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ABSTRACT

A simple, rapid, and accurate reversed phase ypggormance liquid chromatographic (RP-UPLC) methaab
been developed and subsequently validated forithagltaneous determination of proguanil (PRG) andwasiguone
(ATV) in combination. The separation is carried aging a mobile phase consisting of 0.05% perchbladid and
Acetonitrile. The column used is Extended C18(58. mm, 1.8m). With flow rate of 0.8 mL/min using UV
detection at 257nm. The total run time is 6 min #mel retention time of PRG and ATV is 1.6 minar@ rBin
respectively. The described method is linear fer dlssay of PRG and ATV over a concentration rarfig&520
1g/MI and 6.25-50ug/mL respectively. Results of the analysis haven edidated statistically and by recovery
studies. The limit of quantitation for PRG and ATR¥s been found to be 0.03%g/mL and 0.126ug/mL
respectively. The results of the studies showetdtheproposed RP-UPLC method is simple, rapidciges and
accurate, which is useful for the routine deterntima of PRG and ATV in bulk drug and its pharmamsitdosage
form.
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INTRODUCTION

Proguanil chemically known as 1-(4-chlorophenyljNP-propan-2-ylcarbamimidoyl) guanidinea prophyiact
antimalarial drug, Proguanil hydrochloride is maeke as Paludrine by Astra Zeneca. Proguanil, ahsyiat
biguanide derivative of pyrimidine,is widely useddhemoprophylaxis of malaria. It is chronicallyn@distered for
malaria prophylaxis in sickle cell patients in Nige The emergence of chloroquine resistant Plagmod
falciparum in our environment has led to a resucgenf interest in the use of proguanil when daigpbylaxis of
malaria is indicated. In addition proguanil hasrfdwse in combination with other drugs such asajoone and
dapsone in the treatment of resistant cases ap&lem malaria (Looareesuwan et al., 1996). Thiewed interest
in the use of proguanil makes it necessary to daieifully the pharmacokinetics of the drug in b@tal fluids,
which requires highly sensitive, accurate and sjpetiethod of analysis.

Atovaquone Chemically known as trans-2-[4-(4-chidrenyl)cyclohexyl]-3-hydroxy-1,4-naphthalenedioni.is

yellow crystalline powder. Atovaquone is a poteydroxyl naphthoquinone with approved use in the USAnada
and several European countries for the treatmeRihefimocystis carinii pneumonia in acquired immuafictency
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syndrome (AIDS) patients intolerant to trimethopsmifamethoxazole. Its potent antiprotozoal acfivdigains
Plasmodium, Pneumocystis arftxoplasm had prompted further investigations including dali trials fo
treatment of T. gondéncephalitis in AIDS patients. A previous studyatdvaquone disposition in humans yiel
no evidence of metabolites. To date, the assaydispeld for atovaquone are limited to complex

chromatographic methods and F-performance liquid chromatography (HPLC) methods with npldti sample
preparation and extraction procedu

The ever increasing need for speed and effiuse of time in pharmaceutical and other fieldstehie demand fo
the development of fast and high tugh put analytical procedures. The rapid quantgatietermination c
combination drugs with big differendn label claims (20mg for ) with shorter runtimesdhallenge. For UPL
based assess. The process of reducing analysisiiite adequately resving analytes from degradation produ
is often accomplished with column with small pdesc Thetheoretical advantagdsr smal particles are to get well
resolved peaks with high theoretical plates oveslsaoncentration

Present drug stability test guidanQ1A (R2)issued by international conference on harmonizafi@id) [1-5]
suggest that stress studies should be carriedroatdrug product to establish its inherent stabdharacteristics
leading to identificatiorof degradation products and hence supporting thtalsiity of the proposed analytic
procedures. It also requires that analytical test@dures for stability samples should be stabitigicating anc
they should be fully validated.

Accordingly, theaim of the present study was to establish inhestaitility of PRG and ATVthrough stress studies
under a variety of ICH recommended test conditiang to develop a rapid stabi-indicating reverse phase as:
method

Literature survey reveals that \ariety of spectrophotometric and chromatographiethods including UV

colorimetric determination, ratio derivative, amdstability- indicating HPLC methods have been reportec

determination PRG and AT\éither single or in combination with other gs [+-12]. Whereas no liquid
chromatography method has been reported for simedtas quantitative etermination of PRG anATV in the

combined dosage form.

