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Background. Diabetes mellitus is accompanied by oxidative-nitrative stress, which
is caused both by an increased generation of the Reactive Oxygen Species and the Reac-
tive Nitrogen Species under the conditions of this pathology and by the disorders of
the antioxidant defense system, especially its enzymatic part. This leads alterations in
the morpho-functional state of cells, organs, and the whole organism. Free radicals are
involved in the destruction of pancreatic cells in type 1 diabetes mellitus, which leads to
even greater inhibition of insulin secretion, worsening of the course of the disease and
occurrence of diabetic complications. The complications of diabetes mellitus include often
diagnosed cardiovascular diseases. Therefore, the use of treatments characterized not
only by hypoglycemic properties for normalization of blood sugar level in diabetes melli-
tus, but also by antioxidant properties for normalization of oxidative/antioxidant balance of
the organism in the studied pathology can be promising. Scientists pay a great attention
to the study of substances with such properties, especially natural phenolic compounds of
grape, which are also characterized by immunomodulatory properties.

Materials and Methods. The study was performed on cardiac tissues of control
rats, control animals treated with wine polyphenolic complex concentrate, animals with
streptozotocin-induced diabetes mellitus and animals with experimental diabetes mellitus
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treated with a concentrate of wine polyphenolic complex. The activity of catalase, super-
oxide dismutase, glutathione peroxidase and glutathione reductase were detected to
examine the corrective effect of the concentrate of red wine natural polyphenolic comp-
lex on the state of the enzymatic part of the antioxidant defense system.

Results. The results have shown the normalization of activity of catalase, super-
oxide dismutase, and changes in the activity of enzymes of glutathione cycle after oral
administration of polyphenolic complex concentrate for 14 days to rats with streptozo-
tocin-induced diabetes mellitus.

Conclusions. The results confirm a hypothesis about the antioxidant effect of the
studied concentrate and the ability of natural polyphenolic complexes to serve as the
basis for new drugs for treatment of diabetes-induced disorders.

Keywords: diabetes mellitus, polyphenolic compounds, antioxidant system

INTRODUCTION

Diabetes mellitus (DM) is a chronic endocrine and metabolic disease caused by
an impact of endogenous and exogenous factors with an absolute or relative absence
of insulin that leads to disorders of all metabolic processes [4, 25]. The number of
people with this pathology increases dramatically every year, and according to the
World Health Organization (WHO), there are more than 400 million people on the Earth
with this disease [5]. Approximately 10-15% of all people with this disease are people
with type 1 DM.

Persistent hyperglycemia, which is typical of this pathology, not only activates
the generation of free radicals, but also reduces the activity of cellular antioxidants, such
as catalase (CAT), glutathione peroxidase (GPx), superoxide dismutase (SOD), and
others [14, 21].

Therefore, it is important to develop new antidiabetic drugs. These agents are not
only supposed to decrease the level of peripheral blood glucose, but also correct meta-
bolic and morpho-functional disruption of cells. Additionally, they must help to maintain
the oxidative-antioxidant balance and prevent the development of oxidative stress.
Since the role of Reactive Oxygen Species (ROS) in the pathogenesis of DM and its
complications is beyond doubt, the application of antioxidant therapy is one of the re-
quired parts of complex therapy of DM and its complications [13]. Today, scientists pay
more and more attention to various herbal remedies, especially to natural polyphenolic
complexes. Red grape wine contains a particularly large number of such compounds.
Polyphenolic compounds of grape juice, including proanthocyanidins, flavan-3-ol deriva-
tives, and other flavonoid derivatives, which have an effect in preventing cardiovascular
diseases, have been subject to numerous studies [11].

Grape polyphenols interact with blood plasma proteins and blood cells to prevent
premature oxidation of their molecules caused by oxidative stress. In addition, the pow-
erful bactericidal and antiviral activities of these compounds were determined. The
protective effect of grape polyphenols in some systems and organs under conditions of
oxidative stress at diabetes mellitus was revealed [11].

