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Abstract

Background: Syzygium jambos has been used as a traditional medicine for the treatment of inflammatory diseases
in Bangladesh. The study investigates the high performance liquid chromatography (HPLC) profiling of phenolic
compounds, and evaluates the antioxidant and anti-inflammatory activities of ethanol extract of S. jambos available in

Bangladesh.

Methods: The extract was subjected to HPLC for the identification and quantification of the major bioactive poly-
phenols present in S. jambos. Antioxidant activity was determined using 2, 2’-azino bis-3-ethylbenzothiazoline-6-sul-
fonic acid (ABTS) radical scavenging, reducing power assay, total antioxidant capacity, total phenolic and flavonoid
content. Furthermore, the anti-inflammatory effect of the extract in rats for two different test models: carrageenan

and histamine-induced paw edema was inspected.

Results: High levels of catechin hydrate and rutin hydrate (99.00 and 79.20 mg/100 g extract, respectively) and
moderate amounts of ellagic acid and quercetin (59.40 and 69.30 mg/100 g extract, respectively) were quantified in
HPLC. Catechin hydrate from this plant extract was determined for the first time through HPLC. For ABTS scaveng-
ing assay, the median inhibition concentration (ICy) value of S. jambos was 57.80 pg/ml, which was significant to
that of ascorbic acid (12.01 pg/ml). The maximum absorbance for reducing power assay was found to be 0.4934.

The total antioxidant capacity, phenolic and flavonoid contents were calculated to be 628.50 mg/g of ascorbic acid,
230.82 mg/g of gallic acid and 11.84 mg/g of quercetin equivalent, respectively. At a dose of 400 mg/kg, a significant
acute anti-inflammatory activity (P < 0.01) was observed in rats for both the test models with a reduction in the paw
volume of 58.04 and 53.95 %, in comparison to those of indomethacin (62.94 and 65.79 %), respectively.

Conclusions: The results suggest that the phenolic and flavonoid compounds are responsible for acute anti-inflam-

matory and antioxidant activities of S. jambos.
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Background

Syzygium jambos (L.) Alston (Myrtaceae) is a medicinal
plant widely used in sub-Saharan Africa, but is also native
to Malaysia, Nepal, Guatemala and Bangladesh. The bark
of this plant is generally required for the treatment of
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pernicious attack, diarrhoea, amenorrhea and abdominal
pain [1, 2]. While investigating fruit volatiles and sugar
compounds the chemico-pharmacological properties of
the leaf of S. jambos were studied [3, 4]. The anti-diabetic
activity of the leaves of S. jambos has been examined
[5]. The hydro-alcoholic and ethyl acetate extracts of the
leaves of S. jambos showed anti-nociceptive and anti-
inflammatory activity [6, 7]. Previous studies reported
that ethanol extract of the leaves of S. jambos showed
antiviral activity on type I herpes simplex and replication
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inhibition of vesicular stomatitis virus [8]. Several fla-
vonoid compounds have been isolated from S. jambos,
among which quercetin 3-O-b-D-xylopyranosyl (1-2)
a-L-thamnopyranosides and myricetin are considered
significant [9]. It was recently revealed that the methanol
fraction of the leaves of S. jambos contained ellagic acid
derivatives like 3, 3, 4 %-tri-O-methylellagic acid and 3,
3, 4 %-tri-O-methylellagic acid-4-O-b-Dp-glucopyrano-
side [10]. Moreover, several ellagitannins like casuarinin,
pedunculagin, strictinin, tellimagrandin I, casuarictin
and tellimagrandin II have also been reported [11].

Hence, in this experiment, we attempted to inves-
tigate the HPLC profiling of bioactive polyphenolic
compounds, and evaluate the antioxidant and in vivo
anti-inflammatory activities of ethanol extract of the
leaves of S. jambos growing in Bangladesh.

Methods

Plant material

Leaves of S. jambos were collected from Khulna, Bang-
ladesh during December 2012 and identified by Bangla-
desh National Herbarium, Mirpur, Dhaka (Accession no:
DACB 36608). The leaves were properly washed, shade
dried, and powdered. The sample was then saved in an
airtight container until extraction.

Extraction

The powdered plant materials were extracted in an
orbital shaker with 95 % ethanol for 7 days at room
temperature to obtain ethanol extract of S. jambos. The
extract was initially filtered in a cotton plug to get rid of
the plant debris, and next through Whatman filter paper
no. 1. The solvent was removed in a rotary vacuum evap-
orator (R-215, Buchi, Switzerland) under reduced pres-
sure. The plant yielded a 6.29 % extract of the dried plant
material, which was stored for further analysis.

Test animals

For the screening of in vivo anti-inflammatory activity,
male rats of wister strain weighing 179-205 g were used.
The animals were housed under standard laboratory con-
dition at the Pharmacology Laboratory of BCSIR, Chit-
tagong at 25 £ 1 °C and 12/12 h light/dark cycle. The
rats were given a balanced diet and water ad libitum. All
experimental protocols were in compliance with Bangla-
desh council of scientific and industrial research (BCSIR)
ethics committee on research in animals as well as inter-
nationally accepted principles for laboratory animal use
and care.

