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Virus (HSV) Infection: Physicochemical Properties and Efficacy in Cutaneous
HSV-1 Infection in Mice
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Abstract. The physicochemical properties of the optimized microemulsion and the permeating ability of
oxyresveratrol in microemulsion were evaluated, and the efficacy of oxyresveratrol microemulsion in
cutaneous herpes simplex virus type 1 (HSV-1) infection in mice was examined. The optimized micro-
emulsion was composed of 10% w/w of isopropyl myristate, 35% w/w of Tween 80, 35% w/w of isopropyl
alcohol, and 20% w/w of water. The mean particle diameter was 9.67±0.58 nm, and the solubility of
oxyresveratrol in the microemulsion was 196.34±0.80 mg/ml. After accelerated and long-term stability
testing, the microemulsion base and oxyresveratrol-loaded microemulsion were stable. The cumulative
amount of oxyresveratrol permeating through shed snake skin from microemulsion at 6 h was 93.04 times
compared to that of oxyresveratrol from Vaseline, determined at 20% w/w concentration. In cutaneous
HSV-1 infection in mice, oxyresveratrol microemulsion at 20%, 25%, and 30% w/w, topically applied five
times daily for 7 days after infection, was significantly effective in delaying the development of skin lesions
and protecting from death (p<0.05) compared with the untreated control. Oxyresveratrol microemulsion
at 25% and 30% w/w was significantly more effective than that of 30% w/w of oxyresveratrol in Vaseline
(p<0.05) and was as effective as 5% w/w of acyclovir cream, topically applied five times daily (p>0.05).
These results demonstrated that topical oxyresveratrol microemulsion at 20–30% w/w was suitable for
cutaneous HSV-1 mouse infection.

KEY WORDS: cutaneous infection in mice; herpes simplex virus; microemulsion; oxyresveratrol;
therapeutic efficacy.

INTRODUCTION

Herpetic infections by herpes simplex virus (HSV) type 1
(HSV-1) and type 2 (HSV-2) are one of the major public
health problems worldwide. These infections are incurable
and persistent as latent form in the host for a lifetime. In

immunocompetent individuals, primary HSV infections are
usually mild, and most clinical manifestations observed are
herpes labialis and herpes genitalis from recurrent HSV-1
and HSV-2 infections, respectively. However, the viruses can
cause severe and mortal multiorgan diseases, especially in
immunocompromised patients. Among all antiviral drugs in
clinical use, acyclovir (ACV) is the first-line drug in the treat-
ment of herpes virus infection. However, the emergence of
ACV-resistant virus strains is still one of the clinical concerns
that urgently require further developments (1–5). Topical
antiherpes formulations received increased attention in drug
development, according to their advantages, over oral and
systemic administration. Several topical preparations of
ACV, penciclovir, foscarnet, as well as docosanol, are in cur-
rent clinical use and research (3,6–9).

Oxyresveratrol (OR) (trans-2,4,3′,5′-tetrahydroxystilbene)
is a polyphenolic stilbene abundantly derived from the heart-
wood of the Thai traditional plant, Artocarpus lakoocha Rox-
burgh (Moraceae) (10,11). OR showed inhibitory effect on the
growth of HSV-1 and HSV-2 wild types, drug-resistant HSV-1
strains (12), clinical isolates of HSV-1 and HSV-2 (13), as well as
various varicella zoster virus (VZV) strains including wild type,
thymidine kinase-deficient and DNA polymerase VZV mutant
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in vitro (14). Various biological activities including tyrosinase-
inhibitor (15), antioxidant (16) and anthelmintic activities (17)
have been also reported. As previously reported, 30% w/w of
OR inVaseline topically applied five times daily provided better
therapeutic efficacy than the oral treatment of OR in cutaneous
HSV-1 infection in mice (12). Due to the large amount of OR
required for therapeutic efficacy against HSV-1 infection from
Vaseline preparation, suitable topical formulations need further
development to reduce the concentration.

A microemulsion (ME) is a thermodynamically stable
system composed of oil, water, and surfactant, frequently in
combination with cosurfactant, which occurs spontaneously
after gentle mixing. The appearance of ME is clear or trans-
lucent due to its droplet size usually in the range of 20–200 nm.
In the pharmaceutical field, MEs have been used as drug
carriers for percutaneous, ocular, oral, and parenteral admin-
istration according to their high solubilization capacity for
lipophilic and hydrophilic compounds as well as protection
of compounds from hydrolysis and oxidation. For topical for-
mulation, MEs also enhance skin permeation of the drugs by
various effects, including an increase of concentration gradient
of drugs across the skin and permeation enhancement of some
components in the systems such as surfactants, cosurfactants,
and oils. The low interfacial tensions of MEs also provide
excellent wetting properties ensuring good contact between
membrane and formulations (18–20).

