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virus (Ahmad et ol., 1992, 1993) but not against polio
virus (Ahmad et «l, 2003). The observations could
indicate the presence of antiviral substances which are
active against enveloped viruses. Recently, we further
fractionated the hexane fractions and tested for its
cytotoxicity against Vero cells and activity against
measles virus.

MATERIALS AND METHODS

Fractionation of extract: Dried C. nardus leaves are
minced and then extracted with hexane. The hexane
extracts was run through flash chromatography using
chloroform, ethyl acetate and methanol as the solvents.
The fractions were then further fractionated with
different ratios of chloroform-ethyl acetate mixtures to
obtain fractions with decreasing polarity. The fractions
were designated as N1 to Nx. The fractions were let to dry
by vacuum.

Further fractionation was done on selected
fractions by preparative thin-layer chromatograpy using
silica gel 60PF254 (Merck). The spots obtained on the
chromatographic plates were isolated and extracted with
ethyl acetate to derive new sub fractions designated

as Nnu(1 to n).

Cytotoxicity test: Fractions and sub fractions were first
reconstituted in 50 pul. methanol and then further diluted
with cell culture growth medium, which was Mimmal
Essential Medium (MEM) (Gibco) with 3% fetal bovine
serum (FlowLab). Confluent Vero cells grown in 96-well
microtitre plates were treated with the fractions or sub
fraction that have been diluted to 1, 0.5, 0.25, 0.125 and
0.0625 mg mL~". After 48 h incubation, the microtitre
plates were processed and treated with 0.3% crystal
violet in 20% methanol (Schmidtke et al., 2001). The
amount of dye retained by each well was measured by
first dissolving the dye with 100 pL cell lysis buffer and
then measuring the absorbance with ELISA plate reader
(Labsystems Multikan MultiSoft) at 562 nm. The fifty-
percent  lethal  concentration (LC.) values were
calculated graphically according to Ahmad and Marini
(1994) and Marini et al. (1998).

Antiviral assay: Three methods of treatments to detect
antiviral activity in each of the fraction were used: (I)
cells (C) were moculated with virus (V) 1 h before
treatment with fractions (F), that is (C+V) + F; (i1) virus
was inoculated to cells one day after treatment with
fractions, that 18 (C+F) + V; and (111) the virus and fractions
were added concurrently to the cells, that is C+ (V+F). For
the antiviral tests, the fractions were diluted at 1.0 L.C,,,
0.1 LC,, and 0.01LC,, The viral concentrations used for
cell inoculations were fixed at 1000 TCID,,.
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RESULTS AND DISCUSSION

Fractionation of sweet lemon grass: A total of 51
fractions were obtained after the second fractionation.
For TLC separation, seven fractions were used, which
were N6, N7, N23, N26, N28, N30 and N31. A total of 40
sub fractions were obtained with N6 having 14 sub
fractions while the others were between two to six sub
fractions. These sub fractions were N6(1-14), N7(1-4),
N23(1-4), N26(1-6), N28(1-5), N30(1-5) and N37(1-2).

Cytotoxicity test: The cytotoxicity, measured in term of
50% lethal concentration (LC,,), of the different fractions
ranged from lighly toxic to considerably non-toxic
(Table 1). For example, the highly toxic fractions N3 and
N29 had 1.C,, values of 30 ug mL ™, while the non-toxic
fractions N16, N17 and N19 had LC;; values of 1 mg mL ™"
The determination of the 1.C,; values was important since
the LC, values obtained were used to calculate the
actual concentration (w/v) of each fraction to be used
in antiviral tests. In this study three concentrations of
the same fraction or sub fraction corresponding to
1.0LC,, 0.1 LC, and 0.01 LC;were used.. For example,
the amounts of N3 fraction corresponding to 0.1 L.C,,
and 0.01 LC,; values were 3 and 0.3 pg mL7,
respectively, while the corresponding values for N16
were 100 and 10 ng mI. ™, respectively.

