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Abstract

Cyclic and differential pulse voltammetric techniques were employed to determine salbutamol at a glassy carbon
electrode modified with a graphene oxide and poly(O-nitrobenzoic acid). The modified electrode was characterized
by [Fe(CN),J]*/[Fe(CN),]* couple and show high catalytic activity towards the oxidation of SAL in PBS (pH 7.6). The
effect of scan rate, pH and concentration of SAL were studied at the modified electrode where a radical change in the
anodic peak current was observed. The important parameters such as electrode real surface area, electron-transfer
number, the surface concentration of the electroactive species, detection and quantification limits were determined
and calculated to be 0.485 cm?, 1, 3.51 x 10 mol/cm?, 56 and 188 nM, respectively. The modified electrode was
achieved excellent reproducibility and good stability. In addition, there is no interference with the determination of
SAL except ascorbic acid and p-nitrophenol. The sensitivity of the modified electrode shows acceptable recoveries
in the detection of SAL in pharmaceutical formulations and a human urine sample.

Keywords: Salbutamol; Asthma; Graphene oxide; O-Nitrobenzoic
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Introduction

The shortness of breath and coughing were mostly caused by
asthma which means disorder of the respiratory system. And therefore,
prevents air to pass into and out of the lungs periodically. One of the
most common forms of asthma is an inflammation of the airways known
as bronchial asthma. However, in the case of fluid accumulation in the
lungs, asthma is referred to as cardiac asthma, which acts as a multiplier
of heart failure. Asthma can be treated by relaxing the smooth muscles
and thus the bronchial passages are enlarged by using p adrenergic
agonists such as salbutamol. First-line drugs in the treatment of airway
narrowing, the optimum choice for the treatment of bronchial asthma
and chronic obstructive pulmonary disease [1].

Salbutamol (SAL) or albuterol [1-(4-hydroxy-3-hydroxymethyl
phenyl)-2-(t-butylamino)ethanol], also known as Ventolin is a type of
adrenergic agonists which a class of drugs primarily used to treat asthma
and other forms of allergic diseases [2,3]. In addition to, high doses of
SAL illegally are given to animals to raise a preferential muscle in fat
ratio, resulting in financial gain for the farmer [4,5]. It is worth noting
that the accumulation SAL in animal organs can enter the human body
through the food chain leads to headache, muscular pain, muscular
tremor, nervousness, fever, vomiting and cardiac palpitation [6-8].
Hence, it became an urgent necessity to determine SAL in different
pharmaceutical dosage forms and in clinical chemistry.

In recent years, a different methods of analysis have been reported
to determine SAL in pharmaceutical formulations or biological
samples, such as spectrophotometry [9-11], high performance
liquid chromatography [12-14], gas chromatography [15], capillary
electrophoresis [16,17], potentiometry [18,19] and flow injection
analysis [20]. Unfortunately, these techniques are expensive, time
consuming and relatively complicated even though proven and widely
accepted. In other side, Electrochemical methods is sensitive, accurate,

simple, rapid, inexpensive and helpful to identify and detection of SAL.
The response of analyte on the bare electrode can be affected on the
sensitivity of electrochemical determination [21]. So, development of
a sensitive modified electrode to detect SAL pharmaceutical samples
through electroanalytical technique is significant.

Recently, graphene oxide (GO), an oxidized form of graphene, has
become the preferred electrode modification materials for the sensitive
detection of organic substances, bioactive molecules, nutrients, food
additives, as well as contaminants. This is due to many unusual features
of GO such as easily prepared, low cost, wide potential windows,
good electrocatalytic activity, high charge transport mobility, high
transparency, fairly inert electrochemistry and mechanical strength
greater than steel [22-25]. In other hand, graphene exhibits a surface
area of 2630 m?/g, which is much greater than that of graphite (~10
m?/g) and even that of carbon nanotubes (1315 m?/g) as reported in
literature [26], but it might not provide a significant advantage over
existing electrode materials [27].

To this day, fabrication of polymer film on the surface of the electrode
by electropolymerization, has received a great attention from scientific
research groups, as the polymer film has good stability, reproducibility,
high selectivity, strong adherence to the electrode surface, and large
service area which means more active sites [28,29]. It is recognized that
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the redox reaction rate increases in the presence of the polymer film
on the electrode surface. So, for a first time a glassy carbon electrode
(GCE) modified with graphene oxide followed by a polymer film of
o-nitrobenzoic acid (GO/poly(O-NBA)/GCE) to determine SAL in its
pharmaceutical forms and humin urine.

