
Accepted Manuscript

Title: Study on glutathione’s inhibition to dopamine
polymerization and its application in dopamine determination
in alkaline environment based on silver selenide/molybdenum
selenide/glassy carbon electrode

Author: Xiaohong Xia Xuan Shen Yonglin Du Weichun Ye
Chunming Wang

PII: S0925-4005(16)31016-4
DOI: http://dx.doi.org/doi:10.1016/j.snb.2016.06.154
Reference: SNB 20480

To appear in: Sensors and Actuators B

Received date: 10-5-2016
Revised date: 20-6-2016
Accepted date: 27-6-2016

Please cite this article as: Xiaohong Xia, Xuan Shen, Yonglin Du, Weichun Ye,
Chunming Wang, Study on glutathione’s inhibition to dopamine polymerization and
its application in dopamine determination in alkaline environment based on silver
selenide/molybdenum selenide/glassy carbon electrode, Sensors and Actuators B:
Chemical http://dx.doi.org/10.1016/j.snb.2016.06.154

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.snb.2016.06.154
http://dx.doi.org/10.1016/j.snb.2016.06.154


 

 1 

Study on glutathione’s inhibition to dopamine polymerization and its application 

in dopamine determination in alkaline environment based on silver 

selenide/molybdenum selenide/glassy carbon electrode 

Xiaohong Xia, Xuan Shen, Yonglin Du, Weichun Ye, Chunming Wang

 

School of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou, 730000, P. R. 

China 

                                                        

 Corresponding author. Tel.: +86 9318911895; fax: +86 9318912582. 

E-mail address: wangcm@lzu.edu.cn (C. Wang) 



 

 2 

 

 

Highlights: 

 

● Cysteinyl residue of glutathione is the action target for dopamine quinone. 

● Glutathione inhibited dopamine polymerization in alkaline environment 

successfully. 

● This inhibition realized the oxidation of dopamine with lower energy 

consumption. 

● Based on glutathione, dopamine determination in alkaline environment was 

realized. 

● This biosensor displays high sensitivity and stablility for dopamine 

determination.  
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Abstract 

Cellular glutathione plays critical roles in protecting neuronal cells against 

dopamine induced oxidative stress and electrophilic cellular damage; inspired by 

above mentioned properties of glutathione, we used glutathione as a polymerization 

inhibitor to develop a dopamine biosensor which can be used in alkaline environment. 

The detection of dopamine in alkaline environment has been challenged by its 

polymerization for many years, glutathione as a kind of thiol can be used to prevent 

the polymerization of dopamine in alkaline environment by eliminating the 

electrophilic quinone molecules needed during the polymerization. In order to 

enhance the electrochemical performance of electrode, Ag2Se/MoSe2 composite with 

large exposed surface areas was synthesized, which improved the sensitivity and 

stability for dopamine detection. The low oxidation peak potential for dopamine, 0.04 

V vs. SCE, indicats that glutathione can realize the electrooxidation of dopamine at 

lower potential in alkaline environment. In this study, by introducing glutathione to 

inhibit the dopamine polymerization, sensitive and stable detection of dopamine can 

be achieved at pH 8.5 based on the Ag2Se/MoSe2/GCE. 

Keywords:  

Glutathione; Polymerization inhibitor; Silver/molybdenum selenide; Dopamine sensor; 

Alkaline environment 
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1. Introduction 

Parkinson’s disease caused by selective loss of dopaminergic neurons in the 

substantia nigra results in the reduction of the dopamine (DA) levels in the striatum 

[1-3]; it is characterized by the motor deficits including the resting tremor, 

bradykinesia, rigidity, and impairment of postural reflexes [4-6]. Among various 

pathological signs of Parkinson’s disease, oxidative stress is one of the major factors 

which could exacerbate the patient's condition [7,8]. Previous reports indicate that one 

of the reasons to produce oxidative stress is the imbalance of DA metabolism, which 

results in the proliferated production of reactive oxygen species and the consequent 

oxidative/electrophilic stress, as well as mitochondrial dysfunction, leading to the 

mitochondrial dysfunction [9-12]. To minimize the oxidative/electrophilic damage, 

cells have evolved lots of antioxidants. For example, the cellular glutathione (GSH) is 

demonstrated to play critical roles in protecting neuronal cells against DA induced 

