Volume 14 Issue 1

CMISTRY

A Judian Joaraal
/A P@p@f

ACAIJ, 14(1) 2014 [17-27]

ISSN : 0974-7419

#na@tiaa[ CH

Development and validation of novel stability-indicating RP-HPLC
method for estimation of related substances and degradation
products in ambrisentan

J.Sreenivasulul?, CH.V.S.Nagaraju!, S.Thirumalai Rajan' S.Eswaraiah?, P.Venkata Ramana?
IMSN LaboratoriesPvt. Ltd., R& D Center, Analytical Researchand Development, Pashamylaram,
Patancheru, M edak-502 307, AndhraPradesh, (INDIA).
2Department of Chemistry, Sri Krishnadevar aya Univer sity, Anantapur—515 003, Andhra Pradesh, (INDIA)
E-mail : jupallisr eenivas@gmail.com

ABSTRACT KEYWORDS
A simple, specific, precise, linear, accurate, reproducible and stability indi- Ambrisentan;
cating RP-HPL C method was devel oped for the quantative determination of Reverse phase liquid
related subatances and degradation products of Ambrisentan. The chro- chromatography;

matographic separation was achieved by using Waters symmetry C , col- Stability-indicating method.
umn. The drug substance was subjected to stress conditions of hydrolysis
(acid, base and water), oxidation, photolysisand thermal degradation as per
International Conference on Harmonization (ICH) prescribed stress condi-
tionsto show the stability-indicating power of the method. Significant deg-
radation was observed during acid, base and water hydrolysis studies. The
mass balance of Ambrisentan was close to 100% in all the stress condition.
In the developed HPLC method, the resolution between Ambrisentan and
its process-related impurities was found to be greater than 5.0. The limit of
detection (LOD) wasin therange of 13.6 to 31.2 ng/mL and limit of quanti-
fication (LOQ) found to be in the range of 58.4 ng/mL t0105.6 ng/mL for
Ambrisentan and their impurities. The method was validated for accuracy,
linearity, precision, specificity, robustness, and detection and quantifica-
tionlimits, in accordance with ICH guidelines.
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INTRODUCTION

Ambrisentan [(+)-(29-2-[ (4,6-dimethylpyrimidin-
2-yl)oxy]-3-methoxy-3,3-diphenyl propanocic acid] is
used for thetreatment of pulmonary arterial hyperten-
sion (PAH) toimproveexerciseability and delay clini-
cal worsening*3. Letairis is the brand name for
Ambrisentan, an endothelin receptor antagonist that is
selectivefor theendothelintype-A (ET ) receptort*53,

Letairisisavallableas5 mgand 10 mg film-coated tab-
letsfor oncedaily oral administration. It hasamolecu-
lar formulaof C,,H,,N.O, and amolecular weight of
378.42. Themol ecular structure of Ambrisentan con-
tainsasinglechira center with two possible enantio-
meric forms(R-,S-enantiomers). The active substance
istheresolved S-enantiomer that innon-clinica studies
has been shown to bethe most active and hasthefol-
lowing structural formuld®. Ambrisentanisawhiteto
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off-white, crystdlinesolid. Itisacarboxylicacidwitha
pKaof 4.0. Ambrisentanispracticaly insolubleinwa
ter and in agueous solutions at low pH. Solubility in-
creasesin aqueous solutionsat higher pH. Inthe solid
state Ambrisentanisvery stable, isnot hygroscopic,
andisnot light sensitive®. Theliteraturesurvey reveds
that, Few andyticad methodswerereported for thequan-
tification of Ambrisentan in plasmaand application to
rat pharmacokinetic study. The reported analytical
method employsthequantificationby LC-ES-MSMS
and UV-spectrophotemetry®°l, Rapid determination
of Ambrisentan enantiomersby enantiosd ectiveliquid
chromatography using cellulose-based chird stationary
phasein reverse phasemodeisavailable*. NoHPLC
methods were reported in major pharmacopeialike
USP, EP, JP and BP. Therefore, it isfelt to develop
stability indicating HPL C method for determination of
related substances and for quantitative estimation of
Ambrisentan in bulk drugs. Hence, an attempt hasbeen
made to devel op an accurate, specific and reproduc-
ible method for the determination of Ambrisentan and
al thesix impuritiesin bulk drug sasmplesand along
with method validation as per ICH guidelineg*?.,

EXPERIMENTAL

Chemicalsand reagents

Ambrisentan anditsimpurities (Figurel) werepro-
vided by MSN Laboratories Pvt Limited, R& D Cen-
ter, India. Acetonitrile, Potass umdihydrogenphosphate,
Orthophosphoric acid, Hydrochloric acid, Sodium hy-
droxide and Hydrogen peroxide were purchased from
Rankem (Mumbai, India) and used for the studies. Al
chemicals and reagent used were of HPLC and AR
grades, MilliporeMilli Q plus(Bangdore, India) purifi-
cation system was used to prepare high pure water.

