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The morphological parameters of the small intestinal mu-
cosa, such as villi size and crypts, play a key role in the for-
mation of the intestinal tube’s absorption surface. The number
of goblet and enterochromaffin cells indicates the epithelium’s
functional condition in terms of mucus secretion and produc-
tion of catecholamines and hormones (serotonin, dopamine).
That is why it is important to study and determine certain mor-
phometric parameters of the duodenal wall in piglets during
different periods of neonatal and postnatal development, es-
pecially during stress situations, namely weaning and tran-
sition to protein feeding. The article presents the resulting
effect studies of ‘Globigen Jump Start’ feed additive on the
histo-morphological parameters of the piglets’ duodenal mu-
cosaonday 7, 14 and 28 of life. A positive effect on mitigating
weaning stress was manifested by a decrease in the quanti-
tative and linear indicators of histoarchitectonics of intestinal
wall’s individual morphological components. A significant in-
crease in goblet cells, especially in the experimental group,
had a positive impact on the mucopolysaccharide synthesis.
The piglets’ gastrointestinal tract physiology involves a com-
plex interaction between the central nervous system, meta-
sympathetic nervous system, APUD system, and endocrine
system. Due to these systems, the information is transmitted
according to the direct and reverse communication mecha-
nisms in the regulation of the gastrointestinal tract function.
An increase in the number of enterochromaffin cells and their
nuclei diameter in the experimental group of piglets indicat-
ed an increased synthesis of catecholamines and hormones.
It has an extremely positive effect on the immune and phys-
iological status of piglets, thus emphasizing the crucial role
of serotonin in neuronal metabolism and the formation of
stress resistance. The increase in the thickness of the duo-
denal wall muscle layer, in our opinion, occured due to the
active peristalsis, which was enhanced by the action of some
catecholamines, which were synthesized in a slightly larger
amount under the influence of nutrients making up the ‘Glo-
bigen Jump Start’ feed additive.

Key words: piglets, duodenum, villi, crypts, goblet cells,
enterochromaffin cells, yeast, egg powder
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Introduction

The development of the gastrointestinal tract (GIT)
in pigs is a complex physiological process that begins in
a prenatal period with the subsequent genesis in a post-
natal one. It is known that colostrum and sow’s milk con-
tain biologically active substances that exert a positive
impact on the GIT development, allowing it to adapt to
feeding changes. At the same time, due to insufficient se-
cretion of digestive enzymes in early weaned piglets, the
roughage cannot be digested quickly in the gastrointesti-
nal tract, which partially leads to the intestinal barrier de-
struction [11]. As reported by Pluske in his research [22],
such physiological changes affect the small intestine’s
absorption capacity, growth, and development of piglets.
Hampson [10] found the villi height in the small intestine
decreased by about 25-35% during the first 24 hours after
the weaning and remained at this level for up to five days.
In non-weaned piglets, on the contrary, the correlation in
the villi height was insignificant [37]. The same research-
ers also noted the elongation of crypts in the weaned
piglets, which was recorded during the first 11 days after
the feeding change [36].

A decrease in the digestive enzymes’ activity on the
brush border of enterocytes is also known to decrease in
the gastrointestinal tract of the piglets after weaning [11].
Lalles et al. [17] reported a decrease in lactase and amino-
peptidase activity within 15 days after weaning, while mal-
tase activity decreased within 2 days with a subsequent
increase by the 15" day after weaning. In addition, a num-
ber of authors found a short-term decrease in pancreatic
secretion up to 15 days after weaning. These and some
other changes can affect the small intestine’s functional
activity, its secretory and barrier functions, and the feed
digestion intensity [29, 30, 31].

Modern pig breeding technologies and multifertility of
sows provide for early weaning of piglets, mainly at the
age of 21 to 28 days. The strategy of gradually transi-
tioning piglets from milk to roughage has been used to
reduce the stress of weaning. Accordingly, the piglets are
accustomed to consuming various feed additives from
the first week of life [18]. For instance, when using yeast
as a feed additive, the productivity and growth stimulation
improved due to the presence of relatively high levels of
protein, vitamins, biologically active substances, amino
acids, energy, and trace elements in yeast.

Chowdhury and Knabe [5] investigated the effect of
S. cerevisiae yeast and aspartic acid on breeding boars and
revealed an increase in their productivity. White et al. [35]
demonstrated an increase in lactobacilli number and a de-
crease in bifidobacteria number in the intestine of weaned
piglets when feeding yeast, while Stanley et al. [27] record-
ed a decrease in the population of coliforms. Sauerwein
et al. explained in their work [25] that the preservation of
normal intestinal morphology occurred due to the binding
and reduction of pathogen colonization in the gastro-
intestinal tract, which helped improve the intestinal mucosa
integrity and enhanced the immune system activity.

To reduce feeding-related stress and improve piglet
health, egg powder obtained from hens sensitized to
certain pathogens is added to feed additives, serving as
a source of specific immunoglobulins, vitamins, omega-3
fatty acids, antioxidants, and trace elements. One of the
main proteins contained in egg powder is ovomucin and
the enzyme lysozyme [1]. In addition, egg powder con-
tains such amino acids as tryptophan, alanine, valine,
lysine, and methionine. The synergistic effect of these
bioactive nutrients helps improve the piglets’ growth,
immunity, and health.

Many studies prove that lysozyme enhances the in-
testinal function and protects it from enteropathogenic
strains of Escherichia coliin newborn piglets [15]. Ovomu-
cin and its derivatives have anti-inflammatory, antioxidant,
and immunomodulatory properties [1, 33, 39].

It is known that the physiology of piglets’ GIT involves
a complex interaction between the central nervous sys-
tem, the metasympathetic nervous system, the APUD
system, and the endocrine system, through which infor-
mation is transmitted by direct and reverse communica-
tion mechanisms regulating the tract’s function. Enteroch-
romaffin cells (ECs) of the gastrointestinal tract play an
important role in this complex process, performing the
function of forming catecholamines, hormones, and af-
fecting intestinal motility and secretion [9, 24]. Research
by some scientists has shown that enterochromaffin cells
express sensory receptors, the activation of which
promotes the release of 5-HT serotonin receptors with
subsequent stimulation of intestinal contractility [7].

Anatomically, the small intestine of pigs is divided
into three parts: the duodenum (accounting for approxi-
mately 4—4.5% of the total small intestine volume in adult
pigs), the jejunum (approximately 88—91%) and the ileum
(about 4-5%) [8]. Histologically, the intestinal mucosa is
divided into four main membranes: mucosal, submuco-
sal, muscular, and serous. The mucosa consists of the
epithelial layer, a mucosal lamina propria, and a muscular
lamina propria. The intestinal epithelium is characterized
by a folded surface, which is manifested at different levels
of organization by intestinal folds, forming finger-like pro-
trusions called villi with their own vascular, muscular, and
nervous apparatus. At the base of the villi, the epithelial
layer forms protrusions known as Lieberkuhn crypts
(intestinal glands). The microvilliincreasing the absorption
surface are located on the luminal surface of enterocytes.
It should be noted that the morphology of the gastrointesti-
nal villi differs throughout the intestinal tract of animals, de-
pending on the intestines function. The villi length increas-
es from the duodenum to the middle of the jejunum and
decreases towards the distal ileum. Similarly, the crypts
also vary in size and composition along the intestine: they
are deeper in the duodenum and jejunum and less deep
in the ileum [6]. On the villi surface, three types of cells are
localized, which derive from stem cells located at the crypt
base: enterocytes (94%), goblet cells (up to 5%), and
enteroendocrine cells (about 1%) [20, 21]. Small intestine
enterocytes are divided into absorptive cells, goblet cells,
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Pannet cells, and undifferentiated enterocytes. The enzy-
matic activity of enterocytes begins when they reach the
basal third of the villus axis, while the absorptive function
begins when they reach the apex and the upper third of
the villus. Goblet cells are secretory which means they se-
crete viscous mucus; their basal activity increases when
the cells come into contact with substances that cause
secretion. The third type of cells, namely enteroendocrine
cells, produce catecholamines, hormones that play an im-
portant role in the gastrointestinal tract functioning [9].

Physiological changes in the mucosa associated with
absorption and barrier function are usually expressed by
its morphological parameters. Thus, qualitative functional
and morphological parameters of the small intestinal mu-
cosa, such as the size of villi and crypts, and the activity of
brush border enzymes, can provide additional information
about the functional condition of the animal organism [23].
Other functional and morphological parameters, such as
the number of goblet and enterochromaffin cells, are the
parameters indicating the epithelium condition and
the mucous membrane function as a barrier between the
intestinal lumen and body tissues.

The aim of our work was to define individual morpho-
metric parameters of the piglets’ duodenum during
different periods of neonatal and postnatal ontogenesis
and determine the number of goblet and enterochromaf-
fin cells under the influence of the ‘Globigen Jump Start’
feed additive.

Materials and Methods

The study of the ‘Globigen Jump Start’ feed additive
effectiveness among the weaned piglets was carried out
at the Barkom farm in the Lviv region. For this purpose,
two groups of ten piglets each of the Large White breed
were formed, which were fed with the feed additive from
7 to 28 days of life. During the experiment, piglets of the
control group received a standard nutrient-balanced diet,
and piglets of the second experimental group were fed
2 kg of the ‘Globigen Jump Start’ additive per 1 t of feed.
The additive contains dry yeast and egg powder enriched
with immunoglobulins (manufactured by EW Nutrition
GmbH, Germany). The main feed was given in the form
of pellets, which met the needs of piglets in all nutrients.
During the experiment, the piglets were kept in the same
conditions with free access to feed and water. Weaning
was performed at 28 days of age. On days 14 and 28,
three animals from each group were euthanized and
material was taken for histological examination.

To study the cyto- and histoarchitectonics of the duo-
denum, its fragments were fixed in a 10% neutral aque-
ous solution of formalin and Bouin’s fluid, dehydrated
through the ascending series of alcohols, and embedded
in paraffin blocks after | and Il chloroforms. Sections of
7 um thickness were made from the obtained blocks on
a microtome MS-2, which were mounted on a glass slide,
and stained with hematoxylin and eosin after drying [19].
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To detect enterochromaffin cells, the diazo reaction
was used as a staining method. Sections were deparaf-
finized and saturated with water. For 30 seconds, the sec-
tions were treated with a dilute solution (1 mg/ml) of stabi-
lized 5-nitroanisidine diazotate (Fast Red salt B) in 0.1 M
veronal acetate buffer (pH 9.2). They were thoroughly
washed in running water. The nuclei were stained with
Mayer’s hematoxylin for 6 min followed by rinsing in run-
ning water for 30 min. After that, the sections were dehy-
drated in alcohols, enlightened in xylene, and embedded
in balsam. On histological preparations, the granules of
argentaffin cells were stained orange-red, nuclei — dark
blue, and cytoplasmic structures — yellow [19].

The McManus PAS reaction was used to detect gob-
let cells. Sections were deparaffinized, saturated with
water, and oxidized with 0.5% aqueous iodic acid solu-
tion for 2 min followed by rinsing in distilled water. They
were treated with Schiff’s reagent for 10 min and rinsed in
running water for 10 min. The nuclei were counterstained
with Mayer’s hematoxylin for 3 min and rinsed thoroughly
with running water. The sections were dehydrated in al-
cohols, enlightened in xylene, and embedded in balsam.
The mucoproteins and neutral mucopolysaccharides
were intensively stained in purple-red color.

Using the Aperio Image Scope software, the villi
height, crypt depth, circular and longitudinal muscle lay-
er thickness, and the number of goblet and enterochro-
maffin cells per 0.45 mm? in 5 fields of view were deter-
mined on histological specimens. Statistical processing
of the results was performed using a one-factor ANOVA
analysis of variance with Bonferroni correction. For this
purpose, the StatPlus program (Analyst Soft Inc., USA)
was used. The results are presented as Mean+SD.
Differences between groups of animals were consid-
ered statistically significant at P<0.05, P<0.01, P<0.001.
Finished histological preparations were photographed
using a Leica DM-2500 microscope (Switzerland) with
a Leica DFC450C camera and Leica Application Suite
Version 4.4 software. During the research, the require-
ments of ethical treatment with animals used in experi-
mental studies were fully observed (Strasburg, 1986;
Kyiv, 2002), and the research methodology itself was
approved by the bioethical commission in the Institute
of Animal Biology (National Academy of Sciences of
Ukraine; Protocol no. 93-01 dated June 3, 2021).

Results and Discussion

Investigating the histo-morphometric parameters of
the duodenum in the piglets’ on day 7 of life, which con-
sumed exclusively milk from the sow, it was found that the
villi height was quite high and amounted to 696.35 um,
the crypt depth was 240.72 um, consequently, the ratio
of the villi height to the crypt depth was 2.89. It should
be noted the thickness of the muscle membrane’s outer
longitudinal layer was 180.25 um, and that of the inner
circular layer — 146.96 pym.
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Studying the morphological structure of the piglets’
duodenum wall during the changes in feeding, we noted
some differences in its morphometric parameters when
introducing roughage into the diet and using the ‘Globigen
Jump Start’ feed additive. Thus, in piglets of the control
group, which consumed a standard nutrient-balanced
diet from the 7" day of life, a decrease in the villi height
by 29.53% was noted compared to 7 days before feed-
ing. Whereas in piglets of the experimental group, which
were fed with the ‘Globigen Jump Start’ additive, an insig-
nificant decrease in the villi height was observed, com-
pared to the same indicator on the 7t day (by 22.04 pm)
and a significant increase in comparison with the control
group on the 14" day by 37.42% respectively (table 1).

A similar trend was observed with the crypt depth
parameters. In piglets on day 14 of the experiment in
the control group, the crypt depth was 314.13 ym, while
in the experimental group it was 413.02 ym, which is
31.48% higher than in the control one. On the 28" day
of the experiment, piglets of both groups showed slight
differences in the villi height: 654.51 pm in the control
group and 675.32 um in the experimental one. The crypt
depth in the control group was significantly higher (P<0.01)
compared to that on day 14 and equaled to 528.96 um.
In the experimental group, the crypt depth was 423.03 pm,
i.e. literally unchanged. The total thickness of the duode-
nal wall muscle layers during the experiment also correlat-
ed a bit, which probably happened due to the beginning

of roughage consumption. On day 7 of life, before feeding
additive, the muscle wall was 327.21 ym, on day 14 —
327.93 ym in the control group and 404.44 um in the sec-
ond experimental group; on day 28 — 426.76 ym and
405.25 pm in the control group and experimental one
respectively (table 1).

Some correlation was also found when counting the
number of goblet and enterochromaffin cells of the duo-
denal mucosa on the area of 0.45 mm? (fig. 1). Accord-
ing to table 2, the number of goblet cells in piglets on
day 7 of life amounted to 80 cells. A slightly lower num-
ber of them was found on day 14 with the introduction of
dry feed and the ‘Globigen Jump Start’ additive, namely
67.8 and 71.0 cells respectively. At the same time, on
day 28 of the experiment, a significant increase in the
number of goblet cells was observed, compared to day
14 in both the control and experimental groups (P<0.05).
In the control group, the number of goblet cells was 94.6,
and in the experimental one — 96.3 cells.

Analyzing the number of enterochromaffin cells, it
was noted that 7-day-old piglets had the lowest number
of them, namely 7.8 cells. On day 14, in both groups, their
increase was noted, by 2.56% and 7.69% respectively,
compared to day 7 (fig. 2). A significant increase in
the number of these cells was noted on day 28 of the
experiment. Actually, the number of enterochromaffin
cells was 9.8 in the control group and 12.4 in the ex-
perimental one (P<0.05).

Table 1. Morphometric parameters of the piglets’ duodenal wall in the control and experimental groups

fed with the ‘Globigen Jump Start’ additive (n=5, M+SD)

7t day
Morphological structures

14t day

28t day

Before feeding

Control group

Experimental group

Control group

Experimental group

Villi height, ym 696,35+43,94 490,67+30,22** 674,31+25,05 654,51+£14,81*** 675,32+12,44
Crypt depth, um 240,72+11,49 314,13+21,54** 413,02+10,03*** 528,96+20,12*** 423,03+18,35
Villi height to crypt depth ratio (V:C) 2,89 1,56 1,63 1,24 1,59
Thickness of the muscle mem- 4,5 95,197 143,2742,09 194,0246,97**  166,31£3,90*** 160,08+3,07
brane’s outer longitudinal layer
ATETESS G D MIEED MEM= | o 50 413 184,661£3,34 210,42+4,94**  260,45+12,76" 2451741054
brane’s inner circular layer
Muscle membrane thickness 327,21+£2,12 327,93+2,07 404,44+4,23 426,76+7,24 405,25+5,23
Note. Here and further: * — P<0.05, ** — P<0.01, *** — P<0.001 compared to the previous day of the experiment.
Table 2. The average number of enterochromaffin and goblet cells in the duodenal mucosa of piglets
fed with the ‘Globigen Jump Start’ additive (n=5, M+SD)
7t day 14t day 28t day

Parameters

Before feeding

Control group

Experimental group

Control group

Experimental group

Number of goblet cells
Number of enterochromaffin cells

Enterochromaffin cells’
nucleus volume

80,0+7,47
7,8+0,86

108,19+5,80

67,8+5,38
8,0+0,70

109,72+3,51

71,0£4,73 94,6+8,35* 96,3+5,36*
8,4+1,02 9,8+0,73 12,4+1,69*
110,8x2,17 111,3+3,43 112,1£1,78
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Fig. 1. Duodenal mucosa of piglets on day 14 of the experiment. A— control group, B — experimental group.

Goblet cells are marked in a circle. PAS reaction

Fig. 2. Piglets’ duodenum on day 14 of the experiment. a — control group, b — experimental group.
Enterochromaffin cells are marked in a circle. Diazo staining method

The intestine performs a variety of functions, including
providing a primary site for digestion and absorption of
nutrients, as well as acting as a selective barrier against
exogenous harmful substances. It is the integrity of the in-
testinal mucosa that is a key to the digestion and absorp-
tion of nutrients in piglets. Intestinal morphology, including
villi height, crypt depth, and the ratio of villi height to crypt
depth, clearly reflects the intestinal mucosa condition and
its function. A decrease in villi height and crypt depth in-
dicates a certain dysfunction of the mucous membrane,
namely a decrease in its absorption capacity [32, 37].
Conversely, higher values of villi height and crypt depth
indicate a better intestinal function. Changes in the struc-
ture of villi crypts are usually noted in weaned piglets.

Researchers described villi destruction, crypt hyper-
plasia, and intestinal mucosal atrophy, which destroyed

The Animal Biology, 2024, vol. 26, no. 2

the barrier function of the intestinal mucosa [13, 28, 30,
31]. For example, the study by Bomba et al. [3] 21 showed
that 5 days after weaning (33 days of age), the villi height
and crypt depth in the piglets’ ileum were significantly low-
er than before weaning (28 days of age). Similarly, Hu et
al. [14] showed that a decrease in villi height was caused
by weaning, during which villi height and crypt depth were
lower on days 3 and 7 after weaning, compared to the
pre-weaning stage. In addition, Boudry et al. reported [4]
that weaning stress caused long-term structural changes
in the piglet ileum and villi height was still significantly
lower on the 15" day than before weaning.
Additionally, it was shown that weaning stress caused
a decrease in the relative weight of the small intestine,
with the total weight on the 15" day after weaning being
only 50% of the pre-weaning weight. Taken together, early
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weaning and abrupt transition to roughage usually lead
to morphological damage to the intestinal wall in piglets,
namely a decrease in villi height, crypt depth, and rela-
tive intestinal weight. Therefore, in order to optimize the
absorption of feed nutrients in piglets, it is necessary
to minimize the impact of weaning stress.

Some morpho-functional differences in certain cyto-
structural and histostructural morphometric parameters
of the duodenal wall in piglets during the neonatal and
postnatal periods of development using the ‘Globigen
Jump Start’ additive convincingly indicate a positive effect
on mitigating the weaning stress. This was manifested by
a decrease in the quantitative and linear indicators of histo-
architectonics of certain morphological components in the
intestinal wall. It should be noted that the components of
the feed additive have a positive effect on the synthesis
of mucopolysaccharides, which is manifested by a sig-
nificant increase in goblet endocrinocytes, especially in
the experimental group.

It is known that mucins are synthesized mainly by gob-
let cells in the intestine [2, 16, 26]. Thus, any factors that
affect goblet cell differentiation will also affect intestinal
mucin secretion. Some authors report that weaning stress
damages the differentiation of secretory cells, which leads
to a decrease in mucin secretion [34, 38]. For example,
Hedemann and Jensen [12] indicated that early weaning
not only led to a decrease in intestinal mucin secretion,
but also changed the structure of mucin glycosylation,
weakening the function of the intestinal barrier and in-
creasing the likelihood of developing intestinal infection.

Similarly, Yang et al. reported [38] that the MUC2
gene was negatively regulated in weaned piglets, sug-
gesting that weaning stress destroyed barriers in the in-
testinal tract. Normal secretion and expression of mucins
are essential for maintaining intestinal barrier function.
When intestinal mucin secretion decreases, the muco-
sal layer of the intestinal mucosa becomes thinner and
pathogens can easily pass through it. Moreover, those
pathogens that compete with normal microflora on the
intestinal mucosa surface for adhesion sites can destroy
the normal microbial barrier. Finally, such pathogenic
microorganisms as Salmonella and Shigella can destroy
the mechanical barrier of the intestinal mucosa, inducing
apoptosis of intestinal epithelial cells and disrupting the
distribution of proteins between intestinal mucosal cells.
In addition, changes in mucin secretion and expression
can cause inflammation and damage the immune barrier
of the intestinal mucosa [9].

Our studies have shown an increase in the number
of goblet cells in the duodenum of piglets in the exper-
imental group, both on day 14 and 28 of the experiment.
Thus, on day 14, the number of goblet cells in the second
experimental group increased by 4.71% compared to the
control group, and by 1.79% on day 28, respectively. An
increase in the number of enterochromaffin cells and the
diameter of their nuclei in the experimental group indicat-
ed an increased synthesis of catecholamines and hor-
mones, which had a very positive effect on the immune

and physiological status of piglets, also emphasizing
the crucial role of serotonin in neuronal metabolism
and stress resistance formation.

The thickness of the duodenal wall muscle layer,
in our opinion, increases due to the active peristal-
sis, which is enhanced by the action of some cate-
cholamines, which are synthesized in a slightly larger
amount under the influence of nutrients that make up
the ‘Globigen Jump Start’ feed additive. The very fact
of changes in the morphometric parameters of the vil-
li height in the control group, namely a significant de-
crease on day 14, can be explained by a sharp change
in the diet, which manifested itself morphologically and
functionally. A slight change in the villi height on day 14
of the experiment should be considered a manifesta-
tion of the protective effect caused by the ‘Globigen
Jump Start’ additive.

The increase in the crypt depth on day 14 indicates
a high proliferative activity of enterocytes, slightly lower
morphometric parameters in a control group indicate
a lower proliferative activity, which was manifested by
a decrease in the villi height, compared to the values
obtained during the experiment. Analysing the indicators
of crypt depth on day 28 in the control group of piglets,
we can outline an interesting trend that was manifested
by a slight increase in crypt depth, compared to day 14
of the experiment. This means the absence of the neg-
ative effect caused by weaning stress and the mild ef-
fect of switching to another feeding type, which provided
the relative stability of linear morphometric parameters.
Comparing the crypt depth in the control group between
days 14 and 28, we revealed their increase, which is
associated with the improved proliferative and regener-
ative activity of the epithelium. This should be regarded
as a compensatory mechanism of a somewhat delayed
type, compared to the experiment in which the follow-
ing dynamics were observed: relative constancy of villi
height and relatively stable morphometric parameters
of crypt depth compared to day 14, which is a normal
physiological condition for the intestinal mucosa under
a minor feeding stress.

According to the results of histo-morphometric stud-
ies of the piglets’ duodenal mucosa during different
periods of postnatal and neonatal ontogenesis under
the influence of the ‘Globigen Jump Start’ feed additive,
a significant increase in the villi height was revealed
in the experimental group, compared to the control one on
day 14 by 37.42%, with the height’s gradual leveling on
day 28 of the experiment, indicating the mitigation
of weaning stress.

The increase in morphometric parameters, namely,
the number of enterochromaffin cells, goblet cells, and
intestinal wall muscle thickness in piglets of the experi-
mental group fed with the ‘Globigen Jump Start’ additive,
compared to the control group, indicates an increased
synthesis of catecholamines, hormones, and mucopoly-
saccharides, which positively affect the immune and
physiological status of piglets stimulating their growth.
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Nitrate/nitrite poisoning is a significant issue in ruminant
livestock health, with historical roots predating the wide-
spread use of nitrogen fertilizers. This review explores the
various factors contributing to nitrate toxicity, including natu-
ral and anthropogenic sources, metabolic pathways, mecha-
nisms of action, and the variability in reported data. The im-
portance of compartmental modeling in understanding nitrate
metabolism dynamics is emphasized. These models provide
a framework for simulating the complex processes involved
in nitrate intake, conversion, absorption, distribution, and ex-
cretion, ultimately informing effective mitigation strategies.
The goal of this article is to provide a comprehensive over-
view of nitrate/nitrite poisoning in ruminants and highlight
the role of compartmental modeling in safeguarding animal
health, optimizing agricultural practices, and ensuring food
safety in the context of modern agriculture.
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Introduction

Nitrate/nitrite poisoning has been documented
long before the widespread use of nitrogen fertilizers.
Acute nitrate poisoning in cattle was reported as early as
1895 [11]. All plants contain some nitrates, and their con-
centration can be influenced by climatic factors such as
cold and drought [14]. The use of nitrogen fertilizers also
impacts nitrate levels in plants, with high amounts be-
ing a significant factor in nitrate accumulation [3]. Early
spring growth usually contains more nitrates than sum-
mer plants due to rapid growth [10]. Roots and stems of
plants generally have higher nitrate levels than leaves
and seeds [10].

Excessive use of poultry litter or animal manure as
fertilizers can lead to nitrate accumulation in soil, subse-
quently affecting plant feeds consumed by herbivores [20].
Nitrates can reach dangerous levels in ponds, shallow
wells, or streams due to agricultural runoff and nitrogen
fertilizers. Industrial wastewater is another source of

The Animal Biology, 2024, vol. 26, no. 2

nitrates [5]. Plants irrigated with treated wastewater, rich
in nitrogen, can accumulate large amounts of nitrates [9].

Ruminant animals, such as cattle and sheep, are
sensitive to nitrate poisoning. Bacteria in their rumen
convert nitrates to nitrites [19]. Nitrates can be absorbed
through the ruminant epithelium via a CI-/HCO;~ ex-
change mechanism [1]. Nitrate toxicity in ruminants
occurs when high nitrate levels in feed overwhelm the
animal’s digestive system, causing nitrate-to-nitrite con-
version to exceed nitrite-to-ammonia conversion, which
is part of amino acid and protein synthesis [7]. Nitrate
itself has low toxicity compared to nitrite, which causes
the formation of methemoglobin (MetHb), a molecule
with very limited oxygen-carrying capacity. Methemo-
globinemia, resulting from MetHb formation, is a primary
adverse effect. MetHb gives blood a brown-black col-
or [18]. Species differences in MetHb formation rates
are mainly due to the degree and speed of nitrate-to-nitrite
reduction, which is highest in ruminants, lower in horses,
and lowest in other monogastric species.
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The mechanism of action (MoA) of nitrates and
nitrites includes several effects in agricultural and do-
mestic animals, such as increased oxidative stress, thy-
roid function suppression, and lowered blood pressure.
Other effects (e.g., depletion of vitamins A and E, abor-
tions, and fertility impacts) remains to be elucidated [4].
High nitrite levels in the blood cause vasodilation, blood
pressure drop, and circulatory shock.

Different authors from various countries report vary-
ing nitrate/nitrite content analysis results. This diversity
can lead to confusion and misinterpretation of the data.
Furthermore, literature sources often employ different
methods for nitrite detection, each with varying accuracy
and sensitivity, which can further complicate result in-
terpretation. Therefore, standardized recommendations
and a unified understanding of laboratory methods are
essential for comprehending the impact of nitrates on
animal organisms [15].

To address these challenges and enhance our under-
standing of nitrate metabolism in ruminants, the devel-
opment and application of compartmental models are
crucial. These models provide a framework for simulat-
ing the complex processes of nitrate intake, conversion
to nitrite, absorption, distribution, and excretion within
the animal’s body [8].

The overarching goal of this article is to present
a comprehensive review of nitrate/nitrite poisoning in ru-
minants, encompassing its historical context, sources of
exposure, metabolic pathways, mechanisms of action,
and the variability in reported data. Additionally, we aim
to highlight the importance of compartmental modeling
in understanding nitrate metabolism and its potential for
informing evidence-based interventions to safeguard
animal health and productivity. This is of paramount
relevance in the context of modern agriculture, where
nitrogen fertilizer use and intensive animal production
practices can inadvertently elevate nitrate levels in the
environment, posing a risk to livestock. By unraveling
the complexities of nitrate toxicity and leveraging mod-
eling approaches, we can strive towards sustainable
agricultural practices that prioritize animal welfare and
minimize the adverse impacts of nitrate exposure.

