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ABSTRACT

The performance of simultaneous electro oxidation of epinephrine (EP) and folic acid (FA) was
achieved at allopurinol polymerised carbon paste electrode (AlpM-CPE) by cyclic voltammetry (CV)
method at physiological pH. The modified electrode showed remarkable sensing activity towards the
electrooxidation of EP, involving irreversible 2-electronstransfer with adsorption-controlled kinetics.
The results of varying few experimental parameters, for instance - scan rate, solution pH, concentra-
tion of the target analyte was examined. It was observed that, the anodic peak current (Ipa) is
proportional to the concentration of EP in the range 51.02-318.18 uM with a calculated limit of
detection (LOD) 0.46 uM by CV technique. The analytical applicability of the fabricated AlpM-CPE was
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examined for the resolve of EP in pharmaceutical sample and a good recovery results were observed.

1. Introduction

The direct electrochemical oxidation of pharmaceutical
drugs plays a significant role in determining its concentra-
tion in biological fluids. Among all the conventional meth-
ods, the electro analytical methods based on polymeric films
modified electrodes are more promising methodology [1-8].
It has the merit of simple, highly sensitive, good selective, low
cost, time saving and accurate method for the detection of
biomolecules [9-15]. Therefore, the development of electro-
chemical sensing platform for the determination of biomo-
lecules needs further in-depth studies.

Epinephrine (EP, adrenaline) (see Table 1) is an impor-
tant neurotransmitter secreted in the central nervous system
(CNS) of mammalian brain. It is widely used as a common
health care medicine [16]. This EP drug is an important
hormone and is synthesised from as ‘L-tyrosine’ and exuded
by the medulla of the adrenal gland in human body along
with norepinephrine [17]. It is an important drug to treat
hypertension, heart disease and other allergic conditions.
The low level of EP may lead to adverse effects like
Parkinson’s disease. Therefore, the determination of EP in
biological and/or pharmaceutical samples plays a significant
role early diagnosis of diseases caused by the deficiency
[18,19]. There are various methods available for the determi-
nation of EP, such as chromatography [20], fluorescence
[21], capillary electrophoresis [22], flow injection electrogen-
erated chemiluminescence [23], various electrochemical sen-
sors [24-26], fluorimetry [27,28] and chromatography
[29,30]. However, these techniques are considered as tedious
and time consuming. Folic acid (FA, folate) (see Table 1) is
a form of the water-soluble vitamin. It has been recognised as
part of the vitamin B complex [31]. Folic acid has a major
role in the proper biological functions of cell metabolism and
it helps in the synthesis of amino acids and replication/repair

in DNA [32]. FA is mainly found in algae, plants, mush-
rooms, cabbage, fruits, nuts, broccoli& some vegetables and
liver of animal [33]. In human body the deficiency of FA
leads to anaemia, leucopenia, depression, reduced cognition,
cardiovascular disease, devolution of mentality, psychosis
and serious illness. Therefore, the quantification of FA
plays a significant role in early clinical diagnosis. The indi-
vidual or simultaneous electrochemical determination of EP
and FA is important as these two biomolecules have a major
role to play for keeping sound health conditions. Several
researchers have developed different electrode materials for
the simultaneous determination with significantly distin-
guishable voltammetric response, high sensitivity and low
detection limit [34,35].

Allopurinol (AP) (see Table 1) is a radical sifting clinical
drug used in the action of chronic gout and hyperuricaemia
[36-38]. AP can also be used in the therapeutic treatment of
human heart failure [39]. AP showed significant role in the
treatment of Lesh-Nyan disease, kidney problem, high blood
pressure, heart disease, diabetes and renal failure [40]. The
allopurinol converts into alloxanthin, in presence of xanthine
oxidase, which leads to inhibition of uric acid from xanthine
and hypoxanthine [41]. The electropolymerisation is
a simplest method of immobilising the organic molecules
on working electrode surface by adopting the CV method
[42]. The thickness of the polymeric layer can be controlled
by varying the input parameters during the electropolymer-
isation process [43]. Therefore, it attracted many electroche-
mical researchers to develop the sensing interface based on
electropolymerised layers.

There are very few reports available where allopurinol is used
to prepare modified electrodes to detect neurotransmitters. In
our present work, a polymerised allopurinol modified carbon
paste electrode (AlpM-CPE) interface was fabricated to
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Table 1. The chemical structure and molecular formula of epinephrine, folic
acid and allopurinol.

