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An electrochemical sensor was developed by using poly(3,4-ethylenedioxy thiophene) electrode in
presence of different types of surfactants. Voltammetric behavior of isoniazid was studied at this
electrode in the presence and absence of SDS and CTAB and interesting electrocatalytic effects were
found. The presence of surfactant in the medium plays a key role in the electrostatic attraction and
repulsion of isoniazid towards the polymeric surface in different pH values. The electrochemical
behavior of isoniazid was investigated by cyclic voltammetry, linear sweep voltammetry (LSV), and
electrochemical impedance spectroscopy (EIS). The linear response obtained for isoniazid was in the
range of 0.1 to 8 pmol L™ and 10 to 100 pmol L™ with correlation coefficients of 0.999 and 0.998 and
detection limits 32 nmol L™ and 45 nmol L™, respectively. The utility of this modified electrode was
demonstrated for the determination of INH in human urine.
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1. INTRODUCTION

Isoniazid (pyridine-4-carboxilic acid hydrazide or isonicotinic acid hydrazide) is a widely used
drug alone in the prophylaxis and in combination with other antituberculars in the treatment of all
forms of tuberculosis [1]. Several methods for the analysis of isoniazid are available in the literature
such as titrimetry [2,3], spectrophotometry [4—6], chemiluminescence [7-9], fluorimetry [10], high
performance liquid chromatography (HPLC) [11-13], capillary electrophoresis [14— 16], and
electroanalytical [17-19]. Electroanalytical techniques can be advantageous because they provide good
sensitivity, precision and accuracy, simplicity and rapidity. In spite of this, there are only a few papers
that report the analysis of isoniazid employing electroanalytical methods.

On the other hand, the use of mercury electrodes is not recommended due to the toxicity of this
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metal. In addition, the voltammetric techniques require previous accumulation steps, precluding a high
sampling frequency. A number of researchers have employed many kinds of polymeric film modified
electrodes due to their features of good electrocatalysis and stability [20-22]. The chemically modified
electrodes by poly(aniline) [23], poly (thiophene) [24, 25] or poly(pyrrole) [26] have been used to
detect electroactive materials, such as dopamine, ascorbic acid, nitrate, norepinephrine and
hemoglobin, and so on. Among various types of conducting polymers, Poly(3,4-
ethylenedioxythiophene) (PEDOT) is a widely investigated electronically conducting polymer, which
can be easily electrodeposited onto surface by electrooxidation of its monomer [27-30]. PEDOT
modified electrodes have been extensively reported and showed excellent electrocatalytic effect on
phenolic compounds [31], detection of DA [32], AA [33], and morphine [34]. Surfactants have been
widely used in chemistry and in particular affecting several electrochemical processes [35]. Several
applications of surfactants in electrochemistry are in electroplating [36], corrosion [37], fuel cells [38],
electrocatalysis [39], and electroanalysis [40]. The area of surface modified electrodes is of particular
interest because of its application in sensors. Rusling et al. [41] indicated the influence of surfactant
aggregates at the electrode/electrolyte interface in micelle solutions. In his study [41], it was shown
that the entry of an electrochemical reactant into this dynamic surface film is a key preceding electron
transfer step. On the other hand, surfactants have proven effective in the electroanalysis of biological
compounds and drugs. For example, it was recently shown that surfactants are highly effective in
stabilizing the voltammetric response of serotonin by protecting the electrode surface from fouling [42,
25]. In another study, it was shown that anionic surfactants could also be used to improve the
accumulation of some electroactive organic molecules such as ethopropazine at gold electrodes [43].
Recently, the influence of micelles in the simultaneous determination of two components was also
demonstrated, as in the case of ascorbic acid and dopamine [44] and catechol and hydroquinone [45].
It was not clear whether the micelle interaction with the analyte in the solution phase contributes to the
selective response. It is well established that interaction between aggregates and solutes in the solution
phase is controlled by diffusion and takes place in the microsecond time scale [46].

In this work, PEDOT/Pt electrode is modified by hydrophobic adsorption of different types of
surfactants on the surface of the electrode. This electrode is simple phase surface with a high density of
anionic or cationic charges covered on the electrode surface according to the type of surfactant.
Selectivity and sensitivity of the sensor is examined for the determination of isoniazid in presence of
interfering molecules such as uric acid and ascorbic acid. Also estimation of the diffusion coefficient
of isoniazid is calculated. Moreover, the sensor is utilized to determine isoniazid in human urine.

2. EXPERIMENTAL

2.1. Materials and reagents

All chemicals were used as received without further purification 3,4-(ethylene dioxy) thiophene
EDOT, lithium per chlorate (LiClO4) , acetonitrile (HPLC) grade, isoniazid, ascorbic acid, uric acid,
sodium dodecyl sulphate and cetyl trimethyl ammonium bromide (CTAB) were supplied by Aldrich
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Chem. Co. (Milwaukee, WI. USA). Aqueous solutions were prepared using double distilled water. B-R
buffer of pH 2-9 are prepared from (0.12 mol L™ boric acid, 0.12 mol L™ acetic acid and 0.12 mol L™
ortho-phosphoric acid) and adjusted by 0.2 mol L™* NaOH.

