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TR E FOTRTORBBEOERBTH S, T8
BicESY 2 MROBAEE LT, %% (hippocampus)
PEEBEREHEZ LT >TALY, ULPLEHS, B
ENEEREsERIC IO LS ICIE L TH 500,
A EHOTETHS (HT 1985), ZOMBEICH L
T, E 5 o0ONERMEL GhD, Bl MO
BEZOBERD S, DBEELTEBORTREE
HRTEIENBT ONE, B2, BPERRICLD,
WEE 2 O EEERO RS SEIEREOFHICRIT
TEBEBEALCETHE, £, LIERERTRO
g5, BERO=-—v YEHERELT, 20K
BEHEEENS LS 5, B4 LLT BHEOET
AEEEFOCBE LT, FORBEKE,D, AMEE
TEXLEPEELCETH B, FHICIT, BB =a—0 >
OEFELTORER, FFLRADPORAL TN AL
BhEd, chH6ODT7Fu—Fik, BEORKEEIE
HL, BOA-TRET 5. 1 2OFERLTICERL
TLEW, AR2RTHERZRBVL I LKL ->TRWVWETR
Vo FIAE, BEORBEZEOBIEELGAS LT
3&, BlBIUBLORERETRARTATHS, &
fz, BT Sperry (1967) AR~/ B, H5 OFHE
T AEERETHS, £hil, HYOMOHKNERE
TEphic A »E—VEEHCLT, 4 > 7 EHEO¥ER
REBNDBEIBHETEZTE D, E0H2ETH
b, EIBIUHAOF RIS, TOBRMAIORIETT

i3, BNNREOHICES DT SNITOEESEELE
#3 5,

Fig. 1A i3, & OXKO, BEEZETCUHE TS
%, BEOWIOHUAR%E Fig. 1B IKRL ko Ak
#% (limbic system) Ohir A 4HER, BETAH
HEEAE - TV EMBRTENDS, COWMBEORE
i, VoD EARODOTHAL S H, BEORBEE
it POBEATS, HORERE-TWH0T, BE
RIS LAEBBNEEEOERTREL, TE, bW
BZFReviac A —0OL3iC, —BHECEREHD
THBLDHOZHHBEANP LDTERDTHEASS
o BELDEOBRICOVTRT SR, KD 2AK
DOTHERLTESIL, @i, X<aontTns
B3RV OhOBENBH Y, 20EOBARLTE
EBFbh T 3002 LETHARKRK SN,
T, BER, BN TEEEEOTNTERESHDTR
72, BBEMEYRFLD—20BENLBEEE UTHE
SHeNnBHOTHS, +NTE, BEICLELSEIESY
EHT I, FANHRBESIUSTRENNE
EXNBDTHEAL D

AT, ¢35 ULBALDS, BEEDLE UALERE
WEORREFE L, THEAGEEL LToBEOKE
ZHTH, CORIHTHE, WRICEBT S LTP BLT
LTD OEHOMEERAL, AF Lo FBr+
FROBBICOWTELITHD, BAORLKENRE
13, HEBIFEZHOERICXD, LTP OB B
By F S ANBEOREEIMFELLRKINILCETH
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Fig. 1 Looking at the Hippocampus. A) Weigert-stained coronal section of a human brain
{original in color). The arrows show the location of the hippocampus. (From Nauta &

Feirtag 1979) B) Thionin-stained coronal section through the hippocampal formation of a
human brain. The two arrows indicate the limits of the CA 1 field. (From Squire 1986)
C) The principal excitatory pathways in the hippocampus. (From Collingridge & Bliss 1987)
Abbreviations : PrS, presubiculum ; S, subiculum ; DG, dentate gyrus; CA 1, CA 3, pyramidal
cell fields of hippocampus ; Sch, Schaffer collaterals; comm, commissural fibers to area CA1
(commissural fibers to CA 3 not shown); pp, perforant path; mf, mossy fibers; fim, fimbria.

