Natural Product
Sciences

T oy R e b e # g g,




Natural Product Sciences

ISSN 1226-3907 (Print)
ISSN 2288-8027 (Online)

Published by The Korean Society of Pharm

Online Submission System

1 Aims and Scope

| Editarial Board

1 Archives

I Instructions to Authors
I Contact Us

KC ST

NIRRT FHEY

NPS Journal
Homepage QR Code

[=] % [n]

o

Editorial Board

@ Editor in Chief

Jee H.Jung

= Associate Editor

Dae-Keun Kim

‘Won Keun Oh

2 Editorial Board
Sun Yeou Kim

Gachon Univ.

Byung-Sun Min
Catholic Univ. of Daegu

Hyun OK Yang
KIST, Gangneung

Dongho Lee
Korea Univ.

Seung Ho Lee
Yeungnam Urniv

Bang Yeon Hwang
Chungbuk National Univ.

Advisory Board

Yeong Shik Kim
Seoul National Univ.

Jeoung Hill Park
Seou! National Univ.

Hyeong-Kyu Lee
KRIBE

o International Advisory Board

Zheng Cui
Shenyang Pharmaceutical Univ.

Shao-Qing Cai
Peking Liniv.

Shigeki Matsunaga
Tokyo Univ.

Guowei Qin
Shanghai Institute of Materia Medica

Woosuk Univ.

Pusan National Univ.

Seoul National Univ.

Youn Chul Kim
Wonkwang Univ.

Nam-in Baek
Kyung-Hee Univ.

Eun-Rhan Woo
Chosun Univ.

Min Won Lee
Chung-Ang Urniv.

Ik-Sco Lee
Chonnam National Univ.

Hee Jae Shin
KIOST

Young Ho Kim
Chungnam National Univ.

Hee-Juhn Park
Sangji Univ.

Jongheon Shin
Seoul Nalional Univ.

Masayuki Mikage
Kanazawa Univ.

William Gerwick
University of California at San Diego

Masami Ishibashi
Chiba Univ.

Yukihiro Shoyama
Nagasaki International Univ,

2013 ©Copyright The Korean Society of Pharmacognosy. All Rights Reserved.

Seoul National University, 1, Gwanak-ro, Gwanak-gu, Seoul 08826, Korea

Tel: +82-2-BB0-7872 | E-mail- ioum

| Powered by

Jin Sook Kim
Korea Institute of Oriental Medicine

Eun-Kyung Seo
Ewha Womans Univ.

Shi Yong Ryu
KRICT

Sang Kook Lee
Seoul National Univ.

Hyun sun Lee
KRIBB

Jinwoong Kim
Seoul National Univ.

Kang Ro Lee
Sungkyunkwan Univ.

Jae Sue Choi
Pukyong National Univ.

Shigetoshi Kadota
Toyama Med. Pharmaceut. Univ.

Kirk Gustafson
National Cancer Institute

Yuewel Guo
Shanghai Institute of Materia Medica

Chengbin Cui
Ocean Univ. of China



Quick search | Full search [Rst=rlgss Wl R==TdyWslF33[=]

Publication ! | Natural Product Sciences hd

Years 1| 2016 v

Vol. No. :| vol. 22 No.3 v | # Please dick a search button, after select Volume and number.

Search in this Search
vol.

1. Anti-inflammatory Effect of Mangosteen (Garcinia mangostana L.) Peel Extract and its Compounds in LPS-induced
RAW264.7 Cells
Wahyu Widowati , Lusiana Darsono , Jo Suherman , Nurul Fauziah , Maesaroh Maesarcoh , Pande Putu Erawijantari

2. Chemical Constituents from Leaves of Pileostegia viburnoides Hook.f.et Thoms
Xiao Jun Li , Zu Zhen Liu , Kwan-woo Kim , Xiang Wang , Zhi Li , Youn-chul Kim , Chang Soo Yook , Xiang Qian Liu

3. Simultaneous Determination and Recognition Analysis of Coumarins in Angelica decursiva and Peucedanum
praeruptorum by HPLC-DAD
Hye Mi Kim , Su Yang Jeong , Sun Min Kim , Kyu Ha Lee , Jong Hwan Kim , Rack Seon Seong