oxidative stress and electrophilic cellular damage [13,14]. GSH can react with 

electrophilic quinone molecules and reactive oxygen species to minimize DA induced 

neurocytotoxicity, GSH alteration is precede loss of dopaminergic neurons as well as 

accumulation of ‘‘Lewy bodies’’ in Parkinson’s disease patients, and it is directly 

related to severity of Parkinson's disease [15]. In fact, alterations of cellular GSH in 

substantial nigra have been described as biochemical characteristics of Parkinson’s 

disease, the levels of total as well as reduction of GSH are significantly depleted in 

the substantia nigra pars compacta of Parkinson’s disease patients [16,17]. The 

reactive oxygen species/free radicals which can lead to the mitochondrial dysfunction 
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and exacerbate the patient's condition is resulting from DA oxidation or enzyme 

degradation metabolism, and which can be eliminated by GSH. Based on above 

medical research, an idea is sprouted; the special property of GSH mentioned here can 

be used to prevent the polymerization of DA in alkaline environment. If this favorable 

anticipation can be realized, the challenge, detection of DA in alkaline environment, 

which has puzzled researchers for years, will be solved perfectly.  

To date, the DA determination has been carried out using conventional analytical 

techniques including surface-enhanced raman scattering [18,19], fluorescence [20], 

self-powered triboelectric nanosensor [21], NMR relaxation method [22], colorimetric 

sensor [23], capillary electrophoresis [24], and spectrophotometry [25]. 

Electrochemical methods have appeared to be suitable and more often employed in 

the clinical analysis to determine the concentration of DA owing to easy operation, 

cost effectiveness, and it provide enough sensitivity to real time monitoring of the 

analytes [26-28]. Nonetheless, electrochemical observation of DA under physiological 

conditions is a challenging issue because its presence in the biological fluids is 

extremely low compared to ascorbic acid (AA) and uric acid (UA) and their oxidation 

potentials are extremely close in physiological media (pH 7.4). And worse still, the 

oxidized form of DA can accelerate the oxidation of AA resulting in the poor 

selectivity of biosensors [29-33]. Hence, the elimination of the interference caused by 

these species is very crucial as the overlapped voltammetric signal can result in the 

fouling effects and poor selectivity of electrode. To overcome the influence of these 

factors, some researchers try to determine DA under alkaline environment; however, 
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the problem is the polymerization of DA in alkaline environment [34-36]. The DA 

polymerization in alkaline environment can cause lower sensitivity and stability for 

DA detection. Therefore, there are some works focused on transition-metal 

dichalcogenides. Layered transition-metal dichalcogenides are very fascinating in 

electrocatalysis and biosensing in terms of good electronic and electrochemical 

properties [37]. Material with special morphology has shortened path lengths for ions 

diffusion and large exposed surface areas, which play important roles in enhancing the 

electrochemical performance [38]. Among the mang transition-metal dichalcogenides, 

metal selenide might be a good choice for electrochemical application [39]. Reports 

show that MoSe2 has higher intrinsic electrical conductivity than MoS2 due to the 

more metallic nature of Se [40, 41]. In recent years, the application of MoSe2 in 

electrochemical sensoring is very popular. For example, Huang et al. successfully 

synthesized aptamer/Au nanoparticles/cobalt sulfide nanosheets biosensor for 

17-estradiol detection using a guanine-rich complementary DNA sequence for signal 

amplification [42].  

In this work, GSH was used as the polymerization inhibitor which can 

effectively prevent the polymerization of DA in alkaline environment. In addition, the 

oxidation potential of DA linearly shifted in negative direction with increasing pH of 

the solution; the oxidation potential is closely related to the energy needed to oxidize 

the target analyte, lower oxidation potential means lower energy requirement. So 

increasing pH of the solution also can be considered as a way to reduce the energy 

requirement during the precise monitoring of DA in alkaline environment. Despite the 



 

 7 

performances of above mentioned polymerization inhibitor, improving the 

electrocatalytic properties of substrates for highly sensitive and target selective 

sensing is still considered as a challenge for bioanlytical research and medical 

diagnosis. In this study, hollow spherical Ag2Se/MoSe2 selected as the modifies 

because its excellent electrochemical selectivity and stability, the electrochemical 

property of different electrode toward DA was studied as Fig. S1. Based on the 

polymerization inhibitor GSH and electrode modifies Ag2Se/MoSe2, the highly 

sensitive and selective electrochemical detection for DA is achieved. 