Molecular
Molecule formula Chemical structure
Epinephrine  CgHq3NOs OH
(EP) N oH
- \/\©[
OH
Folic acid Cy9H19N;06
(FA)
Allopurinol  CsH4N40
(AP)

o
5
l P N'NH

N h

determine EP and FA in physiological pH condition. The
electrode kinetics at the fabricated electrode was found to be
adsorption controlled. Further, the analytical applicability of the
proposed sensor was evaluated for the determination of Ep in
injection sample and acceptable recovery results were obtained.
The electrochemical technique proposed in the present work
can be implemented to the determination of other electroactive
molecules also.

2. Materials
2.1. Reagents and apparatus

Epinephrine (M,, = 183.204 g/mol, purity >99%) and
Allopurinol (M,,; = 136.112 g/mol, purity >99%) were pro-
cured from Sigma Aldrich Ltd. Folic acid (M,,, = 441.40 g/
mol, purity >99.9%) was purchased from Himedia. The stan-
dard stock solutions of EP and FA were prepared by dissol-
ving the appropriate amount in double distilled water and
0.1 M NaOH solution. The 0.2 M phosphate buffer solution
(PBS) was prepared and required pH was obtained by mixing
calculated amount of 0.2 M Na,HPO, and 0.2 M NaH,PO,
-H,O solutions. The graphite powder and silicon oil were
purchased from Merck and Himedia respectively. The chemi-
cals used in the present work were of analytical grade and
used as received. An electrochemical workstation model
CHI660c (USA) coupled with three-electrodes, namelysatu-
rated calomel electrode (SCE, reference) platinum (counter)
and bare CPE or AlpM-CPE as working were used for the
electrochemical measurements. At an ambient temperature,
the redox potentials of the analytes were reported against SCE.

2.2. Fabrication of working electrode

The bare carbon paste electrode (bare CPE) was prepared
by hand mixing of graphite powder and silicone oil
(70:30%) in an agate mortar and grinded for about
45 min until a homogeneous paste was formed. The paste
was packed into a homemade cavity of PVC tube of 3 mm
internal diameter and the electrical contact was provided
by a copper wire connected to the end of the tube [3,4]. An
electro polymerisation of allopurinol on CPE was achieved
by CV technique. The polymerisation of allopurinol on
surface of CPE was done by repeated scanning of CPE

for 10 multiple cycles between - 0.5 V to +1.6 V with 0.1
V s~! scan rate. The allopurinol solution used for polymer-
isation was 1.0 mM in PBS (0.2 M, pH 7.4). The AlpM-
CPE was then thoroughly washed and rinsed before using
it for the determination of EP and FA. After measure-
ments, the fresh surface was regenerated by removing
a small quantity of the paste off and again smoothened
a piece of paper.

3. Results

3.1. Electropolymerisation of allopurinol and its
electrochemical characterisation

The cyclic voltammetry (CV) is one of the most convenient
method to immobilise an organic molecule on the surface of
a working electrode [3]. The electro polymerisation of allo-
purinol was done as described in section 2.2. Figure 1 illus-
trates that the voltammogram was increased at first and
becomes almost constant after few cycles. This is an indica-
tion of the growth and attainment of the saturation level in
the electro polymerisation process. Our experimental obser-
vations are in accordance with the previous reports [4,43,44].
The probable electropolymerisation mechanism of allopur-
inol on CPE is described in Scheme 1.

The CV responses at bare CPE (dashed line) and the
AlpM-CPE (solid line) were recorded using the standard
potassium ferrocyanide in 1.0 M KCl solution with an apply-
ing scan rate of 0.05 V s~'. As expected, the voltammogram
obtained at bare CPE (dashed line) showed less sensitivity.
On the other hand, the AlpM-CPE (solid line) showed an
improvement in the current signal with more sensitivity with
fast electron transfer kinetics as shown in Figure 2. From this
improved result, it can be confirmed that the polymerised
layer of allopurinol significantly changed the surface texture
of the bare CPE and might have facilitated the electron
transfer kinetics. The total active surface area of the proposed
modified electrode can be calculated by using Randles-Sevcik
equation (1) [3]. The AlpM-CPE (0.03787 ¢cm?®) has more
active surface are as compared to bare CPE (0.02748 m®).

Ip = (2.69 x 10°) #*/?A D'2Cpu'"” (1)

Current

0.5 1.0 1.5
Potential, V

2.0

Figure 1. CVs of preparation of AlpM-CPE in 1.0 mM solution of allopurinol in
PBS (0.2 M, pH 7.4) at ten cycle sweeps with scan rate of 0.1V s,
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Scheme 1 A probable electropolymerisation mechanism of allopurinol on carbon paste electrode and its electrocatalytic interaction with epinephrine.

