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ABSTRACT

A cyclodextrin mediated capillary electrophoresis (CE) methods for deter-
mining the enantiomeric purity of Zolmitriptan in the presence of its poten-
tial process related impurities was developed with a systematic method
development approach. The separation between Zolmitriptan enantiomers
and potential impurities could be obtained in two background electrolyte
(BGE) systems containing hydroxypropyl beta-cyclodextrin (HP-B-CD) and
sulfobutyl ether-beta-cyclodextrin (SB-B-CD) respectively. The CE method
containing SB-B-CD in the BGE system was validated as it provided higher
efficiency and resolution between the enantiomers. The separation was
carried out at 25°C ina 72 cm x 50 pm id bare fused silica “Extended light
path” capillary with an applied voltage of 30kV, polarity set to negative. The
background electrolyte (BGE) consisted of citrate buffer (pH 4.6, 50 mM)
containing 20 mM sulfobutyl ether-beta-cyclodextrin (SB-B-CD) and the
peakswere detected at 225 nm. The method was found to be specific, accu-
rate and precise. The CE method can be conveniently applied for the analy-
sisof bulk and formulation samples of Zolmitriptan.
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INTRODUCTION

About 40% of the drugsin use are known to be
chird anditiswell establishedthat the pharmacol ogica
activity ismostly restricted to one of the enantiomers.
In several cases unwanted side effects or even toxic
effects can occur with the second enantiomersY. A good
robust and accurate method for determining the enan-
tiomeric purity of chiral drugsisthereforeimportant.
Duringthepast severd years, it hasbeen demonstrated
that capillary electrophoresis (CE) isapowerful tech-

nique for chiral separationi?>® and in most cases,
cyclodextrins (CDs) areused as chiral selectors.
Zolmitriptan (Zomig), asingle enantiomer (4S)-
4-[ 3-[2-dimethyl aminoethyl]-1H-5-indolyl-methyl]-
1,3-oxazolan-2-oneisanovel serotonin 5-hydrox-
ytryptaminereceptor agonist (Figure 1). Thisdrugis
highly effectivein theacute oral treatment of migraine
with or without aura*. 1t works by stimulating se-
rotonin receptorsin the brain. Serotoninisanatural
substanceinthebrain that, among other things, causes
blood vessdsinthebrainto narrow. Zolmitriptan mim-
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icsthisaction of serotonin by directly stimulating the
serotonin receptorsinthebrain andit relievesthe
pain of migraines. In our earlier work we havere-
ported theanaysisof enantiomers of Zolmitriptan and
itsrelated impurities by HPL Cl®l. Some methodsfor
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4(S)-4-[3-(2-Methyl aminoethyl)-1H-5-indolyl-
methyl]-1,3-oxazolan-2-one (Imp-2)
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the quantification of Zolmitritpan in plasmasamples
by coulometric detection, liquid chromatography/tan-
dem mass spectrometry and liquid chromatography
with fluorescence detection have al so been reported
inliterature™.
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4(S)-4-(4-Aminobenzyl)-1,3-
oxazolan-2-one (Imp-1)

HO A\

2(S)-2-Amino-3-[3-(2-dimethyl aminoethyl)-
1H-5-indolyl]-propan-1-ol (Imp-3)

Figurel: Molecular structureof zolmitriptan, imp-1,imp-2and imp-3.

There have been two reported methods of chiral
purity analysisof Zolmitriptan using capillary electro-
phoresis as the separation technique’®*y, |n another
articleastudy of theinteraction of Zolmitriptan enan-
tiomerswith HP-B-CD by capillary electrophoresis!'2
wasreported. However thisstudy wasaimed towards
estimating binding constants and theinfluence of pH
on enantio-resolution was evaluated in alimited pH
range of 2.0 - 4.5 using phosphate buffer. We have
systematically explored the separation effectsusing
different cylcodextrin systemsinawider pH rangefrom
pH 2.5to pH 9.3 and found that the highest efficiency
and resolution wereachieved at apH of 4.6 in citrate
buffer. To the best of our knowledge there has been
no literature reported for the determination of
Zolmitriptan enantiomersin the presence of its poten-
tial processrelated impurities. In this paper, we de-
scribe asimple and convenient procedurefor deter-
mining Zolmitriptan enantiomersin the presence of
potential processrelated impuritiesand this method
can be conveniently applied to bulk drugs and phar-
maceutical formulations.

