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Background. The environmental crisis has affected the annual ambient tempera-
ture increase, adversely affecting the mammalian body. Due to their lack of sweat
glands, Rabbits are more sensitive to heat stress than other animals. The effect of
elevated ambient temperatures on the rabbit body leads to violations of blood parame-
ters, endocrine regulation, immune and reproductive function, which reduces their pro-
ductivity and increases animal mortality. Particular attention is now paid to the study
of organic compounds of trace elements, which are characterized by high physiologi-
cal activity, are non-toxic, have a wide range of biological effects, and have a positive
impact on reducing the negative effect of elevated ambient temperatures on animals.
However, their action depends on the element and its applied quantity. Therefore, the
main objective of this study was to investigate the effect of zinc citrate, selenium citrate,
and germanium citrate on changes in the number of blood cells in rabbits to mitigate the
effects of heat stress.

Materials and methods. The studies were conducted on young analog rabbits of
the Termon White breed from 35 to 78 days of age. The rabbits were kept indoors at
elevated ambient temperatures from 28.9 to 30 °C and relative humidity from 78.1 to
87.4 %. Animals of the control group were kept on the main diet with feeding of standard
balanced granulated compound feed and water without restriction. Rabbits of groups |,
II, and Il of the study groups consumed the same compound feed as in control, but
within 24 hours, they received water: group | — zinc citrate — 60 mg Zn/L or 12 mg Zn/kg

© 2024 Marian Yuzviak et al. Published by the Ivan Franko National University of Lviv on behalf of Bionoriuni Ctyaii / Studia Biologica.
This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License which permits unrestricted
5Y reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriuHi Ctygii / Studia Biologica e 2024 e Tom 18 / Ne 3 ¢ C. 69-86


https://doi.org/10.30970/sbi.1803.790
www.http
publications.lnu.edu.ua/journals/index.php/biology
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6782-5416
https://orcid.org/0000-0002-7845-7006
mailto:lesykyv%40gmail.com?subject=
https://orcid.org/0000-0002-5731-7936
https://orcid.org/0000-0003-1113-4656
https://orcid.org/0000-0002-6708-4259
https://doi.org/10.30970/sbi.1603.686
https://doi.org/10.30970/sbi.1803.790
https://doi.org/10.30970/sbi.1801.754

70 Marian Yuzviak, Yaroslav Lesyk, Ivan Luchka, Halyna Denys, Yuriy Salyha

of body weight; group Il — selenium citrate — 300 pg Se/L or 60 pg Se/kg of body weight;
group lll — germanium citrate — 62.5 ug Ge/L or 12.5 ug Ge/kg of body weight. Using
individual drinkers for each animal and placing the animals in different cages allowed us
to control the amount of water consumed by each rabbit.

Blood for the study was selected for supplementation on the 14th day of the
preparatory period and the 14th and 29th days of the study period. During the study
period, the room temperature was monitored, taking into account the temperature and
humidity index.

Results. The addition of micronutrient citrates to the diet of rabbits during 29 days
of study under heat stress caused haematological changes in indicators compared
to the control: the number of erythrocytes in the blood of rabbits of experimental
groups | and Il increased by 16.4 and 13.6 % and 19.9 and 14.5 % on day 14 and 29,
respectively, in group Il by 15.3 % on day 14; the haemoglobin content of groups I,
Il and 1l increased by 20.8, 21.6 and 19.5 % on day 14 and 11.1, 12.5 and 9.7 % on
day 29; haematocrit value of groups | and Il increased by 24.1 and 15.7 % and 21.1
and 16.5 % during the study, group Il by 18.6% on day 14; the number of leukocytes
of groups |, Il and Il decreased by 13.1 and 8.3 %; 11.2 and 10.4 % and by 11.4 and
9.3 % on days 14 and 29; the number of lymphocytes of groups |, Il and 11l decreased by
25.9, 27.3 and 29.0 % on day 14 and by 20.4, 21.7 and 16.0 % on day 29; the number
of monocytes of groups | and Il increased by 14.8 and 21.3 % and 17.0 and 18.3 % over
29 days; the number of platelets in animals of group Il decreased by 29.4 % on day 29,
the average volume of red blood cells increased by 11.6 and 14.6 % on days 14 and 29
of the experiment.

Conclusions. Adding micronutrient citrates to the rabbit diet mitigated the effects
of heat stress on the body. The effect of these additives on animals resulted in signifi-
cant changes in the hematological parameters of the rabbits’ blood, of which the best
results were observed under the influence of selenium citrate (60 ug Se/kg body weight)
and zinc citrate (12 mg Zn/kg body weight): red blood cell count (p <0.05-0.01), leu-
kocyte (p <0.05-0.01), lymphocyte (p <0.05-0.01), monocyte (p <0.05-0.01), haemo-
globin content (p <0.01-0.001), haematocrit value (p <0.01), compared to the control.
Feeding germanium citrate led to less pronounced changes in these blood parameters.

