Biol. Stud. 2021; 15(2): 25-34 e DOI: https://doi.org/10.30970/sbi.1502.655 @ D

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC: 663.253+547.495.9:577.152.141:612.1

EFFECTS OF AGMATINE AND RED WINE CONCENTRATE, ENRICHED WITH
POLYPHENOLIC COMPOUNDS, ON L-ARGININE / NITROGEN OXIDE SYSTEM
IN THE BRAIN OF RATS WITH EXPERIMENTAL DIABETES MELLITUS

K. R. Spryn'”, M. V. Sabadashka'®*, N. O. Sybirna
Ivan Franko National University of Lviv, 4 Hrushevskyi St., Lviv 79005, Ukraine
*Corresponding author e-mail: mariya.sabadashka@/nu.edu.ua

Spryn K.R., Sabadashka M.V., Sybirna N.O. Effects of agmatine and red wine concentrate,
enriched with polyphenolic compounds, on L-arginine / nitrogen oxide system in the brain of rats
with experimental diabetes mellitus. Studia Biologica, 2021; 15(2): 25-34 e DOI: https://doi.
org/10.30970/sbi.1502.655

Background. Diabetes mellitus is a chronic endocrine metabolic disease with
absolute or relative insufficiency of insulin, accompanied by impaired metabolism.
Endogenous bioamine agmatine may become a basis of new antidiabetic drugs, as it is
capable to induce the release of some peptide hormones, in particular insulin, and can
regulate NO synthesis. Natural polyphenols are potential multifunctional agents that
also can reduce the risk of diabetes and diabetic complications. The aim of the study
was to evaluate the effect of agmatine and red wine concentrate, enriched with polyphe-
nolic compounds, on NO-synthase activity and the content of NO stable metabolites
under experimental diabetes mellitus.

Materials and Methods. The experiments were conducted on white Wistar male
rats. Diabetes was induced by intra-abdominal injection of streptozotocin. From the 14th
day after the induction of diabetes, agmatine was injected intramuscularly or red wine
concentrate, enriched with polyphenolic compounds was administrated orally to ani-
mals for 14 days. Rats were decapitated under ether anesthesia on the 28th day of the
experiment. In the brain of rats, the activity of constitutive (Ca?*-dependent) and inducible
(Ca?*-independent) isoforms of NO-synthase and the content of nitrite and nitrate anions
were determined.

Results and Discussion. The activities of constitutive and inducible isoforms of
NO-synthase were increased in the brain of diabetic rats. The administration of both
agmatine and red wine concentrate, enriched with polyphenolic compounds, caused the
reduction of the activities of NO-synthase isoforms. In the case of diabetes, the adminis-
tration of agmatine contributes to the increase of nitrite and nitrate content in brain cells
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compared to diabetes. The administration of red wine concentrate, enriched with poly-
phenolic compounds, also promotes nitrite levels but does not affect the nitrate level.

Conclusion. We found that the red wine concentrate, enriched with polyphenolic
compounds, has a stronger effect on the activity of Ca?*-dependent and Ca?*-indepen-
dent isoforms of NO-synthase, as well as the content of nitrites and nitrates in brain of
rats with experimental diabetes mellitus, compared to the effect of agmatine.

Keywords: agmatine, red wine concentrate, polyphenolic compounds, diabetes
mellitus, NO-synthase, nitrite anions, nitrate anions

INTRODUCTION

Diabetes mellitus is a chronic endocrine metabolic disease caused by the action of
endogenous and exogenous factors, with absolute or relative insufficiency of insulin,
accompanied by impaired metabolism [10]. Under the pathology, hyperglycemia causes
the generation of Reactive Oxygen and Nitrogen Species, which initiate lipid peroxida-
tion and modification of proteins [17]. The posttranslational modification of intracellular
proteins contribute to changes in signal transduction, loss of enzymes activity, and
reduction of biosynthetic processes. Although neurons are insulin-independent cells,
changes occur in the nervous system in diabetes.The reason for diabetic neuropathy
development is the accumulation in the nervous tissue of glucose, fructose, and sorbi-
tol — alcohol, which is created due to the activation of the polyol pathway of glucose
metabolism [22].

The problem of finding new low-toxic antidiabetic drugs that have contributed to the
development of oxidative-nitrative stress and previous damage to the nervous system
is relevant.

