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Mechanical transmission in a receptor and its control

especially

on the function of Lamellae Kashima GOTO (Department of Physiology,

School of Medicine, Gunma University)

I . Mechanoreceptor

TNTERREOZEERIT T Z N il
U TROMED impulse 234+ 55, 20
impulse m 34 o —H#1X receptor potential
(Fpic generator potential) % & 2E 15
{FbhTvs, Zh&8E0HEEF19504 Katz
iz X » amphibian ¢, 19534¢ Gray & Sato
Mz X Y mammalian G, X 5IZB[E DS
T Eyzaguirre & Kuffler'Djz I v crustacean
X - TR & hic (K1)

B R o sensitive spot & LTIR, B, &
BLUH, EOREPFEET 201 Th 50
FE® receptor #—f%icix mechanoreceptor
ERBRL TV 00 (BECIFEOZERD
B 2biThs Kz W ZERLLTHicR

) BLTHFED receptor A% receptor & L
ToWE—n sensemodality # 425 % %\ ik
submodality ® 4 © T 3 »BRER LTS
z bh Tz, f#z ¥ mechanoreceptor o
RFEH 7 b D Th % Pacinian corpuscle {235
WTZORBREIZ o\ TR EMOD, BBE,
REY, JHHD, MmEW, EEHESH, @E™
FIED LoBErRES L T 5. 20
Lorenzinian ampulla 4 ARz AKEZ KT
receptor: L THIBRA TV BN ML BEDE
{LiC IR i impulse &34+ 538D
»o 7:46).

fift & FE & 12 [F] U mechanoreceptor » L C—
EEh TV 3 2 EEIC ik Zotterman?, Adrian
D8RO X IIERIL T 5. Tisb bl
{% touch and light pressure LU T ¢ % Y
INEOWTEEEMNERE > TH 5 LEHEIC

1.  Craytish @ receptor potential (Eyzaguirre
& Kuffler, 1955 iz X %).

adaptation ##zZ L TL % 5 a3\ Maru-
hashi et al.® iz X 1k =2 0 FE %+ 5
BHETIRERD 8 ~10p Db DT adaptation
MN30~60msec NIZEE B L Vo TWw5b, —F
JFo receptor yk adaptation 3= 2R3 E 5
TR s USSRV TVv 5 b O % pressure
receptor & LTRAILT v %. E72ENRIT
MR VE impulse OEASEEL TS HEMHS
3 D,

b MO RBIBIT 54 mechanoreceptor
ELTREDBEL LD =EME I H5h 3. Pacini
JME, Meissner /ME, Merkel’'s discs ¢h
3. o free ending, FRFRE, 2L H
WEELELBND.

"I. Mechanoreceptor D& L ZDEHE
Ao E
A. Pacini /MEk (K 2)

Pacini /MEIZ 174148 Vaters®) |2 X - THEH)

[T ACH & 118354E 2 Pacini 2 X » THfE & v
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72 % ¢ Vater-Pacini 04235 5.

MK 2 DR T X D i ERE ORISR LT
w3, BE&H 800~1000 g rfivk 500~600u ¢
HD, KEvoxl.0cem Ho7- 2 Winkelmann
(196000 DL B 5. Pacini/MEiZEFEic iz
BLBLL TS Y T, BEbIcBELR
v, ¥4k <5 (Cauna & Mannan 1958)
D, ME Lamellae 235, BHRIREET
ARz BBbLH TV, PN inner core b
PR B E 2 & D B BERE O AR T B 2 EREET
ArioTws. Lamellae OREWREZIREE
DHEHEc - T 3. HBRREBIKR TRz Sh
T 5. Lamellae v%, 1M 1¥HMETE, *
DESE 1p PLFTERMEO—ETHS. /b
f£@ inner core 1% albumine BLE iz R

P2.

Pacini Q/NMADBEMEEFE. Calib. 500 ¢

Endausldufer
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der Kapsel

/

/
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3. Meissner DMk (Van de Velde o Hand
buch 1927{z X 3)

XNhTw T = ik cholinestelase &M% R
3 (Beckett, Bourne, & Montagna 1956)9,
Lamellae 3 1 ROFHBHEOK K TH D,
perineurium O L Sh T3, Quilliam

‘& Sato &z X h i o core DIFLYT

Lamellae & 200~300 o A - 7B 1 #
Wb Y, #25un: Lamellae ShcH T v
%. Pacini /MEDSHL I £, FHOERK,
R TFHRRRICBAE L, 1 A0 TEIc 100{ELL E (Jones
194207 5. b FOBEBEIRA Y 5 v
Lbvbh, FabAospikBEEcEE
BELTHH LS (Robert 1950,

B. Meissner o/ME (X 3)

Meissner 0/MESRIT < IR 245
o receptor L L TEHEIhD, BELYFE
ZE v &h, RicRt & o B E 2 IiE
L7z b 0N/ NEROESEBRTO2EATY
B, ThbbLiHERRLERAECER VAo F
BROMBA R OAER->T TE TV
5. @R 2~9AKA-T w5 L v b multi-
innervation % % (Cauna 1956)®). fEikk %
oot kSRR Pacini Mk Lamellae b
Fifkic perineurium OZfLLc b0 LEbh
5. ZOMEZ BB OFLIERICTE £ L Pacini
INEREORAR L TRIE, Zhidflo=EsR
PRFWE DL ENTVEH, HELErLT
iE Pacini /MELBICEREERZ b2 2EZ BN
Meissner @54 L finer ©¢&h %. Meissner
IMEDEFEL L DI RES RV EFICRLDEE
WELBLT 5. b Phhs. ThbbEL
U7z Meissner /MEIL S AR L2 Y X HIicHE
v filament 1225+ % (Cauna 1964)»,

C. Merkel’s disc

# =0 7% » mechanoreceptor >\ bih 3
b Dz Merkel's disc 3% 5. ZhidEicE
RO R b A B R e B
TLZORMPERCKEL L LD ThH
%. Meissner /MEDTETET B 4L & RIFRICTFE
L 1AM Kilsh T % (Cauna 1961)
10),

Pacini /MEDEFHOHE o T 0BG
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1%, 18664 Palledino®®izihE 5. /MEIIARE
BOEBBEECTHE LV o TVI0REHVE
BThs. RULE Rauber® 3 LB#Ei0E <
ICHETET % /ME% muscle power % pain %
Bx5b0L Lic. ZOBKMFE LEHZE <
BETZZ 25, WED reflex iBigt+s
Lvbihiz., Woollard & Weddell®) ¥ X%
Schaumacher (1911)®) %3, ZOHEEEEL
Gammon & Bronk (1935203 X (8 Cauna &
Mannan (1958)7) 1% % = & RN OD /A T
WD % Ok B % 3 2 FMoWmELTL
7z. $lzbb Pacini /MEREFR W& © M
BB E B2 50 Th B LR L. —F
Krause® [ 3iREEICERT 5 receptor b
Vo, 2REDOWT VW) LFCERL YD
mesenterium 375 1 b 14 5 EBHIR <AL SRS
e\ D defecation (B{ET 2 D Tt v
PEVOITL H B2,

Pacini /MA@ mechanoreceptor & L T4
EROBEIcovTiz ko, zhizg T
TR TXRBEOSRORE X b B M,
Meissener o/M& &b % v X, Merkel's disc
BT SRR ERME QTR R D,

. Mechanoreceptor DEEDIEEIST

Mechanoreceptor #fiz Pacini /& s &
impulse DORAEDOHEMEL L T © generator
potential 3 3\~ receptor potential £
7z 5Wf%E1x Alvarez-Buylla & Ramirez DE
Arellano(1953)D), Loewensteint?, Altamirano-
Orrego (1958)1®, Gray & Sato®), Hunt &
Takeuchi®®), Diamond, Gray & Satoi?), Sato
& Ozeki™4%, ¥% < OWEN b Y BRI
EEEB BRI O “A£ 1 B8 17 5 mechano-
electric transducer OHE™”, £ “MED
RBROBEOEEME” ZovTHLLORbR
TevanbZ0he8R S hi v Gray &
Sato ?»ZEBkTix generator potential =
DHELZLE IMHTRRES LD LY OFE
PRI O S itk »C graded & hv 5, pro-
caine ZTIEE LAV, L =0 DERHIK

¢ summation 3. £2H TR, BAD
FH23 critical o point i3+ % & all or none
DHEE b > TRET 54 TH Y corpuscle py
TOLHEERLIFTNE L0 THS. HEIHT
X, 24O EFEE L b procaine & THET
340, ZofEix Ranvier o~ ERN
EENhTHESB. = h @ receptor potential
OME 1z % L T Loewenstein, Rathkamp
(1958Y9) 8% Lamellae % £EBEINBL T
inner core MAHDOIEAITE v T mechanical
OIS T 2 EERL, £ EEEMIS 0L
TREAFUEVERIEH L. Ly L Hunt-
Takeuchi’® pFEEGIX, RIkEic Lamellae %
AR o\ antidromic ORI L
TR impulse Dz % B BEEHL
orthodromic ozt T b 2 $HEDOE(L
& B RIGH & FEH L EREES T all or none &
CHEREENDIEEHLMIC L, —f&IiC sy
napse THHEBRINTWS X 9 I generator
potential O FBHAL &, (=# 5 impulse &
SUMNBGIcHET S EvbhTed. T
B B b EREE TR L - generator potential
D LRI T—2oDMEIED & 5125 2 Kimb
TR 2O b0 EE-oTREShS L
2 LN TOE OB ERIROEE bIEF S hiz
b ¢4o Edward & Ottosonl® mgenerator
potential MFEA L4 L v 500 1 BEN B
43 impulse BFAETB Lo WELIKICD
DETHEEKECLDE IR TS,

213 Pacini /M2 81F B receptor poten-
tial OFARZIED TPV TITRDLbNIE LD
LELZTVDE, TO—ODERLE LT, i
10 DS CRBE Moy &/MED Lamellae
Db Lamellae 3L % & 1} B4
Lamellae % 52800030 L2 BARIC > Tl
LTHic. A) FSRUHRE ORI E /I~
ko distal, medial, proximal ®»=->0#k5%
L5 TRS LIRS & 5 1K ERH TR
%. FC#EMES o overlap TH B »3, FlHK
DA x SIHRE 0.1 msec © 15 volt CEREHL
THBERRIZ 20 msec Th %, Distal sy
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TiX, & B D% B’ kX < proximal 3 X
medial DA T1xd . Distal o I& 5%
5 0Th O RINE TOREAE { medial 23
b\, Proximal 1320 RlicEET 5.
7 ORI 04~0.6 msec TH 5. B bEIE
PME < W K medial 0SRS5S
HXbP 5. B) HIBMOBEREIHAICLS
Z. F—#hLicis v TR O S RE R 254
FRH OB EBERL 715 1 D T, FlE» K
JSETORMIZER L T X 5. BEWoRER
medial DOFFTCH DXL WO B2
nNT, FEOWE Lo &3 L T R G EiE
LTHD. RO CRLRCGERE Tix L
msec DENRBD LN B. ZOBEHEOML
BNBZHEERME L DBV R VEH> L TH
%. Distal OFARBEOEHCENEH Td
Y, KiECcorEREix medial o4k v &
v, ZOFER LY medial OFFETCHEHIHO

4. [T OBIBRAYEIEE Lamellae D k>
BEZ I, ZOEXREAT X BIEEIBRAOFR
44kA8. D distal D¥fdr, P : proximal DL
M : medial OEAL. EERIIEISEID overlap, R
DXV 0.1 msec DT 15 volt ¢ drive. [FpfZ:
0,1 msec, Calib, ; 25 pvolt,

BABRLELHCBES N ERDRB. L
L E A BEBCHETS 0.5msec PINICE
VWEERR. C) LamellaenBEic X 53,
Lamellae® k&2 L $1HLT\v» - Tdecapsulated
ENTERICT B % TOBEBIT oW T L L A
nEERFEET. Kok vds Lamellae o4t

BR3P LRIyt LTk

intact DIPE LFREBMO R VIREBE R L.
Inner capsule ¥ T&| 25 L 7= B0 EFRERT
potential 134853 /N& { 71 - T %. Medial ®
BACELBREME L GO 5 % TORH
DB Y v, medial oRlEO—
FBRCEORISE COBMIXEFO fl X v 4
L#EE 1L T< 3. Inner capsule % & 28 L T
central core D L DPL L7 5 L, distal DAL
Bz 3B ARAES D C LA L, potential %
NEBEVRIET %5 £ T ORBBPERLTL -
%. ¥ic medial L ITE L. F proxi-
mal & medial OERFED TP L i 2EN
bhroiz. 5% central core OXKxic Lz
Kz BT A D BJEK proximal 7 5 distal
FHAZ 100 2 FOBATSETHIMUL 2 D TH
5. BIIHYT 5L medial izfY T 54T
b5, ZOEERLREICIEY proximal O
S EFI L 7B — B RS ORI E T &
HLPE > T 5. D) HIBERML OB S & O
1%, = 0s Lamellae % intact © Lamellae
DL SR LA L Lamellae (kb1
THIV-FIEIEDSE ¢ inner core ZE R L
EASEPHEE L. X6 0 SHIEEEEOEE
1 FIEHOBETA L B, CkDTRIED
RSB ENENRE S, RIEECHIBOB
BRBOREHB L MR KE L EF 205
SELREV. BLABZLELOXIIBLR
B3R ) RSB h I R & v, ZhizL T
B ORI TR < N T, £72RBIE
HEL, Lie->TRUMES DRl X515
2EEDR. EFMOMEE I X B RRRIZE
TR THE LR o THRTVS, BB RIT
inner coreDHIMDBE % E 2 B DicLamellae
DHBHE L TRCEB LIEHR L TR, F—
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DRIBCH L TEBH T 5. Lamellee b
A OHBEERR hixdind, »o, %
je k& 7z potential # R4 1L 5 5.

