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WE . KW B-i€ K FEE A (amyloid-B protein, AP) (1) 5 4 42 Bl /K % i 2R
(Alzheimer’s disease, AD) 1) T 25 BURFAE . AR FRRH 28 B AR L] S P BL P&
I Ca® Fa S YK & o AR Il A (non-invasive micro-test technique, NMT)
AR S SR ) —FP R Fick 28— HUE A Nernst 782, i JEHefir X
AR S04 50 FLA R 25 7 5 Jm A R B R - B . AWFUE CS7BL/6 /MR
HEIL S R NMT & U0 T AR X2 MR (Glu) i K 1) Ca®* A It A & 41 i 4k
A5 5 LK) Ca> FMHEIRISE I, IR T AB PLELAIE G Ca® FaaS (KA L -
SRR ()Y T Glu /liE RIS A CAL X PR Jor~ R ahth . 4k 22
B REYRICFFSE Y ) Ca® ¥t (2) AR THLAL B I 85 MO Mk b 38 it T b 465 0%t Glu
s itk , WP ZE)E 5 min A Ca® IR ISP RIE, 10 NMDA 3246454t
71 D-APV R 47 2% FHIT AP X0 IT Glu J N KX R S AAE T (3) FARAS N T %
RS PERE U T S R T CAL XAPZ G A REEL A M 5 I Ca” iRt LK
T AT R S P Na™/Ca A e R KB-R7943 TP (4) AR THALEE u] 543
FUHMEAS N TG EE I Ca” e, IXUgs L. AR SN Ca*
A KB Ca® R, b5 Hx Ca® SNEIIIMHIAT 2 AB Sk Glu (112%
A BEAE ] B I NMDA B2 83 1), FoAmi] Ca> SMHF I HE 213 22 Na'/Ca®”
M. NMT EAERAEAR R ST SR By A R, & T
Ca> WILRI Ca” AMHEII K TIN5 o R, AWFFRA O RRE AR FITE Ca” B3
(K28 BEE N LBIBRAL 10T (0 S A0 TE 4 , o R RIS I Ca {5 5 4 AL 1A e 5
AL TR R AT L.
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Real-time measurement of Ca’* flux in hippocampal slice with
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non-invasive micro-test technique
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Abstract: The deposition of amyloid-f protein (AB) in the brain is the most important
pathological feature of Alzheimer’s disease (AD). The mechanism of AP neurotoxicity
may be closely related to the disturbance of intracellular Ca®* homeostasis.
Non-invasive micro-test technique (NMT) is a novel technique developed in recent
years, which can be used to directly record transmembrane ion influx and efflux in a
non-contact way by detecting the diffusion potentials outside of the membrane. The
present study examined the effects of AB3;.35 pretreatment on glutamate (Glu)-induced
Ca’" influx and low Ca®" solution-induced Ca*" efflux in the hippocampal slices of
C57BL/6 mice using NMT. The results showed that: (1) acute administration of Glu
(2.5, 5, 10 mmol/L) evoked a persistent transmembrane Ca”" influx in hippocampal
CALl neurons, with a rapid onset and subsequent decay; (2) pretreatment with AP
dose-dependently increased the average rate of Ca”" influx induced by Glu during the
initial 5 min, which was blocked by NMDA receptor antagonist D-APV; (3) perfusion
with low Ca®" artificial cerebrospinal fluid (aCSF) induced a continuous Ca’" efflux,
which was mostly blocked by KB-R7943, a specific antagonist of Na'/Ca*" exchanger;
(4) APs.3s pretreatment partially inhibited the low Ca®" aCSF-induced Ca®" efflux.
These results indicate that AB not only facilitates Ca>” influx but also inhibits Ca*"
efflux, which jointly contribute to the Ap-induced intracellular Ca*" overload; the
potentiation of AP on Glu excitotoxicity is mainly mediated by NMDA receptors,
while the target for AP to affect Ca®* efflux was mainly Na'/Ca®" exchangers. NMT
showed multiple advantages in detecting transmembrane Ca®’ flux in brain slices,
such as non-invasiveness to target cells, fast, convenient and real-time acquisition of
Ca®" flux. Therefore, this study provided new experimental evidence for AB-induced
Ca”" overload, as well as a novel application for NMT in measuring transmembrane

