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ABSTRACT

A validated specific stability indicating reversed-phase liquid chromatographic method was developed for the
guantitative determination of Aripiprazole and its related substances in bulk samples, pharmaceutical dosage forms
in presence of degradation products. Forced degradation studies were performed on bulk sample of Aripiprazole as
per ICH prescribed stress conditions using acid, base, oxidative, thermal stress and photolytic degradation to show
the stability indicating power of the method. Sgnificant degradation was observed during basic stress and no
degradation was observed in other stress conditions. The chromatographic method was optimized using the samples
generated from forced degradation studies and the impurity spiked with Aripiprazole. Good resolution between the
peaks corresponds to impuritiy-1, degradation products from the analyte were achieved on YMC PACK C18 column
using the mobile phase consists a mixture of Sodium dihydrogen Orthophosphate dehydrate withl1-Hexane sulfonic
acid sodium pH adjusted to 3.0 with ortho-phosphoric acid in water and Acetonitrile using a simple linear gradient.
The detection was carried out at 215 nm.The stressed test solutions were assayed against the qualified working
standard of Aripiprazole and the mass balance in each case was in between to 98.9-100.1% indicating that the
developed LC method was stability-indicating. Validation of the developed LC method was carried out as per ICH
requirements. The devel oped method was found to be suitable to check the quality of bulk samples of Aripiprazole at
the time of batch release and also during its storage (Long term and accelerated stability).
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INTRODUCTION

Aripiprazole is described chemically as 7-[4-[432lichlorophenyl)piperazin-1-yl]butoxyd;4-dihydro-1H-
quinolin-2-one Aripiprazole is a novel atypical igsychotic drug for thetreatment of schizophrenia and
schizoaffective disorders [1,2]. The drug is metaied by the cytochrome P450 isoenzymes 3Ad 2D6. Because
of high inter individual variability irihe expression of these enzymes; the aripiprazmieentratiorvaries among
healthy individuals after administration of tiheig [3].

A HPLC method for quantitaion of Aripiprazole in rhan plasma [4] and an LC-MS/MS method for the
guantitative determination of aripiprazole andritain metabolite [Shave been reported. Also determination of
aripiprazoleHPLC with Column-Switching and Spectrophotmetrictéadion [6, 7] was available in the literature.
As per cGMP practice and ICH-Q1A (R2) guidelineess$ studies on drug should be carried out to ksttiab
inherent stability and to identify the degradatjmmoducts hence to show the stability indicatingtted proposed
analytical procedures. So far, based on literasinevey, there was no stability indicating HPLC noeth for
Aripiprazole in bulk sample have been developednddethe present research work was to carry stitesses
recommended by ICH and to develop a suitable #tgbildicating LC method for the determination ofigiprazole
.The developed method was validated with respedptxificity, LOD, LOQ, linearity, precision, acaay and
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robustness to show the stability indicating powkethe method and also to ensure the compliancedordance
with ICH Guidelines [8].

EXPERIMENTAL SECTION
Chemicals and reagents
Aripiprazole drug substance (Fig. 1) and impurityvére received from Bulk Actives, Unit-Il of Dr. Bay’s
Laboratories, Hyderabad, India.
HPLC grade Acetonitrile was purchased from Rankigimmbai, India. Ortho-phosphoric acid was purchasedh
Qualigens Fine Chemicals, Mumbai, India. Sodiunydibgen phosphate dihydrate was purchased fromiggumal

Fine Chemicals, Mumbai, India. 1-Hexane sulfonid aodium was purchased from Loba Chemie Mumbdialn
High pure water was prepared by using MilliporelMJl plus purification system.

N
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7-[4-[4-(2,3-dichlorophenyl)piperazin-1-yl]butoxyd;4-dihydro-1H-quinolin-2-one (Mol. Wt.: 448.38)

N/—\N HN
\_/_2;

7-[4-[4-(3-chlorophenyl)piperazin-1-yl]butoxy]-3 dihydro-1H-quinolin-2-one (Mol. Wt.: 413.94)

Aripiprazole

Impurity-1

Fig.1 Chemical structure of Aripiprazoleand impurity.

Equipment

The LC method development, validation and forcegra@ation studies were done using Agilent 120@sdtPLC
system with photo diode array detector. The datewellected and the peak purity of the Aripiprazpkak was
checked using chemstation software. The photobjgigradation was carried out using Binder KBS215tqliitic
chamber.

