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ABSTRACT.—Two 3-methoxyflavones isolated from the Rutaceae, ternatin {3} and
meliternatin {4}, were tested against DNA and RNA viruses. Under the same experimental
conditions, only ternatin inhibited the cytopathic effect caused by all the tested viruses and re-
duced the viruses infectivity on the multistep virus replication. Ternatin was more effective
against the naked viruses tested, especially poliovirus, and it is also active against the DNA vi-
tuses tested, especially adenovirus. Structure-activity relationships are discussed

The triterpenoid saponins (1-3) and
some flavonoids (4,5) were selected by
our laboratory for investigation of their
potential as antiviral drugs.

Naturally occurring flavonoids with
antiviral activity have been recognized
for nearly 40 years (6), and many investi-
gations have been published on this sub-
ject. The most interesting results were
found for an anticoxsackievirus and an-
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tirhinovirus flavone 1 (Ro-09-0179) (7),
an antirhinovirus chalcone (Ro-09-
0410) (8,9), an antirhinovirus 4’-6-di-
chloroflavan (BW 683 C) (8,10), and
also for the highly active antipoliovirus
3-methoxyflavones. The elucidation of
the mechanism of action of 3-methyl-
quercetin {2}, belonging to the latter
group, was also investigated (11-13).
The encouraging results of the latter
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group prompted us to study the effects of
two other different 3-methoxyflavones:
ternatin {3} (5,4’-dihydroxy-3,7,8,3'-
tetramethoxyflavone)  isolated from
Evodia madagascariensis Baker (Rutaceae)
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(14) and meliternatin [4} (3,5-
dimethoxy-6,7:3',4'-dimethylenedioxy-
flavone) isolated from Melicope indica
Wight (Rutaceae) (15).

After 96 h of treatment, concentra-
tions of 200 pM for ternatin and 800
MM for meliternatin did not inhibit cell
growth, whereas higher concentrations
induced granularity, retraction, and
then lysis of Vero cells. For the determi-
nation of antiviral activity, we have used
concentrations ranging from 5 to 100
1M for ternatin and 100 to 700 M for
meliternatin. Under the same experi-
mental conditions, only ternatin re-
duced the cytopathic effect (CPE) caused
by all the tested viruses. No activity was
found against these viruses for meliter-
natin. Results are shown in Table 1.

According to Sidwell and Huffman
(20), avirus-rating (VR) of >1.0 is indi-
cative of definite antiviral activity,
whereas a VR of 0.5 to 0.9 indicates
moderate activity. Our results demon-
strated that at a multiplicity of infection
(MOI) of 10 and 10~ > 50% tissue cul-
ture infective dose (TCIDsg)/cell, the
VR values of ternatin ranged from 0.6 to
2.0, which would indicate that this
flavonoid presents antiviral activity
against the tested viruses. The in vitro
therapeutic indexes (TI), depending on
the MOI and the different viruses, could
be considered acceptable (21), because
one of the essential requirements for a
prospective antiviral agent is its high
therapeutic index.

Under a multistep virus replication
test, ternatin reduced the viral titers of
poliovirus, adenovirus, HSV-2, VSV,
and HSV-1 by 5, 3, 2, 2, and 1 log,,,
respectively. The results showed that
ternatin was more effective against the
naked viruses tested (adenovirus-DNA
group) and especially against poliovirus
(RNA group), in accordance with the re-
marks made by Vanden Berghe e 4/.
(16), who demonstrated that 3-methoxy-
flavones are highly active against picor-
naviruses but not against DNA viruses.
We, moreover, found that ternatin also
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inhibited the CPE and reduced the viral
titers of the DNA viruses tested, espe-
cially adenovirus.

We have noticed analogous results for
3-methylquercetin {2} and ternatin {3]:
at a concentration of 5 pg/ml compound
2 drastically inhibited the viral titer of
poliovirus (11), whereas compound 3, at
1.12 pg/ml, reduced the viral titer of
this same virus by 5 log,.

Preliminary studies on structure-ac-
tivity relationships of flavonoids indi-
cated that only the aglycone seemed to
be required, because all tested glycosides
were inactive. The presence of the 3-
methoxy group, the carbonyl function,
and the C-2—C-3 double bond are also
necessary for antiviral action. Methyla-
tion of free hydroxyl groups, especially
in the C-5 and C-4’ positions, seems to
decrease the antiviral potency (22).

Our results confirm these statements
and also allow us to state that when
methylenedioxy groups are introduced
at C-6-C-7 and C-3'—C-4, the antiviral
activity disappears, even if the C-3
methoxy group is maintained. More-
over, the anti-DNA virus activity de-
tected only for ternatin seems to be re-
lated to its C-8 methoxy group, because
other tested 3-methoxyflavones (4, 2,
and Ro-09-0179) without this function
lacked anti-DNA virus activity (7,11).

EXPERIMENTAL

DruGs.—Solutions of each flavonoid were
prepared in MeOH- 3% MeQH (1:1), which isa
nontoxic solvent concentration for the cells
(16,17). They were stored at —20° until used and
then diluted in the cell culture medium for the
tests. All samples were filtered in a Millex-GS-
0.22-pm filter under aseptic conditions.

CELLS AND VIRUSES.—Vero cells were culti-
vated at 37° in Eagle’s minimal essential medium
(MEM) with Earle's saline, supplemented with
10% inactivated fetal calf serum and antibiotics.
HSV-1 and HSV-2 were isolated at Pontchaillou
Hospital, Rennes; adenovirus type 2 came from
the Institute of Virology, Strasbourg; poliovirus
type 2 was propagated in our laboratory; and VSV
was supplied by the Virology Department, Ren-
nes. Virus stocks were prepared by inoculating
Vero monolayers at low MOI and incubating
them atr 37°. Two days after infection, the cul-
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tures were frozen and thawed three times and the
preparations were clarified by centrifugation at
low speed to remove cell debris. The resulting
supernatant fluids were maintained at —70°.
Virus titrations were performed by the Reed and
Muench dilution method (18). The viral titers
were estimated from cytopathogenicity and ex-
pressed as 50% tissue culture infective dose per
milliliter (TCID,y/ml): 2 X 10° for HSV-1 and
VSV and 2 X 107 for HSV-2, adenovirus, and
poliovirus.

CYTOTOXICITY TEST.—The method used
was essentially the one described by Vanden
Berghe er al. (19). The CyDs, values are defined
as the maximum drug concentration which causes
cytotoxic effects in 50% of the cultured cells, and
values lower than those obtained in these tests
were then used in antiviral tests.

DETERMINATION OF ANTIVIRAL ACTIV-
ITY.—It was detected by measuring the inhibi-
tion of CPE with estimation of EDsg, VR, and TI
(1) and by reduction of infectious titers in a multi-
step virus replication (11).
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