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Abstract: A rapid and specific method was developed for
simultaneous quantification of hydrocortisone 21 acetate
(HCA), dexamethasone (DEX), and fluocinolone acetonide
(FCA) in whitening cream formulations using reversed-
phase high-performance liquid chromatography. The
effect of the composition of the mobile phase, analysis
temperature, and detection wavelength was investigated
to optimize the separation of studied components. The
analytes were finally well separated using ACE Excel 2, C18
AR column having 150 mm length, 3mm internal dia-
meter, and 2 pm particle size at 35°C using methanol with
1% formic acid and double-distilled deionized water in the
ratio of 60:40 (v/v), respectively, as the mobile phase in
isocratic mode. Ten microliters of sample were injected
with a flow rate of 0.5 mL/min. The specificity, linearity,
accuracy, precision, recovery, limit of detection (LOD),
limit of quantification (LOQ), and robustness were
determined to validate the method as per International
Conference on Harmonization guidelines. All the analytes
were simultaneously separated within 8 min, and ob-
served retention times of HCA, DEX, and FCA were 4.5, 5.5,
and 6.9 min, respectively. The proposed method showed
good linearity with the correlation coefficient, R? = 0.999
over the range of 1-150 pg/mL for all standards. The linear
regression equations were y = 12.7x + 118.7 (r = 0.999) for
HCA, y = 12.9x + 106.8 (r = 0.999) for DEX, and y = 12.9x +
96.8 (r = 0.999) for FCA. The LOD was 0.25, 0.20, and
0.08 pg/mL for HCA, FCA, and DEX and LOQ was 2.06,
1.83, and 1.55 pg/mL for HCA, FCA, and DEX, respectively.
The recovery values of HCA, DEX, and FCA ranged from
100.7-101.3, 102.0-102.6, and 100.2-102.0%, respectively,
and the relative standard deviation for precision (intra-
and interday) was less than 2, which indicated
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repeatability and reproducibility. The novelty of the
method was described by forced degradation experimen-
tation of all analytes in the combined form under acidic,
basic, oxidative, and thermal stress. The proposed method
was found to be simple, rapid, and reliable for the
simultaneous determination of HCA, DEX, and FCA in
cosmetics.
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1 Introduction

The misuse of topical corticosteroids (TCs) as cosmetics
has now become a trend. Corticosteroids are frequently
abused as fairness creams. This abuse and addiction of
TCs especially on the face as cosmetic cream formulation
have developed many skin diseases particularly derma-
titis [1]. Brisk whitening effects, easy access, cheapness,
inappropriate marketing, ignoring side effects, and
society’s attitude toward fair skin color are considered
as significant reasons for consumers (mostly females)
toward the use of whitening cosmetic creams. The TCs
are generally safe when used rationally while significant
morbidity among people can arise if used excessively.
According to the data of the World Health Organization
(WHO), most pharmaceuticals are inappropriately pre-
scribed, which leads to misuse of medication among the
majority of the world population [2].

It has become evident that TC is being misused by
prescribers and people use them in various parts of the
globe [3]. The use of TCs over the face for skin lightening is
a very common practice in Pakistan. Only after getting
approval from official regulator, corticosteroids should be
used in drugs. Recently, some prohibited corticosteroids
have been detected in commercial cosmetics. To increase
the pharmacological efficiency, steroids are being illegally
incorporated into cosmetics, and such practice may lead to
compromise the health of end-user due to the hazardous
side effects of TCs [4]. A study revealed that in Lahore
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Figure 1: Chemical structure of (a) HCA, (b) DEX, and (c) FCA.

