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SUMMARY
A FVC membrane electrode for verapamil has been prepared for

the dIrect potentlometrc determlnation of verapamil in
phammaceutlcal preparatlons. It exhiblts a near Nernstlan response 1n
the range 7x10-5-10-2M verapamll hydrochloride wIth a slope of 55
mv per concentraton decade. The electrode has a reasonably wlde
working pH range (2-7.6) 1n 0.1M NaCl, a fast response time (less
than 60 S) and is stable for at least three months. It shows a good
selectlvIty for verapami In the presence of various exclpients
commonly present in a number of phamaceutlcal preparatlons. The
mean relatlve standard deviation for verapamil deteminaton in 40

.g ml-l-1mgml-! aqueous verapami hydrochloride solutlons Is  ر1.2%

INTRODUCTION

Verapamil 5-[3,4-dimethoxyphenethyl methyl-amino]-2-
(،3,4-dImethoxyphenyl)-2- IsopropylvaleronItrile (I), is being
intensively studied because of its ability to suppress Inward calcium
curEents tn cardlac and other excitable tissues.l-3 Such "slow"

calcium curTents may be Involved In fatal arrhythmIas occuring
durIng myocardial Ischemia or Infraction and assoclated with sudden
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cardiac death4. The calciur antagonist verapamil reduces
pathologically raised blood pressure by diatlng the peripheral blood
vessels peripheral resIstance dimnishes and the load on the heart is
thus relievcd.

 ة،G ،""ي4 تت
I

Verapamil hydrochloride in pharmaceutical preparations is
extracted from powdered tablets and the supernatent solution is
analysed by h.p.l.c.5-8, The high-perfomar:ce lquld-chromatographic
system 1s also recommended for the determnaton of the drg in
blood corpuscles9. blood plasma or senuml0, plasmall-18, human
seruml« and in postmortenn specimensl5. Analysis of verapamil and
its metahoLites in human plasmna6, post mortem specinensl7, Liver
tssue or stomach content 1n fatal casesl8 and seruml9 has heen
perormed by the gas-chromatography. Verapamil deternination in
biological materIaR20, stomach content and Iiver2l were assigned by
tlin layer chromatography. Fluorometrc deterination of verapamil
in blood, urine or tlssue homogenates has been discribed22.
Verapanl hydrochlorldc In pharmaceutical preparAtions was also
determuned spectrophotometrically28,

The present study was made for preparing a PVC membrane
electrode responsive for verapamil and using it for selective
potentiometric measurments of verapamil in pharmaceutical
preparatlons.
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EXPERRENTAL

Appanatus

The potentiometrlc measuments were made at 25±1%C uslng
an Orion digital-pH-mllivoltmeter (Model-720) with the PVC
verapamil-TPB membrane electrode using an Oron (90-02) double
Juncton Ag/AgCl reference electrode uslng l0% mn/v potassIum
nitrate In the outer compartment and an Orion (90-00-02) solution
in the inner compartment. pH measuments were made oy an Orlon
combInation glass electrode Model(91-01). StandardIzaTlon or TPB
was made by an Orlon Ag-4gS membrane eLecuode {Model 94-02)
versus the prevously mentoned double juncton reference electrode.

Reagents and Materlتs
Materials and reagents were obtalned as follows:-

Sodium tetraphenyl borate from fluka, dioctyphthalate [DOP}
and tetra hydrofuran from Adrich, the PVC used was (Breon III Ep
from UH). Al other chemlcals were of analytical reagent grade. A
standard verapami hydrochlorlde sample was a glft from Elnasr
Pharm. Co, Egypt. Other verapamil drugs were obtained from local
drug stores.

Solutions were prepared with deionLzed water. Sodium tetra
pheny borate (NaTPB) was prepared, filtered twicE and standardLzed
potentlometrlcally wIth standard 10-2 M AgN0و soluton. 10-lM
verapamll hydrochlorde standard was prepared by dissolwng 4.9lg
of pure verapami hydrochloride In 100 ml of 0.1M NaCl soluton. A
serles of standard solutons were also prepared by approprlate
d lutonئ wth NaCl soluton from 1o-l-10-6 M.
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Electrode Preparetlon
THe sensor was prepared by mنxIng 10om aliquot of 10-2 M

aqueous verapamil solution and 100 ml aliquot of 10-2 M aqueous
sodium tetraphenylborate solution. The white ion-pair precipitate
was fltered ofT, washed several tmes with delonlzed water and dred
at room temperature. The infiared spectrum of the complex
displayed aLmost a lل absorpton bands that present Ln the Indiwidual
spectra of both verapamلl HCl and NaTPB.

