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Fiber-shaped organic electrochemical transistors for biochemical
detections with high sensitivity and stability
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Precise and continuous monitoring of biochemicals by biosensors assists to understand physiological functions for various
diagnostics and therapeutic applications. For implanted biosensors, small size and flexibility are essential for minimizing tissue
damage and achieving accurate detection. However, the active surface area of sensor decreases as the sensor becomes smaller,
which will increase the impedance and decrease the signal to noise ratio, resulting in a poor detection limit. Taking advantages of
local amplification effect, organic electrochemical transistors (OECTs) constitute promising candidates for high-sensitive
monitoring. However, their detections in deep tissues are rarely reported. Herein, we report a family of implantable, fiber-shaped
all-in-one OECTs based on carbon nanotube fibers for versatile biochemical detection including H2O2, glucose, dopamine and
glutamate. These fiber-shaped OECTs demonstrated high sensitivity, dynamical stability in physiological environment and antiinterference capability. After implantation in mouse brain, 7-day dopamine monitoring in vivo was realized for the first time.
These fiber-shaped OECTs could be great additions to the “life science” tool box and represent promising avenue for biomedical
monitoring.
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1 Introduction
The homeostasis of chemical matters in body plays an important role in maintaining humoral regulation and basic
functions, and the break of such balance usually results in
diseases [1,2]. For example, diabetes is a disorder when the
body cannot properly maintain blood glucose level, and
some neurodegenerative diseases are related to the abnormal
level of neurotransmitters [3,4]. Therefore, precise and real†These authors contributed equally to this work.
*Corresponding authors (email: sunxm@fudan.edu.cn; penghs@fudan.edu.cn)

time monitoring of biochemicals in vivo is essential to understand the physiological homeostasis and thus facilitates
disease treatment [5]. Accordingly, electrochemical sensors
with very low detection limits and high time resolutions are
considered as an effective strategy [6,7]. Various flexible and
stretchable electrochemical sensors have been developed to
monitor biochemical [8–10]. For precise monitoring, biosensors with small size and flexibility are essential for biological applications, because they can form stable interfaces
with biological tissues to minimize tissue damage and collect
biochemical information accurately [11–13]. However, the

© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2020

chem.scichina.com link.springer.com

1282

Wu et al.

Sci China Chem

active surface area of a sensor becomes smaller with decreasing size, which will increase the impedance of the
electrode and decrease the signal to noise ratio, resulting in
the worse detection limit [14,15]. Therefore, new flexible
and miniaturized biosensors with improved detection limit
and higher sensitivity should be developed for effectively
monitoring biochemicals with low concentration changes
[16,17].
A promising technology which has the potential to overcome these limitations and meet such requirements is organic
electrochemical transistor (OECT) [18]. The OECT consists
of three electrodes (source, drain and gate) with an organic
active layer (defined as the channel) designed between the
source and drain electrodes [19–21]. The inherent amplification effect of OECT makes it sensitive to potential change
and thus is able to increase the signal to noise ratio and lower
detection limit of biosensors [22]. OECTs were thus designed to monitor electrophysiological signals from brain
surface and chemicals in the sweat or urine with high sensitivity by modification of gate electrodes (mostly based on
metals, polymers and cotton) [23–25]. Although people have
longed for the biological detections of OECTs in vivo, to the
best of our knowledge, it remains unavailable probably because of the mechanical mismatch between OECTs and tissues, which produces instable interfaces between them.
Herein, we designed a family of implantable, all-in-one,
fiber-shaped OECTs with matched mechanical properties
with soft tissues, thus realizing stable interfaces between
them to achieve the desired detections in vivo. Carbon nanotubes (CNTs) were assembled into highly flexible fibers
for the fiber-shaped OECTs, and they not only demonstrated
tissue-like elastic modulus, but also offered abundant space
for the modification of essential components in OECTs for
diverse detections [26]. The resulting fiber-shaped OECTs
showed high sensitivity for multiple biochemicals detection
with a high transconductance of 1.35 mS, dynamical stability
in physiological environment and anti-interference capability. Furthermore, the all-in-one fiber configuration allowed a facile deep brain implantation while free from the
associated traumas and immune response. A stable 7-day
dopamine (DA) monitoring in vivo was realized for the first
time.

