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Abstract
A new electrochemical sensor for antihypertensive drug methyldopa (MDop) 

was prepared from a carbon paste electrode modified by hydrothermally 

synthesized ZnFe2O4 nanoparticles and β-cyclodextrin as a supermolecule. 

ZnFe2O4 nanoparticles were charectrized using scanning electron microscopy 

(SEM) and infrared spectroscopy. Comparison of unmodified electrode with 

electrodes modified by ZnFe2O4 and β-cyclodextrin and their nanocomposite 

showed that MDop had a higher oxidation current at the modified electrode by 

composite than each other electrodes at pH = 7. Moreover, the oxidation 

potential is lower than other electrodes at this pH. The modified electrode can 

measure MDop in the concentration range of 1-100 μM with a detection limit of 

0.3 μM. The proposed sensor shows good repeatability and selectivity. It is also able to measure MDop in the blood serum sample.  
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Introduction 

ethyldopa [α-methyl-β-(3,4-dihydroxyphenylalanine)] 
(MDop) from catechol derivatives is an old antihypertensive 

agent medication used for treatment of gestational hypertension, 
pre-eclampsia and renal impairment.1 High blood pressure is 
relieved through the relaxation of blood vessels originated from the 
effect MDop on nerve centers.2 The mechanism of action is 
conversion of MDop to α-methyl norepinephrine with dopamine 
beta-hydroxylase (DBH) in central adrenergic neurons and release 
and stimulation of central α-2-adrenoceptor agonist which results 
in blood pressure reduction and inhibition of sympathetic nervous 
system output.3,4 The adverse side effects of MDop are depression, 
impotence, anxiety, nausea, fever and decreased heart rate.5  
According to the literature, various analytical methods based on 
spectrofluorimetry,6,7 chemiluminescence,8 high-performance 
liquid chromatography,9 mass spectrometry,10 NMR 
spectroscopy,11 and voltammetry12 have been used for the 
determination of MDop.  

Among the mentioned methods, the electrochemical approa- 

ch is preferred for pharmaceutical and biological compound 
analyses due to some advantages including low cost, rapidity, high 
dynamic range, less time consumption, low ohmic resistance, no 
need for an internal solution, stable response and simple 
instrumentation without requiring some pretreatments.13-18 In this 
respect, carbon-paste electrodes (CPEs) are extensively applied for 
electrochemical determination of a variety of biological species 
owning to their low residual noise and current, simple fabrication,  
rapid surface recovery, low cost and wide anodic/cathodic potential 
ranges.19-24 However, direct electrochemical oxidation of many 
materials at the surface of bare electrodes is irreversible and 
therefore a high overpotential is required for their oxidation.25-27 To 
address these problems, electrode surface modification must be 
performed by addition of different substances to the bulk of 
electrodes.28-30 A good modifier substance must facilitate the 
electron transfer between the electroactive species and 
electrodes.31-34 

To this end, nanostructured materials offer numerous unique 
aspects such as faster responses and higher sensitivity than planar 
sensor designing. Introducing the metal nanoparticles (MNPs) as 
modifiers create electrodes with some advantageous such as, 
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improvement in electron kinetics as a result of high surface area, 
increased mass transport rates, improved control of nanoparticles 
surface, and tunable functionalization of desired groups.35-38 In this 
work, a novel electrochemical sensor based on carbon paste 
electrode modified with zinc ferrite (ZnFe2O4), as well as β-
cyclodextrin was prepared and used for determination of MDop. 

ZnFe2O4 has long been considered owing to its unique 
properties such as chemical and thermal stability,39 lower toxicity 
relative to other metals,40 cost-effectiveness, non-toxicity,41,42 and 
so on. The most special and important property of ZnFe2O4 for 
electrochemical applications is its good conductivity which 
originates from charge hopping of carriers between cations 
occupying the octahedral sites.43 Moreover, there is a significant 
difference between bulk and nanosized spinel zinc ferrite. The bulk 
spinel zinc ferrite shows antiferromagnetic order,

44 while the 
nanosized counterparts present magnetic properties. β-
Cyclodextrins (β-CDs) are cyclic oligosaccharides and have the 
ability to form inclusion complexes with a large range of substrate 
molecules.45 Inclusion complexes are formed through the host-
guest noncovalent interaction and β-CD (host) can change the 
redox activity of electroactive guest.46 In recent years, β-CD coated 
nanoparticles are interesting supramolecular because of their 
electronic, conductivity, and catalytic properties are improved.47,48 

