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Background. Diabetes mellitus is one of the most common diseases in the world.
Under this pathology all organs and systems of an organism are damaged, including the
immune system. Peripheral blood leukocytes are an important element of this system
that suffer damage under diabetes mellitus due to the influence of reactive oxygen spe-
cies and reactive nitrogen species, the number of which increases fast and leads to the
development of oxidative-nitrative stress. Thus, the discovery of new diabetes-correc-
ting drugs that possess hypoglycemic, antioxidant and immunomodulatory properties
is one of the principal tasks. Such properties are inherent in polyphenolic compounds,
a large amount of which is contained in the grape pomace. That is why the study of
grape pomace extract, rich in a natural complex of polyphenols, is important to evaluate
the possibility of further use of these substances as a basis for drugs that can be used
in the complex therapy of diabetes mellitus.

Materials and Methods. The research used peripheral blood leukocytes of the
control rats, the control animals that were treated with grape pomace extract for 14 days,
animals with streptozotocin-induced diabetes mellitus and rats with experimental dia-
betes mellitus that were treated with grape pomace extract for 14 days. To evaluate the
corrective effect of the grape pomace extract rich in a natural complex of polyphenols
on the state of the antioxidant defense and the L-arginine/NO systems, the activity
of antioxidant enzymes, the level of oxidative modification products of proteins and
lipids, the activity of NO-synthase, the content of nitrites and nitrates, 3'-nitrotyrosine-
modified proteins were studied. The total number of leukocytes, the white blood cell
differential and the phagocytic activity, and the average cytochemical coefficients of
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cationic proteins and NADPH-oxidase activity were indicated to study the effect of the
grape pomace extract on the functional state of leukocytes.

Results and Discussion. The study revealed normalization of the total number of
leukocytes and the white blood cell differential, the activity of NADPH-oxidase, super-
oxide dismutase, catalase and glutathione peroxidase, and the levels of the oxidative
modification products of proteins and lipids, nitrites, nitrates and 3'-nitrotyrosine-modified
proteins, as well as an increase in the average cytochemical coefficient of cationic pro-
teins, and a decrease of the inducible NO-synthase activity after grape pomace extract
administration for 14 days to animals with streptozotocin-induced diabetes mellitus.

Conclusion. The obtained results confirm the antioxidant and immunomodulatory
effects of the studied extract and justify the feasibility of using grape pomace complex
of polyphenolic compounds as a basis for new drugs that will be used in the complex
therapy of diabetes mellitus.

Keywords: grape pomace, diabetes mellitus, leukocytes, oxidative stress, nitrative
stress, polyphenols

INTRODUCTION

According to the World Health Organisation, diabetes mellitus (DM) is a chronic meta-
bolic disease characterized by an elevated level of glucose in the blood (Diabetes, n.d.).

Changes in the intracellular metabolism, intensification of glycation processes and
the development of oxidative-nitrative stress against the long-term hyperglycemia back-
ground are the main factors that induce pathological changes in the structural compo-
nents of cells and affect their functional state under conditions of DM (Giri et al., 2018)
tissues and organ systems. Hyperglycemia can induce oxidative stress, upsurge polyol
pathway, activate protein kinase C (PKC, in particular peripheral blood leukocytes. It is
worth noting that an increase in the glucose level in the blood causes damage to blood
cells, which, in turn, leads to chronic inflammation, and defects in the chemotactic,
phagocytic and bactericidal abilities of immunocompetent cells (Pettersson et al., 2011).

Natural compounds with hypoglycemic, antioxidant, immunomodulatory and anti-
bacterial properties attract attention of researchers because these compounds are
a potential basis for new drugs. Polyphenols occupy an important place among such
natural compounds. A large amount of polyphenols is found in grapes, and the main
part of these compounds is concentrated in the seeds and skin (Elejalde et al., 2021;
Sabadashka et al., 2021). Thus, it is advisable to obtain an extract from grape pomace,
which is a by-product of winemaking and contains a lot of polyphenols.

The aim of our research was to study the effect and mechanisms of action of the
grape pomace extract, rich in a natural complex of polyphenols (NCP extract), in leuko-
cytes under DM, to evaluate the prospects of further use of such a natural complex of
polyphenols as a basis for new diabetes-correcting drugs.

MATERIALS AND METHODS

The experiments were performed on male Wistar rats weighing 100-180 g.
The research was conducted according to “General Principles of Experiments on
Animals”, approved by the First National Congress on Bioethics (Kyiv, Ukraine,
2001) and agreed with the guidelines from the Directive 2010/63/EU of the European
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Parliament “On protection of Animals from Cruelty” of February 26, 2006, and also
approved by the Ethics Committee of lvan Franko National University of Lviv, Ukraine
(protocol No. 42-03-2024 of March 5, 2024).