(Pakistan), many patients have suffered from acne due to
the use of skin whitening commercial products containing
illegal steroids especially glucocorticoids [5]. The extent of
skin diseases as a result of the side effects of skin
whitening agents depends on the type of chemical, source
(cream, ointment, lotion, or gel), and application method
[6]. Burning sensation, itching, irritation, dryness, redness
at the application site, atrophy of the skin, steroidal
rosacea, acne, and perioral dermatitis are commonly
observed as adverse effects of the use of TCs [7].
Hydrocortisone 21 acetate (HCA) is commonly used for
treating different skin disorders by its topical application [8].
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It is one of those chemicals that are added in skincare
cosmetics as illicit agents [9]. Regular or long-term exposure
to HCA can cause hypertension and irreversible skin
atrophy [10].

Dexamethasone (DEX) as glucocorticoid has been
used for the treatment of inflammation, and its treatment
can lead to steroid diabetes [11]. Susceptibility of skin
cancer is increased due to the use of DEX. Its high
concentration in cosmetics can lead to hyperglycemia
and hypertension as well as malignancies [12,13].

Fluocinolone acetonide (FCA) is among the highly
potent ingredients in cosmetics. It is commonly used for
treating eczema in addition to a composite of commer-
cial cosmetics [14]. The chemical structures of the
studied components are shown in Figure 1.

Literature review reveals that various analytical methods
exist for rapid screening of cosmetic products especially
whitening creams; however, stability-indicating high-perfor-
mance liquid chromatography (HPLC) method based on
forced degradation studies has been rarely reported for the
quantification of the mixture of glucocorticoids (HCA, DEX,
and FCA) in skin whitening creams. Therefore, the objective
of this research work was to develop a stability-indicating
HPLC method for the simultaneous quantification of HCA,
DEX, and FCA in skin whitening commercial creams.
Conditions for quick, accurate, and precise separation of
analytes were developed, and the effect of forced degradation
on studied components in the combined form under acidic,
basic, oxidative, and thermal stress was also investigated as
per International Conference on Harmonization (ICH) guide-
lines. The method was practically tested for the detection of
HCA, DEX, and FCA in cosmetic samples.
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Figure 2: Effect of composition of mobile phase on the separation of standards. The chromatogram is showing broad peaks and distorted
baseline using a mobile phase comprising methanol and double-distilled deionized water in the ratio of 60:40 (v/v), respectively, without

the addition of formic acid.
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Figure 3: Effect of different wavelengths on detection of standards having concentration of 10 pg/mL, (a =260 nm, b =280 nm, ¢ = 254 nm)

using DAD detector under the same experimental conditions. More peak height and area were observed at 254 nm wavelength when
compared with other wavelengths
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Table 1: System suitability parameters for HCA, DEX, and FCA standard solutions (n = 5)

Parameter HCA DEX FCA Acceptance criteria
Retention time (tz in min) 4.5 5.5 6.9 -

Resolution (Rs) 6.82 6.94 6.98 >2

Tailing factor (Tp) 0.609 1.223 1.372 <2

Capacity factor (k') 3.86 7.15 6.23 >1.0

Plate count (N)/m 3,56,309 6,48,617 92,482 >1,000

2 Experimental
2.1 Standards and reagents

Reference standards of HPLC grade HCA, DEX, and FCA
(99.99% purity) were purchased from Sigma Aldrich,
New York, USA. For chromatographic analysis, HPLC
grade methanol, acetonitrile, and double-distilled deio-
nized water were also purchased from Sigma Aldrich,
New York, USA, and formic acid 98-100% was pur-
chased from Merck, Munich, Germany.

2.2 Sample collection

Thirty skin whitening cosmetic creams belonging to different
local and imported brands were purchased from local
markets of Lahore (Pakistan) and online. Sample codes
were used to ensure the confidentiality of the manufacturers
of respective creams.

2.3 Sample preparation

About 500 mg as a uniform amount of each cream was
diluted using 10mL of the solvent mixture comprising
methanol, water, and acetonitrile (45:45:10 v/v). The samples
were homogenized at 70°C for 20 min on a digital hot plate
with stirring at 1,500 rpm. The preparations were stored at
room temperature for 1.5 h. Fats and waxes were precipitated
and filtered through 0.45 um polytetrafluoroethylene syringe
filters. The filtrate was refiltered and diluted to 10 mL using
solvent as described above followed by spinning on the Mini
spin plus (4,000rpm) for 3min. The supernatants were
collected and used as samples for HPLC analysis.

