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Abstract

Background: Acne vulgaris is a chronic skin disorder leading to inflammation as a result of the production of
reactive oxygen species due to the active involvement of Propionibacterium acnes (P. acnes) in the infection site of
the skin. The current study was designed to assess the potential of the leaf extract of Syzygium jambos L. (Alston)
and its compounds for antibacterial and anti-inflammatory activity against the pathogenic P. acnes.

Methods: The broth dilution method was used to assess the antibacterial activity. The cytotoxicity investigation on
mouse melanocyte (B16-F10) and human leukemic monocyte lymphoma (U937) cells was done using sodium
3"-[1-(phenyl amino-carbonyl)-3,4-tetrazolium]-bis-[4-methoxy-6-nitrobenzene sulfonic acid hydrate (XTT) reagent.
The non-toxic concentrations of the samples was investigated for the suppression of cytokines interleukin 8 (IL 8)
and tumour necrosis factor (TNF a) by testing the supernatants in the co-culture of the human U937 cells and
heat killed P. acnes using enzyme immunoassay kits (ELISA). The statistical analysis was done using the Graph Pad
Prism 4 program.

Results: Bioassay guided isolation of ethanol extract of the leaves of S. jambos led to the isolation of three known
compounds namely; squalene, an anacardic acid analogue and ursolic acid which are reported for the first time
from this plant. The ethanol extract of S. jambos and one of the isolated compound namely, anacardic acid
analogue were able to inhibit the growth of P. acnes with a noteworthy minimum inhibitory concentration (MIC)
value of 31.3 and 7.9 ug/ml, respectively. The ethanol extract and three commercially acquired compounds namely;
myricetin, myricitrin, gallic acid exhibited significant antioxidant activity with fifty percent inhibitory concentration
(ICs0) ranging between 0.8-1.9 ug/ml which was comparable to that of vitamin C, the reference antioxidant agent.
The plant extract, compounds ursolic acid and myricitrin (commercially acquired) significantly inhibited the release
of inflammatory cytokines IL 8 and TNF a by suppressing them by 74 - 99%. TEM micrographs showed the lethal
effects of selected samples against P. acnes.

Conclusions: The interesting antibacterial, antioxidant and anti-inflammatory effects of S. jambos shown in the
present study warrant its further investigation in clinical studies for a possible alternative anti-acne agent.
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Background

Syzygium jambos L. (Alston) belongs to the family
Mpyrtaceae and is commonly known as rose apple [1]
which is widespread in sub-Saharan Africa [2], Central
America and Asia [3]. The plant is reported to be used
for a variety of ailments and is known for its antipyretic
and anti-inflammatory properties. All parts of the plant
are reported to have medicinal value. In Indo-China all
parts of the plant are used for digestive and tooth
ailments. A decoction of the leaves is used as a diuretic,
a remedy for sore eyes and for rheumatism. The seeds
are used to treat diarrhoea, dysentery, diabetes and catarrh.
A decoction of bark is administered to relieve asthma and
bronchitis [1].

Previous researchers who have investigated the plant
have documented its potential pharmacological value.
Acetone and aqueous bark extracts of this plant have
been reported to be active against Staphylococcus aureus,
Yersinia enterocolitica, Staphylococcus hominis, Staphylo-
coccus cohnii and Staphylococcus warneri [4]. In another
study, the scientists have investigated the antimicrobial
activity of both acetone and aqueous extracts of the leaves,
bark and seeds against eight microorganisms namely, S.
aureus, Bacillus subtilis, Escherichia coli, Klebsiella pneu-
moniae, Proteus vulgaris, Pseudomonas aeruginosa, Sal-
monella typhi and Vibrio cholera. The acetone bark
extract showed growth inhibitory activity against all the
microorganisms tested whereas, the leaf extract inhibited
only S. aureus and the seed extract did not show any
inhibitory activity. The aqueous bark extract exhibited
growth inhibitory effect against S. aureus, E. coli and S.
typhi, whereas, the seed extract inhibited the growth of P.
aeruginosa and V. cholerae, and leaf extract exhibited an
inhibitory effect only against S. ¢yphi [5]. In a study done
by Kuiate et al. [6], it was found that the ethanol bark
extract of S. jambos and its isolated triterpenoids such as
friedelin, } -amyrin acetate, betulinic acid and lupeol
exhibited antidermatophytic activity against Microsporum
audouinii, Trichophyton mentagrophytes and Trichophyton
soudanense.

