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Abstract The dopant bumetanide (BMT) was banned by the
World Anti-Doping Agency. The authors describe a
voltammetric sensor for the determination of BMT in urine
that is based on the use of a glassy carbon electrode modified
with reduced graphene oxide (GCE/rGO). The GCE/rGO was
prepared by electrodeposition from a solution of GO. The
oxidation of BMT occurs best at +0.75 V in the GCE/rGO
with an approximately 13-fold gain in the anode current com-
pared to a conventional GCE. The oxidation mechanism was
investigated by means of electrolysis, while the analysis of the
products was carried out via the LC–MS/MS. Under opti-
mized conditions (scan rate 100mV s−1; pH 4.0; accumulation
time 25 s) and by using linear sweep adsorptive stripping
voltammetry, the response covers the 0.26 to 50 μmol L−1

BMT concentration range. The detection limit is 75 nmol
L−1. The sensor was successfully applied and validated by
LC–MS/MS analysis of spiked urine sample.
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Introduction

Bumetanide [3-(butylamino)-4-phenoxy-5-sulfamoylbenzoic],
(BMT), is considered an effectively potent diuretic of the
sulfamyl category [1, 2] presenting short yet quick action. As
a result, this substance is widely used by competitive athletes in
order to increase their urine flow, reduce weight and eliminate
other possible evidence of illicit substances in their urine [3, 4].
Since 2004, theWorld Anti-Doping Agency (WADA) has been
publishing a list of prohibited substances used by athletes with
the aim of increasing their performance [5, 6]. At present, the
WADA Code serves as an umbrella institution to more than
660 organizations including the International Olympic
Committee and the International Football Federation (FIFA).
The nature of its activities requires the services of accredited
laboratories. In order to guarantee the principles of fair compe-
tition they need established accurate and sensitive analytical
methods. Besides the rigid control of stimulants, narcotics, an-
abolic agents, β-blockers, glucocorticosteroids peptide hor-
mone and others, the use of diuretics has been limited to a
maximum of 250 ng mL−1 in urine [7]. Thus, there is a need
for analytical methods capable of determining and quantifying
diuretics in biological fluids.

The main methods known in the literature for BMT analy-
sis include spectrophotometry [8], capillary zone electropho-
resis [9], flow injection technique with fluorimetric detection
[1] and HPLC methods coupled to mass spectrometry [10].
While these techniques have particular relevance when it
comes to the analysis of BMT in complex biological matrices,
they commonly exhibit undesirable analysis characteristics
[11]. The electroanalytical sensors capable of improving sig-
nal and regardless of the need for sample preparation [12] are
also demonstrated using copper (II) phthalocyanine complex
in the quest for the determination of BMT. The authors indi-
cated that the complex promotes electrocatalysis of BMT

Electronic supplementary material The online version of this article
(doi:10.1007/s00604-017-2443-5) contains supplementary material,
which is available to authorized users.

* Felipe Fantinato Hudari
felipe_fhudari@hotmail.com

1 Universidade Estadual Paulista (Unesp), Instituto de Química,
Araraquara, Av. Prof. Francisco Degni, 55,
Araraquara, SP 14800-060, Brazil

Microchim Acta (2017) 184:4117–4124
DOI 10.1007/s00604-017-2443-5

http://dx.doi.org/10.1007/s00604-017-2443-5
mailto:felipe_fhudari@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s00604-017-2443-5&domain=pdf


reaching a limit of quantification of 9.0 × 10−7 mol L−1 [13].
Nevertheless, the most of these studies have limited linear
region and higher detection limit than required for determina-
tion of BMT in urine.

Graphene - a flat thin sheet of carbon atoms having sp2

bonds, has attracted great interest in the development of elec-
trochemical sensors due to its large surface area, excellent
electrical conductivity, high capacitance and versatility [14,
15]. Particularly, the reduced graphene oxide (rGO) form has
been widely applied in sensors owing to its higher conductiv-
ity compared to graphene oxide (GO) [16]. This form can be
generated through chemical reduction reactions [16] and via
electrochemical reduction [17] of graphene oxide. The strate-
gy via electrochemical reduction has gained attention since it
can be acquired directly in situ by electrodeposition [18] am-
plifying the performance while simplifying the construction
process of the electroanalytical sensor.

