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It is known that melatonin not only carries out control of circadian and seasonal biorhythms in the human
body, but also helps to maintain oxidative antioxidant homeostasis and normoglucemia in the body. The pur-
pose of the study was to determine the effect of melatonin on the content of reduced glutathione and the ac-
tivities of glutathione peroxidase, catalase and superoxide dismutase, as well as the content of TBC reactive
compounds and protein carbonyl content in the cytosol, and the activities of succinate dehydrogenase and
H*-ATP-ase in the mitochondria of the gums of rats with alloxan diabetes mellitus. Research methods. Ani-
mals were divided into 5 groups: 1) control; 2) rats with apparent diabetes — basal glycemia levels = 8.0
mmol / I; 3) rats with apparent diabetes who, from day 5 after administration of aloxane, received daily mela-
tonin 10 mg / kg of weight during 7 days daily at 8:00 per os; 4) rat with impaired glucose tolerance - basal
glycemia level < 6.9 mmol / I; 3) rats with impaired glucose tolerance, which were similarly administered
within 7 days of melatonin. Results and discussion. In gingival tissues of rats with apparent diabetes, reduc-
tion in the content of reduced glutathione by 30% and increased activity of glutathione peroxidase by 32%
were observed, respectively, when compared with control rats. The activity of catalase and superoxide dis-
mutase decreased by 18% and 46% in the group of diabetic rats than in the control group. In the group of
animals with impaired glucose tolerance, the activity of catalase was 25% higher than control. The content of
TBC reactive compounds increased in groups of diabetic rats and with impaired glucose tolerance by 65%
and 36% respectively, while the level of oxidized proteins in animals with diabetes increased by 52% com-
pared to control. In the mitochondrial fraction of gum cells, decrease in the activity of succinate dehydro-
genase and H + -ATPase in animals with diabetes was found to be 68% and 41%, respectively, as compared
to control. Weekly daily administration to rats with apparent diabetes melatonin at a rate of 10 mg / kg con-
tributed to the normalization of the glutathione system and basal glycemia we studied. Conclusion: These re-
sults demonstrate that melatonin supplementation prevents gingival mitochondrial dysfunction induced by
diabetes in association with decreased oxidative stress.
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Introduction

Diabetics and experimental animal models ex-
hibit high oxidative stress due to persistent and
chronic hyperglycemia, thereby deplete the activity
of the antioxidative defense system and thereby
promote the generation of free radicals [6]. The
metalloproteins SOD, CAT, and GPx provide the
first line of antioxidant defense against reactive
oxygen species through enzyme-catalyzed dismu-
tation of O,- to H,O,, which is further reduced to
oxygen and water [11].

Melatonin, a hormone secreted by the pineal
gland, has remarkable antioxidant properties [13].

Diabetic gingivitis [8] is a diabetic complication
related to the metabolic alterations featur-
ing diabetes. Diabetes is characterized by in-
creased lipid peroxidation, altered glutathione redox
status, exacerbated levels of ROS, and mitochon-
drial dysfunction.

Succinate dehydrogenase (SDH) or succinate-
coenzyme Q reductase (SQR) or respiratory Com-
plex Il is an enzyme complex, found in many bacte-
rial cells and in the inner mitochondrial membrane
of eukaryotes. It is the only enzyme that partici-
pates in both the citric acid cycle and the electron
transport chain [9]. ATPases in mitochondria are
the prime producers of ATP, using the proton gra-
dient generated by oxidative phosphorylation [5].

Taking this into consideration, the aim of this
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work was to evaluate the effects of melatonin intake
in gingival mitochondrial function and cytosolic oxi-
dative status in alloxan-induced diabetic rats.

