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Glabridin, a polyphenolic flavonoid from licorice, has inspired great interest for its antioxidant, anti-inflammatory
and skin-lightening activities. However, low water solubility and poor stability of glabridin impedes its topical appli-
cation in cosmetic products and therapies of dermal diseases. The purpose of this study was to develop a nano-
suspension formulation of glabridin to improve its skin permeation. Glabridin nanosuspensions were prepared
using anti-solvent precipitation-homogenization method, and Box-Behnken design was adopted to investigate
the effects of crucial formulation variables on particle size and to optimize the nanosuspension formulation. The
optimal formulation consisted of 0.25% glabridin, 0.47% Poloxamer 188 and 0.11% Polyvinylpyrrolidone K30,
and the obtained nanosuspension showed an average particle size of 149.2 nm with a polydispersity index of
0.254. Furthermore, the nanosuspension exhibited significantly enhanced drug permeation flux of glabridin
through rat skin with no lag phase both in vitro and in vivo, compared to the coarse suspension and physical
mixture. The glabridin nanosuspension showed no significant particle aggregates and a drug loss of 5.46% after
storage for 3 months at room temperature. With its enhanced skin penetration, the nanosuspension might be a

more preferable formulation for topical administration of poorly soluble glabridin.

1. Introduction

Glabridin (Glab) is a polyphenolic flavonoid compound derived
from the root of licorice (Glycyrrhiza glabra L.; Fabaceae)
(Fuhrman et al. 1997). Glab is well-known for its beneficial effects
on the skin including antioxidant (Carmeli et al. 2008), anti-inflam-
matory (Park et al. 2010), antimicrobial (Gupta et al. 2008), radi-
cal-scavenging, and especially skin-lightening activities. Previous
studies have reported that Glab can filter ultraviolet light and retard
melanogenesis in skin by inhibiting tyrosinase activity (Gillbro
and Olsson 2011; Deshmukh and Poddar 2012). Generally, Glab
is consumed as a constituent of licorice extract, rather than as a
single chemical entity. For example, as one of the licorice extracts
enriched in Glab, Glabridin-40 is now widely used in cosmetic
products (Simmler et al. 2013). However, the dermatologic appli-
cation of Glab and Glab-enriched extracts has been hampered due
to its low solubility in water, poor skin permeability and stability
issues (Yokota et al. 1998; Ao et al. 2010). Previous reports have
proposed the nanoemulsion and prodrug-based approaches to
improve the skin absorption of Glab and its stability in formula-
tions (Hsieh et al. 2012; Jirawattanapong et al. 2009). Yet the skin
penetration performance of these formulations remains unknown.

Nanosuspensions, also called nanocrystals, are colloidal disper-
sions of active compounds with crystal size less than 1 pm (Miiller
and Peters 1998). The size reduction will lead to a dramatic
increase in effective surface area, and thus enhance drug solubility
and dissolution. (Shaal et al. 2010). As a result, the preparation of
nanosuspensions has become one of the most important strategies
to improve the absorption of the poorly soluble drugs. Although
drug nanocrystals can be administered through various routes
(Merisko-Liversidge and Liversidge 2008; Liu et al. 2012), most
of the published articles and marketed products are dedicated to
improve the oral bioavailability of hydrophobic drugs as nano-
suspension (Zhai et al. 2014). Until now, a few published articles
have confirmed the effectiveness of nanocrystal technology for
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enhanced dermal bioavailability of lipophilic drugs, such as rutin
(Petersen 2006), hesperidin (Romero et al. 2015), diclofenac
(Pireddu et al. 2015), tretinoin (Lai et al. 2013), ibuprofen (Yuan
and Capomacchia 2013) and caffeine (Zhai et al. 2014). Therefore,
the application of nanosuspension technology to Glab formulation
could potentially promote drug permeation through the stratum
corneum of human skin and hence improve the dermal pharma-
cological action of Glab. To the best of our knowledge, there has
been no previous detailed publication related to the fabrication and
evaluation of Glab nanosuspension for dermal administration.

