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ABSTRACT

In this paper, the devel opment of an extremely inexpensive potentiometric
modified carbon paste electrode for losartan potassium is described. Com-
mercially available graphite pencil was ground to fine powder and used to
prepare the carbon paste electrode. The electrode is based on the ion-pair
complex of losartan potassium with 1,10-phenanthroline-iron (I1) as modi-
fier and dissolved in 2-nitrophenyl pentyl ether (2-NPPE) as pasting liquid.
The proposed €l ectrode showed anear-Nernstian slope of —58.3 £ 0.7 mV/
decade over the concentration range of 1.0 x 10 to 1.0 x 102 M with the
limit of detection 5.0 x 10~ M over the pH range 6.5 —9.0. The electrode
exhibits good selectivity for losartan anions over many inorganic anions,
sugars and amino acids. The electrode was applied for the determination of
losartan potassium in its different pharmaceutical dosage forms. The re-
sults obtained were satisfactory with excellent percentage recovery compa:

KEYWORDS

Losartan potassium;
Potentiometric MCPE;
Commercialy available

graphite pencil;
Pharmaceutical formulation.

rable with HPL C method.

INTRODUCTION

Inmodernworld, hypertension isoneof the most
sgnificant causesof desth. Itstreatment with losartan
potassium (LOS) [2-butyl-4-chloro-1-[p-(0-1H-
tetrazol-5-ylphenyl) benzyl] imidazol e-5-methanol
monopotassium salt] (Figure 1) presentsadvantageous
effectd??. LOSisthefirst druginthenew classof non-
peptideangiotensin|l antagonist (typeAT,) which acts
by suppressing theeffectsof angiotensin Il a itsrecep-
torg®.

SinceLOSisbeing moreand moreused, itsdeter-
mination isvery important. Numerous methods have
been published for its analytical determination as
well as high performance liquid chromatography
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(HPLC)®*13, high performance thin layer chroma
tography (HPTLC)!419 capillary electrophoresis
(CE)318, spectrophotometry!*-29, conductimetry?Y
and voltammetry?>24, However, most of these meth-
ods present many drawbacks, such ashigh cost, long
analysis time and require special reagents and so-
phisticated instruments which limited their use in
routine quality control analysis. Therefore, thereis
anincreasing need for development of sensitive, se-
lective and low-cost analytical method for losartan
determination.

Althoughion-sdectivedectrodes (1SES) havebeen
used extensively for drug analysis over the last de-
cades?>27, thereisno potentiometric reported meth-
ods for the determination of losartan in the litera-
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Figurel : The chemical structure of losartan potassium

ture. lon-sel ective € ectrodes are potentiometric sen-
sors that respond selectively to the activity of the
target ion. They are characterized by low-cost, easy
to fabricate, accuracy, and can be used without pre-
treatment steps?d. It needs only apre-dilution or dis-
solution of tabletsin the measuring solvent. Recently,
many efforts have been focused on the devel opment
of new potentiometric electrodes more and more
simple and low-cost. Chemically modified carbon
paste el ectrodes (CM CPESs) arethe subject of many
researches. Generally, carbon paste el ectrodes con-
sist of Teflonwell into which isinserted aplatinum,
copper, steel, or graphite contact. The well isfilled
with apaste made by mixing powdered graphitewith
a suitable mulling liquid®!. Due to their ease of
preparation, simple operation, renewability, fast and
stable response, reasonable sl ectivity and low ohmic
resistance, the carbon paste electrodes were used as

2 /
IVI+ + . M
3 .
N
N
N\\ | = 43

attractive methods for the potentiometric determi-
nation of many organic and inorganic species®>-%2,

In the recent year, graphite obtained from pencil
writing device hasemerged asalow-cost materia for
the construction of various electrodes, sensors and
biosensors. It have been used as substrate el ectrodes
inether rod or pasteform dueto their low background
current, good eectricad conductivity, chemicd inertness,
low-cost and commercid viability®*%l, Therefore, in
this paper, we have used powdered graphite obtained
from pencil writing devicein the preparation of anew
potentiometric M CPE for |osartan potassium. Thein-
fluence of the paste composition on theresponse of the
losartan sensor wasinvestigated. The electrodewith
optimum performanceswas successfully applied with
minima sample pre-treatment to the determination of
losartanin pharmaceutical tablets.

