
A

c
o
n
A
t
p
m
6
©

K

1

p
b
t
a
f
m
a
l
g
p
1
t
(

0
d

Antiviral Research 73 (2007) 85–91

Antiviral effect of octyl gallate against DNA and RNA viruses

Misao Uozaki a, Hisashi Yamasaki a, Yukiko Katsuyama a, Masanori Higuchi b,c,
Tomihiko Higuti b, A. Hajime Koyama a,∗

a Division of Virology, Department of Cellular and Molecular Medicine, Wakayama Medical University
Graduate School of Medicine, 811-1 Kimiidera, Wakayama 641-8509, Japan

b Department of Molecular Cell Biology & Medicine, Institute of Health Biosciences, The University of
Tokushima Graduate School, Tokushima 770-8505, Japan

c MIcroBiotech Inc., Tokushima 772-0051, Japan

Received 7 May 2006; accepted 25 July 2006

bstract

The effects of gallic acid (3,4,5-trihydroxybenzoic acid) and its alkyl esters on virus growth and virion infectivity were examined. All the
ompounds tested showed an inhibitory effect on the growth of herpes simplex virus type 1 (HSV-1) in HEp-2 or Vero cells. The antiviral activity
f gallic acid alkyl esters was enhanced by increasing the number of carbon in the alkyl moieties of the compounds, reaching maximum at a carbon
umber of 12 (lauryl gallate), but both cytocidal activity and cytopathic effect of the compounds were also significantly increased simultaneously.
mong these compounds, octyl gallate showed a marked antiviral effect with a relatively moderate cytotoxity. In addition, octyl gallate suppressed

he multiplication of RNA viruses, such as vesicular stomatitis virus and poliovirus. Quantitative characterization of the HSV-1 infection in the

resence of octyl gallate revealed that: (1) this reagent can directly inactivate HSV-1 (virucidal activity), (2) it suppresses both the intracellar
ultiplication and the release of the virus, (3) it selectively accelerates death of the virus-infected cells and (4) the addition of the reagent even at

-h post infection completely abolishes the formation of progeny virus in the infected cells.
2006 Elsevier B.V. All rights reserved.

rus

a
M

s
m
e
o
a
l
s
a
a
e

eywords: Octyl gallate; Gallic acid; Cell death; Herpes simplex virus; Poliovi

. Introduction

It is well-known that many plants produce a variety of com-
ounds carrying characteristic biological activities, which have
een used as a traditional medicine and a healthcare beverage
hroughout the world. These compounds often have shown an
ntimicrobial effect (Cowan, 1999) and have been a good source
or new chemotherapeutic drugs against a variety of pathogenic
icrobes. One of such biological active compounds is gallic

cid (3,4,5-trihydroxybenzoic acid), which is obtained by alka-
ine or acid hydrolysis of the tannins from nutgalls. Some of
allate derivatives have been well characterized in terms of the
hysiological activity and cytotoxicity (Van der Heijden et al.,

986) and have been used as antioxidant food additives with
he European community codes E-310 (propyl gallate), E-311
octyl gallate) and E-312 (lauryl gallate). In addition, both propyl

∗ Corresponding author. Tel.: +81 73 441 0771; fax: +81 73 441 0771.
E-mail address: koyama@wakayama-med.ac.jp (A.H. Koyama).
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nd octyl gallates are recognized as quasi drugs in Japan by the
inistry of Health, Labour and Welfare of Japan.
Previously, we found that some gallate derivatives inten-

ify beta-lactam susceptibility in methicillin-resistant and
ethicillin-sensitive strains of Staphylococcus aureus (Shibata

