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ABSTRACT

Quantification of three second generation atypieaitipsychotics lloperidone (ILO), Blonanserin (BL@hd
Asenapine (ASE) have been demonstrated using § dewéloped extractive spectrophotometric methwdctsiral
characteristic of selected drugs allows them tarfaolored complex with acid dyes in presence ofipenicro
environment. Bromocresol green (BCG) was selectedy@. The colored complex has specific UV absaban
between 400 to 800 nm. Experimental conditionautfinly buffer, pH of solution and solvent for extrae were
optimized. lloperidone and blonanserin were reactéith dye in presence of pH 1.2 hydrochloric acidfér while
asenapine was reacted in presence of pH 4.1 acét#ter. The colored complex was extracted witloiibrm
and absorbance was measured that follows beer'sitovange of 10-5Q.g/mL for iloperidone ¢ = 0.995) and
blonanserin (f = 0.998) and 5-3Qug/mL for asenapine {r= 0.996). Proposed method was validated in terfs o
precision, accuracy, limit of detection (LOD), linuf quantitation (LOQ) as per the ICH guideliné&esults for
inter-day precision (ILO < 2.20 %, BLO < 2.09 %, BS 2.43 %), intra-day precision (ILO < 1.74 %, BLO1.74
%, ASE < 1.24 %), % recovery (ILO = 98.05, BLO =&B ASE = 98.60), LOD (ILO = 0.35, BLO = 2.41, ASE
0.39ug/mL), LOQ (ILO = 1.07, BLO = 7.31, ASE = 1.18/mL) and stability of the drug-BCG complex (ILO =
120, BLO = 120, ASE = 60 min) were found satisfactorhe proposed analytical method is first, simple
reproducible and cost-effective having industripplication in qualitative and quantitative analysis

Keywords: Antipsychotics, lloperidone, Blonanserin, Asenapimeeate, Extractive colorimetric method

INTRODUCTION

Schizophrenia is a chronic remitting and relapstligease associated with shortened lifespan andfisan
impairment in social and vocational functioning diee symptoms like hallucinations, delusions andugiu
disturbances [1]. Over 60 antipsychotic medicinasehbeen developed and classified in two groups- faind
second-generation, “atypical” agents [1]. lloperidpa member of second generation antipsychotienpélg to
piperidinyl-benzisoxazole  derivatives, chemically efided as 4'-[3-[4-(6-Fluoro-1,2-benzisoxazol-3-
yl)piperidino]propoxy]-3-methoxyacetophenone [2]wlas approved for the treatment of Schizophremiadults to
Novartis by USFDA. Blonanserin, a second generatiatipsychotic agent introduced by Dainippon Sumidfor
the treatment of schizophrenia in Japan was apdrbye®MDA [3]. Chemically, It belongs to butyroplwres and
designated as 2-(4-ethylpiperazin-1-yl)-4-(4-flysnenyl)-5, 6, 7, 8, 9, 10-hexahydrocycloocta [b]rigipe.
Asenapine, another atypical anti-psychotic ageatus the treatment of schizophrenia, mania andlaipdisorder
developed by Forest Pharmaceuticals was approvedSBDA [3]. It belongs to dibenzo-oxepino pyrrolesd
chemically defined as (3aRS, 12bRS)-5- Chloro-2hyle2, 3, 3a, 12b- tetrahydrd-tdibenzo [2, 3:6, 7] oxepino
[4, 5-c] pyrrole [4]. Various literatures on anat@l methods for quantification of iloperidone, bémserin and
asenapine in its available market formulations gissophisticated instrumentation techniques wereorted.
lloperidone estimation in human plasma using splidse extraction followed by SIM-ES-MS method [BR-
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UPLC method [6], HPLC methods [7-11], HPTLC methid®], UV spectrophotometric method [11, 13], and
derivative spectrophotometric method [12] were rtgmh Blonanserin quantification was reported usli@r
MS/MS method [14, 16] and UPLC-MS/MS method [15] fof its determination in human plasma [14], HPLC
method [18, 20-21] spectrophotometric method [Bme UV spectrophotometric methods [23], HPLC mesho
[24, 29] and SPE-HPLC-MS method [30] were reporfed estimation of asenapine. Recently simultaneous
estimation of iloperidone with asenapine in humarus by LC-MS/MS method [31] and UPLC-MS method][32
were also reported.

