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autiviral effects of ascorbic and dehydroascorbic acids in vitro
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Abstract. In the present study, ascorbic acid weakly inhibited
the multiplication of viruses of three different families: herpes
simplex virus type 1 (HSV-1), influenza virus type A and
poliovirus type 1. Dehydroascorbic acid, an oxidized form of
ascorbic acid and hence without reducing ability, showed
much stronger antiviral activity than ascorbic acid, indicating
that the antiviral activity of ascorbic acid is due to factors
other than an antioxidant mechanism. Moreover, addition of
1 mM Fe**, which oxidizes ascorbic acid to dehydroascorbic
acid and also enhances the formation of hydroxyl radicals by
ascorbic acid in the culture media, strongly enhanced the
antiviral activity of ascorbic acid to a level significantly
stronger than that of dehydroascorbic acid. Although both
ascorbic acid and dehydroascorbic acid showed some cyto-
toxicity, the degree of cytotoxicity of the former was 10-fold
higher than the latter, suggesting that the observed antiviral
activity of ascorbic acid with and without ferric ion is, at least
in part, a secondary result of the cytotoxic effect of the
reagent, most likely due to the free radicals. However, the
possibility that oxidation of ascorbic acid also contributed to
the antiviral effects of ascorbic acid exists, in particular in the
presence of ferric ion, since dehydroascorbic acid exhibited a
very strong antiviral activity. Characterization of the mode of
antiviral action of dehydroascorbic acid revealed that the
addition of the reagent even at 11 h post infection almost
completely inhibited the formation of progeny infectious virus
in the infected cells, indicating that the reagent inhibits HSV-1
multiplication probably at the assembly process of progeny
virus particles after the completion of viral DNA replication.
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Introduction

We previously studied the antiviral activities of various natural
products and its components (1-4). Previous characterization
of an antiviral activity of n-alkyl esters of gallic acid revealed
that octyl gallate inhibits the multiplication of a variety of
DNA and RNA viruses (1,2). These gallate derivatives,
including octyl gallate, have been well characterized for their
pharmacological functions (5), and some of them are currently
being used as antioxidant food additives or as quasi drugs in
Europe and Japan. Considering the antioxidant property of
gallate derivatives, the observed antiviral activity of octyl
gallate may be due to its antioxidant activity. To test this
possibility, we examined the effect of ascorbic acid, a strong
reducing agent, on the multiplication of a variety of DNA and
RNA viruses.

Viral infections often lead to oxidative stress to the infected
cells and, therefore, certain redox-active substances are
expected to suppress oxidative stress and work as antivirals
or drugs improving inflammatory symptoms. Among these
substances, the protective effect of ascorbic acid has been
assumed due to i) its powerful scavenging and antioxidative
property and ii) its accumulation in millimoles per liter
concentration in neutrophils, lymphocytes and monocytes
(6,7). There are many reports in the literature regarding the
antiviral effect of ascorbic acid, however, these studies are
mostly based on clinical trials or in vivo animal models and not
under the defined conditions in vitro (8 and refs. therein). The
results obtained from these studies must be influenced by
inflammatory and immune responses, which makes it
difficult to evaluate ascorbic acid as an antiviral agent at the
cellular level. In this study, we characterized the direct
antiviral action of ascorbic acid in vitro under the defined
conditions.

Materials and methods

Cells and viruses. MDCK, HEp-2 and Vero cells were grown
in Eagle's minimum essential medium (MEM) containing 5%
fetal bovine serum. Herpes simplex virus type 1 strain F
(HSV-1), influenza virus A/Aichi (H;N,) and poliovirus type 1
Sabin vaccine strain (PV-1) were used throughout the
experiments. The viruses were propagated in Vero cells (for
HSV-1 and PV-1) in MEM supplemented with 0.5% fetal
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Figure 1. Structure of ascorbic acid (a) and dehydroascorbic acid (b).

bovine serum or in MDCK cells (for influenza virus) in
MEM supplemented with 0.1% bovine serum albumin (BSA)
and acetylated trypsin (4 pg/ml). The viruses were stored at
-80°C until use. The amount of each virus was measured by a
plaque assay as described previously (9-11).

Effect of the reagent on the virus yields. Both ascorbic acid and
dehydroascorbic acid were obtained from Wako Chemicals.
The structures of these reagents are shown in Fig. 1. The
reagent solutions (1.0 M or 100 mM) were prepared by
dissolving the reagents in hot water, followed by filtration
through a Millipore Dimex membrane (pore size 0.22 ym).

