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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 I, 
II, and III of the study groups consumed the same compound feed as in control, but 
within 24 hours, they received water: group I – zinc citrate – 60 mg Zn/L or 12 mg Zn/kg  
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of body weight; group II – selenium citrate – 300 μg Se/L or 60 μg Se/kg of body weight; 
group III – germanium citrate – 62.5 μg Ge/L or 12.5 μg 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 I and II increased by 16.4 and 13.6 % and 19.9 and 14.5 % on day 14 and 29, 
respectively, in group III by 15.3 % on day 14; the haemoglobin content of groups I, 
II and III 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 I and II increased by 24.1 and 15.7 % and 21.1 
and 16.5 % during the study, group III by 18.6% on day 14; the number of leukocytes 
of groups I, II and III 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 I, II and III 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 I and II increased by 14.8 and 21.3 % and 17.0 and 18.3 % over 
29 days; the number of platelets in animals of group II 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 μg 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 μg 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 (Chrastinová 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 Gе-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 μg 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.

https://www.scirp.org/journal/articles.aspx?searchcode=Lingjun++Li&searchfield=authors&page=1
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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 50×120×30 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 °С. Temperature and humidity were monitored using  
a thermohydrometer with Trotec BL30 data logging. The Electronic Air Analyzer measured 
Humidity and temperature (Nebylytsia et al., 2023. Patent No.127047). The temperature 
was monitored by the temperature and humidity index (THI). Animals were selected for 
the control and study groups I, II, and III 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, II, and III consumed granulated compound feed, like in the 
control, but received citrates of trace elements with water for 24 hours. Experimental 
group I – zinc citrate – 60 mg Zn/L or 12 mg Zn/kg of body weight; group II – selenium 
citrate – 300 μg Se/L or 60 μg Se/kg of body weight; group III – germanium citrate – 
62.5 μg Ge/L or 12.5 μg 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: ТНI = 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.

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 I and II, 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 I and II period of the study (Table 1). 
The analysis of the influence of the time factor (A) – (р = 0.047546) and the citrate 
trace element factor (B) – (р = 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 III experimental 
group, which used germanium citrate in the amount of 12.5 μg 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)

Blood indicators Group of 
animals

Study period 
age of the animal/day of supplementation

Preparatory period 
Study period

63/14 78/29

RBC,1012 /L

K 5.81±0.48 5.52±0.45 5.58±0.32

D – 1 5.82±0.61 6.43±0.44* 6.34±0.33*

D – 2 6.14±0.69 6.62±0.46** 6.39±0.68*

D – 3 5.79±0.32 6.37±0.47* 6.21±0.21

HGB, g/L

K 141.1±10.62 117.6±3.32 131.8±8.10

D – 1 138.3±11.11 142.1±4.75*** 146.5±4.92**

D – 2 138.8±5.15 143.1±4.75*** 148.3±6.21**

D – 3 135.3±5.71 140.6±3.93*** 144.6±5.46*

HCT, L/L

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**

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, 
II, and III, 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 I, II, and III 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.

Еxperiments 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.

https://pubmed.ncbi.nlm.nih.gov/?term=Quaye%20IK%5BAuthor%5D
https://www.scirp.org/journal/articles.aspx?searchcode=Lingjun++Li&searchfield=authors&page=1
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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 I and II, 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-β. 
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 tRNA[Ser]Sec (Trsp) gene, 
which controls selenoprotein synthesis, was deleted. Mice with deleted selenoprotein 
(Trspfl/del: 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 I and II, 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)

Blood indicators Group of 
animal

Research period
age of the animal/day of supplementation

Preparatory period 
Study period

63/14 78/29

WBC (109/L)

С 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*

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*

LYM, 109/L

С 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**

D – 2 3.33±0.44 3.53±0.80* 3.60±0.50**

D – 3 3.53±0.48 3.45±0.82* 3.86±0.28*

MON, 109/L

С 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**

D – 2 1.35±0.21 1.58±0.07* 1.61±0.07*

D – 3 1.45±0.15 1.50±0.15 1.53±0.10

GRA, 109/L

С 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

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 I, II, and 
III 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, II, and III, 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 I and II 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 II 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)