I nstrumentation

Themethod deve opment attemptswere performed
onAgilent 1200 series L C system equipped with aDi-
odeArray Detector (DAD) and data was collected,
processed using Ez chrom Elite software. Forced deg-
radation studies and the method validation was per-
formed by using Waters e2695 separation module LC
system with 2998 PhotodiodeArray Detector (PDA)
and data were collected, processed using Empower
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software,
Chromatogr aphic conditions

The chromatographic separation was optimized
using Waters symmetry C-18 columnwiththedimen-
sionof 250 mm x 4.6 mmand 5 um as particle size. A
gradient elution wasinvolved with the2.72 gr Potas-
siumdi hydrogen ortho phosphatein 1000 mL of Milli-
Q-water (100% v/v) and adjusted itspH 3.0 with di-
lute ortho phosphoric acid as amobile phase-A and
acetonitrile: water intheratio of 90:10 (v/v) asmobile
phase B. The HPLC gradient program was set as. time/
% mobile phase B: 0/55, 10/55, 25/65, 33/65, 46/75,
52/75, 53/55 and 60/55. Theflow rate of themobile
phase and the column temperaturewas set as 1.0 mL
mint and 25°C respectively. The detection wave length
was optimized at 210 nm. The column loading wasfi-
nalized as8 pg of Ambrisentan in 10 pL injection vol-
ume. A mixtureof Mobilephase-A andAcetonitrilein
thesameratio was used asdiluent.

Samplepreparation

Ambrisentan solution wasprepared at target andyte
concentration (TAC) whichis800 ug mL* inthediluent
for rel ated substances. A stock solutionwith theblend
of Sulphonyl pyrimidineimpurity, Hydroxy acid impu-
rity, Hydroxy ester impurity, Benzophenoneimpurity,
Pyrimidineester impurity and Vinyloxy impurity were
also prepared in diluent for the preparation of system
suitability solution with around 0.15 % w/w of each
impurity at TAC of Ambrisentan.

RESULTSAND DISCUSSION

M ethod development and optimization

TheHPLC method carried out inthisstudy aimed
to devel op asuitablechromatographic system, whichis
capable of euting and resolving Ambrisentanfromits
processrelated impuritiesand degradation productsthat
comply with the general requirementsfor system suit-
ability with good basdline. Anfollowing method deve -
opment conditionsare dected based on physical and
chemical properties (pKa value, solubility, etc) of
Ambrisentan*3, Initial attemptsfor themethod devel -
opment weremadein Inerts| ODS-4V (250 mm x 4.6
mmi.d., particlesize 5 um) with Mobile phase-A as
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0.01M of potassium dihydrogen ortho phosphate, ad-
justed at pH to 3.0 adjusted with dilute phosphoric acid
and Mobilephase-B asAcetonitrile: water intheratio
of 9:1 (v/v). Thegradient as(time (min)/% sol ution B):
0/55, 10/55, 25/65, 35/65 45/90, 48/90, 49/55, 55/
55 at flow rate 1.0 mL-min~'. Column temperature
25°C, injection volume 10 pL, sample concentration 1
mg. min', samplesolvent selected asAcetonitrile: buffer
intheratio of 50:50 v/v. With these conditionsthe sepa
ration of theimpuritiesisgood, but the baselinewas

(7
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Sulfonyl Pyrimidine impurity
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observed to be very poor at 210 nm in the gradient
elution. After that wetried with different gradient con-
ditionsand finally good baselinewas observed at se-
lected programmewith Intertsil ODS-4 (250 mm x 4.6
mmi.d., particlesize 5 um) column, but in different
batches analysis study it is observed that one of the
unknown impurity mergeswith pyrimidineester impu-
rity. To separate the unknown impurity and pyrimidine
ester impurity different stationary phases, variousbuff-
ers, different pH and different sel ectivity were used.

