerophospholipid, etc.
Furthermore, the addition of AAP significantly
changed the composition of the gut microbiota
in mice. The relative numbers of Lactobacillus
johnsonii, Weissella cibaria, Kosakonia cowanii,
Enterococcus faecalis, Bifidobacterium animalis
and Bacteroides uniformis increased markedly,
while the relative number of Firmicutes M10-2
bacteria decreased. The biological activity of
AAP may be related to the regulatory effects
of endogenous metabolism and gut microbiota
composition.

Oral administration of a polysaccharide
from Hericium erinaceus can affect the diversity
and abundance of the gut microbiota. Changes
in the flora lead to changes in the proportion of
probiotics and modulation of immune responses
Yang et al. (2021).

Hericium erinaceus polysaccharides (HEPs)
were identified by Yang et al. (2021) from the
fruiting bodies of H. erinaceus (hedgehog
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geranium, lion’s mane). To explore the effect
of HEP on the diversity and abundance of the
intestinal microbiota, adult, middle-aged, and
elderly mice were fed HEP for 28 days. Based
on the results of 16S sequencing of the intes-
tinal microbiota, it was determined that the
relative abundance of Lachnospiraceae and
Akkermansiaceae increased significantly, while
the relative abundance of Rikenellaceae and
Bacteroidaceae decreased. Bacterial flushes
from different segments of the mouse intes-
tine and faeces were collected for in vitro fer-
mentation of HEP. It was determined that HEP
significantly promoted the production of NO,
IL-6, IL-10, INF-y and TNF-a. Moreover, HEP
significantly enhanced the phosphorylation of
signalling molecules, indicating that the immu-
nomodulatory activity was completed through
the NF-kB, MAPK and PI3K/Akt pathways. The
researchers note that HEPs can be used as ac-
tive ingredients in medicines.

Efficiency in diseases
of the cardiovascular system

With the increasing number of cardiovascu-
lar diseases, the demand for safe and effec-
tive drugs for the treatment and prevention of
thrombosis has grown. In a study conducted by
Bian et al. (2022), the structural characteristics
and thrombolytic (fibrinolytic) activity of a new
polysaccharide isolated from the fruiting bod-
ies of A. auricula were determined. The purified
polysaccharide AAP-b2 (12.02 kDa) consisted of
mannose, glucuronic acid, glucose and xylose
with a molar ratio of 89.25::30.50:4.25:1.00.
The thrombolytic (fibrinolytic) activity of
AAP-b2 has been proven to be associated with
inhibition of platelet activation by regulat-
ing endothelial nitric oxide synthases (eNO),
endothelin-1 (ET-1), prostacyclin (PGI2) and
thromboxane B2 (TXB2), along with enhanced
anticoagulant activity by affecting antithrom-
bin III (AT-III) and protein C (PC).
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Wang et al. (2019) explored the effect of
Coriolus versicolor (CV) on cardiac function in
rats with diabetes mellitus (DM). It was estab-
lished that the heart function in rats with di-
abetes mellitus was significantly improved by
treatment with CV extract. The administration
of CV extract significantly attenuated cardiac
fibrosis in diabetic rats, which was accompa-
nied by inhibition of transforming growth fac-
tor-beta 1 (TGF-B1)/Smad. It was evidenced by
a decrease in the levels of TGF-B1, p-Smad2 and
p-Smad3 and an increase in Smad?7. In addition,
an anti-inflammatory effect was observed af-
ter treatment with CV extract. In addition, it is
known that cardiac fibrosis develops with high
glucose content, but the development of this
pathology was inhibited by using CV extract.
Thus, the pharmacological effect of CV is as-
sociated with the inhibition of TGF-B1/Smad
signalling and attenuation of NLRP3 inflamma-
tory activation, which suggests that CV extract
may be a potential therapeutic agent for cardi-
ovascular diseases.

Efficiency in neurodegenerative
diseases

Abitbol et al. (2022) used mushrooms in neuro-
degenerative diseases. In their studies, mush-
rooms were identified as a rich and largely un-
tapped source of bioactive compounds in both in
vitro and in vivo models of neurodegenerative dis-
eases, which was partially confirmed by success-
ful clinical trial evaluations. Researchers indicate
that mushrooms are effective in the treatment
of patients with neurodegenerative diseases.

The results obtained by Bai et al. (2019)
demonstrated that protea-B-glucan, a polysac-
charide derived from Grifola frondosa (PGM),
can improve learning and reduce memory de-
cline, and in laboratory animals, attenuate
neuronal loss and histopathological abnormal-
ities in APP/PS1 mice. In addition, PGM treat-
ment can activate microglia and astrocytes and
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promote the interaction of microglia and A
plaques. It was established that PGM can en-
hance AB phagocytosis and thus reduce A bur-
den and pathological changes in the cerebral
cortex and hippocampus in APP/PS1 mice. PGM
had no significant effect on the body weight of
mice. In summary, these results demonstrated
that PGM administration can reduce memory
impairment through its immunomodulatory
effect, and dietary supplementation with PGM
will have a positive therapeutic effect on mem-
ory dysfunction associated with brain ageing.

Earlier, Wei et al. (2018) reported ten new
polyoxygenated cyanoditerpenoids, neocytins
A-J, and their anti-inflammatory effects from
the liquid culture of the basidiomycete Cyathus
africanus. Subsequently, the scientists exam-
ined 8 new highly polyoxygenated cyanotan-
noditerpenoids, named neocyanins K-R, which
were isolated from a solid culture of C. africanus
grown on cooked rice, along with three known
congeners. All compounds were evaluated for
their neurotrophic and anti-inflammatory
activities. The isolates obtained at 1-25 pM
caused differential nerve growth factor-induced
activity. The researchers claim that these sub-
stances can be used to treat patients with neu-
rodegenerative diseases.

Li et al. (2020) determined the efficacy
and safety of a capsule formulation containing
H. erinaceus mycelia (EAHE) (350 mg/capsule;
5mg/gactive ingredient erynacin A) in the treat-
ment of patients with mild Alzheimer’s disease
(AD). Trinacin A enriched with H. erinaceus is
a safe and well-tolerated supplement that may
contribute to neurocognitive benefits. Studies
have demonstrated higher scores on cognitive
screening, mini-mental state examination and
activities of daily living, and higher contrast sen-
sitivity in patients with mild Alzheimer’s disease
compared to patients in the placebo group.

The research by Cordaro et al. (2021)
showed the effect of the antioxidant mushroom

Hericium erinaceus on a laboratory rat model of
Alzheimer’s disease (AD). The animals were ad-
ministered 70 mg/kg of AICI, daily for 6 weeks,
and Hericium erinaceus was administered daily
through a gavage. A behavioural test was per-
formed before the end of the experiment, be-
havioural changes were assessed at the end of
the experiment and the animals were euth-
anised. Brain tissue was collected for further
analysis. AICl, mainly accumulates in the hip-
pocampus, the main brain region involved in
memory and learning functions. Using Hericium
erinaceus reduced behavioural changes and
neuronal degeneration in the hippocampus. In
addition, it reduced the level of phosphorylated
tau protein, aberrant overexpression of ARP and
B-amyloid accumulation. Hericium erinaceus
reduced AD-induced pro-oxidative and pro-in-
flammatory changes in the hippocampus and
decreased the activation of NLRP3 inflamma-
tory components, which are usually activated by
increased oxidative stress in AD. Overall, the re-
sults obtained by the researchers demonstrated
that Hericium erinaceus has a protective effect on
behavioural changes and histological modifica-
tions associated with AD through modulation
of oxidative and inflammatory pathways, and
regulates brain cellular stress.

The mushrooms H. erinaceus and C. versicolor
and their combination can influence specific
molecular mechanisms that link chronic trau-
matic brain injury and Parkinson’s disease.
In particular, they act on microglia, reducing
inflammation that spreads from the cortex
to other parts of the brain. In addition, these
compounds act on oxidative stress spreading
to the midbrain, thus limiting the develop-
ment of Parkinson’s disease. Research con-
ducted by D’Amico et al. (2021) suggests that
Hericium erinaceus and Coriolus versicolor may
be important in the mechanisms of redox stress
response and neuroprotection, preventing the
progression of neurodegenerative diseases.
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Li et al. (2020) explored the effect of Cori-
olus versicolor plant polysaccharides (CVP) on
neuronal apoptosis in a rat model of cerebral
ischaemia-reperfusion injury (CIRI) and exam-
ined the mechanisms and efficacy of CVP in the
treatment of rats with neuronal apoptosis in
CIRI, including infarction, inflammation, etc. It
was established that CVP is effective already at
6, 12,24 and 48 hours, which is manifested by an
improvement in the behavioural test, a decrease
in the volume of cerebral infarction and inhi-
bition of nerve cell apoptosis in CIRI rats. The
expression levels of p-p38MAPK protein and
cleaved caspase-3 demonstrated a downward
trend after CVP administration. CVP signifi-
cantly reduced the pathological characteristics
of CIRI in rats and inhibited apoptosis of nerve
cells around the lesions. The mechanism of its
effectiveness is associated with the inhibition of
activation of the p38MAPK signalling pathway.

Antimicrobial and antiviral efficiency
There are many reports in the literature on the
antimicrobial and antiviral efficiency of basid-
iomycetes. This issue has been particularly ex-
plored by researchers.

Thus, the intracellular extract of the wild
mushroom Fomes fomentarius mixed with aque-
ous solutions of titanium isopropoxide and sil-
ver nitrate has antibacterial effects (Rehman
et al., 2020). Tinder fungus polysaccharide in-
hibits the growth of S. aureus and E. coli by 50%
and 25%, respectively (Alvandi et al., 2020).

Alresly (2019) conducted a study of the bio-
logical and chemical potential of two European
fungal species: Fomitopsis betulina and Calva-
tia gigantea. For this purpose, different extracts
of both mushrooms were tested for antimicro-
bial, antifungal, cytotoxic, wound healing and
anti-adhesive properties in vitro. Fractiona-
tion under bioanalysis control led to the isola-
tion of bioactive compounds, and a total of 20
compounds were isolated and identified. The
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compounds were obtained from ethyl acetate
extracts and included triterpenes, sterols and
aromatic compounds. The biological activity
of the isolated substances from both fungi was
proven, and some of them showed antimicro-
bial and cytotoxic activity.

The extract from Inonotus obliquus has
been established to have high antiviral activ-
ity, including against COVID-19 (Shahzad et al.,
2020; Su et al., 2022).

There is currently no specific treatment for
SARS-CoV-2 infection; however, some drugs
have demonstrated clear efficacy in suppressing
the viral disease. Natural sources of BARs, such
as herbs and fungi, have previously demon-
strated pronounced antiviral and anti-inflam-
matory effects. Shahzad et al. (2020) assessed
the potential for using natural substances as
effective treatments for COVID-19. They sug-
gested that one potential source for SARS-
CoV-2 drugs could be Inonotus obliquus (I0), a
well-known chaga mushroom commonly found
in Asia, Europe and North America and widely
used as a raw material for the preparation of
dosage forms for various diseases worldwide.
Considering this, researchers have been evalu-
ating the most effective herbs and mushrooms
with antiviral and anti-inflammatory effects in
the laboratory.

Impact on the immune system
Traditional medicine has long been interested
in the effect of Auricularia auricula-judae on the
body’s immune system. However, in scientific
circles, this issue is understudied.

Ibe et al. (2020) evaluated the immunomod-
ulatory effects of the hot water extract (AAAJ)
and the B-D-glucan-rich polysaccharide frac-
tion of A. auricula-judae (BGPA) on specific
and nonspecific humoral and cell-mediated im-
mune responses in immunocompetent and im-
munosuppressed mice. Oral administration of
AAA]J or BGPA (100, 200 or 400 mg/kg) induced
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significantly higher titres of total OVA-specific or
TT-specific IgG1 and IgG2a compared to their
levels in untreated controls. Oral administra-
tion of AAAJ or BGPA (100, 200 or 400 mg/kg)
caused a significant increase in carbon clear-
ance at all doses, indicating stimulation of the
reticuloendothelial system, and enhanced the
delayed-type hypersensitivity reaction induced
by sheep red blood cells (SRBC) compared to
untreated mice. Total lymphocyte and neutro-
phil counts significantly increased (P<0.05) at all
doses after administration of AAAJ or BGPA (100,
200 or 400 mg/kg), demonstrating increased pro-
tection against cyclophosphamide-induced my-
elosuppression compared to control (untreated).
In the haemolytic complement assay, AAAJ and
BGPA at all doses significantly (P<0.05) inhibited
the haemolytic activity of complement proteins
on sensitised SRBC. The results obtained by the
researchers demonstrated that the extract is a
promising immunomodulatory agent for use in
veterinary medicine.

Thus, supplements with Fomes fomentarius
polysaccharides with added selenium have
been established to enhance immune system
function due to their antioxidant properties
(Alvandi et al., 2021).

It has been reported that proteo-f-glucan,
a polysaccharide derived from Grifola frondosa
(curly grifola, leafy grifola, ram’s head mush-
room, ram’s head, maitake), has a pronounced
immunomodulatory effect (Bai et al., 2022).

Impact on the pharmacokinetics
of medicinal substances
Food-derived nanoparticles (FNs) may have
the potential to deliver micronutrients due to
their biocompatibility and health benefits. In
the work of Xiaoting et al. (2022), hydrophilic
FNs with ultra-small sizes of 1.7 nm were
prepared from an aqueous extract solution of
A. auricula by a hydrothermal method. Structural
characterisation showed that Zn(IT)-FNs were

formed after the interaction of many functional
groups, such as amino, hydroxyl and carboxyl
functional groups on the surface of FNs with
Zn?%. Zn(I)-FNs demonstrated better cellular
compatibility than ZnSO, and zinc gluconate,
with no apparent cytotoxicity at concentrations
up to 75 pg/mL for normal rat kidney cells. A
haemolysis rate of less than 5% was detected
when the concentration of Zn(II)-FN was
5 mg/mL after incubation for 3 hours. Biodistri-
bution experiments demonstrated that Zn(II)-
FN had no obvious toxic effect after oral admin-
istration at a dose of 500 mg/kg body weight to
mice. In this case, Zn(II)-FNs were present in
the stomach, intestines, lungs, liver and kid-
neys. The results obtained by the researchers
indicate that FNs obtained from a solution of
the aqueous extract of A. auricula can act as a
safe and effective Zn(IT) nanocarrier.

In the research by Xiong et al. (2016), a nat-
ural water-soluble polysaccharide, A. auricular
polysaccharide (AAP), was extracted and puri-
fied as a carrier for the hydrophilic drug dox-
orubicin hydrochloride (Dox-HCl). It involved
the preparation of polyelectrolyte complex
nanoparticles (PEC NPs) using electrostatic in-
teraction between cationic chitosan (CS) and
anionic AAP. The establishment of AAP-CS-
NPs was confirmed by FTIR and TEM. The
Dox-loaded AAP-CS-NPs were found to have a
spherical morphology with an average diameter
of 237.6 nm and a Dox-HCI encapsulation effi-
ciency of 74.1%. The stability of Dox AAP-CS-
NPs was tested by suspending the nanoparticles
in PBS (pH 7.4) at room temperature. The par-
ticle size of the nanoparticle samples remained
stable and presented no obvious changes in
drug content after half a month. In addition,
in vitro cytotoxicity studies demonstrated that
the empty AAP-CS-NPs did not exhibit any
cytotoxic effects, while the Dox AAP-CS-NPs
enhanced the cytotoxicity of Dox-HCl against
MCF-7 cells as a result of a significant increase
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in cellular uptake compared to free Dox-HCI.
Thus, the overall results obtained indicate that
AAP-CS-NPs are very effective in capturing
Dox-HCI and penetrating tumour cells, making
them promising carriers for hydrophilic anti-
cancer drugs.

A drug delivery system based on a polysac-
charide biopolymer is promising (Chis et al.,
2022). The FA-AAP-CDDP complex can be used
for the selective transport of chemotherapeutic
drugs to cancer cells (Eroglu et al., 2016).

The analysis of the literature demonstrates
the wide possibilities of using basidiomycetes
in veterinary medicine. It can be stated that sci-
entific interest in their research has been grow-
ing significantly in recent decades (Eroglu et al.,
2016; Géry et al., 2018; Zhao & Zheng, 2021),
and their use in medicine is changing from em-
pirical ideas to scientifically based knowledge
(Qiu et al., 2018; Alvandi et al., 2020). Basidium
mushrooms have been established to be effec-
tive in treating cancer (Rehman et al., 2020; Lu
et al., 2021), metabolic disorders such as obe-
sity (Liu et al., 2022; Yu et al, 2022), diabetes
(Su et al., 2022; Zhang et al., 2022), their anti-
oxidant properties (Su & Li, 2020; Zhang et al.,
2020; Alvandi et al., 2021), efficacy in gastro-
intestinal diseases (Liu et al, 2022; Yang et al.,
2021), diseases of the circulatory system (Wang
et al., 2019; Bian et al., 2022), neurodegener-
ative diseases (Cordaro et al., 2021; D’Amico
et al., 2021; Abitbol et al., 2022), positive effect
on the immune system (Ibe et al., 2020; 2021;
Bai et al., 2022), efficacy in the treatment of
burns (Buyantogtokh et al., 2020), antimicro-
bial and antiviral efficacy (Shahzad et al., 2020;
Su et al., 2022), etc. Thus, Shahzad et al. (2020)
suggested that one of the potential sources of
drugs against the SARS-CoV-2 virus could be
Inonotus obliquus (I0), a well-known chaga
mushroom that typically grows in Asia, Europe
and North America and is widely used as a raw
material for various diseases around the world.
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Considering this, researchers have been evalu-
ating the most effective herbs and mushrooms
with antiviral and anti-inflammatory effects in
the laboratory. Wei et al. (2018) reported on the
anti-inflammatory effect of new polyoxygenated
thiatanditerpenoids, neocyanins, obtained from
the liquid culture of the medicinal basidiomy-
cete Cyathus africanus. Subsequently, the scien-
tists investigated 8 new highly polyoxygenated
cyanotannaditerpenoids, called K-R neocytins,
which were isolated from the solid culture of
C. africanus.

