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ABSTRACT

This article deals with the development of flowedtion system for the spectrophotometric deterronabf
Hydroquinone drugs. The analytical system is basedxidation reaction using KMnQas oxidizing agent for
conversion of HQ to P-benzoquinone (BQ) in an afleahedium,the absorbance is measured at 610nm .All
different chemical and physical experimental par@areaffecting on the development and stabilityhef colored
product were carefully studied. The parametersrojzied by using 20 pg.thstandard solution of HQ. Be&rlaw

is obeyed over the concentration range of 1-26 2«i@5pg.mfof Hydroquinon with detection limits of 0.0125 and
0.25 pg.mt of Hydroquinone for spectrophotometric and FIA-rlyleg zone, respectively. The color product
formed by passing of a 0.1 M sodium hydroxide aseraat flow rate of 2.12ml.mihis merged with a volume of
227.65 pL of sample and the volume of 227.65 pbxafant agent to conclude a final methodology foe t
determination of HQ accommodating 227.65uL as tigacsample. Under these Conditions, the FIA system
allowed to analyze was about 55 samples per hdwe fiethod was successfully applied to the detetimamaf HQ

in Pharmaceutical formulations without any intedace from common excipients used as additives rd$hets
agree favorably with standard method.
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INTRODUCTION

Hydroquinone (HQ) is used as a developer in blauk white photography [1].An antioxidant for fatsdaails a
polymerization inhibitor, a stabilizer in paintsamishes, motorfuels, oils, an intermediate forberbprocessing
chemicals in the production of mono and dialkyleethand as de-pigmenting agent [2].Besides itstipesand
beneficial utilization ,it bears some harmful anmmkit aspects as well, which may produce serioudtthea
complications due to its release especially in watel air from mentioned and other sources. Theibleshealth
problems include irritation of skin, eyes , nose #@mroat, dizziness, headache, unconsciousnesgutinbreathing
difficulties and others[3]. It has also been repdras a nephrocarcinogenic reagent[4] .It is ektelysused in skin
— toning preparations or skin lightening cosmetiod suggested to be effective at 1.5 -2.0%][1,5-8].

It is recommended that HQ must be used under ppéiser because its long —term contact in conceiatnat of
greater than 5% can produce various side effecidjéke side effects may be acute or chronic. Aside effects
are allergic and irritant contact dermatitis ,piodfammatory hyperpigmentation and nail discolavati High
concentrations of HQ(above 5-6%) have been im@dtah persistent hypopigmentation or depigmentatan
condition known as leukoderma. Exogenous chronsia major chronic side effect of HQ. This conditis
characterized by reticulated, ripple-like, sootymentation on the forehead, cheeks and other a€d3Q
application [7]. Despite its numerous useful apdlans, HQ has been reported as mutagenic in asfi@jand a
possible nephrocarcinogen[4].According to othemref®] mononuclear compounds such as benzene ol
caffeic acid and o-toluidine should express thaicmogenicity through oxidative DNA damage.
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Several techniques have been reported in thetliterdor estimation of HQ in cosmetics such asamtnetry[10,11

] high performance liquid chromatography (HPLC) 1[814] in different types of samples, titrimetry
[15,16],Capillary electrochromatography (CEC)[1Hluorimetry [18], GC/MS [19], electrochemical metts [20-
22], chemiluminescence [1,23-26].Colorimetric as@yof small amount of HQ in styrene has also beported
[27, 28], flow injection analysis [29,31]. Specthmtometric determination of HQ has been cited edsere[32-36].
Due to easy instrumentation ,low equipments, rupriost, better repeatability ,it's a large throyglt per hour,
board linear dynamic range and easy sample injeeti@l preparation, the flow injection analysis teghe such as
FIA, rFIA, stop-flow or merging zone have clear adiages over the other techniques for the quagtati
determination of environmentally toxic organic caupds in complicated matrices [37] and these tegtes have
some limitations such as use of expensive and»>ac tmands for complex formation and hence its engive use
for HQ complex determination in aqueous samples3{838].

