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An electrochemical sensor based on functionalized multiwalled carbon nanotubes
(MWCNTY) has been developed and applied for determination of anticancer drug
flutamide in pharmaceutical and artificial urine samples. The electrode was
prepared by modifying a glassy carbon electrode with MWCNTY, denoted herein
as MWCNTYGCE. The MWCNT¢GCE electrode exhibited high catalytic activity,
high sensitivity, and high stability and was applicable over a wide concentration
range for flutamide. The effects of the scan rate, pH, and nature of the electrolyte
on the electrochemical behavior of flutamide on the MWCNTY/GCE were inves-
tigated. The results showed that this electrode presented the best square-wave
voltammetric response to flutamide in Britton—Robinson buffer solution at pH 5.0
at frequency of 50 Hz and amplitude of 0.06 V. The proposed sensor presents a
wide linear response range from concentration of 0.1 umol L' up to
1000 ymol L~ (or 27.6 ug L' up to 0.27 g L™Y), with limit of detection, limit of
quantification, and sensitivity of 0.03 ymol L™!, 0.1 yumol L%, and
0.30 yA pmol ! L, respectively. The MWCNTYGCE electrode was successfully
applied for determination of flutamide in pharmaceutical formulations and
artificial urine samples, giving results in agreement with those obtained by a
comparative method described in literature. A paired Student’s ¢-test revealed no
statistical difference between the reference and proposed method at 95% confi-
dence level. The average recovery for fortified samples was 101 + 1%.

Key words: Flutamide, functionalized multiwalled carbon nanotubes,
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INTRODUCTION

Nowadays, development of methods for determi-
nation of drugs is a challenging topic in scientific
research since drug monitoring in biological, phar-
maceutical, environmental, and food samples is of
great importance for monitoring of diseases and
quality control of pharmaceutical dosages and foods.

(Received December 6, 2016; accepted May 31, 2017,
published online June 15, 2017)

In this context, biological fluids such as urine are
promising samples for drug monitoring, due to their
ready availability and noninvasive collection in
comparison with blood, serum, amniotic fluid, gas-
tric contents, or specific tissues, among others.’ On
the other hand, monitoring of drugs in pharmaceu-
tical formulations is of great importance in the
pharmaceutical industry as well as to ensure the
safety of patients treated with them.

Flutamide, i.e., 2-methyl-N-[4-nitro-3-(trifluo-
romethyl)phenyl]propanamide (Fig. 1), is a nons-
teroidal antiandrogen drug used to treat advanced
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prostate cancer. In addition, flutamide may also be
used to treat excess androgen levels in women with
polycystic ovarian syndrome.?? In prostate cancer,
tumor cells need testosterone to proliferate; ﬂu—
tamide and its active metabolite, 2-hydroxyflu-
tamide, compete with testosterone to bind to
androgen receptors, leading to impairment of testos-
terone signaling.

However, the efficacy of flutamide is somewhat
overshadowed by the occurrence of hepatitis in some
patients,” which increases the importance of flu-
tamide monitoring in urine samples as well as drug
formulations used in patients with prostate cancer.
Therefore, development of a simple, sensitive, and
selective method for determination of flutamide in
routine analysis is of great importance.

There are several methods for determination
of ﬂutamide including spectrophotometrlc
approaches,® chemllumlnescence-based methods,’
and hi §h -performance liquid chromatography
(HPLC).® Although these methods show good sensi-
tivity and accuracy, they suffer from high opera-
tional cost and require specific sample preparation
as well as highly trained technicians.

On the other hand, electrochemical methods have
received great attention due to their various advan-
tages, including low operational cost, high sensitiv-
ity, high frequency of analysis, and easy handling.
Conventional applications involving electroanalyti-
cal methods are based on electrodes whose useful-
ness may be limited due to gradual passivation of
the surface,” slow electron transfer kinetics, high
potential for oxidation/reduction of the analyte, and
difficulty in discriminating between tar§et com-
pounds with similar redox characteristics.™

Chemical modification of electrodes can help to
address these problems, giving rise to electrodes
with interesting physicochemical characteristics
such as reactivity, selectivity, sensitivity, etc. Such
chemically modified electrodes enable development
of devices with responses appropriate for different
purposes and applications.!! In this sense, electro-
chemical sensors based on modified electrodes have
opened new avenues in several areas of research,
enabhng detection and quantlﬁcatlon of substances
using different materials.'®'® Among the various
materials used nowadays in development of chem-
ical sensors, carbon nanotubes (CNTs) stand out
due to thelr chemical and mechanical properties,
chemical stablhty, and robustness.'*

