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The possible protective effect of the speciment of natural polyphenols complexes of
grape wine in the kidneys of white rats under streptozotocin-induced diabetes mellitus, which
is reflected in the activation of enzyme antioxidant system and reduced pathogenic actions of
reactive oxygen species underlying the mechanisms of various diabetic diseases, separately
diabetic nephropathy is discussed in this scientific article.
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Diabetes mellitus is one of the most common, not infections diseases, which are characte-
rized by the development of micro and macro vascular complications, that can lead to disability.

Diabetes is characterized by the lack of energy substrates, that activate free radical oxida-
tion. This causes increase in the cytotoxic properties of reactive oxygen species (ROS) and it is
one of the causes of oxidative stress (OS).

In 2005 unified theory of diabetic damage was formulated by Michael Brownlee. It is
base on polyol, hexosamine pathway, protein kinase C (PKC) pathway and not enzymic glucose
utilization through the accumulation of advanced glycated end-products (AGEs) [14]. Activation
of these pathways leads to the increaseing not enzymic glycosylation that is high even under
conditions of diabetes. Under interaction of AGEs with specific receptors for them (RAGES),
activation of the cascade of mechanisms that leads to take place the increased gene expression,
that encode a number of preinflammatory cytokines (TNF-a, IL 1,6), vasoconstrictors — endo-
thelin 1, adhesion molecules (ICAM-1, VCAM-1) and growth factors. They violate the function
of blood vessels and contribute to premature development of atherosclerosis and inflammatory
processes [24, 26], induce super activity of locally-renal renin-angiotensin system [13], help to
increase blood pressure and glomerular filtration rate, etc. The last injuries cause the development
of microalbinyria and microproteinyria. Accordingly, we can assume that effect of OS and AGEs
in the main lead to the development of diabetic nephropathy (DN).

Diabetic nephropathy — is the specific disease that is accompanied by the formation of glo-
merular and diffuse glomerulosclerosis. Its terminal stage is characterized by the development of
chronic renal failure [13]. Diabetic nephropathy occurs as a result of a complex variety of patho-
logical processes which are formed primarily in the capillaries and small vessels of the kidneys.
Like all microangiopathies, this disease is realized through the emergence and progression of
endothelial dysfunction.

As we know, kidney glomeruls consist of endotheliocytes that cover the capillaries from
the inside, podocytes that cover the capillaries from the outside, providing a filter barrier and me-
sangial cells which are elements of smooth muscle tissue that are located around the capillaries
and involved in the regulation of blood flow velocity [2]. Experimental Diabetes Mellitus (EDM)
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is characterized by podocytes apoptosis that is accompanied by a sharp decrease in their number.
All changes leading to thicking of the filtering barrier with involving of proteins, in particular,
collagen IV with further progression of fibrogenesis until the complete loss of physiological func-
tion of glomerular [2]. That’s why inflammatory processes in the glomerulus are accompanied by
increase in the body size and weight [19].

Under DM part of the “strike” is taken by enzymatic antioxidant system of the body, that
under this disease is characterized by reducing of its activity [7]. Therefore, the survey of natural
antioxidants — natural polyphenols complexes of grape which have the effect of preventing car-
diovascular diseases was become actual recently [21]. As we know, polyphenols complexes can
interact with plasma proteins and cellular elements of blood, prevent premature oxidation of the
molecular structures of their complexes. A significant bactericidal and antiviral effect of the given
substances is also shown [15].

As protective properties of natural grape polyphenols complexes under streptozotocin-
induced diabetes mellitus and their affect on enzymic antioxidant system under development of ne-
phropathy were investigated little, the goal of our work was to investigate the protective antioxidant
effect of speciment of polyphenols complexes on enzymatic antioxidant system in kidney tissue of
white rats under streptozotocin-induced diabetes mellitus.

Materials and methods

All animal care and procedures were carried in accordance with the European Conven-
tion for the Protection of Vertebrate Animals used for Experimental and other Scientific Purposes
Directive of 24 November 1986 (86/609/ECC) and were approved by Bioethics Committee of
Ivan Franko National University of Lviv Protocol for Animal Studies, Lviv, Ukraine. Male Wistar
rats, of 120-150 g body weight, were fed a standard rat chow and had access to water ad libitum.