Chemicals and reagents
ABTS, gallic acid (GA), ascorbic acid, vanillic acid (VA),
caffeic acid (CA), rutin hydrate (RH), (—)-epicatechin
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(EC), (+4)-catechin hydrate (CH), (PCA), ellagic acid
(EA), quercetin (QU), p-coumaric acid, folin-ciocalteu’s
phenol reagent, indomethacin, and histamine phosphate
were purchased from Sigma—Aldrich (St. Louis, MO,
USA). Met hanol (HPLC), acetic acid (HPLC), acetoni-
trile (HPLC), ethanol, phosphate buffer (pH 6.6), trichlo-
roacetic acid (TCA), potassium ferricyanide [K;Fe(CN)g],
sodium phosphate, ferric chloride (FeCl;), tween 80,
sodium carbonate and ammonium molybdate were of
analytical grade and purchased from Merck (Darmstadt,
Germany).

Quantification of polyphenols in S. jambos by HPLC
Chromatographic analysis was performed on an HPLC
system model Thermo Scientific DionexUltiMate 3000
Rapid Separation LC systems (RSLC) from Thermo
Fisher Scientific Inc., MA, USA. They were equipped
with a diode array detector (DAD: 3000RS), quater-
nary pump system (LPG: 3400RS) and Ultimate 3000RS
autosamplier (WPS: 3000). The system was controlled
by Version 6.80 RS 10 DionixChromeleon software.
Acclaim® C18 (4.6 x 250 mm; 5 um) column from Dio-
nix, USA was used for the chromatographic separation of
polyphenols that was maintained at 30 °C using a column
compartment (TCC: 3000).

Chromatographic conditions

The phenolic composition of S. jambos was determined
by HPLC using a previously described method [12,
13]. The mobile phase consisted of acetonitrile (sol-
vent A), acetic acid solution pH 3.0 (solvent B), and
methanol (solvent C). The system was run at a gradi-
ent elution program, i.e., 0 min at 5 %A/95 %B, 10 min
at 10 %A/80 %B/10 %C, 20 min at 20 %A/60 %B/20 %C
and 30 min at 100 %A. The flow rate was 1 ml/min and
the injection volume was 20 pl. For DAD detection, the
wavelength program was set right to monitor phenolic
compounds at their respective maximum absorbance
wavelengths as follows: A 280 nm held for 18.0 min,
changed to A 320 nm and held for 6 min, and finally
changed to A 380 nm and held for the rest of the analy-
sis. The DAD was set at an acquisition range from 200 to
700 nm. The detection and quantification of GA, CH, VA,
CA, and EC was carried out at 280 nm, of PCA, RH, and
EA at 320 nm, and of QU at 380 nm, respectively.

Standard and sample preparation

Standard stock solutions (100 pg/ml) of phenolic com-
pounds were prepared in ethanol. The standard solu-
tions were prepared by further diluting the standard
stock solutions in ethanol to make solutions of 20 pg/
ml for each of the polyphenols except caffeic acid
that was made up to 8 pg/ml and quercetin that was
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prepared to 6 pug/ml. All solutions were stored in the
dark at 5 °C.

The calibration curves of the standards were prepared
by serial dilution of the standard stock solutions (five set)
with ethanol to yield 1.25-20 pg/ml for GA, CH, V A, EC,
PCA, RH, EA; 0.5-8.0 pg/ml for CA, and 0.375-6.0 pg/ml
for QU. The calibration curves were drawn from the chro-
matograms as peak area versus concentration of standard.

A solution of S. jambos at a concentration of 5 mg/ml
was prepared in ethanol by mixing for 30 min. The sam-
ples were stored at low temperature in the dark (5 °C).
Spiking of the solution samples was done with phenolic
standards to identify the individual polyphenols. Before
HPLC analysis was carried out, all solutions (mixed
standards, samples, and spiked solutions) were filtered
through 0.20 pm PTFE syringe filter (Sartorius, Ger-
many) and degassed in an ultrasonic bath (Hwashin,
Korea) for 15 min.

Antioxidant activities

ABTS radical scavenging activity test

ABTS radical scavenging was determined using the
method of Fan and his co-workers [14] with some modi-
fications. 7 mM ABTS solution and 2.45 mM potas-
sium persulfate were reacted to obtain ABTS radical
cation, which was then left to stand for 16 h in a dark
place at room temperature. Just before use, the ABTS
solution was diluted with ethanol and an absorbance of
0.70 £ 0.02 was measured at 734 nm. 1 ml of the sam-
ple (10-250 pg/ml) was mixed properly with 1 ml of the
diluted ABTS solution. The reaction mixture was allowed
to stand at room temperature for 6 min before final
absorbance was read at 734 nm. The ABTS scavenging
activity was calculated as follows:

ABTS scavenging effect = 1(%) = (4, — As/A,) x 100

where, Aj = Absorbance of blank and A; = Absorbance
of sample

Reducing power assay

The reducing power of S. jambos was studied using the
method of Shubhra et al. and Dehpour et al. [15, 16].
Different concentrations of the extract (10-250 pg/ml)
were mixed with 1 ml ethanol, 2.5 ml potassium ferri-
cyanide [K;Fe(CN),] (1 %) and 2.5 ml phosphate buffer
(0.2 M, pH 6.6). The mixture was incubated at 50 °C for
20 min before adding a 10 % solution of trichloroacetic
acid (2.5 ml) to it. The solution was further centrifuged
at 3000 rpm for 10 min. The top layer of the mixture
(2.5 ml) was carefully separated and reacted with 2.5 ml
distilled water and 0.5 ml of 0.1 % FeCl;. The absorbance
was measured at 700 nm. Ascorbic acid was used as the
standard reference compound.
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Total antioxidant capacity

The total antioxidant capacity was measured by the spec-
trophotometeric method of Prieto et al. [17]. Different
concentrations of the ethanol extract were mixed with
1 ml of reagent solution, which was prepared by react-
ing 0.6 M H,SO,, 28 mM sodium phosphate and 4 mM
ammonium molybdate. The tubes were incubated at
95 °C for 90 min. The mixture was cooled to room tem-
perature before reading the absorbance at 695 nm against
a blank sample. Ascorbic acid equivalents were calcu-
lated using the standard graph for ascorbic acid. The
experiment was performed in triplicates and values were
expressed as equivalents of ascorbic acid in mg per gram
of extract.

Total phenolic content

The modified Folin-Ciocaltu method [18, 19] was fol-
lowed to determine the total phenolic content of the
extract. 0.5 ml of the extract (1 mg/ml) was mixed
with 5 ml Folin-Ciocaltu reagent (1:10 v/v distilled
water) and 4 ml (75 g/l) of sodium carbonate. The mix-
ture was mixed and left to stand for color development
at 40 °C for 30 min before reading the absorbance at
765 nm. The total phenolic content was calculated as
mg of gallic acid equivalent per g using the equation
obtained from the standard gallic acid calibration curve,
y =6.993x + 0.0379, R? = 0.9995.

Total flavonoid content

Aluminium chloride colorimetric method was used for
the determination of total flavonoid content [20]. 2.5 ml
of aluminium chloride reagent (133 mg aluminium chlo-
ride and 400 mg sodium acetate in 100 ml of de-ionized
water) was reacted with the ethanol extract (5 ml, 1 mg/
ml). The mixture was left to stand for 30 min at room
temperature before recording the absorbance of the
reaction mixture at 430 nm. The total flavonoid content
was calculated as mg of quercetin equivalent per g using
the equation obtained from quercetin calibration curve,
y = 6.2548x + 0.0925; R* = 0.998.

Anti-inflammatory activity

Carrageenan-induced oedema test

Carrageenan induced rat hind paw edema was used as
the animal model to determine acute inflammation,
according to the method of Lanhers and his co-workers
[21]. The rats were divided into four groups (five rats per
group). Group I (control) was given 1 % tween 80 in nor-
mal saline (10 ml/kg), while Group II (positive control)
received 10 mg/kg b.w. of indomethacin orally. Group III
and IV received 200 and 400 mg/kg b.w. of the S. jam-
bos extract orally, respectively. Acute inflammation was
induced in all the four groups by sub plantar injection of
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0.1 ml of its suspension of carrageenan with 1 % tween
80 in normal saline in the right paw of the rats, 1 h after
the oral administration of the tested materials. The paw
volume was measured with a micrometer screw gause
at 1-h interval after the administration of the drug and
the extract. The percentage inhibition of inflammatory
effect of the extract was calculated using the following
expression:

Percentage inhibition of inflammation
= [(Vc = Vo)/Vc] x 100

where V _ is the average degree of inflammation by the
control group and V, is the average degree of inflamma-
tion by the test group.

Histamine-induced oedema test

Using the method of Perianayagam and his co-work-
ers [22] the paw oedema was produced by sub-plantar
administration of 0.1 % freshly prepared solution of his-
tamine into the right hind paw of the rats. Twenty rats
were divided into four groups of five animals each. Group
I (control) was supplied with 1 % tween 80 in normal
saline (10 ml/kg). Group II (positive control) received
10 mg/kg b.w. of indomethacin orally. Group III and IV
were given 200 and 400 mg/kg b.w. of S. jambos orally,
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respectively. Acute inflammation was produced in all
the four groups by sub plantar injection of 0.1 ml of his-
tamine with 1 % tween 80 in normal saline in the right
hind paw of the rats, 1 h after the oral administration
of the tested materials. The paw volume was measured
with a micrometer screw gause at 1, 2, 3 and 4 h after the
administration of the drug and the extract. The percent-
age inhibition of anti-inflammatory effect of the extract
was calculated using the same formula for carrageenan-
induced paw oedema.

Statistical analysis

Data were presented as mean + standard deviation (SD).
Statistical analysis for the animal experiment was per-
formed using one way analysis of variance (ANOVA)
followed by Dunnett’s test with SPSS 11.5 software
(Armonk, New York, USA). Any differences between the
groups were considered significant at a level of P < 0.05.

