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1t is known that the occurrence of intoxication accompanies many diseases in pregnant animals. One of
the causes of internal intoxication is inadequate feeding of pregnant cows. It is important to note that preg-
nant cows' feeding and maintenance conditions significantly affect their future offspring's health. Modern
understanding of the mechanism of action of endotoxins on the body of pregnant cows is based on the lead-
ing role of the antioxidant system in it. The work aimed to study the effect of the liposomal preparation
“Butaselmevit” on the antioxidant status of the cows' organisms during the development of endotoxicosis.
The experiments were conducted on pregnant cows of the Ukrainian black-and-white dairy breed. Two
groups of animals were formed, with 5 pregnant cows in each: control and experimental. The cows in the
control group (C) had characteristic clinical signs of endotoxicosis. The cows in the experimental group (E)
were administered “Butaselmevit” at 10 ml per animal doses in the eighth and ninth months of gestation.
Our studies showed that pregnant cows with clinical signs of endotoxicosis exhibited significant changes in
the body's antioxidant defense system activity. The research results indicate that the activity of enzymes in
the glutathione antioxidant defense system significantly decreases in the 8th and 9th months of gestation.
The reduced activity of antioxidant enzymes is caused by the accumulation of lipid peroxidation (LPO)
products that inhibit the activity of these enzymes. The use of “Butaselmevit” in cows during the develop-
ment of endotoxicosis contributes to the suppression of lipid peroxidation processes, as indicated by the low
levels of lipid hydroperoxides and TBC-active products. When the liposomal preparation “Butaselmevit”
was used in pregnant cows with endotoxicosis, activation of the antioxidant defense system was also ob-
served. This indicates a high level of activity of the enzymes in the glutathione defense system, namely an
increase in the activity of glutathione peroxidase, glutathione reductase, and glucose-6-phosphate dehydro-
genase. This is likely related to direct and indirect antioxidants in the liposomal preparation, which interact
with each other, inhibiting the formation of free radicals and lipid oxidation processes.

Key words: endotoxicosis, fattening cows, antioxidants, reactive oxygen species, lipid peroxidation.
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BuiuB “ByracenmeBiTy” Ha AHTHOKCHIAHTHHI CTATyC OpPraHi3My KOpiB 3a
PO3BHUTKY €HA0TOKCHKO3Y

b. B. FyTHﬁllg, JLIL T OpaHLCLKI/Iﬁz, P. B. Musnoctusuii’, I. M. COKyHLCBKHﬁ4, O. I. Craguuupka’,
V.M. Bycl, I. I XapiBl, T. B. MapTI/ILuyKl, X. 4. Jlecbkis', O. €. Bozua', C. C. Anawmig®, B. B. l'IeTpI/mKa1

UTvsiscbuti HayionansHull yHisepcumem eemepunaproi meouyunu ma iomexnonoziii imeni C. 3. Icuyvkozo, m. Jlvsis,
Yxpaina

2)Kumomupcoruii oepacasnuil ynieepcumem iveni leana @panka, m. Kumomup, Yipaina

3 [Tninpoecekuil Oeparcasnuii azpapro-exonomiunuil yuieepcumem, m. JJuinpo, Ykpaina

*Ionicvrutl nayionanvhuil ynisepcumem, m. Kumomup, Ykpaina

SInemumym cinbcvkozo 2ocnooapemesa Kapnamcwrozo peeiony HAAH Yipainu, c. O6powune, Jlvgiscoka oonacme, Ykpaina
SBiookpemnenuii  nioposdin  Hayionansnozo ymieepcumemy 6iopecypcié ma npupodoxkopucmyeanns —Yrpainu
“bepeoicancokuti azpomexuiunui incmumym’’, m. Bepescanu, Yxpaina

