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1. Introduction

Penciclovir, 9-[4-hydroxy-3-(hydroxymethyl)butyl]guanine, is
a potent antiviral guanosine-type drug which maintains the antivi-
ral activity against herpes simplex virus, varicella zoster virus,
epstein-barr virus, hepatitis virus and cytomegalovirus (Smith et
al., 2001; Abdel-Hag et al., 2006; Schmid-Wendtner and Korting,
2004; Andrei et al., 2004). However, the poor bioavailability (5–10%
after oral administration) limited its clinical use. One promising
route of penciclovir administration is dermal delivery. Various der-
mal formulations of penciclovir including cream and gel have been
reported and appropriate vehicles in enhancing the permeation
ability of penciclovir have attracted increasing attention in recent
years. Yang et al. encapsulated penciclovir in liposome and then
dispersed the liposome suspension into Carbopol gel (penciclovir
content: 1%, w/w). The drug concentration penetrating into skins
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udy was to evaluate the potential application of microemulsions as a
enciclovir. The pseudo-ternary phase diagrams were developed for var-
ns composed of oleic acid (oil phase), Cremorphor EL (surfactant) and
ition of microemulsion systems was optimized using simplex lattice mix-
entrations of surfactant, cosurfactant and water (independent variables)
lative amount of penciclovir permeated through excised mouse skins per

The physicochemical properties of the optimized microemulsion and the
ir from microemulsions were also investigated. The results showed that

ormulation was composed of oleic acid (5%, w/w), Cremorphor EL (20%,
ater (45%, w/w). The mean particle diameter was 36.5 nm and solubility
as 7.41 mg g−1. The cumulative amount of penciclovir permeated through

oemulsion was about 3.5 times that of the commercial cream. The conclu-
bility of penciclovir was significantly increased from the microemulsion

mmercial cream.
© 2008 Elsevier B.V. All rights reserved.

of mice after liposome gel was administered to the abdominal
skin of mice in vivo for 18 h was 1.94 times that of the commercial
cream administrated at the same concentration and time (Yang

and Wang, 2005).

Microemulsion is defined as an O/W or W/O emulsion pro-
ducing a transparent product that has a droplet size from 10 to
100 nm and does not have the tendency to coalesce (Tenjarla, 1999;
Kreilgaard, 2002; Lawrence and Rees, 2000). It is composed of oil
phase, surfactant, cosurfactant and aqueous phase at appropriate
ratios (Changez and Varshney, 2000). Microemulsion has several
specific physicochemical properties such as transparency, optical
isotropy, low viscosity and thermodynamic stability (Lawrence and
Rees, 2000; Changez and Varshney, 2000; Baroli et al., 2000). So
it is promising for both transdermal and dermal delivery of drugs
as an efficient route of drug administration (Kreilgaard, 2002;
Rhee et al., 2001; Kreilgaard et al., 2000; Baboota et al., 2007;
Kamal et al., 2007; Chen et al., 2007). Lee et al. reported that O/W
microemulsion systems composed of Tween 80, n-methyl pyrroli-
done (NMP) and oleyl alcohol could enhance the permeability
of drugs. For example, lidocaine microemulsion can have 17-fold
greater permeability than solution formulation. Permeability of
estradiol microemulsion and diltiazem HCl microemulsion can be
increased 58-fold and 520-fold, respectively, compared with the
solution formulations (Lee et al., 2003).

http://www.sciencedirect.com/science/journal/03785173
mailto:wu.510@osu.edu
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Several mechanisms have been proposed to explain the advan-
tages of microemulsion for the transdermal and dermal delivery
of drugs (Gupta et al., 2005; Peltola et al., 2003; Changez et al.,
2006a,b; Zhao et al., 2006; Chen et al., 2006). First, the thermody-
namic towards the skin is increased due to large amount of a drug
incorporated in the formulation. Second, the increased thermody-
namic activity of the drug may favor its partitioning into the skin.
Third, the ingredients of microemulsion may reduce the diffusional
barrier of the stratum corneum and increase the permeation rate of
drug via skin by acting as permeation enhancers. Also, the hydra-
tion effect of microemulsion on the stratum corneum may influence
the permeation ability of formulations (Mohammed and Manoj,
2000). Although many drugs have been incorporated in microemul-
sion for transdermal and dermal delivery, penciclovir has not been
evaluated.

