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Longitudinal conduction systems serving spinal and brainstem
coordination-spino-bulbo-spinal reflex Muneo SHIMAMURA (Fuchu

Ryoiku Center)

I.I&F L ®

b N DB 2ROMOEEES) L LTHD
3. 20, BRIEECEER L > TV

SIHbNBH, EEHBROREBTIHOB) X
CREEL TR Y, MEBMOSITES LELIL
Tvs. MEEWOBITRIEX L HETHITE
NICHHED B, AR EORIR, BRI HEL
TEHTw3b., 20X 5 BT iREFiEBsre v
SEERRIETHoHEbN DT L1k, LB
DEBREZOFP L LMENDZ LI AHTHB.
HESE, ATIRBEEIW CIEA b him e, NE
DT b ZRMEHTIIED LI 5. &
DT LN BHRESE, BATICHBRKE R BREE D
2TV BTEBRHEERSE. FZTIhb0H
BEFEST VB0 TH BN, Z0RFTSHHE
DEETH 5 s &+ 555 « L5 - T
&t spino-bulbo-spinal (SBS) reflex—o
FESHLI R o, T ORI OEBRENE
FBIFLAL LTRSS, BEEZTabIL
HEHEER T LT 5.

I. & - £ - FHERLHTOWY

L. BREM R = ic B BBN BRI DV T
T AR CEIRT L7zl = 0 Ly BiRic
—BRAEE N, L, gl b KEEMEE
Hy s, fERpbI{aoN T 3EBOE
VWEBEERB LS VT I ARKNEM SR bR
5. Tl EpcEEoE LLEYy (25
msec) KB D b b, ZOBNKH
BALOFEEE Z RICFHIRRT 5.

1)1®ﬁéT$W&W%f5aﬁ%#5
2) IRIE, EREL DICHFMEKEICEAEHL
5L, MBE, BEREOEEL 5 J By

3) PTP B4 #bh 5. 4) Strychnine #5
X o TIRIEDERK, EBROEMHEILHONS.
)Eﬂt%ﬁm@@%%uﬂmma,ﬁ%f

, BRI X - TR UE & OFiE» 538
%né.%oﬁﬁmw%rm@%kwmﬁ<,
FRETIR EHICE. 6) EMA20RTREL
chloralose FREMEER* = THRD B 5.

2. SBS INBALOFEEA O irradiation
Ly 7213 S, BRI E—-BRKARE N, &
R IEEESOBHER» O KFEMNE EH T 5
&, IIEFET X9 R2HOBMNPEGESh
5. 1 BOBAIFRMESKEEN L BUOWE
EbL, BERTHERSRLEL, MRE i
CFH AL, T b b RBE MRS B 5
WL > THRLVIERT 5. ZOBMIIER
FaThbAabh2d LT Aib, BHEERH,
propriospinal reflex, intersegmental reflex
LHhohs.
fhnBEDES (SBS) I IEM TR E b &
$, A0 EAECERFERE LS L2 DR
2 HHE LA TR 2 2 - TEMF LT 5.
T DT LIRREEERS b impulse 2NFEEE
HFL, FBEL Y BALCE L, DR LUEE
ETILTERO LML VETRICRIT TS D
DrELZBL, KFERIEFHEDO LM TIREL,
TRTEREY. LB TEBRLVEETS L
TSRS, .

3. PMER O RSP
BNIEBMOIE LR, Tibb Pk
EInofETH 3 25, G OFS THRYMT
THAKL, MEARCTRSREZIBLTLED D
NBLIapb, TOMOMRRELELTHS
TENEEEND. T TRETRE, MR
UITEER, 4RIV ABOBEARECIBHL
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W, FIWER BREMOEBHAEZYCI-T
AR, ZThbOREERAT S L, SBSKA
DR L % b BEALE, HEicElEic s
SEETAbOLALN, hThERPERE
PEERSNS. FREICE LTV, obex
Poll 1~2mm, EFHE X V) EHCH2
mm, EE kY 2 mm BEORBNEVERTIC
bBLDOLHRLNS. |

ThbOFE» S, Lo BN BALEF
B JERE - BRI LIPA EW 2 A TH 5.

Ipsilateral Contralateral

BRF

Co —q| p—

Ts —4

T —< | b—

Tn — | p—

L3

N

5msec

K1, {IBEEERERT X VEAREIOFHAT
B bERINLEBME L O OB, X% =
CEBDO B LIRVWEEDEDA MY F= v
E1<#, S #RicBE-BIHHENL, £AW
I DBTHE Sy, L, T, Tr, T, Cp, & Co I8 B OUTEE
BRI DERES R EN U k. BHIRAIEE
BT SEMehs X5 L. BE
ENTEHFREAHOEMIICL - T, HIFEHHEE
BEC S LB b Rz, L OEEIFHO
EFBCZ - T5em HRTR L. RpEE Smsec
[EfE<d 5 (J. Neurophysiol. 1963).

4. SBS K ORUMERE O EMRE

RBEBARRMIC X > THR S D SBS K&
¥, BJEMRTh 5 n. suralis, saphenas, &
BB OB Lo THIEED NS, &
NEH L THXBEOMERM TIxE LA EAD
hizv. HLBEDORTHEIEETD Y, B
LR, ERFRBED Ay, ZoZE
2B SBS i oSR3I B R
LTwabDLHhbhb, FRIIEREOBRN
iz X - Th SBS KEBESICHERSLS
b b#EENS.

—FEMEEERE L LTEFCHEDR,
BRCRBER LT, KEHED» D OEEE
frl LTHED b, Z OEAIGES MR
DEFZ L30T, rESHROEENIER
HELTWARVWLDOEALNS.

bR BOMEOEREER TS L,
SBS RGO REF LS 5 2 L BT E
3.

5. HEINDOMRERK L EEHEE

EAETAOEMICE A OR S TR YY)
ez, REBMLOWEELSE E L jid»
b, FHEEREIEERERDREXEZ LT
B0t LT, SBS K0 arBEm=RRILHRIN
BOBEE TRXT 5B L H 525, WL
7L, EEICETS. 22 CTERADRE bITR
bbb, FHOTITHREEADRX LT
TITL, ZhZROREEPHHERICETS
DLHBND. BEHMRFHER & OBRICo
WTOEME A BHL P TRV,

HREN O EEEE 12580 SBS K OFREN
o irradiation o5, TITEOZHRZFHE
Eh 3P, ZTORMER 30~35m/sec Th o
fo. BB HTHEOGEEETR K - R AHERR
iz X %5 SBS K%, FUAMR» 5 8 H
L, ZhbOEROE L, HIBIREOHERD
ErOHE L2, 60m/sec OE R 2 b h
Tz,

- b BT, TITROMERREE SBS K&
DERFL DEN D, METELZRHIFHT
&%, EEELDBHEL OBE bmsec Fif



P2 ¥ % @B SO -RE - IERE - R IT oWV T

Thol.

M. & be&UtosmcE T B
SBS K4t

1. t o SBS K&t & % 0K
}ﬂ]S)N)

RS © BB R 1 IR B Y BRUR]
ez, FRShIGER:HEE
LRI B> OB 5 b, BE

HroRIimbhTwsXk 5 Il

EEOME L, KiHko HigkLe na

bha. FREH»ORIAD HE
REXY, BEEXIZS P REVHE
HPBHE N B, Z0OBNLEBAMD
BRI EGEZEL S 550 65~85 msec
Tho. HIRBEHEBREICIE S &
BEDILREEEEEE R L, T
EBNEBMEIEREDLDAEL & 5. Blb
RNEREFEZELD Y, $bEBTH
50, EREOMETHET 5 &
FRAMEDE N HRLDBNS.

ZOBNICEBMORKEBFICOWTIE, B
DEBRBEI VR, ThboER1EEL, &

M,H wave

STIMULATION
ntibialis —>
from m.tibialis
anterior
from
m.gastrocnemius

f dorsi-tlexion

10msec

2. vltoFEEHcHOLENLEMIZOWVT, BE
HCREMRICRENELIIRZ ML, BRINLHEXEHE
BEfs SRR B B Uiz, A DORCERIBHER» b OB
BHT, XHMbhTWaMEEEHESALNS. HORHKIT
3P TINZ R B BRI & - THER S iR EH >
B OB X A ERT, 9 80msec DEWERED o
BNIEMSADNS. FORREEEMENCELTEIET
%% (Jap. J. Physiol. 1964).

CAREMEARICRE L, FRINZES
HOBNCBABHLNEPE ) PERSN, B
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LIICERRER, =, ¥, A XBRETEDL
NICFRD BT, TITROGREEREELR S, v

MZHTHOFHEELE®RL, I—%T5
LTBPD, xa¥o SBS & LELIOM
REEREL RS,

FREE T, BREREPITEL T340
Th, TOEDENCEMIFBED DRV, —
FRCRET 5 & &b h 2R ERREEE T3,
A EDFICESCRD NN, 2EERE
TREIOEIOMETEHIC L - THELBHHR
. SHBEY R EREAIC OV T ORI
bh, TOMOEBFrHLPICENDBDOLE
5.

2. BETHEYIC BT 5 SBS KHNI01)2)

*aThobhic LFED SBS Ko
BCHLBFHENTOALNDPE 55, HIL
¥, B, R WEE ML U TAER
¥, ThEhBREOGWEHHEL LTH.

BB O K433 chloralose RO b &

NWICBALPFEY bR 2B Tk S bICHREIN
> THETBEPED», BHCHDNED
OPES PR EZXICRIT D L ABEOEREAT
v, SBSEHLYIE L. 2h b OfERRE
BIsLE3 0 TH 5.

a5 b B2 %E 5 ICHIE BEHO+
Tiz SBS RFi@ED b5, Zhiex LTk
¥, WEE vz, FERL), AT
%, FaTHLA LD SBS KEXED
bhvishofe. ZOZ eh b SBS REtizmzE
THERLFITRITEABND DI TRAVE,
BMORERELBEEL TR X5 A b h
5. A LTH=N, F=ThHBH, o
B L E-> T SBS RERZ BN, ERORHF
REOFELEDLRZ VO T, ZORENEZ
ChBPEALPTIREZY. EAakicd L,
HCihomEELEY, Thbixdls
WHEEELPI TS L vbh Tv 30 28
LEZAESBCEENEFRCREL A



228

5.
V. SBS X4t & fhDBENMEEE & © BE
1. SBS 4 & i EBIA & o RIHE

COMPARISON OF SBS, INTERLIMB REFLEXES AND CHLORALOSE JERK |N VERTEBRATES

- - - - + + | SBS reflex

+ + + | desc. interlimb
+ + | asc. interiimb
+ + | Chloralose jerk

+
+

+
+ -

[

+

Man

Salamander Primate

Bony Turtle
fish  Frog Lizard
Shark Mud puppy iguana
Yot Snakd
Alllga'or

AMPHIBIANS {(EPTILES BIRDS

Kangaroo rat

Seal
Dolphin

Trlasslc Arcnaeopwryx Cretareous

turtle insectivore
Carnlvorous
dinosaur
anmve Primitive Reptile
Amphibians

Paleoniscoid
Mammal-like

Prirutive shark reptile

Primitive Ostracoderm

3. KEHFEDHiCETS SBS K&, MEMNS (L7
P, T1THE), chloralose jerk DBid 4 5 DILIE. kB E
Von Frish o#{LOBz Uizl Tk b7z, +F1E 2 Fho
RERB LN THY, —13BDRP-BTH 5.

A B

ot TSGR SO S — SPINAL

VRLy . |- ASCENOING PATH OF 585

'!\ - |~ DESCENDING PATH OF 98§
~

~

CUTANEOUS N.

GROUP Iao

3*

SPIVHNS N OL %O0HS 318NIS — | ©

AMPLITUDE OF MSR_

o

4. EEWRESCE)HGEREECADRS EBhi
FR1 WOWT, A OTERGHHEE Y > 7 A KRB
% n. suralis R OFEORMRAE /7 7R Lie. Fi
i L ohniny NENAIR] $4bh5. A RO
FHEOE « OEAr» HEH LcERME, RS TE L)
DTH5. LENEER] LA R UERIZ, Ly 8> 5k
- SBS KH2S, EEHEIEOMIENEAL TR o mEALR, T
¥R 2> 51X cord dorsum potential A5, Ly #iE5> DI HBIREARD
EBIREHBAD A DN S, B ik SBS KitoRFHEBMIEIC
T LRERERNTR L. REMRED B O SBS R4 volley
VESEBMICH LTE Y F A RBNEEr 5Tk
b, fEmERIETH LOREEOREEL 5L TwEE S X
DXt LA group la fHticxt LT “D” ifEMfaZ A LT 7
TARIEREE Y 52 Tn5 (. Neurophysml 1967).

MAMMALS

T2 RE 5 2 BN - 2B - R I oW

SBS KRB OES L LTHBAZ A,
HOEBBIZOEBZ &2V,
BrATwivbidcidnd, MENEENS
IATVS, FRIZERDL D BERP LM

Lo Lal B8R

Hohb.

Ry AR ERE L L
T, HREWHERBORELRD L,
Pk HA BT v ZFHERFIC
L% EH b IEIZIROMIC, &
NEHBSIRE A BN D, ZOBh
T HHIZI R BT LA T -
TPERTBZ L, JvTF— VRl
nEIC: - T SBS KB NET S
BB bR e REND,
SBS it L BT 2Bl Bz b
3 (F4)

T DRI A ESh M A o
MR EMLOBHIC X - T IEHEE
frgeE IPSP 338w bh e, hic
B UTHREPDIE, ZOREAREE
LHEPOBBENRLLDEN D T
L SBS g volley ick 5 v
FARFEIOBEREL LN S,

2. SBS K& L JEFESE L D
B

Eﬁsﬁﬁmﬁﬁﬁﬁﬂﬁ’;or
EEEREEME L THERSH
5. Zol, EfHZEOESMED
HYHED L BEEOL O VEEE
BILTV30h, HIEEHXED
EEMARE SR E LT, MIEANEN

PEHLTLLNLZA, 3FEHE
DT Wb ol 120 HOHIKE

BB O EEMAE 2 3Z WY, n. sur-
alis CBEKHEEMAZ 2L 2 A8
L oMfE (56E) PEEE B
L, BYoETE{EBE SALIL
Polz. ThBHS6DEBMED 5 b
KEsy (42) wHEERSL SBS X
HowmFHic kL 5 EPSP 72 v L ik
spike & bR, EIciE SBS



Ihigs & AR 3 B IE B S -HHE IR « FRIRATCowT 229

5D H 0 spike 8 (10fH) & b,

LETHFHERFO H» OBE R H b

h, SBS KEMEDCHERLEHED D
iz oiz.
ZDZ L XETEES O BRI

Table 1. Classification of anterior tibial motoneurons
mTA pPTA bTA Total
Anterior
tibial nerve responses 38 72 10 120 -«
Sural nerve responses 15 33 8 56
Class I 1nom 1 m I Im LI ur
10 2 3 25 7 1 71 0 42 10 4
Prolonged hyperpolarization 1 0 0 2*1 0 1 o 4 20
Prolonged depolarization 220 0 00 0 00 O 2 00
Repetitive firings o0 0 11 0 L1 0 2 20

FREREHE L M % 3T 5 SBS X
FELD2EXEE ST T3 b D

DD, AdicikBic SBS Ko
HOXR, FHEBOHOXE & 5
T30 bH2ZLePiE->T 5.