2. Experiment part 

2.1. Chemicals 

Hydrazine hydrate, potassium ferricyanide (K3Fe(CN)6), and potassium 

ferrocyanide (K4Fe(CN)6) were purchased from Shanghai Chemical Reagent Co. Ltd. 

Ammonium molybdate tetrahydrate ((NH4)6Mo7O24·4H2O, analytically pure) and 

selenium powder (Se) were purchased from Aladdin. AgNO3, DA, AA and UA were 

obtained from Alfa Aesar. GSH was purchased from Sigma-Aldrich, Ltd. The 

phosphate buffer solution (0.2 M) was prepared from Na2HPO4 and NaH2PO4, the pH 

was adjusted regularly with NaOH. Ultrapure water (resistivity of 18.25 MV cm) was 

used throughout the work. 

2.2 Preparation of Ag2Se/MoSe2 

The precursor MoO3 and MoSe2 ware prepared under a conventional 

hydrothermal reaction as implemented in supporting information. The synthesis 

process of Ag2Se/MoSe2 was described as follows: 5 mL of 0.05 M AgNO3 solution 

file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160226092833/javascript:void(0);
file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160226092833/javascript:void(0);
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file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20150408094543/javascript:void(0);
file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160112103805/javascript:void(0);
file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160112103805/javascript:void(0);
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was added to the prepared MoSe2 aqueous dispersion (0.05g/10 mL); then, 11 mL 

0.05 M AA was gradually added with stirring. The products were separated from the 

solution by centrifugation, and the un-reacted species were removed by multiple 

washing steps with ultrapure water. 

2.3. Characterization 

The morphology of the material was investigated by scanning electron 

microscopy (SEM, J4800 Japan) and transmission electron microscopy (TEM, Tecnai 

G2 F30, FEI, USA). The phase structures of the samples were measured by X-ray 

diffraction (XRD, Rigaku D/max-2400, Cu K radiation). The chemical composition 

and valence state of these samples was determined by X-ray photoelectron 

spectroscopy (XPS, ESCALAB250xi X-Ray Monochromatisation 200W Spot/power: 

Mono 650μm). Raman was carried out using a HORIBA Jobin Yvon LabRAM HR 

800. The electrochemical experiments were carried out in an electrochemical cell with 

a three-electrode configuration with a CHI660C electrochemical workstation (CHI, 

USA). Material modified glassy carbon electrode (GCE) as the working electrode, the 

Pt wire and saturated calomel electrode (SCE) served as the counter electrode and 

reference electrode, respectively. 

2.4 Research method for polymerization inhibition of GSH 

The inhibition performance of GSH on DA polymerization was researched 

useing Ag2Se/MoSe2/GCE in alkaline environment. The electrochemical cyclic 

voltammetry (CV) and electrochemical impendence spectra (EIS) were employed to 

study the changes in the electrochemical properties of electrode surface before and 

app:ds:glassy
app:ds:carbon
app:ds:electrode
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after the presence of GSH. The SEM was employed to study the changes in the 

morphology of electrode surface before and after the presence of GSH. Raman 

measurements were carried out to confirm the generation of polydopamine and the 

inhibition property of GSH on DA polymerization in alkaline environment. 

3. Results and discuss 

3.1. Structure characterization of Ag2Se/MoSe2 

As shown in Fig. 1a, the regular spherical structure of this prepared 

Ag2Se/MoSe2 can be observed, the radius of these spheres is about 250 nm. The TEM 

image shown in Fig. 1b displays that there are some particles with a radius of 15 nm 

attach onto the sphere surface. As shown in Fig. 1c, the high resolution transmission 

electron microscopy (HRTEM) image of the sphere surface displays two sets of 

crystal lattice fringes with spacing of 0.33 and 0.27 nm, corresponding to the in-plane 

lattice parameters of the MoSe2 monolayer and the interplanar distances of (200) 

planes, respectively [43]. The HRTEM image of the nanoparticals attached on sphere 

surface shows a well-defined crystal structure with the lengths of the lattice spacing is 

about 0.31 and 0.26 nm, corresponding to the (121) planes of orthorhombic Ag2Se 

[44]. Fig. 1d and e show the fast fourier transform (FFT) pattern of the selected areas 

marked by frame A and B, respectively. Fig. 1f displays the XRD pattern of 

Ag2Se/MoSe2. The diffraction peak marked with diamond corresponding to the (110) 

reflections of MoSe2 [45], and the diffraction peak (120), (121) and (201) marked 

with asterisks originating from the orthorhombic Ag2Se phase [46].
 

