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ABSTRACT

This paper presentsacomparative study between four sensors constructed
to determine benoxinate hydrochloride (BX) in the presence of its hy-
drolysisinduced degradation product using different ion association com-
plexes and plasticizers. Precipitation based technique was used for sen-
sors fabrication. The BX complexes with the cationic exchangers; BX-
reinikate, BX - tetraphenylborate, B X -phosphotungestate, and BX - tetrakis
were obtained in situ by soaking the PVC membranesin 1 x 102 BX solu-
tion. Dioctylphthalate and nitrophenyl octyl ether were used as solvent
mediators. The proposed sensors showed fast, stable Nernstian responses
acrossarelatively wideBX concentration range (5x10°to 10-*M) inthe pH
range of 4-6. The suggested sensors could be used for several weeks
without any measurable change in sensitivity. They displayed good se-
lectivity for BX in presence of its degradati on product, common inorganic
and organic species. The proposed sensors were successfully applied for
the determination of BX in pure powder form and eye drops where good
recoveries were obtained. © 2013 Trade ScienceInc. - INDIA
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INTRODUCTION

Benoxinate HCl, 4-Amino-3-butoxybenzoic acid
2-(diethylamino) ethyl ester, monohydrochlorideisa
para-benzoic acid ester that isused asalocal anaes-
thetic. Itisused for topical anaesthesiaof theeyefor
thefitting of contact lensesor removd of aforeign body
fromthe corned epithelium or for minor surgery. In 1%
solutionsitisaso availablefor surface anaesthesiaof
the nose and throat!¥.

The United States PharmacopoeiadeterminesBX
solution in acetic acid and acetic anhydride by titration

with 0.1N perchloric acid. Also it determinesBX in
ophthal mic solution by measuring itsabsorbanceat 308
nmagainst 0.1 N HCl asablank!.

Severd methods have been reported for the deter-
mination of BX including Spectrophotomety®4, atomic
absorption®, voltametry!®, capillary electrophoresis?,
gas chromatography®? , and HPL Cl011,

Only onemembrane el ectrodewas previoudy de-
scribed for BX™ wherethe authors prepared BX -so-
dium tetraphenyl borateasan ion pair association com-
plex thenincorporateditin PV C membraneusing dioctyl
phthalate asaplasticizer.
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lon selective el ectrodes (ISEs) based on material
transport across a specific membrane are now widely
used inthedetermination of drugsin pureand pharma:
ceutica dosageforms. Thehigh sdectivity of thesedec-
trodes imparts a great advantage over other tech-
nigques®® as analytesin colored, turbid and viscous
sampl es can be determined accurately without separa
tion. Furthermore, they show rapid responseto changes
in concentration and aretol erant to small changesin
pH. They area so ssimple and cheap to devel op, setup
and run. Various reports have been published which
highlight theimportant contribution of ion sdectivesen-
sorsfor quantification of drugg?>4.,

Theam of thiswork wasto develop smpleeasily
prepared ion selective e ectrodeswhich canbeusedin
routinequality control for thedeterminationof BX in
thepresenceof itshydrolys sinduced degradation prod-
uct initsdrug substance and avail able pharmaceutical
formulationwithout theneed of preliminary extraction
or separation steps.

EXPERIMENTAL

Apparatus

A Jenway digital ion analyzer model 3330 (Essex,
UK) withAg/AgCI doublejunction referencedectrode
no. 924017-L03-Q11C wasused for potential mea-
surements. A pH glass el ectrode Jenway (Essex, UK)
no. 924005-BO3-Q11C wasused for pH adjustment.

Chemicalsand reagents

Benoxinate hydrochloride, 100.04%, wasobtained
from Egyptian International Pharmaceutical Industries
Co. (Cairo, Egypt). Benox® eye drops (4mg/ml, Egyp-
tian International Pharmaceutical Industries Co. Cairo,
Egypt) wereused inthiswork.

All chemicd sand solvents used were of anaytical
gradeand water wasbi-digtilled. Nitrophenyl octyl ether
(NPOE), dioctyl phthalate (DOP), dibutyl sybacate
(DBS) were obtained from Sigma(St. Louis, USA).,
ammonium reineckate (RN), sodium tetraphenylborate
(TPB), sodium phosphotungestatetribasic hydrate (PT),
tetrahydrofuran (THF), poly (vinyl chloride) (PVC)
were obtained from BDH (Poole, England). Tetrakis
(4-chlorophenyl)borate (TpClPB) was purchased from
Aldrich (Steinheim, Germany). Potassum chloride, cit-
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ric acid and dibasi ¢ sodium phosphate were obtained
from Prolabo (Pennsylvania, USA). Citrate-Phosphate
buffer (pH 4-6) was prepared by mixing different vol-
umesof 0.1 mol L citricacidand 0.2mol L dibasic
sodium phosphate.