3. SBS 4t & supraspinal tonic volley
L o BEI2D

FEEOEEMINL I LT supraspinal tonic
DEERBIATCAZLEHL PbALNT
¥V, Eccles & Lundberg? 35888840
R BB RER» b OREEIREL LT, R
B, BEBWIC Lz ki ¥ b, supra-
spinal tonic DREL AT L, Th b EHFHD
interneuron AL CHbLE U 5 LiBEITW
5.
SBS 4t b LR 75 & MEHER A E T e L 2
A b, supraspinal tonic O L5 » 0
BEZ > T B LB EShE. 22T
N HEEOBRE BIEES KN, MIRNEL
DOEH 7 Yk » T, n. suralis iZEXK
T 2 0 BiER A B B ARE b & AL O EH &
17755 &, BfomFMEAEL SBS K
o 2BEORKRBMNIEHENS. Zhiik
Blic SBS mEn#icE £ #:< spontaneous
dicharges 4L+ 3HLALNS. E/E
BT 2 RIE R o E T b, SBS
FEHE L b 5 (ElBEIROH%IC, B
HBELH NS, Zhb prolonged DHS
VEAEEEINT, nembutal O/ NEBE I X o T
SBSEH SR T 2 BICIBy bz bk
Eb, SBSRHLE#E LHEZFL ADbNS.
BB O EEHIE S DN EMZ EH L
ok T B, KERSS QML T RE R X
- T prolonged DORBAZEENITD bhiv
bbb ¥, ok bt MmEzREEED
bhic. ZOZ LITEFMIBICET 2RIT, 7

* Two neurons exhibited defacilitatory hyperpolarization.
§ Onc of two neurons exhibited disinhibitory depolarization.

TILZD L) REEPBEbI T3 L A b h
5. DEOESHNTH 50, prolonged i
HIZHR & RERIRIC IRl L 72 B < B it
DBMNEBDED bhic. T OBSMBHEENIX
MBI B 2 3 LIREBAL & 4 2 @R O
IPSP riZE\v, £ HOLEDL Y iR LE
({6) Zozkix base OEENBBYES
FICH > TERBDEPR, BT BSHEE
BALOZ L L BH bt (defacilitation) &
25 EHBAESNS. Tz 0O BIITHEE
ETic X - TSk L, base OEEALIZESHE
FMEELDZ b OHEEIRS. Lo
T supraspinal tonic volley 23 EEEESIKHIL
[CHE#EFE i3 interneuron #4 L CRIEKE
EATRY, SBS K volley itkoTZ
A5 supraspinal tonic volley 2385@ bhiz
LEZBL, LROBEKLHEFASHZ. von
Zhid SBS 442 L supraspinal tonic %
EOMIELBLIEBIVEENL TS L AL
ha.
4, SBS K& interlimb reflex3)45

Sherrington X ERMEMIZ O\ T D 5 b
2 ETEO—EFMT 2L, Zokkidih
v, EREET, EREERICHREL, K
B3 5 L\ 5 reflex figure #3|&E LT
Vw39, Tk BEBITREYMTIEIADN
i\, BREO B E T & OB ERERAES
MHFECL->Th@EDBND. Ll 2 TRKx
SIOTFRE (£7cid b)) o MBI R E N
Z, BB (270XThH) OEBE» b KE
frzEM+ 5 &, 11 msec OERFTIBLERK
HEMPED bNE. 0ORFBMIEREY
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N
intra. I~ J
vr IV

E N
As |50mv .
intra.
F
VR .M._.
B

=~
19 5
= o

I NN

—" 10 msec

5. n. suralis Flic X 5 B i5E B i o
FNRANEALTDWT, Ay, WIS #5 FE AR T
X 2 BRI O KRB 2 FIEN & Ly g7k
7> S ICERER Lie. EPSP & spike 2S8R D% &
F T ARKEMEFABRTAELNS. A, FUHIE
B ORTROMFTHRIRIC X 5EHR. As, n.suralis
R X 0% S5 HiEM: & SBS K4t o EPSP
L spike Thr, Ls BTES O b FRECHE A ER
Abha (&), B, n. suralis #liic X » T spike
BAHSBSKH L FAICDLL B 5T (&) C,
n. suralis {jik i X ¥ spike Er TR L~ F 7 A
BEHEM L FEERTOLABNS ([8). Dy, §E
B ARSI X » TR s - TARRE
AL & B spike 237 BHiv 5. Dy BTIRSTHERIEL
35 EAL, Ds [ UHIIED n. surais B X - T
BRINDSERESHE L SBS Kttt EA (1 #).
E-H 1% n. suralis #iic X 5:E8#EOIRELZE
BORHH OKAHE, ERHFMENE L SBS K
Htko EPSP & spike B3% BN 523, £ OHIEE
BB 2SN, Fix PSR & SBS K&
#o EPSP & spike BALO#H I E i B4
BAMYELDL N 5. GUREEREOSL LN ST
(G1), n. suralis F#IZ X - T SBS K44 spike
#iz discharge 2R L Tw5b. L LEBROK
ERZEIHIH SN (Gy). H(mTA) i SBS K
HOBELA G LARTBEBAXLDON 5. ZO
ARV TR B A B HERR L3 B Y LR
%éré,%@Dm&ﬁumWTﬁéﬁmmRm
1969).

IERE « FRERAICOWT

TRELAERBNT, P THTE»D R
Y 5 MTHEEEERKARE<RD by
DY, FoOMFE LTiiER & @ tonic volley
DARBEYINTIC X o TR, TR EBIHIN 72
CORMBEHMET Licled e bAa o528, M
BEFES 5 SBS KAV HEREINTIC X - TH
7ok, WEEBRAEBEDR LS Kozt bi b

%. BRIMEIIC 31 B PO R R B AL BA
HThY, THRFHEFRE L SBS ki L
PRIFFICGEL T THE ORRIC L 2 BALE 2
phs (K1SH).

5. SBS A & feik stk & oo BED)
SBS FEHIEFEDOEBCHAEBE LML T b
WELRCDE, $#EEKEELToRRTS 2

N o 2t
CONTROL Somv
B E GONTROL

10 msoc

. SBS EPSP,
N .
i >
Arpo,”P \o _____ - £
R0l (1, o=
“‘\'“: ~~~~~~ x e

weered T TSl \ §

D ¥

700 80 60 -40 20 20 40
MEMBRANE POTENTIAL (mV)

6. n. suralis FEic X 2JEFER Az
IS BAL OB 2L 2 72 DZE{k, n. suralis
RIS E N2 AR AL DR » 72 2o DES)
fiE» DOBMICO WT, ThThEEMNEZEX
R OZELEZRT. A 32x1078A OSSR
mz oz, Bixxi#s, Cix 32x108 A
SREEEEZ N 0% k. D Eilomia >
W 28x1078 A DiimiE, Eidsa#s, Fix28x
1078 A o@EsBEEES ML BEOELE R 7.
77 7R ERO XS CREMEEXED £ h £

NOBEOZELER Y. SBS Kitkd EPSP (O),
SNBSS SN AERITIE, 325 1 OREE (@)
prolonged depolarization DHFAIRIE (%, D-F),
fth > 7Y D prolonged DA REALL (A, A-C). (Brain
Res. 1969).
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U3 2 LIERTBLIHREDPD, SEMNE
FREFLOBREPEZDND. ZOZLikx=
@ sensori-motor cortex [ZEKHIEE Mz,
TEERIRL b B+ EE cord dorsum
POEHI N 2HOBAM L, SBSKEL 0
BEe2AERPLLEMTONS. TibLX
=1 ¢ sensori-motor cortex (B —BEHE Z
Mz %L, FEERARD b L OE R
LHONDEML, B EHRRHE bRV
NEELE BN EMPEREN B, ZOHE
SNEMEBRL Y SBS KHEML L oM ELE
{#t{ prolonged blocking interaction 2374
b5, Zoblocking interaction i3 &H&i X
LD TR > T b L HHNZEOIITBIT
% post excitatory depression & #» occlusion
RECEIWERBEZ DN BFHEMIAL LT
7z,

SBS St KA B AN IRERR, B8, /)
B, HIERER EPLOREE Y T T v 5
B YRR, PRHAEREORMIIC & - T SBS
RHORIEHERK, EREOENME & v ) (EEHEK
B5, JNPHRTEE, FIEMOFIIC & - THFIZIE
BH ol WHRORBIC L - Tk SBS K5
CHEBEOREIBIE R, HMEkT 5L
HEERAZONB EHICRY, ORI SBS
REom#lirroh s,

V. SBS Rit& REIER

1. Chloralose jerk & o fg5EE19)2)
a-chloralose FELEIM TiZb T » AHIEIC
roT, &Fo—BEFIERBZ 3, vb
% myoclonic jerk 28Fbh 3. BFEL LT
RIERABEBEDOIE LA & v~ M 8Tk
jerk RHBhEVEZ AL, cortex L
LIeBERZEL LN TE. L LILBET
5 LFEE, BIE, v =, ¥< TRk myoclo-
nic jerk A& 5N 5. TR LTS T
SEHE, v, TS omEE AER
ETik, jerk BEH LNV, TR DR
Bieicid~7z SBS FgtoBbhE L X —%
LTWT, KMEEIZ L BRECE S ik

bhd. ZHhiEERK* =% chloralose jerk
BHRLDBNBLIANDL LHETE 5.

Chloralose jerk # HEKHOHER L
EEEOEHEM L LCERT 5 L, ERo
EEHCRERSEP L, TRAEASTRERLT
Va. ZOBREFREORE 4 i S THIRS B
EMNFEH LA Z 5, &0 SBS KL
HR oM pattern 2, LT\, ZDZ ik
chloralose iz X % myoclonic jerk iz SBS &
HERErEESREEEC T3 L2 Y-
T v %. Chloralose 13880 TERB IS L
THHEBIRPBIA TS, M TOMKEIC
LT & 0X)nEEEL T\ 5 b,
chloralose jerk MRIEEF DML & BH L
PTIREL, SRICESHhIETH 5.

2. Myoclonus startle reaction & »EH#E#

A1%%n AR OILIE Tk Moro K& & EiEh
5 TS DS BRHRbh, etk N REE
FIR 1% myoclonic ¢ startle reaction 25
bhafind s ThboBFL LTikExD
EADbBH, SBSFHHEL OBELH 5 D
DEeHBNDB. ZOBSIIE, J6, AUEE L
2 X o THbh, Jo chloralose jerk :¥E{LL
LTVv 5. Barbiturate ## 51z & - T35 A &
HeovbhT, BETLRD OB, EkiBh
DEGZEVEH LI, F—FEEERL TNx 5L
ORI HDRECY, BIOBEEOHEIC X
> TRKEBRERDbIS.

TR E M2 FEEH» bHBERZEHT 5
bk, BEERFC I AMBEEOT Lz
5, jerk KGOBWbhFICHAER » Y,
BHETRbLELSHbR, BB, TRiwlcL
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msec T Y, t b THDLhic SBS Ko
BEEGELL, EREHEE L b HBAY X <
Rl fETdH o722,

Z D X 5 7r startle reaction @ & & B gk
MNRKFERDOZ C GHEEORE LEL, SBS
FEIRE L OBBERELZ O R TS, TANRED
X5 mREBIed B0, REFTRL Y L oEE
Db EITHLPIZERBELDEES.
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SPINO-SPINAL & SPINO-CRANIAL COORDINATION

T. BB OMOBWEFER, £EENERE
B L UTHMMR & Mk & oo, e RET s RHEE %
BEBERACR L. A, B X 0 R IGET 5 RHERE T,

FREEFRA, i« LR - BRSPS HRE « TH - Bt
¥ B %t spino-bulbo—cranial reflex 7373 B, ik (= H%)
o BB AR E T 5 EE, M0 > O LA EKtrigemino-
bulbo—cranial reflex &, X5 CHBEICE T 5 trigemino-bulbo-

spinal reflex Z733 (Exp. Neurol. 1963).

VI. EghEList o SBS K&HEIC oL T

EERTH bhic L FfRD SBS FU#MER
fLOMRERTLHON B, Fl s
FREIT & TREARE I LREEMHED DE S
Yo KEEMOfMiIc, Mt fRE T 5 KB
B bNY, - I RN X - TH)
e 7 & R MSEE 2 b, FREER R
DEM OMIC SBS BB L bhaD.
O, REARIEBID RGN B X -
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BEAED DRI T SRS, D OF
BREBRRICGET 2RBC A BNB. Thb
t¥spino-bulbo-cranial, cranio-bulbo-spinal,
cranio-bulbo-cranial reflexes kg Fh 231D

(7).

VI. & » Y [C
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bulbo-spinal (SBS) reflex OHEEE %
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tonic HEEZEBMELZ Y IC B X
FELTWAOTREVI E A BRI

PERRERR R 1 & 4« @ input, out
put ZboTHY, T TOHEN
SBS i bH TR EBDIFT, %
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YO HNTH 57 EE 2 SBS gt o
BEIZ 2Tk, BRBHALP TR SHBIE
Shi-ME<Td» 5.
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. Monocular optical illusion with depth perception. Takashi MINOSHIMA
(Emeritus Professor of Hokkaido University, Nijukki~Cho 20, Shinjukuku, Tokyo, Japan)

A hitherto unknown optical illusion with depth perception has been occasionally noticed
by the author, when he was walking on the paved basement of Shinjuku station. The
pavement is made of bricks which are arranged peculiarlly as shown in Fig. 1.

