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ABSTRACT

The scientific way to develop a simple and robustlyical HPLC method for the critical separatioasbD
approach. Quality-by-design (QbD) is a systematipraach to product or process development, whidinsewith
predefined objectives, and uses science and rislagement approaches to gainproduct and processrstaaeling
and ultimately process control. The concept of Q#bbe extended to analytical methods. A simple yical
method was developed and used to identify and dyaimultaneously the two active pharmaceuticaré@dients
Resperidone and Benzoic acid. In the present wbriee independent factors were used such as flde (&),
wavelength (B) and pH of buffer (C). Totally 27 enimental runs were suggested by the software ialyaing the
interaction of each level on formulation charactarsd the peak area (R1), tailing factor (5%) (Radaxumber of
theoretical plate USP (NTP) (R3) were consideredresponse factors (dependent factors). The sigmifie of
independent factors was determined using Fisheatstical test for Analysis of the Variance (ANQVAodel that
was estimated. Waters Xterra C-18 column (150 mdn6xmm, Sum pore size), column was the most suitable one
since it produced symmetrical peaks with betteolg®on. The UV detector response of RIS and BA stadied
and the best wavelength was found to be 275 nmisbdvighest sensitivity of both compounds. The atethas
validated for specificity, reproducibility, accunaclinearity, robustness and solution stability aceh be used for
the assessment of quality of drug product in dgraknt and stability samples of the marketed oshlt®on. The
target degradation for the stability indicating &by of the assay method was tried in the presantysand there
was no any interfering peaks found due to degradapiroducts.
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INTRODUCTION

Risperidone is the most frequently used atypicéipagchotic drug for a treatment of schizophrebiaplar disease
and behavioral disorders. According to the WHOTrttental disorders/diseases are"atank in the world as per the
survey done by WHO in the 2010 for the DALY ind®igability Adjusted Life Years) [1-3]. Risperidomea white
to almost white powder. It is practically insolulhewater, freely soluble in methylene chlorideaspgly soluble in
ethanol, and dissolves in dilute acid solutionssp@ridone exhibits polymorphism. Risperidone isekedive
monoaminergic antagonist with unique properties.hdts a high affinity for both serotonergic 5-HT2dan
dopaminergic D2 receptors. Risperidone binds alsalpghal-adrenergic receptors and, with lower #yfino H1-
histaminergic and alpha2-adrenergic receptors. Ridpne has no affinity for cholinergic receptofdthough
risperidone is a potent D2 antagonist, that is iclemed to improve the positive symptoms of schizeplha, it
causes less depression of motor activity and inoluaif catalepsy than classical antipsychoticsaBeéd central
serotonin and dopamine antagonism may reduce ex&aydal side effect liability and extend the thmratic
activity to the negative and affective symptomsctizophrenia [4].
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Analytic method development and validation are kégments of any pharmaceutical development progésm.
HPLC analysis method is developed to identify, diaror purifying compounds of interest. This tedal brief

will focus on development and validation activitias applied to drug products. Effective method tspraent

ensures that laboratory resources are optimizede wiethods meet the objectives required at eamtesof drug
development. Method validation, required by reguiatagencies at certain stages of the drug appmresess, is
defined as the “process of demonstrating that &@calyprocedures are suitable for their intendesl’[3s7].

Chromatographic method development can be an tomeuwming and subjective process. As companies exatel
drug development programs and candidate compourd® mirough this process, fast and robust HPLC atkth
development becomes increasingly important. Moghotedevelopment is done using a manual, one-fadtar
time (OFAT) process where the approach is to vary system parameter at a time and examine thetaesul
performance. This procedure is continued untilumthier improvement is obtained, at which time aaptarameter
is selected for study [8-14]. These separationsoften sub-optimal in terms of resolution, tailirgtention time
and lack robustness. This can be particularly gmolatic when preparative chromatography is requioedurify
milligram to gram amounts of product, as compoutds appear to be well resolved at the analyticales may no
longer separate efficiently when scaled up, netassj either further method development or addaioproduct
purification steps. This process can be improvedapplying a Quality-by-Design (QbD) strategy thavelops
analytical LC methods to meet performance requirgmesing sound statistical experimentation priesighat
accurately quantify system behavior and then stase up for preparative separations. (1, 2, 3hi§ can be done
using a software based Design Of Experiments (D@gplications that relies on multivariate modeling t
automatically predict and generate optimized aieaytHPLC methods that can be transferred to paetpar HPLC
systems and rapidly scaled up, significantly insheg productivity[15-22].

