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Capillary permeability and local vascular responses. Chosetsu
NAGASHIMA (Department of Physiological Psychology, Komazawa University, Tokyo)
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T, OEHie Y REFMEE L R ¥ = LRI
MBTHolcz D chaos 1T H H72HT “PrLv
B LroTRABERIILLTWA. 2L
T OEERCER, EO DL O
W ERXBTHDH. ZOMLICD b
RIBHNEOFRE L RET AEORKIGE
HFELLT, bPEHERRT S VA Y2 MH
INREROWEFEHRAEEL LT, HLL
AU O BB LT

PARSEE » 5 Y [,I &< icET
i, PEOABRECED ST LRTERE
#%2 Tv 5, [3Ecx Starling, Landis 0w
Pappenheimer & ->-3< i EHIROER & 3
v 5 R EFREE R %ﬁ”’i‘bt VIECiEH
I BT s MEROMEEIC OV ToE
Fofmr 0, VETIREAREOP.OEE
?%5EE®§LKOVT%%®%%%Q¢L

BRI TE S BRIVERL TRBES &
%ﬁkovfﬁﬁﬁﬁ%otﬁéﬁmbt.:
OWMIPERTHZB LS, BLAFTY VTN
OBRREBE - L, 20BN, 1970FICA-T
B 52 I ENTEBMME o fFEEE R () 25 &
BOFEOPEE R L b Th 5.

1. EMmEo—KRmMRER. BUMERER
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of blood flow of capillaries. )
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@}:):)é plasma zone, & R kcisbj'éi;ﬁ.:
T ORMER, E, adEE oXro#HLR
Ik 5 o SRR paR) B LHBIER
Y.

B0 & 5 i FEEDESE tension # T, &k
24 LTS DEE transmural pressure % P,
eEEFR LT 2L e T=PR (Laplace ).
HHIME 1 fBR 2 oL S biRAkPRBhE
CERCIEEOBRETIE LI T E T
3%, LieioT PR E#EMT 5. 3) Xbd
OB, R1PLEIPSB. Tib LTS
HRET. ThoBA» 5= - THI3ME
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CREE b o T %252 hid FIR I B A o
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L LT HTC % autoregulation DR B =
bhTws.
c. “Vasomotion™ L 7 DOEERIFH
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d. IKFE, [EFEics T 3 REEKR (K

1)

A X DBFIC OV TOBBEROBERCIID
EODICEAE LB BN, WEsT, EP R
L AEEL TR Qi 0.2ml/min B &
HICEDT 5. FER IO/, BALERL
Wi 5 CHBRBIA @ a, b ). R\ TR
ADDb E»S c Bz TEDEIAIE T E
5. CZTIROBERBZE. 2L THEMERS
B, LefoTERlbbomEh)nibs
ETHY, PERRIWNT2E5TH5. Tib
b oa, b, ¢ OB TIREROMED L BROBELR
BHb. Zhix, b3 “vasomotion” DL
LLTebzbh3EThs. B C ¥ibb
INTRvFrY v, TRvF I VERTRDI
2B, OO EMLEERZETEE5 D
< Mellander DEERS DR+ X 5 iTko g
Wzo5 SR H 50T, IHELES
WEMEDOHEIMIHEFI L Y bREVTHS 5.
7 KU Y v vasomotion #5536 LIk S &
% (Zweifach). figEEZ =2 b e -1+ 5EBR
BARENCX IR THLBOCHIZIINEEE
REVCCE - FREE L TR EZHIT T3,

Q=S8 Pa—ryy r=1--2) @)

Z OBMEEIZFE A 03T < WER, Rk T E-
convex DR TH 5. MBH, 7 FvF Uy,
INT FvF Y vebiczzfl, $hbbilik
A, B, C gvwsihE-convex Th 5. HEHY
REFET Fvr ) v EBIRLDENICEA L
FEEHTHD D) 7FvFHY VidEEER X
FHOMBIRE AR S5, MEIRicE LTk
MEERE b o0 TEMME R EAT5. Bk
WEBIC R LT LA concave Th 5. Z DOl
BRI ESCTHLPCECHEY T b b
30~80 em HO izxf Ui 0.2 ml/min iz
BEINL TV 5. BOEEROEEEZRLTY
5. HRCBIUD OEKTHABRIEDLD T
HETHS. BELKOECTHRIC>VWT, %
OXREERHTLVESrTREY. CD 2
J3ERIBHOEERET, KomENBE L

Th e B EMmEED LR, KoL
BHNBE L D OOARBHEROETH S, Bl
HIEZEIN, % IIJECMIIA L active flow
BRT. ZOEABRLE LTOBBITTET R
bLEE-HIERTDH 5. T4t bD
RICBC T, EEMECERST 3EB X0
EO#FATIX, HORABE»ELT L HEEN
TR, BHLEEFrEBERREEZ o T
5.
e. FIERAR L BHMEE

TIBRPRRE »S ARV B © 13 BB i ST
(ra) BHREBMOEER (v) LV DRECOTH
HMEE I TR LA B 0 & gz BEy
3. Py, Pe, Py & 7= NEXEIARGE], =B

O, MEIRRIOE L 5 & BMME 2R T T

B1x Pa—Pc/ra, EHHBEX Po—Py/rv. &
A MR AR D 5 2 & L ER O
P ODBERIRKRD L SIS,

=V 10V i
Po=TU Py Py /1412 %

AR A O R E R IR, RN
TR Zo0EMH OB BB Ih 5.
Casson e %35, rheology DiEsEicR
F3E LRIk - T, BHLEERELEHL
WA D, BEMCER S 2iEEEL b
hEBEZ—FHLicbvwz k).

I. E4HmE oFEBE. Pappenheimer ©
afd

A. 53F# molecular sieving

INS VTR « AR 2T 5 0RE
LLTHBIC XD LB D O B—RETDH
5. U RA RIERITME O 4 TR EHMIE OB
WSO RO x5 channel % LB 5T, Fic VA
A FEIEHEOME A EMROFRBECAY Z
bf%ﬁﬁ%ﬁ?é.ﬁ%@ﬁ%é@@&f%
ek EVEEDTL pore &b 5 VIO
&, #EEx Fick oERlic Lie 5. —ikick
HieB T ZEOLRKRE EVBLETHEOTE
RETFOEFIILOBEC L > THT o 5.

1. #HI%3EEL restricted diffusion

LoOKEEL Z2RIC L ST OEBOHT b
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721z 2> T Pappenheimer ti:o@%[ﬁ 5:*51;
FLTw5, C0oEREEE UCERYS b3
BB T, —oik Ferry ofgR9 T,
BTEILOAATRIBTH S 54> T
REREREVCCTHBICER T 5. Fick o
Hi» & dn/dt=DAdc/dx, n=DAdc/4x, ?La)ﬁ
BE Ap. Ap=nx4x/DAC, %E&_ﬂ?éam
woﬁmﬁﬁEAsﬁﬁ%ﬁﬁ&&D.mu@
=D/D. D=DAs/Ap. (1) BB b F5E
THHOEPEL LT As=Ap(1 —a/r? a, r X
ZThZheaT, LoPE, 2 28AT 3. b
S —oNBEREMABH OO P THT LEEL

DEETHS. ZhicE L Tix Faxén 010
EE|IRT 5.
f/fo= 1 —2.10 (a/r)+2.09 (a/r)*
—0.95 (a/r)® (3)

f/fo BB NEBEIKICB T BRI COE

#;rol. (1), 2), 6) zlsrsE T KL
XL LT
As/Ap=D/D=(1 —a/rf{ 1 —2.10 (a/1)
+2.09 (a/r)*—0.95 (a/r)).

ABECREREL 2 ot X —F+ 3.
FHREE R EAREBRL 5 5 K& S OIT
WHLD LM ESWGTFOEP GRS &
LERLTCS.
2. BJE hydrodynamic pressure |z X %7K

05

FLOMENS 20~30 A F ciriEic L s WE
DFEE L FRT b bEIE L 5 EEEIXE
HFL T 5. 50A % = 25L& —FHic
FRCX-TEDBNS., —EHCEORMT
BIEDEMR 0 ThREE 20NN TH S M E DR
BEIC L - Th, BEOHNBETSD. —f
M= -> CTHRMME C13iFE fltration & EiY
L8 restricted diffusion & MFERFICAL T v
3.
FETREETOBRBEOREC, Flsh
%¢@%E&Czkb(%@1&%%%ogé
et ARREATI VST, K
Fer &1y, BEORHL Of WiFks
555 L 5ic, HNERIREROE LD

IO RERET S, T LTREC L CBEZEOE
RBSEST 5. SFHOBERROEARTKITR
T,
C,/Cy

Ds AW Aw Ds % Aw
Qf As 'Qf 4X
FEBEY - VB EhFCRCIGESEAR
thhiT C/C, REIWIEBOILOEBER As/
Aw 1TESL.

B. &TaEoERE (M2)

 TFEROER L ERE L 3B o AREEIC R
WTEDLHTEL—FKT5Y,

Pappenheimer DOIEFHIERE 72 LT\ 343
LRI AR CLERICRN. T3 T
H55. BEO X 5 T WAL E A
), ERBFEMSESEERAL LTS
Arb\voT, REREEZED THERBOLD
PRI PR Y KEC. SFHEROFMC IR
D CBYE DR AA & . Landis 13 GREAD
FIR»BILOKE SXBMMEOHFIC L 5%
Ep3db ) FEIRIC BRI R E VLB E AE L
T2 H, LOTHOLREELBE T ~E LT
L5RMBOLH THB. ZZIT pinocytosis 2R
BlE b oL TSRS EIEO R R
WTCIBNICERDO SN D5 5.

Pappenheimer o ¥ 55 1% Starling, Krogh
Landis & > S HHMIEHRO—IGEOFE®RC
6.m%m@b6fﬁ%aurﬁﬁﬁmﬁﬁé
BB IEE D, & OBRIC X o THE{LAER
REORFIHAL i Shic. 54, 4£WFH
BERICHT YN T e —F BRERN LR
WEHEZBTHBH.

. EHMEDRBME “divergence and
convergence flow”- EMMEMEOE D
# capillary autoregulation

A TR« BRI D — A

M=K (P—Pi)—(r—xi)] '

M: %ﬂmmoﬁwéuﬁﬁ&ﬁbfﬁuﬁ
ﬁ;o_<m@g,m@a%mmﬁ,ﬁoa%
BRI ERT. P BMOEORE, Pi: ik
ORIE, =M O BEBBE, i : GkoE

=1+
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BEBBET, k: FBRED.

E. M. Landis 11X U CERMC B ME
ORgEE Starling DEERIICH TR ED Z L ES
BEL7z. < oBmAlOEFITWELEIC HBT
Z QRIS EYEER T OYERFb RS O T
BEL, BHMLECREY 5L ORBBEREICE
wTz ®§ﬂ©a§#ﬁﬁé%%bf%$E%
FDEH‘ %Rl

L« ﬁn_ré’jf‘a’ﬁ” vasodilation ¥ JF3E

%wm%@Wﬁkémmm%mm%Eﬁ@%
T L - CEMMEESET T 2H8EKD5
S RIGEESERIC T B — I MBI
B U MfssiEs o5 i U 7 S5 A B A v LA
T3, Lo CHEIMEML LS. LHLE
25 AR RLT UL B EED LA
BV, TEeFAa) v TIIERIERE S
DRI IR AR b E R IR U R LTI
FHMEE X LR ULRVEENS Y. KGR
Mok & HBEMMEEIT LR Ly, HEEOR
B 7 BT 5 L Rk hyperaemia & fiiifid
PIME AR 5N BR, Uy ST LEY.
»z ki Starling DHENCHT BHE—OFIT L
ThHholz.

CC. BHMAE oFEM L TR

FAMAFBEOIL pore EALTAD 5 &
AT oo fidiss & 5 IRBSE O BIR O E# M E
mfTH 5. MOBEmBERS & PRSI
DWTCEETS. MAEROH Z & BRME Ol

C./Cy
1.0

8

6
—%—‘f:l.SXlo’m/ﬁ?

L Qr~G.F.R=.0lm!/sec/glt

WTRTs

"\“ﬁyu‘:"/ X,
L I t L
5 10 15 20 25 30 35 A

a= s (3T %iE)

X 2. HFEoEmN e BRIREE (1 %) 0)63‘%'
HER. MR VT F=v s VT 5 A CLTH
FTEEWMED Y T F VA CoDl. ERRRILDFE
&35 A L UCskwicffs (Pappenheimer iz X 3)

EUCHEER G, 6 2) 2ED 5. MEIARAID
WE z=0. 22 TERI—B X ORBHLEE
RREHsh TRz hcdFohizve 3
5. MRk = =~ b URRE, BRI, St
TR, L, 5, Pixrhzh¥E, B, Mk,

E, ffiE ZHme r Hrcbid (3) HE
iy v. y=0: %—— 0, v=0 (l), 7’:R U=

0, v=k(P—a) (2). 2z ¢ a=Pitr—xzi (2)5;
OV IEBEORN T B > M=K [(P—Pi)—
(r—ri)] LR—ChH5. FEXZHIZZ > TH
BERpHB, z=0:P=Pa(3) z=L:P=Pv (4
Navier-Stokes D3 & BEREON THEL . i
yj{@l «5 «5;;;)515)—]9).

1.uwé—mﬂmfmmaﬁé I
£=7/L, dp=Pa—Pv, dJa=Pa—a—, a=Pi+x
—ﬂ.:@:kﬁéﬁ*ﬁﬂuﬁ®iﬁkﬁéh
5.

B O MR EME T+ 3 i fEo T
Bo ¥ 5 BSHIBIARE 2> & MEE IR E T o T
B ER/NCTE DR CHEREE IR

2. vix é=da/dp ToRIZ0L T B,
LT ésSda/dp Lo T v=0 Lixs.
1RBLU2PHHRALTES NS MKHERITE
MmEOIFEICE L TRENCEETH> T
DX > TR T TEMIME DL OBRFICH
TR S h 5.

a, M RN B/ NT s B R E TR
EAIMLE b D AR 2 BT 5.

b, A B/NEEORRICW ool
EKRDOMEREz OBER X UCHEE» L ME 2L 0B
BafEET 5.

C e BNEEORSETES LEOLT
W< 72 YRR C K OB B 5 MR U R
PO MENLBETS.

§: B ML E o BRI d1vergence— and
convergence flow

Bl M OAERI 7 BERE L U CRIBIIREN T
KO MAFEED B % LB 2 2 b iR - T
HLFROFHRE A€ 2 Ot b FBICI > TR
XEBT S (3). Lkl THEN VS L
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BLAKREL 2 B 2 WIR Y BMMLE <R
Axial Strom pOMEEIXERT B, HBRIZ—AE
BRI & h B S EE S ORI 5 &
EThoT, THIEEBRHICES THRLER D
BRI > TBB LINGEEOBD T 5L &
LIETETZOEME 2 £5. FRITKIX
FiBS 3 O CIRORMERIT E 358N+
5. MREEPENELLLEE, T TH

OB VR OENIC X o TEMMmAE 3 7
Shd. ZORETRAOHAD ZELE, (v=
0) BELLRETHS. R\ CEMMLEED
KT (2) © E>da/dp OFfEE AT TIZH S
BEEICETS. Lo T v<0 TSR
5 KN - e, #F UCERIMIC B
%5 T SR OB VRIEREE & B 0E
BEL ORICKDRE 6 PR E WEBER VB T

@ By R R Mo o R
BRI ARSI J
7
R=32 pu—— Pv=15
(mmHg) ———
z
BT o) co—
24
=25
(P;=1~9)
v>0 v< 0
(m;=0.1~5)
FAAT O IEAIRL
(Landis!z & %)
2 40
3

AR 0
W

J
0 10} x-—-MM 20

¢=R% it e

‘ §= 3 TROMAN OEBRL (555

X 3. EME DR MLIT divergence-and convergence flow. B &.55%k capillary autoregulation

da

A E2ORNOEFEER D oD NIEE T 5. 7p L CHITRE IR T T TR

&k, v=0, &= Z—;. lﬁlﬁﬁﬂ% L & ci2Ph7ER (divergence), o\ CINHERY (convergence)

Eins.
da

AP 4P
BRaohs, -

L:e=4%  vo 0 ; BBRELOL 25 THEF A IZHAD + 5. ROBOBEBHRE
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5L SIS, MIEHETHECENL, F
R R OFRE LI e h o TRBT 5.
T b LEMIE O Ltk §=4a/dp OB EE
TILRER divergence Iz, ZOBEE X Y
AR %j:l[l;}:b }‘u,ljt convergence [T FEBRIT RS L
TRE2OWNICEBT 5. FRFCHELER
b5 5. A5 2 & ARG MR OEE
4 plasma homeostasis 12H 525, #LTE
M4 B3 extravascular circulation DRI
DORBBH, T OB O i B
% BB ORLFE capillary autoregulation &
TOTLNTED, IHFIECTTFERL LT
HETRETHB. A v FHBRLIFRON
BO—ETH 5 & LT HAHPNBRROBME
XERITRV. VbW 3 vasomotion [
g L LT ROy & 3Mszic, 5k
FRFICAERT 5 L LTH ZOBFORE §) 12
RED EiE .

3. BHMLE OMBIIREI T € <da/dp,
v> 0, DV THiR/NEET §=4da/dp, v=
0. HIERAREIT £>4da/ap, v< 0.

4, E=da/dp TEM M F O TR QITK

.

5. HEHEICIX E=Aa/dp=%, a=(Pa+
szﬁmwmﬂvmﬁﬁfé.mu@<%:ﬁ

VBT da)dp>— CRIGERL T 5.

S koSTELEmEAA .

BESLEEEMME O ~v BT O6/
H HEIRME & BRME X BBl h, EROE
5y TR A OB B Z 5 (0. Miller) &%
Z26hT Vv 5. fiEkK/NT, v=0 ORATI
FROBREE SR DR EROBE - ffic S8 L T
B, 2QiT E=da/lp=( THERMICED
REVBEORILT 5RETH 5. MHEER
DR RIZEROGEE CBEIL, BEM T A

v, O, 0L, B X CEOBHETH HMEHEN
EORETHETH 3 PEEAL TR, BE

SEBORRSIR R, 57 b b—REC RN D
WS O, Y X OHEBUC v THR 4l
Th5HH. HHBMIED O H% L BMMmE L O
Etic o\ THIZE Ok & 75 L 7z Krogh-Er-
langer O3

Pe—Px=Q; /40D
x{Rin (_1:-)2 —(Re—17)}

Pc, Pr, Qon @, D, 7 22 M ZNEMmAE O
FIE, BEBROBZAAGOLERICBT 2%
E, MEEEE, BRPME, BRILBRE
EMMEER o CREcET s EHEE
bhTwviv, OHEFic> \» TRLEROR
CHHILHE IR ILE O _ BRI L iR EEE
L, (V) BHMAEERS < MR s h CRBEL
55 (1, d). MFEN RS TRE ik
BEE—EEOKOFENBEHESL TS,
DILE « MAB T Z DLBRIEI X HEFFSh
5ThAH. BB, EHEMCERAOES»bSE

B OFRMIRP IR BZBET 5.

§ HE2OFH L BRMEO M
SEIARS b MLFRIE, BB AR L

BRI LR 2SR LT, AR

RECHIBIRICER T 28/ o B mA
+T5. ik B AEE - #RY4 functional
AVA (Uvnis) B th 5. Zhick->THD
{5 homeostasis AR B, T T TIEARE
2OFENTH . BHMEICA > T RER
Sha. LEdoT, ZZTOWNLRE=2D
WMUBEETHD.

§. BFREOFIR

Landis 1% Pa, Pv, =, Pi, ni iz LT, 32,
12, 25, 1~9, 01~5 (\-3i b BAE
mmHg) #5%2Tv3, Zhz@oRcAhs
EROE5THB. ,

1. Pa=32, Pv=12, Pi=1, 8, z=25,

Ri=3LFBL E<o, V> OFBEL
B12. Pa=22, Py=22, Pi=1, 8, z=25,
ﬁ=sa#525>%%v<0@W§&,bk
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Mo THIRE 1T 2380% LA LCHiFEITB o
Bz,

#13. Pa=42, Pv=32, Pi=14, z =25,
1
7

E b CEL S DM CASICIBAB T BT
DEHEFRICHEBE, BMLEED LR+ 55
BehbrsLtELLND.

ZOMEIL L » T, BMMEOMBTEICIBT S
HOWBOBSSHMICH o5, Krogh
B AE DO fh~T i capillary independency &
BELLRAMED b 72 » TEMishs. 2L
TRICRDERTZEETH 5.

§s EBHIILFIC BT B RBMFORE

EHMAA B B0 X 5 W IGEER R
V.. HYELTHEHRAERTH S 51019,
L Lds, MEhRENZ BT % divergence Ifi
FIXEBEMCIMEIEET » V, convergence
MR A NRETH 5. & DR
IZENZZ L RESBOEMME OMIFTICEEL
BEREE Lo Td A Y. BHOFICLIECER
TILE DU » WERFLREE T 5. £ LT
phase IZHABINR & 138ic s B 0T, MIEIEHER
sha.

