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A novel dopamine biosensor based on carbon fiber microelectrodes (CFMEs) modified with copper(I) sulfide functionalized
nanocomposites of the reduced graphene oxide (Cu2S/RGO) has been explored for the sensitive detection of dopamine
and in vivo monitoring the neurotransmitters released by Drosophila’s brain. The as-prepared Cu2S/RGO decorated
microelectrodes were characterized by scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS),
and cyclic voltammetry (CV). Our observations demonstrate that Cu2S/RGO-CFMEs exhibited excellent catalytic activity
and high selectivity for dopamine with relatively low detection limit (24 nM), wide linear range (i.e., from 0.1–20 �M) and
outstanding reproducibility. Furthermore, the as-prepared new dopamine biosensor with high sensitivity and good stability
was readily used to detect the amount of dopamine in the brain of drosophila, indicating the potential and promising
application in the in vivo measurement of neurotransmitters without other electrochemical interference such as histidine,
ascorbic acid, uric acid, and others.
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INTRODUCTION
Microelectrodes are defined as electrodes with at least
one dimension smaller than 25 �m.1 The most common
are platinum disk,2 gold disk,3 printed4 and carbon fiber
microelectrodes.5 The small size of microelectrodes results
in fast steady state electrochemical response, small ohmic
losses, high sensitivity, low double-layer charging currents,
etc.1 Using scanning electrochemical microscopy (SECM)
and differential pulse voltammetry (DPV),6–8 microelec-
trodes have been widely applied for the detection of
single cell and biopsy.9–10 Carbon fiber microelectrodes
(CFMES) have attracted much attention because of their
small size (i.e., diameter of about 7 �m), low cost, chem-
ical inertness, high temperature resistance and excellent
electrical conductivity.11–12 CFMEs have been modified
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by electrochemical deposition,13 chemical adsorption,14

physical adsorption and other methods,15 which further
enhanced their sensitivity and selectivity.
Since dopamine (DA, 4-(2-aminoethyl)benzene-1,2-

diol) was first synthesized in the laboratory by the British
scientists George Barger and James Ewens in 1910,16–17

it was discovered that it is a key phenolic neurotransmit-
ters in the hypothalamus and pituitary gland, which widely
exists in the central nervous system, peripheral nervous
system and kidney endocrine system of vertebrate and
invertebrate.18 As an important neurotransmitter, DA has
been used as a drug for treating a variety of diseases.19–20

Therefore, studies on the sensitive and selective deter-
mination of DA in the brain, blood, urine and tissues
have an important practical significance both in the phys-
iological research and in clinical applications.21–22 Hith-
erto, most frequently-used methods to detect DA include
ultraviolet absorption spectroscopy,23 fluorescence,24 high
performance liquid chromatography (HPLC),25 electro-
chemical determination,26 etc. Since the catechol moiety
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of DA can be oxidized DA, it could be readily detected
electrochemically.27 In comparison to other detection tech-
niques, the electrochemical detection has the advantages
of high sensitivity, low cost, low detection limit, good
selectivity, wide detection range and fast response, and the
combination with microelectrodes makes it an appealing
approach for the in vivo analysis.
Similar to carbon paste,28 graphene, graphene oxide and

reduced graphene oxide (RGO) have been widely used
as platforms for electroanalysis.29–31 In particular, RGO is
advantageous as it has relatively high conductivity and,
at the same time, still possesses chemical functionali-
ties. It is beneficial to attach metal nanoparticles onto
RGO as a means of assembling hybrid nanocomposites
for sensing.32–34 Cuprous(I) sulfide (Cu2S) is a common
sulfide with relatively high electrical conductivity, excel-
lent thermal stability, good catalytic activity, low cost and
readily available which can be easily applied to the fab-
rication of electrochemical sensor.35–37 Herein, we com-
bine the merits of RGO with that of Cu2S for obtaining
a highly sensitive and selective electrochemical sensor for
DA based on the nanostructured interface of Cu2S/RGO
nanocomposites. Moreover, the special structure of RGO
with oxygen-containing functional groups enabled modifi-
cation of CFMEs with the as-prepared Cu2S nanocompos-
ites to form a novel DA electrochemical sensor applied for
the in vivo monitoring DA of drosophila melanogaster.

