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ABSTRACT

KEYWORDS

A simple direct Chiral HPLC method was devel oped for the separation of
the enantiomers of Frovatriptan Succinate] R-(+)-6-Carboxamido-3-N-
methylamino-1,2,3,4-tetrahydrocarbazol e hemisuccinate], an antimigraine
drug. The enantioseparation was achieved on a Protein based
Cellobiohydrolase column (Chiral-CBH) using an isocratic mobile phase
consisting of 10mM dihydrogen orthophosphate buffer and methanol in
theratio of 92:8. Flow rate was kept at 0.6 ml/min. The resolution between
the enantiomers was 4.4. The developed method was capable of detecting
the S-enantiomer up to 6 ng/ml. The method was validated in terms of
Selectivity, Linearity, Precision, Accuracy, Robustness, Limit of Detection
(LOD) and Limit of Quantitation (LOQ). © 2008 Trade Sciencelnc. - INDIA

Frovatriptan;
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INTRODUCTION

Frovatriptan Succinate, asingle enantiomer drug
[(R)-(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole hemisuccinate] isused for thetresat-
ment of severemigraine. Similar to other members of
triptan family, Frovatriptanisaserotonin (5-HT) re-
ceptor agonist that bindswith high affinity tothe5-HT1B
and 5-HT1D receptors. Frovatriptan causes vasocon-
striction of meningedl, dural and cerebral vessalsafter
bindingtothe 5-HT 1B receptor. Unlikeother triptans,
Frovatriptanisapartia agonist to the 5-HT 1B recep-
tor and it isthe most potent triptan in producing con-
traction of human basilar arteried!. Frovatriptan can
be taken without regard for food and thereisno need
for dosage adjustment intheederly or inwomen taking
acombined oral contraceptive.

The determination of enatiomeric purity of
Frovatriptan isvery important asthedrugis marketed
assingleenatiomer drug. A CE method for theestima:
tion of chira purity of Frovatriptan wasreported?. As
per our knowledgethereisnovalidated chiral HPLC
method reported intheliterature

In the present study separation of Frovatriptan
enantiomerswas attempted by using protein based col-
umns. Themain reasonfor selecting protein based col-
umn was dueto the broad applicability of these col-
umns. Chiral AGPand CBH arethetwo widely used
protein based chira HPLC columns. Asthese columns
can be used in reverse phase mode the method devel -
opment is much easier by controlling the
enantioselectivity by change of pH of themobile phase
and the concentration of the organic modifier in the
mobile phase.
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Figurel: Chemical gructureof (R)-frovatriptan, (S)-frovatriptan and frovatriptan impurity (FTN-Acid)

EXPERIMENTAL

Chemicals

Samplesof Frovatriptan, (R) and (S) enantiomers
of Frovatriptan and Frovatriptanimpurity (FTN-Acid)
were provided by Chemical Research and Develop-
ment of Orchid ChemicasLtd, R& D Center, Chenna.

Equipment

A HPLC (WatersModd Alliance 2695 separation
module) equi pped with an autosampler, column heater
and photodiodearray UV detector (Waters 996) was
used for the devel opment and vaidation of the method.
Theandys swascarried out onaChirad-CBH column,
100x4.0mm, 5um particle size (Chrom Tech make).
WatersMillennium* (ver. 4) softwarewas used for re-
cording and processing the data.

Chromatographicconditions

The Chromatographic conditionswere optimized
using aChiral-CBH (100 x 4.0 mm, 5u) connected
through aguard column of 10 x 4 mm length. Themo-
bile phasewas 10 mM potassium dihydrogen ortho-
phosphate buffer and methanol (92:8 v/v). Theflow
ratewas 0.6 ml/min. Thedetectionwascarried out at a
wave ength of 245 nm. Theinjectionvolumewas5pl.

3. RESULTSAND DISCUSSION

3.1 Method development

Separation of the enantiomers of Frovatriptan by
Chira HPL C column wasthe objective of the present
study. Racemic Frovatriptan was used for theinitial
separation study. The samplewas prepared in mobile
phasewith an anayte concentration of 0.1 mg/ml. Ini-
tially separation attempts were made using carbohy-