The Mo 3d XPS spectrum shown in Fig. 2a displays a perfect fit to the two peaks 
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located at 228.8 and 231.9 eV, corresponding to the Mo 3d5/2 and Mo 3d3/2 of 

molybdenum in a formal 4
+
 oxidation state [47]. Fig. 2b shows the XPS spectrum of 

Ag 3d, the peaks centered at 367.8 and 373.8 eV correspond to the Ag 3d5/2 and Ag 

3d3/2 of Ag2Se [48]. As shown in Fig. 2d, the BE of O 1s, 532.7 eV correspond to the 

chemically absorbed oxygen site [49,50]. As shown in Fig. 2c, the BE doublet located 

at 53.4 and 54.7 eV corresponding to the Se 3d5/2 and Se 3d3/2 originated from the Se
2-

 

in MoSe2 [47]; the BE peak located at 54.1 eV corresponding to the Se 3d5/2 is 

attributed to the Se
2-

 in Ag2Se [48]. 

3.2. Inhibition of GSH on DA polymerization  

The electrochemical property of different electrode toward DA was studied as 

Fig. S1a. Ag2Se/MoSe2/GCE exhibited higher activity for DA electro-oxidation than 

others, the peaks located at 0.06 V and -0.13 V vs. SCE correspond to the oxidation of 

DA to dopamine-o-quinone and the reduction of dopamine-o-quinone; the peak 

located at -0.75 V vs.SCE correspond to the reduction of oxygen. The conductivity of 

various electrodes have also been studied as Fig. S1b shows. In order to study the 

inhibition of GSH on DA polymerization, first we should find out the polymerization 

conditions of DA. Continuously CV scanning in DA solution at different pH (Fig. S2a, 

d and g) was measured to study the impact of pH value on DA oxidation, the CVs (Fig. 

S2b, e and h) and EIS (Fig. S2c, f and i) in K3[Fe(CN)6]/K4[Fe(CN)6] solution were 

measured to study the changes of electrode surface during continuously CV scanning 

in DA solution at different pH. The results shown in Fig. S2 indicate that the 

electrochemical activity and conductivity of Ag2Se/MoSe2/GCE decreased with the 

file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160226092833/javascript:void(0);
file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160226092833/javascript:void(0);
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increase of scan cycle and pH value. Inorder to study the change of electrode more 

directly and intuitively, the electrode surface was studied by SEM as shown in Fig. S3. 

After scanning in DA solution at various pH the electrode surface changed obviously 

after 10 cycles. It can be seen from Fig. S3b, c and d that the blur caused by films 

covering became more obvious with increasing pH value. During continuously CV 

scanning in DA solution at pH 8.5, there are some brown flocculent precipitate (inset 

shown in Fig. 3a) generated on electrode surface. This generated brown flocculent 

precipitate was characterized by Raman as Fig. 3a shows. It can be obtained from the 

Raman spectra that the brown flocculent precipitate generated during continuously 

scanning is polydopamine [51]. The polymerization of DA easy to incur in alkaline 

environment to produce polydopamine, before polymerization, the DA need to be 

oxidized into quinine and then 5,6-dihydroxyindole was produced via rearrangement. 

Finally, 5,6-Dihydroxyindole was polymerized to form polydopamine [51]. Based on 

above views the probable mechanism of dopamine polymerization was shown in Fig. 

3b. 

