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ABSTRACT

This study was aimed at evaluatitige effects of melatonin and azadirachta indica adntiaifon on serum
antioxidant parameters in streptozotocin inducedbétes in adult wistar rats. Forty five male Wistats were
used in the study. The animals were divided into tmain groups control group A and diabetic group The
animals in Group A were sub divided into group 132nd 4 and group B animals subdivided into ugré, 6, 7, 8
and 9 comprises of five rats per group respectivélsoup 1 received placebo orally once daily. Grdugextract
control) received 200mg/kgbw of extract orally gailGroup 3 (melatonin control) received 10mg/kgbfv o
melatonin intraperitoneally (IP) daily. Group 4 texct and melatonin control) received 200mg/kg kwextract
orally and 10mg/kgbw of melatonin IP daily. Grougdsabetic control) received 10ml/kgbw normal selidaily,
group 6 (extract treated) received 200mg/kgbw dfaex orally daily, Group 7 (melatonin treated) eseed
10mg/kgbw of melatonin IP daily, group 8 (extrantlanelatonin treated group) received 200mk/kgbwexbfact
orally and 10mk/kgbw of melatonin IP daily whileogp 9 (metformin treated) received 500mg/kgbw dfarmain
orally daily. The weight and fasting blood glucdeeels were determined at intervals of seven datythe end of 21
days of treatment, the animals were sacrificed dnhood samples collected from all groups and assayed
spectrophotometrically for serum concentrationrgfacellular antioxidants enzymes superoxide disgsei(SOD),
catalase (CAT) and glutathione peroxidase (GPx).Ifad peroxidation there was a significant rediact (P<0.05)
in serum MDAor the group treated with extract alone and whembinedand high significant value (P<0.001) for
melatonin treated group only. The study also showghificant increase (P<0.05) in serum intracedlul
antioxidants of the extract and melatonin treatngnatups alone for SOD and a highly significant \eal(p<0.001)
when extract and melatonin were combined. CAT gawignificant values (p<0.05) for melatonin and rext
treated groups alone aradhigh significant value (p<0.001)vhen extract and melatonin were combin&Px gave
significant value (p<0.05) of extract treatment o and highly significant values (p<0.001) for mefdn
treatment alone and when extract and melatonin werabined.

Key words: Biochemical, MelatoninAzadirachta indicaStreptozotocin, Antioxidant, Wistar rats
Abbreviations: SOD-superoxide dismutase, CAT- eatglGPx- glutathione peroxidase, DM- diabetesitug]ISTZ -streptozotocin
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INTRODUCTION

Diabetes Mellitus

Diabetes mellitus (DM) is a metabolic disorder afltiple aetiology, characterized by chronic hypgeglemia with
disturbances of carbohydrate, fat and protein naditah resulting from defects in insulin secretiorsulin action or
both. The effects of diabetes mellitus include lategm damage, dysfunction and failure of variougaas [1]. The
prevalence of diabetes mellitus varies considerablydifferent part of the world due to both genetiad

environmental factors [1]. Diabetes mellitus is Wmoto have affected Man for many thousands of yeahe

earliest recorded description of the symptoms wasd in the Ebers Papyrus of Egypt which dates bacs00

BC (Montague, 1983(2). However it was not until 8exond century AD that Aretaeus of Appadocia nathed
disease diabetes, the Greek word meaning ‘to floaugh a siphon’.

The World Health Organization’s committee on dialsetmellitus estimated that about 150 million people
worldwide suffered from diabetes mellitus in 199% goredicted that this number will rise to an aliagrfigure of
300 million by the year 2025 [3].

The search for natural antioxidative agents th#itameliorate the harmful effects associated wighdrglycaemia

still continues in spite of considerable prograsshie management of diabetes mellitus by synthitigs. Many

complications of diabetes result due to an increédisee radical load [4]. There is therefore an éasing preference
for whole plant extract among patients and protessls as these rarely produce side effects, raktegrtend to

protect the patient from the usual degenerativagbs [5].