The aim was to determine the influence of mela-
tonin on basal levels of glucose (BG) in the blood,
levels of protein carbonyl content and thiobarbituric
acid reactive compounds (TBCRC), reduced glu-
tathione (GSH), activities of glutathione peroxidase
[EC 1.11.1.9] (GPx), superoxiddysmutase [EC
1.15.1.1] (SOD) and catalase [EC 1.11.1.6] (CAT)
in cytosolic fraction of gums, activities of succinate
dehydrogenase [EC 1.3.5.1] (SDH) and H'-ATP-
ase [EC 3.6.1.3] in gingival mitochondria of alloxan
diabetic rats.

Materials and methods

Research performed in compliance with the
Rules of the work using experimental animals
(1977) and the Council of Europe Convention on
the Protection of Vertebrate Animals used in ex-
periments and other scientific purposes (Stras-
bourg, 1986), according to directions of Interna-
tional Committee of Medical Journals Editors
(ICMJE), as well as “Bioethical expertise of preclini-
cal and other scientific research conducted on ani-
mals” (Kyiv, 2006). Diabetes was induced in male
Wistar rats by single i.p. injection of alloxan (170
mg/kg) [7]. Four days after diabetes induction, rats
were divided into diabetic (untreated) and mela-
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tonin-diabetic group (10 mg/kg, daily and orally for
one week). Among diabetic rats were rats with pre-
served normoglycemia (impaired glucose tolerance
— IGT) and rats with diabetes mellitus (DM) BG =
8,0 mmol/l. Blood was taken from the tail vein
evaluate the BG level with the use of OneTouchUI-
tra (LifeScan, USA). Rats were sacrificed at the
twelfth day from the beginning of the experiment
accordance with the ethical treatment of animals.
The gingival tissue was quickly removed, rinsed in
saline, blotted, weighed and homogenized. The
homogenate, 5% 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/min was
used for measurement of activities of enzymes.
Gingival cytosolic oxidant status was assessed by
measuring of GSH level, SOD, CAT, and GPx ac-
tivities. Determinations of the enzymes activities
were by standard methods [12].

In the process of oxidative modification of pro-
teins in the radicals of the aliphatic amino acid resi-
dues, aldehyde and ketone groups are formed.
They interact with 2,4-dinitrophenylhydrazine (2,4-
DNPH) to form 2,4-dinitrophenylhydrazones with a
specific absorption spectrum. Aldehyde- and keto-
derivatives which are neutral in nature are deter-
mined at a wavelength of 370 nm [2]. The method
of TBCRC determination is based on a spectropho-
tometric determination of the trimetinic colored
complex formed from the TBCRC interaction with
thiobarbituric acid [1].

Mitochondria were isolated by differential cen-
trifugation in the isolation buffer [14]. Energy func-
tion of mitochondria was estimated by determina-
tion of succinate dehydrogenase activity [3] and H'-
ATP-ase [4].

Statistical analysis was performed using Statis-
tica 10 StatSoft Inc. To determine an adequate
method of statistical estimation of the average dif-
ference between the study groups held preliminary
check distribution quantities in samples. According
to the criteria Shapiro-Wilk, which is used to assess
the normality 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. Dif-
ferences were considered to be statistically signifi-
cant at p < 0,05.

Results and Discussion

Insertion of melatonin for 7 days helped to re-
duce 1.9 times compared with the baseline, basal
glucose level in the group of animals with overt dia-
betes, indicating its hypoglycemic action.

Diabetics and experimental animal models ex-
hibit high oxidative stress due to persistent and
chronic hyperglycemia, thereby deplete the activity
of the antioxidative defense system and thereby
promote the generation of free radicals [6].

To access the protein oxidation mediated by

glycation process, the levels of protein carbonyl
content (tabl. 1) were measured. The level of pro-
tein carbonyl groups was significantly increased in
DM by 52% compared with control, whereas mela-
tonin treatment significantly suppressed an in-
crease in protein carbonyl content. When compar-
ing with index of diabetic rats, the percentage re-
duction of carbonyl content by melatonin was found
to be 19%.

