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ABSTRACT: In this study the neuroprotective activity extract hydroalcoholic of
AO against behavioral and biochemical parameters induced by subcutaneous
injection of rotenone was evaluated, important for the understanding of Parkinson´s
disease, which is the most common neurodegenerative disorder affecting movement.
Rotenone is a potent hydrophobic pesticide and a highly selective inhibitor of
complex I in the electron transport chain. Anacardium occidentale (AO), popularly
known as cashew, is a tropical tree native to north and northeast Brazil. Peduncles
(pseudofruit) and nuts can be eaten raw or converted into various nutritional
products (juice, tea, jam, and beverages). AO has been studied for its antiinflammatory, antimicrobial, antitumor, molluscicides and antidiabetogenic activity.
Behavior evaluations were performed using the models of open-field, rotarod, on
horizontal bar and elevated T-maze. The in vivo antioxidant activity was evaluated
in the substantia nigra (SN), cortex and striatal region by lipid peroxidation after
behavioral tests. Systemic administration of rotenone produced hypolocomotion,
muscle incoordination and memory deficit. AO administration (150 and 600 mg/kg,
p.o.) improved rotenona induced dysfunctional behavior (locomotor, musculature
coordination and memory retention). Biochemical analysis of the SN, cortex and
striatum revealed that systemic rotenone administration significantly increased lipid
peroxidation which was attenuated by daily treatment with AO. These results
suggest that there are protective effects of AO on oxidative stress caused by rotenone
mediated through its antioxidant activity.

INTRODUCTION: The increase in the elderly
population has led to an increasing incidence of
neurodegenerative diseases worldwide. Thus,
interest in studies aimed at the prevention and cure
of these diseases is very important.

Natural constituents derived from plants are
important to investigate, since studies have shown
that these compounds exhibit a range of biological
activities, with therapeutic potential, among them:
antioxidant and/or anti-inflammatory.
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The Anacardium occidentale (AO), popularly
known as cashew, is a tree native to north and
northeast of Brazil, well known for its trade in
cashew nuts and fruit. The peduncle (pseudofruit)
has high nutritional value, especially vitamins A, B,
C and is rich in proteins, lipids, carbohydrates,
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minerals, fiber, unsaturated fat and phenolic
compounds 1. The phenolic compounds present in
the pulp of the cashew have antioxidant properties2.
These properties are associated with the prevention
of chronic diseases such as cancer, diabetes,
cardiovascular and neurodegenerative diseases.

from the Department of Physiology and
Pharmacology, from the Federal University of
Pernambuco (UFPE) and mice (Mus musculus var.
Swiss) of both sexes, weighing between 25 and
30g, obtained from the Laboratory of
Immunopathology Keizo Asami (LIKA), UFPE.

Neurodegenerative diseases such as Alzheimer's
and Parkinson's (PD) are characterized by
excessive neuronal atrophy and death in focal
regions of the brain 3. PD results from deficiency of
the nigrostriatal dopaminergic system that is
responsible for movement 4. PD is defined by the
presence of four cardinal signs: tremor when
resting, rigidity, slowness of movement and
shifting of balance. The main mechanisms
proposed to explain the events culminating in
neuronal death in PD are associated with
mitochondrial changes, apoptosis and elevated
levels of oxidative stress 5. There is also a
neuroinflammatory process with activation of glial
cells and release of cytokines and nitric oxide 6.
Therefore, the process of degeneration is
multifactorial. These events are a vicious cycle and
could be initiated by any of them with neuronal
death results 7.

The animals were maintained under standard
environmental conditions (12h light/dark cycle)
and temperature (22±2°C) and fed with commercial
feed (Labina®, Purina, Brazil) and water ad libitum.
Experimental protocols were approved by the
Ethics Committee on Animal Use at the Center for
Biological Sciences UFPE, under license No.
23076.027073, according to the recommended
standards by the Brazilian College for Animal
Experimentation.

Rotenone is a potent hydrophobic pesticide and
exposure to rotenone mimics the clinical and
pathological features of PD, such as neurochemical,
behavioral and neuropathological changes,
providing an animal model for PD 8. It causes
neurodegeneration via multiple mechanisms that
include inhibition of complex I, induction of
apoptosis, activation of microglia and oxidative
stress 9. It has been reported that the rotenone
model is highly reproducible and may provide an
excellent tool for testing new neuroprotective
strategies 10.

