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Abstract

Four PVC membrane electrodes for the determination of mebeverine hydrochloride (MvCl) were fabricated and fully characterized in
terms of composition, life span, usable pH range, working concentration range and temperature. The membranes of these electrodes con-
sist of mebeverinium-silicotungstate (Mv-ST), silicomolybdate (Mv-SM), phosphotungstate (Mv-PT), or phosphomolybdate (Mv-PM) ion-
associations dispersed in PVC matrix with dibutyl phthalate plasticizer. The electrodes showed near-Nernstian response over the concentration
range of 4.0x 1076 to 1.0 x 102 M MvCI and were applied to the potentiometric determination of mebeverinium ion in pharmaceutical
preparations, serum and urine in steady state and flow injection (FI) conditions with average recoveries of 96.4-102 % and relative standard
deviations of 0.132-1.86%. The electrodes exhibit good selectivity for MvCl with respect to a large number of inorganic cations, organic
cations, sugars and amino acids. The sensitivities of these electrodes are high enough to measure as log/ias df 8vCl which permit
the determination of th&, values of the ion-associates used. The proposed potentiometric methods offer the advantages of simplicity,
accuracy, automation feasibility and applicability to turbid and colored sample solutions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [11]. Other alternatives include, spectrophotom¢§i3~15]
and first-derivative UV-spectrophotome{ty6].
Mebeverine (3,4-dimethoxybenzoic acid 4-[ethyl-(2-[4- lon-selective electrodes have found vast applications in

methoxyphenyl]-1-methylethyl)-amino] butyl ester [2753- diverse fields of analysis, being of low cost, selective, sensi-
45-9] is an antispasmodic agent with a direct, nonspe- tive and applicable over a wide range of experimental condi-
cific relaxant effect on smooth musc]&,2]. Although it tions. In recent decades, many intensive studies on the design
has been used clinically for treatment of irritable bowel and synthesis of highly selective and sensitive ion-carriers
syndrome for many years. The reported methods for the as sensory molecules for ion-selective electrodes have been
determination of mebeverine, in the main, are chromato- reported. In spite of successful progress in the design of
graphic which, in spite of their good sensitivities, are very highly selective electrodes for various ions, there has not
expensive, time consuming and require special training. been any report on the development of selective and sensi-

They include high performance liquid chromatograf8we], tive mebeverine sensors. This work, describes the construc-
online micellar electrokinetic chromatography], high- tion, performance characteristics and analytical applications
performance thin layer chromatograpl®y9], supercritical- of four sensors selective for mebeverine. Each of these sen-

fluid chromatography—mass spectromeftt®], and online sors incorporates an ion-association of the mebeverinium
reversed-phase liquid chromatography—gas chromatographycation (Mv") with silicotungstate, silicomolybdate, phos-
photungstate, or phosphomolybdate anion as electroactive
« Corresponding author. material in PVC matrix membrane plasticized with dibutyl

E-mail addressdr_hosny@yahoo.com (H. Ibrahim). phthalate.
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Table 1
n o] o s
_ Elemental analysis of mebeverinium ion-exchangers
lon-exchanger  Color %C %H %N %M
v Found Mv-ST Yellow 26.17 3.07 1.21 47.87
=) Calculated 2611 3.13 122 48.02
v ISE RE
. Found Mv-SM Yellow 34.70 4.17 1.61 32.33
1 Calculated 3390 4.07 158 3253
Found Mv-PF Buff 2150 262 101 5275
w Calculated 2159 259 1.01 5294
. . o , .. Found Mv-PM Yellow 2890 3.52 1.40 37.12
Fig. 1. FI system for Mebeverine determination; S, sample; P, peristaltic Calculated 5892 347 135 36.99

pump; V, injection valve; ISE, Mv-electrode; RE, reference electrode; D,

detector; R, recorder; W, waste. & [C25H36NOs]4[SiW12040].
b [C25H36NO5]4[SiM012040].
© [C25H36NOs] 3[PW12040).
4 [C25H35NO5]3[PM012040].

