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ABSTRACT

Food derived antioxidants have a strong potentféa on the long term as chemo preventive agentiisease
states involving oxidative stress. This study wasedo evaluate the brain oxidative stress indumgdtreptozotocin
(STZ) in rats with consequent changes in brain oansmitters and examined the potential protectivie of
qguercetin (QCT) against the changes STZ inducetty Foale albino rats were used in this study andd#id into
four groups (10 rats in each group) as follow: Gpol (control group) received a vehicle, group llu@gcetin
group) received daily intra peritoneal injection QCT (15 mg/kg body weight/day), group Il (diabegiroup)
diabetic rats received a vehicle, group IV (treatgdup) diabetic rats received a daily intra perital injection of
QCT (15 mg/kg body weight/day). After 8 weeks, dyloarine and brain tissues samples were collected.
Oxidant/antioxidant parameters were determinedudedd DNA damage by measuring urinary8-hydroxyguaeos
(8-OHdG) by Reverse-phase high-performance lighiebmatography (RP-HPLC) analysis using electrocloami
detector. Brain neurotransmitters were estimatedRItHPLC and UV detection. The current data appéahat,
STZ effectively increased oxidative stress parammeaong with disturbances in brain monoamines. Qetn
injection attenuated these elevation, thus a sicgnit decreased was observed in oxidative stresanpeters and
brain neurotransmitters in treated group compareddiabetic one. We concluded that quercetin seemseta
highly promising agent in protecting the diabetats against oxidative damage and in preventingudigtnces in
brain monoamines due to STZ induced diabetes.
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INTRODUCTION

Diabetes mellitus, the high incidence of microvdacwand atherosclerotic disorders have been agsdciaith
increased oxidative stress [1] which is generattiikauted to the formation of the highly reactivednoxyl radical
(OH-) [2].

Streptozotocin (STZ) induces its diabetogenic @gtimainly by inducing oxygen free radical and dagsnecrosis
of the pancreas. Both the radical and non-radicédants can induce lipid peroxidation particulad§ those
lipoproteins that contain unsaturated fatty acwdsich in turn stimulates glycation of protein [8Jp)d DNA damage
which was estimated by several ways[4], [5].

A potentially mutagenic DNA base, 8-hydroxyguanesf@-OHguanine or 8-oxo guanine) is repaired, sgddrom
the cell, and eventually excreted via the urinetlas base (8- OH-guanine) or the nucleoside, 8-hydi®-
deoxyguanosine (8—OH-dG, 8—-o0xo0—-dG). The urinarytestrof 8—-OH-Dg represents an average rate of tixela
damage to guanine in the form of the free nucleofttGTP) and in DNA [6].
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Some tissues, especially the brain, are much maleerable to oxidative stress because of their awéal/
consumption of oxygen and the consequent generafidarge amounts of ROS, which are closely impédain
several diseases of the nervous system includifgridan’s disease, schizophrenia and Alzheimessale [7].

Chronic antioxidant therapies may be useful in éasing the risk of diabetic complications and hasen reported
to attenuate inflammatory response, insulin resggtaand diabetes development [8].

Dietary supplement of antioxidants such as vitamitasonoids has been used to prevent the occwerehenany
chronic diseases [9]. Flavonoids are a large gafupatural polyphenolic substances widely distrdolin the plant
kingdom [10]. Querectin (QCT) is one of the mosdely distributed flavonoids, present in foods, utthg

vegetables, especially onions, fruits, tea, andynadiner dietary sources [11].

Thus, from this point of view, we aimed to evaludtee brain monoamines levels and oxidative stress i
experimental diabetes induced by STZ in rats arainétxed the potential protective role of quercetjaiast the
changes STZ induced.

EXPERIMENTAL SECTION

Materials

Chemicals

Noradrenalin, dopamine, serotonin and 8-hydroxygeare HPLC standards, streptozotocin (STZ) andogtie
were purchased from Sigma Aldrich Chemicals Comitrlyouis USA. All other chemicals were HPLC graatel
purchased from Sigma.

Experimental animals:

Sixty male albino rats weighing 180-200 g were ot&td from the animal house of National Research&efbiza,
Egypt, and fed a standard commercial diet (cordief) purchased from the Egyptian company of oild aoaps.
Water was available ad-libitum for acclimatizatidrefore starting the experiment, kept under constant
environmental conditions at room temperature.

The guidelines of the ethical care and treatmenhefanimals followed the regulations of the ethamanmittee of
the National Research Centre (NRC).

M ethods

Induction of diabetes

STZ was dissolved in 50 mM sodium citrate solutfphl adjusted at 4.5) containing 150 mM NaCl. Thhtson
containing (6.0 mg/100g body weight) was subcutasoadministrated in rats; fasting blood sugar estimated
after 3 days to confirm the development of diabeteslitus [12].

