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Abstract 

The coiistniction of plasticised PVC matrix-type scopolamine ion- 

selective ineinbrane electrode and its use in tlie potentioinetric 

detenninatioii of scopolainine in pliannaceutical preparations are 

described. It is based on the use of tlie ion-associate species, fonned by 

scopolainine cation and 5-nitrobarbitoric counter ion. The basic electrode 

peifonnance characteristics are evaluated according to IUPAC 

I-ecoininendatioiis. It exhibited a linear response for 1 x 1 o ' ~  -1 x10" M of 

scopolainine solidions witli a catioiiic Nernstian slope over the pH range of 

4 -  Coininon organic and inorganic cations showed negligible 

interference. Direct potentioinetric detenninatioii of 1 x 1 0-' - 1 x 1 0" M 

aqueous tuboctirarine chloride using this ineinbrane electrode systein 

sliowed ail average recovery of 99.05 witli a inean standard deviation of 

0. I .  This electrode system was successfillly applied to tlie potentioinetric 

detenninatioii of scopolainine in some pliannaceutical preparations. 

Kc)! wordv : Scopolamine ineinbrane electrode, potentioinetry , 

phannaceutical analysis. 
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Introduction 

Scopola~nine butylbrolnide has antiinuscarinic effects but, in 

contrast to atropine, it has a depressant effect on the CNS. Scopolamine is 

used in the prevention and control of motion sickness, in visceral spasms, 

and as a cycloplegic and mydriatic. Several methods for the determination 

of this dnlg have been published e. g., titriinetry "-' ', potentiometry ('-*), 

spectrophoto~net~'~)-'~", thin-layer c h r o ~ n a t o ~ a ~ h ~ ' ~ ~ ' - ~ ~ ) ' ,  gas clu-oinato- 
mapl,y ' ) - 3 ~  and high performance liquid cl~roinatograpl~y "74hJ. 
C 

In this paper, attempt has been made to develop a simple 

potentio~netric ~netl~od using a PVC membrane electrode responsive for 

scopolainine botylbro~nide with sufficiently high accuracy, selectivity and 

speed. 

Experimental 

Apparatus: 

Potentioinetric ~neasure~nents were carried out at 25 it: 1 O C using 

PRACI TRONIC MV 870 digital pH11nV meter, wit11 the PVC- 

scopolamine-5-nitrobarbiturate ~ne~nbrane electrode in conjunction with a 

double junction Ag/AgCI electrode Orion (90-021, containing 10% mdv 

potassium nitrate in the outer compartment. An Orion (91-02) glass- 

calo~nel coinbination electrode was used for pH adjustment. The IR 

absorption spectra of the ion-pair were recorded using PHILIPS PU 9706 

infrared spectrophotoineter. 

Reagents: 

All chemicals were of analytical- reagent grade and solutions were 

prepared with de-ionised water. Poly (Vinyl chloride) (PVC), 

tetrahydrofitran. dioctylpl~thalate and 5-nitrobarbitl~ric acid were obtained 

from Signa chemical Co. Scopolamine butylbrolnide and its 
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pharmaceutical preparations were obtained from Chemical Industries 

Developinent Co., (CID) Egypt. 

Sensor Preparation: 

The scopola~nine-5-nitrobarbiturate was prepared by mixing 20 1n1 

of I M aqueous scopolamine butyl bromide with 20 in1 of 1 M ethanolic 5- 

nitrobarbituric acid solution '47'. After stirring for 15 inin., the yellowish 

precipitate was filtered off on a porosity- 3 sintered- glass crucible, 

washed twice with doubly distilled water, followed by ethanol, dried at 

100" C for one hour, then ground to fine powder. Eleinental analysis and 

the infrared spectra of the products confinned that 1 : I compounds had 

been fonned. (Fig. 1 ) 

Fig. I . Scopolamine- 5-nitroba rbitu ra te complex 
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Electrode Preparation: 

The inaster ineinbrai~e was fabricated by dissolving 190 mg of the 

powdered PVC. 350 ing of the plasticiser and 10 mg of the scopolamine 5- 

nitrobarbitiirate ion pair coinplex in 5 in1 of THF. The solution was poured 

into a petri-dish (3 cin diameter) and covered with a filter paper, the 
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solvent was allowed to evaporate slowly at rooin temperature. The light 

!fellow trailsparent disk, approxiinatelv 0.2 inin thick, was cut from the 

membrane, ~notlilted and glued to polyethylene tube (8 inin diameter) in an 

electrode coi~figuration according to the procedure of Moody et a1 '48'. A 

inirt~lre of e q ~ ~ a l  volumes of 5x10-.' M scopolainine bu~tyl bromide and 

5r10-' M potassium chloride was used as internal reference solution in 

\vIiich AgIAgCI reference electrode is dipped. The electrode was pre- 

coi~ditioi~ed after preparation by soaking for at least 24 hours in 1 x10" M 

aqueous soltltion of scopola~niiie blltyl broinide and stored in the same 

solution. 