In this study, oxyresveratrol-loaded ME (ORME) was
formulated. Its physicochemical properties and therapeutic
efficacy in cutaneous HSV-1 infection in mice were evaluated.

MATERIAL AND METHOD

Material

The chemicals (pharmaceutical grade) used for ME prep-
aration were isopropyl myristate (Fluka, USA), oleic acid
(Merck, Germany), olive oil (Giralda, Australia), polyoxy-
ethylene sorbitan monooleate (polysorbate 80 or Tween 80;
Sigma, USA), sorbitan monooleate (Span 80; Sigma, USA),
polyoxyl 40 hydrogenated castor oil (Cremophor RH 40;
BASF, Germany), propylene glycol (Repsol, Spain), butanol
(Fischer Scientific, UK), and isopropanol (Fischer Scientific,
UK). The acetronitrile (Burdick & Jackson, Korea), methanol
(Burdick & Jackson, Korea), trifluoroacetic acid (Fluka,
USA), and water (Burdick & Jackson, Korea) used were
HPLC grade.

OR was purified from the heartwood of A. lakoocha
Roxburgh (Moraceae), and the method was previously
reported (10,11). Briefly, heartwood of A. lakoocha was
extracted in methanol. The active fraction was isolated from
the methanol extract using vacuum liquid chromatography.
The purified compound was analyzed as OR (trans-2,4,3′,5′-
tetrahydroxystilbene) by spectroscopy. The chemical was
assayed by HPLC and found to be greater than 99% pure.
Amounts of 10–30% w/w of OR were incorporated in ME
base and were used in physicochemical property study and in
animal experiments.

HSV-1 7401H strain was used. The virus was propagated
in African green monkey kidney cells (Vero cells) as previ-
ously reported (21–23). African green monkey kidney cells
(Vero cells) were grown and maintained in Eagle’s minimum

essential medium supplemented with 5% and 2% of fetal
bovine serum for growth medium and maintenance medium.
ACV cream 5% (Vilerm®) was purchased from Siam Bhea-
sach Co. Ltd., Thailand. Petroleum jelly (Vaseline®) was used
as ointment base (12).

Formulation of Microemulsions

Solubility Study

To determine solubility of OR in various oils, surfactants,
and cosolvents, an excess amount of OR was added in isopro-
pyl myristate, oleic acid, olive oil, Tween 80, Span 80, Cremo-
phor RH40, isopropanol, butanol, or propylene glycol, and
then, the mixtures were shaken reciprocally at 25°C for 48 h
to reach equilibrium. Each tube was centrifuged at 15,000 rpm
for 20 min, followed by filtering through a 0.45-μm membrane
filter. OR concentration was determined by HPLC analysis at
appropriate dilution with methanol (7,24). The partition coef-
ficient of OR in each oil to water was presented as the logP
value. The solubility was determined by three independent
experiments.

Construction of Pseudoternary Phase Diagrams

To investigate the ME region, pseudoternary phase dia-
grams were constructed by the water titration method (7,25).
Surfactant (Tween 80) was mixed with cosurfactant (isopro-
panol) at a weight ratio of surfactant to cosurfactants, varying
between 1:1, 2:1, and 4:1. The oily mixtures with the weight
ratio of oil (isopropyl myristate) to mixture of surfactant and
cosurfactant at 5:95, 10:90, 15:85, 20:80, 25:75, 30:70, 35:65,
40:60, 45:55, 50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20,
85:15, 90:10, and 95:5 were prepared by mixing the oil (iso-
propyl myristate) into each surfactant mixture ratio. Water
was added drop by drop to each oily mixture under magnetic
stirring at room temperature. After being equilibrated, the
mixture was evaluated visually and defined as ME when they
appeared as clear liquid (26).

Preparation of Oxyresveratrol-Loaded Microemulsion Systems

The selected formulas based on phase diagram and OR
solubility were prepared by mixing isopropyl myristate, Tween
80, and isopropanol together, and then, water was added and
mixed using a vortex mixer for 5 min at room temperature. All
MEs were stored to achieve equilibrium at room temperature,
at least 24 h before further investigation (27). At least 30% w/
w of OR that could be incorporated in ME formulation was
the aim of this study, since 30% w/w of OR in Vaseline
exhibited therapeutic efficacy against cutaneous HSV-1 infec-
tion in mice (12). To determine the amount of OR that can be
loaded in ME, 10–30% w/w of OR was dissolved in each ME
system under ultrasonication, and the end point was a clear
solution after ultrasonication. For further permeation study
and animal experiments, 10%, 20%, and 30% w/w of OR were
dissolved in the selected ME system under ultrasonication.
OR ointment was prepared by grinding 10%, 20%, and 30%
w/w of OR in petroleum jelly (Vaseline™).
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Characterization of Microemulsions

Physical properties of ME formulations and ORME 10%,
20%, and 30% w/w were characterized for pH, viscosity, and
conductivity using a pH meter (Beckman, USA), Rotovisco 1
viscometer, and conductivity meter at 25±2°C. The particle
size and size distribution of the MEs were evaluated by laser
light scattering technique (Marvern Zetasizer). The viscosity,
conductivity, mean particle size, and polydispersity index were
determined by three independent experiments. The appear-
ance of all formulas was determined by visual inspection on
clarity, turbidity, phase separation, color, and cross-polarized
microscope (KHC Olympus, Japan).

