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The Melanogenesis-Inhibitory Effect and the Percutaneous Formulation
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Abstract. Ginsenoside Rb1 (Rb1) is the most predominant ginsenoside isolated from the roots of ginseng
(Panax ginseng C. A. Meyer). This compound is active in various human biological pathways that are
involved in human collagen synthesis and inhibition of cell apoptosis. In this study, the skin-whitening
effects of Rb1 were investigated in B16 melanoma cells. Our results showed that Rb1 inhibited melano-
genesis in α-melanocyte-stimulating hormone (α-MSH)-stimulated B16 cells in a dose-dependent manner,
which collectively indicated that Rb1 may have skin-whitening effects and may be formulated into skin-
whitening products for skin care. Accordingly, a ginsenoside collagen transdermal patch was developed as
a vehicle to topically deliver Rb1 into pig skin. The percutaneous permeation, retention within skin, and
release in vitro of Rb1 from seven transdermal patch formulas were studied. It was determined that the
best formula for ginsenoside collagen transdermal patch is made of protein collagen hydrolysate powder
(PCHP) 2.0% (w/w), methyl cellulose (MC) 0.5% (w/w), polyethyleneglycol 6000 (PEG6000) 0.5% (w/w),
ginsenoside 0.036% (w/w), azone 0.4% (v/w), menthol 0.20% (w/w), and water.
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INTRODUCTION

In the field of skin health, much effort has focused on
developing reliable skin-rejuvenating and skin-whitening prod-
ucts for patients with unwanted pigments or freckles.
Hyperpigmentation and freckles of the skin are a result of abnor-
mal accumulation ofmelanin, a photoprotective skin pigment that
is essential for the human body. Studies have previously reported
that the first steps of melanogenesis pathway in humans are the
hydroxylation of l-tyrosine to 3-4-dihydroxy-phenylalanine (L-
DOPA) and the oxidation of L-DOPA to o-dopaquinone (1).
Tyrosinase catalyzes both of the reactions and is known as the
key enzyme in melanogenesis. Antioxidants, such as arbutin or
kojic acid (2,3), may inhibit these oxidation steps and have been
used in the treatment of hyperpigmentation.

Ginsenoside Rb1 (Rb1) (Fig. 1a), an aglycone with a
dammarane skeleton steroidal saponin, is isolated from the
roots of ginseng (Panax ginseng C. A. Meyer). Recently,
ginsenoside Rb1 has been reported to show various biological
functions, which include protecting cellular apoptosis from

ultraviolet (UV) radiation by inducing DNA repair (4),
inhibiting collagen degradation after UV irradiation on mice
skin (5), inducing human type I collagen synthesis through
activation of SMAD signaling (6), promoting both COL1A2
messenger RNA (mRNA) and protein expression mainly medi-
ated through PPARδ, and reducing microRNA-25 expression to
promote COL1A2 mRNA translation (7). The first objective of
the study is to show that Rb1 may also inhibit melanin produc-
tion in mouse B16 melanoma cells by measuring the melanin
contents and tyrosinase activities in these cells.

The second objective of the study is focused on developing a
suitable topical delivery vehicle for gensinoside Rb1. Protein col-
lagen hydrolysate powder (PCHP) ismade fromnon-polluted and
high-quality fish through modern enzymatic biotechnology, which
has low molecular weight and is soluble in water and easily
absorbed by human body. We found experimentally that the
mixture of protein collagen hydrolysate powder, methyl cellulose
(MC), and polyethyleneglycol 6000 (PEG6000) by dissolving in
water can form a translucent and smooth film and exhibit consid-
erable thermal stability, which can be used as a direct supplement
of collagen in skin through pore filtering (8,9) to improve the skin’s
appearance and tactility and to remove wrinkles. Therefore, it was
of interest for use as a topical drug delivery vehicle for cosmetic
products, in particular as a topical patch or a facial mask.

The principle of pharmacology states that the drug molecule
must reach its target tissue to exert its effect. In the case of
ginsenoside Rb1, it must be able to penetrate the epidermis, a
heterogeneous tissue layer, before reaching its target, the mela-
nocytes. Gensinoside Rb1 is a large molecule with poor solubility
profiles. In view of ginsenoside Rb1’s poor penetration (10)
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across skin, the use of penetration enhancers is an enticing con-
sideration to significantly increase its percutaneous permeation.
Awide variety of azones as well as menthol have been shown to
increase the percutaneous absorption of many drugs (11).

