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Under intensive poultry farming conditions, heat stress (HS)
is a major factor negatively affecting the productivity of laying
hens. Elevated ambient temperatures can lead to systemic
imbalances, particularly by disrupting the redox homeostasis
in liver cells. A primary consequence of HS is the onset of oxidative
stress (OS), marked by increased production of reactive oxygen
species (ROS) and impaired function of the antioxidant defense
system. Recent studies suggest that dietary supplementation with
antioxidants such as betaine, taurine, and myo-inositol can en-
hance the liver’s resistance to oxidative injury. These compounds
are thought to stabilize cellular membranes, stimulate antioxidant
enzyme activity, and reduce the overall OS burden in the liver of
laying hens. This study aimed to evaluate the combined effects of
betaine, taurine, and myo-inositol on oxidative stress markers in
the liver of laying hens under HS conditions. Thirty-two laying hens
were used. The experiment was conducted at the vivarium of the
Institute of Animal Biology NAAS, and consisted of two phases:
during the first phase, birds were kept at 20 °C for one week (ther-
moneutral conditions); in the second phase, HS was induced by
raising the ambient temperature to 30 °C for 6 hours daily over
7 days. The birds were divided into two groups: a control group fed
a standard diet, and an experimental group whose diet was supple-
mented with 0,5 g/kg betaine, 5 g/kg taurine, and 2 g/kg myo-ino-
sitol. Under HS conditions, the control group exhibited a 1.5-fold
increase in hepatic LOOH levels (P<0.001), indicating heightened
OS. SOD and CAT activities decreased by 30 % (P<0.01) and
25 % (P<0.001), respectively, compared to thermoneutral condi-
tions. GPx and GR activities declined by 25 % (P<0.05) and 38 %
(P<0.05), respectively. In contrast, antioxidant supplementation re-
duced LOOH levels by 1,4-fold (P<0.001) and increased SOD and
CAT activities by 21 % (P<0.05) and 18 % (P<0.05), respectively.
GPx activity rose 1.5-fold (P<0.01) relative to the control group.
These findings confirm the beneficial effects of betaine, taurine,
and myo-inositol on the hepatic antioxidant system in laying hens
under HS. Their inclusion in poultry diets may serve as a promising
strategy to mitigate oxidative damage and support liver function
during periods of elevated ambient temperature.

Key words: heat stress, antioxidant supplements, antioxidant
protection, enzymes, catalase, superoxide dismutase, hydro-
peroxides, lipid peroxidation, glutathione peroxidase, reduced
glutathione, TBA-active products
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Introduction

Heat stress is one of the key factors that negatively af-
fect the productivity and physiological condition of laying
hens, especially under elevated ambient temperatures.
Due to limited thermoregulatory capacity, birds rely on
alternative mechanisms such as increased respiratory
rate, which disrupts water-electrolyte balance and in-
duces metabolic disturbances [6, 18]. In laying hens, the
effects of HS are particularly detrimental as they directly
affect egg formation processes. Reduced feed intake
leads to an energy and mineral deficit, impairs eggshell
quality, and decreases egg mass. In severe cases, lay-
ing regularity is also disrupted [5]. Moreover, prolonged
HS contributes to oxidative stress development, damag-
ing cellular structures and impairing the overall condition
of the liver, the central metabolic organ involved in lipid
and protein synthesis and detoxification [4].

Oxidative stress in the liver arises due to excessive
ROS production and insufficient activity of the antioxi-
dant defense system [1]. Elevated ROS levels trigger
lipid peroxidation, damaging cell membranes and dis-
rupting hepatocyte function. One of the indicators of OS
is an increased level of thiobarbituric acid reactive sub-
stances (TBARS), which reflect the intensity of oxidative
damage. Simultaneously, the activity of key antioxidant
enzymes — SOD, CAT, and GPx — is reduced, weak-
ening cellular detoxification [8].

SOD acts as the first line of defense by catalyzing
the dismutation of superoxide anion (O,") into hydrogen
peroxide (H,O,) and oxygen [16]. However, H,O, is also
toxic and must be further neutralized. This is accom-
plished by CAT and GPx. Catalase decomposes H,0,
into water and oxygen, preventing its accumulation, while
GPx reduces lipid peroxides and H,O, using GSH. Gluta-
thione is a major non-enzymatic antioxidant that supports
cellular redox balance and detoxification [13].

