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Introduction

Enicosanthellum pulchrum (King) Heusden (Annon
aceae) was first discovered at the Coteau area on the  
border of Thailand and Malaysia. It is a coniferous tree 
that can grow up to about 3–5 m tall. E. pulchrum pro
duces green flowers with gentle smell blossom on the 
top. The propagation is quite difficult either by seeding 
or grafting. This tree is confined to mountain forests at 
an altitude of 1200–1500 m (Burkill, 1966; David, 1989). 
Several isoquinoline alkaloids have been isolated from 
this species such as (−)asimilobine, (−)anonaine, 
(−)norliridine, liriodenine and (−)scoulerine (Lavault 

et al., 1990). However, to our knowledge, no biological 
activity of this species has been reported so far.

Plateletactivating factor (PAF), produced by a variety 
of cells such as macrophages, polymorphonuclear neu
trophils (PMN), basophils and platelets, may participate 
in a number of physiological responses, which include 
aggregation (Kuijpers et al., 1991), chemotaxis (Verghese 
et al., 1987), granule secretion, oxygen radical genera
tion from leukocytes and the adherence of leukocytes to 
the endothelium (O’Flaherty et al., 1981; Shaw et al., 
1981; Camussi et al., 1988; Zimmerman et al., 1992). PAF 
is also involved in several pathophysiology of various 
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abstract
Context: Enicosanthellum pulchrum (King) Heusden (Annonaceae) is a coniferous tree that is confined to mountain 
forests. The chemical constituents of this species have been studied previously; however, its biological activity has 
never been investigated before and is reported here for the first time.
Objective: The extracts, fractions and compounds from the roots of E. pulchrum were investigated for their inhibitory 
effects on platelet-activating factor (PAF) receptor binding to rabbit platelets using 3H-PAF as a ligand. 
Materials and methods: The PAF receptor binding inhibitory effect using rabbit platelets was determined in vitro 
by measuring the difference between total amount of bound 3H-PAF in the presence and the absence of excess 
unlabelled PAF. The compounds were isolated by bioassay-guided fractionation and their structures were elucidated 
by spectroscopic techniques. 
Results and discussion: Among the extracts tested, the ethyl acetate extract was the most active with 85.6% inhibition, 
while hexane and methanol extracts showed 40.2 and 42.5% inhibition, respectively. Fractionation of the ethyl acetate 
extract using vacuum liquid chromatography (VLC) yielded six fractions AEA(I-–VI). Chromatography fraction AEA(VI) 
yielded a new compound, 1-(2′,3′,4′-trimethoxyphenyl)hexan-1-ol, while fraction AEA(III) afforded three compounds, 
namely liriodenine, cleistopholine and dehydroanonaine. 1-(2′,3′,4′-Trimethoxyphenyl)hexan-1-ol, cleistopholine 
and dehydroanonaine showed relatively strong inhibition with IC50 values of 26.6, 50.2 and 45.4 µM, respectively. 
Conclusion: The results suggest that these compounds could be responsible for the PAF antagonistic activity of the 
ethyl acetate extract of this plant.
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inflammatory diseases, including asthma, systemic lupus 
erythematosus, rheumatoid arthritis and Crohn’s disease 
(Imarzumi et al., 1995; Zimmerman et al., 2002). The 
development of potent and selective PAF receptor antago
nists has been particularly valuable for studies on the 
pathophysiology of PAF (Feuerstein et al., 1997). A number 
of natural PAF antagonists have been identified including 
ginkgolides from Ginkgo biloba L. (Ginkgoaceae) (Braquet 
et al., 1985), kadsurenone from Piper futokadsurae Sieb.
et Zucc (Piperaceae) (Shen et al., 1985) and gliotoxin 
related products from fungi and actinomycetes (Okomoto 
et al., 1986a,b,c,d,e). Recently, we isolated a potent PAF 
antagonist, 5(Zheptadec4′enyl)resorcinol from Ardisia  
elliptica Thunb. (Myrsinaceae) (Jalil et al., 2004).

