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ABSTRACT

The construction and electrochemical response characteristics of modi-
fied PV C, coated graphite and modified carbon paste electrodes were de-
scribed. The cited electrodes used for determination of cetirizine hydro-
chloride (CTZ) in presence of its oxidative degradation product were based
on the use of ion-association complex of the cetirizinium cation (CTZ*)
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with phosphotungestic acid (PTA). It reveas a fast, stable and linear re-
sponsefor (CTZ) over the concentration ranges 5x10° - 1x102, 5x10°5 - 1x10
2and 1x10° - 1x102with slopesof 59.68, 56.03 and 61.6 mV/decade* respec-
tively. The proposed electrodes were fully characterized in terms of ion
pair contents, plasticizer type, response time, life span, pH and tempera-
ture. The performance characteristics, sensitivity and selectivity of these
electrodes were evaluated according to |UPAC recommendations.
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INTRODUCTION

Cetirizinehydrochloride (Figure 1) isapiperazine
derivative and its chemical nameis (+) - [2-[4- [(4-
chlorophenyl) phenyl methyl] -1- piperazinyl] ethoxy]
acetic acid, dihydrochloride. Cetirizine drug is
considered as a member of the second generation
anti histamines and used for the symptomatic relief of
hypersengtivity reactionsincluding rhinitisand chronic
urticarid™?. ltsH1-antagonist activity isprimarily due
to its R- enantiomer, levocetirizine which can be
considered as the third-generation non-sedative
anti histamine, devel oped from the second-generation
antihigaminecdtirizine. Chemicdly, levocetirizineisthe
active enantiomer of cetirizine, inwhich it works by
blocking histaminereceptord?. It isaso reducesasthma

attacksin children by 70%“ and dightly crossesthe
blood brain barrier,eliminating the sedative s de-effect
commonwith older antihisiamines, however it ill causes
mild drowsinessd®. Severd andytica techniqueshave
been reported for the determination of cetirizinewhich
include liquid chromarography!-19,
gaschromarography!Y, spectrophotometry14

capillary electrophoresis?, and voltammetry!®,
fluorimetry™. Most of these methods, however, utilize
expensveingrumentation, involvecareful control of the
reaction conditions or derivatization reactions, and
requiretime-consuming pretrestment stepswhich affect
their usefulnessfor routineanaysis. Ontheother hand,
application of potentiometric sensorsin the field of
pharmaceutical and biomedical analysis have been
advocated'®? The gpproach providessmple, fast, and
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selective technique for various drugs??? Some
potentiometric sensorsfor assessment of cetirizinewere
reported??1, The present work describes preparation,
characteri zation and application of three potentiometric
sensorsfor gaticand continuousmonitoring of cetirizine
inpharmaceutical preparations. Thesensorsexhibit high
accuracy, highanaytica through put and good response
stability with short measurement time, low limit of
detection and high selectivity in the presence of many
interferentsand itsoxidative degradation product.

(e

o
Figurel: Sructural formulaof Cetirizinehydrochloride

CDs are naturally occurring macrocyclic
oligosaccharidesformed of 1, 4-glucosidic bond linked
D (+) glucopyranoseoligomersof 6, 7, and 8 glucose
units yielding a-, y- and B -CD, respectively, with
toroida three-dimensiona cage configuration®23, Due
to the presence of primary and secondary hydroxyl
group pointing outsidethe cavity, theexterior surfaceis
hydrophilic whereastheinterior surface, lined with C-
H groupsand ether-liked oxygen atoms, ishydrophaobic.
CDscanforminclusion complexeswith different types
of guestswithout the formation of chemical bondsor
changing their structure® wherethe binding forces
associated with theinclusion formation areattributed to
number of factors, such ashydrophobicforces, hydrogen
bonding, size of the cavity, shape of the guest molecule
and el ectrostatic interaction. Such unique properties
introduced CDsasasensing materid in potentiometric
sensorsfor many pharmaceutical ly important drugs.