Current

02 00 02 04 06
Potential, V

Figure 2. CVs of 1.0 mM potassium ferrocyanide in 1 M KCl at bare CPE (dashed
line) and AlpM-CPE (solid line) at scan rate of 0.05 V s™".

where, Ip, A, n and C, are peak current (A), surface area of
the working electrode (cm?), number of electrons involved
and concentration of the electro active species (mol cm™),
respectively. The D and v are the diffusion-coefficient
(cm?s™") and scan rate (V s71).

3.2. Electrochemical oxidation of EP at AlpM-CPE

The electrochemical behaviour of 0.1 mM EP was recorded
at bare CPE and AlpM-CPE in 0.2 M PBS (pH 7.4) as
supporting electrolyte with scan rate 0.05 V s~ as shown in
Figure 3A. A slow electron transfer process at bare CPE for
EP yielded a broad voltammogram and an oxidation signal
was appeared at 0.19 V. On the other hand, in the same
identical situation, an electrooxidation of EP at AlpM-CPE
(solid line) showed a significant enhancement in current
signal the peak potential was located at 0.16 V. This

minimisation of over potential confirms the electrocatalytic
oxidation of EP at AlpM-CPE interface. Therefore, the
AlpM-CPE is a promising sensing platform for an electro-
chemical sensing of EP.

A detailed study on the electrochemical behaviour of EP
at AlpM-CPE was carried out using CV technique with
varying the scan rate (0.05-0.2 V s ') as shown in
Figure 3B [17,45]. The concentration of EP was used was
0.1 mM in PBS (0.2 M, pH 7.4) as supporting electrolyte.
From Figure 3B, it can be observed that the anodic peak
current was gradually increased with increasing scan rate,
and also there is a slight shift in the peak potential. This
observation obeyed the Randles-Sevcik relationship. To eval-
uate the electrode process, a graph of anodic peak current
(Ipa) versus scan rate (v) was plotted and it produced a linear
graph with correlation coefficient (r*) of 0.9937 as shown in
Figure 3C. Further, a plot of Ipa versus square root scan rate
(v'"?) also produced good linearity with r* of 0.9873 as shown
in Figure 3D. From these results, it can be confirmed that the
electrode process is dominated by adsorption-controlled
kinetics [18]. For an adsorption-controlled and irreversible
electrode process, E, is defined by the following equation
proposed by Laviron [46],

Ep = E° + (2.303RT/anF). log (RTk’ /anF)
+ (2.303RT/anF).logv (2)

Where a, k°, n, v, E_are well explained in previous literature
[46], R, F and T are having their usual scientific significance.
Thus, the value of an can be easily calculated from the slope
of E, vs. log v (data not shown). In this system, the slope was
0.065, taking T = 298 K, and substituting the values of R and
F, an was calculated to be 0.91. Generally, « is assumed to be
0.5 in total irreversible electrode process [47]. Further, the
number of electron (n) transferred in the electro oxidation of
EP was calculated to be 1.82 [J 2. The value of k° can be
determined from the intercept of the above plot if the value
of E’ is known. The value of E in Eq. (2) can be obtained
from the intercept of E, vs. v curve by extrapolating to the
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Figure 3. (A) CVs for 0.1 mM EP at bare CPE (dashed line) and AlpM-CPE (solid line) in PBS (0.2 M, pH 7.4) at scan rate 0.05Vs™". (B) CVs for 0.1 mM EP at AlpM-CPE
in PBS (0.2 M, pH 7.4) with different scan rate (a-g; 0.050, 0.075, 0.100,0.125,0.150, 0.175 and 0.2 V s™). (C) Plot of Ipa versus v. (D) Plot of /pa versus v"/%.

0.40
a

b I Epa(V) = 0.8407 - 0.0918(pH)

0.354 =0.9744
0.30-

0.254

Current
EpainV

0.20 1

0.154

f—a 0.10 4

0.0 0.2 0.4 0.6 55 60 65 70 75 80
Potential, V pH

Figure 4. (A) CVs of 0.2 mM EP at AlpM-CPE in PBS (0.2 M) with different pH values (a-f: 5.5-8.0) at scan rate of 0.05 V s™". (B) The graph of Epa versus pH.

a b 1pa(10°A) = 0.0214(C uMIL) + 2.5509
r* = 0.9894

Current
Ipain10°A

Tow i

0.0 0.2 0.4 0.6 50 100 150 200 250 300 350
Potential, V [EP] in pM

Figure 5. (A) CVs of epinephrine at AlpM-CPE in PBS (0.2 M, pH 7.4) with varying concentrations (a-g: 51.02 pM, 100.0 pM, 147.05 pM, 192.30 uM, 235.84 uM,
277.77 uM, 318.18 uM). (B) Graph of Ipa versus concentration of EP.
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Table 2. Comparison of obtained LOD at AlpM-CPE for EP with previous reports.