In our preliminary screening, the methanol extract of 
the roots of E. pulchrum showed a strong inhibitory effect 
on PAF receptor binding in vitro. This paper reports the 
bioassayguided isolation and structure elucidation of 
a new compound, 1(2′,3′,4′trimethoxyphenyl)hexan
1ol, from E. pulchrum and its effect on the binding of 
3HPAF to washed rabbit platelets.

Materials and methods

General
Centrifuge: Hettich. UV spectrophotometer: Shimadzu. 
Cell harvester: Skatron Co. Liquid Scintillation counter: 
Packard. Vacuum liquid chromatography (VLC): silica gel 
H (10–40 µm). Column chromatography (CC): silica gel 
60 (230–400 mesh), Sephadex LH20. Thinlayer chroma
tography (TLC) and prep. TLC: precoated silica gel 60 F

254.
 

Hexane, ethyl acetate, chloroform (CHCl
3
) and methanol 

(MeOH) used were of analytical grades. Radiolabeled PAF 
(1Oalkyl2acetylsnglycero3phosphocholine, 125 Ci/
mmol) was purchased from Amersham (UK). Unlabeled 
PAF and cedrol were obtained from Sigma Chemical Co. 
(St. Louis, MO, USA). Bovine serum albumin (BSA) was 
purchased from Boehringer Mannheim Co. (Germany). 
Other chemicals were purchased from Merck Co. 
(Germany) and BDH Laboratory Supplies (UK).

Plant material
The roots of E. pulchrum were collected in June, 2007 from 
Cameron Highlands mountain forest, Pahang, Malaysia. 
The plant was identified by Prof. Dr. Kamarudin Mat 
Salleh and a voucher specimen (SM 769) was deposited at 
the Herbarium of the Faculty of Science and Technology, 
Universiti Kebangsaan Malaysia (UKM).

Bioassay-guided isolation
The roots (515 g) were airdried and ground to mesh 
size 40–60 before extracted with hexane, ethyl acetate 
and methanol successively using Soxhlet apparatus. 
Evaporation of the solvents using rotary evaporator gave 
crude hexane, ethyl acetate and methanol extracts, respec
tively. Each extract was tested for PAF receptor binding 
antagonistic activity at a concentration of 18.2 µg mL−1. 
The isolation scheme of the active compounds is shown 

in Figure 1. The ethyl acetate extract (9.3 g) which showed 
the highest inhibition was subjected to VLC over silica gel 
H eluted with hexane–CHCl

3
 to CHCl

3
–MeOH gradient. 

Fractions of 250 mL were collected and combined into 
six fractions AEA (I–VI), according to their TLC profiles. 
All fractions were also tested for PAF receptor binding 
assay. Among them, fraction AEA(VI) and AEA(III) were 
selected for further isolation work. Fraction AEA(VI) was 
chromatographed on silica gel 60 with gradient elution of 
hexane–CHCl

3
–MeOH to yield 40 fractions, AEH(1–40). 

Fraction AEH(3–15) were combined according to their 
TLC profiles and was further purified by preparative TLC 
to afford compound 1 (2.0 mg). Fraction AEA(III) was 
subjected to silica gel 60 column chromatography to give 
21 fractions, AEC(1–21). Combined fractions AEC(13–20) 
was further chromatographed on silica gel 60 eluted with 
hexane–CHCl

3
 and CHCl

3
–MeOH in increasing polar

ity to yield 14 fractions, AED(1–14). Fraction AED(7–10) 
was subjected to preparative TLC to afford compound 2 
(4.0 mg). Fraction AEC(2–9) was rechromatographed on 
silica gel 60 eluted with hexane–CHCl

3
–MeOH to give 15 

fractions, AEE(1–15). Fraction AEE(8–10) was separated 
by radial chromatography to obtain compound 3 (5.0 mg). 
Repeated column chromatography of fraction AEE(6–7) 
afforded compound 4 (2.5 mg). Structural elucidation of 
the compounds was performed by spectroscopic meth
ods and the PAF antagonistic activity of each compound 
was determined.