Bioomo, wo 6azamo x60pob y 8azimuux meapun cynposooiICyOmovcsi GUHUKHEHHAM [Hmokcukayii. OOHIEN 3 NPUYUH SUHUKHEHHS! 6HYM-
PIWHBOI IHMOKcUKayii € HenoBHOYIHHA 20016151 MINbHUX KOpI8. Badcnueo 3aysasxcumu, wjo ymosu 20061 ma YMPUMAHHS MITbHUX KOPI6
3HAYHO 6NAUBAIONb HA 300P08 s IXHbO20 MaUOymHbLo20 nomomcmed. CyuacHi yAenents npo Mexanizm Oii eHOOMOKCUHIG Ha OP2aHi3M Milb-
HUX KOPIG IPYHMYIOMbCSL HA NPOGIOHIL POl 6 HbOMY AHMUOKCUOAHMHOT cucmemu. Memoio pobomu 6y10 0ocrioumu 8naue JinoCOMAaibHO20
npenapamy “‘Bymacenmesim’’ na aHmMuoKCUOGHMHUL CIMAMYC OPeAHI3MY KOPI8 3a PO3GUMKY eHOOmMOKcuko3sy. Jocniou npoeoounu na mins-
HUX KOPOBAX YKPAIHCHbKOI YOPHO-p60I MONIOYHOT nopoou. Byno cghopmosaro 06i epynu meapun no 5 milbHUX KOPIG y KONCHILL: KOHMPOJIbHY i
Oocniony. Koposu konmponvroi epynu (K) manu xapaxmepni kniniuni o3naxu endomokcuko3sy. Teapurnam docnionoi epynu (/) sacmocosysa-
au “Bymacenmesim” y 003i 10 ma/meapuny na 6ocomomy i 0eg’amomy micayi minonocmi. Ak nokasanu pesyibmamu HAwux 00CIioHcens, y
MIUIbHUX KOpI6, V AKUX OYau KIHIYHI O3HAKU eHOOMOKCUKO3Y, CMAHOGIEHI GIPOIOHI 3MIHU AKMUBHOCMI CUCMEMU AHMUOKCUOAHMHOZ0
saxucmy opeauizmy. Pesynbmamu oocniodcens 6kazylomv Ha me, wo aKMUGHICMb eH3UMIB 2IYMAmioHo60i cucmemu aHMUOKCUOAHMHO0
3axucmy 6ipo2ioHo 3HUICYEMbCsL HA 8-0MYy T 9-oMy Micayax minbHocmi. 3HudCeHa aKMUGHICMb eH3UMIE-AHMUOKCUOAHMIB 3YMOBNIEHA HASPO-
maooucennam npooykmie I10J1, wo npueniuyioms akmusHicmo 0aHux eH3umie. 3acmocysanhs Koposam 3a po36UmKY eHOOMOKCUKO3Y Npena-
pamy “bymaceimesimy” cnpusie npucHiueHHIO NPOYecié NEPOKCUOHO20 OKUCHEHHs Nnidie, HA WO 6KA3VE HU3bKUU PIGeHb 2i0pONEepeKucie
ninioie ma THK-axmuenux npooykmis. IIpu euxopucmanui ainocomanvHo2o npenapamy ‘“‘Bymacenmesim” y minoHux Kopie 3a eHOOMOKCU-
KO3y CHOCMEPIieanacs maxkoxic akmueayis cucmemu aHMUOKCUOGHMHO20 3AXUCTY, WO 8KA3YE HA 8UCOKUL PI6eHb AKMUBHOCI eH3UMIE 2l1)-
Mmamionogoi’ cucmemu AGHMUOKCUOGHMHOLO 3AXUCHLY, A came NIOGUWEHHS AKMUBHOCNI 2TlyMAmIiOHNEPOKCUOA3Y, 2yMamionpeOykmasu ma
2n10K030-6-hocghamdeziopocenasu. HFmosipno, ye noe’s3ano 3 HAAGHICIIO NPAMUX | HERPAMUX AHMUOKCUOAHMIE Y CKAAOI NINOCOMATLHOZO

npenapamy, siKi 83a€mMo0ioMb MidiC COO0I, NPUSHIYYIOYU YIMBOPEHHS BLIbHUX PAOUKANIE MA NPOYecU OKUCHEHH Niniois.

Knrwouosi cnosa: endomokcurkos, miibHi KOpo8u, AHMUOKCUOAHMU, AKMUBHI POPMU KUCHIO, NEPOKCUOHE OKUCHEHHS TiNioie.