EXPERIMENTAL

Reagentsand materials

All used reagentswere of analytical grade purity.
Dipentyl phthalate (DPP), dibutyl phthalate (DBP),
dioctyl phthaate (DOP), 2—nitrophenyl pentyl ether (2—
NPPE) were all obtained from Fluka (Switzerland).
Losartan potassium (LOS) pure powder was kindly
supplied by TheNationa Laboratory of Drug Control
(Tunis, Tunig@). The pharmaceuticd preparations con-
taining LOS (Losar®50 mg/tablet and Zartan®50 mg/
tablet) were purchased from local drug stores.

For the preparation of theion-pair complexes, the
1,10-phenanthroline-metd (1) (Figure 2) aqueous so-
lutions were obtained by dissolving 100 mg of 1,10-
phenanthrolinein20mL of 2x 102M iron (1) anmo-
nium sul phate, nickel (11) sulphate, cobat (11) chloride
or copper (I1) sulphate solutions.

For al potentiometric measurements, L OS stan-

— - 2+

P2
NS
N

Figure 2 : Reaction of metal (I1) with 1,10-phenathroline
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dard solutions (1.0 x 10°to 1.0 x 102 M) were
freshly prepared in 40 mM phosphate buffer
(NaH,PO,/Na,HPO,) solution of pH = 8.0.

Apparatus

An EL 20 model pH-mV meter, a reference elec-
trode (Ag-AgCl) and apH doublejunction glassel ec-
trode (Mettler Toledo, Switzerland) were used for the
potentiometric and pH measurementsat room tempera:
ture (25+ 1° C).

Chromatographic measurementswere carried out
using a Thermo Separation Products HPLC model
gpectrasystem P 1000 equipped with anisocratic pump
and an Eclipseplus C , separator column (Agilent®, 5
um, 250 x 4.6 mm) coupled with an UV detector model
Spectra series UV 100. The eluent used was
acetonitrile:buffer (40:60) mixture at aflow rate of
1.0 mL.min%. The detection was performed at 230
nm.

Preparationsof theion-pair complexes

Theion-pair complexes used in thiswork were
prepared according to the previously reported meth-
0dg®"%, A5mL aiquot of 1.0 M aqueous LOS solu-
tionwasmixed with 5 mL of oneof thefollowing solu-
tions: 1,10-phenathraline-iron(11), 1,10-phenanthroline-
nickel (I1), 1,10-phenanthroline-cobalt (I1) or 1,10-
phenanthroline-copper (11) and shaking for 5min. The
precipitatesformed werefiltered off on Whatman No.
42 paper, washed with cold water, dried at room tem-
peraturefor at least 24 h, grounded and kept.

Electrode preparation and potentiometric mea-
surements

Thegraphite powder obtained from the commer-
cialy pencil writing devicewasprepared aswell: The
pencil graphiterod was obtai ned by compl etely remov-
ing the plastic deeve of the 3B pencil, PITT® Graphite
Pure 2900, Faber-Cagtell, Germany, using acutter. The
pencil rod was grounded manually into powder usinga
mortar and pestle. The powder wasthen kept until used.

The M CPE was constructed asindicated by by
mixing thepencil graphite powder withtheion-par com-
plex by means of amortar and pestle for at least 10
min. Then, adesired weight of plasticizer was added
and the mixturewas merged until auniform pastewas
obtained. Sensor body was prepared from 1 mL

—= Fyll Paper

polypropylene syringe (3 mmi.d.) which the needle
tip had been cut off with a cutter. The paste was
packed powerfully into the end of the syringe and a
copper wirewasinserted to establish electrical con-
tact. To obtain a polished surface, the small amount
of paste was pushed and the excess was removed
against a paper. The sensor was used directly with-
out pre-conditioning.

Performances of the electrodeswereinvestigated
at room temperature (25 + 1 °C) by measuring the
potential of LOS standard solutions (1.0 x 10° to
1.0x 102 M). All potentiometric measurementswere
carried out with the following cell assemblies:

Modified carbon paste el ectrode | test solution ||
Ag-AgCl, KCI (sat.)

Analytical determination of losartan potassumin
phar maceutical preparations

For thel osartan determination intablet dosageforms
(Losar®50 mg/tablet and Zartan®50 mg/tabl et), tentab-
letswereweighed and using amortar, afinely powder
was obtained. An accurately weighed p,ortion of the
tablet powder equivalent to 50 mg of the LOS was
weighed and dissolved in about 30 mL, filteredina
100 mL measuring flask and with the phosphate buffer
solution (40 mM, pH = 8.0) thevolumewas compl eted.
The sample solutionswere subj ected to potentiometric
determination of LOSby the cdlibration curve method.
In thismethod, the cdibration plot was made by mea-
suringthepotentid of LOS standards solutionsranging
from 1.0 x 10°to 1.0 x 102 M. The displayed po-
tentials were plotted versus the negative logarithm
of the LOS concentration then; the obtained graph
was used to determine directly unknown drug con-
centration.

