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Abstract

A high performance liquid chromatographic (HPLC) and a ultraviolet derivative spectrophotometric (UVDS) methods were developed
and validated for the quantitative determination of hydroquinone (HQ) in gels and creams containing this compound as a unique active
principle. Validation parameters such as linearity, precision, accuracy, specificity, limit of detection (LOD) and limit of quantitation (LOQ)
were determined. HPLC was carried out by reversed phase technique on a RP-18 column with a mobile phase composed of methanol at
water (20:80, v/v). The linearity in the range of 6.0-3@dImL present a correlation coefficien ©f 0.9999, calculated by least square
method. The LOD and LOQ were 0.08 and Oi@2BmL, respectively. Based on the preliminary spectrophotometric profile of HQ, a signal at
302.0 nm of the first derivative spectrum (&b was found adequate for validation. The linearity between signad,k@nd concentration
of HQ in the range of 10.0-260y/mL in sulfuric acid (0.1N) present a correlation coefficieftdf 0.9999. The LOD and LOQ were 0.14
and 0.46.g/mL, respectively. Statistical analysis byandF-tests, showed no significant difference at 95% confidence level between the two
proposed methods.
© 2005 Elsevier B.V. All rights reserved.

1. Introduction matography{12], micellar chromatographfd 3] and others
analytical techniquegl4—16] The aim of this work was to
Hydroquinone (HQ), 1,4-benzenediol, is a depigmenting develop and validate two efficient methods using HPLC and
agent. It is the most often used compound in skin-toning UVDS for the quantitative determination of HQ in gel and
preparations, which was reported to be effective at 1.5-2.0%cream samples where HQ is the only active principle, since
[1]. Concentrations higher than 5.0% were liable to cause preparations containing some other compounds such as kojic
redness and burnin@]. The depigmenting activity of HQ  acid and arbutin could cause interference in both methods.
may partly be related to the ability of the compound to act
as an alternate substrate of tyrosinase, competing thereby for
tyrosine oxidation in active melanocytgs-5]. 2. Experimental
Clinical studies have established the beneficial therapeutic
effect of HQ in the treatment of melasma, freckles, lentigines 2.1. Chemicals
and other skin hyperpigmentary disordfgs7]. Several an-
alytical methods for the determination of HQ in skin-toning Hydroquinone (99.8% purity) was kindly supplied by Lab-
preparations are described, including high performance lig- oratorios Stiefel S.A. (%0 Paulo, Brasil). Methanol (HPLC
uid chromatography (HPLCOB-11], capillary electrochro-  grade) and sulfuric acid (analytical grade) were obtained from
Merck®. Ultrapure water was obtained from a Milli&Plus
* Tel.: +55 1130913655; fax: +55 1130913648. apparatus (Millipor&) and was used to prepare all solutions
E-mail address: pedrolg@intelnet.net.gt (Popez Garia). for the HPLC method. Distilled water was used to prepare
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all solutions for the UVDS method. The gels (samples A-D) 2.4.2. UVDS method

and creams (samples I-lll) containing either 2.0 or 4.0% of  Accurately weighed amount of gel or cream equivalent

HQ were obtained from a local compounding pharmacy. to 15.0mg of HQ was transferred to a 100 mL volumetric
flask and dissolved in sulfuric acid (0.1N) to obtain a con-

2.2. Instrumentation and analytical conditions centration of 150.Qug/mL. An aliquot of this solution was
diluted in sulfuric acid (0.1N) to obtain a solution with final

The HPLC method was performed on a liquid chromato- concentration of 18.0.g/mL.

graph model CG 480 C with an isocratic pump. A UV-vis

detector CG 435, a injector fitted with a gQ loop and a 2.5. Method validation

integrator CG 200 (Instrumentos Cientifi€svere used in

the research. The HPLC was carried out at a flow rate of = The methods were validated according to the International