The present work aims to explore the potential of the elec-
trochemical reduction of graphene oxide in the modification
of a glassy carbon electrode for the determination of BMT.
The electrochemical oxidation mechanism was investigated
and the products generated were identified by liquid chroma-
tography with detection by mass spectrometry (LC-MS/MS).
Avoltammetric sensor was optimized via the testing of differ-
ent parameters and the device was successfully applied for
BMT determination in urine sample without any pre-
treatment at compatible levels required in doping analyses.

Experimental

Reagents and equipments

All chemicals used in this work were of analytical grade, and
the solutions were prepared using ultra-pure water (Milli-Q®
system, Millipore). Bumetanide (purity ≥98.0%), graphene
oxide (4 mg mL−1, dispersion in H2O), potassium
hexacyanoferrate (III), uric acid, glucose, urea, creatinine
and potassium hexacyanoferrate (II) trihydrate were pur-
chased from Sigma-Aldr ich, Brazi l (ht tp: / /www.
sigmaaldrich.com). Boric acid, phosphate acid, acetic acid
and potassium chloride were from Merck, Brazil (http://
www.merck.com.br). Sodium hydroxide was purchased
from Synth, Brazil (http://www.labsynth.com.br).
Furosemide was purchased from Purifarma, Brazil (http://
www.purifarma.com.br). Standard solution of 0.01 mol L−1

of BMT was prepared in ethanol media which was diluted
afterwards in Britton–Robinson buffer (B–R) of 0.10 mol L−

1 used as supporting electrolyte. The buffer was prepared
by mixing appropriate amounts of 0.10 mol L−1 sodium
hydroxide to orthophosphoric acid, acetic acid, and boric
acid (0.10 mol L−1 in each) solution. Measurements of pH
were carried out in a TECNOPON mPA 210 pH-meter while

those involving scanning electron microscopy were made in a
FEG-MEV pertaining to the JEOL 7500F model. The electro-
chemical experiments (voltammetric techniques and electro-
chemical impedance spectroscopy) were carried out in an
Autolab pgstat302N potentiostat equipped with a FRA32
AC module controlled by the NOVA software. LC–MS/MS
analyses were performed in a High Performance Liquid
Chromatography of 1200 Agilent Technologies coupled to a
Mass Spectrometer 3200 QTRAP (Linear Ion Trap
Quadrupole LC–ESI–MS/MS).

Modification of the glassy carbon electrode

A glassy carbon electrode (GCE) was manually polished with
alumina paste of different particles sizes (0.5, 0.3 and
0.05μm) and washed with ultra-pure water (Milli-Q® system,
Millipore). Standard solution of 4 mgmL−1 of GOwas diluted
2 times with ultra-pure water and placed in ultrasonic bath for
4 h. Afterwards, GO solution was diluted 1 timewith 0.20mol
L−1 sodium sulfate solution (generating a suspension of
0.1 mg mL−1 of GO in 0.10 mol L−1 sodium sulfate solution).
The electrodeposition of the graphene oxide solution previ-
ously prepared was carried out through the application of a
potential of −1.4 V during 500 s on the previously cleaned
GCE [19]. Following modification, the glassy carbon elec-
trode modified with reduced graphene oxide (GCE/rGO)
was washed and maintained for 15 min at room temperature
aiming at drying the film.

Modification with graphene oxide was prepared by
dropping 10 μL of the suspension prepared above (0.1 mg
mL−1 of GO in 0.10 mol L−1 sodium sulfate solution) on the
surface of the GCE and maintained at room temperature for
drying and film formation (4 h).

Electrochemical measurements

All electrochemical measurements were carried out in an elec-
trochemical cell of 10.0 mL with three-electrode system con-
taining working (GCE e GCE/rGO), auxiliary (platinum
wire), and reference (Ag|AgCl; KCl, 3 mol L−1) electrodes.
After modification, the GCE/rGO was subjected to electro-
chemical cycling from 0.60 to 0.96 V in 0.10 mol L−1

buffer (pH 4.0) for the electrode surface stabilization [20].
Electrochemical impedance spectroscopy (EIS) measure-

ments were performed using 5 mmol L−1 Fe(CN)6
3−/4− as

redox probe (0.1 mol L−1 KCl), in the range of 10 kHz –
0.03 Hz, with a 5 mV rms OCP sinusoidal modulation
(0.220 V vs Ag|AgCl).

The controlled potential electrolysis of the BMT diuretic
was conducted in an electrochemical cell of 75.0 mL contain-
ing the working (vitreous carbon plate of 1.56 cm2 without
and with modification by reduced graphene oxide), auxiliary
(Ti/Ru sheet of 9 cm2), and reference (Ag|AgCl; KCl, 3 mol
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L−1) electrodes in 0.10 mol L−1 buffer (pH 4.0) during
3 h. For the curves of current vs time, a fixed potential of
0.96 V was applied so as to obtain the flat current.

