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Abstract

A total of 25 phenolic compounds were studied for
their inhibitory effects against herpes simplex virus
(HSV)-1, HSV-2, and human immunodeficiency virus
(HIV)-1. These include five flavonoids (1–5) and two
dimeric stilbenes (6,7) from Artocarpus gomezianus Wall.
ex tréc., five phloroglucinol derivatives (8–12) from
Mallotus pallidus (Airy Shaw) Airy Shaw, and 13 courmarins
(13–25) from Triphasia trifolia (Burm.f.) P. Wilson. The
data obtained in this study suggest the bis-hydroxyphenyl
structure as a potential target for anti-HSV and HIV
drugs development.

Keywords: Artocarpus gomezianus, bis-hydroxyphenyl,
coumarin, flavonoid, herpes, HIV, Mallotus pallidus,
phenolic, phloroglucinol, Triphasia trifolia.

Introduction

Herpes simplex virus (HSV) is aDNAvirus responsible for
awide range of diseases, ranging fromgingivostomatitis to
keratoconjunctivitis, genital disease, encephalitis, and
infection of newborn and immunocompromised patients
(Jensen et al., 1997). Human immunodeficiency virus
(HIV) is a retrovirus that so far has affected millions of
people worldwide (Derdeyn & Silvestri, 2005). A number
of natural phenolics have been shown to possess antiviral
activities (Fukuchi et al., 1989; Lin et al., 1999; Wu et al.,
2003; Likhitwitayawuid et al., 2005). In this communi-
cation, we report our studies on the anti-HSV and anti-
HIV activities of phenolics obtained from Artocarpus
gomezianus Wall. ex tréc. (Moraceae), Mallotus pallidus

(Airy Shaw) Airy Shaw (Euphorbiaceae), and Triphasia
trifolia (Burm.f.) P. Wilson (Rutaceae).

Materials and Methods

General

Melting points were measured on a Fisher-Johns melting
point apparatus (Pittsburgh, PA). IR spectra were
recorded as KBr disks on a JASCO FT=IR-300E spec-
trophotometer (Tokyo, Japan), and UV spectra were
measured on a Thermospectronic UV-1 spectrophoto-
meter (New York, USA). 1H (500MHz) and 13C
(125MHz) NMR spectra were recorded on a Bruker
DPX 500 spectrometer (Rheinstetten, Germany). EI
mass spectra were obtained with a Fison Micromass
VG Platform II mass spectrometer (Altrincham, UK).

Extraction and isolation

A. gomezianus

The isolation and identification of isocyclomorusin (1),
cycloartocarpin (2), artocarpin (3), norartocarpetin (4),
cudraflavone C (5), artogomezianol (6) and andalasin
A (7) (Fig. 1) have been earlier reported (Likhitwitaya-
wuid et al., 2000; Likhitwitayawuid & Sritularak, 2001).

M. pallidus

The isolation and identification of pallidusol (8),
dehydropallidusol (9), pallidol (10), mallopallidol (11),
and homomallopallidol (12) (Figs. 1 and 2) have
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been previously described (Supudompol et al., 2004;
Likhitiwitaywuid & Supudompol, 2005).

T. trifolia

The leaves were collected from the Medicinal Plants Gar-
den, Faculty of Pharmaceutical Sciences, Chulalongkorn
University, Bangkok, Thailand, in April 2001.A voucher

specimen has been deposited at the Herbarium of the
Faculty of Pharmaceutical Sciences, Chulalongkorn Uni-
versity. Dried and ground leaves (1 kg) were extracted
with hexane. The hexane extract (17 g) was fractionated
on SiO2 with EtOAc-hexane gradient to give nine frac-
tions (I–IX). Fraction II was further separated by
column chromatography (SiO2, hexane-EtOAc gradient)
and then purified by recrystallization from EtOAc to give