V. EHOECHETZIER 201, #HF
iR, #/1E) - BIRMIES

1. BC5§% autoregulation (A. R.)

BAMBREEZ AVTA X OBKEIEOR
TEBRIC X B JE « R T B R
Fe T IR th AR V3 FEBIC 6 L T concave T &)
5. MEEESEE B IcohEEREG TR
active flow L 725, MFEOBEARBES LT
50T ZHORN b 7 FEOW b Ak
Eh3b. JE concave BiRIEKEIRIZT KLY
VEEALTELNS. T biEOMEIIRY
R AR ARDSUHE L7 IRER, L7cd - TBHl
MEEXEF UAKZMES» bz &, vwb
BIFBEMZRIIRLTY 5. Lad 7 HA
DOFEBEDE L M L TR RS h
T2 DT, HEGERZALKOREX—E
ThY, MEMERG—ETHS 5. ZOHRN

mi=1rF5L < v>OFBEN L 72 5.

RHEEE L SR IHEREINDITHA .
Z NS HIEL RSN A 0 B BIR S BRI NE
DLz L THBEESh T v % autoregula-
tion L EZBDONELVRYULAMETHASH. H
BRI E T ESZEIN, Lichto TH-convex DfF
MERLES. ZOBAEERRROMZE L
THETAZ LRERECRT IR bR,
MEED X DI RB LM & b RET 5R TR
(VIE, b), & X - TREHEINRD EA KR
BAETHh-Th, FEMLEFITR EZEH
ThHHIDDT, bz TEELEORHREE,
R2JE OUREBIC X o THIRROEA B 5. B
WO EHCHBEILBHZEL T D, 2T TR
JGA, macula densa |z X % @AM~ D ML
X 5 ARMROFERRE VEEEZ LT
5LLTh, ¥, WEDOXHIRZODRPD
I LTV 7z v 2, B cd- T,
Goméz DT % X 5 ICEFEHE F o T
X<, FOMICEFIERERE Lis ) hid
BV, —fic AR OBERICO VT, MR
FED IS active flow BHRrHHNBZ
LAYV CEAABIPNRTYS. LPL, Th
B DRI WA I X - THIRICE Ly
PYNRBZ BB, ZORTEETH-T, Zh
Zh»hbbE. AR BREFEEWZIELR,
D UAEEPHEREHLLDDIRETHSD.

2. EJME F5 Ifi, reactive hyperaemia (R.
H.)19

% (B TIE R H BEHETHERE, B
BCRARE, BTRALDM LT B RME
D—HTdH 5. BTRARIHHLT
b, TvREHERT. AR, RH ebick
AR HBIIR D BB BERSKEIZ 2. 2D
EZBOKEZH O » TRV, HEHLESC X
> CHEFIREDE 2 IRET D56 & IHEEY
BrEETIHEALE LS. L R EL
3% LHiEARE volume 3L, FHROThH
BT 5. FROBMME R L OHEIRE
MR 75 - C, MRS Z B < EFEED
# RS & venous (reserved) capacity 2 2 20H Z

Ens. HoPLHMET b uEVERTIRE
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2 THBL PR BIORY. Lk - THIR
MLIE (20 & SEEOBIRCRIR 5 DM
T3) OBLE, 7TeFNa Y EHEEE SRR
L, HU/NE) « BRI WA DBHREND LEx
bia. BIRILTEE MRS 5 & BRI SR
L, SFCERTS. ZhIEAERICX
WE7 e rTeEEshRy. BECERL
Db, LELLTELVEERD R B Z 5
(after drop). ZHIIMET bw Er THiflsh
3. BRORZ BT 5 L FHABTHbIC
LR 5 0oncMLEHRET 5. 7 hr Vi
I o TABHICERZ . £ FRAROR
ErSbsgs Lt EF L L RI3BMEETRT.
T LERIMRRE, ZOBREA, FHEoRMLE
& ThH o T, active flow Tk v, HEHIHE
o nbOHKEHEMBTHCR=E00BEE
2o LT hERE bRV, —ORBIIRNEDORD
i X BHEIROEE, o\ CEIRILITE ORI
X%, AT HMIEOE L BT U TERS
BRI VOIERNEEL TS S. I
—ooEREN—21i R H OFRBERKRT,
#HoWmFEARE hypoxia B X 8 FRHE
metabolite |z X 5 M cH 5. ZHE7T b
v VBB, Mo—oFEEL TR
B RELER X OH BRI BT 5 MRES
T, ZTRIETEFAaY VEBFICEB VDT
3. Zhix R H oRBEHRETREZC. Lk
LERBECEEL T3, BERE->TV5 L5
BEBNFECOR L oL EBE, Zhb
ORISR TS5 Z L3 RO H Ao 43
SERE, Pho CEET IR, Bk
Sitie k- T R 4T 5 L5 aHE RS
3. e LdpikiEFEERAbRS. Lk, &
REHET re Vit & - TEERIHIEL
5. ZOMEEEIAERY R H tdiixve. X
BRRTOMRIE, &5V EREIRTOHEIED X 5
i systemic DEFRERENBZ RIS
£ ¢ R H o RERILHE b HRErER I
o THwERS.
§: B OB A F —

INREBEL IO LTIHER vHbY D

rabbit-ear-chamber $£iz k& - THAEME OB
Rdbb. b M CREMEGRZICXIELIE
WCRET S & &, AEBMME CEHPT O
FEVD B, REORKHICHESBMMLE T
FHICZEL, IREAHEIEEOLE CE T
3. Z0EE, HENRAIZZEH L vasomotion
PDEET . MFTEER~YEVBOTE R
N B. W THRMIREZE TRIiC~F
TOMOB, +72b bFARAIC TN S FE T
Mk EFY. COWMERA Y » PREERTS
DizESbLv. EREdDELPCERETH
5. BRI S SRR BT AERSKE L
TELR H & LTEFEshD. RECEDD
THIHIC RAENEH NG - BRARRTIC TR 3
CB. T o THEEIEE L B L, W D 5
BOIHET 5. © OEIRILEMIC 325 5. B
F 0 O EEOWIBIB 5. WTHED O,
R OB L systemic O MFFE OB Z 5.

DT ROH o FcEO O,-HE OIS
FHEEsNhS (Gregg)

FROBEBRETE LV R H BXabh 3.
SREER I I RIER cb 5 5.

§; EEIL2o0b AFOMYE

WEOULE » iRicfE S R H. 8 X OBHME
EOETIR X2 IFIREEEL TS AR DL
Vg LRELL MBEOHEKERY. DT
I LT e i e UG & D 2 e
HLLBLLKRE.

FEA B myogenic activity ¢ H & B.
Folkow # W} 43 Scandinavia ZEJRO R
Thb. zHECHMRL L E. Bayliss oFfH
Th5. HEHOMENEFEFALPCENDS
¢, ZoHEA&OKRFRERSEY. AR
W D AR D B\ IX AN B
SHARER SN D, BHiciiBomERZD ciE
HBTH>TEOREERT LD TR

V. EHmEICHESTIER Zz02. B§F
mE DI & EHME OHME

1. FiEMEImsE KR local vascular responses

a. SUFAELSF7 4 simple plethys-
mogaphy (pl.) & B & B i & PR IMEEBIES (cap. )P
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EaiciiERH <> v = b EEERAOFEI
pl. #IEE, #OEER 40, 30, 20C g b,
ZNENOGE R ORET L (LFRRE L 3 431H)
TR 5. BRVEET S LERNFI=O0
by s b, — 208 G IET pl
KRB, cap. THEMME, W/NEIRE c v

600 b .
7o\
' \
500 - \ c
! AN
400 |- / \‘
1 AT 5\—' a
| Ny
300 - |
/
| ¢
/
/
200 /
iy
//
H
//
100 +
/4
(102K)
m! ////
4 4 ] 1
0 40 80 mmHg
a o J MR
b 2 B oL A
c DPi(alzitn)
20 40 70 80 mmHg
T T T T
10 B
i |
i 7
#oL &
o %
-
% %
* -
90 H10
(%) (%)

(+3°) H/IMEBR6T1 £RE KRR
MBEERR. BEEk.

K4, EE-HBLERCET 5 “YERERFR” (EX)
& B DoEE & IR (TX).
TVFRESSTORGRIINF AR V2 — &4 — 1€
X5 (e30)

AR & TR, 825 FEEOFHIK
A& venous capacity IZBEINEEINS. M
FifH < pl. 2558 D #8)1 (reactive hypervolumia)
cap. T D EEHN (reactive hyperaemia). —->
DT, T pl. FROEMNED b,
cap. CikifiFfidfFik, T pl AFIRELL
B, L b AR (volume pulse) 133 L <
WDABBER LTS, T pl. FBITE LI
/) (reactive hypovolumia). cap. ¢ % L L-CiL
BREE D kR4 (rouloux FERR) BA BN S.

b. vtk (RE—HLER) BT
“FE - FRERER?

EReclfizHIE LR Th 3ok L
5FLINIc 10mmHg SokEHEEE T 5. %
hZhOEfEiz 32 pl. FRIEERET 5.
“ORAEME” & Pl AREEL 2 —BO “IE - ¥t
BER 2485 (K4 LK. ZoBGR»SLE
BIRE/D e DICRD X ) REEORE 2B
Y. —RECEBRLESCOEH A »OHE
A CofAosETS. ol EEFELEL
CTAdREIENT B L{EETS L dAi=nA, Q
=nQ,, Q;=VzRn,2=nV,zR,?, V,/V,=nR,?/
R2: z z© Q V, Vi, Ry, R, ZFER, M1

W, @ d=nRe/mRe Ry/Re=,[ 2

600
a  ———25C

b1 ——35CH
500 - ,

400 |- |

!
300 - /y .
1 /z T\\
!
/
/// : T
200 ! a: I
// // ;
/ yARrat I
A A
/ /7// —II
100 |- ) At |
Z
(10°K) I/ X !
ml A P e S |

4,//’ 40 50 60 70 (mmHg)
o L I L 1

H4C. FHRAMBEDOLCLS “E - HEKRK
DZEH].
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=V /Ve=d(1), Q,=P,7R,*/8p=nQ,=nP,zR,*/
(1) »5 R2/R2=d/n.
S Py/Py=d/n (2). Py, Py JE, 7 @RHEER.
2Tl T s BT (2) RomRE—

87. P,/P,=nR,*/R;*%

BHME OB & BT I RS

£, .. P=CP, 3) = 0¥{ETIE L DOHWAE
RAEE i RS _
#1 ¢ IEPLME DR
BRWERIC gy RER - oy e
8 BFBMAE (%) 1K FEAE201C
(mmHg) ¢ (m) FBEE
1 40 90 1394 7.4
2 40 95 2065 17.0
3 40 94 1327 16.0
4 .40 77 1084 7.4
5 .40 85 1125 4.9
Ty 40 88.2 1125 105
I3
1 40 80 875 6.2
2 40 60 2013 5.0
3 40 53 820 4.9
4 40 55 450 41
5 40 76 370 3.0
6 40 87 1047 5.2
7 40 40 1670 43
8 40 40 2550 5.5
Fiy 40 608 1226 5.3
T2 T Bt L OOl X Mk @ & ) 2 AR
vx 1/2 ‘
%2, d ABMBORE
E% V(— & ﬁ.A‘W—E- . R B
i} r N EL %L‘ B
[ A %?ﬁ%ﬁ& 553533 102K —-——%%@ g
1 70 20 4190 2.6
2 70 20 3240 3.0
3 70" 20 3031 2.2
4 70 13 5130 2.4
5 70 19 3642 2.6
i 70 21 3846 2.6
Iz
1 70 77 2924 2.3
2 70 70 2182 2.0
3 60 30 3270 1.9
4 70 88 6220 2.4
5 70 12 3220 3.6
6 70 70 1180 2.5
7 70 100 1520 18
Ty 70 69.5 2931 2.4

#£1, ﬁzakwén@mmon%%mmﬁ;o

BEHDERLLLDD.

P#% ammHg, HEQ% bml 235, HEQ
BFROFELMETH YV EP 1 LB OE
ThHBNT (3) Ko b ZhEFIETOREICERR
+5%. znixCeammtlg TH 5. ZLHOE
ik Ry, LT Ru 53,

R,=C e« a, /b, R,=C « a/by, -

Rn=C «+ an/bn.

C izl B %, a mmHg, b ml

R, # &%z LT Rn ok Rkws L C
AEEshs. CoEED LTS, 100-D k%
DIEC BT 3 EFME OMERrRT (K4T
). = oEfEAMILE hypoxia 12 3 X #HR
5 S THAREBIE LTV 5 0 TP B/
BRI L £ oMU « BIRYARN OIS 3
RCAETHOTREREES. EHARD
B OBEMEEREANLKE 2 RT (K4C).
WREE LD LERHFR=20HIZDT L
ns. ' :

1. 5 dnF@ArE! muscle flow dominant
type (& 4 L ® a). [E#filc concave DRii#RT
b5, FHMFEEE T HEEN S Y JE— concave D
H#TH 5.

2. F2JE R EArAl skin flow dominant
type (4 Lo b). [Edlic convex DfHEHFD
MThD. REMKZESZS ) TE— convex
DR E STV 5.

3. BREEL chixlEkiz2ovsh
PICEET M ERL T3 (K4 BRI c)
Flaw ik La, #bRRIKMESE #lc
REIARMES ILE, FHREEEZ 25C » b 35°C
CEDFEME L IBESE D L & b REEM
B, 3hbbEZERREICESL (K4C)

c. IEHLMAE OBIAE (K1)

b iR Lie K X - CHERME 0RiEE
1L WRERZEET S L ERHRIIKO OO
b bhs. WAE 40mmHg ¢F_ToD
FIRBERCHAET 5. | BLIAHREE88%, &
7 L AR O 105, T8I 75 b b il
M X DB E OBEET 5 BT IRIEER0%, &
R L MESE O iz 5.3, [ BIIEHLE D

e o o o

A0 T [ BUC RO & Y ZHR
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i ThE,
d. AEMEDOHE (£2)

BEPLDHEL PR L) EFRMF MBS
5. BERFEBEETS LEBRNRIIZoO0ORC
biFohs. HAEL LT 70mmHg 04 %
BB L [ BT “BEIRER” 1320% Zhickt L1
HCRI0% OB CEETHS. ZZTIREHD
FEIRDP DD REE/EFET26 L 24T
I, IBLyFE—ThbsB. =D &iTH/NENR
. v ARG O AR BSRE DR L LT
LXoeEchsdzernt.

2. BHIME O DEFFENE protein leakage
(%3)

ki 60 mmHg 304 OBHR 5 Sl %4775
VinfE o ERER, #ikmo O, EFROBIR
ZRE L CTHEZEETZ L ERIRII= I
biIohs. ZhRFE—OBEFE TR OB ES
b s i b [ B o mREH O EiERT42
%ERTETHBD. Licdio TR CIXBEHMML
EPOEARERTS. HPEO - oEEy
F3% Landis FROLEEREL TV 5.

d» 586k X 5 IAE 7T0mmHg ¢ 1
O BRI 20%# D O  WEIC sk L T AL
T3, S5EBRENLEVEETHD. 20X
HSIEHFEMED S U5 L BRI A
WBGEEORGE LTREE LR . B
B ORI D 5 T HEER IR I SRR R 7
AEHENL, thbbhfEAOEHABRE
FRELEIHOEREEZXDRETHALH. &
EMFRVBEIL T3 L, RER/EE
EXIELFELAPS, ZEzxbhkv. RE
BXEEME» b FERT 52D, Serbse Entzun-
dung (Réssle) A, zziedick 5 tF
MLE DN 5 ThH 55 (Eppinger), L
Lz 5 Eppinger BEHZBEOBEFIC OV T
KOS & ¥ ORAEREC Lis b o e fe 0%
 DREMFEA T . REFCHFRIR? > BEZE
BRETDRME (REER) EEL.

§ EH-B L OFEME O EIRE

FE L bICE L BROEMT 2 2 L 138
RFEB XU Ll L b HmEEE (Rea

#£3. EMMED D OERER

MR AT BESE Landis R IC
(8 WA K ¥ E BRSE X5K0FEER
(%) (%) (%) ml1/100 ml

1 3.4 22 58 9
2 6.8
3 43 8 50 5
4 13 11
5 6.0 13 68 9
6 48 12 55 14
iy 4.4 13 58 9
Iz
1 14 15 30 28
2 17 15 22 20
3 17 23 20
4 10 15
5 13 19 23 18
6 16 15 25 24
Ty 15 17 24 24

—ZRE) LB THDRD, FIHETEEREE
BEZ b NEE THBIREE & AREERIMESR
ARENEZLLND.

§, IEPME OBRBEOMME ARME O iR
ORI MESHEMEBILELC B THLDb
h, BIMIRZ R O BRI & a0 ik R
33 F 2 U\ 3N & A S A i iR B
DEMBE 2 bh Goméz OFTR L —F+ 59.
P S BRI LR RIS 2SR T 5 = &1,
v 5 E T 7 { Spastisch-Atonie (Ricker) T
> T, ZOFRBEEHRMBIEY SIS,

& b Y I

PVFRAES T T4 EEBCHRLTTFE
T FHRERENSIOERIC Y 7 2B ICKE AN
T, KEHBV v XOERETHDEERmbh
LIRS BOEEZCEERHOZI LA HITHEL
v,

VE G AR E A SRR, & D ik BRI
B OMEARD) 5 FB TS Z L icov THEN
Tixd 52, RERBERPIEDL .

MEcE, chECREMEE b bR T
W e AR I 3 v B BRI & B ARIE 0K 4,
bz DR L AHE N U TERIC S
ESF SN L, EiRmBRER SBEOM
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BE b MRk~ OISO <, Le X o Tl
NOBER MO PTERT 52 LRESHD
Wk BEELOTHD .
VEOERMRITHERTRRLELL B DN, €
DB SIS IR A EREAE R L ORHEES
HEDEENIZLDTHS.

BbOIC DR OREREDOHEEEZEXLTCTFE » 2
EEREEEE I L HDEEOF 4« CIEVWEHOER
EXT5HDTH5.
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Effect of thyroxine administration on oxygen consumption and
nitrogen metabolism in rats. Masashi KURAHASHI (Department of Physiology,
Tokyo College of Pharmacy) .

This investigation was undertaken to clarify the relationships between the effect of thyroid
hormones on oxygen consumption and nitrogen metabolism.

In experiment 1, immature rats weighing 120~140 g was injected thyroxine, 100 xg or
lmg/100 g body wt. for 10 days, in experiment 2, mature rats weighing 250~300g was
injected thyroxine, 10012g/100 g body wt. for 10 days, and the changes in weight, oxygen
consumption, food nitrogen and urine nitrogen were observed.

In all cases, thyroxine administration followed the increase of oxygen consumption and
the decrease of growth rate, and the cease of thyroxine administration followed the decrease
of oxygen consumption and the increase of growth rate, but there was time difference
between the changes in oxgen consumption and nitrogen metabolism.

In thyroxine administrated rats, oxygen consumption required for protein synthesis was
only 2 % of whole oxygen consumption, this values could not account for the increase of
oxygen consumpton.

Tlhose results suggest the possibility that thyroid hormones stimulate the specific protein
synthesis related to oxidative process. (J. Physiol. Soc. Japapan (1970) 32, 521-524)
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ERBRERE L BB AR T 5 FUIRE &
NVEVOEROBICEELEGRS B Z L 315
WahT\v3. Weiss et al. D3 A RRAEH]
puromycin % i\ 72 EER» S, FREHRVE YV
I & B AFEBREERREOEIMNE = 2V ¥ —ER
FRELTOBEBHAAROTILEDHE TS 3 LR
LTWws. LaLEdbT e Xy VEEks s
v b E20EFOMHERESMICIE L L, EARBHEE
BEL control [ZNEWIC L b b THFE
BHA~D7 I JEROBR Y IAZEEX control L D %
LLAKLS B L) Tata et alD0BEL D
5. ZZTHRRBHVE VOEBBREEERIC
ST B ER EBEERICHT 2ER BT 5
REHLPICTZEMT, FuXxy ERRE
R B 5 ERBFEEE L ERRFOLRLOB
BERALT.

CHRFN454E4 B TH A1)

I. RBHHELUHER

EREWNIHENE wister RSy RV,
EBR 1BV TIREE 120~140g ORRH S
v M E, ER2CBVCTIEE 240~320g o
7 v b E A,

7y PEREERFATEE A F buy EA
Bl ONATERKSH) AT, SH 92519
g CH, 1982 & 358 9 B & CRED ATFRH
T, |R25+:2C iz, RS~ Vi
Anbh, EREE ()= 2 VvBERERES
i MF) LMREKEBHBICE L bhefiho
b EEE SN,

FuFy U EdER IRV 100 4g/100g
FER LV 1mg/100g KEE, EBR2ixR
T 100pg /100 g R EE % 10 B BRI N
L7z.

BFEERIEFHREBREERNTESE
zHAv, 1REERE L.

