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ABSTRACT

A simple isocratic and chiral high performance liquid chromatographic
method was developed for the determination of chiral purity of S-enanti-
omer of vildagliptin. Method involved Chiral pak-1C (250 x 4.6 mm) column at
constant room temperature using ethanol and diethylamine mixture in the
ratio of 100: 0.1 (v/v) asmobile phase with aflow rate of 0.5 mL min?. The
resolution (R) between the enantiomers was found to be greater than 4.0
and interestingly the R-enantiomer was eluted prior to the S-enantiomer in
the developed method. Thelimit of detection (LOD) and limit of quantifica-
tion (LOQ) of the R-enantiomer was0.15 and 0.5 pg mL™?, respectively, for 10
pL injection volume. The percentage recoveries of the R-enantiomer ranged
from 95 to 105 in the bulk samples of vildagliptin. The test solution and
mobile phase observed to be stable up to 48 h after the preparation. The
method was validated as per International Conference on Harmonization
(ICH) guidelinesintermsof LOD, LOQ, linearity, precision, accuracy, Speci-
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ficity and robustness.

INTRODUCTION

Vildagliptin (Galvus®, Novartis Pharmaceuticals
Corporation) isanew ora anti-hyperglycemic agent
(anti-diabetic drug) of the new dipeptidyl peptidase-4
(DPP-4) inhibitor dassof drugs. Vildagliptininhibitsthe
inactivation of GLP-1%2 and GIP® by DPP-4, alow-
ing GLP-1 and GIPto potentiate the secretion of insu-
lininthe betacellsand suppressglucagon rel ease by
theaphacellsof theidetsof Langerhansin the pan-
creas. Vildagliptin has been shown to reduce hypergly-
cemiaintype2 diabetesmelitug¥.

The determination of the stereo isomeric compos -
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tion of pharmaceuticasisrapidly becoming oneof the
key issuesin the devel opment of new drugs. Among
themethodscurrently used to achievechiral separation
of enantiomers, high resol ution liquid chromatographic
systems based on chiral stationary phases, CSPs (di-
rect methods) aremorerapid and are suitablefor the
resolution of racemic mixtures of pharmacologically
activechemica entities®*®. Severd CSPsarenow avail-
abletodlow thedirect separation and determination of
drug enantiomers and recemates. Amylose CSPsare
one of these commonly employed phasesused for the
separation and enantiomeric purity determination. The
ability of chemically modified celluloseto separatea
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variety of racemates has recently been reviewed by
Okamotd™®. Enantiomericinclusionin chiral cavities,
which might bemultiple, and competitivein cellulose
and amyl ose based CSPs seemsto beresponsiblefor
thechird discrimination!”.

Vildagliptinisproduced asasingleisomer and that
of the R-enantiomer could be present asachiral impu-
rity. Enantiomersof recemic drugs often differ inthe
pharmacokinetic behavior or pharmacol ogical action®.

Till date, thereisno reported vaidated chird HPLC
method intheliteraturefor theenantiomeric separation
of vildagliptin. Therefore, itisvery imperativeto de-
velop asmpleand suitable analytical method for the
enantiomeric measurement of vildagliptininbulk drug
samples. Such methods could be easily adapted for sta
bility testing, routineand in-processqudity control andy-
sisor similar studies. Our purpose wasto develop a
sample, sengitive, and reliablemethod for enantiomeric
determination of vildagliptininbulk samplewhich can
be gppliedin stability studiesand quality control labo-
ratories.

