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Abstract

Objective:The present study investigated the 
ethanolic extract of fruit pulp of Annona squa-
mosa that ameliorates the 6-OHDAinduced 
behavioural, biochemical, and neurochemical 
changes which resemble Parkinson’s disease 
(PD)-like symptoms. 

Materials and Methods:Various behavioural 

and biochemical parameters were carried out to 
evaluate the activity of ethanolic extract of fruit 
pulp of Annona squamosa (FEAS) on 6-OHDA 
treated rats. To determine the therapeutic sig-
nificance of FEAS on PD, different behaviour-
al tests such as apomorphine rotation, narrow 
beam maze, rotarod, grip strength, sensorimo-
tor and disengage test and some biochemical 
tests along with neurochemical findings were 
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done.Results:6-OHDA caused physical and 
behavioral abnormalities in animals, includ-
ing abnormal posture, weak grip strength, and 
motor deficit. Biochemical analysis of brain ho-
mogenates in FEAS treated rats showed altered 
oxidative stress and elevated lipid biomarkers. 
Neurochemical alterations of the striatum of 
FEAS treated rats exhibit altered levels of cat-
echolamines. FEAS administered for 07 days 
significantly enhanced motor function and be-
haviour tasks and further restored the invitro 
antioxidant changes in the brain. Furthermore, 
FEAS-II treatment significantly improved oxida-
tive damage,which is denoted by the alterations 
in neurochemical changes of rat brain.Conclu-
sion:In this research work, FEAS-I & II (200 mg/
kg & 400 mg/kg) provided a remarkable neuro-
protective impact, which was evidenced by be-
havioural and biochemical tests. It restored the 
behavioural and biochemical alterations caused 
by 6-OHDA and confirmed the strong neuropro-
tective mechanism of FEAS in 6-OHDA-intoxi-
cated behavior and motor abnormalities.

Keywords:6-hydroxydopamine, Annona squa-
mosa Fruit, Parkinson’s disease, Dopamine, 
Neurological disorder, 

Introduction

Parkinson disease (PD) is characterised by 
the progressive degradation of dopamine (DA) 
neurons in the basal ganglia that innervative 
substantia nigra pars compacta (SNc)(1)which 
causes movement abnormalities, cognitive im-
pairment, and sleep disturbances.(2)

Neurological disorders are currently one of the 
highest global causes of disability.(3)Parkin-
son’s disease is the most prevalent movement 
disorder, excluding essential tremor, and the 
second most prevalent neurodegenerative dis-
ease after Alzheimer’s disease.(4,5)Global PD 
prevalence estimates for 2019 exceeded 8.5 
million individuals (6). PD affects 1-2 people per 
1000 at any given moment. PD prevalence in-
creases with the age, and from that 1% of the 
population older than 60 years is affected (7). 
PD is pathologically characterized by the loss 

of nigrostriatal dopaminergic innervation; how-
ever, neurodegeneration does not include only 
nigral dopaminergic neurons but also cells from 
other parts of the neural network.

The premotor or prodromal phase of PD may 
begin 12–14 years prior to diagnosis (8). There 
is now substantial evidence that the disease 
may begin in the peripheral autonomic nervous 
system and/or the olfactory bulb, before spread-
ing to the central nervous system and affecting 
the lower brainstem structures prior to affecting 
the substantia nigra.(9)

The majority of degenerative PDs belong to one 
of the two molecular classes -tauopathies or 
a-synucleinopathies – because ofthe patholog-
ical accumulation of the microtubuleassociated 
tau protein or the presynaptic protein α-synu-
clein within vulnerable neurons and frequently 
glial cells as well. α-synuclein folds into -helical 
structures through its N-terminus upon interac-
tion with negatively charged lipids, like the phos-
pholipids that form cell membranes upon inter-
action with negatively charged lipids. (10,11) In 
PD, α-synuclein adopts an amyloid-like β-sheet-
rich structure that is prone to aggregate. Indeed, 
misfolded α-synuclein is found within Lewy 
Bodies (LBs) as filaments measuring 5–10 nm 
in length. Serine 129 phosphorylation, ubiquiti-
nation, and C-terminal truncation have all been 
proposed as mechanisms for the conformation-
al changes that lead to abnormal α-synuclein 
aggregation. (12,13) Different species of α-sy-
nuclein, including unfolded monomers, solu-
ble oligomers, protofibrils, and high molecular 
weight insoluble fibrils, are therefore present in 
the PD brain.(14)

Mitochondrial dysfunction is considered as a key 
factor in both idiopathic and familial PD patho-
genesis.(15) Both PINK1 and parkin (PARK2 
and PARK6, respectively) are essential compo-
nents of the pathway that controls the removal 
of dysfunctional mitochondria, a process known 
as mitophagy.(16) Loss-of-function mutations in 
either gene cause defective mitochondrial qual-
ity control and autosomal recessive PD.(17, 18) 
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Mitochondrial complex-I deficiency may play a 
crucial role in DA cell death caused by energy 
depletion.(15)Neurodegenerative diseases char-
acterized by proteinopathies, which are abnor-
mal protein accumulation, share proteasomal 
abnormalities as a common characteristic.(19)

In addition to a decrease in activity, the SNpc 
of PD brains also exhibits a lower expression 
of various proteasomal components. In particu-
lar, the 20S proteasome α-subunit (20) and other 
molecules involved in the regular function of the 
Ubiquitin-proteasome system (UPS), such as 
PA700 and PA28 (protease activators), are di-
minished.(21) Genetic studies and the discovery 
that two of the PARK genes linked to monogenic 
PD encode proteins involved in UPS function, 
namely parkin (PARK2; E3 ubiquitin ligase) 

