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The research has shown that exposure to ionizing radia-
tion at the dose of 30 cGy leads to the activation of NO-
synthase way of nitrogen oxide synthesis, as well as to the
accumulation of its stable metabolites and 3’ -nitrotyrosine
modified proteins in rat peripheral blood leucocytes and the
renal cortical layer. NO-synthase activity was preserved
at the control value through the consumption of red wine
natural polyphenolic complex concentrates by the irradiated
animals. The content of proteins modified by tyrosine
nitration decreased in the early period of post-radiation
exposure due to the influence of the investigated concentrate.
Thus the ability of red wine natural polyphenolic complex
concentrates to prevent adverse changes in L-arginine/NO
system and, therefore, inhibit the development of nitrative
stress induced by low doses of ionizing radiation has been
proved experimentally.

Key words: 3 -nitrotyrosine modified proteins, NO stable
metabolites, NO-synthase, polyphenols, X-rays.

Introduction. Due to the growth of radioactive
pollution of the biosphere caused by accidents at
nuclear power plants, an increased number of air
flights and intensive usage of ionizing radiation
in medicine, the study of effects of low doses of
ionizing radiation on living organisms, including
humans and animals, is becoming more and more
pressing [1, 2].

A considerable increase in free radical processes,
the disorder of the redox state of cells and the de-
velopment of oxidative stress, the main marker of
which is an increase in superoxide anion (O, 7), are
the key events in biological systems under X-ray
exposure conditions [3]. Under pathological con-
ditions, including the action of ionizing radiation,
diabetes and cardiovascular diseases, NO, which
normally acts as a second messenger, is produced
in excessive amounts and reacts with O, ~, result-
ing in the formation of peroxynitrite (ONOO™).
ONOO, in turn, can significantly enhance the deg-
radation of cellular structures by the modification
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of proteins (on tyrosine residue in particular), cause
DNA damage, the induction of lipid peroxidation
and disorder in cellular signaling, resulting in the
development of nitrative stress [3—7]. A compen-
satory increase in NO-synthase activity and, con-
sequently, the increased production of NO is also
the result of ONOO~ formation, adding to nitra-
tive stress. For example, the increased formation of
NO following irradiation is characteristic of such
organs as the liver, lung, kidney, intestine, heart,
brain and bone marrow and vascular endothelium
[5—10]. In addition, it is well-known that within
several hours of exposure to low doses of ionizing
radiation inflammatory response is developed, ac-
tivating leucocytes in vessels. The development of
inflammatory processes can greatly complicate the
handling of nitrative-oxidative stress, thus inflict-
ing damage on the body. Accordingly, the search
for new radioprotective compounds and new diag-
nostic approaches to detecting radiation damage is
extremely important today.

The ability of phenolic groups in polyphenols
to neutralize electrons of free radicals and form
relatively stable phenoxyl radicals suggests they can
be strong radioprotectors, since in such a way poly-
phenolic compounds stop radiation-induced oxida-
tion chain reactions in cells [11]. It was shown that
polyphenols can act as scavengers of reactive oxy-
gen species (ROS), reactive nitrogen species (RNS)
and lipoperoxyde radicals [12—16]. They are also
capable of chelating transition of metal ions such
as iron and copper, which play an important role in
the initiation of free radical reactions [17]. In this
way, polyphenols act in redox sensitive signaling
cascades when preventing radiation-induced single-
stranded DNA breaks [18] and inhibit the cytotoxic
effects of ONOO™ [19]. A lot of flavonoids such as
quercetin, luteolin and catechins are considered to
be even better antioxidants than vitamin C, vitamin

E and B-carotene [17].
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Asred wine polyphenols have anti-inflammatory,
immunomodulating, antioxidant and detoxification
properties both in vitro and in vivo [20—22], they
can potentially be used as effective radioprotectors.
However, the role of red wine polyphenols, and in
particular their concentrated preparations, in the
development of nitrative stress caused by low-dose
radiation has not been sufficiently studied. There-
fore, the main aim of this study was to identify the
impact of natural polyphenolic complexes of wine
(hereinafter called polyphenol complexes, PC) on
indicators of radiation-induced nitrative stress un-
der low-dose radiation in cells of the cortical layer
of kidneys and lymphocytes of rats.

Materials and Methods. The experiments were
conducted on Wistar outbred white rats 180—200 g
in weight. All the procedures with the animals were
conducted in accordance with General Principles
of Animal Treatment, approved by the First Na-
tional Congress on Bioethics (Kyiv, Ukraine, 2001)
and the European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, France,
1986). The animals were kept in the vivarium and
had free access to food and water.