1. When man observes Fig. 1 from one direction, a longitudinal line a seems to be
processed and the next one b to be recessed. When man observes it from opposite direction,
line a appears as recessed and line b as processed, giving thus reversed perception.

2. As indicated in Fig. 2, Fig. 1 can be reduced to simpler one. By monocular vision
of Fig. 2, man observes also above-mentioned effects.

3. What makes a two-dimentional figure a three-dimentional one?. This phenomenon

may be explained by the ocular movement.
key words : optic illusion, depth perception
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EEXZOBEFES ~4 AFBEREOHT
1ROEHEZER LT 52, FHEIOAE, 8
R HEED vV T OEFIRMMEE 5L 5
LITRBEME S OBEOKER, Z08EHD
FEEHEDZ. ZoMECKEROEF & EE
R 1 LT b REIC Z 0RRE 2R .
EHEOMBBPY TIXZO LS REBIC X B EE
ROFERIHERORER X OSTRICIT R 72
VDT, —RINEEEORERLELDLELT
BET 5.

i

I. # £

1 #Eo vy FoRdlix Fig. 1 o2k <
EROFATILHERR 3, b ib - THEH» bAER
DVYHBREWEWIIC 2 LTHIRHAT
Wa. ZOEERRIFCHEL LRI TR, af
XEEY BV, TOBEY O bDRIZEBATRLS.
ThETERRMOFR»bHL L, MRk
afizic, MRz bizMic Rz, B&
Hikg L.

2. BBEBIZ oV TOBILE

Fig. 2 13 Fig. 1 #4M LBz Lz b0 T

CHAFA454F 8 17T H )

(J. Physiol. Soc. Japan (1970) 33, 234-237)

Fig. 1.  Actual arrangement of bricks of paved
basement observed by the author.

B % OEF ORI TR S HER 90° Th
5. TREOWTOBEERIE 1 054 L Rk
T, SHRINFIBCEELTE»LRTHa
Bz, bRRXMIZ Rz 5.
3. — R Xk s HEER
A—VRiCEYS O K E SO E/ED Fig. 2
PERELIARCER L CEREOFELR
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BEBE L.

a. Fig. 3a X 5ic Fig. 2 ¥R+ 5
WEAPrLREBHEL, 2 2WF L TH MR
zbhiv., L L Fig.3b ok 5ic Fig. 3a
D1IL2%30L5h5ECHRETECLED
HRCT 5 e85, fAtRoMMmE»EHbhs.

F 7 = 0%k Fig. 3a, b 2180°[Hix LT
RTbREEkETH 5.

b. 2¥nEHT Fig. 2 offtnafirz
NWEROEROR2ETY, kbR h
EEHOEROR 2 ET» LT—IR, #l23ER
THEDOF M E B EOFm»r b RB L, afsE
72ik b#oM ML Fig. 3b oA X Vik<
Hohs.

C. 2HOEMERYEDY, Fig 2 &4%
—RCTRZ & afit bRLOEX ZHERIL D
TRRZBEL VS DTS, FFOR
& DIRROMLIMAIC L > T aff e by,
BT b EEEBNP O X 5 T RKIRT 5.

d. Fig.2 ohRficimerES afgz b
FRETFTL & k¥cific, FTHIZRTITL
CTFHETEMIcE S, bBTEYT, LETH
CTF¥EThic Rz 5, KEE2180° b LTHRE
R AR 2B & 2R % 2GR TRBR T
5k, WRE bIca@TBELThE, £%T
Mic7z Y, bigcAErMic, EdTrihick
5.

4. EFRORWIHEZED b D ofl L LT Fig.
41z Necker mIEAH K ZRL 72 2%, Cohen
» =& Necker [, Schroder mPEEEY = h
gt 5. &bz Miller-Lyer o s L1
Zollner OFH L d sBREOCERE EH LB L
Wz 5.

M. & i

1L BEHEICOVTOLHEEE OHHA

Zhic LTk Kohler® (1940), Metzgerl®
(1953), KXIUIED (1970), Teuberl® (1960) %
DO, ZEORENFHL T v 5. Prenticeld
(1962) iz £ % & Kohler »3tRFFZEE (1944~
1952) 1% Necker DR OBZERIT L FOK

N\

CONNNANN
4

Q
Q--nd

Fig. 2. Reduced figure from Fig. 1 by the
author.

I
¢ 3
2

Fig. 3.  Elementary lines and figures which
constitute Fig. 2.

Fig. 4.  Necker’s cube.
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HEEBETHEL, BSOHEBLEREOESR
LoMicEELBERO0D 5 2 L ERHLE
Hochberg? & (1960) 12455 % — v ie 2T H
D, R Lo L OR B AOTEER
W LR AT o=kt &, By
BHEHC R LTz,

2. BRIV T OATEEE OB

AL ERBFFEHED (1949~1962) 1 AR
DVTRBROFIEE TRIEFBRERAL, Z
NEEBW I H = A, o4 i ¥ ORI
L, SHRHIELIEL MR, EHiE, &R
Rz Lo LHEENESR 2 BERAETFNCHERAL
X5 LRAT.

3. BEOEIC X 2 EEEEHIC OV T

a. t rORCEIEREL b TIhA
IRMfR L CIRA G OEE 2 EBESEZTETO
BRI RMOEEE, MEEORBESE, M
B0z Zh O PKE X ONERERE L & o
EBLIVEREOHAERETOEESLOTH

&
&

D
s

al

<
<X

&

a
Fig. 5. Composition of the author’s figure from

Necker’s cube and illustration of ocular movement
which may produce depth perception.

%. Fig. 2 © X 5 i ZRThE 0 K2 5 2
DNIBEAICEZ 2WMNORERISZ K TH 5
P, HEOkYIC, ThEEAKC X REGE
Bl by BRMAeE e LTS T ki
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b. [REROBEEES) & £ O BHAME
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Studies on amino acid metabolism of the nervous system of the
Japanese land snail Euhadra peliomphala. Aiko SUGAYA (Department of
Pharmaceutical science, Toho University)

The amino acid metabolism of ganglion tissue of the Japanese land snail was examined.

1. The pleuro—parieto-visceral ganglion (PPV-ggl) contained considerable amount of
glycogen (5.0 mmoles/g-tissue). When the isolated ganglion were anaerobically incubated
in the Kerkut’s snail Ringer with glucose, the glycogen concentration of ganglion tissue
decreased. The lactic acid formation was proved in the incubation medium with “C-U-
glucose and the anaerobical incubation produced twice more lactic acid than in aerobic
condition. )

2. The major free amino acids of PPV-ganglion tissue were alanine, glutamic acid and
aspartic acid. GABA was hardly detected.

3. The activity of glutamic acid decarboxylase or GABA transaminase in the snail
ganglion were significantly detected, but their activity was far lower than that in the rat
brain.

4. In the incubation medium containing pentamethylentetrazole, the oxygen comsumption
and lactic acid formation of ganglion tissue were remarkably inhibited ; the *C-incorporation
_into alanine from #C-U-glucose was increased, while that of glutamic acid and of aspartic
acid was decreased by PTZ. {J. Physiol. Soc. Japan (1971) 33, 238-247)

key words : snail’s neuron, amino acid, metrazol.
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FPRARESR OBEE - ES1T 2 WBE R L
B vV IR B e iciE, —2—2 DRIl
DHBEREEIZL b 252 LD TE 24z
W, ORI S e BRI E RN
5L BMETH B.

- EROBEE & B o EELEN O PR RIC 2
Wi, RIS T A WENELE 2 55 E
i, BRI EE LY, BBz E
Wbz THERS O EZBEKRL, #E:
Xz APEREREHLPIR LIS LT B3RS
BRZEbhTV5. Zo#a Klein & Olsen
W xkapk A4 X G, ¥ 7%, Richter &
Dawson!d i3 #1227 % X 3 ¢, #rv7rs
v, ATP, fEight, glycogen, TLER7s ¥ DD
REERFOBNRRELEZ 5 & L 288
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U, EERCE, b ) EHREEL EORESE
FRTZ L 2L LT 3, Nahorskil? i penta-
methylentetrazole (PTZ) % & iz x 7= i 0 BE8
B, ¥4 373X IPOMPERP X O
RIZOWTL b LL#HEL, Sanders et alls
YEEICF A 37 2 A>T, AtkEERE
JREES hydroxylamin, PTZ & g EtikEA] s
bl 2l o, Wifko ATP bz B
T, ATP BAE#oFHRICEE T 5
TLERRLTVS. ZNXHic, WAL
BYTH, BECEMICH - TRHERANOWE
RHCEHPHALPICERTEY, ZoHER
WMOLE, BREELOEBLALVIBZ LY,
Babhsd.

SEIFZ I A V= A =4 (Euhadra peliom-
Dhala) OFEEIL, FH & T bin vivoizif v

REMF T Z LN TE, WMREZERTS
% DHERIC OV T D, BRATFEHEE L 1E
LA EHBMPITH - T B (Sugaya & Sugaya
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®). zowigfic PTZ &bl 2 icfif O
W OEBEKHNEIY, x2PTZ%bic 2 ic
BiHbh D, REEEORERICFAHL TE
THRE==2—r b0 excessive depola-
rization ¢ [FBE7:, 4 o phasic activity T
» -7z (Sugaya et al.lD, Sugaya & Sugayal?®).
DX 5, PTZ #dlcx ik b &Y 50
RO BEAEE, F—uy NEOH Y
v ) Helix pomatia iz > T %, Chara-
zonitis & Takeuchi® iz X - THEESH T
3, o PTZ 1z X % phasic activity i3,

d-tubocurarine % B & 7z £ T, HL L
b, =Y ko input FERT LRI T
BgREhs 2L b, BREEPNNESD
Y, VAo origin kY, LA endo-
geneous ZEAE RSB B L bR, FEEFELIWXT
Tlc#E Lz (Sugaya & Sugayal®). PLEoD
Tihb, HEYLYOREEE, WILEYIC
BT XY EfbE N iRRTD, iR
SIS LI RE (L E RN 50, FRCHE
DIVHEIEEZORDE. LBL, FY LY
OWBERBHC OV T DI L, Cardot et
aldOnR, 3 —nr v NED Helix pomatia iz
DT, WERET I ERMRRE, IR, D,
BRETHARTVBILEEE-TRY, EENE
G2V TRBI Abh Ty, —F, —

CEREBRAL G.

PLEURO PARIETO

VISCERAL G.
Ipan

rpan

Fig. 1. Central nervous system of sanil. cpc :
cerebro—parietal connective. cplc : cerebro-pleural
connective. 1 pa g : left parietal ganglion. r pa g:
right parietal ganglion. v g : visceral ganglion. 1
pa n : left parietal nerve. r pa n : right parietal
nerve. a n : anal nerve. i n : intestinal nerve.
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A. ORI R X O—MERME

A LI AT <A =1 DFE%E L Y, ventral
face X< L, REEZLIDPIDX 5 Ic2o
DRERBRENRHROND, LERIZH 502
1R ET cerebral ganglion (C-ggl), T 28 i
JEf4 % i pleuro-parieto-visceral ganglion
(PPV-ggl)i0)¢ g 3 (Fig. 1). SEIDERTIX
& LTERHEREZ A, in vivo T
7 X RO R 2 F v e, BHE®
T R ENE 72 72 5 12 ¥ Ringer iciH L, /&
FORKAMEE CEXAREIRYDEFVTERE
noEHcti L. 1{HD ganglion 3EL
T B EY LY TR 3mg BiEOKRE ST 5.

# &> AU @ Ringer solution i Kerkut
Do Lichiv, Z Dk NaCl 80 mM,
KCl 4 mM, CaCl, 7mM, MgCl, 5 mM, Tris
HCl-buffer 5mM (pH :7.8) iz L= b D
ThD.

FEE L UTglucose MMz 7z f &Mk, 01%%
721x 0.001% D @EE L L, PTZ FinoBEi,
R BENK 10 M iz % X 9 iz sndil Rin-
ger iz 7z. Incubation |ZEEKHH 5 i
HFREETBT vy, ZhEh N, O, 28
s o b, 25°C OIERMEP T05RIBHR
Bl

B. #EOMEL X MtFHERE

1. Glycogen D#iE



240 B2y A HREOT I 7 BREICE T AHE

Glycogen ojlEix Van Der Vies?) o5
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ZCTHUKBRTERL, B|RICK - REL
Lz kiEE+ 5. COBREZEEREEL LT
RO glucose # TE BTz, tLER
—EROKREKCHEML, 1N-HSO, HTH
k¥R 2 BRI 538 L7c %, NaOH cHifn
LT, 7vRu UREEEIRIC & 5 glucose OE
B v T 570 mp CHAEER L.

2. WEET X BOSHT

PRI OBERE T < B OBIE X, KRR
T E#ET, F721% incubate 4% » medium 7> 5
By LT, MERCKENICEE L 2 homo-
genizer G759 ethanol iz T &EFF
A AUBILLTZ 0 LEE 40C DTORET
BHEL, DEOEEKCERELTKEMS v e
FNVATHIE L0 b, 73/ BESHSTS
(Hr$8 034 Bk 7 v< VEE) 2 HVCER
Uiz, %72, —Te>w T, BIELIKEBD
—EEE, BREREL LT, AREB:K(4:1)
BRI N7~V E@: K (4:1:5) %
Bl ZR/IER—=A"—I v b I 7 18 & o
T7 I /ERE4HEL, EBAf0.15% ninhydrin
ethanol IR CHASERLT I/ BOZFA Ry
r2EIVER\T, 609% ethanol wHiH L T570
me OREELRIE LER L.