In the present study, attempts were made to prepare Glab nano-
suspensions using nanoprecipitation method. The nanosuspension
formulation was optimized by means of Box-Behnken design
(BBD), and then evaluated on particle size and stability. The
permeation performance of Glab nanosuspension through rat skin
was examined to explore the potential use of Glab nanosuspension
in topical formulations.

2. Investigations, results and discussion

2.1. Analysis of response surfaces

As shown in Table 1, the particle size of Glab nanosuspensions
from the 17 experimental runs varied from 151 nm to 235 nm.
These data were then used to calculate the coefficients 72, predicted
r* and adjusted 72 of the linear, two-factor (2F) interaction and
quadratic equation. The results in Table 2 show that the quadratic
model adequately represented the experimental data with a coef-
ficient of multiple determinations (r?) of 0.9781. Therefore, the
quadratic equation of the response surface was adopted to predict
the particle size of nanosuspensions.

The effects of the model terms and associated p values for all three
responses were analyzed by ANOVA and summarized in Table 3.
The polymer concentration (X,), the ratio of aqueous phase to
organic phase (X,), their interactive terms (X X,, X X,), and poly-
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Table 1: Experimental particle size obtained from the BBD (mean +
S.D,n=3)

Formulation Factors Y (nm)
X, (%) X, (%) X, (%)

1 0.6 0.1 20 219.1£17.5
2 0.4 0.2 10 199.5 £ 16.5
3 0.5 0.3 10 171.3 £9.0
4 0.5 0.2 20 161.8 £9.1
5 0.5 0.2 20 156.5+59
6 0.6 0.2 30 211.2+84
7 0.5 0.1 30 183.7£6.6
8 0.5 0.2 20 163.2 £ 8.1
9 0.6 0.3 20 213.8+9.2
10 0.5 0.2 20 167.9 = 11.1
11 0.6 0.2 10 157.8+17.3
12 0.4 0.3 20 234.6 + 18.7
13 0.4 0.1 20 201.2 £ 8.5
14 0.5 0.3 30 205.7+10.3
15 0.5 0.2 20 166.8 £ 17.4
16 0.5 0.1 10 151.2+4.0
17 0.4 0.2 30 203.2+8.5

Table 2: Results of model summary statistics analysis for responses

Model Y (particle size)

P Adjusted r? Predicted r2
Linear 0.2491 0.07584 -0.3267
2F 0.3405 -0.05512 -1.3693
Quadratic 0.9781 0.95012 0.7597

Table 3: Quantitative factor effects and associated p value for the re-
sponses

Parameters Y (Particle size)

Sum of Squares Degree of freedom p value
Model 10622.84 9 < 0.0001*
X, 167.44 1 0.0615
X, 616.01 1 0.0037*
X, 1922.00 1 0.00017*
XX, 374.42 1 0.0127+
XX, 617.52 1 0.0037*
XX, 0.90 1 0.8749
X2 4994.88 1 < 0.0001*
X;? 1599.82 1 0.0002*
X2 95.30 1 0.1373

#p<0.05, significant values

nomial model of surfactant and polymer concentrations (X, X,)
were identified as significant model terms (p < 0.05). The final
mathematical equation of the fitted model is given below:

Y =163.24 - 4.57X + 8.78X, + 15.50X, - 9.68X X + 12.43X X, +
047X, X, + 34.44X >+ 19.49X - 4.76X * (* = 0.9747)

This equation possessed a correlation coefficient (+*) value of
0.9747, indicating that 97.47% of the sample variation in particle
size was ascribed to the experimental variables studied. The F
value of 68.18 indicated the significance of the model (p < 0.0001),
and the lack of fit F' value of 2.53 implies that the lack of fit is not
significant (p = 0.1962). Thus, the fitted equation can be used to
predict the best formulation for Glab nanosuspensions.
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2.2. Optimization of formulation components for Glab
nanosuspension