The electrooxidation of target compounds usually requires high
potentials in case of using conventional material electrodes. Also, the
achieved detection limits are relatively high as a result of the fouling
of electrode surface by the generated from electrochemical reactions.
Consequently, this paper aims to describe the preparation a modified
electrode of (GO/poly(O-NBA)/GCE) which was expected to enhance
the electron transfer kinetics of the modified surface and lowers the
oxidation potential of SAL. This electrochemically modified electrode
could become a suitable sensor for the electroanalytical detection of
SAL in the pharmaceutical formulations and urine samples.

Experimental Part

Chemical reagents and solutions

Salbutamol sulphate, graphite powder (<20 pum) and sulfuric
acid (H,SO,) were purchased from Sigma-Aldrich. O-nitrobenzoic
acid (O-NBA), potassium permanganate (KMnO,), hydrochloric
acid (HCI), hydrogen peroxide (H,0,) were received from Merck.
Sodium hydroxide (NaOH), monopotassium phosphate (KH,PO,),
dipotassium phosphate (K,HPO,), disodium phosphate (Na,HPO,)
were obtained from EI-Nasr Pharmaceutical Chemicals (Egypt).
Sodium nitrate (NaNO,), potassium nitrate (KNO,), and potassium
ferricyanide (K,[Fe(CN),]) were purchased from BDH Chemicals
Ltd (England). In our experiments all the chemical reagents were of
analytical grade unless otherwise stated and were used directly without
any further purification.

All solutions were freshly prepared using doubly distilled water at
room temperature. A 0.1 M phosphate buffer solution (PBS, pH 7.6)
was employed as the supporting electrolyte and prepared by mixing
equi-molar (0.1 M) of KH,PO, and K,HPO,. 1.0 M of NaOH and HCl
solutions were used to adjust the desired pH of the buffer solutions.

Electrochemical equipment and cell

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
experiments were performed using EG&G Princeton applied research
potentiostat/galvanostat model 263A (USA) is used [30,31]. The cell
(model K0264 micro-cell) was used for all electrochemical experiments
contains three electrodes, an Ag/AgCl (saturated KCI) - model K0265-
electrode was used as the reference electrode, the counter-model
K0266-electrode was of high purity platinum wire and a bare glassy
carbon electrode - model G0229 -(2 mm) and (GO/poly(O-NBA)/
GCE) were used as the working electrode. Finally, the pH values were
adjusted through CyberScan pH 500 Meter (Euteoh-India).

Synthesis of graphene oxide (GO)

1.0 g of commercial natural graphite powder was oxidized by a
modified Hummers’ method (GO-H2) [32,33]. In an ice-water bath, 3 g
of KMnO, was slowly added to a suspension of the concentrated H,SO,
(30 mL), NaNO, (3 g) and graphite (1.0 g) to keep the temperature of
the oxidation reaction between 10 and 25°C. Subsequently, 100 mL of
doubly distilled water and 60 mL of 35% H,O, were slowly added to
reduce residual permanganate and manganese dioxide. After stirring
for 30 min and then centrifuged, the resulting black product was
filtered followed by dry in oven at 50°C overnight. Aqueous colloids of

GO were prepared from the dried graphite oxide powder by magnetic
stirring and heating as reported in literature [34]. Briefly, 0.5 g of
graphite oxide was stirred with 50 mL of doubly distilled water at 70°C
using magnetic stirring at 400 r.p.m for 12 hours.

Fabrication of the GO/poly(O-NBA)/GCE

A GCE was cleaned sequentially by polishing with alumina powder
(3 um) to a mirror finish surface then rinsing with doubly distilled
water and ultrasonically cleaned with water, ethanol for 2 min. Using
drop-casting method, a 10 uL aliquot of GO-H,O suspension (0.5 g/50
mL) was dropped onto a cleaned surface of the GCE, followed by drying
at 50°C in an oven. Afterward, the GO/GCE was electropolymerized
by immersing in electrolyte solution of 0.1 M Na,HPO, (pH=7.0)
containing 5 mM monomer of O-NBA by cyclic the potential between
1.3 and -1.5 V (vs. Ag/AgCl) for 10 cycles at a scan rate of 100 mV/s.
After electropolymerization, the modified electrode was rinsed
thoroughly with doubly distilled water to remove unreacted monomer
and dried at room temperature.

