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ABSTRACT

The UV spectroscopic method of analysisiswidely applicable for routine
analytical procedure for the determination of chemical compounds. The
present paper describes asimple, highly sensitive and validated UV- spec-
trophotometric method for the estimation of risperidone (RSP) in both pure
and in pharmaceutical preparations. The proposed method is based on the
measurement of the absorbance of RSP in THF, which shows maximum
absorbance at 285 nm. Calibration graphislinear in the concentration range
of 0.5- 5 pg/ml with correlation coefficient (r) 0.9994. The apparent molar
absorptivity is6.497 x 10*1/mol/cm. The method gave satisfactory resultsin
terms of repeatability and intermediate precision (RSD < 3.0 %). The method
developed was validated and proved to be robust and rugged. The results
showed that this method was successfully applied to the determination of
risperidoneintablets, and the results were statistically compared with those
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of the literature method by employing Student’s t-test and F- test.
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INTRODUCTION

Risperidone (RSP), 3-{2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)-1-piperidin]ethyl}-6,7,8,9-tetrahy-
dro-2-methyl-4H-pyrido-[ 1,2-] pyrimidine-4-one (Fig.
1) isaatypica neuroleptic drug, reported to havefewer
adverseeffectsthantraditiond agents, iseffectivein psy-
choses, such asschizophreniaand other psychiatricill-
nessesin adultsand children?. Among the second gen-
eration anti psychotics, risperidone (RSP) iscommonly
used to treat patientswith schizophrenia. In 2003, the
FDA approved RSPfor the short-term treatment of the
mixed and manic states associated with bipolar disorder.
Itisalso approved in 2006 European Pharmacopoeia
for thetreatment of irritability in children and adolescents

withautism. Thedrugisofficia in 2005 European Phar-
macopoeaandtheofficd method of itsdeterminationis
high-performanceliquid chromatographyt.

Chemicd literaturereved sthat, severd methodshave
been used to determine RSP in biol ogical samplesin-
cluding HPLC with eectrochemica detection*®, RP-
HPLC with UV detection®, electrophoresis” and
MEPS-LC-UV®, Mogt extensively used techniquefor
itsdeterminationisLC-MS/M Shbut, severd procedures
using thistechniqueareconfinedtobiologicd fluidslike
human plasma®*, uriné*® and serum™. A limited num-
ber of andytica methodsfor thequantitativeestimation
of RSPin pharmaceutica samplesareknown. Proce-
duresbased on high performanceliquid chromatogra-
phy and thin layer densitometric methods®, RP-
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HPLC*617, chemiluminescenceassay™®, gaschromato-
graphic® and spectrophotometry?*?! methods are
avalableintheliterature. Thereported chromatographic
techniques*+¢&17:19 require expensive experimental set-
up, whereasthe cited spectrophotometric method® is
lesssengitive, lack of selectivity!?!, requiresextraction
step?? for RSP determination. Thereported method®
isindirect oneand methodd?# requirecostly chemicals
for RSPandyss Thus, thereisaneedto devel op sensi-
tive, accurateand cost-effectivemethodsfor itsdetermi-
nation. The comparison of the performance
characteristics of the proposed methods with the exist-
ing pectrophotometric methodsisshownin TABLE 1.

Theam of the present investigationisto developa
smple, highly senstive, accurate, reproduci bleand eco-
nomically viableor inexpensive method that could be
used to determine RSP in bulk drug and in pharmaceu-
tical dosage forms. The proposed method was vali-
dated as per the current ICH guidelines®!.

MATERIALSAND METHODS

Apparatus

Systronicsmodel 118 UV-vis spectrophotometer
provided with 1-cm matched quartz cellswere used
for spectral and the absorbance measurements.

TABLE 1: Comparision of the Performance characteristic of the existing visible spectrophotometric methods with the