Electrode Calibration: 

Aliquots of 10 in1 of l s lo-' - 1 x 10"' M scopolainine butyl broinide 

solution were transferred into 50 in1 beakers and the PVC scopolamine-5- 

nitrobarbitlrrate ineinbrane electrode in conjilnction with an Orion double- 

-jt~~ictioii Ag-AgCl reference electrode (Model 90-02) were immersed in the 

soliltion. The measured potential was plotted against the logaritlun of the 

scopolainine butyl broinide concei~tration. The electrode was washed with 

deioiiized water and blotted with tissue paper between measurements. 

Effect of pH: 

The effect of pH on the potential of the electrode system was 

studied iising two pH/mV meters. The combined glass caloinel electrode 

\\.as connected to one instn~inent and the PVC scopolainine membrane 

with the double junction AdAgCl reference electrode was connected to 

the second instiuinent. 30 in1 aliqt~ots of 1 x 1 o", 1 x 1 o-' and 1 xl0" M 

scopolamine butyl broinide were trailsferred to a 100 in1 beaker where the 

three electrodes were immersed, the potential reading corresponding to 

different pH values were recorded. The pH was gradually increased or 
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decreased by the addition of sinall aliquots of dilute solutions of sodium 

hydroxide or hydrochloric acid respectively and the inV- pH was plotted. 

Interference Effects: 

The response of the electrode was also examined in the presence of 

a nuinber of organic and inorganic ions. The potentiometric selectivity 
Po1 

(49. 5 0 )  were used to evaluate the degree of interference . coefficients $cop+. 

4 9.0 in1 aliquot of distilled water was placed in a 50-1111 beaker where the 

scopolamine PVC ~ne~nbraile electrode and the double junction Ag-AgCl 

electrode where immersed. The potential response upon addition of 1.0 ml 

aliquot of I x lo-' M solution of the interferent was recorded and compared 

\\.it11 that of ls10" M pure scopolainii~e hutyl bromide solution. The 

selectivity coefficients were calculated tlsing the Eisenman-Nicolbky 

equation (I) :  
Pot 

log K = El-E2/S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
scopt. C 

(1) 

Where E l  and E2 are the potential readings observed after one minute due 

to the same concentratioil of scopolainine butylbroinide and the 

interfereots respectively and S is the slope of the scopolainine calibration 

~ ~ ~ a p h  (mV/concentration decade). Scop' is the abbreviation of 

scopolainine. 

Determination of scopolamine: 

For direct potentio~neteric determination of scopolalnine in 

commercially available pharmaceutical preparations, three different 

fonn~ilations were investigated: 
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I. Buscopan amp. (10 mglml): 

10 1nI were diluted with deionized water to obtain the following 

concentrations: 0. I mg/ml, 0.15 in@inl, 0.20 inghnl, 0.25 ing/ml, 0.30 

mg/inl. 0.35 mlr/inl and 0.40 mg/ml. 

I I. Buscopan tablet (10 mgltab): 

Tablet powder equivalent to 20 ing active ingredient was extracted 

\\fit11 30 ml deionized water in divided volumes using ultrasonic bath. After 

filteration, diluted to get a concentration of 0.1 inghl, 0.15 ing/ml, 0.20 

myinl, 0.25 ing/ml, 0.30 mg/ml, 0.35 ing/ml and 0.40 ing/ml. 

11. Buscopan Supp. (10 mglsupp.): 

1 0 grains of suppository base were taken to which 30 ml deionized 

water added, put in a water bath at 80" C for dispersion. The suspension 

\t as then placed in ultrasonic bath for 1 5 minutes, cooled, filtered and 

coinpleted to 50 ml with deionized water. This soltltioii was further dilvted 

to @ve approsilnately scopolainine btltyl bromide concentration of 0.1 

ingiinl, 0.15 ing/inl, 0.20 inghnl, 0.25 ~ng/inl, 0.30 ing/inl, 0.35 inglml and 

0.10 mg/tnl. 

