
Abstract γ-Mangostin, purified from the fruit hull of the
medicinal plant Garcinia mangostana caused a parallel
rightwards shift of the concentration/response curve for
the contraction elicited by 5-hydroxytryptamine (5-HT) in
the rabbit aorta (pA2 = 8.2) without affecting the contrac-
tile responses to KCl, phenylephrine (α1) or histamine
(H1). The perfusion pressure response of rat coronary artery
to 5-HT (5-HT2A) was reduced concentration dependently
by γ-mangostin (IC50 = 0.32 µM). 5-HT amplified, ADP-
induced aggregation of rabbit platelets (5-HT2A) was in-
hibited by γ-mangostin (IC50 = 0.29 µM), whereas that in-
duced by thrombin was not affected, nor did γ-mangostin
affect 5-HT-induced contraction of the guinea-pig ileum
(5-HT3)in the presence of 5-HT1, 5-HT2 and 5-HT4 recep-
tor antagonists. Furthermore, 5-HT-induced contraction of
the rat fundus (5-HT2B) and 5-HT-induced relaxation of
the rabbit aorta in the presence of ketanserin (5-HT1) and
carbachol-induced contraction of the guinea-pig ileum
(muscarinic M3) were not affected by γ-mangostin (5
µM). γ-Mangostin inhibited [3H]spiperone binding to cul-
tured rat aortic myocytes (IC50 = 3.5 nM). The Kd for
[3H]spiperone binding was increased by γ-mangostin (3
nM) from 11.7 to 27.4 nM without affecting Bmax. These
results suggest that γ-mangostin is a novel competitive an-
tagonist, free from a nitrogen atom, for the 5-HT2A recep-
tors in vascular smooth muscles and platelets.
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Introduction

5-Hydroxytryptamine (5-HT) is a neurotransmitter be-
lieved to be associated with many central nervous system-
related activities (Zifa and Fillion 1992; Hoyer et al.
1994; Fuller 1996; Lucas and Hen 1996). 5-HT2 receptor
agonists act as peripheral vasoconstrictors to increase ar-
terial blood pressure (Alper 1990). 5-HT receptors in the
aorta have been identified as the 5-HT2A subtype by ex-
amining the relationships between structure and activity
of tryptamine analogues (Feniuk et al. 1985; Clancy and
Maayani 1985; Ullmer et al. 1995). Platelet aggregation
produced by ADP is amplified by 5-HT through the 5-
HT2A receptor (Cohen et al. 1981, 1983; Leysen et al. 1983;
Pletscher and Affolter 1983; Pine et al. 1996). Many 5-
HT2 receptor antagonists containing a nitrogen atom have
been synthesized and used as therapeutic agents for the
treatment of various nervous system disorders (Rinaldi-
Carmona et al. 1992; Doble et al. 1992). Since acute ad-
ministration of ketanserin, a representative 5-HT2A recep-
tor antagonist, reduces phenylephrine pressor response
through the combination of α1-adrenergic and 5-HT2A re-
ceptor blockade (Balasubramaniam et al. 1993), more se-
lective antagonists have been sought.

Since 5-HT receptor antagonists are theoretically and
clinically important, in the course of our survey on the
novel type of active substances from natural sources much
attention was paid to the occurrence of substances having
5-HT receptor blocking activity. Recently, we found that
the crude extract of the fruit hull of the medicinal plant
Garcinia mangostana inhibited the contractions of rat
aorta induced by histamine and 5-HT. α- and γ-man-
gostins have been isolated from the extract as blockers for
histamine and 5-HT receptors respectively (Chairungsril-
erd et al. 1996 a). α-Mangostin has been shown to be a
specific histamine H1 receptor antagonist (Chairungsrilerd
et al. 1996b). On the other hand, the detailed pharmaco-
logical properties of γ-mangostin, a related compound of
α-mangostin, have not been studied yet. In the present
study, we characterize γ-mangostin as a novel and specific
5-HT2A receptor antagonist free from a nitrogen atom.
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Methods

Contractile responses of aorta, fundus and ileum.

