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ABSTRACT

The present work evaluates the influence of Calix-6-arene and 2-hydroxy
propyl B-cyclodextrin asionophores on the fabrication of gallic acid selec-
tive electrodes 1 and 2, respectively. The proposed sensors showed Nernstian
dlopes of 57.70 and 55.30 mV/concentration decades over concentration
range 10 — 10° M for sensors 1 and 2, respectively. Fast response and
moderate stability time were observed. The selectivity coefficients of the
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developed sensors indicated excellent selectivity for gallic acid. The pro-
posed electrodes were successfully applied for direct determination of gal-
lic acid in pure form and Acacia arabica bark extract without prior separa-
tion or pretreatment steps. Thus, they can be used in quality control 1abs
for routine analysis of gallic acid in Acacia arabica bark extract.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Gdlicacid (Figurel) isamgor phytoconstituentin
Acaciaarabicawhich can beused asabioactivemarker
for determination of thequdity of thecrudedrug andits
formulations. Severa reportsfocused on therapeutic
activitiesof galicacid asnaturd polyphenol having hy-
poglycemic, hypochol esterolemic¥, anti-oxidant(?, anti-
tumort¥, anti-inflammatory™, anti me anogenic®, anti-
bacterial®, anti-virall”l, neuroprotective® and
cardioprotective activities.

Different Methodswerereported in literature for
determination of gdlicacidin Acaciaarabicabark usng
HPL Cl1%12 and HPTL C*3, Although the numerous
advantagesof ion selectivee ectrodes(I1SE), it was not
used beforefor determination of galicacidin Acacia

arabica bark extract.

Potentiometric methodsusing | SE havefound wide
applications, dueto their numerous advantages. The
high selectivity of these el ectrodesimpartsagreat ad-
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Figurel: Chemical structureof gallicacid
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vantage over other techniques. No sample pretrestment
needed beforetheanaysis. Analytesin colored, turbid
and viscoussamplescan bedetermined accurately. They
show rapid responseto changesin the concentration.
Furthermore, they may be used for measurement over
awideconcentration range. ISE aregenerally tol erant
tosmall changesin pH. A further advantageisthat they
arerelatively ssmple and cheep to develop and run.
Moreover, the chemical design of the el ectrodes has
been devel oped to give superior selectivity and re-
sponse*4,

| SE based on polymeric membranes containing
neutral or charged carriers(ionophores) areone of the
most successful el ectrochemical sensorsinroutineuse
today™¥. The |SE dynamic responseis generated by
el ective compl exation of thetarget ion by ionophores
dispersedinapoly (vinylchloride) (PVC) matrix®,

Cdixarenes, cyclicoligomersof phenol-formade-
hyde condensates, have drawn much attention asafas-
cinating classof cyclophanespossessingionicand mo-
lecular-binding properties. Derivativescontainingawide
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range of functional groups have been synthesized and
showntoexhibit different degreesof receptor ionophoric
activity™. Their ability to complex cations, anions, and
neutral molecul es has made them a standard among
supramolecular host molecules. Their configurationin-
cludesanumber of selectivefactors, such as cavity-
Size, conformation and substituents, whichleadsto the
formation of typica host—guest complexes with numer-
ous compoundsand allow for avariety of applications
inion-selective membranes and el ectrodes®24, The
structureof calixarenesisshownin (Figure2A).

Cyclodextrinsareopticdly activeoligosaccharides
that forminclusion complex with organicmolecules, be-
causetheir chemical structure provideswell-defined
inclusion cavitieswith aspecific receptor functionf??,
Thesructureof cyclodextrinsisshownin (Figure 2B).

