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Role of the silent period preceding the rapid voluntary movement
Kyonosuke YABE and Shunji MURACHI (Institute for Developmental Research, Aichi

Prefectural Colony, Kasugai, Aichi)

It has been shown that there is the silent period preceding the rapid voluntary move-
ment. The present paper is designed to find the mechanisms of this inhibitory pheno-
menon and to investigate their role in the voluntary movement.

The following results were obtained :

1. It was found that the silent period before the movement was observed not only

in reaction trials to visual stimulus but also in voluntary trials without stimulus.
- 2. The silent period were simultaneously recorded from the rectus femoris, the vastus
lateralis and the vastus medialis by upward jumping movement. This finding suggested
that this inhibitory phenomenon was a change in excitability of motoneurons innervating

the quadriceps.

3. When a subject extended his elbow and knee at the same time, the silent period
before the movement could be seen in both triceps brachii and vastus medialis.

4. These results suggest that the upper center sends some inhibitory discharge to
the motoneurons before the movement. It is supposed that the silent- period preceding
the voluntary movement plays a major role in the mechanisms of motor control.

(J. Physiol. Soc. Japan (1975) 37, 91-98)
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Fig. 1.
silent period preceding the rapid voluntary
movement.
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Fig. 2. The silent period preceding the elbow
extension from the triceps brachii and the biceps
brachii. Top trace in each of the two response
records is a light signal. Middle trace is surface-
recorded action potentials from the triceps bra-
chii. Bottom trace is surface-recorded action
potentials from the biceps brachii. Both of the
upper and the lower response records were
exactly same data but these were at the diffe-
rent amplitude.
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Fig. 3. The silent period preceding the elbow
extension of both arms simultaneously. Top
trace : a light signal. Middle trace : surface-
recorded action potentials from right triceps
brachii. Bottom trace : surface-recorded action
potentials from left triceps brachii.
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Fig. 4. Simple and selective reaction trials of

the elbow extension for five subjects. o : reaction
trials of right elbow extension. s : reaction trials
of left elbow extension. l!: reaction trials of
elbow extension with the silent period before the
movemnt. The left parts of each broken line :
simple reaction trials. The right parts of each
broken line : selective reaction trials. Abscissa :
number of trials. Ordinate : selective reaction
trials for five subjects.
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Table 1. Comparison of percentage silent
period preceding the elbow extension in simple
reaction and selective reaction trials for five
subjects (meanz+standard deviation)
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Fig. 5. Distribution of selective reaction time

for five subjects. Abscissa : selective reaction
time in 10 msec group. Ordinate : frequency of
trials (upper histogram) and percentage silent
period preceding the elbow extension (lower
histogram).
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Fig. 6. The silent period preceding the up-
ward jumping movement. Top trace : mechanical
response of upward jumping. Downward deflec-
tion indicates the jumping. A dot mark above
the mechanical response trace is a light signal.
Middle trace : surface-recorded action potentials
from the gastrocnemius. Bottom trace : surface-
recorded action potentials from the vastus medi-
alis.

50ms

Fig. 7. The silent period preceding the up-
ward jumping movement. Top trace : mechanical
response of upward jumping. Downward deflec-
tion indicates the jumping. A dot mark above
the mechanical response trace is a light signal.
Middle trace : surface-recorded action potentials
from the vastus lateralis. Bottom trace : surface-
recorded action potentials from the vastus medi-
alis.
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Fig. 8. The silent period preceding the up-

ward jumping movement taken from the quadri-
ceps. Top trace : the vastus medialis EMG. Middle
trace : the vastus lateralis EMG. Bottom trace :
the rectus femoris EMG.
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Fig. 9. The silent period preceding simulta-
neous extension of elbow and knee joint. Top
trace in each of the three responses is the
mechanical response of the elbow extension. A
dot mark above the mechanical response trace
is a light signal. Middle trace is surface-re-
corded action potentials from the triceps brachii.
Bottom trace is surface-recorded action poten-
tials from the vastus medialis.
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Relation between the silent period
preceding the rapid voluntary movement and
motor levels of the spinal cord.

Fig. 10.
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P
=

H B MEF49FE1LH 9 B (&) 10RF~158515%
% P KRAFELRMERbEE ZEE (TH)

&% = ElHEh

1. Incubation [C k3 ¥ £FRMIKDRFEE
HEHBEOFEICDNT

NAIERZ, BREBER, REZE-— (CKETX, &,
AR

SRMERIBILD A H = X ARRET B0z, ¥
S X FRMmEk%E 37C TURHIREFL, CPC TXb
EEEROELE, TRABSORRLARES
TR L Y HBEOE L2 BIE L.

