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Abstract.

BACKGROUND: Gac fruit (Momordica cochinchinensis) belongs to the Cucurbitaceae family. The red aril of Gac fruit
contains high concentrations of carotenoids, including lycopene and beta-carotene.

OBJECTIVE: This study aimed to investigate the effect of Gac fruit aril extract on locomotor activities in a 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced zebrafish model and measure antioxidant enzyme activities in the
zebrafish brain.

METHODS: This study used adult male zebrafish (Danio rerio) as an animal model. MPTP was used as a toxin to induce
movement dysfunction in zebrafish, while the standard drug selegiline acted as a monoamine oxidase-B inhibitor. Locomotion
was recorded on day 7 after MPTP induction using a digital video tracking system, and parameters related to zebrafish
swimming, including total distance, velocity, and immobility, were observed. The brain tissue of the zebrafish was collected
for antioxidant enzyme activity analysis.

RESULTS: The results showed that Gac fruit extract at doses of 200 and 400 mg/kg improved locomotor functions in
MPTP-induced Parkinsonism in zebrafish. However, antioxidant enzyme activities, such as catalase and superoxide dismutase
activities, in the zebrafish brain showed no significant differences among all groups.
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CONCLUSIONS: These findings provide insights into the further research of Gac fruit extract as a nutraceutical for

preventing Parkinson’s disease.

Keywords: Gac fruit, Momordica cochinchinensis, locomotor function, superoxide dismutase (SOD), catalase (CAT),
zebrafish, Parkinson’s disease, 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)

1. Introduction

Parkinson’s disease, the second most common
neurodegenerative disease, is an age-related motor
disorder. The pathology of Parkinson’s presents
as a decrease in dopamine levels in the synap-
tic cleft, possibly due to the degeneration of
dopaminergic neurons. The mechanism of action of
anti-Parkinson’s drugs, such as dopamine agonists,
dopamine precursors, and dopamine degradation
enzyme inhibitors, emphasizes increasing the level
of dopamine or ameliorating dopaminergic neuron
damage and neurotoxicity.

Gac fruit (Momordica cochinchinensis) belongs
to the Cucurbitaceae family and is a perennial
melon grown throughout Southeast Asian coun-
tries and northeastern Australia [1]. Gac fruit has
long been used as food and in traditional medicine.
Gac seeds have traditionally been used in China
to treat inflammation, swelling, and diarrhea. In
Bangladesh, all fractions of Gac fruit (i.e., fruits,
seeds, leaves, and roots) are used to treat various
diseases, such as cancer, diabetes, liver diseases,
itches, rheumatoid arthritis, colic, and purify the
blood [2]. Gac fruit contains several phytochem-
ical components, such as beta-carotene, lycopene,
and essential fatty acids. The red aril of Gac fruit
contains high concentrations of carotenoids, includ-
ing lycopene and beta-carotene. The beta-carotene
and lycopene content in the Gac aril is five- and
eight-fold greater than the levels measured in carrots
and tomatoes, respectively [3, 4]. Moreover, bioac-
tive compounds, such as alpha-tocopherol (vitamin
E), phenolic compounds, and flavonoids, are also
found in the Gac fruit extract. However, no stud-
ies have evaluated the effects of these extracts on
Parkinson’s disease in zebrafish. Therefore, we aimed
to investigate the effect of Gac fruit aril extract on
locomotor activities in a 1-methyl-4-phenyl-1,2,3,6
tetrahydropyridine (MPTP)-induced zebrafish model
and measure antioxidant enzyme activities in the
zebrafish brain.

2. Materials and methods

2.1. Animals and drug administration

Thirty male adult zebrafish (Danio rerio) measur-
ing 3-5 cm and weighing 500 mg were cultured in an
acrylic tank with reverse osmosis water and oxygen
by keeping the water in the tank for 24 h before use.
The density was maintained at 5 fish per 7.5 liters
[S].

Water temperature and pH were maintained at
28 £2°C and 6.5-7.5, respectively, and the fish were
reared in a 14/10-h light/dark cycle. Fish were fed
with artemia twice daily (morning-evening). Before
beginning the experiment, the fish were kept in hold-
ing tanks for seven days. Zebrafish were divided into
six groups (n=35).