The thoracic aorta was prepared from male albino rabbits (2–3 kg).
The endothelium was removed by gently rubbing the endothelial
surface with cotton pellets. The aorta was cut into helical strips,
approximately 4 mm wide and 20 mm long. The strips were
mounted and suspended in a 20 ml organ bath containing modified
Krebs’ Ringer bicarbonate solution (37°C) (for composition, see
Furukawa et al. 1996). Resting force was adjusted to 1 g at the be-
ginning of each experiment. The tissues were allowed to equili-
brate for 60–90 min. Isometric contractions were recorded. After
equilibration, the strips were precontracted with 60 mM KCl (10
min) and two or three contractile responses to 60 mM KCl were
obtained until the response became constant. The control concen-
tration/contractile response curves for the agonists (5-HT, KCl or
phenylephrine) were obtained cumulatively and the contractions
expressed as a percentage of the maximal contraction produced by
each agonist [5-HT (0.5 mM), KCl (30 mM) or phenylephrine (3
µM)]. γ-Mangostin (0.03–1 µM) was added to the bath 10 to 20
min before the addition of agonists in the concentration previously
used as control. The concentration/response curves for the agonists
were then obtained in the presence of γ-mangostin. The time inter-
val between two consecutive curves was usually set at 60 min.

To investigate the effect of γ-mangostin on the 5-HT1 receptor,
the rabbit aortic strips were treated with ketanserin (3 µM) for 10
min to block the 5-HT2A receptor followed by precontraction with
prostaglandin F2α (10 µM). After contraction had stabilized, con-
trol 5-HT-induced, concentration-dependent relaxation was ob-
tained. The relaxation responses to 5-HT of the aortic strips were
expressed as percentage of the contraction induced by prostag-
landin F2α (10 µM). To test the antagonism, γ-mangostin (5 µM)
was added to the organ bath 10 min before the addition of ke-
tanserin.

The fundi were excised from male Wistar rats (150–200 g)
anesthetized with sodium pentobarbital (30 mg/kg body weight)
and longitudinal sections were used as previously described by Co-
hen and Wittenauer (1987). Four strips were obtained from one rat
fundus. Tissues were placed under optimum resting force (4 g) and
were allowed to equilibrate for approximately 60–90 min. Non-cu-
mulative contractile concentration/response curves for 5-HT were
obtained by stepwise increases in concentration after washing out
the preceding concentrations every 15 to 20 min. The tissue was
exposed to each 5-HT concentration for approximately 2 min be-
fore washout and maximum response to 5-HT concentration was
measured. After control responses were obtained, tissues were in-
cubated with γ-mangostin (0.1–5 µM) for 30 min. Responses to 5-
HT were then repeated in the presence of γ-mangostin in the con-
centration previously used as control. In each tissue, only one an-
tagonist concentration was examined. The contractions were ex-
pressed as a percentage of the maximal contraction produced by 1
µM 5-HT.

Small intestine was removed proximally to the ileo-caecal
valve of male guinea-pig (250–300 g). Strips of longitudinal mus-
cle with adhering myenteric plexus, 2 cm long and proximal to the
ileocaecal junction, were prepared as previously described by
Buchheit et al. (1985) and mounted isometrically under a tension
of approximately 500 mg in organ baths filled with modified
Krebs’ Ringer bicarbonate solution (37°C). In all experiments, 5-
methoxytryptamine (10 µM) was present for desensitization of 5-
HT4 receptors and methysergide (1 µM) to block 5-HT1 and 5-HT2
receptors (Craig et al. 1990). After a stabilization period of 30 min
the strips were stimulated three times with 5-HT (3 µM) during a
period of 60 min to establish tissue viability. Two non-cumulative
concentration/effect curves were constructed at an interval of 60
min on each strip by adding increasing concentrations of 5-HT to
the organ bath (0.3–100 µM). Each concentration was left in con-
tact with the strip for 1 min followed by washout with modified
Krebs’ Ringer bicarbonate solution. The next higher concentration
of 5-HT was administered 15 min later. γ-Mangostin (5 µM) was
added 10 min before the second concentration/effect curve and re-

mained in the bath fluid during construction of the second curve.
The contractions were expressed as a percentage of the maximal
contraction produced by 100 µM 5-HT.

