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Abstract The excessive glutamate-induced neuroexcitotoxicity has been widely thought as the main cause of
brain cell damage in severe neurological diseases (such as ischemic stroke). Electrochemical technology is the

most commonly used tool for glutamate monitoring at present. It could be applied to provide rapid and accurate
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assessment of the neuroexcitotoxicity for patients and animal disease models. Research advances in glutamate

sensors will be important in establishing efficient therapies and brain protection strategy, and developing new

drugs for severe neurological diseases. Application of nanotechnology, new enzymes, photolithography, printing,

transistor technology in fabrication of glutamate sensors have greatly boosted developments in electrochemical

monitoring of glutamate. In the present paper, research progress of sensing principles, design and preparation

technology as well as the applications in medical studies have been reviewed, and future trends and prospective

have also been discussed.

Keywords

electrochemical technology; neuroexcitotoxicity; glutamate; review

Funding This work is supported by Natural Science Foundation of Guangdong Province (2022A1515010297)

][l

1 35

BAMR A ILEN T4 RN e F 2 )
MAFHERLR R, ANk e, g
RE PSS h R E . A
N, BEERAENN N IR EE Ay A 38 52 3] T A
P, M I EIRIKE N 1~10 mmol L™,
FEI IR E N R T 0.1 mol- L', S IR
FI) T i 18] B2 (0 7% 28 BR MR E W A T L2280 s - 22
23 1 mmol-L™', ZJ5ilit#het it 5 200 40
5 A R R B RS B PO R,
NS SRR PE AR FFAE pmol L' P, Tii£EN%
HAMET, R RAE— L™ A, Wi
e R MR AT YRR e
PR 25O B R R AR R, A G R ) R A
FRAL 5 RN e A% — W IR AR 2 BIBELA , 51 R
LS P A1 B - B A, TR 4 2 R e i A
(P . Wi B AE MM IS B AR S BN A T
BRSO FE R, 1@ N-FJE-D-R A
BRIV R R [ 145 lIE 5 & K& Ca" Wi, &S
HCa’ WS REAAITAOT, X LRI
AT TUA

PR BE AT 12 R I A S 42 R
Gy g 1 A o A0 PR 1 ) AR R . DA A SRS
BoR: ML ICERERRIKE N 20 umol L™ [IIE

W AR AR AT 24 WML AR ol R 2R o
W, BEBRIKEEZETRFE 100 pmol L™ LA
BT O o A R A T R . AN,
SNAT R AR RS E AR . RIESE— R YA
W BARTEARANSLB6 ] N-FHIE-D-R AR
122 2 A BEL b 771 5 2 1) 2 Ao B 4 IR 5| S R ph 2
Mt ER, TR MIERET A R
106 2 T SR PR i A FH A 2R 2 A BEL BT 771
ARER BB AATT AR . B2 TR ER,
U5 N-HUE-D-R &GRSR s e i ph 4
e BRIEAE FAE SO R0 A By OGS s T
Hhid B B SRR BT 3 B e B AR S A U 2 7 A
PR JE I B AR A FEE N R IR
FUH], FELLAHE DA B R SR A S R R
Jreh, VAR Z B KRBT . DRI, B Bk
Pgp AR A A A BEPE R . AR T 5G4
FROE, DL HARIS S D@ AR R, HEAT R
HAERR A I TEAL, X 5E & B URIRTT 7 5
I ORAP S DL S RI AHT 24748  F AT B R S
FEIGER b, HHEHLZ AR P B IE IR R
15 2R 2 2 kR e P SR R S AR S E R T
) 7 o 24 v A 71 A B (1) 3 AR S A I
BANTE F T 50 P 28 0% A B VR 30 R BEAT PR B2 1)
M. HHT, FTHT AR E AR T Bt
FORAR YL SR IRET BRI Y. B4



6 37 HIEIE, 25

A RAPRIE T AL A I HOR BOWE 7E 5 W 32 e 59

G HLIKTE T G A R PO L RO
TR TN 5 VA r [ S A I 22 S AR L
PRI R V(S 5, bR Bl m]RG A 20 A o R 2
KB FR, SEAEHBGRN A, CF
s AP 5 vh 45 30 B2 o (E IR ) 43 26 A Ay
orerg,  HLIRARBE SR JOST Il H AR W2 K2
PRIk, R0 X L REAE L GUR T 2, e LU
TOMATIN 20 A7 o 388 P TG D0 25 2R 1 5% Ot AR 52
AR H B F AT 2 T 0] 5 0 R B R S G A
PR SEARE IO R P EEARE T WO LR &
BARBIRE, RAREAEE PR, HR&
KA TR B A+, W T [F
Rl 22 A RALHITE B o HBR Z A IR AR E T
s B AT BEE R B B A R A3 KT
At BEAh, JRAR T SOEIRET XE DLAE R [A] A 2%
&, HATAE A &, M ANE & R
RLH . BANE BIKERMAE TR ER T ITE
R IR S MUAS [ 2L 0 AT e B A o Wi ik, B
A 53 B R A b B D S A0, T T e
RSP RIR AT, 3 TS T I R B
T T AR R S PO (KRG 437 2 o (B e i) 43
PERAE AN g (B A K) B0, [ i AN F 13k
ORISR IS AR, AL SRR
A R B A R UZ 305, Howm RORIE,
S 18] 0 HE R nIAZE AP, Al I DR I 5 Ao
XA R IERIRE AL, A A A A B

37 e’ 37

\\ﬂ&/A

<«

W

)"

WALH, AIAEZ FAEE R EHTICS, SEBLE R
PRI R 0 7K 1 28 IOV PR 200 71 R 4 T TR N
PRZEC BT EYAE, A5 A SRR
gitr, KEZ ARSI, FITREe
B 5 AR AR 2 G AR AN, Hifbss
RN A5 R X B2 (1 SR AR BAR, A
XHRHR, 2 T BT i, AR
D& RN I A Z BRI I EE TR . A
X e A B R DA R 28 R A T AL 27
TR it R AT 2514

2 AEREBEAFRNNTIEREH’RE

2.1 EREGNRIE

55 Bk 58 BRI LR 45 AT Bk AL
JRRFIE B HAG AT PED AR B, S FAG S 1
B RBRARAMEF — M B AL T R B A B
DR L, 2 S0 TR P A 2 N 5 90 % A W g 1)
Mo BT, R &Z KA 2 A 2R E A B
(glutamate oxidase, GluOx) . fEZEER T, &
RIR PTG, FF7 A A S 0 P A it g v )
Y H,0,, Ja#E Ak o> 7 AR — € ik
FR) LR 2 T R A SR SR S BE, 7 A R FL T AT A
HUA 0 2 (B 1 () o) e E T B A Y
H,0, & SR E 5 RN A AR LA — €0
BRI N SRR 2R, DRI AT e 5 A B I

