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Aim. The aim of this study was to investigate how viral infections, which severely impair plant growth and
productivity, affect reactive oxygen species (ROS) accumulation, and to evaluate the roles of both enzymatic
antioxidant defenses and non-enzymatic low—molecular weight antioxidants, including ascorbate (ASA), gluta-
thione (-L-glutamyl-L-cysteinyl-glycine = GSH), and tocopherols (TOCs), in mitigating virus-induced oxi-
dative stress in plants. Metods. In the present study, a total of 45 leaf samples were collected from mature
10-year-old vines of the cultivars ‘Gara Shani’ (red) and ‘Ag Shani’ (white). Sampling was conducted in three
vineyards, where five vines were selected per vineyard, and three physiologically mature leaves were collected
from each vine, resulting in 15 leaves per vineyard and 45 leaves in total (3 vineyards x 5 vines x 3 leaves).
In each vineyard, one vine without visible symptoms was designated as a healthy control, while the remaining
vines exhibited typical viral symptoms such as reddening of leaf margins and petioles, reduced vigor, leaf rolling,
yellowing, and curling. Consequently, 36 leaves were obtained from symptomatic vines and 9 leaves from
asymptomatic (healthy) vines. Grapevine leafroll-associated virus 3 (GLRaV-3) infection was confirmed in
grapevine samples using AgriStrip rapid assay, double-antibody sandwich ELISA (DAS-ELISA), and reverse
transcription—polymerase chain reaction (RT-PCR). Subsequently, virus-induced changes in non-enzymatic anti-
oxidants were quantified by spectrophotometric determination of ascorbate and glutathione, tocopherols via the
Emmerie—Engel reaction, and lipid peroxidation through MDA content using the thiobarbituric acid reactive
substances (TBARS) assay. Enzymatic antioxidant activities, including ascorbate peroxidase and catalase, were
measured spectrophotometrically, and soluble protein content was determined by the Sedmak method. Results.
Viral screening using AgriStrip assays and DAS-ELISA, followed by RT-PCR targeting the coat protein gene,
confirmed GLRaV-3 infection in 13 samples (approximately 36,1%), while symptomless vines tested negative,
demonstrating consistency between visual assessment and molecular diagnostics. GLRaV-3 infection resulted
in significant increases in non-enzymatic antioxidant levels compared with healthy controls. Tocopherol (TOC)
content increased by 18—73% across infected samples 2—6, whereas sample 1 showed no significant change. Gluta-
thione (GSH) levels were elevated by 20—60% in infected samples 1, 2, 4, 5, and 6, while sample 3 showing no
significant difference. Ascorbic acid (ASA) content increased by 10-23% in infected samples 1, 3, 5, and 6, with
sample 2 and 4 showing no significant difference. Lipid peroxidation, as indicated by malondialdehyde (MDA)
content, was also significantly enhanced in infected leaves. MDA levels increased approximately 1.5-2.6-fold
in samples 1, 2, 4, 5, and 6 compared with healthy controls, reaching absolute values of 0.85-1.75 umol g-! FW
versus 0.45-0.9 umol g~! FW in controls. In parallel, the activities of key antioxidant enzymes were elevated:
catalase (CAT) activity increased by 25-48%, and ascorbate peroxidase (APX) activity increased by 30-55%
in infected leaves compared with corresponding controls. Conclusions. Surveys conducted in Salyan vineyards
confirmed GLRaV-3 infection supporting the link between observed symptoms and biochemical oxidative stress
responses. These biochemical changes demonstrate that GLRaV-3 infection triggers oxidative stress and concur-
rently activates both enzymatic and non-enzymatic antioxidant defense mechanisms in grapevine leaves. The
coordinated increase in ASA, GSH, TOC, CAT, and APX, alongside elevated MDA, indicates a complex redox
adjustment aimed at mitigating virus-induced oxidative damage.
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INTRODUCTION

Viral diseases remain a major constraint to sustain-
able grapevine production worldwide. Among them,
grapevine leafroll disease (GLD) represents one of the
most economically significant viral diseases affecting
viticulture (Bertami et al., 2005; Gilardi et al., 2020).
GLD is associated with several species collectively
referred to as Grapevine leafroll-associated viruses
(GLRaVs), which belong to the family Closteroviri-
dae (Maree et al., 2013). These viruses induce charac-
teristic symptoms including interveinal reddening
or yellowing, downward leaf rolling, delayed fruit
ripening, and reduced sugar accumulation, ultimately
leading to significant yield and quality losses (El Aou-
Ouad et al., 2016). Within this complex, Grapevine
leafroll-associated virus 3 (GLRaV-3) is classified in
the genus Ampelovirus and is widely recognized as
the predominant and most economically important
causal agent of GLD. GLRaV-3 is usually unevenly
distributed in infected vines and establishes long-term
systemic infections typical of perennial woody hosts
such as Vitis vinifera (Montero et al., 2016).

Presently, there exists a substantial amount of in-
formation regarding the interactions between plants
and viruses, as well as the effects of viral infections
on the plant life cycle in annual plants (Garcia et
al., 2022). However, the effects of viral infections in
perennial plants are notably scarce (Takahashi et al.,
2019). Transmission of GLRaV-3 occurs primarily
through vegetative propagation and grafting, as well
as by phloem-feeding insect vectors, particularly soft
scale insects (Coccidae) and mealybugs (Pseudococ-
cidae) (Maree et al., 2013). The epidemiology of
GLD is therefore strongly influenced by vineyard
management practices and vector population dyna-
mics and control.

Unlike annual plants, grapevine is a perennial
crop that remains infected for decades once virus
infection is established. Consequently, virus—host
interactions in grapevine involve long-term physio-
logical and metabolic adjustments, which may vary
across developmental stages and growing seasons
(Bertamini et al., 2004; Sharma et al., 2024). Despite
the economic importance of GLD, the biochemical
responses of grapevine to chronic GLRaV-3 infection
remain incompletely characterized, particularly under
field conditions (Sultanova et al., 2019; Sultanova et
al., 2024; Sultanova et al., 2025). The expression of
GLD symptoms depends on factors such as season,
grape cultivar, and regional climatic conditions. Some

cultivars, particularly certain white Vitis vinifera va-
rieties and rootstocks, may remain asymptomatic,
resulting in latent infections (Cui et al., 2016). Ini-
tial leaf symptoms generally appear in early to mid-
summer and persist until late autumn, progressively
intensifying. GLD not only affects visual traits but
also significantly reduces grape yield and quality,
highlighting the need for effective vineyard manage-
ment strategies.

Viral infection triggers the production of reactive
oxygen species (ROS), including superoxide (O,),
hydrogen peroxide (H,0,), hydroxyl radicals ("OH),
and singlet oxygen ('0,), which can disrupt cellu-
lar functions and activate plant defense mechanisms
(Xu et al., 2024). An imbalance between ROS and
antioxidants results in oxidative stress, damaging
proteins, lipids, and nucleic acids (Xu et al., 2024).
Viral stress can further alter biochemical and physi-
ological processes, affecting photosynthesis, protein
synthesis, and solute accumulation (Carvalho et al.,
2015). The interplay between viral infection and ROS
signaling is complex, influencing the ability of the
host to maintain cellular integrity while activating
defense responses. Our previous studies have shown
that the adverse effects of viral stress led to a signifi-
cant reduction in green pigments like chlorophylls
(a, b, and total) and a gradual reduction in carote-
noids, as well as the level of relative water content
(RWC) and the increased amount of hydrogen per-
oxide in all infected leaves (Bayramova et al., 2018
and 2021).