This article describes liquid chromatographic
method for the enantiomeric separation of vildagliptin
using an amylose based chiral stationary phase,
Chirapak-IC. Thedeve oped liquid chromatographic
method was validated for determination of
R-enantiomer inthevildagliptin bulk samplesasper
International Conference of Harmonization (ICH)
guiddines®y,

EXPERIMENTAL
Cchemicalsand Reagents

HPL C-grade ethanol was procured from Tedia
company, Inc., Canada. Diethyl aminewas procured
from Fluka. Samples of S and R-enantiomers of
vildagliptin confirmed by spectrd characterization and
SOR (specific optical rotation) were obtained from
Process Research Department of Dr. Reddy’s Labo-
ratoriesLtd, Hyderabad, India Thechira columnused
during the study was Chiralpak-IC ( 250 mm X 4.6
mm, 5 um particle size) from Daicel Chemical Indus-
tries, Japan.

Instrumentation

Waters make an Alliance HPLC (Alliance 2695
Model, Waters Corporation, Milford, USA) equipped
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within-built auto sampler and 2487 dua A absorbance
detector wasused for theanalysis. Photo diode array
detector wasa so used for determining pesak purity. The
output signal was monitored and processed using Wa:
tersMillenium software,

Thechira columnsused in method devel opment
wereused Chiralcel OD (cellulosetris(3,5-di methyl
phenyl carbamate) coated ontosilica-gd ), Chirdpak AD
(amylosetrig(3,5-dimethyl phenyl carmate) coated onto
silica-sel), Chiralcel OJ (cellulose tris(4-
methylbenzoate) coated onto silica-sel) and Chiralpak
—IC (cellulose tris(3,5-dichloro phenyl- carbamate)
immobilizedontoslica-gd). All areDaicd make(Dacd
Chemical Industries, Japan) with 5 um particle size in
(250x 4.6) mm dimension.

Chromatographic Conditions

The chromatographi c conditionswere optimized
usingaChira pak 1C column. Themobilephase, amix-
ture of ethanol and diethylamineintheratio of 100: 0.1
mL withaflow rateof 0.5 mL mintwasemployed. The
column temperaturewas maintained at 25 °C and the
detection wasmonitored at awavel ength of 210 nm.
Theinjectionvolumewas10 uL.

Preparation of Sandard Solutions

Stock solution of S-vildagliptin, its R-enantiomer
(2000 pug mLt) were prepared individualy by dissolv-
ing an appropriateamount of the substancesin theetha:
nol. Working solutionswere prepared in ethanol.

Method Validation

Asper ICH guiddlines, the method wasvalidated
intermsof following parameters.
Specificity

Sampleswereexposedtolight for anoverdl illumi-
nation of 1.2 millionlux hoursand anintegrated near
UV energy of 200 watt hm? which took 10 daysina
photo stability chamber. Vildagliptin sample was ex-
posed to thermal conditionsat 60 °C for 10 days. The
exposed samples were tested for peak purity using
photo diode array detector.
Precision

The precision of the developed method was
checked by injecting Sx individud preparationsof 2000
ug mL* of vildagliptin spiked with 0.2 % of its, R-enan-
tiomer. The percentage relative standard deviation
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(%RSD) of peak areafor the R-enantiomer was cal cu-
lated. Theintermediate precision of the method was
also evaduated on adifferent ot of column, onadiffer-
entinstrument, by adifferent anay<, indifferent [abo-
ratoriesand the %oRSD of peak areafor six individual
Spiked preparationswas cal cul ated.
Limit of Detection and Limit of Quantification

Limit of detection (LOD) and limit of quantification
(LOQ) for the R-enantiomer were estimated as the
amountsfor which signal-to-noiseratioswere 3:1and
10:1, respectively, by injecting aseriesof dilute solu-
tionsof known concentrations. The precision of the
method at LOQ was checked by analyzing six test so-
|utions of the R-enantiomer prepared at LOQ leve and
%RSD of peak areawas cal cul ated.
Linearity

Linearity for the R-enantiomer was eval uated by
determining six working sample solutions of R-enanti-
omer ranging from LOQ to 200% of the permitted
maximum level of impurity (0.2%). (LOQ, 0.05, 0.10,
0.15, 0.20 and 0.40%). The peak areaversus concen-
tration of the R-enantiomer was subjected to regres-
sion anaysisto calculate cdlibration equation and cor-
rel ation coefficient.

