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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
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.
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Fig.1 Mechanism of brain cell damage caused by neuroexcitotoxicity
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H A A NMDA. 52 44 BE W7 771 48 7T DS 21052 fiff o B 45 U RR FR A 22 4wy BE IR R (18], AR TIAE
AR e PRATE TE AR 0 27 mP S50 A A P o8 FH 2 U B2 A BELIT 771 - AN e Ak 2 F90 A8 11
IR RCRI, 2 0T R RUE T NMDA 32 B HaE i@ A2 A 2 % 4 B VAR A0 K
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Fig.2 Sensing principles of enzyme-based glutamate sensors
(a) reporter molecule H>O; based 1st generation sensor; (b) redox mediator based 2nd generation
sensor; (c) direct reaction (between enzyme and electrode) based 3rd generation sensor (S: substrate; P:

product; Medox: oxidized mediator; Medrq: reduced mediator)

Bt AT A R GNOK B (R e, TR R 2 mT 2R W A% A B oK AR 40 DA
YUK BAE BT NRER BB R, R IEA REM I ReiEEAE I [41], FHEL
SEEMOR B KRB 210 &R 9K R I B 2 AL 0542, 43], B TR SR E
AV [44] 0 15 FH A0 4 K 0K 55 4 J8 gh oK JURL ) £ () FAT, R bl A e 4 FEAR R
TR S VR fT, ORI = SN AR [45]. Il I T B — oK AR [46] 8038 2 Rkt R
BA MK E EWI4T], FLRERH R R R (] 25 R S H0H15 8] 17 KRS
., 2010 4F Jamal 25 B AAYK R 5 GluOx — [F253 T &40 K &S 1, B 50 iR
Xt HaOo FIRE I GE J7, 1) B LR AR BT I 0.02-20 mM,  KE I FR A 1.0 uM Bl 3 25 U R A%
JKZ}[48]. 2017 4F Dalkiran 55 NKf CosOan A1 58 Ji5 76 SEWE T I 9K 2 & VB T Bh F
AT b, RIZ TR A] R G 9 GluOx X 4 2 IR () AT [49]. 2019 4 Maity 5 Kumar
W[ 5E GluOx BN K RIURE A2 11 21 35l L B SR THT 1) 22 BE B QN K b, SRAR BRIy m A g 57
(3s) , LMHVERNA 10-100 pM, FLIIPRATKZ 0.88 uM[50], & T4 M Ay 2R AT I o

SR, R 70T HaOo AL U AL AR LS (+0.6 ~+0.8 V) o FEIXHIHA T, WA
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To X FRAE SR = ARE AR [56] -

gi b, BT GluOx KR MR 2 R A& s S AT I 77 1 DB O R, & T AR F 4%
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0> 2 5[39], 1M e i P 3G 2% 5005 BT 722 A 1) Jed i e e A 18 S AR e 122 S AR R 57, 7E—
SEFEE AT RE S s A EERA I AT AERf M, AT 3 A AR A B Dt IR, Andreescu
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TGS, @B RO AR, ANidR BB R IBEIRIE 5 . MR T RS
ARl B Z A TV, ZBRE T B4 7T, (R T 53R 2%, JaghiE b .
1E 2019 47, Li & AN AE DUIE Ji 11 S840 A 5805 S LAt 14 370 3808 i 7 (field efffect transistor, FET)
EFE TR TR AR, IR S RiE S a IR B E — FET b. P& ok
M4 2 1R 5 B [E] 38 R 32 AR g5 Ak, BPRT = AR RS 5 o 3X — D VR I U Bl sy, T A M9 ]
£ 0.001-100 pM I ER, AR AT ACEE 10 M, Hw SR [69]. 1l i 74T & B al e
MRS IL R B FET AR 2438, 2 BR CAETR ARSNGB I 7 i 3R 18 N, B
U ()R R 1T 5% [70-72]
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2019 ¢, Shi Y5 Tian GAER AL E VKBRS R KA 52 A Ca2 ik MM AR A,
FEG AL b [FRE e8] 7 F I I 1 5] 2 SO 1 5 5 i Z S A IR S 248 -
5 Ca? & B IRE N FE[80]. 58—, TUHLRBESIMIRFH o FEAE T AR B 51 ) 2 A0 S AL A
A PLSE A BIR S HA A VS R W [ 250 35 (81 JE T Y ZIBAR Ik s AR B 51 i £ T2
CBCA R, AL S A EE T ARSI LE 30-50 pum, AT £ 22 AN 0 A7 S #B 4 th e Rl — 1% ]
ARIT X AR BT R AT S A . BB =, T H I, FIFAAFEEEDR (R
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[0 IS [79], B B AR FH AT 5. AT DA I8 b b i AR I SR S5 AR B A 2 A, mT B
WK™ e BT e ar A T P R A0S 5 2R AL