Sample and preparation hydroalcoholic extract
Samples of pseudofruit clone CCP-76 were from
the Brazilian Organization for Agricultural
Research (EMBRAPA) Brazil. These samples had
been submitted to special treatment according to
the protocol developed by EMBRAPA, described
by Broinizi et al.1. Peduncle of the cashew samples
was lyophilized and stored at -20ºC for further
analysis. The hydroalcoholic extract was prepared
according to the method described by Krygier and
Solsulski11 with some modifications.

The objective of the present work was to evaluate
the
possible
neuroprotective
actions
of
hydroalcoholic extract of Anacardium occidentale
(AO) in oxidative stress induced by rotenone, as
one model of experimental Parkinson´s disease in
rats.

The cashew peduncle was initially subjected to
extraction with ethyl ether at a ratio of 1:5 (g
sample: solvent mL) for one hour in a magnetic
stirrer (Model RO15 power IKA® Staufen,
Germany) until it reached room temperature, then
the solution was vacuum filtered through a Buchner
funnel. The resulting residue was extracted again
with ethyl alcohol (90%) in the same proportion as
before, following the same procedure, thus
obtaining the hydroalcoholic extract. For
administration
to
animals,
hydroalcoholic
rotaevapored (B525, Micronal) was extracted under
vacuum at 30°C, in order to remove all the residual
ethanol then resuspended in filtered water. All
reagents and solvents used were of an analytical
grade.

MATERIALS AND METHODS:
Animals
The study used adult male Wistar rats (Rattus
norvegicus var. Albinus) weighing 250 to 300 g,

Experimental Groups
The animals were randomly divided into four
experimental groups (n= 8). Rats from Group 1
received water and Tween 80 (2%, w/v) by oral

International Journal of Pharmaceutical Sciences and Research

124

Linard- Medeiros et al., IJPSR, 2015; Vol. 6(1): 123-129.

gavage (1 mL/kg) and one hour later a
subcutaneous (s.c.) administration of the vehicle
(sunflower oil 90%, w/v + DMSO 10%, w/v) for
five days. Group 2 received water and Tween 80
(2%, w/v), the same as Group 1, and rotenone (3
mg/kg, s.c.) after one hour for five days. Groups 34 received the AO hydroalcoholic extract at 150
and 600 mg/kg respectively, and one hour later
were given rotenone (3 mg/kg, s.c.) also over a
period of five days. Twenty-four hours after the last
day of treatment, the rats were evaluated with
behavioral tests. After the behavioral tests, the
animals were sacrificed for biochemical assays.
Assessment of acute toxicity of AO
In this test, male and female mice (n= 3/sex) were
housed in cages and deprived of food overnight,
with free access to water. A single dose of 5000
mg/kg body weight of AO was administered orally
to the animals by gavage. In each case, the volume
administered
was
10
mL/kg.
Following
administration, the animals were carefully observed
during the first 3 h, and thereafter, daily for 14
days, for any toxic signs and symptoms or death.
Signs and symptoms of toxicity included: (1)
autonomic effects, such as salivation, and
piloerection; (2) central nervous system effects,
such as tremors and convulsions; and (3) changes
in activity levels, posture, strength, and strange
behavior 12. Body weight, food and water
consumption were recorded daily.
Behavioral procedures
All animals were submitted to behavioral tests 24
hours after the processing.
Locomotors activity
To quantify the general activity, each rat was
placed individually into the center of an open-field
arena (a circular wooden box with a diameter of
100 cm and 40 cm high, with a floor divided into
19 regions). The frequency of locomotion (number
of floor units entered by the animal with four
paws); rearing frequency (number of times that the
animal stood on its hind legs, with the trunk
perpendicular to the floor of the arena); immobility
time (time the animal stood without making any
movement) and movement start (time to get out of
the center of the open-field arena) were assessed
for 5 min. The arena was cleaned with 5% alcohol,
between the tests.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Rotarod activity
All animals were tested for motor skills and
balance using a rotary axis according to Kumar and
Kumar13. To perform this test, the animal was
placed with all four paws on a bar with a diameter
of 7.0 cm and set 25 cm above the floor, rotating at
a speed of 25 rpm. Before division into
experimental groups, the rats were trained in two
sessions of 180 seconds each for acclimatization.
The animals were placed on the rotating bar and the
length of stay was recorded. A cut off time of 180
seconds was maintained throughout the experiment.
The elevated T-maze test for spatial memory
The test was performed according to the method by
Kumar et al.14. The elevated T-maze consisted of
one opposite open arms (50x10 cm) and two closed
arms of the same dimensions, facing each other and
a central area (10x10 cm) connecting the arms. The
arms had walls of 40 cm. The rats were placed
individually at the end of an open arm facing away
from the central area.
The time taken by the animal to move from the
open arm to either of the closed arms was
registered 24 h after the last day of treatment and
was called initial latency. Rats were allowed to
explore the maze for 30 seconds after acquisition of
the initial latency, and were then returned to their
cages. The learning retention latency was evaluated
again the next day.
The percentage of memory retention was calculated
from the formula:
Transfer of initial latency - Transfer latency repetition x100
Transfer of initial latency