Azadirachta indicaof the family- Meliaceae melioideae, is a mediuzesditree that is found throughout the South
Asian region, Africa and in Northern Nigeria. Piays studies have reported the beneficial effechzddirachta
indicaleavesin the management of diabetes mellitus and theiamaébn of the oxidative stress associated with th
disease [6]. This was explained by the presenterpénoids and saponins which have been found ftemntially
useful for the treatment of hyperglycaemia. Flavdna known antioxidant is present Azadiracta indicaleaves
and its extract is currently included in the pobrbal anti diabetic drugs being subjected to cdieticclinical trials

in Man

Melatonin has been shown to be a major scavengdrotif oxygen and nitrogen based radicals [7]-[§9];
including peroxynitrite anion (ONOO™ ) [10]-[11] afdi2]. Melatonin may influence diabetes and asgedia
metabolic disturbances not only by regulating imsslecretion, but also by providing protection aghireactive
oxygen species, since pancrediicells are very susceptible to oxidative stressabse they possess only low-
antioxidative capacity [12]. In developing coungriadequate treatment measures for diabetes mdliioften
unavailable or too expensive hence the need tdfdeshe viability of Azadirachta indicaethanolic leaves extract
and melatonin a known potent antioxidant as alteres to conventional antidiabetic drugs. Howe\Effects of
Melatonin andAzadirachta indicaAdministration on serum antioxidant parameterdiabetic subjects are yet to be
reported.Thus, our aim is to evaluate the effetimelatonin andAzadirachta indicaadministration on antioxidant
parameters in streptozotocin induced diabetestitt &distar rats.

MATERIALS AND METHODS

Fifty three young adult male Wistar rats, weigheggproximately 140g each were obtained from the Bacd
Pharmaceutical Sciences of Ahmadu Bello Universttgria. They were kept in plastic cages and allowed
acclimatize for 2 weeks in the Faculty of Pharmécal Sciences Animal house before the experimant
maintained under laboratory conditions of tempegthumidity and light. They were allowed free acto water
and standard pellet diet obtained from Grand Cerktld, Jos Plateau State. The animals were dividednine
groups of five animals each.

Acquisition and extraction of plant material

Leaves of fresiizadirachtaindica were harvested from Ahmadu Bello University Fagolt Medicine Zaria in the
month of April 2012 and authenticated at the Deparit of Biological Sciences, Ahmadu Bello Universfiaria,
with a voucher specimen number 900151. The FresleteofA. indicawere air dried, minced and powdered using
laboratory mortar. 1000g of the powdered leavesexascted in 1.5 liters of 80% ethanol using ahdetxextractor.
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This was filtered using a Whatman filter paper (28dmThe filtrate was dried in a laboratory watettbset at 67°C
and total yield of 46.8g was obtained per 1000thefpowdered leaves.

Chemicals

MelatoninM5250-1G (Sigma Aldrich USA), Streptozocin SPO{S0gma Aldrich, USA). CAT, Catalase Assay
kit, (North West life Science Specialties LLC). SO8Buperoxide dismutase Assay kit (North West litgeSce
Specialties LLC). Gluthathione Peroxidase Assay(&Px), (North West life Science Specialties LLG)DA,
Malondialdehyde, (North West life Science SpeasltiLC).

Diabetes induction

A baseline blood glucose levels was taken fortadl ¢ontrol and test animals before grouping thenis Was done
to ensure that the animals were all normoglycaeffiaty three Wistar rats were randomly selected @aere given
a single dose of intra peritoneal injection of gtozotocin, (STZ) (Sigma, Aldrich, USA), at 55mg/kgdy weight
in citrate buffer (0.1M, pH 4.5). The solution (STrZcitrate buffer) was used within 5 minutes tduoe chemical
diabetes in the wistar rats after overnight fastfigwelve hours. Blood samples were collected2ah@urs after
STZ treatment from the dorsal vein of the tail ahd blood glucose levels detected using a One Tallth 2

Glucometer, (Lifescan, CA, USA). Streptozotocinatesl adult Wistar rats with fasting blood glucoseel at

11mmol/L and above was considered diabetic. Twerght Wistar rats in this group were found to berofcally

diabetic giving an 84 % diabetic induction. Thesérals were further grouped into five groups okfiwistar rats
each (Group 5, 6, 7, 8, 9) called the diabetic grahile group 1, 2, 3, and 4 were the normal cdrgroups with

five rats per group.