2.1.1. Preparation of PEDOT modified Pt-electrode

Electrochemical polymerization and characterization were carried out with a three-
electrode/one-compartment glass cell. The working electrode was platinum disc (diameter: 1.5 mm).
The auxiliary electrode was (10 cm long/2.0 mm diameter), platinum wire. All the potentials in the
electrochemical studies were referenced to Ag/AgCl (3.0 mol L™ NaCl) electrode. The Pt-electrode
was polished by a BAS-polishing kit with 0.3 and 0.05 um alumina slurry, rinsed and then sonicated in
double-distilled water before starting each experiment. The electrochemical polymerization of the
EDOT was carried out by the cyclic voltammetric method in non aqueous solution containing 0.01 mol
L™ EDOT, and 0.1 mol L™ LiClOy, in acetonitrile.

2.2. Instrumental and experimental set-up

2.2.1. Electrochemical measurements

The electrosynthesis of the polymer and its electrochemical characterization were performed
using an Epsilon electrochemical analyzer (Bioanalytical systems, BAS, West Lafayette, USA). Linear
scan voltammetry (LSV), cyclic voltammetry (CV) were used for the determination of the compounds
using modified PEDOT/Pt electrode.

2.2.2. Spectroscopic measurements

Electrochemical impedance spectroscopy was performed using a Gamry-750 system and a
lock-in-amplifier that are connected to a personal computer. The parameters in electrochemical
impedance experiment were as follows: different potential values 0.65 V for INH at pH 2.3, and 0.25
V at pH 7.4 were studied at frequency range of 0.1- 10000 Hz with amplitude of 5 mV were applied
on PEDOT/Pt electrode and tested in 0.5 mmol L™ INH in presence and absence of each of 0.1 mol L~
1150 pL SDS and 0.1 mol Lt 150 uL CTAB in buffer pH 2.3 and pH 7.4.

2.3. Analysis of urine

The utilization of the proposed method in real sample analysis was also investigated by direct
analysis of INH in human urine samples. INH was dissolved in urine to make a stock solution with 5
mmol L™ concentration. Standard successive additions of 10 uL of 5 mmol L™ isoniazid in urine were
added to the buffer pH 2.3 containing 150 uL. SDS.
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3. RESULTS AND DISCUSSION
3.1. Electrochemistry of isoniazid in different types of surfactants

3.1.1. Electrochemistry of isoniazid in pH 2.3

Although INH itself showed a very poor electrochemical response at the platinum electrode,
the response could be greatly enhanced by using PEDOT/Pt electrode in presence of anionic surfactant
SDS, which enables a sensitive electrochemical determination of the substrate INH in pH 2.3. Figure
1A shows the cyclic voltammograms of successive additions of 150 pL 0.1 mol L™ SDS in 0.5 mmol
L' INH at PEDOT/PT electrode in 0.1 mol L™ B-R (pH 2.3). Two well-defined irreversible anodic
peaks of INH at +0.63 V and +0.82 V are observed at the PEDOT/Pt electrode with anodic peak
current 30 pA and 24 pA, respectively.
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Figure 1. Cyclic voltammograms of 5.0 x 10 mol L™ INH /0.1 mol L L™ B-R, scan rate 50 mV' s at
PEDOT/Pt electrode at pH 2.3 with successive additions (0 pL — 150 pL) of 0.1 mol L™ (A)

SDS, (B) CTAB.

These anodic peaks are attributed to the oxidation reaction of INH and the reaction is
irreversible. Isoniazid has three pKa values: 1.8 based on hydrazine nitrogen, 3.5 based on pyridine
nitrogen and 10.8 based on acidic group. Since the pH of the solution is 2.3, therefore the oxidation
peaks are attributed to protonated hydrazine nitrogen. The PEDOT/Pt electrode did not show any
voltammetric peak for INH at this pH value (as the PEDOT has positive charge density it repels the
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cationic molecules of INH from its surface and no peak is observed in the applied scale used). The
anionic surfactant SDS enhances greatly the anodic peak current of INH which is attributed to the
adsorption of the anionic surfactant SDS onto electrode surface forming a negatively charged
hydrophilic film with the polar head group pointing to the bulk of the solution. This negatively charged
hydrophilic layer facilitates reaching of INH to the electrode surface faster, and as a consequence, the
reaction becomes easier. On the other hand, in Figure 1B the cyclic voltammograms of 0.5 mmol L™
INH at PEDOT/PT electrode with successive additions of 150 pL 0.1 mol L™ CTAB in 0.1 mol L™ B-
R (pH 2.3) shows the opposite behavior. Upon addition of the cationic surfactant CTAB, a weak broad
peak at PEDOT/Pt electrode is observed which attributed to the oxidation of INH. The anodic current
peak decreases by addition of CTAB, and this is attributed to the adsorption of the cationic surfactant
CTAB onto electrode surface forming a positively charged hydrophilic film with the polar head group
pointing to the bulk of the solution. This positively charged hydrophilic layer repels INH cationic
molecules from the electrode surface, and as consequence, the diffusion becomes difficult. Therefore,
in case of SDS the micellar effect on the oxidation of INH is basically an electrostatic interaction
between the surfactant film adsorbed on the electrode and the protonated INH. The lower oxidation
potential and higher current response clearly indicate that PEDOT/Pt electrode has excellent
electrocatalytic activity towards isoniazid, which attributed to the presence of anionic SDS.

