American Journal of Analytical Chemistry, 2012, 3, 106-112 003:‘ Scientific
http://dx.doi.org/10.4236/ajac.2012.32015 Published Online February 2012 (http://www.SciRP.org/journal/ajac) #3% Research

The Electrocatalytic Activity of Bare Pyrolytic Graphite
and Single Wall Carbon Nanotube Modified Glassy
Carbon Sensors Is Same for the Quantification of
Bisoprolol Fumarate

Rajendra N. Goyal , Sanghamitra Chatterjee, Sudhanshu P. Singh, Anoop Raj Singh Rana,
Himanshu Chasta
Department of Chemistry, Indian Institute of Technology Roorkee, Roorkee, India
Email: “mgeyfey@iitr.ernet.in

Received November 15, 2011; revised December 20, 2011; accepted December 29, 2011

ABSTRACT

A comparison of voltammetric behavior of bisoprolol fumarate (BF) at edge and basal plane pyrolytic graphite elec-
trodes (EPPGE/BPPGE) has been made with single wall carbon nanotube modified glassy carbon. The electrochemical
properties are investigated exercising the cyclic voltammetry and square wave voltammetry (SWV). Enhanced peak
current associated with bisoprolol fumarate oxidation at EPPGE is due to its better electron transfer property. Quantifi-
cation of bisoprolol fumarate was carried out at pH 7.2 at both the pyrolytic graphite electrodes. Well-defined peak has
been observed at ~792 and 954 mV at EPPGE and BPPGE respectively for bisoprolol fumarate oxidation. The detection
limit is found to be 2.8 x 107 M and 7.3 x 10’ M for EPPGE and BPPGE respectively. A comparison of common
quantification parameters for bisoprolol at carbon nanotube modified glassy carbon electrode and bare BPPGE and
EPPGE has been made and it is observed that carbon naotube modified glassy carbon exhibits sensitivity and detection
limit close to that observed at bare basal plane pyrolytic graphite electrode. The method developed is applicable for de-
termination of bisoprolol fumarate in pharmaceutical preparations and real samples.
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1. Introduction Hence, reliable and cost effective methods are required
for rapid quantification of BF. In recent years, several
methods have been proposed for the determination of
bisoprolol [5-8]. Most of them are chromatography based
methods. Ding et al. described the LC-ESI-MS method
for determination of bisoprolol and obtained a linear
calibration plot in the concentration range 0.05 - 120
ng/mL [5]. Tutunji et a. [6] have reported determination
of bisoprolol by high performance liquid chromatogram-
phy (HPLC) coupled with tandem mass spectrometry and

Bisoprolol fumarate (BF, Scheme 1) is a highly selective
betal adrenoreceptor blocker drug and it blocks the ac-
tion of certain chemicals on the heart and blood vessels.
This effect lowers the heart rate, reduces blood pressure
and increases the intake of oxygen and blood into the
body [1]. However an overdose of BF has some compli-
cations associated with it. Administration of BF should
always be stopped immediately with the appearance of
the signs of overdose. Some of the most common symp-
toms of BF overdose are hypoglycemia (low blood B m
sugar), congestive heart failure, bronchospasm, brady- (I)H
cardia (slow heart rate), and hypotension (low blood OCH,CHCH,NHCH c::(C::* . HC - COOH
pressure). People suffering from the adverse effects of : Il
the overdose require an urgent treatment to overcome the HOOC - CH
adverse effect of the overdose [2].

Regular intake of BF also results in the improvement
of exercise capacity [3] and has been prohibited by world
anti-doping agency (WADA) in the sports events [4].
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“Corresponding author. Scheme 1. Bisoprolol fumarate.
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the detection limit for bisoprolol was found to be 0.1
ng/mL. Another HPLC based method was developed by
Joshi and coworkers where the detection limit for BF was
determined to be 0.01 ug/mL [7] and the developed
method was successfully applied for the determination of
BF in commercial tablets. Recently Wang et al. have
described electrochemiluminescence coupled with capil-
lary zone electrophoresis for determination of bisoprolol
and the detection limit was found to be 0.3 uM [8].

