Effect of Carbamazepine on the Induction of
Long-term Potentiation in the Perforant
Path-Dentate Gyrus Pathway in the Chronically
Prepared Rabbits
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¥ OB M (long-term potentiation, LTP) ORBICHTAHATANAE S A VIIEHELEEE LTHWSORT WA
B v v (carbamazepine, CBZ) D3R LA L1z, $E 2.5~3.5kg DHEORAE RIS AV, BEHERT CRER
SEC X T, —QlOoBESERECEEEE, ERRCHNERYEAALEEE S V2R L, LAMOREHMECE
B, EHROEBMEH T TERYT o/, ODIHBESE L THERERIBY (0.4~0.8mA ORIBERE, 0.2~0.5msec DL A
B D T 30sec [IfE) 1T T, BERAM 7 LERFREBR Y+ 7 ARBAN O 2 BER —RERGEZ E&E L.
Wiz CBZ % ¥EWBEYHE % (pharmacokinetics) Id &3\ T, EFREOMAEE T Sug/ml ¥ BEE LicBEBER L
10pg/ml 2 HEEL LERRERO 2 /T THIRNFEFEAL, 005 EB/RICHE T 2 X 2AHIE (0.2~0.4mA DO
WHE, 0.2msec DUV RIE, 60Hz, lsec) % 34 FIB T3 Ein%, LTP ARET o0 EI 2B Lir. £BL LTERER
TIL LTP BRI EIA D30 L+HRRRTHLO0B I —ELiEh -k, BREFTRELXMHEh. Zhb
DFREFE CBZ »° LTP RRwx L THBKREMICHEER2ETH Z L 2RET 5.

Key words carbamazepine, long-term potentiation, NMDA receptors

EFEBEAM (F 22 AR CIP2RE.R Y > T AEED
KROEFGH o HEBRITERBEM (long-term potentiation, LTP) &
XN TEY, —o0EEEELW Ly 7 ATEY
(neuronal or synaptic plasticity) & LT X< &b T W 5.
LTP R OHFCR BT L OBMENTREEATEH™, Thb
DEBER A H =X LD—DDEFNELEL LR TV B,
X bz, LTP 13434t (afterdischarge) ¥R LW BEDT
WTERRARIBIC L OFERINDLN, TALADEREFAO
—DTHBFVFY VI Tinbb (BEHEBERTHATFERA
FIMOREI L - THEUB TAPAMRIGOEITHER] OB
i, TR TR LN RENE Y- 7 AGEYHERDOHEM
(F v ¥V v 7HEHRMHEME, kindling-induced potentiation) i,
LTP LB LD TRLL T2 £hT, LTP X
TADPADERA =X A LHEL TS LELEZHRTY
5.

LTP RBHEHTHES L Abh, ELXLTPRIVE I v
BEZBEDO—2DH T 2L 7 THB N-AFNL-D-TANRFTF v
B (N-methyl-D-aspartate, NMDA) S&&DEME(LIZ L ) HR
ThBZEHR—RIZHLATNAY, ZHIZBBE LT, Jibiki
HiX NMDA ZEEORERIETH S (+)-10,11-Pk Fr-b-2 F
W-BH-URv Y [a;d] v 72e~?F w5104 3 v ) v
((+)-10, 11-dihydro-5-methyl-5H-dibenzo [a; d] cycloheptene-
5, 10-imine maleate) # '\~ T, NMDA Z&AE O EM(L 2
LTP O+ v VY v/ ERMEHMCEET A L2 8E L
TAB™,

FRSEEI2A 2 HEAM, FRE6F 1A 5 HZE

=k, BADHTAD»AECHIENRED LTP KRETH
BAGERFEIRTWS . FlxXiECBE L TRIATADAE
DIEFRBFYELBNT, BEAZFA A A% T LTP
DRERBIEXTSD 7 =« =+ 4 v (phenytoin) DR %2 K-
TR, ZROBUERTATFETCA»ATH T AREN T
HTCADAETHD H L A< E LV (carbamazepine, CBZ) %
AT, RHE Uiz LTP 3T 53837 LTP Off
BT 5 RR Y &z Kubota 5™ OFRNADS. FEED
BRI B LT Jibiki B Dovr =Y F =) (haloperi-
dol) BT HWHRARLD, PV TAFRF Sy, LEDF,
AEBRY F—=, AAEY FigkD LTP ORF e\ LIERE
T AR EDFRND BV, ZhbDOHRITEFR LD
FiRE PR AL E 2 2 U ¥ (calmodulin) A EME OB ST
BHEKERY BT B LR ¥~ v (dopamine) & D #H
PDicERETHHI LMD, ANLETL ) VDRV -0t vHEED
PR LTP OB LRI LCE0BES T 1Y
BT A0, ThhTVw3Y.

LIATIhLDEYDOHRT CBZ 1 ERD L > 1nfekiis
HTANAETH DD &L DI, TETIIER S DRLHH S
RPN EORMRESE OBE, BCBREY D BEOREL
KOLEH (mood stabilizer) & LTHEH &, MERHSHRIE
BORMERIC BT HEELEHO—2THB. TKE, <
YADAS A ARBIZB T CBZ 28 NMDA THREIhE
BREEN LD?, SBLELTYADAT L AERITE W
T 1.25~10uM DO{EEE D CBZ 8 NMDA THER Iy

Abbreviations : CBZ, carbamazepine; DMSO, dimethyl sulfoxide ; EPSP, excitatory postsynaptic potential;
LTP, long-term potentiation ; NE, norepinephrine ; NMDA, N-methyl-D-aspartate ; PS, population spike
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BRI L, —F 100~200uM OFE#EED CBZ 12 NMDA T
FRINLCBRSBLRELL® LOHERDD. ZhboHE
wkiné, CBZ ix NMDA & KN TH2HRLELLTD
LTP DRBICHELRITTILEATFHEINDN, ZhE TR
EE® Kubota b OBFELSC L, LTP BEKEH TS
CBZ D#EREFEF LIcHRIZR Y bisy. £ TRHFET
12 LTP 1283 55 T A 2 A BLHBHREOSHRIZE T 5 —
HEOWGRE LT, 20 CBZ O LTP 0RBRIBIF TR &R
B, EHROBHEAETORRLY BV TR L.