Results and discussion

HPLC assay of bioactive polyphenols in S. jambos
Individual phenolic compounds of S. jambos were identi-
fied and quantified by HPLC. The chromatographic sepa-
rations of phenolic compounds in the ethanol extract are
shown in Fig. 1. Based on the experimental results, of all
the compounds present in S. jambos, catechin hydrate
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(99.00 mg/100 g of dry extract) was found to have the
highest concentration followed by rutin hydrate at a
slightly lower amount (79.20 mg/100 g of dry extract).
Other compounds, such as ellagic acid and querce-
tin were also detected in moderate quantity (59.40, and
69.30 mg/100 g of dry extract, respectively). Table 1 dem-
onstrates a clearer picture of the bioactive polyphenolic
compounds present in the ethanol extract of S. jambos.

Antioxidant activities

S. jambos was evaluated for its antioxidant activities.
ABTS radical scavenging activity, reducing power assay,
total antioxidant capacity, total phenolic content and
total flavonoid content were followed for the antioxidant
activity test.

The scavenging activity of ABTS was observed to
increase with an increasing concentration (Table 2). At
minimum concentration (100 pg/ml), the extract showed
a better inhibition (97.82 %) than that of the standard
ascorbic acid (95.58 %).The IC;, value of the extract was
found to be significant (57.80 pg/ml), in comparison to
that of the ascorbic acid (12.01 pg/ml). ABTS assay is
generally used to evaluate the total antioxidant power
of single compounds and complex mixtures of different
plants [23]. The relative absorbance at 734 nm is used

Table 1 Contents of bioactive polyphenolic compounds
in the ethanol extract of S. jambos (n = 5)

Polyphenolic Ethanol extract of S. jambos % RSD
compound Content (mg/100 g of dry

extract)
CH 99.00 1.88
RH 79.20 1.59
EA 59.40 1.36
Qu 69.30 147

Table2 ABTS radical scavenging activity of ethanol
extract of S. jambos with ascorbic acid

Concentration % Inhibition at different concentra-
(ng/ml) tion

Ethanol extract Ascorbic acid

10 14.82 £ 023 4860+ 0.17
20 25314£0.12 85.794+0.25
40 46.66 £0.19 99.19 £ 0.21
60 67.25+0.13 99.254+0.29
80 8269+ 0.16 99.53 +£0.24
100 9782 £0.15 95.58 £0.18
250 97.85+0.14 99.85 £ 0.27
ICs 5780 £0.18 1201 £0.12

The values are expressed as mean = standard deviation (n = 3)
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to evaluate the ABTS radical scavenging activity in both
organic and aqueous solvents.

The positive control used in determining the reducing
power assay was ascorbic acid (Table 3). The maximum
absorbance for S. jambos at 250 ug/ml was recorded to
be 0.4934 ug/ml, while the standard ascorbic acid had
given an absorbance of 1.111 pg/ml. The absorbance
of the extract increased with an increase in the extract
concentration. The hydrogen atom donated by the phe-
nolic compounds aid in the conversion of Fe** to Fe’.
This in turn causes the free radical chain to break result-
ing in the reductones (antioxidants) to exert an antioxi-
dant response [24]. The phenolic compounds present
in S. jambos cause Fe*/ferricyanide complex to reduce
to its ferrous form (Fe’"), exhibiting reducing power
ability.

The total antioxidant capacity is determined using
the phosphomolybdenum method. At an acid pH, the
extracts cause Mo (VI) to gain an electron and reduce to
Mo (V). This produces a green phosphate/Mo (V) com-
plex. S. jambos showed significant antioxidant capacity.
The total antioxidant capacity of the ethanol extract was
found to be 628.5 mg ascorbic acid/g of extract (Table 4).
The total antioxidant activity was found in relatively sig-
nificant quantity when compared to the standard ascor-
bic acid per g of extract.

Table 3 Reducing power assay of ethanol extract of S. jam-
bos with ascorbic acid

Concentration (ug/ml) Average absorbance at 700 nm

Ethanol extract Ascorbic acid

10 0.0282+0.014 0.3801 £0.012
20 00422 £0.016 04577 £0.017
40 0.0998 +£0.017 0.5398 +£0.023
60 0.1497 £0.013 0.6345 £ 0.037
80 0.1739 £ 0.021 0.71254+£0.013
100 0.2329+0.014 0.7811 £ 0.029
250 0.4934 4+ 0.027 1.1115 £ 0.009

The values are expressed as mean =+ standard deviation (n = 3)

Table 4 Total antioxidant capacity of ethanol extract of S.
jambos

Ethanol extract Avg. absorbance Total antioxidant capac-
at 695 nm ity
Mg of ascorbic acid
equivalent (AAE) per gm
of dry extract

S. jambos 0.329 +0.01 6285+ 0.14

The values are expressed as mean =+ standard deviation (n = 3)
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The total phenolic content calculated in S. jambos
was quite high (230.82 mg/g of gallic acid equivalent).
The total flavonoid content was also found in signifi-
cant amount: 11.84 mg/g of quercetin equivalent per g
of dry extract (Table 5). Presence of high concentration
of phenolic compounds results in this high percent-
age inhibition value of the extract. The scavenging abil-
ity of the phenols is due to the hydroxyl groups in their
chemical structure [25]. Polyphenolic compounds can
inhibit mutagenesis and carcinogenesis in humans when
ingested up to 1 g from a diet rich in fruits and vegeta-
bles on a daily basis [26]. Phytochemical components,
especially polyphenols, such as flavonoids, phyenylpro-
panoids, phenolic acids, etc. are responsible for the free
radical scavenging and antioxidant activities of plants.
Certain flavonoids are also reported as potent free-rad-
ical scavengers [27-29]. Therefore, these phenolic com-
pounds account for the significant antioxidant activity of
S. jambos.