(17,22)and UCH-L1, provide additional evidence 
(PARK5; Ubiquitin C-terminal hydrolase).(23)

Similar to the UPS system, numerous lyso-
somal and autophagy-related components are 
dysfunctional or variably expressed in PD. In 
nigral neurons of PD brains, the autophago-
some marker LC3-II was elevated, indicating 
an aggregation of autophagic vacuoles. (24,25) At 
postmortem examination, vital lysosomal mem-
brane proteins (LAMP1 and LAMP2A) and sev-
eral heat-shock protein family molecular chap-
erones (such as hsc70 and hsp35) were found 
to be reduced. (26,27)

Initially believed to be a secondary phenome-
non, there is updated evidence that inflammato-
ry responses can contribute to the pathogenesis 
of the disease on their own. In early studies with 
rodent models of PD (6-hydroxydopamineand 
MPTP), inhibition of microglial activation with 
minocycline pre- and post-neurotoxic insult sig-
nificantly reduced DA cell death in the SNpc, 
suggesting that microglia-induced inflammatory 
processes may be contributing to the degener-
ation of these cells. (28,29) Survival of dopamine 
neurons challenged under oxidative stress con-
ditions.

It is essential to have the relevant disease mod-
els in order to comprehend the pathogenesis 

of PD and develop potential therapies for im-
proved symptom management. The neurotoxin 
6-hydroxydopamine (6-OHDA) provides useful 
animal models of PD by inducing dopaminergic 
neuronaldegeneration in the substantia nigra 
pars compacta (SNpc), which leads to a deple-
tion of dopamine level in the striatum.(30-32) To 
elucidate the underlying neuroprotective mech-
anism, we studied the effect of Annona squamo-
sa fruit pulp extract (FEAS) on 6-OHDA-induced 
oxidative stress in rat dopaminergic neurons by 
examining the post-treatment effects of FEAS 
therapy on behavioral dysfunction, biochemical 
alterations, and dopamine level in the rat brain.

Materials and Methods

Extract preparation

The fruits of Annona squamosa Linn. (FEAS) 
were retrieved from the regionof Namakkal Dis-
trict, Tamil Nadu, India. And obtained authentica-
tion from Botanical survey of India, Coimbatore. 
The fresh fruits were washed, and the pulps 
were scraped from the seeds using a glovebox 
under vacuum, lyophilized at -50°C, and ground 
into a powder. This mixture was then extracted 
with cold maceration by using 70% ethanol for 
48 hours while being continuously stirred, yield-
ing a viscous brownish yellow mass. A small 
proportion of the extract was subjected to pre-
liminary phytochemical analysis, free radical 
scavenging activity and the other part was kept 
for future use in a vacuum desiccator.

Free Radical scavenging activity

The extract FEAS was analysed for free radical 
scavenging activity such as DPPH radical scav-
enging, hydroxyl radical scavenging, and super-
oxide scavenging activities are analysed.(33)

Animals

Twenty-four adults male Wistar rats weighting 
230-250 g were housed in a temperature-con-
trolled room (at approximately 25ºC), under 
12-h light/dark cycle, with free access to food 
and water, at 21–22°C and 50–55% humidity. 
The animal experiments were carried out in ac-
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cordance with the approval of Institution animal 
ethical committee (KMCRET/Ph.D/07/2015-16).  
According to OECD 423 guidelines, the acute 
toxicity study was done. 

Experimental Design

The experimental rats were divided into the fol-
lowing groups i) Sham operated received saline 
treatment ii) 6-OHDA lesioned group + saline iii) 
6-OHDA lesioned group + Fruit pulp of ethano-
lic extract of Annona squamosa 200 mg/kg (6-
OHDA + FEAS – I) iv) 6-OHDA lesioned group 
+ Fruit pulp of ethanolic extract of Annona squa-
mosa 400 mg/kg (6-OHDA + FEAS – II) 

Each group consistedof 4–6 animals. After sur-
gical procedures for the intra-striatal injection of 
6-hydroxydopamine (6-OHDA) with saline, the 
animals were divided into four groups (n = 6 
per group). Group I that received saline alone 
instead of 6-OHDA as a unilateral lesion. Group 
II received intra-striatal injection of 6-OHDA as a 
unilateral lesion. Groups III & IV received ethan-
olic extract of fruit extract of Annona squamosa 
(FEAS) 200 & 400 mg/kg for 07 days, consecu-
tively after 6-OHDA injection. 

0.8 µg 6-OHDA, dissolved in 4 µL physiologi-
cal saline containing 0.1% ascorbic acid were 
administrated through Hamilton syringe over 
4.50 min; the syringe was left in place for 5 min 
after injection before being slowly removed. Sh-
am-operated rats injected with saline. The se-
quence of experiments carried out in this study 
is graphically outlined in graphical abstract.At 
the seventh, fifteenth,and twenty-ninth day af-
ter surgery, behavioural tests were performed to 
evaluate the motor abilities of the animals. The 
animals were sacrificed at 29thday following the 
beginning of the treatment. 

Behavioural assessments:

After receiving a 6-OHDA treatment, the ani-
mals’ general behaviour was monitored for 4 
weeks continuously, including body weight, food 
and water intake, body temperature, and urine 
output.(34) All animals underwent baseline meas-

urements of their behavioursin the following be-
havioural studies (Fig. 1-6).

