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.  
ABSTRACT  
 
Background: Parkinson's disease (PD) is a multifactorial neurodegenerative disease with 
pathogenic mechanisms traceable to oxidative damage and mitochondrial dysfunction. Rotenone, 
a chemical compound commonly found in pesticides, has been found to inhibit mitochondrial 
complex-I and initiate PD-like symptoms in mammals and several invertebrates. Virgin Coconut 
Oil (VCNO) obtained from the coconut fruit has been found to possess anti-oxidative and anti-
inflammatory properties. 
Objectives: The present study evaluated the effect of VCNO on rotenone-induced Parkinsonism 
in fruit flies- Drosophila melanogaster (D. melanogaster). 
Methods: Canton special (CS) strains of D. melanogaster, aged between 1 to 3 days were orally 
exposed for 7 days to 0, 250, 500 and 750 μM rotenone diet for toxicity assay, and 0, 2.5, 5 and 
10 % w/w VCNO diet for longevity assay. Thereafter, 5 % VCNO diet was selected for evaluation 
against 500 μM rotenone. Subsequently, behavioural test (negative geotaxis), markers for redox 
status and enzyme activities were evaluated.  
Results: The results showed that rotenone induced toxicity in the flies, while VCNO increased 
the lifespan of D. melanogaster in a dose-dependent manner. In addition, VCNO ameliorated 
rotenone-induced locomotor deficits, elevated MDA, as well as the depleted GSH levels. It also 
mitigated the inhibited activities of SOD, CAT and ATPase in the flies. 
Conclusions: VCNO protected D. melanogaster against rotenone-induced toxicity by extending 
longevity, preventing locomotor deficits and reducing oxidative stress. 

 
INTRODUCTION 
 
Parkinson’s disease (PD), an age-related 
progressive neurodegenerative disease 
caused by several multifactors1, is 
characterized by various motor and non-
motor deficits majorly due to loss of 
dopaminergic neurons, depletion of 

dopamine and the presence of Lewy Bodies 
in surviving neurons2,3. Although, the etio-
pathogenic mechanism of PD is not yet 
clearly defined, oxidative damage, 
inflammation and mitochondrial 
dysfunction that may be traced to a 
combination of predisposition by DNA and 
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environmental factors have been 
implicated2-4. 
Research has revealed that exposures to 
environmental toxicants such as pesticides 
contribute to the onset of PD symptoms5,6. 
Rotenone, a chemical compound 
commonly found in pesticides, has been 
found to inhibit mitochondrial complex-I 
and initiate PD-like symptoms in humans, 
rodents and invertebrates7-9. Rotenone 
being lipophilic in nature is able to cross the 
blood brain barrier and induce 
neurodegenerative syndromes10,11. In 
previous studies, treatment of D. 
melanogaster for 7 days with sub-lethal 
doses of rotenone resulted in loss of 
dopaminergic neurons, dopamine levels 
depletion and locomotor deficits7,12.  
D. melanogaster also known as the fruit fly 
has been used as a model organism of study 
in various biomedical disciplines. It has 
been revealed that about 75% of the genes 
responsible for human diseases have 
homologs in D. melanogaster13. Due to 
high rate of reproduction, short generation 
time, and low cost of maintenance, D. 
melanogaster has been considered worthy 
as a model organism to study complex 
pathways relevant in biomedical research, 
including neurodegenerative diseases14. 
Levodopa (L-dopa) among other anti-
parkinsonism drugs has been used to 
effectively treat symptoms of PD15. L-dopa 
which is the most effective drug for PD 
only guarantees about 50% improvement in 
symptomatic relief and it is only effective 
for a period of 2 to 3 years15. Thereafter the 
effects of L-dopa may wear off as PD 
progresses16. Since oxidative stress and 
inflammation have been implicated in the 
pathogenesis of pesticide-induced model of 
PD17-19, the search for natural products with 
anti-oxidative and anti-inflammatory 
properties is ongoing. This is because they 
can serve as suitable prophylactic and/or 
therapeutic candidates in the development 
and/or progression of toxicant-induced 
PD20,21. 
Virgin coconut oil (VCNO) has been found 
to be rich in carbohydrates (66%), dietary 