Speciment of natural polyphenols complexes of grape wine (speciment) was received by
evaporation of red wine in rotary evaporators LABOROTA 4000 (Heidolph, Germany).

The red wine was made by the classical technology from Cabernet Sauvignon grapes and
contained phenolic compounds 2309.31 mg/l, proanthocyanidines 936.0 mg/1 and pigment poly-
mers 443.8 mg/1.

Wistar rats were separated into four groups each of seven animals: Group 1 — normal
untreated control; Group 2 —speciment of polyphenols treated;Group 3 — STZ treated and Group
4 — speciment of polyphenols and STZ treated. The STZ treatment was a single i.p. injection of
50 mg/kg body weight. The red wine treatment was (an oral dose of 23,5 mg/kg body weight/day,
based on the proportion of 300 ml wine/70kg body weight/day) administered daily for 2 weeks
prior to the STZ injection and daily for 4 weeks after the STZ injection. Group 2 received red
wine for 6 weeks. Blood samples for glucose measurements were taken from the tail vein ,72 h
after the STZ injection and the day prior to the study termination. All rats with blood glucose of
14 mmol/l or more were considered diabetic.

The animals were sedated by CO, and immediately killed by cervical dislocation. Selected
tissues were frozen immediately in liquid nitrogen. Tissues homogenization was carried out using
hand homogenizers in the presence of 0,1 M phosphate buffer (1:10 wt/vol) pH 7,0 on the ice.
The homogenate was centrifuged at 10620 g for 15 min. All the aforementioned steps were done
at 4°C.

The activity of superoxide dismutase (SOD) was determined by the method of Chevari
[12], catalase — by the Corolyk [6], glutathione peroxidase — by the Moin [9], glutathione reduc-
tase — by the Goldberg [16]. MDA level analyzed with 2-thiobarbituric acid by the Timyrbulato-
vum [11]. The concentration of protein was determined by the method of Lowry [20].
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Data are expressed as mean.S.E.M. Differences among experimental groups were deter-
mined by ANOVA (analysis of variance), and the significance of between-group differences as-
sessed by Student—Newman—Keul’s multiple range test. Significance was defined at P<0.05.

RESEARCH RESULTS AND THEIR DISCUSSION

After the experiment, final weight of control rats and rats that consumed the speciment
of natural polyphenols complexes of grape wine increased by 36% compared with the beginning
of the experiment (tabl. 1). In contrast to control body weight in groups of rats with diabetes,
decreased slightly. At the same time the weight of rats with diabetes that consumed the speciment,
increased by 36%.

In groups of rats with EDM this can be explained by the fact that diabetes is characterized
by “overproduction” of urea. The last, due to osmotic diuresis, is excreted from the body with
the amount of water and electrolyte K * and Na * ions necessary for it [17]. This process leads
to dehydration, which further is enhanced. As a result of induction of release of free lipid acids
from adipocytes and and subsequent conversion into ketone bodies that causes ketoacidosis [3].

The ketone bodies caused increase in osmotic diuresis and electrolyte loss [18], that locks
a described device. Such changes in level of the water are unable not to affect not on the general
metabolism. This can explain the significant differences of the weight in the group with diabetes
compared to control one.

In groups of rats with EDM with consumption of speciment of polyphenols complexes
the body weight almost resumed to control values. Received results are in line with the results
obtained in experiments in which the speciment is used as a solution of red wine in water [3].
It has been shown that speciment has had corrective effect on blood glucose in control and in
diabetic groups, as blood glucose concentration in diabetic groups was increasing throughout the
experiment (tabl. 1).