proposed methods
S Linear range, ng/ml
N Reagent/s used M ethodology and molar Remarks Ref
0 L
absor ptivity, I/ mol/cm
1 0.1 N HCI UV -Spectrophotometry 2-6 Lack of selectivity 20
2. 0.1 N HCI UV -Spectrophotometry 2-20 Less sensitive 21
lon-pair complex showed
Methy! orange absorption maximum at 423 01-12 Sensitive but requires
nm tedious extraction
lon-pair complex showed procedures.
3. Orange G absorption maximum at 498 0.6-11 Less sensitive and 22
nm reguires extraction
. Ternary complex formed was ) procedure
Cobalt thiocyanate measured at 625 nm 4-80
Chloramine T-Xylene The absorbance of colored Less sensitive and
chromogen was measured at 2-26 : .
4. cyanol FF 612 nm .18 time consuming 23
Chloramine T-Malachite (<20 min)
619 nm
green
B romophenol blue (BPB) lon-pair complex measured at Sensitive but requires
in method A 0.5-10
5. . 410 nm costly reagents 24
phenol red (PR) in 400 nm 05-25 L ess sensitive
method B
p-chloranilic acid (p-CA)  bright pink colored charge
in method A transfer complex measured at
6 and 530 nm 0.0-25 Both the methods are o5
’ 2,3-dichloro-5,6-dicyano-  orange-colored charge 0.0-50 less sensitive
1,4-benzoquinone (DDQ)  transfer complex measured at
in method B 460 nm
UV -spectrophotometry Highly sensitive and Developed
/. THF measured at 285 nm 0.0-50 selective method
Reagentsand standards dia, asagift sampleand was used asreceived. A stock

All chemica sand reagentsused wereof analytical
reagent grade and THF was purchased from Merck
(Mumbal, India).

Prepar ation of standard RSP solution

Pharmaceutica grade RSP certified tobe99.99 %
purewasreceived from CiplalndialLtd., Mumbai, In-

standard sol ution equivaent to 100 pg/ml of RSPwas
prepared by dissolving 10 mg of the puredrugin 100
ml THF (Merck, Mumbai, India). Working solutions
were prepared asrequired by dilution.

A pharmaceutical formulation of RSP such as
Respidon [Torrent (Mind)], Rispond (Micro Synapse)
and Rozidal [ Ranbaxy (Solus)] were purchased from
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Figurel: Sructureof risperidone
Procedures
Preparation of calibration curve

Aliquotsof standard solution containing 0.5, 1.0,
20........ 5 mL of RSP (10 pg/ml) were transferred
into aseriesof 10 ml calibrated flasksusing micro bu-
rette and the volume was made up to the mark with
THF. Absorbance of each solution was measured at
285 nm against THF (blank). Calibration curvewas
prepared by plotting absorbance vs concentration of
drug. Concentration of unknown was read from the
concurrent cdibration curveor theregression equation
using Beer’s law data.

Procedurefor tablets

For anaysisof thetablet dosageforms, twenty tab-
lets from each brand (Respidon [Torrent (Mind)],
Rispond (Micro Synapse) and Rozidal [Ranbaxy
(Solus)]) wereground into fine powder and quantity of
the each powder equivalent to 10 mg of RSP was
weighed accurately into athree separate 100 ml cali-
brated flasksand 10 ml of THF wasadded. The con-
tent was shaken for about 30 min; thevolumewasdi-
|uted tothemark with THF and mixed well andfiltered
usingaWhatman No.41 filter paper. Thefiltrate con-
taining RSP wasat aconcentration 100 pug/ml wassub-
jected to analysis by the procedure described above
after suitabledilution step.

Analysisof Placebo blank and synthetic mixture

A placebo blank containing starch 10 mg, methyl
cellulose 15 mg, gum acacia 10 mg, talc 10 mg, mag-
nesium stearate 10 mg and sodium aginate 15 mgwas
prepared by combining all these componentstoforma
homogenous mixture. 10 mg of placebo blank wasac-
curately weighed and its solution was prepared asthat
described under “Procedurefor tablets” and then sub-
jected to analysis procedure described under “Prepa-
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ration of calibration curve”.

Synthetic mixturewas prepared by adding 10 mg
of pureRSPto placebo blank. Thentheextraction pro-
cedurefor tabletswas applied by taking required quan-
tity of synthetic mixtureto get 100 pg/ml RSP solu-
tions. Theabove mixturewas subjected to anaysisat
three different concentrationsequivaent to 0.5, 2 and
4 ng/ml. Theresultsof the study indicatethat the com-
mon excipientsdid not interferein the assay.

