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BOMEIT BT, ZRMkEII T 5 2 BB A
EM|E (all-or-none DA KHESEHEL (2
A IIRE) 2~ T, SROMRETMACK VS 7
ZEMNEFREIT LSBTV ELE I A2V T
i, BVHEMEshTEk., 2oBAO—D & L
T, WEBAREOMN T 2 RERBETO 254 7 EB %
AN CHRB T LRRETH M, 2HLVHT
ERIONBRE L HRTREBOES TRIISLIE
BTha. £, BEABEOE . LMLy, s &
T RNIGE MBI KL, UL b EDLEM
RaDRIEA G Lo & b HEIL & hThlsk, WEM
RoREE (KEMORIE) &, 24 7 B%2HD
B, HARZREZBYBHOELTHE LM
BBl - T &Y, LbhL, P Ty
(Necturus) OBETRIVEBMEDOS 26D 2% 4

IREEU-> TRIIBELTWEEWVWS™ | WiEH
MRS 2 RFELTORVENS, ATOERE

Biil@—o0RMnERs. zh3D@EBmLt/hang
BEBMEEARA LB e 3 EEE0 DI, =/
1 IRBABBTELBVOTREVALEVITLTH
3. TH5VHERBMLOMRRER O BNEBEIC X
PEBROBcLELEAONE. BE, COERIH
WoNEANVTY, @E7<2Y YElEAMSD R
17 BEBEEZLELRET, MEAA»STBT S &
WHRA LA TH -2 (I 3ICEBR).

L LEOR, EBHEMoFKECES 4+ 5Nas +
YOEZRED LR ICHEENIZTHS L, al-or-none
D4 I RBERIRACT o 2328, 7ho
F b+ ¥ (Tetrodotoxin ; TTX) AEIsH T WL
300 CoBEMOPHBEBLKBAR OB IOV TR
HWEMNEBH T <, Benolken & Russell? 5k

¢ Dowling™ 47 b #= (Limulus) ORT,
Murakami & Shigematsu'"s#ED#EE 12 > W Tl
RTVWBICBERV, KAXOERBER Muraka-
mio OEHEMETORKRELEY—KTEDTH 3
B, thoBEL,SOBREEMR, -AOEEOW
THEDTOMRELTHELZV,

ROPEELIROZOERETE, HRKECHE, Mk
LUEEBAFLBE VLD —BicEbhTVW3. F
kb bEORETHOEREEDTVE, EBTIHKE
WS> OEBN OB RERTH M, ZOMOM
B (2%, WE, 7<) v OREHER) O
BEEMOBEHICErEORELZE -7, FEO—
A BREOBATOMERRICL S &, BEATIE
% AR S > OMIfANER I, BicBd 3k b
BEDEORBOETHSE. 2 TCEHLLOM, o
RSB R X 72 £ /XU (Sebastes inermis)
THb. LIRKEHOIFE LY, COoRDEELR
BWIHEBALTALETA, WAWVWALREE KK
WhoiFEcE, BroMlafEi-dRoREE~D
TTX0HREZHEEL. WEERIEEERE KO B
oMz 2Bic, B2LTR 4 7B&BIck 3
O, G247 2EbBV—-BOBRENMN
(sustained % 7-i3& graded potential) i & 3 © H»»
AN L, A VvoBERBELTWE LEDA
fo. TTXTHME L BE T, Wallah v 7+ v %
Ei%@ﬁﬁﬂﬁk&0777U/ﬂm®tm§ &
By F TRABANBERTELINLE ) MBEAEROD
HkofLhth s, UL, @b SKEREN, 2L T
EREQ/NKENLEREHET BET, ROLES
HAERRICES>CLREETH, LB LEEN
TRWOT, BRI (150, 0EoMEE) 175 &

Effects of Tetrodotoxin on the Light-Induced Responses in the Isolated Fish
Retina. Koroku Negishi and Kiyoshi Sugawara, Department of Neurophysiology,
Neuroinformation Research Institute, University of Kanazawa School of Medicine
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BLWALWL, Ll, chETo—BoERTESH
HoHWAZLBLEEIONBOT, TIRBEES
HETIRETH .