3.1.2. Electrochemistry of isoniazid in pH 7.4

At pH 7.4 the positive charge density of isoniazid decreases according to its pKa and becomes
neutral, which affects its interaction with the polymeric layer and the surfactant molecules. The
diffusion rate of INH towards the polymeric layer changed remarkably. (Figure 2 A) shows the cyclic
voltammograms of successive additions of 150 puL 0.1 mol L' CTAB in 0.5 mmol L™ INH at
PEDOT/PT in 0.1 mol L™* B-R (pH 7.4). At the beginning one anodic peak of INH at +0.26 V is
observed at the PEDOT/Pt electrode with anodic peak current 38 pA which did not appear in pH 2.3,
in this case INH is neutral and its diffusion towards the polymeric cationic film become easier. This
indicates that PEDOT/Pt electrode in pH 7.4 have great response in INH, in its neutral form. By
successive additions of 150 pL 0.1 mol L' CTAB, the anodic peak current increases to 55 pA then
becomes almost stable. The cationic surfactant CTAB enhances greatly the anodic current peak of INH
at pH 7.4 which is attributed to the adsorption of the cationic surfactant CTAB onto electrode surface
forming a positively charged hydrophilic film with the polar head group pointing to the bulk of the
solution [22]. The electrostatic force between CTAB and INH facilitates reaching of INH to the
electrode surface faster, and as consequence, the reaction becomes easier. On the other hand, Figure
2B shows the CVs of successive additions of 150 pL 0.1 mol L' SDS in 0.5 mmol L™ INH at
PEDOT/PT in 0.1 mol L™! B-R (pH 7.4). This figure indicates the opposite behavior, thus the anodic
peak at 0.26 V at PEDOT/Pt electrode is observed which is attributed to the diffusion of INH towards
the polymeric layer, this behavior did not occur in pH 2.3 in the previous section. By addition of the
anionic surfactant SDS, the anodic current peak decreases which is attributed to the adsorption of the
anionic surfactant SDS onto electrode surface forming a negatively charged hydrophilic film with the
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polar head group points to the bulk of the solution. Due to the difference in the structure of the
surfactants, the electrostatic force between SDS and INH is weaker in (pH 7.4) and as a consequence,
the diffusion to the surface of the electrode becomes difficult and depends on the hydrophobic
interaction. The adsorption of the surfactant molecules on the electrode surface that could be followed
by the formation of micelle aggregates as the distance from the electrode surface increases [41, 47].
The possibility of aggregation of the drug with SDS in this pH can only be attributed to hydrophobic
interactions and leads to reduced aggregation as compared to the SDS (in case of pH 2.3). The strength
of interaction and binding between the drug and the surfactant should result in the observed distinct
behavior and should also partially affect the transport of their corresponding aggregates in solution
[48].
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Figure 2. Cyclic voltammograms of 5.0 x 10 mol L™ INH / 0.1 mol L™ B-R, scan rate 50 mV' s at

PEDOT/Pt electrode at pH 7.4 with successive additions (0 pL — 150 pL) of 0.1 mol L™ (A)
CTAB, (B) SDS.

3.2 Effect of scan rate and apparent diffusion coefficient

As shown in figure 3, the oxidation peak currents (ip) at the PEDOT/Pt electrode in presence of
150 mL 0.1 mol L™ SDS and 5 mmol L™ INH solution (pH 2.3) varied linearly with change of square
root of scan rate (v). The dependence of the anodic peak current density on the scan rate has been used
for the estimation of the “apparent” diffusion coefficient, Dapp, for the compounds studied. Dapp
values were calculated from Randles Sevcik equation [49]

Ip=2.69 x 10° n¥? A C, D*? v
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Where Ip is the peak current density (A cm™), n is the number of electrons transferred at T =
298 K, A is the geometrical electrode area (0.0176 cm?), Cq is the analyte concentration (5 x 10° mol
cm™), and D is the diffusion coefficient of the electroactive species (cm?® s™). Apparent surface area
used in the calculations did not take into account the surface roughness, which is an inherent
characteristic for all polymer films formed using the electrochemical techniques. Dy, value at
PEDOT/Pt electrode for INH is 4.2 x 10 cm? s in presence of SDS, which is larger than their
corresponding value at the PEDOT/Pt electrode 4.1 x 10 cm? s™. The anionic surfactant SDS affects
remarkably the diffusion component of the charge transfer at the electrode surface as indicated by the
Dapp Value. The diffusion coefficient can be considered as an average value of the diffusion process in
the bulk, within the surfactant aggregates in solution and the surfactant layer adsorbed at the surface of
the electrode. The size of the diffusion layer at the electrode surface proximity changes with the
voltage scan used. At relatively slow voltage scans the diffusion layer grows much further towards the
solution side and further from the electrode surface. Therefore, as the scan rate increases the flux to the
electrode surface increases considerably. At relatively higher scan rates and in presence of SDS that
mainly aggregates at the electrode surface and forms a pair with the drug in electrolyte, the diffusion
layer grows less further from the vicinity of the electrode. The values indicated for D,p, Show that the
diffusion is enhanced in presence of SDS than in absence of it.
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Figure 3. A plot of the anodic peak current values as a function of the square root of the scan rate at
PEDOT/Pt electrode (a) in presence and (b) in absence of SDS.