In this study, O/W microemulsions containing 0.5% penciclovir
have been developed after screening oils and surfactants. Pseudo-
ternary phase diagrams were constructed to obtain the components
and their concentration ranges, and the microemulsion formula-
tions varied according to a simplex lattice design to find out the
most suitable components ratio for the optimized formulation.

2. Materials and methods

2.1. Materials

Penciclovir (purity 99%) was procured from Lizhu Co., Ltd.
(Changzhou, China). Cremorphor EL was purchased from Sigma
Chemical Co. (St. Louis, USA). Ethanol and Tween 80 was purchased
from Guangcheng chemical reagent Co. Ltd. (Tianjin, China). Oleic
acid (OA) was purchased from Kemiou chemical reagent Co. Ltd.
(Tianjin, China). Isopropyl myristate (IPM) was obtained from Fluka
AG (Switzerland). Medium chain triglycerides (MCT) was obtained
from Cognis Co. (Germany). Ethyl oleate (EO) was purchased from
Shanghai chemical Co. (Shanghai, China). Triple distilled water was
used for the preparation of microemulsions. All other chemicals
and solvents were of analytical reagent grade.

2.2. Screening of oils and surfactants for microemulsions

To find out appropriate oil phase and surfactant in microemul-
sions, the solubility of penciclovir in various oils such as OA, IPM,
MCT and EO and surfactants including Tween 80 and Cremorphor

EL were measured. An excess amount of penciclovir was added to
5 ml of oil or surfactant and then the resulting mixture was shaken
reciprocally at 37 ◦C for 72 h followed by centrifugation for 10 min
at 12000 rpm. The supernatant was filtered through a membrane
filter (0.45 �m) and the drug concentration in the filtrate was deter-
mined by high performance liquid chromatography (HPLC) analysis
after the appropriate dilution with ethanol.

The oil and surfactant that showed high solubility of penciclovir
were used in the preparation of microemulsions containing 0.5%
penciclovir. Their effects on the skin permeation of penciclovir from
the prepared microemulsions were evaluated.

2.3. Construction of phase diagrams and formulation of
penciclovir microemulsions

2.3.1. Construction of pseudo-ternary diagrams
Pseudo-ternary phase diagrams were constructed in order to

obtain the concentration range of components for the exist-
ing range of microemulsions. The weight ratio of surfactant to
cosurfactant (Km) varied as 1:2, 1:3, 1:1, 2:1 and 3:1. For each
pseudo-ternary phase diagram at a specific surfactant/cosurfactant
armaceutics 360 (2008) 184–190 185

weight ratio, the oily mixtures containing oil, surfactant and cosur-
factant were prepared with the weight ratio of oil to the mixture
composed 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, respectively. Water was
added drop by drop to each oily mixture under proper magnetic
stirring at 37 ◦C until the mixture became clear at a certain point.
The concentrations of components were recorded in order to com-
plete the pseudo-ternary phase diagrams, and then the contents of
oil, surfactant, cosurfactant and water at appropriate weight ratios
were selected based on these results.

2.3.2. Preparation of penciclovir-loaded microemulsion systems
According to the microemulsion areas in the phase diagrams, the

penciclovir-loaded microemulsion formulations were selected at
different component ratios. Microemulsion systems were obtained
by mixing oil, surfactant and cosurfactant together, and adding
precisely water drop by drop to these oily phases with magnetic
stirring at ambient temperature. After the resulting systems were
equilibrated with gently magnetic stirring for 30 min, appropriate
amount of penciclovir was dissolved in them under ultrasonication.
The final concentration of penciclovir in microemulsion systems
was 0.5% (w/w).

2.4. Characterization of microemulsion

The morphology of penciclovir microemulsions was observed
using transmission electron microscopy (JEM-100CXII, Japan). One
drop of diluted samples was deposited on a film-coated copper
grid and later stained with one drop of 2% aqueous solution of
phosphotungstic acid (PTA) and allowed to dry before examined
under the electron microscope. The average droplet diameters of
the microemulsions were determined by photon correlation spec-
troscopy instrument (BI-200SM, Brookhaven Instrument, USA) at a
temperature of 25 ◦C.