Although the physiological and biochemical con-
sequences of viral infections in plants have been ex-
tensively documented, the contribution of endoge-
nous non-enzymatic antioxidants — particularly the
ascorbate—glutathione—tocopherol triad — to virus
tolerance remains insufficiently explored (Ramzan
et al., 2021). Existing studies have primarily focused
on individual antioxidants or enzymatic responses,
while the coordinated behavior of this antioxidant
triad under viral stress conditions has received com-
paratively little attention (Kuzniak et al., 2017; Singh
et al., 2024). Nonetheless, recent research efforts
worldwide have begun to investigate the involvement
of the ascorbate—glutathione—tocopherol system in
enhancing plant resistance to diverse biotic stresses,
including bacterial and fungal pathogens (Singh et
al., 2024).

Ascorbic acid (ASA), commonly referred to as
vitamin C, is a key non-enzymatic antioxidant that
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mitigates oxidative stress by scavenging reactive oxy-
gen species produced under biotic stress, including
viral infections (Hancevic et al., 2022). Glutathione
(GSH) is a low-molecular-weight tripeptide thiol that
is ubiquitously distributed across multiple cellular
compartments, including the cytosol, mitochondria,
chloroplasts, peroxisomes, vacuoles, and the endo-
plasmic reticulum (Otulak-Koziet et al., 2022). It
plays a central role in maintaining cellular redox
homeostasis, regulating cell death and differentiation,
modulating enzyme activity, and mediating responses
to biotic stress, including pathogen attack (Clarke
et al., 2002). The ascorbate—glutathione—tocopherol
triad operates as an integrated redox network, provid-
ing comprehensive cellular protection against oxi-
dative stress (Szarka et al., 2012). Ascorbate reduces
oxidized tocopherol, thereby sustaining its membrane-
protective function; glutathione, in turn, regenerates
ascorbate and supports redox cycling (Faizan et al.,
2023). Tocopherols play a crucial role in safeguarding
membrane lipids from peroxidative damage, while
ascorbate and glutathione contribute to redox sig-
naling, metabolic regulation, and stress adaptation
(Faizan et al., 2023). Together, these metabolites form
a dynamic antioxidant system that not only detoxi-
fies ROS but also participates in broader regulatory
processes, including the modulation of signaling path-
ways and secondary metabolite biosynthesis (Szarka
et al., 2012). GLRaV-3 is a widely distributed virus
causing significant yield and quality losses in grape-
vine (Vitis vinifera) worldwide, including in Azerbai-
jan (Sultanova et al., 2024). This study evaluated the
oxidative stress responses of grapevine leaves under
natural GLRaV-3 infection, focusing on symptom
expression, reactive oxygen species (ROS) accumula-
tion, and antioxidant system modulation (Bayramova
et al., 2018, 2021; Sultanova et al., 2025). We hy-
pothesized in the present study that GLRaV-3 infec-
tion triggers oxidative stress, reflected in changes in
ROS levels and antioxidant activities. End-point con-
centrations of the ascorbate—glutathione—tocopherol
(ASC-GSH-TOC) triad were assessed, alongside the
activities of key antioxidant enzymes, catalase (CAT)
and ascorbate peroxidase (APX). To this end, with
a limited set of local Azerbaijani grapevine samp-
les, it was aimed to provide preliminary insights
into the potential role of endogenous antioxidants
in mitigating virus-induced oxidative stress. This
could contribute to a better understanding of host
defense mechanisms and the physiological impact
of GLRaV-3 in viticulture.

MATERIALS AND METHODS

Plant material. Surveys were conducted during
2023 in Salyan, one of the major grapevine-growing
regions of Azerbaijan, to monitor grapevine leafroll
disease (GLD) symptoms. A total of 45 leaf samples
were collected from mature 10-year-old vines of the
cultivars ‘Gara Shani’ (red) and ‘Ag Shani’ (white)
located in three vineyards. From each vineyard, five
vines were selected and three fully expanded and
physiologically mature leaves were collected per vine,
resulting in 15 leaves per vineyard and 45 leaves
in total. Among the sampled vines, 36 leaves were
obtained from symptomatic (infected) vines, while 9
leaves were collected from asymptomatic vines, each
serving as a healthy control corresponding to one
of the infected vines, exhibiting typical viral symp-
toms such as reddening of leaf margins and petioles,
reduced vigor, leaf rolling, yellowing, and curling
(Fig. 1). Sampling was performed between 09:00 and
11:00 a.m. under sunny conditions with ambient tem-
peratures of 20-25°C to minimize diurnal variation in
antioxidant and metabolite levels. Meteorological data
(monthly maximum and minimum air temperature
(°C), relative humidity (%), and rainfall (mm)) were
obtained from the Salyan regional meteorological sta-
tion of the Azerbaijan National Hydrometeorological
Service and used to characterize seasonal temperature
dynamics in the study area (Fig. 2).

Accordingly, from each vine, three fully expanded
and physiologically mature leaves were collected, and
five vines per vineyard site were sampled to constitute
one composite experimental sample. In total, samples
were obtained from three productive vineyards ma-
naged under standard agronomic practices. Immedia-
tely after harvesting, leaf samples were transported to
the laboratory under cooled conditions and stored at
4°C. All biochemical analyses were completed within
24 h of sampling to prevent degradation of ascorbate
(ASA), glutathione (GSH), and tocopherol (TOC).
The experimental procedures were conducted at the
Laboratory of Bioadaptation, Institute of Molecular
Biology and Biotechnologies, Ministry of Science and
Education of the Republic of Azerbaijan. All analy-
ses were performed by the author under controlled
laboratory conditions. Healthy control samples were
collected from virus-free vines of the same cultivars
located in the same or neighboring vineyards to mini-
mize potential confounding effects associated with
(hidden) variables of cultivar type, vine age, and
local environmental factors. Only samples with labo-
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Fig. 1. Typical foliar symptoms observed on white (upper panels, ‘Ag Shani’) and red (lower panels, ‘Gara Shani’)
grapevine cultivars infected with Grapevine leafroll-associated virus 3 (GLRaV-3). In white cultivars, infected
leaves exhibit interveinal chlorosis, downward rolling of leaf margins, and reduced vigor compared with healthy
plants. In red cultivars, characteristic symptoms include interveinal reddening while the primary and secondary
veins remain green, accompanied by leaf rolling and lamina thickening. Symptom expression was recorded
under field conditions during the vegetative growth stage. In total, 45 grapevine samples were collected (15
from ‘Ag Shani’ and 30 from ‘Gara Shani’), of which 13 tested positive for GLRaV-3 (5 from ‘Ag Shani’ and
8 from ‘Gara Shani’). Nine asymptomatic leaves served as healthy controls, each corresponding to one of the
infected vines
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Fig. 2. Monthly maximum (Max T) and minimum (Min T) air temperatures (°C), relative humidity (%), and rainfall
(mm) in the southwest of Salyan (Azerbaijan) during the grapevine growing season for the period April through
September, representing typical climatic conditions in the study region

ratory-confirmed (see below) infection by Grapevine
leafroll-associated virus 3 (GLRaV-3) were included
in the biochemical analyses.