7 JEA) FE)
N_auox A

> <>

0, H,0, A TR B
oo N
SRR 5511t SR =V 72121 S— -y PIX-2Y —
(@) LA L0, i 73 0 50— ARAG A2 (b) BARUHLIE B P g L 0 5 AR Ak 2 (c) LA 55 UM 34 338 L 5 5 A AL
BRI

B BEsEARBRIE RGN RIE

Fig. 1 Sensing principles of enzyme-based glutamate sensors



60 £

Hi VN 2023 4F

IS R IR

AR, GEKRHE ZED R R K En 4R
WA A IR AR IS . UBROK A . R
Wh S AR MR EE YR B R T A K&
I ThAEIE MY, 5% BROR B KA R A
P, EAT T 2 (4 g K R (0 i 5 o
HE TR RISk E S AERK" . M4
i P A R ] 6 PR FEL AW S THD B 55 o e 4 e o
eI e AN X O N LK i A
RIS AP B — gAY B 2 AR R
(IR A AT A AL B 0 R R
i) 2 ] B] SR ZHOI A BRIR LGS . 2010 4R,
Jamal 2“9 KBRS Gluox — RIS T4
GPRERRED b, B T AR HO, BRI RE
77, R T AL BGER Y 0.02~20 mmol L,
K HBR A 1.0 pmol L™ (IBEIE S R IR L A% . 2017
4F, Dalkiran 2“4 Co,0,. £ 8845 7 Bk &
g E S YBT3k B R T, RIZTT%
A G 5E GluOx WA 2 FR ISR AT . 2019 4,
Maity 254 [ & GluOx FRIEA4N K Bk 516 5 3k
Tk AR THT ) 2 B g oK 8 b, AR BRI AR
MR (3 s), RMETEHDY 10~100 pmol L™, £
PRAKZ 0.88 umol-L ™', & T4 XA s Al .

SR, 5T H,0, KIS A& B A7 A X 55
f (+0.6~+0.8 V) o fEIZHHAT, WMHS 27
FEMPIR MR . JRER, DAKAEILS X ] REILAEH)
LA 356 5 3 2 T P AS SRR A W PR A S M R A
PEo AT fRJOX —HEE, IRROREH Z R
o HoA, &M TIYIEE E, BRI A
1 7 LA LR BICR A PR LB PR ) 4 5 2
FH RS S M B 2 St b 3R A v M P o AT i B
BEESST . geah, ATLLRA A SERE k. X
T3 R I T A BT AR B AR e i, TR I R
JE AR AT AT 3R PR FEL I R 25 TG X BRI SR
I, WA ER T THRNSERESY . AT
B PR PLTILERE, A S Hd A B

ERRLIE . X IR AALE T AT DA
UK ML ER S5V 5 () T4, 38 T DU 7= AR (1) A
i H,0, 1£ N I S0 W) (A 20 g R A ok
W H0,) TH2BR, & B R4 b A il 2
FMPEECFE LS. BRULERATTIEZ A,
A R AR B T AL E g N
HEMREAEG T, AR AR B TR N A ik
JEA R (3 6 3 Y R AR R R A &
H,0, MG JR [ B . ER AR, TAFf#Hn]
WELE 0V, EEMBEH, LRENARARIEE
PEAS 20 5, X — 2 AR AR 55 —ARAR IR A% (n
B 1(b) firm) P A R Bk S gk
SRR GluOx AR/ 248 i i1 B AL i
M, MEMA RS> T X — R
155 =A% s (el 1 (e) fiiom) B

Zi b, ET GluOx KBRS ARG K
S FATIN 773 BN R, & T AR B AR AN —
FORBLRAT P B AR BRI . AR, AR
MAE GluOx 1EF FIIAMLEFE R 2 0, 2 557,
T R TOL A4 I 2 F S5 95 5 JIT 7 A 1) Je S AL P B
SRIHZ R AR, R T RS A
SRR PR HERA I, AT 1l R I R A7 o
AlIt, Andreescu 258 = AE 2014 F 2200 AR
AL RE I CeO, GHKRURLIR A 2 BB R T 1) 76
BRI R, I RIZITIEAE GluOx ¥R B4
HAL B AE TG S A B R 2 U R ) R R AT R AR FRAE
HERTE MW 80% Ati, BRI REFEA R
PREEI 2 A5 20 4 P s ABIX — VAT ToiE S AR
Xt O, MM, BRIk, £EAS FIR R R B A A 1
TR RN B @RS R e = AT i, T
RAS E AR X —in) 1, HoAh LA 2 R N R H
T 0, Z 58I A= Y Bl T 46 1N NATT
PIMET . Horp, BEARRH A S B RAR
i S S o R L R A AR I R R A
NADP" {1Z5, XARNIG I T A 1 & 4,
WAE— B EIEIn CAE AR . 2018 4, HE



6 31 HEig, 5. PEIRIE AL AR BOR BT 5T 5 8 A 0t 61

B2 BEAk S U T 0 B 22 BRI T 4R B A AL IE
i B A 0 2 2 R P i P 30 8 T T 0
BEWE, HZIBEAKE 0, HWIEAHIESY,
BTG 1~20 pmol L™, & THRES AR
FROAS N 03X — T I % B AL S R S R R
SRS T — R A B, A EARE AR
NEFH T B B A S IR A RS R 1) 4%
2.2 EEBIGIIRIE

il B 75 2 R AL IR A% 2 24 T A R R A BF 5
HRFETHE, HTWRNAEYEE—GluOx &
HArmim b ss iz —, 3B RS
A B = AT o TR, AUOKEAR KM EHES)
T UL G KA B AR BT AT B B TR
L8 A 3 4 ok B Al 22 A R R (1) R R T I
FEAEBE A AT R4S 2 T T S . 2009
4, Heli %" FH AR 499 K 00 1 2 LA Bl A 00
JEFRIE T LR 100~1 000 pmol-L™" (1)
BRARES R, KHRA 30 pmol- L', 2013 4E,
Jamal 25" % B K 28 5% 37 A B AT A6 0
KRR, LMETEEHY 0.5~8.0 mmol- L™, #HER
N 135 pmol L AR T ik g S A SR L Al
VT B B A S N K DR AT R ) H
SR R R RS VE S A A Cu(tID)
Bl NI, AT X 4 A3 S el o7 2 v (44T KL
HATEMN . 5 Gluox AFRIFZ, FiRdREE R
IO 0y, &M T HEFM N BRI
A, T AFTFE LY, KRR L Bds
(R REAR AT LR

SR, 4 R = AT (AR 2 2Ll i K~ A
AR AR AERfL A . TR, FE R =
Mo BB, WERNEEYE. WYORBRR T AL
Fr il BB ZAIRZAh, R IR A5 Fo At 2R A AL IR
o i 5 O ARl K 2R xR IR 5 PR TR )
F-Hutk e, (HTCIER T Hh X 7 5 A IR 5 7 4
BE, MR R, MARRE R EETAA
MR, UL S EET . B, %