Apomorphine turning behavior

The evaluation of motor function was carried out 
by apomorphine-induced rotation test on day 29 
after 6-OHDA injection (Fig. 7). Apomorphine 
hydrochloride (0.5 mg/kg, i.p.) causes rotation 
inrats. After one-minuteadministration of apo-
morphine, the rotations were recorded; perfect 
and complete rotations were counted in a cy-
lindrical container (33 cm diameter and 35 cm 
height) for 1 h in a noiseless separated room. 
Net numbers of rotations by turning contralater-
al & ipsilateral to the side of lesion were noted.
(35)

Rotarod

Motor performance was also evaluated with a 
Rotarod equipment, under the protocol which 
were previously described by MonvilleC.(36) 
Before administering 6-OHDA, the first three 
testing days provided as a training period. The 
animals were put through a four-trial test using 
an accelerating protocol that lasted 4 to 40 rpm 
in 5 minutes and given at least 20 minutesrest 
between trials. On the 7th, 15th, 21st, and 29thday, 
using the similar protocol, the latency to fall was 
then recorded.

Narrow beam maze

Animals were positioned on a narrow beam that 
was 1 m long and 80 cm above the ground. To 
ensure that the animal wouldn’t be hurt if it fell, 
a 12 cm thick foam was placed exactly beneath 
the beam. The animal was set at one end of the 
beam, while the animal’s residence cage was 
set at the other. A stopwatch was used to mea-
sure how long it took the animals to travel from 
their initial starting positions to the other end. 
The test was recorded as “timed out” at 2 min-
utes if animals refused to finish a beam run. The 
latency to start and total time to cross the beam 
were both recorded throughout this test.(37)

Grip strength
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Forelimb strengths of rats were measured using 
a grip strength meter.(38) To produce a reliable 
assessment of holding capability, the animals 
were pretrained for six training sessions on 1st-

day, and the grip strength test was carried out 
on 29thday. Rat forelimbs were placed on the 
tension bar as they were positioned facing the 
grip strength meter’s T bar. The rat was gently 
and steadily dragged away from the T bar by the 
root of the tail when it grabbed the bar. The grip 
strength meter was automatically calculated 
and recorded the force that each animal could 
produce in grams. Each animal measures were 
computed. Between measurements, the rats 
were given 30s to rest.

Sensorimotor test

The corner test assesses the direction pattern of 
sensorimotor dysfunction. It was initially applied 
on rats. It has been an established technique 
for evaluating sensory-motor function which is 
a valid way to spot and measure sensory and 
postural asymmetry. (39,40) It offers a quick ap-
proach for identifying ipsilateral and contralater-
al steering deviation.

Disengage test

A tactile stimulus was placed towards the vibris-
sae, and a stopwatch was used to measure how 
long it took the rat to turn around and touch the 
probe with a paw. Paw extension was thus mea-
sured for the disengage test.(40)

Biochemical Studies

After behavioral assessment (i.e., 29 days after 
surgery), the animals were deeply anesthetized. 
The brains were quickly removed and placed on 
an ice-cold Petridish. Rat brains will be fixed us-
ing a Microwave Fixation System. Striata from 
both sides are dissected from sham-operated, 
6-OHDA-treated, extracts treated group of ani-
mals.(41) To eliminate debris, the striatal tissue is 
homogenized in 250 μl acetonitrile before being 
centrifuged at 13,000 g for 30 min. A stream of 
nitrogen is used to evaporate the acetonitrile 
after the supernatant has been collected and 

cleaned with heptane. Re-suspending the sam-
ple in 75 μl of mobile phase (37.5 mM phosphor-
ic acid, pH 8.5) for the estimation of total protein 
and lipid peroxidation. The supernatant was 
again centrifuged at 15000 rpm for 1 h at 4°C. 
The supernatant obtained was used for further 
estimation of superoxide dismutase (SOD), cat-
alase (CAT), glutathione (GSH), and lipid perox-
idation (TBARS).

TBARS activity 

Thiobarbituric acid reactive substances 
(TBARS) in the homogenate were estimated 
by the method of Ohkawaet al.,(42) The amount 
of lipid peroxidation was determined by using ε 
= 1.56 × 105M-1cm-1 and expressed as TBARS 
nmoles/mg of protein.

Superoxide dismutaseactivity

Superoxide dismutase activity was determined 
based on SOD’s potential to stop adrenaline’s 
auto-oxidation to adrenochrome in an alkaline 
pH. The SOD activity (U/mg of protein) was cal-
culated using the usual plot.(43)

Catalase activity

The Caliborne method was used to analyze 
the catalase activity.(44) Changes in absorbance 
were noticed at 240 nm. nM H2O2 consumed/
min/mg protein was used to measure catalase 
activity. 

GRH activity

Glutathione reductase (GRH) activitywas de-
termined spectrophotometrically as described 
previously byCarlberg I.(45) The amount of nmol 
NADPH•min•mg−1protein used to express the 
enzyme activity.

GPx activity

The dismutation of H2O2 at 340 nm was used 
to measure GPx activity spectrophotometrical-
ly using the approach previously described by 
Wendel A.(46)The enzymatic activity was denot-
ed as nmol NADPH•min•mg−1 protein. 