Grape pomace for the research was provided by Odesa National University
of Technology (Ukraine). The method of obtaining the NCP extract is described in
(Skorobahatko et al., 2023). The total content of polyphenols in the NCP extract was
detected using the Folin-Ciocalteu reagent (Waterhouse, 2002). Gallic acid was used
as a standard. The content of polyphenolic compounds in the obtained concentrate was
80 mg/mL.

Experimental DM was induced by intraabdominal injection of Streptozotocin
(Sigma, USA), dissolved in a 10 mM citrate buffer (pH 5.5), at a dose of 60 mg/kg of
body weight. The induction of DM was controlled according to blood glucose level,
which was measured on the 3rd and 14th days after Streptozotocin injection. Rats with
glucose concentrations higher than 12 mmol/L were used in the study. Glucose concen-
tration was detected with a Contour plus glucometer (Bayer, Switzerland).

All experimental rats were divided into 4 groups: group 1 — control animals (C),
group 2 — control rats that were treated with the NCP extract for 14 days (C + NCP),
group 3 —rats with experimental DM (DM), and group 4 — rats with experimental DM that
were orally treated with the NCP extract for 14 days (DM + NCP) (Fig. 1).

The obtained extract was administered per os with water by gavage at a dose of
45 mg of polyphenols per 1 kg of body weight.

Rats from all experimental groups were decapitated under ether anesthesia on the
29th day of the experiment (Fig. 1). Blood sampling was performed using the anticoagu-
lant heparin (final dilution of heparin to whole blood = 1:100).

Control (C) —
+

acclimatization
. > 0 >/ 14 | >
g o 14} 29 days
Diabetes ,
mellitus (DM) -

Fig. 1. Scheme of the experimental design

iﬁ

The total number of leukocytes was determined using the hemocytometer (Chala
et al., 2024). The white blood cell differential was performed by counting cells on fixed
smears of peripheral blood painted by the Romanovic—Gimzia method (Chala et al., 2024).

Separation of leukocytes was performed by centrifugation over a gradient of ficoll-
triombrast density (Chala et al., 2024). The study of the functional activity of leukocytes
was carried out by determining the phagocytic activity and calculating the average cyto-
chemical coefficient (ACC) of cationic proteins and the nitro-blue tetrazolium reduction
test (NBT-test), for the detection of defects in the oxidative metabolism of phagocytes, fol-
lowing (Chala et al., 2024). Non-opsonized yeast was used as an object of phagocytosis.

For further experiments, cells were lysed with 50 mM Na-K-phosphate buffer
(pH 7.4) at the rate of 1 million leukocytes in 60 pL of buffer. The studied parameters
were determined in the supernatant obtained after centrifugation of lysates for 5 min at
10,000 rpm.
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The concentration of proteins was detected by the conventional Lowry method
(Lowry et al., 1951). Activities of catalase (CAT, EC 1.11.1.6), superoxide dismutase
(SOD, EC 1.15.1.1) and glutathione peroxidase (GPx, EC 1.11.1.9) were detected
according to (Sabadashka et al., 2021). The content of proteins oxidative modifica-
tion products and the content of thiobarbituric acid-reactive substances (TBARS) were
detected according to (Sabadashka et al., 2021). Activities of inducible isoform of
NO-synthase (iNOS) and constitutive isoforms of NO-synthase (cNOS), the content of
nitrite- and nitrate-anions were detected according to (Spryn et al., 2021). The level of
3'-nitrotyrosine-modified proteins was determined by Western blot analysis following
(Drel & Sybirna, 2010).

Statistical analysis of the research results was carried out using Microsoft Excel.
The calculation of main statistical parameters was performed by direct quantitative data
obtained from the research (arithmetic mean — M; standard deviation of the arithme-
tic mean — SD). The statistical significance of differences between group means was
assessed by one-way analysis of variance (ANOVA) with post hoc analysis. The pair-
wise comparison of data was performed using Tukey’s test. The difference was consi-
dered significant under the indications of reliability p=0.95 (significance level P<0.05).

RESULTS AND DISCUSSION

The immunomodulatory effect of the grape pomace extract. An increase in the
total number of peripheral blood leukocytes by 19.66 %, a decrease in the number of
segmented neutrophils by 27.32 %, as well as an increase in the number of lympho-
cytes by 16.67 % under the condition of DM, compared to the control, were detected
(Table 1). Under the NCP extract administration to control animals, an increase in the
number of segmented neutrophils by 12.49 % and a decrease in the number of lympho-
cytes by 5.83 %, compared to the control, were detected (Table 1).