2 Experimental
Fabrication. The CNT/platinum nanoparticles (Pt NPs) fiber
was prepared via an electrochemical double potential step
method. L-Glutamate oxidase (GluOx) was immobilized on
the gate of OECT through crosslinking with glutaraldehyde,
bovine serum albumin (BSA), ascorbate oxidase and Nafion.
Patterned Cr (5 nm)/Au (100 nm) drain and source electrodes were deposited onto a nylon fiber via thermal evapora-
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tion. The dip-coating method was conducted by immersing
fiber into the poly(3,4-ethylene dioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) solution. Then a parylene layer
(~3 μm) was deposited onto the surface of drain and source
electrodes through a chemical vapor method as an encapsulation layer on the electrodes using specialty coating
systems (SCS PDS2010 Labcoter®).
Characterization. The structures of the fiber-shaped devices were characterized using field emission scanning
electron microscopy (Zeiss Ultra 55). Nanoindentation tests
for materials were performed using a Bruker Hysitron Ti-950
nanoindenter (Germany) equipped with a standard Berkovich probe. Nanoindentation tests for biological tissues were
performed using a Piuma Nanoindenter (Optics 11 BV). All
electrical characterizations were done using 0.01 M phosphate buffer saline (PBS, pH 7.4) as electrolyte. Output and
transfer characteristics were obtained using a Keithley 2410
with custom LabVIEW software and a CHI660e electrochemical workstation.
Animal Experiment. All animal experiment protocols were
approved by Animal Experimentation Committee of Fudan
University. All animals were treated according to guidelines
for the care and use of experimental animals described by the
National Institutes of Health and Fudan University. Male
mice (BALB/c, 5 weeks old) were anesthetized with 2%
isoflurane. Brains removed from the mice were fixed with
4% (v/v) paraformaldehyde. Immunofluorescence sections
were observed under fluorescent microscopy (Olympus
BX51).

3 Results and discussion
A typical fiber-shaped OECT (Figure 1(a)) was fabricated by
folding an Au-modified nylon fiber, followed by twisting
with a CNT fiber (Figure S1, Supporting Information online). The CNT and nylon fibers demonstrated diameters of
~60 and ~50 µm, respectively. The apparent size of an all-inone OECT was ~150 µm, close to the human hair (Figure 1
(b)). To prepare source and drain electrodes, a nylon fiber
was thermally deposited with a 100-nm-thick Au layer with a
3-mm-width gap in the middle. PEDOT:PSS layer with the
thickness of 200 nm was then coated onto the gap area as a
channel (Figure 1(c, d) and Figure S2). The source and drain
electrodes were further insulated by parylene (Figure 1(c)
and Figure S3). Meanwhile, the CNT fiber was synthesized
by floating catalyst chemical vapor deposition and easy to
make further modification and functionalization by both
physical and chemical methods (Figure S4). Coupling with
high tensile strength, low bending stiffness, high electrical
conductivity and high specific surface area, the CNT fiber
can be further customized towards specific detections. For
example, Pt NPs can be uniformly electrodeposited among
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Figure 1 The structure of fiber-shaped all-in-one OECTs. (a) Schematic illustration of a fiber-shaped all-in-one OECT. (b) Representative SEM image of a
fiber-shaped all-in-one OECT. (c) SEM image of the boundary between semi-conductor PEDOT:PSS and insulator parylene on Au-coated nylon fiber. (d)
Cross-sectional SEM image of PEDOT:PSS coated nylon fiber. (e, f) SEM images of CNT fiber gate electrode modified with Pt NPs at low and high
magnifications, respectively (color online).