Results and Discussion

1. Physicochemical properties of nitrates,
nitrites, and certain specific salts,
and their use in animal husbandry,
agriculture, and the food industry

On January 19, 2020, the Law of Ukraine “On Feed
Safety and Hygiene” came into effect, stipulating that any
person can use feed additives provided that such an addi-
tive is registered in Ukraine. However, the state registration
procedure for feed additives was only unblocked on Sep-
tember 1, 2021. To prevent feed shortages, amendments
to the Law of Ukraine “On Feed Safety and Hygiene” were
made through the draft Law no. 3672, allowing the unre-
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stricted use of feed additives registered in the European
Union. According to the EU Feed Additives Register un-
der Regulation (EC) no. 1831/2003, sodium nitrite (E 250)
is a permitted feed additive. Additionally, sodium nitrate
(E 251) and potassium nitrate (E 252) are included in the
list of food additives approved for use in food products
in Ukraine and are part of the EU Feed Additives Register
as per Annex Il of Regulation (EC) No 1333/2008.

In acidic conditions, nitrite can form N-nitroso com-
pounds (NOCs), including genotoxic and carcinogenic
N-nitrosamines, by reacting with certain secondary amines
in feed or endogenously in the stomachs of animals.

The physicochemical properties of nitrates, nitrites,
and certain specific salts used in food products, feed,
and fertilizers are shown in table 1.

The physicochemical properties of these com-
pounds, such as solubility in water and their oxidizing
nature, make them versatile in various applications.
In the food industry, nitrates and nitrites are used as
preservatives to prevent the growth of harmful bacteria
and to maintain the color and flavor of processed meats.
In agriculture, these compounds are essential compo-
nents of fertilizers, contributing to the growth and health of
plants. Additionally, in animal husbandry, they are used
as feed additives to enhance animal growth and health.

Nitrates are ubiquitous in the environment and play
a crucial role in the nitrogen cycle, forming significant
deposits, particularly as sodium nitrate (NaNO) in spe-
cific regions. The most notable industrial deposit is as-
sociated with the accumulation of caliche in the Atacama
Desert, Chile, which has led to NaNO; being sometimes
referred to as Chilean saltpeter.

The use of nitrates is extensive. They are employed in
animal feeds and food products, notably in the production
of fertilizers and food preservatives. Generally, nitrates are
highly soluble in water and serve as vital nutrients for plants,
being present in all plant species, especially in green leafy
vegetables. Sodium nitrate and potassium nitrate are
particularly significant for feeds and food products.

Sodium nitrate (NaNO;) is a white, crystalline, slightly
hygroscopic powder that serves as an antimicrobial agent,
preservative, and color fixative. Sodium nitrate is used in
the treatment of cyanide poisoning, in combination with
sodium thiosulfate, recommended only for severe cases
of cyanide poisoning. Sodium nitrate is also utilized in fer-
tilizers, pyrotechnics, and in the glass industry [2].

Potassium nitrate (KNO;): this white crystalline pow-
der or transparent prisms have a cooling, salty, pungent
taste. It is used as a preservative and in combination with
nitrite salts in curing mixtures (e.g., sodium chloride solu-
tions) for meat to develop and fix the color of the meat,
inhibit microbial growth, and develop characteristic flavor
profiles. In veterinary medicine, potassium nitrate is used
as a diuretic for pigs, cattle, and horses.

Two other nitrates widely used, especially as fertiliz-
ers, are calcium nitrate (Ca(NO;),) and ammonium ni-
trate (NH,NO;). Anhydrous calcium nitrate is colorless
and hygroscopic, readily absorbing moisture to form

bionozis meapuH, 2024, 1. 26, N2
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Table 1. Physicochemical properties and applications of nitrates, nitrites, and certain specific salts

Compound

Empirical formula

Properties

Applications

Nitrate

Nitrate Sodium

White crystalline solid, highly soluble

Used as a preservative in food, feed

(Sodium Nitrate, E 251) NELOY in water, oxidizing agent additive, fertilizer
Nitrate Potassium KNO White crystalline solid, highly soluble Used in food preservation, fertilizers,
(Potassium Nitrate, E 252) 3 in water, oxidizing agent and fireworks
Nitrate Calcium Ca(NOy) White granular or crystalline solid, Used in fertilizers, concrete additives,
(Calcium Nitrate, anhydrous) 2 highly soluble in water and cold packs
Nitrate Calcium Ca(NO,), - 4H,0 White crystalline solid, highly soluble Used in fertilizers, wastewater
(Calcium Nitrate, tetrahydrate) £ 2 in water, contains water of crystallization  treatment, and cold packs
Nitrate Ammonium NH.NO White crystalline solid, highly soluble Used in fertilizers, explosives,
(Ammonium Nitrate) 4Ts in water, strong oxidizer and in veterinary medicine
Nitrite

Nitrite Sodium White to slightly yellowish crystalline Used as a food preservative,
(Sodium Nitrite, E 250) NaNO, powder, soluble in water, can act as curing agent, feed additive, and in

’ both an oxidizing and reducing agent pharmaceuticals

Used as a curingagent in the food
Nitrite Potassium KNO White to yellow crystalline powder, industry, in pharmaceuticals,
2

(Potassium Nitrite)

soluble in water, strong reducing agent

and in the production of heat transfer

salts, dyes, and other chemicals.

tetrahydrates. Ammonium nitrate is a colorless crystal-
line salt used in fertilizers and explosives.

Nitrite (NO,"): the nitrite anion is present in inorganic
nitrite salts. Nitrite naturally occurs in the environment
as part of the nitrogen cycle, typically in very low con-
centrations. It is formed naturally by nitrifying bacteria
as an intermediate stage in nitrate formation.

The most important nitrites in feeds and food are
sodium nitrite (NaNO,) and potassium nitrite (KNO,).

Sodium nitrite (NaNO,): this compound appears as
a white or slightly yellow crystalline powder, hygroscopic,
with a melting point of 270°C, and decomposes above
320°C. It slowly oxidizes to sodium nitrate in the air. Sodium
nitrite has various applications, including the production
of numerous compounds. In medicine and veterinary
practice, it has been used as a vasodilator, bronchodila-
tor, and as an antidote for cyanide poisoning. In veterinary
medicine, it is applied topically on the teats of dairy cows
post-milking to prevent mastitis. Sodium nitrite is permit-
ted as a food additive (E 250) to stabilize the color of cured
fish and meat and to inhibit the growth of Clostridium botu-
linum, the bacterium that produces botulinum toxin.

Nitrate levels and toxicity in unified metrics

Reading reports on nitrate levels in various literatures
reveals different parameters for determining nitrate con-
tamination. The results of nitrate analysis can be mis-
leading due to differences in the methods of presenting
the results. In chemical analysis of nitrates, the actually
determined element is oxidized nitrogen. However, val-
ues can be reported as a percentage of nitrates (NO,"),
nitrate-nitrogen (N—NO), or as a percentage of potassi-
um nitrate (KNO;) concentration.

The Animal Biology, 2024, vol. 26, no. 2

Elevated nitrogen doses and nitrate accumulation in
forage are presented as concentration of nitrate nitrogen
N—NO; [6]. Authors [12], accumulation of N-NO; above
0.07% in dry matter is considered harmful, 0.07-0.2%
can lead to poisoning in cattle, and more than 0.25%
can be lethal. Other authors determined nitrate concen-
trations as concentrations of NO;~ ions [16]. Similarly,
nitrate concentrations can be determined as concentra-
tions of potassium nitrate (KNO;3) [21].

For unification and interpretation of the results pre-
sented in the literature, formulas are used for converting
between different measurement units:

KNO; = N—-NO; x 7.22
KNO; = NO; x 1.63
NO; = N-NO; x 4.43
NO; = KNO; x 0.613
N—-NO; = KNO; x 0.139
N-NO; = NO; x 0.226

Thus, for accurate interpretation of results in the liter-
ature, it must be clearly stated in which units the nitrate
concentration was determined. Predominantly, nitrate
analysis and information on safe concentrations in feed
and water are presented as the concentration of NO;~
ions (mg per kg dry matter). However, in modern litera-
ture, results can also be found in percentages or parts
per million (ppm). The following formulas are provided
for conversion to interpret the results:

¢ 1000 mg/kg = 0.1%

e 750 mg/kg = 0.075%

¢ 0.1% = 1000 ppm

¢ 2100 ppm = 2100 mg’kg

¢ 300 ppm = 0.3 mg/L (for water)
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Calculation examples:

0.1% N—NO; = 0.443% NOs;
0.1 x 4.43 = 4430 ppm NO; = 4430 mg/kg

0.44% NO; = 0.099% N—-NO;;
0.44 x 0.226 = 994 ppm N—-NO; = 994 mg/kg

Almost all feeds contain some amount of nitrates.
Since herbivores, especially ruminants, consume diets
with high levels of nitrates, they are potentially among
the most sensitive species to nitrite poisoning due to
their inherent microbial ability to convert nitrates to
nitrites. However, under normal circumstances, prob-
lems do not arise because the resulting nitrite is quickly
removed through bacterial fermentation for anabolism,
forming ammonia, amino acids, and proteins.

2. Sensitivity of methods for determining nitrates:
spectral analysis, nitrite meter, and electrode analysis
The determination of nitrate levels is essential for as-
sessing environmental and agricultural impacts. Various
methods are employed to measure nitrates, each differ-
ing in sensitivity, accuracy, and application. Here, we dis-
cuss the sensitivity of three common methods: spectral
analysis, nitrite meters, and electrode analysis.

Spectral analysis
Spectral analysis, including techniques such as UV-
Vis spectrophotometry, is widely used for nitrate deter-
mination [23]. This method is based on the absorption
of light by nitrate ions at specific wavelengths. The ad-
vantages of spectral analysis include:
¢ High sensitivity: UV-Vis spectrophotometry can de-
tect nitrates at low concentrations, typically in the
range of 0.1 to 5.0 mg/L.
¢ Precision: this method provides precise and repeat-
able results, making it suitable for laboratory use.
¢ Non-destructive: spectral analysis is a non-destruc-
tive technique, preserving samples for further analysis.
However, spectral analysis requires clear, colorless
samples and proper calibration to avoid interference
from other absorbing species.

Nitrite Meter

Nitrite meters are portable devices designed for field
use to measure nitrate levels directly. These meters use
colorimetric or electrochemical principles to provide quick
and easy readings. Key features include:

o Moderate sensitivity: nitrite meters can detect ni-
trates in concentrations ranging from 0.5 to 100 mg/L,
depending on the device.

o Portability: these meters are compact and easy
to use in various settings, including on-site field
measurements.

¢ Rapid results: nitrite meters offer fast results,
often within minutes, making them suitable for real-
time monitoring.

While convenient, nitrite meters may have limitations
in terms of accuracy and potential interferences from
other ions present in the sample.

Electrode Analysis
Electrode analysis, such as using ion-selective elec-
trodes (ISEs), is another method for determining nitrate
concentrations [17]. This technique measures the po-
tential difference generated by nitrate ions in a solution.
Its benefits include:
¢ High sensitivity: ISEs can detect nitrates at very
low concentrations, often below 0.1 mg/L.
¢ Specificity: ion-selective electrodes are designed
to respond specifically to nitrate ions, reducing the
risk of interference from other ions.
¢ Versatility: electrode analysis can be performed
in various sample types, including soil, water, and
plant tissues.

However, electrode analysis requires regular calibration
and maintenance to ensure accurate readings. It may also
be influenced by the ionic strength and pH of the sample.

Each method for determining nitrate levels has its
strengths and limitations. Spectral analysis offers high
sensitivity and precision but is best suited for laboratory
environments. Nitrite meters provide rapid and portable
measurements but may sacrifice some accuracy. Elec-
trode analysis combines high sensitivity and specificity
but requires careful calibration and maintenance.

The choice of method depends on the specific re-
quirements of the analysis, including the desired sen-
sitivity, accuracy, and practicality for field or laboratory
use. By understanding the capabilities and limitations of
each method, researchers and practitioners can select
the most appropriate technique for their needs.

The impact of consuming feeds with significant
nitrate concentrations on animals depends on various
factors related to the animals’ condition.

Ruminants can tolerate a wide range of nitrate levels
depending on several factors. Factors that make nitrates
less toxic include:

1. Gradual adaptation: animals can be conditioned
to consume higher amounts of nitrate-rich feed if
the increase is gradual.

2. Health status: healthy animals are less susceptible
to adverse effects than animals with poor health.

3. Adequate carbohydrates: an adequate supply of
carbohydrates (grain) allows animals to consume
more nitrates, as carbohydrates enhance the con-
version of nitrates to microbial protein.

Factors that make nitrates more toxic include [13]:

1. Rapid dietary changes: a sudden change in diet
can trigger nitrate poisoning.

2. Parasitism or anemia: conditions causing anemia
or parasitism increase susceptibility.

3. Multiple sources of nitrates: nitrates in more than
one dietary component (e.g., water and feed).
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4. Rate of feed consumption: the speed at which
feed is consumed can influence toxicity.

Regardless of the nitrate levels present in feeds,
there are two types of potential toxicity that cause
concern:

1. Acute or lethal toxicity: this occurs when daily
nitrate concentrations ingested by the animal exceed
the conversion rate to nitrites, leading to rapid nitrite
accumulation.

2. Chronic or non-lethal toxicity: this occurs when
prolonged exposure to nitrate-rich feed results in
nitrite accumulation and absorption into the blood-
stream, causing chronic effects.

These effects depend on the duration of consump-
tion of toxic feed. Specifically, the table 2 presents
various effects based on nitrate concentration per kg
of body weight ingested daily for cattle.

3. A compartmental model for nitrate metabolism
in ruminants: relevance and potential insights
3.1. Relevance of modeling nitrate metabolism

The study of nitrate metabolism in ruminants is
crucial due to the significant role these animals play in
agriculture and food production. Ruminants, such as
cattle and sheep, are particularly sensitive to nitrate
toxicity because of their unique digestive systems.
The bacteria present in the rumen can reduce nitrates to
nitrites, which, in excessive amounts, can lead to met-
hemoglobinemia, a condition that affects the oxygen-
carrying capacity of the blood [22].

Modeling nitrate metabolism in ruminants provides
several important benefits:

Risk assessment and management: by under-
standing how nitrates are metabolized and accumulated
in ruminants, farmers and veterinarians can better man-
age feed and forage to prevent nitrate toxicity. This is
particularly important in regions where nitrate levels in
plants and water can fluctuate significantly.

Optimizing feed composition: a compartmental
model allows for the simulation of different dietary

Table 2. Effects of nitrate concentration on cattle

Total daily dose  Total daily dose  Total daily dose

scenarios, helping in the formulation of feeds that
minimize nitrate accumulation while ensuring nutri-
tional adequacy. This can lead to the development
of feeding strategies that enhance animal health and
productivity.

Environmental impact assessment: modeling
can help assess the environmental impact of nitrate
usage in agriculture. By understanding how nitrates
are processed in ruminant systems, it is possible to
predict the fate of nitrates excreted in manure, which
can contribute to nitrate pollution in soil and water.

Guiding agricultural practices: insights from
the model can inform agricultural practices, such as
the timing and amount of fertilizer application, to en-
sure that nitrate levels in forage crops remain within
safe limits. This can lead to more sustainable farming
practices that protect both animal health and the en-
vironment.

Public health and food safety: ensuring that ni-
trate levels in meat and dairy products are within safe
limits is essential for public health. Modeling nitrate
metabolism helps in understanding how nitrates and
their metabolites accumulate in animal tissues, which
is vital for food safety regulations and standards.

3.2. Compartmental model for nitrate metabolism
in ruminants
Compartmental Model:

¢ Rumen compartment C,: nitrite concentration in
the rumen (mg)

¢ Rumen compartment C,: this compartment rep-
resents the rumen, where nitrates are ingested
through contaminated feed or water. In the rumen,
nitrates are rapidly reduced to nitrites by microbial
action. Nitrate concentration in the rumen (mg)

¢ Blood compartment C,: this compartment represents
the bloodstream, where absorbed nitrites are distrib-
uted. Nitrite concentration in the blood (mg)

e Metabolism and excretion compartment C;:
this compartment represents the metabolism and
excretion of nitrates and nitrites from the body.
Nitrite concentration in the tissues (mg)

(mg NO;7/kg (mg N—NO;/kg (mg KNO,/kg Effect
body weight) body weight) body weight)
<97.7 <22.0 <97.7 Generally safe under all conditions.
97.7-195.3 22.0-44.0 97.7-195.3 Safe for most animals. May be unsafe for pregnant and very young animals.
Potentially unsafe for pregnant and young animals. May cause reduced appetite,
195.3-293 44.0-66.1 195.3-293 slow growth, abortions, and decreased milk production. Research suggests
a decrease in milk production of approximately 15.9 mg NO;/kg body weight.
Unsafe level of intake for all animals. Reduced appetite, vitamin A deficiency,
o Bl AL abortions, and overall reduced productivity.
>390.7 >88.2 >390.7 Acute toxicity possible in most animals. In dairy cattle, 45.4 mg NO;/kg body weight

can result in 50% mortality.

The Animal Biology, 2024, vol. 26, no. 2
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The kinetic equations for this compartmental model
can be described as follows:
1. Rumen (Nitrite) :

dC, / dt = K.ony * C1 — Kos * Cy

dC, / dt — the rate of change of nitrite concentration
in the rumen over time;

Keonv * C4 — the rate of nitrite formation in the rumen
due to the conversion of nitrate.

2. Rumen (Nitrate):
dC1 /dt= ki * C1 — Keonv * C1

dC, / dt — the rate of change of nitrate concentration
in the rumen over time;

—k,, * C, — the rate of nitrate transfer from the rumen
to the blood;

—keonv ¥ C4 — the rate of nitrate conversion to nitrite
within the rumen.

3.Blood:
dC2 I dt = k12 * C1 + k01 *CO - k23 * CZ

dC, / dt — the rate of change of nitrite concentration
in the blood over time;

ki, * C; — the rate of nitrite entering the blood from
the rumen (after nitrate conversion);

ko *Co — the rate of nitrite entering the blood directly
from the rumen;

—ky3 * C, — the rate of nitrite absorption from the blood
into the tissues.

4.Tissues:
dC,;/dt=ky;*C,—k; *C;

dC, / dt — the rate of change of nitrite concentration
in the tissues over time;

k,; * C, — the rate of nitrite absorption from the blood
into the tissues;

—k;, * C; — the rate of nitrite excretion/metabolism from
the tissues.

Description:

o These differential equations describe the dynamics
of nitrate and nitrite concentrations in different com-
partments within the ruminant animal’s body.

e The model accounts for the conversion of nitrate to
nitrite in the rumen, the transfer of nitrite from the
rumen to the blood, the absorption of nitrite from
the blood into tissues, and the excretion/metabo-
lism of nitrite from tissues.

e The rate constants (ki,, K3, K30, Keony) determine
the intensity of each process and can be adjusted
based on experimental data or physiological pa-
rameters of the animals.

This model is a simplified representation of a complex

biological process. For more accurate results, it's essen-
tial to consider individual animal characteristics, their diet,
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and other factors that can influence nitrate metabolism.
Using the NumPy-based SciPy library in code written
in Python, the proposed system of ordinary differential
equations (ODEs), which are the core of our compart-
mental model, was solved. The results are shown in fig.

The figure displays the change in nitrite concentra-
tion within the rumen over a 24-hour period. The model
demonstrates the conversion of nitrate to nitrite in the ru-
men and the subsequent transfer of nitrite to the blood-
stream. The initial spike in nitrite concentration is due
to the rapid conversion of nitrate, followed by a gradual
decrease as nitrite is absorbed into the blood.

ki, = 0: this eliminates the direct transfer of nitrate
from the rumen to the blood, preventing its dilution and
potential detoxification in the liver.

Keonv = 0.9: this significantly increases the rate of
conversion of nitrate to nitrite in the rumen, leading to
a rapid accumulation of nitrite.

C.0 =400.0: the high initial dose of nitrate provides
ample substrate for the rapid conversion to nitrite.

The combination of these factors results in a scenario
where nitrite rapidly accumulates in the rumen and then
overwhelms the animal’s ability to detoxify it, leading to
a dangerous spike in blood nitrite levels and potential fatality.

Given the provided parameters and initial conditions,
let's analyze the expected outcome of the simulation in
terms of nitrate and nitrite levels in a ruminant animal.
With the modified parameters, the animal is exposed to
a high initial dose of nitrate (400 mg) and a rapid conver-
sion rate of nitrate to nitrite (ke = 0.9). Simultaneously,
the direct transfer of nitrate from the rumen to the blood
is blocked (ky, = 0), while the absorption of nitrite from
the blood to tissues and its excretion are relatively slow-
er (ko3 = 0.1, ksp = 0.2). Since the animal received a lethal
dose of nitrate, we can expect a rapid accumulation of
nitrite in the rumen due to the high conversion rate and
lack of direct nitrate transfer. This will subsequently lead
to a significant increase in nitrite levels in the blood, ex-
ceeding toxic thresholds, and potentially causing acute
toxicity. To confirm this, let’s run the simulation without
plotting the graph and examine the peak nitrite concen-
trations in the blood.

With the modified parameters, the simulation re-
sults in a maximum nitrite concentration in the blood
of 256.56 mg. This high level of nitrite in the blood,
likely exceeding the toxic threshold, would be consis-
tent with a lethal dose of nitrate leading to acute toxic-
ity in the ruminant animal.

3.3. Insights from the model

A compartmental model for nitrate metabolism in
ruminants can provide detailed insights into several
key aspects:

1. Kinetics of nitrate reduction: the model can eluci-
date the rates at which nitrates are reduced to nitrites
and further to ammonia in the rumen. Understanding
these kinetics is essential for predicting the conditions
under which toxic levels of nitrites might accumulate.

bionozis meapuH, 2024, 1. 26, N2
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Fig. Nitrite concentration in the rumen over time (results of the proposed model implemented in Python)

2. Distribution of nitrate metabolites: by modeling dif-
ferent compartments within the animal’s body (e.g.,
rumen, blood, tissues), it is possible to track the dis-
tribution and concentration of nitrate metabolites.
This helps in identifying critical points where inter-
ventions can be made to reduce toxicity.

3. Impact of diet and environment: the model can
simulate how different dietary components and en-
vironmental conditions (such as water nitrate levels
and forage type) affect nitrate metabolism. This can
guide the selection of optimal feeding practices and
environmental management.

4. Inter-species variability: The model can be adapt-
ed to study different ruminant species, allowing for
comparisons and the development of species-specific
recommendations. This is particularly useful for mixed
farming operations.

5. Predictive tool for management decisions: by inte-
grating real-time data and scenario analysis, the mod-
el can serve as a predictive tool for making informed
management decisions. This can help in preemptively
addressing potential issues related to nitrate toxicity.

In summary, a compartmental model for nitrate
metabolism in ruminants is a valuable tool for improving
animal health, optimizing agricultural practices, and en-
suring food safety. By providing detailed insights into the
complex processes involved in nitrate metabolism, the
model supports the development of effective strategies
for managing nitrates in ruminant production systems.

The Animal Biology, 2024, vol. 26, no. 2

Nitrate/nitrite poisoning poses a significant threat to
ruminant livestock, necessitating a comprehensive un-
derstanding of its multifaceted nature. This article has
provided an in-depth overview of the historical context,
diverse sources of exposure, intricate metabolic path-
ways, and varied mechanisms of action associated with
nitrate toxicity. The complexity of this issue is further
compounded by the variability in reported nitrate/nitrite
levels and the diversity of analytical methods employed.

Compartmental modeling emerges as a crucial tool
in navigating these complexities. By simulating the dy-
namic processes of nitrate intake, conversion to nitrite,
absorption, distribution, and excretion, these models of-
fer valuable insights into the factors that influence nitrate
toxicity in ruminants. This knowledge can be leveraged
to develop evidence-based interventions, optimize feed-
ing practices, and guide agricultural management deci-
sions to mitigate the risks associated with nitrate expo-
sure. Ultimately, the integration of research, modeling,
and practical application holds the promise of fostering
sustainable agricultural practices that prioritize animal
welfare, environmental health, and food safety.
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Big umnincbKoi ceniTpy Ao cy4acHOro CiflbCbKOro rocnogapcTea: AoCnigKeHHSA HiTpaTHOI TOKCUYHOCTI
B XKyWHMUX TBapuH 32 AOMOMOIrol KOMNapTMeHTanbHOro MmoaentoBaHHA

1. A. OnidHuk
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IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

OTpyeHHS HiTpPaTaMU/HITPUTaMK € 3Ha4HOK NPOBNEMOt0 Ans 30O0POB’s XKYNHUX TBAPWH, 3 ICTOPUYHMI KOPEHSIMU, LLIO NEPenyoTh K-
POKOMY BUKOPUCTaHHIO a30THMX A06puB. Lien ornsaa gocnigxye pisHi doaktopu, siki CpUstoTb HITPaTHIN TOKCUYHOCTI, 30KpeMa MPUPOAHI Ta
aHTPOMOTEHHi pxepena, LWsaxm MeTaboniamy, MexaHismu fii Ta BapiabenbHICTb y HasBHUX AaHuX. [igKpecmioeTbea BaXMBICTL KOMNapT-
MEHTarnbHOro MofertoBaHHs As PO3yMiHHsSI AnHamiku MeTaboniamy Hitpartis. Lli mogeni HapatTe OCHOBY Arsi MOAEMOBAaHHS CKIagHMX
NpoLEeCiB, NMOB'I3aHNX 3i CMOXUBaHHSAM, NepeTBOpeHHsM, abcopOulieto, po3noainiom Ta BUBEAEHHSAM HiTpaTiB, LLO 3PeLUTOor CMpUsie po3-
pobLi edpekTMBHUX CTpaTerii MOM’AKLEHHS Hacniakie. MeToto L€l cTaTTi € HagaHHS BCebiYHOro ornsay OTPYEHHS HiTpatamu/HiTpuTamm B
XYWHUX TBApWH Ta NiAKPECIEHHs porni KOMMNapTMeHTarlbHOro MogertoBaHHs! Ansi 36epexxeHHs 300poB’st TBAPWH, ONTUMI3aLLi CinbCbkoroc-
noJapCbKUX MPaKTUK Ta 3abe3neyeHHst 6e3nekn xap4oBKX NPOAYKTIB Y KOHTEKCTI Cy4acHOro CiNbCbKOro rocriofapcTaa.

Knto4yoBi crnoBa: HiTpaTHa TOKCUYHICTb, XYVHi TBapUHW, KOMNapTMeHTarbHe MOAENoBaHHSA, MeTreMornobiHeMmis, ynpaBniHHS kopMamu
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It was found that the biochemical parameters of blood of red
deer (Cervus elaphus) reared in the conditions of Polissya Volyn,
in general, correspond to the main patterns characteristic of this
population, although they have some fluctuations. Thus, we have
shown that the content of total protein, its fractional composition,
concentration of glucose, urea and creatinine in the blood serum
of English deer blood line and Latvian crossbreed deer were with-
in the reference values characteristic of this species of wildlife.
It was found that the activity of ALT and GGT was higher in ani-
mals of English origin, and AST and ALP — in Latvian crossbred
deer. The content of Ca, P, Mg and Na ions in the blood was also
higher, respectively, by 9.4, 28, 22.7 and 4%. It was found that
against the background of stress caused by physical method of
capturing animals for blood sampling, the level of total protein and
its albumin fraction. The concentration of urea was by 22.5%, glu-
cose — by 18.4% and creatinine by 6.5% higher than in the group
of animals with sedation. Under technological stress in deer, the
activity of ALT and AST in the blood increases (by 11 and 5.5%)
and ALP and GGT (by 9.1 and 20.0%), respectively. The study
of blood biochemical parameters in young animals (3—4 months
old) revealed that the content of total protein in females is 6.4%
higher than in males. At the same time, the activity of AST activity
in the blood serum of males was 17.4% higher than in young
females. The concentration of Ca ions in males was 32.4% high-
er than in females, and concentration of P, on the contrary, was
lower in males. The ratio of Ca to P in the blood of males was
1.57, and in females — 1.30. It was found that the content of total
protein in animals increased with age and was the highest in adult
red deer. While the concentration of the studied macronutrients
(Ca, P, Na, K) had a higher level in the blood of young animals.
While the concentration of the studied macronutrients (Ca, P,
Na, K) had a higher level in the blood of young animals.