Monolayered cells in 35-mm dishes were infected with
the virus at an indicated multiplicity of infection (MOI). The
infected cells were further incubated at 37°C (for HSV-1 and
influenza virus) or 35.5°C (for PV-1) for the indicated period
in the serum-free MEM containing 0.1% BSA and the indicated
concentrations of the reagents. For the experiments with
influenza virus, acetylated trypsin (4 pg/ml) was also added
to the medium for the proteolytic activation of virus infectivity.
At the indicated time, the culture medium was harvested and
the amount of total progeny virus in the culture was determined
as described previously (9-11).

Determination of cytopathic effects and cell death. Monolayers
of HEp-2 cells were incubated at 37°C for 24 h in the
serum-free MEM containing 0.1% BSA and the indicated
concentrations of the reagents. The cytopathic effects (CPE)
were determined by a microscopic observation of the cells;
approximate amounts of rounded cells on monolayers were
estimated using a phase contrast microscope.

To determine the extent of cell death, monolayered cells
were trypsinized to obtain a single-cell suspension. After the
addition of MEM containing 10% calf serum to the suspension
to neutralize the trypsin and to stabilize the cells, the number
of living or dead cells was determined by a dye-exclusion
method with trypan blue.

Results and Discussion

Effect of ascorbic acid on the multiplication of DNA and RNA
viruses. It can be expected from its antioxidant property that
the antiviral activity of ascorbic acid is not virus-specific. To
confirm this, we tested three viruses of completely different
types: HSV-1 (Herpesviridae family), influenza virus type A
(Orthomyxoviridae family) and PV-1 (Picornaviridae
family). Both HSV-1 and influenza virus are large enveloped
viruses and need the cell nucleus for virus multiplication, but
the former has a double-stranded DNA genome while the
latter has a negative-stranded RNA genome (12,13). In
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Figure 2. Effect of ascorbic acid on the virus yields. Confluent monolayers
of HEp-2 (for HSV-1 and PV-1) or MDCK (for influenza virus) cells were
infected with each of these viruses at a MOI of 10 for HSV-1 and 7 for
influenza virus or PV-1. The infected cells were incubated for the indicated
period in the medium containing varying concentrations of ascorbic acid at
37°C for HSV-1 and influenza virus or at 35.5°C for PV-1. At the end of
infection, the amounts of infectious progeny viruses were determined and
were normalized to the virus yield in the absence of the reagent. ©, HSV-1;
A, influenza virus; 0, PV-1.

contrast to these two viruses, PV-1 is a small non-enveloped
virus carrying a positive-stranded RNA as a genome which
replicates in the cytoplasm of the infected cells (14).

Fig. 2 shows the effects of ascorbic acid on the relative
virus yields of these three viruses, when the cells infected with
either of the viruses were incubated in the medium containing
various concentrations of the reagent. The multiplication of
all three viruses was similarly sensitive to the reagent. The
virus yield decreased as the reagent concentration was
increased and, in the presence of 30 mM of the reagent, the
yields of these viruses were approximately one tenth of those
in the absence of the reagent. These results clearly show that
ascorbic acid inhibits the multiplication of viruses of widely
different structures, i.e., regardless of enveloped or non-
enveloped, double-stranded DNA or single-stranded RNA
genome, and regardless whether the replication and tran-
scription of the viral genome occur in the nucleus or in the
cytoplasm of the infected cells. It is noteworthy that the
antiviral activity of the reagent was apparently independent
of the type of cells since the multiplication of influenza virus
was examined on MDCK cells (derived from canine kidney
cells) while that of HSV-1 and PV-1 was on HEp-2 cells
(derived from human cervical carcinoma).

Reducing activity vs. oxidizing activity of ascorbic acid.
Although ascorbic acid is well-known to be a potent anti-
oxidant and conveys a reducing activity, the reagent stimulates
an oxidation reaction in the presence of ferric ion and
oxygen; oxidation of ascorbic acid is rapid in the presence of
Fe* forming dehydroascorbic acid and Fe**, which in the
presence of oxygen is rapidly oxidized back to Fe’* and
simultaneously generates hydroxyl radicals. Even a trace
amount of ferric ion in the medium can allow ascorbic acid to
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Figure 3. Effect of ascorbic acid or dehydroascorbic acid on HSV-1.
Confluent monolayers of HEp-2 cells were infected with HSV-1 at a MOI
of 10. The infected cells were incubated for 16 h in MEM containing 0.1%
BSA and varying concentrations of each reagent at 37°C. At the end of
infection, the amounts of total infectious progeny viruses were determined and
were normalized to the virus yield in the absence of the reagent. ©, ascorbic
acid; A, dehydroascorbic acid; e, ascorbic acid in the presence of 1.0 mM
ferric chloride.

generate hydroxyl radicals that catalyze the oxidation reaction.
To examine the possible participation of the oxidation reaction
by ascorbic acid in the observed antiviral activity, we measured
i) the effects of ascorbic acid on the virus multiplication in
the presence of ferric ion and ii) the effects of dehydro-
ascorbic acid on the virus multiplication.