Virus detection and identification. Collected leaf
samples were analyzed for the presence of GLRaV-3
using a combination of rapid one-step AgriStrip assay
(Bioreba AG, Reinach, Switzerland), DAS-ELISA,
and RT-PCR. AgriStrip assay: Plant extracts were
incubated with magnetic beads coated with antibodies
specific to GLRaV-3, following the manufacturer’s
instructions (Bioreba AG, Reinach, Switzerland). The
appearance of a colored test line indicated a positive
reaction. DAS-ELISA: The assay was performed ac-
cording to the methodology described by Clark and
Adams (1977) and Zimmermann et al. (1990), using
commercial ELISA kits (Bioreba AG, Reinach, Swit-
zerland; Agdia, Inc., Elkhart, IN, USA). The tissue/
extraction buffer ratio was 1:20 (w/v) for Bioreba
kits and 1:10 (w/v) for Agdia kits. Absorbance at
405 nm was measured at least twice using a Stat Fax
Microplate Reader (Awareness Technology, USA).
Positive and negative controls supplied with the com-
mercial Bioreba GLRaV-3 diagnostic kits (Bioreba
AG, Reinach, Switzerland) were included in all Agri
Strip and DAS-ELISA assays according to the manu-
facturer’s instructions to ensure the reliability and
accuracy of the results. RT-PCR: Total RNA was
extracted from 200 mg of leaf tissue using Trizol
reagent (Invitrogen, USA) and stored at —80°C. RNA
quality and concentration were determined using a
NanoDrop spectrophotometer (Thermo Scientific,
USA). cDNA synthesis and PCR amplification were
performed using virus-specific primers LR3-9445¢

54

(5'-CTACTTCTTTTGCAATAGTT-3") and LR3-
8504v (5'-ATGGCATTTGAACTGAAATT-3"), origi-
nally designed by Ling et al. (2004), following the
method of Fajardo et al. (2007) with a two-step RT-
PCR protocol. PCR products were resolved on 1.5%
agarose gels in 1X TBE buffer, stained with ethidium
bromide, and visualized under UV light using a UV-
Gel Doc system (UK). A 2-log DNA ladder (NEB,
UK) was used to approximate the molecular weight
of amplified products. For RT-PCR assays, RNA ex-
tracted from the GLRaV-3 positive control supplied
with the Bioreba diagnostic kit (Bioreba AG, Rein-
ach, Switzerland) was used as the positive control
to validate the assay. RNA extracted from healthy
grapevine leaves and nuclease-free water (no-temp-
late control) were included as negative controls to
verify the absence of contamination and non-specific
amplification in all reactions.

Tocopherol determination. Tocopherol was esti-
mated in plant samples using 0.5 g of fresh leaf tissue
according to the Emmerie—Engel reaction (Emmerie
and Engel, 1938). It is based on the reduction of
ferric to ferrous ions by tocopherols, which, with 2,
2'-dipyridyl, forms a red color. Six GLRaV-3—infected
samples were analyzed: samples 1-3 corresponded
to the white cultivar ‘Ag Shani’, whereas samples
4—6 corresponded to the red cultivar ‘Qara Shani’.
Healthy control samples were collected from virus-
free vines of the same cultivars located in the same
or neighboring vineyards to minimize environmental
variation. Each infected sample was analyzed and
compared with its corresponding cultivar-specific
healthy control. Tocopherols and carotenes were first
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extracted with xylene and read at 460 nm to measure
carotenes using a Thermo Scientific Evolution 350
UV/Vis Spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). A correction was made for this
after adding ferric chloride and reading at 520 nm.
a-Tocopherol was used as the standard in accordance
with the Emmerie—Engel method. The concentration
of tocopherol in the sample was calculated using this
formula:

Tocopherols (ng/mg fresh weight, FW) =
= ((Sample A520 — A460) / Standard A520) x
x 0.29 x 0.15

where 0.29 represents the extinction coefficient—based
conversion factor and 0.15 accounts for dilution and
extraction volume.

Glutathione determination. Approximately 0.5 g of
fresh leaf tissue was used for each assay. GSH content
was measured spectrophotometrically at 412 nm using
a glutathione reagent kit (Sigma-Aldrich, Cat. No.
CS0260) following the manufacturer’s protocol. The
reaction mixture contained 95 mM potassium phos-
phate buffer (pH 7.0), 0.95 mM EDTA, 0.038 mg/ml
(48 uM) NADPH, 0.031 mg/ml DTNB, 0.115 units/ml
glutathione reductase, and 0.24% 5-sulfosalicylic
acid. A calibration curve was prepared using stan-
dard GSH solutions (0.5-20 pg/ml) in 0.4 M Tris-
HCI buffer (pH 8.5) according to the kit instructions
(Sigma-Aldrich).

Determination of lipid peroxidation. The inten-
sity of the lipid peroxidation process in plants was
calculated in terms of MDA in healthy and infected
leaf samples. This method primarily quantifies free
cytosolic malondialdehyde (MDA), commonly used
as an indicator of lipid peroxidation in plant tissues.
The MDA content was determined spectrophotometri-
cally using a Thermo Scientific Evolution 350 UV/Vis
Spectrophotometer (Thermo Fisher Scientific, Wal-
tham, MA, USA) through its reaction with 0.5% thio-
barbituric acid at wavelengths 532 nm and 600 nm.
The formula used for calculation was A=(D532—
—-D600)/(Ex  m), where A represents MDA con-
centration, D is the optical density, m denotes plant
wet biomass, and E is a constant coefficient (Knight
et al., 1988).

L-Ascorbic acid (ASA) determination. In an aci-
dic environment, ASA reduces Fe3* to Fe?' and forms
iron hexacyanoferrate. To determine the amount of
ascorbic acid, 0.5 g of leaves were crushed in a so-
lution containing 0.1 M Na-citrate (pH 3.69) and

collected in tubes. In the next process, it was centri-
fuged at 12,500 g for 5 minutes and the supernatant
was collected. A mixture of 25 pl of 1% potassium
ferricyanide K;[Fe(CN)¢] and 25 pl of 2% NaFe was
added to 500 pl of the supernatant and kept at room
temperature for 5 minutes. 50 ul of 2% FeCl; was
added to 1.9 ml of distilled water, and incubated for
5 minutes, and the optical density at 680 nm wave-
length was determined (Thermo Scientific Evolu-
tion 350 UV-Vis Spectrophotometer, England). The
amount of ascorbic acid was calculated using the
following formula:
C=(KxVxX)y/(mxAmxL),

where C — the amount of ascorbic acid in 1 g of wet
biomass (pg); K — concentration of ascorbic acid
(pg/ml); V' — total volume (ml); X — dilution; L —
optical density; m — wet biomass; Am — the variable

represents the coefficient relating dry biomass to wet
biomass (Tayar et al., 2022).

Assay of Enzymes Activity. Approximately 0.5 g
of fresh leaf tissue was ground in liquid nitrogen and
homogenized in 100 mM sodium phosphate buffer
(pH 7.8) containing 1 mM EDTA, 2 mM phenyl-
methylsulfonyl fluoride (PMSF) as a protease in-
hibitor, 1% polyvinylpyrrolidone (PVP), 0.1% Triton
X-100 at 4°C and PMSF was used at a final concen-
tration of 2 mM as a protease inhibitor. Homogenates
were centrifuged and the supernatant was used to
analyze ascorbate-peroxidase enzyme activity.

Ascorbate peroxidase (APX) activity was deter-
mined following Nakano and Asada (1981) with minor
modifications: the decrease in absorbance at 290 nm
due to ascorbate oxidation was recorded, using 330 nm
as the reference wavelength to correct for baseline
absorbance, and non-enzymatic oxidation of ascor-
bate was subtracted by including a control without
enzyme extract. APX activity was calculated using
the extinction coefficient €=2.8 mM-lem.

