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ABSTRACT KEYWORDS
A simple, rapid isocratic stability indicating chiral HPLC method has been Chiral HPLC method:
devel oped for the separation of R-Darifenacin from S-Darifenacin and quan- Separation;
titative determination of R-Darfenacin enantiomer and Darfenacin Quantification;
Hydrobromide assay in bulk formsand pharmaceutical dosageforms. Forced Darifenacin;
degradation studies were performed on bulk drug sample of Darifenacin Forced degradation.

using acid (2.0 N hydrochloric acid), base (1.0 N sodium hydroxide), oxida-
tion (3.0% v/v hydrogen peroxide), water hydrolysis, Thermal (105°C) and
photolytic degradation. Considerable degradation was observed during
oxidative stress condition. Mobile phase contains n-hexane, ethanol and
diethyl amineintheratio of 75: 25: 0.05 (v/v/v). Good resolutionviz. 3min
between R- and S- forms of Darifenacin was achieved with Immobilized
chiral stationary phase Chirapak | C (250mmx4.6 mm ID, Smicron) column at
27°C temperature. Flow ratewas kept at 0.8 ml/min. This method was further
used to determine the amount of R- Darifenacin, which was monitored by
UV absorption at 230 nm. Thismethod is capable of detecting R-Darifenacin
toalevel of 0.08ug/ml. The method was validated asper |CH guidelines.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Most of the pharmaceuticd industriesarenow con-
centrating towardsthe study of thetherapeutic effects
of enantiomersof the existing drug moleculesto havea
detailed impurity profile. Thedetermination of amounts
of different enantiomericformsin pharmaceuticalsis
essentid inthisconnection and high performanceliquid
chromatographic method (HPLC)Wisgenerally opted
for this purpose. The chemical name of Darifenacin
hydrobromideis(S)-2-{ 1-[ 2-(2,3-dihydrobenzofuran-
5-yl)ethyl]-3-pyrrolidinyl} -2,2-diphenylacetamide

hydrobromideisapotent muscarinic receptor antago-
nist developed by Novartig??l. Its main avenue of
effect isreduction in overactive bladder. Darifenacin
hydrobromideisanew M 3 sdl ectivereceptor antago-
nist treatment for overactive bladder approved for use
anywhere in the world. Darifenacin, a chiral
diphenylacetamidetertiary aminederivative (Figure 1)
marketed asthe water-soluble hydrobromidesalt, isa
sel ective M 3 receptor antagonist. Theempirical for-
mulafor Darifenacin hydrobromideisC,H, N,O,.HBr,
and themolecular weight is507.5.

It has S- and R-enatiomeric forms(Figure 1) and
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Figurel: S-and R-formsof darifenacin

since S-enantiomer ((S)-2-[1-[2-(2,3-dihydrobenzo
furan-5-yl)ethyl]-3-pyrrolidinyl]- 2,2-diphenylaceta
mide hydrobromide) isableto curethedisease, phar-
maceutical'scontaining S-enantiomer werereleased in
themarket. Since, thereisachance of formation of R-
Darifenacin ((R)-2-[ 1-[2-(2,3-dihydrobenzofuran-5-
yhethyl]-3-pyrrolidinyl]- 2,2-diphenylacetamide
hydrobromide) during synthesisof S-Darifenacin, the
separation of R-Darifenacinfrom S-Darifenacin fol-
lowed by itsdeterminationisone of thekey issuesbe-
fore S-Darifenacinisreleased to market intheform of
pharmaceuticals. Enantiomers of racemic drugs often
differ in pharmacokinetic behavior or pharmacol ogica
action™. The development of analytical methodsfor
quantitativeanaysisof chiral materialsand for assess-
ment of enantiomeric purity isextremdy chdlengingdue
to thefact that enantiomers possesvirtually identical
properties®. Although many andytica techniqueslike
gas chromatography(GC), capillary electrophoresis
(CE), liquid chromatography(L C) can beemployed to
achievethis, themost widely usedisliquid chromatog-
raphy employing achira stationary phase(CSP)[¢%l. In
literature rapid solid phase extraction for high through-
put assay of darifenacin in human plasma was re-
ported’®. A method for determinati on of enantiomeric
purity of Darifenacin wasreported®. However, these
literaturemethodswerenot completdy vaidatedinview
of specificity and suffering frominterferencesfrom deg-
radation products, formed during stress study. Hence,
weherewith arereporting asteriosdective, stability in-
dicating, rapidisocratic HPL C method to separateand
quantitate R-Darifenacin from S-Darifenacin and quan-
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titative determination of S-Darifenacinin bulk active
substancesand finished dosageforms. Thismethod was
validated in accordance with ICH requirements*¥ in
termsof linearity, precision, accuracy, specificity and
robustness.