Stability Test

All ME samples were stored in well-closed and light-
protected glass bottles. Thermodynamic stability of ME base
and ORMEs (10%, 20%, and 30% w/w) was studied by cen-
trifugation at 13,000 rpm for 30 min at 25°C (28). Thereafter,
the systems were investigated visually for phase separation. In
addition, stability tests using accelerated condition by heating–
cooling (4°C for 48 h and 40°C for 48 h) for six cycles (29) and
long-term stability testing at room temperature for 6 months
were performed. The clarity, phase separation, particle size,
viscosity, and content of OR before and after the stability tests
were recorded. OR was assayed by HPLC using Phenomenex
Luna C18 column (250×4.6 nm, 5 μm). Aqueous acetronitrile
(40%) containing 0.01% trifluoroacetic acid was used as the
mobile phase at a flow rate of 1.0 ml/min. The absorbance was
detected at 310 nm, as described by Chao et al. (30). All
samples were determined in triplicate. The calibration curve
of OR in the concentration range of 1.17–150 μg/ml was linear
with the correlation coefficient of 0.9999. The intra- and inter-
day percent relative standard deviations (percent RSD) were
less than 1.14%.

In Vitro Skin Permeation Study

Shed snake skin of the black rat snake (Elaphae obsoleta)
was used as a model membrane for the skin permeation study
because of its similarity to human skin in lipid content and
permeability (31). The shed snake skin was kindly provided by
the Queen Saovabha Memorial Institute, Thai Red Cross
Society. The whole skin was kept at −20°C, and the skin
membrane was hydrated for 30 min and mounted on a Franz
diffusion cell (effective diffusion area of 2.1 cm2) with receiver
solution (phosphate-buffered saline with 30% ethanol) before
use (31). The skin was placed on the diffusion cell with the
dorsal surface side up. Then, the ORME (10%, 20%, or 30%
w/w) or OR in Vaseline (10%, 20%, or 30% w/w), 0.5 g, was
applied to the surface of the skin through the donor
compartment, and the temperature was maintained at 37±
0.5°C with magnetic stirring at 600 rpm throughout the
experiment. Receiver solution samples, 1.0-ml aliquots, were
withdrawn periodically for 6 h (0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5,
and 6 h) through the receiver compartment. The cells were
refilled with receiver solution to keep the volume in the
receiver compartment constant during the experiment (7,32).
The content of OR in the receiver solution at each sampling
time was measured for UV absorbance at 310 nm using a

spectrophotometer. The experiments were performed in
triplicate. The assay was linear in the OR concentration
range of 0.94–30 μg/ml with the correlation coefficient of
0.9993. The cumulative amount (Qn, in micrograms per
square centimeter) of OR permeating through the shed
snake skin in the receiver solution was determined based on
the following equation (7):

Qn ¼ CnV0 þΣn�1CiVi

S

When Cn was the drug concentration of the receiver
solution at each sampling time, Ci was the drug concentration
of the sample at the time of zero, and V0 and Vi were the
volumes of the receiver solution and the sample at each time
period, respectively. S was the effective diffusion area.

Efficacy of Topical Oxyresveratrol Microemulsion
in Cutaneous HSV-1 Infection in Mice