Chromatography based methods are time consuming,
require costly instrumentation and have a high operational
cost. In recent years, electro-analytical methods have at-
tracted considerable interest for the determination of
various drugs and biomolecules [9-12]. Electro-analytical
methods have an edge over the chromatographic tech-
niques on account of their simplicity and low operational
cost. A recent article from our laboratory has demon-
strated the determination of BF at single-walled carbon
nanotube (SWNT) modified glassy carbon electrode [13].
However, the peak observed was very broad in linear
sweep voltammetry and close to background in different-
tial pulse voltammetry and thus made the recognition and
accurate determination of peak potential and peak current
difficult. Also, later investigations revealed that the elec-
trocatalytic activity of single-walled carbon nanotube is
due to metallic impurities present in nanotube [14,15]. To
make determination more reliable, it was considered de-
sirable to skip the time consuming electrode modification
process in this article and compare the voltammetric re-
sponse of simple basal plane pyrolytic graphite electrode
(BPPGE) and edge plane pyrolytic graphite electrode
(EPPGE) for the determination of BF in a quest to de-
velop better electrochemical sensor. It was observed that
the voltammetric response of bisoprolol at bare EPPGE is
comparable to single-walled carbon nanotube modified
glassy carbon electrode.

2. Experimental
2.1. Reagents and Materials

Edge/basal plane graphite pieces were purchased from
Pfizer (USA). Pure BF in powdered form was obtained
as a gift sample from Unichem Laboratories Ltd., Raigad,
India. Tablets of BF marketed by different pharmaceuti-
cal companies were purchased from the local pharmacy.
Method of Christian and Purdy [16] was followed to
prepare phosphate buffer solutions (1.0 M). All other
reagents used were of analytical grade. All solutions
were prepared in double distilled water.

2.2. Instrumentation

The electrochemical experiments were performed using
BAS (Bioanalytical Systems, West Lafayette, IN, USA)
CV-50W voltammetric analyzer and were carried out in a

Copyright © 2012 SciRes.

single-compartment three-electrode glass cell with EP-
PGE/BPPGE as the working electrode, a platinum wire
as counter electrode and Ag/AgCl electrode as reference
(BAS; Model MF-2052 RB-5B) electrode. EPPGE/
BPPGE was prepared as reported in literature [17]. The
SWNT modified glassy carbon electrode was prepared
by reported method [13]. All experiments were carried
out at room temperature (26°C £+ 2°C).

2.3. Procedure

A stock solution of BF (1 mM) was prepared in doubly
distilled water. Required amount of the stock solution was
added to 2 mL of phosphate buffer solution and the total
volume was made to 4.0 mL with double distilled water.
The electrochemical measurements were then carried out.
Initial electrochemical studies were carried out using cy-
clic voltammetry. The solutions were deoxygenated by
bubbling high-purity nitrogen for 12 - 15 min before re-
cording the cyclic voltammograms. Cyclic voltammo-
grams were recorded in the sweep range 10 - 1000 mV-s ™'
with initial sweep to positive potentials. The electro-ana-
lytical determination of BF was carried out employing
square-wave voltammetry. The optimized parameters for
determination of BF using square-wave voltammetry are
as follows: Initial E: 400 mV, final E: 1200 mV, step E: 4
mV, square-wave amplitude: 30 mV, square-wave freq-
uency: 15 Hz. The electrode surface was cleaned after
each run by rubbing it on an emery paper followed by
washing with a jet of distilled water and touching onto
soft tissue paper. As the electrode surface area gets ch-
anged each time due to the cleaning process, hence, vol-
tammetric measurements were performed in triplicate and
an average value of the current is reported.

The human urine samples of patients undergoing pha-
rmacological treatment with bisoprolol were obtained
from the Indian Institute of Technology Hospital, Roor-
kee. The samples were obtained after 10 h of administra-
tion of Zabesta tablet. The samples were used after two
times dilution to reduce the matrix complexity.

