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ABSTRACT KEYWORDS
A simple, sensitive isocratic RP-LC method has been developed for the Columnliguid
guantitative determination of aripiprazolein both bulk drug and pharma- chromatography;
ceutical dosage forms, used as a typical antipsychotic drug. The devel- Aripiprazole;
oped method also applicable for the related substances determination. Forced degradation;
Efficient chromatographic separation was achieved on a Kromasil C8, Stability indicating.

150mmx4.6 mm, S5pum columnwith simple mobile phase combination deliv-
ered in an isocratic mode and quantification was carried out using ultra-
violet detection at 215 nm with a flow rate of 1.0 mL min. The mobile
phase contains amixture of buffer and acetonitrilein theratio of 65:35 (v/
v). Buffer consists of 30mM sodium dihydrogen phosphate monohydrate
and 5mM hexane-1-sulfonic acid sodium salt, pH adjusted to 2.5 using
phosphoric acid. In the developed HPLC method the resolution (Rs) be-
tween aripiprazole and for its potential five impuritiesin bulk drug was
found to be greater than 2.0. Regression coefficient (r?) value of greater
than 0.99 for aripiprazole and it’s all the five impurities shows good linear-
ity of the developed method. This method was capable of detecting all
five impurities of aripiprazole at a level of 0.009% with respect to test
concentration of 0.5 mg mL*for a 5uL injection volume. The inter and
intraday precisionfor all fiveimpuritiesand aripiprazole werefoundto be
within 2.0% RSD at its specification level. The method has shown good
and consistent recoveriesfor aripiprazole (98.4-100.6%) and for it’s all the
five impurities (93.5-106.2%). Thetest solution was found to be stablein
the diluent for 48h. The drug was subjected to stress conditions of hy-
drolysis, oxidation, photolysis and thermal degradation. Considerable
degradation wasfound to occur in alkaline medium and in oxidative stress
conditions. The stress samples were assayed against a qualified reference
standard and the mass balance was found close to 99.4%. The developed
RP-LC method was validated with respect to linearity, accuracy, precision
and robustness. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION an antipsychotic drug (Figure 1). It wasused for the

purposeof improving both negative and positive symp-

Aripiprazole, 7-(4-[4-(2, 3-dichlorophenyl)-1- tomsof schizophreniawithout inducing extrapyramida
piperazinyl]butoxy)-3, 4-dihydro-2(1H)-quinolinoneis  sideeffects. Aripiprazolewasanove atypicd antipsy-


mailto:d_venkatasubbarao@yahoo.co.in

ACAIJ, 7(7) June 2008

D.V.Subba Rao et al.

445

Aripiprazole

*H Josa®,

7-(4-[4-(2,3-dichlor ophenyl)-1-piperazinyl] butoxy)-
3,4-dihydro-2(1H)- quinolinone

Imp-1

N NH-HCI
/
o) N OH
H Cl Cl

7-hydroxy-3,4-dihydr o-2-
(1H)-quinolinone

Cl

Imp-2

1-(2,3-Dichlor ophenyl)
Piperazine Hydrochloride
Imp-3

*h Poas

7-[4-[4-(2,3-Dichlor ophenyl) -1-piper azinyl]
butoxy]-2-(1H)-quinolinone

Imp-4

Cl

H
)/\/j©\ A0 NP
N (0]
i o7
1,4-big[3,4-dihydro-2(1H)-quinolinone-7-oxy]butane
Imp-5

m /\/\/Br
(@) N (@)
H

7-(4-bromobutoxy)-3, 4-dihydro-2-
(1H)-quinolinone

Figurel1: Chemical structuresand labelsof aripiprazole
anditsimpurities

chotic drug™- It was distinguished from al other
antipsychoticsby itsunique pharmacol ogic profilei.e.
partial agonist activity at dopamine D2 receptors?,
partia agonist activity at serotonin 5-HT 1A receptors?
and antagoni st activity at serotonin 5-HT2A receptord®-
Inclinical studies, aripiprazole has showntoimprove
both positiveand negative symptomsin patientswith
schizophreniaand schizoaffective disorder®87. This