R 2R T P A I Y B A& T AR B . WA
2o BE MRS T A2 S BRVR FE A vy T T &R
100 pmol- L™, fH th R HR K b3k Al o b 11
RENE NP 55 =, RIS SRy sl
X BRAHAG IR HAR IS VR AL IS R 25 A X 4
A EAH 2L AT B A o BB AR EBEAS I 5 AR B
TR A SR TR (R AT TR I R 22 vl R, {HL
FARMEHO KRR, MASAE R R LA
R S FH 1 ) 4 2 BR AR A M A
23 ZHRNSENEE

AR T A B A W BRI M A
Maeda %5 F 1995 4E#2 . %46, MATH—H
RS TU RRRGEE “AME R Ah 7 IR AR SR —
ik B AR Z R R F . K5,
IR A B S BT B SR I A R T, 44
B A E R 5 W Ao I Fr b A8 SR 2 Ak 25
G, SAREETIFBOE R, AR EG R
MRS S . 5 FRIBGHE S SRR 2 S ke
JEAREE, R BARE A TRl AL, H3L
Hil & T2 58ERE R, FeMmiEb . 2019
4, Li 2R DU SR AL SRR N T (3
RN SRR e TARHE S R IR AR, K
8 T i 22 TG AR R % B[R] — 3 0N i R b
UM TR A AR 5 P [B] 08 1K 2 AR 45 G
BIRP= A AR 5 . X — AN RBUEN S, &
AR IR ITE A 0.001~100 pmol- L™, # Hi IR
iK% 10 fmol-L ', HWINRGHE ., Tl fE4T R &
BGRB8, A AR RS
AR IS AR S P 3 o A I, B
TR RS TR

3 ARERERSFNIT SRR IZHE
3.1 TAEeERRaNRit

AR LB S AR R IR A ias ), LA
LA P A 2 T R A g R Y s s LR G



62 £

Hi VN 2023 4F

N5 E R EBREE AR« B IRJE MR AR Z
MRYE LR oK, R TAR R 250 vt v =
FKo B, HTREICRREE AN 280t
20T B BB AR T 0 T A AR B, S
LR OB R Bk Fr, 7 SN A, HA
P, ArFEEE R 2 A2 AL B B A RS
BEYC S, TR RSN A, 25
WOBNTERL AT o B AREAS A S,
FECRAPP AR L, R IeE I 51
ERETH ARR T AT =, AT
AP ACT LKA . F RO b 2T 4 vl
e, A BOTAERINGR Al K FLAS Bl 2 O R Y 41 L B
ARSI, DLl AERBERE S X
AR HIE FVE R, MRS Rt AT E AT
¥ L S A

B T AR R 2 R A L T T ORI
L& )R FEAABRICFRIS . EFERR R L E
I P A S R B Ak A s T, A
B I SPIRAE N B PER B R T S LAl
FAE, ABITRT N RS I A E A R
M52, BATB I N A5
32 EMTZBRRISEMA R R

MR BT R MEAE 1 22 7™ F R P R A L A
FRIFARMOL L, F AR AN AORE
T R o KRR 7E X SR B
RS TRY (  HR 5 1 DU IEAT £ 5 VPG I, DUR AR
—BR AR AT . B, TEk, £
ANBIEFE BTBA T 46 20 4 2R 5 At ) Jo kA7 K
AT, EOR R AL S ROR B H AR 7T B (W
AEPOR . AL A ER) LG, DURRHRR
KA 5 1R 7 R BEAT BE NGRS RN IBTE 7 o

HAT, &1 2Y5 R R B st ml 7 8 =
Ko B PN DMK ET . 2019
4, Zhao %7 YOKH L 73 SRR 1L AR 5 A T
& Ca’ EPEMERCERIBN, FESR AR 1B
B A R SRR SCIRE . S5 R

LB ARKENZEE LTS Ca™" FEMERE
TR B, RS RN o R S R P
FIMIZ Mk mL, T PUE O 2R S HA AR )
MR R BT ORI AR I e
FEZI ) 2% T2 RO A, A s AR AT DA% i e
30~50 pm, PRI AT OR 2 S0 AL AR Th AR
A — A%, AR T 5% B B A B D) Re AT 45 A
fittk. H=, FETFERIIEEK, FHARE
PEYI BT (RLAEHR T 40 1) 7E HUAG R T MURR (1) S At
JRURE I, A P PR IR AR 200 4 b 2 ik
ATREMI T o ATLATRAL, @A A I S 5
AR Z 26, T AR K A f i e A I X 42)
JRFREFIE 5 KA

X ELAL AL RS AT IR, 2 D) e A%
Rk, ISR AR AT B A HLEE S . 2018
4, Budai 2"V 7E R IR B RSN EAE A
9 um WIBRE4E S HATIY 125 pm BOGEF, Hl1S—
e Bt F A 2 A I e 77 T B AR S
AL, Lindau SE&6 252 H B 8 A Ak 2 R AT
DASEHLAS FH BN s RSO0 SR At AT M AR 3R
HLAb A R E ™, (BEX— Ty vk H Al vk LAE
PR TC EREAT o T 20 2 R PR Ak H B B 1) e T
FIAL RS R i 5 5 5 e E S,
3.3 EERIEEERE

HAT, X285 3.1 AN iR ss — K55 =2k
MBI EEAT Bl R I o8 2 R IR, RS file S
BT PRV S VRO N B FE AR T, A RS 5 il
[ 5 BT o o = K p M AT I AR M ] 5 DA B
N, BRI S 22 AN S B TR S (O
BFEAZBFIA/ L), BEE L BN TE
WRmE . FEETRIERAN, TR R
ME 7R, DA HAEE R AT B s/ HEAR I FE X
HAR M, HRESHMENCE N — N FEEE
AT 3Kt K e A T (0 I R O AR T
R K.

L ME (chitosan) J2 — R L HEALR, KA



6 31 HEig, 5. PEIRIE AL AR BOR BT 5T 5 8 A 0t 63

KEREEDATRE RIGFWAEYHEME, BF
%2 b A% SR 38 F 1) 4% T2 v P A il I 5 3 R
2014 4, Shi 25" GluOx. AL 5 2 Fi A
15 5 AR A, IR A Ak 2 7 VB v R A
B 51) 2 TH B VR S VA VR pHL {H, B R 7R
B pKa /K O 6.3), &A1 FEREITENT
o, IR BB T U B AR R
T, X E T B A s B . B
J2 TR i3 -5 P b 26 T R R B A R
B RS B I AR 2 R A K H
k. 2013 4F, Vasylieva 25" %81, LKk W (i
3 R 4 RE K H R SAAS B AR R R A
J& B T] HE S IEAL GluOx G HEME, SEU
T Z R E = {H R4, Gerhardt SE46 %
ORI 5 AR R TR /N I R R A
NiEHSMRE, BEE S HZIRES BT R
58, AN S USRS 4L 43 TE ST SR T
J7iER . gk, MR TR GluOx X}
BRR IR EZIRE TR TS E AR 2
JiF, TR FH R LI 7 1 AT DA b g X —
I 7 o
34 [R4PRAERRER

