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ABSTRACT

A new and accurate chiral liquid chromatographic method has been devel-
oped for the separation of Ambrisentan and its (R)-enantiomer in bulk drugs
and pharmaceutical dosage forms. Normal phase chromatographic separa-
tion was performed on an immobilized cellulose based chiral stationary
phase (Chiral pak-ADH) with n-hexane: ethanol (85:15, v/v) asmaobile phase
at aflowrateof 1.0mL min. Thed utiontimewasapproximately 15min. The
resolution (R) between the enantiomers was greater than 3.0. The limit of
detection (LOD) and limit of quantification (LOQ) for the (R)-enantiomer
were 0.03 ug and 0.1 pg respectively, for a 10 uL injection volume. The
linearity of the method for the (R)-enantiomer was excellent (r2>0.999) over
the range from LOQ to 0.3%. Percentage recovery of the (R)-enantiomer
from bulk drug samplesand pharmaceutical dosage formsranged from 98.5-
101.2% indicative of the high accuracy of the method. Robustness studies
were also conducted. The sample solution stability and mobile phase sta-
bility studies were determined and the results were found to be satisfactory
for astudy period of 48 h. © 2009 Trade Sciencelnc. - INDIA

KEYWORDS

Ambrisentan;
Chird HPLC;
Enantiomeric separation;
Validation;
Quantification.

INTRODUCTION

Ambrisentanisacardio vascular drugandit known
as potent type-A selective endothelin receptor antago-
ni st which has been proposed for thetreatment of pul-
monary arteria hypertenson (PAH). Thechemica name
of Ambrisentanis(+)-(29)-2-[ (4,6-dimethyl pyrimidin-
2-yl)oxy]-3-methoxy-3,3-diphenyl propanoic acid (Fig-
ure 1). Endothelinisasmall peptidehormonethat is
believed to play acritical rolein control of blood flow
and cell growth. Endothelin receptor antagonists
(ETRAS) areaclass of drugswhich prevent the con-
griction or narrowing of blood vessd sthereby enhanc-

ing blood flow throughout the body. There are two
classes of endothelin receptors: EndothelinA (ET-A)
and Endothelin B (ET-B). Thebinding of endothelinto
ET-A receptors causesvasocongtriction whilethebind-
ingto ET-B causesvasodilatation. Ambrisentanisahigh
affinity ET-A receptor antagoni st with ahigh sdectivity
for the ET-A versusET-B receptor. Elevated endothelin
blood level sareassociated with severd cardiovascular
disease conditions, including not only PAH but also
chronic rena disease, coronary artery disease, hyper-
tension and chronic heart failure.

Pulmonary arterid hypertenson (PAH) isadisease
characterized by excessive condtriction of theblood ves-
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sdlsinthelungs. Such congtriction leadsto high pulmo-
nary arterial pressures, makingit difficult for the heart
to pump blood through thelungs. Sinceblood isoxy-
genated inthelungs, thiscondtriction preventsthelungs
from adequately oxygenating the bl ood, which causes
persons afflicted with pulmonary arteria hypertenson
to suffer from extreme shortness of breath asthe heart
strugglesto oxygenate the blood by pumping agai nst
high arterial pressuresY,

Enantiomersof racemic drugs often differ in phar-
macokinetic behaviour or pharmacological action™.
Thedevel opment of analytica methodsfor the quanti-
tativeandysisof chird materidsand for the assessment
of enantiomeric purity isextremely challenging dueto
thefact that enantiomerspossesvirtudly identica prop-
erties™. Although many analytica techniqueslikegas
chromatography (GC), capillary el ectrophoresis (CE),
liquid chromatography (LC) can beemployedtoachieve
this, themost widdy usedisliquid chromatography (LC)
employing achiral stationary phase (CSP)!*+14.,

Sofar, to our present knowledge no chiral HPLC
methodswerereported intheliteraturefor theenantio-
meric separation of Ambrisentan and accurate quantifi-
cation of itsenantiomericimpurity namely (R)-enanti-
omer inbulk drugs and pharmaceutica dosageforms.

Astheactiveingredient in Letairistabletswas (S)-
Ambrisentan. Itisfet necessary todevelopachira LC
method for the enantiomeric separation and accurate
quantification of unwanted enantiomer ((R)-enantiomer)
of Ambrisentan. Thispaper dealswith method devel -
opment and vaidation for the enantiomeric separation
of Ambrisentan and accurate quantification of itsenan-
tiomericimpurity namely (R)-enantiomer in bulk drugs
and pharmaceutical dosageforms.

