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ABSTRACT

A simple rapid, sensitive, accurate, precise armgtaducible high performance liquid chromatographiethod has
been developed to estimate impurity profile fordranil hydrochloride in drug as well as in tabletshge form.
The HPLC analysis used a reversed phase Kromadl (€30 x 4.6mm,/Bn) column and mobile phase constituted
of buffer and methanol (42:58 % v/v). The buffeswamposed of 4.0g hexane-1-sulphonic acid, sosainand 10
mL of glacial acetic acid in 790 mL of water. Theatlwavelengths of the detection were 235 nmé& 254 The
validation data showed that the method was semsitipecific and reproducible for the impurity deté@rations of
proguanil hydrochloride in dosage as well as inkbtdrm. The method was linear from 0.0@6nL to 0.7ag/mL
for Proguanil hydrochloride and it's impurities & & D. The accuracy of the method was found t&®®21% for
impurity A, 99.76% for impurity C and 100.21% fonpurity D. Inter and intraday assay relative startla
deviation (RSD) were found less than 3.01% in daugn and 2.77% in tablet dosage form for impurityléss than
3.03% in drug form and 3.03% in tablet dosage féomimpurity C and less than 2.34% in drug form &h82% in
tablet dosage form for impurity D. The proposedhudtprovided an accurate and precise analysis @lirty A, C
& D in Proguanil hydrochloride Drug form as well & pharmaceutical dosage form
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INTRODUCTION
Proguanil hydrochloride is a chemically 1-(4-chloihenyl)-5-isopropyl-biguanide hydrochloride.

It is widely used in chemoprophylaxis of malariaisichronically administered for malaria prophytain sickle cell
patients and in pregnant women in Nigeria.

The use of proguanil in the prophylaxis and treatined malaria has increased recently due to thergemee of
chloroquine resistant Plasmodium falciparum. Theafgproguanil in combination with other antimagdrdrugs has
also been reported to possess synergic toxicitythen malaria parasite. Paludrine tablet manufactusgd
GlaxoSmithKline Ltd. was also used

Methods of analysis of proguanil hydrochloride ialbgical fluids such as human plasma and urink®yMS and
LC-MS-MS were reported previously. Chloroanilinec&cloguanidine determination in proguanil hydroctde in
pharmaceutical dosage form was also reported. Téthod that identified the main degradation or pssoelated
products by using some other techniques had besorteel. A thorough literature has revealed that very few
methods were reported for the determination of intigs of proguanil hydrochloridelThis method describes the
analysis and identification ofimpurity A, C & Dinréguanil hydrochloride, API and it's tablet dosagem by

11
www.scholarsresearchlibrary.com



Seema Sawanét al Der Pharma Chemica, 2013, 5 (5):11-19

complementary use of the HPLC techniques. In tlksgnt study, we aim to develop and validate a REEHPAD
impurity study method that allows resolution, détmt and quantitation of proguanil hydrochloridedait's
impurities A, C & Din bulk substance and tablet aigs form.

We reported the development and validation of gpEnHPLC impurity determination with UV detectioarfthe
guantitative determination of impuritieslulk substancas well as in tablet dosage form.

MATERIALS AND METHODS

Chemicals and reagents
All the reagents were of analytical-reagent grddke-ionized water (Millipore), HPLC-grade methaniogxane -1-
sulfonic acid, sodium salt AR grade, Glacial acaticd HPLC grade wereused

Instrumentation
The HPLC system was composed of LC 2010Shimadztersyfitted with Prominence PDA detector with LC
Solution software. Analytical column used for thisthod is KromasilC18 (150 mm x 4.6 mmjn%

Buffer preparation
4.0 g of Hexane-1-Sulphonic acid, sodium salt diegbin a mixture of 790 ml of water and 10 ml daGal acetic
acid

Diluent preparation
Methanol and buffer in the ratio of 58 : 42

Standard Preparation

Proguanil hydrochloride reference substance wasrataly weighed (10 mg) and dissolved in 70 mL ditvaof
diluent in 100 mL volumetric flask anddiluteduptetmark and it was further diluted to generateracentration of
0.2ug/mL