Experimental protocol
Twenty five (25) diabetic animals and twenty (2@ymoglycaemic were randomly selected and divided imine

groups of five (5) animals each as follows:

Group 1: Normal control + normal saline orally

Groups 2: Normal A.Indica(200mg/kg bw) orally

Group 3: Normal + Melatonin (10 mg/kg bw) IP

Group 4: Normal + Melatonin (10 mg/kg b w) IPA+Indica(200 mg/kg b w) orally
Group 5: Diabetic control + normal saline orally

Group 6: Diabetic A. Indica200 mg/kg b w orally

Group 7: Diabetic + Melatonin (10 mg/kg b w) IP

Group 8: Diabetic 4. Indica200 mg/kg b w orally + Melatonin (10 mg/kg b w) IP
Group 9: Diabetic + Metformin (500 mg/kg b w) oxall

The extract and drug were administered once dailgfperiod of three (3) weeks respectively

Streptozotocin was selected to chemically induebeties since it potentially destroys fheells of the Pancreas to
produce diabetes signified by sustained hypergipia@bove 200mg/dl, (11mmol/L), [13].

The extract (200mg/kgbw) [13] was administered bggastric intubation once daily for three weeks le/hi
melatonin (10mg/kgbw) was administered intrapegtdly once daily for three weeks in all treatedug® while
metformin was the standard drug (500mg/kgbw). Tkgeemental animals were weighed weekly, at thet stad
during the experiment. On day 23, the animals weraanely sacrificed using chloroform.

Biochemical studies

Blood was collected at sacrifice through cardiasgbure into plain sterilized centrifuged bottlesiallowed to clot.
The clotted blood samples were centrifuged andseérem harvested for analysis to quantify the seemzymes
SOD, CAT, GPx and serum MDA levels.

Detection of oxidative stress markers

Malondialdehyde assay (MDA)

Malondialdehyde was assayed using North West kferi8e Specialties LLC, assay kit according to nfecturer’s
instructions.

Assay Preparation
Spectrophotometer was set at Wavelength of 514nim aviSpectral bandwidtks 2 nm, Resolution< 1 nm and
Heat block or water bath preheated to 60°C.
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Reagent Preparation:

TBA Reagent (2-Thiobarbituric Acid)

10.5 mL deionized water was added to the TBA botdlagnetic stir bar was inserted and mixed untilATBad
dissolved for 10 minutes approximately. This wasexl at room temperature.

Other Reagents
The Acid Reagent, (Butylated hydroxytoluene, 2,i-6ed-butyl-4-methylphenol, BHT, CAS 128-37-0) Ryemt,
Assay Buffer and Calibrators were supplied readyse.

Assay Protocol:

10 uL BHT Reagent was added to micro-centrifuge vidls0 uL Calibrator (sample) was then added to the vials
with further addition of 25@.L Acid Reagent to vials. 250 TBA Reagent was later added to the vials. Thesewe
vortex vigorously (5-count). These were incubated 60 minutes at 60°C and centrifuged at 10,090for 3
minutes. The reaction mixtures were then transfielwecuvettes and spectras recorded from 400-700 nm

Glutathione Peroxidase Assay
Glutathione Peroxidaswas assayed using North West life Science SpessaltiC, assay kit according to
manufacturer’s instructions.

Assay Preparation
Plate Reader Setup was set as recommendedVaivalength of 340 nnduration of 5 minutegterval with a 30
secondslata reduction and linear regressiemperature of 25 °C.

NADPH, (B-Nicotinamide adenine dinucleotide phosphate) Diluwg
This reagent was supplied ready to use.

NADPH Reagents

The entire contents of one NADPH diluents were dddeone NADPH Reagent bottle and the caps on ids v
secured. This was mixed briefly by inverting thetleo The WorkingNADPH solutionwere kept on ice to prolong
the useful life of the reagent during the procedure

H,0O, Reagent

3% hydrogen peroxide diluted as supplied 1:100 .02, mL 3% HO, to 2 mL Assay Buffer was marked as
Diltution 1, Dilution 1 was further diluted 3:108.¢. 0.3 mL Dilution 1 to 10 mL Assay Buffer), thigs marked as
Working H,O,.