BREERIFHTEROOIEL REIR L D
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nitrogen and urine nitrogen in immature rats.
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PHLEDLNBD XL, FRBESVEVORMO
EREXY, LULAFRREAVE VLRERVE
VEOHEEROFRIVEETH DT LIR
BEhiz., Fuxv rERIRC X3 FEOR
Bors LRI RERES X RO IR B h,
REERRIC BT B EFRORZEIC L VR E
AR BRI TEEE I A RN R S Ve VIRE
PEET S Z LRSI

E 7 R AV E v O BRI E R T
BZERCRIZBEHEROZEE LT, =XV
¥—EERL LTOEARBOTLEDORER, &£
BEEREEES ML v 5 kL, ST
a2V P Y7 ORMLE Y VEMLEEZ HENT 54 E
BHARI & 2BREROHEMOATRERE’ S 5
B, FuFy UoEeEREc X sBREEEEEL
LEFHE R T 5 b, BEOH], R
B UORPERO—BENIBD OB, T TR
HWEEEO LABR LN, BEPIkc X VR
WEEBEOEBMEBIPRLhDEIC, REFR L
VRPEHRIE VAV ERL, WEOHICI

Table 1.  Oxygen consumption required protein
synthesis in nomal and hyperthyroid rat

Amount of heat production(kcal/Oz1)(A) 4,82
ATPhigh-energy bond(kcal/mole }(B) 8.0
Energy efficiency of ATP production(%)(C) 40

Control _ |Hyper thyroid

Weight(g) 200 180
Oxygen consumption(ml/hr) 325 550
(1hrikg?) 1.09 200
.| Amino acid intake(mole/day)(D) 0.053 0068
Seggen ol rured
= {B)X(DIX100  (ml/hr) 97 1.8
(AX(CIX24 (i) 0032 0043

BRI —3 L v SR b Rz, :
Table 1 ZEBOMBEERLERT I /B

- B OHELCEALARICLELRRINER

ERLIEbDTHD. EBRT I JBBETRTE
HEARKICELRZELTYH, /—< VT v b
OHA, BHEARCLELBRERER 2K
DBFHEEED S%BICEER Y. EheFuFy
v (100 pg/100 g fREE) #5F v B T
2%BER V. b ¥ % uncoupling, loosed
coupling Iz X 5 ATP ERIZROKETEE LI
AT, FuXy vEIC X 5BANERD
WinE = xNvX—EB L LCoBEIR#OTIE
EY TR TE . ARBENER LN
SR BFREBANE VICBREEE OFENE
zbhb.

V. E #

Fuxy R X ABREER L ERMH
OEOBI 3R TR, 2
Fuxy BT X 3 EHARRICHELBRRE
HEEOHENTR2FEOCBRIEEEOEME I
BHCc&E ot

KL OEF I HEATE BAEBEELSADT THER
Liz.

X [y
1) Weiss, W. P. & Sokoloff, L. (1963) Reversal
of thyroxine-induced hypermetabolism by puro-
mycine. Science 140, 1324-1326
2) Tata, J. R. et al. (1963) The action of thyroid
hormones at the cell level. Biochem. J. 86, 408—
428 '



(BZ4:T8E (1970) 32, 525-535)

TTF747F0— - 2av 76T F= 4K
BEORBIT 262.017.3

B E E HPREEERAEEEE )

Analysis of the mechanism of kinin-formation in anaphylactic shock
Masamitsu ICHIHASHI (Department of Physiology, Kobe University School of Medicine, Kobe)

The present experiments were undertaken to investigate the possible role of the kinin-
forming system in anaphylactic shock.

It was found that human intact plasma incubated with antigen-antibody precipitates and
EDTA at 37°C formed kinin-like substance with a stimulatory effect on rat uterus. The
activity was not inhibited by anti-histaminic substance, anti-serotonin compound or atropine.
However, there was no measurable activity follwing the addition of chymotrypsin.

The formation of kinin-like substance with antigen—antibody precipitates was not inhibited
by t+~-AMCHA (a specific antifibrinolytic agent) at final concentrations of 1072 M, but strongly
inhibited by Trasylol (a kallikrein inhibitor).

These results suggest that kinin formation by Ag-Ab precipitates is not initiated by
plasmin.

When the human intact plasma, heated at 65°C for 15min to eliminate the Hageman
factor, was incubated with Ag-Ab precipitates, no kinin-like substance was produced. How-
ever when Ag-Ab precipitates pretreated with human intact plasma for 10 min and washed
well with cold saline were added to the heated plasma, kinin-like substance was produced.

These results suggest that Ag-Ab precipitates have a similar effect to glass, inasmuch as
they activate the Hageman factor, leading to kinin formation.

Following active anaphylactic shock in guinea pigs, extracts from the lung exhibited high
kinin—forming activity, although, in passive anaphylactic shock, this activity was same as
that of the control.

These results indicate that in active anaphylactic shock, kinin-like substance produced by

tissue factors plays a significant part in the initiation of shock symptoms.

I.

¥ = VIR B MEFEMETTE, S IRE,
MEHFRD SOEAEH T 5 A WFHEELT
FIFTHY, FRRERT VIVF—KEn{bEk
BEME L U, ITERBEEENIED DD
BEBELITEDR TV E2WETHS. F=
VRTTFT 4%V — oV gy 7 OROIFEE
EYEL L THEBEND B o7 DX, 19504
Beraldo® iz X v, A XDT7FT74 5% —
Vayv 7BOMBENF = vESENT S 2 L2
WMESHTLRTHS. Fhk, HBEIVav IO
B FIRF I RN EINT 2 77 2 V¥ =
VEERTIILERRLT, T0®%OX=V

S

CHRAN454F 4 A24 B34

(J. Physiol. Soc. Japan (1970) 32, 525-535)

RT3 —2o BRI .
19564E 1z 1% Schachter®, 19574E |z 1% Lewis et

al.® 2% in vitro system T I A I URF =y

BWBEERT 5 2 L 271, &5ic19654
Back et al® i3#ifb 723/ ~F vicynx
F—% (UK) Zinx TiE#bLeF 72 3 vR
Mifbx = — 7 VicfERLCxF = v EERTS
TEERERL, ARRICBTSF VAR, &
KT VNVE—RRREOF = VERIC ST A v
DEREELSDZ LEBABELSNTERD -
7z.

L& L—J5 %, 196748 Movat? X, in vitro
system THIR « FEBEAFEB X =V 2L T 5
zk, ¥, TOREPRSTAI VGBEA S
vry7I) e B (EACA) ©hEE
HEHEh2 2 2HELTVS. ZORERT



526 - TFT4FEY— V2w JICBTEF= VERBEORT -

UV X — BRSO MR X = VAR
DHBELTF, HOF=vERRVFEETD L
PRBRLTW3.

196848, Zx8991%, Schachter, Lewis, Back
ERERICHVE I AI VERCEEL, 7
FAI ) —F U EEEETIEOA MLV MR
F—% (SK) BOEILL - TEREN T T A
TVOMENRRBZ LD, TAIVIEED
¥ = VRO E RS, KRESKiIZXY
bl 7T A Vidx = VEREE O,
g SK E721%, T 7 FR—FiC kY EE
fbEshizr 23 vidF=vEREE bR

TLERMLE. COHEE, TT74TXY

— ¥ gy 7O, EFRCRBCT, TR
VI BFEVERMEE TV LV I 4K
DEZLFCEMER K.

FRTE, 7F74 5%V — ¥V av 7O
Ox = VERIZED LD BEFThbhTe

O LV HREEIES. Ve v IBOF =

ERICEZODERER bIS. £D—2,
S5 R viC X bz, MargolisOD&iz X b
BRI x = v ERRTH Y, fio—
Ok, HHBEERIC X ARPFTTOX = VERRT
BB, BEFLBF=VAERICELTE, 1963
4£ Brocklehurst1213), Jonasson') & DEERN B
5. bbb, BEENEY POMEHIREKT
BT 5 L, WIS = v A REER NN
FTHLVOIMETDHY, TFH74 7%V — ¥
v 7 OO %= vARICHEBEZESEE LT
VEZEEBIRBRLTYS '
DI, TFT74T5FV— e Vay JRCE
FHEENICE T SHR « iidEAEICER Ll
N F = A RREEOIT E RS, HUR - Uik
BARPEMRT ZEEL LT =V ERET
BT L ERBT AR, ¥, TT74 7%
Y e U gy JEBILEENEY POOX
= VAERBESR R LT, ZOEEOBE 2D,
HEREEVE v b G, MRk = VAEREER
B ey 7RO = VERIESELTWSZ L
ETRRT 5 ERER B0 THRET 5.

I RERMES LOFR
A. EBREE

, 1. BR7T954 %=V Sandoz %51 5,
BRS 640 % £BAYAEK TR & ORE i< MR
LTHwz.

2. Chymotrypsin : Sigma #:l¢ 3 X crys-
tallized and lyophilized chymotrypsin (bovine
pancreas), salt-free P TR AT TR LT

CERL.

3. Ethylene-diaminetetra acetic acid (E

- DTA) : RU=SRLFEHEFR © =F 1 V7 3

VIEEEER T N Y 7 A TKE & AN ERKC

CBRLUTHER L.

4, Bt ARvE vV FFERSE A
A+ u—V (L~ Ar ) 25mg & 25 ml
DEBRIKICHEFEL, =0 05ml &5y
N DREEIRIC B Le. ’

5. Trans—form amino-methyl-cyclohexa-

‘ne-carboxylic acid (BIF t-AMCHA 2 Fs#F) :
BRI X D RS hcER 2 A EREK T
o BRI OB ML CEH L.

6. Trasylol: FA VAL V@D + T
$r— 50,000 K.LE./5ml %AHEAHKKT
WRLUCERLE.

7. Bromolysergic acid diethylamide(BOL):
Sandoz #1:#lo 0.1 mg/ml %E@B@ﬁﬁ*k
FRUTHEM L.

8, Atropine : N. B. Co. #Lfilo> atropine
alkaloid % AFHHAEKTHHOBEICHMEL
b DE .

9, ﬁ@/?;/tFﬁ‘/-@ﬁﬁﬁi
D¥EEBRY 7k FI3 /ﬁ%&iﬁ%ﬁﬁm
R LUTHER L.

10, gEg 772 v : N.B.Co. §<<7> albu
min egg 5 X crystalline &ggg@ﬁﬁyj(Lﬁ@
LTHEM L.

11, Bii& : ﬁﬁﬁﬁ@%mﬁmﬁéﬁﬁ
Lz,

12. Phenol red free Hanks ﬂ& NaCl
80.0g, KCl 4.0 g, MgSO, 7 H,O 2.0g, Na,HPO, -
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2H,0 0.6 g, KH,PO, 0.6g, glucose 10.0g %
800 ml DFtiAKCcHEH»L, zhe CaClk2H,O .
l4g % 100ml OFATENLIZLDERESL
fet%, 1.49% NaHCO; iz ¢, pH7.4 123 5.
INETy FOFEIC LD X =D bioassay i©
FERT 2B MR T, 10K LCER
Lfc.

13. & h-intact plasma : fEEx b F OF
#lkL D, polyethylene BoFEEE 24 - T,
38% 7= VEBRTF N YT A LIFI L, Mk
FEOESTERIML, EHICBEROEIC 3,000
r.p.m. TlOGRELEIER TRV, B3 poly-
ethylene SUSRERE I Ak & H .

14, #SLHE v -plasma : F 3¢ v | -intact
plasma % 65°C <154 ERAEHR TR L,
EbmEL TERICHE L.

15. Kininogen ¥’ : Jonasson et al.l4)
FEHP L KB EME. Thbb, EVE
v PODBERICE Y, JZ VBT NI AL
BT LR 9 BOBIE TRILL, HEELS
WCHMEET I, mifd 27z, MRRESI
61°C ofEEAE S © 60 SRINRE, BEIL,
gz ¢ pH1.7 kL, 37°C i 1043 fIhmE 4,
EbhicPiicd E L, KRt 0.15 M NaCl-0.02
M Tris, pH 7.4 1o T—BR&REBIT L, &b
% 7,000 r. p. m. CLOSRIROLSBEZITR Y,
ZDLFEE % = VARBROLE & L TERIC
ERLE. ik, EEOAHE 3TC TR L T
S 60ELLE* = v AR P - T2,

B. FEBIHE '

L HifyE (M) OfEk : #E 2.5~2.8
kg oMY ¥ ¥ o FflRic, ABEHREKICHE
LT 1.25%E 772 v 2ml %, 3HE
WWORMEHNL, Bk E ) 4 BB IcERERE
D —EERML L, PRSI X D B A BE L
7o, BUARMOMEL LYY XX Y, HAHSRK
Hoalb—ya itk CTEILLE. s
HL7ev U a v EBEE L ¥ — b — £
D TAT 75 v, 3T°C DEIRAKIEHIC 155/
B, 0~ 4C owEE 2FKEL, 3,000
T. p.m. TIOSEHEL L CliE® 272, %z,

Y < MiE IR 2P b Rk O T x .
WO HAX, 38% 7o BT Y v a1
B, MKRIFOEE TR L, EbIC
3,000 r. p. m. 103IWEREL 21T, Mm%
B,

2. HUR « HUEEE RO

BRI & D S HUFBREISA T CHR - SUEE
AR EEoT. Thbb, HR « FUKRAKE
37°C DIEEARE T © 305 RS, BEED
R 30001, p. m. 103F5SREZ T\, iR
HHEEHENAEK 10ml Pz iR L, FFICE
BEREY, BOOMETRVtEEZES. 20
VelkiRiE % 3 BT o 7218, ThiE 2 4B AN
Kic THHORIEE L, R - fiEBEREL
LTHERALE.

3. v FNFEI LS F =V OEYEHT
TEE  H 150~180g DV 4 AF KT v
MR L. E5REAIS~208 M, =—
FIVERFE T TA~F A b r—b 0.05mg % Eixic
R L. WiE, Bink, Rhl7zFEo—4A
IV, ¥ lcm ORSEYVEDY, ZOWNE
AR THRY, —3H% 10ml @ Hanks &%
7o Lie i 5 AMEOETCEE L, Mo E%R
AN—R iz o E 15g it OFEE T TR
FLie. ~—_VEBLTFEOEE TS
T4 FvORCHREESY . £, TR
o Hanks ¥%&ix 30°C it d, HICER
WEEVIAAL.

PIEEIC 3w ic BOL &R 107M/
ml Nk, 14MEKE%, Hanks 3% © & < ¥
v, ROCTHEEY 7 = v F9 3 v KREE
T 1077g/ml, 7 hwtrE 1077g/ml fnz,
BEHICEEZEAE 0.1~04ml KEFIZHETL
T = UiEMEE BIE Lie. $REIE BRI 1
SR L L, EHE#%1: Hanks 3G 4 BEYEIS L,
WOBIEEFTE - 7z,

Fio, WRERERMBCART 771 %=V
YR 7 7 AN AN, ZOROIESL
IHERRZ DRI WIE L, Bk Zh b L
Lz, -

4. FARRY = v AERBEF MR O1ER
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TFT45FY— e v ay P ERBILLENV
Ty M, BEERE, 5o%icHEL, O
B, B L CHiETH L. WHRES
H L7z 015 M NaCl IIFcHIEL, MKz T
&5 hE VRS To 10g 2HILE
025M fEgESml iz, ~¥IT/hSLEELT

iz, Janke and Kunkel 8¢ Ultra-Turrax

homogenizer - 10 43 [ BER:L, E b i 9,000
r.p.m I CEEELIHEL, ZOwEE R
L7z 0.15M NaCl-0.02M Tris (pH 7.4) ¥¥g&
20 ml 2Nz CHRSCHEERE, KERE (2~ 4£C)
6O EME L 21Tk o7z, 25w,
DY E 10,000 r. p. m. TR AEEE TR
wzo FES HClL izt pH20 kL, 37Co
TEIE KGR 1043 R mE#, NaOH cHIEIR S
¥ Uk b Ok = v AaRBERBEKRE L
fo. g B b RO T EE TRk = v Rk
FEHHREEZ.

' I. = B B #&

A. MR % = VAR (intrinsic system iz &
% % = VHERR)

"I

200

Ag-Ab Complexes
1001

Control

Rat Uterus Contracting Activity

0 10 20 30 min.

Incubation Time

Fig. 1. Kinin formaton in human intact plasma
incubated at 37°C with antigen—-antibody precipitate.
(a) Ag-Ab precipitate : Activity was measured
on a mixture of 0.8 ml human intact plasma, 0.1
ml antigen-antibody precipitate suspended in
saline, and 0.1 ml of 5 x10"2M EDTA solution.
(b) Control : Activity was measured on a mixture
of 0.8 ml human intact plasma, 0.1 ml saline, and
0.1ml of 5 x1072M EDTA.

L B - AEARIC X 2RBRENX =
VERIE D AR '
WA T AT I v MR L IIAT VTR
v X DIERR LTcHR « i A R & oI mED
Uic A AEK 0.2ml KRB L, 2o 0.1ml
|z citrate $2if1C% 7z & h-intact plasma 0.8 ml
¥z, &bic, b h-plasma PlFEh s ¥
= VIEERRETH B X =7 — OO EIEH T 5
iy, 50mM EDTA 0.1ml %0z X < i##:
L7tg, 2o 01ml % L YHIL, SHEAIGE
BEHEEL, &Y ORARIEDIC 37°C OfF
EAERCIMEL, £0%, 2, 5, 9, 12,
15, 20, 304 Esgic s Fh 01lml & &
HL, FEIGEEDREOEEERE L. D
W, Fig.l @R ed, MEB24X0 X
= VREMVER E R S h, 12851035 R
BlcELEL. 7B, XL LT HE - bkl
Ltk b Yz 1.25%0IE 7 A7 2 v 0.1ml
PNz icBe, ¥, ABMNEHEAKEmMZ
AT, = VB OERIX P o,
LHL, Hif#z 01ml iz 7EacE, &
b= vEPED £ ik & Rie (12414
i 10ng/ml PLF). 72 (Fig. 1 IZidRL T
meR), U <mEY X & v < fiE X
VYRR LIcHiR » EEREARIC L 2 % = Vi
BOERL, Y, b b-intact plasma k
incubate %%, ¥4 L T X=viEWEEAERL

2. TEIKEEYE OEER
a Jy FFEMNFH & e bath o
iz, e AZ I VB, BBV 7= F73
VEKKEE T 107 M/ml Nz 7o B3 E
DEHIZET Lind o 7z
b. FEkHitr b= 4E BOL &%
KYEEE 1077 M/ml ¥RHN L 72 03 F B IR &
BEERZT R Pol. . ,
c. Bifg7 bw BV RHERIEE10°g/ml
Iz 7 B IUHEE B ORI R B A b -
Iz,
d. [GEMESE I, 100°C 4 43R o sk
TREREE Kb i - .
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e. 0.15M NaCl-0.02 M tris buffer solu-
tion (pH7.4) 1ot LCHET TR &, s
BT L.

f. IR E R+ % chymotrypsingd
PR WEMEZEA, chymotrypsin # #RiR
B 0.1mg/ml ¥ L, 37°C, 1543RMEIRAKME
IR, TEINMERERE T 2 &, biX
R, EHREbDR TV, ZOERIX, ERS
hic FEIFEWEY X = Ak, peptides Th
5ZL&RLTS.

3. iR - FIAEAEROBRIE(LD* =
BRIk 28 (Fig. 2).

10ml OFIFA T VT I v FFMmiEL, 1
ml ? 1.25% JRET7T VT I VBRIBEORGE Y 2
W « AEA R EBENEEKE N2 <&
B% 05ml & Lic. ZOBREBIKEEZERCHER
L7z,

t b -intact plasma 0.7 ml iz, HiJE « HiEE
44 02ml, X5iz, 50mM EDTA 0.1ml %
nxz, *=VvigMBEOLERE R, Fig. 2 0%
BT L L, HUR - FIEEAEHORER 2 5
DL, F=VEWEDL, BWhie, ¥i0%
{HERE .

D EDER»S, FUK - FiAEEFZT e b-
intact plasma [ZfE L T ¥ = VBEWE % £K
T5ZEWRENH, BEEE, Enkdix
mechanism ©% = VB L ERTH0 LD
BN 5.

