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Abstract

Methanolic extract of leaves and twigs of Guatteria cardoniana R.E. Fries (Annonaceae), a plant from the Venezuelan rain
forest, was separated in alkaloid rich fractions and their biological effect on baby hamster kidney (BHK) cell line was studied. The
initial plant extract (FA) induced cell proliferation, cytotoxicity as well as antiviral activity, depending on the concentration used.
Further separation of this methanolic extract allowed us to separate these biological activities. The fraction with the highest
antiviral activity (F7) was chromatographed and three of the nine alkaloid-rich fractions obtained, retained this activity. One of
them (F,11) exhibited the highest inhibitory effect against a neurotropic Sindbis virus (NSV). © 2001 Published by Elsevier
Science Ireland Ltd.
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1. Introduction

Guatteria cardoniana R.E. Fries is a plant, which
grows in the Venezuelan rain forest, and belongs to the
Annonaceae family, one of the largest families of tropi-
cal plants (Leboeuf et al., 1982). Recently, phytochemi-
cal and pharmacological studies of this family have
increased due to the discovery of new natural products
with diverse biological activities. Indigenous people
from Bolivia use Guatteria foliosa as insect repellent
and a new antiparasitic aporphine alkaloids have been
isolated from this plant (Mahiou et al., 1994). More
recently an antimalarial constituent has been obtained
from Guatteria amplifolia (Weniger et al.,, 2000).
Ethanolic extract of Amnona muricata (Annonaceae)
had been reported to inhibit the cytopathic effect of
Herpes simplex virus 1 (Padma et al., 1998).

As part of our research on plant secondary metabo-
lites as antiviral agents, we separated different alkaloid-
rich fractions from leaves and twigs of G. cardoniana, to
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study their effect on baby hamster kidney (BHK) cells,
as well as their inhibitory effect on the replication of a
neuro-adapted strain of Sindbis (neurotropic Sindbis
virus (NSV)), which is an Alphavirus belonging to the
Togaviridae family.

2. Materials and methods
2.1. Plant material

Leaves and twigs of G. cardoniana were collected in
the rain forest along the Cataniapo riverside near
Puerto Ayacucho City, Amazon State, Venezuela. The
plant was identified by Professor Anibal Castillo of the
Biology School, Faculty of Sciences, Universidad Cen-
tral de Venezuela and a voucher specimen is preserved
at the National Herbarium of Venezuela (VEN) with
the collection number 3360 AC.

2.2. Cells and virus

BHK-21 cells were obtained from the National
Health Institute of Caracas, Venezuela. Dr Guadalupe
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Guzman (Virology Department of the Pedro Kouri
Institute, Havana, Cuba) kindly provided BHK-21
clone 15 cells. The neurovirulent strain (NSV) of Sind-
bis virus was donated by Dr Dianne Griffin (Medical
School, John Hopkins University, Baltimore, USA).
BHK-21 cells were grown in Eagle’s minimal essential
medium (MEM) supplemented with 5% inactivated fe-
tal bovine serum (FBS), 2 mM glutamine and 40 pg/ml
gentamicine (growth medium). The cells were main-
tained at 37 °C and 5% CO.,.

NSV was grown in BHK-21 cells with maintenance
medium (MEM, 1% FBS, 2 mM glutamine and 40
pg/ml gentamicine). After infection, viral supernatants
were purified. Viral titer was obtained by plaque assay
(Kurokawa et al., 1995). NSV yielded a titer of 5.25 x
10® pfu/ml. The virus stocks were stored at — 70 °C.

2.3. Extract and fraction

Dried leaves and twigs (800 g) of G. cardoniana were
extracted and fractioned. Seven fractions (FA, FA,,
FA,, FA; FB, FB,, FB,) were chromatographed on a
silica gel column and eluted with polarity-increasing
mixtures of CH,Cl,—MeOH. Fraction FA (2.5 g), was
further separated on a silica gel column to yield seven
fractions (F1-F7). The highest antiviral activity was
found in fraction F7. Therefore, it was further chro-
matographed through a silica gel column, eluted with
CH,CI, and nine fractions (F,0, F,2, F.,4, F.,7, F,11,
F,14, F,17, F;23, and F,24) were obtained. Stock solu-
tions for biological assays were prepared by dissolving
each of the fractions obtained in DMSO and stored at
4 °C.

2.4. Biological tests

2.4.1. Cytotoxicity assay

Cell viability was determined by a modified MU
(3-(4,5 dimethylthiazol-2-yl) 2,5 diphenyl-tetrazolium
bromide) assay. Briefly, cells were adjusted to 4 x 10*
cells per 100 pl in growth medium and seeded in a
96-well plate. After 24 h, cells were incubated with
serial dilutions of each extract in maintenance medium,
MTT 10 pl (10 mg/ml) was added to each well 24 h
later, and plates were read at 570 nm after 18 h
(Shearman et al., 1994).

2.4.2. Antiviral activity assay

Cells were seeded and stabilized in the same condi-
tions as the cytotoxic assay. BHK cells were infected
with NSV at a multiplicity of infection (MOI) of 0.1
pfu per cell. The infections were carried out in the
presence or absence of different concentrations of ex-
tracts. After 24 h, the viability of the cells was deter-
mined by MTT assay as described before.

2.4.2.1. Plaque assay. BHK clone 15 at a final concen-
tration of 2.5 x 10° cell was seeded in 24-wells plates.
Viral suspension and the extracts were incubated for 1
h at 37 °C, then 50 wl of each solution were added to
the cells to obtain a MOI of 0.02 pfu per cell and 10
pg/ml of extracts final concentration (Kurokawa et al.,
1995).