t al., 2005). During the clinical trials of a topical application
f octyl gallate for the treatment of oral bacterial infection, we
ccidentally found that the reagent was effective against herpes
abialis as well. As to an antiviral activity of gallate derivatives,
everal studies have revealed that epigallocatechin-3-gallate
nd prodelphinidin B-2 3′-O-gallate have antiviral activities
gainst a variety of viruses (Cheng et al., 2002, 2003; Lin
t al., 2000; Mukoyama et al., 1991; Nakayama et al., 1993;
ong et al., 2005; Weber et al., 2003), but there are few reports
bout the antiviral activity of n-alkyl esters of gallic acid.
arlier studies on the activity of methyl gallate indicated that
t inhibits a plaque formation of herpes simplex virus type
(HSV-1) or type 2, but is ineffective against RNA viruses,

uch as vesicular stomatitis virus (VSV) and influenza virus
Kane et al., 1988). In this report, we characterized the antiviral

mailto:koyama@wakayama-med.ac.jp
dx.doi.org/10.1016/j.antiviral.2006.07.010


8 al Re

a
o

2

2

t
p
S
(
w
f
v
p
e

2

l
g
l
w
g
e
d
s
D
d

2

(
s
r
a
v
a
s

2
e

g
t
i
p
a
t
v
v
c
t

w
n
t
b

2

w
i
t
(
a
m

l
A
p
c
w

3

3

e
t
v
s
alkyl esters of gallic acid so far examined showed higher antivi-
ral activities than gallic acid at any concentrations tested. At the
plateau, the virus yields were 10,000-fold lower in the presence
of alkyl gallates than in their absence. The antiviral effects of

Fig. 1. Effect of gallic acid and its derivatives on the yield of HSV-1 in HEp-
2 cells. Confluent monolayers of HEp-2 cells were infected with HSV-1 at an
MOI of 14. The infected cells were incubated at 37 ◦C for about 24 h in MEM
6 M. Uozaki et al. / Antivir

ctivity of gallic acid and its alkyl-derivatives, in particular the
ctyl-derivative.

. Materials and methods

.1. Cells and viruses

HEp-2 and Vero cells were grown in Eagle’s minimum essen-
ial medium (MEM) containing 10% newborn calf serum. Her-
es simplex virus type 1, strain F (HSV-1), poliovirus type 1,
abin strain and vesicular stomatitis virus, New Jersey strain
VSV), were used throughout the experiments. These viruses
ere propagated in Vero cells in MEM supplemented with 0.5%

etal bovine serum and stored at −80 ◦C until use. The amount of
irus was measured by a plaque assay on Vero cells as described
reviously (Koyama and Uchida, 1989; Koyama, 1995; Koyama
t al., 2001).

.2. Reagents

Gallic acid, methyl gallate, ethyl gallate, propyl gallate and
auryl gallate were obtained from Wako Pure Chemicals; butyl
allate, octyl gallate, cetyl gallate, stearyl gallate, isoamyl gal-
ate and isobutyl gallate were from Tokyo Kasei; hexyl gallate
as from APIN Chemicals Ltd. Commercially unavailable alkyl
allates were synthesized as described in the reference (Shibata
t al., 2005). Stock solution (2.0 mg/ml) of gallic acid or its
erivatives was prepared by dissolving the reagent in dimethyl-
ulfoxide (DMSO), followed by a filtration through Millipore
IMEX membrane (pore size 0.22 �m) and was stored in the
ark at room temperature until use.

.3. Direct virucidal activity of octyl gallate

A series of virus preparations (105 plaque-forming units
PFU) of the virus in 900 �l) in Dulbecco’s phosphate-buffered
aline without Ca2+ and Mg2+ (PBS) containing 1% calf serum
eceived 100 �l octyl gallate solution at various concentrations
nd were incubated at the indicated temperature for 10 min. The
iruses were diluted with ice-cold PBS containing 1% calf serum
nd the number of infectious virus in each preparation was mea-
ured by a plaque assay.