Pyrimidine ester impurity

\;N\rei.
x N

Vinyloxy impurity

@

Benzophenone impurity

Figurel: Chemical structureof Ambrisentan and itsimpurities
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Finally more than two resol ution observed between
unknown impurity and pyrimidine ester impurity with
Symmetry-C,, columnwiththedimension of 250 mmx
4.6 mmand5 pm as particle size column and also good
peak shapewith less peak width and the resol ution of
all therelated impuritieswere satisfactorily (Figure 2).
The ColumnandAcetonitrilewereplayed akeyrolein
the retention timesand resol ution between impurities.
Theselected stationary phaseisvery stableat selected
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acidic pH 3.0. In the optimized conditionsit was ob-
served that theAmbrisentan, Sulphonyl pyrimidineim-
purity, Hydroxy acidimpurity, Hydroxy ester impurity,
Benzophenoneimpurity, Pyrimidineester impurity and
Vinyloxy impurity werewell separated with aresolu-
tion of greater than 2.

Selectivity/For ced degradation studies
The specificity of the developed LC method for
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Figure2: HPL C column selection chromatogr ams.
TABLE 1: Summary of for ced degradation results.

- Total impurity Mass Purity 1 Purity 1 Purity
Stress conditions degradation balance angle threshold flag
Normal 0.18% 99.74% 0.120 0.306 No
Acid hydrolysis (After 6 hrs) 7.50% 92.3% 0.120 0.311 No
Base Hydrolysis (After 26 hrs) 6.74% 93.41% 0.143 0.342 No
Oxidation (After 48 hrs) 0.72% 99.34% 0.121 0.316 No
Water Hydrolysis (After 12 hrs) 9.11% 91.56% 0.135 0.319 No
UV Direct 0.22% 99.55% 0.089 0.289 No
uv
Phot Indirect 0.20% 99.60% 0.118 0.310 No
oto
Degradation i
Lux direct 0.19% 99.60% 0.099 0.292 No
Lux o o
Indirect 0.18% 99.63% 0.116 0.304 No
Thermal at 60°C (10 days) 0.21% 99.65% 0.116 0.310 No
0 . -
Qet(yg % Relative Humidity (10 0.22% 99.55% 0.098 0.339 No
Under Sunlight (50 hours) 0.38% 99.45% 0.108 0.303 No
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Ambrisentan was established in presence of itsknown
impurities(Sulphonyl pyrimidineimpurity, Hydroxy acid
impurity, Hydroxy ester impurity, Benzophenoneimpu-
rity, Pyrimidineester impurity) asprocessrelated impuri-
tiesand Vinyloxy impurity asitsdegradation product.
Forced degradation studies were performed on
Ambrisentanto sudy thestability-indi cating property and
specificity of thedeve oped method. There ative humid-
ity study stress at 75% relative humidity for 10 days.
Under sunlight, stressstudy was conducted for 50 hours.
The photolytic stress studies were performed for UV
direct (200 watt hours/squaremeter), UV indirect (200
watt hours/squaremeter), Lux direct (1.2 million LUX
hours) and Lux indirect (1.2 million LUX hours) asper
ICH Q1B™, Thethermal stresswasdoneat 60 °C for
10days. Theacid stresswas performed with3 N HCI
usi ng concentrated samplesolution a ambient tempera-
turefor 6 hoursand base stresswas performed with5N
NaOH for 26 hoursat ambient temperature. Further di-
lution wasdoneto andyte concentration for thequantifi-
cation of Ambrisentan and itsdegradants. Weater hydroly-
siswas performed for 12 hoursat 60 °C. The oxidation
stresswas done using 10% hydrogen peroxidefor 48
hoursat ambient temperature*®. Degradation wasnot
observed in stressed conditions when the analyte de-
gradedto photolytic, thermd, sunlight, 75%relaivehu-
midity and oxidetion. Thedegradation of drug substance
was observed only under acid, base and water hydroly-
sis(Figure4). All stressed sampleswere quantified for
Ambrisentan and theimpurities. Peak purity of stressed
of Ambrisentan andthe spiked solutionsof dl theimpu-
rities (Sulphonyl pyrimidineimpurity, Hydroxy acidim-
purity, Hydroxy ester impurity, Benzophenoneimpurity,

—— Fyll Peper

Pyrimidineester impurity and Vinyloxy impurity) were
checked by using PDA detector. Thepurity anglewas
withinthepurity thresholdlimit for dl thestressad samples,
demondtrating thehomogeneity of theanadytepesk. The
impuritiescontent wasca culated for dl thestresssamples
againg aqualified reference tandard. Themassbdance
(% assay + % of impurities + % of degradation prod-
ucts) wasa so calculated for al thesamples. Thesum-
mary of theforced degradationwascapturedin TABLE
1

System suitability and precision

The system suitability was checked by spiking the
al impuritiesto test sample. Thesystemisdeemedto
besuitableasthetailing factor < 2.0, Theoretical Plates
for Ambrisentan peak is> 3000 and the resol ution be-
tween closdly eluting Ambrisentan and Hydroxy ester
impurity impurity>2.0 (TABLE 2) (Figure 3).