EXPERIMENTAL

Reagent and materials

Zolmigtablets (5 mg) were procured fromAstra
Zeneca, UK. Zolmitriptan enantiomers, bulk samples
of Zolmitriptan APl and the processrelated impurities
werekindly gifted by Bulk Actives, Dr. Reddy’s Labo-
ratoriesLtd., India. SB-beta-CD was purchased from
Advasep® 4, Cydex Inc USA. 1.0 N and 0.1N so-
dium hydroxide (NaOH), 0.1 N phosphoric acid and
HPCE Water, Heptakis (2,6-di-O-methyl)-beta-
cyclodextrin (DM-B-CD) and Heptakis (2,3,6-tri-O-
methyl)-beta-cyclodextrin (TM-B-CD), (2-
Hydroxypropyl)-beta-cyclodextrin (HP-B-CD) and
Gamma-cyclodextrin (y-CD) were obtained from
Agilent Technologies, Germany. Citric acid was pro-
cured fromAldrich, USA. 4-Aminobenzoic acid was
obtained from Merck, Germany. Deoxycholic acid so-
dium salt (SDC) and Taurodeoxycholic acid sodium
salt (STDC) Fluka, Germany. Acetonitrile (ACN),
Methanol (MeOH), isopropyl acohol (IPA) and etha-
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nol (EtOH) wereprocured from Rankem, India.

Equipment and capillary dectrophor etic conditions

Separationswere performed onAgilent Capillary
Electrophoresis system (Agilent Technologies, Ger-
many) usinga72 cmx 50-pm id, bare fused silica cap-
illary with extended light path (Agilent Technol ogies,
Germany). A voltage of 30 kV with negative polarity
was applied and the capillary temperature was main-
tained at 25°C. The peaks were monitored at 225 nm
usingadiodearray UV detector. Sampleswereinjected
hydrodynamically by pressureat 50 mbarsfor 3 sfol-
lowed by injection of awater plug by pressure at 50
mbarsfor 2s.

Eachnew capillary was conditioned sequentialy with
1.0 N NaOH (10 mins), 0.1N NaOH (10 mins) and
HPCE water (10 mins) Prior to every usethe capillary
wasconditionedwith 0.1 N phosphoricacid (15 mins),
HPCE water (2 mins) followed by BGE (20 mins). Be-
tween runsthe capillary was conditioned with BGE for
3 mins. The BGE consisted of citrate buffer solution
(50 mM) at pH 4.6 containing 20mM SB-beta-CD in
al thestudiesunless otherwisementioned. All solutions
werefiltered through 0.2 um nylon syringefilters.

PREPARATION OF SOLUTIONS

Prepar ation of standard solutions

The (R)-Zolmitriptan stock solution was prepared
by dissolving 7.5+0.1 mg of (R)-Zolmitriptan standard
in25mL diluent (10 mM citrate buffer, pH 4.6). Simi-
larly astock solution of theinternal standard was ob-
tained by dissolving 5.0+0.1 mg of imidazole in 25 mL
diluent. About 200 mg of the standard samplewas ac-
curately weighed into 2100 mL volumetric flask and
1.0 mL each of the (R)-Zolmitriptan stock solution and
internal standard stock solution wereadded tothesame
flask. The volumewas made up to 100 mL mark with
thediluent and sonicated to dissolve.

Prepar ation of samplesolution

About 200 mg of the sample was accurately
weighedinto a100 mL volumetricflask and 1.0 mL of
theinterna standard stock solution wasadded to the
sameflask. Thevolumewas made up to 100 mL mark
with the diluent and sonicated to dissolve.