VI bkoEBRFER Ly, receptor potential »
FEEIALIMD TSR 7 b O T, ERERO
medial 7 5 proximal OEESTIC L > BEL
TR b FBE LS L, ToMB#omSIizk
D EREMAIE R B HE LB X b D B —HRICIX
EMES L EEL CESE R RES Y
BLEXDRETHSI.

V. Mechanoreceptor @ energy Dz

Mechanoreceptor 75\ iz L C mechanical
O energy %EX, energy KW T 5 X

H5. HRLEOHRDERT B g8
By S @A O RIG ORHABEER. A8 1R
T HEM. B, C D, EWrA XD 100§D
distal ~BE) X ¥ 72. FEDOE X : 0.1 msecx 10
volt “C drive. BV : 20 msec. BHE : 0.2 msec.
-Calib. : 25 ¢ volt.

general physiology OERKDOELETH S.
HR> decapsulated i 7- M8 T Ly
UT oM/ 28& kL <, BEL S 50548
Wb > —BPE ) ORI T 10p BlEo
JEiE (R0 60~80% 08 bE 5 J 2B &) i
Bt R & v (Loewenstein 1959)50), &4,
TR, SABEEBPEZ > TwBh. Lamellae
X mechanical DEBX L TEERSBETh i
EFROMICIT EABBERBELTVEDT
& 5 9 i Receptoric it 2 EHBIX Kk 0 32
AEOBRENE O on 255 5 FiRtE L RN
R S ERABERE T2 v I FERE DA
2B VhLT V5190308336, 1281 U CHK
o Na* p3hic A% L#x 5. L L Lamellae
1 Na* iz L ¢ diffusion barrier ThHDHD
%, Diamond, Gray & Inman (1958)19) %
Na-free-Ringer iz L T 155 CHRBKE

. 1X344e L receptor potential %109 % ¥

FTHEOERTVS. FU OBEEICET 5 2R
R b B A TR bI TV 32D, § LED
RO WA RIERRNT Nat, KY 2o
ion IcH L CHEECEBEPHEKRT S L, HEE
FLik O ZE < = & L i v, Washizu (1962)8D
HOWEIT LBV VA = OHEREBOMHEM

S 1
K6, HRE®LOFKSE Lamellae iL% HiF T
HEEERNS L BAOLK. S RE® ORI,
I: gz gl A, Crufi#kois s 0.lmseex 5
volt. B, D 12 #i#%k 3% X 3 0.1 msec x 13volt, FHiZ:
0.1 msec. FEfHF2 : 20 msec. Calib. : 25 gvolt.
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¢ generator potential % HlE L2 b0
B DBME, WO BRiCERE L,

iz & v generator potential mEYK, %
KXo TP EBDI. HRY ) V=0 Rz
RERTIE, MBI X o CHFRCERIEI S
& L generator potential o4 L7525 & Eb
5. %EE KETO#WE (19681 Lhid, 4
RPN DEET A. mesenterica inferior iC[E#
IR A L CEESIRO Pacini /ME o B

>
0o
I
=3
°

BK 10-5

>
o
IS
3
4

®7. AEERIC X5 Pacini JMEDKE, single terminal corpuscle
DFEE. FECEMIE A. mesenterica inferior X ¥ microinject i
7z. 'C:Control. BK : Bradykinin. ACh : Acetyicholine. AD : Adre-

nalin chloride. ZFJ¥% injection DFHE.

8. Pacini MEORIKOFHEDIEIC X 5 potential Stk DA
EER s, thEX : R DAl & ZE T % impulse. TEX:
TRV DAY & receptor potential (Ilyinsky, 19651 X %).

180°

6 BBV D2 & £ ORI

JR#B % single-terminal-corpuscle & % v x %
MZEVIREBCHIE U, R L7208l ko
D B IE KRR BN C/ER T 5 & B
b, B TicAbhs X 5 ic brady
kinin (x 1078), acetylcholine (Ach) (x107¢),

adrenalin-chloride (4 x10-7), serotonin (x
107%) 2 EAKIKEE R —BIEERBBEL & b
Nz, ¥z bradykinin % 5 x107% 55 1078
LWIREBE I Licd > T HEKBORS 258
ME e, ZhE—E0HEY
BIKOEBEE»Z 5 b O T
adrenalin 13 %EM: % B A &
#, fh o bradykinin, serotonin,
acetylcholine (Ach) X% iEH:
RIS, '

s bic Na*t oL <&
Rk y 5 L% 5 Dia-
mond, Gray & Inman o 5
bdHD. TR LAMER X
VIROFBREOEMEEL DD
B L7=ERTHHH llyin-
sky®pFEEriz & % & Pacini /)
ELHIWOFMIC X - T gene-
rator potential OEIHE, B
SBOTHHEDITHES (K 8).
SEESEICHIB T B b, Bis
&5 D I E o i B B R
LB, ZThigH LT 0
bR EELD L, Mai
BRI EAME L 72 D 35 T BRI
SRBE B, T EMM &I
HeEx iRz o h e BEAOSR
W] DER S 5R < BT E DEBSY
PHEBENIHEE LRDL
TVv5, Zhit X » T on-res:
ponse zxtL T off-response
OBBIL HE DKL, EHlE
o LEHThIBEP L
A OH O B S T
2 O BBEM BT 5.
BT D ED LEREHFOE
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GRRZ S, ThbbEBEPEAL Tz L
VO, FIOWSICHL L BANRTE 5.
WO LGN TE 2T hoRy (LEHA
DFFE) TREBRKLTVBEEvH, o0k
PRI E b TV AL ERTRETH S
5. U EEoBEBtEnE iz & 5 Nat zofh
o ion OBBhic k 5 energy OELEEx 2D
0 ThHBH, fEsk RIS Dgenerator poten-
tial DOFEAITIIRERIC BT 5 BB EEINE 2
bhlcbi T, EHI L EREBORIICZ

S5b0EELE L. .

Lamellae 3358 OBHREEL 2L T
LR ORI, oL IXKkER - AR
Eb2bDOTHB. ZHIXEROEEEEL X
R R ARE Do TV B0 TH B
FYr%HE, KRS v HE s, Tk
bLEWMFHEIL L - T, MPEBRERET D L
corpuscle M EHEL 0.833 (FLBBEAT) T
AR OMIBE (SF5 0.670) B L TR& <, B
FIRRRE Y T 5 &, B OREEIN
BRSPS HREEOBREM: L BfRE b itk L T
corpuscle % independent T&h 5. B EER
T corpuscle # [EiH+ 3 HiC X - TEENPEL
THELMLN TS, EMMREOT <HE
» innercorpuscle 3% T 5 HE U
> TV5 L BEFEMETRBEE LN TV 50,
ZOREREE b ORBIIEIREBNC X o THIC
= DESMH charge 202 5 5. SEOBHR
BEORRLZNEEONEL TOEMC X -
TEEIL Y 5 RBicd 5. Thbb/PMNSVEER
@ condenser & kX AR condenser k%
#iz variable oREBIcH B L2 k9. C D
REBPEONfED C & v SRBIEEY 5 5%
KBZH Y ZOMcEBHOoBIET S AT
T, THTEKWEMEE TXBELK IR OEL
T I ROBEEREET BHICIL > T
5. TOBKIROBMC > THENEZ S
VORI ERLHBO. ZoERS LD
MOET B, BEEPFETSLENE
Bk generater potential ¥+ 2 b Th
5.

V. Mechanoreceptor 0 REM D §if

TOH, AR OB BRI NIAR DI
HRHE DI AT O WHESEL R 5 1 TV 2 H{AE D
b5, Pl HHEC >\ T BRREROED b
DOFNC 1 BHE & L fHT BB RO DR
HoT, MRIHOBSFE LTI T35
44), %7 mechanoreceptor kX &2 BB O
BABER AR &3R4 1 T B mOTEIHIRHE S
H o T Z hpFE—k neuron OFHEicat+

% impulse i+ 5 & Fex (1962)8 »35

L Tv 3. hidgfofFEHimcEL T
synapse &% LTV 5 &5 (Smith 1961)83),
FIR7Z BB Y F = O RS AR O MHIRRHE
ICHBN5. Z OHIHHRHE O MR RO
TR Iz & - T receptor neuron {Z%fL T
EOMEICHIEI I ZE L T v 5. Uchizono®
I X% & & DR RER O IR O HRE SR
DETEMBEIEE’ D & bDIT > T3,
Pacini /MEDFERENR 1 ROF R X &
LABNTVIERILLBERTAHS L 2EXR
E5F TR b08D Y, HEESI66FEDDE
BRERTR, BIRFTIORKE R CEE
o fibre. L vg—o 0 slow i fEHT 2132\
fibre @ potential % 1{H¢ terminal cor-
puscle DERPLEFETE 5. ZDLIRE
Az o TARORIMED impulse {52 5
HRHE DRI LR 20~36 m TR T\ R
HEEOLOEEH 1m PIFEd - 7z. Ortho-
dromic oifijgke antidromic oOf] ¥ iz & 5
collision mh#:% v CTHIRIHIEE 5 2 %
b ORHECEOBMEE LS BENHIAL,
BF W O#BHMET mechanical OBl T3
Z LMY bz, &7 antidromic OREK
v fibre icbz 5 2 &g X - T Pacini /)
HOMERTRLT, TORIET THIER
BORC 52 & AP SN, » < L TPacini
IMEEEOMEOVE—o0 fine 7z fibre icX
BEh TR X > TREROREMENSHE S
o ERICEIE L.

& OBGIE— I B SRR O FL S Y
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control & 5 iJ 5 iz X L T{Ef 75 control %
S50 5FITHB. Méchanoreceptor R 53
B DR — R BfED_EF-T control &
NWEHEENE L, FiRSHicBT Z)% 2 Dl
B BA L BB AORMELZ EAE LY Tv
%. fmm, Békésy 13RO 2 SHIE TR
RRICH DR E b o7 2 RERIBL TITL L,
b5 1 ROWHCHRREIIBR S B L& DN
T35 (Békésy 1955, 195999, = ik fZfE R
BB 5¥, #HE ¢k Machband® L LTk
S Eh v 3 (Ratliff, Hartline & Miller
1963)0, ¥ 7o BEICIX, #—Yk neuron O
ED synapse OBRTHIHIZRERD T3
BaBRPin kv, BEAMLOBE LR 5
Z ¢ (Gutmann & Mayer-Gross (1943)30,
Edward (1957)16), - Nathan (1961)960), % 7~
R CHEMET S EREM DT 5 RRE LT

Ay bshTtw a9, 2o hiEtic feedback

B LTELLEA LB, :
BME DR T 1 o v T DIl Blka ] 534 75,

9. Pacini /MEDOZEMRTHES. Single ter-
minal corpuscle DERTERMWFIRICX o T2D
@ potential % 5 5. F : ZEHEE OIZRWHHED
potential. S : ZEHEE DR L W HHED potential.
LB OBV 1msee, H1, TEO I 4Z X 5 msec.
Calib. : 50 gvolt.

< fil s o BETUHE L DIRE O BRETUE L AT
FoNEE & B 5. KEHEROEERRED
PICFEEDIET L7z 41 23 3 & & h (Lanier,
Carney & Wilson 1935}, z h& i v+hd
Lz olEEgoEic X5 L &h Harpman
(1948)%2), Harpman & Whitehead (19558034t
FWEOWMER S Hlcd b L, Lewis & Hess

{19332 &3 4Fiz histamin, atropin, Ach &

ﬁsﬁ‘ﬂ{[ﬁ%—Fbj'éf&%‘[%%bfyxé PIEL T

B ORMZRRIE, BEESRIEE TS R

X Tvs. Shaw (1933)) (39EH L ARk
DIEB OBALRE 7 U MRS — I MR
¥ X L control iz oBEFRZ LIk
TR PERTHAEEONTS, LT
N AEEE L R ic K4 5 antidromic
DB~ impulse (T X2 RERE DL
Eixbhb.