The primary objective of this study was to implem@bD approach to develop and validate arRHER.C method
and to establish and in-depth understanding ofrtéehnod and build in the quality during the methegelopment to
ensure optimum method performance over the lifetifride product.

MATERIALS AND METHODS

Instrumentation

HPLC system consisted of Agilent Technologies, W60 Infinity Quaternary LC System model connedied
VWD UV detector, column oven and auto sampler (&gl Technologies, US) was used in this study.
Chromatograms were recorded by a computer ancettesith the aid of Chrome Eleon. A Watters (Xtte€0)8
column (250 mm - 4.6 mm id, 5 um pore size) wasd ta@erform the separation.

Milli-Q water was produced with a water purificatisystem, Millipore Corporation (Billerica, MA, USA

The mobile phase was filtered through the Millipgtass filter (Millipore filter cellulose nitraterigled with 0.22
pm size) assembly attached with vacuum pump. Thigilenphase was sonicated with Ultrasonic Cleané&bl,
PCI Analytics Pvt. Ltd, Bhandup, West Mumbai.

The pH of mobile phase or buffer was measured Wilitech Instruments pH 510 using a glass electroge V
London Co., USA.

Chemical and solvents:

Risperidone USP (RIS) was provided by Janssen Ritautica Ltd. Wallingstown, Little Island, IrelarBenzoic
Acid (BA) was provided from Panreca Quimica SLV|d@em. Methanol and acetonitrile were of Analyticatade
and purchased from Finar chemicals pvt Itd compg@&ujarat India). Pottasium Dihydrogen Phosphate ZRB4)
purchased from SDF chemicals, Ltd. Orthophosphadid was of analytical grade and procured from Ramk
Chemicals Ltd. Mili-Q (0.2g) water was used for preparing mobile phase andratblutions. Pharmaceutical
finished dosage forms utilized in the present weds provided by Janssen Pharmaceutical Ltd. Waliavgn,
Little Island, Ireland. Product was marketed asFERDAL® 1mg/ml oral solution.

Chromatographic Conditions:
Separation was achieved on Waters Xterra C-18 aol(i80 mm x 4.6 mm, hm pore size) maintained ambient
column oven temperature and sampler temperatuserasc elution with methanol: water (50:50% v/vploie
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phase at the flow rate of 0.8 ml/min was carrietl ®he detection was monitored at 275 nm and iilgectolume
was 10ul. The peak purity was checked with the DAD detecto

Standard stock solutions:

Stock solutions of 1 mg/ml and 2 mg/ml of RIS anéd Bespectively were prepared by dissolving them in
acetonitrile and water. Standard calibration sohgi were prepared by dilution of the stock soliaising the
diluent. These solutions were considered at seiféareht levels which were 25%, 50%, 100%, 150% a86% of
the test concentration[6For RIS and BA mixtures, standard solutions of RI®l BA containing a constant
concentration of 0.2 mg/ml and 0.4 mg/ml respetyiymternal standard) were prepared in diluenttgintaining
the concentrations in the range of 0.05 mg/ml #orfg/ml and 0.1 mg/ml to 0.8 mg/ml respectivelyealibration
curves for RIS and BA mixtures were constructedplotting the peak area against the drug conceatrafihe
diluent is prepared by adding water and acetomi{BD:20 v/v).

Selection of detection wavelength:
The detection wavelength was selected by scanhmd@ug/ml concentration solution of Risperidone and Bénz
Acid in the mobile phase in UV spectrophotometat araximum absorption was selected as 275 nm.