When the effect of ascorbic acid on the yield of HSV-1 was
examined in the presence of 1 mM ferric chloride, the reagent
showed a much stronger antiviral effect on HSV-1 than in the
absence of ferric ions. As shown in Fig. 3, even at 10 mM,
the reagent in the presence of ferric ion suppressed the virus
yield one tenth of that of the control untreated culture while,
in the absence of ferric ion, the reagent at 10 mM showed only
marginal decrease in the virus yield. There are two possibilities
for the augmented antiviral activity of ascorbic acid by ferric
ion: i) the enhanced production of free radicals and ii) the
formation of dehydroascorbic acid as discussed above. Fig. 3
also shows the effect of dehydroascorbic acid on the yield of
HSV-1. Dehydroascorbic acid also markedly decreased the
yield with a greater antiviral effect at increasing concentrations,
although the degree of the decrease was slightly less than that
with ascorbic acid in the presence of ferric ion.

A similar result was obtained for influenza virus using
MDCK cells instead of an HSV-1 and HEp-2 cell combination.
As shown in Fig. 4, both ascorbic acid in the presence of
ferric ion and dehydroascorbic acid showed clearly stronger
antiviral activity than ascorbic acid, and the relative degrees of
the antiviral effects under these two experimental conditions
were similar to those in Fig. 3. The observed antiviral activities
of dehydroascorbic acid clearly indicate that its effect is not
due to an antioxidant mechanism since this reagent has no
reducing potential. It has been shown that dehydroascorbic
acid binds to proteins (15,16) and can modify lysine residues
to form glycation adducts (17), or more specifically inhibits
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Figure 4. Effect of ascorbic acid or dehydroascorbic acid on influenza virus.
Confluent monolayers of MDCK cells were infected with influenza virus at
a MOI of 7. The infected cells were incubated at 37°C in MEM containing
0.1% BSA, 4 ug/ml of acetylated trypsin and varying concentrations of each
reagent at 37°C. At the end of infection, the amounts of total infectious
progeny viruses were determined. ©, ascorbic acid; e, dehydroascorbic acid;
A, ascorbic acid in the presence of 1.0 mM ferric chloride.

certain kinases and enzymes (18-20), although we do not
know whether these mechanisms operate in the observed
antiviral activity of dehydroascorbic acid at this moment. The
observed weak activity of ascorbic acid in the absence of ferric
ion and an enhanced effect in the presence of ferric ion may be
due to free radicals or dehydroascorbic acid formed, or both.
In both cases (HSV-1 and influenza virus), the virus yield
was less with ascorbic acid together with ferric ion than with
dehydroascorbic acid at identical reagent concentrations.
This suggests a contribution of free radicals to the antiviral
activity of ascorbic acid since the radicals cannot be generated
from dehydroascorbic acid.

Cytopathic effects of the reagents. During the characterization
of the antiviral action of these reagents, we noted that the
reagents induced marked CPE (cell rounding and detachment
from the dish surface) of the virus-infected cells. Previously
we proposed the potential mechanism of antiviral compounds,
which can selectively accelerate the death of the virus-infected
cells, as the selective acceleration is usually associated with a
significant suppression of the progeny virus production (21,22).
However, in the case of ascorbic acid and dehydroascorbic
acid, the reagents apparently do not selectively accelerate the
CPE in the virus-infected cells (data not shown), although
both reagents induced CPE in HEp-2 and MDCK cells after
addition to the culture media, independent of the virus
infection.