Il 246 J 2 A TR B8 i 0 S e e B AR 1)
R E, R4 AR A Nafion 5
B i (B 9 AT 2 — R A 2 ) BT
1, Nafion J8 i A4 R} 2 TR 5 1) £ R i K Bgg 5 i
IR 5 PRI A T e, IR AT
ARG BRI EEAREER A MR LR
KNSR IR RS BRI BN R . 2 B 254 ik
M@ Rh, R BBk, FEERNE,
Nafion {578 FLARE AN P A 75 (R A7 e i B 2R 58
BT, BN, IRESITH, LB
TRDNIVER o A1 i A 2 D 15 2 R 1) e
HERBLA A EL, 2012 &, Westerink fiff 704146 &
FH BG4 AR T — 0 Ve B A M e e 2
PR A SEI A, R BB — A5 FH SR ) 2R i AR k)

BRRN LR e, XMPUAMER. ZEE. —
PR OIS RIR Y DU R MIPi T, 1t
b, A EETR N, R AR AR R AR
RGN IR R E . B D iR A
SRR REE

4 BEEREARNTIRME RGS EE5
KA IR

4.1 N mRAYEEE

BN AR AT DU AR H 5 R AR AL
KIRIEHRE, AR AR M E MmN
A AT AL ) S8 ) R A A SR B 0T R o P
PO 2 28 B e kAT i fk e Y, el
T T ¥ B AN SR U EAT AR MR 2,
& H AT EOR PP 2 M A i AR R I T
%o ABAEARSIGAT A — S5 PR, fan: X T4
AP E AL, DLAS HAb A Al
VEIEHLEIETT B, AR TR .
I, WA AR B R TR A s — e
BRE € AP e sl B, anidid f s s A shops
RS AAU f c  f 2 r, DAT f F A E  B
RN IR E AR ATIE S, AN, FHEFILIE
T FE AR T O AN R B K AT R B A —
RGBS, A 2 SO ARV () 4
T BT
4.2 BUEAFRNFREZRESERATIES
5 PAIR

BT R TR R ik i 22 8 R TR B
TRE . X — M Katz 257 F 20 4 50 4F
ARBI FE R R ph 22 UL R 4 Sk A e il L A s i, B
A5 5 LL “BrEREm” 77 AT iy, MmET
NGRS S A AT, B)E, Heuser 2577
1) FEL 5 4 SR IE S R ik 00 R B T AORE TS 45 4 2
fitth, 150 BH B 1 DR /IR T 5 fish S 6 P s o P
o 2019 4, Cans SEI0 = XS B 4l J5 3k



64 £

Hi VN 2023 4F

13 2 R BE VR AT AL A, A&
B TR 28 8 000 M7, SRT, T3
Y053 B8 i FEAE AR BOR M0 7 2 R R, R,
ZEVE TR R /N . T B ARSI 5 R FH A 4N
DKBORLAE i T 2 A5 20 I — 45 K H I k=58 6 ]
BV, HilfF 5 pm HEMBERKL Bk, 7T H
THOE RSN IR STt BRI RN,
AT, RSN BRARE T 126 000 4
ST SRS T R/ B b A T
PR TSR 20 R P AL 1) B L 2845 B AL 2R 1) 5

HA R L
4.3 BUFENPIRHBEREEERERRAR
IR

e P = 115 S W Sy A 9P 1
REBRJF ", I BRI R A Ak 2 T 9T AUk
oz —o 5 H A S AR P AR L,
A7 P ZE AR Y A I DR AT DA S B b ASE 0L i i kI,
W, Caragine %M EIX — K BB _FAS A IR
o 55 i H PR A I SR B, R B I A
FEa, M B LR NERER, iR i A Bk 2
0, MNP RAIRIKEAEL 2 min [5IFEETHE,
4 [ 41 %€ 5~10 min J5 7] 84~140 umol-L ™',
TEFREE M BT B ik &2, B st R
K, BRBIKFZZISH6 T A Z1 )5 WIT 6 T B,
{ELIG FRL ] H R A0 T B ERRZS T, 0 C p
i T RE A5 o

TR VR B LR B 2 —, TEAEKE
FBINZH 5000 /8%, RS, FERRER
VEB R 5 AT N B B AE . A R LA
RIRALHI R AR 2R, B OEE N X%
/AN R SBUNAE R G R E R R B[R
AEEN """ . Spencer S EAE 20 LD 90 EALH]
AR OE T RS S AR TT i, '
R AE S0 P8 ok 25 2 A P A 0 380 5 98 AT A 56
(28 R R U SR B 5 o (B2 PR A
AR B RAFESR A, R R AE A TR], 2 2R R T

HEAAIAME o« Gerhardt B 7028 BITE AR &R
AR IR, RIS T 24 KRR R A
PR A AR, BT Kk X H IR B A = R AR
[ eb) WL DN R T R N g s G
SN DL AR, SRR I R T 5
AT BE BRI 3 kA8 R AL bR e

Rl 7R IR HFBR 5 (Alzheimer’s disease, AD) &
B Al R e W B, B 3 BRI KR4
AT R e SR, T Tau & SHFEME R ELR
Bl — M 2 JC L Y g 5 B 0k 5= 10, JE i,
AHEFEE R, Tau & A A RES] AL SRR %
B, =4 AD fF & B I IX —
BL#], Reed WEFLLILE AD B BN, P30IL
Tau & H K RIAT SFELIRE 5D CA3 X1
T PR VBRI TS A BIR R TBOKF- 73 70 ¥ v 4
7%, FFRF RIS D RRIE R . AR,
T EE R ARE AN LT AR Lk S E L
Tt DA A T8 R A 2R 1 1 X A R
Bk 1 SETHEY. W LELREN LIS
AD FHIR ) AP gy TERARTT DL 3 FRARAAR S ME TR
W DA R R IR AR T . LR
FALNATX Tau EHES AP, FERMALE AD K
AR HHERAE T EIR

5 RESRE

AR, N T AL R G a R AT vF
At Y AL A BORAEAS I SR B . AR AR BETE S 4
L NS5 T TR AT 1 KA IRt . H AT, BT
RIGURIA R 8 B AL Wi ) T e DA R B A R
FE AW A Rk A U ) B R AR K 0 B) 1 B R
TR 22 et R g, JUH 2 DA EIR 75 i i
SRS AR BRI DL K S AR S A S AR
Wgrsa, AEENTRARRH T AR EAR
I As B 46 . BEAR B2 Bl BOR B M
FEs UL Bl [ 5 55 e 28 A LA P S s (R0 R N