Pacini /MEDEFE, iV LROK # b
BIZRBARIC BT 5 b 0 & Bbh Z OfHMEDKE
BLOBEE LY, MEOBEDCRETHIEZ %
LHBTNETH B,

VI. Pacini ME(C&s(TD Lamellae DER

Pacini /jMEIiZ[R 53 Meissner /MEDEIRK
RHEEEIC DV TH V2 5 HTH B2 Lamellae
BOePnBEEZLSLDOTHDL R, El0h
iz L mechanical QR % MR & 5%
F 2k 19584E 0 Hubhard®) o 3gili i+
TREVHLP TP o/,  Hubbard 33k ¢
sec D4 ERE flash % FvT Pacini /M&iz
&Nz oo Lamellae 0Eh % FMEEEE
Il ol Z0fER Lamellae ORI AEHE
BOMBETRL, TOESHEN, T, 03B
CHE - TB&ET 5L, MBS bR
FIBEABIC BV TIE—BED b DIt 5 )
Hopichkol. ThbbEED L1 A0
BICEREETS 013 Lamellae 3LV La-
mellae B OFERERRB L Lamellae B OWHE
ThHB. W= OREAEER TREIIIEESR
%5, Loewenstein®iz \ vwh¥3 L, TEZ
tuix dashpot & spring DORRIZHEY TS &
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Wi, Z OREEEER filter 72 Y FokE
DREBEHC L HBRTETERS. Liehio>TH
RO L L CRBHOHANEET S, &
DX 51 Lamellae %5 U THOER~IE
HICB I CEET S, Lamellae OREERRM
DT D RKESEIMUCIEE Y ZORDEAD
/N fraction pABRHBLECBERETS. Zhic
KL dynamic oFEOEGIZ T EEENS.
Bl %X 500 OEEREH TS corpuscle T20
p/msec OEAKIT & > THLIEDIE I HK M &
R bz 4. 202 OEA 2msec P
Ric D EHLBETOREDEIRIL 0 L5,
Zo—@EoED 25 {b A receptor potential
E—~¥T5brThB. Corpuscle RED & #
HEN BRI EEROEE S i energy 1%
FUEROPCHEBESNTHL CHEERES
Lvbha0, ZDEOCHRE BEKROEEIC X
5LDTH5B. BT D DR7EREDFHNTE X
bie FRCH L C I EREN D, ZhikkE
MO bORETH v, EEHREOKILZ 0K
FIZE > THhRGEEL 5 5. Zhaps off-re-
sponse DFHH &L - T3,

WROEBRIEGERE SN D D TH B8,
Lamellae #5248 BE LY © & Lamellae
@ intact » 4 o & mechanical 7 Hil# % 5 5 &
Fz>wT, BREELTCHELLZLOTH .
B10iz77¥+ X 5 iz corpuscle ZH. & Liz—
EHFA (Ar A, Ay, Bi B, By, C, C, Cy) izb
Teo TREDORE SLB~TH 2 & Lamellae
DFET 3 b OILERETM £ THBER Y 1K
LT, Lamellae DFEEL 7\~ corpuscle G
E#d 5 VR ENGEVCREB TR T ER
W B ot (K11, 12). = o4z Lamellae
DRI 2 b OF L HP L. R#lic P
ITIREBALD & ORI LBRAYE I AEF 3% 23
ZOMEBEADHRN D ORBIL T L
THIERD B\,

PLE@ Lamellae BB+ % EBRBE» 5 La-
mellae DIERE EL D THD L,

1. Lamellae 343 L v v Th generator

potential o343 % F ) Hreceptor potential

[X10.  Pacini/MEDFLET 5 JEE I MR 2 ik
Li-EROFIMEROME. A, B, C uwthth
D& & LT, 1000, 2000, 3000 gD DRy
HEog. Dy, Dy Ds BERINTW R WA Gy,
Cs, Cal iV B 5y D/MA DD ITHE Y 5 PERIT. :
IER .

X11.  Pacini/MED B DGR % R L kgD
ML £ ORORIGIKE. Al OB A & 1 oM
BETRINTVWS, ELOBFRETNENORE
&t FliEoh : 0.1 msec, FBKRIRE : 20 msec. F
2 : 0.2 msec, Calib. : 25 pvolt,

KCHEDEHRTRVERDNZ TN E,
2. Lamellae 0¥ 2HIZ X v fGEICHE
L static @ 0T dynamic o kick
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K12. Decapsulated corpuscle D& T, FEED
IR 2 R U 72 ORRIE & 2 ORpfl O KSR S
Al, Bls Cl o)ﬁzﬁ?b‘iﬂﬁ iy AZ, BZ: CZ %J:U\:
As, Bs, C3 3 Z hig#ET 5. Fligiorh : 0.1 msec,
g R : 20 msec, FFAZ : 0.2 msec, Calib : 25 ¢
volt.

Pz bhTEz bhb. Zhi adaptation o
1R\ receptor L \biE WL Th B,

3. Off response H¥EMEEL U CHIME 7z
D55,

4. EDiib 2 5mE 0" EFHEES L,

5. Hl%E ¥ D #E & 105 LN EIE< 5.
Z OIERLE & v 5 B2k Lamellae B3ELET
B4, Pacini MEOE#IO 34U L o ¥
B b oMM B TRT BRI Lamellae
ERETIECE-T, POKEEEIML L
FHERB L CERP BT 5.

6. WRMKMECHT B HIME b s, B
8 & SEAT O F AN I REE AR X,

7. WIS OB % {23 | Creceptor poten-
tial OFAELERI LT 5.

VI. Mechanoreceptor & %1%
Bt&ic Mechanoreceptor ORFFE DS % %

ZTCH &I —BOBERO—NRKLLTO
mechanoreceptor, FERECHME + LT O
mechanoreceptor, f#AEEHZD—>L LTH
WRZRR, LEROBRREROELUE LT
@ mechanoreceptor 45, & 2 K BEAND 5.

A. fEEbhvbh o KERS OWFFEEE { 1838
4£ Johannes Miillers®) mfgkT RV ¥ — DHE:
Al LT3 0ThH5. FERECOWT
13421z Von Frey (1896)0iz & -» TR Shvic
BRI T 2 B RO REBRPD o T
ENPBRNBERERET DL VIMNETD
5. L LIERZ OB ORBKRETEL2RE I
BEEIC 7% > T\ 5. bhvbh s HERT 5 EKHE
DEBMRICEER, VY VR, BREEK BE
BEEEIHREALRZVCEOBH B, Pacinigh
K13 mechanical ORBIZRIL T X RMEME
LTRECH VR, Ehidtv-oTZhoAhtix
R, BB, BhH, ZoMoFECbIETS
L, BHIZERMCA NS X 9 i B—oPacini
IMERSOFRD X 5 75 b O Tth b S B
HDTHTH>T, TOMECEHEICEVREED
ELRALEDEEORBE ST 5FR LY
EEEY©Z OB 3 MEAEE D L9 hEsR
RN EZRERZBCTwine,

B. BEMEROVCE—DORFIZODO%R
o b T DBEMEEEZEL XS LT BRADBD
5. Zhix Head (1905)®ic L » THWE &h
Mountcastle (1959550 X » THFAI LB L5
s o, BRERAE RHIMIC X > TRBR TR
HEELED LT BRI L TOL D niFkiEY
Bl vboLZo0RMic b I 3 B TH
5. BiESCEEENES » TRE-BREE
LBy, BEIEERD B TRIBE-ERE
POEEE LB-T, ZOH ML Rznil
12 B o spectrum @ 18k { BFE ORI
URBICET S ETIE 2 V) OEERX ST
5.

C. EBILZ DHRPHEAL LEHETE—2D
AkHlEnEz bhd L, B—o receptor 3
FET 5 DTk { —F D receptor BHEER
BZL, axDEEEED D L synapse )
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A Db E T, BENZHENBEE» b2 HEB
pattern 2R+ 5. = @ pattern » LR L
VHELDEHIL IO LTEIRTHB. ZOHK
TRFROBREME 2 5 3k 2 BREORKEME R
i\, Zhix Nafe (19276023, Granit
(1955)9), Weddell (1962)®), Sinclair (195581
DEOEETS FC b 5. Hlxid Weddell
(1955 DEBRT 13 v ¥ FOFED LADELH
BT 5 L BEROBHECHE - T impulse 3 EH
L TENPERPC RN OBEL - T, —
2o pattern 45, Z DFiEMelzack &
Wall (1962)56) 131858k X 9 It ERH L T
LCv5s. 1) FEOREFRIEHRHEE—
Do pattern it E#T 5. 2) S b zh
WoRiT filter lwhviF bhva.  3) FREOHMAR
X Z o pattern »» SR OERREER IR B T
5. ThbbiETs. 4) Fi patternfy ik
DLEN S 2 AU EOMRIESBHETH 5.
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A method for separation of plasminogen from bovine plasma frac-
tion 1 : with reference to some properties of the plasminogen Utako
OrkamoTo and Masako MATUMOTO (Laboratory of Physiology, Faculty of Nutrition,
,Kobe—Gakum University, Kobe)

In order to facilitate the studies on fibrinolysis, a method to prepare plasminogen, which
is avairable broadly and easily in laboratories, was deviced by the authors. Through this
~ procedure, the fibrinogen free from plasminogen is conveniently obtained as by-product.

Improvement was achieved by :using as the starting material the bovine plasma Cohn -
fraction 1 instead of the fraction 111 ; the latter has been thought to be the best source
of plasminogen.
_ ‘The fraction 1 was treated by BaSOy, then the supernatant obtained was further fraction- .
ated using Sephadex G-200 gelfiltration. The fibrinogen fraction free from UK-sensitive plas-
minogen, appeared earlier, A plasminogen fraction appeared distinctively later in which no
clottab]é protein was proved. The plasminogen thus prepared indicated the following pro-
perties. 1) Adding UK, lysis on fibrin was clearly appeared. 2) Adding SK, no lysis on
fibrin was observed, and 3) Adding SK with human plasma proactivator fraction (prepared
by the authors), lysis on fibrin was remarkably observed. Further, the profile of the pre-
paration was compared with UK-activated plasmin through gelfiltration. The pH dependency
of the preparation in. thermal denaturation test was examined.

' (J. Physiol. Soc. Japan (1971) 33, 394-402)
key words : plasmin, fibrinogen, plasminogen—proactivator, Cohn fraction [, separation

of plasminogen.
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E b, EEREMOSTAIVERIITSTRA
S =FY e T I FR—2 — 2 WET BHA,
vY0T7 47 ) vERELE UCERTSSRAN
%, LRRT7FR—F ORI, v
o757 vavIedEEhszyy 77
R —FUPBERENSG ST RAIVICL S
T4TYVVOREERELT, TIFR—F—
EEOFELT5 2 LBRE . ZORHBRET
BTGAI ) —FroEPicr Y, MEidiz
POEBRHERECIBRBENDEDHD. Lieh
T, bL, ) FIRI—FrEFERY
T4 TV —=Fr, BXO Q) 747V /=7
VEEERCTIAI ) —F UPL b,
TIAI )~ vEBREERCELEET, T4
TVVERET 4TV ) —F v OSEERIET

(FRFR464E 1 A 23 H 3D

5 LBHRTHY, BeORES T &
5.

RIBLix, vve7537vav] & FrViFH
L, 747V ) =5V e7I3RI 75w
SEEL, TOTIFAI)—-F 02, 30ME
72 B T IEHEALIC 2 T T I - TS D T
b5,

I. #fHs & 0wk

A. ¥ OB

v OmMET S 7 v 21 (Cohn): Armour
Lab. (U.S. A.) » bovine fraction 1.

vrEF—¥ (UK): A& F V32X
D%@éhhﬂ&ﬁ%ﬁﬁi,ﬂMﬁn#%—

+ (grade 2).

APV 7 & F—¥ (SK) : Lederle Lab. (U.
S. A) @ Varidase. '

be ey FHMERSHOR/FA b e
vEV (7).
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E o7 5 731 (Cohn): &
#IFYV RO rOTT IV V],
Sephadex : A. B. Pharmacia (Sweden) @
Sephadex G-200.
1B : () 0.1 M tris-HC! f2#iug, 0.2M
NaCl #&#e. pH8.0(b)0.18 M §Rr)«IlilE k1
¥, pH7.75 (11t H,BO; 11.25 g, Na,B,0;
10 H,0 4g, NaCl 225 %&te).
B. EBRF5H:
1. ZAFER
Flodin & Killander? o J5#:iz #4iL U7 Taka-
da 5BDOERIC X - T - 7z
Sephadex G-200 %% TA L7z 2cmx 60 cm
DH T LPCEPE ERE V@EBESE, kRO
tris-HCl i@ C¥H Uiz, ¥k fraction
collector ¢ 3.0ml S o&FH L. BWHix 4°C
T o7z,
2. BEAEE
Lowry 5 oFiklc k- T, ko koL
THEL. 04ml oW 20ml o7 v
7 ) HEREEE I %, 104%&ic Folin oRIE
02ml ZhNz, KEIC—KKEL THyicFEE
¥, 50mp 074 NMF—RERL, REE
FEBEFH CHE L.
%7z Beckman BN EREEHAL TR
B> 280 mp DWEERIE L 72,
3. MMERIRMRIE (REWE) oWE
Fehnds L OMET « 7V PR B B L
7.
a, BT « 7Y VIR O fERLEE
AstrupbD OFEICHERL CER L e,
#Z90cm DECELERF) —DV Y —VH
T, 04% Vv DT T3 v #E 40ml £10
u/ml pe ¥ U 20ml, 29 CaCl, # 0.1
ml EEBEAL, 1RHESETRKERER L
oo UV e T TV g v RIS TAI ) —
FUBREERTVEDT, T0O7 479 VR
FIGRI)=FUMT 4TI v ThB, vy
777 v a v | RUHBEER CEEL,
v B VR A RTK TR LTz,
b. T 4 7V IR OERLE

LassenOo 5ykic L L 7. FEIEAT «+ 7
U VMR L REIC N 90cm DYy — VT
W7 Ty av | #E4AOmMl L b e v UK
20ml & #RAL, 1FEZERICHKE LR,
85°C CASAYRIIME L < T 4 ) VIEERE
WL, ZOMRICEY, YV eT7T77Va
[HEEENETTAI ) —F U REERSES
TENTES.

c. 7’TAIVDHE

BT ¢ 7Y AR ke, B0k 0.03ml 2T
LT, 37°C ¢ incubate LU, 18¢[Ei4%ic AR
FRERE Ule., YRAEEE, YEMEE ORERE X
& (mm? TRHFL-.

d. UK BEHAbsRT, 77237
— 7 v ORE

RKEPFn 7723 ) —FrieovTig, UK
TEMILLTAI A viclL, FOFFRI v
DRBTEMEFIE O 75 2 2 VHIIE & R in
M7 47 ) CERETHIE L. 3% 0.2mlic
10u/ml UK (pk Hf7) 0.1 ml % hix 72iREWK
DIEMEE BT 4 7Y VIR ETHRE L Tz,

e. SK #IEHALBIART, 77 F
R—%& —DRIE

Akt SK &k, SK EHALHREE & JEmsk
747V VEREBCCHE LR, 280.2ml
L 100u/ml SK 0.1ml & %EfiL, % 0.03
ml ZIEMBT 4 7Y VR ERETL, 77
2 3 VHIER: LRI 37° C-c18kER incubate
LT, 747 ) VEREOBBEERIELR. =
ORI, FIRROMET, 7T AI UIEEER
SRVEER, FEMBT « 7Y VR OBEREH
Fpbhhig, BEPR S RI ) —Fre7
JFR—H =T 0T I F R — BT
FTHLEZDBILNTES.