Introduction

According to literary sources, pregnant cows' feeding
and maintenance conditions significantly affect their
offspring's future (Bomko et al., 2018; Denkovich et al.,
2021; Bashchenko et al., 2021; 2023; Sidashova et al.,
2024). Therefore, a cow must receive adequate nutrients
from the beginning of pregnancy for health, fetal devel-
opment, and milk production. A deficiency or excess of
energy and biologically active substances in the diet can
cause metabolic disorders in pregnant cows (Borshch et
al., 2020; 2021; Mylostyvyi et al., 2021; 2024; Klim-
kovetskaya et al., 2024).

During the development of endotoxicosis in animals,
dystrophic processes in the placenta and impaired micro-
circulation in this organ are observed. According to
Levchenko V.I. (Levchenko et al., 2005), endotoxicosis in
high-yielding cows leads to liver dysfunction, causing the
accumulation of a significant amount of toxic metabolites.
These substances increase kidney workload and contrib-
ute to the development of hepatorenal syndrome. Exces-
sive accumulation of ketone bodies in high-yielding cows
can cause complications in the central nervous system
(Hrymak, 2015; Grymak et al., 2020; Lozynskyi et al.,
2023).

A characteristic feature of endotoxicosis in pregnant
cows is the disruption of the albumin-to-globulin ratio.
Studies have shown that a decrease in animal albumin

levels leads to fat metabolism disorders and the develop-
ment of fatty liver dystrophy. Low albumin levels also
affect plasma's transport and detoxification functions
(Boosman et al., 1991; Kraievskyi, 2000; Zaviriukha et
al., 2009; Broda et al., 2013).

It has also been recorded that endogenous intoxication
in animals leads to the development of stress (Clark et al.,
1991; Andersen, 2003; Shcherba & Korda, 2019). In farm
animals, two hormones are produced during stress: adren-
aline and cortisol. They contribute to increased heart rate
and respiratory movements and suppress the immune
system. Stress also negatively affects reproductive func-
tion, reducing the production of sex hormones and con-
tributing to the development of cardiovascular diseases
(Culbertson & Osburn, 1980; Chabanenko et al., 2024).

Several vital biochemical mechanisms are involved in
developing endotoxicosis in cattle, one of which is the
activation of free radical oxidation processes. Since preg-
nancy in animals is a physiological state that requires
significant energy for biosynthesis and a greater volume
of oxygen, it is characterized by increased cellular respi-
ration and, as a result, oxidative stress. The entire period
of cow pregnancy, as noted in the literature review, is
accompanied by the activation of lipid peroxidation
(LPO) (Eades, 1993; Chala & Rusak, 2016; Slivinska et
al., 2021).

The intensity of free radical processes in cows de-
pends on the amount of oxygen in their tissues and the
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activity of protective systems, which consist of enzymes
and other defense mechanisms (Gutyj et al., 2016; 2017,
2018). Excessive accumulation of free radicals and reac-
tive oxygen species in cows' bodies can lead to oxidative
stress, which can cause the development of endotoxicosis.
The antioxidant defense system of the animal body, which
regulates lipid peroxidation reactions in cellular struc-
tures, is an essential mechanism for preventing damage
caused by free radicals and peroxide compounds in nor-
mally functioning systems (Martyshuk et al., 2016; Mar-
tyshuk & Hutyi, 2021).

The aim of the study

The work aimed to investigate the effect of the lipo-
somal drug “Butaselmevit” on the antioxidant status of
the organism of cows during the development of endotox-
icosis.

Material and methods

The experiments were carried out in the laboratory of
the Department of Hygiene, Sanitation, and General Vet-
erinary Prevention named after M. V. Demchuk, Stepan
Gzhytskyi National University of Veterinary Medicine
and Biotechnologies Lviv, and FE “Mezhyrichia”
(Zarichia village, Lviv region).

The experiments were conducted on pregnant cows of
the Ukrainian black-and-white dairy breed. Two groups of
animals were formed, with 5 pregnant cows in each: con-
trol and experimental. The cows in the control group (C)
had characteristic clinical signs of endotoxicosis. The
cows in the experimental group (E) were administered
“Butaselmevit” at 10 ml per animal doses in the eighth
and ninth months of gestation.

Blood for biochemical studies was collected from the
jugular veins of the animals in the 8th and 9th months of
gestation.