Table 1. The number of leukocytes and the white blood cell differential of rats’ peripheral
blood in the norm, under experimental diabetes mellitus and after treatment with
the grape pomace extract (M*SD, n = 6-9)

Parameters Groups

C C + NCP DM DM + NCP
Total leukocytes, 10%/uL 10.82+0.52 9.88+0.52 12.94+0.82* 10.14+0.42%
Band neutrophils, % 2.44+0.38 2.38+0.42 1.240.37 2.63+0.38
Segmented neutrophils, % 35.22+0.68 40.25+1.88* 25.6+1.72** 30.44+1.82*%
Eosinophils, % 0.11%0 0.38+0.26 0.4+0.24 0.56+0.24
Basophils, % 0.78+0.22 0.75%0.31 0.8+0.37 0.8940.31
Monocytes, % 2.22+0.4 1.25+0.56 2.0+0.63 2.78+0.4
Lymphocytes, % 60.0£1.19 56.5+1.54*  70.0£1.61***  61.63+1.36%

Note: **, ***—significant difference compared to the control (p 20.99, p 20.999); #, ## — significant difference
compared to diabetes (p 20.95, p 20.99)

The administration of the NCP extract to animals with experimental DM contributed
to the normalization of the total number of leukocytes, while the number of lymphocytes
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decreased by 13.58 %, and the number of segmented neutrophils increased by 18.92 %,
compared to diabetes (Table 1). The administration of the NCP extract contributed to an
increase in the number of neutrophils combined with a decrease in the number of lym-
phocytes, as well as a decrease in the total number of leukocytes, which indicates the
anti-inflammatory properties of polyphenolic compounds (Chala et al., 2024; Magrone
et al., 2008). Thus, a decrease in the number of pro-inflammatory cytokines due to the
influence of polyphenols can lead to a decrease in the number of immune cells, in par-
ticular lymphocytes, which was found in animals with DM (Chala et al., 2024).

Changes in the functional properties of leukocytes under DM are a prerequisite
for the immune status violation and the development of infectious and inflammatory
processes, which tangles the course of the disease and causes complications (Moradi
et al., 2012). Therefore, we studied the ability of peripheral blood leukocytes to phago-
cytosis, ACC of cationic proteins and the NBT-test.

The number of leukocytes that entered phagocytosis (phagocytic index, Pl) in rats
with DM, compared to the control, decreased by 6.06 % and 3.65 % after 30 and 120 min
of incubation, respectively. In the group of animals with DM, after stimulation cells with
N-formylmethionyl-leucyl-phenilalanine (fMLP), Pl decreased by 7.59 % and 4.06 %
after 30 and 120 min of incubation, respectively, compared to control (Table 2). When
the NCP extract was administered to control animals, significant changes in Pl were not
detected, both without and with fMLP stimulation of leukocytes. In animals with DM, in
the case of the NCP extract administration, the number of phagocytic cells was norma-
lized after 30 and 120 min of incubation without and with the addition of fMLP (Table 2).

Table 2. The number of phagocytic peripheral blood leukocytes of rats (the phagocytic
index, Pl) and the average number of microorganisms in the phagocyte (the
phagocytic number, PN) in the norm, under experimental diabetes mellitus and
after treatment with the grape pomace extract (M+SD, n = 6-9)

Parameters Groups

C C + NCP DM DM + NCP
PI 30, % 96.6+1.17 97.8+0.80 90.75+1.25**  95.17+1.14*
PI 30 + fMLP, % 97.4+0.68 98.2+0.37 90.0+1.08***  94.83+0.60%#
PI 120, % 96.0+0.55 96.67+0.67 92.5+1.19* 96.67+0.76%
PI 120 + fMLP, % 97.2+0.58 98.29+0.57  93.25+0.85***  96.57+0.29%
PN 30, yeast cells 2.34+0.04 2.66+0.03***  1.82+0.05***  2.13+0.02%#**
PN 30 + fMLP, yeast cells 2.89+0.01 2.93+0.06 2.17+0.01***  2.31+0.03**
PN 120, yeast cells 2.44+0.02 2.51+0.11 1.7910.05***  2.05+0.02%# ™

PN 120 + fMLP, yeast cells 2.62+0.07 2.87+0.03**  2.22+0.01*** 2.35+0.03™

Note: *, **, *** — significant difference compared to the control (p .95, p 20.99, p 20.999); #, ##, ### — sig-
nificant difference compared to the diabetes (p 20.95, p 20.99, p 20.999)

To determine the number of absorbed objects, the number of internalized particles
inside the phagocyte (phagocytic number, PN) is determined (de Souza Ferreira et al.,
2012). A decrease in the number of absorbed microorganisms in one phagocyte in ani-
mals with DM by 22.29 % and 26. 27 % was detected after 30 and 120 min of incubation,
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respectively, compared to the control. Under the conditions of cells stimulation with
fMLP, PN in animals with DM decreases by 24.93 % and 15.46 % after 30 and 120 min
of incubation, respectively, compared to the control (Table 2). An increase in PN by
12.02 % after 30 min of incubation without fMLP stimulation and by 8.76 % after 120 min
of incubation with fMLP stimulation was detected under conditions of the studied extract
administration to control animals, compared to the control, which indicates the ability
of polyphenols to restore the functional activity of leukocytes. When the NCP extract
was administered to animals with the studied pathology, an increase in the number of
absorbed objects of phagocytosis by 16.85 % and 14.23 % after 30 and 120 min of incu-
bation, respectively, without fMLP stimulation, and a tendency to increase PN by 6.25 %
and 6. 09 % after 30 and 120 min of incubation, respectively, with fMLP stimulation were
detected, compared to DM (Table 2).