2. Experimental
2.1. Apparatus 2.3. Preparation of the ion-exchangers

The potentiometric measurements in steady state mode The ion-exchangers, mebeverinium-silicotungstate (Mv-
were carried out with a Jenway 3010 digital pH/mV meter. ST), mebeverinium-silicomolybdate (Mv-SM), mebeverini-
A Techne circulator thermostat Model C-100 (Cambridge, um-phosphotungstate (Mv-PT) and mebeverinium-phospho-
England) was used to control the temperature of the test solu-molybdate (Mv-PM) were prepared by adding 100 ml of
tion. AWTW packed saturated calomel electrode (SCE) was 10-2m MvCI hot solution to the appropriate volume of
used as an external reference electrode. The electrochemi10-2m solution each of STA, SMA, PTA and PMA. The
cal system is represented as follows: Ag/AgCl/filling solu- formed precipitates were filtered off, washed thoroughly with
tion/membrane/test solution//SCE. distilled water, dried at room temperature and ground to a

A single-stream FIA manifoldKig. 1) was used, which  fine powders. The chemical compositions of the precipitates
is composed of a four channel peristaltic pump (Ismatec, were found to be [My-ST], [Mv4-SM], [Mv3-PT] and [Mvs-

ISM 827) (Zurich, Switzerland) and an injection valve model PM] as confirmed by (C, H, N and M) elemental analysis at

5020 with exchangeable sample loop from Rheodyne (Co- Cairo University Micro Analytical Center, results are given
tati CA, USA). The electrodes were connected to a WTW in Table 1

micro-processor pH/ion-meter pMX 2000 (Weilheim, Ger-
many) and interfaced to a strip chart recorder model BD111 3 4. preparation of the electrodes
from Kipp and Zonn (Deflt, Netherlands).

The membranes were prepared as previously described
by Thomas and co-worke[$9]. Each of the four membrane
2.2. Reagents and materials composition was studied by varying the percentage (w/w) of
the ion-exchanger, PVC and plasticizer until optimum com-
MvCI (EIPICO Tenth of Ramadan city, Cairo, Egypt). All  position that exhibits the best performance characteristics is
reagents used were chemically pure grade and doubly dis-achieved. In each case, after curing, small disks (7.5 mm)
tilled water was used throughout. Silicotungstic acid (STA), were punched from the cast films and mounted in a home-
phosphotungstic acid (PTA), phosphomolybdic acid (PMA) made electrode bodies. The electrodes Mv-ST (electrode A),
were commercially available (Sigma). Silicomolybdic acid Mv-SM (electrode B), Mv-PT (electrode C) and Mv-PM
(SMA), poly(vinyl chloride) powder (PVC), dibutyl phtha-  (electrode D) were filled with a solution that is T0M with
late (DBP), dioctyl phthalate (DOP), dioctyl sebacate (DOS), respect to NaCl and 18 M MvCl and pre-conditioned by
tricresyl phosphate (TCP), diisononyl phthalate (DINP) and soaking in 163 M MvCI.
tetrahydrofuran (THF) were obtained from Aldrich chemical
company. The pharmaceutical preparation containing mebev-2 5 potentiometric determination of MvCl
erine HCI (Colospasmin, tablets, 100.0 mg MvCl/tablet) was

obtained from local drug stores. The standard additions methf0] was applied in which
Aqueous solutions of STA, SMA, PTA, and PMA (all in small increments (50-1QfL) of standard MvCl solution
concentration of 0.01 M) were prepared from materials of (10_1 M) were added to 50 ml a|iqu0t Samp|es of various
analytical grade purity. The exact concentrations of these so-concentrations from drug or sample solution equivalent to
lutions were determined by the appropriate recommended(.466-46.6 mg MvCI in water. The change in potential at
methodd17,18] (254 0.1°C) was reported for each increment and these data
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were used to calculate the concentration of MvCl in the sam- membranes containing the Mv-ST, Mv-SM, Mv-PT or Mv-