Precisionisthe closeness of agreement betweena
series of measurements obtained from multiple sam-
pling of same sampl e under the prescribed conditions.
Six individua preparation of Ambrisentan solution was
madewith each of theknownimpuritiesat 0.15 % w/w
level toTAC. Quantification of individua impuritiesand
Ambrisentan wasdonefor each preparation, the% RSD
content and the assay of al theimpuritieswere deter-
mined. Method precision was done by repeated ex-
perimentswith different columnsand different instru-
mentsinthe samelaboratory to evaluatetheintermedi-
ateprecision.

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

TheLOD and LOQ of anindividua andytica pro-

TABLE 2: System Suitability results

- . USP USP Purity 1 .

Name Retentiontime USP Tailing Resolution  Plate count angle Purity 1 threshold
Sulphonyl pyrimidine 3.083 117 NA 10669 0.304 0.586
I Impurity
Hydroxy acid 6.937 1.45 19.34 10856 0.549 0.773
Impurity
Ambrisentan 12.603 1.11 17.18 17789 3.024 3.159
Hydroxy ester 14.667 1.04 5.46 25541 0.598 0.834
Impurity
Benzophenone 16.793 1.04 5.77 34858 0.803 0.821
Impurity
Pyrimidine ester 28.716 1.02 28.38 60446 0.704 0.911
Impurity
Vinyloxy impurity 43.258 1.00 26.87 85112 0.473 0.632
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cedure arethe lowest amount of analytein asample
which can be detected and can be quantitatively deter-
mined with suitable precision and accuracy. TheLOD
and LOQ for each of the componentswere established
by attainingsigna-to-noiseratio of around 3:1and 10:1
respectively, fromaseriesof dilutesolutionswithknown
concentration. Six individuad solutionsof knownimpu-
ritiesand Ambrisentanwered so prepared a LOQ leve
and the area of impurities and Ambrisentan was re-
corded. TheLOQ precision was established by cal cu-
lating the % RSD of each known impurity and
Ambrisentan peak area. Accuracy of impuritiesat this
level wasestablished by spiking theknown LOQ quan-
titiesof impuritiesto thetest sampleand cdculaingthe

recovery of impurities(TABLE 3).
Linearity

Thelinearity of anandytica procedureisitsability
to obtaintest resultswhich aredirectly proportiona to
the amount of analyteinthe sample. To study thelin-
earity atimpurity leve , the sol ution of Ambrisentan and
itsknown impuritieswere prepared in different con-
centrationsfrom LOQ to 150 % w/w of analyte con-
centration. Thedope, intercept and correl ation coeffi-
cient werecalculated (TABLE 4).

Accuracy

Theaccuracy of an anaytical procedure expresses
the closenessof agreement between theval ues obtained

TABLE 3: Limit Of Detection (LOD) and Limit Of Quantification (L OQ) Results

Limit Of Detection

Limit Of Quantitation

In

Compound % with respect toanalyte ng % withrespecttoanalyte Inng % of % of
concentr-ation mL~ concentr-ation mL™* RSD Recovery
1
. Not
Ambrisentan 0.0024 19.2 0.0096 76.8 7.86 ;
applicable
Sulfonyl pyrimidine 0.0022 176 0.0088 704 397 1007
Impurity
Hydroxy acid Impurity 0.0035 28 0.0088 704 6.10 101.0
Hydroxy ester 0.0028 224 0.0110 88  7.33 98.4
Impurity
Benzophenone 0.0017 13.6 0.0073 584 877 95.0
Impurity
Pyrimidine ester 0.0033 26.4 0.0132 1056 6.4 98.7
Impurity
Vinyloxy Impurity 0.0039 31.2 0.0131 104.8 4.98 95.4
TABLE 4: Linearity Results
Desired
concentrat- Sulphpnyl Hydr.oxy Hydroxy Benzophenone Pyrimidine Vinyloxy
ion Pyrimidine Acid Ester Impurit Ester Impurit Impurit
Impurity Impurity Impurity purity purity purity
LOQ 1066 23219 3253 9901 12568 5181
25 5648 31661 11496 23728 21766 16835
50 8457 42672 20672 34838 32238 29276
75 14370 54710 32480 51375 45415 42752
100 17611 64373 42475 66790 55151 56734
125 22460 75105 53537 80507 67578 65477
150 26578 85387 63730 96275 78307 78148
Slope 175 432 424 590 462 509
Y-Intercept 491 21104 305 7240 9469 3269
Correlation 0.9979 0.9997 0.9998 0.9994 0.9994 0.9976
Coefficient
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cepted referenceva ue. Accuracy of impuritiesat each