B BRI SIS M T 108mOsm Z[BE& & L, &
Hil§A387~125 mOsm T - 7243, incubation iz
X 55, 120mOsm o 2 HATHA I 2 B ek
hiz.

FRE R 1.084% dlh iz 1.075 & 1.092
G - 7208, incubation iz X v, THANE 1.080
By, BUFCABEWSFTSHMBIAER - .

Wiz incubation #%, FMmIRZHEIC XD, 4
B (RE B # RE) CSEL, Thfho
FEEL T BE L.

B ERIE, 120 mOsm Z A & ¥ 5 Mkes
iz Ule. BERImER & EHRMERIE55, 120 mOsm
RESET S 265F 2R Lic. RERMIKRIT55
mOsm #TH& &+ 5HIEHTTH - 7.

Incubation £%, HEEMLARMERIL IR &
TP L, HEMED U oRlmER, EHIMME
Tl HERLOFEOEZTL, BN
2L - ebDh, EBHETIZONT,
OB FRIMERAE L 7.

2. Ruthenium red [C k3L F 7 bV —LJE
@ Ca** EA/HEDEL
FREPREARER,  /NIIIERE,
Bk, B, B4
Rat o brain cortex 7> 543 L 7 synaptosome
@ Ca?t #4103 ruthenium red WX DZEL LKA
%X, %. Synaptosome & Ca?* : O fE 451X
scatchard plot 7 S#EEERA 2 EMHD - T, £
D—opt Cat FEEHME ORETHBLELD
n, FOfFIEIX#y 130 nmoles/mg. prot TZ h
11 Ca?* DEIFMEAEICIZIFEL Y. L2LTD

EEME, HE E

Hill ff¥03 1T, Zhit Ca?* #4& & 13 v,
non-cooperative TH2HZ L&ERLTWS. #C
T ruthenium red DEEE L Fhic X 5 Ca?t
REOMEOES L Ok 1:1 OISR
72 { ruthenium red DOFAFEDISHBDEEET
Ca? EEII60%P & X v 5. X 5T ruthe
nium red OFE T Ca?t &0 Hill {ZEIT/X
{E5FEmMETT. ZhbDffF & ruthenium
red % glycoprotein LfE&T5E W5 2 & »
5, synaptosome [ED Ca?t A& IRALIZ #5351
glycoprotein £ 5 DH D& 5L B, D, LD
HD ligand HHKD, D5 HD—2 ruthe-
nium red L&A T5 &, fho ligand @ Ca2* &
DOFEEAREDE L WET H % Wik co-operativity
BPZERTIDEELBNS.

3. Synaptosome f& & bromthymol blue »
{8HE{EA—Ca I £ 3 conformational change
DIFEL LTOFME

/NIERE, EIREE,
K, B, $4H)

BTB X mannitol-sucrose A & 1 i 3\ T
synaptosome IZfEAT 525, 2MlB1 A+ vick -
TEOFEERVEARTH. £ DEEEEX Mn>Co,
Ni>Ca>Ba>Mg & synaptosome [ Ca-bind-
ing site TOfRFAHEL—FH L TW5. Zh5BTB
DIEEDRTFIE, TOBLEOE (L, 5B TE
%. BTB @ Ca iz X % synaptosome ~DiEE14

FREFHEARS, R E

Ko Hill &% (logT%’leg V¥ iX free Ca)
X1T % b, Ca @ binding @ Hill {%8 (log

FRERER

1 NIOg Y) 7{) 1 VC‘& o] 7.
SRR DRI TS .

X '
log 1-X =log 1_gf.y()y) +const.
722 Ty) X T0)=0, F(o)=1%5HL T
5y OB 7ok A ET )= b T

—ky
T(y) OLELEBLZ—ISHBRELTWS, ZhbX

» BTB ofE4&1x Ca it X % synaptosome fED
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conformational change DIEEE LTHEW55Z
EBREhz.

