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Methanolic extracts of leaves from plants collected from two different forest reserves, namely, Gunung
Stong, Dabong, Kelantan and Ulu Muda, Kedah in Malaysia were subjected to a study in phytochemical
constituents screen, toxicity to brine shrimp, cytotoxicity to normal cells and antiviral activity. All the
plant extracts contain saponins except for Cyrtandra cf. anisophyllea. Goniothalamus macrophyllus
contains alkaloids, steroids/triterpenes and saponins. All the tested extracts were not toxic to the brine
shrimp. In the cytotoxicity assay, the CTCs, values recorded for all the extracts ranged between 21.540
mg/L (Galearia fulva) to more than 1000 mg/L (Cinnamomum javanicum, Cryptocarya costata,
Scaphochlamys biloba, Diospyros frutescens, Galearia maingayi and Urophyllum blumeanum). From
the CTC;, values, ten of the extracts were considered toxic to Vero cells. In the antiviral test carried out
using 0.1 CTCs, of the various extracts, results showed that antiviral activity is effective when the cells
were treated with the extracts and inoculated with measles virus at the same time. From this study, it
was postulated that the most effective route for the extracts in preventing the killing of Vero cells by

(MV) was through inactivation of virus particle or prevention of viral entry into the cells.

Keywords: Phytochemical constituent, toxicity to brine shrimp, cytotoxicity, antiviral activity.

INTRODUCTION

World Health Organisation (WHO) has defined medicinal
plants as plants that contain properties or compounds
that can be use for therapeutic purposes or those that
synthesize metabolites to produce useful drugs (WHO,
2008). The development of antiviral drugs is a
complicated task because of the toxicity that can affect
both virus and the host cells. Plus, virus resistance to
antiviral drugs through mutation especially RNA viruses
such as measles virus (MV) makes it more difficult to
produce new drugs (Kott et al., 1999). MV causes
measles and every year almost one million children died
of this disease (Rager-Zisman et al., 2003). MV is an
enveloped, negative, single-stranded RNA virus
belonging to the Paramyxoviridae family (Horikami and
Moyer, 1995). Despite large vaccination campaigns, MV

*Corresponding author. E-mail: drnazlina@gmail.com.

is still resisting eradication, and there is no available
therapeutic treatment.

In Malaysia, 2,000 species from 14,500 flowering plants
have been reported to contain medicinal properties and
many have been scientifically proven (Jaganath and Ng,
2000). Plants that were shown to have antiviral properties
include (Cymbopogon nardus (L.) Rendle) and Datura
stramonium L. against bacteria, Newcastle disease virus
and measle virus (Ahmad et al., 1993; Nurul Aini et al.,
2006), Chaetomium trilaterale Chivers towards poliovirus
(Ahmad and Romlah, 1993), Melastoma malabathricum
against herpes simplex virus type-1 and measles virus
(Nazlina et al., 2008). Plant-derived compounds offer
potential source of new antimicrobial, anticancer and anti-
HIV agents among other pharmaceuticals (Gurib-Fakim
et al., 2005). Malaysian is wealthy in her plant diversity
and potential antiviral drugs are still waiting to be ex-
plored. This study focuses on plants that were collected
in Gunung Stong, Kelantan and Ulu Muda, Kedah both
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Kedah both states of Malaysia with the hope of exploring
new compounds for anti-measles therapy with low or no
toxicity. The plant chemical content and the antiviral
mode of action of the plant extracts were determined in
this study.

MATERIALS AND METHODS
Plant identification and preparation of extracts

Leaves from various plants were collected from Gunung Stong,
Dabong, Kelantan and Ulu Muda, Kedah in Malaysia. The list of
plants’ names, plant family, their specimen voucher numbers and
their traditional uses are shown in Table 1. Extracts were prepared
from dried leaves soaked in methanol for at least seven
consecutive days and later dried using a rotary evaporator (Buchi).
The alkaloids, steroids/triterpenes and saponins contents were
determined using simple qualitative methods of Sofowora (1984)
and Harborne (1993).

