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Neurotransmitters, which are responsible for the signal transduction of nerve cells in the
brain, are linked not only to various emotions and behaviors in our daily life, but also to brain
diseases. Measuring neurotransmitters in the brain therefore makes a significant
contribution to the progress of brain science. The purpose of this study is to develop a
flexible thin film-type sensor that can electrochemically measure dopamine (DA) selectively
and with high sensitivity. The thin-film sensor was prepared by printing gold colloidal ink on
a polyimide film with a thickness of 25 µm—which the most flexible of the films examined
that could maintain the buckling load (1 mN) required for insertion into the brain. The
electrode (DA-PPy electrode) was then prepared by electropolymerization of polypyrrole
(PPy) using DA as a template. The flexural rigidity of the sensor was 4.3 × 103 nNm, which is
the lowest of any neurotransmitter sensors reported to date.When a DA solution (0–50 nM)
was measured with the DA-PPy electrode using square-wave voltammetry (SWV), the
slope of the calibration curve was 3.3 times higher than that of the PPy only negative
control electrode, indicating an improvement in sensitivity by molecular imprinting with DA.
The sensor was used to measure 0−50 nM norepinephrine (NE) and serotonin (5-HT), and
the slope of the DA calibration curve at 0.24 V (19 ± 4.4 nA/nM) was much greater than
those of NE (0.99 ± 3.3 nA/nM) and 5-HT (2.5 ± 2.4 nA/nM) because the selectivity for DA
was also improved by molecular imprinting.
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INTRODUCTION

Neurotransmitters, which play important roles in the signal transduction of nerve cells in the brain,
are linked not only to emotions and behaviors in our daily life, but also to brain diseases such as
Parkinson’s disease, Huntington’s disease, and schizophrenia. Measuring the dynamics of
neurotransmitters in the brain therefore makes a significant contribution to the progress of
neuroscience (Meder et al., 2019; Niyonambaza et al., 2019). Neurotransmitters include
catecholamines such as dopamine, serotonin, epinephrine, and norepinephrine, as well as
glutamate and γ-aminobutyric acid (GABA), all of which are small polar molecules. Methods
for measuring secreted neurotransmitters include positron emission tomography and optical
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detection methods, such as surface-enhanced Raman spectroscopy
(SERS), fluorescence, fluorescence resonance energy transfer
(FRET), chemiluminescence, column chromatography, and
mass spectrometry, used in diagnostic applications; and
microdialysis and electrochemical measurement methods,
such as cyclic voltammetry and amperometry, used in brain
research to quantitatively measure neurotransmitters in the
brain (Shariatgorji et al., 2014; Niyonambaza et al., 2019;
Patriarchi et al., 2020).

Microdialysis in particular is a widely accepted method for
measuring neurotransmitters in vivo; however, there are issues
associated with collecting excess interstitial fluids, such as
limitation of time resolution and destruction of brain
homeostasis (Zhang et al., 2013). The electrochemical
method, which determines the presence of a target
neurotransmitter using a redox reaction of the target
molecule with a specific redox potential, is recognized as a
method that can overcome these problems (Si and Song, 2018).
To measure the electric current derived from the redox reaction
of target molecules in brain interstitial fluid, where a large
variety of molecules and ions coexist, electrochemical sensors
based on enzymes, antibodies, and molecular imprinting
polymers that can only bind specific molecules must be
developed (Dyke et al., 2017; Crapnell et al., 2019). Sensors
that use proteins such as enzymes and antibodies are highly
specific but have stability problems.

Molecularly imprinted sensors are sensors in which electrodes
are modified with conductive polymers (Gui et al., 2018; Anantha-
Iyengar et al., 2019). Modification with conductive polymers is
carried out using a molecular imprinting method in which target
molecules are electropolymerized using a mixed solution of
monomers and the target molecules, and the target molecules
are removed after polymerization to leave templates in the polymer
matrix. In contrast to modification with enzymes or antibodies,
this approach is resistant to heat, pH changes, and physical shock,
and has excellent selectivity as well as being easy to prepare and
having a high cost-performance ratio (Crapnell et al., 2019).
Various combinations of monomers and target molecules have
been reported to date, including dopamine (DA)/polypyrrole
(PPy) on a carbon aerogel electrode, norepinephrine/poly-o-
aminophenol, and epinephrine/poly-2,4,6-triacrylamide-1,3,5-
triazine (TAT) (Rosy et al., 2014; Tadi et al., 2015; Yang et al.,
2015). There is also a report that a platinum probe modified with
dopamine-imprinted polypyrrole was inserted into the striatum of
rats and dopamine was successfully measured in the rat brain (Tsai
et al., 2012). However, these examples use substrates with high
rigidity such as metal probes or silicon wires, and inflammatory
reactions accompanying the insertion of the sensor might be a
problem for long-term use (Fattahi et al., 2014; Thukral et al., 2018;
Hong and Lieber, 2019).

