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Abstract

Forty-eight ethanol- and 43 water-extracts of 49 traditional Thai medicines were evaluated for antiviral activities
by a plaque reduction assay. For preliminary characterization of the mode of their antiviral action, poliovirus type
1, measles virus and herpes simplex virus type 1 (HSV-1) that are different in nucleic acid component and enveloped
structure were used in this study. Fifty-two, 28 and 29 extracts exhibited inhibitory activities against poliovirus, mea-
sles virus and HSV-1, respectively. Of 29 extracts with anti-HSV-1 activities, the inhibitory activities of Rhinacanthus
nasutus (leaf), Terminalia citrina (fruit) and Thevetia peruviana (leaf) were observed in both ethanol and water ex-
tracts. The ethanol extracts of Derris scandens (leaf) and Plumbago indica (leaf) and the water extract of Capsicum
frutescens (fruit) were active against only HSV-1, suggesting the mechanism of their antiviral action likely unique to
HSV-1 but neither poliovirus nor measles virus. Contrarily, 26 extracts displayed inhibitory activities against
poliovirus and/or measles virus. These findings suggest that the 29 extracts from traditional Thai medicines are po-
tential candidates for anti-HSV agents.

Key words antiviral agent, herpes simplex virus, poliovirus, measles virus, Thai medicinal plant.
Abbreviations ACV, acyclovir; HSV, herpes simplex virus; DMSO, dimethyl sulfoxide; ICso, 50% inhibitory concen-
tration; MEM, minimum essential medium; PFU, plaque forming unit.

treating HSV infection include acyclovir (ACV) and

Introduction

Herpes simplex virus (HSV) is a common human
pathogen that afflicts the majority of the population
worldwide.'® It causes a variety of diseases ranging in
severity from mild to debilitating and life threatening.
After primary infection, HSV establishes latency in sen-
sory and autonomic neurons innervating mucosal mem-
branes.® This location can then serve as a site for
recurrent infection that may be provoked by a number of
stimuli such as sunlight, stress, febrile illnesses, and
immunosuppression. Efficacious drugs approved for

valaciclovir, the most widely used.¥ However, a signifi-
cant risk of drug resistance has been observed during
therapy, especially for chronic infection and for
immunocompromised patients. Therefore, there is a
need to develop new anti-HSV agents that substitute for
or complement acyclovir.

Traditional medicines utilizing herbal plants have
been shown to contain antiviral activities in vitro.>”
Active antiviral compounds isolated from herbal plants
were purified and identified, including polysaccharides,
triterpenes, polyphenols and fatty alcohols.*'¥ For in-
stance, moronic acid and eugeniin were purified from
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extracts of Rhus javanica and Genum japonicum, respec-
tively, that have been used traditionally for treatment of
human diseases.’>'¥ Both compounds displayed inhibi-
tory activities against HSV-1 using a plaque reduction
assay and showed anti-HSV-1 therapeutic activity in an
animal infection model. Kurokawa et al.'¥ demonstrated
that eugeniin inhibited HSV DNA synthesis by interfer-
ing noncompetitively with HSV DNA polymerase activ-
ity and possessed different anti-HSV activity from ACV.
Additionally, it was previously reported that some Thai
medicinal plants such as Centella asiatica and Mangifera
indica were active against HSV.'> These results suggest
traditional medicines as useful sources for the search of
new anti-HSV agents. Hence, this study was carried out
to search potentially anti-HSV candidates from Thai tra-
ditional medicines. Forty-nine Thai medicinal plants that
were widely used in folk medicine to treat various dis-
eases, including gastrointestinal and skin diseases as well
as inflammation were selected. Ethanol and water ex-
tracts prepared from these plants were first examined for
anti-HSV-1, anti-poliovirus and anti-measles virus ac-
tivities in vitro using a plaque reduction assay.
Concentrations of extracts that inhibited 50% anti-HSV-
1 plaque formation (ICso) were then determined. Finally,
the preliminary results of anti-HSV therapeutic efficacy
in mice were also included.