Keywords: rabbits, blood, zinc citrate, selenium citrate, germanium citrate, heat
stress

INTRODUCTION

Heat stress is a severe issue in the livestock industry that negatively affects animal
health (Liang et al., 2022). The thermoneutral zone for rabbits covers a temperature
range of 18 to 21 °C (Marai et al., 2001). The optimal moisture values for the body of
rabbits are from 55 to 65 % (Liang et al., 2022). Exposure to elevated ambient tempera-
tures reduces the activity of the immune function, and the antioxidant defense system
inhibits the reproductive ability, growth, and development of the rabbit organism (Farghly
et al., 2021). Organic compounds of trace elements, characterized by high bioavailabi-
lity in the body, surface activity, catalytic and adsorption properties, and lower toxicity,
are used in animal feeding (El-Ratel et al., 2023). It is known that organic compounds
of trace elements used in rabbits’ diets are better absorbed in the digestive system than
their salts (Konkol et al., 2018).
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Selenium plays a vital role in the functioning of the reproductive system, immu-
nity, antioxidant protection, stress resistance, and endocrine regulation of the body
(Boiko et al., 2021; El-Ratl et al., 2023). Compared to inorganic selenium, selenium
citrate has higher absorption and catalytic activity and is less toxic (Alagawany et al.,
2021). The addition of selenium citrate to the diet at the rate of 25 and 50 mg/kg to the
feed increases the average daily gains, glutathione activity, and catalase, reduces the
level of TBA-active products in the serum of rabbits under the influence of heat stress
(Sheiha et al., 2020). Toxicological studies have shown that SeNPs 20-60 nm and
Se-methionine in amounts (30 and 70 pg Se/kg body weight) improve Se accumulation
in whole blood, liver, and kidneys in a dose-dependent manner compared to the control
(Zhang et al., 2008).

The application of selenium in the form of a chelated compound in rabbit diets is
a critical factor in ensuring the antioxidant functions of their body (Wang et al., 2007).

Zinc plays a vital role in the metabolism of the synthesis of carbohydrates, proteins,
and lipids due to its activating effect on enzymes that regulate the processes of diges-
tion and absorption and ensure the structural integrity of proteins (Chrastinova et al.,
2015; Boiko et al., 2022; Dzen et al., 2023). There are virtually unlimited possibilities for
adjusting zinc doses. More research is needed to identify optimal concentrations and
new sources of Zn in rabbit diets in hot climates. Nanoparticles can be used at lower
doses and provide better results than conventional sources (Abdel-Wareth et al., 2022).
Different concentrations of organic zinc can activate different biochemical pathways or
mechanisms of action in the body. For example, low doses of zinc nanoparticles may
significantly impact antioxidant production or inflammation prevention.

In comparison, higher doses of organic zinc may significantly impact tissue growth
or immune response. It was noted that applying organic zinc oxide at the rate of up to
80 mg/kg of feed gave higher indicators of the rabbit's body development and a higher
coefficient of diet digestibility under heat stress (Abdel-Wareth et al., 2022). Adding
100 mg/kg zinc oxide to the diet of rabbits contributes to an increase in the productivity
of rabbits (Hassan et al., 2021). Feeding zinc oxide improves antioxidant properties and
reduces the negative effect of heat stress on embryo hepatocytes in broilers. (Lee et al.,
2018). Feeding zinc citrate or lactate increases the activity of superoxide dismutase,
glutathione, and glutathione transferase in the blood, thereby inhibiting the action of free
radicals in animals (Lee et al.,2018; Liang et al., 2022).

Studies have shown that organic germanium can adsorb free radicals and increase
the body’s antioxidant activity, especially under stress (Oh et al., 2011; Fedoruk et al.,
2022). Once in the body, Germanium interacts with hemoglobin and provides cellular
metabolism (Li et al., 2017). Germanium citrate has an inhibitory effect on lipid peroxi-
dation in the body (Zheng, 2011). Studies have found that the organic compound ger-
manium Ge-132 can absorb and prevent damage to cells by reactive oxygen species
(Nakamura et al., 2010). The action of germanium citrate at concentrations of 200 and
300 ug Ge/L of water revealed immunomodulatory properties, which were manifested
in an increase in the level of hemoglobin, circulating immune complexes in the blood of
rats, a decrease in the activity of lipid hydroperoxides and TBA-activeproducts (Khrabko
et al., 2016). Given the above material, the aim of this study to determine the effect of
zinc citrate, selenium citrate, and germanium citrate on changes in the number of blood
cells in rabbits to mitigate the effects of heat stress is highly relevant.
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MATERIALS AND METHODS