Assay Protocol: Standard Procedure for Microplate Asay

All reagents were brought to room temperature #med microplates were removed from plastic bag.ubOof
diluted sample and controls were added to wellsuls®f Working NADPH was added to each well. pD of
Working H,O, were further added to each well and observed famidute, A4, for 5 minutes with a recording
interval of every 30 seconds. Glutathione perios&dGPx) activities were calculated from the a&t r

Superoxide Dismutase Activity Assay
Superoxide Dismutase activityas assayed using North West life Science Spessalti C, assay kit according to
manufacturer’s instructions.

Assay/Instrument Preparation: Spectrophotometer (Cwette Assay) Setup
Temperature was set at 25°C. The spectrophotorfieterabsorbance was set at 560 nm using disti€d

Plate Reader (Microplate Assay) Setup
Microplate Reader temperature was set at room teabypre and experiment carried out.

Reagent Preparation
The kit was allowed to warm up to room temperatumepletely before use.
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Assay Buffer and Sample Dilution Buffer
This was supplied ready to use. However, the redgetties were shaken and opened to air and repéate (4)
more times before use to saturate with 8ample dilution buffer was supplied ready to use.

Hematoxylin Solution:
Reconstituted hematoxylin was used as supplied WRmL (1200uL) of dH,O at room temperature and was used
within 6 hours.

Assay Protocol: Cuvette Assay

920 uL of Assay Buffer was added to each cuvette foapssA0uL of Assay Buffer were added for blank and
40uL of Sample. These were mixed and incubated for @)ominutes. 40L haematoxylin reagent was further
added to start the auto-oxidation reaction. Thaysssere mixed quickly and immediately the absocbarecorded
at 560 nm every 10 seconds for 5 minutes.

Microplate Assay

Sample and standard lay out were recorded..236f Assay Buffer was added to each well used déstihg and 10
pL of Assay Buffer to the blank and 1@ Sample. These was shaken to mix and incubated foinutes. 1QL of
hematoxylin reagent was further added with a mindtimel pipette to begin reaction. The assayed rmrsawere
mixed quickly and immediately the absorbance wksrtat 560 nm every 10 seconds for 5 minutes.

Employing a Control
The control samples were prepared, aliquoted arkfr at —20°C. These Control samples were assattiene
along with other samples and the final results radized with the control sample.

RESULTS

Oxidative stress markers

The table blow showed a significant increase ipesoxide dismutase (SOD), Catalase (CAT), glutaihio
peroxidase (GPx) due to the administration of nogliet andAzadirachtaindica extract as compared to low levels
obtained in the Diabetic control group (DC). Theeleof Malonaldehyde (MDA) showed a significant degse in
the treated groups as compared with the Diabetitralbbgroup (DC) where there was a significant @ase in
MDA.

Table 1 Effects of ethanol leave extract ohzadirachta indica and melatonin on serum antioxidant parameters of Minaldehyde (MDA),
Superoxide dismutase (SOD), Catalase (CAT), and Ghathione Peroxidase (GPx) in normoglycaemic and sgptozotocin-induced
diabetic wistar rats.

GROUPS MDA (IU/L) SOD (IU/L) CAT(IU/L) GPx(IU/L)

n=5

NC 1.340 + 0.812 1.640 £0.0927 47.20 +4.55% 50.40 +2.928
N+AI 1.440 + 0.092% 1740+ 0.1122 63.80+4.769 59.40 +2.676

N+ML 1450+ 0.0812 1.940+ 0.1536 55.40+3.429 68.00 +1.22%

NAI+ML  1.540 + 0.024%  1.720+ 0.0583 66.60 +4.15% 58.20 +2.437

DC 2.180 + 0.1655 1.380+ 0.0583 38.60+2.112 4580+ 1.241

D+Al 1.540 +0.067° 1.720+ 0.066° 64.80+2.85° 57.4(+2.27¢

D+ML 1520 +£0.0588  1.740+ 0.1166 64.40+3.370 65.80 +1.393

DAI+ML 1560 + 0.0812 1.820+ 0.1158 67.40+2.15% 64.40 +2.424

D+MF 1.820 + 0.086° 1.520 £0.086"  44.80 +3.82° 49.00 +1.04°
Values are expressed as mean 1SD; Values withréiffesuperscripts in a column are significantlyfeliént (p < 0.05); NC = Normal control +
normal saline orally; N+Al= Normal + Azadirachta dica (200 mg/kg bw); N+ML = Normal + Melatonin (10g/kg bw); NAI+ML= Normal
+ Azadirachta indica (200 mg/kg bw) + Melatonin (f@y/kg b w); DC = Diabetic control+normal saline;#Al=Diabetic+Azadirachta indica
(200 mg/kg b w); D+ML=Diabetic +Melatonin (10 mg/kgw); DAI+ML=Diabetic+Azadirachta indica(200 mg/kyw)+Melatonin (10 mg/kg b

