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Abstract We investigated the antiviral activity of Arbidol,

an antiviral chemical compound, against Coxsackie virus B5

(CVB5) in vitro and in vivo. Arbidol not only prevented the

cytopathic effect (CPE) of CVB5, as demonstrated in an

MTT colorimetric assay, when added during or after viral

infection, with a 50% inhibitory concentration (IC50) from

2.66 to 6.62 lg/ml, but it also decreased the CVB5-RNA

level in infected host cells, as shown in semi-quantitative

RT-PCR. BALB/c mice were used as an animal model to test

the Arbidol activity in vivo. Orally administered Arbidol at

50 mg/kg body weight/day (once a day) significantly

reduced mean virus yields in the lungs and heart as well as

mortality after infection for 6 days. Our results demonstrate

that in vitro and in vivo infection with CVB5 can be effec-

tively treated by Arbidol.

Introduction

Coxsackieviruses are members of the genus Enterovirus,

family Picornaviridae, and are divided into two groups

on the basis of pathogenicity in mice: 23 serotypes of

Coxsackie A viruses (CAV) and 6 serotypes of Coxsackie

B viruses (CVB). CVB had been implicated in childhood

myocarditis by the end of the 1950s. Since then, six CVB

serotypes (CVB1-6) have been shown to cause not only

myocarditis but also a wide variety of human diseases,

including common colds, cardiomyopathy, diabetes,

neurological disorders, and inflammation [1–4]. Numerous

outbreaks of CVB infections have been noted at the com-

munity level, but only Coxsackie virus B5 (CVB5) is

known to have caused widespread nationwide epidemics in

the United States, particularly in 1961, 1972, and 1983 [5].

Moreover, CVB5 is associated with several human diseases,

including encephalitis and myocarditis in immunocompro-

mised children and CNS disease in older adults.

Since direct viral cytotoxicity is one possible cause of

damage, targeting the causative agent should limit the

extent of damage, especially with early treatment. Until

now, there has been no enterovirus-specific vaccine or

therapeutic reagent available for clinical use [6], although

some reports have presented effective candidates for CVB3

in a murine model [1, 7, 8]. A great number of picornavirus

replication inhibitors have been described in vitro, but few

of them have shown effectiveness in vivo [9], and none has

been approved for clinical use. Gancyclovir and cidofovir

have been studied in myocarditis caused by cytomegalo-

virus in mice [10], but there is no evidence that it also

works for enterovirus-induced myocarditis. Acyclovir has

been successfully used to treat myocarditis associated with

Epstein-Barr virus [11, 12] and varicella [13], but there are

no reports demonstrating that acyclovir is effective in CVB

myocarditis.

Arbidol is an antiviral molecule first developed in

Russia. Its chemical name is ethyl-6-bromo-4-[(dimethyl-

amino)-methyl]-5-hydroxy-1-methyl-2-[(phenylthio) methyl]

-indole-3-carboxylate hydrochloride monohydrate. Arbidol
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was first found to have wide-spectrum antiviral activity

against human influenza virus. It was shown to inhibit the

reproduction of rimantadine-resistant human influenza

virus A, avian viruses H5N1 and H9N2, and influenza

viruses B and C [14]. In many studies, Arbidol also

exhibited broad and potent antiviral activity against a

number of viruses including respiratory syncytial virus

[15], adenovirus [16], parainfluenza virus type 5, rhinovi-

rus type 14, avian coronavirus, infectious bronchitis virus

and Marek disease virus [17], hepatitis B virus [18], and

hepatitis C virus [19]. In our previous study, Arbidol

showed broad-spectrum antiviral activity against a number

of respiratory viruses, including FLU-A, RSV, HRV 14,

and CVB3 in vitro [20]. The extensive list of Arbidol-

sensitive viruses includes RNA and DNA viruses, envel-

oped and non-enveloped viruses, and pH-dependent

and -independent viruses, emphasizing a broad spectrum

of Arbidol antiviral activity. At the same time, the wide

spectrum of Arbidol’s activity suggests that Arbidol targets

common critical step(s) in virus–cell interaction. In this

study, we systematically investigated the antiviral activity

of Arbidol against CVB5 in vitro and in vivo.

Materials and methods

Chemicals and reagents

Arbidol was synthesized at Qianjiang Pharmaceutical Co.

Ltd, Hubei, China. The compound was initially dissolved

in dimethyl sulfoxide (DMSO) and further diluted with

complete test medium. The final maximum DMSO con-

centration was 0.05%, which showed no effect on cell

cultures. Therefore, 0.05% DMSO was also added to all

no-compound control samples. The efficacy of these

preparations did not appear to change upon freezing and

short-term storage (1 month at 4�C). For the in vivo

experiment, the compound was dissolved in 0.5% methyl-

cellulose solution.