Thediscovery of carbon nanotube (CNT) in 1991
by lijima, gaveriseto anew erain material science
and nanotechnology™. Carbon nanotubesCNTsare
allotropes of carbon obtained as single-walled
(SWCNTSs) or multi-waled (MWCNTSs) materid with
acylindrical nanostructure. Dueto their special and
unique electronic and photonic characteristics, such
aslarge specific surface area, wide electrochemical
window, flexible surface chemistry, ability to accderate
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electronic transfer, these materials became very
attractivein many scientific fieldsfrom electronicsto
medicinal chemistry®Y. Carbon nanotubes have
increasingly been used for the construction of
electrochemical sensors aiming to improve their
analytical response.

EXPERIMENTAL

Apparatus

The potentiometric measurementsin batch mode
were carried out using pH- meter Jenway 3510
(England) with Ag/AgCl reference electrode in
conjugation withthedrug sensor, Bandelin sonorox, Rx
510 S, magnetic girrer (Hungarian) and hot plate (Torrey
pines Scientific, USA).

Chemicalsandreagents

All chemicdswereof andyticd gradeand bidistilled
water was used. Tetrahydrofuran (THF) 99% (Lab
scan), high molecular weght (10000) polyvinylchloride
(PVvC) powder (Aldrich), Phosphotungesticacid (PTA)
(Aldrich), B-cyclodextrin (fluka), graphite powder,
MWCNTs(Sigma), dioctyl phthalate (DOP), tributyl
phosphate (TBP) (Fluka).

Puresamples

Pure grade of (CTZ) was kindly supplied by,
Glaxosmithkline.pharm.co., Egypt

Market samples

Zyrtec® tablet (10mg/tab), provided by
Glaxasmithkline.pharm.co. Company.

Preparation of stock solutions

Stock solution (10-2M) in water or acetate buffer
pH 4.2 wasfreshly prepared by transferring 461mg of
(CTZ) powder into two separate 100mL measuring
flasks, either water in case of studying optimum
parameters or acetate buffer for calibration and
determination with optimum pH were added, shaken
and completed to volumewith the same sol vent.

Working standard solutions

(CTZ) working standard solutions (1x 10 xx 1 x
10 M) wereprepared by suitabledilution fromitsstock
solution using either water or acetate buffer PH 4.2.

Au Judian Jourual
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Preparation of puredegradation product

Stock solution of degradation product (1.0x103 M)
was prepared from compl ete degradation of 10mL of
(1.0x102 M) standard solution of (CTZ) in 30 volume
hydrogen peroxide refluxed for 5 hrsat 70-80°C to
achieve compl ete degradation then the solvent was
evaporated using rotator’*d and the obtained residue
wastrandferred quantitavely into 100mL measuring flask
and completed to volumewith acetate buffer pH 4.2.

Procedures

(a) Preparation of theworking electrodes
(2) Preparation of theion-exchanger
Theion-exchanger cetrizine phosphotungestic acid,
(CTZ-PTA) was prepared by theaddition of 150 ml of
(1.0x102M) CTZ solution to 50 ml of (1.0x10M) of
phosphotungestic acid (PTA). Theresulting precipitate
wereleftin contact with their mother liquor overnight to
assure compl ete coagul ation, filtered and washed with
distilled water, and | eft to dry at room temperaturefor

——>  FUll Paper
at least Threedays.
(2) Fabrication of PVC sensor electrode

The sensing membranewas fabricated by mixing
the required amounts of PVC, plasticizer, different
percentages of ion-pair (coverstherangesof 1-5%);
(TABLE 1) thetota weight of congtituentsin each batch
was fixed at 0.359. This mixture was dissolved in
minimum volume of tetrahydrofuran (THF), and the
resulting mixturewastransferred into aPetri dish of 7
cm diameter. The Petri dish wasthen covered witha
What man No. 3filter paper and left to stand overnight
todlow for solvent evaporation at room temperature.
A master membranewith athicknessof 0.1 mmwas
obtained. An 8-mm diameter disk wascut out fromthe
prepared membrane and glued using PV C-THF paste
tothepolished end of aplastic cap attached to aglass
tube. Theresulting e ectrodesbody wasfilled with equal
portionsof (1x 10?2 molL *KCl and (1 x10?) molL™*
CTZ. The sensor was preconditioned by soaking in
(1x10?) molL-*drug solution for 10hrs. When not in

