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Abstract

Background. During the growth and development of young cattle, there is a
significant association between functional changes in the body and housing con-
ditions, influencing the regulation of immune responses and metabolic processes.
In calves kept in natural conditions, the activity of natural immunity regulators
prevails, contributing to the optimisation of growth and development processes.
At the same time, in young animals exposed to stressful conditions associated
with intensive housing methods, a decrease in the activity of these regulators is
recorded, which can negatively affect their health and adaptability. Activation of
neurohumoral mechanisms, including the influence of the hypothalamic-pituitary
system, plays a key role in the regulation of metabolic processes and the immune
response in young animals. In calves under stress, an increase in the level of proin-
flammatory cytokines is noted, which indicates a violation of the physiological
balance in the cytokine network. Conversely, in calves kept in more favorable
(natural) conditions, a more balanced ratio between pro- and anti-inflammatory
cytokines is observed, contributing to the maintenance of homeostasis and im-
proved adaptive responses.

Purpose. The main objective of the present research is to find out the correla-
tion between cardiac rhythm parameters and cytokine profile levels in young cattle
during early neonatal ontogenesis.

Materials and methods. To study the nature of the correlation between the pa-
rameters of the heart rate and the levels of cytokines in young cattle in early neona-
tal ontogenesis, 50 one-day-old calves aged 5 days were randomly selected at the
premises of Chapaevskoye SP LLC.
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In the first experimental group, after calving, the newborn calf underwent a
primary veterinary examination, after which it was left in a group with its mother,
simulating natural conditions for the entire duration of the experiment.

In the second experimental group, calves were managed according to industrial
livestock farming practices. Newborn calves were separated from their mothers im-
mediately after birth and fed with colostrum: two liters within 1-2 hours after birth,
followed by an additional two liters by the 12th hour of life. This approach subject-
ed the animals to higher adaptive and domestication stress. Statistical significance
was determined in relation to the second experimental group.

The calves of all groups underwent heart rate analysis at 5 days of age; the ani-
mals were examined in a standing position, in a stall, and in a lateral lying position
on an isolated surface using a diagnostic device, a single-channel electrocardiograph
EKI1T-07 “Axion”.

Blood samples were collected aseptically from the tail vein of each experi-
mental group using S-Monovette 1.2 ml (66x8 mm) KZ-EDTA tubes. In stabilized
samples, cytokine levels in blood plasma were measured using flow cytometry
on a Bio-Plex Protein Assay System (Bio-Rad, USA). The Human 8-Plex Cyto-
kine Panel reagent kit was used for the analysis according to the manufacturer’s
instructions. As a result of the study, four types of cytokines were quantitatively
measured: interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-8 (IL-8), and in-
terleukin-10 (IL-10).

To ensure data reliability, cytokine concentrations were determined in three in-
dependent experimental series, both for calibration solutions and for the analyzed
samples. Quantification was determined in pg/ml using Bio-Plex Manager 6.1 soft-
ware (Bio-Rad) based on standard calibration curves. The obtained data were pro-
cessed using descriptive and structural statistics.

To analyze the relationships between various heart rate parameters and cytokine
levels in young cattle, the statistical method of Pearson correlation (r) was used,
determining the degree and direction of the relationship between variables, which is
critical for understanding physiological processes and their impact on animal health.

Results. Increased activity of the autonomic mechanisms regulating heart rate
in newborn calves was associated with reduced function of innate immunity regu-
lators (IL-8), specific immune responses (IL-2 and IL-4), and cytokines involved
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 in-
fluence of the central nervous system on cardiac activity, including activation of the
hypothalamic-pituitary axis, is accompanied by an increase in the concentration of
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IL-4, which plays an important role in the differentiation of lymphocytes and the
development of the immune response, including inflammatory reactions.