There is therefore growing interest in use of
carbon nanotubes as a platform for development of
sensors for determination of drugs in pharmaceuti-
cal formulations or biological samples, based on two
main aspects: F1rstly, CNTs show excellent electro-
chemical activity,'® motivating their use for deter-
mination of drugs with high sensitivity and allowing
low limits of detection for many drugs in pharma-
ceutical samples; Secondly, the high number of
groups on the surface of carbon nanotubes enables
higher selectivity. Based on these aspects, carbon
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Fig. 1. Chemical structure of flutamide.

nanotubes have been emplogged for determination of
drugs such as dopamine,’ quercetln 17 metham-
phetamlne 18 ascorbic ac1d nlmesuhde,20 parac-
etamol,? norﬂoxacm bisoprolol fumarate
oxymetholone 12%anciclovir, g Warfarln capto-
pril,2” methadone isoprenaline,?® morphme
noscapine,® cefta21d1me,32 L- tr%ptophan cef-
pirome,** and gentamicin sulfate,”® among others.

To improve the properties of CNTs, they can be
functionalized by attaching carboxylic and other
oxygen-containing polar groups using oxygen
plasma treatment, which has been crucial for
adsorption processes to transform the surface of
CNTs from superhydrophobic to superhydrophilic.>®
In this work, we developed, applied, and validated a
functionalized—CNT-modiﬁed electrode for determi-
nation of flutamide in pharmaceutical samples and
artificial urine samples. To the best of the authors’
knowledge, this is the first description of such a
high-performance nanomaterial based on function-
alized multiwalled carbon nanotubes for determi-
nation of flutamide.

EXPERIMENTAL PROCEDURES
Chemicals, Solutions, and Instrumentation

All chemicals were of analytical grade and used as
received without further purification steps. Flu-
tamide and dimethylformamide (DMF) were
acquired from Sigma, St. Louis, USA. Boric acid,
citric acid, and disodium and monosodium phos-
phate Na,HPO, and NaH,PO,) were acquired from
Synth, Sao Paulo, Brazil. Urea, sodium chloride,
creatinine, and calcium chloride dihydrate were
purchased from Isofar, Rio de Janeiro, Brazil.

Working standard solutions were prepared daily
by appropriate dilution of stock solutions. All solu-
tions were prepared using water purified in a Milli-
Q Millipore system, and the actual pH of the buffer
solutions was determined using a Quimis pH/ion
analyzer Q400AS model. Brltton—Roblnson (B-R)
buffer solution (0.1 mol L ') was prepared by mix-
ing acetic acid, boric acid, and orthophosphoric acid
solutions With an appropriate amount of sodium
hydroxide solution to adjust the pH. Mcllvein buffer
solution (0 1molL™Y) was prepared from
0.1 mol Lt NaZHPO4, and the pH was adjusted
using 1 mol L7 citric acid.

A PGSTAT 128 N potentiostat/galvanostat from
Autolab (Eco Chemie) was coupled to a microcom-
puter and controlled using GPES software. The
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electrochemical cell was a conventional three-elec-
trode cell with Ag/AgCl(sat.) reference electrode,
gold auxiliary electrode, and (bare or modified)
glassy carbon (GC) working electrode.

Synthesis and Functionalization of Multi-
walled Carbon Nanotubes (MWCNT)

MWCNT were prepared using a mixture of cam-
phor (85 wt.%) and ferrocene in a modified thermal
chemical vapor deposition (CVD) furnace. The mix-
ture was vaporized at 220°C in an antechamber,
then the vapor was carried by nitrogen gas flow to
the chamber of the CVD furnace set at 850°C and
atmospheric pressure. The vapors flowing into the
chamber were converted into MWCNT powder.?”
The time elapsed during this process was only a few
minutes. After preparation, the samples were sub-
jected to sonication for 5h in 10 mol L' HCI at
150°C, then washed extensively in water and left to
dry. Acid etching was performed to remove iron-
based (from ferrocene) catalytic particles from the
MWCNT powder.>® We reported previously that,
based upon x-ray photoelectron spectroscopy (XPS)
analysis, this process succeeded in almost complete
removal of external iron content.?*?