TABLE 1: Optimization of membranecomposition (w/w%) for CTZ electrodes

Composition% (w/w)

Electrode  CTz- . B- LR LOD Slope 2
oTA PVC  Graphite DOP MWCNTS 15 (moll)  (MVidecade?)
pvc
- 5x10°. . 4753 0.9981
A 1 495 495 2.8x10°
1x10°
5x10°.
B 2 49 49 2.5x10° 48 0.9972
1x107
5x10°.
C 3 485 485 2.6x10° 56.28 0.9982
1x10°
5x10°.
D 4 48 48 ) 1.9x10° 58.13 0.9998
1x10
5x10°.
E 5 475 475 , 3x10° 49.26 0.9974
1x10
5x10°.
F 4 37 48 11 , 2.2x10° 59.68 0.9999
1x10
CG 1x10°*- .
39 50 11 7.9x10° 62.7 0.9974
P 1x107®
5x107° s
H 4 37 48 11 ) 1.99x10° 56.03 0.9998
1x10
cP 1x10°. .
4 50 43 3 , 5.6x10° 61.6 0.9996
X 1x10
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use, the sensor wasstored in air.
(3) Fabrication of CG electrode

The sensing membrane was prepared by using
commercia graphiterodthat is5cmlengthand 4 mm
diameter wasinserted in polyethylenetube. Thetwo
endsof therod werewashed with acetonebefore using.
Oneof thetwo endsof therod was used for connection
while the other, about 1 cm length, was dipped in a
solution of the same optimum membrane composition
used for themodified PV Ctypeandlefttodryinair.
Theprocesswasrepeated severa timestill alayer of
the proper thicknesswereformed coveringthetermind
of therod. The prepared sensor was preconditioned
by soaking for 12hrsin (1x10?) mol L drug solution.
When not in use, the sensor wasstored inair.

(4) Fabrication of carbon pasteelectrode

Carbon paste was prepared by hand making of
desired amountsof graphite, plasticizer and modifier as
shownintable. Thepaste componentsweremixed well
inmortar until uniformly homogenized paste obtained.
The mixturewas used by filling electrode body. The
electrode surface was polished using filter paper to
produce reproducibleworking surface. Theeectrode
was preconditioned by soakingin 102M CTZ solution
for 3hrs,

Sensorscalibration

The conditioned electrodes were immersed in
conjunction with double-junction Ag/AgCl reference
Electrodein solutionsof (CTZ) intherange of (10¢-
10?) molL. They wereallowed to equilibrate while
stirring until achieving a constant reading of the
potentiometer. Then, theelectromotiveforces (e.m.f)
wererecorded to within+ 1 mV. Calibration graphs
were plotted that related the recorded electrode
potentialsfrom the each sensorsversusthe-log molar
concentrations of the corresponding drug. The
regression equationsfor thelinear part of the curves
were computed and used for subsequent determination
of unknown concentrationsof (CTZ).

Application tolaboratory prepared mixtures:

Aliquotsof standard drug solution (103 mol L)
weremixed with itsdegraded sample (102 mol L) in
different ratios. The em.f values of theselaboratory-
prepared mixtureswererecorded and the concentration
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of CTZ was determined from the corresponding
regression equation.

Application topharmaceutical preparation

Ten tablets were accurately weighed and finely
powdered. An amount equivalent 0.461g transferred
to 100 ml volumetric flask and the volume was
completed to the mark with bi distilled water. The
concentration of thissolutionisclamedto be(1x107?)
mol L. Theem.f. produced by immersing the prepared
electrodes in conjunction with Ag/AgCl reference
electrodein the prepared sol ution was determined then
the concentration of CTZ was calculated from the
regression equation of the corresponding el ectrode.