The experimental rats were divided into four
groups: 1 — normal untreated control animals
(hereinafter called C); 2 — animals that consumed
PC concentrate with drinking water (hereinafter
called C+PC); 3 — rats that were irradiated (here-
inafter called R), 4 — animals that consumed PC
concentrate with drinking water 10 days before and
throughout the experiment after irradiation (herein-
after called R+PC). Indices were measured in 24,
48, 72 and 168 h after the irradiation.

Red wine was kindly donated for the research by
«Magarach», National Institute for Vine and Wine.
Concentrates were obtained by evaporating red wine
on rotary evaporators, Laborota 4001 (Germany).
The mass concentration of phenolic compounds in
the tested concentrate was 59 g/1, of which polymeric
compounds constituted 40 g/l and monomers —
19 g/1. The main components were caftaric, coutaric
and gallic acids, catechins and quercetin.

The concentrates were consumed with drinking
water, a daily dose being 12.5 mg of polyphenolic
compounds per 1 kg of body weight, which corre-
sponds to the theoretical average concentration of
polyphenols in 300 ml of red wine (a daily recom-
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mended dose for a person weighing 70 kg).
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The total polyphenolic content was standard-
ized in wine and the concentrate to the gallic acid
equivalent using Folin-Chokalteu reagent [23].

The rats were exposed to the single total radia-
tion in a dose of 30 cGy by RUM-17 installation
with the following parameters: a skin-focus distance
of 95 cm, voltage of 130 kV, current of 10 mA, Cu
0.5 mm and Al 1.0 mm filters, the power of a dose —
8.3 mGy - s7!. The dose was controlled by a clinical
dosimeter of 27012 type («Otto Shon», Germany).

The rats entered the surgical stage by ether an-
esthesia. Samples collection was carried out after
the decapitation of the animals. The derived renal
cortical layer was snap-frozen with liquid nitrogen
and stored at —70 °C.

Blood was collected into porcelain cups. Hepa-
rin was used as an anticoagulant. Lymphocytes were
separated on gradient of Histopaque-1083 (density
of 1.083 g/ml) (10831, «Sigma», USA).

Determination of nitrites and nitrates. The samples
were deproteinized by centrifugation at 14,000 rpm
for 1 h at 4 °C with the addition of 96 % ethanol.
100 pl of VCI, was added to 100 pl of supernatant
for the measurement of the total content of
NO stable metabolites (NO ), shortly followed
by the addition of Griess' reagents (sulfanil-
amide (50 pl) and N-(I-naphthyl)ethylenedi-
amine dihydrochloride (50 pl)). The Griess so-
lution was premixed immediately prior to the
application to the plate. Nitrites were meas-
ured in a similar manner. However, the sam-
ples were exposed exclusively to Griess reagents.
In either case, the absorbance at 540 nm was
measured using a plate reader (Epoch, «Bio-
Tek», USA) following incubation (30 min) [24].

Determination of the total NO-synthase activity.
NO-synthase activity was determined after the lysis
of samples in the buffer containing 0.05 M Tris-
HCI (pH 7.4), 0.25 M saccharose, 0.001 M EDTA,
in which protease inhibitors (0.5 mM aprotinin
(A1153, «Sigma», USA), 0.5 mM pepstatyn (P5318,
«Sigma», USA) and 10 mM phenylmethanesulfo-
nyl fluoride (P7626, «Sigma», USA)) were added
directly before the process. After a 30-minute incu-
bation at 4 °C the lysate was centrifuged at 14,000
rpm for 30 min. 10 mM HEPES buffer containing
1 M MgCl,, 1 M CaCl,, 3 mM L-arginine and
250 mM NADPH+H™* was added to the super-
natant. The samples were incubated at 37 °C for
30 min and the reaction was stopped by adding
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96 % ethanol in 1:2 wt/vol ratio. Proteins were pre-
cipitated by centrifugation (at 20 °C, for 20 min at
2500 rpm). 100 pl of supernatant and 100 pl of
Griess reagent were added to an eppendorf tube
and incubated for 30 min at 37 °C. The samples
were then transferred to microplates. Absorbance
was measu-red at L = 540 nm by a plate reader.
Total enzyme activity was determined by the dif-
ference in nitrite formation [25].

Determination of protein concentration was
carried out by the conventional Lowry method [26].