Whole segments of ileum (1.5 cm long) from guinea-pigs were
mounted in organ baths containing modified Krebs’ Ringer bicar-
bonate solution (37°C). After a stabilization period of 30 min, the
strips were stimulated 3 times with carbachol (1 µM) over a period
of 45 min to establish a constant response. Non-cumulative con-
centration/response curves for carbachol were established by
adding increasing concentrations of carbachol (30 nM–30 µM) to
the organ bath at intervals of 20 min. Each concentration was left
in contact with the tissue for 1 min. γ-Mangostin (5 µM) was
added 10 min before the second concentration/effect curve and
was retained in the bath fluid during construction of the second
curve. The contractions were expressed as a percentage of the
maximal contraction produced by 30 µM carbachol.

Perfusion pressure response of coronary artery, Langendorff method.
Hearts were rapidly excised from male Wistar rats (150–200 g)
anaesthetized with pentobarbitone sodium (30 mg/kg body weight)
and immediately arrested in ice-cold and oxygenated Krebs’
Ringer bicarbonate solution as described above. Isolated hearts
were quickly mounted on the non-working, non-recirculating Lan-
gendorff perfusion apparatus and were perfused retrogradely via
the aorta with the Krebs’ Ringer bicarbonate solution at a constant
2 ml/min (37°C) (Brandes et al. 1993). After 30 min preequilibra-
tion, the perfusion pressure response was monitored through a
branch of the aortic cannula by means of a pressure transducer.
Treatment of the perfused hearts with 5-HT, ketanserin or γ-man-
gostin was carried out by changing from normal Krebs’ Ringer so-
lution to one containing each drug.

Platelet aggregation. The preparation of platelet-rich plasma was
performed as described by Hsieh et al. (1994). Fresh blood was ob-
tained from rabbits (male albino rabbits weighing about 2–3 kg),
collected into plastic tubes containing trisodium citrate glucose so-
lution (1/10 volume of blood) composed of trisodium citrate
(3.2%), and glucose (2%) at pH 7.4, subsequently centrifuged at
250 × g for 10 min to yield platelet-rich plasma (PRP). A portion
of PRP was centrifuged at 2,000 × g for 10 min at room tempera-
ture (20–25°C) to obtain platelet-poor plasma (PPP). PPP was
used to adjust PRP to a final platelet concentration of 5 × 108

cells/ml.
Platelet aggregation was determined by a standard turbidomet-

ric method (Born 1962; Hsieh et al. 1994) in aggregometer (PAM-
6C, Merbanix, Tokyo, Japan). Platelet aggregation was expressed
as an increase in light transmission. The levels of light transmis-
sion were calibrated as 0% for PRP and 100% for PPP. PRP (0.3
ml) in the aggregometer cuvette was preincubated for at least 5
min at 37°C under continuous stirring at 1,000 r.p.m. and then
CaCl2 added to a final concentration of 1 mM. After 1 min, γ-man-
gostin or vehicle (3 µl) was added 5 min before addition of 5-HT.
5-HT solutions were added to make final concentration 1 µM fol-
lowed 1 min later by addition of a subthreshold concentration of
ADP (1 µM). Thrombin (0.1 U/ml) was added 5 min after addition
of γ-mangostin as a control experiment. Data are expressed as the
area under the curve for the aggregation occurring during 3 min.

γ-Mangostin was dissolved in ethanol and addition of 3 µl of
this solution to PRP did not alter the pH or platelet aggregation of
the PRP. ADP solutions were prepared by reconstituting the ADP
reagent with deionized water to yield a solution containing 1 µM
ADP. 5-HT solutions were prepared with PBS (phosphate buffered
saline) solution.