Finally, exfoliation of the carbon nanotubes and
incorporation of oxygen-containing groups (—OH,
—COOH, =0) were performed in a pulsed direct-
current (DC) plasma reactor at oxygen flow rate of
1 sccm, pressure of 150 mTorr, —700 V, and fre-
quency of 20 kHz. After this functionalization of the
MWCNT, we denote them by MWCNT;.

Sensor Preparation

First, the surface of the glassy carbon electrode
was polished to remove any adsorbed species. Then,
the glassy carbon electrode was modified with 10 uL
of a suspension prepared by mixing 1.0 mg
MWCNT; and 500 uL. DMF. This suspension was
placed directly onto the glassy carbon electrode
surface and allowed to dry at 50°C for 20 min. The
modified electrode is denoted as MWCNT/GCE.
Finally, the modified electrode was thoroughly
rinsed with distilled water and transferred to the
electrochemical cell.

Preparation of Pharmaceutical and Synthetic
Urine Samples

Six tablets containing 250 mg flutamide were
accurately weighed and ground to fine powder.
Tablet powder equivalent to 250 mg flutamide was
weighed accurately and dissolved in ethyl acetate.
The solution was filtered and transferred quantita-
tively to a 100-mL volumetric flask, and the volume
was completed with the same solvent. An aliquot of
10 uL of each sample was added to the electrochem-
ical cell containing 5 mL 0.1 mol L™ B-R buffer
(pH 5.0) for analysis. The same procedure was also

carried out in triplicate, with the sample diluted 500
times (10 uL sample/5 mL electrolyte). This method
was also applied for direct analysis of flutamide in
two different artificial urine samples, prepared as
follows:

Procedure for sample A: Artificial urine was pre-
pared in water with the following constituents and
final concentratlons 0.33 mol L ™! urea,
0.12 mol L ! sodium chloride, 0. 016 mol L~ ! potas-
sium d1phosphate 0.007 mol L! creat1n1ne and
0.004 mol L ! sodium monophosphate.*’

Procedure for sample B: Artificial urine was pre-
pared according to Laube et al.*' as a solution
containing the following constltuents and final con-
centrations: 0.411 mol L ! urea, 0.0268 mol L *,
potassium chlorlde, 3gL! sodlum chlorlde
0.0513 mol L' sulfate disodium, 0 014 mol L_1
potassium phosphate, 0. 0186 mol L_ ammonium
chloride, and 0.0068 mol L~ ! calcium chloride dihy-
drate. In both procedures, the pH of the sample
solution was 6.6 (£0.1).

RESULTS AND DISCUSSION
MWCNT¢ Characterization

The details of the MWCNT; characterization were
reported elsewhere.?®3? Briefly here, Fig. 2a shows
the morphological characterization of MWCNT;
performed by scanning electron microscopy (SEM),
and Fig. 2b shows the first- and second-order
Raman spectrum of the MWCNT; sample. Curve
fitting was performed using Lorentzian functions
for the D (1350 cm ™) and G bands (1580 cm ') and
D’ shoulder (1618 cm '), and Gaussian functions for
the broad band around 1474 cm~!, which is
assigned to polar groups attached to the CNT walls.
The D band stems from a double resonance process
involving a phonon and a defect. The G band stems
from in-plane vibrations and has E’zg symmetry
correspondlng to stretching vibrations in the basal
plane (sp? domains) of single-crystal graphene or
nanocrystalline graphite. The G’ band (2700 cm 1)
is derived from their (2D) second-order harmonic.
The higher the intensity of the G’ band, the higher
the crystallinity of the sp? carbon.3® 39 The C 1s
curves were deconvoluted into six peaks, at around
284.1 eV, 285.4 eV, 287.1 eV, 288.7 eV, 290.1 eV,
and 291.6 eV, correspondlng to ahphatlc carbons
(sp? hybrldlzatlon) defects, carbon atoms with C-O,
—C=0, carbonates, and shake-up peak (7—n transi-
tions), respectlvely

From the C 1s curves, we observed an increase of
both oxygen-group content and defects, in agree-
ment with the Raman spectra. This implies forma-
tion of strong C-O bonds from the oxygen-
containing groups situated along the carbon nan-
otubes. The O 1s curves were deconvoluted into
three peaks at around 535 eV, 534 eV, and 531 eV,
corresponding to C-O, —-COOH, and C-OH.
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Fig. 2. (a) SEM and (b) Raman spectrum of MWCNT;.
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Electrochemical Studies of Flutamide on
MWCNTYGCE

