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Abstract !
The fruit of Kersen or cherry (Muntingia calabura), a popular shade tree, is not yet
promoted as a marketable fruit or a healthy herbal drink. This study aimed to investigate
potential health benefits of fruit juice and crude extract of the fruit pulp of M. calabura Article History
including their antioxidant potential and inhibitory activities on several enzymes
related to metabolic disorders. Fresh juice (FJ) of M.calabura fruit was obtained by Received: 12 March 2020
juice extractor, whereas the fruit pulp (FP) was dried and macerated with ethanol to Accepted: 28 August 2020
obtain the crude extract. Both were evaluated for their inhibitory activities against
a-glucosidase, a-amylase, xanthine oxidase, lipase, and protease. Antioxidant activity
was evaluated based on their scavenging activity on 2,2-diphenyl-1-picryl-hydrazyl Antiprotease;
(DPPH) radicals. Both FJ and FP showed good antidiabetic activity by inhibiting fruit juice;
a-glucosidase (IC,, 162.00 and 84.70 pg/mL, respectively) and a-amylase (IC,, 422.34 fruit pulp;

. . . kersen;
and 80.46 pg/mL, respectively). In comparison, IC,  of acarbose on a-glucosidase lipase;
and o-amylase were 130.66 and 152.46 ug/mL, respectively. The FJ and FP extract Muntingia calabura;
showed anti-hyperuricemia activity by inhibiting xanthine oxidase (0.02 and 2.78 a-glucosidase.
mg allopurinol equivalent/mL for FJ and FP, respectively). However, weak inhibition
activities on protease and lipase were observed for the FJ and FP extract compared
to the references used. Similarly, FJ and FP exhibited weak scavenging activity on
DPPH, when compared with BHT and ascorbic acid. The study recommends the fruit
of M.calabura as a potential source of antidiabetic and anti-hyperuricemia agents. The
fruit can be further explored for nutraceutical applications.
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Introduction

In the past decades, non-communicable diseases
(NCD), such as diabetes mellitus, hyperuricemia,
and obesity have become serious concern, due
to their various serious complications and the
risks for cardiovascular diseases. The prevalence
of diabetes mellitus, hyperuricemia, and obesity
were projected to increase worldwide in the next
decades.” The growing prevalence in metabolic
diseases indicates that other alternative approach
is required in conjunction with current management
of these diseases, such as the use of key enzyme
inhibitors. In addition, some of the drugs currently
available in the market have been known to cause
undesirable side effects.?3

Enzyme inhibition has become important alternative
therapeutic strategy in designing new drugs.*
Even though enzymes are crucial for numerous
biochemical processes in the body system, excessive
enzymes activities may lead to over production and
accumulation of metabolites that induce pathologies,
such as those in metabolic syndrome. Therefore,
enzyme inhibition is essential for the prevention and
treatment of metabolic disorders, such as diabetes
mellitus, hyperuricemia, and obesity.

Epidemiology studies have shown positive
correlation between high consumption of fruits
and vegetables and reduced risk of metabolic
syndrome.5 ¢ Such health properties of fruits and
vegetables may partially be attributed to various
important micronutrients, such as vitamin C,
vitamin E, flavonoids, phenolics, all of which are
crucial in maintaining human health. Screening for
new drugs or supplements to help combat metabolic
disorders has become one of the major research
interests. Plants are potential source for screening
natural enzyme inhibitors for metabolic related
diseases, such as a-glucosidase and a-amylase,’
xanthine oxidase,? lipase,® and protease.”® One of
the plants that has gained growing interest recently
is Muntingia calabura.

Muntingia calabura is the only species in the genus
Muntingia (family Elaeocarpaceae). It is widely
distributed in the tropical and subtropical areas,
including India, South and Central America (where
it is known as Jamaican cherry) and Southeast Asia,
such as Indonesia (local name: Kersen or Talok)
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and Malaysia (Kerukup Siam). The trees can grow
up to 7 to 12 meters, with horizontal spreading of
branches that make them ideal for shade trees. The
fruitis spherical, around 1.0 cm in diameter. The ripe
fruit is red, sweet and juicy, containing numerous
tiny yellowish seeds. However, the fruit is not yet
promoted as marketable fruit.