Sandard solutions

BX working solutions (1 x 10°to 1 x 102M) were
prepared by serial dilutionsfrom BX stock solution
(1x10M) using citrate-phosphate buffer pH 5 asa
solvent.

Procedures

(a) Prepar ation of themembranesensors

A portionof 10 mg of RN for sensor (1), TPB for
sensor (2), PT for sensor (3), and TpCIPB for sensor
(4) wasthoroughly mixed with 0.19 g PVC and 0.35
ml DOPina5cmglasspetri dishthendissolvedin 5ml
THF. The petri disheswere covered with filter paper
and left to stand overnight to dlow solvent evaporation
at room temperature. Master membraneswith thick-
ness of 0.1 mm were obtained and used for the con-
struction of the el ectrodes.

(b) Preparation of theelectr odesassemblies

From the prepared master membranes, adisk (~
5mm diameter) was cut using acork borer and pasted
using THF to an interchangeable PV C tip that was
clippedinto theend of the glassy dectrode body. Equal
volumesof 102mol L*BX and 102 mol LK Cl were
mixed and thissolutionwas used asinterna solutionfor
electrodes. Ag/AgCl wire (Imm diameter) wasim-
mersed intheinternal referencesolution asaninterna
reference electrode.

Theelectrodeswere conditioned by soakingin 1 x
102mol L BX solution for one day and were stored
indigtilled water whennotin use.

(c) Electrodescalibration

The conditioned electrodes were calibrated by
transferring 50 mL aliquots of solutions covering the
concentrationrangeof (1x 10°to 1x 102mol L) BX
incitrate phosphate buffer pH 5, into aseriesof 100 ml
beekers. Thed ectrodes systemswereimmersedineach
solution, inconjunctionwith adoublejunctionAg/AgCl
reference electrode.

The electrodeswere washed with distilled water
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between measurements. Thedevel oped potentidswere
plotted versusnegetivel ogarithmic concentration of BX
standard solutions. Theregression equationsof theob-
tained calibration plotswere used for subsequent mea-
surementsof unknown samples.

(d) Deter mination of BX in itsphar maceutical for-
mulation

A volumeequivdent to 3.44 mgBX wasaccurady
transferredtoal0-mL volumetric flask (to prepare 10
3mol L1 BX). Thevolumewas completed to the mark
with citrate phosphate buffer pH 5. The potentiometric
measurementswere performed using the proposed sen-
sorsinconjunction withtheAg/AgCl reference elec-
trode, and the potentia readingswerecomparedtothe
cdibration plots.

(e) Determination of BX in the presenceof itsal-
kalinedegradate

BX degradation product was obtained by refluxing
1 gmBX with 100 mL 0.1 N sodium hydroxidefor two
hours. Theresulting solution wastested for compl ete
degradetion by thethin layer chromatography technique
using chloroform-methanol (95:5, v:v) as a mobile
phaseand detecting the spotsat 254 nm. The pH of the
degraded solution wasthen adjustedto 5.3using 1 N
hydrochloric acid to precipitate the degradation prod-
uct. The precipitate wasfiltered, dried and protected
fromair and light!*”

Aliquots of standard drug solution (10-*mol L)
weremixed withitsdegraded sample (102 mol L) in
different ratios. Theemf va ues of theselaboratory-pre-
pared mixtureswere recorded and resultswere com-
pared with the calibration plot.

RESULTSAND DISCUSSION

Selective membranesinion selective electrodes
have shown bothion exchangeand perm-sel ectivity for
the sensor ion*3., Inthiswork, four ion selective mem-
brane sensorswere proposed for determination of BX
either initspure substance or drug product.

