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The fruit hull of Garcinia mangostana L. contains oxygenated and prenylated phenol derivatives, such
as xanthones or xanthen-9H-ones, and is used by people in Southeast Asia as a traditional medicine for
the treatment of abdominal pain, dysentery, wound infections, suppuration, and chronic ulcer. We isolated
the active ingredients from the crude ethanol extract of G. mangostana L. (CEM) and investigated their
analgesic effects and underlying mechanisms. CEM at intragastric (i.g.) doses of 0.5, 1, and 3 g/kg clearly
exhibited antinociceptive effects in the hot-plate and acetic acid-induced writhing tests in mice. Two isolated
compounds, a-mangostin and y-mangostin, exhibited analgesic effects at doses of 25 and 50 mg/kg (i.g.)
in the hot-plate and formalin tests, respectively. CEM at doses of 0.5, 1, and 3 g/kg significantly inhib-
ited xylene-induced release of inflammatory mediators. CEM, a-mangostin, and y-mangostin each dose-
dependently demonstrated the ability to scavenge reactive oxygen species. In conclusion, our results
demonstrate that CEM and mangostins possess potent peripheral and central antinociceptive effects in mice
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and suggest that xanthones may be developed as novel analgesics and anti-inflammatory drugs.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Herbaceous plants are important sources for many biologically
active compounds that have strong therapeutic effects. Mangosteen
(Garcinia mangostana L. [GML], “the queen of fruits”) is a tropical
evergreen tree that belongs to the family Guttiferae and is widely
distributed throughout India, Myanmar, Malaysia, Philippines, Sri
Lanka, and Thailand (Pedraza-Chaverri et al., 2008). People in these
countries have used the pericarp (peel, rind, and hull) or the ripe
fruit of mangosteen as a traditional medicine for the treatment of
abdominal pain, diarrhea, dysentery, wound infection, suppuration,
and chronic ulcer (Suksamram et al., 2006). Garcinia species are
known to be rich in secondary metabolites, such as prenylated and
oxygenated xanthones. Xanthones or xanthen-9H-ones are sec-
ondary metabolites found in the pericarp, whole fruit, bark, and
leaves of GML and some other higher plant families, fungi, and
lichens (Pedraza-Chaverri et al., 2008; Peres et al., 2000). Previous
studies have shown that a-mangostin, 3-mangostin, y-mangostin,
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garcinone E, 8-deoxygartanin, and gartanin are the most abundant
xanthones. Antioxidant, antitumoral, anti-inflammatory, antiallergy,
antibacterial, antifungal, and antiviral effects have been demonstrated
for xanthones isolated from GML (Pedraza-Chaverri et al., 2009;
Chomnawang et al., 2007; Chen et al., 2008).

a-Mangostin, which was firstly isolated in 1855, has been con-
firmed to be a competitive antagonist of the histamine H; receptor
(Chairungsrilerd et al., 1996) and possesses many biological effects,
such as antibacterial and anti-inflammatory activity (Tewtrakul et al.,
2009), inhibition of oxidative damage (Mahabusarakam et al., 2000),
and antimicrobial and weak antioxidant activity (likubo et al.,
2002; Chen et al, 2008). y-Mangostin, which was first isolated
by Jefferson et al. in 1970 (Jefferson et al., 1970) from the pericarp
of G. mangostana L., exhibits serotonin-2A (5-hydroxytryptamine-2A,
5-HT,,) receptor antagonist effects, inhibits lipopolysaccharide-
stimulated nitric oxide (NO) production, has anti-inflammatory
effects, and inhibits cyclooxygenase (COX) and prostaglandin E2
(PGE2) synthesis in Cg rat glioma cells (Chairungsrilerd et al., 1996;
Chairungsrilerd et al., 1998; Chen et al., 2008; Nakatani et al., 2002).
Considering these confirmed effects of mangostins and the traditional
treatment with GML, we hypothesized that the crude ethanol extract
of G. mangostana L. (CEM), a-mangostin, and y-mangostin would
each produce analgesic effects on central and peripheral pain,
and we further explored the underlying mechanisms of action of
CEM, a-mangostin, and y-mangostin.
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2. Methods
2.1. Reagents and materials

All chemical reagents were of analytical grade unless otherwise
specified. Methanol, reagent alcohol, acetic acid, FeSO,4- 7H,0, dimethyl
sulfoxide (DMSO), ethyl acetate (EtOAC), petroleum ether, xylene,
pyrogallol, 30% H,0, and sodium salicylate were purchased from
Guangzhou Chemical Reagent Factory (Guangdong, China). Indometh-
acin, a nonselective COX inhibitor, and tramadol hydrochloride were
purchased from Guangdong South of China Pharmacological Corp.
(Guangdong, China).

