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Abstract: The antiviral activity of extracts obtained from Ageratina havanensis
(Kunth) R.M.King & H.Rob., Asteraceae, against rabbit vesivirus (RaV)
(Caliciviridae) and human herpes simplex viruses type 1 and 2 (HSV-1,
HSV-2) (Herpesviridae) were analyzed, and the main metabolites from the
most active extract were isolated and characterized. The antiviral properties
were investigated by measuring the inhibition of viral-induced cytopathic
effect in Vero cells. The strongest inhibitory effects were found for ethyl
acetate extract from leaves (SI=5 for RaV and SI=5.4 for HSV-1). The
crude ethyl acetate extract was further fractionated by chromatographic
methods and the structures of isolated compounds were established through
comprehensive spectroscopic analyses, including IR, 2D NMR and MS. Four
flavonoids were identified: 5,4’-dihydroxy-7-methoxyflavanone (sakuranetin),
3,5,4’-trihydroxy-7-methoxyflavanone (7-methoxyaromadendrin), 4’-0-
B-D-glucosyl-5,3’-dihydroxy-7-methoxyflavanone (4°-0O-B-p-glucosyl-7-
methoxy-eriodictyol) and 4’-O-B-D-glucosyl-5-hydroxy-7-methoxyflavanone
(4°-0-B-D-glucosylsakuranetin). This is the first report on antiviral activity for
Ageratina havanensis.
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Introduction

The herpes simplex virus types 1 and 2 (HSV-1
and HSV-2) stand out because of the wide variety
of clinical symptoms they cause, varying from mild
self-limiting skin lesions to severe illnesses such as
encephalitis and pneumonia, frequent among immune
compromised patients. The relatively high toxicity of
commercially-available synthetic anti herpes compounds,
and the continuous spread of drug-resistant viral strains
emphasize the need for new herpes inhibitors. Moreover,
genital HSV lesions are associated to an increased risk
of HIV acquisition (Freeman et al., 2006). On the other
hand, the Caliciviridae includes many relevant human
and animal pathogens, such as the human noroviruses
which are the main causes of viral acute gastroenteritis
outbreaks worldwide, and the rabbit hemorrhagic
disease virus (RHDV), which is responsible for great

economical losses due to devastation of entire domestic
rabbit populations. Therefore, the search for novel anti-
caliciviral drugs also merits great attention. In addition,
many caliciviruses do not replicate in cell cultures, thus
making difficult their study. The rabbit vesivirus (RaV)
is one of the few in vitro replicating caliciviruses and,
for this reason, it is an excellent model to search for anti-
caliciviral agents (Martin-Alonso et al., 2005).

Ageratina (snakeroot) is a plant genus
comprising about 250-290 perennials and rounded
shrubs in the sunflower family, Asteraceae. Some species
possess different biological properties, such as wound
healing, cell proliferation stimulation and antimycotic
action (Romero-Cerecero et al., 2008; Romero-Cerecero
et al., 2011). Ageratina havanensis (Kunth) R. M. King
& H. Robinson (common name: Havana snakeroot) is a
species of flowering shrub in this family, native of the
Caribbean and Texas (Diggs et al., 1999).
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Since ancient times, plants have been widely used
in traditional medicine by human populations. Chromones
and flavonoids highlight among the most important
naturally-occurring antiviral compounds (Torres et al.,
2002). Flavones, flavonols and flavonoid glucosides were
previously isolated from Ageratina havanensis (Yu et al.,
1987). Although there is no evidence for antiviral use of
this plant, other species in the Asteraceae have been used
in folk medicine to treat gastrointestinal disorders, kidney
affections and microbial infections (Romero-Cerecero et
al., 2008). The present work reports for the first time the
antiviral activity of 4. havanensis against HSV-1, HSV-2
and RaV, as well as the isolation and characterization of
major compounds from the most active extract.

Materials and Methods
Plant material

Ageratina havanensis (Kunth) R.M.King &
H.Rob., Asteraceae (leaves and stems), was collected
in Alamar (Havana) in November 2009 and identified
by Prof. Iralys Ventosa from Instituto de Ecologia y
Sistematica (Havana, Cuba), where a voucher specimen
was deposited (Ref. HAC-42498). The fresh leaves and
stems were separated and oven-dried at 40 °C, ground to
fine powder (yielding 145 g and 284 g, respectively) and
stored in airtight bottles.

