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During the development of endotoxicosis of various etiologies, secondary immunodeficiency occurs in 
animals, which progresses due to exposure to toxic metabolites. The work aimed to study the influence of 
endotoxicosis on the dynamics of indicators of the immune system of beef cows. The research was conducted 
on the Ukrainian black and spotted dairy breed beef cows. In cows with signs of endotoxicosis, clinical 
signs such as swelling of the external genital organs and mammary gland, anemia of the mucous mem-
branes, depressed state, impaired appetite, and functional disorders of the antrum and intestines were 
characteristic. The main immunological tests characterizing the state of the immune system of beef cows are 
indicators of humoral immunity (bactericidal and lysozyme activity of blood serum), cellular immunity (T- 
and B-lymphocytes), indicators of non-specific resistance of the organism (phagocytic activity and phago-
cytic index). In beef cows with clinical manifestations of endotoxicosis, inhibition of cellular, humoral, and 
non-specific links of the immune system was established, which led to the development of the so-called 
secondary immunodeficiency. This is evidenced by a decrease in the bactericidal and lysozyme activity of 
blood serum, a decrease in the number of T- and B-lymphocytes, and a decrease in the phagocytic index and 
phagocytic activity of the blood of sick cows. In particular, it was established that the lowest indicator of 
bactericidal and lysozyme activity was observed in the 9th month of pregnancy in the experimental group of 
cows, where it decreased by 15.9 and 4.91 %, respectively, compared to the control. In the above study 
periods, a decrease in the phagocytic activity of neutrophils by 5.04 % and the phagocytic index by 33.3 % 
was established compared to the indicators of the control group. During the analysis of cellular immunity, 
similar changes were found in determining the number of T- and B-lymphocytes; they were lower by 12.5 % 
and 4.19 %, respectively. Changes in the indicators of the immune system are significant and objective 
markers of the state of the cow's body during the development of endotoxicosis, regardless of its causes. 

Key words: pregnant cows, endotoxicosis, immune system, bactericidal and lysozyme activity of blood 
serum, T- and B-lymphocytes, phagocytic activity, phagocytic index. 

Introduction 

One of the critical tasks in intensive livestock farming 
is to ensure healthy and viable young cattle. Non-
infectious diseases of beef cows are often the cause of 
mortality of newborn calves. It is known that many dis-
eases in pregnant animals are accompanied by intoxica-
tion. One of the reasons for the occurrence of internal 
intoxication is insufficient feeding of pregnant cows. It is 
important to note that beef cows' feeding and maintenance 

conditions significantly affect their future offspring's 
health (Grymak et al., 2020; Bashchenko et al., 2021, 
2023). 

The term “endotoxin” is conditional since any normal 
metabolite exhibits toxic properties when excessively 
accumulated in the body of animals. According to the 
literature, endotoxins include tissue protein breakdown 
products, peroxides and other free radical oxidation prod-
ucts, low-molecular-weight, and microorganism toxins 
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(Mazurkevych Saulko, 2016; Gutyj et al., 2018; 
Mylostyvyi et al., 2021, 2023). 

It is essential to consider that many diseases partly de-
pend on the development of endogenous intoxication. 
Most of the clinical and immunological signs of this prob-
lem can be described as a discrepancy between the for-
mation and elimination of products of normal and dis-
turbed (in the case of pathology) metabolism (Mudrak et 
al., 2016; Saulko et al., 2017; Borshch et al., 2020, 2021). 

The effect of endogenous intoxication factors on the 
body of pregnant cows is focused on three main direc-
tions. The first is the stoppage of exchange processes due 
to the delay in removing or removing the end products of 
exchange. The second is the transition of synthesis to the 
production of non-physiological compounds, which can 
lead to the “lethal synthesis” of toxic substances in the 
internal environment. The third direction is damage to cell 
membranes, which is the most harmful. According to 
modern ideas, the mechanisms of action of endotoxins on 
the body of pregnant cows are based on the determining 
role of the immune system (Broda et al., 2013; Denkovich 
et al., 2021; Slivinska et al., 2021). 

All adverse effects of endotoxins on the organs and 
systems of the whole organism are revealed through a 
specific reaction to their primary negative effect. This 
reaction limits and expands the harmful effects of such 
substances and their penetration into the internal envi-
ronment, which can be reflected as endotoxicosis 
(Grymak et al., 2020). 

Modern ideas about the mechanism of action of endo-
toxins on the body of pregnant cows are based on the 
leading role of the immune system, which protects ani-
mals from infections and eliminates foreign agents of 
endogenous and exogenous nature. It has been established 
that toxic metabolites in the development of endotoxicosis 
in animals inhibit the activity of the body's immune sys-
tem and reduce the body's resistance to the harmful ef-
fects of environmental factors (Vishchur et al., 2015). 

