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ABSTRACT

We optimized asimplerapid and el egant HPL C method for the simultaneous
quantification of six angiotensin-11-receptor antagonists: Losartan,
Olmesartan, Irbesartan, Val sartan, Telmisartan and Candesartan. The quan-
tificationiscarried out using HPL C with UV detection. Combination of the
studied parameters permitted the separation of the six ARA-I1s, which was
best carried out using 10mM Potassium dihydrogen phosphate buffer (pH
3.5) with acetonitrile, methanol and commercially available ODS stationary
phase column. The main feature of the method developed is that it can
separate and uneguivocally quantify chemically similar compounds in a
singlerun utilizing agradient elution profile. The retentiontime of Losartan,
Olmesartan, Irbesartan, Valsartan, Telmisartan and Candesartan were 9.0,
10.3,11.5,12.0, 13.4 and 19.9 min, respectively. Some parameters (linearity,
limit of detection and quantitation, Stability of solution, Precision and accu-
racy) were validated. The method was accurat, precise and suitable for the
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intended purpose.

INTRODUCTION

Angiotensin-11 receptor antagonists (ARA-11s) are
safe and most effective moleculeintherennin-angio-
tensin system and exertsawiderange of cardiovascu-
lar, rena and endocrine actions. Angiotensin-11 recep-
tor antagonistsare used either done, or in conjunction
with hydrochlorothiazide, athiazidediretic*?. Thean-
giotensintype?2 (AT,) receptor, whichisthought to have
cardio protectiveeffectsandinhibitor effectson growth,
isleft unaffected™9. Until now, there have been seven
ARA-lIsavailable on the market namely; Lorsartan,
Olmesartan, Irbesartan, Valsartan, Telmisartan,
Candesartan and Eprosartan. Contain abiphenyltetra
zolemoiety, whereastd misartan containsastructuraly
related biphenyl carboxylic acid moiety and the struc-
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ture of eprosartan differsfrom theothers. Candesartan
isordly administered asapro-drug candesartan cilexetil,
whichiscompletely converted to an active compound
candesartan during absorption from thegastrointesting
tract. All other ARA-IIsareactiveontheir own and do
not require metabolisminto activemolecules®. Com-
pared with placebo, angiotensin Il type-1 receptor
blockerssignificantly improved the hyperemiaandre-
duced plasmalevel sof malondia dehyde®.
Hypertensionisoneof thesinglemaor reasonsfor
cardiovascul ar disease observed in devel oped and de-
veloping nations. Earlier hypertensvetherapy involved
the use of compounds which would asfunction of 3
blocker, e.g. Cdiprolol and Bisoprolol etc. Therecent
trend intreating hypertensionisto devel op drugsthat
will act on specific targets such ascell surfacerecep
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torg®11, Separation of the compounds has gained a
vitd rolein al stagesof drug development. Therefore,
the devel opment of these separationsiscarried out us-
ing high performanceliquid chromatography (HPLC),
capillary dectrophoress(EC) and gas chromatography
(GC). High-performance liquid chromatography
(HPLC) hasbeen the magjor technique used for the de-
termination of different ARA-IIs, but thesestudieshave
usualy been limited to the determination of either one
or two of the sartan compounds*?*". There are re-
portsinliterature of quantification of sartansby capil-
lary zoned ectrophoresig®?! and LC-MS%1 Theam
of the present study wasthereforeto devel op aSelec-
tive, smple, accurate and capabl e of separating thesix
ARA-IIs; Losartan, Olmesartan, Irbesartan, Va sartan,
Telmisartan and Candesartan, and the most important
parametersfor quantitativeanaysiswerevaidated.