LC-MS/MS analysis

The products of the electrolysis were identified by LC-MS/
MS equipped with a Phenomenex Kinetex PFP column
(150 × 4.6 mm; 5 μm). The mobile phase used for elution of
the samples was a mixture of ultra-pure water containing
0.10% formic acid (A) and methanol (B) with a gradient pro-
gramming of 0–2 min 5%B, 2–12min 5–100%B, 12–13min
100% B, 13–14 min 100–5% B, and 14–20 min5% B, using
the flow rate of 1 mL min−1 and sample injection volume of
20 μL [20].

The ion source was operated in an electrospray positive
mode at 600 °C in the following conditions of ionization:
ion spray voltage of 5500 V; curtain gas of 20 psi; nebulizer
gas1 of 50 psi; nebulizer gas2 of 50 psi; declustering potential
31 V and entrance potential of 10 V [20].

Preparation and analysis of synthetic urine samples

The synthetic urine sample was prepared as described in the
following reference [21]. The synthetic urine sample was
subsequently spiked with 6.86 × 10−7 mol L−1 of BMT
(equivalent to 250 ng mL−1). Then, 4 mL of synthetic urine
samples was inserted without any previous treatment in an
electrochemical cell containing 6 mL of buffer (pH 4.0)
(equivalent to 100 ng mL−1 of BMT in the electrochemical
cell).

Analysis of human urine sample

Human urine sample was collected from a healthy person who
was volunteered. 10 mL of sample was spiked with
6.86 × 10−7 mol L−1 of BMT (equivalent to 250 ng mL−1).
Then, 4 mL of the sample was inserted without any prior
treatment in an electrochemical cell containing 6 mL of
buffer (pH 4.0) (equivalent to 100 ng mL−1 of BMT
in the electrochemical cell).

For the analyses of urine samples via LC-MS/MS, a clean-
up through a solid extraction process was employed. In a
Phenomenex Strata-X 33u cartridge (200 mg, 3 mL), previ-
ously conditioned with methanol (3 mL) and Milli-Q water
(3 mL), 4 mL sample (equivalent to 6.86 × 10−7 mol L−1) was
added for extraction. After the sample loading, the sorbent
was washed with 2 mL of Milli-Q water and dried for 1 min
under nitrogen gas flow. Finally, the sample was eluted with
2 mLmethanol and an aliquot (150 μL of sample + 150 μL of
Milli-Q water) was then inserted in vials for analysis by LC-
MS/MS.

The chromatographic analyses were performed with the
same mobile phase described in section 2.4 though with the
following gradient programming: 0–2 min 30% B, 2–4 min
100% B, 4–5 min 100% B, 5–6 min 100–70% B, and 6–
10 min 70% B.

Results and discussion

Characteristics of the GCE/rGO

Scanning electron microscopy (SEM) analyses show a clean,
flawless surface for CGE (Fig. S1I). The GCE/GO presented
an irregular shape with aspects of interconnected bulky blocks
(Fig. S1II) [22, 23]. Following the electrochemical reduction
of GO (Fig. S1III), a surface with large roughness is seen,
where the pairing of several layers of graphene can be ob-
served [24]. These characteristics are corroborated by spec-
troscopy measurements cited in literature [25–28]

The charge transfer kinetics for GCE, GCE/GO and GCE/
rGO were evaluated by electrochemical impedance spectros-
copy (EIS) measurements using 5 mmol L−1 of Fe(CN)6

3−/4−

in 0.1 mol L−1 of KCl. The value of charge transfer resistance
(Rct) for GCE is equivalent to 265 Ω (Fig. S2I). After modifi-
cation of the GCE with GO film, there is an increase of Rct to
2.96 kΩ (Fig. S2II). This relative increase in the value of Rct

can be attributed to the large amount of oxygen-containing
group which tends to reduce the conductivity of the material
as a result of the decrease of sp2 bonds between carbons
[22, 29]. The lowest value of Rct = 62.6 Ω was for GCE/rGO
(Fig. S2III), suggesting that restoration of the π-network oc-
curs, leading to a rise in conductivity of the material [30].