In order to study the inhibition of GSH on the DA polymerization in alkaline 

environment, the typical CVs of the Ag2Se/MoSe2/GCE recorded in 1.0 mM DA 

solution (pH 8.5) without and with 1.0 mM GSH are shown in Fig. 4a. It can be seen 

from the CV curve obtained in the DA solution, the peaks located at 0.06 V and -0.13 

V vs. SCE correspond to the oxidation of DA to dopamine-o-quinone and the 

reduction of dopamine-o-quinone. Compared with the CV curve obtained in the DA 

solution without GSH, the CV curve obtained in the DA solution with GSH had 
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hardly changed, both of them overlapped almost completely. Above results show that 

the presence of GSH in DA solution could not interfere with the electrochemical 

reaction of DA. The role of GSH in this study is to prevent the polymerization of DA 

in alkaline environment, it would demonstrated by continuously CV scanning. For the 

DA solution without GSH (Fig. 4b), the oxidation current of DA decreased from 58.17 

to 22.68 A, decaying to 38.99% of its initial value after 10 cycles; however, for the 

DA solution with GSH (Fig. 4c), the sensor retained 96.49% of its initial response 

after 10 cycles. In addition, during the continuously CV scanning, the color of the DA 

solution with GSH almost keep unchanged (inset shown in Fig. 4c); however, the 

color of the DA solution without GSH changed from colorless to brown (inset shown 

in Fig. 4b). Comparing the changes in peak current and solution color, it can be seen 

that GSH can prevent the polymerization of DA in alkaline environment without 

interfering its oxidation. In order to study the inhibition of GSH on DA 

polymerization in alkaline envrionment (pH 8.5) more directly, the morphology 

change of electrode surface was studied by SEM. By comparing the electrode surface 

shown in Fig. 4d and e it can be seen that after scanning in the DA solution without 

GSH for 10 cycles, the morphology of electrode surface, nanoparticles attached 

spheres, became blurred; it seems like some films covered the electrode surface. 

However, comparing the electrode surface shown in Fig. 4d and f, it can be seen that 

after scanning in the DA solution with GSH for 10 cycles, the morphology of 

electrode surface is almost no change; the nanoparticles attached spheres are still clear. 

The morphology changes of electrode surface shown in Fig. 4d-f make the inhibition 
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of GSH on DA polymerization more intuitive to understand. As the media to prevent 

the polymerization of DA in alkaline environment, the content of GSH is an important 

factor for the detection of DA in alkaline environment. The mole ratio between DA 

and GSH was discussed by CV as Fig. S4 shows, the optimal mole ratio between DA 

and GSH was determined to be 1:1.  

Cysteinyl residues is the action target for catechins class quinone [52,53], GSH 

as an tripeptide which contains cysteinyl residues can react with dopamine quinone 

effectively. Based on above understanding, the GSH can effectively prevent the 

polymerization of DA because it can eliminate the electrophilic quinone molecules 

which resulted from DA oxidation or enzyme degradation metabolism, preventing the 

polymerization of DA in alkaline environment. Combining the theories about 

cysteinyl residues and catechins class quinone with the mechanism of dopamine 

polymerization shown in Fig. 3b, the probable mechanism of GSH effects on the DA 

polymerizationv was shown in Fig. 5. 

3.3. Electrochemical sensing performance for DA detection. 

Above studies show that the GSH can be used to realize the DA detection in 

alkaline environment. Before the quantitative determinations, the dependence of the 

electrochemical oxidation of DA on pH value and scan rate was investigated as 

supporting information shows. Fig. S5 displays the optimal pH for electrochemical 

measurements in this study and Fig. S6 indicates that the oxidation of DA at 

Ag2Se/MoSe2/GCE is a typical diffusion-controlled process.  

Different electrochemical methods including DPV and chronoamperometry were 

file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20160226092833/javascript:void(0);
file:///C:/Users/xiaohong/AppData/Local/Yodao/DeskDict/frame/20150831103130/javascript:void(0);
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employed to detect DA in alkaline environment. Fig. S7a shows the DPV curves 

recorded for Ag2Se/MoSe2/GCE to the successive addition of DA in PBS+GSH 

solution (pH 8.5). The oxidation current increased with the concentration of DA, and 

the dependence of the oxidation peak current (Ipa) on the concentration of DA (C) was 

shown as curve (a) in Fig. S7c. The natural logarithm of Ipa (logIpa) increased linearly 

with the natural logarithm of DA concentration (logC) in the range of 0.7 to 189.4 M 

(Fig. S7d). The linear regression equation is expressed as y=0.8983x-0.1.0530, and 

the limit of detection was calculated to be 2.3*10
-7

 M (S/N=3). For comparison, the 

DPVs recorded for Ag2Se/MoSe2/GCE to the successive addition of DA in PBS 

solution (pH 8.5) were also studied as Fig. S7b shows. The dependence of the Ipa on 

the concentration of DA was shown as cuver (b) in Fig. S7c, and there is no linear 

relationship can be observed between the Ipa and concentration of DA. Above results 

show that compared with the DA response in PBS solution, the DA response on 

Ag2Se/MoSe2/GCE in PBS+GSH solution presented a wider linear detection range, 

and the polymerization inhibition of GSH is necessary for the electrochemical 

oxidation of DA in alkaline environment.  