from themethod and conventiona truevaueor an ac-

TABLE5: Accuracy Results
Area of Area of
C Area of Sulphonyl Area of Area of L Area of
Concentration in o . Hydroxy Pyrimidine ;
o pyrimidine Hydroxy acid Benzophenone Vinyloxy
0 Impurity Impurity ester Impurity ester Impurity
Impurity Impurity
50 96.2 103.3 98.0 103.3 101.6 105.5
75 109 107.0 102.6 106.6 105.5 104.8
100 100.2 103.2 100.6 106.4 100.1 105.4
125 102.2 103.0 1015 103.9 1015 97.7
150 100.8 102.1 100.7 104.6 99.9 97.6
Avg %
97 101.7 103.7 100.7 105.0 101.7 102.2
Recovery
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level wasestablished by standard addition of theknown
quantitiesof impuritiesto thetest sampleby calculating
therecovery. The study was carried out with fivedif-
ferent concentrationsat 50 to 150% of the specifica-
tionleve. Therecovery of impuritieswasdoneby ca-
culating the amount of the impurities spiked to the
samplesolution (TABLEDS).

Robustness

Therobustnessof anandytica procedureisamea
sure of its capacity to remain unaffected by deliberate
variationsin method parameters. Small variationswere
madefromorigina chromatographic conditionstorecord
theresol ution between Ambrisentan and itsimpurities
to determinetherobustness of the devel oped method.
Six different conditionswere studied by acombination
of threedifferent smdl variations. which areflow rate,
pH and the col umn temperature from optimized condi-
tion. To determine the robustness of the developed
method, experimental conditionswere deliberately
changed and the resol ution (Rs) between Ambrisentan
and Hydroxy ester impurity were evauated. Theflow
rate of the mobile phasewas 1.0 mL-min—1. To study
the effect of flow rate on the devel oped method, 0.1
unitsof flow waschanged (i.e. 0.9and 1.1 mL-min-1).
The effect of column temperature on the developed
method was studied at 20°C and 30°C instead of 25°C.
Theeffect of pH on resol ution of impuritieswasstudied
by varying+0.2 pH units (i.e. buffer pH altered from
3.0t02.8and 3.2). Intheall abovevaried conditions,
the components parameterswere held constant.

Solution stability and mobile phasestability

Solution stability and mobile phase stability pro-
videsanindication of itsreliability between thenormal
usageandthestorageof the sol utionsused inthemethod.
The solution stability of Ambrisentan was established
for 48 hoursat roomtemperature. The solution stability
studied by using Ambrisentan sampleand injected for
every 12 hours. The content of all impurities and
Ambrisentan werequantified at each interva uptothe
study period. Themobile phase stability wasalso es-
tablished by quantifying thefreshly prepared sample
solutions against freshly prepared reference standard
solutionsfor every 12 hours. During the study period
the prepared mobile phase was sustained. Therecov-

Hnalytical CHEMISTRY o

ery of the assay of Ambrisentan and thecontent of each
impurity wascal cul ated against theinitial value of the
study period.

CONCLUSIONS

Thedeve oped stability-indicating andytica method
for rel ated substance determination of Ambrisentan and
itsimpuritiesisprecise, accurate, linear and specific.
Thevalidation carried out for the method in accordance
withthelCH requirements are satisfactory. The devel -
oped method can be used conveniently for theroutine
analysisof production samplesand also to check the
stability of bulk samplesof Ambrisentan duringitsstor-
age. Thesamemethod can aso be applied to thedrug
productsto know theinformation about theimpurities
and degradation productsat lower leve.
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