Acne vulgaris is a chronic inflammatory disorder of
the pilosebaceous unit with multifactorial etiology. It
affects almost everybody during the course of their life.
There are four key processes in the pathogenesis of acne:
1. Increased sebum production, 2. Follicular hyperke-
ratinization which leads to follicular obstruction, 3.
Colonization by the causative agent, Propionibacterium
acnes and 4. Host inflammatory responses triggered as a
results of bacterial infection [7,8].

As a result of the increased sebum production due to
high androgen levels, P. acnes, a gram positive anaerobic
commensal, produces various hydrolytic enzymes that
act on the sebum to release free fatty acids. These free
fatty acids acts as chemokines and increase the release
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of pro-inflammatory cytokines like interleukins 8 (IL 8)
and tumour necrosis factors (TNF o) which attract mac-
rophages and lead to severe inflammation. Follicular wall
ruptures due to the action of hydrolytic enzymes cause
oxidative damage with the release of free radicals [7,8].
Therefore, an agent that can inhibit the growth of P.
acnes, scavenge free radicals and suppress the inflam-
matory response is promising. The conventional drugs
available to treat acne act as antibacterial and anti-
inflammatory agents. But these drugs have various side
effects such as dryness, itching and hypopigmentation
and also have age restrictions. Moreover, bacterial resist-
ance is an ongoing problem. The use of medicinal plants
dates back thousands of years. In light of previous
reports regarding S. jambos as an antimicrobial agent on
a variety of micro-organisms, the present study was con-
ducted to explore its efficiency as an anti-acne agent.
Thus, the antibacterial activity against P. acnues, the anti-
oxidant and anti-inflammatory properties of S. jambos
and its compounds were investigated.

Methods

Chemicals, microbial strain and culture media

Silica gel 60 (70-230 mesh); sephadex LH-20 and all the
analytical grade chemicals were purchased from Sigma-
Aldrich and Merck SA Pty Ltd. Three chemical com-
pounds namely, myricetin, myricitrin and gallic acid
were acquired from Sigma-Aldrich.The ELISA kits were
bought from BD Biosciences, Johannesburg, South Africa.
Cell proliferation Kit II (XTT) was supplied by Roche
diagnostics Pty Ltd., Johannesburg, South Africa. Propioni-
bacterium acnes (ATCC 11827) was purchased from
Anatech, Johannesburg, South Africa. The cell lines and
medium were purchased from Highveld Biological Pty
Ltd., Johannesburg, South Africa.

Plant material

The leaves of Syzygium jambos L. (Alston) were collected
in August 2010 from the botanical garden of the Univer-
sity of Pretoria. The plant was identified at the HG.W.J
Schweicherdt Herbarium (University of Pretoria, Pretoria)
where a voucher, specimen number (PRU 119053), has
been deposited for future reference.

Extraction and purification

The air-dried and powdered leaves (1.9 kg) of S. jambos
were soaked in 7.5 L ethanol for three days at room
temperature. The crude ethanol extract (70.5 g) was
obtained by concentrating the filtrate under reduced pres-
sure. About 60 g of this ethanol extract was applied to a
silica gel column (70 cm x 120 cm) using hexane fractions
(Hex): ethyl acetate (EtOAc) of increasing polarity (100:0
to 0:100) followed by 100% methanol (MeOH) as eluents.
In total forty three (43) fractions (500 ml) were collected.
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Similar fractions were combined, according to the thin-
layer chromatography (TLC) profiles, which resulted in
twelve (12) major fractions (MF). All the twelve (12) major
fractions were tested for antibacterial activity against the
pathogenic P. acnes using the broth dilution method. The
results are listed in Table 1. The active MF (2, 4, and 6)
were subjected to chromatographic separations to isolate
the individual components. MF 2 (200 mg) was applied to
a silica gel column using Hex: EtOAc (100:0 to 0:100)
gradient as eluents. Eighty five (85) fractions of 50 ml each
were collected. The sub-fractions 9-13 were combined on
the basis of the TLC analysis which led to the isolation of
the compound 1 (10 mg, 0.02%). MF 4 (600 mg) was sub-
jected to a sephadex LH 20 column using 0.5% methanol
in dichloromethane (DCM) as the eluent. One hundred
and seventeen (117) fractions of 20 ml each were collec-
ted. Sub-fractions 80-88 were combined which yielded
the compound 2 (8 mg, 0.01%). MF 6 (1.4 g) was sub-
jected to column chromatography similar to MF 4. One
hundred (100) fractions of 20 ml each were collected.
Sub-fractions 39-56 were combined on the basis of the
TLC profiles which yielded the compound 3 (56.5 mg,
0.1%).The chemical structures of all the compounds are
illustrated in Figure 1.

