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ABSTRACT KEYWORDS
A Simple, rapid and sensitive analytical method was developed for the Eosin-Y;
determination of eprosartan mesylate (EPS), irbesartan (IRS) and olmesartan lon-pair complex;
medoxomil (OLS) in pure forms, pharmaceutical tablets, urine, and blood Spectrophotometry;
plasma samples. The method is based on formation of an ion association Angiotensin receptor
complex between studied drugs and eosin-Y (EY) dye in agueous buffered antagonists;

medium. Under the optimum conditions, the binary complexes showed ab- Antihypertensive drugs.
sorption maxima at 547 nm. Standard calibration curves were linear in the
range of 2-10, 2-8 and 2-12 pg/ml and detection limits of 0.148, 0.082 and
0.181 pg/ml for the three drugs respectively. The correlation coefficients
were not less than 0.9999. The reaction mechanism was studied by using
density functional theory method. The proposed green analytical method
has the advantage of being applicable for the determination of the three
drugs without prior extraction. It is recommended for quality control and
routine analysis where time, cost effectiveness and high specificity of ana-
Iytical techniques are of great importance.
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INTRODUCTION olmesartan medoxomil OLS, Figure 1, arebelongto

non-peptide, orally activeangiotensin-11 receptor an-

Thedeve opment of rapid, smpleand inexpensive
andytica methodsisof growinginterest, especidly snce
fast decisonsareoften neededintheenvironmentd field.
In addition, in the devel opment of anew analytical
method theamounts and toxicities of the reagents used,
and thewastes produced, areasimportant asany other
analytical feature. Thereisthereforeagreat need for
the devel opment of methodsthat areless harmful to
humansand to the environment, and which arein ac-
cordancewiththe 12 principles of Green ChemistrytY.

Eprosartan mesylate EPS, irbesartan IRS and

tagonists (ARA 1) used in thetreatment of hyperten-
sion, congestiveheart failure, and chronicrend failureg?3.
According to theliterature, many methods have been
used to determinethestudied drugs. By using UV- spec-
trophotometry!*®, the manipulationissimple, but the
linear rang is narrow and the sensitivity islow. VS
Spectrophotometric”Y and spectrofluori metricl®1213
methods, have high sensitivity, but cumbersome, time-
consuming manipul ation and poor repeatability. Capil-
lary electrophoresig'*®, LC-M S0 HPTLC and
HPL Ci2-491 methods need costly apparatus and harm-
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ful organic solvents. Polarographid’#+*4 methods need
tousealot of metal mercury which harmshuman hedth.
Theaim of the present work wasto develop asimple
and environmentally friendly method for therapid de-
termination of (OLS) in pureform, pharmaceutica tab-
let, urine, and blood plasmasamplesusing V S-spec-
trophotometry. The proposed method isbased on the

Irbesartan

formation of anion association complex between OLS
andeosin-Y (EY) dyein agueous, buffered medium.
The advantagesthat the suggested method, offers
over other methods, includes mplicity andminimizeuse
of toxic reagents/solventsmakesit very useful analyti-
ca method that addressthe notion of Green Chemistry,
which aimsto devel op methods and techniquesthat

Eprosartan mesylate Olmesartan medoxomil

Figurel: Chemical structureof irbesartan, epr osartan mesylateand olmesartan medoxomil.

reduceor eiminaethe useand generation of substances
hazardousto human health or to the environment!¥.

EXPERIMENTAL

Apparatus

An OptimaUV-Visible spectrophotometer (Model
SP-3000 plus, OptimaCo., Japan), Equipped with 1
cmmeatched quartz cdllswere used for absorbance mea-
surements. WTW 315i pH meter was used for pH
measurements.

Materialsand reagents

All chemica sand reagentsused wereof anaytical
or pharmaceutica grade.

1. Eprosartan mesylate (EPS) was purchased from
Dishman Pharmaceutical s (Ahmedabad, India) and
Teveten™tablets(Solvay PharmaceuticadsB.V., The
Netherlands). Each tablet was|abeled to contain
600 mg of eprosartan.