Catalepsy
The standard bar test was used to determine the
intensity of catalepsy. The bar was made of wood
and had a diameter of 1.2 cm and the height from
the floor to the top of the bar was 9 cm. Both
forelegs of a rat were gently placed on the
horizontal bar and the animal was timed (in
seconds, maximum 180 s) until one forepaw
touched the floor. Each animal was used for the
experiment only once.
Biochemical studies
Dissection and homogenization After behavioral
assessments, the animals wereanesthetized and then
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decapitated, the brains removed, placed on ice the
striatum, cortex and substantia nigra dissected.
These regions were weighed and homogenized in
Potter Elvehjem type homogenizer with 1X
phosphate buffered saline(10%, w/v), to which was
added BHT (0.004%, w/v) to prevent autoxidation
of the samples. The homogenate was centrifuged at
10000 g for 30 minutes at 4ºC and an aliquot of
supernatant was separated for biochemical
analyzes.
Measurement of lipid peroxidation
Quantitative measurement of lipid peroxidation in
the dissected regions was assessed according to the
method of Buege and Aust15. The amount of
malonaldehyde (MDA) present in samples was
quantified by the reaction with TBA. Aliquots of
500 uL of the supernatant were added to 1 mL
TBA: TBA 0.38% (w/w), 250 mL of 1N chloridric
acid (HCl), 15% TCA (w/w) and 20 mL of
ethanolic BHT (2%, w/v).

80

Statistical Analysis
The results are expressed as mean ± standard error
of the mean (SEM). The difference between groups
was assessed by one-way analysis of variance
(ANOVA) followed by Newman-Keuls multiple
comparison/post-hoc test to determine the
significance level. Statistical analysis was
performed using Graph Pad Prism® 5.0. (GraphPad
Software, Inc., La Jolla, CA 92037 USA).P-values
less than 0.05 were considered statistically
significant.
RESULTS:
Acute toxicity
During the 14-day experiment, no death, toxic
signs and negative symptoms were observed in any
mice after acute treatment by oral route with AO in
a dose of 5000 mg/kg. No significant changes in
food and water consumption or in the body weight
were observed (data not shown). The LD50 could
not be estimated, but it was possibly higher than
5000 mg/kg.
Effect of AO on locomotor activity
Administration of rotenone for 5 days significantly
reduced the ambulatory activity and rearings and
increased the duration of immobility and time of
movement start of rats in the open field test.
Treatment with extract of AO (150 and 600 mg/kg)
for 5 days significantly improved locomotor
activity and decreased the time of immobility and
the movement start time in rats. (Fig. 1)
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The solution was heated at 100ºC for 15 minutes,
followed by cooling in an ice bath. 1.5 mL of nbutanol was added, shaken and centrifuged to 3000
g. After centrifugation, the upper phase was
collected and analyzed in a spectrophotometer
(CARY 3E - UV - Visible Spectrophotometer
Varian) at 532 nm. For calculations, we performed
a standard curve with 1, 1, 3, 3tetramethoxypropane. Results were expressed as
nmol MDA/ mg protein.
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FIGURE 1: Effect of Anacardium occidentale (AO 150 and 600 mg/kg, p.o.) on locomotor activity in the open field test of rats. (A) Total
ambulatory activity, (B) rearings, (C) duration of immobility and (D) start movement. Rotenone (3 mg/kg, s.c). Each bar represents the group
mean ± SEM (n=8 per group). p <0.05 * Statistically significant compared to control # Statistically significant compared to rotenone (One-way
ANOVA followed by Newman-Keuls test).
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Effect of AO on rotarod test
Administration of rotenone caused a significant
decrease in the time of permanency of the animals
compared with control animals in the rotarod test.
Daily treatment with extract of AO (600 mg/kg) for
5 days significantly increased the time of
permanency compared with the group that received
only rotenone (Fig. 2).
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Effect of AO on catalepsy
Treatment with rotenone caused a marked akinesia
state as shown by the significant increase in motor
deficiency compared with the control group. Daily
treatment with the extract of AO (600 mg/kg)
significantly improved the motor deficit in rats
compared with the group that received only
rotenone (Fig. 4).
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Effect of AO on brain lipid peroxidation
The administration of rotenone for 5 days induced
oxidative stress as indicated by the significant
increase of MDA concentration in the substantia
nigra, cortex and striatum compared with the
control group. Treatment with the extract of AO
(600 mg/kg) 1 h before the administration of
rotenone attenuated lipid peroxidation in the
substantia nigra, cortex, and striatum, as shown by
the decrease in MDA concentration (Fig. 5).
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Effect of AO on memory performance in the
elevated T-maze test
Treatment with rotenone caused marked memory
loss as shown by the significant decrease in the
percentage of memory retention compared with the
control group in the elevated T-maze test. Daily
treatment with extract of AO (150 and 600 mg/kg)
1 h before the administration of rotenone increased
significantly the percentage of memory retention in
rats, compared with the group that received only
rotenone (Fig. 3).