In the blood serum, the activity of glutathione peroxi-
dase (GP) and glutathione reductase (GR) was studied
using the method of V. V. Lemeshko (Vlizlo, 2012);
glucose-6-phosphate dehydrogenase (G-6-PDH) using the
method of N. Z. Baquezetal (Vlizlo, 2012); the level of
TBC-active products using the method of E. N. Korob-
eynikov (Vlizlo, 2012); and the lipid hydroperoxides
(LHP) content using the method described by V.V.
Mironchuk (Vlizlo, 2012).

The numerical values of the hematological and bio-
chemical blood indicators obtained were expressed in
international units. The research results were subjected to
biometric analysis using mathematical statistics methods
accepted in biology and medicine, using the Microsoft
Excel program (“Statistica 5.0”, “Statgraphica”, “Bio-
stat”). The degree of significance compared to the control
group's data was determined — P < 0.05 — *, P <0.01 — **,
P <0.001 — ***,

Results and discussion

The antioxidant effect largely depends on the glutathi-
one defense system, including glutathione, glutathione

peroxidase, reductase, glucose-6-phosphate dehydrogen-
ase, and other components.

According to Fig. la, the lowest activity of glutathi-
one peroxidase was in cows of the control group, which
showed clinical signs of endotoxicosis. Thus, in the 8th
month of gestation, the activity in the blood of intoxicated
cows was 20.1 £ 1.05 nmol GSH/min/mg protein; in the
9th month, it was 19.4 £+ 1.19 nmol GSH/min/mg protein.
The use of “Butaselmevit” in the experimental animals
contributed to an increase in the activity of this enzyme in
the blood serum of the experimental group by 26.9 % in
the 8th month of gestation and by 40.7 % in the 9th month
compared to the control group cows.

In addition to the activity of glutathione peroxidase,
studying the activity of glutathione reductase is essential,
as these two enzymes are involved in the oxidation and
reduction of glutathione. When studying the activity of
glutathione reductase, it was found that in the blood of the
control group cows, it was the lowest, with the enzyme
activity decreasing by 16 % in the 9th month of gestation
compared to the initial values (Fig. 1b). In the experi-
mental group of cows, an increase in enzyme activity was
observed, with glutathione reductase activity increasing
by 24 % in the 8th month of gestation and by 81 % in the
9th month of gestation compared to the control group (C).

To study the impact of endotoxicosis in cows on glu-
cose catabolism in erythrocytes, the activity of the en-
zyme glucose-6-phosphate dehydrogenase (G-6-PDH),
which catalyzes the first stage of the pentose phosphate
pathway, was analyzed. Glucose is the primary energy
source for erythroid cells in the blood, and the intermedi-
ate products of its catabolism affect oxygen transport by
hemoglobin. Therefore, the dynamics of this enzyme in
the blood allow assessing the level of energy supply to
erythrocytes and other aspects of their functional activity.

Research results indicate a decrease in glucose-6-
phosphate dehydrogenase activity in the blood of cows in
the control group during the development of endotoxico-
sis (Fig. 1¢). This indicator decreased over a long period,
reaching a value of 58.4 + 2.74 nmol NADPH/min/mg
protein in the 9th month of gestation.

Glucose-6-phosphate dehydrogenase plays a crucial
role in converting monosaccharides in the pentose phos-
phate pathway, which is closely linked with the function-
ing of the glutathione system. This metabolic pathway
promotes the formation of NADPH, a cofactor for gluta-
thione reductase, an essential enzyme in the antioxidant
system.

Thus, the obtained results, indicating the suppression
of glucose-6-phosphate dehydrogenase, show a decrease
in the activity of glucose catabolism through the pentose
phosphate pathway. This also indicates a reduction in the
intensity of NADP regeneration in the erythrocytes of
animals during the development of endotoxicosis. The
observed effect may likely disrupt the antioxidant defense
system's metabolism and erythrocytes' functional charac-
teristics.

The use of the “Butaselmevit” preparation in cows
under conditions of developing endotoxicosis led to an
increase in the activity of the glucose-6-phosphate dehy-
drogenase enzyme throughout the study period. Com-
pared to the control group animals that did not receive the
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experimental preparation, the enzyme activity increased
by 9.8 % in the 8th month of gestation, reaching a level of
66.6 + 2.67 nmol NADPH/min/mg protein in the 9th
month of gestation.