MATERIALS AND METHODS
Materials
Graphene oxide was purchased from XF NANO, Inc.
(China). DA, ascorbic acid (AA), histidine (His), uric
acid (UA), �-D(+�-glucose (GLU) and chitosan were
obtained from Sigma Co. Na2S, CuCl2, polyethylene ben-
zene sulfonic acid sodium and hydrazine hydrate were
also purchased from Sigma Co. All other chemicals were
of analytical grade and used as received without any
further purification. A physiological PBS solution con-
taining KH2PO4 (2 mM), Na2HPO4 (10 mM), NaCl
(136 mM), and KCl (2 mM) was prepared immediately
before experiments. All the solutions were prepared by
doubly-deionized distilled water. Drosophila melanogaster
was obtained from the Institute of Life Sciences, Southeast
University.

Preparation of CFMEs
CFMEs were prepared as described previously where a
carbon fiber was used as the electrode material.12 Specif-
ically, a cluster of carbon fiber (7 �m in diameter) was
cut into a short piece before cleaned by ultrasonic with
acetone, ethanol and doubly-deionized distilled water suc-
cessively to dissolve the attachments on the surface and
then dried thoroughly in the oven at 80 �C. A copper wire
(about 12 cm) was inserted into a glass capillary (length:
10 cm, inter diameter: 0.5 mm) leaving a 2 cm length of

copper wire outside. A single carbon fiber was attached to
one end of the copper wire with a conductive silver adhe-
sive. After it had been dried, the carbon fiber was moved
into the middle of the glass capillary and then the capil-
lary was pulled to expose the carbon fiber out through a tip
diameter about 9 �m. Then, the microelectrodes tip was
vertically immersed into paraffin, which was melted in an
80 �C water-bath for 30 s. During this process, the paraf-
fin entered into the gap between the carbon fiber and the
glass on the tip because of capillary forces. After the paraf-
fin cooled, the microelectrode was cleaned by dipping in
acetone for about 30 s to get rid of the paraffin adsorption
on the carbon fiber surface. The etching process was per-
formed in a 1 M NaOH solution by using a double potential
step of ±2 V with a uniform step time of 0.01 s. A control
console was used to fix the capillary and control the ver-
tical position of the tip in order to control accurately the
length of the carbon fiber (50 �m in our experiment).

Synthesis of Cu2S/RGO Nanocomposites
Graphene oxide (10 mg), polyethylene benzene sulfonic
acid sodium (20 mg) and CuCl2 solution (50 �L 1 M)
were dispersed in 30 mL doubly-deionized distilled water
with ultrasonic treatment for 30 min, and then an aliquot
of freshly prepared Na2S solution (50 �L 1 M) was grad-
ually added with stirring for 10 min. Hydrazine hydrate
(100 �L) was added with stirring for 1 hour under protec-
tion of nitrogen gas, respectively. The as-obtained mixture
was transferred into a high pressure autoclave, and was
heated at 230 �C for 3 hours. After the reaction was com-
pleted, the mixture was washed several times and dispersed
into 0.01% chitosan solution developing black suspension
of 2 mg/mL and stored at 4 �C.

