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Summary
From the dried powder of bark of Excoecaria agallocha L. (Euphorbiaceae), hexane
(Hex), chloroform (Chl), ethyl acetate (EtA), ethanol (Eth), and water (DW) fractions
were prepared to study their polyphenol content, antioxidative and anti-histaminerelease activities. DW had the highest total polyphenol content, 348 mg gallic acid
equivalent (GAE)/g followed by Eth (160.5 mg GAE/g). Using DPPH free radical
scavenging, reducing power, measurement of total antioxidant activity and ionophore
A23187-induced histamine-release assays, it was found that DW and Eth had high
antioxidative and anti-histamine-release activities compare to other fractions. Thin
layer chromatography (TLC) revealed that ellagic acid-like and lupeol-like compounds
are found in Eth, and Chl fractions, respectively. Testing standards of lupeol and ellagic
acid at 100 µg/mL, lupeol had a little inhibitory effect on histamine release (24.5%)
while ellagic acid showed no effect at all. However, our results showed that bark of E.
agallocha, especially DW and Eth fractions would be considered a potential source of
antioxidative and anti-histamine natural products.
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Introduction
Exploration of wild plants as a source of health promoting agents has got much
attention. This renewed interest is due to the growing evidence of the numerous
healthful activities attributed to wild plants and their components. Many of the healthpromoting activities such as anti-cancer, anti-diabetic, and anti-mutagenic activity of
natural products, in some terms, may be related to antioxidative activity [1]. Fruits [2]
and vegetables [3], as well as natural products such as polyphenols [4], have been
reported to show antioxidative activity. Various components of plants such as
polyphenols of tea [5], soybean [6] and apple [7]; flavonoids [8], polyunsaturated fatty
acids [9], and fruits [2] suppress release of histamine or leukotrienes from basophils or
mast cells, which in turn prevent the pathogenesis of type 1 allergy that arises from food
proteins or air-borne antigens. For the prevention and treatment of various diseases in
human including radical-induced diseases such as cardiovascular disorders, cancer,
aging, inflammation and allergy, plant-based medicines are getting importance in
current world due to its multiple beneficial effects in combating diseases with least side
effects.
Excoecaria agallocha L. (Euphorbiaceae) (local name: Gewa) is a small tree
with 6-10 cm alternate, pointed tips leaves, tiny flowers in spike, small-round fruits in
clusters, and rough gray bark, and grows among mangrove areas flooded by the sea in
the Sundarbans and Chittagong in Bangladesh. The plant is used to treat sores and
stings from marine creatures. Smoke from the bark is used to treat leprosy, and the root
pounded with ginger is used as an embrocation for swollen hands and feet. The bark
and wood of the plant is also used to treat flatulence [10,11]. Reportedly, the plant has
anti-HIV and anti-viral properties [12,13,14]. Antioxidative activity of the leaf extract
of E. agallocha, was investigated and suggested that environmental plants exposed to
strong sunlight might have an efficient antioxidant system in order to live [15].
However, no report exists on antioxidative activity of other parts such as bark, and root
of the plant. No report, at all, describing anti-allergic activity of the plant. This work is
the first reporting antioxidative and anti-allergic activities of the bark extract of E.
agallocha.
Materials and Methods
Plant material
Excoecaria agallocha L. was collected from the Sundarbans’ mangrove forest
Bangladesh. The shade-dried powdered bark was extracted with 70% ethanol for 7 days
at room temperature. Then, after filtration through filter paper the yield was dried. One
gram (1 g) of this extract was taken in an air tight bottle. Hereafter, n-hexane was
added to prepare hexane fraction of the sample. After vigorous shaking and filtration
through filter paper n-hexane was evaporated and the dried solid was taken as a hexane
fraction (Hex). Precipitate on the filter paper was taken in a separate air tight bottle and
chloroform was added. Chloroform fraction (Chl) was prepared by evaporation of
chloroform after filtration through a filter paper. Subsequently following the same
procedure as above, ethyl acetate, then ethanol, and at last distilled water was used to
obtain ethyl acetate (EtA), ethanol (Eth), and water fraction (DW). Twenty milligram
(20 mg) of the fraction was dissolved in 1 ml ethanol or distilled water for conducting
experiments.
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Determination of total phenolic compounds (TPH)
The total concentration of phenolic compounds (TPH) in the fractions was determined
according to the Folin-Ciocalteu method [16] with gallic acid (GA) as the standard and
expressed (mg) as gallic acid equivalents (GAE)/g of extract [17].
DPPH radical scavenging activity
The reaction mixture (total volume, 3 mL), consisting of 0.5 mL of a 0.5 M acetic acid
buffer solution at pH 5.5, 1 mL of 0.2 mM DPPH in ethanol, and 1.5 mL of a 50% (v/v)
ethanol aqueous solution with the fractions, was shaken vigorously [18,19,20]. After
incubation at room temperature for 30 min, the amount of DPPH remaining was
determined by measuring absorbance at 517 nm.
Reducing power activity
The reducing power of the fractions was determined according to the method of [21].
Briefly, phosphate buffer (2.5 mL, 0.2 M, pH 6.6) containing different concentrations of
