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ABSTRACT

Parkinson's disease is characterized by dopamiwetgllloss in the substantia nigra the basal ganglia. Natural
dietary antioxidants may exert protection againgé-aelated deficits in cognitive and motor functidfresent work
conducted to evaluate the effects of some natuayets in animal model of Parkinsonism which irgllic by
rotenone injection (1.5 mg/kg s.c). Rats divided Bigroups: - control: rats injected with rotenone 6 doses every
other day for 11days,"®normal: rats injected i.p. with 1% cremophor, jeicted s.c. DMSO. "34™ 5" 6 rats
given deprenyl (10 mg/kg, s.c), naringenin (50 mgfko), harmine (5 mg/kg, i.p) & adenosine (500kygi.p) 6
doses every other day for 11 days, 1 hour befotenane injection. 2% after the last doses of all treatments,
behavioural tests, rotarod and activity cage penied .At the end of the experiment, rats decapitated brain
removed for determination of brain neurotransmat@ontent as dopamine and its metabolite [dopartid#®), 3,4
dihydroxyphenylacetic acid (DOPAC) and homovardbe (HVA)] and oxidative stress biomarkers astaflione,
malondialdehyde, nitric oxide (NOx) contenResults revealed that deprenyl and naringenin oupd rats'
locomotor activity, while, harmine and adenosinerdased the locomotor activity. Deprenyl, harminaiingenin
improved rats balancing time. Deprenyl and naririgencreased the dopamine content. Deprenyl, naniig, harmine
and adenosine treatment resulted in increased tilidae with decrease of malondialdehyde brain cant&hese
findings suggested that all three tested agentsrawgal the oxidative status induced by rotenone, evew
naringenin and harmine counteracted the decreasiopamine content.
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INTRODUCTION

Parkinson’s disease (PD) is the most common negsryd®ative movement disorder with a prevalence®fl® in
individuals of 65 -96 years and 1-3% among indigiduof 80 yearg55 ]. It is clinically characterized by four
cardinal features: Resting tremors, postural inktgbbradykinesia— these symptoms are attribupednarily but
not exclusively to the selective loss of dopamifergeurons in SNc (50-70% of dopaminergic neuromgjich
believed to be the most crucial| 13 , 56].Surviving neurons may contain Lewy bodies, inttaplasmic protein
aggregates mainly composedos$ynuclein and believed to be a second neuropaifeabfeature of PI) 64 ,69].
The hypotheses for sporadic PD include combinatafnfie aging process, genetic propensity and enwiental
exposures hypothesis which posits that exposupesticides appears to correlate strongly with iaseed incidence
of Parkinsonism [ 22, 23 , 63 for example, The pesticide rotenone, a highlgcéle complex | inhibitor may
produce neuropathological features of PD in rétsg7 ].
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Based on several studies of cellular model analysi in vitro experiment, it has become obvious the toxic
effect of rotenone is multifactorial; the insedfieimight express its toxicity via the inhibition a@dmplex | or the
enhancement of activated microglia or the incregsediuction of ROS or the increased oxidative damafy
proteins, lipids and DNA74].Hence Rotenone is used in the current work asnithection model of PD. Rotenone
is a commonly used organic pesticide extracted ft@mguminosaeplant and has a variety of known biological
effects[ 54 , 65].

Neuroprotection can be considered a form of thetaglow the rate of progression of a neurodegeiverdisease.
Concepts of potential neuroprotective approachePfhave developed over the last decade and fdausagents
that reduce oxidative stress, combat excitotoxiatyhance mitochondrial function, counteract inflzation and
inhibit apoptosis. Currently available anti-parkingan agents exert several undesirable side effeébie
development of safe and effective agents of natar@in may provide a better way to improve theiguats
condition and lessen side effects.

Treatment with the plant extracts rich in polynwetflated flavones, procyanidins and isoflavoneg.(&ngeretine
peel and red clover) significantly attenuated tHeHDA-induced dopaminergic loss in rats [12]. Therevidence
that some phenolics can cross BBB. Several anitdies claiming that monophenols (hesperitin andhganin)
can enter BBB [84 However, polyphenols found in fruits such as bkrees are not only powerful antioxidants but
can exert many other biological effects that magoaat for some of the neuroprotective actions. iiitg stress
signaling and neuronal communication, suggeststtieatlietary antioxidants may exert protection agjapre-age
related deficits in cognitive and motor functiorb[344

Naringenin (4-oxo, 5,7-trihydroxy flavonone) is kamt bioflavonoid that belong to tledass of flavonoids found in
grapefruit[ 17]. Studies by Youdinet al. [80 ,81]indicated that naringenin is able to traverse tB8BNaringenin
have already been pharmacologically evaluated gsotantial antioxidant[61 ],through direct and indirect
antioxidant activity corresponding to several stepthe cascade of oxidative events as well asauagenerative
processes like Alzheimer's, dementia and Parkirssdiseasef33 ,78 ].