Agmatine, 4-aminobutyl guanidine, is an endogenous amine, synthesized from
L-arginine in a reaction catalyzed by arginine decarboxylase. Agmatine is synthesized
in different tissues including the central nervous system of mammals. In the brain,
agmatine plays a role of a neurotransmitter/neuromodulator as it binds to a2-adrenergic
and imidazoline (I1) receptors. In addition, agmatine antagonizes N-methyl-D aspartate
receptors (NMDAR), inhibits all isoforms of NO synthase, and modulates polyamine
metabolism [6, 8, 18]. Agmatine possesses mild hypoglycemic effects, inhibits advanced
glycation end product (AGE) formation [19], influences protein ADP-ribosylation and
hence signaling pathways [21]. These data determine the possibility of using agmatine
to correct metabolic disorders in the brain in diabetes.

Other substances that can potentially be used to suppress pathological changes in
the central nervous system are wine polyphenols. In recent years, there has been growing
evidence that plant polyphenols, due to their biological properties, can be used as
unique dietary supplements that should be used in diabetes [3]. Plant polyphenols
reduce the risk of developing diabetes and diabetic complications [20, 24]. Polyphenolic
complexes of grapes are characterized by enzyme-modulating, chelating, and scaven-
ger effects, which are especially important in diabetes because hyperglycemia causes
the formation of free radicals [10].

The aim of the study was to evaluate the effect of agmatine and red wine concen-
trate, enriched with polyphenolic compounds, on NO-synthase activity, nitrite and nitrate
content under experimental diabetes conditions.
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MATERIALS AND METHODS

The study was performed on white outbred male Wistar rats of 150—200 g weight.
The animals were kept in standard vivarium conditions with free access to food and
water. The experiments were carried out in accordance with the national General Ethical
Principles for Animal Experiments approved by the First National Congress on Bioethics
(Kyiv, Ukraine, 2001), which are agreed with the guidelines of Directive 2010/63/EU of
the European Parliament on the protection of animals used for scientific purposes and
the Law of Ukraine “On Protection of Animals from Cruelty” of February 26, 2006, and
also approved by the Bioethics Committee of lvan Franko National University of Lviv,
Ukraine (Protocol No. 21-05-2021 Big May 28, 2021).

Animals were divided into groups: 1 — control, 2 — control animals injected with agma-
tine, 3 — control animals injected with polyphenolic compounds (PC) concentrate, 4 — ani-
mals with experimental diabetes mellitus, 5 — animals with diabetes, which were adminis-
tered agmatine, 6 — animals with diabetes, which were injected with PC concentrate.

Experimental diabetes was induced by intraperitoneal injection of streptozotocin
(Sigma, USA) dissolved in 10 mM citrate buffer (pH 5.5) at a dose of 60 mg per 1 kg of
body weight. The development of diabetes was monitored by blood glucose measure-
ment, which was determined after 5 days of administration of streptozotocin. In the
experiment were used animals with a glucose level greater than 14 mmol/L. From the
14th day after the induction of diabetes, the animals from the 2nd and 5th group were
injected intramuscularly with agmatine (Sigma, USA) at a concentration of 20 mg per
1 kg of body weight for 14 days. To animals from the 3rd and 6th group was orally
administrated PC concentrate by tube. PC concentrate was obtained from dry red grape
wine by evaporation on a rotary evaporator Laborota 4001 (Germany) at a temperature
of 40 °C. Subsequent stabilization with ethanol (up to a final concentration of 30%) and
biogenic surfactants (up to a final concentration of 3%) [26]. PC concentrate immedi-
ately before administration was diluted in water to a final volume of 1 ml, and the amount
of administrated PC concentrate was calculated according to the weight of the animal to
achieve a dose of 45 mg of polyphenolic compounds on 1 kg of body weight.

Rats from all experimental groups were decapitated under ether anesthesia on day
15 of the experiment. Brain extraction was performed, and the samples were immedi-
ately frozen at -70 °C. Homogenization of frozen brain tissue was performed at an ice
bath at 4 °C using a manual Potter—Ellweem homogenizer in the presence of hypotonic
50 mm Na—K phosphate buffer (pH 7.4) at the rate of 50 mg of brain tissue in 100 pL of
buffer. The studied parameters were determined in the supernatant obtained after cen-
trifugation of lysates for 5 minutes at 10,000 rpm.