In this study, we develop a flexible thin film-type sensor that
can measure dopamine (DA) selectively and with high sensitivity
by electrochemical measurement. We focused on a flexible and
stable organic material, a polyimide thin film, that has been used
in many biomedical devices as a base material of electronic
circuits (Takeuchi et al., 2004). PPy was selected as a
biocompatible conductive polymer that can be

electropolymerized in an aqueous solvent. The PPy layer was
prepared as a molecular imprinted matrix, in which DA was
embedded as a template molecule to construct a thin-film
electrochemical sensor with high selectivity for DA (Maouche
et al., 2012; Yang et al., 2015).

Using inkjet printing, we then made an electrode capable of
improving the electrode area by applying gold colloidal aqueous
ink (Kokubo et al., 2018). Because aqueous colloidal ink does not
adhere to hydrophobic polyimide film following direct
application, even after plasma treatment, our strategy was to
use an elastomeric thin film consisting of styrene-butadiene-
styrene block copolymer (SBS) (Sato et al., 2016) for stable
inkjet printing of electrodes and wiring with colloidal ink.
Furthermore, the wiring was covered with another SBS
nanosheet for insulation. Since the electrode was exposed, a
PPy layer was constructed on the electrode by
electropolymerization using dopamine as a template. We
immersed the obtained electrochemical sensor in a three-
electrode electrolytic cell and subjected it to square-wave
voltammetry (SWV) to quantify DA in the solution from the
change in the measured current and to examine the selectivity of
the sensor for DA against norepinephrine (NE) and serotonin
(5-hydroxytryptamine; 5-HT).

MATERIALS AND METHODS

(1) Printing the gold electrode and wiring on a polyimide/
SBS film

Polyimide films (HJA-A4, AS ONE) with thicknesses of 12.5,
25, and 50 µm were purchased, and were cut into rectangles of
1 cm × 6 cm for use as a base material (Figure 1A). The styrene-
butadiene-styrene block copolymer (SBS, GF00679361, Sigma-
Aldrich) was dissolved in tetrahydrofuran (THF, 20,608,744,
Wako Pure Chemical) at a final concentration of 7 wt%, and
then an SBS film with a thickness of 5.3 µm was prepared using a
benchtop-type bar coater (TC -3, Mitsui Denki Seiki) under 60°C
and 2 m/min conditions (Figure 1B). SBS was used as primer
coating for inkjet printing because gold colloidal ink could not be
directly printed on the polyimide film even after plasma
treatment. After drying (60°C, 5 min) the bar-coated SBS layer,
a plasma treatment (air, 15 W, 3 min) was carried out with a
plasma coater (PDC-001, HARRICK PLASMA), and electrodes
(0.5 mm2) and wiring (200 μm × 4 cm) were printed using an
inkjet printer (Dimatix, Fujifilm) with gold colloidal ink (Au-J,
C-INK) (Figure 1C). Thereafter, a heat treatment (100°C, 1 h)
was carried out on a hot plate (HJA-A4, AS ONE) to increase the
conductivity. An SBS thin film with thickness of 5.3 µm was
formed with the same coater under the same conditions to cover
the wiring for insulation (Figure 1D) and the electrode was
exposed. A razor blade (O39-1CZ, AS ONE) was used to cut the
polyimide film into a probe shape with a width of 0.1 mm as
shown in Figure 1E. Finally, a flexible flat cable (FFC, FFC0508P,
Aitendo) was attached to the surface at the end of the wiring using
double-sided tape (Figure 1F) and connected to the instrument
(Figure 1G). The cross section of the device is shown in
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Figure 1H. The electrode on the SBS nanosheet was exposed at
the tip of the probe and the wiring was sandwiched with another
SBS nanosheet for insulation. We used a device that had an
impedance at 1 kHz within a 1–5 kΩ range (actual impedance was
2.59 ± 1.34 kΩ) measured using an impedance analyzer (3532–80,
HIOKI E.E. Corp.).