Conclusion. Analysis of the heart rate dynamics confirmed that under stress
conditions, an activation of the autonomous regulatory circuit is observed, which
can negatively affect the health of calves. An increase in the activity of low-fre-
quency 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 con-
ditions for newborn calves. Correction of environmental factors and minimization
of stress are essential to ensure harmonious interaction between central and auto-
nomic regulation. This, in turn, can contribute to improved health, strengthening of
the immune response and increased survival of newborn offspring, as well as the
effectiveness of adaptation of young cattle in early neonatal ontogenesis.
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KOPPEJIALIUA MEXKIY ITAPAMETPAMHU
KAPAUAJIBHOI'O PUTMA U YPOBHEM
HOUTOKHHOBOI'O TIPO®UJIA Y MOJIOJHAKA
KPYIIHOI'O POTATOT'O CKOTA B PAHHEM
HEOHATAJIBHOM OHTOT'EHE3E

B.C. Camoinenxo, A.A. Jlanuna, C.B. Ilywikun,
A.P. Onuwenko, O.H. Onuwienko

Annomayus

O6GocnoBanme. B mepron pocta U pa3sBUTHsI MOJIOAHAKA KPYITHOTO POTaToOro
CKOTa CyIIECTBYET 3HAYUTEIILHAS CBA3b MEXY (DYHKIIMOHAIBHBIMEI H3MEHEHUSIMH
B OpraHHM3Me U YCIOBUSMU COAEPIKAHMUS, BIUSIOMIMMHI HA PETY/ISIMI0 MMMYHHBIX
peakuuii 1 MeTabOIMYECKUX IPOLECCOB. Y TENAT, COAEPKALIUXCS B €CTECTBEH-
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HBIX YCIIOBUSIX, IPE0OIaTaeT akTHBHOCTh €CTECTBEHHBIX PETYISITOPOB HUMMYHHUTE-
Ta, CIIOCOOCTBYIOIIAsE ONTUMHU3ALMH IPOLIECCOB POCTA U Pa3BUTHUSA. B TO e Bpems
Y MOJIOJTHSIKA, TOJIBEPIKEHHOTO CTPECCOBBIM YCIIOBUSIM, CBSI3aHHBIM C HHTCHCHBHBI-
MH METOJJaMH COZEPKaHHs, OTMEYAETCSl CHIKEHUE aKTUBHOCTH ATUX PETYIIATOPOB,
YTO MOXKET HEraTUBHO CKa3aThCsl HA MX 370POBbE M aJalTUBHOCTU. AKTHBALIUS
HEHPOryMOpaJIbHBIX MEXaHU3MOB, BKIIIOYAs BIUSHHE TUIIOTAIaMO-TUIIO(U3apHOM
CHCTEMBI, UTPAET KIIOUEBYIO POJIb B PETYISLUA METa0OINIECKUX MPOLECCOB H
MMMYHHOTO OTBETa Y MOJIOIHSKA. Y TEJAT, IOABEPTHYTHIX CTPECCy, OTMEYAETCS
MOBBIIIEHHE YPOBHS MPOBOCHATUTEIBHBIX IMTOKWHOB, YTO CBHJICTEILCTBYET O Ha-
pyuieHnH (HU3NOIOrnYecKoro OanaHca B IMTOKUHOBOM ceTr. Ml HA000pOT, y TesT,
cozep KaIuxcs B Ooiee ONaronpusTHBIX (€CTECTBEHHBIX) YCIOBHIX, HaOMOmaeT-
cst Gosiee cOATAHCUPOBAHHOE COOTHOIIEHUE MEXY IIPO- U IPOTUBOBOCHAIUTEIIb-
HBIMH LUTOKMHAMH, CIIOCOOCTBYIOIIEE MOICPKaHUIO TOMEOCTa3a U yIIyUIIeHUIO
a/IaNTUBHBIX PEaKIUH.

Heab. OcHOBHAs IeNIb HACTOSIIIETO UCCIEAOBAHUS — BBISBUTH KOPPEISLIHIO
MEX]y MapaMeTpaMu CEepICYHOr0 PUTMA U YPOBHEM IIMTOKHHOBOTO Mpoduis y
MOJIOZIHSIKA KPYITHOTO POTaToro CKOTa B paHHEM HEOHATaJIbHOM OHTOTCHE3e.