Protein concentration was determined according to the conventional Lowry
method [13].

The total activity of NO synthase and the activity of Ca**-independent NO synthase
were determined by the difference in the formation of nitrites with the minimum number
of cofactors to approximate the activity of the enzyme to the initial level of activity in the
test samples [5]. NOS activity in the sample was expressed in nmol of NO,™ for 1 min
per 1 ug of protein.

The content of nitrite anions and nitrate anions was measured using Griess
reagent [15]. To determine the content of nitrate anions, VCI, was added in addition to
Griess reagent.
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Statistical analysis of the results obtained was carried out using Microsoft Excel
2013. The calculation of basic statistical parameters was performed by direct quantita-
tive data obtained from the study (arithmetic mean — M, the standard deviation of the
arithmetic mean — SD).

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 AND DISCUSSION

There are two pathways of L-arginine metabolism in the body: non-oxidative con-
version to urea and ornithine and the oxidative pathway catalyzed by NO-synthase.
Enzymes of the NO-synthase family produce Nitrogen Oxide (Il), using an Oxygen mol-
ecule. Under pathological conditions, the reduction of the Oxygen molecule with the
participation of NO-synthases is associated with the generation of superoxide anion.
This significantly increases oxidative stress [9].

In the last few years, several NO-synthase inhibitors have been developed. Most of
these drugs are analogs of L-arginine. The relevance of the use of agmatine as an
inhibitor of NO-synthase is that this amine occurs naturally in mammalian systems [9].
Agmatine duces the release of certain peptide hormones, in particular insulin, so it pos-
sesses a hypoglycemic effect. Today, agmatine is studied as a substance that inhibits
neurodegeneration and protects the liver. Agmatine binds free radicals, inhibiting the
further development of oxidative stress [1], protecting against the oxidation of sulfhydryl
groups, and reducing the level of hydrogen peroxide [2].

We have shown that under experimental diabetes mellitus, the activity of constitu-
tive isoforms of NO-synthase increased by 7.6 times in the brain of rats compared to the
control (Fig. 1). In the brain of animals with diabetes, agmatine injections caused
a decrease in NO-synthase activity by 2.5 times, but this index was still higher than
control values (Fig. 1).

In the case of injection of agmatine to animals of the control group, the activity of
Ca?*-dependent isoforms in the brain is 5.9 times higher than in the control. Probably,
agmatine causes an increase in the concentration of Ca?* in nervous tissue cells due to
changes in its release from intracellular depots. It is known that agmatine causes a
decrease in calcium concentration by activating the SERCA pump (sarco (endo) plas-
mic Ca?* ATPase) in endothelial cells and, in addition, can activate ARC channels (ara-
chidonic acid-regulated Ca?"-permeable channels), and thus increases the release of
Ca?"from intracellular depots in the cytosol [14].

In recent years, it has become increasingly clear that plant food polyphenols, due to
their biological activity, can be unique dietary supplements and adjuvants in the treat-
ment of diabetes [3]. The red wine polyphenol complex includes potential multifunctional
agents that reduce the risk of developing diabetes and diabetic complications [20].

The administration of PC concentrate to animals with diabetes caused a decrease
in the activity of Ca?*-dependent NO-synthase by 6 times compared to diabetes (Fig. 1).

The activity of inducible NO-synthase increased in the brain of rats with diabetes by
4.2 times (Fig. 2) compared to the control. In the case of the injection of agmatine to
animals with the pathology, a 2.4-fold decrease of the index was obsedved compared to
diabetes. The detected changes may be caused by the accumulation of non-enzymatic
glycation products under conditions of hyperglycemia, which stimulates the formation of
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The activity of constitutive isoforms of NO-synthase in the brain of rats under conditions of diabetes
mellitus, andon the background of the injection of agmatineor administration of polyphenolic com-
pounds concentrate. * — the difference is significant compared to control (p= 0.95); # — the difference
is significant compared to diabetes (p= 0.95)

