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AP E 2 A& P hEdRt < & Piriform A % 2 associative fiber-pyramidal cells
* f§ 2 spike-timing-dependent-plasticity # . 3-4 i¥ ~ & .12 halothan frp 14 12,
S OLETER, 20 {8 #-T0 % % 12 B~ 41 3 2 vibrotome sz & 3 Piriform A B F 2 G iE 5
g AR S R R R E 2T 1b & v e associative fiber, I ¢ * 3 w1
Cs-gluconate or K-gluconate . t&i% 2. T #&, 7 IR-DICKifikcdt 6§ & sdpsl ™, ¥
pyramidal cells ¥ whole-cell recording. Picrotoxin 4% 4c » 32 % %2 (4 1 "% /%) "
4 fe %7 GABA-A receptors. #% i 5 - 4% 4R associative fiber-pyramidal cells % f§
associative fiber-pyramidal cells % ff =i# #3514 4 50 uM AP5 4 » 32 & & ehif i
T 313 0 EPSC 2 reversepotential % % OmV, ¥ ¥ H =54 7 4% 10 uM DNQX re
%r, &7 .4 AMPA receptors 4/ 1 ® 2 AMPA receptors # it ¥ it ¢ GIUR2
subunit 2 3. gt ek A2z 10 uM DNQX re % AMPA receptors =g 2 7, 515 2.

slow EPSC it #% 50 uM APS fe &7, k2 7+ §_d NMDA receptors 4 /i . Associative

fiber- pyramidal cells % f§ <0 LTP ¥ R = fljkcfe & 2 R (s & (T 7 st is,
4 1] 5]);? 5[7? =9 i* P ﬁﬁ% T 1* 1;9:' ﬁg il KT‘JB:“;‘F'& i/F‘ J > 20ms.
¥ - , associative fiber- pyramidal cells 2 f§ 7 LTD # R ff & # (T T bt

fe & L R Plgcis e, H3lg i L RFEHrd -2 {EE
PR AR 50ms. @ # 3% LTP & LTD, H 31% % 5 NMDA receptor dependent.
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Abstract
The object of this study is to character spike-timing-dependent-plasticity at synapses

of associative fiber on pyramidal cellsinrat Piriform cortex. Rat aged 3-4 weeks were
used. They were anathesitized with hal othan and decapitated. The forebrains were
quickly removed and brain slices comprising piriform cortex were cut using
vibratome. A bipolar stainless steel electrode was place in layer 1-b to stimulate
associative fiber, and patch electrodes either filled with Cs-gluconate or K-gluconate
based solution were used to made whole cell recording from pyramidal cells under
guidance of IR-DIC microscopy video. Picrotoxin was routingly include in bath
medium to block GABA-A receptors. We first examined the nature of synaptic
transmission at associative fiber-pyramidal cell synapses. The EPSC evoked in
present of 50 uM AP5 in bath medium had reverse potential of approximately 0 mV,
and was completely blocked by 10 uM DNQX, suggesting aAMPA mediated activity
with its function dominating by GIuR2 subunit. In addition, slow EPSP was also
evoked when 10 uM DNQX was included in bath medium and Vm was clamped at
50mV, the activity was blocked upon application of 50 uM AP5, suggesting aNMA
receptors mediating activity. Long-term potentiation (LTP) of associative
fiber-pyramidal synapses was induced following pairing presynaptic stimulation and
postsynaptic spiking. The criterion for LTP induction isinterval between pre- and
postsynaptic activity has been less than 20 ms. On the other hand, Long-term
depression was induced following paired postsynaptic spiking and presynaptic
stimulation. The criterion for LTD induction isinterval between post- and presynaptic
activity has been less than 50 ms. Induction of both LTPand LTD are NMDA-

