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ARTICLE INFO ABSTRACT
Article history. Background: Parkinson disease (PD) is one of the most common neurodegenerative disorders and
Received 23 Feb 2022 remains an unmet medical need. A number of epidemiological as well as case-control studies have
Revised 28 Feb 2022 revealed an association between pesticide exposure, especially that of paraquat (PQ) and occurrence of
Accepted 3 Mar 2022 PD. Musa acuminata Colla (Musaceae) also known as banana is widely cultivated for its delicious
Online 31 Mar 2022 fruits and is one of the most economically important crops in the world. This study was designed to
Published - investigate the protective effect of M. acuminata fruit extract (MAC) on paraquat-induced
Parkinsonism in mice.
Methods: Sixty male albino mice were randomly divided into 6 groups (n=10) and treated as follows
Heprooridls. for 21 consecutive days; Group 1: vehicle control (10 ml/kg, p.o.), group 2: vehicle + paraquat 10
Catalepsy; mg/kg, i.p., group 3: MAC (400 mg/kg, p.o), groups 4-6: MAC (100, 200 or 400 mg/kg, p.o.) +

paraquat, respectively. Behavioural studies (rotarod, Y-maze, open field test and bar test) were carried
out on weekly basis. On day 21, one hour post-treatment the midbrains were isolated for biochemical

Musa acuminata;

paraquat; . . .
. . estimation of oxidative stress parameters.
Parkinsonism; . . . .
Results: MAC (100, 200 or 400 mg/kg) failed to reverse paraquat induced significant decrease in

latency to fall in rotarod test. Similarly, MAC did not affect paraquat-induced decrease in locomotor
activity in open field test. MAC prevented paraquat-induced decrease in percent alternation behaviour
in Y-maze task. Conversely, MAC aggravated paraquat-induced cataleptic behaviour in bar test. The

pretreatment of mice with MAC (200 or 400 mg/kg) significantly reversed paraquat-induced oxidative

oxidative stress;

rotarod test

@ P stress parameters in the midbrain.
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& 5 Conclusion: Findings from this study showed that M. acuminata prevented paraquat-induced memory
impairment through improvement in antioxidant defense mechanism but failed to reverse paraquat-

induced locomotor deficit and cataleptic behaviour.
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1. Introduction (a slowing of physical movement), muscle rigidity and in

extreme cases akinesia (a loss of physical movement)™.

Parkinson disease (PD) is one of the most common
neurodegenerative disorder, affecting approximately 1% of
individuals older than 60 years and causing progressive
disability that can be slowed but not halted, by treatment'.
The two major neuropathologic features of PD are loss of
pigmented dopaminergic neurons of the substantia nigra
pars compacta and the presence of Lewy bodies’. The main
clinical features of PD are the tetrad of tremor at rest with a
frequency of about 4Hz, postural instability, bradykinesia
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PD etiology may be linked to several factors, including
genetic susceptibility and environmental elements.
Moreso, epidemiological studies have suggested that
exposure to agricultural chemicals such as herbicide 1,1'-
dimethyl-4,4'-bipyridium, paraquat (PQ), commonly used
by farmers in developing countries may contribute to the
pathogenesis of PD*‘. Moreover, several in vitro and in vivo
PD-like models have been developed to understand the
pathophysiology of PD and evaluate different therapeutic

Page|136



strategies to fight dopaminergic neurodegeneration’.
Paraquat belongs to the class of redox cycling compounds
capable of inducing mitochondrial damage, increasing
reactive oxygen species production and cellular stress’.
Musa acuminata Colla (Mosaceae) is a species of banana
native to Southeast Asia. Most of the modern edible dessert
bananas belong to this species. All parts of the plant
including fruits, peel, pseudostem, corm, flowers, leaves,
sap and roots have found their use in the treatment of
various diseases in traditional medicine". Literature review
have indicated use of M. acuminata in the treatment of
various disease such as fever, cough, bronchitis, dysentery,
allergic infections and some of the non-communicable
diseases’. The reported pharmacological activities of M.
acuminata include antioxidant, antidiabetic,
immunomodulatory, hypolipidemic, anticancer and
antimicrobial especially anti-HIV activity"'’. Moreso, M.
acuminata is very rich in apigenin glycosides, myricetin
glycoside, myricetin-3-O-rutinoside, naringenin
glycosides, kaempferol-3-O-rutinoside, quercetin-3-O-
rutinoside, dopamine, and N-acetylserotonin'""*. This study
was carried out to evaluate the protective effect of M.
acuminata peel extract on paraquat induced Parkinsonism
inmice.