Receptor binding. Vascular smooth muscle cells (VSMC) were
isolated from the thoracic aortae of Wistar rats by enzymatic dis-
persion (Chamley et al. 1977). The resulting cells were seeded in
18-mm culture dishes and incubated in a 95% air, 5% CO2 humid-
ified atmosphere at 37°C. Cells were cultured for 5–6 days in Dul-
becco’s modified Eagle’s media (DMEM) supplemented with 10%
heat-inactivated fetal calf serum, 10 U/ml penicillin, and 100
mg/ml streptomycin. Culture medium was then removed every
other day and VSMC subcultured by treatment with 0.05% trypsin,
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0.02% EDTA. For binding experiments, VSMC were seeded on
24-well cluster plates (2 × 104 cells/well) and grown to confluence
(6–8 days after plating; 2–3 × 105 cells/well). The culture medium
was removed and confluent VSMC (2 × 105 cells) were washed
twice with 1 ml ice-cold balanced salt solution (BSS) containing
(mM): NaCl 146; KCl 4; MgCl2 2; CaCl2 0.5; glucose 10; bovine
serum albumin 0.1% and HEPES 10 (adjusted to pH 7.4 with TRIS
base). Incubations were carried out in a total 250-µl volume of
BSS containing [3H]spiperone (0–30 nM) in the absence or pres-
ence of γ-mangostin (0–10 nM). Triplicate incubations were car-
ried out at 20°C for 60 min and were terminated by the addition of
1.7 ml ice-cold BSS. Cells were then rapidly washed 5 times with
1.7 ml ice-cold BSS followed by solubilization of the cells, where-
after cell-bound radioactivity was measured by scintillation count-
ing. Nonspecific binding of [3H]spiperone was defined as the total

binding measured in the presence of 10 µM ketanserin. Protein
concentration was determined by the method of Bradford (1976),
using bovine serum albumin as a standard.

Chemicals. The following drugs were used; 5-hydroxytryptamine
creatinine sulphate complex, phosphate buffered saline tablets,
carbamylcholine chloride (carbachol) and bovine serum albumin
(Sigma, St. Louis, Mo., USA), phenylephrine (Wako, Osaka,
Japan), ketanserin tartrate and methysergide maleate (Research
Biochemicals Incorporated, Mass., USA), DMEM (Nissui Phar-
maceutical, Tokyo, Japan), streptomycin sulphate (Meiji Seika,
Tokyo, Japan), penicillin (Banyu Pharmaceutical, Tokyo, Japan),
fetal calf serum (JRH Biosciences Lenexa, Kansans, USA), 5-
methoxytryptamine (Research Organics, Ohio, USA) and ADP
disodium salt (Oriental Yeast, Tokyo, Japan). [3H]Spiperone (15
Ci/mmol) was purchased from Du Pont New England Nuclear
(Boston, Mass., USA). γ-Mangostin (Fig. 1) was obtained from the
fruit hull of G. mangostana L. as previously reported (Jefferson et
al. 1970). The fruit hull of G. mangostana L. was crushed and
soaked in methanol. The methanol extract was purified by silica
gel chromatography to give γ-mangostin. γ-Mangostin was dis-
solved in dimethyl sulphoxide of which the final concentration was
kept below 1% (v/v) in all experiments. In the control experiments,
dimethyl sulphoxide was added instead of the solution of γ-man-
gostin to minimize the effect of the vehicle solvent. Other chemi-
cals or drugs were of reagent grade or of the highest quality avail-
able.

Data analysis. Data are presented as means ± SEM. Statistical
analyses were done by means of Student’s t-test. A P value of less
than 0.05 was considered a significant difference.

Results

Effects of γ-mangostin 
on the mechanical responses of the rabbit aorta

5-HT (1–1000 µM) caused concentration-dependent con-
traction in the rabbit aorta with a pD2 of 5.7 (n = 8) (Fig.
2A). The contractile response to 5-HT was antagonized
concentration dependently by γ-mangostin (0.03–0.3 µM)
without depression of the maximal response. The Schild
plot of the data revealed the pA2 value to be 8.2 and the
slope of the regression line (0.998) was not significantly
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Fig. 1 The chemical structure of γ-mangostin

Fig. 2 A, B Effects of γ-mangostin on the mechanical responses to
5-HT in the rabbit aorta. A Concentration/response curves to 5-
HT-induced contraction in the absence (p) and presence of γ-man-
gostin (P 0.03, m 0.1, L 0.3 µM). γ-Mangostin was added 10 min
before the stimulation by 5-HT. Inset, Schild plot for the antago-
nism of 5-HT by γ-mangostin. B Concentration/response curves to
5-HT-induced relaxation in the absence (p) and presence of γ-
mangostin (P, 5 µM) or methysergide (m, 1 µM). Tissues were
treated with ketanserin (1 µM) for 10 min and then precontracted
with prostaglandin F2α (10 µM). After contraction had stabilized,
5-HT-induced relaxation was obtained. The response to 5-HT is
expressed as a percentage of the contraction induced by prostag-
landin F2α (10 µM). µ-Mangostin or methysergide was added 10
min before the addition of ketanserin. Each point is the mean of at
least eight experiments and vertical bars are SEM