Hence a rapid simple reproducible Ultra performadiceiid chromatography method was develope«r
simultaneous quantitative determination PRG and ATV in pharmaceutical dosage forms in the presenc
degradation products

H H
Y
NH NH CH, |
cl o R

Figure 1.Chemical structure of Proguanil and Atovaquone
EXPERIMENTAL SECTION

2.1Reagents and chemicals

HPLC grade Acetonitrile and water of HPLC grade evprocured from Merck, Mumbai (India). Perchloaicid
and were of analytical grade delivered by S.D. Ritemicals, India. Malarone tablets manufacturediliyem
Laboratories, Ltd., were procured froocal market (Mumbai, India). Proguamibrking standard was obtained a
gift sample from Alkem Laboratories, Ltd., (Mumbdandia) andAtovaquoneworking standard from Zhejiar
Kangyo Pharmaceuticals Co., Ltd., Mumbai, Ir

2.2 Instrumentation

The used Waters UPLC Acquity system consisted of arpisalvent manager, sample manager and a |
detector. Theoutput signal was monitored and proce: by Empower software, a waterbaths equipped with
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controller(Julabo, Seelbach, Germany) was usethydrolysis studies. Photo stability studies wengied out in a
photo stability chamber (Sanyo, Leicestershire, UR)ermal stability studies were performed in a dityoven
(MACK Pharmatech, Hyderabad, India).

2.3 Chromatographic Conditions:

The chromatographic column was a Zorbax Extende® 80 mm X3.0 mm i.d with1.8 pm particles. Mobileage
contained Acetonitrile and 0.05% Perchloric acidheTilow rate of mobile phase was 0.8 mL min-1 ahd t
detection was monitored at a wavelength of 257 Tine. column temperature was maintained aC4@nd injection
volume was 5 uL.

2.4Preparation of standard solution

The standard stock solutions of PRG and ATV (1 nig/mere prepared separately by dissolving 50mgazhe
drug in 50mL of methanol. Several aliquots of thetendard stock solutions were taken in differedtmlL
volumetric flask and diluted up to the mark withetanitrile and methanol in the ratio(1:1) that el linearity
concentrations of PRG and ATV were 2.5:80nL and 6.25-50g/mL, respectively.

2.5 Preparation of sample solution

Twenty tablets each containing 100 mg of PRG an@dl 2@ of ATV were weighed and powdered equivalent to
dose, transferred to a 100 mL volumetric flask, axttacted with mixture of methanol and water (80:2The
mixture was sonicated for 20 min in an ultrasorathb The volume was adjusted to 100 mL with theesaoivent
mixture and then filtered. From this solution,1.Q mas pipetted and the volume was made up to 100Qvith
diluents to get the concentration dgfmL of PRG and 2fig/mL of ATV.

RESULTSAND DISCUSSION

3.1 Method development and optimization

Some important parameters like pH of the mobilesphaoncentration of the acid or buffer soluticergentage and
type of the organic modifier, etc., were testeddagood chromatographic separation. Trials showatlan acidic
mobile phase with reverse phase Zorbax ExtendeddBlLBnn gives symmetric and sharp peaks. For gasan,
0.05% Perchloric acid solution was preferred asedic buffer. Acetonitrile was chosen as the oigamodifier
because it dissolves drugs very well. The simpéalignt program was applied for the analysis (T/%R0, 3/100,
4/100, 6/10) at a flow rate of 0.8 mL/min showeaddweesolution. The resolution between PRG and ATag wiuch
greater than 3.0 with a decrease in peak tailingte®ion times of the drugs obtained under thesalitions
werel.65 and3.00 min for PRG and ATV, respectivetydetermine the wave length of simultaneous detetion
of PRG and ATV were injected into the UPLC systemd abtained the UV spectra in the range 200-400gm b
DAD. The UV spectra of the solutions obtained shamaximum at 257nm. For the quantitative analytmaiposes
the wavelength was set at 257 nm. The typical chtogram of the sample is shown in Figure 2.