The biochemical function of GPx is to reduce
lipid hydroperoxides to their corresponding alcohols
and to reduce free hydrogen peroxide to water. Glu-
tathione neutralizes ROS, both directly and through
GPx. We have found the level of GSH decreases
by 30% and activity of GPx increases by 32% in
DM group of animals compared with control. Re-
duced content of GSH in gums under DM, pre-
sumably due to both inhibition of its synthesis and
enhanced use by GPx to neutralize hydrogen per-
oxide and other hydroperoxides, formed due to in-
creased free radical oxidation of lipids and biopoly-
mers in gum tissue. The activities of CAT and SOD
were found to be lesser on 18% and 46% in DM
group of rats than in control. In group of animals
with IGT activity of CAT was on 25% higher than
control possible due to absence of hyperglycemia.
Melatonin injections was helpful for normalization
this index under study.

TBCRC are formed as a result of lipid peroxida-
tion that can be used to measure lipid peroxides af-
ter reacting it with thiobarbituric acid. The level of
TBCRC was found to be higher on 65% in DM
group and on 36% in IGT group respectively than in
control. So, the lipid peroxidation was increased in
diabetic gums. Melatonin partly prevented diabetes-
induced increase in TBCRC in gingival tissues.

According to the results obtained, it may be pos-
tulated that melatonin inhibits glycation by reducing
the generation of reactive carbonyl or dicarbonyl
groups either from fructosamine or glucose, proba-
bly due to stimulation of glucose transport to cells
[1] and preventing of ROS formation in conditions of
hyperglycemia.

Reduced levels of the mitochondrial enzyme
SDH (tabl. 2), the main element of complex Il of
electron transport chain, were observed in gingival
mitochondria of DM rats which were on 68% less
than control. Energy metabolism defects have been
identified according decrease of the H™-ATP-ase
activity on 41% compared with control. Melatonin
injections was helpful for normalization this index
under study.

Melatonin, as it is known [10], stimulates the
utilization of glucose by tissues, it promotes an in-
crease in the tissues of ATP concentration, the res-
toration of disturbed under diabetes mellitus oxi-
dant-antioxidant homeostasis. A week daily admini-
stration to rats with DM melatonin at a rate of 10 mg
/ kg contributed to a decrease in basal glycemia
and normalization of all of our indices.
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Table 1
Changes of the antioxidant defence in gums of diabetic rats, (n=6, xtS X )
Indexes Protein carbonyl
G-SH, umollg oPx e mg | SOD, ODIminxmg | TSCRC (3701w),
Groups pmol/minxmg g umol/g of tissue mmol/g protein
1.Control group 93.0+3.5 437431 103.2+3.54 0.25+0.012 21.5+1.09 2.04+0.08
2 DM 65.3+4.2° 574+28° 84.5+5.27° 0.14+0.009° 35.442.28° 3.1120.19°
) p=0.0032 p=0.014 p=0.015 p=0.00093 p=0.0024 p=0.003
2.52+0.18%°
=0.035
) 94.4+3.8° 448+38° 0.18+0.011° 27.8+1.23° p=
3. DM + melatonin p=0.0031 0=0.024 93.314.19 b= 0.019 p=0.015 p=0.048
a.b
4. IGT 97.825.0° 46134° 12;":03%‘2: 0.2920.018" 29.1+2.05" 2534021
p=0.0034 p=0.028 p=0.0057 p=0.00088 p=0.014
b.c b.c
5. IGT + melatonin 102.0+4.9° 455+28° 1055235622 0.26+0.015° 22':2;2)'07;7 2.1740.09°
p=0.0022 p=0.013 p=0.043 p=0.0012 0=0.013 p=0.0049
Note: 1. a, b, ¢ - changes are reliable (p<0.05). 2. a - concerning intact rats;
b - concerning rats with diabetes mellitus; ¢ — concerning rats with IGT
Table 2
Changes of mitochondrial energy function in gums of diabetic rats, (n=6, xtS X )
Indexes ) H*-ATP-ase,
Groups SDH, nmol/minxmg umol (iP)/minxmg
1.Control group 10.87+2.860 0.37+0.023
3.52+1.435° 0.21+0.019°
2.DM p=0.047 p=0.0027
b 0.29+0.011%°
3. DM + melatonin 90331)‘?11 p=0.01
p=s p= 0.0031
4. 1GT 10.75+3.0598 0.38+0.015
5. IGT + melatonin 10.2+2.352 0.41+0.03