Varied response of cells to chemical agents have
been correlated with the capability of the cells to multiply
(Desselberger, 1995) and differences in cell growth rate,
cell size and cell defenses (Schwobel et al., 1979). A
chemical which is toxic even at low level will not be a
good candidate as a chemotherapeutic agent (Horvath,
1984). However, fractions which still contain many
components cannot be totally ignored as there is a
possibility of the active substance may be present in
minute quantities amongst the more abundant toxic
substances. Hence, m this study all fractions were tested
for antiviral activity.

Antiviral activity: Most of the fractions tested confer
some degree of protection to Vero cells against measles
viral infection (Results not shown).  Majority had
moderate antiviral activity (++) when compared with
negative control wells inoculated with virus alone
(Table 2). However, most fractions showed lower cell
survival when compared to the positive control treated
with GHC1 at 0.1 mg mL ™" Generally, treatment of cells
with fractions at the concentrations corresponding to
0.1 LC,, gave higher cell survival as compared to the other
concentrations, which were 1.0 LC,, or 0.01 LC,, (results
not shown). At 0.1 LC,, concentrations, the fractions
were neither too toxic to the Vero cells as in 1.0 LC,, nor
they were too dilute as in 0.01 L.C; concentration. The low
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Table 1: The LCs; values for C. nardis fractions when tested on Vero cells
Fractions LCy Fractions LCsyq Fractions LCq

Table 3: Relative efficacy of sub firactions which show higher Vero cell
survival after virus and sub fraction treatments 0.1 LCs
concentration as compared to the negative (virus only treatment)

(mg mL.™Y) (mg mL.™Y) (mg mL™) and positive (vims and guanidine hydrochloride) controls
N1 Notdone N18 0.4 N3s 0.2 Comparison with

N2 0.3 N19 1.0 N36 0.17

N3 0.03 N20 0.4 N37 0.25 Negative control® Positive control

N4 0.08 N21 0.3 N38 0.32 Treatment

NS 0.05 N22 0.05 N39 0.16 methods + + ++ +++
N6 0.2 N23 0.05 N40 0.18 (CHVHF  6(1), 6(4 -5 6(2), 6(3), 6(6) None* None
N7 0.4 N24 0.05 N41 0.1 6(10-12), 6(14)  6(7-8),

N8 0.2 N25 0.05 NA2 0.18 6(14), N7(14),

N9 0.2 N26 0.2 N43 0.2 23(1-4), 26(1-2)

N10 0.2 N27 0.1 N44 0.2 26(4-6), 30(1-2)

N1l 0.2 N28 0.1 NAS 0.2 (CHF+V  6(6), 6(8-11),  6(7),23(H None None
N12 0.2 N29 0.03 N46 0.17 6(13), 7(1-4) 26(1), 26 (2)

N13 0.1 N30 0.00 N47 0.19 23(4), 28(1-2)  28(3-5)

N14 0.2 N3l 0.15 NA8 0.2 30(1), 30(4-5)  37(1)

N15 0.2 N32 0.12 N49 0.18 37(2)

N16 1.0 N33 0.18 NSO 0.21 C+ (V+F) None 6(1-5), 6(9-10), None 6(1-3), 7(4),
N17 1.0 N34 0.04 NS51 0.19 T(1-4), 23(1-4),  23(1-2),

Table 2: Fractions which show higher Vero cell survival after virus and
fraction treatments at 0.1 1.Cy, concentration as compared with the
negative (virus only) and positive (virus and guanidine
hydrochloride) controls

Comparison with

Negative control® Positive control

Treatment
methods b -+ ++ +++
(C+HV)+FF  2,3,4,8 14, 16,17,22,33  33,34,35, None!
15,23, 29,30, 33,34, 35, 37
31, 42, 43, 45,
46, 47, 49, 50,
51
(CHR+V  2,3,4,11,15, 3,56 7,10, 36,37 6 7.8 11
18,23,38,42, 12,17, 18, 22, 16, 23, 26,
45,47 25,27, 29, 30, 28, 30, 31,
33,35, 36, 37, 34,
41
C+ (V+F) 3,14, 33, 37, None None None
44, 45, 47, 49,
50

