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Abstract

Background. The study of the role of transforming growth factor (TGF) and
vascular endothelial growth factor (VEGF) in the development of prenatal pathol-
ogies in calves, especially in the context of complicated pregnancy in cows, is rele-
vant due to the high incidence of morbidity and mortality in newborn young animals,
which significantly reduces the economic efficiency of the livestock industry. The
study is based on analyzing placental tissue collected immediately after calving to
identify relationships between the levels of these proteins and the incidence of pa-
thologies in newborn calves. Changes in TGF and VEGF concentrations can serve
as predictors of feto- and uteroplacental insufficiency, which in turn negatively
affects the health of calves. Correlation analysis revealed statistically significant
relationships between TGF and VEGF levels and clinical disease manifestations,
highlighting their role in prenatal disorder pathogenesis. These studies underscore
the importance of monitoring TGF and VEGF levels in veterinary practice, poten-
tially enabling early risk identification and the development of effective discase
prevention strategies in young animals.

Purpose. The objective of the present study is to develop new methods for
predicting prenatal diseases in calves based on the correlation analysis of TGF and
VEGF protein levels.

Materials and methods. At the SPC “Plemzavod Vtoraya Pyatiletka”, in the
period from 2023 to 2024, a correlation analysis of the proteins TGF and VEGF in
the context of complicated pregnancy was carried out.

For the experiment, 200 dry first-calf heifers aged 24 to 48 months were ran-
domly selected. The animals were divided into two groups: Group A included 100
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cows with a physiological pregnancy and uncomplicated births, and Group B con-
sisted of 100 animals with complicated pregnancy, accompanied by feto- and utero-
placental insufficiency.

The distribution of livestock into groups was carried out on the basis of anam-
nesis data and clinical examination results.

Placental tissue collected immediately after calving in compliance with the tem-
perature (cold) regime was used as research material.

The study analyzed the protein level of transforming growth factor (TGF), which
regulates various cellular functions such as growth, development, immune respons-
es, and tissue remodeling. The protein level of vascular endothelial growth factor
(VEGF), which is involved in angiogenesis, was also assessed using enzyme im-
munoassay kits from the biotechnological company Cutimmune systems, located
in the United States.

The licensed program “Primer of Biostatistics 4.03. For Windows” was used to
process the data in the study.

The homogeneity of variances was assessed using the Fisher criterion, which
allows determining the uniformity of variances in a group.

To test the statistical significance of differences between the compared groups,
two criteria were used: the Student criterion and the nonparametric Mann-Whitney
criterion. The Student criterion is a parametric method and is designed to compare
the average values of two groups. The nonparametric Mann-Whitney criterion, in
turn, is designed to compare two independent and unrelated small samples by a
quantitative feature of two groups. Differences were considered reliable at p<0.05.

To conduct a correlation analysis, the Spearman method was used, which allows
determining the strength and direction of the relationship between two features.

Results. During the study, it was found that prenatal disorders in calves born
from cows with feto- and uteroplacental insufficiency have a direct correlation with
the level of protein transforming growth factor (TGF) and protein vascular endo-
thelial growth factor (VEGF).

Conclusion. The results of the studies revealed significant differences in the lev-
els of VEGF and TGF proteins in cows with complicated pregnancy. Data analysis
showed that the level of VEGF in animals from group B was 24% higher compared
to the indicators of group A (p<0.05). At the same time, a significant decrease in
the concentration of TGF in the placentas of cows with complicated pregnancy was
observed - 2.4 times lower than in animals with a physiological course of pregnan-
cy (p<0.01). These changes may indicate a compensatory mechanism in which an
increase in VEGF production is aimed at leveling out the consequences of a sharp
decrease in the level of TGF.
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Also, special attention was paid to the ratio of VEGF and TGF in the placenta.
In group A, this coefficient was 1.1%, which indicates a balance of the processes
regulated by these growth factors. At the same time, a significant increase in the
VEGF/TFR ratio was observed in Group B — approximately 3.2 times compared to
Group A. This indicates a pronounced imbalance in the regulation of angiogenesis
and metabolic processes in cows with complicated pregnancy.