2.2. Preparation of plant extracts and identification

The fruit hull of mangosteen (GML) was purchased from a local
market and was cleaned with distilled water and dried in a vacuum
drying cabinet (DZG-6050, Shanghai Shenxin Experimental Apparatus
Corp., Shanghai, China). After milling, 4.37 kg of dried powder was
immersed in 6.4 L of 95% ethanol at room temperature. The extraction
was repeated three times within 1 week, and the combined solution
was concentrated. CEM was then obtained. One part of CEM was
extracted in triplicate with an optimum water:EtOAC (1:1) ratio.
Fraction Il was acquired with a silica gel column eluted with an EtOAC-
petroleum ether ratio of 25:75 on an ethyl acetate extract phase.
Methanol was added to fraction IIl, which was then recrystallized.
Compound 1 (o-mangostin) was then acquired. Another part of the
ethyl acetate extract phase was chromatographed through a silica
gel column eluted twice with a EtOAC-petroleum ether ratio of
35:65 and eluted twice with a methanol-chloroform ratio of 3:97.
Compound 2 (y-mangostin) was then acquired. The residual part of
CEM was used for pharmacological experiments.

The structures of the isolated compounds were determined with
13C-nuclear magnetic resonance (NMR), 'H NMR, DEPT NMR, and D,0
exchange NMR (Instrumental Analysis and Research Center of Sun
Yat-sen University) and compared with those of known compounds
(Mahabusarakam et al., 1987). The purity of the compounds was
confirmed by high-performance liquid chromatography (HPLC) with
an optimal concentration of 1 mg compound: 1 mL methanol using a
Betasil C18 column.

2.3. Animals

Female KM mice, weighing 18-27 g, were purchased from the
Experimental Animal Center of Sun Yat-sun University. Mice were
housed in plastic cages with free access to food and water at room
temperature (25-27 °C) and constant humidity (55 + 5%). The exper-
imental procedures were in compliance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals (publication
No. 85-23, revised 1985).

2.4. Hot-plate test

The hot-plate test was performed as previously described (Ridtitid
et al,, 2008) to measure hindlimb licking or flicking latencies following
exposure to the hot-plate. Only mice that showed a nociceptive
response within 30 s were used in the experiment. The percentage of
mice that failed to show a tail-flick latency <30 s was 12.3%. Measure-
ments were taken 1, 2, 3, and 4 h after drug administration. Mice were
placed on the hot-plate, which was maintained at 55+ 0.5 °C. The
latency of the nociceptive response of each mouse, identified as the time
to lick or flick a hind limb, was recorded. The cut-off time of observation
was 60 s. Inhibition of hot-plate paw-licking responses was expressed as
the percentage of the maximal possible effect (% MPE), calculated as
([T1 —T0]/[T2 — T0O]) x 100, with TO and T1 representing the hot-plate
paw-licking latencies before and after the administration of test drugs

or vehicle, respectively. The cut-off time (T2) was set at 60 s for the hot-
plate test. Hot-plate tests were performed twice. In experiment 1,
the test groups were administered intragastrically (i.g.) with three
doses of CEM (3.0, 1.0, and 0.5 g/kg), and mice in the control group
received saline solution (10 mL/kg, i.g.), with indomethacin (10 mg/kg,
i.g.) as the reference drug. In experiment 2, the test groups were
administered a-mangostin (25 and 50 mg/kg, i.g.) or 'y-mangostin
(25 and 50 mg/kg, i.g.), and mice in the control group received the
cosolvent (10 mL/kg, i.g.; propylene glycol:DMSO:distilled water,
1:1:9), with indomethacin (10 mg/kg) and tramadol hydrochloride
(50 mg/kg, i.g.) as the reference drugs, respectively.

2.5. Acetic acid-induced writhing test

This test was carried out to evaluate analgesic effects using the
modified method described by Koster et al. (1959). The test groups
were administered three doses of CEM (3.0, 1.0, and 0.5 g/kg, i.g.).
Sixty minutes later, the animals were treated with 0.8% acetic acid in
0.9% normal saline (10 mL/kg) via intraperitoneal injection to induce
the characteristic writhing response. Indomethacin (10 mg/kg, i.g.) or
saline solution (10 mL/kg, i.g.) was administered to mice in the
reference or control group, respectively. The mice were observed, and
the number of abdominal constrictions and stretching episodes were
counted for a 20 min period. The responses in the drug-treated groups
were compared with the control group. The percentage of inhibition
of the number of writhing episodes was calculated as the inhibition
rate (%=[S—s]/Sx100), with S representing the average twisting
episodes of the control group and s representing the average twisting
episodes of the test or reference groups.