+ . .
Ca’" flux of neurons in the brain.
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amyloid-f protein; glutamate

Bif /R 3 BRI (Alzheimer’s disease, AD)J&—Fhi LI ANAT i) oo i 22
GEBAT VRSN iR T 2R AT RN AN D RE AT « 1012 ) BB ARG #1470 2
AR AD A T L BRI S 0 P OB 8 1Y) B0 K B 2K 1] (amyloid-B
protein, AB)° e PIUETE AP I TSy T ABrao B ABra, W8N P-4 itk
WEEART =53 WA AT )T B S IS 1Y A 1 25 1 1T /4K (amyloid precursor protein, APP)
JE PO R, AR RIFANGEEEAE AV O T 25~35 R4
(ABas.3s) HEE 31~35 JFHI(ABs135) e AHBFTCALHTIIMBF TR, ABsras TALHE
A /N R SR A K0 7 2 0 g 10 M A SR H A0 SR T T P ) e
PEN2LL B3 K SR AU T ) 5 fid ) S R 2 ) 2 ) Az mg 0t M B R R
W, AP Ca® a2 AR = A4l M #E kAR I EZHLHITT. [, Ca®™fEh
AN B AEAEAE 2 R A iR S P IR A SR SR . D, PR #E
FRIARZ GRS IS Ca® TEMZH AR, AR LAFS B T R4 de Ry Ca® RS A
IEHThEEEBh 0 R B, 47 B T35 AD LU Al Ca* 5 S ELAI SSHm 1 K
AL

Hir, FATE s s ca® mmBARTFB AT Il Ca> Mg A
FLZE TS A B SRR R . SR, RV AR WA R Z AL APy Ca®
JRAG B LM s R P () Ca® VR, R A R BR T 15 FR 4N KT, i FL
it SR AR Fura-2 A1 Fluo-4 55) 3 AN ZIANML N, GUREAS S RIAT 5200 40 i %
i B IS TA) SE A FICA G RFSEAE R BV K o IS AR RT DU 30 R PR 2
(FIR5 5 Ca® LA, (H AR 2R 340z . BRI N 40 0y o A o 4 A e, B AR
HMEBEAT K ) id s, HoAS 0] 0 9 ARG . SE B0 R B2 0% o AR B0 1ol 52 R
(non-invasive micro-test technique, NMT) &I 4 i L R 1) —Fp LLAERAd 7 X H
PRI 15 i s i R BeR T-Be, 'eR4lE Fick 28— HUE A Nernst J7
M2, TR AN B S AN B RO, TN B S IR S IS Sl . NMT (1)
B KU AL A s AR AN LR AL 2N, BRI R A0 f e A AR 450 o RIS, BE T BA
R s gn i, el T2 s A SUEAR RN E . TR, NMT fER ) B
TR AT RS, A D RARE R W, NMT w] DUER R4 00 id



SR SR B 1 K. HY . CLUREL Ca> WAL 23, sk, 723
PIRAZAHAT SEI . B2 Ca> VST, REl A& s Ca” AN I i A WLARE
AHFER A NMT 75/ B 5 i 7 #2480 SE e % T B 248 (glutamate, Glu)5 [
(RIS Ca™ N IR AR b, 38 1 YO EE T A5 N Tl ¥i(artificial cerebrospinal
fluid, aCSF)5HEIEEIE Ca® FNEERLFE . AEUEIERNE b, 85T T ABsiss X Ca® i
1 Ca> SR, BAOERIR I EAR T Bt — 54078 A $RALIMIZ T Ca¥ B8
iBYiEERINER

1 AR v

LI SN AU 3 BB A AR O 8 R ZE(BIO-001A,
Younger USA Sci. & Tech. Corp., USA). Ca® Wl & FH 3% 55 14 ¥ 2 (X Y-SJ-Ca,
Younger USA). TEH$RANTI A HL(VEF300, FUAIFRHEARAH). 8BS K
{X(VAPRO 5520, [E WESCORE /A7), pH i1'(PH400, Li#f ALALIS Aw])5.
FERFEAE: APsias (Abcam 24 7)), L-Glu (Sigma A7), NMDA 2 {&H5H17
D-APV (Tocris /A 7). AMPA 2 {A$54(7#] CNQX (Tocris A w]). JFifE Na™/Ca* A8
Hifk(Na'/Ca®" exchanger, NCX)3 7] KB-R7943 (Tocris A ). J5ilE45 4 (plasma
membrane Ca’" ATPase, PMCA)JIl 7| Trifluoperazine dihydrochloride (TFH,
Sigma A #)) AR I FR G858 b AH DGR (b st B R AR .