2. Materials and Methods

2.1 Materials

Paraquat (N'N'-dimethyl-4'-bipiridinium),thiobarbituric
acid, sodium hydroxide, phosphate buffer saline,
phosphoric acid, sulfanilamide, ethylenediame
dihydrochloride, bovine serum albumin, trichloroacetic
acid, potassium dichromate, 5,5-dithiobisnitro benzoic acid
and glacial acetic acid were purchased from Sigma-Aldrich
St. loius MO, USA.

2.2 Laboratory Animals

Sixty male albino mice (15-24g) were used in this study and
randomly divided into 6 groups (n=10). They were obtained
from the Laboratory Animal Centre of the College of
Medicine, University of Lagos, Idi-araba, Lagos State,
Nigeria. They were housed under standard laboratory
condition maintained on a 12 hourly light-dark cycle with
free access to food and water. Animals were acclimatized
for a week to laboratory conditions before test. The
experimental procedures adopted in this study was
approved by the Health Research Ethics Committee of the
College of Medicine, University of Lagos with approval
number (CMUL/HREC/11/17/265) in accordance with the
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United States National Institutes of Health Guidelines for
Care and Use of Laboratory Animals in Biomedical
Research.

2.3 Plant material and preparation of extract

Ripe fruit of M. acuminata fruit was purchased from
Ilasamaja fruit market, Lagos (6.5072° N, 3.3102° E). The
fruit was washed and the peel removed and weighed. The
peel (1.678kg) was blended with 750 mL of water giving a
concentration 0f2230 mg/ml. The stock was keptat4°C.
2.4 Evaluation of acute toxic effect of M. acuminata
To evaluate the acute toxic effect of M. acuminata, twenty
mice were randomly allotted to 4 groups; Group 1: vehicle
(10 ml/kg, p.o.), Group 2: M. acuminata (100 mg/kg, i.p.),
Group 3: M. acuminata (1000 mg/kg, i.p.) or Group 4: M.
acuminata (5000 mg/kg, p.o.). The behavioural toxic
effects (such as hyperactivity, hyperventilation, diarrhoea,
urination and calmness) were observed for in the first 3 h
and number of death recorded in 14 days.

2.5 Treatmentregimen

Sixty male albino mice were divided into six groups (n=10)
and treated for 21 consecutive days as follows:

Group 1: Vehicle (10 ml/kg, p.o. normal control), group 2:
MAC (400 mg/kg, p.o.), group 3: vehicle (10mg/kg, i.p
negative control), group 4-6: MAC (100, 200 or 400 mg/kg,
p-0.). Animals in group 3-6 were exposed to paraquat (10
mg/kg,1.p) twice a week for 3 weeks.

The spontaneous motor activity was assessed during the
21 days using the open field test (locomotor activity),
rotarod performance (motor coordination), bar tests
(catalepsy) and Y-maze test (working memory). The
animals were sacrificed on day 21 for biochemical
markers of oxidative and nitrosative stress.

2.6 Rotarod Performance Test for motor coordination
The rotarod performance test is used to assess motor co-
ordination"”. The animals were placed on the horizontally
oriented rotating cylinder (rod) suspended above a cage
floor, which is low enough not to injure the animal, but high
enough to induce avoidance of fall. Animals were trained
before the test and animals which stayed on the rotarod for
120 seconds were used for this study. The animals were
subjected to rotarod test on days 2 and 11. Time of falling
was recorded"”.