MEELUHE

1. BB & U MRS

{kE 25~35kg DHEOHARRE (Z#5 KX, ) 15F%H
WEBREITo7n. RV FAAEZ—AF ) T A (30~40mg/
kg, *v 72 —n®, xq R, b, KR OBBEAESCLS
B, 1% DOIERRY Va1 v ORIRET CHBFENR 2T -
fo. EBRHPIIERE LI 7 e =y 7R E~ (HK, BR) TH
FEL, 1 ¥ —H—AEH k-7, Ridge® OMRFECES
&, BIIH (bregma) 2 5FHEMYT 6mm, BM dmm & L AR
Imm, B dmm DBLYFLFAFHRERY 10mm DR
WRYHEEBCHT, BEREYBEH L. H1wrRLLS
WHRBMER 1~2um, BRER 1~5kQ & v 72T v/
EEBLER 04mm OFEERGRBESRD —>%—f L L
THADEMEPIRER UBE L, WEMEERSY 05mm
ZHEELTEBEL X — BT, MER~S4 7<=t 2L
12— (%) CTHEL 9AE/E 6mm, B 4dmm ONEOWE
BEREDOHROE L DERACKERICRIA LI, ZORAZEE
BT RbbilBo L ADBMEY 0.2~0.3mA, L A%
0.2msec & L7z EY, 10WMROBRRFM CHIcA D L
X »THUSNAREN (field potential) DRISEE VC-10 »

Skull

P

Neocortex

Fig.1. Experimental schema. -CA,, CA, and CA, show
hippocampal regions. Fim, fimbria; Gr, granular cell
layer; Per. P., perforant path; R, a tungsten recording
electrode ; ST, stimulating electrode.

EFV—FveRa—-F (RN KR 7,4 A%, 0.08-3000Hz;
HAXRE, B5) dzhie#fE L XY va—2— (BHE
B, B3 T 50~100gm OB IFIHERLE LI bT, B
2R I E B EHDMMMEE (phase reversal) DA BN BE
UARREEFAE LY. ZORMOFEBEER» HOEII
3800~5500um (4394 £457um, FiHE LIERRFEZE) ThH-1.
RIZD 5 —2OREHEFRLHBERLHEL H» BARUHS Imm,
Efl 4mm ONBOBEBEER L Y RAL, ZOBETRIZH—
EBREOERERMAIT, WREOLHEEE» LB LI DRIE
BEBELL)L, R4ADE EEORBRER LICER T
BEXREBONGECEBOI AP EESR LAE L. 0%
AL OFBEFE D b D 1t 4100~5500um (4653 +367um, E
ELEERE) Th-7%. FABCESEHHENICTEEREE L
TAZY 2 =5 EBBEYEELL:. ThOb0RHBREVINE
BIECICEM LIS B R A v (P —v—, ®
W) THEBCHEEL, BT 1 2F8 L. HEI4EED
EIE ARSI, SRR, ERROBMEG T TEREYT o,

0. fHiEseER (1)

FT, avie—AELT, RRIBFED > HD 5P,
CBZ # 8 X¥/cWHBEDY A+ 1 2L k+ v F (dimethyl
sulfoxide, DMSO) (RIYCHHIZE, KER) © L& BIRPIFEFEAL,
WEEBRLT . ODICHBERE LTERRY — T OB
EETHERENMLEREC BT AR ECORIGEYEEL
7o, TOBRAD > THEFBOFBEEYE 2 (RLEYBE
L, R4ADBEBITRTTEL, 05mV LT O HEE/ NS L
SEA A1 7 (population spike, PS) & T i &T+ 5B %
DELSBEEN v - 7 ABENM (population excitatory postsyn-
aptic potential, #£4& EPSP) D& &, A B DS IZE]
Z\CCTHBETABHRIBMED S s BERE — iR REIGK
BT I 5 RFIREE Y Z ONBIEED DD —EDFIE
BEL L., ZORBDSF A — & -1 0.2~05msec OHEF
T A, 0.4~0.8mA ORIBERE, 30 (0.03Hz) TH -
7o, Te BRIGUE L DATII00 IEFHEE (averager) (A AN
B AAVCTLAEYMEY S L CEHEBLGE L. REH1L30
SET, TONOEY 0205, EIEO—EHE DB
BOC X ARG AL, B OI0HEITHIBEAE » 4 Bigic
B2 TCEORIGBEOELYBEEL, Whd b AN —H i
(input/output curve) Z{EE T2 1 DIRFx T - 72,

Wiz CBZ %4 ¥ Is\ WD DMSO 0L 2 BIRPIFFEFTIEA L
7o, TOH%, A5kl BUKBASE THW O LR L~
ERRE O BRA M CIUNERB T 1.

wIC, BREEFERSEVHBGRET, LTP #RE 2w 5
T T & X ARIBE BRI . —RET O T & X A
BMTIRLT LD LTP 2B TERLVOT, ZORBIT 3HH
FRT3EROELIL. ZOF 2 RARMDAT 4 — & —13,
0.2~0.4mA DF|BEEE T, 0.2msec DAL ABOEHE T,
60Hz DREH, | HORIMKEE TS -1z, 72 X AR, 1
BRIk Y BORREZ CHV D L/ U—EHE© HIEH
BAET, TOFRBEOI0DHEIRRIT D AL - iiRFERDO
DOEIERTT -1,

