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Abstract

A new UV spectrophotometric method and a reversed-phase HPLC method were developed for quantitative evaluation of oxybutynin
hydrochloride (OXB) formulations. Determination of OXB by UV spectroscopic method was based on complexation of OXB with picric acid
to form picrate, which was extracted to chloroform. The picrate complex showed quantifiable absorbance at 344 nm. Chromatography was
carried out at 25C on a 4.6 mmx 250 mm 5um cyano column that contained USP packing L10 with water:methanol:acetonitrile::48:12:40
(v/v), as mobile phase. UV detector was set at 203 nm. Both methods were found to be selective, linear, accurate and precise in the specified
ranges. The LOD and LOQ of HPLC method were 0.5 and p@®l, respectively. Intra-day and inter-day variability for both methods
were <2% RSD. These methods were successfully used for quantification of OXB in drug-release studies from immediate-release tablets and
controlled-release (CR) formulations.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Two analytical methods, UV spectrophotometry and
RP-HPLC, have been developed to quantitatively estimate
OXB in pure form and to evaluate OXB matrix-based and

controlled-porosity osmotic pump CR formulations. UV

OXB is a tertiary amine ester, [4-(diethylamino)-2-
butynyl ()-a phenylcyclohexane-glycolate hydrochloride]

indicated for relief of symptoms associated with uninhib-
ited and reflex neurogenic bladder called urinary inconti-
nence (Ul)[1], which is a prevalent and costly condition
that affects approximately 38% of older community-dwelling
women[2,3]. This compound is a monoprotic base withap
value of 8.04 and has a solubility of 0.012 mg/ml for free
base at 37C[4]. OXB and/or its formulation(s) are official in
USP, EP and BP. Being the drug of first choice in treating Ul,

spectrometric method was based on ion-pair complexation
of picric acid withtertiary-amine group of OXB to form an
UV active complex. OXB has absorbance maxima at 196 nm
[4], where any ingredient or solvent will interfere. Geraghty
etal. reported assay of OXB in liquid crystalline gels by spec-
trophotometric method, analyzed at 230 ji1]. Ishikawa et

al. used 244 nm for analyzing OXB in rapidly disintegrating
taste-masked granul¢$l]. Low absorbance and the inter-

OXB has been studied extensively for its pharmacodynamic ference of excipients at these wavelengths are the two main

propertied5,6] and pharmacokinetic paramet§rs-9].
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reasons that can be attributed for the failure of these meth-
ods in evaluating OXB formulations in our lab. Several LC

- _ _methods for the analysis of OXB during preclinical and clin-
* Corresponding author. Present address: School of Pharmacy, The Uni-

ical studies and for evaluating formulations have been devel-
oped, however, all these involve long run times with complex
extraction procedurel®,12,13] A simple and specific RP-
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HPLC method, with short run time was developed for the solution medium was established. Accuracy and precision
quality control analysis of OXB in compatibility samples, was assessed using three replicates of three concentrations in
stability samples and also in dissolution samples. Two meth- the range and with six replicates for 100% drug release (i.e.,
ods were validated for application to their specific purposes 20wg/ml). To assess intra-day variation, calibration curve
and further drug-release quantification from CR formulations was prepared three times on the same day. The procedure was
by both the methods was compared. further repeated on three consequent days for determination

of inter-day variability[14]. The results were expressed as

%RSD of slopes and intercepts and 95% confidence inter-
2. Materials and methods vals.