ple solution. PM ion-associates generated stable potential responses in so-
lutions containing MvCI. Therefore, we studied in details the
2.6. Determination of MvCl in Colospasmin tablets performance of the membrane electrodes based on these ion-

associates as ion-exchangers for mebeverinium iort {litv

The contents of 10 tablets of Colospasmin (100mg aqueous solutions.
MvCl/tablet) were powdered and an accurately weighed por-  |n preliminary experiment, membranes with and without
tion equivalent to 200 mg of MvCl was mixed with 50ml  jon-exchanger were constructed. The membranes with no
doubly distilled water, shaken in a mechanical shaker (Bur- exchangers displayed no measurable response towafg Mv
rell Corp.) forabout 24 h andfiltered into a 100 ml volumetric WhereaS, inthe presence of the proposed ion_exchangerS, the
flask. The solution was completed to the mark with doubly optimized membranes demonstrated Nernstian response and
distilled water and shaken. Different volumes of the solution remarkable Se|ectivity for MV over several common inor-

(1.0-10.0 ml) were taken and subjected to the potentiometric ganic and organic cations. Thus, several membranes of vary-

determination. ing nature and ratios of ion-exchanger/PVC/plasticizer were
o S . prepared for the systematic investigation of the membranes
2.7. Determination of MvCl in biological fluids compositions, and the results are summarizeThiole 2

Besides the critical role of the nature and the amount
of ion-exchanger in preparing membrane-selective sensors,
some other important features of the PVC membrane, such as
X ) - the nature of the solvent mediator, the plasticizer/PVC ratio
mark to give SOI““?‘”S of pH ranging from 4 to 5and concen- 5 the nature of any additives used, are known to signifi-
tratlons_of 1.0<10™t0 2'83 10 M MvCl. These ?’9'““0”5 cantly influence the sensitivity and selectivity of ion-selective
are subjected to the potentiometric standard additions mEthOdelectrode$21—23} It should be noted that the nature of the
for Mv™ determination. plasticizer influences the dielectric constant of the membrane
and consequently the mobility of the ion-exchan@er,25].

The influence of the plasticizer type and concentration on
the characteristics of the Mv-sensors was investigated by us-
ing five plasticizers with different polarities including DBP,
DOP, DOS, TCP and DINP. Different plasticizer/PVC (w/w)
ratios were studied, the 1:1 plasticizer/PVC ratio produced
maximum sensitivity for all of the plasticizers. The electrodes
containing DBP generally showed better potentiometric re-
sponses, i.e. sensitivity and linearity range of the calibration

Different quantities of MvCl and 1 ml serum or 5 ml urine,
were transferred to a 100 ml volumetric flask, completed with
water and small volumes (0.1-2ml) of 0.01 M HCI to the

2.8. Potentiometric titration

An aliquot of MvCl, solution, containing (4.66—69.90 mg)
MvClwas transferred into a 100 ml beaker, diluted to approx-
imately 50 ml with distilled water and then titrated against
standard solution of STA, SMA, PTA or PMA using any of
the prepared Mv-electrodes as indicator electrode. The end
points were determined from the S-shaped curve by first and
second derivative plots.

2.9. Determination of the solubility product constants of e 2

the ion-exchangers Optimization of membranes ingredients
. . Membrane  Composition % (w/w) Slope R.S.D.
About 0.5 g portion of each ion-exchanger was added to : (mVidecade) (%)
50 ml distilled water, the solutions were shaken for about lon-associate DBP _ PVC
12h and left to stand for a week to attain a stable equilib- Mv-ST 0.5 49.75 49.75 50+04 099
rium. Then, each saturated solution was decanted to a dry L 4950  49.50 563037  0.44
beaker and the equilibrium concentration of the *Men 3 4850 48.50 53202 0-75
qu i ; ) 5 4750 4750 51.%0.3 1.14
present was determined potentiometrically using any of the -
fabricated electrodes by the standard additions method, andV-SM 0.5 49.75  49.75  59.20. 0.32
e . ; 1 4950 4950 57.1£0.3 0.25
hence the solubility product constants of the ion-associates 3 4850 4850 57204 056
were calculated. 5 4750 4750 5540.2 0.89
Mv-PT 0.5 49.75 49.75 5410.3 1.08
) , 1 4950 4950 54.20.2 0.72
3. Results and discussion 3 4850 4850 55202° 054
5 4750 4750 5530.1 0.69
3.1. thlmlzat|on of the ISE response in steady state Mv-PM 05 4975 4975 53404 0.43
condition 1 4950 4950 56303 033
3 4850 4850 54.20.1 0.85