FIGURE 4: Effect of Anacardium occidentale (AO 150 and 600
mg/kg, p.o.) on akinesia test, in rats. rotenone (3 mg/kg, s.c). Each
bar represents the group mean ± SEM (n=8 per group). p <0.05 *
Statistically significant compared to control. # Statistically significant
compared to rotenone (One-way ANOVA followed by NewmanKeuls test).

mMol MDA/ mg protein

FIGURE 2: Effect of Anacardium occidentale (AO 150 and 600
mg/kg, p.o.) in the rotarod test in rats. Rotenone (3 mg/kg, s.c). Each
bar represents the group mean ± SEM (n=8 per group). p <0.05 *
Statistically significant compared to control # Statistically significant
compared to rotenone (One-way ANOVA followed by NewmanKeuls test).
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FIGURE 3: Effect of Anacardium occidentale (AO 150 and 600
mg/kg, p.o.) on memory performance in the elevated T-maze test in
rats. Rotenone (3 mg/kg, s.c.). Each bar represents the group mean ±
SEM(n=8 per group). p <0.05 * Statistically significant compared to
control # Statistically significant compared to rotenone (One-way
ANOVA followed by Newman-Keuls test).
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FIGURE 5: Lipid peroxidation levels (A) substantia nigra (B)
cortex (C) striatum rats. Each bar represents the group mean ± SEM
(n=8 per group). p <0.05. * Statistically significant compared to
control # Statistically significant compared to rotenone (One-way
ANOVA followed by Newman-Keuls test).
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DISCUSSIONS: The current study investigated
the hypothesis that hydroalcoholic extract of AO
could have a potential antioxidant and
neuroprotector action upon the rat in the central
nervous system. Acute toxicity assessment in mice
using a single AO dose of 5000 mg/kg shows for
the first time that even in a high dose, this
compound does not provoke toxic signs. According
to Kennedy et al.16, substances that present a lethal
dose 50% (LD50) higher than 5000 mg/kg by the
oral route can be considered practically nontoxic.
Rotenone is a potent hydrophobic pesticide and
highly selective inhibitor of complex I in the
electron transport chain. This inhibition causes
selective
degeneration
of
nigrostriatal
dopaminergic terminals17, 18, reproducing many of
the features of PD8, such as reduced activity, flexed
posture, rigidity and catalepsy correlated with the
depletion of striatal dopamine and tyrosine
hydroxylase10,19 and neuroinflammation20. Sherer et
al.21 showed that the exposure to low doses of
rotenone (2-3 mg/kg/day) caused highly selective
nigroestriatal dopaminergic lesion.
There was no evidence of degeneration of other
brain regions, such as the basal ganglia nuclei, such
as the globus pallidus and subthalamic nucleus.
Therefore, rotenone exposure to rodents is widely
regarded as an experimental model for mimicking
human PD.
In this study treatment with rotenone caused a
marked akinesia state related to neural circuits
associated with the basal ganglia function. Motor
abnormalities, evidenced by decreased length of
stay in the revolving bar rotarod, are mainly
attributed to degeneration of striatal neurons, a
region functionally connected by adhesions to the
motor cortex22. Oral administration hydroalcoholic
extract of AO was able to reduce motor
abnormalities
induced
by
rotenone
and
significantly promoted an improvement in the
clinical state of the animals observed by their
increased locomotor activity, percentage of
memory retention and time of permanency on
rotarod, suggesting a benefic systemic effect of this
extract.
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Markers of oxidative stress are typically found in
brain biopsies, peripheral cells, and biological
ﬂuids derived from patients with PD, indicating
that indeed oxidative stress is a key factor in PD
pathogenesis. Similarly, cumulative oxidative
damage is the primary mechanism by which
rotenone exposure leads to degeneration of
dopaminergic neurons23.
Brain cells are particularly susceptible to oxidative
damage due to reduced activity of antioxidant
enzymes and the large amount of polyunsaturated
fatty acids, which may affect the ability of neurons
to respond to stress24. In postmortem brains from
PD victims markers of lipid peroxidation are
found6. Malodyaldhyde (MDA) is a specific marker
of lipid peroxidation, which is largely a result of
the peroxidation of polyunsaturated fatty acids with
more than two double bonds18. In our study,
administration of rotenone promoted increased
levels of MDA in substantia nigra, striatum and
cortex, suggesting an increased lipid peroxidation
and, thus, oxidative stress. The treatment with AO
decreased the levels of MDA and this effect was
probably due to the antioxidant capacity of this
extract 1, 2.
CONCLUSIONS: Taken together, our data
suggested neuroprotective effects of AO, probably
mediated through its antioxidant activity.Thus the
present work brought out new insights for the
treatment of neurodegenerative diseasesand
highlighted the pharmacological properties of AO,
suggesting its effective use in clinical conditions in
human. However, the clinical relevance of AO for
the treatment of PD warrants further studies.
ACKNOWLEDGEMENTS: Authors are grateful
to Rejane de Souza Silva for excellent technical
assistance. FACEPE by financial support. Jaime
Tomaz de Aquino owner Companhia Industrial de
Óleos do Nordeste – CIONE. The English version
of this text was revised by Sidney Pratt, Canadian,
BA, MAT (The Johns Hopkins University),
RSAdip (TEFLA).
.
REFERENCES:

Sanders and Greenamyre18 reported the important
role of oxidative stress in the etiology of PD.
International Journal of Pharmaceutical Sciences and Research

1.

Broinizi PRB, Andrade-Wartha ERS, Silva AMO, Novoa
AJV, Torres RP, Azeredo HMC, Alves RE, Mancini-Filho
J: Avaliacao da atividade antioxidante dos compostos
fenólicos naturalmente presentes em subprodutos do

128

Linard- Medeiros et al., IJPSR, 2015; Vol. 6(1): 123-129.
pseudofruto de caju (Anacardium occidentale L.). Ciência
Tecnologia dos Alimentos 2007; 27:902-908.
2. Broinizi PRB, Andrade-Wartha ERS, Silva AMO, Torres
RP, Azeredo HMC, Alves RE, Mancini-Filho J:
Propriedades antioxidantes em subproduto do pedúnculo
de caju (Anacardium occidentale L.): efeito sobre a
lipoperoxidação e o perfil de ácidos graxos poliinsaturados em ratos. Brazilian Journal of Pharmaceutical
Sciences 2008; 44:773-781.
3. Pienaar IS, Elson JL, Racca C, Nelson G, Turnbull DM,
Morris CM: Mitochondrial abnormality associates with
type-specific neuronal loss and cell morphology changes
in the pedunculo pontine nucleus in Parkinson disease. The
American Journal of Pathology 2013; 183(6): 1826-1840.
4. Kordower JH, Olonow CW, Dodiya HB, Chu Y, Beach
TG, Adler CH, Halliday GM, Bartus RT: Disease duration
and the integrity of the nigroestriatal system in Parkinson
disease. Brain 2013; 136(8): 2419-2431.
5. Tapias V, Cannon JR, Greenamyrea JT: Promegranate
juice exacerbates oxidative stress and nigroestriatal
degeneration in Parkinson´s disease. Neurobiology of
aging 2014; 35:1162-1176.
6. Taylor JM, Main BS, Crack PJ: Neuroinflammation and
oxidative stress: Co-conspirators in the pathology of
Parkinson´s disease. Neurochemistry International 2013;
62(5): 803-819.
7. Halliwell B. Oxidative stress and neurodegeneration:
where are we now? Journal of Neurochemistry 2006;
97:1634–1658.
8. Karuppagounder SS, Madathil SK, Pandey M, Haobam R,
Rajamma U, Mohanakumara KP: Quercetin up-regulates
mitochondrial complex-I activity to protect against
programmed cell death in rotenone model of Parkinson´s
disease in rats. Neuroscience 2013; 236:136-148.
9. Zaitone SA, Abo-Elmatty DM, Shaalan AA. Acetyl-Lcarnitine and α-lipoic acid affect rotenone-induced damage
in nigral dopaminergic neurons of rat brain, implication for
Parkinson's disease therapy. Pharmacology, Biochemistry
and Behavior 2012; 100:347–360.
10. Cannon JR, Tapias V, Na HM, Honick AS, Drolet RE and
Greenamyre JT: A highly reproducible rotenone model of
Parkinson's disease. Neurobiology of Disease 2009;
34:279–290.
11. Krygier K, Sosulski F and Hogge L: Free, esterified, and
insoluble-bound phenolic acids. 1. Extraction and
purification procedure. Journal of Agricultural and Food
Chemistry 1982; 30:330-334.
12. Malone, RA: Pharmacological approach to natural
products screening and evaluation In: New natural

