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Occurrence of some antiviral sterols in Artemisia annua
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Out of the twenty one medicinal plants evaluated for their virus inhibitory activity against tobamoviruses on their test hosts reacting
hypersensitively, extracts of Lawsonia alba, Artemisia annua and Cornus capitata showed high virus inhibitory activity. The virus in-
hibitory agent (s) occurring in 4. annus plant was isolated by conventional methods and identified as sterols. The sterols were

characterized by spectral methods as sitosterol and stigmaterol.
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Introduction

Recent investigations on inhibition of plant
viruses have shown that strong virus inhibitors oc-
cur in a limited number of plants [1—7]. However
not much effort has been made to purify and
characterize the active agents from these phytoex-
tracts. There are still fewer reports which deal
critically with their isolation and characterization
[2,8—10]. Therefore, in the present investigation,
some medicinal plants were initially evaluated for
their antiviral activity. Then the virus inhibitory
agents(s) (VIA) present in Artemisia annua was
isolated and identified.

Material and Methods

Virus cultures and test plants

The cultures of tobamoviruses viz. tobacco
mosaic virus and sunnhemp rosette virus were
maintained on their hosts reacting systematically
viz. Nicotiana tabacum var. Np 31 and Crotalaria
juncea, respectively, and test plants viz. Datura
stramonium L. and Cyamopsis tetragonoloba Taub.
were raised in compost soil in a glasshouse.

Virus inoculum and inoculation
The young diseased leaves of tobacco or sunn-
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hemp plant were ground with mortar and pestle
with distilled water used as diluent. The pulp ob-
tained was squeezed through muslin cloth and cen-
trifuged at 3000 rev./min for 10 min. The
supernatant was diluted to 1:100 (w/v) and used as
inoculum.

Inoculation was done with a forefinger using
carborundum powder (600 mesh) as an abrassive.

Extraction of VIA

The fresh plant material (10 g) was ground in
mortars with 20 ml of distilled water. The pulp ob-
tained was squeezed through muslin cloth and cen-
trifuged at 300 rev./min for 10 min, made up to the
dilution 107! w/v by adding distilled water and
used for experiments. Similarly, the 10 g of
fresh plant material marked with (a) in Table 1
were ground in 20 ml of ethanol while the plants
marked with (b) in Table I were ground with a
mixture of ethyl acetate/hexane (70:30). The pulp
obtained was squeezed through muslin cloth and
centrifuged at 3000 rev./min for 10 min, made up
to the final dilution to 107! w/v and used for
experiments (Table I).

Antiviral evaluation

The virus inhibitory activity was evaluated by
the application of test samples on 3 lower leaves of
10 healthy D. stramonium or C. tetragonoloba test
plants. Similarly 3 leaves of 10 control plants were
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Table 1.

Evaluation of some medicinal plants for their virus inhibitory activity against tobamoviruses. Inhibitors of plants marked

with (a) were suspended in ethanol and plants marked with (b) were suspended in a mixture of ethyl acetate and hexane and assayed

against SRV on C. tetragonoloba (X) and TMV on D. stramonium (Y) plants.

Sl no.  Plant extract Family Part screened Percent virus
inhibitory activity
1 Apium graveolens L. Apiaceae Leaf 59 (Y)
2 Artemisia annua L. (b) Asteraceae Whole plant 73 (Y)
3 Bixa orellana L. () Bixaceae Leaf 24 (X)
4 Clerodendrum phlomidis L.f. (a) Verbenaceae Leaf 29 (X)
5 Costus speciosus (Koen.) Sm. (a) Zingiberaceae Leaf 54 (X)
6 Cornus capitata L. Coilnaceae Leaf 78 (Y)
7 Digitalis latana Ehrh. Scrophulariaceae Leaf Nil (Y)
8 Gardenia gummifera L.f. Rubiaceae Leaf 62 (Y)
9 Jataropha guricus L. Euphorbiaceae Leaf 40 (Y)
10 Kalanchee spathulata DC. Crassulaceae Leaf 49 (Y)
11 Lepidium sativum L. Cruciferae Whole plant 34 (Y)
12 Lawsonia alba Lam. (a) Lythraceae Seeds 97 (Y)
13 Melochia corchorifolia L. Sterculiaceae Leaf Nil (Y)
14 Mentha spicata L. (a) Labiatae Whole plant 10 (X)
15 Pluchea lanceolata Oliver & Hiern. (a) Asteraceae Leaf 33 (X)
16 Phyllanthus neruri Auct. (a) Euphorbiaceae Whole plant 07 (X)
17 Rauvolfia canescens L. Solanaceae Fruit 30 (Y)
18 Sedum sp. Wall. Grassulaceae Leaf 21 (Y)
19 Silybum marinum L. Gaertn. Asteraceae Leaf Nil (Y)
20 Spilanthes acemella L. Asteraceae Leaf 28 (Y)
21 Vitex negundo L. (a) Verbenaceae Leaf 29 (Y)
rubbed with distilled water, ethanol or Physicochemical properties. The properties were

ethylacetate and hexane mixture which served as
control sets. After 24 h of treatment, all the leaves
of test plants were washed with distilled water,
dusted with carborundum powder (600 mesh) and
inoculated with TMV or SRYV as required for their
test host. The local lesions were counted 3—5 days
after virus challenge.

