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Determination of Verapamil with ISE based on lon Exchanger
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Abstract— [onselective poly(vinyl chloride)(PVC) membrane electrodes for the determination of the cal~-
cium antagonist verapamil and its pharmaceutical preparations were described. Verapamil-super-
chrome garnet Y (SGY), lumogallion (LG), acid red 97 (AR97), Dragendorff (DD) and Meyer reagent ion
pairs were investigated as an electroactive compound for membrane electrode. Stable potentiometric
response was obtained with azo dye at pH 6.5~ 4.0 and with DD, and Meyer reagent at pH 6.5~ 3.0.
The best plasticizer was 49 w/w% 2-nitrophenyl octyl ether for azo dye. and 65.3w/w% tri(n-butyD) ci-
trate for DD and Meyer reagent.

Potentiometric response slopes of optimized membrane electrodes based on SGY, LG, AR97, DD, and
Meyer complex for verapamil were 52.49, 54.88, 50.81, 54.13, and 49.31 mV/dec., respectively. Lower lim-
its of linear range were 1.0X10°M for SGY, LG, and AR97, while those for DD and Meyer reagent were
4X10°M. Detection limits for all these electrodes were 1X10°M, 4X10*M, 1.8X10*M, 8X10"M, and 1X
10° M with relative standard deviation of 2.56, 3.6, 3.96, 2.56, 3.20%, respectively.

Keywords [ ] PVC membrane. verapamil, lumogallion. superchrome gamet Y, acid red 97, Dragendorff
reagent, Meyer reagent.

g4 H=3(ion-selective electrode, ISE)& Al wE e r 7t AR RA
01%3]"— WS WREda £4-898 23 o o2 e A7t J8s 1 gt

Mol gol5t

= Tl Jel= A9zLE A3 w2& T3k A
o2 ook BAE off W) o] V53 g}, A]
B3] BEAE 0|24 £AE HgHoz A3 A
g ISEE Faol2 FRe g3k feddE Az
2 3l dyr AAsRer 195089 o2 falg)
& 0|43 pH zFo] BAHZ}EH 7| o257}, ISE9
e FE2 18R} FHAHE el AAAR A,
o] MeAE F= o] 7XEA(neutral carrier,
ion-exchanger)3} g7 v]3dAd 7] 8, 730l o

o 294 7SS E3Hech ISE PHE 58 4

TR R B 2YE o ARAR
(A2} 051-620-4882 (¥2) 051-628-6540

135

Counterion® =2 tetraphenylborate XA,
2495 99]d flavianic

acid, dipicrylaminate, reineckate, dinonylnapht-

phosphotungstic acid

halene sulfonic acid. 5-nitrobarbituric acid, Mey-
er Al 5°7Wo] ARR-H AT

AR B2 o] ng w7l Fol w2 ISERe.E, ¢
714 oJekE T} o] L Y SRMES 7’%"‘33}04 Lo
Z B3l AMLEE acid red 97, 47 & 333 A
ko2 AMEEE superchrome garnet Y, lumog-
allion¥} alkaloid #d &<l Al¢k) Meyer A% %
Dragendorff A% 5¢] #E-& H7| @Y EAZ ALE-3}
of olql 3hE o] FFHE Fystar =3 AA £
o] &4 7154 & EtxlE it



136 o)l - HFL -

T8 - HES - M

By

Al 3 7171

Alet - Isodecyl diphenyl phosphate, 2-

ethythexyl diphenylphosphate,dit2~ethythexyl)

azelate, glycerol triacetate, di(2-ethylhexyl)ma-
leate, triethyl citrate, methyl laurate, tri(n-butyl)
buty! citrate, n-butyl acetyl ricinoleate, acetyl tri
(n-butyl)citrates-2 Scientific Polymer Products A
A, 2-nitrophenyl octyl ether (NPOE)2 SigmaA}
A, AR97, PVC (high molecular weight), tertrahy-
drofuran (THF), dioctyl phenylphosphonate
(DOPP), di(2-ethylhexyl)adipate (DQa) & Al-
drichAHl, di(2-ethylhexyl)phthalate (DOP), di(2-
ethylhexyl)sebacate (DOS)E2 FlukartA|, LG
UE TCIRIAIE AHE8I% o™ SGY+= H. Keizo 8™
o wtet &, AAsle] ARE3ISITE. DD, Meyer AF
o 5& tigtebdd wte} A zste] AMESIF T 19
AFEL 57 Mg ARS3IAem, 999 BT
Millipore Q-water system©.2 295 23 S/5TE
ARE-BHA T

7171 - Electrode body: PhillipsAHZirich) A €]
IS-561. pH meter:= OrionAte] model 920A, pH &
=& Orion AF2} model 91-02 #-2] A=, 71& A2
OrionAte] model 90-01-00 Ag/AgCl single junc-
tion AF& AMS3IY T 19 4A A z78tlA F
Aol 2] AFo2RES tlolelE FHE] 8 2
¢Hel 16 Ad A/D ¥ig7]ek A diolets 4, WA,
A2 E 435t Trigem 286+S(AH) HAFEE AHE3
ddt.