4. Modulation of Melanin Synthesis by Amaranthus spp. L Seed Extract in Melan-a Cells
Jae Ok Seo , Moon Ho Do, Jae Hak Lee , Taek Hwan Lee , Hussain Mustatab Wahedi , Yong Un Park , Sun Yeou Kim

5. Beneficial Effect of Lespedeza cuneata (G. Don) Water Extract on Streptozotocin-induced Type 1 Diabetes and
Cytokine-induced Beta-cell Damage
Min Suk Kim , Bhesh Raj Sharma , Dong Young Rhyu

6. Two-Week Repeated Dose Toxicity of Atractyledis Rhizoma Alba in F344 Rats
Hyoung-yun Han , Young-su Yang , Soo Nam Kim , Su-cheol Han , Jong-hwa Lee , Ja Young Jeong , Hang-sik Reh , Ji Hyeon Seok ,
Joo Sang Lee , Jeong-ah Kim , Byung-sun Min

7. Effects of Gypenosides on Dopaminergic Neuronal Cell Death in 6-Hydroxydepamine-lesioned Rat Model of
Parkinson' s Disease with Long-term L-DOPA Treatment
Keon Sung Shin , Ting Ting Zhao , Hyun Jin Park , Kyung Sook Kim , Hyun Sook Choi , Myung Koo Lee

8. Bioassay-Guided Isolation and Identification of Compounds from Arecae Pericarpium with Anti-inflammatory, Anti-
oxidative, and Melanogenesis Inhibition Activities
Amelia Indriana , Kyoung Jin Lee , Yeong Shik Kim

9. Moringa oleifera Prolongs Lifespan via DAF-16 /FOXO Transcriptional Factor in Caenorhabditis elegans
Jun Sang Im , Ha Na Lee , Jong Woo Oh , Young Jin Yoon , Jin Suck Park , Ji Won Park , Jung Hoon Kim , Yong Sung Kim , Dong Seok
Cha , Hoon Jeon

10. Induction of Apoptosis with Kigelia africana fruits in HCT116 Human Colon Cancer Cells via MAPKs Signaling

Pathway
Tae-eun Guon , Ha Sook Chung

<120

( PDF file / 7 pages)

Down B

( PDF file / 8 pages)

Down

( PDF file / 6 pages)
Viev Down

( PDF file / 7 pages)

Down 3§

( PDF file / 5 pages)

Down [

( PDF file / 7 pages)

Down §

( PDF file / 6 pages)
Viev Down

( PDF file / 8 pages)

Down

( PDF file / 8 pages)

Down B

( PDF file / 7 pages)

Down




Natural Product Sciences
22(3) : 147-153 (2016)

Crossvark  Nttp://dx.doi.org/10.20307/nps.2016.22.3.147

Anti-inflammatory Effect of Mangosteen (Garcinia mangostana L.) Peel Extract

and its Compounds in LPS-induced RAW264.7 Cells

Wahyu Widowati'*, Lusiana Darsono', Jo Suherman', Nurul Fauziah?,
Maesaroh Maesaroh?, and Pande Putu Erawijantari

'Medical Research Center, Faculty of Medicine, Maranatha Christian University, Bandung 40164, West Java, Indonesia

’Biomolecular and Biomedical Research Center, Aretha Medika Utama, Bandung 40163, West Java, Indonesia

Abstract — Inflammation plays an important role in host defense against external stimuli such as infection by
pathogen, endotoxin or chemical exposure by the production of the inflammatory mediators that produced by
macrophage. Anti-inflammatory factor is important to treat the dangers of chronic inflammation associated with
chronic disease. This research aims to analyze the anti-inflammatory effects of Garcinia mangostana L. peel extract
(GMPE), a-mangostin, and y-mangostin in LPS-induced murine macrophage cell line (RAW 264.7) by inhibiting
the production of inflammatory mediators. The cytotoxic assay of G mangostana L. extract, o-mangostin, and y-
mangostin were performed by MTS (3-(4,5-dimethylthiazol-2-yl1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium) to determine the safe and non-toxic concentration in RAW 264.7 for the further assay. The
concentration of inflammatory mediators (COX-2, IL-6, and IL-1P) were measured by the ELISA-based assay and
NO by the nitrate/nitrite colorimetric assay in treated LPS-induced RAW 264.7 cells. The inhibitory activity was
determined by the reducing concentration of inflammatory mediators in treated LPS-induced RAW 264.7 over the
untreated cells. This research revealed that GMPE, a-mangostin, and y-mangostin possess the anti-inflammatory
effect by reducing COX-2, IL-6, IL-1p, and NO production in LPS-induces RAW 264.7 cells.