(&)

3.1.1. Electrode characteristics 4750 4750 54.30.2 0.71
Several membrane compositions were investigated for * Relative standard deviation (five determinations).
each of the studied electrodes. The plasticized PVC-based ™ Selected composition.
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Fig. 2. Calibration graphs for electrodes (A), (B), (C) and (D) at optimum
membrane composition.

plots. It seems that DBP, as a low polarity compound, pro-
vides more appropriate conditions for incorporation of the
highly lipophile Mv* ion into the membrane prior to its ex-
change with the soft ion-exchanger. Therefore, we used DBP
as a suitable plasticizer for further studies.

The potentiometric response of the electrodes prepared
with different amounts of Mv-ST, Mv-SM, Mv-PT and Mv-
PM was examined in the concentration range>1 106 to
1.0x 10-1 M MvCI solutions. The calibration plots for the
electrodes are shown iRig. 2, which show linearity over
the concentration range of 40106 to 1.0x 10-2M. The
lower limit of detection, defined as the concentration of MvCI
corresponding to the intersection of the extrapolated linear
segment of the calibration graphs, ranged betweer 4.0°°
and 4.0x 1075 M.

The response timg26] of the electrodes was tested by
measuring the time required to achieve a steady state poten-
tial (within £1 mV) after successive immersion of the elec-
trodes in a series of MvCl solutions, each having a 10-fold
increase in concentration from 1x010° to 1.0x 102 M.

The electrodes yielded steady potentials within 5-10s. The
potential reading stay constant, to withitr mV, for at least
5min. Typical potential-time plot for the response of the
electrode based on Mv-PM is shownHig. 3. The response
characteristics of the electrodes which were systematically
evaluated according to the IUPAC recommendat{@6$are
summarized ifrable 3

The repeatability of the potential reading for each
electrode was examined by subsequent measurement in
1.0x 10-3M of MvClI solution immediately after measur-
ing the first set of solution at 1.010~*M of MvCI. The

[32]
@
- . . ) kS
standard deviation of measuring emf for five replicate mea- =

Response characteristics of the Mv-electrodes

Parameter

Electrode (D)

Electrode (C)

Electrode (B)

Electrode (A)

0.5-49.75-49.75 3.0-48.5-48.5 1.0-49.5-49.5

1.0-49.5-49.5

Composition (%) (ion-associate—PVC—-DBP)

Slope (mV/decade)

56.0
78.3

55.0

82.7

59.0

76.6

56.0
80.2

Batch
FIA

Linearity range (M)

2.0x 105t0 1.0x 102
5.0x104t01.0x 10t

4.0x 10510 1.0x 1072 7.9% 10%t0 1.0x 1072
50x 10%t01.0x 10!

1.0x104t01.0x 10t

4.0x 107%t0 1.0x 10-2

Batch
FIA

1.0x 104t0 1.0x 10!