Key words: deer, stress, blood, biochemical parameters

Introduction

The intensification of hunting management in Ukraine
was conditional nature even before the full-scale invasion
of the Russian Federation. Unfortunately, in terms of the
level of development of the hunting industry, we were inferi-
or even to the countries of Eastern Europe [12]. Among the
main problems that hinder the sustainable development of

The Animal Biology, 2024, vol. 26, no. 2

the industry are: low and ineffective level of immunization
of wild animals; death of animals due to the spread of dan-
gerous Infectious diseases; deterioration of the habitat of
game animals as a result of climate change and negative
anthropogenic activities; use of pesticides and use of mod-
erm mechanisms in agriculture in violation of environmen-
tal requirements; insufficient environmental requirements;
insufficient scientific and methodological support. Today,
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as a result of military aggression, there are also significant
losses of biodiversity and destruction of natural habitats
of wildlife species, pollution of territories by explosive ord-
nance, violation of natural ecosystems, soils, water bodies
and water bodies and water management systems [10].
Therefore, for the sustainable and efficient use of hunting
fauna requires the development and application of a num-
ber of urgent and promising measures for the conserva-
tion, reproduction and maintenance of favorable condition
of biodiversity of natural ecosystems, adaptation to climate
change and pollution, which leads to the degradation of
natural biocenoses. An important aspect of this action plan
is to ensure the restoration and of such an action plan is
to ensure the restoration and maintenance of wildlife pop-
ulations in accordance with the indicators of their optimal
number and sex and age structure of wildlife populations.
And, in particular, the breeding of wild game ungulates,
including red deer, in semi-free conditions, taking into ac-
count the results of in-depth study of biology, ethology and
ecology of animals to improve their comfort zone [5].

The physiological processes and functions of an an-
imal are constantly influenced by environmental factors.
The animal’s body and blood, in particular, react in a spe-
cial way react to each environmental factor in a special
way [4, 13, 14]. Knowledge of the range of reference val-
ues of blood parameters and their determination for indi-
vidual species and their determination for individual game
species is key to monitoring individual and herd health as
part of the overall environmental monitoring. The indica-
tors characterizing the state of wild populations of animals
and red deer, in particular, may be influenced by the hab-
itat, housing conditions, breed, sex, age, physical activity,
diseases, stress, etc [14, 17].

The method of animal immobilization is also import-
ant [2, 11, 15]. It is believed that the very stress to which
deer are exposed during blood sampling can significantly
affect the can significantly affect the results obtained [3].
At the same time, there are few reports in the scientific
literature, there are few reports on the reference biochem-
ical parameters of blood of red deer, as well as the effects
of anesthesia or muscle relaxation. The published data
differ significantly [1]. Most of the described indicators are
obtained from animals, when tranquilizers were used.

The aim of this stage of work was to find out the im-
pact of blood sampling methods on red deer for the study
of biochemical parameters against the background of dif-
ferent conditions of animal husbandry, their age, sex
and population type.

Materials and Methods

The experiment was conducted in the conditions of the
farm “Amila”, which is geographically located in Western
Polissya (Radovychi village, Kovel district, Volyn region)
and specializing in the production of region) and specializ-
es in red deer breeding since 2017. The farm breeds deer
of three populations (English, Hungarian and Eastern
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European) and two crossbreeds (Latvian and Lithuanian).
The system of red deer rearing in the farm conditions in-
volves a whole range of biotechnical, zootechnical and vet-
erinary sanitary measures [9, 16, 18]. It usually includes,
in addition to assessing the general condition of the of the
animal, determination of its body weight (at a certain stage
of development), coprological examination of feces for the
presence of helminth eggs or larvae and selective blood
tests for morphological and biochemical parameters.

To perform the experimental part of the work 7 groups
of deer (n=10) were selected. In particular, groups D1-
D3 were formed from females of the English population,
aged 2-3 years (enclosed — the area of the fenced wa-
tering from watering troughs; existing feeding systems
and provision of agrotechnical and veterinary measures).
Deer of experimental groups D1 and D2 were subject-
ed to prophylactic deworming with lvomec?®, at the rate
of 1 ml per animal, subcutaneously. Animals of group D3
were not dewormed. Animals in groups D4 (English pop-
ulation) and D5 (Latvian crossbreed) were also 2—-3 years
old. Groups D6 (males) and D7(females) — fawns of the
English population of 3—4 months of age, which were kept
in pens with females (mothers) in fenced areas.

We used two methods of contact with deer to collect
blood samples. Thus, from deer D1 and D2 groups and
young animals of D6 and D7 groups, blood for research
was collected after driving them through the appropriate
system of mazes from the transition corridors and fixing
them in a special box. Itis worth noting that with this form of
capture wild animals are subjected to technological stress,
which is likely to have an impact on the results obtained.

Animals of D3, D4 and D5 of the experimental groups,
which were kept in a semi-free were subjected to a medi-
cal method of immobilization. To create the effect of seda-
tion and muscle relaxation and 30-minute immobilization
of deer, we used the xylazine-containing drug Xyla (Inter-
chemie Verken “De Adeyaar” Esti AS, Estonia). It was ad-
ministered to animals using a special DAN inject gun in
a dose of 1 ml per 100 kilo. The time from drug adminis-
tration to the start of blood sampling was 30—-45 min.

Blood for the study was taken from deer by puncture
of the jugular vein. Blood was collected in separate vacu-
um tubes “Vacutest” (red lid, with silicon dioxide as an ac-
tivator, using a double-sided needle “Voles”). Were taken
10 ml of blood to obtain serum. Biochemical analysis of
serum was performed using a Humalyzer 3000 analyzer
and standard certified test kits “Human Diagnostics
Worldwide” (Germany).

Results and Discussion

During the study of biochemical parameters of red
deer blood, we confirmed the data of many scientists that
they are relatively stable constants, characteristic of in-
dividual population subfamilies, may vary depending on
geographical habitat, age, sex, physiological condition,
type and nature of feeding (feeding), time of year [4, 13].
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It has been established that they are largely subject to
fluctuations depending on the specifics of blood sam-
pling from animals. Stress factors usually disrupt the es-
tablished homeostasis in this species of wildlife and can
provoke numerous disorders, including slower growth
rates, metabolic disorders, immunodeficiency’s, and
often cause various diseases [8].

The main stress factors in livestock production, includ-
ing among deer when rearing them both in free (aviary)
and semi-free conditions (farm), are considered to be
changes in feeding regime, regrouping, introduction,
climatic and temperature factors etc.

In the course of our research, we found that against
the background of a stressful factor (running animals
through long mazes to a stationary fixation box) in the
blood serum of deer of the first experimental group (D1)
increased the content of total protein (P<0.05) and its al-
bumin fraction (P<0.05), compared to similar indicators of
animals of the third experimental group, which were im-
mobilized with a xylazine-containing preparation (table 1).

According to some researchers [1], this trend is ap-
parently the result of the following the use of sedatives
can change the permeability of capillaries and cause, to
a certain extent, hemodynamic to a certain extent, hemo-
dilution, loss of proteins and especially albumin.

As a result of experimental studies, we noted that the
concentration of urea in the blood serum of deer of group
D1 was higher than that of group D3 by 1.4 mmol/L or
22 5%. Itis important that the data characterizing the con-
tent of the studied substance in deer of group D1 slightly
exceeded the reference values for this species of wildlife.
It is known that the concentration of urea in the blood of
animals can be subject to significant fluctuations and de-
pends on the time of year and the structure of the proba-
ble diet. The observed increase in the level of urea in the
blood serum of deer (group D1 and D2) is likely to be the

result of catabolic processes that occurred during animal
feeding, concentrated feed mixtures on the farm. In our
studies, the level of urea in the blood of deer subjected
to chemical immobilization was slightly lower than that
of the physical method of capturing animals.

Similar changes were observed in the concentration
of glucose in the blood serum of deer. Its content is en-
tirely related to animal feeding, but other factors, such
as stress. We have found that the glucose concentration
in the blood of D3 deer which were reared in farm condi-
tions, under Xyla sedation was 18.4% (P<0.05) lower
than that of animals of group D1. Some scientists who
have studied such patterns tend to believe that the de-
pression of the central and efferent nervous system,
against the background of the use of adrenergic drugs,
may be accompanied by the release of insulin and the
glucose output from the liver [1, 14].

We have found that the level of creatinine in the blood
serum of deer, against the background of technological
stress associated with intense movement and muscle ex-
ertion, tended to increase (by 6.5%) in animals of group
D1 compared to the analogues of group D3. In this series
of experiments, we also analyzed the biochemical param-
eters of deer blood against the background of preventive
deworming. According to the results of the spring (2021)
parasitological examination of red deer feces of different
ecotypes, mainly eggs of strongyles of digestive tract infec-
tions (Trichostrongylus axei, Ostertagia ostertagia, Coope-
ria ancophora, Chabertia ovina) and larvae of strongyles
of respiratory tract infections (Muellerius capillaris), which
are also characteristic of other ungulate species, were
found [6, 7]. According to the experimental scheme, deer
of group D1 were treated with an anthelmintic, while group
D2 was not. The method of catching animals for blood
sampling was the same. The deer were driven to a sta-
tionary box and biomaterial was obtained during fixation.

Table 1. Dynamics of some biochemical parameters of blood serum of red deer under different methods of their immobilization (Mtm, n=10)

Animal group

Parameter Reference values
D1 D2 D3

Protein total, g/L 63.6-66.3 68.2+2.7 62.8+4.1" 65.7+7.8*
Albumin, g/L 35.7-37.5 37.9t1.4 33.9+3.0" 35.4+4.0*
Globulins, g/L 27.2-29.5 30.3+3.3 28.9+2.6 30.3x3.4
a-globulin, g/L 10.1-10.9 10.5£0.9 11.91£0.7 11.240.3
B-globulin, g/L 4.8-5.7 5.6+0.6 4.610.4 5.9+0.8
y-globulin, g/L 11.8-13.5 14.241.0 12.4+0.9 13.2+0.5
AJ/G ratio — 1.25+0.08 1.17+0.09 1.17£0.07
Glucose, mmol/L 8.5-9.7 11.31£0.6 10.3+0.6 9.2+0.5*
Urea, mmol/L 5.1-6.0 7.610.44 7.7£0.9 6.2+0.5
Creatinine, umol/L 147.6-159.4 174.316.5 184.4+11.4" 163.6+14.4**

Note. Reference values are given according to O. Rosef et al. for animals immobilized with a neuroplegic agent. In this and other tables:
* — P<0.05; ** — P<0.01 (D3 vs. D1); ' — P<0.05; " — P<0.01 (D2 vs. D1)
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As a result of the studies (table 1), it was found that in
non-dewormed deer of group D2 against the background
of an apparently chronic development of the pathological
process caused by helminths, the protein synthesizing
function was suppressed. The content of total protein
in the blood serum of animals of this group was 8%
lower (P<0.05) than in animals treated with /lvomek.
At the same time, the observed decrease in total protein
was mainly due to a decrease in its albumin fraction
(P<0,01). The concentration of glucose in the blood of
non-dewormed animals tended to decreased, and the
creatinine level increased slightly.

It is well known that the activity of certain enzymes is
an indicator of stress in animals. We found that the activity
of ALT, AST, ALP, and GGT had significant deviations in
blood obtained from animals subjected to different immo-
bilization methods (table 2). Thus, in deer under chemical
sedation with Xyla, the activity of transaminases (ALT and
AST) was lower by 11.0 and 5.5% (P<0.01; P<0.05) than
in animals subjected to exhaustive running to the fixation
box through the corridor system.

A similar trend was characteristic of alkaline phos-
phatase (ALP) and gamma glutamyltransferase (GGT).
Against the background of technological stress in the
blood of deer of group D1 the concentration of these en-
zymes exceeded that of animals of group D3 by 9.1 and
20.0% (P<0.05). It was noted that the studied indicators
of enzyme activity in animals of group D3 (under chemi-
cal sedation) were within the limit values determined for
this group of adult wild animals. As for the indicators of
animals of group D1 animals that went beyond average
values, we agree with the opinion of some authors [3, 8],

that the reference constants of biochemical digital expres-
sions have significant differences in deer with different
methods of capturing animals (physical fixation or an-
esthesia) and require additional research.

The electrolyte balance of blood and tissues in the
body of deer is extremely important, as it ensures appro-
priate osmosis, metabolic processes, bone growth and is
the basis of the body’s homeostasis. For this species of
animal, it is also peculiar in that it promotes the growth of
horns (antlers). We studied the concentration of Calcium,
Phosphorus, Magnesium, Sodium and Potassium ions in
the blood serum (table 3). It was found that their levels
were within the within the reference values determined
for red deer. At the same time, there were no significant
deviations in animals subjected to different methods of
immobilization were not noted.

According to many scientists, the course of metabolic
processes in the body of deer depends on many factors.
We have previously described the results of research on
deer body weight depending on the population. It was
shown that the difference in body weight between an-
imals of the same sex and age was up to 36 kg. In partic-
ular, the animals of the Latvian crossbreed were not only
heavier in weight compared to the English population, but
also taller, and more massive. The males had more horny
processes etc.

In our opinion, it was interesting to find out the bio-
chemical parameters of blood in deer of different lines
that were raised on a farm in the Western Polissya of
Ukraine. For this purpose, blood of animals from two
populations: English and Latvian crossbreeds were
studied (table 4).

Table 2. The activity of individual enzymes of red deer blood serum under physical and chemical method of their immobilization (M+m, n=10)

Animal group

Parameter Reference values
D1 D2 D3
ALT U/L 51.7-56.7 60.2+3.7 63.416.2 53.6+4.0**
AST U/L 55.0-63.3 66.9+4.0 74.445.2" 63.216.6
de Ritis ratio (ALT/AST) 1.06-1.12 1.11£0.08 1.17+0.06 1.18+0.1
ALP U/L 195.5-252.1 240.4+16.8 264.8+9.8 220.4+10.4*
GGT UL 18.4-22.4 24.0+0.8 30.2+1.1 20.0+2.2
Table 3. Concentration of macronutrients in the blood serum of red deer (M+m, n=10)
Animal group
Parameter Reference values
D1 D2 D3
Ca, mmol/L 1.89-1.99 2.124+0.18 2.05+0.34 1.90+0.40
P (inorganic), mmol/L 1.12-1.36 1.44+0.1 1.36+0.1 1.32+£0.3
Mg, mmol/L 0.46-0.50 0.54+0.06 0.52+0.04 0.54+0.06
Na, mmol/L 136.7-142.2 141.7+4.8 140.4£10.2 136.618.8
K, mmol/L 5.5-6.3 6.4+0.64 6.4+0.4 6.1+0.8
22 bionozis meapuH, 2024, 1. 26, N2
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Table 4. Biochemical parameters of blood serum of red deer of the English population and Latvian crossbreeds (M+m, n=10)

Animal group

Parameter Reference values
D4 D5
Protein total, g/L 63.6-66.3 64.412.8 66.616.6
Albumin, g/L 35.7-37.5 36.1+4.2 34.243.8
Globulins, g/L 27.2-29.5 26.3+2.2 32.414.0
a-globulin, g/L 10.1-10.9 10.2+0.8 12.9+0.6
B-globulin, g/L 4.8-5.7 4.4+0.4 5.6+0.4
y-globulin, g/L 11.8-13.5 11.7+£0.5 19.9+0.6
A/G ratio 1.31-1.27 1.37+0.08 1.06+0.08
Glucose, mmol/L 8.5-9.7 8.8+0.6 9.2+0.2
Urea, mmol/L 5.1-6.0 5.610.2 5.8+0.4
Creatinine, pmol/L 147.6-159.4 154.418.2 162.416.0

Table 5. Serum enzyme activity of red deer from different populations (M+m, n=5)

Animal group

Parameter Reference values
D4 D5
ALT U/L 51.7-56.7 64.1+3.6 60.2+4 .4
AST U/L 55.0-63.3 68.216.8 69.4+7.0
de Ritis ratio (ALT/AST) 1.06-1.12 1.06 1.15
ALP U/L 195.5-252.1 240.4+14.6 264.2+10.8
GGT U/L 18.4-22.4 22.8+1.4 20.2+0.8

Table 6. Electrolyte composition of blood serum of red deer of different origin (M+m, n=5)

Animal group

Parameter Reference values
D4 D5
Ca, mmol/L 1.89-1.99 1.90+0.44 2.08+0.32
P (inorganic), mmol/L 1.12-1.36 1.39+0.3 1.78+0.4*
Mg, mmol/L 0.46-0.50 0.44+0.08 0.54+0.06
Na, mmol/L 136.7-142.2 136.6+£18.2 142.0+8.8
K, mmol/L 5.5-6.3 5.80.40 5.4+0.34

As a result of the experiment, it was stated that de-
viations in such indicators such as the content of total
protein, its fractional composition, concentration glu-
cose, urea, creatinine were insignificant and generally
within the average values, recommended for red deer
as reference. The activity of serum enzymes in the blood
of deer of two subpopulations are presented in table 5.
It was found that the activity of AST and ALP was higher
in animals of group D5, and ALT and GGT in deer of
group D4, although all obtained results were within the
reference range.

The Animal Biology, 2024, vol. 26, no. 2

The electrolyte composition of the blood serum of deer
from the English population and the Latvian crossbreed
was slightly different (table 6). It was found that the con-
centration of calcium ions, Phosphorus, Magnesium and
Sodium ions in animals of group D5 (Latvian crossbreed)
was comparable to with those of deer of group D5 was
9.4, 28.0, 22.7, and 4.0% higher than in the D4 group.

Tables 7, 8 and 9 show the results of biochemical stud-
ies of blood serum of young, 3—4 month old fawns, de-
pending on sex. It was found that the content of protein
total protein content in females was 6.4% (P<0.05) higher
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Table 7. Biochemical parameters of blood serum of young red deer (Mtm, n=5)

Animal group

Parameter Reference values
D6 D7
Protein total, g/L 56-70 54.414 .4 57.946.8*
Albumin, g/L 24-33 34.2+2.6 33.65.0
Globulins, g/L — 20.2+1.8 24.343.2
a-globulin, g/L — 10.4+0.6 8.2+0.8
B-globulin, g/L — 3.240.2 6.0+0.4
y-globulin, g/L — 6.6+0.6 10.1+0.6
A/G ratio — 1.69+0.04 1.38+0.06
Glucose, mmol/L 4.7-8.0 5.4+0.6 5.2+0.2
Urea, mmol/L 3.6-7.5 4.210.4 4.0£0.4
Creatinine, pmol/L 63-93 112.4+7.2 88.616.0*

Note. In this and the following table, reference values are given for fawns without the use of tranquilizers.

Table 8. Serum enzyme activity of young red deer depending on sex (Mtm, n=5)

Animal group

Parameter Reference values
D6 D7
ALT U/L 7.0-54.0 46.6+3.0 44.2+4.2
AST U/L 30.0-91.0 40.4+5.2 34.415.0**
de Ritis ratio (ALT/AST) 4.29-1.69 0.87+0.02 0.78+0.02
ALP U/L 129-475 312.4426.0 300.6+£14.8
GGT U/L 7-44 40.1+x1.4 36.4£3.8

Table 9. Macronutrient composition of blood serum of young males and females of red deer (Mtm, n=5)

Animal group
Parameter Reference values
D6 D7
Ca, mmol/L 1.89-1.99 2.86+0.26 2.1610.44*
P (inorganic), mmol/L 1.12-1.36 1.82+0.4 1.66+0.2*
Mg, mmol/L 0.46-0.50 0.62+0.05 0.56+0.08
Na, mmol/L 136.7-142.2 174.4£12.2 180.2+20.2
K, mmol/L 5.5-6.3 7.8+0.5 7.0+0.6

than in males. At the same time, according to the analysis
of fractional composition of protein in the blood of females
revealed a higher level of globulins, in particular a-glob-
ulins. The determined ratio of albumin to globulins (A/G)
was also lower in them. Of the other studied indicators, the
value of creatinine concentration in blood serum of young
females was significantly lower, by 21.2% (P<0.05).

The activity of the studied enzymes in the blood of
young deer was within the reference values. However, it
was noted that the activity of AST in the blood of males
was by 17.4% (P<0.01) higher than in females.

24

The analysis of the macronutrient composition
of the blood serum revealed that the concentration
of calcium ions in males was 32.4% (P<0.05) higher
than in females, and Phosphorus, on the contrary,
prevailed in males. The ratio of Ca to P in males was
at the level of 1.57, and in females — 1.30.

So, summarizing, we conclude that a higher level of
proteinin the blood serum of adult deer (table 1), com-
pared to the same indicator in young individuals of this
species (table 7) is obviously the result of catabolic chang-
es in their body. We cannot exclude possible anabolic
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abnormalities in metabolism in adult animals, against the
background of estrogen action during the rut (blood
sampling was carried out at the end of September).

We found that in the blood of young deer, com-
pared to adults, the following levels were higher levels
of Ca, P, Na, and K ions compared to adults. Authors
report similar results in their studies [3]. It is believed
that young deer during this period of postnatal devel-
opment is characterized by high activity of osteoblasts
and osteoclasts in tissue remodeling, which leads to
an increased need for macro- and microelements.

Comparing the activity of the studied enzymes in
adult and young animals it was found that in fawns the
activity of GGT and ALP was higher and the activity of
AST was lower.

1. The biochemical parameters of deer blood under-
go significant fluctuations against the background
of technological stress. When taking blood from deer
immobilized by the use of sedative Xyla, the results
obtained are within the reference values determined
for this species of wildlife.

2. The results of biochemical studies of blood in red
deer did not have significant deviations at both the pop-
ulation and individual levels.

3. According to the results of biochemical studies
of blood of non-dewormed deer the probable develop-
ment of a chronic inflammatory process in animals of
this group was established, which confirms the impor-
tance of preventive deworming.

4. The biochemical profile of blood of young deer
has certain peculiarities and is determined by morpho-
logical changes and functional development of their
organism in this period of postnatal development.
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BioximiuHun npodinb kpoBi oneHiB (Cervus elaphus), BupoweHux B ymoBax lMonicca BonuHi

P. B. l'yHyak
roman.hunchak@gmail.com

&I «Aminay, Byn. Kinbuesa, 4a, c. Pagosuui, KoBenbcbkuit p-H, BonvHcbka o6n., 44867, YkpaiHa

3’sicoBaHo, Lo GioxiMiuHi NoKa3HWKKU KpoBi GnaropoaHux oneris (Cervus elaphus), BupoLLeHnx B ymoBax [Moniccst BonuHi, 3aranom
BiANOBIAaoTb 3aranbHNUM 3aKOHOMIPHOCTSIM, XapakTepHUM ANs el nonynsiuiiHoi NiapoaMHKW, X0 | MatoTb NeBHi konneaHHsA. My BUSIBUK,
LLIO BMICT 3aranbHOro NpoTeiHy, Noro opakuinHui cknag, KOHLEHTpaLis rMioKo3n, CEYOBUHM | KpeaTUHIHY B CMPOBAaTLIi KPOBi ONeHIB
aHrniicbkoi nonynsiuii Ta naTBificbkoro Kpocopigy byna B mexax pedepeHTHUX BENUYMH, XapaKTEPHUX ANsi LbOro BUAY AVKUX TBAPUH.
Mpw LpOMyY BCTaHOBMNEHO, WO akTUBHICTL ArAT i ITT Gyna BULLOKO Y TBApWH aHMMINCbKOro NoxXomkeHHsl, a ACAT i J1® — B oneHiB natsiii-
cbkoro kpocbpiay. B octaHHix 6yB BMLWMM i BMICT y KpoBi ioHiB Ca, P, Mg Ta Na — BignoeigHo, Ha 9,4; 28; 22,7 i 4%. MNigTBepmKeHo aaHi
iHLIMX JOCHIAHWKIB LLOAO 3aneXHOCTi GioXiMiYHNX MOKa3HUKIB KPOBI B ONEHIB Bif CNocoby 3HepyXOMIeHHs!. BcTaHOBMEHO, LLO Ha Tri CTpecy,
CrNpUYUHEHOro hi3nyHUM crocobom BiAnoBy TBapuH ANsi 3a60opy KPOBI, B CMPOBATLi KPOBi OreHIiB 3pocTae piBeHb 3aranbHOro NpoTeiHy Ta
noro ansbymiHoBa cbpakuis. KoHueHTpauis ceqoBuHn Byna BuLLoto Ha 22,5%, rmioko3n — Ha 18,4% a kpeaTuHiHy — Ha 6,5%, Hix y rpyni
TBapVH 32 MeAMKaMeHTO3HOI cedallii. 3a TeXHOMNOrYHOro CTPeCy B ONeHiB Y KpoBi 3pocTae akTusHiCTb ANAT | ACAT — Ha 11 5,5%, Ta J1®
iMMT —mHa 9,1i20,0% BignosiaHo. 3a gocnigkeHHs GioXiMiYHKX NOKa3HMKIB KPOBi Y Monoawx TBapuH (3—4 Mic.) 3'sicoBaHo, LLO BMICT Npo-
TeiHy 3aranbHOro B caMo4oK Ha 6,4% BuULLMIA, HiX y camuiB. BogHouac aktuBHICTb ACAT y crpoBaTLi kpoBi camuiB byna Ha 17,4% BuLloo,
HiX Y Monoamx camok. KoHueHTpauist ioHiB Ca y camMuiB nepeBuLLyBana aHamnoriYHuin nokasHuk y camo4ok Ha 32,4%, a P — HaBnaku, byna
HwKYoto B camuiB. CniBeigHowweHHss Ca fo P B kpoBi camuiB 6yno Ha piBHi 1,57, a B camok — 1,30. BcTtaHoBMeHo, Lo BMICT 3aranbHOro
npoTeiHy y TBapuH 3 BikoM 3pocTaB i OyB HaBULLMM B AOPOCNMX oneHiB. KoHueHTpauis gocnigpkysaHux makpoenemeHTis (Ca, P, Na, K)
Mana BULUIA piBEHb Y KPOBI MONMOANX TBapWH.

Knro4yoBi cnoBa: oneHi, ctpec, KpoB, 6ioxiMi4Hi NoKa3HUKK

Hunchak R. Biochemical blood profile of red deer (Cervus elaphus), reared in the conditions of Polissya Volyn.
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HaykoBui cynpoBig cy4acHOro 6MxinbHULTBa CrpSMOBaHWN
Ha OTpUMaHHS 6e3neYHOI eKonorivYHOI NpoayKLUii, PO3pOONEHHS
3aco0iB i MeTOAIB CTUMYMALLT PO3MHOXEHHST Ta NigBULLIEHHS CTilt-
KOCTi 6pkin Ao pisHMX 30yaHWKIB XBOPOD, a TaKoX Ha 3axuCT Bif,
HeCnpuATIMBMX YMOB AOBKINMs. ICHye TeHAeHLIs A0 BUKOpUC-
TaHHs1 HOBUX e(PEKTUBHUX 3aCOBiB HAaTyparibHOMO NMOXOMKEHHS,
MeXxaHi3mu il kX BigpisHAKTLCS Bif, CUHTETUYHUX peYHOBUH
i NpenapartiB akTMBaLi€l0 3aXUCHMX peaKLjin opraHiamy Ha disio-
noriyHomy piBHi. MNpobGiotuk Lactobacillus casei IMV B-7280 mae
eheKTUBHY CTUMYIIOKOMY Ajto Ha oi3ioNoriyHi NpoLeck 3a pPisHUX
€KOIMOTiYHMX Ta eKCNePUMEHTASIbHIX YMOB XUTTEAIANBHOCTI
6oxin. Moro disionoriyHnin BNnnB NoB’si3aHUn 3 HopManisaLieto
KMLLUKOBOI GakTepianbHOi MiKpodnopu Ta yyacTio B Mogynsiuii
3aXMCHMX peakLii opraHiamy. ToMy METO OOCHipKEHb Byro Bu-
3Ha4UTU BrNMB NPOBIOTMYHOTO Npenapary knacy L. casei B-7280
Ha BMICT Binka, NpoayKTiB NEPEKUCHOMO OKUCHEHHS Ta aKTUBHICTb
Kartanasu y roMoreHatax TKaH1H opraHiamy Omxkin 3a pisHoi TpvBa-
nocTi 3actocyBaHHs. Boykonu koHTponbHOI (C) rpynin oTpuMyBanm
nigrogisnto 3 60% LyKpOBOro cMpory B KinbKocTi 1 mi/rpyny/0ooy.
HocnigHi rpyny 4ogaTkoBo OTpUMYBany pos4mH npobioTtuka L. ca-
sei B-7280 y koHueHTpauii 106 KYO/mn: gocnigHa rpyna 1 (E1) —
wopoboso; gocnigHa rpyna 2 (E2) — yepes goby; gocnigHa
rpyna 3 (E3) — uepes koxHi 3 gobu; gocnigHa rpyna 4 (E4) —
pa3 Ha TWXaeHb. TpMBanicTb BUMOKBAHHSA cMporny Ta npobio-
TuKa — 4 TVXHi. BcTaHoBNeHo 30inbLUEHHS BMICTY 3aranbHOro
Ginka y TKaHMHax Linoro opranismy omkin B rpynax E1-E3, ane
Ui Pi3HULLi HEBIPOTiAHI, LLIO MOXE CBiAYMTM NPO BiACYTHICTb CyTTeE-
BOro BnnmBy npobiotuka L. casei B-7280 Ha KOHLEHTpaLjto npo-
TEIHIB ¥ TKaHMHax Bopkin. KatanasHa akTUBHICTb TKaHWH OpraHis-
My 6mpxin 3pocna Ha 79.80% i 38.07% y rpynax E1, E2 (P<0.05)
LLIOAO0 KOHTPOMIO, a Ans 6mkin E1 rpynn — Ha 52.75% (P<0.05)
NOPIBHAHO 3 nigrotoB4Mm nepiogom. BmicT M1 sHmKyBaBca Ha
10.00%, 9.23% Ta 10,38% (P<0.05) y rpynax E1, E2 i E3 Bigno-
BIiQHO LLOAO KOHTPOSbLHOI rpynn. BmicT TBK-akTnBHMX npogykTiB
MaB TEHAEHLL0 40 3MEHLLEHHs Y aocnigHmx rpynax E1, E2, E3,
a B rpyni E4 — Ha 14.98% (P<0.01) wopo nigroto4oro nepiogy.
Pesynsrati gocnigpxeHb nokasanm, Wo AofasaHHs L. casei B-7280
BN/MBAIO Ha aHTUOKCUOAHTHY it B OpraHi3mi 6mpkin 3a pisHMX
TEPMIHIB 0o 3rofoBYBaHHS, LLIO CYNPOBOMKYBANOCH 3HDKEHHSM
BMmicTy TBK-aktneHux npogykTis (MAA) i rigpponepekucis ninigis
B roMoreHaTax TKaHWH OpraHiamy 04xkin ycix gocnigHmx rpyn,
okpim E3, Ta BNNMBano Ha XuTTe3gaTHiCTb 6axin.