The study was conducted in the vivarium of the Institute of Animal Biology of the
NAAS in Lviv. The animals were kept in a room with a controlled microclimate in mesh
cages measuring 50x120x30 cm. The permission to conduct research was received
from the Bioethics Commission of the Institute of Animal Biology of the NAAS in Lviv
(No. 146 of 19.02.24). All manipulations with experimental animals were carried out fol-
lowing the provisions of the “General Ethical Principles of Animal Experiments” adopted
by the First National Congress on Bioethics (Kyiv, 2001) and the guidelines of the
“European Convention for the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes” (Strasbourg, 1986). The studies were conducted on
young rabbits from 35 to 78 days of age, the Termon White breed, analogs by age,
body weight, and clinical condition. During the experimental period, the ambient tem-
perature in the room was increased from noon to 4 p.m. (four hours a day), using electric
adjustable heaters, from 28.9 to 30 °C. Temperature and humidity were monitored using
athermohydrometer with Trotec BL30 data logging. The Electronic Air Analyzer measured
Humidity and temperature (Nebylytsia et al., 2023. Patent N0.127047). The temperature
was monitored by the temperature and humidity index (THI). Animals were selected for
the control and study groups I, Il, and Il of 6 animals (3 males, 3 females), with an
average body weight of 1200 + 50 g. The control group rabbits were kept on the main
diet, with a standard balanced granulated feed and water without restriction. Rabbits of
the experimental groups |, I, and Il consumed granulated compound feed, like in the
control, but received citrates of trace elements with water for 24 hours. Experimental
group | — zinc citrate — 60 mg Zn/L or 12 mg Zn/kg of body weight; group Il — selenium
citrate — 300 ug Se/L or 60 pg Se/kg of body weight; group Ill — germanium citrate —
62.5 pg Gel/L or 12.5 yg Ge/kg of body weight. Solutions for the study were manufac-
tured by Nanomaterials and Nanotechnologies LLC, Kyiv (Kosinov & Kaplunenko, 2009.
Patent No. UA 38391). Blood parameters of rabbits were studied on the 14th day of the
preparatory period and the 14th and 29th days of supplementation under conditions of
heat stress. On the 14th day of the preparatory period, blood was taken from rabbits to
study the characteristics of the selected biological material without exposure to an ele-
vated temperature-humidity index and in the absence of additives in the diet. These data
served as the basis for further comparison with the results of the experimental groups
exposed to elevated temperatures. Whole blood samples were taken from the marginal
auricular vein in 6 animals from the group into tubes with anticoagulant ethylenediami-
netetraacetate (EDTA) for hematological studies and the total number of red blood cells
(absolute red blood cell (RBC), average red blood cell volume (HGB), hematocrit (HCT),
white blood cell (leukocyte) (WBC) and their forms — lymphocytes (LYM), monocytes
(Mon), granulocytes (GRA); platelet count and platelet indices (absolute platelet count
(PLT), median platelet volume (MPV), platelet count (PCT), relative width of platelet
distribution by volume (PDW) were determined using the Orphee Mythic 18 automatic
hematological analyzer (Switzerland), (Vlizlo et al., 2012).

The limits of comfortable living conditions for rabbits were defined as temperature
and humidity index. The average daily air temperature and relative humidity were deter-
mined by the formula (Marai et al., 2002):

THI = T - ((0.31-0.31-RH/100):(T-14.4)),

where: THI = temperature-humidity index; T = temperature (°C); RH = relative humidity
in percent (%).
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The resulting THI values were classified according to the literature (Marai et al.,
2002) as <27.8 — no heat stress; 27.8 to <28.9 — moderate heat stress; 28.9 to <30.0 —
severe heat stress; 30.0 and more — very severe heat stress.

The study results were analyzed using the Statistica 7.0 software package (Statsoft,
USA). The experimental data are presented as a mean (M) * standard deviation (SD).
The study’s quantitative data were tested for homogeneity of variances using the Lever
test. Multiple comparisons were made using a two-factor analysis of variance ANOVA,
where factor A is time, factor B is microelement citrates, and AB is the interaction of time
and microelement citrates. To identify 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 (Petrovska et al., 2022).

RESULTS AND DISCUSSION

The average humidity and temperature in the preparatory period were 56.3 % and
19.8 °C, and THI was 19.0. The average room temperature in the experimental period
on day 14 of the study period was 29.9 °C, and the humidity was 86.5 % (Fig. 1). THI
for the specified period of the experiment was 29.2 °C, which, according to I. F. M. Marai
et al. (2002), indicates a severe heat stress.
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Fig. 1. Temperature — humidity index during the experimental period for 15 days (29.09.23 — 12.10.23)

On day 29 of the experimental period, the average values of humidity and tem-
perature, respectively, were 84.3% and 29.9 °C (Fig. 2). THI, according to this formula,
corresponded to 29.1, indicating the parameters of severe heat stress in the final period
of the study.
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Fig. 2. Temperature — humidity index during the experimental period for 15 days (13.10.23 — 27.10.23)