—= Fyll Poper

novel agent has also demonstrated afavourable and
excellent safety profile, tolerability with alow liability
for extrapyramida symptomsand sedation, no evi-
dencefor anincreased risk of weight gain, prolactin
elevation and QTc prolongationl®9

Extensveliteraturesurvey did not reved any smple,
sengitive and stability indicating method for the deter-
mination of aripiprazolein bulk drugand pharmaceuti-
ca dosageforms. Yoshihiko Shimokawaeta reported
aliquid chromatography method for thedetermination
of aripiprazole, inra plasmaand brain®. Further more
Masanori Kubo et a reported aLC-M S-M S method
for thequantitative determination of aripiprazoleandits
main metabolite, OPC-14857, in human plasmaandin
rat plasmdy. Asfar asweareawarethereisno stabil-
ity-indicating LC method for determination of rel ated
substance and quantitative estimation of aripiprazole.
Inthis paper we described validation of an assay and
related substances method for accurate quantification
of aripiprazoleand itsfiveimpuritiesin bulk samples
andin pharmaceutica dosageformsa ongwith method
validation asper ICH norms. Intensive stress studies
were carried out on aripiprazol e, accordingly astabil-
ity-indi cating method wasdevel oped, which could sepa
rate various degradation products.

EXPERIMENTAL

Chemicals

Samplesof aripiprazoleand itsrelated impurities
were received from Gensen Laboratories Limited;
Mumbai, India; commercially available 10 mg
aripiprazoletablets (Abilify) were purchased. HPLC
grade acetonitrile was purchased from Merck,
Darmstadt, Germany. Anaytical reagent grade sodium
dihydrogen phosphate monohydrate and hexane-1-sul-
fonic acid sodium salt were purchased from Merck,
Darmstadt, Germany. High purity water was prepared
by using Millipore Milli-Q pluswater purification sys-
tem. All sample, standardsand impuritiesused for this
study were of morethan 99.6% purity.

Equipment

The LC system used for method devel opment,
forced degradation studies and method validation was
Agilent 1200 system (manufactured by Agilent Tech-

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



446

A stability indicating RPLC method for aripiprazole

ACAIJ, 7(7) June 2008

FPull Paper =

nologies, Germany) with diode array detector (DAD).
Theoutput signa was monitored and processed using
chemstation software (Agilent) on Pentium computer
(Digita Equipment Co).

Chromatogr aphicconditions

The chromatographic column used was Kromasi|
C8 (150x4.6) mm with 5um particles. The mobile
phase containsamixture of buffer and acetonitrilein
theratio of 65:35 (v/v). Buffer consistsof 30mM so-
dium dihydrogen phosphate monohydrate and 5mM
hexane-1-sulfonic acid sodium sdt, pH adjusted to 2.5
using phosphoricacid.

Theflow rate of themobile phasewas 1.0mLmin?,
The column temperaturewas maintained at 27°C and
the detection was monitored at awavelength of 215
nm. Theinjection volumewas 5uL. Acetonitrileand
water (8:2 v/v) wasused asdiluent.

Prepar ation of solutions
1. Preparation of standard solutions

A stock solution of aripiprazole (5.0 mgmL™*) was
prepared by dissolving gppropriateamount inthediluent.
Working solutions of 500 and 100ug mL*werepre-
pared from above stock solution for related substances
determination and assay determination, respectively. A
stock solution of impurities (mixture of imp-1, imp-2,
imp-3, imp-4 and imp-5) at concentration of 0.5mg
mL-* wasalso prepared in diluent.