In addition, we generated a series of three-dimensional (3D)
response surfaces to further investigate the interaction and quadratic
effects of the variables on the response. Figure 1 was generated by
varying two of the independent variables within the experimental
range while holding another one constant at the central point. As
shown in Fig. 1, the average particle size of the freshly prepared
nanosuspensions increased with the growth of volumetric ratio
of aqueous phase and organic phase in a nonlinear mode, i.e. the
size increased from 151 nm at a low ratio (10) to 211 nm at a
high ratio (30). It is apparent that a small size can be obtained at
relatively higher concentrations of organic phase, when the final
Glab concentration in the mixture of aqueous and organic phases
was fixed at 0.25% (w/v). During the process of nanosuspension
formation, supersaturation is the crucial driving force to determine
both the nucleation rate and the diffusion-controlled growth rate.
Due to greater supersaturation at a higher ratio of aqueous phase
to organic phase, the growth rate and agglomeration rate was more
dominant than nucleation rate, and then led to larger crystals.

Particle size

Particle size

Particle size

C (: Ratio

A:P188

Fig.1: Three-dimensional contour plot of the effect of independent factors on re-
sponse of particle size Y. (A) X, and X, on response Y, (B) X, and X, on re-
sponse ¥, (C) X, and X, on response Y.

In this study, polyvinylpyrrolidone (PVP K30) was applied as a
steric stabilizer for Glab nanosuspensions, and its concentration
in the aqueous phase also showed a significant effect (p < 0.05) on
particle size. Theoretically, PVP can be liable to cover the surface
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Fig.2: TEM image (A, Scale bar: 500 nm) and appearance particle distribution (B) of the optimized Glab nanosuspension.

of the newly formed crystals and to offer a mechanical barrier
against crystallization, which can further occupy the adsorption
sites and prevent the growth and agglomeration of the crystals
(Hao et al. 2015). Insufficient polymer would not provide complete
surface coverage and result in rapid crystal growth and agglomer-
ation, while excess polymer would enhance the attraction among
colloidal particles by increasing osmotic pressure and inhibit diffu-
sion between the aqueous and organic phases by thickening the
cloak during the nanoprecipitation process, and finally give rise to
larger crystals (Thorat et al. 2012).

The formulation of Glab nanosuspensions was further optimized
with minimum particle size, using the equation and the responds
in response surfaces. The optimal composition was determined
as follows: 0.47% Poloxamer 188 (P188), 0.11% PVP K30, and
a 10:1 volume ratio of aqueous phase to organic phase. Glab
nanosuspension prepared with the optimal formulation exhibited
a mean particle size of 149.2 nm, which was in good agreement
with the value predicted by the model (158.4 nm). The results
confirmed that the model was effective and reliable for predicting
the impact of formulation composition on the particle size of Glab
nanosuspensions.

2.3. Morphology and particle size analysis

Figure 2A shows the morphology of Glab crystals under Transmis-
sion Electron Microscope (TEM). Particles with spherical shape
were observed under TEM, and their sizes extended from 50 to
200 nm. The particle size distribution and the appearance of the
Glab nanosuspension of optimal formulation are shown in Fig. 2B.
Glab nanosuspension showed a yellow translucent appearance to
the naked eyes. The size distribution was unimodal and typically
extended from 50 to 400 nm, the mean particle size was approx-
imately 140 nm with a polydispersity index (PI) of 0.254, which
was consistent with TEM photos.

Table 4: Permeation parameters of the suspensions in vitro skin per-
meation test (mean + S.D, n = 3)

Formulation J_ (ug/em?)/h Px10° (cm/h) T, (h)
Nanosuspension 4894 £5.51% 21.56* —
Physical mixture 7.92+0.13 3.49 0.708
Coarse suspension ~ 4.74 + 0.39 1.90 —

#p<0.05, ical significance pared with coarse suspension
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Fig.3: In vitro permeation of Glab through rat skin (n = 3).