Extraction and isolation

The powdered oven-dried plant samples (from
separate leaves and stems) were soaked in n-hexane and
extracted with ethanol (EtOH). The EtOH extracts were
concentrated by reduced pressure to yield syrup, further
dissolved in water and extracted with ethyl acetate
(EtOAc) and n-butanol (n-BuOH) in a separating funnel.
The resulting extracts were concentrated under reduced
pressure in order to obtain the final EtOAc extracts (leaves
yielded 11.12 g and stems yielded 1.55 g) and n-BuOH
extracts (leaves yielded 28.35 g and stems yielded 4.80
g).

The EtOAc extracts were further fractionated
with an n-hexane/chloroform/methanol (2:1:1) mixture
through Sephadex LH-20-packed column to give
eleven fractions (A-K). Fractions I and J were purified
by preparative thin-layer chromatography with a
dichloromethane/methanol (9.7:0.3) mixture to give the
compounds 1 and 2. Fraction E was chromatographed
on silica gel using dichloromethane/methanol mixtures
of increasing polarities. Compound 3 was obtained with
10% dichloromethane/methanol. The G fraction was
further fractionated by column chromatography on silica
gel with n-hexane/chloroform/methanol (2:3:0.5) to yield
compound 4.
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Compound 1:  5,4’-dihydroxy-7-methoxyflavanone
(sakuranetin): white solid, m.p. 180-181 °C, IR (KBr,
cm™): 3450; 2990; 1640; 1605, 1450, 1370; 1280, 1260;
1090. MS 70eV (m/z): 302 (M"); 273 (M*-29); 167 (A, +
H)"; 136 (B, + H,0) *.

Compound 2: 3,5,4’-trihydroxy-7-methoxyflavanone
(7-methoxyaromadendrine): white solid, m.p. 154-156
°C, IR (KBr, cm™): 3530; 3452; 3356; 3144; 1622; 1512;
1447;1206; 1071. MS 70eV (m/z): 286 (M*); 285 (M*-1);
167 (A, +H)"; 120 (B, + 2H) .

Compound 3: 4’-0-B-D-glucosyl-5,3’-dihydroxy-7-
methoxyflavanone: white solid, m.p.206-207 °C, IR
(ecm™): 3200, 2840, 1668, 1580, 1370.

Compound 4: 4’-0-B-D-glucosyl-5-hydroxy-7-
methoxyflavanone: white solid, m.p. 201- 204 °C, IR
(cm™): 3420, 2940, 1625, 1490, 1380, 1260, 1200, 1140.
HR-MS (FAB+) (m/z): [M+H]": 449, C,H,,O

2277247107

Structure elucidation procedures

The melting points (m.p.) were determined on
a Reichert-Thermovar apparatus. The optical rotations
were determined with a Perkin—Elmer 341 polarimeter.
IR spectra were recorded on a Mattson Genesis
spectrophotometer, series FT-IR. 'H and "“C NMR
measurements were obtained on Varian Inova 400 and
600 MHz NMR spectrometers with TMS as the internal
reference. Mass spectra were recorded on Brucker Apex
70 eV. TLC was performed on 0.2 mm-thick Kiesegel
60 F254 layers (Merck). Sephadex LH-20 and Silicagel
(Merck) were used for column chromatography.

Cytotoxic assays

Vero cells (ATCC, CCL81) were seeded in 96-
well plates at a density of 2x10* cells/well, and incubated
at 37 °C in a 5% CO, atmosphere for 48-72 h, until 90%
or greater confluence of the monolayers was reached. The
cells were then incubated with increasing concentrations
of the extracts at 37 °C in a 5% CO2 atmosphere, for
72 h. Afterwards, a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) solution was added
(final concentration 0.5 mg/mL) and the plates were
further incubated for 4 h to allow formazan production.
The solid purple precipitate was dissolved with
dimethylsulphoxide (Sigma) and the absorbance at 570
nm was measured using a pfQUANT Spectrophotometer
(Bio-Tek Instruments) with a reference wavelength of
620 nm. The concentration reducing cell viability by 50%
(cytotoxic mean concentration, CC50) was calculated by
regression analyses, as previously described (Mosmann,
1983).
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Antiviral assays

Ninety-six well plates containing confluent cell
monolayers were pre-incubated for 1 h with increasing
non-cytotoxic concentrations of the plant extracts, with
a replicate number of six. Afterwards, the cells were
infected with HSV-1, HSV-2 or RaV (10 TCID, ). The
plates were incubated at 37 °C in a 5% CO, atmosphere
and observed daily for viral-induced cytopathic effect
(CPE) using a light microscope. The extract was present
until the end of the experiment. When CPE was observed
in all virus control wells, the percentage of wells with
CPE was determined for each treatment concentration,
as previously reported (Al Jabri et al., 1996). Acyclovir
(ACV) at concentrations varying from 0.1-10 pg/mL
served as positive control during HSV evaluations. A
positive control for RaV is not yet available.