£ B F &

WOl EERER I & &» kAN (Sebastes
inermis) &b, BHZWBT 0 b & TRREHE H
L, BEZ 22 LAMERERELLET, BEEH
L, THHAELTCOLZEEO/NT (H15X18mm)
otic, fBafEbcmy cH#ET 5. 1 HOREK
&0 2 oDBEEREEAREEL CLicis s, B
ohdiic /N (B 6mm) 253 T, BMBEETH
(HFEAD SO AHTE3L L THs. BHEE
AEBELBEEEBOOMO 7S5 25 » VHER
WicHd. COoBRRBETEYD S 2R (BEMER»
Ne o H52) Zik-Tho, ERIZESH X DEKRER
WeE (=3 vSMZ) 2@ LT, #EBEER, HEts
L UBBLONBREELEET 2 cbOEEHY, T
WRIZo EIcBEEARLZBIKE & biclie, ETOMH
BERAWNY L Y Ih o EFLTL Bk — o, EX
REICHESELAEENZ L I)ITREOATVE, EX
BHOLBELHLZ LRERUKEELLVELHN, HI
BERSHEHDO 75 2+ » 7RO ADE HONEY
fdThy, BRESTHABHET - EESLEEN
RKAOXDERE cHEES I Eick b, FHER
DREABIFBOL I Bvr. RBERHOMNINER
(2.5M KCl BEHADH TR e 04 =y b E g #
7 A E D Pt-PteBlack B) Big s # 7 RER,
BELALEBLIBLTAVE) @&, R34 F1 v 7
evA4 o227V —4%— (ZEISS) wilfEL iy 5
ZEMEBE -V - ORBIERNEY » 7 2 THEE
S, LEEARA~NOBHRF -V -OFEA I,
TARBYTERE L, BAHOKEERL22, L
bMNEBLOBHIBEENTELL S KTRLE.

HRHOKIFEIE 500 W €/ v eT7—-2 0507
(BB, 6000°K; v ¥4 BK) T, ¥#hiz7/7 o=
Fol e bYRA%R (v /7)), FhBLUOBE 7 «
Wy — (RZERR) 28T, BELBELZEREN
KZ->THAHTES., 2OREZORLE, VvV XTHE
HEEEE MBI, YV 4 FB Y v w9y —% B
&, T2 BTERHEE (HEAREMSE-0 2RV
THRE S, RLHM ORISR EEREEICRE
Lic, Y+ 9 9 —@BBBOXELV Y ATHUETEE
b E LRk, REEEE RV TERRN O EEBR R
AOEFIAMT AL v Xic ki s &, BESHI
ER (COERTREN ImmOEEAL) 248k 5

lf, CORESANICBEBRELNL B LI CHEHMBET
w4 suv=71L— 4 -TEBOMNBEEL—BHAT T
niE, MEOMBRAKREEE S €% , BHEPL (-
T OXBHE) +ABcBERTEILOK, BEXEE
B L -HEMEHz 57— VB SETETHE. COE
BTRTFH 7+ vy —REFERALES, AGBRKHEK T,
KOBEREE,SESNIRRBELY 3.6 log
units o7 V4 —RTEBLESDER V.

HALBERIABZER (BRAVHR I ¥ U2
-8 BLUHARER (MZ-4, AVH-2, AV
M-2) 0b0T, BHULABSERRI T NTLF +
vimeF—FrLa—45— (TEAC R-410) il ®» .
EBR%, v voxa—7 (BARXEVC-TA) ki
BYLHERZETCHESY, 72 5 (HEREPC-
2B) THwREL.