Harmine is one of thp-carbolines which is a class of alkaloids, knowrhasnala alkaloids, bind with high affinity
receptors in the brain such as 5-hydroxytryptamemeptor subtypes (5-H,T5-HT;,), imidazoline receptors and
glutamate receptor of the type N-methyl-D-aspari@&IDA) [14, 25, 47 ]. Therefore, B-Carbolines protect
neurons against the excitotoxic effects of dopanainé glutamate [45], influence cerebral neurotratiers [70 ]
and display a protective effect on oxidative neafotlamage through a scavenging action on reactiygen
specieg38, 42 ,58].

Adenosine is an endogenous purine nucleoside toaulates many physiological processes. Studiesestigigat
some degree of dopaminergic activity is neededbtaim adenosine antagonistic-induced motor actiitythermore,
blockade of dopaminergic neurotransmission couctterlie antagonistic effect induced by adenogl®e]. Thus, it
seems that monotherapy withfantagonists may only be useful in the early stage3arkinson’s disease while
selective antagonists of the adenosing #eceptors are widely used in treatment of Parkitssdiseas¢21,36]

Therefore, it seemed interesting to test the neuoteptive effects of naringenin (50 mg/kg, p.o)srhime (5

mg/kg,i.p) and adenosine (500 mg/kg, i.p) in roteninduced PD animal model. The effect of the tlihems was
compared to that of deprenyl, a standard antipadsian drug with known antioxidant properties. ey to

achieve the goal of the present study, PD was edlilc rats using rotenone (1.5 mg/kg, s.c) disgsbineDMSO

injected on every other day for eleven days. Badralichanges which might occur as a result of tiu¢ed
disorder were recorded using the rotarod and theitgacage tests. Furthermore, dopamine contedtitarmetabolites
in rats' striata were estimated. Brain oxidativesst biomarkers namely, malondialdehyde, reduagdtiglone and nitric
oxide were also assessed.

MATERIALS AND METHODS

Animals:

Adult male albino Wister rats, weighing 180-20gtained from the animal house of the National RegeCenter
(Dokki, Giza, Egypt), were used in the current gtuglats were allowed at least one week of acclzatitn before
using them in the current experiments. All aninfadsised in plastic cages five per cage and keptdonaitioned
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atmosphere at 25°C and 60% humidity. The animate fiexl standard laboratory pellets (20% proteifs fats and
1% multivitamins) with tap water ad libitum. Peflewvere obtained from the animal house colony ofNaé&onal
Research Center (Dokki, Giza, Egyphimal procedures were performed in accordance thighEthics Committee
of the National Research Centre and Ethics Comendfd-aculty of Pharmacy Cairo University.

Drugs and natural products:

All drugs, unless otherwise specified are purchdsath Sigma Chemicals Co.,St. Louis, MO, US. Alittagents
were freshly prepared in 1% camphor in normal sadiither for subcutaneous, intraperitoneal or adahinistration
except for rotenone that was dissolved in dimethiggide (DMSO) for subcutaneous administratione Boncentration
was adjusted so that each 100 gm body weight el of drug suspension for oral administratiod 8.2 ml for
intraperitoneal and subcutaneous injections.

Experimental Design

Behavioural training session:

Rats were subjected to three days training ses$ieftge injection of the tested drugs using rotarimadorder to
reach a stable performance on the rod, and orotiehfday rats were placed in the activity cagbabituate them
to the apparatus and to record their basal activiy.

Treatment:

On the fifth day of the training sessions, ratsemdivided into six groups, 15-20 rats each as Wahg: 1°control
(rotenone) group: rats were injected s.c. witlemohe (1.5mg/kg), 6 doses, every other day foreeledays to
induce experimental PD [72]"2normal group: rats were injected i.p. with 1% cogimor in normal saline, and
injected s.c. with equivalent voluno€ DMSO. 3% 4", 5" 6" groups: rats were given deprenyl 10 mg/kg, s@ ][4
naringenin 50 mg/kg, p.Jo84], harmine 5 mg/kg, i.p52] and adenosine 500 mg/kg, [§8] respectively 6 doses
,every other day for eleven days,1 hour beforermmbe injection.

Behavioral tests:
Behavioral tests namely rotarod for measurememabr coordination and activity cage to test locton@ctivity
were performed to surviving rats twenty four hoafter the last dose of the treatments.

