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Abstract
Objective: Parkinson’s disease (PD) is one of the most common progressive neurodegenerative disorders.
Though the exact etiology of PD is largely unknown, oxidative stress has been reported to play an
important role in PD. Nowadays, natural products have gained attention as an alternate therapy to delay
the onset of neurodegeneration. The aim of the current study was to assess the neuroprotective and
neurorescue potential of Eggplant (Solanum melongena L) Extract (EE) in 6-OHDA-induced
Parkinsonian rat model.
Materials and methods: The filtered crude extract of eggplant fruit was prepared and their total
flavonoids content was analysed by aluminium chloride (AlCl3) method. Free radical scavenging activity
was determined by DPPH assay. Neuroprotective activity was performed on Wistar healthy male
models. Phytochemical analysis was carried out by LC/MS analysis.
Results: Our results indicated the presence of substantial amounts of phenolics and flavonoids in EE,
suggestive of potent free radical scavenging activity. Antioxidant assays revealed that EE exhibits
significant ROS scavenging activity. Neurobehavioral analysis showed corrected circling behaviour
induced by D-amphetamine and spontaneous locomotor activity in the animals that received EE before
or after the 6-OHDA lesioning. Treatment of EE before or after the 6-OHDA lesioning significantly
restored the altered levels of oxidative markers in the substantia nigra as well as levels of antioxidant
enzymes in the striatum regions of rat brain. Additionally, EE also restored levels of dopamine and
dihydroxyphenyl acetic acid and increased expression of tyrosine hydroxylase in the ipsilateral striatum
region of the 6-OHDA intoxicated rat brain. Finally LC/MS analysis of the extract revealed the presence
of several flavonoids such as kaempferol, quercetin, naringenin and phenolics such as gallic acid,
caffeoyl putrescine, and 5-caffeoylquinic acid.
Conclusion: Taken together, our findings indicate that the EE has both neuroprotective as well as
neurorescue effects in 6-OHDA-induced Parkinson’s in rat model which could potentially be due to the
presence of antioxidant flavonoids and phenolics.
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Introduction
Parkinson’s disease (PD) is the most common age related
progressive neurodegenerative disorder mainly affecting motor
functions. The characteristic symptoms of PD include rigidity,
rest tremor, stooped posture and bradykinesia. Although, PD is
a multicausal disease, the exact etiology is still largely
unknown. The pathological features of PD include degradation
of nigrostriatal dopaminergic pathway in the brain along with
corresponding decline in the Dopamine (DA) level in striatum,
which is believed to be attributed to the combined effect of
iron accumulation, glutathione depletion, oxidative DNA
damage, elevated lipid peroxidation, excitotoxicity,
mitochondrial alterations and attenuated anti-oxidant enzyme
activities [1,2]. All these pathological features of PD follow a
common cascade of events which is attributed to the oxidative
stress [3,4]. Reports have exposed a link between irregular diet
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habits which lack the required antioxidants like vitamins,
foliate and others [5,6]. Deficiency of these antioxidant
components increases the level of Reactive Oxygen Species
(ROS) further contributing to the onset and progress of the
disease [7]. In addition, elevated oxidative stress imparts a
major constraint in the L-DOPA treatment, due to autooxidation of L-DOPA and endogenous DA developing quinone
and ROS which further accelerate the disease progression
[7-9]. Researchers have revealed the role of various antioxidant
supplements to overcome oxidative stress mediated
consequences which ultimately contribute to neuroprotection
[10]. Studies also showed that anti-oxidant supplement along
with L-DOPA treatment attenuate oxidative stress associated
damage in vitro and as well as in vivo [11].
Currently available PD medications only provide symptomatic
relief. No therapeutic intervention is capable to slow down the
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progress of neurodegeneration in PD. Hence, current research
is focusing on finding an alternate therapy, including natural
products which could have potential to delay the onset of
neurodegeneration in PD [11]. Recently a newer food policy
has been projected that particularly reduces the risk of PD in
humans and mainly includes nutritional diet with equal amount
of food and vegetables and with suitable dietary intake of
vitamins [7]. Many food antioxidants like ascorbic acid,
selenium, polyphenols, β-carotene and flavonoids found
abundantly in fruits and vegetables have shown
neuroprotection against oxidative insult through neutralizing
ROS [12-15]. Among these dietary antioxidants, phenolics are
important beneficiary components for health with numerous
biological activities like antiviral, antibacterial, anticancer,
anti-inflammatory and hepatoprotective effects [16]. Currently,
extensive research has been going on plant and vegetable
phenolics due to increasing understanding and awareness about
the role of phenolics in human health [17]. Among vegetables,
eggplant (Solanum melongena L) is a key source of phenolic
and flavonoid compounds both of which are strong free radical
scavengers [18]. The major phenolics present in the eggplant
include N-caffeoylputrescine, 3-acetyl-5-caffeoylquinic acid
and 5-caffeoylquinic acid. Moreover, flavonoids like quercetin
and myricetin are also present in its pulp in small quantity [17].
In the present study we evaluated the neuroprotective as well
as neurorescue potentials of Eggplant Extract (EE) using 6OHDA intoxicated Parkinsonian rat model. The current study
for the first time reports the neuroprotective effect of EE in 6OHDA toxicity via scavenging of ROS.