FrEbiRABNSK &Mz sz b LicH
Wz 4 7Y VR E BT S AR, T2
FR—F —BEETBHZ LIRS, LiedoT
T I FR—F —OEENED ST, SK A
TR UH THEESED b, ZoaEho
BBERFRTIAI ) —F v e a7 I FA—
2 —Th5b.
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f. ¥y uxr—¥ (UK) ol

REEIEMB Y 4 7Y VR BT L, 7
7FR—F —OiEEE L TRIEL .

4, 747V ) - OEERE

a. Gram® OEBHEICENL TERL
7.

#E 1ml 2 50u/ml perEr0lml %
Mz, 3043 37°C THURL, BRkESh7 4
TV UEKEL, TAI—ARBITZ—FLTC
BiAKL, HRERLTRELL.

b, ¥MBEBENO 74TV ) —F L OFE
EHET3HAE, BB Iml Piey 2L
— X% 100mg Mz, #EE ke E01ml %
<, STCofERMEF <, 0FMEEL,
HIAE —~RCEBTB T4 TV v EEZON
', WOSEEER, TEEIic10% NaOH 0.5ml %
Mz <, 304yFAMEMKIET CIIBL, Rk
Mz 5ml L1, ZOoBRBEROEHREMT
o Lowry 6 WoR#ETHEER L.

M. % 8% M #&

A. vV 757y ar] OREER
TYeTGsvavlithe rErENLT
ERE L7e 7 4 770 3, (KMo UKBEE
NTOCTHEZCEMER S T2, SK % Bk
KMz T BECBFREBME L. Licddo T
TV e77 7y gy ] Picia UKz k- CiEMH
{LENBHERERABEWE (72 -5
V) BEERTCRLELZONG. 757V s
v I P ORBERFOSMORBICHL>T, T
DEEEREZTHdiE, b0 75 7y 5
[ LU ROROEREITIR Tz,
2mg/ml OV YRBICLIDTT Iz
I OABEHKEK 0.2ml iz, R1WWRTX
5 i x DEE O UK #71x SK o4 ANk
A 0.1ml &z <hnEo « 7Y VR ET
BRAEREL 2.
FliLHbhd XL, YvBL T b0
Cohn o757y agv]fhicik, UKickoT
EbEh, BT 4 7Y VEREEMET R
BERF, IR —F UBEETS.

Table 1.  Comparison of UK-activated fraction
1 fibrinolysis between bovine and human

Lysed area on heated plate (mm?)

UK used Bovine Human
1u/ml 72 13
10 u/ml 86 41
100 u/ml 110 64

Reaction mixture : 0.2 ml of 2 mg/ml fraction 1+
0.1 ml of UK.

Table 2. Comparison of SK-activated fraction
1 fibrinolysis between bovine and human

Lysed area on heated plate (mm?)

SK used Bovine* Human
1 u/ml 0 107
- 10u/ml 0 72
100 u/mi 0 52
1,000 u/ml 0 27
10,000 u/ml + 5

Reaction mixture : 0.2 ml of 2mg/ml fraction 1
+0.1 ml of SK.

EREB2ICHDLPRLOE, TOUY ST
A3 =% SK e ko TIEH b E s e,
bhe7S5AI—FuE, —RASKicko-T
EHLEND X OICHLBH, ThE 7T AR
) =BV UNOBBRF T 0T I FR—F—D
HFCLD LD THD (D)

B. v eT75 v av] O VFRIE XS
IR = v OLEE

BEEOERIIBWT, V¥ e 777V g ]
Hizi, 747V =5 voRPTIAI)
— B UBREET B LRRED bk,

WEEDTFGAI) =747V ) —4
VLSBT B IR OBIER 1T o T

FFYUVBLIPEL DT F 7Y 5] 12mg
% tris-HCl #2%&k 5ml idg L. o)
R0 e v ErkrETsicnic Ba il
BEATE - To. K Sml L BaSO, 100
mg %z 37°C T154HiRE L, 3,0001. p. m..
T5MELIHEL T EEBESBEL. Zok
EE S bII5MmLAMEL T 2 7 k% Ba
WE7 7y a v ReEL, BERFEOEICE
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BT H VA L. Fraction collector
TERLEFERIC>VWT 74 7Y 7 —F VR,
UK &M rER, SK G LRRyEIER 23
BL, FOBEZR LR L. BHik Lowry
LWOHETREL .

TVBIVE rBWT, 747V —F v
PEHBOC~73EBHD ¥ — 7 it—&KLTw
5. HEMET 4 7Y VERTRELIZE S « 7
77 v a v o SK EMHALREERE, Kok
HILZODE—7 27T (K1)

—BZ 747V ) —FreRCABRERSH
(AZTTE) fhik s < TR & h 5 43 (B4 )
PICHFERET S, chidfiig=a—2r w7 ) v &5

Fg
mg
Y EA

t00 120

Lysed area (mm°)

100 20

50 {0

Lysed area (mm?)

Tube No 10

Fig. 1.  Chromatography of bovine and human
fraction 1 (Cohn) on Sephadex G-200. Each 12
mg of bovine and human fraction 1 was dissolved
in 5ml of tris-buffer and followed by BaSO,
adsorption. The solutions were applied to columns,
2 cm x 60 cm, at 4°C. 3.0 ml fractions were collected.
-.protein measured by Lowry’s method (OD).
o fibrinogen (mg/dl), x——x UK-acti-
vated fibrinolysis on heated fibrin plate (mma2).
+ —— « SK-activated fibrinolysis on unheated
fibrin plate (mm?),

°

NMEBLEA o filtration pattern ¥ Bl
—¥T5.

UK SEMAGREERE Y 0 SERIC b 38D 5
Niholeds, BAYHEZ D T 5 HC KRB
LBl Tl b 2B bhiz. LPLASY
B OBEHER T80 b o 7.

Omgoebe757vav] BERLEE
BOFVERTE, BEETEbR{TH, B
sy iz UK SEMALARIAER 2338 B hvic. &K
lighdbhice ke 757y 3> 1 o UKEHE
{LRBIERIL, ZoFBEHRORTFICLEbOT
HAHH.

vy e75 v 3] 0BAE, UK EHL
WYSERE, 747V 2 = XV RBRTHE
HEhzHEHRICEBD bR, 74TV —F v
LEHLPIOMETE S, L L SK B[R
BERI EoSBEC LR bk ol. Lz
BoTHYeT75 7y 5] »bid UKEM(
WRARIRIEME (75 X2 ) —F V) HER,
FVAET, MoBREETORES LICORET
&7 (K1 L)

¥, ZOXOELTEbRET 4TV ) —
FroeBERLTERLEY 4 7Y VR TR,
103 X 08 100u/ml UK % 0.03ml {§F L T
b, ISEBBICHIEEZ B 2 Eh ol

C. DY o 75237 —5 L OIEHAL

Omgpyy e 777V a v 2o EROKE
ETEYNLE ST R —F BB 2T,
FEx oo UK %7213 SK 2 X 25EM{LE L
bR, FERIZE S ITRT.

H3eHrdbhbdroic, UKtk 7523
— 7 VRERCEELs B, SK TiiE s
A EEHELEN . LA L 10,000 u/ml F7z
13 50,000u/ml L\~ 5 X 5 BIEHICHEMLO
SK &z -Eaicit, bFricERtbEhs
ERBED b,

IDTITAI)—FLREN e TT IV gy
[ 40mg PHxAANEEME T, HEBHIK
B0 SK ZRIL 7256 OEEE BE L,
R 4R T.

KAWTFT IO, b rOADERFET S
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BRI, FREFTCRITIRAI ) —FrERE
AL 2 & v SK (10 u/ml~100 u/ml) iz k »
Th, FITRAI ) =FrO7FRI v~0iEH
REobhiz. bbAALALHEI SK #2I1% T
LT AR~ DEFEERTL T TR
dohiv., i SK oFEERLIZIZE FASY
BEBRYYOSFTRAI ) —F UoeEELLE .

ZOEEE, b MNAFER SKiC ko THEM
fesh, ZOEECHERE DT TAI ) ~
FreEMb LIz b 2FT. TR —F
vEEMH LT 5 ERANERTE T 2 24
VeTIFR—F—L¥BED, SKitkoT
EHLES N D ZOFIBREWEE 7 = 7 7 F2—
F—LIERZ LR TELHY. ZOERL, v

Table 3. - Activation. of bovine plasminogen

with UK or SK
Lysed area
on heated

Reaction mixture fibrin plate

(mm?)

Plg 0.2ml+ 1u/ml UK 0.1 ml 17

Plg 0.2ml+10u/ml UK 0.1 ml 92

Plg 0.2ml+100u/ml UK 0.1 ml 91

Plg 0.2ml+ 1u/ml SK 0.1 ml 0

Plg 0.2ml-+10u/ml SK 0.1 ml 0

Plg 0.2 mi+100 u/ml SK 0.1 ml 0

Plg 0.2 ml+1,000 u/ml SK 0.1 ml 0

Plg 0.2 ml+10,000u/ml SK 0.1'ml 5

Plg 0.2 ml+50,000 u/ml SK 0.1 ml 9

Plg : plasminogen

YU T T2V ] XDDT T AL —F ol BICFOETOWEIRSWT

ABERC SR T 7 FA—F —BEEL TV
ZLERLTVS, .

D. UK &7 2 2 v 045k

0mg P77y av] % tris-HCL
feEE 5ml iR L, 200u/ml UK % 1ml
Iz <, 37°CT604y[E incubate U, RH#%
FNIEBL, 79 A @ elution pattern %
vz, BELEEUKSEHESTLmE7 ¢
TY VEREHEBAL V20T, UK ok
HEShE. Eef—0 77 A THEEL 40
mg/5ml v e 757y gy ] OBHIRIC 2
wWTFIRI S UEHEIEL, RELTE
® pattern # 7R Lz,

H2ABIUBIZFETIL, 7T7AI VD
BWHOC— 23 7F A3 ) —F vOERITEE
—F LB, 5777V avIBOROT
VBT, 280 mp OWRKED ©— 7 ik —8
LT clottable protein ##H L=, 757
v g v | +UK oED 7 Vi (A) T,
¥ 043z b clottable protein XM c& i
noie.

F7z 280 mp OEHEOE—21F, 747D
=y EVLHFRO NS v GECHET
5. 2z 4 7Y = v, UKiRk i
HALENTERENEZSTAIVILE->T, X
VIESTFREDT 4 7V ) — 5 v53fgEEsY (FDP)
CHRENIZTDTHAH.

zo FDP iz, rerEriiicksr 77

Table 4. Influence of human A-fraction to the SK-activation of bovine plasminogen
Reaction mixture (ml) Lysed area on heated fibrin

Bov. Plg. SK Human A-fract. Physiol. saline plate (mm?)

0.1 100 u/ml 0.1 0 0.1 0

0.1 50 u/ml 0.1 0 0.1 0

0.1 10u/ml 0.1 0 0.1 0

0.1 100 u/ml 0.1 0.1 -0 90

0.1 50 u/ml 0.1 0.1 0 69

0.1 10 u/ml 0.1 0.1 0 68

010 0.1 0.1 0

0 100 u/ml 0.1 0.1 0.1 0

0 10u/ml 0.1 0.1 0.1 0

Bov. Plg. : bovine plasminogen
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vavlio clot ez Lz, LichoT
DX LTERENEZT T AI VOlER%
clot lysis CHIET 3z LiXEEETH 5.

Wiz, 747V )4 rvEix FDP 2k 3
LAY B enic, TITAI I —FUNHE
i, BEWTFTRAI ) ~FrEFTAIVEE
BEEZEA+SEEOUKZMEZT, 20
BAWEFVIFGEL, 7T AIVBIUEEY
5 23 ) —4 o elution pattern % E\ iz,

K2BOXH9 L Caleyvye 757V ay
[ 40mg S5 23)— % V4aHE, 28
BED TS EICRBRBHEL, COREST 22
J =5 v¥gic 200u/ml UK 1ml %0z <,
37°C 604y[¥] incubate L, 523/ -4 V%
75 A ViR EME LT,

M3z ORIGHEE S VPR LIGEED T T
AIVBIUVBESFTAI ) —F oo
fiths.