- Rotarod test:

All rats used in the present study (except forietg) were pre-trained on the rotarod apparatusder to reach a
stable performance (the average time in secondg gpethe rod). The training consisted of threesiees on three
consecutive days before the injection of the teslred)s, where each session included three sepasiteg trials.
Rats were first habituated to the stationary rod then accelerating speed was initiated at 4 rpchiacreased
gradually to reach 40 rpm over 300 seconds. Byasietraining session all selected rats had reaalstdble rotarod
performance and the average time spent on the rroithd three consecutive trials was used for theslives
calculation of rotarod performance [43]. Twenty ffdwurs after the last dose of the tested drugswatre then
placed on the testing rod, starting at 4 rpm amnelacated linearly to 40 rpm over 300 seconds.

- Activity cage test:

The basal activity counts of rats were pretested b minutes interval the day before the expertnemabituate
them to the apparatus; they were adapted for 5 tesnand the basal activity counts were then recbfde 10
minutes [37. Twenty four hours after the last injection of thested drugs, each rat was then exposed to the
apparatus for 10 minutes test session. The aremsacleaned after each session [31]. Locomotor agtiwas
calculated as the total rat activity counts dudgminutes using grid floor detecting activity cage

Brain tissue preparation: at the end of the experiment, twenty four hoursrd#ist injection of treatments rats were
decapitated, their brains were carefully removed hoth hemispheres were isolated according to tethoal
described by [51]. Isolated striata were weighetlimmediately frozen on dry ice then stored atG8@5r determination of
biochemical analysis and oxidative stress biomarker

Biochemical analysis of the brain tissue homogenatéeft striata homogenate was uded the determination dbrain
neurotransmitters [dopamine (DA), 3,4 dihydroxypltecetic acid (DOPAC), homovanilic acid (HVA) conts] (Perkin-
Elmer, USA). While, right striata homogenate wasdufer assessment of oxidative stress biomarkedsi¢ed glutathione,
malondialdehyde and nitric oxide content] as fellow
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Estimation of brain neurotransmitters

Dopamine and its metabolite contentsdopamine and its metabolites (DOPAC and HVA) inasit homogenate
were determined according to the method describedPdgelet al, [57]. Dopamine turnover was calculated
according to the method described by Zbaeskal., [ 84].

Estimation of oxidative stress biomarkers:-
1.Glutathione content
GSH in striatal homogenate was determined accorditige method described by Ahmetdal,, [3 ].

2. Malondialdehyde content
Determination of lipid peroxides formation was measl in brain homogenate as thiobarbituric acicctiea
substances (TBARS) according the method of Mihathldchiyamdg49].

3. Nitric oxide (NOx) content
Nitric oxide was determined according to the mettieslcribed by Mirandet al, [50].

Statistical Analysis

All the values are presented as means + standeod @rthe means (mean + s.e). Comparison betweme mhan
two different groups was carried out using the peateric one-way analysis of variance (ANOVA) follesv by
Tukey HSD multiple comparisons test. For behavip@ameters, square root transformed percent weslaged
[34] then comparison between more than two diffeggoups was carried out using the non-parametere&way
analysis of variance (ANOVA) followed by Dunn's rtiple comparisons test. Difference was consideiguifscant
when P is less than 0.05. SPSS software (versiraid INSTAT software (version 2) were used toycaut these
statistical tests.

RESULTS

1. Effect of naringenin, harmine and adenosine tregment in locomotor activity and motor coordination in
rotenone-treated rats

Locomotor activity

Subcutaneous injection of rotenone (1.5 mg/kg, feiceleven days on every other day for a totasigfinjections
significantly decreased the locomotor activity atsr reaching 34.57 % of their basal locomotor #gtiBoth
deprenyl and naringenin significantly improved réd€omotor activity to be 150 % and 130.6 % oftthmthe
control (rotenone) group. While, both harmine addresine significantly decreased the locomotowigtof rats
to be 72.5 % and 58.1 % of that in the rotenonérobgroup (Table 1).

Motor coordination

Rotenone injection significantly decreased the thetey time of rats reaching 35.80 % of their bdsdhncing time.
Simultaneous injection of deprenyl or harmine witkenone increased rats' balancing time t0103.49141.76 %
of their basal balancing time respectively. On titleer hand, naringenin (50 mg/kg, p.o) or adenosgijextion
together with rotenone decreased the basal bakgatiche of rats to be 64.31 and 56.7 % of their baséancing
time respectively. Both deprenyl and harmine sigaiitly improved rats balancing time to be 171.68 477.96 %
of that in the control group. While, both naringemind adenosine didn't have a significant effectnenbalancing
time of rats as compared to control group (Table 2)

2. Effect of naringenin, harmine and adenosine onapamine (DA), 3, 4 dihydroxyphenylacetic acid (DOPS),
homovanilic acid (HVA) contents in the striata of otenone-treated rats

Rotenone injection decreased dopamine content irath striata to 1.67+0.09 pg/g wet weight as emetpto normal group,
in which dopamine content was 7.29+ 0.28 ug/g weights. Similarly, DOPAC and HVA contents were i@atll to
0.11+0.007 and 0.024+0.002 ug/g wet weight resgbgtin the rotenone-treated rats, compared tairthtée normal group
which was 0.76+0.03 and 0.046+0.03 pg/g wet wegggectively. On the other hand, dopamine turn@ater(TO), showed
any significant changed in rotenone-treated ratywdompared to the normal group .

