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EFFECTS OF MELATONIN ON OXIDANT AND ANTIOXIDANT STATUS
IN THE BLOOD OF ALLOXAN DIABETIC RATS

Introduction. The experimental model of alloxan diabetes is quite common, which is often used to study the
different aspects of pathogenesis and pathomorphology of diabetes. It is known that during the diabetes activation
of free radical oxidation of biomolecules occurs as well as depletion of the antioxidant system. Melatonin can suppress
reactive oxygen species and increases the activity of antioxidant enzymes.

The aim of the study — to investigate the effect of melatonin on oxidant and antioxidant status in the blood of
alloxan diabetic rats.

Research Methods. Experiments were conducted on white outbred sexually mature male rats. In the blood
plasma was determined content of oxidatively modified proteins, the ceruloplasmin activity; in the hemolisate of
erythrocytes was determined content of TBA-reactive products, the measurement of superoxide dismutase (SOD)
and catalase activities.

Results and Discussion. The results of our studies showed that under conditions of alloxan diabetes, processes
of free radical damage to biomolecules are intensified, as evidenced by the increase in the content of TBA-active
products and oxidatively modified proteins in the blood of rats on 7 and 14 days of alloxan diabetes. The activity of
catalase and ceruloplasmin in the blood of alloxan diabetic rats was lower than in the control group of animals but
the SOD activity was significantly increased. The positive effect of melatonin is shown on 7 and 14 days and decrease
the content of TBA-active products and oxidatively modified proteins blood of rats compared with untreated animals.
Also, the administration of melatonin contributed to the normalization of the activity antioxidant enzymes of blood in
rats with alloxan diabetes: increase of catalase activity in erythrocytes, ceruloplasmin activity and decrease SOD

activity compared with untreated animals.

Conclusion. The introduction of exogenous melatonin in rats with alloxan diabetes in a dose of 10 mg/kg daily
for 7 and 14 days cause a pronounced antioxidant effect, reducing free radical oxidation and normalizing the activity
of enzymes of antioxidant defense in the blood alloxan diabetic rats.
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INTRODUCTION. The most relevant problems
of modern medicine is the search for means to
improve the therapy of diabetes, which has become
widespread in last years due to the progress of
many amplifications of this disease.

Complications of diabetes include cardiovas-
cular disease, chronic renal insufficiency and dia-
betes retinopathy. These complications associated
with hyperglycemia cause oxidative stress in the
body [1].

The experimental model of alloxane diabetes
is quite common, which is often used to study the
different aspects of pathogenesis and pathomor-
phology of diabetes [2]. It is known that during the
diabetes activation of free radical oxidation of bio-
molecules occurs as well as depletion of the anti-
oxidant system [3].

Free radicals formed at oxidative stress are
highly toxic to cellular components especially lipids
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and proteins that are part of cell membranes. Free
radicals destroy lipids and proteins on the mem-
branes and cause modifications and oxidation of
lipids and proteins thereby damaging cells. Lipid
and protein oxidation products is metabolized by
non-enzymatic and enzymatic mechanisms to
eliminate oxidative stress [3].

Melatonin (5-methoxy-N-acetyltriptamine) is
one of the strongest antioxidants that is secreted
by the daily rhythm of the pineal gland [4].

Recently, scientists and physicians actively
studied the physiological effects of melatonin on
different organs and systems, as this hormone has
somnogenic effect and it is a regulator of circadian
systems of the organism as well as the immune
system stimulator and shows protective properties
from premature senescence, cancer, stress and is
an antioxidant. It can suppresses reactive oxygen
species (ROS) and increases the activity of anti-
oxidant enzymes [3].
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It is believed that melatonin may be useful for
therapy many diseases, such as depression, in-
somnia, obesity, cancer, and immune and cardiac
disorders. [3, 5]. This study was aimed to investigate
the effect of melatonin on oxidant and antioxidant
status in the blood of alloxan diabetic rats.

RESEARCH METHODS. The experiments
were carried out on sexually mature male albino
rats with the body weight — 150-160 g. These ani-
mals were housed in polypropylene cages under
standard environmental conditions of temperature,
relative humidity, and dark/light cycle. Animals de-
scribed as fasted were deprived of food and water
for 16 hours ad libitum. Animal keeping, handling
and manipulating were in accordance with the First
National Congress of Bioethics of Ukraine (Kyiv,
2001), “European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986) and
with regard to NIH Guide for the Care and Use of
Laboratory Animals (Washington, DC: National
Academies Press, 2011).

