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Keywords: against rotenone, a chemical toxin that causes brain-related diseases. Mitochondria
rotenone, fraction obtained from the brain of male Wistar rats was incubated with various solvents
mitochondria respiratory (hexane, dichloromethane, ethylacetate, and methanol) extracts of S. dasyphyllum before
zzizgﬁii’ stress, rotenone exposure. Mitochondria respiratory enzymes (MRE) were evaluated along with
Solanum dasyphyllum, markers of oxidative stress. The inhibition of MRE by rotenone was reversed by treatment
brain. with various fractions of S. dasyphyllum. The oxidative stress induced by rotenone was
also reversed by fractions of S. dasyphyllum. In addition, the ethylacetate fraction of
S. dasyphyllum was most potent against rotenone-induced neurotoxicity. In conclusion,
S. dasyphyllum is rich in active phytochemicals that can prevent some neurotoxic effects
of rotenone exposure. Further study can be done in an in vivo model to substantiate our
results.
INTRODUCTION

Exposure to rotenone as a result of its usage as pesti-
cides has been linked to the development of neurodegen-
erative diseases such as Parkinson’s disease (PD) [1]. The
mechanism of rotenone toxicity is associated with increased
generation of reactive oxygen species (ROS). Information
gathered from the study of neurodegenerative diseases
showed that mitochondria dysfunction, alteration of neuro-
chemicals, and oxidative stress are some of the pathological
features observed in rotenone poison [2,3].

Medicinal plants are becoming good alternatives in the
treatment and management of various diseases in the urban
arca of sub-Saharan Africa, Nigeria included [4]. Their
efficacy and ability to treat more than one ailment further
attracts researchers in the field of phytomedicine and phyto-
chemistry to study them, the bioactive compounds respon-
sible, and their mechanism of action [5].

Solanum dasyphyllum belongs to the Solanaceae family.
It is rich in bioactive phytochemicals such as glycoalkaloids,
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glycosides, polyphenol and flavonoids [6-8]. The plant
is used ethnobotanically for the treatment of diarrhea, wound
healing, antispasmolytic, anticonvulsant, and neuroprotec-
tive activities [9-11]. We earlier reported the protective effect
of S. dasyphyllum extracts against KCN-induced neurotoxic-
ity [12] in furtherance to the evaluation of its neuroprotective
potentials, we investigated the neuroprotective potential of
S. dasyphyllum against rotenone neurotoxicity.

MATERIALS AND METHODS

Plant collection and preparation of extract

Leaves of Solanum dasyphyllum (eggplant) were har-
vested and authenticated at the Botany Department, Obafemi
Awolowo University, Ile Ife, Nigeria. The leaves were air-
dried to constant weight and pulverized. The pulverized
sample was dissolved in 80% aqueous methanolic extract for
72 hrs, filtered, and lyophilized to obtain crude extract. The
crude extract was further partitioned with hexane, dichoro-
form, ethylacetate, and methanol as described by [12] to
obtain hexane fraction of S. dasyphyllum (HSD), dichlo-
romethane fraction of S. dasyphyllum (DSD), ethylacetate
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fraction of S. dasyphyllum (ESD) and the methanolic fraction
of S. dasyphyllum (MSD) fractions, respectively.

Experimental Animals

Rats used for the experiment were kept in a conducive
environment according to the guidelines of the National
Institute of Health for laboratory animals and approved by
the departmental committee on animal care and handling.

Preparation of brain homogenates and treatments.

The brain was carefully excised from the rats, rinsed with
1.15% KCI and carefully dissected on ice to separate the
cerebellum and cortex. Both were weighed and homogenized
together to obtain the homogenate used for the experiment.

Preparation of mitochondria pellet (MP)

Brain mitochondria fraction were prepared according to
the method described by [13]. Briefly, homogenate obtained
from rat brain were subjected to differential centrifugation
in an isolation buffer to obtain a mitochondria pellet that
was suspended in the isolation buffer at a concentration
of 10 mg/ml for experimental purpose.