EXPERIMENTAL

Chemicals

Samplesof Ambrisentan, its (R)-enantiomer were
obtai ned from Research and Devel opment Laboratory
of United States Pharmacopeia-India(P) Ltd, Indig;
thechemicd structuresweregivenin(Figure1). Com-
mercidly avallable10mgAmbrisentantablets(Letaris®)
werepurchased from Glaxo Pharmaceuticas, Mumba,
India. HPLC grade n-hexane and ethanol was pur-
chased from Merck, Darmstadt, Germany.

Hnalytical CHEMISTRY o

Equipment

Method development and validation were per-
formed with Waters (Waters Corporation, M assachu-
setts, USA) Alliance equi pment comprisingamodel
2695 separation modulewithinbuilt autoinjector and a
model 2996 photo diode array detector. The output
signal was monitored and processed by use of Em-
power software on aPentium computer (Digita equip-
ment Co.). The Photo diode array detector was also
used for determination of peak purity.

Chromatogr aphicconditions

The chromatographi c conditionswere optimized
usingtheChird pak-ADH column of Daicd meke(Daicd
Chemicd IndustriesLtd., Jgpan) with 5 umparticlesize
in (250 x 4.6) mm dimension. The mobilephasewas
n-hexane: ethanol (85:15, v/v) a aflow rateof 1.0 mL
min'. Thecolumn temperaturewas maintained at 25°C
and the detectionwasat 220 nm. Theinjectionvolume
was 10 uL. Mobile phasewas used asdiluent.

Prepar ation of standard solutions

Individua stock solutionsof Ambrisentan, its(R)-
enantiomer (1000ug mL 1) wereprepared by dissolv-
ing gppropriateamountsof thesubstancesinthediluent.
Working solutionsof Ambrisentan, its (R)-enantiomer
werealso prepared in diluent.

Prepar ation of samplesolution

Letairis® tablets contain 10 mg Ambrisentan. The
inactiveingredientspresentin Letairisarecroscarmellose
sodium, lactose monohydrate, magnesum stearateand
microcrystallinecellulose. Thetabletsarefilm-coated
with acoatingmateria containing FD and C Red #40

Ambrisentan

(R)-Ambrisentan

(+)-(29)-2-[(4,6- (+)-(2R)-2-[(4,6-
dimethylpyrimidin-2-yl) dimethylpyrimidin-2-yl)
oxy]-3-methoxy-3,3- oxy]-3-methoxy-3,3-
diphenylpropanoic acid diphenylpropanoic acid
Figurel: Sructuresand labelsof Ambrisentan and (R)-
Ambrisentan.
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Aluminum Lake, lecithin, polyethyleneglycal, polyvinyl
acohol, talc, and titanium dioxide. Twenty Letairistab-
lets (10 mg) werewel ghed and theaverageweight was
calculated. Thetabletswerethen powderedinamor-
tar and asampl e of the powder equivaent to 50 mg of
theactive pharmaceuticd ingredient (Ambrisentan) was
transferred to 100 mL volumetricflask. Approximately
75 mL diluent was added and the flask was placed on
rotatory shaker for 10 min and sonicated for 10 minto
dissolvethematerial completely. The solutionwasthen
diluted to 100 mL and centrifuged at 3,000 rpm for 10
min. Thesupernatant was collected and filtered through
a0.45 um pore size Nylon 66-membranefilter. The
filtratewas used assamplesolution.

Method validation

Themethod wasvalidated in accordancewith ICH
guiddinedt 9,
Precision

The precision of themethod wascarried out at four
different concentration level sby injecting six replicate
preparations of 500 ug mL* Ambrisentan sample
spiked with LOQ, 0.075%, 0.15% and 0.225% of its
(R)-enantiomer onthe same day wasca culated to de-
termineintra-day precision. Thisstudy wasaso evau-
ated for 3 daysto determineinter-day precision.

Theintermediate precision of the method wasa so
evauated onacolumnfrom different batch, on adiffer-
ent instrument, by adifferent analyst onthe samein-
strument, andin different |aboratories. %RSD for peak
areaof (R)-enantiomer was calcul ated.

Limit of detection (L OD) and limit of quantification
(LOQ)

TheLOD, defined aslowest concentration of andyte
that can be clearly detected abovethebasdlinesignal,
isestimated asthreetimesthesignal tonoiseratio. The
LOQ, defined aslowest concentration of analyte that
can bequantified with suitable precision and accuracy,
isestimated astentimesthesigna tonoiseratio. LOD
and LOQwereachieved by injecting aseriesof dilute
solutionsof (R)-enantiomer.

The precision of the developed method at LOQ
was checked by analyzing Six test solutions of (R)-enan-
tiomer prepared at LOQ level and calcul ating the per-
centagerel ative standard deviation of peak area.

