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Fig.1 Electrochemical oxidation process of ascorbic acid (AA) under neutral conditions
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Fig.2 Typical cyclic voltammetry curves (CVs) obtained at carbon fiber microelectrode (CFEs) in artificial
cerebrospinal fluid (aCSF, pH 7. 4) in the absence ( dashed curves) and presence ( solid curves) of
400 wmol/L ascorbate. CFEs were prepared with CFs from different sources (i. e., Type-1 (A); Type-2
(B), and Type-3 (C)) and electrochemically pretreated in 1.0 mol/L NaOH or 0.5 mol/L H, 504&ﬂ
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Fig.3  Typical CVs obtained at bare glass carbon ( GC) (A), graphite-modified (B), single walled
nanotubes ( SWNT ) -modified (C), and heat-treated SWNT-modified (D) GC electrodes in 0. 10 mol/L
phosphate buffer (pH 7.0) in the absence (dotted lines) and presence (solid lines) of 0.5 mmol/L AA®!
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Fig.4 (A) Differential pulse voltammetry ( DPVs) curves from in vitro experiments and from the neostriatum of
anaesthetized rats (in vivo)'™'; (B) Background-subtracted fast scan cyclic voltammetry ( FSCV ) of five
neurochemicals; AA(i. e. ascorbate 100 pmol/L), 5-hydroxytryptamine (5-HT, 1 wmol/L), dopamine ( DA,
1 pmol/L), 3, 4-dihydroxyphenylacetic acid ( DOPAC, 10 wmol/L), and an acidic change in pH
(0.1 pH unit) ™
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Fig.5 (A) Schematic illustration of in vivo voltammetric recording of striatum AA by using themultiwalled

carbon nanotubes (MWNT) -modified CFE; (B) DPVs at the MWNT-modified CFEs in aCSF containing AA

(0.3 mmol/L) (curve 1) and after (curve 2) exogenous infusion of AA oxide (AAOx) into the striatum "
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W AA TR AR AS AT R (K 6E) o

s
; 1

3 aCSF

t

AAox+Glutamate
I

0 1‘50 300 4‘50 660
t(s)

K6 (A)CF.(B)VACNT-CFE FI7t NaOH ¥ HL AL/ 402 (C) FTAN (D) J5 Y VACNT-CFE 2R 3 44
BEEI(E) 5 VACNT-CFE {5 {4 5K i L Al =7 70 07 47 24 B 15 5 AA BT (T2 1) , aCSF 7 3 2R 28 L it
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Fig.6 Scanning electron microscopy (SEM) images of (A) CFE; (B) vertically aligned carbon nanotube
sheathed carbon fiber (VACNT-CFE) , and the tips of VACNT-CFE (C) before and (D) after electrochemical
treatment in 1. 0 mol/L NaOH; (E) Typical current-time responses in vivo recorded at the VACNT-CFEs

. e
* | 400 nm
(o 200

during local microinjection of glutamate (curve 1), aCSF (curve 2), and glutamate containing AA, (curve 3)

into rat striatum!™*



1564 o B Ak 2 415

15 CFE R AR K ONT J5 50T TN AA JISE | AR A AR ] 4 07 ik Pl B N TAB 5 | RS 1)
— RGN AR R A AR TR AR R & b, e — 2Bk CNT BRI 45, Xiao 454 & &
Tl AT L B R A L DK TAR SWINT B4 LA B9 75125 , PR DK B9 12 T =1 T P g 1R e Ak L )
SWNT JLAE] CFE K0T, %R AA By RAL- 2 A AR B RAF AL VR B R (A 7)

1 I
—01.2 0.‘0 0.‘2 0.‘4 —01.2 0.‘0 0.‘2 0.‘4
E(V vs. Ag/AgCl) E(V vs. Ag/AgCl)

Pl 7 HBKITUR SWNT £ CFE I 11 Hu BT M AA Al b
Fig.7 SEM images of SWNT-sheathed CFEs and typical CVs obtained at ten SWNT-sheathed CFEs in the
absence (dashed curves) and presence (solid curves) of 400 pumol/L AAP
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Fig.8 (A) Current signal by local electrical stimulation in the rat cortex recorded with the SWNT-CFE at
+30 mV, =120 mV, and +30 mV after local perfusion of AAOx (n=3 rats); (B) Current recordings with the
SWNT-CFE at a potential of + 30 mV upon electrical stimulation every 15 min (n =35 rats, 3 electrical
stimulations per rat) ; (C) Local electrical stimulation evoked ascorbate fluctuation before ( black) and after
(red) local injection of MK-801 in the rat cortex (n=3 rats). (D) Ascorbate fluctuation evoked by local
electrical stimulation in rat cortex before (black) and after (red) local infusion of dl-threo-B-methylaspartic
acid (D, L-TBOA) (n=5 rats) ™"
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Fig.9 (A) Schematic illustration of ratiometric method with electrochemically treated carbon nanotube fiber
(CNFs) for in vivo measurement of cerebral AA of living rats; (B) DPVs recorded with the electrochemically
treated CNFs in the aCSF containing various concentrations of AA; (C) Plot of ratiometric peak current density
(Jp/Jp°) versus concentration of AA®
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Fig. 10 (A) Schematic illustration of CNT-based online
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Fig.11 ~ (A) Structure of microfluidic chip-based electrochemical flow cell. The cell consists of two
independent substrates; (B) Schematic illustration of microfluidic chip-based OECS for continuous monitoring
of glucose, lactate and AA in rat brain; (C) Typical current-time responses recorded with microfluidic chip-
based OECS for the microdialysates continuously sampled from the rat striatum following the global cerebral

ischemia/reperfusion’!
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Fig. 12 (A) Amperometric response of CFE toward a 10 s puffer application of cell lysate (top) and cell
lysate+AAOx (bottom) ; (B) (Left) Amperometric spikes recorded with the pretreated CFE closely attached to
a single rat adrenal chromaffin cell that is cultured in the standard extracellular solution and stimulated by K*-
stimulating solution, (Right) Current-time trace recorded with the pretreated CFE closely attaches to a single
rat adrenal chromaffin cell that is cultured in the Ca** -free extracellular solution and stimulated by Ca®*-free K*-
stimulating solution; ( C) High K" evoked amperometric spikes recorded with the pretreated CFE closely
attaches to a single rat adrenal chromaffin cell cultured in the standard extracellular solution at different holding

potentials of 0.0 V (left) and —0.20 V (right) "’
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Recent Advances on in Vivo Electrochemical
Analysis of Vitamin C In Rat Brain

JT Wen-Liang' , ZHANG Mei-Ning ™', MAO Lan-Qun **?
"( Department of Chemistry, Renmin University of China, Beijing 100872, China)
*( Beijing National Laboratory for Molecular Science, Key Laboratory of Analytical Chemistry for Living Biosystems ,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)
*( University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Vitamin C, also known as ascorbic acid, is an important neurochemicals in the brain. It serves as
one of most important small-molecular-weight antioxidants for neuro-protection and neuromodulator to modulate
neurological functions through glutamatergic, dopaminergic and neurotransmission. It is also a cofactor of
enzymes involved in biosynthetic reactions such as the synthesis of catecholamines. Therefore, increasing
interest has attracted in the measurement of AA in the brain. The high-potential oxidation of AA essentially
renders difficulties in exploring the electrochemical property of AA to constitute an electrochemical protocol for
its selective detection of AA with high spatial and temporal resolution in the brain. This review mainly focuses
on recent updates on detection of AA by modulating the electron transfer of AA to achieve the high temporal ,
spatial resolution and selectivity for its detection in the rat brain and single-cell.
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