2.4 Standard preparation

The stock solutions of HPLC grade HCA, DEX, and FCA stan-
dards were prepared with a concentration of 1,000 pg/mL

in a solvent comprising methanol with 1% formic acid and
double-distilled deionized water (60:40v/v). Further
serial dilutions were made from the freshly prepared
stock solution to make concentrations in the range of
1-150 pg/mL.

2.5 Chromatographic conditions

All separations were carried out on GPC LC-20 AD
(Shimadzu, Kyoto, Japan) with the CBM-20A module
equipped with autosampler, and chromatographic soft-
ware (Lab Solutions) was used for acquiring and
interpretation of results. A reversed-phase column (ACE
Excel 2, C18 AR) having 150 mm length, 3 mm internal
diameter, and 2pm particle size was used for the
separation of analytes.

Two different combinations of mobile phase were
tested to separate the sample mixtures. Initially,
methanol and double-distilled deionized water were
used as mobile phases in the ratio of 60:40 (v/v),
respectively, and the separation result was compared
with the second mobile phase comprising methanol with
1% formic acid and double-distilled deionized water in
the ratio of 60:40 (v/v), respectively. The effect of
temperature on the separation efficiency of the column
was studied by using a different range of column
incubation temperatures (25, 30, 35, 40, 45, and 50°C).
The detection wavelength was also varied in the range of
210-300nm using a diode array detector to observe
maximum absorption (lambda max) of a mixture of three
standards followed by their separation in the column.

After optimization of chromatographic conditions,
standard and sample analysis was performed for 12 min
using isocratic mode; however, the run time was
decreased in accordance with the observed maximum
retention time of the analytes. The flow rate was set to
0.5mL/min, and 10 pL of the sample was injected into
the HPLC system for simultaneous detection of analytes
in standards and samples.
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Table 2: Linearity, correlation coefficient, LOD, and LOQ of standards

LOQ (pg/mL)

2.06
1.55
1.83

LOD (ug/mL)

Linear range (pug/mL)

Standard error of intercept

SE of Slope  Intercept

Slope

Correlation coefficient

Linear equation

Standards

0.25
0.08
0.20

1-150
1-150
1-150

16.20
19.70
17.90

118.7

0.172
0.209
0.190

12.74
12.92
12.92

0.999

12.7x + 118.7

y
y
y

HCA
DEX
FCA

106.8
96.81

0.999
0.999

12.9x + 106.8

12.9x + 96.81
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2.6 Method validation

The specificity, accuracy, precision, reproducibility,
linearity, limit of detection (LOD), limit of quantification
(LOQ), and robustness were determined to validate the
method as per ICH guidelines [15]. The linearity of
method was studied for all standards by the analysis of
solutions with different concentrations (1-150 pg/mL) in
triplicate. The values of LOD and LOQ were determined
through the signal-to-noise ratio.

For determination of recovery and accuracy, 5, 15,
and 25 pg/mL solution of HCA, DEX, and FCA standards
were added in the cosmetic samples, and analysis was
performed with three replicates to observe percentage
recovery and relative standard deviation (RSD). Accuracy
was calculated as the difference between the theoreti-
cally added amount and the practically obtained
amount. While for the determination of precision, five
injections of different concentrations (20, 40, and 60 pg/
mL) of all standards were administered, and precision
was calculated through observation of found concentra-
tions of analytes on the same day of injection and other
days (days 1, 2, and 3). Moreover, flow rate, wavelength,
mobile phase composition, and column temperature
were the determining factors of the robustness of the
method [15].