In contrast, our newly developed method is very, feisnple ,economical and the main aim optimizai®mo find
the experimental conditions which give the bespoese. Moreover, it has lower detection limits tdesensitivity
and better application range for dilute aqueouspsasrwhere matrix effect minimizes the interfergffect of ions
or reagents.

EXPERIMENTAL SAECTION

Apparatus

All spectral and absorbance measurements wereedaotit by using a shimadzu UV-Visible ,1200 digdauble.

beam recording spectrophotometer(Japan) ,with ligantzj cells Biotech. Engineering Management CO.UT\D.

9200(UK).A quartz flow cell with 100uL internal wohe and 1 cm bath length (U.S.A) was used for bs®i@doance
measurements. A one channel manifold (FigurelOpvagloyed for the FIA spectrophotometric determonatof

Hydroquinone. A peristaltic pump (YZ1515X,China)smased to transport the reagents solutions. Iojeatalue(6-
three ways, Merging zone version, Home made) wadmmd to provide appropriate injection volumesstaindard
solutions and samples. Tubes;A- sample and redgeps, made of teflon (0.5 mm internal diameterlriBxible

vinyl tubing of 2mm with internal diameter tubindReaction coil was made of glass (1.D;1.5 mm ,lerif@0 cm,
home made). Sodium hydroxide (figurel0 )as cami@s combined with injected sample (Hydroquinone) @sp,

and reagent (KMng) as Loop,then they merged with carrier (NaOH), mixed inctéan coil (RC) with length of
100 cm, injection sample loop (227.65 pL) and reagelume (227.65uL),flow rate of 2.12 ml/min, thksorbance
was measured at 610nm and at room temperature.

Reagents

Working Hydroquinone standard material was providemin state company for Drug Industries and Medical
appliance (SDI) Sammara-lraq of (99%purity) andngéa solution of 500 pg.mlwas freshly prepared by
dissolving 0.0125 gm of hydroquinone in 5 ml sodibyaroxide 2M and then diluted with distilled water the
mark with 100 ml volumetric flask.Potassium permeamate of (99% purity) was obtained from Merck(Gang) a
stander solution of 0.02 pg.Mivas freshly prepared by dissolving 0.158 gm of Kin 50 ml distilled water.
Sodium hydroxide (98% purity) from (RDL) ,Solutiai 2M was prepared by dissolving 8gm in 100 ml itkést
water,200 pg.mi of varies interferences by dissolving 0.125 gm2B0 ml distilled water.Dosage forms were
obtained from commercial sources.

Procedure of Pure drug

An aliquot of sample containing 20 pghof HQ was transferred into a series of 25 ml saaddlask to cover the
range of 1-26 pg.mlAvolume of 1.5ml of 0.02M KMn@solution and 2ml of 2M sodium hydroxide solutiare
added. The contents of flasks were diluted to tlekmvith distilled water, mixed well and left fo©O3min. The
absorbance was measured at 610nm (at room temp.¢dibr of the oxidant formed is stable for moranttdhr. For
optimization of conditions and in all subsequengpegiments, a solution of 500 pg was used anditta ¥olume
was 25 mi(i.e.20 pg/ml).

Analysis of Commercial dosage forms

For the preparation of stock solution of lightentrgam,0.25 gm of the each sample was taken ireavpighed
beaker and 20 ml of methanol was added and thohpugiRed using a glass rod , then completed tontlaek with
0.1M NaOH.1ml of this solution was mixed with 1.5 @ 0.02 M KMnGQy, in a 25 ml volumetric flask, this mixture
was diluted with D.W .The Sample thus prepared tnassferred to the quartz cell and absorbance decoin the
same way as mentioned above, Cream samples wereraisared according to the method reported egdH]eand
the result were compared with those of the newleltgned method.
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RESULTS AND DISCUSSION

Hydroquinone(HQ) is slowly oxidize' to BQ via a semiquinone (S@) alkaline medium [9]yield highsoluble
colored which can be utilized as a suitable assagquures fc hydroquinone .The green colored product
maximum absorption &10 nm .The blank at these wave length shows Zesorbance (Figure:
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Figure(1):Absorption spectra of b (20 ug.mt)of HQ treated as described under procedure and meaared against a reagent blank and .
the reagent blankmeasured against distilled water