2.6. Formalin test

Animals were pretreated intragastrically with different doses of
a-mangostin (25 and 50 mg/kg) or 'y-mangostin (25 and 50 mg/kg)
prior to performing the formalin test (Hunskaar et al., 1985). The
control group received cosolvent (10 mL/kg, i.g.; propylene glycol:
DMSO:distilled water, 1:1:9), and the reference groups were treated
with tramadol hydrochloride (50 mg/kg, i.g.) or indomethacin
(10 mg/kg, i.g.), respectively. Sixty minutes after treatment, 20 uL
of a 5% formalin solution was injected subcutaneously under the
plantar surface of a hind paw in each mouse. Following formalin
injection, the animals were immediately placed in an observation
beaker. The time spent licking/flinching and biting the injected
paw was measured with a stopwatch and was considered a sign of
nociception. The first phase of the nociceptive response normally
peaked from 0 to 5 min, and the second phase normally peaked
from 20 to 45 min after formalin injection (total of 20-25, 30-35,
and 40-45 min recorded), reflecting the direct effect on nociceptors
and inflammatory nociceptive responses, respectively (Hunskaar
and Hole, 1987). The inhibition rate of the licking time was cal-
culated as %= (t—T)/tx 100, with t representing the licking time
of the control group and T representing the licking time of the test
or reference group.

2.7. Xylene-induced ear edema test

The anti-inflammatory effects of CEM were assessed based on
the method introduced by Winter et al. (1962). CEM (3.0, 1.0, and
0.5 g/kg, i.g.) was administered to mice in each of the groups 60 min
prior to the test. Indomethacin (10 mg/kg, i.g.) was used in the
reference group, and the same volume of saline administered
intragastrically was used in the control group. Xylene, 0.03 mL, was
then smeared on the right ear of each mouse to induce edema. The
left ear remained untreated as the null treatment. Ear edema was
measured 4 h after xylene administration using an electronic bal-
ance (BS 200S-WEI, Sartorius). The degree of edema was evaluated
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by the delta weight (a —b), with a and b representing the weight of
the part of the right and left ears subjected to a 7 mm diameter hole
punch to obtain symmetrical tissue after the mouse was sacrificed by
decapitation.

2.8. Antioxidant experiment

2.8.1. Hydroxy! radical-scavenging (-OH) activity

The scavenging activity of ac-mangostin, y-mangostin, and CEM
against hydroxyl radicals (-OH) was conducted in the FeSO4+ H,0,
system introduced by Gomez-Vargas et al. (1998). Briefly, -OH
was derived from the chemical reaction between FeSO4+ H,0,
(3 mL reaction solution containing 0.15 mol/L FeSO4, 6 mmol/L
H,0,, and 2 mmol/L sodium salicylate) and different concentrations
of CEM, a-mangostin, or <y-mangostin. The product (-OH) from
oxidizing the salicylic acid was directly measured by absorption at
an optical density of 510 nm, which represents the amount of -OH.
-OH was generated by incubating the mixture at 37 °C for 60 min
after adding H,0, to the reaction mixture. The scavenging activity of
-OH was expressed as % = (A1 —As) /(A1) x 100, with As representing
the absorbance of the reaction mixture with the sample and Al
representing the absorbance of the reaction mixture containing
sodium salicylate, FeSO,4, and H;0,.

2.8.2. Superoxide radical-scavenging (-05") activity

The superoxide anion -O; was generated from the auto-oxidation
of pyrogallol in a basic solution as described by Marklund and
Marklund (1974) with some modifications. The superoxide radical-
scavenging activity of mangostins was estimated using spectropho-
tometric monitoring of the inhibition of pyrogallol autoxidation. 10 pL
of 45 mmol/L pyrogallol solutions was added to a tube containing
4.5 mL of different doses of o-mangostin and <y-mangostin. Absor-
bance was measured at 325 nm every 20 s using a spectrophotometer
within 4 min. Antioxidant activity was determined as the rate of
pyrogallol autoxidation, which was calculated as absorbance in the
presence or absence of pyrogallol and mangostin samples. The
scavenging activity of superoxide radicals was expressed as %=
(AA1/At—AA2 /At)/(AA1/At) x 100, with AA1/At representing the
pyrogallol autoxidation rate without sample and AA2 /At representing
the pyrogallol autoxidation rate with sample.