Materials and Methods
Chemicals and reagents
6-hydroxydopamine hydrochloride (6-OHDA), dopamine
hydrochloride (DA), thiobarbituric acid (TBA), Damphetamine, trichloroacetic acid (TCA), glutathione
reductase (GSH), 3, 4-dihydroxyphenyl acetic acid (DOPAC),
mouse anti-TH and mouse anti-β-actin primary antibodies,
HRP–conjugated secondary antibody were purchase from
Sigma Chemical Co., USA. The ECL Plus chemiluminescent
kit was procured from Invitrogen Corporation, USA.

Extract preparation
The eggplant fruits were randomly harvested from the middle
of each plant in the field at commercial maturity stage. Healthy
and injury free fruits were sorted from the pooled lot. After
peeling the eggplant fruits with knife, 20 g of skin and pulp
were homogenized using a blander for 2 min in 100 ml double
distilled water (ddH2O) (20%). The homogenate was
centrifuged for 15 min at 15,000 rpm. Later, the obtained
supernatant was vacuum filtered using Whatman-2 filter. The
filtered crude extract was then used for further
experimentation.

Total phenolics assay
The estimation of total phenolic content was performed
following the method. Briefly, 1 ml of ethanol (95%) and 5 ml
of ddH2O were mixed with 1 ml of EE. To the mixture 0.5 ml
of Folin-Ciocalteu reagent (50% v/v) was incorporated and
mixed. After 5 min incubation period, 1 ml of Na2CO3 (5%)
was added and resulting mixture was kept aside for 1 h. Lastly,
the solution was read spectrophotometrically at 725 nm. For
calculation, standard calibration curve was prepared using
gallic acid at different concentrations in ethanol (95%). The
results were expressed as gallic acid equivalents.

Total flavonoids assay
Total flavonoids content was analysed by aluminium chloride
(AlCl3) method [19]. 0.3 ml of NaNO2 (5 %), 4 ml of ddH2O
and 0.3 ml of AlCl3 (10%) were mixed with 1 ml of EE. The
resulting mixture was incubated at room temperature for 6 min.
Later, 2 ml of NaOH (1 M) in the mixture was added and
finally adjusted to 10 ml using ddH2O. Immediately the
solution was read at 510 nm wavelength using UV
spectrophotometer. Quercetin was used to prepare standard
calibration curve and the results were expressed as quercetin
equivalents.

Phytochemical analysis by LC/MS
The phytochemical fingerprinting of eggplant was carried out
by LC-ESI-MS using LC-MS QqQ-6410B (Agilent
Technologies) comprising of a chromatographic system (1260
Infinity Agilent Technologies) coupled with an Agilent Triple
Quad mass spectrometer fitted with an ESI source. MS
conditions were the following: MS range 100-1200 Da, MSn
spectra were obtained using both positive and negative modes,
gas temperature 325°C, nebulizer gas 45 Psi, capillary voltage
4000 V. HPLC analysis was carried out by an Agilent 1260
infinity series. A Chromolith RP-18e column (4.6 mm ID, 50
mm length) (Merck) was used. The column temperature was
maintained at 30°C. The mobile phase consisted of mixture of
water and 0.1% FA and acetonitrile. Gradient elution was
programmed as follows: 0-10 min, 10-50% B; 10-15 min, 50%
B; 15-17 min, 50-100% B and 17-19 min, 100%. The flow rate
was optimized to 1 ml/min and the sample injection volume
was 5 μl.

DPPH assay
Potential of EE to scavenge the free radicals was determined
using DPPH assay. Ethanol (1.5 ml) was mixed with 0.5 ml of
EE (100-500 µg/ml). Thereafter, 0.5 ml of DPPH (0.5 mM)
solution was added and the mixture was incubated for 10 min
at 25ºC. After incubation, the solution was read at 515 nm
wavelength using UV spectrophotometer. The percentage
radical Scavenging activity (S) of EE was calculated using
equation
S=100-(Ax/Ao) × 100
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Here Ax and Ao are optical densities of DPPH in the presence
and absence of EE respectively.