KnrouoBi cnoBa: 6axonu, npobioTuk, NpoTeiH, NPoayKTH
NepeKUCHOro OKUCHEHHS, aKTUBHICTb KaTanasu

The Animal Biology, 2024, vol. 26, no. 2

27



KoBanbuyk I. I, Cnisak M. 8., XuMmnHeupb T. M. Ta iH.

JocnigxeHHs ail npobiotuka L. casei B 7280 Ha pe3nCTEHTHICTb BAXiN

Beryn

B YkpaiHi cTBOpeHO HU3KY npenapartiB Ha OCHOBI
Npo6ioTMKIB ANs BUKOPUCTaHHA Y BETEPUHApIi Ta meau-
LMHi. BOHW LWMPOKO BUKOPUCTOBYIOTHCA SK AOMOMIXKHI
nikapcbki 3acobu y NpodinakTuLi 3aXBOpoBaHb, LLO CY-
NPOBOOKYHOTLCHA NOPYLUEHHSIM HOPMarbHOI Mikpodbriopu
B OpraHi3mi TBapuH i nogen [2, 19]. Brpatn nonynauii
MEeOOHOCHUX BN 3@ OCTaHHI AECATUNITTS 3arpoxy-
I0Tb SIK EKOCMCTEMI, TaK i NPOAOBONLYIN 6e3neL kpaiHu.
[ocnigHuKM i naciyHMkM 3a uux ymoB ocobnmey yBary
NpuAaInNsaTL hakTopaM, SiKi NOripLUYHOTb PE3NUCTEHTHICTb
OpraHi3amy, (OyHKLiOHarNbHWUIN CTaH NOro OKPEMUX CUCTEM
Ta NPOJYKTMBHICTb Omkin. 3actocyBaHHs y 6OXiNbHM-
UTBI Npenaparis NpupogHoro noxomkeHHs [13, 18] go-
3BOMSIE YHUKHYTW BaraTtbox NobivHUX edhexTiB, OCKINbKN
MexaHi3Mu Aji LmMx npenaparis iCTOTHO Bigpi3HAOTLCA Big
XiMIYHHOCMHTE30BaHMX i 'PYHTYIOTLCA Ha (idionoriyHin
aKTMBaLil 3aXMCHUX peakLiin opraHiamy.

Tomy HayKOBUIA CyMnpoBig, Cy4acHOro 6mxinsHNLTBA
CMpPSIMOBaAHMI Ha OTPMMaHHS 6e3nevyHOoT eKoNoriYHoI
npoaykKuii, po3pobrneHHs 3acobiB i MeToAiB CTUMYNALi
PO3MHOXEHHS | NiABULLIEHHS CTIMKOCTI BMKin A0 pi3HMX
30yAHUKIB XBOPOD, a TakoX 3axMCT Bif, HECMPUSTIINBUX
YMOB HaBKOMULLHBLOrO cepenosuLLa [13]. MokasaHo, o
BM/IMB YMHHUKIB abiOTMYHOrO, BIOTMYHOIO NOXOOYKEHHS
Ta aHTPOMNOreHHO! AifNbHOCTI NOPYLUYIOThL (i3ionorivHi
npouecu B opraniami Apis mellifera, npurHivytoum aHTu-
OKCMOAHTHY Ta iMyHHY CUCTEMM, LLIO MPU3BOAWTL 40 3a-
rmbeni yinux konoxin [1, 14, 17].

BBaxkaeTbcs, WO MikpoopraHiamu Ta ixHi meTabo-
niTn, Ak BXogATb A0 cknagy npobioTukie, NO3UTUBHO
BMIIMBAOTb Ha NOAEN | TBAPWH, 0300POBIHOKOTD iX Opra-
Hi3M. Ha cboroaHi gocnigkeHHst MikpoOBioTH KULLKIBHUKA
MEOOHOCHOI OKONKM MOKaaytoThb, O BOHA BMIMBAE Ha
XapuyyBaHHs rocrnogapsi, 36inbLUeHHs Barn, eHOOKPUHHY
nepegavy CUrHanis, iMyHHy GYHKLiO Ta CTiNKiCTb 4O
natoreHis [18, 23].

MoripweHHs kopMoBoi 6a3n abo i piska amiHa —
OOVH i3 YMHHUKIB, LLIO HEraTMBHO BMMBAE Ha 300POB’s
O©mKin | pO3BUTOK KOSMOHIN Ta MOXe NPU3BECTU OO0 IXHBOT
3arndeni [6, 21]. dedpiumT Kopmy abo He3HauHe nopyLUeH-
Hs1 KOMMOHEHTHOro cknagy Moxe ocnaéniosatn AOC,
OETOKCUKALiHY Ta iMyHHY cucTeMmn Ompkin, BHAcnigok
4Oro iXHin opraHiamM cTae BpasnuBiLLIMM [0 3aCTOCYBaHHSA
XiMiYHUX NpenaparTiB 3ax1cTy POCIIMH i 3aXBOpIOBaHb
pi3HOI eTionorii.

[ia BKazaHMX YNHHUKIB CNpUsSie HAAMIPHIN reHepaii
ADK B opraHiami 64in, Wo npu3BoaMTb 4O PO3BUTKY
okevpatmeHoro cTpecy [9]. APK moxyTb pearysaty 3 noni-
HEHACMYEHUMU XXUPHMMM KMCNIOTaMK MinigHUX Memb-
paH Ta iHgyKyBaTh nepekncHe okncHeHHs ninigis (MOJT),
LLIO BrnMBae Ha isionoriyHy yHKLitO KIMiTMHHUX MeMb-
paH. KiHueBMM NPOAYKTOM LUX peakuin € MaroHOBUI
ananbgerig (MOA), mapkep MOJ1, gk Hacnigok OKMCHOro
cTpecy. Tomy HeobxigHO BUBYATK HOBI €(PEKTUBHI 3a-
COo0W HaTyparbHOro NOXOMKEHHS A 6opoTbby 3 XBO-
pobamu Ta NokpaLleHHs 300POB’st MEAOHOCHUX Omxin,
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BMKOPUCTaHHS SIKUX JOMOMOXE YHUKHYTU BaraTbox Mo-
BiuHnX edpekTiB. [loBegeHoO, L0 MeXaHi3aMm1 IXHbOI Aji
BiApPI3HAOTLCA Bif, CUHTETMYHUX PEYOBWH i Nnpenapa-
TiB 3a paxyHOK aKkTUBaLlii 3aXMCHUX peakLin opraHiamy
Ha dpisionoriyHomy pisHi [20].

OcobnuBoi yBarv y cuctemi NnpodinakTukm 3axBopto-
BaHOCTI G@Kin 3acnyroBytoTb AOCTIHKEHHS WOA0 disio-
NoriYHoro oOrpyHTYBaHHS 3acTOCyBaHHS NPobioTuKiB,
aHTMbakTepianbHi  aHTUYHrianbHi BIaCTUBOCTI SKMX
0BYMOBIEHI BUCOKOK aHTaroHiCTUMHOI aKTUBHICTIO [0
LLMPOKOIO CMEeKTPYy NaTOreHHUX Ta YMOBHO MaTOreHHUX
MiKpoOpraHi3miB, MOXIMBOCTI X CUHEPriYHOro NoeAHaH-
Hs 3 MikpoenemeHTamu [13, 15].

Hopmanisauis knwkoBoi 6akTepianbHoi Mikpodnopu
MeLOHOCHUX B1pkin — ocHoBa N4 ix gisionoriYHoro poc-
TY, PO3BUTKY | PO3MHOXEHHS, NiACUIEHHS iIMYHHOT Bia-
noBiaj Ta Pe3nCcTeHTHOCTI Ao Aii natoreHis [5, 13]. lNicna
HaOXOMKEHHS B LLIITYHKOBO-KULLKOBWI TPaKT NPOBioTWKK
YNHATB SK NPSMY [jt0 HA NaTOreHHi Ta YMOBHO-MATOreHHi
MIKpOOpraHiamu, Tak i HenpsMy — akTUBYIOYUM Crheuu-
iyHi Ta HecneundiYHi 3aXUCHI CMCTEMU OpraHi3my.

3a pi3HMX ekcnepMMeHTanbHNX iHpeKuinHo-3ananb-
HUX Mmoaenen npobioTuk Lactobacillus casei IMV B-7280
NposiBnsiB ePeKTMBHY TepaneBTUYHy 4ito. Bnnme usoro
npo6ioTrKa NoB’sA3aHWN i3 disionoriyHo Hopmanisauieto
KMLLIKOBOI MIKpOriopw Ta yyacTio B Mogynsuii 3anarnb-
HMX peaKLji. Y LITYHKOBO-KULLKOBOMY TPaKTi NPoBIOTMKM
YMHATB SK NPSIMY [jt0 HA NaTOreHHi Ta YMOBHO MaTOreHHi
MiKpOOpraHiaMu, TaK i HenpsiMy — akTBYYM cneumaiy-
Hi Ta HecneumdivHi 3aXMCHi cucTemMu opraHiamy [5, 13].

Y 3B’3Ky 3 BULLIEBMKITAAEHUM, METOH OOCHIIKEHD
Oyno BU3HAYEHHs BNUBY 3a Pi3HOT NEPioaNYHOCTI 3a-
CTOCyBaHHSA NpobioTUYHOro Npenapary knacy L. casei
IMV B-7280 Ha BMICT 3aransHoro 6ifnka, BMICT TpOAYKTiB
MepeKMCHOro OKUCHEHHS NiMiAiB Ta akTVBHICTb KaTanasu
y roMoreHatax TKaHMHax opraHiamy 6mxin.

MaTtepianu i meTogm

HocnigpxeHHs npoBeaeHi B IHCTUTYTI Gionorii TBapyH
HAAH Ha megoHocHMX 6a)konax kapnaTtCcbkoi nopoau,
BigibpaHnx ons gocnigy 3 nabopatopHoi naciku. Y go-
CriyKEHHSIX BUKOPUCTaHO NiodpinisoBaHuMii NpobioTUYHUIA
wram L. casei IMV B-7280, BugineHwn y Bigaini npobnem
iHTepdepoHy i iMyHOMOZYNATOPIB 3 aCOLiOBaHOT Kyrb-
Typwv GionoriyHoro marepiany Ta A4enoHOBaHU B YKpaiH-
CbKill KoneKLUii MiKpoopraHiamis IHCTUTYTy MikpoGionorii
Ta Bipyconorii imeHi [. K. 3a6onotHoro HAH Ykpainw.

HocnimpxkeHHst 6ynn npoBeaeHi B ymoBax nabopa-
TOPHOIO TepMOCTaTy Ha M'ATbOX rpynax no 60—90 64xin
Y KOXHilA, aHarnorie 3a Macoto, CUIo CiM'i, BIKOM MaTKu.
Bmxonn koHTponbHOI (C) rpyny oTpuMyBanu nigrogisnto
3 60% uykpoBoro cupony B KinbkocTi 1 cm®/rpyny/0o6y.
HocnigHa rpyna 1 6mxin (E1) gogatkoso oo 1 cm® uy-
KPOBOIO CMpOIy OTPMMYBaria po34MH NpodioTuka L. casei
B-7280 y koHueHTpauii 10°KYO/cm® wopoboso. docnia-
Ha rpyna 2 6mxin (E2) aHanoriyHo otpumysana 1 cvd LIC

bionozis meapuH, 2024, 1. 26, N2
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Lwoao6oBo i po3dmH NpobioTuka L. casei B-7280 y KOHLEH-
Tpauii 106 KYO/cm® yepes goby. JocnigHa rpyna 3 (E3)
otpumygana 1 cv® LIC wopo6oBo i po3ynH npobiotuka
L. casei B-7280 yepes koxHi 3 gobu. JocnigHa rpyna 4
(E4) otpumysana 1 cm® LIC wono6oBo i po3ymH npobio-
Tuka L. casei B-7280 ogunH pa3 Ha TWXXOEHb.

Boxxin KOHTPOMNbLHOI Ta AOCAIAHWUX rpyn yTpUMyBanu
B cagKax-KOHTenHepax o6’emom 4 oM3 B aHanoriyHnx
yMoBax nabopatopHoro Tepmoctara TC-80M-3 3 mikpo-
BeHTUNALjeto 3a Temneparypu 30°C, BonorocTti 74—76%
NPOTSArOM YOTUPbLOX TUXKHIB AOCHIIKEHHS.

Y nigrotoB4nin nepioa, a Takox Ha 28-y noby po-
crnigHoro nepiogy 3 KOHTPOSbHOT Ta JOCAIAHUX rpyn
BinGupanu 6axin anga npoeaeHHs idionoro-6ioximiy-
HUX OOCHIOXXEHb.

[nsa npuroTyBaHHSA romoreHaTy TKaHWH BCbOro opra-
Hi3my rpyny ©mpkin macoto 0,5 r romorerizyBanm 3 isio-
NOriYHMM PO34MHOM Y cniBBigHOLEHHI 1:10 3a gonomo-
roto romoreHisatopa (Homogenizer Type 302, NonbLa)
Ha nbogy. Mpobu ueHTpudyrysanu 3a 3000 g npoTsirom
5 xB. CynepHaTtaHT BUKOPUCTOBYBanu Assi NogasnbLIoro
BUMiptoBaHHS bepMEHTaTUBHOI aKTUBHOCTI.

BwicT 3aranbHoro 6inka B opraHiami 64xxin nposogunm
3a metogom Kenbgans [10].

AkTUBHICTb KaTanasm (1.11.1.6) BusHavanu 3a gomno-
MOTOI 30aTHOCTI rigporeHnepoKkcuay yTBopoBaTH i3 co-
NaMU MoniBaeHy CTiIMKMI KONbOPOBUIA KOMIMIEKC, iHTEH-
CMBHICTb SIKOr0o B13Ha4anu Ha cnektpodpotometpi (Unico,
CLUA) 3a posxuHn xBuni 410 HM npotu Boau [12]. AkTue-
HICTb KaTanasu Bu3Ha4anu B MKrMonb/XB-Mr NpoTeiHy.

Y romoreHarti TKaHWUH opraHiamy 6aXin BusHavanu
BMicCT rigponepekucis [18] Ta TBK-akTvBHI npogykTh 3a
uieto metogoto [11].

Yci oTpymMaHi umMdpoBi AaHi CTaTUCTUYHO OnpaLboBa-
Hi 33 1OMOMOIO0 KOMITHOTEPHOI Nporpamu Statistica 3 Bu-
KOpPUCTaHHAM MeToAY BapiauiiHOi CTaTUCTUKK, @ TaKOX
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Pwuc. 1. BmicT 3aranbHoro npoTteiHy y romoreHatax TKaHuH
opraHiamy 6gxin (Mt+m, n=3)

Fig. 1. Total protein content in bee body tissues homogenates
(Mtm, n=3)

nporpamun Excel 3 nakety nocnyr Microsoft Office 2007
Ta 2010. BigMiHHOCTI MK rpynamu BBakanm CTaTUCTUYHO
BiporigHummn P<0.05.

Pe3ynbrat  06roBopeHHs

Bigomo, Lo GinKoBi CTPyKTYpu BigobpakatoTb CTaH
OpraHiaMy, a Takox 3MiHu, siki BigOyBaloTbCs B HbOMY
nig BNIIMBOM BHYTPILLHIX 200 30BHILLHIX YMHHUKIB.

AHani3 pesynesrariB OCHiMKEHb NOKa3ye 30iNbLUEHHS
BMICTY 3aranbHOro npoTeiHy Y TKaHWHaXx Linoro opraHis-
My 6opxin B rpynax E1—E3, ane ui pisHuui HeBiporigHi,
LLIO MOXe€ BKa3yBaTW Ha BiCYTHICTb CyTTEBOIO BMNMBY
npobioTuka L. casei B-7280 Ha KOHUEHTpaLjto NpoTeiHIB
y TKaHMUHax 6gxin.

[ocnimkeHHsIMY BMICTY 3aranbHOro npoTeiHy y roMo-
reHaTax TKaHWH OpraHi3My Opkin nokasanu 36inbLeHHS
noro pieHs B rpyni E4 Ha 17.19% i 24.60% (P<0.05)
BiQNOBIOHO LLOAO KOHTPOSIKO Ta MK NigroToBYUM i JO-
cnigHum nepiogamu (puc. 1). Li aaHi BkasyloTb Ha Te,
LLIO, He3aneXHo Bi4 TepMiHy 3roqoByBaHHA L. casei
B-7280, BOHM He MaloTb CYTTEBOrO BMNIIMBY HA CUHTE3
GinkiB, OKpiM 0O4HOPA30BOro Ha TWXKAEHb BHECEHHS
npobioTuka.

Bigomo, Lo aKTMBHICTb KaTanasu € O4HMM 3 OCHOB-
HUX IHAMKATOPIB 3aranbHOro CTaHy aHTUMOKCUOAHTHOT
cucTeMu, sika Bepe yvacTb Y 3axXWCTi opraHi3My Bif, Haf-
MipHOT AiT aKTMBHMX hOPM KUCHIO, LLIO NPU3BOAATb A0
PO3BUTKY OKCMAATUBHOIO CTPECY.

Pasom 3 TUM, 3a pesynsratamm SOCHIIKEHHS BCTa-
HOBIEHO 30iNblUEHHSA KaTana3HoT aKTUBHOCTI TKaHWH
opraHiamy 6mxin Ha 79.80% i 38.07% B rpynax E1, E2
(P<0.05) wopo koHTpornto, a gna 64xin rpynn E1 —
Ha 52.75% (P<0.05) nopiBHAHO 3 NiAroTOBYMM nepio-
aowm (puc. 2).
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AKTWBHICTb kaTanaau, MKMOJIb/XB/Mr NpoTeiHy

Puc. 2. AKTMBHICTb kaTanasu y romoreHaTax TKaHuH
opraHiamy 64xin, MkMonb/xs/Mr npoTeiny (M+m, n=3)

Fig. 2. Catalase activity in bee body tissues homogenates,
umol/min/mg of protein (Mtm, n=3)

lMpumimka. Ha upboMy Ta HacTynmHOMY pucyHkax: * — P<0,05 — BiporigHi pisHMUi MixX KOHTPONbHOK Ta gocnigHumu rpynamu; # — P<0,05,
# — P<0,01 — BiporigHi pisHuLi B rpyni Mixx nepiogamun gocnigkeHHs. C — koHTponbHa rpyna, E1 — neplwa gocnigHa rpyna,

E2 — ppyra gocnigHa rpyna, E3 — tpeta gocnigHa rpyna, E4 — yetsepTa gocnigHa rpyna.

Note. In this and the next figures: * — P<0.05 — significant differences between the control and experimental periods by groups;

# — P<0.05, # — P<0.01 — significant differences in a group between study periods. C — control group, E1 — first experimental group,
E2 — second experimental group, E3 — third experimental group, E4 — fourth experimental group.
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JocnigxeHHs ail npobiotuka L. casei B 7280 Ha pe3nCTEHTHICTb BAXiN
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Fig. 3. Lipid hydroperoxides content in bee body tissues
homogenates (M+m, n=3)

Takum YMHOM, NPOBIOTUKM MOXYTb HadaBaTU CTUMY-
NOKYY Ai0 Ha OMIPHICTb | XXUTTE3AATHICTL OpraHiamy
MegoHOCHMX Baxin. BogHo4vac y KOHTPOMbHIN rpyni
OmKin, sIKi OTPUMYBAIM PO34MH LIYKPOBOTO CUPOMY BpO-
OOBX YCbOro JOCrigy, akTUBHICTb KaTtanasuv sanviianacs
Ha cTanomy piBHi [8, 22].

HagmipHa aktuBauia npouecis NMOJT 3a 3HMXKEHOI
aKTUMBHOCTI aHTUOKCUAAHTHOI CUCTEMW OpraHisMy Moxe
NPU3BECTU A0 3HAYHMX MaTororiyHux 3miH. Lle cynposo-
DKYETbCA HacaMmnepes MOLUKOMKEHHAM CYOKMiTMHHUX
Ta KNiTMHHUX MembpaH. IMNMpoayktn MOJ1 npusBoasaTe A0
nopyLUEHHsT Binok-ninigHux 38’A3kiB B GiomeMbpaHax, Lo
NPOBOKYE 3MiHM €MacTUYHOCTI BOMNOKOH, iHiLitoe gibpo-
NaacTU4HI Npouecu Ta CTapiHHA Konareny [3, 7].

Bwmict M1 3HnxyBaBcs Ha 10.00%, 9.23% ta 10,38%
(P<0.05) y rpynax E1, E2 i E3 nopiBHAHO 3 KOHTPOITbHOK
rpynoto (puc. 3). Bmict TBK-akTMBHMX NpogykKTiB y A0-
cnigHnx rpynax E1, E2, E3 MaB TeHOEHLjt0 0O 3MEHLLEH-
Hs1 Ha TNi BipOrigHO HWpKYOro piBHA B rpyni E4 Ha 14.98%
(P<0.01) nopiBHsHO 3 nigrotoB4MM nepiogom (puc. 4).

Lli pesynsTaTt BKasyloTb, WO AofaBaHHA L. casei
B-7280 BnnunBano Ha aHTMOKCUAAHTHY Ait0 B OpraHi3mi
Omkin 3a pisHOi TPMBANOCTI NiAroAiBNi; Lie CyNPOBOLKYBa-
nocs 3HWxXeHHAM BMicTy TBK-akTvBHMX NpoayKTiB i rigpo-
nepekm1ciB NinigjB B roMoreHaTax TKaHWH OpraHiamy OmxKin
ycCix gocnigHux rpyn, okpim E3, Ta BNnnnBano Ha XutTe-
30aTHICTb, LLIO Y3roMKYETHCA 3 AaHNMM iHLLMX aBTopiB [14].

3aranom Halli JOCHiMKeHHS Nokasanu, Lo 3rofoBy-
BaHHs1 Gaykonam o LyKpoBoro cupony L. casei B-7280
3a pi3HOI TpMBanocTi Nigro4ieni Mano NO3UTUBHWIA BNNINB
Ha aHTUOKCMOAHTHY CUCTEMY OpraHiamy 6oxxin.

Omxe, 3a nigrogisni 6opKin LyKPOBUM CUPOMOM Ta Po3-
YnmHOM npobioTuka L. casei B-7280 cnocTepirany 3miHn ak-
TVBHOCTI KaTariasw, sika € MapkepoM 3araribHOro CTaHy aHTu-
oKcuaaHTHOI cuctemun ompxin. Migropiens 6mpkin L. casei
10° KYO/mn xapakTepusyBarnach BigMIHHOCTSMMW BMICTY
3aranbHOro MPOTEHY Y TKaHWHAaX LINoro opraHiamy omxin
pocnigHnx rpyn (E4 — P<0.05) Ta 3HwkeHHAM BMiCTY TBK-
aKTVMBHMX NPOAYKTIB i rigponepekvciB ninigjs, okpiM gocnia-
Hoi rpynn E3. OTxe, NpoGioTUYHI KynbTypy MOXYTb Math
CTMMYJTIOIOMY [jt0 Ha XXUTTE3aATHICTb OmKin Ta BNimBaTm
Ha CTaH aHTUOKCUOAHTHOI CUCTEMW OpraHi3Mmy 6axin.
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Study of the probiotic Lactobacillus casei B 7280 action for different durations of use
on the resistance of the bee organism

I. I. Kovalchuk'?, M. Ya. Spivak®, T. M. Khymynets?, M. M. Tsap', A. Z. Pylypets’, V. V. Kaplinskyi', M. M. Romanovych’?, R. L. Androshulik’
mm_tsap@meta.ua

'Institute of Animal Biology NAAS, 38 V. Stusa str., Lviv 79034, Ukraine
2Stepan Gzhytsky National University of Veterinary Medicine and Biotechnologies Lviv, 50 Pekarska str., Lviv, 79010, Ukraine
3Institute of Microbiology and Virology named after D. K. Zabolotny NAS of Ukraine, 154 Acad. Zabolotny str., Kyiv, 03143, Ukraine

The scientific support of modern beekeeping is aimed at obtaining safe ecofriendly products, developing tools and methods for
stimulating reproduction and increasing the bees’ resistance to various pathogens, as well as protection from adverse environmental
conditions. There is a trend to use new effective means of natural origin, whose mechanisms of action differ from synthetic substances
and preparations due to the activation of the body’s protective reactions at the physiological level. Probiotic Lactobacillus casei IMV
B-7280 has an effective stimulating effect on physiological processes under various environmental and experimental conditions of bees’
life. The physiological effect of this probiotic is associated with the intestinal bacterial microflora normalization and taking part in the
body’s protective reactions modulation. Therefore, the purpose of the research was to determine the effect of the probiotic preparation
L. casei B-7280 on the content of protein, peroxidation products, and catalase activity in homogenates of bee body tissues for different
durations of use. Bees of the control (C) group were fed with 60% sugar syrup in the amount of 1 ml/group/day. Experimental groups
additionally received a probiotic L. casei B-7280 solution at a concentration of 108 CFU/ml: experimental group 1 (E1) — daily; experi-
mental group 2 (E2) — once every two days; experimental group 3 (E3) — once every four days; experimental group 4 (E4) — once
a week. The total duration of drinking syrup and probiotics was 4 weeks. An increase in the content of total protein in the tissues of the
entire bees’ body was established in E1-E3 groups, but these differences are not significant, which may indicate the absence of an ap-
preciable effect of the probiotic L. casei B-7280 on the protein concentration in bee tissues. An increase in the catalase activity of bee
body tissues was observed by 79.80% and 38.07% in E1, E2 groups (P<0.05) compared to the control, and for bees of E1 group by
52.75% (P<0.05) compared to the preparatory period. The content of LHP decreased by 10.00%; 9.23% and 10.38% (P<0.05) in E1, E2
and E3 groups, respectively, compared to the control. The content of TBC-active products tended to decrease in experimental groups
E1, E2, E3, and in E4 by 14.98% (P<0.01) compared to the preparatory period. The research results showed that the addition of L. casei
B-7280 affected the antioxidant activity in the bees’ body at different times of its feeding, which was accompanied by a decrease in the
content of TBA-active products (MDA) and lipid hydroperoxides in the homogenates of the bees’ body tissues in all experimental groups,
except E3 group, and affected the viability of bees.

Key words: bees, probiotic, protein, peroxidation products, catalase activity
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It is hereby studied the exposure of lead ions on germination
and growth viability of helianthus and lathyrus seeds in laboratory
conditions. Certain tendencies have been revealed showing the
impact of different doses of the lead ions on germination of heli-
anthus and lathyrus as well as on the length of the root and sprout
in germinating the seed. Furthermore, a particular decrease
(P<0.99) in the helianthus seed germination was observed under
the lead exposure at the concentration of 5x10-2 mol/L. Whereas,
at the lead ions concentration in their amount from 5x10-% mol/L
to 5x10-4 mol/L, no considerable influence on helianthus and lath-
yrus seed germination was noticed. However, the helianthus and
lathyrus root length has been exposed by the lead ions more sig-
nificantly. It was noticed that the helianthus root had significantly
decreased in length at the lead ions concentration of 5%10-2 mol/L,
5x%10~ mol/L, 5%10-° mol/L and 5%10-¢ mol/L (P<0.999, P<0.999,
P<0.99 and P<0.999, respectively). The difference in terms of the
lathyrus root length at 5x10-2 mol/L, 5x10~# mol/L, 5x10-5 mol/L
and 5x10-¢ mol/L concentration of lead ions was found significant
(P<0.955, P<0.99, P<0.95 and P<0.99, respectively). The study
results with regard to the exposure of different doses of the lead
nitrate on the average length of the helianthus sprout showed an
significant difference rate (P<0.999) in these values at the lead
ions concentration in the solution of 5x10- mol/L, 5x10-° mol/L
and 5x10-° mol/L. There was no significant difference between
the lathyrus sprout length under the lead ions exposure between
5x%10-% mol/L and 5%10-3 mol/L. Thus, as far as the research re-
sults are concerned, there has been highlighted a significant lead
nitrate exposure on economically useful indicators of the helian-
thus and lathyrus growing. A clear tendency of the lead nitrate
impact on the helianthus and lathyrus seed germination and
on their root and sprout length was revealed.