ZZTEY, BRBEENLI = Vv EAER LS
BPERBETSERNTROERETR 5T

A HHBVEWE t-AMCHA ozh%

b h-intact plasma 0.7 ml [} « HFiiEES
EokRE 0.1ml, &5k 100'M AMCHA
0.1ml, 50mM EDTA 0.1ml %nz, £%1
RO 5 T TEIEEMEEROFEL
BR#FEL. 2 0ER Fig 3 wxrdm<,
AMCHA Ut B AR EIF 3 2 2R
B, LA, MEEH XD L ERBEEIS,H>
Tz,

5. BV svAYy, Hib Y SV VR
Trasylol D75

2
EN

150
2 Volumes of Ag.-Ab. Complex

8

1 volume
. of Ag-Ab.Complex

¢4
(=]

Q

Rat Uterus Contracting Activity

[+) 10 20 30 min

Incubation Time

Fig. 2. Kinin formation in human intact plasma
incubated with different amounts. of the same
antigen-antibody precipitate. «—+—- Mixture : 0.7
ml human intact plasma, 0.2 ml antigen-antibody
precipitate and 0.1ml 5 x1072M EDTA. ¢-20-ei0
Mixture : 0.7 ml human intact plasma, 0.1 ml an-
tigen—antibody precipitate, 0.1ml 5 x 1072M EDTA
and 0.1 ml physiological saline.
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Fig. 3.  Inhibitory effect of t~-AMCHA and
Trasylol on the kinin—forming activity of antigen—
antibody precipitate. In these experiments 0.7 ml
of human intact plasma was incubated with 0.1
ml 5 x102M EDTA, 0.1 ml physiological saline
and 0.1lml of 102M t-AMCHA or 0.1ml of
Trasylo!l (final concentration, 10 u or 100 u/ml).

t h-intact plasma 0.7 ml [z HLJE » FLEE S
AEEE Y% 0.1ml, 50 mM EDTAWE 0.1ml &
5z 100u/ml F72i% 1000 u/ml Trasylol 0.1
ml 2z, FENMHEWEERICHT 5 ZEE
BRLEL., 20RE, Fig. 3 R+ 2 & <,
Trasylol O#&FREE 100u/ml <X, [UEHE
keI L.

4, SOEBRERIY, HUK - iEBEAKIC
X% % = VERIBEARICE, HREER BRI
{, BB Y 7 vA VHBEELTYD Z LR
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m®Ehiz.
Wiz, R « FiEe R X DV EEEah
EBFEBRT 2 B TKROER T - 2.
6. B Uizt -plasma icBiF 5 F =

2 RRIPE D HERR

65°C iz T1543[HsiLEE | 7z plasma 0.8 ml iz
HE « FLEEESAREYR 0.1 ml, 50 mM EDTA
¥ 0.1ml %#jnx, 37°C oEEAMES i ik
L, #&rspgic 0.1ml 2329 W U, FEIEE
MHERRE Lz, ZoOfESE Fig 4 © B 5
T, F=VEWEO ERE HAbhiEbo
ic.

Wiz, HE « HFiiEE 44 0.2ml iz v | -intact
plasma 1.6 ml, AEEA 0.2ml # Il 2,
- 37°C 1043 MtERKIE B cImE L, 2 D% 3,000
r. p. m. ClOGRURIBEER OO Z TRV, PR,
PRESEE L VL, S5ml ORHAERENA
ki T 3 R, PR - FUEE A RRETR
D&EEY 0.2ml (25 X 5 icABREK
Ezle. TOXH A LHR « FilEkES
& 0.1ml [z B A% 0.8 ml, 50 mM EDTA
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Fig. 4. Kinin formation in heated human plasma

incubated with antigen-antibody precipitate or
coated (absorbed) antigen-antibody precipitate.o-«-o
--vo Mixture : 0.8 ml of human plasma heated at
65°C for 15 min, 0.1 ml antigen—antibody precipi-
tate and 0.1ml of 5 x102M EDTA. o—o—o
Mixture : 0.8 ml of heated human plasma, 0.1 ml
of 5 x1072M EDTA and 0.1 ml of antigen-anti-
body precipitate pretreated with intact human
plasma at 37°C for 10 min.

0.1ml Znx % = VERWEERE #R5E L. Fig.

4 DEBIZHDNBIL, INEH205L D ¥ =
VB RERSNTE . ZOEERDL, b
|k —intact plasma HOHR « FUEBEEEIT LD
EHEbE AR, HF - fifES R, B
2o 3PELERETHIL, BIU6C, 15
SEOBMBE CHESh AMEEETHZ LN
mENTz.

B. 7774 5%V — ¥ gy JEERBT S
R % = v A REESR DEE)

L EgEfEErEY FOBE

BRET7T AT I UCREBIRME L EVEY B
2, BRRIEX V148 BT, 1.25% SRE T T
T05ml ZOBE VA L., BREREEK
FHB IV ENE Y MEE, FPRIEE £5
CIERREEORIED &, TV AREI L, 3
OISR Uiz, 20k 5 a7
TATHFY— e Vay I ERBILELEVEY b
B4, B oK, BIRE L il e BiEE
HL, #h2hofifk lg XV F=ViRWEAE
REESR R Lz,

ENMEY MAREY2EE (=/—F v
&8) 0.25 mliz, ffif% EXERIY x2kx
= VISR A REEREA 2ml 2Nz, 3TCO
B ChE L, A 04ml 22D
HiL, bioassay iz & ¥ % = VRIVETEME & HIE
Lic. 73, HERCE, i 2% 3 VAR
Y7z ve RT3 v R EREET 107 g/ml #i
+u k=8 BOL #ikskEE<T 1077g/ml
Mziz. = o %R, Fig 5 wwrymd, 77
T4 TFRYV— e VaylERBILEENVEY b
Bk D LA, IMERRR X Y 2040
¥ o VIRBOERE R L e 2, RREE, T
Ebhb, RABTVE Y MCHREOBEZES L
TEBA, Bk, BEBRMEENVE Y MCEER
BEKEEA LR 3 A 10 &, IMR405%RID
BOX = VEMEOERER LICICTE R b
7z,

—F, TF745%v—evavrERIL
TENVE Y NEEOBIRD X = VRRYE A REER
MO EE R, 200K VBV =Y
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HERIEME R LIS, SHREETIE, &4x=v
EREA LR P 0T, ,
i, BROMRE T = VIR B EREERIC X
VAU FEIRESE R, ERBEE 01mg/
ml ® chymotrypsim & 37°C iz TI5AEINE
T 5 Lt OVEGIIERER 2. ZORBR
X, IHEMEME S % = VEE D peptides T B
ZLrEHELPIZLTYS.
2. ZHREENVE Y FOBRE

HIRE T AT vy XM 1.0ml 220
Ty POBELGERCEAL, 24BR%BICAE
R AEARICYME Ui L25%IFET V7 3 v
05ml ML VAL, TF74T7FY—
Yav 7 eERSE, BERRES oRICER
BEELEENVE Y FORBREME L, kX
= ViR AR R 2 .

ZORHYE 0.25ml iz, ENEy FIEXDY
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Fig. 5. Kinin—forming activity of guinea-pig

lung extracts incubated with kininogen preparation
at 37°C. Solid line indicates kinin—forming activity
in the case of Jung extracts obtained from guinea
pigs suffering from active anaphylactic shock.
Broken line ‘indicates kinin—forming activity both
in the case of lung extracts obtained from sen-
sitized guinea pigs injected with saline only, and
“in the case of lung extracts obtained from non-
sensitized guinea pigs injected with antigen.

2 7EE 2ml ik 37°C ofER A P i
incubate Li7z. JNig 4%, 04y, 304, 6043%%
iz 04ml Sopr WHIL, x=VEWEERE
BFE L. B, HEBHL LT, ZBREENV
v Mo, AHEHREK 05ml 200X Y E
ALs, ¥, £EHRE/AK 10ml 2
Rz A L24RsfE#ic 1.25%98a 7 v 7 X v
0.5ml #.ORICEA LEAE, JSRIREBIEZE
VEy PIELERETh o, ZORER, Fig
6 DEMCTFTML, TF74 7%V — V3
v 78, REELELAERLT, INERR
#I0FITT X = VAEREREERTOATH -
7. o
V. & =

DEOERETF 74TV — eV ayID
BEFNERLEL, FORELY, TF747
FY— oV gy I DEOF = VERIZOVTE
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Fig. 6. Kinin—forming activity of lung extracts

obtained from guinea pigs suffering from active or
passive anahylactic shock. 0.25ml of kininogen
preparation and 2.0 ml lung extracts were incuba-
ted together at 37°C. Left side o-—o-—o: Lung ex-
tracts of guinea pigs suffering from active anaphy-
lactic shock. o-:-o---0 : Lung extracts of actively
sensitized guinea pigs injected with saline only,
‘or of non-sensitized guinea pigs injected with
antigen. Right side o—o—o: Lung extracts of the
guinea pigs suffering from passive anaphylactic
shock. o---0---0 Lung extracts of passi\Vely sen-
sitized guinea pigs injected with saline only, or of
-non-sensitized guinea pigs injected with antigen.
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Interhem|spherlc interaction between two hemispheres
of optic tectum in goldflsh

Eiichi IWAI and Susumu SAITO *

Department of Physiology, Fukushima Medical College, Fukushima

The optic nerve from each eye in goldfish
projects to the contralateral optic tectum with
a complete decussation, and there is a well-
developed commissure system between the two
halves of the optic tectum?. Our recent be-
havioral findings? have suggested that the te-
ctal commissure system, by exchanging a kind
of message through it, concerns with the
mechanism for achieving unity of visual dis-
crimination performance from processes that
are represented independently in each tectal
hemisphere. On the other hand, many electro-
physiological studies in fish®)®) have . indicated
that no response is found in a given tectum
following stimulation of the ipsilateral eye or
optic nerve, or even direct stimulation of the
opposite optic tectum, suggesting that there is
a quite poor interhemispheric interaction in

fish. Therefore, an electrophysiological indica-

tion seems to have offered an opposition to
the view inferred from the behavioral and
anatomical evidences. The present experiment
attempts to reinvestigate the question raised
from the negative results in the previous
electrophysiological studies.

~ After initial anesthesia with 5 % urethane,
each fish was secured to immobilize in a
shaped metal holder by intramuscular injection
of succinylcholine chloride (0.4 mg/kg). A
small amount of water was continuously flowed
into the mouth through the course of the
~ experiment. The brain was exposed widely by
removing the skull. For recording evoked
responses, a monopolar stainless steel needle
electrode with a tip diameter of about 50~100x
was employed. The recording electrode was
set in the central part of the tectum, while
the indifferent electrode was inserted into the
vagal lobe. For electrical stimulation of the

* A, WE K RREERXEE_AHE
HYE
(Received for publication March 5, 1970)

optic disk, a concentric bipolar electrode was
used. A rectangular pulse of 0.1 msec in
duration with supramaximal stimulus intensity
was delivered from the electronic stimulator
via an isolating unit. »

The first study was to reinvestigate whether
or not any evoked potentjals to be particularly
noted could obtain in a given tectum following
an electrical stimulation of the ipsilateral optic
disk. As reported in the previous studies, in
fact, we also could find no evoked response
in the rather superficial parts of the tectum.
Whereas, a slow and small positive potential
with a longer latency was obtained in the deep
tectum, deeper more than about 500 ¢ below
the surface. It should be noted here that this
response was no longer found after transection
of the tectal commissure system.

On this basis, the next study attempted to
investigate the neural mechanism of interaction
between the tectal hemispheres. For this
purpose, the effect of a conditioning stimula-
tion (CS) of a given optic disk upon evoked
responses in the tectum ipsilateral to the CS
side which was induced by a test stimulation
(TS) of the opposite optic disk was determined.
Again, the evoked response configuration re-
corded in the more superficial areas was not
modified by the preceding CS of the ipsilateral
optic disk or even of the opposite tectum.
Whereas, the evoked response in the deeper
tectum was significantly modified. The respo-
nse pattern obtained in the deeper tectum
was different from that in the more superficial
portions. The former consisted of at least two
dissociable components (unpublished ;refer to
Fig. 1, left set-A);the first major positive
potential was the same in its nature that
obtained in the more superficial tectum, al-
though its polarity being reversed®®, while
the following one or two small positive poten-
tials were characteristic of the deep tectum.
CS did give a conspicuous effect upon only
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Fig. 1. Left set: Effect of a conditioning stimulation (CS) upon evoked response in deep
tectum. A: Control response by a test stimulation (TS) alone of optic disk contralateral
to recording side. Arrow, for TS. B: Response by a pair of CS-TS method, CS of optic
disk ipsilateral to recording side was given 100 msec prior to TS, Arrow, for TS. Recording
site, at depth of about 700 ¢ below surface. Positivity, upward. Calibrations, 30 msec and
300 V. Right set : Time course of effect of CS upon evoked response in deep tectum. Ordinate
gives augmentation in per cent of potential-amplitude of evoked response by a pair of
CS-TS method. Abscissa denotes time-interval in msec between CS and TS. Open and
solid circles refer to the first major positive component and the following small positive
component in question, respectively. Recording site was at depth of about 700 ¢ below

surface.

these small potentials by augmenting the
amplitude of the potentials, whereas the first
component of the major positive potential was
unaffected by CS (Fig. 1, left set-B). Further-
more, as seen in the right set of the figure,
CSs delivered during the period ranging from
about 50-300 msec prior to TS were illustrio~
usly effective. This finding was no longer
obtained after transecting the commissure
system. Probably, in the tectum of goldfish
there are multineural pathways, involving
axodendritic synapses, between the cells which
refer to the late small component in question
and those which receive volleys through the
commissure. However, it still appears to be too

early to discuss its physiological significance.
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Diphasic end-plate current recorded on the
glycerol treated muscle fiber

Tak»ashiA MAENO and Saburo HASHIMURA *
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Albany, N. Y. 12203, U. S. A. and Department of Physiology, Faculty of
Medicine, Kagoshima University, Kagoshima 892, Japan

A characteristic hump appears in the end-
plate potential (EPP) after application of pro-
caine by which the EPP can be divided into
two phases® ; the initial spike-like potential
which decays faster than the normal EPP is
followed by a smaller phase of sustained
depolarization or plateau. The characteristics
of the procaine EPP have been further studied
by Maeno®. He suggested that the sodium
and potassium channels in the end-plate mem-
brane were independent, and that the procaine
effect on the EPP was most easily explained
by assuming a specific effect on the sodium
conductance change caused by the transmitter
action. In fact, Gage & Armstrong® have
confirmed the above assumption with voltage-
clamp- technique.. .

Recently, Steinbach®) investigated effects of
lidocaine derivatives on the EPP and found
no evidence to support the existence of
separate sodium and potassium pathways in
the end-plate membrane. With voltage-clamp
experiments, furthermore, Kordas® came to the
conclcusion that ionic pathways in the post-
synaptic membrane consisted of single voltage-
dependent ionic channels. Apparently, Kordas’
view was based on the fact that he was unable
to record any appreciable diphasic end-plate
current (EPC) in his voltage—clamp experiments.
So, his conclusion would be invalidated if a
clear diphasic EPC were able to be presented.
This paper intends by providing with voltage-
clamp experiments on the glycerol treated
muscles an evidence for the existence of
diphasic EPC to justify the model of the end-
plate membrane with the separate ionic path-
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ways.

The materials used were nerve-muscle pre-
parations (M. sartorius) of the Japanese frog,
Rana nigromaculata, and the American frog,
R. pipiens. Immobilizing procedures of the
muscle fibers with 400mM glycerol Ringer
were the same to those reported already®.
To avoid implication of the EPC by excitation
of the muscle fiber, most of the experiments
were conducted on depolarized inexcitable fibers.
The fundamental arrangement of amplifiers
for the voltage-clamp experiment with micro-
electrodes was similar to that already adopted
by Takeuchi & Takeuchi®.

It has been shown already that the EPC
consisted largely of sodium and potassium
currents!®., As a result, the EPC recorded at
the equilibrium potential for potassium ions
(Ex, tentatively assumed to be —90 mV) should
consist entirely of sodium current (4ly,), and
its wave form should reflect that of the
increase in sodium conductance during neuro-
muscular transmission (4Gy,). Similarly, the
EPC obtained at the equilibrium potential for
sodium ions (Ey., tentatively assumed to be
30 mV) should be carried solely by potassium
current (4Ix), and its time course should be
equal to that of the potassium conductance
change during end-plate activity (4Gg).

_The control EPC recorded at Eg, or the
control Aly,, reached its peak in about 0.7
msec and diminished exponentially with a time
constant of about 2.3msec (Fig. 1 A). As
already pointed out by Gage & Armstrong®),
the time course of control EPC obtained at
Ena., that is the control 4lx, was relatively
fast. The rise time and the time constant of
decay of control 4Ix were about 0.6 and 0.8
msec, respectively (Fig. 1 C). The reversal
potential (E;) of control EPC in glycerol
treated fiber was found to be about 0 mV.
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Fig. 1. EPCs recorded on glycerol treated

. muscles at three different levels of the membrane
potential. A-C, control EPCs (R. pipiens) ; D-F,

- procaine EPCs (R. nigromaculata). EPCs were
obtained at Ex (—90 mV, A and D), slightly

~above E; (B and E), and Exa (30 mV, C and F).
Time scale, 2.7 msec for A-C, and 2 msec for
D-F. Current calibration, 1.4x 1077 A for A and
C, 5 x107® A for D-F, and 2.7x107% A for B.
Note on diphasic EPC in B and E.

As shown in Fig. 1 B, a diphasic EPC can be
recorded at around E.. Usually, this diphasic
EPC was small in amplitude and was barely
distinguishable from noise. Such small diphasic
EPC might be attributed to a small contribution
of potassium current on the EPC in the
glycerol treated preparations. From calculation
of 4Gy,/4Gy ratio, it was suggested that the
control 4G in the EPC of the glycerol
treated muscle fiber could probably be about
439, of that of the intact muscle.

It has been shown that the wave form of
EPC was markedly altered after an addition
of procaine in the bathimg solution®. As
presented in Fig. 1 D, the procaine EPC
obtained at Eg, or the procaine 4ly,, consisted
of two phases; the initial fast phase (rise
time about 0.5msec, time constant of decay
about 0.4 msec) was followed by the secondary
slow phase (maximal amplitude about 129, of
the fast phase, time constant of decay about
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15msec). On the other hand, the procaine
Alg, that is the procaine EPC recorded at Ey,,
consisted of single component (Fig. 1 F); the
procaine Alx reached the peak in 0.6 msec
and decayed exponentially with a time constant
of 2.1 msec. The E, of the procaine EPC
was estimated to be about —6 mV. As was the
case in control EPC, an "apparent diphasic
procaine EPC was able to be recorded at
around E, (Fig. 1 E).

Thus, in spite of strong denial by Kordas®
diphasic EPCs were obtainable on the glycerol
treated muscles. Furthermore, a prolongation
of the end-plate conductance change in procaine
solution could be confirmed even at reversed
membrane potential where no long-lasting
procaine EPC was able to be recorded?. These
facts obviously support the end-plate model
with separate and independent sodium and
potassium channels first proposed by Maeno®.

This research was supported in part by U. S.
Public Health Serivce Grant NB-07681, and by the

‘research grant from the Japanese Ministry of

Education.
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The change in polarity of the T wave by controlling
the movement of the heart

Susumu KATO and Takehiko TOTUKA*

Department of Physiology, Nippon Medical School, Tokyo

In an electrocardiogram the action potential
of the herart muscle produced in the volume
conductor is recorded as the potential difference
between the two lead electrodes on its surface.
Because the electrocardiogram results from
depolarization and repolarization cycle in cardiac
muscle, the integral of the curve during one
‘cardiac cycle is considered to be zero. The
QRS complex can be considered to results
from depolarization and T wave, from repola-
rization. Therefore, the QRS complex and the
following T wave have equal area and opposite
direction and so the algebraic addition of them
must be null, assuming that the curves produced
by the action potential of each segment of the
heart resemble each other, neglecting the shift
of heart. In many cases of the electrocardio-
gram the QRS complex and the T wave are
in the same direction, and the time integral of
the curves is not zero, even if in the case that
they are in the opposite direction.

One of the authorsD showed the maps of
possible propagating patterns of the excitation
wave which were obtained from- calculation
on the basis of the hypothesis that the time lapse
in the propagating process of the excitation
wave in each segment of the ventricular wall
would change when the heart is transformed
or rotated during contraction, and suggested
that the direction of T wave could be reversed
under the transformation. The contraction of
heart muscle does not yet occur in the phase
of QRS complex, but the transformation of the
ventricular wall can not be neglected. The
“heart moves as a whole in consequence of its
contraction, and shifts to a new position in the
phase of the T wave from the position in QRS
complex. Therefore, the volume conductor effect
for the formation of QRS is different from
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that for T wave. The present experiment was
planned to elucidate this difference.

The isolated heart of the toad was perfused
by Ringer's solution through its vein under the
constant pressure by means of Mariotte’s bottle
and the stroke liquid was overflowed from the
artery into the receptacle. The receptacle
cylinder in which the toad heart was hanged
and Ringer's solution was filled, measured 4 cm
in diameter and 9cm in height. The four
electrodes were prepared at the point of the
apices of the regular tetrahedron inscribed in
the inside of the cylinder. The heart was
suspended in the middle of this cylinder, and -
the electrical potential in the vertical axis was
led from both midpoints of the superior and
inferior pairs of electrodes as shown in Fig. 1.