—= Fyll Paper
Linearity and range

Linearity for the (R)-enantiomer was eval uated by
andysisof savenworking samplesolutionsranging from
the LOQ to 200% of the permitted maximum level of
impurity (0.15%). (LOQ, 0.0375 %, 0.075 %,
0.1125%, 0.15 %, 0.225 % and 0.30 %).

Peak areas and concentrations of the (R)-enanti-
omer weresubjected to regression andysisto caculate
cdibration equation, correlation coefficient and Range.
Linearity was checked for three consecutive daysin
the same concentration range from the same stock so-
lution. The percentagerd ative tandard deviation of the
dopeand Y-intercept of the calibration curvewas cal -
culated.

Accuracy

Standard addition and recovery experimentswere
conducted to determine accuracy of the method for
quantification of the (R)-enantiomer in bulk drugs
samples and pharmaceutical dosage forms of
Ambrisentan.

Recovery was measured intriplicatefor 0.075%,
0.15% and 0.225% of the (R)-enantiomer relativeto
theAmbrisentan target analyte concentration (500 pg
mL1). The percentagerecovery of (R)-enantiomer was
caculated.

Robustness

A method isrobust if results are not affected by
small but deliberate variation of themethod conditions.
Thiswasstudied to anticipate problemswhichmay arise
during regular application of themethod. To assessro-
bustnessthe experimental conditionswerealtered and
resol ution between Ambrisentan and its (R)-enantiomer
was checked. To study the effect of flow rate, theflow
was changed from 1.0to 0.9 and 1.1 mL min?. The
effect of column temperature on resol utionwas studied
at 23°C and 27°C instead of 25°C.

Theeffect of mobile phase composition on resolu-
tion was assessed by changing theamounts of ethanol
by £1%. When any condition was varied, the other
conditionswereheld constant.

Solution stability and mobile phase stability

The solution stability for Ambrisentan and its(R)-
enantiomer was assessed by leaving both unspiked and
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piked samplesolutionsintightly cgpped volumetricflask
at room temperature on alaboratory bench for 48 h.
Theamount of the (R)-enantiomer wasdetermined at 6
hintervalsand compared with that infreshly prepared
solution at eachtimepoint.

TABLE 1: System suitability report

Retention  USP U.S.P :
. . Tailing Theoretical
Name time(t,) Resolution
AN factor plates(N)
in min (Rs)
(M
Ambrisentan 7.6 1.09 4216
(R)-
Ambrisentan 9.3 35 1.02 4102
:, i Racemic mixhare
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Figure 2: Typical chromatogram of racemic mixture,

Ambrisentan sample, Ambrisentan samplespiked with (R)-
enantiomer at 0.15% levd, (R)-enantiomer of Ambrisentan

Mobile phasestability wasa so carried out for 48 h
by injecting thefreshly prepared sample solutionsfor
every 6 h interval. Content of (R)-enantiomer of
Ambrisentan was checked inthetest solutions. Mobile
phase prepared was kept constant during the study pe-
riod.

RESULTSAND DISCUSSION

M ethod development and optimization

The objective of this study was separation of
Ambrisentan enantiomer and accurate quantification of
(R)-enantiomer of Ambrisentanin bulk drugsand phar-
maceutica dosageforms. A mixtureof Ambrisentan and
its (R)-enantiomer were used during the method devel -
opment. Preiminary trial was performed with polysac-
charidetype chira column namely Chiralpak AD-H.
Poor separation was observed with Chiralpak AD-H
when n-hexane: isopropyl acohol (80:20, v/iv) wasused
asmobilephase. Replacement of isopropyl dcohol with
ethanol improved theresolution (R ~2.1). Further trids
were continued by changing the composition of the sol-
ventsinthemobile phase. Finally, the better chromato-
graphic results were noticed with n-hexane: ethanol
(85:15, v/v). Inthe optimized method the typical reten-
tiontimesof Ambrisentan and its(R)-enantiomer were
about 9.6 and 10.9 min, respectively, and the resolu-
tion between the enantiomerswas found to be greater
than 3.0.

The enantiomeric separation of Ambrisentan on
Chirdpak AD-H columnwasshownin (Figure2). The
USPtailing factor for Ambrisentan andits (R)-enanti-
omer wasabout 1.0inthedevel oped method. Thesys-
tem suitability test resultsare presented in TABLE 1.
M obile phase was used as blank; therewas no inter-
ferenceof blank with Ambrisentan and (R)-enantiomer.
Theinterference of excipients(croscarmellosesodium,
lactose monohydrate, magnesium stearate and microc-
rystdlinecdlulose) wasd so checked by injectingsample
solutions of excipients. Therewas nointerference of
excipientswith Ambrisentan and (R)-enantiomer pesks.

