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Introduction

Platelets play an important role in hemostasis during 
tissue injury. They interact with activated plasma clot-
ting factors at the site of blood vessel injury, forming 
a mechanical plug which blocks the defect and termi-
nates blood loss (Harker & Mann, 1992). They have also 
been implicated in the formation of rapidly progressing 
atherosclerotic lesions, and play a key role in acute arte-
rial thrombosis (Gibbins, 2004). Platelet aggregation is 
induced by the action of endogenous agonists such as 
arachidonic acid (AA), adenosine diphosphate (ADP), 
platelet activating factor (PAF), thrombin, and collagen 
(Arita et al., 1989).

Aspirin has been the drug of choice for the long-term 
treatment of platelet hyperactivity, especially to reduce 
the risk of serious ischemic events in several cardiovas-
cular disease states including stroke, myocardial infarc-
tion, unstable angina, and following coronary artery 
bypass surgery. Aspirin usage is associated with aspirin 

resistance and serious side effects such as gastric hem-
orrhage (Lloyd & Bochner, 1996). Clopidogrel and ticlo-
pidine still have considerable limitation in their mode of 
action and efficacy (Gresele & Agnelli, 2002). Thus, the 
search for more potent and safer non-aspirin platelet 
inhibitors has continued.

In recent years, phenolic compounds 
(Nurtjahja-Tjendraputra et  al., 2003), oxygenated 
xanthones (Chung et  al., 2002), coumarins (Tsai et  al., 
1998), isothiocyanates (Morimitsu et  al., 2000), a diter-
pene (Shen et al., 2000), quinines (Liao et al., 2000), pre-
nylflavonoids (Lin et al., 1993a), and alkaloids of diverse 
chemical structures (Jantan et al., 2006), which have been 
isolated from various plants, have shown potent antiplate-
let activity.

The ability of compounds from several Guttiferae spe-
cies to displace [3H]PAF-specific binding from washed 
rabbit platelets was reported earlier (Jantan et al., 2001a, 
2001b, 2002). In the present study, the methanol extracts 
of these plants showed strong antiplatelet activity in 
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Abstract
Twenty compounds isolated from Calophyllum inophyllum L., C. inophylloides King, Garcinia opaca King, 
G. bancana Miq., and G. parvifolia Miq. (Guttiferae) were evaluated for their ability to inhibit platelet 
aggregation in human whole blood induced by arachidonic acid (AA), collagen, and adenosine diphos-
phate (ADP). The compounds inhibited platelet aggregation in a dose-dependent manner. Among the 
compounds tested, 2-(3-methylbut-2-enyl)-1,3,5-trihydroxyxanthone and 2-(3-methylbut-2-enyl)-1,3,5,6-
tetrahydroxyxanthone showed strong inhibitory activity on platelet aggregation induced by AA with IC50 
values of 115.9 and 113.0 μM, respectively. Rubraxanthone showed inhibitory activity against aggregation 
caused by the three inducers, and was the most effective antiplatelet compound against collagen-induced 
platelet aggregation with an IC50 value of 47.0 μM. Macluraxanthone, GB-1a, pyranoamentoflavone, and a 
neoflavonoid showed selective inhibitory activity on platelet aggregation induced by ADP.
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human whole blood in vitro. The authors investigated the 
antiplatelet activity of compounds from five Guttiferae 
species, namely, Calophyllum inophyllum L., C. inophyl-
loides King, Garcinia opaca King, G. bancana Miq., and 
G. parvifolia Miq.

Materials and methods

The compounds were previously isolated from 
Calophyllum inophyllum, C. inophylloides, Garcinia 
opaca, G. bancana, and G. parvifolia (Goh & Jantan, 
1991; Goh et al., 1992a, 1992b; Jantan & Goh, 1995; Jantan 
et  al., 2002). Collagen, ADP, and AA were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). The 
use of human whole blood in this study was approved 
by the Ethics Committee of the Universiti Kebangsaan 
Malaysia. Healthy volunteers were recruited based on 
the criteria that they were non-smokers and had not 
taken any medications within the last 2 weeks, including 
aspirin, and had not taken any food within the last 8 h.