"Each connecting resistance was 1.0 MQ and all

electrodes were placed at some distance from
the cylinder wall in oder to reduce the border-
ing effect. :

When the heart was suspended vertically in
the middle of this electrodes assembly, both
the R spike and T wave appeared as up-
ward deflections as shown in Fig. 2A 1 and
2B 1. Fig. 2A 2 ~ 4 show the electrocardio-
grams when the movement was controlled by
loading the weights of 0.2~0.5g in the in-
creasing order at the apex of the heart, and
in Fig. 2A 5 the load was removed again.
Usually the heart stood sideways on account of
its buoyancy when the weight was not provided,
but it turned some what lengthways on loading.
The periodic liftings of weight caused by
contraction were observed in these conditions
even under the heaviest weight. It is evident
that the amplitude of R spike increases with
shifting of the heart axis from horizontal to
vertical, but it is remarkable that the direction
of T wave is reversed and the amplitude of it
augments in proportion to the load (Fig. 2 A).

In the cases of Fig. 2 B the heart was hooked
by a gaff with a silk thread and stretched
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Fig. 1.  The four electrodes are put on the
apices of the regular tetrahedron inscribed on the
inside of a cylinder. The heart examined is
suspended in the middle of the tetrahedron.
Superior and inferior pairs of electrodes are con-
nected with two 1.0 MQ resistors respectively.
Output potential is led from both midpoints.

downwards in order to suppress the movement.
Fig. 2B 1 obtained from the free movable
heart, and Fig. 2B 2 ~ 4 are from the stret-
ched heart in a stepwise manner. In Fig. 2B
4 the venticle and the atrium are pulled so
strong that they scarccly shorten. The T wave
is observed to decrease in height and then to
turn its direction downwards with increasing
strength of stretch in spite of the inconsidera-
ble change in the R spike. In Fig. 2B 5, the
small downward T wave is still observed
although the stretch is released, probably
because the ventricle is not in a good condition
in consequence of the injury produced at the
gaff on stretching, Therefore, if there is no
injury, the T wave would be in the same
direction with R spike.

From above results it is concluded that the
displacement of the ventricle to the detective
electrodes influences the shapes of the QRS
complex and the T wave which correspond not
only to the depolarisation and repolarization in
cardiac muscle but also to its transformation.
This conclusion throws some question to the
explanation led by Wilson et al.2) that the
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Fig. 2A. A1 and A5, the controls; A 2~A 4,
the heart is loaded by the weght of 0.2~0.5¢g on
the apex in the increasing order. The change in
ORS complex may be due to the rotation of the
heart axis, but the reversal of T wave can not
be explained solely by the change in the axis.
B. B1 and B5, the controls ; B2~B 4, the heart
is stretched lengthways, stronger with increasing
number. The direction of the T wave is reversed
by the stretch.

direction of T wave depends only on the ventri-
cular gradient.
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1. Sensitivity and Spontaneous Activity in the Cat’s Retina. H. B. BARLOW
(Dept. of Physiol.—Anat., Univ. of California, Berkeley, California)

Over the last few years Levick, Yoon, and I
have been concerned with the quantitative rela-
tion between the luminance of the visual stimulus
and the nature of the responses passing up the
optic nerve fibres. The eye is extremely sensitive,
and we have tried to determine the limiting
factors under various conditions.

If one looks at these responses as signals
superimposed upon noise, one can split the pro-
blem into three aspects :

1. The relation between the number of
quanta absorbed and the number of impulses
resulting the quantum/spike ratio ; this is equi-
valent to the attenuation of an electronic system.

2. The duration of the response : if a sti-
mulus is very brief the response is longer than
the stimulus, but if the stimulus is sustained the
response is briefer than the stimulus ; these
characteristics are equivalent to the frequency
response of an electronic system.

3. The maintained discharge, which con-
stitutes the noise ; the characteristic that limits
sensitivity is its irregularity, best measured by
the standard deviation of the number of impulses
occuring in an interval of time equal to the
duration of the response that is to be detected.

Maintained Discharge. In principle this is the
simplest of the three factors since the parameters
of the stimulus are not involved ; in equilibrium,
adaptation level is the only parameter. However
equilibrium is only reached slowly and the
maintained discharge is changed for a long time
by light adaptation ; it is easily affected by drugs,
retinal damage, or deterioration of the prepara-
tion, and we think it may be unstable even
under the best conditions. These difficulties are
reflected in the varied reports in the literature,
but Levick and I found some consistent results.
At very low adaptation levels on-centre units
consistently show an increase of the mean rate of

the maintained discharge with increase of ad-

aptation level, but over a range at a higher lumi-
nance level this relationship is usually reversed.
Off-centre units showed a decrease with increase
of adaptation level, but this change was less
consistent and smaller. There is a rare type of
ganglion cell (“luminance unit”) that shows large
and consistent changes with luminance level, but
these have been incompletely studied because of
their rarity.

The irregularity (S.D. of pulse number dis-
tribution) varies considerably less than the mean
rate. Thus the number of extra impulses required
for a detectable response changes rather little
with adaptation level in most units.

Origin of the maintained discharge. The main
question is how early the maintained discharge
originates in the sequence of events from quan-
tum absorption to nerve impulse. Our results fit
the hypothesis that in darkness it is caused by
some source of disturbance operating very much
like a uniform light source (“dark light”) con-
tinuing to illuminate the receptors. At moderate
adaptation levels quantum fluctuations of the
background light may account for the irre-
gularity.

Quantum/spike ratio. This is the factor that
changes most when the level of an adapting
light is changed, and also during the course of
dark adaptation following intense illumination.
The relationship with adaptation level is nearly
linear if large, long duration, stimuli are used,
and this change underlies Weber’s Law. How-
ever with small, brief, stimuli the quantum/spike
ratio increases much less rapidly than the ad-
aptation level, increasing approximately as the
square root of adapting luminance. This probably
underlies the constancy of the irregularity of the
maintained discharge, and is clearly important
in giving the system good performance on high
spatial and temporal frequencies in light adapta-

tion.
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Lowest quantum/spike ratios and thresholds.
The most sensitive units have a quantum/spike
ratio of 10 (i. e. on averge 10 quanta at the
cornea cause 1 extra impulse). Studies of the
variability of the response of less sensitive units
also suggest that at least 10% of the incident
quanta are effective.

We think these studies show that lateral

inhibition does more than accentuate contours :
by providing a second signal analogous to the
second input of a differential amplifier it enables
the system to maintain a high gain for high
spatial frequencies even in the presence of a
high ongoing signal. Presumably self-inhibition

confers a similar benefit in the time domain.

2. Phyletic Studies of Visual Discrimination. L. T. DIAMOND (Dept. of Psy-

chol., Duke Univ., Durham, North Carolina)

We have used the structure-function method
to study vision at the organ level. Our approach
can be contrasted on the one side with the search
at the cellular level for physiological mechanisms
common to all vertebrates, and on the other side
by the attempt to define visual capacities required
by a species—specific ecological niche. The first
step in our inquiry was to arrive at some under-
standing of the structural and functional organiza-
tion of the visual system in the common ancestor
of mammals insofar as this is possible by study
of present living species. Once the mammalian
prototype was approximated we have attempted
to determine divergences and convergences in
the various lines of descent. The hedgehog has
been selected as an example of a prototypical
species, and the squirrel and the tree shrew were
chosen as examples of more advanced species
because they occupy similar semi-arboreal niches,
and as a result they both have considerably
elaborated visual systems. In all three species
we have tried to define visual cortical areas by
architectonic methods, by mapping the retina on
the cortex with electrophysiological techniques,
and by the organization of thalamic projections.
Our long run goal is to establish the functional
significance of subdivisions established by anato-
mical criteria.

In the hedgehog two visual cortical areas were
identified by architecture, area 17 or the striate
area and an adjacent belt. In addition to the

usual cytoarchitectonic characteristics of area 17,

we found the population of myelinated fibers is
dense in area 17 and sparse in the belt. This
subdivision corresponds precisely with boundaries
determined by microelectrode recording experi-
ments, so area 17 can be equated to V | and the
belt can be equated to V ] . There are also two
visual relay nuclei in the thalamus, the lateral
geniculate and the pulvinar nuclei ; the pattern
of the projections from the thalamus to V | and
V 1 can be distinguished, but there is a considera-
ble overlap in the terminations of geniculate and
pulvinar fibers. Both visual areas were found to
contribute to visual discrimination in the hedge-
hog, and thir contribution can be distinguished.

There are more than two visual areas in both
the tree shrew and the squirrel, and these visual
areas are intercalated between V [ and the au-
ditory cortex. Insofar as these additional areas are
similar we can conclude that convergent evolution
has taken place——a conclusion with far reaching
significance for understanding the evolution of
behavior and intelligence. In both more advanced
species the correspondence between the boun-
daries determined by several criteria for sub-
division is striking. For example, in the squirre}
V 11 has been identified and has been found to
correspond with area 19. The lateral geniculate
projections in both the tree shrew and squirrek
are confnedto V [,s0 V [ and V [[ must de-
pend, for their topographic organization, on some:
pathway other than the lateral geniculate. The

differences between the cat, on the one hand,



and the tree shrew and squirrel, on the other
hand, are apparent since the lateral geniculate
has a widespread projection in the cat. Beha-
vioral evidence from the ablation method indicates
that the various subdivisions in the tree shrew

and squirrel have functional significance. Neither
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species is blind as a result of removal of area
17 but both show serious disturbances in per-
ception after such an ablation. Removal of
extrastriate visual cortical areas uncovers a num-

ber of intriguing behavioral symptoms.

3. Interaction of Visual and Nonvisual Effects in Lateral Geniculate Nucleus
and Area Striata in Primates. R. W, DOTY (Center for Brain Research, Univ. of

Rochester, Rochester, New York)

With normal macaques or squirrel monkeys
sitting unanesthetized in total darkness, large and
sudden changes can be seen in the electrical
excitability of the central visual system.

Electrodes in the optic radiation can monitor
the monosynaptic output of the lateral geniculate
nucleus (LGN) to single pulses applied to optic
tract and distinguish between magno- and parvo-
cellular elements. Conduction in optic tract and
radiation is considerably faster for the magno-
cellular system, but time to full recovery to
respond to a second pulse is longer than for the
parvocellular group (12 msec vs. 8 msec). When
the animal dozes or is inattentive (or is anesthe-
tized) transmission through the LGN very nearly
ceases. Stimulating the optic tract at 30/sec, the
postsynaptic response in the radiation can be
seen to fluctuate several fold from one pulse to
the next. In such variation the magno- and
parvocellular systems seem to change in parallel.

Stimulating the optic radiation and recording
the seriese of postsynaptic responses in area
striata, it can be seen that cortical and geniculate
excitability are inversely related, e. g., when the
animal is dozing, transmission through the LGN
is “shut off”, whereas the response of area striata
increases several fold. The response at several
cortical loci can vary independently, suggesting
the existence of some “scanning” mechanism.

With anesthetized squirrel monkeys control
over transmission through the LGN can be

effected by trains of 1-6 0.1 msec electrical pulses

applied to the mesencephalic reticular formation.
The effect shows considerable variation from one
individual to another, probably reflecting different
states of the preparations, location of electrodes,
etc., but still might also possibly reflect true
individual differences. The ‘“typical” effect is
presynaptic inhibition from 8 ~30 msec, followed.
immediately by a powerful facilitation peaking
about 80 msec and lasting usually more than 200
msec. The effect is not altered by removal of
the eyes or striate cortex. The inhibition is not:
present in unanesthetized animals. The pathway
from the mesencephalon to the LGN seems to
be diffuse. The effect can be produced by sti-
mulation of the superior colliculus or other loci,
but the threshold is double or more what it is.
from the reticular formation. The mesencephalic
stimulation has no apparént direct effect on
excitability of area striata as measured by sti-
mulation of the optic radiation. However, res-
ponses can sometimes be evoked in area striata.
by mesencephalic stimuli. The facilitatory effect
on LGN transmission is clearly seen for responses.
to photic stimuli as well as with stimulation of
the optic tract.

The significance of these effects is not clear.
They are sufficiently powerful and focussed at
the LGN that it seems likely one of the major
functions of this nucleus is to provide for these
“gating” influences. Analysis of single units in
area striata of painlessly immobilized squirrel

monkeys, undertaken in this laboratory by John
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Bartlett, suggest that a separate population exists
there which is rather directly driven by stimuli
applied to the mesencephalic reticular formation.
Such cells are less likely to respond to various
types of visual stimulation than are those of the
general population in area striata. However,
among those cells which show no direct response

to mesencephalic stimulation, about half are

nevertheless influenced by the latter in their

response to appropriate visual input. The pre-
dominant effect is facilitatory so that, for instance,
units will fire more spikes to the transit of a
moving line if the movement is immediately
preceded by six pulses applied to the reticular
formation at 300/sec. This creates serious ambi-
guity in the significance of discharge of these
units since the same number of spikes may occur
for movement in a “preferred” direction or with
a “preferred” color as with a “nonpreferred”
direction or color when the presentation is pre-
ceded by mesencephalic stimulation.

Hisatoshi Sakakura has demonstrated that a
50 msec “spike” occurs in area striata of macaques
or squirrel monkeys 80 msec after movement of

the eyes. This is revealed in animals in which

area striata has become hyperexcitable following
deafferentation by section of the optic tract on
one side, or section of both optic nerves. With
intact animals it is very difficult to identify
anything corresponding to these “eye movement
spikes”, although they can be recorded in the
LGN. The EEG of the blind area striata in
primates is extremely abnormal. For the first
few postoperative days the record may be iso-
electric for 1sec or more, punctuated briefly by
the “eye movement spikes”. After a week or so
brief trains of high voltage, slow activity are
triggered by these spikes and gradually the
isoelectric intervals shorten. They are still pre-
sent, however, even after six months. The
response of area striata to stimulation of the
optic radiation is at first depressed, but over a
period of about 10days gradually inceases to
striking levels of hyperexcitability. It is thus
seen that the background activity and tonic
level of excitability of area striata is powerfully
controlled and maintained both by retinal input
and by some system associated with movement

of the eyes.

4. Organization of the Vertebrate Retina. J. E. DOWLING (The Wilmer
Ophthalmological Inst., The Johns Hopkins Univ. Sch. of Med., Baltimore, Maryland)

Recent studies by both light and electron
microscopy allow a detailed description of the
cellular interconnections in vertebrate retinas? ™%,
In the outer plexiform layer of all species so far
studied, receptors synaptically contact bipolar
dendrites and horizontal cell processes. In most
species studied, horizontal cell synapses onto
bipolar dendrites and other horizontal cell proc-
esses have been identified. Thus, in the outer
plexiform layer, receptors appear to drive both
the bipolar and horizontal cells, while the hori-
zontal cells provide a pathway for lateral inter-
action between distant receptors and bipolar ¢ell
dendrites.

In the inner plexiform layer, bipolar terminals

synaptically contact ganglion cell dendrites and
amacrine cell processes. Amacrine cell processes
make feed back synapses on bipolar cell terminals,
feed forward synapses on ganglion cell dendrites,
and lateral synapses on other amacrine processes.
The frequency of types of synaptic contacts
varies between species and can be correlated
with ganglion cell complexity®. In those species
with relative simple, center-surround, receptive
fields (primate, cat, rat) there is a low ratio of
amacrine to bipolar synapses, relatively few
amacrine-amacrine synapses, and a generally low
synaptic density. In those species with more
complex ganglion cell receptive fields (frog,

pigeon), there is a high ratio of amacrine to



bipolar synapses, abundant amacrine-amacrine
synapses and an overall high synaptic density.
It appears, there fore, that the amacrine cells play
a more important role in retinas showing com-
plex ganglion cell responses and suggests that
the amacrine cell is the neuron in the retina
most responsible for mediating complex responses

Intracellular recordings from the retinal neu-
rons of the mudpuppy retina support and extend
the understanding of retinal organization®. The
distal neurons in the retina respond to light
with slow, sustained, graded potentials. Receptors
hyperpolarize in response to direct illumination
of the recéptor ; surround illumination has no
-effect. Horizontal cells hyperpolarize to illumin-
‘ation over a wide area of the retina ; roughly
‘matching their dendritic spread. Bipolars respond
by depolarization or hyperpolarization to central
illumination. Surround illumination antagonizes
the central illumination response of the bipolars.
These data suggest that direct receptor-bipolar
synapses polarize the bipolar cell in one direction
while the horizontal-bipolar synaptic interaction
‘antagonizes this polarization. The horizontal cells
have a wider process spread than bipolars and
thus center-surround organization is established
in the bipolar neuron.

In the inner plexiform layer amacrine cells
respond by depolarizing transiently at on and
off of illumination. Ganglion cells of two types
are encountered. One type shows center-surround
organization and its receptive field resembles that
of the bipolar cell. The second -type responds
transiently to on and off and its activity resem-
bles the amacrine cell response. The: latter type
of ganglion cell often shows directional selective
responses to moving spots, similar to that shown
by complexly-organized ganglion cell units in
other species. These data suggest also that the
amacrine cell is involved in mediating complex
ganglion cell responses such a directional sensi-

tivity.
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Gross electrodes placed on either side of the
mudpuppy retina record the well known electro-
retinogram (ERG). Comparison of the ERG
waveforms with the intracellular responses show
that the leading edge of the a-wave is the
receptor response. The b-wave, however, corre-

lates poorly with all the intracellular neuronal

‘responses. Intracellular recordings from the

Miiller (glial) cells show depolarizations of the

‘Miiller cell in response to light flashes that in

terms of latency, wave form and intensity-response
relations resemble closely 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.
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5. Phasic and Tonic Discharges in the Cat Optic Nerve. Y. FUKADA and
H. SAITO (Research Gioup on Auditory and Visual "Information Processing, NHK

Broadcasting Science Research Laboratories, Tokyo)

Theé most commonly found receptive fields of
single optic nerve fibers in the cat have been
conventionally divided into either on-center or
off-center type. Two single units in the same
type of receptive field, however, do not always
show the same time course of discharge rate
in response to a longlasting stimulus applied
at the center of the receptive field. Some fibers
of the on-center ty];ie show transient responses
with bursts to the onset of a light spot. The
rate” of discharge quickly falls off with increasing
time, and settles to a low discharge rate which
is not different from that of the’spontaneous
discharge. For the other on-fibers, the transient
response is followed by a high maintained dis.
charge rate throughout the light stimulation lasting
50 sec. This also holds for off-center fibers in
the case of a dark spot.

On the basis of the above-mentioned differen-
ces in the time course of the response to the
right spot and to the dark spot, on-center and
off-center fields have been subdivided into two
types, Type I (phasic type) and Type II (tonic
type).

1. Type I responds briskly to the abrupt
change in the luminance of both a spot and
diffuse light, but does not continue to respond
to a stationary light stimulus. Type II hardly
responds to diffuse light, but continues to respond
to stationary spot stimulus. Type II changes its
response during repeated presentations of the
spot.

2. The conduction velocity of Type I-fibers
is faster, on the average, than that of Type II-
fibers.

3. The size of the receptive field center of
Type II is smaller than Type I, and Type II-
field has a stronger tendency to be Jocated cen-
trally in the visual field.

4. Average impulse frequency in Type I

increases, passes through a maximum, and final-

1y falls off, as the flicker frequency increases.

On the other hand, the average impulse frequen-
¢y in Type II remains almost unchanged over
a wide range of flicker frequency. In Type I,
the highest flicker frequency at which the unit
responds to individual flashes faithfully (CCF),
has a positive correlation with the conduction
velocity. CCF for Type II does not appear to
correlate with the conduction velocity. Some
Type Il-fibers change their responsiveness during
flicker stimulation, and often stop firing for
several hundred msec. In all Type I-fibers there
is a definite relation between CCF and maximum
impulse frequency, while in Type II the relation
between them is not clear. ‘

‘In- the second part of the present study an
analysis was made of the stimulus intensity—
response relations for on—center fibers.

1. Intensity-response relations for the “phasic”
‘component (0-500 msec after stimulus onset) :
The average discharge rate can be controlled
by varying the ratio of spot-to-background
luminance. If the background luminance is held
constant, the discharge rate for Type I increases
by about 80 impulses/sec for each log unit in-
crease in spot luminance, while the rate of. in-
crease for Type II is about twice that of Type
I (about 150 impulses/sec). For both types the
level of saturation is about 200 impulses/sec.

2. Intensity-response relations for the “tonic”
component (10-20 sec after stimulus onset) : For
Type I the discharge rate during this period of
time 'is low and irregular, so it is not regarded
as a response. For Type 1I the discharge rate
depends upon the spot-to-background luminance
ratio, and has a level of saturation of about 60
impulses/sec. Type II-fibers have a very regular

maintained discharge.
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6. Light and Electron Microscopical Observations on the Laminar Distribu-
tion of Axon Terminals in the Lateral Geniculate Nuclus. R. W. GUILLERY
(Anatomy Dept., Univ. of Wisconsin, Madison, Wisconsin)

In electron micrographs of the dorsal lateral
geniculate nucleus of the cat and monkey it is
possible to recognize four distinct types of axon
terminal. Two types contain round synaptic
vesicles (R axons) and two contain irregular and
flattened vesicles (F axons). One type of R axon
has relatively large terminals which contain
sparsely scattered vesicles and pale mitochondria
and these degenerate after removal of an eye
(RLP axons or optic nerve axons). The second
type of R axon has closely packed vesicles in
small terminals and contains darker mitochondria
(RSD axons). The origin of these is not certainly
established but they are probably corticogeni-
culate axons. The two types of F axon are
distinguishable from each other only because at
synaptic junctions between two F axons the
presynaptic component always has a darker ap-
pearance and more closely packed vesicles than
the postsynaptic component. The origin of the
F axons is not known. They may represent
intrageniculate axons.