 
The aim of the research 

 
The work aimed to study the influence of the devel-

opment of endotoxicosis on the dynamics of indicators of 
the immune system of pregnant cows. 

 
Material and methods 

 
The experiments were carried out in the laboratory of 

the Department of Hygiene, Sanitation, and General Vet-
erinary Prevention, named after M. V. Demchuk, Stepan 
Gzhytskyi NUVMB, as well as FE “Mezhyrichia” 
(Zarichia village, Lviv region) 

The research was conducted on the Ukrainian black 
and spotted dairy breed pregnant cows. We followed the 
norms and rules that are mandatory in zootechnical re-
search, including the selection and maintenance of analog 
animals in groups, the procurement process, and the ac-
counting of feed use. The cows' diet was carefully pre-
pared and balanced regarding nutrients and minerals, 
ensuring that they needed the essential elements for 
healthy nutrition. 

To achieve the goals of this series of studies, we 
formed two groups of 10 beef cows each: control and 
experimental. Cows of the control group had a physiolog-
ical course of pregnancy. Clinical signs of endotoxicosis, 
such as swelling of external genital organs and mammary 
glands, anemia of mucous membranes, depressed state, 
impaired appetite, and functional disorders of pre-
stomachs and intestines, were found in the animals of the 
experimental group. 

Blood for biochemical studies was collected from an-
imals from the jugular vein. The blood was stabilized with 
heparin. The blood serum was separated from the formed 
elements by centrifugation for 5–8 min at 3000 rpm. 

The phagocytic activity of neutrophils (PhA) and 
phagocytosis (PhI) intensity was determined using gener-
ally accepted methods to modify Chumachenko V. E. et 
al. The total number of T-lymphocytes (E-RUK) - by the 
method of spontaneous rosette formation with ram eryth-
rocytes according to M. Jondal et al. (Chumachenko V. E. 
et al., 1991), the total number of B-lymphocytes – accord-
ing to N. F. Mendes et al. Bactericidal activity of blood 
serum (BABS) –according to the method by Yu. M. Mar-
kov; blood serum lysozyme activity (BSLA) – photo-
nephelometrically, according to the method of V. G. 
Dorofeychyk (Vlizlo et al., 2012). 

The obtained numerical values of the results of the bi-
ochemical blood indicators were expressed in internation-
al units of the SI system. The research results were sub-
jected to biometric analysis by the method of mathemati-
cal statistics adopted in biology and medicine, using Mi-
crosoft Excel, “Statistica 5.0”. 

The degree of probability, compared to the control 
group's data, was – Р < 0.05 – *, Р < 0.01 – **, Р < 0.001 
– ***. 

 
Results and discussion 

 
Immunity is a set of protective mechanisms of the 

body to preserve its genetic stability. Immunity helps the 
body fight against various external factors: bacteria, vi-
ruses, toxins, foreign bodies, and others (Martyshuk & 
Hutyi, 2021; Kuljaba et al., 2022). 

Humoral immunity is known to be supported by spe-
cific macromolecules that function in the internal fluids of 
animal organisms. Blood plasma contains particular pro-
teins capable of neutralizing microorganisms and toxins 
entering body fluids (Kisera et al., 2021; Gutyj et al., 
2022). 

The bactericidal activity of blood serum (BABS) is a 
critical factor in the body's natural resistance to the hu-
moral immunity type, which confirms the blood's ability 
to self-purify. This is a property of blood serum due to the 
presence of a complex of substances, such as comple-
ment, antibodies, lysozyme, and properdin, which can 
neutralize or destroy the cells of microorganisms. 

The data in Table 1 shows that the bactericidal activity 
of blood serum in pregnant cows in the control and exper-
imental groups showed specific differences. For example, 
in the 8th month of pregnancy, in the control group of 
cows that had a physiological course of pregnancy, the 
bactericidal activity was 90.62 ± 2.87 %, while in preg-
nant cows with signs of endotoxicosis, it was at the level 



Науковий вісник ЛНУВМБ імені С.З. Ґжицького. Серія: Ветеринарні науки, 2023, т 25, № 112 

Scientific Messenger LNUVMB. Series: Veterinary sciences, 2023, vol. 25, no 112 
80 

of 80.30 ± 2.64 %. The lowest rate of bactericidal activity 
was observed in the 9th month of pregnancy in the exper-

imental group of cows, where compared to the control 
group, it decreased by 15.9 %, respectively. 

 
Table 1 
Indicators of humoral immunity in cows with a physiological course of pregnancy and in cows with the development of 
endotoxicosis (М ± m, n = 10) 
 

Month of pregnancy 
Group of ani-

mals 
BSLA, % BABS, % 

8 
C 28.84 ± 0.89 90.62 ± 2.87 
E 22.44 ± 0.71*** 80.30 ± 2.64* 

9 
C 24.42 ± 0.85 85.21 ± 2.81 
E 19.51 ± 0.69*** 69.31 ± 2.55*** 

 
Lysozyme activity of blood serum in fat cows with an 

ordinary course of calving in the 9th month of pregnancy 
was slightly lower than in the 8th month. In the heifers of 
the experimental group, a decrease in this activity was 
observed both in the 8th and 9th months, where compared 
to the control group, it decreased by 6.4 % and 4.91 %, 
respectively (Table 1). 

