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ARTICLE INFO ABSTRACT

Keywords: Background: Hydroquinone, arbutin and kojic acid are herbal-based skin whitening
Hydroquinone compounds that are used in many cosmetics. Today, the lack of side effects of arbutin
Arbutin and kojic acid has made them a valuable alternative to hydroquinone. Due to the toxic
Kaojic acid effects of whitening compounds, it is necessary to control the amount of use of these in
HPLC the whitening products so that their concentration is within the permissible range.
Whitening compounds Obijective: Therefore, the purpose of this study was to identify and quantify these three

compounds in anti-lacquer products. In this research, the best separation of analytes has
been tried by changing the HPLC mobile phase. Methods: Different samples were taken
from the supply level. After extraction and preparation of samples, the solution was
injected into HPLC-UV. In order to optimize the method, three different mobile phases
were used to identify the compounds. By comparing the obtained peaks with the standard
peaks, the Whitening compounds were identified and quantified. Results: The results
showed that hydroquinone and kojic acid were applied in three products and arbutin in
one product and the concentration of all the compounds used were within the standard
range. Four out of the eight companies surveyed did not correctly identify the
compounds used in their products. Conclusion: Reverse Phase HPLC-UV is also one of
the best methods for determination and quantification the whitening compounds and
water composition: acetonitrile with a ratio of 80:20 v/v is the most appropriate mobile
phase in this method.
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1. Introduction

The most successful recent and natural skin
whitening agents are arbutin, vitamin C, kojic
acid, licorice extract, burnet root extract,
scutellaria extract and mulberry [1]. Whitening
agents are of major importance because of the
negative effect of exposure to UV radiation on
the skin [2]. Skin whitening products have
become increasingly in demand in the past few
years.

The main purpose for skin lightening products
is lighten the skin as well as to even out skin tone
or to treat pigmentation disorders such as
freckles, melisma, pregnancy marks, and age
spots [1]. These hyperpigmentation disorders can
be treated using skin lighteners which inhibit
biosynthesis of melanin via different mechanism
[3]. Some of the whitening agents such as
hydroquinone have side effects. Hydroguinone is
potentially carcinogenic and is known to be a
skin and respiratory irritant. Because of its
carcinogenic properties, it has been banned in
some countries like Kenya and Indonesia
because of the fear of a cancer risk and only
allowed to be used as a drug [3]. The lack of
significant adverse effects of arbutin and its
derivatives makes them a valuable alternative to
hydroquinone [4]. However, the excessive use of
arbutin and kojic acid would have complications.
The allowable levels of skin lighteners in
cosmetic products are 2 % for kojic acid, 7 % for
arbutin [5, 6]. Over the counter hydroquinone
products can contain 0.5 % to 2 %. Sometimes
higher concentrations of 4 % and above are
available from dermatologist in some countries
for the gradual lightening of hyper-pigmented
skin in conditions such as melasma, freckles and
senile lentigenines as well as chloasma [3].
Whitening agents can be identified and
determined using several analytical methods
such as gas chromatography-mass spectrometry,
kinetic  spectrophotometry, flow injection
analysis, HPLC-UV, TLC densitometry,
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capillary electrochromatography and differential
pulse voltammetry. The most common approach
for analysis of whitening agents in skin
whitening products is HPLC. After HPLC
separation, the detection of analytes is performed
mostly by UV [7-9]. In recent studies the LC/MS
was used as identification and determination of
arbutin in nautral sorces [10]. Also using of
nanomaterials for extraction of arbutin and
hydroquinone before LC/MS analysis was
reported [11].

Hydroquinone (1,4-benzenediol and also 1,4-
dihydroxybenzene) [12] occurs naturally as a
conjugate  with beta-D-glucopyranoside in
leaves, barks and fruits of several plants such as
cranberry, cowberry, bearberry and blueberry
[3].

Arbutin (4-hydroxyphenol B-D-
glucopyranoside) [13] is glycoside derivative of
hydroquinone [7]. It is the most popular and
safest skin lightening agent [3] and exists
naturally in plants and high quantities of it were
found in plant families such as: Lamiaceae,
Ericaceae, Saxifagaceae and Rosaceae [13].

Kojic acid obtains through isolation from the
mycelia of Aspergillus oryzae grown on steamed
rice. The term koji means steamed rice in
Japanese [14]. It can also be derived from
mushroom [3]. The structures of these
components are shown in Fig. 1.

In this study the amount of kojic acid, arbutin
and hydroquinone in some whitening products
are determined by HPLC after preconcentration
by liquid-liquid extraction.