Preparation of Cu2S/RGO-CFMEs
The CFMEs pretreatment were performed in a 0.1 M
sulfuric acid solution by applying cyclic voltammetry in
the potential range from −0.4 V to +0.7 V at a scan
rate of 10 mV/s until a stable cyclic voltammogram was
obtained. The electrochemical performances of the elec-
trodes were initially evaluated by cyclic voltammetry in
potassium hexacyanoferrate(III) solution, which showed an
ideal s-shape. Then, the microelectrode was fixed to a
translation stage, and 5 �L of the as-prepared Cu2S/RGO
suspension was dropped on a hydrophobic polyethylene
surface. Finally, the microelectrode was inserted into the
droplet of Cu2S/RGO suspension accurately by control-
ling the translation stage. Consequently, Cu2S/RGO was
attached to the CFME by physical adsorption forming
Cu2S/RGO-CFME.38–39

Drosophila Experiments
The drosophila under good conditions was raised for
3 days shielded from light prior to the dissection. The
skulls of the drosophila were stripped by tweezers under
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the stereoscopic microscope to ensure the accurate position
of the working electrode. Then, the drosophila was fixed
on an ITO electrode with PBS solution as the electrolyte,
and the as-prepared microelectrode was accurately moved
to the top of the brain by 3D operation console. After the
samples were illuminated under a low light for at least
1 hour, the three-electrode system employing Cu2S/RGO-
CFMEs as working electrode, an Ag/AgCl as reference
electrode and the ITO electrode as counter electrode was
used in PBS solution as a background and move down the
microelectrode accurately inserting the gap of drosophila’s
brain to detect DA by voltammetry by scanning from −0.4
to +1 V at rate of 100 V/s, and then high-power red light
(615–635 nm, LED) was used to stimulate the drosophila.

Characterization of Cu2S/RGO-CFMEs
Surface Morphology
The surface morphology and relevant microstructure of
the nanocomposites modified microelectrodes were char-
acterized by scanning electrion microscope (SEM; Zeiss,
Germany). To prepare the SEM samples, a Cu2S/RGO-
CFME was fabricated and subsequently dried slowly in air
and then examined under SEM.

XPS Analysis
The valence state of materials was determined by X-ray
photoelectron spectroscopy (XPS; Ulvac-Phi, Japan). The
potential was ranged from 0–1100 eV.

Electrochemical Measurements
All electrochemical measurements were performed
by using a modular electrochemical system Autolab
PGSTAT302N (Eco Chemie, Netherlands) driven by
NOVA 1.10 software (Eco Chemie). The three-electrode
system includes an Ag/AgCl electrode as the reference
electrode, a Pt wire or ITO electrode as the counter elec-
trode and the as-prepared Cu2S/RGO-CFMEs or CFMEs
as the working electrode. The electrochemical measure-
ments were performed in N2-saturated solution at room
temperature (ca. 20 �C).

RESULTS AND DISCUSSION
Surface Morphology and Microstructure
The SEM images illustrate the general morphology
of Cu2S/RGO, CFMEs and Cu2S/RGO-CFMEs. From

Figure 1. SEM images of (a) Cu2S/RGO; (b) CFMEs; (c) Cu2S/RGO-CFMEs.

Figure 1(a), it is observed that the Cu2S nanoparticles
cover, and are quite well distributed on the entire graphene
oxide surface to form a Cu2S/RGO nanocomposite. The
length of the microelectrode was controlled by electro-
chemical etching. Cu2S/RGO nanocomposite is attached
onto the surface of CFMEs by physical absorption to
form Cu2S/RGO-CFMEs. The SEM imaging of CFMEs
shows that the length was about 50 �m and the diameter
was about 7 �m (Fig. 1(b)). The length of Cu2S/RGO-
CFMEs was equal to CFMEs and the diameter was about
8 �m (Fig. 1(c)). Furthermore, the XPS study confirmed
the valence states and the composition of nanocomposites.
The survey scan XPS spectrum of the nanocomposites in
Figure 2(a) confirms the presence of C, O, Cu and S on
the surface. Figure 2(b) shows the XPS C1s deconvolved
into three peaks: C–C/C C (284.5 eV), C–O (286.2 eV)
and C= O–O (287.8 eV), respectively. This confirms that
the carbon nanomaterials in the composites is RGO.40–41

Figures 2(c), (d) are high resolution XPS images of Cu 2p
and S 2p. There are two different binding energy peaks
located at 952.5 eV and 932.38 eV representing Cu 2p1/2

and Cu 2p3/2, respectively, and no “shake-up” peaks were
found in the higher binding energy spectrum (Fig. 2(c)),
which demonstrates that the copper in the nanocomposites
only presents in the +1 valence state.38�42–45 Moreover, the
binding energy peaks of S 2p1/2 and S 2p3/2 are 163.5 eV
and 162 eV, respectively, and there are no other peaks,
indicating that only Cu and S constitute the Cu2S.