2.7 Open Field Test for locomotor activity

The open field test provides simultaneous measures of
locomotion, exploration and anxiety'*. The number of line
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crosses and the frequency of rearing were used as measures
of locomotor activity'*. The animals were allowed to
acclimatize to laboratory environment 1 h before the study.
One hour post treatment the number of crosses was
recorded for 2 min after 1 min of acclimatization on days 2
and 8.

2.8 Y-maze test for working memory

The Y-maze is used to assess short term memory, general
locomotor activity and stereotypic behaviour'’.
Spontaneous alternation was assessed using Y- maze
comprising of three equally spaced arms labelled A, B, C
(120°,41 cm long and 15 cm high). Each mouse was placed
in one of the arm compartment and allowed to move freely
until its tail completely enters another arm. The sequence of
arm entries were manually recorded on days 4 and 18. The
percentage alternation behaviour (visitation of three
different arms ABC, BAC, CAB, BCA, CBA etc =
alternation)" in 5 minutes.

2.9 Bar test for catalepsy

The standard bar test is used to determine the intensity of
catalepsy . Both fore legs of the mice were placed on a
horizontal bar (diameter, 0.7cm) 9 cm above the surface.
Treatment was carried out on days 6 and 13. The animals
were placed on the bar for 60s and the latency time of
removal of paw of each animal was observed and recorded.

2.10 Brain tissue preparation and estimation of
oxidative stress markers
The mice were decapitated under chloral hydrate (300

1560+

100+

o
=]
1

Time of falling {s)

mg/kg, i.p.). The skull was cut open and the brain was
exposed from the dorsal side. The whole brain was quickly
removed and the mid brain was isolated and cleaned with
chilled normal saline on ice, blotted and weighed. A 10%
(w/v) homogenate of brain sample (0.1M phosphate buffer,
pH: 7.2) was prepared by using mortar and pestle. The
resulting homogenate was centrifuged at 2000rpm speed
for 15mins then it was removed from the centrifuge and the
supernatant was decanted and stored at -20°C until
analysis”. The earlier established and reported protocols
were used to measure lipid peroxidation (malondialdehyde
(MDA))", nitrite"*, superoxide dismutase (SOD)",
glutathione (GSH)" and catalase”.

2.11 Statistical Analysis

Data are expressed as mean = SEM and analyzed using one
or two way analysis of variance (ANOVA) followed by
Tukey's post hoc multiple comparison test.

3. Results

3.1 Rotarod Performance Test

Intraperitoneal administration of paraquat did not affect
motor coordination up to day 11 but MAC 200 or 400 mg/kg
+ paraquat treated caused significant decrease in motor
coordination. Post hoc analysis revealed significant
decrease in falling time in paraquat treated mice from day
11 when compared with vehicle treated control. MAC (100-
400 mg/kg) failed to reverse paraquat-induced motor
coordination deficit. Interestingly, MAC 400mg/kg only
did affect motor coordination (Fig. 1)

Vehicle
FOT 10
MAC OMLY (400 mg/kg)
MAC (100 ma/kgl+ POT
MAC (200 malkg )+ POQT
MAC (400 mo/kg) + PQT

B0EAEE

MAC- Musa acuminata
PQT- Paraquat

Figure 1: Effect of M. acuminata on motor coordination in rotarod test. Values were presented as mean + SEM (n=6).

P<0.05 versus vehicle control; p<0,05 versus paraquat-vehicle treated. Statistical analysis by two way ANOVA followed by

Tukey's post hoc multiple comparison test.
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3.2 MAC failed to reverse paraquat-induced locomotor deficit in open field test

Exposure of mice to paraquat caused significant increase in number of line crosses in the first two days of administration
compared to vehicle control (Figure 2). Conversely MAC 100-400 mg/kg treated caused no significant change when
compared to normal control but reduced number of crosses when compared with paraquat treated group. By day 8, paraquat
caused significant decrease in number of crosses when compared with vehicle treated control. MAC produced no significant
effectat the 8" day when compared with paraquat treated group (Fig. 2).