Linear working Detection limits

Electrode Classical methods range (uM) (M) Refs.
Pen SAM-MAUE v 100-0.1 0.1x107° [17]
MWCNT/CFE DPV up to 100 0.900 x 107° [45]
P(1-methylpyrrole)GCE SWv 0.75-200 0.168 x 107° [50]
FePc-ME v 1-300 0.5 x 107° [51]
poly(caffeic acid)MGCE v 2-300 0.6 x 107° [19]
CNT/SSE DPV 2.0-100 2.000 x 107° [52]
DH-CN/CPE DPV 5.0-20 1.0x 1078 [53]
20-600
p (taurine)ME DPV 2-600 03x107° [54]
MnO,/Nafion/GCE v 0.5-100 0.100 x 107° [55]
100-700
PolyCafA/GCE v 2.0-80 0.200 x 107° [56]
CNT/GCE v 1.0-50 0.100 x 107° [57]
TTABMCPE DPV 0.15-30 0.12 x 107° [58]
GCE-MWCNT-CoTSPc Amp 3.0-15 0.45 % 107° [59]
“AlpM-CPE v 20.66-192.30 0.46 x 107° Present work

vertical axis at v = 0 [48]. In our system the intercept for E,
vs. log v plot was 0.2420 and E was found to be 0.147; k° was
calculated to be 1.026 x 10° s,

3.3. Effect of pH and concentration of EP

The observed CV were analysed to investigate the impact of
pH on the electro oxidation 0f0.2 mM EP at AlpM-CPE at
scan rate of 0.05 V s™'. Figure 4A shows the change in peak
potential of EP at AlpM-CPE with varying different pH (5.5
8.0) of PBS. It is observed that, with the increasing value of
pH the oxidation potential shifts to more positive potential
scale. The linear establishment of anodic peak potential
(Epa) versus pH indicates the electrooxidation of EP depends
on pH as shown in Figure 4B. The corresponding linear
regression equation was: Epa (V) = 0.8407-0.0918 (pH)
(r* = 0.9744) signifying that there is an involvement of
equal number of protons and electrons in the redox mechan-
ism as reported earlier [43,49].

The electrochemical oxidation of EP with its varying
concentration in PBS (0.2 M, pH 7.4) was studied at AlpM-
CPE at scan rate 0.05 V s'. From Figure 5A, we observed
that the Ipa of EP was increased with increased concentra-
tion (51.02-318.18 uM) with a slight shift in Epa. The linear-
ity graph of Ipa versus concentration of EP is established in
Figure 5B. The graph showed good linearity and the linear
regression equation can be expressed as;

Ipa (107°A) = 0.0214 (C, uM/L) + 2.5509 (r = 0.9894).

Current

As explained in the previous literature the limit of detec-
tion (LOD) was calculated using the relationship 3 s/m [43].
Where, s and m are the standard deviation of six blank
measurements and slope of the calibration curve. The calcu-
lated LOD of EP at AlpM-CPE was calculated to be 0.46 uM,
which is relatively lower compared to reported literatures as
shown in Table 2 [17,19,45,50-59].

3.4. Electrochemical oxidation of FA

The CV curves were recorded for the electrooxidation of
0.1 mM FA in PBS (0.2 M, pH 7.4) at bare CPE (dashed
line) and AlpM-CPE (solid line) with the scan rate 0.05
V 5! as shown in Figure 6A. From Figure 6A, it can be
seen that at bare CPE the oxidation signal of FA showed
poor response with the appearance of broad voltammo-
gram, the Epa was located at 0.681 V. On the other hand,
the AlpM-CPE showed increment in current signals with
the appearance of Epa at 0.694 V. This enhancement of
current response reflects the better electrochemical sen-
sing performance of the fabricated AlpM-CPE towards
FA determination.

