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It has been established, that the speciment of natural polyphenols complexes of
grape wine contribute to the normalization of the antioxidant enzyme system (superoxide
dismutase, catalase, glutathione peroxidase and glutathione reductase) of the sciatic nerves,
dorsal root ganglia and spinal cord of rats, whose activity is disrupted as a result of oxida-
tive-nitrative stress development of which is characteristic for diabetes mellitus. Significant
increase in body weight of control rats and animals with diabetes under consumption of
speciment by 36% and 18% accordingly has been established. The results indicate the per-
spectives of application of speciment of natural polyphenols complexes of grape wine for
the prevention and treatment of diabetes mellitus complications.

Keywords: diabetes mellitus, oxidative-nitrosative stress, the speciment of natural
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Diabetes mellitus (DM) - is one of the most common, not infection diseases, which are
characterized by the development of micro- and macrovascular complications that can often lead
to disability. According to World Health Organization, in 2010 for over 290 million people suffer
from diabetes. In Ukraine more than 1 million patients with DM are registred.

In 40% of patients with diabetes that control blood glucose level and take antidiabetic
drugs chronic complications in the peripheral nervous system are developed [16]. Diabetic neu-
ropathy (DN) is one of the most common complications of diabetes [9, 10, 24].

Hyperglycemia is the main established pathogenetic factor for the development of DM,
which occurs against the background of insulin deficiency, which is determinant of the diagnosis
of type 1 DM. The violation of the electron transport chain that leads to the overproduction of
superoxide anion, which, interacting with other reactive oxygen species (ROS), activates free
radical oxidation leads to oxidative stress (OS) [11]. OS, in its turn, leads to the disruption of
cellular homeostasis, accumulation of molecules with altered structure, damages the structure
of lipids, proteins and DNA. In response to DNA damage the nuclear enzyme poly(ADP-ribose)
polymerase (PARP-1) is activated. Poly-ADP-ribosilation of numerous nuclear proteins takes
place causing significant energy depletion of cells with the participation of the PARP-1. Under
certain conditions, it can cause cell death [23] (it is proved that PARP-1 can poly-ADP-ribosilate
glyceraldehyde 3-phosphate dehydrogenase (the enzyme of glycolysis) that leads to the inhibi-
tion of glycolytic glucose utilization at the level of glyceraldehyde 3-phosphate formation, with
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subsequent accumulation of intermediate products of glycolysis). This leads to the activation of
a number of signaling and metabolic pathways. Such changes in metabolism (accumulation of
fructose, sorbitol, methylglyoxal, advanced glication end products etc) is a trigger for the de-
velopment of DN. Primary metabolic changes occurring in nerve fibers in the beginning cause
disruption of their functions, and eventually lead to changes in their structure. In particular, the
activation of the polyol pathway in nervous tissue with the characteristic accumulation of sorbitol
and fructose which consistently causes a decrease in activity of Na*/K*-ATPase and the level of
mioinozytol, leads to the retention of Na' and water, swelling of the myelin sheath, its further
demyelination and reduction of motor and sensory nerve conduction velocity of the peripheral
nervous system [10].

In parallel, there is total destruction of the organism by ROS that in addition to DNA
damage, causes damage of axons membrane structures of peripheral nerve fibers and the resul-
ties in damage of the structures and functions of nerve cells. In addition to the direct damaging
effects, accumulation of ROS affects the energy metabolism in neurocites and development of
endoneurial hypoxia. Such a comprehensive total damage causes demyelination and degeneration
of nerve fibers, reduces their functional activity [10].

Imbalance between production of free radicals and the activity of enzymes of antioxi-
dant system which is reduced under DM is made by significant contribution into formation of
late diabetic complications [4]. Strengthening of the work of antioxidant system by exogenous
antioxidants has a protective effect on all body systems and reduces the “area of damage”.

Researches into natural antioxidant - polyphenol complexes of grape wine, icluding proan-
thocyanidins, derived flavan-3-ols and several other derivatives of flavonoids which are effec-
tive in preventing cardiovascular diseases, have become promising recently [19]. It is known that
polyphenols of grape wine are able to interact with plasma proteins and cellular elements of blood,
prevent premature oxidation of their molecular complexes, which occurs under the oxidative and
nitrative stress. Significant bactericidal and antiviral effect of the given substances has been shown
[12]. The protective effects of the polyphenols complexes of grape wine on some systems and
organs under oxidative stress and during the metabolic syndrome have been detected [20, 21].