Female BALB/c mice (6 weeks old) were purchased from
Sankyo Labo Service Co. Ltd., Tokyo, Japan. The right mid-
flank of each mouse was clipped and depilated with a chemical
depilatory, hair remover. Two or 3 days later, the naked skin
was scratched using 27-guage needles and 5 μl of HSV-1
(7401H) suspension of 1×106 PFU was applied to the
scarified area (12,22,23). OR was topically applied to mice
(nine to ten mice per group) as follows: experiment 1: In
order to find the formulation that was effective in mice,
ORME, 10 or 20% w/w, or OR in petroleum jelly
(Vaseline™), 30% w/w, was applied topically on the
scratched area (5 mg/cm2/dose) 1 h after HSV-1 infection
and three times daily for 7 days. ACV cream applied three
times daily and mice without treatment were used as the
control groups. Experiment 2: In order to find the frequency
of application of ME that was effective in mice, ORME 10%
w/w was applied topically on the scratched area (5 mg/cm2/
dose) 1 h after HSV-1 infection three, four, or five times daily
for 7 days. The mice without treatment were used as the
untreated control. Experiment 3: In order to find the
concentration of ORME that was effective in mice, ORME
10%, 15%, 20%, 25%, 30% w/w or OR in petroleum jelly
(Vaseline™), 30% w/w, was applied topically on the scratched
area (5 mg/cm2/dose) 1 h after HSV-1 infection five times daily
for 7 days in each group. ACV, ME base, applied five times
daily and mice without treatment were used as the control
groups. In all experiments, the development of skin lesions
and mortality were continuously observed three or five times
daily for 10 days after HSV-1 infection and scored as follows:
0, no lesion; 2, vesicles in the local region; 4, erosion and/or
ulceration in the local region; 6, mild zosteriform lesion; 8,
moderate zosteriform lesion; and 10, severe zosteriform lesion
and death. We conducted procedures conforming to the
National Institute of Health Guide for the Care and Use of
Laboratory Animals with the approval of the Animal Care
Committee at the University of Toyama.

Statistical Analysis

Student’s t test was used to evaluate the significant differ-
ences in particle size, viscosity, OR content in stability tests,
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and permeation capacity of ORME. The repeated measures
ANOVA as a multiple comparison was used to analyze the
interaction between multiple groups in mean skin lesions for
3–10 days after infection. Significance of differences in mean
survival times and mean times at which scored as 2, 4, or 6
after infection were also evaluated by Student’s t test. Statis-
tical differences in the mortality were evaluated using the chi-
square test. A p value of less than 0.05 was defined as statis-
tically significant.

RESULT

Solubility Study

The solubility of OR in oils, surfactants, and cosurfactants
was determined. For the solubility of OR in oils, the values
were 0.65±0.04, 0.31±0.06, and 0.05±0.01 mg/ml for isopropyl
myristate, oleic acid, and olive oil, respectively. The values of
log of partition coefficient determined were −0.20, −0.51, and
−1.30 for isopropyl myristate, oleic acid, and olive oil, respec-
tively. OR was solubilized in various surfactants, and the
solubility in Tween 80, Cremophor RH 40, and span 80 was
71.01±2.41, 44.24±2.30, and 10.93±0.52 mg/ml, respectively.
In the cosurfactants, the solubility of OR in isopropaol, buta-
nol, and propylene glycol was 140.95±1.13, 127.30±2.98, and
122.06±0.92 mg/ml, respectively. The solubility of OR in water
was 1.01±0.01 mg/ml. Isopropyl myristate, Tween 80, and
isopropanol that showed maximal solubilizing capacity for
OR were selected for further ORME formulations.

Phase Diagrams

ME was prepared using isopropyl myristate as the oil
phase, Tween 80 as surfactant, isopropanol as cosurfactant,
and water. The pseudoternary phase diagrams of ME systems
containing isopropyl myristate; Tween 80; isopropanol at fixed
ratios (w/w) of 1:1, 2:1, and 4:1; and water after equilibrium at
room temperature were presented in Fig. 1. The shade areas
of the pseudoternary phase diagrams referred to the ME
regions while the outside (white) areas indicated the turbid
regions. All MEs were isotropic; transparent dispersion and
no phase separation could be observed with all the ratios of
oil/surfactant–cosurfactant/water after centrifugation at
13,000 rpm for 30 min at 25°C. In addition, there were no

changes in the appearance of MEs and areas on the diagrams
observed after 1 month storage. This indicated that ME for-
mulated using isopropyl myristate, Tween 80, isopropanol,
and water was stable. The ME regions existing in various
weight ratios of surfactant and cosurfactant in pseudoternary
phase diagrams were in the order of 1:1>2:1>4:1. The large
ME regions were correlated with the ME systems containing
cosurfactants.

Physicochemical Properties of Microemulsions

Based on these pseudoternary phase diagrams, the
ORME was selected from the systems using Tween 80/isopro-
panol with the ratio 1:1 which formed the largest single-phase
region compared to other ratios. Several ME formulas were
selected from the ME region in the phase diagram for the
solubility test, and the formula that could incorporate OR at
least 30% w/w with minimum concentration of surfactant and

Fig. 1. Pseudoternary phase diagram of isopropyl myristate/Tween80/isopropanol/water system at 1:1 (a), 2:1 (b), and 4:1 (c) w/w ratio of
surfactant and cosurfactant

Table I. Composition of Various MEs and Their Oxyresveratrol
Solubilizing Capacities

Oil (% w/w)
Surfactant
mixture (% w/w)

Water
(% w/w)