M. LTP RHF(cHT 3 CBZ OWRICEIT 2HE (R 1T)

FRICHZ A, ¥E LTP ORIFIHT5-CBZ ORI
TAREBRY{T -7, CBZ IXAERFAHA F— (FB) X vtk
2ZT. FERI-EARE, IDCRHBRESELTV, K



Laminar analysis

"
1000

2000
2400
2800
3200
3400

3600

3800

4000

4100

4200

4300

4400

LRI

{QOmsec

Fig. 2. Identification of the dentate gyrus in a laminar
analysis. Responses in the dentate gyrus show a phase
reversal observed simultaneously with insertion of
electrodes into its gyrus (4000 um depth). When elec-
trodes are inserted downward still more, responses reveal
the second phase reversal (4200 um depth). The width
between the first and second reversal points corresponds
to the dendrite layer of the granule cells (usually 300 um
width).  In the present study, the recording electrode was
always placed at the depth of 50 g#m above the second
reversal point, since the depth is presumed to be situated
at the basal portion of the dendrite®. Arrow marks, single
shocks at a constant intensity (monopolar square pulses of
0.2 msec duration, 500 A, 10 sec stimulus interval);
numerals, depths from the cortical surface.

CBZ ## 5. L7z, CBZ 3% DMSO B8 LIk ik T
ALtz EFIKEE [steddy state (i~ DB O A& & 1My
R DDHERENR— LD, MABENA—-FL-RRk
&) ] © CBZ MARE L AEEHLDIC, RICHIIEHE
CBZ D¥EMEREFME M (pharmacokinetics) 12 ¢ » T,
CBZ DB 5. (single injection or loading dose) & & IEA
#EEBIC X AEFFE A (continuous microinfusion or infusion
dose) #BfH L7z, BERSELEFEARL, —SE T
(one compartment model) 12 & AT TR 7z CBZ DOWkLE
FESE # (rate of elimination) 0.0073min™' B X O A &
(distribution volume) 1,140ml/kg & X hIRE L7, BEE 5 &
FREAL, TAThEROERIRL 0TV, HHEEACE
KN A A% (Z BB, BR) 2 (A L. CBZ Dk
BEL~E, e b DTASAKRBICEIT S CBZ O&% M h
RBECELEDC, EREFL Sug/ml (n=5) %, SiEEN
12 10pg/ml (n=5) ® B & Uiz, CBZ #IR PISSii iE A B
B, £ ERBCASECHI ) NBERETHGZOERL
—EREDOERERM CRICEEH LT - 7. CBZ EARKE
4055, HERT LABRCEBEICH 7 2 X ARIME L.
ZD CBZ BIRMNFRIEARLS & VoMM, BEESE:
Z v FRTD CBZ 75 + — (plateau) #E A CBZ O#¥IRA
FEABRGUNTERIND? e &, FORDO—TREDH
REBIC L2 RICEOCERMM & LTD209 285 LTk
o, RIZ, T2 2 AHEHE, LTP ORBR 22 57051 1 B
bR VBUORBREETHCAOLA L —EREDOBRENM TR
INEEHEEIT, TORBEOI05BEIIAN— H Mg ER D
DOBRIERT -7, ERETH, BHRLL~) vALE LK
EHEBTHEM L. M2 Iml & Lz, MBLEBIAHR
#0# KUBOTA KR-20000T (K REBIER, BE) K Tl
Bt (3000rpm, 10min) L 7%, —20C CHEREEE L -MifEs
CBZ oimrhigERMiAEE Lz, CBZ D ERITE LIS
HAEEETHS TDX 7FF34F— (X4 F Ko NIKTH -
7.

V. RERDOER

RISHE DI 7z » TRK 4 ADRK FB O BRI AT
TEL AEDIMETE L BRI OWTEDEESR 1 7D
& & 4 EPSP OAE (mV/msec) R JIE L7z, F72, W
R ET 2 R AHPKED 2 OB TR TR ER A —H
WRIFEO S DBREOEFO205 B0, T LTHEED L VIR
CBZ D 5B ORI TI1405 M FHEP O &L D205 KD,

i
ae i k015-% DR
Fig.3. Histological analysis of experimental sites. Arrow

marks, the perforant path (white) and the dentate -gyrus
(black). x86.0.
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FRFN—EREDOBIFIBIC X 2 INELY L 0@ G
(EBEORIGE OBULA0E) OFEE A1 7 DIRIE L E4 EPSP
DRAEDFEHEY, FEROMBILEOMERI00& Liz -+
vF-CICHBELTEL, £k sR(LERIE L.
V. BAEBEROFER
FERRTHE_OOHBMERCERBEER T > TEOEMRIAE
PESEE Lo, Mk~ ) VEE L. 0%, MK
ZLl, =y ANVEEI L > THEBEARFHL, R3KRTT
LEBREERECHBMEENRA IR T ERHRL
fo. RV I AT VREHONBIILORMBEEDO—D L LmE
FHXTRALICZ ENBHRETE 2. ZhbOBRHFEHIRE
12, Ridge® DN S L 1° Shek 52 D7 +F S ARERLT
fTo7z.

