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Antiviral properties of Hexoral (0.1% solution and 0.2% aerosol for local application) and its 
constituent hexetidine against viruses causing human respiratory tract infections and herpes 
virus were studied in vitro. It was found that non-cytotoxic concentrations of hexetidine (alone 
and as a component of Hexoral) attenuated infectious properties of highly virulent infl uenza 
virus A/H5N1, pandemic infl uenza virus A/H1N1pdm, respiratory syncytial virus, and herpes 
simplex virus type 1 after a short-term exposure (30 sec) by 100 or more times. It was found 
that hexidine mostly contributes to the virucidal effect of Hexoral.
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The search for new drugs actively suppressing repli-
cation of viral pathogens that cause acute respiratory 
diseases [1,5,7-9], including pandemic infl uenza A/
H1N1pdm [5], highly virulent infl uenza virus A/H5N1 
[1,4] that causes death of 60% infected individuals, 
respiratory syncytial virus (RSV), and herpes simplex 
virus type 1 (Herpesviridae family) [6,10], including 
Epstein–Barr virus causing infectious mononucleo-
sis in children remains a pressing problem of modern 
virology. The State Collection of Viruses organized 
on the basis of D. I. Ivanovsky Research Institute of 
Virology includes collection of all these viral strains 
suitable for antiviral drug screening.

Here we studied the ability of the two forms of 
Hexoral (0.1% solution and 0.2% spray for local use) 
and hexetidine (a component of this drug) to suppress 
in vitro infectious activity of viruses that infect human 
respiratory tract, and the herpes virus.

MATERIALS AND METHODS

Hexetidine substance (1,3-bis (2-ethylhexyl)hexa-
hydro-5-methyl-5-pyrimidinamine, certifi ed by Famar 

Orleans) was provided by Johnson & Johnson, as well 
as Hexoral (McNeil Manufacturing). Acyclovir (acyc-
loguanosine; Zovirax; GlaxoSmithKline) was used as 
the reference drug.

Cell cultures. Cytotoxic properties and antiviral 
activity of hexetidine and Hexoral were analyzed by 
using confl uent Vero-E6 cell cultures in 96-well plastic 
plates with minimum Eagle medium (PanEco) supple-
mented with 7% fetal calf serum (Sigma) pre-heated on 
a water bath (20 min at 56oC), glutamine (150 μg/ml) 
and antibiotics (100 U/ml penicillin and streptomycin) 
at 37oC and 4% CO2. Dulbecco’s modifi ed minimal 
Eagle medium containing glutamine and antibiotics in 
the same concentration and 1% fetal calf serum (Sigma) 
served for maintenance medium after virus adsorption.

Canine kidney cell cultures (MDCK) were grown 
in 96-well plastic plates using growth medium and 
support medium of the same composition with the 
addition of 2 μg/ml TPCK-trypsin (Sigma). Porcine 
embryo kidney cells (SPEV) were cultured in 96-well 
plastic plates in medium 199 (PanEco) supplemented 
with 100 U/ml penicillin and streptomycin and 10% 
inactivated cattle serum. Cell lines were obtained from 
the Cell Culture Collection of D. I. Ivanovsky Re-
search Institute of Virology.

Viruses. The following viruses were used in 
the study: infl uenza A/duck/Novosibirsk/56/05 vi-

Bulletin of Experimental Biology and Medicine, Vol. 160, No. 3, January, 2016 VIROLOGY
DOI 10.1007/s10517-016-3169-9



354

rus (H5N1) isolated from poultry in the Novosibirsk 
region in 2005 [7]; pandemic influenza A/Mos-
cow/01/2009 (H1N1)pdm strain isolated in 2009 in 
Moscow; RSV strain Long; herpes simplex virus type 
1 strain L2 (HSV-1/L2) were used. All strains were 
obtained from the State Collection of Viruses. The 
medium collected from cultures infected with these 
viruses at the peak of infectious process served as 
virus-containing material.

To study cytotoxic activity of the test drugs, we 
used Vero-E6, SPEV, and MDCK cultures. The cell 
suspension in growth medium (4×105 cells/ml) was 
incubated in 96-well plastic plates for 24 h at 37oC 
and the cell monolayer was washed twice with Hanks 
saline; the test drugs in various concentrations in 
maintenance medium were added (the total volume of 
medium per well was 200 μl). Treated and untreated 
cell cultures were incubated for 72 h and then, the 
cells were stained with methylene blue and counted 
using Cauntess slide cytometer (Invitrogen). Then the 
cytotoxic dose (CD) was calculated as the minimum 
drug concentration inducing death of 50% monolayer 
cells within 72 h after drug exposure (CD50).

Antiviral activity of the drugs was studied by 
the method of routinely used in pre-clinical trials [4]. 
For evaluation of the capacity of the test drugs to at-
tenuate infectious properties of the viruses, the virus-
containing medium with initial titer was mixed 1:1 
with the studied drugs (experimental samples) or with 
maintenance medium (control) and shaken vigorously 
for 30 or 60 sec at room temperature. Then, serial 
10-fold dilutions of these mixtures were immediately 
prepared and 100 μl of each dilution was added to 
washed monolayer of  cells susceptible to each vi-
rus. After 72-96-h incubation, when the monolayer in 
control (untreated) wells was complete destructed, the 
infectious virus titer was determined by the method of 

Reed and Muench. The antiviral effect of hexetidine 
(sole and in Hexoral) was assessed by the difference 
in infectious virus titers between the control and ex-
perimental wells.

Statistical analysis was performed by conventional 
biological methods, and also using Spearman–Kerber 
method with assessment of signifi cance of differences 
(p=0.05) for 95% confi dence level.

