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ABSTRACT: 
Introduction: Parkinson's Disease (PD) is one of the most common neurodegenerative disorders, mostly affecting elderly 
people. It is caused by the degeneration of dopaminergic neurons in the striata nigra. Allium sativum and Phyllanthus 

emblica are known to possess anti-inflammatory, antioxidant, and neuroprotective properties. Thus, the study was designed 
to assess the neuroprotective effect of A. sativum and P. emblica in the rotenone-induced Parkinson's model of Drosophila 
melanogaster.  
Materials and Method:Drosophila flies were cultured in cornmeal agar medium. Seven-day-old flies were divided into five 
groups with approximately 30 flies in each group: normal control, disease control, Levodopa (1 mM), A. sativum (0.125% 
and 0.25%), and P. emblica (0.25% and 0.5%). Rotenone (125 µM) was used to induce the PD. All drugs were administered 
through the cornmeal agar medium for seven days, and on the eighth day, a climbing assay was performed. Effect on 
biochemical variables like Malondialdehyde and Dopamine levels in the Drosophila brain were also assessed.  

Result: There was a significant improvement in the flying and climbing ability of Drosophila flies in all the A. sativum and 
P. emblica treated groups compared to the disease control group. They also significantly decreased MDA levels and 
improved dopamine levels in the brain. Among all these groups, the high dose of P. emblica (0.5%) was found to be 
maximally effective.  
Conclusion: A. sativum and P. emblica were found to be neuroprotective as they improved the locomotor activity of 
Drosophila flies, probably by reducing oxidative stress, leading to the prevention of degeneration of dopaminergic neurons. 
KEYWORDS: Neurodegenerative Disease, Garlic, Amla, Malondialdehyde, Dopamine, Oxidative Stress 

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 

Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 

long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION: 

Parkinson's disease (PD) is the second most observed 
neurodegenerative condition, following Alzheimer's 

disease, and it predominantly affects the elderly 

population. It is observed in patients that apart from 

common symptoms of the disease, like bradykinesia, 

resting tremors, rigidity, and gait disturbances. PD 
often leads to the gradual emergence of motor 

complications such as masked facies, decreased blink 

frequency, swallowing difficulties, and motor 
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freezing.1Pathophysiologically, Parkinson's disease is 

marked by a significant loss ranging from 

approximately 50% to 70% of dopaminergic neurons 

in the substantia nigra pars compacta and striatum 

leading to a deficiency of dopamine in the corpus 
striatum and eventually. There is a formation of 

intraneuronal protein inclusion bodies known as Lewy 

bodies, primarily composed of α-synuclein. 2,3 It has 

been indicated by previous research that many factors, 

such as oxidative stress, the formation of free radicals, 

genetic predisposition, and programmed cell death, 

influence the development of Parkinson's disease.4 

PD-like symptoms can be induced in Drosophila 

melanogaster by exposing them to rotenone via agar 

medium for 7 days. The symptoms thus observed in 

Drosophila are impaired locomotion, the loss of 

dopaminergic neurons, along with a reduction in 
dopamine levels.5 

The pharmacological treatments available for 

Parkinson's disease currently only temporarily stall 

the advancement but cannot impede or reverse the 

disease's progression. Levodopa, which is currently 

considered to be the gold standard for PD treatment, is 

unable to provide a satisfactory response in halting or 

reversing the loss of neurons. Also, it has been 

observed that the prolonged usage of levodopa 

frequently results in a variety of complications as the 

disease progresses, which include wearing-off 
phenomena, dyskinesias, freezing episodes, and 

unpredictable "on-off" fluctuations, which pose 

significant challenges.6 

Allium sativum and its secondary metabolites have 

been reported to have strong neuroprotective effects 

along with memory enhancement capacities. Studies 

on rats and mice models of Alzheimer’s disease have 

indicated the positive effects of aged garlic extract on 

memory.7,8Phyllanthus emblica is considered to have 

potential therapeutic effects in neurodegenerative and 

depressive disorders because of its complementary 

antioxidant, and anti-inflammatory properties as 
shown in few preclinical studies. 9,10Hence, this study 

was planned to evaluate the neuroprotective potential 

of A. sativum and P. emblica in the rotenone-induced 

Parkinson's disease model in Drosophila 

melanogaster.  