the bark fractions were prepared. Then it was added to 2.5 mL of 1% (w/w) potassioum
ferricyanide, and mixed. After incubation at 50ºC for 20 min, the mixtures were mixed
with 2.5 mL of 10% (w/w) trichloroacetic acid followed by centrifugation at 650 g for
10 min. The supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL
of 0.1% ferric chloride. Then the absorbance of this solution was measured at 700 nm.
Mean values were obtained from triplicate experiments. Ascorbic acid (40 µg/mL)
served as positive control.
Determination of total antioxidant capacity
The assay was done according to [22]. The tubes containing the fraction and the reagent
solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate) were incubated at 90ºC for 90 min. The antioxidant capacity was expressed
as ascorbic acid equivalent (AAE).
Preparation of rat peritoneal exudate cells (PECs)
Male Wister rats (8~9 weeks old) were purchased from Kyudo Co., Ltd., Tosu, Japan.
Tyrode buffer (pH 7.4, consisted of 137 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl2. 2H2O,
1.0 mM MgCl2. 6H2O, 11.9 mM NaHCO3, 0.4 mM NaH2PO4, and 5.6 mM glucose)
containing 0.1% (w/w) BSA (bovine serum albumine) was injected into the peritoneal
cavity of rats. After the abdomen was gently massaged for 2 minutes, the cavity was
opened, and the fluid containing the PECs was collected with a Pasteur pipette. Cells
were gently washed with Tyrode buffer and then centrifuged at 200 x g for 10 min at
4ºC. To remove contaminating erythrocytes by hypotonic lysis, the cell pellets were resuspended in a modified ammonium chloride buffer (150 mM NH4Cl, 10 mM KHCO3,
and 10 mM EDTA.2Na, pH 7.4) and incubated for 5 min at 4ºC. The cell suspension
was then centrifuged at 200 x g for 5 min at 4ºC and the cells were resuspended in the
Tyrode buffer at 2 x 106 cells/mL. Cell viability was measured by trypan blue staining
and mast cells were identified by toluidine blue staining [6]. The cell viability of this
preparation was more than 95% and the proportion of mast cells was 5-10% of all the
cells [5].
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Measurement of the inhibition of histamine release (%)
Rat peritoneal exudates cells (500 µL, 2 x 106) were suspended in 48 µL of 25 mM
CaCl2, 12 µL of various concentrations of samples and/or 120 µL of 5 µM A23187
solution, and then the volume was adjusted to 1.2 mL with tyrode buffer, and incubated
for 20 min at 37ºC. The reaction was terminated by incubating the mixture for 5 min at
4ºC. The cell suspension was then centrifuged at 300 x g for 10 min, and the amount of
histamine in the supernatant was measured.
The histamine content was measured by fluorometric assay [23]. To 1 mL of the
sample solution, 0.75 g of NaCl and 0.5 mL of 1N NaOH were added. Then, 5 mL of a
mixture of n-butanol and chloroform (3:2, vol/vol) was also added and mixed for 5 min.
After centrifugation at 270 x g for 5 min, 4 mL of the organic solvent layer was
removed and mixed with 2 mL of n-heptane and 1.5 mL of 0.1 N HCl for 5 min. After
centrifugation at 270 x g for 5 min, 1 mL of the HCl layer was removed, mixed with
0.15 mL of 1 N NaOH and 0.1 mL of 0.2% o-phthalaldehyde, and kept for 5 min at
room temperature. The reaction was terminated by adding 0.14 mL of 0.5 N H2SO4.
Then the fluorescence intensity was measured using a spectrofluorophotometer (Jasco
Co., Tokyo) with excitation at 360 nm and emission at 450 nm. The percent inhibition
of histamine release was calculated with the following formula: inhibition of histamine
release (%) = (histamine release without extract – histamine release with extract) x
100/histamine release without extract. The negative control was the histamine content
without stimulation (A23187). The positive control was that after stimulation (A23187).
All results were expressed as the mean ± SD of four determinations (n = 4).
Thin-Layer Chromatography (TLC)
TLC was performed on a silica gel plate (20 x 20 cm, silica gel 60 F254, Merk). An
aliquot of each fraction (Chl, EtA, and Eth), and reference compounds (ellagic acid, and
lupeol) was spotted on the silica gel plate with a solvent system of toluene:ethyl
acetate:formic acid:methanol (3:3:0.8:0.2 v/v). The spots were visualized by spraying
two spraying solutions on the plates.
Spray solution 1 was a 5% solution of ferric chloride in methanol. Dark blue bands
were appreared, indicating the presence of phenolic compounds in the fraction. Ellagic
acid, a phenolic compound, produced a dark blue band too.
Spary solution 2 was a 10% H2SO4 in methanol. The sprayed plate was heated for 5
min at 100 oC. Deep brown bands were appeared, indicating the presence of terpenoids.
Lupeol, a triterpene, produced a same colored band too.
Results and Discussion
Antioxidative Activity
The TPH content is highest in DW fraction (348 mg GAE/g) followed by Eth (160.5 mg
GAE/g) (Table 1). These two fractions also show very high activities in DPPH free
radical scavenging, reducing power, and total antioxidant capacity (Table 1) compare to
the other fractions. Figure 1 shows dose-dependent scavenging of DPPH free radical by
the fractions. The IC50 values for DPPH radical scavenging for DW was 2.1 µg /mL
followed by Eth (4.7 µg /mL) and Chl (18.8 µg /mL) fractions. In this study, fraction
with the high proportion of polyphenols, displayed the high antioxidative activity, i. e.
DW and Eth fractions.
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Table 1. Total phenolic content, DPPH radical scavenging activity, reducing
power, and total antioxidant activity of the different fractions of bark extract of
Excoecaria agallochaa
Name of
fractions