Preparation of real samples

5.0 mL of salbutamol sulfate syrup was diluted by dilution factor
of 50 with PBS (pH 7.6). Analysis the amount of SAL in each sample
was carried out by DPV using the standard addition method. As for the
salbovent tablets (2 mg salbutamol sulfate), each tablet was weighed,
carefully crushed and dissolved in 55 mL of PBS (pH 7.6).

Urine samples of healthy specimen were analyzed immediately
after collection. Two milliliters of fresh samples were diluted to 50 mL
with PBS (pH 7.6). The diluted urine samples were spiked with different
amount of SAL.

Results and Discussion

Preparation and characterization of the GO/poly(O-NBA)/GCE

There are several papers go directly towards the modification of the
physico-chemical properties of the electrodes through the utilization of
various kinds of conducting polymers. So, our interest in this work was
to further improve the GCE by adding a polymer film of O-NBA on the
GO/GCE as shown in Figure 1.

Where the polymer film of O-NBA can be growth by immersing
the GO/GC modified electrode in 0.1 M Na,HPO, (pH=7.0) containing
5 mM of O-NBA and cycling the potential between 1.3 and -1.5 V for
10 cycles at scan rate of 100 mV/s as can be seen in Figure 2. In the

[

GOIGCE/

GO/GCE Poly(0-NBA)

Figure 1: Schematic representation of fabrication of GO/poly(O-NBA)/GCE
and the proposed mechanism for oxidation of SAL.
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first scan, cathodic peak (1), cathodic peak (2) and anodic peak (3)
were observed with peak potentials -0.271 V, -0.837 V and -0.024 V,
respectively. Also, the effect of scan rate was studied for O-NBA at GO/
GCE as show inset Figure 2, where the peaks currents increase linearly
with the increasing in scan rate from 50 to 400 mV/s indicating a
diffusion control process.

The GO/poly(O-NBA)/GCE was characterized by cyclic
voltammetry of 5.0 mM K,[Fe(CN) ] in electrolyte solution of 0.1 M
KNO, at bare GCE and the GO/poly(O-NBA)/GCE at scan rate 100
mV/s as illustrated in Figure 3. The cyclic voltammogram (Figure 3,
curve a) exhibits a quasireversible redox couple with a peak separation
(AEpeak) of 465 mV with small redox peak currents at bare GCE. On
the other hand, A large peak current for [Fe(CN) ]*/[Fe(CN)|* couple
was observed (Figure 3, curve b) when GO/poly(O-NBA)/GCE used
as working electrode and AEpeak was obviously decreased to 151 mV.
This is due to the better electron transfer through GO and poly(O-
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Figure 2: CVs of 0.1 M Na,HPO, (pH = 7.0) containing 5 mM of O-NBA at GO/
GCE in scan rate of 100 mV/s for 10 cycles. Inset: effect of scan rate (a-h: 50,
100, 150, 200, 250, 300, 350 and 400 mV/s, respectively).
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Figure 3: CVs of (a) bare GCE and (b) the GO/poly(O-NBA)/GCE in 0.1 M
KNO, containing 5.0 mM K,[Fe(CN),] at scan rate 100 mV/s.

NBA) as the redox mediators between the analyte and the GCE which
indicates the high electrocatalytic activity of the GO/poly(O-NBA)/
GCE [35].