Correlation coefficient

0.990
0.999

0.995
0.991

0.999
0.996

0.994
0.999

Batch

FIA
Detection limit (M)

2.0x10°°
5.3x 1074

4.0x10°° 8.0x 1076
5.5x 1074

1.0x 104

3.1x 108

9.0x10°°

Batch
FIA

1.0-6.5 1.0-6.5 1.0-6.5

1.0-6.5

Working pH range

Response time (s)

5-8
6-8

8-10
4-8

5-8

5-7

5-8
4-6

Batch
FIA

50 29.0 22.0

55

Life span (days)
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Fig. 4. Recording (a) andits corresponding calibration graph (b) obtained for

) ) o calibration graph (b) obtained for electrode (A) at optimum FLA conditions.
Fig. 3. Typical potential-time plot for the response of electrode (D).

surements obtained are 1.50, 0.58, 1.14, and 0.71, for elec- Under the optimized FlA co_nd_itions the elgctrodes
trodes A B. C and D respecti;/elyir; h016‘4M solut’ion presented practical detection limits of A0~ to
and 1 58, 0’50 0.89 and 0.55 in &A.0-3 M solution Thié 5.5x 10~4M which are higher than those obtained in steady

- - . state mode. The lower sensitivities of the electrodes in FIA
indicates the excellent repeatability of the potential response .
of the electrodes. may be attributed to many factors such as mass transport

rate, the non-uniformity of concentration profile at electrode
surface, the sample dispersion and the effect of contact time
between the sample and the electr¢@@]. In general this
behavior is similar to that presented by the authors for previ-
ously described electrod§z9,30].

3.1.2. Effect of temperature

To study the thermal stability of the electrodes, calibra-
tion graphs [electrode potentiaEds) versus pMv] were
constructed at different test solution temperatures covering
the range 25-5%C. The isothermal coefficients K¢hit) of
the electrodes were calculati¥] and found to be 0.00009, 3-3: Effectof pH
0.00008, 0.00009 and 0.00006 @ andEe) 0.0009, 0.0007, .
0.0005 and 0.0007 VC for electrodes A, B, C and D, respec- Thg effect of the' pH. of the test solution on the electrode
tively. These values indicate fairly high thermal stability of Potentials was studied in steady state and FIA measurements.

the electrodes within the temperature range investigated and" Stéady state measurements, the variation in potential with
show no deviation from the theoretical Nernstian behavior. PH changes from 1.0 to 11 was followed by the addition of
small volumes of (0.1-1.0 M) of HCI and NaOH to differ-

3.2. Optimization of FI conditions ent concentrations of MvCl solutions. As can be seen from
the results shown ifrig. 5 the potential variation due to

Flow injection analysis (FIA) becomes awidespeared type pH change is considered acceptable in the pH range 1.0-7.2.
of methodology characterized by its versatility, ease of au- Nevertheless, at pH values higher than 7.2, the potential de-
tomation, high sampling frequency and minimum sample creases gradually, which can be attributed to the formation of
treatment prior to injection into the system. the free mebeverine base in the test solution.

FIA parameters were optimized in order to obtainthe best  In FIA, a series of solutions of concentration that are
signal sensitivity and sampling rate under low dispersion con- 10~2 M MvCl and have pH values ranging from 1 to 8 were
ditions. The dispersion coefficients ranged from 1.14 to 1.50, injected in the flow stream, then the peak heights, represent-
i.e. limited dispersion that aids optimum sensitivity and fast ing variation of potential response with pH changes, were
response of the electrodes. measured. No variation in the peak heights were observed in

The influence of sample size and flow rate on the per- the pH range 1-7.2. This indicates that the electrodes do not
formance of the electrode response was assessed by injectrespond to pH changes in this range under FIA conditions.
ing different volumes of 10> M MvCl solution, at different
flow rates. The sample loop of size 500and flow rate of 3.4. Selectivity of the electrodes
12.5 ml/min were found to be the optimum and used through-
out this work.Fig. 4 shows the recordings (a) and the cali- The influence of some inorganic cations, organic cations,
bration graph (b) obtained for electrode (A) at optimum FIA sugars, urea and amino acids on the Mv-electrodes was inves-
conditions. tigated. In the steady state conditions, the matched potential
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Fig. 5. Effect of pH on the potential response of electrodes (A), (B), (C) and (D) ir 13 MvCI.