In the cat the retinogeniculate axons form
about 20% of the total synaptic junctions in the
nucleus. They end.in relation to special grape-like
dendritic appendages. These appendages are
given off, close to their primary branching points,
by dendrites that generally do not cross Jaminar
borders. The RSD axons form about 45% of the
total synaptic junctions and end upon finer distal
dendritic segments. As can be determined, many
of these dendritic segments cross laminar borders
freely. The F axons end in relation to all parts
of the geniculate cell surface. About 8 % of the
synaptic junctions in the lateral geniculate nucleus

are axoaxonal. At these the postsynaptic com-

ponent is invariably an F axon. Any axon type

may form the presynaptic component, although

the RLP axons do so most commonly.

It has been found that in both the cat and
the monkey the RSD and F axons end through-
out the nucleus, with no respect for laminar
borders. That is, these axons form synapses
within the major laminae and also within the
interlaminar zones. The optic nerve axons, in
contrast, end within the major laminae only.
The retinal afferents, therefore, are organized so
that each lamina receives a pure monocular
retinogeniculate input. The RSD and F axons,
which have a distribution that reaches across
laminar borders would be capable of providing
a mechanism for binocular interactions.

The laminar distribution of the retinogeniculate
fibers that is demonstrated by electron microscopy
contradicts earlier light microscopical observations
based on the Nauta method, which appeared to
show a binocular overlap within the central
interlaminar nucleus of the cat. A reinvestigation
of the retinogeniculate degeneration with the
Nauta method has demonstrated that in the cat
two geniculate laminae receive axons from the
contralateral eye and two distinct laminae receive
from the homolategza] eye. The Nauta method
provides no clear evidence for any overlap of
retinogeniculate projections within the central
interlaminar nucleus. A new terminology will be
suggested for the laminae in the cat. This
recognizes two pairs of geniculate laminae in
receipt of retinogeniculate afferents and replaces
the classical trilaminar interpretation of geniculate

structure in the cat.
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1. Binocular Interaction in Monkey Visual Cortex. H. D. HUBEL (Laboratory
of Central Nervous Physiol., Dept. of Neurobiology, Harvard Med. Sch., Boston, Massa-

chuselts)

In the Macaque monkey we have examined
receptive fields of 300 cells in area 18, a topogra-
phically organized region anterior to the primary
visual cortex (area 17). Parallel anatomical studies
show that area 18 received ordered projections
from 17 on the same side. There is no evidence
that area 18 in the monkey receives an input
from the lateral geniculate body.

Half of the cells in area 18 respond well to
separate stimulation of the two eyes (groups 3,
4, and 5). They have receptive fields in corre-
sponding points in the two retinas, in this respect
resembling cells of area 17. No simple cells have
‘been found in area 18. Simultaneous stimulation
of the two eyes generally produces some summa-
tion, but the relative positioning of the stimuli
to the two retinas is not critical. -

Other cells in drea 18 have properties suggest-
ing an important role in stereoscopic depth
perception. These cells in some respects resemble
those described in the cat by Barlow, Blakemore
and Pettigrew (1967) and by Nikara, Bishop and
Pettigrew (1968). The commonest type of bi-
nocular depth cell gives no response or very weak

responses to stimulation of separate eyes. Simul-

taneous stimulation of the two eyes gives strong
responses, but the relative positioning of the
stimuli to the two retinas is very critical. Some
cells respond best when a line is swept over
corresponding. points in the two retinas ; others
respond only ‘when the two stimuli are displaced
in a direction perpendicular to the orientation of
the receptive fields. For vertically oriented fields
the displacement is thus purely horizontal ; for
oblique ‘fields there is a vertical component.
Relative ‘displacements of the two lines along a
direction parallel to the field orientation produces
only a gradual decline in response, so that for
disparate oblique fields an almost optimal re-
sponse is generally evoked when the displacement
is purely horizontal. These cells thus seem to be
specialized to respond to stimuli located in front
of or behind the plane of binocular fixation.
The relative numbers of stereoscopic depth
cells varies in different parts of area 18 ; in the
areas so far explored they are most abundant in
the annectant gyrus, corresponding to a region
5~10° from the fovea, just below the horizontal

meridian.

8. Neuronal Linkage in Cat Visual Cortex. M. ITO (Dept. of Physiol., Faculty

of Med., Univ. of Tokyo, Bunkyo-ku, Tokyo)

Intracellular recording using electric pulse stim-
ulation was performed on cat cerebral cortex by
the NHK group and yielded information about
the neuronal connections and synaptic transmission
in visual areas. An outline of the experiments
follows.

Cats were anaesthetized by Nembutal. Optic
chiasm, lateral geniculate body, optic radiation,
cerebral cortex, superior colliculus were stimulated
by applying brief current pulses through needle
electrodes. Microelectrodes were filled with 3 M

KC], 2M NaCl or 3M K citrate solution. For
the pupose of staining the recording site, the solu-
tion was saturated with Fast Green FCF.

The destination of axons projecting from
cortical neurones was determined by observing
their antidromic invasion from various structures
(Toyama, Matsunami and Ono, 1969). Three
groups of cortical cells were thus identified ; 1)
association efferent cells which send axons only
to the neighbouring cortex on the ipsilateral

side ; 2) commissural efferent cells, projecting to



the contralateral visual cortex through the corpus
callosum ; 3) corticofugal efferent cells passing
axons down to the lateral geniculate body and
even to the superior colliculus. The first two
types dominated in layer III and the third in
layer V. Axonal conduction velocity was about
13 m/sec for all of these three types of efferent
axons.

Stimulation of the lateral geniculate body
evoked in cortical neurones excitatory postsynap-
tic potentials (EPSPs) with brief latencies. In
the cotical areas 17 and 18 (Toyama and Matsu-
nami, 1968), the average latency was 1.31 msec.
Similar EPSPs with a shorter latency of 0.94
msec were evoked by stimulating the optic
radiation. The latency-distance relationship for
these EPSPs indicates that excitatory impulses
from the lateral geniculate body are conducted
up to the visual areas 17 and 18 with a velocity
of about 20 m/sec and produce EPSPs in corti-
cal neurones with a monosynaptic delay. Since
this excitatory pathway was also excited by
stimulating the optic chiasm with a delay of 1
msec (secondary to the lateral geniculate body
synapsing), it should be formed of specific visual
afferent fibers, which according to Globus and
Scheibel (1967) make synaptic contact with cortical
cells in both areas 17 and 18.

Stimulation of the lateral geniculate body also
evoked EPSPs in cells of the area 19 and its
lateral zone, though with longer latencies than
in areas 17 and 18 (Ohno, Kiyohara and Simpson,
1970). Analysis of the latency-distance relation-
ship indicated that there are excitatory fibers-
travelling up to area 19 and its lateral zone at
a velocity lower than 10 m/sec.

Monosynaptic EPSPs were also induced in
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visual cortical neurones by stimulating the corpus
callosum and the contralateral visual cortex
(Toyama, Tokashiki and Matsunami, 1969). A
chronic experiment indicated that their pathway
is formed of the commissural efferent axons orig-
inating from the contralateral visual cortex, but
not of the recurrent collaterals of the transcallosal
fibers from the ipsilateral side.

The monosynaptic EPSPs in visual cortical
neurones were followed by inhibitory postsynaptic
potentials (IPSPs) which usually had a duration
of more than 100 msec. Because the IPSPs were
always delayed by about 1 msec from the EPSPs,
the former should be relayed by interneurones
located within the visual cortex. By double
shock test, it was shown that the inhibitory
relay neurones are equipped with inhibitory
synapses on themselves. It was also shown that
both commissural and specific visual afferents
inhibit cortical neurones by utilizing the same

inhibitory neurones.
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9. Some Behavioral and Electrophysiolgical Studies on the Mechanism of
Visual Discrimination Learning in Goldfish. E. IWAI, S. SAITO and S. TSUKA-
HARA (Dept. of Physiol., Fukushima Med. Coll., Fukushinia)

Experiment 1.

It has been demonstrated by many investiga-

tors that goldfish can learn various types of

visual tasks. However, the mechanism of visual
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learning in goldfish has not been clarified yet.

Event the question of what part of the brain
s favolved in visual learning still remains to
be filled in. In order to investigate this problem,
retention of a yellow vs. red color discrimination
was tésted in goldfish that had one of four
diffent types of lesions. The testing was performed
in the individual tank, 29.0x24.5x11.5cm. A
yellow rectangle, 1.5x12.5 cm, was the positive
cue, and response to it by tapping with the
mouth was rewarded with small worms ; a red
rectangle of the same size was the negative
cue. These cues were presented simultaneously
8.5 cm apart for 10 trials a day until the fish
attained the criterion of 45 correct responses in
50 trials. After surgery, Ss were retested until
the same criterion was reestablished. Relative to
the unoperated control group, none of the groups
with unilateral eye enqcleation, olfactory lobe
damage, or removals of the olfactory bulb and
epithelium showed significant impairment. By
contrast, unilateral damage to the tectum pro-
duced marked impairment. From these results,
it may be concluded that the tectum is involved
in the visual learning mechanism.

Experiment 2.

The goldfish does not have binocular vision ;
each eye serves a different visual field, and the
optic nerve for each projects to the contralat-
eral tectum with complete decussation. The second
experiment investigated the effects of unilateral
tectal damage on visual learning with a single
eye. After fish subjected to unilateral enucleation
of the eye had learned postoperatively, unilateral
tectal damage was given. In this study, tectal
damage contralateral to the enucleated side did
not produce visual impairment, whereas fish
with ipsilateral tectal damage could not relearn
within up to 400 retraining trials. Thus, when
the tectum does not receive visual information
from the eye, that tectum is no longer involved
in visual learning, thereby indicating that the
input from each eye is integrated or organized

mainly in the contralateral tectum.

Experiment 3.

*The third and fourth experiments attempted
to investigate the mechanism for achjeving unity
of visual performance from processes that are
represented independently in each tectal hemi-
sphere. Many electrophysiological studies have
reported that no response is found in a given
tectum following stimulation of the ipsilateral
eye, although anatomically there is a commissure
system between the two tectal hemispheres. In
fact, we also could not find evoked responses
in the superficial parts of the ipsilateral tectum,
but a slow and small positive response with
longer latency was obtained in the deeper area
under waking conditions. This response disap-
peared after transection of the tectal commissure
system. Further, evoked responses recorded in
the deeper area of a given tectum following
electrical test stimulation of the contralateral
optic disk were subjeated to the influence of
conditioning stimulation of the ipsilateral disk
or the opposite tectum : Among elements of the
evoked response pattern, only a late and small
positive potential, which is characteristic of the
deep area, was noticeably enhanced, whereas
the other elements, even in other parts of the
tectum, were unaffected. This finding indicates
that there is a significant interhemispheric inter-
action between the cells and their processes in
the deeper laminar structures where visual learn-
ing mechanisms may be located.

Experiment 4.

On the above basis, the third behavioral study
investigated the effect of transecting the tectal
commissure system on visual discrimination
performance. Fish subjected to transection of the
commissure system showed marked retardation
in postoperative initial training. However, the
commissure section in trained fish produced a
relatively little deficit. By contrast, the commissure
section in fish with a unilateral eye enucleation
and/or with unilateral tectal damage did not:
result in impairment. From this evidence, it may

be concluded that the tectal commissure system:



plays a significant role in achieving unity of
visual discrimination performance by exchanging
a kind of message between the two tectal
hemispheres, and it is particularly involved with
forming a new visual performance.

Expermient 5.

It was found in the first study that none of
the fish with olfactory lobe damage showed
visual discrimination impairment, at least when
the discriminanda were presented simultaneously,
i. e, “go-left, go-right” testing. In the fifth
experiment, fish with olfactory lobe removal were
tested in a “go, no-go” situation. In this study,
the results were inconsistent, with some operated
fish exhibiting no impairment relative to the
unoperated controls, and others showing marked
impairment. However, analysis for extent and
locus of the olfactory lobe lesions revealed that
only the fish which had bilateral damage extend-
ing into the most posterior portion of the
olfactory lobe had significant impairment, whereas
the fish in which the posterior portion remained
intact were unaffected. Now, considering the
characteristics of the testing procedure employed
here, i. e., ““go, no-go” testing, it may be inferred
that the posterior portion of the olfactory lobe
serves an inhibitory function for visual perform-
ance, but that it has no role in visual learning,
per se. Damage to this area may conceivably
result in disinhibition, with the fish responding
to both the positive and negative cues.
Experiment 6.

In order to substantiate an inference from
the behavioral study, the sixth experiment was
performed to determine the effect of ablation or
electrical stimulation of the olfactory lobe upon
an evoked response in the optic tectum induced

by stimulation of the contralateral optic disk.
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Bilateral ablation of the posterior portion of the
olfactory lobe augmented the amplitude of the
visual evoked response, whereas, conversely,
electrical stimulation of the posteroventral por-
tion of the ipsilateral olfactory lobe, i. e., the
deeper area within the lobe, significantly sup-
pressed the visual response. Stimulation of the
superficial parts of the posterior olfactory lobe,
however, was ineffective. Furthermore, neither
removal nor stimulation of the anterior portion
of the olfactory lobe affected the visual response.
From these results, it appears that the postero-
ventral portion of the olfactory lobe, and not the
entire posterior half, is involved in an inhibitory
mechanism which may regulate visual function
in the tectum.

Conclusion.

The optic tectum in goldfish is a region
where visual information is received and then
integrated and translated into an appropriate
message for visual learning, this message probably
being sent from here to the effector system.
Within the tectum, the cells in the rather super-
ficial layers may serve visual sensory functions,
while the cells and their processes in the deeper
laminar structures are probably involved in
visual learning, Each tectal hemisphere may deal
almost independently with incoming information
from the contralateral eye in the above ways,
the unity of visual discrimination performance
resulting from the exchange of some messages
between the deeper areas in the tectal hemi-
spheres across the commissure system. The pos-
teroventral portion of the olfactory lobe may
contribute to discrimination performance by
regulating tectal functions through an inhibitory

mechanism.

10. Conduction Velocity of Optic Nerve Fibers and Receptive Field of
Lateral Geniculate Cells in the Rat. K. IWAMA and 1. SUMITOMO (Institute of
Higher Nervous Activity, Osaka Univ. Med. Sch., Kita—Ku, Osaka)

. Conduction velocity of optic nerve fibers

Suppose that a given postsynaptic cell of the
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lateral geniculate body (LGB) is fired by elec-

trical stimulation of the optic nerve at the optic"

chiasm (tract stimulation) and the exit from the
eyeball (nerve stimulation) with latencies of T:
and T, respectively. The conduction velocity of
optic nerve impulses to activate this LGB cell
is given as D/(T»—T:), where D means the dis-
tance between the two stimulating sites (the length
of the optic nerve in the anatomical sense).

Applying this method of velocity measurement
to many principal (P) and internuncial (I) cells
of the rat LGB, we found that the optic nerve
consists of three distinct fiber groups of different
conduction velocities (to, t1 and tp). Their average
velocities are 19.2, 11.9 and 5.2 m/sec. I cells
are found to receive innervation by the t, group
only.

After making some reasonable assumptions one
can derive the theoretical formula which relates
T and Ta. It is

T By D
where Dy denotes the length of the optic nerve,
D, the length of the optic tract and Ts the

synaptic delay time. In this formula the time
required for excitation of optic nerve fibers to
electrical stimulation was neglected, because it
may be as.small as 0.1 msec. Applying this
formula to pairs of T: and T, obtained from
many P cells, the value of Ts was estimated to
be 0.73msec. This value is of the right order
of magnitude as the synaptic delay time for P
cells, because this type of the LGB cell is inner-
vated by optic nerve fibers monosynaptically.
The value of Ts determined with | cells was
nearly the same as found with P cells. This
means that [ cells are connected to optic nerve
fibers monosynapticnlly as is the case with P
cells. Therefore, if | cells were inhibitory cells
acting upon P cells, the inhibition mediated
thereby should be the feed-forward type.

[ . Receptive fields of LGB cells

Now that the value of the synaptic delay time
has been determined as stated above, we are in
a position to calculate the conduction velocity of
optic nerve fibers innervating each LGB cell on
the basis of the response latency to tract stimula-
tion. The conduction velocity so determined for
a given LGB cell will be referred to as ‘“the
peripheral conduction velocity” of that cell. In'a
number of P cells whose peripheral conduction
velocities were determined, studies were made
on the characteristics of their receptive fields.

Tt was found that most of the P cell receptive
fields had a usual type of center-surround or-
ganization, although the fotal extent  of the
receptive field was difficult to determine. The
center of the receptive field was more than 3°
in diameter. Some receptive fields had centers
as large as 20° in diameter. Usually the receptive
fields with small centers were found in the
central retina, whereas those in the periphery
had various center sizes. There were found not
infrequently movement-sensitive units, aithough
their preferred directions of movement were
difficult to determine.

P cells studied in this experiment were found
to have their receptive fields within the retinal
region extending from 10 to 60° and their peri-
pheral conduction velocities ranged from 2 to 16
m/sec (t; and tp groups). The units having their
receptive fields in the peripheral retina had a
wide range of peripheral conduction velocities,
whereas the units representing the central retina
had relatively slow conduction velocities. It seem-
ed likely that the central retina within 30° was
innervated by the t; group fibers.

Most of the movement-sensitive units were
found representing the central retina and their
peripheral conduction velocities belonged to the

t2 group.
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11. Structural Organization of the Superior Colliculus and Dorsal Lateral
Geniculate Body of the Rat. R. D. LUND (Dept. of Biological Structure, Univ. of

Washington, Seattle, Washington)

Physiological and behavioral studies have in-
dicated differences in the patterns of response to
visual stimuli in the superior colliculus and the
dorsal division of the lateral geniculate body.
These differences may be due in part to a
separate distribution to each region of axons of
retinal ganglion cells with different physiological
characteristics. It is also possible that the dif-
ferences may result from dissimilar patterns of
neuronal and synaptic organization in each area.

This study investigates the structural organiza-
tion of those layers of the superior colliculus in
which optic fibers terminate (the “optic” layers)
and compares it with that of the dorsal lateral
geniculate body. Attention is restricted largely to
work on the rat.

The cells of the “optic” layers of the superior
colliculus are varied in type, falling into the
general classes of (a) horizontal cells, (b) two
varieties of stellate cell, (c) cells with vertical
dendrites and (d) marginal cells with a cell body
at the surface and a basal dendritic field.

- By contrast, a single cell type predominates in
the geniculate. This has a pear-shaped cell body
with 4 or 5 major dendrites leaving it.

Under the electron microscope, a dense pattern
of synapses is formed in the superficial layers of
the superior colliculus by terminals containing
either round synaptic vesicles (RV terminals) or
flattened synaptic vesicles (FV terminals). The
synaptic patterns are not isolated into particular
groups by glial processes. Synapses with large
dendrites and cell somata are formed mainly
although not exclusively by FV terminals, while
those on spines and small dendrites are more
often formed by RV terminals. Serial synapses
with RV (or less frequently, FV) terminals
presynaptic to FV terminals are common near
the surface of the colliculus, becoming infrequent

in the stratum griseum superficiale. Some of the

FV terminals in these serial synaptic patterns are
regions within dendritic trunks or dilatations of
dendritic trunks, some of which can be traced
to the cell bodies of the marginal cells.

The striking feature of the normal synaptic
patterns in the geniculate is the isolation of
groups of terminals by “astrocytic processes into
synaptic “islands”. Such “islands” contain several
large RV terminals, some smaller FV terminals,

which are often postsynaptic to the RV terminals,

. and dendrites or their dilatations which are

postsynaptic to both. Some of the synapses of
the geniculate are not in these islands, these
being RV or FV terminals on dendrites or FV
terminals on cell bodies. Dendrodendritic sy-
napses, while present, are extremely uncommon.

After eye removal, about 80% of the RV
terminals close to the stratum zonale of the colli-
culus degenerate, the number of degenerating
terminals becoming less deeper. The terminals
are mostly small, contacting two or more profiles,
one of which may be an FV terminal and the
others, dendritic spines or small dendrites. In
addition, a few contacts are found on large
dendrites of at least the marginal and perpendi-
cular dendrite cells. In the geniculate, after eye
removal, the large RV terminals of the synaptic
islands degenerate as do smaller terminals on
dendrites outside the islands.

Lesions of the visual cortex produce sparse
degeneration in the colliculus of RV terminals,
mostly in the region adjacent to the stratum
opticum. Contacts are made largely with small
dendrites and spines. This differs from the cat,
where the corticotectal pathway from the visual
area is more extensive in distribution and where
some of these terminals contact FV endings.