This conversion of HQ into BQ was taken as the difor ultratrace determination of HQ in aqueous soluti
where the formation of greenisblution is responsible for absorption due to lgtitaoxidation of the HQ in to B(
by KMnQ,.The conversion of HQ into BQ brirs structural changes from benzenoid to quiring according to
chromophore theory[39). possible proposed mechanism for conversion ofit® BQ via SQ can be worked ¢
for Mn (VI1') of KMnQg,as shown in figure(2)

- o o]
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HQ SQ Ba

Figure(2): Proposed mechanism for conversion of HQ into SQ and BQ

According to this mechanism ,the spectrum of H@® alisappears and the spect of BQ dominate: This proves
the involvement of Mn (VIl)of permanganate for oxidation of HQ into BQ v subsequent reduction of MVII)
in to lower state .The reductiad Mn (VII) into lower state is also evident from the lowgrand the disappearan
of Mn (VII) spectrum which is present at lower concation of analyte in a range of 4G60nm.The role of @in
second step is not essential but can assist M) {Milits catalytic actior
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Fig(3):- Change of absorbance with wavelength
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Optimization of parameters
The effect of various variables on the color depaient was studied to establish the optimum conttifor the

accurate analysis of HQ.

Optimization of analytical wavelength
In the absence of interferences ,the wavelengtserhéor a quantitative determination in the wavgiker610nm of

maximum absorbance . Sometimes the adding colegagent may absorb very close to the same regioa the
determining substance does. Figure(3) describesaliserbance of 20 pg.tHQ solution as BQ at different
wavelength after 30 min with 0.02 M KMnGQolution.

Optimization of mixing amount of KMnO , solution

The effect of adding various amount of KMnp®olution on absorbance of 0.00454 M HQ solutiomiigen in
Figure(4),the highest absorbance value wasobsetved2M of KMnQ after 30 min mixing of the HQ in alkaline
medium (NaOH) and KMnghhen measured at 610 nm.
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Fig(4):Effect of KMnO 4 on absorbance of HQ

Effect of order of adding reagent

Order of adding reagent plays very important ral@écuracy of results and peak enhancement .Iprésent study
it was observed that the addition of 1.5 ml of OMZKMnO,4 to 1 ml of 500 pgmt HQ, then added 2 ml of 2 M
NaoH and dilution with water up to 25 ml resultedai lower absorbance value. The greatest absorbahoe was
observed when we first took 1 ml of 500 ugriQ, then added 2mINaOH solution(2M) and addednil.5f 0.02
M KMnQ, through mixing and diluting this in 25 ml volumetflask to the mark with distilled water .

Optimization of time for development of stable colo
In UV-Vis spectrophotometry the main problem is thstability of the absorbance value. The effectiofe on

absorbance presented in Figure(5).
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Fig.(5): Dependence of absorbance on mixing time

It is evident from fig(5) that the solution is qmistable within the range studied.However,30-35 mfter mixing
was chosen as optimum time for further study so dimacould prepare, mix and process the soluti@mormating to
his analytical skill .The stable color developmintesser time is due to tremendous oxidizing poafedMnO, for

conversion of HQ into BQ.
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Effect of temperature
The reaction between HQ and KMp the presence of alkaline solution (NaOH) wasifbto be instantaneous.

However, the reaction is complete within 15 minaatm temperature (25)C but 35min was sufficient to get
maximum intensity and stability color after the aideh of oxidizing agent and distilled water to dinsolution .The
effect of temp. inrange of 5-50Were studied and the result obtained in figure¢Bpws that the greatest

absorbance at room temperature.
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Fig.(6): Effect of temperature on absorbance

Effect of sodium hydroxide concentration
It was found that the presence of a base led tease the intensity of the coloured product, s6M.bf NaOH was

selected which was found that the best volume etu@ml of this base give high sensitivity whicHesged in
subsequent, as shown in figure(7).
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Figure(7): Effect of NaOH concentration on absorbane

Interference study
The effect of some foreign compounds, which ofteanfl in pharmaceutical products,were studied byinadd

different amounts organic compounds tolml of 500migof HQ. The color was developed following the
recommended procedure described earlier. It wagrebd that organic molecules were not interferingept
glucose with the determination at levels foundasabe forms, As shown in table(1).