Cell cultures and viruses

HEp-2 (human laryngeal carcinoma) cells were maintained

in our laboratory and were routinely grown in Eagle’s

minimal essential medium plus nonessential amino acids

(Eagle’s MEM; Sigma) supplemented with 10% fetal

bovine serum, 0.1% L-glutamine, 100 U/ml penicillin, and

0.1 mg/ml streptomycin. The test medium used for the

cytotoxic assay as well as for antiviral assays contained 2%

of the appropriate serum.

CVB5 was maintained in our laboratory and propagated

in HEp-2 cells. The virus was stored in small aliquots at

-80�C until use.

Virus titration

Virus titration was performed by the limited dilution

method, using a 96-well plate with six wells per dilution.

The virus titer was estimated from cytopathogenicity of

cells induced by viral infection and expressed as 50% tis-

sue culture infectious doses/ml (TCID50/ml) [21].

MTT assays

The cytotoxicity and antiviral activity of the compound

were determined by quantitative colorimetric MTT [(3-(4,

5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide)]

assay [13, 22]. Briefly, HEp-2 cells were seeded at

2 9 104 cells per well in 96-well plates and grown to

subconfluence. After removal of the growth medium,

serial twofold dilutions of the compound in 200 ll test

medium were added. At each dilution, four wells were

infected with 100 TCID50/0.1 ml of virus, while four wells

were left uninfected for toxicity determination. The same

dose of Arbidol was added to the plate daily, since its half-

life in cultured cells is about 18 h [23]. The plates were

incubated at 37�C, and the development of cytopathic

effect (CPE) was monitored daily by light microscopy

until the virus-infected, untreated cells showed CPE up to

80%. At this time point, the culture medium was removed

and 25 ll of the MTT solution (5 mg/ml in phosphate-

buffered saline, PBS) was added to each well. The plate

was further incubated for 4 h to allow MTT formazan

formation. After removal of the supernatant, 50 ll of

DMSO was added for solubilization of formazan crystals,

which were homogenized on a microplate shaker for

15 min. The optical densities (ODs) were then read using

a microplate spectrophotometer at double wavelengths of

540 and 690 nm. Results were expressed as a percentage

of OD value of treated cell cultures with respect to

untreated ones. All data were analyzed with SPSS 11.5,

and the 50% cytotoxic (CC50) and 50% inhibitory (IC50)

concentrations of the agent were determined. Thus, the

therapeutic index (TI) for the compound was also deter-

mined from CC50/IC50. Each dilution was tested in

triplicate, and in each set of experiments, three control

wells without drug were included.

Antiviral activity in vitro

Compound treatment before virus infection

Serial twofold dilutions of the compound were dissolved in

MEM and incubated with HEp-2 cells in 96-well microtiter

plates for 24 h at 37�C in a 5% CO2 atmosphere. After

removal of the compound, the cells were washed twice
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with PBS and challenged with 100 TCID50/0.1 ml of

CVB5. After a 1-h incubation, the cells were washed twice

with PBS and further incubated with test medium until

typical CPE was visible. The inhibition of the virus-

induced CPE was scored by light microscopy and measured

by the MTT assay. Four untreated virus controls and four

uninfected, untreated cell controls were included in all

assays. All data presented are results of experiments

performed in triplicate.

Virucidal assay

Viral suspensions were cocultured with serial twofold

dilutions of the compound at 37�C for 1 h and then added

to confluent cells. After a 1-h incubation, the solutions

containing both compound and viruses were removed; the

cells were rinsed carefully with PBS and further incubated

with test medium. The assay was performed following the

protocol described above.

Compound treatment after virus infection

The experiment was carried out as above with the fol-

lowing difference: confluent cell monolayers were infected

with 100TCID50/0.1 ml viruses for 1 h. The cell sheets

were washed with PBS and overlaid with different doses of

the compound in 200 ll test medium.