There are some cosmetic products on the market that now
include ginseng extract within their ingredients, such as Beauty
Junky—Ginseng Face Mask (UK), Aqualabel (Japan), Ginseng
Mask Pack (Korea), etc. However, there is no report about any
investigation into how the ginseng ingredients from the facial
mask reach the skin and the pharmacokinetics of drug release
of these mask products. The final objective of this study is to
develop a novel ginsenoside transdermal patch formula with
optimal Rb1 penetration across skin. The effect of penetration
enhancers at different concentrations have been studied on the
percutaneous permeation of ginsenoside Rb1 on pig skin in vitro.
Based on the principals of experimental design of experiments,
the methodology encompasses the use of various types of exper-
imental designs, generation of kinetics equations, and statistical
comparisons with a percutaneous permeation coefficient to opti-
mize the ginsenoside collagen transdermal patch formula.

MATERIALS AND METHODS

Materials

B16melanoma cells were provided by the Shanghai Institute
for Biological Science, Chinese Academy of Sciences (Shanghai,
China). 3, 4-Dihydroxyphenylalanine (DOPA), Triton X-100, α-
melanocyte-stimulating hormone (α-MSH), arbutin (>98% puri-
ty), synthetic melanin (>95% purity), Trypan blue solution
(0.4%), menthol, methyl cellulose (MC), and polyethyleneglycol
6000 (PEG6000) were purchased from Sigma-Aldrich (St. Louis,
MO). Fetal bovine serum (FBS), Dulbecco’s Modified Eagle
Media (DMEM), Dulbecco’s phosphate-buffered saline (DPBS),
phosphate-buffered saline (PBS) pH 7.4, Trypsin-EDTA (0.05%),
penicillin, and streptomycin were purchased from Invitrogen (Life
Technologies™, Carlsbad, CA). Protein collagen hydrolysate
powder (PCHP) was purchased from Guangzhou Zhuoning Co.,
Ltd (Guangdong, China). Ginsenoside Rb1 was purchased from
Fleton Natural Products (Chengdu, China), and its purity was
verified to be over 98% by high-performance liquid chromatog-
raphy and thin-layer chromatography. Azone (97%) was pur-
chased from Aladin Chemistry Co., Ltd. (Shanghai, China).
Acetonitrile was of HPLC grade (Anaqua Chemicals Supply,
Houston, TX). Ultrapure water was generated by a Millipore
water purification system (Billerica, MA).

Methods

Cell Culture

B16 melanoma cells were cultured in DMEM with
GlutaMAX containing 10% FBS, 100 U/mL penicillin, and
100 μg/mL streptomycin, and incubated at 37°C in a humidi-
fied atmosphere of 5% CO2 and 95% air.

Fig. 1. The chemical structure of ginsenoside Rb1 (C54H92O23) and
appearance of ginsenoside collagen transdermal patches. a The chem-
ical structure of ginsenoside Rb1. b Ginsenoside collagen transdermal
patch. c Ginsenoside collagen transdermal patch in cylinder size for
percutaneous permeation study

R
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The cells were seeded at an appropriate cell density in a 24-
well or a 96-well plate. After 24 h of incubation, the triplicate cells
were treated with the drugs in various concentrations in the ab-
sence or presence of 10 nMofα-MSH for another 48 h. Thereafter,
the cells were harvested and used for various assays (12).

Cell Viability Studies

MTT (3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) assay was performed to examine the viability of cells
treatedwith various concentrations of Rb1. B16 cells were seeded
at a density of 3×103 cells per well in 96-well culture plates. After
24 h of incubation, the cells were treated with Rb1 (15.63, 31.25,
62.5, 125, 250, 500, 1000 μM) for 48 h and then subjected to MTT
assay to determine the cell viability according to a method
reported previously with slight modifications (13). Briefly, these
cells were first treated with 20 μL of MTT (0.5 mg/mL in DPBS)
at 37°C for 2.5 h. The MTT supernatant was then sucked away
and 100 μL of dimethylsulfoxide (DMSO) was added to dissolve
the formazan precipitates, following which the absorbance of the
dissolved precipitates were quantified at wavelength 570 nm with
the reference wavelength of 630 nm by the Benchmark Plus
Microplate Reader (Bio-Rad Laboratories). Cell viability was
expressed as a percentage relative to the absorbance value from
untreated cells. Each experiment was performed in triplicate and
each experiment was repeated three times. The results from the
assay were applied to the following experiments.