Catalase enzyme activity was measured in a spectro-
photometer at a wavelength of 240 nm. The measure-
ment was calculated based on the rate of decomposi-
tion of H,0, in 1 minute. The reaction composition
consisted of 885 ul of 50 mM Na-phosphate (pH 7.8),
25 ul of enzyme extract, and 90 ul of 3% H,0,. It
was expressed in units of pmol H,0O,/mg protein min,
taking €=39.5 mM-'em™! as the molar extinction
coefficient (Kumar & Knowles, 1993). Soluble pro-
tein content was determined at 595 nm, with bovine
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serum albumin used to construct the calibration curve
(Sedmak & Grossberg, 1977).

Statistical analyzes. All statistical analyses were
performed using Student’s t-test implemented in IBM
SPSS Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, NY, USA). Experiments were conducted
using three independent biological replicates per
group (n=13). Data are expressed as mean =+ standard
error (SE). Differences between GLRaV-3-infected
vines and their corresponding healthy controls were
considered statistically significant at P<0.05. To fur-
ther investigate the relationships among oxidative
stress markers and antioxidant defense components,
Pearson correlation analysis was performed including
both non-enzymatic antioxidants (ascorbic acid, ASA;
glutathione, GSH; tocopherol, TOC), lipid peroxida-
tion marker (malondialdehyde, MDA), and antioxi-
dant enzymes (catalase, CAT; ascorbate peroxidase,
APX). The resulting correlation matrix was visualized
as a heatmap to illustrate the strength and direction of
pairwise associations among all measured biochemi-
cal parameters. Correlation coefficients (7 values)
were calculated based on biological replicates, and
the heatmap enabled comprehensive evaluation of
coordinated enzymatic and non-enzymatic antioxidant
responses under GLRaV-3 infection.

RESULTS

During the 2023 growing season, systematic sur-
veys were conducted in vineyards to assess viral
infections in grapevines. Both red and white grape-
vine cultivars were included in the study (Fig. 1).
In April, the average maximum and minimum air
temperatures were 16°C and 11°C, respectively, re-
flecting mild spring conditions at the onset of active
vegetative growth. Temperatures gradually increased
toward mid-summer, reaching peak values in August,
when the average maximum temperature was 32°C
and the minimum was 26°C. These elevated sum-
mer temperatures represent typical climatic condi-
tions for the Salyan region and may contribute to
enhanced physiological and oxidative stress responses
in grapevine plants infected with GLD. In addition
to temperature, available climate data indicate that
the region has a semi-arid climate with relatively low
rainfall during summer months (e.g., June—August
receive minimal precipitation) and moderate rela-
tive humidity, which may influence vine physiology
(humidity usually ranges from ~50% in summer to
~70% in spring—autumn; average precipitation in

summer months is low with a pronounced dry period).
Temperature, humidity, and precipitation data reflect
typical climatic conditions in the study region and
may influence vine physiology, vector activity (e.g.,
mealybugs), and virus spread. The monthly variation
in maximum and minimum temperatures (°C), rela-
tive humidity (%), and rainfall (mm) from April to
September 2023 is presented in Fig. 2.

Viral infection was initially screened using the
rapid one-step AgriStrip assay and DAS-ELISA.
Among the 36 symptomatic grapevine samples (12
from ‘Ag Shani’ and 24 from ‘Gara Shani’), 13 tested
positive for Grapevine leafroll-associated virus 3
(GLRaV-3) (5 from ‘Ag Shani’ and 8 from ‘Gara
Shani’). RT-PCR confirmed GLRaV-3 infection in
the same 13 samples, corresponding to an overall
detection frequency of approximately 36% (13/36)
among symptomatic samples, whereas no amplifica-
tion was detected in healthy control leaf extracts. The
remaining 9 asymptomatic (healthy) leaves, along
with the 23 symptomatic but virus-negative leaves,
tested negative by both DAS-ELISA and RT-PCR,
supporting the consistency between visual assess-
ment and laboratory confirmation within the examined
material.

Following laboratory confirmation of GLRaV-3 in-
fection in 13 samples, three infected grapevine plants
from a white cultivar (‘Ag Shani’) and three from a
red cultivar (‘Qara Shani’) were randomly selected for
subsequent biochemical analyses. In each vineyard,
five vines were initially surveyed, of which one vine
without visible symptoms and testing negative for
GLRaV-3 was designated as the healthy control. For
each infected plant, a corresponding healthy control
vine of the same cultivar and comparable age was
selected from the same or a neighboring vineyard. In
total, three infected and three healthy control biologi-
cal replicates were included in the study (n=3 per
group). All biochemical measurements were per-
formed using these independent biological replicates,
with each analysis conducted in triplicate technical
repetitions. Virus detection was based on qualita-
tive confirmation by DAS-ELISA and RT-PCR. Vi-
ral titre was not quantified; therefore, analyses were
performed according to infection status (infected vs.
healthy) rather than viral load.

GLRaV-3 infection induced a consistent increase
in tocopherol (TOC) content across both grapevine
cultivars (Fig. 3). In the white cultivar ‘Ag Shani’
(samples 1-3), TOC increased from approximately
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0.85 to 0.95 mg g! fresh weight (FW) in sample 1
(=12% increase, non-significant, ns), from 0.92 to 1.15
mg g~! FW in sample 2 (25% increase;, P<0.01),
and from 0.78 to 0.97 mg g~! FW in sample 3 (=24%
increase;, P<0.01). In the red cultivar ‘Qara Shani’
(samples 4-6), the increase was more pronounced,
rising from 0.66 to 0.99 mg g! FW in sample 4
(=50% increase;, P<0.001), from 0.73 to 0.98 mg g!
FW in sample 5 (=34% increase;, P<0.001), and from
0.88 to 1.05 mg g~! FW in sample 6 (=19% increase,
P<0.01). These results indicate a marked enhance-
ment of lipid-soluble antioxidant capacity under viral
stress, particularly in the red cultivar.

Glutathione (GSH) levels also increased in infected
plants relative to healthy controls (Fig. 3). In ‘Ag
Shani’, GSH rose from approximately 0.25 to 0.33
pmol g! FW in sample 1 (=32% increase; ~1.32-
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fold, P<0.01) and from 0.33 to 0.44 umol g*! FW
in sample 2 (=33% increase; ~1.33-fold, P<0.01),
whereas sample 3 showed a smaller and statistically
non-significant increase from 0.29 to 0.36 pmol g!
FW (=24% increase, ns). In ‘Qara Shani’, GSH in-
creased from 0.34 to 0.53 pmol g ! FW in sample 4
(=56% increase; ~1.56-fold, P<0.001), from 0.42
to 0.63 pmol g! FW in sample 5 (=50% increase;
~1.50-fold, P<0.001), and from 0.29 to 0.45 umol g!
FW in sample 6 (=55% increase; ~1.55-fold, P<0.001).
The magnitude of increase, particularly in the red
cultivar, supports an active upregulation of the glu-
tathione-dependent redox buffering system during
GLRaV-3 infection.