2. Preparation of sasmplesolution

Twenty tabletswere wei ghed and the content trans-
ferred into aclean and dry mortar, grinded well (each
tablet contains 10mg of aripiprazole and inactive
ingradientsincludes Corn starch, hydroxylpropyl cellu-
lose, lactose monohydrate, magnesium stearate and
micro crystalinecdllulose. Colorantsincludeferric ox-
ide (red or yellow) and FD& C Blue No-2 Alumium
Lake.). Then equivalent to 50 mg of drug wastrans-
ferred to 100 mL volumetric flask, 70 mL of diluent
added and kept on rotatory shaker for 10 mintodis-
persethemateria completely and sonicatedfor 10min
and diluted to 100 mL (500ug mL ). Theresulting so-
[ution was centrifuged at 3,000 rpmfor 5min. 20mL of
Supernatant sol ution wastaken and diluted to 100 mL
with diluent (50 ug mL?). Thiswasfiltered using 0.45
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unylon 66-membranefilter.
Analytical method validation
1. Selectivity

Selectivity of the devel oped method was assessed
by performing forced degradation studies. Theterms
selectivity and specificity are often used interchange-
ably. Selectivity istheability of themethod to measure
theanayteresponseinthe presence of itspotentia im-
purities. According to ICH™? stresstesting of thedrug
substance can hel p theintring c stability of themolecule
and validatethe stability indicating power of theana
lytical proceduresused. The nature of the stresstesting
will depend on theindividual drug substance and the
typeof drug product involved. Stresstestingislikely to
be carried out on asinglebatch of the drug substance.
It shouldincludethe effect of temperatures(in 10°C
increments (e.g., 50°C, 60°C etc.) abovethat for ac-
celerated testing), humidity (e.g., 75% RH or greater)
where gppropriate, oxidation and photolysisonthedrug
substance. Thetesting should a so eva uate the suscep-
tibility of thedrug substanceto hydrolysisacrossawide
rangeof pH va ueswhenin solution or suspension. Photo
stability testing should beanintegra part of stresstest-
ing. Thestandard conditionsfor photo stability testing
aredescribedin ICH Q1B.

The specificity of the developed LC method for
aripiprazolewasdetermined inthe presence of itsim-
puritiesnameyimp-1, imp-2,imp-3, imp-4,imp-5and
degradation products. Forced degradation studieswere
performed on aripiprazoleto providean indication of
the stability indicating property and specificity of the
proposed method™3 4, Thestressconditionsemployed
for degradation study includeslight (carried out asper
ICH Q1B), heat (60°C), acid hydrolysis (1IN HCI),
base hydrolysis(1N NaOH), water hydrolysisand oxi-
dation (1% H,0,). For heat and light studies, study
period was 10 dayswhereasfor acid, base, water hy-
drolysis and oxidation, it was 48 h. Peak purity of
stressed samplesof aripiprazolewas checked by using
diode array detector (PDA) of Agilent technologies.
The purity anglewaswithin the purity threshold limit
obtainedinal stressed samplesdemondtratestheandyte
peak homogeneity. All stressed samplesof aripiprazole
[heat (60°C), acid hydrolysis (1N HCI), base
hydrolysis(1N NaOH), water hydrolysisand oxidation
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(1%H,0,)] werestudied for extended runtime of 100
min (with 90% acetonitrileand 10% buffer solution as
mobilephase) to check thelatee uting degradents.

Assay studieswerecarried out for stressed samples
againgt qualified reference standard and the massbal -
ance (% assay+% of impurities + % of degradation
products) was cal cul ated. Assay was a so calcul ated
for bulk samplesand drug product by spiking al five
impuritiesat thespecificationleve (i.e 0.15% of andyte
concentration whichis500 ugmL™).

2. Method validation

Method validation was carried out as per general
chapter <1225> Validation of compendia proce-
dureg™®!

2.1. Precision

Precision of thedeve oped method wasdetermined
through repeatability (intra-day) and intermediate (in-
ter-day) precision. Theprecisionfor related substances
were checked by injecting six individual preparations
of (500ug mL?) aripiprazole spiked with 0.15% each
imp-1, imp-2, imp-3, imp-4 and imp-5. Precision of
the method was expressed as percent rel ative standard
deviation of results. The% RSD of areafor eachimpu-
rity was cal cul ated.

The intermediate precision (ruggedness) of the
method waseva uated by different andyst using differ-
ent column and adifferent instrument inthe samelabo-
ratory.