Figure 2: Effect of M. acuminata on locomotor activity in open field test. Values were presented

150-
EE vehicle
»n D PQT 10
[} EX 2
§ 100- == MAC (400 mg/kg)
5 o mm MAC (100 mg/kg) +PQT
) 50- a ¢ B MAC (200 mg/kg)+ PQT
2 mE MAC (400 mg/kg)+ PQT
(] .
4 MAC-Musa acuminata
NS PQT-Paraquat

as mean = SEM (n=6). "P<0.001 versus vehicle control; “P<0.05 versus vehicle control; “p<0.05 versus paraquat-vehicle
control. Statistical analysis by two-way ANOVA followed by Tukey's post hoc multiple comparison test.

3.3 MACreversed paraquat-induced working memory in Y-maze test

Paraquat exposure caused significant decrease in percent spontaneous alternation behaviour from day 4 when compared
with vehicle treated group. However, paraquat-induced alternation deficit was significant reduced by MAC (100-400
mg/kg) (Figure 3).

80~
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S  40- 28 MAC (100 mg/kg) + PQT
s . mm MAC (200 mg/kg)+ PQT
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©
X
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Figure 3: Effect of M. acuminata in Y-maze test. Values were presented as mean+ SEM (n=6). P<0.001 versus vehicle
control; “p<0.01 versus vehicle control; “P<0.05 versus paraquat-vehicle control. Statistical analysis by two-way
ANOVA followed by Tukey's post hoc multiple comparison test.
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1.4. MAC aggravated paraquat-induced catalepsy in bar test

Paraquat induced significant cataleptic behaviour by day 13 when compared with vehicle treated control. Similarly,
paraquat-induced cataleptic behaviour was significantly aggravated by MAC (100-400 mg/kg) when compared with
paraquat-vehicle treated (Fig. 4).
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Figure 4: Effect of M. acuminata in bar catalepsy. Values were presented as mean = SEM (n=6). *p<0.05 versus vehicle
treated control; “p<0.05 versus paraquat-vehicle treated control. Statistical analysis by two-way analysis of variance
(ANOVA) followed by Tukey's post hoc multiple comparison test.

3.5 MAC attenuates oxidative stress parameters in the midbrain

Paraquat subchronic exposure caused significant generation of nitrite in the midbrain when compared with vehicle treated
(Fig.5a). MAC failed to attenuate paraquat-induced nitrite generation when compared with paraquat-vehicle treated.
Paraquat caused significant elevation of MDA when compared with vehicle control. MAC (100-400 mg/kg) produced
significant decrease in MDA level compared with paraquat-vehicle control (Fig. 5b). MAC (100-400 mg/kg) caused
significant increase in GSH level when compared with paraquat-vehicle treated control (Fig. 5c). Conversely, both MAC
and paraquat administration did not affect superoxide dismutase activity in the brain (Fig. 5d).
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Figure Sa-d: Effect of M. acuminata and paraquat treatments on (a) nitrite level, (b) malondialdehyde level, (c) glutathione
level and (d) superoxide dismutase activity in mice brains. Values were presented as mean + SEM (n=6). "p<0.01; p<0.001
versus vehicle treated control; "p<0.05 versus paraquat-vehicle treated control. Statistical analysis by one way analysis of
variance (ANOVA) followed by Tukey's post hoc multiple comparison test.

THE NIGERIAN JOURNAL OF PHARMACY | VOL.56, ISSUE(1) 2022 Page|140



4. Discussion

Epidemiological studies have suggested that exposure to
agricultural chemicals is associated with an increased risk
of developing PD’. Pesticides/herbicides, such as paraquat
causes neurotoxicity and induce a PD-like pathology.
Interestingly, findings from this study showed that paraquat
reduces falling time, locomotor activity and spontaneous
alternation behaviour in rotarod, open field and Y-maze
tests, respectively, suggestive of neurotoxicity and
cognitive deficit. Moreover, paraquat produced cataleptic
behaviour in bar test as well as induction of oxidative stress
indicative of Parkinsonism. However, paraquat-induced
cognitive deficit and oxidative stress were ameliorated by
M. acuminata indicative of memory enhancing and
antioxidant activities but aggravate paraquat-induced
catalepsy without affecting spontaneous motor and
locomotor activities.