Key words: lead ions, the helianthus (sunflower) seed,
the lathyrus (pea) seed, germination, root, sprout

Analysing Primary Sources

The activity of a technogenic agent, i.e. the people,
has led to the accumulation of toxic contaminants in the
soil, among which heavy metals are the leading ones.

The analysis of the harshness of accumulation of
heavy metals in soil shows that this process increases

32

on the year-over-year growth basis. Heavy metals enter
the soil mainly as insoluble compounds and over the time
a part of them becomes soluble. Heavy metals may
accumulate in the soil environment in large quantities
and move both horizontally and vertically.

Part of the heavy metals, being in their exchange-
able form, is absorbed by plants and their products.
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The major part of heavy metals is concentrated in the
root system of the plant, owing to the plant’s buffering
system, and only some of these toxicants pass into the
vegetative mass: the stem, leaves and inflorescence,
including the seed. [3, 5].

It has been found that heavy metals in large quan-
tities, the lead in particular, negatively affect the plant’s
physiological and biochemical processes. It is common-
ly known that the lead-induced toxicity for most plants
is in the range of 1000—-2000 mg/kg. However, some
plants are highly resistant to lead exposure even up to
10 g/kg. The intensity of lead accumulation in plants vary
depending on many factors, and first of all, on their bo-
tanical origin. A high level of heavy metals accumulation
is observed in plants of the Brassicaceae family, i.e.
the cabbage, mustard, etc. [2, 7].

Adaptive responses of plants to lead ions are shown
in their ability to tolerate high concentrations of lead ions
without any significant metabolic disorders. The level
of tolerance to heavy metals is determined by the ratio
between their accumulation in plants and their effective
detoxification. Research has revealed a difference in the
distribution of these pollutants and their particles between
the roots and sprouts of the helianthus plants. The roots,
immersed into such ion’s environment, accumulated
much larger amounts of pollutants and the toxic exposure
of cadmium ions was much stronger than the exposure
of lead ions. Obviously, the sensitivity of plants heavy met-
als exposure, and, accordingly, the tolerance index de-
pends primarily on their effective binding and deposition
into the vacuoles. Plants showed adaptation only under
conditions of stress that caused no irreversible damage,
while exposure to extreme stress did not allow adaptive
mechanisms to manifest, and the tolerance index under
the mentioned conditions was decreasing. [1, 4].

One of the effects of heavy metals on plants is the pro-
duction of hydrogen peroxide, which in its excess nega-
tively affects proteins and lipids of membranes and leads
to DNA damage. This may indicate that one of the adap-
tive responses of plants to the heavy metal’s exposure is
the accumulation of hydrogen peroxide, which likely acts
as a signalling molecule for further triggering of protective
mechanisms in the plant cell. However, there is a need for
further research of the adaptation response involving hy-
drogen peroxide, since there is a lack of knowledge with
regard to accurate concentration of peroxide necessary
to stimulate the antioxidant response and the adequate
conditions for its regulation.

The exposure of lead ions on the activity of gluta-
thione reductase means that these pollutants produce
the stimulating effect at low concentrations, which leads
to an increase in the activity of the enzyme, while high
concentrations, with some exceptions, suppress activity
of the enzyme.

The studies of oats in the conditions of anthropogenic
contamination of the turf and podzolic soil revealed that
when the concentration of lead in the soil was increased
to the level of 5 and 10 TLV, the growth and development
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of plants was suppressed, the absorbent hairs and the
root itself undergone deformation and were underdevel-
oped, there was observed an inhibitory effect on plant
development, and, in some cases, a plant death. [6, 8].

Materials and Methods

The helianthus and lathyrus seeds were germinat-
ed at different concentrations in the distilled water with
the addition of lead nitrate as follows: control stage —
distilled water without the lead nitrate, experiment
no. 1 — lead nitrate at concentration of 5x10- mol/L,
experiment no. 2 — lead nitrate at concentration of
5x10~* mol/L, experiment no. 3 — lead nitrate at con-
centration of 5x10-° mol/L, experiment no. 4 — lead
nitrate at concentration of 5x10-¢ mol/L.

The exposure of lead nitrate on helianthus and lath-
yrus seeds was evaluated by the following parameters:
germination, root and sprout length.

Statistical processing of the research results was
carried out using the Student’s t-test.

Results and Discussion

Our research results proved that there is a certain
exposure of different concentrations of lead nitrate in the
aqueous solution on the germination of helianthus seeds,
the length of root shoots and stem (see table 1).

Moreover, at the concentration of lead nitrate in the
aqueous solution of 5x10-2 mol/L, 5%x10-* mol/L and
5x10-¢ mol/L, the germination of helianthus seeds de-
creased by 7%, 3%, and 3%, respectively, as compared
to the experiment where the lead nitrate was not added to
the aqueous solution.

The root length on the third day of its germination was
lower by 33.4%, 42.2%, 38.2% and 34.8% upon adding
into an aqueous solution the lead nitrate in the concen-
tration of 5x10-2 mol/L, 5x10- mol/L, 5x10-° mol/L and
5x10-° mol/L respectively, as compared to helianthus
seeds at their control stage, where the lead nitrate was
not added to the aqueous solution. A similar tendency
was displayed on the seventh day of the helianthus root
ontogeny. Thus, upon adding into an aqueous solution the
lead nitrate in the amount of 5x10-3 mol/L, 5x10~* mol/L,
5x%10-° mol/L and 5x10-¢ mol/L, there was noticed a de-
crease in helianthus seed root length by 25.5%, 19.0%,
20.0% and 25.2%, respectively, as compared to the stage
where the helianthus seeds were germinated without
adding the lead nitrate into an aqueous solution.

The analysis of the lead nitrate exposure on the
growth vitality of the sprout of helianthus seed vegeta-
tive mass showed that at 5%x10-2 mol/L, 5%x10-%> mol/L
and 5x%10-¢ mol/L concentrations of the named toxicant
in the aqueous solution the sprout decreased in length
by 20.6%, 0.3% and 13.1%, respectively, as compared to
the control stage values.
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Table 1. The exposure of lead nitrate on germination
and vigor processes of helianthus seeds

Sprout

Experiment See_d e [, Gl length
germina- o

stages tion. % on the 7'

0 %0 31 day 7 day day, mm

Table 2. The exposure of lead nitrate on germination
and vigor processes of lathyrus seeds

Root length, mm Sprout

Experiment gesrfneir(lja- length
stages S - " on the 7t
tion, % 3rd day 7t day day, mm

Control stage 100 64.1+26.2 177.8+70.4" 143.2+31.9

5x10-% mol/L 93" 42.7+15.9" 136.0+27.8" 113.7£36.1°
5x10~* mol/L 97 37.0+13.3° 143.9+46.3° 142+46.9

5x10-° mol/L 100 39.6£16.4" 142.1+57.3° 108.6%27.2
5%10-¢ mol/L 97 41.8+15.2° 132.9+59.7° 124.4+27.0°

Control stage 98 48.1£17.5 204.+137.5 92.3+23.7

5x10-% mol/L 99 43.9+20.3" 148.7£27.6° 90.9+30.7
5x10-* mol/L 98 41.7£21.4" 177.1£34.8° 89.1+23.8
5x10-° mol/L 99 42.1£19.9" 163.2+44.5 88.4+24.9
5%x10-5 mol/L 100 48.1+17.5™ 183.6+41.0" 91.4421.2

There is also a proved exposure of the lead nitrate on
germination of lathyrus seeds, their root and sprout length
(see table 2). Thus, at the concentration of lead nitrate
in the aqueous solution of 5x10-2 mol/L, 5x10-5 mol/L
and 5x%10-% mol/L, the germination of lathyrus seeds
increased by 1%, 1%, and 2%, respectively, as com-
pared to the control stage values. At the lead nitrate con-
centration of 5x10~* mol/L in the aqueous solution, no
difference between the experimental and control stage
values was found. Analysing the lead nitrate exposure
on the lathyrus seed root length, it should be highlight-
ed that at 5x10-3 mol/L, 5x10~* mol/L and 5x10-° mol/L
concentrations of the named toxicant in the aqueous
solution, the lathyrus root length was found lower on the
third day by 87%, 13.3% and 12.4%, respectively, as
compared to the control stage values. At the lead nitrate
concentration of 5x10-¢ mol/L in the aqueous solution, no
difference between the experimental and control stage
values was found. The lathyrus root length on the sev-
enth day at 5x10-3 mol/L, 5x10~* mol/L, 5x10-° mol/L and
5x10-¢ mol/L lead nitrate concentrations in the aqueous
solution, was lower by 27.1%, 13.2%, 20% and 10.0%,
respectively, as compared to the control stage values.

There is also proved that on the seventh day of the
experiment the lathyrus seed sprout length at the lead
nitrate concentration of 5x10-3 mol/L, 5x10-4 mol/L,
5x10-% mol/L and 5x10-¢mol/L in the aqueous solution,
was lower by 1.5%, 3.4%, 4.2% and 1.0% as compared
to the control stage value.

Thus, the results of the research show a particular
impact of the lead nitrate on economically useful indi-
cators of the helianthus and lathyrus growing. A clear
tendency of the lead nitrate exposure on the helianthus
and lathyrus seed germination and on their root and
sprout length was revealed.

A particular decrease (at P<0.99) in the helianthus
seed germination was revealed at the lead nitrate con-
centration of less than 5x10-3 mol/L in the aqueous
solution.

As far as a particular decrease in the helianthus and
lathyrus seeds root length at the lead nitrate concen-
tration between 5x10-¢ mol/L and 5x10-2 mol/L is con-
cerned, i.e. in all experiments regarding the lead nitrate
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exposure on the length of helianthus seed sprout, it
should be specified that a particular difference likely oc-
curs at all experiment stages, except for the one where
the concentration of the named toxicant amounted to
5x10-* mol/L.

As far as the experiment on the lathyrus seed is con-
cerned regarding the exposure of the lead nitrate on the
sprout length, no particular difference was found.

As suggested by the results of the research, it was
found that the germination of the helianthus and lath-
yrus seeds in the aqueous solution (distilled water) with
the addition of the lead nitrate in the amount between
5x10-¢ mol/L and 5x10-2 mol/L contributed to a slight
increase in seed germination, a particular decrease in
root length on the third and seventh day of experiment
and the length of the sprout.
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Bnnue HiTpaTy CBUHLIIO Ha CXOXICTb Ta POCTOBI NPOLIECU HACiHHA COHSALLUHUKY Ta ropoxy
1. P. Xipiecbkull’, 0. A. KopiHeup', b. []. MiweHko?, b. B. KpekmyH'

"NbBIBCbKMI HALiOHANBHWI YHIBEPCUTET NMPMPOAOKOPUCTYBaHHS, Byn. Bonogumumpa Benukoro, 1, M. lybnsiHu, JlbsiBcbka o6n., 80831, YkpaiHa
2BiHHMUBKMIA HaUioHanNbHWIA arpapHuin yHiBepcuTeT, Byn. CoHsiYHa, 3, M. BiHHnugA, 21008, YkpaiHa

BuBY€HO BNNMB iOHIB CBMHLIIO HA CXOXICTb Ta POCTOBI NPOLECU HAaCiHHS COHSILLIHMKY Ta rOpoXy 3a iX NpopoLLyBaHHS B nabopartop-
HUX yMoBax. BuaBneHo neBHi TeHAeHLUii LWoAo BNNUBY Pi3HUX 403 IOHIB CBUHLIO HA CXOXICTb COHSILLHUKY | rOPOXY Ta AOBXWHY KOPEHS
i napocTka 3a nNpopoLLyBaHHs HaciHHs. 3okpema, BiporigHe 3HKeHHS (P<0.99) CX0XOCTi HaCiHHS COHSILLIHMKY criocTepirany 3a BrnnmBy
CBUHLIIO, KOHLEHTpaUis sikoro cknagana 5x10-2 Monb/n, Toai Sk 3a KOHUeHTpauii ioHiB cBuHLO Big 5%10-% Mmonb/n 4o5%10~* monb/n
BipOriAHOro BMMBY HA CXOXICTb HACiHHA COHSILLHMKY Ta rOpoXy He cnocTepirany. NMoMiTHILIWIA BAAWB iOHIB CBUHLIIO BUSIBIIEHO Ha
[OBXMHY KOPEHS COHSALLHMKY Ta ropoxy. CnocTepiranu BiporigHe 3HKEHHS JOBXWHN KOPEHS COHALLHWUKY 3a KOHLEHTPaLlii iOHiB CBUH-
uo 5x10-% monb/n, 5x10~* monbk/n, 5x10-5 monk/n Ta 5x10-° monbk/n (P<0.999, P<0.999, P<0.99 ta P<0.999 BignosigHo). PisHnua
B AOBXMWHi KOPEHS ropoxy 3a KOHUeHTpaLii ioHiB cBuHUto 5%x10-3 monb/n, 5%10~* monb/n, 5x10-° monb/n Ta 5x10-% Mmonb/n BUsiBUNach
BiporigHoto (P<0.955, P<0.99, P<0.95 ta P<0.99 BignosigHo). Pedynsratn gocnigxeHb 3 BUBYEHHS BNMBY Pi3HWX 403 HiTpaTy CBUH-
L0 Ha CepeaHIo0 AOBXUHY NapocTKa COHALIHMKY 3acBigunnu BiporigHy pisHuuio (P<0.999) y umux nokasHukax 3a KOHUeHTpaLii ioHiB
CBUHUO Y po3unHi 5x10-3 monb/n, 5x10-° monb/n Ta 5%10-% monb/n. BiporigHoi pisHWULi MiXX JOBXMHOK NapocTka ropoxy 3a BhfvBY
ioHiB cBMHLO Bif 5%10-¢ Monb/n fo 5%10-2 Monb/n He BusiBneHo. OTxe, 3a pe3ynsTraToM NpoBeAeHNX AOCHiMKEHb BUSIBNEHO CYTTEBUIA
BB HITPaTy CBMHLIIO Ha rOCMOAAPCHLKO KOPUCHI MOKa3HUKW BUPOLLYYBaHHS COHSILLHUKY Ta ropoxy. BctaHoBneHo neBHy TeHAeHLlo BNvBy
HITPaTy CBUHLIIO Ha CXOXICTb HACIHHA COHSILLIHWKY | FOPOXY Ta [OBXUHY KOPEHs i napocTka.

KnioyoBi cnoBa: ioHW CBMHLO, 3€PHO COHSILLHMKY, 3€PHO FOPOXY, CXOXICTb, KOPEHi, NapOCTKN

Khirivskyi PR, Korinets YY, Mishchenko BD, Krektun BV. The exposure of lead nitrate on germination and vigor processes
of Helianthus (sunflower) and Lathyrus (pea) seeds. Biol Tvarin. 2024; 26 (2): 32—35. DOI: 10.15407/animbiol26.02.032.
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The article presents research results on microbiological
criteria of animal and poultry feed conducted under the require-
ments of the State Monitoring of Animal and Poultry Feed in ac-
cordance with the Order of the State Service of Ukraine on Food
Safety and Consumer Protection for routine studies of feed sam-
ples and for in-depth studies to detect the entire species composi-
tion of microorganisms in feed samples coming from feed produc-
tion enterprises in Ukraine. Isolation and identification of isolates
were carried out according to current documentation. Feed is one
of the main components of the food chain within the “One Health”
concept to which Ukraine is committed. In-depth microbiological
studies isolated from animal and poultry feed samples isolates
of Escherichia coli, Staphylococcus aureus, Staphylococcus epi-
dermidis, Listeria monocytogenes, and Listeria innocua, confirm-
ing high levels of contamination by pathogens indicating potential
risks of their spread and danger due to possible antimicrobial re-
sistance (AMR) and potential transmission of acquired resistance
to the normal microbiota of animals and humans through feed
consumption. Furthermore, animal and poultry feed are not
included in the list of objects of the National Strategy of Ukraine
for Containing the Development of Antimicrobial Resistance.

Key words: animal and pouliry feed, premixes, mixed fodder,
bran, meal, fish meal, animal-origin meal, Escherichia coli,
Staphylococcus aureus, Staphylococcus epidermidis, Listeria
monocytogenes, Listeria innocua

Introduction

The intensification of livestock production involves the
introduction of biologically complete regulated feeding,
which ensures a high level of growth, development, and
productivity of animals and prevents diseases associated
with metabolic disorders and poor feed quality. Additional-
ly, the contamination of animal feed with conditionally
pathogenic and pathogenic microorganisms, including
zoonotic ones, which can cause bacterial diseases in
animals and poultry, presents a significant problem [4].
The greater danger lies in the detection of antibiotic-
resistant pathogens, especially those with acquired resis-
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tance. Animal feed is a component of the food chain, thus
directly relating to the “One Health” and “Global Health
Security” strategies developed by leading global organi-
zations such as the Food and Agriculture Organization of
the United Nations (FAO), World Organization for Animal
Health (WOAH, founded as OIE), and World Health Or-
ganization (WHO). The main priorities of these strategies
are to preserve human and animal health and ensure
the production of quality and safe products.

Ukraine is also involved in these strategies and con-
ducts monitoring of raw materials and products throughout
the agricultural sector, including the quality and safety of
agricultural products. Specifically, within these monitoring
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studies, information is collected, analyzed, and system-
atized regarding the contamination of animal and poultry
feed with biotic contaminants — bacterial pathogens,
including zoonotic ones [2, 11, 19].

However, the feed monitoring system in Ukraine
does not cover all risks from feed production, identify
critical points in technological processes, nor develop
a prediction system for possible bacterial contamina-
tion of certain components of animal and plant origin
and raw materials from other industries used for feed
production. This situation is dangerous as feeding con-
taminated feed can pose risks of infectious diseases
among animals or poultry and have epidemiological
consequences. Itis known that in EU countries, the
USA, Japan, and other highly developed countries,
the number of bacterial diseases associated with the
food chain, where animal and poultry feed is a major
component, is increasing [17, 18, 21]. Therefore, food
safety is a high-priority issue in all countries, including
Ukraine [8, 12, 19, 20].

Moreover, the most urgent problem of our time is
the antibiotic resistance of pathogenic microorganisms.
particularly those isolated during microbiological control
of cattle, pig, and poultry feed materials, dry feed, and
canned feed, as there remains a risk of transmission of
such resistance to other animals, poultry, and humans.
Although Ukraine has implemented a National Action
Plan to combat antimicrobial resistance in line with the
World Health Organization’s (WHO) Global Strategy
to Contain Antimicrobial Resistance, the plan does not
cover Ukrainian feed production facilities.

Therefore, it was of interest to establish the entire
species spectrum of microorganisms in animal and poul-
try feed and further test their sensitivity to antimicrobials
and check for acquired resistance enzymes.

Materials and Methods

The research was conducted by scientists from the
Research Microbiology Department of the State Scien-
tific Research Institute for Laboratory Diagnostics and
Veterinary-Sanitary Examination (Kyiv) and the Institute
of Animal Biology NAAS (Lviv).

Microbiological monitoring studies were conducted
on samples of various types of animal and poultry feed
for non-compliance according to the Order of the State
Service of Ukraine on Food Safety and Consumer Pro-
tection no. 56 dated 21.01.2023 and Order no. 898 dated
27.12.2023 on the approval of the State Monitoring Plan
for Feed for 2023 and 2024, respectively.

The determination of microbiological criteria by rou-
tine methods for compliance with QMAFANnM, Coliform
bacteria, Staphylococcus aureus, Salmonella patho-
gens, Listeria monocytogenes, and sulfite-reducing
clostridia was carried out according to current regulatory
documentation, as well as on the demand of manufac-
turers according to their regulatory documentation.
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Additionally, in-depth own studies were conducted to
determine the complete species composition of bacterial
microorganisms that are feed contaminants. These in-
depth studies involved appropriate cultures from enrich-
ment media, previously inoculated with feed samples
and incubated at 37°C for 24 hours. Further inoculations
were made on various differential-diagnostic media for
the detection of Escherichia coli, bacteria of the genus
Staphylococcus, and Listeria [3, 5, 6, 13—15].

For the isolation and identification of E. coli isolates
from the accumulation medium, the cultures were made
on special media: Endo, XLD, Ramback, Simons, and
trisugar agar (TSA), media with phenol red and carbo-
hydrates glucose, lactose, sucrose, maltose, arabinose,
rhamnose, xylose, dulcite, indole was tested and in-
cubated in a thermostat at 37+£1.0°C for 24 hours.

Toisolate and identify isolates of Staphylococcus aureus
and Staphylococcus epidermidis from the accumulation
medium, the samples were streaked on milk-salt agar, egg
yolk salt agar, glucose-blood agar, and special Baird-Parker
medium to identify the specific growth pattern, plasma-
coagulation reaction with sterile rabbit blood plasma was
performed, the presence of enzymes for the fermentation
of carbohydrates lactose, glucose, mannitol, sucrose, malt-
ose, xylose, arabinose, mannitol was studied, and tests for
the detection of catalase and oxidase were performed.

For the isolation and identification of Listeria monoci-
togenes and Listeria innocua isolates from the accumula-
tion medium, half Fraser’s broth, full Fraser’s broth, L-mono
medium, selective PALCAM agar, and the CAMP test
were performed.

Results and Discussion

During the study period from 01.07.2023 to 01.04.2024,
382 samples of various types of feed were examined
for microbiological indicators, including premixes — 36;
compound feed and bran — 47; meal and cake — 127;
feed for non-productive animals — 66; fish meal — 9;
animal-origin meal — 9; other types of feed — 88.

Analysis of the research results for the detection of
E. coli isolated 21 isolates and identified them. When
inoculated on Endo medium, E. coli had a characteristic
growth in the form of red colonies with a metallic sheen
and reddening of the medium beneath them. On XLD
medium, Escherichia colonies were yellow with an opal-
escence zone around the colonies. On Rambak medium,
green colonies were grown. On Simons medium, the test
culture did not grow, and the medium did not change
color, which is typical for Escherichia.

The growth characteristics of E. coli on the slanted
column of triple sugar agar (TSA) were characterized by
a color change from red to yellow in the slanted part and
in the agar thickness due to the fermentation of sugars
to acid by Escherichia and the change in medium pH.
This indicated the characteristic biochemical properties
of the studied E. coli.
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The results of biochemical studies of Escherichia
isolates to detect enzymes for fermenting glucose, lac-
tose, sucrose, maltose, arabinose, rhamnose, xylose
confirmed their presence. The isolates did not ferment
dulcine. Biochemical properties confirmed the typical
characteristics of E. coli. The production of indole, formed
during the complete breakdown of proteins and manifest-
ed as reddening of the strip impregnated with Kovac’s
reagent, was confirmed in all E. coli isolates.

Thus, the analysis of microbiological research results
established that 21 cultures were identified as E. coli
because they possessed all the typical properties char-
acteristic of this pathogen.

The analysis of the research results for the detection
of staphylococcal infection pathogens isolated 38 iso-
lates and identified them. Inoculations from enrichment
media on milk-salt agar after cultivation in a thermostat
showed the growth of opaque round colonies with even
edges, convex, pigmented in yellowish, yellow, and white
colors, of small and medium sizes. On yolk-salt agar,
staphylococcal colonies grew light-colored, of medium
size, with a zone of cloudiness around the colonies with
an iridescent fringe, indicating lecithinase production.
On Baird-Parker medium, characteristic growth of staphy-
lococcus in the form of characteristic black colonies with
a metallic sheen and a clear opalescence zone around
them, typical for S. aureus, was observed.

Smears were made from individual characteristic
colonies on Bad Parker medium to check the purity of
the S. aureus isolate. The preparations were fixed and
stained using the Gram’s method. The microscopy of the
preparations showed homogeneous Gram-positive cocci
located separately, in pairs, in clusters and in packets,
which confirmed the purity of the test culture of S. aureus.
The results of the plasma coagulation test showed com-
plete coagulation of rabbit blood plasma in 16 experimen-
tal isolates of staphylococci isolated from samples of pre-
mixes, feed and bran and meal. Plasma coagulation was
observed after different time periods from 2 h 30 min to
6 h and confirmed one of the characteristic typical prop-
erties of S. aureus. The plasma coagulation test revealed
22 cultures that did not coagulate blood plasma. During
the study of biochemical properties of the experimental
isolates, 16 experimental isolates were found to have su-
crolytic enzymes for the fermentation of lactose, glucose,
mannitol, maltose, which confirm the enzymatic proper-
ties typical of S. aureus. In 22 isolates, fermentation of
mannose, maltose, sucrose and the absence of mannitol
fermentation, which are characteristic of S. epidermidis,
were detected. According to the results of catalase and
oxidase tests, 16 test isolates showed catalase produc-
tion and the absence of oxidase, which confirmed their
belonging to the pathogen S. aureus.

Taking into account the results of studies on the hae-
molytic properties of the experimental isolates, complete
haemolysis of sheep erythrocytes (3-haemolysis) with
a transparent zone around the colonies was detected,
which confirms one of the typical properties of S. aureus.
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Based on the analysis of the results of tests for the
detection of listeriosis pathogens, 8 isolates of L. mono-
citogenes and 4 isolates of L. innocua were identified.
The growth of Listeria in Fraser broth one and two
was characterised by darkening of the medium, which
confirmed the presence of the pathogen. On selective
PALCAM agar, the growth of small, dark colonies with
a sunken centre and blackening of the medium beneath
them was observed. On L-mono medium, Listeria bac-
teria grew in the form of greenish colonies, but a clear
zone of opalescence was formed around the L. monoci-
togenes colonies (fig. 2), while such a zone was ab-
sent around the L. innocua colonies.

The analysis of the CAMP test results showed the
presence of the pathogen L. monocitogenes by the
presence of a zone of hemolysis and a zone of expan-
sion and clearance of hemolysis around the S. aureus
streak with a narrow zone of hemolysis near the Rhodo-
coccus equi streak (fig. 3).

Based on the results of the CAMP test for the iden-
tification of L. innocua, the absence of haemolysis was
detected in relation to the S. aureus and Rh. equi streaks.

A comparative analysis of the data obtained after the
State Monitoring of Animal and Poultry Feed, as well as
the data of microbiological tests conducted by routine
methods and the results of in-depth studies of animal and
poultry feed, revealed that in the first and second cases,
the results of the studies do not provide a true picture of
the epizootic situation regarding the level of contamination
and species circulation of various types of microorgan-
isms at feed production enterprises in Ukraine. In-depth
studies have shown a rather problematic picture, since in
addition to conditionally pathogenic microorganisms, zoo-
notic pathogens E. coli, S. aureus, and L. monocitogenes
were identified (table).

Analysing the data obtained, it is evident that certain
genera and species of pathogens are detected in sam-
ples of animal and poultry feed and their number in
in-depth microbiological studies is higher than in other
data obtained.

The research results showed that monitoring and
routine studies do not detect or take into account a sig-
nificant number of different bacterial contaminants of
animal and poultry feed, which creates real risks of in-
fection of animals with opportunistic and pathogenic
microorganisms, including zoonotic ones. Our research
results are confirmed by scientific data from other re-
searchers [11, 12, 20].

Within the framework of the “One Health” concept, sci-
entists emphasise the need to create a strong feed base,
which includes a system and structure of feed produc-
tion and is one of the main conditions for the economic
modernisation of livestock production and ensuring food
security in Ukraine [7, 9, 10].

The health, productivity and reproductive capacity of
animals largely depend on the quality and suitability of feed
for feeding. To determine these characteristics, laboratory
and on-farm feed evaluation is mandatory [4, 16].
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Fig. 1. Growth characteristics of Staphylococcus aureus
on Baird-Parker medium. 1 — growth of S. aureus black colonies
with a zone of opalescence

Fig. 2. Typical growth of Listeria monocitogenes and Listeria innocua
colonies on L-mono medium. 1 — growth of greenish colonies
with a zone of opalescence for L. monocitogenes; 2 — growth

of L. innocua colonies of light colour and no opalescence zone

Fig. 3. Features of Listeria monocitogenes haemolysis manifestation
in the CAMP test. 1 — a zone of expansion and clearance of haemolysis
around the Staphylococcus aureus streak during the growth

of L. monocitogenes; 2 — a narrow zone of haemolysis around
the Rhodococcus equi streak during the growth of L. monocitogenes
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Even greater risks lie in the fact that microorganisms
isolated from animal and poultry feed are not currently
monitored for antibiotic-resistant pathogens and acquired
resistance to antimicrobials. As both animals and humans
are part of the food chain in the “One Health” concept, the
problem is exacerbated by the transmission of such ac-
quired resistance to the normal microbiota of the intestinal
tract of animals, poultry and humans.

It was found that among the 382 samples of premixes,
grain, feed and bran, meal and cake, animal flour and cat-
tle feed examined in depth, 81 samples were contaminat-
ed with opportunistic and pathogenic microorganisms that
were not identified during monitoring and routine studies.

It was established that in-depth studies of micro-
biological criteria in animal and poultry feeds revealed
a significant proportion of opportunistic pathogens and
zoonotic pathogens of bacterial origin, including 21 iso-
lates of E. coli, 16 isolates of S. aureus, 22 isolates of
S. epidermidis, 8 isolates of L. monocitogenes, 4 isolates
of L. innocua, which confirms the high level of contamina-
tion of animal and poultry feed with pathogens, indicates
potential risks of their spread and danger due to the pos-
sible presence of antimicrobial resistance and acquired
resistance mechanisms.