The electrochemical behavior of flutamide on the
bare GCE (Fig. 3a) and MWCNT¢GCE (Fig. 3b) was
studied in phosphate buffer solution (PBS, pH 7).
Curves 1 (first cycle) and 2 (second cycle) in Fig. 3a
show results of cyclic voltammetry (CV) performed
in the anodic scan, while curves 3 (first cycle) and 4
(second cycle) in Fig. 3a show the results of CV
carried out in the cathodic scan. In both cases, CV
shows one oxidation peak (OI) at +120 mV and two
cathodic peaks (RI and RII) at —660 mV and
—140 mV, respectively. The RI peak is due to four-
electron reduction of the nitro group of flutamide on
the electrode surface.*” On the other hand, the
redox couple OI/RII can be attributed to reversible
two-electron oxidation/reduction of the hydroxy-
lamine group [(-NHOH)/nitroso group (-NO)].#%43
It is noteworthy that the RII peak appears only
after the first cycle is performed (Fig. 3a, curve 4).

On the other hand, the CV results for flutamide
oxidation/reduction on MWCNT; (Fig. 3b, curves 1
to 4) show the OI peak at —34 mV and the RII peak
at —89 mV, while the RI peak appears at —600 mV.
The difference between the potential of peaks OI
and RII (Eo; — Egp) was +55 mV. In addition, in
the cathodic scan, the OI/RII redox couple disap-
peared when the potential was reversed before the
RI peak was reached (data not shown), consistent
with the nitroso/hydroxylamine redox couple of
flutamide being generated by reduction of nitro
group of flutamide.

Figure 3¢ presents CV results for flutamide oxi-
dation/reduction on bare GCE (curve 1) and
MWCNTYGCE (curve 2) at the same experimental
conditions. These results show that the flutamide
redox processes were more efficient on the

MWCNTymodified electrode. The peak currents
observed for the OI/RII redox couple in Fig. 3c
(curve 2) are about 3-fold higher than that on bare
GCE (Fig. 3c, curve 1).

These results suggest low charge-transfer resis-
tance of the MWCNT; electrode to flutamide due to
the greater amount of surface groups resulting from
its oxidized structure, which increased the sensitiv-
ity of the system and improved the electron transfer
rate between the analyte in solution and the
electrode surface. The peak currents of flutamide
oxidation/reduction on MWCNT{/GCE were mark-
edly higher than those on bare GCE, suggesting
that MWCNTY is an effective mediator in electro-
analysis of flutamide. In addition, the peak poten-
tials for flutamide oxidation and reduction on
MWCNTYGCE were lower than those observed on
bare glassy carbon electrode. The enhancement of
the peak current of the redox couple and the shift
toward lower values indicate that MWCNT} exhibits
effective catalytic ability to oxidize or reduce
flutamide.

Figure 4 shows cyclic voltammograms for
MWCNTymodified glassy carbon electrode at sev-
eral flutamide concentrations (0.1 mmol L2,
0.2 mmol L1, 0.3 mmol L%, and 0.4 mmol L 1) in
two potential ranges (Fig.4a and b). The peak
currents observed for flutamide oxidation and
reduction on the MWCNTymodified glassy carbon
electrode were proportional to the concentration of
the electroactive species in the buffer solution,
which occurs due to the arrival of a greater amount
of molecules at the electrode—solution interface.

According to these results, in both ranges, the
peak currents increased with the flutamide concen-
tration and the plots of peak (anodic and cathodic)
currents as functions of the flutamide concentration
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Fig. 3. CV results for flutamide on: (a) bare GCE and (b) MWCNT/
GCE. The two figures show anodic (red and black) and cathodic
(blue and green) scans of the first and second cycle, respectively. (c)
CV results for oxidation of flutamide on bare GCE (black curve) and
MWCNT{/GCE (red curve). Experiments were carried out in
0.1 mol L=' PBS at pH 7.0 (Color figure online).

were linear, suggesting the applicability of the
modified sensor for detection of flutamide. However,
the cathodic peak near to 0 V (peak RII) was chosen
for flutamide determination in further experiments,
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Fig. 4. CV results for MWCNT/GCE in presence of different con-
centrations of flutamide: (a) potential scan between —1.0 V and
0.4 V with inset showing plot of I, versus [flutamide]; (b) potential
scan between —0.2 V and 0.2 V with inset showing plot of I, versus
[flutamide].

since it provided high sensitivity at low applied
potential.