To assess the neuroprotective action of M. acuminata, its
effect on balance and gait performance was assessed in
rotarod test. Loss of gait performance and balance has been
associated with unilateral degeneration of dopamine

neurons in the substantia nigra'™*’

. In this study,
intraperitoneal injection of paraquat reduced balance and
gait performance indicative of neurotoxicity”. However,
pretreatment of mice with M. acuminata failed to reverse
paraquat induced motor deficit in rotarod test.

Similarly, open field test was carried out to assess effect of
treatments on locomotor activity”. Interestingly, paraquat
reduced locomotor activity suggestive of Parkinsonism but
oral administration of M. acuminata failed to reverse
paraquat induced motor deficit in open field test.

Catalepsy bar tests are widely used to measure the failure to
correct an imposed posture resulting from muscular
rigidity. Studies have shown that catalepsy is related to
decreased dopamine (DA) transmission at postsynaptic D,
receptors’. In agreement with previous studies paraquat
induced cataleptic behaviour'*”. Moreover, paraquat
induced cataleptic behaviour was aggravated by
M.acuminata administration possibly due to its richness in
dopamine®. Moreover, catalepsy and the selective
suppression of conditioned avoidance response are often
used as animal models to predict extrapyramidal side
effect”.

Y-maze task detect the lateralization of hemiparkinsonian
animals in terms of biased turns in the maze as well as

working memory function”. In this study, exposure of
mice to paraquat reduced spontaneous alternations

behaviour indicative of working memory deficits in
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agreement with previous studies''’. However, the
pretreatment of mice with M. acuminata reversed the
decrease in spontaneous alternation behavior suggestive
working memory improvement.

Mitochondrial dysfunction and oxidative stress are
pathophysiologic mechanisms implicated in experimental
models and genetic forms of PD”. Disruptions in the
physiologic maintenance of the redox potential in neurons
interfere with several biological processes, ultimately
leading to cell death’. The body fights against ill effects of
free radicals via antioxidant defense system comprising of
antioxidant enzymes like SOD, GSH etc. Paraquat belongs
to the class of redox cycling compounds capable of
inducing mitochondrial damage, increasing reactive
oxygen species production and oxidative stress through
inhibition of mitochondrial complex I transport chain®. The
imbalance between increased production of free radicals
and decreased antioxidant capacity, results in a persistent
lipid peroxidation. In this study, paraquat increased the
level of malondialdehyde suggestive of lipid peroxidation
which was attenuated by the pretreatment of mice with M.
acuminata possibly due its richness in neuroactive
flavonoids such as apigenin glycosides, myricetin
glycoside, myricetin-3-O-rutinoside, naringenin
glycosides, kaempferol-3-O-rutinoside, quercetin-3-O-

rutinoside, dopamine, and N-acetylserotonin'""

. Similarly,
paraquat caused an increase in nitrite generation which was
attenuated by M. acuminata further supporting its
antioxidant activity. GSH is the prominent endogenous
antioxidant in mammalian cells and its homeostasis relies
on activity of a number of antioxidant enzymes such as
catalase and SOD’. In this study, paraquat caused a decrease
in glutathione level which was reversed by M. acuminata
further affirming its antioxidant defense capability against

neurotoxin.

5. Conclusion

The behavioural studies showed that the administration of
paraquat induced motor and memory deficit in mice.
Paradoxically, M. acuminata-paraquat co-exposure
restored memory impairment but not the motor deficits
possibly through enhancement of antioxidant defense
signaling.

Acknowledgement

Authors are grateful to Mr. Chijioke M of the Department of
Pharmacology, Therapeutics and Toxicology, College of
Medicine, University of Lagos for his technical assistance

Page|141



Conflict of interest

We do not have any conflicting interest to declare

References

1.