VI. MEETERAT

3B, TRHbLbLERERN, RBREN, L (BEORORED
BT, 8 A1 7 OEECHES EPSP OAR DR — £ v T —

A

Baseline recording

*

Y

After vehicle injection

)

After tetanic stimulation

\ 0.5mV
T 0k

10msec

COMANEEEYRET H2DIC, Student D t REIL L b
AT 21TV, WTh b ERE 5% DT 232 ER &
L7z,
K #

I. XERSRER (BB )

1. —ZREOHERBC L5 RIGHEOZEL

K4 A1 BIDRRT — 20 b BEEO—ERE D BRI
I & B EERENC B4 B RIGHE O RIDE, B EEOE(L,
BLOT 2 R AFBEOE{L LR Lis, RIGEITHRIEES X
OBEREHTILINRO 2 & RPN IVERASSM 2 L2
NEHBUEBEMLBRD, Zh5ORSDOKRE ZIIHBEL
BB LUT & X AFBRTOASBDOEETTIRIT LA LB
ieinoto, S HEFETHREE RO TESGR 1 7 D
&3 & 04 EPSP OAE IR BEHFEX100& LT, hi¥h
88~113% (103.2+£10.4%) ¥ X UF 85~113% (98.8+12.7%) % 7R

B

Baseline recording

*
T

After high dose CBZ injection

'L\//\_,_

*

T

After tetanic stimulation

*k I 0.5mv

1 10msec

Fig. 4. Typical averaged responses evoked in the dentate gyrus by single shocks at fixed intensity to the perforant path in one
rabbit each in each session in experiments land I. A. A typical averaged responses in experiment I (vehicle solution group).
Arrow marks, the single shocks (0.2 msec pulse duration, 400 zA, 30 sec stimulus interval); *, population spike: Dotted and
solid lines in an uppermost response (Baseline recording) show how to measure the population spike amplitude from tangent
across onset and offset of spike to the peak of the spike and population EPSP slope (slope of the leading edge of the first
component in the response, mV/msec), respectively. The second and third traces show the responses after vehicle injection,
and after tetanic stimulation, respectively. B. A typical averaged responses in the high serum level group of experiment I
(CBZ serum level of 8.5 ug/ml). The first, second and third traces show the responses during baseline recording, after high

dose CBZ injection, and after tetanic stimulation, respectively.
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Lz, 722 ARBHEINLORTDOEL VB AN A LA
LTP DREFENE U, R LEZOBAOREIIERICL H b
EOEBRR LI, SHLETIET 2 R AFMBORLTES
AL 7DRER X VEAS EPSP 0 GAEIX, FhFh
119~219% (156.4 £39.5%) 35 X T8 125~160% (138.8+18.5%) %
AL, Student @ t BME L, WHBREREBEBPEHBTIZES
AR 2 DOIRIER L UES EPSP OB L b EBEZEIZH -
o, BEBSHRET 2 X AFHMER L ONBERE T 2 X AH
BB TIL, FRENRES AT 7 DIFES L V4ES EPSP 0F
Bl bEREORMNLLA (p<0.05), HICHBLHE LT & XA
PPk TS EPSP OQJE TRVEEREN A bh
(p<0.01). W5 AR ZDRBRERD 5 flE&tcD LR — x &
¥EISST7TCRLI. R6ARRK4ALA—FRORIGEDOE
BHARL 2 DEFELY 757 CTRENCRLIELDTH D
8« ORBIC L ARIGHEDES AL ZORBBIIZDL 57T
bh B LS EEIZIIN A DB L.

2. AN—-HIHERETOEL

K 7ARFD L FIORFOERD AN —H IR I BEL
AR L. BB ABMORR - HIMEEY, MEEs R
N 7 DWBERLCS. HBEFCBTH S5 7 TRT L
51, PIBGRE Y BT 5 LES R4 7 OFIBIIBREAC A
Lz, 722 AFBETIE, B4«0FBBREC L - TES A
1 7DWBINBEFREERBEZLIEALTAROR, 20
75 7mbd LTP ORENEBICE L TWBZ &L ibnsb.

I. LTP RBRICHTIERERD CBZ OBPR

A

2001 2001

#e K

100 1 100+

L

1. CBZ ofFEEL <L

Sug/ml % HEEWC L7oEEERO CBZ OmpEEOER M@
L, S5PIORERT, 2.2~33ug/ml (2.85+0.40pg/ml) TH -
7z

2. —EBEOBERERBIC X B RIGHEDOEL

SPDFTNTT, EBRED CBZ DR SHOBEITIZES =
4 7 DIEIRER L OES EPSP OGN RBES L ST
LY, ThEh 85~113% (97.8+£13.0%) = X U° 85~107%
(96.2+9.8%) HiRL7z. —J, 7% R ARBBEORITIZ, 5
Blh 2 BITF &% X ARBED LTP RELAMEII i, o
SHTIMESR A LN T, HBRRERABEDEAA A 7D
RIES L OES EPSP OQARDE AN AL, Z0OF 2 %=
FIBMEDORIDES A1 7 DIFEE S L 0'E4S EPSP 04K
i, 588G TERER 73~219% (121.24+57.0%) % X O
89~150% (111.0:27.9%) %7~ L7z, Student @ t &EL, %
MRS, ERED CBZ 58RI U7 2 R ARIBMB DL K
DT, BE A7 DIRIBE L U4 EPSP O AR DOHE &
YEEZER ok, K5BIC CBZ OEBRERD 5 4D
LT -2 ExRESS 7 TR L.

I. LTP HH(CHTIZHBERDO CBZ OBHE

1. CBZ oL~

10pg/ml % BB LcEBREFRO CBZ O mpiEEDEHIE
1%, 5BIDOKART, 6.5~86ug/ml 8.01£0.87ug/ml) T -
7.