2.4. In vitro skin permeation study

Glab penetration through rat skin was evaluated under in vitro
conditions using Franz vertical diffusion cells covered by para-
film. The cumulative amounts of drug permeated per centimeter
squared against time are displayed in Fig. 3 and the permeation
parameters are listed in Table 4. The J_ of Glab nanosuspension
was significantly increased by approximately 10.3- and 6.2-fold,
when compared with that of the coarse suspension and the physical
mixture, respectively. In addition, the J_ of physical mixture was
1.7-fold higher than that of the coarse suspension. The highest P
value and no lag phase were also observed for the nanosuspension
formulation.

As an active pharmaceutical ingredient with high lipophilicity (log
P =~ 3.25), Glab is expected to possess excellent affinity with skin
lipid, thus the release rate of drug becomes a key factor limiting its
permeation rate through skin. Since a nanosuspension can signifi-
cantly improve the dissolution of poorly soluble drugs by size
reduction corresponding to increased surface area, an enhanced
permeation rate was commonly observed (Shen et al. 2015). For
the physical mixture, the reduced particle size and the presence of
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ethanol (< 10%) and P188 (0.47%, w/v) can facilitate drug release,
and improve the performance of skin permeation as well.

2.5. Invivo drug penetration test

Figure 4 summarizes the amounts of Glab per skin area after
treated with different suspensions. The nanosuspension formula-
tion showed the highest penetration during the test period, while
the coarse suspension showed the lowest skin delivery. The pene-
tration performance of drug-loaded solution was predominantly
affected by drug concentration gradient into the skin. Since the
solution with dispersed drug nanocrystals has higher saturation
solubility due to size reduction, the nanocrystals would enhance
skin penetration due to a higher concentration gradient. In addi-
tion, it is reported that follicular penetration could make a major
contribution to dermal uptake, and nanocrystals would accumulate
more in hair follicles than pure solutions, which would make
further contribution to the increased penetration (Patzelt et al.
2011; Lademann et al. 2008).

—l— Nanosuspension
| —@— Coarse powder
—&— Physical mixture

Cumulative Release Amount (pg/cm’)

Time (h)

Fig.4: In vivo skin permeation of Glab-loaded formulations (n = 5).

In this study, the amounts of drug delivered through rat skin after
treatment with nanosuspensions was the highest at all time inter-
vals among the three formulations and no lag time was observed.
Skin penetration was significantly increased by using nanocrystal
technology. These results supported the fact that a topical formu-
lation of Glab nanosuspension could be a great choice for a rapid
onset and prolonged duration of action.

2.6. Stability test

Stability of three batches of Glab nanosuspensions was also inves-
tigated. As shown in Table 5, their particle size remained stable

Table 5: The stability of Glab nanosuspension at room temperature
(mean = S.D, n = 3)

effect. The addition of hydrophilic polymers (Carbopol, HPMC
etc.) into the nanosuspension formulation could further improve
the physical stability of crystals (Agarwal and Bajpai 2013).

In a previous study of Yu’s group (Ao et al. 2010), the degradation
of Glab was accelerated as the increasing temperature and rela-
tive humidity, the drug loss reached 5.9% and 12.7% after storage
for 5 and 10 days under the condition of 25°C and 75% (relative
humidity), respectively. In the present work, Glab content only
showed a reduction of 5.46% from 0.238% to 0.225% during the
90 days storage, despite of the large surface of the nanosuspension
in contact with the water phase. In addition, the introduction of
some antioxidant agents and other additives into the formulation
would further improve the chemical stability of Glab. Therefore,
further studies are needed.

