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bstract

A statistical experimental design was used to optimize one micellar electrokinetic capillary electrophoresis (MEKC) for simultaneous analysis

f arbutin (AR), kojic acid (KA) and hydroquinone (HQ). Untreated fused-silica capillaries were operated using a phosphate buffer (20 mM, pH
.5) under 20 kV and detection at 200 nm. Quantitative linear ranges were 20–200 �g/ml for AR, 20–100 �g/ml for KA and 8–80 �g/ml for HQ
ith correlation coefficients ≥0.9994. R.S.D. and R.E. were less than 3.0% for the intra-day and inter-day analysis, and all recoveries were greater

han 99%. Our method was applied to assay commercial cosmetics. The results were within the labeled amount of 99.6–102.5%.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Among experimental design, full factorial designs are the
ost conservative of all design types. Factorial experiments

llow experiments to take place over the whole range of the
actor space. They show a high degree of precision in exchange
or a minimum experimental effort, and they enable factor inter-
ctions to be detected [1,2]. In order to increase efficiency of
ethod development, we used a systemic design in establishing

ne analytical method.
Arbutin (AR), 4-hydroxyphenyl-�-d-glucopyranoside,

xtracted from leaves of common bearberry, is often used in
kin care products as a whitening agent [3]. It can compete with
-dopa for receptor site on tyrosinase and hinders the oxidation
f l-dopa, thus, can inhibit the formation of eumelanin [4].

ydroquinone (HQ), 1,4-benzenediol, was reported by Spencer

o be effective at 1.5–2% in a vanishing cream [5]. It can
roduce reversible depigmentation of the skin by suppression
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f the melanocyte metabolic processes [6]. Kojic acid (KA),
-hydroxy-2-(hydroxymethyl)-4H-pyran-4-one, a natural sub-
tance produced by fungi or bacteria such as Aspergillus,
enicillium or Acetobacter spp., is also used as a whitening
osmetic because it inhibits tyrosinase. [7]. The Taiwan FDA
as announced that the limits of AR and KA as whitening
ngredients in cosmetics are 7% and 2%, respectively. It also
ecommended that HQ is only used under prescription because
ong-term contact of HQ in concentrations over 5% may cause
evere side effects including dermatitis, erythema, leukoderma,
urning and hyperpigmentation [8].

According to the literature, some methods such as TLC [4],
PLC [4,9–11], voltammetry [12], spectrophotometry [13] and
E [14,15] have been reported for the analysis of these analytes.
uang et al. [9] used HPLC to analyze these analytes. Among the
E methods, Sakodinskaya et al. [14] used borate buffer for the
ssay of HQ, Glockl et al. [15] analyzed the AR metabolites in
uman urine after oral intake of bearberry leaves. There also are
ome capillary zone electrophoresis (CZE) methods for phenolic

ompounds in olive oils [16–18], honey [19] and wine [20,21].
one of them have applied CE for the determination of AR,
A and HQ in skin whitening cosmetics. CE yields high-speed,
igh-resolution, and low consumption of sample and reagents.

mailto:shmewu@kmu.edu.tw
dx.doi.org/10.1016/j.jpba.2007.02.004
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he aim of this study was to develop a rapid, sensitive and quanti-
ative assay for the simultaneous determination of AR, KA and
Q by CE. Optimization of parameters and validation of this
ethod were investigated, and the application of analyzing AR,
A and HQ in cosmetics was also demonstrated.

. Experimental

.1. Materials

AR (98%), KA and HQ were purchased from Sigma-Aldrich
St. Louis, MO, USA). Sodium dihydrogen phosphate, urea
nd sodium dodecyl sulfate were from Merck (Darmstadt, Ger-
any). All chemicals used were of analytical grade. NeoStrata®

igment lightening gel (2% KA, Princeton, NJ, USA), Shiseido®

hite lucent (3% AR, Tokyo, Japan), Grape® Quincare ointment
2% HQ, Chung-Li, Taiwan) were used for the applications.

illi-Q water (Millipore, Bedford, MA, USA) was used for
reparation of the sample, buffer and related aqueous solutions.

.2. CE system

A Beckman P/ACE System 2200 (Fullerton, CA, USA)
quipped with a filter UV detector and a liquid-cooling device
as used. MEKC was performed in an uncoated fused-silica cap-

llary (50 �m I.D., 50 cm effective length and 57 cm total length)
Polymicro Technologies, Phoenix, AZ, USA) using a phos-
hate buffer (20 mM, pH 6.5), and detected at 200 nm. Required
H value was adjusted with 10 M NaOH. Samples were loaded
y pressure injection applying 50 mbar for 5 s. Before start-up,
apillary was preconditioned with 0.1 M NaOH solution, water,
nd running buffer each for 10 min in regular sequence. Between
uns, the capillary was rinsed with 0.1 M NaOH solution (5 min)
nd running buffer (5 min). Electrophoresis was carried out at
5 ◦C and 20 kV. The current was gradually increased to about
0 �A during the first 15 s after power application. All oper-
tions and electropherograms were computer-controlled using
OLD software version.