M.calabura is used in folk medicine to treat a number
of ilinesses, such as headache and gastric disorders."
Different parts of M.calabura have been studied and
found to have pharmacological properties. Most
studies reported bioactivities of the leaves and
stem bark, such as antibacterial,’? antioxidant,®
antinociceptive,' gastroprotective,'s antidiabetic,®
and cardioprotective' activities. However, limited
studies were reported on the medicinal properties
of the fruit, such as antioxidant,’>'® and anti-
inflammatory' activities. In domestic context, the
juice is extracted from the fruit and the fruit pulp is
generally discarded.

This study was conducted to investigate the
potential inhibition activity of both the fruit juice and
extracts of the fruit pulp of M.calabura on enzymes
(a-glucosidase, a-amylase, xanthine oxidase, lipase,
and protease) involved in some metabolic diseases.
The antioxidant activity of the juice and extract was
also investigated.

Materials and Methods

Chemicals

All solvents and chemicals used in the experiments
were of analytical grade. Folin & Ciocalteu’s phenol
reagent, a-glucosidase from Saccharomyces
cerevisiae (EC 3.2.1.20), p-nitrophenyl-a-D-
glucopyranoside, a-amylase from porcine pancreas
(EC 3.2.1.1), xanthine oxidase from bovine milk
(EC1.17.3.2.), acarbose, allopurinol, azocasein,
2,2-diphenyl-1-picryl-hydrazyl (DPPH), and 3,5-di-
tert-butyl-4- hydoxytoluene (BHT), protease from
Streptomyces griceus (EC 3.4.23.6), orlistat, and
sodium diclofenac were purchased from Sigma-
Aldrich (St. Louis, USA). Gallic acid was obtained
from Santa Cruz Biotechnology (Dallas, USA).
Sodium carbonate (Na,CO,) and starch soluable
were purchased from Merck (Darmstadt, Germany).
All remaining reagents were of the highest purity
available (>98%).
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Spectrophotometer measurements were carried
out using a Biochrom Libra-S22 (Cambridge, UK).

Plant Materials

Muntingia calabura fruits were collected from Sentani
district, Jayapura, Papua province, Indonesia in
August 2018.

Preparation of Fruit Juice (FJ) and Crude Extract
of Fruit Pulp (FP)

After washing the fruits thoroughly, they were
crushed using food extractor. The fruit juice of M.
calabura (FJ) obtained from the extractor was used
directly for analysis. FJ stock solution was prepared
by dissolving FJ in dimethylsulfoxide (DMSO).
The fruit pulp of M. calabura (FP) left in the juice
extractor which consisted of seeds, peels and fibre
were freeze-dried (Biobase Bk-Fd10P, Shandong,
China). The dried pulp was macerated with ethanol
for 3 days at room temperature and the filtrate was
evaporated under reduced pressure (Buchi R3,
Flawil, Switzerland). The stock solution of dried FP
was prepared by dissolving the sample in DMSO.
All stock solutions were stored in the dark at -20°C
prior to analysis.

Total Phenolic Content Estimation Assay

The total phenolic content of FJ and FP of M.calabura
was estimated using a Folin-Ciocalteu method with
slight modification.?® In brief, sample (0.5 mL) was
mixed with Folin-Ciocalteu reagent (2.5 mL, 10%, v/v
in water) and left to stand for 10 mins. Thereafter,
Na,CO, (2.5 mL, 75 g/L) was added and the reaction
mixture was incubated for 2 hours at ambient
temperature. The absorbance was measured using
a spectrophotometer at 765 nm. Gallic acid (13 — 200
pg/mL) was used to generate a calibration curve
(R? = 0.9976, y = 0.008x + 0.034). Results were
expressed as mgGAE/mL.