Table 1

Body weight and blood glucose concentration in control and diabetic rats with
or without polyphenol speciment consumption (M+m. n=5-7)

Blood glucose, mmol/l Body weight, g
Rodent group Tnitial § | Final Tnital § | Final
C 5.72+0.46 6.2+0.51 214+16.1 292+19.6
C+S 5.92+0.16 6.3+0.19 209+17.35 278+20
D 18.54+0.89%* 26.82+2.23%* 181+6.78 199+£30%**
D+S 20+0.29** 26.88+1.87** 188.3+6.41 257.5£1047*, #

C — control; C+S — control+ speciment of polyphenols; D — diabetic; D+S — diabetic+ speciment
of polyphenols. * ** P<(.05 ta < 0.01 against the control group. * P<0.05 against the control and
diabetic group without polyphenol speciment consumption. § — 3" day after induction of diabetes.

Analyzing the results, we can assume that the protective effect of polyphenols complexes
is connected with the decrease in the level of ketone bodies at the stage of their utilization or de-
duction from the body by the system of the glomerul and tubules of the kidneys that is accompa-
nied by stimulation of reabsorption of electrolytes and water from primary urine [3]. Establishing
of the mechanisms of these phenomena, requires a detailed study in future.

It is known that DN is characterized by excessive formation of reactive oxygen and ni-
trogen (nitric oxide, superoxide anion, peroxynitrite, etc.) that cause multiple cytotoxic effects:
activation of processes of lipid peroxidation, nitration and nitrosylation of proteins, DNA breaks,
mitochondrial membrane depolarization and may induce necrosis and apoptosis [25, 28].

The intensity of free radical oxidation in the body depends on various factors, but prima-
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rily are determined by the coordinated functioning of enzymes of antioxidant system of defence
among which the main role belongs to superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase.

Under DM the activity of enzyme antioxidant system in rat kidney tissue changes. The
activity of SOD in group with diabetes without speciment consumption decreased by 35.5%
compared with control (fig. 1.). It can be associated with extremely high activity of the local renal
renin-angiotensin system that is typical for this pathology. Pathogenic mechanisms of angiotensin
II under conditions of diabetes are caused not only by its strong vasoconstractive effect, but also
by proliferative, pro-oxidative activity. In the kidneys it causes the development of intraglomeru-
lar hypertension, contributes to sclerosilation and fibrosilation in kidney tissue [13]. Its impact
on the reduction and growth of vascular smooth muscle it is carried through the generation of
intracellular O,", the main “liquidator” of which in living organisms is SOD. Overproduction of
superoxide anion that is influenced by “overaffect” of angiotensin II and the disruption of the
electron transport chain causes depletion of the protective system. Owing to this there is accumu-
lation of superoxide-anion-radical which is subjected to rapid radical-radical interaction of NO
with the formation of mediator of oxidative cell damage — peroxynitrite (ONOO-). When peroxy-
nitrite interacts with proteins, it nitrosylates them by tyrosine, altering their biological properties
[27]. Besides peroxynitrite, the formation of products of protonation of the nitric oxide is reported
which is particularly dangerous for the enzyme because it can modify amino acid residues of
proteins, is reportwhich also can be manifested in the reduction of SOD activity [10]. The direct
interaction NO with Cu?"in SOD active center is possible leads to inhibition of its activity [10].
Not enzyme glycosylation of amino acid residues, part of which is contained in the active center
of enzyme also affects the enzyme activity.

In the groupe of rats with DM with speciment consumption, the activity of SOD increases
by 60% compared with a diabetic group without consumption of polyphenols (fig. 1). It is known
that polyphenols have the protective properties and they are scavengers of ROS [3]. They can
“pull” newly formed superoxide-anion-radicals and other ROS on themselves, which reduces the
formation of dangerous substances such as peroxynitrite [3].
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Fig. 1. The activity of superoxide dismutase in kidney: C — control; C+S — control+ speciment of polyphenols;
D — diabetic; D+S — diabetic+ speciment of polyphenols. **P<0.01 compared with controls. ##
P<0.01 compared with diabetic rats without speciment of polyphenols consumption.

We found that under DM the activity of CAT decreases by 69.7% compared with the
control group (fig. 2). Reduction of the activity of this enzyme can be partly explained similarly
to SOD.
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Fig. 2. The activity of catalase in kidney: C — control; C+S — control+ speciment of polyphenols; D —
diabetic; D+S — diabetic+ speciment of polyphenols. **P<0.01 compared with controls. # P<0.05
compared with diabetic rats without speciment of polyphenols consumption.

