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ABSTRACT

A specific chiral HPTLC method has been devel oped for the separation and
quantitative determination of the enontiomers of oxybutynin hydrochlo-
ridewithout any prior derivatization and sample preparation. A sample mo-
bile phase such as toluene: acetone: methanol (8:1:1 v/v) facilitated good
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separation of the enantiomers and the findings are supported by on-line UV
analysis and Mass spectrometric data. Further, a simple method validation
has been carried out with the total drug molecule on normal phase silicagel
plates (precoated with 60 F,,). The results suggest that the method is
specific, accurate and can be used for routine quality assurance evaluation.
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INTRODUCTION

Oxybutyninisan anti —muscarinic drug that is widely
used asaracematein thetreatment of unstable blad-
dert¥, Itisan anti-cholinergic drug chemically named
as (4-diethyl amino)-2-butynyl-a-phenyl cyclohexane
glycolatehydrochloride. Itisreatively anew drug pres-
ently available asaneurogenic bladder antagonist. Ac-
cordingto USFDA, suitable quditative analytical as-
saysaremandatory for theevaduation of individua enan-
tiomers because most of these drugs are marketed as
racemates, though the enantiomers possess different
pharmacol ogicd activity and often demandsaspecific
analytical procedureinvolving chiral columnsfor the
pharmacokinetic sudies. Essentidly, chird compounds
cannot be separated by conventional TLC or HPLC.
But very compatiblechird stationary phaseswhich can

offer selective separationsarenow availablethat facili-
tate direct separation of the enantiomers without
derivatization?. Thus, the two optical isomers of
oxybutynin hydrochl oride that showed different phar-
macological propertiesasreported®4 areresolved on
apreprative (250x10mm 1.D) chirdpak Ad column by
earlier workerd®. Also achiral assays using electro-
chemical detection has been reported® whereinthe
minimal detectable concentrations of oxybutyninand
N-desethylebutyninare0.5 and S5ug/ml respectively (at
aS/N ratioof 3:1). Further chira biocanaysisby norma
phase HPL C-atmospheric pressureioni zation tandem
mass spectrometry has been devel oped for the separa
tion and determination of chird drugsandtheir metabo-
lited4. However, asknown and in our own experience
solvent consumption, elaborate sample preparation
methodol ogiesand timetaken for asingleandytica run
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arecertain undesirable parametersin other chromato-
graphic methodsthough they are often used for selec-
tive applications. Nevertheless, chira TLC offered an
absol utely clean separation of thetwo optical isomers
of OBC without resorting to any elaborate sample
preparation or derivatization methods. Thefindingsare
subsequently supported by spectra studies. Further, this
simplebut novel anaytica approachfacilitatesarapid
screening of thedrug for routineimpurity profiling stud-
iesaswell. Wedescribeherein, achira HPTLC method
with as mplemobile phasewhere separation and quan-
tification havebeen accomplishedinasingleandyticd
run. The method appearsto behighly sensitiveand spe-
cificandfindspotential gpplicationin day-to-day qud-
ity control evaluationas TLCisrapid, economica and
solvent consumption isminimumwith avery smple
operation.

EXPERIMENTAL

Materials

Racemic-oxybutynin chloride (OBC) was USP
standard. Chird TLC platesare produced from Merck
(0.20mu, Darmgtadt, Germany). Cystran-5 (Iabdl claim
1mg per tabl et, Intas pharmaceuti cal sltd, Ahmedabad,
India) was purchased fromloca pharmacy. All chemi-
calsand reagentsused are of analytical gradeand are
purchased from Merck Chemicals, India.

Sandard solution and calibration plots

A stock solution of OBC wasprepared by dissolv-
ingtheauthentictotal drug samplein methanol to obtain
aconcentration of Img/ml. Thissolutionwasusedto
prepare a standard solution of OBC (100ug/ul) in
methanol and thiswas used to construct acalibration
plot by applying 0.5, 1, 1.5, 2, 2.5, 3& 3.5ul inthe
concentration range of 50-350ug per spot. Thedata of
peak areaversus drug concentration aretreated by lin-
ear least- squareregression analysis.