3. SnEIVERBURIREERB X O GA-
BA-trans aminase JEM:ORIE
a. JNE I UERELRIEREE SR O TUE

Frontali® oFEIHELT, V—NVTNT T
5 2 af© *C-U-glutamic acid #FEL L
TH# > homogenate % 30°C, 604y incubate
L, & Lk ¥CO, B8t “C-GABA %2z
LTEZDiEEE Lz,

Medium o #Hkix, phosphate borate buffer
(pH : 6.5), 0.03M KCl, 5 x10-*M pyridoxal
phosphate, 0.03M glutamic acid (*C-U-

glutamic acid 03uc 2175 2= fricin z
72) ThY, HMEREENSmg V. K
BE, WEEMZ CELE & ¥, medium o
CO, #, 77xzadmoRIEIL Ak KOH 1
SRR Lbe. *CO, 1% Ba(OH), afn
Wrin 2 < Bat“CO, oyb#Eks L, millipore
filter CH®BIFRL, W rFr—vavad
v v F — TR JIE Uiz, [Fic medium
o “C-GABA 13, BREH Lz LEEL—2
—27mu< | (PPC) ¢REL, radicautogram
T GABA OALEZ T, T DOBFTOMKEE
B, Wy v Frv—varn v E—c X vl
ElLk.

b. GABA transaminase O o Hi
i

#fRE 2 © % % glucose 0.001% % &is,
snail Ringer Hricinz, “C-GABA ##E &
LT, 25°C 604y incubate L, MC-glutamic
acid, *C-aspartic acid O&FEEFZRE L T
EHER R Lz, T7b b, incubation medium
i bHfkZ L VL, 75% ethanol TRRZE
HLlznb, PPC T7 I/ BxBEOBEL,
radioautogram |z J - T glutamic acid, as-
partic acid DALEZHEID T, LETOFER
Lo THEEY VF V-V a v b v ¥ —I
X Y2 ORRERE R HIE L.

4, “¥C-U-glucose L Y OREEH R, S v
a—2R, FLEER X CHERT I BOREE

U—NTNTRT I a &k v T “C-U-
glucose #fnx 7 snail Ringer % incubate
medium ¢ L, Bi=Eiz209% KOH % A+ <25°C,
60434 incubate 3 5. Incubate 4%, KOH iz
WIS h 7= *CO, % Ba(OH), #afnyg <o
L4 U7z BatCO, % millipore filter k3|
FBLT, WEYYFv—Yav Ay rF—T
AR R RIE L.

Fva—z2B X O\*?L@&i, incubate %o
medium % Dawex 50 (X4) oS5 A%@EL
T, YC-7 IV BEERCTOL, TOo—fE
n-7 %)~ Eifg: Kk (4:1:5) ¢ PPC R
BL, glucose LI BEEHRELT, TOWHD
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ARY FEFREFRYID LT, BRYVF L
—VavAYUE—IL X o THEERHEL
7z,

*7z, “C-U-glucose L » 7 I ) Bp~D
HC-HERED L Y 2 A RARB L ® T i, in-
cubate U7k Eiiig: % 75% ethanol CRE
HLznob, Dawex 50 (X4) o T ak@EL
T, “C-glucose B LU “C-H@ER V72 ©
b, TVE=T, 7AW YETHELTRE
WE, PHICAE Yy b L, -7 & —n B
MK (4:1:5) BXOWAKREE: /K (4:1) T
ZREBEBILY, BEShET I BOM
B % radioautogram T, T, ThEZh]
VY, WEYVFLV—Va vy v B — T
YCOMEREZIE L. %7, RO
BERCCERET R BEWEL, HHEET
TUBMEND, WHNEEEE L.

M. £ & & &

A. 7Y a—F o8 X OB

T FLEI O kAR glucose 23iE L A EHE—
DZAVE—FLEoTWBZ BB TY
5. LU ZY sy 0EA1E, snail Ringer
Hiz, 4K glucose &Nk T3, IHBIBAL
ERGMICbZ > TRETHILNTE S, *
T, ETHEY L) MREOEERH LA
5 HKT, glycogen BZEJE Licdd, HiEH
o glycogen &3 in vivo T34y 5.5 mM/g
TIHEFLEM DR @ glycogen B X Y ik B hic
B, EREHEKP TR glycogen OiEERL
{, BELB T, 13E invivo ofF L FEET
»olz (Table 1). Zz oz &ix, glycogen J4%
oW Tik Pasteur 355 L BIE A SHEERELS
AETBZLEFRRLZbDTH 5.
Glucose X » ofRFHERE # 5 L, LR
B X ORIV ARk, 12043 12 b 7z o
THEBRIZEML Tv 3 25, FLERERIL 0.6
pmoles/g-tissue/hr ¢, A a7 xX3, =
ey MELHEL TSI Ey (Fig. 2).
- BRI CHME incubate 3 &, FLEEAK
REFRPIFRHIC S BELIEL, KRBV AF

Table 1. Glycogen contents in PPV-ganglion

with cardiazol
(mmoles/g—wet

) without cardiazol
Condition (mmoles/g-wet

weight) weight)
in vivo (4)* 5.15 051 e
incubation
in Op (3 6.30 0.75 8.88 0.84
in Np (3)* 2.09 0.22 7.89 1.27

* Experimental numbers are given in parenthesis.

- x10?
5 BT Glucose 01%:2435x10° DPM/Tube O]
g TRIS-HCl Buffer: pH 7.8 @
z .| TEMP. 25°C £
¢ br 0z Ky
g 1.2 2
[<}
g 4 1.0 E\
] 08 %
5 2r 106 2
E Z 04 ¢
I zZ 02 g
Pool g 2 §

30 60 90
INCUBATION PERIOD (minutes)

Fig. 2. Oxygen consumption and lactic acid
formation of PPV ganglion.

Table. 2.

formation

Oxygen consumption and lactic acid

CO; formation lactic acid

Condition (“CO. DPM/ m%/r ) (#moles/g/hr)
in Oy 5.73 x 102 0.68
in N; 2.92 % 102 2.17
Table 3. Glucose utilization in PPV gan-
glion
uCO, lactate 1451 ;(i)ngcg&o
Condition formation formation acids
(DPM/m}%r/) (pmoles/g/hr) (DPM/mg/
hr)
1 0.81
non%? 565x102 (10.5 DPM/  252.0x 10?
inger mg/hr)
0.64
cardiazol 2.60x10%2 (10.9 DPM/ 175.8 x 102
mg/hr) .

iz bh s (Table 2). KfEHE T exces-
sive depolarization % #& = ¥+ PTZ #m <
1k, RERVATERIZEREF T » incubation
LR IE S h e, BERITERKPT
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Table 4. Amino acids composition of PPV-ganglion
Condition Asp. Thr. Ser. Glu. Gly. Ala. Val. Leu. GABA
(#moles/g~wet weight)
PPV-ggl .
in vivo 2.03 051 059 225 051 4.02 015 0.22 <0.01
with glucose 128 136 043 1.85 038 447 018 023 <0.01
without glucose  1.45 1.09 054 200 053 435 <0.01
C—ggl 1.27  1.07 070 3.09 225 424 052 052 <0.01
Table 5. Glutamic acid decarboxylase activities TRy, 2OBENERCOVTHRECE
 FEV-ganglion RTvS. RABTIRZ OB ENE DY T
Conditi 14C(1)z formation 141C—GABA NT, &bz, GABA 0k, FBERIT OV
onditi —wet —wet o N
ndition (¢moles/g Zveight) (p#moles/g v\‘::eight) T R RS, AR E BT,
Snail glutamic acid decarboxylase o{ft% “C-
PPV-ggl. 5.0 80.0 U-glutamic acid 2#HBL L T&EHIR b L
C-ggl. 10.0 170.0 241 9y s — LI
Rat brain 26.6 120.0 \ &\"jﬁ w"ﬁh‘%’ X ﬁé[‘?ﬂ%o £ LT%E@ @
LicFA 27 % X ORI 5T, 20
M &3, PPV-ggl i T,
Table 6. GABA transaminase activities in ik ;t}{ & Z_’: g_% e < B
PPV-ganglion C-ggl 29 2 BB %R Lz (Table 5).
A ar —7%, GABA-transaminase {2\ T%, 4
Condition (/.zmoles/gsg{vet‘ (,umoles/gli.wet. A 27 FRIPEOEEBFTS, BFYLY
weight) weight) Tix, PPV-ggl, C-ggl Jtic A nIEEERL
Snail : . N
T C- 445y GABA &
PPV-ggl. 0.04 0.06 Lable 6 Cegl 0T 7isksy #0557})
C-ggl. 0.06 0.05 BOOTRECHEHESNS. vwIhitLT
Rat brain 0.15 0.14 b, BEY LAY OERE Tk, GABA €%

DHELRY, ZOBEMERDLN 22 - 12
(Table 3).

B. 73 /@K

JE R (PPV-ggl) B X UMb (C-
ggl) iz o, in vivo CIFEET I BB R
S LIcisE, PPV-ggl 1%, alanine, glu-
tamic acid, aspartic acid DJHIz£Z < & Eh,
C-ggl 1%, alanine, glutamic acid, glycine,
aspartic acid DJECEE L. HHLEY O
WHET I B L R DEBLL T B B,
PPV-ggl, C-ggl fLiz alanine 3%\ Z &,
B LU, HABMOMCHBEHN ERERAE
GABA REHLDTHV LV HIRKFH-BAL ® &
iz (Table 4).

C. GABA AR X OoMER

GABA ZM#EMRIc 0 AFEET 52 & b

BT 52 L 3HETH 572, ERB I UG
BRIT OV TIE, ROTOFEEEHR LD,

D. “C-U-glucose 22507 I J f~D “C-~
incorporation

1#C-U-glucose f3ED7 I /e ~ @ incor-
poration %% % b, FREpHICIE specific acti-
vity %, 304y incubation ¢4 TizE <L, i
BrERT 20088 L » bhic. Glucose 2 HE
LTRSS, BRNCEEREZNET 2
ZrETE Mo 22, MC-U-glucose 75
D, T3 )~ “C-incorporation (B & 7
iz b, glucose FsRD 7 I/ BRARI,
HOPILBZ bR TY 3 2 L SRR EShic
(Table 7). ¥, W7 I/ Bho “Cglu
cose [cH¥T 5 “'C-HifREix, alanine ~o
incorporation 235 & {, specific activity
1%, alanine, glutamic acid, aspartic acid @



B RV AYMBREOT 3 ) BRBCET AL 243

JEizf&Ev (Table 8). (Table 8).

*ir, BREKFT THEEL incubate 335 2iE E. £ % % pentamethylentetrazole Zfj3
Bt7 X /o specific activit'y %, aspartic Medium iz PTZ %jn 2 T incubate L7z
acid, glutamc acid 23%Hf@&ic < 5 TET L, BE, TOEBEMT, ¥ b 5 excessive

alanine X2/ L WEINMF 208 H b = depolarization ;R L TR Y (Fig. 3), O
Table 7. “C—incorporation into amino acids from #C-glucose (U)

Amino acids in tissue

Incubation period

Asp. Glu. Ala.
Content (#mol/g) 2.50 1.56 4.60
30 min
Sp. Ac. 47.3x 102 122.9 x 102 354.6 x 102
Content (#mol/g) 1.75 1.64 4.40
120 min {
Sp. Ac. 174.2 x 102 274.5x 102 418.0 x 102
Table 8.  “C-incorporation into amino acids from “C-U-glucose
Condition . Asp. Glu. Ala.
o { Content (g#moles) 1.47 1.55 4.40
in
’ Sp. Ac. 203.0x102  3920x10°  736.0x 102
Content (p#moles) 1.57 1.70 414
in Nz

Sp. Ac. 15.5x 10? 139.0 x 102 1633.5 x 102

50mV|_ 4sec

Fig. 3. Effect of PTZ on the acetylcholine sensitive giant nerve cells of snail. Upper
trace : D-cell, lower trace : H—cell. A, Spontaneous firing of D- and H-cell. B, D- and H-
response to Ach. (1074M). C, Phasic activity of both D~ and H-cell induced by PTZ (107*M).

Table 9.  Cardiazol effect on “C-incorporation into amino acids from C-glucose (U)
Condition Asp. Glu. Ala.
Content (#mol/g) 1.28 1.89 441
Control
Sp. Ac. 212.0 x 10? 496.0 x 102 650.0 x 102
Content (#mol/g) 1.67 2.22 4.77
Cardiazol
Sp. Ac. 42.7 % 102 175,0 x 102 950.0 x 102
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DIBHRRIC 2Tk, BFEKPTO incuba-
tion LB o7 8% — &R LT & (Table 3)
3Tl R B, 7B~ “C-incor-
poration 1¥, ZHERH T ORI AL L IF
#Ric, MR s THfl&hz (Table 3).
“C-U-glucose 72 &, #ilzhT I 7 Bp~0 MC-
BHEDOL YV ZAHE, SHi b LLAFARS
L, aspartic acid, glutamic acid ¢ specific
activity 1IxtfRic < 5 _T/EF L, alanine o
specific activity ¥z #meE R L <D, &
REFTOHE L REOMA LR L7z (Table
9).

V. & =

A. TREEIOMERER

HELEM O AR I oV TiE, =R AF R
& LT, glucose BME—D LD TH B L EX
bhTRY, EFOBEEZMERT 2D IA,
VEOEELEZLR TS, L, #FY
AY OMRERE TR, WHLZ 0B, £< glu-
cose e ¥k Ringer CEWmLAEZND, &
BEMOEEHE LT, ERlichi-T
HAIELviE@EsBohs. & b ig, glucose
DHECEGE L, BT I BERECOVT
REBEALEEBR LD NP o, BEY
5D OWRRETIE, WHLEBMICAL N B XD
i, =RAF—JFL LT, 8L glucose iz{kfFE
LCwBZLixEZL X7ev. LL, “C-U-
glucose 2 FHHE L LTz, KRBV A, LBY
% 7 3 /B~ incorporation ¥ 4% &, R’
BY A, LBOWRK, BIUT I/ 8~ o in-
corpopation 23Hi b iz bh, MEEREANL
TEORBNER LRI TFEL T DI L3 AL
wohsR, HALEMIC bTEOEERE
W EREZbNS. —75, fkH o glycogen
BEWE L THIERE, glycogen 3 HHLE)
Mz bRTEFICE VT &, Fk, ZBHRR
h, BESH To incubation OREENL,
FEH T glycogen nF|HBE L, BRI T
X, 2OFEPBPEHZ L BBO LR, bW
% Pasteur ZE L FEHEATFHEREONTEL T

®aREREERL, BESHTIE, TCA %1
I ik 5 ATP AR BSEE Bicwic, ATP 4
ROMEWEARMECTwaZ L bELbh5.
TOX5iE, HEY LY OMEEL, BEHL
FREAEN O glycogen R FIA LT3 T
LEEZLEED.

