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Noradrenaline modulates the spontaneous firing activities of Purkinje
cells via a2-adrenergic receptor in mouse cerebellar cortex
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Abstract: Cerebellar Purkinje cells (PCs) exhibit two types of discharge activities: simple spike (SS) and complex spike (CS). Previous
studies found that noradrenaline (NA) can inhibit CS and bidirectionally regulate SS, but the enhancement of NA on SS is over-
whelmed by the strong inhibition of excitatory molecular layer interneurons. However, the mechanism underlying the effect of NA on
SS discharge frequency is not clear. Therefore, in the present study, we examined the mechanism underlying the increasing effect of
NA on SS firing of PC in mouse cerebellar cortex in vivo and in cerebellar slice by cell-attached and whole-cell recording technique
and pharmacological methods. GABA , receptor was blocked by 100 umol/L picrotoxin in the whole process. In vivo results showed
that NA significantly reduced the number of spikelets of spontaneous CS and enhanced the discharge frequency of SS, but did not
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affect the discharge frequency of CS. In vitro experiments showed that NA reduced the number of CS spikelets and after hyperpolar-

ization potential (AHP) induced by electrical stimulation, and increased the discharge frequency of SS. NA also reduced the amplitude

of excitatory postsynaptic current (EPSC) of parallel fiber (PF)-PC and significantly increased the paired-pulse ratio (PPR). Application

of yohimbine, an antagonist of a2-adrenergic receptor (AR), completely eliminated the enhancing effect of NA on SS. The o2-
AR agonist, UK14304, also increased the frequency of SS. The B-AR blocker, propranolol, did not affect the effects of NA on PC.
These results suggest that in the absence of GABA, receptors, NA could attenuate the synaptic transmission of climbing fiber (CF)-PC

via activating 02-AR, inhibit CS activity and reduce AHP, thus enhancing the SS discharge frequency of PC. This result suggests that

NA neurons of locus coeruleus can finely regulate PC signal output by regulating CF-PC synaptic transmission.
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AN B RIS A K, S5 R R AT
s WHWLRTK 7, R RS HIARIE R,
DYl h= S et Il = B e L/ AN i) 8 = s
=JE, HER K55 5 1 JZ (molecular layer,
ML). & ¥4/ )Z (Purkinje cell layer, PCL) DL %
UKL i 2 (granule cell layer, GCL), T4 TR
20 o (basket cell, BC). 2 Y41y (stellate cell, SC).
T B 4 i (Purkinje cell, PC). ki 48 ity (granule
cell, GrC) K i /R 3£ 40 il (Golgi cell, GoC) % 5 F il
Z 0. Bk GrC Xt & ooh, HEe bl y-
A HE T R (y-aminobutyric acid, GABA) 1f A ## £ it
R R 2 TG PC 2 IRFF BE G AR NN K 2
(&5 B, [RIRHE R /0N 5 J2 i — 1) A% 2t
HEEA e G B 15 2 /NIRRT R (deep cerebellar
nuclei, DCN) ®7, I @EATI2 30 1. /NG R J2 o
PC LAY (1) FLE B RRAE R IR AE B R M a7 F 0 7
(simple spike, SS) H [H] £F: A5 A B ) 1 &2 44 U W 7
(complex spike, CS) "',

AR B nT DU 3 S im e N/ - BB — 2%
A CAT 414 (climbing fiber, CF), ‘&K H M
R4, A& NS At a ] 5 PC 2%
PR CS 5 3 AR A EIREF4E (mossy fiber, MF) f%
NN B @S GrC AT 41 4E (parallel fiber,
PF) kX4 PC, i SSHIZ ; B Ik LR 41 4kik
12 U, SR i PR b 2 1A T PRORK ) BRI B A R AT 4,
B2 2R £F desd g ™Y, Ho i B (locus
coeruleus, LC) #2: F'¥ LR & (noradrenaline, HFR
norepinephrine, 4’5 NA) fg £f 4 #% i 21| 45 ML,
PCL LA J¢ GCL [/ Bz 2, 1% S84 28 T (1) #5053 41
e NS, BRSNS
IX 2% AR NIBARAE /Mo o 0 A2 A FH B TR 55 L) ik
ABENATIT G, F IR A+ B

