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Relationship between potential and impedance change associated
with excitation of the nerve Masao MaTumMoTo and Takamasa KiTAMURA
(Department of Physiology, School of Medicine, Gunma University, Maecbashi, Japan)

The action potential or the potential change and the impedance change associated with
excitation of the sciatic nerve and electric nerve model (ENM, the equivalent circuit of
the nerve fiber), were recorded by means of AC bridge supplied of AC of 13 kHz. Records
were taken in excitation at the stimulated site by the square current of different dura-
tion, exponentially increasing current of different increasing gradient. Records were also
taken in propagated excitation, in excitation elicited in refractory period and at the
polarized site of the inactive nerve and ENM. By observation of these records, the follow-
ing results were obtained.

1. With respect to potential changes in nerve, two kinds of changes were found,
namely, the one was in cause and effect relationship with the impedance change and the
other was without relation to impedance change.

2. In the course of the action potential, both kinds of potential changes were found.

(J. Physiol. Soc. Japan (1976) 38, 29-42)
key words : action potential, impedance change.
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Fig. 1. Equivalent circuit of the nerve fiber
(right) and the electric nerve model (left). A :
equivalent circuit of the surrounding tissue of
the fiber. B : equivalent circuit of the excitable
memberane. Th in the right figure (Th) repre-
sents a thyristor (2 SF 101, NEC).
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Fig. 2. Isolating box with the sciatic nerve
set through the isolating wall. (A): whole view
(photograph), (B) : plane view, (C) : side view (see
text).
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Fig. 3. Block diagram of the experimental
arrangement. I : circuit for application of AC and
stimulating current to the bridge II. II: AC
bridge. III : amplifier for the current mixed of
AC and DC. IV : separating circuit of AC from
DC. V : AC amplifier. VI : oscilloscope.
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Fig. 5. Separating circuit of AC from DC
component, IV in Fig. 3.
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Fig. 6. Records of the action potential and
the change of impedance associated with the
propagated excitation in the nerve (left) and the
calibrations of the impedance change and the
potential change in the arm of bridge connected
with the preparation (right). In the left record,
T :AC of 1000 Hz, V :applied current (or voltage),
upperward deflection shows depolarizing current
(or voltage). P : trace of action potential or poten-
tial change, I:amplitudes of AC showing im-
pedance change, incresed amplitudes show de-
crease of impedance. In the right record, lower
trace : AC amplitudes for the change of 5, 10
and 15Q in the arm of the bridge connected in
series to the preparation. Middle trace : the
potential change of 10 mV in the arm of the
bridge with which the preparation was connected.
Note : signs labelled on the traces in the follow-
ing figures mean the same as in this figure, and
the calibration shown in this figure is applied
to all corresponding traces in the following
figures.
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Fig. 7. Impedance change and the action
potential {or the potential change) in excitation
at the elicited site by the stimulating current
of the short duration. In record (N) stimulating
current was 80, 280 mV (0.6 msec)in P1 and P2
respectively. In record (ENM) stimulating current
was 510, 502mV (0.5msec) in P 1 and P 2 respecti-
vely.
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Fig. 8. Impedance change and the action
potential (or the potential change) in excitation
at the elicited site by the stimulation of the
square current of the long duration. In record
(N) stimulating current was 20, 40 mV (5 msec)
in P1 and P2 respectively. In record (ENM)
stimulating current was 450, 480 mV ( 7 msec) in
P1 and P2 respectively.
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Fig. 9. Impedance change and the action
potential (or the potential change) in excitation
at the elicited site by the exponentially increas-
ing current. Increasing gradient of the stimulat-
ing current was larger in P2 than in P1 of
the record (N) and (ENM).
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ENM (2R 25\ ERKIC X - TR - 278

fzn%e{y P1 & impedance 0Z5{k 11 jlzow
Tik, Pl @R OSMBELEORIR B LIEL
MEEY IR, ZOHEPDLTRTRED BN
impedance OFAREN TV B, ZDOZ Eh
5 2 WIT M R B O FH & Rk ORI
DESIEE) 12 &, impedance DO & RN
b DEMNEE, SWEERBO I OBLO
FPEELTWB I eRnmbh 3,

D. {EEEEAITEERAR C X 5 HE

H#i9 20 mic ER (RC X) + 2 150K
FIMHEEIRIC & o Tl - e lE I 2w T, BiL
¥ X ¢ impedance o {bofEE Fig. 9 1
Rl FERNiz#s v T Pl Il RS
BB RXPRERCE > THEAEBUB LIV
impedance ZZ{LDZIBTH 5. Pl OB
A LIBR Ll <d 5 2%, impedance J/
FEEIEREARES B T 500 kil
ThTrIEN, K TR ERRHET
KRETCRES. FERD LA PEI20%
Ak, BRORKE KB ERL, EHE
firo> spike DIEM & &l &5 KT peak &R
L, TOBESET Uik, BRPILORBREE
THEOF AR SO, BIFILBAERERE
Bz TR LCRIRES, = o [ impedance
BRI ERO LA X V<, IKEEMD
EREAREND KT peak KiEL, T OHIA
DHRORLEHE, KT ENIZTRL, B
H R DR EIZ 8T % impedance 1A Lz
REBICH 523, B IEBRESCHICITIES.
IO X BT HEA RV EREAIC X -
THNHE OHE (Fig. 8, N 12) L[Ef
Thb.

ENM iz >\ Tx bhi-204¢ (Fig. 9, ENM)
DHY, FRBEENG BN RERIC L 5> TH
N7 P1LamRofs (BROoNO P1) &
Th 5 A, impedance DZE{LIZEHETEH O
BPLRVPEONICHERL, 2oRIELALE—
FEORIE (Phlpyh) CERTIEORS £ °F
Bel, BRPILBD Z2PICTIES. 208
Hizix Fig. 8, ENM o 12 &5 L %8
MOBBORERAITIF L A TEALTO R,



RETETNITAE 5 A ZEB) & impedance AR DWW T 37

WA B O _EFRE Ao A CERE S
DHNE L CHETE NN A (Fig. 9, ENM 0
P2, 12), IBEEAE P 1 oWitasic &8 L
X 5 B THI 5. Impedance 0L RE
1273 Fig. 8, ENM 012 L&/ EHE LT3
Dix, WIS L peak OBOBRH & 7x
Sfele®ThA 5. Impedance DEK E (55
DIRMF O R) CREIEBEM O FTHEEOK Y
DR LT LA L, WHOTWIEIELZ D%
W BN LoD BH Ik s TR

SEBRKAED Ic o> T

Fig. 9, Nickid s P2 12, ENM = 5 1
AP2rIizeiiiy iz Fig. 8§, No P2 x
[2 zov TRz L0 Z L vmbh 5.

E. BimB s

R b ENM < 4 @ MR E ik & & 5 5
BRGBRTE (BE HHEAEY Tbh
), VWb SRR ELE S 5. Fig. 10 1%
iy R M TR B X O BB
impedance O LD LT H 5. FERN®D
PLTIREHABRAIBCEBAOLOTH 5.
BHEE L impedance D ZE{k (H5K) 13b
THICEBD SN DICT & 7 v 2, BREME
impedance @k »3 ] 1, peak (impedance
fislN) R CIicE S, 11 o peak X b #5535
SHTIEHEHBMOFBHIED b b, BEHER
ERVEEA O impedance (k12 121k (Fig.
10, N) BEIRBHEA L Y bFricks TR
WOIRIED AR H A, Zifiz peak [z L,
FLORBEIHED 300 B TRICRE .

DA 12 @ peak X b P2 o peak 3%
SBLNTS.

Fig. 10, ENM iz 8~ T, 5oV @it B o
Rk L OBk P L ofRiER: B3, B
BBEPLIECOTNREE I RALNER, EE
BAEEFRD bR 75 v, 11 Tl B i %
DIRFIL N E W R—2DBRFIGEL (208
HOIRIFHEAT impedance D), Z0HP
B0 Lo o BB R I BhET 5.
TP & I RIMORIRIT NS VEE D 0%
WKE R CIIcES. /4 b b impedance

T Tk d 208580 Lic BBk Uik
FEICER 5.

R TR R < BAA R EIE BB A 0
P2, 12 (Fig. 10, ENM) ##&+iE, P2 o
TR0 gA&® = 1 (Fig. 10, N, P2) &
FiE<Td 2 25, 12 e CREHREMP im-
pedance o # &k (ZH @ BIE © # k 2 im-
pedance DHEK) 2%, BHEATH W H A& 0 11
(Fig. 10, ENM) & [Ff 08T 8], EFH
Bk icIRiE AR/ (bridge @ balance JRjE)
MERTABICHE L (impedance o) L,
T OBRITEHE O PABIEBERIC L - TilE - 7

ENM

Fig. 10. Impedance change and the action
potential (or the potential change) in excitation
at the elicited site by the break of anodic cur-
rent. Voltage of the applied hyperpolarizing cur-
rent was larger in P2 than in P1 in the record
(N) and (ENM).