2. Irbesartan (IRS) waskindly provided by Medica
Union Pharmaceuticals, Abu-sultan, Ilsmailia, Egypt.
Approvel ™ tablets (Sanofi-Aventis Egypt). Each
tabl et waslabel ed to contain 150 mg of irbesartan.

3. Olmesartan medoxomil (OLS) waspurchased from
Sigma-Aldrich, Germany and Olmetec® (SAJA
Pharmaceuticals, KSA). Eachtablet waslabeled
to contain 40 mg of olmesartan medoxomil.

4. Eosin-Y (EY) (MPBiomedicas, Inc.France) was
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prepared as4x102M solutionin distilled water.
5. Hd-NaAcbuffer solutionswere prepared by mix-

ing variousvolumesof 1.0M HCl acidand 1.0M

NaAcwithcertainratios.

Sandard solutions

Into a50-ml calibrated flask, 25 mg of each drug
wereaccurately weighed, dissolvedin5ml 0.1 N NaOH
(EPS) or 5mL methanol (IRS&OLS), and completed
tovolumewith distilled water. Thisstock solutionwas
diluted with distilled water to obtain the suitableconcen-
trationsthat lieinthelinear rangeof theassay.

Experimental method

Accurately measured diquotsof EPS, IRSor OLS
solutions, inthe concentrationrange, weretransferred
into aseriesof 10 ml volumetricflasks, EY4x10 M
solution (0.5 ml for IRS, OLSor 0.7 ml for EPS) was
then added to each flask followed by 1.0 ml of HCI-
NaAc buffer solution (pH 3.0 for IRS or pH 3.5 for
EPSand OLS). The mixtureswerediluted to volume
with distilled water and the absorbance was measured
at 547 nm against an appropriate blank prepared si-
multaneoudly.

RESULTSAND DISCUSSION

Absor ption spectra
According totheexperimental method, theabsorp-
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tion spectraof EPS, IRS and OL S solutions, there-
agent solution (themixed solution of EY and buffer so-
lution), the reagent-drug complexes (against reagent
blank) were obtained in the wavelength range of
200~600 nm. It can be seen, from Figure 2, that drugs
solutionswere achromatous. The absorption peak of
the reagent solution was at 515 nm. When drug was
added into thereagent solution, EY reacted with stud-
ied drugsto formion associ ation complexes, the color
of the solution changed and the maximum absorbance
wavelength was 547 nm; compared with the maximum
absorbance wavelength of the reagent solution,

bathochromic shift was 32 nm.
4
Bis 3
i
CE SN
200 300 430 500 &0
Wave length

Figure 2 : Absorption spectra of studied drugs—eosin-Y.
Againgt water: 1—EPS; 2—IRS; 3—OLS; 4—eosin-Y.
Against reagent blank: 5— complex

Optimum conditionsfor thereactions.

Inthisstudy, order of addition of reagentswasfound
to be necessary for good precision. The concentration
of reagent and the pH of the medium had been opti-
mized to achievethebest sensitivity and linearity with
maximumstability.

Effect of thepH

Theeffect of pH of HCI-NaAc buffer solution on
thereaction wasstudied. It wasevident, fromfigure 3,
that over the range of pH 3.3-3.7 (EPS&OLS) and
pH 2.7-3.3 (IRS), the absorbance was maximum and
steady. If the pH was higher, it made against protonat-
ing of N inimidazoleandtetrazol. If thepH waslower,
it restrained the—ONa dissociation of EY and was not

—— Fuyl] Paper

propitiousto theformation of association complex, the
absorbancereduced. When pH was 3.5 (EPS& OLS),
3.0 (IRS) and theamount of buffer solution was0.75-
1.25mL, figure4, thesengtivity wasmaximal. There-
fore all subsequent measurements were made at pH
3.0, 3.5and theamount of HCI-NaAc buffer solution
was1.0 mL.
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Figure3: Effect of pH on theabsor ption intensity of theion-
association complexes of ¢ IRS, e EPSand A OLS with
eosin at A=547 nm.
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Figure4: Effect of buffer volumeson theabsor ption intensity
of theion-association complexesof ¢ IRS, e EPSand AOLS
with eosin at 2=547 nm.