 

MATERIALS AND METHODS: 

The study was conducted in the rotenone-induced PD 

in the Drosophila model, and the Institutional animal 

ethics committee's permission was obtained before 

initiating the study.  
Experimental species: Drosophila melanogaster’s 

wild strain (Canton Special Benzer strain- CsBz) was 

procured from Tata Institute of Fundamental Research 

(TIFR), Colaba, Mumbai. 

Study drugs/chemicals:  

 Allium sativum(CO2 extract): The doses used 

were 0.125% and 0.25%, obtained from a 

dose-finding study. 

 Phyllanthus emblica(CO2 extract): The doses 

used were 0.25% and 0.5%, obtained from a 

dose-finding study. 

 The extracts were prepared by using carbon 

dioxide (CO2). This is a supercritical fluid 
extraction procedure in which the extraction 

cell is heated to the desired temperature, high-

pressure carbon dioxide is pumped through the 

extracted material, the eluate stream is 

decompressed, and then the extract is trapped 

in a cooled glass vessel.11 

 Dose-finding study: The study was conducted 

as we could not find a suitable dose for Allium 

sativumand Phyllanthus emblica in the 

Drosophila model. The viability of 7-day-old 

Drosophila melanogaster was assessed by 
growing them in the cornmeal agar medium 

with different concentrations of the study drugs 

(0.125%, 0.25%, 0.5%, 1%, and 2 %). The safe 

dose was identified by observing the dose in 

the presence of which more than 50% of flies 

survived at the end of three weeks. For A. 

sativum, significant mortality of flies (>50%) 

was observed in doses of 2%, 1%, and 0.5% 

and were thus omitted from the study. The 

highest survival rate was observed in the group 

which was fed with 0.25% and 0.125% of the 

drug in the medium. For P. emblica, significant 
mortality of flies (>50%) was observed for 

doses of 2% & 1% and were thus omitted from 

the study. The highest survival rate was 

observed in the group which was fed with 

0.5% and 0.25% of the drug in the medium.  

 Rotenone: It was used as an inducing agent in a 

dose of 125 µM. It was dissolved in Dimethyl 

sulfoxide (DMSO).12 

 Levodopa (L-Dopa): It was used as a standard 

control in a dose of 1mM as used in previous 

studies.13 
 

The supercritical CO2 plant extracts were procured 

from M/s Nisarga Biotech Pvt. Ltd., and all the other 

drugs were procured from Sigma Aldrich. 

 

Other resources: 

 Cornmeal agar medium: The medium was 

prepared using a recipe which was developed 

in the lab of Lewis laboratories. This recipe 

yields around 1.8 litres of cornmeal agar by 

combining 1.7 litres of distilled water with 9.3 
g agar, 171.6 g cornmeal, 31 g Baker's Yeast, 

51.7 g sugar, 103.3 g Dextrose, and 20 ml 

(millilitres) of the acid mix.14 

 Glass bottles with cotton plugs.  

 Glass cylinders: 30 cm tall with a diameter of 2 

cm, and closed at one end. 
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Study Groups: There were seven study groups, and  

they are divided as shown in Table 1 

 

Procedure:  

Drosophila melanogaster culture was initiated in a 
glass container filled with a cornmeal-based medium. 

Once they reached an age of approximately 5 to 7 

days, they were separated into a new glass bottle 

containing cornmeal agar medium. After that, 30 flies 

each were transferred to all the study groups 

mentioned above. Then, the inducing agent and study 

drugs were given through cornmeal agar for seven 

days. After seven days, these flies of different groups 

were transferred into separate graduated cylinders 30 

cm tall and 2 cm diameter with a middle mark at 15 

cm and a lid to carry out a climbing assay.  