Keywords — Anti-inflammatory, GMPE, o-Mangostin, y-Mangostin, Macrophages, Inflammatory mediator

Introduction

Natural products have over the years contributed to the
development of new therapeutic drugs for a variety of
human diseases.! Many tropical plants have interesting
biological activities with their therapeutic potential,
including Garcinia mangostana L. (mangosteen). Man-
gosteen has been used for hundreds of years around the
world, mostly in Southeast Asia, as a medicine for a great
variety of diseases.” Many studies have shown that the
various parts extract contain varieties of secondary
metabolites such as prenylated and oxygenated xanthones.
Xanthones as the major bioactive secondary metabolites
were reported to have many pharmacological activities
including antioxidant, antifungal, anti-bacteria, cytotoxic,
anti-inflammatory, antihistamine, anti-HIV, antimalarial
and other activities.> The previous study confirmed that
the G mangostana peel extract (GMPE) contained o.-
mangostin (105 ppm), y-mangostin (7.20 ppm), garcinone

* Author for correspondence
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C (3.50 ppm), and garcinone D (9.92 ppm) based on high
performance liquid chromatography (HPLC) analysis.® In
this study, the anti-inflammatory potential of Gmangostana
L. peel extract (GMPE) and its compound were observed.

Inflammation plays an important role in host defense
that encompasses multiple processes against external stimuli
such as infection by pathogen, exposure to bacterial
endotoxin or chemical exposure.” The inflammation process
involves changes in blood flow, increased vascular
permeability, destruction of tissue via the activation and
migration of leukocytes with the synthesis of reactive
oxygen derivatives (oxidative burst) and synthesis of local
inflammatory mediators.® The secretion of the inflamma-
tory mediators both of proinflammatory mediators such as
interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-a.,
and Nitric Oxide (NO) and anti-inflammatory such as IL-
10 are the primary response to inflammation in addition to
leukocyte recruitment.” Inflammation relates to various
diseases such as rheumatoid arthritis, inflammatory bowel
disease, artherosclerosis, Alzheimer’s, and has a role in
various kinds of cancer.'® Anti-inflammatory is important
to treat the danger of chronic inflammation associated



with chronic disease.

Several mechanisms of action have been proposed to
describe the phytochemical potential for anti-inflammatory,
such as: 1) antioxidant and radical scavenging activity; 2)
modulation of cellular activities of inflammation-related
cells (mast cells, macrophages, lymphocytes, and neutro-
phils; 3) modulation of proinflammatory enzyme activities;
4) modulation of the production of other proinflammatory
molecules; and 5) modulation of proinflammatory gene
expression.” This study focused on the potential of
GMPE, a-mangostin, and y-mangostin (Fig. 1) in modu-
lation of the proinflammatory molecules production by
inhibiting the proinflammatory cytokines production
including COX-2, 1L-6, IL-1B, and NO in LPS-induced
murine macrophage cell line model (RAW 264.7). The
RAW 264.7 murine macrophage cell line is widely used
as an inflammatory model in vitro."

Experimental

General Experimental Procedure — Garcina mangos-
tana L. was collected from Cisalak-Subang, West Java,
Indonesia plantation and identified by a staff of herbarium
of the Department of Biology, School of Life Sciences
and Technology, Bandung Institute of Technology, Bandung,
West Java, Indonesia. The murine macrophage cell line
RAW 264.7 (ATCC® TIB-71™) was obtained from Aretha
Medika Utama, Biomolecular and Biomedical Research
Center, Bandung, Indonesia.

o-mangostin (95-99% purity), and y-mangostin (95-
99% purity) were bought from Biopurify Phytochemical
Ltd. (Chengdu, China). The medium and its component
for cell culture such as Dulbecco’s Modified Eagle
Medium (DMEM), Fetal Bovine Serum (FBS), penicillin,
streptomycin, and Trypsin-EDTA were purchased from
Biowest. 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) used for
cell viability assay was purchased from Promega (Madison,
WI, USA). COX-2 ELISA kit and protocol (E-EL-M0959)
was purchased from Elabscience. IL-6 and IL-13 ELISA
kit and protocol (431301, and 432601) were purchased
from BioLegend. Nitrate/Nitrite colorimetric assay kit
(KA1342) was purchased from Abnova. MultiSkan Go
(Thermo Scientific), a microplate reader, was used for
viability assay, measuring COX-2, IL-6, IL-1B, and NO
concentration.