02 w& HMo 1§ §3e Hix

Azo dye Y - SGY, LG, AR97 &F 5x10°M
olate] XF gAo tET ARITY ¢ vl
RES A 98 sHEEet WX F 1 A NS
=g

Ol23|8tN =@ - 10°M9) verapamil &0 3}
Fo] o]l TP A& Yol ¥AHE AES di-
chloromethane® 2 F&3}a, §7] &ui& LAzl

< He AHES 7R BobA A8

PVC A2t 3 H2 R}

PVC e} RIE - 2718488l F& 2w/w%
2 g8, 7H2A/PVC ulgel 2/1, 117 5% 4
23] A F o]E& THF 2miel Ho] Sa)9 9jol =
39 4% 22mms] fFBel F& O ofF Fb ¥

of&iot M| X8l - 27 7Tmme] punch& AHE
3ty Ze} Screw—capoll TAsI A= BAo AAs)
Ak WE-EAL 10°M NaCl 48 AMgaid s ¢
AE AZL pH 509 24 g5dez wE 10°M
verapamil €0l 315t &7 AASAIHCE AHE
a1#] 92 Aol pH 5.0 &AF S8l g7 A2
Bt

53

9 16 Aol AAdA olF MFE YAHF| kS
A dA AZEESE M8l F verapamil ¥
SHE HAH o7 M3l 12 D= WG E FA
Cig= 3

Ae) A Eelgdyd uet dAF] 24 b
£ (pH=5.0)0 A& &= F , L& DS
A7kg & 1 ANE &4, AES

a9 &

FHARIS] M - A7)BHED 4mgd 130 ple) o
2] 7kAA| o} S F SREe WAt 2 &3 o F
& S§9tozm AT A Table IZ FE DOPP,
NPOE, 2-ethylhexyl diphenyl phosphate, isode-
cyl diphenyl phosphate, glycerol triacetate, triet-
hyl citrate, tritn-butyl) citrates S48l & 7k4
AL o3P FES o DOP, DOA,

Table I — Solubility of electroactive compounds in plas-

ticizers
soluble insoluble
DOPP DOP
NPOE DOA

2-ethyl diphenyl phosphate DOS

isodecyl diphenyl phosphate di(2-ethylhexyl) azelate

glycerol triacetate di(2-ethylhexyl) maleate

triethyl citrate methyl laurate

tri(n-butyl) citrate n-butyl acetyl ricinoleate
acetyl tri(n-butyl)citrate

J. Pharm. Soc. Korea



ojZuEA HFE

olg% wztahd A% 137

1604

120

amyv

404

0 200 400 600 800 1000
Time(sec.) (after 3 weeks)

Fig. 1— Dynamic response of electrode versus time.
(measured after 3 weeks.) plasticizer: DOPP
1) LG complex with 65.3 w/w% DOPP
2) LG complex with 49 w/w% DOPP
3) DD complex with 65.3 w/w% DOPP
4) DD complex with 49 w/w% DOPP

DOS, di(2-ethylhexyl) azelate, di(2-ethylhexyl)
maleate, methyl laurate, n-butyl acetyl ricin-
oleate, acetyl tri(n-butyl) citrate 5 =4d°| W% &
< THeAEL o] 23N AES B3ATIA K3
ok 7taAE AEE SAEST e AE AHEE A
st

alo| obEM - 37 gt =& AME-Ste] whe W3t
€ AHEgtt) Fig. 1o vephd e} 2ol azo dye #
E& AHE3LaL, 7hAAle] vj&g 653 w/whE T 2
T} AjZhel tigt 2Hg AL P wshr s e
™ BkHel alkaloid 34 Al<f #E¢] 75 dRt wishr}
At 22y azo dye FE AHEA] 7F4A) &S 49
w/w%2 2X3 A3} vhe] kg Ado] A3 deE
t} 53] 7taAlE 65.3 w/w%E 3 - Tro] A3
gAE Qo 49 w/wh R B A} B o] A
8 s A

%M, alkaloid A Al%F 2E-E AHE3LT 7HAAE
9w/ wiz T Az 7ol g £%7} Q38 "ol
= A%S 1y o) Wyt zlo)= YISUH ol F ARE
wjRo] Bol azo dye FHEL 7}AA 9] ¥]&E 49w/
w%E 3= Zlo| AT Aol FL& FCE AR
=™, alkaloid 3 Aleke} HE+= 65.3 w/wHE 74
3h= Aol £& Ao g AlEH

Vol. 40. No. 2, 1996

?