Optimization of Experimental and Opera-
tional Parameters for Determination of
Flutamide

Experimental Parameters

To optimize the sensor response for flutamide
determination, the influence of experimental
parameters was investigated by cyclic voltammetry
(Fig. 5). Firstly, the effects of solution pH on the
sensor response to flutamide was studied in
0.1 mol L' phosphate buffer at pH values of 4.0,
5.0, 6.0, and 7.0 (Fig. 5a). The inset of Fig. 5a shows
a plot of E,, (peak potential) versus pH, obtained to
verify the chemical order of protons to electrons for
oxidation and reduction of flutamide. The peak
potential for flutamide was affected by the solution
pH in the investigated range. A linear relationship
between the peak potential and pH in the range of
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Fig. 5. (a) CV results for flutamide on MWCNT{/GCE at different
solution pH values of 4.0, 5.0, 6.0, and 7.0, measured in 0.1 mol L
PBS buffer (pH 5.0); inset shows plot of E, versus pH. (b) Influence
of pH on peak current of flutamide, obtained from (a), and (c) influ-
ence of type of buffer solution on the peak current of flutamide,
measured in 0.1 mol L~ buffer (pH 5.0) usinTg CV technique. [Flu-
tamide] = 0.4 mmol L™"; scan rate: 0.05 V s~

pH 4.0-7.0 was observed for the flutamide oxida-
tion/reduction process, with slope of 0.053 V/pH,
close to that expected for an electrode reaction in
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Fig. 6. Dependence of peak current on (a) square-wave voltage
(SWV) frequency (with A, = 0.05 V) and (b) pulse amplitude. In-
set a1 shows a plot of peak current versus square root of frequency.
Inset a2 shows a plot of peak current normalized to half-peak width.
The inset in (b) shows a plot of peak current versus amplitude.
Experiments were carried out under the following conditions: [flu-
tamide] = 10 umol L™" in B-R buffer (pH 5.0).

which the number of protons is eg]lual to the number
of electrons (0.059 V/pH at 25°C).** We then verified
that the peak current also depended on the solution
pH. The results showed that the peak current for
flutamide increased from pH 4.0 up to pH 5.0,
decreased from pH 5.0 up to pH 6.0, then remained
constant up to pH 7.0 (Fig. 5b). The highest peak
current was achieved at pH 5.0, which was there-
fore chosen for further studies.

The effect of the buffer solution on the peak
current obtained with the sensor for flutamide was
also investigated (Fig. 5c). Thus, the sensor
response was verified in three different buffer
solutions [phosphate (PBS), Britton—Robinson (B—
R), and Mcllvaine (MCV)] at 0.1 mol L' and pH
5.0. The best response to flutamide was found in B—
R buffer, which may be associated with the high
ionic mobility of the acetate, phosphoric, and boric
ions, enabling better electron transfer between the
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electrode and flutamide in solution. B-R buffer was
therefore chosen for further experiments.

Operational Parameters

The effect of the frequency (f) and potential pulse
amplitude (A;) on the square wave voltammetric
response of flutamide on MWCNT{/GCE in B-R
solution is shown in Fig. 6a and b. The peak current
values increased linearly with the square root of
frequency from 20 Hz up to 50 Hz (Fig. 6a,
inset al). On the other hand, the deviation of the
peak current values from linearity increased when
the frequency was increased, being higher at fre-
quency values above 50 Hz (Fig. 6a, inset al).
Inset a2 of Fig. 6a shows a plot of peak current
normalized to the half-peak width (I,/W,) versus
frequency, also revealing linear behavior up to
frequency of 50 Hz, which suggests that the
increase of the peak current was accompanied by
an increase of the half-peak width. According to
literature,*® increasing the frequency can induce an
increase of the half-peak width due to (i) effects on
the uncompensated resistance or (ii) limited diffu-
sion of flutamide to the MWCNT/GCE surface.
Taking into account that the resolution is a reason-
able criterion for the quality of a square-wave peak
as an analytical signal, a frequency of 50 Hz was
used for further experiments as a trade-off between
the advantage of an increase in the peak current
versus the accompanying peak broadening.