Studies of the number of blood cells in rabbits indicate that the results of the upper
and lower values were within physiological limits (Leineweber et al., 2018). Analysis of
the obtained results of the absolute content of erythrocytes shows that in the blood of
rabbits of study groups | and Il, their number was respectively higher by 16.4 % (p <0.05)
and 13.6 % (p <0.05) and 19.9 % (p <0.01) and 14.5 % (p <0.05) on days 14 and 29 of
the study compared with the control group of the | and Il period of the study (Table 1).
The analysis of the influence of the time factor (A) — (p = 0.047546) and the citrate
trace element factor (B) — (p = 0.000153) showed a statistically significant effect on
the number of erythrocytes during the experimental period and the absence of changes
under the influence of a combination of factors (AB — p = 0.248966). Organic Zinc is an
alternative source of inorganic compounds due to its better animal absorption and use
(Hassan et al., 2021). Adding 80 mg Zn/kg feed in zinc lactate increased the number of
erythrocytes and hemoglobin concentration in rabbits (Yan et al., 2017). Our results are
consistent with the experiments by A. K. Sharaf et al. (2021), which found that vitamin
E and organic selenium had a positive effect on blood counts and body weight of young
rabbits and increased the consumption of food and water in their diet. Organic selenium
at a dose of 0.3 mg/kg of feed reduced the negative impact of heat stress on the sperm
quality of male rabbits (Hosny et al., 2020). In the blood of animals of the Il experimental
group, which used germanium citrate in the amount of 12.5 ug Ge/kg of body weight, the
absolute content of red blood cells was significantly higher by 15.3 % (p <0.05), concer-
ning the control group only on the 14th day of the experiment, which may indicate a pro-
nounced effect of this supplement on the body of rabbits during its prolonged use under
heat stress. We assume that the supplementation of germanium citrate had a rapid effect
on the body and that the body adapted to the supplement. This is confirmed by other stu-
dies (Fedoruk et al., 2017; Khrabko et al., 2016) on rats during physiological maturation.

It is known that at elevated temperatures, the body of rabbits needs more oxygen
due to more intensive metabolism (Farghly et al., 2021). Our studies have established
a positive effect of the applied trace element citrates on hemoglobin content, which was
more pronounced in the first stage of the study in all study groups than in the second.
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Table 1. Red blood cell count, hemoglobin concentration, and hematocrit value in rabbit
blood under the action of zinc citrate, selenium citrate, and germanium citrate
under heat stress (M * SD, n = 6)

Study period
age of the animal/day of supplementation

Blood indicators Gr(?up o
animals Study period
Preparatory period
63/14 78/29
K 5.81+0.48 5.52+0.45 5.58+0.32
-1 5.82+0.61 6.43+0.44* 6.34+0.33*
RBC,10"?/L
6.14+0.69 6.62+0.46** 6.39+0.68*
D - 5.79+0.32 6.37+0.47* 6.21+0.21
K 141.1£10.62 117.6+3.32 131.84£8.10
1 138.3+11.11 142.1£4.75*** 146.5+4.92**
HGB, g/L
- 138.8£5.15 143.1£4.75*** 148.346.21**
D - 135.3£5.71 140.6+£3.93*** 144.6+5.46*
K 0.390+0.03 0.402+0.02 0.418+0.04
D-1 0.346+0.03 0.499 +0.03** 0.484+0.02**
HCT, L/L
D-2 0.370+0.04 0.487+0.04** 0.487+0.02**
D-3 0.406+0.05 0.477+0.03* 0.460+0.03

Note: in this and the following tables, there are statistically significant differences compared to the control
group: * — p <0.05; ** — p <0.01; *** — p <0.001

The effect of the time factor A (p = 0.0023328) and the effect of trace element
citrates B (p = 0.000000) had a statistically significant effect on haemoglobin content.
In particular, the combined effect of time and micronutrient citrates was statistically
significant AB (p = 0.000012), which may indicate that the additional use of citrates
indirectly affected the mechanisms of oxygen transport by red blood cells, which showed
a better result on hemoglobin concentration. Thus, in the blood of rabbits of groups I,
I, and IIl, the hemoglobin concentration was respectively higher by 20.8 % (p <0.001),
21.6 % (p <0.001), and 19.5 % (p <0.001) on day 14 of the study compared to the con-
trol. On day 29 of the study, the application of micronutrient citrate supplements in the
blood of animals of the |, Il, and Il study groups was marked by a higher level of hemo-
globin by 11.1 % (p <0.01), 12.5 % (p <0.01) and 9.7 % (p <0.05), respectively. It should
be noted that the effect of germanium citrate was marked by slightly lower levels of the
studied indicator. Central to cellular defense is the body’s immune response, which
adapts to protect against infection or tissue damage. Haemoglobin transports oxygen
to tissues, including immune cells (Quaye, 2015). Therefore, a high concentration of
haemoglobin can provide optimal oxygen levels for the immune system to function.

Experiments conducted on animals indicate a pronounced effect of this trace ele-
ment on hemoglobin concentration (Li et al., 2017; Khrabko et al., 2016). In our opinion,
the result depends on the amount used since organic micronutrient compounds have
a higher activity, but it depends on the dose in the diet.
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The study results show an increase in the number of red blood cells in the blood of
rabbits, which is confirmed by the higher hematocrit level in the control groups. In the
blood of rabbits of groups | and Il, significant changes in haematocrit values were noted,
respectively, by 24.1 % (p <0.01), 15.7 % (p <0.01), and 21.1 % (p <0.01) and 16.5 %
(p <0.01) during the study. A less pronounced effect on the content of formed elements
in the total volume of blood was observed when drinking germanium citrate, which in
the blood of rabbits was marked by a significant increase by 18.6 % (p <0.05) in the first
stage of the study compared to the control group.

The determination of factor A (p = 0.000000) and factor B (p = 0.001143) was
marked by a statistically significant effect on the percentage of haematocrit values,
but the values of factor A indicate a more pronounced effect of the studied changes.
The interaction of time factors and micronutrient citrates was statistically significant AB
(p = 0.004550), which may indicate a positive effect of the duration of feeding organic
micronutrients on the number of blood cells in rabbits.

