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ABSTRACT

Fiber organic electrochemical transistors (OECTs) have received extensive attention in wearable and implantable biosensors
because of their high flexibility and low working voltage. However, the transconductance of fiber OECTs is much lower compared
with the planar counterparts, leading to low sensitivity. Here, we developed fiber OECTs in a coaxial configuration with
microscale channel length to achieve the highest transconductance of 135 mS, which is one to two orders of magnitude higher
than that of the state-of-the-art fiber OECTs. Coaxial fiber OECT based sensors showed high sensitivities of 12.78, 20.53 and
3.78 mA/decade to ascorbic acid, hydrogen peroxide and glucose, respectively. These fiber OECTs were woven into a fabric to
monitor the glucose in sweat during exercise and implanted in mouse brain to detect ascorbic acid. This coaxial architectural
design offers an effective way to promote the performance of fiber OECTs and realize highly sensitive detection of biochemicals.
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1 Introduction

Flexible fiber biosensors have attracted wide attention in wearable
and implantable applications, because they can be woven into
textiles or implanted into tissues to detect the chemicals in body
fluids such as sweat, urine and blood [1-3]. Among them, fiber
organic electrochemical transistors (OECTs) based sensors have
unique advantages of in situ amplification for the detected signals
and low working voltages, and thus have been developed to detect
various biochemicals, such as dopamine [4], glucose [5] and ions
[6]. However, the transconductances that determine the
amplification ability of fiber OECTs are generally one to two
orders of magnitude lower than that of planar OECTs [7-9]. The
low transconductance leads to low detecting sensitivity, which
limits the further application of fiber OECTs in biochemical
sensing.

The transconductance of OECT is proportionate to the
decreased channel length and increased channel width according
to the Bernards model [10], as OECT is intrinsically composed of
conductive polymer channel between source and drain electrodes.
On this basis, the high transconductances of planar OECT's have
been reported with micrometer-scale channel length [11] and
millimeter-scale channel width in interdigital architecture [12] by
patterning the geometries of source and drain electrodes through
high-precision photolithography. While fiber OECTSs were usually
fabricated by depositing the source and drain electrodes at two
ends of the fiber and then patterning the conductive polymer
channel between them [13, 14]. However, it is difficult to precisely
pattern electrodes and polymers in micron sizes on highly curved

fiber surface by using the existing microfabrication methods.
Therefore, it is urgent but difficult to obtain high
transconductances for fiber OECTs.

In this work, we reported a fiber OECT in coaxial architecture
showing a record transconductance of 135 mS. The coaxial fiber
OECT was fabricated by depositing the drain electrode,
conductive polymer channel and Au network source electrode
layer by layer on the fiber surface. The channel length was decided
by the thickness of the conductive polymer layer, which was
reduced to ~ 5 um. The carbon nanotube (CNT) fiber was used as
the gate electrode due to its low bending stiffness, larger specific
surface area, high structure stability under deformations and easy
modification for detection of various chemicals compared with
other electrodes such as Pt and Au wires [13, 15, 16]. Through the
modification of CNT fiber gate, the fiber OECT based sensors
showed high sensitivity for multiple biochemicals and high
stability in deformation and body fluid soaking. The coaxial fiber
OECT was woven into a wrister to detect the glucose
concentration in sweat during exercise and implanted into the
mouse brain for the detection of ascorbic acid (AA),
demonstrating the potential application as wearable and
implantable devices.