The obtained VEGF/TFR ratio can become a valuable tool for predicting physi-
ological disorders in calves during postembryonic ontogenesis. Its use will optimize
veterinary strategies and, possibly, prevent the development of diseases in the long
term. This is important not only for ensuring animal welfare, but also for increasing
the economic efficiency of animal husbandry by reducing losses associated with
morbidity and mortality of young animals.
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natal diseases; pregnancy; cows
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Hayunas crarbst

BJIMAHUE BEJIKOB TGF U VEGF HA
INPEHATAJIBHBIE 3ABOJIEBAHUS TEJIAT:
KOPPEJIAAIIMOHHBIN AHAJIU3 B YCJIOBUSX
OCJIO’KHEHHOW BEPEMEHHOCTH Y KOPOB

B.C. Camoiinenxo, A.A. /lanuna, A.H. ’Kusooepoasa,
C.B. IIywkun, E.B. Céemnaxoea

Annomayusn

Oo6ocHoBanme. Vzyuenune ponu Tpanchopmupyroriero gpakropa pocra (TGF) u
(bakropa pocra sunorenus cocynos (VEGF) B pa3BuTHH pEeHATAIBHBIX [TATOIOTHIA
y TEJIAT, 0COOCHHO B YCIOBHUSIX OCIOKHEHHOM 6EPEMEHHOCTH Y KOPOB, aKTYaIIbHO B
CBSI3U C BBICOKOH 3200JICBAEMOCTBIO M CMEPTHOCTBHEO HOBOPOXKACHHOTO MOJIOTHSIKA,
YTO 3HAYUTEIIHHO CHUKACT 3KOHOMHYECKYIO 3()(EeKTHBHOCTD )KHBOTHOBOIYECKOM
otpaciu. MccnenoBanne OCHOBAHO Ha aHAIM3e IUTAIICHTAPHOM TKaHH, B3SITOH cpa-
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3y TOCJIIe OTeNa, C EIbIO BEIIBJICHUS B3aHMOCBSI3U MEXKIy YPOBHEM dTHX OCITKOB U
YaCTOTOU MATONOTUi Y HOBOPOXKAEHHBIX TeJAT. Mi3menenus konuenTpauuu TGF u
VEGF moryT ciykuth npeaukropamu (eTo- U MaTO4YHO-IUIAICHTAPHOM HEloCTa-
TOYHOCTH, YTO, B CBOIO OYepe/ib, HETaTUBHO CKa3bIBACTCA Ha 3710poBbe TeIAT. Kop-
PEISLIMOHHbIN aHAIN3 BBISIBUJ CTATUCTUYECKHU 3HAYUMBIE CBSI3U MEX]Y YPOBHSIMU
TGF u VEGF 1 KIMHHYECKUMU NIPOSBICHUSIMU 3a00JICBaHUI, YTO IOJUEPKUBAET UX
pOJIb B IATOr€HEe3e MPeHaTalbHbIX HAPYIIEHHH. DTH UcCIeJ0BaHUA TOJYEPKUBAIOT
BaxHOCTh MoHuTOpuHra ypoBeid TGF nu VEGF B BerepuHapHOii IpakTHKe, YTO
MOXET CIOCOOCTBOBATh PAHHEMY BBISBICHUIO PUCKOB U Pa3paboTke 3(h(heKTUBHBIX
cTpareruii NPOQUIAKTUKH 3200JI€BaHUN Y MOJIOIBIX )KHUBOTHBIX.

Heas. Lenbio nccnenoBanus sBisercs pa3paboTka HOBBIX METOJIOB IIPOTHO3H-
pPOBaHUS IPEHATAIbHBIX 3200JIEBaHUN y TEJIAT HA OCHOBE KOPPEJIALIMOHHOIO aHa-
nu3a ypoBHeii 6enkoB TGF u VEGF.

Marepuausi u metoabl. B HIIL «IInem3aBon “Bropas [IsTuneTka™ B mepuox
¢ 2023 o 2024 rozx 6611 npoBezieH KoppesauonHblil ananu3 6enkoB TGF u VEGF
B YCIIOBHSIX OCJIO)KHCHHON OEpEeMEHHOCTH.

Jlnst sKkcriepuMeHTa ObUTH CiTydaifHbIM 00pa3zoM otoOpanbl 200 CyXOCTOMHBIX
NIEPBOTEJIOK B Bo3pacte oT 24 1o 48 Mecsues. JKuBoTHbIE ObUTH pa3[elieHbl Ha JIBE
rpynnsl: B rpynmy A Bouut 100 kopoB ¢ (hpu3H0T0rHIeCKOl OepeMEHHOCTHIO 1 He-
OCIIOKHEHHBIMHU pofaMu, a B Tpyrmy b — 100 )KHBOTHBIX C OCIOKHEHHON OepeMeH-
HOCTBI0, COIIPOBOKAatoLIeiics peTo- U MaTOUHO-ILIALEHTapPHOH HEOCTaTOUHOCTBIO.