Preparation of rabbit platelets
Six volume of blood was collected from each New 
Zealand White rabbit, medial ear artery directly into one 
volume of ACD solution (0.15 M Sodium citrate, 0.075 M 
citrate acid, pH 5.2). The procedure was under approval 
of the Animal Ethics Committee of UKM (approval no. 
FSKB/2007/Juriyati/10July/192). The blood was cen
trifuged at 270 × g for 10 min and the top plateletrich 
plasma (PRP) was removed carefully. The PRP was cen
trifuged at 500 × g for 15 min. Then, the platelet pellets 
were washed two times in buffer A (20% ACD solution, 
60% K

2
HPO

4
 buffer, 20% sodium citrate, pH 6.8) and cen

trifuged at 500 × g (15 min), followed by washing in buffer 
B (50 mL K

2
HPO

4
, 0.1 g BSA, pH 7.0) at 50 × g (10 min). The 

top whitish layer was removed and centrifuged at 500 × g 
(15 min) to obtain platelets. The final concentration was 
adjusted to 3 × 108 platelets mL−1.

PAF receptor binding inhibitory assay (PAF assay)
The assay was carried out according to the method 
described previously (Jantan et al., 2001b). Cedrol, a 
known PAF antagonist was used as a positive control (Yang 
et al., 1995), while 0.2% dimethyl sulfoxide (DMSO) in 
normal saline was used as a negative control. Each extract 
(1 mg) was dissolved in DMSO and ethanol (1:1). The 
stock solution was then diluted by a serial dilution with 
normal saline to give final concentration of 18.2, 9.1, 4.5, 
1.8 or 0.9 µg mL−1. The reaction mixtures consisted of 200 
µL of washed rabbit platelet suspension, 25 µL of 3HPAF 
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(2.0 nM) with or without unlabeled PAF (2.0 M), and 25 µL 
of sample or control were incubated at room temperature 
for 1 h. The free and bound ligands were separated by a fil
tration technique using Whatman GF/C glass fiber filters. 
The radioactivity was measured by a scintillation counter. 
The difference between total radioactivities of bound 3H
PAF in the presence and the absence of excess unlabelled 
PAF is defined as specific binding of 3HPAF.

Statistical analysis
The percentage inhibition values are reported as the 
means ± SEM of three separate experiments. Data were 
analyzed using oneway analysis of variance (ANOVA) 
followed by Dunnett’s test to determine statistical signifi
cance. P values less than 0.05 (p < 0.05) were considered as 
statistically significant. The IC

50
 values were determined 

by using Probit analysis with 95% confidence intervals.

results and discussion

The hexane, ethyl acetate, and methanol extracts from 
the roots of E. pulchrum were investigated for their PAF 
receptor binding inhibitory activity on rabbit platelets 

at the concentration of 18.2 μg mL−1. Among them, ethyl 
acetate extract showed the strongest activity with 85.6% 
inhibition, while the methanol and hexane extracts gave 
42.5 and 40.2% inhibition, respectively (Figure 2). The 
ethyl acetate extract was then chromatographed on silica 
gel H using a VLC technique to yield six fractions, AEA(I) 
to AEA(VI). Fraction AEA(V) possessed the highest inhi
bition on PAF receptor binding of 71.2%, followed by 
fraction AEA(VI) with 67.9% inhibition. Other fractions 
displayed moderate inhibitory activity between 40 and 
60% (Figure 3). Isolation work on fraction AEA(V) had not 
led to any pure compound. Therefore, fraction AEA(VI) 
and fraction AEA(III) were selected for detailed chemical 
investigation. Extensive chromatographic separation of 
these fractions had led to the isolation of compounds 1 
from fraction AEA(VI) and compounds 2, 3, and 4 from 
fraction AEA(III) (Figure 4).