Semi-quantitative detection of viral RNA by RT-PCR

RNA was extracted from both supernatants and cells after

compound treatment and virus infection using Trizol

reagent (Invitrogen). We also purified the RNA of the

uninfected cells, the infected cells without treatment and the

test medium as negative, positive and blank controls. RNA

was dissolved in RNase-free water, and the concentration

was measured using a spectrophotometer (Bio-Rad). All

samples were adjusted to 1 lg/ll according to the method

of Yamamoto et al. [24]. Reverse transcription was carried

out at 42�C for 45 min, then at 95�C for 5 min. Random

primers were used for the preparation of complementary

DNA templates for PCR. The forward and reverse primers

used for RT-PCR were 50-CCCCGGACTGAGTATCA

ATA-30 (180–199) and 50-GCAGTTAGGATTAGCCGC

AT-30 (479–460), respectively.

b-actin was used as internal control, and the sequences

were 50-GGCGGGACCACCATGTACCCT-30 and 50-AGG

GGCCGGACTCGTCATACT-30.
Twenty-eight cycles of PCR were carried out in 50-ll

reaction mixtures containing 10 ll synthesized cDNA,

5 ll 10X PCR buffer, 10 ll 1 M dNTPs, 1 ll of primer 1,

1 ll of primer 2, 1 ll b-actin 220 P1, 1 ll b-actin 220

P2, 1 ll of Taq DNA polymerase, and 30 ll of mineral oil,

which was placed on top of the PCR mixture to prevent

evaporation. A programmed thermal cycler was set as

follows: 94�C for 300 s, 94�C for 300 s, and 53�C for 45 s,

72�C for 45 s, and 72�C for 5 min. Then, 5 ll of each

PCR product was loaded onto an agarose gel containing

ethidium bromide and separated by electrophoresis. The gel

was scanned using the SX-300 photoanalysis system and

analyzed using Four Stars Bioimage software, which cal-

culates the ratio of peak value adsorption of CVB to that

of b-actin.

Coxsackie virus B5 infections in mice

Specific-pathogen-free male BALB/c mice, 3–4 weeks

old (13–15 g), obtained from Animal Center of Wuhan

University, were used in all experiments. Sixty-four BALB/c

mice (16 mice/group, four groups) were used in this

experiment. Forty-eight mice were infected intraperitone-

ally with CVB5 (105TCID50/0.1 ml), and the remaining 16

were used as normal control and injected intraperitoneally

with the same volume of PBS. After infection for

24 hours, mice were treated by oral gavage (p.o.) with

0.1 ml Arbidol, corresponding to approximately 25 and

50 mg/kg body weight/day, and treatment was continued

daily for 6 days unless otherwise indicated. The virus

control group and the normal (PBS) control group

received 0.5% methylcellulose solution instead of the

compound.

Eight mice from each group were sacrificed by cervical

dislocation on day 6 after viral exposure. The body weights

of the mice were recorded daily until the animals were

killed. The lungs and hearts were harvested and weighed.

The organs from four mice of each group were subse-

quently homogenized to 10% (weight/volume) suspensions

in test medium. The homogenates were frozen and thawed

twice to release the virus and centrifuged at 3,000 rpm for

10 min. Virus titration was determined by plaque assay,

and the organs from another four mice were used for

pathological examination (HE staining).The lung index

was expressed as the ratio of mean lung weights to mean

body weights [25]. The remaining eight animals of each

group were observed daily for changes in body weight and

for any deaths.

Viral plaque assay of lung and heart samples

The titers of infectious virus particles were determined by

the standard plaque formation assay. Replicate aliquots

(500 ll/well) of serial 10-fold dilutions were inoculated

onto HEp-2 cell monolayers in 6-well plates and incubated

Antiviral activity of Arbidol against Coxsackie virus B5 603

123



at 37�C in 5% CO2. Two days later, the CPE was read;

results were expressed as PFUs.

Results

Antiviral effect of Arbidol against Coxsackie virus B5

in vitro

Arbidol showed significant inhibitory activity against CVB5

when added after infection, with an IC50 of 6.62 lg/ml, TI

of 12.45, and mild inhibitory activity against CVB when

added before infection, with an IC50 of 30.34 lg/ml, which

is close to the CC50 of the compound (82.12 lg/ml), and TI

of 2.7 (see Table 1).

To investigate the direct inactivating effect of Arbidol,

virus was treated for 1 h with concentrations of Arbidol

ranging from 0.5 to 20 lg/ml. As shown in Table 1,

Arbidol was virucidal for CVB5, with an IC50 of 2.66, and

it inhibited the CPE of CVB5 on HEp-2 cells, with a TI of

27.56.

Semiquantitative detection of viral RNA by RT-PCR

RNA was extracted from the supernatants and cells in each

well of the plates that were treated with the compound after

virus infection, using Trizol (Invitrogen) according to the

manufacturer’s protocol. Specific amplified products of

CVB5 (280 bp) and b-actin (220 bp) by the two pairs of

primers were identified as described in ‘‘Materials and

methods’’. Figure 1a is the gel picture of the PCR products.