Measurement of Melanin Content

The amount of melanin in cells studied was measured as
described previously, with a slightmodification (12,14,15). In brief,
B16 cells were seeded at a density of 3×104 cells perwell of 24-well
microplates and incubated at 37°C under 5%CO2 atmosphere for
24 h. These cells were then stimulated with α-MSH (10 nM) and
were treated with various concentrations of Rb1 for 48 h. At the
end of cell cultivation, the cells were washed withDPBS and lysed
in 100 μL of 1% Triton X-100 at 4°C for 30 min. After
centrifugation at 16400 rpm for 10 min, 100 μL of supernatant
were transferred to a microcentrifuge tube for tyrosinase activity
study, and the precipitated melanin pellets were dissolved in 1 M
NaOH followed by a 1-h heating at 80°C. Each lysate was then
transferred into wells of a 96-well microplate, and its optical
density at 405 nm was measured by using a microplate reader.
The melanin content was calculated using the standard curve of
synthetic melanin. The protein content in the supernatant was
determined by using a Bradford assay with bovine serum
albumin (BIO-RAD, USA) as the standard. Each experiment
was repeated three times. The specific melanin content was
adjusted by the amount of protein in the same reaction. Arbutin
and kojic acid were used as the positive control for melanogenesis
inhibition.

Tyrosinase Activity Assay

Cellular tyrosinase activity was measured as previously de-
scribed (12,14,16) with slight modification. Briefly, the tyrosinase
activity was estimated by measuring the level of L-DOPA. Study
cells were harvested, lysed, and centrifugated according to
methods previously described. After centrifugation, 75 μL of
freshly prepared substrate solution (0.2% L-DOPA) was added

to the same volume lysate supernatant. Following 4-h incubation
at 37°C, the optical densities (OD) of dopachrome formation was
monitored by measuring absorbance at a wavelength of 475 nm.
Each treatment was performed in triplicate and each experiment
was repeated three times. The specific tyrosinase activity was
normalized with regard to protein content in the reaction.

UPLC Determination of Ginsenoside Rb1

A quantitative determination method of ginsenoside Rb1
through ultra-performance liquid chromatography (UPLC) was
devised and validated as per Pharmacopoeia of the People’s
Republic of China (2010 Edition) by using an ACQUITY
UPLC System (Waters, Milford, MA) equipped with DAD de-
tector and ACQUITY UPL® BEH C18 column (1.7 μm,
2.1 mm×50 mm, Waters). The mobile phase was a mixture of
Acetonitrile and Millipore water at a ratio of 28/72 (v/v) (17–19).
Different concentration of ginsenoside Rb1 was solved in PBS
(pH 7.4) and aliquots of 10 μL from each sample were injected
and eluted at a flow rate of 0.3mL/min.Measurements were taken
at a wavelength of 203 nm and the column temperature was
maintained at 30°C. The calibration curves, y=4907.5x−14034;
(y represents area, x represents the concentration of ginsenoside
Rb1), were plotted for ginsenoside Rb1 in the range of 2.89–
28.9 μg/mL. A good linear relationship was observed between
the concentration ofRb1with a correlation coefficient (r=0.9994).
The limit of quantity (LOQ, S/N=10) and the limit of detection
(LOD, S/N=3) were lower than 20 and 6 ng, respectively.

Solubility Studies

Solubility study was performed according to the method
previously described (20). Briefly, n-octanol and water were mu-
tually saturated for 24 h before the experiment. The solubility of
Rb1was determined in water, PBS (pH 7.4), and n-octanol. Stock
solution of Rb1 was prepared in alcohol at 1M. Thirty microliters
of Rb1 was pipetted into three vials and dried under air. One
milliliter of either water, PBS (pH 7.4), or n-octanol was then
added into the vials, and the mixture was shaken at 37±0.5°C for
more than 24 h until equilibration. After the mixture was centri-
fuged at 16, 400 rpm for 20 min, the supernatant was filtered
through 0.2-μM membrane filters and the concentration of drug
was measured by UPLC after appropriate dilution. The experi-
ments were performed in triplicate and the results were shown in
Table I. Octanol/water partition coefficient (Po/w) of ginsenoside
Rb1 was calculated according to the literature (21).

Skin Preparation

The skin samples were obtained from the abdominal
regions of pigs from the slaughterhouse under legal require-
ments. In brief, skin flaps (including epidermis and dermis)
were removed from pig abdomens immediately after slaugh-
ter. The flaps were washed with cold water before they were
stored at −20°C until use (maximum 6 months). Prior to the
experiment, the skin flaps were defrosted and equilibrated in
PBS for 120 min. The integrity of the skin samples was care-
fully checked and any defective samples were rejected. All
procedures involving animals were carried out according to
the guidelines of the Committee on the Use of Human and
Animal Subjects in Teaching and Research of Hong Kong
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Baptist University and the Health Department of Hong Kong
Special Administrative Region.