Anti-inflammatory activity

Carrageenan-induced paw oedema

The anti-inflammatory effect of the S. jambos using car-
rageenan induced oedema tests is expressed in Table 6.
The positive control (Indomethacin) significantly
(P < 0.05; P < 0.01) reduced the paw oedema between
the first and fifth hour once carrageenan was injected
(53.06 to 62.94 % inhibition). Five hours after the car-
rageenan injection, a maximum oedema paw volume

Table 5 Total phenolic and flavonoid content of ethanol
extract of S. jambos

Ethanol extract Total phenolic content Total flavonoid content

Mg of quercetin equiva-
lent (QE) per gm of dry
extract

Mg of gallic acid
equivalent (GAE)
per g of dry extract

S.jambos 230.82 £ 0.06 11.84 £ 001

The values are expressed as mean =+ standard deviation (n = 3)
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of 1.43 £+ 0.25 mm was observed in the control group.
Rats which received 400 mg/kg body weight of the
extract were observed to significantly (P < 0.05) decrease
(P < 0.05; P < 0.01) the carrageenan-induced oedema
paw volume between the 1 and 5 h time interval, in com-
parison to that of the standard drug, indomethacin, at a
dose of 10 mg/kg body weight. The inhibition percentage
of the oedema paw volume at 1, 2, 3, 4 and 5 h by the
400 mg/kg body weight of S. jambos was also found to
be higher relative to that by the indomethacin. The high-
est reduction in the paw volume by the 400 mg/kg body
weight of the extract at 5 h was 58.04 %, while that by
indomethacin was 62.94 %, respectively.

Previous studies have found ethyl acetate and metha-
nol extracts more effective, in comparison to 80 mg/kg of
phenylbutazone [30]. However, in our study, it was found
that at the dose of 400 mg/kg body weight (5 h), the etha-
nol extract of S. jambos grown in Bangladesh exhibited
a significant activity in comparison to the standard drug,
indomethacin (10 mg/kg body weight).

Histamine-induced paw oedema

Table 7 showed the anti-inflammation effect of the S.
jambos using histamine-induced paw oedema tests.
A maximum oedema paw volume of 1.52 £+ 0.21 mm
was observed in the control group 5 h after the his-
tamine injection. Rats that were pre-treated with the
extract at 400 mg/kg body weight significantly com-
pressed (P < 0.05; P < 0.01) the histamine-induced
oedema paw volume from 1 to 5 h, in comparison to
that with the standard drug, indomethacin, at a dose
of 10 mg/kg body weight. The percentage inhibition
of the oedema paw volume at 1, 2, 3, 4 and 5 h by the
400 mg/kg body weight of the extract was also notably
higher (P < 0.05; P < 0.01) than that by the indometha-
cin. The maximum reduction in the paw volume by the
400 mg/kg body weight of S. jambos at 5 h was 53.95 %,
while that by the indomethacin went down to 65.79 %,
respectively.

Table 6 Effects of ethanol extract of S. jambos and indomethacin on carrageenan-induced oedema paw volume in wistar

rats
Treatment Dose Right hind paw volume (% inhibition)

(mg/kg) 1h 2h 3h 4h 5h
Vehicle 10 (ml/kg) 098 4+0.12 1.07 £0.16 126 £0.21 1354023 143 £0.25
Indomethacin 10 046 £0.15(53.06)* 047 £0.19 (56.07)* 053 £0.17 (57.94)* 0.54 £0.16 (60.00)*  0.53 £ 0.18 (62.94)**
S.jambos 200 0.74 £0.13 (2449* 069 £ 0.14 (35.51)* 0.74 £0.18 (41.27)**  0.75£0.15(44.44)*  0.73 £0.17 (48.95)**
S.jambos 400 065+0.15(3367)*  058+£0.17 (4579**  059+£0.19(53.18)**  0.61 £0.18(54.82)*  0.60 £ 0.17 (58.04)**

Each value is presented as the mean & SEM (n = 5)

* P < 0.05 compared with control group (Dunnett’s test)

** P <0.01 compared with control group (Dunnett’s test)
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Table 7 Effect of ethanol extract of S. jambos and indomethacin on histamine-induced oedema paw volume in wistar rats

Treatment Dose Right hind paw volume (% Inhibition)