Western blot analysis of nitrated proteins. For the
Western blot analysis, it was necessary to obtain
tissue homogenates in RIPA buffer (1:10 wt/vol)
(containing 50 mM Tris-HCI, pH 7.2; 150 mM
NaCl; 1 % sodium deoxycholate; 0.1 % sodium
dodecyl sulfate (SDS); 158 mM NaCl; | mM EGTA)
containing protease/peptidase inhibitors (leupep-
tin (10 pg/ml), aprotinin (20 pg/ml), pepstatine
(20 pg/ml), and phenylmethylsulfonyl fluoride
(1 mM)) with aligned protein concentration. All
the steps were performed at 4 °C. Proteins were
separated on 10 % sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) in
Lemmli buffer system [21, 27]. The separated pro-
teins were transferred onto nitrocellulose mem-
brane by electroblotting, followed by processing of
the blots with antibodies [28].

Membranes were incubated with the primary
antibody (monoclonal antibody to 3-nitrotyrosine,
N5538, «Sigma», USA) in the blocking buffer for
2 h followed by extensive washing. Anti-mouse
IgG conjugated with horseradish peroxidase was
used as the secondary antibody (AP308P, «Mil-
lipore», USA). The incubation with the secondary
antibody was performed for 1 h, after which the
membrane was washed with PBS/0.1 % Tween-20
(5 times for 3 min).

Immunoreactive bands on the membranes were
detected using ECL Detection Reagents («Milli-
pore», USA). The time of exposure of the membra-
nes on X-ray film depended on the intensity
of chemiluminescence and lasted on average 5—
15 min. The X-ray film was developed in a stan-
dard 1-phenyl-3-pyrazolidinone-hydroquinone de-
veloper and fixed with acid fixer.

The membranes were stripped in 25 mM gly-
cine-HCI, pH 2.5 buffer containing 1 % SDS and
reprobed with B-actin antibody to confirm equal
protein loading [21].
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Statistical analysis of the research results was
carried out using Origin Pro. The calculation of
basic statistical parameters was performed by direct
quantitative data obtained from the study (arith-
metic mean — M, the standard deviation of the
arithmetic mean — m).

To assess the reliability of the difference between
statistical characteristics of the two alternative data
sets, we performed Student’s t-test. The difference
was considered significant under p > 0.95 (the level
of significance P < 0.05).

Results. NOS activity decreased 1.7 times in 48 h
(P <0.05), 1.5timesin 72 h (P <0.01) and 1.3 times
in 168 h (P < 0.05) in rat peripheral blood lympho-
cytes under PC consumption in the control animals.
The following changes were noted while studying the
state of L-arginine/NO system in the lymphocytes
under irradiation. NOS activity decreased 1.1 times
compared with the control in 24 h (P < 0.05). Later
the index increased 1.4 times in 48 h, 1.6 times in
72 h (P < 0.01) and 1.1 times in 168 h (P < 0.05).
NOS activity in rat lymphocytes against the back-
ground of exposure to ionizing radiation and PC
consumption increased 1.3 times in 24 h (P < 0.01),
decreased 1.2 times on the second day (P < 0.05),
twice on the third day and 1.3 times in 168 h (P <
0.01) compared to the irradiated animals (Table 1).

After irradiation, NO,” content decreased 1.8
times (P < 0.05) in 24 h in lymphocytes, whereas
it increased 1.5 times in 48 h and 1.6 times in
72 h (P < 0.05) compared to the control. After
irradiation, NO_~ content increased 1.3 times in
24 h (P < 0.05), 1.6 times in 48 and 72 h (P <
< 0.01), 1.4 times in 168 h (P < 0.05) compared
to the control. Under PC treatment, in 24 h after
irradiation, NO, content increased 1.2 times (P <
< 0.05), whereas the content of NO,™ increased 1.6
times (P < 0.05). An increase in NO,™ content 1.2
times (P < 0.01) was found only in 48 h compa-
red to the irradiated animals (Table 1).

The content of 3'-nitrotyrosine modified pro-
teins in lysates of rat lymphocytes after exposure to
ionizing radiation increased by 37 % in 48 h (P <
< 0.05), by 111 % in 72 h and by 74 % in 168 h
(P <0.01) (Fig. 1, c—h). Under irradiation and PC
consumption, there was a slight decrease in the
investigated parameter on the second day of the
experiment, and a 1.3-fold decrease on the third
and seventh days (P<0.01) compared with the pa-

rameter under irradiation (Fig. 1, e, f).
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In peripheral blood leucocytes of the four ex-
perimental groups of animals, we observed the
presence of a dominant protein with a molecu-
lar mass of approximately 35 kDa. It is interesting
that after irradiation there were two distinct bands
corresponding to proteins with molecular mass of
40—32 kDa. It provides evidence that under irra-
diation different proteins are modified than in the
control. Moreover, PC concentrate affecting the
total content of nitrated proteins is not able to cause
changes in the targets of those post-translational
modifications.