2.7 Forced degradation studies

Forced degradation studies were performed to evaluate the
stability of the proposed method by treating the studied
components with various conditions of stress including
acid, alkali, chemical oxidant, and heat stress. The main
purpose of the stability testing was to look over how the
quality of a drug product changes with respect to time
under the influence of environmental factors [16]. The
interference produced by the degradation products was
noted. Forced degradation study in the basic medium was
performed by addition of 0.1N NaOH into 5mL of stock
solution of HCA, DEX, and FCA in a 25 mL volumetric flask
and stored at ambient temperature for a period of 6 h. Then,
the solution was neutralized with an acid and further
diluted to a final concentration of 10 pg/mL of a mixture of
HCA, DEX, and FCA. Similarly, degradation experiments
were performed in the acidic medium by using 0.1 N HCL
For the purpose of oxidative degradation, the prepared
standard solution was treated with 3% hydrogen peroxide
(H,0,) for 6 h. For heat degradation, the standard solution
was subjected to heat in the oven at 80°C for 6 h. Finally, all
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Table 3: Recovery and accuracy results for detection of HCA, DEX, and FCA

Studied component Concentration after spiking® (ug/mL)

Concentration found® (pg/mL), mean + SD; RSD Recovery (%)

HCA 10
20
30
DEX 10
20
30
FCA 10
20
30

10.08 + 0.19; 1.88 100.8
20.15 + 0.40; 1.98 100.7
30.40 + 0.10; 0.32 101.3
10.26 + 0.10; 0.97 102.6
20.40 + 0.38; 1.86 102.0
30.70 + 0.25; 0.81 102.3
10.20 + 0.15; 1.47 102.0
20.05 + 0.33; 1.64 100.2
30.30 + 0.20; 0.66 101.0

3 Actual concentration of each standard was 5 pg/mL. ®Three replicates were run for each sample. The value of the RSD was less than 2%.

solutions were diluted to obtain a 10 pg/mL solution of a
mixture of HCA, DEX, and FCA and injected into the
system.

Ethical approval: The conducted research is not
related to either human or animal use.

3 Results and discussion

3.1 Optimization of chromatographic
conditions

Among different compositions of the mobile phase, the
first mobile phase comprising methanol and double-
distilled deionized water without formic acid showed
poor separation of analytes as distortion was observed in
baseline along with broad peaks (Figure 2). However, the
best separation was achieved using the second combina-
tion of solvents as the mobile phase comprising methanol
with 1% formic acid and double-distilled deionized water

Table 5: Robustness results for HCA, DEX, and FCA

RSD (%)
Conditions HCA DEX FCA
Flow rate (0.6 mL/min) 1.50 0.83 1.52
Flow rate (0.4 mL/min) 1.20 1.04 1.00
Wave length (256 nm) 1.75 0.25 1.25
Wave length (252 nm) 1.02 0.33 0.35
Mobile phase (65:35) 0.33 0.67 0.66
Mobile phase (55:45) 1.51 0.50 0.50
Column temperature (40°C) 1.23 0.99 1.47
Column temperature (30°C) 0.15 0.51 0.15

with a ratio of 60:40 (v/v). This composition of the mobile
phase exhibited more polarity-based compatibility for the
separation of analytes leading to sharp and more
symmetrical peaks (Figure 3c). Among various ranges of
temperatures (25, 30, 35, 40, 45, and 50°C), the best
separation was observed at 35°C with 0.5 mL/min flow
rate and 10 pL injection volume. Among different tested
wavelengths in the range of 210-300 nm, three values

Table 4: Precision, repeatability, and reproducibility results of HCA, DEX, and FCA

Interday (n = 5) conc. found (pg/mL) + SD; RSD

Day 1 Day 2 Day 3

Standards Intraday (n = 5)
Conc. (pg/mL) Conc. found (pg/mL) + SD; RSD
HCA 20 19.93 + 0.30; 1.51
40 39.96 + 0.70; 1.75
60 59.91 + 0.20; 0.33
DEX 20 19.97 + 0.30; 1.50
40 39.94 + 0.60; 1.50
60 59.95 + 0.50; 0.83
FCA 20 19.92 + 0.30; 1.51
40 39.95 + 0.40; 1.00
60 59.96 + 0.20; 0.33