4, EFFEEE:%I® axon membrane E L

BEH, KAFFE (K, E, $HTAEH.
State University of New York Buffalo)

RFTRREAI DR N A PH L X - TED D T L1k
HLOLHELNTVWESH, LDAH=RAARKDW
THFBEOENRSED - . bhbhidk ZhaHlE
P& pH(pHi, pHo) DIz X 5 %2, RFHK
IR T axon [EREE L0 BHilgRN T
BEELTCHFAVEER > THNERETHEL
TRORZE .

pK—pHi

C T
2L CliicirE, BHY: 3MEANOHF 4 v
AympE, PIiiBZEAGRE, rid axon O FE, t
ERRBECET 5RHCdh 5. Lobster © giant
axon #AWTCESEMLZHERE € 5ET LR
Mate UTERRTRV I/t 2 ERXAETIIL
TTmy UL AN b X vWEEERE:.
HHEOAR—~T 55 r=40p & UTRDIEER
{2¥013 cocaine & %t L T 9.3x 1078 cm/sec (pH
7.2), tetracaine 1Z % L T 4.3x10™¢cm/sec (pH
7.0), 5.8x 1076 cm/sec (pH6.0) TH - 7.

Ly

—BH* r 4
=BH*): (1+ 5P 1

5. $UEE(cHiT B tip potential F4FE
ICBIT 2 RBHER

FEHEE, HE & (FX R 4#H)

Glass microelectrode OREGT F 4T % tip
potential (T.P. :H¥) it X »C, EEFAIEMR
CRERD L INHAREEBRAMOhTWS. &
DBFED order XD HITDH, TELHRF/PE
7t T.P. oBEZER T DD, 2O T.P.
REORRZAAEVEETHS. HEHRRH
BEPICR LTI RETIRSRVWA X 7 ~L
BERC X - TREIh BRI, EEREX,
HSR e T 74 -KIX - TEShAEERICIE
RCFEFCE N T.P. 8o, FRATL7 7 RE
DTS, FeET5 KCl OB bick 5 T
T.P. i3RI T5. 2 O=E TP 45,
tip ‘G contamination Itk %5 EEx5%X0 3,
¥ RABEOEEREMRMIC X S EH 2 5HPEHEN
THEERZTFLTWS. LT THE tip fhiEos

S ABOBREHAMETS L, BRTPCEER
ETHM2EL TR oW TELLLRASL, ©
hictk-> T T.P. BERTHENRRShiz. 37C
<7 HM 3M KCl icERERE T % &, tip
FhED# 5 ABEHEHIZ pore 2N LT DI &
same order ICETRAT S, ZhbOERRER
5, —f&ic T.P. 1 pore 24 L T diffusion
potential & tip fHETOFFAEZ N L TOD
boundary potential DEEIC L D KL L TKD,
FOELSERTNLhOEROT X - TRED
EREwmEhi.

6. FEEBRMEAMAIBCIT 2 KX

[c2T

BA F, EHEH, MEBE (KREX, &
ZAEHR)

Wtk 1 A st 2 ENKERY VW TER
H =N OBEARAE OE R (TF), miE (P) o
KA VERELEENZBELRX Ve vD1F Y
BigEFic oW TR R nL .

1. Sl RE w i HESL (PD) &, TF/PK &
S SEHE X Nernst Eff 2 RT3 &,
Sl PD 05N EIIEY. TFk OLRicdims
3, PD oZ{bixdEEicdlin. Zhii, a) TFk
ZTF5EFOHFE, b) *7rVOBEIWNERK
BRET 5.

2. 10~*M ethacrynic acid 2ZPr2 B LT
FERERBA» SERSE5 L, TF/P OKEER
HEMORBLEZ TET L, ®FLEs<
25, BRI SERSR 5L, TRIEL LD,
R KORH Z2Red 5.

3. 107*M ouabain % [RHIE R 2> SIER
w5 e, TR B—RETOHERL, TF/P i
TEl el

4, 107*M acetazolamide % [REHE B F{HID> &
EREE %5 &, TF RE POETOHLERL,
HoZ@a Lk TF/PHIX1Z EEDLS. 2h
V3 RAE & BRI H 2335 % 720k HCO BRI i B
ELK @RRFOFERTRT 5.

5. DLEDHER LY, RMELAEERARET
13, K OB TRIBENFEL, Thiz=
7Y VER, TREY LTI FICEZERLRT
LOTHBEELLND.



1. FEEMEHOELY

AREHHE (RIRAIERE)

HH RATIUFT, BEFORAE

By : BHEOESNLDF 2 vFr I —~D 15
LT, FEESTORME»SBEE.