Impurity Standard Preparation
Impurity A: Impurity A was accurately weighed (5 Jngnd dissolved in70 mL quantity of diluent in10Q. m
volumetric flask anddilutedupto the mark and it viasher diluted to generate a concentration ofi@/B1L

Impurity C: Impurity C was accurately weighed (5)nmand dissolved in 70 mL quantity of diluent in 160
volumetric flask and dilutedupto the mark and isviiarther diluted to generate a concentration 8/@/mL

Impurity D: Impurity D was accurately weighed (5 )and dissolved in 70 mL quantity of diluent in 160
volumetric flask and diluted upto the mark and @&sWurther diluted to generate a concentration ®f1§/mL

System Suitability Solution Preparation

Accurately weighed 10 mg of proguanil hydrochlorae dissolved in 100 ml volumetric flask with dilt. This
standard stock solution was further diluted totetconcentration of gg/ml of proguanil hydrochloride. (standard
solution)

Accurately weighed each of 5 mg of proguanil hyditodde Impurity A, Impurity C and Impurity D andsgolved
in 100 ml volumetric flask with diluent (impurityack solution)

Further pipetted out each from standard solutiahienpurity stock solution in one volumetric flaskdawas further
diluted by using the diluent to get the concentratf 0.2ug/ml for proguanil hydrochloride and Oug/ml of each
of proguanil hydrochloride impurity A, impurity C &npurity D

Sample Preparation

Raw Material: Proguanil hydrochloride raw matenghs accurately weighed (10 mg) and dissolved inmiO
quantity of diluent in100 mL volumetric flask andlued upto the mark and it was diluted to generate
concentration of 10Qg/mL

Tablet: Twenty tablets of proguanil hydrochlorideDQ mg of proguanil hydrochloride) were separatebighed
and grounded to fine powder. An amount equivalert@ mg of proguanil hydrochloride was transferirgd 100
mL volumetric flask and dissolved in 70 mL quantdf diluent and made up volume to 100 mL to geresat
concentration of 10Qg/mL
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Chromatographic conditions

Before the mobile phase was delivered into theesysbuffer and methanol were filtered through 0.2|PvViDF
membrane filter and degassed using vacuum. Theratiographic conditions used for the analysis arergbelow
Column: KromasilC18 (150 mm x 4.6 mm)rs

Wavelength: 235 nmé& 254 nm, dual mode
Injection volume: 2Qu

Flow rate:1.2 mL/min

Column temperature:30°C

Run time: 30 min

Method development

Detection wavelengths for the HPLC study were setkas 235 & 254 nm after recording the UV spectftom
190 to 800 nm of the drug and representative safnphe standard, impurity standard and sample smiubiy using
PDA detector HPLC. The suitable area and peak thatgcof proguanil hydrochloride and it's impurs A, C & D
were observed at these wavelengths. The chromgtoigraonditions were optimized for resolution o€ theak of
the drug and it's impurity under each condition bxarying the stationary phase, proportion of
methanol/acetonitrile/water in the mobile phase @edflow rate using representative samples. Séewéais using
various proportions of methanol and water as maotlilase were carried out. Subsequently, a mixturdiftgfrent
mobile phase composition was used to optimize theomatographic conditions for resolving proguanil
hydrochloride & it’'s impurities A,C & Din a singlein. An appropriate blank was injected before thalysis of all
the samples. Such an optimized method was thentassddy the impurity study of Proguanil hydrogaide drug
form and its tablet dosage form

Method validation

Method validation was conducted according to philelis guidelines. Impurity profiling was evaluated ibtraday
and inter day (two different days) precision antedrined from replicate analysis of samples (ifJfL). Analysis
of six different sample solutions was performedtlie same day for intraday precision. The precisis@re
expressed in terms of RSD from mean intra and thagrsample analysis.