Xof LA A B A% AT 0 R ) B 22 Th e AR IR Sk, WIS it T B WL S - 2018
£, Budai & AFER—HEIFEER NN 9 um BARMIRT4ES 125 um HARMGLT, H115—
e OGRS F AL A I B8 ) B R B4R IR 2R [83] . b, Lindau SEG =5 $2 H I v S FEAL
SR AR T DS B BN PR Sk A AT AR B S kA Y [P D Sk [84], HIX— T
12 H A A LLAEAR 22 70 B REAT o T 2R BN R IR AR R A AR T T R ISR R R R AL B S
L HAHE 5 85].
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HAT, X 3.1 R s — 55 R T BRI € 2 R IR, S A S50
ARV 45 YRUT Jon 280 LA TH S A7 60 i 5 BRI 1 58 [39] 0 %o B8 = 2K B AT Ml U4 1] 5 DA R X
FEAE, W2 IR SERAEH Y BB/ , HELENE
FHBE T AR H[54]. BEAEWEICIRN, H T XIR AL G I 1) 75 K DL EE R AT e ek 1
T AR I A 2R ) 2003, AR IR AL RO — A - [86], T 1% T FE AR 2 11T ) it [
SEJTIERH T R

FoOEHE (chitosan) s —REZWEEEE, A REZIEED NN RA BRI AEDHAE,
CLAE 2 M A% B A0 1) 2% T 20 HI R B ] 2 2L 5T [87] - 2014 4F, Shi 58 K GluOx. AL R
ARG 5L RBER A, 18I AR 07 VR T R A R A1 2R T pHL R e I S SR 1Y pKa 7K
VN 6.3) , (1S 5EIRBEDTIENT TR BB i 7 1t — RIVTAR B AR SR THI[88], 2 3%
P 1 L G A7 AR R o ATIRTR A P T I P R 1 R o B AR AR, LI
AL HE R B 2 W 457K H i E# (polyethylene glycol diglycidyl ether, PEGDE) .
£ 2013 4, Vasylieva 58 N RILLUR — 8 (M14E PEGDE) 1E A2 BG4 R A% K28 7] fig
FEAIS GluOx B JIRAIL £, 3 30T ) 7 S BRWK 2 45 R ] REAlt =i {4 [89]. 1H[FJ4F, Gerhardt
SEIG S VORI T SR AR /N LS R A (bovine serum albumin, BSA) B &5 G
FHSBER S, S8 ZIR S AT BRARE[90], T ASEEBCR &N 70 70 T SL IR IR B 7
E[91]e 2B, RIS GluOx X 4 2 R I e #8141 R TR A 1 A& BRI ity [
SEJ7 15, TR F R U 751 ) o] DURC I (1) 3 X — ]