different from unity, indicating that the affinity of γ-man-
gostin for the 5-HT2A receptor was almost same as that of
ketanserin, a potent 5-HT2A receptor antagonist (pA2 =
8.7) (Rinaldi-Carmona et al. 1992). On the other hand, 5-
HT caused concentration-dependent relaxation of the
aorta precontracted by prostaglandin F2α (10 µM) in the
presence of 1 µM ketanserin (Fig. 2B). Methysergide 
(1 µM) which blocks the 5-HT1 and 5-HT2 receptors 
abolished the relaxation, but γ-mangostin (5 µM) did not
affect it. Furthermore, the concentration/response curves
for KCl (5–300 mM, a pD2 value of 1.64), phenylephrine
(10 nM–30 µM, a pD2 value of 6.64) and histamine 
(0.1 µM–400 µM, a pD2 value of 5.51) were unaffected
by γ-mangostin (5 µM).

Effect of γ-mangostin on the pressure response 
of the coronary artery in Langendorff-perfused rat hearts

To investigate the effect of γ-mangostin on the coronary
artery, isolated rat hearts mounted on the Langendorff per-
fusion apparatus were perfused retrogradely through the
aorta at constant flow and the pressure response of coro-
nary artery monitored (Fig.3). A flow rate of 2 ml/min
produced a perfusion pressure of 54 ± 8 mmHg (n = 4),
which was monitored through a branch of the aortic can-
nula. Perfusion with buffer containing 5-HT (10 µM)
caused an increase in the pressure up to 79 ± 13 mmHg (n
= 4) (Fig. 3A, traces a and c). The increase in pressure
was abolished not only by γ-mangostin (1 µM) (trace b)
but also by ketanserin (0.1 µM) (trace d). The IC50 value
for γ-mangostin and ketanserin were 0.32 and 0.04 µM re-
spectively (Fig. 4).

Effects of γ-mangostin on the mechanical responses 
of the rat stomach fundus and guinea-pig ileum

γ-Mangostin antagonized neither the contractile response
produced by 5-HT in the rat stomach fundus (pD2 value of
8.01) nor that in the guinea-pig ileum (pD2 value of 5.82)

at a concentration as high as 5 µM. Furthermore, carba-
chol-induced contraction of the ileum (pD2 value of 6.01)
was not affected by 5 µM γ-mangostin.

Effect of γ-mangostin on the aggregation of rabbit platelets

5-HT can amplify the platelet aggregation response to
several aggregation agents including ADP. As shown in
Fig.5, γ-mangostin induced a concentration-dependent in-
hibition of the platelet aggregation produced by the com-
bination of 5-HT (1 µM) and ADP (1 µM) (IC50 = 0.29
µM). However, γ-mangostin (up to 1 µM) did not affect
thrombin (0.1 U/ml)-induced platelet aggregation.

Effect of γ-mangostin on [3H]spiperone binding 
to cultured rat aortic smooth muscle cells

γ-Mangostin inhibited 5-HT2A receptors in both platelets
and vascular smooth muscles. Receptor-binding analysis
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Fig.3 a–d Typical recordings
of the effects of 5-HT, γ-man-
gostin and ketanserin on perfu-
sion pressure of isolated rat
hearts mounted on the Langen-
dorff perfusion apparatus. Iso-
lated rat hearts were perfused
with Krebs’ Ringer bicarbonate
buffer via the aorta for a 30-
min preequilibration at a con-
stant 2 ml/min. After stabiliz-
ing the perfusion pressure, 10
µM 5-HT was applied for 8
min (a, c) and then 5-HT was
removed by perfusing with
fresh buffer. After a 30-min-in-
terval, 10 µM 5-HT was reap-
plied followed by the addition
of 1 µM γ-mangostin (b) or 0.1
µM ketanserin (d)