Total protein content 
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Total thiols were assayed on the principle of 
formation of relatively stable yellow color by 
sulfhydryl groups of DTNB. Protein content in 
the samples was determined by the method of 
Lowry et al.,(47)

Nitric oxide estimation

The level of nitrite in the rat striatal tissue is an 
indicator of the production of nitric oxide (NO), 
which was determined according to the meth-
od of Kumar et al. (2012).By measuring nitrite, 
nitrate, and total nitrite indirectly in rat brain 
extract supernatants that were produced after 
centrifugation, nitric oxide was detected. The 
absorbance was then noted at 620 nm and 550 
nm, respectively.(48)

Neurochemical estimation

The method described by Patel was used to 
estimate the levels of brain catecholamines 
with a little modification.(49)By employing an 
electrochemical detector and a C18 reverse 
phase column, HPLC was used to determine 
the concentrations of catecholamines (DA) and 
their metabolites (DOPAC, HVA) in the stria-
tum. Based on the standard curve created by 
employing standards with concentrations of 10-
100 ng/ml that were homogenized in a solution 
containing 0.2 M perchloric acid, the quantities 
of the neurotransmitter and its metabolites were 
determined. 

Statistical Analysis

The results were expressed as mean ± standard 
error mean (SEM). Behavior parameters were 
analyzed by ordinary and repeated measures 
of one-way ANOVA (analysis of variance), fol-
lowed by Dunnett’s post hoc test, p < 0.05 was 
considered significant throughout the analysis. 

Results and Discussion

Effect of FEAS onpreliminary phytochemical 
analysis 

The extract was subjected to preliminary phy-
tochemical screening. Tests for alkaloids, pro-
teins, steroids, phenols, tannins, flavonoids, 

gums and mucilage, glycosides and saponins 
were tested positive using Trease GE and Ev-
ans WC methods. And from the radical scav-
enging activity the IC50 value was found to be 
116.78, 155.17, and 140.72 respectively, which 
shows that the inhibitory concentration of FEAS 
was higher than that of standards. (Fig.1) 

Fig 1. Effect of FEAS on free radical scavenging 
activity such as DPPH, and superoxide Scav-
enging activities.

Effect of FEAS on 6-OHDA induced de-
creased in body weight, food and water in-

take, body temperature, and urinary output

It was observed that administration of 6-OHDA 
significantly reduced the body weight, food 
and water intake, urinary output (p=0.2080; 

creased in body weight, food and water in

Fig 1. Effect of FEAS on free radical scavenging activity such as DPPH, hydroxyl and 

superoxide scavenging activities.
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p=0.0223; p=0.0337; p=0.1272) but increased 
body temperature (p<0.0001) when compared 
to sham operated grouprespectively. However, 
treatment with FEAS-I & II (200mg/kg& 400 mg/
kg) started to restore the body weight, food and 
water intake, and volume of urine output com-
pared to the 6-OHDA treated group. Moreover, 
treatment with FEAS-II (400 mg/kg/day) signifi-
cantly and dose-dependently ameliorated the 
loss in body weight compared to FEAS-I (200 
mg/kg/day) treated group (Figs. 2, 3, 4, 5, 6).

Fig 2. Effect of 6-OHDA and FEAS post-treat-
ment on the body weights (Mean ± SEM) of 
each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way analysis of 
variance (ANOVA) and Dunnett’s post hoc com-
parison test.

Fig 3. Effect of 6-OHDA and FEAS post-treat-
ment on the food intake (Mean ± SEM) of each 
group of rats were recorded. Data are shown as 
Mean ± SEM; n = 06 rats for each group. *p ≤ 
0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 0.0001, as 
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s 
post hoc comparison test.

Fig 4. Effect of 6-OHDA and FEAS post-treat-
ment on the water intake (Mean ± SEM) of each 
group of rats were recorded. Data are shown as 
Mean ± SEM; n = 06 rats for each group. *p ≤ 
0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 0.0001, as 
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s 
post hoc comparison test.

Fig 5. Effect of 6-OHDA and FEAS post-treat-
ment on the body temperature (Mean ± SEM) 
of each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Fig 6. Effect of 6-OHDA and FEAS post-treat-
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ment on the urinary output (Mean ± SEM) of 
each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Effect of FEAS on 6-OHDA induced chang-
es in apomorphine activity, rotarod and grip 
strength, and narrow beam walk perfor-
mance of rats

Apomorphine activityand narrow beam maze 
(NBM) walk performance was significantly in-
creased on 6-OHDA administration (on the 
29thday) as compared to sham operated group 
(p<0.001). Treatment with FEAS-I & II (200 and 
400 mg/kg) significantly attenuated the total 
turns per hour in apomorphine rotation and la-
tency to start and transfer latency in NBM as 
compared to 6-OHDA group (p<0.001). More-
over, concomitant administration of FEAS-II 
(400 mg/kg/day) significantly reduced the turns 
start latency and transfer latency as compared 
to FEAS-I (200 mg/kg/day) treated group (Figs. 
7, 8).

Fig 7. Effect of 6-OHDA and FEAS post-treat-
ment on the apomorphine rotation (Mean ± 
SEM) of each group of rats were recorded. Data 
are shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Fig 8. Effect of 6-OHDA and FEAS post-treat-
ment on the activity on narrow beam maze 
(Mean ± SEM) of each group of rats were re-
corded. Data are shown as Mean ± SEM; n = 
06 rats for each group. *p ≤ 0.05, **p ≤ 0.01, 
**p ≤ 0.001, ***p ≤ 0.0001, as compared with 
sham groups. Statistical analysis was done by 
one-way ANOVA and Dunnett’s post hoc com-
parison test.