(2) Preparation of a molecularly imprinted polypyrrole film on a
printed gold electrode

The gold electrode prepared in section Introduction was
connected to a potentiostat (Toyo Technica, SP-300) as a
working electrode, a platinum wire (Nilaco, φ � 0.4 mm) was
used as a counter electrode (CE), and a silver/silver chloride
electrode (EC Frontier, RE-2 A) was used as a reference electrode
(RE) (Figure 2A). All electrodes were immersed in an
electropolymerization solution (10 mM pyrrole, 1 mM
dopamine hydrochloride, 0.1 M SDS in Milli Q water, N2

bubbling for 20 min) in an electrochemical cell on a stirrer

FIGURE 1 | Schematic diagram of the electrode assembly. (A) The polyimide film substrate (1 cm × 6 cm), (B) a styrene-butadiene-styrene block copolymer (SBS)
nanosheet was assembled on the polyimide film, (C) an electrode (0.5 mm2) and wire (200 μm × 4 cm) were printed on the SBS nanosheet with Au ink, (D) an SBS
nanosheet was used to cover the wiring and the SBS nanosheet underneath, (E) the electrode probe was prepared, (F) a flexible flat cable (FFC) was attached to the rear
of the polyimide film, (G) a connector was attached to the FFC, and (H) a cross-section of the whole system.

FIGURE 2 | (A) The complete system, and (B) the electrochemical measurement setup inside the shield box.
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(Figure 2B). The electrochemical cell and stirrer were placed
inside a shield box completely covered with aluminum foil to
exclude external noise (Figure 2A).

Electropolymerization in the solution by cyclic voltammetry
(scan speed: 10 mV/s, scan range: 0–0.8 V, number of cycles: 3,
100 rpm) provided a mixed layer of polypyrrole (PPy) and
dopamine (DA) on the surface of the gold electrode
(Figure 3A). The resulting mixed layer was washed with Milli
Q, used again as a working electrode, and then a CV sweep (scan
speed: 40 mV/s, scan range: −0.2–0.6 V, number of cycles: 60,
100 rpm) was carried out in 0.1 mol/L phosphate buffer, which
was thoroughly degassed with nitrogen gas for 20 min, to remove
DA from the mixed layer (Figure 3B). After the removal of DA,
the PPy was washed with Milli Q, and a further CV sweep was
carried out over a wider potential range weighted towards
oxidation (scan speed: 50 mV/s, scan range: −0.2–1.3 V,
number of cycles: 30, 100 rpm), thereby over-oxidizing the
PPy layer (Figure 3C). Thus, a DA-imprinted and over-
oxidized PPy electrode was prepared on the gold electrode
(hereafter denoted DA-PPy electrode). In addition, a system in
which DA was not added during PPy electropolymerization,
processed under the same conditions, was used as a negative
control (hereafter denoted PPy electrode).

(3) Characterization of the DA-imprinted PPy electrode

The electrode before and after electropolymerization was
observed using an optical microscope (HOZAN, L-KIT 617).
The thickness of the electrode was measured using a stylus-type
step gauge (Dektak, Bruker), and the Raman spectrum on the
electrode surface was measured with a Raman spectrometer
microscope (Japan Spectroscopy, NRS-4100). The tip of the
polyimide film (25 µm thickness) bearing a DA-PPy electrode
was attached to a substrate and gradually pressurized using a
tensile testing machine (EZ-S, Shimadzu Corporation) to bend it.
The buckling load was measured when the film buckled.

The quantification of DA in DA solutions was carried out
using a three-electrode cell with the DA-PPy electrode as a
working electrode. We measured 0–50 nM DA solutions—a
range that would not be affected by the Langmuir adsorption
isotherm—and the DA concentration and current showed a
proportional relationship. Each electrode was immersed in a
well-degassed 0.1 mol/L phosphate buffer solution, a 10 µM
DA phosphate buffer solution was added to increase the

concentration of DA to 50 nM in 10 nM increments, and a
square-wave voltammetry (SWV, scan range: −0.2–0.7 V, pulse
height: 25 ms, pulse width: 25 ms, step height: 10 mV) sweep was
carried out to measure the change in the oxidation current due to
DA in the solution.