Experimental design

Exposure of brain homogenates to rotenone was accord-
ing to the modified method of [14]. Briefly, negative control
consisted of the brain homogenate and buffer, positive
control was brain homogenate and rotenone (4 mM) [15],
while the treatment group was brain homogenate incubated
with varying concentrations (5-50 pg/ml) of solvent frac-
tions for 30 min before incubation with rotenone for another
30 min at 37°C.

Ocxidative stress

The lipid peroxidation (LPO) inhibitory activity was
evaluated by measuring the formation of thiobarbituric
acid (TBA) reactive substances (TBARS) according to the
method of [16] and described by [12]. PC content in the
brain regions was determined according to the method of
[17] and described by [12].

Evaluation of Acetylcholineesterase (AChE) Activity

The activity of AChE was assessed based on the modified
method of [18]. Briefly, the reaction mixture contained 0.1 ml
DTNB and 2.6 ml phosphate buffer (0.1 M, pH 8.0), 0.04 ml
of brain homogenate and incubated for 5 min. Acetylthio-
choline iodide (0.075 M) was added after incubation and the
rate of hydrolysis was measured at 420 nm continuously for
3 min. the activity of AChE was calculated and expressed
in pmol™! min™! mgprotein.

Evaluation of NADH — succinate dehydrogenase (NSD)
activity, NADH —succinate reductase (NSR) and NADH-
cytochrome c reductase (NCR) activity

Procedure: NCR and NSR activities were spectropho-
tometrically measured as described in [19]. Briefly, the
mitochondria pellet (0.1 mg) was incubated with 0.5 pM
of rotenone with or without various fractions of S. dasy-
phyllum for a period of 1 h., the reaction mixture (RM) was
then added to phosphate buffer (0.1 M, pH 7.4) containing
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NADH (0.2 mM) and KCN (1 mM). Enzyme activity was
initiated by the addition of 0.1 mM cytochrome C to give
a final volume of 1 ml. A decrease in absorbance was moni-
tored for 3 min at 550 nm. The activity of the enzyme was
expressed as nmol cytochrome C reduced/min/mg protein
273 (€-19.6/mM/cm). To determine the activity of SCR, the
substrate succinate (20 mM) was used.

The activity of NSD was assessed as described by [20].
Briefly, 0.05 ml of the RM was incubated with 0.8 ml phos-
phate buffer (50 mM), 0.1 ml sodium succinate (0.01 M)
and 0.025 ml p-iodonitro tetrazolium (INT) (2.5 pg/ml) at
room temperature for 10 minutes. After incubation, 0.5 ml
TCA (10%) and 0.5 ml ethylacetate/ethanol/TCA (5:5:1,
v: v: w) was added. Absorbance was read at 490 nm. Results
are expressed as nmol of INT/mg protein.

Evaluation of Total Protein Concentration

Total protein level was determined using an assay kit
from Randox Laboratory Ltd, Antrim, UK, following
the instructions of the manufacturer.

Statistical analysis

Results were expressed as mean + standard deviation
(SD). Statistical differences between means were deter-
mined by one way analysis of variance (ANOVA) followed
by Duncan’s test. p<0.05 was considered statistically
significant.

RESULTS

Rotenone significantly elevates the oxidation of lipids in
comparison with control (p<0.01). This was significantly
prevented by treatment with various extracts of S. dasyphyl-
lum (SD). The table reveals that ESD was the most active
extract in comparison to other solvent extracts, while the
lowest activity was observed in HSD as compared to other
solvent extracts (Figure 1).
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Results are presented as mean+standard deviation (n=5). *p<0.05: ROT vs
Control, T p<0.05: ROT vs Treatment. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 1. Protective effect of solvent extracts of Solanum
dasyphyllum on lipid peroxidation in the cerebrocortex region of
rats exposed to rotenone neurotoxicity

