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SUMMARY

Global warming results in increased extreme weather events, including heatwaves, droughts and floods, which exceed plants'and animals’ tolerance thresholds,
thus posing a threat to the economy and agriculture. Under these conditions, heat stress becomes a vital problem for animal husbandry. The paper presents the
study results of biochemical blood parameters and endogenous intoxication in cows suffering from hepatopathies under heat stress. Based on the calculated
temperature-humidity index, it was established that during the summer season in the conditions of the Krasnodar Region lowlands, cows are under heat stress.
Using the method of paired comparisons, two groups of animals (n = 10) were formed: the first group was a healthy livestock; and the second group consisted of
animals suffering from hepatic pathologies. Blood was sampled from all cows at the beginning of the experiment (the first decade of May) and at the end (the last
decade of July). Laboratory tests of blood revealed that as the heat stress develops healthy cows show the increase in the protein concentration in blood, and, on
the contrary, animals with hepatic pathologies demonstrate the inhibition of protein synthesis. The higher activity of aminotransferases and alkaline phosphatase
inthe bovine serum in the summer season when compared to the spring season was established. The study of the endogenous intoxication level dynamics in cattle
during the development of heat stress, showed that in both groups the concentrations of medium mass molecules (MMM) increased relative to the background
data: in the first group (healthy cows) MMM 237 — by 11.8%, MMM 254 — by 14.4%, MMM 280 — by 16.9%; in the second group (cattle with liver pathology)
MMM 237 — by 16.9%, MMM 254 — by 20.3%, MMM 280 — by 33%. Thus, under heat stress, the endogenous intoxication in healthy livestock was almost 1.5 times
less intense as compared to the animals suffering from hepatopathies.
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PE3IOME

[no6anbHoe noTenneHne NPUBOZNT K YBENUUEHII0 YaCTOTbl IKCTPEMANbHbIX MOTOHbIX ABNIEHMIA, BK/KYAA BOMHbI XXapbl, 3aCyXl ! HABOJHEHWIA, NpeBblLLAkLLe
MOpPOry UyBCTBUTENIbHOCTI PACTEHNIA 1 XKUBOTHBIX, UTO HECeT B Ce6e yrpo3y AnA IKOHOMUKIA 1 CeNbCKOT0 X03ANCTBA. B 3TuX ycnoBusAX TennoBoii CTpecc CTaHoBUTCA
aKTyanbHoli npo6nemoii AnA XMBOTHOBOACTBA. B (TaTbe npecTaBReHbl pe3ynbTaThl U3y4eHIa 61oXMMUYecKoro npoduaA 1 COCTOAHNA IHAOTEHHOI MHTOKCUKALMN
Y KOPOB C renaTtonatiAMI B yCNOBUAX TeNNOBOro cTpecca. Ha 0CHOBaHMM pacyeTHbIX noKa3aTeneli TemnepaTypHO-BAaXHOCTHOTO MHAEKCA 3aperucTpupoBaHo, uto
B NIETHUIA Nepuoz B YCOBUAX PaBHUHHOM Tepputopiin KpacHoaapckoro kpas KOPOBbI HAX0AATCA B COCTOAHIUM TenN0BOro cTpecca. Mo NpuHLMNY napHbIX aHanoros
6bin10 ChOpMMPOBaHO AiBE FPyNMbl XMBOTHBIX (1 = 10): NepBas — 340poBOE MOroN0BbE, BTOpasA — C Natonorueil neyeHu. 3abop KpoBy y Bcex KOPOB Npon3Bo-
AUNK B Hauane SKcnepumeHTa (nepeas iekazia Mas) 11 o ero 0KOHYaHuK (nocneaHAA fekaza niona). lposeseHHbIMU NabopaTopPHbIMU UCCeA0BAHUAMI KPOBIA
BbIABNEHO, UTO NPU Pa3BUTUM TENIOBOTO CTPECCa Y 3A0POBbIX KOPOB NPOUCXOAUT NOBbILLEHME NPOTENHOBOTO CNEKTPA KPOBM, @ Y XKMBOTHBIX C renaTonaTonoru-
eif, Ha060poT, HabntoaaeTcA MHrM6UpoBaHIe benkoBoro Metabonn3ma. YcTaHoBneHa 6onee BbICOKas akTUBHOCTb aMUHOTpaHchepa3s 1 WenoyHoi docdatasbl
B CbIBOPOTKE KPOBY KOPOB B NIETHUI NePUOA OTHOCUTENbHO BeceHHero. B pe3ynbrate 3yuyeHns AMHAMIKM YPOBHA SHAO0rEHHOI MHTOKCUKALMN B OpraHu3me
KOpOB NPy Pa3BUTUI TEMN0BOTO CTPeCCa N0Ka3aHo, uTo B 06eux rpynnax KoHLEHTpaLmy monekyn cpeHeit Macchl (MCM) yBenuumancs 0THOCUTENbHO GOHOBbIX
JaHHbIX: B NepBoil rpynne (3sopoble Koposbl) MCM 237 — Ha 11,8%, MCM 254 — Ha 14,4%, MCM 280 — Ha 16,9%; Bo BTOpoii rpynne (KOpoBbl ¢ natonorueil
neyenn) MCM 237 — Ha 16,9%, MCM 254 — Ha 20,3%, MCM 280 — Ha 33%. Takum 06pa3om, npu TENNOBOM CTpecce MHTEHCUBHOCTb YBENMYEHUA SHAOTEHHOI
NHTOKCUKALWMY Y 380POBOTO NOrooBbA Obina nouTH B 1,5 pasa Huxe 0THOCUTENbHO KUBOTHBIX C renatonaTuamy.

