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ABSTRACT

The present study describes development and subrgegalidation of a stability indicating reversegse HPLC
method for the estimation of Quetiapine Fumarat&)(@ bulk and pharmaceutical dosage forms. Theppsad
RP-HPLC method utilizes a Inertsil ODS (250 x 4.1&,n5) column, at ambient temperature, optimum mobile
phase consisted of 0.02%v/v formic acid and meth&®:10), effluent flow monitored at 1mL/min and/U
detection at 220nm. The retention time of QF wadm. The bulk active pharmaceutical ingredienswabjected

to thermal, photolytic, hydrolytic (acidic and basiand oxidative stress conditions and stressedpkssmwere
analyzed by the proposed method. Considerable degjiom was found to occur only in oxidative stresaditions.
The method was validated as per ICH guidelinesp@ddinearity was observed in the concentrationgarf 10-
50pg/mL with a correlation coefficient (R) of >09@and method showed good repeatability and repritulity
with percent relative standard deviation less tte#. The percent assay and recovery values werelftube in
the range of 98.56-99.06% and 99.60-100.85% respdygt The proposed RP-HPLC-PDA method is specific,
accurate, precise and high sensitive enough foetenation of QF in bulk and pharmaceutical doségens.
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INTRODUCTION

QF, chemically 2-[2-(4-Dibenzbif] [1,4]thiazepin-11-yl-1-piperazinyl) ethoxy] etharfumarate [1] is an atypical
antipsychotic agent indicated for the treatmentPafkinson's disease, schizophrenia and acute nepisodes
associated with bipolar disorder (as either morraghye or adjunct therapy to lithium or valproaté)isl a selective
monoaminergic antagonist and this effect is medi#teough antagonism of;and 5HT, receptors.

Stability testing forms an important part of thegess of drug product development. The purpostabflity testing
is to provide evidence on how the quality of a dsupstance or drug product varies with time undéuénce of a
variety of environmental factors such as tempeeatbumidity and light, and enables recommendatiostarage
conditions, retest periods and shelf lives to habdished.

Literature survey reveals that various UV-spectaiphetric [2-4], RP-HPLC [5, 6], UPLC [7, 8], HPTLO, 10],
lon-pair titrimetric [11] and colorimetric method42] were published for the estimation of QF in kwand
pharmaceutical dosage forms. So far one stabilificating HPLC [13] method was published for theéneation of
QF in tablets and used phosphate buffer in moltiksp which is not LC-MS compatible and also usgt percent
of organic phase. Hence, in this investigation tengpt was made to develop stability indicating IRIPLC-PDA
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method for the analysis of QF in bulk and pharm#cal dosage forms which is LC-MS compatible and
economical.

EXPERIMENTAL SECTION

2.1 Materials and reagents

QF was supplied by Dr. Reddy's Laboratories, Hylolgda, as gift sample. Methanol, water and formid agere
purchased from E. Merck, Mumbai, India. All thévemts and reagents were used of HPLC grade. QUETIB
a tablet containing QF (50mg) was commercially pased.

2.2 Equipment

A Shimadzu Prominence HPLC system provided with BZRIA3 degasser, LC-20AD binary pumps, SIL-20AHT
auto sampler, and SPD-M20A PDA detector was useta dcquisition was carried out using LC solutions
software. The chromatographic analysis was perfdrarelnertsil ODS column (250 x 4.6mm, 5).

2.3 Chromatographic Conditions

Mobile phase consisting of 0.02%v/v formic acid:thamol (90:10) was used in isocratic mode and tlobilm
phase was filtered through nylon disc filter of 8u#n (Millipore) and sonicated for 3 min before uke flow rate
was 1 mL/min and the injection volume was 20uL dildent was 50:50 water and methanol. PDA detectias
performed at 220nm and the separation was achegvachbient temperature.

2.4 Preparation of standard stock solution
The standard stock solution was prepared by disgplan accurately weighed quantity of QF in waber10OmL
volumetric flask, and volume was made upto the matk the same solvent to obtain mg/mL stock solutf QF.