AKTUBHICTb KOHCTUTYTMBHUX i30cpopM NO-CUHTa3M y rofloBHOMY MO3KY LLypiB 3a YMOB LIyKPOBOIO
niabety 1 Ha Tni BBeAeHHs1 arMaTuHy, abo BBEAEHHS KOHLEHTpaTy NPUPOAHOro nomnicheHonbLHOro
KOMMeKCy 3 YepBOHOrO BMHOrPaAHOrO BUHA. * — Pi3HULA JOCTOBIPHA MOPIBHSAHO 3 KOHTponeM (p=
0,95); # — pisHMUs goCTOBipHa NopiBHSHO 3 AiabeTom (p= 0,95)

100 -
90 kk
c 807
1S
X .
c 70
2
o 60 *
4
S
2 50 1
£ #
& i
e} 40 T
P4
= 30 1
o
g #
S 20 A j
10 A
0 T T T T T 1
Control Control +  Control + Diabetes  Diabetes + Diabetes +
agmatine polyphenolic agmatine polyphenolic
compounds compounds

Activity of inducible isoform of NO-synthase in the brain of rats under conditions of diabetes mellitus,
and on the background of the injection of agmatine or administration of polyphenolic compounds
concentrate. * — the difference is significant compared to control (p= 0.95); ** — the difference is sig-
nificant compared to control (p= 0.99); # — the difference is significant compared to diabetes (p= 0.95)

AKTUBHICTb iHOYyuMbenbHoi isodopmMu NO-CMHTa3n y rofloBHOMY MO3KY LLYpIB 3@ YMOB LIyKPOBOTO Jia-
OeTy 11 Ha Tni BBEAEHHS arMaTuHy, abo BBeAEHHS KOHLIEHTpaTy NpYpOAHOro nonipeHonbHOro Komr-
TIeKCy 3 YepBOHOrO BMHOTPaAHOro BMHA. * — Pi3HMLUSA AOCTOBIpPHa MOPIBHAHO 3 KOHTponem (p= 0,95);
** — pi3HNLA OOCTOBIpHA MOPIBHAHO 3 KOHTporem (p= 0,99); # — pi3HUUS JOCTOBIpPHA MOPIBHSHO 3
niabetom (p= 0,95)
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proinflammatory cytokines that induce the expression of the inducible NO-synthase
gene and, consequently, the excessive formation of nitrogen oxide [7].

Under the administration of PC concentrate, we observed a 4.5-fold reduction in the
activity of inducible NO-synthase in rats with diabetes compared to the pathology (Fig. 2).
Our results conform with the literature, which states that polyphenolic compounds have
excellent effects on the activity of various isoforms of the enzyme: inhibit inducible NO-
synthase, and, on the contrary, increase the activity of Ca?*-dependent NO-synthase [25].

It is known that some parts of NO can be inversely converted into less active sub-
stances — nitrites and nitrates ions. These ions are the main mechanism for reducing
NO toxic effects. In the brains of diabetic animals, the level of nitrates was increased by
1.2 times (Fig. 4), while the level of nitrites did not change (Fig. 3). The obtained data
are reflecting the changes in NO-synthase activity.

After the injection of agmatine to animals with diabetes, the nitrate and the nitrite
contents increase by 1.7 times (Fig. 4, Fig. 3), compared to pathology.

A 2.2-fold increase in nitrite levels was found in the brains of rats with diabetes mel-
litus when PC concentrate was administered compared to data without concentrate
administration (Fig. 3). The level of nitrates did not change significantly in any of the
studied groups under the administration of PC concentrate (Fig. 4).
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Fig. 3. The content of nitrites in the brain of rats under conditions of experimental diabetes mellitus, without
and with the introduction of agmatine (orange columns), or administration of polyphenolic compounds
concentrate (green columns). # — the difference is significant compared to diabetes (p= 0.95); ## — the
difference is significant compared to diabetes (p= 0.99)
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3a BBEAEHHS arMaTtuHy (opaHXeBi CTOBNYMKM), abo 3a BBEOEHHS KOHLEHTpaTy npupogHoro nonidge-
HONbHOrO KOMMIEKCY 3 YePBOHOrO BUHOIPaAHOIO BUHA (3eNeHi CTOBMYMKM). # — pi3HMLUSA AOCTOBIpHa
nopiBHsiHO 3 Aiabetom (p= 0,95); ## — pisHMUS JOCTOBIpHA NopiBHSAHO 3 AiabeTtom (p= 0,99)