KnioueBbie cnoBa: KOPoBbI, NeyeHb, renatonatiiu, GroxvuMnyeckie Nokasatenu, SHAOreHHaA MHTOKCUKALWA, TenNoBO cTpecc
bnaropapHocTu: Viccnegosanme BbinonHeHo npyu ¢uHaxcoBoii noaaepxke POOU B pamkax HayuHoro npoekTa N2 20-316-90009.

[insa uutuposanua: KysbmuHosa E. B., Pynp E. H., Cemenenko M. 1., AGpamoB A. A. CoctosiHMe 61oXxMMMYeckoro npoduns KpoBHU 1 YPOBHA SHAOTEHHON UHTOK-
CMKaLWK y KOPOB C renaTonaTuaAmI B yCOBUAX TENNOBOT0 CTpecca. Bemepurapus ce200wA. 2022; 11 (2): 135-141.D0I: 10.29326/2304-196X-2022-11-2-135-141.
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INTRODUCTION

Human-induced climate change is causing dangerous
and widespread disruption in nature and affects the lives
of billions of people around the world. According to the
data presented in the report of the Intergovernmental
Panel on Climate Change, the last seven years have been
the warmest on the planet, and each year has been war-
mer than the previous one on record. Scientists say that in
the near future this trend will continue, and by 2030 the
Earth’s temperature will rise by 1.5 degrees. In addition to
warming, all natural systems become imbalanced, leading
to a change in the precipitation regime, to temperature
anomalies and an increase in the frequency of extreme
events such as hurricanes, floods and droughts [1-4].

Climate warming poses a threat to the economy and
agriculture, as increased heatwaves, droughts and floods
are already exceeding plants’ and animals’ tolerance
thresholds. Under these conditions, heat stress becomes
a vital problem for high-yielding dairy production.

Heat stress is the result of an imbalance between meta-
bolic heat production inside the animal body and its dis-
sipation to the surroundings. High air temperature com-
bined with increased or, conversely, very low humidity can
lead to the heat stress development. The thermoneutral
zone of modern cattle breeds ranges from 4 to 20 °C, and
of high-yielding breeds - from 9 to 16 °C. The dairy breeds
frequently kept in the Russian commercial farms, such as
the Holstein, are most adapted to cold weather conditions,

but are sensitive to heat. Heat stress in lactating cows re-
duces the animals’ performance due to a decline in milk
yields and milk quality, it affects the health status of the
animal and shortens the herd life expectancy, which ulti-
mately leads to serious economic losses in livestock pro-
duction industry [5-11].