Since HS disrupts the balance between ROS produc-
tion and antioxidant protection, it is essential to explore
compounds that preserve cellular homeostasis and
maintain liver function. Betaine, taurine, and myo-inosi-
tol are among such agents that help protect hepatocytes
against oxidative damage. Betaine functions as an os-
moprotectant and methyl group donor, reducing homo-
cysteine levels, stabilizing membranes, and supporting
liver metabolism [7]. Taurine is a potent antioxidant and
ion homeostasis modulator that prevents calcium dys-
regulation and lipid peroxidation [15]. Myo-inositol is
involved in lipid metabolism and improves endoplasmic
reticulum function, helping reduce hepatocyte oxidative
accumulation [2]. Supplementing these compounds into
the diet of laying hens mitigates the effects of HS,
supports antioxidant status, and preserves productiv-
ity under high temperatures [10].

This study aimed to investigate the combined effects
of betaine, taurine, and myo-inositol on several markers
of the antioxidant defense system — specifically LOOH,
and the activity of GPx, GR, SOD, and CAT — as well as
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on the concentration of GSH in the liver of laying hens
exposed to heat stress induced under experimental
conditions in a vivarium.

Materials and Methods

The study involved 32 laying hens randomly assigned
to two groups. The control group (n=16) was fed a stan-
dard diet without additives. The experimental group (n=16)
received feed supplemented with betaine (0.5 g/kg),
taurine (5 g/kg), and myo-inositol (2 g/kg) based on dry
matter. The experiment was conducted at the vivarium of
the Institute of Animal Biology NAAS. Birds were housed
in metal cages equipped with automated feeders and
drinkers. All birds had access to a balanced diet contain-
ing essential nutrients, vitamins, and minerals, as well as
unlimited access to clean water. Temperature, humidity,
and lighting were controlled throughout the trial.

The study was carried out in two phases. During the
first week, birds were maintained under thermoneutral
conditions (20 °C, relative humidity 60 %; tempera-
ture-humidity index = 66) [3]. On day 7, birds were euth-
anized by decapitation, and liver samples were collect-
ed for biochemical analysis. From day 8, the temperature
was raised to 30 °C for 6 hours daily, with relative humidity
maintained at 70 % (temperature-humidity index = 81) [3].
On day 14, after one week of heat stress exposure,
the birds were euthanized, and liver tissues were again
collected.

All procedures involving animals were conducted in
compliance with the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and Oth-
er Scientific Purposes (Strasbourg, 2005), EU Directive
2010/63, and the Law of Ukraine no. 3447-V “On Protec-
tion of Animals from Cruelty” (amended by no. 440-1X from
14.01.2020). The experimental protocol was approved by
the Bioethics Committee of the Institute of Animal Biology
NAAS (Protocol no. 115a, dated 28.09.2022).

The content of LOOH was determined spectrophoto-
metrically at 480 nm following the interaction of blood
plasma with ammonium thiocyanate. Optical density was
measured over 10 minutes, and the LOOH concentration
was calculated as the difference between control and ex-
perimental samples, expressed in arbitrary units per 1
mL of blood [14].

TBARS determination is based on the formation of
a colored complex between malondialdehyde (MDA) and
thiobarbituric acid (TBA) under acidic conditions and ele-
vated temperature. After protein precipitation and heating
of the sample with TBA in a water bath for one hour, the re-
sulting complex was centrifuged. Optical density was mea-
sured spectrophotometrically at 535 and 580 nm, and the
results were expressed as nmol MDA per gram of tissue.

The content of GSH was measured colorimetrically
based on its reaction with 5,5'-dithiobis-2-nitrobenzoic
acid (Ellman’s reagent), which forms a colored product.
After incubation and centrifugation, the sample was mixed
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with Na,HPQO, (0.3 M) and Ellman’s reagent, followed
by optical density measurement at 412 nm [14].

GPx activity was assessed by the rate of GSH oxi-
dation in the presence of tert-butyl hydroperoxide. After
incubation with TRIS buffer (pH 8.5) containing EDTA
and sodium azide, the substrate was added, the reac-
tion was stopped, and the residual GSH concentration
was determined spectrophotometrically at 412 nm [14].

GR activity was evaluated based on the rate of ox-
idized glutathione (GSSG) reduction in the presence
of NADPH. The incubation mixture contained K,HPO,,
EDTA, and GSSG, and the reaction was initiated by
the addition of NADPH. Optical density was measured
at 340 nm, and enzyme activity was expressed in umol
NADPH/min x mg of protein [14].

SOD activity was determined by its ability to inhibit
the reduction of nitro blue tetrazolium (NBT) to nitrofor-
mazan. Samples were incubated in phosphate buffer
with phenazine methosulfate (PMS) and NADH, and
the intensity of the resulting coloration was measured at
540 nm. Enzyme activity was expressed in arbitrary units
per 1 mg of protein [14].