5o COBIFIL, MHRLGERE ORI RSN S C
EEFDTHBICRLZADELTHEEEN S, BE
LT, BREROBEERB ICRMEFRE & OMK
ETLZEBOBhIK>VTERT S, 35K, BER
EEEBID S OMmBEIY Y, TEL v EBIT 58
EBO@BXITOD0WTELTAIY,

II. #&ickiy3 LTP - LTD

Y+ FROREHEE, TE - FEORMER L UTHR
BRSAELOMRINTEEORTH, BEICEY 2
E Hirses (Long-Term Potentiation : LTP)Y OB &I,
HELOPREOERPHRALTVEF—<ThHb, &
72, EBME (Long-Term Depression: LTD) O®%
&, BREBOTHREINTW 5, BEEE (1990 4£9
) €, 4¥TORBTEETIOCNELERNOA
WAELBENTERLOT, ZLEHFLIBMALEL,

1) LTP & 5H%

WBEA OB A NIC S O SEE R (tetanus)
EMZ3 &, BEH Y7 A %EL (EPSP) BRI
Fiehi->THAT S, chd, BEOHIRE (dentate
gyrus) iICHE W T Lgmo W X D 1966 FLILEHE X N1,
Bliss & Lgmo (1978) XD H L BEI N LTP T
bb, COHERE, BEOCHOHEHBO Y > T ATHEE
AN b, iz, WHRE (entorhinal cortex) LOERE
@ (perforant path) 45 BRR[E © BN MR (granule
cells) K#ED v+ 72 &, [AEl CA 3 8D Schaffer {lik
(Schaffer collaterals) & & (F3dfil CA 3 B DA
(commissural fibers) % CA 1 FF&E{AHHR (pyramidal
cells) WWlES v+ 72N, Be—REKHEINTOS
LTP 0> 254 Th5 (Fig. 1C), LTP OIEFIIH
%, Fig. 212R%, 10 Hic 1 EIEEOMBTF X MK
5% C EPSP 2RET 5, oS EERR &+
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campus. A) Left Panel, a diagram of the posi-
tion of the stimulating (S) and recording (Intra,
intracellular ; Extra, extracellular) microelec-
trodes. Right Panel, examples of extracellular
and intracellular recordings. (From Kauer et al.
1988b) B) The initial EPSP slope recorded
extracellularly is plotted against time. The test
stimulus was given every 10sec. To elicit LTP,
a 100 Hz tetanus for 1 sec was delivered twice
separated by 20sec. The stimulus intensity was
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o
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doubled during the tetani. (From Nicoll et al.
1988)
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Fig. 3 Associativity of LTP. A) A single neuron is shown receiving weak and strong
synaptic inputs. Tetanic stimulation of the weak input does not cause LTP in the pathway

(compare the EPSP before and after tetanus).

B) Tetanic stimulation of the strong input

alone does cause LTP in the strong pathway, but not in the weak one. C) Tetanic stimula-
tion of both the strong and the weak pathways together causes LTP in the weak pathway.

(From Nicoll et al. 1988)

Hz THREE) 2522 &, SIRRBLUHRATO
SO H T, EPSP Ok 2 EE T 5 &
HT & 3, WREl O BRI » & O BREHE (mossy
fibers) #% CA 3 FF#EAMIRRICIE S v F 7 RIC B TIL,
BRE® CAL ObDELS RUL > E D LTP s
24 ThRDOVTRBTHTARANBZ LK 3,
CA1l BXUMREcEB} 5 LTP OB HEEE K
3, AJ1EEH: (input specificity) &, #&#: (associ-
ativity) TH 5, ANERE & 3, SHEBERH = =20
ey 7RCDH LTP BREBETEENH T ETH B
(Dunwiddie & Lynch 1978), ¢ O¥HE I, ASEZD
fo v+ P AIAICIRRE L7-ZE{tds LTP OFRTH 3 C
ERTRET B, Fi2, 2ODOANEIC BT B HEEH &
i3, WPTI LTP 2 XRWFOAHDL, BlOAH
OESAERIB & FRICHIBREZ D 7 & 2 iC D &8k
NBENHTETHS (Levy & Steward 1979), Fig. 3
ICRT LI, 1D0=2—1 yBFHHOAT (Weak) &