RESULTSAND DISCUSSION

Optimization of membranecomposition

Thesengtivity and sdlectivity of ISEsareknownto
be dependent on not only on the nature of ionophores,
but aso s gnificantly onthe compaosition of themembrane
ingredients. Therefore, it was of interest to study the
effectsof themembrane composition, ionexchangeand
type of plasticizer on the potential response of the
proposed sensorg®.

Effect of ion exchanger

lon-exchanger complex usedin ISEs should have
rapid exchangekinetics, adequateformation constants,
good solubility in the membrane matrix and sufficient
lipophilicity to prevent leaching into the sample
solution®, Theion exchanger CTZ-PTA wasprepared
and tested asmodifier for the proposed sensors. It was
studied by varying the percentages of theion exchanger,
asshownin TABLE 1. The sensorsmade of 4% (w/w)
modifiers, (sensors F, H and X), exhibit the best
performance as shown in Figures 2 (a) and (b).
However, further addition of the modifier displays
somewhat smdler dopesand sengitivity, most probably
dueto somein homogeneities.

Effect of plasticizer

The nature of the plasticizer influences key
performanceindicators of the | SEssuch asslope, the
domain of linear responseand thesd ectivity. A plagticizer
for themembrane preparation hasto be compatiblewith
the polymer and also with theion exchanger, and have

Au Judian Jourual
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Figure2b : Calibaration graph of electr ode(f),(H)

a high lipophilicity and low solubility in agueous
solution™, In exploration for asuitableplasticizer, we
used two plasticizers, DOP and TBP and theresults
weresummarizedinTABLE 2. Thee ectrodewith DOP
asaplasticizer produced the best response. It islikely
duetoreatively high molecular weight, low didectric

——  Fyl] Peper

TABLE 2 : Effect of plasticizer type on the slopes of the
calibration graph of (F),(H) and (X) electrodes

Slope (mVdecade-)
Plasticizer type
(F) )H) X)
DOP 59.68 56.03 61.6
TBP 57.96 55.66 62

constant and high lipophilicity that maybe avoid
exudation and to considerably affect dissolution of ion-
associ ationswithinthe membraneg®d.

Effect of soaking

Freshly prepared electrodes must be soaked to
activate the surface of the membrane to form an
infinitesmally thingd layer a whichionexchangeoccurs
Thispreconditioning processrequiresdifferent times
depending ondiffusonand equilibration a thed ectrode
test solutioninterface; afast establishment of equilibrium
iscertainly acondition for afast potentia responsg®?.
For thispurpose, the PV C, CG and CPtype dlectrodes
were soaked in (1x102) mol L CTZ. The slopes
obtained from calibration curveswererecorded after
0,2,4,8,12, 16, 24,36 hrasshownin TABLE 3. The
optimum soaking timewasfound to be 10, 12, and 3
for PVC, CG and CP electrodes, respectively.
Continuous soaking of theelectrodesin (1x102) M CTZ
affectsnegetively their responseto thecetrizinium cation,
thisisattributed to leaching of the activeingredients
(ion-exchangersand plasticizer) to the bathing solution,
thusthe slopes of the calibration graphs obtained by
the preconditioned € ectrodes decrease gradually after
6weeks.

TABLE 3: Effect of soakingon CTZ electrodes

Electrode(F) Electrode(H) Electrode(X)
Soakingtimelh  Slope (mVdecade')  Soakingtimelh  Slope(mVdecade')  Soakingtime/h  Slope (mVdecade?)
0 535 0 525 0 55
2 55.5 2 53.2 2 56.5
4 55.9 4 54 4 57.6
8 57.8 8 54.7 8 615
12 59.6 12 56 12 62.4
16 58 16 55.1 16 62
24 57.2 24 55 24 61.9
36 57 36 55 36 62
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Response time

Theresponsetime of theinvestigated sensorswas
tested by measuring theaveragetimerequiredto achieve
asteady potential within+1 mV of the final steady-
state value on successiveimmersion of thesensorina
seriesof the CTZ concentration (1.0x 10°- 1.0 x10°
2 ML) according to IUPAC definition®l. The
electrodeswerefound to have aresponsetime of 20,
35,100 sfor PVC, CG and CPsensors, respectively.