WAE DA o impedance 8o (Fig. 7,
ENM o 1, 2) LEgIcz -7z,

EBREEE T2 T

Fig. 10, N e 813 5 EAL o trace P2 & im-
pedance DZEk 12 OREHIC O T D FBRAE
BOBAE LRI D E1E, P2opeak 12 0%
NEYBINTwBZLTHB. Fig. 6 oBs
ik, BiroZ ko peak 2% impedance o8
BOZRIDHIT L T 2RBLIEIFEHATD
5. BALOREED peak HHEATT 5 OXIGHIE
AL LR CHmOBMENERE LD TH D
D LT, REBROYEIIEEIEA & K



38 HRREB)ICE > BAZLE & impedance HAREI DWW T

FHIROBMOZEL (BABOHERELE) »PEE
LiclediciEokebn e Al sh s,

F. xRS HP B BE

MR EE ENM it v T—ERENRE - 2
B & 0¥ msec FHEARIGHT, T OHIFIXIE
BOBA L VHMEAEC T L0 5 T v
%. Fig. 111%, #kis X0t ENM 0% 1 0

Fig. 11. Impedance change and the action
potential (or the potential change) elicited by a
stimulating pulse applied in the relative refrac-
tory period. In record (N), first and second
stimulating pulse was 50 mV (0.6 msec) and 55
mV (0.6 msec) respectively, and the interval bet-
ween the stimulating pulses was 7.2, 5.0, 2.8 and
1.2msec in P1, P2, P3 and P4 respectively. In
record (ENM), first and second stimulating pulse
was 340 mV (0.5msec) and 370 mV (0.5 msec)
respectively, and the interval between the first
and second stimulating pulses was 9.0, 6.3, 5.0
and 3.8 msec respectively.

B OFEIASEI A & IR I X -
T2 EM B L1 impedance DZE{LD 304
THDH. F LRI VK7 msec BICH 2 F
R & h e B, BhicBEE kS BALO
trace P1 3 X1\ impedance oZ8{bozn 11
(Fig. 11, N) 2351 0B © © h LH#kT 2
L MEOEZDLTNTHBEN, H1EE2H

BOBBINESCEAIE, F2EECNTS
EMEFH P2 B & O impedance »ZE{LI12 1%
HIEECHT 526 XD & v (Fig. 11,
N, P2,12). F1BIV0E2HWEOHENSDL
NS oA DBMOE(LPS, Pk
J 52 B T 2B OE kT, P2ick
FarhikERVR, Zhick T2 HE
%+ % impedance OE{KITIEL A ERD S
i,

Fig. 11, ENM jc o T oEEFIT B T,
1, %2 OREEE %S KT, 2B
X o TEHI RIS BAEE (BEHENM)
X, B1OEBICHEBNEH L VS SHIFEL
BN THY (P1, P2 o) 25 2 0BME
&), impedance DZE LIZEE 1 BEICHT 5 €
NLESITEL A PREHFETH B2, HifR/NC
o Twes (1,12 0% 2 225 MEEES S
BTN S VBRI ISR 2 B L CIRBIENL
FENEWT, BEE (P3, P40E20R
) BbhIFricHEbh3IcTERY. Thbic
%t LT impedance OZALL bTHICEED b1
B0, BEEBEMIENEADTh LR
BHBRVIEENTDB.

EBRREF 2T

Fig. 11, Nizgi3 5 P2 £ 12, P3 13 7
Fizd\ U8 2 B e LEMOBE P1 o
HEO2WEOFNLFBETH 5, impedance O
A 1 XU 2 B oS /INC R B 1%
CNzR Y, Richrdbhialnd, FREE
PECZLIREZLDTHAHHN, P2, P30
2 OBMETIc OV TR, P3ozhibd
PDREANECEITHEREDERDL T Td
%. Tibb impedance OZELICEE T 58
RDZERPLBI VP20 2 0BEMETT
CEER TR bDLIEESNDN, Plick
B 2EB T ABENEBEE LT, T
ho DBENEEEEEIEEEM IR LT
EBRVTHAHH.

G. EBEMEE K- IcipiRs X O ENM iz ov
<
Fig. 12 BiE@MEEz R BB MR R X O
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ENM ic>wC, Jig it o Mk o iz X
- THBAZEE) E 721k impedance DZE{LAEN
DPEPERE LT 5.

L ABEdsEa 4] b H L T Ringer JEic @
L, 8 HRIZIRICHE L, B O FEIc L 2BR
P TRIEBEAL 7 & 34 3B b W kEE
o Th b, MOEROEE LRGSR
ICHEIE U CEREAT - 72, EVWHIRE (59 7 msec)
DTG @A Licaic, BALOETER
BiAh & FRp I KRR S BR- L, B
IERIERNEIC TR 5. SRR HRE
FEE B ENDEMOFHB L OEEORET
» 5 (Fig. 12, N, |, P1). L» L, impedance
DAL E R TR ORIE I B P & b
O ThTPCEO LT & (Fig. 12,
N, F, I1).

2. Fig. 12, N, Heoigstiz iz KCl i
% (Ringer i & 45E) KB LIcBADENT,
impedance @ 75 {LIZ R B OB A LK KFR
Thoio.

3. Fig. 12, N, Fix, HEiEz B
[EE, FREEOMmHlo Ringer #i§ (FpEsg s h
TV Bik) IS (procain (1 %) & A,
NP DI DRI 1/3) LT30457E Lzt i &
BNCFTH S, WEBICLY, HBEEOR
H L OVER oA L FEHR OB LR EHN, Zh
s U C RV I P AR O IRIE O R,
7% impedance DFPRbTPICHLE DS
i, IR OEAR B LT iR £ 7 %
STWieizdhbELBNS.

4, ENM %3@% 054 & 0 RIEEE IR
Bl LC, BT ORI L THN B
X U¢ impedance DZE{L o % % 1%, Fig. 12,
ENM 0 X 97 b DT, BAETHORE
(P1) ZoMEEDCIEE, HEOFERLIE L A
CZE 6 v S, impedance Z8{k 11 1% Fig. 8,
ENM o P17 8 LRIBICE -7z,

5. ENM oFERE 2Bk CRiTEH 4 & R0
EBREAT o oA ofngkik, Fig 12, ENM, F
WWRENDLOTH S, BMETOFE P 1
B 1 OEBRO B & & KEFE T & % 25,

impedance D2k 11 (RFHEOEMOEL) 1%
BT,

KRG iz 2T

TEEIE 2 2 o e iR T, OMEBE L X
N BBAITFEHT 5 2%, impedance DZE{kic
BHRT2Ex N BMAOEMTES v
WeEsha, Fig. 12, N, FloR\v Tk, &
R LT impedance DD RFE T
VBN, FREREEOMER 238 XE T P 23
BFELLZDTHSH LEZBNS.

ENM
Fig. 12. Records in experiment of examina-
tions of the impedance change associating with
the potential change produced by application of
the current to the inactive nerve and ENM. In
record N 1, the nerve used was immersed in
Ringer’s sol. over 200 hours (8 days) after the
removing from the bullfrog, in record N 2 the
nerve was immersed for 30 minuts in Ringer’s
sol. (ca 15 min) mixed with 30 cc of procain sol.
(1%). In record ENM 1 and ENM 2, ENM was
that of higher threshold and that without electric
sourse respectively,

V. & ®

A. EBRRBEOGREICIES - T, Wi
B 2B OZE(L L impedance DZE{Lo FE
BRIZOVWTHEL DL S IRV bR T35
PERRTRAT TR S,

HEKLZTARLONL T % Hodgkin 7 &
@ ion PPNz ki, Table 1 (1) icRrsh s
TE L, BMERAIC X o THEEMOZLB 2
Bh, BEEMCEE UEOZEEE 0% Na-
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ion izt 2 BINEGEEN) CREY, ZTOMR
Hion NN, chick - TRsBMLOEL
PIEBEMF THBELEELLNLTVS. ZOF
SiclEoFE BN © 2{kCik, impedance D
{LE & LTCEMl & h 5. JEBEAT & impedance
DI D X D nBRcH S ETE, EL
FORBE T 22 L bERER RV TR
BWTHAHI.

L# L, impedance DZE{b & AN D 2 L
OBk o v ¢, Hodgkin & o RMPEZY T
HEPEPIIEENED . FHEDIE, ORI
2>t Hodgkin & & RfEZRICTHLDOTT
NETREFEREROZILLTH S.

Table 1 @ (@) Rl &<, HIMERA
& o TREMHIEOFBBIEOELB L SEEE

Table 1. Cause and effect relationship between
the action potential and impedance change after
Hodgkin and Matumoto.

Hodgkin et al.