6 37 HIEIE, 25

A RAPRIE T AL A I HOR BOWE 7E 5 W 32 e 65

CATTRRE AR AN L S i F N WA R E XL SN P
3, WETERINAL . AN SR, B A
JE T FEAT F28  A B3 AT DR A U IRV P R AR
H 0 8 B PR AR R B EEAT LA S v I
REREAT N TR AV R #5K, BEERR S H
MR BEAT IR S AR, BORE FR AL A I T VA S A
bt 7 T B (U AR BREOR L i A% 22 B0R) R4S
B OISR R BT UL BTkt
J&, AL SEBROR B2 B ™ S O A
W P SN 15 03 RO LA AIE 9 o T SERIE T 1) 15
ARINGITTT 5 BRI RIS, DL R BT 2555
AJUAR B AT BRI HRZ 17

Wt 55 30 A ORI R N R AL S AT T IR D
FHAS A5 2R P A S e 0t 4 AN I8 10K R 58 B
DA B 548 B85 J7 T (0 PR, 1 e 28 B H
TN 03X SRBBCREAT I T 35 P9 5 A 7 B PG
HIRE . M T W5 RSBk 5 &7
IR . 1% Rg B PR FELAL 22 BN A 2k L A
ENE S ARIRIE RS 22 5 T A ZER, AR R A i PR
IS T )4 AR B A% s il LA AR, il
T WA SMEBET B AN A VA RS
JrAE N EE T S, TS — B B A &
TAE,

2 £ X #k

[1] Volk L, Chiu SL, Sharma K, et al. Glutamate
synapses in human cognitive disorders [J]. Annual
Review of Neuroscience, 2015, 38: 127-149.

[2] Gécz J. Glutamate receptors and learning and
memory [J]. Nature Genetics, 2010, 42(11): 925-
926.

[3] Sinnamon JR, Waddell CB, Nik S, et al. Hnrpab
regulates neural development and neuron cell
survival after glutamate stimulation [J]. RNA, 2012,
18(4): 704-719.

[4] Danbolt NC. Glutamate uptake [J]. Progress in

(6]

(9]

[10]

[11]

[12]

[13]

[14]

Neurobiology, 2001, 65(1): 1-105.

Riveros N, Fiedler J, Lagos N, et al. Glutamate in
rat brain cortex synaptic vesicles: influence of the
vesicle isolation procedure [J]. Brain Research,
1986, 386(1-2): 405-408.

Hamdan SK, Mohd Zain A. In vivo electrochemical
biosensor for brain glutamate detection: a mini
review [J]. The Malaysian Journal of Medical
Sciences, 2014, 21(special issue): 12-26.

da Silva-Candal A, Perez-Diaz A, Santamaria M,
et al. Clinical validation of blood/brain glutamate
grabbing in acute ischemic stroke [J]. Annals of
Neurology, 2018, 84(2): 260-273.

Pichumani K, Mashimo T, Vemireddy V, et al.
Measurement of "C turnover into glutamate and
glutamine pools in brain tumor patients [J]. FEBS
Letters, 2017, 591(21): 3548-3554.

Jakaria M, Park SY, Haque ME, et al. Neurotoxic
agent-induced injury in neurodegenerative disease
model: focus on involvement of glutamate receptors
[J]. Frontiers in Molecular Neuroscience, 2018, 11:
307.

Vishnoi S, Raisuddin S, Parvez S. Glutamate
excitotoxicity and oxidative stress in epilepsy:
modulatory role of melatonin [J]. Journal of
Environmental Pathology, Toxicology and
Oncology, 2016, 35(4): 365-374.

LiL, Liu ZL, Yang HY, et al. Investigation of novel de
novo KCNC2 variants causing severe developmental
and early-onset epileptic encephalopathy [J].
Seizure, 2022, 101: 218-224.

Magi S, Piccirillo S, Amoroso S. The dual face of
glutamate: from a neurotoxin to a potential survival
factor-metabolic implications in health and disease
[J]. Cellular and Molecular Life Sciences, 2019,
76(8): 1473-1488.

Olney JW. Brain lesions, obesity, and other
disturbances in mice treated with monosodium
glutamate [J]. Science, 1969, 164(3880): 719-721.
Dong XX, Wang Y, Qin ZH. Molecular



66 £

i

VN 2023 4F

[16]

[18]

[20]

[21]

[22]

mechanisms of excitotoxicity and their relevance
to pathogenesis of neurodegenerative diseases [J].
Acta Pharmacologica Sinica, 2009, 30(4): 379-387.
Wang Y, Qin ZH. Molecular and cellular
mechanisms of excitotoxic neuronal death [J].
Apoptosis, 2010, 15(11): 1382-1402.

Cheung NS, Pascoe CJ, Giardina SF, et al.
Micromolar L-glutamate induces extensive
apoptosis in an apoptotic-necrotic continuum of
insult-dependent, excitotoxic injury in cultured
cortical neurones [J]. Neuropharmacology, 1998,
37(10-11): 1419-14209.

Park E, Lee GJ, Choi S, et al. Correlation between
extracellular glutamate release and neuronal cell
death in an eleven vessel occlusion model in rat [J].
Brain Research, 2010, 1342: 160-166.

Marini AM, Spiga G, Mocchetti I. Toward the
development of strategies to prevent ischemic
neuronal injury. In vitro studies [J]. Annals of the
New York Academy of Sciences, 1997, 825: 209-
219.

Khanna S, Briggs Z, Rink C. Inducible glutamate
oxaloacetate transaminase as a therapeutic target
against ischemic stroke [J]. Antioxidants & Redox
Signaling, 2015, 22(2): 175-186.

Park JY, Lee SK, Kim JY, et al. A new micro-
computed tomography-based high-resolution blood-
brain barrier imaging technique to study ischemic
stroke [J]. Stroke, 2014, 45(8): 2480-2484.
Audebert HJ, Fiebach JB. Brain imaging in
acute ischemic stroke—MRI or CT? [J]. Current
Neurology and Neuroscience Reports, 2015, 15(3):
1-6.

Nakibuuka J, Nyakoojo WB, Namale A, et al.
Utility of transthoracic echocardiography and
carotid doppler ultrasound in differential diagnosis
and management of ischemic stroke in a developing
country [J]. Journal of Cardiology & Clinical
Research, 2013, 1(2): 1012-1016.

Cavus I, Romanyshyn JC, Kennard JT, et al.

[24]

[26]

[30]

[31]

Elevated basal glutamate and unchanged glutamine
and GABA in refractory epilepsy: microdialysis
study of 79 patients at the yale epilepsy surgery
program [J]. Annals of Neurology, 2016, 80(1): 35-
45.

Marvin JS, Borghuis BG, Tian L, et al. An
optimized fluorescent probe for visualizing
glutamate neurotransmission [J]. Nature Methods,
2013, 10(2): 162-170.

Patel AV, Kawai T, Wang LP, et al. Chiral
measurement of aspartate and glutamate in single
neurons by large-volume sample stacking capillary
electrophoresis [J]. Analytical Chemistry, 2017,
89(22): 12375-12382.