The method devel opment strategiesadopted using
chira pack IC columninvolvesdifferent experiments
based on nature and structure of compound. Thesetri-
alsincluding the addition of acid additivesfor acidic
compounds and base additivesfor basic compounds
to themobile phase. The design of mobile phase con-
sistsof acombination of akaneor chlorinated solvents
and polar d coholsbased on normd or polar interactive
modes. Initiated the screening analysiswith the above
combination of experimentsto derive best suitablecol-
umn and mobile phase conditions.

EXPERIMENTAL

Chemicals

HPLC grade n-hexane and ethanol were procured
from Merck, India. Diethylaminewas purchased from
Fluka, India. S-and R- isomersof Darifenacin and Ref-
erence standard of Darifenacin Hydrobromide were
obtained from process devel opment laboratory of Dr.
Reddy’s Laboratories Ltd., API, IPDO, Hyderabad,
India

Chromatogr aphic conditions

A WatersMode Alliance 2690 separation module
equi pped with an auto sampler and waters 2996-pho-
todiode array UV detector (Waters Corporation,
Milford, USA) wasusedfor theanalysis. Thedatawas
recorded using Waters Empower software. The sepa-
rationsand quantification were performed on Chirdpak
IC column (250x4.6mm, Make: Diacel Chemical In-
dustriesLtd. Japan).

Samplepreparation

20mgeachof S-and R- formsof Darifenacinwere
dissolvedin 10 ml of ethanol to get individual concen-
trationsof 2.0 mg/ml inthemixture. Thissolution was
used for the enantiomeric separation. 20 mg of R-
Darifenacin wasdissolvedin 10 ml of ethanol toget 2.0
mg/ml solution and thissolution wasdiluted further to
get therequired concentrationsfor thevaidation of the
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developed method for the determination of R-
darifenacin.

Prepared solutionsof Darifenacin hydrobromideby
dissolving 100mg each of sampleand standard in sepa-
rate 50ml volumetric flasksand diluteto volumewith
ethanol. Dilutethese stock solutionsto 50ml separately
to get afina concentration of 200ug per ml. Theseso-
lutionswere used for assay determination.

Specificity

Specificity istheability of the method to measure
theanayteresponseinthe presence of itspotentia im-
purities®. The specificity of the developed HPLC
method for Darfenacin Hydrobromidewas carried out
inthe presenceof itsimpurities. Forced degradation
studieswere a so performed for bulk drug to provide
anindication of the stability-indicating property and
specificity of the proposed method. Intentiona degra-
dation wasattempted to stress conditionsof UV light
(254 nm and 365 nm), thermal degradation (drug sub-
stance exposed to 105°C), acid hydrolysis(using 2.0
N HCI), base hydrolysis (using 1.0 N NaOH), water
hydrolysisand oxidative degradation (using 3% H,0O,)
to evaluatetheability of the proposed method to sepa-
rate Darfenacin from R-Darfenacin and degradation
products. For Therma and light studies, study period
was 7 dayswhere asfor acid, base and oxidation, it
was 48 hours. Peak purity test was carried out onthe
stressed samplesof Darfenacin by using PDA detector.