Plant Extract preparation —The peels of G
mangostana L. were collected, chopped, and kept in drier
tunnel service. Extraction was performed based on the
maceration method using ethanol 70% as the solvent for
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collecting G. mangostana L. peel extract (GMPE).'*!

RAW 264.7 Cells Culture and Viability Assay — The
murine macrophage cells were grown in DMEM
supplemented with 10% FBS, 1% pennicillin-streptomycin.
The cells then maintained at the 37 °C humidified
atmosphere incubator with 5% CO, until the cells were
confluence. The cells were washed and harvested using
Trypsin-EDTA and centrifuged at 2500 rpm for 4 minutes.'*"®

Viability assay — The viability assay was performed to
determine the safe and nontoxic concentration for the next
assay, evaluated by MTS assay. Briefly, 100 pL cells (5 x
10° cells per well) in medium (DMEM supplemented
with 10% FBS and 1% pennicilin-streptomcycin) were
plated in 96-well plate and incubated for 24 hours at 37 °C
in a humidified atmosphere incubator with 5% CO,. The
medium then washed and added with 99 puLL new medium
and 1 plL of GMPE, a-mangostin, and y-mangostin in
different concentration and DMSO in triplicate then the
plate were incubated for 24 hours. Untreated cells were
served as the control. Briefly, 20 uL. MTS was added to
each well. The plate was incubated in 5% CO, at 37 °C
incubator for 4 hours. The absorbance was measured at
490 nm on a microplate reader.'®?!

Proinflammatory activation of cells and treatment —
The pro-inflammatory activation of cells was performed
based on Yoon, et al. (2009) and modified method.!”*- %
The cells were seeded in 6-well plate in density of 5 x 10°
cells per well and incubated for 24 hours at 37 °C in a
humidified atmosphere and 5% CO,."*'** The medium
(DMEM supplemented with 10% FBS and 1% pennicilin-
streptomycin) then washed and supplemented with
1,600 pL. growth medium and 200 pL. GMPE (20, 10,
5 ug/mL), a-mangostin, and y-mangostin (75, 50, 25 uM).
Around 1-2 hours later, the medium was added with
200 u. LPS (1 pg/mL) and incubated for 24 hours at
37°C in a humidified atmosphere and 5% CO,.'"" After
incubation of RAW 264.7 cells with LPS for 24 hours, the
quantity of COX-2, IL-6, IL-1p, and NO was accumu-
lated in the cell-free supernatant. The cell-free supernatant
then was taken for the next assay by centrifugation at
2,000 g for 10 minutes. The supernatant was stored at
=79 °C for the COX-2, IL-6, IL-1pB, and NO concentration.

Quantification of COX-2 concentration and inhibitory
activity assay after treatment — The quantitative deter-
mination of COX-2 concentration in the cell-free super-
natant was performed using COX-2 ELISA Kit Elabscience
(E-EL-M0959). Briefly, 100 uL. of standard, blank, and
sample solution was added into each well then sealed and
incubated for 90 minutes at 37 °C. The cell-free super-
natant after treated with GMPE, o-mangostin, and y-
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mangostin were served as the sample. The LPS-induced
cells free supernatant without extract and compounds
were used as positive control. The normal cell or
untreated cell was used as negative control. Subsequently,
the liquid of each well removed and 100 uL of
Biotinylated Detection AB working solution was added
into each well, incubated for 1 hour at 37 °C. The plate
then washed prior to the addition of 100 uL. HRP
conjugate, incubated for 30 minutes at 37 °C. The plate
was washed again and 90 pL. of substrate solution was
added into each well, incubated for about 15 minutes at
37 °C. Following that, 50 uL. of stop solution was added
and the absorbance measured using microplate reader at
450 nm.** The concentration of COX-2 was determined
from COX-2 standard curve, the regression equation
obtained was y = 0.09543x —0.01039 with r*=0.99. The
percentage of inhibitory activity was calculated using
following equation:

COX2 inhibitory activity (%) = ﬂg%mx 100
where COX2p : COX-2 concentration of positive control
(ng/mL); COX2s : COX-2 concentration of samples (ng/
mL).