19.98 + 0.03; 0.15
39.92 + 0.40; 1.00
59.94 + 0.30; 0.50
19.95 + 0.10; 0.50
39.97 £ 0.40; 1.00
59.97 + 0.20; 0.33
19.93 + 0.03; 0.15
39.96 + 0.20; 0.50
59.98 + 0.40; 0.66

19.96 + 0.30; 1.50
39.92 + 0.60; 1.50
59.96 + 0.30; 0.50
19.93 + 0.20; 1.00
39.98 + 0.10; 0.25
59.98 + 0.40; 0.66
19.96 + 0.20; 1.00
39.95 + 0.50; 1.25
59.94 + 0.30; 0.50

19.98 + 0.20; 1.00
40.05 + 0.50; 1.24
60.03 + 0.02; 0.03
19.98 + 0.05; 0.25
39.95 + 0.40; 1.00
60.02 + 0.20; 0.33
20.04 + 0.10; 0.49
39.99 + 0.20; 0.50
59.98 + 0.30; 0.50
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Table 6: Results of forced degradation of HCA, DEX, and FCA by HPLC analysis; each analysis was performed in three replicates

Nature of degradation  Time (h) Remaining amount mean + SD (%) Extent of degradation

HCA DEX FCA HCA DEX FCA
0.1N HClL 6 93.62 + 0.22  89.47 + 0.12  70.36 + 0.29  Slight Non-significant ~ Non-significant
0.1N NaOH 6 35.49 + 0.16  26.28 + 0.73  20.44 + 0.52  Significant  Significant Significant
3% H,0, 6 10.27 + 0.12 96.57 + 0.28  15.82 + 0.17 Significant  Slight Significant
80°C 6 92.84 + 0.31 83.72 +0.56 90.39 + 0.28  Slight Non-significant ~ Slight

(254, 260, and 280 nm) were selected for final testing
based on maximum absorption of standards through DAD
detector; however, 254 nm was found to be the optimum
wavelength for the simultaneous detection of HCA, DEX,
and FCA as maximum peak height and area were
observed at 254 nm wavelength when compared with
260 and 280 nm wavelength detection (Figure 3a—c). The
ACE Excel 2 C18 AR (150mm x 3mm, 2pm) column
yielded well-defined sharp peaks of both standards and
sample analytes. The mixture of standards of HCA, DEX,
and FCA was simultaneously eluted at 4.5, 5.5, and
6.9 min, respectively, using the above-mentioned opti-
mized chromatographic conditions with a reduced run
time of 8 min (Figure 3c).

3.2 Method validation
3.2.1 Specificity

The system suitability parameters including retention
time (tgr), number of theoretical plates (N), capacity
factor (k’), tailing factor (Tf), and resolution (Rs) were
determined, and their values indicated good specificity
of the analytical method for the determination of
stability of HCA, DEX, and FCA standard solutions, as
per acceptance criteria listed in Table 1. The proposed
method was found specific as the results of all validating
parameters were in accordance with expectations for the
determination of all the three analytes. HCA, DEX, and
FCA were completely separated without the formation of
interfering excipient peaks with the peaks of analytes,
and chromatograms were free from baseline noise as
shown in Figure 3c.

3.2.2 Linearity, LOD, and LOQ

A linear dynamic range of six concentrations in the range
of 1-150 pg/mL of standard solutions were analyzed for
the determination of linear regression values. The value of

the correlation coefficient, R?, was 0.999, which shows
the linearity of the developed method for respective
ranges of standards. A linear calibration curve in the
form of y = ax + b was obtained by plotting the peak
area (y) in triplicate against the concentration (x) at
different concentrations of HCA, DEX, and FCA, whereas
b is the intercept and a is the slope of the calibration
curve. The values of resultant parameters of regression
analysis are listed in Table 2. The LOD and LOQ were
determined through signal-to-noise ratio 3:1 and 10:1,
respectively. The LOD of HCA, DEX, and FCA was found
to be 0.25, 0.08, and 0.20 pg/mL, respectively, while LOQ
of HCA, DEX, and FCA was found to be 2.06, 1.55, and
1.83 pg/mL, respectively (Table 2).