The viscosities of various microemulsion vehicles were mea-
sured at 25 ◦C, using the NDJ-8S digital viscometer (Shanghai
Precision and Scientific Instrument, Shanghai, China) with a No.
1 rotor set at 60 rpm. Electrical conductivity was measured using a
conductivity meter (DDS-11C, Shanghai Instrument, China). Based
on electrical conductivity, the phase systems of the microemulsions
were determined.

The pH values of microemulsions were determined at 25 ◦C
using the Phs-3C digital acidimeter (Shanghai Rex Instruments

Factory), and refractive indices were measured with a ther-
mostated Abbe refractometer (Shijiazhuang Optical Instrument
Factory, China).

The optimized microemulsions containing penciclovir were
stored at ambient temperature for 6 months, and then the clarity,
phase separation and concentration of penciclovir were investi-
gated. The centrifuge tests at 12000 rpm for 30 min were carried
out to assess the physical stability of microemulsions (Chen et al.,
2004).

2.5. In vitro permeation experiments

2.5.1. Preparation of skin
Male Kunming mice weighing 20 ± 2 g (SCXK (Lu) 20030004)

were purchased from Experimental Animal Center of Shandong
University (Shandong, China) for the in vitro permeation studies.
Skin from the abdominal region was excised after hair was removed
with a depilatory, and then the subcutaneous fat and connective tis-
sue were removed. The obtained skins were washed and examined
for integrity, and then placed in a refrigerator at 4 ◦C overnight, and
then used for the permeation experiments (Chen et al., 2004).
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2.5.2. In vitro permeation study
Franz diffusion cell with an effective diffusion area of 3.8 cm2

was used for in vitro permeation studies. The skin samples were
mounted carefully on diffusion cells with the stratum corneum
side up, donor solutions consisting of 0.8 g of test microemulsions
containing 4 mg penciclovir or 0.8 g cream containing 8 mg pen-
ciclovir. The receiver compartment was filled with 15 ml normal
saline to ensure sink condition and its temperature was main-
tained at 37 ± 0.5 ◦C with magnetic stirring at 600 rpm throughout
the experiment. For each experiment, 1 ml sample of the receiver
medium was withdrawn at predetermined time and then the vol-
ume was made up with the equal volume of fresh receiver medium.
All samples were filtered through a 0.45 �m pore size cellulose
membrane filter and analyzed by HPLC.

2.5.3. Calculation of the in vitro data
Cumulative amount of drug (Qn, �g cm−2) in the receiver com-

partment was plotted as a function of time (t, h), and the cumulative
amount of penciclovir permeated through excised mouse skins was
determined based on the following equation:

Qn = Cn × V0 + ∑n−1
i=1 Ci × Vi

S
(1)

where Cn stands for the drug concentration of the receiver medium
at each sampling time, Ci for the drug concentration of the ith
sample, and V0 and Vi stand for the volumes of the receiver solu-
tion and the sample, respectively, S for the effective diffusion
area.

2.6. High performance liquid chromatography analysis of samples

The samples were analyzed using the HPLC system including a
separations module (Waters 2695), a diode array detector (Waters
2996) and a reversed phase C18 column (5 �m, 4.6 mm × 250 mm,
Dikma). The mobile phase was a mixture of 0.1% acetic acid solu-
tion/acetonitrile at a ratio 98:2 (v/v) with the flow rate at 1 ml/min
and the detection wavelength was set at 253 nm. Aliquots of 20 �l
of each sample were injected into the column, and all operations
were carried out at ambient temperature.

The peak area correlated linearly with penciclovir concen-
tration in the range of 5–50 �g/ml with the lowest detection
limit at 0.5 �g/ml, and the average correlation coefficient was
0.9998.
2.7. Formulation optimization

A simplex lattice experiment design was adopted to opti-
mize the composition of microemulsions (Jumaa et al., 1998;
Subramanian et al., 2004; Li et al., 2004a,b; Ho et al., 1994). In
this design, three factors were evaluated by changing their con-
centrations simultaneously and keeping their total concentration
constant. The simplex lattice design for a three-component system
is represented by an equilateral triangle in two-dimensional space
(Fig. 1). Seven batches were prepared as follows: one at each vertex
(A, B and C), one at the halfway point between vertices (AB, BC and
AC), and another one at the center point (ABC). The concentrations
of surfactant, cosurfactant and water were selected as independent
variables. The solubility and the cumulative amount of penciclovir
permeated through excised mice skins per unit area were taken as
responses.