“Negative control = not treated with fractions; Positive control = treated
guanidine hydrochloride (GHCI), *The relative efficacy of the fractions was
evaluated based on the difference in absorbance between fraction-treated Vero
cells with negative or positive controls. Indicators: + = 0.11-0.20; ++ =
0.21-0.30; +++ = 0.31-0.40; ++++ = 0.41-0.50, *“The numbers refer to
fractions N2, N3, N4 to N50, ®None = no fractions having the activity

protection offered by the fractions at 0.01 LC,; showed
that the antiviral action of the fractions was not sustained
at low concentrations.

Except for method antiviral activity of the sub
fractions was lost or reduced as compared to the activity
shown by the fractions from which they were derived
(Table 3). Although the sub fractions protect cells from
viral killing of Vero cells, they perform inferior antiviral
activity to positive controls, in which the cells were
treated with guanidine hydrochloride. Hudson (1990) has
pointed out that in order to be classified as a potentially
useful antiviral agent, a compound must be able to reduce
the virus titre by at least two logl O factors (that 15 99%) at
a non-cytotoxic concentration.

30(5), 37(1-2y

“Negative control = not treated with sub fractions; Positive control = treated
guanidine hy drochloride (GHCI), *The relative efficacy of the sub fractions
was evaluated based on the difference in absorbance between fraction-treated
Vero cells with negative or positive controls. Tndicators: + = 0.11-0.20;
++ = 0.21-0.30; +++ = 0.31-0.40; ++++ = 0.41-0.50, ‘The numbers refer
to fractions refer to sub fractions N6(1), N6(4), N6(5) etc., ®None = no
fractions having the activity, *A few 18 sub fractions showed antiviral
activity indicated by ++++

Effect of virus treatments methods: The three treatment
methods were designed to mdicate whether the antiviral
actions of fractions or sub fractions occur before, during
or after viral entry into the cells. In the first method, cells
were treated after viral moculation, while in the second
method cells were treated with fractions before viral
inoculation and in the third method the virus was
inactivated by the fractions before being inoculated to the
cells.

At 0.1 LC,,, the C. nardus fractions were more
effective when cells were treated with the fractions before
bemng inoculated with the virus, which 18 {(C+F) + V}
when compared with the methods {(C+V) + F} or {C +
(V+F)i(Table 2). The first method of treatment where cells
were treated for 24 h before viral infection {(C+F) + V}
represents the capability of the test compound to protect
the cells from wviral attachment and hence giving us the
idea of prophylactic effect of the compound. Thus there
is a possibility that the main target of viral inhibition
afforded by compounds found in C. nardus 1s the virus
attachment step.

In contrast, the sub fractions did not give any
particular trend as to the most effective method of
treatment. However, with some fractions, treating the
cells and the virus simultanecusly, i.e. method {C +
(V+F)} gave lugher relative ELISA readings of ++++ when
compared to the wumtreated controls. Simultaneous
addition of virus and test compounds to cell culture
represents the capability of the test compounds either to
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modify cellular receptors for viral attachment or the viral
attachment sites hence preventing successful attachment
and penetration. It may also indicate that the sub fractions
were directly affecting the virus particles. Therefore, both
the fractions or sub fractions were less efficient in
preventing multiplication of the virus after infection.

Replicating viruses will damage host and cell
morphological changes is an indicator to viral
multiplication (Desselberger, 1995). Therapy to viral
diseases is aimed at three different aspects including T)
enhancement of host defense mechanism 11) antiviral
agent capable of inhibiting specific viral processes and iii)
to relieve disease symptom (Bucknall, 1973). The second
aspect is taken into account in this study using three
different treatments as to give an overview of viral
processes that could be the target of the compounds
tested. The first treatment where the tested compounds
were added after viral infection represents the capability
of the compounds to modify viral attachment, penetration
or replication processes.
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