As protective properties of natural grape polyphenol complexes under streptozotocin-in-
duced DM and their effect on the enzymic antioxidant system during the development of neuropa-
thy have been investigated very little, the goal of our work has been to investigate the protective
antioxidant effect of polyphenol complexes of grape wine on the enzymatic antioxidant system
in the tissues of peripheral nervous system of Wistar rats under streptozotocin-induced diabetes
mellitus.

Materials and methods

All animal care and procedures were carried out 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 190-210 g body weight, were fed a standard rat chow and had access to water ad libitum.

The speciment of natural polyphenols complexes of grape wine (speciment) was received
by evaporation of red wine in rotary evaporators LABOROTA 4000 (Heidolph, Germany) at 36
°C. Amount of polyphenols determined by the Lowry method.

The red wine was made by the classical technology from Cabernet Sauvignon (clone C337/
S04C3) grapes and contained phenolic compounds 2309.31 mg/l, proanthocyanidines 936.0 mg/1
and pigment polymers 443.8 mg/l.
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Wistar rats were separated into four groups of seven animals each: Group 1 — normal un-
treated control; Group 2 — polyphenols treated; Group 3 — STZ treated and Group 4 — polyphenol
and STZ treated. The STZ treatment was a single i.p. injection of 50 mg/kg body weight. The
speciment treatment was an oral dose (300 ml/70 kg body weight/day) that constituted 23.5 mg/
kg 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 speciment of natural polyphenols complexes of
grape 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 the rats with blood
glucose of 14 mmol/l or more were considered diabetic. The level of glucose in the blood was
determined by Aviva Accu Check glucose meter.

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.
Homogenized samples of spinal cord were centrifuged for 30 min at speed of 14000 g at 4 °C.
After removal of a thin lipid layer recentrifuged for 15 min at 10000 g at 4 °C. Samples of sciatic
nerves and dorsal root ganglia were centrifuged for 20 min at 10000 g at 4 °C.

The activity of superoxide dismutase (SOD) was determined by Chevari method [8], cata-
lase (CAT) — by the Corolyk method [3], glutathione peroxidase (GPO) — by Moin method [5],
glutathione reductase (GR) — by Goldberg method [14]. MDA level was analyzed with 2-thiobar-
bituric acid by Timyrbulatov method [7]. The concentration of protein was determined by Lowry
method [18]

Data are expressed as mean + SD. Differences among experimental groups were deter-
mined by ANOVA (analysis of variance), and the significance of between-group differences was
assessed by Student—Newman—Keul’s multiple range test. Significance was defined at P < 0.05.

Results and discussion

At the end of the experiment, the final body weight of control rats and rats consuming
the speciment of natural polyphenol complexes of grapes grew by 36%, compared with the body
weight of animals before the experiment (Table 1). In contrast to the control groups, the body
weight of rats with diabetes slightly decreased. At the same time the body weight of rats with
diabetes which consumed the speciment increased by 18%. In groups of rats with streptozotocin-
induced diabetes mellitus this phenomenon can be explained by the fact that diabetes is cha-
racterized by “overproduction” of urea. The latter, due to osmotic diuresis, was excreted from
the body with the necessary for this amount of water and electrolyte K* and Na* ions [15]. This
process leads to dehydration, which further increases due to the in induction of the release of free
fatty acids from adipocytes and the followed by conversion to ketone bodies (acetoacetate and
B-hydroxybutyrate) leading to ketoacidosis [1]. Ketone bodies “provoke” an increase in osmotic
diuresis and loss of electrolytes [17]. Such changes of the level in body water can help to affect
the general metabolism and body weight.

The indices of body weight in groups of rats with streptozotocin-induced diabetes mellitus
that consumed the speciment significantly increased to control values. Obtained data are consis-
tent with our previous results of using red wine [1, 2]. Unfortunately, the polyphenols complexes
of grape wine in studied concentrations do not have corrective effect on blood glucose both in
control and groups with DM, because the concentration of glucose in the blood of infected ani-
mals has increased throughout the experiment (Table 1).

Possibly, the protective effect of polyphenols complexes is detected by reducing the level
of ketone bodies on the stage of their utilization, or excretion from the body system of glomeru-
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lus and tubules of the kidneys that is followed by stimulation of reabsorption of electrolytes and
water from primary urine [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)
indicators Blood glucose (mmol/l) Body weight (g)
Rodent group Initial § | Final Initial § | Final

C 5.72+0.46 6.2+0.51 206+16.1 279+19.6
C+S 5.92+0.16 6.3+0.19 202+17.35 276420

D 18.54+0.89%* 26.82+2.23%%* 200+6.78 2094+30%*
D+S 20+0.29** 26.88+1.87** 198+6.41 2347+10.47*, #

Comments. C — control; C+S — control+ speciment of polyphenols; D — diabetic; D+S — diabetic+ speci-
ment of polyphenols. *, ** P<0.05 and < 0.01 against the control group. # P<0.05 against the control and
diabetic group without polyphenol speciment consumption. § — 3rd day after induction of diabetes.