2. —EHEOBRENBIC X 5 RIS DL

B C

2001

100 1

Percentage of baseline amplitude and siope (%)

PS EPSP PS

EPSP PS EPSP

Fig.5. Means and standard deviations of percent changes of the population spike amplitudes and EPSP slopes from baseline
recording in the total of each rabbit group in experiments I and I. PS indicates population spike amplitude, and EPSP

indicates population EPSP slope. [, after vehicle or CBZ injection; B, after tetanic stimulation for inducing LTP. A. The
percent changes in PS amplitude and EPSP slope in experiment I (vehicle solution group). There were no significant change
between baseline and post dimethyl sulfoxide injection, however, significant increase in both PS amplitude and EPSP slope
between baseline and post tetanic stimulation. Marks * and ** express the presence of the significant differences on Student’s
t-test showing 0.01<p<0.05 and p<0.01, respectively, B. The percent changes in PS amplitude and EPSP slope in
experiment I (CBZ low serum level group, 2.854:0.40 ug/ml). The percent changes in PS amplitude and EPSP slope after
the tetanic stimulation showed variable change; LTP induction was observed in 3 of 5 rabbits, but not in the remaining 2
rabbits. C. The percent changes in PS amplitude and EPSP slope in experiment I (CBZ high serum level group, 8.01+0.87
pg/ml). LTP was not induced in all of 5 rabbits. In neither B nor C, there were any significant differences in beth PS
amplitude and EPSP slope between baseline, post-CBZ injection and post tetanic ‘stimulation:-
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X4 Bzl FIOERT — & 2 b EBEO—EHE D B REHIE
& BHEIRENS 2V 5 RUSE DR BECS, 8.5ug/ml @ CBZ #
EHROTL, BIOT 2 X ARBBOE( LR L. RIGEIL
SREEER L O CBZ 5B TIREIRO Z & < M/ I &
BEANL T EINIHBUEREMN» BT, ZThoDHSD
K & X132 CBZ OHEHDOHBOREHFTIRIZLA ELLL
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Fig. 6.
shocks at a fixed intensity in each session.

ot ZORBED CBZ DR ERDOIHOELSR A 2
DB L UHES EPSP 0GR, 5MEETEREH
85~121% (96.8+16.6%) 35 L U° 85~14694 (103.5428.5%) # 7=
Lic. 72 RAHIHHS 5HDOTRTT, HBERERD =
hOORAREALEbLLY, FERBEANR LT LTP
DREANVHR I NI, 207 2 X AFMB ORI TIZES 2

B

2.0 1

1.0 4

0.5 T T T -1
0 30 60 90 120

Time course (min)

Serial changes of population spike amplitudes in the 10 averaged dentate responses elicited consecutively by single
O, baseline recording; @, after vehicle or high dose CBZ injection ; [], after
tetanic stimulation. A. Data from the same rabbit as in Fig. 4.

A. with experiment I. They show the induction of LTP

after tetanic stimulation. B. Data from the same rabbit as in Fig. 4. B. with experiment I (CBZ high serum level of 8.5 ug/
ml). They show the lackness of LTP induction after tetanic stimulation.
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Fig. 7.

stimulus intensity of a single shock.

O, baseline recording; [, after tetanic stimulation.
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Effect of vehicle or CBZ dose on L TP induction demonstrated by input/output curves. The axis of abscissas shows the

A. Data from a rabbit with

experiment I. They show the induction of LTP after tetanic stimulation. B. Data from a rabbit with experiment I (CBZ
high serum level of 8.5 ug/ml). They show the lackness of LTP induction after tetanic stimulation.
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14 7 DIFEIGS L UES EPSP AR, 5fleETEThEh
T6~111% (95.51+14.5%) 3 L 0% 88~136% (104.5+22.0%) %7K~
L7z. Student ® t #E L, WBILE, HEED CBZ #4514
RBIUVF 2 R ARMEOREHOBTES A M 7 DFEB X
UdE4S EPSP 0@BROWE L S HFEZER -7, R5CK
CBZ DEBBEHRDSHEOLROF ~2{EXES 7 7 TR
L. K6BiIK4BERA—DERRORIGEDEEA A 7D
RIEOE(LE 75 7 TRIFHCRLIZDDTHS.

3. AB-Hig oL
M7TBLERERD | HIOKBRO AN -G L 2EL
TR Ui, Rk h e 4 B OR T - L RIBGAE Y, At
#£HAAL FOEREEETLE. 72 R AFMEORKIT, #x
DFIBEEC X » THATLEEA 1 7 OREBIIARECHEL
BIERBETHD, 2075754 LTP OXREANFIH
TWBZ bbb,

% =

ABgecit, CBZ @ LTP R\ RIFTIFRAx B L.
Tt CBZ D513 LTP ORRICEI LRIAEOK T
b, TOFMRBI L T LTP ORENEZ B 1rEriBRE
Lic. 20k 5 epiBi X 2%F12 LTP OXRODDE
st rBFCEE8r523b0tExbhs. Ul
Kubota &%tx, LTP #RH LABORRE, +7tbs LTP 0
HeER % CBZ ORRZWRL TV 528, ZOHRETE,
LTP D#E#IIH Sug/ml OHERERED CBZ TREZLS
ZEABEIRTWA, HHOPEERL D, KPR LTP
DREBFLFOLOYELD I ZLBCTEHELIDLLDER
bhb.

LARTO Kubota H™ OEERIIKENT L » TEBL LATRR
TIBWAERRET, TihbbubhdpdAREHFT TERYT-
7o, Lo L, APFETE, &RE, BMROFRLy —ORE
HERTHTEDRET, ThbbBlEHET TERYT -
to. EBH{LLATHR F@rhicKRIT, SRR, EHERT
F—CREBHBHETBHTEARRICHXTHALNLDA + LA
ATEBEILRTWHEEZBNRD. A VARRKTIT 58
REEHBEOELE R LLRRIC R VT, ¥WAUEL TV
JN= k7 Y v (norepinephrine, NE) fRBHEEN A b L AN
WIETABABCHEETAZ LAREIR TN, T, BH
A P LARBENB L, NE ABAMEE SR TRA NE
HEEMEMLTL D EBHYHERTRADLA TV B, ZD
LBIA P v ARRTRBT 2EHERTIT, WA NE #HEHE
B bh 0B EI D, Thh LTP ORBRICLHENE
I TTHEMS BB . ERE, Stanton HP Ty FOWEER S A
AR FAWTI-ERT, 50 UD NE #HB IR TEL EHRE
TO LTP 2385 Lic L O®|ER LT 5. ¥he—TF, CBZ X
Hoo%HDA 1753 vEBEMUOZERARMEE (iminostilbenes)
FELTWHZ b, BRE 7§ vRCHALHDIERLR
FT LA BEIN, B CBZ DEEKIERIC NE MR RH
FAENDOHBTEELTWD EDORET 155, ZORENT
APUVARRTED2EMEETCORBRID L, BHTH
TEHRBTOBUESHET CORBRDOIT NN LDOHERT
WEEZBRA., ¥FhIbic, SEIZERERTCTERYT-
fedy, —i, Ay - VBBEARKEEE R L O R
BthO LTHRIERCY LTEFAL, ROEEFBRCLIDK

