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Abstract

Background: Rhodomyrtus tomentosa (Aiton) Hassk., locally known as Sim, is a flowering plant
belonging to the family Myrtacea. It have been used in traditional Vietnamese medicine for a long
time for treatment of diarrhoea, dysentery, gynaecopathy, stomachache, and wound healing. In this
study, the potential bioactivities of ethanol extract of Sim fruits due to scavenging free radicals,
suppressing pro-inflammatory mediator production, and inhibiting histamine release were
investigated in vitro.
Material and Methods: Sim fruits were obtained from from Duong Dong Town, Phu Quoc district,
Kien Giang province, Viet Nam. The crude extract was prepared with Sim fruits in ethanol 80%. The
free radical scavenging activity was conducted via DPPH and ABTS assay. Nitric oxide (NO)
production was measured by colorimetric assay and inducible nitric oxide synthase (iNOS)
expression was conducted by Western blot. Histamine release was measured by spectroﬂuorometric
assay.
Results: Ethanol extract Sim fruits (EESF) was found to be able to scavenge DPPH and ABTS+
radicals with IC50 values of 94 ± 12 and 83 ± 9 µg/ml, respectively. Moreover, NO production and
iNOS protein expression were suppressed by EESF treatment at a dose-dependent manner in
lipopolysaccharide-stimulated RAW 264.7 cells. In addition, EESF was effective in reducing
histamine release from calcium ionophore-activated RBL-2H3 mast cells.
Conclusion: These results indicated the potential health benefit effects of Sim fruit due to its
biological activities. These evidences supported it as a promising biomaterial for alternative medicine.
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INTRODUCTION
Natural products including the herbal remedy,
medicinal plants, functional foods, and their constituents
have been applied for the prevention and/or treatment of
numerous diseases (Kim et al. 2018). The capacity of
some natural product-derived foods to reduce the risk of
chronic diseases has been associated, at least in part,
to the occurrence of secondary metabolites that have
been shown to exert a wide range of biological activities
such as anti-viral, anti-oxidant, anti-inflammatory, antiallergic, anti-cancer, anti-diabetes, anti-obesity, antihypertensive, and immuno-enhancing activities (David
et al. 2014, Dias et al. 2012, Vo and Kim 2013). Thus,
customers have got more interesting forward to natural
product-derived foods nowadays.
Plants of the Myrtaceae family are known to contain
a rich source of structurally diverse and biologically

active metabolites, thus considering as a potential
resource for exploring novel therapeutic agents
(Hazrulrizawati et al. 2017). Rhodomyrtus tomentosa,
locally known as Sim, is a flowering plant belonging to
the family Myrtaceae, native to Southern and
Southeastern Asia (Lim 2012). Parts of this plant have
been used in traditional Vietnamese, Chinese and Malay
medicine for a long time. In particular, the fruits have
been used to treat diarrhoea, dysentery, gynaecopathy,
stomachache, and wound healing (Dachriyanus et al.
2002). The chemical constituents of R. tomentosa have
been reported to include triterpenes, steroids, and
phenolic compounds (Lai et al. 2015). Although R.
tomentosa has been reported recently (Cui et al. 2013,
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Geetha et al. 2010, Le et al. 2018, Saising et al. 2008),
the further studies on their biological activities are still
limited. Thus, the main purpose of this contribution is to
investigate the biological activities of Sim fruit R.
tomentosa due to due to scavenging free radicals,
suppressing pro-inflammatory mediator production, and
inhibiting histamine release in vitro.