Rotarod activityandgrip strength perfor-
mancewere decreased with 6-OHDA adminis-
tration (on the 29thday) compared to sham-op-
erated group (p = 0.004; p<0.0001). Treatment 
with FEAS-I & II (200 and 400 mg/kg) signifi-
cantly improved the latency to fall,impaired grip 
strength, and locomotor activity as compared 
to 6-OHDA group. Furthermore,continuous ad-
ministration of FEAS-II (400 mg/kg) extremely 
attenuated the duration of fall, latency andim-
paired grip strength compared to FEAS-I(200 
mg/kg)treated group. (Figs. 9, 10). 

Fig 9. Effect of 6-OHDA and FEAS post-treat-
ment on the rotarod activity (Mean ± SEM) of 
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each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Fig 10. Effect of 6-OHDA and FEAS post-treat-
ment on the grip strength activity (Mean ± SEM) 
of each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Effect of FEAS on 6-OHDA induced chang-
es in sensorimotor and disengage activity of 
rats

In sham-operated rats, the turns on both sides 
were equal. The total count was calculated by 
applying the formula, which denotesthe sponta-
neous turning latency. Thus, the turning latency 
noted in rats lesioned with 6-OHDA developed a 
preference for spontaneous turning towards the 
contralateral side and the latency(0 to 29th day) 
was significantly increased on 6-OHDA admin-
istration as compared to sham operated group 
(p = 0.0005) as the lesioned rats turns more on 
contralateral side. Treatment with FEAS-I & II 
(200 and 400 mg/kg) significantly attenuated 
the turn latency on the single side.

Duration of forelimb paw extension was in-
creased on 6-OHDA administration (on the 
29thday) due to disengage activity compared to 

sham-operated group (p = 0.0196). Treatment 
with FEAS-I & II (200 and 400 mg/kg) signifi-
cantly attenuated the latency of paw extension 
as compared to 6-OHDA group. (Figs. 11, 12). 

Fig 11. Effect of 6-OHDA and FEAS post-treat-
ment on the sensorimotor turn latency (Mean ± 
SEM) of each group of rats were recorded. Data 
are shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way ANOVA and 
Dunnett’s post hoc comparison test.

Fig 12. Effect of 6-OHDA and FEAS post-treat-
ment on the forelimb paw extension latency 
(Mean ± SEM) of each group of rats were re-
corded. Data are shown as Mean ± SEM; n = 
06 rats for each group. *p ≤ 0.05, **p ≤ 0.01, 
**p ≤ 0.001, ***p ≤ 0.0001, as compared with 
sham groups. Statistical analysis was done by 
one-way ANOVA and Dunnett’s post hoc com-
parison test.
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Effect of FEAS on 6-OHDA induced changes 
in brain antioxidant levels in rats

Systemic administration of 6-OHDA had a 
significantly elevated level of oxidative stress 
parameters, i.e.,TBARSand nitrite levels in the 
striatum with fall of SOD, CAT, GRH, GPx lev-

elsas compared to the sham-operated group (p 
< 0.0001). However, treatment with FEAS-I & II 
(200 and 400 mg/kg) significantly ameliorated 
the oxidative stress with restoration of SOD, 
CAT, GRH, GPxlevels as compared to 6-OHDA 
treated group (p < 0.0001). (Fig. 13).
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Fig 13. Effect of 6-OHDA and FEAS post-treatment on the brain antioxidant levels (Mean ± SEM) of 
each group of rats were recorded. Data are shown as Mean ± SEM; n = 06 rats for each group. *p 
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≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 0.0001, as 
compared with sham groups. Statistical analy-
sis was done by one-way ANOVA and Dunnett’s 
post hoc comparison test.

Effect of FEAS with 6-OHDA on striatal dopa-
mine and its metabolites 

The level of catecholamine (dopamine) was-
found to be significantly decreased in the stria-
tum after treatment with 6-OHDA as compared 
to sham operated group. But its metabolites 
(DOPAC and HVA) were observed to be elevat-
ed in the striatum after treatment with 6-OHDA 
compared to sham-operated group (p < 0.0001). 
Treatment with FEAS-I & II (200 and 400 mg/kg) 
significantly and dose dependently ameliorated 
the alteration in catecholamine and its metabo-
lite level in the striatum as compared to 6-OHDA 
alone treated group. (Fig. 14)

Fig 14. Effect of 6-OHDA and FEAS post-treat-
ment on the neurochemicals (Mean ± SEM) 
of each group of rats were recorded. Data are 
shown as Mean ± SEM; n = 06 rats for each 
group. *p ≤ 0.05, **p ≤ 0.01, **p ≤ 0.001, ***p ≤ 
0.0001, as compared with sham groups. Statis-
tical analysis was done by one-way analysis of 
variance (ANOVA) and Dunnett’s post hoc com-
parison test.

An investigation using UPLC-ESI-MS/MS sheds 
new light on the phenolic composition of Anno-
na squamosa fruit pulp. And found a total of 16, 
15 and 13 free, bound, and esterified phenolic 
compounds, respectively, in the extracts of An-
nona squamosa Linn.fruit pulp. From Fig.1, it is 
also confirmed that the IC50 value of the extract 
was found to be higher against DPPH, hydroxyl, 
and superoxide radical scavenging activity. 

When 6-OHDA injected directly into the hypo-
thalamus, it had a profound effect on behavioral 
studies even when injected in a volume small-
er. But this study demonstrates the effect of 
Annona squamosa Linn. fruit pulp in 6-OHDA 
induced Parkinson disease, and it is confirmed 
from the behavioral analysis, biochemical and 
neurochemical analysis.

