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bstract
The antiviral activity of homoisoflavonoids, a class of flavonoids, was determined in vitro against a large panel of enteroviruses. The inhibition
f viral replication was monitored on BGM (Buffalo Green Monkey) cells, and the concentration required for 50% inhibition (IC50), as well as the
electivity index (SI) were determined. None of the substances were effective against Sabin type 1 poliovirus (PV1), but most of them showed a
ow cytotoxicity and a marked antiviral activity against Coxsackie virus B1, B3, B4, A9 and echovirus 30.

2006 Elsevier B.V. All rights reserved.
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Picornaviruses, in particular enteroviruses (EVs) and rhi-
oviruses (HRVs), are responsible for several human viral dis-
ases, ranging from mild upper respiratory diseases to fatal neu-
ological or cardiac-based illnesses. Enteroviruses cause aseptic
eningitis, encephalitis, febrile illness, foot and mouth diseases,
yocarditis, and pancreatitis, whereas, rhinoviruses are esti-
ated to cause approximately one-third of all upper respiratory

ract viral infections (Pallansch and Roos, 2001).
Due to the widespread nature of the diseases associated with

icornaviruses and the difficulty of vaccine development for the
ajority of these viruses, extensive efforts have been made in the

earch for effective anti-picornavirus agents. However, despite
he in vitro activity of several specific compounds, to date only
ew drugs have shown efficacy in humans and none have been
pproved for clinical use (Shih et al., 2004; Pevear et al., 2005;
awlinson, 2001).

Natural and synthetic flavanoids and flavonoids interfere with
icornavirus replication preventing the decapsidation of viral
articles and RNA release within cells (Tisdale and Selway,
984; Castrillo et al., 1986; Conti et al., 1990a; González et

l., 1990; Genovese et al., 1995; Salvati et al., 2004) or blocking
iral RNA synthesis (Robin et al., 2001).

∗ Corresponding author. Tel.: +39 06 49903256; fax: +39 06 49902082.
E-mail address: fiore@iss.it (L. Fiore).

1 Present address: Department of Food Safety and Veterinary Public Health,
SS, Rome, Italy.
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Several substituted flavanoids (flavans, isoflavans and 3(2H)-
soflavenes) have been reported to have a broad antiviral spec-
rum of activity, efficiently inhibiting HRV 1B, Sabin type 2
oliovirus, hepatitis A virus, coxsackievirus B4, echovirus 6,
nd enterovirus 71 infections in vitro (Burali et al., 1987; Conti
t al., 1990a,b; Desideri et al., 1990, 1992; Quaglia et al., 1993;
enovese et al., 1995).
Among flavonoids, both natural and synthetic flavanones and

avones presented a large spectrum of activity, although they
re less potent than flavanoids. In particular flavones, gener-
lly poorly active compounds, achieved good anti-picornavirus
otency through the introduction of substituents in position 3
Van Hoof et al., 1984; De Meyer et al., 1991; Desideri et al.,
995).

Homoisoflavonoids constitute a small class of natural prod-
cts structurally related to other known anti-picornavirus
avonoids. Synthetic analogues (3-benzylidenechroman-4-
nes, 3-benzyl-4-chromones, and 3-benzylchroman-4-ones)
Fig. 1) were prepared and tested for their antiviral activity
gainst picornaviruses. The homoisoflavonoids 1–3(a–g) were
eported to be weakly effective against poliovirus type 2, while
hey exhibited a variable degree of activity against HRV 1B and
4, selected as representative serotypes for groups B and A of
RVs, respectively (Desideri et al., 1997; Quaglia et al., 1999).
The aim of the present study was to evaluate the antivi-
al activity of this latter class of flavonoids against a larger
anel of pathogenic enteroviruses, including Coxsackie virus
3 (CVB3), one of the major causes of virus-induced acute or
hronic heart diseases (Maier et al., 2004), Coxsackie virus B4
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dx.doi.org/10.1016/j.antiviral.2006.07.003