(mg/kg) 1h 2h 3h 4h 5h
Vehicle 10 (ml/kg) 1.10£0.15 1.25+£0.19 134+0.18 140022 1.52+£021
Indomethacin 10 0.56 £0.14 (49.09*  0.57 £0.16 (54.40)* 058 +0.15(56.72)* 053 £0.19(62.14)**  0.52 £ 0.13 (65.79)**
S.jambos 200 0.76 £0.11 (3091) 080+ 0.17 (36.00**  0.86+£0.23(3582)*  0.84+£0.15(40.00**  0.82 £ 0.18 (46.05)**
S.jambos 400 0.67 £0.13 (39.09) 0.69 £ 0.14 (44.80)* 0.72£0.16 (46.27)* 074 £0.14 (47.14)* 0.70 £0.19 (53.95)**

Each value is presented as the mean & SEM (n = 5)
* P < 0.05 compared with control group (Dunnett’s test)
** P < 0.01 compared with control group (Dunnett’s test)

Carrageenan and histamine induced paw oedema
were evaluated for their anti-inflammatory effect in S.
jambos. The inflammatory response induced by carra-
geenan in rats is characterized by a biphasic response.
These biphasic responses have marked oedema forma-
tion that results from the rapid production of several
inflammatory mediators such as histamine, seroto-
nin, and bradykinins. This is said to be the first-phase.
Consequently, the second phase is the release of pros-
taglandins and nitric oxide with a peak at 3 h, which is
produced by an inducible isoform of cyclooxygenase
(COX-2) and nitric oxide synthase (iNOS) [31]. The pre-
sent work has been an attempt to reduce the oedoma-
togenic response in rats evoked by carrageenan. From
the results, it was found that pre-treated oral adminis-
tration of the extract was effective in the reduction of
the response. Henceforth, we can infer a relationship
between the anti-inflammatory properties of the extract
and the inhibition of intracellular signalling pathways in
inflammatory mediators.

Histamine acts as an important inflammation mediator,
potent vasodilator, and vascular permeability facilitator
[32]. Rats were subcutaneously injected with histamine.
The liquid spreads out in the body like a wheal. This
results in an increase in the vascular permeability of the
host capillary venules in the skin. Substances that inhibit
the activity of histamine receptors shrink the area of the
wheal formed. This could be because the anti-inflamma-
tory activity of the extract is supported by its anti-his-
tamine activity. The antihistaminic effect of the extract
increases with the concentration of the extract. The
extract inhibits the formation and action of the inflam-
matory mediators, effectively suppressing the production
of oedema by histamine. This study shows that S. jambos
possesses a greater anti-oedematogenic effect (P < 0.01)
on paw oedema induced by carrageenan and histamine,
in comparison to that of the standard drug (indometha-
cin) in treated rats. The pattern of anti-inflammatory
activity exhibited by this extract might be similar to that
of indomethacin.

HPLC analysis of the ethanol extract of S. jambos was
used to determine the phenolic compounds responsible
for the pharmacological activities and justify a correla-
tion. Catechin and ellagic acid compounds are likely to
play a role in the anti-inflammatory activity [33—35]. Fur-
thermore, rutin hydrate and quercetin have also shown
good anti-inflammatory activity [36-38]. HPLC studies
confirm the presence of relatively high concentration of
these antioxidant chemicals in S. jambos, which helps to
explain the significant acute anti-inflammatory activity of
this plant extract.

Conclusions

The formation of oedema induced by carrageenan and
histamine was greatly reduced by the ethanol extract of S.
jambos, which explains the significant acute anti-inflam-
matory activity of the plant extract. Potential of S. jam-
bos in anti-inflammatory and antioxidant activities could
also possibly be due to the presence of bioactive polyphe-
nolics compounds like, catechin hydrate, rutin hydrate,
ellagic acid, and quercetin. The polyphenolic compound,
catechin hydrate has been determined and reported for
the first time ever. However, a more extensive study is
necessary to determine the exact mechanism(s) of action
of the extract.

Authors’ contributions

This work has been carried out in collaboration between all authors. Authors
IAJ, HH, SER and PNA have made contributions to conception and design, per-
formed the statistical analysis, have written the protocol and the first draft of
the manuscript. Authors SER, MMR and TAK have helped with the analysis and
interpretation of data. Author MASS have managed the literature searches. All
authors read and approved the final manuscript.

Author details

! Chemical Research Division, BCSIR Laboratories, Bangladesh Council

of Scientific and Industrial Research, Dr. Qudrat-E-Khuda Road, Dhaka 1205,
Bangladesh. 2 Pharmacy Discipline, Life Science School, Khulna University,
Khulna 9208, Bangladesh. * Institute of Food Science and Technology, Bang-
ladesh Council of Scientific and Industrial Research, Dr. Qudrat-E-Khuda Road,
Dhaka 1205, Bangladesh.

Acknowledgements
We would like to thank the Director (Former), BCSIR Laboratory Dhaka, and
Dr. Husna Purvin Nur, the Director, BCSIR laboratories, Dhaka for their support



Hossain et al. BMC Res Notes (2016) 9:191

in providing the laboratory facilities in Chemical Research Division, BCSIR
laboratories, Dhaka.

Competing interests
The authors declare that they have no competing interests.

Received: 3 December 2014 Accepted: 21 March 2016
Published online: 28 March 2016

References

1.