W FEARIE, LC #5352/ 1 NA fig #2844 4

15 540 PC W RAD T Bl SR M1 e TEAR S0 45 1
BoR, LC BB R NA 7T 5] /M Fz 2 PC H
A SS T HL AT [ AR AT ML A (8] #2856 -PC )
GABA e R filfL i3858, #2785 NA v /M R 2
(0P S f A U 5 RIBAT AACA NA A] i
/N B J2 1) PE-PC 2t 1t S At iats '), 53 — T,
] CS B 2B T HMIIZ B % 3% I PC (1) SS i F
wah U, Rz, BRI CF i SS i sk,
B e ibimsh ", 3 CF-PC 5 fil £ 33 2
Ae AT SS G EN TR L E K. A ARIE,
NA X} PC B A XU 515 MY, A A4 Al 390w
FOeE R R NA BB CS 33 ™, X i 5
SS i zh M, (H & NA Xt SS 3 3 ) 45 o 4 F 4 L 2%
7 ML A ()4 28 70 7= A6 1) 5 20 40 4 FH BT 48 5 »

BT A 1R NA XSS T80 AL AT 6 1 38 5 AR FH AL 1 i AS B
{7 s P N 7 AR ER X AN AN T R AN
F, GEEATE. WA, BT NA 1Y
51N BR/INIG B 2 PC ) SS T LIS B AL o

1 R E5*®

1.1 SSISENY SRk A 4~6 JEHES I ICR /)
O MEMER ), RE 18~22 g, HIEH MRRZESLIS)
Yyrp o dR AL, Y ATIE S 4 SYSK ((FF 2007-0011).,
SPREATE IR E B YOK, S EIREN
(22 £2) °C, BFEN (55 £ 5)%. Fifg Sl lr il
16 E bR sh P R dr 568, 52 281K 3N AR 37 23 DR
2R

1.2 RB#m  NA W T 9EE Tocris A 7], i
1 (Urethane). UK14304. & = 3£ (yohimbine, Yohi).
W22 9% IR (propranolol, Pro). picrotoxin, NaCl. KCI.
CaCl,. NaH,PO,. NaHCO,. D- % %] #5771 4= &0
4T Sigma A & .

1.3 SEWRPNER RS - ANEUT 20% I



FRIBAREE: 25 HV R B IR Il o2 52 A4 1l /) SR /N B V2 1 B A D 1 A P TR R 3 361

P (1.3 g/kg) EAT IR Fs v S IR IEE , 18 G AR B S i i
W LT8R TR AR (P B ST AR B A B SR/ R ST
g A B BV, R/ Vermis 44T EL4%N 1~1.5 mm
PIFFAR, /N bR 2, B il g X k. F
A T 5 A A F i 31 %% (MiniPuls 3, Gilson, France)
¥ 22 BE i N\ L X A W (artificial cerebrospinal fluid,
ACSF, mmol/L) : 125 NaCl, 3 KCl. 1 MgSO,. 2
CaCl,. 1 NaH,PO,. 5 NaHCO,. 10 D- #%j¥#, pH
BN 7.4, BB ERFFE 290~300 mOsm, J#F M 0.5
mL/min. 7EBANF RIS R, AR 4R
CRTIMFAAAAE B AR IR 4ERFE (37.0 £0.2) °C,
BEAARSES + /N BRUOFH S e TN BRI ek T Sk
U, BT 7% (95% 0,/5% CO,) [ ¥k ACSF .,
b8 Ji5 18 Vibratome 4> [ 2172 30 Y) K HL (VT 12008,
Leica, Germany) il % 300 um JE 1]/ 57 2 5K )
Jr, AEFER AT (24~25 °C) ACSF Hi#F 60 min LA
b, BT H AR B R
1.4 BEERERE SRR ATHSCkiRE -,
TEARSZES « @4l /0 A0 5% PC (AR 2
W BN . A B B B2 14X (PB-10, Narishige, Japan)
WML (HME 1.5 mm) Fi ] e S g,
W BH BTy 4~6 MQ. id S HAR A N 10 pL ACSF,
7£ 54485 (Nikon Eclipse E600FN, Japan) K i€ H.A%
BICSR AL, B RN (Sutter, USA) Hf Hi AR 1%
T2 RN R (150~200 um), $k % PC i, il
RO R AR S PC HIFE RS, 1A% PC KR
BN 0.5 mV LA E. 5 PC R M 24 FE vk
[¥] SS e AR €S 1. PC S I 38R A A
5 N Axopatch-200B 1) i Fr g 7 K 4% A Clampfit
10.4 HHE R4 5 5088 A4F (Molecular Device, USA).
EARSLES - dE T A gH R A EHROR id sk PC HLIE BT
T3 R M (mmol/L) : 120 %% BERESH, 10 HEPES,
1 EGTA, 5KCl, 3.5MgCl,, 4 NaCl, 4 Na,ATP, 0.2
Na,GTP (pH 7.3 ; {33i% & 300 mOsm). ic 3% FL % BH
PN 4~6 MQ, FRGHHAE 10~20 MQ JEFE A, i
M A N Bn N ACSF, HBH$TA 0.1~0.5 MQ. it
SK H 5 ) AR 50 2 35 T P B AU AR 4% (Suatter,
USA), 43l i i Al B T/l 1) GCL (¥ CF) 8¢
ML (il PF). SR 440 M 5 fhc i, e
Ak FEL IS T Axopatch 700B Ok 28 W, DL S kHz
ik 8 J5, Af A Clampex 10.4 # {4, i@ id Digidata
1440 RV - 078 RE R B . A0
SERE H IR 28 M ) A 1 S 50 25 s T I s 1 A 3R