2 Results and discussion

The fiber OECT consists of a coaxial channel fiber and a CNT
fiber gate (Figs. 1(a) and 1(b)). To construct the coaxial channel
fiber, 5 nm Cr and 100 nm Au were deposited onto the nylon
fiber with a diameter of 180 pum as the drain electrode, followed by
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coating of  poly(3,4-ethylenedioxythiophene)-poly(styrenesul-
fonate) (PEDOT:PSS) layer as the conductive polymer channel in
the thickness of ~ 5 um (Figs. 1(c) and 1(d)). In order for ions in
the electrolyte to migrate into the PEDOT: PSS layer, Au network
was constructed at the out surface as the source electrode (Fig.
1(e)). A lift-off process was used to fabricate the Au network (Figs.
S1 and S2 in the Electronic Supplementary Material (ESM)) based
on the dip-coated crackle template. The crackle template was
made of the acrylic resin colloid. First, the waterborne acrylic resin
colloidal dispersion was coated on the fiber and formed a uniform
film. Then, in the process of film drying, the capillary pressure
generated by water evaporation drove the acrylic resin film to
contract, while the shear stress from the fiber substrate resisted this
contraction. Therefore, the in-plane stress in the film was finally
released in the form of cracks [17,18]. And then Au was
evaporated onto the cracks. The grid density of the Au network
ranging from ~ 100 to ~ 500 mm™ could be controlled by the dip-
coating rate of the crackle template (Figs. S3(a)-S3(d) in the ESM).
The increasing dip-coating speed led to a thicker crackle template
layer with larger crack spacing and width [19], resulting in Au
network with lower grid density but larger line width (Fig. S3(e) in
the ESM). The minimum resistance of the Au network of
200 Q/cm was achieved at ~ 150 mm™ grid density (Fig. S3(f) in
the ESM). This was because the resistance was affected by both the
conductive paths and line width. With the increase of grid density,
the number of conductive paths increased to reduce resistance,
while the line width decreased to lead to the increase of resistance
[20]. When the two factors reached a balance, the resistance was
minimum. Owing to the special network structure, the Au
network electrode also exhibited electrical stability under different
deformation. The resistance showed less than 3% change after
bending, twisting and friction against tissue-mimicking gels for
1000 times (Figs. S4 and S5 in the ESM).

Due to the coaxial architecture, the hole carriers were
transported from the outer layer to the internal layer across the
PEDOT:PSS layer. When a positive gate bias was applied, cations
from the electrolyte solution migrated into the PEDOT:PSS layer
through the Au network (Fig. S6 in the ESM). Then, the cations de-
doped the PEDOT* by compensating the PSS to maintain the
electrical neutrality in the PEDOT:PSS layer at steady. The
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Figure1 The structure of coaxial fiber OECTs. (a) Schematic illustration of coaxial fiber OECT. (b) Photo of coaxial fiber OECT. The inset picture is the enlarged
view of the coaxial fiber OECT. (c) Cross-sectional SEM image of coaxial nylon fiber with PEDOT:PSS/Cr/Au coating. (d) Local amplification of (c) showing the
channel length of PEDOT:PSS layer. (e) SEM image of Au network deposited on PEDOT:PSS layer.

number of holes in the channel was reduced, resulting in a
decrease of drain current (Fig.2(a)). The output and transfer
characteristics of coaxial fiber OECT's showed typical depletion-
type curves (Figs. 2(b) and 2(c)). When the gate voltage scanned
from 0 to 0.8 V, the drain current was modulated for over three
orders of magnitude, from the on-state current of 34 mA to the off-
state current of 24 uA (Fig. 2(c) and Fig. S7 in the ESM). Besides,
the response time was 0.85 s and the drain current response
maintained stable and reversible in 100 cycles (Fig. S8 in the
ESM).

According to the Bernards model, transconductance is inversely
proportional to the channel length. It indicates that a small
channel length is beneficial to a high transconductance. Different
from the traditional co-planar structure, the channel length of this
coaxial structure was decided by the thickness of PEDOT:PSS
layer, and can be easily adjusted by changing the coating
parameters. Here we realized a channel length of ~ 5 um through
multiple solution coating, to our best knowledge, which is the
smallest value for fiber OECTs (Fig. 2(d)). Besides, PEDOT:PSS
layer of micron thickness can also effectively avoid the short
circuit between the drain and source electrodes. As a result, the
coaxial fiber OECT exhibited the highest transconductance of 135
mS at the gate voltage of 0.27 V (Fig. 2(c)), which is almost 10
times greater than the transconductances of the previously
reported fiber OECTs (Fig. 2(d)) [21].