In the conditions of the intensive dairy farming, the
desire to maximize the performance of cows without ap-
propriate consideration of their physiological needs leads
to metabolic reorientation, functional overload of organs
and body systems, and primarily of the liver. According to
veterinary reports, in recent years, digestive diseases have
been on the top positions among the animal mortality rea-
sons and reach 40% in some farms [12-14]. Since the liver
plays a significant role in the chemical thermoregulation of
the body, the heat stress, especially in animals with hepa-
topathies, can cause serious overall metabolic disorders
often leading to death. Milk productivity in these cows is
usually not restored to the initial level, such animals are
not fertilized, and they are culled [15, 16].

The state of animals under the influence of stress fac-
tors is conditioned by the severity of disorders in various
organs and body systems, as well as by the degree of hy-
poxia and endotoxicosis. Endogenous intoxication syn-
drome is one of the most common in clinical practice and
is observed during a variety of pathologies.

Endogenous intoxication is a process caused by
the accumulation of endotoxins in abnormally high
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concentrations in tissues and biological fluids (endo-
toxins are the products of natural metabolism (inflamma-
tory mediators, exo- and endotoxins, products of cellular
and protein degradation, etc.), which exceed the natural
capacity of the neutralization systems and ultimately
damage organs and body systems. In this context, the
problem of endogenous intoxication syndrome remains
one of the most urgent in medicine, which is associa-
ted with the important role of endotoxicosis as a link in
pathogenesis and a factor determining the severity of
the course and outcome of various diseases. One of the
main factors of the endotoxicosis progress is the inability
of detoxification systems and organs to cope with toxins,
due to adaptive mechanism disruption and morphofunc-
tional disorders of the detoxification organs, and primari-
ly of the liver [17-23].

In this regard, research needed to establish the changes
in biochemical parameters and endogenous intoxication
level in cows with hepatopathies under heat stress is inte-
resting, and the results will allow to develop effective stra-
tegies for pharmacological correction for animals exposed
to high environmental temperatures.

The aim of the work is to establish changes in the blood
biochemical parameters and the level of endogenous in-
toxication in cows with hepatopathies under heat stress.

MATERIALS AND METHODS

The studies were performed in a Holstein cattle-rearing
farm located in the Korenovsky District of the Krasnodar
Region.

The period to study biochemical parameters and the
level of endogenous intoxication in the body of cows
under thermal stress was determined by a retrospective
analysis based on the calculated indicators of the tem-
perature-humidity index (THI) in 2018-2020, taking into
account the average daily temperature and environment
humidity. The index was calculated using the formula:
THI = 0.8 X T + (H/100 X (T - 14.4)) + 46.4, where T is the
environmental temperature (°C); H - relative humidity (%).
The interpretation of the results was based on the param-
eters when the THI less than 68 indicates that the cattle
are in the comfort zone; from 72 to 79 means the animals
experience moderate heat stress; from 80 to 89 means
a severe heat stress; more than 90 means an extremely
severe heat stress; over 100 — death is possible.

To conduct studies, two groups of cows (10 animals in
each group) were formed in May on the principle of the
paired comparisons method. The first group involved
healthy cattle, the second group consisted of animals
with liver pathologies. Animals were selected for the
experiment, rated according to their physiological state
(2-3 months of lactation), the results of clinical examina-
tion, biochemical blood profile, as well as results of the
liver ultrasonography.

Animals were handled in accordance with the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes ETS No. 123
(Strasbourg, March 18, 1986).

To measure the severity of heat stress in cows, the THI
for 5 months was calculated (from April to August 2021).

Blood was sampled from all cows at the beginning (the
first decade of May) and at the end (the last decade of July)
of the experiment.