Prospects for further research are to test the
isolated pathogen strains for antibiotic susceptibility,
screening of enterobacteria and Staphylococcus spp.
strains to identify and confirm the production of acquired
enzymes, as animals, poultry and humans are integral
parts of the food chain.
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MopiBHANBbHUI aHani3 pPi3HUX NigXoAiIB 3 BU3HaYeHHs MikpobionoriuHux kputepiiB
y 3pa3Kax KOpMiB Ans TBapuH i NTyLi
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"NepxaBHWI HAyKOBO-AOCNIAHWIA IHCTUTYT 3 NabopaTopHOi AiarHOCTMKM Ta BETepUHapHO-CaHiTapHOI ekcrnepTnau,
Byn. foHeupbka, 30, M. Kuig, 03151, YkpaiHa
2|ncTuTyT Gionorii TBapuH HAAH, Byn. Bacuns Ctyca, 38, M. JlbBiB, 79034, YkpaiHa

3lHcTuTyT BeTepuHapHoi meauumHn HAAH, Byn. [loHeupbka, 30, m. Knig, 03151, YkpaiHa

B cratTi npeactaeneHi pesynsrati gocnigkeHb MikpobionoriyHMX KpMTepiiB KOPMIB AN TBAPWH i NTULI, BUKOHAHWUX 3@ BUMOraMu
[lep>kaBHOro MOHITOPMHIY KOPMIB ANS TBAPWH i NTWL 3rigHO 3 Haka3oM [lepxaBHoi cry6u YkpaiHu 3 nuTaHb 6e3neyHocCTi Ta 3axuncTy
npaB CrNoXuBayiB, 3a NPOBEAEHHS PYTUHHUX OOCHIMKEHb 3pa3kiB KOPMIB i 32 NMPOBEeAEHHS NOrMMBNEHNX AOCNigXKeHb Ha BUSIBNEHHS
BCbOrO BMAOBOIO CKNagy MiKpoopraHiaMiB y 3paskax KopMiB, ski HAAXOAATb i3 KOPMOBUPOGHMYMX NiANpMEMCTB YKpaiHu. BuaineHHs
i ineHTMdikaLia i3onsaTiB NpoBeAEHO 3rigHO 3 YMHHOK AOKyMeHTaLlieto. KopMuy € ogHieto i3 ronoBHUX CKIagoBUX YacTUH Xap4yOBOro
naHutora y KoHuenuii «EanHe 300poB'si», 40 BUKOHAHHS sIkoi AonyyeHa YkpaiHa. 3a nornmbneHux mikpobionoriyHnx gocnigkeHb
BMAINEHi 3i 3pa3kiB KOPMIB AN TBapwH i NTuui isonatu Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, Listeria
monocitogenes, Listeria innocua niaTBEpAXYOTb BUCOKUI PiBEHBb iX KOHTaMiHaLii NaToreHamu, BKa3yTb Ha NOTeHLianbHi pUu3nku
LLOAO X PO3MOBCHDKEHHS, HA Hebe3neky Yepes NMOBIPHY HasiBHICTb Y HKX CTINKOCTI Ao aHTMBakTepiansHux npenapartis (ABI1) Ta iimo-
BipHY MOXTMBICTb Nepeaadi HabyToi pe3VCTeHTHOCTI HopMaribHil MikpobioTi opraHiamMy TBapuH i NTULL Yepes CNOXXUBAaHHS TakUX KOpMIB
Ta MIOAVHI BHACNAOK CMOXUBAHHSA CUPOBUHM | MPOAYKUii TBapMHHULTBA. [10 TOro > KOpMu Af1s TBApUH i MTUL HE BXOAATb A0 nepeniky
06'ekTiB MOHITOPUHIY [lep>xaBHoi cTpaTerii YkpaiHu Lwoao CTpMMyBaHHsSi PO3BUTKY CTIMKOCTi 4O NPOTUMIKPOBHMX npenaparis.

KnioyoBi cnoBa: KopmMu Anst TBAPWH i NTUL, NPeMikcyu, KOMBIKOPM, BUCIBKM, LLUPOT, pubHa MyKa, MyKa TBapMHHOIO MOXOMXKEHHS,
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Intestinal infections remain one of the most important health
care problems. According to WHO, viral diarrhea is the most
common infectious disease in the world. A similar situation is reg-
istered among the diseases of dogs, where enteritis of infectious
etiology occupies a leading place, and the leader is parvovirus
enteritis from which dog owners have been suffering for the past
forty years. Despite such a long period of time, unfortunately,
proper means of treatment and prevention have not been cre-
ated, and taking into account the persistence of the virus in the
external environment and the ability to mutate, the correlation
of diagnostic methods is always necessary, which, accordingly,
indicates the relevance of studying parvovirus infection in dogs.
The use of cell cultures as test objects for the cultivation and ac-
cumulation of viral biomass makes it possible to obtain an antigen
suitable for use in the manufacture of diagnostic, prophylactic
and therapeutic biological preparations. The publication contains
research materials on the peculiarities of the cultivation of canine
parvovirus isolated on the territory of Ukraine from a 2-month-old
purebred puppy that died of parvovirus enteritis. In the biological
material isolated from the dead animal by means of laboratory
studies, mono-infection and the possibility of its cultivation in vitro
were established. The possibility of using a transplantable line of
rabbit kidney cell culture (RK-13) has been established. Freshly
reseeded, after 24 hours of incubation, with at least 70% and no
more than 80% cell monolayer and seeding concentration from
1.0%105 to 2.0%105 cells/ml, as a biological test object for cultiva-
tion and accumulation parvovirus biomass. Cultivation was car-
ried out in a thermostat at t = +37.5°C for no more than 10 days,
and a mixture of medium 199 and DMEM was used as a sup-
porting medium. The effectiveness of cultivation was determined
by the increase in the titer of the infectious activity of the virus,
which by the fifth passage was 3.8+0.08 Ig TCDsg/c°.

Key words: canine parvovirus, field isolate, cultural prop-
erties, cytopathogenic effect, RK-13

Introduction

which dogs occupy a special place. In connection with the
increased interest in breeding and keeping small domes-

Recently, there has been a tendency in the world to tic animals and the growth in the number of the latter’s
increase the population of companion animals, among population in personal and official use, led to an increase
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in the registration of cases of various infectious diseases
[11, 17]. But today, knowledge about the diagnosis, pa-
thology of most infectious diseases, the use of effective
methods of therapy is not enough. Therefore, the fight
against infectious diseases of animals is the most urgent
problem for modern veterinary medicine, among which
a special place belongs to viral diseases [12, 22], which
are characterized by a wide spectrum of distribution with
a long-lasting effect on the health of animals, namely,
extremely high lability of clinical signs, which complicate
diagnosis for a practical veterinarian [2, 10].

The most widespread, highly contagious and key
enteropathogen among dogs is parvovirus, which affects
the dog population worldwide, causing parvovirus en-
teritis in the latter, which is one of the main causes of
morbidity and mortality in puppies [19, 20]. The lethal-
ity of dogs from parvovirus enteritis ranges from 10 to
70%, depending on the form of the disease. The mani-
festation of parvovirus infection has several pronounced
peaks of activity, namely: the beginning, which reached
the scale of the pandemic in the eighties and remained
at a significant level almost until the nineties; the next,
less pronounced but characteristic peak of activity was
recorded precisely in the nineties, and the third, the least
pronounced, was established at the beginning of the two
thousandths [1, 18]. Taking into account the high conta-
giousness against the background of not always effec-
tive vaccination, we get a constant circulation of patho-
gens, especially in places of significant crowding due to
the keeping of dogs. The problem lies in the insufficiently
deep study of the biological properties of canine parvovi-
rus, in particular the cultural properties and the possibility
of obtaining and accumulating a cultural antigen suitable
for improving the diagnosis of this disease in dogs.

The detection of the virus in natural and clinical sam-
ples is a complex problem of research and diagnostics,
therefore, the reproduction of the virus in laboratory condi-
tions is an important experimental tool in fundamental viro-
logical research, which allows studying the peculiarities
of the reproduction of the virus, its interaction with the host
cell, and knowledge of the pathogenesis of the disease,
the etiological factor of which there is a virus. In addition,
the study of the features of virus reproduction provides
a basis for the diagnosis of viral diseases and the produc-
tion of vaccines, as well as the creation of recombinant
viruses for potential use in gene therapy [5, 17].

Summarizing the above, the aim of our work was to
study the in vitro cultural properties of a field isolate of
canine parvovirus on transplantable lines of cell cultures,
with the possibility of obtaining a biological object suitable
for the accumulation of viral biomass.

Research Material and Methodology

During the research, the basic rules of good laboratory
practice GLP were followed (Good laboratory practice),
provisions of the “General Ethical Principles of Animal Ex-

The Animal Biology, 2024, vol. 26, no. 2

periments”, adopted by the First National Congress of Bio-
ethics (Kyiv, 2001). The experimental part of the research
was carried out in accordance with the requirements of
international principles “European Convention on the Pro-
tection of Vertebrate Animals Used for Experimental and
Other Purposes” (Strasbourg, 1986), “Rules for conduct-
ing work with the use of experimental animals”, approved
by the order of the Ministry of Health no. 281 of November
1, 2000 “On measures to further improve organizational
forms of work with the use of experimental animals” and
the corresponding Law of Ukraine “On protection of ani-
mals from cruel treatment” (no. 3447-1V dated February
21, 2006, Kyiv). Euthanasia was performed using drugs
that ensure rapid, painless death, in accordance with the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Purposes”
(conclusion on the procedure for carrying out scientific
research in accordance with bioethical norms, approved
at the meeting of the Department of Epizootology, Micro-
biology and Virology of the National University of Life
and Environmental Sciences of Ukraine protocol no. 4
from 16.04.2024) [3, 4, 6, 13].

Diagnostic studies for the confirmation of parvovirus
were carried out using VetExpert express test systems
in dogs (CPV/CCV Ag, solid-phase immunochromato-
graphic analysis for qualitative detection of Canine Par-
vovirus/Coronavirus antigen), manufactured in Poland.
Diagnostic studies on the presence of mono-infection
with only parvovirus antigen in dogs were carried out on
the basis of the private veterinary laboratory of LLC “Bald”
(Kyiv) using enzyme-linked immunosorbent assay and
polymerase chain reaction. For isolation of parvovirus
antigen from pathological material and accumulation of
viral material, transplantable lines of cell cultures SPEV
(pig embryo kidneys), BHK-21 (Syrian hamster kidney fi-
broblasts), RK-13 (rabbit kidneys) were used. Virological
studies, namely the isolation and identification of viruses,
were carried out using cell cultures, by infecting laboratory
animals. Cells were grown in glass and plastic mattresses
with a volume of 25, 50 and 100 ml. stationary method, as
well as in the wells of polystyrene plates with a seed con-
centration from 1.0x10° to 2.0%10° cells/ml. Reproduc-
tion of field isolates of parvovirus was carried out on cell
culture with the formation of a monolayer in the range of
70-80%. At the end of the incubation period, the infected
culture was frozen at a temperature —30°C and subjected
to thawing in order to destroy the structure of cell integri-
ty due to temperature “stress” and ensure the complete
release of the virus. Microbiological studies to determine
bacterial contamination and antibiotic sensitivity of detect-
ed microorganisms were carried out by sowing pathologi-
cal material on nutrient media. Calculation of the infectious
titer was calculated according to the method of Reed and
Mench. The cultured virus-containing liquid was used to
perform RGA to detect the agglutinating properties of parvo-
virus and coronavirus to erythrocytes of animals of vari-
ous species. A suspension of erythrocytes and RGA was
obtained according to generally accepted methods [16, 21].
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Statistical processing of data was carried out using the
Statistica program, all experiments were performed in
3 repetitions. average values were considered significant
at P<0.05 [15].

Research Results and Their Discussion

The work was carried out at the department of epizo-
otology, microbiology and virology in the conditions of the
problematic research laboratory “Microbiology, virology
and immunobiotechnology” of the Ukrainian National Insti-
tute of Biotechnology. A fragment of the dog’s intestine was
used to isolate the virus after it died from parvovirus enteri-
tis. The intestine with its contents was removed during
the post-mortem examination, placed in a sterile dish with
physiological saline and frozen. After thawing, the material
was crushed by grinding in a mortar with sterile quartz sand,
diluting with Hanks’ solution (1:10). Large particles were
removed by centrifugation for 20—30 min at 2500 rpm./min
(g9 = 800). Next, the supernatant liquid was collected, anti-
biotics were added to the sediment (1000 units of penicillin
and streptomycin per 1 ml), and placed in a refrigerator
at 4°C for 60 min. Control of the effectiveness of such
treatment was carried out by means of sowing on nutrient
media for aerobes, anaerobes and fungi. After receiving
a negative result of bacteriological control, the virus-
containing material was used to infect cell cultures.

For isolation, adaptation and accumulation of parvovi-
rus, primary trypsinized and transplanted cell cultures
are used. Successful cultivation of viruses is carried outin
cell cultures obtained from animals sensitive to this virus.
The most effective reproduction of canine parvovirus
occurs in cells obtained from the organs of dogs and cats,
including: in cultures of cat or dog kidney cells, mink
lungs, without manifestation of a cytopathogenic effect.
But, according to other researchers, canine parvovirus
is able to detect the cytopathogenic effect of the virus in
the cat kidney cell line [7, 8]. In order to expand the list
of the use of biological objects suitable for the cultivation
and accumulation of parvovirus, we conducted an exper-
imental study on the suitability such transplantable lines
of cell cultures as hamster kidney (BHK-21), rabbit kidney
(RK-13) and pig kidney (SPEV) (fig. 1).

In the body of animals, most viruses show a tropism to-
wards young, rapidly dividing cells, so we tested the infec-
tion of cell culture at different time periods after reseeding
and cell population of cell cultures. It was established that
newly transplanted cells with at least 70% and no more
than 80% monolayer of cells after 24 hours of incubation
were the most sensitive to the incubation of the virus-
containing isolate. Control of the number of introduced
cells during reseeding was carried out using a camera with
a Goryaev grid. The most optimal seeding concentration
was from 1.0x10° to 2.0%10° cells/ml. For the cultivation
of transplantable lines of cell cultures, a nutrient medium
was used, which included media 199 and DMEM — 45%
each, fetal bovine serum — 10% and antibiotics.
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Incubation of cell cultures was carried out in a thermo-
stat at = +37.5°C for no more than 10 days. For intensive
accumulation of culture material that can be used for
infection and accumulation of virus-containing mate-
rial, cell cultures were reseeded every 72 h, this also
stimulated cell growth at a more intensive rate, which
is necessary for better contact of the virus with the cell.
A solution of trypsin and versene in a ratio of 1:6 to 1:3
and an antibiotic was used for transplanting the culture.
The concentration was adjusted depending on the state
of “seeding” of the mattress with cells.

Infection was carried out as follows: the growth medi-
um was drained from the mattress and 2.5-3 cm? of viral
material was introduced into it. The mattress was placed
in a thermostat for an hour at a temperature of +37.5°C.
At the same time, every 15 min, the monolayer of cells
was slowly washed with viral material 4-5 times, after
which the latter was drained and a supporting medium
was introduced into the mattress, which for the infected
cell culture had the same composition as the nutrient
medium, only without serum. Cultivation was carried out
according to generally accepted methods, evaluating the
cytopathogenic effect (CPD) according to the four-plus
system, under an inverted microscope at low magnifi-
cation, relative to the control.

The simplest signs that indicated the multiplication of
the virus were degenerative changes in the cells, that is,
the manifestation of the virus’s CDP — the formation of
visible morphological changes in the cell is called a cyto-
pathogenic effect or action. Cytopathogenic changes in
infected cell cultures depend on the biological properties
and dose of the virus under study (fig. 2).

The cytopathogenic effect of parvovirus was mani-
fested in the following sequence: inhibition of cell divi-
sion processes, partial shrinkage of cells, partial dark-
ening in the form of cell agglutination. Subsequently, the
development of classical changes, namely the destruc-
tion of cells by their stretching and acquiring the shape
of a “star”, which was followed by the rupture of the cell
wall. Incubation of viruses on cell cultures was carried
out for no more than 10 days at t = +37.5°C, monitoring
the state of the cell monolayer every 24 h under a micro-
scope at low magnification (x56) (fig. 2).

As aresult of our experiment, it was established that the
most sensitive cell culture line for cultivating a field isolate
of parvovirus was rabbit kidney and slightly less sensitive
hamster kidney after the third passage, and pig kidney
cell culture was more sensitive in the first three passages.
The reproduction of parvovirus in cell culture was controlled
by the time of manifestation of CPD, which directly depend-
ed on the density of the monolayer of cells: after 70% —
after 48 h, 80% — after 72 h, and if more than 90% of the
monolayer — the destruction of cells occurred rather slowly,
it was necessary to incubate the culture up to 10 days At the
end of the incubation period, the infected culture was frozen
at a temperature —30°C and subjected to thawing in order
to destroy the structure of cell integrity due to temperature
“stress” and ensure the complete release of the virus.
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Fig. 1. Cell cultures, 12 hours after transplanting: A— RK-13; B — BHK-21; C — SPEV. x56

Fig. 2. Effect of parvovirus on RK-13 cell culture (x56). A— before infection; B — state of cell culture 48—72 hours after infection;
B — state of cell culture 4-5 days after infection; D — state of cell culture 7-8 days after infection

The sensitivity of the cell lines was determined not
only by the expression of the CPD of the virus on the
cells, but also by the level of accumulation of the virus in
the cell suspension. The titer of infectious activity of the
material was determined by titration of viral material in
cell culture on sterile 96-well microplates. Calculation of
the infectious titer was performed according to the meth-
od of Reed and Mench. In the course of the experiment,
the following results were obtained: at the beginning
of the experiment, the titer of infectious activity on the
culture of rabbit kidney cells averaged 1.5 Ig TCDsp/cr,
after the third passage — up to 2.7+£0.06 Ig TCDsycr?,
and after 1t — increased to 3.8+0.08 Ig TCDsy/°.

Therefore, analyzing literary sources, it was estab-
lished that today most parvoviruses isolated from dogs
are cultivated in vitro on cell cultures obtained from the
organs of dogs and cats [9, 14]. We have established
the suitability for cultivation and accumulation of a field
isolate of parvovirus on the culture of rabbit kidney
cells (RK-13), where after adaptation of the virus, the
cytopathogenic effect was noted after 72 h. incubation,
and on the 5"-7t day — 90-100% cytopathogenic
effect, while the titer of infectious activity increased with
each new passage of viral material and by the fifth was
3.840.08 Ig TCDsp/crm’.

The Animal Biology, 2024, vol. 26, no. 2

References

1. Agnihotri D, Singh Y, Maan S, Jain VK, KumarA, Sindhu N, Jhamb R,
Goel P, Kumar A. Molecular detection and clinico-hematological
study of viral gastroenteritis in dogs. Haryana Vet. 2017; 56 (1):
72-76. Available at: https://www.luvas.edu.in/haryana-veterinarian/
download/harvet2017/19.pdf

2. Borland S, Gracieux P, Jones M, Mallet F, Yugueros-Marcos J.
Influenza A virus infection in cats and dogs: A literature review in
the light of the “One Health” concept. Front Publ Health. 2020;
8 (83): 83. DOI: 10.3389/fpubh.2020.00083.

3. Companion Animals. Animal Welfare Institute. Available at: https://
awionline.org/content/companion-animals (last access 21.06.2024).

4. European Convention for the Protection of Vertebrate Animals Used for
Experimental and Scientific Purposes. Strasbourg, 18. IIl. 1986. Avail-
able at: http:/zakon4.rada.gov.ua/laws/show/994 137 (in Ukrainian)

5. Faisst S. Propagation of viruses. Animal. In: Granoff A, Webster RG
(eds). Encyclopedia of Virology. A reference book. 2" ed. 1999:
1408-1413. DOI: 10.1006/rwvi.1999.0236.

6. Good Laboratory Practice (GLP). In: On the approval of the Proce-
dure for medicinal products preclinical study and medicinal prod-
ucts preclinical study materials examination. The order no. 944
from 14.12.2009. Aailable at: https://ips.ligazakon.net/document/
re17348?an=48 (in Ukrainian)

7. Hafenstein S, Palermo LM, Kostyuchenko VA, Xiao C, Morais MC,
Nelson CDS, Bowman VD, Battisti AJ, Chipman PR, Parrish CR,
Rossmann MG. Asymmetric binding of transferrin receptor to
parvovirus capsids. Proc Natl Acad Sci USA. 2007; 104 (16):
6585-6589. DOI: 10.1073/pnas.0701574104.

45



Paasunxoscbkuit M. /1., Kyparta H. B., MiwaHcbkunii O. B. Ta iH.

Ocob1MBOCTI Ky/IbTUBYBaHHS (N Vitro NONbOBOroO WTaMy NapBoBipycy cobak

10.

1.

12.

13.

14.

15.

Kapil S, Cooper E, Lamm C, Murray B, Rezabek G, Johnston L,
Campbell G, Johnson B. Canine parvovirus types 2c and 2b cir-
culating in north american dogs in 2006 and 2007. J Clin Micro-
biol. 2008; 45 (12): 4044—-4047. DOI: 10.1128/JCM.01300-07.

Licitra BN, Whittaker GR, Dubovi EJ, Duhamel GE. Genotypic
characterization of canine coronaviruses associated with fatal
canine neonatal enteritis in the United States. J Clin Microbiol.
2014; 12 (52): 4230—4238. DOI: 10.1128/JCM.02158-14.

Moore DP, Canton GJ, Louge Uriarte EL. Editorial: Infec-
tious diseases affecting reproduction and the neonatal pe-
riod in cattle. Front Vet Sci. 2021; 8: 679007. DOI: 10.3389/
fvets.2021.679007.

Nichiporuk S, Radzikhovskyi M. Big hearts of little friends. Sci-
entific and Tech Bull SSRCIVMPFA IAB. 2022; 23 (1): 105-110.
DOI: 10.36359/scivp.2022-23-1.15. (in Ukrainian)

Ohshima T, Mochizuki M. Evidence for recombination between
feline panleukopenia virus and canine parvovirus type 2. J Vet
Med Sci. 2009; 71 (4): 403—408. DOI: 10.1292/jvms.71.403.

16.

17.

18.

19.

20.

Polishchuk VP, Budzanivska |G, Shevchenko TP. Practical Training
Manual for the Course “General Virology”. Kyiv, Phytosocial Center,
2005: 204 p. (in Ukrainian)

Radzykhovsky ML, Dyshkant OV. Fundamentals of Veterinary Virol-
ogy. Amanual. Kyiv, NUBIP of Ukraine. 2022: 180 p. Available at:
https://dglib.nubip.edu.ua/handle/123456789/9464 (in Ukrainian)

Radzykhovskyi M, Sokulskiy I, Dyshkant O, Antoniuk A, Gutyj B,
Sachuk R. Experimental study of tropism of cultivated canine
parvovirus in the immunogenesis organs of puppies. Reg Mech
Biosys. 2022; 13 (3): 241-246. DOI: 10.15421/022231.

Santana WO, Silveira VP, Wolf JM, Kipper D, Echeverrigaray S,
Canal CW, Truyen U, Lunge VR, Streck AF. Molecular phylogenetic
assessment of the canine parvovirus 2 worldwide and analysis of
the genetic diversity and temporal spreading in Brazil. Infect Genet
Evol. 2022; 98: 105225. DOI: 10.1016/j.meegid.2022.105225.

Sato-Takada K, Flemming AM, Voordouw MJ, Carr AP. Parvovirus
enteritis and other risk factors associated with persistent gastroin-
testinal signs in dogs later in life: a retrospective cohort study. BMC
Vet Res. 2022; 18 (1): 96. DOI: 10.1186/s12917-022-03187-7.

On the Protection of Animals from Cruelty. Law of Ukraine

no. 3447-1V.2006; no. 27: 230. Available at: https://zakon.rada. 21. Shirokobokova VP. Medical Microbiology, Virology and Immu-
gov.ua/laws/show/3447-15#Text (in Ukrainian) nology. Vinnytsia, Nova Knyha, 2011: 952 p. (in Ukrainian)
Pakkanen K, Nykky J, Vuento M. Late steps of parvoviral infec- 22. Summa M, von Bonsdorff CH, Maunula L. Pet dogs — a trans-
tion induce changes in cell morphology. Virus Res. 2008; 137 (2): mission route for human noroviruses? J Clinical Virol. 2012; 53 (3):
271-274. DOI: 10.1016/j.virusres.2008.07.019. 244-247. DOI: 10.1016/j.jcv.2011.12.014.

Petrovska |, Salyha Y, Vudmaska |. Statistical Methods in Bio- 23. Venn EC, Preisner K, Boscan PL, Twedt DC, Sullivan LA. Evaluation

logical Research. An educational and methodological manual.
Kyiv, Agrarian science; 2022: 172 p. (in Ukrainian)

of an outpatient protocol in the treatment of canine parvoviral enteritis.
J Vet Emerg Crit Care. 2017; 27 (1): 52-65. DOI: 10.1111/vec.12561.

Oco6nMBOCTiI KyNbTUBYBaHHSA in vitro NonboOBOro WTamMy napBoBipycy co6ak

M. J1. Pad3uxoscbkull’, H. B. Kypssma?3, O. B. liwaHcekut?, O. B. QuwkaHm’, O. A. AHOpowyK',
1. M. Cokynbcbkuli’, B. B. Yxoscbkuii?, O. B. Pydou?
nickvet@ukr.net

"HauioHanbHui yHiBepcuTeT GiopecypciB i npMpoaokopucTyBaHHs Ykpainin, Byn. lepois O6oponu, 15, m. Kuis, 03041, YkpaiHa
2[lep>xaBHU HAYKOBO-AOCHIAHUIA IHCTUTYT 3 NabopaTopHOi AiarHOCTMKM Ta BETEPUHAPHO-CaHiTapHOI ekcnepTuan,
Byn. foHeupbka, 30, M. Kuig, 03151, YkpaiHa
3lHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa
“Monicbknn HauioHanbHUI yHiBepcuTeT, OynbBap Ctapun, 7, m. >Kutomup, 10008, Ykpaina

KunLukoBi iHgbeKUii 3anmiualoTbCs OgHieo i3 HanBaxKNUBILLMX Mpobrem oxopoHn 3gopos’s. 3a AaHummn BOO3, HannoLumpeHrilummm y CBiTi
cepen iHdekLUiHKX xBopob € BipycHi diapei. MNogibHa cutyauisi peecTpyeTbest | cepen xBopob cobak, Ae eHTepuTH 3apasHoi eTionorii no-
CigaloTb NpoBiaHe Micle, a MigepoM € NapBOBIPYCHUIN EHTEPUT, Bif, AKOro BNacHUKM cobak noTepnaroTb OCTaHHi COPOK pokiB. Hessaxatoun
Ha TaKkui TpUBanuin TEPMIH Yacy, Ha >arb, He CTBOPEHO HanexHNx 3acobiB MikyBaHHS | NPoMINaKkT1kv, a BPaxoByroum CTIMKICTb BipyCy
Y 30BHILLHBOMY CepefoBULLi | 3AaTHICTb 40 MyTaLji, 3aBXAN HEOOXIAHOK € KOPENsiLis AiarHOCTUYHKMX METOAIB, WO, BiAMNOBIQHO, CBIOYMTbL
Npo aKTyanbHICTb BUBYEHHS MapBOBIpYyCHOI iHgbeKLUil y cobak. BUKopuCTaHHS KynbTyp KMiTUH SIK TECT-00’eKTiB ANs KyNbTUBYBaHHSA
i HAKONUYEHHS1 BipyCHOI Biomacy Jae MOXIMBICTb OTPUMAaHHS aHTUreHa, NPMAATHOTO A5l BUKOPUCTaHHS Y BUTOTOBMEHI AiarHOCTUYHUX,
npodinakT1yHKX i nikyBaneHUxX Gionpenaparis. Y nybnikauii HaBegeHo MaTepiany AocnimkeHb 0COBNMBOCTEN KynbBTUBYBaHHS NapBOBIpyCy
cobak, BuAineHoro Ha TepuTopii YkpaiHu Big 6€3nopogHoro LyLEHSITM BIKOM 2 MiCsiLli, Ik 3arvHyB Bif, NapBOBipyCHOro eHTeputy. B otpu-
MaHomy Bif 3arvbnoi TBapuHmM GionoriyHoMy MaTepiani nabopaTopHUMM JOCNIAKEHHAMN BCTAHOBMEHO MOHOIHMIKYBaHHS | MOXIUBICTb
Oro KynbTUBYBaHHS in Vitro. BCTaHOBNEHO MOXIMBICTb BUKOPUCTaHHS NEpELLEnIItoBanbHOI MiHil KynsTypu KniTuH HUpku kponst (RK-13),
LLOWHO nepecisiHoi, nicnsi 24 roauHHOI iHKybaUii, 3 He MeHwe 70% i He Binblue 80% MOHOLLAPOM KNiTUH i NOCIBHOKO KOHLIEHTpaLieto Bif,
1,0x10° go 2,0x105 kn./mMn sk BionoriyHoro TecT 06’ekTa ANs KyNbTUBYBAHHS | HAKOMWMYEHHS MapBOBIPYCHOI 6iomacy. KynbsTiByBaHHsi npo-
BOAUMU B yMOBax TepMocTarty 3a t = +37,5°C He 6inbLe 10 fib., a sik nigTpymytove cepefoBuLLE BUKOPUCTOBYBaNM CyMilll cepenoBuLLa
199 i AMEM. EcbekTMBHICTb KyNbTMBYBaHHS BU3HaYanu 3a 3poCTaHHAM TUTPY iHAEKLHOI akTUBHOCTI BipyCy, KW A0 M'ATOro nacaxy
ctaHoBumB 3,8+0,08 Ig TUso/cn’.