Alloxan diabetes was evoked via single injecting
the rats with 5 % alloxan monohydrate solution
(Sigma Chemicals Company: 150 mg/kg body
weight) dissolved in normal saline to the male rats,
after an overnight fast (access to only water) of 12
hours to make them more susceptible to developing
diabetes [6]. Another group of rats (control) were
injected with the same volume of normal saline.
After 72 h the injection of alloxan monohydrate,
fasting blood glucose concentration was measured
with a Longevita glucometer (Network Selects LTD,
Great Britain) using blood samples from the tip of
the tail. Animals with blood glucose concentrations
215.2 mmol/L were considered diabetic and used
in this study.

After diabetes induction, melatonin (10 mg/kg
daily) was administered by intragastrically to the
animals in the melatonin-treated group, for 7 or
14 days.
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The animals were divided into the next groups:
control rats — group |; diabetes (7 days) — group I;
diabetes+melatonin (7 days) — group llI; diabetes
(14 days)—group IV; diabetes+melatonin (14 days) —
group V.

In the blood of rats that was received by de-
capitation under light ether anesthesia, 24 hours
after the last dose of the melatonin was determined
glucose by the glucose oxidase method using
standard analytical kit “Filisit-Diagnosis” (Ukraine).
In the blood plasma was determined content of
oxidatively modified proteins [7], the ceruloplas-
minactivity [8]; in the hemolisate of erythrocytes was
determined content of TBA-reactive products [9],
the measurement of superoxide dismutase (SOD)
[10] and catalase activities [11].

All data are expressed as meanszS.E. and
represent at least four independent experiments.
Significant differences between groups were
evaluated by using Wilcoxon test with p<0.05.

RESULTS AND DISCUSSION. During the ex-
periment, an increased level of glucose in the blood
was found what is typical for diabetes mellitus.

It was established that under conditions of al-
loxan diabetes, processes of free radical damage
to biomolecules are intensified, as evidenced by
the increase in the content of TBA-active products
in the blood by 21 % in 7 days of alloxan diabetes
(Figure 1). At the 14" day of diabetes, the content
of TBA-active products increased by 31 %, that
indicating the increase of oxidative stress.

Oxidative modification and destruction of
proteins is one of the earliest and most important
indicators of tissue damage at free radicals
pathology [12]. We explored that at the 7" day of
the experiment occurs the increase of the content
of oxidatively modified proteins in blood plasma of
alloxan diabetic rats on 18 % higher than the control
level as well as on the 14" day of alloxan diabetes
the content of oxidatively modified proteins in-
creased on 12 % (Figure 2).

*
*
*kk
*%
8 -
6 -
4
2
0 T T T ‘ )

Diabetes 7 days Diabetes+melatonin Diabetes 14 days Diabetes+melatonin

7 days 14 days

Fig. 1. Effect of melatonin introduction on the TBA-product in the blood.
Note. Values are statistically significant: * — p<0.05 compared with control group; ** — p<0.05, compared with diabetic group
after 7 days; *** — p<0.05, compared with diabetic group after 14 days.
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Fig. 2. Effect of melatonin introduction on the content of oxidatively modified proteins in the blood.
Note. Values are statistically significant: * — p<0.05 compared with control group; ** — p<0.05, compared with diabetic group
after 7 days; *** — p<0.05, compared with diabetic group after 14 days.

We found that the introduction of melatonin to
rats with alloxan diabetes daily for 7 days con-
tributed to a decrease the content of TBA-active
products in rats erythrocytes on 46 % and the
content of oxidatively modified proteins in blood
plasma of rats on 21 % in comparison with
untreated animals.

The positive effect of melatonin is shown on 14
days and decrease the content of TBA-active
products on 32 % in rats erythrocytes and the
content of oxidatively modified proteins on 25 % in
blood plasma of rats compared with untreated
animals.

Important indicators of the develop of free
radical reactions are the activity enzymes of
antioxidant defense and one the most important
enzyme is catalase.

The activity of catalase decrease by 13 % below
the control level at 7 days in the blood of alloxan
diabetic rats. On the 14" day of the experiment there
is a similar trend — a decrease on 11 % (Table).

In alloxan diabetic rats we recorded a significant
increase SOD activity on 33 % at 7 days and 34 %
at 14 days in blood compared to animals in the
control group.

Growing SOD activity may be due to an increase
concentration of hydrogen peroxide in the cells and
inactivation of enzymes that it splitting, in particular
catalase. This confirms the decrease activity of

catalase in the blood of alloxan diabetic rats
compared with animals in the control group.