Theactive surface area of the modified electrode must be determined
because it refers to electrode reaction rate. So, the cyclic voltammetry
of 5.0 mM potassium ferricyanide as the redox probe was recorded.
Figure 4 shows the CVs of 0.1 M KNO, contains 5.0 mM K, [Fe(CN) ]
at the GO/poly(O-NBA)/GCE at different scan rate (50-1000 mV/s).
Its clear that, each peak current increased with increase of scan rate. In
addition to, a straight line obtained by plotting Ip against square root
of the scan rate. by compensation of the slope in the following Randles-
Sevcik equation [36-38]:

Ip = 0.446 nFAC(nFDV/RT)1/2

were, n is the number of electrons (for this system n=1), Ip is the
peak current, F is the Faraday constant (C/mol), C is the concentration
of the electroactive species (mM), v is the scan rate (mV/s), R is the
universal gas constant (J/mol.K), T is the temperature in Kelvin, A is
the electroactive surface area of the modified electrode (cm?) and D is
the diffusion coeflicient (cm?/s). With known the precise value of D
which is 5.6 x 10°° cm?/s [39], the value of A was estimated as 0.485
cm? The electroactive surface area of the GO/poly(O-NBA)/GCE is
high compared to the A of bare GCE (0.126 cm?), which provided an
effective evidence for the superior conductivity of GO/poly(O-NBA)
films as expected.

Electrochemical behaviour of SAL

The electrochemical behaviour of SAL at unmodified and GO/
poly(O-NBA) modified glassy carbon electrodes was investigated using
cyclic voltammetry. Figure 5 displays the cyclic voltammograms of 0.1
M PBS (pH=7.6) in: (curve a) GO/poly(O-NBA)/GCE in the absence
of SAL, (curve b) unmodified GCE with 0.3 mM of SAL, (curve ¢) GO/
GCE with 0.3 mM of SAL and (curve d) GO/poly(O-NBA)/GCE with
0.3 mM of SAL at scan rate 100 mV/s. its observed that, there is no any
peaks in anodic or cathodic scan for the GO/poly(O-NBA)/GCE in PBS
containing no SAL (curve a). In other side, SAL was found to give an
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Figure 4: CVs of 0.1 M KNO, containing 5.0 mM K,[Fe(CN),] at the GO/poly(O-
NBA)/GCE at different scan rate (a-k: 50, 100, 200, 300, 400, 500, 600, 700,
800, 900 and 1000 mV/s, respectively).
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oxidative peak at 0.59, 0.585 and 0.53 V (vs. Ag/AgCl) at an unmodified
GCE (curve b), a GO/GCE (curve c) and a GO/poly(O-NBA)/GCE
(curve d) respectively. Knowing that, SAL undergo an irreversible
behaviour due to no cathodic peak was observed. Its clear that, the
addition of GO to the bare GCE leads only to increase the anodic peak
current value of SAL. While in case of using the GO/poly(O-NBA)/
GC modified electrode, a relatively sharp oxidative peak with a two-
fold peak current at 60 mV lower potential indicated the high catalytic
activity of the modifier towards the oxidation of SAL. Which means
the modified electrode could be attributed to an increased surface area
[40].

Effect of scan rate

The electron-transfer number (n) and the surface concentration of
the electroactive species (I') can be determined by investigate the effect
of scan rate. Figure 6 shows the cyclic voltammograms at different
scan rates (20-500 mV/s) for the electrocatalytic oxidation of 0.3 mM
SAL in 0.1 M PBS (pH=7.6) at the GO/poly(O-NBA)/GCE. From this
figure, the anodic peak current of SAL was observed to increase with
scan rate due to heterogeneous kinetics. Also, the oxidation reaction of
SAL at GO/poly(O NBA)/GCE is irreversible due to the oxidation peak
potential of SAL shifted in the positive direction [41].

A linear dependence (IP=0.016 v+2.267, R>=0.9967) of peak
current on scan rate from 100 to 500 mV/s (Figure 6) indicated that the
oxidation reaction kinetics of SAL at GO/poly(O-NBA) modified GCE
is predominantly adsorption-controlled process [41,42]. The electron-
transfer number (n) and the surface concentration of the electroactive
species (I') could be deduced according to Laviron theory [43,44] using
the following equation:

I =nFQv/4RT=n’F*vAT/4RT here, A is the surface area, Q is
the peak area (known quantity) of certain scan rate, I' is the surface
concentration of the electroactive species, other symbols have their
usual meaning and the values of n and T were found to be 1 and 3.51 x
10°* mol/cm? respectively.

1/pA
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9]
00 0.1 02 03 04 05 06 07 08 09 10 LI
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Figure 5: CVs of 0.1 M PBS (pH=7.6) in: (a) GO/poly(O-NBA)/GCE in the
absence of SAL, (b) unmodified GCE with 0.3 mM of SAL, (c) GO/GCE with
0.3 mM of SAL and (d) GO/poly(O-NBA)/GCE with 0.3 mM of SAL at scan rate
100 mV/s.