Assay studieswerecarried out for stressed samples
againgt qualified reference standard and the mass bal -
ance (% assay+ % degradation) was cal cul ated.
Method validation
Precision

Chira method precisonwasevauated by carrying
out six independent preparations of test sample of
Darfenacin spiked with 0.15% of R-Darfenacin with
respect to analyte concentration. The% R.S.D of area
for R-Darfenacin wascal culated. Assay precisonwas
carried out on six independent preparations of stan-
dard andtest solutions of Darifenacin hydrobromideat
200ug/ml concentration. Theintermediate precision of
the method was d so evaluated using different analyst
and adifferent instrument in the samelaboratory.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

The LOD and LOQ for R-Darfenacin was esti-
mated at asignal-to-noiseratio of 3:1 and 10:1 respec-
tively, by injectingaseriesof dilutesolutionswith known
concentration. Precision study was also carried at the
LOQIleve by injectingsix individud preparationsof R-
Darfenacin and cal culated the %0R.S.D of thearea.
Linearity

Linearity test solutionsfor chiral method werepre-
pared by diluting theimpurity stock solutiontothere-
quired concentrations. The solutionswere prepared at
seven concentration levelsfrom LOQ to 150% with
respect totheimpurity specificationleve of 0.15% (i.e.
LOQ, 0.0375%, 0.075%, 0.1125%, 0.15%, 0.1875%
and 0.225%).Thecalibration curvewasdrawn by plot-
ting the peak areas of R-Darfenacin versusitscorre-
sponding concentration.

Linearity test solutionsfor assay method werepre-
pared from stock solution at six concentration levels
from 25% to 150% of assay concentration (50ug/mL,
100ug/mL, 150ug/mL, 200ug/mL, 250pug/mL and
300ug/mL). The peak areaversus concentration data
was performed by least-squares|inear regression anay-
sis. The calibration curve was drawn by plotting
Darifenacin average areafor triplicateinjectionsand
the concentration expressed i n percentage.

Linearity test was performed for two consecutive
daysin the same concentration rangefor R-Darfenacin
content method. The% R.S.D vaueof thedopeand
Y-intercept of thecalibration curvewas cal cul ated.

Accuracy

Theaccuracy study of R-Darfenacin was carried
out in triplicate at 0.075, 0.15 and 0.225 % of the
Darfenacin analyte concentration (200ug/mL). The
percentages of recoveriesfor impurity were cal cul ated.

Theaccuracy of the assay method was eval uated
intriplicateat three concentration levelsi.e. 100ug/mL,
200pg/mL and 300ug/mL in bulk drug sample. The%
recoverieswere calcul ated.

Robustness

To determine the robustness of the developed
method, experimentd conditionsweredeliberately al-
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tered and theresol ution between R-Darfenacinimpu-
rity and Darfenacin waseva uated.

Theflow rateof themobile phasewas 0.8 mL/min.
To study the effect of flow rateon theresolution, it was
changed by 0.2 unitsfrom 0.6 mL/minto 1.0 mL/min.
Theeffect of columntemperatureon resolution wasstud-
ied at 22°C and 32°C instead of 27°C .Intheall above
varied conditions, the components of the mobilephase
were held constant as per the method.

Solution stability and mobile phasestability

The solution stability of Darfenacin and itsenanti-
omer R-Darfenacinin the chiral method was carried
out by leaving spiked sample solutionintightly capped
volumetricflask a room temperaturefor 48hours. Con-
tent of R-Darfenacin weredetermined for every 6hin-
terval up to the study performed. Mobile phase was
also carried out for 48 hours by injecting the freshly
prepared sample solutionsfor every 6hinterval. Con-
tent of R-Darfenacin were checked in test solutions.
M obile phase prepared was kept constant during the
study period.

The% RSD of assay of Darifenacin wasca culated
for the study period during mobile phase and solution
Stability experiments.

RESULTSAND DISCUSSION

M ethod development and optimization of chromato
graphicconditions

Initidly, experimentswerecarried out by usng chird
columnsinthereverse phasefor the separation of S-
and R- formsof Darifenacin, but it was not achieved.
Later severd experimentswere carried out in thenor-
mal phaseusing variouschira columns. It wasobserved
that the R and S-formsof Darifenacin wereeluted as
broad peakswith long retention timesby usngaChira
Pak-AD columnat 0.8 ml/minflow rateand amixture
of n-hexane, isopropanol, diethylamine (75: 25: 0.5)
mobile phase. However animprovement in pesk shapes
were observed when Chiral pak AD-H column was
used with the samemobile phase and sameflow rate.
However, rdaivey longer retention timesand improper
separation between enantiomerswere observed with
thiscolumn. Thenext trial wasmadeon cellulosebased
CSPviz Chira ce OD-H columnwasused for further
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Figure 2: Chromatogram indicating the enantiomeric
separ ation of darifenacin

