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Abstract

A novel diclofenac ion-selective electrode is prepared, characterized and used in pharmaceutical analysis. The diclofenac complex with
hexadecylpyridinium bromide is obtained in situ by soaking the PVC-membranes»ri&# M diclofenac solution. Among four different
solvent mediators tested, dibutyl phthalate (DBP) exhibited a proper behavior including Nernstian slope of the calibration curve, fast response
time and good reproducibility of the emf values. The electrode exhibits a Nernstian slegg9ef 1 mV decade! for diclofenac in the
concentration range 1:0107° to 1.0x 102 M with a limit of detection of 4.0< 10-® M. The electrode displays a good selectivity for
diclofenac with respect to a humber of common inorganic and organic species. It can be used in a pH range of 6.0-9.0. The membrane
sensor was successfully applied to the determination of diclofenac in its tablets as well as for its recovery from blood serum and urine
samples.
© 2004 Published by Elsevier B.V.

Keywords: Diclofenac-selective electrode; Potentiometry; Pharmaceutical analysis

1. Introduction dosage forms. However, some of these methods need expen-
sive equipment and/or are time-consuming.
Diclofenac, 2-(26-dicholoroanilino)phenylacetic acid, In recent years, there has been a growing need for con-

is a non-steroidal anti-inflammatory drug (NSAID) used for structing chemical sensors for the fast and economical mon-
treatment of different diseases such as rheumatoid arthritis,itoring of pharmaceutical compound8-13]. In this pa-
ankyllosing spondylitis, osteoarthritis and sport injulligs per, we report a simple potentiometric PVC-membrane sen-
Although its mechanism of action has not been clearly sor for the determination of diclofenac in pharmaceutical
established, many of the diclofenac effects appear to be assopreparations. The membrane electrode proposed in this study
ciated principally with inhibition of prostaglandin synthe- was made from plasticized-PVC using a water-insoluble
sis [2,3]. Due to the vital importance of the assay of di- hexadecylpyridinium—diclofenac ion pair complex as an ion-
clofenac (or diclofenac sodium) for pharmaceutical formula- exchanger.
tions and biological fluids, several analytical methods includ-
ing colorimetry[4], chromatographib], spectrophotometry H
[6], spectrofluorimetry{7] and voltammetry8] have been cl
reported for the determination of the drug in its pure and N
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Table 1
Effect of solvent mediator on the response of diclofenac electrode
Membrane number (%) Composition

PvC Plasticizer HDPB Slope (mV decad@ Linear range (M)
1 32 NPOE, 66 2 -52.5 1.0x 1075-3.0x 102
2 32 DBP, 66 2 —59.0 1.0x 10°5-1.2x 1072
3 32 DOS, 66 2 —57.0 2.0x 1075-1.0x 102
4 32 AP, 66 2 -31.0 1.0x 10°5-1.0x 102
2. Experimental 3. Results and discussion
2.1. Reagents 3.1. Membrane material and composition

Analytical-reagent grade dibutyl phthalate (DBP), ace- Diclofenac reacts with hexadecylpyridinium bromide
tophenone (AP)po-nitrophenyl octyl ether (NPOE), hex- (HDPB) to form a stable water-insoluble ion-pair complex.
adecylpyridinium bromide (HDPB), high molecular weight In this work, the ion-pair complex of diclofenac was obtained
PVC and tetrahydrofuran (THF) were purchased from in situ by soaking the PVC membranes containing HDPB in
Merck (Darmstadt, Germany). The diclofenac sodium (from a 0.01 M diclofenac sodium solution for 1 h.

Merck), B-cyclodextrins (from Fluka, Buchs, Switzerland) It is well-known that sensitivity and selectivity of ion-

and nitrate salts of the cations used (all from Merck) were of selective electrodes depend not only on the nature of
the highest purity available and used without any further pu- ionophore used, but also significantly on the membrane com-
rification expect for vacuum drying. Doubly distilled deion- position and the properties of the plasticizer employed. A

ized water was used throughout. study of the influence of solvent mediators on the potentio-
metric response characteristics of the diclofenac ion-selective
2.2. Preparation of electrodes electrode based on drug—hexadecylpyridinium bromide ion-