&

B=a— e vORERHETAZ EXBDLR TS, Z0H
HIER OB I ARMROBLEETAZ LRI > TEDOR
ZEOMEY&ED, FLENRE»SEHETINEELERTSE
LI B Evwbi, RO YT ACET 5 REDEEY I
THEARED LI T WS, ZhbDERIZRTH L PIREHE
HMEOBRERCXTAMENCE S SDEELLR TV S,
KE+HELI T, KEEOISRADHARL LIS L, £
TORBECIEERO Y 7 7 AREZX AT AERIB D,
LIES o P OBERRE O MBI B TRy P ALy
F—NF YO AIRBRO Y F S AGERYIHT AT, £
BARAAL ZOFEWELBHIRDEB/EINTVLAHY, ZDOHK
BT SADKBRIIBUEHETOERL DL I bOHEN
Pl EEZBRS.
WIZARROEEFR BT/ d 6.5~8.6ug/ml (8.01+0.87
pg/ml) O LEBHRBEE V<10 CBZ # LTP OXRETEK
MELch, ZOMREFIBRBITADI=XALDWTELT
AEH. FTEEOWEIC LB L, =Y ADERBEMRTOM
MANESRET LA ERICE VT, BEEHRED CBZ 127+
VY AL FVF e vEAERE, BESIOBMKFECER
THZERBMEIRTLA, Fleh ) AL FVF 5 V3
NMNEHERALTHBA~ND S Y Y AHHARES R L X
n, BEARIAEASIEREBEEHEREELEFEELLE
ZHERTWAEY, LZATH M) v A4 A VvORBRKASH
Yo A4V ORBRANOTHEIZEE O RO RE ORE
KRIAHBETHD. AWRTHREONE L LoEBE — R
BORGEI R 584 EPSP REAARSM 7L FhbHOE
MEBOERZIZRTDF Y v AL+ Vv OBBRKARCY Y
Y uf A VvORBRA~NOFEHIELTCB. £ZTCBL @
LTP ORBNT2H4EENIALDA+ v F + VELEK
BiE+ CBZ oMSIER» HE LAAIESEAELDRD . 72
LzD k37 CBZ DA *vF 4 vRACKHTHIEIER % %
2B, LTP R ML 5T Tlel 7 2 X ARHET 0
BHORIGHEDES EPSP ®REAA L 7R LT LHE LM
DOMHERA AL T IV I ICELBRDH, APFRTIT
IhNBEIh o, ThT, RO LTP BREHT2
CBZ OHMIEIERNZ R bDA + v v v F AT 5H CBZ D
PERIZ LB EIZE LW EEHR S, Kubota 5132 LTP @
et % CBZ 0EE 3 2H% T, 3.23~6.49ug/ml
HEMERECEHREBMLABED CBZ 227 2 X AFIBETO
BEEORIGEE R LTI LEER RSO LT,

 11.16~15.75ug/ml #ite D L@ E D CBZ 12, FICHEI L

t= LTP W LCEDEE A 2 DIFEEHH L2 Tl
, 07 2 X AFPOBE ORIGHICH LTH, TOES
A 7 DIRIERCHES EPSP OABR LI Ltz L+ BEL,
IhHOMEIN CBZ DF P Y AL G VF ¢ VEALK TS
WEERAIZ S &3 L EBLTVWS., AR TREELR
CBZ ot ENEEBER T Kubota 5DOEEIC K~ TEWN
TedIT, FDLS5AFVF v vRNMERTHHEIRI LR
s o PR A REME DSBS .

¥z, LTP B4 3% NMDA &M% CBZ O
fERE A TAHD L, BR~ Y A OFHEBEHRBRORBREN
DEEIZ BT, Z ORI 100uM © NMDA 2 E&I5K HIEA
LCHERE L EERIE 20uM, i b 4.73ug/ml © CBZ
IvEBCHH IR, ZoME 1~50uM, Tabb