Treatment with FEAS-I & II (200 and 400 mg/kg) 
significantly attenuated the 6-OHDA induced 
motor deficit, oxidativedamage, neuroinflamma-
tion and alterations in striatal neurotransmitter 
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levels in rats. A single intranigral administration 
of 6-OHDA to experimental rat’scausePD like 
symptoms due to its selectivity for striatal do-
paminergic neurons, serve as widely accepted 
experimental model of PD. Through the early 
onset of hyperkinetic movements followed by 
hypokinesia, it causes chronic motor deficit and 
replicates many characteristics of PD patients.
(49) Similarly, in the present study treatment 
with 6-OHDA produces stable motor deficit as 
confirmed by increase in transfer latency in nar-
row beam walk, loss of grip strength, decrease 
in fall of time in rotarod indicate the motor im-
pairment and dysfunctioning of striatal nuclei.

Additionally, earlier research suggested that 
the main pathophysiological causes of PD were 
oxidative stress, mitochondrial dysfunction, ex-
citotoxicity, and neuroinflammation. Oxidative 
stress in neurons is further facilitated by faulty 
mitochondrial action and low ATP levels. This 
further contributes to excessive Ca2+ discharge 
via NMDA. Literature of this sort demonstrates 
that 6-OHDA injection considerably retards 
striatal cholinergic and dopaminergic neurons, 
which lowers catecholamine levels (dopamine) 
and increased the level of DOPAC and HVA 
inthe striatum nuclei.(50) This study found that 
acute 6-OHDA injection significantly increased 
levels of lipid peroxidation (LPO) and nitrite 
while depleting antioxidants like SOD, CAT, 
GSH, and GPx suggested that oxidative stress 
may play a role in PD. (51)

CONCLUSION

The results of the current studyindicate that 
FEAS-I & II (200, 400 mg/kg) corrected the 
behavioral, biochemical, neuroinflammatory, 
and chemical deficits brought on by 6-OHDA. 
FEAS-I & II have been shown to have neuropro-
tective effects, and these effects are related to 
their antioxidant and anti-inflammatory proper-
ties as well as their ability to modify neurotrans-
mitter levels in the basal ganglia circuit. Also, it 
is confirmed that FEAS-II (400 mg/kg) is proved 
to have the therapeutic effect for the treatment 
of Parkinson’s disease (PD), although more re-

search is needed to delve into obscure targets.

REFERENCES

1. Hornykiewicz, O.(2002). Dopamine mir-
acle: from brain homogenate to dopa-
mine replacement. Movement Disorders, 
17:501–508.

2. Falquetto, B., Thieme, K., Malta, M.B., E. 
Rocha, K.C., Tuppy, M., Potje, S.R., Anto-
niali, C., Rodrigues, A.C., Munhoz, C.D., 
Moreira, T.S., Takakura, A.C. (2020). Ox-
idative stress in the medullary respiratory 
neurons contributes to respiratory dys-
function in the 6-OHDA model of Parkin-
son’s disease. The Journal of Physiology, 
598(22):5271-5293.

3. Elbaz, A., Nichols, E., et al. (2018). GBD 
2016 Parkinson’s Disease Collaborators 
ER. Global, regional, and national bur-
den of Parkinson’s disease, 1990-2016: a 
systematic analysis for the global burden 
of disease study 2016. Lancet Neurolo-
gy,17:939-953.

4. Alves, G., Forsaa, E.B., Pedersen, K.F., 
DreetzGjerstad, M., Larsen J.P. (2008). 
Epidemiology of Parkinson’s disease. 
Journal of Neurology. 255:18-32.

5. Ascherio, A., Schwarzschild, M.A. (2016). 
The epidemiology of Parkinson’s disease: 
risk factors and prevention. Lancet Neurol-
ogy, 15:1257-1272.

6. Parkinson disease - key facts. Published 
on 13th June 2022. Available at https://
www.who.int/news-room/fact-sheets/de-
tail/parkinson-disease  (Accessed on 16 
November 2022).

7. Tysnes, O.B., Storstein, A. (2017). Epide-
miology of Parkinson’s disease. J Neural 
Transm (Vienna). 124(8):901-905.



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 835 - 849, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.22

Protective Effect of Annona Squamosa Fruit Pulp on Motor Responses 

847

8. Postuma, R.B., Aarsland, D., Barone, 
P., Burn, D.J., Hawkes, C.H., Oertel, W., 
et al. (2012). Identifying prodromal Par-
kinson’s disease: Pre-motor disorders in 
Parkinson’s disease. Movement Disorder, 
27(5):617–26. 

9. Katzenschlager, R., Head, J., Schrag, A., 
Ben-Shlomo, Y., Evans, A., Lees, A.J., et 
al. (2008). Fourteen-year final report of 
the randomized PDRG-UK trial comparing 
three initial treatments in PD. Neurology, 
71(7):474–80. 

10. Dickson, D.W. (2012). Parkinson’s disease 
and parkinsonism: neuropathology. Cold 
Spring Harbor Perspectives in Medicine. 
2(8):a009258. 

11. Eliezer, D., Kutluay, E., Bussell, R., Browne, 
G. (2001). Conformational properties of 
α-synuclein in its free and lipid-associated 
states11Edited by P. E. Wright. Journal of 
Molecular Biology, 307(4):1061–73.

12. Fujiwara, H., Hasegawa, M., Dohmae, 
N., Kawashima, A., Masliah, E., Gold-
berg, M.S., et al. (2002).Alpha-Synuclein 
is phosphorylated in synucleinopathy le-
sions. Nature Cell Biology, 4(2):160–4. 

13. Barrett, P.J., Timothy, G.J. (2015). 
Post-translational modification of α-synu-
clein in Parkinson’s disease. Brain Re-
search, 1628(Pt B):247–53. 