WO AT (Strong) 2ZFTVWEELES. BOATO
EHEERN T TR LTP i Uisw (Fig. 3A), @
ANORIEIFE G EEZBE, COvFFRICE LTP 3
50 ANBEEICLD, BOFHOYFFRAKRBE
L35 (Fig. 3B), L L, WiHDATICEEERIE
2Mzi 5L, BOAHDY+FRTH LTP BETH K
5icti 3 (Fig. 3C), AN#Ri L AR, EEOE
BRICHENBEFTORBIBICHEL TS LS ALk
T, BERETIHETH S,

2) LTP oERiAE

LTP @R, K& 3DDOBRBIATTEL 5L
E 53 Tx % (Brown et al. 1988), & 1 Bp5I12ER (in-
duction) OBRETHBZH, hid, LTP #31xEcd
DIHBE—BHEOEERT, R, ThERHNEZ
HDICERT 5o DY (maintenance) O BE 86
{o # LT, Bi&EyE LTP ORE (expression) OB
ICE5S,
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A Normal synaptic transmission

GLU GLU

[:] l Voltage - dependent

Ca™ channel

Voltage - dependent
Ca** channel

FEBECOVTH, BiroNFRESHEOLIY
T B (Collingridge & Bliss 1987, Gustafsson &
Wigstrém 1988, Malenka et al. 1989 b, (14 1990),
ZOBE IR, ¥+ ABED N-methyl-D-aspartate
(NMDA) Z2HKF » A VORBEBEABENTH L. V57
RAREK D S SN fEEWE (L-glutamate 5 L1Y)
»# NMDA ZRARERLT BRERBICLD Y57
ARSI RAMET 5 &, BB TR O NS
Mg iC & 5 F v # VOFAESRER S h, Ca®* MRHIRN
IKHAT S (Fig. 4), ZOBEEN LTP KRARTH S
ZEO 1 DO, NMDA S5Ak0BRENIIERA
T&H 5 D-2-amino-B-phosphonovalerate (APV) 43, ¥
FARGRCBEBESZTIC LTP 2HET 524 Th
% (Collingridge et al. 1983), Z D4 FBHEIC LD, &
1T~/ LTP OFAUSHETE 2. fio AT
BEERMEMZ 3 C &0 X o TSRS
BOEOhNE, BOAHKH LTE: Ca®* OMBENR
AMHEEICIE - T, BAW%D LTP $ET I3 TH 55
{Kelso et al. 19886),

i, CA1 D234 2EER (K& b ¥+ 7 RAOBEE
ERELLEIIMOB LR 2HVAC EICLD,
SF P RGO Ca¥t B3 — T AL LTP spz
XA EBREINTIHS (Lynch et al. 1983), Male-
nka et al. (1988) iI, Ca?* %% L — b S¥ 7 nitr-5 (4
ANEEE T 5 & Kb {EH 1450M »5 6.3uM i
ELLT Ca?* 2T 2WE) % v+ 7 AEBMiRICHE
ALT Ca** BEAMINEEZCEikD, EPSP A5
KT2ZEERL, B8-C, LTP Bl s 29
W, Co® Beh v FeAtntvde—d L TORYE
BIUTWBEEHITEMNTELS,

3) LTP oRHICHTS 3 >0

ZNTH, ZhicsnT LTP OoRBER T 56883,

B During depolarization

»
f

Fig. 4 Model for the LTP Induction in the CA
1 Region of the Hippocampus. A) The events
occurring during low-frequency synaptic trans-
mission. L-glutamate (GLU) is released from
the presynaptic terminal and acts on both the
NMDA and non-NMDA (Q/K) type of receptors.
Na* and K* flow through the Q/K receptor chan-
nel, but not through the NMDA receptor chan-
nel, due to Mg?* block of this channel. B} The
events occurring when the postsynaptic mem-
brane is depolarized, as would occur during a
high-frequency tetanus. The depolarization re-
lieves the Mg?* block of the NMDA channel,
allowing Na*, K*, and most importantly Ca®* to
flow through the channel. The rise in Ca?* in
the dendritic spine provides a trigger for
subsequent events leading to LTP. (From Nicoll
et al. 1988)