pair complex were investigated and the results are summa-

The general procedure to prepare the membrane electrode§Zed in Table 1and the corresponding emf responses are
was to mix thoroughly 32 mg of powdered PVC and 2 mg of shown inFig. 1 As seen, among the four different plasticizer
hexadecylpyridinium bromide with 66 mg of DBP as solvent Used, the use of 66% DBP in the presence 2% HDPB (no.
mediator in 5 ml THF. The resulting mixture was transferred 2 Table J results in the best sensitivity (with a Nernstian
into a glass dish of 2cm diameter. The solvent was evapo-SIope 0f—59.0mV decade') and the widest linear range.
rated slowly until an oily concentrated mixture was obtained. The influence is due to the polarity of the plasticizer, which
A polyethylene tube of 5mm i.d. was dipped into the mix- ¢an bg estlmateq from'the mtleractlon of charged species with
ture for about 10's so that a transparent membrane of abou® continuum of given dielectric constgfis, 16} As seen, the
0.3 mm thickness was formed. After removing the tube from USe of AP reduces both the sensitivity and linear range of the
the mixture it was kept at room temperature for about 1 h. The electrode because it produces a glassy fragile membrane with

tube was filled with internal filling solution (1.0 1072 M a high ohmic resistance.
diclofenac). The electrode was finally conditioned for 1 h by
soakingin 1.0x 10~2 M solution of diclofenac sodium. A sil- 240 <

ver/silver chloride electrode was used as an internal reference
electrode. The working diclofenac solutions were prepared
by appropriate dilution of a 0.1 M stock standard diclofenac
sodium solution.
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A Metrohm ion analyzer pH/mV meter was used for po- p (Diclofenac)

tential measurements at 25:.1°C. Activities were calcu-
lated according to the Debye—Huckel proceddw. Fig. 1. Effect of solvent mediator on the response of the electrode proposed.
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electrode.

Fig. 2. Calibration curve for the proposed diclofenac-selective electrode.

either HCI or NaOH) and the results are shownFig. 3.

The proposed selective electrode was also examined atAs seen, potentials remain constant from pH 6.0-9.0 beyond
different concentrations of the inner reference solution. The Which the potential changes considerably. Thus, the solution
concentration of the internal solution of diclofenac in the PH does not significantly modify and allows work without
electrode was changed from Q02 to 1.0x 10~ M and the need of using a buffer solution.
the potential response of the ion-selective electrode was mea-
sured. It was found that variation of the concentration of in- 3.4. Interference studies
ternal solution does not cause any significant difference in

the potential response of the electrode. Axt.00~3M con- In order to investigate the selectivity of the proposed
centration of internal solution is quite appropriate for proper membrane ion selective electrode toward diclofenac with
functioning of the electrode. respect to various interfering ions, we used the fixed inter-

The optimum conditioning time for the membrane elec- ference methocﬁl? 18] The potentiometric selectivity co-
trode is 2 h. It then generates stable potentials when placedefficients (Kd,clo) were calculated graphically using the ex-

in contact with diclofenac solutions. pression lod< = ay/(a)', whereay is the activity of di-
clofenac and;, that of interfering ion (1.« 10-2 M), and
3.2. Calibration curve, response time and life time z is the charge of interfering ion. The resulting selectiv-

ity coefficients are summarized ifable 2 As is obvious

The emf response of the membrane at varying concen-from Table 2none of the interfering species tested does sig-
tration of diclofenac Fig. 2) indicates a rectilinear range  nificantly influence the potentiometric response of the pro-
from 1.0x 1075 to 1.0x 10-1M. The slope of the cali- Posed PVC-membrane electrode toward diclofenac ion. It
bration curve was-59.0+ 1.0 mV decade® of diclofenac  is worth mentioning that the metabolites of the drug in-
sodium concentration. The limit of detection, as determined cluding 4-hydroxy- and 5-hydroxy-diclofenac have no mea-
from the intersection of the two linear segments of the
calibration graph, was 4010°%M (1.3ppm). The mem-  Taple 2
brane electrode prepared was found to have a very fast po-Selectivity coefficient of various interfering ions for diclofenac electrode

tential response. The static response time obtained for theynterference Kpot
electrode is only about 10s, over the entire concentration - 2 5% 10-3
range. The membrane electrode prepared could be used fog,- 51x 104
at least 3 months without any measurable divergence inNO3z~ 5.1x 1073
potential. cet 7.9x 1074
Mg?* 6.0x 1074
Na* 5.0x 102
3.3. Effect of pH K* 1.0x 1073
Glycine 2.5x 1073
The influence of pH of the test solution on the potential ng'S“d'”e 51-(1?&15;3

