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under stress or changes in the physiological state. This positive interaction may 
indicate that increased levels of interleukins such as IL-2, IL-4, IL-8 and IL-10 
may serve as indicators of adaptive responses of the body that contribute to the 
improvement of cardiac activity in response to stress factors.

Fig. 1. Correlation between heart rate parameters and cytokine profile                              
in calves according to Pearson

Thus, increased activity of the autonomic mechanisms regulating heart rate 
in newborn calves was associated with reduced function of innate immunity 
regulators (IL-8), specific immune responses (IL-2 and IL-4), and cytokines in-
volved in inflammatory processes (IL-10). A weak relationship was also found 
between the activity of the autonomic nervous system, reflected in the very low 
frequency component (VLF) of heart rate variability, and the level of IL-4. The 
increased influence of the central nervous system on cardiac activity, including 
activation of the hypothalamic-pituitary axis, is accompanied by an increase 
in the concentration of IL-4, which plays an important role in the differentia-
tion of lymphocytes and the development of the immune response, including 
inflammatory reactions.

Conclusion
The study showed that the studied groups of calves had increased levels of 

interleukins, indicating activation of their immune system. The second group 
showed a more pronounced immune response, with an increase in the levels of 
IL-2, IL-4, IL-8 and IL-10, exceeding the norm by 1.39, 1.48, 1.95 and 1.74 
times, respectively. This indicates a more intense inflammatory response and ac-
tivation of T-lymphocytes under stress. The findings underscore the importance 
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of monitoring the immune status of animals to improve their overall health and 
productivity. Furthermore, they confirm that stress factors significantly impact 
the immune response in calves.

As a result of the study on the correlation between the parameters of the 
heart rate and the level of the cytokine profile in young cattle in early neonatal 
ontogenesis under various conditions of maintenance, significant differences 
in the immune response and physiological state of the animals were revealed. 
It was found that calves kept with their mother demonstrated a more stable im-
mune response with low levels of inflammatory markers, indicating less stress 
and better adaptation to the environment. At the same time, calves exposed to 
stressful conditions of separate housing and early feeding showed increased 
levels of interleukins, such as IL-2, IL-4, IL-8 and IL-10, indicating activation 
of acute inflammatory processes and stress reactions.

Analysis of the heart rate dynamics confirmed that under stress conditions, 
an activation of the autonomous regulatory circuit is observed, which can neg-
atively affect the health of calves. An increase in the activity of low-frequen-
cy waves is associated with increased sympathetic activity and stress, while 
high-frequency waves correlate with the activity of the parasympathetic nervous 
system and improved adaptive mechanisms.

Thus, the study highlights the critical importance of optimizing housing 
conditions for newborn calves. Correction of environmental factors and mini-
mization of stress are essential to ensure harmonious interaction between cen-
tral and autonomic regulation. This, in turn, can contribute to improved health, 
strengthening of the immune response and increased survival of newborn off-
spring, as well as the effectiveness of adaptation of young cattle in early neo-
natal ontogenesis.
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