Antibacterial activity

The ethanol extract and compounds were tested against P.
acnes by determining the minimum inhibitory concentra-
tion (MIC) values obtained by a microdilution method as
previously described [9] with few modifications. Briefly,
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the bacteria was cultured from a Kwik-Stick on nutrient
agar and incubated at 37°C for 72 h under anaerobic con-
ditions before the assay. The 72 h culture of the bacteria
was dissolved in nutrient broth and the suspension was
adjusted to 0.5 McFarland standard turbidity. This re-
sulted in 10°-10° colony forming units (CFU)/ml. In a
sterile 96-well plate, 100 pl of samples from the stock so-
lution consisting of the plant extract/isolated compounds
(2 mg/ml in 10% dimethyl sulphoxide (DMSQO)) and the
positive control tetracycline (0.2 mg/ml) were diluted with
broth. Twofold serial dilutions were made in broth over a
range to give concentrations of 500-3.9 pg/ml and 50-0.3
and pg/ml for the plant extract/ isolated compounds and
positive control tetracycline, respectively. The bacterial
suspension (100 pl) was then added to the wells. The wells
with 2.5% DMSO and bacterial suspension without sam-
ples served as the solvent and negative controls, res-
pectively. The plates were incubated at 37°C for 72 h in an
anaerobic environment. The MIC value was determined by
observing colour change in the wells after addition of 2-(4-
iodophenyl)-3-(4-nitrophenyl)-5-phenyl (INT) (defined as
the lowest concentration that showed no bacterial growth).

Transmission electron microscopy (TEM)

The TEM procedures followed the protocol of a previ-
ous publication [10]. Briefly, bacteria was concentrated
by centrifugation at 10 000 rpm for 1 min. The pellet
was resuspended in nutrient broth to a final OD550 nm
of 1. The concentrations of plant extract were 1.3 and 4
times the MIC; and 5 times the MIC for pure compound

Table 1 Antibacterial, antioxidant and cytotoxic effects of ethanol extract of Syzygium jambos, fractions and

compounds
Test samples Antibacterial Antioxidant Cytotoxicity
MIC pg/ml 1C50 Mg Vit C equivalents/ B16-F10 mouse U937 human
pg/ml/(pM) g dry weight melanocytes macrophage
ECso pg/ml/(uM)
Syzygium jambos 313 09 450.0 60.0 4400
MF 1,3,5,7-12 “Na b - - -
MF 2 500.0 - - - -
MF 4 62.5 - - - -
MF 6 250.0 - - - -
Squalene Na >100 - >100 >100
Anacardic acid analogue 79 >100 - Nt 57.8
Ursolic acid Na >100 - Nt 38.0/(83.2)
Myricetin Na 0.9/(3) 21050 11.1/(35.1) 19.3/(60)
Myricitrin Na 1.8/(4) 1081.0 259.0/(557.8) 318.0/(684.7)
Gallic acid Na 0.8/(4.8) 24449 22/(13.1) 284/(169)
9pC 3.1/(7) 1.9/(11.3) - 45 x 107/(3.5 x 10°) 45 x 107/(3.5 x 10)

?not active at the highest concentration tested (500 pg/ml).
Pnot applicable: for MF as not tested for antioxidant activity and cytotoxicity, mg equivalent could not be detected for non-antioxidant compounds.
not tested due to low yield of the compound.