MATERIALS AND METHODS
Materials
Sim fruits were purchased from Duong Dong Town,
Phu Quoc district, Kien Giang province, Vietnam.
Solvent was purchased from Xilong (China). All other
reagents were purchased from Sigma–Aldrich (St.
Louis, MO, USA).
Extraction
Sim fruits were air-dried under shade and powdered
using a grinder. The powder was soaked with ethanol
80% under the extract conditions of ratio (1/4, w/v), time
(4 h) and temperature (60 oC). The crude extract was
dissolved in DMSO for further investigation.
1,1-Diphenyl-2-picryl-hydrazyl assay
The antioxidant activity of EESF was determined by
the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay as
described by Vo et al. (2018b). Briefly, 100 μl of EESF
(500 µg/ml) was mixed with 100 μl of DPPH solution and
incubated in the dark at room temperature for 30 min.
The absorbance of the mixture was then measured at
490 nm by using Genova Nano (Jenway, UK). The ability
of the sample to scavenge DPPH radical was
determined from:
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
= [(𝑂𝑂𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 – 𝑂𝑂𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )/𝑂𝑂𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ] 𝑥𝑥 100%

2,2-Azinobis-3-Ethyl benzothiazoline-6sulfonic acid (ABTS) assay
This assay was performed as described by Vo et al.
(2017). Briefly, the radical cation was prepared by
mixing 7 mM ABTS stock solution with 2.45 mM
potassium persulfate (1/1, v/v) and leaving the mixture
for 4-16 h until the reaction was completed and the
absorbance was stable. The ABTS+ solution was diluted
with ethanol to an absorbance of 0.70 ± 0.05 at 734 nm
for measurement. The photometric assay was
conducted on 0.9 ml ABTS+ solution and 0.1 ml of EESF
(500 µg/ml), mixing for 45 sec. Measurement was taken
immediately at 734 nm after 15 min. Ascorbic acid was
used as a positive control. The antioxidative effect was
calculated by determining the decrease in the
absorbance at different concentrations by using the
following equation:
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
= [(𝑂𝑂𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 – 𝑂𝑂𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )/𝑂𝑂𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ] 𝑥𝑥 100%

Cell Culture
The cells were cultured in a humidiﬁed atmosphere
containing 5% CO2 at 37 oC using Dulbecco’s modiﬁed
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eagle medium (DMEM) supplemented with 5% heatinactivated fetal bovine serum (FBS), 10 mM HEPES
buffer, 100 U/ml of penicillin G, and 100 mg/ml of
streptomycin. The cells were maintained via two times
passage per week, and cells were utilized for
experimentation at a density of 70–80%.

Cell Viability
The viability levels of the cells were determined by
MTT assay. In brief, cells (1x105 cells/ml) were
incubated with the indicated concentrations of EESF
(100, 200, and 500 µg/ml) for 24 h. The medium was
removed, and the cells were incubated with a solution of
1 mg/ml MTT for 4 h. Finally, the supernatant was
removed, and DMSO was added to solubilize the formed
formazan salt. The amount of formazan salt was
determined by measuring the absorbance at 540 nm
using a microplate reader (GENios® Tecan Austria
GmbH, Austria).
NO Production Assay
NO level in the culture supernatant was measured by
the Griess reaction as described earlier (Vo et al.,
2012b). In brief, RAW 264.7 cells were plated at 1x105
cells/ml in 24-well culture plates, and treated with
various concentrations of EESF (100, 200, and 500
µg/ml) for 12 h prior to stimulation of LPS (1 µg/ml, ﬁnal
concentration) for 12 h. Aliquots (50 µl) of the
supernatants were incubated with 50 µl of Griess
reagent for 15 min. This was followed by measurement
of absorbance values at 540 nm by using Genova Nano
(Jenway, UK). The nitrite concentrations were calculated
with reference to a standard curve of sodium nitrite
generated by known concentrations.
Histamine Release Assay
RBL-2H3 cells were seeded into 24-well plates (2 ×
105 cells/ml). Cells were treated with different
concentrations of EESF (100, 200, and 500 µg/ml) for 12
h. The treated cells were washed by Tyrode buffer and
stimulated with calcium ionophore A23187 (1 µM, ﬁnal
concentration) at 37 oC for 30 min. Histamine release in
the supernatants was determined as previously
described (Vo et al., 2011). Histamine release levels
were calculated as a percentage compared to control:
Release ratio (%) = (T – B)/(C – B) × 100, where B is the
group without stimulation as well as sample treatment,
C is the stimulated group without treatment of the tested
sample, and T is the stimulated group with presence of
the tested sample.
Western Blot Analysis
RAW 264.7 cells were treated with different
concentrations of EESF (100, 200, and 500 µg/ml) for 12
h before stimulation of LPS for 12 h (1 µg/ml, ﬁnal
concentration). The cells were lysed in RIPA lysis buffer.
The detection of protein was performed as described by
Vo et al. (2014).
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Fig. 1. The DPPH ana ABTS+ radical scavenging activity of EESF and vitamin C. Each determination was made in triplicate,
and the data are expressed as means ± SD. EESF: Ethanol extract Sim fruit