14. Baba, M., Nakajo, S., Tu, P.H., Tomita, T., 
Nakaya, K., Lee, V.M., et al. (1998). Aggre-
gation of alpha-synuclein in Lewy bodies 
of sporadic Parkinson’s disease and de-
mentia with Lewy bodies. The American 
Journal of Pathology, 152(4):879–84.

15. Pickrell, A.M., Youle, R.J. (2015).The 
roles of PINK1, Parkin and mitochondri-
al fidelity in Parkinson’s disease. Neuron, 
85(2):257–73.

16. Kitada, T., Asakawa, S., Hattori, N., Mat-
sumine, H., Yamamura, Y., Minoshima, S., 
et al. (1998). Mutations in the parkin gene 
cause autosomal recessive juvenile par-
kinsonism. Nature,392(6676):605–8. 

17. Moon, H.E., Paek, S.H. (2015). Mitochon-
drial dysfunction in Parkinson’s disease. 
Experimental Neurobiology.24(2):103–16.

18. Valente, E.M., Bentivoglio, A.R., Dixon, 
P.H., Ferraris, A., Ialongo, T., Frontali, M., 
et al. (2001). Localization of a novel locus 
for autosomal recessive early-onset Par-
kinsonism, PARK6, on human chromo-
some 1p35-p36. The American Journal of 
Human Genetics, 68(4):895–900.

19. McKinnon, C., Tabrizi, S.J. (2014). The 
Ubiquitin-Proteasome system in neurode-
generation. Antioxidants Redox Signaling, 
21(17):2302–21.

20. McNaught, K.S.P., Belizaire, R., Jenner, 
P., Olanow, C.W., Isacson, O. (2002). Se-
lective loss of 20S proteasome alpha-sub-
units in the substantia nigra pars compacta 
in Parkinson’s disease. Neuroscience Let-
ters, 326(3):155–8. 

21. McNaught, K.S.P., Belizaire, R., Isacson, 
O., Jenner, P., Olanow, C.W. (2003). Al-
tered proteasomal function in sporadic 
Parkinson’s disease. Experimental Neurol-
ogy.179(1):38–46. 

22. Um, J.W., Im, E., Lee, H.J., Min, B., Yoo, 
L., Yoo, J., et al. (2010). Parkin directly 
modulates 26S proteasome activity. Jour-
nal of Neuroscience, 30(35):11805–14.

23. Nishikawa, K., Li, H., Kawamura, R., Osa-
ka, H., Wang, Y-L., Hara, Y., et al. (2003). 
Alterations of structure and hydrolase ac-
tivity of parkinsonism-associated human 
ubiquitin carboxyl-terminal hydrolase L1 
variants. Biochemical and Biophysical Re-



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 835 - 849, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.22

Muthusamy et al

848

search Communications, 304(1):176–83.

24. Tanji, K., Mori, F., Kakita, A., Takahashi, H., 
Wakabayashi, K. (2011). Alteration of au-
tophagosomal proteins (LC3, GABARAP 
and GATE-16) in Lewy body disease. Neu-
robiology of Disease, 43(3):690–7.

25. Dehay, B., Bove, J., Rodriguez-Muela, N., 
Perier, C., Recasens, A., Boya, P., et al. 
(2010). Pathogenic lysosomal depletion in 
Parkinson’s disease. Journal of Neurosci-
ence, 30(37):12535–44. 

26. Chu, Y., Dodiya, H., Aebischer, P., Olanow, 
C.W., Kordower, J.H. (2009). Alterations 
in lysosomal and proteasomal markers in 
Parkinson’s disease: Relationship to al-
pha-synuclein inclusions. Neurobiology of 
Disease, 35(3):385–98. 

27. Alvarez-Erviti, L., Rodriguez-Oroz, M.C., 
Cooper, J.M., Caballero, C., Ferrer, I., 
Obeso, J.A., et al. (2010). Chaperone-me-
diated autophagy markers in Parkinson 
disease brains. Archives of Neurology, 
67(12):1464–72.

28. He, Y., Appel, S., Le, W. (2001). Minocy-
cline inhibits microglial activation and pro-
tects nigral cells after 6-hydroxydopamine 
injection into mouse striatum. Brain Re-
search, 909(1–2):187–93. 

29. Jackson-Lewis, V., Vila, M., Tieu, K., Teis-
mann, P., Vadseth, C., Choi, D-K., et al. 
(2002). Blockade of microglial activation 
is neuroprotective in the 1-methyl-4-phe-
nyl-1, 2, 3, 6-tetrahydropyridine mouse 
model of Parkinson disease. Journal of 
Neuroscience, 22(5):1763–71.

30. Kirik, D., Rosenblad, C., Bjorklund, A. 
(1998). Characterization of behavioral and 
neurodegenerative changes following par-
tial lesions of the nigrostriatal dopamine 
system induced by intrastriatal 6-hydroxy-

dopamine in the rat. Experimental Neurol-
ogy, 152(2):259-277.

31. Blum, D., Torch, S., Lambeng, N., Nissou, 
M.F., Benabid, A.L., Sadoul, R., Verna, 
J.M. (2001). Molecular pathways involved 
in the neurotoxicity of 6-OHDA. Dopamine 
and MPTP: contribution to apoptotic theory 
in Parkinson’s disease. Progress in Neuro-
biology, 65(2):135-172.

32. Deumens, R., Blokland, A., Prickaerts, J. 
(2002). Modeling Parkinson’s disease in 
rats: an evaluation of 6-OHDA lesions of 
the nigrostriatal pathway. Experimental 
Neurology, 175(2):303-317.