C
dpositive drug control where tetracycline for antibacterial, vitamin C for antioxidant, actinomycin D for cytotoxicity.
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Figure 1 The chemical structures of the compounds from Syzygium jambos.
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in order to visualise the lethal effects of tested samples
against bacteria. The bacterial suspension (5 ml) was
mixed with plant extract and pure compound to a final
concentration of 300 and 100 pug/ml for plant extract and
50 pg/ml for pure compound. Tetracycline (50 pg/ml) and
DMSO (2.5%) were used as positive and solvent control,
respectively. The pathogen was treated for 72 h; the
control group consisted of only bacterial suspension in
nutrient broth. Treated and untreated P. acnes cultures
were centrifuged and fixed in 2.5% glutraldehyde in phos-
phate buffer at room temperature for 1 h. Samples were
washed with phosphate buffer and postfixed in both 1%
osmium tetraoxide and uranyl acetate. The cells were
dehydrated in ethanol and embedded in quetol resin. Thin
sections were prepared with a microtome and micro-
graphs were taken using a JEOL JEM-2100 F field emis-
sion electron microscope.

Antioxidant assay

Antioxidant activity of the ethanol extract of S. jambos
and compounds was investigated using 1,2-diphenyl-1-
picrylhydrazyl (DPPH) antioxidant assay. Following the
procedures as described by DuToit et al. [11] for each
sample, a dilution series (8 dilutions) was prepared in a
96 well plate by adding distilled water as a dilution
medium. Final concentration of the samples ranged from
100 to 0.7 pg/ml. Each concentration was tested in
triplicate. Vitamin C was used as a positive control. The
radical scavenging capacities of the samples were deter-
mined using a BIOTEK Power-wave XS multi well
reader (A.D.P., Weltevreden Park, South Africa) to
measure the disappearance of DPPH at 550 nm. The
radical scavenging activity was measured in terms of the
amount of antioxidants necessary to decrease the initial
DPPH absorbance by 50% (ICso) [11]. The ICs, value of

each sample was determined graphically by plotting the
absorbance of DPPH as a function of the sample con-
centration in pg/ml. The ICs is the amount of antioxi-
dant necessary to decrease the initial DPPH absorbance
by 50%. The results are expressed as the mg vitamin C
equivalents/g dry weight and calculated as follows:

VIitEAC(mg AA/100g) = (ICso(vit ¢)/IC50(sample))
% 1000.

In vitro cytotoxicity assay

The mouse melanocytes (B16-F10) cells were cultured in
a complete Minimum Essential Eagle’s Medium (MEM)
whereas the human U937 cells were cultured in Roswell
Park Memorial Institute (RPMI) containing 10% fetal
bovine serum (FBS) and 1% gentamycin. B16-F10 (10°
cells per well) and U937 (10° cells per well) were seeded
into a 96-well plate. After an overnight incubation at 37°C
in 5% CO, and a humidified atmosphere, the extract,
compounds and the positive control (actinomycin D) were
added to the cells. The final concentrations of plant
extract and pure compounds ranged from 400-3.13 pg/ml
and 100-1.5 pg/ml, respectively. The highest concentra-
tion of positive control (0.05 pg/ml) was serially diluted to
eight consecutive wells. The plate was then incubated at
37°C in 5% CO,, and a humidified atmosphere after which
the toxic effects of the extracts were assayed using the
XTT (sodium 3’-[1-(phenyl amino-carbonyl)-3,4-tetra-
zolium]-bis-[4-methoxy-6-nitrobenzene sulfonic acid hy-
drate) cytotoxicity assay. Fifty micro litres (50 pl) of XTT
reagent (1 mg/ml XTT with 0.383 mg/ml PMS) was added
to the wells and incubated for 1 h. The optical densities of
the wells were measured at 450 nm (690 nm reference
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wavelength) using BIOTEK Power-wave XS multi well
reader (A.D.P., Weltevreden Park, South Africa). By refer-
ring to the control (medium with DMSO), the cell survival
rate was assessed. A statistical program (Graph Pad Prism
4) was used to analyze the 50% inhibitory concentration
(ECsp) values.