3.3. Effect of pH

The electrochemical behavior of isoniazid was studied in acidic media of pH < 6 [50], and in
neutral and basic media [51]. On the basis of polarographic and voltammetric measurements and by
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regarding the tafel slopes and reaction orders, it was concluded that in a strongly acidic medium (pH <
2) the rate-determining step of the process was the loss of an ammonia molecule to vyield
isonicotinamide. Whereas at pH > 2 the process was controlled by the second one-electron irreversible
transfer. Therefore, the influence of the solution pH on both catalytic peak currents and potentials was
assessed through examining the electrode response in solution buffered in pH 2.3-9 in presence and
absence of SDS and CTAB. The plot of Ip versus pH in absence and presence of CTAB, Figure 4A
shows that the catalytic peak current decreases as the acidity of the solution is increased in absence and
presence of CTAB curve a, b respectively. The plot of Ip versus pH in absence and presence of SDS
Figure 4B shows that no peak current for INH in acidic medium in absence of SDS. Moreover, as the
pH value increases the anodic peak current decreases in absence of SDS. In presence of SDS the
maximum peak current is observed only in acidic medium as the structure of INH has high positively
charged density and as the pH value increases the anodic peak current decreases.

(Supplementary 1A, B) shows the cyclic voltammograms of INH at different pH (2.3-9) in
presence of SDS and CTAB. The peak potential shifted negatively with increase of pH in presence and
absence of SDS and CTAB (inset), respectively. It could be explained by the consequence of
deprotonation involved in the oxidation process which was facilitated at higher pH values. Our results
showed that INH adsorbed readily on PEDOT/Pt electrode in presence of SDS in acidic medium and in
presence of CTAB in neutral and alkaline medium.
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Figure 4. A plot of the anodic peak current values as a function of the pH value of the solution at
PEDOT/Pt electrode (a) in absence and (b) in presence of (A) CTAB and (B) SDS.

On one hand, this is related to the differences in the surface properties of the electrode in
absence and presence of SDS and CTAB and the adsorption interactions between INH and the
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modified electrode surface according to its pKa value and the pH of the medium. On the other hand,
the variation of electrostatic interaction between INH and the anionic SDS and cationic CTAB at
different pH could also be responsible for this phenomenon. Based on above reasons, the current
response increases with SDS in pH 2.3 and increases with CTAB in pH 7.4, pH 9.

3.4. Calibration graph

Figure 5A shows linear sweep voltammogram of the PEDOT/Pt electrode of different
concentrations of INH (0.1 pmol L™ -100 pmol L) in presence of 150 pL 0.1 mol L™ SDS in 0.1 mol
L™ B-R buffer solutions. Two anodic peaks current increases with increase of the INH concentration.
Moreover, the calibration curve (figure 5B) shows linear behavior of peak current values versus
different concentrations of INH ranging from of 0.1 to 8 pmol L™ and from 10 umol L™ to 100 pmol
L with correlation coefficients of 0.999 and 0.998 and detection limits 32 nmol L™ and 45 nmol L™,
respectively.
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Figure 5 A.  LSVs of different concentrations of INH (0.1 pmol L™ -0.1 mmol L) in 10 mL of 0.1
mol L™ B-R pH 2.3 containing 150 pL 0.1 mol L™* SDS at PEDOT/Pt electrode. (B)
Calibration curve for INH of different concentrations from (10 pmol L™ to 0.1 mmol L™) and
from (0.1 pmol L™ to 8 pmol L™) (inset).

3.5. Response stability of the modified electrode

Isoniazid 5.0 x 10 mol L™ was determined repeatedly at the identical surface of PEDOT/Pt
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electrode in 150 uL 0.1 mol L™ SDS in 0.1 mol L™ B-R buffer solutions pH 2.3 for 25 successive
times, and the average current was 31 pA with the RSD of 3.2%, which showed an excellent
reproducibility. The precision at renewed surface of PEDOT/Pt electrode in 150 puL 0.1 mol L sDS
was also investigated. The average peak current for 5.0 X 10 mol L isoniazid was 30 LA with the
RSD of 4.5% (n = 5). It indicated that this modified electrode has a remarkable reproducibility. The
stability of PEDOT/Pt electrode in 150 pL 0.1 mol L™ SDS was evaluated by measuring the anodic
peak current response at a fixed 5.0 x 10 mol L™ isoniazid over a period of 14 days. The PEDOT/Pt
electrode was treated only once and stored in 0.1 mol L™ B-R buffer solution (pH 2.3) after every
determination. The RSD with 2.8% (n = 5) showed that the PEDOT/Pt electrode has a good stability.