The structure of compound 1 was elucidated by 
using 1H NMR and 13C NMR techniques, in combina
tion with EI mass spectrometry. The known alkaloids 
2, 3 and 4 were identified as liriodenine (Guinaudeau 
et al., 1983; Wijeratne et al., 1996), cleistopholine 
(Waterman & Muhammad, 1985; Cave et al., 1987) and 

Figure 1. Isolation scheme for compounds 1, 2, 3, and 4.
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Figure 3. Inhibitory effect of the VLC fractions of the ethyl acetate extract from E. pulchrum on the PAF receptor binding to rabbit platelets 
at 18.2 μg mL−1. F(6, 7) = 19.505, p < 0.05. *No significant difference as compared with cedrol.

Figure 4. Structures of compounds 1–4.

Figure 2. Inhibitory effect of the hexane, ethyl acetate and methanol extracts of the roots of E. pulchrum on the PAF receptor binding to 
rabbit platelets at 18.2 μg mL−1. F(3, 4) = 24.202, p < 0.05. *No significant difference as compared with cedrol.
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dehydroanonaine (Lenz & Koszyk, 1984), respectively, by 
comparison of their physicochemical and spectroscopic 
data with those reported in the literature. Compound 3 
and 4 are reported for the first time from this genus. The 
1H NMR spectrum of compound 1 showed a 9H singlet 
at δ 3.68 attributable to methoxy protons. A signal at δ 
4.12 was assigned to hydroxyl proton bonded to the alkyl 
chain. A doublet (2H, J = 8.8 Hz) was observed at lower 
magnetic field (δ 6.85) indicating the presence of ortho
coupled protons between H5′ with H6′. A part of that, 
the presence of methyl protons as well as methylene 
protons can be observed in the region δ 0.81–0.90 (3H) 
and 1.21–1.70 (8H), respectively. These unsaturated alkyl 
substituent appeared as multiplet at higher magnetic 
field (Table 1). The 13C NMR spectrum showed the pres
ence of carbons corresponding to compound 1. The pres
ence of methyl and methoxy carbons was observed at δ 
14.3 and δ 61.8, respectively. Four signals were detected 
at δ 22.9, 24.9, 29.9 and 32.2, attributable to methylene 
carbons. The signals for oxygenated aromatic carbons 

were observed at 139.0 (C3′), 147.2 (C4′), and 150.3 
(C2′), while signals for nonoxygenated aromatic car
bons were recorded at δ 113.9 (C5′), 114.0 (C1′), and 
126.9 (C6′) (Table 1). The structure elucidation of com
pound 1 was also supported by EI mass spectral data. The 
mass spectrum showed a molecular ion [M]+ at m/z 268 
corresponding to C

15
H

24
O

4
. The spectrum further showed 

the presence of fragment ion peak at m/z 251 which was 
due to the lost of a hydroxyl radical. The peak at m/z 197 
was formed by the lost of a pentyl radical via αcleavage 
at C1/C2. The lost of a propyl radical via C3/C4 cleav
age gave fragment ion peak at m/z 225. Based on these 
spectroscopic data, compound 1 was characterized as 
1(2′,3′,4′trimethoxyphenyl)hexan1ol. Compound 1 is 
a new compound.

PAF receptor binding inhibitory effects of com
pounds 1–4 were evaluated at 18.2 μg mL−1. The results 
showed that compound 1 displayed strong inhibitory 
activity with 75% inhibition, while compound 3 and 
4 gave comparable percentage inhibition of 65.0 and 

Table 1. 1H-NMR and 13C-NMR spectral data of compound 1, 2, 3 and 4.