1.0 mL/min using a mobile phase constituted of methanol and Conference on Harmonizatigh7] and AOAC International

water (20:80, v/v), and detection was made at 289.0 nm. The[18] guidelines for validation of analytical methods. Tests of

mobile phase was prepared daily, filtered through a Q5 t andF were used to compare the proposed mettip8k

membrane filter (Millipor®) and sonicated before use. A

Lichrosphef 100 RP-18 column (125 mm 4 mmi.d., 5um 2.5.1. Linearity

particle size) (MercR) was used. The HPLC system was The calibration curve was obtained at five concentrations

operated at 25 2°C. UVDS method was performed on a levels of HQ solutions (6.0-300y/mL for HPLC method

UV-vis spectrophotometer, UV-1601 (Shima@}wvith the and 10.0-26.Q.g/mL for UVDS method). The linearity was

signal at 302.0 nm of the first derivative spectrum and using evaluated by the least square regression method with triplicate

1.0 cm quartz cell. determinations at each concentration level.
2.3. Preparation of standard solutions 2.5.2. Precision

The precisions of the methods were determined by intra-
2.3.1. HPLC method day repeatability, which was evaluated by analysing all sam-

For the calibration curve, accurately weighed 30.0 mg of ples, at the same concentration and on the same day. Ten

HQ was transferred to a 10 mL volumetric flask and dissolved sample solutions (1840g/mL for HPLC and UVDS meth-

in the mobile phase. From this solution, other solutions with ods) were prepared and assayed.

concentrations of 6.0, 12.0, 18.0, 24.0 and 30Q0mL were

obtained by diluting adequate amounts in triplicate. For the 2.5.3. Accuracy

precision determination, accurately weighed 15.0mg of HQ  The accuracy was determined by recovery test. Known

was transferred to a 25 mL volumetric flask and dissolved amounts of HQ were added to the samples and analysed

in the mobile phase; solutions containing 1@@mL of HQ by the proposed method&8]. For the HPLC method, an

were obtained by diluting adequate amounts in triplicate. ~ accurately weighed amount of gel or cream equivalent to
2.5mg of HQ was transferred to a 25 mL volumetric flask

2.3.2. UVDS method and dissolved in the mobile phase (10QgmL). Aliquots

For the calibration curve, accurately weighed 50.0 mg of 1.0 mL of this solution were transferred into 10 mL vol-

of HQ was transferred to a 50 mL volumetric flask and umetric flasks containing 1.0, 4.0 and 5.0 mL of a standard

dissolved in sulfuric acid (0.1N); from this solution, other HQ solution (20.Qug/mL). Mobile phase was added to make

solutions containing 10.0, 14.0, 18.0, 22.0 and 26)0mL up the volume to give final concentrations of 12.0, 18.0 and

were obtained in 25 mL volumetric flasks (triplicate). For 20.0p.g/mL. For the UVDS method, an accurately weighed

the precision determination, accurately weighed 45.0 mg of amount of gel or cream equivalent to 12.0 mg of HQ was

HQ was transferred to a 50 mL volumetric flask and volume transferred to a 100 mL volumetric flask and dissolved in

completed with sulfuric acid (0.1N). This solution was sulfuric acid (0.1N) (120.Q.g/mL). Aliquots of 10.0 mL of

diluted in a 50 mL volumetric flask in order to obtain a final this solution were transferred into 100 mL volumetric flasks

concentration of 18.Q.g/mL (triplicate). containing 1.0, 5.0 and 10.0 mL of a standard HQ solution
(100.0p.g/mL) and sulfuric acid (0.1N) was added to make
2.4. Preparation of sample solutions up the volume to give final concentrations of 13.2, 18.0 and
24.0png/mL. All solutions were prepared in triplicate and
2.4.1. HPLC method analysed.