A prerequisite for the development of effec-
tive medicines in veterinary medicine is their
preclinical (determination of acute and chronic
toxicity parameters, cumulative properties,
study of irritant action, allergenic properties)
and clinical studies, study of their pharmaco-
dynamics and pharmacokinetics parameters.
In this context, an analysis of the results of
studies on the effect of active substances of ba-
sidiomycetes on the transport of medicinal
substances presented in the literature was con-
ducted. Such experiments were performed by
Eroglu et al. (2016), Xiong et al. (2016), Xiaoting
et al. (2022) using nanoparticles or a polysac-
charide biopolymer. Li et al. (2020) explored the
effects of Coriolus versicolor plant polysaccha-
rides (CVPs) on neuronal apoptosis in a rat cer-
ebral ischaemia-reperfusion model (CIRI) and
explored the mechanisms and efficacy of CVPs
in the treatment of neuronal apoptosis in CIRI
rats, including neurological function, brain
infarct volume, inflammatory factors, etc. Bai
et al. (2019) proved that protea-B-glucan de-
rived from Grifola frondosa (PGM) can improve
learning and reduce memory decline in labora-
tory animals by attenuating neuronal loss and
histopathological abnormalities in APP/PS1
mice. Wang et al. (2019) explored the effect of
Coriolus versicolor (CV) on cardiac function in
diabetic rats. The protective effect of CV was
determined to be associated with the inhibition
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of TGF-B1/Smad signalling and attenuation of
NLRP3 inflammatory activation, suggesting
that CV extract may be a potential therapeu-
tic agent. In the studies of Yang et al. (2021),
Hericium erinaceus polysaccharides (HEP),
which were isolated from the fruiting bodies of
H. erinaceus (hedgehog geranium, lion’s mane),
it was established that, based on the results of
16S sequencing of the intestinal microbiota in
adult mice, and in middle-aged and old ani-
mals, the relative abundance of Lachnospirace-
ae and Akkermansiaceae significantly increased,
while the relative abundance of Rikenellaceae
and Bacteroidaceae decreased. Bacterial solu-
tions from different segments of the mouse
intestine and faeces were collected for HEP fer-
mentation in vitro. HEPs significantly promoted
the production of NO, IL-6, IL-10, INF-y and
TNF-a and enhanced the phosphorylation of
signalling molecules, indicating the presence of
immunomodulatory activity and the possibility
that HEPs could be used as active ingredients
in medicinal products. Gery et al. (2018) con-
firm the reduction of glucose and insulin levels
and improvement of the overall state of insulin
resistance in experiments on laboratory mice.
Ogbole et al. (2019) confirmed a pronounced
anti-diabetic effect in an acute in vivo test.

Thus, a large number of the analysed pub-
lications indicate a high degree of scientific in-
terest in the study of the pharmacological prop-
erties of basidiomycetes in medicine, which
provides ample opportunities for their use in
veterinary medicine.

Conclusions
The presented review of literary sources
demonstrates the relevance of scientific re-
search on the pharmacological properties of
Basidiomycota, which belong to the higher fungi
and have a vegetative body with branched cel-
lular mycelium. In addition to nutrients, they
contain several biologically active substances,

which is a prerequisite for their use in medi-
cine. For many years, their use has been based
on observations of the effects on changes in liv-
ing things that they caused. Currently, the pres-
ence of biologically active substances that can
become promising active ingredients of medi-
cines explains the motivation of scientists from
different countries to explore the pharmacolog-
ical properties of basidiomycetes. Previously,
fungotherapy (treatment with mushrooms) was
used more as an empirical treatment based on
practical experience, but now the results of
studies of pharmacokinetics and pharmacody-
namics of active ingredients of basidiomycetes
using innovative methods provide ample op-
portunities for the scientifically based use of
this species of mushrooms in veterinary med-
icine. The results of scientific research by many
scientists from different countries demonstrate
that basidium mushrooms have a wide range
of pharmacological effects. They are effective
in treating oncological and neurodegenerative
diseases, diseases of the digestive, respiratory
and cardiovascular systems, metabolic disor-
ders, antibacterial, antiviral (including covid
infection), immunomodulatory effects, and can
be used for burn treatment, etc. Their involve-
ment in the transport of drugs at the molecular
level is being actively explored using modern
molecular methods. Currently, using basidio-
mycetes for preventive purposes and the treat-
ment of animals with various diseases is a scien-
tifically sound and promising area of veterinary
medicine. The results of modern research iden-
tify new properties of basidiomycetes, which
indicates the prospects of their multidirectional
use, in particular as a source of biologically ac-
tive substances with valuable pharmacological
properties in oncology, non-infectious and in-
fectious pathology and as a transport form of
drugs at the molecular level, which will signifi-
cantly improve the effectiveness of prevention
and treatment of animals with various diseases.
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AHoTalnis. AKTyalbHICTh [OOCTIIKEHHSI 3yMOBJIEHA HEOOXigHICTIO y3arajJibHEHHS CydacHUX
JaHux Tpo dhapMakoyioTiyHi BiIacTMBOCTI 6as3umieBux rpubiB (Basidiomycota) Ta B HAYKOBOMY
OOGIPYHTYBaHHi iX 3aCTOCYBaHHS y BeTepUHApHiii MemuiyHi. MeToio po6oTu GyI0 MPOBECTU
aHaJli3 pe3yJIbTaTiB OCTAHHIX eKCIIePUMeHTaTbHUX OOCTiIKeHb MI0A0 (hapMaKo-TOKCUKOMOTIUHMUX
BJIACTUBOCTe 6a3uzieBuX rpubiB Ta MOKIMBOCTEN X BUKOPUCTAHHS Y BeTepUHapHiit MequIMHI.
sl bOTO BUKOPMCTOBYBA/IM TEOPETMYHI METOLM aHasi3y Ta MOPiBHSIHHS HAHUX JIiTepaTypHUX
Ikepen 3 (GOPMYTIOBAaHHSIM OOI'PYHTOBAaHMX BMCHOBKIB Ta peKOMEH[alliii Ha IepCreKTUBY.
Basumiominetu HajmeXxaTh OO0 Bimminy BuIuMxX rpubiB, iX BeretaTuBHE TiJlI0 TIpe[CTaBlieHe
PO3TATY)KEHUM KITITMHHUM MillerieM. BOHM € KOpMCHMM IPOAYKTOM XapuyBaHHSI Ta 6Garari Ha
6i0/TOTiYHO aKTUBHI peUOBMHM. AHAJTI3 TaHUX JIiTepaTypy 3aCBiuye BUCOKMII CTYITiHb HAYKOBOTO
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iHTepecy 0 BMBYEHHS iX (hapMaKOJOTiYHMX BIACTUBOCTE. YV 3B’SI3Ky 3 I[MM, HAYKOBMIi MOIIYK
CIIPSIMOBAaHO HAa BCTAHOBJIEHHS HOBMX JaHMX Mpo dapMakoauMHaMiKy i ¢apMakoKiHETUKY
6io/ToTiYHO aKTUBHMX PeYOBMH 6asuaieBux rpub6is. Hanpukmam, rpub Inonotus obliquus (I. obliquus)
paHile TpaauIliiiHO BUKOPUCTOBYBABCS JIJIsI JTIKyBaHHSI XBOPUX 3a Pi3HMUX NUTYHKOBO-KUITKOBUX
XBOp06. YIIPOAOBK OCTaHHIX POKiB Bce Oibllie 3’SIBJASETHCSI HAYKOBO OOIPYHTOBAHMX JOKA3iB,
SIKi BKa3yloTh Ha edeKTUBHICTb /10r0 eKCTpakTiB 3a iHdekIiii Ta iHBa3iil, OHKOIOriUHMUX XBOPOO,
IIyKPOBOTO [iabeTy. BcTaHOB/EHO, 10 6ioOTiYHO aKTUMBHI peduoBuHM I. obiquus CTUMYJIIOIOTH
iMyHHY CHUCTeMy, TPOSB/ISIIOTh TiMOMIIKeMiUHMI TIOTeHLial, YyTIMBI OO iHCYIiHY, MaloTh
AHTMOKCUAAHTHUI BIUIUB. Y Cy4aCHOMY HayKOBOMY AMCKYPCi JOCTIAHMKM HAMaralThCsl 3’sICyBaTu
MOJIEeKY/ISIpHMIT MeXaHi3M il ekcTpakTiB L. obliquus. TTpencraBiieHnit OIS, TiTEPATYPHUX IKepes
3acBimuye, Mo 6a3uUOioOMIlleTH MPOSBIIIOTh (GapMaKOJOTiUHi BIACTMBOCTI 3a OHKOJOTIUYHUX Ta
HejipoJiereHepaTUBHUX XBOPOO, 32 XBOPOO OpraHiB TpaBjeHHs, AMXaHHS Ta CepleBO-CYIMHHOL
CuUCTEM, 3a PO3jIafiB MeTaboNMiuyHMX MPOIECiB, BOJOIIIOTh ITPOTUMiKPOOHOI, MPOTUBIPYCHOIO,
iMyHOMO/Y/TIOI0UOM0 fi€io Tomo. HuHi y cBiTi 3acTocyBaHHS 6a3uaioMilleTiB i3 BpaxyBaHHSIM ix
HayKOBO OOGIPYHTOBAHMX Ta €KCIIEPMMEHTAILHO JOBeNeHMX (apMaKOJOTiUHMX BIACTUBOCTEN €
Ha[3BMYAHO MepCreKTMBHMM. MaTepias cTaTTi CTAaHOBUTD MPAKTUYHY IIiHHICTb AJISI PO3IIMPEHHS
MOXKJIMBOCTEI 3aCTOCYBaHHS PyHTOTEparii y BeTepuHapHiii MeIUIVHI

KniouoBi cioBa: rpubu; npodisakTuka; XBopobu; GyHroTeparis; 6ioJIoriyHO aKTMBHI peYOBUHM;
MOJIEKY/ISIPHI MexaHi3Mu
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Abstract. Nowadays, dietary supplements are increasingly used in livestock feeding, which are a
valuable source of biologically active substances necessary for their full growth and development,
maintaining the body’s resistance and preventing numerous diseases. The most common
components are proteins, vitamins and carotenoids. Thus, the relevance of scientific research
is to experimentally determine the effectiveness of the newly developed product with a multi-
component composition on the functional state of the animal body. The purpose of the research
was to determine the effect of the new product, the dietary supplement “Wheat germ meal” on
the behaviour, growth rate, and morphological and biochemical parameters of the blood of
white mice. The material of the study was nonlinear white mice in the amount of 60 heads. The
supplement was fed to mice for 60 days. A set of methods was used, including: an assessment of
the microclimate of the laboratory animal housing, the condition of tap water for drinking mice, an
assessment of their general behaviour, and a determination of haematological parameters. It was
proved that during the experiment, the microclimate of the room in which the laboratory animals
were kept and the indicators of tap water for their drinking corresponded to the requirements of
current regulations. It is substantiated that the examined additive increases the body weight of
white mice and their average daily weight gain. Therewith, the weight of the internal organs of the
experimental group (thymus, thyroid gland, kidneys, liver, lacrimal gland) remained unchanged. It
has been established that the component composition of the supplement affects the morphological
parameters of the blood of white mice, namely, it increases the haemoglobin content, the number
of red blood cells and the value of haematocrit. No changes were observed in the blood leukogram
of mice. An increase in the content of total protein and globulins in the blood serum of white mice
was established. A decrease in the albumin content and an increase in the activity of the enzymes
alanine aminotransferase and aspartate aminotransferase occurred within the reference values for
white mice. The materials of the research are of practical value for the possibility of using the
examined dietary supplement in domestic animals to increase muscle strength, improve growth
and development, and strengthen the immune system

Keywords: housing conditions; dietary supplement; growth intensity; blood morphological
parameters; biochemical parameters

Introduction

The successful development of livestock pro-
duction and its specialisation allows obtaining
the maximum amount of high-quality products
at minimal costs (Wang et al., 2022). However,
in the current market conditions, to find re-
source savings to ensure the profitability of the
livestock sector, farms use the latest European
animal husbandry technologies. Thus, the search
for effective, harmless, environmentally friendly
means to ensure the growth, development and
increase of natural resistance of young animals
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for their high preservation is currently relevant
(El-Bahr et al., 2020).

Using various biologically active com-
pounds during the rearing of young animals
will significantly improve the problem of their
safety. For example, vitamin preparations can
ensure intensive growth, development and high
safety of young animals. It has been established
that the protective function of probiotics and vi-
tamin preparations is manifested by immunos-
timulation with increased phagocytosis activity,
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synthesis of secretory IgA, interferon, increased
functional activity of immunocompetent cells,
induction of lymphokines, which positively af-
fects specific and nonspecific factors of natural
resistance in calves of the early postnatal period,
maintaining the body’s homeostasis, ensuring
their normal health (Azarang et al., 2020; Bayat
etal.,2023; Feietal.,2023). Vitamin preparations
stimulate the main stages of metabolism in tis-
sues, and contribute to the processes of restor-
ing the functioning of vital organs (Mahdinloo
et al., 2022; Zaaboul & Liu, 2022).

Currently, a fairly large number of vitamin
preparations have been proposed for animal
husbandry, especially in industrial technologies,
therefore, research on the effectiveness of their
impact on the animal body, the feasibility of
their use and the determination of economic ef-
ficiency of their implementation are of scientific
and practical interest. Therewith, the effective-
ness of biologically active preparations derived
from wheat germ, which are natural medicines
and catalyse cation exchange and adsorption
processes, has not been sufficiently analysed.
Wheat germ is known to be a highly nutritious
by-product of the flour milling industry with a
short shelf life. The shelf life of this product de-
pends on the manufacturing method. Thus, the
process of fermentation of different concentra-
tions of germs reduces the activity of lipase and
lipoxygenase, which are associated with the re-
lease of fatty acids (Khosroshahi et al., 2022).
The method of producing stabilised wheat
germ by mixed fermentation (Lactobacillus
acidophilus and Lactobacillus plantarum) and
electrospraying process actively stabilises the
enzymes (Khosroshabhi et al., 2023).

Since B-carotene is the main carotenoid of
provitamin A found in grains such as sorghum,
and when its concentration is below the tar-
get, biofortification breeding studies are being
conducted (Cruet-Burgos et al., 2023). The ef-
fect of vitamin preparations, including those

containing carotenoids, on the body depends
on the component composition and dosage.
Thus, it is important to evaluate the impact
of the new composition of biologically active
drugs on the animal body. These studies should
begin with laboratory animals. The purpose of
the research — to evaluate the effect of the di-
etary supplement “Wheat germ meal” on the
growth and development of white mice.

Literature Review

Recently, researchers have been paying more
and more attention to natural vitamin prepara-
tions containing carotenoids. Significant scien-
tific and practical interest in these compounds
is explained by their ability to prevent the devel-
opment of many diseases, such as cancer, neu-
rodegenerative diseases such as Alzheimer’s
disease, cerebral ischaemia, diabetes associated
with obesity and hypertension, ophthalmic
diseases, etc. Carotenoids can be used as food
additives — nutraceutical and pharmaceutical
compounds. Therewith, research is required to
explore the availability of these compounds to
the human body (Bhatt & Patel, 2020).

Carotenoids are not synthesised in the
body of animals but accumulate from feed or
are partially modified as a result of metabolic
reactions. The carotenoids produced in animals
are diverse in structure and play an important
role as precursors of vitamin A, photoprotec-
tors, and antioxidants, promoting reproduction
and strengthening the immune system (Maoka,
2020). Nowadays, about 600 carotenoid pig-
ments have been isolated from various sources.
The prevalence and diversity of carotenoids in
nature are conditioned upon both the ability
of living systems to biosynthesise them and
their ability to adsorb and metabolise these
substances. Complex vitamin compositions in
different groups and species of living organ-
isms vary both in content and composition.
Natural sources of carotenoids are very diverse:
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a significant amount of them are found in herbs
and green leaves, flower petals, algae, and vari-
ous microorganisms (Foong et al., 2021).

Marine carotenoids (astaxanthin, fucox-
anthin, B-carotene, lutein, and the rare sipho-
naxanthin, sioxanthin, and mixol) have re-
cently demonstrated antioxidant properties in
reducing oxidative stress markers (Geng et al.,
2020). Currently, carotenoids can be obtained
from plant materials by chemical synthe-
sis and biotechnological means (Kalra et al.,
2021). The synthetic production of carotenoids
increases efficiency compared to the natural
metabolic system and is based on the design
of a three-domain enzyme (CrtB, Crtl, CrtY)
that contains the complete (-carotene path-
way (Rabeharindranto et al., 2019). Carotenoids
are of particular interest in commercial poultry
farming, both for high poultry productivity and
for the production of functional food products.
It is known that carotenoids can accumulate
in organs and tissues, stimulating weight gain
in poultry. The positive effect of lycopene on
metabolic processes and live weight gain in
broiler chickens has been demonstrated by
other authors, and their content depends on
the availability of the poultry feed (Marounek
& Pebriansyah, 2018).

Carotenoids - are fat-soluble compounds
with subsequent digestion and absorption in
the gastrointestinal tract. Their absorption
begins with their release from the food matrix
and dissolution in the lipid phase, and then in-
corporation into lipid micelles in the small in-
testine, which is absorbed by the mucous mem-
brane and transported by the lymphatic system
in the form of chylomicrons through the lym-
phatic vessels. Mostly B-carotene accumulated
along the duodenal-iliac axis of the intestine
and was subsequently converted to retinol and
retinyl esters in its proximal section (Reboul,
2023). Natural carotenoids extracted and pu-
rified from the aquacultured marine green
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macroalgae Ulva ohnoi and freshwater green
microalgae Haematococcus pluvialis contributed
to the regulation of the gut microbiota, affecting
gut homeostasis and health (Pratap et al., 2022).