receptors. Furthermore detailed cellular mechanisms are under investigation
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enim?e $#54] (Collingridge and Bliss, 1993) o . i% % e "R 38 - R ff & Hends &
—%i’ PF T Ay € BAERTR AR Tt B ARAR K B e § (Iong-term potentiation;
LTP): ¥ - 36 » U ¥y - VA PR MIE S nfgts > A2 R
F#r#] (long-term depression; LTD ) (Dudek & Bear,1992) - iE 3 2 3 © 7
B3F 5 1 G E B % 4o hippocampus 57 CAL % ff ~dentate gyrus £ perforant % jf ~
AL ®RM...E > LTP &2 LTD 514 22 glutamate - NMDA receptors 7
R (Colllngrldge& Bliss, 1993; Bear & Malenka, 1994 ) - % 5 #f 5 ] jkiE 42 ¢ > d
AR W 2 4 2. tempora summation & % & = R {8 e SR ek B 2 R 8
@ %1 <~ £ NMDA receptors ~ = £ 44+ p ok ~ %2314 LTP (Collingridge &
Bliss, 1993) c ¥ — = 6 » A £ PR & MO 5 e i AT o RIS
temporal summation s ¢ > & % R (S e R en F A R A R
¥ NMDA receptors~ #i > € 4F 3t + p jn~ #2318 LTD(Bear & Maenka, 1994 )
54" > Bienenstock * & 3% ) 1 om (modulation threshold) =z 4 (f§ 5 : BMC
theory) & it R @ Fra 3 B2 84 - %‘53#; BMC theory » % & f§ o e & it
BRI we ik B o rompF > RIZR B E 2 s B R E > 7
FALLTP; F 22> § RfF# i Lav g RP 1S e ek iAo 30mie &3¢
OFF » PIZZRfF 32 »ciy & 55 B B drd] » 7% A 4 LTD (Bienenstock et al.,
1982) - d ** LTP & LTD 31w {4358 % b — ¥4 S it > e LTPS LTD
7 # % homosynaptic LTP/LTD -

‘0 homosynaptic LTP/LTD ¢ » LTP/LTD » # u,‘{g@ - TR L fe
E LR e e RIS e A 0 35487 8 0 LTPILTD A4 4L 5 associative
HWHD°¥W@@%ﬁ%“?W{ié*ﬁwﬁ'%%ﬁﬁWQmwmﬁg
2F S R AR e R it o Bl - B R o e R R B
Hh- g R LAPRENY - RORPE 18 TF LB GuR f\ﬁ%@%‘rF
514 associative LTP (Harbely et a, 1983; Yang et a 2002 ) - Associative LTP/LTD
A T ILA R E R MO S 2 R {2« £ en (LTP) &) £ (LTD)
Rff s mrergz 2 4Rit @ 514 (Gustafsson et al., 1987; Ngezahayo et a., 2000 ) -
P BT 7 BT 0 Associative LTP/ILTD » # i fie & R ff v end | e R 18
e 2 BT T niE A S o i A (TR E RS BB i
&) ehAe? o R ol (FEPSP sl ) AL E 1P imensl g o Bl Y
FeAap RGP E RGP ER DB &1 RFE G FEa R e 4 1755'\?&
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FeR] R @ o RAR g e /TJ'KFYDF LTD ehg 2 o F]ptigfd g3l 2
associative LTP/LTD 74z £ & Spiking-Timing-Dependent- Plasticity (STDP) -
STDP"i?f%éé slAcsF A R BFmy A & v ?#%f—*if‘*iir’éf;—' R B E Y BA
Fa Y el TR TR TN A 12(%\ B ,“E%’bﬁ# e BT 5 himie

| (Bi & Moo, 2001) - ¢ » HiTawT 3 o & 3540 i gkt (Song and

Abbott 2002; Song et al., 2000) 229 % #icdy k7 (Foremke and Dan, 2002) ) R
F STDP+ it Bit#d (5 B s 7 & ¥ £ § £ B4t B - 4 e R

A (synapticrearrangement) ] o
Piriform cortex &_¢ %’W‘é wor s M AR A TR B 0 A L 2 rodent 4
EcE B - = 2T s NN N (Nevllle& Haberly, 2004) - A= A% R oT
Te ke FiL2EEY e F{w B 2 v {7 5 > 4 odor discriminatione ¢t *F > Piriform
cortex » A % ¥ ﬁng % A 2 slizure 2. %3 o i3 F B Piriform cortex % 2
1 B #4422 homosynaptic LTP/LTD * R FHmcd Ty o Ra F R ALTE T
2 STDP 12 % 34| a8 7 R 19 4p % 45 £ 0 A3 4]en % - & 2 % PI4Hs e 3R
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214 3-4% 2 SD.& k2~ B4 2 haothan # %8 (5% in pureOz) Frpsie o
TS L ETER 0 Bk g A n - H L S e B 300um Bz b2 B oo TR
piriform cortex $% 4 2_ %G & F PeiE D * o Arg e B iEARIS A K4 (4C) o
ACSF (artificail cerebraspinal fluid, * 1 %%+ %g%) ¢ &2 2> mM 47 »
NaCl 119, KCI 2.5, NaHCO; 26.2, NaH,PO, 1, MgSO, 1.3, CaCl, 2.5, glucose 11,
% 05% O, +5% CO 47§ L AFfE T PH=T.4 % 5 § o 2 (58008 #2030 ° 1%
3348 2@ ACS enhinterface chamber ¥ > 1-2 /] P e 2 {87 % & # | recording
chamber » £ 12 visualized patch 7= ;' ¥+ CALl % =7 pyramida w*z i* whole cell
recording -