Oral administration of naringenin , together witkenone injection significantly increased dopansimetent in rat striata to
518.56 % of the control group, while DOPAC and He@xtents didn't significantly change as comparezbidrol group.
On the other hand, dopamine turnover rate wasfis@nily decreased to 13.75 % control group (Tak)e Also
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administration of harmine simultaneously with rates injection was associated with a significantéase in dopamine
content to 690.04 % and a significant decreaseopémine turnover to 11.25 % of the control groughilgVdopamine

metabolites didn't significantly change as compaoedontrol group (Table 4). On the other handnesdi@e injected

simultaneously with rotenone didn't induce anyifigant change in the level of dopamine, DOPAC, Adbr the rate of

dopamine turnover as compared to control groupléTah

3. Effect of naringenin, harmine and adenosine tregment on oxidative stress biomarkers in rotenone-gated
rats

1. The effect on reduced glutathione content

Rotenone injection significantly decreased glutatki content to 0.026+0.001 mg/g wet weight compésetbrmal
group in which glutathione content was 0.075+0.008/g wet weight. Deprenyl injected simultaneousith
rotenone, induced a significant increase in glibad content to 223.07 % of the control group. &iry,
simultaneous administration of naringenin with notee injection showed a significant increase intagthione
content to 284.61% of the control group (Table&mnistration either of harmine (Table 7) and ad@me (Table
8) simultaneously with rotenone significantly inased glutathione content to 211.53 and 326.92 $#eotisely of
control group.

2. The effect on malondialdehyde (MDA) content:

Injection of rotenone (1.5 mg/kg, s.c) for elevays on every other day for a total of six injectigignificantly
increased malondialdehyde content t0146.35+11.38I/mmh wet weight compared to normal group in which
malondialdehyde content was 40.75+4.33 nmol/ml welight. The injection of deprenyl (10 mg/kg, s.c)
simultaneously with rotenone induced a significdatrease in malondialdehyde content in the raitattd 31.02 %
of control group. Similarly, simultaneous admirasion of naringenin (50 mg/kg, p.o), harmine (5ngg/kp) and
adenosine (500mg/kg, i.p) with rotenone showedyaifstant decrease in malondialdehyde content t85429.44
and 82.36 % respectively compared to that in therobgroup ( Table 6,7,8).

3. The effect on nitric oxide (NOXx) content:

Rotenone subcutaneously injected at a dose ofniykg) for eleven days on every other day for altof six

injections didn't significantly decrease nitric de&i content compared to normal group. Deprenyl (kg s.c)

simultaneously injected with rotenone didn't affectitric oxide content in the rat striata as comepato control

group. In addition, combination of rotenone withyasf the three agents didn't induce any significeiminge in

nitric oxide level as compared to control group. tBa other hand, deprenyl, naringenin, harmineadehosine as
compared to normal group (Table 6, 7, 8).

DISCUSSION

In the present study, injection of rotenone (1.9kpgs.c) into rats for eleven days on every otlegy for a total of
six injections resulted in a significant decreas®tomotor activity tested by the activity cagbe¥e findings are in
agreement with Flemingt al.[20]. Also, rotenone treated rats, induced a dessréia the time spent on the rotarod
and these results are in accordance with a prestudy that showed that rotenone (1.5 mg/kg,isjegted every
other day for eleven days showed a decrease inlenasordination and stayed for a shorter periodaiarod as
compared to the normal animd$6]. As regard striatal dopamine concentrations rotenajetion induced a
decrease to 22.9 % and these findings are in istens with those obtained by Abd El-Gawetdal [1]. Concerning
dopamine metabolites (DOPAC and HVA), results & pesent study showed a significant decrease iRAIO
and HVA levels in striatum after rotenone treatmeile ,DA turnover ( the ratio DOPAC+ HVA/DA) wa$n
significantly changed. These results may be atteith to a defect in substantia nigra pars compg&ttie) that may
result in a decreased capacity to release DA irstfi@tum and thus a decrease in its metabolitateod [79]In the
present study, striatal GSH content was reduc&d 16 % in the rotenone treated group as compar#tetnormal
group. This finding is in harmony with a previodsdy reporting that rotenone induced about 49 %edes® in the
GSH levels in substantia nigra and 26% decreaseeircleus caudatus putamen on the fifth day of ooten
injection [62]. Rotenone treated rats in current study showed rkedancrease in the tissue MDA content, the
decomposition product of lipid peroxidation andsheesults in agreement with Bashkateval.[5].As regard NO
content assessment in the striatal tissue showetianuge and these findings are in harmony @itkillaset al. [11]
andGao et al. [23]. Flemingand his co-workerg0] suggested that it is possible that rotenone macttfopamine
transporter activity and influence the expressiod activity of striatal enzymes involved in dopamisynthesis.
Therefore, it is possible that the motor abnorneaitobserved following rotenone treatment in therent study
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were caused by alterations in the nigrostriatalagaipergic system; they also speculated that oystesis may be
affected. The understanding of the mechanisms Uyidgrrotenone-induced dopaminergic neuronal deshld
provide some insights into the processes respansibl the selective neurodegeneration of nigrastria
dopaminergic neurons in PD patients. It is wideblidved that increased oxidative stress and mitodhal
dysfunction contribute to dopaminergic neuronaledegation. Although dopaminergic neurons are mersitve