Master membranes were cast from PVC (190mg). plasticising
solvent medlator (350mg and sensor (1og). The previous cocktلاa 
was d1ssolved Ln 5 ml of fieshly distilled tetra hydrofuran TTHF), then
poured Into a 5 cm diameter petri-dish. The solvent was allowed to
evaporate slowly over a period of 48 h. whereby a transparent disc,
approximately 0.2mm thick was fomed, A disk was cut from the
master membrane. and mounted 1n an electrode configuIation
accordIng to the procedure of Moody et , %)ج4

The electrode intemnal soluton was prepared from a mixture of
equal volumes of 5x10-2M٤ of veIapamil hydrochlorde and 510-2 M
of sodIum chloride.

THe membranes were stored at room temperature 1n closed
contaIners. Before calibration, a fresh electrode was preconditoned
in 10-2 M verapamil hydrochlorde solution for at least 24h. The
electrode was Kept In 10-2 M verapami hydrochloride after each
measurent .A steady state dynamlc response was nomnaly obtaLned
Ln less than 60 S.
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Electrode Cملrbratlon
Standard solutlons of verapamll hydrochloride in the

concentratlon range 10-1-10-6 M were prepared. Aquots of 10 ml of
the standard solutions were transferred Lnto 50-ml beakers and the
PVC verapamil-TPB membrane electrode In conunction with an
OrIon double-junctlon Ag-AgCl reference electrode (Model 90-02)
was immersed In the solutons startIng from 10-6 to 10-l. The
measured potentlals were followed for a period of 15 mn for each
concentration, and plotted agAlnst the logarithm of the verapamil
concentraton. A stcady state iesponsE has been reached in 90 S and
the calIbraton cure show a slope 0f 55 mv/conc. decade Fig (l).

Deterination ofVerapamll
For dLrect potentiometric assay of verapamil in drugs, a 80 mg

portlon of the tablet was finelly powdered and transferred
quantitatlvely with 0.1M NaCl solutlon into a 25oml calIbratlon fesk.
THe soluton was then diluted to the mark w1th 0.1M NaCl soluton
and shaken for 5 min. Aliguots [loml) of these dng solutlons were
transferred into 50 ml beakers, the PVC verapamll-TPB nembrane
electrode and Orlon double Junctlon Ag-AgCI reference electrade
were Immersed In the solutlons. The electrode system was allowed to
equIlibrate wth stIrring and the e.m.f. was recorded and compared
wIth the calibraton graph. AlternatIvely, the standard add1ton
(Splking)%5 techlgue was used by recordIng the e.m.f. before and
after the addition of 1.0 ml of standard, 10-2 M verapamll

hydrochloride solution to the obove solutlons. The change in the

potentlal readtngs was recorded and used to calculate the verapamll

content Ln varlous phammaceutical preparations.
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Potentiometric TItration

Aliguots {10-30 ml) of verapami hydrochloride test solutions
(10-M) were pipetted into a 100-ml beaker. TTe verapami selective
electrode and the double Junction reference electrode (Orion 92-02)
were Immersed Lnto the soluton and the strred solution was titrated
slowly with a standard 6.5x10-3 M sodium tetra phenylborate (aTPB)
solutlon. The Inflection poLnt of the titration curve corresponds to
1:1 verapaml: TPB reacUion. 1.00 ml of 6.5x10-3 M NaTPB = 3.195
mng of verapamIl hydrochloride.

RESULTS AND DISCUSSION
Electrode CharacterLstlcs

The specific response characteristics of a PVC verapamIl-TPB
membrane electrode are show in Table () and Fg (l}. Calibration
were made at a constant pH and ionic strength usIng 0.1 M NaCl
soluton. Table (l) shows that the electrode displays a linear response
for agcous verapamil hydrochloride solutions over the concentration
range 7x10-5-10-2M. The potcntlal readings were stable and
consistent to ± 2 nV day-to day for at least 4 weeks ، The calibration
slope is 55± 0.2 mV per concentration decade, the detection limit, as
defned by an e.m.f. difference of 18 mV between the calibration
graph and the extrapolated linear section, is better than 9x10-5 M [Ca
44.0 g/ml). This indicates the feasibiity of using this electrode to
determine verapamil in phammaceutcal preparations.

Effect of pH and Tالme

The pH dependence of the electrode potential was measured as
described previously25. Although the potental readings
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displayed by the PVC verapamIl-TPB membrane electrodc are
reasonably stable, measurments In NaCl solution prowdes stable
potential readings for up to 10 min. The statc response time of PVC
verapamIl-TPB membrane eleetrode is fast Ca 90S for 10-3 M
verapamil, but the dynamIc response is even better. All
potentionetrlc measumments were made at 25± 1%C. The potentl
response of the electrode for 10-6-10-lM Aqueous verapamil
hydrochloride solutlons was followed.