To evaluate the selectivity, a DA-PPy electrode was used to
measure norepinephrine (NE) or serotonin (5-
hydroxytryptamine; 5-HT) in the three-electrode cell. A DA-
PPy electrode was used as the working electrode and immersed in
a 0.1 mol/L phosphate buffer, and a 10 µM NE or 5-HT
phosphate buffer was added to the solution to increase the
concentrations of NE or 5-HT to 50 nM in 10 nM steps. The
NE or 5-HT oxidation current was measured by carrying out an
SWV sweep with each 10 nM increase.

RESULTS AND DISCUSSION

Characterization of the Molecularly
Imprinted DA-PPy Electrode
Appearance
Figure 4A shows a photograph of the device. The DA-PPy
electrode was electropolymerized on the gold electrode and the
wiring was printed on the polyimide thin film. The gold wiring
was connected to the connector via the FFC. Magnified images of
the printed gold electrode and DA-PPy electrode prepared by
electropolymerization are shown in Figure 4B and Figure 4C,
respectively. The wiring was covered with the SBS nanosheet to
prevent electropolymerization of PPy, therefore, it appears gold.
However, black substances were adsorbed on the exposed gold
electrode after electropolymerization.

Raman Spectrum
Figure 4D shows the Raman spectra of the electrode before and
after electropolymerization. No major peaks were observed in the
Raman spectrumof the bare surface of the gold electrode before the
electropolymerization; however, after the electropolymerization,
numerous peaks appeared in the spectrum, including peaks at 932,
978, and 1,049 cm−1 assigned to C-H stretching and 1,390 and
1,414 cm−1 assigned to C-C stretching and 1,590 cm−1 assigned to
C�C stretching. A typical Raman spectrum of PPy from the
literature confirmed that the black substance formed on the
surface of the gold electrode after the electropolymerization was
polypyrrole (Tsai et al., 2012).

FIGURE 3 | Schematic diagram of the preparation of themolecularly imprinted polypyrrole (PPy) layer on the gold electrode. (A) PPy and dopamine (DA) mixed layer
prepared on an electrode by electropolymerization of pyrrole (Py) with DA (scan speed: 10 mV/s, scan range: 0–0.8 V, number of cycles: 3, 100 rpm), (B) DA was
removed from the mixed layer leaving the DA templates (scan speed: 40 mV/s, scan range: −0.2–0.6 V, number of cycles: 60, 100 rpm), and (C) PPy was over-oxidized
to improve the conductivity (scan speed: 50 mV/s, scan range: −0.2–1.3 V, number of cycles: 30, 100 rpm).
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Film Thickness and Flexural Rigidity
Measurement using Dektak showed a printed gold electrode
thickness of 236 ± 40 nm, which increased to 371 ± 44 nm
after electropolymerization. Therefore, the thickness of the
DA-PPy electrode was calculated to be 135 ± 43 nm. For
inkjet-printed electrodes it is difficult to control the
consistency of the surface roughness and impedance for each
fabrication. This may affect the molecular imprinting of DA on
PPy even under the same fabrication conditions, which include
the concentration of monomer (Py), DA, and supporting
electrolyte (SDS); scan speed, scan range, and cycle number
for the cyclic voltammetry; temperature; and stirring speed.
The SBS layer formed by the bar coater had a thickness of

5.3 µm. The configuration of the PA-PPy electrode constructed
on the polyimide thin film is shown in Table 1, and the value of
flexural rigidity, D, calculated from the thickness, h, and Young’s
modulus, E, of each constituent layer was calculated using Eq. 1
(Yamagishi et al., 2019).

D � Eh3

12(1 − ]2) (1)

D: Flexural rigidity (N m), E: Young’s modulus (N/m2),
h: Thickness (m), ]: Poisson’s ratio.

FIGURE 4 | (A) Photograph of the complete system, (B) micrograph of the gold electrode, (C) micrograph of the gold electrode on which Py was
electropolymerized and (D) Raman spectra of the gold electrode and DA-PPy electropolymerized gold electrode.

TABLE 1 | Configuration of the PA-PPy electrode system.

