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Dynamic energy participation in electrogenesis of the myocardium
Masayosi GoTo, Yasuo TsupA and Atsuko YATANI (Department of  Physiology,
School of Medicine, K yushu University, Fukuoka, Japan) .
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O DB R T electrogenesis kc:t}ﬁ‘%‘ﬁ?ﬁémi
FHReEET I Lk, EEBAS T F—HD
PR IR, BETRSCAEAHECX
577+ —HDE L CERE, o0~ M
DEERRE, HHRRY BHLOE QuofE (5~
6) REMD, DLICFHENTERHEETD
-7z (Weidmann®, 1956 ; Hoffman & Crane-
field?d, 1960%:H). L L—1&, LFHfEo L
DOMBIER, EDX D g k> TEBME
EEEMORBICEAET P20 TRESRK
RO EETH oL Vo THBETRAVT
A5,

LL, BIEOIGEROBIZET, LHTESE
PLDBERIC D 3 ZHEOIEER OB PRI 5
L+ % iz (Trautwein®®), 1973 ; Reuters), 1973 ;
Coraboeuf®, 1974 ; Weidmann™, 1974 ; i
|, 19712M1), KK 51 3 Na-K
pump DFEEL £ DIREM~DFE, Tihbb
electrogenic pump DEFE|RFEIE L /2 v (Page
& Storm%9, 1965 ; Tamai & Kagiyamas®,
1968 ; Vassalle®), 1970 ; Carpentier & Vas-
salled), 1971 ; Ehara®®, 1972, 1974 ; Glitschl4),
1973 ; Hiraoka & Hecht2), 1973 ;Isenberg &
Trautweind®, 1974), >V CEHBENDO 7T b
—~HH & DERE T & i SRR O R TR
(MacLeod & Daniel3®, 1965 ; MacLeod &
Prasad®®), 1969 ; Prasad & MacLeod4®, 1969),
B T4 U 2 ATP o4 (McDonald,
Hunter & MacLeod3?, 1971 ; McDonald &
MacLeod3®)394004)), 1971~1973) 75 ¥ A3 3EHs
s Lok or.

fli 55,  adrenaline < theophylline @ . #5
REFE W~ DR ASHEHT & . (Hauswirth, Noble
& Tsien22>, 1968 ; Tsien, Giles & Green-
gard®, 1972), = hiCikl % 5 Tsiensen
(1973, 1974, a, b), Reuter® (1974) & OB
cyclic AMP @ Ca 0Py & B L. BRI
HNE B, 77 N —BARLHTHRY BALiCH
FETHEEHEL ML, 2EHE LTV
DT & BB AL & OBIEBR B O VAT
IR FOHMEFEHOMCLTERL LI ICE

- bhs.

Na-K pump & H%@%ﬁﬁﬁ% L ORIz O
TiX, T CH « BR—EE 2D TELIRR

REENP Y (Kerkut & YorksD, 1971 ; Tho-

mas®), 1972 ; Glynn & Karlish!®, 1975), .[»
50 electrogenic potential iz 0Tk iz
o (BB, 1973) LARFIMA LR,
IEENEALC HBIRE & RENER OBRIC OV Tik
BIcEL» bbb, LALERIE, O
BB TN LDORMENEEOWNERY, &
WRBITAED LI T v 3 B, BELERE
W, M, 7 Rk EhoBEMERRICR
THED L LBEEOBRRKRFE T 5 & HIS
n, TIREBATIRETH .
I. RBEEROLBHORESR, HMIERAAF
VB, #J7 electrogenic potential
Girardier' (1971) i3RI ED £ T DLHHIC
v, McDonald & MacLeod*) (1973a) j% &
NE Y PODLERHICOVT, EEEET OBEIE
EAL (RP), 1SBVEAL (AP), MEADOEFAF D
e, ATP o@E R ki & & HBRE L,
R L L b icEfay o Na #EF (Na) ik 4 i
WAL, K#g Ks & ATP o0& ETL,
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R1. a)-e/ley ABAGOEERICS XIET DNP (1074 M) OER. ARHHR, Bk
Fi1 54y, C 3205 H Osk. TAIBE 100 mV, EEE#E 100 msec (McDonald, Hunter &37,
1971). b) EEREET ORLOH ORI A A4 VIBE (Na)i, Kh 3 XOEi#IEEA Em, KT
DOEMHER Ex 1€ 3 XIS TIHELSR. GwoNz: EH A1, /L=~ 50mM Krebs %,
GsN, : EH R fafn, /72— R 5mM Krebs ¥#§. i, #EF AP LK /La—Z5mM
DHAIT Nali O, Kl OETFAFLWE &, T2 EHO GauNy, 35C 1KEWT En &
Ei itkER4 Uz &Kk, 3iA4% (McDonald 540, 1973 a).