Figure 2 summarized the effect of solvent extracts

of SD on GSH concentration in the cerebrocortex of male
wistar rats. Rotenone caused a significant decrease in GSH
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levels in comparison to control (p<0.05). Varying effects of
solvent extracts of SD were observed. At low concentration,
all the extracts had no significant effect on rotenone-induced
decreased in GSH concentration. However, at high concen-
trations, all the solvent extracts significantly increased the
concentration of GSH in the cerebrocortex in comparison to
the rotenone-treated group (p<0.05). The table also reveals
that DSD extract was the most potent extract as compared
to other extracts.
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Results are presented as mean+standard deviation (n=5). *p<0.05: Control
vs ROT, # p<0.05: ROT vs Treated. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 2. Protective effect of solvent extracts of Solanum
dasyphyllum on reduced glutathione (GSH) concentration in the
cerebrocortex region of rats exposed to rotenone neurotoxicity

Figure 3 summarizes the effect of solvent extracts of
SD on monoamine oxidase activity induced by rotenone.
Rotenone caused a significant increase in the activity of
monoamine oxidase as compared to the control (p<0.01).
All the solvent extracts significantly reverse the rotenone-
induced activity of MAO at all concentrations. Comparing
the solvent extract, the ESD was more potent than the other
extracts.
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Results are presented as mean+standard deviation (n=5). *p<0.05: Control
vs ROT, # p<0.05: ROT vs Treated. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 3. Protective effect of solvent extracts of Solanum
dasyphyllum on monoamine oxidase (MAO) activity in the
cerebrocortex region of rats exposed to rotenone neurotoxicity
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Rotenone significantly increases the PC level as
compared to the control (p<0.05). All the concentrations of
the solvent extracts significantly reverse the increased level
of PC induced by rotenone. As observed in the other results,
ESD shows the most potent solvent extracts as compared to
the other extracts (Figure 4).
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Results are presented as mean+standard deviation (n=5). *p<0.05: Control
vs ROT # p<0.05: ROT vs Treated. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 4. Protective Effect of solvent extracts of Solanum
dasyphyllum on protein carbonyl (PC) concentration in the
cerebrocortex region of rats exposed to rotenone neurotoxicity

In the cerebrocortex, exposure to rotenone significantly
elevated acetylcholinesterase activity as compared to the
control (p<0.05). All the solvent extracts at all concentra-
tions administered significantly decreased the activity apart
from ESD. Also, all the extracts seem to be more effective
at lower concentrations (Figure 5).
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Results are presented as mean*standard deviation. (n=5). *p<0.05: ROT vs
Control, tp<0.05: ROT vs Treated. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 5. Anticholinesterase activities of solvent extracts of
Solanum dasyphyllum in the cerebrocortex region of rats exposed
to rotenone neurotoxicity

Rotenone treatment significantly inhibits the activity of
NADH-cytochrome ¢ reductase (p<<0.001) in the cerebro-
cortex as compared to the control. All the extracts signifi-
cantly prevented the inhibitory effect of rotenone. We also
observed that all the solvent extracts increase the activity
of the enzyme as compared to the control — all showing a
potential to increase the expression of the enzyme in the
cerebrocortex (Figure 6).
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S. dasyphyllum); DS Concentration of extract (ug/ml) dasyphylium);
ESD (Ethyl Acetate extract of S. dasyphyllum); MSD (Methanol extract
of S. dasyphyllum); CSD (Crude extract of S. dasyphyllum)

Figure 6. Effect of solvent extracts of S. dasyphyllum on NADH
-cytochrome c reductase activity in rat cerebrocortex exposed to
Rotenone

Rotenone also caused a significant reduction in the
activity of succinate cytochrome c reductase in the cere-
brocortex as compared to the control (p<0.05). However,
there were variations in the protective effect of the various
extracts, HSD, DSD, and CSD were able to significantly
reverse the inhibitory effect of rotenone on the enzyme,
while, ESD and MSD showed no protective effect against
rotenone inhibition of succinate cytochrome c reductase
(Figure 7).
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Results are presented as mean+standard deviation (n=5). *p<0.05: ROT vs
Control, ttp<0.05: ROT vs Treated. HSD (Hexane extract of S. dasyphyllum);
DSD (Dichloromethane extract of S. dasyphyllum); ESD (Ethyl Acetate extract
of S. dasyphyllum); MSD (Methanol extract of S. dasyphyllum); CSD (Crude
extract of S. dasyphyllum)

