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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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koagulaciuri cvlilebebi sakontrolo jgufis 
cxovelebTan SedarebiT. hipoqsiis Sedegad gan-
viTarebuli cvlilebebis xarisxi damokidebulia 
zemoqmedi faqtoris moqmedebis xangrZlivobaze, 
Jangbadis naklebobis intensivobasa da embrio-
nuli ganviTarebis periodze. dadgenilia, rom Ca-
nasaxovani periodi ufro mgrZnobiarea hipoqsiis 

moqmedebis mimarT. aRsaniSnavia, rom am Zvrebis 
xarisxi ganisazRvreba hipoqsiis doniT, xolo 
ganviTarebuli cvlilebebi dakavSirebulia ara-
marto sisxlis Sededebis erTi faqtoris kon-
centraciis momatebasa an SemcirebasTan, aramed 
sisxlis Sededebis mTliani sistemis dinamikuri 
wonasworobis ZvrebTan.

EFFECT OF MELATONIN INJECTIONS ON THE GLUTATHIONE SYSTEM 
IN THE HEART TISSUE OF RATS UNDER EXPERIMENTAL DIABETES

Yaremii I., Kushnir O., Vepriuk Yu., Palamar A., Skrynchuk O.

Higher State Educational Establishment of Ukraine “Bukovinian State Medical University”, Chernivtsi, Ukraine

Diabetes is a condition developing due to the deterioration of 
the carbohydrate, fat and protein metabolisms resulting from the 
lack of the insulin secretion or decreased sensitivity of tissues 
to insulin. The deterioration in the antioxidant system also has a 
part in the decline in the clinic state of the patient. In diabetics, 
the fasting blood glucose, the plasma LDL (Low-Density Lipo-
protein) and the free fatty acid levels increase remarkably [20]. 

Hyperglycemia can increase the indicators of lipid peroxida-
tion and oxidative stress in which free radicals fulfill the main 
role in the pathogenesis of these complications. Therefore, an-
tioxidants which combat oxidative stress should be able to pre-
vent and repair free radicals induced damages [16].

Melatonin and its metabolites have potent antioxidant/anti-in-
flammatory properties, and they have proven to be highly effec-
tive in a variety of disorders linked to inflammation and oxida-
tive stress [18]. Melatonin not only neutralizes reactive oxygen 
species (ROS), but also acts through the stimulation of several 
antioxidative enzymatic systems and stabilizing cell membranes 
[7]. The classic melatonin membrane receptors (MT1 and MT2) 
are present in the heart and throughout the vascular system. 
Moreover, nuclear binding sites for melatonin exist [21]. The 
receptor-independent actions of melatonin relate to its ability, 
and that of its metabolites, to function as antioxidants [19]. 

The present study evaluated whether melatonin administra-
tion would have protective effect against heart tissue alloxan−
induced changes in glutathione turnover.

Objective - to determine the influence of melatonin on basal 
levels of glucose (BG), the level of thiobarbituric acid reactive 
compounds (TBCRC), reduced glutathione (GSH) levels, ac-
tivities of glutathione reductase [EC 1.6.4.2] (GR), glutathione 
peroxidase [EC 1.11.1.9] (GPx), glucose-6-phosphate dehydro-
genase [EC 1.1.1.49] (G-6-PhD) in the heart tissue of alloxan 
diabetic rats.

Material and methods. The experiments were conducted on 
60 male rats with the body weight of 0,18-0,20 kg kept under 
conditions of natural day and night change. All the experimen-
tal procedures were performed according to the requirements of 
the European Convention for the Protection of Vertebrate Ani-
mals used for Experimental and other Scientific Purposes dated 
18.03.1986; Directive 86/609/EEC on the protection of animals 
used for scientific purposes, and the Order of the Ministry of 
Health of Ukraine № 690 dated 23.09.2009.