Hnalytical CHEMISTRY o

METHOD VALIDATION

Specificity

Specificity wasevd uated by injecting Zol mitriptan
enantiomersindividudly and spiked with al known pro-
cessrelated impurities (Imp-1, Imp-2 and Imp-3) at
specificationlevd. Thed ectropherogramswere exam-
ined for interferences of other anal yteswith the enanti-
omersof Zolmitriptan.
Precision

The repeatability of themethod was evaluated by
injecting replicate preparations (n = 6) of aspiked so-
lution of (S)-Zolmitriptan samplecontaining theinterna
standard and (R)-Zolmitriptan spiked at LOQ at 0.15%
levels Toevauateintermediate precision, Six replicate
preparationsof (S)-Zolmitriptan sample containing the
internal standard and (R)-Zol mitriptan were prepared
and injected every day, on three different days. The
%RSD for migration times, peak areaand peak area
ratioswereeva uated.
Sengitivity

Sensitivity of the method was determined by es-
tablishing the limit of detection (LOD) and limit of
quantitation (LOQ) for (R)-Zolmitriptan. Thedetector
responsewas obtained for aseriesof dilute solutions
with known concentrationsof (R)-Zolmitriptan. Con-
centrationsresulting in signal-to-noiseratios of about
3:1and 10:1 were considered asdetection limitsand
quantitation limitsrespectively.

Linearity and range

Thelinearity solutionswere prepared from stock
solution (R)-Zol mitriptan at sSix concentration levels—
LOQ to 1.5% of analyte concentration, each intripli-
cate. Thedatawas subjected tolinear regressonandysis
withtheleast squares method.

Accuracy

Samples of Zomitriptan were spiked with (R)-
Zolmitriptanat LOQ, 80, 100 and 120% of the nomi-
nal anayte concentration. The spiking was performed
intriplicateat each level and the spiked sampleswere
analyzed as per the method. Recoveries for (R)-
Zolmitriptan were cal cul ated against freshly prepared
standard.
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RESULTSAND DISCUSSION

M ethod development and optimization
(a) Effect of buffer pH and ionicstrength

Selecting buffer pH isakey strategy for optimizing
the separation of ionizableana ytesin CE becausebuffer
pH determines the extent of the ionization of each
ana yte and the magnitude of the el ectroosmoatic flow.
Theeffect of buffer pH on enantioseparation and peak
symmetry wasinvestigated using variousbuffersat con-
gtant molar strength.

TABLE 1 showsthe affects of pH on resolution
(Rs), selectivity (o) and efficiency (N) with the use of
SB-3-CD and HP-B-CD as chiral selectors.
Zolmitriptan hasapKaof 9.6 and isionized completely
at al experimental pH valuesexcept a pH 9.3. At pH
9.3 (50 mM borate buffer) the enantiomersfailed to
resolve and only asingle peak could be obtained for
theracemate. Thiscan be attributed to the unionized
nature of Zolmitriptan at higher pH and thusfailingto
bediscriminated by thechiral selectors. Theresolution
was maximum at pH 4.6 with the use of either SB--
CD or HP-B-CD and thereforethe pH of running el ec-
trolytewasoptimized to 4.6 using citrate buffer.

TABLE 1: Optimization of buffer pH and cyclodextrin

Buffer (50mM)

Cyclodextrin

< <
n ©T o7
(20 mM) Parameters _§_ <5 8 NG _§_ pH 9.3
%_g %_5 %.E (Borate)
a = a
Rs 1.94 2.77 1.73
SB--CD o 102 102 101 No
resolution
N* 192853 224333 65527
Rs 1.80 1.96 1.29
HP-B-CD o 1.05 1.05 1.01 NO.
resolution
N* 25817 25916 145358

Thebuffer concentration wasvaried to study the
affectson resolution. No significant changein migra-
tion time or resol ution was observed when the sepa-
ration was performed at 10, 30, 50 and 100 mM cit-
rate buffer. As higher buffer concentrations can lead
to generation of higher current whichresultinjoule
heating, the buffer concentration was maintained at
50 mM for further studies.