FhoFb+vv (ZH#, Tetrodotoxin ; TT-
X) @y vy, 10%/ml ke LTERL .
TTXAEOBEEAMRAZRE ~ORE X 2 >0 H &
THEITLE., 81 3REEERsRR LA%EET, T
TXBEO—HBADELRCERIZE LR, B
FEREACAD, BRRED > TELXEHMCET
TELITRLE. BREAREZ R VD SBEE
BT—RiR-~HEZEEEBECMATEE, ~A
JORMIcL 2 1 RoBEHE+ERERICTELD
o, BoOHER/NS+ Ry b CTTXHEK 3 T
FEARE LB T, f132%CBEEEBEN T
Bosot, -THEL2OFETRTTXRE B &
AHEHOLELHACSLES S -

GRS S RBBIEHTIZ10-0MR, fiFE&E K
B ABBELOBHLARBRS R I~ 5umD
HE&RBmE Y LborRAVE. BEEROERH I,
Svaetichin'® & ¢* Wolbarsht 50 FH ic ¥t
L. $ERERTEN o BN o Tic—E 8RR %
BOWTAHER/RE L. BE, ERITNTER (22
-24°C) TiTH - 1o,

E -

TTXEE O EEAMRUNEE~0%E 3 FE0 R
TR ESR220FHER VL. 1 0oHERED
BROBNEBLOB X ERNRICT 5L, TT
XEBEBREGEERSCL-CHPLIHERL, 2088
AERMOoBKAROE O Lickni. LhL, T
DHETHERBBOBMNES Ic &y, BRLHSE
GrhoMfab o AnTLE >REEL, Lich-TH
WDt BlikRLE2FZZOH DT L
BBl TH 5. E20HETRTTXEKO 3 % /D
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WA Ry THERELCETL, $32%ICEBRK
EHEENTTRWEBZ EVWSFRECILL. D
&, TTXEKBEELUEI, A2BEsr 7 28k %
el b B RIA L T, Ml 2 RAD SR T X
ZXESENNIBBEENBELTRA T E, HE®R
1054 53040 i ¢, TTXTRILE L 7 B — # IR
FBARICBVT, BULARKIEESBoREhEEBR

Lie, TTXHEEAREFLELNXEEOERIES L
TVWEETHS. ELOHETES hREMER 2
EIRRLTEY, BIETHALER, RBETRY S
2BBEAVTVE., thoofltid, E—EEL S
DBEZEAR2TTXAIR THETE S, 2H oL &H
hoEARIGEDENEFhORERMEFIZE L CHLEL
w3,

B 1TREAS AMUNEET, KEHREN X DB
e (FEZ) oSEAL (LORE]) %2, ALE/BTH
BHEiMlEo v 4 77EF (FToEs)) zMassr ol
Bric#t o fEE LT3, SEMEDCHIEBR, ¥
1 7 EBACHIER (BESk, 0.002) %A LT
HBLTVa. BETOEOTFHE V2 IBILHEI O
v -/ TH5. vy rA-DEE-HRZOZhBIME
OERANSELLDOT, ACERTTXABERS T 3
AoxBEL Sk, BLF, C&GHJ:U‘DJ:HLiTTX#QE}
BH1L,3BLULQIRENFIIEZ LD TH 5.
MEATIOLHBOON (AR il s —& 0
24 Y REHBRSH, CoBEEREHLA Y RIG
(center-ON response) LFEENEbDTHB. it &
ETRIRIBORLZ 2-3BO A 7 BEHHRE S 1
BH, &L THEBEDOFF (KR v TR

1 7 REHPHEETH Y, P4 7RI (center-OFF
response) LFEENBRIGHEXTHE. Th 5D 2

S>OFlic BT, TTXHRE®RIATR N4 7KEB I
BLIBEEZRBL, SARICBESRBRLTV S,

B-E R

SEMOIRBIEPP/NEL - TVWEDE, ThidFEEE
FICHENEEEZTOBAcLCRONBEHRT, B
RLTTTXOEE,A E S hI3EHR TERL, LML,
SEMOTB LY (Ffrro—7) BTTXHREHKSL ©
BB -Twd, BRI WA, TTXOSE N
RELEGRE I SENLT V., 60, Y1 I7E
HoOTLHEK L VI HREHHRE~OHARTTXD %
Richigvhid, 2ok EME (SEBA) ~0BM IS
BB UFEA LBV EEZTINSS . BIKHO X

— W (500msec)  SBEMNORIE 2 v - (20mV)
ERNA VEFOMBIBER - (1mV) %27 &H
KRLTVWAY, ChicoRoLEHEicd Tl £
5.