In this paper, we present simple, reproducibleidrapd cost-effective ion-pair colorimetric methiod quantitation
of iloperidone, blonanserin and asenapine in bulkl és marketed formulation. Till date, there is moch
colorimetric method reported for selected drug tdetes in the literature. Method development byirojing
suitable microenvironment for complexation, validatof method as per the ICH guidelines [32], andustrial
application of proposed method in quantificatioae tire key points of our research.

MATERIALS AND METHODS

Apparatus

Double beam UV-visible spectrophotometer (Shimadradel 1700), quartz cells with 1 cm light pathgitdil
balance (Shimadzu Libror AEG-220), digital pH mei8ystronic-335), ultrasonicator (Frontline FS-@yclomixer
(Remi equipment), 1, 2, 5 and 10 mL pipettes, 1@ 2% mL volumetric flasks, 50 and 125 mL separafingnel
and glass stoppered test-tubes were used duriragiments.

Materials and reagents

Working standard of lloperidone (ILO) was gifted Biiemis Pharmaceuticals Ltd., Haridwar, India. 8éads of
Blonanserin (BLO) and Asenapine maleate (ASE) wggfied by Intas Pharmaceuticals Ltd., Ahmedabadjaln
Hydrochloric acid buffers, Citrate buffers, acetatdfers and phosphate buffers of various pH rangse prepared
as mentioned in pharmacopoeia. Bromocresol greem @BCG), anhydrous sodium sulfate, chloroform,
dichloromethane, ethyl acetate, toluene, dist¥ader were used. All the reagents were of AR grade.

Preparation of standard stock solutions

Accurately weighed ILO (10 mg), ASE (10 mg) and BI@D mg) were transferred into three separate 10 mL
volumetric flasks, dissolved and diluted up to thark with methanol and stored in refrigerator aB2C wrapped
with aluminium foil. Aliquots (2.5mL) were transfed into another set of 10 mL volumetric flasks alildted up

to the mark with distilled water to make workingmstlard solutions (Concentration= 250 pg/mL for IIARE and
BLO respectively).

Preparation of acid dye solution

Accurately weighed Bromocresol green (100 mg) wassferred into 100 mL volumetric flasks. About mQ of
methanol was added in the flasks; flasks was stadctor 10 min to assist dissolution, and diluteithvdistilled
water up to the mark. (Concentration= 1mg/mL).

Preparation of buffer solution
Hydrochloric acid buffers (pH 1.2 and 2.2), citratdfers (pH 2.6, 2.8, 3.2, 3.6 and 3.8), acetaféebs (pH 4.1 and
5.5) and phosphate buffer pH 6.4 were prepare@afpmulas listed in Pharmacopoeia.

Method development

Optimization of solvent for extraction of drug-dyecomplex and selection of wavelength

Working standard solution of ILO (1mL) was transéer into a series of different 25mL glass stoppdestitubes.

In each test-tube, 1mL of BCG dye solution was ddaleng with 3 mL of 0.1N HCI buffer. The solutiongre
mixed well and 5 mL of selected organic solventddimform, dichloromethane, ethyl acetate, andeo&) were
added to respective test-tubes. The tubes wereglaccyclomixer for 2 min and were kept aside Ifyers to
separate. From each test-tube, the organic laysrosiected and filtered through anhydrous sodiwifate to
remove traces of water and was analyzed to deterrtin wavelength maximum and absorbance. The same
procedure was adopted for ASE and BLO with same(B@EG).

Optimization of pH for drug-dye complex formation

Standard stock solution of ILO (1mL) was transfdrieto a series of different 25mL glass stoppet-tig#ses. In
each test-tube, 1mL of BCG dye solution was addedgawith 3 mL of different buffers (buffers of wang pH).
The solutions were mixed well and 5mL of chlorofornas added in each tube. The tubes were placegiargixer
for 2 min and were kept aside for layers to separdhe organic layers were collected and filterecbugh
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anhydrous sodium sulfate (to remove traces of WwafEne same procedure was adopted for ASE and BLO.
Absorbances of filtered solutions were measured.@tnm for ILO, 415 nm for ASE and 417 nm for BLO.

Stochiometric determination of drug-dye complex byJOB'’S curve method

Equimolar solution of drugs and dye (1.0 x*L@ere prepared in distilled water. Aliquots of grsolution (0.3, 0.6,
0.9,1.2,15,1.38, 2.1, 2.4 and 2.7mL) were trametl into a series of 25 mL glass stopper tegsubo these tubes
aliquots of dye solution (2.7, 2.4, 2.1, 1.8, L%, 0.9, 0.6 and 0.3 mL respectively) were addeslich a way that
molar concentration of drug and dye remains comstdnile their mole fractions vary. To each testeub mL of
buffer (HCL acid buffer pH 1.2 for ILO, Acetate lieif pH 4.1 for ASE and HCL acid buffer pH 1.2 fot®) and
10 mL of chloroform was added. The tubes were planecyclomixer for 2 min and were kept aside faydrs to
separate. The organic layers were collected ataddd through anhydrous sodium sulfate to remacaeet of water
and the absorbance was measured at respectiveangtieimaximum. Absorbance which is proportionatdoplex
formed was plotted against the mole fractions eséhtwo components.