Excess NO formation reflected in the accumulation of nitrites and nitrates, with
a decrease in NO-synthase activity can be caused by two mechanisms. Firstly, by acti-
vating of enzyme-independent pathways of NO production. Secondly, NO is released
from its depots, which were formed due to S-nitrosylation of proteins with subsequent
oxidation of NO to NO,~ and NO,". Polyphenolic compounds of grape wine have an ability
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Fig. 4. The content of nitrates in the brain of rats under conditions of experimental diabetes mellitus, without
and with the introduction of agmatine (orange columns), or administration of PC concentrate(green
columns). # — the difference is significant compared to diabetes (p= 0.95); ## — the difference is sig-
nificant compared to diabetes (p= 0.99)

Puc. 4. BmicT HiTpaTiB y ronoBHOMY MO3KY LLYpiB 3@ YMOB €KCMeprMEHTarnbHOro LlykpoBoro giabety, 6e3 Ta
3a BBEAEHHS arMaTuHy (opaHXeBi CTOBNYMKM), ab0 3a BBEOEHHS KOHLEHTpaTy NpuMpoaHoro nonidge-
HOMbHOIO KOMMMEKCY 3 YEPBOHOIO BMHOrPaaHOro BUHA (3eneHi CTOBNYMKK). # — pi3HMUS OOCTOBipHA
nopiBHsiHO 3 AliabeTom (p= 0,95); ## — pisHuLS JOCTOBIpHa NopiBHSHO 3 Aiabetom (p= 0,99)

to capture and neutralize NO and its metabolites [11, 16]. But it is considered that the
key pathway through which polyphenols affect the level of NO and its stable metabolites
in diabetic neuropathy is the influence on the activity of NO-synthase. Polyphenols alter
the kinase signaling for instance P13-kinase/Akt pathway and intracellular Ca?. It leads
to NO-synthase constitutive isoforms phosphorylation which ultimately results in NO
production [12, 23]. At the same time, polyphenols may downregulate transcription factor
NF-kB [27, 28], which results in inhibition of the expression of gene encoding inducible
isoform of NOS [3] and a decrease in NO level.

CONCLUSION

Agmatine and PC concentrate modulated the activity of both constitutive and indu-
cible isoforms of NO-synthase in the central nervous system of rats with experimental
diabetes mellitus. In addition, the content of NO stable metabolites under the conditions
of diabetes increased after the introduction of agmatine and red wine concentrate,
enriched with polyphenolic compounds.

Thus, we found that the red wine concentrate, enriched with polyphenolic com-
pounds, possessed a stronger effect on the activity of constitutive and inducible iso-
forms of NO synthase, as well as the content of nitrites and nitrates. Red wine concen-
trate did not affect NO-synthase in control, while agmatine did, suggesting that agmatine
is a less effective neuroprotector in diabetic neuropathy.
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NOPIBHAHHA E®EKTY ATMATUHY TA KOHLIEHTPATY YEPBOHOI'O
BUHOIPAOHOIO BUHA, 3BAFAYEHOIO NPUPOOHUM NMONI®PEHOJIbHUM
KOMMNNEKCOM, HA CACTEMY L-APTIHIH / OKCUA HITPOIEHY B rONOBHOMY
MOS3KY LLUYPIB 3A EKCMMEPUMEHTAJIbHOIO LIYKPOBOI'O AIABETY