Preparation of heat-killed P. acnes and the measurement
of cytokine production

The effect of selected samples on cytokine production
(IL 8 and TNF «) was evaluated using the respective
enzyme immunoassay kits (ELISA) by a previously de-
scribed method [12]. Briefly, the log phase culture of P.
acnes was harvested, washed three times with phosphate
buffer saline (PBS), and incubated at 80°C for 30 min to
kill the bacteria. The heat-killed bacteria were stored at
4°C until use. The U937 cells were seeded at 10° cells
per well in a 24-well plate and was stimulated with heat
killed P. acnes (wet weight 100 pg/ml) alone and in com-
bination with the different test samples. Pentoxifylline
was used as a control. After 18 h incubation, the cell-
free supernatants were collected and the concentrations
of IL 8 and TNF o were analysed. Cytokine standards
were serially diluted to facilitate the construction of
calibration curves necessary for determining protein
concentration after treatment with test samples. The ra-
tio (%) of inhibition of the cytokine release was calcu-
lated using the following equation:

Inhibition (%) = 100 x (1-T/C)

Where T represents the concentration of the cytokine
in the culture supernatant with the test sample, and C
represents the concentration of cytokine in the culture
supernatant with the solvent [13].

Statistical analysis

All the assays were performed in triplicate. IC5y and
ECso values for antioxidant and cytotoxicity tests were
derived from a nonlinear regression model (curvefit)
based on sigmoidal dose response curve (variable) and
computed using GraphPad Prism 4 (Graphpad, San
Diego, CA, USA).

Results and discussions

Identification of isolated compounds

The structure elucidation of the isolated compounds was
established on the basis of physical and spectroscopic
techniques, especially NMR spectra and direct compa-
rison with spectroscopic measurements to published
literature values. The compounds isolated from the etha-
nol extract of leaves of S. jambos were identified as squa-
lene (compound 1) [14] and ursolic acid (compound 3;
white powder; m.p. 284-286°C) [15]. Compound 2 was
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obtained as pale yellow liquid. The UV spectrum of
compound 2 exhibited maximum absorption (A,.,) at
243 and 302 nm and in the IR spectrum showed absorp-
tion bands at 3448 and 1617 cm™ indicating the cha-
racteristics of hydroxybenzoic acid [16]. The 'H NMR
spectrum of compound 2 showed a triplet at § 7.40
(J = 8.2), and two doublets at 6.90 (] =8.2), 6.80 (] =7.2),
and the characteristic signals for a 1, 2, 6-trisubstituted
benzene ring. Additionally, the '*C NMR spectra showed
the signals at § 176.3 (COOH), 163.5 (C-6), 147.7 (C-2),
135.3 (C-4), 122.7 (C-3) 115.8 (C-1) and 110.3 (C-5), also
supported the presence six carbons and a carboxylic
group constituting the backbone, although a few signals
indicating the presence of long aliphatic chain could not
be established. There are many anacardic acids that have
been reported by previous researchers which differ in
the length of side chain [17,18].Therefore, in the current
study compound 2 is being reported as anacardic acid
analogue with a side chain R. The ethanol leaves extract
of S. jambos exhibited significant antibacterial activity
against P. acnes; therefore, it was decided to acquire
three commercially known compounds namely; myrice-
tin (yellow needles; m.p. 356-358°C), myricitrin (white
powder; m.p. 206-208°C) and gallic acid (colourless
crystals; m.p. 212-214°C) which have been previously
isolated from 90% ethanol extract of S. jambos [19], to
investigate if any of these compounds contribute to-
wards the total extract activity. Also, the presence of
these three commercially acquired compounds was con-
firmed in ethanol extract of S. jambos prepared for the
current study by TLC.

The present study reports the isolation of squalene,
ursolic acid and an analogue of anacardic acid for the
first time from S. jambos. The presence of the com-
pounds discussed in this study is known since antiquity.
Ursolic acid was first time reported in 1920 from epicu-
ticular waxes of apple [20]. Squalene was first reported
in 1917 from shark liver oil by Mitsumaru Tsujimoto
[21]. Myricetin and myricitrin were first isolated from
the bark of Myrica nagi and subsequently were reported
in the leaves of Rhus coriaria, Myrica gale, Pistachia len-
tiscus and Haematoxylon campeachianum [22,23]. Gallic
acid was initially found in the nutgalls of Rhus toxico-
dendron and later in the leaves of the same plant by M.
Aschoff and M. Bracconnot in early 19™ century [24].
Anacardic acid was first reported from shells of cashew
nuts by Stadler in 1847 [25].