Materials and Methods

Cells and viruses: Vero cells (E6 strain) were grown
in Eagle’s minimum essential medium (MEM) supple-
mented with 5 % (v/v) calf serum in a humidified 5%
CO: incubator at 37°C. The wild-type HSV-1 (7401H
strain), poliovirus type 1 (Sabin strain), and measles
virus (Tanabe strain) were propagated in Vero cells using
a low multiplicity of infection as previously described.”

Preparation of extracts: Dried plants collected from
Songkhla, Thailand were extracted with water and etha-
nol separately as described previously.'® Briefly, five
grams of each dried plant were extracted twice with 100
ml of water or ethanol under reflux for 3 h. The solvents
were removed under reduced pressure to give the respec-
tive dry extracts. For a plaque reduction assay, the dried
extracts were dissolved in dimethyl sulfoxide (DMSO) to
give a concentration of 10 mg/ml and diluted with cul-
ture medium to make its various final concentrations as

described below. The concentration of DMSO in each
culture medium was equal to or less than 1.0 %. One
percent DMSO solution was used as a control. For ad-
ministration to mice, the extracts were dissolved in 0.4
ml of DMSO and then pyrogen-free distilled water was
added to make a final volume of 40 ml for oral admini-
stration.’® One percent DMSO solution was used as a
control for oral administration in the animal experiments.

ACV: ACV was purchased as tablets from Glaxo
Smith Kline K.K., Tokyo, Japan. A tablet (200 mg) was
powdered and suspended in distilled water.

Plaque reduction assay: Duplicate cultures of Vero
cells in 60 mm dishes were infected with 100 plaque
forming units (PFU) of HSV-1, poliovirus, or measles
virus for 1 h at room temperature. Subsequently, cells
were overlaid with 5 ml of nutrient media (MEM, 2%
calf serum and 0.8% (w/v) carboxymethylcellulose) in
either the absence or presence of extracts. Cell cultures
infected with HSV-1, poliovirus, and measles virus were
then incubated for 2, 3 and 5 d at 37°C, respectively.
The infected cells were fixed with a 5% formaldehyde
solution and stained with 0.03% methylene blue.
Numbers of plaques were counted under a binocular mi-
croscope. ICso values were determined from a curve
relating the plaque number to the concentration of sam-
ples.'¥ Additionally, cytotoxicity of extracts was deter-
mined as visible cytotoxicity by comparing the cell
monolayer of treatment with that of the control and
scored as follows: (++) more than 50% of cell detach-
ment as strong cytotoxicity; (+) 50-10% of cell detach-
ment as intermediate cytotoxicity; (1) less than 10% of
cell detachment as weak cytotoxicity; (-) no detachment
of cells as no cytotoxicity.” In the plaque reduction
assay to determine ICso values, cytotoxicity was also
evaluated at concentrations near ICso values using the
visible cytotoxicity. When strong cytotoxicity was ob-
served, plaques were not clear. However, they were
countable in intermediate and weak cytotoxicities as well
as no cytotoxicity.

Cutaneous HSV-1 infection in mice: Female
BALB/c mice (6-week-old, 17-19 g) were purchased
from Sankyo Labo Service Co., Ltd. (Tokyo, Japan).
Mice were cutaneously infected with wild type HSV-1
(1 x 10° PFU/mouse) after scarification of the shaved
right midflank with 27-gauge needles as described previ-
ously.>!® The development of skin lesions and death
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were observed three times daily with the severity of the
lesions being scored as described previously:>'» 0, no
lesion; 2, vesicles in local region; 4, erosion and/or ul-
ceration in local region; 6, mild zosteriform lesion; 8,
10, severe zosteriform
lesion; 12, death. The infected mice were fed and ob-
served for at least 20 d to determine their mortality.

moderate zosteriform lesion;

Results and Discussion

Forty-nine traditional Thai medicines were evalu-
ated regarding their antiviral activities using a plaque re-
duction assay at two concentrations of 50 and 100 ¢ g/ml
(Table I). As reported, the maximal serum concentration
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of D-glucose, a typical chemical with rapid absorption
from alimentary tracts in human, is approximately 300
ng/ml after 10 gram oral administration in human with
diabetes mellitus.'” In addition, some of the low mo-
lecular weight components in extracts may be absorbed
as rapidly and efficiently as D-glucose. Therefore, a 100
©g/ml dose in a plaque reduction assay was used to ex-
amine antiviral activity at putative concentrations in
serum after oral administration. We also used the lower
concentrations (50 1 g/ml) to select extracts that could re-
duce the plaque formation to less than 50%.