Maximum OR
loading capacity
(% w/w)

55 40 5 15
50 45 5 15
40 50 10 15
30 60 10 20
20 70 10 25
20 60 20 20
15 75 10 25
15 65 20 25
15 55 30 20
10 80 10 >30a

10 70 20 >30a

10 60 30 20
5 90 5 >30a

5 80 15 >30a

5 70 25 25
5 60 35 20

OR Oxyresveratrol
aThe formulations still showed clear solution after loaded with 30%
w/w of OR (the solubilizing capacity at >30% w/w of OR was not
determined)
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cosurfactant was chosen. As presented in Table I, among 16
formulas, 3 formulas of those with surfactant mixture between
40% and 50% w/w showed precipitation after incorporating
more than 15% w/w of OR; five and four formulas of those
with surfactant mixture between 40% and 50% w/w could
solubilize 15–20 and 20–25% w/w of OR, respectively. There
were four formulas with 5–10% w/w of oil and 70–90% w/w of
surfactant mixture that could incorporate up to 30% w/w of
OR. To avoid skin irritation from large amounts of surfactant
and cosurfactant, the ME formula with the lowest amount of
surfactant and cosurfactant mixture was selected from the
latter four formulas. Thus, the selected ME was composed of
isopropyl myristate (10% w/w), Tween 80 (35% w/w), isopro-
panol (35% w/w), with a surfactant/cosurfactant ratio of 1:1,
and water (20% w/w).

Due to the dynamic nature and small size of surfactant
aggregates, indirect measurement techniques, such as electri-
cal conductivity and rheological studies, were employed to
study the basic information of the internal structure (28).
The selected ME base showed a light yellow and transparent
appearance while ORME showed yellow and transparent ap-
pearance that was due to the color of the compound added.
The parameters for physical characteristics of the optimized
formula were indicated in Table II. The particle sizes (mean±
SD) determined by the laser light scattering technique were
9.67±0.58, 44.00±17.43, 179.90±84.17, and 198.60±55.62 nm
for the ME base, ORME 10%, 20%, and 30% w/w, respec-
tively. The increase in particle size may be affected by the
incorporation of a high amount of OR in the formula and the
property of the compound. However, the size was still ranged
in 200 nm, and this system was chosen for further assays. All

formulas showed one peak distribution of particle size, and the
values of polydispersity indices (pI) were 0.04±0.01, 0.24±
0.04, 0.34±0.01, and 0.50±0.09 for ME base, ORME 10%,
20%, and 30% w/w, respectively. The low values of pI indi-
cated that all formulas had uniformity of size distribution. The
ME base showed low viscosity that may result from the pres-
ence of low intrinsic viscosity compositions such as IPM and
isopropanol. After OR had been added, the viscosity of MEs
increased according to the increasing volume of the internal
phase. ORME exhibited the viscosity values of 47.67–
124.32 cP, pH values of 7.11–7.22, and the conductivity values
of 10.39–12.83 μS/cm. The dark appearance of all formulas
observed through a cross-polarized microscope showed the
nonbirefringent property of ME. The solubility of OR in the
selected ME was 196.34±0.80 mg/ml. The results of conduc-
tivity showed that the MEs were in O/W systems.

In stability tests, ME base and ORME were stable in both
conditions by heating–cooling for six cycles and long-term
storage in ambient temperatures for 6 months (Table III).
Incorporation of OR did not affect either the structure or
the physical stability of the ME base, since no significant
changes in clarity, precipitation, and phase separation were
observed after long-term and accelerated conditions. Both
selected ME base and ORMEs showed good physical stability
after centrifugation at 13,000 rpm at 25°C for 30 min. In
addition, ME base and all ORMEs showed good physical
stability after the thermodynamic stability test since clear
single-phase solutions were observed after centrifugation at
13,000 rpm at 25°C for 30 min. The color as well as transpar-
ency was still the same as those after being freshly prepared.
No change in the size distribution graph was observed after

Table II. Physical Properties of Oxyresveratrol Microemulsions

Formulations pH Viscositya (cP) Conductivitya (μS/cm) Particle sizea (nm) Polydispersity indexa (pI)

Selected ME base 7.43 16.10±1.01 13.80±1.49 9.67±0.58 0.04±0.01
10% ORME 7.22 47.67±0.83 12.83±0.62 44.00±17.43 0.24±0.04
20% ORME 7.19 87.18±1.45 12.10±0.65 179.90±84.17 0.34±0.01
30% ORME 7.11 124.32±1.88 10.39±0.32 198.60±55.62 0.50±0.09

Selected ME was composed of isopropyl myristate (10% w/w), Tween 80 (35% w/w), isopropanol (35% w/w) with surfactant/cosurfactant ratio
of 1:1, and water (20% w/w)
ME microemulsion, ORME oxyresveratrol-loaded ME
aMean±SD determined from three independent experiments