2. Materials and Methods
2.1. Chemicals and skin whitening products
Hydroquinone, arbutin and kojic acid were
purchased from Sigma-Aldrich. Acetonitrile,
water and methanol were HPLC grade (Merck).
Skin whitening products Si to Sg were purchased
from local stores. Details of each product are
shown in Table 1.
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Fig. 1. Hydroquinone (HQ), arbutin (AR) and kojic acid (KA) structural formula

Table 1. The details of skin whitening products

Sample Product type Expiration date HQ KA AR Others
S, Penn soap 2020.08 - - * *
S, Cream 2020.09 - ; ; *
S, Gel 2021.02 - i ; *
S, Cream 2021.11 - * - *
Sg Cream 2020.10 * - - *
S Cream 2021.05 - * - *
S, Cream 2020.11 - - * *
Sg Penn soap 2019.08 * - * *

2.2. Extraction procedure

The extraction solvent in this study was water
and acetonitrile (80:20 v/v). The internal
standard method was used to eliminate the effect
of product’s matrix and improve the precision of
quantitative analysis. For this purpose 50 ppm
resorcinol was added to all products as an
internal standard. The internal standard should
behave as the analyte but should provide a signal
that can be distinguished from that of the analyte.

About 1 g of each product was accurately
weighted into a 15 ml centrifuge tube and
dissolved in the extraction solvent. After mixing
thoroughly with a vortex mixer for five minutes,
it was sonicated 30 minutes, and centrifuged 10
minutes at 6000 rpm. The supernatant was
filtered through a 0.45 um HPLC syringe filter
prior to HPLC analysis. The samples were
injected through a 50 ul injection loop [14].
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2.3.  Instrumentation  and
conditions

The HPLC method was performed on a liquid
chromatograph with a KNAUER K-1001 pump. A
UV visible detector KNAUER K-2501 and an
injector fitted with a 50 pl loop were used in this
research. The HPLC was carried out at a flow rate of
0.7 ml/min using a mobile phase constituted of
water and acetonitrile (80:20 v/v) and detection was
made at 280 nm. A Eurospher100-5 Cig column
(250 x 4.6 mm) was used.

chromatographic

3. Results
3.1. Optimization of extraction conditions
Extraction was optimized by changing some
factors.
a) Extraction solvent
In this method they have three extraction
solvents had been used:
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1. A mixture of water and ethanol in the ratio
of 45:55 (H20: MeOH) v/v.

2. A mixture of acetonitrile and methanol in
the ratio of 80:20 (ACN: MeOH) v/v.

3. A mixture of water and acetonitrile in the
ratio of 80:20 (H20: ACN) v/v.

The best extraction occurred using the third
extraction solvent.

Based on the obtained results, maximum
extraction recovery obtained by mixture of water
and acetonitrile in the ratio of 80:20 (H.O: ACN)
viv (Fig. 2a).

Since the tree target analyte have pKa > 9 so
the acidic extraction solvent can improve
extraction. The pH range of 3-9 were set for the
mixture of acetonitrile and water and the pH 3
was the better pH for extraction. The pH blow 3

N. Eradati, et al

b) Salting out

Salting out is a purification method that
utilizes the reduced solubility of certain
molecules in a solution of very high ionic
strength. Salting out was used to investigate the
extraction rate of the compounds from the
sample. For this purpose, the extraction recovery
at 1 %, 5 % and no added sodium chloride salt
were investigated. The studies showed that
salting out did not have a significant effect on the
separation rate of compounds from the sample
matrix (Fig. 2b).
c) Extraction time

For obtaining the best time to maximaze
extraction the extraction times of 1, 2, 5 and 10
min were applied. The best extraction recovery
obtained in 5 minutes at 6000 rpm. After 5 minute

was not tested because may damage to the HPLC  the  extraction recovery didn’t change
column., significantly (Fig. 2c).
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Fig. 2. The optimization charts for a) solvent extraction, b) salting out effect and c) extraction time
Journal of Medicinal Plants 53 March 2021, Vol. 20, No. 77: 50-59


http://dx.doi.org/10.52547/jmp.20.77.50
https://dor.isc.ac/dor/20.1001.1.2717204.2021.20.77.1.2
http://jmp.ir/article-1-2678-en.html

[ Downloaded from jmp.ir on 2025-07-04 ]

[ DOR: 20.1001.1.2717204.2021.20.77.1.2 ]

[ DOI: 10.52547/jmp.20.77.50 ]

Optimization of cleaning ...

3.2. Optimization of chromatographic conditions
The flow rate was tested from 1.2 ml/min to 0.5
ml/min. The best chromatograms were obtained
at a flow rate of 0.7 ml/min.

In order to study the effect of different mobile
phases on the separation of lightening agents,
three mobile phases had been used:

1. A mixture of 0.05 M KH2PO4 buffer with
methanol in the ratio of 99:1 v/v.

2. A mixture of acetonitrile: KH2POs in the ratio
of 70:30 v/v.

3. A mixture of water: acetonitrile in the ratio of
80:20 v/v.

The best chromatograms were obtained using
water and acetonitrile as a mobile phase.

N. Eradati, et al

3.3 Method validation

In optimized conditions with the best solvent,
standard solutions were prepared in different
concentrations to obtain the calibration curves
and method’s properties. The plots were linear in
the range of 0.096-300 ppm for arbutin and
0.032-100 ppm for hydroquinone and kojic acid.
A good linearity when the value of R? obtained
was 0.99. The repeatability of method is below
5 % due to RSD values. Limit of detection (LOD)
and limit of quantification of these compounds
were estimated from the calibration curves. LOD
values were found to be 0.0288 ppm for arbutin
and 0.0096 ppm for hydroquinone and kojic acid.
LOQ values were 0.096 ppm for arbutin and
0.032 ppm for hydroquinone and kojic acid. The
values obtained which indicated high sensitivity
of the proposed HPLC method. The results and
chromatogram obtained are shown in Table 2 and
Fig. 2 respectively.