For all the previous filial diluted solution the pH was adjusted to pH 

1-7. The PVC- scopolamine-5- nitrobarbiturate membrane electrode and 

an Orion double-junction Ag-AgC1 reference electrode were immersed in 

the solution. The electrode system was allowed to equilibrate with stirring 

aiid tlie e.1n.f was recorded aiid compared with tlie calibration graph. 

Official method: 

The procedure for the official method was that of British 

yhannacopea. 1 993 '" '. Spectropliotoineteric ineasurements were made 

with a Shilnadzu UV. 260 recording spectrophotometer with 10-~mn 

inatched filsed-silica cuvettes. 
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Results and Discussion 

Nature and response characteristics of the Electrode: 

Scopola~nine reacts with hitrobarbituric acid to fonn a water 

insoluble scopolalnine complex. The electrochemical performance 

characteristics of this electrode system were evaluated according to 

1 U PAC recomnie~~dations using the following electrochemical cell: 

Ag-AgCIIKCI (5x1 o-? M) + Scop. Bu. Br. (5x 1 0-' M) / I  scopolalnine 5- 

nitrobarbiturate-PVC membrane test solution/Ag-AgC1 reference 

electrode 

The response of the electrode in the presence of foreign cations was 

measured using the following equation: 
Pot 

E= E,, + S log [a sop.+ + K stop - C (ac)''" . .  . . .. .. . . .  . . . . . .  .. . . .  . (11) 

Where E,, represents the conditional standard potential of the 

electrode under the conditions used in the cell, S is the slope of 
Pot 

scopolamine calibration graph, K - is the selectivity coefficient, ascol,+ 
Scop. . C 

and ac are the activities or concentrations of scopolamine cation and the 

foreign ion respectively, having a charge z and present in the test solution. 

The calibration graph (Fig. 2)  exhibits a Nemstian response for 

I z 10" - 1 \- 1 M scopolamine with a cationic slope of 59.5 + 1.02 mV 

pel- decade change in concentratioli. Table I su~nlnarizes the critical 

response cliaracteristics of this electrode from data collected over a period 

of 20 days. 
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log (scopolamine butyl bromideIM) 

I ( 1.'' I o.< 10.' I 0.: lo" 

Fig. 2: Typical calibration graph for scopolamine- 5- nitrobarbiturate- PVC 

membrane electrode. 

Tlie dynainic respoiise time of tlie electrode system was tested for 

I K 1 0-' - 1 x 1 o-' M scopolainine butyl bromide solutions. Tlie ineaslire~nent 

sequence was froin low concentration to tlie higher_ and back. The 

required time for the electrode to reach values within k 0.5 inV fioin the 

fiilal equilibri~lin potential after illcreasing the scopolainine btityl bromide 

concentration level to 10 fold is fairly short, it reaches 90% of its final 

stead?! potential after 15 sec. 
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Table 1:  Response characteristics of scopolamine-5-nitrobarbitarate 

PVC membrane electrode. 

The potential displayed by the scopolainine-5-nitrobarbiturate PVC 

iiiembra~~e electrode for coilsecutive ~neasureinents of 1 x 10-' - 1 x 10" M of 

Parameter 

Slope, inV log C 

Correlatio~i coefficient, r 

Linear range M 

Working pH range 

Respoi~se time for 1 0  M 

scopolaininei s 

Intercept1 inV 

Life time 1 day 

standard scopol ainiile butyl bromide solutions did not vary by more than 

t I mV (n=5) in the same day. The calibratioi~ slope did not vary by lnore 

than k 1.02 mV per decade change of concentration. The reproducibility 

aiid stability of the potential were evaluated over a period of 1 0 days by 

determining replication graphs (11=5). During this period, the electrode was 

stored in 1 r lo-.' M scopolamine butylbroinide solution and washed 

tl~orougl~lv ~ 1 r i t 1 1  de-ionized water between ineasurelnents. The detection 

l i i i~ i t .  liiiear range, response time, and selectivity coefficient values were 

almost constaiit for this membrane electrode drlri~ig this period. 

Value 

59.5 + 1.02 

0.999 

1 x lo-2 - 1 x lo-' 

4-7 

20 

88 + 0.84 

20 days 
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Fig. 3: Effect of pH on the potential response of scopolamine- 5- 

nitrobarbiturate PVC membrane electrode. 