The values of the peak current were also found to
vary with the pulse amplitude (0.02 V to 0.07 V)
applied in the SWV while maintaining a frequency
of 50 Hz (Fig. 6b). The results showed that there
was no change in the peak current for amplitude
values above 0.06 V. In this sense, better voltam-
metric response was obtained for pulse amplitude of
0.06 V, which was therefore chosen for further
studies.

Analytical Characterization

To obtain an analytical curve for the proposed
sensor, we measured SW voltammograms for reduc-
tion of flutamide at different concentrations in
0.1 mol L™ B-R buffer at pH 5.0 under the opti-
mized experimental conditions (Fig. 7). Under the
optimized conditions, the proposed sensor showed a
typical linear response range from 0.1 ymol L' up
to 1000 zmol L', which can be expressed according
to the following equation: Y =(1.026 +
0.650) + (0.30 & 0.002)X, with % =0.999 (n = 15),
with better sensitivity than reported by other
researchers (Table I). This good sensitivity can be
attributed to the efficiency of the electron transfer
between the MWCNT; and the flutamide.

A limit of detection of 0.03 ymol L' was deter-
mined using a 3o/slope ratio, while the limit of
quantification was 0.10 ymol L™}, where ¢ is the
standard deviation of the mean value for ten
voltammograms of blank, calculated according to
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Fig. 7. SWV flutamide reduction obtained in B-R buffer (pH 5.0).
The concentrations in the electrochemical cell were: (1)
0.1 yumol L=, (2) 2.4 umol L™, (3) 4.8 umol L™, (4) 10.2 umol L7,
(5) 22.0 umolL™', (6) 31.0 umolL™', (7) 40.9 umol L', (8)
51.0 umol L', (9) 58.0 umol L™", (10) 70.0 umol L', (11)
126.0 umol L', (12) 265.0 umol L™', (13) 503.0 umol L™, (14)
718.0 umol L™, and (15) 1000 umol L™". Inset shows analytical
curve. f= 50 Hz, pulse amplitude = 0.06 V.

literature recommendations.*® The response range
and limit of detection presented by this sensor for
flutamide determination are better than those
reported in literature (Table I).

The repeatability of the sensor construction was
evaluated by constructing five sensors and deter-
mining the peak current obtained for each. The
repeatability, expressed as the relative standard
deviation (RSD), was 0.06% for n = 10. This result
indicates good repeatability of sensor construction,
possibly due to strong adsorption of the MWCNT; on
the electrode surface.

The stability of the MWCNTZGCE electrode was
also checked in the presence of 10 ymol L' flu-
tamide by performing successive voltammetric
amperometric measurements in 0.1 mol L' B-R
buffer at pH 5.0. After 100 voltammetric measure-
ments, no change was observed in the response of
the modified electrode. When the modified electrode
was stored at room temperature, no significant
change in the response was observed over a period
of 1 month.

Application to Samples

The proposed sensor was also applied for flu-
tamide determination in two drug samples and two
artificial urine samples. Determination of flutamide
in the samples was carried out in 5.0 mL
0.1 mol L' B-R buffer (pH 5) containing 10 uL
sample. Successive injections of standard flutamide
solution into B-R buffer were performed for deter-
mination of the analyte in the samples. The con-
centration of flutamide in the drug and artificial
urine samples is presented in Table II, which also
shows a comparison between the proposed and a
comparative method.
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Table I. Comparison of some characteristics of various modified electrodes for detection of flutamide

Linear Sensitivity
Electrode Erea (V) range (umol L™)  (yA pymol™' L) LOD (umol L) Ref.
Nano-Ag/MGCEs —-0.30 10-100 45 x 1076 9.33 47
(versus SCE) 100-1000 1.0 x 107
dsDNA/CPE —-0.75 72.4-579 0.011 3.62 48
(versus SCE)
CTAB/CPE —-0.75 72.4-579 9.08 x 1072 0.181 49
(versus Ag/AgCl)
Modified PGE —0.25 0.0001-0.1 1.24 x 107° 34.4 x 1078 50
(versus Ag/AgCl) 0.1-100 0.0043
Dropping mercury electrode 0.55 0.1-1.3 - 0.18 51
(versus Ag/AgCl)
MWCNT, 0.05 0.1-1000 0.30 0.03 This work
(versus Ag/AgCl)

LOD, limit of detection; MGCEs, modified glassy carbon electrodes; SCE, saturated calomel electrode; dsDNA, double-stranded
deoxyribonucleic acid; CPE, carbon paste electrode; CTAB, cetyltrimethylammonium bromide; PGE, pencil graphite electrode.

