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Abstract

Pregnancy triggers a series of complex interactions within the body, involving both the immune system and meta-
bolic processes. In the case of pregnant cows, these mechanisms are essential for supporting the developing fetus
and maintaining the overall health of the mother. The aim of the work was to study the hematological, biochemi-
cal, and immunological parameters of cows at different periods of pregnancy. Research was conducted on cows
(Bos Taurus) of the Ukrainian Black-and-White dairy breed. Groups were formed based on the principle of ana-
logs. The research was carried out using the methodology of group-period experiments. The control group consist-
ed of non-pregnant cows. The first observation period was conducted on pregnant cows with confirmed pregnancy
(30 days). The second observation period was carried out at 90 days of pregnancy, the third at 180 days of gesta-
tion, and the fourth at 270 days. Laboratory studies included immunological research conducted in the specialized
laboratory of immunology for reproduction animals. The first notable observation was the gradual increase in the
population of CD3+ lymphocytes from the beginning of gestation, which remained stable until the 90th day of
pregnancy and then gradually decreased. The population of B cell immune cells CD22+ had its peculiarities: dy-
namic and stable growth from the start of pregnancy until the middle of the second trimester (180 days), followed
by a gradual decrease until the onset of labor. The redistribution of T and B lymphocytes occurred with dynamic
fluctuations in the number of undifferentiated 0-lymphocytes. The processes of transformation and adaptation of
homeostasis affected both enzyme activity and indicators of mineral metabolism. Thus, from the beginning of
pregnancy (from the 30th day of gestation), the experimental cows showed a significant increase in alkaline phos-
phatase activity (P < 0.05), alanine aminotransferase (P < 0.05), and aspartate aminotransferase activity (P < 0.05).
During the pregnancy of cows, body changes occur. From the early period of gestation throughout the entire
period of embryogenesis, changes in the system of hematopoiesis, alterations in the activity of enzymes, exchange
of Ca and P, accompanied by changes in immunological reactions take place. These processes are adaptive and
ensure the maintenance of the homeostasis system. The perspective of further research will aim at studying chang-
es in immunological and biochemical parameters during physiological pregnancy and when it is complicated.

Keywords: cows; pregnancy; immune system; hematology; biochemistry parameters.

Correspondence author
Mykola Zhelavskyi
Tel.: +38-097-905-34-23
E-mail: nicoladoctor@gmail.com

2024 Zhelavskyi M. et al. This is an
open-access article distributed under
the Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the
original author and source are
credited.

Contents
1. Introduction ……..………..
2. Materials and methods …...
3. Results and discussion …...
3.1 Results ………………….
3.2 Discussion ………………
4. Conclusions ………………
References …………………..

15
16
17
17
18
20
20

1. Introduction

The immune system plays a crucial role in ensuring the
success of pregnancy in animals, including cows (Alhussien
et al., 2018; Mohapatra et al., 2020; Mojsym et al., 2022).
Pregnancy triggers a series of complex interactions within
the body, involving both the immune system and metabolic
processes. In the case of pregnant cows, these mechanisms
are essential for supporting the developing fetus and main-
taining the overall health of the mother (Kamat et al., 2016;
Sheikh et al., 2018; Zhelavskyi et al., 2022).

Firstly, the immune system plays a pivotal role in pre-
venting the rejection of the developing fetus. During preg-
nancy, the mother's immune system must tolerate the pres-
ence of the semi-allogenic fetus, which contains paternal

antigens that differ from the mother's own (Ott et al., 2019;
Mohammed et al., 2022). This tolerance is facilitated by
various immunological adaptations, including the suppres-
sion of certain immune responses that might otherwise rec-
ognize the fetus as foreign and mount an attack. This im-
mune tolerance is crucial for a successful pregnancy and the
prevention of miscarriage (Talukder et al., 2018; Leppo et
al., 2021; Rutigliano et al., 2022).

Additionally, the immune system helps protect both the
mother and the developing fetus from infections. Pregnancy
is a vulnerable period, as the mother's body undergoes
changes that may compromise her immune defenses. A
balanced immune response is necessary to fend off potential
pathogens without triggering harmful inflammation that
could negatively impact the pregnancy (Talukder et al.,
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2018; Fiorenza et al., 2021). The immune system's ability to 
regulate inflammation becomes particularly important dur-
ing this period (Alhussien & Dang, 2019; Fiorenza et al., 
2021; Zhelavskyi et al., 2021). 