RESULTSAND DISCUSSION

Absor ption spectra

Ultraviolet (UV) spectroscopy isone of themost
frequently employed techniquesin pharmaceuticd andy-
sis. The proposed UV method allows rapid and
eco-nomical quantitation of RSP in tablets without any
time-consuming sampl e preparation. Moreover, the
Spec-trophotometric method involves simple instrumen-
tation compared with other instrumenta techniques.
Solubility of RSPwas checked indifferent organic sol-
vents and the drug gave good spectral characteristics
with the solvent THF. RSP sol utions (stock solutions
and working standards) madein THF showed absorp-
tion maximum at 285 nm. THF did not show any sig-
nificant absorbanceat thiswavelength. Theabsorption
spectrum of RSPin THF ispresentedin Figure 2.
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Figure2: Absorption spectrum for RSP

Method validation
Themethod devel oped was vdidated asper ICH/
USPguiddinesfor parameterslikelinearity and sensi-
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tivity, limitsof detection (LOD) and quantitation (LOQ),
precision, accuracy, selectivity and recovery.

Linearity, sensitivity, limits of detection and
quantitation

A linear correlation wasfound between the absor-
banceat 285 nm and concentration of RSPintheranges
isgiveninTABLE 2. Regressonandysisof thecdibra:
tion curve (Figure 3) using themethod of |east-squares
was madeto calculate the dope (b), intercept (a) and
correlation co-efficient (r) and the valuesare presented
iINTABLE 2. Theoptica characteristicssuch asabsorp-
tion maxima, Beer’s law limit, molar absorptivity and
Sanddl’s sensitivity values® aredsogiveninTABLE 2.

Thelimitsof detection (LOD) and quantification
(LOQ) evauated as per ICH guidelinesusing thefor-
mulas

33xa
LOD =

g
10 o

LOQ =
x

whereo is the standard deviation (n=5) of reagent blank
determination and sisthed opeof thecdibration curve.
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Figure3: Calibration curvefor RSP
Precision and accuracy

Theintraand inter-day precision and accuracy of
the proposed method was established by replicateanaly-
gsof RSPsamplesat threedifferent concentrations (low,
medium and high) (TABLE 3) withintheworking limits,
each being repeated fivetimes. Therelativeerror, RE
(%) and relative standard deviation, RSD (%) values
of both intra- and inter-day studieswere satisfactory
and showed that the best appraisa of the proceduresin
daily use. Theana ytical resultsobtained fromthisin-

vestigation aresummarized in TABLE 3. Thevaluesof
percentage relative error between the concentrations
of RSPfor taken and found showed the high accuracy
of themethod. Theresults obtained are presentedin
TABLE 3 and show that theaccuracy isgood.

TABLE 2: Analytical and regression par ameter sof thepro-
posed method

Parameter Method
Amax NM 285
Beer’s law range (pug/ml) 0.5-5.0
Molar absorptivity (g), (I/mol/cm) 6.497 x 10*
Sandell sensitivity (ug/cm?) 0.0063
Intercept (a) 0.0035
Slope (b) 0.1542
Correlation coefficient (r) 0.9994
S 0.0141
S 0.0031
LOQ ( pg/ml) 0.2336
LOD ( pg/ml) 0.0771

*y=atbx, where x is the concentration of RSP in pg/ml and y is
the absorbance at 285 nm., S, is the standard deviation of the
intercept, S is the standard deviation of the slope.

TABLE 3: Evaluation of accuracy and precison

Intra-day accuracy Inter-day accuracy

RSP and precision and precision
taken,
wgmi foungs, RE+ RSD. (o[, RE, RSD,
% % % %
pg/ml pg/ml
05 0493 134 285 0.503 0236 2.40
Developed B
method 2 1967 164 176 2.016 078 2.40
4 3928 179 226 398 0.36 1.89

RE: Relative error; RSD: Relative standard deviation; * Mean
value of 5 determinations; ** Mean value of 3 determinations

Ruggedness

Ruggednesswasexamined by evauatingtheandysis
performed by four andysts, and dso by asingleandyst
performing analysison athreedifferent instrumentsin
samelaboratory. Thesevariationsdo not haveany Sig-
nificant affect ontherecovery of themethod. Theresult
of method ruggednessisshownin TABLE 4.

Application toanalysisof phar maceutical samples

Themethod was applied successfully to the deter-
mination of RSPin dosageforms. To check thevalidity
of the proposed method, RSP was determined in
Respidon [Torrent (Mind)], Rispond (Micro Synapse)
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and Rozidal [Ranbaxy (Solus)] andtheresultsarepre-
sentedin TABLE 5. Theresults of an assay of tablets
werestatistically compared with those of thereference
method?? by applying the Student’s t- test for accu-
racy and F-test for precision. Theresultsinthe TABLE
5 showed that thereisno significant difference between
the proposed and reference methods?? at the 95 %
confidencelevel with respect to accuracy and preci-
sion. Thecalculated t- and F- values(TABLE 5) did
not exceed the tabul ated val ues (t=2.77 and F=6.39).