Studies in pigs (Waltz et al., 2014) and rabbits (Dahia et al., 2022) subjected to heat
stress indicate an increase in the level of red blood cells, hemoglobin concentration, and
hematocrit due to an increase in blood circulation in the skin under the influence of heat.

An increase in the number of maturing reticulocytes leads to an increase in the
content of formed elements in the total blood volume, which helps to protect tissues
from hypoxia. Other researchers (Nakyinsige et al., 2013) explain the increase in these
parameters by increased blood viscosity due to excessive water loss caused by hyper-
ventilation and fluid loss due to urination, which causes dehydration in rabbits. However,
M. A. Ayoub et al. (2007) recorded a decrease in the level of red blood cells, hemoglo-
bin, and hematocrit in the blood of rabbits under the effects of heat stress.

The studied citrates of trace elements can stimulate the process of erythropoiesis,
which leads to an increase in the number of erythrocytes in the blood of rabbits under
the influence of heat stress. Zinc affects the process of erythropoiesis through various
mechanisms. Firstly, it acts as a catalyst for the enzyme alpha-aminolevulinic acid
dehydratase, which is important in iron metabolism and heme synthesis. Secondly, zinc
is incorporated into the structure of proteins such as Zinc finger 1B (Gfi-1B) and GATA-1,
which regulate the growth of erythroid cells by controlling the expression of cell-specific
genes. This may include the regulation of signaling pathways such as SMAD and TGF-8.
In addition, zinc promotes the transcription of erythropoietin through signaling cascades
such as the growth hormone and insulin-like growth factor-1 pathways, resulting in
increased erythropoiesis. Zinc is essential in differentiating erythroid cells, contributing
to their formation and function. Thus, the effect of zinc on erythropoiesis is complex and
covers various aspects of this process (Hanson et al., 2023).

Selenium is a component of selenoproteins (Hariharan et al., 2020). Y. Kawatani
et al. (2011) established the critical role of selenoproteins and Nrf2 in the regulation of
erythropoiesis using a model of transgenic mice in which the tRNASe1Sec (Trsp) gene,
which controls selenoprotein synthesis, was deleted. Mice with deleted selenoprotein
(Trsp™@e: Mx1-Cre) developed anaemia, which was manifested by a decrease in
haematocrit, a decrease in serum haemoglobin content and an increase in the average
red blood cell volume, which are pathological signs of erythropoiesis disorders. In
addition, immature and damaged red blood cells were found in the bone marrow of
genetically altered mice. Significantly, the genes associated with oxidative stress were
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amplified. These data strongly suggest the importance of selenoproteins in maintaining
redox homeostasis in erythroid cells (Kawatani et al., 2011)

Studies have found that an organic germanium compound known as Ge-132 can
promote the expression of the cellular stimulatory factor IL-3 in IL-3 in multifunctional
haematopoietic stem cells (HSCs) and participate in the regulation of the differentiation
and proliferation of multifunctional haematopoietic stem cells (MHSCs) and progenitor
cells, thus regulating haematopoietic function in the body (Kong et al., 2007). Analysis
of the obtained results of the number of leukocytes indicates a likely decrease in their
number in the blood of rabbits of groups | and Il, respectively, by 13.1 % (p <0.05) and
8.3 % (p <0.05) and 11.2 % (p <0.05) and 10.4% (p <0.01) on days 14 and 29 of the
study compared with the control (Table 2). When germanium citrate is fed, a decrease
in the number of leukocytes is observed relative to the control group on days 14 and 29
by 11.4 % (p <0.05) and 9.3 % (p <0.05). The results of the analysis of the effect of time
factor A (p = 0.000000), the factor of micronutrient citrates B (p = 0.000000), and the
combination of factors AB (p = 0.000000) during the study period showed a statistically
significant effect on the number of leukocytes during the study period.

Table 2. The number of leukocytes and their forms in the blood of rabbits under the action
of zinc citrate, selenium citrate, and germanium citrate under conditions of heat
stress (M £ SD, n = 6)