Accuracy

Standard addition and recovery experimentswere
conducted to determine accuracy of the present method
for the quantification of the R-enantiomer in bulk drug
samplesof vildagliptin. Therecovery sudiesfor theR-
enantiomer werecarried out intriplicateat 0.1, 0.2and
0.3% of thevildaglitpin target anal yte concentration
(2000 ug mL1). The percentage recovery of the R-
enantiomer wascal culated.

Robustness

To determine the robustness of the developed
method, experimenta conditionsweredeliberately a-
tered and the resolution between enantiomers of
vildagliptin was checked. To study the effect of flow
rate on theresolution, 0.1 unitsof flow changed from
0.5mL min?, Theeffect of column temperatureon reso-
lution was studied at 23 and 27 °C instead of 25 °C.
Theeffect of changein percent ratio of additivewas
aso studied.

Solution Sability

The solution stability of vildagliptin, its R-enanti-
omer was carried out by leaving both unspiked and
spiked samplesol utions at temperature 25°C on a labo-
ratory bench for 48 h. Content of R-enantiomer was
determined for every 6 hinterval.

RESULTSAND DISCUSSION

M ethod Devel opment and Optimization

Theobjective of our work isto develop asuitable
and rugged HPLC method for the separation of
vildagliptin enantiomersenabling the accurate quantifi-
cation of R-isomer. Thepreiminary triascarried out in
reversephasechird columnswerenot fruitful inthesepa:
ration of theseisomers. Subsequently, various chiral
columnsnamely Chiralcd OD, Chirdcd OJ, Chirdpak
AD and Chirapak IC of Daicel wereemployedin nor-
mal phase modeand polar organic mode. All the col-
umnschosenfor the study areof 250 nmlengthand 4.6
mminterna diameter. Vari ous experimentswere con-
ducted to select theided stationary and mobile phases
that would give the optimum resol ution and sel ectivity
for two enantiomers. Whileno separation wasachieved
on Chiralcel OD-H and Chiralcel OJ-H, chiral recog-
nition noticed on Chira pak AD columnwas not effi-
cient. Poor resol ution was observed on Chirdpak AD-
H whileusing n-Heptane: ethanol (90:10v/v) asmobile
phaseand no sgnificant improvement obsarvedinreso-
lution by adding the additivesliketrifluoroacetic acid
and diethyl amine. Very good separation wasachieved
on Chirapak 1C column using polar organic mode con-
sisting of ethanol and diethyl amine(100: 0.1, v/v) mo-
bile phase. Theresolution between vildagliptin enanti-
omerswasfound to be4.0.

Thechira sdector containedin Chirapak ICiscd-
lulosetris(3,5-di chlorophenyl carbamate) immobilized
onslicagd. Unlikecoated columns, thisimmobilized
column hasuniversal solvent compatibility!*?. Polar or-
ganic solvents, typically ethanol, methanol and acetoni-
trilearewidely used asmobile phasesfor chira sepa-
ration onthe polysaccharide-derived CSPs. Theuse of
solventsof thiskind has several advantagessuch asthe
smplicity inmobilephase preparation, fast separations,
compatibility with LC-M S (Liquid chromatography-
mass spectrometry) and the possibility to enhancethe
samplesolubility inthemobilephase. A basic additive
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(most commonly diethylamine) inthemobilephaseisin
generd beneficd for thesgparation of chird compounds
of basic nature.

The separation of vildagliptin enantiomers on
Chiralpak 1C may be ascribed to the interaction be-
tween the solute and the polar carbamate group onthe
CSP. The carbamate group on the CSP can interact
with solutethrough hydrogen bonding using the C=O
and NH groups, which are present in both CSP and
vildagliptin. Inaddition, the dipole-dipoleinteractions
are possi ble between the C=0 group onthe CSPand
C=0 group onthevildagliptin. Further, the nature of
the substituents on the phenyl ring of the CSP affects
the polarity of phenyl groups. Inthiscase, webdlieve
that chloro substitution on phenyl ring of the CSPfa-
vored thechira recognition between vildagliptin enan-
tiomers.

