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Objective: To investigate the effects of gamma-mangostin on vascular tone and its mechanisms in the isolated rat aorta.
Material and Method: Aortic rings from male Wistar rats were precontracted with methoxamine. Changes in tension were
measured using an isometric force transducer and recorded on the MacLab recording system. Vasorelaxant effects of
gamma-mangostin were studied in the presence of 300 microM NG-nitro L-arginine methyl ester (L-NAME), 10 microM 1H-
[1,2,4] oxadiazolo-[4,3-a] quinoxalin-1-one (ODQ), 10 microM indomethacin, 60 mM KCl, 5 mM tetraethylammonium
(TEA), 10 microM glibenclamide, 1 mM 4-aminopyridine (4-AP) or 30 microM barium chloride (BaCl2). Moreover,the effects
of gamma-mangostin on contraction to CaCl2 were evaluated.
Results: Gamma-mangostin (1-100 microM) induced a concentration-dependent vasorelaxation in rat aortic rings
precontracted with methoxamine. This effect was significantly reduced after removal of the endothelium and after pre-
treatment of the rings with L-NAME, ODQ, high KCl solution, or TEA. However, vasorelaxant responses to gamma-
mangostin were not altered by indomethacin, 4-AP, BaCl2 or glibenclamide. Moreover, contractions to CaCl2 (10 mM-30
mM) were reduced by pre-treatment with gamma-mangostin (10 and 100 microM).
Conclusion: Gamma-mangostin causes vasorelaxation which is mediated via the NO-cGMP pathway. Moreover, activation
of K+ channels and inhibition of extracellular Ca2+ influx from the extracellular space are largely involved in the relaxant
effects of gamma-mangostin. These data suggest that gamma-mangostin may acts as an antihypertensive agent.

Keywords:  Gamma-mangostin, Vasorelaxation, K+ channels, Ca2+ influx, Rat aorta

Garcinia mangostana L. (GM), known as the
queen of fruits, belongs to the family of Clusiaceae. It
is wildly cultivated in the Southeast Asian, such as
Thailand, Indonesia and Philippines. GM has been
used in traditional medicine to treat abdominal pain,
diarrhea and infected wound(1). The fruit hull (pericarp)
of GM is rich in prenylated xanthones; for example,
alpha-, beta- and gamma-mangostins, mangostenol,
mangostenone and garcinones(1-3). Pharmacological
studies have shown that xanthones, isolated from
mangosteen, act as anti-oxidants(4) and antitumoral
agents(5,6). Moreover, alpha- and gamma-mangostins
also have anti-inflammatory property(7).

Concerning the vascular effects of the GM
extract, previous studies in the rabbit aorta have

demonstrated that alpha-mangostin inhibit contractions
induced by histamine H1 receptor in the rabbit aorta(8).
In addition, gamma-mangostin acts as an antagonist of
5-hydroxytryptamine2A receptors in the rabbit aorta(9).
However, the vascular effects of gamma-mangostin are
still unclear. The present study aimed to investigate
the effects of gamma-mangostin on vascular tone. The
role of the endothelium and endothelium-derived
relaxing factor in vasorelaxation to gamma-mangostin
were also studied. In addition, the effects of a high
concentration of KCl and K+ channel inhibitors on
relaxant responses to gamma-mangostin were examined.
Finally, the effects of gamma-mangostin on extracellular
Ca2+ influx were also investigated in Ca2+ free and high
KCl solution.

Material and Method
Extraction of gamma-mangostin

Mangosteen fruit (G. mangostana) was
collected from Kombang District, Chantaburi Province,
Thailand in April, 2008. A voucher specimen (Porntip
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Wongnapa No. 002) is deposited at the Faculty of
Science, Ramkhamhaeng University, Bangkok, Thailand
and was identified by Nopporn Damrongsiri. The dried
and pulverized fruit hull of G. mangostana (0.5 kg) was
thoroughly extracted with EtOAc at 50°C. The combined
extract after filtration was concentrated under reduced
pressure to yield the extract as a yellowish solid (285
g). A portion the extract (40 g) was subjected to repeated
column chromatography over silica gel using a gradient
of hexane/acetone (5% increment of polar solvent for
500 ml of each proportion) yielded the pure gamma-
mangostin (0.9 g), including other xanthones. Purity of
gamma-mangostin exceeded 98% as determined by
LC analysis(10). NMR and MS spectroscopic data of
gamma-mangostin were consistent with the reported
values(5).