Brine shrimp lethality bioassay

The toxicity of the different extracts was tested by lethality to
Artemia salina brine shrimp according to Meyer et al. (1982).
Concentrations of 10, 100 and 1000 ppm of each active extract
were tested. The number of dead larvae was recorded and used to
calculate the 50% lethal concentration (LCso) and 95% confidence
intervals were determined from the 24 h counts using the Finney
probability analysis software. LCso values greater than 1000 ppm
were considered inactive and not toxic.

Cytotoxicity test

Cytotoxicity testing was done according to Marini et al. (1998) with
modification. Plant extracts were dissolved in DMSO to prepare a
stock extract of 10° mg/L. Serial doubling dilutions were prepared in
Dubelco’s Minimal Essential Medium (DMEM) with 2% foetal bovine
serum (FBS) (GIBCO). Diluted extracts (200 pl) were treated to
confluent Vero cells (2.5 x 10° cells/ml) grown in 96-well microtitre
plate (Costar). After 48 h of incubation, the microtitre plates were
processed and stained with 2% Eosin B. The dye was then
dissolved with 100 pl cell lysis buffer and the amount of dye
retained in each well was measured with microplate reader
(Labsystems Multiscan Multisoft, Finland) at 540 nm. The CTCs
values were calculated graphically from the optical density readout
from each well after normalisation against empty wells. CTCs, value
was presented as the percentage of survived cells compared to
control cells.

Antiviral assay

MV from Edmonston strain at 1000 TCIDso (Serum Institute of India
Ltd.) was used in this study. Confluent Vero cells were treated with
MV using three different treatments for detection of antiviral activity
in each plant extracts according to Nurul Aini et al. (2006) that is, I.
virus (V) were inoculated to the cells (C) 1 h before treatment with
extracts (E), that is (V+C)+E; Il. Cells were treated with extract 1
day before inoculation with virus, that is (C+E)+V and Ill. Virus and
extracts were added concomitantly to the cells, that is C + (V+E).
For the antiviral tests, the extracts were diluted to 0.1 CTCso. Plates
were developed according to the method discussed in the
cytotoxicity testing.

RESULTS
Phytochemical constituents

All the plant extracts except for Cyrtandra anisophyllea cf.
contain saponins at different concentrations (Table 2). In
this study, only two plant extracts, that is, Urophyllum
blumeanum and Goniothalamus macrophyllus contain
alkaloids. Five extracts contain steroids/triterpenes at low
levels and G. macrophyllus contains all three chemical
groups with moderate amounts of alkaloids and saponins.
On the contrary, C. anisophyllea does not contain any of
the chemicals tested.

Toxicity to brine shrimp

In this study, all 30 plant extracts (20 extracts from
Gunung Stong and 10 extracts from Ulu Muda) were not
toxic to brine shrimp with the LCs, values are more than
1000 mg/L (Table 2).

Cytotoxicity to Vero cells

Cytotoxicity of the plant extracts to Vero cells were
screened before the evaluation of antiviral activity and
recorded in Table 2. According to Marini et al. (1998), any
plants that have CTCsq values less than 208 pg/ml are
considered toxic to cells. In this study, six plants from Ulu
Muda were found to be cytotoxic, that is, Connarus
cochinchinensis, Dioscorea esculenta, Euonymus wrayi,
Hodgsonia  macrocarpa, Kopsia pauciflora and
Lasianthus densifolius and four plant extracts from
Gunung Stong (Gluta elegans, Saurauia roxburghii,
Galearia maingayi and Tabernaemontana corymbosa)
have CTCs, lower than 208 pg/ml (Table 2). It is a known
fact that G. elegans is a toxic plant and can cause edema
and inflammation if touched (Wiart, 2002) and this is
confirmed in this study. The other plants extracts have
higher CTCs, values. Some of the plants used in folklore
medicine showed higher values in CTCs in this study
confirming the safety of these plants for human use
(Wiart, 2002).

