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INTRODUCTION
Neurodegenerative diseases are one of the major 

types of disorders affecting mankind. Neurodegeneration 
primarily causes neuroinflammation and mitochondrial 
dysfunction1. These complications promote the release 
of free radicals and lead to exacerbated oxidative stress2. 
Mitochondrial toxins such as rotenone and paraquat 
are commonly used to cause oxidative stress and, as 
a result, neurodegeneration3. Rotenone is a neurotoxin 
belonging to a pesticide category that disrupts the 
mitochondrial respiratory chain reaction. The mitochondrial 
dysfunction induced by rotenone is related to Parkinson’s 
disease4,5. Cell viability is determined by the formation 
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) formazan6. The in vitro method where the 
rat brain synaptosomes are exposed to neurotoxins is 
used to study the neuroprotective activity of a study drug7. 

Portulaca quadrifida is a weed belonging to family 
Portulacaceae. The plant has been widely utilized as 
an edible weed. The plant has been reported to have 
alkaloids, terpenoids, flavonoids, saponins, and tannins 
as major secondary metabolites. Anticonvulsant, 
anticancer, antidiabetic, antifungal, antiinflammatory, 
and gastrointestinal disorders are among the various 
pharmacological applications attributed to it and reported in 
the literature8. The literature review indicates that the plant 
shows significant resistance to stress-induced oxidation9. 
The present study was thus designed to evaluate if the 
weed possesses the neuroprotective activity against 
rotenone induced mitochondrial dysfunction in rat brain 
synaptosomes.

SHORT COMMUNICATION

PROTECTIVE EFFECT OF PORTULACA QUADRIFIDA ON ROTENONE INDUCED 
MITOCHONDRIAL DYSFUNCTION IN RAT BRAIN SYNAPTOSOMES 

ABSTRACT

Mitochondrial dysfunction as a virtue of oxidative stress leads to neurodegeneration. The neurotoxin 
rotenone, is widely used to induce mitochondrial dysfunction and hence evaluate the neuroprotective 
action of a sample drug. For this study and comparison, the hexane extract, chloroform extract, ethyl 
acetate extract and ethanol extract of the weed Portulaca quadrifida (Portulacaceae) were selected to 
study and compare the neuroprotective activity in rat brain synaptosomes.

MATERIALS AND METHODS
MTT and rotenone were procured from Sigma-Aldrich, 

Bengaluru, all other chemicals and reagents used were 
of  analytical grade. The whole plant of P. quadrifida 
(Portulacaceae) was collected from the Satpuda region in 
Maharashtra. The plant material was authenticated by Dr. 
Rajendra Shinde, Blatter Herbarium, St. Xavier’s College, 
Mumbai with herbarium specimen number 16926, dated 
6/8/2018. The whole plant was exposed to successive 
extraction using Soxhlet apparatus using nonpolar to the 
polar solvent system to obtain hexane extract (HEPQ), 
chloroform extract (CEPQ), ethyl acetate extract (EAEPQ), 
and ethanol extract (EEPQ). 

12 Male Wistar albino rats, each weighing 
approximately 250 g were acclimatized for 7 days before 
the commencement of the study. The study was carried 
out in accordance with CPCSEA guidelines issued by the 
Animal Welfare Division of Ministry of Environment and 
Forest. The animals were sacrificed, and the brain was 
excised immediately. The 10% w/V brain homogenate was 
prepared in an ice-cold 0.3 M sucrose HEPES buffer and 
centrifuged at 4 °C. The supernatant thus obtained was 
double diluted with ice cold 1.3 M sucrose HEPES buffer 
and again cold centrifuged to obtain residual pellets. The 
pellets were resuspended with ice cold 0.8 M sucrose 
HEPES buffer to obtain a synaptosome fraction. The MTT 
assay was used to estimate the cell viability. Briefly, 0.400 
mL of the synaptosome fraction was taken. To that, 1 mL 
of different concentrations of all 4 extracts, i.e., 5, 10, 20, 
50 and 100 μg mL-1, were added. In addition, 0.1 mL of 1 
mM rotenone was added, followed by a 2 h incubation at 
37 °C. 10 μL of 5 mg mL-1 MTT was added and incubated 
for 24 h. The absorbance was read at 570 nm10,11,12. All 
the experiments were performed in sextuplet.
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RESULTS AND DISCUSSION

Synaptosomes from the brain are rich in synaptic 
protein and are used to study neuronal disruption10. 
The synaptosomal viability is an important factor in 
determining neuroprotection. Rotenone is a pesticide 
and has very high lipophilicity. It is one of the most used 
neurotoxins in various models of Parkinson’s disease. 
Rotenone is the potent inhibitor of the respiratory chain in 
mitochondria. It acts via inhibition of complex I i.e., NADH-
ubiquinone oxidoreductase3,4. Thus, the microtubule is 
disrupted, leading to cell death. The viable cells have the 
mitochondrial dehydrogenase enzyme which reduces the 
MTT into its violet formazan salt13,14. The MTT reduction 
is found to be lowered in the non-viable cells6. Thus, 
the greater the intensity of the violet color indicates the 
maintained viability of the synaptosomes and hence 
neuroprotection. In our study, the percent viability in the 
rotenone control group was found to be 22.70 ± 5.19. 
The HEPQ and CEPQ showed a significant increase (P 
< 0.05) in cell viability at 10, 20, 50, and 100 μg mL-1, 
while EAEPQ and EEPQ showed a significant increase 
(P < 0.05) in cell viability at 50 and 100 μg mL-1 (Table I). 
Thus, the hexane and chloroform extracts of P. quadrifida 
exerted better neuroprotective activity in comparison to 
ethyl acetate and ethanolic extract in rat synaptosomal 
preparation.  
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Table I: Effect of extracts of Portulaca quadrifida on cell viability in MTT assay

Percent cell viability

Concentrations 
(µg mL-1) HEPQ CEPQ EAEPQ EEPQ

5 31.88±5.19 28.78±4.23 25.02±3.11 22.13±2.40

10 42.18±4.19* 38.97±3.09* 31.42±1.85 25.60±1.98

20 62.37±3.29* 48.63±4.94* 32.88±3.31 31.37±2.33

50 68.70±3.29* 65.80±9.34* 47.78±2.52* 34.98±2.40*

100 81.02±2.00* 77.50±2.79* 49.37±6.20* 37.75±2.87*

The experiment was performed in sextuplet and the values are expressed as mean ± SD. The data were analyzed 
by one-way ANOVA followed by Dunnett’s test, where *indicates significant difference (P < 0.05) when compared 
with rotenone control
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