Assay method precisonwasevauated by carrying
out Six independent assaysof test sampleof aripiprazole
agangt qudifiedreference standard. The% RSD of six
assay vaues obtained was calculated. Theintermedi-
ate precision of the assay method was evaluated by
different andyst using different columnand by usng dif-
ferent instrument from the samelaboratory.

2.2. Sensitivity

Sengtivity wasdetermined by establishing thelimit
of detectionand limit of quantificationfor imp-1, imp-
2, imp-3, imp-4 and imp-5 estimated at asignal-to-
noiseratio of 3:1 and 10:1 respectively, by injecting a
seriesof dilutesolutionswith known concentration. The
precision study at LOQ level wasal so carried out by
injecting six individua preparationsof imp-1, imp-2,
imp-3, imp-4 and imp-5 and cal cul ated the% RSD for

= Fuyl] Paper
theareaof eachimpurity.
2.3.Linearity

To establishlinearity of the assay method, calibra
tion solutionswere prepared from stock solution at seven
concentration levelsfrom 25 to 200% of assay andyte
concentration (25, 50, 75, 100, 125, 150 and 200ug
mL-1). The peak areaversus concentration datawas
collected and performed regression analysis. by the
method of |east-squares

Linearity test solutionsfor chromatographic purity
method were prepared by diluting theimpurity stock
solution to therequired concentrations. The solutions
wereprepared a six concentration levelsfrom LOQto
200% of the permitted maximum level of theimpurity
(i.e. the LOQ, 0.015%, 0.0375%, 0.075%, 0.15%,
0.225% and 0.3% for an analyte concentration of
500ug mL?Y). Average peak areaat each concentration
level wassubjected to linear regression analysiswith
theleast squaremethod. Calibration equation obtained
from regression analysis was used to calculate the
corresponding predicted responses. Theresiduasand
sum of theresidual squareswere calculated fromthe
corresponding predicted responses. The % y-intercept
for both the assay and chromatographic purity method
was calculated. Analytical range of the method was
edtablished fromtheandyssof sengtivity curves. Upper
and lower levelsof rangewere a so established.

2.4.Accuracy

For determination of accuracy, recovery studies
werecarried out by spiking anaysis. A known amount
of theimpurity stock solution was spiked to the previ-
oudy anaysed sampleati.e. 50,100 and 150ugmLtin
bulk sample and drug product. The percentage of re-
coverieswereca culated. Each concentration level was
prepared for threetimes.

The bulk sample does not show the presence of
imp-1, imp-2 and imp-5, it shows 0.02% of imp-3,
0.02% of imp-4. Thestudy was carried out intriplicate
at 0.075%, 0.15% and 0.225% of the anal yte concen-
tration (500ug mL ). The percentage of recoveriesfor
imp-1, imp-2, imp-3, imp-4 and imp-5 were calcu-
lated.

Theaccuracy of the assay method was eval uated
intriplicate at five concentration levels, i.e. 50, 75, 100,
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125 and 150pg mLtin bulk sample and drug product.
Thepercentage of recoverieswere cal cul ated.

3. Robustness

Robustness study was conducted by making small
but ddliberate changesto the optimized method param-
eters. Critical sourcesof variability in operating proce-
dure such as percent organic strength, buffer strength,
pH of thebuffer, temperature of the column wereiden-
tified. By making ddliberate changein experimenta con-
ditionsthe resolution between aripiprazole, imp-1, imp-
2,imp-3, imp-4 and imp-5 was evaluated. Theflow
rate of themobilephasewas 1.0 mL min. To study the
effect of flow rate on theresolution, 0.2 unitschanged
(i.efrom1.0mL min*to0.8and 1.2 mL min?). The
effect of pH onresolution of impuritieswasstudied by
varying=+ 0.1 pH units (at 2.4 and 2.6 buffer pH). The
effect of column temperature on resol utionwas studied
at 22°C and 32°C instead of 27°C. In all the above
varied conditions, the components of the mobilephase
wereheld constant asthat of initial. To study the effect
of changein mobile phase composition by changingthe
organic phaseratio, organic content was changed by
5% (from 100% to 95% and 105%) keeping the buffer
ratio asconstant.