[ v g
s Change of 5 Change of ¢ Polar. pot]

membrane pot. permeability Change of
¢ change

Matumoto et al.

rest. pot.
Permeability

, Potential change
Rest. and memb, pot.
¥
¢ Local current
deformation

IG Action !

potential

¢ impedance] [ Action ¢ lmpedance
change potential change

20 (2]

COWFNHEN, BRIEEMOELDE, T L
TDRELICHFTBROBIRE LY, T0k®d
CHN I RITERE X, BETOSmE R 80k
DER SN TESHEBMG L LTS IcE 2
%. —HieB\vT Bz impedance OZ{LF &
LCHIERfER 2 713, Table 1 o (2) kR L
el EHEME LTEI SBRNEE
CIECORABST . LEek-7T, 4t
LRI A B EEBYEAL O REE G icidimpedance
DIALOFEME & EERA D ORFENRT
Ww3DT, FeGoiic—s#mnEGes A+
LIXRFETH 5.

B. AW Lk o BE MR — i L L
T, EEEMOEE L impedance DB R

FRCESR LT, WEEMB LI hCfET %
EhTORE & impedance DZE{L & OO EHR
BROFEERFT LD TH S,

ZOFHHEE LT, flie LTEx OREOE
WE A, ERSEhcH R s X CWENM 252
O, “hooMBlOEL DIREEIZ OV TERE
v, TR LI L D il x 7o, EBRH
Bre LT ENM % v e3diz, ENM i AT
FREREE Ch 50, HmoBKAIREICEL
R L IR LR A EE AB LEEL, B
HLEBRIASKICHT 2BFOERICBVTH
BREESTHIHEVEZ DL T S.

ST, EREzEE T, BAOELE
impedance OOk OBERH D = &
Babhic, bbb, a) BNOEIHEN
TwTh, Zhicxhisd % impedance DZE{L
BREE WA VEARLIELEDS. LiL
b) Impedance OZELABNIEE TR
SEMOBLELTRET LB TES. Th
5D X, TCREX DEBRBBOEICI
TR LD THNTH 5.

ST, MRS UCHER A L <Eh
BBBMOEE, 1) BEMOEL, 2) s
BEOE, 3) 1) F/kiX 2) OkpicBh
7 BT B 0L ST IR BT
XB5ThHAHAH.

R X ENM e 5 B 028 fkic im-
pedance DELRELAEVEESRH B = & I
Fig. 8, 1133 X U027 PSR LI RGN &
MBZLBTE, ThbDOBEAOBMNOEZ
PR DOWREE, B35 VIREEOBEL S 55
MEETH 5 Z LR KEREC-DBRVEZ AT
BB, 3) Lo, ZOREN 2) ThHb
WAL B 5 A impedance DE{LE LD 7m0
ThHa A5, Lrl, 1) OvicBEhRERE
FEREIR OGO DB ESh, T bR
b JFEE I E S BALOBLORKBIC EE L 2
BAITE Z oFE s 5 impedance D7ZE
LR RHERECTES ). DX 5 hEED
Flvk, ENM oOiEE)ENM O spike O TENAFHEIIC
Bhan, Zhick%+ 381 2 impedance
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ORI R Z 212 TF 7 v (Fig. 7 ENM
n12).

LB~z 2 hick 5T 1) LS BRD
28k impedance OZE{L & BfR T L D3
LMCENTb i T, L7di 5T impedance
DAL L RRRER & b 2 BALOE(LIX, BE
PO TG B OB 20 T d
5.
Hodgkin® & o3 o X i, THIERIX
lon ik - THE Y, ion kB M OFEE
TEDYEKR, F 755 impedance O/ b EE
M@ ohTe3d, 20X 5 615
WAL L impedance OZE{LO#EMEF AR
DT B HEELLIERELA T bh
% 15),

L2 LI 520 13 e #t o Ranvier
MR > v Tx b 72 iG B E AL &
impedance J/0 ORGEHIZFATH 5 LIREL T
VB HIR D AT o T ERBRS, T b Bl
U 7 INTRG B3 0 B B 1 38 o TSR 39
WICKES WAL, EEEMLPERERD Z
LD EDl w iz, impedance D%
LIGTBM AT T XD o B LEL LN
5. P, HEDROBITICBYT, 45D
ELmE#E . TEA %A L T plateau 235
e o 7 iETEA O £ 1c, impedanced>
AT U o spike (2 FEY 3 B #7210
B o, BAOBKELIEETLTV R,
FRLTv5S, —Fick v T, Hodgkin &
Cole? & 2347 - 7z impedance DAL & iEH)E
frogi@icst L <, Hodgkin &ozt# HwT
PR LIORBRME R T 2 LG LT 5.
HEMER RSO L i r bR E —5T
HIEREHERXN LEE Y 5 L%, TomAa
ERICAR T Bl . PR Tk L,
impedance DA & BT DI ORE i 1%
—¥T 5L ORELD BN, WHF—FH L vE
FAREN T B, FH L OERKED 51305
BhEBAT O & 13— L,

Impedance D24k & M 5 0L © 28
L, ko bic i BB OB X 5

e 5 BALOZALIZT Th % & OfEFwR I E P L
5. ENM & H—higifieic oV T b %
BRpEE L o niE, Z o —IERE
B Th55 EHESh .

VI # &

SRS LT, v L oS RS X
UM D S I AT B % SEBRAG IR 2 T RRIC+ 5
ToWICERMFETE Ay TR Lc BREIE
R (ENM) oz & Hv, BEICtk- T
% impedance Z8{k EIEB)ENAL /R & OENET)
D% 7 R I FEEE L7z,

A E R PR ICEE L, MR o N
B, SMNcAEY Ao EEE, ENM %
O E MU R D 35 Ak R) 1cHEY
T2, A5 bridge o> —iiC iR L.
Bridge izix 13kHz ozey 3 7 L, bridge
W E FR I R BB IC B T, Wi
» impedance DAL F AT OIRIE O Z{LIc &
- TR L, E7IREVEN L & OB TIIRT
FLEBLTBL VEE, Soichb o
ElfEE LB UTHOBEL, &0l R 30
Liz.

TID OEEITRIEREE LB, BE oM
T, TREGEEOIIETER 2 £ IC X » THihv
FERAL OB I DT, Ecikim ko RiE &
LT, BEENE -2 L o Amg, KCl,
FREREE 7 i@ S e g, O L T8 |LL
LERE LB o e mE, B X OENM @
CIUCHINE T B L L o B REBIC ISV TEAL
2@ & impedance DL DR & TR L7z,
FREHZ DWW T 2 SRRk & st L, W
DFERE 2 7.

PRI X OV ENM i\ T, B R e
Lo THNE M o B (GEER) 12,
1) BEEAL O, 2) HWMEEOFKB, BX
W 3) 1) BBk 2) OBMETICHCH
N5 TR O 7w DEALO B D 3 FfHA
z b5 73, impedance DZEfk (o
DEAL) LEBEEES S EE OB 1) Th
5T, 2) BXV 3) 1% impedance o2 {l &
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Temperature dependence on the recovery of electrical
activities in brain slice during incubation

Takanori FUJii and Kazuo YOSHIZAKI

Department of Physiology, Kyoto Prefectural University of
Medicine, Kyoto, 602, Japan

It has been widely known that the mam-
malian brain slice should be incubated for a
while after slice-making in order to obtain
the electrical activity®®. The -electrical
activity recovered gradually during the in-
cubation. The recovery was brought about
probably by the restoration from injury of
neurons, that is, resealing of the incised
processus of neurons and at same time
synthetization of the energy-rich sub-
stances such as ATP and phosphocreatine
during the incubation®, which might be
necessary to complete the resynthetization
and the mobilization of the transmitter
substances and to restore the membrane
potential in postsynaptic neurons. This
recovery is thought to be dependent on
temperature. Then, the amplitude, time
course and increasing rate of the evoked
response were measured during the incuba-
tion at various temperatures, as they seemed
to represent indications for the speed of
recovery from the damage by slicing.

The method of preparation was the same
as that in the preceding report®. The slices
from guinea pig olfactory cortex including
the lateral olfactory tract (LOT) were in-
cubated by using the “Gas-blow and me-
dium-flow method”, which enabled a stable
recording of the electrical activity of the
slice continuously during the perfusion of
the medium®b. LOT was stimulated with a
pair of silver ball electrode sets on the
rostral cut end. The evoked response of the
brain was recorded monopolarly with a
silver ball electrode from the medial olfac-
tory cortex close to LOT. Recordings of
evoked response were done every 5min
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until the amplitude of response became
steady after setting the slice on the device.
Incubation temperatures were 37°, 32°, 27°,
24° and 22°C.

The evoked response from the sliced
olfactory cortex by LOT stimulation con-
sists of the initial spike potential (IS) which
is conducted through LOT, and of the
negative (N) and the positive (P) potentials
which are the postsynaptic potential in
origin®®, IS potential is large in amplitude
when recorded on the tract and quickly
attenuates its amplitude in relation with
the distance from LOT?.