Moreover, metabolic processes undergo significant 
changes in pregnant cows to meet the nutritional demands of 
the developing fetus. As the pregnancy progresses, the cow's 
body adapts to the increased metabolic requirements, direct-
ing nutrients toward the developing fetus. Hormones, such 
as progesterone and estrogen, play a key role in orchestrat-
ing these metabolic changes. The immune system interacts 
with these hormonal changes to ensure a harmonious bal-
ance between the demands of pregnancy and the overall 
health of the cow (Manjari et al., 2016; Fávero et al., 2018). 

The placenta, a vital organ during pregnancy, also con-
tributes to the intricate interplay between the immune sys-
tem and metabolic processes. It serves as a barrier that pro-
tects the fetus from potential pathogens while facilitating the 
exchange of nutrients and waste products between the moth-
er and the developing offspring. The immune system active-
ly participates in maintaining the integrity of the placental 
barrier and responding to any potential threats that may arise 
(Zhelavskyi et al., 2020; Czyżewska-Dors et al., 2022). 

Thus, immune system is indispensable in ensuring the 
success of pregnancy in animals, including cows. Its role 
extends beyond preventing rejection and protecting against 
infections to actively participating in the complex interplay 
of metabolic processes associated with gestation. Under-
standing these intricate mechanisms is essential for ensuring 
the health and well-being of both the mother and the devel-
oping fetus throughout the pregnancy journey (Kowalczyk 
et al., 2021; Rocha et al., 2021). 

From the beginning of pregnancy, adaptive changes oc-
cur in the mother's body. Hormonal regulation changes and 
necessary conditions are created for implantation, trophic 
growth, and development of the embryo (Talukder et al., 
2018; Fiorenza et al., 2021). 

At all stages of pregnancy, changes occur in the mother's 
body aimed at maintaining homeostasis parameters. Meta-
bolic processes during pregnancy are often on the verge of 
“breakdown”, which leads to the development of several 
diseases (Ferreira et al., 2021; Goldansaz et al., 2022). It is 
known that pregnancy is accompanied by a change in the 
state of the immune system aimed at preserving the fetus. 
Various theories have been proposed to explain the immune 
mechanisms for pregnancy maintenance. 

For a long time, views on pregnancy as a state of immu-
nosuppression or even immunodeficiency were widespread 
in scientific circles. Moreover, important changes in the 
mammalian immune system during pregnancy remain large-
ly unexplored (Gomaa et al., 2021). 

Research in recent years has shown that natural immuni-
ty is the basis for protecting the body against infections. 
Understanding of the role of natural factors in immune pro-
tection has made it possible to define approaches to the 
prevention and treatment of bacterial, viral, and autoimmune 
diseases (Sheikh et al., 2018; Zhelavskyi et al., 2023). Ac-
cordingly, approaches to defining the “immunological para-
dox” of pregnancy have changed. 

One of the reasons for the development of preeclampsia 
in cows is metabolic and immunological changes. Scientists 
and practitioners need to study physiological adaptations 
during pregnancy. This is based on the determination of 
dynamic changes in hematological, immunological, and 

biochemical parameters. The shift in constants has important 
diagnostic and prognostic value in veterinary practice  
(Velázquez et al., 2019; Zhelavskyi et al., 2023). 

The aim of the work was the study of the hematological, 
biochemical, and immunological parameters of cows at 
different periods of pregnancy. 

 
2. Materials and methods 
 
Ethical approval. This investigation was approved ac-

cording to the Law of Ukraine “On the Protection of Ani-
mals from Cruel Treatment” (No. 3447-IV of February 21, 
2006) and according to the requirements of the European 
Convention for the Protection of Pet Animals (ETS No. 125, 
Strasbourg, 13/11/1987). All experiments were carried out 
with the Ethical Permit at the Vinnytsia National Agrarian 
University, Ukraine. All animal manipulations were per-
formed by the European Convention for the Protection of 
Vertebrate Animals and used for experimental and scientific 
purposes (Strasbourg, 18 March 1986).  