S. Tait et al. / Antiviral Research 72 (2006) 252–255 253

F
4
(

(
e
(
A
3
p
1

p
e
p
c
o
C
b
c
m
a
(
t
t
i
c
a
c

3
c
s
o
c
C
c
t

e
v
e
a
c

an
d

an
tiv

ir
al

ac
tiv

ity
of

3-
be

nz
yl

-4
-c

hr
om

on
es

(2
a–

g)
,3

-(
4′

-h
yd

ro
xy

be
nz

yl
id

en
)c

hr
om

an
-4

-o
ne

(1
b)

an
d

3-
(4

′ -h
yd

ro
xy

be
nz

yl
)c

hr
om

an
-4

-o
ne

(3
b)

ag
ai

ns
tS

ab
in

ty
pe

1
po

lio
vi

ru
s

(P
V

1)
,c

ox
sa

ck
ie

vi
ru

s
,c

ox
sa

ck
ie

vi
ru

s
B

3
(C

V
B

3)
,c

ox
sa

ck
ie

vi
ru

s
B

4
(C

V
B

4)
,c

ox
sa

ck
ie

vi
ru

s
A

9
(C

A
V

9)
an

d
ec

ho
vi

ru
s

30
(E

ch
o3

0)

C
C

50
(�

M
)

IC
50

(�
M

)
SI

a

PV
1

(S
ab

)
C

V
B

3
C

V
B

4
C

A
V

9
C

V
B

1
E

ch
o3

0
PV

1
(S

ab
)

C
V

B
3

C
V

B
4

C
A

V
9

C
V

B
1

E
ch

o3
0

53
.6

N
ot

ac
tiv

e
20

.0
±

1.
8

12
.0

±
1.

1
23

.3
±

1.
5

4.
0

±
0.

2
8.

0
±

0.
5

–
2.

7
4.

5
2.

3
13

.4
6.

7
46

.8
30

.0
±

1.
6

10
.0

±
0.

8
14

.0
±

1.
3

38
.0

±
1.

8
4.

0
±

0.
3

13
.0

±
1.

1
1.

6
4.

7
3.

3
1.

2
11

.7
3.

6
55

.5
>

55
.5

b
4.

0
±

0.
2

8.
0

±
0.

5
20

.0
±

1.
3

2.
5

±
0.

1
13

.0
±

1.
0

–
13

.9
6.

9
2.

8
22

.2
4.

3
85

.0
50

.0
±

2.
1

20
.0

±
1.

6
15

.0
±

1.
2

2.
5

±
0.

1
3.

0
±

0.
1

2.
5

±
0.

1
1.

7
4.

3
5.

7
34

.0
28

.3
34

.0
>

10
0.

0
43

.0
±

1.
8

30
.0

±
2.

1
30

.0
±

1.
8

39
.3

±
1.

4
7.

5
±

0.
4

25
.0

±
1.

6
>

2.
3

>
3.

3
>

3.
3

>
2.

5
>

13
.3

>
4.

0
88

.6
N

ot
ac

tiv
e

20
.0

±
1.

6
10

.0
±

0.
6

7.
5

±
0.

5
20

.0
±

1.
4

5.
0

±
0.

3
–

4.
4

8.
9

11
.8

4.
4

17
.7

39
.1

>
39

.0
b

25
.0

±
1.

5
20

.0
±

1.
5

36
.5

±
1.

7
17

.5
±

1.
3

15
.0

±
1.

3
–

1.
6

2.
0

1.
1

2.
2

2.
6

53
.2

2.
0

±
0.

1
5.

0
±

0.
3

2.
0

±
0.

1
2.

0
±

0.
1

2.
0

±
0.

1
2.

0
±

0.
1

26
.6

10
.6

26
.6

26
.6

26
.6

26
.6

20
.0

15
.0

±
1.

3
15

.0
±

1.
4

13
.0

±
1.

2
8.

5
±

0.
4

5.
0

±
0.

3
3.

5
±

0.
2

1.
3

1.
3

1.
5

2.
4

4.
0

5.
7

91
.4

30
.0

±
1.

6
26

.0
±

1.
7

20
.0

±
1.

6
20

.0
±

1.
3

14
.0

±
1.

3
7.

5
±

0.
5

3.
0

3.
5

4.
6

4.
6

6.
5

12
.2

en
ts

w
er

e
pe

rf
or

m
ed

in
tr

ip
lic

at
e

on
B

G
M

ce
lls

.W
IN

51
71

1
w

as
in

cl
ud

ed
as

co
nt

ro
l.