Accuracy of the method was tested by adding a knamvaunt of proguanil hydrochloride impurities AD (0.4,
0.5 and 0.ag/mL for each) in three sample solutionsal¢ilating the percent recovery from the peak areas
obtainedfor diluted solutions

Signal-to-noise ratios were employed to estimatétdi of detection (3:1) and limits of quantitati(i0:1) for each
proguanil hydrochloride impurity A, C & D

The specificity of a method is its suitability fanalysis of a substance in the presence of impsaritpecificity of
the method was established through the study ofedkelution (Rs) oproguanil hydrochloridesamples. Overall
selectivity was established through determinatibdrag purity and Rs peak area RSD each time.

Various system suitability parameters were alsduaad on a mixture sample on different days udieghly
prepared mobile phase each time

Robustness was tested by analysis of variatiomatytical condition. Influence of mobile phasewfloate, filter
paper change and column make were evaluated. THoenatographic parameters monitored were peak fetent
time, tailing factor and theoretical plate number

RESULTS AND DISCUSSION

Method development and optimization

Using a mobile phase consisting of different bisfeith methanol and acetonitrile at different ratémd at different
mobile phase pH values was attempted. Changesianhlytical procedure were tested. Different nebpihases
with different proportions of organic modifier (dogitrile/methanol) were tried. The pH value of tmebilephase
was checked over a wide range. The ion pairingaeiagexane-1-sulphonic acid, sodium salt was atsa o
obtain better peak shape, solution stability & hetson. It was observed that the peakshape anadtietetime of
proguanil hydrochloride was found to be broad comgao the buffer-acetonitrile or methanol compositas
mobile phase. After various trials of mobile phasen pairing reagent hexane-1-sulphonic acid, wodsalt with
glacial acetic acid was selected as buffer, anfebufiethanol ratio was chosen to be 42:58. Chrognafghic run
was evaluated using Kromasil C18 column. After cishg the best conditions based on peak performaheerun
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time of the proposed method was 30 min with isacrelution. During injection of a standard and s&golution,
the retention times found were about 7.2 min faygReanil hydrochloride and about 1.8 min for impyur, about
3.13 min for impurity D and about 20.0 min for innfty C respectively. It shows good resolution ofa@inatogram
with symmetrical peak. The proposed chromatograpbiaitions were found to be appropriate for thargitative
determination. System suitability tests were cdroat as per ICH guidelines and the parameterswarenarized in
Table 1

Refer figure 1, 2 & 3 for system suitability, stand &sample solution chromatograph respectively
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Figure 2: Chromatogram of the standard solution
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Figure 3: Chromatogram of the sample solution

Method Validation

Linearity: Linearity was studied by preparing starwtl solutions at different concentration levels pwoguanil
hydrochloride and it's impurities A, C & D. The éarity range was found to be 0.075 -@u@fnl for proguanil
hydrochloride and it's impurities A, C & D

Refer Tablel for linearity study observations

Refer Figure 4, 5, 6 & 7for linearity graph of pt@mil hydrochloride, impurity A, C&D respectively
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Table 1: Linearity study observations

Figure 4:Linearity graph forproguanil hydrochloride standard
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Figure 5: Linearity graph for proguanil hydrochlori de impurity A
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Figure 6: Linearity graph for proguanil hydrochlori de impurity C
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Figure 7: Linearity graph for proguanil hydrochlori de impurity D
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Proguanil hydrochloridg Impurity A Impurity C Impty D
Concentration range 0.075-0.4§/ml 0.075-0.75ug/ml | 0.075-0.75g/ml | 0.075-0.75ug/ml
Correlation coefficient| 0.99969 0.99988 0.99904 908
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Specificity