Diabetes was induced in rats by single i.p. injection of al-
loxan (170 mg/kg). Four days after diabetes induction, rats were 
divided into diabetic (untreated) and melatonin-diabetic group 
(10 mg/kg, daily and orally for one week) [14]. Among diabetic 
rats were rats with preserved normoglycemia (impaired glucose 
tolerance – IGT) and rats with diabetes mellitus (DM) BG ≥8 
mmol/l. Blood was taken from the tail vein evaluate the BG level 
with the use of OneTouchUltra (LifeScan, USA). Rats were sac-
rificed at the twelfth day from the beginning of the experiment 
accordance with the ethical treatment of animals. Euthanasia of 
rats was performed under mild ether narcosis. The hearts of the 
rats were quickly removed cool, washed with cooled 0.9 % NaCl 
solution, blotted, weighed and homogenized. The homoge-
nate, 5% in ice-cold 0.25 mM tris-HCl-buffer (pH 7,4), was 
made using a homogenizer. The supernatant of the homog-
enate, prepared by ultracentrifugation for 10 min at 3000g/
min was used for measurement of activities of enzymes. De-
terminations of the TBCRC and GSH levels, activities of glu-
tathione-dependent enzymes were by standard methods [13], 
concentration was measurement by spectrophotometer SP-46 
/ photocolorimeter KFK3 [6]. 

The method of TBCRC determination [1] is based on a spec-
trophotometric determination of the trimetinic colored complex 
formed from the TBCRC interaction with thiobarbituric acid. 
The composition of the reaction medium was: 1 ml of 10% post-
native supernatant of muscle homogenate; 1.5 ml distilled H2O; 
0.2 ml of 20 μM FeSO4; 1 ml of 0.8% TBC solution and 0.3 ml 
of 60% TCA solution. The optical density of the colored solu-
tion was measured on a photoelectrocolorimeter at a wavelength 
of 532 nm. TBCRC content (μmol/g) is calculated based on the 
molar absorption coefficient = 1.56 x 105 M -1 • cm-1.

The spectrophotometric/microplate reader assay method 
for GSH involves oxidation of GSH by the sulfhydryl reagent 
5.5’-dithio-bis(2-nitrobenzoic acid) (DTNB) to form the yellow 
derivative 5’-thio-2-nitrobenzoic acid (TNB), measurable at 412 
nm [22].

The composition of the incubation medium of the experimen-
tal test consisted of: 0.1 ml of 0.001 M solution of the Elman 
reagent (4 mg DTNB in 10 ml of 0.2 M potassium sodium phos-
phate buffer, pH 8.0), 3 ml of 0.2 M potassium sodium phos-
phate buffer (pH 8.0), 0.1 mM GSH solution, 0.3 ml of super-
natant. The reaction was stopped by the addition of 10% TCA 
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solution in 10 minutes. Measurements were made against a con-
trol sample (without a supernatant) at a wavelength of 412 nm. 
Values were expressed in micromol per 1 g of tissue.

The activity of GR was determined [22] by the rate of glu-
tathione recovery in the presence of NADPH. The GR activity 
was determined in a supernatant (1500 g, 10 min) by decreasing 
the amount of NADPH in an incubation medium (3 ml) of the 
following composition: 50 mM Tris-HCl buffer (pH 7.5), 1 mM 
EDTA, 0.16 mM NADPH, 1 mM GSSG and 0.1 ml of 5% super-
natant. The activity of GR was expressed in micromol NADPH 
used in response to 1 mg protein in 1 min.

The activity of GPx was determined [4,22] by the amount of 
oxidized glutathione formed from reduced glutathione in the de-
toxification of hydrogen peroxide in the glutathione peroxidase 
reaction. 

The composition of the incubation medium cosisted of 2.7 ml 
tris-HCl buffer (50 mM pH 7.4, sodium azide 12 mM, EDTA 6 
mM), 0.1 ml of 2.5 mM reduced glutathione, 0.1 ml of 5% post-
native supernatant of the muscles. The reaction was started by 
adding of 0.1 ml 0.5 mM hydrogen peroxide to the sample and 
stopping after 5 minutes by adding 1 ml of 10% TCA solution. 
Control sample was stopeded before the reaction has begun. Af-
ter centrifugation at 1800 g for 15 minutes in a supernatant of 
muscle homogenate, the optical density of oxidized glutathione 
at 262 nm was measured on a spectrophotometer. The activity of 
the enzyme was expressed in nanomol of the formed oxidized 
glutathione for 1 minute per 1 mg of protein.

The investigation of G-6-PhD activity was made [13] spectro-
photometrically according to increase of the optical density at 
340 nm, which is due to the rise in the number of NADPH in the 
process of enzymatic reaction.