PacnipezneneHue norojaoBbst 0 rpyInaM IPOBOAUIOCH HA OCHOBAHUM JaHHBIX
aHaMHe3a M Pe3y/IbTaTOB KIMHUYECKOTO 00CIeJ0BaHusI.

B kauecTBe mMarepuaia UccieI0BaHMs UCIIONIB30BAIN IUIAIICHTAPHYIO TKaHb, CO-
OpaHHY!0 cpa3y [OCJIe OTella ¢ COOMI0EHUEM TeMIIEPaTypPHOIO (X0JIO0OBOI0) PEXKUMA.

B xoze uccnenoBanusi ObUT MPOAHATM3MPOBAH YPOBEHb O€iKa TpaHCHOPMHPY-
torrero dakropa pocra (TGF), KoTopblil perynupyer pasinyHble KIETOUHbIe (QYHK-
LUK, TAKHE KaK POCT, Pa3BUTHE, MMMYHHbIE PEAKLUU U PEMOJEINPOBAHUE TKAHEH.
Yposens Oernka pakropa pocta sHaotenus cocyno (VEGF), yuacTByroliero B aHIu-
oreHese, Takke OLEHUBAIN C IOMOLIBIO HA0OPOB [Tl UMMYHO(DEPMEHTHOTO aHaJIN-
3a OuorexHonorunyeckoi komnanuu Cutimmune systems, pacrnonoxeHHoi B CILIA.

Jst 06paboTKM JaHHBIX B UCCIIEA0BAHUN UCIIONb30BAIACh IULIEH3MOHHAS ITPO-
rpamma «Primer of Biostatistics 4.03. For Windowsy» ucnonb3oBanach jaisi oopa-
0OTKU JJaHHBIX B UCCIEJOBAHUM.

OIHOPOIHOCTH BapHalnii OLIEHUBAIIH ¢ IOMOLIBIO KpuTepust duiiepa, KOTOpbIit
M103BOJISIET ONPEAEIUTh OTHOPOAHOCTD BapUaluii B TpyTIe.

JU1st IpoBepKU CTaTUCTHYECKOH 3HAYUMMOCTYU Pa3InuMid MKy CPaBHUBAEMBIMU
IpyIIaMy UCIOJIB30BAIH ABA KpUTEepHs: kpuTepuil CThIONeHTa U HellapaMeTpude-
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ckuii kputepuit Manua-Yutau. Kpurepuii CTbroneHTa SBISETCS ITapaMeTpHIeCcKUM
METOJIOM U IPEe/IHA3HAYCH ISl CPAaBHEHUS CPEAHMX 3HAYEHUI IBYX rpymil. Henapa-
MeTpuuecKkuil kpurepuit ManHa-YuTHH, B CBOIO O4€pelb, IPEAHA3HAUEH /1Tl CpaB-
HEHUS JBYX HE3aBHCUMBIX U HECBSI3aHHBIX MAJIBIX BEIOOPOK MO KOJTHMYECTBEHHOMY
MpU3HAKy OBYX rpyni. Paznuuus cunranuch nqocroBepHbiMu npu p < 0,05.

Jnst npoBeieHns KOPPESILIHOHHOTO aHAIM3a NCTI0Nb30BalK MeTox CriupMeHa,
KOTOPBIH MO3BOJISIET OIIPENENUTh CHITy M HAlpaBJIeHUE CBSA3U MEXKIy IBYMs IIPH-
3HAaKaMHU.

Pe3ysbrarbl. B xone uccienosanus ObLIO yCTaHOBICHO, YTO IIPEHATAIbHbIC
HapyIICHHs Y TENAT, PO’KACHHBIX OT KOPOB C (hETO- M MaTOUHO-IUIALICHTAPHON He-
JOCTATOYHOCTHIO, HMEIOT MPSIMYIO0 KOPPEISLUIO C ypOBHEM Oellka TpaHchopmu-
pytoutero ¢axropa pocra (TGF) n Genka cocyancTo-aHI0TeMHANIBHOTO QaKkTopa
pocra (VEGF).