Total phenolic
DPPH radical scavenging Reducing power Total antioxidant activity
mg GAE/g extract activity (%) at 12.5 µg/mL (O.D.) at 0.25 mg/mL µgAAE/mg extract

Hexane
5.0 ± 0.2
Nill
Nill
24.0 ± 2.7
Chloroform
31.7 ± 0.4
38.1 ± 0.8
0.4 ± 0.01
63.6 ± 1.3
Ethyl acetate
37.3 ± 0.3
35.0 ± 0.3
0.3 ± 0.02
48.2 ± 0.4
Ethanol
160.5 ± 1.1
89.7 ± 0.1
1.3 ± 0.04
182.8 ± 0.6
Water
348.0 ± 5.2
91.0 ± 0.2
1.4 ± 0.03
248.2 ± 3.5
p < 0.01 by Student's t test for values between the sample and the control in DPPH experiments. GAE:
gallic acid equivalent, AAE: ascorbic acid equivalent. aValues are the mean of three replicates ± SD.

Antioxidants are believed to intercept the free radical chain reaction and to donate
hydrogen from the phenolic hydroxyl groups, thereby forming a stable end product,
which does not initiate or propagate further oxidation of lipids [24]. Since phenolic
compounds present in the fractions are good sources of electron donors, they show
reducing power. Reportedly, the activity of antioxidants is concomitant with the
development of reducing power [25]. Owing to the complexity of the oxidationantioxidation process, no single testing method is capable of providing a comprehensive
view of the antioxidative profile of a sample [26]. Therefore, a multi-method approach
is necessary to assess antioxidative activity.
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Figure 1. Dose-dependency of the DPPH free radical scavenging activities of the
bark fractions of Excoecaria agallocha. Data are mean ± SD (bars) values from
three experiments. p < 0.05 by Student’s t test for values between the sample and
the control.
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Anti-allergic activity
Using the fractions of the extract of bark of E. agallocha, we examined their effects on
the inhibition of histamine release from rat PECs. The PECs (1 x 106/mL) were
stimulated with 5 µM A23187 for 20 min in the presence of the fractions. Figure 2
shows effect on the release of histamine from the mast cells by the fractions, and pure
compounds- ellagic acid, and lupeol. Mast cells play a crucial role in the pathogenesis
of type 1 allergy through the production and release of chemical mediators such as
histamine and eicosanoids [5]. Therefore, it is important to inhibit the release of
mediators for the prevention and/or alleviation of allergic symptoms. Reportedly, the
release of histamine is inhibited by various fruits [2] and polyphenols [5,7,8]. In this
study, Eth, and DW fractions strongly inhibited the release of histamine probably due to
their larger amount of polyphenols content.
Lupeol