Group I: Control (fed with water)

Group II: MPTP (induced by 100 mg/kg of MPTP
and fed with water)

Group III: MPTP + Selegiline (induced by MPTP
and fed with 1.5 mg/kg of selegiline)

Group IV: MPTP + GAC 200 (induced by MPTP
and fed with 200 mg/kg of GAC)

Group V: MPTP + GAC 400 (induced by MPTP
and fed with 400 mg/kg of GAC)

Group VI: MPTP + GAC 800 (induced by MPTP
and fed with 800 mg/kg of GAC)

Zebrafish were received substances by oral gavage,
place the fish on a wet towel and fed using a plas-
tic catheter attached to a micropipette. The fish were
induced motor dysfunction with MPTP (100 mg/kg
body weight). This study used selegiline (1.5 mg/kg),
a monoamine oxidase-B inhibitor, as a positive con-
trol. The animals received selegiline or Gac fruit
extract once daily until the end of the behavioral test.

Animal experiments were performed accord-
ing to the guidelines of the Institute of Animals
for Scientific Purposes Development Chemicals
(IAD). Animal ethics no. UP-AE64-01-04-021 was
approved by the Laboratory Animal Research Center
at the University of Phayao, Thailand.
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Fig. 1. Experimental plan of the behavioral tests in zebrafish.

2.2. Preparation of extracts

The whole Gac fruit was scooped out, and the red
aril surrounding the seeds was completely separated.
Red aril (0.5 kg) was blended in distilled water (2.5L)
at aratio of 1:5 in a laboratory blender. The resulting
juice was filtered twice and freeze-dried. The oper-
ational conditions were a condenser temperature of
—20°C and a pressure of 250 Pa for 48 h. Powder sam-
ples of freeze-dried aril were packed separately in
aluminum foil and kept at —20°C until use.

2.3. The polyphenolic compound determination
in Gac fruit extract

The polyphenolic compound of Gac fruit extract
has been analyzed using HPLC coupled to diode-
array detection and tandem mass spectrometry with
electrospray ionization followed the Gavrilova et al.,
2011 [6] method. This analysis performed by Central
Laboratory (Thailand) Co., Ltd.

2.4. Behavioral tests

Locomotor activity tests were performed using a
digital video tracking system to observe zebrafish
swimming. The zebrafish were allowed to swim for
1 min before testing, and their behavior was observed
for 10 min [7]. The total distance, velocity, and immo-
bility time were recorded on day 7 after MPTP
induction; the experimental plan of the behavioral
tests is shown in Fig. 1.

In this experiment, the total distance (cm) and
velocity (cm/s) of zebrafish movement within 10 min
were analyzed using the open-source Fiji Imagel
software. Zebrafish were considered immobile when
velocity was less than or equal to 3 mm/sec [8].

After finishing the behavioral test, zebrafish brains
were collected and stored at —80°C. Frozen brain tis-

sues were homogenized using a hand homogenizer
in 0.1 M potassium phosphate buffer (pH 8.0). The
homogenate was centrifuged at 3000x g for 10 min
at 4°C to obtain the supernatant for enzyme activity
analysis.

2.5. Catalase activity in the zebrafish brain

Catalase activity was assayed following the
method described by Grilo et al. [9], with modifica-
tions. Briefly, the reaction mixture contained 20 L of
zebrafish brain supernatant, 180 wL of 50 mM phos-
phate buffer (pH 7.8), and 100 pL of 90 mM H202
solution in a 96-well plate. Next, 100 pL of H,O; was
added, and absorbance was measured at 340 nm using
a multimode microplate reader (Biotek Synergy™
H1). Enzyme activity was expressed as units/mL/mg
of tissue.

2.6. Superoxide dismutase (SOD) activity in the
zebrafish brain

SOD activity was measured following the method
of Gazsi et al. [10], with modifications. In brief, the
10 mL reaction mixture contained 2.5 mL of 216 mM
phosphate buffer (pH 8.0), 0.ImL of 10.7mM
EDTA, 0.1 mL of 1.1 mM cytochrome C, 5.0 mL of
0.108 mM xanthine, and 2.3 mL of distilled water.
Standards for SOD were prepared at concentrations
of 0, 0.005, 0.01, 0.02, 0.03, 0.04, and 0.05 U/mL.

The assay was performed with 200 nL of the
reaction mix, 10 pL. of sample or SOD standard,
and 20 pL of diluted xanthine oxidase enzyme at
0.05 U/ml (on ice). Absorbance was measured at
450 nm using a multimode microplate reader (Biotek
Synergy ™ H1), and the standard curve of the SOD
enzyme was plotted. SOD activity was calculated
from the linear equation of the standard curve and
is expressed as units/mL/mg of tissue.