—— Fuyl] Paper
(b) Effect of chiral selector typeand concentration

A variety of cyclodextrinslikey-CD, DM-3-CD,
TM-B-CD, HP-B-CD, SB-p-CD and chird surfactants
SDC and STDC were investigated to exploit the
enantiosd ectivity of Zolmitriptan. Theenantioresolution
was achieved with both SB-p-CD and HP-B-CD
whereasother chird sdectorscould not provideany sepa
ration. Attemptsweremadetoimprovetheresolution by
using combination of cycdlodextrins. Two chird sdlectors
intheir mixturemay interact at two different levels—at
first a theleve of molecular recognition and secondly at
thelevd of transformation of theenantiosd ectivity of thar
‘independent’ molecular recognition in an overall mobil-
ity difference between enantiomers*¥, But the use of
cyclodextrin mixtures could not provide any enhanced
resol utionwhen comparedtotheindividua cydodextrins
itsdlf. Further thechira sdectivity of SB-3-CD wasfound
to be better than HP-B-CD asshownin TABLE 1. The
highest efficiency in separation was achieved with SB-f3-
CD at pH 4.6 using citrate buffer.

Figure 3aand Figure 3b show the dependence of
migration timeand resol ution on SB-f3-CD concentra-
tion. Theresolutionwasfoundtoincreasewithincrease
in concentration from 5 mM to 20 mM and then de-
creaseat higher concentrations. The cyclodextrin con-
centration wasthereforeoptimized at 20mM.
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Figure3: Effect of (a) SB-p-CD concentration on resolution
and (b) SB--CD concentration on migration time
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(c) Effect of organic additives

The addition of an organic additiveto the buffer
affects several variables, including enantiosel ectivity,
viscosity, dielectric constant and zeta potential . Aceto-
nitrile, methanol, isopropy! acohol and ethanol were
added to the BGE at 10% (v/v) concentration. The
addition of organic sol vents reduces the binding capac-
ity of theanaytewithin the cyclodextrin cavity dueto
thelesspolarity of the solvent compared to the buffer
electrolyte. Theformation of cyclodextrin analyte
complex becomes less favored unless the working
cyclodextrin concentrations are much higher than the
optimum concentrations. Migrationtimeswerefound
toincreaseand theresol ution decreased with theintro-
duction of organic solvents (Figure4aand Figure 4b).
Thedecreasein resolution indicatesthat thetrid swere
attempted at the optimum concentration of the
cyclodextrin and the addition of the organic sol vents
only decreased the equilibrium constantsfor thetwo
enantiomers. Thereforeno organic solvent wasincluded
intheoptimized method.

5

ture may cause zone spreading, sample decomposition
or boiling buffer, the working temperature was opti-
mized to 25 °C. A typical electropherogram of
Zolmitriptan enantiomers spiked with itspotential im-
puritiesand interna standard under optimized separa
tion conditionsisshowninFigure2.
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Figure2a: Representativedectr opher ogram of zolmitriptan
enantiomer sspiked with impuritiesand inter nal standard

Figure2b: Electropherogram of zolmitriptan samplespiked
with inter nal g¢andard and (R)-enantiomer

g @ M ethod validation
g 3 (@) Precision, linearity and detection limits
% 2 \’/ F_{epea_abi lity was determi n_ed by pen‘_or_mi ngrepli-
§ 1 cateinjections(n=6) of asolution contai ning theun-
wantedisomer spiked at LOQ and 0.15% levelsin stan-
L — p— py dard drug using 4-Aminobenzoic acid asinternal stan-
Tepe of oryanic additise dard. The precisionwasimproved withtheuseof in-
— a0 ternal standard*®. Pesk arearatioswere obtained by
g (b) dividing the peak areaof anayte peak by theinterna
5 2o standard peak area. Intraday precision was assessed
£
'i- 20 | TABLE 2: Precision for (R)-zolmitriptan
2 Migration Peak Peak
| A Par ameter time Area AreaRatio
E | (% RSD) (%RSD) (% RSD)
No additive ~ MeOH ACN EtOH Repeatability at LOQ 361 8.89 214
Type of organic additive level (n=6)* . . .
Repeatability at 0.15%
Figure4: Effect of (a) Organic additiveson resolution and (b) |e% (n:é)l*z ° 3.15 3.23 0.80
Organicadditiveson migration time. . P
edypredsonal 153 212 1.05
(d) Effect of temperature - ‘(’je“’ -
nter-day precisionat - 3 g5 5.57 1.68