4. Solution stability and mobile phasestability

Thesolution stability of aripiprazolein the assay
method was carried out by |eaving thetest solutions of
sampleintightly capped volumetric flask at room tem-
peraturefor 48 h. The same sample solution was as-
sayed for 6 hinterval up to the study period against
freshly pepared reference standard sol ution. Themo-
bile phase stability wasd so carried out by assaying the
freshly prepared sample solutions against freshly pre-
pared reference standard solutionsfor 6 hinterval up
to 48 h. Mobile phase prepared was kept constant
during the study period. The % RSD of assay of
aripiprazolewas caculated for thestudy period during
mobile phase and sol ution stability experiments.

Thesolution stability of aripiprazoleanditsimpuri-
tiesintherelated substance method was carried out by
leaving spiked sample solution intightly capped volu-
metric flask at room temperature for 48 h. Impurity
content was determined for every 6 hinterva up tothe
study period. Mobile phase stability wasaso carried
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out for 48 h by injecting thefreshly prepared sample
solutionsfor every 6 hinterval. Impurity content was
checked inthetest solutions. Mobile phase prepared
was kept constant during the study period.

RESULTSAND DISCUSSION

M ethod development and optimization

All theimpuritiesand aripiprazol e solutionswere
prepared in diluent at aconcentration of 100PPM and
scanned in UV-Visible spectrometer; dl the5 impuri-
tiesand aripiprazolewere having UV maximaat around
215 nm. Hence detection at 215 nm was selected for
method devel opment purpose. Since aripipeazolewas
insolubleinwater with itsequilibrium solubility being
about 0.00001% w/v, its pKawas established in 20%
aqueous ethanol ; pKa=7.6 (20% ethanol, at 25°C).
AsthepKavaueof aripiprazolewas 7.6, pH was se-
lected below 7.0, for thisactivity buffer typeand pH
mediasuch assodium dihydrogen phosphate monohy-
drate buffer (pH 3-7) was selected.

Sodium dihydrogen phosphate monohydrate buffer
with pH 2.5 and methanol (50:50, v/v) waschosenfor
initid traill witha25cmlength, 4.6mmID and 5micron
particlesize C-18 stationary phase. Flow ratewas 1.0
mL mint.When aripiprazole samplespiked with al the
impurites (system suitability) solution wasinjected the
resol ution between all theimpuritiesand aripiprazole
was good (>2.0) but theretention time of imp-5was
very high (~45 min) and thetailing of thearipiprazole
peak was high (~1.6). Similar resultswere obtained
with 25cm length, 4.6mm D and 5micron particlesize
C-8column

Toimprovetheretentiontimeof imp-5andtailing
of aripiprazole peak, column length was decreased
(Kromasil C-8, 150 mmx 4.6 mmi.dwith 5 um par-
ticles). When system suitability solutionwasinjectedin
the above conditionstheresol ution betweenimp-1 and
imp-2 was greater than 1.5, symmetry of the
aripiprazolepesk wasa soimproved (tailing~1.3) and
retention time of imp-5wasfound to be~35min. To
further improve retention time and symmetry of
aripiprazole peak, methanol was replaced with aceto-
nitrile (buffer: acetonitrile 50:50 v/v), resultswereas
follows: tailing of aripiprazole peak was~1.0, there-
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tention of imp-5was~16 min, imp-1, imp-2 were co
eluted, theresol ution between imp-3 and aripiprazole
waslessthan 2.0. Toimprovethe resol ution, acetoni-
trile content wasdecreased (buffer: acetonitrile: 65:35,
v/v) andinjected the system suitability solution, thereso-
|ution betweenimp-1 and imp-2 was observed greater
than 1.2, theresolution between imp-3 and aripiprazole
wasgreater than 2.0.Inthisconditions, stressed samples
wereinjected. In peroxide degradation the resol ution
between aripirazoleand onedegradent (~1.1 RRT) was
very less(lessthan 1.2). To further improvetheresolu-
tion, 5mM hexane-1- sulfonic acid sodium salt was
added to the above mobile phase and injected system
suitability solution. Resolution between dl thepeskswas
observed gregter than 2.0, the symmetry of aripiprazole
was observed ~1.1 and the retention of imp-5 was
observed around 23 min.