The clinical examination was carried out according to
the generally accepted scheme, paying special attention
to the color of the mucous membranes, the coat condition,
the number of ruminal contractions, and liver palpation
and percussion to establish the area of hepatic dullness,
surface and sensitivity.

Ultrasonography was performed using a PS-380V
5.0 mHz veterinary ultrasound scanner (Russia). The echo-
genicity, structure and sound conductivity of the liver pa-
renchyma were evaluated.

Laboratory blood tests were performed using an
automated biochemical analyzer Vitalab Selectra Junior
(Vital Scientific B.V., the Netherlands) and reagents from
ELITech Clinical Systems (France) and Analyticon biotech-
nologies AG (Germany). The thymol turbidity test was per-
formed using reagents from CJSC ECOlab (Russia).

To determine the level of endogenous intoxication, in-
tegral biological tests are used, among which an impor-
tant place is given to the determination of medium mass
molecules (MMM) in biological fluids, characterized by one
common property —a molecular weight of 300 to 5,000 Da.
MMM content in serum was determined using the scree-
ning method of N. I. Gabrielyan and V. I. Lipatova [24] at
three wavelengths: A = 237 nm (MMM 237), A = 254 nm
(MMM 254) and A = 280 nm (MMM 280). To measure the
optical density in the ultraviolet region of the spectrum,
an Ecoview UV-1100 spectrophotometer (Sanghai Mapada
Instruments Co., Ltd, China) was used.

The obtained digital data were processed by variatio-
nal methods, where significance using Student’s t-test and
the significance the differences between the groups were
determined.

RESULTS AND DISCUSSION

The conducted studies established that in the summer
season in the conditions of the Krasnodar Region lowlands,
cows are in heat stress (THI more than 72), with a majority
of cattle suffering from a moderate heat stress (Table 1).

The calculation of the temperature-humidity index
for the Korenovsky District of the Krasnodar Region for
5 months of 2021 showed that already in May cows start
experiencing heat stress. Subsequently, in almost all peri-
ods under study, the animals are in a moderate heat stress
(Table 2).

Cows, which demonstrated the following conditions
during clinical examination were selected into the group
of animals with liver pathology: dull and brittle coat,
peeling skin (100% of animals), extensive alopecia (60%);
pale mucous membranes (80%), jaundice (20%); fores-
tomach dystonia with rhythmicity and rumination disor-
der (100%); expansion of the hepatic dullness area and in
parallel increased pain sensitivity in 70% of animals, and
only one of the symptoms was recorded in the remaining
cows (30%).

Ultrasonography of the liver and biliary system con-
firmed the hepatosis, when the liver is enlarged, the edges
of the lobes are rounded, uneven, blurred; the echotexture
is coarsened and granular; increased echogenicity and bal-
looning degeneration of hepatocytes are observed.

During the study period as the heat stress progressed,
one cow from Group 2 (the first decade of July) was slaugh-
tered, and post-mortem examination confirmed the diag-
nosis — fatty liver.
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Table 1

Dynamics of the temperature-humidity index from May to August in 2018-2020

in the Korenovsky District, Krasnodar Region

Temperature-humidity index

Average value

Date for3
2018 2019 2020 DRI

May 1 69.15 65.79 62.82 65.92
May 10 67.32 69.63 64.67 67.21
May 20 70.21 70.73 61.97 67.64
June 1 70.25 76.57 70.47 7243
June 10 74.57 76.75 74.28 75.20
June 20 79.09 74.92 74.14 76.05
July 1 78.20 74.90 77.56 76.89
July 10 77.20 70.53 74.88 7421
July 20 78.86 71.70 74.01 74.86
August 1 75.55 71.16 73.24 73.32
August 10 741 75.48 72.94 7418
August 20 76.43 74.51 713.42 74.79

Table 2

Dynamics of the temperature-humidity index within the five months of 2021

in the Korenovsky District, Krasnodar Region

First decade 53.67 63.72 64.88 7417 77.06
Second decade 54.12 67.28 72.80 75.36 72.54
Third decade 58.33 69.75 74.78 76.08 76.11
Per month 55.37 67.01 70.82 75.23 75.26