3. Results and Discussion
3.1. Determination of Surface Area

Chronoampereometric experiments were performed us-
ing 1 mM potassium ferrocyanide as redox substrate for
the approximation of the surface area of EPPGE/BPPGE.
Area of the electrodes is calculated on the basis of equa-
tion A= (it]/z) p'/z/nFDO]/zC0 where i is current in A, n
is the number of electrons involved in overall electrode
reaction, F is faraday constant (in coulombs), A is surface
area of electrode in cm?, D, is diffusion coefficient in
cm?/s, C, is bulk concentration in moles per mL and t is
time in seconds [18]. On substituting the value of (it"?)
from the chronoampereometric curve for BPPGE/EPPGE
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and the values of the constants (n = 1, F = 96485, D, =
6.3 x10° Co=1x10° n=3.14) in the equation, the
surface area of BPPGE and EPPGE is calculated as 0.21
and 0.19 cm’ respectively; which are comparable and
nearly equal within experimental limits. A comparison of
SEM images of bare BPPGE and EPPGE is presented in
Figure 1 which clearly indicates that EPPGE has steps,
whereas, the surface of BPPGE is rough. The SWNT
modified glassy carbon had a surface area of 0.28 cm”.

3.2. Voltammetric Behavior of Bisoprolol
Fumarate

Initial studies on electro-oxidation of BF were carried out
using cyclic voltammetry. It was found that when the scan
rate was fixed at 20 mV/s, BF showed a well-defined oxi-
dation peak at ~ 985 and ~ 858 mV potential at BPPGE
and EPPGE respectively in phosphate buffer medium of
pH 7.2 as shown in Figure 2. The oxidation peak of BF is
more sharp and well-defined at EPPGE in comparison to
BPPGE. No other peak was observed in cyclic voltam-
metry, hence, it is concluded that BF is irreversibly oxi-
dized when the sweep is initiated in the positive direction.
A systematic scan rate study was carried out to establish
the nature of electrode reaction at EPPGE. Scan rate of
cyclic voltammograms was varied in the range 10 - 1000
mV/s in phosphate buffer solution of pH 7.2. The analyte
peak current was found to increase with increasing scan
rates and the plot of i / v/? versus log v clearly indicated
that the electrode process is adsorption controlled [19,20].

In view of the reported better sensitivity of square-wave
voltammetry for analytical purpose, the technique has been
employed for voltammetric quantification of BF. Initially,
square wave voltammograms were recorded for 50 uM BF
at basal plane and edge plane pyrolytic graphite electrode
in phosphate buffer solution of pH 7.2 as shown in Figure
3. The drug was oxidized at ~ 954 mV with a very low
current value at basal plane electrode. EPPGE was then
used as the working electrode at which an oxidation peak
was observed at ~ 792 mV with a marked increase in the
current. Thus, the exposed edge plane sites in EPPGE con-
tribute in making it an efficient sensor which enhances the
kinetics of the electrochemical process and oxidation po-
tential shifted to less positive potentials.

3.3. Concentration Study

The quantitative analysis of the drug was based on the
dependence of the peak current on the concentration of BF.
Typical square wave voltammograms depicting the sys-
tematic increase in the peak current values with an incr-
ease in the concentration in the range 0.5 - 100 uM at bare
EPPGE is presented in Figure 4. The linear calibration
plot at bare EPPGE along with error bars is presented in
the inset. While in the case of bare BPPGE, the observed

Copyright © 2012 SciRes.

concentration range is 1.0 - 100 uM. The peak current is
found to increase linearly with increasing concentration of
BF and the linear regression equation at both the elec-
trodes can be expressed as:

()

Figure 1. A comparison of FE-SEM images of (a) basal
plane of PGE; (b) Edge plane of PGE with SWNT modified
glassy carbon.
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Figure 2. Typical cyclic voltammograms observed for 25
pM BF in phosphate buffer solution of pH 7.2 at bare EP-
PGE (—) and bare BPPGE (- —-) at 20 mV-s .
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Figure 3. Comparison of square-wave voltammograms of 50
uM BF (pH 7.2) at (a) bare EPPGE (—), (b) bare BPPGE (-
— —), and (c) background phosphate buffer solution at pH
7.2 at bare EPPGE (......).
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Figure 4. Osteryoung square wave voltammograms re-
corded for (a) phosphate buffer solution (background) at
EPPGE (++* ) and (b) increasing concentration of BF at the
electrode (— ) [Curves were recorded at (i) 0.5; (ii) 1; (iii)
10; (iv) 25; (v) 505 (vi) 75 and (vii) 100 pM concentration in
phosphate buffer solution of pH 7.2]. The observed calibra-
tion curve of peak current on BF concentration measured at
pH 7.2 at EPPGE is presented in inset.