a-Glucosidase Inhibition Assay

The inhibition activity of FJ and FP on a-glucosidase
was determined based on our reported method.?' The
method was based on the release of p-nitrophenol
resulting from catalytic hydrolysis of the substrate
p-nitrophenyl-a-D-glucopyranoside by a-glucosidase
which was monitored spectrophotometrically at
405 nm. Different concentrations of the samples
were mixed with a-glucosidase and p-nitrophenyl-
a-D-glucopyranoside as a substrate. Briefly, into
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each diluted sample of different concentrations
(50 pL), phosphate buffer (50 uL, 0.05 M pH 6.8)
and a-glucosidase (50 pL, 0.5 U/mL) were added.
Concentration range was selected such that 50%
inhibition would be included in the range. The mixture
was preincubated for 5 mins at 37+0.5°C. Thereafter,
p-nitrophenyl-o-D-glucopyranoside (100 pL, 1 mM)
was added to initiate the reaction and the reaction
was allowed to proceed for 20 mins at 37+0.5°C.
A solution of Na,CO, (750 uL, 0.1 M) was added to
stop the reaction and the absorbance was read at
405 nm using a spectrophotometer. The inhibition
percentage was calculated based on: (A, — A)/Ac
x 100, where A was absorbance of control solution
and A, was absorbance of sample. Acarbose was
used as a positive control. The inhibition activity was
calculated as IC50 values, which is the concentration
of the extract causing 50% of enzyme inhibition. The
IC,, values were compared with that of acarbose.

a-Amylase Inhibition Assay

The inhibition activity of FJ and FP on a-amylase
was determined using a reported method.?? Different
concentrations of the samples were prepared, each
was mixed with porcine pancreatic a-amylase and
starch as a substrate. Concentration range was
determined in which 50% enzyme inhibition would
be included in the range. In brief, a mixture of sample
(100 pL), 100 pL phosphate buffer (0.02 M, pH 6.9,
ionic strength NaCl 6 mM), and a-amylase (100 pL,
0.5 mg/mL) was preincubated for 5 mins at 37+0.5°C.
Into this mixture, starch (200 pL, 1 % w/v) was added
to start the reaction. The mixture was incubated
for 10 mins at 37+0.5°C, thereafter DNS reagent
(500 pL) was added to stop the reaction. DNS reagent
consisted of 3,5-dinitrosalicylic acid (1%, w/v),
phenol (1.1%, w/v), Rochelle salt (K-Na-tartarate)
22% wiv, and NaOH (1.5%, w/v) in agueous solution.
The reaction mixture was incubated in a boiled water
bath for 5 mins. Afterwards, the mixture was diluted
by the addition of water (14 mL). The absorbance
was read at 540 nm. Acarbose was used as a
positive control. The inhibition activity was expressed
as IC,, values and compared to that of acarbose.

Xanthine Oxidase Inhibition Assay

The inhibition activity of FJ and FP of M.calabura
on xanthine oxidase was determined based a
reported method?? with slight modification.?* Sample
(100 pL) was added with xanthine oxidase from
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bovine milk (100 pL, 0.2 U/mL) and phosphate
buffer (100 pL, 0.05 M pH 7.4). The mixture
was incubated for 5 mins at 37+0.5°C. Xanthine
(200 pL, 0.3 mM) was added to start the reaction,
and the reaction mixture was further incubated
for 30 mins at 37+0.5°C. A solution of HCI
(200 pL, 0.1 M) was added to stop the reaction
and the absorbance was read at 290 nm. The
absorbance was corrected against blank sample
solution containing all components except for the
enzyme which was replaced by phosphate buffer.
Allopurinol (2.75 — 6.87 pug/mL), which is a standard
inhibitor for xanthine oxidase, was used to generate
a calibration curve (y = - 0.0142x + 0.9365, R? =
0.8851). The inhibition activity of FJ and FP was
presented as standard compound equivalent?® of
mg allopurinol equivalent/mL as a unit.