Specificity is the ability to unequivocally asségstnalyte in the presence of components that mexghected to be
present. Typically, these might includeimpuritidegradants, matrix, etc. Specificity ofan analytivethod is its
ability to measure accuratelyand specifically thalgte of interest withoutinterference from thertidand placebo.
Specificity ofthe peak purity of proguanil hydrochitleand it's impurities A,C & D were assessed bgparingthe
retention time of standard and the sampleand gooelation was obtained. Injecting the individudéitification

solution of Proguanil hydrochloride and it's imgies A, C & D for identification purpose. All theepks were
found pure in presence of each other. Also thezeewmopeaks when the placebo and blank were indjeaidno

interferences, hence the method is specific. Syseitability solution was injected to determine ttesolution,

tailing factor and theoretical plates for both geaks. Refer Table 2 for Specificity study obsaovest

Refer figure 8, 9, 10 & 11 for peak purity graphRybguanil hydrochloride standard, impurity A, (espectively

Table 2: Specificity study observations

Proguanil hydrochloride Impurity A Impurity C Impty D
Retention Time in minute 7.204 1.642 19.386 3.136
Relative retention time 1.0 0.228 2.69 0.435
Resolution 11.107 - 14.377 6.988
Tailing Factor (NMT 2.0) 1.261 1.713 1.319 1.336
Theoretical plates
(More than 2000) 3336.56 2145.45 4205.86 2881.01
Peak Purity Peak Purity Index : 0.999 Peak Punitiek : 0.999| Peak Purity Index : 0.999 Peak Pumiigx : 0.999
Blank/Placebo Interference Not detected Not detecte Not detected Not detected
% RSD peak area o o o o
(NMT 2.0 %) 0.78 % 0.68 % 0.57 % 0.73%
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Figure 8: Proguanil hydrochloride standard peak puity graph
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urity

Peak#

Retention Time
Compound Name
Graph Type : Purity

1
3.178

200

0.25- ~100

0.00 e B S
T T
3.2

:Not Detected
0.999999

Nirfc tnrednoia VYV
peak purity index : 81

Figure 11: Proguanil hydrochloride Impurity D peak purity graph

Precision& Ruggedness

Precision was carried out for Inter and Intradaglgsis for both drugas well as for tablet dosagenf€recision was
evaluated by carrying out six independent sampépamations of a single lot of bulk drug and forntiolaThe

sample preparation for bulk product was carried insame manner as described in sample preparaiiorafv

material. The sample preparation for tablet dosagm fwas carried out in same manner as describesrnnple

preparation for tablet and spiking of impurity s¢@uas to the concentration of about @&/mL of each of impurity

A, C & D.Relative standard deviation (% RSD) waarfd to beless than 5% for each impurity, which psothat
the method is precise

Refer Table 3& 4 for precision study observatiomsRaw material&Tablet formulations respectively

Table 3: Precision study observations for Raw matéal

Sr. No Impurities in RM (%)
T Impurity A Impurity C Impurity D
Method Intermediate Method Intermediate Method Intermediate
Precision Precision Precision Precision Precision Precision
1 0.022 0.023 0.022 0.022 0.023 0.024
2 0.022 0.022 0.021 0.022 0.023 0.023
3 0.023 0.023 0.022 0.023 0.024 0.024
4 0.022 0.023 0.022 0.021 0.023 0.023
5 0.023 0.022 0.023 0.022 0.023 0.025
Mean 0.022 0.023 0.022 0.023 0.025 0.023
SD 0.022 0.023 0.022 0.022 0.023 0.024
RSD 0.0005 0.0005 0.0007 0.0007 0.0004 0.0008
. Mean 0.02: 0.022 0.02¢
RSD 2.34 3.03 3.01
Table 4: Precision study observations for Tablet fanulation
Sr.No Impurities in Tablet (%)
T Impurity A Impurity C Impurity D
Method Intermediate Method Intermediate Method Intermediate
Precisior Precisior Precisior Precisior Precisior Precisior
1 0.021 0.022 0.022 0.022 0.023 0.023
2 0.021 0.023 0.021 0.022 0.022 0.022
3 0.022 0.023 0.023 0.023 0.024 0.023
4 0.021 0.022 0.021 0.022 0.023 0.023
5 0.021 0.022 0.022 0.022 0.023 0.022
Mean 0.02( 0.02: 0.021 0.02: 0.021 0.022
SD 0.021 0.022 0.02: 0.02: 0.02: 0.02:
RSD 0.0004 0.0005 0.0008 0.0004 0.0007 0.0005
Method Precision Mean 0.022 0.022 0.023
Intermediate Precision SD 0.0008 0.0007 0.0006
RSD 3.62 3.03 2.77