2.4.2.2. Data analysis. All experiments were performed
in triplicate, and each experiment was reproduced a
minimum of three times. The 50% toxicity concentra-
tions (IC50) and 50% effective concentrations (EC50)
were calculated using the mean of the values of each
concentration. The IC50 was estimated by linear regres-
sion analysis. The therapeutic indices (TI) were calcu-
lated as follows: IC50/EC50 (Zembower et al., 1998).
Variance analysis on virus replication in the presence of
the different fractions was evaluated. A P < 0.05 value
was defined as statistically significant.

3. Results

The seven fractions obtained from the silica gel
column showed a distinctive pattern of cellular respon-
siveness on BHK cells (Table 1). Thus, we found that
FB, and FB, were able to induce cell growth in concen-
trations higher than 18 and 11 pg/ml, respectively, and
were innocuous at lower concentrations. FA,, FA,,
FA; and FB were innocuous in the wide range of
concentrations tested. On the contrary, FA showed the
three different biological activities (innocuous, prolifer-
ation and cytotoxicity) depending upon the concentra-
tions used. In preliminary experiments FA, FA, and
FA, showed an antiviral activity against a neurovirulent
strain of the Sindbis virus (Table 2).

When FA was further chromatographed on a silica
gel column, seven fractions (F1-F7) were obtained. We
could separate the three biological effects (innocuous,
proliferation and cytotoxicity) in different fractions at
different concentrations. Thus, F1 and F2 showed the
proliferating activity at low concentration (0.2—3.3 ng/
ml). F3, F4, F5 and F6 were cytotoxic at concentra-
tions higher than 42 pg/ml and the antiviral activity was
rescued in fractions F2 and F7, the last one being the
most effective, inhibiting NSV replication with a TI of
17 (Table 2). A high alkaloid presence was detected in
F5. However, this fraction does not show antiviral
activity.

A further F7 purification gave nine fractions. All of
them were innocuous at the concentration tested (0.2—
50 pg/ml). Three of the fractions obtained (F,11, F,14,
F;17) could inhibit NSV replication using the colori-
metric assay, F,14 and F,17 displayed an antiviral
activity at higher concentrations; therefore, their TI is
quite low (Table 2). In addition, we studied the antivi-



Table 1

Biological activity of fractions and sub-fractions of G. cardoniana

A. Paredes et al. /Journal of Ethnopharmacology 78 (2001) 129132 131

G. cardoniana

Innocuous® (pg/ml)

Cytotoxicity® (ug/ml) Proliferation® (pg/ml)

>51 0.2-6
>293
> 558
>117
>112
>18
>12

>333 0.2-3
>232 0.2-3
>43
>49
>63
>49
>115

Fractions

FA 6.25-51
FA, 0.2-293
FA, 0.2-558
FA, 0.2-117
FB 0.2-112
FB, 0.2-18
FB, 0.2-11
FA sub-fractions

F1 3.13-333
F2 3.13-232
F3 0.2-43
F4 0.2-49
F5 0.2-63
F6 0.2-49
F7 0.2-115
F7 sub-fractions

F,0-F,24 0.2-50

# Innocuous, 50-110% cellular viability.
b Cytotoxicity, <50% cellular viability.
¢ Proliferation, >110% cellular viability.

ral effect of these fractions, using an inhibition plaque
assay. By this method, the difference in the plaque
forming units between the viral control and fractions
F7, F;11 and F,14 is statistically significant, the best
fraction was F,11 with a frequency (F) of 31.69 and
P =0.000493 (Fig. 1). Also, the difference between F7
and F,11 is statistically significant, F=5.79 and P =
0.042789, however, the difference between F7 and
F,14 is not significant (F=1; P =0.34) when used at
10 pg/ml, these results are in agreement with the ones
obtained in the colorimetric assay where F;11 showed
a higher therapeutic index compared with F,;14 and
F,17 (Table 2).

4. Discussion

Different Guatteria species have shown an antipara-
sitic activity (Mahiou et al., 1994; Weniger et al.,
2000). The present study was carried out to evaluate
the biological activity of fractions obtained from G.
cardoniana focusing in the antiviral activity against
Sindbis virus. The distinct biological activity shown
by a crude extract of leaves and twigs from G. cardo-
niana was separated in different fractions. F,11, F,14
and F,17 were the fractions where the antiviral activ-
ity was obtained. Due to the fact that F;14, F,17 are
eluted subsequently to F,11, it is possible that the
compound(s) accountable for the antiviral activity in
these fractions are the same or/and with similar
chemical structure to the ones responsible for this ac-

tivity in F,11 fraction. F;11 showed a higher percent
of inhibition in the colorimetric assay, with a TI of
20.48, by plaque assay this fraction is able to inhibit
the NSV replication in approximately 45%. We are in
the process of further purification, isolation and iden-
tification of the compound(s) that are responsible for
the inhibition of NSV replication in these fractions.
The present work is the first report of fractions from
genera Guatteria with antiviral activity.

Table 2
Anti-NSV activity of fractions and sub-fractions of G. cardoniana

G. cardoniana  1C50 (pg/ml) EC50 (ug/ml) TI

(IC50/EC50)

Fractions

FA 50.83 2.48 20.50
FA, 292.94 18.18 16.11
FA, 116.51 5591 2.08
FA sub-fractions

F2 232.14 27.5 8.44
F7 114.53 6.73 17.08
F7 sub-fractions

F,11 249.92 12.20 20.48
F,14 342.27 60.63 5.64
F,17 254.79 50.79 5.01
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Fig. 1. Inhibition of NSV infection by G. cardoniana subfractions (10
pg/ml) using plaque assay. *, P =0.042789.
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