2.7. Conclusion

The present study showed that Glab nanosuspension with narrow
particle size range can successfully be prepared by anti-solvent
precipitation and homogenization techniques. The BBD experi-
mental design helped in probing the optimal formulation and in
identifying the key factors that affect the particle size of nano-
suspensions. The formation of nano-scale crystals enhanced both
in vitro and in vivo skin permeation of Glab, and the obtained
nanosuspension was relatively stable for a short-term storage. The
present study can open a window for topical application of formu-
lations loaded with Glab nanosuspension in cosmetic products for
skin whitening or in the treatment of dermatological disorders like
melasma (Callender et al. 2011).

3. Experimental

3.1. Materials

Glab (40%, w/w) was procured from Jingzhu Biology Technology Co., Ltd. (Nanjing,
China). Poloxamer 188 (P188) was from Chineway Pharmaceutical Tech Co., Ltd.
(Shanghai, China). Polyvinylpyrrolidone (PVP K30) was purchased from Boai Nky
Pharmaceuticals Ltd. (Jiaozuo, China). Ethanol was obtained from Damao Chem-
ical Reagent Factory (Tianjin, China). All other reagents used were of analytical grade.
All solutions were freshly made using double distilled water at room temperature.

3.2. Preparation of Glab nanosuspensions

The antisolvent precipitation-homogenization method was used to prepare Glab
nanosuspensions (Pireddu et al. 2015). In a typical procedure, Glab was completely
dissolved in ethanol to form the organic solution. The antisolvent phase was obtained
by dispersing a specific concentration of surfactant and/or polymer in water. Then, the
organic phase was rapidly introduced into the antisolvent phase under homogenization
at 9500 rpm for 2 min using an Ultra Turrax T18 homogenizer (IKA, Germany). The
nano-scale drug suspensions with yellowish opalescence appearance were formed
immediately in the process of nanoprecipitation.

3.3. Experimental design

Preliminary studies (Yue et al. 2013; Zhang et al. 2014) have demonstrated that the
critical variables, which significantly affect the physicochemical properties of the
obtained nanosuspensions, include the concentration of surfactant (P188, X,) and
polymer (PVP K30, X)) in aqueous phase, and the volume ratio of aqueous phase to
organic phase (X,). Therefore, the response surface methodology and a 3-factor-3-
level BBD, generated by Design-Expert software (Version 8.0.6.1) were explored to
probe the optimal variables and to study the effect of these three independent factors
on particle size (Y) of Glab nanosuspensions. The experiments are listed in Table 6.

Table 6: Independent variables used in the BBD

Time (days) Size (nm) PI DL (%)

0 1422+ 143 0.254 £0.033 0.238 £ 0.044
30 141.0x7.4 0.224 = 0.078 0.235 £ 0.059
60 149.9 £ 20.6 0.302 = 0.099 0.230 £ 0.042
90 153.4+6.7 0.297 £ 0.021 0.225+0.011

after storage for three months at room temperature. PI was slightly
increased, indicating crystal growth or agglomeration. However,
some approaches can be applied to avoid the Ostwald ripening
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Independent variables Levels

-1 0 1
X =Level of P188 (%) 0.4 0.5 0.6
X,=Amount of PVP K30 (%) 0.1 0.2 0.3
X,=Ratio of aqueous phase to organic 10 20 30
phase
Dependent variables Constraints

Y=Particle size Minimize
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3.4. Particle size analysis

The nanosuspensions were diluted with water, and their particle size and sizT di
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Nicomp, Santa Barbara, CA, USA) using the light scattering technique. Each analysis
lasted 120 s and was performed at 25 °C with a detection angle of 90°.

3.5. Transmission electron microscopic observation

One drop of nanosuspension was placed on a carbon-coated copper grid and dried
at room temperature. The morphology of nanocrystals was observed under TEM
(H-7650, Hitachi, Japan).

3.6. HPLC determination of Glab

The concentration of Glab in samples was determined using L-2000 liquid chroma-
tography system (Hitachi, Japan) equipped with L-2200 auto-injection device. The
chromatographic analysis was carried out with a reverse phase YMC-Pack Pro C18
column (5 pm, 4.6x250 mm). The mobile phase was a mixture of acetonitrile and
0.44% glacial acetic acid solution (62:38, v/v) at a flow rate of 1.0 mL/min and the
detection was performed at 282 nm using L-2455 UV-VIS detector (Hitachi, Japan)
(Shanker et al. 2007).