The accumulation of carotenoid lycopene
in tissues depends on gender, genotype and
tissue type. Administration of lycopene to rats
for two weeks had no adverse effect on daily
weight gain, the relative weight of internal or-
gans and serum enzyme activity and total liver
lysosomal enzyme activity (Bradley et al., 2022).
The administration of tomato oil concentrate
to rats decreased the level of triglyceride accu-
mulation in the liver (Kimura et al., 2021) and
led to its faster removal from tissues with a de-
crease in oxidative stress (Sarker et al., 2021;
Akbari et al., 2022) and inflammation. Feed-
ing the algae Dunaliella bardawil to laboratory
mice as the only source of vitamin A reduced
markers of adipose tissue macrophage recruit-
ment and plasma lipid concentrations (Surman
et al., 2020; Melnikov et al., 2022). During the
development of hypercholesterolaemia in rab-
bits and the regression of the process, there
was a decrease in serum cholesterol levels due
to lycopene, accompanied by a decrease in the
concentration of lipid peroxidation products in
tissues (Hassan et al., 2021).

Carotenoids, in particular, lycopene, were
involved in the regulation of lipid metabo-
lism in poultry. Thus, feeding 100, 200 and
400 mg/kg of lycopene to broiler chickens in-
creased body weight, decreased abdominal fat
accumulation, and decrease triglyceride and
total cholesterol levels, and serum low-density
lipoprotein cholesterol in the blood (Wan et al.,
2021; Fathi et al., 2022).

Thus, the data presented indicate that us-
ing biologically active additives containing vita-
min preparations of natural origin and carote-
noids in animals and poultry helped to improve
the clinical condition, immunological status,
and biochemical and physiological parameters
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of the organism, and increased the supply
of fat-soluble vitamins to the animal body.

Materials and Methods

The work was performed based on the problem-
atic laboratory of farm animal immunology of
Bila Tserkva National Agrarian University in the
period from 2020 to 2021. The experiment used
60 heads of laboratory animals — nonlinear white
mice (males) (Mus musculus L), free from patho-
genic microflora, which were kept with barrier
elements in an improved conventional system.
The animals were divided into two groups (30
animals each): control and experimental. The
experimental white mice were fed the dietary
supplement Wheat Germ meal daily for 60 days
at a dose of 2.0 g/head once a day in combina-
tion with the main diet. The main diet of white
mice consisted of freshly crushed wheat grain
and compound feed. Watering was performed
by a nipple drinker.

“Wheat germ meal” dietary supplement
was developed by “Bilotserkivkhliboprodukt”
collective enterprise, Bila Tserkva, Kyiv region.
This supplement is a grey powdery substance
obtained from wheat germ by alcohol extrac-
tion. The supplement contains a complex of
biologically active substances, namely: amino
acids: lysine, histidine, arginine, threonine,
serine, glutamic and aspartic acid, proline,
glycine, alanine, cystine, valine, methionine,
isoleucine, leucine, tyrosine, phenylalanine, B
vitamins, vitamin E, PP and carotenoids (1 g of
the product contains B vitamins, namely vita-
min B1 - 0.16 mcg/g; B2 - 0.19 mcg/g; B12 -

0.0015 mcg/g; carotenoids 4.0 mcg/g; vitamin
E - 2.0 mcg/g).

At the first stage of the study, the micro-
climate of the room where the white mice were
kept was assessed (SOU 85.2-37-736:2011...,
2011). The temperature in the room was meas-
ured by a mercury thermometer in degrees
Celsius; relative humidity, % - by a hygrom-
eter psychrometric VIT-2 (Ukraine); air ve-
locity, m/s — by a balloon catathermometer
(Ukraine); concentration of harmful gases:
carbon dioxide, %; ammonia, hydrogen sulfide,
mg/m? — by a gas analyser UG-2 (Ukraine); arti-
ficial illumination (W/m?), lux — by a Benetech
GM1010 luxmeter (Japan). The study of indoor
microclimate indicators was conducted three
times (before the start and on days 30 and 60 of
the study) during the research period.

The microclimate indicators in the room
where research laboratory animals are kept
must be within the limits that meet the require-
ments of the applicable documents throughout
the day and regardless of the season (SOU 85.2-
37-736:2011..., 2011). Failure to comply with
the requirements of regulations on indoor mi-
croclimate indicators can cause overheating of
laboratory animals, loss of activity, decreased
appetite and resistance. These clinical signs
are not permissible during experimental stud-
ies and may result in the termination of further
research. During the study, the microclimate
of the room where the experimental animals —
white mice — were kept was monitored. The av-
erage values of microclimate parameters for the
research period are presented in Table 1.

Table 1. Microclimate parameters of the room for keeping white mice

Indicators
Temperature, °C
Relative humidity, %
Air velocity, m/s
CO, concentration, %

NH; concentration, mg/m?

Sanitary and hygiene standards

Actual indicator

20-24 21.3*1.14
55.0£2.0 54.6+3.09
0.3 0.25%0.01
0.15 0.14+0.002
10 0.05%0.02
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Indicators
H,S concentration, mg/m®
Iluminance, lux (1 m from floor)
Photoperiod, h (light: dark)
Air exchange (frequency/hour)

Source: author’s development

According to the indicators in Table 1, the
microclimate parameters of the room met the
sanitary and hygienic requirements (SOU 85.2-
37-736:2011..., 2011). It used natural and arti-
ficial lighting — fluorescent lamps. Ventilation
in the room where the animals were kept was
natural, through open doors and windows.

At the second stage of the study, the tap
water used to feed the laboratory animals was
evaluated. These studies were conducted at
the State Enterprise “Kyiv Regional Research
and Production Centre for Standardisation,
Metrology and Certification” according to the
methodology On the approval of State sanitary
norms and rules “Hygienic requirements for

Sanitary and hygiene standards

Table 1. Continued

Actual indicator

5 0.002+0.02
200 196.4+10.04
12:12 12:12
10-15 10

drinking water intended for human consump-
tion” (2022).

The welfare of the experimental animals
depended on the quality and safety of the water
they were drinking. According to the require-
ments of regulations, drinking water must be
safe from an epidemiological standpoint, harm-
less in terms of organoleptic and physicochem-
ical characteristics. Thus, it was crucial to ex-
amine these indicators for compliance with the
requirements of the On the approval of State
sanitary norms and rules “Hygienic require-
ments for drinking water intended for human
consumption” (2022). The results are presented
in Table 2.

Table 2. Physical, chemical and epidemiological safety indicators of tap water, n=3

Sanitary and
Indicator Unit of measurement epidemiological In fact
standards 2.2.4-171-10
1. Organoleptic characteristics
Odour (per t=20°C) points <2 1.0%0.04
Turbidity mg/dm3 <1.0 0.5+0.01
Colour deg <20.0 6.0+0.03
Flavour and aftertaste points <2 1.0£1.25
2. Physicochemical indicators
Hydrogen indicator Units pH 6.5-8.5 7.5+0.06
Total stiffness mmol/dm?3 <7.0 7.5%£0.06
Iron total mg/dm3 <0.2 0.05%0.001
Chlorides mg/dm? <250 150.0£5.6
Copper mg/dm3 <1.0
Iron total mg/dm? <0.2
Zinc mg/dm? <1.0 0.5+0.04
Manganese mg/dm? 0.1 0.05%0.002
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Table 2. Continued

Sanitary and
Indicator Unit of measurement epidemiological In fact
standards 2.2.4-171-10
Sulphates mg/dm3 <250 27.6*1.5
3. Epidemic safety indicators
Total coliforms CFU/100 cm3 absence absence
Intestinal helminths Gl e Bl absence absence

50 dm?®

Source: author’s development

Table 2 demonstrates that for all examined
indicators of quality and safety, tap water cor-
responded to the requirements of the current
regulation (On the approval...., 2022). In the
third stage of the study, the general behaviour
of the animals was monitored: the “open field”
test was used to measure horizontal motor ac-
tivity (the number of squares crossed), vertical
motor activity (the number of vertical stands)
and exploratory activity (the number of times
the animals peered into the “holes” - the bur-
rowing reflex).

In addition, according to the third stage of
the study, the effect of the biological activity
of wheat germ meal components was assessed
by the dynamics of body weight of white mice
(initial body weight 14.0 g) and organ weight
(thymus, thyroid gland, kidneys, liver, lacri-
mal gland) by weighing them on a laboratory
balance HC220MS (Japan). The growth rate of
white mice was calculated by the average daily
growth using standard methods.

At the fourth stage of the study, the mor-
phological parameters and leukocyte blood
count and biochemical indicators of the blood
serum of white mice were determined. The ma-
terial for morphological and biochemical stud-
ies was peripheral blood, which was collected
from white mice by decapitation with a guillo-
tine knife under preliminary anaesthesia. Blood
was taken in the morning before feeding the
animals on day 60 of the research. For the as-
sessment of morphological parameters, blood
was collected in special tubes with Trilon B,

and for biochemical analysis, whole blood was
collected, settled and centrifuged to obtain se-
rum. The automatic haematological analyser
MINDRAY BC-2300 (USA) was used to determine
red blood cell count (RBC, 10'%/L), haemoglobin
(HGB, g/L), haematocrit (HCT, %), white blood
cell count (WBC, 10%L), neutrophils (NEUT, %),
basophils (BASO, %), lymphocytes (LYMPH, %),
eosinophils (EO, %) and monocytes (MONO, %).
Serum biochemical indicators were assessed us-
ing an automatic biochemical analyser AS-120
(Japan) and a test system — Global Scietific (USA).

During the research, the provisions of the
“General Ethical Principles for Animal Experi-
ments” adopted by the First National Congress
on Bioethics (Kyiv, 2001) were followed. The
entire experimental part of the research was
conducted according to the requirements of
the international principles of the European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific
Purposes (1986) and the relevant Law of Ukraine
No. 3447-1V “On Protection of Animals from Cru-
elty” (2006, February).

The obtained digital indicators were pro-
cessed statistically using the Microsoft Excel
software package with the calculation of the
arithmetic mean and its error (M*m), the level
of reliability (P) by Student’s t-test (P<0.05;
P<0.01; P<0.001).

Results and Discussion
Changes in the behaviour of laboratory animals
of the experimental group and the dynamics of
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their body weight compared to the control are
important indicators for assessing the impact

of exogenous and endogenous environmental
factors (Table 3).

Table 3. Integral assessment of behavioural parameters in white mice, M*m, n=30

Group
Indicator

experimental control

Body temperature, °C 38.00%0.85 38.2+1.01
Horizontal movement activity 32.20%1.41 32.1%1.12
Vertical movement activity 17.4+1.3 17.1+1.2
“Burrowing reflex” 12.40%+1.05 12.00+1.20
Integral activity 64.0£2.0 64.1%1.9

Source: author’s development

According to the results presented (Ta-
ble 3), there were no changes in body temper-
ature, horizontal, vertical, integral activity,
and the “burrowing reflex” in the animals of
the experimental group compared to the con-
trol group (Labunets, 2020). Changes in body

weight, average daily weight gain, and weights
of some organs of experimental animals are
very important indicators, the violation of
which indicates the degree of pathological
condition of organs and impairment of specific
body functions (Table 4).

Table 4. Weight and average daily weight gain of white mice, M*m, n=30

Indicator Start of research
. 14.0+0.85
Body weight, g 14.00 64

Average daily weight gain,
mg

Day of research
14 30 60
15.00+0.44 18.00£0.84 20.10+1.03
16.56+0.55"4 20.38+0.59" 23.27%1.04"
210.00£1.02 209.00£2.72 210.00%£2.86
230.00+1.30™ 230.0£2.04™ 240.00+1.40™

Notes: 'P<0.05; “P<0.001 compared to the control group. *P<0.01; *P<0.001 compared to the indicator at the
beginning of the research. Numerator — control group; denominator — experimental group

Source: author’s development

As a result of experimental researches, it
was established (Table 4) that on day 14 after
feeding the supplement, the body weight of
mice of the experimental group increased by
10.4% (P<0.05), on day 30 - by 13.2% (P<0.05),
and on day 60 - by 15.8% (P<0.05) compared to
the control group. Therewith, the body weight
of mice in the experimental group increased by
18.3% (P<0.01) on day 14, by 45.6% (P<0.001)
on day 30, and by 66.2% (P<0.001) on day 60
compared to the beginning of the research.
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Animals actively ate feed both from the main
diet and feed additives.

The results of researches on the increase
in body weight, in particular of Japanese quail,
from the consumption of natural plant compo-
nents of spirulina rich in vitamin A are presented
by Abdel-Wahab et al. (2023). In addition, im-
provements in liver function, total lipid profile,
antioxidant parameters, and immune response
have been demonstrated. Therewith, Gopal
et al. (2023) established that experimental
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administration of lutein to laboratory mice sig-
nificantly reduced the weight of epididymal and
abdominal adipose tissue and decreased serum
cholesterol levels and low-density lipoprotein
cholesterol concentrations. Another carote-
noid, siphonaxanthin, significantly accumu-
lated in the mesenteric adipose tissue of male
mice, but not in the epididymal and peri-renal
tissue. Thus, this carotenoid effectively regulated
adipogenesis and suppressed lipid accumula-
tion (Li et al., 2015).

The results presented in Table 4 demon-
strate that on day 14 of the study, the average
daily weight gain of mice in the experimental
group increased by 9.5% (P<0.001), on day 30 —
by 10.0% (P<0.001), and on day 60 - by 14.3%
(P<0.001) compared to the control group. Dur-
ing the entire study period, the animals of the
experimental group actively ate feed.

The dynamics of the weight of the internal
organs of white mice on day 60 of the experi-
ment is presented in Table 5.

Table 5. Weight of internal organs of white mice, M*m, n=30

Internal organ
Thymus, mg
Liver, g
Spleen, g
Thyroid gland, mg
Kidneys, g

Source: author’s development

According to the results obtained (Table 5),
there was no statistically significant difference
in the weight of internal organs of mice in the
experimental and control groups.

Thus, based on the increase in body weight,
average daily weight gain of mice and the
weight of their internal organs, it was assumed
that the growth of experimental animals was
improved by increasing muscle tissue. Other
researchers have found that adipose tissue hy-
pertrophy and inflammatory processes in mice
occur when there is a deficiency of B-carote-
noids, an enzyme that catalyses carotenoids in
the inner mitochondrial membrane (Wu et al.,
2021). In addition, the efficiency of B-carotene
conversion to vitamin A is higher in male rats
than in females (Borel et al., 2021).

In addition, it is essential to evalu-
ate the combined effect of the supplement
components on different parts of haemo-
poiesis. Ashrafizadeh et al. (2022) explored

Experimental group

Control group

33.0+2.3 31.0£3.0
1.21#0.05 1.15%0.04
0.18+0.02 0.18+0.03
4.00+0.06 4.00+0.05
0.15%0.03 0.15+0.07

Haematococcus Pluvialis, a green algae that is a
source of astaxanthin (a beta-carotenoid com-
pound). This compound has several biological
and pharmacological properties, including an-
tioxidant, anti-inflammatory, anti-tumour, an-
ti-diabetic, hepatoprotective and neuroprotec-
tive effects. The authors have proven the effect
of each of these properties of the supplement
based on the study of the molecular mechanisms
of the Nrf2 signalling pathway, which is responsi-
ble for maintaining the redox balance in the phys-
iological state and the effect of astaxanthin on it.

In addition, Bachir et al. (2020) established
that feeding rats with the algae Spirulina plat-
ensis, which contains carotenoids, leads to a
slight increase in the number of leukocytes.
Therewith, there was a tendency to decrease
the level of neutrophils and lymphocytes.

The effect of the components of the dietary
supplement “Wheat germ meal” on blood mor-
phological indicators is presented in Table 6.
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Table 6. Morphological indicators and leukocyte blood formula of white mice, M*m, n=30

Indicator

Haemoglobin (HGB), g/L
Red blood cells (RBC), 10'%/L.
Haematocrit (HCT), %
White blood cells (WBC), 10°/L
Nucleated neutrophils (NEUT), %
Segmented neutrophils (NEUT), %
Basophils (BASO), %
Lymphocytes (LYMPH), %
Eosinophils (EO), %
Monocytes (MONO), %

Group
experimental control
94.30+1.53* 86.90+2.18
8.60%0.14™* 8.00+0.12
45.20+1.06* 41.60%1.09
6.40%0.50 6.50%0.40
3.10+0.18 3.00+0.25
19.80%2.60 20.10+1.80
0.20+0.004 0.20+0.003
56.30+2.09 55.0+3.01
2.45%0.16 2.98+0.24
5.60+1.02 5.90+2.45

Notes: *P<0.05; **P<0.01 compared to the control group of animals

Source: author’s development

Using the supplement promoted the acti-
vation of erythropoiesis in the body of labora-
tory mice. It was demonstrated by an increase
in haemoglobin level by 8.51% (P<0.05) and red
blood cell count by 7.5% (P<0.01) and haemat-
ocrit by 3.6% (P<0.05).

Gunal et al. (2021) established that one of
the functions of carotenoids, in particular lu-
tein and zeaxanthin, is to improve mitochon-
drial function by reducing inflammation and
activating the erythroid link of haemopoiesis.
Kadek et al. (2021) theorised that vitamin A, E
and B-carotene deficiency adversely affects calf
health and increases mortality due to low levels
of a-tocopherol and B-carotene. The authors
proved that the paranteral administration of
vitamins A and E and B-carotene to pregnant
cows increased the haemoglobin content, hae-
matocrit and red blood cell count in calves. In
addition, it was established that beta-carotene
is an effective antioxidant for the protection of
red blood cells and has a specific effect on the
level of phospholipids. It intensifies metabolic
processes in the body by increasing the plas-
ticity of cell membranes and cell membrane
organoids. It is due to the antagonistic effect of
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phospholipids on cholesterol, which causes the
stiffness and stability of the cell membrane.