Adjanohoun EJ. Contribution aux e tudesethnobotaniques et floris-
tiques en Re‘publique Populaire du Congo. Me “de “cine traditionnelle et
pharmacope ‘e. Agence de coope ration culturelle et technique. France;
1988.

Adjanohoun EJ. Contribution aux études ethnobotaniques et floristiques
en République Populaire du Bénin. Médécine traditionnelle etpharmaco-
pée. Agence de coopération culturelle et technique. France; 1989.
Vernin G, Metzger J, Roque C, Pieribattesti JC. Volatile constituents of the
Jamrosa aroma Syzygium jambos L. Aston from Reunion Island. J Essent
Oil Res. 1991;3(2):83-97.

Wong KC, Lai FY. Volatile constituents from the fruits of four Syzygium
species grown in Malaysia. Flavour Frag J. 1996;11(1):61-6.

Teixeira CC, Fuchs FD, Blotta RM. Effect of tea prepared from leaves of
Syzygium jambos on glucose tolerance in nondiabetics subjects. Diabet
Care. 1990;13(8):907-8.

Slowing K, Carretero E, Villar A. Anti-inflammatory activity of leaf extracts
of Eugenia jambosin rats. J Ethnopharmacol. 1994;43(1):9-11.

Avila-Pefia D, Penal N, Quintero L, Suarez-Roca H. Antinociceptive
activity of Syzygium jambos leaves extract on rats. J Ethnopharmacol.
2007;112(2):380-5.

Abad MJ, Bermejo P, Villar A. Antiviral activity of medicinal plant extracts.
Phytother Res. 1997;11:198-202.

Lim TK. Edible medicinal and non medicinal plants, vol 3. Berlin: Springer;
2012. doi: 10.1007/978-94-007-2534-8_98.

Chakravarty AK, Das B, Sarkar T, Masuda K, Shiojima K. Ellagic acid
derivatives from the leaves of Eugenia jambos Linn. Indian J Chem.
1998;37B(12):1316-8.

. OkudaT, Yoshida T, Hatano T, Yazaki K, Ashida M. Ellagitannins of

the casuarinaceae stachyuraceae and myrtaceae. Phytochemistry.
1982;21(12):2871-4.

Khirul MI, Nripendra NB, Sanjib S, Hemayet H, Ismet AJ, Tanzir AK, Khalijah
A, Jamil AS. HPLC profiling of polyphenolic compounds and free radical
assay of the ethanolic extract of Annona reticulata growing in Bangla-
desh. Sci World J. 2014;4(4):133-9.

Hemayet H, Shaikh ER, Proity NA, Tanzir AK, Mahfuzur MR, Ismet AJ.
Determination of antioxidant activity and HPLC profile of Euphorbia
cotinifolia Linn. leaf extract growing in Bangladesh. World J Pharm Res.
2014;3(7):93-104.

Fan YJ, He XJ, Zhou SD, Luo AX, He T, Chun Z. Composition analysis and
antioxidant activity of polysaccharide from Dendrobium denneanum. Int J
Biol Macromol. 2009;45:169-73.

Shubhra KD, Arpona H, Sariful IH, Arif A, Hemayet H, Ismet AJ. Antioxidant
and antidiarrhoeal activities of ethanolic extract of fruits of Ardisia elliptica
fruits. Pharm Biol. 2014;52(2):213-20.

Dehpour AA, Ebrahimzadeh MA, Nabavi SF, Nabavi SM. Antioxidant activ-
ity of methanol extract of Ferula assafoetida and its essential oil composi-
tion. Grasas Aceites. 2009,60(4):405-12.

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of
antioxidant capacity through the formation of a phosphomolybdenum
complex: specific application to the determination of Vitamin E. Anal
Biochem. 1999,269:337-41.

Hemayet H, Shahid-Ud-Daula AFM, Ismet AJ, Tarek A, Subrata B, Utpal

K. Antinociceptive and antioxidant potentials of crude ethanol extract

of the leaves of Ageratum conyzoides grown in Bangladesh. Pharm Biol.
2013;51(7):893-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

Page 8 of 8

. Wootton-Beard PC, Moran A, Ryan L. Stability of the total antioxidant

capacity and total polyphenol content of 23 commercially available veg-
etable juices before and after in vitro digestion measured by FRAP, DPPH,
ABTS and Folin-Ciocalteu methods. Food Res Int. 2011;44(1):217-24.
Hemayet H, Ismet AJ, Sariful IH, Jamil AS, Shubhra KD, Arpona H. Anti-
inflammatory and antioxidant activities of ethanolic leaf extract of
Brownlowia tersa (L) Kosterm. Orient Pharm Exp Med. 2013;13:181-9.
Lanhers MC, Fleurentin J, Dorfman P, Motrier F, Peav JM. Analgesic, anti-
pyretic and anti-inflammatory properties of Euphorbia hirta. Planta Med.
1991,57:225-31.

Perianayagam JB, Sharma SK, Pillai KK. Anti-inflammatory activity of
Trichodesma indicum extract in experimental animals. J Ethnopharmacol.
2006;104:410-4.