Selection of mobile phase:

The pure drug of Risperidone and Benzoic Acid wigjected into the HPLC system and run in differemabile

phase system. Different mobile phases like acetmimethanol, water and different pH buffer ared. It was
concluded that Potassium phosphate buffer of pBB 8nd methanol gives satisfactory results whidses the ICH
guideline i.e. ICH Q2 (R1). Hence finalized mohilease is Methanol and potassium phosphate buffeHef3.00
(50:50).

Sample preparations:

The label claim of the marketed preparation is Imh@nd 2 mg/ml of RIS and BA respectively. 10 rihwarketed
preparation was transferred into a 50ml volumetask and made up volume with diluent this is tasttsolution
concentration.

Preparation of Phosphate buffer:

Potassium dihydrogen phosphate (2.72 g) was disdalv 1000 mL of Mili-Q water (filtered through @@2m size
filters) and pH 3.0 was adjusted with orthophosjghacid. It was filtered through 0.48n nylon membrane filter
and degassed. It was used for the preparation biienghase.

System suitability test (SST) / Specificity and fanulation analysis:

The specificity of method was established by pregaplacebo solution by optimized method for assfyhe
samples using equivalent weight of the placebo witdrketed preparation. Chromatogram of the placed® not
showing any interference at the retention time @&pRBridone and Benzoic Acid (Figure). The SST essuhe
validity of the analytical procedure as well asfoons the resolution between different peaks oéiast.

All critical parameters tested met the acceptamiteria on all days. Adequate resolution betweenRihS and BA
peaks ensured the specificity of the method. Theesy suitability assessment for the analytical HRhé&thod
established instrument performance parametersasigeak area, % R.S.D., column efficiency (N) asdPWailing
factor (Tf) for both the analyte3hree different pH of Potassium Dihydrogen Phosplsaich as 2.9, 3.0 and 3.1
were studied and optimized with DOE. This pH wasduis the study for best retention of acidic dm@ireversed-
phase system. The mobile phase was selected i%5:88:2atio of Acetonitrile: Methanol: Phosphate fieuf(pH-
3.00). The 1Qul injection volume was used in the study. The UVedtr was used for detection of drug in the
samples. As like pH, three different wavelengthshsas 270, 275 and 280 nm were studied and onelevayte was
selected based on DOE. Similarly, the effect oWflate (i.e. 0.6, 0.8 and 1.0 mL/min) was studiad based on
DOE, the final flow rate was selected. Most of themulation studies involve only one variant atrag by keeping
others as constant. With the help of full factodakign investigators can study the effect oftedl factors by varied
simultaneously. The factorial design helps to sttitly effects caused by independent factors andakttens
between those self-governing factors [18]. In thespnt work, three independent factors were useld &si flow rate
(A), wavelength (B) and pH of buffer (C). Threetfa@al levels were used in the study and were cadedl, 0 and
+1 for low, medium and high, respectively [19-ZPdtally 27 experimental runs were suggested bystiievare for
analyzing the interaction of each level on formiolatcharacters and the peak area (R1), tailingpfg&go) (R2) and
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number of theoretical plate USP (NTP) (R3) weresttered as response factors (dependent factorsleda and 2
show the factors chosen and different factor Ieetfings. The significance of independent factoas wetermined
using Fisher’s statistical test for Analysis of Wariance (ANOVA) model that was estimated.

Table 1: 3 Factorial design with upper, middle& lower limits of all factors Statistical Optimization technique

3 Factors 3 Levels -
Low (-1) | Middle (1) | High (+1)
Flow Rate 0.6 0.8 1.0
pH of Solvent 2.9 3.0 3.1
Column Temperature 20 °C 30 30 °C

The polynomial equation for the experimental desiggh three factors is given below:
R=pBo+ Bl1A+ B2B+ B3C+ B2AB+ B2AC+ B2BC+ B2(AxA)+ B2(B*B)+ p2(C+*C)

where, R is the response, b is the regressionicigegffs and A, B and C represent flow rate, wavgilerand pH of
buffer, respectively.