3.4 R4 FE i 5 FH SR

8% £ 5 A [ 5 RE M08 S UL e R VAL DN PO B L PR 3R, 5 T A B 28 A4 R 3 226045 Nafion
SRR TR RPN s B 2K %) [39]. Hert, Nafion a8 id 4 R AR 2R 1) 471 g
ORI B HTIRMLR 5 PRI S5 A 00 s (TR, IR E I M R T R MR EE R S
PR AL RN R IR RO BRI PUA IR < 2 RSP o (R, e 5 £ B 5
i EEVE U2, Nafion $ 22 HURAE A3 T 75 ORAFAE = iR BE IR B0 b, B INRJZE S T2,
TR R P TRV EAE T . v 7 E R S R S E R ) B A R A AL RL, 2012 4F
Westerink BF FE4L0 H F B BEAS RHEL 1 — i PRI 0 AT AT 78 [92]. EMRSbsia T, R —
5k FH SR80 28 R P AR S A IR (M e e, WP PUSA IR . 2 EE % . R LR 5 IRIR Y
JEBLH RAFIIDT TR o A, tBAT 43§ A R R R T LA A il SR AR I F BSA,
LAt — 20 15 H X A R N ik F 12k [54, 93]
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ST R TT LS4 SEA0L 1 15 5 AR O i o T, 2 2 R 22 24
LSR5 5 L 15 B0 W S0 50 e b M0 35 A 20 250 47 P 2 T
(801, SIIck B T LA MBS SR U 7 P S A II[04], 2 FI 7 A 25 R R VP At 2
LR PR IR T B v o ELE ARSI LA — SR IRAE, LU IR T A0 A T (0 S AR
UL, DL 5 FA s i e A e LR S T OB 9, AR EE oK T IR AG. R,
SLTE A0 2 L SR B A St 7 DL R O 2 B ) (7 MY, i
0 e BRI B MO L PR A P05, 8 TT B AGE P LB B FET AR HEAT i
F4b, R B LA B 7 S A A AT R AT — s R, 7B A 2
SeRRE AT LD 0 S & B AT 9 [96).

42 B ALEA T E AR M 2R G B A B S 9 o B

BT TR O 5 b o 2358 SRR I B 3 TR E . X — M H Katz 25 AT B4 A
A AR ST 0 ) 28 L PR32 S A M o B 32 s B A5 5 2 DB B > 7 AT SR
fy, T R IS B A AT, S, Heuser 25 A f) HL 4% 45 SAIE 92 5 A BE v g
TFALRETR I G5 R RIS 091, 5 B BT R /N e TR A BV P R 1 A B . 2019 4F, Cans
SR S XA S 43 B Al 5 $RAS HA R A TSR i AL AR, IS R R K T4
79 8,000 45T [100]. 4AT, F T EI 4 Bk PR AR R4 K (06 57 5 SR ME 2 (5], PRI 01
AT RE ST B BB . T2 AR SEI 5 R FAA4K BURLIE i 1 & f PEDGE ZCBERE 52 1%, #1175
Sum ELZ A R ok, A T-HGE AT 3R 100G Ty 2 70 b (A 2 AR RS JEEAT 10 33
A EA B E IR TN 126,000 453 T (10170 RSB TAl 5 /N F T T -t B A o1 AR
FR s 2T 2 L) 5 o 225 2, A 0 B L A 8 T A PR 3L
4.3 BALZER I AR M2 2R G B FE R B 5T B R

o 25 A H AT A 25 ORBE T I R A S = R Bk IR RI[102], B R e ES A H AR = A 5
SIS R — o AT A R R I i A AR, - I A P FE AR A DA Dy AT DL B b A
FOHT G R AL 15 L[ 103] . Park 55 ANAEIX — K BRUBAY F 4 25 S A U -5 ik v, ST 0 i I 97 i ) AH
WA o AT I 24 I/ P 2 5 i L P LT BN R BRI LR R R AR R R 0%, T kE N5 2
TRV FEAEZ) 2 /34 G TP Ua T, 24U P 2E 5-10 20 Bh 5 Al ik 84-140 pM. FEVEM B Al &
F i i vk 2 H 2 E A K, REIRKFESI6 TR ZI 5 I 4E R B, (5 F ] A1 2¢
AT BRAS[17], 1 BH a8 Bl BA 2 10 o T R4 4%