Calculations

The percent of virus inhibitory activity was
calculated by using the formula IP = (1 - 4/B) x
100, where IP = inhibition percentage; A = average
number of local lesions on treated leaves; B =
average number of Icoal lesions on control leaves.
The calculation of significance of data were same
as described earlier [11].

Isolation and partial characterization of IVA from
A. annua

This was carried out by using conventional
methodology described earlier [12—16].

studied on C. tetragonoloba against sunnhemp
rosette virus.

Storage. B-Sitosterol and stigmasterol (1 mg/ml)
were stored at laboratory temperature (36 + 5°C)
in stoppered sterilised test tubes and VIA of the
samples was tested regularly at intervals of 10, 20,
30 and 40 days.

Dilution. B-Sitosterol and stigmasterol were
diluted to 5 x 10% 1 x 10, 10 and 0.1 pg/ml
separately and VIA of diluted samples was tested.

Spectra were recorded with the instruments of
IR Perkin Elmer-399 B model 'H-NMR and '*C-
NMR of varian FT-80A in CDCl; with TMS as
an internal standard. GC-Mass system 1020 B of
Finnigan MAT.

Results

Initially extracts from some medicinal plants
were screened for their virus inhibitory activity
against the tobamoviruses, tobacco mosaic and



sunnhemp rosette viruses on their respective test
hosts reacting hypersensitively. This preliminary
screening revealed that aqueous extracts of Cornus
capitata  (Collnaceae),  Apium  graveolens
(Apiaceae), Gardenia gummifera (Rubiaceae),
alcoholic extract of Lawsonia alba (Lythraceae),
Costus speciosus (Zingiberaceae) and a hexane-
ethylacetate extract of 4. annua reduced virus in-
fection to variuos degrees in their respective local
lesion hosts when applied 24 h prior to virus
challenge. Extracts from L. alba, C. capitata and
A. annua plant afforded the maximum reduction in
tobamoviruses infection while the extracts of A.
graveolens, G. gummifera and C. speciosus were
somewhat less active. The rest of the plants had no
significant antiviral response (Table I).

The VIAs present in A4. annua plant were
isolated by conventional methodology.

Dried and powdered whole plant of A. annua (2
kg) were extracted with n-hexane (6 x 2.5 1) at
room temperature. The hexane extract obtained
was concentrated under reduced pressue and after
removal of the solvent yielded 54 g of this material
50 g was applied to a silica gel column (105 x 7.5
cm) (500 g) and eluted in a step-wise fashion with
n-hexane-ethylacetate (95:5, 90:10, 85:15 and
80:20). Fifty fractions of 500 ml each were col-
lected and monitored by TLC. Fractions giving
similar chromatogram were pooled. These frac-
tions were further purified by repeated chroma-
tography on 105 x 7.5 cm column yielded 9
compounds which were identified as tetra tria-
conitane, nonacosanol, octacosanol, artermisinin,
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deoxyartemisinin, arteannuan-B, hentriacontanyl
triacontanoate, 2-methyl tricosan-8-one-23-ol and
sterols by comparison with spectral data reported
in the literature. The above method yielded 9
crystalline compounds which were identified and
tested for their antiviral activity (Table II). Sample
no. 5 was identified as a sterol and exhibited high
virus inhibitory activity. Other identified com-
pounds were comparatively very less active.

The sterol mixture (Fraction no. 5) was
separated and identified as follows.

Characterization of active principle

The active fraction was obtained as a crystalline
mixture during the column chromatography of
hexane extract of A. annua. The homogenity of
these compounds was ascertained by repeated
crystallization which resulted in material showing
well defined spot on TLC plates but which did not
show sharp melting points. The mass spectra of the
mixture showewd two molecular ion peaks at m/c
414 and 412. The ')C-NMR of the compound
revealed 36 signals of which 29 are identical to
those of B3-sitosterol. The remaining 7 signals can
be assigned to C-22 to C-25 and C-28 of
stigmasterol by comparison with the reported
values [16]. The chemical shifts of olifinic
methene resonances appearing at 138.51 and
129.53 are of particular value in differentiating
these compounds.