_ 3 . ucose .
response of the membrane (for a ¥.Q0~° M diclofenac Benzyl alcohol 12 10-4

solution) was tested in a pH range 3.0-11.0 (adjusted with
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Fig. 4. Calibration curve in the absence (1) and in the presence (2) of 0.01 M Fig. 5. Potentiometric ftitration curve of 25.0ml diclofenac sodium
B-cyclodextrin. (0.001 M) with HDPB (0.005 M), using the proposed diclofenac sensor as

an indicator electrode.
surable effect on the potential response of the proposed

sensor. 3100 mot1dm?, as it compared with the result determined

spectroflourimetrically as 3300 mdidm? [1].

The proposed sensor was successfully used as an indi-
cator electrode in the potentiometric titration of 25.0 ml of
0.001 diclofenac with 0.005M HDPBrig. 5 shows the re-

3.5. Applications

It is known that cyclodextrins (CDs) have the property of
forming |nclu5|_on_ complexe_s with gu_estmolecules_ W'th sult- sulting titration curve. As is obvious, the concentration of
able characteristics of polarity and dimensjd8)]. This abil- . .

) . . . . . diclofenac can be accurately determined by the proposed
ity has been widely used in studies of general inclusion phe-

. . . lectrode.
nomena and enzyme—substrate interactions, applied to foo . . I
. : In order to investigate the applicability of the new sensor
and pharmaceutical studies. L : ) . o
. . to the determination of the drug in the biological fluids, it
In this work, the proposed electrode was applied to evalu-

I L was applied to the recovery of diclofenac from urine and
_ate th? equmbnum. constant of tgecyclodextrin-diclofenac blood serum samples. A 2.5 ml portion of 0.001 M diclofenac
inclusion complex:

solution was transferred into a 10 ml volumetric flask. After
addition of a 2.5 ml portion of urine or serum samples, the
solution was diluted to the mark with water. The diclofenac
Fig. 4 shows the emf response of the diclofenac-selective content of the solution was then determined by the proposed
electrode in the absence and presencg-ofclodextrin. It electrode, using the calibration method. The recovery from
should be noted that, after each titration of the cyclodex- three replicate measurements was found to be 103 and 101%,
trin solution, an experiment was performed in the absence respectively.

of cyclodextrin to confirm the reproducible response of the ~ The new sensor was also used for assay of diclofenac con-
proposed ion-selective electrode. The data were analyzed bytentin tablets and ampoules. The results for the determination
first assuming that equilibriurfl) between diclofenace and  of diclofenac amount in some pharmaceutical samples are
the cyclodextrin involves a 1:1 complexation. In this case, the shown inTable 3 As it is seen, the results are in satisfactory
equilibrium constants, for each solution can be evaluated agreement with the labeled amounts.

from the emf data using the classical Scatchard equation in

the following form[20,21}

Ks .
Diclofenac+ B — cyclodextrin= Inclusion compound (1)

v Table 3
m_1 =K - Kv (2) Potentiometric determination of diclofenac in some pharmaceutical
formulations

wherev is the concentration of diclofenace complexed with - Apsiication sample Labeled amount  Found
B-cyclodextrin over the total concentration@cyclodextrin (mg/tab. oramp.)  (mg/tab. or amp.)
and m is the drug monomer concentration. A plotwfm Diclofenac Tablet, Sobhan  25.0 250+ 0.5
versusv for the data involving diclofenace binding @ Company, Iran
cyclodextrin was found to be quite linear, The linearity of Diclofenac Ampoule, 75.0 73.0+ 2.0

this plot confirms the 1:1 stoichiometry of the complex. IChemidamU Company,

. . . . ran
The binding con:?‘tant optalned for the diclofenac complex Voltaren Ampoule 750 746 10
with B-cyclodextrin, obtained from E@2), was found to be
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