Figure 7. Effect of solvent extracts of S. dasyphyllum on Succinate
- cytochrome c reductase in rat cerebrocortex exposed to
potassium Rotenone

Rotenone causes a significant change in the activity of
NADH-succinate dehydrogenase as compared to the control
(p<0.001). However, it was only DSD and MSD were able
to protect against rotenone reduction of the activity of the
enzyme (Figure 8).
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Results are presented as meanzstandard deviation (n=5). **p<0.001:
ROT vs Control, tp<0.05: ROT vs Treated. t1p<0.001: ROT vs Treated.
HSD (Hexane extract of S. dasyphyllum); DSD (Dichloromethane extract
of S. dasyphyllum); ESD (Ethyl Acetate extract of S. dasyphyllum); MSD
(Methanol extract of S. dasyphyllum); CSD (Crude extract of S. dasyphyllum)

Figure 8. Effect of S. dasyphyllum on NADH- succinate
dehydrogenase in rat cerebrocortex exposed to Rotenone

DISCUSSION

The pharmacology and bioactive compounds in plants
have been reported to depend on the nature of solvents used
in dissolving the plant. While some natural compounds may
be abundant in some solvent extracts, they may be absent or
low in other solvent extracts [21-24]. Polar solvents such as
ethanol and methanol are used in the extraction of phenolic
compounds, saponin, and glycosidic derivatives, while flavo-
noids, steroids, and alkaloids are extracted with a non-polar
solvent such as n-hexane and dichloromethane [24].

Solanum dasyphyllum is a plant that is commonly used
as an anticonvulsant drug. It is rich in various phytochemi-
cals that have been reported to possess neuroprotective and
cardioprotective activities. Some of the natural compounds
isolated from the plant include scopolectin and coumarin.
Earlier, we reported the neuroprotective activity of various
extracts of S. dasyphyllum against KCN (a mitochondria
toxin). Phytochemical screening of the various solvent
fractions showed that flavonoids were the most abundant
in ESD, alkaloids and steroids are the most abundant in
HSD, while the MSD contains saponin, steroids, terpenoids,
flavonoids, and glycosides in small, but equal proportions
(unpublished). This current work reported the neuropro-
tective effect of various solvent extracts of S. dasyphyllum
against rotenone (a mitochondria toxin that is used to model
neurodegenerative disease).

Acetylcholinesterase (AChE), one of the key enzymes
implicated in the etiology of Alzheimer’s disease (AD),
regulates the transmission of impulse in the neurons. The
inhibition of this enzyme is a major indicator of drugs/
natural compounds in their potential to treat AD. It has
been reported that Solanum species are rich in compounds
that inhibit AChE activity [25,26]. While all the solvent
extracts at a moderate concentration significantly reversed
the rotenone-induced elevation of AChE, HSD and CSD
showed the most consistent at different concentration in
inhibiting the activity of AChE. Phytochemical screening of
HSD shows an abundance of alkaloids and steroids. Thus,
the anticholinesterase activity of S. dasyphyllum might not
only be from the contained flavonoids and polyphenols,
but alkaloids and sterols can also contribute greatly to its
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anticholinesterase activity [26-28]. The anticholinesterase
activity of S. dasyphyllum extract can add to the repertoire
of natural products with the potential to treat some neuro-
degenerative diseases [29].

Rotenone is becoming a major neurotoxic compound used
in testing the neuroprotective effect of natural compounds
[30,31]. The mechanism of toxicity involves inhibition of
the mitochondrial respiratory enzyme (complex I in particu-
lar). It is believed that inhibition of complex I leads to other
pathology observed in rotenone-induced neurotoxicity [32].
These pathologies include; oxidative damage to protein,
lipid, and nucleic acids, generation of ROS, apoptosis and
formation of Lewy bodies [33].