2, :BHA-D (Ef) BTTXHRSH, £H E-H
(CHAD dREBkic, EEADZAThOES» 5B
DR RIEEORBZFEZHELIZbDTHS. 205

OEFWA R o Aiic, BHREE,» > OKEDHE
X (Bfrum) TRLTVWS,. BEHI.02WDA.C.HE
BERTEHELTVEIOT, THLALEEEBEE,»T
ERLTw3 (K3%58R). CoORTORZERE L
rtEzo 7 LA (RAKESHE TR L T)
KHBLSKEBLTVS. ALERLBERAET
KB L (BRA), ARBOONK—B LT THE,
OFFexLctmzo/hsSEFMRONE. Thid
BB Ic B SN B RE W (transretinal response)
TH5H. ALBHBEHN2DumD X 7 » 7 THE N I
ALTWL &, ThSDONEOFFD EHfEAS, 100k
mOESH THEST S (5EEEB). 22 DONT L
%, OFFCTHEE LS. T OES IRAKRSIER
BEUKEMEBLE v+ 7 22FEL TV 3 AERE
(outer plexiform layer ; OPL) icf¥ L TW3. C
D& HICEBRVPEEICTA SN TV BEHICEHT
2B R i RS U

(intraretinal respon-

R1. TTXic & 2 MFEMBE R 1 7 RBEOMHK &
KEABRASEA OB (FHHIRAN L EXHHP.

2BH).
TTX
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) EFEER TV S, BE120-150um TR &£ - TR
%@k%mtm%ON&Tﬁ%mW@ﬁmm >h 3
GUEC). C 0 KM HBET L TV 2 Bic &
BLTWS, TOKEN ON-OFF RIGHA.C.HEIE
BTERSNLSBATHZ L IR ITHRALEELS
BThEPRTH 3. LEZ LRI TEHHL SN
FELABEKLTW30T, LEE0 7 VvEBHE (B
RS ETFEAc L) ELTEFLTBY, -
TRIEOBUEORRIN 2 DIFEEH B> TV 5.
COSBNIEGEZERL TS IKBRLEH#EYD 3
&, ON-OFF #id&EciREARE L, 250umA At 0
FBETLELEZANA /RELSRIGBICESR L Tol
ShT 3. BREDTRIMHOONLOFF i —% L T
24 VEBOERK L TVWAONELONE, COBD
Rit#id center ON-OFF response T, & H» 5
HIMy L CHEETIIE QRS L TV B 204 7 B R
faAtticiBz b D EA &S5, chEToRbBE,
FTRTTTXHREFONBEAR»SBO ML ESTH
K2VWTTHEM, ALLIBBEERITTX TR
BLickCcbBECE (BHBE-H). 2L, H—
HoBARERIHESHARE TR 1 7EHERL
SRBVENS T ETHB (FEDEHD LE).

H3TE1ARDOH I 2NEBRTEL KHR»S D
BEMERLZ, 2hi 4y vox23-70DCEBL T
AC. (FER0.1%) oHEREEL CHELTVS .
ACESH (KR35 OWIBE i3D.CARKEEmVES])
DRV EETHE. - THEBEERETR/NSL

2. TTXREFIHIC BT A BEORES L L 3k
BE (EREATE) ol (GRBRAX EEXHHEP.

£BR).
,Before After TTX

OCum w—— A —m— A

AT T ——T T ET —
100
140

2mv

250 % ]

D

‘—500msec—l

Coniog,

- VHDC., REH Ry - VBACHTVT R S
5mVERL, tnZhoRioRBeFLTH S .
DCiEFic b s Ml oB LB ofEiRRL T
DL LRT ORI v 253 & O
NERBTLIRRE-TVWEIEND, ZNTFhOHIE
BRSEREICEDbE B THI T ENEBTE X
5. bRa, BEACBY 3KEMROFIEEAM I
BBk &% (Lo@NBREIH), FH
B EHERBEFOUBICDWVWTSEA S, #F
ABBEFAEACED TYWLE, BBV 2E0M
BiciAsha®, w4+ 23080V L0mVO#IEE
EHBARERLN, ThFhoMiRcBENIRESE
BBIEBAICEE L CRET S, RENE (FAYH
FeRAAL o TN—, XFVUveTI—FiE®RXY
B) OkESHoh LHLBRBHBIHALTEE, 3
BGHiczoYEAELSKSMcBRRICEAT 3 HiE
T, FWENORERBEABRRBELOLDTH S
PA,TEEI VR - THBREFES S s 550,
ZOEOBINBRLEFRAETEIELERD
MAEIESCE, R3IKBWTREHALERHLH S
BN CKEME» S, BEFRES SWEAKRM®S, C
LG T2 ) vEI,~ S, FLCDEHHEHH
fapopBEHEEZITLV., FIRKERECTZELY b
A-DRTTX#ER], E-HRTTXMEOR —EAX» 5