It should be noted that almost 63% of all phenolic substances during the production
of wine, especially large amounts of procyanidins of grape seeds and berry skins are

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi CTygii / Studia Biologica e 2021 e« Tom 15/ Ne 1 ¢ C. 37-48



CORRECTIVE EFFECT OF RED WINE CONCENTRATE ENRICHED WITH NATURAL COMPLEX OF POLYPHENOLS... 39

converted into wine, so the multicomponent concentrate obtained from such wine can
be considered as one of the most effective natural remedies [22].

The aim of this study was to determine biochemical mechanisms of action of red
wine concentrate that contains a large amount of phenolic compounds, herein referred
to as natural complex of polyphenols (NCP). The impact of NCP on the activity of anti-
oxidant enzymes in heart tissue under experimental DM was studied.

MATERIALS AND METHODS

The experiments were performed on white outbred male rats weighing 100-150 g.
The research was performed according to the General principles of experiments on
animals approved by the First National Congress on Bioethics (Kyiv, Ukraine, 2001) in
agreement 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 Pro-
tection 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. 17-01-2021
of January 17, 2021).

Dry red wine for experiments was provided by Odesa National Academy of Food
Technologies (Ukraine).

The concentrate was obtained by evaporating wine on a rotary evaporator Laborota
4001 (Germany) at a temperature of 40 °C and pressure of 0.8—0.9 kg/cm?. Evaporation
was carried out from 1 L of wine to 300 mL of the concentrate. The concentrate was
stabilized with ethanol up to 30% and with biogenic surfactants PS (surface-active
products of biosynthesis of Pseudomonas sp. PS-17) up to 3% [28].

The total polyphenol content in the wine and the obtained concentrate was
standardized using Folin—Ciocalteu reagent according to gallic acid equivalent [26]. The
concentration of polyphenols in the obtained concentrate was 53.36 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 72 h after Streptozotocin injection. Animals with glucose concentration
12 mmol/L and higher were used for the research. Glucose concentration was deter-
mined by glucose oxidase method using a detection kit (Filisit diagnostics, Ukraine).

Experimental rats were divided into 4 groups: 1%t — control animals (C); 2™ — control
rats that were treated with red wine concentrate enriched with NCP with water for
14 days (C + NCP); 3" — rats with experimental DM (DM); 4" — rats with experimental
DM that were orally treated with red wine concentrate enriched with NCP with water for
14 days (DM + NCP).

The obtained concentrate was administrated per os with water at a dose of 45 mg
of polyphenols per 1 kg of body weight, which corresponds to the theoretical average
concentration of polyphenols contained in 300 mL of red wine (which is considered the
daily norm for a person weighing 70 kg).

Rats from all experimental groups were decapitated under ether anesthesia on the
15" day of the experiment. Extirpation of the heart was performed. The isolated tissues
were immediately frozen at -70 °C.

Homogenization of cardiac muscle tissue was performed on an ice bath at 4°C
using a manual Potter—Elvehjem homogenizer in the presence of hypotonic 50 mM
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Na-K-phosphate buffer (pH 7.4) at the rate of 10 mg of cardiac muscle tissue in 100 pL
of a buffer. The studied parameters were determined in the supernatant obtained after
centrifugation of the lysates for 5 min at 10,000 rpm.

The concentration of proteins was determined according to the conventional Lowry
method [18]. Activity of SOD (EC 1.15.1.1) was determined according to Csovari [3],
CAT (EC 1.11.1.6) — according to Koroliuk [16], GPx (EC 1.11.1.9) — according to Moin [19],
glutathione reductase (EC 1.8.1.7; GR) — according to Goldberg [11].

Statistical analysis was carried out using Microsoft Excel. The calculation of the
main statistical indicators was performed by direct quantitative data obtained from the
research (arithmetic mean — M, the standard deviation of the arithmetic mean — m). To
evaluate the reliability of the difference between the statistical characteristics of the two
alternative data sets, the Student’s ratio was calculated. The difference was considered
significant at the indications of reliability p=0.95 (significance level P<0.05).