Effect of EY concentration

Theoptimum reagent concentration wasdetermined
by adding variousvolumesof 4x10°3M EY solutiontoa
fixed concentration of thethree drugs. Absorbanceval-
ues obtained at 547 nm are shown in figure 5, from
which it was found that 0.5 ml and 0.7 ml of EY for
IRS, OLSand EPS, respectively, wereenough to de-
vel op the maximum absorbanceintengty.

Effect of organicreagents

Theeffectsof dissolvableorganic reagentsin water
ontheabsorbance, such asmethanol, ethanol, acetone,
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isopropyl dcohal etc., wereexamined. Theexperimenta
results, figure 6, showed that they had no theenhanced
function, acetone and ether made the absorbancere-
duce contrarily. So, organi c reagentswere not chosen
asthesendtizer inthisexperiment.
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Figure5: Effect of 4x10-*Mdyevolumeson the absor ption

intensity of theion-association complexesof ¢ IRS, e EPS
and AOL Swith eosin at =547 nm
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Figure®6: Effect of organic reagentson theabsor ption inten-
sity of theion-association complexesof ¢ IRS, ¢ EPS and
AOLSwith EY at =547 nm.

Effectsof addition sequence, time and temper a-
tureon the system stability.

We can see, fromfigure 7, that when the addition
sequence was drug — buffer solution — EY, the ab-
sorbancewasthe biggest. When the addition sequence
wasbuffer solution— EY— drug, the absorbancewas
less. Otherwise, the absorbancewas monitored at dif-
ferent interval sof time. Theabsorbanceremained basi-
caly undteredfor 2 h. Theeffect of thetemperatureon
theabsorbancewasa so examined intherange of room

temperatureto 50°C. The result indicated that the in-
fluencewaslittle. So, we chosethe addition sequence
wasdrug— buffer solution— EY, theabsorbance was
measured at room temperature.
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Figure7: Effect of theaddition sequence on theabsor ption
intensity of theion-association complexesof IRS, EPSand
OL Swith EY at 2=547 nm.
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Composition of theion-associates complex

In suitable buffered pH, the studied drugs were
protonized and existed as cations; EY wasionized and
was present aslargeanions. They formed anion-asso-
ciation complex by electrostatic and hydrophobicin-
teraction. The composition of theion-association com-
plex was determined by Job’s method of continuous
variation™, Theresultsobtained areshowninfigure 8
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Figure8: Continuousvariation plotsfor theion-association
complexesof ¢ IRS, e EPSand AOLS(4x10°M)withEY at
2=547 nm
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andindicated that the compaosition of the associateswas
equimolar (1:1) for thethreedrugs.

Quantum chemical calculations.

DFT calculationswith ahybrid functional B3LY P
(Becke’s three parameter hybrid functional using the
LY Pcorrdaionfunctiond) at 6-31G(d,p) basisset were
performed with the GO9 software package, and Spar-
tan 10 programin order to eva uate the atomic charge
and the dipole moment of behavior of the studied drugs
inwater media(e=78.39). The methodology used in
thisinvestigationisconductor polarized continuum modd
(CPCM).

To predict reactive sites of electrophilic and nu-
cleophilic attack for theinvestigated molecules, Mo-
lecular eectrostatic potentials(MEP) at the B3LY P/6-
31G(d,p) optimized geometry wascaculated. MEPis
related to the electronic density and isavery useful
descriptor inunderstanding sites of e ectrophilic attack
and nucleophilicreactionsaswell ashydrogen bonding
interactions. Theelectrogtatic potentia isasowell suited
for analyzing processes based on the —recognition of
onemoleculeby another, such asin drug-receptor, and
enzyme-substrate interactions, because it is through their
potentialsthat thetwo speciesfirst —see each other.