EHot - BECEZEL BT 1B BT 2L
T, Ho0—EiEOHHR I 2ED. hiEOEH
e — 731, WBEMES v— 27 OB % O TE
MR, T % v EEE2SW, EBEEZRKI
T HHBRE234.

HE i logx, tilogy, t HIfRIZM-D>O®E # T
BN,

LA SREICRTBEZEL AN LEER T 5EK
s, RBASORECESTAES W IEL K
BERAL - VTR L TOBERELZT 5.

8, XOIBRRICHTIPABREA BTN
[C ST RS

BA B, BEEKE (FHR 2w =R,
AEER)

BEREBOE & IEHAH S B U PSR
AL (FEPs) #3, FE%tick - CEHi2ZI52
LiklmohTws, ZOBEMHTREVWERS T
WTEHEHESNTER, R B rSEHLL
FEPs OHTEBWERSY, BREXOLEGTREN
BELER L.

VTR —RKEET T, BIEG 3 X OERS ©
ZoDEMT FEPs 2R LB L. —iRICES
Jgi5TH 55 FEPs 13, £ F=2>0E-ADE
N B b, Thbibos YRDNIERXR
5. 23WT, #EOPDIRMO/NZ VK 5 55 &
B, BUVRSIK 2 W TCHEARBLE, KBF D
FEPs Ti¥, OBV IZBEIES CTHE S,
EEIINT0 3 VT, BIERTRIZEA ETEL
e Uiz, ¥ FEPs TIX, ichEIER TH80
Y MOWEEEE S OBVWESES Sbh, BHIER
TWIE%E Lz, Eio, LE»5EH U7 FEPs ic
DWTHRZE T 5, BIER T80 3 Y BB OER:
- THEL, BEETEIZONTLEIR
SOERD BTz,

8. 5y MARNEEBREMIC LSRR RRE
HowE
REAELT, KEBRA* (CRIRWA, H—4H.

i

&

£% 101

RERTK, B, FHER*)

Ty bRy R4, —~ECHMERTH»S
HWEMEETSE Vb Tk, BETXOVANED
BT A RBIES R Sh, AHSNEE
P BIXAFFIC X % startle response ® Preyer
ENES D5 iz, W55 0@« DER (CM,
EP, SP, AP etc.) #EZHIET 5 HESHV S
Twb., LA L2 HR3EgEslds2cs0
HY, HBEIEBER L CR—EWIcowTHER
Binuve.

AERICE VT, KNEEREEBREND
WEEEZRWLZ LT X D, TORERBINL
7o, BLERD DR AN EIE AR YT 5
HEE L, THRACEBRZEORAL. EERE
Z v } T, 50EDS 100 B OREOME T, B
5o ICEEER RE AL (Y 10 msec) 23380 Hh
DL, F7y itk o T, EHRLIESL
DOl e JISHRD itk - 728, 118 BEEH»
LA 5 UCHRBEMPHE IhIAD, 14, 150
HEET, ThidRE<HEARKERY, £X0i
BOEPL b ORHEINT. ThEIZEAY
[FEsA Preyer BN BRDLNB X 5Tk
oo, SLTHHEMOHBEDORTZ, HEWIC
WL LTAh D E, HEEKE DFTLTH
HL, #4115 16HETIEE, KHAF v P OLH
L7

M, T ORIIERENICIE, SEE O Ik
SNSRIz, NEO tunnel 3 L 0}
intracellular space (Nuel FKX) OREIGERL X
NLEHE—FH LT, EEREE LTaS
hTwashF<L4 oy KM) REHF~< 1 >V
(DKB) %, [HE, HHEIRYTH 544100 H
»H—EMMERNES LIRSy P iz o w T
1k, ZOEEFEEMIBR IR .

10. 4 RAEUNKZ IR LITEIOBEEMICD
LT GnRER)