Final concentrations of the components of the reaction mix-
ture: 6.22 mM NADP, 10 mM G-6-Ph. To the centrifuge tube: 
2.6 ml of 50 mM Tris-HCl buffer (pH=7.4) containing 0.1 ml 
of magnesium sulfate (3 g of magnesium sulfate diluted in 25 
ml of distilled water); 0.1 ml NADP; 0.1 ml of G-6-Ph; 0.1 ml 
of 5% muscle homogenate prepared on 50 mM Tris-HCl buf-
fer (pH=7.4). Samples incubated for 15 minutes in a thermostat 
at 37°C. The reaction stopped by the addition of 1 ml of 10% 
TCA solution. Samples are centrifuged for 10 minutes (3000 g). 
The activity of G-6-PhD in the muscles of rats was expressed in 
nanomol in 1min per 1mg of protein.

The blood samples were collected in EDTA anticoagulation 
bottles and sent cooled at 4°C. Determinations of HbA1c were 
performed within three days using a kit Bio-Rad Laboratoria 
Inc., France.

Total protein determination (according to Lowry). It is per-
formed according to the process described by V. Gudumac and 
coauthors [1]. 

Statistical analysis was performed using Statistica 10 StatSoft 
Inc. To determine an adequate method of statistical estimation 
of the average difference between the study groups held pre-
liminary check distribution quantities in samples. According to 
the criteria Shapiro-Wilk, which is used to assess the normal-
ity of distribution in the sample volume n≤50, all samples not 
received data on deviation of the distribution of samples from 
normal (P>0.05). Given these data, the use of Mann-Whitney 
test was considered sufficient for valid conclusions. Differences 
were considered to be statistically significant at P≤0.05 [9, 19].

Results and discussion. Melatonin injections (figure) caused 
a sharp decrease by 55% in the elevated serum glucose level 
in DM group of rats compared with BG level before treatment.

Fig. The level of basal glycemia (mmol/l) in blood of rats, (n=8, x±Sx) : 1. *, **, ***, **** - changes are reliable (р≤0.05). 
2. * - concerning control; ** - concerning rats with DM; *** – concerning rats with IGT; **** – concerning indices on 4-th day

Table. Melatonin effect on levels of TBCRC and indexes of glutathione system in hearts of rats with alloxan diabetes, x±Sx, n=8

 Indexes
Groups

TBCRC, 
mkmol /g

G-SH, 
mkmol/g

GPx, 
nmol/min×mg

G-6-PhD, nmol/
min×mg

GR, nmol/
min×mg

1.Control 23.2±1.07 3.2±0.02 125.8±7.22 3.4±0.07 4.1±0.12

2. DM 39.4±0.79a 1.7±0.01a 103.2±7.55a 2.1±0.11a 3.2±0.16a

3. DM + melatonin 25.8±1.72b 3.4±0.03a,b 130.1±9.48b 3.6±0.17b 3.9±0.08b

4. IGT 28.9±0,93a,b 4.1±0.03a,b 157.3±9.2a,b 4.4±0.08a,b 4.6±0.11a,b

5. IGT + melatonin 24.2±1.06b,c 3.4±0.02a,b,c 129.7±8.82b,c 3.3±0.09b,c 4.2±0.08b,c

Notes:1. a, b, c - changes are reliable (р≤0.05). 2. a - concerning intact rats;
b - concerning rats with diabetes mellitus; c – concerning rats with IGT
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 Melatonin, a potent antioxidant agent, is essential for glucose 
homeostasis and regulation [2, 11, 15, 24]. There is avidence 
about GLUT4 wich is present in heart tissue [3, 23]. Тhe activity 
of Pyruvate kinase is reduced during DM, whether an admin-
istration of melatonin leads to increased its activity, probably 
due to direct activation of gene expression of glucose transporter 
GLUT 4, 2, 1 [11, 15, 24]. 

It is concluded [9] that the hypoglycemic action of melatonin 
could be partly due to amelioration in the beta-cells of pancreat-
ic islets. It was detected, that melatonin stimulates glucose trans-
port to skeletal muscle cells via insulin receptor substrate-1/
phosphoinositide 3-kinase (IRS-1/PI-3-kinase) pathway, which 
implies, at the molecular level, its role in glucose homeostasis 
and possibly in diabetes [9]. Alteration in function and structure 
of antioxidant protein enzymes may also be due to nonenzymat-
ic glycation such that detoxification of free radicals is effected 
enhancing oxidative stress in diabetes [21].

Alloxan diabetes was reported to induce oxidative stress and 
generates reactive oxygen species (ROS) [14,15]. The main 
characteristics of diabetic cardiomyopathy include oxidative 
stress, cardiac hypertrophy, apoptosis, myocardial fibrosis and 
impaired cardiac function. 