HPTL Cinstrumentation
Chira TLC

HPTLC system (CAMAG, Switzerland) wasused
for analytical and micro preparative separationsusing
chira TLC plates. TLC was performed on 10x10cm
precoated chiral plates (E.Merck, Darmstadt, Ger-
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many). Different volumesof the standard solutions (1-
8ul, each ul =50ug per spot ) were applied onto the
plateintheform of bandsof 6mmwidth using Linomat-
V sampleapplicator (CAMAG, Switzerland) uptoa
distance of 8.5cm using amobile phase containing tolu-
ene: acetone: methanol (8:1:1v/v). Thespotswerevi-
sudizedinaUV visudization chamber. Theplatewas
densitometricaly scanned at A = 254nm by meansof a
TLC Scanner-3 (CAMAG, Switzerland) in Absorp-
tion/Reflection modewith adlit width of 5x0.45mm.
The scanned datawere procured by means of on-line
CAMAG win CATS software loaded in a personal
computer .The configuration and R, valueswere as-
signed in comparison with Mass spectraand UV ob-
tained for individua isomersby micro preparative TLC.

Normal phaseTLC

TLC wasperformed on 10x10cm HPTLC plates
pre coated with 60 F,, (With 0.25mm thickness,
Merck, Darmstadt, Germany) and the plates are
washed with methanol before use. The sampleswere
potted intheform of bandsof 6mmwidth using Linomat
V applicator (Muttenz, Switzerland, supplied by
Anchromtechnologists, Mumbal) equi pped with 100ul
syringe. A constant gpplicationrate of 6ul/sec wasem-
ployed and the space between two bandswas 10mm.
Thedit dimensionwaskept at 5x0.45mm and ascan-
ning speed of 20mm/sec was employed. A common
mobile phase consi sted of toluene: acetone; methanol
(8:1:1 v/v) and 10 ml of mobile phase was used for
chromatography. Linear ascending devel opment was
carried out in 10x10cm twin trough glass chamber
(Camag, Muttenz, Switzerland) saturated with themo-
bile phase. The optimized chamber saturation timefor
mobile phase was 20 min. at room temperature. The
length of chromatogram run was 8.5cm and subsequent
to the development, the TLC platesweredried in a
current air with the help of adryer in wooden chamber
with adequate ventilation. Densitometric scanning was
performed on Camag TLC scanner |11 in the reflec-
tance-absorbance mode at 254nm and operated by
WINCATS software (Camag) resident in the system.
The sourceof radiation utilized was deuterium lamp
emitting acontinuous UV spectrum between 190 and
400nm and concentrations of the compound
chromatographed were determined from theintensity
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of diffusdy reflectedlight.

MicropreparativeTLC

Preparative chromatography when used for the
separation of 2-5mg of compound, it wascaled Micro
preparative TLC. Thepurpose of preparative chroma:
tography was to obtain pure compounds for further
chromatographic or spectrometricanayssor toinves-
tigatechemical/biologicd properties.

Sample solutionswere prepared usng methanol as
solvent. Chromatography was performed on
10cmx10cm chiral TLC plates (Merck, Darmstadit,
Germany). The plateswere prewashed with M ethanol
and activated at 110°C for 5minutes. Sinceit wasmi-
cro preparative TLC, samplewas applied by streaking
acrossthefull width of the plateinstead of spottingto
achieve higher loading capacity of the sample. The
samplewas applied asasingleband of 170mm wide,
at acongtant applicationrateof 6ul/sec. This was eluted
using 20ml toluene: acetone: methanol (8:1:1v/v) as
mobile phase. After development of the TLC plates,
the zones contai ning separated compounds (Figurel)
were detected, marked under UV light and scrapped
from the plate backing. The compoundswere eluted
with methanol to obtain theisolated compounds, con-
centrated by evaporating the solvent on arotovapour
at atemperature of 35-40°C and the isolated pure com-
pounds thus obtained were subjected to mass spec-
trometry for characterization.

UV spectroscopy

Conventiona UV spectroscopy hasa so beenem-
ployed to confirm thefindingswhere sol utionsin hex-
aneof rac-OBC and standard reference materid swere
analysed using a double beam UV-spectrometer
(Shimadzu, Kyoto, Japan) and the resultswere com-
pared with those obtained by on-linein-situ UV spec-
traof HPTLC.