.4. Virus yields in the presence of gallic acid or its alkyl
sters

To examine the effect of the respective reagent on the virus
rowth, monolayered cells in 35-mm dishes were infected with
he virus at an indicated multiplicity of infection (MOI). The
nfected cells were further incubated at 37 ◦C for the indicated
eriod in the serum-free MEM containing 0.1% bovine serum
lbumin (BSA) and the indicated concentrations of the respec-
ive reagent. At the indicated time, the amounts of total progeny

irus in the infected cultures were determined as described pre-
iously (Koyama and Uchida, 1994). Briefly, after two or three
ycles of freezing and thawing of the infected cells along with
he culture media, the number of infectious virus in the lysate
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as measured by a plaque assay on Vero cells. For the determi-
ation of the amount of the virus released from the infected cells
o the medium (a cell-free virus), the culture fluid was harvested
efore freezing and thawing.

.5. Determination of cytopathic effects or cell death

Monolayers of HEp-2 cells were mock-infected or infected
ith HSV-1 at the indicated MOI and the infected cells were

ncubated in the serum-free MEM containing 0.1% BSA and
he indicated concentrations of the reagent. The cytopathic effect
CPE) was determined by a microscopic observation of the cells;
pproximate amounts of rounded cells on monolayers were esti-
ated under phase-contrast microscope.
To determine the extents of cell death in the cultures, mono-

ayerd cells were trypsinized to obtain single cell suspension.
fter the addition of MEM containing 10% calf serum to the sus-
ension to stabilize the cells, the numbers of the living and dead
ells were determined, respectively, by dye-exclusion method
ith trypan blue.

. Results

.1. Antiviral activity of alkyl gallates

Fig. 1 shows the effects of gallic acid and some of its alkyl
sters on the relative virus yield of HSV-1 in HEp-2 cells, when
he infected cells were incubated in the medium containing
arious concentrations of the reagents. While even gallic acid
howed some inhibitory effects at higher concentrations, all the
ontaining 0.1% BSA and the indicated concentrations of the respective reagent.
he amounts of total progeny viruses were determined as described in Section
. The virus yield in the absence of the reagent was 6.0 × 108 PFU/ml on an
verage. (©) Gallic acid, (�) butyl gallate, (�) octyl gallate, (�) lauryl gallate,
�) cetyl gallate, (�) stearyl gallate.
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Fig. 2. Effect of the number of carbon in the alkyl group of gallic acid derivatives
on the yield of HSV-1 in HEp-2 cells. Confluent monolayers of HEp-2 cells were
infected with HSV-1 at an MOI of 14. The infected cells were incubated at 37 ◦C
for about 24 h in MEM containing 0.1% BSA and 15 �M of gallic acid or its alkyl
esters (ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, undecyl, lauryl,
cetyl and stearyl ester, respectively). The amount of total progeny viruses was
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Fig. 3. Effect of the number of carbon in the alkyl group of gallic acid derivatives
on the viability of HEp-2 cells. Confluent monolayers of HEp-2 cells were
incubated at 37 ◦C for 24 h (©), 36 h (�) or 60 h (�) in the MEM containing
0.1% BSA and 15 �M of gallic acid or its alkyl esters as described in the legend to
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etermined and was normalized to the virus yield in the absence of any reagent.
he virus yield in the absence of the reagent was 5.3 × 108 PFU/ml.

hese compounds increased as the number of carbon in their
lkyl moieties increased, reaching maximum antiviral activity
t carbon number of 8 (octyl gallate). The carbon number of
, 12 (lauryl) and 16 (cetyl) of gallate esters showed a nearly
dentical antiviral activity under these conditions, but stearyl
allate (carbon number of 18) showed a markedly reduced
ntiviral activity (Fig. 1). The similar results were obtained
hen Vero cells, instead of HEp-2 cells, were used (data not

hown).
The relation between the antiviral activity and the number

f carbon in the alkyl group of these compounds was examined
y measuring the virus yields in the presence of the reagents
t the same molar concentration (15 �M). As shown in Fig. 2,
significant decrease in the progeny virus yields at this con-