33. Rahman, M.M., Islam, M.B., Biswas, M., et 
al. (2015). In vitro antioxidant and free rad-
ical scavenging activity of different parts of 
Tabebuia pallida growing in Bangladesh. 
BMC Research Notes, 8: 621. 

34. Truong, L., H. Allbutt, M. Kassiou, J.M. 
Henderson. (2006). Developing a pre-
clinical model of Parkinson’s disease: 
A study of behaviour in rats with graded 
6-OHDA lesions. Behavioural Brain Re-
search.169:1–9. 

35. Haddadi, R., Nayebi, A.M., Brooshghalan, 
S.E. (2018). Silymarin prevents apoptosis 
through inhibiting the Bax/caspase-3 ex-
pression and suppresses toll like recep-
tor-4 pathway in the SNc of 6-OHDA intoxi-
cated rats. Biomedicine & Pharmacothera-
py, 104:127–136. 

36. Monville, C., Torres, E.M., Dunnett, S.B. 
(2006). Comparison of incremental and 
accelerating protocols of the rotarod test 
for the assessment of motor deficits in the 
6-OHDA model. Journal of Neuroscience 
Methods, 158:219-223. 

37. Baiba, J., Zane, D., Kaspars, J., Vladimirs, 
P., Ulrika, B., Ingrida, M., et al. (2016). 



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 835 - 849, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.22

Protective Effect of Annona Squamosa Fruit Pulp on Motor Responses 

849

Spruce needle polyprenols protect against 
atorvastatin-induced muscle weakness 
and do not influence central nervous sys-
tem functions in rats. Proceedings of the 
Latvian Academy of Sciences, 70(1):13–
20. 

38. Li, Q., Wan, J., Lan, X., Han, X., Wang, 
Z., Wang, J. (2017). Neuroprotection 
of brain-permeable iron chelator vK-28 
against intracerebral hemorrhage in mice. 
Journal of Cerebral Blood Flow & Metabo-
lism. 37:3110–23. 

39. Schaar, K.L., Brenneman, M.M., Savitz, 
S.I. (2010). Functional assessments in 
the rodent stroke model. Experimental & 
Translational Stroke Medicine, 2:13. 

40. Schallert, T., Hall, S. (1988). ‘Disengage’ 
sensorimotor deficit following apparent re-
covery from unilateral dopamine depletion. 
Behavioral Brain Research,30:15-24.

41. Katalin, M., Bernadett, M., Nora, S., Istvan, 
G., ZsoltJuranyi, G.L. (2007). Effects of 2, 
3-benzodiazepine AMPA receptor antago-
nists on dopamine turnover in the striatum 
of rats with experimental Parkinsonism. 
Brain Research Bulletin, 71:501–507.

42. Ohkawa, H, Ohishi, N, Yagi, K. (1979). As-
say for lipid peroxides in animal tissues by 
thiobarbituric acid reaction. Analytical Bio-
chemistry, 95(2):351-8.

43. Misra, H.P., Fridovich, I. (1972). The role 
of superoxide anion in the auto-oxidation 
of epinephrine and a sample assay for su-
peroxide dismutase. Journal of Biological 
Chemistry. 247:3170–75. 

44. Claiborne, A. (1985). Catalase activity. In: 
Greenwald RA, editor. CRC Hand Book of 
Methods for Oxygen Radical Research. 
Boca Raton, Florida, USA: CRC Press; 
283–84. 

45. Carlberg, I., Mannervik, B. (1985). Gluta-
thione reductase. Methods in Enzymology, 
113:484-490. 

46. Wendel, A. (1981). Glutathione peroxidase. 
Methods in Enzymology,177:325-333.

47. Lowry, O.H., Rosebrough, N.J., Fair, A.L., 
Randall, R.J. (1951). Protein measure-
ment with Folin phenol reagent. Journal of 
Biological Chemistry, 193:265–75. 

48. Kumar, P., Kalonia, H., Kumar, A. (2012). 
Possible GABAergicmechanism in the 
neuroprotective effect of gabapentin and 
lamotrigine against 3-nitropropionic acid 
induced neurotoxicity. European Journal of 
Pharmacology. 674(2):265–274. 

49. Patel, A.B., de Graaf, R.A., Mason, G.F., 
Rothman, D.L., Shulman, R.G., Behar, K.L. 
(2005). The contribution of GABA to gluta-
mate/glutamine cycling and energy metab-
olism in the rat cortex in vivo. Proceedings 
of the National Academy of Sciences of the 
United States of America, 102:5588–5593.

50. Mabrouk, O.S., Mela, F., Calcagno, M., 
Budri, M., Viaro, R., Dekundy, A., Morari, 
M. (2013). GluN2A and GluN2B NMDA 
receptor subunits differentially modulate 
striatal output pathways and contribute to 
levodopa-induced abnormal involuntary 
movements in dyskinetic rats. ACS Chemi-
cal Neuroscience, 4(5):808–816.

51. Mercanti, G., Bazzu, G., Giusti, P. (2002). 
A 6-hydroxydopamine in vivo model of Par-
kinson’s disease. Neurotrophic Factors, 
Methods and Protocols, 846:355–364.

52. Magalingam, K.B., Radhakrishnan, A., Ha-
leagrahara, N. (2014). Protective effects of 
flavonolisoquercitrin, against 6-hydroxydo-
pamine (6-OHDA)-induced toxicity in PC12 
cells. BMC Research Notes, 7(1):1–8.