3.6 Interference studies

3.6.1 Electrochemistry of INH in presence of UA and AA at pH 2.3.

In biological environments, the main interference of INH is the presence of high concentration
of AA and UA. So it is important to investigate the electrochemical response of INH in the presence of
AA, and UA. The LSV technique was used to investigate the interference study of successive additions
of 150 uL 0.1 mol L ' SDS, in a mixture of 50 mmol L AA, 5 mmol L™ UA and 0.5 mmol L™ INH as
shown in (Figure 6).
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Figure 6. LSV for 50 mmol L™ AA, 5 mmol L™ UA and 0.5 mmol L™ INH in B-R (0.1 mol LY), at
PEDOT/Pt with successive additions of (0 -150 pL) 0.1 mol L SDS , at pH 2.3

The oxidation peak of ascorbic acid was not identified at PEDOT/PT electrode tested in 150 uL
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SDS 0.1 mol L™ B-R (pH 2.3). The oxidation peak of UA at 0.27 V was observed. With the addition of
SDS, the first anodic peak of INH is observed at +0.63 V which increases by increasing the
concentration of SDS. The second anodic peak of INH was observed at + 0.8 V with the addition of
SDS, while UA current response decreased. One possible explanation for this effect is that the
adsorption of the anionic surfactant SDS onto electrode surface may result in a negatively charged
hydrophilic film with the polar head group points to the bulk of the solution. This negatively charged
hydrophilic layer facilitates reaching the INH to the electrode surface faster. This micellar effect on the
oxidation of INH is basically an electrostatic interaction between the surfactant film adsorbed on the
electrode and the protonated isoniazid. On the other hand, the adsorption of the anionic surfactant SDS
may lead to electrostatic repulsion between the anionic film and anionic species (AA, UA) at electrode
surface, thus, decreasing their electron transfer. This indicates the good selective determination of
PEDOT/Pt electrode for INH in presence of high concentration of AA and UA at pH 2.3.

3.6.2. Simultaneous determination of INH, AA and UA at pH 7.4.

Figure 7 shows the LSVs of tertiary mixture of 0.5 mmol L™ INH, 50 mmol L™ AA and 5
mmol L™ UA at PEDOT/Pt electrode with the successive additions of 10 uL of 0.1 mol L™ CTAB in
the mixture solution (pH = 7.4). A spontaneous adsorption of CTAB on the electrode surface causes
electrostatic attraction force towards the anionic AA and UA. Two anodic peak currents are observed
at + 0.1 V, + 0.486 V for AA and UA respectively. By successive additions of CTAB, anodic peak
current for INH is observed at +0.7 V which increases by increasing the concentration of CTAB.

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
E/V (vs. Ag/AgCl)

Figure 7. LSV for 50 mmol L™ AA, 5 mmol L UA and 0.5 mmol L™ INH in B-R (0.1 mol L), at
PEDOT/Pt with successive additions of (0 -150 pL) 0.1 mol L CTAB, at pH 7.3.
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This is attributed to the neutral structure of INH which facilitates its diffusion by the cationic
CTAB towards the polymeric layer. With stirring (5 minutes) and accumulation time (1 minute) after
addition of the surfactant, the oxidation peak currents (Ipa) for AA, UA and INH increase
correspondingly. This observation takes place in the case of pH 7.4 due to the anionic nature of
molecules of AA, UA and neutral form of INH.

4. ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY (EIS) OF INH

Electrochemical impedance spectroscopy (EIS) is a simple and effective way to measure
polarization resistance (Rp) and the capacitance of the double layer of the electrochemical reactions at
the interface. The EIS measurements were performed in 5.0 x 10 mol L™ of INH in B-R buffer
solution pH 2.3-7.4 using the PEDOT/PT electrode in presence and absence of SDS and CTAB.
(Figure. 8A) shows the complex plane diagram (Nyquist plot) of INH at PEDOT/Pt electrode in
presence of SDS (a) presence of CTAB (b) and in absence of surfactants (c) at applied potential of 0.65
V in pH 2.3. It can be noticed that PEDOT/Pt in SDS, PEDOT/Pt in CTAB and PEDOT/Pt exhibit a
semicircular behavior with a linear portion. The semicircle portion of the curve corresponds to the
charge transfer process through the film. The diameter of the semicircle represents the magnitude of
electron transfer resistance at the electrode surface. The measured EIS data were fitted with an
equivalent circuit as shown in Figure 8 C. This equivalent circuit consists of R, (the solution
resistance), Rp (the polarization resistance), CPE (the predominant diffusion influence on the charge
transfer process), and n is its corresponding exponent (n < 1). Ct represents the capacitance of the
double layer. Diffusion can create impedance known as the Warburg impedance (W) resulting from the
diffusion of ions from the bulk of the electrolyte to the interface. This equivalent circuit was used to fit
the impedance spectra and calculate the values of CPE and Warburg impedance (W). Table 1A lists the
best fitting values calculated from the equivalent circuit for the impedance data. EIS data were
modeled using non-linear least-squares fit analysis (NLLS) software and electrical equivalent circuit.
The error was 0.34 % represented as chi-square. It is clear that the charge transfer resistance of
electrooxidation of INH decreases noticeably, and the charge transfer rate is enhanced by SDS and
CTAB rather than that in case of PEDOT/Pt. This is attributed to the high resistance exerted within the
polymeric film and repelled INH from its surface at pH 2.3, (section 3.1). The addition of SDS to the
solution facilitates the diffusion of INH molecules towards the polymeric film. This is indicated from
the low charge transfer resistant value for the PEDOT/Pt electrode in SDS, PEDOT/Pt electrode in
CTAB which implies that the charge transfer process is relatively fast compared to the PEDOT/Pt
electrode at pH 2.3. Comparing the data obtained, it can be concluded that the PEDOT/Pt electrode in
SDS presented the lowest charge transfer resistance at the interface reflecting an improvement of the
effective electron-transfer rate.