Table III. Stability Test of Oxyresveratrol Microemulsions

Characteristics

Accelerated condition Long-term condition

ME basea ME+OR 20% ME base ME+OR 20%

Appearance
Color Light yellow Yellow Light yellow Yellow
Transparent Yesb Yes Yes Yes
Phase separation Noc No No No
Particle size (nm)d 13.00±0.01 213.00±49.49 11.33±0.60 186.33±31.88
Viscosity (cP)d 16.02±1.51 84.92±0.93 16.05±0.71 85.06±1.94

ME microemulsion
aMicroemulsion base
bTransparent appearance was observed
cNo phase separation was observed after accelerated or long-term condition
dMean±SD determined from three independent experiments
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ambient and accelerated stability conditions. There were no
significant differences (p>0.05) in viscosity of ME base and
ORME that were determined after being freshly prepared
(Table III) and storage in two conditions. The particle sizes
of ME base, after accelerated and long-term storage, slightly
increased (p<0.05) when compared with those after being
freshly prepared. However, there were no significant differ-
ences (p>0.05) in particle size of ORME between fresh prep-
aration and these two storage conditions. After accelerated
and long-term stability testing, the OR content of formulations
were 124.48.21±6.07 (19.99% w/w) and 123.13±8.07 mg/ml
(19.83% w/w), respectively. The OR contents were not signif-
icantly different (p>0.05) compared with that of freshly pre-
pared 20% w/w ORME (123.92±5.54 mg/ml). The results

showed that OR was chemically stable in selected ME. This
stability was better than that of OR 0.2 mg/ml in aqueous
solutions, in which the amount of OR remaining after the
same accelerated and long-term conditions were 83.02% and
76.78%, respectively.

In Vitro Permeation of Oxyresveratrol Microemulsion

To study in vitro permeation of OR in formulations, the
shed snake skin was used as a membrane, and the concentra-
tion of OR was 10%, 20%, and 30% w/w. A cumulative
amount of OR (Qns) in the selected ME determined after
6 h of application was 2,079.13±116.27, 5,773.07±160.95, and
6,259.11±472.00 μg/cm2, respectively (Fig. 2). A cumulative

Fig. 2. In vitro permeation of oxyresveratrol in microemulsion in shed snake skin
(mean±SD, n=3)

Table IV. Effect of Formulation (A) and Frequency of Applications (B) of Oxyresveratrol Microemulsion in Cutaneous HSV-1 Infection in Mice

Treatmenta

Mean timeb (days, mean±SD)

% MortalitycScore 2 Score 4 Score 6 Survival

A. Effect of formulation
Untreated control 5.65±0.29 6.21±0.50 7.02±0.58 8.03±0.42 100
ORME 10%, ×3 6.88±0.62d 7.17±0.63d >7.80±0.98 >8.58±0.78 88.89
ORME 20%, ×3 >7.96±2.06d >8.36±1.61d >8.95±0.99d >9.14±0.81d 55.56e

OR in Vaseline 30%, ×3 >6.69±1.38d >6.79±0.59d >8.10±0.95d >8.87±1.00d 33.33e

ACV 5%, ×3 >10d >10d >10d >10d 0e

B. Effect of frequency of applications
Untreated control 5.37±0.31 6.49±0.49 7.49±0.30 8.03±0.89 100
ORME 10%, ×3 6.30±0.82d 6.78±0.39 >7.78±0.93 >8.10±0.86 62.5e

ORME 10%, ×4 >7.48±1.59d >7.73±1.43d >8.58±1.19d >8.83±0.98 62.5e

ORME 10%, ×5 >8.10±1.60d >8.18±1.38d >8.85±1.16d >9.15±0.97d 50e

OR oxyresveratrol, ORME oxyresveratrol-loaded ME, ACV acyclovir, SD standard deviation
aORME was topically applied five times daily for 10 days after HSV-1 infection
bMean time at which score 2, 4, and 6 or survival was observed after infection, determined from nine to ten mice in each group (the mean time
with symbol > referred to a group of mice that had mice showing score 0 at day 10)

c Percentage of mortality of mice tested, observed at day 10 after HSV-1 infection
dMean time was significantly prolonged (p<0.05 vs. untreated control)
eMortality was significantly reduced (p<0.05 vs. untreated control)
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amount of OR (Qns) in Vaseline determined after 6 h of
application was 23.31±0.21, 44.55±1.86, and 66.66±3.54 μg/
cm2, respectively (Fig. 2). The OR from the ORME showed
greater permeation than the OR from the Vaseline
preparation through the shed snake skins at every time point
(p<0.05). The cumulative amount of OR increased when
increasing the concentration of OR in the formulations (p<
0.05). As indicated, the viscosity of the vehicle was one of the
important factors in the permeation of OR into the skin. The
viscosity of 20% w/w ORME (87.18±1.45 cP) was much lower
than that of 20% w/w of OR in Vaseline (2,408.35±204.18 cP);
therefore, the mobility of OR in ME was more facile.