400 -
300 4

200 A

5, ]
£ 100
w
[
-100 4
0 50 100 150 200 250 300 350 400 450 500 550 600 650
Time(s)

Figure3: Dynamicresponsetimeof theoptimum sensors
Effect of pH

The stability of the sensors potential reading was
investigated over awide pH range to determine the
working pH range of each dectrode. Theinvestigations
were performed in CTZ solution (1x10?). The pH
valueswereadjusted with solutions of NaOH and HC
(0.1-1.0 mol L'* each). Representative curvesfor effect
of pH on PVC, CG and Cp electrodes are shownin
Figure4. Theresultsrevealed that, the changein pH
doesnot affect thepotentia readingswithinthepH range
of 2.5-6.5,2.5-6.5 and2.5-7in case of PVC, CG and
CPsensors. However, thereisadight deviation at pH
values lower than 2.5 which may be due to H*
interference. On the other hand, the potentia decreases
gradudly at pH vaueshigher than 6.5 0or 7. Thedecrease
may be attributed to the decrease in the protonated
CTZ*inthemedium.

Effect of temperature

Cdlibration plots(cell potential versus CTZ conc.)
were congtructed at different test solution temperatures
(25, 30, 35, 40, 45, and 50°C) for PVC, CG and CP
electrodes. Thevariationsof caibration plot potentias
with temperature for the electrodes were shown in
Fgure5. For the determination of thetherma coefficient
(dE°/dt) of the electrodes, the standard electrode

potentids (E°) at different temperatureswere obtained
fromthecalibration plotsastheinterceptsat p CTZ =
Oand plotted versus (t-25), wheret isthetemperature
of thetest solutionin°C. Agtraight-lineplot isobtained
according to equation®:
E°= E°(25) + (dE%/dt) (t-25)

Thedopesof thestraight lines obtai ned represent
theisothermal coefficientsof thed ectrodes, anounting
to (0.0005114, 0.00076 and0.0006229V/C°) for
electrode (F), (H) and (X) respectively. These low
vauesof isothermal temperature coefficientsreved that
electrodes have highthermd stability withinthestudied
temperaturerange (25-50 °C).

Sensor (F)
Sensor (H)
Sensor (X

400 -
300

200+

E.mv

100

PH
Figure4: Effect of PH on optimum electr odes
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Figure5: Effect of temperatureon optimum sensors

Sensor s selectivity

Theinfluence of some cationsand sugarson the
response of thed ectrodestowardsthe r respectivedrug
was investigated. The separate solution method
(SSM)= which depends on measuring the potentia of
both drug and the interfering ion separately and the

seledtivity Coefficient ours* wascalcuiatedbyAppling
thefollowing equation:
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DurgJ+z = M

+ log [Drug] - log

[ ]1'(+2) 1" /2

Where E, and E, arethe el ectrode potential of 10°M
solution of each of investigated drug andinterferention
[ 73 7(+z)] , respectively, and S is the solpe of
calibration curve For interferent molecules, such as
glucose, ureaand glycine, Theresultsof the calculated
sdectivity coefficientsshowed that the proposed sensors
displayed high selectivity and no significant interference
was observed from theinterfering speciesasshownin
TABLE 4. Thehigh selectivity towards degradation
product and other interfering ions can be attributed to
thedifferencesin polarity and to thelipophilic nature of
their moleculesrelativeto CTZ ion The mechanism of
selectivity ismainly based on the stereo specificity and
€lectrodatic environment and isdependent onhow much
fittingispresent betweenthel ocationsof thelipophilicity
sitesin two competing speciesin the bathing solution
side and those present in the receptor of the ion
exchanger®y,