Ascorbic acid (ASA) content exhibited cultivar- and
sample-dependent responses (Fig.3). In ‘Ag Shani’,
ASA increased from 18 to 22 umol g! FW in sample
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Fig. 3. Changes in non-enzymatic antioxidants and lipid peroxidation in grapevine leaves infected with Grapevine
leafroll-associated virus 3 (GLRaV-3). Tocopherol (TOC; mg g~! fresh weight), glutathione (GSH; pmol g~
fresh weight), ascorbic acid (ASA; umol g! fresh weight), and malondialdehyde (MDA ; umol g' fresh weight)
contents were determined in healthy control plants and GLRaV-3—infected grapevine samples during the vegeta-
tive growth stage. Samples 1-3 correspond to the white cultivar ‘Ag Shani’, and samples 4-6 correspond to the
red cultivar ‘Qara Shani’. Data are presented as mean + SE of three independent biological replicates (n=3).
Each biological replicate represents an individual grapevine plant randomly selected from laboratory-confirmed
GLRaV-3—infected vines, with a corresponding healthy control of the same cultivar and comparable age. All
biochemical measurements were performed in technical triplicate for each biological replicate. Asterisks indi-
cate statistically significant differences between infected and corresponding healthy control plants (*P<0.05,
**P<0.01, ***P<0.001), whereas ns denotes no significant difference
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1 (=22% increase; ~1.22-fold, P<0.01), showed no
significant change in sample 2 (=16 to 19 umol g!
FW; =19% increase, ns), and increased from 17 to
23 umol g! FW in sample 3 (=35% increase; ~1.35-
fold, P<0.001). In ‘Qara Shani’, ASA rose from 20
to 22 pmol g-! FW in sample 4 (=10% increase, ns),
from 21 to 24 pmol g=! FW in sample 5 (=14% in-
crease; P<0.01), and from 23 to 27 pmol g! FW
in sample 6 (=17% increase; ~1.17-fold, P<0.001).
Compared with GSH, the ASA response was more
moderate and variable, suggesting differential regu-
lation within the ascorbate—glutathione cycle under
viral stress.

Malondialdehyde (MDA), a marker of lipid peroxida-
tion, increased substantially in infected plants (Fig. 3).
In ‘Ag Shani’, MDA rose from 0.45 to 0.88 pmol g!
FW in sample 1 (=95% increase; ~1.95-fold, P<0.01)
and from 0.72 to 1.32 umol g~! FW in sample 2
(=83% increase; ~1.83-fold, P<0.01), while sample 3
exhibited only a minor, non-significant increase from
0.80 to 0.90 umol g! FW (=12%, ns). In ‘Qara Shani’,
MDA increased from 0.85 to 1.75 pmol g! FW in
sample 4 (=106% increase; ~2.06-fold, P<0.001),
from 0.70 to 1.55 umol g! FW in sample 5 (=121%
increase; ~2.21-fold, P<0.001), and from 0.92 to
1.38 umol g! FW in sample 6 (=50% increase; ~1.50-
fold, P<0.01). The pronounced elevation of MDA,
particularly in the red cultivar, indicates substantial
oxidative membrane damage despite the concurrent
upregulation of antioxidant systems.
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Collectively, the data demonstrate that GLRaV-3
infection triggers a coordinated yet quantitatively
stronger increase in lipid peroxidation relative to
non-enzymatic antioxidant accumulation, suggesting
that antioxidant activation represents a compensatory
response that only partially offsets oxidative injury
under viral stress conditions.

GLRaV-3 infection resulted in a marked increase
in catalase (CAT) activity in both grapevine cultivars
(Fig. 4). In the white cultivar ‘Ag Shani’ (samples 1-3),
CAT activity increased from approximately 0.44 to
0.61 pmol mg! protein min~! in sample 1 (=39%
increase;P<0.01), from 0.56 to 0.73 umol mg~! pro-
tein min~! in sample 2 (=30% increase; P<0.01), and
from 0.35 to 0.58 umol mg™! protein min~! in sample 3
(=66% increase;, P<0.001). In the red cultivar ‘Qara
Shani’ (samples 4-6), CAT activity rose from 0.39
to 0.62 umol mg~! protein min~! in sample 4 (=59%
increase; P<0.001), from 0.48 to 0.74 pmol mg!
protein min~! in sample 5 (=54% increase, P<0.001),
and from 0.52 to 0.88 umol mg™' protein min~' in
sample 6 (=69% increase; P<0.001). The strongest
induction was observed in samples 3 and 6, indicat-
ing a substantial enhancement of H,O,-scavenging
capacity under viral stress, particularly in the red
cultivar.

A similar but even more pronounced trend was
observed for ascorbate peroxidase (APX) activity
(Fig. 4). In ‘Ag Shani’, APX increased from 0.34
to 0.51 pmol mg~! protein min~! in sample 1 (=50%
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Fig. 4. Activities of ascorbate peroxidase (APX) and catalase (CAT) (umol mg ! protein min') in healthy control plants
and GLRaV-3—infected grapevine samples during the vegetative growth stage. Samples 1-3 correspond to the
white cultivar ‘Ag Shani’, and samples 46 correspond to the red cultivar ‘Qara Shani’. Data are presented as
mean + SE of three independent biological replicates (n=3). Each biological replicate represents an individual
grapevine plant randomly selected from laboratory-confirmed GLRaV-3—infected vines, with a corresponding
healthy control of the same cultivar and comparable age. All biochemical measurements were performed in
technical triplicate for each biological replicate. Asterisks indicate statistically significant differences between
infected and corresponding healthy control plants (*P<0.05, **P<0.01, ***P<0.001), whereas ns denotes no

significant difference
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increase, P<0.001), from 0.46 to 0.63 pmol mg™!
protein min~! in sample 2 (=37% increase;, P < 0.01),
and from 0.25 to 0.48 umol mg™! protein min~! in
sample 3 (=92% increase; P<0.001). In ‘Qara
Shani’, APX activity increased from 0.39 to 0.72
pmol mg-! protein min~! in sample 4 (=85% in-
crease; P<0.001), from 0.28 to 0.54 umol mg!
protein min~! in sample 5 (=93% increase; P<0.001),
and from 0.32 to 0.58 pmol mg™' protein min~! in
sample 6 (=81% increase; P<0.001). Notably, APX
induction frequently approached a twofold increase,
indicating strong activation of the ascorbate-depen-
dent H,0, detoxification pathway.

Comparatively, the relative increase in APX activ-
ity was generally greater than that observed for CAT,
particularly in samples 3, 4, and 5, suggesting that
the ascorbate—glutathione cycle plays a dominant role
in ROS detoxification during GLRaV-3 infection.
The more pronounced enzymatic activation in ‘Qara
Shani’ further indicates cultivar-dependent differences
in oxidative stress responsiveness.

Correlation Heatmap (Infected Grapevine Plants)

1.0
ToC

0.8
GSH

0.6
ASA

0.4
MDA 0.2
CAT 0.0
APX —0:2

Fig. 5. Pearson correlation heatmap of oxidative stress and
antioxidant parameters in grapevine leaves infected
with Grapevine leafroll-associated virus 3. The
matrix includes non-enzymatic antioxidants (ASA,
GSH, TOC), lipid peroxidation marker (MDA),
and antioxidant enzymes (CAT, APX). Correlation
coefficients (Pearson’s r) were calculated using
biological replicates (n=3). Color gradients in-
dicate the strength and direction of correlations
(positive to negative), with color intensity pro-
portional to » values
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To further elucidate the relationships among oxi-
dative stress markers and antioxidant defense com-
ponents, Pearson correlation analysis was conducted
for all studied compounds. The resulting correlation
matrix was visualized as a heatmap to illustrate the
strength and direction of pairwise associations among
all measured biochemical parameters (Fig. 5).