THE NIGERIAN JOURNAL OF PHARMACY | VOL.56, ISSUE(1) 2022

Samii A, Nutt JG, Ransom BR. (2004).
Parkinson's disease. Lancet.;363(9423):1783-93.
https://doi.org/10.1016/S0140-6736(04)16305-8
Ascherio A, Schwarzschild MA. (2016). The
epidemiology of Parkinson's disease: risk factors

and prevention. Lancet Neurology;15(12):1257-
1272. https://doi:10.1016/S1474-
4422(16)30230-7

Opara J, Malecki A, Matecka E, Socha T. (2017).
Motor assessment in Parkinson's disease. Annals

of Agricultural and Environmental
Medicine;24(3):411-415.
https://doi.org/10.5604/12321966.1232774
Hayes MT. (2019). Parkinson's Disease and
Parkinsonism. American Journal of Medicine.
1 32 (7)) 8 02 -8 0 7
https://doi.org/10.1016/j.amjmed.2019.03.001
Breckenridge CB, Berry C, Chang ET, Sielken RL
Jr, Mandel JS. (2016). Association between
Parkinson's Disease and Cigarette Smoking, Rural

Living, Well-Water Consumption, Farming and
Pesticide Use: Systematic Review and Meta-
Analysis. PLoS One. 11(4):e0151841.
https://doi.org/10.1371/journal.pone.0151841

Chinta SJ, Woods G, Demaria M, Rane A, Zou Y,
McQuade A, Rajagopalan S, Limbad C, Madden
DT, Campisi J, Andersen JK. (2018). Cellular
Senescence Is Induced by the Environmental

Neurotoxin Paraquat and Contributes to
Neuropathology Linked to Parkinson's Disease.
Cell Reports. 22(4):930-940.
https://doi.org/10.1016/j.celrep.2017.12.092
Blandini F, Armentero MT. (2012). Animal
models of Parkinson's disease. FEBS Journal.
;279(7):1156-66. https://doi.org/10.1111/1.1742-
4658.2012.08491.x

Mathew NS, Negi PS. (2017). Traditional uses,
phytochemistry and pharmacology of wild banana

(Musa acuminata Colla): A review. Journal of
Ethnopharmacology, 196:124-140.
https://doi.org/10.1016/j.jep.2016.12.009
Swanson MD, Winter HC, Goldstein 1J,
Markovitz DM. (2010). A lectin isolated from
bananas is a potent inhibitor of HIV replication.
Journal of Biological Chemistry; 285(12):8646-

10.

11.

12.

13.

14.

15.

16.

55. https://doi.org/10.1074/ibc.M109.034926
Vijayakumar K, Ramanathan T. (2020). Musa
acuminata and its bioactive metabolite 5-

Hydroxymethylfurfural mitigates quorum sensing
(las and rhl) mediated biofilm and virulence
production of nosocomial pathogen Pseudomonas
aeruginosa in vitro. Journal of
Ethnopharmacology; 246:112242.
https://doi.org/10.1016/j.jep.2019.112242
Oresanya 1O, Sonibare MA, Gueye B, Balogun
FO, Adebayo S, Ashafa AOT, Morlock G. (2020).
Isolation of flavonoids from Musa acuminata
Colla (Simili radjah, ABB) and the in vitro
inhibitory effects of its leaf and fruit fractions on

free radicals, acetylcholinesterase, 15-
lipoxygenase, and carbohydrate hydrolyzing
enzymes. Journal of Food Biochemistry;
44(3):e13137. https://doi.org/10.1111/jfbc.13137
Pothavorn P, Kitdamrongsont K, Swangpol S,

Wongniam S, Atawongsa K, Savasti J, Somana J.
(2010). Sap phytochemical compositions of some
bananas in Thailand. Journal of Agricultural Food
Chemistry, 58(15):8782-7.
https://doi.org/10.1021/jf101220k PMID:
20681667.