Reagent concentration

BCG dye was taken in concentration of 1 mg/ mLrideo to allow excess of dye available for reaciioespective
to analyte concentration. Complexation is mole wlenreaction and ionized dye cannot be extractedrggnic
solvent hence, reaction and color intensity withegn unaffected.

Reaction time and numbers of extraction

During preliminary developmental trialabsorbance of drug—dye was measured with readtiendf 5 min and 30
min. No change in absorbance was nofelction time of 10 min with intermittent shakingsiwsufficient to form
the complex and complete the reaction. Single etitna with 10 mL of Chloroform is sufficient to e&tct out the
drug-dye complex completely.

Stability of drug-dye complex

Stability of formed drug-dye complex was ascertdiny continuously monitoring the absorbance valokthe
colored complexes after extraction using UV-spagaticiometer. Absorbance values were noted at arvaitef
five minutes till there was more than 2.0 % deczeiasabsorbance from its initial results. This timeerval was
termed as stability of the colored drug-dye complex

Proposed method and assay of marketed formulation
[ILOSURE (lloperidone), ASENAPT (Asenapine) and ELA (Blonanserin)]

For ILOSURE 2 (2 mg), ILOSURE 4 (4 mg)

Twenty tablets were accurately weighed and finelygered. Powder equivalent to 10 mg ILO was transéeinto
50 mL volumetric flask. To this, 40 mL preheatetlson of methanol: distilled water (1:1) was added the flask
was sonicated for 20 min, the solution was filteusthg Whatman filter no.41 and volume was madeouhe mark
with distilled water. Aliquot (1 mL) of this solwh was transferred into a 25 mL glass stopperaeube followed
by 3 mL of HCL acid buffer pH 1.2, 1 ml of BCG-dyand 7 mL with distilled water.

For ASENAPT 5 (5 mg), ASENAPT 10 (10 mg)

Twenty tablets were accurately weighed and finelwgered. Powder equivalent to 50 mg ASE was traresfanto
50 mL volumetric flask. To this, 40 mL distilled tea was added and the flask was sonicated for 10 the
solution was filtered using Whatman filter no.4Hdamlume was made up to the mark with distilledexafliquot
(2 mL) was transferred into a 10 mL volumetric Kad was diluted with distilled water up to therkaaliquot (1
mL) of this solution was transferred into a 25 masg stoppered test-tube followed by 3 mL of Aeetatffer pH
4.1, 1 ml of BCG-dye and 7 mL with distilled water.

For ELICIA 2 (2 mg), ELICIA 4 (4 mg)

Twenty tablets were accurately weighed and finelywgered. Powder equivalent to 10 mg BLO was trarefieinto
50 mL volumetric flask. To this, 40 mL distilled tea was added and the flask was sonicated for 20 the
solution was filtered using whatman filter no.4damlume was made up to the mark with distilledexafliquot
(2 mL) was transferred into a 25 mL glass stopp#estitube followed by 3 mL of HCL acid buffer pk211 ml of
BCG-dye and 7 mL with distilled water.

Extraction with chloroform was performed as desmditin validation studies (Linearity) for all the ale test
preparation and absorbance were measured in atetat respective wavelengths.
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RESULTS AND DISCUSSION

Complexation reaction chemistry

Quaternary amine in molecular structure of drugdeugoes ionization in presence of acidic pH. BC@ tyms
anion at this pH. Yellow colored complex forms beém cationic drug and anionic dye which is soluiblerganic
solvent and can easily be extracted. Complexattmuirs at specific Stochiometric drug: dye ratio andess of dye
remains in ionized form and cannot be extracte@. fElaction mechanism is depicted in figure-1.

Optimization of solvent for extraction of drug-dyecomplex

Organic solvent which can ensure the complete etiraof complex from the aqueous phase must el prior
to method development. Amongst all tried organilvesats chloroform and dichloromethane was the fitsbice
based on the absorbance as plotted in figure-2.t®welatility of dichloromethane, chloroform waslected as the
solvent for extraction.