It is known that white blood cells and their
subpopulations are biomarkers of inflammatory
reactions in the body, and their determination
in the experiment is mandatory (Agbuduwe
& Basu, 2020). In this study, leukocytes and
their populations were determined using an
automatic haematology analyser. Nowadays,
it is a modern research method. For example,
Hofmann & Schmucker (2021) determined the
number of leukocytes using automatic differ-
entiation, which allowed obtaining results for
three or five or more populations. By measur-
ing the volume of leukocytes, they were di-
vided into three populations and differentiated
into fractions of neutrophils and lymphocytes,
and fractions of medium-sized blood cells. It
is more difficult to methodically differentiate
leukocytes into five populations. The authors
found that by combining flow cytometry with
an assessment of the physicochemical and bi-
ochemical properties of leukocytes, this result
can be achieved.

As can be observed from Table 6, the num-
ber of leukocytes, neutrophils, basophils and




Evaluation of the effect of wheat germ meal on the development of laboratory mice

lymphocytes in the blood of experimental mice
did not differ statistically from the number of
these cells in the blood of animals of the con-
trol group. Therewith, the number of leuko-
cytes in the blood of experimental mice de-
creased slightly. Shevchenko et al. (2021) found
that feeding carotenoids such as lycopene and
astaxanthin to laying hens led to a decrease
in the number of leukocytes and haemoglobin
content in the blood.

The state of metabolic regulation is as-
sessed by determining the concentration of
individual components. For this purpose, a
biochemical analysis of blood serum was per-
formed and the indicators that can be used to
determine the state of liver and immune system
functioning were determined. Studies on the
effect of “Wheat germ meal” on the biochemi-
cal indicators of the blood serum of white mice
on day 60 of the study are presented in Table 7.

Table 7. Biochemical indicators of blood serum of white mice, M+m, n=30

Indicators, units.
Total protein (T-Pro), g/L
Albumin (ALB), %
Globulins (Glob), %
Alanine aminotransferase (ALT), [U/L
Aspartate aminotransferase (AST), [U/L

Total cholesterol, mmol/L

Notes: *P<0.05 compared to the control group
Source: author’s development

The dietary supplement examined “Wheat
germ meal” is a powerful source of protein.
According to the research, wheat germ has a
higher protein content than flour. [usan (2022)
determined that proteins are more balanced in
terms of the amino acid spectrum (close to the
reference value), while flour and grains contain
proteins with an unbalanced composition of es-
sential amino acids.

The total content of proteins in the blood
serum indicates the state of protein metabo-
lism in the body of experimental mice. Accord-
ing to the results presented in Table 7, it was
established that under the influence of a bio-
logically active dietary supplement, the content
of total protein increased by 7.7% (P<0.05) and
globulins by 7.0% (P<0.05). It can be assumed
that a significant increase in these indicators
is the main factor in increasing the intensity of
growth and development of laboratory animals.

Experiment Control
66.0+1.02* 61.3+1.48
51.0+2.10 58.0+3.18
49.0+1.83* 42.0£2.64
112.46*14.76 102.8+16.57
161.30+15.28 158.6=17.89
2.0+1.1 2.0£1.2

Thus, the tested additive affects the immune
properties of the mice.

In addition, other researchers have found
a similar effect of various carotenoids on the
antioxidant status and immunity of animals.
Thus, Plaza et al. (2020) concluded that the
concentration of carotenoids (xanthophylls)
correlated with the concentration of a-, B-, and
y-globulins in the blood. Aziz et al. (2023) sub-
stantiated a significant increase in the content
of total protein and globulins, improvement of
antioxidant status and immunity under the in-
fluence of carotenoids.

Lin et al. (2016) proved that such a power-
ful antioxidant carotenoid as axanthactin plays
an important role in modelling the immune re-
sponse. In this case, the researchers used pri-
mary cultured mouse lymphocytes both in vitro
and ex vivo to assess the immunomodulatory
effect of astaxanthin on cytokine production.
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Treatment of mice with astaxanthin signifi-
cantly increased the production of interferon
and interleukin. It indicated the ability of as-
taxanthin to modulate the immune response of
lymphocytes in vitro and that it partially exerts
its immunomodulatory effect ex vivo by increas-
ing the production of interferon and interleu-
kin without inducing cytotoxicity.

Hassan et al. (2022) proved the effect of
dietary supplementation with an extract of a
tomato by-product containing carotenoids on
increasing total plasma protein and globulins.
In general, this supplementation had a positive
effect on growth intensity, increased antioxi-
dant status of the studied animals and reduced
mortality.

Durge et al. (2022) established the impor-
tance of carotenoids for animals living in ar-
tificial conditions. Feeding these animals with
lutein supplements caused an increase in su-
peroxide dismutase activity and immunoglob-
ulin concentration in the blood serum and a
decrease in malondialdehyde and cortisol. The
researchers concluded that this improved the
antioxidant status and immunity and reduced
stress in the experimental animals.

According to the results of the experiment,
the hepatoprotective effect of the studied sup-
plement was proved. This effect was manifested
in the activation of transamination processes,
as there was an increase in serum aspartate and
alanine aminotransferase activity, which indi-
cates an improvement in the energy and plastic
functions of the body, the development of the
main metabolic pathways of its functioning.
Therewith, there was no statistically significant
difference between the activity of aspartate and
alanine aminotransferase in the blood of mice
of the experimental and control groups.

Therewith, Shibabaw et al. (2019) found
that an increase in hepatic marker enzymes
above the reference values occurs in the event
of metabolic disorders, as the liver plays a key
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role in regulating the metabolism of carbo-
hydrates, lipids and proteins. However, the
hepatoprotective effect of carotenoids has been
proven in the case of toxic effects on the body
of animals. For example, El-Beltagi et al. (2020)
used crude spirulina extract and pomegranate
juice in a rat experiment to prevent carbon
tetrachloride-induced hepatotoxicity. The au-
thors established that the infusion of a toxic
substance caused a significant increase in the
activity of liver marker enzymes. In the case of
Spirulina platensis and pomegranate juice ad-
ministration to animals, a decrease in the ac-
tivity of liver marker enzymes was observed.

In addition, El-Baz et al. (2020) admin-
istered equal doses of Dunaliella salina, a mi-
croalgae rich in carotenoids, to rats with in-
duced liver fibrosis. These researchers found a
significant decrease in serum aspartate and ala-
nine aminotransferase activity. As a result, the
development of fibrosis, centrilobular necrosis
and inflammatory cell infiltration of the rat
liver was suppressed. Thus, this study of the
toxic effect of wheat germ meal components
proved the improvement of the functional
state of the liver.

As can be observed from Table 7, there was
no statistically significant difference in the
content of total cholesterol in the blood serum
of experimental mice with that in the control
group. It indicated activation of metabolism
due to anabolic processes. In general, choles-
terol in the body of animals is synthesised both
independently and with feed and is established
during the synthesis of corticosteroid hor-
mones, bile acids and vitamin D. It is a poly-
cyclic lipophilic compound found in cells that
affects the permeability of cell membranes. The
reference limits of this component in the blood
serum for white mice are 1.0-3.4 mmol/L. The
results are consistent with those of Kawamura
et al. (2021), who proved the effect of anabolic
nutrient-rich foods (astaxanthin, B-carotene,




Evaluation of the effect of wheat germ meal on the development of laboratory mice

and resveratrol) on muscle mass gain. It ap-
peared to be a consequence of activation of the
mTOR/p70S6K protein signalling in muscle tis-
sue, which increased muscle mass rather than
adipose tissue.

Thus, carotenoids in the mammalian body
are involved in the regulation of adipose tis-
sue metabolism and inflammation, affect the
reduction of body weight and total cholesterol
levels and increase high-density lipoprotein
content, as found in the study by Dutta et al.
(2023). In addition, Cao et al. (2021) proved
that the carotenoid astaxanthin, which is asso-
ciated with the regulation of redox reactions,
helps reduce oxidative stress, inflammation,
and cell death, and increases lipid metabolism.
Melnikov et al. (2022) proved that the adminis-
tration of a high-fat diet to male mice and the
simultaneous introduction of pB-carotene led to
a 30% reduction in plasma cholesterol and tria-
cylglycerol concentrations compared to a group
of mice supplemented with vitamin A alone.
According to the study by Soltani et al. (2021)
macrophages originating from specific white
blood cells, monocytes, affect reducing se-
rum cholesterol levels. They were catalysed by
the components of phytochemicals, including
polyphenols, alkaloids and carotenoids, which
were used in preclinical studies. In other words,
macrophages provided both nonspecific pro-
tection (or innate immunity) and specific pro-
tection (or acquired immunity) in vertebrates.

The effect of the examined additive on the
natural resistance of animals can be explained
based on the fact that it contains a complex of
biologically active substances, namely amino
acids, vitamins and carotenoids, which have a
tonic, adaptogenic and antioxidant effect. Since
the supplement contains the most carotenoids
among other components — 4.0 mcg/g — it was
assumed that the beneficial intestinal micro-
flora of mice was regulated, competing with
strains of opportunistic bacteria. Therewith,

it is possible that conditionally pathogenic
microflora was displaced from the intestinal
microbial population and the development of
pathogenic microorganisms was restrained.
The assumptions made are consistent with
the results of Yang et al. (2021) based on the
study of the intestinal microbiota of mice. The
authors have demonstrated that B-carotene
increases the relative abundance of the gen-
era Akkermansia, Candidatus Stoqueficus and
Faecalibaculum, but reduces the relative abun-
dance of Alloprevotella and Helicobacter. In
addition, Pratap et al. (2022) determined that
significant changes with an increase in the bac-
terial classes Bacteroidia, Bacilli, Clostridia and
Verrucomicrobia were observed after feeding
mice with ulvan and astaxanthin. Kuang et al.
(2022) proved that high levels of beneficial bac-
teria such as Clostridiaceae were present in the
intestinal microflora of sensitised mice after
B-carotene administration, while the number
of pathogenic bacteria such as Streptococcaceae
decreased. The authors substantiated that after
the administration of B-carotene to mice, there
was a stimulation of recovery processes in the
intestinal mucosa and normalisation of the in-
testinal microbiota.

Thus, the anti-inflammatory effect of
B-carotene, its ability to regulate immune sys-
tem and improve intestinal microflora of ani-
mals have been experimentally confirmed.

Conclusions
In the experimental study of the dietary supple-
ment Wheat Germ Bran at a dose of 2.0 g/head,
a positive effect of its components, in particular
carotenoids, on the growth and development of
white laboratory mice was proved. The micro-
climate parameters in the laboratory animal
housing, physical and chemical parameters,
and indicators of epidemiological safety of tap
water corresponded to the requirements of reg-
ulations. Feeding “Wheat germ meal” at a dose
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of 2.0 g/head did not cause adverse reactions in
mice, promoted the activation of transamination
processes, which improved the metabolism of
the animal body, intensified muscle growth, and,
as a result, provided an increase in body growth
energy. The experimental animals consumed
food and water well, and their behaviour was
characterised by activity and mobility. The body
weight of mice fed with the dietary supplement
increased during the experiment both in com-
parison with the control group of animals (day
14 - by 10.4%; day 30 — by 13.2%; day 60 — by
15.8%) and with the baseline values at the be-
ginning of the study: 14th day - by 18.3%; 30th

erythrocytopoiesis. The haemoglobin level in-
creased by 8.51%, the number of red blood cells -
by 7.5% and the haematocrit value - by 3.6%. The
number of leukocytes, neutrophils, basophils,
lymphocytes, eosinophils and monocytes in the
blood of animals fed the supplement did not
change. The components of the dietary supple-
ment increased serum total protein by 7.7% and
globulins by 7.0%, and increased metabolic rate
against the background of activation of anabolic
processes. In the future, it is planned to explore
the components of the intestinal microbiota of
white mice fed this dietary supplement.

day - by 45.6%; 60th day - by 66.2%. During Acknowledgements
the experiment, the average daily weight gain ~ None.
of mice increased: on day 14 - by 9.5%; on day
30 — by 10.0%; on day 60 — by 14.3%. Using the Conflict of Interest
dietary supplement promoted the activation of = None.
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AHoTanis. HuHi B ToniBIIi CBilfichKMX TBapyUH BCE YaCTillle 3aCTOCOBYIOTh JAi€TUYHI T0OABKU, SKi
€ IiHHUM [I3KepesioM 6ioJIoTiuHO aKTMBHUX PEUYOBUH, HEOOXiTHMX IJIsT X MOBHOIIIHHOTO POCTY
Ta PO3BUTKY, MiATPUMAHHS PE3MCTEHTHOTO CTAHy OpPraHiamy Ta NpodiTakTUKM UMCTeHHUX
3aXBOPIOBaHb. Y IX CK/Ia/li HAMIOMIMPEHI MMM KOMIIOHEHTaMM € 6i/IKM, BiTaMiHM Ta KApOTUHOIIN.
Tomy, aKkTyaJapHICTb HAyKOBOTO [OC/TiPKEHHSI IIOJNSITa€ B eKCIepMMEHTaJbHOMY BM3HAUEeHHI
e(heKTUBHOCTI BIUIMBY HOBOCTBOPEHOTO TMPOAYKTY 3 6GaraTOKOMIIOHETHMM CKJIaZoM Ha
dbyHKIiOHANBHNMIT CTaH OpraHi3My TBapuH. MeTa JOC/TiIKeHHSI CTOCYBajacsl BU3HAUEHHS BIUIMBY
HOBOT'O TMPOMYKTY, Hi€TMUYHOI m06aBku «IIIpoT 3apoKiB MINEHUII» HA TIOBEAIHKY, iHTEHCUBHICTh
pocty, MmopdosoriuHi Ta 6io0XiMiuHi MOKa3HMKY KPOBi Oinnx Muineit. MatepiaJom AOCTiIKEHHS
CJIYTyBaiM HeJiHiHi 6iai Mumii y KigpkocTi 60 romis. Jo6aBKy MuUIIaM 3TO0OBYBaIM BIIPOAOBK 60
Ii6. 3aCTOCOBYBA/IM KOMILJIEKC METOJiB, SIKi BKIIOUA/IN: OIL[iIHKY CTAHY MiKPOK/IIiMAaTy TPUMIIIeHHS
3 YTpUMaHHs J1abopaTOPHMUX TBAPVH, CTAHY BOIOIPOBiIHOT BOAM ISl HATTYBaHHS MUIIIE, OIIiHKY
ix 3arajgpHOI TMOBEMiHKM Ta BU3HAYAJIM IeMaTOJOTIUHi MOKa3HUKU. J[OBEAEHO, IO BIIPOIOBXK
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eKCIIePUMMEHTY MiKpOK/IiMaT MPUMIIIEHHS, B SIKOMY YTPUMYBaauCS J1abopaTOpHi TBapuMHM i
TTOKa3HMKY BOAOIPOBiMHOI BOAM IS iX HAITyBaHHSI, BiAIIOBigaaM BMMOraM UMHHMUX HOPMATUBHUX
IOKyMeHTiB. OGI'pyHTOBAHO, IO JOCTiIKyBaHa Ao6aBKa MPU3BOAUTD 0 36iMbIIeHHST Macyu Tisa
6iMx MuIeit Ta ix cepeqHbOL060BUX MTPUPOCTiB. [Ipy 1[bOMY, Maca BHYTPIlIHIX OpraHiB TBapUH
IOCTigHOI Ipyny (TUMYC, IIMTOTOAiOHA 341038, HUPKM, TTeUiHKa, CJIe3iHKa) 3aauiianacs 6e3 3MiH.
3’COBaHO, 10 KOMITIOHEHTHMI CKjaj H06aBKM BIUIMBAaE€ Ha MOPQOJIOTIUHI MOKasSHUKM KPOBi
6immMx Muien, a came MPU3BOANUTD A0 36iMbIIEHHS BMIiCTy TeéMOIT006iHY, KiIbKOCTi epUTPOLINTIB
i BenmMuMHM TeMaTOKpUTy. Y JeiKkorpami KpoBi muiieil He Bigmiuanocss 3miH. BcraHoBieHo
36iTbIIEHHS BMiCTY 3arajJibHOTO 6ijika Ta IIOGY/iHIB B CMPOBATII KPOBi 61X MU, 3HMKEHHS
BMicTy anbbOyMiHiB 1 mMiIBuUILeHHS aKTUMBHOCTI QepmeHTiB — asaHiHamiHOTpaHcdepasyu Ta
acrapraramiHoTpaHcdepasu BimbyBasocsi B Mexkax pedepeHTHMX 3HAUeHb AJIS OULTMX MUIIENd.
Martepianu CTaTTi CTAHOB/SATD MPAKTUYHY I[iHHICTb JJI51 MOXKJIMBOCTI 3aCTOCYBaHHSI JOCTiIKYBAHOT
JIieTMUHOI Mo6GaBKM CBifiCHKMM TBapMHAaM [JIs1 36iJbIIIeHHST M’SI30BOi CUJIM, TIOKPAIEHHST POCTY i
PO3BUTKY Ta 3MillHEHHSI iMYHITETY

KirouoBi cy1oBa: yMOBM YTPMMAaHHSI; Oi€TMYHA H06aBKa; iHTEHCMBHICTH POCTY; MOPGOIOTivHi
MMOKA3HMKY KPOBi; 6i0XiMiuHi MOKa3HUKYU
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Abstract. The relevance of the work is related to the possibility of artificially adjusting the intensity
of skeletal muscle tissue regeneration in animals, which will significantly affect the tactics of
rehabilitation treatment of muscle injuries in the future. The purpose of the research was to
determine the effectiveness of the transplanted mesenchymal stem cells on the recovery processes
in experimentally injured rabbit muscles. The method of histological examination of microscopic
changes in the experimentally damaged muscle tissue of the pelvic head of the biceps femoris
muscle of rabbits was used. Microscopic studies of the regeneration process of experimentally
damaged striated muscle tissue established that in animals after intramuscular injection of
allogeneic mesenchymal stem cells, connective tissue developed around the defect on day 2 of the
experiment. On day 4, a large number of stem cells were detected in the connective tissue at the
site of muscle tissue damage. On day 6, only relatively small foci of muscle tissue regeneration
were observed in this area. On day 8, only small focal accumulations of stem cells were detected
in this location. On the 10th day after intramuscular injection of mesenchymal stem cells, newly
developed muscle fibres appeared at the site of injury. On the 14th day after intramuscular injection
of mesenchymal stem cells, fully developed muscle fibres and intermuscular connective tissue were
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observed at the site of injury. In rabbits, after intramuscular injection of allogeneic mesenchymal
stem cells, all regenerative processes were more active than in animals of other experimental
groups and were completely completed by day 14 of the experiment. The practical value of the
results obtained is to clarify the patterns of development of reparative processes in the damaged
muscle area and to determine the effectiveness of using transplanted allogeneic mesenchymal
stem cells in stimulating recovery processes, which is important to consider in the treatment of

muscle injuries using regenerative therapy

Keywords: cell engineering; regeneration; biceps femoris; injury; skeletal muscle; histological

methods

Introduction

Various sports involving animals are becoming
increasingly popular in Ukraine, such as horse
racing and horseback riding, bike-riding (cy-
cling with dogs), skijoring (skiing with dogs),
dog sledging, etc. Among the sports involving
dogs, agility, white-pooling, dog frisbee, grey-
hound racing, and training of service dogs ac-
cording to the international IGP testing sys-
tem (a type of dog training) and mondio ring
are popular.