The recovery time of IS was little affected
by the incubation temperature. IS began to
appear within 5 min after the start of
incubation and reached the maximum am-
plitude at 10 to 20 min in each temperature
(Fig. 1 A). The recovered curve of N poten-
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!ucubalmn time (min)
Fig. 1. A : Records showing the IS and the N
potentials from the brain slice incubated at 37°C.
a, b, ¢, d, e and f are the responses at 5, 10, 15,
30, 40 and 60 minutes from the onset of incuba-
tion, respectively. Negativity, upward. Voltage
calibration, 1 mV. Time, 5 msec. B: Relation bet-
ween the amplitude of the N potential and the
incubation time under various temperatures.
Each plotting is the average amplitude from the
numbers of preparations in the parentheses.
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Fig. 2. A : Incubation with no glucose solu-
tion at 37°C. a, b, ¢ and d are responses at 5,
10, 20 and 50 min, respectively. e is a record
after 40 min perfusion with normal solution. B :
Repetitive stimulation with 50 Hz. a, b, c and d

are responses at 5, 10, 15 and 50 min, respecti-
vely. Voltage, 1 mV. Time, 5 msec.

tial was sigmoidal. The time required to
reach a steady amplitude, the increasing
rate, and the maximum amplitude of N
potential were different depending on the
incubation temperature (Fig. 1 B). Generally
N potential showed extremely low amplitude
at first (5 min), and in some preparations N
potential was not recorded distinctly at 5
min. The amplitude showed an abrupt in-
crease and then regained slower increase
after a while, the increasing rate differed
depending on the incubation temperature.
At last N potential attained its steady and
maximum value in amplitude after 30 to 50
min at 37°C, 70 min at 32°C, 50 to 70 min at
27°C and 70 to 80 min at 22°C.

By the perfusion of the slice with no
glucose solution, N potential increased in
amplitude up to three fourths of the maxi-
mum till 20 min, then began to decrease
and showed one third of the maximum at
40 min. Finally, N potential disappeared at
60 min during incubation, while the reco-
very of IS was the same as in the perfusion
with the normal solution and its recovered
height was maintained stably for 40 min.
Replacing no glucose solution with the
normal solution after the disappearance
gave rise to the reappearance of N poten-
tial, showing the fully-recovered amplitude
at 40 min (Fig. 2 A). This fact suggests that

glucose would be indispensable for com-
plement of transmitter substance in presy-
naptic terminals and also for recovery and
maintenance of the membrane potential in
postsynaptic neurons. Repetitive stimulation
with 50 Hz was also given during the reco-
very of N potential to test the efficiency of
transmission. At 5min after the start of
incubation, N potential initially appeared in
an extraordinary small amplitude but in-
creased by repetitive stimulation. At 10 min
N potential responded with a somewhat
large amplitude to the first stimulus and
with gradually increasing amplitude follow-
ing some stimuli. 50 min later, the N poten-
tial showed the fully-recovered amplitude
to the first stimulus and the small rate of
facilitation to succeeding stimuli (Fig. 2 B).

In conclusion, the recovery, early and
independent on temperature, would be
hased on the following reasons. The leakage
of membrane potential would occur not so
significantly due to the long and thin axons
of lateral olfactory tract and moreover the
axons had less volume and surface area
than those of somata, therefore the small
amount of ATP reserved after incision
would be used for the restoration of the
membrane potential. On the other hand,
the later appearance and recovery of N
potential would have resulted from the slow
recovery of membrane potential in postsy-
naptic neurons which had larger volume
and were subjected to a severe leakage by
incision inflicted adjacently to cell bodies.
Then a longer time would be necessary to
replenish the shortage of ATP and to
restore the ionic composition in postsynaptic
neurons, In addition to the recovery of
membrane potential, the energy-rich phos-
phates would be necessary to synthesize
and mobilize the transmitter substances in
presynaptic nerve endings. These processes
are thought to be dependent on the incuba-
tion temperature.

Acknowledgements.
The authors are grateful to Brother Alfred T.
Pion for revising this manuscript.



45

References 4th Ed., Chap. 4, Churchill Livingstone.
1) Fujii, T. (1970) J. Physiol. Soc. Jap. 32, 756-764 4) Richards, C. D. & Sercombe, R. (1968) J. Phy-
2) Fujii, T., Uchida, T. & Iwase, Y. (1974) J. Phy- siol. 197, 667-687
siol. Soc, Jap. 36, 472-473 5) Yamamoto, C. & Mcllwain, H. (1966) J. Neuro-
3) Mcllwain, H. & Bachelard, H. S. (1971) In : chem. 13, 1333-1343

“Biochemistry and the central nervous system”.

key_words : brain slice, evoked potential, recovery curve, temperature dependence.




46

[

FHOE KA & EFER

# 2

H B BEFIS04E8 A28E (OR) ZFRTIOREX D

% P AT REESIERAHE

¥ FE &

1. (ERIEEEDIRE L LTOMVERER
RIGHRT, A-HREBE (AT, B, #—4%
e MR

R A OBHTEF R BEEE RO 7 [ e MV
HWHEy 27797 (F2VEEILa VEBINEER
F) BEFETDE, ARTIIERD NIRRT
W TR B/ NREE) (microvibration, MV) %
B+ 22 LR TE S, SEOHRERCOHEER
SR MV 2 IFIRIEREDOIRIE & U CitiRT 2858
EoWnT, MExOAHEIEREAETIORE
N7t OIFEIE & HAEmMP LT Ehicd D
TH 5. MV OFFFHCIEIZT S Uik ohrEE
B, ST+ xR, AR S A T
FyAYRERALE. Atk 1EHEEOBEER
Minnesota Impedance Cardiograph 1= X 9 {77x
-7, .
HEEREFHAIEIC B HEHE MV OES L IRENY
¥ 4 ~7THz OREEEES S SRS, LT
R OBHEEIEEE & IEW 12 X < WL THEL
7o. LT, IR, WRIRELL, EMEREO &
Tz, MV &LHEBIRNEThE 23T 5 28{b%
ALl ik, MV OFSAIRENE impedance
cardiograph 2 X b 7z X/ 1 EFHH B OBER
xS LCEL L. Tk, TAERIIRSELE
ETw oy I, LEOMEISKEIRETS L,
MV OESMIRENISEITESR Ui, by, BEHER
205 E 2o A0 BE AT ZE I X D MV IZEES L
7oh3, [IRRCERO.LARHBIEIIIEMR T 5 2 2088
Pz,
DLEofERy» S, EEMVILLERTIC X HE
BEN3I0OTHY, FEHREEOREE LCiix
ELTIEHEREOELZ RN S EEHmT 5L
LWTESD.

2. 4 EFE, BRRDIRAERY ACh %
SIlc L BEEEAMERE L OEF

TR R PRIk (RdEk, BB, )

1 AR BRFERFERAE 2 H v T, KED
ACh iz X DTS G EEATMIROF 4 #

FF #2547 L7z, ACh OfirhETIk (ASA) #&5.C
P1SHIRIL i bk o, 4 Pl o B ERREA~
OZERIER A AH BN, K ClReflc THER
USRS ES L TH 5N, l-hyoscyamine 4L
EiC X VIEEERPERTEE L, ABHEEREM
EFIEE S e, BHRREEINR (PSA) 15T,

ki ACh X v 15609 9 flichaiE, 6 fliiaik:
ZREIWWER S 4 bh, SPNCETHEERER S
Biviz. I-hyoscyamine LB 1T X 1 {2l 3]
Hah, BEESHER2GBHE SN, AChiz X
LA TOBEZERMERE TTX X vl sh
72. ASA, PSA 5T X % B E A IEIRZ 3L
iz propranolol @ PSA &5 CTsEL IR S iz
5 ASA 5.0 Ti3 ASA BE5IC X BHEIRD Bk

RSB E . D Ro®, RHT
CCERRFERRIIFERANEROR, Thb

b ASA R, LREELTIEPLBEREE
AERIC R VWTHARED ACh Itk h=25FVvL
w7 & ~% LT adrenergic MEREK»SH T
a—L7 3 VvRE Eh, ASA %5 T FERE
oA, PSA 5. T BEEANEBEE> S
PEIRYS 35 58 S v ASA IS PSA fHIRA~D
pacemaker shift RABHN D EHE X LN D.

3. AV LI — T OHBETCEE

Sulitse Gk, BB, JSRsRE)

NEAAR DY VL~ T DFTH, RFHO
i E LB THE Lie, TRMoMmia=
SOMEZSEIN . [ HERNEHEE SO0,
IR AR A BE L SFEL, MIeER s v =
v FY 7, microtubule WEATWSZ & H3H
TH5H. MEADOE XL 0.8~1.6 o T, {RAAL
R <, F ORI 300~400A THB. M
VPR SR BIPAIC A B, IR
FaA, FEECERIEO=[EHGE, s X ORIl
microvilli BEHEICHEL, MIEOE X 1% 0.3~
09 ¢ THby, ERERAMANTIE tight junction 3
bz, I BEEEEEm Bl X h, flaiee
ANZEEBLNED, [, [EEE Tk,



FIGHIVE IS 3 b v FY 7R3 B5 .
HIE DML S 13 0.3~1.2 1, A5IEANHINC 48 v tight
junction 2354 Biviz. Th BB O |
W12.1%, 1786079, MIM27.3%Ch o7z —
¥, EfTMoMmi: = oo sE s e, | B
TENERBIE T 2 B, AEEPVINC microvilli %
Bh 75~13 p OALHFMOMNET, MIEE S
TV Y TIREATW 2, [ WRAEA KRS
T, T 3 BBl L Th -7z, Th
BHIIAHRE OFF RS, ~ v vob— 7 OO
W ORI E K I X UY A A v D& & oM
B, BRI R B O R R & OB R ICE

Eahnzi-.