Note: 1. a, b, ¢ - changes are reliable (p<0.05). 2. a - concerning intact rats;

b - concerning rats with diabetes mellitus; ¢ — concerning rats with IGT
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Conclusion
Melatonin improves gingival mitochondrial func-
tion in diabetic rats preventing impairment of mito- 7.
chondrial respiration. Melatonin also decreased
ROS levels and lipid peroxidation and improved the
GSH level as well. These results demonstrate that
melatonin supplementation prevents gingival mito- 6
. . . . 8.
chondrial dysfunction induced by diabetes in asso-
ciation with decreased oxidative stress.
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Pedepar
MENATOHIH MOKPALLYE MITOXOHAPIANBHY ®YHKLIO TA NMOMEPEOXAE OKUCHIOBAJIbHUM CTPEC B ACHAX
LIABETUYHUX LLYPIB
Apemiii .M., Kywnip O.10., Xnyc K.M.
KntoyoBi crnoBa: aHTUOKCUAAHTHa cUCTeMa, MiTOXOHAPIT, anokcaHoBwUi aiabeT, scHa, MenaToHiH, Wypi.

BigomMo, Wo MenaToHiH He nuLle 34iMCHI0E B OpraHiaMi NIOOMHN KOHTPOMb LMpKagiaHHMX | ce30HHUX Bio-
puUTMIB, ane ” cnpusie NiATPUMAHHIO B OPraHiaMi OKCUOAHTHO-aHTUOKCUOAHTHOrO roMeocTasy Ta HOpMOrni-
keMii. MeTa gocnigkeHHs: 3'acyBaTv BNAWB MeNaTOHiHY Ha BMICT rNyTaTiOHy BiAHOBMEHOIO W aKTUBHOCTI
rnyTaTioHnepokcmaasu, katanasu ta cynepokcugoucmyTasu, a Takox Bmicty TBK-peakTnBHuUX cnonyk i oku-
CHO MoamMdikoBaHMX BinkKiB B LIMTO305i, Ta aKTUBHICTb CyKUMHaATAerigporeHasu ta H'-AT®-a3n — B MiTOXOHA-
pisiX AICEH LWypiB i3 anokcaHoBUM LyKpoBuM diabetom. MeToaun gocnigxeHHs. TBapuH 6yno posgineHo Ha 5
rpyn: 1) KOHTPOMb; 2) WwypKn 3 ABHUM JiabeToM — piBeHb 6asansHoi rikemii = 8,0 Mmmons/n; 3) Wwypu 3 ABHUM