AR N WA 2 —, ERRUENAA LT RS, DRE. HEmE
RAF B T AT A et O F SRR o 0 ) BAR R R LI 2R 2 0, (H 50 HAZ G dE A
DA A AN KA F B R G0 5 i B BRR) 2P E 3 [104] . Spencer 3250 % 7E F 4D
U A8 I E AR OEAT RAE TG 5 ORI 7732, T CLE S50k 2 38 9 e P sl 1)
TSR A AR O B A SRR R T SR I B [105] 0 {HL 32 BR T v SOOI R R AR,
KA RIS Z R (R U SXATS AN € « Gerhardt BT 50245 BIAEAR Y R AL =AM A, K
W25 T 2500155 I K R b MR K AR I R AE 0 b X HS IR N A 5 S BRI B BT, S ARl
KE EATRTR B A BB UE 5 [106]. LA E BB T3 s 7 2 IR 1) s ARURE TEC 5 B AT RE 1 M
RSh sy S 2| IR R STEIY A Tak /S

B K IFERIE (Alzheimer’s disease, AD) & H BT RIE & WLAKH, BHFERIA
FREERHAT YR BE 22 IR, 1 tau 85 1 SHRFIEME R BRI 2 — AR & oC 4F 4R i 25 % U A OC[107]
IR FU TR tau B8 E AT RE 51 AR M A R I, M= 42 AD R ER[108]. A
TAEBIX —HLH, Reed 5T 4L7E AD #5584 R I P301L tau 25 (A SR IA AT S 80U MR (] 5 1
5 CA3 X HIE KB ARRREEOK 0 3 4 007 4%, I HEZEPFRIRAARBRACE. MM




R, 9o RS R IR N B S R R e & LT, LESSHERR AN ZIR 1 5
X B ARRFLISR 1 58 TRE[109]. 38 DAHESLIe E AL AD AR ABrar SR KT LR 2
BEARRAR A1 15 77 )i By P22 28 R AR B RR e 1 /KT [110]. PA_ERIBT SRS AATTXE T tau 5
ABHEHAE AD KA PR A T AR 2.

5 REE5RE

JSLFH AR A 22 AR A R A VAl ) FEAL SRR, AT RAE AT SR B | AR AR Wit S
i 26 DA KL FH 35 05 T RS 1 K Ae Rt fE o H R, B oKL 5 0 R AR Wi (R T 5 DL By
IE BARAE L W) A% SR TS ) S AT K T HESD 1 43 G R A SR 2 1) 22 oAb R g, e UAS
TR MY S SAS I AR BEEAS I LA A S AR A A N S AR M B T 1], A BB AN (R K
T T A QIR AL AR ] % o BEE C 25 VRSO AT BT, DA ] 2 5 b 28 B
B HIE FRNIAE, RETRIERESHH & L ZO/RMAR R, AR AL
AN AL DA 2000 J2 T EAT #2033 MEAH R R R BE A o H 50 A8 AN sk
TS B 5 16 I RE AT O A IR A VEAG I 775K, B8 &R 5 A AT 5
R, BORE R AL A I 7 25 5 AR BT 78 T Boan s AR FEOR L Dt AR A BRSSO IX
A B R BT AR TR SR R, A SRR CORT T N T RO T A R
PSSO 1473 FOHLAIIEFE o IXLERI TN T 8 & B SRR T 7 58 IR ORI SR mg LKW A8 245
ST FAT E ORI IZE ) 3

it 25 T AR A NI AL SR TE R D, AR A R AL A AT K ANz (R R T
AT I BOR5 A0 BRAEJ7 TH R PR, 1T0 5 28 N A o 30— SRABCRE AT Xt fii A ko7 L1
FETAIE M T RS Huk £ 5 W B G T7 T AR e 1075 P8 2l PR FAL 22 N A 22 42
P R B0 /NG 22 5 TR SR, AROR T [7] e PR N2 FH PO 43 MR FEL A~ A% SR th 75 AR A
B il T2 oA SME BT LR R 7 555 5 T Oy v s, PR —
B BB AR AR
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