The responses for seven formulations were used to fit an equa-
tion for simplex lattice model (Hong and Wu, 2004; Mao et al.,
2004; Ren, 2003) which then can predict the properties of all
possible formulations. Graphs of these properties in the form of
contour plots were constructed with Origin7.5 Software (Liu et al.,
armaceutics 360 (2008) 184–190

Fig. 1. Equilateral triangle representing simplex lattice design for three components.

1995; Van Kamp et al., 1987). With the aid of a computer program
SPSS13.0 Software, the model equation was developed to represent
the relationship between the solubility or permeation rate and the
measured characteristics.

2.8. In vitro permeation behavior of the optimized microemulsion
and the commercial cream

According to the method described in the Section 2.5, in vitro
permeation behavior of the optimized microemulsion containing
penciclovir (0.5%, w/w) was compared with the commercial cream
(penciclovir content 1.0%, w/w) as a control one.

2.9. Statistical analysis

Data were shown as mean ± S.D. (n = 5). Statistical data were
analyzed by the Student’s t-test at the level of p = 0.05.

3. Results and discussion

3.1. Screening components for microemulsions

The solubility of penciclovir in various media was analyzed in
order to screen components for microemulsions. In four oils, the
solubility of penciclovir was highest in oleic acid (256 �g/g), fol-
lowed by ethyl oleate (154.6 �g/g), and that in other two oils (IPM

and MCT) was relatively low (70.0 and 47.5 �g/g). Previous reports
indicated that the superior dermal flux appeared mainly due to
the large solubilizing capacity of the microemulsions, which led
to larger concentration gradient towards the skin (Kreilgaard et al.,
2000; Sintov and Shapiro, 2004). It was also reported that oleic acid
was a powerful enhancer for dermal delivery since it could increase
fluidity of lipid portion of the stratum corneum which resulted in a
permeation enhancing effect (Li et al., 2004a,b; Paolino et al., 2002;
Kogan and Garti, 2006; Zhao et al., 2006; Kreilgaard et al., 2000).
So oleic acid was chosen for the preparation of the microemulsions
containing penciclovir.

In two used surfactants, penciclovir had a higher solubility in
Cremorphor EL (420.5 �g/g) than that in Tween 80 (199.1 �g/g).
Ethanol has a good ability in forming microemulsions with oleic
acid and Cremorphor EL, and its aqueous solution has a good solu-
bility of penciclovir which can form a concentration gradient. Also,
ethanol can be able to act as a permeation enhancer (Kogan and
Garti, 2006; Biruss et al., 2007; Yuan et al., 2006). So oleic acid, Cre-
morphor EL and ethanol were subsequently used as the oil phase,
surfactant and cosurfactant for the formulation of microemulsions
containing penciclovir in this study.
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Fig. 2. Pseudo-ternary phase diagrams of microemulsions composed of oil (oleic acid), su

3.2. Construction of pseudo-ternary diagrams

The construction of pseudo-ternary phase diagrams was used
to obtain appropriate concentration ranges of components in the
areas of forming microemulsions. The pseudo-ternary phase dia-
grams of O/W microemulsions composed of oleic acid, Cremorphor
EL, ethanol and distilled water with various Km values were shown
in Fig. 2. The area region of microemulsions became enlarged as Km
decreased, reaching the maximum point at Km of 1:2.

3.3. Formulation optimization

Simplex lattice method was used to optimize the formulation of
microemulsions. The concentrations of water (X1), surfactant (X2)
rfactant (Cremorphor EL), cosurfactant (ethanol) and water at various Km values.

and cosurfactant (X3) were chosen as the independent variables.
The solubility or the cumulative amount of penciclovir permeated
through excised mouse skins per unit area was taken as responses
(Y), respectively. The equation for simplex lattice model is described
as follows:

Y = b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3

+ b23X2X3 + b123X1X2X3

where Y is the dependent variable and bi is the estimated coeffi-
cient for the factor Xi. The main effects (X1, X2, and X3) represent
the average results of changing one factor at a time from its low
to high value, and the interactions X1X2, X2X3, X1X3, and X1X2X3
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Table 2
Actual and transformed values of six different formulations

Formulations Formulation components (%) Transformed fraction
Fig. 3. Percutaneous permeation profiles of the tested microemulsion formulations
(mean ± S.D.; n = 5).

show how the responses change when two or three factors change
simultaneously.