Tissue preparation
Experiments were performed using aorta

obtained from male Wistar rats (300-350 g) bred and
kept by the National Laboratory Animal Center, Mahidol
University, Thailand. All experiments were reviewed
and approved by the Animal Research Ethics Committee
of the Faculty of Medicine, Srinakharinwirot University.

The rats were anaesthetized with zolitil 50 mg/
kg (tiletamine chloridrate and zolazepan chloridrate) i.m.
into quadriceps muscle(11) and killed by cervical
dislocation. Following a thoracotomy, the thoracic aorta
was dissected from the rat. The aorta was cleaned of
fat and connective tissue and cut into 4-5 mm ring
segments. Each ring was mounted between two
stainless wires and then transferred to a jacketed organ
bath filled with 20 ml of modified Krebs-Henseleit
solution of the following composition (mM): NaCl 118,
KCl 4.7, MgSO4 1.2, KH2PO4 1.2, NaHCO3 25, CaCl2 2,
D-glucose 10, pH 7.4. The solution was maintained at
37°C and gassed with 95% O2 and 5% CO2 mixture. The
solution in the organ bath was exchanged every 15 min
for 1 h. Then, the rings were stretched to an optimal
passive tension of about 1 g and then allowed to
equilibrate for 60 min before experiments were started.
Tension was measured by isometric force transducers
(MLT 0210, New South Wales, Australia) and recorded
on a MacLab recording system (AD instruments, New
South Wales, Australia).

Experimental protocol
After equilibration, methoxamine (10-100

microM, an alpha1-adrenoceptor agonist) was added
to increase tension about 0.5-1 g above baseline.
Gamma-mangostin (1-100 mM) was added cumulatively

to the bathing solution. To characterize the mechanisms
involved in gamma-mangostin vasorelaxation to aortic
rings were incubated with each inhibitor added to the
bath for 30 min before methoxamine was added to
increase tone.

In order to investigate the involvement of the
endothelium in vasorelaxation to gamma-mangostin,
the endothelium was removed using a cocktail stick to
rub the luminal surface. The preparation was considered
to be endothelium-denuded if vasorelaxation to 10
microM carbachol was less than 10% of induced tone.
To verify the participation of endothelium-derived
substances in the relaxant effects of gamma-mangostin,
the experiments were performed after pretreatment with
indomethacin (10 microM), a cyclooxygenase (COX)
inhibitor, NG-nitro-L-arginine methyl ester (L-NAME,
300 microM), a nitric oxide synthase (NOS) inhibitor. In
addition, the involvement of the GC/cGMP-dependent
pathway was investigated using 1H-[1,2,4] oxadiazolo-
[4,3-a] quinoxalin-1-one (ODQ, 10 microM), a guanylyl
cyclase inhibitor.

To investigate the role of K+ channels,
vasorelaxation to gamma-mangostin was performed in
aortic rings pre-contracted with a high K+ (60 mM) Krebs
solution, which was prepared by replacing an equimolar
concentration of NaCl with KCl(11). Concentration-
response curves of gamma-mangostin were also
performed in the presence of tetraethylammonium
(TEA, 5 mM), a non-specific K+ channel inhibitor, 4-
aminopyridine (4-AP, 1 mM), a KV

 channel inhibitor,
glibenclamide (10 microM), a KATP inhibitor, or barium
chloride (BaCl2, 30 microM), a KIR channel inhibitor,
to identify the types of K+ channels involved in
vasorelaxation induced by gamma-mangostin.

The effects of gamma-mangostin on
extracellular Ca2+ influx was evaluated by examining
concentration-dependent responses to CaCl2 (10
microM-30 mM) in the absence or presence of gamma-
mangostin (10 or 100 mM). In this set of experiment,
aortic rings were rinsed three times and allowed to
equilibrate at 1 g tension in a Ca2+-free Krebs solution.
Then, the rings were bathed with Ca2+-free, high KCl
(100 mM) Krebs solution(12). After 30 min incubation
with gamma-mangostin, concentration-response curves
for the contractile responses to CaCl2 were constructed.
In vehicle-control experiments, DMSO was added in
the same volume as that used in the experiments with
gamma-mangostin.