M embrane composition and response char acter -
istics

Preparation of the proposed sensorsoriginatesfrom
thefact that BX behavesasacationin acid medium,

= Pyl Paper

thisfact suggeststhe use of acationic exchangers. The
type of theion exchanger affectstheresponse of the
sensor, therefore, four cationic exchangers, namely RN,
TPB PT and TpCIPB were used for the preparati on of
themembranesensorsasthey forminsolubleion asso-
ciation complexeswith suitablegranszewithBX. The
ratio of BX to theion exchangersintheformed com-
plexeswasfound to be 1:1 as proven by the obtained
Nernestian dopes (about 60 mV/ decade) so BX acts
asamonoionic species dueto the presence of theter-
tiary amino group (Figure 1). Thecationic exchangers
wereincorporated with asuitable solvent mediator in
poly (vinyl chloride) matrix to produce plastic mem-
braneswhichwereused for congtructing the d ectrodes.
The complexeswereformed insitu by soaking the pre-
pared membranesin 1x 102 BX solution.

I [

L NPT L

CH,
HaC 0

H,N
Figurel: Sructureof benoxinate HCI.

TheBX extraction into themembranesensorswas
aresult of theion-pair tendency to exchangewith BX
cation. TABLE 1, showstheobtained dopesusing dif-
ferent ion exchangerswhere near Nernestian slopes
wereobtained for all studied sensors.

TABLE 1: Effect of the type of cationic exchangers and
plasticizer son theslopeand concentration range of BX.

egfrt];ng;gr Plasticizer Slope Con(;i:g:“ on
TPB DOP 55.8+ 1.0 1.0x10°-1.0x10™
TPB NPOE  53.0+2.4 1.0x10°-1.0x10™
PT DOP 59.4+2.0 5.0x10°-1.0x10™

PT NPOE  54.0+3.0 5.0x10°-1.0x10™

RN DOP 611+ 1.0 5.0x10°-1.0x10™
RN NPOE  56.5+2.4 5.0x10°-1.0x10™
TpCIPB DOP 58.6+1.8 5.0x10°-1.0x10™
TpCIPB NPOE  54.3+23 5.0x10°-1.0x10™"

The second factor that allows BX ionsto be ex-
tracted from an aqueous sol ution into the membrane,
asan organic phase, istheplagticizer. After theevaua
tion of two solvent mediators, namely NPOE and DOP,
(asexamplesfor plagticizersfrom diestersof dicarboxy-
lic acidsand nitroaromatic compounds respectively),
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no significant change was obtained in the slopes by
changing the solvent mediator. TABLE 1 showsthat
DOP, which wasaless polar solvent mediator had a
dight better response than NPOE that had ahigher di-
€l ectric constant valueleading to the extraction of polar
ions, which had negative effects on the extraction of
BX ionasahydrophobicion.

Based on the [UPA C recommendations'® there-
sponse characteristics of the designed e ectrodeswere
assessed. TABLE 2 displaystheresultsobtained over
aperiod of two monthsfor two different assemblies
of each sensor. The calibration plotswere presented

in Figure 2. The slopes of the calibration plotswere
61.1, 55.8, 59.4 and 58.6 mV/concentration decade
for sensors 1, 2, 3 and 4 respectively. The deviation
fromtheideal Nernestian slope (60 mV/ decade), is
dueto thefact that the electrodes respond to activi-
tiesof thedrug rather than the concentration. The sug-
gested el ectrodes displayed constant potential read-
ingsfor day to day measurements, and the calibration
slopes did not change by morethan +2 mV/decade
over aperiod of 6 weeks. The detection limits of the
sensorswere estimated according to the [UPA C defi-
nition9,

TABLE 2: Validation of theresponsecharacteristicsof theinvestigated electrodes.

Par ameter Sensor 1 BX-RN Sensor 2BX-TPB Sensor 3BX-PT  Sensor 4BX-TpCIPB
Slope (mV/decade) ? 61.1+1.0 55.8+ 1.0 59.4+ 2.0 58.6+ 1.8
Intercept (mV) @ 209.6+2.0 1905+ 1.0 228.8+5.0 190.9+ 4.0
Correlation coefficient (r?) 0.997 0.995 0.994 0.994
Concentration range (M) 5.0x10-5-1.0x10-1 1.0x10°-1.0x10? 5.0x10°-1.0x10*  5.0x10°-1.0x10™
Responsetime (s) 10 15 15 10
Working pH range 4-6 4-6 4-6 4-6
Stability (weeks) 6 5 5 6
LOD 1.0x10-5 5.0x10° 1.0x10° 1.0x10°
Average accuracy ° (% + Standard deviation) 99.8+1.3 999+2.8 98.8+3 99.8+2.8
%Rel ative Standard deviation © (precision)
Repeatability 2.0 17 2.0 2.4
Reproducibility 3.0 29 34 3.0
Robustness ° 1.0 15 2.3 1.8
Robustness ® 2.4 2.0 2.6 2.0
Ruggedness ' 1.0 25 3.0 25