Statistical Analysis
Values were expressed as the mean ± SD. Statistical
analysis was done using Student’s t-test. Differences
were considered significant at p < 0.05.
RESULTS AND DISCUSSION
The Free Radical Scavenging Activity of EESF
Oxidative stress is an important risk factor in the
pathogenesis of numerous chronic diseases. Free
radicals are recognized as agents involved in the
pathogenesis of sicknesses such as allergy,
inflammation, diabetes, Parkinson’s and Alzheimer’s
diseases, cancers as well as atherosclerosis (Kanwar et
al. 2009). Meanwhile, an antioxidant is known to be
substance that can trap the free radicals. Herbal plants
considered as good antioxidant since ancient times (Wu
et al. 2011). In this study, the antioxidant activity of EESF
was investigated via measuring DPPH and ABTS+
radical scavenging ability. Fig. 1 showed that EESF was
effective in trapping DPPH and ABTS+ free radicals with
IC50 values of 94 ± 12 and 83 ± 9 µg/ml, respectively.
Vitamin C, a positive control, scavenged DPPH and
ABTS+ free radicals with IC50 values of 12 ± 5 and 14 ±
4 µg/ml, respectively. According to Ghasemzadeh et al.
(2012), various tropical plants were investigated for
antioxidant activity via scavenging DPPH radical. The
tropical plant extracts including cabbage, green chilli,
red chilli, carrot, lemon grass, and turmeric were showed
to scavenge DPPH radical with IC50 values of 480 ± 12,
575 ± 10, 376 ± 14, 405 ± 17, 448 ± 16, 600 ± 15,
respectively. It indicated that EESF possesses stronger
DPPH scavenging activity than that of these tropical
plant extracts.

The Suppressive Effect of EESF on NO
Production and iNOS Protein Expression
Inflammation is the response of host to various
stimuli including physical damage, ultra violet irradiation,
microbial invasion, and immune reactions (Gautam and
Jachak 2009). The inflammatory response is associated
with the production of a large range of pro-inflammatory
mediators such cytokine, NO, and PGE2 that initiate the
inflammatory response (Gordon 1998). Thus, downregulation of mediator production during inflammatory
response is necessary for reducing inflammatory
symptom. As show in Fig. 2A, lipopolysaccharide (LPS)
stimulation causes the production of NO from RAW
264.7 cells (34 µM). Conversely, EESF treatment leaded
to decrease NO production in a dose-dependent
manner. At the concentration of 500 µg/ml, NO level
significantly reduced upon 14 µM. Notably, the inhibitory
effect of EESF on NO production was not due to
cytotoxic effect (Fig. 2B). Indeed, the iNOS protein is
responsible for the production of NO from the oxidation
of L–arginine (McAdam et al. 2012). The increased
iNOS protein expression leads to the increase in NO in
many chronic inflammatory diseases (Grabowski et al.
1997, McInnes et al. 1996). Herein, the suppressive
effect of EESF on iNOS protein expression was also
tested in LPS-stimulated RAW 264.7 cells. As shown in
the Fig. 2C, EESF induced a dose-dependent
suppression on protein expression of iNOS as compared
to the control group. As the result, EESF suppressed
iNOS protein expression that may lead to accompany
decrease in NO production. Evidently, the antiinﬂammatory agents that inhibit NO production and
iNOS expression possess the capability to attenuate
inflammatory diseases (Lee et al. 2003).
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Fig. 2. The anti-inflammatory effect of EESF on LPS-stimulated RAW 264.7 cells. The cells were treated with various
concentrations of EESF for 12 h prior to stimulation of LPS for 12 h. (A) Amount of NO was measured using the Griess
reaction. Each determination was made in triplicate, and the data are expressed as means ± SD. (C) The protein expression
level of iNOS was assessed by Western blotting. β-actin was used as internal controls. (B) The cells were treated with
various concentrations of EESF for 24 h. Cell viability was assessed by MTT method, and the results were expressed as
percentage of surviving cells over blank cells (no addition of EESF). Each determination was made in triplicate, and the
data are expressed as means ± SD. EESF: Ethanol extract Sim fruit.