Research period
age of the animal/day of supplementation

Blood indicators Gro.up e -
animal Study period
Preparatory period
63/14 78/29
C 9.16+0.52 8.73+0.84 8.78+0.49
D-1 9.11+0.65 7.58+0.44* 8.05+0.40*
WBC (10°%L)
D-2 8.55+0.54 7.75+0.53* 7.86+0.38**
D-3 8.46+0.30 7.73+0.49* 7.96+0.41*
C 3.60+0.47 4.86+0.64 4.60+0.37
D-1 3.51+0.53 3.60+0.46* 3.66+0.55**
LYM, 10°/L
D-2 3.3310.44 3.53+0.80* 3.60+0.50**
D-3 3.53+£0.48 3.45+0.82* 3.86+0.28*
C 1.26+0.10 1.35+0.13 1.36+0.18
D-1 1.36+0.16 1.55+0.10* 1.65+0.10**
MON, 10°%L
D-2 1.35+0.21 1.58+0.07* 1.61+0.07*
D-3 1.4510.15 1.50+0.15 1.53+0.10
C 3.63+0.62 3.58+0.71 3.38+0.82
D-1 2.66+0.70 3.48+0.92 3.56+0.47
GRA, 10°/L
D-2 3.36+0.61 2.51+0.69 3.38+0.50
D-3 2.68+0.65 3.51+0.77 3.71+£0.93
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The absolute content of lymphocytes in the blood of rabbits in study groups |, Il, and
Il significantly decreased, relative to the control group, by 25.9 (p <0.05), 27.3 (p <0.05),
and 29.0 % (p <0.05) on day 14 of the study compared to the control group. A significant
decrease in lymphocytes was also observed on day 29 of the study in the blood of rab-
bits in study groups I, Il, and IIl, namely by 20.4 (p <0.05), 21.7 (p <0.01) and 16.0 %
(p <0.01) compared to the control group. The effect of time factor A (p = 0.024344) and
the effect of micronutrient citrates B (p = 0.000043) was reflected in statistically signifi-
cant changes in the number of lymphocytes, where the expressed effect was observed
for factor B. The analysis of the combination of AB factors did not show a statistically
significant result (p = 0.075463). Studies (Khalil et al., 2014) have noted a decrease
in the number of lymphocytes during acute heat stress. Heat stress has been found to
cause a significant decrease in the percentage of lymphocytes due to an increase in
neutrophils (Dhabhar et al.,1995). Studies (Viswanathan & Dhabhar, 2005) have found
that corticosteroids and catecholamines increase the accumulation of lymphocytes in
the spleen, lymph nodes, and mucous membranes, which can decrease their number in
the blood. Heat stress leads to organ dysfunction and stress.

The absolute content of monocytes significantly increased in the blood of rabbits of
study groups | and Il by 14.8 % (p <0.05), 21.3 % (p <0.01), and 17.0 % (p <0.05), and
18.3 % (p <0.05) relative to the control. Determining factor A (p = 0.000061) and factor B
(p = 0.000135) established statistically significant values for the number of monocytes.
The interaction of time and trace element citrates was not statistically significant AB
(p = 0.405292). Heat stress can lead to platelet depletion. Platelets’ number and func-
tional capacity play an essential role in developing coagulopathies, and the direct
action of high temperature stimulates platelet activation (He et al., 2022). Low platelet
count correlates with platelet consumption in addition to their aggregation and reduced
release from megakaryocytes to bone marrow due to high sensitivity to excessive heat
(Jayaratne et al., 2018).

The results of the analysis of the effect of time factor A (p = 0.489500), the effect
of trace element citrates B (p = 0.139516), and the interaction of time factor and
citrates AB (p = 0.491788) did not show statistically significant changes in the effect on
granulocytes.

A significant decrease in the number of platelets in study group Il by 29.5 %
(p <0.05) at the final stage of the study was detected (Table 3). The effect of time factor A
(p = 0.000560) had a statistically significant impact on platelet count. The effect of trace
element citrate B (p = 0.373400) did not reveal any significant changes. The interaction
of time and micronutrient citrates is statistically significant (p = 0.023193) and indicates
that the combined effect of these two factors significantly impacts platelet count. In the
blood of animals of the second experimental group, there was an increase in the ave-
rage platelet volume by 11.6 % (p <0.05) on day 14 and by 14.6 % (p <0.05) on day
29 of supplementation compared to the control. The results of the analysis of factor A
(p =0.755470) did not show statistically significant changes in the effect on the average
platelet volume. The influence of the factor of microelement citrate B (p = 0.000006)
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 = 0.853328),
indicating the absence of influence in the combination of these factors.

The determination of factor A (p = 0.429977), factor B (p = 0.099840), and the
interaction of time factors and microelement citrates AB (p = 0.199339) did not show
statistically significant changes in terms of their effect on thrombocrit.
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The effect of time factor A (p = 0.345298) did not reveal statistical changes in the
relative width of platelet distribution by volume. However, the effect of micronutrient
citrate B (p = 0.017980) slightly affected the studied index. In the combined interaction
of the two factors, there were no statistically significant changes in AB (p = 0.989848).

Table 3. Platelet counts and platelet indices under the influence of zinc citrate, selenium
citrate, and germanium citrate under heat stress (M + SD, n = 6)

Research period
age of the animal/day of supplementation

- Group of
ez fefEzters animals Study period
Preparatory period
63/14 78129
C 415.1+81.96 309.1+63.68 466.5+63.50
D-1 408.5+57.47 338.04£99.17 439.5+73.27
PLT, 10%/L
D-2 385.8+101.23 389.6+69.24 328.8+82.42*
D-3 460.3+82.29 329.3+£51.30 445.5+53.22
C 5.03+0.40 4.98+0.25 4.93+0.34
D-1 5.10+0.33 5.28+0.33 5.00+0.35
MPV, f/L
D-2 5.50+0.45 5.56+0.40* 5.65+0.22*
D-3 5.68+0.40 5.55+0.40 5.48+ 0.57
C 0.208+0.03 0.152+0.02 0.230£0.03
D-1 0.215+0.03 0.177+0.04 0.184+0.05
PCT, %
D-2 0.209+0.04 0.233+0.05 0.184+0.09
D-3 0.231+0.07 0.221+0.09 0.261+0.03
C 13.50+1.16 13.45+1.13 13.16+0.91
D-1 13.88+1.10 13.96+1.50 13.35+0.86
PDW, %
D-2 14.76+1.64 14.88+1.61 14.33+£1.23
D-3 14.68+0.79 13.98+1.01 13.93+1.57

Consequently, the results of changes in the content of erythrocytes, leukocytes,
and blood platelets indicate the physiological features of changes in their number under
heat stress conditions. The additives used in the study, zinc citrate and selenium citrate
to a greater extent, and germanium citrate to a lesser extent, affect the mitigation of the
effect of elevated temperatures on the body of rabbits.