On the other hand, (Figure. 8B) shows the complex plane diagram (Nyquist plot) of INH at
PEDOT/Pt electrode in presence of SDS (a) presence of CTAB (b) and in absence of surfactants (C), at
oxidation potential 0.25 V in pH 7.4. It is clear that the charge transfer resistance of electro-oxidation
of INH decreases greatly, and the charge transfer rate is enhanced by CTAB rather than that in case of
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PEDOT/Pt in SDS. This is attributed to the neutral structure of INH at this pH, in which SDS as an
anionic surfactant does not enhance the diffusion of the drug towards the polymeric layer. However,
CTAB as a cationic surfactant enhance more the diffusion of INH and decreases its charge transfer
resistance (section 3.1). The data shows that the behavior of INH at PEDOT/Pt electrode changes at
pH 7.4 in presence of CTAB. In this case, its charge transfer resistance decreases in pH 7.4 than pH
2.3. This is attributed to INH pKa values (i.e. 1.8, 3.5, and 10.8); INH becomes neutral at this pH
which facilitates its diffusion to the polymeric film. Table 1 B. Lists the best fitting values calculated
from the equivalent circuit for the impedance data. Comparing the data obtained, it can be concluded
that the PEDOT/Pt electrode in CTAB presented the lowest charge transfer resistance at the interface
which reflects an improvement of the effective electron-transfer rate at pH 7.4.
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Figure 8.Nyquist diagrams (-Z" vs. Z') for the EIS measurements at PEDOT/ Pt (A) at potential 650
mV for INH at pH 2.3, (B) at potential 250 mV for INH at pH 7.4. (a) In presence of SDS, (b)
in presence of CTAB and (c) in absence of surfactant. (5 mmol L™ of INH, in 0.1 mol L™ B-R.
Amplitude: 5 mV, frequency range: 0.1-10000 Hz).

Table 1. A)The data obtained from EIS in the determination of INH using PEDOT/Pt electrode in
absence and presence of SDS and CTAB at different potentials, at pH 2.3

Electrode E Rp Ru Cf wW CCPE n
(PEDOT/PY) (mV) | (kQcm?) kQcm?d) | @Fem®) | (KQ*ecm?) | (uFem?)

No surfactant 650 28.2 0.68 13 0.39 0.73 0.8
With SDS 650 3.8 0.51 82 0.18 30 0.6
With CTAB 650 7.1 0.61 38 0.28 9.2 0.9
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Table 1. B) Same as in Table 1A but at pH 7.4

Electrode E Rp Ru Cf W CCPE n
(PEDOTPY | (MV) | (kyem?) | (kQcm?) | (uF ecm?) | (KQ'em?) | (uFem?)

No surfactant | 250 5.6 0.62 27 0.42 2.0 0.3
With SDS 250 8.8 0.70 16 0.69 1.1 0.7
With CTAB 250 4.0 0.52 31 0.28 44 0.9

5. DETERMINATION OF INH IN HUMAN URINE SAMPLES

The utilization of the proposed method in real sample analysis is also investigated by direct
analysis of INH in human urine. The same measurements were conducted successfully on urine
samples. In this set of experiments, isoniazid was dissolved in urine to make a stock solution of 5
mmol L™ concentration

—AAN {73
Bu Ra CPE
n
11 5
it W
Cr W

Figure 9. Equivalent circuit

10 =

I/ pA

[INZ] / pM

Figure 10. Calibration curve for successive additions of 10 pL of 5 mmol L™ INH in urine to the
buffer pH 2.3 containing 150 uL SDS.
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Standard successive additions of 10 uL of 5 mmol L™ isoniazid in urine were added to the
buffer pH 2.3 containing 150 uL SDS, the corresponding LSV was then measured. Figure (9), shows
the calibration curves of the anodic peak currents in the linear ranges of 0.8 to 12 pumol L with
correlation coefficients of 0.997 and detection limit 58 nmol L™,

The analytical results are summarized in Table 2. The recovery ranged from 92% to 100.1%,
and the results are acceptable indicating that the present procedures are free from interferences of the
urine sample matrix. The results strongly proved that INH can be selectively and sensitively
determined at PEDOT/Pt electrode in urine sample in presence of SDS. In Table 3, response
characteristics of the proposed method are compared with those obtained by some other reported
methods. In comparison with some other modified electrodes for isoniazid determination, our method
showed advantages in several aspects. The designed sensor is prepared in one simple step with cheap
and simple reagents and no pretreatment needed before the measurements. This gives the sensor more
advantages over other modified electrodes used in the literature. The designed sensor showed good
reproducibility, high stability, sensitivity and anti-interference ability.