3.2.3 Recovery and accuracy

Different concentrations of standard solutions were
added to the cosmetic samples to test the recovery and
accuracy. The values of recovery were determined at
different concentrations of standards by mean recovery
and RSD as listed in Table 3. The detected amounts of
standards (added in samples) were found to be
significant as RSD was less than 2 which is in accordance
with ICH guidelines. HCA, DEX, and FCA were recovered in
the range of 100.7-101.3, 102.0-102.6, and 100.2-102.0%,
respectively (Table 3). The sufficient yield of recovery in an
overall range of 100.2-102.6% indicates the accuracy of the
method.

3.2.4 Precision, repeatability, and reproducibility

The observed results of intra- (same day) and interday
(Day 1, 2, and 3) injections at different concentrations of
20, 40, and 60pg/mL (n = 5) are listed in Table 4
indicating precision, repeatability, and reproducibility.
The significant concentrations of injected standards
showed reliable repeatability (intraday) and reproduci-
bility (interday) of the developed method. The value of
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Figure 4: Chromatograms of HCA, DEX, and FCA under (a) non-
stressed condition, (b) acidic stress, (c) basic stress, (d) oxidative
stress, and (e) thermal stress.

RSD was also acceptable for each run as per ICH
guidelines.
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3.2.5 Robustness

Experiments for robustness were performed by inducing
careful changes in the chromatographic conditions. The
newly developed method was found to be robust as no
significant effects were observed by variation in the flow
rate (+0.1mL/min), wavelength (+2nm), mobile phase
composition (+5.0 mL), and column temperature (+5°C)
as listed in Table 5.

3.3 Forced degradation studies

The stability-indicating capacity of the proposed method was
assessed by the forced degradation experimentation per-
formed under different conditions of stress. The extent of
degradation of HCA, DEX, and FCA by different stress
conditions is tabulated in Table 6. When compared with the
control (Figure 4a), under acidic stress, HCA was very
slightly degraded and non-significant degradation was
observed for DEX and FCA with the formation of three
degradation products at the retention time of 2.33, 2.76, and
3.12min (Figure 4b). However, alkaline treatment signifi-
cantly degraded HCA, DEX, and FCA with the remaining
concentration of 35, 26, and 20%, respectively, and with one
degradation product observed at 2.13min (Figure 4c). The
effect of oxidative stress was significant on the degradation
of HCA and FCA while DEX was slightly degraded and four
degradation products were observed at the retention time of
2.35, 2.62, 291, and 3.68 min (Figure 4d). During thermal
stress, HCA and FCA were slightly degraded when compared
with the degradation of DEX, and the formation of four
degradation products was observed at the retention time of
2.34, 2,53, 2.95, and 3.48 min (Figure 4e). As per the results of
degradation studies, the proposed method was found to be
specific for the determination of HCA, DEX, and FCA.

Although different methods have been described by
researchers for the determination of studied compo-
nents, forced degradation studies of the reported work
describe its novelty in comparison to the existing
procedures (Table 7).