Chromatographic Conditions

The chromatographic separations were achieved o€ WACK C18 column 150 mm length X 4.6 mm ID with 5
pm particle size using the solvent A as 25 mM Saodidihydrogen Orthophosphate dihydrate with 1-Hexane
sulfonic acid sodium salt pH adjusted to 3.0 wittho phosphoric acid in water and solvent B as éwi#tile with a
gradient programme: Time (min)/% solvent B, 0/28/40, 17/80, 30/80 with a post run time of 5 misut€he
column temperature was maintained at 40°C andetextion was carried out at 215 nm. The test cdraton was
about 300 pg mit and the injection volume was 20 uL. A degassedurexof solvent A and acetonitrile in the ratio
of 50:50 v/v was used as diluent during the stashdad test samples preparations.

Preparation of standard and sample Solutions

Standard and sample solutions were prepared iertilat about 300 pg riLfor the determination of assay and
related substances analysis. A stock solution pfiiity-1 at 200 pg mt was also prepared in diluent.
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M ethod Validation

Stress Studies/Specificity

Stress testing of the drug substance can helpetttifg the likely degradation products, which canturn help to
establish the degradation pathways and the intrstsibility of the molecule. Specificity is the ltlyiof the method
to measure the analyte response in the presenite pdtential impurities [9]. All stress degradatistudies were
performed at an initial drug concentration of 3G mL™. Acid stress was performed in 0.5 N HCI at 60°€ 5o
days. The study in basic solution was carried oud... N NaOH at ambient temperature for 24 hoursd&@ion

studies were carried out at ambient temperatu@0r6 hydrogen peroxide for 3 days. Photo degradegiudies
were carried out according to Option 2 of Q1B itdIGuidelines [10].The drug sample was exposedjtat lior and
overall illumination of 1.2 million lux hours anchantegrated near ultraviolet energy of 200 W h .mithe drug
sample was exposed to dry heat at 80 °C for 5 dggiples were withdrawn at appropriate times abgested to
LC analysis after suitable dilution (300 pg MLto evaluate the ability of the proposed methodséparate
Aripiprazole from its degradation products. Photai#i array detector was employed to check and tarertbe
homogeneity and purity of Aripiprazole peak intakk stressed sample solutions. Assessment of nateasck in the
degraded samples was carried out to confirm theuatraf impurities detected in stressed samples meatavith the
amount present before the stress was applied. (fatavg determination of Aripiprazole was carriedt n all the

stressed samples against qualified working standaddthe mass balance (% assay + % sum of all itigsut %

sum of all degradation products) was tabulated &k

Limit of Detection (LOD) and Limit of Quantification (LOQ)

The LOD and LOQ for Aripiprazole and its impurityass estimated at a signal-to-noise ratio of 3:1 20d,

respectively, [11, 12] by injecting a series ofuthld solutions with known concentration. Precisstudy was also
carried at the LOQ level by injecting six individyaeparations of Aripiprazole spiked impurity aDQ level and
calculating the RSD percentage of the area.

Linearity

The linearity of an analytical procedure is itsligépi(within a given range) to obtain test resuligich are directly
proportional to the concentration of the analytéhim sample [13]. Linearity test solutions for #esay method were
prepared from 50 to 150% of with respect to anatygtecentration 300 pug ri(i.e. 150, 225, 300, 375 and 450 pg
mL™?) respectively. The peak area versus concentratia was performed by least-squares linear regressi
analysis. Linearity test solutions for related sabse method were prepared by diluting the impugibck solution
to the required concentrations. The solutions weepared at six concentration levels from LOQ t@%O0with
respect to the impurity specification level of @4Qi.e. LOQ, 0.05, 0.075, 0.10, 0.125, 0.15 and4).2The
calibration curve was drawn by plotting the peakaar of impurity-1 versus its corresponding concdiatn.
Linearity test was performed for two consecutivgsdan the same concentration range for both asesdyrelated
substance method. The correlation coefficient efdalibration curve was calculated.

Precision

Assay method precision was evaluated by carryingixuindependent assays of test sample of Aripipieaagainst
qualified working standard and calculated the petage of RSD. The precision of the related substamethod was
checked by injecting six individual preparationsAaipiprazole spiked with 0.10% level of impuritywiith respect
to target analyte concentration (i.e. 300 pgmLRSD percentage of area for impurity-1 was cal@d. The
intermediate precision of the method was also westiising different analyst, different day and eliént make
instrument in the same laboratory.

The intermediate precision of the method was wdsdied using different analyst, different day attifferent make
instrument in the same laboratory.