C
C

50
/I

C
50

.
w

he
n

IC
50

va
lu

e
w

as
hi

gh
er

th
an

th
e

co
rr

es
po

nd
in

g
C

C
50

.

ig. 1. Chemical structures of homoisoflavonoids: (E)-3-benzylidenechroman-
-ones (1a–g), 3-benzyl-4-chromones (2a–g) and 3-benzylchroman-4-ones
3a–g).

CVB4) and A9 (CAV9), correlated with pancreatitis (Roivainen
t al., 2000; Huber and Ramsingh, 2004) and echovirus 30
Echo30) associated with meningitis (Savolainen et al., 2001).
mong the three series of homoisoflavonoids described above,
-benzyl-4-chromones (2a–g) (Fig. 1) were selected since they
roved less cytotoxic in HeLa cell cultures (Desideri et al.,
997).

Initially, we confirmed the low cytotoxicity of these com-
ounds on BGM (Buffalo Green Monkey) cells, widely used in
nterovirus isolation because of their susceptibility to most of
icornaviruses. The 50% cytotoxic concentration (CC50) of the
ompounds, defined as the concentration reducing the viability
f untreated cell cultures by 50%, was determined (Table 1).
onfluent cell monolayers grown in 96-well plates were incu-
ated with 10-fold serial dilutions (from 10 to 100 �M) of
ompounds for 3 days (37 ◦C, 5% CO2) in D-MEM supple-
ented with 2% FCS. Cells were then fixed and stained with
methanol solution of crystal violet, as previously described

Sugarman et al., 1987; Horn et al., 1990). After dye extraction,
he optical density of individual wells was quantified spectropho-
ometrically at 590 nm with a microplate reader. Cell viability in
ndividual compound-treated wells was determined as the per-
entage of the mean value of optical density resulting from the
verage of three replicates with respect to the mock-treated cell
ontrol set as 100%.

The CC50 values of compounds 2a–d, 2f and 2g ranged from
9 to 89 �M, while derivative 2e was not toxic up to the highest
oncentration tested (100 �M). These data indicated that all the
ubstances had a low cytotoxicity for BGM cells, comparable
r lower than WIN 51711, a broad-spectrum anti-picornavirus
ompound used as reference compound (Otto et al., 1985).
ytotoxicity was dependent on the nature of substituents, the
hloro-substituted derivatives 2d–f being the least toxic among
he 3-benzyl-4-chromones tested (Table 1).

The inhibitory activity of the homoisoflavonoids 2a–g was
valuated against Sabin type 1 poliovirus (PV1), Coxsackie

irus B1 (CVB1), B3 (CVB3), B4 (CVB4), A9 (CAV9) and
chovirus 30 (Echo30) by focus reduction neutralization assay,
s previously described (Di Lonardo et al., 2002). Briefly, BGM
ell monolayers were grown in 96-well microtiter plates. After Ta
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emoval of culture medium, 100 �l of drug solution and a con-
tant amount of virus (150–200 focus forming units (FFU) for
ach virus), in a volume of 100 �l, were added to the cells. Non-
nfected and infected cells in the absence of compounds served
s cell and virus control, respectively. WIN 51711 was used as
ositive control (Otto et al., 1985).

The 50% inhibitory concentration (IC50) of antiviral com-
ounds 2a–g, defined as the drug concentration required for 50%
irus inhibition, was determined from the mean dose–response
urves of three replicates (Table 1). To better evaluate the tox-
cological profile of the molecules, the selectivity index (SI),
xpressed as CC50 versus IC50 ratio, was considered.