Lipase Inhibition Assay

The inhibition activity of FJ and FP of M.calabura
on lipase was assessed based on a qualitative
method from previously reported method?® with
some modifications. A phenol red agar was prepared
consisting of agar (2%, w/v), olive oil (1%, v/v) and
phenol red as an indicator (0.01%, v/v). A circular
well was made in each quadrant of the plate. Extracts
or orlistat (reference inhibitor) was mixed with
pancreatic porcine lipase (200 U/mL in 0.05 M tris
buffer pH 8 and NaCl 0.03 M) in a 1:1 ratio. A50 uL
of this mixture was suspended into each well and the
reaction was left to proceed for 10 min at 37+0.5°C.
Catalytic degradation of olive oil releases fatty acid
which changes colour of the indicator from yellow to
red. Lipase inhibition activity was observed based
on the decrease in zone diameter in the presence
of lipase inhibitors. Blank well containing only olive
oil was also tested.

Protease Inhibition Assay

The inhibition activity of FJ and FP of M.calabura
on protease was determined based on a method
described previously?” 2 with some modifications.
Azocasein was used as a substrate. Extracts of
different concentrations (50 uL) was well-mixed with
50 pL protease (0.08 U/mL) and 100 uL azocasein
(5 mg/mL). The concentrations were selected to
include 50% enzyme inhibition. The reaction mixture
was incubated for 90 mins at 37+0.5°C. Afterwards,
400 pL trichloroacetic acid (TCA) (5% v/v, water)

1004

was added. After centrifugation at 15,000 rpm for
10 mins, the supernatant was retained and added with
700 pL NaOH (0.56 M). Absorbance was measured
at 442 nm and the inhibition percentage was
calculated using the following formula: (A — A,)/A,
x 100, where A was absorbance of control solution
and A was absorbance of sample. Anti protease
activity was reported as IC,; and activities were
compared with that of Na-diclofenac. .

2,2-diphenyl-1-picryl-hydrazyl (DPPH) Radical
Scavenging Assay

The antioxidant activity of FJ and FP was evaluated
based on their scavenging activity on DPPH radicals,
according to the method described previously?®
with slight modifications.®® Briefly, into each diluted
sample of different concentrations (3 mL) was
added DPPH solution in ethanol (1 mL, 0.6 mM).
Sample concentrations were selected to include 50%
inhibition. The reaction mixture was protected from
light and incubated for 30 mins at room temperature.
The absorbance was read at 517 nm. Results were
expressed as IC,, values. BHT and ascorbic acid
was used as reference antioxidants.

Statistical Analysis

Experiments were performed in triplicates. The
results were expressed as mean * standard
deviation. Students’ t-test and one-way ANOVA with
Tukey test (SPSS software version 23 for Windows)
were used to analyse the difference, and P < 0.05
was considered to be statistically significant.

Results

Estimation of Phenolic Compounds

The total phenolic contentin FJ (2.34 + 0.19 mgGAE/
mL) was significantly higher (p=0.045) than in FP
(0.27 + 0.01 mgGAE/mL). The juice contained
higher content of phenolics, more than 8 times the
amount in FP.

In vitro Antidiabetic Activity

Antidiabetic activity of FJ and FP was evaluated by
two different in vitro procedures; the a-glucosidase
and a-amylase inhibition assays. a-Glucosidase
catalyses hydrolysis of the a (1-4)-glycosidic links in
polysaccharide or oligosaccharide liberating glucose
molecules. As can be seen on Table 1, FJ and FP
were able to inhibit a-glucosidase in a concentration
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dependent manner. FP exhibited a stronger inhibition
than FJ (P = 0.001), with IC,; value almost twice
lower than FJ. It is worth noting that FP showed
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a more potent inhibition activity on a-glucosidase
compared to acarbose.

Table 1: a-Glucosidase inhibitory activity of the
juice and pulp of M. calabura and acarbose

Concentration (ug/mL)  Inhibition (%) IC,, (Mg/mL)
FJ 73.75 9.84 £ 1.11
147.50 59.09 + 8.75 162.00 £ 9.46
221.25 76.21 £ 11.75
295.00 85.25+0.98
FP 13.75 11.62 +10.12
34.38 20.27 £ 0.55 84.70 £2.70
55.00 36.80 +1.13
137.50 77.94 +0.88
Acarbose 13.00 7.64 + 2.66
26.00 19.55 + 3.00 130.66 + 5.94
52.00 30.18 £+ 2.77
104.00 50.15 +2.43

Table 2: a-Amylase inhibitory activity of the juice and
pulp of M. calabura fruit and acarbose.