It e JaEAA BT (after-hyperpolarization potential,
AHP) 1) & & 7 M F AL A7 B i — 2% K2k, CS 2
S R 23 () B A s 312 LR 1 T L BE 250 AHP
(MRAE o MR (bR v A A2 K A 1 258 250 B LAxo T
L HI IR LL 100%. CS K/ (spikelets) ¥ H 72
TR AR RIZE 24 )5 4% 100 s CS /NN A
HMIERLL CS M, ARG AT AR 1AL

SIIG BT R IS AG 24  2)VE RT ACSF i, 8
W E AN IR AT 2. AT R AE LT GABA, %
PRFEVERETHE N IEAT R, PIIE I AE IR AT 15 min
7t ACSF # Jin X GABA, %% 44 FH 7 7] 100 pmol/L
picrotoxin, H: ‘& Zj i ¥ 7E & F picrotoxin { ACSF
HREC
1.5 GiitEath R AE F 4 >R ) Clampfit 10.4
AP AT 53 W1 P A B4 275 O mean + SEM.
F SPSS17.0 # A5t B s 347 Ge vt o0, AEH ¢ K
06 A1 B IR 2R 7 22 0 Bt (one-way ANOVA) £ 56 28 (1]
ERRTHEAEREN. P<005HAANEREESR
HES-9'@

2 &R
2.1 FEMETGABA ZHFEMFZHT, NAX MR
FRiBZ & PCHUER & BN HY RN

WATHEF T B GABA, 2 K15 5 PC B K
PE CS 84k, Wil 1 friR, 75 GABA, 32 /4 FH I
7] 100 umol/L picrotoxin fF7E I ~, 52 A1
g WAL, NA 3SR H0 ] CS /N EEECH [ % 1 -
(100.00 £ 5.63)% ; 25 pmol/L NA : (75.17 + 5.33)%,
P<0.05, K14, C], &AM CS s [ I .
(100.00 + 3.44)% ; 25 pmol/L NA : (99.52 + 3.65)%,
P>0.05, K 14. B], &6 ALER, UL
WH T GABA, ZMAEH, NA #ARm H KM CS
B R AT %, AR BE I R 5 B R M CS HITE 3, #7
7~ NA X} CS il /e @ xt CS B BEHEAEH .