.3. Reference and sample solutions

Stock solutions of AR, KA and HQ at 2.0 mg/ml were
repared in water and suitably diluted as reference solu-
ions. Sample solutions were prepared as follows: 47.25 mg
f Shiseido® cosmetic, 40 mg of NeoStrata® gel, or 30 mg of
rape® ointment was transferred to three 10-ml volumetric
asks, respectively, and dissolved by water alone. After 30 min
f sonication, the suspension was obtained and centrifuged at
000 × g for 10 min. The lower water layer was transferred for
nalysis.

.4. Choice of factors and full factorial design
Based on the pKa values of AR and HQ at about 10 [14] and
ojic acid at 7.90 and 8.03 [22], the three can be fully depro-
onated in the pH > 11 buffer. Due to rapid oxidation, HQ is
nstable in basic media [22]. A lower pH (≤7) was used for

t
a
o
p
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nsuring the stability of HQ. Nevertheless, AR and HQ remained
eutral, and KA remained partially negative under these condi-
ions. Based on initial experiments, the total migration time will
e over 10 min when pH is lower than 5.5, and when higher
han 7.0, KA and HQ will migrate together again. Therefore,
he pH range of 5.5–7.0 was evaluated in the following study.
ZE could not achieve a baseline separation of the analytes,

herefore MEKC mode was used. When using SDS (60 mM),
R and HQ could be separated, but HQ and KA migrated

ogether. Optimal concentration of micelle provides sufficient
nteraction to separate analytes. Hence, the SDS concentration
ange of 80–120 mM was tested. Meanwhile, buffer concen-
ration (10–25 mM), temperature (20–30 ◦C) and the applied
oltage (15–30 kV) were considered. We observed that tem-
erature and voltage had less influence on separation and were
herefore kept constant at 25 ◦C and 20 kV. As a result, the appro-
riate selection of the experimental domain was set for buffer
oncentration, buffer pH and SDS concentration.

In this study, we used a three-level full factorial design to
stimate the affect of the three factors for separation, including
DS (80, 100, 120 mM), pH (5.5, 6.5, 7.0), and phosphate buffer
10, 20, 25 mM). The design was carried out in a randomized
equence, and the migration times and peak widths were mea-
ured. Resolution (Rs) and migration time were used to assess
he optimization of the experimental result.

. Results and discussion

.1. Method development

The analysis of coefficients was considered in order to iden-
ify the active factors, upon whose alteration a statistically
ignificant variation of the response was observed. The prelim-
nary data show the estimates (coefficients of the linear model
ound by least squares) of the parameters in the linear model
nd a t-test for the hypothesis that each parameter is zero. The
tatistically significant coefficients were those where their abso-
ute value was greater than zero with a probability of 95% [23].
rom the results we can know that only the concentration of
DS and buffer pH was found to be a significant variable for
esponse function. Buffer concentration has less influence on
eparation. We also found that when using buffer concentration
s 10 mM, poor reproducibility was obtained. This may be due
o poor buffer capacity at a lower concentration. To avoid the
oor reproducibility, the ideal phosphate buffer concentration
as set at 20 mM.
Fig. 1 is the three-dimensional plot of Rs, as a function

f buffer pH and SDS concentration. The surface plot allows
he whole range of conditions to be explored, including com-
inations that were not experimentally demonstrated [1]. No
istinguishable optimum could be found for the responses within
he tested domain. The results indicated that SDS concentration
ad less influence than the buffer pH. In CE, baseline separa-

ion is arrived if Rs� 1.25. While a greater Rs may follow by

longer analysis time, we set an Rs range of 1.25–3 as the
ptimum domain for experiments. Finally, we selected 20 mM
hosphate with pH 6.5, SDS 100 mM to be the optimum elec-