The gel was scanned using the SX-300 photoanalysis

system and analyzed using Four Stars Bioimage software.

The ratio of peak value adsorption of CVB to that of

b-actin was calculated by the software (shown in Fig. 1b).

There was a quantitative relationship between the ratio and

dose of Arbidol. The ratio decreased with increasing dose

of Arbidol, suggesting that the synthesis of CVB5 RNA

decreased with the increasing dose of compound when

treatment was done after infection.

Antiviral effects of arbidol against Coxsackie virus B5

in mice

Clinical observations

In the viral control group, animals showed a tendency to

huddle; diminished vitality, ruffled fur, and weight loss

(Fig. 2a) were observed on day 6 after infection. On day 8,

this group of animals began to die, and by 18 day, all of

them had died (Fig. 2b). In the compound-treated group,

the animals receiving 25 mg/kg body weight/day began to

show behavior changes and lose weight by day 9 (Fig. 2a)

and began to die on day 12 after challenge. By day 30, half

of them had survived (Fig. 2b). The animals receiving

50 mg/kg body weight/day and the normal control animals

did not show abnormalities during the 30-day period,

except that the former group had a slight weight loss

(Fig. 2a). The i.p. infection with CVB5 led to an increase in

mean lung weight and a decrease in mean body weight on

day 8 after virus exposure. Lung indexes of the 25- and 50-

mg/kg body weight/day groups were significantly lower

than that of the viral control group, with the 50-mg group

almost the same as the normal group. There was no sig-

nificant difference between the 50-mg and normal group in

lung index (Fig. 4c), and there was no significant differ-

ence among the groups of animals in mean heart weight

(data not shown).

Table 1 Mode of action of Arbidol against CVB5

IC50 (lg/ml)a TI

Drug added before infection 30.34 ± 1.6 2.7

Drug added after infection 6.62 ± 1.1 12.45

Virucidal assay 2.66 ± 0.4 27.56

IC50 is the inhibitory concentration required to reduce viral replica-

tion by 50%

TI is expressed as the ratio of CC50/IC50

a Mean ± SD values are shown from three independent experiments
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Fig. 1 Arbidol prevents CVB5 RNA synthesis in vitro. RNA

extracted from cells treated with Arbidol after infection was used

for RT-PCR. a RT-PCR products of CVB5 RNA and b-actin. Lanes
1–8 cells treated with increasing concentrations of Arbidol (0.3, 0.6,

1.2, 2.5, 5, 10, 20, 40 lg/ml, respectively). Lanes 9, 10, and 11 are

negative (uninfected cell), blank (test medium as PCR template), and

positive controls (infected but untreated cells), respectively. b The

ratio of CVB5 to b-actin in different groups
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Pathological evaluation

Four animals of each group were sacrificed on day 8 after

viral exposure, and tissue samples were obtained from the

lungs, kidneys, liver, heart, and spleen for pathological

examination. As shown microscopically, the lungs of the

viral control animals had thickened alveoli walls due to

edema of alveolar epithelia, proliferation of interstitial

cells, interstitial lymphocytes and macrophage inflamma-

tory infiltration, and hemorrhage (Fig. 3a). The hearts of

the viral control animals had denaturation of cardiac

muscle cells (Fig. 3c). Tissue samples from the remaining

animals did not have changes, except that the lungs of

animals receiving 25 mg/kg body weight/day showed local

hemorrhage (data not shown).

Virological evaluation

Four animals of each group were sacrificed on day 8 after

viral exposure, and tissue samples were obtained from the

lungs and hearts for virological examination. The virus

titers of lung and heart were significantly lower in mice

receiving oral administration of Arbidol daily for 6 days

than in the viral control group. In the groups treated with

Arbidol at 25 and 50 mg/kg body weight/day, the mean

virus yields of lungs were around 102 and 101 viral plaques/

lung, respectively, whereas the yields in virus control

mice were 104 viral plaques/lung (Fig. 4a). The mean

virus yields of hearts were reduced to 103 and 102 viral

plaques/heart, respectively, whereas the yields in virus-

control mice were 105 viral plaques/heart (Fig. 4b).