However, low doses of ionizing radiation do not
always lead to death of immunocompetent cells.
They often only change their population structure

and activate these cells [29, 30]. Irradiated leuco-
cytes synthesize large amounts of ROS, RNS and
intercellular signaling molecules (cytokines) [31].
Consequently, this causes irreversible disturbance at
the organism level. We studied the state of L-argi-
nine/NO system in kidney tissue, since kidneys pro-
vide homeostasis preservation in blood through the
production and release of cytokines, chemokines
and hematopoietic factors [32]. Although kidneys
are considered to be sufficiently resistant to irradia-
tion, the imbalance of biochemical reactions in re-
nal cells leads to the impairment of the whole body,
particularly in the early post-radiation period [5].
It has been observed that after irradiation the ac-
tivity of NOS in the rat renal cortical layer increased

Table 1. The content of NO stable metabolites and the activity of NO-synthase in rat leucocytes

Total content of stable

Nitrite-anion

Nitrate-anion NO-synthase activity

Rodent group NO metabolites

(nmol NO, /min - mg

(nmol/mg protein) nmol/mg of protein protein)
24 h
C 33.57 = 1.07 10.38 + 1.47 23.19 + 1.84 0.72 £ 0.03
C + PC 26.98 + 1.35¢ 12.26 £+ 1.05 14.72 + 1.82° 0.60 £ 0.06
R 35.75 £ 1.18 5.92 £ 1.08* 29.83 + 1.29* 0.66 + 0.004*
R + PC 41.51 + 1.85¢ 9.76 £ 1.33¢ 31.75 £ 2.23 0.84 + 0.02¢
48 h
C 27.87 £ 1.49 6.04 £ 1.65 21.83 + 1.37 0.70 = 0.01
C + PC 34.52 £ 3.17 7.36 £ 0.78 27.16 £ 2.02 0.39 £ 0.06°
R 43.28 + 2.07** 9.10 + 0.96* 34,18 + 1.82%* 0.95 £ 0.01**
R + PC 51.19 + 1.67 8.95 + 1.86 42.24 + 1.12¢ 0.83 &+ 0.06°
72 h
C 32.24 + 2.31 7.37 £ 1.92 24.87 + 3.28 0.81 = 0.01
C + PC 25.27 £ 2.94 9.36 £ 2.30 15.90 £ 1.73¢ 0.55 + 0.14%
R 54.85 + 2.22%* 13.83 £ 1.13* 41.03 £ 2.82%* 1.32 + 0.02**
R + PC 5342 £ 1.65 9.29 £ 2.03 44.12 + 2.13 0.64 £ 0.01¢
168 h
C 28.16 £ 4.56 11.32 £ 2.74 16.84 £ 1.61 0.79 £ 0.03
C + PC 37.72 £ 1.67¢ 9.12 £ 1.68 28.60 £ 2.644 0.62 £+ 0.09¢
R 32.04 + 0.99 9.17 £ 1.18 22.87 = 1.73* 0.89 =+ 0.01*
R + PC 34.16 £ 2.73 10.55 £ 1.83 23.61 £0.92 0.68 £ 0.004¢ ¢

Note. Here and Table 2, Fig. 1, 2 data are mean £S.E.M, n = 6—11. * Difference between control (C) and irra-
diation (R) (P < 0.05); ** Difference between control (C) and irradiation (R) (P < 0.01); ¢ — difference between
control (C) and control with PC consumption (C + PC) (P < 0.05); ? — difference between control (C) and control
with PC consumption (C + PC) (P < 0.01); ¢ — difference between irradiation (R) and PC consumption against the
background of irradiation (R + PC) (P < 0.05), ¢ — difference between irradiation (R) and PC consumption against
the background of irradiation (R + PC) (P < 0.01); ¢ — difference between PC consumption against the background
of irradiation (R + PC) and control with PC consumption (C + PC) (P < 0.01).
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Fig. 1. Western blot analysis of 3'-nitrotyrosine modified
proteins in leucocyte lysates under irradiation and PC
consumption: 24 (a), 48 (c¢), 72 (e) and 168 (g) h after
irradiation. The total nitrotyrosine content is shown in
percent (control is taken as 100 %), (b), (d), (f), (h)
respectively. *, **, d, e — see Note Table 1

1.7 times in 24 h, 1.8 times in 48 h, twice in 72 h
and 1.5 times in 168 h compared to the control
(P < 0.01). NOS activity was reduced throughout
the experiment for the animals consuming PC con-
centrate after irradiation compared with the irradi-
ated animals (1.5 times in 24 h (P < 0.05), 1.9 times
in 48 h and 1.7 times in 72 h (P < 0.01)) (Table 2).