Table 2: 3 Factorial design with high & low level factor statstical sequence optimization

Run No. | Replicates| Flow Rate] pH of Solven{ Columné@mperature (°c)

1 3 0.€ 2.¢ 20

2 16 1 2.9 20
3 19 0.6 3.1 20
4 12 1 3.1 20
5 6 0.6 2.9 30
6 4 1 2.9 30
7 15 0.6 3.1 30
8 11 1 3.1 30
9 10 0.46 3 25
10 8 1.13 3 25
11 2 0.8 2.83 25
12 20 0.8 3.16 25
13 18 0.8 3 16.59
14 17 0.8 3 33.40
15 1 0.8 3 25
16 13 0.8 3 25
17 9 0.8 3 25
18 5 0.8 3 25
19 14 0.8 3 25
20 7 0.8 3 25

RESULTS AND DISCUSSION

Method optimization

Waters Xterra C-18 column (150 mm x 4.6 mmuré pore size), column was the most suitable oneesinc
produced symmetrical peaks with better resolutitdme UV detector response of RIS and BA was studiedl the
best wavelength was found to be 275 nm showingdsighensitivity of both compounds. Several modiifores in
the mobile phase composition were made in ordestady the possibilities of changing the selectiwitlythe
chromatographic system.

These modifications included the change of the type ratio of the organic modifier, flow rate, tezngture and
stability of RIS and BA was also studied. Initiallp peaks were observed when acetonitrile and ladsbuffer in
different ratios were utilized, at temperature 6fG and 1.0 ml/min flow rate on a C8 column. Sotakrile was
replaced by methanol, at that time both drugs adain’'t show peaks. Hence the C8 column was repldgeC18
column methanol and phosphate buffer (pH- 3.0) &0pgaks of both drugs were observed, but withrdesslution
and with peak broadening effect for RIS and BAeamperature of 30°C. Then ratio of buffer and methavas
changed to 40:60, peaks of both drugs were obsevitadyood resolution without peak broadeningingil fronting
and with good sensitivity as well, at 35°C temparatand flow rate of 1.0 ml/min. The effect of floate on the
separation of peaks was studied by varying the flate from 0.5 to 1.3 ml/ min; a flow rate of 0.8/min was
optimal for good separation and resolution of peaksreasonable time as shown in Fig. 2 showshhematogram
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for a working standard mixture of RIS and BA, ragpely. System suitability parameters with peakifyudata are
given in Table 3.

Table 3: System suitability parameters of both drug (RIS and BA)

Sr. No. Parameters Risperidone| Benzoic Acig
1 Retention Time 3.045 4.162
2 Resolution USP NA 4.28
3 Theoretical Plates USP) 2025 4381
4 Tailing Factor USP 1.16 1.09

Method validation

The method was validated according to ICH guidslinehe following validation characteristics weredeebsed:
linearity, range, accuracy, precision, specificiyyd robustness. Specificity of the method wasrogted by
analyzing samples containing a mixture of the dsmgduct and excipients. All chromatograms were érath to
determine RIS & BA.

Formulation analysis and system suitability/ Speci€ity
The assay for the marketed oral solution was astedd with present chromatographic condition dgyetband it
was found to be more accurate and reliable. Theageedrug content was found to be 100.9 % for ROB, % for
BA. With % RSD for RIS and BA was 0.1 and 0.1 %.

Linearity and range

Linearity was determined for RIS and BA in the ramm§ 25% - 200% of test solution concentration. Tagelation
coefficient (‘r2") values were >0.998 (n = 6) indttng an excellent correlation between peak areasamalyte
concentrations. (Table 4 with Graph shown in Fanidl 2)

Risperidone
5000000
4000000
y =5473.1x + 22771
2 -
— 3000000 R*=1
< ,
= 2000000 & Seriesl
——Linear (Series1)
1000000
0
0 200 400 600 800 1000
Concentration of Sample

Fig 1: Linearity Graph of Risperidone

66
Scholar Research Library



Omprakash G. Bhusnureet al Der Pharmacia Lettre, 2015, 7 (12):62-70

Benzoic Acid
5000000
4000000
y =5473.1x + 22771
R2=1
— 3000000
< )
= 2000000 & Seriesl
Linear (Seriesl)
1000000
0
0.00  200.00 400.00 600.00 800.00 1000.00
Concentration of Sample