The literature review shows that the electrochemical methods 
were successfully used for determination of MDop. To quantitative 
analysis of MDop, many electrochemical sensors have been 
prepared based on modified carbon paste electrodes with the 
modifiers of graphene quantum dots (GQD) and 1-butyl-3-
methylimidazolium hexafluorophosphate (BMIPF6),4  Cu(OH)2 
nanoparticles,49 Fe:Co nano-alloy, graphene and ethyl 2‐(4‐

ferrocenyl[1,2,3]triazol‐1‐yl)acetate,50 5-amino-20-ethyl-biphenyl-
2-ol (5AEB) and carbon nanotubes (CNTs),51 TiO2 nanoparticles and 
ferrocene monocarboxylic acid (FM),52 carbon nanotube (CNT) and 
ferrocene (FC),53 NiO nanoparticle (NiO/NPs) and 2-(3,4-
dihydroxyphenethyl)isoindoline-1,3-dione (DHPID).54 In the 
present work, the performance of a carbon paste electrode triply 
modified by zinc ferrite nanoparticle and β-cyclodextrin was 
investigated. The prepared modified electrode was successfully 
used for the cyclic voltammetric determination of MDop in 
biological samples. 

Experimental 

Chemicals 
Fe(NO3)3.9H2O, NaOH, Zn(NO3)2.6H2O, glucose, L-cysteine, H2O2, 
citric acid, uric acid, acetaminophen, C2H5OH, MDop, and β-
Cyclodextrins in analytical grade were purchased from Merck 
Company. The phosphate buffer solution (0.1 M) was used as the 
electrolyte. The mix of K3Fe(CN)6 and K4Fe(CN)6 (1.0 mM) 
containing KCl (0.1 M) was used as the redox probe. 

Apparatus    
The nanocomposite and other nanoparticles morphology was 
explored by X-ray diffraction (XRD) with a source of the Cu K⍺ 
radiation, impedance electrochemical spectroscopy (EIS), Fourier 
transform infrared spectroscopy (FT-IR), and field emission 
scanning electron microscopy (FE-SEM) coupled with energy 
dispersive X-ray (EDX). The µ-Autolab with Nova software and FRA 
using a three-electrode system equipped with silver/silver chloride 
(as the reference electrode) and platinum wire (as the counter 

 
Figure 2. FE-SEM image of ZnFe2O4. 

Figure 1. (a) FT-IR spectra of ZnFe2O4 and (b) XRD pattern of ZnFe2O4. 
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 electrode) was used for all electrochemical tests. The bare and 
modified CPE was used as the working electrode. XRD (X-ray 
diffraction) pattern was recorded on a Rigaku X-ray diffractometer 
(D/Max 2500 V, USA). Also, a pH-meter (Metrohm-691, 
Switzerland) was used for adjusting the pH of the solutions. 

Synthesis of ZnFe2O4 
To synthesize ZnFe2O4, iron nitrate nonahydrate and zinc nitrate 
hexahydrate were used. 6 g of iron nitrate and 3 g of zinc nitrate 
were poured into 45 ml of distilled water, and 25 ml of 6 M sodium 
hydroxide solution was added to reach pH 13 after 30 minutes of 
ultrasonication. After stirring for 2 hours at room temperature, the 
solution was transferred to an autoclave and placed at 180 ° C for 3 
hours. The resulting precipitates were then washed with water and 
ethanol, dried at 60 ° C, and finally calcined for 2 hours in an oven 
at 400 °C. 

Electrode preparation 
The CPE was prepared from a homogeneous mixture of graphite 
(0.14 g) and Nujol oil. The CPE was placed in a small Teflon tube 
with an inner diameter of 2 mm, and a copper wire was used to 
connect the power and electrochemical device. After drying the 
prepared electrode in an oven at 50 °C, it was used for 
electrochemical measurements. The electrode modified with β-
cyclodextrins, ZnFe2O4 nanoparticles, and ZnFe2O4/β-CD 
nanocomposite was prepared similar to the unmodified electrode 
except that 0.01 g of these modifiers were mixed in the presence of 
graphite and oil. 