fibres, phytosterols, tocopherols, 
minerals22,23 and active polyphenol 
compounds, which are strong inhibitors of 
lipid peroxidation24. VCNO has also been 
reported to have high levels of lauric acid 
(41%–54.5%)25 with potent antioxidative, 
anti-inflammatory and anti-stress 
properties26. The present work was 
therefore carried out to evaluate the effect 
of VCNO on rotenone-induced toxicity in 
D. melanogaster. 
 
MATERIALS AND METHODS 
 
Chemicals 
Rotenone (98% purity) and L-dopa (99% 
purity) were procured from Shaanxi 
Phoenix Tree, Biotech Co., Ltd., China. All 
other chemicals and reagents used were of 
analytical grade. 
 
Extraction of virgin coconut oil 
VCNO used in this study was extracted 
from the coconut meat as described by 
Dosumu et al. 27 The coconut (Cocos 
nucifera) fruits were locally purchased 
from Idi- Araba market, Lagos, Nigeria, 
and samples were authenticated at the 
Botany Department of the University of 
Lagos, Nigeria. Four of the coconut fruits 
were cracked open, the meat was removed 
from the shells, chopped into very small 
pieces and ground in an electric blender 
(Master Cheff electronics, China). The 
ground mixture was sieved out with a fine 
cloth, and the filtrate (coconut milk) was 
left to stand undisturbed for 24 hours to 
facilitate the demulsification process. The 
upper layer which contained the oil was 
then gently scooped and heated at 70 ºC 
using an oven (Saisho, China) to remove 
moisture. The resultant oil was then 
allowed to cool down, filtered and stored at 
room temperature until needed for the 
study. 
 
Fly stock and culture  
Ethical clearance for this study was 
obtained from the Animal Care and Use 
Research Ethics Committee of the College 
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of Medicine, University of Lagos, Nigeria 
and was assigned the approval number: 
CMUL/ACUREC/09/20/771. CS strain of 
D. melanogaster of Bloomington 
Drosophila Stock Center, Indiana, USA, 
was obtained from the Department of 
Pharmacology and Therapeutics, 
University of Lagos, Nigeria in 2019. The 
flies were maintained and reared on 
cornmeal medium containing brewer's 
yeast (1% w/v), agar-agar (1% w/v), and 
nipagin (preservative, 0.08% v/w) at 
constant temperature (22 ± 2 °C) under 12 
h dark/light cycle in the Drosophila 
Laboratory, Department of Anatomy, 
University of Lagos, Nigeria. 
 
Determination of effective doses 
To determine the concentrations of 
exposure to rotenone and VCNO, 1-3 day 
old flies of both sexes were sorted into 
different groups of 40 flies each and 
administered rotenone (0, 250, 500 and 750 
μM diet) and VCNO (0, 2.5, 5 and 10 % 
diet) for 7 days toxicity and longevity 
assays respectively. Daily mortality was 
recorded, climbing test was conducted for 
the survivors of the rotenone toxicity test 
and data were analyzed and plotted as 
percentage of dead flies in toxicity test and 
percentage of live flies in the longevity test. 
At the end of this phase of the experiment 
500 μM rotenone and 5% VCNO were 
selected as the effective doses. 
 
Treatment of Drosophila melanogaster 
and sample preparation for analysis 
Both sexes of D. melanogaster of about1 - 
3 days old were sorted into six groups 
(CTRL (control), VCNO, ROTE 
(rotenone), ETHA (ethanol), ROTE/VCNO 
and ROTE/LDPA (rotenone/levodopa)) of 
40 flies each with five replicates per group. 
Flies in the control group were exposed to 
untreated diet, the ETHA group was 
exposed to diet treated with 2.0% ethanol 
(the vehicle for ROTE and LDPA groups), 
VCNO group was exposed to diet 
containing 5% VCNO, ROTE group was 
exposed to 500 μM rotenone diet, 

