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Objective. The aim was to determine the influence of melatonin on basal levels of
glucose (BG), malonic dialdehyde (MDA), reduced glutathione (GSH) levels,
glutathione reductase (GR), glutathione peroxidase (GPx), glucose-6-phosphate
dehydrogenase (G-6-PhD) activities in the kidney of alloxan diabetic rats.

Materials and methods. Diabetes was induced in male Wistar rats by single i.p. injec-
tion of alloxan (170 mg/kg). Four days after diabetes induction, rats were divided into
diabetic (untreated) and melatonin-diabetic group (5 mg/kg, daily and orally for two
weeks). 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 to evaluate the BG level. Rats were sacrificed on the 19th
day from the beginning of the experiment in accordance with the ethical treatment of
animals. Determinations of the enzymes activities were by standard methods. Statistical
analysis was performed using Statistica 10 StatSofi Inc.

Results. In DM group of rats activity of GR, GPx, G-6-PhD, the level of GSH decreased
45%, 18%, 48%, 49% respectively in compareison with the control. The level of MDA
was found to be higher 90% in DM group and on 55% in IGT group respectively than
in control. In the group of rats with IGT activity of GR, GPx, G-6-PhD, the level of GSH
increased 42%, 18%, 82%, 55% respectively as compared with control. Melatonin
injections were efficient for normalization of these indexes under study.

Conclusion. The introduction of melatonin to alloxan diabetic rats for two weeks daily
lead to a decrease of basal glycemia (BG) level in them, as well as stabilization of
disorder indices of antioxidant defense system, namely, GR, GPx, G-6-PhD activity,
content of MDA and G-SH in rat kidneys.
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3MIHU AHTUOKCHUIAHTHOI'O CTATYCY B HUPKAX HIYPIB 3 AJIOKCAHOBUM
JIABETOM A A1€I0 MEJIATOHIHY

O.10. Kywinip, I M. Apemii

Mema podomu - nonseana 8 momy, wjod GUSHAUUMY 6NIUE MeTAMOHIHY HA 0A3ATbHUI
pisenw 2nioxo3u (BI), emicm manonogoeo ouanvoecioy (M/IA), pisenv enymamiony
(GSH), enymamionpedykmasu (I'P), 2rymamionnepoxcudazu (I'Tl), enmokozo-6-ghocham-
oeziopocenazu (I'-6-)/IT) 6 nupkax wypis 3 anokcanogum diabemom.

Mamepian i memoou. [[iabem 6ys inoykosanuil y camyie nayoxie pooy Bicmap 3a
OOUHUYHUM IHMPpanepemoHeanvHum 68edenHs anokcary (170 me / k). Yepes wvomupu oHi
nicnst iHOyKyii yykpogoeo diabemy (L) wypie poznooinsnu na oiabemuuny (Heni-
KO8AHY) ma Meiamonin-oiabemuuny pyny (5 me / ke, ujoOHA ma nepopaibHo NPOMALOM
0sox muoicnig). Ceped diabemuunux meapun 6yiu wypu 3i 30epeicenoio Hopmoe-
Jikemiero (nopyuienus monepanmuocmi 0o enoxosu - ITI) ma wypu i3 L] (BI" 28 mmons
/ ). Kpoe 3abupanu 3 x60cmogoi eenu, wob oyinumu pieenv bl JJexanimayis wypis
6yna Ha 19-il Oenv 3 NoyamKy eKcnepumerHmy 8i0Nn08iOHO 00 eMUUHO20 NOBOONCEHHS 3
meapuxamu. Busnauenns akmusHocmi gpepmenmis 6ynu cmaHO apmHUMU Memooamu.
CmamucmuyHuil ananiz npogoouscs 3a donomozoio Statistica 10 StatSoft Inc.
Pesynomamu. Y epyni wypie 3 L/[ akmuenocmi I'P, I'Tl, I'-6-pJII" ma pieenv GSH 3nu-
orcysanucs Ha 45%, 18%, 48% ma 49%, 6i0nogioHo, nNoOpieHAHO 3 KOHMPOTIEM.
Bcmanosneno, wo pisenv MIA suwuii na 90% y epyni 3 LI i na 55% y epyni meapun 3
IITT, nixc 'y konmponi. ¥ epyni wypie 3 IITI akmusnicms I'P, I'TI, I'-6-¢)/[" ma pisenv
GSH 36invweni na 42%, 18%, 82% ma 55% eionosiono, nopigusaro 3 konmponem. In'ex-
yii menamouiny oynu epexmusHUMU OJisk HOPMANI3ayil Yux OOCHIONCYSAHUX NOKAZHUKIG.
Buchoeok. In'exyii menamoniny 0iabemuyHum wypam ugo0eHHO 8NPOO0BHC 080X MUNC-
Hi6 Npu3genu 00 3HUNCEHHA 8 OCMAHHIX pieHs bazanvHol 2nikemil, AK i 00 Hopmanizayii
NOKA3HUKIG NOPYULEHHSA aHMUOKCUOAHMHOI cucmemu saxucmy, a came akmusrocmi I'P,
I, T-6-/IT; emicny M/IA ma GSH 6 nupkax wypis.
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N3MEHEHUSI AHTUOKCHUAAHTHOI'O CTATYCA B ITIOYKAX KPBIC C
AJLIOKCAHOBBIM JJMABETOM IOA AEMCTBUEM MEJATOHUHA