Table (1): Interference effect of various organic ralecules during HQ determination

Interference(200) ug. mft | Lactose | Maltose | Glucose | Sodium citrate | EDTA
Conc.of HQ found -11.092 | -10.586 | -18.34 -1.16 2431
E% -11.853 | -11.358 | -18.945 -2.135 1.378
Rec.% 88.146 | 88.642 81.055 97.865 101.378

Calibration plot
Employing the conditions described in the procedardinear calibration curve for hydroquinone igashed in

figure(8), which shows that Be€erlaw is obeyed over the concentration range (1idmi* with correlation
coefficient of 0.9997 with detection limit of 0.081g.ml".
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Fig (8): The calibration curve of hydroquinone usirg spectrophotometric method

Structure of the colored protect
The stochiometry of the oxidization reaction betwdwdroquinone with KMn@Qwas investigated using jab

method. The result obtained in figure (9) showg tha drug to reagent was formed at 610 nm in presef
sodium hydroxide solution [40,41]
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0 4 T . . T .
0 0.2 0.4 0.6 0.8 1

Absorbance

Mole HQ /Mole HQ+Mole MnO,

Fig (9) : Continuous variation plot of the reactionbetween HQ and potassium permanganate (0.02M)

Precision and Accuracy
To evaluate the accuracy and precision of the nasthpure drug analyzed, each determination beipgated six

times at three different concentration [42].

Table (2): Accuracy and precision of proposed mettds

HQ taken | HQ Found | *Rec% %E RSD%
3 2.935 99.97 | -0.0216| 0.637
10 10.15 1015 +1.5 1.269
14 14.18 101.285| +1.285 1.47

* Average of six determinations.

The result shown in table (2) indicate that satisfey precision and accuracy could be attained withproposed
method . The %E and RSD % values were less tha#oWwhich indicate the high accuracy.

Table (3): Application of the proposed method and parmaceutical preparations for determination of hydrginone drug

S;m(gles Tell—ll<(e?r(1u ;T;Iu?] q Rec% | Average recovery% | RSD%
redn |4 S | B e [0
Hydropaque | —5 6 G0 Gon0zs] 9% [oars
oqunone] o5 S8 LS8 [ ger; | 0318

1.Marked by Jorden 2. Marked by Syria  arkéd by Syria

Analytical Application
Proposed method have been used Fediquin(40%), Bgdue (40%), Hydroquinone (2%) drugs containing

hydroquinone and it gave good accuracy and pret@asoshown in table (3) , the proposed method cosdpaith
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standard method [41],sincet@st and -test shows that there was no significant differsnite proposed methe
and standard method, the results obtained werdatelun table (4

Table (4) :Comparison of hydroginone determined in pharmaceutial preparation by the proposed method with standard metho

HQ Rec%

Sample Proposed method| Standard method
Fediquir 99.993 99.75
Hydropaqu 99.984 99.48
Hydroguinon: 99.973 99.67

The proposed method was compared with other roscopic method in literature fdne oxidization reaction ¢
hydroquinone , as shown in table (5).

Table (5): Comparison of hydrajuinone determination in the proposed method andtber literature methods

Reagent Amax. Limit of detection Linear ra-?ge Ref.
nm. pg.ml
Rhodamine B (RhB) 557 0.16ug.mt 0.36-3.96 42
Ammoniummetavanadat | 245.5 7ng.mi 0.025-205 43
Methanol 293 0-1.3 44
Sulfuric acid 225 10-26 45
Potassium permanganatg 610 0.0125ug.mt 1-26 Proposed meth«

Chemical and flow optimization

The flowinjection manifold depicted in fure (1Q were investigated in the relation to chemical #ad variable in
order to obtain optimum conditions for system .Th@re optimized by making all variables constart varying
one each at a time.