ROTE/VCNO group was exposed to 5% 
VCNO with 500 μM rotenone and 
ROTE/LDPA group was exposed to diet 
containing 80 mg/kg levodopa28 with 500 
μM rotenone for 7 days. Thereafter, test for 
locomotor functions (negative geotaxis) 
was conducted, after which the flies were 
anesthetized by freezing, weighed and 
homogenized in 0.1 M phosphate buffered 
saline with pH 7.2 at ratio of 1 mg:10 μL, 
and cryo-centrifuged (4°C) at 2500 rpm for 
15 min29. Thereafter, the supernatant was 
transferred into labeled Eppendorf® tubes, 
and used for the evaluation of markers for 
oxidative stress and antioxidant status 
[malondialdehyde (MDA), superoxide 
dismutase (SOD), glutathione (GSH), 
catalase (CAT)] and ATPase activity. 
 
Assessment of negative geotaxis assay 
To evaluate locomotor performance, twenty 
flies from each group were placed in 
vertical tubes, covered with parafilm and 
allowed to acclimatize for 15 min. 
Thereafter, each tube was turned upside 
down, and the flies were gently tapped to 
the bottom of the test tube. The number of 
flies that climbed up to17.5 cm height of the 
tube in 8 s and the flies below the mid mark 
were recorded. The scores represented the 
mean of the number of flies at the top (ntop) 
expressed as a percentage of the total 
number of flies (ntot). This procedure was 
repeated three times at 1 min interval30,31. 
 
Malondialdehyde (MDA) 
Quantification. 
To quantify MDA levels the supernatant 
from the homogenate was analyzed by 
spectrophotometry following the method of 
Karatas et al.32 with little modifications. 
The eyes of flies were previously removed 
to avoid the interference of eye pigments 
with MDA absorbance33. 
 
Determination of glutathione levels 
Reduced glutathione (GSH) levels were 
estimated according to the method 
described by Sedlak and Lindsay34. One 
millilitre (1.0 ml) of supernatant was treated 
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with 0.5 ml of Ellman’s reagent (19.8 mg of 
5,5-dithiobisnitro benzoic acid (DTNB) in 
100 ml of 0.1% sodium nitrate) and 3.0ml 
of phosphate buffer (0.2 M, pH 8.0). The 
absorbance was read at 412 nm. ∑ =1.34 x 
104 M-1 cm-1. 
 
Determination of Superoxide Dismutase 
(SOD) activity 
SOD activity was determined by its ability 
to inhibit the auto-oxidation of epinephrine 
determined by the increase in absorbance at 
480 nm as described by Sun and Zigma35. 
The reference cuvette contained 2.95 ml 
buffer, 0.03 ml of substrate (epinephrine) 
and 0.02 ml of water. Enzyme activity was 
calculated by measuring the change in 
absorbance at 480 nm for 5 min. ∑= 4020 
M-1 cm-1. 
 
Determination of catalase activity 
Catalase activity was determined according 
to the method of Aebi36. The reaction 
medium contained 170 μL of 50 mM 
phosphate buffer (pH 7.0), 20 μL of 300 
mM hydrogen peroxide, and 10 μL of 
sample (1:50 dilution). Subsequently, the 
decrease in absorbance of H2O2 (Ʃ = 39.4 
mM−1 cm−1) at a wavelength of 240 nm was 
recorded for 2 min (10 s interval) using a 
SpectraMax plate reader (Molecular 
Devices). Thereafter, the activity of 
catalase was calculated and expressed in 
μmol of H2O2 consumed/min/mg of protein. 
 
Evaluation of ATPase activity 
ATPase activity was measured as 
previously described by Swank et al.37 and 
Cammarato et al.38 and each sample was 
run in three replicates. ATPase activity was 
determined by defining Vmax and Km 
values for each sample and calculating the 
mean ± SD for their ratio (Vmax/Km)39. 