Mitochondria Respiratory Enzymes (MRE)

Apart from the complex I enzyme that is generally inhib-
ited by rotenone. Rotenone also has a negative effect on the
activity of other respiratory enzymes, including succinate
cytochrome c reductase and NADH cytochrome C reduc-
tase [34]. In the present study, rotenone caused a significant
inhibition of NADH cytochrome c reductase, and NADH
succinate dehydrogenase activity as compared to the control.
Moderate inhibition of succinate cytochrome ¢ reductase
was also observed. The implication of this observation can
be explained in a cascade of events whereby rotenone inhi-
bition of complex I can affect other respiratory enzymes,
leading to electron leakage from mitochondria [35], resulting
in increased generation of ROS, which will further aggravate
the inefficiency of mitochondrial respiratory enzymes [34].

The result showed that all the solvent extract had a
varying effect on rotenone-induced alteration in the MRE.
Indeed, all the solvents extract completely reversed the rote-
none-altered inhibition of cytochrome C reductase, while the
most potent extract was HSD. All the extracts also signifi-
cantly reversed the moderate inhibition of succinate cyto-
chrome C reductase by rotenone, except MSD, which had
no significant effect. However, the most potent extract was
the crude and DCM extract of SD. Though compounds from
DCM extracts generally lack antioxidant properties, they
are rich in cytotoxic, anti-apoptotic properties [36]. In the
present study, rotenone caused a significant increase in the
level of malonedialdehyde (MDA). This is consistent with
the general report of the pro-oxidation effect of rotenone
[14]. The richness of S. dasyphyllum in phytochemicals
with antioxidant properties has been reported by several
authors [6,8,12]. All the solvent extracts of S. dasyphyl-
lum significantly diminished the MDA level. The highest
potency observed for EASD and MSD can be linked to the
abundance of both free and combined forms of bioactive
flavonoids and polyphenols in the solvent [6]. Reduced
glutathione (GSH) is the important antioxidant molecule in
the brain, the depletion of this important molecule can be
deleterious. A low level of GSH has been reported in patients
suffering from various types of neurological disorders [37].
GSH is a major barrier to the pro-oxidative activities of
various toxins (rotenone included) [38]. GSH also operates
by keeping the homeostatic status of thiol-containing protein
and enzymes, keeping them active for a longer period.
Rotenone exhibited its pro-oxidative activities by deplet-
ing the brain concentration of GSH as compared to control.
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All the solvent extracts of S. dasyphyllum caused a significant
increase in GSH concentration as compared to the rotenone
group. Not only that, but the ability of S. dasyphyllum
to enhance GSH level was also observed, as the concentra-
tion of GSH was significantly higher than the control.

MAQO is a pro-oxidative enzyme that increased the level
of ROS production in the brain. Moreover, it is involved
in the depletion of neurotransmitters, an observable
feature in neurotransmitter related disorders [39,40]. There
is an increase in the search of MAO-inhibitors in the treat-
ment and management of neurodegenerative diseases [41].
The significant increase in MAO activity induced by rotenone
was reversed by all the solvent extracts of S. dasyphyllum.
ESD and MSD was also the most potent extract, they further
inhibited the activity of MAO when compared to control.
Protein carbonyl (PC) is one of the major markers of oxi-
dative activity of toxicants or biomolecules. The formation
of PC reflects abnormal degradation of functional proteins
and inefficient machinery to regular damaged protein
[17,42]. Rotenone induced a significant increase in PC for-
mation as compared to the control. All the solvent extracts,
of S. dasyphyllum, however, reversed the PC inhibitory
effect of rotenone. As observed in all the other assays, ESD
was the most potent of all the solvent extracts.

CONCLUSION

The results revealed that all the solvent extracts of
S. dasyphyllum significantly prevent rotenone-induced
inhibition of mitochondria respiratory enzymes, inflamma-
tion, neurochemical as well as oxidative stress in rat brain.
The ethylacetate fraction was the most potent solvent frac-
tions and further work can be conducted on this fraction
for identification and structural elucidation of the bioactive
compounds.
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