—7, FUCKEBHICET 5 e v oMiEHic
BT, s MC-glucose 2z % &,
RN L O glia diz “C-glycogen »3E

TFEixhzrlwvs WolfeetaloiEdL by,

B Z Y A Y ORI %, glyconeogenesis
Db ENVRLDHZLEEXEES,

B. 73 /BHR

AR OERE T X R, BAICLERNCD
FRER 0BBERLTRY, HiCMobmET
T, FAar X AI0MTIE, MEEOK
6% v FOMTRMBOKSHEOBEELRL
T 5., WELEM ORI BRET I VB
EBCEL, Fk, SAMEFIVBEOT I/
Bk, +7bb, glutamic acid, aspartic acid,
GABA #1372 D REER DT 5 O BEEEH
Thb. TnbOWEHET I WX, BHEER
ERLLToATRL, REERCLBMLT
WwWaLEZ LN, BB KBEET S glu
tamic acid 1%, B CTBILShEHE—DT
@ TH Y, glutamic acid 2725 L,
Na* offapiA e K ofHB#ERT 5
L, BXW, ATP 2B+ 5 &%, #aetk
¥o iz, BEAFRHZEITCCSEE200
5. %72, GABA LimHEOREEEWE T
HBHZLRPESLTVS. LIL, Z0X)
RERET X JBOBRYL, BEEWE TEEY
DI, ZLDOERDBZEPM LN TH
D, BFY LY OHRETIE, FHHUKLZED
EERH Y, EEMET I /EBO arginine i3,
EERICIFEET 305, ARPICEIFER D
Bk, EFalHdbhiav v )fs
8% 5 (Cardot et alb). %z T, EWICHE
S 2L R E YA TIEOWT, MR
RO T 2 BRMARE, "EELEM DK & i
LCHBE, WY I JBREL LTI, HHLE
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Moz h X v KL, T/ BEROET
X, alanine OEMEIZS VT L, HILEY T
BUVEEEZTFT GABA 2B Tz LA
BThHn. oMo, "EELEW O RMERK
(AnselD) L KZEI A LD bR, Thb Ok
By, Cardot et al®) Helix pomatia of#
RERP O T L /VBERELT, FcERic
ZEhTwsbmE L T, alanine, aspartic
acid, glutamic acid & iFC\v 323, Z O
Bz k{—# 1L Tv 5. Alanine % glutamic
acid & pyruvic acid ~o, 7 3 ) BB
CE-oTBBIZEREh B, %7, pyruvic
acid @B TCA ¥4 rricfiflsn s,
Alanine DEEMNE 2 LiX, pyruvic acid 33
TCA ¥4 7 VicFIHE R s WESE, alanine
LLTERHEEN S DR TR, &bic alanine
BrxAE—gE LT, TCA ¥4 7 vofH
BB DVWT WA Z LLEET 3bTicik
VR,

wic, HHLEMORE, KERENALD S
Nz GABA OEENDVZ L TH B0,
GABA a#lgimix, W, &8, Wi,
FE TR A bR B, T RE—0
R FHEAE T, IHEEERE TH B L
EBrxohdh, Hftt=a—r iz GABA 8
HEHR=-2—-n XD 100 H Tk, %
e, FNvE I VERBURIREESR B L O GABA-
transaminase OEMENIELE T LR L
DHNTWBE (KravitzlD), 5 & » sy ok
HiTix, GABA OFEEH LD B,
TN E R VERIRIAEESR, 3 X ("GABA-trans-
aminase OIEMHELH LD bh, e PPV-ggl
Tk, ZOEEPED TE v Z L3, GABA
ARPMEL, GABA SMERVEV Z &I Xk
EbEZLNE. wIShizc LT, GABA
B SROBRRVAHLOONBZ LiE, K
M#ET, GABA 2%, HEEAicEELTw3
TrEBRAT Az LIRTER .

C. "C-U-glucose n¥|H

“C-U-glucose 0B L LToRHRIZ, &
EHLBMOMDOZR L EL R VL EZ IS

B, IR A ATERB X OISR, —& o
FLEW L 0 b RENEES K. “C-U-glucose
5 ORBT AR L OHLBERIE, BRIPT
IREEH AR IE & 1, SLBRTERREEENT 5
DOBH iz, £k, 73 78~0 “CHH
oL b Z i, EFKFT, alanine ~D
incorporation »3#8Ak 1, aspartic acid Bk
% glutamic acid ~¢ incorporation 2METF
LT, ZoZehd, BERYS, WY
LR TR, B, EBRFRE
DFER, pyruvic acid 25 TCA ¥4 7 1~
OBRILBFIASIZ bhicizoic, alanine 23
EELeborELON S,

D. Pentamethylentetrazol %)

HEYLYD PPV-gglix, 7eFrzayy
< depolarization % # Z 3 D-cell, hyper-
polarization #i#£ =4 H-cell, 3 X &%)
B%5RE 7z v indiflerent cell 23% 528, =
oo 5 5, D-cell, H-cell ixit
iz PTZ 10*M % &t snail Ringer GE#
%, 5~104rT excessive depolarization %
&z L (Fig. 3), 604 <% Ringer ¢
Ehxbl, TORBEETSZ L, %=,

indifferent cell 1%, HREREKDOKY% LT

TELEVWE WS Z LB Ak, excessive de-
polarization {25 AL L LT, bidkic
PTZ 2FVTREBEY 2B L& OB, “C-
glucose %7 3 ) E~» *C-incorporation
EMRE L.

PTZ %z % &, excessive depolarization
i Fig. 3 oM< B Lwbhc. TR, KE
HAERET L, BRI 5T
Bl H LD oI T, HRIRGETLE, 20
RBELZRIC L. Toffux, PTZ3TCA ¥
A 7 VORBIEREZIHE Lice it X 50 Ci
<, teL», glycolysis ikl Lcien iz,
REEH ATERMET Lic L 2 bh, BRELH
DBEELEE STV 5.

“C-glucose @3gm “C 07 I /Ep~D in-
corporation (%, alanine ~® & ¥ = L3k
L, glutamic acid, aspartic acid ~ o in-
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corporation BETFLTHBY, EREKFTOT
I BB RREERER L. T DTk
%, pyruvic acid » 5 TCA ¥4 7 v ~0[E
EOWEICHEEY B L B bh, =XV —4RR
OWHENCEET 2 Z LB OIS,
WIELEWC KT B, AR ER ORI
FER LeHEIE <, Fric PTZ /s 2%
fbizowTix, Klein et all®, Barkuris et al.
2, Kamrin & Kamrin®, Tews et al,
Nahorski et all?, Sanders et all»Z &
2% %78, Nahorski et all® 1%, FA4 a7 X%
AeonT, PTZ&EROFER EHHRS0
), Rk X ORE R (T0~1008048),
K TR (150848) i) TREME LR8I
L, 73 /Bicow T, glutamic acid, as-
partic acid IREMEERELICHARLIET 2R
L, —7, alanine ZFIERTICHEML, AR
CRAREENERLT, SROM2MHECLE
F5z L, FLT, ThbORERL, RBRIFHEZ
BB R LT, Tews et al?d o
BHEL—ET5L0THEILERELTY
. B E YLD OMEERGICSC TS, 20
Iy bl —HK L7 2 BELEEIE

&h, PTZ sha, Welem e i in RaE

R LB FEETZ bR LELOND. DK
Sanders et all®yx, F{EicsEr - T ATP 2
BWhrTaz b, ATP BbNEREEHERT
B0THAH LBRTVAR, ThbOBEERR
#HobicBE LT, SHREMCRNTaC
LRBETHELEDNE. TORMPDD, b
v ) OMKEIE, PTZ 5 OREIE
b3, #4272 XIOHABW L Y bRE
THY, Lad, £0B{EEL OOV
TESEERNCHRGT 2L VELTH Y,
R Lol > RETERE & bIcEMicERT
B5HXICHEEVDLLELD.

V. # 5

I RAVwA wA Euhadra peliomphala ¢
ReficowT, 71/ BABERLL LTEK
LRDOFERE 2 7.

1. ML, in situ oJREE T3 5.0
mmoles/g-tissue » glycogen #&F LT\
3. x%ﬂﬁ%ﬁ&ﬁﬁﬁmz incubate 4% &, gyco-
gen DIRT A& bivik.

2. “#C-U-glucose %I L LT incubate
L, REEY AP X OFERGRIC 2 v THREL
To. RERT A X OABREAIE, &b 2HH
Chlc D EMRRICHEINT 525, ZERET TR,
SR D 2 5 OB A b hvic.

3. PEREOWEREY I ERMEEE, alanine
BELEL, KT, glutamic acid, aspartic
acid 24<, GABA g Ailaivohi
P ol

4. GABA &k, SOREROERZ, #4
27 3 A I ORRRIC  BRTERCWA, B
CHhEDDBT ENTE .

5. Pentamethylentetrazol & 7z 2 72354
VX, IRERA ATERK, FLBRERASHHIE e, &
7z, "C-U-glucose X v 7 I /@~ incor-
poraion ¥, MRz b T,
specific activity &<, glutamic acid, as-
partic acid ¢ specific activity iZ{£v>.

alanine o

WERDICHID, KAHBEREHEER W 2K
&, POEBMER o 7, RIBREEFHRTEEL
HIRICER L 2 RAOBEET £ 7. TREIFAE
SEeE A< B i L, AT 0w T %
70, FHEE RS DD E LB EL BHOBLBT &
T. bbwT, FARRCHL, @EREEE, @i
NE VIR VIR R B BN B — R E
EoAEEEEOS £, B X, AT
BRELBHOBERLET.
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Myocardial tension-velocity curve theoretically derived from left
ventricular systolic time-varying pressure/volume ratio : its com-
parison with physiological data Hiroyuki SUGA (Institute for Medical and
Dental Engineering, Tokyo Medical and Dental University, 2-3-10.Surugadai, Kanda,
Chiyodaku, Tokyo)

Left ventricular time-varying pressure/volume ratio in systole has been proposed as a
good index of ventricular pumping properties. Myocardial tension-velocity curves of the
isotonically, isobarically and isovolumetrically contracting ventricle are derived from the
pressure/vlume ratio under changes in inotropism, heart rate, and end-diastolic volume,
using the myocardial two-element model and ventricular geometrical models. The basic
form of the theoretical curve relates the pressure/volume ratio on the abscissa with (time-
derivative of the ratio)/the ratio on the ordinate, which is similar to a physiological tension—
velocity curve. The theoretical curve shifts upward along the velocity axis and rightward
along the tension axis under positive inotropism ; upward under an increase in heart rate;
and rightward under an increase in end-diastolic volume. These specific changes are in
satisfactory agreement with the corresponding physiological data. It is concluded that the
properties of the contracting ventricle are characterized by the pressure/volume ratio from
the viewpoint of the left ventricle as a chamber, and by the tension-velociy curve from
the viewpoint of a myocardial fiber as the constituent of the left ventricular wall.

) {J. Physiol. Soc. Japan (1971) 33, 248-256)

key words : myocardial tension-velocity curve, left ventricular volume, pressure volume

ratio, ventricular model, myocardial contractile element.
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Composition and derivation of fibers in the carotid nerve of the
toad Kazumasa HONDA (Department of Physiology, Fukushima Medical College)

Using toads (Bufo wulgaris), the composition and the derivation of fibers in the carotid
nerve were studied physiologically and anatomically.

All the experiments were performed on the isolated nerve preparation. Evoked potentials
of the carotid nerve were recorded by the air gap method. The derivation of fibers was
shown by responses in the carotid nerve to the stimulation of sympathetic nerve roots and
the vagus group root respectively. Finally the number of medullated nerve fibers in the
carotid nerve was counted using the light microscope. Results were summarized as follows.

1) The carotid nerve was composed of many nonmedullated fibers and about 20 medul-
lated fibers. 2) These nonmedullated fibers were mainly supplied by the sympathrtic in a
region from Sy to Sy, and partly by the vagus group root. 3) Medullated fibers took
origin of V; group of vagus root, and some of them synapsed in the jugular ganglion. 4) In
one instance the evoked potential on the carotid nerve was obtained by the stimulation of
the dorsal nerve root of Sy. 5) The problem of how these fibers behave physiologically

is as yet open question.

(J. Physiol. Soc. Japan (1971) 33, 257-2633

key words : carotid labyrinth, carotid nerve, chemoreceptor, aroreceptor.
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WA BT, BRESIRON, SEBR~
DEEICIRTE O/ & LR B b s,

Z DY Dk carotid labyrinth L EFH,
DR EEE S > TV B2V Tk
PVCRIHEE S h T & 72 (AdamsD, Anichkov &
Belen’kii®, Heymans & Neil®). #]=2pic
CEDOWIEEFMTH LI HEY Th 5.
FE 2% DEEIC o T, Meyerd, Neil et al.®
RERFBROFELTHA L.

FEeERIEDOTgRIc X Y, carotid labyrinth
RHELEM OEBIIRE & Rk, {LEZREE,
BLIOESRARLE LTOBERETSZ L 25H
bz &hiz (Ishii et al.”, Banister et al.®,
Laurent & Krieger®).

7= @ carotid labyrinth {Zn§ELIHO HENR
A & FiR i E AR OB T 5. carotid nerve
X VR Eh T 5. Carotid nerve (35
THIK, WIRTRBIELEY. oM EH
PR & D Syl Uictk, SMEHBIRIC 2 o TF

il

CRRAN454E 9 A28 B &A1)

D, BEENRICEL T4 L BfFLT carotid
labyrinth iz A<\ 5. Carotid labyrinth
XV OERAER, BIMEEFZAERIZO
MR B TPIR~%Hh 5. Carotid nerve
OB B T ONBERL VY AD L,
L2 REROBIII/NE L, ERFHEDOE
PiEE L, 20oREVEFEZAERICIL LTI
BNEECD.  —H LR O BBATRIC
XD BOEEREOFENRE & b (Ishil &
Oosakil®), #7cABAERIC & VILFEZES
et s mOMENEISRSRE S TS (B
H#, AHW). +bb, carotid nerve Hici
CEZRB~OBUEMRELZTELTVE I L
1275 %. Carotid labyrinth % %¥d¢ % HHED
Wrikay, zo®kERHBT kX, carotid
labyrinth D#ke, B & MLFZEROMEL
s LrEETHS LEDRS.

L L, & Hsk carotid nerve o
W, BERCELCRSREAPrCER TR
v, '
EEFZOLCELT, ABEE BX O
20 EX VBREHEITEB L L

FEROBBEZSEDLHIBRLDTH S,
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1. Carotid nerve %%+ 2 HHEHEMED
mR, 217, CEEERPRETSHZL.