EXPERIMENTAL

Materials

HPL C grade acetonitrile and methanol were pro-
cured from Spectrochem, Mumbai, India. Analytical
grade potassium dihydrogenphosphate and ortho phos-
phoric acid ware obtained from Merck, Mumbai, In-
dia. Olmesartan drug substance was obtained from
Advinus Therapeutics Pvt. Ltd, Bangalore, India
Losartan, Irbesartan, Valsartan, Telmisartan and
Candesartan drug substanceware obtained from Cipla
Ltd., Bangalore, India. HPLC grade water was ob-
tained from a Milli-Q water purification system
(Millipore, MA,USA). Inerts| ODS (150mmx4.6mm,
5u) columnwasprocured from G L SciencesInc., Ja-
pan. The commercialy available drugs Telmisartan
CRESAR 20 mg tablet from Cipla, Olmesartan
medoxamil 20 mg tablet OLMAT from Micro Carsyon,
Valsartan VALZAR 40 mg capsules from Torrent
Pharma, Irbesartan 150 mg tablets IROVEL from Sun
Pharma, Losartan 25 mg tablets LOSAR from
Unichem, and Candesartan 4 mg tabletsCANDESAR
from Ranbaxy were used for quantitative determina-
tions.

Instrumentation

The pH of the solutionswas measured on acali-
brated Seven Multi pH meter (Mettler Toledo,
Schweraenbach, Switzerland). M obile phasewas soni-
catedinasonicator (S.V.Scientific, India).
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Agilent 1200 Seriessystem consisting of anon-line
degasser, G1311A quaternary pump, G1329A autolig-
uid sampler, G 1316A thermostat column controller and
G1314B variablewave ength UV detector (VWD). The
datawere processed through the use of Chemstation
softwareversion, B-02-01-SR1 (260).

Chromatographicconditions

Chromatographic separation and validation ware
performed onan Inertsil ODS-3V (150 mm x4.6 mm,
5u) column. MobilephaseA consisted of 10 mm po-
tassium dihydrogenphosphate, pH adjusted to 3.5 with
orthophosphoric acid and mobile phase B contained
acetonitrile: methanol (60:40v/v). Separation wascar-
ried out by gradient el ution program, wheretheinitia
mobile phase consi sted of mobile phaseA and mobile
phase B in aratio of 50:50 (v/v) for 3 min. Subse-
quently, the percentage of mobile phase B wasincreased
from 50 to 85 up to 15 min. The sameratio washeld
for 5min, and brought back toinitia conditionwithin5
min. Thecolumnwasallowed to get equilibrated for 5
min. before performing the next injection. Chromatog-
raphy was performed at room temperatureusing aflow
rate of 1.0 ml min. Theinjection volumewas 10ul.
The column & uent was monitored at 230 nm.

Prepar ation of standard solution

Thediluent was prepared by mixing mobile phaseA
and mobilephaseB intheratio of 50:50 (v/v) and de-
gassed using asonicator before use. A stock sol ution of
eeChARA-IIsindiluent was prepared at aconcentration
of 0.5mg/ml. Further solutionswereobtained by seria
dilutionsof stock solution. Thevolumewasmadeupto
mark with the diluent and the solutions werefiltered
through 0.2 um syringefilters. For thechromatographic
andys's, amixtureof sandardshashbeen utilized.

RESULTSAND DISCUSSION

Method development by rever sephaseHPLC

The pH of the buffer playsan important role be-
causeit influencesthe separation by affecting the polar-
ity of thecompounds. Themost important character of
the amphoteric nature of theARA-IIs(figure 1), their
retentionisgrestly influenced by pH, which determines
whether these compoundsare negatively or positively
charged. Different concentrationsof the buffer were
tested to optimizethe separation. Selection of the ex
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Figurel: Thechem|cal structureof losartan, olmesartan, irbesartan, valsartan, telmisar tan, candesartan

perimenta domainwasmadefrom prior experienceand
knowledge of the separation system. Thisoffersthe
possibility of using either an acidic or abasic buffer.
Whilerunning with different concentrations of basic
buffer, therewas no base line separation between the
Va sartan and Irbesartan. Thebasic mediumtriadswere
given up becausetheam of thisstudy wastodevelopa
method to separatethese six ARA-IIs.