Qin S, Van der Zeyden M, Oldenziel WH, et al.
Microsensors for in vivo measurement of glutamate
in brain tissue [J]. Sensors (Basel), 2008, 8(11):
6860-6884.

Marini D, Balestrieri F, Pollino G. HPLC analysis
of miokamycin and its principle impurities [J].
Bollettino Chimico Farmaceutico, 1986, 125(6):
193-196.

Tolias CM, Richards DA, Bowery NG, et al.
Extracellular glutamate in the brains of children
with severe head injuries: a pilot microdialysis
study [J]. Child’s Nervous System, 2002, 18(8):
368-374.

Rollema H, Wilson GG, Lee TC, et al. Effect of co-
administration of varenicline and antidepressants
on extracellular monoamine concentrations in rat
prefrontal cortex [J]. Neurochemistry International,
2011, 58(1): 78-84.

Takikawa K, Asanuma D, Namiki S, et al.
High-throughput development of a hybrid-type
fluorescent glutamate sensor for analysis of synaptic
transmission [J]. Angewandte Chemie, 2014,
53(49): 13439-13443.

Kawai T, Ota N, Okada K, et al. Ultrasensitive
single cell metabolomics by capillary electro-

phoresis-mass spectrometry with a thin-walled



6 31

T, 2.

A RAPRIE T AL A I HOR BOWE 7E 5 W 32 e 67

[34]

[36]

[37]

[39]

tapered emitter and large-volume dual sample
preconcentration [J]. Analytical Chemistry, 2019,
91(16): 10564-10572.

Tucci S, Pinto C, Goyo J, et al. Measurement
of glutamine and glutamate by capillary
electrophoresis and laser induced fluorescence
detection in cerebrospinal fluid of meningitis sick
children [J]. Clinical Biochemistry, 1998, 31(3):
143-150.

Cortés-Saladelafont E, Molero-Luis M, Cuadras
D, et al. Gamma-aminobutyric acid levels in
cerebrospinal fluid in neuropaediatric disorders [J].
Developmental Medicine and Child Neurology,
2018, 60(8): 780-792.

Dong Q, Jin WR, Shan JH. Analysis of amino
acids by capillary zone electrophoresis with
electrochemical detection [J]. Electrophoresis,
2002, 23(4): 559-564.

Skrutkovéa Langmajerova M, Pelcova M, Vedrova P,
et al. Capillary electrophoresis-mass spectrometry
as a tool for the noninvasive target metabolomic
analysis of underivatized amino acids for evaluating
embryo viability in assisted reproduction [J].
Electrophoresis, 2022, 43(5-6): 679-687.

Chen PH, Shen XF, Zhao SN, et al. Measurement of
intact quantal packet of transmitters released from
single nerve terminal by loose-patch amperometry
[J]. Biosensors & Bioelectronics, 2021, 181:
113143.

Hascup KN, Rutherford EC, Quintero JE, et al.
Second-by-second measures of L-glutamate and
other neurotransmitters using enzyme-based
microelectrode arrays [M]. Boca Raton (FL): CRC
Press, 2007.

Dey RS, Bera RK, Raj CR. Nanomaterial-based
functional scaffolds for amperometric sensing
of bioanalytes [J]. Analytical and Bioanalytical
Chemistry, 2013, 405(11): 3431-3448.
Unnikrishnan B, Palanisamy S, Chen SM. A simple

electrochemical approach to fabricate a glucose

[41]

biosensor based on graphene-glucose oxidase
biocomposite [J]. Biosensors & Bioelectronics,
2013, 39(1): 70-75.

Chen XM, Wu GH, Chen JM, et al. Synthesis of
“clean” and well-dispersive Pd nanoparticles with
excellent electrocatalytic property on graphene
oxide [J]. Journal of the American Chemical
Society, 2011, 133(11): 3693-3695.

Zhao SN, Liu ZL, Chen PH, et al. Non-
enzymatic fructose sensing by platinum decorated
graphene oxide nanocomposite [J]. Journal of
Electroanalytical Chemistry, 2019, 845: 106-110.
Chen XM, Su BY, Wu GH, et al. Platinum
nanoflowers supported on graphene oxide
nanosheets: their green synthesis, growth mechanism,
and advanced electrocatalytic properties for methanol
oxidation [J]. Journal of Materials Chemistry, 2012,
22(22): 11284-11289.

Wu GH, Song XH, Wu YF, et al. Non-enzymatic
electrochemical glucose sensor based on platinum
nanoflowers supported on graphene oxide [J].
Talanta, 2013, 105: 379-385.

Ali SMU, Nur O, Willander M, et al. A fast and
sensitive potentiometric glucose microsensor based
on glucose oxidase coated ZnO nanowires grown
on a thin silver wire [J]. Sensors and Actuators B:
Chemical, 2010, 145(2): 869-874.

Hasanzadeh M, Karimzadeh A, Shadjou N, et al.
Graphene quantum dots decorated with magnetic
nanoparticles: synthesis, electrodeposition,
characterization and application as an electrochemical
sensor towards determination of some amino acids
at physiological pH [J]. Materials Science and
Engineering: C, 2016, 68: 814-830.

Jamal M, Xu J, Razeeb KM. Disposable biosensor
based on immobilisation of glutamate oxidase on Pt
nanoparticles modified Au nanowire array electrode
[J]. Biosensors & Bioelectronics, 2010, 26(4):
1420-1424.

Dalkiran B, Erden PE, Kilic E. Graphene and



68

£k

VN 2023 4F

[48]

[49]

[50]

[52]

[53]

[54]

tricobalt tetraoxide nanoparticles based biosensor
for electrochemical glutamate sensing [J]. Artificial
Cells Nanomedicine and Biotechnology, 2017,
45(2): 340-348.

Maity D, Kumar RTR. Highly sensitive
amperometric detection of glutamate by glutamic
oxidase immobilized Pt nanoparticle decorated
multiwalled carbon nanotubes (MWCNTs)/polypyrrole
composite [J]. Biosensors & Bioelectronics, 2019,
130: 307-314.

McLamore ES, Mohanty S, Shi J, et al. A self-
referencing glutamate biosensor for measuring
real time neuronal glutamate flux [J]. Journal of
Neuroscience Methods, 2010, 189(1): 14-22.
Campos-Beltran D, Konradsson-Geuken A,
Quintero JE, et al. Amperometric self-referencing
ceramic based microelectrode arrays for D-serine
detection [J]. Biosensors (Basel), 2018, 8(1): €20.
Miller EM, Quintero JE, Pomerleau F, et al.
Simultaneous glutamate recordings in the frontal
cortex network with multisite biomorphic
microelectrodes: new tools for ADHD research [J].
Journal of Neuroscience Methods, 2015, 252: 75-
79.

Salazar P, Martin M, O’Neill RD, et al. Glutamate
microbiosensors based on Prussian Blue modified
carbon fiber electrodes for neuroscience applications:
in-vitro characterization [J]. Sensors and Actuators
B: Chemical, 2016, 235: 117-125.