CAT activity was assessed by measuring the re-
sidual H,O, level after incubation with the hemolysate.
The reaction with ammonium molybdate was used,
and the resulting complex was detected spectrophoto-
metrically at 410 nm. The enzyme activity was calcu-
lated per 1 mg of protein [14].

Statistical analysis was performed as described by
Petrovska [9]. Data are presented as mean * standard de-
viation. All data were analyzed using the Statistica 10 soft-
ware. Statistical significance was determined using one-
way analysis of variance (ANOVA). Student’s t-test was
used to assess differences between two groups. Differ-
ences were considered statistically significant at P<0.05.
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Fig. 1. Lipid hydroperoxide content in the liver of laying hens
under TN and HS conditions after inclusion of betaine, taurine,
and myo-inositol (M+m)

Results and Discussion

Hyperactivation of lipid peroxidation (LPO) process-
es is an important biomarker of oxidative stress induced
by heat stress, which triggers cell apoptosis by disrupting
the stability, barrier, and transport functions of biological
membranes [11]. Our results revealed a statistically sig-
nificant difference in LOOH levels in liver homogenates
of hens from the control group under thermoneutral (TN)
conditions compared to those exposed to HS. Exposure
to elevated temperatures resulted in a 1.5-fold increase
in LOOH content (P<0.001, fig. 1). This indicates an in-
crease in oxidative stress levels in liver cells under heat
load conditions.

Including feed additives such as betaine, taurine,
and myo-inositol in the diet of laying hens contributed
to a 1.4-fold decrease (P<0.001) in LOOH levels in liver
cells under HS compared to the control. This may sug-
gest a reduction in oxidative stress levels in the birds,
potentially due to the antioxidant properties of the afore-
mentioned compounds and their ability to alleviate ox-
idative load induced by heat exposure. Their antioxida-
tive activity may enhance the pro-antioxidant balance
within cells [11, 17].

According to the data on TBARS (fig. 2), a 23 % in-
crease (P<0.05) in their content was recorded in liver
homogenates of laying hens from the control group
under heat stress conditions compared to thermoneutral
conditions. This indicates an intensification of lipid per-
oxidation processes in the liver under the influence of
heat stress, reflecting the activation of oxidative stress
and disruption of the prooxidant—antioxidant balance in
the organism. The elevated level of TBARS serves as
a marker of cellular membrane damage caused by ex-
cessive generation of reactive oxygen species [12].

thermoneutral conditions heat stress
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Fig. 2. TBARS content in the liver of laying hens
under TN and HS conditions after inclusion of betaine, taurine,
and myo-inositol (M+m)

Note: throughout this and the following figures, * — P<0.05; ** — P<0.01; *** — P<0.001 indicate statistically significant differences
between HS and TN conditions. #* — P<0.05; # — P<0.01; ## — P<0.001 indicate statistically significant differences

between experimental and control groups.
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Analysis of SOD and CAT activity (table 1) shows
that HS caused a marked decrease in their enzymatic
activity in hepatocytes of laying hens in both control and
experimental groups compared to TN conditions. Spe-
cifically, in the control group, SOD activity decreased
by 30 % (P<0.01), and CAT activity by 25 % (P<0.001).
In the experimental group (E), SOD activity dropped by
23 % (P<0.01), while CAT activity decreased by 11 %
(P<0.001) relative to TN values.

These findings suggest that HS exerts a detrimen-
tal effect on both superoxide dismutase and catalase
activity, leading to their inactivation, possibly due to an
overload of the birds’ antioxidant system. This overload
likely diminishes the organism’s ability to neutralize
free radicals, thereby increasing the level of oxidative
stress in laying hens [13, 16].

The supplementation of animal feed led to an increase
in superoxide dismutase and catalase activity in liver tis-
sue under stress conditions by 21 % (P<0.05) and 18 %
(P<0.05), respectively, compared to the control. This may
indicate a modest yet positive effect of betaine, taurine,
and myo-inositol on the activation of SOD and CAT under
stress conditions. These findings may suggest a slight
enhancement of the primary antioxidant defense system
in the liver against oxidative stress, contributing to the
stabilization of cellular membranes and mitigation of the
negative effects of heat stress on the birds’ organism [17].

The analysis of GSH levels in hepatocytes of lay-
ing hens revealed no statistically significant changes
under either normal or stress conditions (table 2).
Similarly, dietary supplementation did not significantly
affect its concentration in the liver. These results sug-
gest an improvement in overall antioxidant capacity,
which likely contributes to the stabilization of redox
processes in hepatic cells and supports the balance
of the prooxidant-antioxidant system [13].