Thenegative (red) regionsof MEPwererelated to
electrophilicreectivity and the positive (blue) regionsto
nucleophilicreactivity. Fromfigure9, MEPof EY mol-
eculehasseveral possiblesitesof nucleophilic attack.
The positive regions are mainly over —-ONa and —
COONa Fromthe chargedistribution of EY, wecan
seefromfigure 10 that themaximal poditivechargedis-
tribution of Mulliken atom, which onthe Naatomsin
theside of the molecule, were +0.556 and +0.708 un-
der theconsideration of thewater effects. Other atomic
chargedistributioniseven. Theagebraic summation of
the atomic chargein the-COONachargewas-0.169
and the-ONasidewas+0.06. Therefore-ONacharge
wasthe primary part to attract the negative charge of
Mullikenatom

Ontheother hand, the chargedistribution of EPS,
IRSand OL Sshow thefollowing:

As can be seen in MEP of EPS, Figure 11, the
molecule hasseverd possiblesitesof € ectrophilic at-
tack. Thenegativeregionsaremainly over N3inimi-
dazolering and over oxygeninthetwo carbonyl groups.

> Fyll Poper

b

Figure9: EYmolecular electrostatic potential (M EP) map
calculated at B3LYP/6-31G (d,p) leve
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Figure10: EYMulliken chargedistribution at ground

23

Figurell: EPSmolecular eectrostatic potential (M EP) map
calculated at B3LYP/6-31G (d,p) level
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Fromfigure 12, themaximal negative chargedistribu-
tion of theMullikenatomon N3 atominimidazoleis-
0.521 and on the oxygen in thetwo carbonyl groupsis
-0.512,-0.514, respectively. Thea gebraic summation
of theatomic chargeson N3 and on oxygen of thetwo
carbonyl groupsare-0.144, 0.032 and -0.015, respec-
tively. So N3 chargewasthe primary part to attract the
positivechargeof EYMullikenaom.
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Figure12: EPSMulliken chargedistribution at ground

INMEPof IRS, figure 13, thenegativeregionsare
mainly over N, oxygen atom attached to C, in
daizaspironone moiety and over tetrazol moiety which
isthe most negative moiety. Thealgebraic summation
of theatomic chargesattachedtoN,, N, N ,and N, in
tetrazol moiety, are+0.372, -0.658, -0.595 and -0.042
respectively, therefore N, chargeistheprimary part to
attract the positive charge of Mulliken atom, figure 14.

24

Figure13: IRSmolecular eectrostatic potential (M EP) map
calculated atB3LY P/6-31G(d,p) level
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Figurel4: IRSMulliken chargedistribution at ground

Ascanbeseeninthe MEP of OLS molecule, fig-
ure 15, OL S has several negative regions; the most
negativeoneismainly over tetrazol moiety. Thecharge
summeations of theatoms attached to N2, N3 N4 and
N5 in tetrazol moiety, figure 16, are +0.31,-0.651, -
0.588 and -0.062 respectively, therefore N3 charge
wasthe primary part to attract the positive charge of
Mullikenatom.

Figure15: OL Smolecular eectrogatic potential (M EP) map
calculated at B3LY P/6-31G(d,p) level

When EY and any of the studied drugs mixed, the
chargeswould redistributeto reducethe energy of the
system and make system steady. Thetotal calculated
dipolemoment of EY was 16.2886 and that of thestud-
ied drugswereand 9.8084, 8.4574 and 15.0823 Debye
for EPS, IRS and OL Srespectively, whichindicated
that their structure was asymmetric and the molecule
had polarity. From the experimental results described
above, therewasacombining poss bility intheory. Based
onthechargedigribution of Mullikenatom, the O atom
inthe side of the EY molecule could combinethe N
atomwhichinimidazole (for EPS) or in tetrazol mol-
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ecule (for IRSand OLS), and they combinedto 1:1,
whichwascong stent with theexperimentd facts. There-
fore, theform of theion-association complex not only
based on € ectrogtati c and hydrophaobicinteraction, but
asoonthechargetransfer interaction of Mulliken atom.
The possiblemolecular formulaof theassociation com-
plex between EY and OLSwas showed in Figure 17.

Figure17: Diagram sketch of ion association complex of EY-
oLS

Method validation.

The proposed method was validated for linearity,
precision, accuracy, recovery, limit of detection, and
quantitation. Beer’s law limits, molar absorptivity, re-
gression equations and correl ation coefficients, inter-
ceptsand dopes obtained by linear |east squarestreat-
ment of theresultsweregivenin TABLE 1.