Concentration (pg/mL)

Inhibition (%)

IC,, (ug/mL)

FJ 53.13
106.25
212.50
425.00

FP 1.15
2.29
18.33
36.67

Acarbose 20.00
40.00
80.00
150.00
200.00

20.35£13.47
25.41+£0.31
38.67 £0.20
51.34 £5.55

8.93 £ 1.53

11.29 £2.38
19.66 + 3.11
29.34 £ 10.02

572+1.35
16.99 £ 0.35
32.30+0.48
54.06 + 0.94
59.39 £2.52

422.34 £ 13.47

84.70 £ 2.70

152.46 + 8.43

*IC,, of the fruit pulp was calculated from linier regression equation, thus

extrapolated from the graph.
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Similarly, FJ and FP exhibited significant a-amylase
inhibition which were comparable with the standard
acarbose. Table 2 shows that for both extracts,
inhibition activity on a-amylase increased with
increasing concentration. Similar to the results
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on a-glucosidase, a significant difference in the
inhibition activity was observed for FJ and FP
(P = 0.001), with FP exhibited stronger inhibition
activity with IC,; values 5 times lower than FJ.

Fig.1: Anti-lipase activity of M. calabura fruit and control based on an agar plate assay: (A)
orlistat (500 ug/mL) (B) FP (C) only substrate (D) FJ and (E) Substrate-lipase system without
inhibitor. The decrease in the red halo diameter indicates inhibition activity

Anti-Hyperuricemia Activity
Anti-hyperuricemia activity of FJ and FP was
investigated based on an in vitro enzyme inhibition
method, by studying the inhibitory effect of FJ and FP
on xanthine oxidase. Inhibition on xanthine oxidase
was estimated using allopurinol standard curve.
Results showed that both FJ and FP had inhibition
activity on xanthine oxidase. However, a significant
difference (P = 0.000) was observed between FJ and
FP, in which FP exhibited a much stronger inhibition
on xanthine oxidase (2.78 mg allopurinol equivalent/
mL) when compared with FJ (0.02 mg allopurinol
equivalent/mL).

Anti-lipase Activity

In the present study, an agar plate test was used to
investigate anti-lipase activity of FJ and FP and the
results are shown in Figure 1. Lipolytic enzyme lipase
hydrolyses olive oil which was used as a substrate,
and the release of free fatty acids change the colour

of phenol red indicator from yellow to red. Well C
contained olive oil without lipase and inhibitors,
thus no formation of free fatty acid was observed.
Well E was lipase and olive oil without inhibitor.
As expected, the largest red zone was observed,
indicating no inhibition of lipase. Well A, B, and D
contained the lipase-olive oil test samples in the
presence of orlistat, FP and FJ, respectively. In each
case, the presence of lipase inhibitors decreased the
halo diameter, indicating that hydrolytic reaction on
olive oil by lipase was inhibited.

Antiprotease Activity

The current study screened antiprotease activity of
FJ and FP and results are presented in Table 3. Both
extracts were able to modulate protease activity in
a concentration dependent manner. The IC values
were calculated to compare inhibition activity. The
antiprotease activity of FP was much stronger than
FJ, observing almost twice stronger than FJ.
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Table 3: Antiproteases activity of M. calabura L.
fruit and standard.
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Concentration Inhibition IC,,
(ug/mL) (%) (ug/mL)
FJ 0.031 22.75+0.81
0.061 27.95+1.16
0.123 32.87 +4,30 0.35+0,02
0.246 47.34 £ 0,56
0.492 59.06 + 3,38
FP 0.029 3.98+0.63
0.057 9.36 £ 1.11
0.115 12.64 £ 1.39 0.75+0,04
0.229 22.50 £2.49
0.458 32.63 +1.50
Na-Diclofenac  0.008 6.75+0.05
0.020 16.10 £ 0.049 0.04 £0,00
0.083 63.57 £ 0.48
0.167 87.03+0.28

Table 4: DPPH radical scavenging activity of
M. calabura L. and standards.

