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APOPTOSIS OF BLOOD CELLS OF COWS IN DIFFERENT PERIODS OF
LACTATION

Introduction. Currently, there is significant global research dedicated to the prevention of mastitis in cows, a
disease that remains one of the most pressing issues in dairy farming. Mastitis not only causes substantial economic losses
due to reduced milk yield and quality, but it also necessitates costly veterinary treatments. Over the years, various
strategies have been developed to combat this disease, including the creation of anti-mastitis vaccines and selective
breeding for disease-resistant cattle. Researchers have drawn attention to the relationship between non-specific
immunobiological reactivity and the natural resistance of cows, prompting further exploration into the molecular

regulation of the immune response to prevent mastitis [1, 2]. This has led to significant breakthroughs in understanding
how immune mechanisms can be harnessed to enhance the natural defenses of cows against mammary
gland infections [1, 2].

Advances in genetics have opened new avenues for improving disease resistance in cattle.
Genetic selection involves identifying and breeding cows that demonstrate natural resilience to
mastitis. This can be done by focusing on specific genes associated with immune system efficiency,
such as genes that regulate the production of cytokines, antibodies, or phagocytic activity. For
example, cows with higher expression of TLR (Toll-like receptor) genes have been shown to have a
better response to bacterial infections in the mammary gland, making them less susceptible to mastitis
[7].

By selecting for these genetic traits, dairy producers can gradually increase the population of
cows with stronger innate immunity, thereby reducing reliance on antibiotics and other
pharmaceutical interventions. Genomic selection is a relatively new technology but holds promise for
sustainable mastitis control through improved cow health and productivity [7].

One of the key approaches in modern mastitis prevention is focusing on improving the cow's
innate immunity, which is seen as a more sustainable method compared to relying solely on antibiotics
or vaccines. Natural resistance has developed over millions of years of phylogenetic evolution, and
modern research seeks to boost this inherent capacity in cows through nutritional, genetic, and
management strategies [3, 4]. Innovations such as the use of probiotics, immunomodulators, and the
regulation of gut microbiota are increasingly gaining attention as ways to enhance immune responses.
These approaches aim to prevent the onset of mastitis by fortifying the cow’s immune system to resist
bacterial infections before they can affect the mammary gland [3, 4].

Apoptosis, a well-known biological regulatory mechanism, plays a critical role in maintaining
cellular balance within the cow's immune system. This process ensures the timely removal of
defective or damaged cells, which is essential for preventing the accumulation of harmful mutations
that could lead to diseases such as cancer or chronic inflammation. In the context of mastitis, apoptosis
helps regulate immune cell populations in the mammary gland, ensuring that neutrophils,
macrophages, and lymphocytes are efficiently replaced once their role in combating infection is
complete [3, 5]. The regulation of apoptosis is influenced by various molecules, including those that
either trigger or inhibit the process, making it a potential target for therapies aimed at optimizing
immune function in cows [5-7].

Apoptosis, or programmed cell death, is essential for maintaining cellular balance within the
immune system. In the context of mastitis, apoptosis allows for the timely removal of immune cells
(like neutrophils and macrophages) that have completed their infection-fighting role, preventing
unnecessary tissue damage in the mammary gland. This cellular turnover helps to clear out old or
damaged cells, maintaining a healthy environment in the tissue. The regulation of apoptosis in
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immune cells can be influenced by various signaling molecules, including cytokines and growth
factors. For example, tumor necrosis factor-alpha (TNF-o) and interleukin-1 beta (IL-1p) are two
cytokines that can induce apoptosis in certain cells, ensuring that immune responses do not persist
longer than necessary. This is critical in preventing chronic inflammation, which can damage the
mammary tissue and impair milk production [5, 6].

In recent years, scientists have explored targeting apoptosis pathways as a therapeutic strategy
to modulate immune responses in cows. For instance, some studies suggest that controlling apoptosis
in immune cells could help balance the inflammatory response during mastitis, reducing the risk of
tissue damage and promoting faster recovery. However, this area of research is still in its early stages,
and further studies are needed to develop effective apoptosis-modulating therapies for livestock [6,
7].

Thus, the aim of this study is to examine the physiological aging and apoptosis of immune-
competent cells in the peripheral bloodstream and milk secretions during different stages of lactation
in cows.

Materials and Methods. Animals’ criteria. A total of 112 cows (Bos Taurus, Ukrainian black-
and-white milk breeding) ranging from 3 to 5 years of age were selected for an experiment. Cows
were divided into four groups. Each group consists of 28 animals.