2. Carotid nerve %R LT \» 55
MEDOBHERFIRERD B Z L.

I.®% R % &

EENT 150~250g O #F -~ (Bufo vulgaris)
EHEALT, F|E18~23Co T i bhi.
BV EHREa T cEE L, KEERE,
BB & EPRCEIRL. WEEEHEWY, B
HEEHZ L VR & carotid labyrinth 338
H&h, carotid nerve # FEMEETICE D3 Z
LBTEB L5k 5. Carotid nerve iZHiv
4T carotid labyrinth ~DEFEWEL TRE
L, & ORIk L. FlmRizcarotid
nerve ZyIFEBRIBICIS TEMT L, T_TORK
EHF Lo oHiE~E - T, A OBk v ik
BELTITE, BARic ek s Yl U CSER R
RREICE T 5. BESBEFAREL, MEENH
U, BERARMRE & R AR, B X ORE
RO T U S hio SRk - ki Y
OBLVEH L. Z0X H i L T carotid
nerve {35 AR & %, 2Rk ARER, RREHERE

Vi J
V2 J Gg
Syv
G
Cn

7

17
Fig. 1. Schematic illustration of the nerve
preparation. Vi : The first group of the vagus
root. V,: The second group of the vagus root. Jg:
Jugular ganglion. Sy : Sympathetic nerve trunk.
Gg : Glossopharyngeal ganglion. G : Glossophary-
ngeal nerve trunk. V : Vagus nerve. Cn : Carotid
nerve. Vi, Va and Sy were electrically stimulated
respectively and evoked potenials on Cn were
recorded.

AR A TR IR & i AR Bt &

t (Fig. 1), Ringer fgFic Ahvbhiz. L &EiC
VR RAREERL S1~Sy ZORMR, 3 X UER
o Tl Eh. BER04R R TE45cm
Thote. AR Ringer B2 £ LieAR) =5
vy oM sz A bh, carotid nerve 0FE

| ZgEfrix air-gap method % vy, $REARIC

XV v r 7T 7 clih . KRR
PR, RREEROBSMNL TS TEARE
L0 FFibhic. TTOEER20~30f% 0%
M T cfThbhic.

Carotid nerve {28 &t % Wi O Bk &
SeFEIZ X VAT

Carotid nerve {33 0.5cm o E X%, /%
BkE & b FERERLCEREL, EbiC
glutaraldehyde [ & #& ic T 6 BRFEIEE L,
buffer 1z Cg#EL, 1% osmium tetroxide
2 pH74~7.6 0 F T 1 ERIEE L. Bkt
Ak Epon 812 cABE & hiz. #fEOETIC
BEACEAZTE LU MED . Bark
toluidine blue 2 fv bhviz. < LTHEER
U AR ORBRR 2SR R S e,

m %= B # 2
A. FREWREARAEIC X v carotid nerve
CHERESN BB

Gaupp® 2 k 1 iF, H=icBiT BREM
B0 X Y & Y, BiEEE, EEM
R, SHHEROBBEEL, PCICHBET S
ZLRATHRETHB LD,

H=izily 2EH oBEC Ihid, REmEE
BRI AEL ZokbF B2 R TES. T
PHLELIFEV), BIUCE2HN,) Tbs. F
IR 2R X VAEL, B2 LTE
Y, ESEOFEMICAS. FEIRMEE ORE 2
FEY, LECIMREHLVERICOBETIIL
NTEB. Tl b I 28 DRI
AVRALTVBZ LB 5. HWIRAICIIEILE)
MOERERICHEY T2 L9 cHhz b, F2E
X2 ~3ARDOHERI VY, ZdVICoEES
52 LIXRAERET, WEARMREEICH ST A
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VAL T35,
EETHELE, B2 B L, ca
rotid nerve iz B} 2BREMETHE L.
L REMRERE 18 (V) ol
B —B RFI & R EMRSE LEAR (V) it
Z T4, carotid nerve [t IR+ 2 HFREN
DR EHEBH—E L, Efic X 2803w,
ERFWIOTRTIEE v T, 0.15~0.5m/sec
DIEEEEL2 B TS 4 ~5H0EE RT—ED
BENLE A DN (Fig. 2, a). i btk
HIEREZ A L, BRCRAIMIETS. &
b ORI REEE © kb b ERMR T
HHLEZOLNB.
2. REMREEEARE 2 5 (Vo) ORI

HEMREARSE 25 (V.) OHEFHMIC LS
carotid nerve OFREM OB b IRERKIC
X 2EEINE Ly, 4 m/sec {ifg D ZEEE S
BT 2 BAEBOHET 2 2 L ¥HTH 5.
ZOEOEIZ BT, 1 ~2FDZ M
%<, BKR3MEICIES. [FEEEE1~5m/
sec DHEFICAS. FEFITR T 0.3~0.7
m/sec DIEEHELXHT 5 L V/PSVIEED
EBNEENHE L. Z0BMOEZOR L EE
CEVELLED B, —MRICZ OREMRE 2
FROREIREL, »ORIBFEEZ K LTY
RIBPE 5T, BET 5 EREOB» DI
ZrERLTw5 (Fig. 2,b)

B. zeRkEEpifliEic X v carotid nerve iz
HER T 2R EN

RRERE % H# L, carotid nerve iz 3313
LEREME G Lie. BE—REic 3 L10ELL
LoBMNEHOLIBEGESh (Fig. 2, 0. &
EEEORLRE VY O 1k 2m/sec LEES
h, —B/PEL 0k 0.3m/sec PITTH -
To. BFREMOZEDE, B L OVEEEEZBEE
itk - TRY, 2m/sec OFEEDEEERT
bOEFHETH - fz. —#ic Im/sec LT D
DRE»oTlc. HBERCEEZE L, FIE6E
ExRicT 3 LBRBEIEY, BECEERHNE
CELEV. T b bEROMRBRERS %
T3 LERT. ThbOF EEEE

100pMV
b LJ
"i00cps
1004V
‘ L '
100cps

Fig. 2. Action potentials of the carotid nerve
evoked by the stimulation of vagus group root
and sympathetic nerve trunk. a) Stimulation of
the first group of the vagus root (Vi) (500 gsec,
10 V). b) Stimulation of the second group of the
vagus root (V) (500 usec, 10 V). ¢) Stimulation of
sympathetic nerve trunk (Sy) (1 msec, 10 V).

DEX VKBS ERHHRT D 5 5 B2 DR
5. DER IO ORBREHMES T RED &
Z M b carotid nerve iz A VAL TV B0 &K
RpE»ic, MEOEARIZ B v T FEHEHED
Si~Sy ERERESh, FIMRERIE LT ca-
rotid nerve MFERKEBA & L8k L7 (Fig. 3, a).
Hizw3 Xk 5z, carotid nerve {2k Sg~Sy
bl B CEEOBMESAD A A T
7o, BEOHFRIEECIVESM, Sp &V
DBHEE T R TOFTEBRTH o72. Si X
Y ORHER RSBV T Sz, Sy 5
DMz TR bh, »o—#RicE
o¥IE . iz Sy PO LIERMETH 52
AViIRD, EZE Sy ATFTLVHERTELD
L bz,

S X HRBFRERC B S hiz. 14415
1flicivT, Sy HBRFBCH U CEEEE
# 0.15m/sec OFEFKBMP 2 bhiz (Fig. 3,
b).
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Fig. 4 iz 8vT, 18HDEARZIBIE LK
BoGEREOSHERLE. Kickbhd k
5T, WEMRES 2 FIE (V.) e X 25%

B EEERE IR CHEEIC DY, »OFHE

T, FARICE LCER . 207 LIiERIKC
EAEENRKRTH B2 L amt. EEMRE 1L
AR (Vo) et LTk, RS0 REEE O
AP EFICIE o TV 5. 2SRRI
X B BRI & D BV O S EE S E T
5. BET 5 HREOE R E L, BARCES
BEIPREVZ L EEDLTV 5.

RO EMERIIE L UCREMREREEY L
TysLELLNDD, F28 (Vo) Bk
D2 bR BEERREA Y TP, 0z ik
T ARAHRET T neurone %45 LT\ Bk
BHEOTFEERER LTS, b LEETSH LT
i, Rl 7RI BTk carotid

SOCIS U TN

50MV
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Fig. 3. Nerve supply to the carotid nerve with
spinal nerve in various levels. Dorsal and ventral
nerve roots of spinal nerve were stimulated (400
usec, 10V) at various levels respectively and action
potentials of the carotid nerve were recorded. a)
Typical responses to the stimulation of ventral
nerve roots. b) A response to the stimulation of
the dorsal nerve root of Sy, which was obtained
"in only one preparation. Any responses were not
obtained by the stimulation of other dorsal nerve
roots.

nerve CEBREMIECEV. ZOZ LWL

NPT BRDIOEOERIMT bz,
C. EHIRMREEIT neurone 2T 53K

DR O TFTE .

F IR O ARG ©E MR & ORI

™

104 S

oNo
N

1 2 3 4 Smis

Fig. 4. Distribution of conduction velocities of
evoked potentials of the carotid nerve. Abscissa :
Conduction velocity in m/sec. Ordinate : Frequency
summed up on 18 preparations. S : Stimulation
of sympathetic trunk. V;:Stimulation of the first
group of vagus root. V. : Stimulation of the second
group of vagus root.

T
b v /Jx/tw«.

Fig. 5. Action potentials of the carotid nerve
provoked by stimulation of its central parts, with

- and without intervention of jugular ganglion. a)

Action potentials of the carotid nerve evoked by
the stimulation of glossopharyngeal nerve trunk
just peripherally to the jugular ganglion. b) In
the same preparation both vagus group root and
sympathetic trunk were stimulated in a bundle
on the central side of the jugular ganglion. It is
noticed that some of rapidly conducted potentials
indicated by an arrow in the up-tracing dis-
appeared in the down. '
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Licd, - ECRBmEe, EEMmEHRE
Al Rp L SRR AR AR 0 AR TR L 72 53 &
HWE DLz carotid nerve IKHbh 35
BALICEDR D 20 L 5 PRI S he. Fig. 5
WRT LY, FREFHORRIMICK THb
N3 2~3m/sec DEMEEETT 1RO
DB b0, FERIRAGREE O FIRAITRER
FEBEAR, ZRRHRE % FIRFICHIB L e 3R
Bohiwv. TiobbEFIRE#REHE © neurone
WL 5 ROEMRESEET S, sbeohb
ROERROFEL D 37D >E¥DERY
ot
MEMREIRE LB, B 2B th Zhli#
L, carotid nerve iz 813 2 ERBEIME KD,
DGz carotid nerve 2R L, KEME
FRE 2 BT 5 FRBME RO . FH1HIIC
BTk, carotid nerve ORIEICEEL, /ME
7 IBIE T d B M carotid nerve [T BT BFEZ
BALCRIGT 2 EERED bhiz., FTrRBAR
Tk oI 2RI, Stk boBHICE 5
TZhEEENBDRRHEDEB B 2 RD 5
TEERELY. 2 THE2HE 3~ 4 HOHY
REYEY Mk o Th), SESHBICX S
carotid nerve I EBAL %, iz carotid nerve
I X 28 Eyic BT 2 HREBAE, Th¥E
NRERD . ZOFEE, RO neurone
PR T HRMEOEERHED bhviz. Thbb
Fig. 6 it;7 % X 5 iz, carotid nerve FlEc B
LCkEmRAR (V) KHREMLEAET 55
(), REEHHEIRH B3 L T carotid nerve iz
BIEBEMEA TR (D). & B2 OBEFEN
SRR, nicotine (107 g/ml) ¥
HyazLick ik L (), ®lT 5 L BOH
Bt 5 (e) ZOFBBEMIMOIMIICH BN
3 ~4m/sec DIFEEE®HF T 5 neurone %
RELECHEHORELIZEE LVEEL b -
THER L.

DAERISERIC X AR ERET 2L o2& 0
Y 5z s, Carotid nerve 13X, 1) FEEE
(Sy~Sy) IKHRT 2LFE 0T L L TEBORK
BARE, 2) REMEHBICHRTER B

R .
R W N
el et

R S

... 1oooeps
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Fig. 6. Action potential of a splitted strand of
V; root provoked by stimulation of the carotid
nerve and its blockage by application of nicotine
on jugular ganglion. The second group of vagus
root (V,) was separated into four strands. In one
of them the response to the carotid nerve stimula-
tion was recorded (a), while any response was
not obtained on the carotid nerve by the stimula-
tion of this strand (b). The response disappeared
after application of nicotine (107%g/ml) to the
jugular ganglion. c) 30 min. after application. d)
90 min. after. e) By washing with Ringer’s solution
the response appeared again.

I OERIO MR L A TV 5. ARERIED
— IR IE R AR T neurone #AEERL, —
xR L i v BRI L, V,
WHICAS. H%EOEROKHMEL neurone %
RRL IR,

-2 &z carotid nerve FDFEEMEEORE L
BRBEDIT, BHFCE ZRBEEITR > .

D. Carotid nerve DOfFHIZFRR

5o H = & Y &£ A10{E Dca-rotid
nerve OEAD LRE SN BHHFROE, B
U rhZho$zRicr L (Table 1)
Carotid nerve OEZIZKV b D T 60y Hiv
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LOT 30 THY, LEXLLT2~3KLD
PRYITLTCE-TV BT b ok, —HlD
carotid nerve OEBARIIR L VHE T2
&, BbPRVIES TR, T 205KTH -
oo ERSEOF v FRTILRCT, AllOF
BERIR OB MO L D X Y S b o, BER
1p PETe T TH BN, 1~3p OfHED
%<, SullEnboRdbhr o, 4flicB
W5 p P EOE BRI bhiid o .
Ei 2HlicB Tk 4 DUF OB BERHE L2
7. Carotid nerve i3 RERSTESFHREIC X
VRSN T T, BRI B .
L LB ofEEic X Y RE L EERD 5.