For the LOS determination in pharmaceutical dos-
age forms using the reference HPL C method*¥, the
mobile phasewasamixture of acetonitrile/ phosphate
buffer (pH = 2.0, 10 mM of H,PO,/NaH,PO,) solu-
tion of inaproportion of 40/60 (v/v).

RESULTSAND DISCUSSION

Optimization of the pastecomposition

Theinfluenceof the past ingredients (themodifier
and the plasticizer) on theresponse of the LOS sensor
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TABLE 1: Analytical performancesof variouslosartan potassum car bon paste electrodes

No Composition (%) Electrode characteristics
IP PG P Slope+ S.D. (mV/decade)  L.R.(M) LLD.(M) R

1 2.0 (LOS-phen-Co (1)) 63 35 (2-NPPE) -42.8+0.5 1.0x10%1.0x 102  99x10° 0.9909
2 2.0(LOS-phen-Ni (11)) 63 35 (2-NPPE) 504+ 1.1 1.0x10%1.0x 102  7.4x10° 0.9990
3 2.0(LOS-phen-Cu (1)) 63 35 (2-NPPE) -525+0.7 1.0x10%1.0x 102 93x10° 0.9994
4 2.0 (LOS-phen-Fe (I1)) 63 35 (2-NPPE) -58.3+0.7 1.0x10%1.0x 102 50x10° 0.9996
5 0.5(LOS-phen-Fe(ll)) 64.5 35 (2-NPPE) ~54.2+0.9 1.0x10%1.0x 102  6.4x10° 0.9988
6 1.0 (LOS-phen-Fe (I1)) 64 35 (2-NPPE) -56.9+0.3 1.0x10%1.0x10% 7.3x10° 09972
7 3.0 (LOS-phen-Fe (I1)) 62 35(2-NPPE) -531+1.3 1.0x10%1.0x 102 9.8x10° 0.9975
8 4.0 (LOS-phen-Fe (I1)) 61 35(2-NPPE) -431+0.5 1.0x10%1.0x 102 1.0x10* 0.9982
9 2.0 (LOS-phen-Fe (I1)) 63 35 (DPP) ~50.7+0.7 1.0x10%1.0x10% 63x10° 0.9989
10 2.0 (LOS-phen-Fe (I1)) 63 35(DOP) -56.7+0.5 1.0x10%1.0x 102 9.8x10° 0.9910
11 2.0 (LOS-phen-Fe (1)) 63 35(DBP) -56.2+ 1.1 1.0x10%1.0x 102 62x10° 0.9995

IP: ion-pair, PG: pencil graphite powder, P: plasticizer, S.D.: standard deviation based on three replicate analyses, L.R.: linear

range, L.L.D.: lower limit of detection, R: correlation coefficient

was considered. The potentiometric performances
were evaluated according to IUPAC recommenda-
tion® and the results are potted in TABLE 1.
Theion-pair complex used as a modifier mate-
rial playsanimportant roleto generate the selective
potentiometric response of the MCPERY, For this, a
water insoluble ion-pair complexes of losartan po-
tassium with 1,10-phenathroline-iron (I1), 1,10-
phenanthroline-nickel (1), 1,10-phenanthroline-co-
balt (1) or 1,10-phenanthroline-copper (1) were
prepared and tested as modifiers. Then electrodes
containing one of these ion-pair complexes were
made and evaluated. The results of TABLE 1 re-

250

——0.5%

200 -

50 -

5 4 3 2 1
-log [LOS]

Figure 3 : Effect of different amount of losartan-

phenanthroline-iron (I1) on theresponse of thelosar tan po-

tassium car bon pasteelectrodes (40 mM phosphate buffer,

pH=8.0)

vealed that the paste contains losartan-
phenanthroline-iron (11) showed the best sensitivity.
For thisreason ion-association complex of LOSwith
1,10-phenanthroline-iron (I1) was considered asthe
selected modifier for thefollowing experiences. For
the production of the sensor response, the amount of
the modifier in the paste should be sufficient!“.
Therefore, several pasteswith composition ranging
from 0.5% to 4.0% (w/w) were elaborated and the
resultsare potted in TABLE 1 and presented in Fig-
ure 3.