Preparation of Ginsenoside Collagen Transdermal Patch

Ginsenoside collagen transdermal patches were prepared by
a three-step procedure. (I) MC was firstly dissolved in 5 g water
with slow stirring at room temperature (the lab was kept at 20±
1°C by the air condition). TheMC solution was heated to 70°C by
a 75°C water bath, then PCHP, and PEG6000 were dispersed in
the 70°C solution. (II) Rb1 (100 mg) was dissolved in water to
form 10.0-mL Rb1 solution. Various penetration enhancers, 360-
μLGinsenoside Rb1 solution, and adequate water were added to
the former 10 g polymeric aqueous dispersion under gentle agi-
tation to ensure homogeneity of the formula. (III) The homoge-
neousmixture (10 g) was pulled and spread onto a 10.0×7.5 (cm2)
glass plate and fully covered the whole flat area of the glass plate,
which would form a slightly white ginsenoside collagen
transdermal patch at room temperature in 5 min. The patches
were translucent and contained a high concentration of
ginsenoside Rb1 (Fig. 1b). The recipes of the ginsenoside
collagen transdermal patches used in the following experiments
are shown in Table II. Formula 7 was the control group which
contained no enhancer in the transdermal patch.

Rate of In Vitro Percutaneous Permeation: Measurement
and Characterization

Skin permeation experiments were conducted in two types
of diffusion cells, modified Franz diffusion cell (vertical) and Side-
Bi-Side diffusion cell (horizontal) (PermeGear, Inc, Hellertown,
PA). During the experiment, the receptor chamber contained
6 mL of magnetically stirred PBS (pH 7.4) solution. The

temperature of the compartments was maintained at 37±0.5°C
through the use of a circulating water bath. The skin flap was
mounted onto the diffusion cell, with the epidermal surface facing
the donor chamber. Excess skin at the sides was trimmed off to
minimize lateral diffusion. The exposed surface area of the skin
sample for the permeation of the transdermal patch was 0.67 cm2.
The ginsenoside collagen transdermal patch was cut into a
cylindrical frame with a diameter of 0.9 cm and height of 0.3 cm
(Fig. 1c). The patch was mounted directly onto the skin surface if
in vitro percutaneous permeation was carried in vertical modified
Franz diffusion cells. In case where the horizontal Side-Bi-Side
diffusion cells were used, the donor compartment entrance was
covered with parafilm® membrane (Menasha, USA), and the
transdermal patch was clamped between the donor compartment
and skin surface. This ensures that the exposed surface area of the
skin samples were similar between the two devices. An aliquot of
receiver medium (300 μL) was collected every 30 min from the
receptor chamber for 4 h, followed by the replenishment of the
same volume of fresh, preheated receiver medium after each
sampling interval (17,22). Three replicates were performed for
each diffusion experiment. The collected samples were directly
injected to an UPLC system for drug analysis.

Cumulative amounts (Q, Eq. 1) of drug permeated in mi-
crogram per square centimeter were plotted against time. The
cumulative penetration rate (F) of ginsenoside Rb1 was calcu-
lated following Eq. 2. The permeation characteristics of Rb1
may be modeled by zero-order kinetics equation, first-order
kinetics equation, Higuchi equation, or Weibull equation (23).
The ginsenoside collagen transdermal patch percutaneous per-
meation in vitrowould fit to themodel that has the highest fitting
correlation coefficients (r) among four kinetic equations.

Q ¼
CnxV þ

Xi¼n−1

n¼1

Ci�Vi

S
ð1Þ

F ¼
CnxV þ

Xi¼n−1

n¼1

Ci�Vi

Qtotal
� 100 ð2Þ

Q is the cumulative amounts of ginsenoside Rb1 permeated
across the skin in time t=n; Cn is the ginsenoside Rb1 concentra-
tion permeated in the receptor chamber in time t=n; V is the
volume of receptor chamber (6 mL); Ci is the ginsenoside Rb1

Table I. Physicochemical Properties of Ginsenoside Rb1

Properties Results

Molecular weight (g/mol) 1109.28
Solubilitya in water (mg/mL) 15.32±0.911
Solubilitya in n-octanol (mg/mL) 25.88±1.007
Solubilitya in PBS (mg/mL) 18.68±1.143
Partition coefficient (Po/w) 1.689
Log Po/w 0.228

PBS phosphate-buffered saline
aThe solubility was tested at room temperature (20±1°C controlled
by an air conditioner)

Table II. Composition of Ginsenoside Collagen Transdermal Patch
(10 g)