Theacidic medium wasinvestigated and the best
peak shapesand best analysistimewere obtained while
using buffer of pH 3.5. Therfore, themeasurementswere
performed at different acidic buffer concentrations. In
thismethod, 210 mM potass um dihydrogen phosphate
buffer was prepared by adjusting the pH of thesolution
to 3.5 by the addition of 5% v/v phosphoric acid solu-
tion. Aloneand various combinationsof acetonitrileand
methanol wereused asthemobilephaseB inour initid
effortsinthereverse phase separation. ThepH 3.5was
chosen asoptima pH va uein the agueous component
of mobilephaseA and acetonitrile: methanol (60:40 v/
v %) was chosen asthe best option for organic modi-
fier of mobilephase B. Usingthese conditions, dightly
differential retention of thesix anayteswas achieved
on thecolumn support with agradient el ution mode.

Attemptsto separatethe sx ARA-IIson octadecyl
silane (C18) was chosen as packing of the analytical
column that accomplished an efficient separation. The
effect of buffer, acetonitrile and methanol concentra-
tion, temperatureand flow rateon resol ution (RS), peak
shape, retention time(t. ) and tailing factor wereexam-
ined and most optimum conditionswerefoundtobea

Hnalytical CHEMISTRY o

TABLE 1: System suitability parameter s(n=6)

Name of the Ret_ent|on Tailing Number :
compound t|m<_e factor plates(N) Resolution
(tg, min)

Losartan 9.0 1.06 17780 -
Olmesartan 10.3 1.06 23360 4.61
Irbesartan 115 1.08 27832 3.93
Valsartan 12.0 1.14 32071 2.43
Telmisartan 13.4 1.01 28532 2.98
Candesartan 19.9 1.10 49884 22.56

mobilephaseA conssting of 10 mm potassium dihydro
genphosphate and mobile phase B consisting of
acetonitrilezmethanol (60:40v/v%) at theflow rate of
1.0ml/minwith thecolumn maintained at ambient tem-
perature. A typica chromatogram obtained applyingthis
optimized conditionisdepicted infigure2. Thereten-
tion times, tailing factor and resolution for Losartan,
Olmesartan, Irbesartan, VValsartan, Telmisartan and
Candesartanaregivenin TABLE 1.

Quantitative determination in pharmaceutical
formulations

Thesamemethod can beappliedinthe quantitative
determination of the combination of ARA-IIsintablets.
Consequently, thereareno problemsfor determining
the concentration of SsngleARA-I1 or combined ARA-
Ils, namely; Losartan, Olmesartan, Irbesartan,
Vd sartan, T misartan and Candesartan inthe pharma-
ceutical formulation. Using different placebo mixtures,
it has been demonstrated that these excipientsdo not
adversely affect theresults.
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Figure2: Atypical chromatogram of thesix ARA-Ilsob-
tained applying theoptimized chr omatogr aphic conditions

Linearity

Thelinear rangeof thestandard curvesfor thevali-
dated assay were 9 ug/ml to 300 ug/ml for Lorsartan,
Olmesartan and Valsartan, 3 ug/ml to 400 pg/ml for
Irbesartan and Candesartan, 1.5 ug/ml to 250 pg/mi
for Telmisartan. Thesecalibration curvesare obtained
by plotting the peak area obtained for these compo-
nent agai nst their respective concentration. Each of the
component exhibited good linear dependenceinthe
concentration chosen linear regression andysiswasused
to calculatethe slope, intercept and linear regression
coefficient (r?) for each of the component. Theresults
aresummarizedin TABLE 2.

Precision (repeatability and reproducibility)

Therepeatability of themethod wasevaluated by
calculating therelative standard deviation of the esti-
mation of each component for Six replicateinjectionsof
thesame sampleand thereproducibility wasexpressed
intermsof relative tandard deviation of theestimation
of each component obtai ned for analyses performed
on two consecutive days, six timeseach day. The pre-
cision studiesfor each component were performed, the
mean val ue of the concentration found in % w/w and
the relative standard deviation are summarized in
TABLE 3 .These results were conformed that the
method were precisefor estimation of theARA-IIs.