entration was observed for pentyl gallate (five carbons in the
lkyl group, i.e., [n = 5]). The virus yields steeply decreased as
he number of carbon further increased, reaching a maximum
t the number of 12 (lauryl gallate). The antiviral activities of
he compounds with the alkyl chain longer than 12 (cetyl gallate
n = 16] and stearyl gallate [n = 18], respectively) were weaker
han the activity of lauryl gallate, probably due to the lower sol-
bility and hence lower bioavailability in the aqueous medium
s suggested by Savi et al. (2005).

.2. Cytotoxity of alkyl gallate

In addition to the antiviral activity, these compounds were
lso observed to induce significant cytopathic effect on HEp-2

ells regardless of whether or not the cells were infected with
he virus. Both rounding and shrinkage of the cells as well as
etachment from the dish were observed. Apparently, with the
ncreasing antiviral effect, the CPE on the infected cells by the
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ig. 2. Then, the treated cells were trypsinized to obtain a single cell suspension
nd the amounts of the live and the dead cells in each culture were determined,
espectively, by a dye-exclusion test with trypan blue.

eagents was also enhanced. To examine the relation between the
ytocidal activity and the number of carbon in the alkyl group of
hese reagents, the number of dead cells after the incubation of
Ep-2 cells with each reagent for 24, 36 or 60 h was assayed by
ye-exclusion test with trypan blue. As shown in Fig. 3, (1) the
ractions of dead cells increased with time regardless of the pres-
nce or the absence of the reagent, probably because of the lack
f serum in the incubation medium, and (2) the number of dead
ells as well as the increase in the number with time were more
rominent in the presence of the reagent with higher antiviral
ctivity. Although it is not clear whether the cells suffering from
PE still keep the ability to exclude the dye or how long these
ells can survive under these conditions, the results in Fig. 3
ndicate that the cytotoxity of the reagents was more evident
or the reagents with higher antiviral activity. Among these gal-
ate derivatives tested, a particular alkyl-derivative, octyl gallate,
urned out to be promising, since it showed a marked antiviral
ffect (Figs. 1 and 2) with relatively moderate cell death at 24- or
6-h incubation with the reagent (Fig. 3) and moderate CPE on
he uninfected HEp-2 cells (data not shown). Thus, the following
tudy focused on this compound.

.3. Multiplication of HSV-1 in the presence of octyl gallate

Fig. 4 shows a one-step growth curve of HSV-1 in the pres-
nce or absence of 15 �M octyl gallate. In the presence of the
eagent, the onset of infectious progeny virus production was
elayed and the virus yield was suppressed. The most marked

ffect of the reagent was observed on the production of cell-free
irus (Fig. 4, solid triangle); there observed three-fold reduction
n the yield of the cell-free virus compared to that of the total
irus in the reagent-treated culture.
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Fig. 4. One-step growth curve of HSV-1 in the presence or absence of octyl
gallate. Confluent monolayers of HEp-2 cells were infected with HSV-1 at an
MOI of 14. The infected cells were incubated at 37 ◦C in MEM containing 0.1%
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Fig. 6. Effect of octyl gallate on the HSV-induced cell death. Confluent mono-
layers of HEp-2 cells were mock-infected (©, �) or infected with HSV-1 at an
MOI of 14 (�, �). The infected cells were incubated in MEM containing 0.1%
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SA (©, �) or in the medium additionally containing 15 �M octyl gallate (�,
). At the indicated time, the amounts of total progeny (©, �) and cell-free (�,
) viruses were determined separately.