N a m e o f S a m p le s

Ellagic acid

DW

*

Eth

*

EtA

*

Chl

Hex
0

10

20

30

40

50

60

70

80

% Inhibition of Histamine Release

Figure 2. Effect of different samples on the ionophore A23187-induced release of
histamine from rat peritoneal exudate cells (PEC). Cells (1 x 106) were incubated
at 37 oC for 20 min in the presence of samples (80 µg/mL: Hex, Chl, EtA, Eth, and
DW; 100 µg/mL: ellagic acid, and lupeol). Histamine content of the supernatant
was measured by a fluorometric assay. Results are the mean ± SD of four
independent experiments. * p < 0.05 between the control value and the value in the
presence of the sample, by Student’s t test.
Figures 3A and 3B show their dose-dependent inhibition of histamine-release.
Polyphenols inhibit the binding of specific radio-ligands to various receptors [27]. In
the immediate type allergic reaction cascade, IgE sensitizes basophils or mast cells
which have a specific Fc receptor for IgE on their surface. It is therefore necessary to
elucidate whether these fractions have an effect at a later stage in the sensitization by
IgE in the cascade and inhibit histamine release.
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Figure 3. Dose-dependent effect of ethanol (Eth), and water (DW) fraction on
histamine release from rat peritoneal exudate cells (PEC). Cells (1 x 106) were
incubated at 37 oC for 20 min in the presence of various concentrations of Eth, and
DW. (A): Eth; (B): DW. Results are the mean ± SD of four independent
experiments. a-dValues not sharing a common letter are significantly different at p
< 0.05, by Student’s t test.
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Moreover, histamine is released from intracellular secretory granules with an increase in
the intracellular calcium ion concentration and by the activation of signal transduction
[28,29]. Polyphenols of Rubus coreanum inhibited both the calcium influx into the cells
and the uptake of calcium into the cytoplasmic calcium store [30]. Figure 2 shows the
strong inhibition of calcium-ionophore induced release of histamine from rat PECs by
the Eth, and DW fractions, which consists of high amount of polyphenols. These
fractions possibly inhibited the influx of calcium and affected the transduction of
signals as well as release of histamine. Bands developed on TLC are shown in Figure 4
that Eth, and Chl fraction of the bark of E. agallocha contains “ellagic acid-like” and
“lupeol-like” compounds respectively. From the leaves of E. agallocha, ellagic acid was
isolated [15], and 3-epilupeol was also identified [31]. Reportedly, both ellagic acid
and lupeol have various beneficial effects on health including antioxidative, and antiinflammatory activities. Our experiments fail to show any significant anti-histamine
release activity of ellagic acid, and lupeol (Fig. 2). Therefore, possibly other
compound(s) in the Eth and DW fractions of E. agallocha are involved in signaling
pathway(s) to inhibit histamine release of the cells.

Figure 4. Thin layer chromatogram (TLC) of ethanol (Eth), and chloroform (Chl)
fractions. Bands for authentic compounds ellagic acid (E) and lupeol (L) along
with likely-compounds in the fractions are developed on the TLC.
Conclusions
A relationship between polyphenols and antioxidative and anti-allergic activities has
already been reported [32]. The results support the possibility that the plant E.
agallocha can contribute to health. Further fractionation of these fractions, especially
Eth and DW fractions, is essential to know the phenolic and/or nonphenolic
compound(s) responsible for the antioxidative and anti-histamine release activities.
However, attention should be paid to potential cytotoxic effects since some polyphenols
perturb the membrane structure [33,34].
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