Increase in NO production under diabetes has its definite impact on the CAT. Nitric oxide
binds to ferrum-perforin complex of catalase, forming different forms of NO. The emergence of
heme-NO complexes prevents binding of H,O, in the active center of catalase and its scheduling.
Nitrite ions can directly bind to the ferrum of enzyme heme, that can cause decreasing of the ac-
tivity of the enzyme [10]. Under the consumption of speciment of polyphenols by the rats treated
by DM the activity of CAT increased in 1.7 times (fig. 2) that is only by 17% below the activity of
enzyme in control group. Usage of these antioxidants leads to the decrease in the flowing of free
oxidation and as a result — increasing of the enzyme activity.

Glutathione system (GS) is especially important under oxidative-nitrosative stress (ONS).
It provides effective protection of cells from the effects of ONS and therefore under its depletion
serious consequences for the organism occured.GS eliminates ROS directly, or as the “second
line of defense” after SOD and CAT, complements and completes the work of the «first line» and
correctes it errors.

In particular, neutralization of hydrogen peroxide in addition to KAT carries GPO, whose
affinity to H,0, is significantly higher than in KAT [4]. In kidney tissue under DM the activity of
GPO and GR is reduced by 19% and 30% respectively (fig. 3, 4, B).

GPO activity depends on the content of reduced glutathione, which level of intracellular
concentration supported by GR. Functioning of GR is determined by the level of reduced nicotin-
amide coenzymes. Under DM is energy depletion that leading to the energy substrates shortage
which is directly impact proportional on the protective systems observed. There are no «energy
coenzymes» — no effective protection. In group of rats with DM with speciment of polyphenols
complexes consumption observed recovery of activity GPO and GR by 19% and 45% accor-
dingly compared with group with DM without speciment consumption (fig. 3, 4, B).

This increased activity of GPO and GR can be explained by improved energy state which
is probably caused by the protective properties of natural polyphenol complexes. This issue re-
quires more detailed studies. Intensification of free radical oxidation processes under affect of
ROS leads to the increased lipid peroxidation (LPO), oxidative modification of proteins, degrada-
tion of nucleic acids, carbohydrates, etc. It causes structural and metabolic disturbances in cells
[5]. The main marker of LPO is the presence of thiobarbituric acid -positive products. Under DM
the level of this products is increased by 63.4% (fig. 4).
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Fig. 3. The activity of antioxidant enzyme system in kidney: 4 — GPO, B — GR: C — control; C+S — control+
speciment of polyphenols; D — diabetic; D+S — diabetict+ speciment of polyphenols. **P<0.01
compared with controls. #, ## P<0.05 and 0.01 compared with diabetic rats without speciment of
polyphenols consumption.
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Fig. 4. TBK-positive content of LPO products: C — control; C+S — control+ speciment of polyphenols; D —
diabetic; D+S — diabetict+ speciment of polyphenols. **P<0.01 compared with controls. # P<0.05
compared with diabetic rats without speciment of polyphenols consumption.

This can be explained by the fact that ROS oxidized lipids that leads to the accumulation
of primary and secondary oxidation products [10]. Under speciment consumption by the group
of rats treated by DM, this figure is reduced by 23% compared with the group without spaciment
consumption. Intensification of LPO processes is due to the changes in the concentration of free
radicals. The greater this concentration is the more intense processes of LPO. The natural poly-
phenols complexes being scavenger properties caused the reduction of free radicals and reduced
the level of end products of LPO.

Thus, natural polyphenols complexes of grape wine have a significant antidiabetic effect
at the level of the whole organism: they protect it from the dehydration, cause the increase in the
activity of antioxidant enzyme system in kidney tissue. Thus, the activity of SOD, CAT, GPO
and GR in groups with speciment consumption is increased by 60% and 170%, 19% and 45%
respectively. TBK-positive content of LPO products is decreased by 23%.