2.7. Statistical analysis

All results are presented as the mean £ SEM. Sta-
tistical comparisons between control and treatment
groups were performed using one-way analysis of
variance (ANOVA), followed by post-hoc Tukey’s
test. All statistical analysis were performed using
SigmaPlot 12.0 software. The results were considered
statistically significant at p <0.05.
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3. Results

3.1. The polyphenolic compound in Gac fruit
extract

The Characteristic profiles of Gac fruit extract
measured by HPLC-DAD method. The results found
that the Gac fruit extract contain the polyphenolic
compoud including quercetin, rutin, and isoquercetin
in26.53,7.92 and 3.98 mg/kg, respectively. (Fig. 2A-
20).

3.2. Locomotor activity

The effects of MPTP, selegiline, and Gac extract on
total distance, velocity, and immobility are expressed
as mean & SEM (Fig. 3-5). We found that a signifi-
cantly greater total distance was traveled by zebrafish
that received selegiline (3735.60 +87.22cm) and
Gac extract at doses of 200 and 400mg/kg
(3950.57 £252.39 and 4143.41 £195.72 cm) when
compared to the MPTP group (2592.82 £ 23.38 cm).
In terms of velocity, zebrafish in the MPTP group
(4.9401 £0.34cm/s) had significantly decreased
velocity when compared to the control group
(6.2958 = 0.15cm/s). In addition, zebrafish that
received selegiline (6.2783 £0.15cm/s) and Gac
extract at doses of 200 and 400 mg/kg (6.6396 4 0.42
and 7.2408 £ 0.23 cm/s) had significantly increased
velocity when compared to the MPTP group. The
results showed that zebrafish in the MPTP group had
significantly increased immobility time when com-
pared to the control group. In addition, zebrafish
that received Gac extract at doses of 200 and
400 mg/kg (6.25 £3.15 and 6.67 £ 1.67 s) had sig-
nificantly decreased immobility time compared to
the MPTP group (22.50 & 2.16 s). It should be noted
that immobility was considered when the velocity
was < 3 mm/s.

3.3. Antioxidant enzyme activity in the brain

The CAT activity in zebrafish brain, expressed
as mean + SEM and reported in U/mL/mg tissue,
is shown in Table 1. The zebrafish that received
GAC 400 mg/kg appeared to have the highest CAT
activity; however, there was no significant difference
between groups. Table 2 shows the SOD activity
in the zebrafish brain, expressed as mean SEM and
reported in U/mL/mg tissue. Similar to CAT activ-
ity, the GAC 400 mg/kg-treated zebrafish appeared

to have the highest SOD activity, but there was not a
significant difference between the groups.

4. Discussion

MPTP-induced animal models are widely used to
investigate the pathophysiology of Parkinson’s dis-
ease [11]. MPTP induces a state of oxidative stress
in the brain, which has been reported to significantly
decrease SOD and CAT activities in the brains of
C57BL/6 mice [12, 13]. However, the present results
show no significant differences in the antioxidant
enzyme activity of the zebrafish brain, including the
activities of CAT and SOD. This is consistent with
the report of Mu et al. [14], in which the results
showed that exposure to beta-CYP could lead to vary-
ing degrees of increases in hepatic SOD, CAT, GR,
and GPx activities 7 and 15 days after exposure, but
the activities of SOD and CAT in the zebrafish brain
showed no detectable response to beta-CYP through-
out the treatment period [14].

Previous studies have shown that quercetin, rutin,
and isoquercetin, which the Gac fruit contains
[15], had significant neuroprotective effect against
6-OHDA toxicity in PC-12 cells [16]. Quercetin
has shown neuroprotective potential through several
mechanisms, such as Tau phosphorylation, attenuate
oxidative stress, and ameliorate neuroinflamma-
tion [17]. These polyphenolic compounds exhibit
anti-neurodegenerative effects. Therefore, natural
products containing these phytochemicals may have
benefits for neurodegenerative disorders, including
Parkinson’s disease.