Thepresent work describestheuseof calix-6-arene
and 2-hydroxy propyl 3-cyclodextrin asionophoresfor
thedevel opment of novel sensorsfor thedetermination
of gallic acid in pureform and Acacia arabica bark
extract.
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Figure2: Chemical structureof: A: calix-6-arenemolecule, B: 2-hydroxy propyl p-cyclodextrin molecule

EXPERIMENTAL

Apparatus
A Jenway digital ionandyzer; modd 3330 (Essex,
UK) withAldrichAg/AgCl doublejunctionreference

electrode no. 113107 (Munich, Germany) was used
for potential measurements. A Jenway pH glasselec-

trode no. 924005-BO3-Q11C (Essex, UK) was used
for pH adjustments. Solution stirring wasdone using
Bandelin Sonorex magnetic stirrer; model Rx 510 S

(Budapest, Hungary).
Samples
Puresample

GallicAcid (purity > 99%) was purchased from
Merck (Hohenbrunn, Germany).
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Acaciaarabicabark was collected from (New Va-
ley, Egypt) and authenticated by Phytochemistry De-
partment, Faculty of Pharmacy, Ain ShamsUniversity
(Cairo, Egypt).

Chemicalsand reagents

All chemica sand reagentsused wereof anaytica
grade, and water wasbi-distilled. Calix-6-areneand
2- hydroxy propyl 3-cyclodextrin were purchased from
AlfaAesar (Ward Hill, Massachusetts, USA). Polyvi-
nyl chloride(PV C) wasobtained fromHuka(Steinheim,
Germany). 2-Nitrophenyl octyl ether (NPOE) and tet-
rahydrofuran (THF) werepurchased from SgmaAldrich
(Steinheim, Germany). Potassum chloride (KCl), so-
dium hydroxide (NaOH) and hydrochloric acid (HCI)
were obtained from Prolabo (Pennsylvania, USA).
Toluene, Ethyl acetateand formicacid were purchachrd
fromADWIC (Cairo, Egypt).

Sandard solutions
Gallicacid standard stock solution (1x 10t M)

It wasfreshly prepared by dissolving 1.70 g of pure
galicacidin 100 ml of bi-distilled water.

Gallicacid standard working solutions(1x 102to
1x 10°M)

They wereprepared by suitabledilutionfrom stock
solutionusing bi-distilled water.

Procedures

Fabrication of membranesensors

In aglass Petri dish (5 cm diameter), 0.19 g of
PV C and 0.40 g of NPOE were mixed with 0.04 g
calix-6-areneor 2-hydroxy propyl B-cyclodextrin for
preparation of electrodes 1 and 2, respectively. The
mixturewasthen dissolvedin6 ml THF. The Petri dish
was covered by afilter paper and left to stand for 24 h
to alow solvent evaporation at room temperature. A
master membraneof 0.1 mm thicknesswas obtained.

From the master membrane, adisk (8 mm diam-
eter) was cut using cork borer and pasted using THF
to interchangeable PV C tip that was previoudy clipped
into theend of theedectrode glassbody. Equa volumes
of 102M gallicacid and 102 M K Cl weremixed and
used asaninternal reference solution. Ag/AgCl wire

Hnalytical CHEMISTRY o

(Imm diameter) wasimmersed intheinternd reference
solution asinterna reference dectrode. Thedectrodes
were preconditioned by immersingin 102 M gdlicacid
solutionfor 24 h and stored in the same solution when
notinuse.

Sensorscalibration

The conditioned electrodes were calibrated by
separately transferring 50 ml aliquotsof gallic acid so-
lutions covering the concentration range of (1x 102to
10° M) into aseries of 100 ml beakers. The sensors
and the reference electrode were immersed in each
solution with constant stirring usingamagnetic stirrer.
Thepotentia recordingswererecorded. Theelectrodes
werewashed with bi-distilled water between measure-
ments. Theelectrode potential was plotted versusthe
negativelogarithmic concentration of galicacid. The
regression equationfor linear part of thecurvewascom-
puted.

Sudy of experimental conditions

I dentification of slope, responsetime and oper a-
tivelife of the studied sensor

Theelectrochemical performanceof the studied
electrodes was evaluated according to IUPAC rec-
ommendation datd®.

The dynamic responsetimeof theel ectrodeswere
tested for concentrations of thedrug solutionfrom 1 x
10°% M to 1 x 102 M; the sequence of measurement
wasfromlow to high concentrations.

Thelong-term reproducibility and stability of the
potentiad swereeva uated by determining replicatecdli-
bration graphs over a period of 5 weeks. The elec-
trodeswerestoredin 1 x 102 M gallic acid standard
solution when not in use and washed thoroughly with
bi-distilled water between measurements.