Efect of Intenferents
The response of PVC verapamIl TPB membrane elecurode was

checked 1n the presence of a number of organc and inorganic
cations and other organic specles. The resultng selectivity
coeffIcients are show In Table (2). The verapamil phammaceutlcal
drugs commonly contaIn exclplents and diluents, such as talc
powder. starch and lactose. None ef these dlluents in concentratlon
level as high as 100-fold ecess affect the response of the electrode.

Detemination of Verepamلl
Results for measumnents of pure aqueous verapamil hydrochloride
solutons at concentrations of 44g/ml-0.74g/ml usng the PVC
verapamil -TPB membrane electrode (DOP plastciser) and the
standard additon sptkIng technique?5 are given in Table(3). The
mean relaive standard deviaton is 1.2%. Potentlometric tItratlon of
4.9-14.7 mg verapaml hydrochloride v.s standard 6.5xl0-3M agueous
NaTPB soluton using the PVC verapamil-TPB membrane electrode as
an indicator electrode Fig.(2) shows potential break of Ca 100-150
mv at the stoicheiometrc l:1 molar reactlon.
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DetemLnatlon of Verapamll nا Phamaceutlcal Rreparations
Table (3) presents results obtained Uy direct potentiometry of

verapami Ln pharmaceutcal tablets using th PVC matrix membrane
electrode. Anaveragerecovery of 99.0 (SD 0.1% n=5) of the nomnal
values 1s obtained, for direct potentometry and standard addition
method.

In conclusion. the proposed membrane electrode system offers
a simple, rapld and accurate. screenIng tecbnique for the
detemmination of werapamil in phammaceuticals.
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Table (1)
Response charactertstcs of the PVC Verapamil-TPB membrane

electrode with DOP plasticiser.

Parameter

Slope/mV decade-1

Intercept /mY

Lمwer LImt of Lلnear ran ge/M

Detecton LmnIt/M

Dyamic resporse tLmne for 1o-3N

Verapam. s

-520-

55.0

140 mY

٦xo5
9X10-6

6
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Table (2)
Selectivity Coeffcient of Some Organic and Inorganic lnterferents

١ Intererent ١"٤
ver. B

Clutamalc ا 1.1x10-2

Urea 7.3x103

K إ. 6.83x10-3

Mg++ ٤ إ.6.72103
1
٠٢ Na+ 6.66lo-3

٠3+.-:٥٦٩ Clucose x1o-2.1 ه
F::٠

AlanIne ء· ر ::::ج٤  :لإ:ين3.9910-3
٣-'

Ca++ 6.7210-3

Maltose 1.ax10-2

mm. chloide 7.5x10-3

m. amLnophenol 7.2x10.3

P-amLnophnol 1o-3.9 ج

Glyctne 1,42x10-3

ethylamlne 1.81٥53
Butylamune 1.2r10-4
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Table (3)

Determination of Verapamul in Some Phammaceutica] Preparations

• Average of fwe measurents
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 الدوائية المستحضرات بعض فى للقراياميل المنتخب التقدير
 فينيل البولى كلوريد من غشاء تو بسيط قطب يأستخدام

 أحمد العزين عيد منى

 شمس عين جامعه- البتات كلية- الكيمياء قسم

 مصر- القاهرة

 كلوريد مادة على محمل سائل غشاء نق القراباميل لمادة منتخب تطب لتحفير طريقة اليحث هذا يتناول

 دلت وقد• الدوائية المستحضرات يعض قى للفراباميل المباشر الجهدى للقياس واستخدامه فينيل البواى

 من تركيز مدى فى ئرنست معادلة مع تتطابق تكاد استجابة يستجيب القطب هذا أن على الدراسة

• تركيز وحدة لكل شوات مللى هه ب يقدر ميل مع الفراباميل من مولارى٣١٠٣٧-٧-١٠

 فى٧.٦ و٢ بين يتران الايدرجينى الأس من واسع مدى فى للاستخدام صاحية القطب هذا اظين وبقد

 ويعمل• ثانية(٦٠ من )أقل سريع الاستجابة وقت كان حيث الصوديوم كلوريد من مولاى.٠ ا تركيزه محلول

 واظيرت للاباميل عالية اختيارية له القطب وهذا الأقل على اشهر ثالاثة مدى على عالية بكفاءة القطب هذا

4. بين تتراد القراياميل من كميات تقدير عند7.\٢ حيو، ومتوسط ،7 ي تقدر عالية بقة النتائج

 لتر. /مللى جرام مللى ا ى ميكروجرام

 حيث• الدم ضغط ارتفاع حالات فى المستخدمة الدوائية المستحضرات يعض فى الفراباميل تقدير وتم

• الأمريكى الأدوية تستور فى المعتمدة الطرق باستخدام عليها حصل التى لتلك مطابقة النتائج كانت
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