EDX3BLEDTEE I, BERHMS, TOMBIKE
LTid, #EBROHIEINELBONTOVEN, X
{, LTP v+ FRERKRED v F 7 A HEER
EEDLNEH.LTP O L ORBIC OO THEAC LT
ZOPEREI LSS, BEAZHEE 0. LTP OFH
DOERIEDNTE, BT LK, v RE
MRERTH 5, chizdl, REOBBIBELTHRE
K3D0FMBH-T, BT, ZmigidThs, F10
Hid, v RERAEEEED, WREEUH ORI
BOSEMT 5 EA2FRT S, FL2O8IE, Y7 RE
HWRERL D, EEWHICHT REMSHEKRT ST
EEFETD, B3O, oMt sET
2b0T, RUZEIEETAHET S ARE 655, it
it, YF I ABBOFERERTIHLH B, LTP
WS BIREISREXT 203 L, 2CTH, 3
BT 28H2ENREFNRAT A ELOHD 5,

4) T REMRERIES

BEAFBEZRULELLT, 2O0BRREEESEN:
(Muller et al. 1988, Kauer et al. 1988b), &5 5%,
59 bDCAL1DRF A ZAERERNTNE, Y+ 7R
B O HEE v SR ORESICE, 2EEO L
glutamate ZREF » R0, T2bH NMDA R
NMDA % (kainate/quisqualate) D53t LT A EE X
LR T 5 (Bekkers & Stevens (1989) {Z & - THEIFHS
Bohi), TN OOEBRTHE, JE NMDA SRE&OER
¥¢ % 5 6-cyano-T-nitroquinoxaline-2,3-dione(CNQX)
% 7213 6, 7-dinitroquinoxaline-2, 3-dione (DNQX) A3
RSN TOEY, COEETFTS LTP oFERIIEE
N, LTP ZE C ¢ HEEL, Mg™ BE0%
BABE L &BTFTIRBNT, EPSP © NMDA &5
(CNQX OBEETTHERSIN, APV ti-THEIQ
3) K3, —BD 5 & 2 ARERFEL A MIcE/LD
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Bohlipot, £TT, 3 NMDA B0 A8E BN
WHRANLESE LTP 8475, #HolER L.
Kauer et al. (1988b} {2, ZOREMERKNAT, Ko
L7247 o EPSP OS2~ BUER
HBLTWVW3, &L Lglutamate O BRIHBSEM LS
2%, NMDA - 38 NMDA Ol FORMEFEKICE
{LEHBERTFTCH L0, LOEBRHEER YF7R
A AREESIC I ARRERTH 5, LA, Y72
BRI B 2RI OBKIC L » TEEZIRAZN
%5, L L, 38 NMDA Z&A&EERMCTERLT 5
IO UBHEFBENT -7, FIREKERERTHEL
D BEHEER LB > T B,

5) ITEB I LT protein kinase ONE

Davies et al. (1989) {3, CA1 © R 54 REXRKE
T, 3E NMDA SZEED 7 =X b (quisqualate &
7otk AMPA) 2EFNKBRERBHTRETS LK
D, v RBERORSHEL LTP Kik-THKT 5
ZEERLT, O, LTP B3% 1590 B/
BNERETES, C— s RETIDIC2HHGINS
LD, BT, COBIEYF T RFREEEOHEES
BB > TED, 208K Y F 7 ABERERDBE
PEFLEJROTELTHS, L LZOHETE, ¥
BERT LV F S ABMEEEZNUATOZEEROREH
SEMTETOROOT, COFER PRBIORAEH
LAY

Kauer et al. (19883a) {3, LTP SR BOENK A
2oDBEEEATENS CEEFELTING, Thil,
NMDA % glutamate ZBANCES LES, 404
VANTRETAHERIELDBONTNE WS ERICE
BT %, LTP OFERHEBIIL, ¥+ FRFHREK
DOBRHENEHORFBABELD,D LTI, 20
HED, §RO X 5 ic JE NMDA 254t BRI E
HITBEEZLLELTES, L, NMDA O
R TREREAD Ca* BESTSR EB SRS
Do TR A EETEI (Malenka et al. 1989 b),

Malinow et al. (1988) i3, protein kinase DFIEE]
T#H B H-T % /212 sphingosine F o At ic inz.
THL &, EPSP OERB0HEBEETHE LT LES
oEERHELTHE, TOMIK D, protein kinase B
LTP WlET 2 ENHSREREREHD 128, +OR
HAERTERGBAIDL XS5 K-> T 3%, phorbol
ester (protein kinase C D EEH) itk »T EPSP ©
BAMBC BN, COYF AR LTP &Hrid
OTHEDLEVIEZ DB, Muller et al. (1990) 12,
A¥rho H-7 Iz & 5 EPSP OREY, SHEERNCES

a

300 Intracellular

200

bt
>
=1

o}

E.p.s.p. slope (%)