The obtained results can be explained by the fact that long-term hyperglycemia is
accompanied by preactivation of neutrophils, which is manifested by defects in chemo-
taxis, phagocytic and bactericidal abilities of these cells (Giri et al., 2018; Insuela et al.,
2019) tissues and organ systems. Hyperglycemia can induce oxidative stress, upsurge
polyol pathway, activate protein kinase C (PKC. Polyphenolic compounds can cause
a decrease in glucose concentration in rats’ blood (Boydens et al., 2016), and, thus,
eliminate the negative impact of hyperglycemia on the functional state of immunocom-
petent cells. In addition, phagocytic activity can be increased due to an increase in the
ATP level in leukocytes under conditions of the NCP extract administration (Wood dos
Santos et al., 2018).

It was established that under experimental DM the number of cationic proteins in
peripheral blood leukocytes of rats decreases, compared to the control, by 20.64 %
and 17.36 % without and in the presence of non-opsonized yeast without leukocytes
preincubation with fMLP, respectively. Under conditions of the studied cells preincuba-
tion with fMLP under DM, the ACC of cationic proteins decreases, compared to the
control, by 30.19 % and 25.96 % without and in the presence of non-opsonized yeast,
respectively (Fig. 2). Indicators of cationic proteins ACC of peripheral blood leukocytes
of control rats treated with the NCP extract does not significantly change in any of the
experimental groups compared to the indicators of control animals (Fig. 2).

It was detected that under administration of the NCP extract to animals with experi-
mental DM, the lysosomal cationic proteins ACC increased by 7.17 % and 13.08 %,
compared to DM, without and in the presence of non-opsonized yeast, respectively,
without stimulation with fMLP. Under the same conditions, after pre-incubation of leu-
kocytes with the bacterial tripeptide the studied parameter increases by 7.11 % and
7.05 % without and in the presence of non-opsonized yeast, respectively, compared to
DM (Fig. 2).

A decrease in the cationic proteins level in neutrophils is the evidence of a viola-
tion of the cells' bactericidal system which can be associated with a violation of cell
signaling, the consequence of which is, in particular, the suppression of the expression
of defensins genes (Froy et al., 2007). The NCP extract administration to animals with
DM increased the level of cationic proteins in cells without and with stimulation by the
bacterial tripeptide fMLP. This effect may be due to the fact that polyphenols, in par-
ticular quercetin, catechin and myricetin, can modulate the immune response through
their powerful antioxidant and anti-inflammatory effects (Bahadoran et al., 2013). We
also assume that cationic proteins, like other proteins, are damaged by reactive oxy-
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gen species (ROS), the level of which increases under oxidative stress (Sabadashka
et al., 2021). However, polyphenolic compounds, showing antioxidant scavenger effect
(Sabadashka et al., 2021), reduce the ROS level under DM and, thus, lead to an
increase in the level of cationic proteins.

mC
B C +NCP
DM

ACC

B DM + NCP

PBS PBS + fMLP Yeast Yeast + fMLP

Fig. 2. The average cytochemical coefficient (ACC) of cationic lysosomal proteins of peripheral blood leu-
kocytes of rats in the norm, under experimental diabetes mellitus and after treatment with the grape
pomace extract (M+SD, n=6-9)

Note: **, *** — significant difference compared to the control (p 20,99, p 20,999); ##, ### — significant diffe-
rence compared to the diabetes (p 20,99, p 20,999). PBS — phosphate-buffered saline

NADPH-oxidase is the enzyme responsible for the effector potential of phagocytes
through the synthesis of ROS, in particular superoxide anion, which contributes to the
neutralization of pathogens (Taylor-Fishwick, 2013; Vermot et al., 2021). Therefore, we
conducted the NBT-test, which reflects the activity of this enzyme (Baisya et al., 2023).
The study was conducted under the conditions of spontaneous (without leukocytes pre-
incubation with fMLP) and induced (with leukocytes preincubation with fMLP) phago-
cytosis.