Animals
Wistar healthy male rats (200-250 g) obtained from the
Department of Anatomy and Molecular Histology,
Interdisciplinary Graduate School of medicine and
Engineering, University of Yamanashi and used for
experimental procedures. Animal protocols for the study were
approved by the Pathology Department, Ninth Hospital of
Xi’an ethical committee. The rats were raised under standard
animal house conditions at 12 h light/dark cycle along with
food and water ad libitum. During in vivo experiments, 20%
EE was prepared daily by mixing 200 g of the entire eggplant
fruit with 1 L of drinking water for 5 min in a blander at the
end of the afternoon. After filtration, 20% EE was given to the
rats ad libitum instead of water. Animals were distributed into
the following experimental groups (n=6).
Group I (Sham): Animals were injected with 4 µl of Lascorbate saline (0.2%) (d 0) into the striatum through
stereotaxic injection along with drinking water up to 90 d.
Group II (6-OHDA): Animals received 4 µl of 6-OHDA (in
L-ascorbate saline (3 µg/µl, 0.2 %)) (d 0) into the striatum
through stereotaxic injection along with drinking water up to
90 d.
Group III (EE): Animals were given 20% EE up to 90 d
instead of drinking water.
Group IV (Eggplant+6-OHDA): Animals were given 20%
EE up to 90 d. The extract was given for initial 45 d. On 46th d,
animals underwent 6-OHDA lesioning and the treatment was
continued thereafter up to 90 d (neuroprotective assessment).
Group V: (6-OHDA+Eggplant): Animals underwent 6OHDA injection (d 0) and the treatment of 20% EE was
continued from d 1 up to 90 d (neurorescue assessment).
On the 91st d, the neuroprotective and neurorescue potentials of
EE were assessed using different neurobehaviour and
neurochemical parameters.

Intrastriatal 6-OHDA lesioning
Before performing surgical procedure, anaesthesia was given
to the animals using 80 mg/kg, i.p ketamine and 25 mg/kg, i.p.
xylazine followed by mounting on a stereotaxic device
(Stoelting, USA). A small incision was made to expose the
overlying skull. Unilateral striatal dopaminergic neuronal
degeneration was developed through injection of 4 µl 6-OHDA
(in L-ascorbate saline (3 µg/µl, 0.2 %)) in the striatum:
coordinates-lateral 2.5 mm, anterio-posteror 0.5 mm and dorsoventral 4.5 mm with reference to bregma [20]. Moreover, the
sham-operated experimental group was injected with equal
volume of ascorbate saline. The injection was given at the rate
of 1.0 µl/min using an auto injecting pump. Animals were
maintained in well ventilated room (25 ± 2°C) in an individual
cage till they recovered completely from anaesthesia. Later the
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three animals per cage were housed together during the
experiment. During the first week, food was kept in the cage to
facilitate surgical recovery.