3Results of six determinations; "Average recovery % of five concentration levels (from 10* to 10?) each repeated three times;
°Three concentration levels each repeated three times; “Relative standard deviation % of potential produced by 10° M solution
(three times) at pH 4.5 instead of pH 5 (in phosphate buffer); cusing DBS as plasticizer instead of DOP; ‘Relative standard
deviation % of the potential produced by 10° M solution using Jenway 3505 digital ion analyzer instead of 3330.

A fast responsetimewasrecorded by increasing
BX concentration by up to 10-fold. Therequired time
for thesensorstoreach valueswithin+1 mV of'the final
equilibrium potential was 10-15s.

Theoptimum equilibrationtimefor the el ectrodes,
after soakingin1.0x 102 M BX, was 12 hours. After
thistime period, the e ectrodes generated stabl e poten-
tialsin contact with the BX solution. On soaking for a
longer timethe d opes decreased gradua ly and thismay
beattributed to thegradua |eaching of thee ectroactive
speciesinto the bathing solution. Therefore, when
not inusefor alongtime, the e ectrodes should be kept
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dry.

To eva uate the precision of measurements, three
concentrationswithin thelinear concentration range (10
4,10 and 10°M solutions) of BX were chosen. Three
solutionsof each concentration were prepared and ana-
lyzed intriplicate (repeatability assay). Thisassay was
repeated on threedifferent days (reproduci bility assay),
(TABLE?2).

Asfor therobustness, the method demonstrated
efficient stability when either the plasticizer or theion
exchangerswere changed. Also, thewiderange of pH
(4-6) madethe method robust. To study the method’s
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ruggedness, 10 M solution of BX was analyzed by
the suggested € ectrodes using Jenway 3505 digital ion
analyzer instead of 3330 Model. Results proved the
ruggednessof themethod upon changingtheinstrument
(TABLE2).
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Figure2: Potentiometric profile of BX- sensorsat pH 5.
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pH effect on the electrodes responses

The potentiometric responsesof thesuggested el ec-
trodeswerefound sensitiveto pH changes. Figure 3
showed atypical pH response curvefor the prepared
sensors over a pH range of 3-7, where the pH was
adjusted by using Citrate-Phosphate buffer of different
pH. The sensorsresponseswere hardly affected by the
pH changefrom4 upto6,i.e, inthispH rangeBX is
completely ionized, dissociated and sensed, sodl mea
surementswere carried out at pH 5. The decreasein
potentia at pH > 6 wasdueto thegradual decreasein
the concentration of the BX mono-cation dueto the
formation of the non-protonated amino group.

20
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0 : r .
2 8 10 1
-20 4
6 —_—
——TPB A
—==PT
-80 4
e RN
—m—TpCIPB
-100 -

-120

pH
Figure 3 : Effect of pH on the response of the suggested
sensorsin 104 M BX.

Sensor s selectivity

Thesdectivity of anion-pair based membranedec-
trodes depend on the physico-chemical characteristics
of theion-exchange processat themembranes. TABLE
3 showsthe potentiometric sel ectivity coefficients of
the proposed sensorsin the presence of anumber of
pharmaceutica additivescommonly used ineyedrops
and other drugs prescribed for theeye. The sdlectivity
coefficientswere determined by the separate solution
method and cal culated from the rearranged Nicol sky
Eisenman equation™:

t
- Iog(K po primary ion inter ferent ) =

[—(EMD ~En) ]+[1+Zﬂ] log[BX]

2.303RT/ZgyF Zy

WhereE,, and E,, arethepotential readingsrecorded

after exposing the e ectrode to the same concentration

of thestudied drug and theinterferent, respectively, Z,,
B Research & Reotews On
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and Z,, arethechargeson BX andtheinterferingion,
respectively and 2.303RT / Z, F representsthe slope
of theinvestigated sensor (mV / decade).
Asitwasobviousfrom TABLE 3, noneof thetested
interfering specieshad asgnificant influenceon the po-
tentiometric responses of the e ectrodestowards BX.