Typical amperometric response curves for successive injections of different 

concentrations of DA at steady intervals of 50 s was recorded at 0.04 V vs. SCE, the 

applied buffer is PBS (pH 8.5) and the test temperature is room temperature. The 

amperometric response curves shown in Fig. 6a and b are obtained at 

Ag2Se/MoSe2/GCE in PBS+GSH and PBS solution, respectively. The insetted curves 

in Fig.6a and b are the details with enlarged scale of amperometric responses at low 
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concentration, coresponding to the parts marked by red box in Fig.6a and b. As shown 

in Fig. 6a, when the DA solution with different concentration was added in PBS+GSH 

solution (pH 8.5), the Ag2Se/MoSe2/GCE instantly responded to the analyte with the 

well defined, stable and steeply increased amperometric current response. The 

oxidation reaction occurred at the Ag2Se/MoSe2/GCE was fast in reaching the 

dynamic equilibrium, producing a steady state current within 1.5 s. As shown in Fig. 

6c, for the Ag2Se/MoSe2/GCE response in PBS+GSH, a well defined amperometric 

response was observed upon each addition of DA solution, and the logIpa increased 

linearly with the logC of DA over the range of 0.05 to 1110 M. The linear regression 

equation was expressed as y=0.7665x-1.340, with a correlation coefficient of 0.9991. 

The detection limit was calculated to be 9.3*10
-9

 M based on the 3 of the blank 

signals. The amperometric current responses of DA in PBS solution (pH 8.5) were 

analyzed and compared with that in PBS+GSH. As shown in Fig. 6b, the electrode 

responded to the analyte with stable and steeply increased amperometric current 

response at low DA concentration. The oxidation reaction occurred at the electrode 

produce a steady state current within 4.5 s. But then, after about 700 s, the 

amperometric current response began to gradually decay and this decay increased 

with the detection time. As a result, after a certain amount of time, the amperometric 

current response at higher concentration is lesser than that at lower concentration. 

Above results indicate that the high sensitive and wider linear determination of DA in 

alkaline environment could not be realized without GSH.  

AA and UA usually coexist with DA in the biological fluids, the elimination of 
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the interference caused by them is very crucial as their oxidation potentials are almost 

similar. Hence, the selectivity of fabricated sensor against the analytes AA and UA 

with the successive addition of analytes was evaluated and given in Fig. 6d. The 

prepared sensor showed clear response towards the addition of DA, while the 

successive addition of AA and UA exhibits no response. Further addition of DA 

continues to elicit a response, indicating 25-fold of AA and UA over DA (simulation 

of real sample) hardly caused interference; and the AA and UA can not be quantified 

by amperometric curves under the conditions which have been selected for the 

determination of DA. From the obtained results, it is clear that this fabricated sensor 

reduced the influence of possible interfering species and exhibited an excellent 

selectivity towards DA. 

This prepared DA sensor is comparable with previously published reports and 

the comparative results are shown in Table 1. The obtained detection potential, linear 

range and detection limit of the fabricated DA sensor is much comparable than that 

previously reported DA sensors. To evaluate the reliability of the prepared sensor in 

practical applications, the Ag2Se/MoSe2/GCE was used to determine DA in human 

serum samples. Prior to analysis, the serum samples were centrifuged for 6 min at 

10000 rpm in order to remove precipitated proteins, and then were diluted 100-fold 

with PBS+GSH (pH 8.5). Due to low concentrations of DA in the serum, the accuracy 

of this method for DA detection in human serum sample was evaluated by 

determining the recovery of DA by addition of a known quantity of standard DA 

solution into the corresponding serum samples. The parallel experiment was carried 
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out three times. As shown in Table S1, with six different additions of DA to the serum 

samples, the obtained recoveries ranged from 98.00 to 103.00%. The good recovery 

indicates that the developed method has good accuracy and feasibility for practical 

analysis. 