MarepuaJibl 1 MeTOIbI. J[1151 u3yueHuns Xxapakrepa B3anMOCBSI3H M1y Iapame-
TpaMH CEpACYHOTO PUTMA U YPOBHEM LIMTOKMHOB y MOJIOJHSIKA KPYITHOTO POraroro
CKOTa B paHHEeM HeoHaTabHOoM oHToreHe3e Ha Tepputopun OO0 «YHamaesckoe CID»
Clly4aiiHbIM 00pa3oM ObutM 0T0OpaHbl 50 OJJHOIHEBHBIX TEJSAT B BO3PACTE S5 THEH.

B nepBoii onbITHOM rpymne nocie oTeaa HOBOPOXKAESHHBIN TEIEHOK ITPOXOANIT
NIePBUYHBIN BeTEpUHAPHBII OCMOTP, MIOCIIE YEro €ro OCTaBIIsUIM B IPYIIIE C MaTe-
PbIO, UMUTHPYS €CTECTBEHHbIEC YCIOBUS HAa BECh IIEPHOJ] SKCIIEPUMEHTA.

Bo BTOpOIi 3KCIIEpUMEHTAIBHOM TpyIIIe yXO/ 3a TEISATaMU OCYILECTBIISIICS B
COOTBETCTBHHU C IPAKTUKON MPOMBIIIEHHOTO )KUBOTHOBOICTBAa. HOBOPOIKAEHHBIX
TEJIAT OTICJISIIM OT MaTepH cpasy IOCIe POXKACHUS U KOPMUIIN KOJIOCTPYMOM: /1B
JIUTpA B TeueHue 1-2 4yacoB mocse poxAeHMs, a 3aTeM ellie JBa JIUTpa K 12-My yacy
KU3HU. Takoi Mmoaxof moiBeprail JKUBOTHBIX MOBBIIIEHHOMY aJaliTallMOHHOMY U
OJIOMalTHEHHOMY cTpeccy. CTaTUCTHYECKYIO 3HAaYMMOCTb OTIPEIEIISIIN 110 OTHOIIIE-
HUIO KO BTOPOH OMBITHON TpyTIIE.

TensiTam Bcex TpyIi B S-IHEBHOM BO3pacTe MPOBOANIIH UCCIIETOBAaHHUE CepACU-
HOTO PUTMA B TIOJIOKEHHH CTOSI, B CTOMIIE U B ITOJIOXKEHHH JieyKa Ha OOKY Ha H30JIUPO-
BaHHOH OBEPXHOCTH C IIOMOILBIO JUATHOCTHYECKOTO NPHO0pa — OTHOKaHAJILHOTO
anekrpokapanorpapa IK1T-07 «AKCHOHY.

OO0pa3siibl KPOBU COOMPAITH ACETITUUECKU U3 XBOCTOBOM BEHBI KAXKI0H SKCIICPH-
MEHTAIBHOM I'PYMITBI ¢ TIOMOLIBIO IPOOHPOK S-Monovette o6bemom 1,2 mit (66x8
MM) ¢ KZ-EDTA. B crabunu3ipoBaHHbIX 00pa3ax ypoBeHb HIUTOKWHOB B IIa3Me
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KPOBH M3MEPSIM METOIOM ITPOTOYHOM 1uToMeTpun Ha pudope Bio-Plex Protein
Assay System (Bio-Rad, CHIA). [lns ananu3a ncnonb30Bain HabOp peareHToB
Human 8-Plex Cytokine Panel B cooTBeTcTBHY ¢ MHCTpYKIMEH Tpou3BoauTes. B
pe3yabTare UCCIeI0BaHus ObIIO MMPOBEICHO KOJMYECTBEHHOE ONPEIeTICHUE YeThI-
pEX TUIIOB LUTOKUHOB: UHTepiaeiikuna-2 (JI-2), untepnelikuna-4 (1JI-4), unrep-
neiikuna-8 (UJI-8) u unrepneiikuna-10 (1JI-10).

Jnst obecriedeHust JOCTOBEPHOCTH JaHHBIX KOHIICHTPALIUIO IUTOKWHOB OMpesie-
JISUTH B TPEX HE3aBHCHMBIX KCIIEPHUMEHTAIBHBIX CEPHSIX, KK JUIs KaTMOPOBOYHBIX
PacTBOPOB, Tak U AJISI aHATM3UPYEeMBbIX 00pa31oB. KonuuecTBeHHOE OnpeeIeHe
MIPOBOMJIM B III/MJI C TTOMOIIIO porpammbl Bio-Plex Manager 6.1 (Bio-Rad) Ha
OCHOBE CTaHJAPTHBIX KAIMOPOBOUHBIX KPUBBHIX. [l0oMydeHHbIE JaHHBIE 00pabaThl-
BaJIY C [IOMOLIBIO OIMCATENIbHOM U CTPYKTYPHON CTaTUCTUKH.