AP 77 r—ofRERET 225, RP 3@k
AMEBELERVZ EEFALPICLE (K1) B
bizk hid 5mM 7 o — XFEFETIC 8 Ryl
YOBEREL TS, RPOETIX5mV 2N
e &Ey, K obrbi#llshs Ko
HEA Ex X9 b 30~35mV LML T
waskwh., ZoRERE LT, 1) MHMEEET
EEAD K 14 EER bulk ob DLz
L5, +bb compartmentalization LT
W3, 2) electrogenic potential A3FEA: L
T30 2BOTEEERD 55, KBEET
%7z Ouabain {Ef FICi3EREE T CHE 2B
SR FEL, EREEMN Em » K O4HE
P Ex EREL—HKTrEEREPBZOE]
OFREMEIRED Ly vz k5 (McDonald &
41)42), 1973 a, b),

2L UTOBOEEME, 1) KAF okl
Raps DAL 2 X & T 2 EEAr (Nernst %

7z Goldmann @ & fi7) &, 2) electrogenic
Na-K pump iz X % BMDO2HE, ThbbA
& v DREFEIARTE T % BEAL ionic depen-
dent potential » {{ # BREICKE + 5 E M
metabolic dependent potential s & 725 & \»
% 5. D RT 5 electrogenic potential iz
DVTIRT TR, HEO—HEOEELZTD TH
NFETHY (RESDIIBE) T EN S
B, Fhixofic B0 5 bo LFERL
Na)y o E#, Kl O¥KEEE LR CRE
&h, Ouabain, (K}, o&kZ iz &k v #flsh
5. Toi2 LD KRR & Na SRl odfs b
coupling ratio 124z X Y E&E I EEL,

Haas, Hantsch £20) (1967) iz L4, B =l
Bk (K),=135mM, (Na),=113mM o &
& Na-K @fEH X 8 : 1, (K),=108 mM, [Na),=
6mM DL XEHERLT 1: 100 hEL, FE

" | Na-pump & K-pump 2HISzU7R L &7
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L5328 ThH5EH. iz McDonald 54042
(19732, b) »EN Ty FOFTOREETEET
Rix, BET cL5mM o va—z25x
FETHE 8 flich YV ER 7 En 2H#iET
E5LvH2LThB. L2 bzor Kk
1/3~1/4 wigb L, Naj; i3 ~4fFickL
Twv . ThbbbmM OF L a— 2 FEE
® En 24T 210554 7 electrogenic Na-K
pump DX NVF— 2R TE 58, EFOM
RSN DA & v ORERE EHERFT 512 E DR
VIETBRIZENTERY. HL LT
electrogenic pump Iz & » EEEE T i b BHilic
R IR TEAL & PRI R MR L, AP 7 IR
EBRETHILBTE AN, KEHIE~NBE X
WWAP D7 T b —, F7 IR L <
Sha.

. EBHEMLORKF & KH, ATP O%E

2 OFLEE & JEETRIBIC T 5 Lo E»
5APDF T h—FMRENE L, 0SB Z > 5
RP 3 X trovershoot MET Lk L % (Traut-
wein, Gottstein & DudelfD), 1954 ; Trautwein
& Dudel®, 1956). #F & HEx 5L ZhbOE
LREE T 25, —iBtEicEBREE O KEN H
HL, RPBLU AP ofigk, 75 b —0iEE
BHBNE, BEXRZ UL, BeoRH
#, */ 39— FEiE (Kleinfeld, Stein et al.32),
1955), NaF, NaCN (Hoffman & Suckling??,
1953) 7z ¥ OfEfIc X YRR T b~
i@, AP, RP 0IKTRH b3, iZEET
~N &k RP B3 &0 kg 3 LEfic 7° 5+ —
HHOEMAHB T2 L TH 5.

20X 5 RRBEECHROMEF I v T
MacLeod & Daniel3® (1965), MacLeod & Pra-
sad3®, (1969), Prasad & MacLeod! (1969) &
B—EOWR LT, AP ORE¥, 7J b~
HOEREC > TR OMBFERES ERER
+ = & % {8, McDonald, Hunter & Mac-
Leod3? (1971), McDonald & MacLeod3%40)
(1972 a, b), Girardier!? (1971) 1% = h & iZ fgE
VeFic X > T4 T ATP (adenosine tripho-

sphate) »@#CBET 5 LERL, Sbic
it McDonald & MacLeod4)42) (1973 a, b)
R hEFMICEITL T 5.

bbb, EMEy FLES £ 5mM S
a—RFEETICERFREBICE L, K2R
L X 9, I b—oEkE, AP OiRiED
WL, £ itk THZILE— ik
ATP O L BAEFEHOKETS HBE T % 28
(McDonald & MacLeod3$)3940), 1971, 1972 a,
b), ST NV a—2% 50mM 2 ¥ 3 L ERRE
WREBIZH»H 5T AP ORIR L 75 ~ —HE]
BT 5., ks va—2ic X 3EE R
1RV R L O PEI#] 2, 4-dinitrophenol
(DNP) % NaCN fZfEFic AP 23E#E L= 54
[ SRl