Statistical analysis
The results were expressed as mean + SEM.
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The concentration of vasorelaxant giving half-maximal
relaxation (EC50) and maximal responses (Rmax) were
obtained from the concentration-response curve fitted
to a sigmoidal logistic equation using the GraphPad
Prism package(13). In some experiments, the relaxant
effects of KPE were presented as the percentage
reduction of the initial tone in each ring precontracted
with methoxamine as data could not be fitted to any
sigmoidal dose-response curves. Statistical
comparisons between groups were compared by
analysis of variance (ANOVA) followed by Bonferroni’s
post-hoc test. When p-value was less than 0.05, the
results were considered statistically significant. The
number of animals in each group is represented by n.

Drugs and chemicals
All drugs and chemicals were purchased from

Sigma-Aldrich Chemical Co (St. Louis, MO, USA), but
zoletil was purchased from Virbac (Carros Cedex,
France). Glibenclamide and gamma-mangostin were
dissolved in DMSO. Indomethacin was dissolved in
ethanol. BaCl2 and 4-AP were dissolved in distilled water.
The remaining drugs were dissolved in the perfusion
fluid. All drug solutions were freshly prepared on the
day of the experiment.

Results
The effects of endothelial denudation, L-NAME and
indomethacin on vasorelaxation to gamma-
mangostin

Gamma-mangostin (1-100 microM) caused
concentration-dependent vasorelaxation (Fig. 1). Endo-
thelial denudation significantly reduced vasorelaxation
to gamma-mangostin (Fig. 1). In addition, L-NAME (300
microM) and ODQ (10 microM) significantly reduced
vascular responses to gamma-mangostin (Fig. 1).
However, pre-treatment with indomethacin (10 microM)
did not affect vasorelaxation induced by gamma-
mangostin (data not shown).

The effects of high extracellular potassium and
potassium channel inhibitors on vasorelaxation to
gamma-mangostin

Vasorelaxant effects of gamma-mangostin at
concentrations from 3 to 100 microM were reduced by
60 mM KCl (Fig. 2). Moreover, pretreatment with TEA
(5 mM) reduced the effects of gamma-mangostin (10-
100 mM) (Fig. 2). However, the effects of gamma-
mangostin were not affected by pretreatment with 4-
AP (1 mM), BaCl2 (30 microM) or glibenclamide (10
microM) (Fig. 3).

Fig. 1 Effects of removal of the endothelium, L-NAME
(300 microM) and ODQ (10 microM) on
vasorelaxation to gamma-mangostin in aortic rings
precontracted with methoxamine. Data were shown
as mean + SEM. *p < 0.05, **p < 0.01 and ***p <
0.001 versus control

Fig. 2 Effects of 60 mM KCl and TEA (5 mM) on
vasorelaxation to gamma-mangostin in aortic rings
precontracted with methoxamine. Data were shown
as mean + SEM. *p < 0.05, **p < 0.01 and ***p <
0.001 versus control

The effects of gamma-mangostin on CaCl2-induced
contraction in rat aortic rings

In aortic rings in calcium-free buffer
depolarized by 100 mM KCl, CaCl2 (10 mM-30 mM)
induced concentration-dependent contractions. (pEC50
= 4.07 + 0.06, with Rmax = 1.26 + 0.03 g, n = 7, Fig. 4).
Pretreatment with gamma-mangostin (10 and 100
microM) significantly (p < 0.001) reduced contractile
responses to CaCl2 (10 microM gamma-mangostin:
pEC50 = 3.97 + 0.08, with Rmax = 0.87 + 0.03 g, n = 7; 100
microM gamma-mangostin: pEC50 = 3.83 + 0.12, with
Rmax = 0.61 + 0.04 g, n = 7, Fig. 4).