Lt k7 B¢ > 100mM 2 picrotoxin #-4c » ACSF ? 1 fe g4 4, o
#4& (bipolar) > 7 44k 117 #2c E 2 Ib & 2§k associative fibers ; o *t i
4 ihaf £ 4p 1) > associative fibers synapses £ 7 paired-pulses depression st
Fl A AR R 3M NeCl 2 ssze e TR B 30 AT T T 1R 2 1D A
ek field-EPSP> 2_ 18 12 3% pathway #_% £ paired-pulses depression =i {4+ & rrzd
Tl 8 anit fadd o 20 {8 13 2o 0T F &% (MM): K-gluconate (115), Hepes
(30), EGTA (0.2), NaCl (8), Mg-ATP (2), GTP(0.3), pH=7.2, 295 mOsm =z patch
pipette T whole cell recording; % & ¥ pyramidal cells 2. whole cell recording 2. {5 »

#EFd D7 & associativefibers, 0.1 Hz chfi # e A EF 545 L h
baseline EPSC & » 2 1ms> % §c3 & 2 currentpulse fiw?e 518 8 - # v 7 =
(Action Potential; AP) I ® i & 12 R ff = §) ,,%r 4ot £ BB & EPSP-AP(51% LTP)
& AP-EPSP(31% LTD)60 = » R IE 454 » 2 (4w B A # flig > ¥ 36430 &
4s o 2\ 12 CED micro interface (Cambridge Electronic Design,UK) % #p R dic %8
(Signd ) kg it I fEP-2edk2 T 53 PC P i 2 45 % - EPSC eh
peak amplitude 5] £ 15 > #-baseline #8 4 L 351 1t T 35 5 ¥ #-5 EPSC o
peak amplitude i& & & i ; LTP/LTD &3+ % 5 paired 2 15 ¢ 25-30 » 45 % » EPSC
Z_ peak amplitude T 54 & i 5 - fp 77 Z» %A 2 APV (NMDA receptors
antagonist) 2= ACSF » & % > 1A i a5 58 314 2. associative LTP/LTD 4_%
% NMDA receptors dependent.
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3 i g L%t Piriform cortex % 2 associative fiber-pyramydal cell <7% j§ i@ H 45| F
#3731 o i * 12 Csgliconate ¥ 4 K-gluconate 2 QX-314 (¥ p Nachannel
blocker) 7% &% > 12 %2 { voltage-clamp 32457 ;% 7 - Vm clmaped %-70mV £
2 0.1mM picrotoxin §= S0uM =7 APS 4 % fe & GABAA & NMDA receptors ik
£ » §]% associative fiber ¥ & pyramydal cell 314 EPSC (Fig.1) - EPSC =
reverse potential <~ ¥ 5 O0mV ; ¥ EPSC activity ¥ 4% 10uM 7 DNQX re %7 > &
o+ v P E_d AMPA receptosrs4f- /i e *f 7 #-Vm clmaped #.50mV £ & * 10uM
mDNQX re % AMPA receptosr 2 ¢h > B &% (£ 4 4p i A5 T > 1 g associative
fiber ¥ % pyramydal cell 514 $iz low 7 synaptic activity iz B activity ¥ 4% 50uM
e APS e 7881 U i H_d NMDA receptosrs 4 /i sive o 1 P 257 &% 1 A

Piriform cortex % 2. associative fiber-pyramydal cell 0% j§ » 2 @ H § 5 d f#3xn
# glutanmate - * glutanmate ¥ F p# it * 3 AMPA ¥2 NMDA receptosrs -

AT k& 4R associative fiber-pyramydal cell % f§ < STDP 34 - %12 0.1Hz
s Frid 5 *t associative fiber-pyramydal cell % ff 514 ¥ 5 4 482 48 2 s baseline
EPSP activity # » 9 i (7 EPSP-spik fie £ 7% 2 (F 64)— = » £ 100 {1) © 4o ]
Z T 0 BfiR & %éﬁ & {& o dofie & i 47 0 EPSP-spik BF enpF F £ 0] 3t 20ms
PR Bl K € LTP 314 » H 35 B T35 5 basdine EPSP activity 5 165+17
% (Nn=12 m?2 ) X @ » 4r EPSP-spik & epF EF £ + 3t 25ms 12+ —“‘Ff BUECEE 33
RfH @ Eora ey (LTP=103+8% ; n=11!m% ) 3. R AER &
% SR 18 OR TG Foanay e ¥ T 25k p >t whole-cell recording ie & 5 B i %