Oldenziel WH, Westerink BH. Improving glutamate
microsensors by optimizing the composition of the
redox hydrogel [J]. Analytical Chemistry, 2005,
77(17): 5520-5528.

Batra B, Pundir CS. An amperometric glutamate
biosensor based on immobilization of glutamate
oxidase onto carboxylated multiwalled carbon
nanotubes/gold nanoparticles/chitosan composite
film modified Au electrode [J]. Biosensors &
Bioelectronics, 2013, 47: 496-501.

Hou HG, Khan N, Gohain S, et al. Dynamic EPR

[56]

[58]

[61]

[64]

oximetry of changes in intracerebral oxygen
tension during induced thromboembolism [J]. Cell
Biochemistry and Biophysics, 2017, 75(3-4): 285-
294,

Ozel RE, Ispas C, Ganesana M, et al. Glutamate
oxidase biosensor based on mixed ceria and
titania nanoparticles for the detection of glutamate
in hypoxic environments [J]. Biosensors &
Bioelectronics, 2014, 52: 397-402.

O’Neill RD, Rocchitta G, Mcmahon CP, et al.
Designing sensitive and selective polymer/enzyme
composite biosensors for brain monitoring in vivo
[J]. Trends in Analytical Chemistry, 2008, 27(1):
78-88.

Liang B, Zhang S, Lang QL, et al. Amperometric
L-glutamate biosensor based on bacterial cell-
surface displayed glutamate dehydrogenase [J].
Analytica Chimica Acta, 2015, 884: 83-89.

Wu F, Yu P, Yang XT, et al. Exploring ferredoxin-
dependent glutamate synthase as an enzymatic
bioelectrocatalyst [J]. Journal of the American
Chemical Society, 2018, 140(40): 12700-12704.
Hwang DW, Lee S, Seo M, et al. Recent advances
in electrochemical non-enzymatic glucose
sensors—a review [J]. Analytica Chimica Acta,
2018, 1033: 1-34.

Heli H, Hajjizadeh M, Jabbari A, et al. Fine steps
of electrocatalytic oxidation and sensitive detection
of some amino acids on copper nanoparticles [J].
Analytical Biochemistry, 2009, 388(1): 81-90.
Jamal M, Hasan M, Mathewson A, et al. Disposable
sensor based on enzyme-free Ni nanowire array
electrode to detect glutamate [J]. Biosensors &
Bioelectronics, 2013, 40(1): 213-218.

Elhaleem SMA, Ateya BG. Cyclic voltammetry of
copper in sodium hydroxide solutions [J]. Journal
of Electroanalytical Chemistry and Interfacial
Electrochemistry, 1981, 117(2): 309-319.

Nie HG, Yao Z, Zhou XM, et al. Nonenzymatic

electrochemical detection of glucose using well-



6 31

T, 2.

A RAPRIE T AL A I HOR BOWE 7E 5 W 32 e 69

[67]

[68]

[69]

[70]

[71]

[72]

[73]

distributed nickel nanoparticles on straight multi-
walled carbon nanotubes [J]. Biosensors &
Bioelectronics, 2011, 30(1): 28-34.

Lee H, Hong YJ, Baik S, et al. Enzyme-based
glucose sensor: from invasive to wearable device
[J]. Advanced Healthcare Materials, 2018, 7(8):
¢1701150.

Maeda T, Shimoshige Y, Mizukami K, et al. Patch
sensor detection of glutamate release evoked by
a single electrical shock [J]. Neuron, 1995, 15(2):
253-257.

Li YT, Jin X, Tang LN, et al. Receptor-mediated
field effect transistor biosensor for real-time
monitoring of glutamate release from primary
hippocampal neurons [J]. Analytical Chemistry,
2019, 91(13): 8229-8236.

Zhao CZ, Man TX, Cao Y, et al. Flexible and
implantable polyimide aptamer-field-effect
transistor biosensors [J]. American Chemical
Society Sensors, 2022, 7(12): 3644-3653.

Zhou Y, Liu BZ, Lei YM, et al. Acupuncture
needle-based transistor neuroprobe for in vivo
monitoring of neurotransmitter [J]. Small, 2022,
18(52): €2204142.

Zhao CZ, Cheung KM, Huang IW, et al.
Implantable aptamer-field-effect transistor
neuroprobes for in vivo neurotransmitter monitoring
[J]. Science Advances, 2021, 7(48): eabj7422.
Hughes G, Pemberton RM, Fielden PR, et al.
The design, development and application of
electrochemical glutamate biosensors [J]. Trends in
Analytical Chemistry, 2016, 79: 106-113.
Vasylieva N, Marinesco S, Barbier D, et al.
Silicon/SU8 multi-electrode micro-needle for in
vivo neurochemical monitoring [J]. Biosensors &
Bioelectronics, 2015, 72: 148-155.

Nguyen TNH, Nolan JK, Park H, et al. Facile
fabrication of flexible glutamate biosensor using
direct writing of platinum nanoparticle-based

nanocomposite ink [J]. Biosensors & Bioelectronics,

[74]

[75]

[76]

[77]

[79]

[80]

[81]

2019, 131: 257-266.

Li XH, Xian YZ, Xie ZH, et al. Amperometric
sensor based on neutral red-doped silica nanoparticles
coupled with microdialysis for the measurement of
glutamate in the rat striatum [J]. Chinese Journal of
Chemistry, 2007, 25(7): 953-957.

Yu YY, Sun Q, Zhou TS, et al. On-line
microdialysis system with poly(amidoamine)-
encapsulated Pt nanoparticles biosensor for
glutamate sensing in vivo [J]. Bioelectrochemistry,
2011, 81(1): 53-57.

Niwa O, Torimitsu K, Morita M, et al. Concentration
of extracellular L-glutamate released from cultured
nerve cells measured with a small-volume online
sensor [J]. Analytical Chemistry, 1996, 68(11):
1865-1870.

Van Gompel JJ, Chang SY, Goerss SJ, et al.
Development of intraoperative electrochemical
detection: wireless instantaneous neurochemical
concentration sensor for deep brain stimulation
feedback [J]. Neurosurgical Focus, 2010, 29(2): E6.
Zhao F, Shi GY, Tian Y. Simultaneous
determination of glutamate and calcium ion in rat
brain during spreading depression and ischemia
processes [J]. Chinese Journal of Analytical
Chemistry, 2019, 47(3): 347-354.

Tseng TTC, Monbouquette HG. Implantable
microprobe with arrayed microsensors for
combined amperometric monitoring of the
neurotransmitters, glutamate and dopamine [J].
Journal of Electroanalytical Chemistry, 2012, 682:
141-14e.

Dorozhko EV, Korotkova EI, Shabaeva AA, et al.
Electrochemical determination of L-glutamate on
a carbon-containing electrode modified with gold
by voltammetry [J]. Procedia Chemistry, 2015, 15:
365-370.