The presence of increased of the level of ketone bodies is directly connected with the in-
tensification of free radical oxidation in the body that is typical for DM [22]. The consequences
that come, depend on various factors, but primarily, they are determined by the coordinated func-
tioning of enzymes of antioxidant system, among which the main role belongs to superoxide
dismutase, catalase, glutathione peroxidase and glutathione reductase.

Under diabetes mellitus the activity of enzymes of antioxidant system in the tissues of
the peripheral nervous system has decreased, that indicates to the OS and the development of
neuropathy in this tissue [13].

The activity of SOD in the group of rats with DM has decreased (by 40%, 25.8% and 32%
in the sciatic nerve, dorsal root ganglia and spinal cord, respectively) (Fig. 1).
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Fig. 1. The activity of superoxide dismutase in peripheral nervous system: 4 — in sciatic nerve, B — in
spinal cord, C — in dorsal spinal ganglia. C — control; C+S — control + speciment of polyphenols;
D — diabetic; D+S — diabetic + speciment of polyphenols, (M £ m, n = 5-7). *P<0.05 compared
with controls. “P<0.05 compared with diabetic rats without speciment of polyphenols consumption.
Decrease in the activity of SOD is directly associated with the accumulation of superoxide
anion, which is typical for most tissues under DM conditions. Violations of the mechanism of uti-
lization of this anion leads to the formation of other oxidant — peroxynitrite (ONOO"), which in-
teracting with proteins, nitrite them by tyrosine, altering their biological properties [25]. Besides
the peroxynitrite, the formation of products of protonation of nitric oxide (NO*, NO", NO,, NO,
NO,), which are especially dangerous for the enzymes, because they can modify amino acid resi-
dues of proteins that can be manifested in the decrease of the activity of SOD has been reported.
The direct interaction of NO with Cu," in the active center of SOD causes inhibition of it activity.
It is complemented by the non enzymatic glycosylation of amino acid residues, part of which is
included in the active center of the enzyme, which also affects the superoxide dismutase activity.
Under consumption of speciment of natural polyphenols complexes of grape wine by the
rats treated by DM the activity of SOD in the sciatic nerve, dorsal root ganglia and spinal cord
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have been respectively increased by 67.6%, 43.5% and 32.5% compared with a group of diabetic
rats without consumption of speciment (Fig. 1). It is caused by antioxidant properties of natu-
ral polyphenols complexes of grape wine that are scavengers of ROS. Polyphenols are able to
“weight down” on a newly created ROS, particularly superoxide anion, which reduces the forma-
tion of dangerous compounds, including peroxynitrite [1].

Under DM, catalase activity has decreased in all tissues of the peripheral nervous system:
the sciatic nerve - by 27% in the spinal cord by 20.5% and dorsal ganglia by 38.6% compared to
controls. Speciment consumption did not affect catalase activity in nondiabetic rats. A decrease in
the activity of this enzyme can be explained by similar mechanisms to SOD. Additionally, nitric
oxide can directly contact with ferum-porphyrine complex of catalase, forming nitric derivatives.
The appearance of heme-NO complexes prevents binding of H202 in the active center of cata-
lase, and hence its expansion. Nitrite ions are also able to directly communicate with ferum of
heme of enzyme that can cause the decrease in the activity of the enzyme [20].

Under consumption of the speciment by the rats with streptozotocin-induced diabetes mel-
litus, the activity of CAT increase. Particularly, in the sciatic nerve by 43.7%, in the spinal cord
and dorsal ganglia of 24.2% and 44% respectively (Fig. 2). It almost corresponds to the values of
activity enzyme in the control group. The use of natural antioxidants leads to a decrease in free-
flow oxidation and, as a result - increases the activity of the enzyme. This mechanism is common
to all enzymes of antioxidant system.
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Fig. 2. The activity of catalase in peripheral nervous system: 4 — in sciatic nerve, B — in spinal cord, C — in
dorsal spinal ganglia. C — control; C+S — control+ speciment of polyphenols; D — diabetic; D+S —
diabetict speciment of polyphenols, (M = m, n = 5-7). *P < 0.05 compared with controls. “P < 0.05

compared with diabetic rats without speciment of polyphenols consumption.

The work of glutathione system (GS) is especially important under OS. GS effectively
protects cells from the effects of ROS and therefore the violation of its normal work - serious
consequences for the organism have been observed. Glutathione system 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 its errors. [6].