The importance of this subject is that mod-
ern veterinary practice often encounters cases
of muscle injuries among sports and working
animals, namely tears, sprains and damage to
the skeletal muscle tissue of the limbs. Muscle
injuries are one of the most challenging prob-
lems in applied veterinary medicine, as their
conventional treatment is time-consuming.

Using stem cells in the treatment of various
animal diseases continues to develop rapidly.
The introduction of new regenerative therapies
in veterinary practice has recently attracted
considerable interest (Grogan et al., 2022).

Regenerative medicine is focused on re-
storing the functions and structure of tissues
and organs using the body’s biological mecha-
nisms (El-Husseiny et al., 2022).

Over the past few years, new and prom-
ising biological therapies have emerged that
contribute to the therapeutic treatment of
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orthopaedic, inflammatory and immune pro-
cesses (Dias et al., 2019; Ivanovska et al., 2022).

The main area of cell therapy is allogeneic
mesenchymal stem cells (MSCs), which are
characterised as multipotent cells of non-hae-
matopoietic origin with the ability to self-re-
new and present in connective tissue (De Lima
Santos et al., 2019).

Stem cells — undifferentiated cells with a high
capacity for self-renewal and development into
tissue cells with specific functions. Thus, they are
an effective therapeutic tool for improving the
body’s ability to repair and rebuild damaged tis-
sues (Grogan et al., 2022; McKenzie et al., 2022).

Currently, mesenchymal stem cells are the
most promising type of stem cells for therapeu-
tic applications due to the ease of their isola-
tion and cultivation, and the absence of ethical
issues associated with their further use. They
are becoming increasingly well-known in veter-
inary medicine due to their exceptional immu-
nomodulatory properties (De Lima Santos et al.,
2019; Grogan et al., 2022; Voga & Majdic, 2022).

The scientific literature is increasingly dis-
cussing, analysing and summarising the results
of studies designed to apply allogeneic mes-
enchymal stem cells (MSCs) as a regenerative
therapy in veterinary practice, both in experi-
mental animals and in clinical cases (Dias et al.,
2019; Grogan et al., 2022; Voga et al., 2022).
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Thus, the study and analysis of the effective-
ness of innovative and promising treatment of
animals with damaged muscle tissue using cel-
lularregenerative therapy methods are quite rel-
evant, as it can significantly accelerate the time
and process of recovery of animals after injury,
compared to conventional methods of treating
injuries and avoiding side effects of treatment.

In experimental studies, many animal
models have been used to assess the safety and
efficacy of cell therapy. They were used mainly
at the preclinical level to determine the pros-
pects for further application of such methods
for animal treatment (Dias et al., 2019; Prislin
et al., 2022). Intensive research is currently un-
derway to expand their use in clinical settings.

Even if the mechanism of action of MSCs is
not fully understood, it is known that they can
interact with various types of immune cells,
including T and B lymphocytes, natural killer
cells, macrophages, neutrophils, and mono-
cytes (Dias et al., 2019; Prislin et al., 2022).
Mesenchymal stem cells influence the innate
immune system (Hoffman & Dow, 2016; Voga
& Majdic, 2022).

The purpose of the research was to deter-
mine the effectiveness of mesenchymal stem
cells in the restoration processes of experimen-
tal damage to the pelvic head of the biceps fem-
oris muscle in rabbits.

Literature Review
Mesenchymal stem cells can self-renew
(Romero et al., 2021; Voga et al., 2022) while
maintaining their multipotency, as described
in numerous scientific publications (Dias et al.,
2019). It allows obtaining the required number
of cells for further clinical use, in particular, for
the treatment of various diseases (Shah et al.,
2018; Arnhold et al., 2019). For the extraction
of these cells, various tissues of the adult body
are most often used (Almeida et al., 2010), such
as bone marrow, umbilical cord, adipose tissue,

placenta, and less often — amnion, tooth pulp,
periosteum, etc (Kern et al., 2006).

An important property of MSCs, which
have been used to enhance tissue regeneration
and treat animals with various diseases, is their
pleiotropy, such as antiapoptosis, angiogene-
sis, growth factor production, antifibrosis, and
the ability to migrate to the site of injury, in
particular through chemotaxis (Arnhold et al.,
2019; Dias et al., 2019).

In veterinary medicine, MSCs derived from
bone marrow and amniotic fluid are often used
(Barretto et al., 2014; Harman et al., 2016).
However, the procedure for obtaining these
cells usually requires surgical intervention us-
ing general anaesthesia, and, accordingly, com-
pliance with asepsis and antisepsis rules.

Other researchers have conducted an ob-
jective macroscopic and histological assess-
ment of the healing process of acute lesions of
the rectus femoris muscle using adipose-de-
rived stem cells. The study was conducted on 18
pelvic limbs in New Zealand rabbits, which were
divided into three groups (Oh et al., 2014). The
results demonstrated that the addition of MSCs
was accompanied by a decrease in the number of
inflammatory cells in the two-week assessment
(from 164.2 to 89.62 cells). Therewith, qualita-
tive analysis of red picrosinium slides identi-
fied an increase in orange/yellow fibres in these
animals, indicating the final healing process.
The macroscopic evaluation demonstrated no
difference between the groups. In conclusion,
it is argued that using MSCs in the treatment
of acute muscle injury can achieve histological
advantages compared to their non-use.

However, using MSCs in clinical settings
is still a challenge. Restrictions on their use in
various diseases and the specifics of their appli-
cation based on the type of animal hinder the
development of cell-based therapies. In this re-
search, the authors considered the possibilities
of using MSCs as a powerful biopharmaceutical
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agent in veterinary cellular regenerative ther-
apy based on the available evidence, analysing
the already approved experimental material of
veterinary colleagues and based on the results
of their research.

Materials and Methods

During the period from 2019 to 2021, experi-
mental studies were conducted at the Centre for
Cellular Technologies in Veterinary Medicine at
the Academician 1.0. Povazhenko Department
of Surgery and Pathophysiology, which is part
of the Faculty of Veterinary Medicine of the
National University of Life and Environmental
Sciences of Ukraine.

Using and maintaining animals for experi-
ments complied with the requirements of the reg-
ulations of Ukraine and Directive 2010/63/EU “On
the protection of animals used for scientific
purposes” (Directive 2010/63/EU..., 2010), and
general ARRIVE guidelines. All necessary permis-
sions for the experiments were obtained from the
Bioethics Committee of the NUBiP of Ukraine.

The experimental rabbits were kept in a
separate room of the inpatient department of
the Department of Surgery and Pathophysiol-
ogy named after Academician 1.0. Povazhenko.
Each animal was assigned an individual number
and kept in a separate cage. The rabbits were
provided with a comprehensive diet, includ-
ing “Purina” granular feed and hay. They had
constant access to clean water from automatic
drinkers. Sterile sawdust was used as bedding.
Air exchange in the room and cage cleaning was
performed twice a day. The air humidity was
approximately 70-80%. The room temperature
was maintained between 21 and 23 degrees Cel-
sius. The experimental rabbits were exposed to
normal conditions of light and darkness, con-
sisting of a 12-hour cycle (Antosyuk, 2017).

Clinically healthy rabbits of the Butterfly
breed were used for the study, namely: males
in the amount of 105 heads, 3 months old, with
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a body weight of 2500-3000 kg. All animals
were vaccinated with the combined prophylac-
tic vaccine Pestorin Mormix, which is effective
against rabbit myxomatosis and viral haem-
orrhagic disease, before the start of the study
(Antosyk, 2017).

Allogeneic MSCs were cultivated according
to the guidelines “Obtaining a fraction of rab-
bit bone marrow mononuclear cells with high
proliferative activity” developed by the staff of
the Department of Surgery and Pathophysiolo-
gy named after Academician I.0. Povazhenko of
the NUBIP of Ukraine. These cells were extract-
ed from the red bone marrow of donor rabbits.
For the extraction of red bone marrow from
small animals, a method of lifetime obtaining
was used, which included its selection in the
area of the proximal and distal epiphyses of
the humerus and femur. After shaving the hair
and anaesthetising the tissues by sedating the
animals, the skin was treated with a 5% iodine
solution in the area of the proximal and distal
epiphyses of the respective bones. At the next
stage, bone marrow was aspirated using a med-
ical needle for diagnostic puncture and spinal
anaesthesia with a “Pencil” cut with a mandrel.

Cell manipulation and isolation proce-
dures with cellular material were performed
in a box of the Class II Biological Safety
Training and Research Laboratory (ESCO).
Further cultivation of cells was conducted
in a CO, incubator (HERA CELL, Germany),
which provided absolute humidity and
5% CO,, and a room temperature of 37°C.

Laboratory tests were conducted in two lo-
cations: the Bald Veterinary Laboratory (Kyiv)
and the Vetmedservice Training and Research
Clinical Centre (NUBiP of Ukraine, Kyiv).

To determine the number of cells, a Goryaev
camera and a PrimoVert microscope (Germany)
with a 200x magnification were used. The total
number of cells was calculated using the formula
(Mazurkevich et al., 2010).
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Cells were frozen in a Dewar vessel with liquid
nitrogen (SDS-20, Ukraine). Cells were thawed in
a water bath (EL 20, Poland) at 37°C.Culture me-
dia, solutions and preparations were stored in a
Nord refrigerator (Ukraine) at 4°C and -18°C. Cell
suspensions were centrifuged using a centrifuge
(UNICO,USA).Athermostat TS-80M (Ukraine) was
used to heat the solutions. Laboratory glassware
was dried and sterilised in a dry heat oven NS-62A
(Poland) and an air steriliser GPO-50 (Ukraine).

Before the operation with experimental
reproduction of muscle tissue damage, rabbits
were kept on a fasting diet for 12 hours. The op-
eration was performed under general anaesthe-
sia by intramuscular injection of a 2% solution
of Xyla at a dose of 0.15 mL/kg of animal body
weight. The rabbit was fixed on the operating
table, and the access to the surgical field was
freed by shaving the hair with an electric clip-
per and treated with Coutasept F solution.

Before the rabbit was put into general an-
aesthesia, an anticholinergic agent that blocks
peripheral cholinergic systems was adminis-
tered intramuscularly, and atropine sulfate at
a dose of 0.05 mg/kg of animal body weight
was used to prevent bronchospasm and laryn-
gospasm, reduce glandular secretion, reflex re-
actions, and side effects caused by vagus nerve
excitation. Then, “Zoletil” 100 was adminis-
tered intramuscularly at a dose of 8 mg/kg of
animal body weight.

Before recreating the muscle tissue injury,
infiltration anaesthesia was performed at the
access site with 0.5% novocaine solution (dose
3 mL/head) in the planned part of the modelled
defect. The muscle tissue injury was reproduced
by dissecting the skin and fascia, and then a
1.5x1.5 cm x1.5 cm section of the pelvic head
of the biceps femoris muscle was cut off in the
midplane area, as demonstrated in Fig. 1.

Figure 1. General view of the modelled muscle tissue defect
Notes: indicated by arrows; damage size 1.5x1.5 cm, 1.5 cm deep)

The animals in the third experimental
group were prescribed conventional treatment
of the injury, which included two methods:

1.Surgical method: the tear in the muscle
tissue was sutured with two knotted sutures.
In addition, the fascia and skin were sutured
with synthetic absorbable suture material

Vicryl (Vicryl, Belgium). The muscle tissue was
sutured with absorbable material (Chirasorb
braided) (Sun et al., 2018).

2. Medical method: after wound closure,
0.5 mL of Dermabond surgical glue was applied
to the wound site. In addition, antibiotics were
administered intramuscularly: ceftriaxone at a
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dose of 0.2 mL/kg body weight once daily for 5
days and tylosin 5% at a dose of 6 mL/animal
once daily for 5 days (Sun et al., 2018).

Animals in the fourth experimental group
(control) were injected intravenously with a
0.9% sodium chloride solution. Additionally, a
fifth group was established — intact animals.

After the operation, the rabbits were pro-
vided with complete peace of mind, proper
housing, feeding and watering conditions.
Clinical examination of animals was conducted
throughout the study period.

Samples of biological material for labora-
tory studies were taken at baseline (before the
experiment) and on days 4, 7, 10, 14, 21 and 28
of the experiment.

To obtain blood samples for further labora-
tory testing, a jugular vein was punctured and
fresh blood was collected in tubes with an anti-
coagulant (Mazurkevich et al., 2010).

At a specific stage of the experiment, 3 ani-
mals from each experimental group were eutha-
nisedafterdeepanaesthesia.ltwasdonetoobtain
samples of blood and muscle tissue for labora-
tory tests (Kern, 2006; Mazurkevich et al., 2010).

In the veterinary laboratory “Bald” (Kyiv),
biochemical studies were performed by the
spectrophotometric method using a biochem-
ical analyser RT-9600 (China). For this pur-
pose, commercial kits from the company “Fil-
isit-Diagnostics” were used according to the
attached instructions. Histological studies were
performed at the Kasyanenko Department of
Anatomy, Histology and Pathomorphology of
Animals at the National University of Life and
Environmental Sciences of Ukraine.

For fixation of the muscle samples, 10%
formalin was used, and then the samples were
dehydrated in alcohols of increasing concen-
tration. The material was embedded in a ho-
mogenised paraffin mixture from Histomix. A
sledge microtome MS-2 (Ukraine) with a sec-
tion thickness of 10 and 15 ym was used to cut
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the blocks, according to previous studies, in
particular Kern et al. (2006), Silva et al. (2010)
and Sun et al. (2018).

For staining muscle tissue, the Van Gieson
method with Karatzi’s haematoxylin and eosin
was used, and the preparations were placed in
polystyrene. Then, the preparations were ex-
amined under an Axioskop-40 microscope (Carl
Zeiss, USA) with a total magnification of 50, 100
and 400 times. Photographs of the preparations
were taken using an SEO digital camera.

Morphometric parameters, such as mus-
cle fibre thickness and interfibrillar space, were
measured using the VideoTest Morphology 5.0
software. Statistical analysis of all the results was
performed using the methods of analysis of vari-
ance in Statistica 10.0 software from Statsoft Inc.

Student’s t-test was used to assess statis-
tically significant differences between sample
means. Differences with P<0.05 were consid-
ered statistically significant, which is a common
practice in biological research (Mazurkevich
et al., 2010; Sun et al., 2018).

Results and Discussion
Histological studies of the regeneration of ex-
perimentally damaged striated muscle tissue
in animals of experimental group 1 after intra-
muscular injection of allogeneic MSCs showed
that on day 2 of the experiment, connective tis-
sue was already developing around the experi-
mentally established defect (Fig. 2). Stem cells
were detected in this tissue, and in some places,
a small number of these cells (2 to 4) were fused.

Evidently, intramuscular injection of stem
cells enters the site of injury to a greater extent
than intravenous injection, and their number
in the injured area is significantly higher after
local injection than after intravenous injection.
In addition, significant activation of regenera-
tive processes is documented by the presence
of a large number of red blood cells in the de-
fect area. It is assumed that the latter locally
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provides significant oxygen requirements for
actively functioning cells.

Figure 2. Average part of the experimentally
developed defect on day 2 after intramuscular
injection of allogeneic MSCs
Notes: 1 - fibrocyte; 2 — stem cell; 3 — stem cell fusion;
4 — normochromic red blood cells. Karatsi hematoxylin

and eosin, x400

On day 4 of the experiment, a large num-
ber of stem cells were found in the connective
tissue between muscle fibres and the establish-
ment of new muscle fibres at the site of injury.
However, a small number of partially destroyed
muscle fibres were still found locally (Fig. 3).

Figure 3. Average part of the experimentally
developed defect on day 4 after intramuscular
injection of allogeneic MSCs
Notes: 1 — partially destroyed muscle fibres; 2 — stem
cells in fibrous connective tissue between muscle
fibres; 3 — development of a new muscle fibre. Karatsi

hematoxylin and eosin, x50

On the 6th day of the experiment, only rel-
atively small foci of muscle tissue regeneration
were detected at the site of injury. Most of the
artificially established defect at this time was

already filled with newly developed, well-de-
veloped muscle fibres, although in some places
between the muscle fibres, there were still clus-
ters of stem cells (Fig. 4).

On the 8th day of the experiment, only
small focal clusters of stem cells were found at
the site of injury, in which the processes of es-
tablishment of new muscle fibres were still ob-
served. The entire area of the injury was filled
with newly developed muscle tissue, which was
still unevenly swollen, and the sarcoplasm of
muscle fibres was pale and unevenly stained
with eosin. The nuclei were dominated by het-
erochromatin (Fig. 5).

