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 Isoproterenol is an important catecholamine-based drug that is widely used in 
the treatment of heart disease. The present paper introduced one of the new 
modifications for the surfaces of glassy carbon electrodes (GCEs) using the 
CuO nanoflowers (CuO NFs) for determination of isoproterenol. 
Electrochemical properties of the CuO NFs/GCE for detecting isoproterenol 
were tested using the cyclic voltammetry (CV), chronoamperometry (CHA) as 
well as differential pulse voltammetry (DPV). Electrochemical studies 
demonstrated an efficient isoproterenol oxidation, with enhanced peak 
current from 2.9 µA to about 10.0 µA (3.4% increase) and decreased peak 
potential from 500 mV to about 300 mV. The linear response for the 
determination of isoproterenol was obtained in ranges for concentrations 
between 0.3 and 450.0 μM under the most proper conditions and the limit of 
detection (LOD) equaled 0.09 μM. Also, the modified electrode is utilized for 
simultaneously determining isoproterenol and theophylline using DPV. The 
proposed CuO NFs/GCE sensor was effectively employed for the isoproterenol 
and theophylline detection in the isoproterenol ampoule and urine samples. K E Y W O R D S 
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Introduction 

Isoproterenol has been proposed as one of the 

catecholamine medications. Being a nonselective 

beta-adrenergic agonist, it has the same structure 

as adrenaline (epinephrine). Actually, isopropyl 

amino group in isoproterenol makes it selective 

for β-receptors. The free catechol hydroxy groups 

keep it susceptible to enzymatic metabolism. 

Isoproterenol is used for the treatment of 

bradycardia (slow heart rate), heart block, rarely 

for asthma, glaucoma and as styptic. 

Nevertheless, the excess of the drug may cause 

heart failure and arrhythmias [1,2].  

Theophylline (TP), also known as 1,3-

dimethylxanthine, has been considered as a 

methylated xanthine that has relaxing impacts on 

the smooth muscle of the lung airways. It is 

capable of causing various physiological impacts 

such as relaxation of the bronchial muscle, 

enhancement of the gastric acid secretion, and 

stimulation of the central nervous system (CNS). 

This compound has been introduced as one of the 

conventional medications for chronic asthma [3] 

with the effects on the range of concentrations 

from 5–20 μg/mL (55–110 μM). Over 20 μg/mL, 

it has been found that theophylline may result in 

ranges between moderate and severe condition, 

including fever, arrhythmia, insomnia, 

dehydration, heartburn tachycardia, coma, 

anorexia, and cardiac and respiratory arrest [4]. 

Because of this, it is crucial to have a method 

which can detect theophylline in a simple, rapid, 

and efficient way [4]. 

Analytical methods have attracted more attention 

in recent years in separation and detection 

systems [5-11]. Experts in the field have 

employed a variety procedures to detect 

theophylline and isoproterenol in biological 

fluids, foodstuff, and pharmaceutical compounds 

that contain flow Injection spectrophotometric 

[12], high-performance liquid chromatography 

(HPLC) [13,14], capillary electrophoresis [15], 

chemiluminescence [16,17], surface-enhanced 

Raman scattering [18], gas chromatography-mass 

spectrometry [19], and electrochemical methods 

[20-23]. Most of these techniques have been 

recognized to be laborious that require 

extraction, costly instruments, as well as 

intensive solvent-usage. Amongst diverse 

analytical procedures, the electrochemical 

techniques have been identified as an attractive 

technique because of higher selectivity and 

sensitivity, simplified construction and rapid time 

for responses [24-30]. 

The chemical modifications of the inert substrate 

electrode with modifiers have offered 

considerable merits in designing and developing 

electrochemical sensors [31-38]. During the 

operation, active sites of the redox shuttle the 

electrons between the analyte solution and 

substrate electrode followed by a remarkable 

decline in the over-potential of activation. 

Another merit considered for the chemically 

modified electrodes has been introduced to their 

lower susceptibility to the surface fouling and 

oxide formation in comparison with the inert 

substrate electrodes [38]. 

The unique properties of nanoparticles make 

them an extremely valuable modifying material, 

being used for electrochemical applications [39-

42]. 