1.2 SERFhY) 8 HildMEN: C57BL/6 /MR 20 M, fVEE R SL R s
O NEAE 12 012 h B ASSRIREE  ingR, B RBERRIOK, SRR
24~26 °C, REHHITE 50%~60%

1.3 BEBEDRAEHE WA 5% S HH(7 mL/kg, i.p )RR A EME & T
FARYE b, BEMEE, H 30 mLAIKRRIFE 95% 0,/5% CO, IRA AR 1))
B 3 AT 0 MR RE . U1 R W R M LR (mmol/L) @ NMDG
(N-methyl-D-glucamine) 93, KCl12.5. NaH,PO4 1.2, NaHCO; 30. HEPEs 20. D-
HIZHE 25, Bitllk(thiourea) 2+ PLIRIM RN (sodium ascorbate) 5+ AR 4 (sodium
pyruvate) 3-MgS04 10.CaCl, 0.5+ N-Z - R(NAC) 12, % pH 2 7.3~7 .4,
VEEZ T, WGk, B KM R AR A AR E RED) Fh 30 s A
A, DIBRANICRORIN R 1/3 5 [ 128 L Ra V) A pL b, JFACEY) . R
200 pmo A RN B 58 Y] I R HI7E 1S min . SR5, FHEIE G I
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I & T (32 £ 0.5) °C [f) aCSF Hi¥ & 1 h, JFFFEEE AN 95% 04/5% COy 1A
. aCSF 53 & % H ¥ (mmol/L): NaCl 120. KCI3. NaH,PO, 1.25. NaHCO;
25. D-H%iF¥ 10, MgCl, 1. CaCl, 2.5, pH 7.3~7.4.
1.4 Ca® BIRRFRHE . ERRREN WK 14 Fion, 7EARAE BMBE e ~, Kol
THCELAN T 78 E 1 em K RE 22 1 AR ST (100 mmol/L CaCly), AR A A H UL
W FL AR TR T 8 P A AR s (AR SR TF 11 24 4~5 ), AR FEIRN Ca> WA B9 T
A% e (LIX) (Hydrogen Ionophore I-cocktail B, No0.95293, Fluka, Buchs SG,
Switzerland), KJEZN 15~50 um. ¥ Ag/AgCl 22 ARG imdE A, 1 H 5 e
Jifeful, I HAE H AR [ %€ Z2(EHB-1; World Precision Instruments)_ 55 B T4 0 %
& . 2 (DRIREF-2; World Precision Instruments)y Ag/AgCl [ 14 Hi A%,
BTRERWP . 2 BIRAAE 3 mmol/L Al 0.3 mmol/L Ca®*f¥] aCSF 1
G AN A IE I, SR R AR FE AL IE 2, M2k R I8 229 + 3) mV/decade
TG, TR S5560 o KR AT aCSF o e A7 TR i 1y 1930 s 37
(near position), #RJ5 LA i BB dx FEAT T3 {07 B FH 22 3 A7 . (far position) P 5 [¥]
FELEIN 5, A5 1B AT ELASE 2 () ) T P/ A I i 2 75t ki) ™
[RIVKRJEE 7E(de) e KF de A dx AU Fick 554 BUEH A0 T =-D x de/dx, HIA[3k
3 Ca [P Hom (), QR AL I ST IR Ca® i, AL HR IS I ) A
MAHE A (pmol-em s, o T IEMARER Ca® 4, ffifRk ca® .
D h BT/ TRER Y B L KA em s