3akiouenne. Pe3ynbTarTsl McciieI0BaHUH BBISIBIIIM 3HAYHTEITBHBIE PA3IHINs B
ypoBusx 6enkoB VEGF 1 TGF y KopoB ¢ 0CJIO)KHEHHOH OepeMeHHOCThI0. AHAIN3
JAHHBIX MOKa3ay, 4yTo ypoBeHb VEGF y )kuBOTHBIX U3 rpynmnsl B 6611 Ha 24 % BbIlIe
10 CPaBHEHMIO C Tokazaressimu rpymibsl A (p<0,05). B To sxe Bpemst HaOmonanoch
3HaUYNTENIbHOE CHIDKeHHe KoHUueHTpaunu TGF B ruianenTax KopoB ¢ 0CI0KHEHHOH
0epeMEeHHOCTHIO - B 2,4 pa3a HIKE, YeM y JKUBOTHBIX C (DU3HOJIIOTMYECKUM Teue-
Huem OepemenHoctH (p<0,01). JlaHHbIC U3MEHEHUSI MOTYT CBHUJICTEIHLCTBOBATH O
KOMIIEHCATOPHOM MeXaHH3Me, IIpu KoTopoM ysenuueHue nponykunu VEGF na-
IPaBJICHO Ha HUBEJIUPOBAHUE NOCIEACTBUIH pe3koro cHmxeHus: ypoHs TGF.

Taxoke ocoboe BHUMaHKE ObUTO yreneHo cooTHomeHnto VEGF u TGF B mua-
nente. B rpymme A atot koaddunuent cocraBui 1,1%, 4To CBHIETENHCTBYET O cOa-
JIAHCUPOBaHHOCTH IIPOLIECCOB, PErYIUPYEMBIX STUMU (pakTopamu pocTta. B 1o xe
BpeMmst B rpynie B HaOmonanock 3HaqnTenbHoe yBennieHue cootHorieHus: VEGE/
T®P - mpumepno B 3,2 pasza o CpaBHEHHIO C TPYMITOH A. DTO CBUIETEIHECTBYET O
BBIPAXKEHHOM AUCOaNaHCe B PEryIsMU aHTUOIeHe3a U MeTab0IN4eCKUX IpoLec-
COB Y KOPOB C OCJIOKHEHHOM 0€peMEHHOCTEHIO.

TMonyuennoe coorHomenne VEGF/TFR MoxeT ctarh 1IEHHBIM HHCTPYMEHTOM
JUIsl IPOTHO3UPOBAHNUS (PU3UOIOTHYECKUX HAPYIICHUH Y TEJISAT B IOCTIMOPHUOHAb-
HOM OHTOreHese. Ero ncrnonp3oBanue mO3BOIUT ONTUMH3UPOBATH BETEPHHAPHBIE
CTpaTeruy 1, BO3MOXXHO, IPEAOTBPATUTH Pa3BUTHE 3a00I€BaHUI B JOJITOCPOUHOM
MepCHeKTHBE. DTO Ba)KHO HE TOJIBKO Ul 00ecriedeHus! OJ1aromnonyyust *XMBOTHBIX,
HO U OJIA IIOBBILLICHUS SKOHOMHUYECKOM 3(1)(1)6KTI/IBHOCTI/I JKMBOTHOBO/ICTBA 34 CUCT
CHIDKEHHMS TTOTEPb, CBSI3aHHBIX C 3200J1€BaeMOCTBIO U CMEPTHOCTBIO MOJIOTHSKA.

KaioueBble cioBa: TpanchOpMUPYIOMIUiA (pakTop pocta; HakTop pocTa 3HAO0-
TEJHsI COCYJ0B; IpeHaTalbHbIe 3a001eBaHUs1; OEPEMEHHOCTh; KOPOBBI
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Introduction

The birth of calves with intrauterine pathologies is a major issue in veter-
inary medicine and animal husbandry, leading to significant economic losses
and health deterioration in young animals [1; 2]. Prenatal disorders that occur
in the context of complicated pregnancy require immediate intervention and
correction to minimize their negative consequences.

One of the key elements that determine the health of the fetus is uteroplacental
insufficiency, which is often accompanied by hemodynamic disorders and oxygen
starvation of the fetus. Such conditions can cause severe damage to the tissues and
organs of newborns, including disorders in the functioning of the nervous system
[3; 5]. The main clinical manifestations of uteroplacental insufficiency are hypoxia
and intrauterine growth retardation, which is confirmed by numerous studies [1; 2].