V. &= 7

Carotid labyrinth % %4 % carotid nerve
DFEHE OB & AR, B X OEHFO R
P OHBRFE L. % carotid nerve Ik
ERoyERERRE T B Y, BRI 3 e
SER2ZIATH Y, BINUARTH o Thb
OFIERHE TR ERC L D, RE<{bT T2
SOBEEE LTV B I LARENT. —Dik
R HRT A5 LD ThH Y, Sp~Sy &V
g { OFMMER carotid nerve WIZHE VAL
3. Carotid nerve CHIE &z, ZThbd
DR D REHEZ S <13 1 m/sec LT TH
Y, Fic 2m/sec b DOMBEE L. (B
EXVELT, KBORERTHILELLN
%. Carotid nerve Wiz RREIZHRT 5

Table 1. Sizes and numbers of medullated
fibers in the carotid nerve

No. of Fibers

Toad
B.W.(gr) 1~2~3~4~5~6~7pg Total
1 { R 9 10 2 1 0 O 22
2401 L 5 6 3 0 1 0 15
2 { R 5 4 7 2 2 1 21
2701 L 7 5 1 2 11 17
3 { R 7 8 5 1 0 0 21
2256\ L 5 3 4 0 1 1 14
4 Jl R 6 6 8 1 1 O 22
2501, 11 7 3 0 0 O 21
5 { R 14 14 1 0 0 O 29
1551 L 9 7 4 2 1 0 23

BEHESALTO P L PRMETHS. b E
“HHhd 2m/sec DEEEREYETSLD
BEBETHHLEDLRBY, TNCOBRETEHE
BRI EEN TV B0 L 900, KER» 6
BETELL 2 5 - o WAFIRE> LHlcR-
T, S1 OHBEEY, REMEE R T ca
rotid nerve iz A 0 iA#s, {REEEE 0.15 m/sec
DHEARHEDTETET 5. THid B b Aizcarotid
labyrinth X b oROMEMRE L 2 il b
V. ZOBEEIFEEICHET 5. Wislang!® 4%
urodele Ty carotid labyrinth % %E + 3
TR ORI EBERERICAD L), &
AWEFIEEERL VEET 20 TH 5 9
2, REEEEFBELTY 2 b0 2Exbh
5. TNODOEEEXADESL L, REFESE
DE»SLERDHBZE L vbhiE R bR,
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A study on the relation between membrane potentlal and
_activation of contraction in the bullfrog ventricle

‘Masayosi Goto, Yosiko KimoTo and Yuki Karo *

Depariment of Physiology, School of Medicine, Kyushu University, Fukuoka

Fundamental information relating mem-
brane voltage to contractile force in myocar-
dium was first obtained by examining the
potassium contracture of the muscled.
Studies on the relation have also been
done by altering the membrane potential by
current applicationD®. The most quantita-
tive analysis, however, has been achieved
on mammalian ventricles when voltage
clamp techmque was ‘successfully 1ntro-
duced®®,

On the myocardium of cold-blooded
animals, however, no systematic study has
so far been done with this technique. Since
the authors succeeded in a preliminary
experiment on the bullfrog ventricle® and
since a paucity of the transverse- and
sarco-tubules was known on the frog myocar-
dium?, the relation between the membrane
voltage and tension development has been
studied on the bullfrog under voltage
clamped conditions.

The preparation of isolated ventricular
trabeculae and the voltage clamp device
were the same as in the preceeding report3.
An inkwriting oscillograph was used as a
monitor together with triad-beam osc1llos-
cope.

The tension development on the muscle
was measured when the membrane poten-
tial was changed from the holding poten-
tial (—70mV) to various other voltage
clamped levels. No tension was produced
until the clamp voltage reached a critical
level. The mean of the threshold voltages
(n=5) was —62mV. A steep increase in
tension occurred between —55 and —20mV
in normal condition and maximum tension
was attained between +20 and +30mV.
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Fig. 1.  Relation between the membrane poten-
tial and tension development during voltage clamp
steps. Filled circles, peak tensions in normal
condition, and open circles, those in the presence
of tetrodotoxin (1078 g/ml). Mean values for three
series of experiments are plotted.

The relation between the developed ten-
sion and membrane potential is illustrated
in Fig. 1, in which the tension scale is nor-
malized. In normal Ringer solution, the
relationship was not necessarily sigmoid
(filled circles). However, when tetrodotoxin
(10% g/ml) was applied, the curve became
more sigmoid (open circles). The difference
between the two curves might be due to
incomplete voltage clamp caused by sharp
sodium current as Beeler and Reuter?
noted in the dog ventricle. Thus, the
relationship in the presence of tetrodotoxin
would be more reliable, with a steep in-
crease of tension at potentials between —50
and —20mV. The mechanical threshold
shifted a few mV to the positive side,
although the potential where the maximum
tension was attained was not modified.

These results quite accord with earlier
ones obtained with the potassium contracture
method on the frog ventricled, but .are
considerably different from those elucidated
on the mammalian myocardia?)6) especially



in the lower mechanical threshold.

Since a biphasic contractile response
consisting of an initial twitch with com-
plete relaxation and a sustained contracture
was common in the mammalian myocardia
56), existence of a similar biphasic response
in the bullfrog ventricle was looked for
with strong depolarizing pulses, but none
was found.

Fig. 2 shows time courses of the tension
when the membrane potential was shifted
from the holding potential of —70mV to
+20mV for different durations. The peak
tension as well as the time to the peak
increased with increase in pulse duration
until the duration reached 1.5sec. For
longer pulses, the tension after showing a
peak, gradually decreased despite continu-
ing depolarization. The relaxation after
the peak, however, was extremely slow
and no sign of second rise of tension was
observed even when the duration was
prolonged up to 120 sec.

Since a paucity of transverse- and sar-
-co-tubules was known on the frog ventricle
7, these observations strongly suggest the
possibility that the relaxation between the
first and second contractile responses in
mammalian myocardia is ascribed to cal-
cium uptake function of the sarcotubular
systems while in the bullfrog ventricle
these two responses are fused because of
the paucity of tubular functions. The low
mechanical threshold in the latter and the
absence of inotropic effects during or after
several succeeding depolarizations? will
also support this view.
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Fig. 2. Effects of strong depolarization (v) of
different durations on the current (i) and tension
development (c). Large v and i denote the mem
brane potential and current at the holding poten-
tial level (—70 mV) and small ones, during depola
rization (420 mV) respectively. Horizontal bar,
calibration of 1 sec, and vertical bars from the top
to downward, calibrations of 30 mV, 10 #A and
0.2g for voltage, current and tension records
respectively. The current records have irregular
noises.
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' The effect of cornin on DNA synthesis in mammalian
cells : On the chemical properties of cornin extracted
' from muscle and cornea

Yoshiko CHIKATA *

Departmem’ of Physiology, Okayama University Medical School, Okayama

It was shown that cornin, a substance
extracted from mammalian cornea or
muscle, had biological activities such as an
antimitotic effect on sea urchin eggs and

an inhibitory effect on DNA synthesis of

some mammalian cellsH2. Nisida. and
Murakami®) reported that muscle-cornin
and cornea-cornin belonged to a kind of
nucleoprotein, showing the maximum peak
in ultraviolet absorption spectra at 250 mpy
and 260 my, respectively, and that each
cornin was fractionated by DEAE-cellu-
lose column chromatography into three
fractions, two of which showed a prominent
inhibitory effect on the division of sea
urchin eggs. For the inhibitory effect on
DNA synthesis of mammalian cells, how-
ever, the effective dose of cornin was 10*
to 10° times higher than for the antimitotic
effect on sea urchin eggs. Therefore, it is
questionable whether the inhibitor of the
DNA synthesis of mammaliam cells is iden-
tical with the antimitotic factor for sea
urchin eggs. In order to purify the prin-
ciple of cornin which inhibits the DNA
synthesis of mammaliam cells, the first
step is to determine the chemical com-
position of cornin and then to fractionate
it by more effective methods than by
DEAE-cellulose column chromatography.
The present paper deals with a quantitative
determination of the composition of muscle-
cornin and cornea-cornin.

Muscle-cornin and cornea-cornin was
extracted from rabbit muscle and bovine
cornea, respectively, according to the pro-
cedure established by Nisida and Murakami
6, The total amount of nitrogen was esti-
mated by indophenol reaction®. The total

*BREF  FMURFEERE— AR EE
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Table 1. Chemical composition of cornins (W/
W%)
Component Muscle-cornin  Cornea-cornin
Nitrogen 2.2+0.3 10.0+1.3
Phosphorus
(total) 19.340.7 2.8+0.3
(inorganic) 16.5+0.4
DNA — 0.8:0.2
RNA 22404 12.0+1.7

amount of phosphorus was measured by
Gomori’s method®. For the determination
of the content of DNA and RNA, dinitro-
phenol reaction and phloroglucinol reaction
based on the sugar componentsD were
performed. Amino acid analysis was carried
out using a Yanagimoto Model LC-5 amino
acid analyzer. For the preparation of
samples, cornin was dissolved in 6 N-HCI
and was hydrolyzed at 105°C for 24 hours
in sealed evacuated tubes. The hydrolyzate
of muscle-cornin was desalted by filtration
through Amberlite CG 120 column before
the analysis.

As shown in Table 1, the composition of
two kinds of cornin, extracted from muscle
and cornea, differed considerably, though
the procedures of extraction of each cor-
nin were the same. Muscle-cornin con-
tained inorganic phosphate too great quan
tity to be subjected to the studies of
biological activities. When muscle-cornin,
to be supplied for the assay of inhibitory
effect on DNA synthesis in cultured mam-
malian cells, was dialyzed against distilled
water in order to eliminate the inorganic
phosphate, approximately 90% of the whole
amount of cornin was lost out of the
cellophan membrane as low molecular com-
ponents. Contrary to muscle-cornin, about
809, of whole cornea-cornin remained as



an undialyzable fraction.

The result of amino acid analysis are
shown in Table 2. Tryptophan was detected
in neither of cornins by p-dimethylamino-
benzaldehyde reaction®. The amount of
acidic amino acids was larger than that of
basic amino acids and the contents of
alanine and glutamic acid were very high,
a part of which might have been derived
from bases of nucleotides.

A small amount of DNA was detected
from cornea-cornin, but not from muscle-
cornin. The base composition of ribonucleo-
tides in cornins was studied and reported
previously. It was interesting to note that
muscle-cornin contained a kind of nucleo-
tide, the base component of which has to
be identified, except the largest amount of
inosinic and the following amount of adeny-
lic acid and guanylic acid and that in
cornea-cornin the content of adenylic and
uridlyic acid was relatively high. Parshley
" obtained a mucopolysaccharide-protein-
nucleic acid complex from adult connective
tissues including muscle. However, few
investigators reported such growth inhibit-
ing substances as cornin, which consists of
protein or polypeptide and nucleic acid or
polynucleotide. _

A higher molecular fraction and a lower
molecular fraction were separated by Sepha-
dex filtration of each the cornin and the
latter always had a prominent maximum
of the absorption curve at 250 mu or 260
my, while the former had no maximum
peak. A close relationship between the
antimitotic activity and the nucleotide
components was suggested from the previous
report that the lower molecular fraction
had a higher inhibitory effect on the divi-
sion of sea urchin eggs. The inhibiting
activities of these fractions on DNA syn-
thesis in mammalian cells are now under
investigation.

key words : chemical properties of cormin.
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Table 2. Amino acid composition of cornin.
The amino acids are expressed as micromoles per
1g of cornins. No correction was made for losses
during hydrolysis

Amino acid Muscle-cornin  Cornea-cornin
Aspartic acid 132 578
Threonine 60 255
Serine 85 435
Glutamic acid 242 894
Proline + 293
Glysine 253 971
Alanine 151 875
Cystine T t
Valine 46 246
Methionine T T
Isoleucine 53 235
Leucine 76 680
Tyrosine i 181
Phenylalanine t 329
Lysine 65 356
Histidine 17 ¥
Arginine 28 353

+ The content was too small to be exactly deter-
mined.
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B IRREE L. MV QBB REIR S 250
BRMEIRECTH S 2 L LBERORY: F 713054
BRI OURMERIE R S — @M RIET 5 LSk
MR E ISR E Ry 72BWVWT MV @
ERIREBED & LHRTIEEL X VilHEHh
Fo. T3, 20 MV OxLIEENIAE, &
E DX 5 B SR T D &M TIigs

2 B

L, FEREEES OHE EAEMT X v Mg
PR T B ETET L, F, LEERO
IHEERIR TR SR IR T B B AR A s MV
R ERIBORB SED DN L 3d 5. T
NIEERE LIESSBBL, »REDLOWIR
BB E 7V IEIRIR AR TILIHAR L, WEHR & R e
PR L ORERRKC X VIR L. T
DX 5, MV OLHEKEREDINCTFET 5k
B & EE TR DD Wb Y 5 B OFIRIT
BEYs r RENTHAFREHC IS 0L DM
RO WTIERS B IS ERHORERERE
BETTARETEEVCRITINE RE Th
5.

1. FEBEICLDHITRE—~>
=HEE, BE £ BBEX, $£24m)
vt OBRTEEZ MM K~V TERT B
HEZODEERZRA V.

TX5771F optic error ZIRVERL X ST Hk
LA b r REEREEBC X5FE» B THEO
=00l (%, I RoOLHEE) oBX %3
L, XY BEARZC RN, k-2, -
M AT TERT D LHTBEC X - T
DAg— VP2 BNhE. Thbb, FEEORES
BTV IR-TRBEET D A 1345° 1R OEAEE
Bz, K-REE, B-REGOMAETR=E>D
N TRV AZ — VB Z NG, FEHITIC
% &, R-IEESOMEER—~7FTciE A %
bole LM Eky, KR-EBE, -2k
DOHERETRENENRERR8FHLLSB. T
I3 LT dbhbs g~ Vi o0l ES D
MHZE D2 Bh5 DT, FziE, BREAT
B -ERBE R A 45° B OEMREEESHEZT 5 C &
1%, FBEISRAMMECERLTWSZEERTD
DTH5.

WICEBR O AE 0T LR EEERRT 52
Wi, BRERCX5MEFZAVE. O3
VAT 2 —%—DFENE, 2 ORI ORI
RLCEALDbS XS CEEL, LoMcitE
ATRNE (COBEIHRO T L) thb
FEDZLZ CASTS FERMIC L VT X 51T
LcdDTH5. Wik AEOT KL HREG O
B & A5 FRC LT, BEGEEOR
Ehwﬁi?écamlofﬁ%m%ﬁwﬁgé
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BELZ, SECSCTRY S ST, BV,
XY va— - BESRNERTES. Tk
CLTx b E —VIREEOBEEATLO
THot.

MEEX DR V5D TIRE> OB OES MM %
11® > TIARE STFRA LEBIER A B is v
2, WoOLY Ty Cix, BV CRADEIEEZRL
TV RIS, THTCHRROREXLRY, =
SDEE OB & DK E X DIERITHEIREIGED b
7.