experiments. Inthisexperiment, S- and Risomerswere
eluted with good peak shape and resolution. But this
experiments sufferswith interference of known impu-
rity with R-Darifenacin peak. Severa attemptswere
made to remove the interference but could not suc-
ceeded. Keeping the peak shape and resolution be-
tween theenantiomersin view, therecent advancement
inchira CSPsvizimmobilized stationary phaseswere
selected for further experimentation. Chira pak IC col-
umnwas sdl ected for thisexperimentationwith n-Hex-
aneand | PA asinitia mobile phase. However, severa
modifiersweretested to achieveagood resolution and
peak shapes. A good resolution of al theisomerswas
achieved by usng diethylaminein ethanol asamodifier.
With high percentage of ethanol, merging of related im-
puritiesviz. acid impurity and alkenyl impurity peaks
with Darifenacin analyte peak. Thisinterferencewas
eliminated by optimization of mobile phaseconditions.
Findly, theresolution wasfound to be4.0 min (Figure
2) for the separation S- and R- forms of Darifenacin
with the mobile phase consisting of n-Hexane, ethanal
and 0.5% diethyl amineintheratioof 75: 25: 0.05 (v/
vIV). Theelutionwasmonitored at wavelength A, =230
nm. Now, the same conditionswere maintained for the
determination of R-Darifenacinand assay of Darifenacin.

Method validation
Resultsof forced degradation studies

Degradation was not observed in Darfenacin
samplesduring stressconditionslikeUV light and Ther-
mal studies. The degradation of drug substance was
observed in acid, base, water hydrolysisand in oxida
tion condition (Figure 3). Darifenacin was degraded
under oxidation condition (treated with 3.0% hydrogen
peroxidefor 3hrs) and it was confirmed by co-injec-
tionwithaqualified standard. Peak purity test results
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Figure 3: Chromatogramsindicating the degradation of dar fenacin hydrobromidein acid, base, peroxide, water,
thermal, photo and spiked with processrelated impurities

confirm that the Darifenacin and itsenantiomer peak is
homogeneousand pureindl theanadyzed stresssamples
of Darifenacin. Thereisnointerference of degradation
productsand related impuritieswith R-Darifenacin pesk
indicatethespecificity of themethod. The pesk purities
of both theformswere studied by using PDA detector
and found to be homogeneous with no detectableim-
puritiesembedded inthem.

The mass balance (%A ssay + degradation prod-
ucts) isachieved >98%. The assay of Darifenacinis
unaffected inthe presence of impuritiesand degradants
which confirm the stability-indicating power of the
method.

Limit of detection and quantification
Thelimit of detection (LOD) representsthe con-
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TABLE 1: Regression characteristicsof the deter mination
method for R-darifenacin

Parameter Values
LOD (ug mL™®) 0.08
LOQ (ug mL™?) 0.315
Linear Dynamic Range (ug mL™) 0.08-4.6
Slope 20182.7
Intercept 0.148
Correlation coefficient 0.9995

TABLE 2: Precision of the determination method for R-
darifenacin

R-darifenacin area

Injection no. - = 8 Lg/mI(LOO level)  15pg/ml
1 7.228 65.523
> 7.994 65.504
3 7.243 60.011
4 7.043 60.047
5 8.631 64.371
6 7.758 61.377

% RSD 7.8 4.2

TABLE 3: Accuracy of the determination method for R-
darifenacin

S. no. % Concentration % Recovery
1 50 102.9
2 75 100.8
3 100 99.6
4 150 101.2

centration of andytethat wouldyieldan /N (signd to
noise) ratio of 2.0. LOD for R-Darifenacin wasfound
tobe0.08 ug/ml. Thelimit of quantification (LOQ) rep-
resentsthe concentration of andytethat wouldyieldan
S/Nratio of 10. LOQ for R-Darifenacinwasfound as
0.315 pg/ml. The% RSD value of precisionat LOQ
level is7.8. The percent recovery valuesat LOQ (96
to 102) were obtained in acceptable rangeasper ICH
guiddines
Linearity