Table 2. Recovery data for synthesized biological solution spiked with various amounts of 0.5 mmol
LY INH, in fresh urine sample from healthy volunteers

Urine sample Spike Recovery R.S.D.
(umol L) (%) (%)°

1 3.0 2.76 92 4.2

2 9.0 9.1 100.1 3.2

3 13.0 12.5 96.1 5.1

a
Average of ten replicate measurements.

Table 3. Comparison of the proposed method with other reported methods for the determination of
isoniazid in urine sample at different modified electrodes.

Au electrode [19] 2.0x10°-2.3x10™" M 9.69x10° M
Mercury electrode [17] 5.0x10""-2.0x10° M 1.18x10™° M
Polypyrrole modified GCE [52] 3.99x10°-2.6x10“ M 3.15x10° M
PASA-GCE [53] 5.0x10°-1.0x10° M 1.0x10° M
This work 0.1-8.0x10° M 3.2x10° M
And 1-10x10° M 45x10° M

6. CONCLUSION

This work has shown that isoniazid can be determined using electrochemical method on the
basis of electrostatic force of different types of surfactants at Poly(3, 4ethylene-dioxythiophene)
electrode with wider linear range and lower detection limit. The proposed methods can be applied to
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the detection of isoniazid in acid and neutral medium. The good properties of modified electrode, such
as high sensitivity, easy fabrication, reproducibility, stability indicate that the proposed modified
electrode will be promising for measurements of isoniazid in biological fluids without any
interference. At the same time, it will expand the application of this modified polymer film in
electrochemical field.

ACKNOWLEDGEMENTS

This work was performed with partial financial support from Cairo University (Office of the Vice
President for Graduate Studies and Research. We are indebted to the Forensic Chemistry Laboratories,
Medico Legal Department, Ministry of Justice, Egypt for providing the standard samples.

References

USP DI®, Drug Information for the Health Care Professional, vol. I, 15" ed., (1995) 1627.

A.M. El-Brashy, S.M. El-Ashry, J. Pharm. Biomed. Anal. 10 (1992) 421-426.

K.K. Verma, S. Palod, Anal. Lett. 18 (1985) 11-19.

S.A. Benetton, E.R.M. Kedor-Hackmann, M.1.R.M. Santoro, V.M. Borges, Talanta 47 (1998) 639—

643.

5. A.Safavi, M.A. Karimi, M.R. Hormozi Nezhad, R. Kamali, N. Saghir, Spectrochim. Acta Part B
60 (2004) 765-769.

6. G.K. Naidu, K. Suvardhan, K.S. Kumar, D. Rekha, B.S. Sastry, P. Chiranjeevi, J. Anal. Chem. 60
(2005) 822-827.

7. Z.Song,J. L™u, T. Zhao, , Talanta 53 (2001) 1171-1177.

8. S.Zhang, H. Li, Anal. Chim. Acta 444 (2001) 287-294.

9. A.Safavi, M.A. Karimi, M.R.H. Nezhad, J. Pharm. Biomed. Anal. 30 (2003) 1499-1506.

10. R.A.S. Lapa, J.L.F.C. Lima, J.L.M. Santos, Anal. Chim. Acta 419 (2000) 17-23.

11. E.B. Hansen, K.L. Dooley, H.C. Thompson, J. Chromatogr. B 670 (1995) 259-266.

12. H.1. Seifart, W.L. Gent, D.P. Parkin, P.P. van Jaarsveld, P.R. Donald, J. Chromatogr. B 674 (1995)
269-275.

13. P.J. Smith, J. van Dyk, A. Fredericks, Int. J. Tuberc. Lung Diseases 3 (1999) S325-S328.

14.J. Liu, W. Zhou, T. You, F. Li, E. Wang, S. Dong, . Anal. Chem. 68 (1996) 3350-3353.

15. T. You, L. Niu, J.Y. Gui, S. Dong, E. Wang, J. Pharm. Biomed. Anal. 19 (1999) 231-237.

16. M.I. Acedo-Valenzuela, A. Espinosa-Mansilla, A. Munoz dela Pena, F. CanadaCanada, Anal.
Bioanal. Chem. 374 (2002) 432-436.