2.5 Validation
The proposed method was validated for the followiagameters as per ICH guidelines.

2.5.1 Specificity

In order to evaluate the interference of degradatimducts with the estimation of drug peak, spatjf studies
were carried out by injecting stressed sampleg sftéable dilutions with the diluent. The peakipudata and
resolution between degradants and drug peak irdidhe specificity of the method.

2.5.1.1 Forced Degradation Studies
QF was allowed to hydrolyze in acid (LN HCI), b&sBl NaOH) and hydrogen peroxide (3%v/v) and alsmlisd
for its thermal degradation (at ‘@) and photolytic degradation [14-17].

2.5.1.1.1 Acid Hydrolysis
Stock solutions of mg/mL QF in 1N HCI was prepasaed kept at 7C for 2days. In another volumetric flask, 1N
HCI kept at 70C for the same period as blank. Suitable dilutiwese made and samples were analyzed.

2.5.1.1.2 Basic Hydrolysis
Stock solutions of 0.4mg/mL QF in 1N NaOH was prepaand kept at 70 for 2days. In another volumetric flask,
1N NaOH kept at 7€ for the same period as blank. Suitable dilutimese made and samples were analyzed.

2.5.1.1.3 Oxidative degradation

Stock solutions of mg/mL QF in 3%v/v hydrogen pédexwas prepared and kept at@Gor 2days. In another
volumetric flask, 3%v/v hydrogen peroxide kept &iC7for the same period as blank. Suitable dilutimese made
and samples were analyzed.

2.5.1.1.4 Photolytic degradation

An accurately weighed quantity of QF in solid statas irradiated with UV radiation (overall illumitian of
>210Wh/nf at room temperature with UV radiation) for 14 dagock solutions of mg/mL QF in water was
prepared and samples were analyzed after suitdbteds.
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2.5.1.1.5 Thermal degradation

An accurately weighed quantity of QF in solid statas transferred into glass vial and placed in atrotled
temperature oven at ‘M for 14 days. Stock solutions of mg/mL QF in wateas prepared and samples were
analyzed after suitable dilutions.

The data was given in Table-1.

2.5.2 Linearity

Linearity was evaluated by linear regression amglysing minimum of five standard concentrationsseXies of
standard dilutions were prepared over a conceotratinge of 10-5Qug/mL from the stock solutions using the
diluent (50:50-water : methanol) and injected onthe column in triplicate. Test results were eviddaby
constructing calibration curves plotting standaedlpareas against the analyte concentration anttalesdata was
given in Table 2.

2.5.3 Precision

Precision is the measure of closeness of the ddt@s to each other for a number of measurementsr the same
analytical conditions. Precision was evaluateddpentability of measurements of peak area by wsmgnimum of
six determinations at 100% of the test concentnat®ug/mL of QF) and %RSD value was reported aatd das
given in Table 2.

2.5.4 Accuracy

To check the degree of accuracy of the method,vesgostudies were performed by standard additiothate
Known amounts of standard were added to pre-andlyamples at three different concentration lev@&d84, 100%
and 120%) within the range of linearity and mixtingere analyzed in triplicate by the proposed nektiide
results were shown in Table 2.

2.5.5L0D and LOQ

The LOD and LOQ values were determined by the catiitn curve method using the formulae LOD =@&/® and
LOQ = 10a/m (Where,o is the standard deviation of the responses ansl mean of the slopes of the calibration
curves).

2.5.6 Robustness

To determine the robustness of the developed mettaitherate changes were made to the experimeotalitions
and various factors like capacity factor, retentiome, and theoretical plate number were calculatedevaluate the
effect of change in flow rate, it was changed b@%?and to determine effect of the wavelength, i$ wiaanged by
+1nm and relevant data was given in Table 3.

2.5.7 System suitability
System suitability was carried out by injecting 8mL of QF with increment of injection volumes imetrange of
10-50 pL. Various system suitability parametere ltkiling factor and theoretical plate nhumber weoted and
%RSD was calculated.

2.5.8 Assay

Twenty tablets of QF (50mg) were taken and crugheihe powder. Then powder equivalent to 10mg &f\as
taken in 10mL volumetric flask and dissolved in @raand vortexed for 5-10min. Solution was filtetddough
0.45um nylon disc filter and the 1@ of filtrate was diluted with diluent to get a stibn containing 20g/mL of
QF. The solution was injected in triplicate. Thecamt present in the each tablet was calculatedobyparing the
area of standard QF with the test samples.