Statistics

Statistical analyses were performed using the
Statistica 6.1 software. Differences among antiviral
activity of extracts were determined using Studentunpaired
t-tests. Values of p<0.05 were considered indicative of
statistical differences. The concentration reducing cell
viability by 50% (mean cytotoxic concentration, CC50)
and that reducing viral-induced CPE by 50% (antiviral
effective mean concentration, EC50) were calculated
by regression analyses using the dose-response curves
(not shown) generated from the experimental data. A
selectivity index (SI) was calculated for each test sample
by dividing its CC50 by the corresponding EC50 value.

Results and Discussion

Cytotoxic effects and antiviral activity of Ageratina
havanensis

The cytotoxic effects of samples on Vero cells

were determined by the MTT colorimetric assay, as
previously described (Mosmann, 1983). The influence
of A. havanensis extracts on cell viability was indirectly
measured as a function of the ability of mitochondrial
enzymes (active in viable cells) to convert MTT in a
purple solid formazan precipitate. All extracts exhibited
concentration-dependent cytotoxic effects on Vero cells
to different extents. Regarding the source of extracts,
those obtained from leaves showed a higher toxicity when
compared to their homologues from stems. On the other
hand, when comparing extracts from the same plant organ,
it should be mentioned that the n-BuOH extract was the
most toxic, the EtOH the most innocuous, and the EtOAc
exerted intermediate toxic effects (Table 1). The CC50
values found for A. havanensis extracts on Vero cells
correlated well with the morphological changes recorded
during microscopic examination of treated cultures.
These alterations were gradual, concentration-dependent
and comprised cell rounding, presence of cytoplasmic
inclusions and loss of monolayer confluency.

The antiviral activity of extracts at non-
cytotoxic concentrations was assessed by measuring
their protective effects on infected Vero cells (Al Jabri et
al., 1996; Cann, 1999; del Barrio & Parra 2000; Alvarez
et al., 2011). SI values greater than 2 were considered
indicative of specific antiviral activity (Tsuchiya et al.,
1985; De Clercq, 1993). The first samples to be evaluated
were the EtOH extracts from leaves and stems, since these
were first generated during the extraction methodology.
In view of the results obtained in this antiviral screening,
we proceeded the fractionation by means of liquid-liquid
partition chromatography with EtOAc and n-BuOH. The
SIvalues increased with fractionation, as we should expect
if the purification of antiviral compounds succeeded. The
strongest antiviral activity was recorded for the EtOAc
extract from leaves against HSV-1 (SI=5.4) and RaV
(SI=5). The EtOAc extract from stems was also active
against RaV (SI=3.3). The anti-herpetic activity of this
extract remains to be investigated since the maximum

Table 1. Cytotoxic effects and antiviral activity of extracts from Ageratina havanensis leaves and stems.

Cytotoxicity Antiviral activity
Extract HSV-1 HSV-2 RaVv
CC50?
EC50* SI EC50 SI EC50 SI
EtOH! 28344448 809.9+59.6 3.5 1050+42.9 2.7 1153+49.3 2.5
EtOAc! 1670+0.2 311.6£10.1 5.4 >450 <4 334.1° 5.0
n-BuOH' 404.9+43.5 >225 <2 128.1+£22.8 3.2 174.2+14.5 2.3
EtOH® 5685+117 2628+103 2.2 2614+£158 2.2 1307+£206 4.3
EtOAc* 2270+99.9 >450 <5 >450 <5 684.0° 3.3
n-BuOH® 457.4+28.1 240.9+£5.7 1.9 145.4+£22.1 2.8 147.9+£3.67 3.1
ACV >1000 0.9+0.2 >1000 0.7+0.1 >1000 - -

Data are presented as the mean value of two independent experiments and their standard deviations. *CC50 and EC50 data are expressed as pg/mL.