Quantification of IL-6 and IL-1p concentration and
inhibitory activity assay after treatment — The quanti-
tative determination of IL-6 and IL-1B concentration in
the cell-free supernatant was performed using Mouse IL-6
ELISA MAX Standard Sets (BioLegend. 431301) and
Mouse IL-1B ELISA MAX Standard Sets (BioLegend
432601), respectively. Approximately 100 pl of diluted
capture antibody solution was added to each well,
incubated overnight at 4 °C. Following that, the plate was
washed 4 times and 200 pL. of assay diluent added into
each well, incubated at room temperature for 1 hour with
shaking. The plate then washed again 4 times, prior to
addition of the diluted standards and samples. The cell-
free supernatant after treated with GMPE, a-mangostin,
and y-mangostin were served as the sample. The LPS-
induced cells free supernatant without extract and
compounds were used as positive control. The normal cell
was used as negative control. The plate was incubated for
2 hours at room temperature with shaking, then washed
for 4 times. Subsequently, 100 ulL of diluted detection
antibody solution was added into each well and the plate
was incubated for 1hour with shaking at room tem-
perature. After the plate was washed again for 4 times,
100 ul of diluted Avidin-HRP solution was added,
incubated for 30 minutes with shaking at room tem-
perature. The plate was washed 5 times, then 100 pl. of

TMB substrate solution was added to each well and
incubated for 15 minutes in the dark. Finally, 100 pL. of
stop solution was added and the absorbance was read at
450 nm using microplate reader.'”'** The quantity of IL-
6 and IL-1PB were determined from the standard curve.
The regression equation obtained from IL-6 standard
curve was y =0.0007x —0.0412 with r*=0.98, and from
IL-1B standard curve was y =0.0013x —0.0157 with r*=
0.99. The percentage of inhibitory activity was calculated
using following equation:

Inhibitory activity (%) = EC_LC)X 100

p
where Cp : IL-6 or IL-1B concentration of positive control
(pg/mL); Cs : IL-6 or IL-1P concentration of samples (pg/
mL).

Quantification of nitrite associated with NO
concentration and inhibitory activity assay after
treatment — The determination of nitrite associated with
NO production was performed using Nitrate/Nitrite
colorimetric assay kit (Abnova KA1342).** The cell-free
supernatant after treated with GMPE, a-mangostin, and y-
mangostin were served as the sample. The LPS-induced
cells without GMPE or compound free supernatant was
used as positive control. The normal cell-free supernatant
was used as negative control. The samples were read in
540nm of wavelength in a microplate reader. The
quantity of nitrite was determined from the sodium nitrite
standard curve, the regression equation obtained was y =
0.0253x —0.0550 with r*=0.98. The percentage of inhibitory
activity was calculated using following equation:

NO inhibitory activity (%) = @]{O&Os)x 100

p
where NOp : NO concentration of positive control (uM);
NOs : NO concentration of samples (LM).

Statistical analysis — All data were derived from three
independent experiments. Statistical analysis was performed
using SPSS software (version 20.0). The data were pre-
sented as mean + standard deviation. Significant differences
between the groups were determined using the Analysis
of Variance (ANOVA) followed by Duncan Post Hoc Test
P <0.05 were considered as statistical significance.'®'’

Result and Discussion

Natural plant compounds are now gaining more
pharmacological attention as many plant products are still
unexplored and show a wide range of activities.”® Major
compounds of several commonly used botanicals, including



Table 1. Effect of GMPE and mangostins in various concentrations
toward RAW 264.7 cell viability

Samples Viability (%)
Control 100.00+0.00%"
GMPE 100 pg/mL 7.36+2.67
GMPE 75 ug/mL 8.13+1.69
GMPE 50 pg/mL 48.86+12.81°
GMPE 25 pg/mL 102.49+8.14°%
GMPE 20 pg/mL 100.80:£4.45%f
GMPE 10 pg/mL 115.23+16.03™"
GMPE 5 ug/mL 123.10+12.93"
a-mangostin 100 pM 85.81+4.75%
a-mangostin 75 pM 98.50+6.36%
o-mangostin 50 uM 112.76+8.86°"
a-mangostin 25 pM 116.95+9.43¢h