RESULTS AND DISCUSSION
Several HPLC, UV-spectrophotometric analytical roeh were published for the estimation of QF in baiid
pharmaceutical dosage forms and one stability atiig method was reported so far. However, the iphibd

method used higher percentage of organic solveithait not economical and also phosphate buffé¢hasqueous
phase which is not LC-MS compatible. Hence, the afnthe present work is to develop and validatengpke,
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efficient, economical, sensitive, and selective &@iMS suitable method for the estimation of QFbmk and
pharmaceutical dosage forms.

3.1 Method Development and Optimization

In the present investigation, initial trials wereae to develop LC conditions for the elution of @¥thg water as
aqueous phase and methanol as organic modifieb@&®) at a flow rate of 1.0 mL/min using,{Phenomenex
column (250 x 4.6 mm,|§, split peak was observed. Whereas, with the sashenn with change in mobile phase
to 15mM ammonium acetate: methanol in differeniosaat a flow rate of 1.0 mL/min, the QF was elubsdore
solvent front. In another trial with mobile phaske0002%v/v formic acid and methanol, using PhenoaxerCg
(250 x 4.6 mm, @) column, peak tailing was observed and with inseei@ organic phase ratio, peak broadening
was observed. Finally, good peak shape was obtawthch mobile phase composition of 0.02%v/v formgd and
methanol (90:10 v/v) at the flow rate of 1mL/minings Inertsil-ODS (250 x 4.6 mm, % column and water:
methanol (50:50) as diluent, the QF was elutedBat2Lmin and tailing factor was within the limitor quantitative
analytical purpose wavelength was set at 220nmctwiprovided better reproducibility with minimum oio
interference. The method was validated as per IGidalines. The peak purity index was found to beatgr than
0.9999 for QF and indicating the peak purity of tlieg sample used in the analysis and shown irlEifpng with
the standard chromatogram and UV spectra.
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Fig 1: A) Standard chromatogram of QF; B) UV Spectea of QF; C) Peak purity curve of QF

To evaluate the stability of QF and ability of theethod to separate QF from its degradation prod@@kswas
subjected to various stress conditions such astaddlysis (using 1N HCI), basic hydrolysis (usibly NaOH),
oxidative hydrolysis (using 3%v/v #@,), thermal degradation (at T) and photolytic degradation (overall
illumination of>210Wh/nf at 25C with UV radiation)

No degradation products were obtained with acidit lasic hydrolysis conditions. Two degradationdpicts were
formed with retention times at 5.17 (8.85%) and 5.80 min (2.y%%en QF was subjected to oxidative stress
conditions (in 3%v/v hydrogen peroxide and showfrign 2) as it contains alcohol, tertiary amine growvhich are
susceptible to oxidation. The total degradation feasd to be 11.6%.
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Fig 2: HPLC chromatogram for oxidative stressed sample
No degradation peaks were observed with stresseglea of photo (UV radiation for 14 days) and tharat 70C

for 14 days) conditions. The formed degradationdpots of QF showed a good resolution from the dragk.
Results of degradation studies were given in Takdad shown in Fig 3.
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Table 1: Degradation Study Data

Degradation Condition QF % Peak Area | QF Peak Purity
Acidic hydrolysis (mg/mL in 1N HCI) at 7Q for 2 days 100 Pass
Basic hydrolysis (mg/mL in 1N NaOH) at ‘@for 2 days 100 Pass
Oxidation (mg/mL in 3%v/v Hydrogen peroxide) at@@or 2 days 88.4 Pass
Photo degradation (to UV light) for 14 d: 10C Pas
Thermal degradation at Tfor 14 days 100 Pass
v
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Fig 3: Overlay of chromatograms of Blank, Untreatedand treated samples of QF

A-1n oxidative stress condition B- In acid hydrolytic condition C-In basic hydrolytic condition D-Photo Degradation E- Thermal degradation

Photodiode array detection was used as an evidehdhe specificity of the method, and to evaluate t
homogeneity of the drug peak. Chromatographic pegity data was obtained from the spectral analsegport and

a peak purity value greater than 0.999 indicatdibmogenous peak. The peak purity values for threkgpén
chromatograms of stressed samples were in the rafge.9999 to 1.0000 for drug substance, indicating
homogenous peaks and thus establishing the spgedfdhe method.