Effect of pH

The change in the value of pH plays important role in the mechanics
of the oxidation and reduction reactions of most compounds.
Consequently, the effect of pH on the electrochemical oxidation of
SAL at GO/poly(O-NBA)/GCE was studied. Cyclic voltammetry was
carried out to examine the effects of pH (PBS, pH 3.33 to 11.61) on
voltammetric determination of 0.3 mM SAL at 100 mV/s. The results
were illustrated in Figure 7. Initially the anodic peak current increases
gradually with increasing pH and reaches a maximum at 7.6 and
then the peak current decreases indicating 7.6 of pH is the optimum
value which is in agreement with reported papers [45,46]. But there
is a slightly increase in the alkaline medium as shown inset Figure
7. Moreover, the oxidative peak potential markedly shifts to more
negative value with increasing in pH value indicating the participation
of protons during oxidation of SAL [42].

For further analyzing the data from Figure 7, a good linear
relationship (Figure 8) was estimated between the oxidative peak
potential (EP) and pH (over a pH range between 6.71 and 11.61) with
a linear regression equation of EP=1.03-0.0615 pH (R?=0.9994). The
obtained slope value -61.5 mV/pH was very close to the theoretical
value of -59 mV, demonstrating that the number of the electrons taking
part in the oxidation of SAL is equal with that of protons. That is, one
electron and one proton are producing from the oxidation reaction
of SAL at GO/poly(O-NBA)/GCE. Hence, a reaction oxidation
mechanism of SAL was proposed as shown in Figure 1.

Effect of concentration of SAL

The DPV was employed to investigate the effect of concentration
of SAL due to its ability to discriminate faradic current from non-
faradic current [43]. DP voltammograms of various concentrations
of SAL (64.23-626.2 uM) in 0.1 M PBS (pH=7.6) at the GO/poly(O-
NBA)/GCE was presented in Figure 9 where: pulse high 25 x 10° V,
pulse width 50 x 107 s, step time 0.1 s and scan rate 20 mV/s. The peak
current of SAL clearly increases with increasing in its concentration
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Figure 6: CVs of 0.3 mM of SAL in 0.1 M PBS (pH=7.6) at the GO/poly(O-
NBA)/GCE with different scan rate: (a) 20, (b) 50, (c) 100, (d) 150, (e) 200, (f)
250, (g) 300, (h) 350, (i) 400, (j) 450, (k) 500. Inset: plot of peak current vs. scan
rates (v) from 100 to 500 mV/s.
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and there is gradually shifted in peak potential towards positive values.
Moreover, inset Figure 9 shows the plot of anodic peak current against
the concentration of SAL in the range 79.52 to 626.2 uM-calibration
curve-with linear equation IP=8.53x10* C+0.496 (R?=0.9971). The
detection (LOD) and quantification (LOQ) limits were calculated from
the following two equations:

LOD=3 s/m and LOQ=10 s/m

where, s and m are standard deviation of the intercept and the
slope of calibration curve, respectively. The values of DL and QL were
calculated to be 56 and 188 nM, respectively. It is known that the
detection limit was the lowest concentration sensed by an electrode and
being able to give the measurable signal that can be recorded by the
technique. Table 1 shows the comparison of various modified electrodes
for SAL detection, where the clear superiorities of the present work are
the detection sensitivity and wide linear range of concentration.

0100 01 02 03 04 05 06 07 08 09 10 11
E/Vvs. AgAgCl

Figure 7: CVs of 0.3 mM SAL at GO/poly(O-NBA)/GCE in PBS of various
pH values (a-i: 3.33, 4.48, 5.58, 6.71, 7.64, 8.77, 9.55, 10.55 and 11.61,
respectively) at 100 mV/s. Inset: Plot of |, vs. pH
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Figure 8: Plot of E, versus pH, other conditions were the same as figure 7.
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Figure 9: DPVs of GO/poly(O-NBA)/GCME in 0.1 M PBS (pH = 7.6) containing
different concentrations of SAL (a-i: 64.23, 79.52, 104.4, 151.8, 220.6, 385.4,
477 .1, 556.6 and 626.2 uM, respectively) at pulse high 25 x 10 V, pulse width
50 x 10 s, step time 0.1 s and scan rate 20 mV/s. Inset: calibration curve.