A E R CS B B FLATR AR oK 1o 1521,
it —AF LU 7R NA T35 CS F SS &SI 200
HABEAE MU, FRATRA T 8N F 5258,
ik F ) CF % & 774 CS, SR F [ %8 i & CS 4
I, ME SSTHIM L. 7E GABA, %1k
BHL W7 77 100 pmol/L picrotoxin ££7E [} 26 {1 T, HLIA
Hiiid sk PC HTES), [FE A 1 Hz, 5 ANk (5
WO B8 0.2 ms) FY FL ORI B CF, 5 R PC 77 4B
CS, SRR T 25 umol/L NA %} PC Y SS Jil i



362 e 243 Acta Physiologica Sinica, June 25,2022, 74(3): 359-369
A B
In picrotoxin — 120+
control NA - T T
* *; * * O 80A
| “6
g
| | =
| i §
o
< Control NA  Wash
>
Il ©
m —_
1s £ 120 4
i) T
© T
< 80" #
o a0
172
> ©
IS |
o = 40
=)
5ms z
IS
) Control NA Wash
z

&l 1 AEFHITGABA ARG E A T 25 FE BRI AE AR /N i 5 BT 20 B A 1k 52 2% 06 v S 355 3 FRT S
Fig. 1. Effects of noradrenaline (NA) on the complex spike (CS) activity of cerebellar Purkinje cells (PCs) in vivo in the absence of

GABA, receptors activity. 4: Upper panel: two representative traces showing the spontaneous firing recorded from a PC in treatments:
(left) control (in artificial cerebrospinal fluid; ACSF) and (right) 25 pmol/L NA in the presence of 100 pmol/L picrotoxin (GABA,
receptor antagonist). CSs are indicated by asterisks. Lower panel: enlarged trace of CS from the upper quadrangle. B: Summary of