RESULTS AND DISCUSSION

ROS are normally produced in cells of aerobic organisms [32]. Their generation
intensifies in many pathological conditions, including diabetes [24]. Due to the high re-
activity, ROS interact with various cellular components. Reacting with lipids, ROS initiate
lipoperoxidation; with DNA — cause point mutations and breakage in the molecule; with
proteins — break the peptide bonds and modify the side chains of amino acids. The
negative effect of ROS in organisms is counteracted by the antioxidant defense system,
the functioning of which prevents generation of free radicals, causes their neutralization
and repairing of damages [17, 30]. There is a certain ambiguity in the data about the
state of the antioxidant system in diabetes. An increase of antioxidant enzymes activity
and a decrease in the indices of others were detected [1, 10, 11], while in other
investigations [8] changes of activity were not detected. It is possible that one of the
reasons for such divergences may be fluctuations in blood sugar level, as well as tissue-
specific activity of antioxidant enzymes. Cardiomyocytes are significantly affected in
diabetes, this leads to the development of cardiopathies [1].

One of the key enzymes of the antioxidant defense system is SOD. This enzyme
catalyzes the reaction of dismutation of superoxide radicals (O,~) with the formation of
hydrogen peroxide and oxygen and, thus, participates in the regulation of free radical pro-
cesses in living cells at an early stage [17]. According to obtained data (Fig. 1), there was
a tendency to reduction of SOD activity by 11% in cardiac muscle under experimental DM.

A decreased activity of SOD may be caused by glycation of the components of
the active site of the enzyme [11]. A lowered SOD activity in DM may be also due to its
inactivation by hydrogen peroxide (H,0,) [9]. H,O,is formed as a result of glucose auto-
oxidation, therefore, its level is high in diabetic patients. Furthermore, accumulation of
superoxide-anion radical (O,~) and overproduction of Nitrogen oxide (NO) contributes
to the excessive formation of peroxynitrite (ONOO") in diabetes, which is the mediator
of oxidative cell damage. Subsequently, ONOO- deactivates SOD via nitration of the
Tyr34 residue in the active site of the enzyme [15, 7].

Under the conditions of concentrate enriched with NCP administration, the tendency
to normalization of SOD activity was detected in animals with experimental DM,
while no significant changes were identified in control animals (Fig. 1). Polyphenolic
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compounds are known as scavengers of ROS, thus, they have good protective proper-
ties [27]. They can “abduct” superoxide anions and other ROS, thereby reducing the
generation of several dangerous molecules, including peroxynitrite [6].

CAT is another important antioxidant enzyme. This enzyme is involved in detoxica-
tion of H,O, It catalyzes its decomposition into water and oxygen [17]. We detected
a decrease in the activity of catalase by 16.8% (Fig. 2) in the cardiac tissue of animals
with experimental DM compared to the control.
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Fig. 1. The activity of superoxide dismutase in cardiac tissue of control animals (C), control animals treated
with wine concentrate enriched with natural complex of polyphenols (C + NCP), animals with strepto-
zotocin-induced diabetes mellitus (DM) and animals with experimental diabetes mellitus treated with
wine concentrate enriched with natural complex of polyphenols (DM + NCP)

Puc. 1. AKTVBHICTb CynepoKCUaAMCMYTasmn y TKaHMHaX cepus KOHTPOrbHMX TBapuH (C), KOHTPONbHUX TBAPWH,
AKUM BBOAMINY KOHLEHTPAT BUHOTPafHOro BUHa, 3barayeHunii nprpogHUM KOMMeKcom noniceHornis
(C + NCP), TBapwH 3i CTpPenTo30TOLUH-iHAYKOBaHUM LykpoBuM Aiabetom (DM) i TBapuH 3 ekcriepu-
MEHTanbHUM LyKpOBUM [iabeToM, SKMM BBOAWMWM KOHLEHTPAT BWHOTPagHOro BWHA, 36arayeHui
NPUPOAHUM Komnnekcom nonicpeHonis (DM + NCP)