4 SAEICHITDMAERRERTEOBEN
TRERRE, FERfEZE (LA, IR, STk
Jolbk, A, G )
FI : ARMEE, & b S @ 2 L L
T, Peoz 23K <, pH MEwlEimic d 5. +Z
T, IEWDAEOMIE pH 2T ERIZX » T
Lo TWHDPEREDT, MHEETFEOR
PR o v THRET L. ik 1) ®AEDH
iy« Wik ds KO OYIRRIR M2 £% M L, pH,
Pcoz, [HCOs7] ZlE LI LAz, 2) DAED
0 IRLD pH, Pcos, (HCOs™) % M %8 U
Matlrz. 3) Dy 7 — 7 LMy, BEE
Wi R U, WPIREGE & BRI o B %
WU, 4) SH) « iR @ CO, 4B 2 ik
U7z B55R 1) ®AZEEN IR 1 12 pH=7.488,
Pcoz=31.0 mmHg, kX [HCO;37]=23.7 mEq/1
TdH - 7o FlRmiy, pH=7433, Pcor=374
mmHg ¥ Xt (HCO;7)1=25.0 mEq/l TH - T,
v @ pH=7.389, Pco,=49.6 mmHg ¥ X O}
[HCOs7]=30.1mEq/l Eltixl T, "#RiE7 /Lo
v~ Y ADMHFITH D, o, THIEFEHIIT
BT, DAFLFHHWCAShS X5 T
Hodo. 2) AT, B—BiRm pH 23
7.129 & 4 K <, IR WOPMIRIMTEFIRIL T H
D, Thb® Peop EIIRILE W iE <, COz %4k
SRR DI DRI G 78 > - 2.
3) DAEDIHEI W)l U CGRRITH
LHEERELN o, 4) DAELE T,
7 COy BIMFIERI U T, W COx fH1Zw AN
DK o7 DLEOFEER» S, DAFET Peor 3

% 47

Byvolk, MRS X 20T, migy
RO D OWELAAIEEC X 5 3 © i h
7o,

S BREMEEAIC L DRSO S LI
BHIZE

iR

1y e
=7

PR (A, 4:E)

& LSRR (T - 7o, BE3E4 L MO
MR AL L2e. &5 F e I FERE Y -
B LEVE RS R 00 7o, BVE RGeS, B
R I P R MR [ o M T 3 B i
ESBERD BN, i, TOEHREZHWLT
XD LI O RERS LR ERICHET S
T EBRTE.

5-Bromodeoxyuridine (BudR) JEsiiiaks {3
B35 & & 2SR EERIc S W TS B
A LA IR IR I P B EE O TR 23, X 0 B 15
> 7. DT LD BRFEHRS LT BT B
ORI bR Twa 2 E2 bh
%. Dimethyl sulfoxide (DMSO) /40 Liz 38 X
E T~ AR IT LR 0.25% Ty 2
% 0.5% THYS I BT B L2580 b 1
7. ZOZ EpL, DMSOWE<w 2 vy FEis
HIE D~ A FIRERR T 5 O Bk & IER IR
WD MEHIE OS5 LT DYEMR 5 2 E238ED
S,

B. REEBRO L/ v RILRICDUT
BAREEE, WA Globk, R, IS4
EBE v P OFIGECTEENT « — L PR

MABHE, —GHEOHIEDOH 2 -< b LR
HWrBL5, Chzv Ay FIiEE WS, —i
Y DFbEE D 5 VERIBAREE 2310~ L Y RETHe b Xk
B2, vy FIREEDF1340~50~/L &I
BB OR TIEITH S, Z OEIERR S
Hli# @ break excitation DX Sk z B 25, L
AL duvadilan ZERSE 5 E 2D V-3 v PR
MR A B, ElilkT % O T break
excitation LI DIEVEAL V. TP rEVERE
MEws EBGIERTNE D, FI0i3F64
ERETHL. LrlF e Pt veb22



48

pE

LR T D, LiaioT, T ORI iE:
RDBEE LT 5. ORI T RRAE TS VT

VIREBETBES S H H A, indomethacin
C 2 H] incubate LT HI8A EZ L% 5 7w
DT, TRAXFSVF 4 VBBELTHELEHE
P E SR DL ES D S.

7. Skinned fiber () DEHEERE & Mg-
ATP 2 (1)

WO, RE—EP Gtk B, B3
bhbhiiselz skinned fiber () DU
K XiET MgATP o#iz~, SRUENE
FEEAEEL VIO MgATP JREZ(LAE
MEEEIER RS e 52 5 T L2 RH
,%%Wémé KETHE L. L0,

MR X HICERANCIEIE L., EELTT T
B A H = LOIERE RS > & skinned fiber® {f
D, SEiCE LA ET Ca 0T MEAET, 0C,
MEFRIOEWIKIE (ATIXBHSERIEI D 2 %L
T) COMEHEE Vmax &7E 4 O MgATP JRE
el L. MgATP 0.001, 0.01, 0.1, 0.9,
3.1, 10.3mM 2k} LT V'max X +hFh 016+
0.05, 0.16+0.03, 0.72+0.19, 2.1+0.2, 3.020.4,
3.34+0.7 pm/fp/sarcomere T H - 7z. L i D
V'max OZbi: MgATP REOL{LICL 5D
TH Y, Wik Mg F iR ATP it X 55 0DT
T EVEEWRES N, & ATP RERH s
mM DLEFFAWTWEHDT, & MgATP JBET
TO Vmax DEPNIWT ERHEREICXLS
HOLITELLNE VD, ZOEIXX 5 i ATP
FHAREAWCD Vmax BAEL ALKV E
PEIEPD SN, TOX S ITEHMEESAE L
5O LT PV ol MgATP 31 mM
E0IM O Te&LZESR W I & DHEESh
7. ZoEHENE, A, F. Huxley (1957) @ig b =
FILTCWEVE MgATP 137 7 F 342 viggko
WE g B RELTHRITRL, TOMEGHEE T
RLEBERELSTHIEREF®R TS EEXLN
5.

8. ZRATLEEST
AR, T A B
—rec )
IRDEH Lriclid ESZB T 5 & & L5

e (RBEX, 5

CTWALETELTEN - bDIiTi s, Wl
WIREH T E5OBERL LI, 502
U% & AMEMRERICLS., 2O ErbER
QRS EETII R L, B d SbihT
W5 EE X ERERITR o7, IRROBRTEHRITR
WOFELAMLETH LD, TRTUBENTESK
FEIWTITS - 7. IROB) & 13 20k & fEREE
BN HT Lz, £ ORRIROBE K =ESOHEFER
iz, —OVERETO 2 oA E M T H
D. BRIV O B & M TR
e LT, FEHAEORE R IZE BRI 0 1
W E LT, BB OREEE D
NTWBMEEREBE LTI DL LAEER
HEE L LTRADWT WS EEZBRETH 5.
LEMORBE B TFOREEECRIST DL
EEINEE ST 5 D0 L ZoRKFl S hie.
WE G U THRET 5 DO hE L,
FERSHS LTHET 5 3 O LBk EH» -
Fo. WERHIST S S ORMMEE ST 540
LB LTXOREOHEINNE P T, Thb
DT EPS2BOEEMEIIIORTHEETDLEE
Abhb., ESLEHLLCLRIHEHIID
WETIHBER-TWEL I Thoi.

9. YRhICHKITDEH= - O VAODREF
Blig s B DI O tehiE R
EHREE (GARTA, IR, SH4m)

PR NTE, HEFHE CST) o1 v
AVEFGER = 2 —r v IC 2 2+ R @ IPSP
ROERCT. ZOMED, HHk Ia 0= -
~BYVILEVEANEINE LR, srFR
— X (+RVTE =) CHE LI =21
b\ To. KN D) R B AR & T T AR
TRl L (04~1.0 mA), BEGEH =2 —r D
AT LR AN RE LR CRESR L2e. e
X4 TC5IPSP D, JERETHEKLACST A v
T IL A D B DR 1.2~1.7 ms (i, 1.5ms) Tdh
D, 1rofifil=a-rvaEfMLTECERE
S e, CST FHHE, MUK 2 o+ 7 A
a4 CoEpi la BHORRZ BT <
L, Ia Mfk= - —w viclUMT % 2 &%
T L7z, #72 CST Fiick 5 IPSP yizskiE
B = o — vV OREPAERN O THER S X
D3k < Il S e, T4 OIS T




S
e

BV, o Ta S0 BRI [0l i % S
J5ZERF2THERTWDR, /L TLTED
Db,

PLEaiil X v CST a3 i 7 Az Ta )
=a—- e VICHESEL, ZhREALTCGEN= -
— VRIS, LHGERL 7.