Jnst aHamM3a B3aMMOCBSI3M MEXTY PA3IMUHBIMU TapaMeTpaMH CepAeIHOrO PUT-
Ma M yPOBHEM IIUTOKHHOB Y MOJIOIHSKA KPYITHOTO POTaTOr0 CKOTa MCIOJIB30BAIN
cTaTucTHuecKuil Meron koppessiuuu Ilupcona (r), onpeaensiomuil cTeneHs U Ha-
MIPABJICHNE CBSA3M MEXIY NEPEMEHHBIMH, UTO KpaifHe BayKHO JUI MOHUMaHUS Gu-
3MOJIOTUYECKHX MPOIECCOB M MX BIHSHHS Ha 3710POBbE KUBOTHBIX.

Pesyabrarbl. [1oBbIIIeHHAS aKTUBHOCTD BEr€TaTHUBHBIX MEXaHU3MOB, PETYIIHPY-
IOIUX YaCTOTY CEPACUHBIX COKpPAIICHHH, Y HOBOPOXKICHHBIX TENIAT ObLIa CBSI3aHa CO
CHIKEHHEM (DYHKIMH perynsiTopoB BpoxaecHHOro umMMmyHuteta (IL-8), cieruduye-
ckuX UMMYyHHbIX peakuuii (IL-2 u IL-4) 1 IUTOKUHOB, y4aCTBYIOLINX B BOCHIAIUTEIb-
HbIx nporeccax (IL-10). Taxxe Oblia BbIsiBIeHa cnadast CBA3b MEXKY aKTHBHOCTBIO
BEreTaTUBHOI HEPBHOM CUCTEMBI, OTPAKEHHOH B O4€Hb HU3KOYaCTOTHOM COCTABIISIIO-
mteii (VLF) BaprabenbHOCTH CepeuHOro puTMa, 1 ypoBHeM IL-4. YerieHne BIusHAS
LEHTPaJIbHOI HEPBHON CUCTEMBI Ha CEPICUHYIO IeATEIbHOCTD, BKIIIOUast aKTUBALIUIO
THITOTAIAMO-TUIIO(QU3APHOIN OCH, COMIPOBOXKIACTCS MOBBIIIICHUEM KOHIICHTpanuu [L-
4, KOTOPBIN UrpaeT BaXHYIO POJb B AU hepeHInpoBKe JTMM(OLIUTOB U Pa3BUTHU
HMMMYHHOTO OTBETa, B TOM YUCJIE BOCIAIUTEIbHBIX PEAKIIUHA.

3akJ/04eHne. AHaIN3 AMHAMUKH CEpICUYHOTO PUTMa MOATBEPIMI, YTO B yC-
JIOBUSIX CTpecca HaONoIaeTcs aKTHBAIMs aBTOHOMHOTO KOHTYpa PEryJIsLiH, YTO
MOKET HETaTUBHO CKa3aThCsl HA 310POBbE TEIAT. IIoBbIIEHNE aKTUBHOCTH HU3KO-
YaCTOTHBIX BOJIH CBSI3aHO C YCHJICHHEM CHUMIIATHYECKOH aKTUBHOCTH M CTPECCOM,
B TO BpeMsI KaK BBICOKOYACTOTHBIE BOJTHBI KOPPEIHUPYIOT ¢ aKTHBHOCTBIO TIAPACHM-
MaTUYECKOH HEPBHOW CHCTEMBbI U YITyUIIEHUEM a/IalTHBHBIX MEXaHH3MOB.