i, (10°A)=0.086 C(uM)+0.4345 at bare EPPGE

i, (10°A)=0.043 C(uM)+0.3139  at bare BPPGE

where C is the concentration of BF. The correlation coef-
ficients for the expressions were 0.9971 and 0.9918 for
bare EPPGE and BPPGE respectively. The current val-
ues are obtained by subtracting the background current
and are reported as an average of at least three replicate
determinations. The detection limit of the proposed
method was calculated by using the formula 30/b,
where o is the standard deviation of the blank and b is the
slope of the calibration curve and was found as 2.8 x 107
M and 7.3 x 10~" M for bare EPPGE and BPPGE respec-
tively. The sensitivity was estimated to be 0.86 pA-pM !
and 0.43 pA-pM ' for bare EPPGE and BPPGE respec-
tively. However, just to see the effect of surface modifi-
cation of BPPGE and EPPGE by single wall carbon nano
tube, experiments were carried out using pyrolytic graph-
ite electrodes modified with 40 puL suspension of carbon
nanotube (1 mg/10 mL of dimethylformamide). The peak
potential of BF was found to shift to less positive poten-
tials by 75 mV at both the electrodes and peak current
increased to almost 1.5 times as compared to bare
BPPGE and EPPGE. This indicates that as expected, the
surface modification further increased the sensitivity of
determination of BF. However, as the aim of the studies
was to avoid the use of surface modification procedure,
studies were carried out at bare pyrolytic graphite elec-
trode. Since, bare EPPGE exhibited better analytical per-
formance in comparison to bare BPPGE, hence, further
investigations were carried out at bare EPPGE.

Copyright © 2012 SciRes.

3.4. Influence of pH and Square Wave
Frequency

The pH of the supporting electrolyte affects the oxidation
peak potential of BF. The voltammetric oxidation of 50
uM BF was examined in the range 3.3 - 11.0 in phos-
phate buffer solution. The peak potential (Ep) of the drug
shifted towards less positive potentials with increase in
pH. The linear dependence of the peak potential on pH at
the EPPGE is represented by the following equation:

E, (pH 33-110)=[1219-61.03 pH] mV

versus Ag/AgCl (R* = 0.9953)

The dEy/dpH value of ~ 60 mV/pH indicates that equal
number of protons and electrons are involved in the oxi-
dation of BF.

The dependence of peak current and peak potential of
BF on the square wave frequency (f) was studied in the
range 5 - 200 Hz. The peak current was found to increase
linearly with square wave frequency and the linear rela-
tion between i, and f can be expressed by the equation:

i, (10°A)=0.1301f +2.964 (R*=0.9935)

The peak potential of BF shifted towards more posi-
tive potential with increase in square wave frequency.
The plot of E, versus logf was linear and the variation
can be expressed by the relation:

E,(mV)=114.3log f +646.04

These observations are in agreement with the proper-
ties of irreversible electrochemical process which is ad-
sorption controlled [21-23]. The results supported the
inferences obtained from cyclic voltammetry studies.

(R*=0.9878)

3.5. Pharmaceutical Formulations

To determine the utility of the method for pharmaceutical
industry, various BF containing tablets were examined
for estimating BF content present in them. The medicinal
samples containing BF were Zabesta (USV Ltd., Baddi,
Solan), Biselect (Ipca Lab Ltd., Mumbai) and Concor
(Merck Ltd., Waluj, Aurangabad). Solutions obtained by
dissolving BF tablets were filtered with Whatman filter
paper of 42 micron and subsequently diluted so that BF
concentration falls in the calibration range. Square wave
voltammograms were then recorded under exactly iden-
tical conditions that were employed while recording
square wave voltammograms for plotting calibration plot.
The values of experimentally determined BF and re-
ported BF amounts in various tablets are tabulated in
Table 1. It was found that BF concentration determined
for various tablets using this method are in good agree-
ment with the reported values.

3.6. Quantification in Real Samples

To establish the utility of the developed protocol, BF was
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determined in human urine samples obtained after the
usual therapeutic dose of BF has been administered. The
samples were obtained from patients after 10 h of admini-
stration of Zabesta tablet. Prior to analysis, the urine sam-

ples were diluted two times with phosphate buffer solution.