Layers h (µm) E (GPa) D (nN · m)

Polyimide Film 25 3.3 4.30×103
Bar-coated SBS Layer 5.3 5.7 × 10–3 0.566
Printed Gold Layer 2.4 × 10–3 78 8.99 × 10–2

Electropolymd. PPy Layer 0.135 1.2 2.46 × 10–4

TABLE 2 | Comparison of the flexural rigidity of the substrate of brain insertion-
type electrodes in this study and previous studies.

Studies Materials Size (µm) D (nN · m)

Robinson et al. (2003) Carbon Φ � 30 2.2×105
Suzuki et al. (2007) Diamond Φ � 5 1.0×105
Tsai et al. (2012) Platinum Φ � 25 7.9×105
This work PI films 100 × 30.8 0.043×105
Brain tissue [Yamagishi et al., (2019)] — — 1.0
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Comparison of the D value of each layer suggested that the
flexural rigidity of the complete DA-PPy electrode system
constructed on the 25 µm thick polyimide thin film could be
given by the D value of the polyimide film, and was estimated to
be 4.30 × 103 nNm.

Table 2 shows a comparison of the substrate, electrode size,
and flexural rigidity, D, of brain insertion-type electrodes. The D
values in this study, which were determined based on a polyimide
film substrate with a thickness of 25 μm, are two orders of
magnitude lower than those of previously reported substrates.
However, it is still three orders of magnitude more rigid than
brain tissue. It is not yet clear what difference in stiffness between
the substrate and brain tissue will be appropriate for application
of the electrode in the brain. This will be investigated by changing
the thickness of the polyimide film substrate.

Buckling Load
The polyimide film with a thickness of 25 µm had a buckling load
of 3.65 mN. The buckling loads for film with thicknesses of 50 µm
and 12.5 µm, were 12.3 mN and less than 1 mN, respectively.
Assuming that the electrodes will be used by inserting them into
the brain, buckling loads of 1 mN or more are required (Jensen
and Yoshida, 2003). Therefore, the polyimide film with 25 µm
thickness was considered a suitable substrate.

Selective DA Measurements Using DA-PPy
Electrodes
We first evaluated the surface area of the electrode, and as a result
decided to use a 0.5 mm2 electrode because it was the smallest size
capable of measuring DA with high reproducibility (see
Supplementary Material). In addition, we used ΔI (calculated
by I−I0, I: measured current of each DA concentration
(10–50 nM), I0: current of DA at 0 nM) and evaluated the
sensitivity as ΔI/ΔC (concentration increase) from the slope of
the relationship between ΔI and DA concentration. Calibration
curves of the DA-PPy electrode and PPy electrode from the
current values at 0.24 V are shown in Figure 5. The average slopes
based on three measurements were 19 ± 4.4 nM (DA-PPy) and

6.0 ± 5.7 nA/nM (PPy). The sensitivity of the DA-PPy electrode
was 3.3 times higher than that of the control, which is attributed
to the increase in the amount of DA adsorbed on the electrode
surface as a result of the DA molecular imprinting. For reference,
we preliminarily used bar-type glassy carbon electrodes instead of
film-type electrodes. The slopes of the DA-PPy-modified glassy
carbon electrodes were approximately 3 times greater than those
of the PPy-modified glassy carbon electrode, which indicates a
similar DA templating effect to that observed for the film-type
electrodes (See Supplementary Material).

High concentrations of neurotransmitters (DA, NE, and 5-
HE) were measured using SWV to determine the oxidation
potential of each transmitter. A voltammogram of 5,000 nM
DA, NE, and 5-HT using a DA-PPy electrode is shown in
Figure 6. Oxidation potentials were observed at 0.24 V for DA
and NE and at −0.09 V for 5-HT. The same oxidation potential
was also observed for each neurotransmitter in the case of glassy
carbon electrodes (see Supplementary Material). These results
suggest that it is difficult to detect DA in a mixture of DA and NE
by changing the oxidation potential for observation because the
oxidation potential of NE is almost the same as that of DA.

The SWV voltammograms of DA, NE, and 5-HT in the low
concentration range are shown in Figure 7A, Figure 7B, and
Figure 7C, respectively. No oxidation peak was confirmed for NE
and 5-HT in this concentration range (0−50 nM). For DA, the I
values of the whole curve (approximately 0.1–0.3 V) increased as
the DA concentration increased. As this was in the same range as
the oxidation peak shown in Figure 6, the oxidation peak
appeared. The calibration curves shown in Figure 7D were
prepared based on the oxidation potential of DA (0.24 V).
Only the calibration curve of DA at 0.24 V had a significant
slope. No distinct slopes were observed for NE or 5-HT at 0.24 V,
or for 5-HT at −0.09 V.