Based on the results of pseudo-ternary diagrams, appropriate
ranges of the components were chosen. Because a high content
of oleic acid could cause serious skin irritation (Boelsma et al.,
1996), 5% was chosen as the content of oil phase in this study. It
was reported that there was a really tight relationship between
the hydration effect of the stratum corneum and the dermal per-
meation (Mohammed and Manoj, 2000), and the thermodynamic

activity of drug in microemulsions was a significant driving force
for the release and penetration of the drug into skin (Changez and
Varshney, 2000; Mohammed and Manoj, 2000). So the water con-
tent was determined between 40 and 65%. The ranges of Cremorpor
EL and ethanol were 10–35% and 20–45%, respectively.

In order to simplify the computations, the actual concentrations
of surfactant, cosurfactant and water were transformed based on
the simplex lattice method so that the minimum concentration
corresponds to zero and the maximum concentration corresponds
to one (Table 1). Solubility of the seven formulations was mea-
sured as described above and the results were also presented in
Table 1.

As shown in Fig. 3, the percutaneous permeation profiles of
the tested microemulsion formulations demonstrated that pene-
tration through skin was a passive diffusion process.With the help
of SPSS13.0 Software, the results of analysis were shown in Eqs. (2)
and (3).

Ys = 8.564X1 + 6.637X2 + 8.278X3 − 4.371X1X2 + 6.354X1X3

− 1.120X2X3 − 8.284X1X2X3 (2)

Table 1
Actual and transformed values, solubility and Qn of seven different formulations as per si

Formulation number Formulation components (%)/transformed fraction

Water Surfactant Cosurfact

1 65/1 10/0 20/0
2 40/0 35/1 20/0
3 40/0 10/0 45/1
4 52.5/0.5 22.5/0.5 20/0
5 52.5/0.5 10/0 32.5/0.5
6 40/0 22.5/0.5 32.5/0.5
7 48.3/0.33 18.4/0.33 28.3/0.33

Data of solubility and Qn were shown as mean ± S.D. (n = 5).
Water Surfactant Cosurfactant Water Surfactant Cosurfactant

1 45 20 30 0.2 0.4 0.4
2 60 10 25 0.8 0 0.2
3 45 30 20 0.2 0.8 0
4 50 15 30 0.4 0.2 0.4
5 55 20 20 0.6 0.4 0
6 45 25 25 0.2 0.6 0.2

Table 3
Comparison of responses between experimental results and predicted values
(mean ± S.D.; n = 5)

Formulations Solubility (mg g−1) Qn (�g cm−2)

Experimental Predicted Experimental Predicted

1 7.411 ± 0.378 7.393 589.502 ± 33.2 601.401
2 9.492 ± 0.370 9.523 192.242 ± 21.6 184.216
3 6.301 ± 0.233 6.323 746.295 ± 44.5 735.654
4 8.404 ± 0.513 8.376 537.584 ± 37.3 539.344
5 6.725 ± 0.276 6.744 755.327 ± 41.1 769.865
6 6.796 ± 0.387 6.747 702.274 ± 37.7 690.432

YQn = 170.586X1 + 480.989X2 + 350.077X3 + 1979.660X1X2

− 139.175 X1X3 − 139.469X2X3 + 3435.433X1X2X3 (3)

Eqs. (2) and (3) may be used to calculate the predicted values for

other formulations in the design space. Six formulations showed in
Table 2 were chosen to test the agreement between observed and
predicted values, and as shown in Table 3 the predicted values of
solubility and Qn from simplex lattice system were close to that of
the experiment.

According to the above results, when the ratio of S/Cos was close
to 1:1 (w/w), the skin permeation of penciclovir in microemulsion
was significantly increased, while the solubility of penciclovir in
microemulsion was usually decreased, which is consistent with the
results of Li et al. (2004a,b). The possible reason is that dermal drug
permeation is influenced primarily by the solubility of drug in vehi-
cle and the partition coefficient of skin/vehicle. If the vehicle can
significantly raise the solubility of the drug, then the drug itself
would be retained in the vehicle after administration at the surface
of skin, which resulted in reduced partition into the skin (Ceschel
et al., 2005).