Extraction Solvent Optimization
0.8
0.6
9]
=
= mILO-BCG
% 0.4
; ASE-BCG
" 02 =BLO-BCG
0.0
Chloroform Dichloro Ethyl Toluene
methane  Acetate
Solvents

Figure-2 Absorbance of drug-dye complex in differehorganic solvents

UV spectrum and selection of wavelength

A spectrum of organic phase having yellow colorethplex was recorded over a range of 400-800 nnstambéish
wave length maximumif,,,). It was found to be 419 nm for ILO-BCG comple®54nm for ASE-BCG complex
and 417 nm for BLO-BCG complex as depicted in fegbr It can be observed that absorbance is spdoific
chromogen rather than analyte.

Optimization of pH for drug-dye complex formation

Micro-environment of the reaction mixture plays iamportant role in complexation reaction as pH gosethe
ionization. The results obtained during pH optirticma studies showed that complexation reaction acati acidic
pH. ILO and BLO forms complex at pH 1.2 whereas A8fns complex at pH 4.1 (figure 3).

Stochiometric determination of drug-dye complex bylob’s curve method

The results (figure 3) indicate that ion-pair formisen drug: dye ratio is 1:1 by electrostatic atican between the
positive protonated drug and the anionic dye. Aseolbed from the Job’s curve, absorption is maximeren drug/
[drug + dye] molar ratio is ~0.5 which indicate®lpability for complex formation in 1:1 (drug : dyetio for all
the three drugs.
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pH optimization for ILO-BCG complex Job's Curve for ILO-BCG complex
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Figure-3: (A) ILO-BCG pH optimization (B) ILO-BCG J ob’s curve (C) ASE-BCG pH optimization (D) ASE-BCGJob'’s curve (E) BLO-
BCG pH optimization (F) BLO-BCG Job’s curve

Stability of drug-dye complex
Results for Stability of ILO-BCG, ASE-BCG and BLOE® complexes were presented graphically in figuré-4

was found to be stable till 150, 90 and 150 mipeetively.
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Stability of drug-dye complex

1
0.8 44—0—0—0—oo—»
& —o—o—9o-0—90-9 * ™ ®
= 06 |
=
2 04 -
=
0.2 S uuua i ——=n ]
0 T T T T T T T T 1

0] 20 40 60 80 100 120 140 160 180

Time (Min)
—8—|LO-BCG —&— ASE-BCG —i— BLO-BCG

Figure-4 Stability of Drug-Dye complex after extration

Method validation
The proposed methods were validated accordingdatirent ICH guidelines [33]. Results of methodidadion
studies were presented in table-1. Results wenedfgatisfactory and within acceptance criteria.

Linearity (calibration curve)

For ILO: 2 mL working standard solution was transferred @ondl volumetric flask and diluted up to the mark
(200ug/mL). Add resultant solution (0.5, 1.0, 28) and 2.5mL) were transferred into a serieswaf 85 mL glass
stopper test-tubes. In each test-tube 1 mL of B@& ahd 3 mL of HCL acid buffer pH 1.2 were added #re
volume was made up to 7 mL with distilled waterlot to stand for 10 min with intermittent shaking.

For ASE: 2.5 mL working standard solution was tfarred to 10 ml volumetric flask and diluted uptbe mark
(250pg/mL). Add resultant solution (0.2, 0.4, @@, 1.0 and 1.2 mL) were transferred into a sesfdé/e 25 mL
glass stopper test-tubes. In each test-tube 1 nBGC& dye and 3 mL of Acetate buffer pH 4.1 wereaatdnd the
volume was made up to 7 mL with distilled waterlot to stand for 10 min with intermittent shaking.

For BLO: Add 8 mL of Stock solution (250ug/mL) daedard BLO was transferred to 10 ml volumetrisiland
diluted up to the mark (200pg/mL). Add resultaniuson (0.5, 1.0, 1.5, 2.0 and 2.5mL) were transf@rinto a
series of five 25 mL glass stopper test-tubesaltheest-tube 1 mL of BCG dye and 3 mL of HCL dwidfer pH
1.2 were added and the volume was made up to 7 itth distilled water. Allow to stand for 10 min with
intermittent shaking.

To the above solutions chloroform (10 mL) was aditedach tube and was placed in cyclomixer to wofte 2
min. The tubes were kept aside for layers to sépanmad the organic layer was collected, filteredtlgh anhydrous
sodium sulfate, UV visible spectrum of each solutizas obtained and absorbance of colored ion pamptex was
measured at respective wavelength maximum. Thihadelogy was adopted in triplicates. Linearity ploas
prepared and equation for linear regression wasilzdéd (figure-1).