Experimental studies. Researched were conducted on 
cows (Bos Taurus) of the Ukrainian Black-and-White dairy 
breed. Groups were formed based on the principle of ana-
logs. The research was carried out using the methodology of 
group-period experiments (2019–2024).  

The control group consisted of non-pregnant cows (n = 
17). The first observation period was conducted on pregnant 
cows (n = 17) with confirmed pregnancy (30 days). The 
second observation period was carried out at 90 days of 
pregnancy, the third at 180 days of gestation, and the fourth 
at 270 days.  

All animals were clinically healthy and handled carefully 
to prevent any possible effects of stress on the parameters 
analyzed. They were routinely vaccinated and treated with 
anthelmintics twice a year. Before morning feeding, blood 
samples were taken from the animals between 8:00 a.m. and 
9:00 a.m. Blood was taken from the v.jugulares into evacu-
ated glass containers. 

Laboratory studies. Immunological studies were con-
ducted in the specialized laboratory of immunology repro-
duction animals at Podolian State University, founded by 
Dr. V.A. Yablonskyi, a Doctor of Biological Sciences and 
Professor. In the immunological testing of the first level, the 
total number of leukocytes (×109/L, %), leukogram (%), 
populations of immunocompetent cells (CD3+, ×1012/L, %; 
CD22+, ×1012/L, %) were determined. 

Hematological research determined the total number of 
erythrocytes (×1012/L), the content of hemoglobin (µmol/L), 
hematocrit (L/L), mean corpuscular volume (MCV, fl); 
mean corpuscular hemoglobin (MCH, fmol); mean corpus-
cular hemoglobin concentration (MCHC, mmol/L). To de-
termine these parameters, the Abaxis Vetscan HM5 Hema-
tology Analyzer (USA) was used in the laboratory immu-
nology of reproduction animals.  

Biochemical research determined the concentration of 
alkaline phosphatase activity (AP, mmol/L), alanine ami-
notransferase activity (ALT, mmol/L), aspartate aminotrans-
ferase activity (AST, mmol/L), concentration of Ca2+ 
(mmol/L), P (mmol/L). For biochemical research, the AB-
AXIS Vetscan VS2 Chemistry Analyzer 2 Gen Version 
3.1.33 (USA) was used.  

Statistical analysis. The values in this investigation are 
presented as mean ± SD. The data in this investigation are 
given as the mean ± SD. Data were analyzed by one-way 
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analysis of variance (MANOVA). Differences were consid-
ered statistically significant at a P-value of less than 0.05 
(Statistica® 12.6, StatSoft, USA). 

 
3. Results and discussion  
 
3.1 Results 
From the onset of gestation and throughout the second 

and third trimesters of pregnancy, dynamic changes oc-
curred in the blood of cows. These changes in the peripheral 
bloodstream encompassed both the morphological composi-

tion of cells and their population structure. The indicators of 
erythrocytes exhibited specific characteristics by absolute 
values. At the beginning of the first trimester (30th day) of 
pregnancy, the erythrocyte count was (7.21 ± 0.04×1012/L), 
showing a tendency to increase and gradually decrease dur-
ing the dry period (Table 1). Parameters such as hemoglobin 
concentration, hematocrit, mean corpuscular hemoglobin 
concentration, mean corpuscular hemoglobin, and mean 
corpuscular hemoglobin concentration underwent dynamic 
changes. 

 
Table 1 
Hematological parameters cows in different periods of pregnant (M ± m) 
 