S66                                                                                                                 J Med Assoc Thai Vol. 95 Suppl. 12 2012

Discussion
The present study showed that gamma-

mangostin caused vasorelaxation in a concentration-
dependent manner. The possible mechanisms involved
in vasorelaxation induced by gamma-mangostin were
then investigated. As the vascular endothelium plays
an important role in regulating vascular tone via the
production of endothelium-derived relaxing factors
(EDRFs), mainly NO and prostacyclin(13), the authors
sought to investigate the role of the endothelium and
EDRFs in vasorelaxation to gamma-mangostin. The
present findings showed that removal of the functional
endothelium and L-NAME, a NOS inhibitor, reduced
the effects of gamma-mangostin. Moreover, the
inhibitory effects of L-NAME on gamma-mangostin-
induced responses were the same as responses found
in endothelium-denuded rings. Taken together, it is

indicated that NO is largely involved in endothelium-
dependent vasorelaxations induced by gamma-
mangostin. However, vasorelaxant responses to gamma-
mangostin were not affected by indomethacin, a COX
inhibitor. These results suggest that vasodilator
prostanoids is not involved in the effects of gamma-
mangostin.

NO induced relaxation of vascular smooth
muscle cells via several mechanisms, including
activation of guanylyl cyclase. An increased cGMP
levels causes vasorelaxation(14,15). In the present study,
ODQ was used to investigate the involvement of cGMP
in relaxant responses to gamma-mangostin. It was found
that ODQ reduced vasorelaxation to gamma-mangostin.
These findings suggest that the responses to gamma-
mangostin are mediated via cGMP-dependent pathway.

The opening of K+ channels in vascular
smooth muscle cells causes membrane hyper-
polarization, leading to closure of voltage-gated Ca2+

channels and subsequently relaxation of vascular
smooth muscle cells. Blockade of K+ channels promote
Ca2+ influx through voltage-sensitive Ca2+ channels and
increases vascular tone(16,17). The present findings
demonstrated that vasorelaxation to gamma-mangostin
was found after endothelial denudation. These results
suggest that gamma-mangostin also has a direct effect
on vascular smooth muscle cells, likely activation of
K+ channels. Then, the role of K+ channels in
vasorelaxation to gamma-mangostin was investigated.
It was found that the responses to gamma-mangostin
involve activation of K+ channels as the responses to
gamma-mangostin were reduced when aortic rings were
contracted with a high K+ (60 mM). Then, aortic rings
were incubated with different types of K+ channel
inhibitors to further investigate which types of K+ that
gamma-mangostin might selectively acted on. It was
found that vasorelaxation to gamma-mangostin was
reduced by TEA, a K+ channel inhibitor. However, 4-
AP, a KV

 channel inhibitor, BaCl2, a KIR channel inhibitor,
or glibenclamide, a KATP channel inhibitor had no effects
on vascular responses to gamma-mangostin. These
results suggest that vasorelaxation to gamma-
mangostin was mediated by increasing K+ efflux, at
least in part, through KCa channels.

High KCl induces vasoconstriction by
increasing Ca2+ influx via voltage-gated Ca2+ channels
whereas methoxamine, an alpha1-adrenoceptor agonist,
causes contraction via stimulating Ca2+ entry through
receptor-operated Ca2+ channels(17-20). The present
study demonstrated that contractions to methoxamine
and 60 mM KCl were reduced by gamma-mangostin,

Fig. 3 Effects of 4AP (1 mM), BaCl2 (30 microM) and
glibenclamide (10 microM) on vasorelaxation to
gamma-mangostin in aortic rings precontracted with
methoxamine. Data were shown as mean + SEM.
*p < 0.05, **p < 0.01 and ***p < 0.001 versus
control

Fig. 4 Effects of gamma-mangostin (10 and 100 mM) on
CaCl2-induced contraction in aortic rings depolar-
ized by 100 mM KCl. Data were shown as mean +
SEM
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suggesting that the effects of gamma-mangostin are
likely mediated via inhibition of extracellular Ca2+ influx
into smooth muscle cells. Then, the effect of gamma-
mangostin on extracellular Ca2+ influx in a Ca2+-free,
high KCl (100 mM) Krebs solution were examined. It
was found that gamma-mangostin inhibited contractile
responses to CaCl2. These results suggest that
inhibition of extracellular Ca2+ influx is involved in the
relaxant responses to gamma-mangostin.