drate based chird columnssuch asCHIRALCEL OD-
H and CHIRALPAK AD-H?% in normal phasemode,
us ng variouscombinationsof n-hexaneand 2-propanal.
Asthesecolumnswerenot showingany chiral selectiv-
ity, separation wasthen tried with protein based Chiral-
AGP“ columnin reverse phase mode with acombina
tion of buffer, methanol and acetonitrile. The enantio-
meric separation could not beachievedinthiscased so.
Trials were then made with Chiral-CBH (Cellobio
hydrolase) columni>9. Chiral-CBH wasfound to be
showing sel ectivity between thetwo enantiomers. A
mobile phase with a mixture of 10 mM potassium
dihydrogen orthophosphate and methanol wasusedin
variousratiosto optimizetheresol ution of the enanti-
omers. It was found that content of methanol in the
mobile phasewasplayingamajor roleintheresolution
of enantiomers. Anincrease of methanol contentinthe
mobile phaseincreased theresolution. Asthe content
of methanol inthemobile phaseisrestricted to amaxi-
mum of 10% by the column manufacturer, acompos-
tion of 92:8(v/v) of buffer and methanol wasfixed. The
flow ratewasfixed as0.6 ml/min. Thed ution wasmoni-
tored with UV detector at awavelength of 245nm.
Intheoptimized method the resolution betweenthe
enantiomers was found to be about 4.4 with aUSP
tailing factor of about 1.1 for both the enantiomers.
Typicd retentiontimesof (S) and (R) enantiomerswere
foundto be6.5 and 10.5 minutes, respectively. A po-
tentid impurity of Frovatriptan (FTN-Acid) wasinjected
inthisoptimized condition and found to be separating
well from the analyte peaks. Thestructureof Rand S
enatiomersand Frovatriptanimpurity (FTN-Acid) are
displayedinfigure 1. The chromatogramsof mixture of
R and S enatiomers, R enatiomer and R enantiomer
spiked withimpurity aredisplayedinfigures2-4 re-
spectively. Asper ICH guidelines'® the method was
vdidatedintermsof thefollowing parameters.
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Figure2: Chromatogram of (R) and (S) frovatriptan
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Figure3: Chromatogram of (R)-frovatriptan
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Figure4: Chromatogram of (R)-frovatriptan spiked with

FTN-acid

3.2Validation
1. System suitability

Theresolution between (S) and (R) enantiomers
has beenfixed asthecriteriafor eva uating the suitabil -
ity of thetest method. Theresolution wasfound to be
4.4 between thetwo enantiomers. Other parameteslike
USPtailing and USP tangent were al so eva uated dur-
ing the course of study. A valueof 1.11 and 1.17 was

obtained astailing factor for (S) and (R) enantiomers,
respectively. Thetangentswerefound to be about 2000
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for (S)-enantiomer and 1700 for (R)-enantiomer.
Selectivity

The ability of the method to measurethe analyte
responseinthepresenceof itspotentia impuritieswas
evauatedinthisstudy. Thesdectivity of themethodin
presence of oneof themgor impurity (FTN-Acid) was
evaluated. Forced degradation studieswere conducted
with Frovatriptan (solid sample) sampleunder UV light
at 254 nm and heat (105 deg C) for 10 days. Content
of (S)- enantiomer was checked in Frovatri ptan sample
exposed under UV light and heat at theend of thestudy
period. The peak purity of the degraded sampleswas
determined using a photodiode array detector. The
peaks were found to be pure. Further the stressed
sampleswereeva uated under varied chromatographic
conditions by changing the methanol compositioninthe
mobile phase. No degradation impuritieswerefound
merging with theanayte peaks.

Alsothegahility of the samplesol utionwas checked
for aperiod of 12 hrsat room temperature and inject-
ing thesolution at varioustimeintervals. A cumulative
percentage RSD vaue of 2.24% for (R)-enantiomer
and 1.98%for (S)-enantiomer peak areasafter 12 hrs
showed that analyte did not degradein solution.
Precision

Theprecision of themethod isthe degreeof agree-
ment among theindividual test resultswhen the proce-
dureisapplied repeatedly to multiple samplingsof a
homogeneoussample.

The precision of themethod was checked by ana-
lyzing six replicate samples of Frovatriptan (at the
andytesconcentration of 0.1 mg/ml). TheRSD of (S)-
enantiomer wasfound to be 0.42%. Thea lowed limit
of (S)-enantiomer in Frovatriptan wasfixed as0.50%
based on the profile of few batchesof Frovatriptan syn-
thesized inthelaboratory. However the sample used
for validation was found to contain 0.86% of (S)-
endiomer.

Linearity

Thelinearity of the method isameasure of how
well acalibration plot of responseversusconcentration
approximatesastraight line.