Accuracy (recovery studies)

To check the degree of accuracy of the method vergostudies were performed in triplet by impustigtandard
addition method at 80, 100 and 120% concentragmel$ of Impurity standard(0.&g/mL). Known amounts of
standard solutions of impurity were addedto the-gitalyze draw material samples and were subjecteithe
proposed HPLC method. The % recovery wasfound twibien the limits of the acceptance criteria witherage

recovery of 100.21% for impurity A, 99.76% for imgiy C and 100.21 for impurity D

www.scholarsresearchlibrary.com
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Refer Table 5 for results of recovery studies

Table 5: Results of recovery studies

Impurity A Impurity C Impurity D
Level % Recovery| % Recover % Recovery
80 % 100.39 100.66 99.60
100 % 99.79 99.24 101.34
120 % 100.44 99.39 99.70
Mean 100.21 99.76 100.21
% RSD 0.80 0.81 0.97

Limit of quantification and limit of detection

LOQ and LOD can be determined based on visual atialy signal-to-noise approach, standard deviatibthe
response and slope (calibration curve method). Lam@ LOD were calculated as LOD= 3.3xN/B and LOQ =
10xN/B, where N is the standard deviation of thakpareas of the drugs(n = 3), taken as a measureisd, and B

is the slope of the corresponding calibration cubimit of detection of proguanil hydrochloride wésund to be
0.06ug/ml and the limit of quantification of impurity AC & D were found to be 0.Qi¢/ml, 0.10 ug/ml &
0.15ug/ml respectively. Limit of detection of proguahidrochloride was found to be 0, @8ml and the limit of
detection of impurity A, C & D were found to be 8.@/ml, 0.04g/ml & 0.1 pg/ml respectively

Robustness

To evaluate the robustness of the developed RP-HREe@o0d, small deliberate variations in optimizedtmod
parameters were done. The effect of change in fige; change in column makeand filter paper chavagecarried
out. Tailing factor and theoretical plates weradgd. The method was found to be unaffected bylsthahges like
+0.1 ml in flow rate, column make change to PhenmmeC18, 150 X 4.6 mm and filter paper from 0.45 ut
whatmann 41 no

Refer Table 6 for the results of Robustness pammet

Table 6: Robustness parameter results

Content Column make  Filter paper 41 no.  Flow rateml/min | Flow rate 1.3 mL/min
Tailing Factor ProguanilHC 1.494 1.301 1.55 1.587
Theoretical plates ProguanilHCI 2393.80 3073.46 2206 2046.36
ProguanilHCI 9.119 10.292 8.906 8.332
Resolution Impurity A - . = =
Impurity C 11.914 13.088 10.660 9.311
Impurity D 4.898 5.894 4.702 5.141
% RSD ProguanilHCI 0.742 0.823 0.887 0.777
Retention Time ProguanilHC| 6.892 6.921 7.526 6.326
Impurity A 1.923 1911 2.080 1.777
Retention time for impurity Impurity C 18.53 18.53 20.28 16.972
Impurity D 3.034 3.046 3.302 2.791
Impurity A 2.22 2.47 3.09 2.36
% RSD for Impurity content in RM Impurity C 2.32 2.48 2.66 3.14
Impurity D 2.86 2.86 3.01 2.88
Impurity A 2.55 2.53 2.56 2.95
% RSD for Impurity content in Tablet Impurity C 3.07 2.83 2.81 3.30
Impurity D 3.53 3.37 3.39 3.26

Stability of stock solution

During solution stability experiments, RSD for thmpurity A, C & D content were found 3.52%, 4.29%da
4.13%respectively for raw material and 2.79%, 3.508d 2.09% respectively for tablet dosage form whiere
within 5 % RSD. Results of the solution stabilityperiments confirmed that standard solutions amgtisos in the
diluent were stable for upto 12 hour during thelygsia