CONCLUSIONS

Adding micronutrient citrates to the rabbit diet mitigated the effects of heat stress on
the body. The effect of these additives on animals resulted in significant changes in the
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hematological parameters of rabbits’ blood, where the best results were observed under
the influence of selenium citrate (60 ug Se/kg body weight) and zinc citrate (12 mg Zn/kg
body weight): red blood cell count (p <0.05-0.01), leukocyte (p <0.05-0.01), lymphocyte
(p <0.05-0.01), monocyte (p <0.05-0.01), haemoglobin content (p <0.01-0.001), hae-
matocrit value (p <0.01), compared to the control. Feeding germanium citrate led to less
pronounced changes in these blood parameters.
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BNNUB LUNHKY LUUTPATY, CENEHY LUNTPATY TA TEPMAHIIO LIUTPATY
HA TEMATONOIYHI NOKA3HUKW KPOIJIB 3A YMOB TEMOBOIO CTPECY

Map’siH KO3besik', Sipocnae Jlecuk?, Isan Jlyuka', Manuna Qeruc', FOpili Canuaa’
" Inemumym 6ionoeii meapuH HAAH, eyn. B. Cmyca, 38, Jlbeie 79034, YkpaiHa

2 [lpocobuuskuli depxasHull nedazoaiyHull yHieepcumem imeHi lsaHa ®paHka
syn. Cmputicbka, 3, pozobuy 82100, YkpaiHa

O6rpyHTYyBaHHA. EkonoriyHa Kpu3a no3Havnnacs Ha LWopiYHOMY NiABULLEHH] TEM-
nepaTtypv OOBKINMAs, WO HeraTMBHO BMMMBae Ha opraHiam ccasuiB. Kponi yepes Big-
CYTHICTb NOTOBMX 3a503 € Binblue YyTAMBUMW A0 TENSIOBOrO CTPECY, HiX iHLWi TBAPUHMW.
Brnnve nigBuweHnx TemnepaTtyp AOBKINNA Ha opraHiam Kponis nNpu3BOAMTbL OO MOpy-
LUeHb NapameTpiB KPOBi, EHOOKPUHHOI perynsuii, iMyHHOI Ta penpoayKTUBHOT (OYHKLIT,
LLO 3HWXKYE TXHIO NPOAYKTUBHICTL i 36inbluye KinbKicTb 3armbnmx tBapuH. Ocobnusy
yBary Tenep npuainaoTb JOCHIIKEHHIO OPraHivyHNX Cronyk MikpoenemeHTIiB, SKi xapak-
TEPU3YITLCA BUCOKOKD (PIi3iONOrYHO aKTUBHICTIO, € HETOKCUYHUMUW, MaKOTb LLUMPOKUI
cnekTp GionoriYyHoro BNAMBY i MO3MTUBHO BMIIMBAOTb HA 3HKEHHSA HEraTuUBHOI Aji nig-
BULLIEHMX TEMMEpPaTYpP AOBKINNA Ha opraHiam TBapyH. OgHak iXHA Ois 3anexnTb Big ene-
MEHTa i MOro 3aCTOCOBaHOI KiflbKOCTi. TOMY FOfIOBHMM 3aBAAHHAM LibOr0 EKCNEPUMEHTY
Oyno gocniguTy BAMMB LWHKY LMTPaTy, CENeHy LUUTpaTy i repMaHilo uMtpaTty Ha 3MiHy
KiNTbKOCTI KIITMH KPOBi 3 METOI NMOM’SIKLLEHHS Aii TENSIOBOro CTPECY.