H% o FlL AP R esrEA Y serid resistance £7 input resistance & I8 4
ﬂw_ PP e sEARY PG I R B aRTR A  RdnE2 15) U 2 %
FRF R PR TE c FRP R E R BRI AP 2T 50u|\/| 1
AP5 (i ACSF ¥ & R &7 8=t > 311 EPSP-spik F enpF F £ 5 10-20ms % fie & e
KA P FREFFET > L8P EFHRFER Lo (FebriEizd serid
resistance £ input resistance st AZiE R 4sE2 15 P2 R %) F&Y
LR & 57’55'7‘ TR isom R @ i greg (LTP=101+11% ; n=8 ‘m
'z ) Bt d EPSP-spik fie & 15 #7514 2 LTP 5 NMDA receptor-dependent -

F 2.0t 0.1Hz end e & >t associative fiber-pyramydal cell % f§ 514 £ 5 &
4 2_ 4% % s baseline EPSP activity I'éé » 12 {7 spik- EPSP iz & ¢% 31 {5 > 4 spik-
EPSP fF chpF ¥ £ - 3 50ms 12 o B[ ¥ g )3 LTD &30 » H 33 & T 52 5 baseline
EPSP activity 7 70+12% (n=12 e ) o #Rm o 4o SPIK-EPSP B copE B £ & 3t
55ms iz o B K & R FE B Eoaka mwig (L P=99+7% ; n=11 wm* ). k¥
B oA ey 5 4 50uM h APS cn ACSF © & it {7 S =t » £ 12 spik-EPSP /¥ e



PR LG 1529Ms G b e AR HRFEET 0 A TR P EFRFER Rep
(ZiesriBfe? seria resistance ¥ input resistance s:c % # 46 Jr 4o E 2. 15% 2
FER)F &Y TR & E K (s ¥om R Eana e (LTP=102+11
% s n=7m% )> kg d EPSP-spik fic & {& #7314 2. LTD 7= £_5 NMDA receptor
-dependent -
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1. associative fiber-pyramydal cell % j§ eni% % §_12 glutanmate i® % neuro-
trnsnmitter » ¥ pF T % & AMPA ¥ NMDA receptosrs.

2. associative fiber-pyramydal cell % ff 7= £ 5 STDP e | $ LTP 515 @
= > EPSP-spik F¥ chps B £ 2 ] % 20ms 12 5%+ LTD =131 % @ = > spik-EPSP
By f’?’ﬂﬂ* B AR % ] 50ms.

3. % LTP & LTD - 2 351 355 NMDA receptor -dependent -

T é’% Piriform cortex % 2. associative fiber-pyramydal cell sh% j§ & E £ |4 e
g % - 1k (Harbeley, 2003) » 4 3+ 4% % &1 » associative fiber-pyramydal cell
£t r?; e AMPA 22 NMDA receptosrs #7411 2. B & 304 o gt ek » R332
% 7~ & ;= AMPA receptosrs ”Lr&-*{-f 3R 2 reversepotential ~ 5 OmV > I ¥
EPSC e~ [ &2 Vm B enbd 2 %1 & 3 s A R8T > 2 R 2 AMPA receptosrs
& % GluR2 £ subunit.

Makaram * (1997) £ Magee & Johnston (1997)% & 4 » B>t A FH & 5 w
CALl % z pyramidal cells #riaci @ 3 Bgor » R 2 BB R AR B E5
AR FREFREF PROPITT T AMROGE REZE R R G L
¥-hE B fi}r"k mlz'f;ﬁ_r ”{ﬁa BE +wmds (T G A s AR Hp f‘f’li‘a e m A
2 #r3) e long-term Potentiation (LTP) 5 5gie (T 3 IR > 4ok i & r’v’mriﬂj{@ s
BT AR B EL T RIS TR G E oL el e A 4 AT ih
long-term Doression (LTD)-fid & Ren = @2 2 ff i wmrew ,mﬁa TF (=2
B & Tl 2 £ R @ Eona et g RA S T spike-timing dependent
plasticity | - Fgﬁg_a "STDP - STDP &g {8 e 3135 % SREE L b A B
%28 F“i’ > % St (Bi and Poo 1998; Debanne et al., 1998) ~ ~ &1 ;% & F (barrel
cortex) 2 *gi& 7 (Feldman 2001) ~ ~ &ARA & F 2 & # (Foremkeand Dan,
2002) % o STDP s FAk3l3 » EPSP ¥ wmés (T3 =B enpr P £ (timing) &
AFERNTFE - {HLTPhA 2 A 3 > d BL 435 5 RBORPFATET -
A § (timingwindow) + § % 20ms; » ,T}ﬂ—\f_-ﬁ." ,,_51’;\ i Az P > EPSP 4
A gds (T g w20ms 0 AZ 31t (timing window ) 5 ] 0 LTP 72 & 2 4
31 o m iz B HcE ¥ A7 7 4 Piriform cortex % 2. associative fiber-pyramydal cell
DR DEEPE - R o HLTD A 2 @3 > 2 § BRLDIELTPA A o
Eﬂ?; EAREH > T 5 5 20ms (BiandPo0,1998 ) k@ 0 7 3F S AR AR
LZLTD A4 e £ 2 LTP < » ¥ i 100ms (Feldman, 2000) » # 2+ 3%t
associative fiber-pyramydal cell éh% ff it % 5 50mse &2 2 5 4p i+ & hE_ >
*33 % % kgt STDP 7 % Z_LTP & LTD &_N-methyl-D-aspartate (NMDA)