83.30+11.55¢
97.2343.70%%
103.38+6.54°"
105.34+5.43¢"¢

The data are presented as mean + standard deviation. Different
superscript letters (“>ccdedededelefeciehighehhy iy the same column
(the viability among concentrations of the samples) are signifi-
cant at p<0.05 based on Duncan’s post-hoc comparisons (p <
0.05). The experiment was conducted in triplicate

y-mangostin 100 uM
y-mangostin 75 uM
y-mangostin 50 uM
y-mangostin 25 uM

mangostin have been reported to have anti-inflammatory
actions. The xanthones, such as o-mangostin and y-
mangostin are major bioactive compounds found in the
fruit peel of mangosteen.**’ In this study, we evaluated
the biological effects of GMPE, o-mangostin, and Y-
mangostin on inflammatory mediators production in LPS-
induced RAW 264.7 cell line as the model. The cytotoxic
assay was performed to determine the safe and nontoxic
concentration of GMPE and compounds for the next
assay. Nontoxicity of the substrate was indicated by over
90% of cells viability by MTS assay. Viability test is an
important aspect of pharmacology which deals with the
adverse effect of bioactive substance on living organism
prior to the use of substances as drug or chemical in
clinical use.”**° The a-mangostin and y mangostin in the
concentration of 100 uM were toxic toward RAW 264.7
cells, therefore the respective concentration was not used
for the treatments and the concentration of 75, 50, and 25
was chosen instead (Table 1). In other hand, GMPE
treatment showed low viability at 100, 75, 50, and 25 pg/
mL. Hence, the lower concentration of GMPE were
tested. Finally, the cells in the concentration of 20, 10, and
5 ug/mL of GMPE treatment showed high viability and
nontoxic to the cells (Table 1).

A stimuli of LPS can activate the macrophages that
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involved in the pathological processes in several acute
and chronic disorders by secreting several inflammatory
mediators.”'®!**! The overproduction of the inflammatory
mediators contributes to the pathogenesis of several diseases
such as sepsis, rheumatoid arthritis, atherosclerosis, pul-
monary fibrosis, and chronic hepatitis.** Several nonsteroidal
anti-inflammatory drugs were the currently available
drugs to reduce the inflammation, but it possess a side
effect and major problem.* Therefore, the development of
new anti-inflammatory agents from natural sources that
more active and have fewer side effects become important.

Based on cytotoxic result, three concentration of
GMPE (20, 10, 5 pg/mL), a-mangostin (75, 50, 25 ug/
mL), and B-mangostin (75, 50, 25 pg/mL) were applied
for IL-6, IL-1B, NO, and COX-2 assay. All of the anti-
inflammatory assays showed that GMPE possessed potent
COX-2, IL-1B, IL-6, and NO inhibitory activity. The
isolated compounds from GMPE including a-mangostin
and 7y-mangostin also possessed the same activity.
Inhibiting the synthesis of mediators that plays a role in
inflammation will be useful for autoimmune diseases and
inflammation treatment. COX-2 is a key regulatory enzyme
of the prostaglandin/eicosanoid pathway that highly induced
by pro-inflammatory cytokines in an NF-kB-dependent
manner.** COX-2 induced several stimuli and is responsible
for the pro-inflammatory cytokine at the inflammatory
sites.”> COX-2 is highly induced by pro-inflammatory
cytokines (IL-1p and IL-6) that serve as endogenous
pyrogens that causes fever during inflammation by up-
regulating the inflammatory responses and stimulating the
production of acute phase reactans.*® In addition to COX-
2 inhibitory activity, NO inhibitory activity may be as
attractive as one of anti-inflammatory agent screening
indicators. NO plays a significant role in host immune
defense, vascular regulation, neurotransmission, and other
system in normal condition. In human body, a family of
nitric oxide synthase (NOS) enzyme is responsible for
catalyzing the synthesis of NO.>’ The expression of
inducible NOS (iNOS) in various inflammatory and tissue
cells can be induced by LPS or proinflammatory cytokines
such as interleukin (IL-1).”” Overproduction of NO and
iNOS are especially related to various human diseases
including inflammation.'¢'%1°-38

GMPE and a-mangostin in the highest concentration
showed the highest inhibitory activity against COX-2
production (Table 2). COX-2 with COX-1 are the key
players in the inflammatory response which catalyze the
conversion of arachidonic acid into pro-inflammatory
prostaglandins and triggers the production of other pro-
inflammatory mediators.>* TL-6 is a pleiotropic cytokine
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Table 2. Effect various concentrations of GMPE and mangostins
toward COX-2 concentration in RAW 264.7 cell