4. Conclusions 

GSH as a kind of thiol tripeptide was firstly used as the polymerization inhibitor 

to prevent the polymerization of DA in alkaline environment. The alkaline 

environment is effective for reducing the energy needed during the electrooxidation of 

DA, lowering the oxidation peak potential of DA to 0.04 V vs. SCE in this study. 

Beside, Ag2Se/MoSe2 was fabricated as the modified material of electrode and used 

for highly sensitive, selective and stable detection of DA without the matrix 

interference of serum sample. Under conditions optimized for the detection of DA, the 

linear range is from 0.05 to 1110 μM, and the lower detection limit is 9 nM. Based on 

the inhibition of GSH to DA polymerization in alkaline environment, sensitive and 

stable detection of dopamine can be achieved at pH 8.5. It provides a simple and 

reliable technique for DA detection in biological samples. 
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Figure captions and table captions 

Fig. 1. (a) SEM and (b) TEM images of Ag2Se/MoSe2. (c) HRTEM image of 

Ag2Se/MoSe2. (d) and (e) FFT patterns of the selected areas marked by frame A and B 

in (c). (f) XRD pattern of Ag2Se/MoSe2. 

Fig. 2. XPS spectra of Ag2Se/MoSe2: (a) Mo 3d, (b) Ag 3d and (c) Se 3d. (d) XPS 

spectrum of O 1s. 

Fig. 3. (a) Raman spectra of dopamine (bottom) and polydopamine (top). Inset is the 

photograph of polydopamine generated during continuously CV scanning at pH 8.5. 

(b) Probable mechanism of dopamine polymerization. 

Fig. 4. (a) CVs recorded at Ag2Se/MoSe2/GCE in the DA solution (pH 8.5) with and 

without GSH. CV changes from 1st to 10th cycle of the DA solution which (b) 

without and (c) with GSH. Insets are the changes of solution color. (d) SEM images of 

the electrode surface (d) before and (e and f) after scanned in the DA solution which 

without (e) and with (f) GSH for 10 cycles. 

Fig. 5. The probable mechanism of the oxidation of dopamine and the irreversible 

chemical reaction between the dopamine quinone and GSH. 

Fig. 6. Amperometric responses of Ag2Se/MoSe2/GCE upon the addition of 0.05 to 

1110 mM dopamine in (a) PBS+GSH and (b) PBS solution (inset: amperometric 

responses of low concentration of DA solution). (c) Plot of logC vs. logIpa obtained 

from (a). (d) Interference test of Ag2Se/MoSe2/GCE upon the addition of different 

analytes. 
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Table 1. Comparation of the response characteristics based on present 

Ag2Se/MoSe2/GCE and the previouly reported electrochemical sensor for dopamine 

detection. 
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Table 1. Comparation of the response characteristics based on present 

Ag2Se/MoSe2/GCE and the previouly reported electrochemical sensor for dopamine 

detection. 

Electrode 

material 

Detection 

method 

pH Detection 

potential (V) 

Linear 

range (M) 

Detection 

limit (M) 

Reference 

PG/ 

nMEA
[a]

 

Chronoam

perometry 

7.4 0.27 0.8-10 0.004 [31] 

Au/Gr- 

AuAg
[b]

 

SW 6.0 0.24 0.3-300 0.205 [54] 

PILs/PPy

/GO
[c]

 

DPV 4.0 0.4 4-18 0.073  [32] 

MIPs/ 

CuO
[d]

 

CV 7.5 0.1 0.02-25 0.008 [33] 

Ag2Se/ 

MoSe2 

Chronoam

perometry 

8.5 0.04 0.05-1100 0.009 This work 

 

[a] polypyrrole graphene modified neural microelectrode array(PG/nMEA). 

[b] Au/Graphene-AuAg (Au/Gr-AuAg).  

[c] poly(ionic liquids) functionalized polypyrrole/graphene oxide nanosheets 

(PILs/PPy/GO). 

[d] molecularly imprinted poly(nicotinamide)/CuO. (MIPs/CuO). 

 

 

 

 