It was found that under the conditions of experimental DM, the ACC of the periph-
eral blood leukocytes NBT-test increased by 18.05 % and 32.38 %, compared to the
control, under spontaneous phagocytosis without and in the presence of non-opsonized
yeast, respectively. In the case of induced phagocytosis under DM, an increase in the
studied parameter by 36.19 % and 21.34 % was found without and in the presence of
non-opsonized yeast, respectively, compared to the control (Fig. 3). When the NCP
extract was administered to the control animals, a tendency to an increase in the stud-
ied parameter by 7.12 % and 11.89 % was found under spontaneous phagocytosis with-
out and in the presence of non-opsonized yeast, respectively, compared to the control.
Under the induced phagocytosis, the NCP extract administration revealed a tendency
to increase the ACC of the peripheral blood leukocytes NBT-test of control animals
by 11.05 % without non-opsonized yeast, compared to the control (Fig. 3). The NCP
extract administration to animals with experimental DM contributed to the normaliza-
tion of the ACC of peripheral blood leukocytes NBT-test both during spontaneous and
induced phagocytosis (Fig. 3).
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Fig. 3. The average cytochemical coefficient (ACC) of the NBT-test of peripheral blood leukocytes of rats in
the norm, under experimental diabetes mellitus and after treatment with the grape pomace extract
(M£SD, n=6-9)

Note: *, **, *** — significant difference compared to the control (p 20.95, p 20.99, p 20.999); #, ##, ### — sig-
nificant difference compared to the diabetes (p 20.95, p 20.99, p 20.999). PB — Na/K-phosphate buffer

Pro-inflammatory cytokines, the level of which increases under DM, can influence
the activity of NADPH-oxidase (Checa & Aran, 2020; Taylor-Fishwick, 2013). Under
these conditions the content of superoxide anion increases, therefore the indicators
of the NBT-test are high. The effect of polyphenolic compounds under DM may be
explained by their ability to inhibit chronic inflammatory processes, in particular through
the inhibition of the pro-inflammatory cytokines release (TNF-a, IL-13 and IL-6) (Zhang
et al., 2018).

The antioxidant activity of the grape pomace extract under diabetes-induced
oxidative-nitrative stress. It was found that the activity of SOD, CAT and GPx of peri-
pheral blood leukocytes of rats with experimental DM was reduced by 72.91 %, 56.72 %
and 34.84 %, respectively, compared to the control (Table 3). The activity of these
antioxidant enzymes in the peripheral blood leukocytes of the control animals did not
significantly change compared to the control after the NCP extract administration. When
the studied extract was administered to animals with DM, normalization of the activity of
SOD, CAT and GPx in the peripheral blood leukocytes was observed (Table 3).

Suppression of the SOD activity under the studied pathology can be caused by its
inactivation by hydrogen peroxide (H,0,) (Hink et al., 2002). Since H,0, is formed as
a result of glucose autoxidation, its level is high in patients with diabetes. In addition,
the accumulation of O,* and the overproduction of NO leads to the excessive formation
of peroxynitrite (ONOO") under DM, which is an oxidative damage mediator to cells. In
turn, ONOO- can inactivate SOD by nitration at the Tyr34 in the active site of the enzyme
(Hertsyk et al., 2021). Also, the inactivation of such enzymes as SOD may be caused by
a lack of cofactors, including Zn?* and Cu?*, the homeostasis of which is impaired under
DM conditions (Ganesh & Meenakshi, 2023; Promyos et al., 2023). A decreased CAT
activity under DM may be associated with gene expression dysregulation. In addition,
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under DM, CAT undergoes excessive phosphorylation, which can also inhibit enzyme
activity (Hertsyk et al., 2021). It is also known that the formation of NO, which can
bind to the Ferrum-porphyrin complex of CAT with the formation of nitroso derivatives,
increases under diabetes. The formation of such a complex prevents binding of H,O,
in the active site of CAT, which, accordingly, inhibits its splitting (Hertsyk et al., 2021).
In addition, the reduced activity of CAT under the studied pathology may be due to the
inhibition of this enzyme by excessive amounts of O,*, which is due to the reduced SOD
activity (Altobelli et al., 2020). A decrease in the GPx activity under DM may be related
to the fact that, under pathological conditions, glucose metabolism in the sorbitol path-
way increases, in which the enzyme aldose reductase uses NADPHH*. Since it is also
a cofactor of glutathione reductase, this can lead to a decrease in the level of reduced
glutathione, which is the main substrate for GPx (Kanikarla-Marie et al., 2019) and its
depletion increases oxidative stress. Diabetes is associated with lower blood levels of
Ic and GSH. The mechanisms leading to a decrease in Ic in diabetes are not entirely
known. This study reports a significant decrease in LC in human monocytes exposed
to high glucose (HG).