(AWFFEIE, =258 Y k% T, E. Jankowska, Y.
Padel Wjpfi: & LT 270 o 72

0. H4 oy FEBERRICLIBEEHFO LR
DG

MBS, RlmEEas Globk, , cEem)

BILHIK & LT o ki, #HEDSNOIE,
AR OIS S, EETIRbORE
HHRAHEIhTVwEEELZLNTVWS. bhvb
hm%ﬁzﬁ&bf@m@MHWW®iﬁ«@W
B EZDERNT 2w T Bi7e, FEBE, v v &
vezuZu—-xfEE, 45 3 vIEBLOTTD
VAT, I R R E T XD TREEA I o
Hifilids K OV PR 3R 1T X B REEERL 3
XO== v MR LMD B SRR L.
BRI X 5 R TOMBREAIE, R0 Y ﬂ
{BVWDHWEIEE303 YL Eb\@@\/\ﬁm k
DZODLELPNBEII I, B SR
FTHREE TR S h 2. R TORISDIARD
iE, LT E L, Al KON )'C*/J\@
Mofo. ==y MR DV T ORI
A2 D JE~ DT TR, K %2~%

3 U TR 50~59 500 3 v BcHgE i Ve

7o RN COFETIE, HBIFI63 Y
wmmbna¢%m$b»n@ﬁmﬁmwm@u
X ik, FH2L DX LTS EROBN=2
DYRRE R IS U e, KA (AN AR SRR D g
fric X b, WHEEKOFBREEAOBE VLD ZHR
WR LI L s, AFEEZRERLivwTkE
I 2R L, BT 2B WAL OFEN
B BNh.

N, FEICFERREIC
VIEH

BOES, BRI (AR, B, WsR)
SEd (AR R LT ARTE LSRG
RRFERMETHESMH LI 20X 5 7R
JEHH BUSHRE I I WO (F R

BITDYILOER= 21—

5% 49

RS 5 & RO O a4 U S,
@ﬁ%@uﬁ&ﬁ%ﬂ«fimvﬁ FIL DRI
UL Eds X0 DEH» b= o — v ViklhE itk
L, ROfERE 27,

1. —{#fD UL = o — & VTS5 O R ETG

X DOFEFEIZE L. ZhbD=a—r V)t
FlFTDHkENTE 30/sec DIHREECHFEEMITHEA LT
Wi SRS 2 S5h b 150~300 3 Y #bT
FER B ORI T, FhIZEH VTN 100 3 Y
B D — 2 R 2 Wil (75 D AT RIS Th 2% 4
L, FFHOMENRE L. 2. I 5ICHSENY
%ﬁé&é&,ch%@UL:1~a/iLﬂ@
W@ﬁ%@&&&f FERIBeT UT D 5
MRS ZIRRT 5 & 180~
zw:Jb®ﬁ‘*%%E§ BN, Z o %
BEEBEINL T v 2 RS iSRS IR S D
&, MO A FEAHEE RN O, B X
OV BRG] #xm<&ot 3. ZofET

X D FHBHE R &, ROSHRBERG & 04T Lichs
k,g@@i@&meWE BRR & e Do &3
TRIE E 7.

12, 3 2 ORBTEN & BHkE, € o—ItEERR
R

JroTEE, R B, B
k)

Tk % & LT AR SRR T « O Tl T
a3, — B RIIRD X v & v
bhTwd. Ei, HWITHORBEF ICoOWT
R S L. i, bhubhid g 2 o —{flEHE
BRI T X » THEFTEITTME 35 & & Sk
B FBEVE Z OERE IS 2 BT DD &
Wik Urc. RSB B & = OB TEHFEH &
R OIS OWTHL»ICT 52 & Tdh »
7o MO F 2% AT, RAmIRE: 6 6 (1 41

e (FESIER, oY

1& Mid. suprasylvian EEH#lRF =) wiZ @Bk
i, BURE, WSO, BRI

SR U7z, Mid. suprasylvian fE{ RT3 41
& Ant. sylvian 2 BUHBIREE 3 614 cIEEE & U7z,
HEREFTEIO T A MIEIE 1 1 El % & < 7 7
Vv, T A E—DKE R T OEINTITS Tkl O
T Sie, WPERR R 2 iliR 1 ~5HE X
DK DETRIT R U TSR TN 2 73 & 7 < T o 7.
T OGN 5 ~300 i I T » THESE L, +



50

4

DB T HIE BN THOSEBTEIA R Lz, g
D 2 FETRARITICR W T TE 2 7R LR T
NEEMIFL SR> o7 DEOKER, Bkl
X OREBFIERTHORRICEE c M5 1
5. LT, EETEONRITRE S HERR
KD —ERE S FE 25 B8, EATHLEE O
TTHOBEHRCEOUTHC R T 2L DF
2P 5 L, BETEIORBIT IR S g
EIEREE DT b0 LR L.

13. PAISL—a—OVORSEE7 BFIL
QY UREFICKITS S-S EEUMODE

HERE E, HE W (BFEKX, .
F vk, B, R

Karlin & Bartels (1966) »EL Y + FREH
DT vFz Y v (Ach)-EEREZIEEC LT,
ACh Z4EHEEED S-S fE& 2 U4 5 & ACh i
BOKEZ XML, ZORERETLTS LIHE
DOREXDPEETHEVIBREFER L TLE,
Z DBFI T QoM - KR E AT b 5
ACh BZABTIHEIND T & BEL OWEE
X o TRENT.

0, PRSI O ACh BARICOWT
ZOBGEER LS SITERMITAET T 5 41T,
7 AT Z Y OEMMREIRIND B LB o hal
WEECEEL, COMREN T H 5 Raomn
ACh ZAMEFOMIMOZAEEHFIT H 5 S-S
WA R ERWOTIEIR X &7 DTT TEIR L, ¥
T DINB CTZh5HH#HESYE, TOBRICIDRE
RO (4G) Wb le 5B LT 5k 2
VR Y & v AR EE T Lie, 5 SRR
1mM DTT #iufaliiciEiE e %5 10D
FlE DY AG VIR E D 214 £9.5% 1A L,
W 1mM DTNB % 5 5[5 LBz ofF
VEXHIBE D 84.9423.19% | Liz. 4G & ACh
PREE DTSR RE A IFT Uckka, 1{EoRA
BICHEAET 5 ACh 5 F T “1” T, ZOfEIE S-
S fEAOLNT « FHESKHEVEL —ETH o k.
Tl F—A VARV ARERIT U7ciER, S-S ik
B O « FREA T - TR - [ 5 EET
SIS 5Z 48O E ACh whf3 5k
THY, NS5 5ZEBOEEEIHELTEA
EZL LN T EDE - 7z,

14, 4 F V& BKEEEL LKZEIEZOHE
REME

BHER (BHEX, B, )

v 43 O_RWRIAPERR F T b R ERMETEIR o KB
WIEE T DRt Ok »EEL, BRI
BIGLTwa., TolgZAEKE LT
C—ER Lic (5510 B A IS Ak E) 235,
bk Cohen & (1955) @ =2 OEERMREH DK
MHE OB I DV T DB X L FE—FHT 5. T4
b HIKFA S ORE KRRRIC X 5 ZA B O
Clm IREDBRAIC XD, ZAEBEEE->TCl™ B35
Mz X vFRsh, —FHmiig -4V
BMATHZ LI LB EEZLNS, HWHECH
LA+ v O+ 55k S @ JEFE SCN->Br~
SCI>I">NOy™ Th oo —F F~ = S02 7
EVIFRERORH & D DI WEAI R 2R L.
T O{RAESHFIE Cl™ & SO~ DIRAIATE ORI
Bnb, FRHDAL 4V RSEBEET Cl- ®
FEEME B s itk b EELONE. 2
RN B 1 A v & 2 D3R X DJIEFF 1 citrate®”
>80 510, >F >BrO;™ Th oo, LichHo
THMRENT B B 1 & v IR FAIE 2 5 B84
FVTHY, {REATE A F Vi IEEEED
Bt iz bhnd, — LIS EEA 4+
VI RTKEERE A AV IB L, (B
LA A VISR A & VICE L. £k
SRR OEERREWEL 13 El WV {RER)
BER LI, FLTAFVIRE BHKEEE DA
P HKERBOVERFIE O THEE L.