Figure 1. Phenolics obtained from M. pallidus and T. trifolia
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Figure 2.
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aurapten (13; 15mg). Fraction IV was subject to gel
filtration chromatography (Sephadex LH-20, CHCl3-
MeOH 1:1) to give four fractions (IVa–IVe). Separation
of fraction IVb on Sephadex LH-20 (MeOH-CHCl3 1:1)
and then on SiO2 (hexane-EtOAc 7:3) gave anisocou-
marin E (16; 6mg). Fraction IVc was separated on a
Sephadex LH-20 (MeOH-CHCl3 1:1) column to give
phellopterin (24; 6mg). Gel filtration chromatography
of fraction IVd (Sephadex LH-20, MeOH-CHCl3 1:1)
gave bergapten (22; 3mg). Fraction VI was fractionated
on SiO2 (hexane-EtOAc gradient) to give nine fractions
(VIa–VIi). Fraction VIb was separated on Sephadex
LH-20 (MeOH) to give isopimpinellin (23; 5mg),
whereas fraction VIc was separated on Sephadex LH-
20 (CHCl3-MeOH 1:1) to give isomeranzin (14; 60mg).
Separation of fraction VIe on Sephadex LH-20
(CHCl3-MeOH 1:1) gave isosibiricin (15; 53mg). Col-
umn chromatography of fraction VIf (Sephadex LH-20,
CHCl3-MeOH 1:1) gave isoponcimarin (17; 9mg). Frac-
tion VIg gave omphamurin (21; 12mg) after separation
on Sephadex LH-20 (MeOH). Fraction VII was fractio-
nated on Sephadex LH-20 (MeOH) to give three frac-
tions (VIIa–VIIc). Fraction VIIa was purified on
Sephadex LH-20 (CHCl3-MeOH) to furnish triphasiol
(18; 30mg), while fraction VIIb was further separated
on Sephadex LH-20 (MeOH) to give byakangelicin (25;
3mg). Fraction VIII was subjected to column chromato-
graphy (SiO2, hexane-EtOAc) to give five fractions
VIIIa–VIIIe). Fraction VIIId was separated on Sephadex
LH-20 (CHCl3-MeOH 1:1) to give mexoticin (19; 3mg)
and meranzin hydrate (20; 7mg). Identification of these
isolates was carried out by comparison of their NMR
and MS data with reported values for aurapten (13)
(Chen et al., 1995), isomeranzin (14) (Abaul et al.,
1994), isosibiricin (15) (Imai et al., 1989; Chen et al.,
1995; Kinoshita et al., 1996), anisocoumarin E (16)
(Ngadjui et al., 1989), isoponcimarin (17) (Guiotto
et al., 1976), triphasiol (18) (Abaul et al., 1994;
Ruangrungsi et al., 1994), mexoticin (19) (Ruangrungsi
et al., 1994), meranzin hydrate (20) (Ruangrungsi et al.,
1994), omphamurin (21) (Wu, 1981; Kinoshita et al.,
1996), bergapten (22) (Bergendorff et al., 1997), isopim-
pinellin (23) (Basnet et al., 1993), phelloterin (24)
(Bergendorff et al., 1997) and byakangelicin (25)
(Fujioka et al., 1999).

Anti-HSV activity evaluation

Assays of anti-HSV activity

Antiviral activity against HSV-1 (Strain KOS) and HSV-
2 (Strain 186) was determined using the plaque reduction
method, as previously described (Likitwitayawuid et al.,
2005). Briefly, virus (30 PFU=25 ml) was mixed with
25 ml of complete medium containing various concentra-
tions of test compound and then incubated at 37�C for

1 h. After incubation, the mixtures were added to Vero
cells (6� 105 cells=well) in 96-well microtiter plates and
incubated at 37�C for 2 h. The overlay medium contain-
ing the various concentrations of test compound was
added to the Vero cells and incubated at 37�C in humidi-
fied CO2 incubator for 2 days. Then, virus growth inhi-
bition was evaluated by counting the virus plaque
forming on Vero cells compared with the controls. The
cells also were stained with 1% crystal violet in 10% for-
malin for 1 h. The percent plaque inhibition was determ-
ined. Acyclovir was used as positive control.

Assays of anti-HIV activity

Anti-HIV assays were performed in human peripheral
blood mononuclear cells (PBMCs) as earlier reported
(Schinazi et al., 1990). Briefly, uninfected phytohemag-
glutinin-stimulated human PBMCs were infected with
HIV-1 (strain LAV-1) (about 63,000 disintegrations of
reverse transcriptase (RT) activity per minute per 107

cells per 10ml of medium). The test samples were then
added to duplicate or triplicate cultures. Uninfected
and untreated PBMCs were grown in parallel at equiva-
lent cell concentrations as controls. The cultures were
maintained in humidified 5% CO2–95% air incubator
at 37�C for 6 days after infection, at which point all
cultures were sampled for supernatant RT activity. The
supernatant was clarified, and the viral particles were
then pelleted at 40,000 rpm for 30min by using a rotor
and suspended in virus-disrupting buffer. The RT assay
was performed in 96-well microdilution plates by using
(rA)n�(dT)12–18 as the template primer. The RT results were
expressed in disintegrations per minute of originally
clarified supernatant. 30-azido-30-deoxythymidine (AZT)
was employed as positive control.

Cytotoxicity test

Vero cells: Cytotoxicity was evaluated by incubating
Vero cell monolayers with complete medium containing
various dilutions of sample for 72 h at 37�C. Then, cell
cytotoxicity was examined by microscopic observation.

PBMCs: Human PBM cells (5� 104 cells per well)
were seeded in 96-well plates in the presence of increasing
concentrations of the test compound and incubated in an
incubator at 37�C with 5% CO2. After a 5-day incu-
bation, cell viability was measured using the CellTiter
96 Aqueous One Solution cell proliferation assay
(Promega, Madison, WI, USA).