A linear relationship was evaluated across the egi@-50 pg/mL) of the analytical procedure inlicigte. The

range of concentrations was selected based on @0 2f the test concentration (for assay). Peal amrd
concentrations were subjected to least square s&igre analysis to calculate regression equatioe. rElgression
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coefficient (R) and correlation coefficient (R) for QF were fouacbe >0.999, indicating a linear response over th
range used. The linearity data was given in Table 2

Precision studies were carried out in terms of atgdality. Six replicate determinations were catroait and percent
relative standard deviation for peak areas wasthess 2%, indicating the high degree of precisiod eesults were
given in Table 2.

Accuracy of the method was examined by performiegovery studies by standard addition method. Variou
mixtures were prepared by spiking the known amouofitstandard at three concentration levels (80%9%d@nd
120%) to the drug product of the concentration @fug/mL and these mixtures were analyzed by injecting
triplicate. The %RSD and the %recovery values wétkin the acceptable limits, and results were giireTable 2,
indicating high accuracy of the method.

Table 2: Linearity, Precision and Accuracy data

Validation data of QF
Range 10-50 pg/mL
y =19154x+2328
R=0.999
R’*=0.999
Average peak area of the standard sample (%RSD
387306 (1.21)

Mean Percent Recovery (%RSD)

Linearity (n=3)

Precision (n=6)

Accuracy (n=3)
Level of addition

80% 100.61 (0.238)
100% 100.41 (0.299)
120% 100.10 (0.435)

LOD and LOQ were calculated from the average slape standard deviation of y-intercepts of the catibn

curve. LOD and LOQ were found to be 0.1g8nL and 0.32Ag/mL respectively indicating high sensitivity ofeth
method.

Method robustness was determined by analyzing #meessample at normal operating conditions and kiso
changing the operating analytical conditions likevelength of detection and flow rate of the mopiase. Percent
assay values were also estimated under these ahangditions and the results were given in Tabl€Zanges in
the flow rate affected the retention times. Howetlee parameters like capacity factor, theorefitale number and
assay were not changed and were within the linSilsiilar results were obtained with the changed \emngth.
These results indicated that the method is rolmustrims of changed flow rate and wavelength.

Table 3: Robustness data for QF

Chromatographic parameters | Retention time (min) [ Theoretical plates# | Capacity factor (K) | Tailing factor (T;) | % Assay

Flow rate (mL/min)

0.8 16.4¢ 14504.15 3.16¢ 1.38:¢ 99.8¢

1.0 13.42 13650.675 3.227 1.226 101.90

1.2 10.59 13361.998 3.011 1.205 100.52
Wave length (nm)

219 13.42 13493.714 3.226 1.24 101.14

220 13.42 13650.675 3.227 1.226 101.90

221 13.4] 13508.76 3.22i 1.245 99.27

System suitability was carried out by injectingnstard concentration 20y/mL of QF at different injection volumes
ranging from 10-50uL. The %RSD values for systeiitability test parameters like retention timeFR3.42min
(0.437%)], tailing factor [f= 1.34 (1.307%)] and theoretical plate numbes[12439 (1.844%)] were found to be
less than 2% indicating the present conditions waieble for the analysis of QF in tablets.

Assay of QF tablets was performed by the proposethod and the % assay of the drug was calculatezhas

average of 3 determinations and found to be inrdimge of 98.56-99.06%. These results indicate tti@fpresent
HPLC method can be successfully used for the ass@f in bulk and pharmaceutical dosage forms.
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CONCLUSION

The developed stability indicating RP-HPLC-PDA numthwas found to be simple, sensitive, accurategigee

economical and LC-MS compatible. The method wagdatdd as per ICH guidelines, and validation acoeq

criteria were met in all cases. Application of thisthod for estimation of QF from tablet dosagenfand stressed
samples showed that neither the degradation prechactthe excipients interfered in the estimatibdrog. Hence,

this method was specific, stability-indicating acah be successfully used for the estimation of @MBulk and

pharmaceutical dosage forms.
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