Concentration Inhibition IC,,
(ng/mL) (%) (ng/mL)
FJ 239.00 22.56 +1.81
478.00 34.47 £0.03
717.00 4896110  780.80+4.15
956.00 59.82+0.11
1195.00 72.34 £0.08
1434.00 77.79 £0.26
FP 330.00 32.62 +0.20
440.00 4434 +4.16
660.00 65.56 £4.40  532.37 +46.41
880.00 86.65 + 5.38
1100.00 98.08 +3.33
Ascorbic acid  10.00 8.56 + 0.11
20.00 15.29+ 0.1 53.24 +£0.82
40.00 40.48 +1.27
80.00 75.96 +1.28
BHT 3.33 12.66 + 1.03
6.67 23.15+0.20 21.36 £ 0.80
13.33 40.99 £ 0.59
26.67 56.28 + 1.86
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Antioxidant Activity

Antioxidant activity of FJ and FP was determined
based on the effect of both extracts on DPPH
radicals. As can be seen on Table 4, both extracts
were able to scavenge DPPH radicals. As the
concentration of the extracts increased, the %
of scavenging activity was also incrementally
increased. The IC of FJ was significantly weaker
than FP (P = 0.000). However, when compared with
BHT and ascorbic acid (antioxidant standards), the
scavenging activity (IC,)) of both FJ and FP were
much lower, indicating a weak radical scavenging
potential.

Discussion

Phenolic compounds have been associated with
various plants bioactivities, including antienzymes
and antioxidant activities.®" % The current study
found that phenolic compounds were identified
not only in the fruit juice, but also in the fruit pulp,
suggesting that the fruit pulp may still have nutritional
benefit. This observation is similar with previous
studies regarding the presence of phenolics in
the residue or pulp of various fruits.®® Previously,
phenolic contents were reported for M. calabura fruit,
partitioned using various organic solvents of different
polarity. Results reported previously found that
methanol was the best solvent to extract phenolic
compounds from fruits, as indicated by the highest
amount of phenolics found.3*

Type 2 diabetes mellitus (T2DM) is characterised
by chronic hyperglycaemia, which may be due to
a defect in insulin secretion, or insulin action, or
a combination of both.*> Controlling the level of
glucose in blood plasma is considered a practical
and effective therapy for type 2 DM. In consequence,
inhibition of a-glucosidase and a-amylase can delay
the release of glucose from dietary carbohydrates
and its absorption. In this way, inhibitors that target
these enzymes can be an important therapeutic
strategy in the management of type 2 DM. Acarbose,
the drug of choice prescribed for T2DM, succeeds
in controlling glucose level in plasma, however
it has been associated with several adverse
side effects.? Strong inhibition of a-amylase and
a-glucosidase leads to accumulation of undigested
polysaccharides in the gastrointestinal tract
(GIT). This cause abdominal disturbances due to
bacterial fermentation.®® Other study has reported
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hepatotoxicity of long-term use of acarbose.®”
Therefore, other alternatives are required that have
fewer side effects for treating T2DM. In this context,
it is necessary to evaluate the antidiabetic activity of
fruits and vegetables.

Data obtained from the present study indicate
that M. calabura fruit contain some components
that are good inhibitors of a-glucosidase and
a-amylase. Recently, study by Pereira et al reported
the presence of cyanidin-3-O-glucoside and some
phenolic compounds (gallic acid and caffeic acid)
in M. calabura fruit."® These compounds that were
identified by UHPLC-MS/MS technique have been
demonstrated to have inhibition activities against
a-glucosidase and a-amylase.® 3° |n addition,
the same study identified quercetin and catechin
derivatives as the main flavonoids in the fruit, which
were also reported to inhibit a-glucosidase and
a-amylase. 30 40