Early degenerating endings in the geniculate
following cortical lesions in rats appear quite

similar to corticotectal terminals. They mainly
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contact dendrites' and are never involved in
synaptic complexes. This again contrasts with
published reports for cat where corticogeniculate
terminals have been described postsynaptic to
other terminals. In rat, longer survivals following
cortical lesions cause degeneration of the dendritic
component of the synaptic island, in a ‘manner
which could be mistaken for terminal degenera-
tion.

In summary, there are marked differences bet-
ween the colliculus and dorsal geniculate in terms

of cell types and synaptic grouping. While optic

terminals are involved in serial synaptic patterns
in both regions, there is a marked difference in
the size of the terminals, and the finding that
the second synapse of the series is often dendritic
in the colliculus but axonal in the geniculate is
likely to be of functional significance. There is
a similar pattérn of terminals revealed in the
two regions by cortical lesions. The differences
in the corticotectal pathway in rat and cat may
be important in explaining the different effects
of cortical lesions on the physiology of the colli-

culus in these two animals.

12. Analysis of Synaptic Potentials in Lateral Geniculate Neurons of the
Cat — Intracellular Study. K. MAEKAWA and A. ROSINA (Behavior Research In-
stitute, University of Gunma Med. Sch., Maebashi, and Max—Planck Institut fiir Psychiatrie,

Miinchen)

The optic nerve fibers make synaptic contact
with dendrites of relay cells in lateral geniculate
body (LGN) in a characteristic form called
“glomerulus”® or “encapsulated synaptic zone”?.
It has also been shown that LGN contains Golgi
type [ neurones which are innervated by not
only optic nerve fibers but also axon collaterals
of LGN cells and participate in part in the
glomerulus?» 24, The present work deals with
synaptic events in LGN neurones during electric
stimulation of optic nerve (ON) and also’ under
light stimulation of the retina. )

Cats were used under Nembutal anaesthesia.
They were immobilized with Flaxedil and arti-
ficially ventilated. - Glass microelectrodes were
filled with 2 M K-citrate and those with electric
resistance of 10~30 MQ were selected. The optic
nerve was exposed by eye enucleation and
mounted on a bipolar wire electrode. The intact
eye was illuminated by diffuse light of 80~100
msec duration.

Out of about 200 neurones sampled from
LGN, 30 cells were selected for the present
study. Because of their stable impalement, they
were presumed to be geniculocortical relay neu-

rones having a relatively large size. Electric

stimulation of ON evoked in these cells the
excitatory postsynaptic potentials (EPSPs) with
latencies of 1.5~4.0 msec. Since ON-LGN dis-
tance is about 30 mm, and the conduction ve]ocitsr
of the fastest optic fibers is 40 m/sec?, the con-
duction time from ON to LGN would be at
least 0.8 msec. Consequently, ON-evoked EPSPs,
at least those with relatively short latencies,
would be caused monosynaptically by impulses
of ON fibers.

One of the characteristic features of ON-evoked
EPSPs is the relatively large size of the unitarj
EPSPs that compose the maximal EPSPs. The
unitary EPSPs were revealed by their all-or-
none behavior when the intensity of ON stimula-
tion varied gradually. Their sizes were distributed
with two modes, at 2mV and at its doubled size
(4mV). Small EPSPs, like ON-evoked unitary
EPSPs, were frequently observed in LGN neurons
innervated by intact eye. The frequency of
occurrence of the EPSP noise, as, they may be
called, increase during and immediately after
illumination of the retina. Their peak sizes have
two modes at 2 and 4 mV, just as ON- evoked
unitary EPSPs. It is feasible that the EPSP

noise evoked by illumination is induced by



impulses of ON fibers.

The shape index defined by Rall et al.®, as the
ratio of the peak time versus half width, was
measured on the EPSP noise. For those EPSPs
obtained during 200 msec immediately after illu-
mination, the plotted points fall within a restrict-
ed area in the shape index graph, apparently
corresponding to the middle compartment of the
dendritic expansion in Rall’s model®. This would
agree with the location of the glomerulus on the
dendrites of LGN neurons histologically demon-
strated®. In contrast, plottied points were scat-
tered for the EPSPs recorded at more than 500
msec after illumination.

ON-evoked EPSPs were usually followed by
long-lasting inhibitory postsynaptic potentials
(IPSPs). The latency difference between the
EPSP was 0.7~0.9 msec in one group of cells
and 1.5~1.8 msec in the other. It is likely that
there is a disynaptic feed—forward inhibition from
ON fibers to LGN neurons via an inhibitory
neurone as well as a trisynaptic inhibition that

may be exerted through recurrent pathway, i. e.,
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ON fiber — LGN cell — inhibitory neurone —
LGN cell again. The Golgi type [ neurones in
LGN could be inhibitory neurones in these

.pathways, as suggested on histological ground®.
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13. A Study on the Neuronal Mechanism of Optokinetic Nystagmus. N.

MARUYAMA (Brain Research Institute, Niigata Univ., Niigata)

It is generally accepted that optokinetic ny-
stagmus is a physiological reflex which helps the
animal to recognize moving objects. In order to
establish a theory of the reflex arc, ablation
studies have been performed by many investi-
gators and different opinions are expressed as to
the reflex arc.

In the present study, we had two objectives.
One was to determine the reflex arc and the
other to clarify the mechanism of the conversion
of sensory impulses into motor ones within the
reflex arc.

All experiments were performed in adult
rabbits. The method described by R. Jung was
used to elicit the optokinetic nystagmus : bright
stripes were projected to the inside of a cylin-

drical screen and the projected stripes were

rotated. Glass micropipettes filled with 3 M KC}
were used for the recording of unitary activity.
The electronystagmogram was displayed by one
of two beams of a dual beam oscilloscope and
the unitary activities by the other.

1. Unitary activity of the optic nerve during
elicitation of optokinetic nystagmus.

In most cases, the eye movement during slow
phase of optokinetic nystagmus showed a damped
oscillation, althongh the eye pointed nearly to a
moving stripe. Most of the units of the optic
nerve did not show any change in discharge even
when the nystagmus was elicited. This may be
because the amplitude of the damped oscillation
was so small that the image of the stripe on the
retina would be on or near the fovea during the

slow phase. The units, whose receptive field was
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near the fovea, showed an increase in discharge
when the eye was in a certain position relative
to the stripe, i. e., when the stripe image was
on the receptive field of the unit. During the
slow phase which showed a damped oscillation,
therefore, the optic nerve would send a signal
which informed the brain of any error of the
eye movement in tracin_g a moving stripe.

2. Unitary responses of the optic nerve to a
shifting stripe.

Observations of the unitary discharge during
the quick phase caused us to deduce that a foveo—
fugal shifting of the stripe image on the retina
was an effective stimulation to the unit derived
from the region near the fovea, but that a foveo-
petal shiftiig would be ineffective for the unit.
In order to confirm this deduction, the unitary
responses to a shifting stripe were examined in
animals with eyes fixed. In this experiment two
units were identified as those derived from the
'fegion near the fovea. One of them. responded
to the foveo—fugal shifting of the stripe image,
but not to the foveo—petal shifting. The other
responded to the shifting of the stripe toward
either direction. Of the remaining units, one
derived from a peripheral part of the retina
responded to foveo—petal shifting of the stripe
image, but not to foveo~fugal shifting. This unit
may be concerned with the formation of the
quick phase, because entrance of a stripe to the
vision field, which causes the quick phase, is
always performed by foveo-petal shifting.

‘3. Unitary activities of the superior colliculus
during elicitation of optokinetic nystagmus.

Of 119 units recorded from the superior col-
liculus, 42 showed some changes in discharge
corresponding with the nystagmus phase regard-
less of small change in the nystagmus course.
Theése units were classified into 5 types accord-

ing to their discharge patterns. The remaining

units did not show any change in discharge even
when nystagmus was elicited. Most of the su-
perior colliculus units, regardless of the unit type,
responded to an electric shock of the optic nerve
with one or a few spikes. The units whose
discharge changed during nystagmus consisted of
short-latency units (less than 9 msec) and long-
latency units (more than 9 msec). On' the other
hand the units whose -discharge did not change
during nystagmus were'short-latency units with
one exception. It has been suggested by other
investigators that the short-latency units receive
direct inputs from the optic nerve and the long-
latency units receive inputs from the optic nerve
via the visual cortex. Therefore, not only the direct
pathway from the optic nerve but also the
pathway via the visual cortex would be concerned
with optokinetic nystagmus.
4. Unitary activities of the oculomotor nu-
cleus during elicitation of potokinetic nystagmus.
Of 35 units recorded from the oculomotor
nucleus, 11 were thought to have been recorded
from ¢ motoneurons by comparing their discharge
patterns with the electromyogram recorded from
the ocular muscles. One unit’s discharge pattern
suggested that it must have been recorded from
a 7y motoneuron. For 8 units, the most likely
assumption would be that the responses were
recorded from proprioceptive neurons. The spon-
taneous discharges of the 20 units mentioned
above were fairly regular, but those of the
remaining 15 units were very irregular. In 10 of
the 15 units, the discharge pattern of each unit
during optokinetic nystagmus resembled closely
that of either one of the superior colliculus units.
This suggests that there was a direct projection
from the superior colliculus to the oculomotor
nucleus and these 10 units were recorded from

the projection fibers.
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14, Experimental-Anatomical Studies on the Corticogeniculate and Geni-
culocortical Connections in the Cat. K. NIIMI (I# collaboration with James M.
Sprague) (Dept. of Anat., Okayama Univ.Med. Sch., Okayama)

The present studies are composed of two parts.
The first part deals with a study of the geniculo-
cortical projection using the method of retrograde
cell degeneration, while the second is concerned
with the corticogeniculate projection as revealed
by the Nauta-Gygax silver method.

Geniculocortical projections. Although the ventral
nucleus of the lateral geniculate body projects
no fibers to the cortex, the dorsal nucleus sends
fibers not only to the architecturally defined
striate area but also to the remainder of the
lateral and posterolateral gyri, most of the supra-
sylvian gyri and part of the ectosylvian gyri.
The striate area receives fibers mostly from the
medial two-thirds of the dorsal nucleus and
partly from the lateral one-third. However, it
receives only a few 'fibers from the medial
interlaminar nucleus. The geniculostriate projec-
tion is organized in the rostrocaudal and probably
in the mediolateral direction. The paraperistriate
area is connected mainly with the medial and
central interlaminar nucleus, particularly the
former, and partly with the dorsomedial parts
of the main laminae of the dorsal nucleus. Most
of the ventrolateral part of the dorsal nucleus
except for the lateralmost portion has major
projections to the anterior, middle and posterior
suprasylvian gyri. There exists a rostrocaudal
organization in the geniculosuprasylvian projec-
tion. The lateralmost portion of the dorsal nucleus
projects largely to the anterior, middle and
posterior ectosylvian gyri, though it has a few
projections to the suprasylvian gyri. A rostro-
caudal organization is suggested also in the
geniculoectosylvian projection. The medial inter-
laminar nucleus and probably the dorsomedial
parts of the main laminae of the dorsal nucleus
appear to send a few crossed fibers to the striate,
paraperistriate and suprasylvian cortices on the

opposite side.

Corticogeniculate projections. Fibers from the
striate area are distributed to the dorsal nucleus
of the lateral geniculate body in a topically
organized manner. The medial part of the lateral
gyrus and the posterolateral gyrus project to the
medial parts of laminae A and A; and of the
central interlaminar nucleus. The suprasplenial
gyrus sends fibers to the dorsomedial halves of
laminae A and A; and of the central interlaminar
nucleus, except their medialmost parts. The
splenial gyrus gives off fibers to the ventrolateral
parts of laminae A and A; and of the central
interlaminar nucleus. These data indicate that
there is a mediolateral organization in the pro-
jection of the striate area to the dorsal nucleus.
The most ventrolateral part of the dorsal nucleus
of the lateral geniculate body receives no fibers
from the striate area. Only occasional degenerated
fibers are seen in lamina B after lesions of the
striate area. The projection of the striate area
to the dorsal nucleus is organized also in the
rostrocaudal direction. The anterior, middle and
posterior parts of the striate area project to the
corresponding portion of the dorsal nucleus. The
parastriate area sends fibers to the dorsolateral
and middle part of medial interlaminar nucleus
and to the medial extremities of laminae A and
A; and of the central interlaminar nucleus. There
exists a topical organization in the projection of
the parastriate area to the dorsal nucleus in the
rostrocaudal dimension. The peristriate area pro-
jects to the major part of the medial interlaminar
nucleus, except for its medial periphery and ven-
tral extremity. A topical organization of the projec-
tion of the peristriate area to the dorsal nucleus
appears to exist in the rostrocaudal direction.
The ventral nucleus of the lateral geniculate body
receives fibers from the striate area. Fibers from
the anterior part of the striate area are very few

in number, while those from the posterior of the
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area are more abundant. The parastriate area
projects no fibers to the ventral nucleus. The
peristriate area in the lateral gyrus sends no
fibers to the ventral nucleus, while that in the

suprasylvian and posterolateral gyri gives off

abundant fibers. ‘ ,

From the foregoing it may be said that the
striate and paraperistriate areas have reciprocal
connections with the dorsal nucleus of the lateral

geniculate body in a topical manner.

15. Some Partiéular Responses of Single Units in the Cat’s Striate Cortex
‘to Light Stimulation. T. NIKARA (Dept. of Physiol., Iwate Med. Univ., Morioka)

It has been confirmed by many investigators
since Hubel and ‘Wiesel’s report in 1959 that a
single cell in the striate area of the cortex has
characteristic responses to a moving slit stimulus.
The purpose of the present experiment was to
study how the discharges of single cortical cells
relates to intensity discrimination, light adaptation
and masking due to a strong flash light.

Twenty adult cats weighing about 3 kg were
provided in this experiment. Procedures for
preparing the animal, including anaesthetization
and operation, has been described elsewhere
(Nikara et al., Exp. Brain Res. 1968). Cats’ eyes
were stimulated by a slit light and/or a diffuse
flash light which was projected onto the back of
the translucent tangent screen, placed at 1 meter
from the eye. Action spikes were obtained from
a single cell in area 17 of the cortex with a
glass-coated tungsten microelectrode and post-
stimulus histograms were recorded with an 800
channel universal static computer (Toshiba Elec-
tric Co.) for analysis of the data.

Only cortical units which showed distinct
responses with a preferred orientation to the
moving slit light were used in this experiment
and the characteristics of these responses were
analyzed by means of the following three modes
of light stimulation. (1) : Putting on and off a
stationary slit light which was placed in the
center of the receptive field and in parallel with
the axis of the receptive field (preferred orienta-
tion). This was named stationary slit stimulus.
(2) : Shining of a xenon flash light which covered
a larger area than the receptive field (this was

named flash stimulus). (3) : The combined stmuli

which consisted of the slit light (1) and the flash
light (2). In this case, the slit light was con-
tinuously presented and the flash stimulus was
superimposed on the former.

It was confirmed that as reported by many
investigators the moving stimulus is most
adequate for activating the cortical units in com.
parision to the other kinds of stimulation, and
also that on and off stimuli of the stationary slit
light cause responses in all of the cortical units,
but the responses to the stationary stimulus are
less vigorous than those to the moving stimulus.
However, any notable responses to the diffuse
flash light alone were not detected in these units.
except for a few cases. Although, in the cases
of the stationary slit stimuli, the cortical units.
could be classified into three kinds of on-, on—
off- and off-type, it could not be decided whether
or not each of three types of the units has a
specific directional sensitivity (unidirectional or
bidirectional) to the moving slit stimulus.

The particular responses to the combined!
stimuli were found in all of the on-off type and.
in about half of the on-type; but never in any
unit of the off-type. The responses were clearly
observed within about 600 msec after the flash
stimulus was given. The latency of the responses.
shortened markedly with increase in intensity of
the background illumination, while the frequency
of the responses decreased (light adaptation effect).
The latency of responses seemed t6 correspond
to the duration of temporary invisibility of the
slit light caused by the superimposition of the
diffuse flash light (masking effect). Therefore, the

reaction times of human subjects for perception.



of reappearance of the slit light were measured
under the same experimental conditions as in
case of the cat. The reaction times obtained from
three human subjects were between 440 and
1,000 msec.

The binocular interactions as for facilitation,
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summation and occlusion were also studied for
the units responding to the above-stated com-
bined stimuli. Tt was concluded that the binocular
untis show similar interactions in both cases of

the moving slit stimulus and the stationary one.

16. Functional Properties of Corticotectal Fibers in the Cat. T. OGAWA (Dept.

of Physiol., Sch. of Med., Tohkoku Univ., Sendai)

Histological investigations have established
that the superior colliculus receives corticotectal
fibers from the visual cortex and the adjacent
areas.

Cortical control over the activities of neurons
in the superior colliculus has been studied by
several authors. Jassik—Gerschenfeld et al. (1966)
showed that responses evoked in the superior
colliculus of the cat by either electrical stimula-
tion of the optic tract or photic stimulation were
influenced by activities of the visual cortex.
More recently Wickelgren and Sterling (1968), on
the basis of the studies on unitary discharge of
collicular neurons, maintained that response char-
acteristic of collicular neurons were largely con-
tingent upon the activity of visual cortical
neurons.

The present study was undertaken to demon-
strate the existence of corticotectal fibers by
the electrophysiological method and then to
analyze the action of these fibers upon neuronal
activities in the superior colliculus.

Method

Chloralose anesthetized cats were used. Stim-
ulating bipolar electrodes were placed in the
optic tract, the primary visual cortex and the
adjacent cortical areas ipsilateral to the superior
colliculus explored. Visual stimuli of various
features were displayed on the tangent screen
standing 1 m from the animal.

Unitary discharges were recorded from the
optic radiation and the superior colliculus with
tungsten microelectrodes. On some occasions the

superior colliculus was also electrically stimulated

by bipolar electrodes.

Experiments were performed under complete
immobilization of animals by intravenous injec-
tion of gallamine triethiodide.

Results

Part |.
 Fiber units were recorded in the optic radia-
tion. The units which responded to electrical
stimulation of the ipsilateral optic tract with
latencies longer than 3.0 msec were identified as
corticofugal fibers on the basis of findings that
spikes produced by cortical stimulation did not
collide with spontaneously occurring spikes and
that the receptive fields of these units were quite
different from those of geniculate neurons and
rather similar to those of visual cortical neurons..
Some of these units were also demonstrated to
be activated antidromically by stimulation of the
ipsilateral superior colliculus. Thus the geniculo—
cortico-tectal route was demonstrated.

Part [ . Stimluation of the optic tract and the
appropriate regions of the cerebral cortex gener-
ated in the superior colliculus a similar sequence
of potential waves in both cases. These potential
waves changed their polarity at the depth of
about 0.5mm from the collicular surface as a
recording electrode was lowered through the
colliculus. This depth corresponds to the stratum
griseum superficiale.

When the visual cortex and the adjacent:
regions were widely ablated, the pattern of
potential waves evoked by stimulation of the
optic tract was slightly altered especially in the
later phase of the waves. This indicates that the
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geniculo-cortico-tectal pathway is involved for
the generation of potential waves by stimulation
of the optic tract to some degree. :

On the evoked potential waves were superim-
posed small waveletts of high frequency which
sometimes grew into well-isolated spikes. These
wavelets and the burst of spikes were readily
abolished by administration of a small dose of
sodium pentobarbital. The burst discharges evok-
ed by stimulation of either the optic tract or
the cortex usually consisted of several spikes,
changing in the number of spikes and in the
latency for the first spike in the burst as a
function of the intensity of a stimulus. These
results suggest that repetitive discharges of inter-
mneurons would be involved for the generation of
the evoked potentials in the ‘superior colliculus,
- The recovery curves of neuronal responsiveness
were constructed by the two-shock technique.
‘Conditioning* and test stimuli were applied to
either the optic  tract or the cortex, so that four

different combinations of conditioning and test

stimuli were conducted. When a conditioning
stimulus was applied to area 18, the positive
potential wave evoked by a test stimulus deliv-
ered to the optic tract was depressed for an
initial period of about 50 msec, followed by a
facilitatory phase” lasting for- about 200 msec.
Following the facilitatory phase a slight depressive

phase appeared which gradually recovered at

- > about 500 msec. Similar trendsof recovery curves

were observed in all cases, although the degree
and the duration of the depressive and facilitatory
phases varied from case to case.
* Unitary discharges of a collicular neuron which
was fired by stimulation of either the optic tract
or the cortex were observed to be suppressed
for about 50 msec or so by -a conditioning -sti-
mulus applied to either the optic tract or the
cortex. ‘
On the basis of these findings the nature of
interaction between corticotectal and opticotectal

fibers in the superior colliculus will be discussed.