TABLE 4: Selectivity coefficientsand tolerancevaluesfor
optimum eectrodes

Interferent  Electrode(F) Electrode(H) Electrode(X)
Degradate 1.9x107° 1.1x107 3.7x10°
KCl 1.1x10" 1.3x10° 2.8x10°
Cacl, 8.7x10° 9.2x10™ 2.6x10°
Mgcl, 7.7x10° 6.6x10" 2.4x103
Nacl 1.2x10" 1.7x10° 3.06x10°
Nicl,.6H,0 1.4x10" 2.5x10°3 5.8x10°
Glucose 7.5x10™ 5.1x10™ 1.9x10°
Sucrose 2x10™ 2x10° 1.7x10°
Citric acid 7.6x10° 7.1x10° 8.8x10°
Glycine 4x10* 2.6x10" 1.3x10°3

Analytical applications

(a) Potentiometric determination of CTZ in the
presence of itsdegradation product

Theresults obtained upon anaysisof laboratory-
prepared mixtures containing different ratios of intact
drug and degradion product are shownin TABLE 5.
Theresultsreved ed that, the sensorscan besuccessfully
used for selective determination of intact drug inthe

——>  FUll Paper

presence of 60% of itsdegradation product in case of
sensors X, andinthe presenceof 70%in caseof sensors
Fand H.

(b) Potentiometric determination of CTZ in
phar maceutical preparations

The proposed sensorswere employed for assaying
CTZinthepharmaceuticd FormulaioninmolL  (Zyrtec
tablets). The results prove the applicability of the
sensors, as demonstrated by the accurate and precise
percentagerecoveries. Thesusceptibletablet excipients
did not show any interference. Thus, thedetermination
of CTZ was carried out without prior treatment or
extraction

Satistical comparison of theobtained resultswith
referencemethod

The validity of the proposed sensors was tested
applying both Students’t- and F-tests (at 95%

TABLE 5: Determination of cetirizine in presence of its
oxidativedegredation

Degradation Electrode(F) Electrode(H) Electrode(x)
product% Recovery% Recovery% Recovery%
10 100.1 98.9 99.9
20 100.4 99.8 100
30 100.5 100.7 100.7
40 101.5 101.2 100.9
50 101.6 101.5 101.5
60 102 101.7 102.3
70 102.2 102.9 105
80 106.4 105.8 107
90 109.8 107 110

TABLE 6: Determination of cetirizinein pharmaceutical
preparations

Sample Electrode(F) Electrode(H) Electrode(X)
Zyrtec Recovery% Recovery% Recovery%
1x10° 100.5 99.8 100.7
1x10°® 99.4 99.8 99
5x10™ 100 100.8 98
1x10* 100.1 98.9 1015
5x10° 99.4 99.4 100.3
1x10° 99.2
M£SD  99.9+0.698  99.74+0.624  100.06+1.39

—— %na[yttca[ CHEMISTRY
ﬂuVWMW



342

Modified membrane sensors applied for determination of cetrizine in presence

ACAIJ, 16(8) 2016

e

Full Peper

TABLE 7: Satistical comparison for theresultsobtained by the proposed electrodesand official method for analysisof

cetirizinein pureform

parameter Electrode(F) Electrode(H) Electrode(X) Official method
Mean 99.9 99.74 100.06 99.8
SD 0.698 0.624 1.394 1.43
N 5 5 5 5
Variance 0.488 0.39 1.945 2.047
Student's t-test 0.252 0.196 0022 e
F-value 4,194 4.194 1052 e

confidenceleve )2, Theresultsshow that thecd cul ated
t- and F-valuesdid not exceed thetheoretical vauesas
shown in TABLE 7. The assay results werein good
agreement with values obtained by applying the
reference method“,

CONCLUSION

Thiswork introduced threetypesof potentiometric
sensorswere constructed for determination of CTZ.
Thesensorsdemonstrated advanced performanceswith
good operating characteristicsincluding reasonable
detectionlimit, relatively high selectivity, wide dynamic
range, and fast response. The sensors offer viable
techniques for the determination of Cetirizine
hydrochloridein pure solutions and pharmaceutical
preparations. Themethodsareastability indicating one,
asthedegradation products are not interfering in the
estimation of theintact drug. The suggested methods
arefound to besmple, accurate, selectiveand equally
sengtivewith no significant difference of the precision
compared with thereference method.
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