Thestructureand configurations of R and S-iso-
mersof vildagliptinaredisplayed in Figure 1. Thechro-
matogram of the mixture of R and S-isomersand the
chromatogram of S-isomer spiked with R-enantiomer
are displayed in Figure 2(a) and Figure 2(b),
respectively.

Svildagliptin

@JL

R-vildagliptin

JeIee

Figurel: Chemical structureof Sand R-vildagliptin.

Validation Results of the M ethod
Specificity

It was observed that rigorous stress of the
vildagliptin sampledid not causeany significant degra-
dation and changeinthe content of vildagliptininal0
days study period. Peak purity was obtained for
vildagliptin and the R-enantiomer by usingaphoto di-
ode array detector and no i nterference was observed
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Figure2: (a) LC chromatogram of R and S-vildagliptin, (b).
L C chromatogram of S-vildagliptin spiked with 1 % R
vildagliptin.
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in stress sampl es. Hence the devel oped method was
foundtobe selective.

Precision

The%RSD for theareaof R-enantiomer under pre-
cison study wasfound to bewithin 2.5 confirming the
good precision of themethod and for theintermediate
precison study it wasfoundto bewithin 3.0 confirming
theruggedness of the method.

Limit of detection and quantification

TheLOD and LOQ concentrationswere estimated
to be 0.15 and 0.5 pg mL* for R-enantiomer, when
signal-to-noiseratios of 3 and 10 were used asthecri-
teria. Themethod precision for R-enantiomer at limit of
quantification waslessthan 4.5% RSD. Theresults

arelistedinTABLE 1.
TABLE 1: Precison at the concentration of 0.5 pug mL?

Injection no. R-vildagliptin area

01. 14880

02. 14444

03. 15855

04. 15311

05. 16270

06. 15393

M ean 15358
R.S.D. (%) 4.27
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Linearity

The calibration curve wasdrawn by plotting the
pesk areaof R-vildagliptin versusitscorresponding con-
centration. The correlation coefficient was observed as
0.999. Theresultsarelistedin TABLE 2. Linearity was
checked for theR - enantiomer over the same concen-
tration rangesfor two consecutive days. The percent-
ageof RSD of thedopeand Y-intercept of thecalibra-
tion curvesfor the R-enantiomer were3.6 and 4.8 re-
Spectively.
Accuracy

The percentage recovery of the R-enantiomer in
bulk drug sampleof vildagliptinranged from 95to 105.

Robustness

Indl theddiberate varied chromatographic condi-
tions carried out (flow rate, column temperature and
mobile phase composition) the resol ution between the
enantiomersof vildagliptinwasgreater than 3.0illus-
trating the robustness of the method.

Solution Sability
TABLE 2: Linearity of R-isomer

SNo Concentration o_f1 R-isomer R-vildagliptin
(ng mL™) area
01. 0.5 15393
02. 1.0 28177
03. 25 47683
04. 35 69240
05. 5.0 91449
06. 10.0 181846
Correlation coefficient 0.999

No significant changes were observed in the R-
enantiomer content of the vildagliptin sample during
solution stability experimentswhen performed usingthe
devel oped method. The solution stability experiment
dataconfirmsthat sampl e solutionsused during thestudy
werestableupto 48 h.

CONCLUSION
A new chira HPLC method wasdeve oped for the

separation of two enantiomersof vildagliptin. Chira pak
|C columnhasshown excellent sdectivity for vildagliptin

enantiomersand thedevel oped method isquitesmple,
sensitive, reproduci ble and can be used for determina-
tion of enantiomeric purity of vildagliptin. Thismethod
wasfound to berobust in the estimation of R- isomer.
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