Antibacterial bioassay

The MIC value of the ethanol extract of S. jambos,
twelve MF and compounds are listed in Table 1. The
ethanol extract of S. jambos inhibited bacterial growth
and exhibited a noteworthy MIC value of 31.3 pg/ml.
Anacardic acid analogue was found to be the most active
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compound against P. acnes at MIC value of 7.9 pug/ml as
compared to tetracycline (positive control) with MIC
value of 3.1 pg/ml. Compounds squalene, ursolic acid,
myricetin, myricitrin and gallic acid did not show any
inhibitory activity at the highest concentration tested
(500 pg/ml).

To the best of our knowledge, the antibacterial activity
of S. jambos and the compounds (squalene, ursolic acid,
myricetin, myricitrin and gallic acid) against P. acnes is
reported for the first time. In the present study anacar-
dic acid analogue significantly inhibited the growth of P.
acnes. Our results corroborate well with previous inves-
tigations where reports regarding antibacterial activity of
a series of synthetic anacardic acids possessing different
side-chain lengths against P. acnes were found. Four
anacardic acids namely; pentadecatrienyl salicylic acid,
pentadecadienyl salicylic acid, pentadecenyl salicylic acid
and pentadecyl salicylic acid were reported to be active
against P. acnes with MIC value of 0.78 ug/ml, very simi-
lar to our results [18]. In another study, ursolic acid
showed MIC value of 4 pg/ml against vancomycin-
resistant enterococci [26], myricetin inhibited the growth
of methicillin-resistant S. aureus, Burkholderia cepacia
and K. pneumoniae [27], different strains of Staphylococ-
cus epidermidis exhibited sensitivity towards myricitrin
[28] and gallic acid showed growth inhibitory behaviour
on S. aurens, Bacillus cereus, E. coli and Candida albi-
cans [29]. No scientific report on the antimicrobial activ-
ity of squalene was found in the literature.

Transmission electron microscopy (TEM)

For the microscopy studies, the plant extract and iso-
lated compound anacardic acid analogue, which showed
inhibitory activity against the bacteria, were selected.
The TEM micrograph showed clear differences between
untreated and treated P. acmes. The untreated P. acnes
had a distinct cell wall which was long, spindle shaped,
smooth and lined with cell membrane. A centrally lo-
cated nucleoid surrounded by ribosomes was observed
(Figure 2a). The TEM micrograph shows cell injury
caused to P. acnmes after treatment with ethanol extract
of S. jambos for 72 h. P. acnes showed breaks in the cell
wall when treated with the ethanol extract of S. jambos
at 100 pg/ml (Figure 2b) while a complete loss of cell
wall was also observed at a higher concentration of
300 pg/ml (Figure 2c).The TEM micrographs of P. acnes
treated with anacardic acid analogue at a concentration
of 50 pg/ml showed abnormal changes in cell content
material such as shrinkage of intracellular inclusions and
the hollow appearance of the bacteria. The outer mem-
brane was found to be irregular and distortions in the
cell structure were observed (Figure 2d). Tetracycline at
a concentration of 50 pg/ml caused significant damages
to the cells of P. acnes, leading to damages in the cell
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membrane, distortion in the cell structure and shrinkage
of cell content material (Figure 2e). DMSO at 2.5%
exhibited no lethal effects to bacteria (Figure 2f). The
TEM micrograph confirms the antibacterial activity of S.
jambos and bioactive compound (anacardic acid analogue)
against P. acnes.

Antioxidant properties of S. jambos and its compounds
The DPPH assay indicated the free radical scavenging
properties of the samples. Antioxidants are able to stabi-
lize the free DPPH radicals due to their proton donating
ability. The scavenging effect of the ethanol extract of S.
jambos and the compounds (myricetin, myricitrin and
gallic acid) on DPPH increased with increasing concentra-
tions. These samples showed significant antioxidant activ-
ity with ICsq values ranging between 1.9-0.7 pg/ml, very
similar to that of Vitamin C, a widely used antioxidant
compound exhibiting an ICs, value of 1.9 pg/ml. The iso-
lated compounds (squalene, anacardic acid analogue and
ursolic acid) did not exhibit any radical scavenging activity
at highest concentration tested (100 pg/ml). The results
are summarised in Table 1. Our findings were in agree-
ment with previous reports. The DPPH radical scavenging
activity of S. jambos has been reported previously with
ICsp value of 14.10 pg/ml [30] and can be explained due
to the presence of flavonoids and polyphenol compounds
namely; myricetin, myricitrin and gallic acid. The antioxi-
dant activity of flavonoids and polyphenols is ascribed to
the presence of free hydroxyl (-OH) substitutes. Myricetin
possess six free hydroxyl radicals at 3, 5, 7, 3', 4, 5" car-
bon positions and gallic acid possess three free hydroxyl
radicals at 3, 4, 5 carbon positions. In the current study,
ursolic acid did not demonstrate any antioxidant activity
even at its highest concentration of 100 pg/ml. Similar to
our findings, another researcher found ursolic acid to be
inactive in inhibiting the generation of free radicals at
concentrations of 0.25 and 0.5 mg/ml [31]. In our study
squalene did not show any DPPH free radical sca-
venging activity and this can be explained as it is a sin-
gle oxygen scavenger and lacks free hydroxyl groups,
therefore cannot scavenge a DPPH radical [32]. In the
current study, no antioxidant activity for anacardic acid
analogue was found. Similar to our findings, 6-pentade-
cenylsalicylic acid isolated from Anacardium occiden-
tale did not exhibit notable DPPH radical scavenging
activity [33].