Formula 1 2 3 4 5 6 7

PCHP (g) 0.2 0.2 0.2 0.2 0.2 0.2 0.2
MC (g) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
PEG6000 (g) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Rb1 (mg) 3.6 3.6 3.6 3.6 3.6 3.6 3.6
Azone (mL) 0.02 0.04 0.04 0.04
Menthol (g) 0.02 0.04 0.02 0.04
Ultrapure water q.s. q.s. q.s. q.s. q.s. q.s. q.s.
Total weight (g) 10 10 10 10 10 10 10

q.s. quantum sufficit

Fig. 2. Effects of ginsenoside Rb1 on cell viability, melanin production, and
tyrosinase activity in B16 cells. a Viability of B16 cells after treatment with
ginsenoside Rb1. The cells were seeded in 96-well plates for 24 h and then
treated with various dosages of ginsenoside Rb1 (15.63–1000 uM) for 48 h.
The cell viability was then examined by the MTT assay. b Effect of
ginsenoside Rb1 on cellular melanin synthesis. c Effect of ginsenoside Rb1
on tyrosinase activity. The cells were exposed to α-MSH (10 nM) in the
presence or absence of ginsenoside Rb1. B16 cells with and without α-MSH
treatment (absence of ginsenoside Rb1) were used as two negative controls.
The melanin content, protein content, and tyrosinase activity of each reac-
tion were determined by a spectrometric method as described in the “Ma-
terials andMethods” section.Datawere expressed as themean±SDof three
independent experiments carried out in triplicate. Statistically significant
difference *P<0.05, **P<0.01, ***P<0.001 comparedwith 0-uMRb1 group
stimulated byα-MSH; #P<0.05 comparedwith control groupwithoutα-MSH
treatment; ※P<0.05 compared with arbutin group or kojic acid group

b
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concentration permeated in the receptor chamber in time t=n−
1; Vi is the sample volume every time (300 μL); S is the
exposed surface area of the skin for the permeation of the
transdermal patch (0.67 cm2); F is the cumulative rate of
ginsenoside Rb1 permeated in the receptor chamber; and
Qtotal is the total content of ginsenoside Rb1 in the
ginsenoside collagen transdermal patch sample.

Ginsenoside Rb1 Retained in Skin Studies

The amount of ginsenoside Rb1 retained in the skin samples
was determined by UPLC analysis. The study was performed
according to the method of Daniela Monti et al. (24). Briefly, at
the end of the in vitro permeation experiments, the skin samples
were removed from the diffusion cells, rinsed with PBS solution
to remove excess formulation residue from the skin surface, and
gently wiped dry with cotton wool tampons. Each skin sample
was then treated with 2-mL PBS solution and was homogenized
for 5 min. The mixture was shaken with 20 μL H2SO4 (2 M) and
4 mL n-butanol for 30 m. After centrifugation (16,400 rpm, 4°C,
10 min), the supernatant was transferred into another vial and
was evaporated on a rotary evaporator until dry. PBS was used to
dissolve the analyte for UPLC analysis after appropriate dilution.
For validation of the extraction procedure (25), a slice of blank
pig skin was submitted to the assay and the retention time of
endogenous compounds in was compared with that of Rb1 in
order to verify that there were no interferences in analyzing the
molecule. Moreover, a known aliquot of Rb1 was added to blank
skin, and the extraction recovery was determined by computing
the ratio of the amount of Rb1 extracted from the skin to the
amount added. The percentage of recovery was 95.92±2.91%
(mean±standard deviation (SD)).

In Vitro Release Studies

Drug release studies from ginsenoside Rb1 collagen trans-
dermal patch were performed by a simple and reproducible
method which has been developed to measure in vitro release
of the drug from a delivery vehicle using a diffusion cell and
synthetic membrane (26). This methodology employs a Franz
vertical diffusion cells, a commercially available cellulose ace-
tate synthetic membrane, and an aqueous receptor phase (27).
To determine in vitro drug release, a known amount of
ginsenoside collagen transdermal patch was applied on the do-
nor chamber. Aliquots of the receptor media were removed
after specific time intervals and analyzed, and the cumulative
rate of drug released (expressed by %; F) was plotted against
time. The procedure was similar to the procedure used to mea-
sure in vitro permeation of Rb1 through pig skin flaps. The only
difference is that instead of skin samples, 0.2-μm Whatman®
cellulose membranes were used. Before the experiment, the
membranes were soaked in PBS for 1 h. Each experiment was
repeated three times. The percentage of ginsenoside Rb1 re-
leased in the receptor medium was calculated with Eq. 2.

Statistical Analysis

Data were expressed as the mean±SD of at least three
experiments. Analysis of variance was carried out (SPSS 13.0)
followed by Student’s t test. A value of P<0.05 was considered
statistically significant.

RESULT AND DISCUSSION

Ginsenoside Rb1 Decreases Melanin Content
Through Inhibition of Tyrosinase Activity

Figure 2a shows the effect of ginsenoside Rb1 on the
viability of B16 melanoma cell. Rb1 does not inhibit the
growth of B16 cells at the dosage between 15.63 and
500 μM, while Rb1 at higher concentrations (1,000 μM)
showed significant (P<0.001) cytotoxicity toward B16 cells,
reducing the cell viability to 4.67%.