Parameter Units Control  30 day 90 day 180 day 270 day 
Erythrocytes  ×1012/L       7.21 ± 0.34       7.62 ± 0.23       8.24 ± 0.12*       8.41 ± 0.18*     8.23 ± 0.12* 
Leukocytes  ×109/L     10.51 ± 0.32     12.14 ± 0.21**     11.05 ± 0.24*     11.27 ± 0.45*   11.61 ± 0.24* 
Neutrophil  %     44.15 ± 1.32     49.21 ± 1.21*     45.21 ± 1.24      53.72 ± 1.24**   49.38 ± 1.45** 
Lymphocyte  %     49.85 ± 1.12     45.54 ± 2.01*     53.43 ± 1.54**     38.21 ± 1.23**   36.01 ± 1.17** 
Eosinophils %       3.03 ± 0.02       3.24 ± 0.08       4.78 ± 0.10*       3.05 ± 0.04     5.21 ± 0.04** 
Monocytes  %       2.97 ± 0.24       2.01 ± 0.24       3.42 ± 0.34*       5.02 ± 0.17**     9.40 ± 0.12* 
Basophils %               0               0               0               0 0 
Hemoglobin µmol/L 1117.22 ± 12.14 1121.12 ± 9.17 1135.14 ± 8.17* 1256.34 ± 11.22** 1454.9 ± 9.21** 
Haematocrit L/L        0.31 ± 0.02       0.34 ± 0.05*       0.35 ± 0.07*        0.37 ± 0.04**     0.39 ± 0.08** 
MCV fl     36.21 ± 1.35     37.17 ± 1.14*     39.45 ± 1.12**      41.22 ± 1.71**   44.51 ± 1.21** 
MCH fmol          0.93 ± 0.04       0.73 ± 0.03**       0.74 ± 0.02**        0.89 ± 0.08*     1.15 ± 0.07** 
MCHC mmol/L     33.89 ± 1.12     32.72 ± 1.15*     31.21 ± 1.83*      34.17 ± 1.52*   38.01 ± 1.21** 

Note: MCV – mean corpuscular volume; MCH – mean corpuscular hemoglobin; MCHC – mean corpuscular hemoglobin concentration;  
*P ≤ 0.05; **P ≤ 0.01 as compared with the control group 
 

Pregnancy was also accompanied by alterations in leu-
kopoiesis and the redistribution of leukocytes in the periph-
eral bloodstream of the experimental cows. Initially, we 
observed a slight increase in the number of leukocytes at the 
beginning of embryo implantation, which subsequently did 
not undergo significant fluctuations. 

Such dynamic changes primarily occurred due to the 
quantity and redistribution of neutrophils and lymphocytes. 
In contrast, the number of monocytes gradually tended to 
increase throughout all observation periods, remaining with-
in the physiological ranges of homeostasis. 

The quantitative indicators of eosinophils in the initial 
periods of pregnancy showed non-significant fluctuations. 
However, at the beginning of the dry period, the content of 
these microphages gradually increased. 

We also observed changes in the functioning of adaptive 
immunity in cows. The cellular and humoral defense of 
specific immunity in pregnant animals underwent certain 
adaptive processes. 

The first notable observation was the gradual increase in 
the population of CD3+ lymphocytes from the beginning of 
gestation, which remained stable until the 90th day of preg-
nancy and then gradually decreased. 

 
Histogram of multiple variables
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Fig. 1. Dynamics of lymphocytes (CD3+ , CD22+ ) in different periods of cow pregnancy 
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The population of B cell immune cells CD22+ had its pe-
culiarities: dynamic and stable growth from the start of
pregnancy until the middle of the second trimester (180
days), followed by a gradual decrease until the onset of
labor. The redistribution of T and B lymphocytes occurred
with dynamic fluctuations in the number of undifferentiated
0-lymphocytes (Figure 1).

Pregnancy in cows was also accompanied by changes in
biochemical parameters. The processes of transformation
and adaptation of homeostasis affected both enzyme activity
and indicators of mineral metabolism. Thus, from the begin-
ning of pregnancy (from the 30th day of gestation), the ex-
perimental cows showed a significant increase in alkaline
phosphatase activity (P < 0.05), alanine aminotransferase
(P < 0.05), and aspartate aminotransferase activity (P <
0.05).

Subsequently, the values of AP and ALT stabilized and
slightly decreased until the end of pregnancy. AST activity
during the dry period and the transition to lactation showed
minor activation (Figure 2).

Fig. 2. Change in the activity of enzymes (AP, ALT, AST)
in the body of cows during pregnancy

Fig. 3. Changes in the concentration of Calcium (Ca2+) and Phosphorus (P) in the body of cows in different periods
of pregnancy

Interesting results were obtained in the mineral metabo-
lism indicators. The Calcium (Ca2+) content in the cows'
blood gradually decreased from the beginning to the end of
pregnancy (P < 0.05). The concentration of Phosphorus
reached its maximum value on the 90th day (Figure 3) of
observation (6.44 ± 0.01 mmol/L) and gradually decreased
with the development of embryogenesis.