Thelinearity of the (S)-enantiomer waseva uated
with nineworking solutionsof (S)-enantiomer ranging
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TABLE 1: Precision of (S)-enantiomer at LOQ level
Preparation

Area
896
895
841
937
898
903

UL WNPE

%RSD = 3.46
TABLE 2: Precision of (S)-enantiomer at LOD level

Preparation Area
581
674
509
486
484
518

U WN P

%RSD = 13.65
TABLE 3: Recovery of (S)-enantiomer

Level Added(ng) Recovered (ng) % Recovery % RSD*

50% 252 253 100.4 16
100% 505 495 98.1 15
150% 757 795 105.1 1.8

*n = 3 determinations
TABLE 4: Robustnessof thechiral HPL C method

USP Resolution
Changesmade between (R) and
(S) enantiomer

Parameter

Flow rate (ml/min)

0.54 -10% Flow rate 4.3
0.6 Control 4.4
0.66 +10% Flow rate 46
Methanol
percentage(%ov/v)
6 -2% Absolute 3.8
8 Control 4.4
10 +2% absolute 5.0
Column oven temp
(Deg )
27 Ambient 4.4
35 +8 Deg C 4.2
pH of Mobile Phase
4.3 -0.2 pH 45
45 Control 4.4
4.7 +0.2 pH 45

from 13 ng/ml (LOQ) to 829 ng/ml (13, 26, 52, 104,
207, 414, 622 and 829 ng/ml), prepared by suitably
diluting from the stock solution of 0.1 mg/ml of (S)-
enantiomer inmobile phase. Thelinear regression equa-
tion y=107x+8 was obtai ned with acorrel ation coeffi-
cient of 0.999, indicating agood correl ation between
the peak areaand concentration of the (S)-enantiomer.
Alsothelinearity of (S)-enatiomer wasstudied inthe
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range of 0.1%to 10% of analyte concentration in pres-
ence of (R)-enantiomer. Theresponse of (S)-enanti-
omer wasfound to belinear with acorrelation coeffi-
cient of 0.999.

L imit of detection and limit of quantitation of (S)-
enantiomer

Thelimit of detection (LOD) of atest method isthe
lowest amount of anaytein asample, which can be
detected but not necessarily quantitated. Thelimit of
quantitation (LOQ) of atest method i sthel owest amount
of andyteinasample, which canberdiably quantified.

LOD and LOQfor (S)-enantiomer were predicted
using thedopeand theresidud standard deviationva-
uesof thelinearity curve. A LOQ vaueof 51 ng/ml was
predicted initidly. However, afurther lower concentra:
tionof 13 ng/ml wasfound to givearelative standard
deviation (RSD) of 3.46% (TABLE 1), whichiswell
accepted; the LOQ of (S)-enantiomer by thismethod
wasfixed as 13 ng/ml for aninjection volumeof 5ul.
TheLOD level was established by six replicateinjec-
tionsof 6 ng/ml solution of (S)-enantiomer with arela-
tivestandard deviation of 13.65%. (TABLE 2).

Accuracy

Theaccuracy of anandytica method expressesthe
closeness of the agreement between the acceptable
vaueand theva uefound. The accuracy of the method
was established by performing recovery experimentsin
triplicate each at 50, 100 and 150% of the specifica-
tionlevel of (S)-enantiomer (0.5%). Therecoveriesat
al the three levels were in the range of 96% to
106%(TABLE 3).

3.2.7 Ruggedness

Theruggedness of the method wasevaluated un-
der different lots of columns/reagents, different labs,
different anaysts, different instrumentsand different
days.

The%RSD of (S)-enantiomer content cal cul ated
by using the val ues obtained from the above experi-
ments, wasfound to be 2.17%.

3.2.8 Robustness

Robustness is the measure of the ability of the
method to remain unaffected by small changesin the
parameters such asflow rate, mobile phase composi-
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tion, wavel ength of detection and the temperature of
the column oven.

A set of 9 experimentswas conducted with small
dedliberate changesin themethod to assesstherobust-
ness of the method. Thefirst set of experimentscon-
s sted change of flow rate by +10% (0.66 ml/min) and
-10% (0.54 ml/min), while keeping other parameters
constant. The second set of experiments consisted of
change of wavel ength of detection by -5nm (240 nm)
and +5 nm (250 nm). Thethird set of experimentswas
conducted by changing the methanol composition of
the mobile phase by +2% absol ute (90:10) and —2%
absolute(94:6). Thefourth set of experimentswas con-
ducted by changing the pH of the buffer by +0.2 units
(4.6 pH) and -0.2 units (4.2 pH). Thelast experiment
was conducted by setting the column oven temperature
at 35°C.

In all the experiments except for the changein
methanol composition, therewasno magjor changein
the enantiomer resolution. Experiment 5with 2%in-
creased methanol in the mobile phaseresultedin an
increase of resolution to 5.0 and the experiment 6 with
adecrease of methanol content by 2% resulted in a
decrease of resolutionto 3.8.

4. CONCLUSION

A simplechiral HPLC method was devel oped for
the enantiomer separation of Frovatriptan. Chira-CBH
was found to be selective for the enantiomers of
Frovatriptan. Themethod was completely vdidated and
theresultsfoundto bewell withintheacceptancecrite-
riaof ICH. Thedeve oped methodisstability indicating
and suitablefor the estimation of (S)-enantiomer in
frovatriptan drug substance.
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