Neurobehavioral assessment
Rotational behaviour: Animals from the different
experimental groups were subjected to the rotational behaviour.
Rats were administered with D-amphetamine (5 mg/kg, i.p.).
30 min after injection and ipsilateral rotations were recorded
up to another 30 min [21].
Spontaneous locomotor activity: To assess the spontaneous
locomotor activity, rats were individually placed in the
photoactometer and the activity counts were measured. Rats
were allowed to acclimatize the chamber up to 5 min. Later,
the locomotor activity counts were recorded for each rat upto
10 min. The activity counts are the pause in the photo beams
which are located parallel in the chamber. After each
experiment, chamber was cleaned with 10% ethanol to evade
the influence of animal odour, if any.
Neurochemical parameters: After 90 d of treatment, rats
were sacrificed to remove the brains immediately to isolate
substantia nigra and striatum as per the rat brain atlas [20]. To
evaluate the enzymatic antioxidants; super oxide dismutase
(SOD) and catalase, striatum was homogenized using
phosphate buffer saline pH 7.0 (0.01 M) at a ratio of 10% w/v
and centrifuged for 15 min at 15,000 rpm and 4°C to get post
mitochondrial supernatant, while substantia nigra was
homogenized to estimate the lipid peroxidation and glutathione
reductase (GSH) levels.
Lipid peroxidation: To determine the lipid peroxidation, the
level of Malondialdehyde (MDA) was determined following
the earlier described method [22]. Briefly, the homogenate was
transferred into the 0.2 ml eppendorf tube and incubated on
water bath for 0 and 1 h at 37°C. After incubation period, 0.4
ml of TCA (5%) and 0.4 ml of TBA (0.67%) were added to
both the tubes. The reaction mixture was then centrifuged for
10 min at 10,000 rpm. The resulting supernatant was separated
in another eppendorf tube and kept on a boiling water bath for
up to 15 min. Finally, the mixture was cooled and read at 535
nm wavelength using UV spectrophotometer. The obtained
results were expressed as nmols of MDA formed/min/mg of
protein.
Glutathione reductase (GSH): GSH level was estimated
according to the earlier described method [23]. Briefly, 0.2 ml
of sulfosalicylic acid (4%) was mixed with 0.2 ml of
homogenate followed by incubation for 1 h at 4°C. After
incubation, the reaction mixture was centrifuged for 15 min at
15,000 rpm at 4°C. Later, 0.1 ml of the supernatant was mixed
with 1.7 ml of phosphate buffer saline pH 7.4 (0.1 M) and 0.2
ml of DTNB (0.01 M). The developed yellow color was
immediately read spectrophotometrically at 412 nm
wavelength. The obtained results are represented as nmol of
GSH formed/g of tissue.
Superoxide dismutase activity: Superoxide Dismutase (SOD)
activity was determined using the method as described earlier
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[24]. Briefly, 3 ml of reaction mixture consisted of 0.3 ml of
Nitrobluetetrazolium (NBT) (300 µM), 1.2 ml of sodium
pyrophosphate pH 8.3 (0.082 M), 0.2 ml of NADH (780 µM)
and 0.3 ml of Phenazinemethosulphate (PMS) (186 µM) with 1
ml of striatal tissue homogenate (10% w/v). The reaction was
initiated by NADH addition followed by incubation for 90 s at
37°C. Later, addition of 1 ml of glacial acetic acid was done to
terminate the reaction. The assay mixture was thoroughly
mixed with 4 ml of n-butanol and kept aside for 15 min
followed by centrifugation for 15 min at 15,000 rpm. The
separated butanol layer was read at 560 nm wavelength to
determine the color intensity of formazan. The results obtained
are represented as nmol of formazan formed/min/mg of
protein.
Catalase activity (CAT): CAT activity was determined using
the method as described previously [25] with H2O2 as
substrate. Total 1.5 ml of assay mixture consisted of 1 ml of
phosphate buffer saline pH 7.0 (0.01 M), 0.4 ml of ddH2O and
0.1 ml of striatal tissue homogenate (10% w/v). Thereafter, 0.5
ml of H2O2 was added to initiate the reaction followed by
incubation for 60 s at 37°C. After incubation, the reaction was
terminated using 2 ml of glacial acetic acid: dichromate
reagent. The reaction tubes were immediately placed for 15
min on boiling water bath and subsequently centrifuged for 15
min at 15,000 rpm. The developed green color was read
spectrophotometrically at 570 nm wavelength. The CAT
activity was expressed as nmol of H2O2 consumed/min/mg of
protein.
DA and DOPAC estimation: At the end of the behavioural
experiments, to estimate the striatal DA and DOPAC (DA
metabolite) levels, animals from the different experimental
groups were sacrificed. Striatum was dissected out, weighed
and homogenized using perchloric acid (0.17 M) in a ratio of
10% w/v for 30 s using electric homogenizer to extract the DA
and DOPAC from the tissue. The homogenate was kept aside
for 15 min for whole protein precipitation. The resulting
supernatant was transferred into a separate eppendorf tube and
centrifuged for 15 min at 15,000 rpm at 4°C. Later, the
resulting supernatant was immediately analysed or stored at
-70°C till assayed. DA and DOPAC concentrations were
estimated using RP-HPLC system coupled to electrochemical
detector (Waters Corporation, USA). Estimation of DA and
DOPAC was performed as described earlier with some
modifications [26-28]. Briefly, a Sunfire® C18 column (4.6
mm × 150 mm, particle size 5 µm) was used to perform
analysis using a mobile phase composed of methanol (15%
v/v) in a solution (pH 4.2) of disodium hydrogen
orthophosphate (12.5 mM), EDTA (0.5 mM), citric acid (32
mM), KCl (2 mM) and octyl sodium sulphate (0.5 mM) at the
flow rate of 1.2 ml/min and operating potential of 0.65 V. The
known amounts of DA and DOPAC were spiked in 1 ml of the
pooled supernatant to prepare the standard calibration curves
which were utilized to determine the DA and DOPAC amounts
in the sample by calculating the area under the curve (AUC).
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Western blot analysis
Rats were sacrificed from the various experimental groups to
dissect the striatum. The tissue lysis buffer consisting of
phosphatase and protease inhibitors was used to homogenize
the isolated tissue. The homogenates were sonicated for 5 s and
centrifuged for 20 min at 15,000 rpm at 4°C. Proteins of same
quantity (100 µg) were separated using tris-glycine gel (10%).
To block the non-specific binding sites of membrane, it was
incubated in 5% non-fat-dried milk for 1 h at 25 ± 2°C and
further incubated overnight at 4°C with mouse anti-TH
(1:5000) and mouse anti-β-actin (1:5000) primary antibodies.
The separated proteins were detected using HRP-conjugated
anti-mouse secondary antibody. The proteins were visualized
using the ECL kit and were quantified using Image J software.

Statistical analysis
All experiments were carried out in triplicates and expressed as
mean ± SEM. The values were considered statistically
significant at **p<0.005 and ***p<0.001 was considered
statically significant.