Preparing of the real sample 
Human serum samples were employed to prepare real sample. For 
this means, 3 ml of methanol was added to the collected serum 
sample, and the precipitated proteins were separated using a 
centrifuge at 1000 rpm (10 minutes). The top layer was filtered 
again with 0.45-μm Millipore filter paper so that the resulting 
solution was free of protein. 
 

Results and discussion 

FTIR spectra of ZnFe2O4 are shown in Figure 1a.  In FTIR spectrum 
of ZnFe2O4, the peak at 552 cm-1 corresponds to stretching 
vibrations of Zn-O and the absorption bands at 3434 cm-1 is 
attributed to vibrations of -OH groups on the nanoparticles. The 
XRD patterns of ZnFe2O4 (Figure 1b) shows diffraction peaks with 
2θ = 18.19 (111), 29.92 (220), 35.26 (311), 42.86 (400) 56.63 (511), 
and 62.21 (440) correspond to the crystal plane of cubic structure 
ZnFe2O4 [Space group Fd-3m, JCPDS code 00-022-1012] show the 
as-synthesized ZnFe2O4 nanostructures. 

To analyze the morphological features of the prepared 
ZnFe2O4 the FE-SEM was performed. Figure 2 shows the FE-SEM 
image of the synthesized ZnFe2O4 nanoparticle with rock-shaped 
containing small inhomogeneous spherical nanoparticles.  

The measurements of 50 μM MDop were performed on the 
surface of CPE, CPE/ZnFe2O4, CPE/β-CD, and CPE/ZnFe2O4/β-CD in 
phosphate buffer solution with pH = 7. The results in Figure 3 show 
that the currents respective to CPE, CPE/ZnFe2O4, CPE/β-CD, and 
CPE/ZnFe2O4/β-CD are 8.64, 28.16, 31.78, and 47.58 μA, 
respectively. Moreover, the oxidation potential of MDop at the 
electrode surface of CPE, CPE/ZnFe2O4, and CPE/β-CD is 450 mV, 
but at the electrode surface of CPE/ZnFe2O4/β-CD is 90 mV lower 
than other electrodes. Such a result is due to the synergistic effect 
of ZnFe2O4, and β-cyclodextrin, which increases the electron 

transfer rate at the surface of CPE/ZnFe2O4/β-CD and provides 
higher sensitivity for measuring MDop at the surface of this 
electrode. 

The increased catalytic effect and improved conductivity of 
CPE/ZnFe2O4/β-CD may be due to good conductivity of zinc ferrite 
and improving its electrochemical activity by incorporating β-
cyclodextrin. The surface area of the CPE, CPE/ZnFe2O4, CPE/β-CD, 
and CPE/ZnFe2O4/β-CD was obtained using Equation 1. The results 
show that the CPE/ZnFe2O4/β-CD (0.075 cm2) surface area is larger 
than CPE/β-CD (0.052 cm2), CPE/ZnFe2O4 (0.043cm2), and CPE 
(0.031 cm2)49: 

Ipa = 2.69 × 105 n3/2AC0D1/2 v1/2                                                            (1)  

where n refers to the  electrons transferred in the oxidation and 
reduction process of ferrocyanide, C points to the ferrocyanide 
concentration (5 × 10-9 mol cm-3), D denotes diffusion coefficient of 
7.5 × 10-6  Cm2 s-1 and ν implies the scan rate. The surface area of 
the CPE/ZnFe2O4/β-CD (0.075cm2) is greater than the CPE (0.031 
cm2), βCD improved electrode (0.052 cm2) and CPE/ZnFe2O4 (0.043 
cm2) which can be lead to exists of more electrochemical reaction 
sites.  

The effect of different pH on the oxidation of MDop was 
investigated at CPE/ZnFe2O4/β-CD. The results in Figure 4 a-c was 
indicated that the highest maximum current occurred at pH = 7. The 
relationship between the oxidation potential of MDop and pH has 
a linear slope of 56 mV, which is due to the proximity to the slope 
of the Nernst equation. It revelas participation of the equal number 
of electron and proton during oxidation of MDop at the surface of 
this electrode.  