niabeTom, sikum novmHatoum 3 5-oi 4obu Nicns BBEAEHHS anokcaHy BNPOAOBX 7-MU AHiB WwoaeHHo o 8:00 per
0S BBOAWUSIM MenaToHiH 3 po3paxyHKy 10 Mr/kr macu; 4) wypu 3 NOpyLUEHO TOMEPaHTHICTIO A0 FMOKO3M —
piBeHb 6a3anbHoi rikemil < 6,9 MMonb/n; 3) WypKu 3 NOPYLLEHOK TONEPAHTHICTIO A0 rMOKO3M, AKMM aHanori-
YHO BMNPOAOBX 7-MW OHIB BBOOUINN MeNaToHiH. Pe3ynbTati i 06roBopeHHs. Y TKaHWHaxX SCeH LUypiB i3 SBHUM
niabeToM Big3Ha4Yanocs 3HWKEHHs1 BMICTY BigHOBNeHoro rnytaTtioHy Ha 30% Ta 3pOoCTaHHA aKTUBHOCTI ny-
TaTioHnepokcmMaasn Ha 32% BignoBigHO NPW NOPIBHAHHI 3 KOHTPOSTbHUMU LWypaMn. AKTMBHICTb KaTanasu Ta
cynepokcuaancmyTasmn 3Hmsmnuca Ha 18% i 46% BignosigHoO B rpyni LWypiB i3 giabeTtom HixX y KoHTponi. B
rpyni TBapuH 3 MOPYLUEHOI TOMEPaHTHICTIO A0 MOKO3M akTUBHICTb kaTanasu BusiBunaca Ha 25% BULLIOH,
Hi>XX KOHTponb. BmicT TBK-peakTMBHMX cnonyk 3pic B rpynax wwypis i3 giabeToM Ta nopyLIeHOo TorepaHTHiCc-
TIO [0 MoKo3Kn Ha 65% Ta 36% BigNoBIgHO, TOAi SIK piBEHb OKMCHO MoandikoBaHMX Ginkie y TBapuH 3 aiabe-
TOM MNiABULLMBCA Ha 52% Npu NOPIBHAHHI 3 KOHTPONEeM. Y MiToOXoHApianbHI dpakuil KNiTUH ACEHHUX TKaHWH
BCTAHOBEHO 3HWKEHHS aKTUBHOCTI CyKLMHaTaeriaporeHasn Ta H-AT®-a3u B TBapuH 3 giabetom Ha 68% Ta
41% BIiANOBIAHO MOPIBHAHO 3 KOHTPOMEM. TUXHEBE LLOAEHHE BBEAEHHS LLypaMm i3 ABHUM fiabeTomM menaTo-
HiHY 3 po3paxyHky 10 MI/Kr cnpusno HopManidyBaHHIO AOCAIOXKYBaHUX HaMW NOKa3HWKIB rMyTaTiOHOBOI CUC-
Temu Ta 6asanbHoi rmikemii. BucHoBok: Lli pesynbTaTy BkadyloTb Ha Te, WO yYBeAeHHS MenaToHiHy 3anobirae
BMHWUKHEHHIO MITOXOHAPIanbHMUX NOPYLUEHb, BUKNUKAHWUX OiabeToM, Ta 3HKEHHIO OKUCHOTO CTPECY.