The activity of GPx markedly decreased under HS
conditions in both the control and experimental groups
by 1.5- and 1.2-fold, respectively (P<0.05), compared
to TN. However, dietary supplementation (experimen-
tal group) led to a 1.5-fold (P<0.01) increase in hepatic
GPx activity under HS compared to the control group.
These findings indicate the potential of the supplements
to enhance cellular defense against OS, especially
under heat stress conditions.

As for GR, exposure to HS in the control group led
to a 38 % reduction in its activity (P<0.05), while in the
experimental group, an increase of 40 % was observed
(P<0.05) compared to TN. These findings may indicate
a reduced load on the enzymatic component of the anti-
oxidant defense system due to sufficient exogenous an-
tioxidant support, as well as a decreased need for activa-
tion of endogenous antioxidant mechanisms [11].

Heat stress significantly increased LOOH levels in the
liver homogenates of laying hens, indicating intensified
lipid peroxidation processes and elevated OS. Adding
betaine, taurine, and myo-inositol to the diet significantly
reduced LOOH content, indicating decreased oxidative
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Table 1. Superoxide dismutase and catalase activity

in the liver of laying hens under TN and HS conditions
following dietary supplementation with betaine, taurine,
and myo-inositol (M+m)

Indicators Conditions Control Experimental
SOD, AU/mg TN 40.74+2.45 46.8615.7
protein HS 28.68+4.83** 36.14+2.23***
CAT, mmol TN 21.10+0.61  26.15+0.67#
H,0O,/ minxmg * *
of protein HS 19.53+0.28 23.78+0.98*#

Table 2. Indicators of the glutathione-dependent antioxidant defense
system in the liver of laying hens under TN and HS conditions
following dietary supplementation with betaine, taurine,

and myo-inositol (Mtm)

Indicators Conditions Control Experimental
TN 0.31+0.09 0.34+0.06
GS8H, mmol/L HS 0.26:0.11  0.34+0.09
GPx, nmol GSH/ TN 40.67+£3.715  44.81+3.16
minxmg protein HS 26.29+5.48*  38.15+4.97*#
GR, ymol TN 2.5+0.39 0.47+0.15#
NADPH/ HS 1.56+0.42* 1.48+0.36*

minxmg protein

load and activation of antioxidant defense mechanisms.
These bioactive compounds exhibit antioxidant properties
that help alleviate the negative impact of HS on hepato-
cytes and maintain the prooxidant—antioxidant balance.

In the control group, HS notably decreased the activi-
ties of SOD and CAT in hepatocytes, indicating a reduced
capacity to neutralize free radicals. In the experimental
group, bioactive compounds led to a partial increase in
SOD and CAT activity, suggesting a positive impact on
strengthening antioxidant defense. Enhanced activity of
these enzymes helps stabilize membrane structures and
mitigate the harmful effects of HS on liver function.

HS also caused a decline in the activity of GPx and
GR in the liver, reflecting depletion of the glutathione-de-
pendent antioxidant defense system. Dietary inclusion of
betaine, taurine, and myo-inositol increased GPx activi-
ty, thereby ensuring effective cellular protection against
OS and improving the organism’s resistance to thermal
stress.
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BnnuB TennoBoro cTpecy Ha OKUCHO-BiAHOBHUM 6anaHc neviHKU Kypen-Hecyu4ok
Ta ponb aHTUOKCUAAHTHUX A06aBOK