Y.-H. Lin et al. / Journal of Pharmaceutical and

F
p

t
c
u
6

m
s

3

fi
o
w
L
r
w
d
s
t
e
a
i
7
a

F
o
c

T
R

A

I

I

C

ig. 1. Graphical representation of the overall resolution (Rs) as a function of
H and SDS concentration.
rophoretic conditions to separate three analytes. Fig. 2(A) is the
omposite electropherograms of reference standards and blank
nder these conditions. The total separation was ended within
min, which is much quicker than that of one published HPLC

a
m
(
s

ig. 2. Electropherograms of (A) standards (solid line) and blank(dotted line), (B)
intment; (B3) NeoStrata® pigment lightening gel. CE conditions: phosphate buf
apillary, 50 cm (effective length) × 50 �m ID; injection 5 s at 50 mbar; 200 nm. Peak

able 1
egression analysis for the determination of AR, KA and HQ

nalysis Regression equation

ntra-daya

AR Y = (5.23 ± 0.02)X + (0.015 ± 0.
KA Y = (6.09 ± 0.03)X + (0.002 ± 0.
HQ Y = (11.47 ± 0.02)X + (0.012 ± 0

nter-dayb

AR Y = (5.23 ± 0.05)X + (0.011 ± 0.
KA Y = (6.07 ± 0.12)X + (0.002 ± 0.
HQ Y = (11.39 ± 0.11)X + (0.001 ± 0

oncentration ranges for the intra- and inter-day analysis: arbutin: 0.02–0.2 mg/ml; k
a The regression equations of intra-day analysis were calculated from the assay val
b The regression equations of inter-day analysis were calculated from the assay val
Biomedical Analysis 44 (2007) 279–282 281

ethod (18 min) [9]. Using these conditions a method validation
tudy was performed.

.2. Method validation

To evaluate the quantitative applicability of this method,
ve different concentrations of AR, KA and HQ, in the range
f 20–200 �g/ml, 20–100 �g/ml and 8–80 �g/ml, respectively,
ere analyzed using urea (4 mg/ml) as an internal standard (IS).
inearity between the normalized peak-area ratios (Y) of the

elated analyte to IS and the concentration (X, mg/ml) of analyte
as investigated. The regression equations of intra- and inter-
ay analysis were calculated from the assay values of prepared
tandard triplicates on a single day (n = 3) and on 5 consecu-
ive days (n = 5). As shown in Table 1, results of the regression
quations indicate that high linearity (r ≥ 0.9994) between Y
nd X was attained over the range studied. The detection lim-
ts (S/N = 3, injection 5 s at 50 mbar) were 5.4 �g/ml (AR),
.1 �g/ml (KA) and 2.2 �g/ml (HQ). For greater precision and
ccuracy in evaluation, the relative standard deviation (RSD)

nd relative error (RE) of the method, based on statistical deter-
ination (n = 3) of each analyte at three different concentrations

�g/ml) (AR: 50, 90, 160; KA: 30, 70, 90; HQ: 15, 30, 70) were
tudied (data not shown). The RSD and RE were less than 3.0%,

commercial cosmetics: (B1) Shiseido® white lucent; (B2) Grape® Quincare
fer (20 mM, pH 6.5) containing SDS 100 mM; 20 kV; uncoated fused-silica
s: AR, arbutin; KA, kojic acid; HQ, hydroquinone; IS, internal standard, urea.

Coefficient of correlation (r)

002) 0.9998
005) 0.9994
.003) 0.9998

005) 0.9997
005) 0.9996
.007) 0.9998

ojic acid: 0.02–0.1 mg/ml; hydroquinone: 0.008–0.08 mg/ml.
ues of prepared standards on a single day (n = 3).
ues of prepared standards on five days (n = 5).
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nd the recoveries were greater than 99% (data not shown).
ome common whitening agents, antioxidants and preserva-

ives were examined, and did not show any interference. These
gents were ascorbic acid, ascorbic acid-6-palmitate, l-ascorbic
cid-2-phosphate sesquimagnesium salt, dodecyl gallate, 2,6-di-
ert-butyl-4-methylphenol, and dl-�-tocopherol.

.3. Applications

Applications of the method to the assay of AR, KA and
Q in three commercial cosmetics were studied. The individual

lectropherograms are shown in Fig. 2, and presented no inter-
erence from real samples. The contents of each tested cosmetics
ere 2.99–3.01% AR for Shiseido® cosmetics, 2.01–2.05% KA

or Grape® ointment, and 1.99–2.03% HQ for NeoStrata® gel.
he contents of these cosmetics also correspond to the limits

equested by the Taiwan FDA, which are 7% AR, and 2% KA.
esides, HQ fell within the labeled amount of 94–106% required
y the USP XXV [13].

. Conclusions

Combining experimental design, we narrowed down the
arameters investigation and established the MEKC method
or the simultaneous determination of AR, KA and HQ, and
uccessfully applied this to quality control of skin whitening
osmetics.
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