An important aspect in the development of these pathologies is the disrup-
tion of angiogenesis processes in the early stages of embryo formation. These
processes directly depend on the production of growth factors — regulatory poly-
peptides that affect the development of the placenta, its growth and the forma-
tion of the vascular network. Among the many known growth factors, special
attention is paid to transforming growth factor (TGF) and specific extrafollic-
ular growth factor (VEGF). These proteins, synthesized by the placenta, play
a key role in the regulation of metabolic processes and angiogenesis, which is
critical for the normal course of pregnancy [8; 9].

An imbalance of these endogenous regulators can cause various pregnancy
complications, including uteroplacental insufficiency. Normal fetal develop-
ment and the course of gestation directly depend on the state of angiogenesis
and the production of angiogenic factors that control the formation and regres-
sion of blood vessels.

Thus, there is a need to develop new methods for predicting prenatal diseas-
es in calves based on a correlation analysis of TGF and VEGF protein levels.
This will allow timely implementation of adequate pathogenetic therapy, which
will help reduce the frequency and severity of manifestations of prenatal disor-
ders, which will ultimately improve the health of newborn young animals and
increase the efficiency of animal husbandry.
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Purpose. The objective of the present study is to develop new methods for
predicting prenatal diseases in calves based on the correlation analysis of TGF
and VEGF protein levels.

Materials and methods

At the SPC “Plemzavod Vtoraya Pyatiletka”, in the period from 2023 to
2024, a correlation analysis of the proteins TGF and VEGF in the context of
complicated pregnancy was carried out.

For the experiment, 200 dry first-calf heifers aged 24 to 48 months were ran-
domly selected. The animals were divided into two groups: Group A included
100 cows with a physiological pregnancy and uncomplicated births, and Group
B consisted of 100 animals with complicated pregnancy, accompanied by feto-
and uteroplacental insufficiency.

The distribution of livestock into groups was carried out on the basis of an-
amnesis data and clinical examination results.

Placental tissue collected immediately after calving in compliance with the
temperature (cold) regime was used as research material.

The study analyzed the protein level of transforming growth factor (TGF),
which regulates various cellular functions such as growth, development, im-
mune responses, and tissue remodeling.

The protein level of vascular endothelial growth factor (VEGF), which
is involved in angiogenesis, was also assessed using enzyme immunoassay
kits from the biotechnological company Cutimmune systems, located in the
United States.

The licensed program “Primer of Biostatistics 4.03. For Windows” was used
to process the data in the study.

The homogeneity of variances was assessed using the Fisher criterion, which
allows determining the uniformity of variances in a group.

To test the statistical significance of differences between the compared
groups, two criteria were used: the Student criterion and the nonparametric
Mann-Whitney criterion. The Student criterion is a parametric method and is
designed to compare the average values of two groups. The nonparametric
Mann-Whitney criterion, in turn, is designed to compare two independent and
unrelated small samples by a quantitative feature of two groups. Differences
were considered reliable at p<0.05.

To conduct a correlation analysis, the Spearman method was used, which
allows determining the strength and direction of the relationship between two
features.
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Results of the research

The level of protein TGF and growth factor VEGF in complicated pregnancy.

During the study, it was found that prenatal disorders in calves born from
cows with feto- and uteroplacental insufficiency have a direct correlation with
the level of protein transforming growth factor (TGF) and protein vascular en-
dothelial growth factor (VEGF) (Table 1).

Table 1.
Level of growth factors in the placenta of cows from groups A and B (M=+m)
Study groups Contents of the Contents of TFR
SEFR
A group — pregnancy without 0.34+0.1* (ng/mg | 0.31+0.95 (ng/mg tissue)
complications tissue)
Group B — complicated 0.41+0.2%* 0.13+0.4* (ng/mg tissue)
(pathological) pregnancy (ng/mg tissue)

* — deviations from the norm in pathological pregnancy are statistically confirmed.

The obtained data presented in Table 1 and their analysis clearly demonstrate
that the level of vascular endothelial growth factor protein in cows from group
B significantly exceeded the indicators of cows from group A by 24% (p<0.05).
At the same time, the content of TGF significantly decreased in the placentas of
the studied cows with complicated pregnancy from group B compared to group
Aby 2.4 times (p<0.01). This may indicate that an increase in the production of
VEGF compensates for a sharp drop in the TGF level. The identified changes
in the production of growth factors during complicated pregnancy in the stud-
ied cows are associated with the suppression of key functions of the placenta,
which in turn leads to the progression of irreversible processes in this organ,
thereby worsening the physiological development of the fetus.