Effect of buffer pH was a so studiedin the above
conditions. WhenthepH of thebuffer(sodiumdihydrogen
phosphate monohydrate ) was adjusted to 7.2 with
sodium hydroxide solution, the tailing factor of
aipiprazole pesk was 1.5 and theretentiontimeof imp-
5wasabout 40 min. When pH increased towardsacidic
side (2.5) the symmetry of Aripiprazole peak wasim-
proved (tailing ~1.2) and retention of imp-5 too (23
min).

It indicatesthat theisocratic method with Kromasi
C-8, 150 mmx4.6 mmi.d with 5Sum particles(pH 2.5
sodium dihydrogen phosphate monohydrate and 5mM
hexane-1- sulfonic acid sodium salt buffer: acetonitrile:
65:35, v/v) wassuccessful in separation of drugand dl
chromophoric degradation products. Inthe aove con-
ditions system suitability solution wasinjected and re-
sultsweregiveninTABLE 1.

Theinterferenceof excipients(Corn starch, hydroxyl
propyl cellul ose, Lactose monohydrate, Magnesium
stearate and micro crystalline cellulose) was also
checked by injecting sampl e solutions of excipients.
Therewasno interferenceof excipientswithimpurities
(imp-1, imp-2, imp-3, imp-4, imp-5) and aripiprazole
peak.

Intheoptimized conditionsaripiprazole, imp-1, imp-
2,imp-3,imp-4 andimp-5werewel | separated witha
resolution of greater than 2 and the typical retention
timesof imp-1, imp-2, imp-3, aripiprazole, imp-4 and
imp-5wereabout 2.3, 3.3, 7.5, 9.8, 13.1and 23.5min
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TABLE 1: System suitability report

Comp USP. U.S.P USP. Capacity
' Resolution Tailing Theoretical factor
(Rs) factor plates (N) (o)
Imp-1 -- 1.3 8576 2.3
Imp-2 3.3 12 8197 3.8
Imp-3 10.2 1.1 8621 9.8
Aripiprazole 3.8 1.2 9415 131
Imp-4 8.7 1.2 7850 17.8
Imp-5 12.5 11 9560 325

respectively. Thesysem suitability resultsweregivenin
TABLE 1.

Anaysiswas performed for different batches of
bulk drug samples(n=3) and for pharmaceutical dos-
ageforms(n=3). Theassay resultsfor bulk samples
found to be 99.86% (APLOK701), 99.88 %
(APLOK706) and 99.87% (APLOK 708) whereasfor
drug product, 99.73% (CKM0702), 100.06%
(CKMOQ705), 99.41% (CKMO0706). The content of
imp-1 andimp-2 werenot detected, imp-3, imp-4 were
below 0.02% andimp-5isbeow 0.01%indl theabove
drug substance and drug product batches, which shows
al theresultsarewell withinthelimit. Accelarated and
long term stabiility study resultsasper ICH Q1A (R2)18
for Aripiprazolewere generated for 6 monthsand the
resultsarewe | withinthelimits.

Analytical method validation
1. Precision

The %RSD of assay of aripiprazol e during assay
method precision study waswithin 0.2% and the%oRSD
of areaof imp-1, imp-2, imp-3, imp-4 and imp-5in
related substance method precision study werewithin
1.5 % confirming the good precision of the method.

The %RSD of assay resultsobtainedinintermedi-
ate precision study waswithin 0.3% and the %RSD of
areaof imp-1, imp-2, imp-3, imp-4 and imp-5 were
within 2.0 %, Low RSDsindicated the repeatability
and intermediate precision of the devel oped method.