Effect of pH

Theédectrodesresponse wastested at different pH
values over apH range 2-11. The pH was adjusted
using HCl and NaOH sol utions. Theconcentrationsused
werelx 103 M and 1 x 10* M. The e ectrode poten-
tial wasplotted versuspH.

Sensor s selectivity

Theresponse of the electrodeswas examined in
presenceof anumber of poss bleinterfering substances.
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Figure3: Profileof the potential in mV vs. —L og concentration of gallic acid for the proposed sensors

TABLE 1: Electrochemical response char acteristicsof the
proposed gallicacid sensorsand validation parameter sof the
assay

Parameter Sensor 1 Sensor 2
Slope (mV/decade) # 57.70 55.30
I ntercept 462.45 411.30
R 0.9999 0.9999
LOD (M) 1.02x 10° 1.0110°
Response Time (sec.) 20 20
Working pH Range 4-6 4-6
Concentration Range (M) 102-10°  102-10°
Stability (weeks) 5 4
Average Recovery (%) + 100.32 + 100.93 +
SD# 0.32 0.80
Repeatability (SDy) 1.02 0.94
Intermediate Precision
(SDin) 1.46 1.58
Ruggedness 1010 :?16 = 9995+ 142

2 Average of five determinations; ® Average recovery percent of
determining 10?2, 103, 10* and 10° M gallic acid for the studied
electrode using Jenway 3310 digital analyzer instead of instead
of model 3330

The potentiometric selectivity coefficient (K W-Himaryion’
ey WS USEd to eval uate the extent towhich afor-
eignionwouldinterferewith theresponse of theelec-
trodetoitsprimary ion.

Sdlectivity coefficientswerecd culated by separate
sol ution method where potentid sweremeasured for 1
x 10° M drug solution and 1 x 10 M aqueous
interferents solutions, separately. The potentiometric
selectivity coefficientswerethen cal culated using the

rearranged Ni col sky-Eisenman equation,

LogK®™, . =[(E;—E,)/(2303RT/Z,F)] +[1-(Z,/Z,)] log
[A]

WhereE, isthepotential measuredin 10° M drug so-
lution, E; isthe potentia measuredin 10° M interferent
solution, Z, and Z, are the charges of drug and
interferent; respectively, and 2.303 RT / Z,F repre-
sentsthedopeof the calibration curve (mV / concen-
tration decade).

Direct potentiometric deter mination of gallicacid
in Acaciaarabicabark extract

Acaciaarabicabark sampleswere cleaned manu-
alytoremoveadl foreign materia sthen milled, passed
through astainlesssted sieve (20-40 mesh) and stored
at 4 °C until use.

An accurately weighed sample (1 g) of the pow-
dered bark wasextracted at 88°C for 6 h under reflux
with 100 ml of 20% methanol in around-bottom flask
heated in awater bath (optimum conditionsfor extrac-
tionwasstudied before).

Ina50 ml volumetricflask, 5ml of theextract was
trandferred and diluted tothemark with bi-distilled water.
The membrane sensorswereimmersed in conjunction
withthereferencedectrodein theextract. Theemf pro-
duced was measured by the proposed sensors, and the
concentration of gallic acid was determined from the
corresponding regression equation.

RESULTSAND DI SCISSION

Sensorsfabrication
Themolecular recognition andinclusion complex-
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ationareof current interest in host—guest and supramo-
lecular chemistry and offer apromising approach to
chemical sensing® 1. The use of selectiveinclusion
compl exation and complementary ionic or hydrogen
bonding aretwo main strategiesfor preparing synthetic
host molecul es, which recognize the structure of guest
molecules®.

PV C wasemployed in thefabrication of themem-
brane matrix asit provides aregular support and re-
producibletrap for ion association complex inion se-
lective dectrodes?”.

Pladticizer hasagreat influrnceonthedie ectric con-
stant of themembrane phase, the mobility of theiono-
phore molecules, and the state of ligands. Plasticizer
facilateitestheinclusion of organic moleculesand en-
suresstable potentid swith long lifetime®.

Sensor sperformancecharacteristics

Thedectrochemica performance characteristicsof
theinvestigated d ectrodesweresummarizedin (TABLE
1).