A detailed study of the biochemical mechanisms of action of polyphenols of grape wine
requires the following research, but certainly, these natural complexes can be used in the treat-
ment of complications of diabetes and development of the new antidiabetic drugs.

We express our sincere gratitude to the Western Ukrainian Biomedical Research Center
(WUBMRC, 2011-2012), by a grant provided to conduct our researches.



A. lTHamyw, B. [pens, H. CubipHa

74 ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis GionoriyHa. 2011. Bunyck 57
CITMCOK BUKOPUCTAHOI JIITEPATYPU
1. bBesoemko A. B., ITopbauesa K. C. DUuaeMuojOrus W 9acToTa CaxapHOro nauabera u

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

nuabeTHUeCKON peTrHomaTHu // MexmayHap. sHIokpuHoi. xkypH. 2006. T. 4. C. 76-80.
Ipenv B. P, Cubipna H. O. HedpompoTrekropHa misi BUHOIPAJAHAX BHH y IIypiB i3
eKCIICpUMEHTAIBHIAM IIyKpoBUM aiadetom // Bionoriuni crymii. 2009. T. 3. C. 59-68.

Upenv B., I'namyw A., Ananeyoxuii A. Ta in. [lomideHONM BUHOTPAJIHUX BUH 3aro0iraroTh
HAKOITMYCHHIO HITPOTUPO3UHY Ta aKTHUBAIIii parp-1 y CITKIBI[i OKa IIypiB i3 CTPENTO30TOLMH-
IHIYKOBaHUM IIyKpOBHM miadetom // Meamuna ximist. 2010. T. 42. C. 25-33.

Ieanywro A. I, Ipunesuy FO. I1., Jluncoka A. 1. BiiuB peHTTeHIBCHKOTO BUIIPOMIHCHHSI Ha
(hepMeHTH aHTHOKHUCHIOBAJILHOTO 3aXUCTY MCUIHKH IIypiB // SiaepHa (i3uka Ta eHepreTHKa.
2009. T. 1. C. 76-79.

Konicnux M. I., Konicnux I B., Hiostonxa €., Brizno B. B. AKTUBHI pOpMH KHCHIO Ta iX poiib
y Metaboumismi kiaitunu // bionoris tBapun. 2009. T. 11. C. 59-71.

Kopomox M. A., Heanosa U. I, Mavioposa M. I Metoj onpeieicHus akTHBHOCTH KaTasiasbl //
J1a6. neno. 1988. T. 1. C. 16-18.

Menvuiuxosa E. B., Jlanxun B. 3., 3enxos H. K. n ip. OkucIuTeNnbHbIH cTpecc. [IpookcnaanThl
u anTHoKcuaanTel. M., 2006. C. 411-413.

Minosanosa I O., I[yoszesuu B. O., Ciusuyx FO. I. PiBeHb TOMOLIUCTETHY 1 3MiHH ITOKa3HUKIB
JIIIIHOTO OOMIHY TpPU IYKPOBOMY mdia0beTi 2-To THITY, acOLHOBAHOMY 13 IIIEMIYHOIO
xBopoOoro cepirs // biomoris tBapun. 2010. T. 12. C. 50-56.

Moun B. M. Ilpoctoii u cHenupUYECKHii METOJ  ONPEACICHHS aKTHBHOCTH
[Ty TaTHOHIIEPOKCH a3kl B apuTponutax // JIab. aemo. 1986. T. 12. C. 124-126.

Cubipna H. O., Maescvka O. M., bapcorka M. JI. JIocnimKeHHS OKpEMHX 010XIMIYHHUX MTOKa3-
HUKIB 32 YMOB OKCHUIAaTHBHOTO cTpecy: Hapu.-meTon. mociOnuk. JIbBiB: BumaBHUUHil LICHTP
JIHY im. 1. ®panka, 2006. 60 c.

Tumupbynamose P. A., Cenesnes E. M. Mertoq TOBBIIIEHUS WHTCHCUBHOCTH
CBOOOTHOPAIMKAILHOTO OKHCJICHUS JIMITUICOACPKAIIUX KOMIIOHEHTOB KPOBH M €ro
nuarsocruueckoe 3Hauenue // J1a0. neno. 1981. T. 4. C. 209-211.