data shows the normalized frequency of CS in control, NA and washout. C: Pooled data showing the normalized spikelet number of
CS in control, NA and washout. “P < 0.05 vs control, mean + SEM, n = 6.
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Fig. 2. Effects of noradrenaline (NA) on simple spike (SS) firing rate of cerebellar Purkinje cells (PCs) in vitro in the absence of
GABA , receptors activity. 4: Left: three representative traces showing the SS firing recorded from a PC in treatments: (upper) control,
(middle) 25 pmol/L NA and (lower) washout in the presence of 100 pmol/L picrotoxin (GABA, receptor antagonist). Right: instant
frequency histogram (bin = 0.5 s) showing the SS events of the PC in treatments of (upper) control, (middle) NA and (lower) washout.
B: Bar graph showing normalized frequency of SS in control, NA and washout. “P < 0.05 vs control, mean + SEM, n = 6.
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Fig. 3. Effects of noradrenaline (NA) on electric stimulus-evoked complex spike (¢CS) activity of cerebellar Purkinje cells (PCs) in
the absence of GABA , receptors activity in vitro. A: Representative traces showing the eCS activity recorded from a PC in treatments:
control, 25 pmol/L NA and washout in the presence of 100 umol/L picrotoxin (GABA, receptor antagonist). After-hyperpolarization
potential (AHP) is indicated by a black arrow. B: Summary of data showing the normalized number of eCSs spikelets in each treatment.
C: Pooled data showing the normalized AHP of ¢CSs in each treatment. “P < 0.05 vs control, mean + SEM, n = 6.
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Fig. 4. Effects of noradrenaline (NA) on electric stimulus-evoked parallel fiber (PF)-Purkinje cell (PC) evoked-excitatory postsynaptic
current (EPSC) of cerebellar PCs in the absence of GABA, receptors activity in vitro. A: Upper: three representative traces showing
the electric stimulus-evoked PF-PC EPSC recorded from a PC in treatments: control, 25 pmol/L NA and washout in the presence of
100 pmol/L picrotoxin (GABA, receptor antagonist). Lower: the time course of the normalized EPSC1 before and after delivery of
the NA. B: Summary of data showing the time course of the normalized EPSC1 before and after delivery of the NA. C: Pooled data
showing the normalized EPSC1 in control, NA and washout. D: Summary of data showing the P2/P1 ratio (paired-pulse ratio, PPR) in
each treatment. “P < 0.05 vs control, mean = SEM, n = 6.
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Fig. 5. Effects of NA on the SS and eCS activity of cerebellar PCs when blocking a2-AR activity in the absence of GABA , receptors
activity in vitro. A: Representative traces showing the eCS activity recorded from a PC in treatments: control, 100 pmol/L Yohi (a2-AR
antagonist), 100 pmol/L Yohi+25 pmol/L NA and washout in the presence of 100 pmol/L picrotoxin (GABA , receptor antagonist).
B: Summary of data showing the normalized frequency of SS in control, NA, Yohi, Yohi+NA and washout. C, D: Pooled data showing
the normalized spikelet number (C) and AHP (D) of eCS in each treatment. P < 0.05 vs control, “P < 0.05 vs NA, mean + SEM, n = 6.
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Fig. 6. Effects of activating 02-AR on the SS and eCS activity of cerebellar PCs in the absence of GABA , receptors activity in vitro. A:
Representative traces showing the eCS activity recorded from a PC in treatments: control, 1 umol/L UK (a2-AR agonist) and washout
in the presence of 100 pmol/L picrotoxin (GABA, receptor antagonist). B: Summary of data showing the normalized frequency of
SS in control, UK, and washout. C, D: Pooled data showing the normalized spikelet number (C) and AHP (D) of CS in each treatment.
*P < 0.05 vs control, mean + SEM, n = 6.
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Fig. 7. Effects of NA on the SS and eCS activity of cerebellar PCs when blocking B-AR activity in the absence of GABA , receptors
activity in vitro. A: Representative traces showing the eCS activity recorded from a PC in treatments: control, 100 umol/L Pro
(B-AR blocker), 100 pmol/L Pro + 25 umol/L NA and washout in the presence of 100 umol/L picrotoxin (GABA, receptor antagonist).
B: Summary of data showing the normalized frequency of SS in control, NA, Pro, Pro+NA and washout. C, D: Pooled data showing
the normalized spikelet number (C) and AHP (D) of CS in each treatment. “P < 0.05 vs control, *P < 0.05 vs Pro, mean = SEM, n = 6.
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X§ PC SS # eCS (evoked complex spike) & 2/ 521
45 IR Yohi LI 7 NA X SS (34245 A [ XFi&:
(100.00+ 1.84)% ; NA : (116.25+3.64)% ; Yohi : (99.72+
1.90)% ; Yohi+NA : (104.52 + 2.43)%, NA F1 Yohi+
NA L% P < 0.05, & 54], [6] 049 BH T T NA %
eCS /NEEFNHIAEF [ X« (100.00 +1.29)% 5 NA :
(75.17 £ 5.33)% ; Yohi : (100 % 3.65)% ; Yohi+NA :
(101.67 + 7.71)%, NA F1 Yohi+NA Lt % P < 0.05,
Kl 5B] LA ek AHP (8] 3k /A [0S 2 (100.00 +
2.44)%; NA:(82.33 £ 5.06)%; Yohi: (99.75 £ 2.14)%:;
Yohi+NA : (99.14 + 1.88)%, NA F1 Yohi+NA Lt #;
P <0.05, K 5C]. bLEgR3oR, AW o2-AR i
PEVEBR 1 NA X CS BFIHIE AT SS 5 s A2
(3 sRAE . R NA T SS {520 nf §E & 22 18
i T CS SRS . A T i — ik X — R,
AT T a2-AR 377 UK14304, 453 2R
A NA B 45 B A [F], 1 pmol/L UK14304 B & 1 3
SS HIEEN [ X : (100.00 = 1.87)% ; UK : (113.77 +
3.33)%, P <0.05, [&64, B], [A il CS K
ANFEECH [ R ¢ (100.00 £ 2.33)% ; UK : (76.19 +
6.31)%, P<0.05, K 6C]H1 AHP [ % : (100.00 +
2.56)% ; UK : (81.70 + 4.30)%, P <0.05, [ 6D].
X LR, NA ] AEIE T 02-AR I35 CS (5 3),
M50 SS V&2, RIiE i #ii| CF-PC 5% il % i 3
5% PC [ SS JHLATI
2.4 B-ARZEENAMESESSHER TR P EY{ER