Electrode Technique Linear range LOD | Reference
AUNPSLOySIWNTS sy 0.09-7.0 50 21]
poly(AHNSA)/GCE DPV 0.20- 8.0 68 [42]
MWNT-DHP/GCE SWV 0.80- 10 200 [43]
AB-DHP%/GCE LSV | 0.40-7.5,7.50-100 100 [46]
Poly taurine/ZrO2/GCE LSV 5.00 - 220 50 [47]
Nano-Au modified ITO | SWV 0.21-8.36 31 [48]
SMWCNT®-NF DPV 0.10-0.30 100 [49]
CPT-BDDE SWV 17.3-347 5060 [50]

GO/poly(O-NBAYGCE = DPV 64.23-626.2 56 P;f;’i“t

2AB-DHP: acetylene black-dihexadecyl hydrogen phosphate and "SMWCNT:
mixture of SWCNT and MWCNT (1:1).

Table 1: Comparison of different electrochemical sensors for the determination
of SAL.

Spiked Found Accuracy o
Sample (mM) (mM) (% RE) Recovery (%)
Salbutamol 0.150 0.152 +1.3 101.3
0.200 0.19 +5.0 95.00
Syrup
0.450 0.434 +3.5 96.44
Salbovent 0.150 0.157 +4.6 104.6
0.200 0.21 +5.0 105.0
Tablet 0.450 0.441 £2.0 98.00
0.150 0.146 +26 97.33
) 0.200 0.195 +25 97.50
Urine
0.450 0.429 +4.6 95.33

Table 2: Determination of SAL in real samples.

Reproducibility, stability and interference

The performance of the modified electrodes can be evaluated by
checking reproducibility, stability and selectivity. The reproducibility of
the results was investigated by taking repetitive cyclic voltammogram
of 6 parallel determinations of SAL (89.55 uM) in PBS (pH=7.6) at
GO/poly(O-NBA)/GCE and the relative standard deviation (RSD) was
6.2%. The obtained value of RSD indicates the excellent reproducibility
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of the modified electrode. In addition, this modified electrode showed a
good stability, where only 4.5% decrease of the anodic peak current for
SAL was observed after the GO/poly(O-NBA)/GC electrode was stored
for ten days at 5.0°C.

The selectivity of the modified electrode was examined for 89.55
uM SAL in PBS (pH=7.6) with the maximum tolerable concentrations
of some foreign species and concomitant compounds. Accordingly,
1000-fold concentration of common ions such as Na*, K*, Mg?, Zn?*,
Cl, NO*, C032' and SO 42' don’t interference with determination of
SAL. Beside, 100-fold of alanine, cysteine, glucose, lactose and 50-
fold of maleic, tartaric and citric acids do not influence significantly
the analytical results. But 50-fold concentration of ascorbic acid and
p-nitrophenol showed a severe influence on the determination of SAL.

Analysis of real samples

In order to evaluate the applicability of the GO/poly(O-NBA)/
GCE using DPV, the recoveries of SAL were determined in salbutamol
syrup, salbovent tablets and urine samples containing different
concentrations of

SAL by the standard addition method. The obtained results were
summarized and presented in Table 2. Accordingly, the results of SAL
recoveries (95.0-105. 0%) are satisfactory and proved that this modified
electrode can readily be applied.

Conclusion

The present work clearly represents a GCE modified with GO
and poly(O-NBA) to determine SAL in PBS using CV and DPV. The
peak current of SAL was increased with increase in scan rate and
concentration. The effect of pH at the modified electrode shows the
high peak current of SAL oxidation at pH 7.6. An excellent sensitivity
and good selectivity were achieved by the GO/poly(O-NBA)/GCE
towards SAL. The high concentration of some common foreign
compounds didn’t interference in the detection of SAL at the GO/
poly(O-NBA)/GCE. While high concentrations of ascorbic acid and
p-nitrophenol showed a severe influence on the determination of SAL.
The modified electrode showed good stability, unmatched efficiency
and high precision in estimation of SAL. So successfully used in the
determination of SAL in pharmaceutical formulations and urine
sample.
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