Figure 4. Average part of the experimentally
developed defect on day 6 after intramuscular
injection of allogeneic MSCs
Notes: 1 - focus of muscle tissue regeneration; 2 — stem
cells between muscle fibres; 3 — newly developed muscle

tissue. Karatsi hematoxylin and eosin, x50

Figure 5. Average part of the experimentally
developed defect on day 8 after intramuscular
injection of allogeneic MSCs
Notes: 1 - focus of stem cell accumulation; 2 — oedema;
3 - newly developed muscle tissue. Karatsi hematoxylin

and eosin, x50
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On the 10th day after intramuscular injec-
tion of stem cells, only newly developed muscle
fibres were detected at the site of injury. How-
ever, some of them were still incompletely de-
veloped. The muscle tissue, in general, did not
vary from that of intact animals but was still
slightly swollen (Fig. 6).

Figure 6. Average part of the experimentally
developed defect on day 10 after intramuscular
injection of allogeneic MSCs
Notes: 1 — established newly developed muscle fibres;
2 — incompletely established newly developed muscle

fibres; 3 - oedema. Karatsi hematoxylin and eosin, x50

On the 14th day after the intramuscular
injection of stem cells, fully developed muscle
fibres and intermuscular connective tissue were
observed at the site of injury, and the degree of
oedema was significantly reduced compared to
the previous stage of the study (Fig. 7).

Figure 7. Average part of the experimentally
developed defect on day 14 after intramuscular
injection of allogeneic MSCs
Notes: 1 — newly developed muscle fibres; 2 — oedema.

Karatsi hematoxylin and eosin, x50
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Thus, in animals of experimental group
1, after intramuscular injection of allogeneic
MSCs, all regenerative processes were more
active compared to those in animals of other
experimental groups and were completely com-
pleted by day 14 of the experiment.

In animals of experimental group 2, which
were injected with allogeneic MSCs intrave-
nously, only newly developed connective tissue
was detected around the site of injury on day
2. The defect itself at this time was noticeably
narrower than in animals of the control group
and the group of rabbits under conventional
treatment, and did not contain destroyed tis-
sue and haemorrhages in the area surrounding
the defect (Fig. 8). Instead, some of the muscle
fibres around the newly developed connective
tissue were destroyed, and the muscle tissue it-
self was slightly swollen.

Figure 8. Upper part of the experimentally
established defect on day 2 after intravenous
injection of allogeneic MSCs
Notes: 1 - defect site; 2 — newly developed connective

tissue. Karatsi hematoxylin and eosin, x50

The newly developed connective tissue
contained a large number of fibrocytes, fibro-
blasts and collagen fibre bundles, which de-
signed a fairly dense network (Fig. 9).




Microscopic changes in experimentally damaged rabbit muscles...

Figure 9. Upper part of the experimentally
established defect on day 2 after intravenous
injection of allogeneic MSCs
Notes: 1 — defect site; 2 — fibroblast; 3 — fibrocyte; 4 —
collagen fibre bundles. Karatsi hematoxylin and eosin,x50

On day 4, when stem cells were injected
intravenously, small clusters of stem cells were
found in the damaged and swollen muscle tis-
sue around the defect site (Fig. 10). These stem
cells were differentiated from satellite cells and
leukocytes, which could theoretically infiltrate
the connective tissue between muscle fibres.
Satellite cells had oval or spindle-shaped nuclei
and were localised on the surface of the muscle
fibre. Stem cells were located in the connective
tissue between the muscle fibres and were not
associated with these fibres.

Figure 10. Average part of the experimentally
established defect on day 4 after intravenous
injection of allogeneic MSCs
Notes: 1 - oedema; 2 — damaged muscle fibres; 3 — stem
cells in the swollen connective tissue between damaged

muscle fibres. Karatsi hematoxylin and eosin, x50

Stem cells differed from leukocytes in their
structure.Theyhadsmall,intenselycolourednuclei
and an extremely narrow cytoplasmic rim, which

is typical of undifferentiated cells. Unlike lym-
phocytes, their nuclei were polymorphic (Fig. 11).

Figure 11. Average part of the experimentally
established defect on day 4 after intravenous
injection of allogeneic MSCs
Notes: 1 - damaged muscle fibre; 2 - satellite cell; 3 -

stem cells. Karatsi hematoxylin and eosin, x50

On the 6th day after the injury, intrave-
nous injection of stem cells in the area of in-
jury demonstrated an increase in the number
of stem cells in the connective tissue between
muscle fibres and the presence of distinct pro-
cesses of muscle tissue regeneration (Fig. 12).

Figure 12. Average part of the experimentally
established defect on day 6 after intravenous
injection of allogeneic MSCs
Notes: 1 — damaged muscle fibres; 2 — oedema in
the area of damaged muscle fibres; 3 — stem cells in
the connective tissue between muscle fibres. Karatsi

hematoxylin and eosin, x50

Histological studies demonstrated the
process of muscle tissue development by stem
cells. Initially, these cells fused to develop syn-
cytia with a common cytoplasm. In cross-sec-
tions, these structures were round and oval in
shape. Then there was a gradual increase in the
volume of the common cytoplasm (Fig. 13).
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Figure 13. Average part of the experimentally
established defect on day 6 after intravenous
injection of allogeneic MSCs
Notes: 1 — a fusion of stem cells to establish an ov-
al-shaped structure; 2 — a fusion of stem cells to establish
a rounded structure; 3 — the initial stage of cytoplasmic
volume accumulation in the cell syncytium established
by stem cell fusion; 4 — a distinct increase in the volume
of the common cytoplasm in the structure established by

stem cell fusion. Karatsi hematoxylin and eosin, x50

The longitudinal section demonstrates
that thin fibres of muscle-like tissue are estab-
lished at first, followed by a distinct thickening
of these newly developed fibres, and satellite
cells appear on their surface (Fig. 14).

Figure 14. Average part of the experimentally
established defect on day 6 after intravenous
injection of allogeneic MSCs
Notes: 1 - thin fibre, similar to muscle tissue; 2 — distinct
thickening of the newly developed fibre; 3 — satellite cell.

Karatsi hematoxylin and eosin, x400

However, at this stage of the regenerative
process, the newly developed fibres were still
undifferentiated — they did not have the micro-
scopic structure characteristic of striated mus-
cle tissue.
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On the 8th day after the injury, intrave-
nous injection of stem cells in the area of injury
demonstrated the presence of a large number of
newly developed muscle fibres and a clear infil-
tration of connective tissue layers between the
newly developed muscle fibres by stem cells.
Cellular syncytia, which occurred on day 6 af-
ter the injury, were no longer detected. These
changes indicated a high rate of the regenera-
tive process (Fig. 15). However, the sarcoplasm
of the newly developed muscle fibres still had a
heterogeneous density, was vacuolated in some
places, transverse striations were not detected,
and heterochromatin significantly prevailed in
nuclei, which indicated intensive processes of
substance synthesis, i.e., the continuation of the
processes of muscle fibre development (Fig. 15).

Figure 15. Average part of the experimentally
established defect on day 8 after intravenous
injection of allogeneic MSCs
Notes: 1 — newly developed muscle fibres; 2 — stem cell
infiltration of connective tissue layers between newly de-
veloped muscle fibres. Karatsi hematoxylin and eosin, x50

On the 10th day after the injury with in-
travenous injection of stem cells, microscopic
changes in the area of injury were similar to
those on the 8th day, except for the absence of
sarcoplasmic vacuolation of the newly devel-
oped muscle fibres.

On the 12th day after the injury, only small
foci of the regenerative process and a small
number of incompletely developed muscle fi-
bres were detected in the area of injury after
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intravenous injection of stem cells (Fig. 16).
The newly developed muscle fibres still had
sarcoplasm of heterogeneous density.

G
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Figure 16. Average part of the experimentally
established defect on day 12 after intravenous

injection of allogeneic MSCs

Notes: 1 — newly developed muscle tissue; 2 — regener-

ation focus; 3 — incompletely developed muscle fibres.

Karatsi hematoxylin and eosin, x50

On the 14th day after the injury, only mus-
cle fibres were detected in the area of injury
after intravenous injection of stem cells. How-
ever, they still had sarcoplasm of heterogene-
ous density, and the number of satellite cells
on their surface was increased (Fig. 17). Such
changes indicated incomplete development
of striated muscle fibres in the area of injury.

However, between the bundles of muscle fibres,
layers of fibrous connective tissue typical for
skeletal muscles, in which blood vessels passed,

had already been established.

Figure 17. Average part of the experimentally
established defect on day 14 after intravenous
injection of allogeneic MSCs
Notes: 1 — newly developed muscle fibres; 2 — satellite
cells; 3 - fibrous connective tissue layer; 4 — blood vessel.

Karatsi hematoxylin and eosin, x50

The results of the author’s research are
compared and analysed with the most recent
research conducted by a group of researchers in
2022, which demonstrates the promise of using
various methods of treatment applications in
veterinary medicine, such as stem cells, in the
development, improvement and application in
veterinary practice.

In research (Santos et al., 2022), in an ex-
perimental model of acute muscle injury, it was
suggested that allogeneic MSCs can be used to
optimise the muscle healing process through
three mechanisms: 1) production of growth
factors to promote angiogenesis and prevent
cell apoptosis; 2) immunosuppressive effect to
reduce the activity of T- and B-lymphocytes;
and 3) inducing fibroblasts to differentiate into
myocytes. The authors of the publication chose
acute muscle injury with early evaluation as
stem cells demonstrate greater functionality
and productivity in the first days after admin-
istration, which is consistent with the results of
the evaluation presented in the described work.

Thus, the researchers hope to determine
the possible acceleration of functional recov-
ery after using allogeneic MSCs. An important
originality of the research is that it is the first
study to explore using allogeneic MSCs to treat
acute muscle injury in an experimental model.
This work is a continuation of the study on us-
ing allogeneic MSCs for the treatment of acute
muscle injury in an experimental model.

Limitations of this research include diffi-
culties in sampling, as this is a groundbreaking
study; using an experimental model that does
not fully reflect clinical practice, as acute cut
muscle injuries are rare; and the lack of addi-
tional evaluation by other methods.

The results of this research emphasise the
importance and potential of using allogeneic
mesenchymal stem cells in the field of veteri-
nary medicine, in particular, in the treatment
of acute muscle injury. Analysing the most re-
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cent similar studies (EI-Husseiny et al., 2022;
Grogan et al., 2022; Santos et al., 2022) and
based on the above, it becomes obvious that us-
ing MSCs in muscle tissue injury is a promising
area of modern veterinary medicine. Allogeneic
bone marrow-derived mesenchymal stem cells,
collected from recipient animals, act as an ef-
fective stimulator of femoral muscle myocyte
regeneration.

An inflammatory muscle healing process
was observed in both study groups, indicating the
presence of inflammatory tissue in the sample.
However, the results of the quantitative analysis
demonstrated that the addition of ADSC caused
a decrease in the number of inflammatory cells
per field at the 2-week assessment. The quan-
titative analysis demonstrated a decrease from
164.2 cells per field in the group without ADSC
supplementation to 89.62 cells per field in the
group with ADSC supplementation, represent-
ing a 46% reduction in the number of inflamma-
tory cells after ADSC supplementation. Consid-
ering that the control group did not demonstrate
signs of inflammation, this quantification was
not performed for the control group.

The author’s research has established that
using allogeneic MSCs in the repair of damaged
muscles helps to accelerate the regenerative
process by replacing damaged areas with muscle
cells. It was confirmed by microscopic analysis
of histological specimens, which demonstrate
these changes.

Among other things, it was established
that the speed and outcome of the recovery
of experimentally damaged muscle tissue in
rabbits depends on the method of allogeneic
MSCs administration. Injections of cells into
the muscles directly (intramuscular injections)
demonstrated better results than injections
through the vein, and complete recovery was
observed on day 14 of the experiment. When
cells were injected through a vein after muscle
tissue damage, only muscle fibres with incom-
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plete maturity were observed in the area of in-
jury, which had an increased number of satellite
cells on the surface. It indicates the incomplete
process of fibre development of striated mus-
cle tissue in the injured area. However, typical
layers of fibrous connective tissue with blood
vessels, characteristic of skeletal muscle, were
already present between the fibres. The intra-
venous administration of stem cells led to a
significant acceleration of the recovery of dam-
aged muscles, which coincides with the results
of other researchers. However, the activity of
regenerative processes was lower than in ani-
mals of experimental group 1, which were in-
jected with allogeneic MSCs intramuscularly.

The research results are of great practical
importance for the further development and
implementation of cell therapy in veterinary
medicine, in particular for the effective treat-
ment of muscle tissue injuries in animals, par-
ticularly in the case of heavy physical exertion
on skeletal muscle and when used in sports
competitions. These results demonstrate the
potential of cell therapy to improve muscle re-
covery and may serve as a foundation for the
further development of new methods of treat-
ing muscle injuries in veterinary practice. Using
allogeneic MSCs in clinical practice may have
broad prospects for the treatment of humans
with muscle damage. These studies may con-
tribute to the development of new therapeutic
approaches and open up opportunities for rapid
and effective muscle recovery after injuries and
in the development of myopathies.

Further research and clinical trials may
provide new perspectives in the field of regen-
erative medicine and contribute to the develop-
ment of new methods of treating muscle inju-
ries in veterinary medicine.

Conclusions
By modelling the experimental injury of the
pelvic head of the biceps femoris muscle in
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rabbits, research was conducted to determine
the effectiveness of mesenchymal stem cells
in terms of the intensity of recovery processes
with different methods of their administration
(at the site of the experimental defect and intra-
venous administration), and comparison with
the conventional method of treatment. Mod-
elling of experimental muscle tissue damage
was performed by dissecting the skin and fascia
and cutting off the biceps femoris in the area
of the midplane of the pelvic head, measuring
1.5x1.5 cmto a depth of 1.5 cm of muscle tissue.
As aresult, it was established that using allo-
geneic mesenchymal stem cells to stimulate the
recovery of experimentally damaged muscles sig-
nificantly accelerated the recovery of the damaged
area by filling the defect with full-fledged muscle
cells, which was confirmed microscopically using
the histological method of examination.
Therewith, it was determined that the
rate and order of restoration of experimen-
tally damaged muscle tissue in experimental
rabbits using transplanted allogeneic MSCs
depended on the method of their administra-
tion. In particular, local (intramuscular) injec-

tissue injury, only muscle fibres were detected
in the area of injury, which still had sarcoplasm
of heterogeneous density and an increased
number of satellite cells on their surface, indi-
cating incomplete formation of striated muscle
fibres in the area of injury. However, between
the muscle fibre bundles, layers of fibrous con-
nective tissue typical of skeletal muscles with
blood vessels were already established.

The results of the experimental studies are
of great practical importance for the further de-
velopment and implementation of cell therapy
in clinical veterinary practice, including as a
highly effective method of treating muscle tis-
sue injuries in animals, particularly in cases of
intense physical activity on skeletal muscle and
when used in sports competitions.

In the future, it is planned to conduct com-
parative studies and clinical trials on the effec-
tiveness of animal cell therapy in the case of
spontaneous muscle damage to develop appro-
priate treatment protocols for similar forms of
myopathy and their widespread further imple-
mentation in applied veterinary medicine.

tions of allogeneic MSCs demonstrated better Acknowledgements
results than intravenous injections and were  None.
completely completed by day 14 of the experi-
ment. Therewith, in the case of intravenous in- Conflict of Interest
jection of stem cells after experimental muscle  None.
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AHoTarnis. AKTyanbHiCTb POGOTH TMOB’SI3aHA i3 MOXKIMBICTIO IITYYHO KOPUTYBATU iHTEHCUBHICTh
pereHepailii ckesieTHOI M’$1I30BOi TKaHMHM y TBapWH, IO HA MEPCIEKTUBY iCTOTHO BIUIMHE Ha
TaKTUKY BiJHOBJIIOBAJbHOIO JIIKYBaHHSI M’SI30BMX TpaBM. MeTa HayKOBOTO IOCTiIKeHHS oJIsIrasia
Yy BM3HaUeHHi e()eKTMBHOCTI BIUIMBY TPAHCILUIAHTOBAHMX ME3€HXiMaJbHMUX CTOBOYPOBUX KIIITUH
Ha BiHOB/IIOBa/JIbHI IIPOLIECH B EKCIIEPMMEHTAJbHO YIIKOMKEHUX M’sI3aX KpojiB. Y poboTi
BUKOPVCTAHO METOJ TiCTOJIOTiYHOTO MOCTIIKeHHSI MiKpPOCKOIIUYHMX 3MiH B €KCIIePMMEHTAIbHO
VIIKOIKeHit M’SI30Biif TKaHMHI Ta30BOi TOMIBKM JBOTOJIOBOrO M’SI3a CTEeTHa KPOJiB. 3aBASIKU
MIiKpPOCKOMIYHMM [JOCTIIKeHHSIM MpoIecy pereHepaliii eKCIepMMEeHTaIbHO YIIKOIKeHOI
ITOCMYTOBAaHOi M’SI30BOi TKAaHMHM BCTAHOBJIEHO, IO y TBAapWH IS BHYTPIITHbOM SI30BOTO
BBEIEHHS QJIOTEHHUX Me3eHXiMaJIbHUX CTOBOYPOBMX KJIITMH BXXe Ha 2 0Oy MOCTiAy HaBKOJIO
CTBOPEHOTO AedekTy popMyBasacs CriolyuyHa TkaHuHa. Ha 4 o6y B MiCIli TOIIKOAKEHHS M SI30BO1
TKaHMHU BUSIBJISUTY BEIUKY KilIbKiCTh CTOBOYPOBUX KIIITMH Y CIOMyYHiii TKaHuHi. Ha 6 mo6y B
IIbOMY MiCIIi Bifi3HAYya/M JIMIe BiJHOCHO HEBENINKi BOTHMINA pereHeparlii M’s130BOi TKaHMHMU.
Ha 8 moGy B 1iit yiokalii BUSIBJSITMCS JIMIIE HEBEIMKi BOTHMINEBI CKYIMUEHHS CTOBOYPOBUX
kiitH. Ha 10 mo6y micis BHYTPIlTHbOM SI30BOTO BBEIEHHS Me3eHXiMaJbHUX CTOBOYPOBUX
KITUH y MiCIli TTONIKOIKEHHS 3’SBJISUIMCSI HOBOYTBOPEHi M’s130Bi BosiokHa. Ha 14 mo6y micis
BHYTPIIlIHbOM SI30BOTO BBEI€HHSI ME3€HXiMaJbHUX CTOBOYPOBMX KIIITMH Yy MICIli ITOIIKOMKEHHS
Bil3HavamMcs TOBHICTIO chOpPMOBaHi M’SI30Bi BOJIOKHA Ta MiKM'SI30Ba CITOJlyYyHA TKaHWHA. Y
KPOJTiB TiCJ/IsI BHYTPillIHbOM SI30BOTO BBEIEHHS aJIOTEHHMUX Me3eHXiMaJIbHUX CTOBOYPOBUX KITiTUH
yci pereHepaTOpHi MpPOLIECH MPOXOAUIM aKTMBHille 3a Taki y TBaApUH iHIIMX AOCIITHUX TPy i
TOBHICTIO 3aBepIryBaiucst Ha 14 mo6y moctimgy. IIpaKTUYHOIO I[iHHICTIO OTPUMAaHUX Pe3yIbTaTiB
€ 3’ICyBaHHS 3aKOHOMipHOCTel PO3BUTKY perapaTMBHUX MPOLIECiB B YIIKOMKEHIN SiISHI M s3a
Ta BU3HAYEHHS e(heKTUBHOCTI BUKOPUCTAHHSI TPAHCIUIAHTOBAHMX QJIOT€HHUX Me3eHXiMaJbHUX
CTOBOYPOBMX KIITMH Yy CTUMY/ISLIl BiZHOBIIOBAJbHMX IPOIIECiB, IO BaskIMBO BpPaxOBYBaTH B
JiKyBaHHI M’SI30BUX TPaBM i3 3aCTOCYBaHHSIM pereHepaTMBHOI Teparii