HHGE SR, B-AR M R fi 5 F A e % 1 5
PC (%4 pE U2, R IRAT M 52 T B-AR BT
7] Pro %f NA 3455 PC SS A HLIESHAE FH 52 . &5
BEIR, 457 50 pmol/L Pro FHWT B-AR Z 4k )5 F
Y% F NA (25 umol/L), PC ) SS#i F 5 H 4 F
NA B & A 322 7 [ 4R ¢ (100.00 + 1.98)% ;
NA : (116.25 + 3.64)% ; Pro: (100.67 = 1.38)% ;
Pro+NA : 112.124 + 2.35%, NA F1 Pro+NA b #
P>0.05, & 74. B], % NA 5] CS K /)
BH [ ATHR: (100.00 £ 2.58)%; NA:(75.17 £ 5.33)%:
Pro : (99.67 + 4.14)% ; Pro+NA : (76.33 + 4.48)%,
NA #1 Pro+NA L # P> 0.05, [& 7C] A1 AHP K48
1k [ %R 2 (100.00 £ 3.00)% ; NA : (82.33 £5.06)% ;
Pro : (100.81 £ 1.77)% ; Pro+NA : (81.99 + 3.92)%,
NA F1 Pro+NA Eb % P> 0.05, K 7D] & H B#E
oM. LA LSRR, B-AR 1£ NA X} SS iE a1
sREF A I AR
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AW 5T 5 LR LT Ve R E R 2 35 4k NA #R X
PC ) CS A #IHI/EH, i CS m/ME%H kb,
M SS AL AT HAT 58/ FH, NA (13X Fl 4 58
SS #i 1 1E F 535 4 a2-AR AT 40111 CS 5% 3l Fl
/N AHP 45 5%, 15 PF-PC 5 fili % 3% Al B-AR %
RIE S G B R 55 R TS5 R T NA )
/NG R J2 I — it A 8 0 PC I SR T IR A4 1,
FW] NA 7] LLE I 38 CS W% 3h RN CF-PC 5 il 36
St HAE PC L PO HIRE B AT AR, X B vl REIE 2
/I B R € R RS 4 U8 9 18 B0 T R B OSBRI AE

AR JEZAFAE T/ 7 () ML, PCL Al GL
H AR MR fR R B LC [ NA e et 47 4. A
NA REMIE LY iz 80t /M 322, Rtk NA 3
INRNS SRNG5S S 5id 2 a4 . ks
B CVRAESE, 7R/ 48 NA PR30 208
IEHOE AR SRSEELR U, I FX R e A
WRFERARNE, $2oR NA L6/ 7 J2 W 2% i 32 2240
il PC (135 3. H 80 A BF 70 A « NA 7] L3 5
GABA BERHMHI AT R Z IR DB SN, XU
W PC B RIS, (ERAER PN NA 6] A
MERAR 3, HEaE 7 A AIIER, RINH
HVEF, BRI NA JE X /N BRI I B J2 0 )
FNDLAF RS N 3R 55 B0 PC I H Rissh s