Experimental design
Forty male albino rats were used in this studydimitled into four groups (ten rats in each groupjalows:

Group | (control group): healthy rats received hieke.

Group Il (quercetin group): healthy rats were reedia daily intra peritoneal injection of QCT (1®/Mg body
weight/day).

Group Il (diabetic group): diabetic rats receiauehicle.

Group IV (treated group): diabetic rats were reediwa daily intra peritoneal injection of QCT (15 /kw body
weight/day) [13].

After the experimental period (8 weeks) [14], arlBnaere kept in metabolic individual cages for eotlon of 24 h
urine samples, they were kept fasting for 12 h teefdood sampling; blood was withdrawn from theaeirbital
venous plexus of the eye using capillary tubes@iiécted in tubes containing sodium fluoride féwdd glucose
estimation.

Biochemical assays

Fasting blood sugar was estimated by colorimetrethmd using commercial kit purchased from Vitro eBti
Egypt, based on the method described previously [Okidant/antioxidant parameters were determingd b
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commercial kits; brain malondialdehyde (MDA) [16lperoxide dismutase (SOD) [17] and nitric oxid©JN18]

were estimated by colorimetric methods accordinghto methods described previously .All kits werechased
from BioMed. Diagnostics. Brain advanced oxidatmotein products (AOPP) as a marker of oxidativesst was
measured by ELISA kit [19].

Deter mination of Brain M onoamines

Determination of brain serotonin, noradrenalined @opamine was carried out using high performangeid
chromatography (HPLC) system, Agilent technolodi&@80 series, equipped with a quaternary pump (Quatp,
G131A model). Separation was achieved on ODS-redgpbase column (C18, 28x6 cm i.d. 5 pm). The mobile
phase consisted of potassium phosphate buffer/meit8a/3 (v/v) and was delivered at a flow ratel ahl/min. UV
detection was performed at 270 nm, and the injpatmume was 20 ul. The concentration of both daimines
and serotonin were determined by external stanaettiod using peak areas. Serial dilutions of etatdard were
injected, and their peak areas were determinedinédat standard curve for each standard was cometiuzy
plotting peak areas versus the corresponding coratems. The concentration in samples was obtafrat the
curve.

Estimation of urinary 8-hydroxyguanosine by HPL C:

Protocol for urinary 8-hydroxyguanosine (8-OHdGalgsis was modified from the method described kee{an].
8-OHdG was extracted from 1 ml urine; eluents wikied under ultrapure Nstream and were reconstituted in 5 ml
deionized water. 20l from each sample and also from the different eoti@ations of the standard were injected in
HPLC, and the concentration of urinary 8-OHdG wakwated from the standard curve and then waslelizion
the urinary creatinine. Urinary creatinine wasraatied by kinetic method as described by LarsenLZ1].

HPL C condition:

HPLC column C18 (260 x 4.6, particle sizeuj using mobile phase acetonitrile/methanol/phosphauffer
(25/10/965) viv. Phosphate buffer was preparedissot/ing 8.8 g of potassium dihydrogen phosphat&G00 ml
deionized water and pH was adjusted at 3.5. Thizbufas then filtered 2 times before being used thdw rate of
1 ml/min using electrochemical detector with celtgntial of 600 mV [4].

RESULTSAND DISCUSSION

Diabetes mellitus is a complex disease associatddperipheral and central complications. These garations
include retinopathy, nephropathy and neuropathy [7]

Streptozotocin (STZ, 2-deoxy-2-(3-methyl-3-nitroseldo)-Dglucopyranose), is synthesized by Stregustes
achroniogenes and has been long used to geneiatal anodels of diabetes [22]. Streptozotocin-indliceabetic
animals exhibit most of the diabetic complicati@B]
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Fig. (1) : Fasting blood sugar in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticogp.
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Fig. (2) : MDA in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticogp.
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Fig. (3): AOPP in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticogp.

100 A
90
80

70

60 4
50 4

nmol/ g.tissue

40 -
30 A
20 A
10 A

‘ O control B Quercetin B Diabetic & Treated ‘

Fig. (4): NO in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticgp.
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Fig. (5) : 8-OHdG in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticogp.
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Fig. (6) : SOD in different studied groups
Significant p value < 0.05, a* = significant difience compared to control group,
b* = significant difference compared to diabeticogp.

Table (1): Brain monoamineslevelsin different studied groups

Groups Control Quercetin | Diabetic Treated
Noradrenaline (ug/g tissug 2.10 £0.09] 2.04+0.4 [ 4.32+0.6 | 2.71+0.2
Dopamine (ug/gtissue) | 3.44+0.32 | 3.29+0.49 | 7.21+0.15 | 4.1+ 0.23
Serotonin (ug/g tissue) | 2.87+0.29 | 2.88+0.64 | 6.92+0.44 | 3.7+ 0.19
Results are mean + SE , eight rats were used par geoup. Data were analyzed by one way ANOVA. BS ias considered statistically
significant. P <0.05 vs. control groupP <0.05 vs. the diabetic group.