S BRI T fibi AR G B Ca® IR, BN N 5 mL aCSF (1)
Brgemie, i b7 FH A R SR DA e A . B E N, KA
LIX A F A S0 (6 A AR (P 1 BB ask s o7 3 fii 10 Z:(FE 1C), AR5 AT
Ak Bk RS I 2 2 5 CA1 X402 (Bl 1D) FJ574 50 pm 4k, FFEL 30
wm [FIP A5 5 BE B Z 35 AT A ) ARSI e e, P LA S 3 i
CAl XZAMNE TGN R AN Ca™ WREEAEA,  HIARRS SR R A AR B
0.3 Hz.
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Fig. 1. Measurement of Ca>" flux of hippocampal slices by using NMT. 4: A diagram showing the
principle of NMT ion flux measurements. Ca’" sensitive microelectrode (silver gray) filled with
Ca”" LIX and 100 mmol/L Ca®" electrolyte oscillated between far and near positions, with a fixed
distance (30 um). The reference electrode (blue) was in the same dish. B: Micrograph showing the
tip of a microelectrode in aCSF. C and D: Screen-printed pictures showing that the microelectrode

located at the margin of the brain slice (C) and directly over the CA1 region (D).

1.5 DM A Ca™ WidilE KA Y g 0 fii B TSR A RS 1
aCSF 1, $fic s Al = 4EHERE 2 i il 5 CA1 XA ICIE BT 50 um &b, FF)A
HL AL S AT B R BRIk A TCAEZERPRAS T 2 min WHIZS T 254 40 2E )5
5 min 18] (1) Ca® B R B 00 o 250 AL FRALEE - (1) B PESS 7 R [RIIK EE () Glu (2.5
5. 10 mmol/L); (2)RAML TAFIRELR APsiss (10 30+ 50 umol/L); (3)A[AIHK
&% ABsi-as (105 30+ 50 pmol/L) Wikt ¥ 5 2¥E45 T Glu (10 mmol/L); (4) ABsi.3s (50
umol/L)Et#A D-APV (100 umol/L)i, CNQX (20 pmol/L) it Bl j5 2 ME45 T Glu (10
mmol/L); (5)M1%4%5(0.35 mmol/L Ca*")aCSF = EER: (6) APsiss (50 pmol/L)TH
AbFR 5 45 RS aCSF; (7) KB-R7943 (100 nmol/L)E{ TFH (100 pmol/L) ¥l &b 3 Ji5
Y5 TAIES aCSFo SHRALN S TR 25 1% 71 (vehicle) o



1.6 S50 MR Ca® (B RUE) BT A (pmol-em s ), FUHARE
Ca’ Py, I~ Ca® AN T AT S50 4504 F mean + SEM %R IU45 24 )5 5 min
W PR T AL A, SR ¢ K30 A one-way ANOVA JEAT4E 122 4bH, P
<0.05 RFoRfigit # L EHES .

2 4R
2.1 Glu F1 APsr.ss HREE KB 5 R UG T il i M2 TSI Ca® P9

FEFERIRA T, MM CA1 XA It AL B B Ca® I ak A,
AR RS E D AR ] 60 min LA R(4 R AR ER). Wi 24 i, 1EA%Z
WA S, FERPRAE T 2 min I Ca™ WP F/KF(0.1740.1)
pmol-em >s™' (n =44). 45 Bl AMEL T AL Glu )5, 53 =10, 1€
%7 vehicle)HLL, 4% Glu 4254135 RIZR IS PO K 4 7] Ca®"it, 2RI h e dh
BN, BEZE 2 T A Mg g It TR E « g0t 2 4b#E, 2.5. 5. 10 mmol/L
EAAKRER Glu HAZ5)5 5 min NI Ca> Jid T4 3 o (-177.135 +
6.528) pmol-cm s (n =10, P < 0.05). (-331.864 + 22.742) pmol-cm *s ' (n = 10,
P <0.001)F1(—498.03 + 55.783) pmol-cm >s ' (n= 14, P <0.001). =[G K
Glu 5254 2 1A AFAE S Z M2 (P < 0.05). IXEW], AtEZs T Glu Al B H i
PES GRG0 CAl XA LI Ca™ Wi, TS, Sk T AR
ABs1as B R T D ioi F 2 o0 HE I S R J5 48 1 1 1) 5 185 Ca® it o Al 2C #1 2D
JioR, HXHH4L S min Y Ca® IRIK[(2.912 + 2.466) pmol-cm s A EL, 44
F 10 pmol/L (n = 12)+ 30 umol/L (n = 14)F1 50 umol/L (n = 15)AB3135 5 min Ji5 ,
FLH T Ca? A B T (P < 0.05 5] 0.001),  FBEw 5 18 i s fes 384,
FEAN [ J8E 22 0] 52 B EH A S (R0 JBE AR g (P < 0.05) o