Antiviral activity of the plant extracts

In the first treatment, cells were infected with virus for 24
h and treated with plant extracts. Poikilospermum
suaveolens and Psueduvaria macrophylla showed
moderate antiviral activity, three plant extracts (Saurauia
roxburghii, Tabernaemontana corymbosa and Kopsia
pauciflora) have mild antiviral activity and the rest of
extracts demonstrated very mild or no antiviral activity.
Extract were added to the cells a day before virus
inoculation in the second treatment. No extract showed
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Specimen
Plant name/ Family voucher Local nhame Traditional uses Origin
number
. .. Firewood, fruit is edible
S burgh . ’
aL.Jr.aL'ua roxburghi SK557/03 Kelapong, Lengadir (Faridah Hanum and van de Gunung Stong, Kelantan
Actinidiaceae
Maesen, 1997)
Gluta el ' Has antitumor, antifungal and
A uia edggans SB1-28 Pokok Rengas Air antibacterial activities; can Gunung Stong, Kelantan
nacardlaceae cause allergy and
inflammation (Wiart, 2002)
. . For high blood pressure,
hal. hyll :
fon/ot alamus macropnyius SK 522/03 S:ﬂ:/vt;?ﬁ?;rﬁ fever and post-natal blues Gunung Stong, Kelantan
nnonaceae treatment (Brandis, 1978)
Psueduvaria macrophylla SA1-3 No literature report on  Treatment for diarrhea (Mat-
Annonageae local name Salleh and Latiff, 2002) Gunung Stong, Kelantan
- - Jelutong; Roots used for nose ulcer
Kopsia pauciflora K4 luM Kedah
A psia pallct SK 468 Pulai trearment (Mat-Salleh and Ulu Muda, Keda
pocynaceae Latif, 2002)
Tabernaemontana corymbosa  SA1-6 Ulcer and post-natal
Apocynaceae Jelutong Badak treatments (Burkill, 1965) Gunung Stong, Kelantan
POIk//os'permum suaveolens SK535/03 No literature report on  Sap used for stomach ulcer Gunung Stong, Kelantan
Cecropiaceae local name (Chua, 1996)
E . .
wonymus wrayl SK 497 No literature report on No reports on traditional uses  Ulu Muda, Kedah
Celastraceae local name
. ; As part of tuberculosis Ulu Muda, Kedah
Connarus cochinchinensis SK 482 Sembilat treatment
Connaraceae
Hodgsonia macrocarpa SK 479 Akar kepayang Leaves for treating bleeding Ulu Muda, Kedah
. nose and to reduce body
Cucurbitaceae heat
Di lent. .
roscorea escuiienta SK 465 Ubi torak Food (bubur caca) Ulu Muda, Kedah
Dioscoreaceae
Shorea curtisii . )
. SB 1-4 Meranti merah Timber Gunung Stong, Kelantan
Dipterocarpaceae
Di fi i
lospyros frutescens SA3-19 Buah tubai; Kayu Fish poison (Burkill, 1965)  Gunung Stong, Kelantan
Ebenaceae malam
Cephalomappa malloticarpa SA3-8 Bantas; Mingaram; Wood for house construction ~ Gunung Stong, Kelantan
Euphorbiaceae Perupuk batu
D I - i i
rypetes' pendula SA2-2 Lidah lidah Toxic latex, timber Gunung Stong, Kelantan
Euphorbiaceae
. K M .
Cyrtandra cf. anisophyllea SK553/03 eroyan No reports on traditional uses  Gunung Stong, Kelantan
Gesneriaceae
Roots used for post-natal
Cinnamomum javanicum SK 464 Kura bengkak; Lawang  blues (Burkill, 1965) and Ulu Muda, Kedah
Lauraceae kecil spleen treatments (Burkill
and Haniff, 1930)
Cryptocarya costata SK 474 No literature report on No reports on traditional uses Ulu Muda, Kedah
Lauraceae local name
: . . Roots used for post-natal
S declinat SK 461 :
Laracq ecinata 'tl)':?uukng periuk; Kapih treatment (Mat-Salleh and Ulu Muda, Kedah
eguminosea Latiff, 2002)
Magnolia villosa SK 487 Cempaka hutan Poisonous latex that can

Magnoliaceae

cause allergy (Burkill,1965)

Ulu Muda, Kedah
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Galearia fulva

Treatment for gonorrhea
(Burkill, 1965)