15. $lAMES S5 X8 SiE

ERE =, @Rk 3, EX 9 ek, &,
AR

7T AMNEBOL RO CHIET 5, &
WOMNINFIANRE LL A S35, LvbhT
W5, k<iz Brown 5 (1974, 1975) DLl
3k, RAVEEECHT5ELIEE Vo2 b
5. Lirl, TheERCHeid o0 MiEs
FTLLAEWD OE D TR, FATEOR)E
RS WOBERERT S IHINTHS. B
LB O S0 AR I I BE S T wihiE, ol
NOBAZEITYREL D0 LEZ LN,
Thepz, ZOBEMT 2 EENRFEm»4EN
SV, BRELH OWERE OIS B n v



PETRDLFE V. BETHSLERIZ IS
FERRIITE S b TAR VL, b E D LI
PLD W 7 ABMEEE OB, W & - T
10~20% 34> L7 (Brown 5) & LT, 2E80
WD E DR T D2 i+ 5 & ik TrSin
L. ZOEMEZIFEMET 52201008, WHEdo
TEHR IR & DS SR 7o TR RS0 O A BRI
MAEENRE - L DFETHDHEEX DN, AW
T, INbHDEEWMEIL, OB
TR E LD TSR TWaZ &%, FEED
Mz oW CHERR L.

16. FRDIRIFRRF % L ZDIEH

B OHE, LGRS, EEE G (REEBEER,
AR

b b DIRERDFNA T W B F i O ko 5
PrAEELTEOHTIENTES, FOKE XX
FAEE L D& 5 pV, £30° OFIETEE & BED
BRITISIEERTH B, 2E D 2 0EESR CRT
OEIETH_EICAEE TR % (R fcRbt o &at
TENE, HESRRNTEL kD, EEi
285D CRT ZH\v, —JTHIRME CTEIRD
FEMRCRT o &N TER. BEE CRT 0
BEROEE & LCORTHEIT VWL oh b 558,
GHRBME TR L o2, COFRITERE
B OEIEZ AL F Tk 5 F CRIE L CRioa
WA T 5. —F CRT ORI 2 7 s v
TR THEXDRB- LA THIBE Y 2 b
T5. MO AR IE D0z E Y
Wk in o CTANBIER S LS, B Thi
SNb. ZODZE IR VEZS G 86 iz B
SEIUEL R D OBER RO E 2R LI
%, 2BHR® CRT Z Vv THIROIRHhD Ff
BRINEED &, TOREPEME I D, FERE
B m~10em OFEX23H 0, FRESRTHIC
7202 B LT o LIRS B, #
D7 OIEHILEN (Tangent FiiE) % 03258
D, Tk 2o Diode % v T+ ONEkHE
ZRA L7, COEBIZID=RAZ 7022, 1§
T DR HIEEE TE . YA oW
FIHt5TETHS.

17, ZEEEMRE oMES
IO (R, 1R, FSH )

% 51

Z T THAMINESNREEE D » 72 Sl
A, & RCIRREAE R & LT, SRR
PR AR O 7B E 24T 5 B ok i+ R S I
BARED ET . B RnEE s LT,
TALDPSEIL DV T Wb W % ‘gap’ BAIOA & X
W,OL) EREET 2) ERSMEATER OBAED
s, 8) SFIRK LSS OWAL pool DIED
SLEDIZ0DHFIREVEASRDY, HED
VMR BRI 2 T Ui v T L oEF o
BT E D X5 AR IED I U CHETEEAL
THEWEER 5 BT ENTE . B E LTEBME
SEIFF @ conductance DL [T O —iE %
EHETEOEDRF bbbl & &k 5
node #ik D, 1) cable DH, 2) JE L BRI
AIET DEIHRPLOFE,  3) (EkiEis, Dk
DEDRPFLELTED Y, HELOHEBRTE
NEDOHTFOBRMEEICHTEHECEDL ST
Bt &z Uze 2484 L7z, Node 48T
ELWEEMSE -2 mLTwEr & 5 il
node WICHIIANTERZFIATHZ &Itk » T C
NETED D Z PRI O —>THh 5
EEZLNDLM, EMO=Zo0RTF R ERE RO
JRTG & Bis T A RIE IR & 5hiE node 43
DEROKS LIFOE S, BRBERDLTERD
RESEHTHMLBBROKRE S, BEHTITTT
HEITWEL O LN FN DR DHFIRR &M 5 =
& HANERIRER T 5 L TOTH D bz
LRIEEDOERGIZ D i LTI L.

18. #0524 v FEEDGHE
FUHEEME (GRIEK, BB, #—=mm)
FHFENOF v VT ~BEE2ERME T X b &
YV, 7~ FTELIE, 7THrIEEOESE
BAAL vy FV TS FET 7w/ 21 v F 134
WS E B2 — F U v —, JKERAA v Ficly
NEAEIA A v FIEVEERER B o TWD. 2D
FEFORBELT=AFTVIY, v Tk —
L N7 EDREENH BHS, kB0 5 8T
TERERRETF & UTH S AR L 7 b 2 5 7k
W BHE, 1) A TIRETOHFIEHT 21000
MQ, 2) Fv, F7ETSHIEM =100 nsec,
3) FET 0¥ ~ 5+ v /A OmEEH & i
XDPF Y=V b ADFEELERD T HILD
P, RTFEBIRT L L, EuMERS RN B



52 ¥ & P #

rE, BERE - USHYBEZATH T LBTE rh (RERIRIRE)-EAASRIC X 2 BB b7 RIER
He#EzBND. SRS UCRIEPLERIZHE S DV TR L.

BRI COBAIET 52 S HEE, LA




(Fx1D )

H20[H B AR E SRS IEISER I B TR E S - &

7z & L.

FEFSRESEELC OV TOZERY AALHESESERA ML VFT bbbk

RdOTE D EF.
. BNEEFESREOD Y

1
2, BRI VR ADTF—v Y

IREREY)D : IEANSLEE 9 ARHA

450 e - FRUET O K A BRI 5 2 — 5

A A ERI&A
F20[] AR EF SREHHR
BAEEBEZLR2BSL2OEHEV

NAFNSLE R 4,000 A BEV TED LI BV L LY £ 3. F7, SOEEELE:R
MOFRFFFCEEBHE Y LET (REARESTARIFIRE LTH Y 3.

R FEFRIO T T, HBEZMOFNE - LITBEICEL 32,
LETHBTISCELT, MEBEXALLIHAEBECEL

DIE—DFFFOPFIR TH 5 Z

%k}:,l«a/_.\ '_t

B Ed. MEE, TR E T, LD TBRCRAV R FREE 2 O TIRER

WD ET.

BHIA BT AT BFEIRE £ 7 RSB E CRBE LT,

T113 FUH ORI AEDA 2-28-21

T P
AR I IS

R T 3-86430
03-945-2840

REHR

WK 2 B R BRI LET. SHrbSE,
WOMATENIEAD THELy 2d bl T
SEFFBEVTEEd. TNIERNT, A5
HEHC XD HTOEN I =9 A ATHDHZ Eiizw
#5%%%@ﬁm“iw@L51u%O?&A
Foxe DA & OEITFIEIZ X - CARGEDTREE L, J24E
AETEDFER TR L A7 2 2SS R o— Ac
LTHEOZWEESD T, Lail, Ko
%ﬁki@bi&&@?,ﬁ%ﬁﬁ%%5ﬁ®%
DFEODL E P DR AW ETL e . K

LW —ROEIG I 2 BRI LTl & E9.
FE OTILT B LT, Bl OF A ol
PH D ET. FHESH TR TN L
PoTho &bl E BEbh a0 4w
SEBHCLT W E . WZOARA LD
O ELEBRROTZRL 5> bt T
EFETH, RN A LT L7 &
TREBETCEST. FOIEHNTH, v ol
R RYLOREAZ Y THEBR SN, 2 &
AN ET. InRMES A RBRIRTAL
PRIETSA BT, liEEs & OREE A D
WMFEDTELHRIT /2w LT 2 2 b 2R 50 EiE




54

LWRTE (BEROIEMEOMANETD » &b
Db ) BEVW D) RO TT, AEBRRCIEE
nEhOpolicy 3d D ¥, AEOEDVIZHEM
E I ERIN E V5 b, BUIEE Otk & 55
WEETHVEERE - TERLLICEDLNET.
ChiE, EESEERARVWEVWS T LB D
»hLhEREA. UL, MECHHERRSDD
B> CERFEOH VI PLHRT, Thifs
FTHELEBOH A LEHELNDLLIND D EE
Ao FOEERDOFENE, DHLOBELHBEE KD

2TNEEEDOTEHRZ AU DWW & T, 722
L, REN (B~ v ~OBKRD) BHAE»D, W
BErEx Tl 2ERTES L&, The
RIETHZ LI LTWES. REEOFR DRI
HEIIUSREREOREBTTY, MRANRDOE
FIEHLFTLEE LD EEZTVET.
WERAEERESTYT. BERZBRLTTH
£ —HKELINE L. BMENFRFPLEVE
MOARTER - TEFTELNIUE, B EY
EIhichcb & LilREINHZETL L D,

EBECIER LN, ERSNREN TS S (KEBH—)
" £ £ 8
wH oM = % AME A B WO o ok
R B F o ® B KB mo—
K om| 5 - H OB OE Kk (o) g2 A 9]
F BB 3 " e E (R ) O E R 8
N E (P lE) E )]