3.2 Discussion
During pregnancy, cows undergo significant physiologi-

cal changes to support the developing fetus and prepare for
lactation. Monitoring biochemical indicators in the blood of
cows throughout various stages of pregnancy can provide
valuable insights into their health status and reproductive
performance. Some essential biochemical indicators that are
commonly assessed during different periods of cow preg-
nancy (Alhussien et al., 2018; Rutigliano et al., 2022).

In this study, we studied the functioning of the adaptive
immunity of cows during pregnancy, investigated the state
of the blood system and metabolic processes.

Research into the distinct roles of the endocrine and im-
mune systems in reproductive biology and their impact on
fertility remains ongoing and not entirely conclusive (Walsh
et al., 2011). Some earlier studies indicated that treating
cows with estradiol-17β or progesterone post-ovariectomy
did not significantly affect changes in uterine polymorpho-
nuclear leukocyte functions. However, estradiol-17β treat-
ment during estrus did result in enhanced polymorphonucle-
ar leukocyte functions. Similarly, progesterone plays a criti-
cal role in fertility, particularly in establishing and maintain-
ing pregnancy. Studies with beef heifers and dairy cows
have shown positive connections between higher concentra-
tions of progesterone and improved immune functions im-
mediately after conception (Velázquez et al., 2019;
Zhelavskyi et al., 2020; Leppo et al., 2022).

These findings suggest that the endometrium in cattle
undergoes remodeling throughout the estrous cycle, with
significant changes in signaling molecules affecting immune
processes and regulation (Mohammed et al., 2022). Endo-
metrial luminal epithelial cells actively contribute to the
immune response by producing pro-inflammatory factors
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like cytokines and chemokines. The endometrial tissues 
possess both local innate and adaptive response mecha-
nisms, varying with the hormonal status during different 
reproductive phases (Zhelavskyi, 2021; Rutigliano et al., 
2022). 

The uterine immune system in cows serves crucial roles 
during gestation, supporting pregnancy and fetal growth 
while preventing infections. However, both before and after 
calving, when significant hormonal and metabolic changes 
occur, the immune status can be severely affected. For in-
stance, there's a notable surge in cortisol concentrations 
during calving, leading to leukocytosis, and this period is 
associated with higher susceptibility to diseases (Ott, 2019; 
Zhelavskyi & Dmytriv, 2023). 

The determination of prognostic biochemical markers of 
pregnancy is important in veterinary practice (Goldansaz et 
al., 2022). The prognostic of biochemical markers of preg-
nancy holds significant importance in veterinary practice, 
contributing to the overall health and reproductive success 
of animals. Veterinary professionals employ a range of bio-
chemical markers to assess and monitor the progression of 
pregnancy in different species, aiding in timely interven-
tions, if necessary. 

One crucial aspect of utilizing prognostic biochemical 
markers is the early detection of pregnancy. In many cases, 
identifying pregnancy at an early stage is essential for im-
plementing appropriate management practices, and nutri-
tional adjustments, and ensuring the well-being of both the 
dam and the developing fetus. Biochemical markers such as 
pregnancy-associated glycoproteins, progesterone, and es-
tradiol play pivotal roles in confirming and monitoring 
pregnancy status (Tufarelli et al., 2023).  

Pregnancy-associated glycoproteins, produced by the pla-
centa, are widely recognized as reliable indicators of pregnan-
cy in ruminants. Monitoring the concentrations of PAGs in 
the blood allows veterinarians to confirm the presence of a 
viable pregnancy and estimate the gestational age. This in-
formation is vital for managing reproductive calendars and 
optimizing breeding programs. Progesterone, another crucial 
biochemical marker, is fundamental for the establishment and 
maintenance of pregnancy. Monitoring progesterone levels 
helps assess the functional status of the corpus luteum, a tem-
porary endocrine structure critical for early pregnancy. In 
cases of luteal insufficiency or early embryonic mortality, 
alterations in progesterone levels can serve as early indicators, 
prompting necessary interventions. Estradiol, a form of estro-
gen, is significant in various reproductive processes, including 
fetal development and parturition. Monitoring estradiol levels 
aids in understanding the hormonal dynamics during preg-
nancy and can be indicative of the well-being of the develop-
ing fetus (Molefe & Mwanza, 2020). 