receptor dependent c2 o 7 © IR H chE s wmEs (T T AR §ovkehd i A
ﬁvmwm,ﬂw*wﬁjﬁmﬁﬁmﬁi’@%@ﬁéaﬁﬁﬁ%—%?%
NMDA receptor #5 it enif it o FI € HF T TR PR E + wimd (TF
BELROLTP®S Vi bk @R fﬁ;‘gﬁg Falg » %] 5 NMDA receptor # 75 it
37 % 27 % (synaptic plasticity ) » DLTP 2 % g 8 oy enk 3 dr
(long-term depression; LTD ) » it & ?}tﬁl’% m:a‘_ & 7]% (Bliss & Colingridge, 1993;
Bear & Maenka 1994) -

d P4 STDP e 3 vy wimd (v 3 k- B4V R Rffic wie v
FHAL G BREOR LD L BAEL S R w2 f\ﬁﬁxﬁﬁéﬁéﬁ}i (7 & 23

AR ) o A e B ERLEEY g 0 STDP + & - BT
j mzd Elmre o g 14 :rﬂﬁ— me%‘-F'“ p\ Pap%};tﬁig B A ;]uj

et
|
%fi
=
=
>
)

(Bl&.POO,ZOOl)o

g STDP § 4ot enE R P lgF 14 - 37 S AP M enE R RAED B F 340

s34 STDPEZE L3 fmiE 2R3 M STDPF 7 < § a2 2 ca it lw
2os B P awty e 350s 5 CAL R fF ~ Barrel cortex (h% ff ~ visual cortex
IRFPEFE O Fl - BFEA £ HR AL STDP £ - B+ 04 + g% i 30
RHF2ARE A Fh RUAEF L AR ? AP R R BRI
% Piriformcortex % 7~ £ STDP> * H &34 7" 2 H 0 | 5 R ffApe= & o &t »STDP
AP E- BAIAARRBIGE L PG OR ALY H R A e
d et AP L AR F - B R L AP IEH B A he p A
PR (T AT TS AP RS2 (R B I KN E R B el T
Foo AR BRI APARENL R AR L KR R
Piriform cortex ¥ 2. associative fiber-pyramydal cell % jf -» STDP #2 5¢ -
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Bl - A. associative fiber-pyramydal cell % f§ enid % 1@ # 3+ 4 . Recording #_% 2

0.1 mM z_ picrotoxin ¥ 50uM AP5 2. ACSF ¥ & {7, I % Voltage-clamp mode
22i¢ * Csgluvonate = & #&:%. ALl EPSC amplitude & Vm 2_ i = B], Note: rev
erse potentiadl 2 i 0 mV. A2, }+: H=Z37 F Vmi3lgz EPSC;, T :3% EPSC #
A 10uM 2. DNQX fe#r(Vm=-70mV). B. ¥ - m*2 & 7z 0.1 mM 2. picrotoxin

22 10uM DNQX 2. ACSF ¢ i& {7, ¥ R ;% associative fiber 514 2. Slow EPSC
4% S0uM 2z APS [ %7(Vm=50mV).
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interval = 35 ms
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EPSP-spike
interval = 10-20 ms
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Time (min)

B, STDP-LTP A, LTP ** EPSP-spike (& ¥ £ 10ms) fe & 15 7 s 4451 5. B,
EPSP-spike p¥fF £.=35ms tfie & 2558 @ 2 514 LTR. C, & % FIpEse it 1 & 32
BEER L LN ERLE

Note: fe & 255 P £ @>25ms &, & LTP. D,

(X-$h) 297315 LTP 4 ) (Y-3%) M f4.

t,i—.b
.“ﬂ' had
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