Effect of ethanol extract of S. jambos and its compounds
on the cell viability

The cytotoxicity assay of the extracts and the com-
pounds was done on B16-F10 mouse melanocyte and
U937 human macrophage cells. Due to the low yield, no
further test could be done on the isolated compound
anacardic acid analogue. All the results are listed in
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Figure 2 Transmission electron micrograph of a thin section of P. acnes at 60 K magnification. (a) untreated bacteria, labelled structures:
cell wall (CW); cytoplasmic membrane (CM); nucleoid (N); ribosomes (R); mesosomes (M); (b) P. acnes treated with S. jambos at 100 pg/ml; (c)

P. acnes treated with S. jambos at 300 pg/ml; (d) P. acnes treated with anacardic acid analogue at 50 ug/ml; (€) P. acnes treated with positive
control (tetracycline) at 50 ug/ml; (f) P. acnes treated with solvent (DMSO at 2.5%). The arrows indicate cell injuries to the P. acnes.

Table 1. To the best of our knowledge, the cytotoxicity
results of ethanol extract of S. jambos and the com-
pounds (squalene, ursolic acid, myricetin, myricitrin and
gallic acid) on the cell viability of B16-F10 and U937
cells obtained in the present study are reported for the
first time. S. jambos exhibited moderate toxicity to B16-
F10 cells and no toxicity to U937 cells. In contrary, pre-
vious studies have reported strong cytotoxic effects of
70% acetone extract of S. jambos on human leukemia
cells (HL-60) with an ICsq value of 10.2 pg/ml [34]. In
the current study, squalene was not found to be toxic on
both the cell lines with 100% viability of cells even at
highest concentration of 100 pg/ml tested. Similar to
our findings, squalene was reported to be non-toxic to
human mammary epithelial cells (MCF10A) [35]. In the

present study, ursolic acid was found to be moderately
toxic to U937 cells. Contrary to our findings, in a study,
significant cytotoxic effects of ursolic acid against
lymphocytic leukemia cells (P 388 and L 1210), human
colon cells (HCT 8) and mammary (MCF 7) tumour
cells were reported [36]. Myricetin and gallic acid
showed significant toxicity to B16-F10 cells and moder-
ate toxicity on U937 cells. Similar to our results, myrice-
tin showed strong toxicity to human A549 lung cells
[37] and gallic acid was not reported to be toxic on
human lymphocytes derived from fresh blood [38]. In
our study myricitrin did not show any toxicity to either
of the cell lines and similar results are reported in a
study where myricitrin was not found to be toxic on
murine fibro sarcoma (L929) cells [39].
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Effect of ethanol extract of S. jambos and its compounds
on the pro-inflammatory cytokines

P. acnes contribute to the inflammatory nature of acne
by inducing macrophages to secrete pro-inflammatory
cytokines like IL 8 and TNF a. In the current study,
U937 cells treated with heat-killed P. acnes resulted in
an increase in secretion of IL 8 and TNF « (data not
shown). These results confirmed that P. acnes are capable
in eliciting the inflammatory response which plays an
important role in acne pathogenesis.

For the interpretation of the results, the percentage
values are classified under four groups; an inhibition be-
tween 100 and 70% was accepted as high, between 69 and
40% as moderate, between 39 and 20% as low. An inhib-
ition of less than 20% was considered to be insignificant.