None of the substances showed significant inhibition towards
abin PV1, but all of them were effective against the other
Vs tested (Table 1). In contrast with the results previously

eported on HRVs, where chloro-substituted compounds (2d–f)
enerally showed the highest potency (Desideri et al., 1997),
n this study the antiviral effect against CVB3 and CVB4 was

ore pronounced in the presence of homoisoflavones (2b and
c) with electron-donating substituents at the 4′-position. 3-
4′-Methoxybenzyl)-4-chromone (2c) was the most effective
nhibitor of both these CVs with an IC50 of 4 and 8 �M, respec-
ively. Moreover, compound 2c combined a high antiviral activ-
ty with a rather low cytotoxicity resulting in a SI against CVB3
igher than that of the reference compound (WIN 51711). The
ntroduction of two additional methoxy groups in positions 5 and

gave compound 2g, with a lower activity against all the EVs
ested and a greater cytotoxicity with respect to the 4′-methoxy
nalogue (2c). Although the chloro-substituted homoisoflavones
2d–f) were the least toxic compounds of this series, they gen-
rally exhibited a moderate selectivity against CVB3 and CVB4
ue to lower potency.

Interestingly, as observed in previous studies with HRVs
Desideri et al., 1997), 3-(4′-chlorobenzyl)-4-chromone (2d)
as found to be the most active homoisoflavone against CAV9

nd Echo30, with an IC50 of 2.5 �M. In addition, compound 2d
howed a better selectivity index against these two viruses than
hat found for WIN 51711 with a same potency.

The introduction of a second chlorine atom in position 6
esulted in the 4′,6-dichloro derivative 2e, which was not cyto-
oxic, but showed a moderate activity against CAV9 and Echo30.
he substitution of compound 2d with two additional chlorine
toms in positions 5 and 7 led to compound 2f with a cytotoxicity
omparable to that of compound 2d and a slightly lower activity
gainst these two viruses (IC50 = 7.5 and 5.0 �M for CAV9 and
cho30, respectively).

The unsubstituted 3-benzyl-4-chromone (2a) and all the
′-substituted analogues (2b–d) were potent and selective
nhibitors of CVB1, 3-(4′-methoxybenzyl)-4-chromone (2c)
eing the most active compound (IC50 = 2.5 �M) and 3-(4′-
hlorobenzyl)-4-chromone (2d) the most selective (SI = 28.3).

To verify whether the chemical modifications of the 3-benzyl-
-chromone skeleton could influence the activity observed

gainst EVs, we extended our study to the 2b analogues: 3-
enzylidenechroman-4-one (1b), characterized by the presence
f an exocyclic instead of an endocyclic double bond, and to the
ore flexible 3-benzylchroman-4-one (3b). The compound 2b

C

C

rch 72 (2006) 252–255

as selected for its broad spectrum of anti-EV activity, including
V1. The cytotoxicity and the antiviral activity of these com-
ounds against the EVs selected was evaluated, and the results
re reported in Table 1. Both analogues (1b and 3b), as well as
he parent compound (2b), interfered with the replication of all
he EVs tested, including PV1. The isomerization of an endo to
n exo double bond led to compound 1b, which showed a higher
otency against the viruses tested but also an increased cytotox-
city with respect to the compound 2b. In contrast, the reduction
f the double bond resulted in the less toxic compound 3b, with a
oderate activity against all EVs tested. Concerning selectivity,

oth analogues (1b and 3b) exhibited a selectivity index equal
r lower than 2b against PV1, CVB1, CVB3 and CVB4, while
hey showed a higher SI against CAV9 and Echo30 (Table 1).

In summary, we have identified a series of homoisoflavonoids
ith low cytotoxicity and a good antiviral activity against all the
oxsackie viruses studied, and Echo30, which might prove use-

ul as additional antiviral drugs against these virus infections.
urthermore, this family of new flavonoids shows a broad spec-

rum of activity against both genera of HRVs and EVs. On the
asis of these results, further structure–activity relationship stud-
es are currently under investigation to identify more potent and
elective analogues.

Like previously studied flavanoids and WIN compounds,
hese new analogues are likely to inhibit an early stage of the
nterovirus replication cycle. Elucidation of the antiviral mech-
nism of these compounds will be the subject of further research
nd should facilitate understanding of the complex interactions
etween viruses, compounds and cells and the different suscepti-
ility of HRVs and EVs to these substituted homoisoflavonoids.

Novel molecules and different approaches for the treatment of
icornavirus diseases such as the common cold, aseptic menin-
itis, febrile illness, and, ultimately, the persistent infections of
olio in immunodeficient subjects (MacLennan et al., 2004) that
ould in the future compromise polio eradication efforts, are
rgently needed.
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