A critical biomarker of oxidative stress is Lipid peroxidation 
which is the most explored areas of research when it comes 
to ROS (Hatice et al., 2004). The level (table) of TBCRC was 
found to be higher on 70% in DM group and on 24% in IGT 
group respectively than in control. So, the lipid peroxidation 
was increased in diabetic heart. Melatonin partly prevented dia-
betes-induced increase in TBCRC levels in heart.

GPx, as we know, metabolizes peroxide to water. GR uses 
the GSH to converting glutathione disulfide back into gluta-
thione (Maritim et al., 2003). Any alteration in their levels 
will make the cells prone to oxidative stress and hence cell 
injury [10]. On the other hand GR, GPx, G6PhD activities 
also depend on the presents of hyperglycemia. In DM group 
of rats (table) activities of GR, GPx, G6PhD were decreased 
on 21%, 18%, 39% respectively compare with control rats. 
We have found the level of GSH lover by 46% in DM group 
of animals compared with control. These results are consis-
tent with the degenerative role of hyperglycemia on cellular 
reducing equivalent homeostasis and antioxidant defense, 
and provide further evidence that pharmacological interven-
tion of antioxidants may have significant implications in the 
prevention of the prooxidant feature of diabetes and protects 
redox status of the cells. Earlier was shown a decrease of 
G6PhD and GR activities in blood, liver and kidney of al-
loxan diabetic rats [5, 6, 10, 11, 12, 15, 24]. Hyperglycemia 
is associated with metabolic disturbances affecting cell redox 
potential, particularly the NADPH/NADP+ ratio and reduced 
glutathione levels. Under oxidative stress, the NADPH supply 
for GSH regeneration is dependent on G6PhD [8].

In the group of rats with IGT activities of GR, GPx, G6PhD 
increased on 13%, 25%, 30% respectively compare with control 
rats. Increase of G6PhD activity in condition of diabetes with 
IGT is probably a compensatory reaction aimed to reduce of 
ROS. It was found that the level of GSH increased by 24% com-
pared with control. The levels of reduced glutathione are mainly 
dependent on the intake of NADPH. 

Melatonin injections were helpful for normalization this in-
dexes under study. Besides, melatonin significantly increases 
the activity of G6PhD in rats’ liver tissue with diabetes [5, 10, 
14]. It means that melatonin probably increases use of glucose 
for regeneration of NADPH2 and aerobic oxidation of glucose 

that indicate an acceleration of antioxidative protection and en-
ergy production in diabetic rats. NADPH2 reducing equivalents 
(that are produced in this reaction) are used for regeneration of 
glutathione from its oxidized form due to action of NADPH2-
dependent GR. GSH neutralizes ROS, both directly and through 
GPx. It means that melatonin probably increases use of glucose 
for regeneration of NADPH2

The actions of melatonin on radical metabolizing/producing en-
zymes may be mediated by the Keap1-Nrf2-ARE pathway. Beyond 
its direct free radical scavenging and indirect antioxidant effects, 
melatonin has a variety of physiological and metabolic advantages 
that may enhance its ability to limit oxidative stress [10].

So, melatonin not only neutralizes reactive oxygen species, 
but also acts through the stimulation of several antioxidative en-
zymatic systems in heart of alloxan diabetic rats.

The administration of melatonin for one week reduced the lev-
el of TBCRC in the heart tissue of diabetic rats. These results are 
consistent with the literature on the antioxidant action of mela-
tonin [7,13]. Also important source Urata et al. have shown, that 
melatonin increases the level of glutathione, important intracel-
lular antioxidant, by stimulating the enzyme γ-glutamylcysteine 
synthase [18]. 

Мelatonin limited lipid peroxidation, reduced production of su-
peroxide anion radical, hydroxyl radical and peroxyl radical, de-
creased myeloperoxidase activity in hearts undergoing ischemia-
reperfusion, and reduced the rate of death of the animals [17].
Conclusions. 
1. Alloxan diabetes in rats is accompanied by increase of TB-
CRC and impairment of glutathione system of antioxidant de-
fence in heart tissue.
2. Daily melatonin injections in a dose of 10 mg/kg reduce blood 
glucose level, inhibit lipids peroxidation and support glutathione 
system in the heart tissue of diabetic rats.
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SUMMARY

EFFECT OF MELATONIN INJECTIONS ON THE GLU-
TATHIONE SYSTEM IN HEART TISSUE OF RATS UN-
DER EXPERIMENTAL DIABETES

Yaremii I., Kushnir O., Vepriuk Yu., Palamar A., 
Skrynchuk O.