The correlation heatmap revealed distinct rela-
tionships among enzymatic and non-enzymatic an-
tioxidant components in GLRaV-3-infected grape-
vine plants. Ascorbic acid (ASA) exhibited a weak
positive correlation with glutathione (GSH) (»=0.18,
P<0.05), indicating that increases in ASA were only
minimally associated with concurrent changes in GSH
levels, suggesting limited coordination within the
ascorbate—glutathione cycle under virus-induced oxi-
dative stress. In contrast, ASA showed a moderate
negative correlation with tocopherol (TOC) (r=—0.34,
P<0.05), highlighting a potential differential regu-
lation of hydrophilic (ASA, GSH) versus lipophilic
(TOC) antioxidant pools in response to viral infection.
GSH was moderately positively correlated with APX
activity (r=0.52, P<0.05), supporting a functional
linkage between glutathione availability and enzyma-
tic H,0, detoxification, consistent with the central
role of glutathione in sustaining APX-mediated redox
cycling. Malondialdehyde (MDA) content demonstra-
ted positive correlations with CAT (r=0.41, P<0.05)
and APX activities (r=0.78, P<0.05), indicating
that enhanced lipid peroxidation triggered a stress-
responsive upregulation of enzymatic antioxidant
defenses. Conversely, MDA showed weak or nega-
tive correlations with non-enzymatic antioxidants,
specifically ASA (r=0.12, P>0.05), GSH (»=-0.08,
P>0.05), and TOC (r=—0.15, P>0.05), reflecting that
the soluble antioxidant system partially, but not fully,
compensated for oxidative membrane damage.

DISCUSSION

The present study demonstrates that confirmed
GLRaV-3 infection is associated with measurable
alterations in both enzymatic and non-enzymatic com-
ponents of the grapevine antioxidant system. In 2023,
a total of 45 leaf samples were collected from three
productive vineyards in the Salyan region, of which
13 tested positive for GLRaV-3, corresponding to a
detection frequency of approximately 36.1%. While
these results provide an indication of virus prevalence
and its biochemical impact under local field condi-
tions, the survey was limited in spatial and temporal
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scope (single year, three vineyards). Therefore, the
findings should be interpreted as preliminary evidence
for the epidemiological and physiological relevance
of GLRaV-3, and further multi-year, multi-site sur-
veys are required to better characterize virus distribu-
tion and its broader impact on grapevine antioxidant
responses.

At the biochemical level, infected plants exhi-
bited a pronounced increase in lipid peroxidation,
as reflected by elevated malondialdehyde (MDA)
levels. The approximately 2.8-3.4-fold increase in
MDA suggests that virus-induced reactive oxygen
species (ROS) production exceeded basal detoxifi-
cation capacity, resulting in measurable membrane
damage (Bayramova et al., 2018; Bayramova et al.,
2021; Bertamini et al., 2004). The accumulation of
MDA confirms the establishment of oxidative stress
during GLRaV-3 infection, as was also observed by
Bertamini et al., 2005 and Vega et al., 2011. ROS
generation is a well-recognized component of plant—
pathogen interactions, functioning both as a signaling
mechanism and as a potential cause of cellular in-
jury when not adequately controlled (Xu et al., 2024;
Szarka et al., 2012). The substantial increase in lipid
peroxidation observed here indicates that oxidative
pressure in infected leaves was sufficiently high to
disrupt membrane integrity, despite concurrent activa-
tion of antioxidant systems (Ali et al., 2024; Carvalho
et al., 2015; Caverzan et al., 2012).

In parallel with enhanced oxidative damage, in-
fected plants displayed consistent increases in non-
enzymatic antioxidants, including ASA, GSH, and
TOC. In addition to its antioxidant function, ASA
serves as a cofactor for various enzymes and acts as
a regulatory molecule in phytohormone biosynthesis
and redox signaling pathways (Guidi et al., 2021).
Elevated ASA levels are frequently observed in stress-
tolerant genotypes, supporting its role in plant growth,
development, and adaptation to environmental and
internal stress factors (Ali et al., 2024; Szarka et al.,
2012). In plant cells, ASA is mainly synthesized in mi-
tochondria and is distributed across multiple cellular
compartments, with particularly high concentrations
in chloroplasts (Kuzniak et al., 2017). It functions in
concert with other antioxidants, particularly within
the ascorbate—glutathione cycle, to maintain cellular
redox homeostasis under stress conditions (Szarka et
al., 2012; Edmund et al., 2024). As a key component
of the antioxidant defense system, glutathione (GSH)
directly detoxifies reactive oxygen species (ROS)

and functions synergistically with ascorbate within
the ascorbate—glutathione cycle. Alterations in GSH
levels are widely recognized as indicators of plant
responses to environmental and biotic stresses (Ali et
al., 2024; Otulak-Koziet et al., 2022; Edmund et al.,
2024). The observed increase in GSH across infected
samples indicates reinforcement of thiol-dependent
redox buffering, whereas the moderate but consistent
elevation of ASA suggests enhanced capacity for per-
oxidase-mediated H,O, reduction. The accumulation
of total tocopherols further indicates strengthening
of membrane-associated antioxidant protection (Sahu
et al., 2022). Tocopherols are lipophilic antioxidants
that protect polyunsaturated fatty acids from peroxi-
dation and stabilize membrane structure under stress
conditions (Sgherri et al., 2013). Although individual
tocopherol isoforms (a-, B-, y-, and 8-tocopherols)
and tocotrienols were not quantified separately, the
increase in total TOC content suggests an adaptive
adjustment aimed at limiting oxidative damage within
lipid compartments. Tocopherols are known to par-
ticipate in plant responses to salinity, drought, heavy
metal toxicity, ozone exposure, and UV radiation,
and are also associated with physiological processes
affecting plant growth and productivity (Faizan et al.,
2023; Szarka et al., 2012).

Nevertheless, the persistence of elevated MDA
levels as determined by us implies that lipophilic
antioxidant reinforcement was not sufficient to fully
counteract ROS-induced membrane injury as was de-
termined for fava bean (Vicia faba) under bean yellow
mosaic virus infection (Hamzah et al., 2021).

Enzymatic antioxidant responses were also mark-
edly stimulated. Both catalase (CAT) and ascorbate
peroxidase (APX) activities increased significantly in
infected plants. CAT decomposes hydrogen peroxide
directly into water and oxygen, whereas APX reduces
H,0, using ascorbate as an electron donor. The simul-
taneous upregulation of APX activity together with
increased ASA and GSH levels is consistent with acti-
vation of the ascorbate-dependent H,O, detoxification
pathway (Caverzan et al., 2012; Chew et al., 2003;
Kuzniak et al., 2017). In several infected samples,
APX activity approached nearly twofold increases
relative to controls, indicating strong stimulation of
enzymatic ROS-scavenging capacity. CAT activity
also showed substantial enhancement, further support-
ing intensified hydrogen peroxide turnover. Similar
increases in antioxidant enzyme activities have been
documented in other plant—virus systems, including
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infections caused by Cotton leaf curl burewala virus,
Telosma mosaic virus, Tomato mosaic virus and Pep-
per mild mottle virus (Siddique et al., 2014; Sahu et
al., 2022; Perez-Bueno et al., 2006; Shopova et al.,
2020; Rehman et al., 2021).

Despite this coordinated antioxidant activation,
oxidative damage remained elevated, as evidenced
by sustained high MDA concentrations. This finding
suggests that antioxidant upregulation represents a
compensatory response rather than a fully protec-
tive mechanism. In other words, GLRaV-3 infec-
tion appears to induce a state of redox imbalance
characterized by simultaneous ROS accumulation
and activation of detoxification pathways, with the
latter partially — but not completely — offsetting
oxidative injury.