17. Role of the Midbrain in Visually Guided Behavior and in Discrimination.
J. M. SPRAGUE (Dept. of Amat., Sch. of Med., Univ. of Pennsylvania, Philadelphia,

Pennsylvania)

The present report is a part of a comprehensive
study of ‘the neural basis of visually guided
behavior in the cat, an animal chosen because
of the extensive knowledge of the anatomical
and physiological organization of the visual system
‘of that species. We have been especially interested
in the role of the midbrain, and in the inter-
action between the midbrain and the thalamo-
cortical parts of the visual system in the media-
tion of this behavior. Animals with optic chiasm
and various commissures split mid-sagittally have
been utilized to separate the input from each eye
to the corresponding side of the brain. Following
this step, lesions have been placed on one side
of the brain in the pretectum-superior colliculus,
in various cytoarchitectural areas of the cortex,

or in both. Such preparations allow monocular

testing (using opaque masks or occluders to cover
one eye) in various types of intensity and form
discriminations. Thus performance of each animal
can be compared using the eye feeding into
neural mechanisms of the unlesioned side and
the eye which is deprived of known parts of the
visual system of its brain-half. Both experiment
and control are contained within each animal.
Each cat was studied neurologically, pre- and
post—operatively for eye movements, pupillary
respones, visual following and localization, visual
placing, and visual fields in a perimetry test.
The intensity (light-dark) and form discrimina-
tions were carried out in a two—choice test-box
in which the animal was required to push open
the door with the positive stimulus and to avoid

the locked door with negative stimulus. The



position of the stimuli was randomized ; correct
choice was rewarded with food, and in some
cases low intensity shock was administered for
incorrect choice. Pattern stimuli were equated
for area and brightness. Thirty to forty trials
were run daily, and criterion performance was
90% correct responses on two successive days.

Cats with split chiasms, but otherwise normal,
have bitemporal field deficits measured in a
perimetry test using moving stimuli : each eye
has an intact, contralateral visual field of 30°
from point of fixation in the midline at 0°.
Within this field visual following is chiefly seen
to objects moving away from fixation, i.e. 0—
30°. These characteristics are not altered by
splitting the forebrain commissures. Unilateral
removal of striate cortex (area 17) does not alter
the size of the crossed visual field, but there is
some preference of response to the ipsilateral
field. Unilateral ablation of superior colliculus
results in initial hemianopia (i.e. loss of
responses to moving objects) in the contralateral
field, plus ipsiversive circling tendencies and
reduction of contralateral eye movements. All
of these deficits show compensation with
recovery of responses to the contralateral field
but with an enduring preference to the ipsi-
Jateral side. If the tectal lesion includes the
pretectum as well as the colliculus, the initial
symptoms are similar but recovery is less in
that the eventual size of the contralateral visual
field is limited to about 15°, despite the intactness

of the thalamocortical visual system. If the
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ipsilateral striate cortex is subsequently removed,
contralateral hemianopia once more supervenes
followed again by recovery of the 15° field.
Although cats with such lesions in pretectum-
colliculus alone or combined with striate lesions
show good perimetric responses to moving objects,
responses to these visual fields are abnormal in
tests of pattern discrimination.

Split-brain cats with unilateral removal of the
superior colliculus (plus the usual involvement of
the posterior pole of the pretectum) show pro-
longed learning in form discriminations (AV,
0 +), when tested using the eye on the side of
lesion.

If, in addition, the pretectum is largely or
totally destroyed with the colliculus, the perfor-
mance of the animal using the eye on the lesioned
side is further disturbed, and learning of some
patterns becomes impossible. '

It is important to point out that;1. These
marked deficits in form discrimination are found
in cats with lesions limited to the midbrain. 2.
Additional removal of the striate cortex (area 17)
does not worsen the animal’s performance in
these tests. 3. Performance in an ' intensity
(light-dark) discrimination shows no decrement
after lesions 1 and 2.

In summary, these results indicate participa-
tion of the pretectum and superior colliculus in
the organization of visually guided responses to
moving stimuli and in the ability to discriminate

static patterned stimuli.

18. Organization of Lateral Geniculate Neurons in Binocular Inhibition. H.
SUZUKI (Dept. of Physiol., Hirosaki Univ. Faculty of Med., Hirosaki)

In previous experiments? we found that
binocular inhibition is definitely present in the
principal cells of the lateral geniciulate nucleus
(LGN). Although this inhibition considerably
prevailed in the LGN, the question arose as to
whether it is distributed in whole population of

LGN or only in a portion of the cell population.

The principal cells of LGN are generally clas-
sified into two types in terms of anatomical
connection with the optic nerve fibers. The first
type is the cell on which the optic nerve fibers
coming from the retina of the opposite side make
excitatory synapses (contralateral geniculate cell ;

CGC) and the second ‘is the one connecting with
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homolateral or uncrossed optic :nerve. fibers
(homolateral geniculate cell ; HGC). The purpose
of the present experiments is to investigate how
the binocular inhibition is distributed in these
two types of the geniculate cells.

- Experiments were performed on cats with
chloralose-urethane anesthesia. The geniculate
cells were recorded with'KCl-filled micropipette
and stainless steel microelectrodes.  They were
inserted stereotaxically from the dorsal surface
of the brain. Electrical stimulation of the optic
nerve was made at the optic disc of the opened
eyeball with concentric electrodes. After each
experiment, the site of recording was examined
in histological sections.

The relay cell of the geniculate nucleus was
found to respond with an action spike when a
single stimulus was applied to one optic nerve,
either on the ipsilateral or the contralateral side.
In about a half of the geniculate cells obtained,
this action spike generation was suppressed by
a preceding stimulus to the other .optic nerve
(binocular inhibition). In the other half, however,
the spike generation was not suppressed by the
conditioning volley so that changes in action
potential configuration or in latency for spike
generation did not occur. Therefore, geniculate
cells can be classified into two types in terms

of binocular inhibition ; that is, binocularly in-

hibited - cell and the non-binocularly inhibited
cell.

In further investigations it was. revealed that
the binocularly inhibited cells were commonly
found in HGC than in CGC. Sixty one of 80
HGCs (76%) were binocularly inhibited, while
only 13 of 70 CGCs (18%) were inhibited. With
intracellular recording from the geniculate cells
we also obtained results comparable with that
found by the extracellular recording.

The fact that-a strong binocular inhibitory
circuit is present in HGC can be interpreted as
follows : ' The HGC seems to develop phylogene-
tically with the advancement of binocular vision.
In the lower vertebrate having separate visual
fields of two eyes (panoramic vision), all the optic
nerve fibers completely cross in the optic chiasma
and go to the visual center of the opposite side,
so that homolateral cells in this case should be
abscent. The HGC seems to be present only in
animals in which visual fields of the two eyes
overlap (binocular vision). Since binocular inhibi-
tion prevails in HGC, the inhibition would play

some role in binocular vision.

Reference

1) Suzuki, H. & Kato, E. (1969) Binocular
interaction at cat’s lateral geniculate bedy.
J. Neurophysiol. 29, 909-920

19. Effects of Light Adaptation upon Single Unit Activity in Nonstriate
Area (18) of the Cat. T. A. SUZUKI (Dept. of Physiol., Iwate Med. Univ., Morioka)

It is well known that the visually evoked
responses, recorded by a gross electrode on the
lateral gyrus (Area 18) of the dark adapted cat,
consist of a primary response and a secondary
complex. In-light adaptation, however, a series
of spike-like discharges have been observed
between primary and secondary complexes. Am-
plitudes of these spikes, which were called by
the author the light adapted discharges (LAD),
vary systematically with increment in the level

of light adaptation or with reticular activation.

'

The aim of this paper is to investigate the effects

of light adaptation upon the single unit activity

in the non-striate area (18) and to evaluate some

of the genetic mechanisms of the LAD.

Thirty seven adult cats weighing about 3 kg
were used. Procedures for preparing the animal,
including anethesia, operation method, -immo-
bilization, mapping ‘of the recording site (F; to
F, and Lz to Ls in H-C coordinate) and optical
systems for stimulation and light ‘adaptation have

all been described elsewhere (Suzuki et al. : Vision.



Res. 7, 415-426). A Davies’ closed chamber was
fixed on the skull and extracellular recordings
were made with a tungsten microelectrode which
was advanced by a differential screw drive
(Jernburg et al.). Action potentials were amplified
with a conventional amplifier through a cathode
follower input stage and were displayed on the
CRO.

As described by many investigators, in the
visual area | (Area 17) and [[ (Area 19), most
of cortical cells were entirely insensitive to turn-
ing on and off diffuse illumination and only a
few cells were sensitive to a strong flash light.
However, a majority of the cells situated within
a small particularly circumscribed part of Area
18, were nicely responsive to the diffuse flash of
10 g#sec in duration and even to turning on and
off diffuse illumination (60° in visual angle).
These cells were mostly confined to the occipital
area defined by Otsuka and Hassler. The units
activated by a strong flash in dark adaptation,
responded usually with an initial burst and long
lasting after discharges. They were either depress-
ed or facilitated when the eyes were exposed
to the adapting light. According to the two
different reactions to the adapting light, the total
samples of 173 cells were classified into the
following three types; 1) excitatory, 2) inhibitory
and 3) neutral unit.

1. Excitatory unit (E-type); these units were
characterized by the facilitation of the initial
burst with light adaptation. Sixty eight of all
173 cells examined belonged to this type and
most of these units showed the off-response to
diffuse light, although there were a few ex-
ceptional on— and on-off units. .

2. Inhibitory unit (] -type); units in this
category were characterized by the depression of
the initial burst with light adaptation. Fifty six
cells belonged to this category and most of these
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units showed on-response.

3. Neutral unit (N-type) ; fourty nine units
examined had spontaneous background activity
which did not respond clearly to the turning on-
off of diffuse stimulation, and in general their
responses were not modified reliably by light
adaptation. )

When the intensity of the stimulus light was
varied within an extensive range from 10° to 107¢
in the dark adapted state, the initial burst and
after-dischrges decreased with . decrease in the
stimulus intensity. The latencies of the initial
discharges were also prolonged. This finding was
observed consistently in both E- and I-type of
the cells.

In the E-type of units, when the level of light
adaptation were raised, the initial burst produced
by the test flashes of a fixed intensity, increased
in number of discharges and the latencies of the
initial burst shortened significantly. This diminu-
tion of the latency was in parallel to the staggered
shift of the crest time due to the varying light
adaptation in the LAD. These findings as to the
E-type were in contrast to the characteristics of
the I-type cells which® were maintained in the
depressed state of the initial discharges with
increment of light adaptation.

The effects of reticular activation were also
explored in the three types of units. The re-
sponses of the E-type to the diffuse light were
facilitatad by electrical stimulation of mesence-
phalic reticular formation, whereas that of the
I-type were depressed. But no significant reti-
cular effects were observed in the N-type.

Therefore, it is likely that the activities of
some cortical cells restricted within Area 18,
especially the E-type of units, may relate to the
electrogenesis of the epicortically recorded poten-
tials such as the LAD previously reported by
the author.
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20, Three Fiber Groups in the Frog Optic Nerve. K. TASAKI (Dep't. of Physiol.,

Tohoku Univ. Sch. of Med., Sendai)

The optic nerve of the frog (Rana catesbiana)
contains nearly 10,000 myelinated fibers and
about 20 times more unmyelinated fibers. By
stimulating the optic nerve antidromically at
the optic chiasma and recording action potentials
at the optic disc of the opened eye, the three
distinct fiber groups of different conduction
velocities can be identified ; the A-, B- and C-
groups. Their average conduction velocities are
3.3, 1.4 and 0.24m/sec within the optic nerve
‘bundle. The intraretinal conduction velocities of
the A- and B-fibers are 1.0 and 0.59 m/sec
respectively, but that of the C-fibers is found to
be the same as in the optic nerve. Decrease in
conduction velocity of the A~ and B-fibers in
the retina is apparently due to loss of the
myelin sheath at the lamina cribrosa. Thus it is
redsonable that the A- and B-groups are mye-
linated and the C—group consists of unmyelinated
fibers in the optic nerve.

The purpose of the present work is to search
for the functional significance of these fiber
groups in the frog optic nerve. The spike
discharges were recorded from single optic nerve
fiber: at the optic disc of the opened eye. For
each single unit, conduction velocity, spontaneous
discharge, response pattern to diffuse illumina-
tion, organization of the receptve field and
response to colored lights were studied.

1. The A-fiber

Most units' show high frequency spontaneous
discharge in both dark and light. The mean
firing frequency increases as the level of adapting
light raised. To diffuse light they respond with

33

burst of spike, at “on” or “off”, or at “on” and
“off”. The “on—off” type is most frequent. This
class of fibers responds well to any kind of
stimulus. Their response to diffuse light and
also the organization of the receptive field are
fixed and stereotyped. Their receptive field is

easiest to find out, and its organization is easily

mapped. The receptive field is circular or oval
in ‘shape and its size ranges from 0.7° to 20"
But the smallest size- would be much smaller
than 0.7°, since only minute displacement of a
test spot of 0.7°, the smallest obtainable in. this
study, failed to elicit spike discharge. There was
no correlation between the conduction velocity
and size of the receptive field. Directionally
selective units were found only in this group.

The peaking wavelength in the spectral response
curves were all found at the region of shorter
wavelengths distributing in the range between
440 and 540 mg. )

2. The B-fiber

Many units of this group discharge sponta-
neously, but firing rate is not influenced by
adapting light except at “on” and “off” of light.
The discharge pattern is more irregular and the
mean frequency is much slower than that of the
A-unit. Similarly to the A-units the B-units
respond well to diffuse light with fewer spikes
and longer latency. However, a spot of various
size and shape which scans the whole visual field
and a white or black object which moves with
various speed in all directions fail to evoke spike
discharge. Thus it is impossible to map the
receptive field. For example, at one moment
illumination of a certain point in the retina
seems to elicit some ‘spike disbharge, but succeed-
ing lights thrown on the same point do not evoke
any response. Only in a few cases the receptive
field could be mapped and their size was found
to be several degrees.

Although the maximum sensitivity to colored
light of the A-unit was found in the region of
shorter wavelengths, the B-units respond maxi-
mally to lights of longer wavelengths between
500 and 650 mg.

The most characteristic feature of the B-units
is that they acquire responsiveness to light when

the same stimulus is applied repetitively. For

v



instnace, some units which do not respond at all
to flickering light of higher than 0.3Hz, gra-
dually begin to respond faithfully to individual
light pulses if 0.3 Hz flickering light is used for
a long period. Once the unit acquires the respon-
siveness to light of this frequency, then it becomes
able to respond to much higher flickering lights
which had been ineffective. However, this
acquired responsiveness is again lost if the sti-
mulus is discontinued and the eye is subjected
to dark adaptation for a while. Thus it seems
reasonable to suggest that the B-units, the B-
system, operate only under the influence of activity
of the A-sytem, so that more complex visual in-

formation, both temporally and spatially, could
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be transmitted into the brain.
3. The C-fiber

Spontaneous discharges are seen in most of the
units. To diffuse illumination, they respond with
gradually increasing or decreasing spike fre-
quency following the onset or cessation of light.
One of the characteristic features of the C-fiber
is that the response type of some units changes
as the time elapses from “on” to “off” or vice
versa. Mapping the receptive field is again
unsuccessful except for a few units, of -which
receptive field is several degrees in size. Response
to coloted lights is most sensitive for 500 to 520

mg.

21. Electrical Activity of Vertebrate Photoreceptors. T. TOMITA (Dept. of
Physiol., Keio Univ. Sch. of Med., Shinjuku—ku, Tokyo)

It has been established by several investigators
that the response to light of the vertebrate
photoreceptors is one of hyperpolarization. This
was found to apply to both rods and cones from
studies on single photoreceptors in the carp,
mudpuppy, gecko, and frog by means of intra-
cellular micropipette electrodes. The result in the
carp, by scanning the spectrum, revealed three
definite groupings of cones in terms of their
maximally sensitive wavelengths, which are in
close agreement with the absorption maxima of
the pigments in single goldfish cones measured
by Marks with a microspectrophotomter.

Light induces in the photoreceptor outer
segment membrane an increase in resistance, or
a decrease in permeability, which is approxi-
mately proportional to the amplitude of the
hyperpolarizing response. This implies a con-
tinuous flow of current in the dark with its
sink at the outer segments of receptors and
source at the inner segments and more proximal
regions. This accunts for the electric field around
the receptors, which in the dark is known to be
such as to make the distal ends of receptors

negative relative to their proximal ends. Upon

illumination, the “dark” current is decreased due
to decrease in permeability of the outer segment
membrane, resulting in a shift of the potential
at the distal ends of receptors in the positive
direction. This again accounts for the unusual
sign of the vertebrate photoreceptor potential,
which is opposite to any receptor potential stu-
died so far including the invertebrate photore-
ceptor potential. From effects upon the vertebrate
photoreceptor response of changing the mem-
brane potential by extrinsic current, the possi.
bility is discussed that the vertebrate photore-
ceptors are self-facilitated in the dark and de-
facilitated by light, or that the response of the
vertebrate photoreceptors to light is “inhibitory™
in nature.

The mass receptor potential is isolated from
ERG components by 10 mM sodium aspartate in
Ringer solution. Except at very low concentra-
tions, the amplitude of the receptor potential
thus isolated in the frog retina varies in direct
linear proportion to the logarithm of the external
sodium concentration, and in inverse linear pro-
portion to the logarithm of the external potassium

concentration. The receptor potential can be
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generated by light even after the metabolic
pump mechanism has been suppressed by oua-
bain, providing that a sodium concentration
gradient is maintained. It is concluded that the
primary action of light in generating the receptor

potential is one of decreasing the permeability of

the photoreceptor ‘membrane. to sodium. The
metabolic- pump is important -only .in’ maintain-
ing the normal sodium' concentration gradient.
A model in' the outer segment is proposed to

explain the ionic mechanism.

22." Inhibition and Disinhibition in the Visual Cortex of the_Cat. S. WATA-

NABE (Dept. of Physiol., Gifu Univ. Sch.

The thalamic afferents, both in the specific
and non-specific projection systems, are exten-
sively controlling the neuronal activities in the
cerebral cortex. It was found in our previous
investigations that the synaptic noise in the
neurons of the motor cortex was largely attri-
buted to the nerve impulses from the thalamic
afferents, and the interval distributions of the
spontaneous postsynaptic potentials (psp’s) in the
neurons of the visual. cortex were similar in
various ways to those of the thalamic nerve
jmpulses. On the other hand, the synaptic noise
was hardly seen when it was recorded from the
chronically isolated cortex slabs (the suprasylvian
gyrus of the cat anesthetized with Nembutal).
These finding suggested that the synaptic noise
depended on the afferent nerve impulses, but
not on the true miniature psp’s. However, when
the animals were immobilized with Flaxedil or
the depth of the Nembutal anesthesia decreased,
a considerablée number of the spontaneous psp’s
were recorded from the slabs with a Poisson
interval distribution. This may reveal the charac-
teristics of the miniature psp’s.

Direct electrical stimulation to the surface of
the cortex slab invariably elicited a long lasting
hyperpolarization of the impaled neurons, which
was occasionally accompanied with a preceding
antidromic spike. During almost the whole period
of these hyperpolarizations, spontaneous spike
discharges were not observed in most cases. This
hyperpolarization showed a latency of shorter
than 1 msec and a duration of 200 msec modal

value with a range from 60 msec to a maximum

of Med., Gifu)

of 400 msec depending on the stimulus intensities.
The potential was decreased progressively. until
it finally disappeared by an intracellular anodal
current injection with the bridge balance method
modified from Araki and Otani’s. However, the

inversion of the polarity to the depolarizing

“direction could not be achieved because of the

elgctrode polarization. On the other hand, the
supérimposed hyperpolarization was augumented
during depolarization of the membrane. These
results obtained from the isolated cortex slabs
indicated that this long lasting hyperpolarization
might consist of an inhibitory postsynaptic po-
tential (ipsp) originating from the intracortical
recurrent collaterals. Such an ipsp is found
generally in various brain structures and also
one of the characteristics of the.cortical neurons.

In the second series of experiments, the animals
were immobilized with Flaxedil. A long lasting
cortical ipsp was evoked by a test shock applied
to the ipsilateral lateral geniculate body (GL),
while an afferent volley was induced by a condi-
tioning shock applied to the contralateral GL or

the formatio reticularis of thalamus. With the

.conditioning volley, a slow depolarization of the

visual cortical neurons, having the latency of 10

to 30 msec and the duration of about 100 msec,

was observed. During this depolarization, the

impaled neuron was in a facilitatory state, and

the test shock was sometimes ineffective in evok-

‘ing the ipsp. After the depolarization, however,

an ipsp was- consistently evoked by the test

shock. The inversion of the polarity of the slow

depolarization could not be achieved by an intra-



cellular anodal current injection, because such
Jarge current was required to do so that the
electrode was polarized. Since the inhibitory and
excitatory interaction in the visual neurons is
much complicated by receiving impulses not only
from the specific visual pathway but also from
the subcortical nuclei, it may well be that this

slow depolarization originates from the recurrent
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facilitation as found in spinal motoneurons. The
validity of the disinhibition hypothese may also
be evaluated by the present results. There could
exist intracortical circuits of the interneurons
through which the tonic background activities
produce the slow depolarization as well as the

long lasting ipsp of the impaled neuron.
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