KnrouyoBi cnosa: napBoBipyc cobak, NonboBUiA i30N4T, KynbTyparbHi BMacTMBOCTI, uuTonaTtoreHHa ais, RK-13

Radzyhovskyi ML, Kuryata NV, Pishchanskyi OV, Dyshkant OV, Androshchuk OA, Sokulskyi IM, Ukhovskyi VV, Rudoi OV. Features of in vitro
cultivation of the field strain of canine parvovirus. Biol Tvarin. 2024; 26 (2): 42—46. DOI: 10.15407/animbiol26.02.042.
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Climate change leads to increased environmental tem-
peratures, which negatively affects the bodies of animals.
Rabbits do not have sweat glands and are not able to regu-
late their body temperature, which, under conditions of heat
stress, disrupts the physiological processes of the body: body
thermoregulation, respiration, immune function, endocrine
regulation, blood parameters, reproductive capacity, which
are critical factors in ensuring the functioning of the body.
In recent years, in order to mitigate heat stress, considerable
attention has been focused on compounds produced by nan-
otechnology, which have a positive effect on the animal body
compared to organic and inorganic substances and have
a wide range of biological effects. However, the effect of mac-
ro- and microelement nanoparticles on the mammalian body
depends on the amount used. Therefore, the purpose of the
experiment was to study the hematological and biochemical
parameters of rabbits after weaning under moderate heat
stress by feeding Zinc, Selenium and Germanium citrates
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produced by nanotechnology.

Key words: rabbits, blood, moderate heat stress, nano-
particles, Zinc citrate, Selenium citrate, Germanium citrate,
hematological and biochemical parameters

Introduction

In the context of global warming, an increase in
ambient temperature becomes a negative factor for the
development of rabbit breeding [10, 17]. Heat stress has
negative consequences for the health of rabbits, leading to
a decrease in daily weight gain by 20-25%, a decrease in
feed intake by 8-15%, an increase in mortality by 9—12%,
and a decrease in reproductive capacity by 6-10% [19].
Under heat stress conditions, rabbits cannot maintain
a balance between heat production and heat release [26].
The optimal physiological values of the rabbit organism’s
temperature and humidity range are 18 to 21°C and
humidity 55-65% [21, 22]. To reduce the adverse effects
of heat stress in animal feeding, organic compounds of
trace elements of nanotechnological origin are used.
Trace element nanoparticles, in combination with organic

The Animal Biology, 2024, vol. 26, no. 2

acids, are characterized by high bioavailability, surface
activity, catalytic and adsorption properties, and low
toxicity [9].

Zinc is a component of more than 300 enzymes. Itis
essential physiologically for the functioning of alcohol
dehydrogenase, alkaline phosphatase, aldolase, lactate
dehydrogenase, RNA and DNA polymerase, transcriptase,
carboxypeptidase A, B, G, and superoxide dismutase [32].
It is involved in the biosynthesis of nucleic acids, cell divi-
sion processes, and metabolism of proteins, lipids, and
carbohydrates [4]. Zinc plays a vital role in the antioxidant
defense system and inhibits the oxidation of DNA and
protein macromolecules [5, 28]. It regulates proliferation,
differentiation, apoptosis, and metallothionein gene ex-
pression [6]. The addition of zinc oxide nanoparticles to
the diet of rabbits at doses of 20, 40, 60, and 80 mg/kg
body weight reduces the level of alanine aminotransferase
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and aspartate aminotransferase activity, creatinine, and
urea, which may indicate an improvement in liver and
kidney function [1]. A study by F. Hasan et al. found
that rabbits treated with zinc oxide nanoparticles at 30
and 60 mg/kg body weight had better growth and feed
intake than the control group [12]. Studies by D. A. Kamel
et al. found that the addition of 50 mg of ZnO/kg or 30 mg
of nano-Zn/kg in the diet of rabbits increased the levels
of glutathione, glutathione-S-transferase, superoxide dis-
mutase, IgG and IgM immunoglobulins, and high-density
lipoprotein while reducing the concentration of triacyl-
glycerols and TBA-active products in the blood serum
of rabbits under heat stress [14].

Selenium is a critical element of the composition of
selenoproteins, which regulate thyroid hormones, act
as inhibitors of the nonspecific immune response, and
neutralize inflammatory and phagocytic processes [11].
Adding 0.3 mg/kg of organic Selenium to the diet reduces
rectal temperature, respiratory rate, and concentration
of TBA-active products in the sperm plasma, increas-
es the total number of spermatozoa, the number and
body weight of the offspring of rabbits exposed to heat
stress [13]. Studies by M. S. Ayyat et al. found that feed-
ing organic Selenium at 0.03 mg/kg of rabbit diet mitigat-
ed the adverse effects of heat stress, which was reflected
in a decrease in rectal temperature, respiratory rate, and
heart rate in the summer [3]. Adding Selenium citrate to
the diet at 25 and 50 mg/kg to rabbit feed increases the
average daily weight gain, reduced glutathione, and cata-
lase activity. It reduces the level of TBA-active products in
the blood serum of rabbits under heat stress [30]. Toxico-
logical studies have shown that selenium nanoparticles of
20-60 nm and Se-methionine in amounts of 30 and 70 ug
Se/kg in the diet of mice improve Se accumulation in the
blood, liver, and kidneys compared to the control [35].

It is known from the literature that organic ger-
manium can adsorb free radicals and increase the
body’s antioxidant activity, especially during times of
stress [15]. Once in the body, germanium interacts with
hemoglobin and ensures cellular metabolism [18]. Ger-
manium compounds improve the immunological char-
acteristics of lymphocytes, including T-helper cells and
cytotoxic T-suppressors, and stimulate the production
of various cytokines, which can help strengthen the im-
mune system in the fight against various diseases [31].
A significant interferon activity in the blood serum was
found after oral administration of the organic germa-
nium compound Ge-132 300 mg/kg body weight to
mice [2]. Studies have shown that Ge-132 increases
the cellular stimulatory factor IL-3 level in stem cells,
which helps regulate the processes of their differentia-
tion and proliferation and ensures regulation and bal-
ance in the processes of blood formation [18].

Given the above, the aim of the study was to de-
termine the effect of Zinc, Selenium and Germanium
Citrates obtained by nanotechnology on the morpho-
logical and biochemical parameters of rabbit blood
after weaning under moderate heat stress.
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Materials and Methods

The study was conducted in the vivarium of the
Institute of Animal Biology, National Academy of Sci-
ences (Lviv, Ukraine). Animals were kept in a room
with a regulated microclimate in mesh cages mea-
suring 50x120x%30 cm. The study was conducted on
young rabbits-analogues from 35 to 78 days of age,
the Thermon White breed. For the study, groups of
6 animals were formed, 24 animals in total. During
the experimental period, the room temperature was
increased for 12—16 hours using electric adjustable
heaters for 43 days. The temperature range during
the study was from 27.8 to 28.9°C.

The temperature and humidity were monitored using
a Trotec BL30 thermo-hygrometer with a data logger. An
electronic air analyzer measured humidity and tempera-
ture (patent No. 127047) [23]. The temperature-humidity
index controlled the room temperature. Animals for the
study were selected in the control and |, II, and Il experi-
mental groups, with an average body weight of 980+50 g.
Rabbits of the control group were exposed to heat stress
and kept on an essential diet of standard balanced
granular feed and water without restriction.

Rabbits of I, II, and Ill experimental groups consumed
pelleted feed as in the control but received citrates of trace
elements with water for 24 hours daily for 43 days. Using
individual drinkers for each animal and placing the animals
in separate cages allowed us to control the amount of
water each rabbit received. | experimental group received
Zinc citrate in amount of 60 mg Zn/l or 12 mg Zn/kg body
weight; Il group — Selenium citrate, 300 ug Se/l or 60 ug
Selkg body weight; Il group — Germanium citrate, 62.5 ug
Gell or 12.5 pg Ge/kg body weight. “Nanomaterials and
Nanotechnologies” LLC (Kyiv, Ukraine) manufactured the
solutions for the study (patent no. 38391) [16]. The appear-
ance of metal particles was studied using a JEM 100CX Il
transmission electron microscope. Permission to con-
duct the research was obtained from the Bioethics Com-
mittee of the Institute of Animal Biology of the National
Academy of Sciences of Ukraine, Lviv (protocol No. 152
of 10.04.2024). All manipulations with experimental
animals were carried out following the provisions of
“The General Ethical Principles for Animal Experi-
ments” adopted by the First National Congress on
Bioethics (Kyiv, 2001) and the rules of the “European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986). The blood parameters of rabbits
were studied on the 14t day of the preparatory peri-
od and the 14" and 29" days of supplementation in
the experimental period under moderate heat stress
conditions.

For hematological studies, blood was taken from the
marginal ear vein of rabbits into tubes with the anticoagu-
lant ethylenediaminetetraacetate (EDTA-K2+), and the
total number of red blood cells and red blood cell indices
were determined: absolute red blood cell count (RBC),
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mean erythrocyte volume (HGB), hematocrit (HCT), mean
erythrocyte corpuscular volume (MCV), mean erythrocyte
hemoglobin content (MCH), mean erythrocyte hemoglo-
bin concentration (MCHC), erythrocyte distribution width
(RDW); the number of white blood cells (WBC) and their
forms — lymphocytes (LYM), monocytes (MON), granulo-
cytes (GRA); platelet count and platelet indices: absolute
platelet count (PLT), mean platelet volume (MPV), throm-
bocrit (PCT), relative platelet distribution width (PDW)
using an automatic hematology analyzer Orphee Mythic 18
(Switzerland) [33]. Samples of whole blood were taken
from the marginal ear vein of 6 animals from the group
into tubes with 1% heparin for biochemical studies. The
content of total protein, albumin, alanine aminotransfer-
ase (ALT) activity aspartate aminotransferase (AST), and
alkaline phosphatase (ALP), triacylglycerols, cholesterol,
total calcium, and inorganic phosphorus was determined
using a Hymalyzer 2000 biochemical analyzer [33].

The study results were analyzed using the Statistica 7.0
software package (Statsoft, USA). The experimental data
are presented as mean (M)  standard deviation (SD).
The study’s quantitative data were tested for homogene-
ity of variances using the Lever test. Multiple comparisons
were made using a two-factor analysis of variance (Two-
way ANOVA), where factor Ais time, factor B is trace ele-
ment citrates, and AB is the interaction of time and trace
element citrates. To detect statistical differences between
the control and experimental groups, the a posteriori
Tukey HSD method was used, and differences were
considered significant at P<0.05 [27].

Results and Discussion

Rabbits have the most negligible lung weight con-
cerning the body weight of all farm animals, so they need
a constant supply of clean air to ensure the body’s func-
tioning [4]. Studies have shown that feeding rabbits Zinc
citrate and Selenium citrate in the blood, respectively,
increased the number of red blood cells by 22.2 (P<0.01)
and 20.2% (P<0.05) compared to the control at the final
stage of the study, which may indicate a stimulating effect
on erythropoiesis (table 1). The analysis of the results of
hemoglobin concentration in animals of I, Il, and Ill groups
were respectively higher by 16.3% (P<0.01), 28.5%
(P<0.001), and 21.9% (P<0.001) on the 29 day of the
study. The percentage of hematocrit value in the blood of
rabbits of the | and Il experimental groups increased by
27.3% (P<0.01) and 20.7% (P<0.05), respectively, on the
29" day of the experiment. The increase in the concentra-
tion of hemoglobin and the percentage of hematocrit
value in the blood of rabbits directly correlates with
the number of red blood cells.

The effect of time factor A (P=0.020794) and the factor
of trace element citrates B (P=0.019834) was reflected in
statistically significant changes in the absolute red blood
cell content. The analysis of the combination of AB factors
did not show a statistically significant result (P=0.147556).

The Animal Biology, 2024, vol. 26, no. 2

Table 1. Number of red blood cells, hemoglobin, and hematocrit
in the blood of rabbits after feeding Zinc, Selenium,

and Germanium citrates compounds under moderate heat stress
(MSD, n=6)

Period of research, age/day of supplementation

cl'crl]t?)ir-s Group Prepr;a:’irg(tjory Study period
49/1 63/14 78/29
= c 5.76+0.51 5.810.70 5.04+0.62
) IE 6.08+0.69 5.84+0.53 6.16+0.55**
8‘ IE 6.28+0.55 6.02+0.56 6.06+0.63*
x lE 6.45+0.42 5.93+0.69 5.41+0.26
_ c 132.6745.75 133.00+10.21  109.17+6.11
2} o} 135.1748.47  134.50+12.56 127.00+5.25**
9 IE  149.66:16.57 145.66£13.54 140.33£9.77***
IE  150.00£10.82 134.67+8.01 133.16%5.63***
B c 0.413£0.07 0.387+0.06 0.362+0.02
E_ c 0.467+0.06 0.433£0.04  0.461+0.03**
0 IE 0.449:0.05 0.416+0.07  0.437+0.07*
IE  0.502+0.06 0.467+0.04 0.442+0.01

Note. In this and the following tables, the statistically significant differ-
ences compared to the control group are: * — P<0.05; ** — P<0.01;
*** — P<0.001.

Table 2. Erythrocyte indices in the blood of rabbits after feeding
Zinc, Selenium, and Germanium citrates compounds
under moderate heat stress (M+SD, n=6)

Period of research, age/day of supplementation
Preparatory

R Group period Study period
49/1 63/14 78/29

_ C 97.43+2.30 98.23+2.31 97.23+3.46
; IE 96.31+2.53 101.10£2.74 98.53+2.28
g INE 98.00+2.52 102.57+2.57 99.46+2.45

INE 95.03+1.36 100.15+4.38 100.37+£3.14
> C 23.56+1.11 23.53+0.95 23.83+0.84
= IE 23.83+0.43 23.90+1.23 24.61+0.90
é Il E 24.38+0.77 25.03+0.88 24.40+0.94

Il E 24.68+0.57 24.71+1.23 25.10+0.15
= © 241.67+2.87  225.83%6.49  231.17+5.98
:;-) IE 247.17+3.54  228.17+3.18 243.00+2.96**
5 INE 243.67+5.27  235.83+3.65* 245.50+3.53***
= INE  244.67+1.75  232.17%6.01 234.00+6.35
. C 10.23+0.42 10.38+0.60 10.43+0.58
; IE 10.68+0.36 10.81+0.34 10.98+0.53
g Il E 10.36+0.20 10.46+0.62 10.60+0.43

Il E 10.75+0.59 10.96+0.52 10.50+0.63

The analysis of the time factor A (P=0.000021) and the
factor of trace element citrates B (P=0.000001) resulted
in statistically significant changes in hemoglobin content,
where the expressed effect was observed for factors A
and B. The results of the analysis of the combination of
AB factors did not show a statistically significant result
(P=0.079910).

The effect of time factor A (P=0.051486) had no sta-
tistically significant effect on the hematocrit value, but
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the effect of trace element citrates B (P=0.000400) had
a significant effect on the studied index. In the combined
interaction of the two factors, there were no statistically
significant changes in AB (P=0.588368).

In the blood of rabbits, an increase in the average
concentration of hemoglobin in the erythrocyte was found
after feeding Zinc citrate by 5.11% (P<0.01) on the 29" day
of the study and Selenium citrate by 4.42 and 6.19%
(P<0.05-0.001), respectively, on the 14" and 29" days of
the experiment (table 2). Zinc is a necessary coenzyme
for many enzymes and participates in the synthesis of
DNA, RNA, and proteins. In particular, it is essential for
the activity of ribonucleic polymerase, which is neces-
sary for the transcription of genes encoding hemoglobin
proteins and other essential components of red blood
cells [1]. Selenium is a component of enzymes such as
glutathione peroxidase and thioredoxin reductase, which
protect cells from oxidative stress, reducing the level
of damage to erythropoietic cells in the bone marrow,
allowing them to multiply more efficiently and differen-
tiate into mature red blood cells [6].

In our opinion, due to their antioxidant properties and
essential function in the processes of enzyme activation,
Selenium and Zinc indirectly affect the number of red
blood cells and red blood cell indices, which is an essen-
tial indicator of the body’s hematopoietic function under
moderate heat stress. The analysis of the influence of
factor A (P=0.000000), factor B (P=0.000003), and the
interaction of time factors and citrates of trace elements
AB (P=0.001152) was marked by statistically significant
changes in the effect on the average concentration of
hemoglobin in the erythrocyte.

The influence of time factor A (P=0.000059) was re-
flected in statistical changes in the effect on the average
erythrocyte volume, but the factor of trace element citrates
B (P=0.089660) did not affect the studied indicator. In the
combined interaction of the two factors, there were no
statistically significant changes in AB (P=0.182130).
The determination of factor A (P=0.468084) was not
marked by statistical changes in the average hemoglo-
bin content in a single erythrocyte. The factor of action of
trace element citrates B (P=0.000730) had a significant
effect on the studied indicator. In the combined interac-
tion of the two factors, no statistically significant changes
in AB were observed (P=0.778313). The results of the
analysis of factor A (P=0.5578669) did not show statisti-
cally significant changes in the effect on the width of red
blood cell distribution. The influence of the factor of trace
element citrates B (P=0.021730) had a statistically signifi-
cant effect on the studied variable. In the interaction of the
two factors, the data obtained were unaffected by statisti-
cal changes in AB (P=0.734692), indicating the absence
of influence in the combination of these factors.

Studies have shown that the number of leukocytes in
the blood of rabbits of the | and |l experimental groups
decreased by 9.01 (P<0.05) and 7.95% (P<0.05),
respectively, and lymphocytes by 11.3 (P<0.05) and
12.5% (P<0.05) at the final stage of the study (table 3).
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Leukocytes are cells of the body’s defense system.
They are within physiological values, but their decrease
in the experimental groups may indicate the absence of
inflammation or a reduced risk of inflammation with sup-
plementation [1]. A reduction in the number of lympho-
cytes during the study period may indicate a lower risk of
acute inflammation and a reduced risk of heat stress dis-
eases under the influence of trace element citrates [19].

The effect of time factor A (P=0.829832) did not reveal
statistical changes in leukocyte counts, but trace element
citrates B (P=0.000245) significantly affected the stud-
ied index. In the combined interaction of the two factors,
no statistically significant changes in AB were observed
(P=0.597066). Analysis of the time factor A (P=0.000338)
and the factor of micronutrient citrates B (P=0.000878)
showed statistically significant changes in the absolute
lymphocyte count, where the expressed effect was ob-
served for factors A and B. The analysis of the combina-
tion of AB factors did not show a statistically significant
result (P=0.634944).

The use of Zinc citrate supplementation led to an in-
crease in the content of monocytes in the blood of rab-
bits by 23.5% (P<0.05) on the 29" day of the experiment.
Zinc is an essential trace element involved in regulating
the immune system. It promotes the development and
functioning of immune cells, including monocytes [1].
An increased content of monocytes may indicate the
activation of the immune system, which responds to
stressful conditions, including heat stress. Therefore,
a higher content of monocytes is involved in the immune
response by producing various cytokines that activate
the response of the immunophysiological system during
exposure to elevated environmental temperatures.

Feeding citrates of trace elements in the blood of rab-
bits in | and Ill experimental groups increased the abso-
lute content of granulocytes by 30 (P<0.01) and 66.3%
(P<0.001), respectively, and the relative content of granu-
locytes by 13.5 (P<0.05) and 41.1% (P<0.001) during
29 days of the experiment. The addition of Selenium ci-
trate to the diet of rabbits caused significant changes in
the relative content of granulocytes by 17.1% (P<0.01) in
the final period of the study compared to the control group
(table 3). Germanium can activate the immune system by
stimulating the formation of various types of immune cells,
including granulocytes [24]. The intake of physiologically
reasonable amounts of organic zinc and selenium com-
pounds in the diet stimulates the activation of enzymes
responsible for the synthesis of DNA and RNA, which
promotes the proliferation and differentiation of cells, in-
cluding granulocytes, which is an essential component of
the immune system in protecting the body from infections
and inflammation [19].

The effect of the time factor A (P=0.000000) and
the factor of micronutrient citrates B (P=0.007262) was
marked by statistically significant changes in the content
of monocytes, where the expressed effect was observed
for factor A. The results of the analysis of the combina-
tion of AB factors did not show a statistically significant
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result (P=0.0442296). The study of the effect of factor A
(P=0.000000), factor B (P=0.001213), and the interac-
tion of time factors and citrates of trace elements AB
(P=0.000180) were characterized by statistically signifi-
cant changes in the effect on the number of granulocytes.
The effect of time factor A (P=0.005293) and the effect
of trace element citrates B (P=0.008958) was charac-
terized by statistically significant changes in the relative
content of lymphocytes. The analysis of the combina-
tion of factors AB did not show a statistically significant
result (P=0.262943). The analysis of the time factor A
(P=0.000000) was marked by statistical changes in the
relative content of monocytes, but the factor of trace
element citrates B (P=0.076088) had no effect on the
studied indicator. In the combined interaction of the two
factors, no statistically significant changes in AB were
observed (P=0.100019). The determination of factor A
(P=0.000000), factor B (P=0.002499), and the interaction
of time and trace element citrates of AB (P=0.006297)
were characterized by statistically significant changes
in the effect on the relative content of granulocytes,
where time is the predominant factor of influence.

In the case of micronutrient citrate supplementation,
there was a tendency to increase in platelet count, mean
platelet volume, thrombocrit value, and relative width of
platelet distribution by volume during the study (table 4).

The effect of time factor A (P=0.000000) and the fac-
tor of trace element citrate B (P=0.001883) was marked
by statistically significant changes in platelet count, where
the expressed effect was observed for factor A. The anal-
ysis of the combination of AB factors did not show a sta-
tistically significant result (P=0.665514). The effect of the
time factor A (P=0.000000) and the factor of influence of
citrates of trace elements B (P=0.001883) was marked
by statistically significant changes in platelet count, where
a pronounced effect was observed for factor A. The data
analysis shows that the combination of AB factors did not
show a statistically significant result (P=0.665514). The in-
fluence of the factor of action of citrates of trace elements
B (P=0.014762) had a statistically significant effect on the
studied variable. In the interaction of the two factors, the
data obtained were unaffected by statistical changes in AB
(P=0.297532), indicating the absence of influence in the
combination of these factors.

The results of the study of the biochemical parameters
of rabbit blood, which characterize the state of metabolism
and functioning of the body, indicate a positive trend in
the feeding of Zinc citrate, Selenium citrate, and Germa-
nium citrate compared to the control group. Feeding Se-
lenium citrate to rabbits of the second experimental group
in their blood, respectively, decreased the level of creat-
inine by 7.5% (P<0.05) and urea by 5.61% (P<0.01) on
the 14" day and by 7.3% (P<0.05) and 12.3% (P<0.01).
Germanium citrate feeding under conditions of moderate
heat stress in |ll experimental group resulted in a de-
crease in urea by 14.7 (P<0.001) and 15.1% (P<0.01) on
the 14" and 29" days of feeding compared to the control
(table 5). Creatinine is formed in muscle tissue during
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Table 3. The number of leukocytes and their forms in the blood
of rabbits after feeding Zinc, Selenium, and Germanium citrates
compounds under moderate heat stress (M+SD, n=6)

Period of research, age/day of supplementation

CIE;]thI:S Group Prep%a;irg(tjory Study period
49/1 63/14 78/29

s C 9.58+0.83 9.35+0.59 9.43+0.41
2 IE 8.66+0.69 8.63+0.80 8.58+0.44*
& nE 8.73+0.35 9.1120.59 8.68£0.37*
=  WE  870£0.31 8.96£0.32 9.15£0.48
= © 5.2610.63 5.1610.47 5.75+0.27
2 IE 4.66+0.58 4.88+0.29 5.1020.34*
g IIE  4.41:0.18 4.98+0.19 5.03+0.33*
= ME  4.43:0.95 4.80+0.40 5.23+0.42
s C 1.43£0.10 1.33£0.12 1.06£0.05
2 IE 1.55£0.25 1.51£0.11 1.31x0.19*
§ IIE  165:024 1.500.20 1.15+0.08
=  WE  1.50£0.20 1.55£0.10 1.16£0.13
s C 1.81£0.56 2.11£0.54 2.2020.14
= IE 2.3810.27 2.25:0.24 2.8610.57*
< IE 1.66£0.33 2.2010.33 2.6810.35
© WE  1.76£0.50 2.16:0.54  3.66£0.40"**
. o 54.96:6.14  54.87+4.70  57.31#3.35
> IE  4855:468  54.00:1.96  55.38+2.10
% IlIE 5561262  53.91+2.39  56.33+2.29

E  49.98+4.56  52.80+249  54.21#3.32
- C 26.83t5.35  22.04:+3.84  12.41%1.29
> |E 23561615  2285:1.95  13.65:0.71
S NE  2301#232  23.86#1.90  12.561.14

WE  28.73£3.64  25.46%1.61 12.70£1.39
. C 18.50+4.81 19.38£1.63  25.91%1.47
:\f IE  27.731645  20.78+2.08  29.43:0.89*
& NE 21362443 2120478  30.35:2.85"

Il E 21.25+6.88 20.36£3.40  36.56+2.25"**

Table 4. Platelet count and platelet indices in the blood of rabbits
after feeding Zinc, Selenium, and Germanium Citrates compounds
under moderate heat stress (M+SD, n=6)

Period of research, age/day of supplementation

Indi- Preparatory

cators Group period Study period
49/1 63/14 78/29
- C  303.00:35.18 368.00+13.88 376.50£14.87
©  |E  263.33+46.24 373.00£2528 385.67+25.81
K IIE  349.83t57.70 390.66123.43 390.33:12.78
“  WE 33133:3482 386672519 397.83:28.83
c 4.96+0.30 5.010.38 4.86+0.37
S IE 536%0.29 5.25+0.21 5.06+0.19
S IE  5.25:0.24 5.61+0.57 5.15+0.24
IE  5.28+0.40 5.66+0.38 5.210.31
C  0.262:0.02  0.212:0.02  0.189£0.01
¥ JE 0233003  0217:003  0.200:0.01
<E IIE 0237002  0.221£0.02  0.212:0.01
ME  0.239:0.04  0.218:0.02  0.2110.02
i C  1245:1.21 1371098  12.55%1.41
S IE 14312097 14512053  13.0120.91
% IIE  13.50£0.84  14.01£1.01  13.58+0.47
E  13.91£1.83  13.78:0.74  13.90+0.76
51



HO3bBsAK M.

BnAvB HAHOYACTUHOK LIUTPATIB LIMHKY, CEJIEHY Ta repMaHito Ha reMaToorivyHi Ta 6ioxiMiuHi MOKa3HUKM OpraHiaMy KpoiB

creatine metabolism, which is used to supply energy to the
muscles. The kidneys filter creatinine and eliminate it from
the body through the urine. The level of urea in the blood
is an indicator of the functional state of the kidneys, as
well as protein metabolism in the body [29]. Zinc citrate,
Selenium citrate, and Germanium citrate have antioxidant
properties that help reduce heat stress and protect the
kidneys from the adverse effects of heat stress [8, 24].
The lower levels of creatinine and urea compared to

Table 5. The content of total protein, albumin, creatinine,
and urea in the blood of rabbits after feeding Zinc, Selenium,

and Germanium Citrates under moderate heat stress (M+SD, n=6)

Indi-

Preparatory

Period of research, age/day of supplementation

cators Group period Study period
49/1 63/14 78129
< Cc 60.78+5.60 57.20+4.54 54.01£3.29
‘g = IE 62.31+4.55 58.08+3.36 55.51+5.24
Tg b INE 63.40+£2.11 62.76+£3.09 59.81+£3.15
= INE 60.33+2.73 60.06+4.59 57.33+2.56
= C 29.40+1.64 33.56+2.09 31.50+2.28
_;3 IE 32.00+1.52 30.80+4.21 27.23+1.61
_§ INE 31.23+2.20 29.68+3.53 28.25+3.42
< IIE 31.41+£2.96 28.56+1.98 29.10+£3.98
6 C 115.104£4.33 118.031£5.44 117.62+7.91
:E SO IE 112.0315.64 111.57+4.64 115.2844.63
g g_ INE 108.531+4.24 109.10+4.94*  108.95+3.45*
© IIE 111.97+4.30 112.7046.06 116.05+3.93
- C 7.03+0.61 6.26+0.38 6.03+0.63
E | E 6.3310.36 5.88+0.31 5.66+0.61
8" IIE 6.60+0.63 5.55+0.35** 4.96+0.30**
> IIE 6.23+0.49 5.01+0.11*** 4.80+0.33**

Table 6. The level of aminotransferase and alkaline phosphatase
activity in the blood of rabbits after feeding Zinc, Selenium,

and Germanium Citrates under moderate heat stress (M+SD, n=6)

Period of research, age/day of supplementation

cg]t?)iljs Group Pri)r;?{:(tjow Study period
49/1 63/14 78/29
C 24.70+2.14 31.90+1.40 29.48+0.96
3 1E 22.83+2.38  20.71£1.79*** 22.96+1.99***
z IE 26.01+3.93 27.05+2.30**  25.45+1.30**
IIE 25.53+3.36 29.96+3.10 28.85+2.43
C 58.75+5.80 74.73+4.52 63.45+3.67
g_ IE 51.38+4.90  62.31£3.83***  55.58+2.87**
E IIE 53.00+4.82 66.63+2.70**  56.73+3.99**
INnE 56.51+6.26 70.05+2.07 60.91+4.00
g - C 277.45+25.02 324.50+31.81 293.25+37.13
E— 2 IE  309.07+21.98 316.08£18.28 278.83+28.11
-(E“ § IlE  303.73+22.66 315.03+28.99 273.73+29.55
X O
< INE 308.18+£13.35 310.37+22.72 268.55+34.87
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the control group may indicate an improvement in renal
function under moderate heat stress.