K 3. TTXRHEAE R 24 MR O K E ML
BEOWE (BB AN EEXEHP. 22R).

Before After TTXx

«—500msec—
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DEFTH 2. SEMLBERFICEYIAERE (M
AR DEEMTTX LV BALEB I ARV C
tid, TTRKIE2THRLAES, R3ickpd o
KW, 72 vBLUHREHEOEEER S,
AN IBRBEBROCT, TTXOREEFRALZY T
WiRWC LA B, £, 2EMROHILEEND S
AL, TTXRLERIRICBVWIEROZRAD S
hishote, 7=2 ) vHIla~% 5 2BREZFAL
Bicid, 4¥12-3%o %42 ON-OFF 0—iB
RO BIcRE-> THET BT &H, TTXHERI L
HLEBDoh i, BRCTRT TS 7 13
LTV, mgHimas o 0FLHEDIIR, Rl 8
LLTESE, HoldPichoBtoREs /it o &
PIRLTVE A, HERITTXRE L FEFA LR
AELTREFETES. 777 ) ViRLHEERES &
DEBTER, TTXIRERI TR 1 7 BB b LRl B
—HKLT, 20HEEAEAZ0NEBDO LN,
TTXREER TR EREN (GREG) /3R HAlT
/4R (EBEH HPEEMOHEZECESLTRAL T
b, HEHE 2 1 /RBERBETE L. BA
HICERBHTIR, S1h b/IN21 7 BONEZ OB
BUEO ECRBELTVWA LI ICRA50, £0&
ERRIIC LK BEEY, ERTOLERL SO/
1 XRIEEEH SHM LT, MlREk—uRr>0RE
BOZRNL7BREBETREL, — OB YT TREMD
BBEIcL3b0EEZ LN,

% z

FEROBREENT L LROWMCTHE. 7+ o
FrF vy (TTX) BANVOEEICBNT, 777
) v (EEhsR) Mifak X UMEEIRRORET 2 RE
BOZ 4 VREEZRROCHEEL, HEABRE T
X h 5B EPEE  (transretinal) B & U @K
(intraretinal) YRR ZOER, s> cHlELERT 3

Ba ok s+ 7 RBAL LB IEBALICRTEA LT

kbl s, BB L0 2 5~ (Miller)
BRI, B 2B TE A b S 128, D ED
HARGECEL TR, BEERIE&LSERHTTX T
EALEBWEE,LSAT, TTXOREBREV LN E
T&3.

ULOMBR RO HBEROE { DERER 12 &
SHREROBETHASS. LhHLITsTEIHE
AEE, pOoEELEDLIhIOR, COROEEON
BSR4 2R RBELIBWEEZEIONBTE, %
PR RS ERELEZELTH, THETTXTR
SRMACHhBZETH 2, WM » 5 # &M

K, 8L 7=2 U YHla~D v F 7 AWREHERR
ELTHADLDATVWEEWSETHAS,

A7 H= (Limulus) DBOEBRER T,
Benolken & Russel” @ TTX (#ked107%g/ mt 2L
LOBE) 5, KIEED S L, KEEICHA L TRIE
AETHELRT—BERGER (graded transi-
ent component) OAEMEIT 5 L E2H|EL T
W3, s, Dowling™ @/NA 7 b H=DBEFE L & Al
BOBRMAE (retinular cel) »>E&E L., K/hoD
REG MR SBBENM (small and large discrete
depolarizing poteritials) @ TTX (#Kkdic2x107®
g/ mDOEEELZTS, 24 7 EBOAMNHEES
e, T TWH small discrete potential
REBFoR MBE~OHEHR I VETBNE
(quantum bumps) T& 0, large discrete poten-
tial i M AEEA YR (RN 49) OREEA
(generator potential) TH 5 EERLTVWE. # 7
P oRBROREEIRSBIETHY, MO R
17 %5MEBTH L0 EIR, AoRBROEE L L
KEBZ2DTHBH, TTXHBR 4 7 KB ORI
Bobs2ENT5LWIEET, KEROKBR LA %
—2KT 5.