TABLE 4 : Method ruggedness expressed asinter mediate
precision (% RSD)

Ruggedness
RSP Inter- | niter-
tak/enl, ?nalysts instruments
mg/ml (% RSD), o b i
n=3 '
Develoned 0.5 145 2.17
evelop
method 2 1.58 1.66
6 1.79 2.27

TABLE 5: Resultsof determination of RSPin tabletsand
statistical comparison with ther eferencemethod

Nominal Found** (% of nominal
Tablet amount amount + SD)
Nb;?nned* lgn e? Reference Proposed
tablet M ethod [20] method
100.39 £ 0.82
Respidon® 1mg 102+0.688 t=1.59,
F=2.09
99.98 + 0.85
Rispond® 1mg 101.5+0.549 t=1.71,
F=2.40
100.16 + 0.44
Rozidal® 1mg 101.2+0.262 t=235F=
2.76

*Marketed by: a. Torrent (Mind); b. Micro Synapse; c. Ranbaxy
(Solus); **Mean value of five determinations; Tabulated t- and
F-valuesat 95 % confidencelevel are2.77 and 6.39, respectively.

Recovery study by standar d addition technique

Theaccuracy and precision of the proposed meth-
odswerefurther ascertained by performing recovery
studies. Pre-analyzed tabl et powder was spiked with
puredrug at threedifferent concentrationsand thetotal
wasfound by the proposed methods. Each determina-
tion was repeated threetimes. Therecovery of thepure
drug added was quantitative and reved ed that frequently
encountered commoningredientsof formulationswere

—> Fyll Poper

found not tointerfere. Theresultsof recovery Sudy are
compiledinTABLEG.

TABLE 6: Resultsof recovery experimentsviathestandar d
addition technique

Tablet RSP tablet ';”Sr; Total  PureRSP
brand added, found recover ed*
name /mi 2dded, /ml % + SD
ng pg/ml ng 0
1 1 1.99 99.35+ 0.66
101.37 +
Respidon 1 2 3.03 0.82
100.48 +
1 3 4.01 0.99
100.84 +
. 1 1 2.01 0.83
Rispond 1 2 298  99.1940.20
1 3 3.99 99.92 + 0.85
1 1 1.99 99.06 + 0.32
100.11 +
Rozidal 1 2 3.01 0.4
101.32 +
1 3 4.04 0.55
* Mean value of three measurements
CONCLUSIONS

Thepresent study describesafully vaidated UV-
spectrophotometric method for the determination of
RSP in pureand in pharmaceutical formulationswith
enhanced selectivity. The proposed methodissmple
and not required expensive experimental set up like
HPL C and other chromatographic methods. More-
over, intermsof smplicity, rapidity, sendtivity and free
from interference by common additives and excipi-
ents, thereagents utilized in the proposed method is
cheaper, readily available and the procedures do not
involve any stringent reaction conditions or tedious
sampl e preparation. On the other hand, in terms of
simplicity and expense, the method could be consid-
ered superior in comparison with the chromatographic
European Pharmacopoelamethod and the previously
reported spectrophotometric methods, especially with
those based on non-agueous medium. The proposed
method i ssensitive enough to determinemicro amounts
of thedrug; therefore, it can be used for quality con-
trol and routine estimation of RSP in pharmaceutica
tabletswhere precision, time and cost effectiveness
of analytical methods areimportant.

—— a%a['yttaa[’ CHEMISTRY
A ndian W



126

Development and validation of a highly sensitive spectrophotometric method

ACAIJ, 14(4) 2014

Full Peper ==
ACKNOWLEDGEMENTS

Theauthorsaregrateful to Cipla, IndiaLtd, for the
generous supply of puredrug sample. Oneof the au-
thors HND is thankful to the University of Mysore,
Mysorefor providing necessary facilities.

REFERENCES

[1] C.J.Bollen, H.D.Cuyper, M.Eneman, M.Mafroid,
J.Peuskens, S.Heylen; Acta Psychiatrica
Scandinavica, 85, 295 (1992).

[2] GM.A.Morant, D.F.Mulas, M.S.Hernandez,
M.B.Rosello; Rev Neurol, 33, 201 (2001).