For both a-glucosidase and a-amylase inhibition
tests, FP showed a better inhibition activity than FJ,
despite having lower phenolic content. This suggests
that a-glucosidase and a-amylase inhibition activity
is not necessarily associated with high phenolic
content as other non-phenolic compounds such
as alkaloids might be involved in a-glucosidase
and oa-amylase inhibition.*" The use of ethanol in
FP preparation may have extracted more bioactive
compounds involved in the enzyme inhibition,
compared to FJ which was prepared directly from
the fresh juice. Other parts of M. calabura, such as
the leaves and stem barks, have been reported to
have antidiabetic effects using animal model.® "7
To the best of our knowledge, the present study is
the first to report on the enzymes (o-glucosidase and
a-amylase) inhibitory properties of M. calabura fruit.
Xanthine oxidase is responsible for the catalytic
oxidation of hypoxanthine to xanthine, which
generates superoxide (O,”) radicals and uric acid.
Previous studies reported that phenolic compounds
are considered as antioxidant, not only due to their
ability to scavenge free radicals, but also because
of its inhibition action on xanthine oxidase.*? 43
In addition, it is well known that the accumulation
of uric acid in the joints and kidneys may lead to
acute gout arthritis and uric acid nephrolithiasis.**
Allopurinol is a popular drug of choice for the
treatment of hyperuricemia. However, its use has
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been linked to several side effects, such as rash,
hypersensitivity.*> Various fruits have been found
to have potent xanthine oxidase activity.*s 47 It is
also worth noting that several flavonoids identified
in M calabura fruit such as catechin derivatives and
quercetin have been reported to have xanthine
oxidase inhibitory activity.*® The present study
found both FJ and FP exhibited inhibition activity on
xanthine oxidase, with FP exerted stronger activity
as compared with FJ.

Pancreatic lipase is responsible for the hydrolysis
of almost 70% of dietary triglycerides. Therefore,
inhibition of lipase is one of the effective mechanisms
of anti-obesity agents. Orlistat, the first line lipase
inhibitor, inhibits catalytic digestion of triglycerides,
thus reduces intestinal absorption of free fatty
acids. The accumulation of intestinal lipids causes
steatorrhea, flatulence, and inconsistent stool.** The
anti-lipase screened in this study indicate that the
fruit of M.calabura can be further explored for its
anti-lipase activity.

Proteases are an important class of enzymes that
involve in numerous biological processes, involving
metabolic and physiological processes. This suggests
the critical role of proteases in maintaining body
homeostasis. Indeed, excessive protease activity
has been associated with pathological conditions
such as cardiovascular, neurodegenerative, and
inflammatory diseases.®® The result obtained in
the current study indicates that FJ and FP have
anti protease activity, although both were seen to
have a weaker activity in comparison with sodium
diclofenac. The latter is a potent nonsteroidal anti-
inflammatory drug. Gastrointestinal side effects
have been reported for long term use of sodium
diclofenac.’ Protease inhibition activity observed
for FJ and FP may be further explored for a more
catalytic specificity of protease inhibition.

Oxidative stress contributes to some of the
pathological conditions in the development of
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metabolic diseases,* such as in T2DM, obesity,
and gouty arthritis. Therefore, antioxidant intake is
considered important as part of therapeutic regimen
in metabolic diseases. FJ and FP showed weak
DPPH radical scavenging activity. Several phenolic
and flavonoid compounds such as, gallic acid,
caffeic acid, catechin, gallocatechin, naringenin,
and quercetin identified in fruits and vegetables
have been proven to exert antioxidant activity.' 53
The present study found that FP showed stronger
antioxidant activity than FJ. This indicates that the
fruit pulp still has nutritional benefit. Stronger DPPH
scavenging activity was reported for fruit prepared by
maceration and partition in various organic solvent,
with strongest activity observed for methanol extract
of the fruit of M. calabura.®*

Conclusion

Results in the present study clearly demonstrate
anti-enzymes (a-glucosidase, a-amylase, xanthine
oxidase, lipase, and protease) activities of
M. calabura fruit juice and pulp extracts. The study
also reports antioxidant (DPPH) activity of the
extracts. Significant inhibition of a-glucosidase
and a-amylase suggests their potential use as
a natural antidiabetic agent. In addition, the fruit
was evidenced to have inhibition on xanthine
oxidase, an enzyme targeted for the management
of hyperuricemia.
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