Results
Phytochemical analysis
Total phenolic and flavonoid contents are summarized in Table
1. It was observed that 20% EE contained 44.57 ± 2.34 mg/g
total phenolic compounds and 5.26 ± 0.42 mg/g total flavonoid
compounds. These findings support anti-oxidant activity of EE
due to the presence of phenolics and flavonoids. To identify the
phenolic and flavonoids present in the eggplant extract we
carried out LC/MS analysis of the extract and it was observed
the main flavonoid constituents were kaempferol, quercetin,
naringenin and the phenolics were gallic acid, caffeoyl
putrescine, and 5-caffeoylquinic acid (Figure 1).

Figure 1. LC/MS chromatogram showing the composition of eggplant
extract.

DPPH scavenging activity
In the DPPH assay, a stable free radical DPPH gets paired off
and
reduced
by
the
anti-oxidant
into
the
diphenylpicrylhydrazine. So this assay estimates anti-oxidant
ability of a compound via hydrogen atom (or electron) giving
activity suggesting its potential to scavenge free radicals. EE
exhibited strong antioxidant activity in the DPPH assay with an
IC50 of 125 µg/ml (Table 1). Moreover, free radical scavenging
activity of EE was found to increase with the increase in the
concentration of the extract.
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Neuroprotective and neurorescue effects of EE
General observation: At the end of the in vivo experiments,
no significant difference was noticed in the body weight
among the EE administrated and 6-OHDA lesioned groups
compared to the sham-operated animals. Further, the average
intake of 20% EE did not significantly change between
different treatment groups. Also, average intake of drinking
water was found unchanged in the 6-OHDA lesioned and
sham-operated groups compared to the 20% EE receiving
groups (Table 2).

Neurobehavioral studies
To check the extent of 6-OHDA-induced unilateral striatal
dopaminergic neurodegeneration and to assess the efficacy of
EE in attenuating behavioural deficits, we performed different
neurobehavioral studies. DA receptor agonist-induced
stereotype behaviour was assessed by monitoring unilateral
circling behaviour, while as spontaneous locomotor activity
was determined by quantifying distance travelled by animals.

EE attenuated circling behaviour induced by Damphetamine
The DA receptor agonist, D-amphetamine induces ipsilateral
(lesioned side) circling in the 6-OHDA intoxicated animals. 6OHDA lesioned animals displayed significantly increased
circling behaviour as compared to the sham-operated animals
(Figure 2A). As compared to the 6-OHDA group, the rats
receiving 20% EE prior to the 6-OHDA lessoning exhibited
significantly ameliorated circling behaviour (63%; Figure 2A)
whereas 6-OHDA+EE receiving animals exhibited 38%
reduction (Figure 2A). No significant difference was seen
between alone EE treated group and sham-operated animals.
The results showed beneficial effects of EE against Damphetamine-induced stereotypy in 6-OHDA lesioned rats.

EE ameliorated spontaneous locomotor activity
To further assess the ability of EE to improve motor
alterations, the spontaneous locomotor activity was
determined. As shown in Figure 2B, compared to the shamoperated group, the spontaneous locomotion was significantly
decreased in 6-OHDA group. Nevertheless, a significant
restoration of spontaneous locomotion was observed in the EE
+6-OHDA (62%) and 6-OHDA+EE (39%) groups (Figure 2B).
No significant impairment of locomotor activity was noticed in
the EE alone treated group compared to the sham-operated
animals.

Neurochemical studies
6-OHDA lesioning leads to degradation of dopaminergic
neurons resulting in significant neurochemical alterations
including elevated oxidative stress, reduced DA content and
ameliorated Thyroxin Hydroxylase (TH) level. To determine
the beneficial effects of EE, recovery from the altered
neurochemical changes were evaluated.
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Figure 2. Effect of EE on circling behaviour induced by Damphetamine and spontaneous locomotion. (A) As compared to the
sham-operated animals, administration of D-amphetamine (5 mg/kg,
i.p.) significantly elicited ipsilateral circling in the 6-OHDA lesioned
animals. The rotations towards the ipsilateral site were significantly
reduced in the EE+6-OHDA as well as 6-OHDA+EE receiving
animals compared to the 6-OHDA intoxicated animals. (B) For the
period of 10 min, the spontaneous locomotor activity was evaluated.
6-OHDA lesioning significantly reduced. The experiments were
carried out in triplicates and expressed as mean ± SEM. The values
were considered statistically significant at **p<0.005 (Sham vs. 6OHDA) and ***p<0.001 (6-OHDA vs. EE+6-OHDA or 6-OHDA
+EE) was considered statically significant locomotor activity.
However, treatment of EE before/after the lesioning significantly
reversed this attenuation.