The content of NO metabolites may grow under
the employed experimental conditions due to prob-
able activation of NOS-independent ways of NO
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synthesis, among which the most important are the
activation of nitrate- and nitritereductase, and cell
xanthine oxidase.

Owing to the elevated NOS activity under irra-
diation, the content of NO_ increased 3.5 times in
24 h, 2.5 times in 48 h, 1.8 times in 72 h and 2.8
times in 168 h (P < 0.01). It should be noted that
in 24 h the content of NO,™ increased 3.7 times
(P < 0.05), whereas the content of NO,~ reduced
2.5 times compared to the control (P < 0.01)
(Table 2). In the case of the combined action of
PC and ionizing radiation, we observed a decrease
in NO, content 1.9 times in 24 h and 1.6 times in
168 h (P < 0.01), NO,™ content 1.9 times in 24 h,
1.2 times in 48 h (P < 0.05) and 1.6 times in 168 h
(P <0.01) compared to the irradiated animals. Un-
der PC consumption, NO,™ increased in content
twice (P < 0.01) on the first post-radiation day,
whereas on the second and third days no changes in
the content of the metabolite were noted (Table 2).

After irradiation, the level of proteins nitrated
on tyrosine residues in the rat renal cortical layer
increased by 17.5 % in 24 h (P < 0.05), by 47 % in
48 h, by 44 % in 72 h and by 50 % in 168 hrs (P <
0.01) compared to the control indexes. Under PC
treatment against the background of irradiation, a
downward trend in the indexes was shown in 24 and
48 h after the irradiation and a decrease by 44 % in
72 h and by 47 % in 168 h (P < 0.01) was reported
compared with the indexes of the irradiated animals
(Fig. 2, a—f).

The presence of dominant proteins (molecular
mass of 35—40 kDa) was revealed in kidney lysates
taken from all the four groups of animals. They also
show an increase in nitrated proteins with molecular
mass of approximately 80 kDa throughout all the
four days of the experiment after irradiation and in
those with molecular mass of 50 kDa on the second,
third and seventh days after irradiation.

Discussion. There are a lot of studies aimed at
determining the effects of oxidative-nitrative stress
in tissues affected by high doses of ionizing radia-
tion. Futhermore, it is often suggested that dam-
age induced by low doses of irradiation cannot be
detected and are likely not to exist [33, 34]. Such
fundamentally different approaches to the interpre-
tation of the effects of different doses of radiation
are increasingly criticized. Therefore, our research
was focused on studying the effects of ionizing

radiation at the dose of 30 cGy on indices that
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characterize oxidative-nitrative stress in the renal
cortical layer and more radiosensitive peripheral
blood leucocytes.

One of the key reasons of negative effects of
radiation is NO hyperproduction, which in vivo is
formed in the reaction catalyzed by NOS or some
pathways independent of this enzyme. It is known
that nitrates and nitrites are directly reduced to
nitric oxide under appropriate reductases or xan-
thine oxidase. Nitrites may further be exposed to
disproportionation to form NO.

The obtained results indicate that under irra-
diation the functioning of L-arginine/NO system
is impaired in rodent tissues leading to emergence
and further deepening of nitrative stress.

It is known that irradiation causes DNA dam-
age, including strand breaks, destruction of nitrous
bases and cross-linking. This leads to apoptosis in-
duction in radiosensitive cells, including lympho-

cytes [30]. The regulation of cell survival or death

is achieved through a cascade of signaling reactions,
the key event of which is protein kinase activa-
tion. Owing to its redox chemistry, NO stimulates
radiation-induced signaling through the activation
of two superfamilies of protein kinases — mitogen-
activated protein kinase (MAPK) and phosphati-
dylinositol-3’ kinase (PI3°K). The consequence of
this stimulation is the activation of p53 protein by its
phosphorylation. The activation of MAPK, PI3'K
and protein kinase B (PKB) with further accumula-
tion of activated p53 are factors causing inhibition
of iNOS gene expression following irradiation [31,
35, 36]. They possibly lead to a decrease of the
total NOS activity on the first day after irradia-
tion in the dose of 30 cGy. The possible reason for
the observed increase in NOS activity in periph-
eral blood lymphocytes on the second and third
days following irradiation is perhaps the activation
of gene transcription coding of the murine double
minute 2 (Mdm?2) factor by a low dose of radiation.

Table 2. The content of NO stable metabolites and the activity of NO-synthase in the renal cortical layer of rats

Total content of stable

Nitrite-anion

Nitrate-anion

NO-synthase activity

Rodent group

NO metabolites.