Consistent with these observations of CPE, when the
monolayers of HEp-2 cells were incubated in the presence of
various concentrations of the reagents for 24 h, cell death
was induced in the reagent-treated cells concentration-
dependently. As shown in Fig. 5, ascorbic acid induced
significant cell death even at 1.6 mM and drastically increased
the number of dead cells with increasing concentrations of
the reagent. Considering the concentration of ascorbic acid
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Figure 5. Effect of ascorbic acid or dehydroascorbic acid on cell viability.
Confluent monolayers of HEp-2 cells were incubated in MEM containing
0.1% BSA and varying concentrations of each reagent at 37°C. After
incubation for 24 h, the treated cells were trypsinized to obtain a single-cell
suspension, and the amounts of live and dead cells in each culture were
determined by a dye-exclusion test with trypan blue. ©, ascorbic acid; A,
dehydroascorbic acid.

required to observe the antiviral activity, i.e., higher than
10 mM, the observed cytotoxicity of the reagent suggests
that the observed reduction in the virus yield is, at least in
part, due to the toxic effect of the reagent on the infected
cells. This cytotoxicity of the reagent is considered to be the
result of hydroxyl radicals generated by the catalytic action
of metal ion in the culture medium since, even in the absence
of extraneously added ferric ion, a trace amount of this ion
exists in the culture media. In contrast to ascorbic acid, the
induction of cell death by dehydroascorbic acid occurred at
10-fold higher concentrations, while its antiviral activity on
HSV-1 was much stronger than ascorbic acid. These results
suggest that the suppression of virus multiplication by
dehydroascorbic acid is unlikely to be due to the side effect
on the infected cells, since cell death occurred at reagent
concentrations much higher than the concentration sufficient
to decrease the virus yield. To note, the direct antiviral activity
of ascorbic acid is not due to an antioxidant mechanism, at
least in the system examined, rather it is due, at least in part, to
the toxic effect of the reagent on the cells.

Dehydroascorbic acid-sensitive step in the HSV-1 multiplication.
Previously, we quantitatively characterized the kinetics of the
viral DNA replication, the encapsidation of the viral DNA,
the envelopment of the nucleocapsids and the formation of
infectious progeny virus in HSV-1-infected cells (23) and
revealed that viral DNA replication occurs exclusively
between 3 h post infection (p.i.) and 6 h p.i., and a large
amount of nucleocapsids is accumulated in the infected cells
when the replication of virus DNA is completed. The
formation of infectious progeny virus begins at 5 h p.. and
the amount of the progeny virus increases with time until
approximately 14 h p.i. To examine the target of the antiviral
activity of dehydroascorbic acid in the virus multiplication
process, the reagent was added to the infected culture at
various times after infection, and the virus yield at the end of
virus multiplication was compared to the yield without
addition of the reagent. As shown in Fig. 6, the amounts of
progeny virus were markedly suppressed even when the
infected cells received the reagent at 11 h p.i. These results
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Figure 6. Effect of the time of addition of dehydroascorbic acid on the virus
yield. A group of confluent monolayers of HEp-2 cells were infected with
HSV-1 at a MOI of 10 and were incubated in MEM containing 0.1% BSA.
At various times after the infection, dehydroascorbic acid was added to the
culture medium at the final concentration of 10 mM, and then the infected
cells were further incubated in the presence of the reagent. The total progeny
virus in each culture was harvested at 23 h p.i., and the amount of virus was
determined.

clearly show that the reagent can interfere with the virus
multiplication after the completion of the viral DNA
replication; the reagent can inhibit the virus multiplication
probably at the step of the formation of progeny infectious
virus since similar kinetics were observed when the multipli-
cation of HSV-1 was inhibited by ammonium chloride (9) or
Brefeldin A (24) at the step of formation of infectious
progeny virus after the viral DNA replication and nucleo-
capsid formation.

In this study, we showed that ascorbic acid inhibits the
multiplication of several viruses of widely different structures
and replication strategies. Characterization of the mode of
action of ascorbic acid and dehydroascorbic acid suggests
that either free radical formation or direct binding, or both, is
responsible for the antiviral activity of these two reagents.
The effect of these reagents on cell viability suggests that the
antiviral effect of ascorbic acid is, at least in part, a secondary
result of the cytotoxic effect of the reagent. The antiviral effect
of dehydroascorbic acid is possibly due to its binding to the
virus or molecules involved in viral replication. Characterization
of the mode of antiviral activity of dehydroascorbic acid
against HSV-1 revealed that the addition of the reagent at
11 h p.i. can inhibit the formation of progeny virus in the
infected cells, suggesting that the reagent affects the HSV-1
multiplication after the completion of viral DNA replication,
probably at the stage of maturation, i.e., the assembly of
progeny virus particles, although involvement of other
step(s) in the multiplication process cannot be excluded.
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