In conclusion, the present findings have
clearly shown for the first time that gamma-mangostin
causes vasorelaxation through endothelium-derived
NO. The relaxant responses to gamma-mangostin are
largely mediated via activation of K+ channels and
inhibition of extracellular Ca2+ influx. Importantly, the
present study provides pharmacological evidence to
support the use of gamma-mangostin acts as a
vasodilator.

Acknowledgement
This work is funded by the Faculty of

Medicine, Srinakharinwirot University (Grant No. 115/
2551). Supports from the Thailand Research Fund and
the Center for Innovation in Chemistry (PERCH-CIC),
Commission on Higher Education, Ministry of
Education are gratefully acknowledged.

Potential conflicts of interest
None.

References
1. Pedraza-Chaverri J, Cardenas-Rodriguez N,

Orozco-Ibarra M, Perez-Rojas JM. Medicinal
properties of mangosteen (Garcinia mangostana).
Food Chem Toxicol 2008; 46: 3227-39.

2. Suksamrarn S, Suwannapoch N, Ratananukul P,
Aroonlerk N, Suksamrarn A. Xanthones from the
green fruit hulls of Garcinia mangostana. J Nat
Prod 2002; 65: 761-3.

3. Suksamrarn S, Suwannapoch N, Phakhodee W,
Thanuhiranlert J, Ratananukul P, Chimnoi N, et al.
Antimycobacterial activity of prenylated
xanthones from the fruits of Garcinia mangostana.
Chem Pharm Bull (Tokyo) 2003; 51: 857-9.

4. Weecharangsan W, Opanasopit P, Sukma M,
Ngawhirunpat T, Sotanaphun U, Siripong P.
Antioxidative and neuroprotective activities of
extracts from the fruit hull of mangosteen (Garcinia
mangostana Linn.). Med Princ Pract 2006; 15: 281-
7.

5. Suksamrarn S, Komutiban O, Ratananukul P,

Chimnoi N, Lartpornmatulee N, Suksamrarn A.
Cytotoxic prenylated xanthones from the young
fruit of Garcinia mangostana. Chem Pharm Bull
(Tokyo) 2006; 54: 301-5.

6. Nakagawa Y, Iinuma M, Naoe T, Nozawa Y, Akao Y.
Characterized mechanism of alpha-mangostin-
induced cell death: caspase-independent
apoptosis with release of endonuclease-G from
mitochondria and increased miR-143 expression in
human colorectal cancer DLD-1 cells. Bioorg Med
Chem 2007; 15: 5620-8.

7. Chen LG, Yang LL, Wang CC. Anti-inflammatory
activity of mangostins from Garcinia mangostana.
Food Chem Toxicol 2008; 46: 688-93.

8. Chairungsrilerd N, Furukawa K, Ohta T, Nozoe S,
Ohizumi Y. Pharmacological properties of alpha-
mangostin, a novel histamine H1 receptor
antagonist. Eur J Pharmacol 1996; 314: 351-6.

9. Chairungsrilerd N, Furukawa KI, Ohta T, Nozoe S,
Ohizumi Y. Gamma-mangostin, a novel type of 5-
hydroxytryptamine 2A receptor antagonist.
Naunyn Schmiedebergs Arch Pharmacol 1998; 357:
25-31.

10. Chaivishangkura A, Malaikaew Y, Chaovanalikit
A, Jaratrungtawee A, Panseeta P, Ratananukul P,
et al. Prenylated xanthone composition of the
Garcinia mangostana (mangosteen) fruit hull.
Chromatographia 2009; 69: 315-8.

11. Tep-areenan, P, Ingkaninan K, Randall MD.
Mechanisms of Kaempferia parviflora extract
(KPE)-induced vasorelaxation in the rat aorta.
Asian Biomed 2010; 4: 103-11.

12. Tep-areenan P, Kendall DA, Randall MD.
Mechanisms of vasorelaxation to testosterone in
the rat aorta. Eur J Pharmacol 2003; 465: 125-32.

13. Rubanyi GM. The role of endothelium in
cardiovascular homeostasis and diseases. J
Cardiovasc Pharmacol 1993; 22 (Suppl 4): S1-14.

14. Gewaltig MT, Kojda G. Vasoprotection by nitric
oxide: mechanisms and therapeutic potential.
Cardiovasc Res 2002; 55: 250-60.