Whole blood (20 mL) of a subject was collected in a 
vacutainer containing 3.8% sodium citrate (9:1, v/v) and 
thoroughly mixed by inverting the vacutainer several 
times. The blood sample was then diluted with normal 
saline in the ratio of 1:1. The dried methanol extracts and 
the isolated compounds were each dissolved in dime-
thyl sulfoxide (DMSO) to obtain concentrations of 20, 
10, 5, and 2.5 g/L. Each sample (5 L) was added to a 
cuvette containing diluted whole blood, and the mixture 
was incubated for 4 min at 37°C prior to the addition of 
AA (0.5 mM), ADP (10 M), or collagen (2 g/mL). The 
total volume of the mixture was 1 mL. The final concen-
trations of the sample in the mixture were 100, 50, 25, and 
12.5 g/mL. The platelet aggregation was measured by a 
whole blood Lumi-Aggregometer (Chrono-Log Corp., 
Havertown, PA) using an electrical impedance method 
(Ingerman-Wojenski & Silver, 1984). The mean platelet 
aggregation in whole blood was measured as a change 
in impedance over 6 min after the addition of inducer 
by comparison to that of a control group impedance 
(Challen et al., 1982). A mixture containing 0.5% DMSO 
in diluted whole blood was used as control. Aspirin, a 
potent cyclooxygenase inhibitor, was used as a positive 
control in the bioassay (Lloyd & Bochner, 1996). The 
final concentration of DMSO in whole blood was 0.5% to 
eliminate the effect of the solvent on aggregation (Dong 
& Chen 1998).

The percentage inhibition of platelet aggregation was 
calculated as follows:
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Each sample was measured in triplicate and the data are 
presented as mean ± SE. A one-way analysis of variance 

(ANOVA) was used for multiple comparison, and if sig-
nificant variation occurred between treatment groups, 
the mean values for inhibitors were compared with 
those for controls by Student’s t-test; p values of 0.05 or 
less were considered to be statistically significant. The 
IC

50
 values, that is, the concentrations of the compounds 

required to inhibit aggregation by 50%, were obtained 
from at least three determinations.

Results and discussion

In the present study, the methanol extracts of 
Calophyllum inophyllum, C. inophylloides, Garcinia 
opaca, G. bancana, and G. parvifolia showed strong 
antiplatelet aggregation activity at 100 µg/mL in human 
whole blood in vitro, with all extracts exhibiting about 
90–96% inhibition. Twenty compounds isolated from 
these species were investigated for their effects on platelet 
aggregation of human whole blood. Table 1 shows the 
inhibitory effects of the compounds at various concen-
trations. The compounds inhibited platelet aggregation 
in a dose-dependent manner, i.e. as the concentration of  
the compound increased the percentage inhibition 
increased. The structures of compounds with significant 
antiplatelet effects are shown in Figure 1.

Except for isocowanol (13), which showed no obvious 
activity on platelet aggregation at 100 µg/mL, all the other 
xanthones (compounds 1–9) showed marked inhibitory 
effects on platelet aggregation caused by one, two, or all 
three inducers. The results of this study are in agreement 
with previous studies, which reported that many xan-
thones showed marked antiplatelet effects (Teng et al., 
1989; Lin et  al., 1993b; Chung et  al., 2002). Quercetin 
(15) moderately inhibited platelet aggregation with all 
the aggregant agents, whereas its 3-O-rhamnoside and 
kaempferol-3-O-rhamnoside showed slight antiplatelet 
effects. In fact, the antiplatelet activity of the flavonoid 
quercetin is well known, and has been widely inves-
tigated (Guglielmone et  al., 2005). Among the three 
biflavonoids, pyranoamentoflavone (11) and GB-1a 
(12) exhibited selective inhibitory activity on platelet 
aggregation induced by ADP, but amentoflavone (14) 
showed minimum activity. The neoflavonoid (10) also 
showed selective inhibitory activity on platelet aggrega-
tion induced by ADP.