Binding of annexin-V—fluoro isothiocyanate (FITC) and propidium iodide (PI) (PharMingen,
Becton Dickinson, San Diego, CA, USA) to the cells was used to detect viable, early apoptotic, and
late apoptotic or necrotic cells by flow cytometry. As shown by kinetic studies, cells first entered the
early apoptotic stage, followed by the late apoptotic or necrotic stage.

Results. The onset of lactogenesis was marked by an activation of the apoptotic process within
the phagocytic defense system. There was an increase in both the relative (14.54+0.52%) and absolute
(103.3+7.57 x 10* cells/uL) counts of polymorphonuclear neutrophils exhibiting signs of apoptosis
in the peripheral bloodstream.

The aging and physiological death of the studied macrophages predominantly manifested
through metamorphic changes in the nucleus, cytoplasm, and zeiosis of the membrane. Nuclear
alterations included karyopyknosis due to chromatin condensation and defragmentation of the nuclear
material. In some fields of view, neutrophils with reduced cytometric dimensions were observed.

This activation of apoptosis during early lactation appears to be linked to evolutionary processes
within the mammary gland, where immune responses play a significant role. It is well known that
early lactation is accompanied by intense vascularization of the gland's parenchyma.

The main changes indicating lymphocyte apoptosis were centered on nuclear changes
(karyopyknosis, karyorrhexis), membrane zeiosis, and less frequently, cytoplasmic alterations.
During the colostrum secretion phase, the lymphocyte apoptosis index was at its lowest, reaching
3.72+0.46%, which corresponded to the lowest quantitative count (26.37+1.45 x 10? cells/uL).

Early lactation also saw a redistribution of specific cell populations, reflected in the high
lymphocyte-to-monocyte-to-neutrophil (L:M:N) population ratio (0.23+0.06) and the monocyte-to-
neutrophil (M:N) ratio (0.08). These ratios were informative indicators of the predominance of
apoptosis among phagocytic cells.

Immunomodulators are substances that can enhance or suppress the immune system as needed.
In the case of mastitis, immunomodulators could be used to stimulate specific immune responses in
the mammary gland to prevent infection. Potential candidates include certain polysaccharides and
peptides that have shown immunomodulatory effects in laboratory studies. These compounds could
be incorporated into feed or administered as injections to bolster immune resilience in dairy cows [7].
Advances in metabolomics and nutritional genomics allow for more personalized dietary plans that
cater to the specific immune needs of each cow. By analyzing metabolic profiles, veterinarians and
nutritionists can identify deficiencies or imbalances that might predispose certain cows to mastitis.
Personalized nutrition not only supports optimal health but also promotes a more efficient immune
response [5-7].

As researchers deepen their understanding of the molecular pathways involved in apoptosis,
new therapeutic and preventive approaches are being developed to manage mastitis more effectively.



By regulating apoptotic pathways, scientists are working on ways to prevent excessive cell death that
could compromise the cow's immune defense, while also ensuring the removal of cells that may
contribute to infection. Advances in molecular biology and biotechnology are paving the way for
targeted therapies that enhance apoptosis regulation, providing dairy farmers with innovative tools to
protect their herds. This growing body of research holds the potential to revolutionize how mastitis
IS managed, reducing the need for antibiotics and promoting more sustainable dairy farming
practices.Apoptosis, a general biological regulatory mechanism, plays a crucial role in maintaining
cellular homeostasis by eliminating distorted, mutated, or defective cells. This process can be
influenced by various biological molecules that either promote or inhibit apoptosis, as well as by
regulatory intracellular mechanisms [3, 5]. Considering apoptosis' vital role in regulating immune
cell populations, new therapeutic and preventive approaches for diseases are being explored.

Modern approaches to mastitis prevention focus on harnessing and strengthening the cow’s
innate immune system. By using a combination of nutritional, genetic, and management strategies,
along with a deeper understanding of cellular mechanisms like apoptosis, it is possible to enhance
natural disease resistance in cows. This shift towards immune-based prevention is not only more
sustainable but also aligns with the growing emphasis on reducing antibiotic use in livestock. With
continued research and technological innovation, dairy farming can achieve improved animal welfare
and productivity while minimizing the environmental and health impacts associated with traditional
mastitis control methods.

Conclusion. Cow lactation is characterized by dynamic changes in the apoptotic activity of
immune cells in peripheral blood. The highest levels of apoptosis are observed in phagocytic cells,
particularly neutrophils (P<0.01) and monocytes (P<0.01), during the colostrum secretion phase and
the involution of the mammary gland.
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