Table 3. The activity of antioxidant enzymes and the content of protein and lipid oxidative
modification products in peripheral blood leukocytes of rats in the norm, under
experimental diabetes mellitus and after treatment with the grape pomace extract
(M+SD, n=6-9)

Groups

Cc C + NCP DM DM + NCP

Parameters

The activity of antioxidant enzymes

Superoxide dismutase,

. 72.3244.98  71.21£5.73 19.59+3.54***  66.80+4.34%#
U/ug of protein

Catalase, . 37.37+3.54  32.63+3.25 16.17+1.51** 35.19+2.63%
nmol of H,O,/(min-mg of protein)
Glutathione peroxidase,

. . 1425.17+113.25 1416.74+95.74 928.68+52.25* 1523.09+187.37#
pmol G-SH/(min-mg of protein)

Oxidative modification products of proteins and lipids
Carbonyls of neutral character, % 100.0+13.79 106.73+8.88 199.02+25.98*** 108.37+14.01%#
Carbonyls of basic character, % 100.0+14.29 104.09+7.68 180.12+31.05** 117.29+14.59*
TBA-reactive substance, % 100.0+2.08 87.4+1.94*  17259+7.59"*  92.69+2.48*#

Note: *, **, *** — significant difference compared to the control (p 20.95, p 20.99, p 20.999); #, ##, ### — sig-
nificant difference compared to the diabetes (p 20.95, p 20.99, p 20,999)

An increase in the activity of SOD after the NCP extract administration under DM
may be caused by an increase in the activity of CAT and GPx, which can neutralize such
a product of the SOD reaction as H,O,. After all, an excessive amount of ROS causes
a decrease in the SOD activity by a negative feedback mechanism. Polyphenolic com-
pounds can increase CAT activity due to the ability of these compounds to suppress
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excessive phosphorylation of this enzyme under DM (Hertsyk et al., 2021). In addition,
polyphenolic compounds can scavenge ROS and Reactive Nitrogen Species (RNS),
which contributes to the CAT activity restoration under DM. Normalization of the GPx
activity after the NCP extract administration may be associated with the hypoglycemic
effect of polyphenols (Sabadashka et al., 2021). Polyphenolic compounds can show
a hypoglycemic effect acting as tyrosine kinase inhibitors, in particular Abelson tyrosine
kinase (c-Abl) (Fountas et al., 2015). This can contribute to the inhibition of glucose
metabolism in the sorbitol pathway, and accordingly, a sufficient amount of NADPH goes
to glutathione reductase, which contributes to the formation of reduced glutathione,
necessary for GPx.

In peripheral blood leukocytes of rats under experimental DM, an increase in the
content of proteins oxidative modification products of neutral and basis characters by
99 % and 80.1 % was detected, respectively, compared to the control (Table 3). No sig-
nificant changes in the level of proteins oxidative modification products were detected
after the NCP extract administration to control animals. When the studied extract was
administered to rats with DM, normalization of the level of proteins oxidative modifica-
tion products in peripheral blood leukocytes was observed (Table 3).

The study revealed an increase in the level of TBARS under the conditions of DM
in the peripheral blood leukocytes of rats by 72.6 %, compared to the control (Table 3).
When the NCP extract was administered to the control animals, a decrease in the level
of lipid peroxidation products was observed, compared to the control. Normalization of
the TBARS level was found in peripheral blood leukocytes of rats with experimental DM,
which were treated with the extract (Table 3).

The NCP extract administration contributed to the normalization of the oxidative
modification products of proteins and lipids under DM both due to the ability of poly-
phenolic compounds to scavenge ROS and the ability of polyphenols to normalize the
activity of antioxidant enzymes (Sabadashka et al., 2021).

The state of the L-arginine/NO system elements was also studied. Under experi-
mental DM in peripheral blood leukocytes, an increase in the activity of the inducible
isoform of NO-synthase (iINOS) by 80.8 %, compared to the control was detected, while
no significant changes in the activity of constitutive isoforms of NO-synthase (cNOS)
were observed (Table 4). No significant changes in the activity of the enzyme were
detected when the NCP extract was administered to the control animals. In rats with
DM, the studied extract contributed to a decrease in iINOS activity in peripheral blood
leukocytes by 41.17 %, compared to DM (Table 4).

The decrease in the iINOS activity after the NCP extract administration may be
due to the ability of polyphenols, in particular gallic acid and quercetin, to inhibit gene
expression of this NOS isoform (Serreli & Deiana, 2023).

Under the conditions of experimental DM, an increase in the content of stable NO
metabolites: nitrite- and nitrate-anions in peripheral blood leukocytes by 81.03 % and
36.55 %, respectively was detected (Table 4). No significant changes in the studied
parameters were found when the NCP extract was administered to the control animals.
In peripheral blood leukocytes, when the NCP extract was administered to animals with
DM, a decrease in the level of nitrite- and nitrate-anions by 102.55 % and 33.39 %,
respectively, compared to DM was found (Table 4).