A typical square wave voltammogram of sample 1 at bare
EPPGE is shown in Figure 5. A well-defined peak of BF
was noticed at E; ~792 mV. The urine sample of the pa-
tient was then spiked with a known concentration of BF.
The voltammogram in Figure 4 clearly depicts that the
peak current increases significantly for the peak at E, ~792
mV. The concentration of BF was determined using the
regression equation. Using the proposed method described
above, the results obtained for different urine samples,
before and after spiking, are tabulated in Table 2.

4. Conclusions

The electroanalytical method described here employed
EPPGE/BPPGE as working electrode for determination of
BF. A well-defined oxidation peak was observed at ~954
mV and ~792 mV potential at BPPGE and EPPGE re-
spectively in phosphate buffer medium of pH 7.2. Peak
current at EPPGE was always higher than that observed at
BPPGE. EPPGE also showed linear calibration region
which is wider than that for BPPGE. A slightly smaller
surface area of EPPGE in comparison to BPPGE shows
that higher current in case of EPPGE is not due to larger
surface area and points towards the superior nature of
EPPGE for electro-analytical purpose. Pharmaceutical
excipients do not interfere with determination of BF in
this method. Hence, the method eliminates the need for
derivitization prior to analysis. The square-wave voltam-
metric method can be effectively used for the determina-
tion of BF at EPPGE which is better than BPPGE for this
purpose. The method developed also showed good ability
to quantify drug contents in tablets with reliable accuracy
and the practical utility of the present method was suc-
cessfully examined by analyzing urine samples obtained
from patients being treated with BF. A comparison of
common quantification parameters of bisoprolol at bare
BPPGE and EPPGE in the present method with single
wall carbon nanotube modified glassy carbon electrode
using differential pulse voltammetry [13] is presented in
Table 3 and clearly indicates that BPPGE sensor and
modified glassy carbon exhibit almost similar detection
limits, however, the peak is more sharp and well-defined
in the case of bare EPPGE.

Thus, it is concluded that surface modification of glassy
carbon by carbon nanotubes exhibits similar electrocata-
lytic property as that exhibited by bare BPPGE. Hence, it
is suggested that in place of carbon nanotube modified
glassy carbon, bare EPPGE can be easily used to achieve
better sensitivity and detection limit for the determination
of bisoprolol and therefore, surface modification procedure
of glassy carbon is not necessary.

Copyright © 2012 SciRes.

Table 1. Determination of BF in pharmaceutical formula-
tions using bare EPPGE.

Sample  Stated content Determined content” Error (%)
Zabesta 16.3 uM 15.9 uM 2.4
Biselect 32.6 uM 31.7 uM -2.8
Concor 32.6 uM 33.8 uM +3.7

"The R.S.D. value for determination was less than 2.7% for n = 3.
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Figure 5. A comparison of voltammograms observed for
urine sample of patient being treated with BF (— ) and the
patient sample spiked with BF (----) at pH 7.2 at EPPGE.
Background is represented as ( **+* ).

Table 2. Concentration of BF in human urine determined
after 10 h of BF administration at bare EPPGE at pH 7.2.

Sample Spiked (uM)  Detected (uM)"  Recovery (%)
0.00 34.99 —
10.00 4438 98.64
Sample 1
30.00 67.29 103.54
50.00 82.95 97.60
0.00 34.94 —
10.00 46.28 102.98
Sample 2
30.00 62.69 96.53
50.00 86.37 101.68
0.00 34.95 —
10.00 46.18 102.74
Sample 3
30.00 63.76 98.17
50.00 81.54 95.98

"The R.S.D. value for determination was less than 3.6 % for n = 3.

Table 3. A comparison of common quantification parame-
ters for bisoprolol at nanotube modified glassy carbon elec-
trode and pyrolytic graphite electrode at pH 7.2.

Nanotube modified

Parameters Bare BPPGE Bare EPPGE
glassy carbon electrode
Calibration range 10.0 - 100 uM 1.0-100 pM 0.5 - 100 uM
Limit of detection 827 x 107" M 7.30x 107 M 2.80 x 107" M
Limit of 275x10°M  243x10°M 093 % 10°M
quantification
Sensitivity 82.63 uA'mM™ 043 pA-puM™' 0.86 pA-pM™!
Peak potential 950 mV 954 mV 792 mV
Precision 23 2.1 1.2
AJAC
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