2.9. Data analysis

Statistical analysis was performed using Origin 7.5 software
(Origin Lab Corp, Northampton, MA, USA). Statistical significance
was determined using one-way analysis of variance (ANOVA)
followed by Tukey post hoc test. Values of p<0.05 were considered
statistically significant. Data are expressed as mean 4+ standard
deviation (SD) unless otherwise specified.

3. Results
3.1. Identification of main active ingredients of CEM

Based on the data acquired from NMR and mass spectroscopy,
compound 1 consisted of five -CHs, two —-CH,, four -CH, twenty
quaternary carbons, and three —OH, with a molecular weight of 410.
Compound 2 consisted of four —-CHs, two —-CH,, four -CH, twelve
quaternary carbons, and three —OH, with a molecular weight of 396.
According to a previous report (Mahabusarakam et al., 1987), we
identified compound 1 and compound 2 as a-mangostin and y-
mangostin, respectively (Fig. 1). The purity of a-mangostin and +y-
mangostin was determined by HPLC to be 91.18% and 92.07%,
respectively. And the extraction yield of a-mangostin and 'y-mangostin
from CEM was 0.69% and 0.14%, respectively.

OH 0}

a-mangostin R=0CHj
v- mangostin R=0H

Fig. 1. Structures of a-mangostin and y-mangostin isolated from the fruit hull of
Garcinia mangostana L.

Additionally, our modified technique of extraction and isolation
was based on a previous report (Mahabusarakam et al., 1987). We
used 95% ethanol rather than benzene as the extraction solvent to
reduce the toxicity of residual benzene. The 95% ethanol extraction
solvent had nearly the same yield as previous reports.

3.2. Analgesic effect of CEM in mice

3.2.1. Hot-plate test

As shown in Fig. 2A, oral administration of CEM at a dose of
0.5 g/kg produced significant inhibition of the hot-plate response
at the 2nd and 4th h, which reached a peak 4 h after adminis-
tration (48.1 4 16.28% MPE, n =10; one-way ANOVA followed by
Tukey post hoc test, p<0.05). Both 1.0 and 3.0 g/kg CEM markedly
prolonged latencies of the hot-plate paw-licking response
from the 1st to 4th h after oral administration, reaching a peak
of 57.04+17.65% MPE at the 4th h in the 1.0 g/kg CEM-treated
group (n=10) and 76.5 4 12.68% MPE at the 2nd h in the 3.0 g/kg
CEM-treated group (n=10) (one-way ANOVA followed by Tukey
post hoc test, p<0.01). Overall, CEM dose-dependently increased
latencies of the hot-plate paw-licking response. The antinoci-
ceptive effect of CEM was fast and long-lasting, demonstrated by
the fact that CEM produced marked antinociception as early as the
1st h after oral administration, and the effects remained significant
up to the 4th h after administration. Although the latency of the
hot-plate paw-licking response in the indomethacin-treated group
(10 mg/kg) was greater than in the control group, it did not reach
statistical significance (one-way ANOVA followed by Tukey post
hoc test, p>0.05, n =10).

3.2.2. Acetic acid-induced writhing test

In the acetic acid-induced writhing test, CEM and indomethacin
inhibited the writhing response and decreased writhing times at all
doses tested. Writhing times in the CEM- (0.5 g/kg, n=10) and
indomethacin- (10 mg/kg, n =10) treated groups showed significant
differences compared with the saline control group (28.4+4.14s,
n=10; one-way ANOVA followed by Tukey post hoc test, p<0.05).
The differences produced by 1.0 g/kg (n=10) and 3.0 g/kg (n =10)
CEM were much more pronounced compared with the saline control
group (one-way ANOVA followed by Tukey post hoc test, p<0.01).
Fig. 2B shows that CEM produced concentration-dependent pain
inhibition. Writhing times in the 0.5, 1.0, and 3.0 g/kg CEM-treated
groups were 15.1 +3.23 5 (47%),7.22 +2.33 s (76%),and 0.89 + 0.68 s
(97%), respectively, whereas writhing time in the indomethacin
(10 mg/kg) group was 14.2 +2.48 s (50%).