Yeeapu C., Anosan T. J[., lmupeneep /. Onpenenenve aHTHOKCUIAHTHBIX MTapaMeTPOB KPOBH
U MX JMarHOCTHYECKOE 3HAYCHHUE B IPEKIIOHHOM Bo3pacte // JIab. memo. 1991. T. 10. C. 9-13.
lllecmaxosa M. B., Yyeynosa JI. A., llamxanosa M. ., [ledos U. U. Jlnaberndeckas
Hedpomarus: TOCTHKEHUS B AUATHOCTHKE, IpoduiakTuke u jJedenun / CaxapHblid auader.
2005. T. 3. C. 22-25.

Brownlee M. The pathobiology of diabetic complications: a unifying mechanism // Diabetes.
2005. Vol. 54. N 6. P. 1615-1625.

Daglia M., Papetti A., Grisoli P. et al. Antibacterial activity of red and white wine against oral
streptococcin // J. Agric. Food Chem. 2007. Vol. 55. N 13. P. 5038-5042.

Goldberg D., Spooner R., Bergmeyer H. Methods of Enzymatic Analysis, 3rd ed. — Wein-
heim: Verlag Chemie. 1983. Vol. 5. N 3. P. 258-265.

Gouni-Berthold I., Krone W. Diabetic ketoacidosis and hyperosmolar hyperglycemic State //
Med. Klin. (Munich). 2006. Vol. 101. P 100-105.

Kitabchi A., Umpierrez G., Fisher J. et al. Thirty years of personal experience in hyperglyce-
mic crises: diabetic ketoacidosis and hyperglycemic hyperosmolar state // J. Clinical Endo-
crinol. Metabolism. 2008. Vol. 93. N 5. P. 1541-1552.

Landau D., Israel E., Rivkis I. The effect of growth hormone on the development of diabetic
kidney disease in rats / Nephrol. Dial. Transplant. 2003. Vol. 18. N 4. P. 694-702.



A. lTHamyw, B. Apenb, H. CubipHa
ISSN 0206-5657. BicHuk JlbBiBCbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2011. Bunyck 57 75

20.

21.

22.

23.

24,

25.

26.

27.

28.

Lowri O., Rosenbraugh M., Pori A. Protein measurement with the Folin phenol reagent //
Biol. Chem. 1951. Vol. 193. N 1. P. 265-275.

Marfella R., Cacciapuoti F.,, Siniscalchi M. et al. Effect of moderate red wine intake on
cardiac prognosis after recent acute myocardial infarction of subjects with Type 2 diabetes
mellitus // Diabet Med. 2006. Vol. 23. N 9. P. 974-981.

Montilla P, Barcos M., Munoz M. C. et al. Red wine prevents brain oxidative stress and
nephropathy in streptozotocin-induced diabetic rats // J. Biochem. Mol. Biol. 2005. Vol. 38.
N 5. P. 539-544.

Napoli C., Balestrieri M., Sica V. et al. Beneficial effects of low doses of red wine consump-
tion on perturbed shear stress-induced atherogenesis // Heart Vessels. 2008. Vol. 23. N 2.
P. 124-133.

Nogueira-Machado J., Chaves M. From hyperglycemia to AGE-RAGE interaction on the
cell surface: a dangerous metabolic route for diabetic patients // Expert. Opin. Ther. Targets.
2008. Vol. 12. N 7. P. 871-82.

Pacher P, Obrosova 1., Mabley J., Szabo C. Role of nitrosative stress and peroxinitrite in the
paphogenesis of diabetic complications. Emerging new therapeutical strategies // Curr. Med.
Chem. 2005. Vol. 12. N 3. P. 267-275

Rees M., Kennett E., Whitelock J. et al. Oxidative damage to extracellular matrix and its role
in human pathologies // Free Radic. Biol. Med. 2008. Vol. 44. N 12. P. 1973-2001.