46–48

Therefore, the SEM and XPS results verify that Cu2S/RGO
nanocomposites have been successfully synthesized.

Cyclic Voltammetry of DA at CFMEs and
Cu2S/RGO-CFMEs
The cyclic voltammetry (CV) with a low scan rate of
10 mV/s was utilized to characterize the relevant CFMEs
and Cu2S/RGO-CFMEs. It can be seen (Figs. 3(a, b))
that both microelectrodes show a clear electrochemical
response to DA in PBS solution. However, they also
exhibit catalytic activity towards AA (Figs. 3(c, d)) at
a similar potential, resulting in a major interference for
detecting DA in vivo. Thus, it was better to use CV with
higher scan rates for the detection of neurotransmitters.
Figure 4(a) shows the background-subtracted CV curves
of CFMEs and Cu2S/RGO-CFMEs for 5 �M DA scanning
across a potential range of −0.4 to +1.0 V and back at
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Figure 2. (a) Survey scan XPS spectrum of Cu2S/RGO; Narrow spectra of (b) C 1s; (c) Cu 2p; (d) S 2p.

100 V/s in PBS solution. The two types of electrodes had
good electrochemical response towards DA, which was
oxidized and then reduced on the surface of electrodes
forming a pair of redox peaks.49 As compared with bare
CFMEs, Cu2S/RGO-CFMEs had a bigger current response
for DA with a narrower peak width, in that Cu2S/RGO-
CFMEs had good electrochemical catalytic effects for DA
due to larger surface area and better electrical conductiv-
ity. The shoulder peak around 0.55 V could be attributed
to the reduction of copper(I). The illustration shows that
the average �Ep (i.e., �Epk refers to the potential differ-
ence between anodic and cathodic peaks) for Cu2S/RGO-
CFMEs were significantly smaller than those for CFMEs
(n = 5 each, p < 0�01, t-test) implies decreased overpo-
tential of Cu2S/RGO-CFMEs for DA.8

The apparently different �Epk and peak currents could
be due to different components and nanostructured geome-
tries between the Cu2S/RGO-CFMEs and CFMEs with
different catalytic activity, diffusion and adsorptive behav-
ior to DA. Alternatively, Cu2S/RGO-CFMEs with lower
�Ep and much bigger peak currents may be associated
with the effective adsorption of metal compounds and
some functional groups on the surface of electrodes, which
greatly enhanced the electron transfer efficiency and cat-
alytic activity of the electrode.50

The fast scanning CV study was utilized to fur-
ther investigate the charge transport characteristics of
the Cu2S/RGO-CFMEs at different scan rates from
10–200 V/s. Figure 4(b) displays that with the increase of
scanning rates both anodic (ipk�a� and cathodic peak cur-
rents (ipk�c� increase. In addition, the �Epk significantly
increases while the scanning rate is greater than 100 V/s.
The illustration shows that ipk�a and ipk�c had a good lin-
earity with the scan rate with correlation coefficients R2 of
0.992 and 0.993, respectively, indicating that the electro-
chemical behavior of Cu2S/RGO-CFMEs for DA is mainly
controlled by adsorption.