Chromatogram
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Figure 2.Thetypical chromatogram of the PRG and ATV
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3.2 Validation

System suitability studies

The column efficiency, resolution, and peak asymynetere calculated for the standard solutions. Vhkies
obtained(Table I) demonstrated the suitabilityref system for the analysis of this drug combination

Table.l System Suitability Parameters

Parameter ATV PRG |
Retention time 1.30mi  3.0min
% RSD(n=6) 0.15 0.14
Asymmetric factor 1.18 1.2
Theoretical plates 7645 8344
Resolution factc _ 6.02

3.3 Linearity
The linearity was determined for two drugs, ATV &@G. The Calibration curve by using 25%,50%,10@%%4
and 200% standard solution of each drug with respaest concentration of 1@/mL and 25ug/mL.

The linear regression equation for two drugs :
PRGY =54.723X - 35.35771(= 0.999)(n=5)
ATV:Y =13.57&K - 14.5753 (= 0.999) (n=5)

The results showed that an excellent correlatiastebetween peak area and concentration of thgsdsithin the
concentration range indicated previously. The dets analyzed by “linear regression least squatgsaind the
parameters are listed in Table II.

Table.ll Linearity Study

Analyte Concentration range R | Slope | Intercept
Proguani 2.5-20 0.99¢ | 54.72¢ | -35.357"
Atovaquone 6.25-50 0.999 13.574 -14.5753

3.4Limit of detection and limit of quantitation

The linearity for PRG was performed from2.5426/mL and that for ATV from 6.25-5Qg/mL. Linearity graph
was plotted and the correlation coefficient determined. The limit of detection (LOD) was cdé&ted from the
linearity curve using the formula:

LOD = 3.3X STex (Residual standard deviation)
Slope

The LOD for PRG was confirmed to be 0.08¥mL and for ATV it was confirmed to be 0.04L§/mL. The limit
of quantitation (LOQ) was calculated from the lingacurve using the formula:

LOQ = 10 X_Styex
Slope

The LOQ for PRG was confirmed to be 0.03&®7mL and for ATV it was confirmed to be 0.1g§/mL.

3.5 Accuracy

To check the accuracy of the developed method yticall recovery study experiments were carried loytthe
standard addition method. From that total amourthefdrug found, the percentage recovery was Gkl The
recovery values for the two drug compounds ardénrainge 99.16-100.64 for PRG and 99.85-99.99 fov AT he
Accuracy data are reported in Table IlI.
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Table.lll Recovery Studiesfor Spiked Concentration of Proguanil and Atovaquone

Analyte Recovery leve| Actual Con¢. Found Comc. %dvery
25% 25 2.485 99.40
50% 5.0 4.958 99.16
Proguanil 100% 10 10.064 100.64
150% 15.C 12.48¢ 99.8¢
200% 20 19.985 99.92
25% 6.25 6.241 99.85
50% 12.5 12.485 99.88
Atovaquone 100% 25 24.975 99.99
150% 375 37.495 99.98
200% 50 49.98¢ 99.97

3.6 Precision

Precision was determined by studying the reputstdind intermediate precision. Repeatability resirticate the
precision under the same operating conditions @eshort interval time inter assay precision. Thandard
deviation, Coefficient of variance and standararewere calculated for two drugs. The results asmtioned in
Table IV. Intermediate precision was carried outlbing intra and inter day precision studies. mititraday study,
the concentrations of two drugs were calculatedth@n same day at interval of 1h. In the inter daydgt the
concentrations of drug contents were calculatedhose different days, and the study express witlalioratory
variation in different days. In both intra and intlay precision studies for the methods, COV % eslwere not
more than 2%, which indicates good intermediateipien (Table 1V).

TablelV: Intraday and Inter day Precision resultsof PRG and ATV from tablets (n=5)

Day API Pre-1% Pre-2% Pre-3% Pre-4% Pre-5% Mean %
Name Assay Assay Assay Assay Assay RSD
Intraday PRG 100.02 99.56 99.97 99.84 99.95 99.868 0.18
precision ATV 99.69 99.86 99.95 99.71 99.98 99.838 0.1p
Interday PRG 100.17 99.97 99.88 99.94 100.05 100.002 0.13
Precision ATV 99.87 99.94 99.86 99.67 99.81 99.88 0.10
3.7 Specificity:

Specificity of the method was assessed by compdahi@ghromatograms obtained from standard druggi(€illl).