A
Bov. Fract.l + UK

o
10 50 &
\\\ Q
> \ T
= o\ 2
2 . B b
3 10 30 40 p
— B ©
3] Bov. Fract.l o
L |eo , 100 €
a £
(@) ~—
: o
5

1.0 50
o
(1]
2
2

Tube No 10 20 30 40

Fig. 2. Chromatography of UK-activated bo-

vine plasmin on Sephadex G-200. A 40mg of
bovine fraction 1 in 6 ml! tris-buffer, with 200u
UK was applied to a column, 2 cm x 60 cm, at 4°C.
(A) The same fraction 1 solution without UK was
applied to the same column. (B) 3.0 ml fractions
were collected. ««--+ protein, OD in the fraction.
—-—~ fibrinolysis on heated fibrin plate without
adding UK (mm?) (plasmin), —— UK-fibrinolysis
on heated fibrin plate (mm?) (plasminogen).

YAH#E 0.2ml |z tris-HCI #£&¥k 0.1ml %
Mz <, M7 4 7Y VR ETT T AIVIE
ME L b7k, E7EHE 02ml iz 10u/ml
UK # 01ml iz, BESFAI ) —F vk
EMLEY, TIRIVABESTIAI) -5
vOENEER L BRTRIRLIE.

HicrEns k5, MELKERLGFE
OMBIZBEENER, 7IRAI RIS TAI
) =7 X ) bbb ErHTFEONES VAER
FhTEr—7RHEBL, 79237 —4-UK
complex/RTE T35 & Bbh 5 X o K
zZbhird ol

F7- 200 u/ml UK % Bz 7 AR L ¢,
UK ol s phiBE, JENET « 70 v
W EOBBE» DR L. BT « 7V U
WHCEENAY VYO TTRAI ) —F ViTHT
AR R BSHET  pbic UK 2358
ENTETVE2b0LELOND. ZORRT
7RI s — 5 UiEEEERX, tube No
23~30D kIR IZ R bV

bl
g
Q.
ko]
@
o
O
(]
g
100
o
> o~
= 20 £
2 E
[+ ~
© o
S 50 &
3]
S ho I
a
o o
>
.............. —
Tube No 40
Fig. 3. Sephadex chromatography of UK-acti-

vated bovine plasmin and remained plasminogen.
Plasminogen fraction obtained from 80mg of
bovine fraction 1 was incubated with 200u UK
at 37°C for 60 min. The aliquot was applied to
the column in the same condition as Fig, 2.-:--«
protein, OD in the fraction. ——-— fibrinolysis on
heated fibrin plate without adding UK (mm?)
(plasmin). fibrinolysis on heated fibrin plate
with UK (mm?) (plasmin+remained plasminogen).
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NS TAI)EFVBIOT T AI VR
BHENTL 3ABICERS. LBk-T, 7
FA ) =7 ric UK 28Rl iz <77 2 3
VEERLIEEA, T2 02 UK bR
THZLE, ZOHETIARETHD.

E. v e 5323745 r0fg

Omgyye757vav] k027 R
2 —FrvikE, pH8.0 o tris-HCI $2&Ek
T, 37°C, 60°C, 80°C 3 LUt 85°C T, 304y %
7ok 603 BB L, FhZhoxE 02ml
10u/ml UK 0.1ml #hnz, Wm#Ekz 479 »
TR ETHREEZRE L. FRRRL ERT.

pHB80 i, 523/ — % v 11 85°C30
5, 80°C 605y DM TIERERLEL R 9. K
EROT Y e TR —F UEBED 2
ERECEREL, Bxo pH BT 2R L
b7z, ;

FFTAI )~ viE N/10 7Y v —HCl
iEEimg e 1N HCl, 1N NaOH » %6 255
F X577 pH iz, 60°C 304, 60°C 605y
Bk, pH 2 T4 ITHIEL, BT 4 7Y F
WT, AFEOEBRERICC UK 2z <, S
ERRE L. BREK6ITRTR, pH7~9
RV TIHMERS - L bigd o7,

e, RTWORT & 9 kpHiz Lk %
37°C CHEL, HEBVCTHEROETE L &
Xz, WEEo pH iz T4 cBELTH S, =
DERTLF T ) —FrofEARB7+H
VHEDOBEIBVThbo b Xl BETAIL
BED bhiz.

V. & %=

FIAIVEEBBERIETABRECHY
14 v, TAMe zofhoAREE I X 57 a5
T—¥EREER 2T 7 —¥EREMEL T
MR HET A XV, BREECHZ Y
A7V EERLTERCERENET 2 &
BHEELVZ LRBECDORVEZISTHS. L
ML747 Y v EENTZOERTS 747
V-7 v, BREhTw s BTkl T
bRBEPNDEPNTTIAI ) —FrEEl

Table 5. © UK-activated fibrinolysis of plas-
minogen solution after heating. Plasminogen
separated from bovine fraction 1 was heated at
pH8.0 : -

Lysed area on
heated fibrin
plate (mm?)

Standing in ice cold water 93
- (control)
Heating at 37°C for 30 min. 94
Heating at 60°C for 30 min. 72
Heating at 80°C for 30 min. =+
Heating at 85°C for 30 min. -0
Hedting at 37°C for 60 min. 72
Heating at 60°C for 60 min. 58
Heating at 80°C for 60 min, 0
Table 6.  Stability of bovine plasminogen at

various pH at 60°C. Fibrinolysis was measured on
the heated fibrin plate at pH 7.4 after incubating
the bovine plasminogen at various pH at 60°C.
Lysed area on the plate was shown in mm?

9 10 12

o

pH 1 3 7 8

Control Pt
(in ice cold water) 40 45 72 80 82 T71' 0

60°C 30 min. 9 25 72 72 62 38; 0
60°C 60 min. 0 0 56 56 42 0 -0
Table 7. Stability of bovine plasminé)gen at

various pH at 37°C. The bovine plasminogen was
incubated at various pH at 37°C. After the in-
cubation fibrinolysis was measured on heated
fibrin plate, and lysed area was shown in mm?

pH 70 40 65 80 9.0 11
Incubation time
2 hours 33 25 27 54 57 0
1day 25 25 30 42 57 0
3 days 0 22 22 33 29 0
6 days 0 16 16 30 25 0
10 days 0 + + 46 30 0
22 days - 0 = '+ 25 16 0

TWvb. LEEdoT, 7TI7F_A—% P T
BWAITIE, M 4 7Y VEREERA LR
By, *TRAIVOADOEREZAET S Z L1
RAEETHS. LpbMET 1 7Y VR,
FEMBT 4 7Y VR, REFES.
ZOBHDIEDIL, TRAI)—~FUEEE
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BT ATV ) =7 ez k5338053
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Y3 Ca ¥ ric k sREREEFAL, £
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DHEELTVBOT, LrDOT4TY ) —
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EEEH TRV, B 074 TV —F v
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Analysis of the vestibulo-vagal response

Satoshi KUBO, Masakazu IKEDA and Takanori FUJII *

Depariment of Physiology, Kyolo Prefectural University of Medicine, Kyolo

The vestibular system is known to have
effects on the autonomic activities. Spiegel
and Démétriades® demonstrated that sti-
mulation of the labyrinth organ resulted
in the fall of the blood pressure. Failure

to cause this response after destruction of

the medial vestibular nucleus (N. v. m:)led
them to assume that this autonomic response
was relayed at the N. v. m. In the present
report an analytical study was made on the
electrical response of the cervical vagus
caused by stimulation applied to the ipsila-
teral N.v.m. (vestibulo-vagal response).
Cats, with the brain stem sectioned at
precollicular level and the cerebellum re-

moved were used. The animal was immo--
bilized and maintained on artificial respira-

tion. A monopolar stimulating electrode

of chlorated silver ball was applied to the
midportion of the N.v.m. at the floor of .
the IV ventricle, according to the atlas® of

the cat’s brain stem. The response of the
ipsilateral cervical vagus was recorded at
the point about 4 cm off its outlet from the
skull with on a pair of wire electrodes.
Fig. 1 illustrates the sites of single shock
stimulation and the corresponding responses,
‘The vestibulo-vagal response consists of
the early and the late components. The
record A’ is the response evoked: by sti-
‘mulation to the rostral point (A). The early
component in this response is single peaked
with its peak time of 2.0+0.2msec. This
single peaked early component with this
peak time will be termed as the initial
spike (IS). The late component termed as
the late activity (LA) has a latency of 5.1+
0.8 msec, and a duration of about 6.5 msec.
The record B'-is the response to the mid-
point (B) stimulation, in which the IS be-

* AR, mEE—, B ZERLE
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comes larger as compared to the record A’.

As the caudal point (C) is stimulated with

the same strength, the early component
becomes double-peaked, and the latency of
the LA tends to be somewhat shortened.
The second peak of the early component
in C' corresponds to the IS of the response
A’ and' B, while the first peak has the
shorter peak time (about 0.9 msec). When
the stronger stimulus is applied to the mid-
point (B), the early component: of the res-
ponse becomes double peaked comparable
to that observed in the response C'. By
the difference in -peak time of responses
recorded at two points, 12.5mm apart
from each other, along the vagus nerve,

-the conduction velocities. of vagal fibers

are -calculated  as” 38 m/sec for the first
peak, and 26 m/sec for the second peak. By

‘comparing the ‘latencies of the first peak,
- the fastest conduction velocity for this com-

ponent is measured as 48 m/sec. The fast
conducting fibers in the vagal nerve are
somato-motor fibers (recurrent laryngeal
nerve) emerged from the nucleus.ambiguus
(N.a.)and-afferents to the nucleus fasciculus
solitarius (N. f.s.). The conduction velocity
of the laryngeal nerve is reported as 30~70
my/sec by Porter® or 83~100m/sec by
Rudomin®.  On the other hand, afferents to
the N.f.s. have the conduction velocity of
less than. 50 m/sec®?). Referring to these
reports, it seems likely that both peaks of
the early component represent the excita-
tion due to antidromic stimulation, by
current spread, of the N.{.s. or its. fibers.

The further analysis-is made on the
response ‘B’” which consists of the IS and
the LA. The IS is the stable response. The
LA is unstable, its latency, amplitude and
shape being apt to be modified in relation
to-the phase. of respiratory activities. The
LA disappears totally after 10 repetitive
shocks in 50 Hz. frequency applied to the
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Sites of stimulation and corresponding responses. A, B and.C : Sites of stimula-

. tion. A’, B’ and C’: Corresponding -vestibulo—vagal responses recorded from the ipsilateral .
cervical vagus. C” : Fast-sweep record of double-peak.early component. Stimulus of the“ R
same intensity was used for all responses. IS : Initial spike, LA : Late activity, N. v. m.

‘Medial vestibular nucleus, N.a. : Nucleus ambiguus, N.f{.s.

: Nucleus fasciculus . solltarlus, o

N.d. m.X : Dorsal vagal nucleus Time calibrations : 5 msec for A’ B’ and C’; 1 msec for -

+C”. Voltage calibration : 0.1 mV for all.
.- Fig, 2.

Effects of repetitive stimulation and Nembutal. A Control record of the vesti-

bulo-vagal response. B : Effect of repetltxve stimulation- (50 Hz), the response to the 10th
. stimulus. C : Effect of Nembutal (10 mg/kg, i. v.), 5 minutes after administration. D : Recovery’
- ‘from Nembutal effect 30 mlnutes after administration. Time cahbratlon 5 msec.’

N v.m, (Flg 2 B) The IS follows unmodlﬁed
to: the repetitive pulses of frequencies up
to 200 Hz. As higher frequency pulses are

applied, the amplitude of the IS begins to -

-decline. Following adminisration of Nem-
‘butal. (10 to 20 mg/kg, i.v.), the amplitude
of the LA declines to practically nil-in-5
.to 10 mintites, while that of the IS‘decreases
only slightly (Fig. 2 C): It is assumed on the
basis .of these: observations that -the IS
consists .of antidromic response of-vagal
afferent: fibers, and the LA is a trans-
synaptic. response.

Akert & GernandtD recorded the act1v1ty
of the cervical vagus in response to sti-
mulation of the ipsilateral vestibular nerve.
Their record does not contain the response
corresponding to the IS of our record. Their
“jnitial résponse” appears to correspond to
the LA-' of our record. The decerebration

procedure may be. responsible for the
disaccordance in latencies of the- “initial
response” and the LA. The LA has:the
long latency and wide duration range. This

complex response seems to be mainly com-

posed-of excitations of fibers with condug-
tion velocity in the order of several to less
than 20 m/sec. The conduction: velocity ..of
such range mmay be attrxbuted to the autono-
mic_efferent fibers. : TR
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Effect of divalent mercury ion on the action
potential of the heart

Hideo HAYASHI and Etsuko HORIUCHI *

Department of Physiology, Nippon Medical School, Sendagi, Bunkyo-ku,

Tokyo

It has previously been observed that
cadmium jon brought about marked decrease
in the contractility of frog heart, while its
action potential was only very slightly
modified?. The present communication is
to demonstrate the opposite effect of di-
valent mercury ion which belongs to the
same group (2b) as Cd** in the periodic
table of the elements ;i. e., marked decrease
in the amplitude of the action potential

without change in the contractility of atrial -

fibers.