Electrochemical behavior of BMTon GCE/rGO

Figure 1 compares the electrochemical behavior of 100 μmol
L−1 of BMT in 0.1 mol L−1 buffer (pH 7.0) on GCE (a),

Fig. 1 Cyclic voltammograms for 100μmol L−1 of BMT in 0.10mol L−1

buffer (pH 7.0) on GCE (I), GCE/GO (II) and GCE/rGO (III). Scan
rate of 100 mV s−1
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GCE/GO (b) and GCE/rGO (c). BMT is oxidized at 0.75 V
on GCE (Fig. 1I), featuring an irreversible process [31].
Already for the GCE/GO no peak was found (Fig. 1II). This
confirms that the lowest conductivity of the GO film hinders
BMT oxidation. However, while the BMT electrochemical
behavior on the surface of GCE/rGO is similar to the oxida-
tion on the GCE, the peak intensity is found to be around 13
times higher when compared to unmodified electrode
(Fig. 1III). This outcome is attributed to the higher conductiv-
ity and the increased electroactive area of the GCE/rGO
(as shown in this section).

The effect of scan rate (v) on the oxidation of 100 μmol L−1

of BMT in 0.1 mol L−1 buffer (pH 7.0) was investigated
in the range of 2 to 100 mV s−1. A linear relationship was
found through the following equation: iap = 3.96 × 10−4v +
1.30 × 10−6 (R2 = 0.998), which led us to the conclusion that
the charge transfer is controlled by adsorptive process [31].

Taking into consideration the Laviron equation for irrevers-
ible process controlled by analyte adsorption expressed as
Eap ¼ E0− RT

αnT

� �
ln RT

αnT

� �þ RT
αnT

� �
ln υ [20, 32], an estimation

was made aiming at finding out the electrons involved in the
process. From the slope of the relationship between Eap vs ln v,
which follows the equation: Eap = 0.0247 ln v + 0.799 (R2 =
0.994), the αn value was estimated. Substituting the values
of R (8.314 J mol−1 k−1), T (298 K) and F (96,485 C mol−1),
the αn value is 1.04. Considering the α value of around 0.5
[32], the value of n is equal to 2.10, which indicates that BMT
is oxidized after two electrons transfer process.

The active area of GCE and GCE/rGO was compared by
cyclic voltammograms recorded for 1.00 mmol L−1 potassium
hexacyanoferrate (III) solution as model compound in 0.1 mol
L−1 KCl solution (diffusion coefficient = 7.60 × 10−6 cm2 s−1).
B y u s i n g t h e R a n d l e s - S e v c i k e q u a t i o n [ 3 1 ]

(iap ¼ 2:69� 105n3=2AD1=2
0 C0υ1=2 ), the active area of

GCE/rGO was found to be 0.233 cm2, which represents an
increase of approximately 4 times as compared to the active
area of the GCE (0.0554 cm2).

Electrochemical oxidation mechanism of BMT

In order to propose an electrochemical oxidation mechanism
for BMT on GCE/rGO, further experiments were carried
out using controlled potential electrolysis as described in
section 2.3.

Upon the completion of the electrolysis on both GCE and
GCE/rGO, the oxidation products were analyzed by
LC − MS/MS as described in section 2.4. Figure 2I exhibits
the total ion chromatogram (TIC) for the solution containing
BMT prior to electrolysis (control solution), where it showed
characteristic peak at retention time (trt.) of 9.3 min with m/z
365, corresponding to the diuretic (MW. 364 Da, [M + H]+)
(Fig. 2II).

After the diuretic electrolysis on GCE, the peak of the
diuretic was observed at the same trt. And m/z along with
two oxidation products which were detected by LC − MS/
MS. The product with the highest signal intensity was found
at trt. of 10.4 min withm/z 363 ([M + H]+) (Fig. 2III) (P1). The
BMT fragment ion spectra (Fig. 2IV) showedm/z 346 (loss of
17 Da, −NH3),m/z 304 (loss of 42 Da, −CH2CHCH3) andm/z
238 (loss of 108 Da, −SO2 and –CO2).

The second product with lower signal intensity was ob-
served at trt. 8.5 min with m/z 381 ([M + H]+) (Fig. 2V)
(P2). The BMT fragment ion spectra (Fig. 2VI) showed m/z
363 (loss of 18 Da, −H20), m/z 282 (loss of 81 Da, −NH3 and
−SO2) and m/z 254 (loss of 28 Da, −CH2CH2). All of the
fragments mentioned are shown in Table S1.

Nonetheless, when BMT is electrolyzed at oxidation po-
tential on GCE/rGO, beyond the peak of BMTat 9.3 min with
m/z 365, only the product with m/z 381 at 8.5 min was ob-
served (P2) with the same fragments ions shown in Fig. 2VI.