During the study, biochemical tests were performed
and cows demonstrating abnormal biochemical blood
profile results were selected into the group of animals
with liver pathology (Table 3). Thus, the selected animals
had a low level of total protein (76.50 + 2.48 g/L) and urea
(2.98 + 0.07 mmol/L), which indicates a decrease in the he-
patic protein synthesis. A positive thymol turbidity test (with
a degree of turbidity from + to the maximum value ++++)
made it possible to diagnose the inflammatory process in
the liver, including in the hepatic parenchyma. The cytoly-
tic syndrome, manifested by the destruction of hepatocyte
membranes and the release into the bloodstream of trans-
amination enzymes - transaminases (alanine aminotrans-
ferase — ALAT and aspartate aminotransferase — ASAT), was
confirmed by the fact that moderate hyperenzymemia was
detected in sick cows, the difference in comparison with the
healthy cow values was 27.2% for ALAT and 31.3% for ASAT.
The activity of alkaline phosphatase (ALP) exceeded the nor-
mal parameters and exceeded the enzyme level in healthy
cows by 20.2%, which may suggest cholestasis. Hypoglyce-
mia was found in sick animals with a difference of 16.9% in
glucose concentration if compared with healthy cows.

The level of endogenous intoxication in cows with li-
ver pathology was higher relative to healthy animals; the
difference in MMM 237 was 20%, MMM 254 — 25.1% and
MMM 280 - 21%.

The development of heat stress in cows changed the
biochemical blood parameters. Thus, in healthy livestock,
the amount of total protein in serum increased by 6%.
Most likely, the increase in the protein concentration in
the blood is the result of the general dehydration of the
cows’ body under hyperthermia conditions, which leads
to blood thickening and increase in total protein in it. It is
also possible that in the process of adaptation of animals
to high environmental temperatures, an increase in the
total protein level in the blood is mediated by corticoste-
rone, which regulates the physico-chemical mechanisms
of maintaining blood volume during dehydration due to
osmotic pressure. In case of the body overheating, there is
probably a disruption in the ureagenesis in the liver, since
in the group of healthy cows, despite the increase in to-
tal protein, the content of urea in the serum decreased
by 26.2% (p < 0.01) as compared to the baseline values. In
animals with hepatopathology under heat stress, further
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Table 3

Dynamics of biochemical parameters and endogenous intoxication markers

in bovine blood under heat stress (M = m, n=10)

Group 1

Parameters healthy animals

start of the study

Group 2
animals with hepatic pathology

end of the study start of the study end of the study

Total protein, g/L 82.60 +3.12 87.90 +2.26 76.50 +2.48 70.90 + 0.52%
Urea, mmol/L 511015 4.05+0.09%* 2,98 +0.07 2.64£0.11%
Thymol turbidity test, CU - + ++

ALAT, Unit/L 29.80+£2.13 34.90 +0.96* 37.90+2.95 40.80£1.53
ASAT, Unit/L 90.40 £ 5.46 93.70+£4.51 118.70 +3.54 132.60 +5.74
ALP, Unit/L 129.10 +£3.15 141.80 +3.16* 163.20 £ 4.33 184.50 + 2.50%*
Glucose, mmol/L 2.56+0.12 24704 2.19£0.19 205+0.15
MMM 237, CU 0.638 +0.033 0.723 £0.021* 0.759 +0.024 0.913 £0.016**
MMM 254, CU 0.195+0.020 0.229+£0.013* 0.244+0.012 0.306 +0.019**
MMM 280, CU 0.181+0.012 0.218+£0.029 0.219+0.008 0.327 £0.014*

Differences are significant: p < 0.05, ** p < 0.01 as compared to the background data.

inhibition of protein synthesis was observed with a signi-
ficant (p < 0.05) decrease in total protein by 7.8% and urea
by 12.9% in the serum.