A reduced activity of CAT can be associated with dysregulation at gene expression
or a decrease in mRNA level. Besides, CAT is over-phosphorylated in diabetes, which
can lead to a decrease in enzymatic activity [23]. It is known [28] that NO generation
highly intensifies in the pathology. This may affect the antioxidant enzymes activity. For
example, NO can bind to the iron-porphyrin complex of CAT to form nitroso-derivatives.
The appearance of such complexes prevents binding of H,O, in the active site of CAT,
as well as its decomposition. Nitrite ions are also able to bind directly to the iron of CAT
heme, which can decrease the activity of the enzyme [28].

Under the conditions of administration of concentrate enriched with NCP to animals
with DM, there was an increase in CAT activity by 27.7% compared to the data obtained
in diabetes (Fig. 2). However, there were no significant changes detected in CAT activity
of cardiomyocytes of control animals after concentrate administration. Polyphenolic
compounds of red wine contain resveratrol. This polyphenol can decrease the over-
phosphorylation of CAT at diabetes, thus, enhancing CAT activity [23].

The glutathione system is also an important part of the antioxidant defense system.
It can directly inactivate ROS, supplement and correct errors of “the first line of defense”,
formed by SOD and CAT [28].
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GPx also neutralizes H,0, and has much higher affinity for H,0, than that of
CAT [28]. GPx and GR activities are reduced in cardiomyocytes in DM by 9% and
25.5%, respectively (Fig. 3, 4). GPx activity depends on the content of reduced gluta-
thione (GSH), the intracellular concentration of which is maintained by GR. In turn, the
functioning of GR is determined by the level of reduced nicotinamide coenzymes. Under
conditions of DM, energy depletion can be observed, which causes a shortage of energy
substrates. Accordingly, this affects the effectiveness of the antioxidant system [11].
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Fig. 2. The activity of catalase in cardiac tissue of control animals (C), control animals treated with wine
concentrate enriched with natural complex of polyphenols (C + NCP), animals with streptozotocin-
induced diabetes mellitus (DM) and animals with experimental diabetes mellitus treated with wine
concentrate enriched with natural complex of polyphenols (DM + NCP)

Comments: * — difference is significant compared to the control group (p=0.95); # — difference is
significant compared to the diabetic group (p=0.95)

Puc. 2. AKTUBHICTb KaTanasu y TkaHuHax cepus KOHTPOMbHUX TBApUH (C), KOHTPOMNbHUX TBApWH, SIKUM BBO-
OWINU KOHLEHTpaT BUHOrpagHoro BMHa, 36aradyeHuin npypogHum komnnekcom nonideHonis (C + NCP),
TBapVH 3i CTPeNnTO30TOUMH-iHAYKOBaHUM LyKkpoBuM Aiabetom (DM) i TBapuH 3 eKcnepuMeHTanbHUm
LlyKpOBMM AiabeToM, SKMM BBOAWIN KOHLEHTPAT BUHOrPafAHOro BUHa, 36ara4eHunin NpupoaHUM KoMI-
nekcom noniceronis (DM + NCP)

MpumiTkK: * — pisHNLA JOCTOBIpHA NOPIBHAHO 3 KOHTponem (p=0,95); # — pisHMLA JOCTOBIpHa Nopis-
HsHO 3 fiabeTom (p20,95)

Under conditions of concentrate enriched with NCP administration, we detected
a decrease in GPx activity by 23% and an increase in GR activity by 36% in cardiomyo-
cytes of control animals, compared to control (Fig. 3, 4). However, a decrease in GPx
activity by 44% and normalization of GR activity were detected in cardiac muscle of dia-
betic animals, compared to animals with the pathology after treatment with the concen-
trate (Fig. 3, 4).