Taking into account all the studies performed, we suggest
the following electrochemical mechanism in Scheme 1 [33].
The secondary amine group in the BMT in aqueous solution
onGCE is oxidized after two electrons transfer and loss of two
protons, generating the product P1. The following hydroxyl
group addition on P1 gives rise to P2 on GCE. Nevertheless, it
is worth pointing out that the BMToxidation process on GCE/
rGO leads to the formation of only P2 product. This can be
regarded as a proof reflecting the greater acceleration of the
oxidation process which entails the immediate oxidation of P1
to P2, detected here only as final product of oxidation.

Electroanalytical determination of BMT

Guided by the goal of obtaining lower levels of BMT detec-
tion using the GCE/rGO sensor the following parameters were
optimized: (a) Sample pH value; (b) Electroanalytical method;
(c) Accumulation time. Respective data and Figures (Fig. S3)
are given in the Electronic SupportingMaterial. The following
experimental conditions were found to give best results: (a) A
sample pH value of 4.0; (b) linear sweep adsorptive stripping
voltammetry (LSAdSV) as an electrochemical method; (c)
25 s as accumulation time.

The analytical performance of the method was tested using
the above optimized conditions. An analytical curve was
constructed in the range of 0.255 to 50.0 μmol L−1 of BMT
(Fig. 3) and a linear relationship was found following equation
iap = 1.68[BMT] + 5.39 × 10−7 (R2 = 0.999) (Insert of Fig. 3).
The limits of detection (LOD) and quantitation (LOQ) were
calculated using the following equations: LOD = 3std/m and
LOQ = 10std/m, where std. is the standard deviation of 10
linear sweep adsorptive stripping (LSAdS) voltammograms
with the supporting electrolyte only (0.10 mol L−1 buffer
(pH 4.0) and m being the slope of the curve. The values for
LOD and LOQ were 75 × 10−9 mol L−1 and 25 × 10−8 mol
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L−1, respectively. A comparison of the electroanalytical
methods reported in the literature for the determination of
BMT is summarized in Table 1. From these data, it is possible
to conclude that our method presents better performance in
relation to the linear response and detection limits in agree-
ment with other voltammetric methods found in the literature
[13, 34].

The intra-day repeatability was verified by 10 consecutive
analyses for solutions containing concentrations of BMT of

0.50 and 15.0 μmol L−1, where the relative standard devia-
tions (RSD) found were 3.40 and 2.70%, respectively. The
repeatability in 5 modifications was analyzed for the concen-
trations of 0.50 and 15.0 μmol L−1 of BMT, where RSD
among 5 modified electrodes were in the range of 0.80 to
4.0% and 0.30 to 1.8%, respectively. These data indicate that
the GCE/rGO does not undergo poisoning during the consec-
utive tests since the solution is stirred between measurements.
Moreover, the sensor is seen to be robust as it presented low

Fig. 2 I Total ion chromatogram (TIC) of control sample with m/z 365.
IIMass spectra of 9.3 min peak detected in (I). III Chromatogram of the
product at 10.4 min withm/z 363. IVMass spectra of product detected in

(III). V Chromatogram of the product at 8.5 min with m/z 381. VI Mass
spectra of product detected in (V)

Scheme 1 Oxidation mechanism for BMT
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values of RSD for intraday repeatability and among the mod-
ified electrodes.

Interference study

The iap and resolution of the anodic peak of BMT was ana-
lyzed in the presence of possible interfering compounds such
as uric acid (UA), creatinine (CR), glucose (GL), urea (UR)
and furosemide (FUR). Under optimized conditions, LSAdS
voltammograms were recorded for a solution containing
15.0 μmol L−1 of BMT and the possible interfering com-
pounds in different concentrations comprising the range of
1.50 to 60 μmol L−1 (Fig. S4I). All the tested compounds at
considered concentrations, except FUR, no exhibited anodic
peak close to BMT, presented well-defined voltammetric
peaks with a relatively good resolution of the diuretic. As
can be seen in Fig. S4I, the percentages between the iap of
the BMT in the presence of compounds interfering (iinter.) on
the iap of the BMT (iBMT) for UA (●), CR (■), GL (○) and UR
(□) were in the range of 98.8–104, 95.6–102, 96.5–99.5 and
97.5–103%, respectively. This indicates that these substances
showed no interference in the iap of BMT in the concentration
range studied because they did not present a peak overlap.
Testing furosemide as interfering (▲), an anodic peak was

observed at +0.994 V, as shown in Fig. S4II. However, for a
FUR concentration up to 4 times higher (in the case 60 μmol
L−1) than BMT concentration, no interference in the iap was
observed, because the oxidation of furosemide is observed
80 mV after BMT, enabling the determination of both, BMT
and FUR, without interference in the studied concentrations.
The relationship of percentages between the iap of the BMT in
the presence of FUR (iinter.) for the concentration range of 1.5
to 60 μmol L−1 were between 96.2–100%.