EHETE, REEH, LR, EARERE
(REEK, $THEE Tk, E, SEH .
BEK, B

4 XRIRE T5c/sec Hifkw CS & LTRMEK
NENBLRIFE L 72, RENVBLUITERENLS
HEAIOBHRER (Ep) 24 TREEDHOLILILE
BIEAL (MP) O3tk X % £z, BEfioksps:
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(Med. J. Osaka Univ., 1969 ; ¥R DS,
1971) © “MP” i L7z, ERIG (AR TAH
~ 2 RET) 10T LB (FiTlE ThA~
EAEWML, T]SERKE 2R T) 4ATOFY
“MP” 2 H#cUL7z. 1) ERSTRZAMURE
B EMG HE D 1.5sec ik W E « EETH
R Ep OFEBE S5 OELHBRELLIZ LD (A J),
%7 800 msec BITIE X B ICEBRSOESEEL
LizU® (Big), $ 200msec BiCiddEi XUNE
BREDOZELIE—~7iE T % (Ci). EMG HE
#i34y 250 msec THAEFORILIEBIBLIX LD
(D %), ¥ 500 msec T&/VBUERICKL HK
Wb OBEY 5 1 TERSPE L (B #).
2) BEET R EEAEEFHEDO “MP” XIEM
BOFREFRLRVE, EETERERPL
ERREKTHD “MP” Aol ERz s < h,
B OB KRR TRMVE XS, 3) R
REHBoERZERELHESE L X OERERE
ERDBBETHS S5 LEXD.

1. HTIFRO—IKLHGEH#D PAD
HHEZES, REEN (KRTX, E, $—4H)
= ARk OHERMEOR 58 (PAD) 1
W tadl 2 S TR D05 O TR EBRIR ORI K
ViR OMITHEKIC X » TRz Xh, LTOkRM
ILEEE MV » 58 1TmV Th o7, 2@ PAD
YR RHE R X Bk DS v AR ERD
& PAD OREBIE—FK L TR 7 ERDIR
thoEkd CEFEHI0%) K45 h 7. i PAD
POEEDR AL 7 DETBHERDHD, TDOR
4 SRR X BIEfTHE A 1 7B E
ET 5 LBEEOEEIT vy 7 Shiz.
BRI X BIETHR ¢ 1 7 ORE#EEE
7 ~45 m/sec, — 5% FNEKIL 7 ~15m/sec TS
X DEEHEDEEEREIE, - 7. 2 TR
& 5 %ok OB /NFl% FRR R TR i T L7~
6.0 msec, HEFTHRIE T 1.7~3.0 msec TH - 7z.
ZODX S CERAEYHIREEENALNRD
DOTHUBFHIMREDRD, TRy TV =r—0D
HRPRE A BRI » S EER 2 ER L
Jo. TOBRFMOAD DB (EEH
10 p) A3 EATHICEIE O TIF BRI E B 5k
FHUARSEEO/NIL 556 (EES5~Tp)
D DHDMRb» Tz, EREBOELL RV

A
=

5%
LERIhTW5S.

12, Slow k¢ fast HEEEH=—0OVI[C
WY B LR IRO XA

EERE, mARZEY, WEEE(EK R,
B . Ak, HEY)

FREex 2 ($EfRk =, JRffEfRR 2) OB T 2H
(Sol) ¥ X CHRIMEER (MG) XEDOEH) = =~ —
v v (MN) 12343 5 AT RIRFIREIR DR 2 16
Lz 1) MAKREEEHREFORBICLY
SRR 2 B XOTESEAR R 2RV T, EFD <K
vEEiz D, Sol Tix IPSP, MG Tix EPSP
%<, EF O MG Tk IPSP 3% 5 h iz (S-MG).
Jesikfh R = @ PSP OEBRIIMAR 2L LER
ZEML, WE CREEHRNBERORGBEEND
ZERTRIEX h 7. PSP DR 5, fast MN
% slow MN %, fast PT cell OXE %2135
EBRWRE Sz, JEgEfR R = ORMAIKAN R E #
B kb Sol, MG itk T EPSP 534 5h, #
hE 2 TREhBARLNRT, BiE O EPSP i3k
B ORI HEAEINEREESRD LT E
brEzbhi. 2) JEHEARE = ORHAFRZRIE
{2k v Sol Tix 2 v+ 7 A IPSP, MG Tix 2 &
J 7 Atk EPSP 3% <, HTO MG Tk IPSP
BH BT (S-MG). FAIFRZHREICX b Sol T
1% IPSP, MG ‘T3 EPSP 534 <, RHAIAREEH
BWOGE LB T - . 3) AESMARTEE
Hilgiz X b MG, Sol it s\ TH &7 7 A EPSP
BH bt 4) FAZEREERERBICI D Sol
Tk 2 o+ 7 &x# IPSP, MG Tl B>+ 7 =¥
EPSP 234 bhiz.