Fig.4 Concentration-dependent effects of γ-mangostin and ke-
tanserin on the 5-HT-induced increase in the perfusion pressure of
isolated rat hearts mounted on the Langendorff perfusion appara-
tus. Various concentrations of γ-mangostin (p) or ketanserin (P)
were applied 10 min before addition of 5-HT (10 µM). 5-HT-in-
duced increase in the perfusion pressure in the absence of γ-man-
gostin was taken as 100% (control). Each point is the mean of at
least four experiments and vertical bars are SEM



was then carried out to investigate the interaction of γ-
mangostin with 5-HT2A receptors. Figure 6 illustrates the
effects of ketanserin and γ-mangostin on the specific bind-
ing of [3H]spiperone to rat aortic smooth muscle cells. Ke-
tanserin inhibited concentration dependently the [3H]spi-
perone binding (IC50 = 0.71 nM). γ-Mangostin also inhib-
ited the binding with an IC50 of 3.5 nM. Although γ-man-
gostin is less potent than ketanserin, the slope of the bind-
ing inhibition curve for γ-mangostin seemed to be steeper
than that for ketanserin. The dependence of [3H]spiperone
binding on free [3H]spiperone concentrations in the pres-
ence or absence of γ-mangostin (3 nM) is illustrated in

Fig.7A. Specific binding of [3H]spiperone to the cells
was saturable. Scatchard analysis shows that [3H]spiper-
one bound to a receptor site with a Kd of 11.7 nM and a
Bmax of 447 fmol/mg (Fig. 7B). γ-Mangostin (3 nM) in-
creased the Kd to 27.4 nM without affecting Bmax. These
results clearly indicate that γ-mangostin competitively in-
hibited [3H]spiperone binding to the 5-HT2A receptor.

Discussion

Both of 5-HT-induced contraction of vascular smooth
muscle such as the rabbit aorta and 5-HT-amplified, ADP-
induced platelet aggregation are reportedly mediated by
the activation of 5-HT2A receptors (Clancy and Maayani
1985; Feniuk et al. 1985; De Clerck et al. 1984; Cook et
al. 1994). The activity of γ-mangostin on 5-HT receptors
was assessed by measuring its ability to block the me-
chanical/responses of smooth muscles. In the rabbit aorta,
γ-mangostin caused concentration-dependent inhibition of
5-HT-induced contraction without affecting contractions
induced by KCl, phenylephrine or histamine. γ-Mangostin
had no effect on the carbachol-induced contraction of the
guinea-pig ileum. In the isolated rat heart, the perfusion
pressure, an indicator of the contractile state of coronary
artery, was markedly increased by 5-HT and the increase
was diminished in the presence of γ-mangostin or ke-
tanserin (5-HT2A antagonist). In addition to the ability of
γ-mangostin to inhibit contractile response of vascular bed
to 5-HT, γ-mangostin blocked the 5-HT-amplified, ADP-
induced aggregation of the rabbit platelets without affect-
ing the thrombin-induced aggregation. Furthermore, the
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Fig. 5 Effects of γ-mangostin on the 5-HT-amplified, ADP-in-
duced and on the thrombin-induced platelet aggregation. γ-Man-
gostin was added 10 min before addition of 5-HT (1 µM) or throm-
bin (0.1 U/ml) in the presence of 1 mM Ca2+. ADP (1 µM)-induced
aggregation in the presence of 5-HT (p) and thrombin-induced
one (P) were determined. Platelet aggregation in the absence of γ-
mangostin was taken as 100% (control). Each point is the mean of
at least four experiments and vertical bars are SEM

Fig. 6 Concentration/inhibition curve for γ-mangostin and ke-
tanserin in [3H]spiperone binding to rat aortic smooth muscle cells.
Cultured rat aortic smooth muscle cells were incubated with 1 nM
[3H]spiperone for 60 min at 20°C. Total binding was measured in
the presence of ketanserin (p) or γ-mangostin (P). Nonspecific
binding in the presence of 10 µM ketanserin has been subtracted
from the results. Specific binding in the absence of these drugs was
31.5 ± 2.1 fmol/mg protein. Each point is the mean of at least three
experiments and vertical bars are SEM