Validation resultsof themethod
Precision
For intra-day precision study, the%oRSD vauewas
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TABLE 2: Precision study

Results (% RSD)
0.075%°% 0.15%% 0.225%°

Validation
par ameter
Intra-day
precision (n = 6)
Area ((R)-
enantiomer)
Inter-day
precision (n = 18)
Area ((R)-
enantiomer)

n=Number of preparations, @=Ambrisentan sample spiked with
(R)-enantiomer at different concentration levels

TABLE 3: Recovery resultsof (R)-enantiomer in bulk drug
sample

Added (ug)

LOQ?

2.8 29 24 2.7

2.9 2.7 2.1 25

(n=3) Recovered (ug) % Recovery % R.S.D
0.375 0.372 99.2 0.4
0.75 0.754 100.5 0.3
1.125 1.138 101.2 0.6

n, Number of determinations
TABLE 4: Recovery requltsof (R)-enantiomer in dosageforms

Added (ng) (n=3) Recovered (ng) % Recovery % R.S.D

0.375 0.369 98.5 0.3
0.75 0.758 101.1 0.5
1.125 1.133 100.7 0.7
n, Number of determinations
TABLE 5: Resultsof robustnessstudy
Resolution
S.no. Parameter Variation bet\{veen
Ambrisentan
and (R)-enantiomer
(&) At 23°C 3.3
1 Temperature ) At 270¢ 35
(@At 0.9 mL min* 35
2 FHowrae 13,11 mL min 34
(a) At-1% 34
3 Hthanol oy a 104 35

within 3.0 %for (R)-enantiomer peak area. For inter-
day precision study, the valueswerein the same order
of magnitudethanthose obtained for intra-day precision
confirmingthehigh precison of themethod (TABLE 2).

For intermediate precision study, the %oRSD value
was within 3.5% for (R)-enantiomer peak area con-
firming theruggednessof the method.

L imit of detection and limit of quantification

TheLOD for (R)-enantiomer of Ambrisentan was
0.03 pug (inan Ambrisentan concentration of 500 ug
mL-1) for a10 uL injection volume. Under the same
conditionstheLOQwas0.1 ug. Theprecisona LOQ
concentration was below 3.0 % RSD.

—— Fyll Peper
Linearity and range

Good linearity (correl ation coefficient r>>0.999)
wasobserved for (R)-enantiomer of Ambrisentan over
the concentration rangestested; thelinear regression
equation wasy=140246x+82. Linearity was checked
for the (R)-enantiomer over the same concentration
ranges on three consecutive days. %RSD of the slope
and Y-intercept of the calibration plot for (R)-enanti-
omer was 3.7 and 5, respectively. These results are
indicative of excellent correl ation existed between the
peak areaand concentration.

The Range of the method for (R)-enantiomer was
found from 0.02% (LOQ) to 0.225% of the anayte
concentration (500 ug mL2).

Accuracy

Ambrisentan bulk samples showed the presence of
0.03% of (R)-enantiomer. Recovery of the (R)-enanti-
omer from bulk drug samples of Ambrisentan was
ranged from 98.2t0 101.1% (TABLE 3).

Ambrisentan dosage forms showed the presence
of 0.04% of (R)-enantiomer. Recovery of the (R)-enan-
tiomer from Ambrisentan dosageform wasfrom 98.6
t0101.3% (TABLE 4).

Robustness

When the chromatographic conditionsflow rate,
temperature and mobile phase composition werede-
liberately varied, resol ution between the Ambrisentan
and its (R)-enantiomer was always greater than 3.0,
illustrating therobustness of the method (TABLEDS).

Solution stability and mobile phase stability

No significant changeswere observedinthe (R)-
enantiomer content of Ambrisentan sampleduring so-
|ution stability and mobile phase stability experiments
when performed using the devel oped method. The so-
|ution stability and mobile phase stability experiments
dataconfirmsthat sampl e solutionsand mobile phase
used during the study were stableup to 48 h.

CONCLUSIONS
A new and accurate norma phasechird LC method

has been established for the enantiomeric separation of
Ambrisentan. Chirapak-AD wasfoundto be sdective
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for the enantiomers of Ambrisentan. The method was
validated and satisfactory resultswere obtained from
al themethod vaidation parameterstested. Themethod
enablesrobust separation and quantification of chiral
impurity ((R)-enantiomer) in bulk drug samplesand
pharmaceutical dosageformsof Ambrisentan.
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