The IC
50

 values of the compounds with antiplatelet 
activity are shown in Table 2. 2-(3-Methylbut-2-enyl)-
1,3,5-trihydroxyxanthone (5) and 2-(3-methylbut-2-
enyl)-1,3,5,6-tetrahydroxyxanthone (6) showed strong 
inhibition on platelet aggregation induced by AA, 
with IC

50
 values of 115.9 and 113.0 M, respectively. 

Structure–activity analysis of xanthones revealed that 
a prenyl group at C-2 may be important with regard 
to its relatively strong antiplatelet activity. However, 
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Table 1.  Percentage inhibition of isolated compounds from Guttiferae species on platelet aggregation in human whole blood induced by 
arachidonic acid (AA) (0.5 mM), collagen (2 g/mL), and adenosine diphosphate (ADP) (10 M).

Compound Concentration (µg/mL) AA Collagen ADP

4-Hydroxyxanthone (1) 100 22.2 ± 0.0 18.2 ± 0.6 100.0 ± 0.0c

50   57.1 ± 0.9

25   35.7 ± 0.7

12.5   21.4 ± 0.4

1,3,7-Trihydroxyxanthone (2) 100 77.3 ± 2.3b 30.8 ± 0.6 85.7 ± 1.4a

1,3,6,7-Tetrahydroxyxanthone (3) 100 100.0 ± 0.0b 34.6 ± 0.6 21.2 ± 0.7

6-Deoxyjacareubin (4) 100 53.6 ± 0.6 10.6 ± 0.9 18.6 ± 0.8

2-(3-Methylbut-2-enyl)-1,3,5-trihydroxyxanthone (5) 100 72.2 ± 0.9a 33.7 ± 3.5 18.1 ± 1.2

50 55.6 ± 1.7   

25 37.0 ± 0.8   

12.5 33.3 ± 1.1   

2-(3-Methylbut-2-enyl)-1,3,5,6-tetrahydroxyxanthone (6) 100 100.0 ± 0.0c 59.1 ± 2.1 100.0 ± 0.0a

50 50.0 ± 0.6 36.4 ± 0.5 55.7 ± 1.4

25 30.0 ± 1.2 18.2 ± 0.8 28.6 ± 1.0

12.5 10.0 ± 1.0 4.6 ± 1.3 14.3 ± 0.7

2-(3-Hydroxy-3-methylbutyl)-1,3,5,6-tetrahydroxyxanthone (7) 100 61.1 ± 0.0c 36.0 ± 0.6 78.6 ± 1.1b