3.3. Analgesic effect of mangostins in mice

3.3.1. Hot-plate test

As shown in Fig. 3A, maximum antinociception of 38.0 4 19.45%
MPE was observed at the 1st h after administration of 50 mg/kg
a-mangostin (al; one-way ANOVA followed by Tukey post hoc
test, p<0.05, n=10). 25 mg/kg a-mangostin (x2) was not
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Fig. 2. Effects of CEM at different concentrations on hot-plate-induced paw withdraw and
acetic acid-induced writhing in mice (n=10/group). Error bars indicate standard
deviation. *p<0.05, **p<0.01, compared with saline control group (one-way ANOVA
followed by Tukey post hoc test. (A) Effects of CEM at different doses (CEM low, 0.5 g/kg;
CEM mid, 1.0 g/kg; CEM high, 3.0 g/kg) on the time-course of paw withdraw in the hot-
plate test. The control group received saline solution (10 mL/kg), and the reference drug
was indomethacin (10 mg/kg). (B) Effects of CEM at different doses (CEM low, 0.5 g/kg;
CEM mid, 1.0 g/kg; CEM high, 3.0 g/kg) on writhing times induced by acetic acid. The
control group received saline solution (10 mL/kg), and the reference drug was
indomethacin (10 mg/kg).

effective at inducing antinociception in the hot-plate test at all
test times after administration (one-way ANOVA followed by
Tukey post hoc test, p>0.05, n =10). y-Mangostin significantly
increased the latency in the hot-plate test at a dose of 50 mg/kg
(vy1, n=10), an effect that lasted for 3 h after administration.
Maximum antinociception of 47.6 & 18.28% MPE was observed at
the 3rd h after administration (one-way ANOVA followed by
Tukey post hoc test, p<0.01). 25 mg/kg y-mangostin (y2, n =10)
also significantly increased latency in the hot-plate test 1 h after
administration, which reached a peak of 29.2 + 16.74% MPE (one-
way ANOVA followed by Tukey post hoc test, p<0.05). Indometh-
acin (10 mg/kg, n =10) did not increase latency in the hot-plate
test. Tramadol hydrochloride produced a marked antinociceptive
effect in the hot-plate test at 50 mg/kg (one-way ANOVA followed
by Tukey post hoc test, p<0.01, n=10), presumably through
activation of p opioid receptors and inhibition of serotonin
reuptake (Oliva et al., 2002).

3.3.2. Formalin test
The formalin test consisted of two different phases. The first phase
acts in the periphery through activation of nociceptive neurons by a
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Fig. 3. Effects of a- and y-mangostin at different concentrations on hot-plate-induced paw
withdraw and formalin-induced licking in mice (n=10/group). Error bars indicate
standard deviation. *p<0.05, **p<0.01, compared with saline control group (one-way
ANOVA followed by Tukey post hoc test). (A) Effects of a-mangostin (a1, 50 mg/kg, o2,
25 mg/kg) and y-mangostin (y1, 50 mg/kg; y2, 25 mg/kg) on the time-course of paw
withdraw in the hot-plate test. The control group received the cosolvent (10 mL/kg,
propylene glycol:DMSO:distilled water, 1:1:9), and the reference drugs were indometh-
acin (10 mg/kg) and tramadol hydrochloride (50 mg/kg), respectively. (B) Effects of
a-mangostin (a1, 50 mg/kg; o2, 25 mg/kg) and y-mangostin (y1, 50 mg/kg; y2,
25 mg/kg) on licking time induced by formalin in mice. The control received the
cosolvent (10 mL/kg, propylene glycol:DMSO:distilled water, 1:1:9), and the
reference drugs were indomethacin (10 mg/kg) and tramadol hydrochloride
(50 mg/kg), respectively.