Accuracy

The accuracy of an analytical procedure expresseslbseness of agreement between the value, ighattepted
either as a conventional true value or an accepgidtence value and the value found [14]. The aguof the
assay method was evaluated in triplicate at thoeeentration levels i.e. 150, 300 and 450 pg'rbulk drug
samples. The percentage recoveries were calcufated the slope and Y-intercept of the calibratiomrve.
Standard addition and recovery experiments werewderd to determine accuracy of the related substarethod
for the quantification of two impurities in bulkuly samples. The study was carried out in triplitatespiking each
impurity at 0.05, 0.10 and 0.15% in bulk drug sampblution (300 pg mt). The percentage recoveries for
impurity-1 calculated from the slope and Y-intercefthe calibration curve
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Selectivity

The selectivity of the method was established ftbmresolution of the drug peak from the neareak@nd also
among all the other peaks. All the degradation pctal and impurity were separated amongst as weftcas
analyte with a resolution greater than 6.6 shows#lectivity of the method.

Solution stability and mobile Phase Stability

The solution stability of Aripiprazole was carriedt by leaving the test solution and the test smuspiking with
the impurities at 0.10% level with respect to atdagoncentration in a tightly capped volumetricslliaat room
temperature for 48 h. The solution was assayed fatir@ervals to the end of the study period, usinfreshly
prepared standard solution of Aripiprazole for cangon each time. The mobile phase stability waso al
investigated by assaying the freshly prepared samsplutions against freshly prepared standard isokitat 6 h
intervals up to 24 h and after at intervals of 2dphto 5 days. Mobile phase composition and prejoeravas kept
constant during the study period. The % RSD ofassay of Aripiprazole and impurities was calculadedng the
duration of the mobile phase and solution stabditperiments.

Robustness

To evaluate the robustness of the developed LC adetihe chromatographic conditions were delibeyaadiered,
System suitability parameters like tailing facttreoretical plates and the resolution between iibparand with
the analyte peak was evaluated. To study the edfiefibw rate on the resolution, the flow rate wadtered by 0.2
units i.e. 0.6 and 1.0 mL mifrfrom the actual flow 0.8 mL mih The effect of column temperature on resolution
was studied at 35°C and 45°C instead of 40°C. Tfeeteof change in the mobile phase compositiorchgnging
the % of Acetonitrile in gradient by 2%. All thehetr mobile phase components were held constanéssided
above. The effect of pH was studied by changinglytHd.5 units from the actual value 3.0 keeping riemg
method conditions were kept constant.

RESULTSAND DISCUSSION

Optimization of Chromatographic Conditions

The main target of the chromatographic method ideteelop a suitable stability indicating method Agipiprazole
and its impurities in presence of degradation petgltAripiprazole UV absorbance is too low for giitation above
215 nm, so the mobile phase composition restritdeztganic solvent such as Acetonitrile/Methana ahosphate
as buffer. 10 mM Sodium dihydrogen ortho phosapbatéer with pH 3.0 was selected as aqueous mqifikese
and Acetonitile as organic mobile phase. At thasalitionsit was found that the retention of Aripiprazole wasy
less on different columns like C8, C18 Cyno, XTeaaral Phenyl stationary phases .As the compounais polar,
taken YMC pack AQ.C18 column at pH 3.0 the pealpshaas good compared to other columns althoughtiete
is very less, to increase the retention in the phat buffer mobile phase, ion pairing agent 1-exsulfonic acid
sodium salt was introduced and pH was adjusted.Gong&h phosphoric acid. At these mobile phase @@
stressed solutions and impurity spiked solutionsevigected with a gradient programme :Time (mimyolvent B,
0/25, 15/60, 25/80, 30/80.The degradation prodaocined at 0.22 RRT in basic stress was not welassed from
main the impurity, to separate the degradation wecodfrom the impurity the solvent B was slowly ieased as a
gradient programme: Time (min)/% solvent B, 0/28/5D, 17/80, 30/80 with a post run time of 5 misuéé these
conditions the degradation product well separateahfthe impurity and ananlyte although retentiotess . Still to
increase the retention, to get better resolutienkthffer concentration was increased to 25 mM &od fate was
decreased to 0.8 mL minwith some change in gradient programme as Time)(#isolvent B, 0/25, 12/40, 17/80,
30/80 with a post run time of 5 minutes. At theseomatographic conditions all the degradation potsl@and
impurity were well separated amongst and also fAsipiprazole.The effect of buffer pH was also stdalunder the
above conditions and it was found that at highet lamver pH the tailing of the Aripiprazole peak wasre and
also resolution was poor between impurity, degresland analyt@he results clearly indicated that on YMC PACK
AQ C18 column 150 mm length X 4.6 mm ID with 5 pm@rgrle size and solvent A as 1-Hexane sulfonid aci
sodium in Sodium dihydrogen Orthophosphate dihydvwéith pH 3.0 by phosphoric acid, solvent B ag@uérile
with a gradient programme: Time (min)/% solventOR5, 12/40, 17/80, 30/80 with a post run time ohibutes at
detection wavelength 215 nm was successful in agéipar of drug from its impurity and degradation guots.
Under the above conditions, results were as follawtention time of Aripiprazole was around 8.5 mivith a
tailing factor of 1.1, number of theoretical platdg for the Aripiprazole peak was 54237 and % RBLb replicate
injections was 0.3% and impurity-1 was eluted #&tmgon time 5.4 minutesf with a resolution 7.8(Fig.2). Peak
purity of stressed samples of Aripiprazole was kbddy using a photodiode array detector of AgilE2@0 series,
the purity factor is with in the threshold limit &dl the stress samples, demonstrating the homdgesfeanalyte
peak (Fig.3). Accelerated and long term stabilitydg results as per ICH Q1A (R2) for Aripiprazolere generated
for 6 months by using the developed LC method &ed¢sults were well within the limits this furthenfirms the
stability indicating of the developed LC method.
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Table 1. Results of stressstudies