Table II. Flutamide recovery values obtained for four samples (n = 6)

Spectrophotometric

Electrochemical method method®?
Flutamide Flutamide Flutamide Recovery Flutamide Recovery

Sample added (mg) expected (mg) found (mg) (%) found (mg) (%)
Tablets A 0.00 250.00 249.90 (£1.00) 99.9 251.50 (£1.20) 100.6

10.00 260.00 253.54 (£0.50) 97.5 252.27 (£0.70) 99.4
Tablets B 0.00 250.00 249.7 (£0.30) 99.8 248.48 (£0.50) 99.5

20.00 270.00 285.26 (£0.20) 105.6 284.93 (£0.40) 99.9
Artificial urine A 0.00 - - - -

10.00 10.00 9.99 (£0.02) 99.00 9.75 (£0.02) 97.5

20.00 20.00 19.87 (£0.10) 98.70 19.98 (£0.10) 100.6
Artificial urine B 0.00 - - - - -

10.00 10.00 9.97 (£0.05) 97.00 9.99 (£0.12) 100.2

20.00 20.00 19.95 (£0.03) 99.50 19.86 (+£0.30) 99.5

Table III. Determination of flutamide in presence of excipients and other substances

Species Amount (mmol L) Recovery of Flutamide (% + RSD?)
Lactose monohydrate 10 98.8% (£0.5)
Magnesium stearate 10 99.1% (£0.3)
Sodium laureate 10 98.3% (+0.4)
Cellulose 10 97.7% (£0.8)
Amide 10 98.5% (£+0.5)
Glucose 10 98.9% (£0.1)
Ascorbic acid 10 99.6% (£+0.3)
Dextrose 10 100.5% (+0.5)
Talc 10 99.1% (£+0.2)
Uric acid 10 99.7% (+0.1)
Vitamin B6 10 98.6% (£+0.5)

[Flutamide] = 10 umol L’l.aAverage of three determinations.
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As an additional check on the accuracy of the
developed method and interference by matrices,
analytical recovery experiments were performed by
adding known amounts of flutamide to three water
samples in triplicate. Percentage recovery values
were calculated by comparing the concentration
obtained from the samples with the actual and
added concentrations. The recoveries for the water
samples are presented in Table II, clearly showing
that the matrix had no influence on the developed
sensor. A paired Student’s ¢-test comparing the
reference method and the results obtained using the
proposed sensor revealed no statistical difference at
95% confidence level.

The selectivity of the modified electrode was
evaluated by examining the influence of several
possible interfering substances on the detection of
10 umol L' flutamide in drug and urine samples.
Solutions of these compounds were freshly prepared
in the same conditions as flutamide, i.e.,
0.1 mol L ™! B-R buffer (pH 5.0). The electrochem-
ical results (Table III) indicated that 1000-fold
higher concentrations of different species (lactose
monohydrate, magnesium stearate, sodium laure-
ate, cellulose, amide, glucose, ascorbic acid, dex-
trose, tale, uric acid, and vitamin B6) did not
interfere with the flutamide determination. It is
therefore apparent that, by exploiting the reduction
of these species, the MWCNTmodified electrode
can provide good selectivity for detection of flu-
tamide, without interference from commonly coex-
isting substances. Therefore, the proposed sensor
was highly selective for flutamide determination in
the presence of excipients commonly present in
tablets or electroactive compounds commonly found
in urine samples.

CONCLUSIONS

This work shows that a glassy carbon electrode
modified with MWCNT;is a simple, easily prepared,
and practicable alternative for analytical determi-
nation of flutamide. Due to the chemical stability,
electrochemical reversibility, and high electron
transfer rate constant of the electrode, it can be
used in electrocatalysis as an electron transfer
mediator to shuttle electrons between flutamide
and the electrode. This system has been shown to be
promising for flutamide detection at extreme low
overpotential, offering many desirable properties
including low detection limit, satisfactory linear
concentration range, and excellent stability. The
sensor was successfully applied for drug and artifi-
cial urine samples.
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