During the initial search of prospective cosmetic com-
pounds, it is important to consider the agent’s possible cyto-
toxicity to melanocytes. According to the cell viability studies,
Rb1 is nontoxic to melanocytes within the range of concen-
trations used in subsequent assays. Figure 2b shows the inhib-
itory effect of Rb1 on melanogenesis in B16 melanoma cells.
α-MSH is a hormone that stimulates melanin production in
cells. In our study, the B16 cells treated with α-MSH but no
Rb1 produced significantly more melanin than the B16 control
cells sample without Rb1. The results also show that Rb1
significantly inhibited the melanogenesis-stimulating effect of
α-MSH in a dose-dependent manner. The addition of
31.25 μM ginsenoside Rb1 showed a comparable degree of
inhibition of melanogenesis compared to 250 μM arbutin or
250 μM kojic acid. We also examined α-MSH-induced tyrosi-
nase activity, a key enzyme catalyzing the initial steps in the
biosynthetic pathway of melanin pigments (28). B16 cells
showed a markedly increased level of tyrosinase activity upon
exposure to α-MSH alone (Fig. 2c). Rb1 also suppressed
tyrosinase activity in B16 cells in a dose-dependent manner
and was more effective than arbutin or kojic acid in higher
doses (>125 uM). The result suggests that Rb1 at a
noncytotoxic concentration has a strong inhibitory effect on
melanogenesis in melanoma cells through downregulation of
tyrosinase activity. Currently available positive skin-whitening
agents such as arbutin or kojic acid only exhibited comparably
weaker inhibitory activity. The result implies that ginsenoside
Rb1 could be a promising candidate as an effective skin-whit-
ening agent due to its potent inhibition of melanogenesis at a
low, nontoxic concentration.

The Relationship between Skin Permeability and Solubility
of Ginsenoside Rb1

Table I shows some molecular characteristics of Rb1. The
molecular weight of Rb1 is 1,109.29 g/mol. Bos JD et al. (29)
and Riviere J. E. et al. (30) found that the molar mass and the
molecular size of a molecule was related to its diffusion coef-
ficient and melting point and therefore was related to its
solubility. Optimal permeability was observed in compounds
with low molar mass, ideally less than 500 g/mol. Therefore,
the large molecular size of ginsenoside Rb1 would adversely
affect the rate of percutaneous delivery into skin.

The solubility of the drug, which depends on the chemical
structure itself and the vehicle, is important in determining the
rate of delivery into the skin. As shown in Table I, Rb1 had
low solubility in water (15.32±0.911 mg/mL) and moderately
solubility in n-octanol (25.88±1.007 mg/mL). Partition is the
term applied to the distribution of a substance between two
adjacent but different phases at equilibrium. The partition
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coefficient Po/w of a drug between n-octanol and water is used
in pharmaceutics (31). For practical purposes, the logarithm of
the partition coefficient (log Po/w), a measurement of how well
a substance partitions between in lipid and water, determines
the route of drug penetration through the skin. It was reported
that molecules which exhibit intermediate partition

coefficients (log Po/w values between 1 and 3) are sufficiently
soluble in the lipid domains of the stratum corneum to permit
diffusion across those domains while still being sufficiently
hydrophilic to be soluble in the formulation and to allow
partitioning into the viable tissue of the dermis. Since
ginsenoside Rb1’s log Po/w (0.228) is not in the specified scope

Fig. 3. Permeation profile of ginsenoside Rb1 in ginsenoside collagen transdermal patchs
with or without different penetration enhancers through pig skin or Whatman® cellulose
membranes and the storage ginsenoside Rb1 within pig skin at the end of permeation
experiment. a Permeation profiles through pig skin of ginsenoside Rb1 from formulas 1–
7. b The amount of ginsenoside Rb1 retained into pig skin after application of formulas 1–7
for 4 h. c Permeation profile of ginsenoside Rb1 in formulas 1–7 across Whatman® cellulose
membranes. Data were expressed as the mean±SD of three independent experiments.
Statistically significant difference at *P<0.05 compared to the control group (formula 7)
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(1~3), it is expected that the Rb1’s cutaneous permeation
would be slow and difficult. Therefore, a viable topical Rb1
delivery system should include certain penetration enhancers
to increase Rb1’s absorption through skin.

Characteristics of Ginsenoside Collagen Transdermal Patch

The prepared ginsenoside collagen transdermal patch
was slightly white in color with mint-aromatic odor. The pH
of all the seven transdermal patch formulations was found in
the range of 7.0–7.4. Each transdermal patch (10 g) contained
3.6 mg of ginsenoside Rb1.