direct effect of formalin, and the second phase occurs through
activation of central horn neurons at the spinal cord level (Ridtitid
et al., 2008). Fig. 3B shows that mangostins produced antinociception
in both the first phase (neurogenic) and second phase (inflammatory)
of the formalin test. ®-Mangostin significantly inhibited both the first
and second phases of formalin-induced licking, with inhibition of
35.8% and 47.1% at a dose of 50 mg/kg (one-way ANOVA followed by
Tukey post hoc test, p<0.01 and p<0.05, respectively, n =10) and
51.7% and 59.6% at a dose of 25 mg/kg (one-way ANOVA followed
by Tukey post hoc test, p<0.01 and p<0.05, respectively, n =10)
for the first and second phases, respectively. The effect of 25 mg/kg
of a-mangostin was more potent than 50 mg/kg in the formalin test.
y-Mangostin at a dose of 50 mg/kg was also effective at producing
antinociception both in the first and second phases of the formalin
test, with inhibitions of 45.7% and 60.6% in the first and second phases
(one-way ANOVA followed by Tukey post hoc test, p<0.01 and
p<0.05, n=10), respectively. However, the antinociceptive effects
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of y-mangostin at a dose of 25 mg/kg were significant in the first
phase (one-way ANOVA followed by Tukey post hoc test, p<0.01,
n =10;% inhibition =31.0%) and nonsignificant in the second phase
(one-way ANOVA followed by Tukey post hoc test, p>0.05, n =10) of
the formalin test. Tramadol hydrochloride at a dose of 50 mg/kg
significantly inhibited nociception in both phases of the formalin test
(one-way ANOVA followed by Tukey post hoc test, p<0.01, n =10;
see also Martindale et al., 2001). These results are inconsistent with a
previous report showing that (F)-tramadol and its enantiomers
significantly reduced the duration of nociceptive behaviors in the
second phase of the formalin test (Oliva et al.,, 2002). Indomethacin
(10 mg/kg) modestly but nonsignificantly reduced licking time in the
first phase (one-way ANOVA followed by Tukey post hoc test, p>0.05,
n=10) but significantly increased licking time (one-way ANOVA
followed by Tukey post hoc test, p<0.05; Fig. 3B) and produced
analgesia in the second phase of the formalin test. Cyclooxygenase
and lipoxygenase (LOX) share a common arachidonic acid substrate,
and inhibition of COX enzymes by indomethacin has been suggested
to lead to a shunt of arachidonic acid metabolism toward the 5-LOX
pathway, resulting in increased production of leukotrienes which are
the second main family of arachidonic acid derivatives. This cascade
then leads to changes in vascular permeability occurring during acute
inflammation and plays a role in nonsteroidal anti-inflammatory drug
(NSAID)-induced gastrointestinal damage (Martel-Pelletier et al.,
2003).

3.4. Assessment of some mechanisms involved in the antinociceptive
effect of CEM and mangostins

3.4.1. Effects of CEM on xylene-induced inflammation

In previous studies using an acute carrageenan-induced paw
edema model, Chen et al. (2008) demonstrated that both a-mangostin
and +y-mangostin potently inhibit paw edema in mice. Our study
employed a different model of xylene-induced ear edema to estimate
the anti-inflammatory effects of CEM in mice.

Fig. 4 shows that 1.0 g/kg CEM (n =10) and 10 mg/kg indomethacin
(n =10) had significant effects on ear edema compared with the control
group (one-way ANOVA followed by Tukey post hoc test, p<0.05,
n =10), with inhibition rates of 63% and 51%, respectively. The 3 g/kg
CEM-treated group (n =10) exhibited a tendency toward aggravating
xylene-induced edema, but the difference was not significant compared
with the control group (one-way ANOVA followed by Tukey post hoc
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Fig. 4. Effects of CEM at different doses (CEM low, 0.5 g/kg; CEM mid, 1.0 g/kg; CEM
high, 3.0 g/kg) on the weight of ear edema in xylene-induced ear inflammation (n =10/
group). The control group received saline solution (10 mL/kg), and the reference drug
was indomethacin (10 mg/kg). Error bars indicate standard deviation. *p<0.05,

compared with saline control group (one-way ANOVA followed by Tukey post hoc test).

test, p>0.05). Previous reports indicated that the early phase of ear
edema induced by xylene is mediated by histamine and serotonin,
with PGs appearing to be the most important mediator in the final
phase (Speroni et al,, 2005). Research by Tewtrakul et al. (2009) on
RAW?264.7 macrophage cells showed that mangosteen extract together
with a-mangostin and y-mangostin possessed potent inhibitory effects
on NO and PGE2 release. Combined with a report showing that CEM
inhibits histamine release and PGE2 synthesis (Nakatani et al., 2002), we
hypothesized that CEM might exert its anti-inflammatory effects by
inhibiting the release of NO, histamine, and PGE2, which directly
stimulate nociceptors and are involved in inflammatory pain.

3.4.2. Reactive oxygen species scavenging capacity of mangostins
and CEM

The antioxidant effects of extracts and xanthones isolated from
GML have been demonstrated using the following methods: 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity, the ferric
thiocyanate method, and the 2,20-azino-bis-(3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) assay (Pedraza-Chaverri et al., 2009). In present
study, the different methods were employed to determine the effects of
CEM and mangostins on antioxidation.