3.5. Simultaneous electroanalysis of EP and FA

The CVs were recorded for the simultaneous determination
of 0.5 x 10™* M of EP and 1.0 x 10~ M of FA in PBS (0.2 M,
pH 7.4) at scan rate of 0.05 Vs ™. Figure 6B shows that at bare

Current

T T
0.4 0.6

Potential, V

0.0 0.2

0.2 0.4 0.6

Potential, V

0.0 0.8

Figure 6. (A) CVs of 0.1 mM FA in PBS (0.2 M, pH 7.4) solution of pH7.4 at bare CPE (dashed line) and AlpM-CPE (solid line) at scan rate of 0.05 V s™". (B) CVs for
simultaneous determination of 0.5 X 10"*M EP and 1.0 x 10™*M FA in a binary mixture at bare CPE (dashed line) and AlpM-CPE (solid line) at scan rate of 0.05 V s
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Table 3. Analytical applicability of AlpM-CPE towards the determination of EP
in injection sample.

Sample Added (uM) Found (uM) RSD (%) Recovery (%)
1 5 4.87 1.81 97.21
2 10 9.93 1.95 99.21
3 15 15.07 2.11 100.41
4 20 20.11 2.14 100.51

CPE (dashed line) the CV response for the simultaneous
determination of EP and FA was with poor sensitivity and
exhibited a low and weak current signal. However, the CV
curve obtained for the EP and FA under same condition at
AlpM-CPE was with enhanced current signal and also with
improved sensitivity. The oxidation potentials were well
separated and Epa of EP and FA was located at 0.148 V
and 0.691 V, respectively. The difference in peak potential
separation between EP and FA was calculated to be 0.543 V
by CV technique. This well separation was more than
enough for the determination of EP and FA in a binary
mixture.

3.6. Analytical applicability of AlpM-CPE

In order to evaluate the analytical applicability of the AlpM-
CPE, the EP was determined in the injection sample. The
required quantity of pre-standardised sample solution was
transferred to an electrochemical cell and followed the stan-
dard addition method to evaluate the efficacy of the fabri-
cated electrode. The obtained results are tabulated in Table 3,
the recovery ranged from 97.21% to 100.51% and the
obtained relative standard deviation (RSD) was acceptable.
The results for real sample analysis are satisfactory and
attributed to the practical analytical applicability of AlpM-
CPE. Therefore, the proposed modified electrode can be
employed for the determination of EP in pharmaceutical
samples and biological fluids in early clinical diagnosis.

4. Conclusion

In the present work explained fabrication of allopurinol poly-
merised carbon paste electrode (AlpM-CPE) for the determi-
nation of EP and FA individually as well as simultaneously at
physiological pH. The influence of applied scan rate and solu-
tion pH was studied to analyse the electrode performance, and
found to be adsorption-controlled kinetics. For the determina-
tion of EP, the modified electrode showed a lower LOD of
0.46 uM by cyclic voltammetry method. The analytical applic-
ability of the proposed method was evaluated for the determi-
nation of EP in injection sample and an acceptable recovery
rate was obtained. This proposed protocol can be applied to
the determination of other electroactive molecules also.

5. Conflict of Interest

The authors declare no conflict of interest.

6. Credit author statement

AB.T and P.S.G conceptualised the experimental idea and equally
contributed. AB.T, P.S.G and S.D.L performed the experiments. A.B.
T and P.S.G took lead in the writing of the manuscript and equally
contributed. SN.D and B.E.K supervised the whole work. All authors
agreed to the final version of the manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

(1]

(10]

(12]

(14]

(15]

Khudaish EA, Al-Hinaai M, Al-Harthy §, et al. Electrochemical
oxidation of chlorpheniramine at polytyramine film doped with
ruthenium (II) complex: measurement, kinetic and thermody-
namic studies. Electrochim.Acta. 2014;135:319-326.

Niranjana E, Kumara Swamy BE, Raghavendra Naik R, et al.
Electrochemical investigations of potassium ferricyanide and
dopamine by sodium dodecyl sulphate modified carbon paste
electrode: a cyclic voltammetric study. J].Electroanal.Chem.
2009;631(1-2):1-9.

Teradale AB, Lamani SD, Kumara Swamy BE, et al
Electrochemical investigation of catechol at poly(niacinamide)
modified carbon paste electrode: a voltammetric study. Adv
Phys Chem. 2016;2016:1-8. Article ID 8092860, 8 pages.
Ganesh PS, Kumara Swamy BE. Voltammetric resolution of
catechol and hydroquinone at eosin Y film modified carbon
paste electrode. ] Mol Liq. 2016;220:208-215.

Lamani SD, Teradale AB, Unki SN, et al. Electrochemical oxida-
tion and determination of methocarbamol at multi walled car-
bon nanotubes modified glassy carbon electrode. Anal Bioanal
Electrochem. 2016;8:304-317.