Blood indicators Group of 
animals

Research period
age of the animal/day of supplementation

Preparatory period 
Study period

63/14 78/29

PLT, 109/L

С 415.1±81.96 309.1±63.68 466.5±63.50

D – 1 408.5±57.47 338.0±99.17 439.5±73.27

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

MPV, f/L

С 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 

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

PCT, %

С 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

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

PDW, %

С 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

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 μg 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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НА ГЕМАТОЛОГІЧНІ ПОКАЗНИКИ КРОЛІВ ЗА УМОВ ТЕПЛОВОГО СТРЕСУ
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Обґрунтування. Екологічна криза позначилася на щорічному підвищенні тем­
ператури довкілля, що негативно впливає на організм ссавців. Кролі через від­
сутність потових залоз є більше чутливими до теплового стресу, ніж інші тварини. 
Вплив підвищених температур довкілля на організм кролів призводить до пору­
шень параметрів крові, ендокринної регуляції, імунної та репродуктивної функції, 
що знижує їхню продуктивність і збільшує кількість загиблих тварин. Особливу 
увагу тепер приділяють дослідженню органічних сполук мікроелементів, які харак­
теризуються високою фізіологічною активністю, є нетоксичними, мають широкий 
спектр біологічного впливу і позитивно впливають на зниження негативної дії під­
вищених температур довкілля на організм тварин. Однак їхня дія залежить від еле­
мента і його застосованої кількості. Тому головним завданням цього експерименту 
було дослідити вплив цинку цитрату, селену цитрату і германію цитрату на зміну 
кількості клітин крові з метою пом’якшення дії теплового стресу.

Матеріали та методи. Дослідження проводили на молодняку кролів-аналогів 
у період з 35- до 78-добового віку, породи Термонська біла. Кролів утримували 
у приміщенні за підвищених температур довкілля від 28,9 до 30 °С та відносної 
вологості від 77,1 до 87,4 %. Тварин контрольної групи утримували на основному 
раціоні зі згодовуванням стандартного збалансованого гранульованого комбікорму 
і води без обмеження. Кролі І, II і III дослідних груп споживали такі ж комбікорми, 
як у контролі, проте упродовж 24 год з водою отримували: І група: цинку цитрат – 
60 мг Zn/л, або 12 мг Zn/кг маси тіла; ІI група: селену цитрат – 300 мкг Se/л, або 
60 мкг Se/кг маси тіла; ІII група: германію цитрат – 62,5 мкг Ge/л, або 12,5 мкг Ge/кг 
маси тіла. Використання індивідуальних поїлок для кожної тварини та розміщення 
тварин у різних клітках дало нам змогу контролювати кількість води, яку отриму­
вав кожен кріль. Кров для дослідження відбирали до випоювання добавок на 14-ту 
добу підготовчого періоду та 14-ту і 29-ту доби дослідного періоду. Упродовж періоду 
дослідження контролювали температуру приміщення з урахуванням температурно-
вологісного індексу.

Результати. Додавання цитратів мікроелементів до раціону кролів протягом 29 
днів дослідження в умовах теплового стресу викликало гематологічні зміни показ­
ників порівняно з контролем. Кількість еритроцитів у крові кролів I та ІІ дослідних 
груп підвищувалася на 16,4 і 13,6 % та 19,9 і 14,5 % на 14-й та 29-й день, у ІІІ групі – 
на 15,3 % на 14-ту добу. Вміст гемоглобіну I, ІІ і ІІІ груп підвищувався на 20,8, 21,6  
і 19,5 % на 14-ту добу та 11,1, 12,5 і 9,7 % на 29-ту добу. Гематокритна величина 
I і ІІ груп підвищувалася на 24,1 та 15,7 % і 21,1 та 16,5 % упродовж дослідження, 
ІІІ групи на 18,6 % на 14-ту добу. Кількість лейкоцитів I, II і ІІІ груп знижувалася на 
13,1 та 8,31 %; 11,2 та 10,4 % і на 11,4 і 9,3 % на 14-ту і 29-ту доби; кількість лім­
фоцитів I, II і III груп знижувалася на 25,9, 27,3 і 29,0 % на 14-ту добу і на 20,4, 21,7 



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

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2024 • Том 18 / № 3 • С. 69–86

і 16,0 % на 29-ту добу. Кількість моноцитів I і II груп підвищувалася на 14,8 та 21,3 
% і 17,0 та 18,3 % за 29 діб. Кількість тромбоцитів у тварин II групи знижувалася на 
29,4 % на 29-ту добу, середній об’єм еритроцитів підвищувався на 11,6 і 14,6 % на 
14-ту та 29-ту добу експерименту. 

Висновки. Додавання до раціону кролів цитратів мікроелементів пом’якшило 
наслідки негативного впливу теплового стресу на організм. Результатом впливу 
даних добавок на тварин стали достовірні зміни в гематологічних параметрах крові 
кролів, де найкращі результати спостерігали за впливу селену цитрату (60  мкг 
Se/кг маси тіла) та цинку цитрату (12 мг Zn/кг маси тіла): кількість еритроцитів 
(p  <0,05–0,01), лейкоцитів (p  <0,05–0,01), лімфоцитів (p  <0,05–0,01), моноцитів 
(p <0,05–0,01), вміст гемоглобіну (p <0,01–0,001), гематокритна величина (p <0,01) 
порівняно з контролем. Випоювання германію цитрату позначилося менш вираже­
ними змінами цих показників крові.

Ключові слова:	 кролі, кров, цинку цитрат, селену цитрат, германію цитрат, 
тепловий стрес
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