Intra-day and Inter-day precision

Intraday precision was determined at three diffecemcentration levels of standard calibration eufioar three times
in the same day. Inter day precision was determimgdanalyzing three different concentration levatsthree
different days. Selected level of concentrationen®d, 30, 50 pg/mL for ILO, 5, 15, 30 pug/mL for AGRd 10, 30,
50 pg/mL for BLO. Results were reported in term€ogfficient of Variation (% CV).

Repeatability

To demonstrate repeatability of measurement of ribsce, a single concentration level of standaiibredion
curve was measured for seven times and Coefficcniariation (CV) was reported. Selected levels of
concentration were 30 pg/mL for ILO, 15 pg/mL foB8B and 30 pg/mL for BLO. Results were reportecgims of
Coefficient of Variation (% CV).
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Figure-5 : (A) Calibration curve and (B) UV spectraof ILO-BCG complex, (C) Calibration curve and (D) UV spectra of ASE-BCG
complex, (E) Calibration curve and (F) UV spectra 5BLO-BCG complex

Limit of detection (LOD) and limit of quantificatiqLOQ)

LOD and LOQ were determined using following equatis per ICH guidelines:
LOD=3.3c/S
LOQ=10c/S
Where o = S.D of y-intercept of calibration curves, S =afieof slope of calibration curve

Accuracy

Accuracy of the analytical method is closenesshef itesult obtained by the method to the true valog was
determined by recovery studies. Recovery was détedrby spiking the known concentration of standsohiition
into the pre-analyzed market formulation sampléniage levels within linearity range.
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Table-1: Results of validation studies

Validation parameters ILO ASE BLO
Range (ng/mL) 10-50 5-30 10-50
Regression equation (n=6) y = 0.0146x - 0.0902 0y04173x - 0.0116 y = 0.0028x + 0.0863
Correlation coefficient & 0.9946 0.9959 0.9973
Precision Concentration % RSD Concentration % RSD  Concentration % RSD
pg/mL pg/mL pg/mL
Intra-day (n=3) 10 1.74 5 1.04 10 1.74
30 1.15 15 1.24 30 0.62
50 0.92 30 0.81 50 0.09
Inter-day (n=3) 10 2.20 5 243 10 2.09
30 1.56 15 1.26 30 1.30
50 1.07 30 0.75 50 1.13
Repeatability (n=7) 30 0.96 15 1.17 30 1.50
Limit of detection (pg/mL) 0.35 0.39 241
Limit of quantitation (pg/mL) 1.07 1.19 7.31
Table-2: Results of assay obtained using proposecethod
Marketed formulation Marketed by Labeled Claim % Assay found
ILOSURE 2 tablet 2mg 99.35
ILOSURE 4 tablet SUN Pharma 4mg 100.13
ASENAPT 5 sublingual tablet 5mg 99.04
ASENAPT 10 sublingual tablet SUN Pharma 10 mg 99.34
ELICIA 2 tablet . 2mg 99.73
ELICIA 4 tablet Zydus Cadila Healthcare 4mg 101.61
2average of three determinations
Table -3: Results of recovery study using standardddition method
ILO ASE BLO
Pure Pure Amount Pure Pure Amount Pure Pure Amount
Levels Added Found Recovered Levels Added Found Recovered Levels Added Found Recovered
(n9) (n9) (n9) (n9) (n9) (n9) (n9) (n9) (n9)
80 16 15.62 97.60 50 5 4.89 97.87 80 16 15.90 99.36
100 20 19.70 98.49 100 10 9.87 98.71 100 20 19.87 9.379
120 24 23.53 98.05 150 15 14.88 99.23 120 24 24.03 100.12
98.05 + 0.45 98.60 + 0.68 99.61 +0.44

#average of three determinations

CONCLUSION

The proposed colorimetric method is the first diésect method for the analysis of iloperidone, aser@amnd

blonanserin by ion-pair complexation reaction usbrgmocresol green as acid-dye in bulk and pharotaee

preparations. Proposed methods are reliable cangid¢he stability of ion-pair complex. Moreoveroposed
methods are cheaper since it can be performed esisity available laboratory reagents. Methodssaezific and
have no interference from common excipients thahtnbe present in commercial formulations. It doesrequire
any expensive instrumentation and critical reactionditions. The method is simple, reproducibleuaate, precise
and suitable for quality control and routine analyd iloperidone, asenapine and blonanserin.
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