Therefore, the influence of NCP on the activity of enzymes of the glutathione sys-
tem was investigated. Under hyperglycemic conditions, glucose metabolism is intensi-
fied through the polyol and hexosamine pathways. NADPH is a cofactor of an enzyme
of polyol pathway aldose reductase. NADPH is also a cofactor of GR. As a result,
a decrease in GR activity can be caused due to a lack of the cofactor that is mainly used
by enzyme of the polyol pathway in DM [31]. A decreased activity of GR has an impact
on GPx activity, while the product of the reaction, GSH, is the substrate of GPx. In addi-
tion, an increased metabolism through the hexosamine pathway in diabetes leads to the
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The activity of glutathione peroxidase in cardiac tissue of control animals (C), control animals treated
with wine concentrate enriched with natural complex of polyphenols (C + NCP), animals with strepto-
zotocin-induced diabetes mellitus (DM) and animals with experimental diabetes mellitus treated with
wine concentrate enriched with natural complex of polyphenols (DM + NCP)

Comments: * — difference is significant compared to the control group (p=0.95); # — difference is sig-
nificant compared to the diabetic group (p=0.95)

AKTUBHICTb rnyTaTiOHNEPOKCMAa3N y TKaHUHAX CepLs KOHTPOSbHMX TBApuH (C), KOHTPONbHUX TBAPUH,
AKUM BBOAWMU KOHLIEHTPAT BUHOrPaAHOro BMHA, 36aradyeHnin npypoaHUM KOMMMEKCOM nonicheHoniB
(C + NCP), TBapwH 3i CTPENTO30TOLMH-IHAYKOBaHUM LiyKpoBUM AdiabeTom (DM) i TBAapWH 3 ekcriepyMeH-
TanbHUM LyKPOBMM AiabeToM, SKMM BBOAWUMMN KOHLIEHTPAT BUHOrpaAHOro BUHa, 3baradeHunin npupoa-
HUM Komnnekcom nonigeHonis (DM + NCP)

MpumiTkn: * — pi3HNLA [OCTOBIPHA MOPIBHAHO 3 KoHTponem (p=0,95); # — pisHWMUSA AOCTOBipHa
nopiBHsiHO 3 fiabetom (p=0,95)
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The activity of glutathione reductase in cardiac tissue of control animals (C), control animals treated
with wine concentrate enriched with natural complex of polyphenols (C + NCP), animals with strepto-
zotocin-induced diabetes mellitus (DM) and animals with experimental diabetes mellitus treated with
wine concentrate enriched with natural complex of polyphenols (DM + NCP)

Comments: * — difference is significant compared to the control group (p=0.95); # — difference is
significant compared to the diabetic group (p=0.95)

AKTUBHICTb rnyTaTiOHpeayKTasn y TKaHMHax cepust KOHTPOMbHMUX TBapuH (C), KOHTPONbHUX TBapWH,
SIKUM BBOAMUNN KOHLIEHTPAT BMHOrPagHOro B1Ha, 36aradyeHuin npupoaHUM KOMMEKCOM nonideHonis
(C + NCP), TBapuH 3i CTpenTo30TOLMH-iIHAYKOBaHUM LlyKpoBuM AiabeTtom (DM) i TBapyH 3 ekcriepumen-
TanbHUM LlyKPOBUM AiabeTom, SKUM BBOAUIM KOHLIEHTPaT BUHOrPagHOro BUHa, 3baravyeHuii npupoa-
HVUM Komnrekcom nonideHonis (DM + NCP)

MpumiTKN: * — pi3HMLS [OCTOBIpHa MOPIBHSHO 3 KOHTporem (p=0,95); # — pisHuUs focToBipHa
nopiBHsiHoO 3 Aiabetom (p=0,95)
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intensification of glycation. This can affect intracellular proteins, such as enzymes of
different metabolic pathways [31].

Polyphenols reduce glucose concentration, which restores the level of NADPH
available for GR. Hence, the activity of the studied enzyme increases. We can also
hypothesize that GPx activity decreases after treatment with the studied concentrate
because of the antioxidant action of polyphenols. These compounds due to scavenger
activity reduce the level of peroxides that can serve as substrates for GPx. It can be
assumed that the level of peroxides can be reduced because of an increased activity of
other enzymes, such as catalase, under the same conditions.