Recently, nanomaterials have some uses in 

fabricating sensors because of the ratio of larger 

surface areas to volume, higher mass 

transference, high electrical conductivity as well 

as fast rate in electro-catalysis [43-50]. 

Researchers have also addressed numerous noble 

metals like Au, Pt and Pd and their composites 

such as Au–Pd, Pt-Au, Pt–Pd, and so on for 

electrochemical sensing [51-53]. However, the 

cost of these metals has encouraged to explore 

the possibility of metal oxides such as CuO, NiO, 

ZnO, Cu2O, MnO2, Fe2O3, SnO2 and Ag2O for 

developing low-cost electrochemical sensors [54-

56]. Among them, CuO nanostructure; for 

example, nanowires, nanorods, nanoflowers, and 

so forth have a widespread utilization to design 

cheap electrochemical sensors because of its 

acceptable electro-chemical and electrocatalytic 

features as well as easy availability [57-59]. 

Researchers have commonly employed the 

intrinsically p-type semi-conductor CuO with a 

bandgap of nearly 1.2 eV in the lithium-ion 

batteries, photo-electric instruments, gas sensors 
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as well as electrochemical sensors because of the 

respective attractive optical and electrical 

features [60-63].  

In this paper, a convenient, economical and 

simple method was used to fabricate CuO 

NFs/GCE as one of the novel electrodes in 

electrocatalysis and detection of isoproterenol. In 

the next step, we assessed analytical function of 

the modified electrodes for quantifying 

isoproterenol in the presence of theophylline. 

Moreover, our electro-chemical sensor has been 

applied to detect theophylline and isoproterenol 

in real samples. 

Material and methods  

Chemicals and apparatus  

In this step, electrochemical measurements have 

been done using an Auto-lab 

potentiostat/galvanostat. Measurements have 

been performed at room temperature, with a 

single component 3-electrode cell that had a 

platinum auxiliary electrode and an Ag/AgCl (3 M 

KCl) reference electrode. CuO NFs/GCE has been 

used as the working electrode and a Metrohm 

827 pH-meter has been used for controlling the 

pH of solutions. Each chemical has been of 

analytical reagent grade that has been bought 

from Merck Company in Darmstadt, Germany. In 

addition, we applied doubly distilled-water. 

Isoproterenol, theophylline and all other reagents 

have been of analytical grade and were obtained 

from Merck chemical company. 

 

Modification of GCE by CuO NFs 

For preparing the CuO NFs modified GCE, 1mg of 

CuO NFs was dispersed in1 mL distilled water 

and ultrasonicated for nearly thirty minutes. 

Then 4 μL of the suspension has been coated on 

the GCE surface and finally dried at the room 

temperature. 

 

Electrochemical behavior of the isoproterenol on 

the CuO NFs/GCE 

The effects of the pH of solution on the oxidation 

responses of CuO NFs/GCE E for 100.0 μM 

isoproterenol was carefully investigated by CV in 

0.1 M PBS in various pH-values (2.0 - 9.0). It is 

notable that under pH 7.0 of PBS, we observed 

the best voltammetric responses; i.e., the largest 

peak current. Finally, we chose pH 7.0 for other 

analytical experimentations.  

The oxidation mechanism of isoproterenol is 

presented in Scheme 1. 

 
Scheme 1: Mechanism of isoproterenol 

electrooxidation 

 

The cyclic voltammograms (CVs) recorded by 

bare GCE, as shown in Figure 1, curve a, and CuO 

NFs/GCE as shown in curve b, were carried out 

between using 50 mVs-1 scan rate in 0.1M PBS at 

a pH of 7.0, including 100.0 μM isoproterenol. 

The anodic peak potential for isoproterenol 

oxidation at the bare GCE is ~500 mV in 

comparison to 300 mV for on the CuO NFs/GCE. 

Moreover, the current value increased in 

modified electrode (CuO NFs/GCE) which 

revealed that the CuO NFs/GCE had 

electrocatalytic behavior to the isoproterenol 

oxidation. 