(nmol NO, /min - mg

(nmol/mg protein) nmol/mg of protein protein)
24 h
C 12.37 £ 2.83 0.88 + 0.04 11.49 + 2.1 0.041 £ 0.014
C + PC 28.45 + 2.86“ 0.47 £ 0.02¢ 27.98 + 3.05° 0.043 £ 0.012
R 43.09 + 6.85%* 0.35 £ 0.10** 42.74 £+ 9.68** 0.070 £ 0.005*
R + PC 22.75 + 2.49¢ 0.71 £ 0.04¢ 22.04 + 4.90¢ 0.048 £+ 0.008¢
48 h
C 12.85 + 1.30 0.56 £ 0.11 12.29 + 2.90 0.039 £ 0.003
C + PC 28.42 £2.01¢ 0.92 £ 0.05¢ 27.50 + 2.11° 0.038 £ 0.0004
R 31.50 £ 1.10** 0.76 £ 0.04* 30.74 £ 1.15%* 0.071 = 0.006**
R + PC 26.77 £ 2.09 0.84 £ 0.07 25.93 + 2.02¢ 0.037 £ 0.005¢
72 h
C 18.95 £ 3.85 0.87 = 0.09 18.08 £ 1.84 0.046 = 0.010
C + PC 29.22 + 1.89° 0.88 £ 0.09 28.34 £ 1.83¢ 0.036 + 0.002
R 34.40 + 3.81** 1.56 £ 0.58 32.84 + 4.83** 0.090 £ 0.009**
R + PC 36.08 = 1.78 1.07 £ 0.03 35.01 £ 1.81 0.054 + 0.004¢
168 h
C 14,52 + 2,15 0,72 +£ 0,04 13,80 = 1,32 0,041 £+ 0,007
C + PC 15,24 + 1,72 0,84 £+ 0,06 14,40 = 1,05 0,039 + 0,010
R 41,24 + 2,51** 1,33 £ 0,09** 39,91 + 1,37* 0,062 + 0,014**
R + PC 26,15 + 1,08%¢ 0,96 £+ 0,10¢ 25,19 + 0,46% ¢ 0,046 £+ 0,009
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Fig. 2. Western blot analysis of 3'-nitrotyrosine modified
proteins in the kidney cortical layer under irradiation and
PC consumption: 24 (a), 48 (c¢), 72 (e) and 168 h (g)
after irradiation. The total nitrotyrosine content (control
is taken as 100 %) is shown, (b), (d), (f), (h) respectively

This protein is a E3 ubiquitin-protein ligase, which
induces p53 proteasome-mediated degradation and
increases iNOS activity [31, 35, 36]. Increased total
NOS activity, which is above the control level, may
be caused by the activation of signaling pathways
that control the activity of iNOS at transcriptional
and posttranscriptional levels [37].

Oxidation of L-arginine was activated in the rat
renal cortical layer, which was testified by increased
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NOS activity throughout the experiment and, con-
sequently, by an increase in NO_content.

NO, content also increased in all the stages of
the experiment in immunocompetent cells. Inter-
estingly, in 24 h after irradiation, NO,™ content
decreased against the background of a significant
increase in both NO,™ levels in lymphocytes and
renal cells. It is known that nitrite-anion is a prod-
uct of NO spontaneous oxidation in physiological
conditions under normal oxygenation. It should
be taken into consideration that nitrate-anion is
produced in two ways — through the oxidation of
nitrite-anion or simultaneously from ROS and RNS
through ONOO™ degradation:

ONOO™ + H* - HNO,— H" + NO,~
ONOO™ + H* - ONOOH — "'NO,+ "OH.

Therefore, an increase in NO,~ content under
irradiation shows not only the activation of NO
synthesis by iNOS but also an increase of ROS
generation, and thus the development of oxidative
stress [38, 39].

PC consumption caused the reduction of total
NOS activity throughout the three days of the ex-
periment following irradiation in renal cell lysates.
It is known that polyphenolic compounds are able
to inhibit the iNOS mRNA translation, the syn-
thesis of which was induced by lipopolysaccharide,
interleukin-1 and TNF-a (tumor necrosis factor
o) [40, 41]. This mechanism may occur also under
inhibition of iNOS activity by polyphenolic com-
pounds, which was increased after the exposure to
low doses of radiation.