A.1O. Kywinup, U.H. Apemuit

Lleav pabomul - cocmosana 6 mom, ymobvl onpedeiums GIUAHUE MeIAMOHUHA HA
basanvHwill yposens 2nokosvl (BI), codepocanue manonosozo ouanvoezuda (MIA), ypo-
sernv enymamuona (GSH), enymamuoupeoyxkmaser (I'P), enymamuonnepoxcudaser (I'T1),
2noK030-6-ghocghamoecudpozenasvl (I'-6 @LI) 6 noukax Kpvic ¢ AMOKCAH08020 OUAOENOM.
Mamepuan u memoost. /Juabem Ovin UHOYYUPOBAHHYIT Y CAMYO8 KpblC poda Bucmap no
COUHUYHOMY UHMPANepemoHeansHOMYy 88edenuto annoxkcana (170 me / ke). Uepes uemvipe
OHA nocie unoykyuu caxaprozo ouabema (C/]) kpuvicol denunu Ha ouabemuyeckyio (He-
JICYeHHAs) U MeNamOHUH-0UADEMUYecKyIo epynny (5 me / Ke, exceOHe8HO U NepopaibHO 8
meuenue 08yx Hedev). Cpedu Ouabemuueckux HcusOMHvIX ObLIU KPbICHl C COXPAHEHHOT
HOpMoenuKkemuell (HapyuteHue moiepanmuocmu k enoxose - HTT) u kpuvicer ¢ C/ (BI”
>8mmonv/n). Kpogv 3abupanu u3 x60cmogoil 6eHvl, umodvl oyenumv ypogeHv bI.
Hexanumayus kpoic Ovina Ha 19-1i denv om HaAuana sKCnepuMeHma 6 cOomeemcmeuu ¢
SMUYECKUMU HOpMaMU 00pauyerus ¢ scueomuvimit. Onpeodenenue akmueHOCHU (hepmeHmos
ovinu cmanoapmuvimy Memooamu. Cmamucmuyeckuti GHanU3 NPOGOOUNCA ¢ NOMOUBIO
Statistica 10 StatSoft Inc.

Pesynomamol. B epynne kpvic ¢ C/ akmusrwocmu I'P, I'TI, I-6-@/I" u yposerv GSH cHu-
arcanuce Ha 45%, 18%, 48% u 49% coomeemcmeenHo no cpasgHenuio ¢ Konmponem. Yema-
Hoeneno, umo ypogerv MIA eviute na 90% 6 epynne ¢ CI] u na 55% 6 epynne srcugommuvix
¢ IITT, yvem 6 koumpone. B epynne xkpvic ¢ IITI" akmusrnocmo [P, I'TI, I-6-®D/I" u yposers
GSH ysenuuenvl Ha 42%, 18%, 82% u 55% coomeemcmeeHHo no cpagHeHuIo ¢ KOHMponeM.
HHuvexyuu menamonuna oviiu 3QhpexkmugHulMuy 015 HOPMATUIAYUU SMUX UCCTe0YeMbIX
nokaszameineil.

Boi600. Huvexyuu menamonuna anokcanHouabemuyHolM KpolCam PUGeu K CHUINCEHUIO G
NOCIeOHUX YPOBHA OA3ANbHOU 2IUKeMUY, MAK JHce KaK U HOpMATu3ayuy nokazameineil
AHMUOKCUOAHMHOT cucmeMbl 3awumul, a umenno akmugnocmu I'P, I'TT, [-6-g)/I; cooep-

Kniouesuvie cnoea:
AHMUOKCUOAHMH A
cucmema,
MeNIamoHUH,

QoK CAH 08D
ouabem, noyxu,
KpbICbl.

Kimmnndeckas n
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orcanus MITA u eoccmanogneHno2o 2nymamuoHa 6 NOYKax Kpbic.