Graphics of the solubility and the cumulative amount of penci-
clovir permeated through excised mouse skin per unit area were
constructed in the form of contour plots, and the optimized formu-
lation was chosen by superimposing the contour plots of the two
responses, which were shown in Fig. 4.

mplex lattice design

Solubility (mg g−1) Qn (�g cm−2)

ant

8.564 ± 0.745 170.586 ± 20.8
6.637 ± 0.212 480.989 ± 29.5
8.278 ± 0.099 350.077 ± 25.8
6.508 ± 0.208 820.702 ± 50.2
10.01 ± 0.350 225.538 ± 21.8
7.178 ± 0.215 380.666 ± 27.6
7.615 ± 0.213 650.124 ± 36.7
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Fig. 4. Contour plots (A) contour plots for solubility of penciclovir; (B) contour plots
for the cumulative amount of penciclovir permeated through excised mice skins per
unit area after 12 h; (C) superimposed contour plots of the two responses.

As shown in Table 1 and Fig. 4, with the restriction of the above
chosen concentrations, an inverse relationship exists between
the permeation ability and the drug solubility in the penciclovir
microemulsions. Although a high solubility can lead to slightly
lower permeation ability within the range of chosen concentra-
tions, the higher solubility can increase the loading efficiency to
produce a high concentration gradient, maintain a longer acting
time, and improve the thermodynamic activity of drug in vesicles,
which can make the microemulsion systems more stable (Zhao et
al., 2006; Li et al., 2004a,b). In order to obtain both high solubility
and high permeation ability, the appropriate ratio of the compo-
nents was chosen for the optimized formulation, which consisting
of oil (5%), surfactant (20%), cosurfactant (30%) and water (45%).
armaceutics 360 (2008) 184–190 189

Fig. 5. Percutaneous permeation profiles of the optimized microemulsions and the
commercial cream (mean ± S.D.; n = 5).

3.4. Characterization of optimized microemulsions

With the measurement of transmission electron microscope,
the optimized microemulsion vesicles appeared as perfect round
shape without aggregation. The parameters for physicochemical
characters of the optimized formulation were as follows: 36.5 nm
for mean particle size, 7.11 mm2 s−1 for viscosity value, 5.33 for pH
value, 1.38 for refractive indices, and 134.5 �s cm−1 for conduc-
tivity, respectively. The solubility of penciclovir in the optimized
microemulsion was 7.41 mg g−1

. The results of conductivity showed
that the microemulsions were O/W system.

All microemulsion formulations were stable at ambient tem-
perature in the presence or absence of penciclovir. No changes of
particle size, phase separation and degradation of penciclovir were
observed during 6 months. The centrifuge tests showed that all
microemulsion systems had good physical stability.

3.5. Comparison of percutaneous permeation between cream and
microemulsions

The results of percutaneous permeation of the commercial
cream containing 1% penciclovir and O/W microemulsions contain-
ing 0.5% penciclovir were shown in Fig. 5.

Qns of the optimized microemulsions and the commercial cream
in 12 h after applications were 589.50 and 168.98 �g cm−2, respec-
tively (p < 0.05).

As shown in Fig. 5, microemulsions could improve the skin per-
meation of penciclovir over the commercial creams. As reported

previously, the thermodynamic activity which can be described
as viscosity is important to the permeation into skin. It is known
that the viscosity of microemulsions is much lower than that of
cream, so the mobility of drugs in microemulsions is more facile.
Furthermore, the microemulsions may affect the stratum corneum
structure and reduce the diffusional barrier by acting as a perme-
ation enhancer (Mei et al., 2003; Chang et al., 2005; Changez et al.,
2006a,b).

4. Conclusion

In this paper, the application of microemulsion systems for per-
cutaneous delivery of penciclovir was investigated and simplex
lattice was used to optimize the formulations. The results suggested
that the microemulsion played a role in permeation enhancing
effect. Compared with commercial cream, the skin permeation abil-
ity of penciclovir was significantly increased by microemulsions,
which might result from the special characteristics of microemul-
sions. It is promising that the concentration of penciclovir used to
treat relative skin illness could be decreased due to the high per-
meation ability of penciclovir microemulsion and side effects of
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penciclovir might be reduced. Further investigation is needed for
in vivo studies.
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