To examine the mode of antiviral action of these
Thai medicines preliminarily, three viruses with differ-
ences in nucleic acid component and structure were used

Table I. Antiviral activities of Thai medicinal plants by a plaque reduction assay.

Plaque formation (%)* Cytotoxicity® HSV-1
. . Part Cytotoxicity>®
Botanical name Family used Extract 50 (ug/ml) 100 ( t£g/ml) 50 100 ICso 4 1Cs
HSV-1 Polio Measle HSV-1 Polio Measle #g/ml ug/ml ug/ml
Acacia consinna DC.  Mimosaceae Leaf Ethanol 1102 904 90.0 832 848 762 - -
Water 110.8 993 109.1 1098 713 895 - -
Adhatoda vasica Nees Acanthaceae Leaf Ethanol 94.5 1000 907 914 1000 769 - -
Water 714  89.0 1105 66.7 766 100.7 s *
Alpinia galanga Sw.  Zingiberaceae Rhizo Ethanol 0.03¢ 0.0 22 0.0 0.0 0.0 + ++ 7.0 +
Water 1144 1044 1173 1121 815 1009 - -
Alyxia nitens Kerr Apocynaceae Leaf Ethanol 60.5  74.7 0.0 559 647 0.0 =+ +
Water 111.6 834 1045 1098 592 909 - -
Andrographis Acanthaceae Leaf Ethanol 789 709 6.0 645 232 0.0 + +
Wall ex. Nees Water 982 815 1232 900 560 873 - -
Baleria lupulina Lindl. Acanthaceae Leaf Ethanol 1005 912 903 886 488 800 + *
Water 97.0 786 1045 887 534 1009 - -
Bixa orellana L. Bixaceae Leaf Ethanol 98.5 80.0 815 852 367 632 - -
Water 1212 1011 1127 1187 83.1 1059 - -
Bixa orellana L. Bixaceae Seed Ethanol 18.8 463  19.8 0.0 04 0.0 + + 42.0 +
Water 862 781 857 569 556 648 - -
Calophyllum Guttiferae Leaf Ethanol 320 725 22 104 179 0.0 + + 28.0 -
Water 1134 1089 111.8 110.7 688 96.8 - -
Capsicum frutescens ~ Solanaceae  Fruit FEthanol 733 866 87.0 626 57.1 83.9 - *
Water 973 863 1068 463 666 764 - - 93.0 -
Cassia angustifolia Caesalpiniace Leaf Ethanol 547 89.1 716 433 333 612 - * 71.0 =+
Water 106.7 834 101.8 1047 654 814 - -
Cassia fistula L. Caesalpiniace Fruit Ethanol 67.2 884 8.1 600 53.6 769 + *
Water n.d.c n.d. n.d. n.d. nd. n.d. n.d. n.d.
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3 Plaque formation represents the percentage compared to untreated controls. Percent plaque formation of HSV-1 was 0% at 5 t.g/ml of ACV.

b 44+, * and - indicate strong, intermediate, weak, and no cytotoxicity, respectively, as described in text.

¢ Cytotoxicity observed at the range of ICso values in the plaque reduction assay in the presence of various concentrations of extracts.

d Underlines represent extracts that reduced plaque formation t0>50%

¢ Not determined.