3.4 Quantification of HCA, DEX, and FCA in
cosmetic samples

The applicability of the proposed method was checked by the
evaluation of commercial cosmetic creams for the presence of



DE GRUYTER

€8'T = V24 0¢°0 = v2d

Saira Arif and Sadia Ata

S'T=%30 80°0 = X3d (wrdz ‘ww g (0%:09) 191EM ujw g>
90°C = VOH G2°0 = VOH Swieald ‘sJI3puwsod X Ww Q§T) uwnjod paziuolap pajjiisip-ajgnop:pioe /uo13oeIIXd
Yiom siy) S9A (Tw/8r) (Qw/8r)  /ydd ‘X3a ‘¥OH sefjeue ¢ ¥v 81D ‘T 199x3 3DV 21WI04 %L YlM JouByRW JU3AI0S  @¥a-D1dH
C0T = V¥4
Z0T = X3a wnias pue ‘a8 ‘1o ‘deos
7€/ = VDOH ‘uono] ‘wealsd/yd4 ‘xaa (wr 27 ‘ww g 9]11}1U0JRIL:%RIN'0  UIW 9/U0IDeIIXD SW-J0L
[zl ON ejep oN (Jw/8d)  ‘ydH Suipnpoui salhjeue ¢f X W Q1) 8TD uwnjo) ejuowwe snoanby JUdAJ0S -91dn
0S°CC = V24 05/ = V24 (wrl 2°T ‘ww 001
0€ = X3ada 01 = X3a siapmod pue ‘s)as ‘suoinjos X ww 0°7) apouw jualpeis a)14}uo}ee ulw gz
ST = VDH S =VDOH ‘sweald ‘suoljo)/yd4 ‘Xad uwnjod 81) Hig ul pide diwio} %1°0:191em /uoneixd SW/SW
%] OoN (Tw/3u) (Qw/8u)  ‘yDH Suipnpui sajhjeue €7 J7dN Aunboe siayem Pa)1asIp Ul pIoe J1Wio) %I°0 U308 -21dN
€=VD2d 1=Vv2d
§/'0=%3a0  SC°0=Xid (wrl € apouw jualpe.s ulw 5z
€ =VDH T =VDH sweald/yd4 ‘Xaa ‘Ww OST X Ww 9°Y) (0%:09) ®)l1}lu0IRILIDIEM Juonoesxa
[eT] oN (Tw/3u) (Jw/8u)  ‘yDH Suipnpul saihjeue I1 uwnjod | shuey ul p1oe 21wy %I°0 JUaAI0S  SIW/SW/D1T
759 =%3d 961 =X3q (wrl g ‘ww 052 (spow juaipe.s) ujw 8z
9/9°9 =VYDH €00°C = VOH sweald/x3aq X WW 9°%) uwnjod 9]1431U0}IB:IDIEM /uo11delIxa
44 OoN (w/3r) (qw/8d)  ‘yOH Suipnioul sajkjeue 9 81D 33pliq X SI21eM ul p1oe djuod %I'0 JUdAI0S  YQAd-DTdH
(wrl 617 ‘ww e
Z0T°0 =VD4d €600 =VDd sweal ‘ww 00t) JTdHN-dY ulw ot
/I1°0 =X3d 601°0 = X3d pue ‘sjusawiulo ‘sj99/yd4 ddd p103 |isiadAy p12e djWio) %I 0 YUM yjoq) /uoljdelxs SW/SW
1] OoN (8)/8w) (8y/8w)  ‘x3q Suipn)ui saihjeue Q1 J411UaI2S oway| CY IR ER-BEI:ITY JUdAj0S -1S3-21
Sjuawjulo pue (wd ¢ ‘ww g ujw /g
‘sa11pws0203Ayd/yo4 ‘x3a X ww 00T) ‘€-Sao (apow judipeis) /uoildesixa
[oz] ON ejep oN ejep oN  ‘yIH Suipnjouj sajhjeue €1 AS1poud xauawouayd J9]eM :jouBYlaW:I|II}U0IRIY JUSAI0S  SW/ava/dl
(wd 01 % O1) ulw og
16'7€ = V4 79Tl = V4 juswijulo 752409 91e1d /uoieixd
[6T] S9A (yods/Su) (yods/8u) /¥4 Suipnpul sajhjeue ¢ wnulwnje 198 edlIs (6:1) 91e31928E JAYIa:QUBXIH-U JUdAj0S J1LdH
09°CET =VI4d TlL'6%7 =VId
e/ =X3a 99799 = X3d sdeos pue (wr 21 ‘ww 001 9jlijiuoyade
ESTIT=VOH 9/°6S=VDOH  ‘suono] ‘sweasd/yd4 ‘X3@ X WW1'z) 81dy PIdIys (0T = Hd) Jaynq ajei0q ujw gT/uoideIIXd
[81] ON (Tw/3u) (Tw/8u)  “‘ydH Suipnpdul sailjeue g1 H3g Aunboe sieley  winjuowwe W $Z0O°0 YNM Jajem 1uaAj0S J1dHN
sisfjeue sdeos pue (wrd 0'g ‘ww 9y ulw 0g
aAlJE}|END  S0°0 03 T0°0  “llw ‘sweald ‘|1o/ydd ‘X3d X ww 05¢) 1Auayd Juoienxs
[£1] oN ‘pauodail JoN (%)  ‘¥DOH Sulpn)oui sajhjeue ¢ xeqloz aseyd-pasianay (T:1) larem:joueylay Juan|os AN-D1dH
salpnis aw) sisAjeue
‘ou uojepesSap aseyd Juoneredasd
JUIRRY padiog 001 aol xijew/sajhjeuy Areuonjeis/uwnjo) (a/A) @seyd ajiqow a)dweg  anbjuydza)