In practical applications, the performance of coaxial fiber
OECTs should keep mechanically and chemically stable. The
mechanical stability under bending and friction was achieved by
network structure to reduce stress concentration and Cr
intermedium layer between Au and PEDOT:PSS for strong
interfacial bonding (Fig. S in the ESM). The coaxial fiber OECT's
were proved to be highly stable under different bending radii from
10 to 1.5 mm and cyclic bending for 500 times in terms of
transconductance, on-state current, and on-off current ratio (Fig.
2(e) and Fig.S10 in the ESMs). Frictions inevitably occurred
between coaxial fiber OECTs and human tissues whether in
wearable or implantable applications. We used hydrogels in
different moduli that simulated brain, muscle and skin to evaluate
the friction stability of the devices. The transfer and
transconductance curves were in high coincidence before and after
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Figure2 Electrical characteristics and stabilities of coaxial fiber OECTs. (a) Schematic illustration of working mechanism of coaxial fiber OECTs. (b) Output curves of
the OECTs using 0.01 M PBS as the electrolyte. (c) Transfer (solid line) and transconductance (sphere symbol) curves of the OECTs using 0.01 M PBS as the electrolyte
measured at Vp = —0.6 V. (d) Maximum transconductance and channel length for coaxial fiber OECTs and other previously reported fiber OECTs [4, 5, 7-9, 13, 14,
21, 34-38]. (e) Normalized transconductance and on-state current under 500 bending times with a bending radius of 2.5 mm. (f) Normalized transconductance and on-
state current under 500 friction times in tissue-mimicking gel. (g) Normalized transconductance and on-state current during 14 days in artificial cerebrospinal fluid.

friction (Fig. S11 in the ESM), and the decrease of on-state current
and the transconductance was less than 2% after rubbing against
the tissue-mimicking gel for 500 times (Fig.2(f)). Furthermore,
the outer source electrode based on inert Au offered a good
chemical stability for the long-term soaking in body fluids. After
14-day soaking in artificial cerebrospinal fluid, the on-state current
and transconductance of coaxial fiber OECT' varied less than 5%
(Fig. 2(g)).

Besides the coaxial channel fibers, the impedance of the CNT
fiber gate also remained stable after repeated bending, friction and
14-day soaking (Figs. S12 and S13 in the ESM). High
transconductance combined with mechanical and chemical
stability indicated that coaxial fiber OECTs could be made into
stable biochemical sensors with high sensitivity. Taking advantage
of the easy multi-functionalization of CNT fiber gates, a series of
biosensors based on coaxial fiber OECT's were prepared to detect
different chemicals, including electrochemically active molecules,
electrochemically inactive molecules and metabolic intermediates.

AA is an indispensable chemical substance in the human body
associated with metabolic diseases and mental illness [22]. Since
the CNT fiber has notable catalytic activity for AA, the coaxial
fiber OECT with a bare CNT fiber gate was used to detect AA.
When a voltage of 0.2 V was applied to the CNT fiber gate, AA
was oxidized to dehydroascorbic acid and the electrons were
transferred to the CNT fiber (Fig.3(a)). Then the oxidation
reaction raised the electrolyte potential, promoting cation

migration into the PEDOT:PSS layer, resulting in the decrease of
drain current (Fig. S14 in the ESM) [23]. As shown in Fig. 3(b),
the coaxial fiber OECT displayed a linear response with the
logarithm of the concentration of AA in the range of 0.1-1 mM,
which was close to the concentration of AA in human tissue [24].
The sensitivity was 12.78 mA/decade and the limit of detection
was 1 uM (Fig. $15 in the ESM).

Hydrogen peroxide (H,O,) is widely used as an intermediate
for biochemical sensing, such as glutamate [25] and glucose [26].
Platinum (Pt) nanoparticles (NPs) that are catalytically active on
H,0, were electrodeposited on the CNT fiber to fabricate the gate
electrode. Complete coverage of Pt NPs on CNT fibers was
realized by electroplating for 0.08 C (Figs. S16(a) and S16(b) in the
ESM). Under the gate voltage of 0.2 V, H,O, was catalyzed by Pt
NPs into O,, and electrons flowed from H,0,, causing the rise of
electrolyte potential, leading to the reduction of the drain current
(Fig.3(c) and Fig.S16(c) in the ESM). The sensitivity was
20.53 mA/decade with a linear range of 0.02—0.2 mM (Fig. 3(d)).