Apart from CAT, the neutralization of hydrogen peroxide is also curried out by GPO,
whose affinity to H,O, is significantly higher than in catalase. Under DM the activity of GPO and
GR in the sciatic nerve, spinal cord and dorsal ganglia is reduced by 33%, 34.7%, 30% and 37.2%,
30.5%, 15%, respectively (Fig. 3). GPO activity depends on the content of reduced glutathione,
the level of which is supported by intracellular concentration of GR. As for glutathione reductase
functioning is determined by the level of reduced nicotinamide coenzymes. The energy depletion
of the body, which causes deficiency of energy substrates that has directly proportional effect on
the efficiency of protective systems, has been observed under DM. There is no effective protection
without enough quantity of energy substrates.

Under consumption of the speciment of natural polyphenols complexes of grape wine has
been observed the recovery of activity of GPO and GR in the sciatic nerve, spinal cord and dorsal
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ganglia by 33.3%, 60.5%, 35.8% and 24.3%, 43.7%, 17%, respectively, compared with animals
with DM without speciment consumption (Fig. 3). This increase in the activity of the HR can be
explained by improvement of the energy of the body that may be caused by the protective effect
of natural polyphenols complexes.
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Fig. 3. The activity of antioxidant glutathione system in peripheral nervous system: 4 — activity GPO in
sciatic nerve, B — activity GPO in spinal cord, C — activity GPO in dorsal spinal ganglia, D — activity
GR in sciatic nerve, £ — activity GR in spinal cord, F'— activity GR in dorsal spinal ganglia, (M + m,
n=5-7). *P<0.05 compared with controls. * P< 0.05 compared with diabetic rats without speciment
of polyphenols consumption.

Thus, change of the activity of antioxidant enzymes system underlies in the neurodegen-
erative processes that occures in the peripheral nervous system and is indicator of DN. Evidence
of this is the accumulation of primary and secondary products of oxidation. The one of the main
marker of lipid peroxidation is the presence of sulfocarbanilide-positive products. Thus, under
DM, their concentrations has increased in the sciatic nerve by 85%, in the spinal cord and in the
dorsal root ganglia by 59.3% and 66.5%, respectively (Fig. 4). The level of this product has de-
creased by 37.7%, 25% and 35.3% respectively under consumption of speciment.
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Fig. 4. TBK-positive content of LPO products in peripheral nervous system: 4 — in sciatic nerve,

B — in spinal cord, C — in dorsal spinal ganglia. C — control; C+S — control+ speciment
of polyphenols; D — diabetic; D+S — diabetic+ speciment of polyphenols, (M + m, n =
5-7). *P < 0.05 compared with controls. “P< 0.05 compared with diabetic rats without
speciment of polyphenols consumption.
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Thus, natural polyphenols complexes of grape wine have a significant antidiabetic effect on
the level of the whole organism: they protect it from the dehydration, by the way of increase in the
activity of antioxidant enzyme system in the tissues of peripheral nervous system. Particularly, the
activity of SOD, CAT, GPO and GR in groups with DM with speciment consumption normalizes
to control values. The level of sulfocarbanilide-positive products decreases to control values.

Biochemical mechanisms of action of natural polyphenol complexes of grape wine are the
subject of further research, but certainly these natural complexes can be used in the treatment of
complications of diabetes and the development of new antidiabetic drugs.

We express our sincere gratitude to the Western Ukrainian Biomedical Research Center
(WUBMRC, 2011-2012), for a grant provided to conduct our researches.
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PO3BUTKOBI OKCUJIATUBHOI'O CTPECY B TKAHUHAX NNEPUPEPUYHOI
HEPBOBOI CUCTEMM IIYPIB 31 CTPENITO30TOILUH-THAYKOBAHUM
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A. 'narymt, B. JIpeas!, H. Manaii?, A. Slnaneunbkuii?,
B. Misin®, H. Cubipua'

! JTvsi6coruil nayionanvhuil ynieepcumem imeni leana @parka,
eyn. I pywescvroeco, 4, Jlvsis 79005, Vkpaina
e-mail: gnatuk88@ukr.net
’Hayionanonuil incmumym eunozpady ma suna ‘“Maeapau”,
eyn. Kipoea, 31, lnma, AP Kpum 98600, Ykpaina
SKpumcokuil deporcasnuill 2yMaHimapHuil yHisepcumem
eyn. Cesacmononvcoka, 2, Anma, AP Kpum 98635, Yrpaina