Efficacy of Topical Oxyresveratrol Microemulsion
on Cutaneous HSV-1 Infection in Mice

To evaluate the formulation that was effective, ORME at
10% and 20% w/w, and OR in Vaseline (30% w/w) topically
applied three times daily for 7 days were tested. The mean
time of the appearance of lesion score 2, 4, or 6; mean survival
time; and percentage of mortality of mice were presented in
Table IV (A). ORME at 20% w/w, OR in Vaseline (30% w/w),
and ACV significantly delayed the development of skin
lesions, prolonged mean survival times, and reduced the per-
centage of mortality of mice (p<0.05) compared with the
untreated control. ORME at 20% w/w showed significantly
greater effectiveness (p<0.05) compared with 30% w/w OR in
Vaseline and did not show a significant difference compared
with ACV cream. ORME 10% w/w significantly delayed the
development and progression of skin lesions at a score 4 (p<
0.05) but did not significantly reduce the percentage of mor-
tality of mice compared with the untreated control.

To determine optimal frequency of the treatment,
ORME at 10% w/w was topically applied three, four, and five
times daily for 7 days. As indicated in Table IV (B), ORME at
10% w/w applied five times daily significantly delayed the
development and progression of skin lesions, prolonged mean
survival times, and reduced the percentage of mortality of
mice (p<0.05) compared with the untreated control. ORME
at 10% w/w applied four times daily significantly delayed the

development of skin lesion scores 2, 4, and 6 (p<0.05) com-
pared with the untreated control. ORME at 10% w/w applied
three times daily significantly delayed the development of skin
lesion score 2 (p<0.05) compared with the untreated control.
ORME at 10% w/w applied four times and three times daily
did not prolong the mean survival time compared with the
untreated control.

The optimal concentration of ORME applied five times
daily for 7 days was determined. The result was illustrated in
Table V. It indicated that ORME acquired concentration-de-
pendent efficacy, and the maximum efficacy observed on day 5
after infection was 15% w/w ORME (Fig. 3). The mean time
of the appearance of lesion scores and mean survival time
were significantly prolonged (p<0.05) as compared with the
untreated control for 10–30% w/w ORME, 30% w/w OR in
Vaseline, and ACV. ORME at 20–30% w/w significantly
delayed the development of skin lesions and reduced the
percentage of mortality of mice (p<0.05) compared with the

Table V. Effect of Concentration of Oxyresveratrol Microemulsion in Cutaneous HSV-1 Infection in Mice

Treatmenta

Mean timeb (days, mean±SD)

% MortalitycScore 2 Score 4 Score 6 Survival

Untreated control 5.81±0.59 6.27±0.53 7.18±0.40 7.55±0.79 100
ME base, ×5 6.29±0.59 7.02±0.95 7.62±0.81 8.11±0.76 100
ORME 10%, ×5 6.80±0.82d 7.10±0.82d 7.72±0.51d 7.92±0.43d 100
ORME 15%, ×5 7.06±1.27d 8.10±1.16d >8.29±0.95d >8.66±0.98d 70
ORME 20%, ×5 >8.30±1.68d >8.64±1.37d >9.07±0.91d >9.30±0.78d 30e

ORME 25%, ×5 >8.90±1.51d >9.18±1.11d >9.22±1.03d >9.20±1.0d 40e

ORME 30%, ×5 >9.34±1.28d >9.40±1.15d >9.48±1.01d >9.50±0.99d 30e

OR in Vaseline 30%, ×5 >7.84±2.05d >8.27±1.71d >8.69±1.25d >9.02±1.05d 40e

ACV 5%, ×5 >10d >10d >10d >10d 0e

OR oxyresveratrol, ME microemulsion, ORME oxyresveratrol-loaded ME, ACV acyclovir, SD standard deviation
aORME was topically applied five times daily for 10 days after HSV-1 infection
bMean time at which score 2, 4, and 6 or survival was observed after infection, determined from nine to ten mice in each group (the mean time
with symbol > referred to a group of mice that had mice showing score 0 at day 10)

c Percentage of mortality of mice tested, observed at day 10 after HSV-1 infection
dMean time was significantly prolonged (p<0.05 vs. untreated control)
eMortality was significantly reduced (p<0.05 vs. untreated control)

Fig. 3. Concentration-dependent efficacy of oxyresveratrol microe-
mulsion in cutaneous HSV-1 infection in mice observed at day 5 after
infection. These results were part of the same experiment as that of
Table V (data represented the mean±SE and were determined from
nine to ten mice in each group)
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untreated control. ORME at 25% and 30% w/w was signifi-
cantly more effective than OR at 30% w/w in Vaseline (p<
0.05) and did not show a significant difference compared with
ACV cream. Therefore, it was suggested that the therapeutic
efficacy of 20–30% ORME could be obtained.