400+

E Extracellular
300 i

200+

100 Shataghbbtbbet - e < 22 = s mwn o emm e n
—15 ¢ 15 30 45 60
Time (min)

Fig. 5 Effect of Intracellular Application of
the CaM-binding Peptide (CBP) on LTP. A)
The magnitude of the initial EPSP slope in po-
pulations of cells recorded with microelectrodes
containing either CBP (190 #M, open triangles)
or the control peptide CTP: (190 uM, filled tri-
angles). Tetanic stimulation was given at time
0. B) The initial field EPSP slope recorded in
the two populations demonstrating that the LTP
was essentially identical in the two populations.
(From Malenka et al. 1889 a}

ZTORBORBHTLECD 5 2 L L &RLT, LTP
DOFBICHT S H-T OfEHRETELTW 5, H-T
% sphingosine |3, protein kinase {39 % iR HMK
VWIAK, FIRELEHEBROELSIERAL T E0H
REETH %, protein kinase OF SOV TERTEIC
i, LTP O OBRBRERTI200EHEBLT 5 L 5
REBRBEESL DURETH S,

B, COMBEANREEREINh>DH 5, Malenka et
al. (1889a) i, calmodulin OEHFTH D Ca?*/eal-
modulin-dependent protein kinase I (CaM-KII) &
X3y vBESERNCEET S ARTFF (CBP:
ICso=90nM) %, CA1 B#AMAICEAT BT itk
D, H-7T A LT & & LR LTP OEHREE
720 Fig. BA {1, CBP @ EBIIKEET S L 31,
WRAEERT LTP SHEEINLCEERLLLDTS
3, CBP ORDbbDica vy ra—BHOXTF F (CTP,:
ICeo=170 M) 2R/ & &3 LTP 8495, Fig. 5
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Fig. 6 LTP Expression on a Pair of Rat Hippocampal Pyramidal Neurons in Dissociated
Culture. A) Plot of peak EPSC amplitude against time. The arrow indicates the time at
which the sequence of tetani was applied. The straight lines through the data points repre-
sent mean amplitudes over the time windows indicated by the horizontal positions of the
lines. B) Control pre-tetanus histograms of EPSC conductance. The filled circles represent
a binomial distribution fitted as described in the text. C) Post-tetanus histograms. The
filled circles were caleulated from the distribution in B assuming an increase in p, with N
and a unchanged. The dotted line and the broken line were calculated assuming an increase
in N and in a, respectively. An accurate quantal analysis must take the fluctuations in the
miniature EPSC size into account, as expressed in the second term of the equation for v.
This variability in quantal size has been shown to arise predominantly from variability

within a single bouton (Bekkers et al. 1990).

B3, ch&ErRICHRIs TR LI EPSP T, mHD
B&l LTP BEBERIDSB3CEEE=4—-1Lkd
OTHS (FREPIESEE LTV 3RO RIS S8R
iz, LTP BEL TV 3), & 5iC Malinow et al.
(1989) (I, FRkOFRI XD, Ca?/diacylglycerol-de-
pendent protein kinase (protein kinase C: PKC) %*
BEACEET3ARATFFE2A LT, L& AR
LTP O ESE LR Lz, L d Ih o oRERI,
FTiC LTP PR T » T A MiICH U TR A572
Motce i, EHA(L PKC ZEEEMEICEAL T
b, EPSP O#RMB LN 5L 0D (Hu et al. 1987),
PUrtomBRickb, LTP oFRIKEE<, CaM-KII &
PRCOMEET 5 v+ 7 ARMBRTOBESTREINS,

6) T+ RATRKICEH

Wic, ¥+ FAFRKEBERS Z BRF 75, Skrede &
Malthe-Sgrenssen (1981) OER TR, WE CA1 DX

{From Bekkers & Stevens 1090)