Ishola IO, Akataobi OE, Alade AA, Adeyemi OO.
(2019). Glimepiride prevents paraquat-induced

Parkinsonism in mice: involvement of oxidative
stress and neuroinflammation. Fundamental and
Clinical Pharmacology; 33(3):277-285.
https://doi.org/10.1111/fcp.12434

Ishola 10, Katola FO, Adeyemi OO. (2020).
Involvement of GABAergic and nitrergic systems

in the anxiolytic and hypnotic effects of Curcuma
longa: its interaction with anxiolytic-hypnotics.
Drug Metabolism and Personalized Therapy.
https://doi.org/10.1515/dmdi-2020-0147

Adedeji HA, Ishola 10, Adeyemi OO. (2014).
Novel action of metformin in the prevention of

haloperidol-induced catalepsy in mice: Potential
in the treatment of Parkinson's disease? Progress
in Neuropsychopharmacology and Biological
Psychiatry, 48:245-251.
https://doi.org/10.1016/j.pnpbp.2013.10.014

Ishola IO, Akinyede AA, Adeluwa TP, Micah C.
(2018). Novel action of vinpocetine in the

prevention of paraquat-induced parkinsonism in
mice: involvement of oxidative stress and
neuroinflammation. Metabolic Brain Disease;

Page|142



17.

18.

19.

20.

21.

THE NIGERIAN JOURNAL OF PHARMACY | VOL.56, ISSUE(1) 2022

33 (5):1493-15200
https://doi.org/10.1007/s11011-018-0256-9
Ishola IO, Tota S, Adeyemi OO, Agbaje EO,
Narender T, Shukla R. (2013). Protective effect of
Cnestis ferruginea and its active constituent on

scopolamine-induced memory impairment in
mice: a behavioral and biochemical study.
Pharmaceutical Biology, 51(7):825-35.
https://doi.org/10.3109/13880209.2013.767360

Ishola 10, Jacinta AA, Adeyemi OO. (2019).
Cortico-hippocampal memory enhancing activity

of hesperetin on scopolamine-induced amnesia in
mice: role of antioxidant defense system,
cholinergic neurotransmission and expression of
BDNF. Metabolic Brain Disease, 34(4):979-989.
https://doi.org/10.1007/s11011-019-00409-0

Ishola IO, Isaac AI, Adeyemi OO. (2020).
Vinpocetine prevents haloperidol-induced

cognitive and working memory deficits through
attenuation of oxidative and nitrosative stress in
mice. Nigeria Journal of Physiological Sciences,
35(2):203-208.

Brooks Al, Chadwick CA, Gelbard HA, Cory-
Slechta DA, Federoff HJ. (1999). Paraquat
elicited neurobehavioral syndrome caused by
dopaminergic neuron loss. Brain Research.,
823(1-2):1-10. https://doi.org/10.1016/s0006-

8993(98)01192-5
Wadenberg ML, Kapur S, Soliman A, Jones C,

22,

23.

Vaccarino F. (2000). Dopamine D2 receptor
occupancy predicts catalepsy and the suppression
of conditioned avoidance response behavior in
rats. Psychopharmacology (Berl), 150(4):422-9.
https://doi.org/10.1007/s002130000466

Burbulla LF, Song P, Mazzulli JR, Zampese E,
Wong YC, Jeon S, Santos DP, Blanz J, Obermaier
CD, Strojny C, Savas JN, Kiskinis E, Zhuang X,
Kriiger R, Surmeier DJ, Krainc D. (2017).
Dopamine oxidation mediates mitochondrial and

lysosomal dysfunction in Parkinson's disease.
Science, 357(6357):1255-1261.
https://doi.org/10.1126/science.aam9080

Tanner CM, Kamel F, Ross GW, Hoppin JA,
Goldman SM, Korell M, Marras C, Bhudhikanok
GS, Kasten M, Chade AR, Comyns K, Richards
MB, Meng C, Priestley B, Fernandez HH, Cambi
F, Umbach DM, Blair A, Sandler DP, Langston
JW. (2011). Rotenone, paraquat, and Parkinson's

disease. Environment and Health Perspectives,
1 1.9 ( 6 ) 8 6 6 - 7 2
https://doi.org/10.1289/chp.1002839

Page|143



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