The experimental method is the same as
previously described?. Fig. 1-A represents
the control action potential and contraction
curve of an atrial fiber. When 0.013 mM of
Hg**, the same concentration as Cd** that
reduced the contractility to half, was applied
to the preparation at the time indicated by
the arrow, the amplitude of the action
potential decreased exponentially (time con-
stant : 80 seconds) and finally attained a
steady minimum value within three mi-
nutes (Fig. 1-B). Fig. 1-C shows the action
potential and contraction curve in the steady
state three minutes after the application of
Hg** (0.013mM). Although the amplitude
of the action potential decreased to less
than half (42 per cent) of the control, no
change in the contractility was observed
in the experiment. The action of Hg** on
the membrane of an atrial fiber is a rever-
sible process, because when the prepara-
tion was returned to the normal solution
after Hg**-Ringer’s solution the size and
shape of the action potential was restored
completely to normal.

Sodium thiosulphate has empirically been

R FaE, MNET : BAER RS A
HRE
(Received for publication March 9, 1971)

employed for the treatment of inorganic
mercury intoxication even though the
mechanism of its action was not knownD.
In order to examine whether sodium thio-
sulphate antagonizes the Hg** effect on the
action potential, a small amount of sodium
thiosulphate was introduced to the Hg**
(0.013mM)-Ringer’s solution in the prepara-
tion chamber to give a final concentration
of 0.026 mM (twice the previously applied
Hg** in molarity). The atrial action poten-
tial gradually increased (Fig. 1-D) and
finally reached a steady state three minutes
after the addition of sodium thiosulphate
(Fig. 1-E). It is noteworthy that size and
shape of the action potential were com-
pletely restored to the control levels by
sodium thiosulphate. No change in the
contractility was again observed throughout
the experiment as demonstrated in Fig. 1-
D, E. The mechanism of the counteraction
between sodium thiosulphate and Hg**
might be quite different from that between
Ca*+and Cd**;i.e., the latter group of ions
competitively react for sites on the me-
mbrane?, but sodium thiosulphate might
bind chemically with Hg** and thus reduce
the probability of a reaction of Hg** on
the membrane. The Hg** (0.013 mM) effect
on the action potential is counteracted by
neither Ca** nor Na*. Hg** might directly
act on the protein of the plasma membrane
by reacting with sulphydryl groups and so
bring about a change in the conformation
of the membrane. This in turn would
change the ionic permeability of the me-
mbrane. This assumption is indirectly
supported by the observation that Hg**
increases the resting conductance across
the atrial wall to almost three times the
control. The mechanism of Hg** action on
the plasma membrane is to be analysed in
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Fig. 1. Effect of Hg** on bullfrog heart. Upper traces, Action potentials recorded by a
suction electrode. Lower traces, Contraction curves. A, Control. B, Application of Hg**
(0.013 mM). The arrow indicates the beginning of perfusing of the Hg**-Ringer’s solution.
C, Three minutes after application of Hg**. D, Addition of sodium thiosulphate to the
solution in Fig. 1-C (0.026 mM final concentration). The arrow represents the time of addi-
tion of sodium thiosulphate. E, Three minutes after addition of sodium thiosulphate to the
Hg**-Ringer’s solution. Note marked decrease in the amplitude of an action potential by
Hg** and complete recovery on addition of sodium thiosulphate. '
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Biochemical studies on excitation-contraction
coupling in muscle

Torao NAGAI and Masa TAKAUJI *

Department of Physiology, Sapporo Medical College, Sapporo, Japan

It has been well known that sarcoplasmic
reticulum in muscle gives a step in-“ex-
citation-contraction (E-C) coupling” in muscle.
We mainly studied on the biochemical
properties of the reticulum to clarify the
mechanism of the coupling.

Sarcoplasmic reticulum was prepared
from rabbit and frog skeletal muscle as
microsomal fraction (microsomes). ATPase
activity, and calcium uptake and release
were measured according to our procedure
described previously. The influx and efflux
of calcium in anterior byssal retractor
muscle (ABRM) of Mytilus at rest and
during potassium contracture were deter-
mined by use of *Ca.

Previously, we had studied on the nature
of microsomes prepared from white muscle.
The similar investigation was tried on
microsomes of rabbit red muscled10. The
more characteristic results are as follows.
In the absence of Ca**, the Mg**-activated
ATPase of the microsomes (basic ATPase)
was markedly high. This high ATPase
was not affected by 0.5mM EGTA and
20~200 uM Ca**. On the other hand, the
microsomes were able to accumulate Ca**.
It is interesting that the Ca** uptake of
red microsomes is not accompanied by
activation of ATPase. These results indicate
that there is a qualitative difference bet-
ween microsomes from red and white
muscles microsomes.

Comparing the amount of Ca** uptake
of frog microsomes with that of rabbit
microsomes, no difference was observed ;
at 20 uM Cat**, the values were 0.15 zmoles
Ca/mg of protein. However, the amount of
Ca** release from frog microsomes by

*OKHEDE, AR B ILRERAEAEE
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addition of 10 mM caffeine was larger than
that in the.case .of rabbit. The calculated

"amounts of released Ca** for 1g of frog

and rabbit muscle were 0.052~0.1 ymoles
and 0.05 gmoles, respectively. In agreement
with the result of A. Weber®®, this is
corresponding to the fact that caffeine
contracture causes markedly in frog and
not in rabbit living muscle®®.

It has been suggested that the site of
caffeine action exists on the sarcoplasmic
reticulum?® and that the calcium releasing
action of caffeine on the reticulum is poten-
tiated by cooling®. We examined, in detail,
the effect of temperature on the Ca**
release- induced by caffeine in low con-
centrations, using frog microsomes?. On
the microsomes which had accumulated
calcium at 20°C, about 20 and 50 mgmoles
Ca/mg of protein were released by cooling
from 20°C to 10° and 0°C, respectively.
Cooling the microsomes from 20° to 10°C in
the presence of 1 mM caffeine, only a slight
further increase in the amount of Cat**
release was produced over the sum of the
calcium released by the addition of 1 mM
caffeine and that done by the cooling. The
additive effect of 2 mM caffeine and cooling
from 20° to 0°C for releasing calcium was
not different from the effect of cooling alone.
On the temperature dependence of the
ATPase activity of frog myofibrils, the
maximal activity at 10°C was only about
409, of that observed at 20°C and almost
null activity at 0°C. It is difficult to explain
Sakai’s rapid cooling effect on caffeinized
frog muscle fiber, from the results obtained
on the isolated sarcoplasmic reticulum and
myofibrils.

To comparatively study the mechanism
of E-C coupling, influx and efflux of Ca**
in Mpytilus ABRM, in which sarcoplasmic
reticulum is poorly developed, were exa-



408

mined at rest and during . potassium- con-

tracture?. The Ca** influx and efflux
markedly increased during the contracture,
about 6 and 9 times higher than that of
the resting state, respectively. The potas-
sium contracture in ABRM was phasic and
abolished in Ca**-free medium, Manganese
ions inhibited the contracture. The action
potential was not affected by tetrodotoxin.
These results suggest that the initiation of
contraction in the ABRM may be associated
with Ca** entry from the extra cellular
space.
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Estimation of the number of superposition of
renewal processes

Yoshifusa ITO *

Department of Physiology, School of Medicine, Nagoya University

We have established a methodD to estimate
the number of independent renewal pro-
cesses, all with the same probability den-
sity function, by observation of a new
process (superposed process) formed by
superposing them under the condition that
the first renewal in each process takes
place at the same time ¢{=0. Although we
have described the method in the form
valid for continuous probability distribu-
tions, another formulation of the method
valid for discrete distributions is con-
venient for a practical application because
experimental data are usually arranged in
a histogram with a quantumized time axis
or a set of points on a continuous time axis.
To get the latter formulation, a simple
replacement of § with 3}, which is often
available in treatment of probability dis-
tribution, is unavailable for our purposes.
In the previous report) we confused the

expressions of some formulae for continuous.

distributions with those for discrete dis-
tributions, but the previously obtained
results of calculations were correct because
our fault was restricted only to the stage
of description of the report.

Our method, with revised expression,
valid for continuous distributions is sum-
marized as follows. We have

1) Proy=x)/ " FHam,

where F*({) and P*{) are the probability
density of the first interval of the super-
posed process and its conditional proba-
bility density respectively. The assumptions
that all processes which form the super-
posed process have the same probability
density and the number of superpoistion
is »n lead to

* RRER : AhBAREERATREE R
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@ PO=-1pP,

where P(¢) is a conditional probability
density of each process. Let F(¢) be the
probability density of the first interval in
the process. Then we have

3 Ft)=P(l)exp(— S;P(t)dl) .

Finally, denoting by f(n) the average fre-
quency of renewals for a sufficiently long
time in the superposed process, we have

@ f(n):n/g;"tp(t)exla(—gf)Pa)dt)dt
=n/g;°exp(— S;P(t)dt)dl.

Comparing f(n) with the frequency cal-
culated from experimental data, we can
decide, if F*({) is given, the number of
superposition # except the case that the
probability density £*{) is exponential.

In the case that F*(t) is exponential, it is
impossible to decide # and the impossibility
is essential. In fact we have the following
theorem which can be easily proved.
Theorem.——The following three assertions
are equivalent,

a) It is impossible to decide n by the
method.
b) There is no method to decide n by
observation of the superposed process.
c) F*({) is exponential.,
The fact that a) implies b) means that our
method of the estimation is the most
powerful one.

Letting Fi* (i = 1,2, , N; N finite or
infinite) be a normalized histogram of
experimental data and putting P,=0 for
convenience, we can reduce the formulae
(1) (2), (8) and (4) to (1), (2), (3) and (¢)
respectively,

N
() P*=F*/3F*,
1=
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) 1
@) Pi=1—(1—P#n,
i—1
(3) Fi=PZII()<1—Pf),
]:
and

N i-1
4) fa(ﬂ)———ﬂ/c?ZiPa:lZ (1-P))

—"/512 U(1~ i)
= )
where § is the length of a time quantum.
Note that the formula (3), for example, is
. AP
reduced to F,-=PZH($Xp(
=

replacement mentioned = above.

—P;) by the simple
By this

method experimental data which is expressed

as a histogram can be treated.

Even if {F;*} is a geometrical sequence
weé can decide n by this method. The
geometrical distribution is usualy regarded
as an approximation of exponential dis-
tribution and most probability theories for
geometrical distribution are often homo-
logous to those for exponential one. There-
fore the essential difference between two
distributions in our treatment should be
noticed.” Only in the limitting case the
homology is materialized. When {F;*} isa
geometrical sequence we have

-~ P#=P* forall i,
and  P*Lfs(n)<— 1n(1 —P%),
where P* is a constant. Therefore f5(n) is
nearly ‘equal to the constant P* if the
constant is stfficiently small. In this case
it is impossible to decide #. ‘

Note that, defining fo(n)-:l_inél fs(n) and

P .

. putting /,;=0 for convenience, we have

"y fo(n)zn/i%(iip'g.:f{)l( 1-P))

N i—1
=n/3ti— L )I(1 —P)),
=1 i=0

where {{;} (i=1)is a set of the first intervals
and should be arranged in a non-decreasing
séquence. By the formulae (1), (2'), (3') and
(4'"), experimental data {(t;, #:)} (n;; the
number of the superposed processes in
which the first interval is t;), which should
be regarded as a histogram for =0, can
be treated. The data {(t;, #;)} has another
expression {(¢/, 1)}, because {#;} need not
be a strictly increasing sequence. The
latter expression is equivalent to a set of
points on time axis. The fact that both
expressions of the data, the histogram for
0=0 and the set of points, lead us to the
same result should be noticed.

The histogram or the set of the first
intervals and the average frequency cal-
culated from experimental data are neces-
sary for the estimation of n. The necessity
of the latter requires long recordings of
the superposed process. A method to decide
n from the histogram or the set of the first
intervals and the average of the second
intervals will be presented.
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¥ L7z, ¥£72—5 risetime, slow deporalization,
plateu DELELPETHIEBLE L. LORFR
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BREEREZICHL T, SHENEE2RLR3E
FERZITIR o7, T2~96RERIE3E O gl
b5 L Z10%Fy S miE2 4t YLH 853
CHEHS SR, TOHBC X D FREIE i
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dependent TH 5 5 LEE I hiz. kT, Thb
FHEE ORIRE, 1R O Qoy DY

& » &

%Wk 77z, 107°M DNP Tiad4) Qoz ok
REAkt, LECCET2EL, TRHETH
60% i » 1=, 1073 M JEEE - + U 7 A TH3§520
BHRT Qop 1I350%BLITIE T L 72, 1 pg/ml
F Y E=A VTR BE0S LU TIET Lz
TE, EE—ED Qo T LB b b o
fo. &Y T=A T VOIRKIEE, DNP 2k »
TEET 3 Z LBRErD BRI,

10, FERtsTAC B @R EIcH T 2 BHIRES
LU EHBARAFIRDLHE

FEEE, HKk#ER (BIK, E, #7439

Schweitzer (1934) i XHBIIRIAOFIIK T X - THE
BromignEBIhs o L2 IE L7z, i, B
BINRMAHISOC & 2 B IS T oW T RER 2 B
ninv.

bhvbhuk., RV 7 & —/VEREEA R, SEFEEE »
B4 X &2 BT, BEREOSARENEliG L &
LICEBMR, THREROBELEEELZHETL,
Zh B B R MRETEED & BEDEIRE & BRI LU
BRI, SEHEDIRARIK ORISR EZER Lz, ¥
BRI DRI, FASEBIRIAZ MM X O
WCT—ZEETERL, BilA 2ic Ne ZBASE
7. ,

L OEROREISOEDLS5THS.