The activity of ceruloplasmin in blood plasma
of rats with alloxane diabetes is lower than in the
control group of animals for 7 and 14 days by 38 %
and 29 % respectively. Therefore, the level of activity
detected in the experiment may be due to the
depletion of the antioxidant defense system. As a
result, evoked oxidative stress, which break the
pro- and antioxidant balance.

The introduction of melatonin during 7 days also
contributed to the normalization of the activity of
antioxidant blood enzymes in rats with alloxane
diabetes: the catalase and ceruloplasmin activities
was higher on 23 % and 20 % respectively and
decrease SOD activity on 26 % compared with
alloxan diabetic rats.

Also, the administration of melatonin during 14
days contributed to the normalization of the activity
antioxidant enzymes of blood in rats with alloxan
diabetes: increase of catalase activity on 13 % in
erythrocytes, ceruloplasmin activity on 20 % and
decrease SOD activity on 27 % compared with
untreated animals.

Evidence an effective antioxidant effect is a
significant decrease glucose levels in blood of
treated rats compared with alloxan diabetic group
at 7 days (56 %, p<0.05) and 14 days (55 %, p<0.05)
of the experiment.

Table — Effects of melatonin on antioxidant status in the blood of alloxan diabetic rats

Controls, Diabetes Dlabetes_+ Diabetes Dlabetes_+
Group n=39 (7 days), n=18 Melatonin (14 days), n=19 Melatonin
' (7 days), n=19 ' (14 days), n=18
Catalase, 10.95+0.38 9.51+0.53* 11.7+0.68** 9.73+0.27* 11.03+0.51%**
pmol/min-L blood
SOD, 1.84+0.08 2.44+0.21* 1.81+0.07** 2.46+0.27* 1.79+0.09***
U/g HB
Ceruloplasmin, 254.86+10.16 | 157.91+13.85* |189.60+12.90** | 180.76+9.78* 216.19+11.68***
mg/L serum

Note. Values are statistically significant: * — p<0.05 compared with control group; ** — p<0.05, compared with diabetic group
after 7 days; *** — p<0.05, compared with diabetic group after 14 days.
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The obtained results evidence to the effec-
tiveness of the use of melatonin for the correction
of the antioxidant defense system in experimental
diabetes mellitus. The antidiabetic melatonin
function implemented at the cellular and systemic
levels [5]. An important aspect of the cellular effect
of melatonin is its effect on the process of lipid
peroxidation and the level of free radicals that grow
in diabetes mellitus [13].

Antioxidant effect of melatonin is likely related
to the ability to intercept free radicals due to the
presence in its composition indole ring [13]. Also
known data that melatonin may directly effect of
genes expression responsible for the synthesis of
antioxidant enzymes [14].

The results of our studies confirm the existence
of protective, antioxidant, anti-diabetic properties in
melatonin. As a result of the study is detected
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BYKOBUHChKW AEPKABHWIV MEAVYHWA YHIBEPCUTET, YEPHIBLII

BIUTUB MEJIATOHIHY HA OKCUJIAHTHUI TA AHTUOKCUJJAHTHUM CTATYC
KPOBI B AIOKCAHAIABETUYHMUX IIYPIB

Pestome

Bcmyn. EkcriepumeHmasibHa MOoO€/Ib a/lOKCaHOB020 UyKpoBo20 diabemy € 0ocumb MOWUPEHOLo, ii Yyacmo
BUKOPUCMOBYIOMb 0/151 BUBHEHHST PI3HUX acrekmis namozeHe3y ma namomopghosoeii diabemy. Bidomo, wo npu
yyKposomy Oiabemi 8i0byBaembCsi akmusayjisi Bi/lbHOPAOUKa/IbHO20 OKUCHEHHSI GIOMO/IEKY/T, @ MAKOX BUCHAXKEH-
HS1 @aHMUoOKcudaHmMHoI cucmemu. MenamoHiH MOXe 3HeWKOOXyBamu akmusHi (hopMU KUCHIO ma niosuwjysamu
aKkmusHiCmb aHMUOKCUOaHMHUX chepmMeHmiIs.

Mema 0ocnidxeHHs1 — BUB4YUMU BI1/IUB Me/IamOHIHY Ha OKcudaHmMHUl ma aHmuokcudaHmHul cmamyc Kpo-
8i B @/10KcaHOiabemMuYHUX Wypis.