Matepianu Ta metoau. [locnigXeHHs NPOBOAMIIM HA MOFOAHSAKY KponiB-aHanoris
y nepiog 3 35- go 78-goboBoro BiKy, nopoan TepmoHcbka 6ina. Kponie yTpumysanm
y MpUMILLEHHI 3a nigBuLeHnx Temnepatyp goskinns Big 28,9 go 30 °C Ta BigHOCHOI
BonorocTi Big 77,1 0o 87,4 %. TBapuH KOHTPOMbHOI rpynu yTpUMYBasnu Ha OCHOBHOMY
paLioHi 3i 3rogoByBaHHSIM CTaHAAPTHOMO 306anaHCcoOBaHOro rpaHynboOBaHOro KOMBIKOpMy
i Bogn 6e3 obmexeHHsi. Kponi I, 11 i 1ll gocnigHux rpyn cnoxueanu Taki X koMOikopmu,
SIK Y KOHTPONi, MpoTe YyNpoAoBX 24 rof 3 BOAOK OTpumyBanu: | rpyna: UMHKY uutpar —
60 Mr Zn/n, abo 12 mr Zn/kr macw Tina; Il rpyna: ceneny umtpat — 300 mkr Se/n, abo
60 mkr Se/kr macu Tina; Il rpyna: repmanito untpat — 62,5 mkr Ge/n, abo 12,5 mkr Ge/kr
Macu Tina. BukopucTtaHHs iHaMBigyanbHMX NOINOK A5 KOXXHOI TBAPMHM Ta PO3MILLIEHHS
TBApVH Yy PIi3HMX KNiTKax gano Ham 3MOry KOHTPOSMOBATU KiMbKICTb BOAU, SIKY OTPUMY-
BaB KOXeH Kpinb. KpoB Anst AocnimkeHHs Bigdupanu Jo BunotoBaHHA JobaBok Ha 14-Ty
[oBy nigrotoeyoro nepioay Ta 14-ty i 29-1y fobw gocnigHoro nepioay. Ynpoaosx nepiogy
OOCHIPKEHHST KOHTPOSOBanNu TeMnepaTypy NpUMILLEHHST 3 ypaxyBaHHSM TemnepaTypHO-
BOJTOTiCHOTO iHAEKCY.

Pe3ynstaTtun. [logaBaHHS LMTPATiB MiKpOEneMeHTIB 40 pauioHy KponiB NpoTaromM 29
OHIB JOCNIIKEHHS B yMOBAaXxX TEMMOBOr0 CTPECY BUKMMKANIO reMaTomnorivyHi 3MiH1 nokas-
HUKIB NOPIBHAHO 3 KOHTponem. KinbkicTb eputpoumTie y kpoBi kponis | Ta Il gocnigHux
rpyn nigeuwiysanacs Ha 16,41 13,6 % 1a 19,9 14,5 % Ha 14-n Ta 29-n geHb, y Il rpyni —
Ha 15,3 % Ha 14-Ty goby. Bmict remorno6iny |, Il Il rpyn nigemwyBaBscs Ha 20,8, 21,6
i 19,5 % Ha 14-Ty poby 1a 11,1, 12,51 9,7 % Ha 29-Ty noby. l[emaTokpunTHa BEnNM4YMHa
['i Il rpyn nigBuwyBanacs Ha 24,1 1a 15,7 % i 21,1 Ta 16,5 % ynpoaoBX JOCNIMKEHHS,

[l rpynn Ha 18,6 % Ha 14-Ty poby. Kinbkictb nenkouuTis |, Il i Il rpyn 3HmxyBanacsa Ha
13,1 12 8,31 %; 11,2 1a 10,4 % i Ha 11,41 9,3 % Ha 14-Ty i 29-Ty BOOW; KiNbKiCTb MiM-
douwmTis I, Il lll rpyn 3HmxyBanacsa Ha 25,9, 27,3 i 29,0 % Ha 14-ty goby i Ha 20,4, 21,7
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i 16,0 % Ha 29-Ty poby. Kinbkicte MoHouuTiB | i Il rpyn nigBuwysanacs Ha 14,8 Ta 21,3
% i 17,0 Ta 18,3 % 3a 29 gi6. KinbkicTs TpomMbouMTIB y TBapuH Il rpynu 3HmxKyBanacs Ha
29,4 % Ha 29-Ty poby, cepenHin 06’em epuTpoumTiB nigsuLlyBascd Ha 11,61 14,6 % Ha
14-1y Ta 29-Ty AOBGY EKCNEPUMEHTY.

BucHoBKU. [logaBaHHA 40 pauioHy KponiB LMTpaTiB MiKpOENeMEHTIB MOM AKLINIO
Hacnigky HeraTMBHOIO BMMBY TEMSIOBOrO CTPECy Ha opraHiam. Pesynbratom BRnmvBy
AaHnX 000aBOK Ha TBApPUWH CTanm OCTOBIPHI 3MiHM B reMaTosoriyHNX NapamMmeTpax KpoBi
KponiB, Ae HalKkpalli pe3ynstaTu crocTepiranu 3a BnnvBy ceneHny uutpaty (60 mkr
Se/kr macu Tina) Ta umHky umtpaty (12 mr Zn/kr macu Tina): KifbKiCTb epuTpoLuTiB
(p <0,05-0,01), nenkouuTtiB (p <0,05-0,01), nimgouuTie (p <0,05-0,01), MoHOLMTIB
(p <0,05-0,01), BMmicT remornobiHy (p <0,01-0,001), rematokpuntHa BenuynnHa (p <0,01)
NOPIBHSHO 3 KOHTPONeM. BunoBaHHSA repmMaHito uuTpaTy No3Ha4YMnocs MEHLL BUpaXe-
HUMW 3MiIHaMK LIMX NOKA3HUKIB KPOBI.

Knrodoei cnoea: Kponi, KpOB, LIMHKY LMTPAT, CENEHy LMTpaT, repMaHito uuTpar,
TENMOoBUIA CTpecC
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