13. AAEERHRIC &2 ETHEEH = 1 —
OvoL+ FRBAL

BH ¥, BREME (KX, ® ¢[EEH)
EHTFMES) = = — » v |3 P-Mn (protrusive
Mn) & R-Mn (retractive Mn) & iT kBl &Xh 5.
AEB R VT & —LEEEES 22V, P-Mn T
R « AHAIE R R X B & 7 A B R S
T35 LHBEIC X Y EEMEEL S EREIC ¥
F T AEMEST Lie. RAIEHRRERCLS
o+ 7 AER L D P-Mn 3 IPSP &, IPSP-EPSP-
IPSP, EPSP-IPSP B 53T & 7o, sHUE MR
FigkOBE S RAIFERFABC L IBRINDL ¥
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FTABMELL RO F T RABMBHERS L
%. IPSP #UAla»md %< kSN 523, A
EMfRfR iz X 5 IPSP (Contra-IPSP) iR
FUAIE # Rz & % IPSP (Ipsi-IPSP) oifh
D¥I1/2 Th » 2. F7= Ipsi-IPSP & Contra-
IPSP OFMBALIIEL AU TH 5 T & MBI
Rote. A SHUBEMRABIC L5377 28
fizvk Cl FEA L7z P-Mn iz & WOtz Likic
B BBALTR 5. HUKIRM OSBRSS
iR LS BERiC o354, #1910 nA 515
2. DBE TR « SHAFHREFFR LD F7 =
BT 0 2752 &3 CliEA P-Mn ¢HES
PR 572, ERBED 1.1~1.2 5% ¢ P-Mn
i IPSP BFR XN 5. DEOERBRLY, [
8D « RPN FRE DR RRE D #RAE LY P-Mn D fifE
EICIEIE Y F SR CRHELTCW 5 L BRHEEX
hb.

14, HFLAERE R K-FEs + P 20E
R

BFE #% HEELEXR BFREMER (KK @R
I, £WMI%, R4

* 2 OFRIEKABIVE/ME P AL & RN EES)
HBrLEYF S RAAEREANEZRIT 5.

K> & VAR ZSEER I, /N S T R AR
CThLhyF 7AFBELTEY, ThThoE
Rl LT, AMEEASNIMEREY R & 5w
B, KEEANIEEZR T ERREIh Ty
% (FEDS, SHUS). Z & Tl RigRES R
= o — vV OMAKEFECERSh 2 LEZ LR
%+ 7 A (BE, Hultborn, & kf |, Experientia,
30, 1974, B[JR®, Hultborn, &k, XFEF, Proc,
Golgi Centennial Symposium, in Press) D{zZi
R B9 T2, RIBOE R IPHIER i 3\ C RIS 38
TV, HEFAANEEE T unitary EPSP % X O
FOBEERBIC L HILEERTH L. BRI, F
HratRUL, BRESBEISh, £/, EEX
2 XD BB EN Y O v, EIRMO unitary
EPSP #Sicsk&ivic. FK st 5 (208 ORERIR%
BIE o DIBEROM TN SN, 2oL &
ZDREDKE X137+ 5 EPSP Ok & XiTik
BYF, ~EBTHHT B2 R I IHEEDHR
WmTRE X,

s 4% 103

15. 3B EEZKIC%13 2 DMT (N, N-dimethyl-
tryptamine) Q{ER DE R EIEFAIHAZE

JHE#E, BHER* (K, E, W« =k
R IVHVRK, FHE, 7 4=v MEkRY

SMABRE (LGN) & & Of k M E L EY
(VC) THREME KL, DEEEYWEDMT ©
TERT B MR MSE & O IIER 2 L7z,
Chloralose R & = CHIEKE M % 17 122 X (OC)
B L O OR) ek l, LGN ik 4 5 &
GU/ER, VC »OIIERBEM TR D 4152
=L 1) OCHIKIC X 5 LGNBRER, 1)
OR #Hligic X3 LGN gkt diaf TRk &
LUER, ) OR A ic X 5 VC OBHRE
Az, V) LGN migkimigicst+ 2 M&IHK. DMT
1EEIREE T 10 2g/kg 5 32mg/kg TR
BERycis sh | BREEE RG22 5 LtV
DR EZn ], [IRABEREN»LD
v, DMT %R 13305 LA [F{E 3 %. Chlor-
promazine ‘% 7-13 Haloperidol % 1.0 mg/kg B
®E5+5&, w2 DMT EREXh %
B8, Nicxd4 2 ISR HHIER 220 5.
Methiothepine @ 1.0mg/kg F#%51 [ 2
FTEBNZ2WTIRERL V. BEMERKICE
W DMT i3 SRR SRR (R OB E M mE 2
WERT L, SMABRIR A R R 1o B Hh e 2
FRET 553, SMABCREXBEEEFE OFEICow
TFE LR, MR DMT oBHish R
TOWTDORERT 5.