Takum 06pa3oM, JaHHOE UCCIIEI0BAHUE IOAYEPKUBACT UCKIIOUUTEIBHYIO BaXK-
HOCTh ONTUMH3ALUH YCIOBHH CONEPKAHUS HOBOPOXKICHHBIX TeIAT. Koppekuus
(baxTopoB OKpyarolleil cpebl 1 MUHUMU3ALUsS CTpecca He0OOXOAUMBL Ui 00e-
CIIEUEHHUS] TAPMOHUYHOTO B3aUMOJECHCTBUS MEXKy LIEHTPAJIbHON U BEreTaTUBHOM
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perynsuuei. 1o, B CBOIO 04epe/ib, MOXKET CIIOCOOCTBOBATH YITyUIIEHHUIO 3110POBbS,
YCHJICHUIO KIMMYHHOTO OTBETa M MOBBIIICHHIO BBDKHBAEMOCTH HOBOPOXKAEHHOTO
MOTOMCTBA, a Takxke 3p(PEKTUBHOCTH aJanTalii MOJIO/IHSKA KPYITHOTO POraToro
CKOTa B PaHHEM HEOHATaJIbHOM OHTOTEHE3E.

KuroueBble cj10Ba: cepeyHblil pUTM; YPOBHU IUTOKMHOBOTO MIPOQHIIS; KPYI-
HBII porarblii CKOT; HEOHATaJIbHBIN OHTOI€HES

Jst uutupoBanus. Camoiinenko, B. C., Jlanmna, A. A., [lymkus, C. B., Onumen-
K0, A. P, & Onuienxo, O. H. (2025). Koppersiuust Mex 1y napaMeTpamu KapAuaibHOTO
pHUTMa ¥ YPOBHEM IIUTOKMHOBOTO TIPO(HIIS Y MOJIOJHSKA KPYITHOTO POTraToro CKoTa B
paHHeM HeoHaTaJIbHOM OHTOreHe3e. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 414-429. https://doi.org/10.12731/2658-6649-2025-17-6-2-1556

Introduction

During ontogenesis, animals undergo interrelated changes in morphology,
biochemistry, and body functions. Understanding changes in functional and
biochemical blood parameters in cattle is an important element for targeted
breeding of young animals and maintaining the health of dairy herds. Optimal
parameters at all stages of individual development are the key to maximizing
genetic potential [1; 11].

Cytokines are proteins that serve as chemical messengers that regulate the
innate and adaptive immune response. Changes in blood cytokine levels provide
valuable information for understanding pathophysiological processes and mon-
itoring disease progression and inflammation [6; 7]. Recent trends in scientific
research have focused on cytokines and their importance in the pathogenesis of
many diseases. This has led to an intensification of the study of their functions
and interactions in the context of various pathologies, among which infectious
diseases occupy a special place. Evaluation of the cytokine profile in the blood
serum of calves has practical significance, since it allows predicting the inef-
fectiveness of preventive programs and making the necessary adjustments in
the preventive and therapeutic approach [2; 15].

The study of electrocardiographic parameters and heart rate variability plays
an important role in diagnostics, enabling the assessment of vegetative homeo-
stasis and the functional capabilities of the cardiovascular system in animals. The
indicators of variation pulsometry of the heart rate systematically change depend-
ing on the type of vegetative regulation affecting the work of the heart [9; 12].

Cardiac rhythm, determined by the frequency and regularity of heart contrac-
tions, is regulated by a complex network of neurohumoral factors and autonom-
ic regulation. In neonatal calves, the establishment of a stable cardiac rhythm is
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necessary for optimal physiological functioning, since any violation can lead to a
deterioration in health. Understanding the correlation between cardiac parameters
and cytokine levels during this critical period of development can provide import-
ant information about the overall health and resilience of young animals [3; 8; 14].

Cytokines, which act as key mediators of the immune response, affect var-
ious physiological processes including inflammation, growth and metabolism.
Their levels can serve as indicators of the health of the animal and its ability to
adapt to external stress factors [4; 11]. At the same time, cardiac parameters such
as heart rate and variability are important indicators of cardiovascular health
and can reflect the animal’s response to stress and immune challenges [5; 9; 14].