Manjunatha JG, Deraman M, Basri NH. Electrocatalytic detec-
tion of dopamine and uric acid at poly (basic blue b) modified
carbon nanotube paste electrode. Asian ] Pharmaceut Clin Res.
2015;8:48-53.

Manjunatha JG, Swamy BEK, Shreenivas MT, et al. Selective
determination of dopamine in the presence of ascorbic acid
using a poly (nicotinic acid) modified carbon paste electrode.
Anal Bioanal Electrochem. 2012;4:225-237.

Manjunatha JG. A novel voltammetric method for the enhanced
detection of the food additive tartrazine using an electrochemi-
cal sensor. Heliyon. 2018;4(11):¢00986.

Manjunathaa JG, Deraman M, Basri NH, et al. Selective detec-
tion of dopamine in the presence of uric acid using polymerized
phthalo blue film modified carbon paste electrode. Adv Mater
Res. 2014;895:447-451.

Charithra MM, Manjunatha JG. Enhanced voltammetric detec-
tion of paracetamol by using carbon nanotube modified elec-
trode as an electrochemical sensor. J Electrochem Sci Eng.
2020;10(1):29-40.

Pushpanjali PA, Manjunatha JG, Shreenivas MT. The electro-
chemical resolution of ciprofloxacin, riboflavin and estriol using
anionic surfactant and polymer-modified carbon paste
electrode. Chem Sel. 2019;4:13427-13433.

Hareesha N, Manjunatha JG, Raril C, et al. Design of novel
surfactant modified carbon nanotube paste electrochemical sen-
sor for the sensitive investigation of tyrosine as a pharmaceutical
drug. Adv Pharm Bull. 2019;9(1):132-137.

Ganesh PS, Shimoga G, Lee SH, et al. Interference free simulta-
neous detection of dihydroxy benzene isomers at cost-effective
and reliable celestine blue modified glassy carbon electrode.
Chem Sel. 2021;6(9):2379-2386.

Ganesh PS, Kim SY, Kaya S, et al. Quantum chemical studies and
electrochemical investigations of polymerized brilliant
blue-modified carbon paste electrode for in vitro sensing of
pharmaceutical samples. Chemosensors. 2021;9(6):135.

Rajaji U, Ganesh PS, Chen SM, et al. Deep eutectic solvents
synthesis of perovskite type cerium aluminate embedded carbon
nitride catalyst: high-sensitive amperometric platform for sen-
sing of glucose in biological fluids. J Ind Eng Chem.
2021;102:312-320.

Teradale AB, Lamani SD, Ganesh PS, et al. Niacin film coated
carbon paste electrode sensor for the determination of epinephr-
ine in presence of uric acid: a cyclic voltammetric study. Anal
Chem Lett. 2017;7(6):748-764.

Wang L, Bai J, Huang P, et al. Electrochemical behavior and
determination of epinephrine at a penicillamine self-assembled
gold electrode. Int. J. Electrochem. Sci. 2006;1(3):238-249.



(22]

(23]

[24]

(32]

(33]

(34]

(35]

Goyal RN, Rana ARS, Chasta H. Electrochemical and
peroxidase-catalyzed oxidation of epinephrine. Electrochim
Acta. 2012;59:492-498.

Ren W, Luo HQ, Li NB. Electrochemical behavior of epinephr-
ine at a glassy carbon electrode modified by electrodeposited
films of caffeic acid. Sensors. 2006;6(2):80-89.

Li H, Luo W, Hu XM. Determination of enantiomeric purity for
epinephrine by high performance liquid chromatography. Chin
J Chromatogr. 1999;17:403-405.

Fotopoulou MA, Toannou PC. Post-column terbium complexa-
tion and sensitized fluorescence detection for the determination
of norepinephrine, epinephrine and dopamine using
high-performance liquid chromatography. Anal Chim Acta.
2002;462(2):179-185.

Philip BM, Andrea RK, Alison P, et al. Quantitative assay for
epinephrine in dental anesthetic solutions by capillary
electrophoresis. Analyst. 1998;123(7):1461-1463.

Zheng XW, Guo ZH, Zhang Z]J. Flow-injection electrogenerated
chemiluminescence determination of epinephrine using
luminol. Anal Chim Acta. 2001;441(1):81-86.

Lisdat F, Wollenberger U. Trienzyme amplification system
for the detection of catechol and catecholamines using inter-
nal co-substrate regeneration. Anal. Lett. 1998;31
(8):1275-1285.