LTP DRI T I I A= L v DR

0.236~118ug/ml DBRETEATHBEERERIC ALz E V5 H
ERBHBHD. ZORKENS, NMDA THRE I EER O
2 CBZ DHTANAEBCHEE LTV HD TRV mEE %

BRTWwh., XhiZ, Lancaster 5P X TCTAAFREMICEEH L
Fodkl A = X A% KRR 5 DI RIZEHE TADABRM
#%ET5H DBA/2 ~ v AR L ERLALEBEAT A ATE
BaZ {7y, 1.25~10.0pM, s b 0.296~2.36ug/ml DEE L
~bD CBZ i3 20uM © NMDA THERIhI-BoBEr AR
WHEEREEHREL TS, ZhHE0MRIL NMDA S84k
JOIREERETAII N T A4V F 5 VENMNESEIZT
5 CBZ OBEEDEKEREZRETHLEPbhS. LZAT
LTP ORBE A H =X 2OV TIE, vF7ARBE» S DORE
WEEWE I 2 I VBOKRHEOWINKC XD E2 L 55
N, F TR+ T ARED NMDA ZSEGHEDERLIC L - T
ALY T AL FVHBHBERCHEAL, Hvy v saREEBEED
BRI & » CHERIIE 2 v o< 7 ORER LI E03VE U, BEHNM
BEEWBEOZARE (FEEORE CIEMLT 53 NMDA
ZRE) ORFUOHACHOMIMMNE LS LT Lo TR
BEVCOIEZNENTHY, TRIOWEDHEHLEL DR
T KR cE bt CBZ © LTP RBEw w3+ 234l
fERE, 20 NMDA SAUB IV ZhEBE/ETHI LY Y A
AFvF o VELESECHT S CBZ OBEZEOEMER
IoT, ZOEEGORERILICL D ERBDRRLELRT
Wird L. ARRORBERD 6.5~8.6ug/ml O MFiE
ELv-o CBZ 1L, MEHEPOBET 32~43uM 124847
HEEZDLDND®, TOMAREIZLREOAST A ZAERT
NMDA THR INBEET+ FAEKFEH IS Lz CBZ D
BN 5.

Yo CBZ @ LTP Bzt 2MEIEED 2 # = X 2126
LT, liOMERERE DBEFRNHELTAHSD. CBZ %5 »
DIFFEPIC 12.5me/kg 8 X 0 25mg/kg 5 LB EHIC F -2
IVBIOTORBEY ML, 50mg/kg H# 5 LBAI
TERLBEAD Lo L DHEN DAY, Tiekh CBZ D F—a8
IVEHTAERAMRSBEICI DRI EABESRTY
B.—F, F—o3 VIEMETHHHEMRED LTP x4
HRRCETHPEID, HEBENEBRBED A r Y F-pih
NEY LY VT HIENC X » T LTP OB 241350
WXL, HEBED N a Y F— L3 F— %3 v
fEAW & > T LTP ORBEEET B2, 7002 LTP ORR
CHEBLEWIENREIRTLDY, FhFvy_) Fyv, =
NEY FBIVPT7ALRVFF o —ATeE O REEEET
LTP ORBFIWEE Ui A, F—o03 VEMERICL - T
LTP ORHEXME T 2 EAMEI ATV 2", Zhb50ME
hbe, F—=3 2 LTP ORBIH LTEBE Lt hE
TMEIENCER L, LTP OffFicn LT @EMCER T
BLENEZBND, FZTLBD L5 CBZ 2AF—st3 v
TRINTA2HEITZOHES LTP ORI+ % aek:
BEZLR, TOF—-R:vENMTHERALSED CBZ ©
LTP oRBic+ 5 MGHERO—RE LTE2ES.

¥z, NE & CBZ toFic>\WwT&5bE, CBZ I &
%, M HOBLOECREEE TR 2AMDREL LT
NE fgerimi(b L, BOBMOR W BERETRE: 518
HERE LTz NE o, RBMEL RSB IR L2545
NTWaY, CoRUBHRIIMTADLAERLEELTE D,
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BRI EEFRE QCHBRERLEEL TV £
HhTwa® ~%, NE & LTP & DB§#E i3, NE iz LTP
XL TREMCIERTAZ LM bR T LB KR
WECBZ DRMBRLBELTWBZ &nb, & L NE #iEx 4t
LT LTP fFfT5 &+hif LTP R{B#T5Z Licizh,
SEDOHMRERFETS.

EHIC CBZ Dt OWREER L OB DWTARB &, i
ERECEYIHBCRAS T2 L I h 2R EEEHYE
(neuromodulator) & LTCD7 57/ v v L OMEREE IS,
TF AR Ty AL F Y DRIBIRTA B IS LT R
RKNDOMBEENEORHEMETHZ EBAH AT
5. EDFEEITIT cAMP 2B 2R BT7F/ v v Al B%
he, BMERB7F/ vy A2 ZEERERIRT L B,
Bl S ShBREERED CBZ 1, Al SRR LTE
PEELUERL, 757 v v ERIEIT 5 2 L 8 b h T
W%, —7, Okada 6P LTP £ 75/ v v & OEGICD
WT, BEASA ADERTTF / v iR L LTP
FBRAIMET AR OBIIRRCRET A LA HE LT
5. BADPFEXIE D 12 LTP 0BT 275 vvod
EECOWTREEREN WA, ThbomBrls L,
CBZ &7 7 /7 v it T 5 H4IE % it LCLTP ORBLH
RS T AN D ¥ - 7o S BEEIRHEAL.