7E [ W GABA, 2 4 4 T, NA e 5 3 51
PC SS IJBCHRITE B ™, SR 1T B 18 5k 11 FH (B AL i
AtoriEsE. Wik, BATNH GABA, 524k H W77
FHWTOR /ML e e oo st mN G, e T
NA X PC ) SS ¥ 8 BT ML R AN B 2
5 PP EAIZ U 4 BN GABA REAFZ TG, AT
7857 BT GABA, 2R IIMER, RATERM T8 Mk
J& ] picrotoxin (100 wmol/L)** . ZASHIF 5% i £E A4 S I
2k LR BT GABA,, 3244 J /0N 2% T HE 7 NA X
CS W gm 5 %A FH Wi 45 1 — 4, PC 1 HE KM
CS MR EAH LA, RA/NEIEH WA, RN SS
PEAE T HERRAE R, FRATIZ AT AT T 4 HRALE SO Fh 1
5 F 7 FEL T AMPA SZ AR R 26 ¥, KRS
AMPA %2 51 R filf 347 %, 1 AMPA %2 {4
£ PF-PC 5 CF-PC R filifL i h # e EEAEH. A
THRFIX P HAE NA X245 PC R IR, AN
F B RS BGBAEAR 5256, R 1 Hz 5 ANk i)
AR R, RBERL/N RN B 2 PC R CS i
B, MM A AL NA B9 /E AL 45 3R K ILTE
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GABA, R W /7 E R IE LT, PC ¥ CS #1SS
AR AR RITE PRSI0 25 R — 5, B NA Refig 3N SS
(R R L 98/ CS 1A /INEEER H s/ AHP (1] 2,
3), X$E/R CS ML AT RE S SS AFARLAR G, Lk
A PC B H GC #yh5¢ PF LB &, 24 a1k
& N5 BAE K, PF-PC 5 i i BRI A 0B, A
Tl J5 1 AMPA 324, g5 SS IR AE , (Rt
RERZ S SS VGBI PR 2R A2 TR 1 75 EEAT HERR 11
FATMEL T NA X HHI L PF i &k PC f=4: EPSC
MIFom, 45 R ERIEBZ GABA, 32435 3 i ZE Al
| NA B @474 T PE-PC % fili /£ 33, /)N EPSCI1
fMEAE (18 4), JF H i PPR #% K, iX 5 Lippiello
2 WIRTE M 45 R —80 2 5t B {H B I GABA,
K NA 588 %F PF-PC ZRfilfL i = AE M E R, 1M
H XA 4 FH AT e A2 8 S Ak p LI SE e, 25
BRI NA v GEE VG LA T AR #0775 AR
IR A8 5 M J5 B 5 16 (1) AMPA. 52 {4 9 /1> 3t 1
% 55 PF-PC J¢ fih A% 3, ¥ A8 SS 1 T80 Fa A4 26 B,
DRI, IX e B2 B NA X SS [ 386 2 /E F AN 2 3@
ik PF-PC Zfi L3858 5 2 .

CF M Ax{E PC = — AN K CS, HAaH 1
AN BT 40 B 1 B RN 22 AN Ca A R Ik /N AR BT,
AW RN CF Bl PC s s sl N .
CS [ H A A A A2 /0N G 52 i = A= 38 By 5 1 f) —
HEFS, HALEN GBS 55T B’
RPN BEFCAROE, 0] CS Bl R RN B
fi% 3% 0 PC ) SS it ig sh U, WAL, R E R
CF fefig 5l SS HHAT MW, &z ikigsh U7,
R CSIHBNTE SS W ih A EEE XL, kAT
(R ET IR 7T U ) R NA BERS L CS (3% 5, 1R
75 NA b 0] DL i 52 9 CS X SS 7= A= 1 =15 1F A,
NA XF CS 30 il 1 F o] B2 SS 34 5 (1) Ji [K 22—
TR XA B CFAENNIK KR E, 7
CF-PC & filh B B 7 4 &R, AF T 9% fnk )5 e 1)
AMPA 52 4K M 75 & 77 4 CS, CS XX PC [ SS
FEAE—SE R AE R, CS g SS MkEE, Rz IF
SRo FRATI AT BB 70 45 S R NA X CS A il
FUS LR, AT T4 R AR OR NA XSS H am fE
FART g2 T CF-PC SEflfE 60855, 23 Z IR Tk
A, Gl EEOE I AMPA 524k D, CS 72 2E 1)
NEEECH Wb, NIRRT CS St SS B HIEH
gEJLd SS ARG N, T 1L H F UL N X R SS % Bhi
sEAE A B GABA BEfHIHIE T fE a5, RALEFR

Wr GABA, & 15 0L N A BRI ok, RO AE
NA i PC [ SS y&sh ¥ [Fly, b w] DLd ek =5
MMz B R S S AR N, BER B PC 1% HE
T, MM PC X~ AR T N FE R, DA(E
IR BN /NI B = (R 3h % 2] DR