As can be seen, for all developed electrodes
(electrodes 4-8), nearly Nernstian anionic response
dopes(—43.1to—58.3 mV/decade) are obtained over
approximately 2 orders of magnitude in concentra-
tion. Thisresult impliesthat the electrode response
characteristics were considerably influenced by the
concentration of the modifier incorporated in the
paste. Theamount of the modifier between 1.0% and
2.0% (w/w) was found to generate the better re-
sponse. However, moreincreasein themodifier per-
centage from 2 to 4 % has led to a decrease in the
electrode response (electrode 7 and 8). Thismay be
explained by the decrease in the conductance of the
electrode material withincreasing the percentage of
the modifier®. Therefore, 2 % of ion-pair complex
was chosen as the optimum amount of the modifier
for preparing the LOS electrode.

Ontheother hand, the plasticizer effect was stud-
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Figure4 : Response of the proposed losartan potassium car-

bon pasteelectrode under the optimum conditions (40 mM

phosphatebuffer, pH=8.0)

TABLE 2: Responsechar acteristics* for thelosartan potas-
sum carbon pasteelectrode

Parameter Value
Slope (mV/decade) -58.3+0.7
Correlation coefficient 0.9987
Linearity range (M) 1.0x 10*-1.0x 1072
Limit of detection(M) 50x10°
Response time () 5-10
Working pH range 6.5-9.0

Life span (weeks) 8

* Results are average of three different calibrations

ied. Therefore, several plasticizers with different
polarities including 2-NPPE, DPP, DBP and DOP
were employed and theresultsare potted in TABLE
1. Itisclear that the paste plasticised with 2-NPPE,
with higher value of dielectric constant (¢ ~ 24) pro-
duced the best response. This plasticizer may sol-
vates and adjusts the mobility of the ion-pair com-
plex. For that reason, 2-NPPE was chosen as the
best plasticizer in the rest of experiments.

The potentiometric characteristics of sensor No.
4, witch have optimum performances, are collected
inTABLE 2.

Atypica cdibration graphfor thenew LOS sensor
presented in Figure 4 and showed that the d opewas—
58.3+ 0.7 mV/decade in the range of 1.0 x 10“t0 1.0
x 102M with alimit of detection equa t05.0 x 10°M.

Effect of pH

—— Fyll Peper
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Figure5: Effect of pH of thetest solution on the potential

response of the proposed losartan potassium car bon paste

electrode

Theinfluence of pH on the LOS sensor response
was examined for 1.0 x 10~ and 1.0 x 10* M drug
solutions at various pH vaues. The pH was varied
by potassium hydroxide and hydrochloric acid ad-
dition. The results observed are shown in Figure 5.
As can be seen, the prepared LOS sensor can be
correctly used in the pH range 6.5 - 9.0. The acidic
(pH > 6.5) and highly basic regions (pH > 9.0) ex-
hibit a potential variation of the proposed electrode
compared to the pH range of 6.5 — 9.0 where the
potential remains stable. A possible explanation of
thisphenomenonisthevaryingratio of theionicforms
of LOS at different pH values, or the effect of the
hydroxide ions on the el ectrode response.

Responsetime, homogeneity and stability of the
electrode

The response timeis a crucia parameter when
eval uating the performances of any ion selectiveelec-
trodes*Y. It wasestimated by instantaneous changing

220

1.0x 10° M s
1.0 x 1074 M

170 1

1.0x 103 M

E (mV)

L3
. 1.0 x 102 M

20

0 20 40 60 80 100 120 140
t(s)

Figure6: Dynamicresponsetime of the proposed losartan

potassium car bon pasteelectrode
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TABLE 3: Potentiometric selectivity coefficientsof thepro-
posed losartan potassium car bon pasteelectrodeusing the

matched potential method (M PM)
Interferent logK s,
NO, -1.27
Cl- -2.63
CH,COO" -2.98
H,PO,” -3.00
| - -2.94
Glycine -3.13
Lactose -3.23
Sacarose -3.17
Glucose -3.29
Fructose -3.26

the LOS concentration in solutionfrom 1.0 x 10~ to
1.0 x 102 M. As seen from Figure 6, it was found
that the responsetimefor LOS sensor wasto be5 s
for ahigh concentration level. At lower concentra-
tions the response time was slightly longer 10s.

To test the paste homogeneity, the new LOS sen-
sor was used to measure the potential of a1.0 x 10-
4M standard drug sol ution. After each measurement,
the past surface was regenerated as described in the
paragraph 2.4. For ten repetitions, the results show
anaverageof 177.0 mV for potential measurements
with arelative standard deviation of 2.7, which can
be an acceptable value.