[ 2. BT Glu ) Asiss SRS CAL XAZEIT Ca” i

Fig. 2. Acute application of glutamate (Glu) or ABs,.35 increased transmembrane Ca”" influx in the
CAL1 region of hippocampal slice. 4 and C: Plots showing the time courses of neuronal net Ca*"
flux in the hippocampal CA1 region. A basic Ca>" flux was first recorded for 2 min (—2 to 0 min)
before drug application. Negative deflection of curves indicates Ca®" influx. Except for the control
group (only vehicle without drugs), both Glu (4) and AB;;35 (C) all dose-dependently induced
rapid Ca®" influx. B and D: Histograms showing the statistical analyses of average Ca’" influx

during 5 min following drugs or vehicle application. Columns and error bars represent means +

SEM (n=10-15). "P<0.05, "P<0.01, ""P<0.001.

2.2 ABy1as BRI AR Glu 5K 13 5 i | #1476 Ca™ iR

W 34 Fizn, #4103 2 min FERIRAS Ca® HILR ., Kot
W25 T vehicle 4b, HARZ LA HIA R ABsiss A0 2 min, AR5 HEL
F A 24 T Glu (10 mmol/L)J 5 min N [P35 Ca® it . 45 Fn] WL(1& 3B),
WA APsiss TALBLRT, Glu S F 3 Ca® i 1% 4 (—430.747 + 37.537)
pmol-cm s~ (Vehicle+Glu, n = 12); AR APaias (10, 30, 50 pmol/L) b #



2 min J5, FFFKREN Glu BTN R Ca® WA APsiss A AL HE 41 (H)
Vehicle+Glu 2H)H] 53 K (P <0.01 B P < 0.001). 202 7] Ca® Vi t 5 IR & ik
HPERE 58 ((10 pmol/L AB+Glu, n = 13; 30 umol/L AP+Glu, n = 14; 50 pmol/L
AB+Glu, n =15, P < 0.001). iXEW], APBsizs ALBEXT Glu i &5 fii H #PZe oC
Ca> Wit A W B I S B

3. ABsias PRALHE AR i Glu 75 % (K03 5 I F #2200 Ca™ ik

Fig. 3. APBsi.3s pretreatment dose-dependently increased Glu-induced Ca®* influx in the
hippocampal CA1 neurons. 4: Plots showing time courses of Glu-induced Ca" influx in presence
or absence of APsi.3s. After 2 min (-2 to 0 min) of stable basic recording, different concentrations
of APs;1.35 or vehicle were added into the dish. Another 2 min later, Glu was applied to induce Ca?
influx. B: Histograms showing Glu-induced average Ca*" flux during 5 min with or without
APs135 pretreatment, indicating that AP;;.3s dose-dependently increased the excitability of
hippocampus to Glu stimulation. Columns and error bars represent means = SEM (n = 13-15). P

<0.05, 7 P<0.001.

2.3 NMDA Z/ABEEi7] D-APV B EBEET AP35 F! Glu FrEuiE I fis B #1406 Ca™*
AR

AT ABsiss Xt Glu R Ca® Wit I S A RINLE], BATLE T Al
T ABs13s (50 umol/L)A M HK A 45T NMDA 32 A F5517) D-APV (100 umol/L)5Y
AMPA ZARFEPIH] CNQX (20 pmol/L)FHALFE I N . Wil 4 B, 1E % X 4L
(Viehcle+Glu, n = 10)Glu 5l {1 Ca® P i 734 3 3% Ky (—-571.253 + 57.129)
pmol-cm 2s '; APsi3s AL H(APBs135+Glu, n = 8)F] i 4k, Glu [KIZN, AP35 ik
BN 5 522 (P<0.001); ABsiis BEA D-APV (D-APV+AP+Glu, n = 8) kb F )5,



Glu AN Ca® Wit B E /NP < 0.001 vs ABsias+Glu); MHELAZ T CNQX
(CNQX+APB+Glu, n = ) FiALFL 5, Glu i (1) Ca® WL AT — 5 FL I/ N (P
<0.05 vs AB3135+Glu), HZLN BB AW D-APV BEA 4 25 41(E 44, B).