5 4 A&z D-[3H] aspartate (& + 7 2 HIHEKICEY
AN T L-glutamate Db DI & 3) R
BL7:&2 5, BREENBICE- TEORBROHEMDS
¥ b7z, Dolphin et al. (1982) i1, WETD 5 v b
DOEEERENT push-pull 1 = o — L 2B %, [*H] glu-
tamine X D FHI2IC SR XN [BH] glutamate DHH
R~ LB, LTP OFBROKI K HMinE BEL
720 X 5ic Bliss et al. (1986) i3, BB ERRT,
HPLC 2#H\THEE glutamate OBEELZNET L &
KLy, LOBREEBER L, ORI, Mosy
ZRERFTOFEISAEERIL - THYL T, REUE K
D#KE LTP tOoMOREEEMBTHHIL RIS
WS N T B, THRBESRILT R, LTP ks
glutamate OFHBOWINL, APV k-~ THEXN
BT EIRENTLS (Errington et al, 1987),
TGRS - T, REFEREAV2 >0 LK
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#HagHEN, LTP K5 EEHEORME © Rin H)
5T - 72 (Malinow & Tsien 1990, Bekkers & Ste-
vens 1890), & LcEEBNTERSPKBERICBN
TChETHRETE-HBHRE, —=—o rBE8HOY
FFRBEOIARK, HMBERERICEDhAEVERD
BERTH EBE/ 1 X088BEM-LCEEE D,
BOEFHOS y FERTEOAREIESB LIS S,
BAORMTCE~ v+ FROBEFNEEHNE-T
HBEDORAZ 42 LT OREBT BT, BE
BITTR, BEERE (1 orF7rRMNERIEE S
EEGEORTAFOR) 2EEETIHEOBREIE
R TH DL EEFESTNT, 3 2OEHUPHEEN S,
Ehit, RBEOREN, RESHHINIERp, ¥—
ORBEHTEIERORER (P F 7 RBEHOK & X)
aThb. ChoDEPBNT BT &, ¥+7 2K
BROPRSETCEERKRT S, ERICBERINE VS
7 A% B (EPSC) O n BXUSHEvE, =
BEAEPERETLE, ROLESIEINS Bekkers &
Stevens 1990),
m==aNp
v=2"Np{1l—p)-+a®*Npel

T ZC em 12, miniature EPSC OB SHERTEH S (BL
{13 Fig. 6 DRBABWO C &), Malinow & Tsien
(1990) 2, CA1 O 274 X ERIZ BT, AikER
BETHENEHE p & LTP OB TR TE0 &%
Rl MBS0 RBOLE B AR OERY
LTP OB THEDLPTRZEZRBE U, ¥ 5T Bekkers
& Stevens (1990) i3, MBI LR T 1R
FTEHZ &KL, EPSC OBRAHEBIHAFRKE TR
THENIHEREETC, pOABENT S EEEHL
7o Fig. 6 A i, EPSC ORIBOMHEELETH LIS
DT, BHEERNROKK LTP 289508 &, BELY
BR|BOESEREC ENTE 5, Fig. 6B & Fig. 6C
2, ThEh BEEIMOREETO EPSC 247
B Y AOHRINTHSE, FRACESOCHEL-BS
AT v FPERTVE, Fig. 6C KBLTIE, poO
HAEEINL I EE L& SO0 MEN, BHEH
FEHEABL TS, PLEOERIZ I BEEY Fichbi
> TRETHD, b okfilRfloFsbgiiTn’
b TR, fE-T, LTP ORJKIL, FELLTv+7
REEKEETH S LER LT B,

LTP DREEH (expression) MPEFPEKL O
KicHBR oM, 77 AgMiicE UABREE (in-
duction) OERE LT, 20BH % v+ PR FKREKE
THEMEELLLIRHE (T HETHEL v ey