To test the anti-inflammatory effects of S. jambos and
its compounds, in vitro screening at three non-cytotoxic
concentrations of the samples to the cells were applied.
As shown in Table 2, the ethanol extract of S. jambos
and the compounds (ursolic acid, myricetin, myricitrin
and gallic acid) decreased the production of IL 8 and
TNF « in a dose-dependent manner. A significant inhib-
ition of IL 8 and TNF a was observed for the S. jambos
extract, ursolic acid and myricitrin at their highest con-
centrations. Gallic acid, although suppressed TNF «
drastically, had no significant suppression of IL 8 at its
highest concentration. Myricetin moderately decreased

Table 2 Anti-inflammatory effects of ethanol extract of
Syzygium jambos and the compounds

Final concentration
ng/ml/(uM)

Test samples Inhibitory ratio (%)

IL8 TNF a
Syzygium jambos 100 85.0 99.7
50 69.8 79.9
10 239 286
Ursolic acid 25/(54) 883 74.0
12.5/(27) 789 59.8
6.2/(13) 53.2 14.0
Myricetin 12.5/(39) 34 441
6.2/(19) 10 27.1
3.1/(9) -05 -4.8
Myricitrin 100/(215) 99.6 99.7
50/(107) 94.3 99.7
10/(21) 40.6 328
Gallic acid 25/(146) 299 84.9
12.5/(73) 195 68.0
6.2/(36) 76 201
Pentoxifylline 100/(359) -13 99.7
50/(179) =50 99.7
10/(35) -0.16 66.8
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the release of TNF a and showed low inhibition of IL 8
at the highest concentration tested. Pentoxifylline, which
was used as a control, behaved differently on the cyto-
kines. Based on previous reports, it down regulated the
secretion of TNF a and caused no change in the IL 8 re-
leased [40]. As shown in Table 2, our results corroborate
well with previous investigations. Very high inhibition of
TNF a was observed at 100 and 50 pg/ml of pentoxifyl-
line whereas no significant change in IL 8 concentration
was observed. Furthermore, the test samples did not
increase the secretion of the cytokines in the culture of
U937 cells in the absence of the heat killed P. acnes
(data not shown). Other researchers have previously re-
ported the anti-inflammatory potential of the samples
isolated in this study. Myricetin was reported to inhibit
the release of IL 8 and TNF a from human umbilical
cord blood-derived cultured mast cells [41], myricitrin
and myricetin suppressed TNF o production in LPS/
IFN-y stimulated J774.A1 cell line [42]. Gallic acid inhib-
ited the production of IL 8 and TNF a from Fusobacter-
ium nucleatum activated human mouth epithelial cell
line and human mast cells, respectively [43,44]. Ursolic
acid inhibited IL 8 secretion from HT29 cells [45]. To
the best of our knowledge, no reports about S. jambos in
context with suppression of cytokines were found. Al-
though, similar to our results, other plants such as
Eucommia ulmoides and lIlex paraguariensis extracts
were reported to reduce the secretion of IL 8 and TNF a
in human monocytic THP-1 cells pre-treated with P.
acnes at concentration of 0.1 mg/ml [12].

The anti-inflammatory activity and release of cytokines
like IL 8 and TNF a is linked with an inflammatory
mediator nuclear factor-kappa B (NF-kB). NF-kB is a tran-
scription factor that resides in the cytoplasm of every cell
and its constitutive activation is linked with P. acnes infec-
tion. The suppression of the cytokines discussed in this
study can possibly be due to blocking activation of com-
mon transcription factor such as NF-kB involved in their
induction.

Conclusion

The present study provided an important insight on the
plants and compounds to be promising source of alter-
native medicine. Effective anti-acne agents possess three
essential capabilities of antibacterial, antioxidant and anti-
inflammatory activities. The experimental data gathered
herein shows significant antibacterial, antioxidant and anti-
inflammatory activities of the ethanol extract of S. jambos
which might be due to the synergistic action of compounds
present in it. Additionally, the plant extract was not found
to be toxic to human cells. Therefore, S. jambos could be
an ideal concomitant for an alternative anti-acne agent.
This study will be helpful to understand this important
herbal medicine and further clinical trials are under way.
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