2.1. Reagents, formulations and equipment 2.2.2. RP-HPLC method and its validation
2.2.2.1. Reagents and solutioniglobile phase consisting of
OXB was supplied by Unichem Lab. Ltd. (Mumbai, India) solvent A and acetonitrile in the proportion of 60:40 was pre-
as gratis sample. The purity of the supplied OXB was 99.5% pared, where solvent A was a mixture of water, methanol
by HPLC analysis. All reagents used were of analytical grade and triethylamine in the proportion of 3200, 800 and 0.9 ml,
and the solvents used were HPLC grade (J.T. Baker, Mexico).respectively, with pH 3.5 (adjusted with phosphoric acid).
Water used for HPLC was obtained after reverse osmosisMobile phase was filtered through 0.4 nylon filter (Mil-
(Elga Water Unit, Germany) of triple distilled water. lipore) and deaerated in ultrasonic bath (Branson sonica-
Ditropan XL 5mg tablets (Alza Corp., CA, USA) were tor).
kindly provided by Unichem Lab. Ltd. (Mumbai, India).
Cystran 5 (Intas Pharmaceuticals Ltd., Ahmedabad, India), 2.2.2.2. Chromatographic  condition€hromatography
5mg immediate-release OXB tablets were purchased fromwas carried out on Shimadzu HPLC equipped with Class
local retail pharmacy. Other formulations—Oxymat and VP software for data processing. Samples were analyzed
Oxyos—were in-house formulations. at 25°C on a 4.6 mmx 250mm x 5um cyano column
A LC Shimadzu (Japan) with a LC-10ATVP Shi- (Hypersil BDS CPS) attached to a Hypersil BDS CPS pre-
madzu pump (Japan), UV detector SPD-M10AVP Shimadzu column. UV-vis detector (SPD-10A VP) was set at 203 nm
(Japan), and PDA detector SPD-M10AVP Shimadzu (Japan),and mobile phase was pumped at a flow rate of 1.5 ml/min.
system controller SCL-10AVP Shimadzu (Japan), Class- Sample injections of 50l each were made automatically
VP system manager software. A 4.6 mm250 mm Sum using autosampler (SIL-10AD VP). For peak purity in the
cyano Hypersil BDS CPS column (Thermohypersil, UK) presence of excipients, a PDA detector (SPD-M10A VP)
with 4.6 mmx 10 mm 5um Hypersil BDS CPS precolumn  was used.
(Thermohypersil, UK) was used for elusion.
2.2.2.3. Method validationRP-HPLC method was vali-
2.2. Methods dated for drug specificity, linearity, accuracy and precision
and system suitability as per ICH guidelinds]. Further,
2.2.1. UV spectrophotometric method and its validation this method was used to evaluate solution stability. Peak pu-
2.2.1.1. Analytical procedureTo each standard/sample so- rity and %recovery of OXB spiked in placebo blend were
lution (15 ml), 5ml of picric acid solution (PAS) and 10ml used for assessing specificity of the method.
of chloroform were added in 60 ml seperators and shaken for  Calibration curve of OXB in mobile phase prepared us-
2min on a mechanical shaker operated at 50 motions/min.ing 16, 18, 20, 22 and 24g/ml standard solutions were used
PAS consisted of 100 mg picric acid, 14.5mg of anhydrous for assay and to analyze compatibility samples. The limit
sodium acetate and 20 ml of glacial acetic acid in 480 ml of of detection (LOD) and the limit of quantification (LOQ)
demineralized water. Chloroform layer was collected sepa- were separately determined by diluting the standard concen-
rately and scanned for UV spectrum in the range 200—-500 nmtrations[16—18] Accuracy and precision was assessed using
on UV spectrophotometer (Lambda 20, Perkin EImggax three replicates of three concentrations in the range and with
was traced and calibration curve of absorbance at 344 nmsix replicates for 100% drug release (i.e. 29ml), in each
versus concentration of standard solutions was constructed. medium. To assess intra-day variation, calibration curve was
prepared twice on the same day. The procedure was further
2.2.1.2. Method validationThe proposed method was val- repeated on three consequent days for determination of inter-
idated for drug specificity, linearity, accuracy and precision. day variability.
Dummy tablets and excipient blends, which contained se-
lected excipients in the proportions as expected in the final 2.2.3. Application of proposed methods
formulations, were used to validate the method for speci- 2.2.3.1. Solution stability of OXBStandard solutions of
ficity and recovery. Linearity of six standard solutions with three different concentrations (10, 15, andu2ml) were
concentrations evenly distributed across the range 10-110%stored in refrigerator (2—8C) (n = 4) and at 3A- 0.5°C for
of drug assay (i.e. 2, 5, 10, 15, 20, andy2fZml) in the dis- 24 h and analyzed by HPLC. Percentage agreement of the
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344gm
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solutions after storage was calculated for assessing solutior
stability.
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2.2.3.2. Dissolution studies of OXB formulatiorisffective-
ness of UV spectroscopic method in estimating OXB was
confirmed by comparing with HPLC method. Dissolution
studies of an immediate-release marketed product (Cystrar
5, Intas Pharmaceuticals Ltd., Ahmedabad, India), a matrix-
based CR formulation (Oxymat, in-house), and two osmotic-
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based CR formulations (Ditropan XL, Alza Corp., USA; (@ nm