Differences observed between the white cultivar
(‘Ag Shani’) and the red cultivar (‘Qara Shani’) in-
dicate potential genotype-dependent variation in an-
tioxidant responsiveness. In several parameters, the
red cultivar exhibited stronger induction of both enzy-
matic and non-enzymatic antioxidants, accompanied
by more pronounced increases in MDA. However,
due to the limited number of biological replicates
(n=3) and field-based sampling design these diffe-
rences should be interpreted as indicative rather than
conclusive evidence of genotype-dependent redox
regulation. Since this study focused on determination
of total amounts and their differences of biochemical
indicators of oxidative stress and antioxidant status
rather than on mechanistic or transcriptional regula-
tion. our findings should be interpreted as document-
ing infection-associated redox adjustments rather
than defining specific regulatory pathways. Future
studies incorporating larger sample sizes, controlled
experimental conditions, quantitative viral load as-
sessment, and time-course analyses will be neces-
sary to clarify the dynamics of redox regulation and
the extent of genotype-dependent variability during
GLRaV-3 infection.

Previous studies have reported similar and other
alterations in antioxidant enzyme activities, including
APX, during plant—virus interactions in the grape-
vine-GLRaV-3 disease complex (Bayramova et al.,
2018 and 2021 Bayramova et al., 2023; Huseynova
et al., 2016; Sultanova et al., 2019; Sultanova et al.,
2025). In the present study, GLRaV-3 infection was
again associated with increased APX activity together
with elevated levels of ASA and GSH. These changes
indicate adjustments in the antioxidant system under
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viral stress conditions. ASA and GSH function coope-
ratively in cellular redox buffering, and concurrent
increases in both metabolites, together with enhanced
APX activity, are consistent with activation of the
ascorbate-dependent H,O, detoxification pathway
(Chew et al., 2003; Caverzan et al., 2012; Moutinho-
Pereira et al., 2012; Kuzniak et al., 2017).

However, the present study did not investigate the
regulation of this pathway at the molecular level,
and therefore conclusions are limited to observed
biochemical changes. Our findings demonstrate that
GLRaV-3 infection is associated with coordinated
modifications in both enzymatic (APX, CAT) and
non-enzymatic (ASA, GSH, TOC) components of
the antioxidant system in grapevine leaves. In the
present study, GLRaV-3 infection was associated
with concurrent increases in TOC, ASA, and GSH
levels, together with elevated activities of antioxidant
enzymes.

Overall, the substantial and statistically signifi-
cant elevation of both CAT and APX activities dem-
onstrates a robust enzymatic antioxidant response
to GLRaV-3 infection. However, when considered
together with the elevated MDA levels observed in
parallel, these findings suggest that enzymatic up-
regulation represents a compensatory mechanism that
mitigates—but does not fully prevent—virus-induced
oxidative damage. The observed correlation patterns
suggest that, in the sampled GLRaV-3—infected grape-
vine leaves, glutathione availability was moderately
linked with enzymatic H,0, detoxification (APX ac-
tivity), while associations between non-enzymatic
antioxidants and lipid peroxidation were weak or
variable. These results indicate that, under viral stress,
enzymatic and non-enzymatic antioxidant components
may respond differentially, with enzymatic defenses
showing a more consistent activation in response to
oxidative damage than the soluble antioxidant pool.
However, given the limited number of biological
replicates analyzed, these findings should be inter-
preted as indicative of potential redox adjustments
rather than conclusive evidence of systemic network
regulation.

CONCLUSIONS

The present study evaluated changes in lipid per-
oxidation and antioxidant defense parameters in
grapevine leaves of two cultivars, ‘Ag Shani’ (white)
and ‘Qara Shani’ (red), with confirmed GLRaV-3 in-
fection. Infected plants exhibited significantly higher
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malondialdehyde (MDA) levels, indicating increased
lipid peroxidation. Specifically, MDA increased by
approximately 95-121% in the white cultivar and
50-121% in the red cultivar compared with healthy
controls (P<0.01-0.001). Enzymatic antioxidant
activities were markedly elevated: catalase (CAT)
activity increased by 30—66% in ‘Ag Shani’ and 54—
69% in ‘Qara Shani’, while ascorbate peroxidase
(APX) activity increased by 37-92% in the white cul-
tivar and 81-93% in the red cultivar. These changes
indicate strong activation of the H,0O,-scavenging
pathway under viral stress. Non-enzymatic antioxi-
dants were also enhanced in infected leaves. Gluta-
thione (GSH) increased by 24-33% in ‘Ag Shani’
and 50-56% in ‘Qara Shani’, ascorbic acid (ASA)
increased by 16-35% in the white cultivar and 10—
17% in the red cultivar, and total tocopherol (TOC)
increased by 12-25% in ‘Ag Shani’ and 19-50% in
‘Qara Shani’. Collectively, these findings indicate
that GLRaV-3 infection induces measurable oxidative
stress in grapevine leaves, characterized by enhanced
lipid peroxidation and a coordinated upregulation of
both enzymatic and non-enzymatic antioxidant de-
fense components. The magnitude of these responses,
particularly in the red cultivar, highlights cultivar-
specific differences in oxidative stress management
during viral infection.

Although similar responses have been described in
other plant—virus systems, the present study provides
biochemical data for GLRaV-3—infected grapevine
cultivars under local field conditions. Given the lim-
ited number of biological replicates, the results should
be interpreted as indicative of infection-associated
redox adjustments rather than evidence of specific
regulatory mechanisms. Further studies involving
larger sample sizes and controlled experimental de-
signs will be required to clarify genotype-dependent
variability and to better understand the functional
significance of antioxidant responses during GLRaV-3
infection.
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EHJAOI'EHHI AHTUOKCUJIAHTHI
3AXHCHI BIAITIOBIAI BUHOI'PA/THUX POCJ/IMH
HA THOEKHIOIIO GLRAV-3

Hapriz CynranoBa
https://orcid.org/0000-0002-4445-6902

A3zepOaiKaHCHKUI JepKaBHUHM yHIBEpCUTET HahTH
i mpommuciioBocTi, PakynpTeT XiMI9IHUX TEXHOJIOTIH,
npoctn. Azanmur, 20, AZ1010, baxy, A3epbaitmkan