In addition, probably because of the action of viral antiapop-
otic genes (Leopardi and Roizman, 1996; Koyama and Miwa,
997), HSV-1 usually does not induce recognizable CPE in HEp-
cells during the productive replication, but induces the CPE

n the very late stage of the infection. However, we observed
hat the virus-induced CPE was significantly accelerated and
nhanced in the presence of the reagent. Although morphologi-
al studies are often subjective and less accurate, we compared
he degrees of the CPE of the mock- or HSV-1-infected cells at
6 and 46 h p.i., respectively, in the presence or absence of octyl

allate (Fig. 5). In the presence of the reagent, the infected cells
howed the most marked CPE at both time points while even
he mock-infected HEp-2 cells induced significantly enhanced

ig. 5. Effect of octyl gallate on the HSV-1-induced cytopathic effect. Confluent
onolayers of HEp-2 cells were mock-infected or infected with HSV-1 at an
OI of 14. The infected cells were incubated in MEM containing 0.1% BSA

r in the medium additionally containing 15 �M octyl gallate at 37 ◦C. At 36 or
6 h p.i., approximate amounts of rounded cells were determined under phase-
ontrast microscope. None, mock-infected cells incubated in the absence of the
eagent; +V, HSV-1-infected cells incubated in the absence of the reagent; +OG,
ock-infected cells incubated in the presence of the reagent; +V+OG, HSV-1-

nfected cells incubated in the presence of the reagent.
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SA (©, �) or in the medium additionally containing 15 �M octyl gallate (�,
) at 37 ◦C. At the indicated time, the numbers of dead and living cells were
etermined by dye-exclusion method with trypan blue.

PE in the presence of the reagent, particularly by a prolonged
ncubation.

Consistent with the results in Fig. 5, induction of infected
ell death was notably accelerated in the presence of the reagent
Fig. 6), while the induction of the infected cell death was slow
nd moderate in the absence of the reagent. Under these condi-
ions, even control mock-infected HEp-2 cells in the absence of
he reagent induced some degree of cell death by the prolonged
ncubation in the serum-free medium and the addition of the
eagent to the culture medium enhanced the induction of cell
eath, although to a limited degree.

.4. Reagent-sensitive step in the virus multiplication

To examine the reagent-sensitive step in the viral multipli-
ation cycle, we added the reagent to the culture medium of
he infected cells at various time post-infection and harvested
he progeny virus at the end of virus multiplication (23 h p.i).
esults of this “time of addition” study showed that the reagent
ould completely inhibit the formation of progeny virus by the
ddition until 6 h p.i., but the addition at 8 h p.i. was markedly
ess effective (Fig. 7), indicating that there is no critical reagent-
ensitive step in the late stage (8 h p.i. or later) of the virus
ultiplication.
To our surprise, octyl gallate also showed a direct inactivation

f HSV-1 at high reagent concentrations. This virucidal activity
as concentration-dependent (Fig. 8) and the time course study

howed that the inactivation was rapid, as it occurred immedi-
tely after mixing the virus preparation with the reagent (data

ot shown). However, it must be noted that the concentrations
equired for virucidal activity were much higher (more than 10-
old) than those for the inhibition of the viral multiplication in
he infected cells.
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Fig. 7. Effect of time of the addition of octyl gallate on the final virus yield. HEp-
2 cells, infected with HSV-1 at an MOI of 14, were incubated in MEM containing
0.1% BSA. At various times after the infection, octyl gallate was added to the
culture medium at the final concentration of 4 �g/ml (14.2 �M). At 23 h p.i., the
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Fig. 9. Effect of octyl gallate on the yield of poliovirus in HEp-2 cells. Confluent
monolayers of HEp-2 cells were infected with poliovirus type 1 at an MOI of
10. The infected cells were incubated at 35.5 ◦C for 22 h in MEM containing
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mount of total progeny virus in each culture was assayed. Relative virus yields
n the reagent-treated cultures to that in the untreated culture were calculated.
he virus yield without the addition of reagent was 6.1 × 108 PFU/ml.