[3] European Pharmacopoeia, 5" Edition, 1, 1559
(2005).

[4] 1.Grabnar, A.Mrhar, |.Locatelli; J.Pharm.Biomed.
Anal., 50, 905 (2009).

[5] K.M.Kirschbaum, S.Finger, F.Vogel, R.Burger,
M.Gerlach, P.Riederer, C.Hiemke;
Chromatographia, 67, 321 (2008).

[6] A.Avenoso, G.Facciola, M.Salemi, E.Spina;
J.Chromatogr.B: Biomed.Appl., 746, 173 (2000).

[7] V.Pucci, M.A.Raggi, E.Kenndler; J.Liquid
Chromatogr.Rel. Technal., 23, 25 (2000).

[8] R.Mandrioli, L.Mercolini, D.Lateana,
G.Boncompagni, M.A.Raggi; J.Chromatogr.B
Anal.Technol.Biomed.Life Sci., 879, 167 (2011).

[9] X.H.Zhang, X.Zhao, C.Zhang, L.Yang, X.Xin,
Z.Yong, Y.Yiheng, D.Jingli; Chromatographia, 71,
1015 (2010).

[10] Cabovska, S.L.Cox, A.A.Vinks; J.Chromatogr.B
Anal.Technol.Biomed.Life Sci., 852, 497 (2007).

[11] Kousoulos, Y.Dotsikas, Y.L.Loukas; Tdanta, 72, 360
(2007).

[12] J.Bhatt, GSubbaiah, S.Singh; Rapid Commun.Mass
Spectrom., 20, 2109 (2006).

[13] M.De Meulder, B.M.Remmerie, R.De Vries,
L.L.Sips, S.Boom, E.W.Haooijschuur, N.C.Van De
Merbel, P.M.Timmerman; J.Chromatogr.B
Anal.Technol.Biomed.Life Sci., 870, 8 (2008).

[14] O.V.Olesen, K.Linnet; J.Chromatogr.B: Biomed.
Appl., 698, 209 (1997).

[15] Z.A .EI-Sherif, B.EI-Zeany, O.M.EI-Houssini;
J.Pharm.Biomed.Anal., 36, 975 (2005).

[16] S.L.Bladania, K.K.Bhat, R.S.Mehta, D.A.Shah;
Indian J.Pharm.Sci., 70, 494 (2008).

[17] Y.Mohammad, B.Pragati Kumar, Subhani;
Res.J.Pharm.Biol.Chem.Sci., 1, 165 (2010).

[18] Z.Song, C.Wang; J.Pharm.Biomed.Anal., 36, 491
(2004).

[19] S.Schuberth; J. Anal.Chem., 68, 1317 (1996).

[20] M.S.Kumar, A.A.Smith, GA.Vasagam, A.K.Muthu,
R.Manava an; Int.J.Pharm. Sci.Res., 1, 122 (2010).

[21] M.Hasan, A.Al.Masud, J.Ahmed; Int.J.Pharm.
Sci.Res,, 2, 378 (2011).

[22] Wafaa El-Sayed Hassan; Chem.Pharm.Bull., 56,
1092 (2008).

[23] B.Narayana, D.N.Shetty; Der Pharm.Lett., 3, 104
(2011).

[24] H.N.Deepakumari, S.M.Mallegowda, K.B.Vinay,
H.D.Revanasiddappa; Chem.Ind.Chem.Eng.Quart.,
19, 121 (2013).

[25] H.N.Deepakumari., H.D.Revanasiddappa;
J.Pharmaceutics, ArticleID 792186, 2013, 6 (2013).

[26] International Conference On Harmonization of
Technical Requirements for Registration of Phar-
maceuticalsfor Human Use, ICH Harmonised Tri-
partite Guideline, Validation of Analytical Proce-
dures. Text and Methodol ogy Q2(R 1), Complemen-
tary Guideline on Methodology, dated 06 Novem-
ber 1996, incorporated in November 2005, London.

[27] H.Zavis, D.Ludvik, K.Milan, S.Ladislaw,
V.Frantisck; Handbook of Organic Reagentsin In-
organic Analysis. Trandated by Stanislav, K, Dr.
Chamers(The Seriesand Trandlation Editor: Uni-
versity of Aberdem, Ellis Horwood Limited,
Chichester, A Division of John Wiley & Sons IC,
New York, London, Sydney, Toronto., 364 (1976).

Hnalytical CHEMISTRY o
A Tndéan ﬂoawal