Cyclic Voltammetry Response to DA Detection
The CV study was further exploited to evaluate the elec-
trocatalytic activity of CFMEs and Cu2S/RGO-CFMEs for
detection of different concentrations of DA at a scan rate
of 100 V/s (Fig. 5). Figure 6(a) shows the background-
subtracted CVs of CFMEs for 2–200 �M DA. It indicates
that the peak currents ip, a and ip, c increase with DA con-
centration, while the cathodic peak potential (Epk�c� and
anodic peak potential (Epk�a� slightly shift at higher con-
centrations. The CVs of Cu2S/RGO-CFMEs for different
concentrations of DA is shown in Figure 6(b). The peak
currents increase with the DA concentration, but the sen-
sitivity of electrode for DA declined gradually.
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Figure 3. CVs of Cu2S/RGO-CFMEs in the absence and presence of different concentrations of DA (a) and AA (c) at voltage
range of −0.1 to +0.7 V, and CVs of CFMEs in the absence and presence of different concentrations of DA (b) and AA (d) at
voltage range of −0.2 to +0.6 V, with scan rate of 50 mV/s in N2-saturated PBS solution.

Figure 6(c) shows the corresponding calibration curve
for CFMEs, indicating that ipk�a and ipk�c have good lin-
ear relationship with DA concentration in the range of
2–200 �M. The linear regression equations for the peak
currents are t ipk�a (�A)= 8�365×10−4C+0�006024 with
a correlation coefficient of R2 = 0�993 and a sensitivity
of 0�735±0�005 pA/(�M �m2�, and ipk�c(�A)= 4�965×
10−4C+0.00716 (where C is the concentration of DA, n=
3 electrodes) with a correlation coefficient of R2 = 0�993
and a sensitivity of 0.436±0.004 pA/(�M �m2�. As shown
in Figure 6(d), ipk�a and ipk�c of Cu2S/RGO-CFMEs for DA
have good linearity with DA concentration in the range of

Figure 4. (a) Background-subtracted CV of 5 �M DA using CFMEs (red line) and Cu2S/RGO-CFMEs (black line). Inset: The �Ep

values of the electrodes are significantly different (n = 5 each, p < 0�01, t-test). All electrodes were scanned from −0.4 to +1.0 V
and back at 100 V/s in PBS solution; (b) CV of Cu2S/RGO-CFMEs in PBS at 10, 20, 30, 40, 50, 60, 80, 100, 150 and 200 V/s. The
inset shows the dependence of the anodic and cathodic peak currents on scan rates.

0.1–20 �M. The linear regression equations for the peak
currents is ipk�a ��A)= 0�0292C+ �0331 with a correlation
coefficient of R2 = 0�996 and a sensitivity of 22.34±0.18
pA/(�M �m2�, and ipk�c(�A)= 0.0225C+0.022 (where C
is the concentration of DA, n= 3 electrodes) with a corre-
lation coefficient of R2 = 0�996 and a sensitivity of 17.22±
0.13 pA/(�M �m2�. The sensitivity of Cu2S/RGO-CFMEs
for DA decreases gradually when the concentration of DA
becomes greater than 20 �M, which may be due to the fact
that the redox of DA on the electrode surface is due to an
adsorption-controlled process. The results indicate that the
cathodic peak width is narrower than the anodic counterpart
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Figure 5. CVs of CFMEs and Cu2S/RGO-CFMEs in the absence and presence of different concentrations of DA in N2-saturated
PBS solution. Voltage range of −0.4 to +1 V and scan rate: 100 V/s.

and Epk�c is more stable than the anodic peak potential than
	p�a. Consequently, a novel DA electrochemical biosen-
sor based on Cu2S/RGO-CFMEs with lower detection limit
and higher sensitivity than CFMEs seems better in detect-
ing DA in vivo.

Anti-Interference Ability and Stability of
Microelectrodes
The good selectivity and stability was one of the most
important indexes to measure the performance of electro-
chemical biosensor, and CVs was applied to research the
interference of other electrochemical active substances in

Figure 6. Background-subtracted CV of (a) CFMEs; (b) Cu2S/RGO-CFMEs in the presence of different concentrations of DA with
scan rate of 100 V/s. Plots of normalized peak currents as a function of DA concentration for (c) CFMEs; (d) Cu2S/RGO-CFMEs.
(n = 3 electrodes).