K 4. NMDA SZAKBILWi 7 D-APV 3845 T ABsy.as XTI ik A2 L I Ca™ WIS A1
Fig. 4. NMDA receptor antagonist D-APV reversed the potentiation of APs;.35 on Glu-induced
Ca®" influx in the hippocampal neurons. 4: Plots showing time courses of neuronal net Ca®" flux
induced by Glu in the hippocampal CA1 region. The strong potentiation of Ca”" influx induced by
APs13s5 (APs13stGlu) was completely reversed by NMDA receptor antagonist D-APV
(D-APV+APB+Glu). B: Histograms comparing the statistical analyses of average Ca®" influx during
5 min under different conditions. Columns and error bars represent means + SEM (n = 8—10). P<

0.05, "P<0.001.

2.4 APs13s TWHNMKAS aCSF R I DN 5 #1470 Ca* ShHE

Wikl 54 s, K HIRAS g il sEBALN,  IEE R AR R 2 min
W Ca” MBI Z /KT, 45T vehicle J& 5 min Py Ca> Vi V- th HEA KA
4K [(0.837 £ 0.499) pmol-cm s, n = 10]. {EK5 1E % aCSF # 445 (0.35 mmol/L
Ca’") aCSF (Low [Ca”'lo)Ji, FIicsk®]— NI M4k ) Ca™ Ui, WA bt ik 3)(5
186.969 + 300.595) pmol-cm >s', FtiJFiZ#imI¥%, 5 min I IEATEA(3337.39 +
231.405) pmol-cm *s ' |- o Sl 2440 BE (K SB)EW], HARAS I (Low [Ca™ o, 7
= 10)i5 & (1) Ca® 4 HE 5 min PYF-I9H 4 (3 867.868 + 244.502) pmol-cm >s ' (P <
0.001), HHMIE, ABsiss (50 umol/L) AL F(ABs135+Low [Ca™ o) il # 43BELI i
FMEAS aCSF i K11 Ca® 4N, 5 min PYF44 Ca> Pl H A (2 541.532 + 440.146)
pmol-cm >s™' (P < 0.05, n = 11). 45, AT NCX #I#7] TFH 5¢ PMCA
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PN KB-R7943 43 5 TACHE, LUK A X PRS0 55 K 1K Ca> ALl 4595
7 s B RIRIFILE 155 aCSF HR AR LAtk (K Ca® ¥, {2 F TFH (100 pmol/L)
PR B(TFH+Low [Ca®"lo)J5, 1% Ca> Wi I Ca® VI AL ATA 25 b 1
(¥ 1% 45 ¥ (Low  [Ca” o) 41 WA 36k /b, 1 3% 9 78 % AIC £ (1954.733 =+ 327.616)
pmol/(cm*s) (P < 0.001, n = 11); M KB-R7943 (100 nmol/L) ¥l &b 3
(KB-R7943+Low [Ca®]o) )i, & Ca® W5 LI Ca® W AW k2D, 73497 ik
1(352.828+75.665) pmol-cm *'s ' (P <0.001, n = 10), $HIFE A KT TFH. X
W, i Ca™ W5 1EHE T CAL XML Ca™ b E B B - NCX &
[¥), NCX ] et /& ABsi.ss 1] Ca® FME(K 3= ZLHE A5

B 5. ABsy.as THAL AN D i F CA1 X AL IGIRAES aCSF 5K 11 Ca® 4hii

Fig. 5. AP35 pretreatment inhibited low Ca*" aCSF-induced Ca" efflux in the hippocampal CA1
neurons. A: Plots showing continuous recording of neuronal Ca*" flux induced by low Ca*" aCSF
in presence of APsss, TFH (a specific antagonist of plasma membrane Ca’" ATPase), or
KB-R7943 (a specific antagonist of Na'/Ca®" exchanger). Positive deflection of traces indicates
Ca®" efflux. In positive control group (green), only low Ca®* aCSF was applied after 2 min (-2 to
0 min) basic recording. Clearly, low Ca”*" aCSF induced a significant Ca* efflux, while AP35
pretreatment (red) partially suppressed the Ca®" efflux. In addition, KB-R7943 almost blocked all
the low Ca”" aCSF-induced Ca®" efflux. B: Bar graphs showing the average net Ca’" fluxes in
different groups. Columns and error bars represent means + SEM (n = 10-11). 'P<0.05 ""P<

0.001.