No reports on traditional uses
No reports on traditional uses

No reports on traditional uses

Gunung Stong, Kelantan
Gunung Stong, Kelantan
Gunung Stong, Kelantan

Ulu Muda, Kedah

Pandaceae SA2-17 Ekor Tupai; Serga
Galearia maingayi SK 505/03 Minyak berok
Pandaceae
Microdesmis caseariifolia ~ SA3-2 Cherek Rimba; Sigoh;
Pandaceae Rambeh
Lasianthus densifolius SK 485 No literature report on local
Rubiaceae name
Rotl7mann/a macrophylla ~ SK538/03 Hidung babi
Rubiaceae
Uro;?hyl/um blumeanum SK 531/03 No literature report on local
Rubiaceae name
Madhuca kingiana SB 3-40 Pokok nyatoh
Sapotaceae

i
Sm./ ax megacapa SK545/03 Akar rebana; Lampu bukit
Smilacaceae

i !
Callicarpa candicans SA1-9 Tampang besi
Verbenaceae
Scaphochlamys biloba SK 512/03 Halia

Zingiberaceae

Produce dye Gunung Stong, Kelantan

Treatment for malaria (Wiart,

2002) Gunung Stong,

Kelantan

No reports on traditional uses  Gunung Stong, Kelantan

Fruits use for post-natal
treatment (Brandis 1978)

For treatment of cuts (Burkill,
1965) and, the leaves
concoction for the treatment
of diarrhea (Fasihuddin, 1993)

Gunung Stong, Kelantan

Gunung Stong, Kelantan

No reports on traditional uses  Gunung Stong, Kelantan

pronounced activity against MV in this second treatment
except for P. suaveolens. In the third treatment, six

extracts exhibit the highest antiviral activity by this route,
that is, Connarus cochinchinensis, Dioscorea esculenta,
Euonymus wrayi, Hogsonia macrocarpa,

corymbosa (from Gunung Stong). Five extracts from
Gunung Stong showed no antiviral activity by this route,

that is, P. suaveolens, Saurauia roxburghii, Callicarpa
Rothmannia macrophylla and Drypetes
pendula. Other extracts showed mild to moderate activity

candicans,

against MV. The mode of action for guanidine hydro-

chloride as synthetic antiviral in this study was in the first
and second ftreatment which can be related to the

blocking of viral RNA synthesis (Klein et al., 2000).
However, in this study, guanidine hydrochloride is found
to be cytotoxic thus unsuitable as antiviral drug.

DISCUSSION

Saponins are secondary metabolites that have similar
chemical character to glycosides. They are believed to be
useful for the human diet in controlling cholesterol, but
some (including those produced by the soapberry) are
very poisonous if swallowed, are able to lyse red blood
cells and cause urticaria or skin rash in many people
(Mohamad et al, 2001). According to Ong (2004),

saponins can also be used as an anti-inflammatory agent

Kopsia
pauciflora (all from Ulu Muda) and Tabernaemontana

and in treatment for tuberculosis.

Alkaloids are organic chemical compounds which
contain nitrogen heterocyclic and morphine is the first
alkaloid used in medicine as an analgesic drug (Cowan,
1999). Most of these compounds are toxic and do not
have smell or taste. Alkaloids can increase nutrient
absorption and blood circulation, reduce pain and
stimulate nerve system as it has narcotic effect (Ong,
2004). Goniothalamus macrophyllus has been reported in
treatment for high blood pressure, fever and post-natal
blues (Brandis, 1978) while Urophyllum blumeanum was
used for malaria treatment (Wiart, 2002).

According to research by Amoros et al. (1987),
saponins inhibit virus attachment to the cells. They
suggested that this active biological compound can be
use to compete with virus for the binding site at the cell’s
receptor. Saurauia roxburghii has highest concentration
of saponins (4+) but it only show mild activities in first
treatment and no activities in second and third treat-
ments. The result showed no link between antiviral
activities and saponins indicating that there are other
components in the extracts that have an influence to
saponin activity (Micol et al., 2005).