The early neonatal period in cattle is characterized by rapid physiological
changes that are critical for survival and development. During this period, the
correlation between cardiac parameters and cytokine levels becomes an im-
portant issue, since both factors have a significant impact on the overall health
and well-being of young animals. Studies show that during this period, young
animals are exposed to various stress factors, including changes in temperature,
housing conditions, and interaction with their mother, which can affect their
immune status and cardiovascular system [4,5,13]. Thus, studying the correla-
tion between heart rate parameters and the level of the cytokine profile in young
cattle in early neonatal ontogenesis can help improve the diagnosis and progno-
sis of diseases, as well as determine the effectiveness of preventive measures.

Purpose. The main objective of the present research is to find out the cor-
relation between cardiac thythm parameters and cytokine profile levels in young
cattle during early neonatal ontogenesis.

Materials and methods

To study the nature of the correlation between the parameters of the heart
rate and the levels of cytokines in young cattle in early neonatal ontogenesis,
50 one-day-old calves aged 5 days were randomly selected at the premises of
Chapaevskoye SP LLC.

In the first experimental group, after calving, the newborn calf underwent
a primary veterinary examination, after which it was left in a group with its
mother, simulating natural conditions for the entire duration of the experiment.

In the second experimental group, calves were managed according to in-
dustrial livestock farming practices. Newborn calves were separated from their
mothers immediately after birth and fed with colostrum: two liters within 1-2
hours after birth, followed by an additional two liters by the 12th hour of life.
This approach subjected the animals to higher adaptive and domestication
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stress. Statistical significance was determined in relation to the second exper-
imental group.

The calves of all groups underwent heart rate analysis at 5 days of age; the
animals were examined in a standing position, in a stall, and in a lateral lying
position on an isolated surface using a diagnostic device, a single-channel elec-
trocardiograph EK1T-07 “Axion”.

Blood samples were collected aseptically from the tail vein of each ex-
perimental group using S-Monovette 1.2 ml (66x8 mm) KZ-EDTA tubes. In
stabilized samples, cytokine levels in blood plasma were measured using flow
cytometry on a Bio-Plex Protein Assay System (Bio-Rad, USA). The Human
8-Plex Cytokine Panel reagent kit was used for the analysis according to the
manufacturer’s instructions. As a result of the study, four types of cytokines
were quantitatively measured: interleukin-2 (IL-2), interleukin-4 (IL-4), inter-
leukin-8 (IL-8), and interleukin-10 (IL-10).

To ensure data reliability, cytokine concentrations were determined in three
independent experimental series, both for calibration solutions and for the ana-
lyzed samples. Quantification was determined in pg/ml using Bio-Plex Manager
6.1 software (Bio-Rad) based on standard calibration curves. The obtained data
were processed using descriptive and structural statistics.

To analyze the relationships between various heart rate parameters and cy-
tokine levels in young cattle, the statistical method of Pearson correlation (r)
was used, determining the degree and direction of the relationship between
variables, which is critical for understanding physiological processes and their
impact on animal health.

Results

In the process of studying the cytokine profile of young cattle in the early
neonatal period, kept in simulated natural conditions, as well as within the frame-
work of industrial livestock farming technology, statistically significant changes
in the levels of interleukins IL-2, IL-4, IL-8 and IL-10 were identified (Table 1).

Table 1.
Interleukin levels in calves of the study groups
Interleukin First experimental Second experimental Background
(pg/ml) group group norm
1L-2 30.5+0.05 34.8+0.05 20-25
1L-4 23.8+0.04 29.5+0.04 15-20
IL-8 31.1+0.06 48.7+0.06 20-25

IL-10 19.3+0.03 26.1+0.03 10-15
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According to the data presented in Table 1, the level of interleukin 2 (IL-2)
in the calves of the first experimental group was 30.5+0.05 pg/ml, which is 1.22
times higher than the background level. This indicates a significant activation
of T-lymphocyte proliferation, which may be associated with adaptation to the
living conditions. The level of interleukin 4 (IL-4) was recorded at 23.8+0.04
pg/ml (exceeding the background level by 1.19 times), indicating active differ-
entiation of T-helpers and increased humoral immune response. The concen-
tration of interleukin 8 (IL-8) was 42.1+0.06 pg/ml, which is 1.24 times higher
than the background level, indicating the presence of an inflammatory reaction,
although to a lesser extent compared to the second group. The level of interleu-
kin 10 (IL-10) was 24.3+0.03 pg/ml (exceeding the background norm by 1.29
times), which confirms its role in the regulation of inflammatory processes and
the protective function of the body.