TABLE 3: Potentiometric selectivity coefficients(K) for BX-
RN sensor by separ ate solution method.

Inf)r_fge,:/lent Selectivéte%;:ocr)eiﬁcient* Sensor 2 Sensor 3 Sensor 4
EDTA 1.99x10™ 95x10° 1.2x107™* 2.0x10™
Boric acid 6.16x10° 3.2x10° 5.0x10° 7.9x10°
NaCl 4.78x10° 25x10° 25x10° 6.3x10°
Znso, 6.91x10° 09.3x10° 7.9x10° 7.9x10°
KCl 8.9x10° 25x10° 3.3x10° 3.9x10°
Glycine 6.9x10° 2.6x10° 1.6x10° 1.2x10°
tetrahydrazoline 7.6x10* 85x10° 1.0x10* 7.9x10°
Mepevacaine 1.6x10* 85x10° 1.3x10° 2.0x10™

* Average of three determinations

Potentiometric deter mination of BX in phar maceu-
tical formulation

Asnoneof thecommonly used eyedropsadditives
show significant interferencewith the determination of
BX, thenew proposed sensorswere successfully ap-
plied for BX determinationin eyedropswithout prior
extractionasshownin TABLE 4. Resultsobtained prove
the applicability of the method asdemonstrated by the
accurate and precise recovery percentages.

TABLE 4: Satistical analysisbetween theresultsobtained
for the determination of BX in Benox eye drops by the
proposed sensor sand those by theofficial method.

Sensor 1 Sensor 2 Sensor 3 Sensor 4 official method@

Item

Mean 100.1 101.3 100.8 100.5 100.2
SD. 10 15 2 19 0.7

RSD% 10 15 2 19 0.7

Variance 1.0 23 4 36 0.5
n 3 3 3 3 7
Ftet  2.0(4.88) 46(89) 82(89) 7.4(8.9)

Student’s ttest 0.2 (2.26) 1.7 (2.26) 0.74 (2.26) 0.4 (2.26)

Figures between parenthesis are the corresponding tabulated
values (P=0.05)

Potentiometric determination of BX in the pres-
enceof itsalkaline degradate

BX was completdy degraded when refluxed with

Research & Reotews On

0.1 M NaOH. for two hours. Figure 4 showsthere-
ported alkaline degradation of thedrugi*. TABLE 5
showsthe results obtained upon analysis of synthetic
mixtures contai ning different ratios of intact drug and
degradation product. From the presented resultsit was
obviousthat the proposed sensors could be used for
selective determination of intact drug in the presence of
30-40 % degradate.

TABLE 5: Determination of BX in laboratory prepared

mixturescontaining different ratiosof BX and itsinduced
alkalinedegradation product by the proposed sensors.

Ratio % Drug recovery % =S.D.”
Drug: Degradate” sensor 1 Sensor 2 Sensor 3 Sensor 4

100: 0 98.6+0.9 99.9+0.8 1004+1.2 995+1.2
90: 10 101.6+1.4 989+1.8 100.8+0.8 99.8+1.3
80: 20 100.6+1.1 97.9+1.5 100.3+ 1.8 100.8+0.9
70:30 98.1+1.6 102.2+1.8 100.9+2.0 100.4+0.8
60:40 117.8+2.0 1209+ 1.7 107+0.9 100.5+1.7
50:50 150+1.7 167+23 159+1.5 149+2.1

210 * M solutions in beffer pH 5; "Average of three
deter minations
i [

CH,

RN LN L
HoN
NaOH
COOH
_CH,CH,
OCH,CH,CH,CH; + HO-CHZCHZ-N\CHcha
NH,

Figure4: Reported Alkaline degr adation pathway of BX,

CONCLUSION

Thefour described sensorsweresmpleand selec-
tivefor thedetermination of BX in pureform, pharma-
ceutical preparation and in presence of degradation
product. Theammonium rei neckate sensor showed the
best Nernestian slope while the sodium
tetraphenylborate sensor had the best sensitivity. The
sodium tetraphenylborate sensor described differed
from that reported*? that the sensor was preparedin
Stuand presented astability indicating method asit was
ableto determineBX in presenceof itsdegradate. The
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proposed sensors offered advantages of fast response
and dimination of drug pre-trestment or separation teps.
They can thereforebeused for routineanalysis of BX
inquality-control |aboratories.
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