17. M.M. Ghoneim, K.Y. El-Baradie, A. Tawfik, J. Pharma. Biomed. Anal. 33 (2003) 673-685.

18. E. Hammam, A.M. Beltagi, M.M. Ghoneim, Microchem. J. 77 (2004) 53-62.

19. H.Y. Xia, X.Y. Hu, Anal. Lett. 38 (2005) 1405-1414.

20. D.M. Zhou, H.X. Ju, H.Y. Chen, J. Electroanal. Chem. 408 (1996) 219-223.

21. N. F. Atta, M. F. ElI-Kady Talanta 79 (2009) 639-647.

22. N. F. Atta, S. A. Darwish, S. E. Khalil, A. Galal, Talanta 72 (2007) 1438-1445.

23. A.N. Ivanov, L.V. Lukachova, G.A. Evtugyn, Bioelectrochemistry 55 (2002) 75-77.

24. A.Yassar, J. Roncali, F. Garnier, J. Electroanal. Chem 25 (1988) 53-69.

25. N. F. Atta, A. Galal, R. A. Ahmed, Bioelectrochemistry 80 (2010) 132-141.

26. X.H. Jiang, X.Q. Lin, Anal. Chim. Acta 537 (2005) 145-151.

27. C. Barbero, M.C. Miras, B. Schryder, O. Hass, R. Kotz, J. Mater. Chem. 4 (1994) 1775-1783.

28. N. Oyama, T. Tatsuma, T. Sato, T. Sotomura, Nature (London) 373 (1995) 598-600.

29. G. Inzelt, M. Pineri, J.W. Schultze, M.A. Vorotyntsev, Electrochim. Acta 45 (2000) 2403-2421.

30. E.M. Genies, A. Boyle, M. Lapkowski, C. Tsintavis, Synth. Met. 36 (1990) 139-182.

31. L. Pigani, M. Musiani, C. Pirvu, F. Terzi, C. Zanardi, R. Seeber, Electrochim.Acta 52 (2007) 1910-

el NS



Int. J. Electrochem. Sci., Vol. 6, 2011 5113

1918.

32. S. Senthil kumar, J. Mathiyarasu, K.L.N. Phani, J. Electroanal. Chem. 578 (2005) 95-103.

33. S. Senthil Kumar, J. Mathiyarasu, K.L. Phani, Y.K. Jain, V. Yegnaraman, Electroanalysis 17
(2005) 22812286.

34. K.C. Ho,W.M. Yeh, T.S. Tung, J.Y. Liao, Anal. Chim. Acta 542 (2005) 90-96.

35. R. Vittal, H. Gomathi, K.-J. Kim, Adv. Colloid Interface Sci. 119 (2006) 55-68.

36. S. Guan, B.J. Nelson, J. Microelectromech. Syst. 15 (2006) 330-337.

37. R. Fuchs-Godec, Colloids Surf. A: Physicochem. Eng. Aspects 280 (2006) 130-139.

38. M. Mamak, N. Coombs, G. Ozin, J. Am. Chem. Soc. 122 (2000) 8932-8939.

39. J. Jiang, A. Kucernak, J. Electroanal. Chem. 520 (2002) 64-70.

40. C. Gouveia-Caridade, R. Pauliukaite, C.M.A. Brett, Electroanalysis 18 (2006) 854-861.

41. J.F. Rusling, Colloids Surf. 81 (1997) 123-124.

42. B. Hoyer, N. Jensen, Electrochem. Comm. 8 (2006) 323-328.

43. L. Huang, L. Bu, F. Zhao, B. Zeng, J. Solid State Electrochem. 8 (2004) 976.

44. A.P. dos Reis, C.R.T. Tarley, N. Maniasso, L.T. Kubota, Talanta 67 (2005) 829-835.

45. J. Pang, Z.-N. Gao, Anal. Bioanal. Chem. 384 (2006) 1525.

46. A.Diaz, A.E. Kaifer, J. Electroanal. Chem. 249 (1988) 333-338.

47. United Kingdom Poisoning Information Database (UKPID), ABPI Compdendium of Data Sheets
and Summaries of Products, haracteristics Datapharm Publications Ltd. (1996-1997).

48. A.E. Kaifer, A.J. Bard, J. Phys. Chem. 91 (1987) 2006.

49. J. Wang, Analytical Electrochemistry, third ed., John Wiley, Hoboken, NJ, 2006.p. 32.

50. J.M.R. Mellado, R.M. Galvin, Electrochim. Acta 37 (1992) 1147-1148.

51. M. Angulo, R.M. Galvin, M.R. Montoya, J.M.R. Mellado, J. Electroanal. Chem. 348 (1993) 303-
315.

52. M.R. Majidi, A. Jouyban, K. Asadpour-Zeynali, J. Electroanal. Chem. 589 (2006) 32-37.

53. Gongjun Yang, Cunxiao Wang, Rui Zhang, Chenying Wang, Qishu Qu, Xiaoya Hu
Bioelectrochemistry 73 (2008) 37-42

‘)" T T T T T T T
4 r vy 1rrrr vy 1 v v vy vt
10 | B
I 20 -
0.0 + -
0.0+
-10
20 -
-« <
ot =&
B S 40f
=30 - = -60
401 . J -80 -
o i 00 Ly,
e | RPN P U SR PRI SR SR S
1.2 1.0
1.2 1.0 0.8 0.6 04 0.2 0.0 -0.2 -0.4
E/V (vs. AZAgCl) BV Agaglh)
Supplementary 1A Supplementary 1B

© 2011 by ESG (www.electrochemsci.org)



http://www.electrochemsci.org/