M ethod validation

Themethod wasvalidated in accordancewith ICH
guiddinesonthevalidation of analytical methods”#.
For linearity, different volumes of stock solution (0.5,
1,15, 2, 25, 3and 3.5ul) were appliedto a TLC
plateto give 50, 100, 150, 200, 250, 300 and 350ug
per spot respectively. Peak-areaand drug-concentra-
tion dataweretreated by linear |east-squareregression
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Figurel: Densitogram of oxybutynin chlorideenantiomers
alongwith massand NM R spectra

analysisand the calibration plot was generated. The
limit of detection (LOD) and quantification (LOQ) were
ca culated onthebasisof thed ope(s) of thecdibration
plot and the standard deviation of the response (SD)
using the formula LOD = 3.3xSD/s and LOQ =
10xSD/s. Theprecison of themethod wasstudied with
thehelp of repeatability and intermediaeprecison andy-
Ss. Repeatability was performed by anayzing threedif-
ferent concentrations (100ug, 200ug, 300ug/spot) of
thedrugfor six timeson the same day whiletheinter-
mediate precision of the method was checked by sepa-
ration studies on thethree different days. Also robust-
nesswaseval uated by an analysisof samplesolutions
after making small changesto mobile phase composi-
tion and devel opment distance. Also themobile phase
compositiontoluene acetone methanol solutionas8:1:1
and7.5:1.5:1 (v/v) wered sotried dongwithtworun
lengths 8.5cm and 9cm. Robustness of themethod was
carried out at threedifferent concentration leve sof 150,
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Figure2: Atypical densitogram of oxybutynin chloride Rf
0.46+0.03 at 254nm using toluene-acetone -methanol solu-
tion (8:L:1v/v)

TABLE 1: Linear regression datafor thecalibration curves
(n=3)

Parameters TLC densitometry
Linear range 50-350 ng/spot
Correlation coefficient (r) £SD 0.9992+0.00217
SlopetSD 4.55+0.059
Intercept+=SD 449.6+3.25
LOD(ug/spot) 11.12
LOQ(ng/spot) 35.3

200 and 350pg per spot. Futher, the recovery study
was performed by standard addition method. Analyzed
sampleswere spiked with additional 50, 100 and 150ug
of standard OBC and the sampleswerereanal yzed by
the proposed methodintriplicate. The specificity of the
method wasa so determined by anayzing standard drug
and test samples. The spotsfor OBC and thesample
were confirmed by comparing the R, and spectrum of
the spot with that of the standard. The peak purity of
OBC was determined by comparing the spectrum at
three different regions of the spot i.e. peak start (S),
peak apex (M) and peak end (E).

RESULTSAND DISCUSSION

Scope of thework

Itiswell knownthat evenin TLC, chird stationary
phasesoffer very discrete separations of enantiomers
fromarecemic mixture. Theuniqueadvantagein TLC
istherecemic mixture can bedirectly anaysed and the
enantiomers were separated as such without any
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Figure3: Densitogram of standard oxbutynin chloridein
different concentrationsat 254nm

TABLE 2: Intraand inter-day precison by HPTL C method
(n=6)

o Intermediate
Amount Repeatability precision
(ng/spot  Mean area Meanarea
(AU)ESD RSD (AU) +£SD ORSD
100 883.24+£3.38 0.38 889.73+8.82 0.99
200 1353.1£3.91 0.28 1349.4+7.36 0.54
300 1796.3+4.15 0.23 1794.9+1223 0.68

derivatization or prior sampletreatment. However, the
TLC plateswith chiral stationary phaseswere now not
available. Therefore, the present work has been car-
ried out withasingleplategifted by (Anchrom, Bombay)
exclusively for the separation of the enantiomers, but
thevaidationstudieswerecarried out by ordinary silica
gel plates60 F,,, (Merck, Darmstadt Germany). This
study hasbeen undertaken only to ascertain that unlike
in HPLC where enantiomers are further converted to
diastereiomers and separated on achiral column, the
recemicmixturecandirectly beandysed on chird plates.
However, the non-availability of the plates was the
greatest limitation and our attemptsto procurethem
from various compani es have been futile. But encour-
aged by theinitia pogitiveresultsour observationsand
theanalytical details of the present study undertaken
for separation of OBC by chiral TLC and thevalida-
tion of themethod using theracemic mixtureby TLC
have been presented herein.