Huang SS, Huang GJ, Ho YL, Lin YH, Hung HJ, Chang TN, Chang MJ, Chen
JJ,Chang YS. Antioxidant and antiproliferative activities of the four Hydro-
cotyle species from Taiwan. Bot Stud. 2008;49:311-22.

Meir S, Kanner J, Akiri B, Hadar SP. Determination and involvement of
aqueous reducing compounds in oxidative systems of various senescing
leaves. J Agric Food Chem. 1995;43:1813-7.

Hatano T, Edamatsu R, Hiramatsu M, Mori A, Fujita Y. Effects of the interac-
tion of tannins with co-existing substances. VI: effects of tannins and
related polyphenols on superoxide anion radical and on 1, 1-diphenyl-
2-picrylhydrazyl radical. Chem Pharm Bull. 1989;37:2016-21.

Tanaka M, Kuie CW, Nagashima Y, Taguchi T. Application of antioxidative
Maillard reaction products from histidine and glucose to sardine prod-
ucts. Bull Japanese Soc Sci Fisher. 1988;54:1409-14.

Abubakar BA, Mohammed Al, Aliyu MM, Aisha OM, Joyce JK, Adebayo
OO. Free radical scavenging and total antioxidant capacity of root
extracts of Anchomanes difformis Engl. (Araceae). Acta Pol Pharm-Drug
Res. 2013;70(1):115-21.

Mahfuza K, Ekramul |, Rafikul |, Aziz AR, AHM KA, Proma K, Mamunur R,
Shahnaj P. Estimation of total phenol and in vitro antioxidant capacity of
Albizia procera leaves. BMC Res Notes. 2013;6:121.

Uddin R, Saha MR, Subhan N, Hossain H, Jahan IA, Akter R, Alam A.
HPLC-Analysis of polyphenolic compounds in Gardenia jasminoides and
determination of antioxidant activity by using free radical scavenging
assays. Adv Pharm Bull. 2014;4(3):273-81.

Slowing K, Sollhuber M, Carretero E, Villar A. Flavonoid glycosides from
Eugenia jambos. Phytochemistry. 1994;37(1):255-8.

Seibert K, Zhang Y, Leahy K, Hauser S, Masferrer J, Perkins W, Isakson

P. Pharmacological and biochemical demonstration of the role of
cyclooxygenase-2 in inflammation and pain. Proc Natl Acad Sci USA.
1994,91:12013-7.

Cuman RKN, Bersani-Amadio CA, Fortes ZB. Influence of type 2 diabetes
on the inflammatory response in rat. Inflamm Res. 2001;50:460-5.
Guruvayoorappan C, Kuttan G. (4)-Catechin inhibits tumour angiogen-
esis and regulates the production of nitric oxide and TNF-a in LPS-stimu-
lated macrophages. J Innate Immun. 2008;14(3):160-74.

IRiguez-Franco F, Soto-Valdez H, Peralta E, Ayala-Zavala JF, Auras R, Meza
G. Antioxidant activity and diffusion of catechin and epicatechin from
antioxidant active films made of poly (i-lactic acid). J Agric Food Chem.
2012,60(26):6515-23.

Gainok J, Daniels R, Golembiowski D, Kindred P, Post L, Strickland R, Gar-
rett N. Investigation of the anti-inflammatory, antinociceptive effect of
ellagic acid as measured by digital paw pressure via the Randall-Selitto
meter in male Sprague-Dawley rats. AANA J. 2011;79:528-34.

Kroes BH, Van den Berg AJ, Quarles van Ufford HC, van Dijk H, Labadie RP.
Anti-inflammatory activity of gallic acid. Planta Med. 1992;58:499-504.
Selloum L, Bouriche H, Tigrine C, Boudoukha C. Anti-inflammatory

effect of rutin on rat paw oedema, and on neutrophils chemotaxis and
degranulation. Exp Toxicol Pathol. 2003;54(4):313-8.

Kleemann R, Verschuren L, Morrison M, Zadelaar S, Van Erk MJ, Wielinga
PY, Kooistra T. Anti-inflammatory, anti-proliferative and anti-atheroscle-
rotic effects of quercetin in human in vitro and in vivo models. Athero-
sclerosis. 2011,218(1):44-52.


http://dx.doi.org/10.1007/978-94-007-2534-8_98

	HPLC profiling, antioxidant and in vivo anti-inflammatory activity of the ethanol extract of Syzygium jambos available in Bangladesh
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Plant material
	Extraction
	Test animals
	Chemicals and reagents
	Quantification of polyphenols in S. jambos by HPLC
	Chromatographic conditions
	Standard and sample preparation
	Antioxidant activities
	ABTS radical scavenging activity test
	Reducing power assay
	Total antioxidant capacity
	Total phenolic content
	Total flavonoid content

	Anti-inflammatory activity
	Carrageenan-induced oedema test
	Histamine-induced oedema test

	Statistical analysis

	Results and discussion
	HPLC assay of bioactive polyphenols in S. jambos
	Antioxidant activities
	Anti-inflammatory activity
	Carrageenan-induced paw oedema
	Histamine-induced paw oedema


	Conclusions
	Authors’ contributions
	References