Oxidative stress parameters
EE corrected lipid peroxidation level: As compared to the
sham-operated animals, the lipid peroxidation (MDA) levels
were significantly (p<0.001) elevated in the 6-OHDA
intoxicated animals (Figure 3A). Rats received EE exhibited
significant attenuation in the MDA levels, where as compared
to the 6-OHDA group, EE+6-OHDA group showed 70%
(Figure 3A) and group receiving 6-OHDA+EE exhibited 47%
(Figure 3A) attenuation. The MDA levels were not
significantly changed in the group receiving EE alone as
compared to the sham-operated animals.
EE restored GSH level: A significant decline in the GSH
levels was noticed in the 6-OHDA lesioned animals compared
to the sham-operated animals (Figure 3B), which was restored
by 79% in EE+6-OHDA receiving animals (Figure 3B) and
54% in 6-OHDA+EE group (Figure 3B) compared to the 6OHDA intoxicated animals. Nevertheless, no significant
alteration was noticed in the GSH level among EE alone
treated group and sham-operated group.
EE elevated SOD activity: In the 6-OHDA group, SOD
activity was significantly reduced compared to the shamoperated animals (Figure 3C). However, EE treatment
significantly corrected this alteration. A significant rise in SOD
activity was observed with 56% in EE+6-OHDA receiving
animals (Figure 3C) and 38% in 6-OHDA+EE treated animals
(Figure 3C, p<0.001). In comparison to the sham-operated
animals, alone EE received animals did not showed any
significant alteration in SOD activity.
EE corrected catalase activity: The 6-OHDA lesioned group
showed significantly reduced catalase activity compared to the
sham-operated animals (Figure 3D), which was significantly
restored by 55% in the EE+6-OHDA group (Figure 3D) and
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39% in the OHDA+EE treated animals (Figure 3D) as
compared to the 6-OHDA lesioned animals. The catalase
activity did not change significantly in the EE alone receiving
animals compared to the sham-operated animals.

Figure 3. Oxidative stress parameters were estimated in the
substentia nigra and striatum regions of rat brains. In the ipsilateral
substentia nigra region, as compared to the sham-operated animals,
(A) MDA levels increased while (B) GSH levels decreased
significantly in the 6-OHDA intoxicated animals. In the groups
receiving EE+6-OHDA as well as 6-OHDA+EE, the MDA levels
decreased (A) while GSH levels increased (B) significantly. (C) SOD
and (D) catalase activities were significantly decreased in the 6OHDA intoxicated rat brain compared to the sham-operated animals.
Treatment of EE before/after the 6-OHDA lesioning significantly
elevated SOD (C) and catalase (D) activities compared to the 6OHDA intoxicated animals. The experiments were carried out in
triplicates and expressed as mean ± SEM. The values were
considered statistically significant at **p<0.005 (Sham vs. 6-OHDA)
and ***p<0.001 (6-OHDA vs. EE+6-OHDA or 6-OHDA+EE) was
considered statically significant.

EE restored DA and DOPAC levels: In order to assess the
revival of dopaminergic neurons’ functional viability and to
show a relationship between neurobehavioral alterations and
neurochemical changes, DA and DOPAC levels were assessed
in the lesioned site striatum of the rat brains from different
experimental groups. As shown in Figure 4, as compared to the
sham-operated animals, DA (p<0.001) and DOPAC (p<0.001)
levels were significantly reduced in the 6-OHDA intoxicated
animals, suggesting significant degradation of dopaminergic
neurons in the 6-OHDA lesioned animals. The DA level was
restored significantly about 40% in the 6-OHDA+EE group
(Figure 4) and 60% in the EE+6-OHDA receiving animals
(Figure 4) compared to the 6-OHDA intoxicated group.
Moreover, as compared to the 6-OHDA group, DOPAC level
was also reversed significantly (p<0.05) by 46% in the 6OHDA+EE treated animals (Figure 4, and 64% in the EE+6OHDA receiving animals (Figure 4). Thus, the levels of DA
and DOPAC were more prominently and significantly elevated
in the EE+6-OHDA receiving animals than the 6-OHDA+EE
group as compared to the 6-OHDA lesioned animals indicated
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improved dopaminergic neurons’ functional viability.
Supporting above results, no significant alteration was seen in
the DA and DOPAC levels in the EE alone receiving animals
as compared to the sham-operated animals.

Figure 4. DA and DOPAC levels were estimated in the ipsilateral
striatum of rat brains from different experimental group. As
compared to the sham-operated animals, levels of DA and DOPAC
were reduced significantly in the 6-OHDA intoxicated animals.
Nevertheless, DA and DOPAC levels were elevated (recovered)
significantly in the EE+6-OHDA as well as 6-OHDA+EE receiving
animals as compared to the 6-OHDA lesioned animals. All
experiments were carried out in triplicates and expressed as mean ±
SEM.