Accuracy

—— Fyll Peper
TABLE 2: Linearity

Name of the Concentration range Correlation
compound (pg/mL) coefficient(r2)
Losartan 9.0t0 300 0.9999
Olmesartan 9.0t0 300 0.9992
Irbesartan 3.0to 400 0.9997
Valsartan 9.0t0 300 0.9998
Telmisartan 1.5t0 250 0.9997
Candesartan 3.0 to 400 0.9997

TABLE 3: Precision (repeatability and reproducibility) (n=6)
Inter-day precision Intra-day precision
Amount found Amount found

Name of the

compound o, i (RSD %) in % wiw (RSD %)
Losartan 100.9 (0.40) 100.4 (0.81)
Olmesartan 101.2 (0.92) 99.3 (0.59)
Irbesartan 101.0 (1.02) 99.2 (0.72)
Valsartan 101.5 (1.11) 101.4 (0.63)
Telmisartan 101.2 (0.85) 100.5 (1.11)
Candesartan 100.7 (0.96) 99.2 (1.05)

TABLE 4: Accuracy (n=6)

Name of the Recovery

compound LOQ 80% 100% 120%
Losartan 101.8+0.4 100.3+0.6 100.9+0.5 100.8+0.4
Olmesartan  101.3+0.9 99.3=0.5 101.4+0.2 100.2+0.4
Irbesartan  101.2+0.8 99.1+0.9 100.7+0.6 101.5+0.4
Valsartan  101.4+0.7 101.7+0.2101.6+0.4 100.3+0.6

Telmisartan 98.2+0.6 101.1+0.5101.2+0.8 99.8+0.4
Candesartan 101.8+0.8 99.8+0.7 100.7+0.3 100.5+0.5

The accuracy of the method was evaluated with
known amount of the each component at four levels
ranging from LOQto 120 %intriplicate. Absol utere-
coveriesfor each of the component inthe mixturewere
done. Therecoverieswere excellent and ranged from
97.5%1t0103 %, refer TABLE 4 for details.

L imit of detection and limit of quantitation

Thelimitsof detection and quantitation were esti-
mated by obtaining the detector signal for astandard
solution of fixed dilutionand then performing serial
dilution.Thelimitsof detection werefoundto be4.0
ug/ml for Losartan, Olmesartan and Vasartan, 1.3 ug/
ml for Irbesartan and Candesartan, 0.4 ug/ml for
Telmesartan. Thelimit of quantitationwerefoundto be
9.0 ug/ml for Lorsartan, Olmesartan and Val sartan,
3.0 ug/ml for Irbesartan and Candesartan, 1.5 pug/ml
for Temesartan. Thepeak signd to noiseratiosof about
2-3aLOD and 10-12 at LOQ level (figure 3).

Sability in solution

Thestability of the stock solutionsof these com-
poundsware checked and proved to stablefor at |east
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Figure 3: A typical chromatogram of six ARA-11sLOQ
level concentration

48hrsat ambient temperaturewhen protected from light.
Each sandard stock solutionwasanayzed immediady
after preparation and sol ution was stored at bench top
intightly capped volumetric flasks. Thestored solution
of the each compound were reanalyzed after 48hrs.
Theareaobtained for each compound after 48hrsdid
not show any significant change compared withthearea
of initid anaysis.Thisindicatesthat the each compound
was stableinthediluent for at |east 48hrswhen stored
at room temperature.

CONCLUSIONS

A sdlective, accurateand preci sehigh performance
liquid chromatography assay coupled to UV detection
wasdeve oped for the detection of someangiotensinl|
receptor antagonists (ARA-11s). Theaboveresultspre-
sented herereveal that the separation of Six ARA-IIs
can beachieved usngal0mM potassium dihydrogen
phosphate buffer solution at pH 3.5.The possibility of
s multaneousquantification andidentification of theac-
tiveingredient inthefinished product isthereforevery
atractive,
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