Macluraxanthone (8) 100 28.6 ± 0.7 7.7 ± 1.4 100.0 ± 0.3a

50   85.7 ± 1.4

25   57.1 ± 1.0

12.5   21.4 ± 0.7

Rubraxanthone (9) 100 55.6 ± 0.0b 100.0 ± 0.0a 100.0 ± 0.0c

50 33.3 ± 1.4 90.9 ± 1.0 64.3 ± 1.2

25 22.2 ± 1.0 63.6 ± 0.5 28.6 ± 0.8

12.5 11.1 ± 0.7 27.3 ± 0.4 10.0 ± 0.4

Neoflavonoid (10)* 100 25.0 ± 0.7 3.6 ± 1.0 57.1 ± 1.0a

50   28.6 ± 1.2

25   14.3 ± 1.0

12.5   7.0 ± 0.7

Pyranoamentoflavone (11) 100 11.1 ± 0.6 41.8 ± 2.1 57.1 ± 0.7c

50   50.0 ± 1.2

25   42.9 ± 1.0

12.5   7.1 ± 0.7

GB-1a (12)† 100 23.8 ± 0.6 15.4 ± 2.1 100.0 ± 0.0a

 50   42.9 ± 1.2

25   21.4 ± 1.0

12.5   14.3 ± 0.0

Isocowanol (13) 100 16.7 ± 0.0 18.2 ± 0.9 20.0 ± 2.1

Amentoflavone (14) 100 10.0 ± 0.0 31.7 ± 2.1 38.1 ± 0.6

Quercetin (15) 100 75.6 ± 0.7c 73.5 ± 1.0c 85.7 ± 1.0b

Quercetin 3-O-rhamnoside (16) 100 28.6 ± 8.0 25.0 ± 0.7 28.6 ± 0.7

Kaempferol 3-O-rhamnoside (17) 100 28.6 ± 2.8 42.5 ± 0.7 7.1 ± 2.0

-Sitosterol (18) 100 19.0 ± 0.7 37.5 ± 1.0 4.7 ± 0.6

Friedelin (19) 100 8.3 ± 0.7 35.7 ± 2.4 21.4 ± 1.5

Canophyllol (20) 100 8.3 ± 1.1 35.7 ± 1.8 7.1 ± 1.1

Aspirin 25 100.0 ± 0.0 31.3 ± 0.7 42.9 ± 1.0

12.5 70.1 ± 0.7   

6.25 60.5 ± 0.5   

3.13 36.5 ± 1.0   

Aspirin was used as a positive control. Concentration of aspirin in reaction mixture: 25 µg/mL. Values are presented as mean ± SE (n = 3); ap < 0.05, 
bp < 0.01, and cp < 0.001 as compared with the respective control.
*Neoflavonoid: (+)-(2R, 3S, 16S)-2,3-dimethyl-5-hydroxy-6-(3-methylbut-2-enyl)-7-methoxy-8-(2-carboxyl-1-phenylethyl)-2,3-dihydrobenzopyran.
†GB-1a: 5,7,4′,5″,7″,4′″-hexahydroxy[3–8″]biflavanone.
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hydroxylation of the prenyl group (i.e., compound 7) 
significantly increased the IC

50
 value. Cyclization of the 

prenyl group of compound 5 to form a chromene ring sub-
stituted at C-2 and C-3 resulted in an increase in IC

50
 value 

(i.e., compound 4). The IC
50

 values of all the compounds 
evaluated were higher than that of aspirin (27.3 M).

Inhibition of platelet aggregation induced by the 
agonists may be related to the hydroxylation pattern of the 
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Figure 1.  Structures of compounds from Guttiferae species with significant antiplatelet aggregation effects.
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xanthone ring. Tetraoxygenated xanthone (compound 3) 
showed a higher antiplatelet effect than the trioxygen-
ated derivative (compound 2), whereas the monooxy-
genated xanthone (compound 1) was not effective 
toward AA-induced aggregation. However, against 
ADP-induced aggregation, 1,3,7-trihydroxyxanthone 
(2) showed significant inhibition with an IC

50
 value 

of 69.5 M, 4-hydroxyxanthone (1) showed selective 
inhibition with an IC

50
 value of 136.2 M, whereas 

1,3,6,7-tetrahydroxyxanthone (3) showed no significant 
inhibition. The antiplatelet activity of compounds 1, 2, 
and 3 against AA- and ADP-induced aggregation was in 
agreement with the results of previous studies in which 
oxygenated xanthones, in general, were significantly 
active against aggregation induced by many agonists 
(Lin et al., 1993b).

Macluraxanthone (8) was the most effective antiplate-
let compound against ADP-induced aggregation, as it 
exhibited an IC

50
 value of 56.0 M. Rubraxanthone (9) 

showed inhibitory activity against aggregation caused by 
all three inducers and was the most effective antiplatelet 
compound against collagen-induced platelet aggrega-
tion with an IC

50
 value of 47.0 M. The presence of a 

geranyl group substituted at C-8 may contribute to its 
relatively strong antiplatelet effect. However, the pres-
ence of a hydroxylated prenyl group at C-4 significantly 
reduced the antiplatelet effect. The neoflavonoid (10) 
and the biflavonoids, pyranoamentoflavone (11) and 
GB-1a (12), showed selective inhibitory activity on 

platelet aggregation induced by ADP with IC
50

 values of 
88.0, 95.1, and 74.4 M, respectively.

The results indicate that various xanthones and fla-
vonoids isolated from Guttiferae species are relatively 
strong inhibitors of platelet aggregation. Further studies 
need to be carried out to investigate the mechanisms of 
action and structure–activity relationships of the active 
compounds and to find the lead structures with maxi-
mum inhibitory activity.

Declaration of interest: This work was supported by 
a grant (IRPA 09202065-EA165) from the Ministry of 
Science, Technology and Innovation, Malaysia.
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