Murakami 5" QO EMEEICE T B3TTX() ¥ ¥V ik
B0t g/ m) OEAKRRSSCAKRO T h &
HBELTOVS. S IBERMERAS, 2v4 27iE8ICX
2, FLEBYF7ABAOHITLEHD 220K
XT, HEBEHRERO MR (BEFHsL0 72
Yy VAR fEELIBEWS, “EMEAIREBLT
VW3, AEROHMBEICOEIL2ZHTE260TH
5. TDLIBEBHSLELERON, £hyavy
(Schwann) K# P Z K RE 7V 7HI (oligo-
dendrogliay D EAE LB WE T AR BEEA v o 2
BEELTOL LW S FR  (Svaetichin) & & 3 45,
COMBIRSDVTHEAED L ARBUBRIPEZ S
i, Grundfest™® ik hif, TTXREKH i
FRBHECEREERCIBEBERESTVLEVLS, 2
NAIREBEBR O EBOLRE S, BRI BT
R  (electrically inexcitable electrogene-
SIJILL > TOARERINTVWEDOTHAIM? 1HE
OO EIERWICERER RS L, BEHOR
APOH-THBD, Lrb22o0RNE  electroge
nesis KEICBERHERIMEELEcTELA-T
w3aENnsw,

BHBMORARGRA L SBBESWCEREEY
TREED 24 72 b0 WHEHEH (sustained)
OB (graded) OBABEL THRIIGET S .
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COBNSRARERT O~ + 7 2 CRENE 0
BEHIRELTLS Y, ZhdkTEs L oWNERE O
ByFTRABMEELSELLicLY, EEAEE
T2LEA005. KEMBEELESHICEERTS
BHEID, THETELOHRRB LS TE LMY
B KEHEANOEEEROBTOMATE, £ 0
MR CBIMICEEHOH S 2 &0 SR
BEihosH 320 UL, CoMiaEs 14y
ERAEES, ZORHEH, > BEMEOSELII KT
BicZz->TRHIEET 2 &ML T 3005,
FTRBI LT, A VKO WIBHE & R /% 4
sEMEDBV, ELLCBEECRYFSREME,
BA (distal) v+ 7 RWCREL, ThEEM
(proximal) ¥+ 7 2P IcBLKRENIZE L, L b

bB Y 72tz nAMBEHIBL U T2 ) Vil
KEELTVWS,

MR R 2R, SN bERBEEY
KOARIKAZ CEY LTV, #-T, ANKAE
KEVWTHEEOKEMBLPBER LR & 5 i
BE2RTEREENS > T, BEBEOR 17547
ZIERL VvFTRAEENEE N, ANEHORE &
MEcEE L A EBEETERVEY, 9
CERBEL T, ARBRBOBMIRET S M1, M
BA VNV 2BBRFCBY3BMELELTO, @
BEEHEN (ERG)  ANFE R B (cerebral
evoked potential) OFEEERICEFEA EBE L T
WiWEWS T EThd. i, KOnFEHRES ¢ &
BN AMEE O EE®ELRENL (spreading
depression) &, ZOEO /) THIEOBE S EES
KTTXDAI OB A b RIEFS BV EVSHFED, &
S5IERB &L UCaCLBBH THT 2 KB 1
E'— 4% v Z (cerebral tissue impedance) ® % {k
KTTXDESTH 5 E VSRR, BELYbiIzC
ODREROEREIFEU>Fohwvic LTy, EREK
BN ETHD.