Lz (MnOs)

Carrier

NaOH

Pump waste

Figure(10): Flowgram of the whole manifold with double loog-6- three way valve (IV; injection valve,RC; reaction coil, D; detector, W;
waste)

Choice of base

The oxidative reaction of HQ with potassium pernaraje cn be conducted in basic mediumherefore , bases
(NaOH , KOH , NHOH , NaCOs) were use at various concentratioepdium hydroxide was chosen as a favor
base for oxidation of drug using KNIy as oxidizing agent. The use of a 0.1& sodium hydroxide as a carri
stream at 2.12ml. mifh 227.65 of 2.5%x0*MKMnO, and 227.65uLof 50 pg.rof HQ.

Effect of sodium hydroxideconcentration

Various concentration (0.05-0.7Mj sodium hydroxide solution were used to obta@ dptimumconcentration of
sodium hydroxide that can be usedcagier stream at 2.12 ml.n* using 227.65 pl of 5auL™ of HQ 227.65 pL
of 2.5x10°mol.L™ of potassium permangan, figure(1) shows the variation ofabsorba with the molar
concentration of sodium hydroxide which shows dieghat 0.1 M of sodium hydroxide is a prctious

concentration.
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Fig (11) :Effect of variation of absorbance versusolar concentration of NaOH(M)

Optimization of KMnO 4, concentration

The effect of adding various amount of KMg@lution on absorbance of 50 pgmHQ solution is given in
figure(12).It is seen that the maximum absorbarfc2.5x10°M occurs in the presence of various concentrations
(1x10°_ 4x10°M) of KMnO, , theconcentration of 2.5xM KMnO, solution showing an absorbance 1.189 was
taken as optimum amount for further study becausalibration curve check of HQ in case of formeluson did

not result in better absorbance value at lower ldQcentration. According to literature [24], apptioa of a higher
KMnQO, concentration would facilitate the determinatidrH® in higher concentration range.
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Fig(12): Effect of KMnO, on absorbance of HQ

Physical parameters

Sodium hydroxide flow rate

The effect of sodium hydroxide flow rate was inigsted in the range of (1.5-6.5) ml.ntino obtain the best
absorbance where sodium hydroxide flow rate of 2al.thin~ gave the highest response as shown in figure(13).
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Fig (13): Effect of flow rate of NaOH on absorbancef HQ
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Effect of sample volume
The sample volumes ( 157,196.25,227.65,274.75 (drpwvaluated using different length of sample lang the

results were plotted in figure (14) .The resultsadied showed that injected sample of 227.65 pleghe best

absorbance.
154 /\

Absorbance

O T T 1
0 100 200 300

Sample volume(pL)

Fig (14): Variation of absorbance versus the injeetd HQ volume

Effect of reagent volume
Different potassium permanganate volumes of (152B3227.65,274.75 pL) can be a achieved by imgerti

different lengths of reagent loop. Figure (15)whdhat 227.65 pL. is the optimum volume.
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Fig(15): Variation of absorbance versus the reagéwolume

Effect of temperature o
The effect of temperature on the reaction of [HQEWHOH] system was studied. It was found that there was n

effect of the temperature on the reaction for teamme( 5-50Q.

Effect of mixing coil
Different delay reaction coil length (50,100,15@2fn) were used to measure the absorbance of dgbwoeluct at

2.5x10°M potassium permanganate, 0.1 M base (NaOH )anags®I* HQ.Figure(16) shows that 100cm gave the
highest absorbance and was used in all subsegxeertiments.
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Fig(16 ): Effect of the length of reaction coiln( cm)
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Calibration curve
Series of HQ solutions( 3,5,1(5,20,30,40,50,75,100,1)pug.m™*. were prepared from stock soluts under the

optimum conditions of reageahd manifold vriables as indicated in table)(6 he calibration curve is lear in the
concentration rang (3-125) ug:fiith adetection limit of 0.25ug.MiFigure (17 shows the variation ¢
absorbance of color product verdd® concentration and table (7) shotte treatment of the results[46] in

linear regression terms.