The sterols were further identified by gas
chromatography (GC) using 6 ft. x 1/8 in. stainless
steel (SS) column packed with 3% silicon OV-17

Table II.  Virus inhibitory activity of some compounds purified from A. annua. Data significant (a) at 1% level and (b) at 5% level.

Sl no. Name of compounds M.P. (°C) Mol. wts. % inhibitory
activity
1 Tetratriaconitane 68 478 40 (b)
2 Nonacosanol 75—176 424 48 (b)
3 Octacosanol 7374 410 46 (b)
4 Hentriacontanyitriacontanoate 82—83 886 43 (b)
5 Sterols mixture 136147 412414 72 (a)
6 2-Methyltricosan-8-one-23-Ol 8687 368 50 (a)
7 Artemisinin 153—154 282 40 (b)
8 Deoxyartemisinin 114115 266 56 (a)
9 Arteannuan-g8 150—151 248 40 (b)
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Table IH. Virus inhibitory activity of @-sitosterol and
stigmasterol purified from A. annua. Data significant (a) at 1%
level.

Name of M.P. Mol. % inhibitory
steroidal °C) wt. activity
compound

B-Sitosterol 136 414 80 (a)
Stigmasterol 167 412 64 (a)

(Methyl phenyl silicon for gas chromatography)
on chromosorb W HP, (supplied by All tech.
Associate Inc. U.S.A.) temperature programmed
at isothermal 250°C for 2 min then 4°C per min to
290°C. Reference samples of B-sitosterol and
stigmasterol exhibited the same retention time.
The sterol fraction was acetylated with acetic
anhydride in pyridine in the usual way. The
acetate mixture was analysed by TLC on silica gel
plates (containing 20% silver nitrate with
benzene/hexane (4:6). The plate was run 3 times
and sprayed with anisaldehyde and visualized by
heating. Hydrolysis of the acetate yielded the free
sterol, m.p. 136°C, of identical IR, NMR and
mass, as (-sitosterol and another sterol, m.p.
167°C, identified in IR, NMR and mass to
stigmasterol. The purified (-sitosterol fraction
showed 80% virus inhibitory activity while the
stigmasterol showed 64% activity (Table III).
Experiments for physical characteristics are
summarized in Table IV which reveal that the in-
hibitory activity of these sterols was gradually lost
when stored in vitro at room temperature (32 +
5°C) in closed vials. The sterols were active up to
a dilution of 100 pg/ml, the activity was completely

lost on diluting the samples by 10 ug/ml. The
results clearly indicate that long storage and
increasing dilution of these sterols gradually
decreased the antiviral activity (Table IV).

Discussion

Antiviral screening of higher plants has shown
that some of them contain highly potent inhibitors
of plant viruses which display varying degree of in-
hibition [3—7,17—20]. This during our screening
programme A. annua, L. alba and C. capitata
plants were found to possess virus inhibitors.

Only a very few inhibitors have been fully
characterized, and these show striking chemical
variation. Some inhibitors were characterized as
glycoproteins [9], protein [2,21] and polypeptide
[8] in nature while other inhibitors showed the
characteristics of carbohydrates or polysac-
charides [10]. Similarly the virus inhibition by
strawberry and raspberry leaf extract was due to
the presence of phenolic tannins and the inhibitor
of Begonia tuberhybrida was identified as oxalic
acid. In stone fruit plants e.g. Prunus sp. the in-
hibitor were of flavonoid in nature and related to
guercitin  [3,20,22]. Similarly the steroidal,
triterpenoid glycosides and volatile constitutents
of plant origin have been shown to possess virus
inhibitory activity [23—25}. The range of their
molecular weights varied greatly. However, the
nature of a virus inhibitor present in A. annua was
identified as a mixture of low molecular weight
sterols which was further separated and identified
as sitosterol and stigmasterol. Further the sugges-
tion that these antiviral sterols affects hosts rather
than viruses is supported by the fact that the

Table IV. Effect of storage and dilution on virus inhibitory activity of 8-sitosterol and stigmasterol. Data significant (a) at 1% level

and (b) at 5% level.

Name of sterols % Inhibitory activity

Storage in days

Dilutions (ug/ml)

10 20 30 40 500 100 10 11
B-Sitosterol 71 (a) 67 (a) 60 (a) 58 (b) 73 (a) 40 (b) Nil Nil
Stigmasterol 55 (a) 48 (b) 42 (b) 37 (b) 58 (a) 39 (b) Nil Nil




number of lesions produced are reduced when the
compound applied first followed by virus inocula-
tion and evidence was found for reduction of
lesion size viz. diameter of lesion. This is the first
report on sterols present in 4. annua plant showing
virus inhibitory activity.
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