In the study of scavenging hydroxyl radicals (-OH), CEM (n=6),
a-mangostin (n=6), and y-mangostin (n=6) concentration-
dependently enhanced -OH scavenging capacities, with ICsq values
of 285.1 ug/mL, 20.01 pg/mL, and 55.37 ug/mL, respectively
(Fig. 5A). Chin et al. (2008) found -OH-scavenging effects of sev-
eral xanthones isolated from the fruit powder of GML. Of the
16 xanthones, only <y-mangostin exhibited -OH-scavenging ef-
fects (ICso=0.2 pg/mL). Pedraza-Chaverri et al. (2009) found that
o-mangostin was unable to scavenge -OH in primary cultures
of cerebellar granule neurons. In contrast, our results showed that
a-mangostin exhibited significant inhibition of hydroxyl radicals in
our experimental design. We further detected the effects of the
compounds on scavenging superoxide radicals (-O5 ). Consistent
with the results reported by Pedraza-Chaverri et al. (2009), our
results showed that both a-mangostin (n=6) and ~y-mangostin
(n =6) exhibited significant and concentration-dependent -O; scav-
enging effects, with ICsy values of 58.63 pg/mL and 109.6 ug/mL,
respectively (Fig. 5B). Thus, based on these results, we predicted
that CEM might exert antioxidant effects through the main active
ingredients ai-mangostin, 'y-mangostin, and other xanthones.

4. Discussion

G. mangostana L. is a well known fruit in south China and other
south Asian countries. It has claimed efficacy for skin infections,
wound infections, and diarrhea. In the present study, we isolated the
xanthones a-mangostin and 'y-mangostin from CEM, demonstrated
their putative analgesic effects in vivo, and evaluated the analgesic
mechanism of action of CEM, a-mangostin, and y-mangostin.

4.1. Analgesic effect and possible mechanisms of action of CEM

The present results showed that oral administration of CEM caused
an antinociceptive effect against acute nociception induced by
chemical and thermal stimuli in mice. Two different analgesic
methods — the acetic acid-induced writhing test and hot-plate
test — were employed to identify the possible peripheral and central
effects of CEM, respectively, and CEM possessed analgesic effects in
both models.

Acetic acid is a widely used chemical for the evaluation of peripheral
antinociceptive activity (Speroni et al., 2005). Intraperitoneal injection
of acetic acid can produce peritoneal inflammation (acute peritonitis)
which causes a response characterized by contraction of the abdominal
muscles accompanied by extension of the forelimbs and elongation of
the body. This writhing response is considered a visceral inflammatory
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Fig. 5. Effects of CEM, a-mangostin, and 'y-mangostin on (A) hydroxyl radical (-OH)
scavenging activity and (B) superoxide radical (-O3 ) scavenging activity (n = 6/group).

pain model (Koster et al., 1959). In this model, pain is generated
indirectly via endogenous mediators, such as bradykinin, serotonin,
histamine, substance P, and PGs, which all act by stimulation of
peripheral nociceptive neurons. The mechanism of the reaction to this
nociceptive stimulus appears to be related to the prostanoid system
(Garcia et al., 2004; Nguemfo et al., 2007). Many analgesics, such as
NSAIDs, act by inhibiting the synthesis of PG. Our results showed that
CEM, at all doses tested, produced significant analgesic effects, and these
effects may be attributable to PG synthesis inhibition.

To evaluate the possible central antinociceptive effects of CEM, the
hot-plate test was adopted. CEM doses of 3.0, 1.0, and 0.5 g/kg
significantly increased latencies in the hot-plate model compared
with the control group, and these doses produced more intense effects
on pain relief. These results indicate that CEM might exert its
influence on pain relief through the central nervous system. The
hot-plate test was used to evaluate central pain at the supraspinal and
spinal levels (Marchioro et al., 2005) in which C-, Ad type I-, and Ad
type II-sensitive fibers play a role in this model (Pietrovski et al., 2006;
Lopes et al., 2009). Therefore, anti-inflammatory drugs such as
indomethacin did not alleviate nociceptive behavior in the hot-plate
test, and CEM possibly exerted its effects through regulating the
integration of the response at the spinal cord dorsal horn or
supraspinal levels.