RESULTS

Hexetidine, the active component of Hexoral, is char-
acterized by broad spectrum of antibacterial and anti-
fungal activity, particularly against gram-positive bac-
teria and fungi as Candida, Pseudomonas aeruginosa, 
and Proteus. Hexetidine destructs bacterial cell walls 
and inhibit oxidative metabolic reactions (thiamine an-
tagonist). In a concentration of 100 μg/ml hexetidine 
actively inhibits the growth of the majority of bacterial 
strains; no resistance was observed. At the same time, 
the antiviral effect of hexetidine on viral agents that 
affect the human respiratory tract is poorly studied.

Analysis of in vitro antiviral (virucidal) activity of 
hexetidine alone and as a component of commercial 
topical formulation showed its cytotoxic properties in 
different cell cultures (PK cells, Vero-E6, MDCK). 
Thus, CD50 of hexetidine alone and in 0.1% Hexoral 
solution was the same for Vero-E6, MDCK, and PK 
cell cultures (5.0 μg/ml). CD50 of aerosol for these 
types of cell lines was 10 μg/ml.

Noncytotoxic concentrations of hexetidine attenu-
ated the infectious properties of viruses infecting hu-
man respiratory tract: highly pathogenic infl uenza A/
H5N1, pandemic infl uenza A/H1N1pdm, RSV and 
HSV-1/L2 virus (Tables 1-3).

Virucidal properties of hexetidine substance and 
aerosol, as well as Hexoral solution manifested within 

TABLE 1. Inhibition of Infectious Activity of A/H5N1 and А/H1N1pdm Influenza Viruses in Vero-E6 and MDCK Cell Cultures, 

Respectively, by Hexetidine Alone and as a Component of Hexoral

Drug

Virus titers (lg CD
50

) after drug application in concentration of

5.0 μg/ml 2.5 μg/ml control (without drug)

A/H5N1 А/H1N1pdm A/H5N1 А/H1N1pdm A/H5N1 А/H1N1pdm

Hexoral, 
0.1% solution

30 sec of exposition 2.5±0.3 1.3±0.2 2.3±0.1 1.5±0.2 4.2±0.1 3.5±0.2

60 sec of exposition 2.4±0.2 1.2±0.3 2.1±0.4 1.4±0.3 4.2±0.1 3.6±0.2

Hexoral, 
0.2% aerosol

30 sec of exposition 2.0±0.2 1.1±0.3 2.2±0.4 1.3±0.2 4.2±0.1 3.5±0.2

60 sec of exposition 2.0±0.1 1.0±0.1 2.3±0.1 1.2±0.4 4.2±0.1 3.6±0.2

Hexetidine 30 sec of exposition 2.1±0.3 1.0±0.2 2.7±0.2 1.2±0.2 4.2±0.1 3.5±0.2

60 sec of exposition 2.2±0.1 1.0±0.1 2.3±0.2 1.3±0.1 4.2±0.1 3.4±0.2
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a short time after exposure of a material containing 
herpes and infl uenza viruses with the drug (~30 sec). 
Comparative studies on the antiviral activity of the 
hexetidine substance and Hexoral preparation against 
infl uenza viruses, RSV, and HSV-1/L2 showed that 
antiviral properties of hexetidine in Hexoral solution 
and spray did not differ from the properties of the 
substance alone. Their antiviral activity was stable 
and high: in non-toxic concentrations they suppressed 
virus activity by 100 or more times (Tables 1-3).

It was shown that hexetidine substance and Hexo-
ral demonstrated similar inactivation of the studied 
viruses. The preparations did not affect virus replica-
tion in cells.

TABLE 3. Virucidal effect of Hexoral (Topical Formulation) and Hexetidine on HSV-1/L
2
 Model

Experimental 
conditions

Virus titer*
Mean virus titer 
after two trials

Decrease in virus titer in comparison 
to control

lg PFU/ml lg PFU/ml abs. %

Control 6.70 6.63±0.10 – –

6.51

6.44

6.88

Exposure, 30 sec F S F S F S F S

4.87 6.44 4.64±0.09 6.49±0.07 1.99 – 98.99 –

4.51 6.70

4.48 6.40

4.70 6.40

Exposure, 60 sec 4.40 4.65 4.19±0.09 4.73±0.05 2.44 1.76 99.65 98.29

4.00 4.70

4.24 4.68

4.10 4.88

Note. F: Hexoral formulation; S: hexetidine substance; *results of two independent experiments.

TABLE 2. Inhibition of Infectious Activity of RSV for Vero-E6 cells by Hexetidine Alone and as a Component of Hexoral

Drug

RSV titers after drug application in concentration of

5.0 μg/ml 2.5 μg/ml control (without drug)

Hexoral, 0.1% 
solution

30 sec of exposition 4.00±0.05 4.2±0.1 6.3±0.1

60 sec of exposition 3.9±0.1 4.0±0.2 6.3±0.1

Hexoral, 0.2% 
aerosol

30 sec of exposition 3.2±0.2 4.0±0.1 6.2±0.1

60 sec of exposition 3.1±0.1 3.9±0.3 6.1±0.1

Hexetidine 30 sec of exposition 4.1±0.3 3.80±0.05 6.3±0.1

60 sec of exposition 4.2±0.1 4.1±0.2 6.3±0.1

These fi ndings suggest that the virucidal effect of 
Hexoral is determined by hexitidin. The decrease in 
viruses concentration from the initial level (titer) was 
≥99% after exposure to Hexoral in a concentration of 
2.5 μg/ml and >90% after exposure to 1.25 μg/ml.
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