Fig.7 A, B Binding of [3H]spiperone to rat aortic smooth muscle
cells in the presence or absence of γ-mangostin. Cultured rat aortic
smooth muscle cells were incubated with [3H]spiperone (1 to 30
nM) for 60 min at 20°C. Nonspecific binding in the presence of 10
µM ketanserin has been subtracted from the results. Each point is
the mean of at least three experiments and vertical bars are SEM.
A [3H]Spiperone binding [B] was measured in the absence (p) or
presence of 3 nM γ-mangostin (P) and are shown as a function of
the free [3H]spiperone concentration [F]. B Scatchard plot of a rep-
resentative experiment of [3H]Spiperone binding in the presence
(P) or absence (corc) of 3 nM γ-mangostin



binding of [3H]spiperone, a potent 5-HT2A antagonist, to
rat aortic smooth muscle cells was inhibited by γ-man-
gostin. These results suggest that γ-mangostin blocks the
5-HT2A receptor without affecting other receptors such as
histamine H1, α1-adrenergic and muscarinic M3 acetyl-
choline receptors in smooth muscles and platelets.

To examine the selectivity of γ-mangostin in the 5-HT
receptor subtypes, we investigated the effects of γ-man-
gostin on 5-HT-induced contraction of the rat fundus or
guinea-pig ileum and the 5-HT-induced relaxation of the
rabbit aorta precontracted by prostaglandin F2α. The re-
ceptor mediating the contractile response to 5-HT in the
rat fundus is classified as the 5-HT2B receptor (Baxter et
al. 1994; Wainscott et al. 1996). The guinea-pig ileum has
several subtypes of 5-HT receptors including 5-HT3 re-
ceptors (Eglen et al. 1992; Ramirez et al. 1994). The ef-
fect of γ-mangostin on the 5-HT3 receptor in the guinea-
pig ileum was therefore investigated in the presence of
blockers for 5-HT1, 5HT2 and 5-HT4 receptors (5-methoxy-
tryptamine and methysergide). 5-HT caused the relaxation
of the aorta via a 5-HT1 receptor in the presence of ke-
tanserin (Fig. 2). γ-Mangostin affected neither the contrac-
tile response of the fundus via the 5-HT2B receptor nor the
ileum via the 5-HT3 receptor nor the relaxation of the
aorta via the 5-HT1 receptor. γ-Mangostin was thus less
potent at other subtypes of 5-HT receptors, apart from 5-
HT2A. On the basis of these results, it is suggested that γ-
mangostin is a potent and selective 5-HT2A receptor an-
tagonist.

We investigated the effect of γ-mangostin on the bind-
ing of [3H]spiperone to 5-HT2A receptors in cultured rat
aortic smooth muscle cells, because [3H]spiperone has
been used extensively to analyse the properties of 5-HT2A
receptors (Sleight et al. 1996; Abbott et al. 1996). γ-Man-
gostin caused concentration-dependent inhibition of the
binding of [3H]spiperone to the 5-HT2A receptors with an
IC50 of 3.5 nM. Scatchard plot analysis of the [3H]spiper-
one binding showed that γ-mangostin increased the Kd
value without affecting Bmax. These results indicate a
competitive mode of inhibition by γ-mangostin. However,
we could not exclude the possibility of cooperativity at
the γ-mangostin binding sites, because the slope of the
binding inhibition curve for γ-mangostin seemed to be
steeper than expected from simple competition. Detailed
analysis of the mechanism of inhibition by γ-mangostin is
in progress.

Many 5-HT receptor antagonists with a nitrogen atom
in the molecule have been synthesized, suggesting that ni-
trogen atom is essential for the 5-HT receptor blocking
activity (Hoyer et al. 1994). It is thus significant that γ-
mangostin has no nitrogen atom but possesses remarkable
5-HT2A receptor blocking activity. γ-Mangostin (pA2 =
8.2) and ketanserin (pA2 = 8.7) (Rinaldi-Carmona et al.
1992) have similar affinities for the 5-HT2A receptor in the
rabbit aorta. Whereas ketanserin not only blocks 5-HT2A
receptors but also α1-adrenergic receptors (Balasubrama-
niam et al. 1993), γ-mangostin blocked the 5-HT2A recep-
tor without affecting the α1-adrenergic receptor. There-
fore, γ-mangostin is probably superior to ketanserin as se-

lective 5-HT2A receptor antagonist. We have succeeded in
identifying γ-mangostin as a lead for the development of
5-HT2A receptor antagonists lacking a nitrogen atom.

In conclusion, γ-mangostin is a promising lead com-
pound for the development of a novel type of competitive
antagonists for 5-HT2A receptors in vascular smooth mus-
cle cells and platelets.
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