.5. Effect on RNA viruses

In addition, octyl gallate inhibited the multiplication of some
NA viruses. We examined RNA viruses of two completely
ifferent types: vesicular stomatitis virus, an enveloped negative-
tranded RNA virus, and poliovirus, a non-enveloped positive-
tranded RNA virus. In the presence of 15 �M of octyle gallate,
he progeny virus yield of VSV was decreased to approxi-

ately one hundredth of the yield in the absence of the reagent,
ndicating that the reagent-sensitivity of VSV is almost identi-
al to that of HSV-1. On the other hand, the multiplication of

oliovirus was also inhibited by octyl gallate, but the sensitivity
as much less than that of HSV-1 or VSV (Fig. 9). Furthermore,

n contrast to HSV-1, poliovirus was not directly inactivated by

ig. 8. Direct virucidal effect of octyl gallate on HSV-1. Aliquots of HSV-1
reparation were incubated for 10 min at room temperature with various con-
entrations of octyl gallate. The number of infectious virus after the incubation
as determined by a plaque method.
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.1% BSA and the indicated concentrations of the reagent. The amount of total
rogeny viruses was determined by a plaque method. The virus yield in the
bsence of the reagent was 1.0 × 108 PFU/ml.

he reagent even at the concentration of 200 �g/ml (data not
hown).

. Discussion

The present study clearly shows the inhibition of HSV-1 mul-
iplication by octyl gallate. One-step growth curve indicates that
he reagent effectively inhibits both the intracellular multipli-
ation and the release of virus in the infected cells (Fig. 4).
lthough we cannot clarify the mechanism of the inhibition
y the reagent, octyl gallate suppresses the HSV-1 infection
t two different target steps in virus multiplication cycle. The
rst one is virion infectivity itself, although this virucidal activ-

ty needs the reagent-concentration markedly higher than that
equired for the suppression of viral growth in the infected cells
Fig. 8). The direct virucidal activity was also found in other
allate derivatives, epigallocatechin-3-gallate and prodelphini-
in B-2 3′-O-gallate (Cheng et al., 2002, 2003; Song et al., 2005).
e have not examined which components of virion would be

ffected by the reagent, although we found that the reagent also
nactivates VSV at the concentrations similar to those used for
SV-1, but does not inactivate poliovirus, a non-enveloped virus,

ven at higher concentrations than those for VSV or HSV-1. This
irucidal activity may result from the antioxidant activity of the
eagent, because some antioxidants, such as ascorbic acid and
itrulline, also show the virucidal activity (Koyama, unpublished
bservations).

The second reagent-sensitive step in HSV-1 multiplication
s the step(s) prior to the maturation (assembly) of infectious
rogeny virus. This possibility is supported by the results that,
hile the addition of the reagent at 6 h p.i. completely suppressed

he formation of progeny virus, the addition at 8 h p.i. did not

fficiently suppress it (Fig. 7). Previously, we revealed that, in the
SV-1-infected Vero cells, viral DNA rapidly replicates between
and 6 h p.i. and the formation of both the nucleocapsids and the
rogeny infectious viral particles gradually takes place from 5 to
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2 h p.i. under these conditions (Koyama and Uchida, 1988). The
esults in Fig. 8 suggest that, even after the completion of viral
NA replication (at 6 h p.i.), the addition of the reagent com-
letely abolishes the formation of progeny virus. Inhibition of
irus multiplication at multiple stages of virus replication cycle,
ncluding at the middle or late stage of virus infection, was also
bserved in studies on the antiviral action of epigallocatechin-
-gallate or prodelphinidin B-2 3′-O-gallate (Cheng et al., 2002,
003; Song et al., 2005; Weber et al., 2003).