Fig 2: Linearity Graph of Benzoic Acid

Accuracy (% Recovery)

The mean percentage recoveries obtained were 101@%%0 for RIS and BA respectively. The developexthud
was found to be accurate as the mean percentageeréxs obtained for RIS and BA were found to bthiwilimit

as recommended by ICH guidelines. The developedhadetvas found to be accurate as the % RSD values fo
accuracy studies were <2% (Table 4), as recommelnglé@H guidelines.

Table No. 4: Result of validation parameters

Sr. No. Parameters Risperidone| Benzoic Acid
1 Accuracy / % Recovery 101.3 100
2 Precision (% RSD) 100.9 (0.1%) 100 (0.1%)
3 % Assay 100.6 100
4 Linearity (r 2value) 1.00C 1.00C

Method Precision

The system precision was demonstrated by prepahagstandard solution at test concentration aneciag
repeatedly for six times. The % RSD for repeatgbdf sample preparation is 0.12 % and 0.07 % fi3 &d BA
respectively. The precision is satisfactory andd&SD is not more than 2.0% as per ICH guideliié results
are shown in Table 4.

Robustness and solution stability studies

The % Assay and % RSD was found to be in ranget1D8% and <2, respectively. It indicates that rodtfollow
specification of ICH guideline. Results of the dliap studies were in the range of 99.5 - 101.5%ab8ity as
described in method development under experimesgtefion was studied. Results of the stability stisidivere
within the acceptable limit (98 - 102%).

Forced Degradation

As per ICH guidelines, the target degradation belos% should be there for the stability indicatadglity of the
assay method and the same was tried in the presay. No interfering peaks were found due to deafian
products at the drugs Rt’s.
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Resolution

A: Flow Rate

B: pH of Solvent
29 06

Fig. 3 - Effect of Flow rate and pH of Solvent at radium level

412141

Resolution

A: Flow Rate

B: pH of Solvent

29 06
Fig. 4 - Effect of Flow rate and pH of Solvent atdw level
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Resolution

B: pH of Solvent : : A: Flow Rate
29706

Fig. 5 - Effect of Flow rate and pH of Solvent at iyh level

CONCLUSION

A robust method for degradation of Risperidone Bedzoic was developed using a Quality by Desigrmagpon

an Design-Expert® Software, Version 9. Three indeleat factors were used such as flow rate (A), Vesngh (B)

and pH of buffer (C). Totally 27 experimental rumsre suggested by the software for analyzing tteraction of
each level on formulation characters and the pesk @R1), tailing factor (5%) (R2) and number afdtetical plate
USP (NTP) (R3) were considered as response fafdersendent factors). The method was validated dougpito

ICH guidelines. Specificity of the method was detigred by analyzing samples containing a mixturehef drug

product and excipients. The assay for the marketadl solution was established with present chrografghic

condition developed and it was found to be moreiate and reliable. The % Assay and % RSD was fooite in

range 100 + 1.5% and <2, respectively. It indicéites method follow specification of ICH guidelirfResults of the
stability studies were in the range of 99.5 - 104..5As per ICH guidelines, the target degradatmntlie stability
indicating ability of the assay method was triedtle present study. No interfering peaks were fodod to

degradation products at the drugs Rt’s. Design Expas able to automatically predict and test spetiresolution
optimized analytical methods that separated alldihug peaks. Analytical to prep scale-up of thegdpeaks was
successful with sufficient resolution of the criqgpeak pairs to ensure that maximum recovery o€ fftactions
would be possible.

ABBREVIATIONS

BA- Benzoic Acid

RIS- Risperidone

HPLC- High Performance Liquid Chromatography
ICH - International Conference of Harmonization
DAD-Diode Array Detector

KH2PO4 -Pottasium Dihydrogen Phosphate
SST-System Suitability Test

Tf- Tailing Factor

R.S.D- Relative Standard Deviation
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