Theaccuracy and precision of the proposed method
was established by five replicate samples, within the
Beer’s law limits, at three different concentration levels
within 1 day (Intraday precision) aswell asfor 5 con-
secutive days (Inter day precision). Thestandard de-
viations(S.D.), relative standard deviations, %RSD

—— Fuyl] Paper

were ca culated by standard methods. Therd ative stan-
dard deviation wasfound to belessthan 2%, indicating
reasonabl erepeatability of thesd ected methods TABLE
2, 3.

TABLE 1: Spectral and statistical datafor theanalysisof the
studied drugsby the proposed method

M ethod Eosin-Y

Drug Eprosartan Irbesartan Olmesartan
Amex (NM) 547
Beer ’s_llaw limits 2.10 2.8 2.12
(ngml™)
Molar absorptivity 4 5470, 10¢ 4.1322x10* 4.4033%10*
(mol™cm™)
Limit of detection 0.148 0.082 0.181
(hg ml™)
Regression equation
Slope (b) 0.095 0.099 0.070
Intercept (a) 0.22 -0.012 0.024
Correlation 09999 09999  0.9999

coefficient (r)

TABLE 2: Intraday precision of theproposed method for the
determination of thestudied drugs

Concentration (ug/mL)

Drugs . Nominal + Recovery:
Theoretical R.SD.
S.D.

2 1.97+0.77 98.88+0.77

EPS 4 3.98+0.88 99.66+0.88
8 7.95+1.03 99.46+1.03

2 1.99+0.96 99.68+0.97

IRS 4 3.98+0.88 99.64+0.88
8 7.86+0.82 98.32+0.84

2 1.98+0.90 99.38+0.90

OLS 4 3.98+1.56 99.62+1.56
8 7.92+0.80 99.00+0.81

TABLE 3: Inter day precision of theproposed method for the
determination of thestudied drugs

Concentration (ug/mL)

- Recovery+
Drugs Theoretical Noréugal * R.SD.

2 1.98+0.020 99.26+1.022

EPS 4 3.93+0.301 98.44+0.765
8 7.92+0.087 99.04+1.098

2 1.98+0.012 99.04+0.609

IRS 4 3.97+0.038 99.47+0.973
8 7.90+0.052 98.82+0.668

2 1.99+0.011 99.74+0.582

OoLS 4 3.94+0.029 98.70+0.747
8 7.98+0.066 99.80+0.838

— a%a['yttaa[’ CHEMISTRY

Au Tudian Yournal



174

A simple and green analytical method for determination of some angiotensin

ACAIJ, 14(5) 2014

Full Peaper ==

Therecovery experimentswere presented by us-
ing the standard addition method. For thispurpose, a
known amount of reference drug wasspiked to formu-
lated tablets at two different concentration levelsand
the nominal value of drug was estimated by the pro-
posed method. Eachlevel wasrepested fivetimes. The
results, TABLE 4, werereproduciblewith low S.D.
and R.S.D. Nointerference from the common excipi-
entswas observed.

TABLE 4: Application of theproposed method for theanaly-
sisof thestudied drugsin their tablets

Concentration (ug ml™Y)

Drug

Found+S.D. Recovery+ R.S.D.

Taken Spiked
Teveten™ tablets (600 mg EPS/tablet)

EPS 3 3 5.93+0.078 98.88+1.326
5 5 9.96+0.170 99.65£1.707
Approvel™ tablets (150 mg IRS/tablet)

IRS 2 2 3.99+0.021 99.89+0.549
4 4 7.98+0.066 99.80+0.838

Olmetec® tablets (40 mg OLS/tablet)

oLS 4 4 7.99+0.054 99.97+0.679

6 6 11.97+0.050 99.76+0.424

Accordingto International Conferenceon Harmo-
nization (ICH) guiddines*, thelimit of detection (LOD)
andlimit of quantification (LOQ) of the procedurewere
ca culated according to thefollowing expressions.
LOD=3.3¢mand LOQ=109m
Wheres, isthe Standard deviation of the absorbances
(n=5) of the sample and misthe slope of the corre-
sponding cdlibration curve.