3 iWtig
Ca” A M B S A5, 4545 S8 S0 T4 2o IE % T fe il %
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TR ATVE . LN, SR ICIR T Ca IR BEARAIG, XA 40
AE32 Z RN B 0 38 1L A1 A AT (0 A B R TR 5 SR AN T B 5 PR D e )
Glu W FLEEN D) TR R G T | 2 ARAE DA PEAR 238 T o 7K R S
DR e, NS Glu ML G 1E JidiZh REEE/EAP. Glu
SZ AR NMDA 2448 T2 85 1 852 4, A7 40 F I L (¥ BH B 7338, f Ca®
AENMENE . 0 LB —E RN, 456 TR Glu [) NMDA 3244
WIE AT, AT Ca® Wi, BOAMZAIM ) Ca® WiigEz —. i
M Glu 7K1 LL K Glu S2 AR R D REAE 157 1E 5, X BHE TC IR 2% Ay 1 LA K& T i D fie
()58 AR B AT AR . SR1T, MR Ca* KT e —3EXU I8, 44l iudh Glu WKk
PRI Glu 2R Th B A A= 5 LI, 28 Glu A2 4408 3 KB Ca* ml {41
AP B Ca™ HB %, 4kiMTes K Lem iRy, RAmE. NUIEE. —S AR AL,
LB T 4IMLh B, Al oo B Tt B> 20,

AD I P 2 ZE I 4 GIRAT VE S R 2 S0 2 EhBE R %, mBERLS AB BT
B R A R R R Ca¥ AT K. AAWFIUR W], IE AR B
(pmol/L~nmol/L)¥] AB 7E N A i T A& 4K, AR K I B 4 58 (long-term
potention, LTP)[K & i -2 15 #2368 J5 1) 1 512729, {ELE v e i (umo /L) s 4 H B
MEEMAE, X O BRI 0 A B AR, IR h &5 ik
IR, G APZ TCAPERIR Y, Mattson Z50CV% B, AP REMEEEMAN Ca® Py
T, TR IR A Ca¥ KT, A& ext Glu [#h & dbk B I 364
WFFTR I, AT PESER Ik AR T 54K Glu XS Eyd /B, eSS fiibid, it
Iy LTPP 3, A 5T 4 iy 39 R FH 400t P 485 A A O S 3R W, LR 45T ABiao-
ABos.as B APsi.ss IR FRARAGE B oK BRUSACRE FR 2 e gl ey Ca” ik D
Mo ARBFFURH NMT BRI 7 2EL T Glu 50 AR X/ B i F 5 1 Ca™
PRI, 25 0L G OR: Glu ] I o 1 28 G R JSE A 5 R N Tl Ca® it (€]
2), X5 Shabala %7FJFACHT 510 B Z M E 0 EIR 4 TP R BRAT 5 w75 41 i
Ca’ G 5B LS BN M Py Ca /K P T PR S AR — 80 o JAi e 3], 3y
Glu FR 1 Ca® 1 WA R EE (1, 45 24)5 5 min Py Ca® Wit M AR A6 )3k
A —NBETRN AT VR, X nl B8 W T 40 AR A Ca™ i
W Ca¥ RaBFRsI Ca™ EAMENLH . FEAE, AT, avksh
T AR W5 A 1) Ca® (B 2), H AP I Ca¥ IR AL S5 45 T 1 AB
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W PE BATIRGF (A G o X453, DU S 30 B R 3T 17 py i s 82 21011 AB
SN Ca® IS, 4L T BB Ca® W5 I sh (L5 )y il Al A k)
BAHTIE . DAEHFSTIESE, AB AEEL Sk Glu B2 4448 I Ca™ Wikt AT
R, 75 AR BUGELS S5 1, Glu S MM Ca” ik RS AR
AEFRI A KAF 22 (B 3). IXBEHH, AR FALFEXT Glu 5278 HAT W WX Sy A /B
BB RS, AP XTI & TR Glu AR S E - TSR ? ABFIT LR
TECE YT AR I NMDA 2 /RBH I D-APV 5k AMPA 2 /&I 7] CNQX [ 2=
S, GEREIR: D-APV XF Ca™" YU HEAIRN 5 CNQX S . iX$278, NMDA
SZARTTREAE AB X Glu SZ AR 2404 FH vh DTk 5E K