Higher aminotransferase activity was established in
the serum of cows in the summer season as compared to
the spring season. Moreover, the ALAT activity in healthy
animals tended to upper reference values and amounted
to (34.90 + 0.96) Unit/L, which is 14.6% higher than the
initial data (at p < 0.05). In cows of Group 2, this value was
higher - (40.80 + 1.53) Unit/L (the difference with the start
of the experiment was 7.1%). Increased ALAT activity in
the serum is considered as an indicator of the hepatocyte
destruction and, possibly, in cows with liver dystrophy,
a significant proportion of hepatocytes had already been
destroyed, which caused a less pronounced increase in the
enzyme in these animals. ASAT concentration in healthy
cows practically did not change, and in sick animals in-
creased by 10.5%.

The increase in the ALP activity in all experimental ani-
mals was consistent and amounted to 8.9% in Group 1
and 11.5% in Group 2.The increase in the ALP activity can
be caused not only by the influence of heat stress, but
also by increased activity of both placenta-like (a mar-
ker of the feto-placental system normal functioning) and
bone-specific (fetal bone matrix maturation and miner-
alization) alkaline phosphatase. Since all cows selected
for the experiment had increased pregnancy periods,
hyperenzymemia in this case was of a physiological and
adaptive nature due to changes occurring in the body of
a pregnant animal.

In all animals the glucose concentration in the serum
tended to decrease with the most pronounced changes
revealed in Group 2 (difference with the baseline data
is 6.8%). The possible pathophysiological mechanism of
these changes is conditioned by the inverse relationship
between the level of cortisol and glucose, which leads to

depletion of glucose and glycogen stores in the liver, as
well as a change in the insular apparatus functions when
exposed to stress factors.

The study of the dynamics of the endogenous intoxica-
tion level in cattle during the development of heat stress,
showed that in both groups the concentrations of mid-
dle molecules increased relative to the baseline data: in
Group 1 (healthy cattle) MMM 237 - by 11.8%, MMM 254 -
by 14.4%, MMM 280 - by 16.9%; in Group 2 (cattle with li-
ver pathology) MMM 237 - by 16.9%, MMM 254 — by 20.3%,
MMM 280 - by 33,0%. In general, the obtained results con-
firm the data that long-term exposure to factors which
compromise the homeostasis brings the organism to
a lower reactivity. Under stress conditions, the organism
is challenged by the task to maintain normal homeostasis
and optimize it, but with prolonged exposure excessed
waste products of normal or impaired metabolism ac-
cumulate in the tissues and biological fluids of the body,
which cause the development of endogenous intoxication
and increased MMM levels in the blood.

CONCLUSION

Thus, the data obtained indicate that in the summer
season, in the conditions of the Krasnodar Region low-
lands, cattle are constantly in a state of heat stress. With
the development of heat stress in healthy cows, the pro-
tein concentration in blood increases, which is facilitated
by the general dehydration of the animal organism by hy-
perthermia, leading to blood thickening and an increase in
the total protein in it. Cows with hepatopathology under
heat stress, on the contrary, demonstrated the inhibition
of protein metabolism, which suggest an insufficient
protein-syntheses liver function. The higher activity of
aminotransferases and alkaline phosphatase in the bo-
vine serum in the summer season when compared to the
spring season was established. Changes in the dynamics
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of values characterizing the development of endogenous
intoxication syndrome under heat stress in dairy cattle
were revealed. The intensity of the increase in the concen-
tration of medium mass molecules in the serum of healthy
livestock was almost 1.5 times lower as compared to the
animals with hepatopathy. Perhaps this is explained by
the fact that cows with a diseased liver suffer from insuf-
ficient adaptive and compensation body responses and
with prolonged stress, there is a significant increase in in-
tegral endotoxicosis markers, which serve as an additional
cause of various body system malfunctioning. The results
obtained can serve as a justification for the development
of an effective strategy for pharmacological correction of
heat stress in cattle.
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