Introduction

Completed in accordance with the planned research
work "Stressed morphofunctional and biochemical chan-
ges in the structures of chronoperiodical and hepatorenal
systems in mammals" 0114 U002472 - Fundamental.

Diabetes is a disease which disturbs carbohydrate
metabolism and leads to the hyperglycemia.

Diabetes mellitus can damage the eyes, kidneys,
nerves and heart. Microvascular and macrovascular disor-
ders are the leading causes of morbidity and mortality in
diabetic patients [11]. Hyperglycemia can increase the
parameters of lipid peroxidation and oxidative stress in
which free radicals play the main role in the pathogenesis
of these complications. Therefore, antioxidants which de-
feat oxidative stress should be able to prevent and repair
free radicals induced damages. Although free radicals
result in kidney damage, atherosclerosis, diabetes, heart
disease, nephrotoxicity and hepatotoxicity, clinical trials
do not definitely confirm a substantial impact on diabetic
damage.

Alloxan diabetes was reported to induce oxidative
stress and generates reactive oxygen species (ROS) [8]. In
the presence of intracellular thiols, especially glutathione,
alloxan generates ROS in a cyclic redox reaction with its
reduction product, dialuric acid. Autoxidation of dialuric
acid generates superoxide radicals, hydrogen peroxide
and, in a stage of final iron-catalysed reaction, hydroxyl
radicals. These hydroxyl radicals are ultimately res-
ponsible for the death of the beta cells, which have a
particularly low antioxidative defence capacity and the
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ensuing state of insulin-dependent 'alloxan diabetes'.

Melatonin (N-acetyl-5-methoxytryptamine) is the
major product of the pineal gland, which functions as a
regulator of sleep, circadian rhythm, and immune function.
Melatonin and its metabolites have potent antioxidant/
anti-inflammatory properties, and they have proven to be
highly effective in a variety of disorders linked to
inflammation and oxidative stress [2].

The aim of the study was to determine the influence of
melatonin on basal levels of glucose (BG), malonic
dialdehyde (MDA), reduced glutathione (GSH) levels,
glutathione reductase (GR), glutathione peroxidase (GPx),
glucose-6-phosphate dehydrogenase (G-6-PhD) activities
in the kidney of alloxan diabetic rats.

Materials and methods

Research was conducted in compliance with the Rules
of work using experimental animals (1977) and the Council
of Europe Convention on the Protection of Vertebrate
Animals used in experiments and other scientific purposes
(Strasbourg, 1986), according to directions of Interna-
tional Committee of Medical Journals Editors ICMIJE), as
well as "Bioethical expertise of preclinical and other
scientific research conducted on animals" (Kyiv, 2006).
Diabetes was induced in male Wistar rats by single i.p.
injection of alloxan (170 mg/kg). Four days after diabetes
induction rats were divided into diabetic (untreated) and
melatonin-diabetic group (5 mg/kg daily and orally for two
weeks) [1]. There were rats with preserved normoglycemia
(impaired glucose tolerance - IGT) and rats with diabetes
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mellitus (DM) BG> 8 mmol/l among diabetic rats. Blood
was taken from the tail vein to evaluate the BG level using
OneTouchUltra (LifeScan, USA). Rats were sacrificed on
the 19th day from the beginning of the experiment in
accordance with the ethical treatment of animals. The
kidney tissue was quickly removed, rinsed in saline,
blotted, weighed and homogenized. The 5% homogenate
in ice-cold 0,25 mM tris-HCI-buffer (pH 7,4) was made
using a homogenizer. The supernatant of the homogenate,
prepared by ultracentrifugation for 10 min at 3000g was
used for measurement of activities of the enzymes. Oxidant
status was assessed by measuring of MDA, GSH levels,
GR, GPx, G-6-PhD activities. Determinations of the enzy-
mes activities were fulfilled by standard methods [3, 4, 12,
13].

Statistical analysis was performed by means of Statis-
tica 10 StatSoft Inc. To determine an adequate method of
statistical estimation of the average difference between
groups under study preliminary check distribution
quantities was carried out in samples. According to the
criteria Shapiro-Wilk, used to assess the normality of
distribution in the sample volume n<50, data concerning
distribution deviation from normal (p>0,05) were not
obtained in all samples. Taking into consideration these
data, the use of Mann-Whitney test was considered as
sufficient for valid conclusions. Differences were
considered to be statistically significant at p < 0,05.

Results and discussion

Melatonin injections caused a sharp decrease 57% at
the elevated serum glucose level in DM group of rats as
compared with BG level before treatment.

It has been detected, that melatonin stimulates
glucose transport 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].

It is concluded [7] that the hypoglycemic action of
melatonin could be partly due to amelioration of the beta-
cells of pancreatic islets.