STEBICAFIETHE LN CBZ © LTP ZBizx+ 2 Hl
HER BT BERGB L DTN BN TEL TS,
BANCER LB, TAPAD—DODRREFLELTOF
VY YIBRT, F0FVFY v SRR XD TERY
AH=R5ELTOREE Y 7 S ACEDROME T 7t
vV v OEREHEEA, LTP JELULTW3Z EHbh
TWB" ThT, AWROFEFRETHS CBZ © LTP
B3 58%12 CBZ O—2DH TA»AERE LTELS
T ENRTEBNDL L. 63k, CBZ 0lERHETORG
VAHAERB A CRIITADAFEAC OV TUIF ) v a4
VO ABICANY AL FVF o VR, TF v VERE
BIOHv=7 i/ B (gamma-aminobutyric acid, GABA)
FZRELSLOMBETRHE IR TV, ZOX 3 RERDKE
B LRI, KR CBZ OHTA»AERHOERER
ELTHLVMRE LA, Lhdy. bisdicfho fEm
I TADAETHD 7 2= 1 VIIBEEA S A ATD LTP
DFRBLMWE Licw Z LAVREAT LAY, —%, CBZ 13
BEELH.LE LEBMRAC L EoLERN L LTHCBRT
WCAHZLRBIR LIz ERBD THHY MO, 2D L3 Ko EE
EHOERBFICOVWTIE NE, F—2:ivRBIer b= v
(5-hydroxytryptamine) 7e ¥ D% / 7 § vHMEEEHHE O
BEETHEIRTWEY, REEH— L RBICITE - Tug
W, FZTCBZ o LTP kT MAHBRAZD LA
CBZ OHBEMRHREEREDEDESNILONWTEZTH
5. BEDLZ A LTP LEMFEOMEL T TRE V. &
72L NMDA ZFHEDOEMEE K7 vy A 270 2vd, B
MOBRBER Y ERTHZ &b, NMDA SRBIIEMHS
RO I N2 3 vERRERE™™ L OB TREEE EhT,
5. KWETHES I CBZ @ LTP 0REF w4 5 Mk LR
Lizk 51z CBZ @ NMDA Z&MHICH T 5 E & OERTEM #
BLELRTW., L7 = vHA 200Uk BRENOEIRRE
FERDOERE S NMDA ZAMITHN T 5 BHHFRC L 2720,
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CBZ @z OREDIERIRD LAKBARYBLE 5 0TS
QLERBRA. Lichi»TCBZ @ LTP izxt+ 2 HHIERIZ
CBZ OHEEFHER L IFU>rhizv L iicEbh s,
LhEE B & RPZRORERT CBZ 4 LTP ORJCH L
CRBEER ISR EETAZ L RRETS. £DOAH =
RAELTR =3 vR7F /v e THERLERZh
55, & iz NMDA R4 T 5 CBZ DEHEDERER
BLE2RTVWEEDLRD.

- Fr]

SRR, EHEOBEEET CHORBFERISHELA, il
TADLAEEESEERE LThambhT5 CBZ ¥ ¥k
P BER S L B AR FELTEEL, TOOFREER
RETCREERRY 7 % X ABKHB L CHERET LTP A
GRINLNEINERFL, KOBWRER.

1. %> DMSO OAa®EALL 5 HIONBERTIZ, M
HHRIz ARSI T LTP BEH L.

2. 5@ 2.2~3.3ug/ml © CBZ DERERTIE, BRI
—g7, LTP ORBERAIHIh2b0LB A DBE TRE
TAHELDORHTC.

3. 65~86ug/ml » CBZ DFRER T, 5HDTTT
LTP oZB|ymEl&hic.

4. BiED DMSO, BRER IUERE®D CBZ 0\ Th
b, 74 X AFMA OB OREE I L TR L BEERS
otz

“hHoRERiz CBZ 28 LTP £Fcw L CHBHKAFEME M
HEHAYPHETAIERRBRTA. TDAn =R 2 E LTI
CBZ D F—sR3 w75 ) v viesTsEREMNT5 R
LERIN D, & 12 NMDA BE4ICxT5 CBZ DEED
ERHEARELE LTV LEbRD.

#H -

Hrgrsehich, FHERICRAHEE, MEES L UEEHE
ek B DR BB LA S OEEYRELET. £ LTEEH
=, AR W W SR AFE SRS R HE O 5| RAs
i, HETIEE THIE, BB Y VR CEBEEE L, BERE
245 F ORI BERECEL SR LEFET. SnEAHRCHE
DR EBOREERE LT EHBELET.
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Abstract

We investigated the effects of the representative antiepileptic and antipsychotic carbamazepine (CBZ) on the induction of
long-term potentiation (LTP) in the perforant path-dentate gyrus pathway in chronically prepared rabbits. Experiments were
carried out on 15 adult male rabbits weighing 2.5-3.5 kg each. After unilateral craniectomy, a recording electrode was
inserted into the dentate gyrus and a stimulating electrode was inserted into the perforant path ipsilateral to the dentate gyrus
guided by laminar analysis. After a 14-day postsurgical recovery period, chronic experiments were performed on the freely
moving rabbits. Control recordings were initially performed for 30 min with single stimuli at a fixed intensity (monopolar
square pulses of 0.2~0.5 msec duration, 0.4~0.8 mA, 30 sec stimulus interval) or at altered intensities for input/output
curves. The control responses consisted of a small population spike preceded by the leading edge (population excitatory
postsynaptic potential, population EPSP) of a slow positive wave, and the subsequent slow component. Next, CBZ was
administered intravenously according to the pharmacokinetics of CBZ. A loading dose and infusion dose were used together
to produce steady-state CBZ serum levels. CBZ serum levels were aimed at 5 . g/ml (low serum level group) and 10 g/ml
(high serum level group). Forty minutes after CBZ administration, the LTP-inducing tetanic stimulations were delivered to
the perforant path. The tetanic stimulations were repeated three times at 3 min intervals and the stimulus parameters consist-
ed of monopolar square pulses of 0.2 msec duration, 0.2~0.4 mA, 60 Hz and 1 sec in total duration. The single stimuli at
the same fixed or altered intensities as used in the control recordings were consistently delivered during each observation
period after the CBZ dosing and tetanic stimulations. Vehicle injection without CBZ was performed, too. As a result, the
low dose of CBZ, which produced the steady serum levels of 2.2-3.3 (2.85+0.40) 2 g/m], variably affected the induction of
LTP, blocking it in two rabbits and showing almost no effect on it in the other three rabbits. ‘On the other hand, the high
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dose of CBZ, which produced the steady serum levels of 6.5~8.6 (mean value=S.D,, 8.01+0.87)  g/ml, completely
blocked the induction of LTP in all of 5 rabbits. However, neither the low nor high doses of CBZ showed any effects on the
baseline control responses. Further, in 5 rabbits with vehicle injection without CBZ, LTP was always induced. These find-
ings suggest that CBZ blocks LTP induction dose-dependently.