Glucose is the primary source of energy in the human body,
which plays an important role in cellular metabolic processes [27].
The real-time monitoring of glucose is significant in reducing the
risk of metabolic diseases such as diabetes. The CNT fiber was
modified with tetrathiafulvalene (TTF) as the electron transfer
agent and the glucose oxidase (GOx) as the catalyst for the glucose-
sensing gate (Figs. S17(a) and S17(b) in the ESM). Glucose was
oxidized into gluconolactone and the electron was transported
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Figure3 High sensitivity of coaxial fiber OECT based biosensors. (a) Schematic illustration for CNT fiber gate electrode and the mechanism of AA detection. (b)
Drain current change in function of AA concentration. (c) Schematic illustration for H,O, sensing fiber gate electrode and the mechanism. (d) Drain current change in
function of H,0, concentration. (e) Schematic illustration for glucose sensing fiber gate electrode and the mechanism. (f) Drain current change in function of glucose
concentration. The black dotted line is the linear fitting curve of drain current change to concentration. (g) Sensitivity of biosensors based on coaxial fiber OECTs and
other reported OECTs for detecting AA [22, 39-45], H,0, [13, 15, 30, 46-51] and glucose [9, 26, 30, 46, 49, 51-58]. In all cases, coaxial fiber OECTs are operated at

Vp=-06Vand Vg=02V.

from the GOx redox center to the CNT fiber via TTF (Fig. 3(e))
[28]. The sensitivity of glucose detection was 3.78 mA/decade (Fig.
3(f)). The limit of detection was 20 uM. The linear range spanned
from 0.04 to 0.7 mM, which covered the concentration of glucose
in human sweat (0.06 mM to 0.2 mM) (Fig. S17(c) in the ESM)
[29]. The sensitivities of AA, H,0,, and glucose were improved by
over 20, 10 and 2 times respectively compared with the previously
reported OECTs (Fig.3(g) and Tables S1, S2, and S3 in the
ESM) [22, 30].

These fiber OECT based sensors exhibited high sensitivity and
flexibility, which were suitable for integration into wearable fabrics
to monitor sweat in real time. Therefore, we then wove the coaxial
fiber OECT with a glucose-sensing fiber gate into a cotton wrister
for real-time monitoring of sweat glucose concentration (Fig.
4(a)). Compared with other chemicals in sweat, such as sodium
(Na*), potassium (K*), ammonium (NH,’), lactate and uric acid
(UA), the fiber OECT based glucose sensor has a more obvious
current response to glucose (Fig 4(b)) [31]. The real-time
monitoring of sweat glucose was performed when a volunteer
wearing the OECT-woven wrister was cycling indoors (Fig. 4(c)).
During the 20-min cycling, the concentration of sweat glucose
decreased from 102 to 86 uM, which was consistent with the fact
that glucose was consumed during the exercise [32]. Besides, the
data of in-situ detection based on coaxial fiber OECT were verified
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by using the commercial enzyme-based glucose sensor to detect
the sweat samples collected after cycling for 25, 35 and 45 min
(Fig. 4(d)).