Higher State Educational Establishment of Ukraine “Bukovin-
ian State Medical University”, Chernivtsi, Ukraine

The aim was to determine the influence of melatonin on basal 
levels of glucose (BG), the level of thiobarbituric acid reactive 
compounds (TBCRC), reduced glutathione (GSH) levels, ac-
tivities of glutathione reductase (GR), glutathione peroxidase 
(GPx), glucose-6-phosphate dehydrogenase (G-6-PhD) in the 
heart tissue of alloxan diabetic rats.

Alloxan diabetes was evoked via intraperitoneal injection 
with a 5% solution of alloxan monohydrate in a dose of 170 mg/
kg of body weight. There were 5 groups: 1) control group (n=8); 
2) group with DM (BG level ≥ 8.0 mmol/l, n=8); 3) alloxan 
diabetic animals with DM which were injected with melatonin 
(n=8); 4) alloxan diabetic rats with impaired glucose tolerance 
(IGT) (BG level ≤ 6.9 mmol/l, n=8); 5) alloxan diabetic animals 
with IGT which were injected with melatonin (n=8). Melatonin 
(“Sigma”, USA) was injected intraperitoneally in a dose of 10 
mg/kg of body weight at 8 a. m. daily over 7 days starting with 
a 5th 24-hour period after the alloxan injection. The level of TB-
CRC increases by 70% in the heart tissue of alloxan diabetic rats 
with DM compared with the control value, whereas the G-SH, 
the activity of GPx, G-6-PhD and GR decreased by 46%, 18%, 
39% and 21% respectively. The introduction of melatonin to al-
loxan diabetic rats is conducive to a decrease in them of the level 
of BG, as well as – a stabilization of the indices of the body’s 
antioxidant defense such as activities of GR, GPx, G-6-PhD, 
content of TBCRC and G-SH in rats’ heart.

Keywords: glutathione system, melatonin, alloxan diabetes, 
heart, rats.

РЕЗЮМЕ

ВЛИЯНИЕ ИНЪЕКЦИЙ МЕЛАТОНИНА НА ГЛУ-
ТАТИОНОВУЮ СИСТЕМУ В СЕРДЕЧНОЙ ТКАНИ 
КРЫС ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ДИАБЕТЕ

Яремий И.Н., Кушнир О.Ю., Вепрюк Ю.М., 
Паламар А.О., Скринчук О.Я.

Высшее государственное учебное заведение Украины «Бу-
ковинский государственный медицинский университет», 
Черновцы, Украина

Цель исследования - определить влияние мелатонина 
на базальные уровни глюкозы (BG), уровень соединений, 
реагирующих с тиобарбитуровой кислотой (TBCRC), 
уровни восстановленого глутатиона (G-SH), активности 
глутатионредуктазы (GR), глутатионпероксидазы (GPx), 
глюкозо-6-фосфатдегидрогеназы (G-6-PhD) в сердечной 
ткани диабетических крыс.

Аллоксановый сахарный диабет (DM) вызывали путем 
внутрибрюшинной инъекции 5% раствора моногидрата ал-
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локсана в дозе 170 мг/кг массы тела. Выделено 5 групп: 1) 
контрольная группа (n=8); 2) группа с DM (уровень BG≥8,0 
ммоль/л, n=8); 3) животные с явным диабетом, которым вво-
дили мелатонин (n=8); 4) крысы с аллоксановым диабетом 
с нарушенной толерантностью к глюкозе (IGT) (уровень 
BG≤6,9 ммоль/л, n=8); 5) животные с аллоксановым диа-
бетом с IGT, которым вводили мелатонин (n=8). Мелато-
нин («Sigma», США) вводили внутрибрюшинно в дозе 10 
мг/кг массы тела в 800 ежедневно в течение 7 дней, начи-
ная с 5-, 24-часового периода после инъекции аллоксана. 