 Additionally, assessing markers like blood urea nitrogen, 
glucose, and calcium is essential for evaluating the nutritional 
status and metabolic health of pregnant animals. Imbalances 
in these markers may signify nutritional deficiencies or meta-
bolic disorders that can impact the overall health of both the 
dam and the offspring (Ferreira et al., 2021). 

Regular monitoring of these prognostic biochemical 
markers enables veterinarians to detect potential complica-
tions early on, facilitating timely interventions and enhanc-
ing the chances of a successful pregnancy outcome. This 
proactive approach contributes to improved reproductive 
management, increased fertility rates, and better overall 
animal welfare. 

Important changes in the body of cows occur in the body 
of cows during the transistor period (Ferreira et al., 2021; 
Perry et al., 2021). 

A primary goal of dairy herd management is to maxim-
ize milk production while maintaining optimal reproduction 
efficiency. Reproduction significantly impacts the profitabil-
ity of dairy cattle breeding as it influences milk production 
continuity and calving intervals (Gomaa et al., 2021; Noori 
Sabzikar et al., 2023).  

Metabolic disorders and immune changes during cow 
pregnancy are critical aspects influencing the health and 
reproductive success of dairy and beef cattle. The physiolog-
ical demands of pregnancy trigger significant metabolic 
shifts to support fetal development, resulting in alterations in 
nutrient metabolism and immune function (Kaiser et al., 
2022; Zhelavskyi et al., 2023). 

During pregnancy, cows experience metabolic adapta-
tions characterized by changes in nutrient utilization, hor-
monal profiles, and energy expenditure. Metabolic disorders 
such as ketosis, a common concern in dairy cows, may arise 
due to an imbalance between energy intake and expenditure. 
Ketosis negatively impacts the cow's overall health and 
immune response, making them more susceptible to infec-
tions (Velázquez et al., 2019; Goldansaz et al., 2022). 

The immune system undergoes dynamic changes 
throughout pregnancy to accommodate the developing fetus. 
The maternal immune system must strike a delicate balance 
to protect against pathogens while tolerating the semi-
allogeneic fetus. Immune suppression during certain phases 
of pregnancy, especially around parturition, can increase the 
risk of diseases (Ferreira et al., 2021). 

Key biochemical markers, such as acute-phase proteins 
and cytokines, play crucial roles in assessing metabolic and 
immune status during pregnancy. Monitoring these markers 
allows veterinarians to detect metabolic disorders early and 
evaluate the cow's immune response. For instance, increased 
concentrations of acute-phase proteins may indicate in-
flammation or infection, signaling a compromised immune 
system (Velázquez et al., 2019). 

Addressing metabolic disorders and immune changes dur-
ing pregnancy requires a comprehensive approach. Nutritional 
management plays a pivotal role in preventing metabolic 
disorders, ensuring adequate energy and nutrient intake to 
support both the cow and the developing fetus. Additionally, 
proper vaccination protocols and hygiene practices are essen-
tial to prevent infections that could exploit the immune vul-
nerabilities associated with pregnancy (Ott, 2019). 

Understanding the intricate interplay between metabolic 
adaptations and immune dynamics during cow pregnancy is 
crucial for maintaining herd health and optimizing reproduc-
tive performance. Veterinary interventions focused on early 
detection, nutritional support, and preventive measures con-
tribute to the overall well-being of pregnant cows, leading to 
successful pregnancies, healthier offspring, and improved 
farm productivity. 

Dairy cattle are commonly diagnosed and assessed for 
health status by examining their hematological profiles. This 
analysis helps detect productive and reproductive disorders, 
identifying changes in biomarkers linked to factors such as 
disease, pregnancy, or stress. The hematological profile of 
cows varies based on climate, season, age, body condition, 
and nutrition. Notably, changes in blood parameters occur 
during pregnancy and lactation due to increased demands 
for nutrients and energy. Hematocrit, hemoglobin, and 
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erythrocyte counts increase as a result of pregnancy adapta-
tions (Mekroud et al., 202).