1. BRI HASR: O B AR TR S ATV B R i Rk
T HHEHERY 150~200 msec D volleys X D72 %.
NEORBIMC IR HEENR R D bh
5. BEMAED EFEMIERES S b1y 158%I
WES. fiih, TIHRERORMEFE Tl W T
X, BERLIRMEIC B L BRI ER D Bhix
W 7272 LENT 3 T EREIR R '@ 2 O TEBIR N
BRAD BT,

2. SEBHIRIE OEER: E Lk H (100~110 mmHg
BLE) X o THEBMHR OB S X OWEK
IRV SN 5 . FliERET 5 &, WH» S
DRBPRER T 5. FlEE RSB TR
BECREETORB L Y, BMECR D Zhicpkix
> THEWERRES S 25, TRMROE LS
BHANEEFRCZ >t v 5. 72 nor-
adrenaline O¥HEIZ X - T HMMHRTESRY, BEREIN
fROMHPERENS.

3. SEEIRAFIRIC X - TEBEMEE OB O
Bk IORNRE It Eh D, Z OMRIRIRE
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FEBRIEY ) TR LR D B PR T 5 25,
ERIEE) ) CIaATE X 0 RACKET 5. SHEIR
AR R I T D@ %, Flaxedil JE)
L&k > THRELRBTD, ZORHEEMHI
RDBNhB.

1N, BFX4EEFR 40|, £BLHFESL <A
22T
WHE 5 (BRK, &, 4:3H)

12, REIPSIENBICE LIZTHBEREHORE

RS (BLk, F, $oaE)

BT PB4 R 5 LR AR CIR SRR IR L C s
D, EHASERSC S X B 2 VL FHERES
DOHFREFA RO DTH 5.

FEIL IR OE OB T oW TR A
IR >Twa5, EFHFFENSOES) NN
PBERT 5 L 2RO THRETS.

ERITIE I ~10HEom X T, FiiZBWL,
BHL, Th XV HRACFHEZER 2nom ©
S THEL 2/ 22z, X9 0cm 1
FIOTEXIGAE S X CALFFELIE (LF%E) @ =
AREFAL, TABRIKENFE C WHOE
R LTt Linns b, & T AROPHEAL
CRBHE KRR 5 & 5 ellgzmzic.
a) TAIRIC X B MBHIE, b) MERick BEE
B, o) BEOBKWEHL, d) =v=7EHD
WA

B ORIBIT X o TFEWRIGOEB ST ,
HLFERIR OEBS IS5 2 L 2D, &
DEIFEVX tetrodotoxin 33 X OF hexamethonium
R X > TiEk L.

FhEmEC X b, SMLPHEOHERE LS h T
WHDTH B 5, TLFFEREROMERIRITNIT
PRI X 5D DEEL B LB TES.
tetrodotoxin 3 X ¢ hexamethonium € X - CTH
HISIRBEE Ui LD, T OMENTEEP ML
EEPIRETHHBEARACL 5D DTHE L%
Zbhs.

13. REMLX b L ROBRICKTT BHE
WAER, REEN (R E, $4H)
B ABLA b v RARINZIGAE, 3
BRI Oh5 L 2 5, “MiE” Hro—o

A
=

#
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LLTZOFESRHWSBhTWS. bhbhiiz
DLW TERE2TR -7,

i R A e Skl P SV N =l
T, KIMEE, wHERE, RRES), HERZIE
Witk TE s X5l

HEE&BTRRWTh #1474 ¥ OESIEIRE
CRHFBEROEESELPTERL, L REESE
BT TIERD BN 78 v D T, BERNEOHRM
1k, IREREBORE, EEREDO 0 Y X A K
(8c/s), MEROTHEANLE D o TIHFMER & ¥
Lic.

RREEEE A vy ¥2 1 REEE U CHER
NE— YRR L T 5, WHERIEED b
F, ericik 3BREIRbi - THRDBhivd
DR - . FARFCHRIKERSEH L bh
7. ,

LZABEBLIAA T E ORI &K 10cm
OFiekBh 1FMEEIC 10cc D=Fl =~
FNEBEWCRAS®EICE 5, HRIEEIROEH
&L IHHBIROREEBPRD Sz, ¥, &
WD 4 BHELEREE, >Fic—F LIRART
Rotel Th, ZOBICHFHIBRORENSED S
v, ZOBECIIARIEIER DML T,

DEWS BB ARMEE TR - BT
WEFEER 1 BT -7 & & AESIEIRIFHH
Ui, , .

LU0 SAEE, REMEA b v R s RERAIH
VIEEARIR T L, RIEIERE40% (SR
MEHR B /52 BRI RE) DAL i s ¥ BFRE2H
WA, EEEET IRV TS BHAER
RRTBCERRLTWVWS. ik, HREEEK
BNTHEEZEE LR GCoWCEE, Rite
DTS,

14, BERBIC L SERHZOREHE/C O
T

WH 57, 84K &, EiLF (BIRX, &,
H—2: ) .
#2>CILUH 513 Ranvier's node 1zxt3 BiREE
ZEhoFE % L bR, BT X Y BEEMLD
duration @ Quo A3 2 fITHMT S L ZFEHAL,
—2°C wh5 & cold block ##2z L, amplitude
HIEERT & HITHERBD LT DRFEIL T
w%. Hodgkin & Katz 13 giant axon ‘CIREE



A18 B

R IREE LRI X DIEEERL.O voltage HMK
TUL, § 40°C. T block Z#Z§Z E&ZFEHLT
W5, EioE SVEA %, F 2 OREEHEEH,
IEL T peak @ W IN & B, MBI OR
B, KRR LWL L RTERR LT
w5. —% Hensel & Zotterman WIHHIC X D
HRCEESRZ B LR, F2OEMREZ RV
TEHELTWS. Zhb—BEORERITNDY 58
RAEOKELDEHEATERVL. ThRbbEHH
X b spike Z3BEANT B0V Tn & H BEERIITR

h, ZOHEICDONWTH Y H= glant axon ZF»
MRRARHE D3 B EBIENCHRAIL, T OEM
LR BETERL .

B3 & dhic amplitude $3/4> 1 duration H334
ML TE, 10C E £CHHIT 5 LIEBERK
—o0 peak BTETEic. ELBEREN, BEXR
REAEOKSE, BECIEHERE TR LR
o feds, IEHLOHENBERD bhvic.

BlEoisRy» BIEBEA O =00 peak ix iRk
s D R FTE 75 R 524 75 cold block T & » TR Z
Y, BHEEICEE current ASFAIC L W DT, Hlik
B DIZIEL T %7 impulse & @I DRITHE <
R B DI O =0 O impulse 75T & 5 A1
ZoltBBELELDHZLNTED.

15, RWFHIREAEEBEORLE

WE SF, gk &, mEILTF (BEX, &,
BE—s)

FINR EFLERE OBR Do, BEETikbk
WOEBEEEREEC X - TMIREZAIET S
BEZRELTHE.

1% % FERE L T W & I 23 T & v 7l i ik
FEEIES] & NEROME & B EE L THEL LR - T
VWHBRTTH D, B 2T QMBI S5
OFECENZEETIVEMERERNREE RS,
FPMAERIREZRE T 2 EBETH 5 5, JLlE-
7 & b A2 BT o sk ER LTI D &Y,
ZOMThLED HVIIHERZ X ELEETS. £
BB L EOMRE LR BRRERLCERL,
XLREEL LT 5. COBEE(LE R
L7ahs s 2 EMAT 5 &, MEBAR & mikss %
e R X IR L SO0 DL A
BCED., BEDINABBEBEEINFAL TV
-2 = ANTE O SO 2 e Bk OREST

>

N

FA I RNEBEFOBERERSO LV~ L
TANS.

2> FENMEEBHF ObA M Lic A b
VeV~ DRBEH T Do, O LHET
X OB e ATOTREEL BT LD, &
L2 BEL ST s EMIEREANLTT
4 A NLNBEHDOANC LCENRZAETS. 7
4 2 2 VEES & EA UcHEMT RIS ERES S
FYH—LLCA-TREELDHRA ML~V —
CHOEDANZEEL, EBRLELRRTES
WS HTHS.

A V= VT~ DOT L EEBET & OB
ZHEELCATHEEIRABRCR - TwdZ L
BhhoToD T, TOEREBEOCEHIERELERET S
foid, MEORAELTHRI VIEZITADSITA
NdoREBELE. CORRISEHFERIC
BT B2 L dbir iz, BEGE - ERR X
CERE - TWHRBRICOWTIRZBREZSED
THET 5.

16. #BEFESIRICH LIETT LiT OfER

FEgE (B, E, #—4s8)

MR st LTl Lit 28 Nat ofUflic
55T EREL P LI|MEINT NS, WSS
Wik % Lit ofERic oW T ORERE Rk
WS, WD Nat 2 Lit w2 sz sickd
NI AL DIEREDS RIS B T &, KB D
IRIEE P TR T B 2 Lo Tws (Ono
dera et al. 1966, Kelly 1968). % 7-Erfio Lit
DERC X » TEARBAL OIRIBEEIR L Townic
HEL, TeFA2 Y VEMRDBIERELRER
R o EBHE IR TS (Ozeki 5, 1967).

z OFEE T Lit i X AMUNIRE L OSEE O
Hme Catt JBEE & OBRE L T OIEE DK
L IRERL DIRIBDOIEE & OBfRE » =/ O
HEREVwCERE L.

E¥oD Catt o Li-Ringer WA TRM
INEARBAL DFEREVIRE & L B TS, O
INRIIERE & & bic kel B, Li-Ringer Kk
o Cat* BEZZEZCHAY 5 & (018 mM~3.6
mM), Ca** JBEDHEKAEL & biCt OBEMETIL
St 5.

KRB ROIRIE T Lit T X » THIDERH D >
b ULBOT HBRERECHL TS, Tl



%

K UTIRIBE S oA GORRLLIN) Hk
T5. TOL ESMNIREMNZ R 5 LSEEBITD
BHew UBERCR - Twd. E-rDORIRE
DS AEICINSR T 5 % COREIE Cat JRE L5
BB T 5 2 L b ofe. L LIRIREALSS
Lit X - TRl & & % il 3 o8B %R
THID D5, T ORROM/NAEBA OHEER
B o Li* otEficd b b dHE niEmL
TWARWDT, HiEt Lit 2 & 2R RBALOHEKRIL
I/ INEAR B AL OSRRE OYRPE L BHEBIEL Tw 5
HDLEDLNRS.

17. AT VOKREELE Na 14~
JIBRERS, FBE B (LRK, KB, $4)

1. Wb bk =/LOEEM (skin potential)
v, REHIIE ORI E C OBERTER T D
L5354 Na 44y (Na*) ofedhigic X v 34
THLEEZ BT WS, KRG X, SMY
il UiilaEco Nat ki 28mcd v,
KY @ LTRABEM T B L vbhvd., ZO%
BRI O WTKRENT B7c®, flth LR g oSt
T 5o Nat, L& KY OlREZ» X2 T
BREBMOELREEL, 35 HENICH/NER
ORIAZRLT, MM D Na*t BEST 546

FIBEEBYRERKES

B Kp: HEAMAAELLEIS R 4ot 20
Yy FT s BIGK SRR S AR RE AR

Y % EMEEDR, BEHA=
A BB IEE Y R Iy A (RAEHS
118 3 B~11H 7 B) OkHRKHAPORELSLEE
HIRBIBNTHIESEMM L. HELTOHE
BT 2.

Lecture 1. Intracellular recording in mud-.
puppy retina

John E. Dowling (Wilmer Eye Institute, Johns
Hopkins University, Baltimore)

Intracellular recording in the mudpuppy retina
shows that the distal neurons (receptors, bipolars,
and horizontals) respond to light with slow,
graded, mostly hyperpolarizing potentials. The

proximal retinal neurons (amacrines and gan-

W%k 419

IR C OB R HERE L.

2. NEcET K2 1mM ® /=2~ P
E&%4%s Ringer i L, 4ME T o £ h & 110
mM Dbz Y vicd 5 &, REMEHERT S
2%, BER 2w LB iR Licy, 2oL
XHVEICET B0 Nat jREZ Cl 4 A+ ViREZ
RE L UTEEERZ R LSO LR LDS L,
BlEEXhbEEMPDELL2 ) VDL XITERFL
TWBMEZ LT Wieb D, NatRE ORI
LEMMICHAIT 5. KT EEAE LIRS E
1k, Zhit/5T 5BMEOEBIRD DKV,

3. N MmiaE o Nat fEghimXic X DK
BALMBFEE L, oMU TO Nat ZBpEC
£ BERI (free diffusible) & FhiE, Sbm
OWRHAE L T HMANEREEEMN L FLVE
ThH5H. EBRTE, MNEBROHINANDORIAS
B LT B pELERFORMD B 555, S
Wi Na* JREEDS H HIELT a Hidhufa Py Erri:
BB L FFELVEEbhc. KRR L ORE
VE—EE TR, ERCHEI T E v X
STHEHT 5 & Bbtr, »pOMEREIIDKR
75 B HIE TR, MEIRANEALVEER X D b
, MHFDEE Nat RE L OMICITFTIHE Mk
DRIENED bhvic.

glions) exhibit classical, all-or-none impulses.
Receptors respond autonomously ; surround illu-
mination has no effect. Horizontal cells respond
over a wide retinal area, corresponding to the
spread of their processes. Bipolars show center-
surround receptive field organization ; annular
illumination antagonizes the effect of central
illumination. We suggest that the center bipolar
response is mediated by direct receptor-bipolar
interaction ; the antagonistic surround by receptor—
horizontal-bipolar interaction. Amacrine cells res-
pond transiently to illumination anywhere in their
receptive field. Two types of ganglion cells are

found ; one that follows closely the bipolar res-
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ponse, the other resembles the amacrine response.