Atsushi K, Kentaro H, Takehiko S, et al. Chemiluminescence
sensor  with ~ Mn(III)-tetrakis(4-Sulfonatophyl)-porphyrin
immobilized on dioctadecyldimethylammonium chloride bi
layer membranes incorporated into PVC film. Anal. Lett.
1996;29(5):673-685.

Niu LM, Luo HQ, Li NB. Electrochemical behavior of epinephr-
ine at a penicillamine self-assembled gold electrode and its
analytical application. Microchim Acta. 2005;150(1):87-93.
Yang JH, Zhang GL, Wu X, et al. Fluorimetric determination of
epinephrine with o-phenylenediamine. Anal Chim Acta.
1998;363(1):105-110.

Fatma BS. Spectrophotometric and fluorimetric determination
of catecholamines. Anal Lett. 1993;(1993)(26):281-294.

Carrera V, Sabater E, Vilanova E, et al. A simple and rapid
HPLC-MS method for the simultaneous determination of epi-
nephrine, norepinephrine, dopamine and 5-hydroxytryptamine:
Application to the secretion of bovine chromaffin cell cultures.
J Chromatogr B. 2007;847(2):88-94.

Sabbioni C, Saracino MA, Mandrioli R, et al. Simultaneous
liquid chromatographic analysis of catecholamines and
4-hydroxy-3-methoxyphenylethylene glycol in human plasma:
comparison of amperometric and coulometric detection.
J Chromatogr A. 2004;1032(1-2):65-71.

Zhang D, Ouyang X, Ma W, et al. Voltammetric determination
of folic acid using adsorption of methylene blue onto electro-
deposited of reduced graphene oxide film modified glassy car-
bon electrode. Electroanalysis. 2016;28(2):312-319.
Unnikrishnan B, Yang YL, Chen SM. Amperometric determina-
tion of folic acid at multi-walled carbon nanotube-polyvinyl
sulfonic acid composite film modified glassy carbon electrode.
Int J Electrochem Sci. 2011;6:3224-3237.

Ensafi AA, Karimi-Maleh H. Modified multiwall carbon nano-
tubes paste electrode as a sensor for simultaneous determina-
tion of  6-thioguanine and  folic acid  using
ferrocenedicarboxylic acid as a mediator. J Electroanal Chem.
2010;640(1-2):75-83.

Safaei M, Beitollahi H, Shishehbore MR. Simultaneous determi-
nation of epinephrine and folic acid using the Fe304@SiO2/GR
nanocomposite modified graphite. Russ J Electrochem. 2018;54
(11):851-859.

Kaur B, Srivastava R. Simultaneous determination of epinephr-
ine, paracetamol, and folicacid using transition metal ion-
exchanged polyaniline-zeoliteorganic-inorganic hybrid materi-
als. Sens Actuat B: Chem. 2015;211:476-488.

Pacher P, Nivorozhkin A, Szab6é C. Therapeutic effects of
xanthine oxidase inhibitors: renaissance half a century after the
discovery of allopurinol. Pharm Rev. 2006;58:87-114.

(37]

(39]

(40]

(41]

(42]

[44]

(51]

(52]

(53]

MATERIALS RESEARCH INNOVATIONS . 7

Raj MA, John SA. Electrochemical determination of xanthine
oxidase inhibitor drug in urate lowering therapy using graphene
nano sheets modified electrode. Elec.Chim.Acta
2014;117:360-366.

Teradale AB, Lamani SD, Das SN. Up growth effect of
cetyltrimethylammonium bromide with carbon paste elec-
trode for the electrochemical determination of allopurinol
and its biological activities. Anal Bioanal Electrochem.
2016;8:814-829.

Cappola TP, Kass DA, Nelson GS, et al. Allopurinol improves
myocardial efficiency in patients with idiopathic dilated
cardiomyopathy. Circulation. 2001;104(20):2407-2411.
Lakshmi D, Whitcombe M]J, Davis F, et al. Electrochemical
detection of uric acid in mixed and clinical samples. A Rev
Electroanalysis. 2011;23(2):305-320.

Khayoon WS, Al-Abaichy MQ, Jasim M, et al
Spectrophotometric determination of allopurinol in tablet
formulation. J Physical Sci. 2008;19:23-30.

Teradale AB, Lamani SD, Ganesh PS, et al. CTAB immobi-
lized carbon paste electrode for the determination of mesala-
zine: a cyclic voltammetric method. Sens Bio-sens Res.
2017;15:53-59.

Ganesh PS, Shimoga G, Kim SY, et al. Quantum chemical studies
and electrochemical investigations of pyrogallol red modified
carbon paste electrode fabrication for sensor application.
Microchem J. 2021;167:106260.