Plants use steroids to avoid being eaten by vertebrate
animals. These active compounds have four carbon rings
called ‘steroid backbone’ and classified as cardiac
glycoside because of it specific response to the heart
(Mohamad et al., 2001). Steroids were used as allergy,
arthritis and coronary failure therapy; control in menstrual
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Table 2. Phytochemical constituents, toxicity to shrimp, CTCso values and antiviral activity of plants from Gunung Stong, Dabong, Kelantan and Ulu Muda, Kedah.

. . Steroids/ . Toxicity to shrimp  Cytotoxicity (Vero) Treatment
Plant name/ Family Alkaloid triterpene Saponins (mg/L) YtCTcso (n!:g L) | m m
Sauraua roxburghii - - 4+ >1000 165.95 2+ - -
Actinidiaceae
Gluta elegans - - 1+ >1000 192.75 - - 3+
Anacardiaceae
Goniothalamus macrophyllus 2+ + 2+ >1000 758.46 + - 3+
Annonaceae
Psueduvaria macrophylla - - 2+ >1000 584.34 3+ - 3+
Annonaceae
Kopsia pauciflora - - 2+ >1000 88 2+ + 4+
Apocynaceae
Tabernaemontana corymbosa - - 1+ >1000 36.87 2+ - 4+
Apocynaceae
Poikilospermum suaveolens - - 1+ >1000 575.44 3+ 2+ -
Cecropiaceae
Euonymus wrayi - - + >1000 135 + - 4+
Celastraceae
Connarus cochinchinensis - - + >1000 104.5 - 1+ 4+
Connaraceae
Hodgsonia macrocarpa - - + >1000 38.6 + + 4+
Cucurbitaceae
Dioscorea esculenta - - + >1000 111.8 + - 4+
Dioscoreaceae
Shorea curtisii - - 2+ >1000 946.40 - - +
Dipterocarpaceae
Diospyros frutescens - - 3+ >1000 1000.00 - - +
Ebenaceae
Cephalomappa malloticarpa - - 1+ >1000 541.17 - - 3+
Euphorbiaceae
Drypetes pendula - - 2+ >1000 512.86 - - -
Euphorbiaceae
Cyrtandra cf. anisophyllea - - - >1000 354.81 + - 2+
Gesneriaceae
Cinnamomum javanicum - - 2+ >1000 >1000 - - 3+

Lauraceae
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Table 2. Contd

Cryptocarya costata - - 1+ >1000 >1000
Lauraceae

Saraca declinata - + 1+ >1000 729
Leguminosae

Magnolia villosa - - 1+ >1000 363
Magnoliaceae

Galearia fulva - - 1+ >1000 21.540
Pandaceae

Galearia maingayi - + 1+ >1000 1091.70
Pandaceae

Microdesmis caseariifolia - - 1+ >1000 681.00
Pandaceae

Lasianthus densifolius - + 1+ >1000 39
Rubiaceae

Rothmannia macrophylla - - 2+ >1000 407.38
Rubiaceae

Urophyllum blumeanum 1+ - 2+ >1000 1212.50
Rubiaceae

Madhuca kingiana - - 1+ >1000 380.19
Sapotaceae

Smilax megacarpa - + 2+ >1000 500.00
Smilacaceae

Callicarpa candicans - - 1+ >1000 794.33
Verbenaceae

Scaphochlamys biloba - - 1+ >1000 1083.30
Zingiberaceae

Guanidine hydrochloride - - - - 141.25
(control)

3+

3+

3+

2+

2+

3+

2+

2+

3+

2+

*Score for phytochemical studies

+ = positive (detected), 1+, 2+ = positive (moderate), 3+, 4+ = positive (high), - = negative
*Score of antiviral activity based on the difference in optical density reading between experimental and cells infected with virus (E-V)
- = no activity (<0),

+ = very mild antiviral activity (0 — 0.20)

2+= mild antiviral activity (0.21 — 0.40)

3+ = moderate antiviral activity (0.41- 0.60)

4+ = high antiviral activity (>0.61)

Treatment | = (C+V) + E

Treatment Il = (C+E) + V

Treatment lll = (E+V) + C

C = Cell, V = Virus (measles) E = Extract.



cycle and increasing women fertility (Ong, 2004).
Triterpenoids have been proven to inhibit HIV but the
mechanism is still unclear and there is a suggestion that
the mechanism is related to membrane damage through
lipophilic component on the alkaloid involved (Cowan,
1999).