2. Sengitivity

Thelimit of detection of imp-1,imp-2, imp-3, imp-
4 and imp-5 were 0.001, 0.008, 0.009, 0.009 and
0.009% (of analyte concentration, i.e.500 ug mL™)
respectively for 5 uL injectionvolume. Thelimit of quan-
tification of imp-1, imp-2, imp-3, imp-4andimp-5were
0.003, 0.025, 0.028, 0.028 and 0.03% (of anayte
concentration, i.e. 500ug mL) respectively for 5ulL
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injection volume. Theprecision at LOQ concentration
forimp-1, imp-2, imp-3, imp-4 andimp-5werebelow
2%.

3.Linearity

Cdlibration curve obtained by theleast squarere-
gression analysis between average peak areaand the
concentration showed linear relation shipwith aregres-
sion coefficient of 0.999 over the calibration ranges
tested, i.e. 25- 200 pg mL-*for assay caculation. The
best-fit linear equation obtained wasy = 36772x -
99837. At dl concentration levels, standard deviation
of peak areawassignificantly low and RSD wasbel ow
0.6%. Anaysisof resdudsindicated that resdud swere
scattered within=+ 2% with respect to 100% concen-
tration response. The% Y intercept isalso within the
limit (+ 2% wrt 100% area response). The points in the
sensitivity graph were scattered within+2% with re-
spect to 100% concentration response. (TABLE 2)

Theresultsof linearity and range obtained for the
five potentia impuritiesweretabulatedinthe TABLE
2. Linear cdlibration plot for rel ated substance method

was obtained over the calibration ranges tested, i.e.
TABLE 2: Summary of for ced degradation results

LOQ1t00.3%for imp-1, imp-2, imp-3imp-4 and imp-
5. Thecorrelation coefficient obtained wasgreater than
0.999for dl fiveimpurities.

4. Accuracy

Themethod showed consistent and high absol ute
recoveriesat all the concentration levels by spiking
method. Thepercentagerecovery of aripiprazolein bulk
drug samplesranged from 98.8t0 99.5 and in pharma
ceutical dosageformsranged from 98.4t0 100.6 %.
The percentagerecovery of imp-1, imp-2, imp-3, imp-
4 andimp-5in bulk drugs samplesranged from 93.5to
106.2. HPLC chromatogram of spiked sample at
0.15% level of al fiveimpuritiesin aripiprazolebulk
drug sampleareshown infigure2(c).

5. Robustness

Indl thedeliberate varied chromatographic condi-
tionscarried out (flow rate, pH, changein mobilephase
composition and column temperature) the resolution
between closdy dutingimpurities, namely imp-1, imp-
2, imp-3and Aripiprazolewasgreater than 2.0, illus-
trating good robustness of the method.

6. Solution stability and mobile phase stability

M ass balance . . .
o)
% Assay of  (YAssay + _T_he YoRSD of_assay of aripi prgzoledur!ng solution
Stresscondition Time active %impurities + Stabl||ty and mobllephasestablllty experimentswas
substance % Degradation  within 1%. No significant changeswereobservedin
: : products) theimpurity content during sol ution stability and mobile
Acid hydrolysis h . ts. The sol ution stabilit dmobil
(INHCl refluxat  4h  97.75% 99.4 praseexperments. Thesoluton Sadility andmobiie
60 deg) phase stability experiments data confirmsthat sample
Base hydrolysis solutions and mobile phase used during assay and re-
N NaoH 48h 99.6 99.7 S
(Oxid o On) |ated substance determination were stable up to the
. )
(1% H,05) 48 h 77.15% 99.4 study period of 48 h.
Water hydrolysis 0 Selectivit
(Reflux at 60 deg) 4h 99.66% 99.7 y | _
Thermal (60°C) 10days  99.53 99.6 1. Resultsof forced degradation studies
Light (photolytic . .. .
3egf§daﬁ Og’)t 10days  99.82 99.9 Stressstudieson aripiprazoleunder different stress
TABLE 3: Linearity resultsfor related substancesand assay of aripiprazole
Impurity-1 Impurity-2 Impurity-3  Impurity-4  Impurity-5 Assay
A y =449.23x-  y=92.575x- y =286.64x - y=282.36x y=279.96x- y=36772X-
Calibration equn 480.82 34.966 120.38 -1321.9 922.59 99837
Linearity range 2.0-200% 16.7-200% 18.7-200%  18.7-200%  20-200% 25-200%
Regression coefficient 0.9999 0.999 0.9991 0.9996 0.9994 0.9999
Slope 449.2 92.575 286.64 282.36 279.96 36772
Intercept -480.82 -34.966 -120.38 -1321.9 -922.59 -99837
%I ntercept -0.0109 -0.00389 -0.0042 -0.0487 -0.0328 -0.02787
Residual sum of squares ~ 6208348.0 483121 3960452 2010129 2595907 2853361700
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Figure2: Typical chromatogram of blank, aripiprazole samplearipiprazolespiked with impuritiesat 0.15% level and
stressed aripiprazole samples
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conditions suggested the following degradation
behavior.