BN OSBRI R

B, AR, BE LS, LEMESOENEC
TR

B9 %

MHERERE BB W LT,

EEALHERET T, —B L TSPFHER TEH

<% 5% 1 B >

C—HEUERR O£ F % R B
C R EMHE R B OOH#H O/ OB OB
CoEoE MR BO BARERERLNRE

wRait EYRFERITHRH

BA430 H IRAATHZENT 5% HiD 10 TEL(0534) 36— 1957

O

—Barrier System(SPF) EBEHNERERE—

"5 Z v b SLC-Fischer (
LEEY

| < v A STD-ddY (TRt 4 wrzent

| <t STD-Hartley (
8 . 25— STD-Golden (

7
i =
7

RERXBRSYMELEGRES

&435 I IEAA T /NI 1616 4 TEL(0534) 63— 0865(%)

v b STD-Wistar (HUKE 272 0F 38 i
SO0 wh A 0 SER B

SPF &%
| =72 SLC-ddY (EISF B LR 92T
<7 Z SLC-ICR (Charles River )
7w SLC-SD ( " )
| 7v I SLC-Wistar (WK ERL 2T 7277 )
)

"

n

"

— ~— ~—




<D NARCOMATIC

NARCO
NASADRIM & BAL REKRD7Z O —A—F—F5/

T

EREM AT rr-s00

KEFILD NS F P RT LRSS
RT-400Ic#t &R LIz FaxFy
ZJRT-500lF2h i TOFEHEWHIE
WAV IR O BB IR T, FILIRE
R AV EL NI LA, T—
fFw s EooBEgicsn. 0E
TR =THPHTHER=RT S
OEH) (4 (. EFER TR A M
ENTEET,

@ B

By —pTFyo-EERLCLNERL
NIDEBEHN FH A,

BFBETFUANERTEFTEET,

B IREA B E T OERR A L TRE T

B/ Y P THLEVILEITY,

B A—T7 3T~ TERIERA THER
POIERE CEECAEIRTUET,

'E TRANSIDYNE GENERAL

TN 70—
- MODEL 1210
PO , PH: DEifRIxE (C &E /

AEEF . EPHRBPORTREY
BIE L2 S WA IFREOROCELI(C
EdoTENTZLENDTT . 2L DHRE
TS0 2EREELBZ 7.0
BRoOME AT I TWET, BIAE
TRBAREART 5 2 & (2 & DERY
(CMRBAEA 5| &#2 2 L AR CHEE
ZibidE=42—-T23F7,

B B

RS L ~IL TOPO, 45 & UPHEIE
(25,

BRI EME AR T VT 4 2 2 ILER,

R (EN— 4z b EmHg TFIR,
BBDHE (LKL b TER,

m 7+ AJs LU BCDHDiEF{T,

@ MRSt SR

EIE#

WEBTABARMEIE-2 PHZEL2F @101 BEE(03)254-0052(13)




iﬁ‘mf'f‘ﬂﬁimum% FEHELNILTER
X %= MEREMRET

11 1-

: qé’ o g éi

U ® 6 o ®

o

Jﬁe&@ ®
i‘” Qﬂe

) ”" U'“‘"

TAI—F—([EERMBXEFIH L B8
M TH . TR EE > TVET,
o T, EFOEHBMTCRES>h 8% AR
DEHEE L MGEL NI DIEVEESNDZEIL AR
AB5DIHHTHEHTY .

W B

(ARSI &+ BARE L NIV TRA BN E T,
RIEFE A~ OFEZ B T a L,

BlFtA &dH 5 W 5 HEE O MTTEE A ATEETT,
BERBOFAZIERCBENSTEET,
B %)

® X FEIAN D IEX K UHTFE .

© LFFEZRE ORBERRZ IS (O I IR )
O [RAHE~NFIA. hEREBENE,

ERHEFGEH - EXFFCRH AL
M T £t 5

KER- T REE

B RN EE ,
Jjaf%ﬁ] 7 —=
— : CL ,ﬁ ‘
el T —
H EEHEE
B O)LF 28R
. ;4:;~‘
lmﬁmmﬁlﬁ
I¥E&l$ﬁ
B SE MRt EiE
h . <
4 |
NSERBRAWE
& 3
H 2R# ) BIE
e

LRUADEEEEHBLEHRTHRLTEY
FTOT, #HEHsn I a2MERTaL,

(Y) w2t RIAEIRF

HEBFREXME3I6-2 UV I EL2F @101 BEE(03)254-0052(1£35)




e NEE IR IR

MICRO-PROBE SYSTEM Model M701

&M@

3 LOW RANGE
1 GH BANGE

A B

MICRO-IONTOPHORESIS
PROGRAMMER(Model 160)

ABEEYB I UERE, 1F
CEBREAETIEATAHOD
EEFRRERTT, 2= M
RKRTTHLLEF Y FILTHS
Fy 3 THLERTEET,

W O I (FIRIILTHN, 7=
T ESEBHIE DT AR RE,

sy T 58, N ER
[E=IFNLILS AT I,

@ £— [ -.....Eject, Retain

O HFgenenns 0~100nA
0~1000nA

® SR )AL --500MQ T 1000nA

Intracellular
Probe System 160 160 l160
8 1 F
[ 5 Barrel
N K )/chropmette
prep. ; common

T I

S
MONITOR

'“'U‘ LLoame L
K%ﬁ(ifﬁ'.‘"@#ﬁéﬁit‘fﬁﬂﬂ@ﬁm TS5 128
DIEFETT,

AR FYT L )= EREFERSD T
. RELEZEMEAL 9,

G #)

1. §]&K5u¢A % ToCurreut Injection FTAE,

2. AR FIfFiE/INI 7 Rn— 7B
& NIEFBEFEOF L,

3. BB X TREESERL TS,

4. IBESEREAEL,

5. BERTLEHIKINETF v I TED,

(CE =)

ANA > E—& 2 2-20,000MQELE

__\'I_}: l’) B%Faﬁ ............... D_']Ius (E%?%Hjtﬂé?)

S AR AR reereeennes 5uVR.M.SELF
(Vv —RIEFLOQ DEF)

[N 7N SETRETTT PR TP RRE i0.0l%day

ST (M TORED) ---30.5(W)<6.4(H)X15.2(D)cm
EHiE |.4kg

AT T R—=T s 0.95(#44%) < 57.2(L )mm
(1.5m & — 7 IL14T)
=& 113g

A#wtes  BEETREARAR N 4L -

RO X ARG SN 4 — 3
T103 T(03)241—2444(1%F%)




HAFFNER: tEimE R E EE
Edhiff EFWRET #HEE

ARILTE FBEPROYAN S X B = 7 2 D ARV B 1570 2 S o BT 20 5 % 3
ET HEBEBTHY 3,

BiEints 3£ 713 = — 7—K‘UMEéﬂ7//—i—Ki )EiERE N FE T oo T
WA —SE DINAHREE 595 5 4L, 2D BRI % SCARAC - TR ed 2 = & »oilisk % 4,
~
-+ / ‘? I ‘:V
EERENI R ST AT

E=HT3Tir  fig
® AUBETE F = VITIKD &> X —DIKEIL 3 kg~ 6 4g
EMHERE T,
® (54 2 L 351 Lo T ‘Esffjjz fhvs T s F 4,

® 77 L2l ¥R ) AR

4 A1) B TR S

® F = v [HLEAE 600X 600X 21M, (A h)
$5 51 B =R S

® FETHEERE 600X 600X21Mn X + A 2 — 4 4 {¢F
I BEH (Y ST D s
EREm

(1) FEYDIRS B EFHBRIRRDFHH
(2) #% M % 3R R (4)EDMIEMET TREL I~ B HE

ICH/VOHE-ta:#i F E =/ W E

7113 HORHE SO X A3 T H4d~6 TEL(03)813—-4811 (ft)




Ak k- M38% 2% - MASLE2 A 1 AR (A 1 ARE)
@ m2T £ 5 H 68 % 3 6 B @ 4 & D

J. Physiol. Soc. Japan Vol. 38, No. 2 (1976)

Original

MATUMOTO, M. and KITAMURA, T. : Ralationship between potential and

impedance chang associated with excitation of the nerve::-:-:.o.oooooiennnen...29

Short communication

Fujil, T. and YOSHIZAKI, K. : Temperature dependence on the recovery of

electrical activities in brain slice during incubation:---:-oocveeeeiieiiiiindd

(N 5y R EEIRERIEEE KN-0090

¥QMWE5Vb@%ﬂ%ﬁ%ﬂﬁ?é?ﬁ?»MEﬁﬁTo

RERB MBI E - — AR RRBWSRE - B ERBERE - HYATETESRE

 EEERBRER RIS

# | B2

B
[l
‘EEENE

.;\E

=
5| BHE

1T

=)

4l

L

l

I

"R e
L It=3 1= B R S

b 4 B8 1 pr m