Mass balance (% assay
Percentage +% sum of all impurities|
Stress condition Period of study assay of +% sum of all Remarks
Aripiprazole degradants)
Acid hydrolysis (0.5 N HCI at 60°C) 5 days 98.6 39. No degradation products formed
. o Two Unknown major
Base hydrolysis (0.1 N NaOH at RT °C) 24 h 82.5 998. degradation products were forméd
—— 7
OX|dat|_0n (3.0 % H202 3 days 98.3 99.5 No degradation products formed
at ambient temperature)
Water hydrolysis at 80°C 5 days 98.5 100.1 No digfian products formed
Thermal degradation at 80 °C 5 days 98.9 99.3 Nwadkation products formed
Photolytic degradation 11 days 99.6 99.7 No dedradaroducts formed

Table 2. Results of stability samples (L ong term and Accelerated conditions) of Aripiprazole
(B.No: ARPOOEQS)

L ong term condition
Water Related substancesby HPLC Any Total Assay on
Storage condition Period Description Content | itv-1 Unknown imourities Anhydrous
by KF mpurity- impurity P basis
Initial Off-White 0.4 0.03 0.02 0.09 99.7
color powder
Lst Off-White 0.6 0.04 0.02 0.08 99.4
month | color powder
2nd Off-White
Temperature month | color powder 04 0.03 0.03 0.08 99.5
25°C+2°C, 3rd Off-White
Relative humidity | month | color powder 03 0.05 0.02 0.09 99.2
N -
00+5% 6th Off-White 05 0.04 0.03 0.10 99.3
month | color powder
9th Off-White 0.6 0.03 0.02 0.08 99.6
month | color powder
12th | Off-White 05 0.04 0.03 0.10 99.5
month | color powder
Accelerated condition
Initial Off-White 0.4 0.03 0.02 0.07 99.7
color powder
1st Off-White 0.3 0.04 0.03 0.10 99.4
Temperature month | color powder
40°C+2°C, 2nd Off-White
Relative humidity month | color powder 05 0.05 0.01 0.08 99.6
+50 _Whi
75x5% srd | Off-White 0.6 0.04 0.03 0.11 99.2
month | color powder
6 th Off-White
month | color powder 0.4 0.05 0.02 0.09 99.3
Table 3. Results of Assay and Related Substancesfor Aripiprazole of three production batches
Btach No: Description Water Related substancesby HPLC Any Unknown Total Assay on
) P Content by KF Impurity-1 impurity impurities Anhydrousbasis
ARPoOK 13 | Off-White color 05 0.05 0.03 0.09 99.4
powder
ARPo0Zo4 | Off-White color 0.4 0.06 0.02 0.12 99.6
powder
Off-White color
ARPOOA09 powder 0.6 0.04 0.03 0.10 99.3

System suitability
A system suitability test of the chromatographytsys was performed before each validation run. Femicate
injections of a system suitability/calibration stand and one injection of a check standard wereembmpurity
spiked solution was also injected for checking hg#mn. Area relative standard deviation, tailingctor, and
efficiency for the five suitability injections wedetermined. The check standard was quantifiechagtie average
of the five suitability injections. For all sampénalyses, the tailing factor wa®.0; theoretical plates55628,
%R.S.D<2.0% and 10@+2.0% check standard recovery. The resolution betwegnurity-1 and analyte was
showing> 7.2
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Fig. 2 Typical HPL C chromatogram of Blank, Aripiprazole spiked with known impurities