to rotenone toxicity than other neurons [2, 60]She@bservations are consistent with other repemahstrating
that energy deprivation rather than ROS may be ia machanism of rotenone-induced cell death in dopargic
neurons [41] The results of the present study ledethat deprenyl (10 mg/kg, s.c) injected in roee-treated rats
reversed bradykinesia and prolonged the time sperthe rod. Similarly, Engbergt al. [18] who reported that
administration of deprenyl (3-30 mg/kg, i.p.) tormal rats caused @ose-dependent increase in the spontaneous
locomotor activity. The improvement in rats' belwaviollowing deprenyl treatment could be explainbrbugh its
capacity to protect dopaminergic neurons from thécteffects of rotenone and the increase in dopambntent
[29]. Deprenyl was initially used in the treatmeft PD based on its ability to exert its neuroprtitec effect
through reducing the catabolism of dopamine bytiitioin of MAO-B enzyme. Thereby, increasing dopaenievel
with a subsequent increased activity on D2 recefi6} .In the current results , deprenyl induced a sigaiit
increase in dopamine content in striatum of rotentmeated rats accompanied with non significanthgkain
dopamine metabolites (DOPAC and HVA). This findiilgyin accordance with Knoll B9 ].The increase in
dopamine content obtained with deprenyl can beudsed on the basis of inhibition of the uptakdéf[ 85]
which may be due to the high concentration of Rag)-amphetamine and desmesthylselegiline metasolif
deprenyl or the accumulation of an endogenous ffastich as beta-phenylethylamine, both are potetdkep
inhibitors and have been suggested to play a rotee protective effects of deprenyl against MPTE 6-OHDA
toxicity in vivo [4, ,27,71]. The results of the present study adsealed that administration of deprenyl (10 mg/kg
s.c) in rotenone-treated rats reversed the oxidasivess induced by rotenone observed through @ease of
glutathione and reduced MDA content in rats stridtiais result is in accordance with Olan@ al [56]. The
neuroprotective effect of deprenyl might be dudgability to prevent free radical formation, enba the activity
of antioxidant enzymes such as SOD and CAT, pretagainst peroxynitrite and nitric oxide induceoatpsis by
up-regulation of antiapoptotic and antioxidant neales, in addition of being a free radical scaveifigé5 ,53, 66,
77].In the current work, naringenin (50 mg/kg, )psignificantly increased locomotor activity of sabut didn't
affect motor coordination of rotenone- treated estompared to control groups. In addition, iuiced significant
increase in dopamine content in striatum to 518&6vhile dopamine metabolites (DOPAC and HVA) didn't
significantly change as compared to control grad@ringenin significantly increased glutathione lleviecreased
MDA level, while no change in nitric oxide conterdempared to control group. It was reported thettain
flavanones, hesperitin and naringenin were ablgags the BBB and exert a useful chemopreventiveraagainst
neurodegenerative disease [30 ].B&yond the very potent ROS direct scavenger acfianpnoids exert an
important indirect antioxidant activity contribugirto the homeostasis of calcium, metal chelatiteyiksation of
membranes through anti-lipoperoxidation and enzigvaattivity modulation [8,10, 24]. In addition, they have anti-
inflammatory properties which can modulate bothrodagenerative and vascular diseases 398 In the present
study, injection of harmine (5mg/kg, i.p) in ratglnt reverse hypomotility induced by rotenone wehimotor
coordination was significantly improved as compaedontrol group. In agreement with these ressl{§8].In the
present study, injection of harmine (5 mg/kg, éaduced an increase in dopamine to 158.16 % whées was no
significant change in dopamine metabolites levedse results are in accordance with those preyioegorted by
lurlo et al [32] While it increased the reduced glutathiom®11.53 % and decreased MDA content to 29.44 % as
compared to control (rotenone) group, without e@ffean nitric oxide level. These findings are imesgnent with
Young Su Haret al[82] who stated that harmine increased GSH contewitrio. Several studies revealed that beta-
carbolines have effective antioxidant abilitiesits/radical scavenging properties. They are fouméhhibit lipid
peroxidation of liver microsomes [78hd to attenuate oxidative damage of hyaluronid,azrtilage collagen and
immunoglobulin G [38] In addition, it was shown that harmalol had a gctve effect against MPTP-induced
neurotoxicity in the mous@42]. Adenosine tretment in current study didn’'t imprawe behavior of rotenone—
treated ratand these effects can be explained by that adenp&iys a role opposite to dopamine in the striatum
Both dopamine antagonists and adenosine agonisthipe similar effects in different behavioural $esthis was
first pointed out by Heffneet al.[28], who found that some adenosine analogues atetispontaneous locomotor
activity and didn't impair motor coordination ingei Current study revealed that injection of ade®&00 mg/kg,
i.p) in rats treated with rotenone showed no changigpamine and its metabolites levels in striatompared to
rotenone control. While it induced increase in gfbione levels and decrease in MDA levels whilendidlter nitric
oxide content in rats treated with rotenone. Thessults in harmony with Zafat al [83]who reported that treating
rats with different doses of adenosine decreasetétiels of lipid peroxides and elevated the lefebduced glutathione
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in sustantia nigra of 6-OHDA lesioned rats.It haei reported that adenosine acts as an endogectigg @ of the
cellular antioxidant systein26, 44] and inhibits the superoxide anion radical genenatip neutrophil§ 9,26]and
has scavenger properties against hydroxyl freeadi