Moreover, after fivetimesof use, we observed that
thed opewasdecreased dightly from—58.9+0.9 to—
56.4+ 0.7 mV/decade. This decrease may be attrib-
uted to surface contamination and memory effect2,
Therefore, the sensor surface should be polished to

expose a new fresh layer ready for use after each
calibration.

Reproducibility of the losartan MCPE was as-
sessed by plotting the calibration graph of five dif-
ferent sensorswith theidentical paste composition.
The reproducibility for the proposed electrode is
also satisfactory (for five plots, the average slopeis
—57.3 £ 0.8 mV/decade).

In order to evaluate the stability of the proposed
electrode, calibrationswere performed periodically
(week to week). The obtained data confirmed that
sensor exhibit a stable and an acceptabl e response
during tow months.

Selectivity of the electrode

The selectivity behaviour of the new LOS sen-
sor was demonstrated using the recommended
matched potential method (MPM)“3, The obtained
selectivity coefficient values were compiled in
TABLE 3. Thevalue of sdectivity coefficient should
be found smaller than 1.0 to confirm that the devel-
oped sensor responds more to LOS ions than inter-
feringions.

The obtained values, presented in TABLE 3 re-
vedl that the proposed e ectrode displays high se-
lectivity for losartan and lower response for the in-
terfering species present in solutions. No interfer-

ence was observed with the inorganic anion ( NO; ,

Cl-, CH,CO0", H,PO, and | -); they can thus
be used as reagent to prepare the buffer solution.
The effect of some pharmaceutical excipients (gly-
cine, lactose, glucose and fructose) was al so exam-
ined. No interference was noted for those com-

TABLE 4: Determination of losartan potassum in itsphar maceutical for mulations

Sample Potentiometric method HPL C method
X = S.E. R.S.D (%) X = S.E. R.S.D (%)
Lozar® (50 g/tablet) 99.80 + 0.40 1.07 101.03 £ 0.63 143
t-test 1.221 (2.306)
F-test 1.796 (6.388)
Zartan® (50 g/tablet) 100.43 +£0.71 1.63 98.72+ 0.46 1.04
t-test 1.429 (2.306)
F-test 1.886 (6.388)

The number of replicate measurement = 5; X + S.E.: recovery + standard error; R.S.D. : relative standard deviation; The values
in parentheses are the corresponding theoretical valuesfor t and F at P = 0.05
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pounds used in tablet, is mainly explained by the
dissimilarity in their polarity and lipophilicity rela-
tiveto those of LOSions.

Analytical determinations

The new electrode was successfully applied for
determination of losartan potassium content in tab-
let dosage forms by using direct potentiometry
method as can beseenin TABLE 4.

Using the new LOS sensor, therecoveries, from
5 replicate measurements, ranging from 99.8 % to
100.43 % were obtained and small relative stan-
dard deviationswere also obtained ranging from 1.07
to 1.63. All of those results indicate a good selec-
tivity, sensitivity and precision of the proposed
method.

Also theresults obtai ned were compared with the
reported HPL C method*3. The cal cul ated val ues of
F- and t-test 4, compiledin TABLE 4, werelessthan
thecritical (tabulated) ones. Thus, thereisno important
difference between the precision and the accuracy of
the potentiometric and HPLC methods at 95% confi-
dencelevds. In summary, the obtai ned results showed
that the new fabricated L OS sensor hasgood efficiency
intermsof sengitivity, selectivity and accuracy. It can
be considered asaninteresting method for quality con-
trol andysis. Hereit should be mentioned another time
that there are no papers reporting on potentiometric
methodsfor thedetermination of LOSin pharmaceuti-
cd formulations. Cond dering theadvantages of thesug-
gested I SE, such astheir ssimplicity of fabricationand
use, easy of maintenance, low-cost especialy theuse
of thegraphitefrom pencil, stability and lifetime, it can
be considered asacompetitive method in comparison
with sophisticate technique as the chromatographic
method.

CONCLUSION

Inthispaper, anovel losartan potassumion-selec-
tivedectrodeisdescribed by usngamodified carbon
paste electrode. The proposed e ectrode based on
losartan- phenanthroline-iron (I1) asmodifier might be
auseful analytical tool inthedetermination of losartan
potassium indifferent pharmaceutica formulations. The
eectrode showshigh sensitivity, high sdectivity and fast
responsetimewith extremely low-cast. The present

—— Fyll Peper

study showsthat the new LOS potentiometric MCPE
offersandtractivesolution for investigation of losartan
potassium over other costly andytical methods.
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