The content of 3'-nitrotyrosine is considered an indirect indicator of the ONOO-
level in the cell, as well as an important marker of oxidative-nitrative stress (Sherwani
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et al., 2016). An increase in the level of 3'-nitrotyrosine-modified proteins under condi-
tions of DM in peripheral blood leukocytes by 96.54 % was established, compared to
the control (Fig. 4).

Table 4. The NO-synthase activity and nitrite- and nitrate-anions content in peripheral blood
leukocytes in the norm, under experimental diabetes mellitus and after treatment
with the grape pomace extract (M*SD, n = 6-9)

Groups
C C + NCP DM DM + NCP
The NO-synthase activity
iNOS, pmol NO,/(mg of protein-min) 132.57+6.98 140.97+14.32 239.67+19.55*** 169.78+14.03*
cNOS, umol NO,/ (mg of protein-min) 49.72+5.38 44.71+8.97 67.95+15.46  59.73+4.53

Indicators

The content of nitrite- and nitrate-anions
Nitrite-anions, % 100.0+6.70 95.69+6.48 181.03+25.98** 78.48+9.53*
Nitrate-anions, % 100.0+4.57 95.70+3.44 136.55+5.71*** 103.16+4.16%#

Note: *, **, *** — significant difference compared to the control (p 20.95, p 20.99, p 20.999); #, ##, ### — sig-
nificant difference compared to the diabetes (p 20.95, p 20.99, p 20.999)

No significant changes in the studied indicator were found when the NCP extract
was administered to the control animals. Normalization of the level of 3'-nitrotyrosine-
modified proteins in peripheral blood leukocytes was detected after administration of the
NCP extract to rats with DM (Fig. 4).

A KkDa B
250
116 — :
90 —
200 I
55— |
485—" y ' 150
365 —| ; 100
26.6 —|i ' ! . 50
W
M I—- — — —I—B_actin 0
C C+NCP DM DM + NCP C C + NCP DM DM + NCP

Fig. 4. Western blot analysis of 3'-nitrotyrosine-modified proteins in peripheral blood leukocytes in the norm,
under experimental diabetes mellitus and after treatment with the grape pomace extract (M — molecu-
lar mass marker) (A). The level of 3'-nitrotyrosine-modified proteins in percentages (control taken as
100%) (B), obtained by densitometric analysis of Western blotting results

Note: *** — significant difference compared to the control (p 20.999); ### — significant difference compared
to the diabetes (p 20.999)
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An increase in the content of 3'-nitrotyrosine under DM may be due to an increased
level of NO and O,* (Hertsyk et al., 2021). On the other hand, the decrease in nitroty-
rosine levels after the NCP extract administration to animals with DM may be related
to the ability of polyphenolic compounds to scavenge ONOO- (Hertsyk et al., 2021), as
well as reduce NOS activity.

CONCLUSION

The results of the research confirm the immunomodulatory and antioxidant proper-
ties of the grape pomace extract rich in a natural complex of polyphenols. In particu-
lar, the positive effect of the studied extract under the conditions of diabetes-induced
oxidative-nitrative stress in peripheral blood leukocytes was established. The ability of
the grape pomace extract to positively correct disorders of the morpho-functional state
of peripheral blood cells caused by diabetes mellitus was revealed. Thus, polyphenolic
compounds of the grape pomace extract should be considered as the basis for the
development of medicine for concomitant complex therapy in diabetes mellitus.
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BMJINB EKCTPAKTY 3 BUHOPAOHUX BUMABOK, 3BAFAYEHOIO
NMPUPOAHMM KOMMMNEKCOM NONI®EHONIB, HA MOP®O-®YHKLIOHATIbHUNA
CTAH NEUKOLMTIB 3A EKCNEPUMEHTANBHOIO LYKPOBOIO OIABETY

Hapis Yana, Mapiss Cabadawka, Hamanisi CubipHa

JIbsigcbKuli HayjoHanbHUU yHigepcumem iMmeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

BcTtyn. LlykpoBuin giaber HanexuTb OO HAWMOLUMPEHILLIMX 3aXBOPIOBaHb Yy CBITi.
3a uiei natonorii yLWKOMXeHb 3a3Hal0Tb YCi OpraHy Ta CUCTEMU OpraHiamy, cepen sKux
iMyHHa cuctema. BaxnmBum enemMeHTOM L€l CUCTEMU € NENKOUUTU NepudpepuyHoi
KPOBI, L0 3a3Hatl0Tb MOLLKOMXXEHb Y XBOPUX Ha diabeT, agke nigaarTbes BNAMBY akTUB-
HMX DOPM OKCUTEHY M aKTUBHWUX (DOPM HITPOTreHy, KinbKiCTb AKX Pi3KO 3pocTae i npu-
3BOAMTb O PO3BUTKY OKCUAATUBHO-HITPATMBHOIO cTpecy. OTxe, po3pobka HOBUX Adia-
BeT-kopurytoumnx npenaparis, ki Manu 6u rinornikemiyHi, aHTUOKCUOAHTHI N iIMyHOMO-
OyIHoYi BMaCTUBOCTI, € OOHIE 3 akTyanbHMX Npobnem. Taki BNacTUBOCTI NpUTaMaHHi
nonigpeHoNbHNM CronyKam, Benuka KifbKiCTb SIKUX MICTUTbCS Y BUHOrpaZHMUX BUYaBKax.
Came Tomy AoCnigKeHHs eKCTPaKTy 3 BUHOTPagHUX BUYABOK, 36ara4eHoro npMpogHum
KOMMneKkcom nonidpeHoniB, € BaXXNMBMM ANS TOro, Wob ouiHUTM MOXMMBICTb nodarnb-
OO BUKOPUCTaHHSA LMX PEYOBWMH SIK OCHOBW MpenapartiB Ans KOMMMeKcHol Tepanii
LlyKpOBOro fiabeTy.