Results and Discussion

Previous chemical studies of A. gomezianus revealed its
phenolic constituents as flavonoids and stilbenoids
(Likhitwitayawuid et al., 2000; Likhitwitayawuid &
Sritularak, 2001; Hakim et al., 2002). Phenolics found in
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M. pallidus are phloroglucinol derivatives (Supudompol
et al., 2004; Likhitwtaywuid & Supudompol, 2005).
T. trifolia is known to produce coumarins as well as a limo-
noid, an alkaloid, and carotenones (Yokoyama & White,
1968; Yokoyama & Guerrero, 1970; Dreyer et al., 1972;
de Silva et al., 1981; Abaul et al., 1994; Ruangrungsi
et al., 1994). Our re-investigation of the constituents of
the leaves of T. trifolia yielded 13 coumarins (13–25).
Compounds 15–17, 21, 22, and 24 were not found in pre-
vious investigations. For antiviral activity studies, all of
the phenolics obtained from A. gomezianus, M. pallidus,
and T. trifolia (1–25) were subjected to anti-HSV and=or
anti-HIV activity evaluation. Assays were conducted
according to previously published protocols for HSV-1
and HSV-2 (Likhitwitayawuid et al., 2005) and HIV-1
(Schinazi et al., 1990), with acyclovir and AZT as posi-
tive controls, respectively. The results are summarized in
Table 1. It can be seen that the most potent antiviral
phenolics in this study are the phloroglucinol dimers 11

and 12, that were obtained from M. pallidus, showing
strong activity against both HSV and HIV. However,

their antiviral activity seemed to be accompanied by tox-
icity, as indicated by their IC50 values in Vero cells
and PBMCs. Prior to this study, dimeric phloroglucinols
from Mallotus japonicus have been studied for HIV-RT
inhibitory activity (Nakane et al., 1991). As for the pheno-
lics from A. gomezianus, flavones 1–5 showed appreciable
activity against HIV, but their inherent toxicity against
PBMCs was also observed. In fact, anti-HIV-RT activities
of flavones have long been recognized (Higuchi et
al., 1991; Vlietnick et al., 1998; Du et al., 2003). Recently,
natural coumarins have received much attention due to
their potent anti-HIV activity observed in preclinal and
clinical studies (Flavin et al.; 1996; Yu et al., 2003). This
prompted us to examine the coumarins obtained from
our chemical study of T. trifolia. However, it was found
that most of them were devoid of antiviral activity, except
for 13, 16, and 24, which exhibited modest anti-HIV
potential.

When the structures of the active compounds were
compared, it could be seen that all, except for 13, 16,
and 24, share the bis-hydroxyphenyl structure as their

Table 1. Antiviral activity of compounds from A. gomezianus, M. pallidus, and T. trifolia.

Anti-viral activity, EC50 (mM) Cytotoxicity, IC50 (mM)

Compound HSV-1 HSV-2 HIV-1 Vero cells PBM cells

1 22.5 22.5 20.6 41.6 84.6
2 ND ND 10.0 ND 15.7
3 ND ND 2.9 ND 41.7
4 ND ND 3.3 ND 26.5
5 ND ND 4.9 ND 19.1
6 NA NA ND ND ND
7 35.2 33.1 ND NA ND
8 NA NA ND ND ND
9 NA NA ND ND ND
10 24.5 61.0 ND NA ND
11 0.1 2.2 7.0 <1.0 1.3
12 1.6 2.9 2.4 <1.0 1.3
13 NA NA 5.7 ND 46.8
14 NA NA NA ND ND
15 NA NA NA ND ND
16 NA NA 23.2 ND 96.8
17 NA NA NA ND ND
18 NA NA NA ND ND
19 NA NA NA ND ND
20 NA NA ND ND ND
21 NA NA NA ND ND
22 NA NA ND ND ND
23 NA NA NA ND ND
24 NA NA 14.2 ND 21.3
25 NA NA NA ND ND
Acyclovir 0.25 2.24 ND >100 ND
AZT ND ND 0.0048 ND >100

EC50 ¼ Concentration that inhibits viral replication by 50%; determined only when the test compound showed >50% inhibition at
100mg=ml. NA ¼ No activity (<50% viral inhibition at 100 mg=ml). IC50 ¼ 50% inhibitory (cytotoxic) concentration against Vero or
PBM cells. ND ¼ not determined.
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common attribute. Flavones 1–5 each contain two OH-
bearing aromatic rings connected through a three-carbon
bridge, whereas dimeric phloroglucinols 11,12 are
bis-hydroxyphenyls with one-carbon linkage. Recently,
bis-hydroxyphenyls with two-carbon bridge such as the
stilbenes resveratrol and oxyresveratrol (26 and 27) have
been reported to exhibit anti-HSV and anti-HIV activity
(Docherty et al., 2004; Likhitwitayawuid et al., 2005).
Thus, it seems that natural bis-hydroxyphenyls with a
connecting bridge composed of 1 to 3 carbon atoms
(i.e., structure 28) tend to possess anti-HSV and=or anti-
HIV activity. It should be mentioned that although
the antiviral flavonoids in this study show recognizable
cytotoxicity, a chalcone possessing anti-HIV activity
with minimal toxicity has been reported (Wu et al.,
2003). Thus, it appears that bis-hydroxyphenyls might
be an attractive target for structure-activity relationship
studies. Bis-hydroxyphenyl analogues with suitable link-
age, appropriate substituents, and correct spatial
arrangement may render new antiviral drugs of the
non-nucleoside type.
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