The Inhibitory Effect of EESF on Histamine
Release
Allergy is a disorder of the immune system due to an
exaggerated reaction of the immune system to harmless
environmental substances, such as animal dander,
house dust mites, foods, pollen, insects, and chemical
agents. Allergic reaction is characterized by the
excessive activation of mast cells and basophils, leading
to release various mediators such as histamine and an
array of cytokines (Milián and Díaz 2004). Especially,
histamine is considered as the major mediator of allergic
response, causing pain, acute rhinitis, pruritus, and
vasodilatation (Jutel et al. 2009). Thus, histamine is the
major target for potential anti-allergic drugs. Herein, antiallergic activity of EESF was determined via measuring
histamine release from calcium ionophore-activated
RBL-2H3 mast cells. It was observed that the level of
histamine release was significantly reduced by EESF
treatment in a dose-dependent manner (Fig. 3A).
Histamine release level upon treatment with 500 µg/ml
of EESF was 44% as compared to control group
activated with calcium ionophore alone. Especially, the
inhibitory effect of EESF on histamine release was not
caused by cytotoxic effect (Fig. 3B). It has evidenced
that mast cell degranulation and histamine release result
in the change of cell membrane and cell morphology
(Deng et al. 2009). In this study, the representative
images of the mast cells related to cell morphological
change were assessed by using light microscopy. In the
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normal condition, mast cells were observed to be
generally branch-shaped with clear membranes,
whereas the activated cells induced by calcium
ionophore were round-shaped, and had reduced cell
size, disrupted boundaries, and irregular surfaces (Fig.
3C). Notably, the cell morphology was slightly changed
in EESF-pretreated cells before being exposed to
calcium ionophore, indicating the inhibitory effect of
EESF on mast cell degranulation and histamine release.
The reduction of histamine release from the activated
mast cells by EESF supported its role as a potential antiallergic agents. Up to now, numerous potential antiallergic agents have been found due to inhibition of
histamine release (Vo et al. 2012a, 2018a).

CONCLUSION
In conclusion, Sim fruit R. tomentosa has been
determined as a promising biomaterial with anti-oxidant,
anti-inflammatory, and anti-allergic activities. The
biological activities have been evidenced via scavenging
DPPH and ABTS+ radicals, suppressing NO production
and iNOS protein expression from LPS-stimulated RAW
264.7 cells, and inhibiting histamine release from
calcium ionophore-activated RBL-2H3 mast cells.
However, the further studies related to the evaluation of
chemical components, bioactive compounds, and
biological activities of Sim fruit R. tomentosa are
necessary to support its role as a bioactive ingredient for
the development of alternative medicine.
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Fig. 3. The anti-allergic effect of EESF on calcium ionophore-activated RBL-2H3 mast cells. The cells were treated with
different concentrations of EESF for 12 h before activation of calcium ionophore for 30 min. (A) The level of histamine
release was measured via a spectrofluorometric assay. Each determination was made in three independent experiments,
and the data are shown as means ± SD. (C) The representative images of the cells were assessed by using light
microscopy (magnification, ×20). (B) The cells were treated with various concentrations of EESF for 24 h. Cell viability was
assessed by MTT method, and the results were expressed as percentage of surviving cells over blank cells (no addition
of EESF). Each determination was made in triplicate, and the data are expressed as means ± SD. EESF: Ethanol extract
Sim fruit.
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