Fig. 3 Interstitial pneumonia

and myocarditis caused by

CVB5 infection Four mice of

each group were sacrificed on

day 6 after viral exposures, and

tissue samples were obtained for

pathological examination.

a Lungs from infected mice: the

walls of the pulmonary alveoli

were obviously thickened due to

edema of alveolar epithelia,

proliferation of interstitial cells

and interstitial lymphocytes,

and macrophage inflammatory

infiltration. b Normal

pulmonary alveoli and epithelia.

c Hearts from infected mice:

isotropic denaturation of cardiac

muscle cell; striation of cardiac

muscle absent in viral control.

d Normal cardiac muscle. HE

stain 4009
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Fig. 2 Orally administered Arbidol at 50 mg/kg day prevents weight

loss and prolongs survival. BALB/c mice (eight mice per group) were

infected intraperitoneally with Coxsackie virus B5 (105 TCID50/

0.1 ml). Twenty-four hours after infection, mice were treated by oral

gavage with 25 or 50 mg/kg body/day Arbidol for 6 days. The virus

control group and the normal control group received placebo instead

of Arbidol. Body weight (a) and survival (b) were recorded daily
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Discussion

Arbidol is a Russian-made broad-spectrum antiviral com-

pound that has been shown to inhibit the fusion of influenza

A and B viruses within endosomes [26]. Influenza-virus-

induced fusion needs an acidic environment (pH 5.0). A

slight increase in pH can abolish the fusion process [27].

Since Arbidol is a weak base, it may elevate endosomal pH

and abrogate virus-endosome fusion. Arbidol has also been

shown to exert antiviral activity against other pH-dependent

viruses, such as hepatitis B virus [18] and rhinovirus 14 [17].

Moreover, Arbidol has demonstrated low toxicity upon

single-dose oral administration in many animal models.

The animal LD50 (50% lethal dose) was 687 mg/kg for

mice, 3,000 mg/kg for rats, and 4,000 mg/kg for guinea

pigs [28]. A long-term Arbidol intake study also did not

show pathologic changes in animals, as confirmed by

clinical, hematological, biochemical, and pathological data.

At therapeutic doses, Arbidol possessed no mutagenic or

teratogenic activity [28].

In this study, we tested the antiviral activity of Arbidol

against CVB5, both in vitro and in vivo. Like other entero-

viruses, CVB is a small RNA virus that replicates at 37�C,

lacks a lipid envelope, and is stable at acid pH. When

primarily cultured HEp-2 cells infected with CVB3 were

treated with Arbidol by different methods, arbidol was

found to present potent antiviral activity against CVB5 when

added before and after infection. In a virucidal assay,

Arbidol exhibited a strong effect against CVB5, and inhib-

ited the CPE of CVB5 on HEp-2 cells with a TI of 27.56,

which is higher than other treatments. Those data suggested

that Arbidol had a strong antiviral effect against CVB5

during the adsorption step. We also cocultured HEp-2 cells

with different doses of Arbidol after infection to study

whether it still had an antiviral effect after virus entry into

the host cell. The MTT assay showed that Arbidol had

inhibitory activity against CVB5, with an IC50 of 6.62 lg/ml

and a TI of 12.45 (see Table 1). Semiquantitative RT-PCR

data suggested that Arbidol prevented the synthesis of

CVB5 RNA in a dose-dependent manner. In short, our data

demonstrate that Arbidol can induce durable antiviral

activity in host cells, not only blocking the adsorption of

viral particles onto cells but also inhibiting the late stage of

the viral replication cycle.

To study further whether Arbidol has antiviral ability

against CVB5 in vivo, we established a mouse model of

infection. Mice infected with CVB5 had some symptoms of

circulatory failure such as cyanosis and lack of blood

perfusion in the tail and auricle, and there was evidence of

virus replication in the heart and lungs. Pathological find-

ings were consistent with the results from virus isolation,

and all viral control mice died by day 18 after infection.

Thus, CVB5 infection in BALB/c mice is a suitable in vivo

model to study in vivo antiviral activity.

Orally administered Arbidol at 50 mg/kg body weight/

day (once a day) after infection with Coxsackievirus B5 for

6 days significantly enhanced survival rate, reduced virus

yields and released pathological abnormalities in lungs and

hearts.

In summary, our results suggest that Arbidol can elicit

protective antiviral activity against CVB5 in vitro and in

vivo. The exact antiviral mechanism of Arbidol is still
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Fig. 4 Arbidol prevents the increase of both lung index and viral titer

in CBV5-infected mice. Four mice from each group were sacrificed on

day 6 post-infection, and body weight and lung weight were used to

calculate lung index (a). Viral titer of lungs (b) and hearts (c) were

determined by plaque assay. Asterisk means P \ 0.05, NS no

statistical difference
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unknown. Arbidol may play a significant role in medical

countermeasures against CVB5 infections.
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