E-ISSN: 0975-8232; P-ISSN: 2320-5148

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

products and plant drugs with pharmacological, biological
or therapeutical activity. Ed. By H. Warner and P. Wolf,
Springer-Verlag, Berlin 1977:24 -53.
Kumar P and Kumar AK: Possible role of sertraline
against 3-nitropropionic acid induced behavioral, oxidative
stress and mitochondrial dysfunctions in rat brain: possible
behavioural, biochemical and cellular alterations. Progress
in Neuro-Psychopharmacology & Biological Psychiatry
2009; 33:100–8.
Kumar P, Padi SSV, Naidu PS and Kumar A: Effect of
resveratrol on 3-nitropropionic acid-induced biochemical
and behavioural changes: possible neuroprotective
mechanisms. Behavioral Pharmacology 2006; 17:485–92.
Buege JA, Aust SD: Microsomal lipid peroxidation.
Methods in Enzymology 1978; 52: 302–10.
Kennedy GL, Ferenz, RL and Burgess BA: Estimation of
acute oral toxicity in rates by determination of the
approximate lethal dose rather than the LD50. Journal of
Applied Toxicology 1986; 6:145–148.
Higgins DS, Greenamyre JT: [3H] Dihydrorotenone
binding to NADH: ubiquinone reductase (complex I)
electron transport chain: an autoradiographic study.
Journal of Neurosciense 1996; 16:3807–3816.
Sanders LH, Greenamyre JT: Oxidative damage to
macromolecules in human Parkinson disease and the
rotenone model. Free Radical Biology and Medicine 2013;
62:111–20.
Qi Z, Miller GW, Voit EO: Rotenone and paraquat perturb
dopamine metabolism: A computational analysis of
pesticide toxicity. Toxicology 2014; 315:92-101.
Bousquet M, Calona F, Cicchetti F: Impact of omega 3
fatty acids in Parkinson’s disease. Ageing Research
Reviews 2011; 10:453– 463.
Sherer TB, Kim JH, Betarbet R, Greenamyre JT:
Subcutaneous rotenone exposure causes highly selective
dopaminergic degeneration and a-synuclein aggregation.
Experimental Neurology 2003; 179:9–16.
Delaville C, Cruz AV, McCoy AJ, Brazhnik E, Avila I,
Novikov N, Walters JR: Oscillatory activity in basal
ganglia and motor cortex in an awake behaving rodent
model of Parkinson’s disease. Basal Ganglia 2014; 3:221227.
Cannon JR, Greenamyre JT. Rotenone as preclinical
model compound in Parkinson disease. Handbook of
Neurotoxicity 2014: 995-1012.
Niranjan R: The Role of Inflammatory and Oxidative
Stress Mechanisms in the Pathogenesis of Parkinson’s
Disease: Focus on Astrocytes. Molecular Neurobiology
2014; 49(1):28-38.

How to cite this article:
Linard-Medeiros CFB, Victor de Albuquerque WS, Ramos AC, Sereniki A, Salles Trevisan MT, Wanderley AG and Lopes Lafayette
SS: Neuroprotective Effect of Extract of Anacardium Occidentale Linn on a Rotenone Model of Parkinson´S Disease. Int J Pharm Sci
Res 2015; 6(1): 123-29.doi: 10.13040/IJPSR.0975-8232.6 (1).123-29.
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are
available on Google Playstore)

International Journal of Pharmaceutical Sciences and Research

129