Viktor R. Drel, Nataliya Sybirna. Protective effects of polyphenolics in red wine on diabe-
tes associated oxidative/nitrative stress in streptozotocindiabetic rats // Cell Biol. Int. 2010.
Vol. 34. P. 1147-1153.

Wagner F., Dekker D., Berden J. et al. The role of reactive oxygen species in apoptosis of the
diabetic kidney // Apoptosis. 2009. Vol. 14. N 12. P. 1451-1480.

Cmamms: naditiwna do peoaxyii 30.06.11

nputinama 0o opyky 26.09.11

AHTHOKCHUJAHTHUN E®EKT MPUPOTHAX MOJIPEHOJILHAX
KOMIIJIEKCIB BUHOTPAZLY Y TKAHUHAX HUPOK II1YPIB 31
CTPEINTO30TOUMNH-IHAYKOBAHUM HHYKPOBUM JIABETOM

A. I'narym, B. /lpeas, H. Cu6ipna

Jlvsiscokuti HayioHanvruil yHieepcumem imeni leana @panxa
syn. I pywescvkoeo, 4, Jlveie 79005, Vrpaina
e-mail: gnatuk88@ukr.net

VY poboTi 00roBOPIOETHCS MPOTEKTOPHUHA e(eKT mpemapary IPHPOTHHX moiide-
HOJIHUX KOMIUIEKCIB BHHOTPAAy Y TKAHHHAX HUPOK OLTAX IIypiB 3a yMOB I[yKpPOBOTO fia-
Oety 1-To THITY, IO BimoOpaXkaeThCs B aKkTHBaLii HepMEHTATHBHOI AHTHOKCUIAHTHOI CHC-

MEXaHI3MiB Pi3HHUX Aia0eTHYHUX yCKIaIHEHb, 30KpeMa HedpomaTii.

Knouoei  cnosa: TyKpoBUE mia0eT, MOMI(ECHONbHI KOMIUICKCH, Iia0eTHdHa
He]pOoIaTisi, OKCHIATUBHUI CTPEC, AaHTHOKCHIAHTHUIA 3aXHCT.



A. lTHamyw, B. [pens, H. CubipHa
76 ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis GionoriyHa. 2011. Bunyck 57
NPOTEKTOPHBIN AHTPIOKCI/II[AHTHLIFI IODEKT IMTPUPOJHBIX
TMMOMN®EHOJBHUX KOMIIJIEKCOB BUHOI'PAJIA B [IOYKAX KPbIC
CO CTPENITO30TOLIUH-UHAYUUPOBAHHBIM CAXAPHBIM JIUABETOM

A. I’'narym, B. [pens, H. Cuoupnasn

JIve06cKUILl HayuoHANbHYIU YHUSepcumem umenu Meana @panko
ya. I pyuwesckoeo, 4, JIeeos 79005, Vkpauna
e-mail: gnatuk88@ukr.net

B pabote 00cysk1aeTcst BOZMOXKHBIN MPOTEKTOPHBIH S QeKT Ipenapara IPHPOTHEIX
NONMU(EHONBHBIX KOMIUIEKCOB BHHOTPAJa B ITOYKAaX OENBIX KPBIC B YCIOBUSX CaxapHOTO
nuabera 1-ro THIA, YTO OTpaKaeTcsi B aKTHBAIMU (pepMEHTATHBHOI aHTHOKCHIAHTHOM
CHCTEMBl OpraHW3Ma M CHIDKEHHH ITaTOTEHHOTO JEHCTBHS aKTHUBHBIX (OpM KHCIOpOAa,
JeKaIX B OCHOBE pAa3IMYHOTO pOAA MEXaHU3MOB JAMA0ETHYECKHX ITOpaKeHWH, B
YaCTHOCTH HedpormaTuii.

Kniouesvie cnosa: CaXﬁpHHﬁ ,I[I/IEI6€T, HOJ'II/I(l)eHOJ'ILHBIe KOMITJICKCHI, ,I[I/Ia6€—
THUYCCKas He(bpor[an/m, OKCI/I,I[aTI/IBHHﬁ CTPECC, aHTUOKCUAAHTHAA 3alllUTa.