The chromatogram obtained from tablet (Figure Mutsans. Because the retention time of standardysirand
retention time of two drugs in sample solution were same, the method was specific. The developbad was
specific and selective as no interference of eraif@ was found.

3.8 Forced Degradation Studies:
Stress testing of a drug substance can help taifigétme likely degradation products, which canghts establish the
degradation path ways and the intrinsic stabilftthe molecule.

All stress decomposition studies were performechiéial drug concentration 10pug/ml of PRG and 25migof
ATV. The degradation conditions are selected orbtss of literature survey.

3.9 Hydrogen Peroxide Induced Degradation

For hydrogen peroxide-Induced degradation, theissudiere carried out at room temperature in 1% biyen
Peroxide for 6 hrs. Shows the minor degradatiomdoat RT 2.3 min. All the major and minor degradiatproducts
were well separated from PRG and ATV Peaks. Thé praity is checked for PRG and ATV the results are
summarized in Table V.

3.10 Acid Induced Degradation

Acid hydrolysis was performed in 1N HCI at°60for 6hrs. Shows the minor degradation found &3.Rinin and all
the major and minor degradation products were weflarated from PRG and ATV peaks. The Peak pusity i
checked for PRG and ATV and the results are sunzedin Table V.
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3.11 Base I nduced Degradation

Base hydrolysis was performed in 1N NaOH #®tbr 6hrs. Shows the major degradation found &3.Rimin and
all the major and minor degradation products weedl separated from PRG and ATV peaks. The Peakypisi
checked for PRG and ATV and the results are sunzedin Table V.

3.12 Photo degradation

Photo degradation studies were carried out at dowprto option 2 of QIB in ICH guide lines. Samplegre
exposed to light for an overall illumination of In#lllion lux hours and an integrated near ultragtaénergy of 200
Watt hm2. Samples were withdrawn at appropriatee tand subjected to UPLC analysis after suitabletidit
(10upg/ml of PRG and 25 pg/ml of ATV). The drugs P&l ATV are stable under Photolytic condition. Pleak
purity is checked for PRG and ATV and the resulesssummarized in Table V.

Table V.Peak purity resultsof PRG and ATV

" Purity angle Purity Threshold
Stress condition| PRG ATV| PRG ATV
ThermalStres 0.060 1.1¢ 0.533 4.58(
Acid Stres 0.065 1.3 | 0.536 5.057
Base Stress 0.060 1.727 0.499 5.776
Peroxide Stress| 0.070 1.118 0.538 4.580

Fig 3. A typical Chromatograms obtained from Proguanil and Atovaquonone tablets and stressed samples
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(b)Base degradation
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(c) Oxidative degradation
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(e) Photo Degradation

3.13Solution stability and M obile Phase stability

The solution stability of PRG and ATV was carriegt &y leaving the test solution in tightly cappeaslumetric
flask at room temperature for 48hrs. The same sammplution was assayed for a 24 hrs interval uptostudy
period against freshly prepared standard solutfdPRG and ATV. The mobile phase stability was alaaied out
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by assaying the freshly prepared standard solditio@4hrs interval upto 48 hrs. The mobile phassppration was
kept constant during the study period. The perggn®SD of assay of PRG and ATV was calculatedHerstudy
period during mobile phase and solution stabilitpeximents. The % RSD of the assay of PRG and Alikind
solution stability and mobile phase experimentseweithin 1% and it indicated that both standard aest
preparation and mobile phase were stable for 2 daysnch top at room temperature.

CONCLUSION

The proposed method gave good resolution betwe&h &Rl ATV within short Analysis time (< 5.0 min)ol8tion

stability studies showed that the active pharmacaluingredients remained stable for 24 h at roemgerature.
The changes in flow rate, composition of mobile ggheand temperature of column did not affect thegeage
assay of drug, confirming the robustness of thehotetRuggedness of the method was confirmed agyndisant

changes were observed on analysis using diffensttiiment. High percentage recovery of drug shdwestethod
is free from interference of Excipients presentthie formulation. Thus the proposed method is simpeid,

sensitive, specific, accurate, and precise, and dotinvolve complicated sample preparation prooes
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