BB, A NVEROBEENERREL, RERE 1
REIFEHE (FE ABBEER) cbsLT#EHLh
TW3,

E #

A 2% (Sebastes inermis) O MEERE A H W,
FTrAFMFYY(TTX; Y A ViEhic10% g/ ml)
BikE, BARUNEMCEEE AR TR T8 L
K&y, ilENAOE B ICL 2BL BREEICHT 3
TTXOEEERE L /. XM EEMAAERT R
H3ImmOMBEESE/EIABRMEEAY, RIEE

TNTDONFMFOpRPFL .

1) iZ4BR% (transretinal) ¥ & 'RHBEH:  (intra-
retinal}ic 5083 L - R EH R TTXR KV EERE R
BELESBMhoI.

2) MIRAEIc L AKE, T ) VB X UME
FHEOXEEDR v+ TRABIEHLTHSTTX
FaA ST, TnoMEOBIEREMSEER Y
BOeEliEs .

D FMEHBLUOTYs Y YRERORERD 2
NA4 oKED, TTXIC LD BRBHEEINL.

PIEORERL Y, 2N OEESEREER R/ 1 2
WEAES Loy, E&ULTERBHLEEYF 72
BUAEMNE VAR Y F 7R BILEER CEE
L, #DES2MEHBLUT7<s ) viilacEEL
TWAEWSRBAES N, CORBOAKKEE
DESEZ~OMEKH I VWTBLELERLL.

AREBLUSROMBAICE T2 ERTEO L o
o, XIRE (B, BRES024608 L U—HB, 74805
4), MEABAZEME (- FESTI0014) L TA
BHE (a— FESTI »b5, zhZhERHFEDH
BREEZIZILNTE, RERE~OENLM A 1.
CIRESHEYMEEMELLIVBELRBVLL &
T, 0B, MIEMPEEBREBICE Y 2 EREORAN B
Y- T, AEERE GEE HIRLEK) BLUF
EREFEYUERMUO RN, S ERERO
ERlic B 2R BTMHR (RE TTAEERK) 0
Hie, SSRERMBO 2 ~VvEBZwbtz- THAL
TTE-1@RKEE (BE RAHK) oHE4E R
AR MRTBEGRR) KRB LET. Bk, BEE
WECTRFHERER, FROBBIRKFNFEL S .
ThEnPhHEEW ARV ELES.
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FIGURE CAPTIONS

Fig. 1 (p. ). Disappearance of spike ac-
tivity with TTX. Simultaneous recording of
the S-potential (upper trace) and the ganglion
cell spike activity (lower trace). The bottom
trace marks with pulse a flash stimulus of
white light, which was focused on the recep-
tor surface as a circular spot of 3.0 mm
diameter. Records A-D and E-H are a repre-
sentative series of data, obtained from sepa-
rate experiments. Records A and E are con-
trol, and records B and F, C and G, and
D and H are obtained approximately 1, 3 and
5 min after a TTX application, respectively.
A TTX (10®gr/ml in Ringer) solution was
applied as a mist jet from a nebulizer -over
the whole area of the isolated retina at the
receptor surface. The S-potential was record-
ed with a glass-microelectrode through a
D.C. amplifier, while the ganglion cell spike
activity was picked up with a glass-coated
Pt-Pt ¢ black electrode via an A.C.
(t.c. 0.002sec) ; both recording electrodes were

amplifier

directed to the center of the flashing spot.
A common indifferent electrode was a Ag-
AgCl wick, situated below the retina at the
vitreal side. The amplitude of the S-potential
remained
almost unchanged, whereas the spike activity
markedly reduced in frequency 8 min, and
completely disappeared 5 min after the TTX

(recorded from a horizontal cell)