method was applief81,32] Among the different mixed so- The mechanism of selectivity is mainly based on the stere-
lution methods, the matched potential method is unique in ospecificity and electrostatic environment and it is dependent
that it depends neither on the Nicolsky—Eisenman equationon how much fitting is present between the locations of the
nor on any of its modifications. This method was recom- lipophilicity sites in the two competing species in the bathing
mended in 1995 by IUPAC as a method that gives analyti- solution side and those present in the receptor of the ion-
cally relevant practical selectivity coefficient values. To deter- exchangef34]. Inorganic cations do not interfere because of
mine the selectivity coefficient of different interferingions for  differences inionic size, mobility and permeability. The elec-
Mv-electrodes, the potential of a reference solution of MvCl trodes are also selective to Maver number of sugars, amino
(awv =1 x 10~°>M) was measured and specified amounts of acids, and organic cations namely thiamine and pyridoxine

MVCI (ay,,) in the range of X 1074 to 5x 10°°M MvCl hydrochlorides. The performance of the electrodes was ex-
were added to the reference solution and the potential wasamined in presence of different anions including chloride,
measured and the corresponding potential chande) (s nitrate, sulphate, phosphate, thiocyanate, acetate and citrate.

recorded. In a separate experiment, the interfering ions (J) (inNo effect was observed from these anions except citrate and
the range of 1.6« 101 to 1.0x 10-2 M) were successively  sulphate. However, these are not present in the formulations.
added to an identical reference solution until the change in For this reason, they do not prejudice the quality of the de-
potential matched thaE value. The values oK,\F/’I‘\’/tJH, are terminations.

then calculated using the following equation: ’

(Pol alyy — amy 3.5. Solubility products of the ion-exchangers

“ Pungor and Totf35] have shown that the solubility prod-

whereay is the activity of the added interferent. ucts of the precipitates constituting the ion-selective mem-

InFl conditions, the values of selectivity coefficients were branes determine the detection limits of precipitate-based
calculated based on potential values measured at the tops oélectrodes. The high sensitivities of the present electrodes
the peaks for the same concentrations of the drug and thewhich are enough in some cases to measure as low as
interferent according to the separate solution metf33q, 1.86p.g/ml of MvCl enabled us to use them in the determina-
since the matched potential and other mixed solution meth-tion of the solubility of the studied ion-exchangers and hence
ods, in this case are time consuming due to the needs of manyto calculate their solubility products. The solubility prod-
solutions and perform many steps. uct constantssp) of Mv4-ST, Mvs-SM, Mv3-PT and M-

The selectivity coefficient valueslog K,\F/’I‘\)/t #+ Ofthe elec- PM at 25°C were calculated and found to be &@0-3%,
trodes listed ifTable 4reflect a very high selectivity of these  3.5x 10739, 1.0x 1022 and 9.1x 10~2° respectively. To
electrodes for mebeverinium cation. affirm the validity of this method, th&s, values of these
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Table 4

Selectivity coefficient-log K, m 7 for Mv-electrodes

Interfering ions Electrode (A) Electrode (B) Electrode (C) Electrode (D)
Batch FIA Batch FIA Batch FIA Batch FIA