On the other hand, when the HSV-1- or mock-infected cells
ere incubated in the presence of octyl gallate, the onset and

xtent of the CPE (Fig. 5) and cell death (Fig. 6) were sig-
ificantly accelerated in the virus-infected cells. Although the
SV-1-induced CPE as well as cell death in HEp-2 cells nor-
ally appears at a very late stage of the infection, this acceler-

tion of CPE and cell death, which were observed selectively
n the virus-infected cells, can be considered as a result of the
receding disorder of the cellular metabolism in the infected
ells by the reagent. The selective action of the reagent on the
nfected cells likely plays a certain role in the antiviral activity
f the reagent, because the acceleration of cell death in the virus-
nfected cells brings about a significant decrease in the progeny
irus production (Koyama et al., 1998, 2000).

In addition to HSV-1, we found that octyl gallate inhibits the
ultiplication of RNA viruses. Both VSV, an enveloped virus,

nd poliovirus, a non-enveloped virus, so far tested, showed
he decreased virus yield in the presence of the reagent in a
oncentration-dependent manner, although the sensitivity to the
eagent was markedly different between these two RNA viruses.

hile VSV showed the sensitivity almost similar with that of
SV-1, the multiplication of poliovirus was inhibited by the

eagent at much higher concentrations (Fig. 9). Considering the
ytotoxity of the reagent at these concentrations, the observed
nhibition of poliovirus multiplication by the reagent might be,
t least in part, due to non-specific degeneration of the infected
ells, while the inhibition of multiplication of HSV-1 and VSV
y the reagent cannot be considered to be simply a result of such
on-specific degeneration of the infected cells by the reagent.

In addition, we systematically characterized the antiherpetic
ctivity of gallic acid and its n-alkyl esters and found that all the
lkyl gallates tested have an ability to inhibit the multiplication of
SV-1. The antiviral ability is apparently more evident with the

ncreasing number of carbon in their alkyl moieties, although it
eached maximum at the number of 12 (lauryl gallate) and then
ecreased with the increasing carbon number (Figs. 1 and 2).
uring the course of our studies, Savi et al. (2005) reported the

ntiherpetic activity of a series of synthetic alkyl esters of gal-
ic acid. However, they could not find this relationship between
he degree of antiherpetic activity and the number of carbon in
lkyl moieties of the compounds. Besides, their results are quite
ifferent from ours or from Kane et al. (1988). For example, the
ntiherpetic effective concentration required to inhibit 50% of
iral replication is 674 or 2354 �M for octyl gallate (depend-

ng on virus strain) in their results, while our data shows it to
e approximately 3.5 �M. The discrepancy between these two
esults comes from the way they determined the antiherpetic
ctivity, i.e., they measured the virus-induced cytocidal effect,

K

K

search 73 (2007) 85–91

ot the virus replication, in the infected culture with the use
f MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
romide). Moreover, they infected the cells with the virus at an
OI of 0.5 (i.e., only half of the cells were infected with the

irus). Their method may be convenient and usable for a crude
creening of antiviral agent, but may not be reliable for the qual-
tative and quantitative determination of antiviral activity of the
eagents. Here, we determined the antiviral activity of octyl gal-
ate for the first time and analyzed the antiviral activity of alkyl
allates systematically.

. Conclusions

Gallic acid and its alkyl esters inhibited the growth of HSV-
in HEp-2 or Vero cells. This inhibition was enhanced by the

ompounds with higher number of carbon in the alkyl moieties,
eaching maximum at carbon number of 12 (lauryl gallate).
lthough the increase in the carbon number enhanced antivi-

al effect, cytotoxity of the compounds also increased. Among
hese compounds, octyl gallate showed a marked antiviral effect
ith a relatively moderate cytotoxity. Characterization of the

ntiviral activity of octyl gallate revealed that: (1) this reagent
nhibits the multiplication of HSV-1 at early stages (within 6 h
.i.) in the infected cells, (2) it accelerates death of the virus-
nfected cells selectively, (3) it also suppresses the multiplication
f RNA viruses, such as VSV and poliovirus and (4) it can
irectly inactivate HSV-1 and VSV but not poliovirus at high
eagent concentrations.
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