From the slopes of the calibration curves of Figure 7D it can be
seen that the slope for DA (19 ± 4.4 nA/nM)was greater than those
for NE (0.93 ± 3.3 nA/nM) and 5-HT (2.5 ± 2.4 nA/nM), despite
each organic thin-film sensor being fabricated under the same
conditions. A similar trend for selectivity was also found in the case

FIGURE 5 | Calibration curves for DA-PPy and PPy electrodes against
DA in the film-type electrode system.

FIGURE 6 | SWV voltammogram of concentrated DA, NE, and 5-HT
with DA-PPy electrodes.
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of the glassy carbon electrode, namely, the slope of the calibration
curve of DA was 6 times greater than those of NE and 5-HT (see
Supplementary Material). We also confirmed that ascorbic acid
(AA) and uric acid (UA) did not interfere with the measurement
(see Supplementary Material). It is therefore thought that
imprinting with DA improves the detection sensitivity of DA
over NE at the same oxidation potential. These results indicate
that the sensitivity of DA at 0.24 V using the DA-PPy electrode is
sufficiently higher than those of NE and 5-HT; therefore, the DA
concentration change can be selectively measured even in the
presence of NE or 5-HT. In addition, the surface area (S), the slope
of the calibration curve for DAmeasurement (L), and the L/S value
were compared with previous research as summarized in Table 3.

Table 3 shows that the organic thin-film sensor has a higher
L/S value those reported for other systems. This means that the
sensitivity of the organic-thin film is higher than those of other
studies in terms of unit area. This increase in sensitivity is
attributed to the high surface area of the electrode due to the

Au nanoparticles of the Au colloidal ink. These results indicate
that the organic thin-film sensor can detect DA with high
sensitivity. The DA concentration of brain interstitial fluid is
reported to be 2–4 nM (Chatard et al., 2018). The organic thin-
film sensor was able to measure 10 nM DA. Optimization of the
electropolymerization conditions is therefore necessary to
increase the sensitivity for measuring DA in vivo.

CONCLUSION

An organic thin-film sensor based on a 25 µm-thick polyimide
film was prepared, which is flexible and can be inserted into the
mouse brain. The sensor was found to be more flexible than all
neurotransmitter sensors reported to date. The molecularly
imprinted polymer sensor showed improved DA detection
sensitivity both as an organic thin film and as a glassy carbon
electrode. DA could be measured with high sensitivity and

FIGURE 7 | SWV voltammogram of (A) DA, (B) NE, and (C) 5-HT with DA-PPy electrodes. (D) Calibration curves of DA, NE, and 5-HT using DA-PPy electrodes.

TABLE 3 | Comparison with previous studies.

Studies Material S (mm2) L (nA/nM) L/S (nA/(nM · mm2)) Selectivity

This work PPy/Au 0.5 19 38 AA, UA, NE, 5-HT
Tsai et al. (2012) PPy/Pt 1.2 17 14 AA, DOPAC, 5-HT
Yang et al. (2015) PPy/carbon aerogel 3.0×103 4.0 1.3 × 10–3 AA, UA, NE, EP
Si et al. (2011) PPy/eRGO 7.1 4.0 × 10–2 5.6 × 10–3 AA, UA
Zhang et al. (2013) Nafion/PtNPs/Pt 0.126 1.3 × 10–4 1.0 × 10–4 AA, UA, DOPAC
Chen et al. (2019) Au nanoparticle/rGO/Pt 3.1 0.261 8.4 × 10–2 AA, UA, Glucose, Glutamate
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selectivity even in the presence of NE and 5-HT. In future, inkjet-
printed channels for the CE and RE will be loaded onto the
organic thin-film sensor to develop 3-channel sensors for DA
measurement in the brain without inserting a separate CE and RE
(Chatard et al., 2018). In addition, we plan to evaluate the toxicity
of the organic thin-film sensor materials. And we intend to carry
out in vivo experiments to measure the DA secreted by operant
behavior by inserting the sensor into the striatum of mice or rats
under acute conditions (in 1 h).
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