A decrease in NOS activity under consumption
of PC concentrate caused the reduction of the
total content of NO stable metabolites in 24 h in
lysates of renal cortical layer cells. This may be
considered evidence of the fact that red wine poly-
phenols affect NO enzymatic synthesis, inhibiting
radiation-induced NOS activity growth. It should
be noted that the content of NO,™ decreased and
the content of NO,™ increased compared to the
irradiated animals. It is quite probable that the
reason for this is the activation of nitrate reductase,
which catalyzes the recovery of NO,™ to NO,™ and
simultaneously slows down reverse reactions — the
oxidation of NO, to NO,™. In 48 and 72 h after
irradiation, these indices were higher than control
values. Judging from our results, other pathways of

NO and NO, production are activated in excretory
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system tissues under irradiation. The activation of
nonenzymatic NO formation in the reaction of
NO,” and NO,™ under relevant reductase maybe
the first way of NO,™ content growth, whereas NO
release from its depot (nitrosylated proteins) is the
second way [42]. The process of NO release from
nitrosothiols is catalyzed by two main denitrosyl-
ases related to redox pathways [43—47]. The first
enzyme catalyzes transnitrosylation to reduced
glutathione (GSH) forming S-nitrosoglutathione
(GSNO). Accumulated GSNO undergoes enzy-
matic denitrosylation involving GSNO reductase
(GSNOR) [43, 45]. The second denitrosylase reg-
ulates posttranslational modification of proteins
through thioredoxin (Trx) involvement. Consecu-
tive reactions are coupled to Trx reductase and
NADPH [44].

Similarly, in peripheral blood lymphocytes,
NO,™ and NO,™ content increased only on the first
day after irradiation under PC consumption. In lat-
er periods of the experiment, these indices remained
at the level of irradiated animals.

It is known that the content of nitrated pro-
teins increases in cells injured by ionizing radiation
due to excessive production of NO and ONOO~
through growing iNOS activity. Current strategies
aimed at limiting the cytotoxin formation are based
on using a variety of herbal compounds that have
the ability to scavenge RNS in vifro such as vine
and wine phenolic compounds [5].

Our findings suggest that exposure to low doses
of ionizing radiation leads to an increase in nitroty-
rosine-modified proteins — key markers of nitrative
stress in leucocytes and the rat renal cortical layer.
We showed a reduction of this index in 72 and 168 h
under combined effects of PC and X-rays. An in-
crease in nitrotyrosine-modified protein content
was also observed in lymphocytes under irradia-
tion. PC introduction against the background of
irradiation caused a decrease of this index on the
third day compared to irradiation. Under the action
of radiation, we detected an increase in nitrotyros-
ine-modified protein content due to an intensified
processes of ONOO™ formation. PC treatment has
an inhibitory effect on protein nitration through
NOS inhibition and ONOO™ neutralization [48].
The most significant decrease of 3'-nitrotyrosine
modified proteins both in leucocytes and rat renal
cortical layers on the third day after irradiation un-

Reduction of radiation-induced nitrative stress in leucocytes and kidney cells of rats upon administration

der PC consumption may be an indication of the
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activation of cellular signaling pathways by these
compounds, the denitration process being one of
their links. It is widely accepted that protein nitra-
tion is a reversible process involved in intracellular
signaling, along with phosphorylation. However,
the mechanism of denitration is not clearly under-
stood [49—51].

The ability of polyphenols to act as antioxidants
and activate the endogenous antioxidant defense
system in various organs such as the liver, kidneys,
heart and brain is biologically important [19, 16,
18, 52—54]. All these data and our results con-
firm the ability of wine polyphenolic compounds
to prevent the development of oxidative-nitrative
stress caused by exposure to low doses of ionizing
radiation.

Conclusion. Our results provide molecular
mechanisms of nitrative stress development based
on disorders in L-arginine/NO system and justify
the use of wine polyphenolic complexes to prevent
the development of radiation-induced changes and
restore the physiological status of the organism after
exposure to low doses of radiation.

OCJIABJIEHUE ITPOLIECCOB
PAAIMONHAYLUNPOBAHHOI'O
HUTPATHMBHOI'O CTPECCA B JIEMKOLIMTAX
N KIIETKAX IMTOYKHW KPbIC IMTPU BBEAEHNI
KOHUEHTPATA IMOJIMU®EHOJbBHOI'O
KOMITIEKCA N3 KPACHOTO
BUHOTPAJHOI'O BUHA