Because of the small size and one-dimension structure of
coaxial fiber OECTs, they could also be implanted into brains for
chemical sensing. Then the coaxial fiber OECT with an
unmodified CNT fiber gate was implanted in the deep brain of
mice to detect AA (Fig.4(e)). A 6 mA variation of the drain
current was observed (Vg =02V, Vpg = —0.6 V) when 2 uL of AA
solution (5 mM) was injected into the brain with a microsyringe
(Fig. 4(f)). In the control group, the drain current didn’t change
after injecting normal saline. The selectivity in vivo was also
investigated by injecting dopamine (DA) and glucose in the same
concentration as AA. Compared with AA, the responses of DA
and glucose were extremely weak (Fig. 4(f)). For the in vivo
application, the biocompatibility of the coaxial fiber OECT was
critical. Considering the intensity of the inflammatory response
tends to decline one week after implantation [33], the coaxial fiber
OECTs were implanted in the mice brains for 7 days to evaluate
the biocompatibility. Glial fibrillary acidic protein (GFAP) and
ionized calcium-binding adapter molecule 1 (Iba-1) were used to
mark the astrocytes and microglia in the immunofluorescence
staining. The fluorescence intensities of GFAP and Iba-1 in the
experimental group were similar to those in the control group,
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Figure4 Wearable and implantable application of coaxial fiber OECTs. (a) Photograph of a female volunteer wearing the fiber OECT while cycling. The inset shows
the fiber OECT woven into the wrister. (b) The interference study for glucose sensing of fiber OECT. (c) Real-time monitoring of glucose in sweat during cycling. (d)
Comparison of ex-situ data from the collected sweat samples with that of the in-situ data after cycling for 25, 35 and 45 min. (e) Photographs of a mouse implanted
with the coaxial fiber OECT at low (left) and high (right) magnifications. (f) The selectivity study for AA detection of fiber OECT in vivo.

indicating negligible inflammation and good biocompatibility of
the coaxial fiber OECTs (Fig. S18 in the ESM)

3 Conclusion

In conclusion, by introducing the Au network as the outermost
source electrode, the coaxial fiber OECT has been successfully
constructed. The unique coaxial structure provides fiber OECT's
with a short channel length of micrometer level and a high
transconductance. Based on the modification of CNT fiber gates,
the coaxial fiber OECTs demonstrate high sensitivities to different
chemicals. In addition, the coaxial fiber channel and the CNT fiber
gate electrodes were highly stable under deformation, friction and
body fluid soaking. Coaxial fiber OECTs showed the potential in
wearable and implantable applications to monitor glucose in sweat
and detect AA in mice brains. This work proposed a new strategy
to largely improve the transconductance of fiber OECTSs and open
up the avenue to high-sensitivity fiber biosensors.

4 Methods

4.1 Materials

Nylon fibers (0.18 mm) were purchased from Xinyue Co., Ltd.
PEDOT:PSS aqueous dispersion (Clevious PHI1000) was
purchased from Heraeus Co., Ltd. KCl, NaCl, NH,Cl, H,0, (AR,
30% in H,0), methanol, ethanol, acetone and N,N-
dimethylacetamide (DMAC) were purchased from Sinopharm
Chemical Reagent Co., Ltd. Glutaraldehyde (AR, 50% in H,0),

agarose, dopamine hydrochloride (DA), AA, UA, lactate, GOx
(10 KU (KU = Kio unit, 1 KU = 100 mg), 3-
glycidoxypropyltrimethoxysilane (GOPS) and K,PtCl; were
purchased from Sigma Aldrich Co. TTF was purchased from
Shanghai Bide Pharmaceutical Technology Co., Ltd. B-D-Glucose
was purchased from TCI. Waterborne acrylic resin colloidal
dispersion (Steba AW F66747) was purchased from Guangdong
Bangtai New Material Technology Co., Ltd. Phosphate-buffered
saline (PBS) and stroke-physiological saline (SPS) were acquired
from Solarbio Science and Technology Co., Ltd. Artificial
cerebrospinal fluid (ACSF) was purchased from Fuzhou Phygene
Biotechnology Co., Ltd. Fluorocarbon surfactant (FS-63) was
purchased from Dupont Co. Polyester film was purchased from
Wowking Material Co., Ltd.