 
Statistical analysis 
All data were reported as mean ± SEM. The 
statistical analyses and graphs were done 
using Graph Pad Prism 8 software (Graph 
pad software Inc., USA). Comparisons 
were done using a one-way ANOVA with 
Tukey’s post hoc test. Significance was set 
at p< 0.05. 
 
RESULTS 
 
Effect of rotenone-induced toxicity in D. 
melanogaster 
There was a statistically significant (p< 
0.05) increase in percentage toxicity in all 
treated groups compared to the control 
group. Severity of rotenone toxicity 
appeared to be dose dependent. Exposure of 
the flies to rotenone (250, 500 and 750 μM) 
for 7 days increased the number of deaths 
by 11.3%, 17.5% and 27.5% respectively 
when compared to the control (Fig. 1A).  In 
the climbing assay conducted for the 
survivors thereafter, there was a statistically 
significant (p< 0.05) decrease in the 
numbers of flies that could climb above the 
height of 17.5 cm in both 500 and 750 μM, 
while 250 μM of rotenone treated group 
showed no significant difference in the 
numbers of flies that crossed the height of 
17.5 cm during the negative geotaxis test 
compared to the control. The performances 
of the control, 250, 500 and 750 μM groups 
were 95.0%, 81.3%, 52.5% and 53.8% 
respectively (Fig. 1B). From the study, 
since 750 μM rotenone-treated diet caused 
death in more than 50% of the fly 
population, while the 250 μM did not 
significantly induce locomotor deficits, the 
concentration selected to induce PD in the 
study was therefore 500 μM. 
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Figure 1: Rotenone toxicity (A), Climbing test (B), VCNO survival rate (C). Data is presented 
as Mean ± S.E.M. at *p< 0.05, **p< 0.01, ***p< 0.001 compared to control using One Way 
ANOVA followed by Tukey’s Post-Hoc Test. (CNTL: Control, ROTE: Rotenone, VCNO: 
Virgin coconut oil). 
 
Effect of VCNO on survival rate of D. 
melanogaster 
Exposure of flies to VCNO diet (2.5 and 
5.0%) for 7 days showed numerical 
increase in rate of survival (prolonged 
longevity of flies by 1.3% and 7.5% 
respectively) which was however not 
significant when compared with the control 
(Fig. 1C). The high rate of death recorded 
in the 10% VCNO diet was due to trapping 
of flies by the oily diet rather than toxicity 
of VCNO, as a result the 5.0% VCNO diet 
was selected for investigation on rotenone-
induced PD in the flies. 
 
Effect of VCNO on rotenone-induced 
locomotor deficit in PD models of D. 
melanogaster 
There was statistically significant (p< 0.05) 
decrease in climbing activities of flies in the 
ROTE and ROTE/VCNO and 
ROTE/LDPA groups during the negative 
geotaxis test compared to the control group 
(Fig. 2A). There was no statistically 
significant difference between ETHA and 
VCNO groups in the climbing activities of 
the flies compared to the control group. 
However, there was a statistically 

significant (p< 0.05) improvement in 
climbing activities of flies in the 
ROTE/VCNO and ROTE/LDPA groups 
during the test compared to ROTE group. 
There was no statistically significant 
difference in climbing activity between 
ROTE/VCNO and ROTE/LDPA groups. 
 
Effect of VCNO on rotenone-induced 
elevation of MDA and depletion of GSH 
in PD models of D. melanogaster 
There was a statistically significant (p< 
0.05) increase in MDA level (Fig. 2B) 
accompanied by a statistically significant 
(p< 0.05) decrease in GSH levels (Fig. 2C) 
in the ROTE, ROTE/VCNO and 
ROTE/LDPA group compared with the 
control while there was no statistically 
significant difference between ETHA and 
VCNO groups. Conversely, there was a 
statistically significant (p< 0.05) lowering 
of MDA level as well as a statistically 
significant (p< 0.05) elevation of GSH level 
in ROTE/VCNO and ROTE/LDPA groups 
compared to ROTE group. There was no 
statistically significant difference in MDA 
and GSH levels between ROTE/VCNO and 
ROTE/LDPA groups.
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Figure 2: Negative geotaxis test (A), MDA levels (B), GSH levels (C), SOD activity (D). Data 
is presented as Mean ± S.E.M. at *p< 0.05, **p< 0.01, ***p< 0.001 compared to control; #p< 
0.05, ##p< 0.01, ###p<0.001 compared to ROTE group using One Way ANOVA followed by 
Tukey’s Post-Hoc Test. (CNTL: Control, ETHA: Ethanol, VCNO: Virgin coconut oil, ROTE: 
Rotenone, LDPA: L-dopa).  
 