A SR AR LIS . Ca” HeIZ AT A Ca® AT . AFST
K NMT H AN Ca® U b 5 12 8 T3R5 SR 40 (2 50 pm) R B4 — {1,
FEAFIF IR TR Ca® sl . AM4ERe iy Ca¥ RS FIIE R
(RIATVE B ATE TS Ca® [ BhkIE, B Ca® M. 78T 2SAT 4l it o 241
i, Ca® {4 ZEE T NCX Fl PMCA W L3868 HLH1#E LS BB, NCX
FEAE TN AP 5 b DLt R B oA g 2000, NCX 7RI 4 I 3R I5 47 2
FREAL, TR PHE 0 Ca® WS 2 5 44 3o SR IA R TR 5 k] 99 2 e J 4
(MR G FE . AR, mEBRIAE S X K NCX3 A i /Nl if LTPP7. PMCA
FERNALZA TP A Bt M, o0 Ca® k& im, HAR/N, FEATT Ca™
IS IR AR TECS . ARBETURIF NMT BRSP4 TR 0BT, 72 5 i
SRR T AMNAESIE Cat i, IXFl Cat AN EAR N T R AR R v BT A A T
iy Ca> VR BEARAK, TR A28 B9 i F A TE G 1) aCFS w45 TGS yRe it o A
S EATAT W LK) Ca PRI AR (S AR BoR) e AWFTCR R, R FITES & 1)
Ca™ SNt n] LI PMCA 7157 TFH F1 NCX 17157 KB-R7943 FrBiLkr. Hp
KB-R7943 [#MHIVEFHSE I &, JLP- AR A5 5 K (1 Ca® S int st i 21 S S 11
10% (B 5). X4, ARSI R CAL X M0 Ca* 4hi il A5 B2 NCX
AT WA, AP EEAERITE Glu XAy e, M Ca” IR F MR AE R
M Ca® AMHENLEI? AHFITSE R EoR, AR TALHE w] (A5 75 & (1iF S 28 04k
] Ca” P W] WA, % NCX 7EMg D40 Ca> AMErh il 58 otk 3
I, AR A FTBERZ W 2] NCX (IThaE, BEm#d 7 IEH 1 Ca® s, AR,
AT AREHERR AB X PMCA 1455, DA TFH B R4 iR A5 055 A 1
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Ca’ Ahit. AP il Ca> SN VINL TN R 45 & Hofb 7 idn oy 742 T-B
LU, 15 AR M Ca® AME. 4N Ca™ FBER K03 B X U2 B &) I
¥,

ST BB LA, NMT [R5 KR RU7E Tl sk AN e 41 24,
S 0 AN A FS AT AT 453495 , AT K RF T FH - ™ B I 0 14 552 ) Sl 285 00 3 [T I

I e e s AR R i 1) AR R 3 e B S AR AR TR R 1, NMIT R A 7E—
SERRRE P s TR oy R,k 8 B v ARG I S i, A [ ARSI 2 40 [ % i
Ca” Wito AWK HIE Pl Ca® MERA, ARG 522 5 um, FH
Iy CAL XAUMLE 1740 50 pm, OIS Ca® R AR A [ W1 2 22 1 28 TG A 1%
W IR AR S . (AR — 32, NMT HEARIE o DMERH 2 Bilid sk, I HAR
T Ca®" i, XA A AN [ X () 4% B B RS AR R AR 4 T AR R KR . 24
SR, TR R R AN AR TR, NMT (R 5] 43 R AR G AN i IR AR,
ANHE LI 5 B P A Fh AN AR (1) Ca® 5 528 1k . DRIk, HRAE ST oK, ek
W —FE 2 Mo, BRI T B KHHMT SR AT A2 A L.

B, AWPFCRA NMT 80K, il Glu Fk Ca® Wi ARG Ca™
AhHE, BRI T AB X SfiN A CA1 X AHZEJTES I Ca> IR, IESE T AR AMY
LU R SRR T Ca® Wit Sk Glu xbepoaii st aeinsl ca™
AhHE, M ISR AN ZE e R AR 1 A, BN Ca¥ B IR, AT
AB PG BV FINLEIK Ca® B F VAR T 3BTRS IR s I, A
CERTI NG P ZH 2R I Ca® it o s th (R 7 (AT RS AE, R 2K Ca®
WA R Ca AN 25 AR FF M The Ca® {5 5 % T LIRS U 34 T
INEs % NSV
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