Table (1): Effect of naringenin, harmine and adendse on locomotor activity tested by using activiticage

Locomotor activity
Activity Count % of basal activity
Before treatment | After treatment | Percentage| Squareeot- transformed %

175.12+20.97 174.62+5.85 99.7% 0.98 +0.04

Parameters
Treatment

Normal group
(vehicle)
Control (rotenone)
(1.5 mg/kg, s.c)
Deprenyl
(10mg/kg, s.c)
+rotenone
(1.5mg/kg, s.c)
Naringenin
(50mg/kg, p.o)
+rotenone
(1.5mg/kg, s.c)
Harmine
(5mg/kg, i.p) 148.6245.54 20.87+7.21 | 20.1% 0.45 +0.08"
+rotenone
(1.5 mg/kg, s.c
Adenosine
(500mg/kg, i.p)
+rotenone
(1.5 mg/kg, s.c)
"Significantly different from the corresponding nafgroup values at p<0.05.
@ significantly different from the corresponding toh(rotenone) group values at p<0.05

180.37+24.82 62.37+2.21 34.57% 0.62 +0.04

234.62+15.39 199.12+14.10 84.86% 0.93 +8.05

229.13+12.45 147.00+11.28| 64.19% 0.81+0.0%

297.50+24.67 37.12+6.15 12.47% 0.36 £ 0.0%

Rats were given rotenone (1.5 mg/kg, s.c) eithemelor simultaneously with deprenyl (10 mg/kg, ,sa@ringenin
(50 mg/kg, p.o), harmine (5 mg/kg, i.p) or adeneqiBO0 mg/kg, i.p) for eleven days on every otheyr fbr a total
of six injections. Data was expressed as mean @&nlfals + SE. Statistical analysis was carriedlyubne way
ANOVA followed by Dunn's multiple comparisons test.

Table (2): Effect of naringenin, harmine and adendse on motor coordination tested by using rotarodn rotenone-treated rats

Balancing time on the Rotarod
Balancing time % of basal time
Before treatmeni | After treatment | Percentage | Square-root- transformed %

234.37+17.53 235.54+16.30| 100.5 % 1.01+0.01

Parameters
Treatment

Normal group
(vehicle)
Control (rotenone)
(1.5 mg/kg,s.c)
Deprenyl
(10mg/kg,s.c)
+rotenone
(1.5mg/kg,s.c)
Naringenin
(50mg/kg,p.o0)
+ rotenone
(1.5mg/kg,s.c)
Harmine
(5ma/kg,i-p) 152.6645.77 170.62+17.80| 111.76 % 1.05 +0.0%
+rotenone
(1.5 mg/kg)
Adenosine
(500mg/kg,i.p)
+rotenone
(1.5 mg/kg,s.c)
"Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding treh(rotenone) group values at p<0.05.