 
Figure 1: CVs of (a) bare GCE and (b) CuO NFs/GCE in 

100.0 μM isoproterenol at the scan rate 50 mVs -1 

Result and Dissection  

Effect of scan rate 
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We determined the effects of the potent scan rate 

on the current of isoproterenol oxidation Figure 

2. Enhancing the potential scan rate elevated the 

peak current. Additionally, the oxidation process 

was controlled by diffusion that is due to the 

linear dependence of Ip on the ν 1/2 within a 

wider range between 10 and 900 mVs −1. 

 

 
Figure 2: (A) CVs of CuO NFs/GCE in 0.1 M PBS containing 50.0 µM of isoproterenol various scan rates; numbers 

1–18 correspond to 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800 and 900 mV s-1. Inset: 

Variation of Ip vs. v1/2 

 

We used data from the ascending section; that is, 

Tafel region) of the current–voltage curve 

achieved at 10 mVs−1 (Figure 3) for plotting 

another Tafel. Moreover, Tafel region of the 

current potential curve would be impacted by the 

kinetic of the electron transfer of the electrode 

reaction. According to the findings, Tafel slope = 

0.1047 V, reflecting a 1 electron (Figure 3) rate-

determining step for the electrode process [64] 

for the charge transfer coefficient (α) equal to 

0.44.  

 
Figure 3: LSV (at 10 mV s-1) of CuO NFs/GCE in 50.0 μM isoproterenol. The points are the data used in the Tafel 

plot (inset) 

Chronoamperometric analysis 

With the confirmation of diffusion process during 

the isoproterenol oxidation process on the 

surface of CuO NFs/GCE, the 

chronoamperometric method with applied 

potential of 0.35 V has been employed for 
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determining diffusion coefficient (D) of 

isoproterenol (Figure 4). Experimental outputs of 

I versus t −1/2 were drawn by Figure 4A, with the 

best fits for various concentrations of 

isoproterenol.  In the next step, we plotted final 

slopes that corresponded to the straight lines in 

Figure 4A, plotted against isoproterenol 

concentration (Fig. 4B). Finally, mean value of D 

was computed 1.5×10−6 cm 2/s based on the 

Cottrell equation and final slope [64]. 

 
Figure 4: Chronoamperograms obtained at CuO NFs/GCE for different concentration of isoproterenol. The 

numbers 1–5 correspond to 0.05, 0.1, 0.5, 1.0 and 1.5 mM of isoproterenol. Insets: (A) Plots of I vs. t -1/2 obtained 

from chronoamperograms 1–5. (B) Plot of the slope of the straight lines against isoproterenol concentration 
 

Calibration plot and limit of detection 

In this step, we used DPV for investigating 

voltammetric sensor of CuO NFs/GCE towards 

detecting isoproterenol detection (Step 

potential=0.01 V and pulse amplitude=0.025 V). 

Figure 5 showed the differential pulse 

voltammograms of isoproterenol with diverse 

concentrations in 0.1 mol L-1 PBS at a pH of 7.0. 

We showed in Figure 5 (inset) linear 

enhancement of the oxidation current with 

isoproterenol concentrations in ranges from 0.3–

450.0 μM. Moreover, linear regression equation 

was expressed as Ipa=0.0873C(μM)+0.5548 

(R2=0.9997) and limit of detection (LOD) of 

isoproterenol equaled 0.09 μM. 

 
Figure 5: DPVs of CuO NFs/GCE forcontaining different concentrations of isoproterenol. Numbers 1–10 

correspond to 0.3, 2.5, 7.5, 20.0, 50.0, 75.0, 125.0, 250.0, 350.0, and 450.0 µM of isoproterenol. Insets:  plot of the 

electrocatalytic peak current as a function of isoproterenol concentration in the range of 0.3-450.0 µM 

https://www.frontiersin.org/articles/10.3389/fchem.2020.00677/full#F6
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Table 1: Comparison of the efficiency of some modified electrodes used in the electrooxidation of isoproterenol 