TATHHT IO 45 R B, NA 7] DL IS 3o
AR A2 Al 5 02-AR 4k €S U P, KTk
— P UE] NA 2 5185 2028 CS #2010 SS HIBCRATE,
AW FE T FHWr B 5 1L 02-AR X NA )X Fh 55
SS A CS IsZ M. 25 F 7 BH W 02-AR 78 B
T NA X CS (i fEH], Al SS g st HIH &
(E5), mraaiyhik a2-AR B HELS NA AH[E 45
R (E6), HICS#dmibl, SSMAEM S, H#xNA
XFSS [R5 AE 5 HAMH] CS i3 %, K NA
Al LLIE L 2 CS R T SS B TGS, BRI T
RN A% #ih 28 T8 (1) % 4 4% 31| CF Ko CF-PC Z fis 71,
NA #3546 CF-PC R fili i i _EH 02-AR, #UE G
HEARECZ AN Gilo H, HIHIR T RIMEEE,
/b cAMP,  FEAK PKA BB G 1, 75 R A Al 4 &
PR BVRETBL, A S A i EORE TR 2 R 2D, AT ASE
PC L= CS G sl ", CS ks A% 7 X} SS
AIHIE L, R SS FIS AR IS 2 . A ikiERE,
SS MR F EE A7 T B4 8 & DA S/ FL S (small
conductance, SK) #1 K H, 5 (large conductance, BK)
FEE AL AR B R FE ) PP, SK 2 5 AHP R L, 1
AHP 5 — b 28 50 () s 1 s A7 7= R B UIAR O B2 Y,
AT RN, 1R/ Z 25 B 20 B o0 5 B
A NS AT 51 CS 5K 1 AHP JRIE K, [H
I SS i FE A 28 14 B, 0 ) SK I8 T I 4 AT RE A
AHP e 0E, 380 SS M=, |k CF i H @
/N BN PC R SKE TE A BT FRAIK SS Tl
iz ", Rz, W/ CS BRI AHP R 3 in PC
(1) SS TGN . AHFFU45 R IR NA Reigb CS /)
FEECH Ak /N AHP JRIE, $27% NA XF SS i i) 3
s A AT R E ek 55 CS i B i T 51k SK 9k /b,
P AHP BOfEFESET 3N 7 SS B i Ze, (H2
XA 77 B — P 1 SEAS IR B o

— B R AE BRI, NA X PC 3G 52 L
HilhE, WA SR BRTEN B-AR AT LLG| A4 T
FEAE AL, RN I PR A B S
ARANAL, O R R PR AL B A B AL T A R
(I,), LA K 358 B R AR P Ca LR B2 B 4b,
A OB WoR, 7R/ K JE NA G T B-AR 5] i
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ML i) # 2 TERE i GABA M fii 72 42 1 5% PC (410
FIVER BT, R S B-AR SRS AT LAY /0N i B
JZ PF-PC &btk ', S5 i B-AR IS 1L RS
PR PC S S5 O, TR DR B E AT,
WAL B-AR A PG K H S B0 R BRFR AL,
B faip 2 o B A AL 2P, DRk, BRIt EE T BELI
B-AR X NA 1458 SS v 2 [F152 00 , 45 5 2 7 FH KT B-AR
TEPEXT NA Bl PC 1 SS 345w /E F B s (B
7), 1 H B-AR FHWr %A 248 NA X CS 14
TEFH, FRHI NA XSS 38 5 /F Fl A 2l i v 1 R
fillJ5 B-AR FEAEH, X 4E4E B E Carey fIl Regehr ™!
frgE R —3, XArgE2 T NA 55 B-AR K351 )
BAK, WATRERETHEXR, EART ALK
PR EARI RS B-AR BIXMEIEH, £2TW
JETE NA PERIEE R TE— 2D 5

g5 L RTR, AR LSS RARIR NA A2 a3
PF-PC 7% fil 4% 33 LA & B-AR ) B 4% 2% %5 1F ] fd PC
(1) SS R FLATUR 3G I, &3 /b — 343 ] R @ VR 1L
1) 02-AR Jik 55 T MOz A2 AN A5 B 51K CS 53,
M HI T AHP, ff PC [#] SS iE sh 5k, (HIETE
GABA, ZARAFIERITE LT, B 44 A 5 KT
AR WS E], FENIXFE IR ML T AR 2 2 k%
FE NS S AT ORI — P =, R, A AT
48 SN IR /0N Ao 52 2 B B PR T LR BRI T —
(I EER H i
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