Selection of theoptimum mobile phase

The best separationswere obtained with CHCI,,:
MeoH, but as hal ogenated solventswerealwaysdis-
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Figure4: Insitu UV spectra of oxbutynin chloridestandard
and oxbutynin chloridefrom sample

couraged, varying concentrations of tol uene-acetone-
methanol wereattempted. However, toluene-acetone-
methanol solutioninaratio of (8:1:1v/v) only offereda
well-resol ved separation of individua isomersof OBC.
Figure 1 shows a typical densitogram of the two
enontiomersof OBC and theinset showsthemass spec-
trum that was obtained from the i solated sampl es of
individua isomersby micro TLC. Thisparticular sudy
wasapart of our routine quality control work and re-
quired only avery short timeto confirm and conclude
the separation and identification.

It wasevident from the chromatographic study that
though the bands were close (R, 0.47 and 0.63) they
werewel| resolved and facilitated asubtle but distin-
guishableseparation andisolation of individud isomers
by micro preparative TLC. Incidentaly, satisfactory
results could beaccomplished using avery smplemo-
bile phaseliketoluene-acetone-methanol and the de-
velopment timewasabsol utdy minimum. Anon-HlineUV
gpectrum a ong with densitometric scanning resembled
well that of the UV spectrum obtained from aconven-
tiona UV spectrometer with authentic samples. How
ever, theindividua bandsobtained by microTLC are
separately analyzed by LSISMS/FAB and (Figure 1)
m/z 358 confirmed identify of oxybutynin chlorideor
both theisomers.

Method validation

Themethod validationwas carried out with theto-
tal drug molecule on 10x10cm silica gel plates
(precoated with 60 F,,,) and tol uene-acetone-metha-
nol solutioninaratio of (8:1:1 v/v) offered asharpand
well-defined peak of OBC at R, value of 0.47+0.03

Hnalytical CHEMISTRY o

TABLE 3: Recovery studiesof oxybutynin chloride(n=3)

Sinme Thewea A oy 0
analyte (%) (ug) (%)

0 100 98.24 98.24 0.22

50 150 152.8 101.3 0.36

100 200 200.6 1003 054

150 250 253.7 101.7 0.27

TABLE 4: Robustnessof themethod

Amount M obile phase composition T-A-M:? Platerun length

[ng/ spot] g+1+1 7.5+1.5+1 85cm 9cm
150 0.31 0.48 0.42 0.38
250 0.54 0.92 0.73 0.81
350 0.49 0.57 0.61 0.52

(Figure2and 3). Linear regression datafor thecalibra-
tionplots(n=3), asgivenin TABLE 1 wasindicative
of agood linear relationship (r =0.9993) between peak
areaand amount of OBC over therange of 50-350ug
per spot. A significant differencewasobserved inthe
dopesof theplotsif adifferent concentration rangewas
used (ANOVA, P<0.05). Limit of detectionand limit
of quantification were cal culated by the method de-
scribed in the experimental section and found to be
11.12pug/spot and 35.33ug/spot TABLE 1 respectively.
Theresultsof the repeatability and intermediate preci-
sionexperimentswereshownin TABLE 2. Thedeve -
oped method wasfound to be precise asthe RSD val-
uesfor repeatability and intermedi ate precision respec-
tively werearound 2% asrecommended by ICH guide-
lines. Thelow vaues of %RSD obtained after thesmall
changes of mobilephase composition and devel opment
distance (TABLE 3) wereindicative of therobustness
of themethod. To check the degree of accuracy of the
method, recovery studieswere performed intriplicate
by standard addition method at 50%, 100% and 150%.
Recovery of added OBC was 98.24-101.7, aslisted
INTABLE 4. The specificity of themethod was ascer-
tained by anayzing the standard drug and sample. The
spot for OBC in samplewas confirmed by comparing
the R, and spectraof the spot with those of the stan-
dard, the sampleand they were presented infigure 4.

CONCLUSIONS

Chird HPTLCisaragpid, smplebut specific meth-
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