w); D+MF=Diabetic + Metformin (500 mg/kg b w)

DISCUSSION

Lipid Peroxidation (MDA) Studies

Increased oxidative stress and impaired antioxidefense have been widely accepted and suggesfedtagpant
in the development and progression of diabetesthait complications [14]-[15]. Streptozotocin iscéassical
chemical diabetogenic agent which is use@ itells destruction and type 1 diabetes, due tgédtsctive cytotoxic
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effects on pancreatif-cells. Taken together, streptozotocin-induced elied increases oxidative stress through
generation of free radical [16], increase levelslipid peroxidation, decreased levels of superoxiitmutase,
catalase and gluthathione peroxidase [17], asageDNA single strand break

Malondialhyde is produced by peroxidative decompasiof poly unsaturated lipid. It is used as a kearof free
radicals in tissue damage and oxidative stress.l@\ed of malondialdehyde (MDA) significantly inaeed in the
animals of diabetic control group which was statidly significant when compared with the controbgp and the
Azadirachtaindica, melatonin and melatonin akdadiractaindica treated groups. In the treated groups, melatonin
group showed the least values followedArdirachtaindica while the combined group gives similar resultse Th
normal control for extract and melatonin gave samilesults to the treated diabetic group, excepnfetformin
treated diabetic group. The results obtained wienédas to those obtained by [15] which showed ttiaatment with
melatonin decreases and normalised the MDA levedsiacreased and normalised GPx levels in alloxauced
diabetic rats when compared with untreated rats.

The restoration of antioxidant status is an impdrfzarameter to evaluate the effect of anti-di@betimpounds. In
diabetes, the persistence of hyperglycaemia has teperted to cause increased production of frdeabs. Under
normal physiological condition there is a crititalance in the generation of oxygen free radicatkits antioxidant
defense systems used by organisms to deactivatepanidct themselves against free radical’s toxigit$).
Impairment in the oxidant/antioxidant equilibrium favour of the former provokes a situation of @tide stress
which is known to be a component of molecular aalfutar tissue damage mechanisms in a wide spectium
human diseases, and contributes substantiallyetpathogenesis of diabetic complications [19[-[20].

Serum Antioxidant Studies (SOD, CAT, GPx)

Result from the study for SOD, CAT and GPx from #madirachtaindica and melatonin treated diabetic groups
resulted in significant increase in serum levelsthie enzymes in diabetic treated rats. SOD levetseased
significantly in melatonin and extract combinedatesl group, melatonin treatment alone @z@dirachtaindica
extract treatment alone when compared with diabagdittrol group which showed decreased enzymes salie
similar result for the normal control treatmentgpe was obtained when compared with the diabetated groups.
The results showed that melatonin afAdadirachtaindica ethanolic extract have antioxidant potentials with
normalization of these elevated liver enzymes whead therapeutically. When the extract was combitieel
highest values in the elevations of SOD, CAT andx G the serums of the treated rats showed thaf the
complemented each other and potentiated removiaéefradicals better. SOD destroys free radicgeixide by
converting it to hydrogen peroxide that is furtlilmcomposed by CAT and GPx, thereby improving aidsmnt
levels in the serum and detoxifying generated feslicals released by STZ induced hyperglycaemtaendiabetic
rats.

CONCLUSION

It can be concluded that the administratiomAaidirachta indicaethanolic leaves extract and melatonin separately
and when combined, showed increased levels of santioxidants (SOD, GPX and CAT) and a decreasén
levels of malondialdehyde (MDA) as evidenced in siedy. Ethanolic extract ¢k indica leaves and melatonin
possesses therapeutic effects in STZ induced dislreiadult Wistar rats
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