Comparison of the ERG wave forms with the
‘intracellular retinal response shows:that the a-
weve originates mainly in receptors. The b~wave,
however, correlates poorly with all the intracellular
neuronal recordings. Intracellular recordings from
the Miiller (glial) cells show slow depolarization
of the Miiller cell in response to light that
closely resembles the b-wave. The Miiller cell
responses differ from the b-wave in showing no
oscillatory potentials (wavelets) on the leading
edge of the response and poor flicker resolution.
This suggests the envelope of the b-wave
originates in the Miiller cells’; the fast, transient

components of the b~wave elsewhere.

Lecture 2. Neural organization of monkey
visual cortex

David H. Hubel (Depariment of Neurobiology,
Harvard Medical School, Boston)

The classical visual pathway in higher mam-
mals, from retina to primary visual cortex (area
17), is a relatively direct one. Retinal ganglion
cells project to geniculate cells, which in turn
project to the primary visual cortical area. Over
the past 10 years Dr. Torsten Wiesel and I have
studied responses of single units in this pathway,
to stimulation of the retina with patterned light.
The monkey is anesthetized, and placed on a
table with head held firmly, with eyes open
looking at a white screen 1.5 meters away. On
the screen lights are projected in various patterns,
stationary or moving, white or colored. To record
from single cells we insert a small wire micro-
electrode into the brain and when it comes close
to a single nerve cell, one begins to see impulse
deflections on the oscilloscope, and hear them as
clicks over the loudspeaker. Many nerve cells
fire spontaneously, as you will see, so that it is
not difficult to tell when the electrode is pro-
perly placed.

Lately we have begun to use a videotape
machine, to record the stimuli on the screen and

the sound of the cells firing. Examples of these

%

recordings from the following types of cells are
demonstrated by videotape.

Lateral geniculate body

“on center cell”
“off center cell”

Visual cortex simple cell, 2 examples
complex cell, 4 examples
hypercomplex cell

A sheme is suggested for the types of con
nections that might subserve each transition from

one stage to the next.

Lecture 3. Unilateral memory trace esta-
blished in monkey by electrical stimulation
of visual cortex .

Robert W. Doty (Center for Brain Research,
University of Rochester, Rochester)

If monkey is trained to press a lever when
area 17 on one side is stimulated, it responds
immediately when stimulated any place in area
17 of the other side. However, if the forebrain
commissures (anterior commissure and corpus
callosum) are cut before training, there is no
response when the right area striata is stimulated
after training to stimulation of the left area
striata, and vise versa. ‘If splenium of corpus
callosum is intact and anterior commissure is cut
before training, there is no response from stimu-
lation of the “untrained” hemisphere after the
splenium is cut. Thus, the memory trace remains
in the hemisphere to which stimulation is applied
during training, and is normally “read out” via
the splenium when the “untrained” hemisphare
is stimulated. If the splenium is cut and the
anterior commissure is intact during training,
subsequent cutting of the anterior commissure
does not affect the ability of the “untrained”
hemisphere to mediate the response. Thus via
anterior commissure the memory trace can be
laid down in the other hemisphere. (This work

was done in collaboration with Nubio Negrao.)

¥, #iE2 0 video tape i X BEEBLE I
U Sony HlFE oW 11% 2 o T & WBRH#HT 5.
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FICEEBRFARRES

B O BAMSELASIE (&) FRIR~SkK
T IEREARFEERR S THRE

Y F-ERBRE A W

1. Voltage clamp %IC & Z5EEHFIKIC
B335 (1) TESLEHREHERICE T
JERFEE, s, K R @ESX &,
H—ER)

BRI OB 2B DT 572 k-
WEFROBRIHREBHEE v CHE— pulse
%713 series of puluses Iz L - CBSEETE
Oclamp i L, EFRFBZIEET 5 L RRFITHE
EEOBREZTRVIROERE 270,

1. Clamp BJE#% zeroil R L7zD b X ER
(action current) B3Ebh 5 DY, HHHEOEE
B XU G Tr oo ciaBibhii v,

2, Clamp BEBRHH KA & S LD & &1
clamp Fiz 9 & B ORI peak B b,
F DR A CHIZREIRAE L 725, Series of pulses
ZRWhIE clamp FRICEBRTAEROKEEZH
HLEMTED., ZHITX VEER OM5»oHE
HLILEER L »C drive ShaEifk) @ peak
L—FHLTHAEBHOE L WEASPEDNR, T
DR EHE T clamp % zero I REVENF & B
RHbI 5.

3. BURE RSP clamp %K T & clamp
TR OBFHERET/NES LD clamp % zero TR
Lizs ECBEPNANRESBIROK oRBMIEEE
5. Ly LBEHEELTH5EE1: clamp fo
T k&R clamp % zero KR L7z L &b
NENEEEMTE ML

PiEOEELD clamp AUk S EHLS
Bbh b hEriE clamp FOEFE T peak 7
BbhshEHCERTASDTHS. 2D peak
OFFECH W TRERERBCL Y NREBIRO
BHRBDHD, ZOLOHMESEROELWESH
BELOLBEMING. THRET 5 ASEE
BIRICX » THREPBEDNBEFITCOERIC
X5RIDOERC X W BEOREORZ LD LR
2B TWESE, BEZL zero KREERMET
TV EBEEOREOHELHL5ILRD, ThiE
MEERTS L ECHEbNIRETHD LERS
nb.

2. Bridge ©—yJl® voltage % clamp
dh*%

A, LNEE, FET @SR E,
2k E)

Voltage clamp & 135RE1D X 5 W EBERHICATE
TEBRNEZDOELIT b bbb EREOE
EREEOHM, EXOECROFETHES. T
D FHik% Wheatstone’s bridge O—0icER+5
XOSCLOPEFETHD. TOENETSE
ZARBREOHREICX VERE camp ficith
HEIRD 5 HIEISZE LI WERS I L T
FHRNSVE &R, & LTEERTE T 2R
LTHELL T T3z titds. 2{HOEEE
WEBHADE T bridge WEHE L EBEEEZD
—DOREALRHEABRIC L » CHESIN S —F
Wil OBED L5 bridge w#HPANBH X5,
ZOBEOWME bridge O—TIHEA Stk
MR DIESLE OIDENBEL L TH Zhitdr»r b
BEB—EOHEITHEND X 5 CEERFM T2
WYONECEL. ZOX5LUTERBKh:
B0 ki X v, #REEEIBEROZELE
HMBZENTEBLO5CLEbDTH5. Bridge
O balance & % 7zi3 2 OHHEORBIT IV TIRE
BT 2 BRI HBREZ RN 2BIRD 5 bEL
LAEWEHSZIFELEAEEERVWESCTHZLER
TE5., KEOBREL L THREDMERDOA DY
& BRAREZESUHEEIERENTIEE
ENRRETBER LT oW —EBET clamp
LAEWAERZBSZ Dh 5 L2 rD, &
B A< DB MK LT voltage clamp &
BV, EREETH L LpRETH LR
b B ROV TR ERRROEHF» 2 Dh
BrEBELREL o7, LL, ThEDER
BT OV TR OBS T HE T 5 FETHB.

3. AT BT FIFHRERIC KT BRI
EZDTEMA

PHEAA K B (&RK, E, $T45H)
Y ARLGEE ) ke~ VTS
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& T-system ZMBIRAGICHEEH, BoTW5HE
EEZTOME 2 5L TR5 T L BREL L

5. ZOX 5 REATCEHRESBEER TR

oW DTKE s EEE CERELERRE
RECHNETE 5.

CAREEERTIX MY 2 v /L Ringer #H S pHT
T10¢g/ml 7 k= F ¥ vEETIEH Ringer
Wz d & LTH DAL U125 5750 9 RO
HETOWTHREN . FIEEMIELE —T0mV Bl
ETCHoTs

1M OSNRER CHESESE B L 9 RO/
DOFET —50mV OEEME CRRAKRDOE
MEEBRIIESEZ T LS, Ragrtehlh
iR s LIBIEER A DTz, TOEBE2VE S
& v A_ERWEK & RSB CEERIBBREC
I o407 L 150 msec CREAIEIEL, 0
BRLAVIES Lz, 2hboiER» DERE
CREERER LD LB ICEERE TR HE
EEEFI L E BB R UL &T(él&ﬂ:%h
Z) < é:ﬁ%i:nﬂﬁghé

HFIER T X BRSNS TESiE CEER —29
mV 2225 &, BEEROEKRRR X CEEH
1 BBOBREERRITN T ENDORR -
FEMERLE. ZOBRIICOX S CHSEL
Tt EEavE 7 2V ARBEBRT L S n—E
EL7 VBT Ol L bz & %2R Y. Zh
SOMEMP DEET S L2 v & 7 & VAR

e X 0 & ORI FSETHIERD 123

BN U 7o BB B BIATE 1 7o LB D
RIEHEAGIC X D ##1E0 6551 % TR L

Z DEBREMTIIBEEROATERILICE D -
TEREEOME 2 V& 7 & VALK X D /Tl
BT, DEVHSE LR E ERWERSR SN
LT LRI T i :

4, VU H-wiZER{kICE (T3 hyperpola-
rizing inactivation & activation
R FE (BREX, $4H)

WY W = (Procambarus clarkil) ® = o — v v (8§
MR O AR RIS,
R H R OE Bk AIIaMR) i, lobster Ffiaic
B> X 5 7% hyperpolarizing response H3EHZX
N5, TibbEFEYY #=¥ (KCl 54mM)
G, WRHIaROEERE, MM & EEMET

&

CRBLT, BAEoLRTELL, FIDIkER
peak 7R, £ N oSV CEBER OHEKRIEL

#ib L C—521H (plateau) #{7>. Peak O&KIE

SRR IREAL (— mmV)#5§5V2W~%OmV

BAHRICET 5. © OE slope conductance 121/5
CHEWAT 5. Plateau 13#kEA» 5 X B I
B5~120mV @S LR LD, BEE, W
& BB 5 T plateau OEMHIEITEAST
5. B, EEMME 15~20mV (g Sk EA
X YRS T 5.
- BALEE (voltage clamp) DR, 1) KEE
AT v 7 (K60 mV) T inactivation (RIEHTEE
K) & electromotive force (emf) O iE 5 5 [~ D
B8 (R —20mV) 2777, 2) SHICHEBEE
AT v 7 CX inactivation yXEERFRT T (9 20 msec
R) CSBRRERC Y KT 5 (ERd—
activation). Activation ORFHAICIL emf 1355158
L D PSS A BB (Foki 30mV) T 5.
3) WiRiicb B (1 V/se) DIFUREICL B
conditioning voltage clamp |3 ® inactivation @
WRPZEET S, BWERwieb k) OFEEIREE
activation DBEEZ AT S, Z OFEDIRBERIL
13475 < L% 100 msec 2% TRifET 5.

Sk Kt o BEmd i B OB S s dvdo
53 plateau #§ (activation DY) @ instan-
taneous conductance & emf DIEAKIEIZIZZELE M
oo SNk Cl bz 20w THRRTH 5.
pH oihn (7.4—9.8) % 721% Tetrodotoxin (4 x
107 g/ml) iz X ¥ activation 1% I 53 L, after
depolarization %A L7z, #E Na ik b
activation {2 Z 2V 75 4> - 7253 after depolarization
A Uz,

Lk X b hyperpolarizing response iZix 44 &
% 28 time variant 7% conductance Z{h & 2
FHrko emf OZFELEBEET 52 LSS
Tikofe. 44 VIBETERLTECIBHCE-
TV, ‘

5. AR IBSMSERTRICERRITERE
FHEF— GROREWX, L, 4m)

6. BUBERNEESICEITRIBERRICONT
WA = GERE®RK, ERSHH), BAE



B

HIREREIE L ABEB b » T 2 IRERE
T, KEOT L BEREERZARE LTabh
Tichl, Db ARMRC R I 5FZS
Moz, BRARBEOEBREOEILCICEETR
THORDLZEERELL. THREREROAF
VHERSOE» b, FERASERTHNT D
BREE VS BE» D IFRFVRETH 5.

FERMPE LCix, REAOY 2, BEAIA
BE¥ORS, 757, BEOY YR, HKKEZ
a4 2R, .

P+ ATy, pit organ & IFEN HEARRARICL
ElXh 5 free neuromast 35, FEEEITAL %
HLZhB K 21 UdET B4 4 VBB
S+ 5 ¢ & 2Lk ZORBHROBREME
1%, Catt RED2MHDBAF VK Iz bh
5. MREO A 4 viEREEE L3, HREE
BT 5 L THMLNTVWAT bR F b FY Y
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