Therewasadecreasein migration timeswith in-
creasein temperature from 15 to 30 °C due to a de-
creaseinviscosity of the BGE. But no significant change
intheresolution was observed. Aselevated tempera

0.15% level**

*Sample concentration: 2.0 mg/mL sample spiked with 1.0 pg/
mL of (R)-zolmitriptan and 2.0 pg/mL of internal standard

** Sample concentration:2.0 mg/mL sample spiked with 3.0 pg/
mL of (R)-zolmitriptan and 2.0 pg/mL of internal standard
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by injecting independently prepared sol utions (n=6) at
0.15% concentration. To evaluateinterday precision,
each solution wasinjected Six timesevery day, for three
consecutivedays. Theresultsshownin TABLE 2indi-
catethat thismethod is precise and suitablefor analy-
sesof rea samples.

Detector response linearity was assessed with
six calibration solutionsin therangeof 1.0 pg/mL to
31.02 pg/mL (LOQ to 1.5% of analyte concentra-
tion). Each calibration solution was spiked with the
internd standard and injected intriplicate. The straight
line equation for (R)-Zolmitriptan was y=0.1023x-
0.0294 with a coefficient of regression (R?) of
0.9995. Thelimit of detection (LOD) and limit of
quantitation (LOQ) werefound to be 1.0 pg/mL and
0.3 pg/mL respectively.

(b) Sampleanalysis, recovery and stability

The optimized conditionswere applied to deter-
minethe chiral purity of bulk drug samplesand tab-
lets. Theresults obtained show very good precision
inquantification of (R)-Zolmitriptan. Theresultsob-
tained by CE were compared with the results ob-
tained using our previously reported Chiral HPLC
method and both werefound bein very good agree-
ment (TABLE 3).

TABLE 3: Chiral analysisof zolmitriptan bulk drug and
formulation batches

% (R)-Zolmitriptan*

Sample Batch

By CE By HPLC
I 0.07+0.002 0.06+0.004
Bulk Drug Il 0.06+0.005 0.06+0.002
Il 0.12+0.002 0.11+0.001
. 0.05+0.001 0.05+0.005

Formulation
Il 0.04+0.003 0.03+0.001

*n= 3 determinations

Recovery experimentswere performed by spiking
the standard drug with the (R)-Zol mitriptan (distomer)
at LOQ, 80, 100 and 120% of specification concen-
tration. The percentagerecoverieswere 95.0%at LOQ
and ranged fromt0 99.7to 101.3 %for (R)-Zolmitriptan
at other concentrations (TABLE 4). There was no
changeintheenantiomeric purity whenthesampleswere
reanalyzed after 24 hours confirming that the sample
solutionswerestableat benchtop for at least 24 hours.

—— Fyll Peper
TABLE 4: Accuracy datafor zolmitriptan

Accuracy Amount spiked* Amount recovered* Percentage

Level (ng/mL) (ng/mL) recovery
LOQ 1012 961 95.0
80% 2443 2448 100.2
100% 3008 2999 99.7
120% 3622 3669 101.3

CONCLUSION

A CEwasdevel oped for determiningthechird purity
of Zolmitriptan in the presence of its potentia process
related impurities. Theeffect of variousparameterslike
the pH of running electrolyte, thetype and concentra-
tion of cyclodextrin, typeof organic modifier and tem-
peraturewere studi ed during method opti mization pro-
cessand thefinest separation conditionswere sel ected.
Analysisresultswerefound bein good agreement with
theresults obtained by using our previoudy reported
chiral HPLC method. Thismethod isspecific, precise
and accurateand issuitablefor performing analysis of
bulk drug and formulations of Zolmitriptan.
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