Our results showed that Gac fruit extract at doses
of 200 and 400 mg/kg improved locomotor func-
tion in MPTP-induced Parkinson’s-like symptoms in
zebrafish. Gac fruit has a very high nutritional con-
tent and contains high levels of carotenoids such
as lycopene and 3-carotene, which possess several
health benefits [15, 18]. Lycopene is a natural pig-
ment in plants belonging to lipophilic isoprenes and
possesses diverse bioactivity against cardiovascular
diseases, Type II diabetes mellitus, neurodegenera-
tive disease, and cancer [19, 20]. In addition, lycopene
has antioxidant and anti-inflammatory activities
related to neurodegenerative diseases [21, 22]. More-
over, lycopene has been reported to stimulate the
activation of antioxidant enzymes and translocation
of the transcription factor Nrf2 [23]. Nrf2 activa-
tion is known to prevent neurodegenerative diseases,
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Fig. 2. HPLC chromatogram of polyphenolic compound including quercetin (2A), rutin (2B), and isoquercetin (2C) in Gac fruit extract. A.

Quercetin. B. Rutin. C. Isoquercetin.

such as Alzheimer’s and Parkinson’s disease [24].
MPTP-induced damage by increasing cyto-c release
and decreasing the expression of bcl-2 with increas-
ing expressions of bax, caspases-3, 8 and 9 [25].

Lycopene reversed MPTP induced neuronal damage
by its antioxidant activity and controlling apop-
tosis at the gene level. The orally pre-treatment
lycopene could enhance striatal dopamine levels and
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Fig. 3. Effectof MPTP, selegiline, and Gac extract on total distance
(cm) expressed as mean = SEM. Zebrafish that received selegiline
and Gac extract at doses of 200 and 400 mg/kg had significantly
increased total distance when compared to the MPTP group. *p
value < 0.05 when compared to the control group, #p value <0.05
when compared to the MPTP group.
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Fig. 4. Effect of MPTP, selegiline, and Gac extract on velocity
(cm/s) expressed as mean == SEM. Zebrafish in the MPTP group
had significantly decreased velocity when compared to the con-
trol group. In addition, zebrafish that received selegiline and Gac
extract at doses of 200 and 400 mg/kg had significantly increased
velocity when compared to the MPTP group. *p value <0.05 when
compared to the control group, *p value <0.05 when compared to
the MPTP group. **p value <0.05 when compared to the control,
selegiline, Gac200, Gac400, and Gac800 groups.
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Fig. 5. Effect of MPTP, selegiline, and Gac extract on immobility
time (s) expressed as mean = SEM. Zebrafish in the MPTP group
had significantly increased immobility time when compared to the
control group. In addition, zebrafish that received Gac extract at
doses of 200 and 400 mg/kg had significantly decreased immobility
time when compared to the MPTP group. *p value <0.05 when
compared to the control group, #p value <0.05 when compared to
the MPTP group,

Table 1
CAT activity in zebrafish brains

Experimental group CAT activity (U/mL/mg tissue)

Control 128.41 +11.69
MPTP 162.03 +13.52
MPTP + Selegiline 180.53 £42.98
MPTP + GAC200 168.76 +22.22
MPTP + GAC400 202.37 +£42.00
MPTP + GAC800 170.69 +18.20

Effect of MPTP, selegiline, and Gac extract on CAT activity in
zebrafish brains, expressed as mean + SEM. No significant differ-
ence was observed between groups.

its metabolites, ameliorated oxidative stress by atten-
uated the levels of TBARS and activities of SOD
and catalase with increased GSH and activities of
GPx in the MPTP-treated mice, dose dependently.
Moreover, it significantly enhanced the expressions
of bel-2 and cyto-c, whereas decreased in expressions
of bax, caspases-3, 8 and 9 as compared with MPTP
alone treated animals [26]. Similar results had been
observed by Fujita et al. [27] which reported that
lycopene could attenuate ischemia-related neuronal
damage in gerbil hippocampal tissue by enhancing
bcl-2, diminishing caspase- 3 levels, and increas-
ing SOD activities. These reports provide evidence
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Table 2
SOD activity in zebrafish brains

Experimental group SOD activity (U/mL/mg tissue)

Control 0.013440.0019
MPTP 0.02724+0.0117
MPTP + Selegiline 0.03394+0.0112
MPTP + GAC200 0.023040.0054
MPTP + GAC400 0.0346 +0.0099
MPTP + GAC800 0.0299 4 0.0052

Effect of MPTP, selegiline, and Gac extract on SOD activity in
zebrafish brains, expressed as mean £+ SEM. No significant differ-
ence was observed between groups.

for the effect of Gac fruit on behavioral tests in a
Parkinson’s model. These findings may aid further
research on zebrafish brain analysis to develop Gac
fruit extract as a treatment option for Parkinson’s
disease.
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