KiiouoBi c10Ba: KIiTMHHA iH)XXEHepis; pereHepailis; JBOTOJIOBMIT M’I3 CTETHA; TpaBMa; CKeJIeTHa
MYyCKY/IaTypa; TiCTONOTiYHI MeToau
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Abstract. Interstitial lung tissue diseases (pulmonary fibrosis) are accompanied by a decrease
in thrombopoiesis. Stem cells are capable of differentiating into other cell types, making them
a valuable material for veterinary cellular regenerative therapy. The purpose of the research - to
explore changes in platelet counts in laboratory rats with experimental pulmonary fibrosis under the
influence of stem cells. The research was performed on female Wistarrats, in which pulmonary fibrosis
was modelled using a single transthoracic injection of bleomycin hydrochloride solution. Allogeneic
mesenchymal stem cells were used to stimulate recovery processes in pathologically altered lung
tissue, which were administered by different routes, and, for comparison, the conventional method of
treatment. The presented results of the effect of transplanted allogeneic bone marrow mesenchymal
stem cells indicate a significant change in the number and size of platelets in rats with experimental
pulmonary fibrosis and an increase in the activity of regenerative processes in damaged tissues. In
experimental animals, a significant increase in the number of platelets and their size was found
after using allogeneic mesenchymal stem cells compared to similar data in control group animals.
In addition, in the blood of animals of the experimental group, which were transplanted with
mesenchymal stem cells transthoracically (directly into the lung tissue), there was a higher platelet
activity than in animals with intravenous injection of mesenchymal stem cells. Platelet activation
indicates an improvement in the regenerative capacity of damaged lung tissue under the influence of
mesenchymal stem cells. Thus, transplanted mesenchymal stem cells stimulate platelet activity and
regenerative processes in pathologically altered lung tissue in experimental fibrosis, which can be
used as one of the effective methods of treating animals with this type of pathology
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Introduction

Pulmonary fibrosis is a progressive chronic in-
flammatory lung disease with a complex patho-
genesis. It is now known that wound healing
mechanisms caused by repeated damage to the
alveolar epithelium lead to progressive fibrosis
(Pitchford et al., 2019). Fibrosis is characterised
by inflammatory cell infiltration, fibroblast pro-
liferation and collagen deposition, which ulti-
mately leads to irreversible lung function im-
pairment (Yountetal., 2016). Currently, there are
no effective treatments for pulmonary fibrosis.

Mesenchymal stem cells are capable of
differentiating into specialised cells of vari-
ous types (more than 350) and exhibit immu-
nomodulatory and anti-inflammatory effects.
Their multipotency and migration capabilities
are of interest to scientists and practitioners
of human and veterinary medicine and biol-
ogy, which has resulted in a large number of
studies on their use for therapeutic purposes
(Tzouvelekis et al., 2018). In a research of ble-
omycin-induced pulmonary fibrosis, scientists
found that using mesenchymal stem cells in-
creased survival compared to conventional
treatments (Reddy et al., 2016). Under the in-
fluence of mesenchymal stem cells, there is a
decrease in the activity of interleukins, tumour
necrosis factor-a, and transforming growth
factor-B, which decreases inflammation. In
addition, there is a downregulation of matrix
metalloproteinase with a decrease in collagen
deposition and fibrosis (Koupenova et al., 2018).
Mesenchymal stem cells at the site of injury ac-
tivate resident stem cells and their differentia-
tion into local cell types (Morrison et al., 2017).

Platelets and neutrophils play an impor-
tant role in the progression of pneumonia
(Zhan et al., 2020). A series of studies have
demonstrated that platelets are involved in
the pathogenesis of many diseases (Levoux
et al., 2021). Platelet activation is triggered in
the early stages after lung tissue damage, and
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capillary integrity is compromised when a cas-
cade of coagulation reactions is activated. Ac-
tivated platelets contribute to fibrosis through
the release of active substances from their
granules (Lai et al., 2018; Lukasik et al., 2018) or
through interaction with immune and inflam-
matory cells (Lin et al., 2017).

However, the potential role of platelets in
pulmonary fibrosis has not yet been fully ex-
plored. Therefore, scientists have analysed the
role of platelets in the onset of pulmonary fi-
brosis and changes in lung function caused by
repeated exposure to low levels of bleomycin
(Carrington et al., 2021), as platelets accumu-
late and release mediators such as transform-
ing growth factor-B (TGF-B), platelet-derived
growth factor (PDGF) and vascular endothelial
growth factor (VEGF), which are implicated in
the fibrosis process (Pitchford et al., 2019). It is
known that platelets are among the first cells to
respond to injury and can undergo diapodosis
into the extravascular space, where the release
of profibrotic factors can contribute to the devel-
opment of fibrosis (Eisinger et al., 2018). It is now
confirmed that the lungs are the main source of
platelet production and their share, in particular,
in mice is about 50% of the total production of
these cells in the blood (Lefrancais et al., 2017).

Currently, it has been established that
platelets can promote wound healing and
play an important role in haemostasis by ag-
gregating at sites of vascular damage with the
subsequent release of growth factors, which,
according to some scientists, are involved
in the remodelling of certain tissues (Petito
et al., 2018; Pitchford et al., 2019). In addition,
platelets are involved in the pathogenesis of
several diseases with inflammation, primarily
respiratory diseases: asthma, acute lung in-
jury, obstructive pulmonary disease, and in-
fectious diseases with predominant lung tissue
damage (Petito et al., 2018; Zaid et al., 2020).
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Thrombocytopenia is frequently manifested in
lung pathology and is associated with impaired
platelet haemostasis. The association between
lung damage and thrombocytopenia was fur-
ther explored in vitro in rats with lung damage
and found that the number of platelets in their
peripheral blood was significantly lower than in
control animals. Therefore, the lungs may play
an active role in regulating platelet counts, and
lung damage results in a decrease in the num-
ber of circulating platelets (Petito et al., 2018).

The purpose of the study - to establish
changes in the number and size of platelets in
the blood of laboratory rats of the Wistar line
with experimental pulmonary fibrosis under
the influence of transplanted allogeneic mes-
enchymal stem cells, depending on the routes
of their administration. To obtain this purpose,
the following tasks were solved: to clarify the
specific features of the pathogenesis of fibrotic
lung diseases; to determine the clinical mani-
festations of pulmonary fibrosis; to determine
changes in the number of platelets and their
size in the presence of pathology and with us-
ing mesenchymal stem cells.

Literature Review
Platelets — small, nucleated cell fragments
that play an important role in haemostasis and
thrombosis. Modern research has proven that
platelets are immune cells and key immune
modulators, capable of expressing various re-
ceptors and molecules that allow them to re-
spond to pathogens and interact with other
immune cells. These cells have been linked to
the pathogenesis of several pathological con-
ditions, such as asthma and idiopathic pulmo-
nary fibrosis (Chebbo et al., 2021).

Platelets are established as a result of the
fragmentation of a megakaryocyte, a large
polyploid cell. In the bone marrow, immature
megakaryocytes undergo endomitosis with the
subsequent development of polyploid nuclei.

Polyploid megakaryocytes extend long cyto-
plasmic processes known as proplatelets and
release them into sinusoidal blood vessels for
further division and generate mature platelets.
It has been established that a single megakar-
yocyte can produce from 100 to 1000 platelets
(Machlus & Italiano, 2011; Semple et al., 2011;
Hou et al., 2015).

Platelets have a lifespan of 7 to 10 days, and
they are constantly being established to main-
tain a stable blood level and volume (Holinstat,
2017; Koupenova et al., 2018; Lukasik et al., 2018).

Researchers have confirmed that platelets
can modulate the immune response by inter-
acting with immune cells in various patholog-
ical and physiological processes, such as in-
flammation, tissue remodelling, and infection
(Chebbo et al., 2021).

Numerous observations have identified the
potential role of platelets in the pathophysiol-
ogy of pulmonary diseases (Zhan et al., 2020).
In vivo microscopy studies in laboratory ani-
mals, megakaryocytes have been identified as
platelet-producing cells in the lung vasculature.
Moreover, the lungs are responsible for almost
50% of the total platelet production (Lefrancais
et al., 2017). In addition, researchers have iden-
tified extravascular pulmonary megakaryocytes
that are not involved in platelet production.
RNA sequencing analysis has established that
pulmonary megakaryocytes have an innate im-
munity phenotype compared to bone marrow
megakaryocytes and may be involved in the
regulation of the pulmonary immune response
(Lefrancais et al., 2017). These scientific results
suggest that platelets may be involved in pul-
monary immune haemostasis.

Researchers have identified that during the
progression of pulmonary fibrosis, a variety of
immune cells and inflammatory cells, includ-
ing macrophages and neutrophils (Gregory
et al., 2015; Huang et al., 2017) are involved
in processes at different stages of the disease
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(Keane et al., 2005). Activated platelets con-
tribute to neutrophil activation by releasing
CD40 L, which binds to CD40 receptors on neu-
trophils (Storey & Sinha, 2016) or by secretion
of P-selectin/CD62 P, which binds to the neu-
trophil-expressed glycoprotein P-selectin-1
(PSGL-1) ligand (Rahman et al., 2014).
Platelets are involved both in coagulation
processes under physiological conditions and
contribute to the development of inflammation
and wound healing (Stavenuiter et al., 2013;
Webster et al., 2013). Platelet activation occurs
in many types of diseases with inflammation
and fibrosis (Pitchford et al., 2019) and in the
very early stages of lung damage. In this case,
the inflammatory response may be secondary
to platelet activation (Pitchford et al., 2019).
Peracoli et al. (2008) note that plate-
lets can have both pro-inflammatory and
anti-inflammatory effects. Alpha granules con-
tain the anti-inflammatory factor transforming
growth factor-B. They release interleukin-10,
which inhibits the secretion of tumour necrosis
factor-a by monocytes (Gudbrandsdottir et al.,
2013). It has been concluded that platelets in-
hibit the secretion of inflammatory mediators
by macrophages through mechanisms involv-
ing cyclooxygenase during sterile or bacterial
systemic inflammation (Xiang et al., 2013).

Materials and Methods

The research was conducted in 2021. Experi-
mental animals were kept and used for exper-
imental studies according to the requirements
of the current Law of Ukraine No. 3447-1V “On
the Protection of Animals from Cruelty Treat-
ment” (2006) and other bylaws, and Directives
of the European Union 2010/63/EU (2010). In
particular, the laboratory animals were kept in a
separate room of the Povazhenko Department of
Surgery and Pathophysiology in cages with 12-
hour daylight hours at an air temperature of 20
to 23°C and with free access to water and food.
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The object of the study was blood sam-
ples obtained from rats (with experimental
pulmonary fibrosis), female Wistar rats, aged
4 months, with an average body weight of
277.0+4.26 g. During the preparatory period,
lasting 45 days, pulmonary fibrosis was mod-
elled in animals by a single instillation of 0.3 mL
of bleomycin hydrochloride solution (Bleocin,
Nippon Kayak Co., Ltd., Takasaki Plant, Japan)
into the lungs at the rate of 1.0 mg/100 g of an-
imal body weight in 0.3 mL of sterile physio-
logical sodium chloride solution 0.9% at room
temperature. The solution was injected once,
transthoracically, straight into the lung tissue
(Boiko et al., 2013). The bleomycin solution
was administered under light anaesthesia using
telazol 100 mg/mL (Zoetis, Spain) at a dose of
30 mg/kg body weight, intramuscularly (Plumb,
2008) and in combination with Madison 0.1%
(Brovapharma, Ukraine) at a dose of 0.25 mg/kg,
intramuscularly (Plumb, 2008).

All animals with pronounced symptoms of
pulmonary fibrosis on day 45 (baseline) were
divided into 4 experimental groups of 20 ani-
mals each. Animals of the first experimental
group were injected with mesenchymal stem
cells transthoracically, directly into the lung
tissue at a dose of 3 million/animal once, on the
right side; animals of the second experimental
group were injected with allogeneic mesenchy-
mal stem cells intravenously at a similar dose.
The animals of the third experimental group
were treated with the conventional method of
treatment — administration of dexamethasone
solution 4 mg/mL (KRKA, Slovenia), at a dose of
0.08 mg/kg body weight, intramuscularly, for 3
weeks with an interval of 2 days with a gradual
dose reduction, hyaluronidase solution 64 U (Li-
daza-Biopharma, FZ “BIOPHARMA”, Ukraine) at
a dose of 0.85 U/kg, intramuscularly, for 3 weeks
with an interval of 2 days (Boiko et al., 2013);
control group animals were injected with
0.3 mL of phosphate-buffered saline (Sigma,




The effect of mesenchymal stem cells on platelet function in rats...

USA) transthoracically, into the lung tissue di-
rectly, on the right side; the fifth experimental
group was intact (healthy) animals.

Stem cells for use in the experiments were
obtained from the bone marrow of young clini-
cally healthy donor animals (rats) according to
the methods developed by researchers of the
Povazhenko Department of Surgery and Patho-
physiology (Mazurkevych et al., 2014).

The first day of mesenchymal stem cell
injection was considered day zero (baseline).
Blood samples for laboratory tests were taken
randomly from 5 animals at baseline (before the
experiment) and on days 7, 14, 30 and 45 of the
experiment. For this purpose, the animals were
euthanised by intraperitoneal injection (Shoyaib
et al., 2019) of a lethal dose of sodium thiopental
(Thiopenate, Brovapharma, Ukraine) at a dose of
40 mg/kg body weight (Plumb, 2008). After the
solution was injected into the abdominal cavi-
ty, euthanasia occurred due to the cessation of
vital functions, namely breathing and heartbeat.
Immediately after euthanasia, blood was imme-
diately taken from the heart cavity for further
haematological examination. The body of the
euthanised animal was fixed in a dorsal position
on a flat surface, perpendicular to the thorax. A

puncture was performed near the sternum using
a 2 mL syringe with a G 29 needle. The obtained
blood samples were placed in special tubes with
K3 EDTA (AQUISEL, Italy) to prevent the devel-
opment of a blood clot and for further morpho-
logical examination on an automatic haemato-
logical analyser (Exigo BM800, USA) according
to the manufacturer’s instructions.

No animal deaths were recorded in the ex-
perimental groups during the experiment.

Statistical processing of the results was per-
formed using the Microsoft Excel 2010 software
package. The experimental data are presented
as M*m (M - arithmetic mean; + — standard er-
ror of the mean). The significance between the
values of the control and experimental groups
was determined by Student’s t-test, and the val-
ues were considered significant at P<0.05.

Results and Discussion

Changes in the number of platelets in the blood
of laboratory rats at different stages of the ex-
periment have certain features depending on
the method of application of stimulants for the
restoration of damaged lung tissue in fibrosis
and the period after the application of these
methods (Table 1, Fig. 2).

Table 1. Platelet count in the blood of rats with experimental pulmonary fibrosis under the
influence of mesenchymal stem cells and conventional treatment, 10%/L, M*m, n=5

Stages
of the
experiment 1 experimental 2 experimental
Baseline ¢ 9043505 650.20+35.93
state
7th day 895.80+5.96***  867.20+44.20%**
14th day 954.00£34.58***  940.00+27.56***
30th day 842.00£32.30***  893.00%6.21%**
45th day 884.20+15.80***  879.60%20.44***

3 experimental

Group of animals

4 (control) 5 experimental

650.20+35.93 650.20+35.93 668.30+28.30

420.00+46.36™* 566.80+38.49 688.30+11.27
571.40%26.51 665.20%46.50 676.50+18.04
559.40+28.26 531.00+28.56 700.20%6.21

611.70+20.60 597.00£14.03 718.90+19.08

Note: *P<0.05; *P<0.01; ***P<0.001, significantly compared with control group animals

Source: author’s development
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Figure 1. Dynamics of platelet count in the blood of rats with experimental pulmonary fibrosis
under the influence of mesenchymal stem cells and conventional treatment

Thus, in the baseline state (before using
the drugs), the platelet count in the blood of
animals with experimental pulmonary fibrosis
was lower than that of intact animals. Evidently,
this is a consequence of the development of a
pathological process in the lungs due to the
modelling of experimental fibrosis in animals.