Ve EER) BEALBTHLENELNEY, 2D, B
MEL LT A vV —DHHIN 3 E TOBRE
&, FRETINEZUR- TSRO BREEL
SHLZBEOHFHFBSELRLE, PTHEA v TP v —
EVFFAEREICE R S &, 20750 T LTP 8%
BTEOKAID, 2. COA v Ty—i3, B
BRr—EBRHIhAE RV O, £hEbEEHEE
{maintenance) OEHEMIICHHB IR TRESEY
O, THUHBECH LT, 40 & 2 A PBEHE
434 b 75 1, arachidonic acid {3, A v €Y
y-D—BEEINTELY, ChEP¥BTHALESE
Bir L5 EPSP oIELSE LB, £ LT, LTP 2EC
XBRVEBEOEHENR-EA DY B &, arachidonic
acid ZROLBIW - B ELEHRSERE &0 5
(Williams et al. 1989}, ¥ A RTHCRREFER SR T
Blepicld, COXHIUBEEOHPR TR, LTP
RREROBHRICERTBA vV v~ OFENREND
THhHS,

PERT& Ik, FHELTWALICELSER
HEOARHTEBSEBEINTO S, FitR 54 AE
AOERTR, BECARORS, BIURMBESRE
DBBOIERSH S BEND 5, FIAE, BERECE
SOQEDERIST TN, BISHOBEE/ILORRIE
HETH B, SROBBICHZELID,

7y CAZ i3 LTP OBl

CA 3 BFFHAERE, TR 2ENOBINICER -2
REBERANERG S (MEEERBESOANILLS A
1§ 1989), ¥ 1 i, BB oS0 CAS F#EERL
LOES - ATHBHE (associational-commissural fibers)
THhLCNPBER Y+ 7T RALBOTR, B 1H TR
O L EBITEEEE -7 LTP 8595, B20 A0,

C ERESLOBTRBE TR L, ZHDIES en passant

MOV F 7 20%, BRF (stratum lucidum) OIE FEHR
FEREWCAET ZH, DAVIRETELOSDER
18T 5, FTHMEBILI, BES 5m Yk
bHBERUIKREREL L~ T 5, 35K, NMDA
ZRENPMOMDER & THANIC P S, E
NMDA ZAREBKHES % & H T S (Monaghan et
al. 1983, Monaghan & Cotman 1985), ¥ 7 2T
45 EHIC, ERIGHE (mossy fibers) D&+ FRATHDS
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Fig. 7 Interaction of mfLTP with the Presynaptic Phenomenon of Paired-Pulse Facilitation. A)
Paired pulses at 50-msec intervals were given to the associational-commissural pathway while field
potentials were recorded. Left panel, LTP for the first pulse; Middle panel, paired-pulse facilita-
tion expressed as a ratio of the two pulses normalized to the control period before the tetanus;
Right panel, Sample records taken before and 15 min after LTP was induced. B) Paired pulses at
50 to 80-msec intervals were given to the mossy fiber pathway while whole-cell recording was per-
formed. There was a clear reduction in paired-pulse facilitation during mfLTP. (From Zaltsky &

Nicoll 1990}
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DEBETIIE S (Fig. TA), L L, ZOBEDED
5, LTP MHEREREBRETICLBTEL,
EL <&, LTP 28 paired-pulse facilitation &I I8K
BETH A EEZIL TRV, —J, miLTP
T, T OFMRT paired-pulse facilitation ORDEHE
DD St (Fig. 7B), COBWERLE ST, mfLTP
DREH Y F T RARAERTEH &, HOoUERLT
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5D THB (Ito 1989, fFEE 1989), WAL BLTHE,
THERERZHWED LTD PEEIHL TS, 22T
3, heterosynaptic LTD B X associative LTD &
BhEBEERSH, COMBEOBRRELY LR
> TV, B8 LTD 08T, WEski -«
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Fig. 8 Associative LTD and LTP. A) Schematic diagram of stimulus paradigms used. Conditioning
input stimuli, four trains of 100-Hz bursts, each train lasting for 2sec. Each burst had 5 stimuli and the
interburst interval was 200 msec. Test input stimuli, four trains of 5-Hz shocks, each train lasting for
2sec. B) Time course of the changes in population spike amplitudes. Inset {top) shows the stimulus
patterns for the test {(T) and conditioning (C} inputs, and arrow heads show the time of stimulation.
Single responses from the conditioning input {open circles) show that stimulation elicited synapse-
specific LTP, independent of other input activity. Single responses from the test input (filled circles)
show that out-of-phase stimulation produced asscciative LTD (ALTD), whereas in-phase stimulation

elicited associative LTP {ALTP). (From Stanton & Sejnowski 1989)
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