Table (6): The optimization of the chenical and FIA parameters using Merging Zones —Iew injection analysis for determination of HQ

drug
Parameters Optimum value
NaOH Conc. 0.1M
KMnO, Conc. 2.5x10°M
Flow of rate of NaOH 2.12 ml.min’*
Sample volume (uL) 227.65 pL
Oxidant volume (pL) 227.65 pL
Reaction coil length (cm 100cm
1.5 +
o y=0.009x + 0.1
e 1 -
5]
o
S
o
2 05 -
<
O T T T 1
0 50 100 150
HQ Conc.(pg.ml™)

Fig (17): Thecalibration curve of Hydroquinone at 0.1M NaOH as acarrier stream at flow rate 2.21 ml.mir*

Table (7): The linear equation resultsfor the color product by the injection of 227.65 pL. of HQ sample through the adopted system [HQ

—MnO, — OH]
) Intercept(a)
Linear rang Slop (b) at confidence | ¢ digence limit tirom table at Calculate Correlation Linearity
Conc. pg.mi* limit 95% for (n-2) 95% for (n-2) confidence limit 95% t:|rwﬁ coeficient (r) R2%
e (b£Sst) (aS1) for (n-2) Vi-rz
3-125 0.0096+0.00014 0.1299+0.0085 2.31 100.964 0.9995 0.9992

Repeatability
Repeatability was studied at determination of hgdioone via measurements of oxidization of drudnvpibtassiun

permanganate in basic medium form color product green) for FIA system[H@AnO,-OH]. Variable
concentration of HQ 50,100pg.flere injected. Each concentration was injected assfully fol five times.
Figure(18 shows clearly that relative standard deon is better than 1.5% most cases can be obtained of a |

repeatability by a short analysis time.

2 100
50
o 15
(%]
f=
©
2 1
o
(7]
o)
< 0.5
0
Time(min.)

Fig(18): Repeatability for five successive measurement dfydroquinone for 50,100 pg.n* as injected sampl
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Determination of HQ in pharmaceutical formulations by proposed method and spectro method (40)

Table (8) shows the agreement between the resultsth methods and the paired t — test illustréias the flow
injection analysis method has no significant défeze when compared with the standard adopted metihectfore
it can be regarded as an alternative determinatiethod a part from many advantages this method had.

Table (8) : Comparison between proposed method argpectro method for the determination of HQ in pharnaceutical formulations

HQ found in samples
(mg.ml™h) di Xd ) _Xdvn T form table at
Sample . Spectro | pg.mi* | ug.ml* S Paired t-test = sd confidence limit 95% (n-1)
Merging zone FIA
Method
Fediquin 0.041 0.0398] 0.001p
Hydropaque 0.042 0.0397 0.00230.00153| 0.002 1.325 <4.303
Hydroguinone 0.021 0.0199 0.0011
Interference:

The effect of some foreign compounds[40] , whictenffound in pharmaceutical products , were stubieddding
different amount organic molecules to 5 ml of 5@prpi™ of hydroquinone . The color was developed follayihe
recommended procedure described earlier. It wasreéd were not interfering with the determinatidnlevels
found dosage form.

CONCLUSION

The work described in this research comprises rtiae a complete new intuition for a compact homeenaew
injection valve using Merging Zone technique .Thepdicity , speed , reliability and the mode of \wimyg its well
comparison with standard spectrophotometric methditates that the method presented in this reBeaock can
be used as an alternative method for the specttoptatric method.The work has been developed for the
determination of HQ in pure material and pharmécalipreparations in alkaline medium based on iagiibn
reaction using potassium permanganate as reagewnbfversion of HQ to BQ [9] analysis of the fornarthe
extent of formation of the later is very useful foralysis of HQ at ultra — trace level .It is aywgood example of
redox reaction and may be employed in situatiorolvimg useful oxidation products of such types .dor
knowledge no what so ever this technique was useahy published work everywhere else using FIA- ditey
Zone technique for determination of HQ. This methas clear edge over other methods employing ekgeand
or hazardous reagents ,the proposed method doesequoire temperature control or solvent extractgiap.
Moreover , the lower detection limitachieved witighly reproducible in results by this method whiishnot
possible by other methods..
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