Matepianu Ta metoau. Y [OCNIAXEHHI BUMKOPUCTOBYBANM NEWKOUUTU nNepu-
EepUYHOI KPOBI KOHTPOJSbHMX LLYPIB, KOHTPOSbHUX TBApWH, SKMM YNpogoBX 14 OHiB
BBOAMIM EKCTPaKT i3 BUHOrpagHUX BMYABOK, TBAPWUH 3i CTPENTO30TOLMH-IHOYKOBaAHUM
LYKPOBUM fiabeTom i LypiB 3 ekcrnepyMeHTansHUM LyKpoBUM giabeTom, Skum 14 gHis
BBOAMIM €KCTPaKT i3 BUHOTPaAHMX BUYABOK. [N OOCNISKEHHS KOPUIYOHOro edekTy
NPUPOLHOro NOMiPeHONbHOro KOMMMEKCY eKCTPaKTy 3 BUHOrpagHUX BUYABOK Ha CTaH
CUCTEMUN aHTMOKCUMOAHTHOrO 3axucty, cuctemy L-apriHiH/NO Ta dyHKUiOHanNbHWI CTaH
NEeNKOUMUTIB BU3HAYanu akTMBHICTb aHTMOKCMAAHTHUX €H3UMIB, piBeHb MPOOYKTIB OKUC-
HOi Mogudikauii 6inkie i ninigis, akTMeHiCTb NO-CuHTa3W, BMICT HITPUTIB | HiTpaTiB,
3'-HITPOTMPO3MH-MoAMdIKOBaHMX BinkiB, 3aranbHy KinbKiCTb NEVKOLUTIB, NENKOLUTAPHY
dopmyny Ta daroumTapHy akTUBHICTb | CepeaHin LUTOXIMIYHMI KoemiLiEHT KaTiOHHUX
npoteiniB i HCT-TecTy.

Pe3ynbraTtu. BctaHoBRNeHO HoOpMani3alito 3aranbHOI KinbKOCTi NENKOLUTIB i nenko-
uuTapHoi dopmynu, aktuBHocTi NADPH-okcuaasn, cynepokeugamcmyTasn, Katanasm
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M rnyTaTioHNepoKcMaasmn Ta piBHIB NPoAYKTiB OKMCHOT Mogudikauii 6inkie i niniaie, HiTpu-
TiB, HiTpaTIB i 3'-HITPOTMPO3NH-MOoANGIKOBAHMX BirKiB, @ TakoX MiABULLEHHS] CEPEAHbOro
LMTOXiIMIYHOrO KoedpiljieHTa KaTioHHUX OInkKiB Ta 3HMKEHHSA aKTUBHOCTI iHOYLMOENbHOI
NO-cuHTa3n 3a nepoparnbHOro BBeAEHHS YNPOA4oBX 14 OHIB eKCTpakTy 3 BUHOIPaOHUX
BMYABOK TBAPMHAM 3i CTPENTO30TOLMH-iIHOYKOBAaHMM LIyKPOBUM AiabeToMm.

BucHoBkU. OgepxxaHi pesynbratu NigTBEPMAXKYHOTb aHTUOKCUOAHTHY i iMyHOMO-
OYIoYY [it0 AOCTiAXKYBaHOro eKCTpaKTy i 0OrpyHTOBYHOTb AOUINbHICTL BUKOPUCTAHHS
KOMMMeKCy NonidpeHOoNbHMX CMOMyK i3 BUHOrPaAHMX BMYABOK K OCHOBM HOBUX Mpena-
paTiB AN KOMMEKCHOI Tepanii LyKpoBoro aiabery.

Knroyoei crioea: BMHOrpagHi BU4aBKU, LKPOBUIA OiabeT, NeNKoLUTH, OKCUOATUBHUN
CTpeC, HITpaTMBHUI CTPeC, nosicpeHonn
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