217.50+11.40 77.87+13.32| 35.80% 0.59 +0.03

202.83+14.17 209.91+21.30| 103.49 % 1.01£0.6%

167.45+15.16 107.70+5.97 64.31 % 0.82 £ 0.06

221.25+19.85 125.45+35.77| 56.7 % 0.75+0.09
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Rats were given rotenone (1.5 mg/kg, s.c) eithenegl with deprenyl (10 mg/kg, s.c), naringenin Bg/kg, p.o),
harmine (5 mg/kg, i.p) or adenosine (500mg/kg igu)eleven days on every other day for a totalixfirgections.
Data was expressed as mean of 15 animals+SE. tB&tmnalysis was carried out by one way ANOVAdaled
by Dunn's multiple comparisons test.

Table (3): Effect of naringenin on dopamine (DA), 3 dihydroxy-phenylacetic acid (DOPAC), homovaniliacid (HVA) contents and its turnover rate
(TO) in the striata of rotenone-treated rats

Parameters
Treatment DA(ug/gm) | DOPAC(ug/gm) | HVA(ug/gm) TO
Normal group | 7 59,1 og 0.76+0.03 0.0460.03 0.11+0.008
(vehicle)
Control(rotenone)
(1.5 mg/kg,s.c)
Deprenyl
(10 mg/kg,s.c)
+rotenone
(1.5 mg/kg,s.c
Naringenin
(50 mg/kg,p.o)
+rotenone
(1.5mg/kg,s.c)
“Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding treh(rotenone) group values at p<0.05.
TO=turnover= rate of dopamine turnover calculatesl @VA+DOPAC)/DA

1.67+0.09 0.11+0.007 0.024+0.002 0.08+0.006

4.27+0.1%" 0.31+0.032 0.027+0.002 0.07+0.008

8.66+0.52 0.07+0.006 0.027+0.002 | 0.011+0.0008"

Rats were given rotenone (1.5 mg/kg, s.c) eithemeabr simultaneously with deprenyl (10 mg/kg, srcharingenin
(50 mg/kg, p.o) for eleven days on every other fitaya total of six injections. Data was expressedreean of 6
animals + SE. Statistical analysis was carried lbytone way ANOVA followed by Tukey HSD multiple
comparisons test.

Table (4): Effect of harmine on dopamine (DA), 3,dlihydroxy-phenylacetic acid (DOPAC), homovanilic acl (HVA) contents and its turnover rate
(TO) in the striata of rotenone-treated rats

Parameters

Treatment DA(ug/gm) | DOPAC(ug/gm) | HVA(ug/gm) TO
Norma! group 7 2940.28 0.7620.03 0.04620.03 01120.008
(vehicle)

Control(rotenone)
(1.5 mg/kg,s.c)
Deprenyl
(10 mg/kg,s.c)
+rotenone
(1.5 mg/kg,s.c)
Harmine

(5mg/kgip) | 115341 06" |  0.10:0.01 | 0.015:0.002 | 0.009+0.008"
+rotenone
(1.5 mg/kg)
"Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding treh(rotenone) group values at p<0.05.
TO=turnover= rate of dopamine turnover calculatesl @VA+DOPAC)/DA.

1.67+0.09 0.11+0.007 0.024+0.002 | 0.080.006

4.27+0.12" 0.31+0.032 0.027+0.002 | 0.07+0.008

Rats were given rotenone (1.5 mg/kg, s.c) eithenebr simultaneously with deprenyl (10 mg/kg, sxcharmine
(5 mg/kg, i.p) for eleven days on every other daryd total of six injections. Data was expressednaan of 6
animalstSE. Statistical analysis was carried outdme way ANOVA followed by Tukey HSD multiple
comparisons test.
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Table (5): Effect of adenosine on dopamine (DA), 8 dihydroxyphenylacetic acid (DOPAC), homovanilic aid (HVA) contents and its
turnover rate (TO) in the striata of rotenone-treated rats

Parameters DA DOPAC HVA
Treatment (ug/gm) (ug/gm) (ug/gm)
Normal group | 7 59,028 | 0.76+0.03 | 0.046+0.03 | 0.11+0.008
(vehicle)
Control(rotenone)
(1.5 mg/kg,s.c
Deprenyl
(10 mg/kg,s.c)
+rotenone
(1.5 mg/kg,s.c)
Adenosine
(500mg/kg,i.p)
+rotenone
(1.5 mg/kg,s.c)
“Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding troh(rotenone) group values at p<0.05.
TO=turnover= rate of dopamine turnover calculates! @VA+DOPAC)/DA

TO

1.67+0.09 | 0.11+0.007 | 0.024+0.002 | 0.08+0.006

4.27+0.1#" | 0.31+0.034 | 0.027+0.002 | 0.07+0.008

1.96+0.13 | 0.13+0.005 | 0.038+0.002 | 0.0850.007

Rats were given rotenone (1.5 mg/kg, s.c) eithenalor simultaneously with deprenyl (10 mg/kg, @cwith
adenosine (500 mg/kg, i.p) for eleven days on ewthgr day for a total of six injections. Data veapressed as
mean of 6 animals +SE. Statistical analysis wadazhiout by one way ANOVA followed by Tukey HSD rtiple
comparisons test.