At the same time, in calves of the second experimental group, the level of
IL-2 was 34.8+0.05 pg/ml, which exceeds the background norm by 1.39 times,
indicating a higher activity of T-lymphocyte proliferation. The level of IL-4 was
also elevated, amounting to 29.5+0.04 pg/ml (exceeding the background norm
by 1.48 times), which indicates a significant increase in the humoral immune
response under the influence of stressful conditions associated with separate
housing of calves and early feeding with colostrum. The IL-8 concentration
reached 48.7+0.06 pg/ml, which is 1.95 times higher than the control values,
reflecting pronounced inflammation and active participation of neutrophils in
the immune response. The IL-10 level in this group was 26.1+£0.03 pg/ml (ex-
ceeding the background norm by 1.74 times), which is also higher than in the
first group, confirming the presence of a more pronounced inflammatory re-
sponse and activation of inflammatory regulation mechanisms.

Analysis of interleukin levels revealed that in the first experimental group,
where the calves were with their mother, exhibited lower levels of inflamma-
tory markers, such as interleukin-2 and interleukin-4, indicating a more stable
immune response. While in the second group, where the calves were raised
according to industrial livestock technology, the level of these cytokines was
significantly higher. This may indicate the development of acute inflammatory
processes. In addition, the levels of interleukin-8 and -10 were also elevated in
this group, which serves as additional confirmation of the presence of inflam-
matory reactions.

During the analysis of the dynamics of cardiac rhythm regulation dynamics
in newborn calves under two different housing conditions, specific characteris-
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tics of their physiological state were identified. In the first experimental group,
where the calves were kept with their mother, the predominance of central
mechanisms in cardiac rhythm regulation was observed. This is due to the fact
that natural housing conditions contributed to a decrease in stress and activa-
tion of mechanisms responsible for the harmonization of the cardiovascular
system. While in the second experimental group, where the calves were taken
from their mother immediately after calving and fed with collected colostrum,
activation of the autonomous cardiac rhythm regulation circuit was recorded.
This indicates increased adaptive-domestication pressure, which could lead to
a state of “tension” in the regulatory systems.

Spectral analysis of heart rate variability revealed that young animals with
elevated cytokine levels exhibited increased activity in both low-frequency (LF)
and high-frequency (HF) waves. This indicates the active participation of both
the central and autonomous cardiac rhythm regulation circuits. In particular, it
was found that with an increase in the level of IL-2 and IL-4, a positive correla-
tion with high-frequency waves is observed, which may indicate greater activi-
ty of the parasympathetic nervous system and improved adaptive mechanisms.
At the same time, an increase in the levels of IL-8 and IL-10 is associated with
the activation of low-frequency waves, which may indicate stress reactions and
increased sympathetic activity.

Comparison of heart rate parameters and cytokine levels confirmed the pres-
ence of weak negative relationships between high-frequency waves and levels
of inflammatory markers in the second group. This highlights the importance
of choosing optimal housing conditions for newborn calves, as these can sig-
nificantly influence their health and adaptation in early life (Fig. 1).

According to the graph, in the first experimental group it was found that all
the studied cytokines demonstrate a negative correlation with the heart rate. This
indicates that the increase in the levels of these interleukins leads to a decrease
in low-frequency (LF) and high-frequency (HF) waves, which may indicate a
depressing effect of inflammatory processes on the cardiovascular system of
calves. Particularly noticeable is the effect of IL-2, which showed the greatest
negative relationship, which may indicate its important role in regulating the
heart rate under inflammatory or stressful conditions.

In the second group, a positive relationship was recorded between all the
studied cytokines and the heart rate. This indicates that the increase in interleu-
kin levels is associated with an increase in the activity of low-frequency (LF)
and high-frequency (HF) waves of the heart rate, which is due to the activation
of compensatory mechanisms of the body aimed at maintaining homeostasis
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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.

Relationship between heart rate and cytokines in calves
(Pearson correlation coefficient)

-1 08 06 -04

] -0,2 0 , 0,4 0,6 0,8 1
W 1 experimental group M 2 experimental group

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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