MemoOdu docidxeHHs. [Joc/iou nposedeHo Ha binux 6e3MopooHUX CmameBo3pi/lux wWypax-camysix. Y nnas-
Mi KpOBI BUSHa4Ya/1u BMICM OKUCHOMOOUhikoBaHUX BI/KiB, akmusHIiCmb yepy/1onaa3MiHy, 8 2emMostizami epumpoyu-
mig — smicm TBK-akmusHUX NpodyKmis, akmusHICMb CyrnepokcudoucMymasu i kamasiasu.

Pe3ynibmamu Ui 062080peHHs1. Pe3y/ibmamu Hawux 00C/TiOXeHb oKasasu, Wo 3a yMOB &/10KCaHO0BO20 UyK-
poB020 diabemy MOCU/IBA/IUCS MPOYECU Bi/TbHOPAOUKa/IbHUX YUIKOOXEHb GIOMO/IEKY/, MPo WO CBIOYU/I0 306i/lb-
weHHs Ha 7-U ma 14-U OHi ekciepumeHmy smicmy TBK-akmusHUX MPOOYKMI8 ma OKUCHOMOOUGhIKOBaHUX BIfIKiB y
KpoB8i asiokcaHdiabemuy4HUX Wypis. BoOHouac criocmepiaasiu 3HWKEHHST akmuBHOCMI Kamasiasu, Uepy/10rn/iasmiHy
i 3pocmaHHs aKmuBsHOCMI CyrnepoKCcUAOOUCMYmasu y Kposi meapuH diabemuyHoi 2pyrnu. BBeOeHHSI Me/lamoHiHy
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Masio no3umusHuUl eghekm sik Ha 7-U, mak i Ha 14-U OHi excriepuMeHmy, Wo rnposis/isi/Iocsl MEHWEHHSIM BMicmy
TBK-akmusHUX MPOOYKMI8 i OKUCHOMOOUGPIKOBaHUX BI/IKIB Y KPOBi Wypis MOPIBHIHO 3 a/lokcaHdiabemuyHuMu
msapuHamu. Kpim moz2o, 3acmocyBaHHs Me/IlamoHiHy Crpusi/io HopMasiidayii akmusHOCMIi aHMUOKCUGaHMHUX
hepMeHMIB y KPOBI Wypis 3 a/loOKCaHOBUM UyKpoBUM diabemom: NiOBUWEHHO akmusHOCMI kamasasu i yepy/sio-
r71a3MiHy Ha QOOHI 3HUXXEHHSI akmUuBHOCMI CynepoKcudoUCMyma3su rnopisHSIHO 3 a/lokcaHoiabemuyHUMU msapuHamu.

BucHOBOK. 3a yM08 a/loKcaHOB020 UyKpoBo20 diabemy | BBe0eHHS Wypam eK302eHHO20 ME/TAMOHIHY 8 003i
10 ma/ke W0O0eHHO BPooosX 7-Mu ma 14-mu OHIi8 criocmepiaaroms 3MEHWEHHS Bi/TbHOPAOUKa/IbHO20 OKUCHEHHS
ma HopMa/iizayito akmusHOCMI chepMeHmMis aHMUOKCUOAHMHO20 3axXUCmy B8 KPOBi a/lokcaHdiabemuyHUX MBapuH.

K/TIOYOBI C/IOBA: LykpoBuiA AiaGeT; MeslaTOHiH; a/loKCaH; [NyTaTioH; aHTUOKCUAAHTHaA cucTema.

H. M. NlyruHny, W. B. lepyw, H. ®. Npuropbesa
BYKOBVIHCKWV TOCYAAPCTBEHHbIVI MEAVLIMHCKN YHUBEPCUTET, HEPHOBLbI

B/IMSTHUE MEJIATOHUHA HA OKCUJAHTHBIN U AHTUOKCUJIAHTHBIN
CTATYC KPOBH B AJVIOKCAHIAUABETNYECKHUX KPBIC

Pestome

BcmynsieHue. SKcriepuMeHmasibHasi MoOe/lb a/1/I0KCaH0BO20 caxapHoe2o duabema sig/isemcsi 0080/1bHO pac-
rpocmpaHeHHoU, ee Yacmo ucro/ib3yrm 07151 U3yYeHUsl Pas/iuYHbIX acriekmos namozeHesa u namomopghosioguu
duabema. V13secmHo, 4mo npu caxapHoMm duabeme rpoucxooum akmusayusi CB0600HOPacUKa/IbHO20 OKUC/IEHUST
6UOMO/IEKY/1, @ MakKXe ucmouwjeHue aHmuokcudaHmHoU cucmembl. MenamoHUH Moxem obe3spexusams akmus-
Hble (hopMbl KUC/I0POOA U r0BbILAaML aKMUBHOCMb @HMUOKCUOaHMHbIX (hepMEeHMOB.