Alteration in the function and structure of antioxidant
protein enzymes may be also due to non-enzymatic
glycation thus, detoxification of free radicals is realized by
means of oxidative stress strengthening in diabetes [5].

Diabetes mellitus produces disturbances in the lipid
profile of body making the cells more susceptible to lipid
peroxidation (Patricia, 2009). Experimental studies
demonstrate that polyunsaturated fatty acids in cell
membrane are extremely prone to be attacked by free
radicals due to the presence of multiple bonds. Lipid
hyperperoxides (LHP) through intermediate radical
reactions produce fatty acids that generate highly
reactive and toxic lipid radicals that form new LHP
(Matough et al., 2012). A critical biomarker of oxidative
stress is Lipid peroxidation which is the most explored
area of research when it comes to ROS (Hatice et al., 2004).
MDA are formed as a result of lipid peroxidation that can
be used to measure lipid peroxides after its reaction with
thiobarbituric acid.

MDA levels (tab.1) were found to be higher 90% in
DM group and 55% in IGT group respectively than in
control. So, the lipid peroxidation was increased in
diabetic kidney. Melatonin partly prevented diabetes-
induced increase in MDA levels in the kidney.

Diabetes induces alterations in activity of enzymes
GPx and GR (tab.1). These enzymes are found in cell that
metabolizes peroxide to water and converts glutathione
disulfide back into glutathione (Maritim et al., 2003). Any
alteration in their levels will make the cells prone to

Table
Changes of the antioxidant defence in kidney of diabetic rats, (n=6, x+S )
Indexes
MDA, G-SH, GPx, G'6'Pﬁ hD, GR,
Groups mkmol /g mkmol/g nmol/minxmg nmol * | mmol *
p mg mg
1.Control group 24,8+0,68 4,1+0,03 146,8+7,33 4,3+0,09 5,1+0,11

2. DM 47,2+0,782 2,1+0,04? 120,3+8,152 2,240,072 2,8+0,12?

3. DM + 25,540,58" 420,03 14824823" | 4,6£0,08° | 5,2+0,12b
melatonin

4. 1GT 38,6+0,522P 6,3+0,042b 173,2+9,5% 7,8+0,12b 7,340,142b

> IGT + 22,8+0,56% |  4,3:0,020¢ 150,047,9%¢ | 4,440,000 | 5.2+0,12b
melatonin

1. a, b, ¢ - changes are reliable (p<0,05).

2. a - concerning intact rats;

b - concerning rats with diabetes mellitus;

¢ — concerning rats with IGT.

oxidative stress and, hence, cell injury [6].

On the other hand, GR, GPx, G-6-PhD activity also
depends on hyperglycemia presence. In DM group of rats
GR, GPx, G-6-PhD activity decreased 45%, 18%, 48%
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according to the control rats. We have found the level of
GSH to be lower 49% in DM group of animals compared
with control. These results are consistent with the
degenerative role of hyperglycemia on cellular reducing
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equivalent homeostasis and antioxidant defense, and pro-
vide further evidence that pharmacological intervention of
antioxidants may have significant implications in the pre-
vention of the prooxidant feature of diabetes and protects
redox status of the cells.

In the group of rats with preserved normoglycemia
(IGT) GR, GPx, G-6-PhD activity increased 42%, 18%, 82%
respectively in comparison with control rats. Increase of
G6PhD activity under conditions of diabetes with IGT is
probably a compensatory reaction aimed to reduce of
ROS. It was found that the level of GSH increased 55% in
comparison with the control.

NADPH2 reducing equivalents (produced in this
reaction) are used for regeneration of glutathione from its
oxidized form due to action of NADPH2-dependent
glutathione reductase. Glutathione neutralizes ROS, both
directly and through GPx.

Melatonin injections were helpful for normalization of
these indexes under study.

It means that melatonin probably increases use of
glucose for regeneration of NADPH2 and aerobic
oxidation of glucose is indicative of an acceleration of
antioxidative protection and energy production in the
kidney of diabetic rats.

The actions of melatonin on radical metabolizing/
producing enzymes may be mediated by the Keap1-Nrf2-
ARE pathway. Beyond its direct free radical usage 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 enzymatic systems in kidney of alloxan
diabetic rats.

Conclusion

The administration of melatonin to alloxan diabetic
rats for two weeks daily lead to a decrease of basal
glycemia (BG) level in them, as well as stabilization of the
indices disturbance of antioxidant defense system, namely,
GR, GPx, G-6-PhD activity, content of MDA and G-SH in
rat kidneys.

Prospects for further research
Research will continue in the chosen scientific
direction.
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