CONCLUSION

As described in ICH guidelines, the identificatiand isolation of impurities is a very importantiktaturing drug
synthesis and storage. It can provide crucial twrigy and safety data of the final drug and dosagas. We have
identified three impurities in samples of progudmitirochloride drug substance and drug productacherized by
HPLC analytical data. The HPLC method developed &atidated allows a simple and fast quantitative
determination of impurityA, impurity C and impurit® from bulk drug and its formulation. A mobile fgea
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composed of solvent A and acetonitrile with a short time (30 min) and isocratic elution used wienend to be
advantageous and made the routine analysis easynd\the significant advantages of this method amplgity,

selectivity, accuracy and precision ensuring thas isuitable for determining the impurity conteaft proguanil
hydrochloride in tablet dosage form.

Acknowledgements
Author would like to thank Dr.Mrs.Nandini R Pai, ®. Ruparel College, Mumbai, for her needful suggest
during the research work. Also thankful to Mr.BaduPatel and Mr. Sameer, Assistant Scientist

REFERENCES

[1] International conference on harmonization (ICH)d&lines, Q3A (R), Februai3002

[2] International patent of publication number WO 200%092 A2, September 12009

[3] Taylor RB, Moody RR, Ochekpe NA. ChromatogrAmsterdam;1987,416 : 394-399

[4] Patel Kalpesh,PatelJayvaddournal of Current Pharmaceutical Resear2f10,2(1): 5-14
[5] Patent application number: 20120283299, patentigatiin date201211-08

[6] OlugbengaAJPSR2011Nov. volume 1 issue 6

[7] ICH Harmonized tripartite guideline, Q2B996

[8] British pharmacopeia monograph for Proguanil Hytlodde & it's tablet2012

[9] Blessborn Daniel, Uppsala university, ISBN 978-&#5620-52009November 12

[10] Paul Hommerson,|ISBAD09,978-90-393-5101-7, NUR 913

[11]1D Bhowmik, Der Pharmacia Lettr2009, 1(2) 262-276

[12]Deepnandan S. Dubhashi, Nandini R. P&if Pharmacia Lettre201Q 2(4): 1-10

[13] DeeptaunshuAtulPusalkar, Nandini R. R2ér Pharmacia Lettre2012 4(6):1657-1664
[14] SitiHamidahMohd. Setapaber Pharma Chemic&2013 5(3):79-85

[15]L. K. RavindhranathDer Pharma Chemica&2013,5(3):169-178

[16]Rashid R MunjewamDer Pharmacia Lettre2010,2(6):244-251

[17]Vekariya N. A.Der Pharmacia Lettre2011,3(6):240-249

[18]M.Vamsi KrishnaDer Pharmacia Lettre2010,2(3):1-11

[19]G O Avwioro,Arch. Apll. Sci. Res2010,2(3):112-116

[20]Parikh Arun R.Arch. Appl. Sci. Res201Q 2(1):70-75

[21]Kalpesh S. Pariktirch. Appl. Sci. Res2012,4(3):1359-1362

[22] G. NagalakshmiDer Pharmacia Lettre2011,3(1):476-489

[23]Sunil G. Sanghanirch. Appl. Sci. Res2010,2(5): 444-450

[24] SrihariMolleti, Arch. Appl. Sci. Res2013,5(1):280-288

[25]G. NagalakshmiDer Pharmacia Lettre2013,5(2):177-188

[26]Gozal D, Hengy C, Fadat GAntimicrob Agents Chemothelr991,Feb;35(2):373-6, PMID:2024970
[27]Bouchaud O, Monlum E, Munanza K, Fontamet A, S@otGoetschelA, Chulay JD, Le Bras J, Davis M, Le
Bras M, Coulad JP, Gentilini Mim.J. Trop Med. Hy¢000,63.5, 6:274-270

19
www.scholarsresearchlibrary.com