Climbing Assay: It was carried out to assess the 
locomotor ability. The flies were sorted under brief 

ice anesthesia. After 20 minutes, cylinders were 

tapped so that the flies settled in the bottom and then 

allowed to reach the top of the cylinder. The flies that 

reached the top, i.e., beyond the 15 cm mark and those 

that remained at the bottom were counted separately 

after 45 seconds. The procedure was repeated three 

times.15,16 

MDA and Dopamine estimation: After the climbing 

assay, the heads (brains) of Drosophila flies were 

separated and crushed in mortar and pestle, and the 
homogenate was prepared. For this, the flies had been 

immobilized by chilling on ice and then decanted into  

 

 

a chilled mortar. The heads of flies were then 

homogenized in ice-cold Tris/ HCl buffer (pH 7.4, 0.1 

M), 1:10 (flies/volume µL). The homogenate was 
filtered through a sieve with nylon mesh (pore size/10 

mm), which was then centrifuged at 3000 x g for 3 

minutes, and the supernatant was used for 

biochemical assays (20 flies/ 200 µL). The 

malondialdehyde (MDA) and dopamine levels were 

estimated using ELISA from that homogenate.17,18 

 

Statistical analysis:  

Data was analyzed by one-way analysis of variance 

(ANOVA) followed by a post hoc Tukey test using 

Graph pad In Stat 3.06. The significance level was 

decided as p<0.05, and the outcomes were presented 
as Mean ± SD. 

 

RESULTS:  

The findings suggest all the groups receiving A. 

sativum and P. emblica demonstrated positive effects 

against the disease control with high dose of P. 

emblica showing the maximum efficacy. Both A. 

sativum (0.125% & 0.5%) and P. emblica (0.25% & 

0.5%) showed a significant increase in the climbing 

ability of Drosophila melanogaster as compared to 

the disease control group. P. emblica high dose group 
performed significantly better than the other groups. 

(Table 2 and Figure 1). 

 

Table 1: Study groups 

Sr. No 

 

Groups (n=30) Inducing 

Agent 

Drugs 

1. Normal Control (NC) - - 

2. Disease Control (DC)  

 

Rotenone           

125µM 

- 

3. L-Dopa (LD) L-Dopa (1 mM) 

4. A. sativum Low Dose (AS-L) A. sativum (0.125%) 

5. A. sativum High Dose (AS-H) A. sativum (0.25%) 

6. P. emblica Low Dose (PE-L) P. emblica (0.25 %) 

7. P. emblica High Dose (PE-H) P. emblica (0.50 %) 

*Inducing agents and drugs were provided to Drosophilafor seven days by dissolving them in the molten 

cornmeal agar medium. 

 

Table 2: Effect on Climbing Activity 

Sr. No. Groups Number of Flies Crossing Midline 

In 45 sec (Mean ± SD) 

1.  Normal Control (NC) 30 ± 0.00 

2.  Disease Control (DC) 9.67 ± 0.58* 

3.  L-Dopa (LD) 24.67 ± 0.58@ 

4.  A. sativum Low Dose (AS-L) 13.67 ± 0.58@ 

5.  A. sativum High Dose (AS-H) 15.33 ± 0.58@ 

6.  P. emblica Low Dose (PE-L) 15.67 ±  1.15@ 

7.  P. emblica High Dose (PE-H) 20.33 ± 0.58@^,#,$ 

 

n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 
NC, @-p<0.001 vs DC, , ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L. 
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Figure 1: Effect on Climbing Activity 

 
 

n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 

NC, @-p<0.001 vs DC, ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L. 

(NC-Normal control; DC- Disease control; LD- Levodopa; AS-L- Allium sativum low dose; AS-H- Allium 

sativum high dose; PE-L- Phyllanthus emblica low dose and PE-H- Phyllanthus emblica high dose) 

 

In the biochemical assay, MDA and dopamine levels 

in drosophila brains were assessed through the ELISA 

method. The results revealed a significant reduction in 

oxidative stress, as indicated by a lower MDA score 
in all the groups of A. sativum and P. emblica 

compared to the disease control. The high dose group 

of P. emblica showed greater improvement as 

compared to other groups. L-dopa group performed 

significantly better than all other groups (Table 3 and 

Figure 2). 