application (records C-D and G-H). A minute
change could be detectable also in the S-po-
tential after TTX ; the rising phase of the
S-potential became slightly faster as compared
to that of the original form. Time scale (500
msec) and potential scales (20 mV for the
S-potential and 1 mV for the spike activity)
are indicated at record H. ‘
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Fig. 2 (p. ). Examples of depth-recording
of extracellular light-induced responses with
the metal electrode before and after TTX
application in one and the same preparation.
Records A-D are a representative series of
depth- recording as control, and records E-H
are that obtained 10-80 min after TTX appli-
cation. Three droplets of the TTX solution
were applied with a pipette on the receptor
surface, and 3 min later the excess solution
was gently sucked out with a piece of filter
paper. Numbers (um) at the left side of the
records indicate approximate depths, where
the responses were recorded, respectively. Be-
cause the time constant of the A.C. amplifier
was 0.02 sec, the recorded responses were
largely distorted. The responses were oscillo-
graphed as negativity-upwards at the recep-
tor surface in respect to the vitreal side.
No change occurred in the transretinal response
(records A and E) and the intraretinal responses af-
ter the TTX application. Compare the control re-
sponses in the Jeft column with the responses in
the right column. At a depth of 120-150
um, large ON-OFF transients were consistently
observed (records C and G) , and proximal
to this level the spike activity was able to
record possibly from the ganglion cell (record
D) only in the control state of the retina. In
the toxin-treated retina, we were unable to
record the spike activity at the depth cor-
responding to the ganglion cell layer. However,
oscillatory or irregular noise was frequently
encountered in the toxin-treated retina (e.g.
see records F and H). Time scale (500 msec)
and potential scale (2 mV) are given at record
H.

Fig. 3 (p. )
cellular responses with a glass—microelectode
before and after TTX application in one and
the same preparation. Records A-D are a
representative set of responses as control, and
records E-H are that obtained 10-30 min

Examples of various intra-

after TTX application. TTX was applied in the
same way described for Fig. 2. A response
picked up intracellularly by the glass micro-
electrode was displayed in two ways ; one
is via a D.C. and the other via an AC. (t.c.
0.1 sec) system of the oscilloscope. The re-
sponses are recorded as positivity-upwards in
this figure. In the A.C. recording the response
was amplified 2 or 5 times as compared to
that in the D.C.
the thin trace is the D.C. recording and thus
a distance between the thin trace and the
(at the bottom) varies due
to the resting potential level of each cell
punctured. The thick trace is the A.C. record-
ing and a distance between the A.C. trace
and the stimulus. trace
Records A and E are
from a horizontal cell (S-potential, B and F
possibly from a bipolar cell, C and G from
an amacrine cell, and D and H are assumed
to be from a ganglion cell. The large ON-
OFF transient-potentials in Fig. 2C and G can

recording. In each record,

stimulus trace

is almost constant
throughout all cases.

be recognized as a distorted form of the S—
potential in comparison of them with records
A and E in this figure. The identification of
the potential origins is based on the character-
istics of response pattern, established by Werbl-
in and Dowling” and by Kaneko? in their loca-
lization experiments of the recording microe-
lectrode filled. with a dye solution. In the TTX-
treated state, oscillatory or irregular noise was
frequently observed (records G and H). Fast
spike-like activity seen in the response (record

‘H, from an ON-center ganglion cel) was

considered as synaptic potentials with faster
sweep observation and with dull noise from a
loudspeaker during the experiments. It is con-
cluded that the typical axon-soma spike was un-
able to record from the ganglion cells in the T
TX-treated retina. Shorter D.C. and longer AC.
potential scales indicate 5mV, given to each set
of records.
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Abstract

Using the isolated retina of rockfish (Sebastes inermis), the effects of tetrodotoxin (TTX,
10% /ml in Ringer solution) were studied on various types of responses, which were
induced by a circular spot (3.0 mm diameter) of white light flash and were recordable
extra- or intra-cellularly from the stimulus spot. The TTX solution was applied by means
of a mist jet from a nebulizer (Fig. 1) or droplets (Figs. 2 and 3) over the retinal surface
at the receptoreal side.

1) TTX seemed to have no appreciable effect on the trans- and intra-retinal responses.

2) Negligible effect of TTX was detected on the graded or sustained response and on
the resting potential of the horizontal, amacrine and ganglion cells.

3) TTX abolished selectively the spike discharge of the ganglion and amacrine cells,
leaving oscillatory or irregular postsynaptic potentials almost intact.

The foregoing results suggested that the bipolar cell of the rockfish retina was capable
of propagating the graded postsynaptic potential electrotonically from the distal to proximal
synaptic region, and of transmitting synaptically the signal to the ganglion and amacrine
cells. The significance of this suggestion was briefly generalized in discussion for inte-
rpretation of the formation of the ERG and evoked potential in the cerebral gray matter.