251

15

10

b

5

4 5 6
pH

Fig. 2—Effect of pH on ionexchanger-based membrane
electrodes for verapamil from 10°M to 4x 10° M.
®; SGY complex (NPOE)
+: LG complex (NPOE)
*; AR97 complex (NPOE))
0; DD complex (tri(nbutyl)citrate)
A Meyer complex (tri(n-butyl)citrate)
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Fig. 3 - Calibration curves of verapamil-selective elec-
trode for verapamil.
8 LG complex (NPOE)
+: SGY complex (NPOE)
*. Ar97 complex (NPOE)
X DD complex {tri(n-butyl)citrate)
0. Meyer complec (tri(n-butylcitrate)
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Table I — Composition of electrode membranes for verapamil and their characteristic responses. (total weight: 200 mg)

electroactive plasticizer PVC slope linear range  detection limit
compd. (2%) % (%) (mV/dec.) (mole/L) (mole/L)

NPOE 49 49 52.49 2x10%~1x10" 1x10°

DOPP . 49 .49 515 . 2x10%~1x10° 1.2x10°
say tri(n-butyl)
complex citrate 49 49 34.55 2x10%~3x10° 3.5%x10°

tri(n-butyl)

citrate 65.3 32.7 50.02 2x10%~1x10"° 1.2%x10°

NPOE 49 49 54.88 2x102~1x 10" 4x10°
LG DOPP 49 49 50.58 2x10°~1%x10° 3.5%10°
complex tri(n-butyl)

citrate 49 49

NPOE 49 49 50.81 2x10°~1x 107 1.8x10°
AR97 DOPP 49 49 48.98 2x10%~1x10° 3.5x10°
complex tri(n-buty)

citrate 49 49 49.14 2x10%~1x10° 1.8x10°

NPOE 65.3 32.7 46.41 2% 10%~1x 10" 1x10°

DOPP 65.3 32.7 50.81 2x10%~4x10° 1x10°
DD DOPP 49 49 47.83 2x10%~1x10° 2x10°
complex tri(n-butyl)

citrate 65.3 32.7 54.13 2X102~4x10° 8x107

NPOE 65.3 32.7 39.17 2%10%~1x10* 1.2x10°
Meyer DOPP 65.3 32.7 47.38 2x10%~1x10° 2x107
complex tri{n-butyl)

citrate 65.3 32.7 49.31 2x10?~4x 10 1x10°*

Table IIl — Potentiometric selective coefficient of verapamil-selective membrane electrodes

selectivity coefficient (log K)

electroactive

compd. histidine methyl-ephedrine procaine diltiazem
SGY -2.65 2.0 -0.82 -0.52
Complex

LG -2.69 -2.04 -0.87 —0.56
Complex

AR97 -2.74 2.1 -0.86 -0.58
Complex

DD (-4 -2.39 -0.93 0.765
Complex

Meyer {4 -2.41 -0.94 -0.79
Complex

-Plasticizer : NPOE (49%)
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o] &35t Fig. 20 yehd ule}l o] azo dyed] 7 Zon, o]lEL o] &3l verapamile A3 A3}
% pH 65~4.0714 kg 4x& EHoL} al- SGY. LG. AR 97. DD ¥ Meyer Al ti3t HE A
kaloid HA Alekel 49 pH 6.5~ 3.071A] A = 24z} 2.56, 3.60, 3.96, 2,56, 3.20%E YFEFRTH
A& Bt 1 £ A= pH 5.0004 33} azo dyeE AH&-3H= 79-9F Meyer, DD Al9FS AMe
At e Al ZiaAledl o3 9 g8 et

&M - DD, Meyer, SGY. LG 28]z AR979 Azo dye?] 7% NPOE, DOPP 5°] %33 A3z
verapamil A AFEL AAFo] ZAL 3¢9 R ovt Meyer, DD A9 NPOE, DOPP S9i H]
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Table IV— Analytical results of verapamil from pharmaceutical preparation

found(%)+R.S.D.*

sample SGY LG AR97 DD Meyer
complex complex complex complex complex

tablet 96.51+2.56 97.58+0.75 96.05%+3.09 97.75+2.29 97.23+1.96

granule 97.61+1.06 98.29+1.44 96.69+1.59 98.67+0.23 98.66+2.28

* Relative standard deviation for 6 measurements.
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