In Vitro Percutaneous Permeation

Skin Permeation Studies

To optimize the ginsenoside collagen transdermal patch,
seven formulas with different penetration enhancers were
prepared (Table II). The percutaneous permeation of
ginsenoside Rb1 from the ginsenoside collagen transdermal
patch formulas 1–7 across pig skin was studied in the modified
Franz vertical diffusion cell, which has become a popular
method to assess in vitro release of drug from semisolid dos-
age forms (32,33). Figure 3a showed the overall cumulative
amounts of ginsenoside Rb1 from formulas 1–7 permeated
across pig skin within 4 h. All results were expressed as
means±standard deviations. The results revealed that formula
5 (0.4% azone+0.2% menthol), formula 6 (0.4% azone+0.4%
menthol), and formula 3 (0.4% azone) exhibited significantly
enhanced percutaneous drug delivery of ginsenoside Rb1.
Among all the formulas, formula 5 had the highest enhancing
effect on the permeation of ginsenoside Rb1 through the pig
skin. When 0.2% menthol or 0.4% menthol were used alone as
an enhancer in the formula, there were little improvement in the
permeation of ginsenoside Rb1. However, when a combination
of 0.4% azone plus 0.2% menthol were used as enhancers
(formula 5), the percutaneous permeation of ginsenoside Rb1
was significantly higher. The finding suggested that the optimal
penetration enhancement of Rb1 may be achieved through a
certain combination of azone and menthol. Formula 6 showed
that the addition of menthol beyond 0.2% (with 0.4% azone)
did not further increase Rb1 penetration. In all seven formulas,
less than 10% of the Rb1 penetrated across the skin from the
patch in 4 h, which indicated that the rate of Rb1 penetration
was very slow despite the use of enhancers.

In order to develop a transdermal drug delivery system of
ginsenoside collagen transdermal patch, it is necessary to es-
tablish its permeation profile. The characterization of perme-
ation profiles by a model function was attempted using
different kinetic models (zero order, first order, Higuchi
square root, and Weibull model) which were derived by
Korsmeyer et al. (34), wherein Mt/Mα is the fractional perme-
ation of drug, Mt is the amount permeated at time t, Mα is the
total amount of drug contained in the ginsenoside crystal
collagen transdermal patch, t is time, K is the kinetic constant,
and n is the diffusional release exponent indicative of the
operating release mechanism.

Zero-order equation, first-order equation, Higuchi equa-
tion, and Weibull equation of formulas 1–7 were shown in
Table III. In each formula, the linear relative coefficient (r2)
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of Higuchi equation was higher than that of other three
equations. Therefore, the rate of ginsenoside Rb1 permeated
from formulas 1–7 transdermal patches across skin in vitro can
best be described by Higuchi equation.

Fick’s law of diffusion (35,36), which is widely used to de-
scribe the properties of drug percutaneous permeation, was ap-
plied to evaluate the drug diffusion mechanism. The steady-state
skin flux (J) (μg/cm2/h) was determined as the slope obtained by
the linear regression of cumulative amounts of drugs (Q) against
the time (h) based on J=(dQ/dt)/S; where S is a diffusion area of
skin tissue (cm2) for Rb1 permeation, and dQ is the amount of
permeated Rb1 through the skin in the time of dt.

The permeability coefficient (Pm) (cm/h) was calculated
as Eq. 3.

Pm ¼ J
C0

ð3Þ

where C0 is the initial concentration of ginsenoside Rb1 in the
transdermal patch.

On the other hand, the enhancement ratio (ER) was
calculated by Eq. 4.

ER ¼ Pm

P0
ð4Þ

where P0 is the permeability coefficient of ginsenoside Rb1
from ginsenoside collagen transdermal patch without penetra-
tion enhancers (formula 7).

Using different permeation parameters of ginsenoside
Rb1 from formulas 1–7 across pig abdominal skin, the flux,
permeability coefficient, and enhancement ratio were calcu-
lated from the permeation data and the values were shown in
Table IV.

Formula 5 (0.4% azone+0.2% menthol) demonstrated
the highest steady state flux (J) with (0.1039±0.0874)
(μg/cm2/h), while formula 7 (without enhancers) had the
lowest steady state flux (J) with (0.0061±0.0007) (μg/cm2/h).
Formula 3 (0.4% azone) had the second highest steady state

flux (J) after formula 5. Moreover, it can be clearly seen from
Table IV that formula 5 (0.4% azone+0.2% menthol) has
highest enhancement activity (ER=17.095).

Drug retention Within the Skin

The amount of ginsenoside Rb1 retained in skin after
application of the patch was shown in Fig. 3b and Table V.
As evidenced from the histogram in Fig. 3b, the amount of
Rb1 accumulated was highest (0.92±0.032 mg) in the skin
mounted with formula 5 (0.4% azone+0.2% menthol).
Furthermore, 69.12% of ginsenoside Rb1 from formula 5
remained within pig skin, which was the highest of all seven
formulas.