Oxyos, in-house), were conducted and the samples obtainec

were analyzed by both the methods. Assay was carried out 425

for all the formulations using HPLC method. Three tablets

from each batch were crushed and contents equivalentto5m¢ %1%

was carefully transferred to a 50-ml beaker and repeatedly € o.075

rinsed with mobile phase to ensure complete transfer ( 3 P

3). The contents of beaker were sonicated for 10min and 8

transferred to a 100-ml volumetric flask and volume made ;‘ 0.025

up with mobile phase, and then diluted to give a concen- = ;4401 o

tration of ~20pg/ml. These samples were filtered through

0.45p.m nylon filter and analyzed by RP-HPLC. Assay con- 002

tent of each formulation was taken as 100% in dissolution  -0.050

studies. 0 1 2 3 4 5 6 7 8
Minutes

Dissolution studies were conducted using USP type | dis- (b)
solution apparatus (Electrolab, Mumbai, India) operated ata , ,
rotation speed of 100 rpm. Five hundred milliliters of SIF F'9- 1 (&) UV scans of OXB solution (30g/mi) in phosphate bufer and

d di Iuti di A h d . dlts picrate in chloroform. (b) Chromatograms of OXB in pH 6.8 phosphate

was used as dissolution medium. At each predeterminedy, e
time points, 20 ml of sample was withdrawn from each ves-
sel and equal volume was replaced with fresh buffer. Sam- o ] )
ples were analyzed by UV spectrophotometric method and Was conducted to check the partitioning of picrate into chloro-
HPLC method i = 3). Dissolution profiles obtained thereof form. Inthis study, after extraction of 20y/ml solution, chlo-
were compared usinfy values. Thef, value is a logarith- roform was completely removed and the aqueous phase was
mic reciprocal square root transformation of one plus the re-extracted using 10 ml of fresh phlqroform. Absorbance o.f
average means squared differences in percentage dissolvef-0030 (<1%) was observed, which indicate complete parti-
between the tesfT() and referenceR;) products over time tioning of picrate into chloroform and that 10 ml chloroform

points f): is sgfficient to extract out the drug even at maximum concen-
tration.
N 57 -05
f2=50log3 [ 1+ (—) Z IR; — Tjl x 100 3.1.1. Method validation
n) 3.1.1.1. SpecificitySpecificity of the method was validated

from the recovery of OXB spiked in the placebo blend. %Re-

Center for Drug Evaluation and Research, USFDA and
Human Medicines Evaluation Unit of the European Agency
for the Evaluation of Medicinal Products (EMEA) suggests
that two dissolution profiles are similar fi§ is between 50
and 100/19].

3. Results and discussion
3.1. UV spectrophotometric method
UV scans of picrate, at different concentrations, in chloro-

form over a range 200-500 nm are giverHg. la. Volume
of drug solutions and chloroform were kept as 15 and 10 ml,

covery (101.4) and %RSD (1.92) values of §fml drug
solution show validity of method for recovery. %Agreement
(0.614 0.46%) of solutions containing dummy tablets pow-
der, which was not spiked with drug, showed that the inter-
ference of excipients is negligible.

3.1.1.2. Linearity and rangelLinearity of the method
was observed in expected concentration range R-g2@|
(10-110%) in pH 6.8 phosphate buffer. Statistical analysis of
the calibration curve was done and the results are summarized
in Table 1 Correlation coefficient€ = 0.9999) shows the va-
lidity of Beer's law. Percentage intercept was less than 2% of
the response of 100% of test concentration in all the cases,
indicating functional linearity between the concentration of