Na* 3.44 221 3.21 2.47 3.87 2.00 3.09 1.94

NH4* 3.80 2.32 3.08 2.56 3.66 2.09 3.21 2.04

K* 3.58 221 3.23 2.57 3.91 211 3.33 2.04

ca*t 4.22 3.04 4.24 3.36 4.11 2.97 4.08 291

zZn?t 4.12 3.21 4.20 3.47 4.09 3.11 3.87 3.03

Ni2* 4.07 3.06 4.02 3.31 4.15 3.08 3.98 2.80

Ba* 4.16 3.29 4.34 3.35 4.12 2.89 4.09 2.88

Mg?* 4.22 2.98 4.23 3.43 4.33 2.95 4.00 291

MnZ* 411 3.00 421 3.21 421 2.75 4.12 2.77

PEP* 4.13 3.04 4.27 3.12 4.17 3.00 4.11 2.89

Hg?* 4.24 3.19 4.33 341 4.32 3.13 4.21 2,97

C* 4.10 2.95 4.38 3.25 4.10 3.01 4.07 2.86

cwt 4.05 2.92 4.00 331 4.22 2.93 4.23 2.82

st 4.07 3.06 4.45 341 4.06 3.00 3.97 2.82

crt 4.17 3.54 4.00 381 4.08 3.42 4.21 3.37

AlS* 4.23 3.44 4.53 3.64 4.23 3.32 4.00 3.34

Thiamine HCI~ 4.25 3.55 3.02 2.85 411 3.15 4.32 3.14

Pyridoxine HCI~ 4.22 3.54 3.88 3.08 4.09 3.33 4.21 3.18

Glucose 4.23 - 4.35 4.34 - 3.21

Fructose 4.21 - 4.33 4.20 - 4.21

Lactose 4.12 - 4.32 421 - 3.21

Maltose 431 - 4.22 4.32 - 4.00

Vitamin C 3.02 - 4.00 4.23 - 3.22

Urea 3.67 - 3.87 4.21 - 4.32

Alanine 3.52 - 4.12 3.55 3.87

Valine 4.18 - 3.67 4.29 - 3.02

Leucine 3.00 - 3.34 4.34 - 3.21

Asparagine 3.43 - 3.00 - 3.26 - 3.43 -

L-Cystine 4.34 - 2.86 - 3.78 - 3.21 -

pL-Serine 4.23 - 4.34 - 421 - 421 -

compounds were calculated depending on the conductemetPMA. The ingredients in the tablets did not interfere with the
ric method[30] and found to be 1.& 10730, 5.7x 100, experiments. Best results were obtained with electrodes (A)
2.4x 107%%and 1.3x 10~ 12 for Mv4-ST, Mv4-SM, Mvs-PT and (D) as indicated by the emfjumps atthe vicinity of the end
and M-PM, respectively. It is noteworthy to mention that points amounting to 100—-120 mV in case of titrating 4.66 mg
the solubility of an ion-exchanger is one of the main factors MvCl and increase gradually as the titrated amounts of MvCl
controlling the life span of the sensor which incorporate this increase reaching to 220—-240 mV on titrating 46.6 mg MvCl,
ion-exchanger as electroactive material. This is confirmed by which reflects a very high degree of completeness of the titra-
the values of solubility obtained, where the ion-exchanger tion reaction.Fig. 6 shows typical potentiometric curves of
of the least solubility (My-ST, of S = 2.88<10°/) has titrating 4.66 mg MvCl using electrode (D).

the longest life span and the lowest detection limit between  Clinical pharmacological studies indicates that about 95%
the four electrodesT@ble 3, while that of the highest sol-  of orally administered mebeverine in humans is metabo-
ubility (Mv3-PM, of S = 7.62x 10-6) has the lowest useful  lized via five partially overlapping pathwaj@6], and about

lifetime. 2-5% of the dose reaches to urine. A simple method was
required to determine mebeverine in these fluids follow-
3.6. Analytical applications ing its administration at normal therapeutic dose levels to

humans subjects in order to carry out bioavailability stud-

In order to assess the applicability of the proposed selec-ies on different dose forms of mebeverine. Accordingly we
tive electrodes, the methods were applied for determination presented this method for determination of MvCl in serum
of mebeverine in its pharmaceutical preparations and in dif- and urine samples spiked with known amounts of MvCl.
ferent real biological fluids such as serum and urine in both The standard additions method was applied for the deter-
steady state and FI conditions. minations in these real samples to overcome the matrix

The MvCI content in its pharmaceutical preparation effects.
(Colospasmin tablets) was determined by potentiometric ~ With the FI system, different samples were analyzed in-
titration against standard solution of STA, SMA, PTA or cluding biological fluids spiked with known amounts of MvCl
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60 - Table 5
Results for determination of MvCl in tablets and biological fluids using