Уровень TBCRC увеличивался на 70% в ткани сердца 
аллоксановых диабетических крыс с DM в сравнении 
с контрольным значением, тогда как уровни G-SH, ак-
тивность GPx, G-6-PhD и GR снижаются на 46%, 18%, 
39% и 21%, соответственно. Введение мелатонина 
крысам с аллоксановым диабетом способствует пони-
жению уровня BG, а также стабилизации показателей 
антиоксидантной защиты организма, таких как актив-
ность GR, GPx, G-6-PhD, количество TBCRC и G-SH в 
сердечной ткани крыс.

reziume

melatoninis inieqciis gavlena gulis qsovilSi glutationis sistemaze virTagvebSi 
eqsperimentuli diabetis pirobebSi

i.iaremi, o.kuSniri, iu.vepriuki, a.palamari, o.skrinCuki

ukrainis saxelmwifo saswavlo dawesebuleba 
“bukovinis saxelmwifo samedicino universiteti”, ukraina

kvlevis mizans warmoadgenda melatoninis gav-
lenis gansazRvra glukozis (BG) bazalur done-
ze, tiaberbituris mJavasTan reaqciaSi myof Sena-
erTebis doneze (TBCRC), aRdgenili glutationis 
doneze (GSH), glutationreduqtazis (GR), gluta-
tionperoqsidazis (GPx), glukozo-6-fosfatdegi-
drogenazis (G-6-PhD) aqtivobaze diabeturi vir-
Tagvebis gulis qsovilSi.
aloqsanuri Saqris diabetis (DM) modelireba 

xdeboda monohidrat aloqsanis 5%-iani xsnaris muc-
lis areSi SeyvaniT doziT 170 mg/kg. virTagvebi day-
ofili iyo 5 jgufad: I  - sakontrolo jgufi (n=8), 
II  jgufi - cxovelebi DM-iT (BG≥8,0 mmol/l, (n=8),  
III  jgufi – cxovelebi aloqsanuri diabetiT (n=8), 
romlebisTvisac SehyavdaT melatonini,  IV jgufi – 
cxovelebi aloqsanuri diabetiT glukozis mimarT 

darRveuli tolerantobiT (IGT, BG≤6,9 mmol/l, n=8), V 
jgufi – virTagvebi aloqsanuri diabetiT da IGT-iT 
(n=8), romlebisTvisac SehyavdaT melatonini («Sigma», 
aSS) muclis areSi, doziT 10 mg/kg yoveldRiurad 
dilis 8 sT 7  dRis ganmavlobaSi, aqolsanis Seyvani-
dan 5 da 24  saaTis Semdeg.
aloqsanuri diabetiT da DM virTagvebis gu-

lis qsovilSi TBCRC done gaizarda 70%-iT Se-
darebiT sakontrolo jgufTan, xolo G-SH, GPx, 
G-6-PhD da GR donis mniSvnrloba CamoqveiTda 
46%, 18%, 38% da 21%-iT, Sesabamisad. aloqsanuri 
diabetiT virTagvebisaTvis melatoninis Seyvana 
xels uwyobs BG-donis daqveiTebas, organizmis 
antioqsidanturi dacvis maCveneblebis - GR, GSH, 
GPx, G-6-PhD, TBCRC raodenoba da G-SH stabili-
zacias virTagvebis gulis qsovilSi.

REACTIVE-ADJUSTABLE RESTRUCTURING OF STERNUM IN RATS AFTER MODELING 
OF MECHANICAL LOADING IN THE BIOMECHANICAL SYSTEM “STERNUM-RIBS-SPINE”

1Kaminska M., 1Dihtiar V., 2Dedukh N., 3Nikolchenko O.

1State Institution «Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine»;
 2State Institution «D.F. Chebotarev Institute of Gerontology of the National Academy of Medical Sciences of Ukraine» Kyiv; 

3State Institution «Sytenko Institute of Spine and Joint Pathology of the National Academy 
of Medical Sciences of Ukraine», Kharkiv, Ukraine

In the recent years, violations of the structural organization a 
chest resulting from pectus excavatum (PE), scoliotic deformity 
of the spine, traumatic injury, infection and tumors are studied 
not only as a purely orthopedic and surgical problem, but also 
as a component of pathological changes in the complex system 
“sternum - ribs - spine”[1,12,22].

Considering the relationship of PE with chest scoliosis, it was 
found that about 23-26% of patients have a combined pathology, 
and 90% have posture disorders [14,16]. However, today there 

are only a few studies focused on the cross-interaction of scolio-
sis and chest deformity [22].

Generally accepted surgical intervention in a case of PE is 
the minimally invasive technique by D. Nuss [5,18,21,23]. 
However, besides the positive simultaneous effect of PE cor-
rection, there is a prolonged state of mechanical loading, 
which is not physiological for the body, and itself can lead to 
the pathological changes in the ribs, sternum, spine and their 
joints, and also affect on a scoliotic deformity, if it was pres-