4.2 Fabrication of coaxial fiber OECTs

Fabrication of channel. 5 nm Cr and 100 nm Au were deposited
onto a nylon fiber as the drain electrode by thermal evaporation.
To ensure complete coverage on the fiber surface, the fiber was
suspended in the chamber, and gold was evaporated onto its front
and back respectively. The PEDOT:PSS solution was mixed with
1 wt.% 3-glycidoxypropyltrimethoxysilane cross-linker to enhance
its water stability. And 0.05 wt.% fluorocarbon surfactant was
added to reduce the surface tension of PEDOT:PSS solution. In
order to further improve the stability of film formation of
PEDOT:PSS on the fiber surface, the PEDOT:PSS solution was
concentrated by oil bath. Then the concentrated PEDOT:PSS
solution was coated on the gold-plated nylon fiber by dip-coating
method. In dip-coating technique, the film thickness is mainly
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related to the absolute viscosity and shear rate of film-forming
fluid and the number of dip-coating [59, 60]. In order to control
the channel length, we specially controlled the concentration ratio
of the PEDOT:PSS solution to 40% by mass to keep the solution
viscosity constant. Besides, we dip-coated with concentrated
PEDOT:PSS solution at a speed of 300 mm/min for 3 times. The
constant dip-coating speed ensured the shear rate of PEDOT:PSS
solution and the certain number of dip-coating guaranteed the
number of film layers. Therefore, we controlled the channel length
of around 5 pm. To enhance the conductivity of the PEDOT:PSS
layer, the whole fiber was immersed into methanol for 5 min and
then transferred to a glove box filled with Ar gas for post-
annealing at 140 °C for 1 h. For the fabrication of the Au network
source electrode, the fiber with PEDOT:PSS layer was immersed
in the waterborne acrylic resin colloidal dispersion and pulled out
at the speed of 300 mm/min by a universal testing machine. A
crackle template was formed after drying in the air at room
temperature for 10 min. After drying, 50 nm of Au layer was
deposited onto the crackle template by thermal evaporation. The
lift-off step was conducted by soaking the whole fiber in DMAC
for 1 h and then rinsing it with ethanol. Finally, the polyester film
was wrapped on the fiber as the insulating layer.

Fabrication of CNT fiber. CNT fiber was synthesized in a tube
furnace at the temperature of 1200 °C by floating catalyst chemical
vapor deposition with thiophene and ferrocene as catalysts,
ethanol as carbon source, flowing Ar (200 standard cubic
centimeters per minute (sccm)) as carrier gas and H, (2000 sccm)
as reduction gas. The CNT fiber was pulled out of the tube furnace
by a titanium rod and then passed through water and ethanol
successively. It was finally dried in the air overnight [3].

Preparation of H,O, sensing fiber gate. The H,0, sensing fiber
gate was prepared by electrochemical deposition of Pt NPs onto
the CNT fiber. The platinum electroplating solution was
composed of K,PtClg (1 mM) and KCI (0.1 M). The working,
counter and reference electrodes were made of CNT fiber, Pt wire
and Ag/AgCl, respectively. Double potential step method was
repeated until electroplating 0.08 C charge by setting the first step
at 0.5 V for 10 s and the second step at —0.7 V for 10's.

Preparation of glucose sensing fiber gate. To modify the CNT
fiber with TTF as electron transfer agent, the CNT fiber was
immersed in the TTF solution (20 mM) for 1 h. The solvent of
TTF solution was a mixture of ethanol and acetone with a volume
ratio of 9:1. After drying in the air for 10 min, the CNT fiber
modified with TTF was soaked in the GOx PBS solution
(40 mg/mL) overnight at 4 °C. Glutaraldehyde with a 0.15%
volume ratio was added to the GOx PBS solution in order to
immobilize GOx on the CNT by crosslinking. To protect the
glucose oxidase, the CNT/TTF/GOx fiber gate was stored in a
refrigerator at 4 °C.