8. IRRDOIGERM DAL MEDMEN

JIEEWE (BWEEA, EB)4mH)

LE TR EETEE LRI D X 2RE» 5, &
R 225k, MERPRZERR S ETENEOR
ETEMERELT, Th bh HEERHEZELL
7o, COEERBSBEMERLOTELCLY >
HhEy, EoEEFRME Hll Som#icticl
AL, M&EBEEERD, THBRIOMBREAN
training 2 X D ZH{bLS 5 B2 K5 LD TR
E¥5.

W EIER (18~723), B4 620 47,
SBltkozERMeAET 5 L, REM
SR, ME, MEMTRME test, MK Vv AT
—EDKREZEBL, 5LV IHEERE
{# training % all out ¥, SEMEMKL, zh
BIE RS LS TREERE L.

TRV, IHERIME, PRRMAMIE & b mER
R & BRI SR 3 A B (r=—0.168, r=—0.337)
1% TFOREKETHD LN D.

IREMER EVIRFERRED 8\ group & kw
[, Ia, Ib group cthZThEEER & B
h, ERRELEBSEECRBZC LB -T, &
EREAEE CERETRT. MEETHE O K
%, IREMERE KR, BHESETTIRL
7ot o TIREBRFEN LM T 5.

ME#B 2 v AT e — L& QRICIE—E DEm A
B B,

JRFR OffEH§A 7] training B3 M & HRMEC I K&
TERECOWTHRET LckER, 5EM o training
XY, MmEHEEOEMNSERD bk

P E DR D IR O 2R v B AR i B 2L
DO—RIELRBHZEIELPICL, SHREHO
trainin% XY mERERELETENTES L
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EELKL.

9. 4 XBTRICHIFIHERMEFFZIC LN
MEEMOEFICOZT

g £ CGRbX, B, 33

SRR X - TH FIREE D S ORIk
WMESEINT S LRHELPLMONEETH
D, ZOZLEAEREMROFEEDT R LT
BLTw5.

L URIRFC 249 5 MR 7 TTHE V325 5 i atro-
pine iz X o T 7o LV Sh s 28, m&Hh
SRRSO D B 2 & 2 SIEHE DB
DVWTRIZODERLEPIREBEI h T w5, —
DV E B BB LT v 5 cholinergic
nerve ORIEICXZET5HTHY, fbl, IRiE
B3 E E 0 IRAIE X D kallikrein 23358 U brady-
kinin 24 L, ZhBMEINERSCH 305
LT BHBREEShT WS, AEEEERT5H
HO—EHEE LTS 2 ERAVE FIREROE DM
EERMEZERFEEL LTRAL, =, =0k
F9%5m % 7. Pentobarbital JfE:T CARBBINR X
D pump THKZEEH L, ThEEEHPIT set L
7= pneumatic resistance # VW CLEFMECEL
WRIREDTTC, HHBIRXVETR CETT
SEIRER & D RRIRIIRER T 5. SRR T
AT LEWSWTE R LMK EORAR S
WEE 7~10V, kiR 1 msec, FIHIEEL5~
20cps T2 BN 5P, BHE 10cps LATOEET
HHEOBVWRIESE bhie. KEHETTLbh
BUERESWF X CIEIRRIC N T 58 i DR E
HEH T 5 &, @Datropine 2 X - “THENE W 130
WX 3 B EIGRR G R—Fmflshsic e &
%5%5. Q@TTX, Cs, HC-3 1T Xk » CHEW I, I
BRIGIEEFTLTNRIEN 5. @ kallikrein
inhibitor ‘C% % trasylol it & » T4 EEL T
SRANAN '

DUEfER X b BRI X 5 W EIRED
—Ric < & DMIER X D EEET 5 acetylcho-
line 3% 3% z &, kallikrein-bradykinin
SR cE vz I L.

10. Auerbach #iZ#Z MR
HILER (RBREX, H—4H)
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BIVEHEBERRERRRES

H B EEf454E9H9H

% P RREXZE, SEBEHE

Y F: RMERFEBEREELR, KEEEE, 4 FRB=R

1. $AICET3 2, 3OMRAICDNT
PEAZE, MNEBEE (BX, &8, #KF)
W 1E kSN & LA kkkREmE (5
CF) 0434 (T0f 2, 60£:10, 50ft15, 40ft10,
30t 6) BE|K, K7 Gh-EN, BHH, B
Bih1 i X OBIAE) LiESEES) (50m E, Snifigk
BIOR-ER) W TEIERT 72, —F&
R (REFAEEREED) coBFes G
HThV) OFBEELEL, ZOMEEORILELIE
fHTsEC L.
BT, 50m &, stk K-
Tk X OSIAERTET, LRk e R PS5 ATT
o?’C.

T, 50m ETHRREMZ 1Y (BEK6H) & ¥
VT, BUEVE 8 »10FPHA8 27.9%, HFHIT 6 L
#358.1%C, MMBkTREM%Z 02m (FE1.6m
BUF) &hiE, BTEl 16m i 18m s
27.9%, %13 26m L 1R 65.9%T, &~
TRXM%Z 4m (BE20m BT &k, i
1E, 20m BUFs 20m 78 27.9%, #3513 28 m
A8 322%C, (R UFR - AR LEERY 7
PR, BEEIAY FPRE-LTHB) BEOL
RrtRFE KA 4cm (B& 0em BUF) &3h
12, ATEE 12om {423222%, %EVE 20cm DL
L35S CHEEORKELR Uiz, L THE
WIBRETH o 7o VBB, /NEFERR).

%218 - BHEIRE (MIR) B0 2B bz
Bl BREIERL, 2VWwThdBrkis
T, WREERIVI40RERIRTSE T D . BIEHEIE
B 1 CiaRias, B xR, Bh, =y
Sa, 7Y oh—H 7vyENEERE,
EE 2 TiXR BB & R RMELD, B, B
7, |MEE®, AFTv b, FFTF, Nt
FeRAF v 77 AL, SMAKEET, B b
IROWN 2 DR EOTFEZRD, BIRSIIEOHIT
%<, BB oGic i ot (FHIAE, #
EFEA).

2, HZIFHDIHEIC2LT

Hh B, BEET (EREKX, $—4H)

TR OXE & MR O ERBRC X - TR T
LEPE S U ORI R A a4 D SR heR R
BRI DI DIZEYE OIEE 2 HEE UiE45[E = 4
AR IRE Lichs, SENIEOEN TR
ZDEOEHRTH D L L DMhERET 5.

MBI E B e 2520 o v o5 = LRk
7, ALElmE R E Rk, Transduer 3R 1504
KERS DERTHivE M. 1 msec EWEI, 10cps
HHk.

FRAR « REMNRERE— R E L vwiIE hRe
(1~2g). BRCEMIEEMES. ARMIRRRHE L
SABREIC EINEE, BT & { WIE/NIESET. B
BB EN TSR E ARRN C & L A s

WL, BELHRIET, d5VidEE. B8k

RAREL LT LD —F Ui, ZRMEHRHEE T
VRIS, 1075 atropin (WAWE % PovEEENTHE) T &
D REFMRRIC X BIRNFA R L IEER OB S
28, ZEREARRVERVETE. Eserine 1ipksErikic
X BERIF4AEEF| H» 8, chorinergic ik
RIERAC—3¥ 5. BhHCHT 5%E « R
ROERSWTHEEOMRT28ME B H 5 D
T, urethane ZFiVy, i3RI 21T - T8
MIEEEZBR L OBEDL W L 2D (£
BRUREE 15~25°C, = : RE 2FR <) HiBUHERE,
IR EEINRIZ A CIHED ER & e D %
LEERTTEERRG L. AP\EEIELEIII
AKBBE SR ORI R I T NEFFEEANTE O
v A TEENGFRBRIEMENE L CEARK
ViR Lehy AN REME s 2. &
IRV LB A 1T, BINRIEAS IR & BRI
HZED. FIRECHEL R TaigikicidEy
IR E% B2 PREEHTIIFAE R T, Bk
BEDFGAHREOEN 5T 5 LizB i,
ROFRYGLEIT X 5 MREHENT « TSR IR OMIBAT
RedftEss (HRETES LI R mRRME
DAEVE 7.5~105 p).

3. BBEMERETIMBERICONT
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IMAEHE, JbREE, FibEr @SR R,
BBk IH)

R DOEABEIE 2 ERAVCREL, H 5 Vi
voltage clamp OTFiCKF A ENEELEELL
Rt e e UGEBIEM R T 5 iR E % &
{Eote. ZORTAEOE R X OERAE,
TIEE LCLEDE (1.3V), REkEOmE %
Hb$720dD 1{#@ thyristor (SCR) & &4
72 b O THROZEMER T BB TH
5. T MO IEESITHEY L, SMU
EOBMEHELTWS. BIREmREZ®ESLZ &I
X0 T LB AT IR MR OIEBIER & £ <
[Rl4k D&, F7cdb% overshoot, positive after
potential 75 & BN T H5ERLH) (EBIELD
LIRS ERBbd. T OMBIRER WM,
BEREX, BEVIIMREROEREZ BT L
XD ENEIUEVE b b A ABIEARHE B
THLNEBREREZHETE T 5 7 SRBHT
5. Eio T OEEE & IR O SEGAEE & SR i
¥ 5 REIERS LT 2 vk ko iE iR oi &1
2 BNBHHER LMD, voltage clamp ki
X BBIHFEDOHERT T L MROSLE& L Ss
DRV ok, Ik, Z OEMEIEE
TR L, TN VTGS 2 FH S8
NITbO B i @ d R4« K EBIERE R LB
(FHZED) ORE DR OIS, 1 ERELE
DORIGH, Tk OINE 7r EEB ORI E R < 5.
XTGBT 2WT MR OYE L AR TH
27z,

HUEDX S5z oRgiEERMEECHET SR
DR L 2L FAROWEEBEDLTOT, 4ikck
o EREREERTHCYN ENLD X o THE
THHMZHETLEICL ODNOTRIILATD
D, MIEEMEOPNEOBIEZER TS ROOF N
BERELDSH5LDEHEINS.

_ 4. Bridge-voltage’clamp [C k3 h T IL 5
WROBERMNME 5150

IAARECHE, JERERIE, FMhEEi, Mk Rl (B
BX, E, #—4£H)

Voltage clamp D5Z¥RIC 36\~ T B A ik it D
X5 CHHEONTCERZIFEATE 2 HA4TITE
E2EEEEONI» DESCERTE S, %
BotRigEo R 2Ritke Av TEO N> B

b Bk 273

BEZERATH O LEKRLIGREZZL > & Th
¥, clamp BEICELBRBA LR VNS WE(L
MLIICTESL LB EOTHENHELRS.
Z O, ZEEAS T EIRVE L THELLT
L7z @ # bridge-voltage clamp 7k CRLICE 186
0] A RS WO R AR AT S5 W TS Liens, Sl
TR X > T % B REBRER O 5 bk
voltage clamp iz X A &EKEEC 2 v CTHET
L. EERBRLE LCA < ERIEAR S =L D8
R O FEC X > T L, MO
WO BRI X - CTEE L, BRICHRIR, EK
VMRl E B Ringer @iV, BHEHEEMER
DEJEI clamp I b X 5 Tis o Twb bridge
D—WCHFA L. MEOEFKMZIEE, UK
Z5iE & LT voltage clamp ZJifi U7c3 & DI
REZEHLTKO X S RD LB TES.
Fishbclamp WIEEEAICL, Flo—wEWILED
clamp Wil % Z % B EOWTHOLET D
N & BIRBBEAT 505, TORET =20k
A, BOMEBMTZENTES. A—ED
BELEORZEE [T, LB TEDOKREIE
X OVERK, 1440 clamp BIEIIKET B, Zhid
KCl, jiiBeg8is & OV 23203 720 % v 1358
ATEPEET S AR ORI D b ORI D
DOTHROMSIC K DD EEXLBhE. ThiT
FUTBIE—@tod 0T, FECEEBREEL
—EFRB-TIUE clamp BEZ zero R L THHE
BOREER - THETS. ThEERBH LY
FEE XL Bbh 3 O CHRBCEERRS DD L
EMT T L5 T %%, Hodgkin 578 5 Na-
surge LIESEZAHDIDIETINTHS. ik,
WP ORI DA S i (K-surge) 3 HEAT
AT R Shitd » e,

5. REICHITIROERICDINT

SUFSREAS (BAKERK, #—&m), kREGARN (1F
MK, B, NG
IRERZTRT BT, BB EEA
HEbh, ThCEEL TR REDFEIT LD
MR IS IROBEIREN TR Y, TOBINIIRD
FEEI XY —JEC A DR BB, JEE
VB R AR L U, indigocarmine 3% ]
Liz. R&CiE, By 2, 3, 4cm OFF
XN THABAERLZE S, HYLMET 1|
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%721% 2 Bl photoelectric-transducer ZEiE L
Jo. B4 v FOEHIRCEFLAL, TEPT
MR OBRmIFRILRD, 5~1053TREND
ROBEBIRESD. TORER, ROMEERIE
B,

1 FoMRZ v ieky, B, REObKIE
TR L, BRENEEL, S BIRE~O R
DOHEE OBMRZ L 55 &, 40C Tk 14 6
BRI %, BEOTR T 2> h T, HEERESL
20C Tk 2 4~ 3 4Rl 1 ERLICI A Lis.

2. EEIBRREIEL LT, ATREEOKRDO
2rMOBRTOEBREL, REH© 2 B
DEER LD E, MEIFESHE T2

3. [REOTEBEM & IRWBH) & O DR

bl

fren
\&

%

B, RERIEHID 2em OB 72 H TR
0.9~12%, 3cm OH7cy TIE 1.2~18F, 4cm
B TIR2~3WERD, RECITLRE, &3
T REE L ORI T BRI RS, 0T
NS EDEZE2 T,

4. JR® photoelectric-transducer RifZE)DHE
EV: 04~0.8cm/sec, Y5 0.5cm/sec TH D,
BEhOREOES: 3 ~7mm, ¥ 5mm T
b5, i, HRKAWCHENLTY &4 DREOE
VL, H1x1E0.005¢cc E\vd XS5 nfEERD, B
B Lo0db 5 ROMOEEITL 06~1.2mm X
EBEND. ZORBOARCEEPELT, RE
BEHI2sEEBERIN5.
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