respectively, so as to obtain high absorbance values. A studyanalyte and the absorbance.
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Table 1
Statistical analysis for calibration curves of OXB by UV and HPLC methods
uv HPLC
Phosphate buffer of pH 6.8) Mobile phase Phosphate buffer of pH 6.8 SGF
Analytical wavelength (nm) 344 203 203 203
Linearity range g.g/ml) 2-22 16-24 2-22 2-22
Regression equation Y =0.034X — 0.0008 Y =5175X + 22308 Y =53097% + 8906.8 Y =4921 — 8055
S.D. of slope (= 3) 0.0005 921 446 482
S.D. of interceptif = 3) 0.0002 7216 3805 8860
% intercept 0.10 2.11 0.83 0.81
Correlation coefficient 0.9998 0.9996 0.9998 0.9989
95% confidence intervals
Slope 0.03352 to 0.03493 49820 to 53690 51740 to 54400 46260 to 52160
Intercept —0.01097 to 0.00928 —1478 to 46090 —7095 to 24910 —44260 to 28150
Table 2
Accuracy and precision of UV spectroscopy and HPLC methods
Method Medium Drug concentratiop.§/ml) Response
%Agreement %RSD
UV Spectroscopy Buffer (pH 6.8) mE 3) 10085 1.46
10 (n=3) 10198 1.88
15n=3) 9911 2.88
20 (n=6) 9914 0.60
HPLC Mobile phase 16n(=3) 9938 0.54
24 (n=3) 10133 0.62
20(n=6) 9947 1.40
Buffer (pH 6.8) 50=3) 9842 0.51
10h=3) 9838 1.59
15(n=3) 10245 0.12
20(n=6) 10254 1.052
SGF 50=3) 9684 1.60
10h=3) 9986 0.68
15(n=3) 10021 1.90
20(n=6) 9960 191

3.1.1.3. Accuracy and precisiomiccuracy and precision  and inter-day variability as %RSD of slopes of calibration
are demonstrated by %recovery and %RSD of three repli- curves, when analyzed on same day=(3) and on three
cates of 5, 10, and 1jb5g/ml solutions and six replicates of consecutive days, was within 2%.
20wg/ml solutions Table 2.

3.2. HPLC method
3.1.1.4. Intra-day and inter-day variabilityResults of intra-
day and inter-day precisions are giveifable 3 UV spectro- A reversed-phase HPLC method was developed with a
scopic method passed the intermediate precision of intra-dayspecific procedure for the quality control analysis of OXB in

Table 3
Intra- and inter-day precision of OXB standards
Intra-day precision Inter-day precision
uv HPLC uv HPLC
Buffer (pH 6.8) SGF Buffer (pH 6.8) Mobile phase Buffer (pH 6.8) Buffer (pH 6.8) Mobile phase
Slope
Average 00342 53097 49210 51753 .aB35 48275 52610
%RSD 169 084 0980 1782 1951 1121 1459
Intercept
Average 00008 89063 80557 22308 00072 5474 20308

%RSD 3582 4274 11035 3235 8651 3933 169
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compatibility samples, stability samples and in dissolution 110 -
samples of matrix-based CR formulations. As shown in

Fig. 1b, OXB has a retention time of 6.8 min and the area of T T
the peak is proportional to concentration of OXB. Optimum 100 -
wavelength for detection of OXB in different media was
203nm at which much better detector responses were
obtained.

% Agreement

90 -

3.2.1. Method validation
3.2.1.1. SpecificitySpecificity of the proposed method was 80 ‘ ‘ ‘ ‘ ‘ |
performed by analyzing powdered dummy tablets spiked with 10ug/ml 15ug/ml 20pg/ml - 10pg/ml 15ug/ml 20ug/ml
appropriate amounts of drug (10 mg) diluted accordingly to N 6.8 pH Buffer SGF "
obtain 5, 10, and 2g/ml drug solutions. %Recovery of all
three concentrations was within 96.7 and 100.3%. Further, Fig. 2. Solution stability of OXB analyzed by HPLC method. Plain bars indi-