16. REHBRAEOBMRECETS 2, 3o
IRFIBPRIRTR

ZRHL, T, WLE=, #F8d%Tr.
VIRET, BAEEF (HEEX, H41)

FATobidw 3 ¥ OISR A O B R BAE
CTRT D MRS R TR 5 T, JERRERD
v ¥ O EERKICHNERZEAL, BN
Mg (BARE MZ-4) 2NLTTSvvE+y
v 77 ([ VC-TA) RS h 3 TR

BB IETHERNORELRHI L5,
RRIEEETH B & & A D barbiturate <> chlor-
promazine (I%Z OB LD IEOTHL,
— 5 iR BZE L (cardiazol, ATP, cytochrome C,
CDP-choline, meclofenoxate, pyrithioxne etc.)
BN ENCH . ZhHEHD
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RS T 5 ERE, MEDONTHE 5 B R B AR E 02 bz, CDP-choline, meclo-

Y FOBRBREREIC T 3R L FTH fenoxate, ATP, cytochrome C iz X Q&5 LY
Rich b EPRDBNI. PAEBEZHPE, DX HEFRELR

Wiz z O EREBATRNEE, KEFEM4HED 3Hz SRR X A EAMREOE(LE A T 51EA
g Ciik4 U, 100 Hz Fj# crdidin 3 2Em #ET 5 EBHES .
DB ERBDON. T ORI X
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Symposium “acid-base homeostasis of brain
extracellular fluid” QEI%

#4E 3 H1T~18AF F 4 ¥ ® Ruhr k% ¢
Hans Loeschcke ¥Z DT, EILDOV VRY
v AMBE XN, BRI, 1) ¥k & EFEHER
5 X OAHRRR S IR A RS N OBt T DR R M
KEDL S EhivboTnah, 2) s
ORI B A P R R 1T e 1) B IR & FAmAast
W DA A vase.  3) MMIgs R DKE A A v
R OMEMETIE. 4) PROLER Z A B
L, FOMGEBICBE ITTHE, IXOVEHO
MEEHOER. 5) FFRFHOPREE, XK
DY AT AEN, RETH T

BUF, ZOFEIZ>WT v L 2 »iEAT 5.

1. JRk&REE Ofa s CSF (I 860) D 1 A v
MR EE b Zd o2 & In vitro D5
iz X DR X e, CSF @ Na* #hn, K* i
Ak, mEAND HCO;™ REDHIMICI - T -
LB K54 7En5E0w5 (E. M. Wright).

2. Lund k% Ponten %, Bu#AigkD LR
#AEE, BRERHROFHERES AEX D 1mm
BV EWIREROHEEDOERIGRETHIA L .
Zikx, F4E Gurtner St X -~ Tehz b T

W 5 IR & BhEFARIM D ER ¥ A A BE A3 :\ﬁ =
+ % & 53 (membrane charge hypothesis, -

Wien effect) 2 BET5bDTH 5. &< Otiw
%, Ponten DR & T 2R & 23580 - 72,

3. CSF 13 L3N BRI (& v i
bbb T, BEATHOEEERE VDI,
Peop B3 EH Lz L %, glia cell & iz chloride
shift HM#2% T, HCOs™ HMtA XN 57Tl
W& SR SR X fu 7z (Loeschebe). Z iy
1%, glia cell Iz Cl BELEEFNTNVWEENS
LD OHRTH B, FRMKEZVEERLD
B\ glia cell T Cl” BEAICH » TREBE B
A5 EVWI RimbkIhi.

4, FEEARE I TE O W O LA B M OB
T LT, MY E X OEREMNY EER

SRR
A H B AT
MR EMS .

5. SRENR/MEZIEH Lo XL F oD
W, R RERZEREET 5 2 L 2% Bouvert
BIOCEHET I VHRE S, Zhix, Kb
BRMEBELEPUTLE S LT 2372V HD
K. Wasserman @ 7 /L— 7 DFIE LT 2R
TdH -7z, ’

6. R. W. Torrance (Oxford) 1%, SEBIER/MA
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