Monitoring the hematological profile is crucial for as-
sessing animal health and detecting factors causing biomarker
alterations like disease, stress, or pregnancy. In ruminants,
blood parameters reflect the physiological state, herd man-
agement practices, and seasonal variations. Lower red blood
cell content may signal anemia, while reduced hematocrit
levels may indicate dehydration (Hasan et al., 2021).

Variations in leukocyte levels may point towards infec-
tions. Understanding these hematological changes aids in
maintaining the health and welfare of dairy cattle while
maximizing productivity (Wrzecińska et al., 2023).

Genetics, heat stress, and disease-related issues can all
contribute to a decline in reproductive performance. Inter-
estingly, a negative relationship exists between milk produc-
tion and reproduction, indicating that high milk yield often
comes at the cost of reproductive health. The mammary
system's substantial nutritional demands affect reproduction
physiologically. In particular, highly productive lactating
cows consume considerable amounts of glucose, leading to a
state of negative energy balance in the early postpartum
phase (Sammad et al., 2022).

Metabolic changes in the body of pregnant cows have
been reported in many studies (Ott, 2019; Hasan et al., 2021;
Zhang et al., 2023). It appears that during the transition
period, cows experience various physiological changes and
increased energy demands to produce colostrum and milk.
This phase involves alterations such as reduced body
weight, and higher cortisol levels, and necessitates adequate
feed intake for proper adaptation. Inadequate intake, coupled
with poor adaptation, can lead to negative energy balance
and metabolic issues like increased ketone bodies, hy-
pocalcemia, and weakened immunity. These metabolic and
infectious problems can have adverse effects on both repro-
duction and productivity (Mezzetti et al., 2020).

Dry matter intake tends to be at its lowest during this
transition phase, with dairy cows showing a significant re-
duction, sometimes up to 30 % at parturition. Enzyme ac-
tivities like (Glutathione Peroxidase) increase during early
lactation compared to other periods, showcasing significant
changes in antioxidant levels (Zhang et al., 2023).

Non-esterified fatty acids are metabolized by the liver,
either as lipoproteins or as oxidized fats. Cows' energy and
metabolic status are closely correlated with blood metabo-
lites such as glucose, non-esterified fatty acids, and beta-
hydroxybutyrate. Subclinical ketosis is often diagnosed by
beta-hydroxybutyrate levels (Zhang et al., 2020).

Low calcium levels during this phase can lead to various
complications such as hypocalcemia, displaced abomasum,
ketosis, metritis, and placental retention. Ruminants rely on
gluconeogenesis, a process crucial for maintaining energy
levels, especially during the periparturient period (Masoumi
Pour et al., 2022).

The intricate relationship between blood metabolites,
liver function, and the onset of postpartum diseases in dairy
cows has been previously highlighted in research. Ensuring
proper metabolic health during this transition phase is criti-
cal for maintaining both reproductive success and productiv-
ity in cows.

Calcium plays a crucial role in pregnant cows (skeletal
growth), especially around the time of calving, and lactation.
Thus, maintaining proper calcium levels is vital for the

health of both the cow and the calf during and after preg-
nancy.

Calcium also plays an important role in restoring the re-
productive function of cows (Mahen et al., 2018; Cheng et
al., 2023). Studies have shown that serum calcium drops 9
hours before birth and returns to the normal range about 72
hours after birth (Megahed et al., 2018).

We noted changes in serum calcium during the dry sea-
son. Similar processes during drought have also been noted
in research (Sayiner et al., 2021).

4. Conclusions

Thus, during the pregnancy of cows, body changes oc-
cur. From the early period of gestation, throughout the entire
period of embryogenesis, there are changes in the system of
hematopoiesis, changes in the activity of enzymes, exchange
of Ca and P, accompanied by changes in immunological
reactions. Such processes are adaptive and ensure mainte-
nance of the homeostasis system.

The perspective of further research will be aimed at study-
ing changes in immunological and biochemical parameters
during physiological pregnancy and when it is complicated.
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