M. Cabadawka, H. Cubupras

YCTaHOBJICHO, 4YTO JNEWMCTBUEC WOHU3HMPYIOIIETO W3ITy-
yeHust B go3e 30 cI'p mpuBoaut K aktuBauuu NO-
CHMHTA3HOTO MYTHU CUHTEe3a OKCHUIA a30Ta, HAKOIICHUIO
ero CTaOMJIBHBIX METa0OJUTOB W 3'-HUTPOTUPO3MH-
MOIMMUIIMPOBAHHBIX TTPOTCHMHOB B JICUKOLIMTAX ITEPH-
epryeckoil KpOBM M KOPKOBOM CJIO€ TTOYKHM KPBIC.
BeeneHue o0ydeHHBIM XXHBOTHBIM KOHIIGHTpATa MpH-
pPOIHOTrO TMONM(EHOIBPHOIO KOMITIEKCAa M3 KPacHOTo
BUHOTPAIHOIO BMHA CIMOCOOCTBOBAJIO COXPAHEHUIO aK-
tuBHOCTH NO-CHHTa3bl Ha YPOBHE KOHTPOJIBHBIX 3Ha-
yeHuil. [lpy BBeIEHMM WCCIIEAyEeMOTo KOHIIGHTparTa
cofiepkaHue MPOTEMHOB, MOAU(DULIMPOBAHHBIX HUTPO-
BaHMEM IT0 OCTaTKaM TUPO3WHA, CHUXKAJIOCh B PaHHUI
MOCTPAIUAIIMOHHBIA TIepUOJ KaK B JICMKOLMTAX, TaK
M KJIETKaX KOPKOBOTO CJios MOYKHA. Hamu skcrepu-
MEHTAJIbHO TOATBEPXK/IeHA CIMOCOOHOCTh KOHIIEHTpaTa
Mo EHOBLHOTO KOMIUIEKCa M3 BHHOIPATHOTO BUHA
KOPPEKTHPOBATh HETaTMBHBIC M3MCHEHUST CUCTEMBI L-
apruarH/NO ¥ TIOHaBIsITh Pa3BUTHE HUTPATUBHOTO
cTpecca, WHAYIIMPOBAHHOTO MaJIbIMK T03aMU MOHW3H-
PYIOILIETO M3TyYCHHUSI.
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MMPUTHIYEHHA IMTPOLLECIB
PAAIOIHAYKOBAHOTO HITPATUBHOI'O
CTPECY V JJEMKOLIUTAX TA KJITUHAX
HWPKU IOYPIB ITPU BBEAEHHI
KOHLEHTPATY IMOJI®EHOJBbHOT'O
KOMIIJIEKCY 3 HEPBOHOI'O
BUHOI'PAIHOI'O BUHA

M. Cabadawxka, H. Cubipna

BcraHoBiieHO, 1110 1isl i0HI3YI0OYOTO BUIIPOMIiHIOBAHHS Y
no3i 30 c'p mpusBoauTh A0 akTuBalii NO-CUHTa3HOTO
LJISIXY CUHTE3Y OKCHAY HITpOr€Ha Ta HAKOMWYEHHS Ho-
ro CTabiTbHUX MeTaboJMITIB i 3'-HITpOTUPO3MH-MOIU]i-
KOBaHUX MPOTEIHIB y JeHKouUTax nepudepuyHoi Kpo-
Bi Ta KOPKOBOMY lUapi HUPKM LuypiB. BBeneHHs1 ornpo-
MiHEHUM TBapMHaM KOHLIEHTpaTy MPUPOIHOTO Moide-
HOJIBHOTO KOMITJIEKCY 3 Y4ePBOHOTO BUHOTPAIHOTO BUHA
CIpUsIIO 30epeKeHHI0 aKTUBHOCTI NO-CcHHTa31 Ha piB-
Hi KOHTPOJIbHUX 3Ha4eHb. BUsBIEHO, 1110 BMiCT MTpOTe-
iHiB, MOIM(pIKOBAHUX HITPYBaHHSM 3a 3aJUIIKAMU THU-
pO3WHY, 3HMXKYBaBCS Y paHHIiil IocTpamialliiHUi Ie-
pion SIK y JIeMKouMTax, TaK i y KJITHMHAX KOPKOBOIO
1Iapy HUPKM 3a BIUIMBY JOCHIIKYBAHOTO KOHLEHTPATY.
OTxe, eKCEPUMEHTAIBHO MiATBEP/LKEHO 3MaTHICTh KOH-
LIEHTPaTy MOJi(heHOJbHOTO KOMILIEKCY 3 BUHOTPAIHOTO
BMHA KOPUTYBAaTU HETaTWMBHi 3MiHU cucTeMu L-apriHiH/
NO i, TakuM YMHOM, MPUTHIUYBaTU PO3BUTOK HiTpa-
TUBHOTO CTPECY, iHIYKOBAHOTO MaJIMMH J03aMHU iOHi3y-
I0YOr0 BUITPOMiHIOBAHHSI.
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