The established disorganization in the production of growth factors such as
VEGF and TGF can create favorable conditions for the development of feto-
and uteroplacental insufficiency, and fetal growth retardation. It is important
to note that the imbalance in the level of growth factors, accompanied by an
increase in the production of VEGF and TGF, can be a consequence of hypox-
ic conditions inherent in complicated pregnancy. These changes can affect the
regulation of blood flow, metabolism and immune responses in the body of the
cow and the fetus, leading to intrauterine growth retardation.

Taking into account the important complex effect of growth factors on the
processes they control and the relationship between their effects, it is proposed
to calculate the ratio of the concentration of vascular endothelial growth factor
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(VEGF) to transforming growth factor (TGF) and study changes in this coeffi-
cient at different stages of calf ontogenesis. This analysis involves monitoring
calves for 60 days to identify the dynamics of changes.

Changes in the VEGF/TGF ratio may reflect the interaction between two key
growth factors and their role in regulating physiological adaptation processes
in calves during early postnatal ontogenesis. A high or low level of this ratio
may indicate disturbances in the balance between the two factors, which may
affect animal productivity.

Studying the dynamics of this ratio during the 60-day period after birth will
help identify possible patterns between its change and physiological processes
occurring during postembryonic development of calves. This approach helps
identify factors influencing the productivity of young animals, as well as in
developing strategies for maintaining an optimal balance of growth factors in
animals during early postnatal ontogenesis.

The period of early neonatal ontogenesis in young cattle of all groups was
recorded without complications. Despite the absence of physiological disorders
in newborn calves of all groups, special attention was paid to the ratio of certain
growth factors (VEGF/TGF) in the placenta. In group A, this coefficient was
1.1%, indicating a certain balance between vascular endothelial and transform-
ing growth factor. However, in group B, a significant increase in this coefficient
was observed, approximately 3.2 times that of group A (Table 2).

Table 2.
Growth factor coefficient of cows from groups A and B
Study groups TFR/SEFR ratio
A group — pregnancy without complications 1.1
Group B — complicated (pathological) pregnancy 3.54

One of the characteristic features of physiological adaptation disorders in
calves in postembryonic ontogenesis is often the absence of noticeable clinical
signs during the initial examination, which appear only a few hours after birth.
Clinical manifestations of these disorders in newborn calves differ from those
in older calves. In this regard, newborn calves from Group B were under the
supervision of a veterinarian during the first two months of life.

Upon reaching the age of one and a half months, clinical signs of cerebral
disorders (n=32) were detected in calves of the studied Group B, namely: an
uncertain standing posture, decreased appetite and changes in eating behavior,
increased excitability or, on the contrary, passivity, deviations in physical de-
velopment. Thus, monitoring the coefficient of growth factors and regulating
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their production can play a key role in improving pregnancy outcomes in cows,
health and productivity of newborn offspring.

Discussion and conclusion

The results of the studies revealed significant differences in the levels of
VEGF and TGF proteins in cows with complicated pregnancy. Data analysis
showed that the level of VEGF in animals from group B was 24% higher com-
pared to the indicators of group A (p<0.05). At the same time, a significant de-
crease in the concentration of TGF in the placentas of cows with complicated
pregnancy was observed - 2.4 times lower than in animals with a physiological
course of pregnancy (p<0.01). These changes may indicate a compensatory
mechanism in which an increase in VEGF production is aimed at leveling out
the consequences of a sharp decrease in the level of TGF.

Also, special attention was paid to the ratio of VEGF and TGF in the placen-
ta. In group A, this coefficient was 1.1%, which indicates a balance of the pro-
cesses regulated by these growth factors. At the same time, a significant increase
in the VEGF/TFR ratio was observed in Group B — approximately 3.2 times
compared to Group A. This indicates a pronounced imbalance in the regulation
of angiogenesis and metabolic processes in cows with complicated pregnancy.

The obtained VEGF/TFR ratio can become a valuable tool for predicting
physiological disorders in calves during postembryonic ontogenesis. Its use will
optimize veterinary strategies and, possibly, prevent the development of diseas-
es in the long term. This is important not only for ensuring animal welfare, but
also for increasing the economic efficiency of animal husbandry by reducing
losses associated with morbidity and mortality of young animals.

Conflict of interest information. The authors declare that they have no
conflict of interest.
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