Lenb uccnedosaHusi — u3ydums B/IUSIHUE ME/IAMOHUHA Ha OKCUOaHMHbLIU U aHmMUOKcuOaHmMHbIU cmamyc
KpoBuU B a/i/lokKcaHouabemu4ecKux Kpbic.

MemoOosbI uccnedosaHusi. Orbimbl POBEOEHbI HA Be/lbIX 6ECTTOPOOHbLIX 10/10803PE/IbIX Kpbicax-camyax. B
raasme Kposu orpedessiaiu cooepxaHue OKUC/IUMETbHOMOOUUUUPOBaHHbIX 6E/IKOB, akmuBHOCMb Uepy/1oMn/ias-
MUHa, 8 2eM0/Iu3ame 3pumpoyumos — cooepxxaHue TEK-akmuBHbIX POOYKMOB, akmuBHOCMb CyrnepoKcudouCMy-
masbl U kKamasasbl.

Pe3ynbmambl u o6cyxoeHue. Pe3ysibmambl HaWux ucc/iedosaHull mokasasu, 4Ymo 8 yC/108UsIX a/l/IOKCaHo-
B020 caxapHoz20 duabema ycususasiuch MPoYeccbl CBOO6OOHOPAOUKa/IbHbIX MOBPEXOEeHUl 6UOMOIEKY/], O YeMm
cBudemesibcmgoBasio ysesiudeHue Ha 7-0 u 14-0 OHuU sKkcrepumeHma cooepxaHusi TBK-akmusHbIX npoodyKmos u
OKUC/IUME/IbHOMOOUUUYUPOBaHHbIX 6E/IKOB B KPOBU a/i/IoKcaHouabemuyeckux Kpbic. Hapsidy ¢ amum Hab/rodasnu
CHWXeHUe akmusHOCMU Kamasiasbl, Yepy/ion/iasmMuHa U so3pacmaHue akmusHOCmU CynepoKcudoucMymassl 8
KpOoBU XUBOMHbIX duabemuy4eckol epynrbl. BeedeHue mesramoHUHa UMesI0 Mo/1oKUMe/bHbIU 3¢ghghekm Kak Ha 7-U,
mak u Ha 14-U OHU 3KkcrnepuMeHma, Ymo fposiB/Isi/IoCk yMeHbWeHUeM codepxaHusi TBK-akmusHbIX Mpodykmos u
oKuC/IUMeIbHOMOOUhUYUPOBaHHbLIX GE/IKOB B KPOBU KPbIC 110 CPABHEHUI C a/1/10KcaHOUabemuyeckuMU Xusom-
HbIMU. Kpome mo2o, npuMeHeHue MesiamoHuUHa crnocobcmsosasio HopMasiusayuu akmusHoOCmu aHmuUoKcudaHm-
HbIX hepMeHMOB 8 KPOBU KPbIC C a/I/IOKCaHOBbLIM CaxapHbIM 0uabemom: MOBbLILEHUI akKmUuBHOCMU Kamasiasbl U
yepysioniasmMuHa Ha QhOHe CHUXEHUST akmusHOCMU CyrnepoKcudoUCMyma3sbl M0 CPAaBHEHUIO C aslsiokcaHouabemu-
4YEeCKUMU XXUBOMHbIMU.

Bb1800. B yc/108UsIX a/I/IOKCaHOBO20 CaxapHo20 duabema U BBEOEHUST KPbIiCaM 3K302EHHO20 Me/IamOHUHA 8
0do3e 10 me/ke exxeOHeBHO B8 medyeHue 7-mu u 14-mu OHell Habsrodarom yMeHbUWeHUe cB0600HOPadUKa/IbHO20
OKUC/IEHUST U HOpMa/iu3ayuto akmusHoCmMuU ¢hepMeHmos aHmuoKcudaHmHoU 3aujumsl 8 KPOBU as/iokcaHouabe-
MUYECKUX XXUBOMHbIX.

K/TIOUEBbLIE C/TOBA: caxapHbIii gua6eT; MenaToHVH; a/i/IoOKCaH; IyTaTUOH; aHTUOKCU4aHTHasi cuctema.
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