Table (6): Effect of naringenin on glutathione (GSH, malondialdehyde (MDA) and nitric oxide (NOXx) corient in striata of rotenone-
treated rats

Parameters GSH MDA NO
Treatment (mg/ml) (nmol/ml) (pmolll)
NO(:/”;‘;’]‘I' cﬁ’;’“p 0.075:0.002 | 40.75:4.33 | 40.17+4.02
Control(rotenone)
(1.5 mg/kg,s.c)
Deprenyl
(10 mg/kg,s.c)
+rotenone
(1.5 mg/kg,s.c
Naringenin
(50mg/kg,p.o0)
+rotenone
(1.5 mg/kg,s.c)
“Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding treh(rotenone) group values at p<0.05

0.026+0.001 | 146.35+11.38 | 29.44+3.60

0.058+0.00% | 45.40+3.02 | 16.92+0.57

0.074+0.0¢ | 80.38+2.88" | 19.57+2.54

Rats were given rotenone (1.5 mg/kg, s.c ) eitlh@meaor simultaneously with deprenyl (10 mg/kg) ©r with
naringenin (50 mg/kg, p.o) for eleven days on ewther day for a total of six injections. Data vepressed as
mean of 6-8 animals+SE. Statistical analysis wasezhout by one way ANOVA followed by Tukey HSD itiple
comparisons test.
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Table (7): Effect of harmine on glutathione (GSH)malondialdehyde (MDA) and nitric oxide (NOX) conter in striata of rotenone-
treated rats

Parameters GSH MDA NO
Treatment (mg/ml) (nmol/ml) (umolll)
Normal group
(vehicle) 0.075+0.002 | 40.75+4.33 | 40.17+4.02

Control(rotenone)| , 556, 001 | 146.35+11.38 | 29.4443.60
(1.5 mg/kg,s.c

Deprenyl
(10 mg/kg,s.c)
+rotenone 0.058+0.00% | 45.40+3.0f | 16.92+0.57
(1.5 mg/kg,s.c)
Harmine
(Gma/kg,ip) | 05540008 | 43.10+1.18 | 19.14+0.96
+rotenone
(1.5 mg/kg,s.c)
“Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding troh(rotenone) group values at p<0.05.

Rats were given rotenone (1.5 mg/kg, s.c) eithenalor simultaneously with deprenyl (10 mg/kg, ®cwith
harmine (5 mg/kg, i.p) for eleven days on evenryeottlay for a total of six injections. Data was egsed as mean
of 6-8 animalszSE. Statistical analysis was caroed by one way ANOVA followed by Tukey HSD multépl
comparisons test.

Table (8): Effect of adenosine on glutathione (GSK)nalondialdehyde (MDA) and nitric oxide (NOX) conent in striata of rotenone-
treated rats

s | asn | woa | o
(mg/ml) (nmol/ml) (umol/l)
NO(UQ‘;’]‘I' oy | 0.075:0.002| 40.75:4.33 40.17x4.02
Control(rotenone)
(1.5 mg/kg,s.c)
Deprenyl
(10 mg/kg,s.c)
+rotenone
(1.5 mg/kg,s.c)
Adenosine
(500mg/kg,i.p)
+rotenone
(1.5 mg/kg,s.c)
"Significantly different from the corresponding nairgroup values at p<0.05.
@ significantly different from the corresponding treh(rotenone) group values at p<0.05.

0.026+0.001 | 146.35+11.38 | 29.44+3.60

0.058+0.00% | 45.40+3.0f | 16.92+0.57

0.085+0.0f | 120.54+5.85%2 | 19.35+1.49

Rats were given rotenone (1.5 mg/kg, s.c) eithenalor simultaneously with deprenyl (10 mg/kg )sar with
adenosine (500 mg/kg,i.p) for eleven days on ewther day for a total of six injections. Data wapressed as
mean of 6-8 animals +SE. Statistical analysis wasied out by one way ANOVA followed by Tukey HSD

multiple comparisons test.
CONCLUSION

In this study, the ability of naringenin and harmito ameliorate rotenone-induced behavioral andhgmical
disturbance add weight to the evidence supportiegathologic role of dopamine and oxidative stii@sthe
development of parkinsonism.

So, the present findings suggested that all thested agents improved the oxidative status indgecbtenone.
However, naringenin and harmine counteracted tkesdse in dopamine content an effect that wasctefiieon the

rats' behavior.
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