Ganesh PS, Shimoga G, Lee SH, et al. Simultaneous electroche-
mical sensing of dihydroxy benzene isomers at cost-effective
allura red polymeric film modified glassy carbon electrode.
] Anal Sci Technol. 2021;12(1):1-14.

Ghica ME, Brett CMA. Simple and efficient epinephrine sensor
based on carbon nanotube modified carbon film electrodes. Anal
Lett. 2013;46(9):1379-1393.

Laviron E. General expression of the linear potential sweep
voltammograms in the case of diffusion less electrochemical
systems. J. Electroanal. Chem. 1979;101(1):19-28.

Li C. Electrochemical determination of dipyridamole at a carbon
paste electrode using cetyltrimethyl ammonium bromide as
enhancing element. Colloid Surf B. 2007;55(1):77-83.

Yunhua W, Xiaobo J, Shengshui H. Studies on electrochemical
oxidation of azithromycin and its interaction with bovine serum
albumin. Bioelectrochemistry. 2004;64(1):91-97.

Sun W, Wang Y, Lu Y, et al. High sensitive simultaneously
electrochemical detection of hydroquinone and catechol with
a poly(crystal violet) functionalized graphene modified car-
bon ionic liquid electrode. Sens  Actuators B.
2013;188:564-570.

Aslanoglu M, Kutluay A, Karabulut S, et al. Voltammetric
determination of adrenaline using a poly(1-Methylpyrrole)
modified glassy carbon electrode. J. Chin. Chem. Soc.
2008;55(4):794-800.

Shahrokhian S, Ghalkhani M, Amini MK. Application of
carbon-paste electrode modified with iron phthalocyanine for
voltammetric determination of epinephrine in the presence of
ascorbic acid and uric acid. Sens. Actuators B. 2009;137
(2):669-675.

Valentini F, Palleschi G, Lopez Morales E, et al. Functionalized
single-walled carbon nanotubes modified microsensors for the
selective response of epinephrine in the presence of ascorbic
acid. Electroanalysis. 2007;19(7-8):859-869.
Mazloum-Ardakani M, Rajabzadeh N, Dehghani-Firouzabadi A,
et al. Carbon nanoparticles and a new derivative of hydroqui-
none for modification of carbon paste electrode for simulta-
neous determination of epinphrine and acetaminophen. Anal
Methods. 2012;4(7):2127-2133.

Wang Y, Chen Z. A novel poly(taurine) modified glassy carbon
electrode for the simultaneous determination of epinephrine
and dopamine. Colloids. Surf. B. 2009;74(1):322-327.

Liu X, Ye D, Luo L, et al. Highly sensitive determination of
epinephrine by a MnO,/Nafion modified glassy carbon
electrode. ] Electroanal Chem. 2012;665:1-5.



8 A. B. TERADALE ET AL.

(56]

(57]

Ren W, Luo HQ, Li NB. Simultaneous voltammetric measure-
ment of ascorbic acid, epinephrine and uric acid at a glassy
carbon electrode modified with caffeic acid. Biosens
Bioelectron. 2006b;21(7):1086-1092.

Wang J, Tang P, Zhao F-Q, et al. Voltammetric response of
epinephrine at carbon nanotube modified glassy carbon
electrode and activated glassy carbon electrode. Wuhan
Univ. J. Nat. Sci. 2005;10(5):913-918.

(58]

(59]

Shankar SS, Swamy BEK. Detection of epinephrine in presence of
serotonin and ascorbic acid by TTAB modified carbon paste elec-
trode: a voltammetric study. Int ] Electrochem Sci.
2014;9:1321-1339.

Agboola BO, Vilakazi SL, Ozoemena KI. Electrochemistry at
cobalt(Il) tetrasulfophthalocyanine-multi-walled carbon nano-
tubes modified glassy carbon electrode: a sensing platform for
efficient suppression of ascorbic acid in the presence of
epinephrine. J Solid State Electrochem. 2009;13(9):1367-1379.



	Abstract
	1. Introduction
	2. Materials
	2.1. Reagents and apparatus
	2.2. Fabrication of working electrode

	3. Results
	3.1. Electropolymerisation of allopurinol and its electrochemical characterisation
	3.2. Electrochemical oxidation of EP at AlpM-CPE
	3.3. Effect of pH and concentration of EP
	3.4. Electrochemical oxidation of FA
	3.5. Simultaneous electroanalysis of EP and FA
	3.6. Analytical applicability of AlpM-CPE

	4. Conclusion
	5. Conflict of Interest
	6. Credit author statement
	Disclosure statement
	References