X. P. CnpuHb, M. B. Cabadawka*, H. O. Cu6ipHa
JIbsiecbkull HayjoHanbHUU yHieepcumem imeHi lsaHa ®paHka

syn. [pywescbkozo, 4, Jlbeie 79005, YkpaiHa
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BceTtyn. LlykpoBuii giabet — Lie XpoHiyHe eHAOKPUHHE MeTabonivyHe 3aXBOPHOBAHHS
3 abcontoTHo abo BiAHOCHOK HEQOCTATHICTIO iIHCYMiHY, WO CYyNpPOBOMKYETLCS NOpPY-
LIEHHSAM 0BMiHy peyoBuH. EHOoreHHui 6ioamiH armaTtvH Moxe ByTn BUKOPUCTaHUI 5K
OCHOBa HOBMX NpoTUAiabeTMyHMX npenapartiB, OCKINbKN BiH 3yMOBMIOE BUBINIbHEHHS
AesKX NENTUOHNX TOPMOHIB (30KpeMma, iHCYMiH), a TakoX MOXe KOHKYPEHTHO iHribyBaTtu
NO-cuHTasy n, omxe, peryniosatv ytBopeHHst NO. NpupogHi nonipeHonu — noTeHLiviHi
BaraTodyHKUIOHanNbHI areHTW, WO 3HWXYKTb pU3UK AiabeTy 1 ycknagHeHb diabety.
MeToto gocnigkeHHs1 6yno OUiHUTY BMAMB arMaTvHy Ta KOHLUEHTpaTy YepBOHOMO BUHO-
rpagHoro BvHa, 3bara’yeHoro MpUPOAHUM MONIPEHONBbHUM KOMMEKCOM (KOHUEeHTpaT
nonicheHoNbHOro KOMMIEKCy), Ha akTuBHICTb NO-crMHTasn, BMIiCT cTabinbHUX metaboni-
TiB okeuay HiTporeHy (Il) 3a ekcnepMMeHTanbHOro LyKpoBoro giabeTy.

Martepianu Ta metoamu. [JocnimjkeHHs npoBogunu Ha 6innx 6e3nopogHuX Lypax-
camugx niHii Wistar. Llykposui giabet iHOyKyBanv ogHOpPasoBUM BHYTPILLHBEO0YEPEBUH-
HVUM BBEAEHHAM CTpenTo3oToumHy. 3 14 oHs nicns iHgykuii giabeTy TBapuHam ynpogoBx
14 [HiB BHYTPILUHLOM'SSI30BO BBOAWMAM armMatnuH abo nepoparnbHO BBOAUIM KOHLEHTpaT
nonigeHonbLHOro KoMnnekcy. TBapwH i3 yCix AocnigHMX rpyn gekanitysanu nig eipH1Um
HapKO30M Ha 28-V AeHb eKCMepUMEHTY, 3paskum HeranHo 3amopoxysanu 3a -70 °C.
Y MO3Ky TBapvH BU3Ha4anu akTUBHICTb KOHCTUTYTMBHIMX (Ca?*-3anexHux) Ta iHayumbens-
Hoi (Ca?*-He3anexHoi) isodhopm NO-CMHTa3M, BMICT HITPUT-aHIOHIB i HiTpaT-aHIoHIB.

Pe3ynbratn. AKTUBHICTb KOHCTUTYTUBHUX Ta iHAyUmMbBenbHol isodopm NO-cuHTasm
nigsumLLyBanacs B MO3KY LLYpPIB 3 LlyKPOBMM LiabeToM MOPIBHAHO 3 KOHTporem. Sk BBe-
AEHHs1 arMaTuHy, Tak i BBeOEHHS KOHLEHTpaTy YepBOHOIO BMHA, 36aradyeHoro nprpoaHum
nonicheHONbHUM KOMMNMAEKCOM, CIPUYMHANO 3HMXKeHHS akTuBHOCTI NO-cuHTasn. 3a uyk-
poBoro AiabeTy BBeAEHHs arMaTtuHy Crnpusano 36iNbLUEHHI0 BMICTY HITPUTIB i HITpaTis
y KNiTUHaxX MO3Ky MOPIBHSAHO 3 AiabeToM. BBeAEeHHs KOHLEeHTpaTy NonidpeHOonLHOro Kommn-
NeKCoMy TaKoX CnpUsE NiOBULLEHHIO PIBHA HITPUTIB, arne He BrnnBae Ha piBeHb HIiTpaTiB.

BucHoBku. OTxe, M1 JoBenwu, LIO KOHUEHTPAT YepBOHOrO BMHOrPagHOro BWMHA,
36arayeHoro NPMPOAHMM MONIPEHOMNbHUM KOMMIEKCOM, YMHUTD CUMbHILLNA edeKT Ha
akTuBHICTb Ca?*-3anexHux i Ca?*-HesanexHux izodoopm NO-CUHTa3m y ronoBHOMY MO3KY
LLypIiB 3 eKCnepuMeHTanbHUM LiyKpOBUM SiabeToM, NOPIBHSAHO 3 epekTOM arMaTuHy.

Krnroyoei crioea: armMaTtuH, KOHLEHTpaT YepBOHOrO BMHA, NOMiceHOmMbHI CromyKw,

uykposui giabet, NO-cuHTasa, HITpUT-aHIOHK, HITpaT-aHioHK
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