The pH dependence of the scopola~nine butyl bromide is sl~own in 

Fig.  3) at three different scopola~nilie concentration levels. It can be seen 

that electrode response is independent of pH over 4-7 pH range and that 

tlie region of pH independence is mildly concentration dependent. The 

i~iterference effect of different organic and inorganic cations, on the 

electrode response was evaluated. Tlie interference of these co~npounds 
Pot 

\\as assessed by measuring the selectivity coefficient K + using the 
scop. . C 

separate solutions metl~od ' "" " '.' ' with lo-' M concentration of both the 

standard scopola~nine and the interferents. The results obtained, table 2 

sliows reasonable selectivity for scopolamine in the presence of inany 

interferents. In most cases, no significant influence on the electrode 
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Table 2: Selectivity coefficients of scopolamine-5-nitrobarbiturate 

PVC membrane electrode. 

Direct potentioinetric determination of scopolainine butyl bromide 

using tlie scopolamine 5-nitrobarbiturate-PVC membrane electrode was 

perfonned and calcl~lated fioin the calibration curve. The statistical data of 

the analytical reslllts obtained by the proposed method and the official 

inetl~od'~'' for tlie tested dnlg in pure fonn has been illustrated in table (3). 

The results obtained by both ~netliods are approxi~nately in good 

agreement, however, the electrode  neth hod offers several advantages in 

tern1 of si~nplicity, selectivity, less time consuming aiid precision. Further, 

the results obtained were encouraging to apply the proposed method for 

tlie detenninatioil of scopolainiiie botylbroinide in some pliannaceutical 

preparations. The results listed in table (4), show agreement with those 

g i ~ e n  with the official inetliods. Tl~us it is recoinine~~ded for the precise 

direct poteiitioinetric assay of scopolainine butyl bromide in pure fonn and 

i l l  phannaceutical preparations. 

Interferent, C 

Glycine 

Cysteii~e 

Urea 

Aininoniuin chloride 

Succii~alnide 

Diethylainine 

Dibutylalnine 

A~ninopropanol 

Ethai~olainine 

- 
~ 1 1 0 '  SCOJ), c 

0.33 1 x lo-' 

0.307 x lo-? 

0.331 x lo" 

0.225 x lo-' 

0.273 x 1 0 ' ~  

0.273 x lo-' 

0.284 x lo-' 

0.243 x lo-' 

0.208 x lo-' 
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Table 3: Comparative analytical results of the proposed and official method 
for the scopolamine in pure form. 

r I I I 

1 Direct potentiometric j Statistical Parameters i 
I method 

1 Official Method 1 
I 

I 

j .  Mean recovety 
i (P = 0.05) i 
1 1 .  N I 

1 Variance 
1 S. D. 

S. E. 
t- test 

I 
I 

F- test 
. . . .. 

N = Number of experiments S . D .  = Standard deviation 
S .  E .  = Standard error F = Variance test t = t test of unpaired data 

Table 4: Comparative analytical results of the proposed and official method 
for the scopolamine in some pharmaceutical preparations. 

I I I 

I 
1 

1 Scopolamine / Direct 
I 

I 
1 Sample and lut~lhromide Statistical potentiometric CHflcial I Source 1 (nominal / Parameters method 1 Method 

Buscopan tab. , 7 I 

Boehringer Ing. ' 4.66 ' 2.57 
2.16 1.60 ' 

CID. Exvpt , , I 0 .8  1 1 0.61 
i 0 . 3  I (2.18) 

I 1 F-test 
i / 1.8 l (4.28) i 

I , I I 

! j i Meal] rcco\.cn ; O X .  1-7 ! 98.47 
i 
I I ; ( P = O O )  j I 

i 

! I Boehrinper Ing. 20 n ~ g  1 ml ! I 
I 2.9 I j 3.43 

1 S. D. I 1.71 1.85 
CID. Egyl~t I I S.  E .  I 

I 
0.65 i 0.70 

t-test I 0.98 (2.18) 

F-test i I .  1 8  (4.28) 

100.29 

I amount) , 

1 

I *  N I 7 1 Buscopan amp. 1 I 7 
I 

/ *  N 1 i 7 I ! 

/ Man recoven, I 
I 

99.36 
j ( P  = 0.0i) I 

, Meall rccojen I 99.1 1 
I 

Varia~~cc ! -I. I2 

! S. D. I 2.03 
1 S. E.  j 0.77 

98.80 1 
I 

3.17 
1.89 
0.72 

I / ( P  = 0 .05 )  ! I 

/ t-test 0 .05 (2. 18) 

1 I i F-test I li (4  2 8 )  ' 
I 
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