Table 4. Effect various concentrations of GMPE and mangostins
toward IL-1f concentration in RAW 264.7 cell

COX-2 IL-1B

Samples COX-2 concentration COX-2 inhibitory Samples IL-1B concentration  IL-1B inhibitory

(ng/mL) activity (%) (pg/mL) activity (%)
Negative control 0.81+0.03* 72.93+0.97" Negative control 841.44+18.01* 28.87+1.52°¢
Positive control 2.98+0.170# 0.11+£5.72° Positive control 1,183.03+£35.09¢ 0.00+£2.97%
GMPE 20 pg/mL 1.35+0.18° 54.59+6.09° GMPE 20 pg/mL 894.31+77.23° 24.4146.53¢
GMPE 10 pg/mL 2.02+0.12% 32.21+3.87% GMPE 10 pg/mL 950.70+115.33®  19.64+9.75"
GMPE 5 ug/mL 2.16x0.07¢f 27.40+2.28 GMPE 5 ug/mL 951.72+45.98% 19.55+3.89%
o-mangostin 75 uM 1.43+0.08° 52.13+2.61°¢ o-mangostin 75 uM 877.28+35.87° 25.84+3.03°¢
o-mangostin 50 pM 1.75+0.12° 41.16+4.00° o-mangostin 50 pM 910.43+79.98 23.04+6.76"
a-mangostin 25 pM 2.06£0.05% 30.87+1.78% a-mangostin 25 pM 942.64+£121.95%  20.32+10.31%
y-mangostin 75 uM 1.89+0.03% 36.58+0.89 y-mangostin 75 uM 817.69+3.80° 30.88+0.32°
y-mangostin 50 uM 1.98+0.03¢ 33.56+1.16% y-mangostin 50 uM 936.41+43.20% 20.8543.65%
y-mangostin 25 uM 2.3120.03f 22.48+0.89° y-mangostin 25 uM 1,041.41110.80° 11.97+9.37°

The data are presented as mean + standard deviation. Different
superscript letters (#>0cccdddees) in the same coloumn (among var-
ious concentrations of GMPE, mangostins in COX-2 concentra-
tions and inhibitory activity) are significant at p <0.05 based on
Duncan’s post-hoc comparisons (p <0.05). The experiment was
conducted in triplicate

Table 3. Effect various concentrations of GMPE and mangostins
toward IL-6 concentration in RAW 264.7 cell

IL-6
Samples IL-6 concentration IL-6 inhibitory
(pg/mL) activity (%)
Negative control 176.57+£5.14* 73.87+0.768
Positive control 675.43+4.58¢ 0.00+0.687
GMPE 20 pg/mL 304.33+55.85° 54.95+8.27"
GMPE 10 pug/mL 351.52+33.57% 47.96+4.97°
GMPE 5 pg/mL 602.48+7.83°' 10.801.16%*
a-mangostin 75 uM 337.62+57.83% 50.02+8.56°
a-mangostin 50 uM 422.34+55.88% 37.48+8.28%
o-mangostin 25 pM 567.52+66.90¢ 15.98+9.91%
y-mangostin 75 uM 500.24+53.87% 25.94+7.98

y-mangostin 50 puM
y-mangostin 25 uM

582.14+90.57¢8
645.14+£92.87"

13.81£13.41%*
4.49+13.75%

The data are presented as mean + standard deviation. Different
superscript letters (*®beabecdelizeleley i the same coloumn
(among various concentrations of GMPE, mangostins in IL-6
concentrations and inhibitory activity) are significant at p <0.05
based on Duncan’s post-hoc comparisons (p < 0.05). The experi-
ment was conducted in triplicate

which modulates inflammatory responses.*> GMPE in the
concentration of 20 pg/mL showed the highest inhibitory
activity (Table 3). Inhibiting the production of IL-1p was
important in finding the anti-inflammatory agent. GMPE,
oi-mangostin, and y-mangostin inhibited the production of

The data are presented as mean + standard deviation. Different
superscript letters (**®°¢*) in the same coloumn (among various
concentrations of GMPE, mangostins in IL-13 concentrations and
inhibitory activity) are significant at p <0.05 based on Duncan’s
post-hoc comparisons (p <0.05). The experiment was conducted
in triplicate