Therefore, during the analysis of the indicators of hu-
moral immunity, it was found that in pregnant cows suf-
fering from endotoxicosis, a decrease in both bactericidal 
and lysozyme activity of blood serum is observed. 

In the future, we investigated non-specific immunity, 
namely the immune system of animals, not related to 
antigens and antibodies. This system includes phagocyto-
sis and general non-specific resistance. In addition to a 
decrease in the activity of humoral immunity in cows with 
indicators of endotoxicosis, we established suppression of 
a non-specific link of the immune system, revealed in a 
decrease in the phagocytic activity of neutrophils and a 
reduction in the phagocytic index. 

 
Table 2 
Indicators of non-specific immunity in cows with a physiological course of pregnancy and in cows with the develop-
ment of endotoxicosis (М ± m, n = 10) 
 

Month of pregnancy Group of animals  Phagocytic activity, % Phagocytic index, units 

8 
C 63.89 ± 2.11 5.68 ± 0.14 
E 59.32 ± 2.14* 4.22 ± 0.17*** 

9 
C 62.15 ± 2.27 7.80 ± 0.25 
E 57.11 ± 2.19* 5.85 ± 0.18*** 

 
It was established that on the 8th and 9th month of 

gestation in the blood of the control group of animals, the 
phagocytic activity of neutrophils and the phagocytic 
index were within the range of 63.89 ± 2.11 – 62.15 ± 
2.27 % and 5.68 ± 0.14 – 4.22 ± 0.17 units. According to 
the development of endotoxicosis in the pregnant cows of 
the research group during the research periods indicated 
above, reduced phagocytic activity of neutrophils by 
4.57 % and 5.04 %, and a phagocytic index by 25.7 % and 
33.3 % were established compared to the indicators of the 
control group (table 2). 

Therefore, the results obtained in the research indicate 
that in pregnant cows with clinical signs of endotoxicosis, 
a non-specific link of the immune system is suppressed. 

Table 3 shows the indicators of cellular immunity in 
cows with a physiological course of pregnancy and those 
that developed endotoxicosis. It was found that in the 8th 
month of gestation, the number of T-lymphocytes in the 
blood of the control group of cows fluctuated within 
47.53 ± 2.15 %. In the 9th month of pregnancy, the num-
ber of these lymphocytes in this group increased slightly, 
and compared to the previous values, it increased by 
6.3 %. 

 
Table 3 
Indicators of cellular immunity in cows with a physiological course of pregnancy and in cows with the development of 
endotoxicosis (М ± m, n = 10) 
 

Month of pregnancy Group of animals T-lymphocytes, % B-lymphocytes, % 

8 
C 47.53 ± 2.15 17.42 ± 0.91 
E 45.11 ± 2.31 16.91 ± 0.78 

9 
C 53.83 ± 2.47 22.02 ± 0.87 
E 41.33 ± 2.21** 17.83 ± 0.82** 

 
A reduced number of T-lymphocytes with signs of en-

dotoxicosis was found in pregnant cows during the entire 
study period. The minimum number of T-lymphocytes in 

the blood of cows from the experimental group was ob-
served in the 9th month of gestation, where the ratio of 
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these cells decreased by 12.5 % compared to the control 
group. 

Similar changes were detected in determining the 
number of B-lymphocytes during the analysis of cellular 
immunity. In pregnant cows suffering from endotoxicosis, 
the number of B-lymphocytes was lower by 0.51 % and 
4.19 % at the 8th and 9th months of gestation, respective-
ly. 

We explain the decrease in the number of T- and B-
lymphocytes in cows suffering from endotoxicosis by the 
effect of toxins on the immune system of the sick cows of 
the experimental group. Thus, a decrease in the number of 
studied indicators indicates a weakening of the body's 
resistance to the development of endotoxicosis. 

 
Conclusions 

 
1. In pregnant cows with clinical manifestations of 

endotoxicosis, cellular, humoral, and non-specific links of 
the immune system are suppressed, which leads to the 
development of the so-called secondary immunodeficien-
cy. This is evidenced by a decrease in the bactericidal and 
lysozyme activity of blood serum, a decrease in the num-
ber of T- and B-lymphocytes, and a reduction in the 
phagocytic index and phagocytic action of the blood of 
sick cows. 

2. Changes in the immune system indicators are sig-
nificant and objective markers of the state of the cow's 
body during the development of endotoxicosis, regardless 
of its causes. 
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