In vitro cytotoxicity test is an important step in
screening an antiviral product before in vivo test was
conducted. Any material has potential to be
commercialized only after it is proved not to be toxic to
normal cells. The accuracy of cytotoxicity analysis is very
important to avoid mistakes during antiviral screening
(Buchnall, 1973). According to Ahmad and Romlah
(1993), if the extracts are too toxic, the antiviral results
are not valid because it will have a low therapeutic value
(treatment value: toxicity level ratio).

The purpose of using several treatments is to screen
the antiviral activities during different stages of MV life
cycle (Nurul Aini et al., 2006). The extracts might inhibit
virus infection by interfering with virus-host recognition,
preventing virus release into the cells, intervening with
virus life cycle or damaging the virus particle itself. The
first treatment demonstrates antiviral activity after viral
capsid was released into the cells. The mechanism that
might be involved in this post-infection treatment is the
inhibition of virus replication or in virus assembly phase
and during virus release into other cells (Yip et al., 1991).
The inhibition will stop virus spreading to other cells
because it is not infectious (Ahmad, 1993).

The second treatment was meant to be a prophylactic
therapy which involves interferon activity from the cells
(Wachsman et al., 1988). Interferon can be induced by
viral infection or metabolite in the extract. It was secreted
by infected cells to protect neighbouring cells. Mam-
malian cells start producing interferon two hours after
exposure to the virus and reached maximum level after
24 h (Ahmad, 1993). Marini et al. (1998) reported that
extracts might need longer time to increase cells immune
system towards MV infection.

In the third treatment, extract and virus were added
concurrently to Vero cells to observe extracts capability to
prevent virus attachment to the cells. Virus hemagglutinin
glycolipid structure may be altered by extract attachment
to the virus binding site so it cannot be complement to the
cell receptor. Extract may inhibit virus penetration into the
cells through receptor modifying or attachment to the
virus itself. It also can interrupt virus genome replication
by inhibit acid nucleic function and replication enzyme.
Infection process can only occur when glycoprotein virus
attach to specific cell receptor and penetrate to the
susceptible cells (Ahmad, 1993). Other than helping virus
to penetrate into the cells, glycoprotein membrane is also a
target for antiviral drug making it an important component of
the virus (Streissle, 1981).

No extracts showed activity in all three treatments
indicating the variation in active compounds in different
plants. Active compounds are used to protect plants from
microorganism infection and animal threat (Cowan, 1999).
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Mammalian cells play an important role in screening of
active compounds with antiviral property. Virus only infect
particular host by attaching it receptors to specific host
cells receptors (Schattner, 2005). Cells selection, virus
strain and cell culture physiology are the important
criteria in screening for antiviral drugs (Putz et al., 2003;
Streissle, 1981).

Further studies should be conducted to identify antiviral
compounds in each extracts. Cytopathic effect and virus
protein can be determined to calculate virus activity
accurately (Erturk et al., 2000). Antiviral activities can be
enhanced using chaperon compound to help transport-
tation of antiviral drugs to the infected cells. Studies by
Grancher et al. (2004) showed ribavirin combined with
cyclodextrins have higher antiviral activities against MV
than ribavirin itself.

As a conclusion, we managed to survey 30 different
plants for their chemical constituent in the methanolic leaf
extracts. None of them are lethal to brine shrimp with
LC50 values are more than 1000 mg/L. Six plants from
Ulu Muda were found to be cytotoxic, that is, Connarus
cochinchinensis, Dioscorea esculenta, Euonymus wrayi,
Hodgsonia  macrocarpa, Kopsia pauciflora and
Lasianthus densifolius and four plant extracts from
Gunung Stong (Gluta elegans, Saurauia roxburghii,
Galearia maingayi and Tabernaemontana corymbosa)
with CTCsq lower than 208 ug/ml. The plant extracts have
different antiviral activities. At least 2 extracts showed
moderate post-infection antiviral activity and six extracts
were effective when added simultaneously during virus
infection.
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