An antioxidant deficit in cardiac cells, especially a reduced activity of SOD, CAT,
GPx, and GR, leads to myocardial infarction [2]. Intensification of fatty acid 3-oxidation
due to a high level of fatty acids in DM leads to an elevation of mitochondrial inner mem-
brane potential and stimulates ROS production [20]. An increased generation of ROS
also has a negative impact on cardiac cells [2]. Thus, the studied concentrate has not
only the antioxidant, but also the cardioprotective properties, and can be the basis for
the creation of food additives or drugs enriched with polyphenolic compounds for com-
plex therapy of DM.

CONCLUSIONS

A decrease in the activity of enzymes of the antioxidant defense system in cardiac
muscle under the conditions of DM was detected. Thatis the evidence of the development
of oxidative-nitrative stress in cardiomyocytes in the studied pathology, which is one of
the main causes of cardiovascular diseases.

Normalization of SOD and CAT activities after treatment with red wine concentrate
enriched with NCP at diabetic condition indicates antioxidant, and, subsequently, cardio-
protective effects of these compounds.

The glutathione system was violated at DM. Treatment with concentrate enriched
with NCP caused an increase of GR activity and a decrease in GPx activity. Different
effects of polyphenolic compounds on elements of the glutathione system in DM were
found.

The molecular mechanisms of action of polyphenols from wine require further
research. Besides, it is beyond doubt that such natural complexes of polyphenolic com-
pounds show a corrective effect, and, therefore, can serve as a basis for new antidia-
betic drugs.
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OKCUAAHTHOrO 3aXUCTY, 30KpeMa, il eH3MMaTu4HoI naHku. Lle € npuynHoto 3amiH mopdo-
dYHKLIOHaNbLHOro CTaHy KMiTWH, OpraHis i opraHiamy 3aranom. BinbHi pagukanu sany4ye-
Hi 4O OecTpyKuii KNiTUH NigWnyHKOBOI 3aro3n, 3okpema, 3a LlyKpoBoro Aiabety 1-ro
TUMYy, WO NPU3BOAMTL [0 e OiNbLIoro CKOPOYEHHS IHCYNIHOBOI CekpeLlii, NoripeHHs
nepebiry XxBopobu i BUHNKHEHHS AiabeTUYHMX ycknagHeHb. [Jo ycknagHeHb 3a LlyKpoBO-
ro giabety HanexaTb 4YacTo AiarHoCTOBaHi CepLeBO-CyaANHHI 3axBOptoBaHHSA. Tomy nep-
CMEKTUBHMM € 3aCTOCYBaHHS npenaparTiB, L0 XapakTepusyTbCa He nuLle LIyKpO3HU-
XXyBarnbHVMMM BnacTMBOCTSAMUW, A8 HopManisauii rnikemii 3a uykpoBoro giabety, ane 1
aHTMOKCUOAHTHMMW BMNACTUBOCTAMMW, AN HOpMani3auii oKCMaaHTHO/aHTUOKCMAAHTHO-
ro 6anaHcy 3a gocnigXysaHoi naTtonorii. HaykoBui ycboro CBiTy nNpuainsoTe Yumarno
yBarn JOCHIMKEHHAM PEYOBUH i3 TakMMW BracTMBOCTAMM, 30KpeMa npupoaHUmM nofi-
deHOoNbHMM Crorykam BUHOTpaay, SKi TakoX XapakTepusytoTbCsl iMyHOMOYHOYMMUN
BNacTMBOCTSMU.