DISCUSSION

In formulation, the ME formula was selected on the basis
of their particle sizes and maximum loading of OR of at least
30% w/w. The selected ME formula consisted of isopropyl
myristate (10% w/w), Tween 80 (35% w/w), isopropanol
(35% w/w), and water (20% w/w). It was reported that at
optimum ratio of surfactant and cosurfactant, the cosurfactant
was arranged exactly between surfactant molecules and
resulted in formation of ME with maximum solubilizing ca-
pacity (33). Isopropanol acted as cosurfactant resulting in an
increase in flexibility of the interfacial film of surfactant and
also acted as permeation enhancers (27,34). It was observed
that the particle sizes of ORMEs were increased after incor-
poration of OR. However, the sizes were still in the ME range.
In addition, MEs with particle sizes of 200–800 nm were
reported to exhibit good stability and increase the transdermal
flux of drugs in vitro (35). The low values of pI, a measure of
particle homogeneity of the selected ME and ORMEs, indi-
cated that all formulas had a narrow size distribution (36). The
mean particle size of ME slightly increased after storage. As
reported, this might be caused by the high free energy of
interfacial film together with some interactions and resulted
in temporal aggregation of droplets (37–39). The selected ME
was o/w type, and this was in accordance with previous studies.
It was reported that o/w ME type showed high conductivity in
the range of 10–100 μS/cm while w/o type showed lower
conductivity levels (32,40,41). For the stability test, the HPLC
peak of OR did not show any degradation peaks. However,
the freshly prepared formulations were used in each animal
study to ensure the efficacy of OR in ME and Vaseline for-
mulations. There are a few reports concerning the stability of
OR. OR possesses low bioavailability and is easily oxidized by
prooxidant agents (42).

In the in vitro permeation, the cumulative amount of
OR (Qns) in the selected ME was higher than that of OR
in Vaseline. This may be affected by the ME formula with
a permeation enhancer in reducing the diffusion barrier
(32,40,41). As a commonly used transdermal enhancer,
isopropyl myristate has been supposed to be able to in-
crease permeation by fluidizing intercellular lipids in the
stratum corneum or to increase drug solubility at the lipid
part of the stratum corneum (42,43). In addition, surfac-
tant including Tween 80 enhanced the flux of drug across
the skin by incorporating in skin lipid bilayer and causing
more permeable arrangement or increasing the fluidity of
the membrane (44). As indicated, the lower viscosity of
ORME compared to that of OR in Vaseline may affect
the increase in permeation. The higher concentration of
ORME resulted in the higher amount of OR permeating
through the skin. The permeation rate has been reported
to be correlated with a loading dose of various drugs in
ME according to Fick’s first diffusion law (35,45,46). The
shed snake skin was used as membrane for evaluation of
permeating capacity, and it was reported that some

compounds penetrating through the shed snake skin and
human stratum corneum were at similar rates (31,47–49).

As indicated in cutaneous HSV-1 infection in mice, the
progression of lesion scores in the ME base-treated group was
not significantly different (p>0.05) compared with the un-
treated control group. This indicated that the ME base did
not possess antiviral activity. It was reported that the topical
anti-HSV agent, n-docosanol, may inhibit early events in viral
replication (50). The cream formulation was previously stud-
ied, and the application of 10–20% w/w OR cream five times
daily was effective compared with the untreated control (13).
The residence time of ME at the application site would be
very low compared to semisolid preparations due to very low
viscosity, and ME with higher viscosity should be investigated.
In infected mice with repeated application of ORME, the
weights of the mice were not significantly different (p>0.05)
compared with the mice before treatment. There was no skin
irritation observed by visual erythema; the toxicity and skin
irritation test of ORME in the non-infected mice will be
further investigated.

CONCLUSION

In the present study, the optimized ORME that demon-
strated efficacy in mice was composed of 10% w/w of isopro-
pyl myristate, 35% w/w of Tween 80, 35% w/w of isopropyl
alcohol, and 20% w/w of water. The ORME was characterized
and showed the suitable capacity in solubilizing OR, particle
size and viscosity. It also showed good physicochemical stabil-
ity after accelerated and long-term conditions. In cutaneous
HSV-1 infection in mice, it was indicated that ORME 20–30%
w/w topically applied five times daily was effective. Therefore,
ORME should have the potential for topical treatment of
HSV infection.
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