the process of CFMEs and Cu2S/RGO-CFMEs for detec-
tion of DA. AA, a kind of anionic antioxidants, has a sig-
nificantly higher level than DA in the brain,51–52 but with a
similar redox potential to DA. Histidine (His) is a neuro-
transmitter that regulates sleep.53 Although other common
biomolecules, such as glucose and uric acid, are also com-
mon electrochemical active substances in the organism,
they have less effect on the electrochemical detection of
DA (Fig. 7). Generally, AA and His show certain influence
on the detection of DA.
Table I shows the relevant mean and standard devi-

ations of ipk�a, Epk�a, ipk�c and Epk�c c determined in
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Figure 7. Background-subtracted CVs of (a) CFMEs, (b) Cu2S/RGO-CFMEs in the presence of 5 �M DA (black line), mixture of
5 �M DA and 1 mM GLU (red line), and mixture of 5 �M DA and 20 �M UA (blue line).

this study. The changes of ipk�a, Epk�a, ipk�c and Epk�c

(derived from the background-subtracted CV) of CFMEs
and Cu2S/RGO-CFME under different substrates indicate
that both AA and His have extremely significant impacts
on the peak currents and potentials at CFMEs for DA
detection (one-way ANOVA, LSD post-test, p < 0�01,
n= 3), which limited its further application for the in vivo
detection of DA (Fig. 7), while the average of ipk�a and
Epk�a for 5 �M DA at Cu2S/RGO-CFMEs shows signifi-
cantly difference as compared with the mixture of 5 �M
DA and 20 �M AA by using the same electrodes (paired
post-test, p < 0�01). The average ipk�c and Epk�c for DA at
Cu2S/RGO-CFMEs is different from those for the mixture
of DA and AA, however, the difference was not signifi-
cant (unpaired post-test, ipk�c p= 0�424; Epk�c p = 0�106).
The average of ipk�a for DA at Cu2S/RGO-CFMEs is sig-
nificantly smaller than that for the mixture of DA and
His by using the same electrodes (paired post-test, p <
0�01), and the difference between DA and mixture of
DA and His for Epk�a ipk�c and Epk�c are not significant
(unpaired post-test, Epk�a p= 0�283; ipk�c p= 0�219; Epk�c

p = 0�058). This observation indicates that AA and His
have significant interference on the anodic peak of DA by
using Cu2S/RGO-CFMEs while minor interference on the
cathodic peak. Consequently, the Cu2S/RGO-CFMEs sen-
sor with excellent selectivity and sensitivity has practical
value and good application prospects.

Table I. Average electrochemical parameters of Figures 8(a), (b).

ipk�a (nA) Epk�a (V) ipk�c (nA) Epk�c (V)

CFMEs DA 4.55±0.04 0.44±0.01 4.52±0.1 0.01±0.01
CFMEs DA+AA 5.95±0.11a 0.48±0.02a 1.85±0.14a 0.07±0.02a

CFMEs DA+His 5.31±0.11b 0.53±0.03b 3.64±0.11b −0.01±0.01b

Cu2S/RGO-CFMEs DA 189.67±1.53 0.32±0.01 140.33±2.52 0.18±0.01
Cu2S/RGO-CFMEs DA+AA 174.67±4.51a 0.40±0.02a 135.33±9.50 0.20±0.02
Cu2S/RGO-CFMEs DA+His 261.00±7.01b 0.31± 0.01 148.33±7.50 0.16±0.01

Notes: All n = 3 electrodes. It is evident that the relevant electrochemical parameters of Figures 8(a), (b) for detection of mixtures of 5 �M DA and 20 �M AA
and mixtures of 5 �M DA and 5 �M His are significantly different than for 5 �M DA at the same microelectrodes (p < 0�01).