Effect of VCNO on rotenone-induced 
inhibition of SOD, CAT and ATPase 
activities in D. melanogaster 
There was a statistically significant (p< 
0.05) decrease in SOD (Fig. 2D), CAT (Fig. 
3A) and ATPase (Fig. 3B) activities of the 
ROTE, ROTE/VCNO and ROTE/LDPA 
groups when compared to the control 
group, while there were no statistically 
significant differences in SOD, CAT and 

ATPase activities among other treated 
groups compared to control. However, the 
groups treated with ROTE/VCNO and 
ROTE/LDPA showed statistically 
significant (p< 0.05) improvement in SOD, 
CAT and ATPase activities compared to the 
ROTE group. When these parameters were 
compared in the groups treated with 
ROTE/VCNO and ROTE/LDPA the 
difference was not statistically significant.
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Figure 3: CAT activity (A), ATPase activity (B). Data is presented as Mean ± S.E.M. at *p< 0.05, 
**p< 0.01, ***p< 0.001 compared to control; #p< 0.05, ##p< 0.01, ###p<0.001 compared to 
ROTE group using One Way ANOVA followed by Tukey’s Post-Hoc Test. (CNTL: Control, 
ETHA: Ethanol, VCNO: Virgin coconut oil, ROTE: Rotenone, LDPA: L-dopa). 
 
DISCUSSION 
 
In recent times, Drosophila has gained wider 
acceptance as a model organism not only in 
the understanding of the mechanisms 
surrounding the pathophysiology of 
neurodegeneration but also in the screening 
of myriads of phytochemicals for their 
efficacy in experimentally-induced 
neurodegenerative diseases40. The present 
study revealed the ameliorative potentials of 
VCNO in rotenone-induced toxicity in fruit 
flies. VCNO (2.5 and 5.0% w/w diet) was 
able to prolong longevity in the treated flies 
by 1.3% and 7.5% respectively. This effect 
may be attributed to the polyphenols present 
in the oil, which are reportedly beneficial in 
the improvement of oxidative stress involved 
in the etiopathogenesis of various types of 
diseases including PD41. Indeed, science is 
beginning to establish a close relationship 
between polyphenols and longevity. It is now 