: : ; cate the %agreement of standard solutions stored in refrigeratot
We”-resow.ed _peak of OXB at. 68 min without an.y interfer- 24h and crc?ss-hatched bars indicate the %agreement og:‘ standgéirolutions
Ing peaks indicates the SpeCIfICIty of the methsmg( ]b)' stored at 37 0.5°C for 24 h. Values are meah S.D. of four replicates.
Peak purity of OXB was studied using PDA in the presence
of excipients[20]. Short run time, peak symmetry and peak percentage standard deviation (%RSD) of slopes for each
purity are the advantages that were found with the presentstandard curve obtained within day and between three con-
HPLC method over the existing methods (data not shown). secutive days proves intermediate precision of inter-day and
Shortruntime is of particular interest during dissolution stud- intra-day validations.
ies of CR formulation since a large number of samples are
generated in each study. 3.3. Applications of the proposed methods

3.2.1.2. Range and linearityThe calibration range in each 3 3 1 gg|ution stability

medium was established by considering the practical range  gqtion stability of OXB in pH 6.8 phosphate buffer and
necessary for dissolution or assay, and to give accurate anq,, s was established using HPLC methBi( 2). Calcu-
precise results with good linearity. Detector response (area of e concentration and percentage agreement of drug solu-
peak) was plotted against concentration to obtain c_ahbratlon tions (10, 15, and 2@g/ml) stored at refrigerating and room
Curves. (!:or assay of OXB in CR tablets, concentration range e mperatures were obtained using freshly prepared calibra-
80-120% drug concentration (16, 18, 20, 22, an@@hnl)  ion curves. Results show good agreement and indicate sta-
in mobile phase was used. Whilst for analyzing dissolution yjir; of OXB solutions for more than 24 h. These results are
samples, concentration range 10-110% (2, 5, 10, 15, 20 anqpsjstence to the previous repo. OXB degradation shows
22p.g/ml) drug solution in pH 6.8 phosphate buffer and SGF o jependence where OXB s very stable and the degradation
was used. Regression analysis was carried out on calibratiorjg negligible for at least 48 h at acidic to neutral pH condi-

curves and results are summarizedrable 1 Linea,rity of tions. Degradation in alkaline pH was found to be first-order
the calibration curves and the adherence to Beer's law were,yi, respect to hydroxide ion concentration. The half-life of

validated by the high value of the correlation coefficient. degradation at pH 12 was reported as 14 min.

3.2.1.3. LOD and LOQLOD and LOQ were determined at
a signal-to-noise ratio of 3 and 10, respectively, using Class-

VP software (Shimadzu, Japan). LOD and LOQ were exper- . ) :
imentally verified by diluting known concentrations of OXB timate OXB release from an immediate-release (Cystran 5),

in phosphate buffer till the peak obtained has more than 3- a matrlx_-based_CR (Oxymat), and two osmotic-based .CR
and 10-fold area of the S.D. of six determinati¢bs]. LOD :ggmgt;ﬁvg'zgngg c)'?(;r)?r;grr?pxgr(;i)lé Lrj(;/s Slrt)se(t:;r?hsactoc?fut:he
and LOQ were found to be 0.5 and 1,6§/ml, respectively. RP-HPLC methodKig. 3). The results of analysis of the
3.2.1.4. Accuracy and precisiomccuracy and precision of commercial tablets and the in-house formulations suggested
the proposed method were assessed as defined by ICH guidethat there is no interference from any excipients that are used
lines. Quantitative determinations of three standard solutionsin these formulations. Statistical analysis of the drug-release
inthree replicates within the specified range and six replicatesProfiles obtained by both the methods was performed using
at 100% (2Qug/ml) drug concentration were performed and Similarity factor. Similarity factorf value, is 64.59, 76.19,
the results are in good agreement. %Agreement and %RSD73.14, and 76.64 for Cystran 5, Oxymat, Ditropan XL and

3.3.2. Dissolution studies of OXB formulations
The proposed methods were applied to quantitatively es-

show the validity for accuracy and precisicrable 2. Oxyos, respectively, indicating that the profiles generated by
both the methods are similar.
3.2.1.5. Intra- and inter-day variationsTable 3gives the In conclusion, the proposed UV spectroscopic and RP-

results obtained for intra-day and inter-day precisions. The HPLC methods provides simple, accurate and reproducible
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Fig. 3. Comparison of dissolution profiles of (A) immediate-release tablets (Cystran 5), (B) osmotic-based CR formulation (Ditropan XL), (Epasetbti
CR formulation (Oxyos) and (D) matrix-based CR tablets (Oxymat) generated using UV and HPLC methods.
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