15. Raghavan SA, Dikshit M. Vascular regulation by
the L-arginine metabolites, nitric oxide and
agmatine. Pharmacol Res 2004; 49: 397-414.

16. Jackson WF. Ion channels and vascular tone.
Hypertension 2000; 35: 173-8.

17. Sobey CG. Potassium channel function in vascular
disease. Arterioscler Thromb Vasc Biol 2001; 21:
28-38.

18. Cauvin C, Malik S. Induction of Ca2+ influx and
intracellular Ca2+ release in isolated rat aorta and



S68                                                                                                                 J Med Assoc Thai Vol. 95 Suppl. 12 2012

mesenteric resistance vessels by norepinephrine
activation of alpha-1 receptors. J Pharmacol Exp
Ther 1984; 230: 413-8.

19. Auguet M, Delaflotte S, Chabrier PE. Different
alpha1-adrenoceptor subtypes mediate contrac-
tion in rabbit aorta and urethra. Eur J Pharmacol

1995; 287: 153-61.
20. Burt RP, Chapple CR, Marshall I. The role of

diacylglycerol and activation of protein kinase C
in alpha 1A-adrenoceptor-mediated contraction to
noradrenaline of rat isolated epididymal vas
deferens. Br J Pharmacol 1996; 117: 224-30.

กลไกการคลายตัวของหลอดเลือดโดยสาร gamma-mangostin ในเอออร์ตาของหนูแรท

พัชรินทร์ เทพอารีนันท์, สุนิตย์ สุขสำราญ

วัตถุประสงค์:  เพ่ือศึกษาผลของ gamma-mangostin ต่อความตึงตัวของหลอดเลือดและกลไกท่ีเก่ียวข้องในเอออร์ตา
ของหนูแรทที่ตัดแยกออกมา
วัสดุและวิธีการ: เอออร์ตาจากหนูแรทพันธ์ Wistar เพศผู้ถูกทำให้หดตัวโดยสาร methoxamine การเปลี่ยนแปลง
ความตึงตัวของหลอดเลือดวัดโดย isometric force transducer และบันทึกด้วยเครื่อง MacLab ผลการคลายตัว
ของหลอดเลือดโดยสาร gamma-mangostin ถูกศึกษาเมื่อมีสาร 300 microM NG-nitro L-arginine methyl ester
(L-NAME), 10 microM 1H-[1,2,4]oxadiazolo-[4,3-a]quinoxalin-1-one (ODQ), indomethacin, 60 mM KCl, 5
mM tetraethylammonium (TEA), 10 microM glibenclamide, 1 mM 4-aminopyridine (4-AP) หรือ 30 microM
barium chloride (BaCl

2
) นอกจากน้ียังศึกษาผลของ gamma-mangostin ต่อการหดตัวโดย CaCl

2

ผลการศึกษา: Gamma-mangostin (1-100 microM) ทำให้เกิดการคลายตัวของหลอดเลือดเอออร์ตาของหนูแรท
ท่ีหดตัวโดยสาร methoxamine ซ่ึงผลน้ีถูกยับย้ังเม่ือลอกช้ันเย่ือบุหลอดเลือดออกและเม่ือได้รับสาร L-NAME, ODQ,
KCl หรือ TEA อย่างไรก็ตามการคลายตัวของหลอดเลือดโดย gamma-mangostin ไม่เปล่ียนแปลงโดย 4-AP, BaCl

2

หรือ glibenclamide นอกจากน้ีการหดตัวของหลอดเลือดโดย CaCl
2
 (10 microM-30 mM) ถูกยับย้ังโดย gamma-

mangostin ท่ีความเข้มข้น 10 และ 100 microM
สรุป: Gamma-mangostin ทำให้หลอดเลือดแดงคลายตัวโดยมีกลไกที่เกี่ยวข้องกับเส้นทางของ NO และ cGMP
นอกจากนี้ยังเกี่ยวข้องกับการกระตุ้น K+ channel และการยับยั้งการผ่านของ Ca2+จากภายนอกเซลล์เข้าสู่เซลล์
ข้อมูลนี้สนับสนุนว่า gamma-mangostin อาจเป็นสารช่วยลดความดันเลือดแดง