(d)
‘0 (@) electrode (D)
Sample Mv Recovery R.S.D. Standard Confidence
2 (b) (© (mgf (%) (%)2 error limit (99%)
Tablet
Batch 0.978 99.48 0.925 0.005 0.055
01 4.890 100.10 0.306 0.008 0.086
9.780 101.40 0.541 0.145 1.420
20 | FIA 0978 97.9 0.26 0.001 0.014
4.890 96.9 0.63 0.017 0.169
0 9.780 96.6 158 0.086 0.847
Serum
Batch 2.33  99.00 1.10 0.018 0.182
-60 466  101.0 0.30 0.012 0.117
233 99.00 0.74 0.115 1.129
.80 4 46.6  98.00 0.55 0.174 1.700
FIA 233 971 0.24 0.003 0.036
466 983 1.60 0.049 0.486
-100 1 233 969 0.38 0.058 0.572
Urine
-120 1 Batch 2.33  102.0 1.64 0.026 0.256

E, mV

4.66 100.0 1.39 0.044 0.432
140 -— 9.32 1000 1.81 0.495 1.129
02 04 06 08 1.0 1.2 1.4 23.3 101.6 0.72 0.110 1.125
— T T T 46.6 98.00 1.12 0.340 3.380
0.2 04 06 0.8 1.0 1.2 14 FIA 2.33 97.8 0.75 0.011 0.113
T T T T L— 9.32 98.3 1.86 0.115 1.13
02 0406 08 10 1.2 1.4 466  97.7 0.57 0.176 1.72
0.2 04 06 08 1.0 1.2 14 2 Average of five determinations.
b Milligrams taken of MvCl in tablets or spiked to serum and urine sam-

ml added of titrants
ples.

Fig. 6. Curves of the potentiometric titration of 4.66 mg MvCl with STA (a),
SMA (b), PTA (c) and PMA (d) as titrants using electrode (D).

. Table 6
andthe drug tablets. The peak height were measured, and thegtatistical treatment of data obtained for the determination of MvClI using

compared to those Obtain_ed from injeCt.ing standard solution yy-electrodes employing the standard additions method, the potentiometric
from pure MvCl. Table 5gives the obtained values for the titration and FIA in comparison with the official method

previously mentioned determinations Method X+S.E. Relative F33value
error (%) (9.28)
o Official method 98.40+ 0.32 1.60
3.7. Statistical treatment of results
Electrode (A)
) . ) ) Method (1) 101.8+ 0.13 1.80 0.20
The results obtained from the potentiometric determina-  method () 100.3+ 0.66 0.30 4.29
tions of the drug in steady state and in Fl conditions were Method (ll) 99.30+ 0.57 0.70 1.08
subjected to linear regression analysis (found values versusgiectrode (B)
taken), in order to establish weather the investigated elec- Method (I 101.0+ 0.0.5 1.00 0.81
trodes exhibit any fixed or proportional bias. The slopes and Method (II) 98.60+ 0.30 1.40 0.90
Method (I11) 96.60+ 0.44 3.40 1.89

intercepts of the regression lines did not differ significantly
fromthe ideal values revealing the absence of a systematic erElectrode (C)

ror during the measurements within the investigated concen- Method (1) 100.1+ 0.17 0.10 0.10
tration range. Also the values were compared with the results mzmg E::f) gg'ggi 8'3? gi; Zgé
obtained from the official methd@7] based on spectropho- ' ' ’ '
tometric determination of MvCl by applyirrtestg38]. The E'eCtr‘;‘]dZ (D)

values obtainedlable § show that the present method is of mzthgd E:?) ;g%gi 8:;? %ig ;:ig
comparable precision to that of the official method and there  yethod (i11) 98.50+ 0.76 1.50 5.65

is no significant difference between the mean values obtainedyethod (1): standard addition method; Method (I1): potentiometric titration;
by both methods. Method (111): FIA.
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