When azone and menthol were mixed in the appropriate
ratio (2/1 v/w) as the penetration enhancers in a ginsenoside
collagen transdermal patch, the amount of ginsenoside Rb1
retained into the skin from transdermal patch increased mark-
edly. Some literatures (37–39) reported that azone formed
microcavities within the lipid bilayers and increased the free-
volume fraction; it could even penetrate into and mix with the
lipids. The effect was demonstrated in the 1990s using
different analytical methods. Menthol acted by modifying
the solvent nature of the stratum corneum, in turn modi-
fying the driving force for diffusion, and improved drug
partitioning (40). In addition, menthol as a volatile sub-
stance may extract some of the lipid fraction from the
stratum corneum and improve drug flux through skin.
Therefore, the incorporation of azone and menthol in
the ginsenoside collagen transdermal patch could enhance
the ginsenoside Rb1 permeation that could store more in
epidermis and dermis within 4 h.

In Vitro Release Studies

When the ginsenoside Rb1 collagen transdermal patch is
put on the face, the active agent must be released from mask
before it can contact the epidermal surface, permeate through

Table IV. Permeation Parameters of Ginsenoside Rb1 from 1–7 Formula Across Pig Skin

Formulations J×10−3 μg/(cm2/h) Pm×10
−3 cm/h ER

Formula 1 0.2% azone 19.5±1.3 3.37±0.21 3.210±0.234
Formula 2 0.2% menthol 12.3±1.1 2.12±0.15 2.019±0.157
Formula 3 0.4% azone 83.8±5.4 1.92±0.11 1.828±0.174
Formula 4 0.4% menthol 11.1±0.9 1.92±0.32 1.828±0.143
Formula 5 0.4% azone+0.2% menthol 103.9±87.4* 17.95±1.51 17.095±1.347*
Formula 6 0.4% azone+0.4% menthol 79.0±6.3 13.65±1.24 13.000±1.132*
Formula 7 Without enhancer 6.1±0.7 1.05±0.09 1

J flux, Pm permeability coefficient, ER enhancement ratio
*Statistically significant difference at P<0.05, compared to the control group (formula 7)
**Statistically significant difference at P<0.01, compared to the control group (formula 7)

Table V. The cumulative rate of ginsenoside Rb1 retained into skin after 4 hours in vitro permeation experiments

Formula number 1 2 3 4 5 6 7

Cumulative rate in skin (%) 49.54±2.57 31.83±2.06 61.20* ±126 40.28±2.17 69.12* ±0.43 60.59* ±1.99 19.70±2.73

* Statistical significant difference at p<0.05 compared to the control Formula 7
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the stratum corneum, and remain in the inner layers of skin.
The release profiles for ginsenoside Rb1 from all seven for-
mula s were shown in Fig. 3c.

In 4 h, ginsenoside collagen transdermal patch formulas
1 to 7 released 65.06, 50.37, 67.02, 52.27, 79.01, 70.26, and
43.69% of ginsenoside Rb1, respectively. The release pro-
files of ginsenoside Rb1 from transdermal patch were
fitted into zero-order kinetic model. The data of the drug
released to the skin and permeated across skin can be
described by Higuchi equation. On the other hand, the
data of the drug released to the synthetic membrane and
permeated across the membrane were fitted into zero-
order kinetic model. The two different models may indi-
cate the different permeation mechanism of real skin and
the synthetic membrane. The linear correlation coeffi-
cients (r) of formulas 1–7 were 0.9996, 0.9989, 0.9987,
0.9974, 0.9932, 0.9973, and 0.9991, respectively. The re-
lease experiments showed that Rb1 was released from
transdermal patch at a constant rate across all seven for-
mulas. In 4 h, the released quantity of Rb1 was different
from each other and from the formulas, but all were much
higher than that of the permeation through the skin from
the parallel formula. Therefore, the released Rb1 from the
patch may stay in the skin for interaction to the melano-
cyte cells.

CONCLUSIONS

Based on the criteria of attaining the maximum value of
Q, skin retention, flux, enhancer ratio, and the composition of
mask with ginsenoside Rb1 concentration of 0.036% (w/
w), PCHP 2.0% (w/w), MC 0.50% (w/w), PEG6000 0.50%
(w/w), azone 0.40% (v/w), menthol 0.20% (w/w), and
water 96.364% was found to fulfill the requisite of an
optimum formulation.

The present study clearly demonstrated for the re-
lease profile of ginsenoside Rb1 from the ginsenoside
collagen transdermal patch and its pharmacokinetic profile
of permeation through skin. We have not found such
research in other transdermal patch products on the
market.

In order to promote ginsenoside collagen transdermal
patch in market, further preclinical studies are recommended
to study the safety of the mask on human skin, such as skin
sensitization study by Freund’s complete adjuvant (FCA) and
skin irritation study by using white rabbits.
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