9th month

8th month

8th month

Thus, the use of “Butaselmevit” contributed to an in-
crease in the activity of the enzymatic glutathione system,
which is part of the cow's antioxidant defense. This pre-
vents the development of oxidative stress, which occurs
during endotoxicosis in pregnant cows.

9th month

8th month

9th month

Fig. 1. The influence of “Butaselmevit” on the activity of the glutathione system in the body of cows during the devel-
opment of endo toxicosis: a — glutathione peroxidase, nmol GSH/min/mg proteins; b — glutathione reductase, nmol
NADPH/min/mg proteins; ¢ — glucose-6-phosphate-dehydrogenase, nmol NADPH/min/mg proteins (M £ m, n = 5)

Our studies also showed the development of oxidative
stress in the blood of pregnant cows. The physiological
state of uncomplicated pregnancy in animals requires
significant energy expenditure for biosynthetic processes
and needs a greater volume of oxygen, which leads to
enhanced cellular respiration. As evidenced by data from
scientific literature, this results in oxidative stress
throughout the entire period of cow pregnancy.

Disruption of the internal environment balance caused
by oxidative stress and low adaptability of animals con-
tributes to the development of a hypoxic state. This acti-
vates neuroendocrine reactions that lead to metabolic
process disorders in the bodies of pregnant cows. Primary
products of oxidative stress, including hydroperoxides,
are unstable compounds and can lead to the formation of
stable secondary products, among which TBC-active
components are significant.

Initial products of lipid peroxidation (LPO) — hydrop-
eroxides — are unstable substances that undergo further
oxidation, forming more stable secondary products.

Among them, TBC-active products are particularly signif-
icant.

Monitoring the course of lipid peroxidation processes
showed that in cows of group C, the level of lipid hydrop-
eroxides in their blood during the 8th and 9th months of
gestation was high (Fig. 2a). It is worth noting that it
reached its highest level in the 9th month of gestation,
which amounted to 411.2 + 12.86 E x 1000/cm* in the
blood of control group cows.

The level of intermediate lipid peroxidation products
in the blood of control group cows was 5.7 £ 0.20
nmol/cm? in the 8th month of gestation and 6.4 + 0.23
nmol/cm? in the 9th month of gestation.

The increase in TBC-active products indicates the ac-
tivation of peroxidation processes. The detected changes
in these processes suggest a possible shift in the intrauter-
ine programming of systems regulating the main stages of
this process, particularly the supply of substrate (free fatty
acids) and the effectiveness of the antioxidant defense
system.
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(& B

8th month

9th month

b

(& E

9th month

8th month

Fig. 2. The effect of “Butaselmevit” on the level of lipid peroxidation products in the blood of cows during the
development of endo toxicosis: a — hydroperoxides of lipids, E x 1000/cm?; b — TBK -active products, nmol /cm?
M=£m,n=5)

The parenteral administration of the liposomal prepa-
ration “Butaselmevit” to cows in the experimental group
significantly reduced, compared to cows in the control
group C, the levels of lipid hydroperoxides and TBC-
active products in the blood during the 8th and 9th
months of gestation. Specifically, the level of lipid hy-
droperoxides in the blood of the experimental group E
decreased by 38 % in the 8th month of gestation, and the
level of TBC-active products decreased by 22.8 % com-
pared to the control. In the 9th month of gestation, the
lowest levels of primary and intermediate products of
lipid peroxidation were observed, amounting to 239.2 +
11.67 E x 1000/cm? (lipid hydroperoxides) and 4.0 £ 0.20
nmol/cm?® (TBC-active products), respectively (Fig. 2b).

These data indicate that administering “Butaselmevit”
to cows increases the activity of the blood antioxidant
system and can effectively reduce the level of lipid perox-
idation products. Under conditions of stress caused by
endotoxicosis, this positively affects the organism's phys-
iological properties.

Conclusions

The application of the liposomal preparation “Bu-
taselmevit” to cows with the development of endotoxico-
sis contributed to the increase in the enzymatic activity of
the antioxidant defense system, as indicated by the in-
creased activity of glutathione peroxidase, glutathione
reductase, and glucose-6-phosphate dehydrogenase.

The use of Butaselmevit in cows with the develop-
ment of endotoxicosis helps to inhibit lipid peroxidation
processes, as indicated by the low level of lipid hydroper-
oxides and TBC-active products.
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