Several investigations have confirmed the role xitlative stress in developmental diabetic mediatesdrders,
possibly via the formation of free radicals [7].uBh we evaluated the brain oxidative stress indlge8TZ in rats
with consequent changes in brain neurotransmittedsexamined the potential protective role of getincagainst
the changes STZ induced.

In This study, the mean value of fasting blood swgas significantly increased in diabetic rats canggl to control
(Figure 1)

Increased oxidative stress could be one of the commpathogenic factors of diabetic complications| [22xidative

damage is generally attributed to the formatiohighly reactive OH which leads to severe oxidatieenage of the
cell's components like lipids, proteins and DNA][ZBhese results were in agreement with our restlitss in this

388



Jihan Hussein et al J. Chem. Pharm. Res., 2014, 6(10):384-390

study STZ significantly increased the oxidativeessr parameters (brain MDA, AOPP and NO and urigary
OHdG), in addition to the reduction of brain SOty in diabetic group compared to control (Figar2-6).

Measurement of brain MDA helps to assess the extetissues damage of diabetic rats and can lzecklto
overproduction of lipid peroxidation and declinegtiaxidant enzyme ( SOD) observed in diabetic @8 be
attributed to increased membrane lipid peroxidafioocess and thereby contributing to alteratiomntioxidant
status [26]. The elevation of urinary excretion80OHdG in this study reflects mitochondrial oxid&tidamage
[24].

In recent years, the injuries of the central nasveystem induced by diabetes has drawn moretiatiecand a lot
of data show that , the patient may have damagednitive function, mainly the dysfunction in leangi and
memory [27].

In this study, STZ induction significantly incredslrain monoamines in diabetic group compared tdrob This
result was in agreement with a previous study {28th indicated that, diabetes alters the catechinlergic
system in a very specific manner.

Quercetin, a polyphenol of the flavonol group iarfd in abundance in green vegetables, green teas #iuits, and
red grape wine. Its protective role has been repoit animal models of diabetes. In the preserdystve have
shown that quercetin works as an anti-diabetic eigentargeting both hyperglycemia and oxidativeess, this is
shown by the reduction in fasting blood glucoselswn the quercetin supplemented group.

Concomitantly, Abdalla et al.[29] indicated thatfieqcetin prevents alterations in oxidative stresmmeters as well
as neurotransmitters parameters, consequently miege memory impairment and anxiogenic-like behavio
displayed by STZ. These results may contribute beether understanding of the neuroprotective rélguzrcetin,
emphasizing the influence of this flavonoid in thiet for human health, possibly preventing brajoniy associated
with diabetes.

It has been shown that quercetin scavenges reamtiygen species and reduces oxidative DNA dan@jeas was

found in our study. Various reports suggest tharcetin passes through the blood-brain-barrieriafidences the
neuronal cells directly. Indeed, a higher conceiutnaof quercetin metabolites appears in the bediar several
hours of administration of quercetin [31].

Quercetin inhibits lipid peroxidation and preserbesin antioxidant enzyme hence there is a sigmitielevation in
brain SOD in the quercetin treated group in theenirstudy. This proves the two important actiohguercetin in

oxidative stress i.e., quenching of reactive oxygpacies and enhancing the cellular antioxidantroesf system.
The antioxidant efficacy of quercetin is reportede due to its higher diffusion into the membrgi3@$ allowing it

to scavenge oxygen radicals at several sites thautgthe lipid bilayer; and its pentahydroxy flagostructure
allowing it to chelate metal ions via the orthoydlloxy phenolic structure, thereby scavenging lipikloxyl and

peroxyl radicals [33].

A novel mechanism for quercetin induced cytopratechas been described involving the sterol reguwatlement
binding protein-2 (SREBP-2) mediated sterol syrith#sat decreases lipid peroxidation by maintaimmgmbrane
integrity during oxidative stress [34]. In additiaruercetin metabolites can inhibit peroxynitritedrated oxidation,
similar to free quercetin and confirming that flaeids can protect against reactive oxygen spe8igs [

CONCLUSION
The current data appeared that, STZ causes antiele\d oxidative stress parameters in rat's besnwell as a
depletion of antioxidant enzymes resulting in dig&inces in brain monoamines level. Pharmacologigahts like
flavonoid quercetin, capable of scavenging freeicadd and/or inhibiting lipid hydroperoxides, anbeteby
protecting neurons from oxidative injuries may pdavuseful therapeutic potentials for the preventio treatment
for the neurodegenerative disorders caused bysstres
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