becoming clearer that these molecules have 
the potential to regulate cellular senescence 
in aging and in longevity22,42. In a nutshell, 
polyphenols have the ability to modulate 
some of the evolutionarily conserved 
hallmarks of aging such as oxidative stress, 
inflammation, cell senescence and 
autophagy42.  
Rotenone like other established neurotoxins 
may lead to the development of PD-like 
symptoms and pathology43,12. It is believed 
that rotenone exerts its toxic effects by 
inhibiting mitochondrial complex-I17,44. 
From our study, rotenone-exposed flies 
showed significant locomotor deficits (a 
major symptomatic feature of PD), evident in 
the decreased climbing ability of the flies. 
This result agreed with the findings of Sudati 
et al.12 who reported that 7 days exposure to 
500 µm rotenone diet induced locomotor 
deficits in D. melanogaster12. Zhang et al.45 
in their study have related energy deficits to 
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poor locomotor performance45. In addition, 
the vulnerability of neurons to mitochondrial 
damage as a result of their high metabolic 
activity and energy requirement may also 
result in locomotor deficits as observed in the 
flies46.  Interestingly however, co-treatment 
with VCNO ameliorated the rotenone-
induced locomotor deficits in the treated 
flies. VCNO is reportedly rich in medium 
chain triglycerides (such as lauric acid and 
myristc acid among others) which can be 
rapidly metabolized to ketone bodies that 
could serve as an alternative source of energy 
in situations where glucose metabolism or 
glucose uptake is deficient47,48. It is also 
possible that the natural antioxidants in 
VCNO such as polyphenols and tocopherols 
have the ability to act as an electron 
transporter for mitochondrial complex-I. 
These potentials of VCNO may have 
contributed to the positive response in the 
motor skills recorded in the flies.  
Additional evidence suggests that pesticides 
such as rotenone can induce PD-like 
pathology such as Lewy body formation, 
dopaminergic neuron degeneration, decrease 
in striatal dopamine levels and alteration in 
GSH homeostasis49. Alterations in the 
expression of genes associated with the 
sporadic form of the disease have also been 
associated with rotenone12. Summarily, the 
effects mediated by rotenone can be summed 
up as oxidative stress linked with 
mitochondrial dysfunction and ROS 
overproduction17. In concert with these 
reported effects, the present study showed 
that rotenone-fed diets increased MDA levels 
in the flies accompanied by depleted GSH 
levels and inhibited SOD and CAT activities, 
thereby significantly hampering the ability of 
the flies to combat oxidative stress as 
observed in the study. The primary role of 
SOD in living organisms is to facilitate the 
conversion of superoxide anion to less 
damaging compounds which are then broken 
down to water by the action of CAT. While 

rotenone inhibited the activities of these 
enzymes similar to previous studies40,50,31. 
The diminutive activities of SOD and CAT- 
a consequence of rotenone toxicity was 
however mitigated in flies co-treated with 
VCNO and rotenone confirming the 
antioxidant property of the oil. 
Lipid peroxidation has been associated with 
injuries to DNA, proteins and lipid 
components of tissues, which in turn have 
been linked with several diseases in living 
organisms51. GSH is an important antioxidant 
in living organisms that prevents damage to 
cellular components caused by reactive 
oxygen species and peroxides52. The 
decreased GSH levels that accompanied the 
significant rise in MDA levels in rotenone-
fed flies, in the present study may account for 
the inhibition of ATPase activity the resultant 
impairment of ATP production needed for 
locomotion. These consequences can be 
attributed to the ripple effects of oxidative 
stress-induced mitochondrial dysfunction. In 
addition, it should be noted that mitochondria 
as cellular organelles do not synthesize GSH 
but replenishes their pool of mitochondrial 
GSH (mGSH) from the cytoplasm53. Hence it 
is logical to infer that if the cytosolic GSH 
pool is depleted, it will affect the 
mitochondrial pool in the long run and 
consequently affect ATP production since it 
is regulated by the mGSH54. These 
deleterious effects observed in the rotenone-
fed flies were however ameliorated by co-
treatment with VCNO and the effects were 
comparable to that elicited by levodopa, a 
standard drug used in the treatment of PD. 
These effects may be attributed to the 
polyphenols present in the oil. Indeed, it has 
been reported that flavonoid compounds, 
which is a class of plant polyphenols 
(including ferulic acid and p-coumarins 
which are present in coconut oil55), can 
enhance the uptake of cysteine by uncoupling 
their uptake from the cystine/glutamate 
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antiporter thereby increasing cell survival as 
well as GSH levels56.  
The role of dietary supplementation as an 
approach to mitigating deficits associated 
with neurodegeneration is an emerging 
field48. Hence, it may be premature to 
speculate the exact mechanism of action of 
VCNO and its constituents. However, it is 
possible that the protective mechanism 
elicited by VCNO is as a result of its free 
radical scavenging and antioxidant 
properties. 
 
CONCLUSION 
 
In conclusion, we report that VCNO 
treatment ameliorated the deleterious effects 
of rotenone-induced toxicity and oxidative 
stress in D. melanogaster and could 
potentially be a disease-modulating agent. 
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