Determination of the time factor A (P=0.167163)
revealed no statistical changes in creatinine content.
The influence of the factor of trace element citrates B
(P=0.000131) had a significant effect on the studied in-
dex. In the combined interaction of the two factors, no
statistically significant changes in AB were observed
(P=0.918005). The effect of time factor A (P=0.000000)
and the effect of trace element citrates B (P=0.000000)
was marked by statistically significant changes in urea
content, where a pronounced effect is observed for
two factors. The effect of the time factor A (P=0.000014)
and the factor of trace element citrate (P=0.001055) was
marked by statistically significant changes in total protein
content, where the expressed effect was observed for fac-
tor A. The results of the analysis of the set of AB factors did
not show a statistically significant result (P=0.627532).

The effect of the time factor A (P=0.000000) had
a statistically significant effect on albumin content. The
action factorof trace element citrates B (P=0.178466)
did not show any significant changes. Interaction of
time and trace element citrates is statistically signif-
icant (P=0.021085) and indicates a combined effect
on mitigating the effects of moderate heat stress.

The addition of Zinc citrate and Selenium citrate to the
diet of rabbits reduces AST activity by 35.0 (P<0.001) and
22.1% (P<0.001), respectively, and by 15.2 (P<0.05) and
13.6% (P<0.05) on the 14 and 29" days of the study
compared to the control group. Significant values were
also found in rabbits of the | and Il experimental groups
for ALT activity, where a decrease of 16.6 (P<0.001),
12.4% (P<0.01), and 10.8 (P<0.01) and 10.5% (P<0.01)
was observed on the 14" and 29" days of supplementa-
tion (table 6). A decrease in the level of aspartate amino-
transferase and alanine aminotransferase activity within
physiological parameters may indicate an improvement
in rabbit liver function, which was more pronounced with
Zinc citrate and Selenium citrate under moderate heat.

The effect of time factor A (P=0.001088) and the effect
of micronutrient citrate B (P=0.000000) had a statistically
significant effect on the level of AST activity, where the ef-
fect of factor B was expressed. In particular, the combined
effect of time and micronutrient citrates was statistically
significant AB (P=0.000597), which may indicate a better
result on the enzyme activity. The effect of the time factor
A (P=0.000000) and the factor of trace element citrate B
(P=0.000000) was marked by statistically significant chang-
es in the level of ALT activity, where the expressed effect
was observed for factors A and B. The analysis of the
combination of factors AB did not show a statistically sig-
nificant result (P=0.840587). The results of the analysis of
the time factor A (P=0.000060) were marked by statistical
changes in the level of alkaline phosphatase activity, but
the factor of trace element citrates B (P=0.940835) had
no effect on the studied indicator. In the combined inter-
action of the two factors during the experimental period,
AB had no statistically significant effect (P=0.225183).
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The study of cholesterol content in the blood of rabbits
of I and Il experimental groups showed a corresponding
decrease of 27.7 (P<0.01), 22.2% (P<0.01), and 20.3
(P<0.05), and 16.6% (P<0.05) on the 14" and 29" days of
the experiment. Cholesterol is the main component of cell
membranes and is involved in forming structural integri-
ty and cell permeability (table 7). Selenium and Zinc are
components of glutathione peroxidase and thioredoxin
reductase, which help protect cells from oxidative stress,
including cholesterol oxidation [36]. Zinc is essential for
functioning the HMG-CoA reductase enzyme, which en-
sures cholesterol synthesis in cells. By regulating the ac-
tivity of this enzyme, Zinc can affect the synthesis and
breakdown of cholesterol [7]. The influence of the time
factor A (P=0.000000), the trace element citrates fac-
tor B (P=0.000002), and the combination of factors AB
(P=0.000176) during the experimental period were char-
acterized by statistically significant changes in cholesterol
content during the experimental period.

Feeding Selenium citrate increased the content of inor-
ganic phosphorus by 10.7% (P<0.05) on the 29" day of the
study. Phosphorus is vital to many biochemical processes,
including energy metabolism, DNA and RNA synthesis,
and protein phosphorylation [20]. Heat stress causes an
increase in free radicals in the body, which damages cell
membranes and structures. As a part of glutathione perox-
idase, Selenium reduces oxidative stress by neutralizing
free radicals, which helps maintain the functionality of cell
membranes and enzymes, phosphatase and phosphory-
lase, involved in the transport and metabolism of phospho-
rus. Under conditions of moderate heat stress, activation
of phosphatases is essential to provide free phosphorus,
which is necessary for ATP synthesis and repair of dam-
aged cells. Phosphorylases add phosphate groups to
organic molecules, which is essential for the regulation of
metabolic pathways, in particular, the breakdown of glyco-
gen to glucose-1-phosphate, which promotes the release
of glucose into the blood and can be used for the energy
needs of the cell, under conditions of heat stress on the
body of rabbits [34]. The influence of the factor of action of
citrates of trace elements B (P=0.001718) has a statistical-
ly significant effect on the studied variable. In the interac-
tion of the two factors, the data obtained were unaffected
by statistical changes in AB (P=0.334127), indicating the
absence of influence in the combination of these factors.

Analysis of the effect of time factor A (P=0.021905)
had a statistically significant effect on the content of
triacylglycerols. The effect of trace element citrates B
(P=0.069257) did not reveal any significant changes.
The interaction of time and trace element citrates fac-
tors is statistically significant (P=0.030044) and indicates
the combined effect of these two factors on the variable.
The effect of time factor A (P=0.000000) and the effect
of trace element citrates B (P=0.000000) was marked by
statistically significant changes in urea content, where
a pronounced effect is observed for two factors. The re-
sults of the analysis of the set of factors AB did not show
statistically significant results (P=0.168903). The effect
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Table 7. The content of cholesterol, triacylglycerols, total calcium,
and inorganic phosphorus in the blood of rabbits after feeding
Zinc, Selenium, and Germanium Citrates under moderate heat stress
(MxSD, n=6)

Period of research, age/day of supplementation

c:t?)ir-s Group Prepr;al\‘:'g(tjory Study period
49/1 63/14 78/29

qi) = C 0.63+0.07 0.79+0.07 0.71+0.06
:% é I1E 0.69+0.14 0.67+0.10 0.62+0.05
?ﬂ" INE 0.78+0.06 0.76+0.06 0.66+0.09
= ° HE 0.76+0.06 0.72+0.09 0.67+0.05
5 C 0.1740.02 0.54+0.07 0.54+0.06
..‘l.u-; 5 IE 0.1940.03 0.394+0.03** 0.42+0.04**
é) E IIE 0.20+0.01 0.43+0.04* 0.45+0.02*
o IE 0.21+0.02 0.52+0.07 0.48+0.05
£ C 3.06+0.26 3.06+0.20 2.83+0.41
é So IE 3.26+0.19 3.10+0.24 2.86+0.28
ic; é IIE 3.35+0.15 3.13£0.29 2.98+0.37
é IIE 3.30+0.14 3.20+0.23 2.90+0.25
g % C 1.61+0.07 1.93+0.15 1.78+0.17
SE IE 208:023 1.96+0.16 1.95+0.22
é % IIE 2.01+0.24 2.11+0.07 2.16+0.12*
E s HE 2.131£0.24 1.95+£0.23 1.90+0.24

of the time factor A (P=0.000112) indicated statistical
changes in total calcium content. However, the factor
of trace element citrates B (P=0.254447) did not affect
the studied indicator. In the combined interaction of
the two factors, there were no statistically significant
changes in AB (P=0.951526).

During the period of the study, it was found that feed-
ing rabbits with Zinc citrate in the blood increased the
number of red blood cells (P<0.01), hemoglobin con-
centration (P<0.01), percentage of hematocrit value
(P<0.01), mean hemoglobin concentration in erythro-
cyte (P<0.05), monocyte count (P<0.05), absolute and
relative granulocyte content (P<0.05) and reduced the
number of leukocytes and lymphocytes (P<0.05) during
29 days of experiment. The addition of Selenium citrate
to the diet of animals increased the number of red blood
cells (P<0.05), hemoglobin concentration (P<0.001),
percentage of hematocrit value (P<0.05), relative content
of granulocytes (P<0.01), average hemoglobin concen-
tration in erythrocyte (P<0.05-0.001) and a decrease in
the number of leukocytes (P<0.05), the number of lym-
phocytes (P<0.05) was noted during the study. Germa-
nium citrate feeding had less effect on the blood param-
eters of rabbits under heat stress, with an increase in
hemoglobin concentration (P<0.001), absolute granulo-
cyte content (P<0.001), and relative granulocyte content
(P<0.001) during 29 days of the experiment.

The change in the biochemical parameters of rabbit
blood was more influenced by the supplementation of
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Zinc citrate and Selenium citrate, which were character-
ized by a decrease in AST activity (P<0.001 and P<0.001;
P<0.05 and P<0.05), ALT (P<0.001 and P<0.01; P<0.01
and P<0.01), cholesterol content (P<0.01 and P<0.01;
P<0.05 and P<0.05) on the 14 and 29" days of the exper-
imental period, respectively. Selenium citrate decreased
the level of creatinine (P<0.05) and urea (P<0.01) during
the experiment and increased the content of inorgan-
ic phosphorus (P<0.05) on the 29" day of the study.
The addition of Germanium citrate caused a decrease
in urea content (P<0.001 and P<0.05) on the 14" and
29t days of the experiment, respectively.

Thus, feeding rabbits with Zinc citrate (12 mg Zn/kg
body weight) and Selenium citrate (60 ug Se/kg body
weight) under moderate heat stress caused pronounced
positive changes in the hematological and biochemical
parameters of rabbit blood during the study. The addition
of Germanium citrate (12.5 ug Ge/kg) to the diet had less
pronounced effect on the body of rabbits, but mitigated
the negative effect of heat stress, with more pronounced
positive changes in blood parameters on hematocrit
value, absolute and relative content of granulocytes
on the 29" day of the study compared to the control.
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BnnuB HaHOYaCTUHOK LUMTPATIB LIMHKY, CEeNeHy Ta repMaHilo Ha remaTosnorivyHi Ta 6ioxiMiuHi nokasHuKK
opraHiamy KporiB 3a yMOB NOMiPHOro TensIoBOro crpecy

M. HO3be5K
maruk7991@gmail.com

IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbBiB 79034, YkpaiHa

3MiHu kniMaTy Npu3BOAsTE 4O NiABULLEHUX TemMnepaTyp AOBKINNS, WO HEraTUBHO BMNMBAE Ha OpraHiam TBapuH. Kponi He MatoTb
NOTOBUX 3a03 i He 34aTHI perynoBaTy Temnepartypy CBOro Tina, Lo 3a yMOB TEMMOBOro CTpecy nopyLuye disionorivyHi npouecu opra-
Hi3MYy: TepMmoperynsuio Tina, AMXaHHs, iMyHHY dYHKLO, eHOOKPUHHY perynsuiio, napaMmeTpu KpoBi, PENpPOAYKTUBHY 30aTHICTb, AKi €
KIMHOYOBUMM YNHHUKAMW (PYHKLOHYBaHHS OpraHiamy. B ocTaHHi poku Ans noM’ siKLLIEHHS TENMOBOrO CTPECY 3HaYHY yBary 30CepeKyroThb
Ha cnorykax, BUrOTOBNEHNX METOAaMN HaHOTEXHOMOT I, SIKi MPOSIBASAOTb MO3UTUBHUIA €(PEKT Ha OpraHiaM TBapuH MOPIBHSAHO 3 OpraHiy-
HUMM | HEOPraHiYHUMK PeYOBMHAMM Ta MatoTb LUMPOKUIA criekTp BionorivHoi gii. OgHak BNivB HAHOYACTMHOK MaKpO- Ta MiKpoerneMeHTIB
Ha OpraHi3m ccaBLiB 3aneXuTb Bif, 3aCTOCOBaHOI KiNlbKOCTi. TOMy MeTa eKcnepumeHTy nonsrana y AoCnigXeHHi reMaTonoriyHmx Ta
BioxiMiyHUX MapaMeTpiB opraHiaMy KponiB Micrs BiAny4YeHHst B yMOBaxX NOMIPHOrO TEMMOBOrO CTPECY 3a BUMOKBAHHS LMTPATIB LMHKY,

ceneHy Ta repmaHito, BUroToBfeHNX MeTogamu HaHoTexHonoril.

KntouyoBi crioBa: kporii, KpoB, MOMIpHUI TEMNMOBWI CTPEC, HAHOYACTUHKU, LMHKY LIMTPAT, CeNeHy LuMTparT, repMaHito umTpar, rema-

TONOriYHi Ta GioXiMiYHI NOKa3HUKK

Yuzviak M. Influence of Zinc, Selenium and Germanium citrates nanoparticles on hematological and biochemical parameters of rabbits
under moderate heat stress. Biol Tvarin. 2024; 26 (2): 47-55. DOI: 10.15407/animbiol26.02.047.



Knrouem 0o 8csikoi Hayku € 3HaK NUMAHHSA.

IHCTUTYT BIOJ1OTIT TBAPMH HAAH OrOJIOLLYE HABIP
y AOKTOPAHTYPY

,—wr”r-\’l_ ouyHa (0eHHa) hopma HaABYAHHA

\ PhD?) ra ACMIPAHTYPY

. ’.J'k,__.
@~ _— ouHa (0eHHa/eeuipHs)
{ 3a04Ha popma Ha84YaHHsA

3a cneuianbHOCTAMM:
091 — Bionoriga Ta 6ioximis

204 — TexHonoriss BUpobHULTBa Ta nepepobku
nNpoayKuil TBApUHHMLTBA
211 — BetepuHapHa meguumnHa

Y 2024 p. ans gonycky 4o BCTYMHOrO iCNUTY 3 iIHO3€MHOI MOBM 4S5 BCTYNY Ha HaBYaHHSA
Ans 3006yTTa cTyneHs gokTopa dinocodii NOTpibHI pesynsratn €gUHOro BCTYMNHOMO iCNUTY
(EBI). PeecTtpauito ocib, aki 6axaloTb B3ATU y4acTb y €AUHOMY BCTYNHOMY icnuTi (EBI),
30IMCHIOITL NpUUMarnbHi KOMICiT 3aknagis BULWOT oCcBiTU 3 7 00 29 TpaBHsA (N4 y4yacrTi
B OCHOBHIl cecii) i 3 17 go 21 4yepBHsa (4Ns yyacTi B 40AATKOBIN CECil, y Len nepiog MatumyTb
3MOry 3apeecTpyBaTm1Cs Ti, XTO He 3MIr LbOro 3pobutu nig Yac OCHOBHOIO nepioay peecTpallii)
3a YMOBM 0COBUCTOI NPUCYTHOCTI BCTYNMHUKA(-Li) Ta/abo ancTaHuinHo.

MigrotoBka B acnipaHTypi 34iINCHIOETLCA 32 paxXyHOK:
— KOLUTIB AepxaBHOro 6romxkeTy YkpaiHu (3a Aep>KaBHUM 3aMOBIIEHHSIM);
— KOLUTIB IOpUANYHKX Ta i3n4HUX OCib (Ha yMOBaXx KOHTPaKTY).

MigrotoBKa B AOKTOPAHTYPI 34INCHIOETLCH 3a paxyHOK:
— KOLUTIB HOpUANYHMX Ta i3n4HUX OCib (Ha yMOBaXx KOHTPaKTY).

TepmiH nogaHHA aokymeHTiB — 3 01.07 no 31.08.2024 p.

MpoBeneHHs BcTynHux icnutieB — 3 01.09 o 10.09.2024 p.

3apaxyBaHHs1 BCTYMHUKIB 3a KOLWTK aepxaBHoro oropkety — ao 13.09.2024 p.
3apaxyBaHHs1 BCTYMHUKIB 32 KOLLTU (pisnyHmX/topuanyHmx ocid — o 31.10.2024 p.
[MoyaTok HaB4YaHHA B acnipaHTypi — 16.09.2024 p.

Appeca: IHcTuTyT Gionorii TBapuH HAAH, Byn. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa.
Aosigku 3a Ten.: (+38 032) 270-25-04, (+38 067) 453-36-39.
e-mail: inenbiol@mail.lviv.ua
https://inenbiol.com



3anpoLllyemo go y4yacrTi
y XXIl BceykpaiHCbKin KOHcepeHLui
MOJIoAMX BUEHMUX,

NPUCBAYEHIN 75-pivyto Big AHA HAPOMPKEHHA LOKTOpA BETEPUHAPHUX HAYK,
npodoecopa, YneHa-kopecrnoHgeHta HAAH
Poctucnasa CtenaHoBuya ®EJOPYKA (11.08.1949-21.06.2023)

19-20 eepecHsi 2024 p., m. Jlbaig, YKpaiHa

Micue npoBefeHHs:

IHcTuTyT Gionorii TBapuH HAAH, Byn. Bacuns Ctyca, 38, m. JlbBiB, 79034, YkpaiHa.

Po6oui moBu:

YKpaiHcbKa, aHrnincbka.

dopmaTt npoBeeHHS:

3miwanni odnanH/oHnanH (undposa nnatrgopma ZOOM). YyacTb nepegbayae ycHy AoMoBiAb 3 Npe3eHTauieto
TpuBanicTio go 10 xB, abo cTeHOOBY AOMOBIAb i3 NPeACTaBNEeHHAM nocTepa.

TemMaTuKa i OCHOBHiI HanpAMM:

= AKTyarnbHi npobrnemu cinbCbKoro rocnogapcTsa = Exonoris.
Ta eKonorii y BOEHHUI Yac. * YKMBNEHHSA TBapWH.
= ®isionoria i Gioximis. . BeTepMHapHa MeauumHa.
» Mikpobionorisi Ta GioTexHonoris. » Po3BefeHHs!, CenekList Ta reHeTMKa TBapUH.

PeecTpauinHi BHecku:

YyacTb OHNanH — 75 rpH.; opraHisauinHi BUTpaTu, matepianu koHepeHLii B enekTpoHHOMY chopMarTi, eNeKTPOH-
HUI cepTmdikaT yyacHuKa. YuyacTb ocpnanH — 150 rpH (3a ymoBwu peectpadii Ao 1 nunHs), 200 rpH (Ao 1 cepnHsaA),
250 rpH (Ao 23 cepnHsA): opraHisaLiiHi BUTpaTn, MaTepiany KoHdepeHLii B enekTpoHHOMY dhopMaTi, 4pyKOBaHMWM
Ta eNEeKTPOHHUI cepTudikaT yyacHUKa; Nnepepsn Ha KaBy/vyan.

[onatkoBo MoXHa NpuabdaTn ApyKOBaHY BepCito XypHany, Bapitcte — 200 rpH.

PekBisanTn ans opraHisauinHoro BHecky: 5169 3600 2658 3462 (Kotuk borgaH IBaHOBWY).

BaxnuBi gatv i TepmiHu:

lMNogaHHA maTepianis y4acHMKamu KoHdepeHLUil Ao 23 cepnHsa 2024 p.
MoBigoMIeHHs Npo NPUNHATTA abo BigXMNeHHs maTepianis Ao 26 cepnHsa 2024 p.
My6nikauist nporpamm kKoHdepeHLUii Ao 12 BepecHsi 2024 p.

PeecTpauis i nogauya martepianiB:

Ons yyacTi y poboTi KoHdepeHLii Ta nogaHHsa maTtepianis NOTPiGHO NPONTU peecTpaLiio.
Teaun KoHdepeHLii ByayTe onybnikoBaHi y HayKoBoMY XXypHani «bionorist TBapuH».
Y4yacHuKu, siKi BATONOCATb HaWKpalLi 4onoBigi, OTpUMatoTb 3anpoLleHHsA onyonikyBaTy ix
y cbopmi cTaTten.

Bumoru oo ocopmneHHs Tes:

MoBa — ykpaiHcbka, aHrniicbka. Obcar Tes — go 5000 cumsonis (3 NnpobGinamu).
OprkomiteT 3anuwac 3a co60l0 NpaBo HagcunaTu Te3n Ha AoonpaLyoBaHHA,
BiAXMNATH iX 32 HeBiANOBIAHOCTI TeMaTuli KOHdepeHLUii a6o 3a3Ha4eHUM BUMOram.
BignoBiganbsHMMK 3a HayKOBY AOCTOBIPHICTb NOJaHUX Y MaTepianax gaHUX € aBTOpPWU.

Ceptuchbikatn yuacHuka 6yayrs HagaHi nuuwe TMM, XTO NnpeacTaBuTb CBOI paonosigi!
My6nikauia re3 6e3 yuacTi y koHdepeHuii Hemoxxnusa!

KoHTakTHa iHbopmauia:

Kotuk BorgaH IBaHOBMY

Ten. (+38 093) 192-18-73 CropiHka
ibtyoungscientists@gmail.com KOHdbepeHUuii:

Mopis
y Facebook:




3anpoLuyemMo Ao yvacTi
y MixxHapoAHin HayKOBO-NpaKTUYHiN KOHdepeHLii

«AKTyanbHi npobnemm
cy4yacHoi 6ionorii, TBApUHHMUTBA
Ta BeTepyuHapHoi MeguLHNY,

npucesyerin 100-pivyto Big OHA HAPOMKEHHS AOKTOpa BETEPUHAPHUX HaYK,
npodecopa, akagemka YAAH, 3acnyXeHoro gigya Hayku i TEXHIKM YKpaiHu,
anpekTopa IHcTuTyTy Gionorii TBapmH HAAH (1972—1993)
Metpa 3axapoBu4a JIATOOKKA (08.06.1924—-17.02.1994)

3—4 xxoemHsi 2024 p., m. Jlbeig, YkpaiHa

Micue npoBeeHHS:
IHcTuTyT Gionorii TBapuH HAAH, Byn. Bacuns Cryca, 38, m. JlbBiB, 79034, YkpaiHa.

Po6oui moBu:

YKpaiHCbKa, aHrmincbKa.

dopmat npoBeAeHHs:

3miwaHnn odnarH/oHnanH (uudpposa nnardopma ZOOM). YuacTb nepeabayae ycHy oONOBiAb 3 Npe3eHTauieto
TpusanicTtio go 10 xB, abo cTeHAoBY OOMNOBIAb i3 NpeAcTaBneHHAM nocTepa.

TemaTuka i OCHOBHI HanpsaAMu:

= ®izionorisi Ta Gioximis.

= )KnBneHHsa Ta rogiensg TBapuH. = Po3BegeHHs, cenekuis Ta reHeTka TBapuH.
= BeTepuHapHa meauumHa. = Ekonoris.

= Mikpobionorisi Ta 6ioTexHonoris.

BaxnuBi gatn i Tepminn:

MopaHHA maTtepianiB y4acHMKaMm KOHdEepEHLiT Ao 31 cepnHa 2024 p.
[MoBiZOMNEHHS NPO NPUAHATTA abo BiAXUIEHHSA MaTepianis no 9 BepecHs1 2024 p.
My6nikauis nporpamun koHdEepPeEHLU;T [o 22 BepecHsa 2024 p.

PeecTpaudis i nogaya martepianiB:

[ns yyacTi y poboTi KoHpbepeHLUii Ta nogaHHst MaTepianis
noTpibHO NPONTK peecTpaLlilo Ha canTi KOHepeHLii.

Tesun KoHdepeHLii ByayTb onybnikoBaHi y HayKOBOMY XypHani
«bionoris TBApUHY».

Bumoru no ocpopmneHHs Tes:

MoBa — ykpaiHcbka, aHrmiicbka. Obcsar Tes — go 5000 cumeonis (3 npobinamu).
OprkomiteTt 3anuwac 3a co60l NpaBo HagcuUnaTu Te3n Ha AoonpaLoBaHHSA,
BiAXMNATH iX 32 HEBiANOBIAHOCTI TeMaTuli kOHdepeHUii abo 3a3Ha4YeHUM BUMOram.
BignoBiganbsHMMK 3a HayKOBY AOCTOBiPHICTb NOJaHUX Y MaTepianax AaHUX € aBTOPU.

KoHTakTHa iHdopmauis:

Jlyuka IBaH BacunboBu4 _

Ten. (+38 097) 384-21-77 CropiHka
inenbiol@gmail.com KOHcbepeHLi:




IHCTUTYT BIOJ10T1I TBAPUH HAAH
NMPOBOAUTD:

o HocnigkeHHsA BioXiMiYHUX NMOKA3HUKIB
(ananisatop Humalyzer 2000, Hime4y4yunHa)

o [emaTonoriyHun aHani3
(ananisatop Mythic-18Vet, LLisenuapis)

o MikpobionoriyHi gocnigkKeHHs

(nociB Ha CTePUIbHICTb, aHTUBIOTUKOrpama,
cknazg Mikpodriopy KULLIEYHUKY TBapUH,
MiKpOoBionoriyHMM aHarni3 Kopmis, BOAW, NMOBITPSA)

o IMyHOpepMeHTHI JocnigKeHHA
(ananizatop Stat Fax 3000, Hime4y4unHa)

o OuiHka penpoayKTMBHOI 34aTHOCTI TBApWH,
LUTYYHE OCIMEHIHHS, TpaHcnNaHTauia eMOpioHiB

o CeneKkuinHo-reHeTU4Hi AoCMiAKEeHHSA
o JocnigxeHHs Kopmis

o HocnigmkeHHsa Moroka

o JlocnimKkeHHs sieub

o Bwu3HayeHHs NoKasHWKIB AKOCTI meay
o JlocnigXeHHs BOBHU i BONOCCA

o ATOMHO-abcopOuinHMi | aTOMHO-EMICIMHMIA aHani3
KOHLEHTpaUil XiMiYHNX eneMeHTIB

o AHania opraHiyHmx gobpwms L

OpraHisoBye npoBeaeHHs JOCTigKeHb Ha NabopaTopHUX TBapuHax
I Hagae keanidikoBaHy iHTeprnpeTaLito OTPMMaHUX pe3ysbTaTiB.

* MOXIU8e rpo8edeHHs IHUWUX OOCIOKEeHb
** gci nabopamopii IHcmumymy akpedumosaHi 05151 poeedeHHs1 00CTIOXeHb

IHcTuTyT Gionorii TBapuH HAAH
Byn. B. Ctyca 38, m. JlbBiB, 79034

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

3aex0u padi criieripaui 3 Bamu!



3anpouwyemMmo po3mMmicTuTm peknamy Bawoi komnaHii
Ha CTOpiHKaxX HayKoBoro XypHany «bionoria tBapumH»!

Mw rotosi cniBrnpautoBaT 3 Bamu anga cTBOPEHHS e(PeKTUBHOI pekSiaMHOI cTpareril,
sika Bignosigae Bawunm notpebam i 6rogxery.

[MponoHyeMOo pi3Hi BapiaHTV pO3MILLEHHS peknamu, 3oKkpema baHepu, OronoLLEHHS
abo cTaTenHO-peknamHi maTtepianu.

Peknama B Halwomy xXypHani 4o3sonutb Bam:

" 3aNny4Y1Tn yBary HaykoBuUiB i paxiBuiB 4o Baluol komnaHil Ta npoaykuit;

" NiABULWMTK Bri3HaBaHICTb 6peHay Ta No3nLioHyBaHHA Balloi KOMNaHil Ha PUHKY;
" 3aNy4UTN HOBUX KNIEHTIB | po3wmpnTi Bawly KnieHTCbKy Gaay.

Mpono3uuii go cnisnpaui Ha 2024 pik:

" peknamMHum 6nok Ha Y2 ctopiHkn — 1000 rpH B 04HOMY HOMEPI XYypHany,
2500 rpH y TpbOX HOMepax XypHarny.

» peknamHum 6nok Ha 1 ctopiHky — 2000 rpH B 04HOMY HOMEPI XypHany,
5000 rpH y TpbOX HOMepax XypHarny.

KoHTakTu: (+38 096) 814-78-15, inenbiol@gmail.com