The proposed sensorsshowed Nernstian slopes of
57.70 and 55.30 mV/concentration decades for sen-
sors1and 2, respectively over concentration range 10
2-10°M asseenin (Figure3). TheNerngtianrelation
of theelectrodesis:

E=-57.7x+462.45Log[C]; E=-55.3x + 411.3
Log[C] for sensors 1 and 2, respectively, where[C] is
themolar concentration.

TheLimitsof detectionwere cal culated according
to IUPAC recommendations (IUPAC, Analytical
Chemigtry Divison, CommissononAndyticd Nomen-
clature, 2000) from theintersection of thetwo extrapo-
lated linear portionsof the curvesand foundtobe 1.02
x 10° M for sensor 1 and 1.01 x 10° M for sensor 2.

Theédectrodes displayed constant potential read-
ings, which did not vary by morethan+ 1 mV on the
sameday. Linearity rangefrom day to day and caibra-
tion dopedid not change over aperiod of 5 weeksfor
sensor 1 and 4 weeksfor sensor 2. Thisindicatesthe
good stability of theinvestigated e ectrodes.

Therequiredtimefor the e ectrodeto reach values
within+ 1 mV of the final equilibrium potential after
increasing thedrug concentration 10-foldswas 20 sec-
ondsfor both sensorswhich indicatethefast response
time

Effect of pH

Theinfluenceof pH on the potential response of
thed ectrode was studied using concentrations 10 and
10* M over the pH range 2-11. The proposed sensors
showed fairly constant potentials over pH range 4-6.
Therefore, thisrange was assumed to be theworking
pH rangefor the proposed sensors.

Sensor s selectivity

(TABLE 2) showsthe potentiometric selectivity co-
efficients of the proposed sensorsin presence of some
interfering speciesthat may presentin Acaciaarabica
bark extract. Theresultsdemonstrate an excellent se-
lectivity of the proposed sensors. However, sensor 1
showed rdlatively higher sl ectivity and lower response
toward theinterfering species.

TABLE (2): Potentiometric selectivity coefficients (KP

. X R gallic
for gallic acid selective electrodes

acid, interferent)

Selectivity Coefficient

Interferents?
Sensor 1 Sensor 2
Rutin 6.73x 10° 8.68x 10°
Sucrose 7.30x 10° 8.33x10°
Vitamin B, 496 x 103 549 x 103
Vitamin B 2.95x 10 4.10x 10°
zZn*? 1.09 x 10 597 x 10°
Mg 1.83x 10 4.46x 107

a Aqueous Solutions of 1 x 10° M were used

Potentiometric deter mination of gallicacid in Aca-
ciaarabicabark extract

The proposed d ectrodeswere successfully applied
for direct determination of galicacidin Acaciaarabica
bark extract without prior purification or pretreatment
stepsfor theturbid and col ored samples. The concen-
tration of gallic acid in theextract prepared under opti-
mized hest reflux extraction conditionsaresummarized
in(TABLE3).

TABLE 3: Determination of gallic acid in Acacia arabica
bark extract by the proposed sensors

Gallic Acid HPTLC
Sensor 1 Sensor 2

Concentration Method [13]

(mg/g)£SD?®  10.21+0.73 10.03+0.82 10.26+0.91

2 Aver age of 3 determinations; ® HPTL C method: using toluene:
ethyl acetate: formic acid (6:4:0.8, v/v/v) as mobile phase on
TLC aluminum plates precoated with silica gel 60 F,, at 272
nm
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CONCLUSION

From the obtained results, it was concluded that
Calix-6-arene could be considered better ionophore
than 2-hydroxy propyl B-cyclodextrin in the prepara-
tion of PV Cbased gallic acid selectiveelectrodes asit
showed higher dope, stability and selectivity.

Theuse of the proposed sensorsoffer the advan-
tagesof fast response, moderate stability time, dimina-
tion of drug pretreatment and separation stepsand high
selectivity in presenceof other phyto-congtituentsinthe
extract. Thus, the proposed el ectrodes can be consid-
ered for usefor routineanalysisof gallicacidin Acacia
arabica bark extract.
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