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Development of a real-time measurement technique for neurotransmitters

using nano carbon micro electrodes.
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Abstract: In this study, a single-wall carbon nanotube (SWCNT), multi-wall carbon nanotube (MWCNT) type-HB and
type-HC electrodes were created to detect the neurotransmitters at nM concentration level via cyclic voltammetry (CV)
and chronoamperometry (CA). As results, dopamine was detected at 1nM level using MWCNT type-HB electrodes and
serotonin at 1nM level using MWCNT type-HC electrode in CV measurements. In CA results, dose-response relationships
from 10 nM to 100 nM were observed in dopamine and serotonin. Moreover, we developed a CNT micro electrodes array
chip using electroplating method and detected the neurotransmitters at 10nM concentration level. These results suggest the
potential of CNT electrodes for in vitro and in vivo real-time neurotransmitter measurement.
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Fig.1 Comparative cyclic voltammograms of different

electrodes different
Solid 100 M

neurotransmitters in PBS (pH 7.4) and dot line no

carbon nanotube and

neurotransmitters. lines  show
neurotransmitter in PBS. Vertical columns compare the
types of CNT electrodes: SWCNT (panels A, D, and G),
MWCNT type-HB (panels B, E, and H), and MWCNT
type-HC (panels C, F, and I). Horizontal rows compare
different compounds: dopamine (panels A-C), serotonin

(panels D-F), and adrenaline (panels G-I).
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Fig.2 Cyclic voltammograms of various concentrations of
dopamine using MWCNT type-HB electrode (A) and serotonin
using MWCNT type-HC electrode (B). The inset in (A) shows
the magnified response of oxidation peaks in 10 nM, 100 nM,
and 1 uM dopamine. The inset in (B) shows the magnified
response in 10 nM, 100 nM, and 1uM serotonin. Lower graphs
show the plot of oxidation peak height versus dopamine
©

logarithmic scale.
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Fig.3 Cyclic voltammogram of 1 nM neurotransmitter.
(A) CV of MWCNT type-HB in 1nM dopamine in PBS
(pH 7.4). (B) CV of MWCNT type-HC in 1nM serotonin.
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Fig.4 Amperometric responses of MWCNT electrodes
after subsequent addition of neurotransmitters in a PBS
(pH 7.4). (A) Responses of the MWCNT type HB after

addition of dopamine. (B) MWCNT type-HC after

addition of serotonin. Inset: the corresponding
calibration curves of 10 nM dopamine (A) and 10 nM
serotonin  (B). Signals generated for increasing

concentrations of dopamine (C) and serotonin (D).
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Fig.5 CNT multi-electrodes array. (A) Overview of 64ch CNT
electrodes. (B) Phase contrast image of single electrode. (C)
SEM image of CNT electrode surface.
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Fig.6 Cyclic voltammogram of 1 mM dopamine using a
CNT electrode and a ITO bare electrode.
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Fig.7 Cyclic voltammogram of 100 nM dopamine using
four CNT electrodes (A) and 10 nM dopamine using seven
CNT electrodes(B).
M8 ikkmr k=2 10nM % 7 B CEHUI L 2R TH 5,
7 M Z VT PBS DA 2Rl LIZEIEICI~T, &
k=2 10nM FHRIRF B & 222 B B A Bl Sz,

10
L5 - —
g |
os
o
c 6 | )
£ -0.5 —
E 4 a5 —
= 0 02 04 06 08
3 2
Q
D e s T
2
1] 0.2 04 06 0.8 1 1.2 14 16
Potential/Vv

Fig.8 Cyclic voltammogram of 10 nM serotonin using
seven CNT electrodes. Dot line shows only PBS.
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