Application of the method

The performance of the GCE/rGO sensor was initially applied
in tap water samples spiked with 15.0 μmol L−1 of BMT. The
diuretic recoveries were in the range of 99.3 to 101%, indicat-
ing that the error is inferior (or equal) to 1% (Table S2). In
addition, the calculated value of t (tcalc.) was found to be
smaller compared to that of the tabulated t (ttab.), showing that
there is no significant difference at 95% confidence interval
between the fortified and recovered concentrations. These da-
ta indicate a relatively good applicability of the method.

The applicability of CGE/rGO was also tested in a synthet-
ic urine sample previously prepared (section 2.5). Applying
the standard addition method, the value found was 6.72
(± 0.166) × 10−7 mol L−1, which represents 97.9% of recovery.

The applicability of CGE/rGO was also tested in real hu-
man urine sample. The BMT concentration in the sample was
found through the standard additionmethod and the results are
shown in Table 2. For comparison, the method was compared
with the LC–MS/MS technique. As can be seen in Table 2, the
concentration of BMT found in the sample was similar in both
methods. By computing the Students t test (paired t-test), the
value found was 0.511, which is lower than the value of the
tabulated t (4.30) [35]. Thus, the results presented no signifi-
cant difference at 95% confidence between the two methods.

Fig. 3 Linear sweep adsorptive stripping voltammograms for 0.10 mol
L−1 buffer (pH 4.0) (a) varying the concentration of BMT in 0.255
(b), 0.509 (c), 1.01 (d), 1.52 (e), 3.02 ( f ), 5.09 (g), 10.2 (h), 15.2 (i), 20.2
(j) and 50.0 μmol L−1 (k). υ = 100 mV s−1. Figure insert: Relation
between Iap vs [BMT] (n = 3)

Table 1 An overview on
nanomaterial-based methods for
determination of Bumetanide

Electrode Technique Concentration range (mol L−1) LOD (mol L−1) Reference

CPE LSV 2.74 × 10−6 to 2.74 × 10−5 4.39 × 10−7 [34]

CPE/complex CuPC SWV 9.90 × 10−7 to 8.30 × 10−6 2.70 × 10−7 [13]

GCE/rGO LSAdSV 2.55 × 10−7 to 5.00 × 10−5 7.50 × 10−8 This work

CPE: carbon paste electrode; CPE/complex CuPC: carbon paste electrode modified with copper(II)
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecafluoro-29H,31H–phthalocyanine

Table 2 Determination of human urine sample by using the GCE/rGO
method and LC–MS/MS technique

Method GCE/rGO LC–MS/MS

Found values (×10−7 mol L−1) 6.96 ± 0.0488 6.73 ± 0.0113

(n = 3)
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Conclusion

The results of our present work indicate that glassy carbon
electrode modified with reduced graphene oxide (GCE/rGO)
can be a good alternative for determining BMT in urine sam-
ple at low levels. The modification of the electrode with a
reduced graphene oxide (rGO) reduced the charge transfer
resistance besides increasing drastically increase in the peak
intensity of BMT compared to the GCE. The studies of con-
trolled potential electrolysis indicated that the amine group is
oxidized in the molecule and the final product identified by
LC-MS-MS is found to be similarly on both GCE and GCE/
rGO. Interestingly, however, the intermediate of the reaction is
not identified during the oxidation on modified electrode
when compared to the GCE electrode, suggesting a rapid for-
mation of the final product. The sensor was successfully
employed in urine sample containing the allowable concentra-
tion level of BMT set out by WADA. The comparison was
performed by the LC–MS/MS method. It is noteworthy that
the results pointed out no significant difference between the
two methods, indicating that the GCE/rGO sensor can be suc-
cessfully applied in urine samples. Furthermore, the fact that
this sensor presented lower detection limit and higher linear
relationship compared with other works reported in the litera-
ture for the determination of BMT diuretic renders it a suitable
alternative when it comes to such analyses.
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