Investigation of the scan rate at the surface of CPE/ZnFe2O4/β-
CD shows that the oxidation of MDOP has a diffusion-controlled 
behaviour (Equation 2). Voltammograms of MDop at the surface of 
CPE/ZnFe2O4/β-CD are shown in Figure 4d and e. As shown, with 
increase the scan rate, the oxidation current also increases. The 
relationship between the current and square root of scan rate is: 

Ip = 2.6989 υ1/2 + 5.1063                                                                                               (2) 

 

Figure 3. Cyclic voltammetry of the CPE, CPE/ZnFe2O4, CPE/β-CD and 
CPE/ZnFe2O4/β-CD in 0.1 M phosphate buffer solution (pH = 7) 

containing 50 µM MDop at the scan rate of 50 mV s-1. 
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A study of different concentrations of MDop at the CPE/ZnFe2O4/β-
CD showed (Figure 5) that the concentration range in which the 
relationship between the concentration and oxidation current of 
MDop is linear follows Equation 3.  

Ip = 0.9072 C + 12.365     (R2= 0.9974)                                                                 (3) 

In this regard, two concentration ranges were obtained. The 
detection limit and the quantitative limit for MDop at the surface 
of CPE/ZnFe2O4/β-CD are 0.3 ± 0.03 and 1 ± 0.02 μM, respectively. 

Comparison between sensors prepared for oxidation of MDop 
shows that this electrode has a better concentration range than 

other sensors. Also, the detection limit obtained from this method 
is better or comparable to other sensors. Other good features of 
this sensor include easy preparation of the sensor and its 
cheapness.  

Investigation of the repeatability of the prepared electrode 

also showed that this electrode, after measuring 5 consecutive 

 

Figure 4. The pH effect on the oxidation of  50 µM MDop (a to c), (d) Cyclic voltammetry of 50 µM MDOP recorded on the CPE/ZnFe2O4/β-CD at various 

scan rates of 10 – 400 mV s-1 (e to c). 

Table 1. Comparing the electrochemical performance of various electrochemical sensors for MDop determination. 

Electrode Liner range (μM) LOD (μM) Ref. 

CPE/GQD/ BMIPF6 0.04-750 0.01 4 

CPE/Cu(OH)2 2-450 0.61 49 

CPE/IL/MWCNT 0.4-11 0.1 55 

CPE/IL/Cellulose acetate 34.8-370.3 5.5 56 

CPE/TiO2 10-100 1 57 

CPE/ZnFe2O4/β-CD 1-100 0.3 This Work 
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times of MDop, has a relative standard deviation of 3.12%, which 

indicates the repeatability of this electrode. Also, the measurement 

of MDop in the presence of different compounds presented in 

Table 2 shows that this sensor has good selectivity for measuring 

MDop in other ionic and organic compounds. 

Table 2. The effect of the interference species in the analysis of MDop at 

CPE/ZnFe2O4/β-CD. 

Compounds Tolerant limits (C Compound/C MDOP) 

Glucose, L-cysteine, H2O2, Citric 

acid, Acetaminophen, Uric acid 

400 

Cu2+, Cl-, Na+, Fe3+,Mg2+,Ca2+, Br- 500 

 

To estimate the efficiency and suitableness of the modified 

electrode for measuring MDop in blood serum sample at 

CPE/ZnFe2O4/β-CD surface, the standard addition method was used 

(Table 3). For this purpose, different concentrations of MDop in real 

samplewere analyzed by the sensor. The recovery percentage 

obtained in the range of 96 to 105% indicates that this electrode 

can also measure MDop in the real sample. 

 
Table 3. Detection of MDop in human serum samples with CPE/ZnFe2O4/β-

CD. 

Added (μM) Found (μM) Recovery (%) RSD % (n=3) 

0 - - - 

10 9.64 96.4 3.41 

25 25.83 103.32 3.29 

50 48.32 96.64 3.37 

 

Conclusion 

Measurement of MDop on the surface of carbon paste electrode 
modified with zinc ferrite-β-cyclodextrin was performed by 
differential pulse voltammetry. The improvement of the oxidation 
current of MDop at the surface of CPE/ZnFe2O4/β-CD indicates the 
typical effect of the compounds used as modifiers to measure 
MDop. The best pH for measuring MDop is 7, in which the detection 
limit for MDop is 0.3 μM. Reproducibility, selectivity, and 
measurement in blood samples are unique features of this sensor. 
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