the bundles of CNT fiber for the detection of hydrogen
peroxide (H2O2) (Figure 1(e, f)).
Briefly speaking, OECTs take advantage of the change of
electrical conductivity resulted from the ionic exchange between the semiconductor and the electrolyte. The basic
working mechanism is illustrated as the circuit diagram
(Figure 2(a) and Figure S5). When the gate is positively
biased, the reduction of the PEDOT:PSS occurs at the negatively polarized channel, reducing its electrical conductivity. As a result, the tiny effective voltage changes of
the gate are eventually transduced into large drain current
signals of channel. This transduction process is described
through a transfer curve, which reveals the dependence of
drain current on the gate voltage. The efficiency of this
transduction process is named as transconductance gm=
∂IDS/∂VG (the first derivative of the transfer curve) [27].
The performance of assembled OECTs was characterized
in 0.01 M PBS as the electrolyte. The transfer characteristics
of the OECTs were tested with drain voltage (VD) set at
−0.6 V, and a positive gate voltage (VG) was ranged from 0 to
1 V (Figure 2(b)). A maximal transconductance of 1.35 mS
was achieved. The output curves were characterized in Figure 2(c) with VD sweeping from 0 to −1 V and VG set at 0, 0.2,
0.4 and 0.6 V. The drain current (IDS) decreased along with
the increasing VG. Fiber-shaped all-in-one OECTs showed a
quick detection response (t90<100 ms, Figure S6) towards
pulse voltage applied to the gate.
The amplification effects render the OECTs with outperformed sensing capability especially the sensitivity and
detection limit. Take H2O2 detection as an example. Upon the
use of a potential of 0.4 V, H2O2 is catalyzed along with the
electron transfer to the gate electrode of CNT/Pt NPs composite fiber (Figure S7) [28]. An obvious drain current (IDS)
of more than 60 nA was observed with the addition of 5 nM

H2O2 (Figure 2(d) and Figure S8). However, when the same
CNT fiber electrode was paired with Ag/AgCl reference
electrode with the use of a potential of 0.4 V, only a slight
current change (Iref, less than 0.05 nA) was recorded (Figure
2(f)) under the same addition of 5 nM H2O2. The current
response (Iref) was far from being detectable in the twoelectrode system even with up to 10 nM H2O2 (Figure 2(f)
and Figure S8).
There are two main factors that contribute to the low detection limit and high sensitivity of OECTs. One, the in-situ
amplification effect of OECTs can effectively amplify the
signal even with the present of the minimum amount of
analyte. The current change between the gate and source of
less than 0.05 nA was observed (IGS, Figure 2(e)) in comparison to IDS which is over 60 nA, which is three orders of
magnitude differences upon the addition of 5 nM H2O2. Two,
the sensitivity of OECTs can be further enhanced by improving electrocatalytic activity of the gate electrode. CNT
fibers have served as high performance electrodes for fibershaped electrochemical energy devices due to their high
specific surface area and high electrochemical activity [29–
31]. Here, CNT fibers are firstly employed as gate electrodes
in OECTs to achieve high performance. We compared the
normalized area (defined by effective electrochemically active surface area/geometric surface area) of commonly
available fiber electrodes, i.e., Au wires, Pt wires, carbon
fibers and CNT fibers (Figure 2(g)). CNT fibers indeed
showed larger normalized area than other fiber electrodes
during electrodepositing Pt NPs. Note that the above fiber
electrodes exhibited similar diameters after the deposition of
Pt NPs (Figure S9). The large peak current and area of cyclic
voltammograms determined in the potassium ferricyanide
solution further indicated a higher charge storage capacity of
the CNT fiber (Figure S10).
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Figure 2 High sensitivity of the fiber-shaped OECTs. (a) The circuit diagram of the OECTs (S for source, D for drain and G for gate). (b, c) Transfer and
output curves of the OECTs using 0.01 M PBS as the electrolyte, respectively. (d, e) Drain current and gate current of the OECT in response to the same H2O2
addition at the same time (VD fixed at −0.6 V and VG fixed at 0.4 V), respectively. (f) Current versus time with the addition of H2O2 as potential of 0.4 Vvs.
Ag/AgCl reference electrode. (g) Normalized electrochemical areas of different fiber electrodes. (h) Drain current responses of a fiber-shaped OECT to the
addition of H2O2 with different concentrations. (i) Corresponding current change in function of H2O2 concentration at (h) (inset, linear range of low
concentration) (color online).

The fiber-shaped OECTs showed high precision detection
even under high substrate concentrations. For instance, a
trace change of ~10 nM H2O2 addition was obviously detected in the base solution with 1 µM H2O2 (Figure 2(h)).
And the corresponding current change in function of the
concentration of H2O2 was demonstrated in Figure 2(i). The
current response showed a linear correlation with the H2O2
concentration from 10 to 800 nM. Besides, more obvious
current response of the fiber-shaped OECT to H2O2 was
observed than other interferences by adding different solutions of ascorbic acid (AA), uric acid (UA) and γ-aminobutyric acid (GABA) with the same concentration (Figure
S11), demonstrating good selectivity. As H2O2 is an important intermediate in metabolism and neural activity, its
high-resolution monitoring together with other biochemicals
might contribute to a better understanding of the biological
process, e.g., the tumorigenesis and neuron disorders [32].
We further studied the sensing stability of fiber-shaped
OECTs, including cyclic electrical performance and electrochemical stability under dynamic working conditions.
After 2,500 cycles of repeated potential pulses, the normalized drain current change of the fiber-shaped OECTs was
under 1% (Figure 3(a)). For the dynamic stability, it is crucial
to achieve stable interfaces [33]. Biological tissues usually
demonstrate elastic moduli ranged from several to hundreds