Applications

Determination of thestudied drugsin phar maceu-
ticals

Fivetabletsof EPS, IRSand OL Swere powdered
separately and quantity of the powder equivaent to 50
myg, of each drug, was sonicated for 5 minuteswith 5
ml 0.1N NaOH (EPS) or 5ml methanol (IRS&OLS).
The solution wasfiltered through filter paper into 100
ml volumetricflask and then diluted tovolumewith dis-
tilled water. The assay of studied drugs content was
compl eted as described above.

Thevalidity of the proposed method was eval u-
ated by statistical analysig* between theresults ob-
tained and that of reference methodg®8? table4. The
reference methods recommended are Two Simpleand
Rapid Spectrophotometric M ethodsfor the Determi-
nation of aNew Antihypertensive Drug Olmesartanin

Tablets®, Spectrophotometric determination of
eprosartan mesylatein raw materia and experimenta
tabletsl® and Spectrophotometric and
Spectrofluorimetric determination of certain angiotensin
blockersthrough complex formation*?. Regarding the
calculated student’s t-test and variance ratio F-test
(TABLE 4), thereisno significant difference between
the proposed and the reference methodsregarding ac-
curacy and precision.

Deter mination of OL Sin spiked serum sample

In order to check, the possibility of applying the
method to the human serum samples, the proposed
method was applied to the determination of EPS, IRS
and OL Sin spiked serum sample. Proteinsand endog-
enoussubstanceswereremoved fromtheserum samples
viaprecipitation by theaddition of acetonitrileand cen-
trifugation at 4000 rpm. The supernatantswere then
taken and diluted with deionized water. Sability of the
fortified serum sampleswastested by making five con-
secutive analyses of the sample over aperiod of ap-
proximately 24 h.

No significant changeswere observed in the pesk
currents and potentia sbetween thefirst and last mea
surements. Theserum samplewith standard EPS, IRS
and OLSwas spiked by OLS EPS, IRSand OLSto
confirm the peak position and corresponding response
for the added concentration. Linear responsewas ob-
served by adding EPS, IRSand OL Sto thepreviously
fortified serum sample, which confirmed the gpplicabil-
ity of the proposed method to human serum. There-
covery resultsaregiveninthe TABLES.

TABLE 5: Applicationsof theproposed method for thestud-
ied drugsanalysisin blood plasmaand urine

Drug Plasma sample Urine sample
Taken
1y Found %Recovery R.S.D. Found %Recovery R.SD.
(ng ml™)
EPS 6 5.89 98.16 2.041 593 98.93 1.648
8 7.86 98.32 1.042 791 98.92 1.177
RS 6 592 98.80 0.927 595 99.16 1.251
8 795 99.45 0.662 7.98 99.75 0.886
oLsS 6 594 99.10 0.999 594 99.03 1.186
8 795 99.4 0.836 7.93 99.12 0.955

Determination of OL Sin urinesample

The applicability of the studied method for the de-
termination of EPS, IRSand OLSin spiked urinewas
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investigated. Thedirect determination of EPS, IRSand
OLSinurinewasfound to be possibleby employinga
high dilution of the sample. The experiment was per-
formed for urine sampleswith fivereplicatesfor each
sample. Theresultsaregivenintable5. Fromthere-
covery datait was observed that EPS, IRSand OLS
can bedetermined in urinematrix with reliableresults.

CONCLUSION

The data given above reveal that the proposed
methodsare simple, rapid, accurate and sensitivewith
good precision and accuracy indetermining EPS, IRS
and OLSintheir pharmaceutica tablet, urineand blood
plasmawithout interferencefrom common excipients
or biological matrix. Moreover, itislesstime-consum-
ing and do not require various el aboration treatment
and tedi ousextraction proceduresrequired in chromato-
graphic and other traditional extractive spectrophoto-
metric methods. These, in addition to satisfactory sen-
sitivity and reproducibility compared to many other
methodsaswell asthe convenienceand smplicity, make
the method applicablefor routineandysisof thedrugin
pureform, tablet, urineand plasma
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