IL-1B in a concentration-dependent manner. The highest
concentration of GMPE, a-mangostin and y-mangostin
possessed the highest inhibitory activity with no significant
differences observed among them (Table 4). IL-1B is a
potent proinflammatory cytokine released by macrophages
in systemic inflammatory responses that regulate inflam-
matory reaction and immune response.* In this study, the
nitrite concentration was associated with NO production.
Excessive levels of NO can mediate proinflammatory and
have destructive effects, thus lowering the NO concentration
can be used as an anti-inflammatory action. The GMPE
showed the highest NO inhibitory activity, meanwhile the
positive control showed the highest concentration of NO
(Table 5). This research result indicated that the LPS
successfully induced the inflammation of the RAW 264.7
cells*’ and GMPE had anti-inflammatory properties by
reducing the NO production. The inhibition of NO pro-
duction might related to suppression of iNOS expression,
as NO synthesis is catalyzed by iNOS.

GMPE possessed the highest inhibitory activity against
COX-2, IL-6, and NO production, but all of the tested
concentration both for GMPE and its compounds have no
significant differences in inhibitory activity of IL-1p. This
research was consistent with previous research that G
mangostana fruit hull inhibited the inflammation-related
diseases through NO and PGE2 releases.*’ Likewise, o.-
mangostin and y-mangostin inhibited NO and PGE2
production and COX-2 activity in LPS-induced RAW



Table 5. Effect various concentrations of GMPE and mangostins
toward NO concentration in RAW 264.7 cell

NO

Samples NO concentration NO inhibitory

(uM) activity (%)
Negative control 6.06£0.17° 82.74+0.50’
Positive control 35.10£0.08’ 0.01£0.23*
GMPE 20 pg/mL 23.29+0.07° 33.66+0.19'
GMPE 10 pg/mL 23.92+0.04° 31.86+0.12"
GMPE 5 pg/mL 27.07+0.07" 22.89+0.19°
a-mangostin 75 pM 24.55+0.03¢ 30.07+0.092
o-mangostin 50 uM 25.86+0.02° 26.33£0.07
o-mangostin 25 uM 28.88+0.12¢ 17.73£0.34¢
y-mangostin 75 uM 26.94+0.05" 23.24+40.14°
y-mangostin 50 uM 29.37+0.08" 16.324+0.23¢
y-mangostin 25 uM 30.26+0.07 13.78+0.21°

The data are presented as mean + standard deviation. Different
superscript letters (**®°¢*) in the same coloumn (among various
concentrations of GMPE, mangostins in NO concentrations and
inhibitory activity) are significant at p <0.05 based on Duncan’s
post-hoc comparisons (p <0.05). The experiment was conducted
in triplicate

264.7 cells according to Chen, ef al. (2007) study.”” The
inhibitory activity of a-mangostin and y-mangostin from
GMPE against IL-6 were also revealed by Bumrungpert,
et al. (2010) study.* Furthermore, the o-mangostin and y-
mangostin revealed to attenuated LPS-induced inflammatory
gene expression of TNF-a, IL-1pB, IL-6, IL-8, MCP-1,
and Toll-like receptor-2.* The effect of G mangostana
and its compounds against inflammation in this study also
in line with Chomnawang, et al. (2007) study which
reported anti-inflammatory activity of G mangostana on
inflammation caused by Propionibacterium acnes through
suppression of pro-inflammatory cytokines, ** as well as
Lee, et al. (2013) study which revealed that G mangosteen
and its compounds has great potential in the treatment and
prevention of theumatoid arthritis, a chronic inflammatory
disease, showed by inhibition of TNF-a and IL-6 produc-
tion in LPS-stimulated mice, reduction of paw edema in
the carrageenan-induced rats, and reduction of arthritis
score in the CIA rats.*

This research revealed that GMPE, a-mangostin, and y-
mangostin possess the anti-inflammatory potential by
inhibiting COX-2, 1L-6, IL-1f, and NO. These extracts
may have therapeutic potential for the modulation and
regulation of macrophage activation, and may provide
safe and effective treatment option for various inflamma-
tion-mediated diseases. However, the therapeutic potential
of these plant extracts will be further clear after
preclinical and clinical test were conducted.
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Fig. 1. Chemical structure of (a) a-mangostin and (b) y-mangostin.
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