On day 7 of the experiment, after using al-
logeneic mesenchymal stem cells, a significant
increase in the examined indicators was found
in the blood of animals of groups 1 and 2 com-
pared to those of the control group (group 4). In
particular, a significant increase in the number
of platelets by 37% (P<0.001) and 35% (P<0.001),
respectively, was found in the blood of animals
of groups 1 and 2 compared to the control group.
A significant decrease in the number of platelets
by 26% (P<0.05) was found in the blood of ani-
mals of group 3 compared to the baseline.

In the blood of animals of the control group,
the number of platelets remained lower than in
intact animals. The lowest number of platelets
was recorded in the blood of animals of exper-
imental group 3 (conventional treatment), and
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it was significantly lower than in the control
group by 26% (P<0.05).

On the 14th day of the experiment, the
number of platelets in the blood of animals of
experimental groups 1 and 2 significantly in-
creased by 30% (P<0.001) and 29% (P<0.001),
respectively, compared to the control group.
On the contrary, the number of platelets in
the blood of animals of experimental group 3,
which were treated with the conventional
method, decreased by 14%.

On day 30 of the study, an increase in the
examined indicators in the blood of animals of
experimental groups 1 and 2 was found com-
pared to the control group, but they were lower
than the same indicators on day 14 of the ex-
perimental study. Thus, the number of platelets
in the blood of animals of experimental group
1 significantly increased by 37% (P<0.001) and
of experimental group 2 — by 40% (P<0.001)
compared to the control group. A tendency to
a slight increase in the number of platelets (by
5%) was observed in the blood of animals of ex-
perimental group 3.
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On day 45 of the experimental study, an in-
crease in quantitative indicators was noted in
the groups of animals treated with allogeneic
mesenchymal stem cells, in particular: in exper-
imental group 1, the total number of platelets
significantly increased by 32% (P<0.001), and
in the blood of animals of experimental group
2, this indicator significantly increased by 30%
(P<0.001) compared to the control group; in
the blood of animals of experimental group 3,
only a tendency to increase the number of these
cells (by 2.4%) was recorded.

Thus, the results of the study indicate that
transplanted allogeneic mesenchymal stem
cells stimulate thrombocytosis in animals with
pulmonary fibrosis. Therewith, the highest ac-
tivity of platelet count increase was recorded
in the first 14 days of the experiment when the
regenerative processes in the damaged lungs
were the highest. Subsequently, by day 45 of
the experiment, the intensity of platelet growth
decreased. The methods of conventional treat-
ment (experimental group 3) do not contribute
to a significant increase in the number of plate-
lets, as evidenced by the comparison of the cor-
responding indicators in animals of experimen-
tal group 3 with those in control and intact rats.

Forty years ago, researchers were
convinced that platelets were just “non-living”
cell fragments that were only involved in the
development of a platelet clot to stop bleeding
(Leslie et al., 2010; Garraud et al., 2015). Only
in the last decade has the number of discoveries
about platelet biology and function increased,
demonstrating (Andrade et al., 2020; Levoux
et al., 2021) that these cells are among the most
biotechnologically advanced. In addition, it has
been reported in the literature that platelets
enhance the wound-healing activity of mesen-
chymal stem cells, which is consistent with this
research. However, the mechanisms by which
they improve the therapeutic potential of stem
cells remain unclear (Levoux et al., 2021). There

is evidence that after platelets are activated,
they transfer respiratory-competent mito-
chondria to mesenchymal stem cells through
dynamin- and clathrin-dependent endocytosis,
which contributes to the therapeutic efficacy
of these cells after engraftment and has been
demonstrated in relevant tissue injury models
in mice (Levoux et al., 2021).

Therewith, in recent years, researchers have
begun to explore platelet-rich plasma together
with stem cells to stimulate the regenerative po-
tential of mesenchymal stem cells (Andia et al.,
2018; Henschler et al,, 2019). Several studies
have demonstrated that using platelet-rich plas-
ma (PRP) increases the therapeutic efficacy of
stem cells (Qian et al., 2017; Mahmoudian-Sani
et al., 2018; Hersant et al., 2019) and improves
their survival after exposure to oxidative stress
(Hersant et al., 2019). For example, Qian et al.
(2017) found that PRP (a natural product) iso-
lated from whole blood is capable of producing
numerous growth factors to regulate physiolog-
ical activities. These factors have a stimulatory
effect on the proliferation and differentiation of
various stem cells in injury models.

Nowadays, Etulain (2018) has proven the
stimulating role of growth factors released
by activated platelets in wound healing. They
operate as a result of their paracrine secre-
tion, focusing on the participation of respira-
tory-competent mitochondria, both in mem-
brane-encapsulated microparticles and as free
organelles, during stem cell-based therapies
(Marcoux et al., 2017). Two-photon microscopy
in live animals transfused with blood demon-
strated that extracellular mitochondria interact
with neutrophils in vivo, causing neutrophil ad-
hesion to the endothelial wall (Marcoux et al.,
2017). In addition, these scientists noted that
PRP treatment stimulates the proangiogenic
potential of mesenchymal stem cells in mice in
vitro, depending on the dose, through increased
secretion of soluble factors such as VEGF and
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SDF-1. Therewith, the therapeutic use of PRP
in laboratory animals improves survival and
activates the proliferation of in vitro cultured
mesenchymal stem cells. These effects are ac-
companied by changes in energy metabolism
in these cells, including the rate of oxygen con-
sumption and production of adenosine triphos-
phoric acid in the mitochondria. However, the
molecular mechanism and consequences of

this phenomenon have not been fully under-
stood. Only two studies have described that
mitochondria released by activated platelets
can be absorbed by platelets, which triggers an
immune or regenerative response (Boudreau
et al., 2014; Zhao et al., 2017).

During the experiment, the average volume
of platelets changed according to the indicators
of their quantitative composition (Table 2, Fig. 2).

Table 2. Changes in the mean platelet volume in the blood of rats with experimental pulmonary
fibrosis and under the influence of mesenchymal stem cells and conventional treatment, fl, M*m, n=5

Stages Group of animals
of the
experiment 1 experimental 2 experimental 3 experimental 4 (control) 5 experimental

Bistzlt‘e“e 5.36+0.05 5.36%0.05 5.36+0.05 5.36+0.05 6.06£0.10
7th day 7.18+0.23** 7.54+0.25%%* 5.26+0.05* 5.88+0.21 6.10+0.05
14th day 9.54+0.26*** 9.52+(.28*** 5.38+0.04 5.54+0.08 6.17%0.06
30th day 6.62%0.06*** 6.18+0.29* 5.88+0.21* 5.38 0.04 6.10+0.12
45th day 6.34+0.18** 6.15+0.05%** 6.02+0.06** 5.54+0.10 6.14%0.13

Note: “P<0.05; **P<0.01; ***P<0.001, significantly compared with control group animals

Source: author’s development
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Average platelet volume, fl
[3%]

o
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17th day

30th day 45th day
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Figure 2. Changes in the average platelet volume in the blood of rats with experimental
pulmonary fibrosis under the influence of MSCs and conventional treatment
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Thus, on day 7 of the experiment, the aver-
age platelet volume in the blood of animals of ex-
perimental groups 1 and 2 significantly increased
by 18% (P<0.01) and 22% (P<0.001), respectively,
compared to animals of the control group. In ani-
mals of the experimental group 3, on the contrary,
this index significantly decreased by 10% (P<0.05)
compared to the control group and intact rats.

On day 14 of the experiment, the average
platelet volume in the blood of rats of experi-
mental groups 1 and 2 significantly increased
by 42% (P<0.001) and 41.8% (P<0.001), re-
spectively. In animals of experimental group
3, which were treated with the conventional
method of treatment, the examined index de-
creased by 3% compared to the control group, but
it was already higher than on day 7 of the study.

On day 30 of the experiment, the average
platelet volume in the blood of animals of ex-
perimental group 1 significantly increased
by 19% (P<0.001), and in rats of experimental
group 2 — 13% (P<0.05). A significant increase
in the average platelet volume by 8.5% (P<0.05)
was observed in animals of experimental
group 3. On day 45 of the experiment, the av-
erage platelet volume significantly increased in
animals of all experimental groups: in experi-
mental group 1 -by 13% (P<0.01), experimental
group 2 - by 10% (P<0.001), and experimental
group 3 - by 8% (P<0.01).

Thus, compared to intact animals, both the
number of platelets and their average volume in
animals of experimental groups 1 and 2 signif-
icantly increased in the first 14 days of the ex-
periment after using mesenchymal stem cells.
However, in animals of experimental group 3,
which received conventional treatment, these
indicators were lower, which is obviously due
to the delay or absence of a stimulating effect
on thrombocytosis and, accordingly, on the
anti-inflammatory activity of platelets.

Thus, platelets are circulatory compo-
nents derived from megakaryocytes present

in the bone marrow that play an important
role in physiological and pathophysiological
processes such as thrombosis, haemostasis,
inflammation and wound healing (Holinstat,
2017). Platelets contain cytokines or growth
factors that initiate the regenerative process of
ageing. They begin to be activated by biologi-
cally active growth factors in the target area
through a paracrine effect. At the same time,
platelets release growth factors that affect the
activation of macrophages and stem cells at the
site of damaged tissue. In addition, Du Toit et al.
(2007) emphasise that tissue regeneration is fa-
cilitated by the proliferation and differentiation
of stem cells. These nucleus-free cells contain
secretory organelles, including alpha granules,
containing various proteins and growth factors.
As described by Gremmel et al. (2016) platelets
contain functional mitochondria that provide
energy for their metabolism.

Gomperts & Strieter (2007) note that in
pathologically altered lungs, regenerative pro-
cesses can be impaired by the depletion of spe-
cific chemical factors, which we observed in the
control group. It is noted that the supplementa-
tion of these factors in combination with plate-
lets can more effectively stimulate the regener-
ation of functional blood vessels and alveolar
structures in pathologically altered lung tissue
(Mammoto et al., 2016).

Mammoto et al. (2016) demonstrated that
platelets stimulate vascular and alveolar regen-
eration of the adult mouse lung via Ang1-LRP5-
Tie2 signalling. These results may improve the
efficiency of lung regeneration and lung organ
engineering, as unregulated angiogenesis con-
tributes to the pathogenesis of various chronic
lung diseases.

Hersant et al. (2019) note that activated
platelets potentiates several important proper-
ties of mesenchymal stem cells, including their
proliferation, survival and angiogenic poten-
tial, which is why an increase in platelet count
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was observed in animals treated with stem
cells. Rodrigues et al. (2010) and Lai et al. (2018)
confirmed that platelets exert their cytopro-
tective and mitogenic effects on mesenchymal
stem cells through the production of mitogenic
growth factors. Therewith, as noted by Gurtner
et al. (2008) and Sadtler et al. (2016), platelet
factors play an important role throughout the
healing process of damaged tissues.

Since interstitial fibrotic diseases of the
lung tissue disrupt the mechanisms of tissue
repair, understanding how bone marrow mes-
enchymal stem cells regulate platelet activa-
tion may prove to be a strategy for regenerating
damaged tissues.

Conclusions
As a result of using allogeneic bone marrow
mesenchymal stem cells, their positive effect
on thrombocytosis activity in an experimental
study of lung injury leading to fibrotic changes
in laboratory rats was established.

An increase in the number of platelets
and their average volume was established
in animals of experimental groups 1 and 2,
which were transplanted with allogeneic
mesenchymal stem cells. Thus, after tran-
sthoracic injection, there was an increase in
platelets on days 7 (P<0.001), 14 (P<0.001),
30 (P<0.001) and 45 (P<0.001) compared to
the control group. An increase in the aver-
age volume of erythrocytes was observed on
days 7 (P<0.01), 14 (P<0.001), 30 (P<0.001)
and 45 (P<0.01) of the experimental study. In
the group of animals with intravenous stem
tissue management, an increase in plate-
lets was observed on days 14 (P<0.001), 30
(P<0.001) and 45 (P<0.001) and an increase in

the average volume of erythrocytes on days
14 (P<0.001), 30 (P<0.05) and 45 (P<0.001).

During the application of the conventional
method of treatment, an increase in the aver-
age platelet volume was found in the blood of
animals on days 30 and 45, and in other studied
parameters — on day 7. The transplanted mesen-
chymal stem cells stimulate the establishment
of megakaryocytes, which are the precursors of
platelets. As a result, the therapeutic efficacy
of mesenchymal stem cells after their engraft-
ment increases, since platelets can enhance
the reparative properties of mesenchymal stem
cells. Therefore, it is assumed that platelets
may play an important role in the anti-fibrotic
effect of stem cells.

The processes of platelet activation in fi-
brotic lung diseases and their molecular mech-
anisms under the influence of stem cells require
further detailed research to determine the pros-
pects of their use as an alternative to classical
methods of regeneration of damaged tissues.
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BB Me3eHXiMaJIbHUX CTOBOYPOBHX KJIITHH Ha TPOMOOIUTAPHY
JIAaHKY B IIyPiB 3a eKCIIepUMEHTAJIbHOI0 YIIKO/IKEHHS JIETeHb

IOnis BikropiBHa CypraeBa
AcrmripaHT
HarionanbHMiT yHiBepcuTeT 6iopecypciB i MpUPOmOKOPUCTYBAHHS YKRpaiHu
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Awnoraris. [HTepcTuIlianbHi 3aXBOPIOBaHHs IeTeHeBOi TKaHUHU (hi6P03JIeTeHb) CYITPOBOIKYIOTHCS
3HIDKEHHSIM TpolieciB Tpombomoe3dy. CToBOYpOBi KIiTHHM 31aTHI N0 AudepeHLiloBaHHS B iHII
TUIU KJIiTMH, 3aBISKM YOMY BOHM CTAlOTh L[iHHMM MaTepiajioM Jjisi BeTepMHapHOI KIiTMHHOI
pereHepaTMBHOI Teparii. MeTa po60TH — JOCTIAUTY 3MiHM TTOKa3HMKIB TPOMOOIMTAPHOI JTaHKM
y J1abopaTOpHMX MIypiB 3 eKCIepUMeHTATbHUM (Gi6po30oM JjereHb 3a BIUIMBY CTOBOYPOBUX
KIiTUH. [JoCTimkKeHHST MTPOBeeHi Ha HIypax-caMuIIX JiHii Wistar, B ikux momemoBanu $hi6pos
JiereHb i3 3aCTOCYBAHHSM OZHOKPATHOIO TPAHCTOPAKaJbHOTO BBEleHHSI PO3UMHY TifpOXI0OPULY
671e0MilMHY. 3 METOI0 CTUMYJISIIIii BiTHOB/IIOBAIbHIX ITPOIIECIiB Y ITaTOMOTiYHO 3MiHEeHiit iereHeBiit
TKaHMHI BUKOPUCTOBYBAIM JIOT€HHI Me3eHXiMabHi CTOBOYPOBi KIITUHM, SIKi BBOOWUIN Pi3HUMU
HUIsIXaMu, Ta, AJisl TTOPiBHSIHHS, — TpaguIliiHMii MeTog, JikyBaHHs. HaBeneHi pe3yabTaTy BIUIUBY
TPaHCIUIAHTOBAHMX aJIOT€HHNUX Me3eHXiMaJbHMUX CTOBOYPOBMX KJTITMH KiCTKOBOTO MO3KY CBig4aTh
PO BipoTifgHi 3MiHM KiIbKOCTi Ta pO3Mipy TPOMOOIIMTIB Y ITYPiB 3 eKCIiepuMeHTaabHUM hi6po3om
JlereHb, a TaKOX IMpO MigBMUIIEHHSI aKTMBHOCTI pereHepaTMBHMX IPOLECIB B YIIKOAKEHUX
TKaHMHAX. Y JTOCTIJHUX TBapUH BCTAHOBJIEHO BipOTifHe 36i/lbIIeHHS KiTbKOCTi TPOMOGOLMUTIB Ta
ix po3mipiB mic/ig 3acTOCYBaHHSI alOTEHHUX Me3eHXiMalbHUX CTOBOYPOBUX KIITMH TMOPiBHSIHO
3 QHAJIOTIYHMMM TaHMMM Y TBapMH KOHTPOJIbHOI rpynu. KpiMm TOro, B KpoBi TBapMH AOCIiTHOL
IpyNny, SIKMM TPaHCIUIAHTYBaJX Me3eHXiMaJibHi CTOBOYPOBi KIIITMHM TpaHCTOpPaKaJabHO
(6e3mocepeqHbO B JIET€HEBY TKAHWHY), BimMidanyu G6ifblry akTUMBHICTH TPOMOOIIMTIB, HiK Yy
TBapMH 3 BHYTPIIHbOBEHHMM YBEIEHHSIM Me3eHXiMaJbHUX CTOBOYPOBUX KIIiTMH. AKTMBAILis
TPOMOOIUTIB BKA3ye HA MOKPAIlleHHSI pereHepaTMBHOI 34ATHOCTI YIIKOAKeHUX TKaHWH JIeTeHb 3a
BIUIMBY Me3eHXiMaJbHUX CTOBOYPOBUX KIIiTHH. TaKMM UMHOM, TPAHCIUIAHTOBaHI Me3eHXiMasbHi
CTOBOYPOBi KIITMHM CTUMY/IIOIOTh aKTMBHICTh TPOMOOLMTIB Ta pereHepaTUBHi Ipoliecu B
MaToJOTiYHO 3MiHeHiil JiereHeBiil TKaHMHI 3a eKclepMMeHTAIbHOro (i6po3y, Mo Moxe OyTu
BUKOPVCTAHO SIK OAVH i3 epeKTMBHMUX METO/IiB JIiKyBaHHS TBApMH 3a LIbOT'0 BU/IY MATOIOT1

KirouoBi cimoBa: aynoreHHi; jereHeBuit ¢i6po3; JiereHeBa TKaHMHA; TPOMOOIIUTH; JJaGOPATOPHi
TBapUHA
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