MeTta. MeTor0 1aHOTO AOCHITKEHHS Oyl10 BUBYHUTH, SK
BipycHi iH(]EKIIil, [0 CYyTTEBO MOTIPIIYIOTH PICT 1 BpOXKaii-
HICTh POCIIVH, BIUTMBAIOTh HA HAKOIMYECHHS aKTHBHHUX (hOpM
kucHio (ADK), a Takoxk OLIHUTH POITb K (hEepPMEHTATHBHUX
AHTHOKCHIAHTHUX 3aXHCHUX MEXaHI3MiB, TaK 1 HepepMeH-
TAQTUBHHUX HU3bKOMOJICKYJSIPHUX aHTHOKCHIAHTIB, 30KpeMa
ackopOary (ASA), myrationy (-L-rmytamin-L-nncreinin-
rninuay = GSH) ta tokodeponi (TOC), y nom’sKiieHHi
BipYCOIHIyKOBAaHOTO OKHCITIOBAIIEHOTO CTPECY B POCIHHAX.
MeTtonu. Y oMy AOCITiIKeHHI Oyino 3i0paHO 3araiom
45 3paskiB snucts 31 3pinux 10-pigaux yo3 coptiB “T'apa
lani” (uepBonwmii) Ta “Ar Illani” (6inwmii). Binbip 3pa3kis
MIPOBOAMIIM y TPHOX BUHOTPAJHHUKAX, € 3 KOXXHOTO BUHO-
rpaJHUKa BiIOHpau I’sTh JI03, a 3 KOXKHOT JIO3H — TPHU
(i310JI0TIYHO 3pUIKMX JTUCTKH, IO Aaj0 15 INCTKIB 13 KOXK-
HOTO BUHOTPAJIHUKA Ta 45 NTUCTKIB 3araiom (3 BUHOTpAI-
HUKH X 5 7103 X 3 nmucTku). Ha KO)KHOMY BHHOTpagHUKY
OZHY 1103y 0€3 BUAMMHUX CHUMIITOMIB 0YyJI0 BH3HAYCHO SK
3JI0pPOBHMH KOHTPOJIb, TOJI SIK PEIITA JIO3 BUSBIISUIN THITOBI
BIpYCHI CUMIITOMH, TaKi SK ITOYEPBOHIHHS KpaiB JHUCTS Ta
YepELIKiB, 3HIKECHHS KUTTE31aTHOCTI, CKPYYyBaHHS JICTA,
TTOXKOBTIHHS Ta CKpy4YyBaHHs. BinmosinHo, OyiI0 OTpIMaHO
36 NMHCTKIB 13 7103 13 CUMIITOMaMH Ta 9 JTUCTKIB i3 J103 Oe3
CHUMNTOMIB (310poBHUX). [H(DIKyBaHHS BIpyCOM CKpy4YyBaHHS
nuctsa BuHorpany 3 (GLRaV-3) Oymo miaTBepmkeHo y 3pas-
Kax BHHOTPAay 3a JOMOMOIOI0 eKcrpec-TecTy AgriStrip,
nozaBiiiHOTO aHTUTiINOBOTO cenaBiu-IPA (DAS-ELISA)
Ta 3BOPOTHOI TPAHCKPUIIIi-TOIIMEPa3HOT JIAaHIFOTOBOT
peakii (RT-PCR). 3ronom BipycoiHayKOBaHi 3MiHU B HE-
(hepMEeHTaTUBHUX aHTHOKCHIAHTAX OyIIM KiTbKICHO OIliHE-
HI 32 JIOTIOMOTOI0 CHEKTPO(OTOMETPUIHOTO BU3HAUYCHHS
ackop0ary Ta MIyTaTioHY, TOKO(EpOJiB 3a JOIMOMOTO
peaxuii Emmepi—EHnTens, a Takox MEpeKUCHOTO OKHUCICHHS
nimigiB yepe3 BMicT MJIA 3a J0ITOMOTO0 aHalli3y pEeUOBHH,
o pearyroTh 3 TiobapbiTypoBoro kucioroo (TBARS).
depMeHTaTHBHY aHTHOKCHAHTHY aKTUBHICTh, BKIFOYAIOUN
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ackopOaTnepoKkcuaasy Ta Karajaasy, BU3HA4alll CIEKTpPO-
(hoTOMETpUIHO, a BMICT PO3YHMHHOTO O1JTKa BCTAHOBITIOBAIIH
3a merogoM Cenmaka. Pesyabraru. BipycHuil cKkpuHIiHT
3a gomomorofo tecTiB AgriStrip Ta DAS-ELISA, a motim
RT-PCR, cnpsmoBaHoi Ha TeH 0ijka 000IOHKH, MiATBEPINB
indixyBannass GLRaV-3 y 13 3paskax (npubnuzuo 36,1%),
TOJI K OE3CHMIITOMHI JO3H AaJIM HETaTUBHUU PE3yNbTaT,
10 MPOJEMOHCTPYBAJIO Y3TOMKEHICTh MiX Bi3yaJbHOIO
OIIIHKOIO Ta MOJICKYJISIPHOIO J1arHOCTUKOIO. [H(piKyBaHHS
GLRaV-3 npusBeno 10 3HaYHOTO MiIBUIICHHS PiBHIB HE-
(hepMEHTaTUBHUX aHTHOKCUAAHTIB IIOPIBHSAHO 31 37J0POBH-
MU KOHTpOJsiMu. Bmict Tokodepony (TOC) 30inbimuBcs
Ha 18-73% y 3apaxeHux 3paskax 2—6, Tomi AK 3pa3zok 1
He MOoKa3aB 3Ha4HuWX 3MiH. PiBHI rmyTariony (GSH) miz-
punmmncs Ha 20-60% y 3apaxeHux 3paskax 1,2, 4, 5 ta
6, TOJI SIK 3pa3ok 3 He MokKa3aB 3Ha4HOI pi3HUII. BmicT
ackop0iHoBoi kucinotn (ASA) 30inpmuBes Ha 10-23% y
3apa)xxeHMX 3paskax 1, 3, 5 Ta 6, Toni sk y 3pa3kax 2 Ta
4 ue Oyno BUABICHO 3HAuym[oi pizHumi. [lepokcumarnis
JTIITiTiB, PO IO CBITYATH BMICT MAJIOHOBOTO MiallbICTiny
(MDA), Takox Oyia 3HaQUYHO MiJBHUILIEHOIO B 3apa)KCHUX
nuctkax. PiBHi MJIA 36inpmunucs npubausuo B 1,5—
2,6 pa3a y 3pa3kax 1, 2, 4, 5 Ta 6 mopiBHIHO 3i 3TOPOBHU-
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MU KOHTPOJISIMH, JIOCATal0un a0CONIOTHUX 3HaueHb 0,85—
1,75 mxmonp/T cBixoi macu npotu 0,45—0,9 MKMOJIB/T CBi-
K01 MacH y KOHTpoJsix. [lapanenbHo 3 HuM miABHIMIACS
AKTUBHICTh KJIIOYOBUX aHTHOKCHUAAHTHUX (DEpMEHTIB: ax-
tuBHicTh Karana3u (CAT) 3pocina Ha 25-48%, a akTUBHICTh
ackopOarnepokcunazu (APX) — na 30-55% B indikoa-
HUX JINCTKAX MOPIBHSHO 3 BiAMOBIIHUMHU KOHTPOJSIMHU.
BucnoBku. JlocnijkeHHs, MpoBesieHi Y BUHOTpaJHUKaX
Cansny, ninreepawnu indikysanus GLRaV-3, mo mia-
TBEPKYE 3B’ SI30K MiXK CIIOCTEPEKYBAHUMH CUMITOMAaMHU
Ta O10XIMIYHMMH pEeakIisIMH Ha OKUCIIOBAJIbHHIL cTpec.
[i 6ioxiMivHi 3MiHU CBig4aTh MpO Te, MO iH(IKyBaHHS
GLRaV-3 BukinKae OKUCIIOBAIBHUN CTPEC 1 OAHOYACHO
AKTUBYE K (DepMEHTATHBHI, TaK 1 HeepMCHTaTHBHI aHTH-
OKCHJAHTHI 3aXHMCHI MeXaHi3Mu y JHCTi BuHOTrpaay. Cko-
opauHoBaHe migBumieHHs piBHIB ASA, GSH, TOC, CAT
ta APX, nopsin i3 nijgsuiieHum pisaeM MDA, Bka3ye Ha
CKJIQJIHY PEIOKC-PEryJIsIiio, CIPSIMOBaHY Ha TIOM SIKIIICHHS
OKHCITIOBAJIBHOTO MOUIKO/KEHHSI, CIIPUUYUHEHOTO Bipy-
COM.

KurouoBi cioBa: BuHOTpaxa; BipycH; METaOONIITH; aHTH-
OKCHJIAaHTHI (PEpPMEHTH.
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