 

Table 3: Effect on Brain Malondialdehyde (MDA) levels 

Sr. No. Groups Concentration (ng/ml) (Mean ± SD) 

1.  Normal Control (NC) 2.110 ± 0.047 

2.  Disease Control (DC) 3.722 ± 0.046* 

3.  L-Dopa (LD) 2.415 ± 0.039@ 

4.  A. sativum Low Dose (AS-L) 3.644 ± 0.030@ 

5.  A. sativum High Dose (AS-H) 3.628 ± 0.035@ 

6.  P. emblica Low Dose (PE-L) 3.005 ± 0.039@ 

7.  P. emblica High Dose (PE-H) 2.721 ± 0.054@,^,#,$ 

 

n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 

NC, @-p<0.001 vs DC, , ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L.  
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Figure 2: Effect on Brain Malondialdehyde (MDA) levels 

 
 

n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 

NC, @-p<0.001 vs DC, , ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L. 

(NC-Normal control; DC- Disease control; LD- Levodopa; AS-L- Allium sativum low dose; AS-H- Allium 

sativum high dose; PE-L- Phyllanthus emblica low dose and PE-H- Phyllanthus emblica high dose) 

 

In the brain dopamine level estimation, it was found 
that dopamine level was significantly high in all the 

groups treated by A.sativum and P.emblica compared 

to the disease control. The high dose group of 

P.emblica showed significantly greater rise as 
compared to other groups.  (Table 4 and Figure 3). 

 

 

Table 4: Effect on Brain Dopamine levels 

Sr. No. Groups Concentration (ng/ml) (Mean ± SD) 

1.  Normal Control (NC) 1.128 ± 0.008 

2.  Disease Control (DC) 0.654 ± 0.006* 

3.  L-Dopa (LD) 0.923 ± 0.007@ 

4.  A. sativum Low Dose (AS-L) 0.662 ± 0.007@ 

5.  A. sativum High Dose (AS-H) 0.673 ± 0.004@ 

6.  P. emblica Low Dose (PE-L) 0.749 ± 0.005@ 

7.  P. emblica High Dose (PE-H) 0.800 ± 0.005@,^,#,$ 

 

n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 

NC, @-p<0.001 vs DC, , ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L. 
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Figure. 3 Effect on Brain Dopamine levels 

 
n=30 per group, values expressed as Mean + SD, ANOVA test followed by post hoc Tukey’s test, *-p<0.001 vs 

NC, @-p<0.001 vs DC, , ^-p<0.001 vs AS-L, #-p<0.001 vs AS-H, $-p<0.001 vs PE-L. 

(NC-Normal control; DC- Disease control; LD- Levodopa; AS-L- Allium sativum low dose; AS-H- Allium 

sativum high dose; PE-L- Phyllanthus emblica low dose and PE-H- Phyllanthus emblica high dose) 

 

 

DISCUSSION: 

In the present study, we explored the neuroprotective 
effects of A. sativum and P. emblica in a Drosophila 

insect system where they found to improve locomotor 

activities and dopamine levels in the brain along with 

reduction in the MDA levels with the high dose group 

of P. emblica showing significantly better results than 

the other groups. Drosophila, on being exposed to 

small quantities of rotenone, gives rise to features 

which mimic Parkinson's disease (PD) like locomotor 

impairments and decline in dopaminergic neurons.12 

The primary advantage of this model is the ability to 

quickly screen potential multiple therapeutic agents 
including phytochemicals for various 

neurodegenerative disorders.15,16 Even though the 

exact mechanism of action of rotenone-induced 

neurodegeneration is not known. There have been 

various studies pointing to the role of oxidative stress 

in PD.19 Although L-Dopa is the most efficacious 

drug for reducing symptoms of PD, its continuous 

usage can result in various complications such as 

dyskinesia and on-off phenomenon.18 

In the present study, we used CO2 extracts of 

P.emblica and A.sativum. CO2 extracts are highly 

concentrated, have better stability and longer shelf 
life. The extraction procedure is non-toxic, non-

flammable, and environmentally benign. The 

molecular integrity of the extract is maintained during 

extraction as it requires a lower temperature, which 
gives it an organoleptic profile closest to the raw 

herbal product. Also, there are no chemical or solvent 

residues present in the extract and a higher 

concentration of minor active components which 

further increases its efficacy.20 

We found that a significant enhancement in the 

climbing capabilities of Drosophila flies was noted 

after administration of both the doses of A.sativum 

and P.emblica. The increased climbing ability in 

Drosophila suggests that these study drugs positively 

impact motor function, which is often severely 
affected in PD. Similar kind of effects were observed 

in Drosophila model of neurotoxicity and in hanging 

& rota rod tests in rat model of PD using of PE& AS 

respectively. 21,22 This development is encouraging, as 

impaired motor function is a characteristic feature of 

Parkinson's disease and has a substantial effect on the 

patient's quality of life. 