Pedepar
MENATOHWH YNIYHWAET MUTOXOHOPUATBHYIO GYHKLWIO W NPEQYMPEXOAET OKUCIIUTENBHLIV CTPECC B IECHAX
OVABETUYECKNX KPLIC
Apemun N.M., Kywnmp A.1O., Xnyc K.M.
KntoyeBble cnoBa: aHTUOKCUAAHTHaA cucrtema, MUTOXOHAOPUN, anoKcaHoBbIN ﬂMaﬁeT, AecHa, MenaToHUH, KpbIChbl.

M3BECTHO, YTO MEeNaTOHMH He TONMbKO OCYLLECTBNSET B OpraHn3Me YenoBeka KOHTPOSb LUpKaanaHHbIX U
CE30HHbIX BGMOPUTMOB, HO U CMOCOOCTBYET NOAAEPKAHUIO B OpraHn3mMe OKCUAAHTHO-aHTUOKCUAAHTHOrO ro-
MeocTasa 1 HopMornkemuu. Llenb nccrneaoBaHus: BeiIACHUTL BUAHME MeNaToOHMHA Ha codepXaHue rnyTa-
TMOHa BOCCTAHOBMEHHOrO U aKTUBHOCTU FMyTaTUOHNEPOKCHMAA3sbl, KaTanasbl U cynepokcugancmyTtasbl, a Ta-
kKke cogepkaHuss TBK-peaKkTMBHbIX COEANHEHWUIA U OKUCIUTENbHO MOANMULMPOBAHHbLIX OErnKoB B LIUTO30r1e,
N aKTMBHOCTb CyKUMHaTAernaporeHasbl n H -ATdasbl - B MUTOXOHAPUSX AECEH KPbIC C arloKCaHOBbLIM caxa-
pHbIM grnabeTtom. Metoabl nccnegoaHuna. XKMBoTHbIX BbIno pasgeneHo Ha 5 rpynn: 1) KOHTPOIb; 2) KpbICkl C
ABHbIM AnabeToM - ypoBeHb 6asdanbHow rmukemun = 8,0 Mmonb / 1n; 3) KpbIChl C ABHBIM AnabeTom, KOTOpbIM
HayMHasa C NATOro AHA Nnocre BBeAEHMWS anrokcaHa B TedeHne 7-mu gHen exxegHeBHo B 8:00 per os BBoAUNK
MenaToHuH u3 pacyeta 10 mr / Kr maccbl; 4) KpbICbl C HAPYLUEHHOW TONEPAaHTHOCTLIO K IOKO3€e - YPOBEHb
6asanbHon rnukemMun < 6,9 Mmonb / n; 3) KpbICbl C HAPYLUEHHOW TONEPaHTHOCTLIO K FHOKO3€e, KOTOPbIM aHa-
NOrMYHO B TeYeHMe 7-MU OHEeW BBOAWNM MenaToHMH. Pe3ynbTaTthl n ob0cyxaeHue. B TkaHsX OecHbl KpbIC C
SIBHbIM JMabeToM OTMEeYanoch CHKEHNE COAepXaHUs BOCCTaHOBNEHHOro rnytatnoHa Ha 30% u pocT akTu-
BHOCTM rnyTaTMoHnepokcmaasbl Ha 32% COOTBETCTBEHHO MpPU CPABHEHMU C KOHTPONbHBIMU KpbicaMn. AKTK-
BHOCTb KaTanasbl U CynepokcMaamcMyTasbl CHU3MNMCb Ha 18% u 46% cooTBETCTBEHHO B rpymnne KpbiC ¢ Au-
abetoM. B rpynne >XMBOTHbIX C HapyLUEHHOW TONMEPaHTHOCTLIO K FIOKO3e aKTMBHOCTbL KaTanasbl okasanacbh
Ha 25% Bbllwe, YeM KoHTposnb. CogepxaHne TBK-peakTuBHbIX COEANHEHUI BbIPOCNO B rpynnax KpbiC ¢ Aua-
6eTOM 1 HapyLLEHHON TONEepaHTHOCTLIO K rMoko3e Ha 65% 1 36% COOTBETCTBEHHO, TOrAa Kak ypoBeHb OKU-
CNUTENBHO MOAUMULMPOBAHHBLIX BENKOB Y XMBOTHbLIX C AnabeToM nosbicunica Ha 52% npu cpaBHEHUU C KO-
HTponem. B muToxoHApuanbHOW pakumn KNeTOK AECHEBbIX TKAHEW YCTAHOBIMEHO CHWDKEHUE aKTUBHOCTU
cyKumHaTaernaporeHassl U H'AT®-asbl B XMBOTHLIX ¢ AMabeToM Ha 68% u 41% COOTBETCTBEHHO MO CpaB-
HEHMIO C KOHTporneM. HepenbHoe exenHeBHOE BBEAEHME KpbiCaM C SBHbIM AMabeToM MenaToHUHa U3 pac-
yeta 10 Mmr / Kr cnocobcTBOBaNO HopManu3auumn uccnegyemMblX HaMmn nokasaTenen rnyTaTMoHOBOWM CUCTEMBbI
n 6asanbHOM rmukemuun. BeiBoa: OTn pesynbTaThl yKasbliBalOT Ha TO, YTO BBEAEHWE MenaTOHWHA NpeaoTB-
paLlaeT MUTOXOHAPUarnbHE HapyLLIEHWS, Bbl3BaHHbIE AMABETOM, U CHKAET OKUCNUTENbHbINA CTPecC.
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