of kPa (Table S1, Supporting Information online) while the
conventional rigid electronics made from silicon, Au and
other metal wires have elastic moduli of over 10 GPa (Table
S2). The significant mechanical mismatch inevitably caused
high degree of trauma and scar [34]. In our work, the effective Young’s modulus of CNT fiber was determined to be
1.22 MPa via nanoindentation method (Figure 3(b) and
Figure S12), which will contribute to more stable device/
tissue interfaces.
Considering biological tissue is being arbitrarily curved at
physiological environment [35], we further evaluate the
stabilities of fiber-shaped OECTs under deformation, e.g.,
repeated bending at dynamical working condition. Along
with the small size and all-in-one structure of devices, the
fiber-shaped OECTs have good flexibility and adaptability to
the body for stable detection. Specifically, the mechanical
stability of OECTs was studied by the cyclic bending test
(Figure S13). Both the normalized transconductance of the
channel (Figure 3(c)) and the impedance of the gate electrode
(Figure 3(d)) were demonstrated for over 2,000 cycles with a
bending angle of 60°. The normalized transconductance
slightly decreased at the beginning bending cycles, possibly
due to the formation of some crack of conducting Au layer
under bending [25], and then kept constant at the rest
bending cycles. And at the same time, the impedance of the
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Figure 3 High stability and biocompatibility of the fiber-shaped OECTs. (a) Normalized drain current in response to the cycling pulse of potential. (b)
Effective Young’s modulus tested by nanoindentation among biological tissues, CNT fiber, nylon fiber, polyimide film (PI), Au wire and silicon wafer. (c, d)
Normalized transconductance of channel and impedance of gate electrode under 2,000 bending cycles, respectively. (e, f) Normalized transconductance of
channel and impedance of the gate electrode during 7 d at 37 °C in 0.01 M PBS, respectively. (g) Representative fluorescence images of coronal brain slices
with implanted fiber-shaped OECTs for 7 d and the control group without implants. Immunofluorescent staining for 4′,6-diamidino-2-phenylindole (DAPI,
blue), neurons (NeuN, green), glial fibrillary acidic protein (GFAP, red) and the merged signals are provided for clarification. The white dotted line indicates
the position of fiber-shaped device (color online).

gate electrode showed no obvious changes due to the flexibility and stability of CNT fibers. Moreover, mimicking the
dynamic frequency of organs and tissues, e.g., heartbeat and
respiration [36], the electrochemical stabilities of the channel
and gate electrode were investigated at different frequencies
(Figure S14). No obvious decline or change of electrochemical performance was observed, indicating the high
stability of all-in-one OECTs over the dynamic interference.
In addition, the long-term stability of fiber-shaped OECTs
was carefully investigated. After incubating fiber-shaped
OECTs in 0.01 M PBS at 37 °C for 7 d, both the electrochemical performance of the channel and the impedance of
gate electrode maintained stable with minor fluctuations
(Figure 3(e, f)).
To evaluate the biocompatibility of fiber-shaped OECTs,
we implanted the devices into the mice brain for 7 d. The
immunofluorescence staining images of the brain slices at
the coronal section were observed by fluorescent microscopy
(Figure 3(g) and Figure S15). The astrocytes were stained for
glial fibrillary acidic protein expression to monitor the possible immune response. No apparent differences were found