The tests of reproducibility and storage stability
of the microelectrode are very important for in vivo
measurements.54 Microelectrodes were typically used
in vivo for hours at a time to measure electrochemical
active substances. Therefore, the relevant electrodes must
have a stable electrochemical response for several hours.55

According to the anti-interference studies described above,
ipk�c of DA at Cu2S/RGO-CFMEs was hardly affected
by other electrochemical active substances. This important
parameter was used to assess the stability of the micro-
electrode. As shown in Figure 8(c), the CFMEs’ sensitiv-
ity gradually decreased over time and dropped to 50.5%
of the original current after 3 h. Conversely, the sensitiv-
ity at Cu2S/RGO-CFMEs slightly declined to 95.6±4.0%
of its initial response sensitivity within 5 hours, indicat-
ing a relatively long-term stability and good reproducibil-
ity. Therefore, all of these studies imply that Cu2S/RGO
nanocomposites modified CFMEs were significantly supe-
rior to CFMEs for detection of DA, which have excellent
selectivity and sensitivity for the relevant in vivo study of
some biological process.

In Vivo Detection of DA Through
Cu2S/RGO-CFMEs
It is reported that the detection of DA in vivo can be real-
ized by using genetic mutation or gene modified light sen-
sitive larvae as experimental samples, because the ventral
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Figure 8. Background-subtracted CV of (a) CFMEs; (b) Cu2S/RGO-CFMEs in the presence of 5 �M DA (black line), mixture of
5 �M DA and 20 �M AA (red line), and mixture of 5 �M DA and 5 �M His (blue line); (c) Stability experiment was performed by
testing the response of CFMEs (red) and Cu2S/RGO-CFMEs (blue) to 5 �M DA every 1 h for 5 h (n = 3 electrodes).

nerve cord can release DA under the stimulation of light
with specific wavelengths (such as red light8 and blue
light56�. On the basis of the above observations, the rele-
vant electrochemical detection has been further exploited
in vivo by using the novel Cu2S/RGO-CFMEs to quali-
tatively detect DA in drosophila’s brain. The CV has the
characteristic anodic and cathodic peaks for electrochemi-
cally active substances in drosophila’s brain (Fig. 9). The
corresponding currents are significantly increased under
red light stimulation, while the peak potential has almost
no shift. The illustration shows that the relevant Epk�a

mean value of 0.45 V was significantly higher than the
mean value of detection of DA in buffer solution (0.32 V)
(n = 6 each, p < 0�01, t-test). According to the anti-
interference study, a reasonable explanation for the change
in Epk�a would be the effects of other electrochemically
active substances in the brain disturbance. The average
value of Epk�c was 0.16 V, which was similar to that in the
detection of DA in solution (unpaired t-test, p = 0�326,
n= 6 each). It is evident that the cathodic peaks originated

Figure 9. Background-subtracted CV of DA in vivo using
Cu2S/RGO-CFMEs at low light conditions (blue line) and stim-
ulation of red light (black line). Inset: Corresponding values of
Epk�c and Epk�a. Error bars are the standard error of the mean
(n = 6 electrodes).

only from the successive reduction after oxidation of DA.
Conversely, the concentration of DA was also calculated
by ipk�c through the DA electrochemical sensor based on
Cu2S/RGO-CFMEs for the relevant quantitative in vivo
detection of some specific biological process.

CONCLUSIONS
In summary, in this study we fabricated a novel
DA sensor constructed on the basis of Cu2S/RGO
nanocomposites modified carbon fibers’ microelectrode
(Cu2S/RGO-CFMEs). The electrochemical performance
of the as-prepared sensor was assessed by using cyclic
voltammetry, which demonstrate that the Cu2S/RGO-
CFMEs as a new DA electrochemical sensor have excel-
lent selectivity, stability and sensitivity, with a marvelous
linear range from 0.1 �M to 20 �M, and a low detec-
tion limit of 24 nM. The modified microelectrode has
the advantages of reducing tissue damage and can readily
improve the spatial resolution for the in vivo DA detec-
tion. It is evident that the Cu2S/RGO-CFMEs could have
potential applications in the in vivo measurements of neu-
rotransmitters in that it can avoid the interference of other
components like histidine, ascorbic acid, uric acid, and
others.
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