3.7. In vitro permeation through rat skin

The permeation of Glab from suspensions was determined by using a vertical Franz
diffusion cell (RYJ-6A, Tianjin, China) with an effective diffusion area of 2.89 cm?
and the receptor volume of 6.5 mL, according to the method described by Kalhapure
with some modifications (Kalhapure and Akamanchi 2013). The full-thickness skin
was excised from the abdomen of male Sprague-Dawley rats (7-9 weeks old, 200+20
g), and then mounted on the receptor compartment with the stratum corneum side
facing upwards into the donor compartment. A mixture of acetonitrile and pH 7.4
phosphate buffer saline (60:40, v/v) was used as the receptor medium to maintain a
sink condition, and was continuously stirred using a magnetic stirrer at 500 rpm and
maintained at 32+1 °C to simulate the skin temperature throughout the experiment.
Then, 2 mg dose of Glab, in the form of different suspensions (0.25%, w/v), was
loaded onto the skin surface in the donor compartment and covered with parafilm
paper on top of the cell. Aliquots (each of 1mL) were withdrawn at predetermined
time intervals (1, 2, 3, 4, 5 and 6 h), and immediately replaced by an equal volume of
fresh medium. All the collected samples were then filtered through a 0.22 pum syringe
filter (Lab Instruments Co., Ltd., Shanghai, China) and analyzed for drug content by
the HPLC method described above. The total amount of drug penetrated through the
unit diffusion surface (Qr, pg/cm?) versus time (7, h) was plotted. The steady-state
fluxes (J_, pg/cm?/h) were calculated from the slope of the linear plot and the lag time
(Thg) was determined by extrapolating the cumulative mass per unit area versus time
profile at apparent steady state to the abscissa. The apparent permeability coefficients
(P, cm/h) were calculated by dividing the steady-state flux (/) with the initial donor

drug concentration (C,, ug/mL).

3.8. In vivo skin delivery study

Fifteen male Sprague-Dawley rats (7-9 weeks old, 200+20 g) were obtained from
the Laboratory animal center of Ningxia Medical University (Yinchuan, China).
All animals were maintained in a specific pathogen-free environment at 23+2 °C
with free access to water. All procedures were approved by the Animal Research
Ethics Committee, General Hospital of Ningxia Medical University.

In vivo skin delivery studies were performed according to the methods described
by Tiossi with some modifications (Tiossi et al. 2014). The dorsal hair of rats
was shaved using electric and hand razors, and then a piece of filter paper (1 cm?)
pre-absorbed with 30 uL of Glab-loaded formulations was stuck to the shaved skin.
At the end of the preset time intervals, the filter paper was removed from the skin,
and 3 strips of adhesive tape were consecutively applied and removed. The filter
paper and the tapes were cut into small pieces, transferred into a test tube and
extracted with 4 mL ethanol for 2 times. The resulting solution was collected and
centrifuged at 4000 rpm for 2 min. The supernatant was filtered through 0.22 pm
membrane and quantified by HPLC. The total drug amount of penetrated through
and remained within the skin was obtained by substrate the residual drug from the
original drug amount applied.

3.9. Short term stability test

For stability investigations, Glab nanosuspensions were stored at room temperature
for three months. The particle size and PI of samples were analyzed on the day of
preparation and after 30, 60 and 90 days of storage. Appearance observation was
performed to investigate the presence of agglomerations or sedimentations. Drug
content was monitored to elucidate the chemical stability issues.

3.10. Statistical analysis

All results are expressed as the mean and standard deviation. SPSS software
(version 17.0) was used to analyze the data. ANOVA and Student’s 7-test was used
to investigate the statistical differences. The p < 0.05 was considered as statistically
significant.
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