Ref. Electrochemical sensor Methods Linear range Limit of detection Entry 

20 GO-CB-PEDOT:PSS/GCE SWV 8.0–50 μM 1.9 μM 1 

21 GCE/AuNPs/DPB DPV 0.1-900.0 μM 0.082 μM 2 

65 CD-TMCPE DPV 0.5-1000.0 μM 0.47 µM 3 

66 PGRMMWCNTPE SWV 0.8–570.0 μM 0.47 μM 4 

67 poly(1-methypyrrole)-

DNA/GCE 

CV 2.0 × 10–6-6.0 × 10–5 M 1.60 × 10–7 M 5 

This work CuO NFs/GCE DPV 0.3–450.0 μM 0.09 μM 6 

 

Simultaneous Determination of isoproterenol and 

theophylline 

The present research mainly aimed at the 

simultaneous detection of both isoproterenol and 

theophylline. Therefore, we simultaneously 

changed the concentration of isoproterenol and 

theophylline, and recorded DPV (Step 

potential=0.01 V and pulse amplitude=0.025 V). 

According to the voltammetric outputs, we 

observed the completely organized anodic peaks 

at the potential equal to 290 and 840 mV, which 

corresponded to isoproterenol and theophylline 

oxidation, suggesting the feasibility of 

simultaneous detection of the compounds (Figure 

6). Moreover, sensitivity of the modified 

electrode for oxidizing isoproterenol equaled 

0.0869 µA µM-1 that was highly close to the value 

observed in the absence of theophylline (0.0884 

µA µM-1, Figure 5), revealing independence of the 

oxidation processes of the compounds at the CuO 

NFs/GCE as well as feasible simultaneous 

detection of the mixtures without any significant 

interference. 

 
Figure 6: DPVs of CuO NFs/GCE for different concentrations of isoproterenol and theophylline. Numbers 1–7 

correspond to: 2.5+1.0, 7.5+15.0, 20.0+30.0, 50.0+70.0, 125.0+200.0, 250.0+375.0 and 325.0+500.0 respectively. 

Insets: (A) plots of Ip vs. isoproterenol concentrations and (B) plot of Ip vs. theophylline concentrations 

 

Determination of isoproterenol and theophylline in 

isoproterenol ampoule and urine samples 

We used CuO NFs/GCE to evaluate its practical 

application for determining isoproterenol and 
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theophylline in isoproterenol ampoule and urine 

samples. DPV response of the samples was 

identified by some experiments and then 

isoproterenol and theophylline concentrations 

were added. In the next stage, we used standard 

addition for quantitative analysis of solutions so 

recovery ranged from 97.5%-103.3% (Table 2). 

Outputs reflected the possible feasibility of our 

new electrode in the real samples with acceptable 

confidence level. 

 
Table 2: The application of CuO NFs/GCE for simultaneous determination of isoproterenol and theophylline in 

isoproterenol ampoule and urine samples (n =5) 

)%(R.S.D. Recovery (%) Found (µM) Spiked (µM) Sample 

Theophylline Isoproterenol Theophylline Isoproterenol Theophylline Isoproterenol Theophylline Isoproterenol 

- 3.3 - - - 5.0 0 0 

Isoproterenol  

Ampoule 

3.1 1.7 102.0 98.7 5.1 7.4 5.0 2.5 
2.4 2.8 99.0 103.0 9.9 10.3 10.0 5.0 
1.9 2.9 103.3 99.2 15.5 12.4 15.0 7.5 
2.3 2.4 98.5 100.6 19.7 17.6 20.0 12.5 
- - - - - - 0 0 

Urine 
1.8 3.4 98.7 103.0 7.4 5.1 7.5 5.0 
2.9 3.2 104.0 99.0 13.0 9.9 12.5 10.0 
3.5 2.7 97.1 102.7 17.0 15.4 17.5 15.0 
3.5 1.9 100.4 97.5 22.6 19.5 22.5 20.0 

 

Conclusion 

We demonstrated CuO NFs/GCE fabrication and 

its utilization in simultaneous detection of 

isoproterenol and theophylline. The electrode 

showed excellent sensitivity for isoproterenol 

signal. CuO NFs/GCE showed good 

electrocatalytic activity for analysis of 

isoproterenol in the concentration range 0.3-

450.0 μM with limit of detection 0.09 µM. Finally, 

the CuO NFs/GCE showed good ability for 

analysis of isoproterenol and theophylline in the 

real samples. 
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