Accurately weighed amount of gel or cream equivalent
to 4.5mg of HQ was transferred to 25 mL volumetric flask 2.5.4. Specificity
and dissolved in the mobile phase to obtain a concentration The specificity was determined for both HPLC and
of 180.0p.g/mL. An aliquot of this solution was diluted in ~ UVDS methods. The specificity was evaluated by analysing
mobile phase to obtain a solution with final concentration of placebos, wherein the sample matrix without the ana-
18.0pg/mL. lyte was analyzed. The system response was examined
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for the presence of interference or overlaps with the HQ Table 1

responses. Results of regression analysis of data for the quantitative determination of

hydroquinone by the proposed methods
o . o o Statistical parameters HPLC uvDS
2.5.5. Limit of detection (LOD) and limit of quantitation -
(LOQ) Concentration range 6-30 10-26
(ng/mL)
The LOD and LOQ for both HPLC and UVDS methods  gegression equation  y=639.18+87.87  y=0.01756+0.00142

were determined based on standard deviation amongst re€orrelation coefficient 0.9999 0.9999

sponses and slope of the regression equation of a curve con- ()

structed at lower concentration levels (2.0, 4.0, 6.0, 8.0 and -©P (»g/mL) 0.08 0.14

10.0p.g/mL) [20]. LOQ (pg/mL) 0.26 0.46

3. Results and discussion between “true value” and found valu&aple 3. The pro-
posed HPLC method is specific, since no interfering peaks

3.1. HPLC method were observed with placebo samples. The LOD and LOQ

were found to be 0.08 and 0.3@/mL, respectively, indicat-

A reversed phase HPLC method was proposed as a suiti"d & high sensitivity of the method#ble J.
able method for quantitative determination of HQ in gels
and creams at concentrations of 2.0 and 4.0%. The chro-
matographic conditions were adjusted in order to obtain effi-
cientand simple routine analysis. Mobile phase selection was
based on the time, ease of preparation and €agt.1 show
typical chromatograms obtained in the analysis of a standard
and sample solution of HQ using the proposed method. As
shown inFig. 1, HQ was eluted well separated from the sol-
vent front. The retention time observed (2.14 min) allows a
rapid determination.

The calibration curve for HQ was constructed by plotting
concentration versus corresponding mean peak area. Goo
linearity was observed inthe 6.0-3@.8/mL range. The least
square regression date showed excellent correlation coeffi-
clentr= 0.'9999’ highly significant for the, methodigble J. . The experimental values obtained in the determination of
The precision of the method was determined by repeatability H

(intra-day) and was expressed as relative standard deviatione)grlg s?szrg Elfé éngl?;;?edaa :ZZSJS(:: ézrlgé;aégﬁ]);\ggitggty
(R.S.D.) of a series of measurements. The experimental val- - '

) . N ) was verified through recovery testaple 3. No interfering
ues obtained in the determination of HQ in the samples are _. :
. signals and overlaps were observed in placebo samples at
presented iffable 2 The accuracy of the method was de- g b P P

termined by th test indicati d t302.0 nmFig. 2). The described UVDS method is specific for
ermined by the recovery test, indicating a good agreemen HQ determination in gel and cream preparations. The LOD

and LOQ were found to be 0.14 and 0 4&/mL, respectively

3.2. UVDS method

The UVDS method allows a rapid and low-cost quan-
titative determination of HQ in gels and creams without
any time-consuming sample preparation. The first derivative
spectrum shows an intense negative maximum at 302.0 nm
with evidently useful characteristics in the analytical de-
terminations Fig. 2. For more accurate analysis, Ring-
bom curve was constructed and the linear range was ob-

erved. The calibration curve was constructed in the range

f 10.0-26.Qug/mL in sulfuric acid (0.1N). The least square
regression date showed excellent linearity with correlation
coefficientr=0.9999 able ).