BceranosneHo, mo npenapar npupoIHHX NOMi()EeHONBHUX KOMIUICKCIB BUHOTPAILY
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crpusie HopMmalizanii poOOTH €H3UMIB CUCTEMH aHTHOKCHIAHTHOTO 3aXUCTY (CYHNEepOKCHUI-
JUCMYTa3Hu, KaTajas3W, MIyTaTiOHNepOKCHAA3W 1 MIyTaTiOHPEeAyKTa3h) CiTHUYHOTO HEpBa,
JIOpCANBHUX CIMHHOMO3KOBHX T'aHIVIIIB Ta CIIMHHOTO MO3KY ILIYpIB, YUl aKTUBHICTb TIOPY-
LIYEThCS YHACIIIOK OKCHJIaTHBHO-HITPAaTHBHOIO CTPECY, PO3BUTOK SIKOTO € XapaKTePHUM
JUIS IIyKpOBOToO Aiabery 1-ro Tuiy. BcTaHOBIEHO HOCTOBipHE 3pOCTaHHS MAacH Tijla KOHT-
POJBHUX IIIypiB 1 TBAPHH 13 LYKPOBUM Jia0eTOM, II10 CIIOKHUBAJIHN MpenapaT nomi(eHONbHUX
KOMIUIEKCiB BUHOTrpaay Ha 36 i 18% BigmosinHo. OTpuMaHi pe3yabTaTd CBiI4aTh Mo mep-
CIEKTUBHICTb 3aCTOCYBaHHS MIPENapariB MPUPOAHUX MOTi(EHOIBHUX KOMITJIEKCIB BHHOTPA-
oy Aust npodilakTHKY Ta JTiKyBaHHS yCKJIaHEHb IIyKpOBOro Aiabety 1-ro Tumy.

Knouosi cnosa: nykpoBuil 1iabeT, OKCHAATHBHO-HITPaTHMBHHU CTpecC, Iperapar
OPUPOIHHUX  MONI(EHOIBHUX  KOMIUIGKCIB ~ BHHOIrpajny, JiabetmyHa  HeWpormaris,
AHTHOKCHUIAHTHHUH 3aXHKCT.

AHTHOKCHUJIAHTHBIA D®PEKT IMPUPOTHBIX MOJIAPEHOJIBHBIX
KOMILJIEKCOB BUHOT'PAJIA B NEPU®EPHUYECKOW HEPBHOM
CUCTEME KPbIC CO CTPENITO30TOLIMH-UHAYIHNPOBAHHBIM
CAXAPHBIM JUABETOM
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YeraHOBIIEHO, YTO Iperapar MPUPOIHBIX MOIH(EHOIBHBIX KOMIUIEKCOB BHHOIDA-
Jla CrIocOOCTBYET HOpPMalIM3alMK pabOTHl YH3UMOB CHCTEMbI aHTHOKCHIAHTHOW 3alUTHI
(cynepoKCHAMCMYTa3bl, KaTajasbl, NIyTaTHOHIEPOKCHIA3bl M TIYTaTHOHPEILYKTa3bl)
CEaIMIIHOIO HEpBa, JAOPCAJIbHBIX CIIMHHOMO3IOBBIX I'AHIIMEB U CIMHHOIO MO3ra KpbIC,
Ybsl aKTUBHOCTb HapyILIAEeTCs BCICACTBUEC OKCUAATUBHO-HUTPATUBHOIO CTpEcca, pa3BUTUE
KOTOPOT'O XapaKTEepHO JUIsl caxapHOro auabera 1-ro Tuma. YCTaHOBIECHO JOCTOBEPHOE BO3-
pacTaHue Macchl TeJla KOHTPOJIBHBIX KPBIC U )KUBOTHBIX C CaXapHBIM I1a0eTOM, HOTPeOIsIB-
KX Mpernapar Moau(eHOIbHBIX KOMIUIEKCOB BHHOTpana Ha 36 u 18% cooTBeTCTBEHHO.
[TonyueHHble pe3yabTaThl CBHICTEIBCTBYIOT O INEPCIEKTUBHOCTU INPUMEHEHUS INpemnapa-
TOB TPHPOJHBIX MOJU(EHOIBHBIX KOMIUIEKCOB BUHOTPAJA JUIsl MPO(QUIAKTHKA U JICUCHHS
OCIIOJKHEHHH caxapHoro nuadera 1-ro Tuma.

Kniouesvie cnosa: caxapHslil inabeT, OKCHIATHBHO-HUTPATHBHEIH CTpecc, mperapar
TIPUPOAHBIX MONU(EHONBHBIX KOMIUICKCOB BUHOTPaa, THabeTHdeckast HeifponaTus, aHTH-
OKCHJIaHTHAS 3aIUTA.