in the fluorescent signals between the surrounding brain
tissues implanted with fiber-shaped OECTs for 7 d and the
control groups without implants. The result showed that fiber-shaped OECTs implantation caused negligible immune
activation, which probably attributes to the small size and
all-in-one structure of fiber-shaped OECTs as well as the
mechanical matching of materials with biological tissues
[37].
The trace detection can be further expanded to other biochemicals. To our knowledge, slight variations of biochemicals may induce serious diseases, especially for the deep
brain, but it is hard to achieve minimal invasive injuries to
effectively understand such slight changes [38,39]. For instance, abnormal neurotransmitter concentrations can reveal
the state of diseases, such as Parkinson’s disease, Alzheimer’s disease and epilepsy [38]. However, monitoring neurotransmitters with a concentration level from pM to sub µM
remains a big challenge for biosensors [40]. Taking advantage of the versatile access to modification and functionalization of CNT fibers as the gate electrodes, a library of
fiber-shaped OECTs can be built for monitoring at a much
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lower detection limit.
DA is one of the electroactive neurotransmitters affecting
cortical function of movement control and emotional responses such as pleasure and reward [41]. An average level
of DA was about 26–40 nM in cerebrospinal fluid [4]. Thus,
the CNT fiber was modified with Pt NPs plus a Nafion layer
(CNT/Pt NPs/Nafion fiber, Figure 4(a) and Figure S16) as
the gate electrode. When a potential of 0.4 V was applied on
gate electrode, DA is catalyzed by the composite of CNT and
Pt NPs to produce o-dopamine quinone and the electrons are
transferred to CNT fiber [42]. DA was then detected even
under a slight concentration change (detection limit of 5 nM
and linear range up to 500 nM), which is suitable for the
detection of DA concentration in cerebrospinal fluid (Figure
4(b) and Figure S17). Owing to the negative charge of the
Nafion layer, the impact of negatively charged interferents is
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weakened while positively-charged DA is not affected, thus
offering selectivity [43]. The sensing performance of the
fiber-shaped dopamine-OECT was stable and reliable with
the existence of interferences of AA and UA under nM level
(Figure 4(c)). To further demonstrate the selectivity of dopamine-OECT, the corresponding drain current changes of
dopamine-OECT to the additions of DA and four major interferences of AA, UA, GABA and 3,4-dihydroxyphenylacetic acid (DOPAC) with increasing concentrations
were recorded. The curve slope of drain current change verse
the analyte concentration is calculated as sensitivity. It was
found that the sensitivity of dopamine-OECT to DA is much
higher compared with the four interferences, demonstrating a
good selectivity of the dopamine-OECT (Figure S18).
Some of the electro-inactive neurotransmitters can also be
detected through further modification of CNT/Pt NPs/Nafion