(Table 1.
< < ‘v_
A o o
Table 2
8 3 Results of the determination of hydroquinone in gel and cream by the pro-
e e posed methods
S S S S le (9/100 HPLE uvDSs?
e = = ample (g/1009)
(9/1009) R.S.D. (g/1009) R.S.D.
e T 1 r T 1 (%) (%)
Time (min)  Time(miy  Time onin) Sample A (gel 2%) 208012 092 206011 0.85
(a) (b) (©) Sample B (gel 4%) 412011 0.83 4.05-0.11 0.83
Sample C (gel 2%) 2.020.11 0.84 2.0%0.11 0.83
Sample D (gel 4%) 4.080.12 0.93 4.080.11 0.85

Fig. 1. Chromatograms of hydroquinone standard solution (@&/®L)
(a), sample gel solution (18Qy/mL) (b) and sample cream solution
(18.0ug/mL) (). Conditions: mobile phase methanol:water 20:80 (viv), ~Samplell (cream4%) — 3.980.17  1.31 3.92011 085
flow rate 1.0 mL/min, column LichrospH2r100 RP-18, UV detector at Sample Ill (cream 4%) 4.0£0.14 1.12 406011 081
289.0 nm, injection volume of 20L and room temperature 252°C. @ Mean of 10 determinations.

Sample | (cream 2%) 1.940.17 1.33 1.840.12 0.97
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Table 3
Results obtained in the recovery of a hydroquinone standard solution added to gel and cream and analysed by the proposed methods
Sample HPLC uUVvDS
Amount added{g) Recovery (%) Amount added{g) Recovery (%)
Added Found Added Found
A 20.0 197 98.50+ 0.30 1000 1008 100.80+ 0.60
80.0 794 99.20+ 0.39 5000 4967 99.34+ 0.66
1000 991 99.10+ 0.31 10000 9817 98.17+ 0.56
B 20.0 199 99.50+ 0.74 1000 9917 99.174+ 0.40
80.0 805 100.60+ 0.70 5000 4967 99.34+ 0.42
1000 988 98.80+ 0.78 10000 9842 98.42+ 0.47
C 200 204 102.00+ 0.30 1000 1008 100.80+0.30
80.0 794 99.20+ 0.32 5000 4958 99.16+ 0.33
1000 994 99.40+ 0.37 10000 9833 98.33+0.38
D 20.0 198 99.00+ 0.67 1000 10Q0 100.00+ 0.60
80.0 802 100.20+ 0.60 5000 4958 99.16+ 0.62
1000 986 98.60+ 0.69 10000 9850 98.50+ 0.68
| 20.0 196 98.00+ 0.41 1000 983 98.30+ 0.80
80.0 790 98.80+ 0.42 5000 4917 98.344+ 0.81
1000 990 99.00+ 0.43 10000 10000 100.00+ 0.80
I 20.0 199 99.50+ 0.62 1000 1000 100.00+ 0.70
80.0 804 100.50+ 0.60 5000 4958 99.16+ 0.78
1000 990 99.00+ 0.63 10000 9833 98.33+ 0.78
11} 20.0 198 99.00+ 0.70 1000 1000 100.00+ 0.70
80.0 797 99.60+ 0.73 5000 4942 98.84+ 0.67
1000 1007 100.70+ 0.60 10000 9842 98.42+ 0.69

a8 Mean of three determinations.

3.3. Comparison between HPLC method and UVDS whether one population is more variable than another in
method R.S.D. (repeatability). The results are showiTable 4 The
t-test was applied to determine whether or not there is a sta-
The proposed analytical methods were compared usingtistically significant difference between the means of two
statistical analysis. Thé-test was applied to determine proposed methods. The results are showfahle 4 The

0.500 : : :

0.000
AA
A\

-0.500- placebo of the gel i
placebo of the cream
hydroquinone standard solution

-1.00 ! L

190.0 200.0 250.0 300.0 350.0
Wavelength (nm.)

Fig. 2. UVD spectra of the placebo of the gel (a), placebo of the cream (b) and hydroquinone standard solutiag{ll8.th H,SO4 (0.1N) (c).
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