 
C/H

Compound 1 Compound 2 Compound 3 Compound 4
δ

H
δ

C
δ

H
δ

C
δ

H
δ

C
δ

H
δ

C

1 3.85 t 70.7 − 164.8 − − − 144.7
1a − − − 121.0 − − − 155.7
1b − − − 145.1 − − − −
2 1.21–1.70 m 32.2 − 168.8 8.92 d (4.6) 153.6 − −
3 1.21–1.70 m 22.9 7.20 s 103.5 7.52 d (4.8) 132.8 7.25 s 109.3

3a − − − 136.2 − − − 118.1
4 1.21–1.70 m 29.9 7.78 d (4.0) 124.5 − 151.8 3.36 t    29.9

4a − − − − − 131.5 3.98 t −
5 1.21–1.70 m 24.9 8.89 d (5.5) 140.5 8.38 dd (2.6, 5.8) 127.8 −    39.0
6 0.81–0.90 m 14.3 − − 7.83–7.86 m 134.4 − −

6a − − − 162.0 − − − 143.0
7 − − − 186.2 7.83–7.86 m 134.8 7.14 s 102.4

7a − − − 127.6 − − − 135.5
8 − − 8.59 d (8.0) 129.1 8.28 dd (2.6, 5.1) 127.7 7.48–7.72 m 125.6

8a − − − − − 127.5 − −
9 − − 7.58 dt (8.8, 1.8) 131.5 − 185.0 7.48–7.72 m 129.5

9a − − − − − 150.3 − −
10 − − 7.77 d (8.0) 133.2 − 182.2 7.48–7.72 m 119.4

10a − − − − − 134.1 − −
11 − − 8.66 d (8.4) 128.8 − − 8.85 d (8.1) 128.9

11a − − − 134.2 − − − 123.8
11b − − − − − − − 116.8
11c − − − − − − − 131.0
1´ − 114.0 − − − − − −
2´ − 150.3 − − − − − −
3´ − 139.0 − − − − − −
4´ − 147.2 − − − − − −
5´ − 113.9 − − − − − −
6´ − 126.9 − − − − − −

–OCH
2
O– − − 6.39 s 102.7 − − 6.37 s 101.7

–CH
3
– − − − − 2.93 s 23.1 − −

–OCH
3
– 3.68 s 61.8 − − − − − −

–OH– 4.12 t − − − − − − −
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62.6%, respectively. Compound 2 exhibited the lowest 
inhibitory activity of 40%. Compounds, 1, 3, and 4 were 
further investigated at various concentrations of 18.2, 
9.1, 4.5, 1.8, and 0.9 μg mL−1. The compounds exhib
ited dosedependent responses, that is, as the concen
tration of the compound increased, the percentage 
inhibition increased. The IC

50
 values of compounds 

1, 3, and 4 were 26.6, 50.2, and 45.4 µM, respectively 
(Table 2). The IC

50
 values of these compounds were 

higher than that of cedrol (13.1 µM), but comparable 
to the reported value of ginkgolide J (54 µM) from  
G. biloba (Braquet et al., 1985). The weak activity of 
the compound 2, and relatively strong activity of com
pound 4 were in agreement with the results obtained 
from a previous study on aporphine alkaloids (Jantan 
et al., 2001a). Structure–activity analysis of aporphine 
alkaloids had revealed that the coplanar conformation 
of oxoaporphines (i.e., liriodenine) was not prefer
able in binding to the receptor while the presence of a 
methylenedioxy group at C1 and C2 of compound 4 
(i.e., dehydroanonaine) resulted in a slight increase in 
the binding affinity.

conclusion

The results indicate that 1(2′,3′,4′trimethoxyphenyl)
hexan1ol (1), cleistopholine (3), and dehydro
anonaine (4) isolated from the roots of E. pulchrum 
were relatively strong PAF receptor binding inhibi
tors. Further studies will be carried out on the PAF 
antagonistic activity of derivatives of 1(2′,3′,4′
trimethoxyphenyl)hexan1ol (1) to identify lead mol
ecules for the development of therapeutic agents in a 
variety of inflammation, respiratory, immunological, 
and cardiovascular disorders.
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