Linearity test solutionsof R-Darifenacin ranging
from 0.3 and 4.6ug/ml were prepared by diluting the
stock solution of R-Darifenacin. Thecaibration curve
was drawn between the peak areas of R-Darifenacin
versusitsconcentration. Theslope, intercept and cor-
relation coefficient werederived fromliner least-square
regression analysis. Theresultsreved ed that an excel-
lent correl ation existed between the pegk areaand con-
centration of the analyte. The data is presented in
TABLE 1

Linear calibration plot for assay method was

obtained over the calibration rangestested, i.e. 50 ug/
mL to 300 pg/mL and the correlation coefficient ob-
tained wasgreater than 0.999. Linearity was checked
for assay method over the same concentration range
for two consecutive days. The percentage R.S.D val-
uesof thed opeand Y-intercept of thecalibration curves
were 1.2 and 2.4 respectively. Theresultsshow that an
excellent correl ation existed between the pegk areaand
concentration of theandyte.
Precision

Theprecisonwasevauated by caculatingtherda
tivestandard deviation of sx replicate determinations
using thesame sol ution containing R-Darifenacina two
levelsviz. 0.315and 1.5 ng/ml and the percentagerda
tivestandard deviation valuesof injection repeatability
for R- Darifenacin were found to be 7.8 and 4.0 re-
spectively whichisin the acceptablerange as per the
ICH guiddines. Theresultsaregivenin TABLE 2.

TheR.S.D of assay results obtained inintermedi-
ateprecision study waswithin 0.1%.

Accuracy

Theaccuracy of method was evaluated by assay-
ing freshly prepared solutionsintriplicate at four con-
centration levelsof 50%, 75%, 100% and 150%. The
percent recovery valuesarein the acceptablerangeas
per ICH guiddines. Thedataispresentedin TABLE 3.

Thepercentagerecovery of Darifenacininbulk drug
sampleswasranged from 99.1 t0 99.7% w/w.

Robustness

Inthevaried chromatographic conditionsviz. flow
rate and column temperature, the resol ution between
the peaksof S- and R- formsof Darifenacin wasfound
to be4.0minillustrating therobustness of the method.
However theretentionsof R and Sformswerevaried
within arange of 3to4 minuteswith the variation of
column oven temperatureindicatesthe requirement of
constant column oven temperature throughout the
andysis.

Solution stability and mobile phase stability

No significant changewas observed in the content
of R-Darifenacin during sol ution stability and mobile
phasestability experimentswhen performed usng chird
method. Thesolution stability and mobile phase stabil-
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TABLE 4: Summary of forced degradation results

Assay M ass balance
. - . (%ow/won  (%Assay +
Degr adation condition Time anhydrous % degradation Remarks
basis) products)
Thermal (105°C) solid 7 days 99.5 99.8 No significant degradation observed
. . Degraded into acid impurity and some unknown
Acid hydrolysis 2.0 N HCI 36h 91.6 99.5 degradation products were formed,
Base hydrolysis, .LON NaOH 48h 99.4 99.8 No significant degradation observed
Water hydrolysis 48h 99.2 99.6 No significant degradation observed
Oxidation by H,O, (3.0%) 4h 93.6 99.5 Degraded into some unknown degradation products.
UV at 254 nm 7 days 99.6 99.8 No significant degradation observed
ity experimentsdataconfirmsthat samplesolutionsand REFERENCES

mobile phase used during R-Darifenacin content deter-
mination were stableup to 48 hours.

TheRSD of assay of Darifenacin during solution
stability and mobile phase stability experimentswas
within 0.5%.

CONCLUSION

Anisocratic, sability indicating, Seriosdectivechird
liquid chromatographic method devel oped for theenan-
tiomeric separation and quantitative determination of
Assay and R-Darifenacin content isfound to be pre-
cise, accurate and specificin bulk active substanceand
finished dosageforms. Themethodisfully vaidated as
per ICH guidelines, showing satisfactory resultsfor al
method vaidation parameterstested. Hence, themethod
isstability indicating and can be used for theroutine
anaysisof plant batches of Darifenacin hydrobromide
inquality control laboratoriesand d soto check thesta-
bility of bulk samplesand tablet samplesof Darifenacin
hydrobromide.
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