EE restored TH expression: As discussed earlier, the main
pathological feature of PD is dopaminergic neurons’
degradation of in the substentia nigra, resulting in decreased
level of DA in the striatum. Formation of L-DOPA during the
DA biosynthesis is catalysed by TH protein which is
considered a rate limiting step in DA biosynthesis. Therefore,
PD can be identified as TH-deficiency syndrome [16].
Additionally, to determine the revival of functional viability of
dopaminergic neurons, level of TH protein was estimated in
the ipsilateral striatal region of the rat brains. Immunoblotting
analysis showed that 6-OHDA lesioning ameliorated
expression of TH protein significantly in the ipsilateral striatal
region, which was significantly restored by EE administration
before/after the lesioning (Figure 5A). Densitometric analysis
revealed a significant (p<0.001) decrease in the TH protein
expression in the 6-OHDA lesioned animals as compared the
sham-operated animals (Figure 5B). The level of TH protein
observed to be increased significantly (p<0.01) in the EE+6OHDA (Figure 5B) as well as 6-OHDA+EE (Figure 5B)
treated animals in comparison with the 6-OHDA intoxicated
animals indicating improved functional viability of the
dopaminergic neurons after EE treatment. Experimental group
that received EE alone did not exhibit any significant alteration
in the level of TH protein compared to the sham-operated
animals.
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Figure 5. (A) To determine the expression of TH protein in the
ipsilateral striatum region of rat brains Western blot analysis was
performed (B) Densitometric analysis showed significantly reduced
level of TH protein in the 6-OHDA intoxicated animals as compared
to the sham-operated animals which was elevated in the EE+6OHDA as well as 6-OHDA+EE groups significantly. The experiments
were carried out in triplicates and expressed as mean ± SEM.
Table 1. Estimation of total phenolics and total flavonoids in eggplant
(Solanum melongena L) extract (EE) and its DPPH scavenging
activity. GAE: Gallic Acid Equivalents; CE: Catechin Equivalents.
Data are expressed as mean ± SEM.
Total phenolics (mg GAE/g extract)

44.57 ± 2.34

Total flavonoids (mg CE/g extract)

5.26 ± 0.42

DPPH scavenging activity (IC50 in µg/ml)

125 ± 2.15

Table 2. Average intake of eggplant extracts (EE) or drinking water.
Values are represented as mean ± SEM.
Experimental group

Average intake (ml/d)