970

340M Ydieasal papodal yum sajdwes J138Wso0d Ul ¥4 pue ‘X3d ‘YIH J0 uonedyiauenb oy spoylaw jedinhjeue Suiisixa awos jo uosuedwo) :/ ajqel



DE GRUYTER

mv

g

0~

0.0 ’
min

Figure 5: Chromatogram of a typical sample (cosmetic cream) for
the detection of HCA, DEX, and FCA under optimized chromato-
graphic conditions as described in Section 3.1.
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Figure 6: Assay result of HCA in cosmetic creams by HPLC analysis.
HCA was detected in six samples (n = 30) with a maximum amount
of 0.67 ug/mL (C27).
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studied components. Sharp and well-separated peaks of
HCA, DEX, and FCA were obtained in sample mixtures at
254 nm. A typical chromatogram of sample analysis has
been shown (Figure 5) in which all of the three analytes
have been well-separated and eluted at their specific
retention times in accordance with standards under the
proposed optimized conditions. HCA as one of the
undeclared illicit whitening agents was detected in six
samples (Figure 6) with a maximum amount of
0.67 pg/mL found in C27 while the least amount was
detected in C2 (0.04pg/mL). DEX was present in 16
samples (Figure 7) with a maximum concentration of
56.38ug/mL in C17 and a minimum concentration
(0.03 pg/mL) in C9. FCA was found in 13 samples with
a maximum concentration of 5.24 pg/mL (C20) and the
least amount (0.09 pg/mL) in C29 (Figure 8).

4 Conclusion

A selective, sensitive, and rapid HPLC method was
developed and validated for the simultaneous determi-
nation of HCA, DEX, and FCA in commercial cosmetics.
All of the analytes were quantified with precision,
accuracy, and robustness within 8 min. The separation
of analytes was obtained with good resolution under
optimized chromatographic conditions. Forced degrada-
tion behavior of the studied components in the com-
bined form as per ICH guidelines further confirmed the
stability of assay. The method was found to be suitable
for the routine analysis of HCA, DEX, and FCA in

Al

cs (Ci1 (Ci13 Ci14 C15 Ci6 C17 Ci8 C(Ci9 (C21 cC22 cC27 cas
Samples

Figure 7: Assay result of DEX in cosmetic creams by HPLC analysis. DEX was detected in 16 samples (n = 30) with a maximum amount

56.38 ug/mL (C17).
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Figure 8: Assay result of FCA in cosmetic creams by HPLC analysis. FCA was detected in 13 samples (n = 30) with a maximum
5.24 pg/mL (C20).
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