2. Degradation in acidic solution

In IN HCI at room temperature no mgjor degra-
dation was observed. Minor amount of degradation
(~2.3%) was observed when stressed conditionswere
applied (IN HCI 4 hoursreflux at 60°C) figure 2(d).

3. Degradation in basic solution

In 1IN NaOH at room temperature after 48 h, no
major degradationwasobserved. Aripiprazoleisstable
towardsbase hydrolysis.

4. Oxidativeconditions

The drug was exposed to 1% hydrogen peroxide
at room temperaturefor 48 h. Thedrug gradualy un-
dergonedegradation with timein 1 % hydrogen perox-
ide and aprominent degradation wasobserved (~23%).
Aripiprazolehas shown significant sensitivity towards
thetreatment of hydrogen peroxidefigure2(e).

5. Degradation in neutral (water) solution

No mgor degradation productswere observed after
48 h at roomtemperature. Thedrug wasa so stablein
water on heating at 60°C for 4 h. The drug was stable
towater hydrolysis.

6. Photolytic conditions

Thedrugwasdabletotheeffect of photolysis. When
the drug powder was exposed to light for an overall
illumination of 1.2 millionlux hoursand anintegrated
near ultraviolet energy of 200-watt hours/square meter
(w/mhr) (in photo stability chamber), no degradation of
the drug was observed.

7. Thermal degradation

Thedrugwas stableto the effect of temperature.
When the drug powder exposed to dry heat at 60°C
for 10 days, no decomposition of the drug was ob-
served.

Peak purity test resultsderived from PDA detec-
tor, confirmed that the aripiprazol e peak ishomoge-
neousand pureinal the anayzed stresssamples. Peak
purity results for degrade peaksfrom PDA detector
confirmthat al-degradant pesksare homogeneousand
pureinall anayzed stresssamples.

Hnalytical CHEMISTRY o

Assay of al stressed sampleswere calculated us-
ing qualified standard of aripiprazole. Consdering the
puritiesfrom the respective chromatograms of stressed
sampl es, mass balance (Yoassay + % degradants + %
impurities) wasca culated for each stressed sample. The
mass ba ance of stressed sampleswas closeto 99.4%.
Theassay of aripiprazoleisunaffectedin thepresence
of imp-1, imp-2,imp-3, imp-4 andimp-5and itsdeg-
radation productsconfirmsthestability indicating power
of the developed method. No degradants were ob-
served after 30 minintheextended runtimeof 100min
for all thearipiprazol e stressed sampleq heat (60°C),
photolysis, acid hydrolysis (1IN HCI), base hydrolysis
(AN NaOH), water hydrolysisand oxidation (1% H,0,)
with 90% acetonitrileasmobile phase ( buffer: acetoni-
trile 10:90, v/Iv).

CONCLUSIONS

Theisocratic RP-LC method devel oped for quan-
titative and related substance determination of
Aripiprazolein both bulk drug and pharmaceutica dos-
ageformwaspreci se, accurate and specific. Themethod
was completely vaidated showing satisfactory datafor
al themethod vdidation parameterstested. Thedeve -
oped method was stability indicating and can be used
for theroutineanaysisof production samplesandaso
to check the stability of samplesof aripiprazole.
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