Sham

24.35 ± 3.42

6-OHDA

22.76 ± 2.60

EE

25.20 ± 3.25

EE+6-OHDA

23.58 ± 3.47

6-OHDA+EE

23.89 ± 3.28

Discussion
The key pathological characteristics of PD involve
dopaminergic neuron degradation in the substentia nigra part of
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brain. Although the etiology of PD is still unknown, oxidative
stress is considered as the leading cause of neurodegeneration
in PD. Therefore, ROS scavenging anti-oxidants could be
effective to combat progressive neurodegeneration induced by
oxidative stress in PD. It is a well-recognized fact that phenolic
contents in the food play a vital role in imparting health
promoting effects because of their antioxidant potential.
Natural phenolic compounds possess various biological
activities. Studies have also revealed their ability to inhibit proinflammatory cytokines release, and enzymes like
lipoxygenase and COX-2 which mediate inflammatory
processes [16]. Moreover, advantageous role of flavonoids in
the management of diseases conditions like cancer,
cardiovascular and neurodegeneration has also been well
established which is attributed to their strong antioxidant and
radical scavenging effects [29]. Eggplant (Solanum melongena
L) is a vital source of phenolic and flavonoid compounds both
of which are strong antioxidants [30]. Eggplant is generally
known as brinjal, garden egg, aubergine, patlican or
melanzana, mostly found in tropical and subtropical regions.
The key phenolic components in eggplant are 3-acetyl-5caffeoylquinic acid, N-caffeoylputrescine and 5-caffeoylquinic
acid. Moreover, trace amount of ﬂavonoids, like myricetin and
quercetin are also present in its pulp [17]. Among 120
vegetables evaluated for anti-oxidant activity, eggplant ranked
among top ten because of its prominent free radical scavenging
ability. Eggplant phenolic compounds exhibit angiotensin-I
converting enzyme inhibitory activity and α-glucosidase
inhibitory activity, suggesting it's possible therapeutic role in
the management of type-2 diabetes mellitus and hypertension
[31]. Eggplant flavonoids possess potent antioxidant activity
against chromosomal aberrations induced by doxorubicin [32].
Previous report also revealed hepatoprotective potential of
eggplant in hepG2 cell lie [33]. We have quantified the amount
of phenolic and flavonoid compounds. Total phenolic and
flavonoid contents were estimated to be 44.57 ± 2.34 mg/g and
5.26 ± 0.42 mg/g of EE respectively. Later, to support these
findings, ability of EE to scavenge free radicals was evaluated
by means of DPPH assay. EE showed IC50 of 125 µg/ml for
DPPH scavenging activity further strengthening its antioxidant
potential.
In spite of several findings, the information about
neuroprotective as well as neurorescue potentials of EE is
lacking. We have demonstrated neuroprotective as well as
neurorescue effects of EE against 6-OHDA-induced
Parkinsonian rodent model a very first time. 6-OHDA-induced
hemi-Parkinsonian rat model is a well-established experimental
tool that mimics the neuropathology and neurodegeneration
pattern developed during the initial stages of PD. Though a
unilateral 6-OHDA injection degrades the striatal
dopaminergic neurons, a particular part of the nigrostriatal
projections still remains integral, providing ideal conditions to
check appropriateness of any neuroprotective agent [34].
Earlier it has been shown that, unilateral 6-OHDA intoxication
imparts loss of TH positive dopaminergic neurons almost
60-70% in the striatal region of brain [35].
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The 20% EE was administered to the different experimental
groups orally before/after the 6-OHDA lesioning. EE intake
was not significantly reduced in the groups which received EE
in comparison to the animals of sham-operated and 6-OHDA
lesioned groups received only drinking water. In the
neurobehavioral analysis, 6-OHDA lesioned animals showed
increased rotational behaviour induced by D-amphetamine and
decreased spontaneous locomotion, suggesting dopaminergic
dysfunction and altered motor function, which are closely
resemble to PD [34]. D-amphetamine is a DA receptor agonist,
which upon administration releases endogenous DA leading to
a discrepancy in the levels of DA between unlesioned and
lesioned sites of striatum, developing ipsilateral rotations in the
6-OHDA lesioned animals [35,36]. This characteristic
behaviour is considered as an important hallmark of
nigrostriatal dopaminergic neurodegeneration [34]. In the
current study, oral administration of EE before/after lesioning
significantly attenuated D-amphetamine-induced rotational
behaviour and increased spontaneous locomotor activity,
indicating both neuroprotective as well as neurorescue
potentials of EE against 6-OHDA insult. The probable
mechanism of the neurorescue and neuroprotective effects of
EE could be due to presence of prominent and significant
amount of polyphenols and flavonoids, which are considered
as strong anti-oxidants [18,30]. Previous reports also support
the present findings wherein motor deficits have been reported
to be attenuated by natural anti-oxidants in Parkinson’s rodent
model [13,14].
Previous reports have revealed that altered levels of oxidative
stress markers and anti-oxidant enzymes have been well
correlated with the 6-OHDA toxicity [13,14,37]. Present
findings showed that unilateral 6-OHDA injection increased
lipid peroxidation levels and reduced GSH levels significantly
in the substentia nigra, by the side of altered anti-oxidant
enzyme activities in the striatum including SOD as well as
catalase. However, oral intake of EE regulated the altered
levels of nigral oxidative markers (lipid peroxidation and GSH)
and two key ROS degrading enzymes (catalase and SOD)
significantly in the striatal part of rat brain. Moreover,
treatment of EE only did not affect the physiological level of
these biomarkers of oxidative stress and antioxidant enzyme
activity significantly. These beneficial effects of EE may be
due to its fundamental properties, i.e. powerful free radical
scavenging and anti-oxidant activities [30] and due to presence
of antioxidant flavonoids like kaempferol, quercetin,
naringenin and the phenolics were gallic acid,
caffeoylputrescine, and 5-caffeoylquinic acid as detected by
LC/MS analysis. Previous reports have established depletion of
DA upon 6-OHDA intoxication in striatum [38,39]. 6-OHDA
intoxicated animals showed reduced DA and DOPAC levels
which further supported the above findings. In contrast, the DA
and DOPAC levels were increased following EE administration
significantly. The results revealed potential of EE to attenuate
degradation of DA level or probably to reduce the reuptake of
DA. The effects could also be attributed to the decrease in
auto-oxidation of DA through increased anti-oxidant enzyme
activity in striatum and substentia nigra following EE
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administration. The level of TH protein reduced significantly
after 6-OHDA lesioning in the striatum. The treatment of EE,
before/after the lesioning, significantly restored the TH protein
expression. The results further supported the protective effects
of EE on dopamine expressing neurons and restoration of DA.
The results are consistent with earlier findings, where
neurotoxin mediated dopaminergic neurons’ depletion in the
striatum part of brain has been ameliorated by different antioxidants consumed from diet [13,38,39].

Conclusion
The current study revealed neuroprotective as well as
neurorescue potentials of EE against 6-OHDA-induced
Parkinsonian rat model. It is very early to suggest the
molecular mechanism(s) responsible for the experimental
neuroprotective effects, our findings anticipated that EEmediated anti-Parkinsonian effect might be attributed to its free
radical scavenging, anti-oxidant and DA restoration abilities. If
the results obtained from the present study are extrapolated to
the humans, consumption of eggplant on regular basis could be
useful in ameliorating neurodegeneration and attenuation of the
disease progress.
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