Table 2. Result of method optimization

LOQ LOD RSD% (n = 3)

Whitening agents Calibration equation LR (ppm) (opm)  (ppm) Inter-day _ Intra-day R?
Hydroquinone (HQ) A=100706C+63981  0.032-100 0.032 0.0096 3.18 4.25 0.9999
Kojic acid (KA) A=115747C+170702 0.032-100 0.032 0.0096 1.29 2.54 0.9986
Arbutin (AR) A=60598C-339378  0.096-300 0.096 0.0288 1.86 3.17 0.9909

3.4. Analysis of skin whitening products

As shown in Table 3, eight different formulations
that claimed to contain at least one skin
whitening agent were analyzed in this study.
The chromatograms of some of the products are
shown in Fig. 3.

Sample S;and Sg were two penn soap with labels
claiming they contained arbutin  while
hydroquinone was identified about 0.025 % and
0.13 % in both of them, respectively. Product S3
did not contain the desired lightening agents.
About 1.5 % and 0.004 % of kojic acid were
identified in product Ss and Se, respectively.
Product S, contained about 0.027 % kojic acid,
while claiming it was not used in this product.

Journal of Medicinal Plants

Product Ss was a cream with about 1.6 %
hydroquinone and product S; contained about
1.9 % of arbutin.

The results of the study show that
hydroquinone and kojic acid are used in three
products and arbutin is used in one product and
all the compounds are used in the standard range
of concentration while Three out of five
companies did not list the compounds used in
their products correctly.

In comparison with reported methods in
Table 4, our chromatographic protocol described
above, showed higher sensitivity and precision
where the limit of detection and limit of
quantification were less than other methods.

March 2021, Vol. 20, No. 77: 50-59
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Table 3. Concentration of each whitening agents in the desired samples

Skin whitening agent

Sample Hydroquinone Kojic acid Arbutin
(mg/g) (mg/g) (mg/g)
S1 0.251 - -
S2 - 0.275 -
Ss - - -
Sa - 15.306 -
Ss 15.843 - -
Se - 0.0468 -
S7 - - 19.413
Se 1.345 - -
Table 4. Methods comparison
'?‘nneigjés Extraction solvent Analyte (plblfn) (I[_)SFE) (If)gn?) Year
HPLC Methanol :water v/v 20:80 Hydroquinone 6-30 0.08 0.26 2005
UvDS Sulfuric acid 0.1 N Hydroquinone 10-26 0.14 0.46 2005
HPLC Methanol Arbutin 0.5-30 0.00507 0.001 2007
Flow Injection a‘g:t'g:”;ggm“::]eos'aﬁz‘:e Arbutin 1-30 0.04 013 2009
RP-HPLC Mixture of 20 M NaHPOx Hydroquinone - 0.1 0.3 2015
with 10 % methanol
RP-HpLC ~ Mixture of 20 M NaH:PO Kojic acid . 0.05 02 2015
with 10 % methanol
Hydroquinone  0.032-100 0.0096 0.032
Pr;c;?r?(izd Water: acetonitrile 80:20 v/v Kojic acid 0.032-100  0.0096 0.032 2020
Arbutin 0.096-300 0.0288 0.096
4. Discussion determine the both trace and major value of the

In comparison with reported methods in Table
4, our chromatographic protocol described
above, showed higher sensitivity and precision
where the limit of detection and limit of
quantification were less than other methods.
Wide linear dynamic range compared to other
method shows the ability of this method to

Journal of Medicinal Plants

target analytes accurately. P. Lopez Garcia et al.
in 2005 validated a HPLC and a UV derivative
spectrophotometric methods for determination of
hydroquinone in gel and cream preparations [15].
In this study HPLC method was about 20 times
more sensitive than UVDS method and its HPLC
results is comparable with our study. In other

March 2021, Vol. 20, No. 77: 50-59
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study, arbutin was determined by HPLC in skin-
whitening creams and medicinal plant extracts. A
detection and quantitation limit of 0.005 ppm and
0.001 ppm, respectively. This reported method
was optimized based on analysis of only arbutin
otherwise the proposed method can determine
three whitening agent simultaneously [16]. In
2015 the method was reported by Y. Hong Wamg
for quantitative determination of a-arbutin, g-
arbutin, kojic acid, nicotinamide, hydroquinone,
resorcinol, 4-methoxyphenol, 4-ethoxyphenol,
and ascorbic acid from skin whitening products
by HPLC [7]. In comparison with our study the
obtained sensitivity was lower.

5. Conclusion

The proposed method was showed that the
reverse phase HPLC-UV after proper extraction
method is one of the best methods of
determination and quantification of the number
of lightening agents.

This method was so sensitive with low detection
and quantification limit. In order to optimize the
method, three different mobile phases were used
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