Results of Forced Degradation

Aripiprazole was stable under stress conditiondhsag photolytic stress, acid, oxidative hydrolyasigl thermal
conditions. While significant degradation of theugrsubstance was observed under basic stress teatt®
formation of two major unknown degradation peak®.22 RRT (Degradant-1) and at 2.41 RRT (Degra@ant-
along with some small degradation produétg 2 c). Peak purity test results obtained frodARconfirm that the
Aripiprazole peak is homogeneous and pure in @lgtiess samples analyzed. The mass balance @cesprof
adding together the assay value and the levelsptiities and degradation products to see how lgldeese add
up to 100% of initial value with due consideratiohthe margin of analytical error [15]. The masdabae of
stressed samples was close to 100Rble 1). The assay of Aripiprazole was unaffected by thesgmee of
degradation products thus confirms the stabiligiéating power of the developed method.

Results of Method Validation
Limit of Detection (LOD) and Limit of Quantification (LOQ)

The LOD and LOQ of impurity-1 is 0.07 pug mand 0.21 ug mt respectively (of analyte concentration. 300 ug
mL™?).

Linearity

Linear calibration plot for the assay method wataimled over the calibration ranges tested, i.6¢0560% of assay
analyte concentration and the correlation coeffic@btained was greater than 0.9991. Linearity etesxked for the
assay method over the same concentration rangénvtorconsecutive days. The results show that anllexte
correlation existed between the peak area and otmatien of the analyte.Linear calibration plot file related
substance method was obtained over the calibradioges tested, i.e. LOQ to 0.20% for impurity-le Qorrelation
coefficient obtained was greater than 0.996. Liingavas checked for the related substance methed e same

concentration range for two consecutive days. Eselts demonstrate that an excellent correlatidstexk between
the peak area and concentration of impurity-1.
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Fig.3 Typical peak purity HPL C chromatograms of Aripiprazole under various stress conditions (basic, acidic, oxidative,
photolytic, Thermal) respectively during forced degradation study.

Precision

The RSD percentage of assay of Aripiprazole dusssgy method precision study was well within 1.0% tne

RSD percentage of area of impurity-1 in relatedssatice method precision study was within 3.3%. RSD

percentage of assay results obtained in the iniateeprecision study was within 1.0% and the R&E@ntage of
area of impurity-1 were within 5.3%, confirming tigpod precision of the developed LC method. Thehoubt
precision for impurity-1 at LOQ level was below %3RSD.

Accuracy
The percentage recovery of Aripiprazole in bulkgdesamples ranged from 99.1 to 100.4. The percemtzgwery
of impurity-1 in bulk drugs samples ranged from&®t& 99.4.

Robustness

In all the deliberate varied chromatographic cdodg (flow rate, column temperature, pH variatithng resolution
between Aripiprazole and impurity as well as degtmmh products was not significantly affected herhbe
developed LC method was robust for the determinaifoAripiprazole in bulk samples.

Application of the developed L C method to Stability samples and Quality monitoring of Aripiprazole
Accelerated and Long term stability studies areiedrout to establish retest period or a shelfdifelrug product, to
know the effect of storage conditions at differatthospheric conditions and to show the stabilitfidgating of the
method [16]. Aripiprazole samples stored at Longntecondition (Temperature: 25°C+2°C, Relative huityid
60+5%) Accelerated (Temperature:40°C+2°C,Relativenidity 75+5%) were analyzed by using the develop€d
method for period of one year at different intesvaé; Initial, 1,2 , 3, 6, 9, and 12 months (TabJeAnd also by
using the developed LC method quality of the Anipiple was monitored during production of threechas (Table
3).The Results clearly indicates that the drug stable under Long term and Accelerated conditiowsthere were
no interference of the impurities for Aripiprazolhich demonstrates that developed LC method wdslista
indicating and well applied for drug stability syucs well as to quality monitoring of Aripiprazole

CONCLUSION
In this paper a specific, validated and well-dedingingle Stability-indicating LC method for the aqtitative

determination of Aripiprazole as well as its rethibstances was described and the behavior oifpfaiple under
various stress conditions was studied and preseAlethe degradation products formed during stressditions
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and process impurities were well separated fromdihey substance indicates the developed LC methasl av
simple accurate, specific and stability indicatimge information presented here in could be vesfulsor quality
monitoring of bulk samples and as well employedteck the quality of drug during stability studies.
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