4.3 Characterization

The cross-section and surface morphology of fiber OECTs were
characterized by field emission scanning electron microscopy
(Zeiss Ultra 55). All of the electrical characterizations were done in
1x PBS solution. Output, transfer, response time and cycle stability
were measured by Keithley 2614B. For the output characteristic,
the V, was set from 0 to —0.6 V and V{; was set from 0 to 0.6 V
with 0.1 V step. For the transfer characteristic, the V}, was set at
-0.6 V and V was set from 0 to 0.8 V. All the sensitivity tests
were conducted in chronoamperometry by a CHI660e
electrochemical workstation with applied Vj, of —0.6 V and a
Keithley K2400 with applied V of 0.2 V. For the AA sensitivity
test, the fiber OECT with a bare CNT fiber gate was immersed in
PBS solution added with different concentrations of AA. The
response of the OECT to AA (AlLs) was calculated by the
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following equation: Alg = Ing — I, where Ig and I are the drain
currents of the OECT in the presence and absence of AA,
respectively. Therefore, the curve of Al to the common
logarithm of concentration was achieved. And the sensitivity of
AA was the slope value obtained by linear fitting of the curve. For
the sensitivity test of H,O, and glucose, similar methods were used
with a H,O, sensing fiber gate and glucose sensing fiber gate
instead of a bare CNT fiber gate. The electrochemical stability of
CNT fiber gate was tested in alternating current (A.C.) impedance
with a frequency range of 1-100,000 Hz by a CHI660e
electrochemical workstation. The three-electrode system was
chosen with CNT fiber, Ag/AgCl and Pt wire as working,
reference and counter electrodes, respectively. To characterize the
mechanical stability of the CNT fiber gate, the impedance of CNT
fiber was tested after bending and friction for 1000 times.

44 Applications

The animal experiment protocols were approved by Animal
Experimentation Committee of Fudan University. And all the
experimental mice were treated according to guidelines for the
care and use of experimental animals set by the National Institutes
of Health and Fudan University. Ten female mice (BALB/c, 6
weeks old) were purchased from Shanghai Jiesijie Experimental
Animal Co., Ltd. On the 7th day after implantation of the fiber
OECT, the mice were sacrificed and their brains were removed. In
order to maintain the cells and structures in the brain, the brains
were immersed in 4% (v/v) paraformaldehyde in 0.01 M PBS
solution for 48 h. For immunofluorescence staining, neuron-
specific nuclear protein (NeuN) (1:500, GB13138-1, Servicebio),
GFAP (1:1000, GB11096, Servicebio) and Iba-1 (1:200, GB13105-
1, Servicebio) were used as primary antibody. 488 conjugated goat
anti-mouse (1:400, GB25301, Servicebio) and Cy3 conjugated goat
anti-rabbit IgG (H+L) (1:300, GB21303, Servicebio) were used as
secondary antibody. Finally, 4,6-diamidino-2-phenylindole
dihydrochloride (DAPI) (G1012, Servicebio) was added into the
brain tissue sections.

Analysis of glucose in sweat. The experiment protocols were
approved by the Animal and Human Experimentation
Committee of Fudan University. A healthy female subject was
recruited from Fudan University and gave written, informed
consent before participating in the study. For in-situ analysis, the
fiber OECT and a glucose-sensing fiber gate with a distance of 4
mm were woven into a wrister, and connected to a CHI660e
electrochemical workstation and a Keithley K2400 through the
enameled wire. We chose this distance because the large distance
would reduce the electric field, thus decreasing the
transconductance [61, 62] while the small distance might cause the
short circuit between the gate electrode and the channel. A female
volunteer wore the wrister during cycling. To verify the reliability
of detection, sweat samples were collected after cycling for 25, 35
and 45 min for ex-situ analysis. These samples were measured by
the commercial glucose-sensing electrodes purchased from
Shenzhen Refreshing Biosensor Technology Co., Ltd.

In vivo detection of ascorbic acid. The mouse was anesthetized
with 4% isoflurane gas before the operation and 2% during the
operation. A fiber OECT with a CNT fiber gate was implanted
into the mouse brain with the aid of a tungsten wire. After the
implantation, the detection of ascorbic acid was conducted by
injecting 2 pL of AA SPS solution (5 mM) in situ with a
microsyringe. For the in vivo anti-interference characterization, 2
uL of SPS solution, DA SPS solution (5 mM) and glucose SPS
solution (5 mM) were successively injected into the control
mouse’s brain.
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