4.2. Analgesic effect and some mechanisms of action of - and
y-mangostins

The xanthones ai-mangostin and 'y-mangostin are major bioactive
compounds found in the fruit hulls of GML. The hot-plate test
and formalin test were chosen to evaluate the antinociceptive
effects of a-mangostin and «y-mangostin. Our results demonstrated
that a-mangostin and <y-mangostin are potential analgesics. The
mechanisms of action of these mangostins are complex and may
involve PGs, ROS, histamine, and serotonin.

Prostaglandins are lipid mediators produced by cyclooxygenases
from arachidonic acid, which serve pivotal functions in inflammation
and pain. In a previous study, Chen et al. (2008) found that «-mangostin
and <y-mangostin significantly inhibited NO and PGE2 through
inhibition of NO production and COX-2 activity, with y-mangostin
showing a greater inhibitory effect than a-mangostin (Chen et al.,
2008). Inflammation is a key component of pain, and the superoxide
pathway may be a key player in pain (Wang et al., 2004). Hacimuftuoglu
et al. (2006) found that antioxidants led to a significant reduction
in nociceptive responses in two phases of the formalin response
(Hacimuftuoglu et al, 2006). Therefore, NO and PGE2 inhibition
and the scavenging superoxides -OH and -O; may play a role in the
antinociception induced by a-mangostin and <y-mangostin in the
present study.

Moreover, histamine mediates a variety of physiological reactions
in peripheral tissues and in the central nervous system. Several
studies have demonstrated that histamine H; receptors play a role in
physiological and pathological pain perception (Parolaro et al., 1989;
Millan, 2002). Previous studies have reported that both peripheral
perception and central sensitization could be attenuated in H;
receptor knockout mice (Mobarakeh et al., 2000). oz-Mangostin may
serve as a histamine H; receptor antagonist (Chairungsrilerd et al.,
1996; likubo et al., 2002), involving both central and peripheral pain.

Moreover, serotonin strongly potentiates nociceptive behavior
when co-administered with other agents, including bradykinin,
norepinephrine, and substance P (Hong and Abbott, 1994). However,
its involvement in pain processing is complex because serotonin can
inhibit or facilitate nociceptive transmission, depending on the nature
of the applied nociceptive stimuli (Millan, 2002). Much evidence
indicates that 5-HT, and 5-HT; receptors modulate nociceptive
transmission. Activation of these receptors in the spinal cord produces
antinociception in the formalin test and other models (Kayser et al.,
2007). Among these 5-HT receptors, peripheral 5-HT4 receptors have
important roles in inflammatory pain (Sasaki et al., 2006), and local
treatment with 5-HT,4 receptor antagonists suppressed second-phase
flinches in the formalin test (Nakajima et al., 2009). y-Mangostin, a
selective 5-HT,, receptor antagonist (Chairungsrilerd et al., 1998),
produced analgesia effects on central pain (hot-plate test) and the
second phase of the formalin test, as well as in peripheral pain in the
first phase of the formalin test. In injured tissue, y-mangostin likely
prevents the binding of 5-HT to 5-HT,s receptors at peripheral
sensory terminals, inhibits the excitation of primary sensory neurons,
and inhibits afferent inputs to the spinal cord (Nakanishi and
Ishikawa, 2001).

Altogether, ac-mangostin and y-mangostin both possess signifi-
cant analgesic effects and may be the main active constituents of
CEM that affect analgesic action. The mechanisms of action involved in
a-mangostin- and +y-mangostin-induced analgesia may involve
inhibition of ROS and inflammatory mediators in peripheral tissue
and the antagonistic effects on histamine (a-mangostin) and sero-
tonin (y-mangostin) receptors in the central nervous system.

4.3. Summary

We isolated the active ingredients c-mangostin and y-mangostin
from the crude ethanol extract of the fruit hulls of GML We



172 J. Cui et al. / Pharmacology, Biochemistry and Behavior 95 (2010) 166-172

demonstrated that CEM and mangostins have peripheral and
central analgesic effects. The mechanism of this action may
involve the production of PEG2 and superoxide. Considering that o-
and y-mangostins are antagonists of histamine H; and 5-HT-, recep-
tors, respectively, histamine and serotonin systems may be involved
in the antinociceptive effects of a-mangostin and y-mangostin. Our
data provide support for the use of a-mangostin and 'y-mangostin
as analgesics in the clinic. These studies may also provide support for
the use of the traditional Thai medicine GML fruit hulls in the
treatment of inflammation-related diseases. Importantly, xanthones
may be developed as new analgesic and anti-inflammatory drugs.
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