[. b. Nepedepitl, KO. T. Canuea
peredina0310@gmail.com

IHcTuTyT Gionorii TBapuH HAAH, M. JbBiB, YkpaiHa

B yMoBax iHTEHCMBHOrO NTaxiBHULITBA OAHWUM i3 KMIOYOBUX (PaKTOPIB, KU HEraTMBHO BMNUBAE Ha NPOAYKTUBHICTb Kypen-HEeCy4oK,
€ Tennosun ctpec (TC). MigBuweHa TemnepaTtypa HaBKOMULLHBOTO CEPEAOBNLLEA MOXE CMIPUYUHATY AucbanaHc B opraHiami nTuui, 3o-
Kpema BNnvMBaTh Ha OKUCHO-BIOHOBHWI CTaH KNiTUH neYviHki. OgHuM i3 ocHoBHMX Hacnigkie TC € po3suTok okcuaaTtmnsHoro ctpecy (OC),
LLIO CYNPOBOMAXKYETLCA NiABULLEHUM YTBOPEHHAM aKTUBHUX popM kucHio (APK) Ta nopyLLEHHAM yHKLIOHaNbHOT aKTUBHOCTI aHTMOKCU-
[aHTHOI cucTemu 3axucTy opraHiamy. CyyacHi 4OCniAKEeHHS BKa3yoTb Ha €(PEKTUBHICTb BBEAEHHS Y KOPM Kypew NEBHNX aHTUOKCUAAHT-
HUX J0BaBOK — Takmx, sk 6eTaiH, TaypuH Ta Mio-iHO3UTON, siki 30aTHi NiABULLYBaTU PE3UCTEHTHICTb NEYIHKOBUX KMITUH 4O OKCUAATUBHO-
ro NOLUKOAXXEHHS. 3aBAsSKM CBOIM BMACTUBOCTSAM, Lii PEHOBUHM MOXYTb CNpUATU cTabinisauii membpaH, akTuBisaLii aHTMOKCUAAHTHUX
epMeHTIB Ta 3aranbHOMY 3HWDKeHHO piBHSE OC y neviHui Kypen-Hecy4yok. MeTo AoCTimKEHHS € OLiHKa KOMMIEKCHOro BrnuBy 6eTaiHy,
TaypuHy Ta Mio-iHO3WUTOIY Ha piBEHb OKCMOATUBHOIO CTPECY B MeYiHLi Kypen-Hecy4oK 3a yMOB TENSOBOrO HAaBaHTaXKEHHS. Y AOCNIOKEHHI
6yno BukopuctaHo 32 Kypku-Hecy4ku. EkcnepumeHT npoBeaeHo y BiBapii IHCTuTyTy Gionorii TBapuH HAAH y aBa eTtanu: Ha nepLuomy
Kypen ytpumysanu npu temnepatypi 20 °C npoTarom TUXHS, Ha ApyroMmy cTeoptoBanu ymosu TC nigBuweHHAM TemnepaTtypum
0o 30 °C Ha 6 roguH Ha 8oby npoTtsirom 7 gHiB. [MTaxie noginunu Ha ABi rpynu: KOHTPOMbHY (CNoXUBana cTaH4apTHUIA KOPM) Ta AOCRiOHY
(oTpmyBana kopwm i3 gogasaHHaM 0,5 r/kr 6eTainy, 5 r/kr TaypuHy Ta 2 r/kr mio-iHo3uTony). Peaynstati oCnifKeHHs nokasanu, Lo 3a
ymoB TC y KOHTpOnbHIN rpyni cnocTepirany 3poctaHHs piBHa M1y neviHui kypen y 1,5 pasa (P<0,001), o cBig4nTb NPO NMOCUIEHHS
OC. Mpwu ubomy aktnsHictb CO[] 3HKyBanacsa Ha 30 % (P<0,01), a KAT — Ha 25 % (P<0,001) nopisHsiHo 3 TH. BogHo4ac cnoctepi-
ranocs 3HwkeHHst aktuHocTi [T Ha 25 % (P<0,05) Ta I'P Ha 38 % (P<0,05). BBegeHHs y paLjioH aHTMOKCMAAHTHUX J06aBoK Cnpusino
3HWKeHHto piBHA 1Ny neviHui B 1,4 pa3a (P<0,001), a Takox 3pocTtaHHto aktusHocTi COf Ha 21 % (P<0,05) Ta KAT Ha 18 % (P<0,05)
B ymoBax TC. Kpim Toro, aktmBHicTb [T1y neviHui gocnigHoi rpynum nigsumwysanacs y 1,5 pasa (P<0,01), TOPiBHAHO 3 KOHTPOSBLHOO rPYMot0.
OTpvimaHi AaHi NiATBEPAXYIOTb NO3UTUBHUIA KOMMMEKCHWI BNUB GeTaiHy, TaypyuHy Ta Mio-iHO3MTONYy Ha aHTMOKCUAAHTHY CUCTEMY Kypei-
HECYy4OK Mpu TEMMOBOMY CTpeci. BukoprcTaHHsa Lmx o6aBoK y pauioHi Moxe OyTv edbeKTMBHOO CTpaTerieto AN 3MEHLLEHHS OKCUAATUBHOMO
HaBaHTaXeHHs Ta NiATPUMKU CTabinbHOCTI KNITUHHUX MemMBpaH B yMOBax BUCOKUX TEMNepaTyp.

KntouyoBi cnoBa: TennoBuii CTpec, aHTUOKCUMAAHTHI 06aBKW, aHTUOKCUAAHTHUIA 3aXUCT, (hePMEHTU, kaTanasa, CynepokcuaamcMyTasa,
rigponepokcuan, nepekMcHe OKUCMNEHHs Ninigis, ryTaTioHNnepokcuaasa, BigHoBNeHun rnyTaTtioH, TBK-akTuBHI npogykTn
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