®Values from a single experiment. 'Extract from leaves, sextract from stems.
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concentration tested against HSV-1 and HSV-2 did not
reach the EC50 value (SI<5). On the other hand, no
significant antiviral activity was observed for the n-BuOH
extracts against HSV-1 (SI<2). However these extracts
were indeed active against the rest of viruses, with SI
ranging from 2.3 to 3.2 (Table 1).

Several authors consider that the antiviral activity
of compounds occurring in plants take place via a direct
inactivating (virucidal) effect over the extracellular virus
particle (Sydiskis et al., 1991). This may be especially true
for enveloped viruses (e.g. HSV) which are more sensitive
to physic and chemical disrupting agents. However, being
RaV a non-enveloped and small virus, and consequently
more resistant to external environmental agents, the
antiviral activity found here is more attractive because
A. havanensis compounds could hamper specific targets
within the virus replication cycle, thus deserving further
research. Based on its high SI values, the leaves EtOAc
extract was selected for further purification of metabolites,
as described below.

Structural data of compounds isolated from A. havanensis
leaves ethyl acetate extracts

In order to isolate and characterize the major
compounds in A. havanensis, a combination of column
chromatographic techniques (Sephadex LH-20, silica gel
and preparative thin-layer chromatography) was used. The
structures of the isolated compounds were elucidated by
physical and spectroscopic data measurements (m.p., IR,
"HNMR, *C NMR, 2D NMR and MS) and by comparing
the obtained data with previously published values.

OH
H3CO O o) O

OH O
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The 'H and *C-NMR spectroscopic data obtained
for these compounds (not shown) are consistent with
previously reported values: Compound 1 was identified
as 5,4’-dihydroxy-7-methoxyflavanone (sakuranetin)
(Dominguez & De la Fuente, 1973); compound 2
corresponded to 3,5.4’-trihydroxy-7-methoxyflavanone
(7-methoxyaromadendrine) (Agrawal, 1989); compound
3 was identified as 4’-O-B-D-glucosyl-5,3’-dihydroxy-
7-methoxyflavanone (4’-0-B-D-glucosyl-7-methoxy-
eriodictiol), previously isolated from the plant
Aerva persica (Ahmed et al., 2006), but this is the
first report for this glucoside in the Asteraceae; and
compound 4 matched data for 4’-O-B-D-glucosyl-5-
hydroxy-7-methoxyflavanone (4’-0-B-D-glucosyl-7-
methoxysakuranetin) (Zhang et al., 2006), which is a
new flavonoid in the Ageratina genus.

Antiviral activities have been previously
reported for several naturally-occurring flavonoids
(Kaul et al., 1985; Kwon et al., 2010; He et al., 2011).
It is known that some of them such as epigallocatechin
gallate, epigallocatechin and quercetin, inhibited virus-
induced cytopathic effects and reduced virus-plaque
yields in Vero cells infected with HSV-1 and HSV-2 (Lyu
etal., 2005). The antiherpetic activity of several flavonoid
rich extracts from different plants has also been shown
(Goncalves et al., 2001; Fernandez-Romero et al., 2003;
Silva et al., 2010). Regarding their mechanism of action
against herpes virus, it has been reported that flavonoids
could have virucidal effects (Kaul et al., 1985; Hayashi
etal., 1997; Goncalves et al., 2001) or act as inhibitors of
the viral attachment and penetration (Isaacs et al., 2000;

Silva et al., 2010).
OH
0] ‘\\\©/

HaCO
OH
OH O
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OH
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Further antiviral evaluations and mechanistic
experiments are needed in order to elucidate the
mechanism of action of metabolites isolated from A.
havanensis.

Concluding remarks

The search for antiviral compounds among
medicinal plants is actually a retrospective study
aiming to establish the rationale for the use of products
commonly employed by folk. The bioactivity-guided
purification approach, partially followed in this work,
has demonstrated to be an effective strategy to look
for novel drugs. The outlined anti-HSV activities
found for Ageratina havanensis suggest that EtOAc
extract or derived compounds can be considered as
phytopharmaceutical candidates for the treatment of
herpetic infections. The results found using the in vitro
anti-RaV model may also contribute to gain knowledge
on calicivirus antiviral strategies. This is the first report
on Ageratina havanensis antiviral activity. Further
experiments are required to investigate the mechanism of
action and the molecules responsible for the inhibition of
specific viral targets.
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