Budai D, Vizvari AD, Bali ZK, et al. A novel
carbon tipped single micro-optrode for combined

optogenetics and electrophysiology [J]. PLoS One,



70

VN 2023 4F

[82]

[83]

[84]

[85]

[86]

[89]

[90]

2018, 13(3): e0193836.

Dernick G, Gong LW, Tabares L, et al. Patch
amperometry: high-resolution measurements
of single-vesicle fusion and release [J]. Nature
Methods, 2005, 2(9): 699-708.

Li ZY, Song YL, Xiao GH, et al. Bio-electrochemical
microelectrode arrays for glutamate and
electrophysiology detection in hippocampus
of temporal lobe epileptic rats [J]. Analytical
Biochemistry, 2018, 550: 123-131.

Sirca D, Vardeu A, Pinna M, et al. A robust,
state-of-the-art amperometric microbiosensor
for glutamate detection [J]. Biosensors &
Bioelectronics, 2014, 61: 526-531.

Liu Y, Wang MK, Zhao F, et al. The direct electron
transfer of glucose oxidase and glucose biosensor
based on carbon nanotubes/chitosan matrix [J].
Biosensors & Bioelectronics, 2005, 21(6): 984-988.
Shi WT, Lin NS, Song YL, et al. A novel method to
directionally stabilize enzymes together with redox
mediators by electrodeposition [J]. Biosensors &
Bioelectronics, 2014, 51: 244-248.

Vasylieva N, Maucler C, Meiller A, et al.
Immobilization method to preserve enzyme
specificity in biosensors: consequences for brain
glutamate detection [J]. Analytical Chemistry,
2013, 85(4): 2507-2515.

Burmeister JJ, Davis VA, Quintero JE, et al.
Glutaraldehyde cross-linked glutamate oxidase
coated microelectrode arrays: selectivity and resting
levels of glutamate in the CNS [J]. ACS Chemical
Neuroscience, 2013, 4(5): 721-728.

Vasylieva N, Barnych B, Meiller A, et al. Covalent
enzyme immobilization by poly (ethylene glycol)
diglycidyl ether (PEGDE) for microelectrode
biosensor preparation [J]. Biosensors and
Bioelectronics, 2011, 26(10): 3993-4000.

Wahono N, Qin S, Oomen P, et al. Evaluation
of permselective membranes for optimization of

intracerebral amperometric glutamate biosensors [J].

[91]

[92]

(93]

[94]

[96]

[97]

(98]

[99]

Biosensors & Bioelectronics, 2012, 33(1): 260-266.
Kirwan SM, Rocchitta G, McMahon CP, et al.
Modifications of poly (o-phenylenediamine)
permselective layer on Pt-Ir for biosensor
application in neurochemical monitoring [J].
Sensors, 2007, 7(4): 420-437.

Mendelowitsch A, Sekhar LN, Wright DC, et
al. An increase in extracellular glutamate is a
sensitive method of detecting ischaemic neuronal
damage during cranial base and cerebrovascular
surgery. An in vivo microdialysis study [J]. Acta
Neurochirurgica, 1998, 140(4): 349-355.
Bhowmick S, Moore JT, Kirschner DL, et al.
Acidotoxicity via ASICla mediates cell death
during oxygen glucose deprivation and abolishes
excitotoxicity [J]. ACS Chemical Neuroscience,
2017, 8(6): 1204-1212.

Borisova T, Kucherenko D, Soldatkin O, et al. An
amperometric glutamate biosensor for monitoring
glutamate release from brain nerve terminals and
in blood plasma [J]. Analytica Chimica Acta, 2018,
1022: 113-123.

Del Castillo J, Katz B. Quantal components of the
end-plate potential [J]. The Journal of Physiology,
1954, 124(3): 560-573.

Heuser JE, Reese TS. Evidence for recycling of
synaptic vesicle membrane during transmitter
release at the frog neuromuscular junction [J]. The
Journal of Cell Biology, 1973, 57(2): 315-344.
Heuser JE, Reese TS, Dennis MJ, et al. Synaptic
vesicle exocytosis captured by quick freezing and
correlated with quantal transmitter release [J]. The
Journal of Cell Biology, 1979, 81(2): 275-300.
Wang YM, Fathali H, Mishra D, et al. Counting the
number of glutamate molecules in single synaptic
vesicles [J]. Journal of the American Chemical
Society, 2019, 141(44): 17507-17511.

Qiu QF, Zhang FL, Tang Y, et al. Real-time
monitoring of exocytotic glutamate release from

single neuron by amperometry at an enzymatic



6 37 HIEIE, 25

A RAPRIE T AL A I HOR BOWE 7E 5 W 32 e 71

biosensor [J]. Electroanalysis, 2018, 30(6): 1054-
1059.

[100] Krishnamurthi RV, Feigin VL, Forouzanfar MH,
et al. Global and regional burden of first-ever
ischaemic and haemorrhagic stroke during 1990-
2010: findings from the Global Burden of Disease
Study 2010 [J]. The Lancet Global Health, 2013,
1(5): €259-e281.

[101] Caragine LP, Park HK, Diaz FG, et al. Real-time
measurement of ischemia-evoked glutamate release
in the cerebral cortex of four and eleven vessel rat
occlusion models [J]. Brain Research, 1998, 793(1-
2): 255-264.

[102] Dehghani N, Peyrache A, Telenczuk B, et al.
Dynamic balance of excitation and inhibition
in human and monkey neocortex [J]. Scientific
Reports, 2016, 6: 23176.

[103] During MJ, Spencer DD. Extracellular hippocampal
glutamate and spontaneous seizure in the conscious
human brain [J]. The Lancet, 1993, 341(8861):
1607-1610.

[104] Stephens ML, Williamson A, Deel ME, et al. Tonic

glutamate in CAl of aging rats correlates with
phasic glutamate dysregulation during seizure [J].
Epilepsia, 2014, 55(11): 1817-1825.

[105] Chan KY, Wang W, Wu JJ, et al. Epidemiology of
Alzheimer’s disease and other forms of dementia in
China, 1990-2010: a systematic review and analysis
[J]. The Lancet, 2013, 381(9882): 2016-2023.

[106] Roberson ED, Halabisky B, Yoo JW, et al.
Amyloid-beta/Fyn-induced synaptic, network,
and cognitive impairments depend on tau levels in
multiple mouse models of Alzheimer’s disease [J].
The Journal of Neuroscience, 2011, 31(2): 700-711.

[107] Hunsberger HC, Rudy CC, Batten SR, et al. P301L
Tau expression affects glutamate release and
clearance in the hippocampal trisynaptic pathway
[J]. Journal of Neurochemistry, 2015, 132(2): 169-
182.

[108] Yang XK, Tang Y, Qiu QF, et al. AB, 4, oligomers
induced a short-term increase of glutamate release
prior to its depletion as measured by amperometry
on single varicosities [J]. Analytical Chemistry,
2019, 91(23): 15123-15129.