Matepianu Tta metoau. Y [OCILXEHHI BUKOPUCTOBYBanuM TKaHWHU CepLEeBOro
M’5132 KOHTPOSbHUX LLLYPIiB, KOHTPOMNBHUX TBAPUH, IKMM BBOAWIN KOHLIEHTPAaT NPUPOAHOro
nonigpeHoNbHOro KOMMMEKCY 3 BUHOrpagHOro BMHa, TBApWH 3i CTPENTO30TOLMH-IHAYKO-
BaHUM LYyKPOBMM [iabeToMm i LLypiB 3 ekcnepyMeHTanbHUM LlyKPOBMM LiabeTom, SKuM
BBOOWUINN KOHLEHTPAT BMHOrpPagHOro BMHa, 36arayeHuin npupoaHnUM KOMMIEKCOM Mosli-
deHoniB. AKTMBHICTb KaTanasu, cynepokcuaaucmyTasu, rryTaTioHnepokcuaasn Ta

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni CTyaii / Studia Biologica ¢ 2021 e Tom 15/ Ne 1 e C. 37-48


https://doi.org/10.1155/2020/1356893
https://pubmed.ncbi.nlm.nih.gov/32148647/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042557/
https://scholar.google.com.ua/scholar?hl=uk&as_sdt=1%2C5&authuser=3&q=Unuofin+J.+O.%2C+Lebelo+S.+L.+Antioxidant+Effects+and+Mechanisms+of+Medicinal+Plants+and+Their+Bioactive+Compounds+for+the+Prevention+and+Treatment+of+Type+2+Diabetes%3A+An+Updated+Review&btnG=
https://doi.org/10.1016/B978-0-12-812019-4.00031-3
https://scholar.google.com.ua/scholar?hl=uk&as_sdt=1%2C5&authuser=3&q=Wojcik+M.%2C+Krawczyk+M.%2C+Wozniak+L.A.+Antidiabetic+Activity+of+Curcumin.+Nutritional+and+Therapeutic+Interventions+for+Diabetes+and+Metabolic+Syndrome&btnG=
https://doi.org/10.1155/2020/8609213
https://pubmed.ncbi.nlm.nih.gov/32215179/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7085395/
https://scholar.google.com.ua/scholar?q=Yaribeygi+H.,+Sathyapalan+T.,+Atkin+S.L.,+Sahebkar+A.+Molecular+Mechanisms+Linking+Oxidative+Stress+and+Diabetes+Mellitus&hl=uk&authuser=3

48 D. Yu. Hertsyk, M. V. Sabadashka, L. V. Kaprelyants, N. O. Sybirna

rnyTaTioHpeayKTasn BuU3Havanu Ans OOCHIMXKEHHS KOPUTyH4oro edekTy npupogHoro
KOMMeKcy nonidpeHoniB i3 YePBOHOIO BUHOIPaAHOro BMHA Ha CTaH eH3UMaTUYHOI flaH-
K/ CUCTEMMN aHTMOKCUOAHTHOIO 3aXMCTYy.

PesynbraTn.BcTaHoBneHo HOpMani3ayito akTUBHOCTI KaTasasu, CynepokcMagncmy-
Tasn Ta 3MiHY aKTMBHOCTI (PepMEHTIB LMKy rAyTaTioHy Npu nepopanbHOMY BBEOEHHI
BNpoAoBX 14 AHIB KOHUEHTpaTy MonidpeHONbHUX CAOMYyK LypaM 3i CTPenTO30TOLMH-
iHOYKOBaHUM LyKPOBUM iabeTom.

BucHoBkK. OTpyMaHi pesynsratv NiaTBepaKyOTb MiNoTe3y Npo aHTUOKCUOAHTHY
Ai0 JOCNiAXKyBaHOro KOHLEHTpaTy i 34aTHICTb NpPUPOLHOro KOMMfeKcy nonidgeHonis
3 YepBOHOrO BMHOMPaAHOIO BMHA CTaTW OCHOBOK HOBMX Mpenaparis, WO KopuryBaTu-
MyTb AiabeT-iHayKkoBaHi MOPYLUEHHS.

Knroyoei cnnoea: uykpoBuiA fiabet, nomnipeHOomNbHI CNomykn, aHTUOKCUOAHTHA
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