Figure 4 Multi-functionalization and in vivo detection of the fiber-shaped OECTs. (a) Schematic illustration for the gate electrode of fiber-shaped
dopamine-OECT and the mechanism of DA detection. (b) Drain current responses of the dopamine-OECT (inset, the representative linear range). (c) The
anti-interference characterization of the dopamine-OECT. (d) Schematic illustration for the gate electrode of fiber-shaped glutamate-OECT and the mechanism of glutamate detection. (e) Drain current responses of the glutamate-OECT (inset, the representative linear range). (f) The anti-interference
characterization of the glutamate-OECT. (g) Schematic illustration for the gate electrode of fiber-shaped glucose-OECT and the mechanism of glucose
detection. (h) Drain current responses of the glucose-OECT (inset, the representative linear range). (i) The anti-interference characterization of the glucoseOECT. (j–l) In vivo detection of DA using the dopamine-OECT for 7 d in the same mouse brain (color online).
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fiber with the corresponding enzyme. As a major excitatory
neurotransmitter, Glutamate has a low μM level concentration in vivo and is related to multiple diseases including
epilepsy [4,38]. To realize the monitoring with high precision, CNT/Pt NPs/Nafion/GluOx fiber was utilized as the
gate electrode (Figure 4(d) and Figure S19). GluOx first
catalyzes the oxidation of glutamate to 2-oxoglutarate along
with the generation of H2O2, and then H2O2 diffuses through
Nafion layer to the CNT/Pt NPs composite fiber, where the
electrooxidation of H2O2 occurs to transfer electrons to the
CNT fiber. Thus the amount of produced H2O2 is directly
proportional to that of glutamate [44]. The fiber-shaped
glutamate-OECTs demonstrated high sensitivity with detection limit of 100 nM and a wide linear range from 100 nM
to 20 µM (Figure 4(e) and Figure S20). Fiber-shaped glutamate-OECT realized the selectivity by enzyme specificity,
excluding other matters like the most important inhibitory
neurotransmitter GABA. Meanwhile, electroactive substances AA and UA of the same concentration were well
inhibited from the negative charged Nafion layer (Figure 4
(f)). Compared with the traditional microdialysis method
which requires the regular collection of cerebrospinal fluid in
minutes [45,46], this implantable fiber-shaped OECT technique benefits the continuous monitoring of glutamate in
brain second by second.
Besides neurotransmitters, there are a lot of other biochemicals that are important. Blood glucose represents such
a critical example, and the corresponding biosensors had
been widely studied particularly for clinical applications
[37]. Urine glucose is also a sensitive parameter in diagnosis
of diabetes which demands higher sensitivity [47]. Thanks to
the easy modification of CNT fiber electrode, fiber-shaped
glucose-OECT was achieved. Similar to the glutamateOECT, the glucose-OECT was based on the enzyme specificity, and thus the gate electrode was modified to be CNT/Pt
NPs/Nafion/glucose oxidase (GOx) fiber (Figure 4(g) and
Figure S21). The mechanism of glucose detection is similar
to glutamate with GOx-glucose reaction in place of GluOxglutamate reaction [48]. The low detection of 100 nM and a
wide linear range up to 200 µM were obtained (Figure 4(h)
and Figure S22). A Nafion layer was also used to eliminate
the electroactive interferents such as AA and UA, thus significantly reducing the interference signals (Figure 4(i)). The
detection with high sensitivity has the potential to be applied
in cellular metabolism or other highly-demanded applications.
Later, these fiber-shaped OECTs were implanted in deep
brain of mice for in vivo detection. The size of the fibershaped OECTs is similar to the hair of the mouse, and no
obvious redness or inflammation was found around the
OECTs after implantation (Figure S23). We first investigated
the glutamate detection, since glutamate is closely related to
epilepsy as the most important excitatory neurotransmitter
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[49]. When the epilepsy of the mouse was triggered by intravenous injection of 1 mg/mL picrotoxin [50], the peak
current was clearly recorded by the fiber-shaped glutamateOECT (Figure S24). However, there was no obvious peak in
control group by injection of 0.9% NaCl solution. Furthermore, current response of glutamate-OECT and local field
potential were recorded simultaneously during epilepsy. The
trend of current changes from glutamate-OECT was consistent with the electrophysiological signals (Figure S25),
which demonstrated an effective in vivo detection method by
using fiber-shaped glutamate-OECT.
In addition, fiber-shaped dopamine-OECT was also implanted for in vivo detection. DA solution was injected into
the brain by intracerebral microperfusion with a distance of
2 mm between the pipette and device to avoid possible injection force. Accompanied by cerebrospinal fluid circulation and concentration diffusion, the DA diffused in the brain
and approached the sensing gate electrode gradually. Accordingly, there appeared a peak gradually recorded by dopamine-OECT (Figure S26), while there was no obvious
current change in control group with 0.9% NaCl solution. It
means that not the physical diffusion force, but DA caused
the obvious current change. Moreover, selectivity was further investigated in vivo. DA, AA and UA of the same
concentration with the same volume were injected into the
brain in the same way. There was an obvious peak current
recorded by dopamine-OECT during injection of DA while
no apparent change was observed in terms of AA and UA
(Figure S27). Finally, the fiber-shaped dopamine-OECT was
further implanted in brain and maintained for 7 d. The same
intracerebral microperfusion of DA solution (5 mM) was
tested every several days, and the OECT showed similar
current peaks (Figure 4(j–l) and Figure S28). Slight fluctuations are possibly attributed to the diffusion factors such
as temperature and the physiological state like anesthesia.
These results demonstrated the good stability of fiber-shaped
OECTs in vivo.

4 Conclusions
In summary, fiber-shaped all-in-one OECTs have been
achieved with high sensitivity and stability by designing
biocompatible materials and modifying CNT fiber-based
gate electrodes. The unique fiber shape and all-in-one
structure offer high flexibility and adaptability to the dynamically environmental variation, the OECTs can be implanted in brain with minimal invasion resulting in the
negligible inflammatory response in vivo for 7 d. In addition,
the simple modulation of the CNT fiber gate electrode provides effective detections of multiple chemicals such as
glutamate and DA with high sensitivity. Finally, these fibershaped OECTs can detect glutamate and DA in vivo, and 7-
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day monitoring of DA in deep brain had been also achieved.
Therefore, the versatility of flexible fiber-shaped organic
bioelectronics offers valuable insight for future development
of biochemical sensors and promises a bright future for
biomedical applications.
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