f Lanocelate shaped leaf

& Cordate shaped leaf



Antiviral activity of Thai medicinal plants 179

in this study; poliovirus (a non-enveloped RNA virus),
measles virus (an enveloped RNA virus), and HSV-1 (an
enveloped DNA virus). In this study, the extracts were
defined as antiviral active extracts if they reduced the
plaque formation of each virus to less than 50%. Fifty-
two extracts were effective against poliovirus; 14 etha-
nol- and 8 water-extracts were active at 50 ¢« g/ml, and 30
ethanol- and 22 water-extracts exhibited activities at 100
©g/ml. For measles virus, 29 extracts were active; 20
ethanol- and 2 water-extracts displayed activities at 50
©g/ml, and 27 ethanol- and 2 water-extracts were active
at 100 zg/ml. Twenty-nine extracts were active against
HSV-1; 15 ethanol- and 2 water-extracts showed activi-
ties at 50 1 g/ml, and 25 ethanol- and 4 water-extracts
were active at 100 #g/ml. Of all extracts with anti-HSV-
1 activities, Rhinacanthus nasutus (leaf), Terminalia
citrina (fruit) and Thevetia peruviana (leaf) exhibited in-
hibitory activities in both ethanol- and water-extracts.
The ethanol extracts of Cassia angustifolia Vahl (leaf),
Ocimum basilicum (leaf), Ocimum canum (leaf), Piper
ribesoides (leaf) and Terminalia citrina (fruit) as well as
the water extract of Terminalia citrina (fruit) were also
active against poliovirus. Moreover, 20 extracts exhib-
ited inhibitory activities against not only HSV-1, but also
both the poliovirus and measles virus; 11 ethanol- and 2
water-extracts at 50 £ g/ml, and 18 ethanol- and 2 water-
extracts at 100 £ g/ml. These results suggest that some
active compounds in extracts may be common in the
mode of action of each virus. However, since these vi-
ruses are different in structure and replication, it is prob-
able that extracts contain different active substances
whose mechanism of action may be specific to each
virus. Furthermore, it was found that the ethanol extracts
of Derris scandens (leaf) and Plumbago indica (leaf),
and the water-extract of Capsicum frutescens (fruit)
showed appreciable inhibitory activities against only
HSV-1, suggesting that the mechanism of their antiviral
action is likely unique to HSV-1 but neither poliovirus
nor measles virus. Although there were some extracts
with intermediate visible cytotoxicity, all of the 29 ex-
tracts were also effective to reduce the plaque formation
of HSV-1. We selected the 29 extracts as candidates of
anti-HSV extracts.

Anti-HSV-1 activities of the 29 extracts were then
evaluated by the determination of their ICso values. The
values of ICso ranged from 7 to 93 1g/ml. Of these 29

extracts, the ethanol extract of Alpinia galanga (thizome)
showed the lowest ICso values (7.0 1 g/ml). Additional
six medicinal plants of Zingiberaceae prepared from
ethanol extracts also exhibited moderately HSV-1 inhibi-
tory activities. In contrast, the water extracts of these
seven plants were inactive against HSV-1, consistent
with the results of Zingiberaceae plants including
Alpinia officinale, Curcuma aeruginosa, and Curcuma
xanthorrhiza previously reported by Kurokawa et al.”
Besides the ethanol extract of Alpinia galanga, the water
and ethanol extracts of Thevetia peruviana as well as the
water extract of Rhinacanthus nasutus displayed appre-
ciable anti-HSV-1 activities. At the all ranges of ICso
values of 29 extracts, strong or intermediate visible
cytotoxicity was not observed (Table 1). Thus, all 29 ex-
tracts selected exhibited anti-HSV activity.

Therapeutic anti-HSV-1 efficacies in vivo of the 29
herbal extracts with anti-HSV-1 activities were prelimi-
narily evaluated. Interestingly, it was found that some
extracts significantly delayed the development of HSV-1
skin lesion. Although the actual cytotoxicity of these ex-
tracts in cell culture model had not been performed in
this study, no toxic effects were observed after in vivo
administration (data not shown). This suggested that
some of antiviral compounds in extracts were selectively
absorbed from alimentary tracts and exerted an antiviral
effect which was not associated with toxicity. Therefore,
the results reported in this study suggest 29 herbal ex-
tracts as possible candidates for anti-HSV agents.
Further determination of their HSV-1 selective index and
detailed investigation of their therapeutic anti-HSV-1
efficacies in vivo will be valuable to substantiate these
findings. In addition, purification, isolation and identifi-
cation of anti-HSV compounds from these medicinal ex-
tracts as well as characterization of their anti-HSV action
should be performed.
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