MDA levels have been used as oxidative stress 

markers and they are increased in the -synuclein 

(SNCA) induced PD model of Drosophila.23We 

observed that there was a decrease in oxidative stress 

as indicated by reduced MDA levels in all the groups 

treated with P.emblica and A.sativum.  These results 
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were comparable to a study carried out by Badoni et 

al.24 

Previous studies carried out on genetic and rotenone-

induced PD models in Drosophila melanogaster used 

dopamine assay as one of the markers to measure anti-
parkinsonian effects.25,26We observed that both P. 

emblica and A. sativum showed a significant rise in 

dopamine levels as compared to disease control 

group. PD is characterized by a significant loss of 

dopaminergic neurons, which results in the motor 

dysfunctions observed in patients. The increase in 

dopamine levels following P. emblica and A. sativum 

treatment indicates that they exert a neuroprotective 

effect on dopaminergic neurons. This may be due to 

their action of preservation of dopamine-producing 

neurons, or the slowing down the loss of 

dopaminergic neurons. This observation shows their 
significant potential for treatment interventions in PD. 

A.sativum and P.emblica have been shown to have 

analgesic, anti-oxidant and anti-inflammatory as well 

as neuroprotective effects in the past studies.27,28 The 

anti-Parkinson’s effect of P.emblica has been 

demonstrated on human neural cell lineage against 

glutamate-induced cytotoxicity and haloperidol 

induced catalepsy in Wistar rats where it significantly 

improved the superoxide dismutase catalase and 

glutathione levels and decreased the lipid peroxidation 

levels thus proving its antioxidant effects.23,29 
Similarly, A.sativum decreased 6-OHDA-induced 

cytotoxicity in PC12 cells due to anti-oxidant 

properties of its active component allicin. Allicin 

inhibited ROS generation, reduced lipid peroxidation 

and preserved the endogenous antioxidant enzyme 

activities.30 S-allyl cysteine, another organosulfur 

compound in garlic also possesses antioxidant action. 
31 

P.emblica has proven to be effective in attenuating the 

memory loss in the scopolamine induced amnesia in 

mice due to its anti-oxidant and anti-inflammatory 

properties by reducing MDA and glutathione levels.10 
It has also proven to be useful in alleviating tonic-

clonic seizures in pentylenetetrazole (PTZ) and kainic 

acid-induced models of epilepsy in rats where it 

increased seizure latency due to the same 

properties.32A. sativum has been shown to help in the 

treatment of Alzheimer's disorder in rat and mice 

amyloid- based models 7,8where it spares cholinergic 

neurons thereby preserving memory and reduces 

MDA levels proving its antioxidant properties. It has 

also been shown to attenuate anxiety and depression-

related behaviors in rats by decreasing brain oxidative 

stress.33,34 

Ours is the first study to evaluate the effects of CO2 
extracts of P.emblica and A.sativum in any model for 

Parkinson’s disease. It emphasized the effectiveness 

of these extractsin reducing oxidative stress and 

protecting against the degeneration of dopaminergic 

neurons. 

However, there were few limitations in this study. 

Drosophila melanogaster is a relatively simple model 

organism with a far less complex circuit than that of 

humans. It does not have α-Syn homolog or a true 

human LRRK2 homolog. Also, there are difficulties 

in the validation of findings from Drosophila to 

mammalian systems, including rodent models, human 
post-mortem tissue, and human DA neuronal 

cultures.35 

 

CONCLUSION: 

The potentials of Allium sativum and Phyllanthus 

emblica as therapeutic agents for Parkinson's disease 

have been highlighted in this study with high dose of 

Phyllanthus emblica being maximally effective. The 

observed improvements in climbing ability, reduction 

in brain MDA levels, and increase in dopamine levels 

in Drosophila suggest theirpotential protective effect 

against PD-like symptoms. Further research is 
required in order to validate these promising findings 

and to determine the efficacy of Phyllanthus emblica 

and Allium sativum as a treatment for Parkinson’s 

disease. 
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