L7zMRoT, 50mM o Fvo—2R & 377
AT L2 D SEERFR R AR C b BRILAYIER D
HRIOEAT L, 20AP, RPIZABZREE
BB, Zha—RELOLRMETEE? R
AP o4k, BT, RP o 3k s h <l
fad BB, KR S, Fle s N a— 2 OEER%
% JEWT+ % phlorizin, %7 %M+ 5 2-
deoxy-D-glucose, iodoacetic acid % 2"V = —
AWz X 5 EE #5515 (Webb & Hollan-
der®®), 1956). = » X 5 &—EDOFT T fEEHE
BEAPORIEL 7°F b —o#fRic =&/ 2 £
L, BMLRBBILIZiz L AL FE LTV RV
LETRT 5.

LU AP 75 F— ORI B R =R 2
BEFiLTh, 2oMEEL 5L BERTR
V. K 2b irERFRIRBICRBIT S ELE Y ML
HOLBOREREZRLIZLDT, BB Vva
—2ZAVBZVIE ELBORAEN L, MFENTT
bhTW3BZ L ERL, EFRAKCIXZ OILER
DRELLEO ATP 555 & B EBRK 75 L5
BRICI B L BRL TS, 72 ORI
X5 ATP opgtgy AP 075 r —FOEAT
BRI EEOLMLT c#ig & v (McDonald,
Hunter & MacLeod3?, 1971 ; McDonald &
MacLeod3$)4142), 1971, 1973a, b), #&l#iz X v &
fEni ATP BE» APIREE 75 r~ 24
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2. ATy PIEMOEBHEMORE, IEEL ATP HECRS XTI L =
—RBEORE. a) EHELORE (APD), b) #EELE, o) HEELEE ATPSEED

#HB. Gsor Gs, Go 1AV 7/ /L = — R PRE 50 mM, 5mM, 0mM, O, 13EE3HK, N 3@k v A
MEEWRT 5. FLa—AFRET APD OEHE, IBBREOROVEECHDI 2L, T
F4Ex ATP SF B EFfTT 5 Z &icit®E (McDonald & MacLeod?, 1973 a).

BisrltExbhBX ook, %/ Girar-
dier!? (1971) % =7 + U OEFELHICOVT,

ATP o&HE L AP Rig L ORICHELTAT
BERb s LAY, MECHEELERLT
w3, 727 LERZEEBLHER LIS T
©, AP 075 +—o&EkE» ATP OBREE
VT TBE T L b, BEHL submem-
brane £gikn— » pool » ATP MHENE

K[REECFLEL, 0o pool O} D FiE
@ pool ~» ATP o ic 5T 2L 0 Th 5
5L0v5,

V. AP o&#IcH 31 F Vv Ef &t

Ao X 5l AP OFER I EED 1 3
yﬁﬁ%% (INaf; INas: ICay Ikl; Ikz 7’1 E) 7j§£§§j‘
28, ThENOREREFRICS LETLHN
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OB FSHLPICERTV R, RE2HE
FRBOBENEE L AP 0E L b bTH
Eix, ZOBEEBERD > H 77 b —HOEKICH
H 17w 3 slow channel D JEEHE Inas, Lea
B HVIDBIERKER ke 2 EOBETFHS
5. bb54L AP DT, EHELIREMN DK
Tz k% Inas X Ica OARIEMAL inactivation
% Iy, OFEMAL activation iz X > CHHERE
han, AP PMETEHT 2RATIIRS~E
RP o@bnkl, TOERI—ICEETES
Th5 Y. 17 VERFREMT ORBIC RP 22
BT 20 2 RIZIREYURZET 2 LHE
b b,

McDonald & MacLeod4142) (1973 a, b) (2 &
i, EmETOHOEL Ty O AP OIR
g L B DR T iX b o5 APSE RV 0% 248
B L, 8 1HOEN RN Y EE I
B, TS Iy WERBEREZL VDY S
slow channel @ Iy, 7 Ico DAL B L
v 5. Schneider & Sperelakis’® (1974) 4
WELEy bOLEHIZ O W T IREREL,
AP D24 7EHFL VS 7T b —ERPAH
Mz, LVERTHY, 77 —BREE
+3 Ins & Iea © 5 HHBEOHBREH =1V
FKFELTV S 2. THRLLEDIZIE
EIREFR O O AP B X ORI TR JiET
DNP, KCN 7 & ofiiHE 2/ idBRARE, Z
fire ¥ OFhE L, #Eic 27 mM o KC1 20

% Tnat BRTEMAL L7z DB isoproterenol (1077
M) % %\t caffeine (3mM) CHAEE L DX
slow channel @ AP LUufEiEHIc 8 L & ¥
FERORBIAED R 2 HBRH L. 20
slow channel » AP x4 » Ca jrE, Mn
(1mM), verapamil (0.05pg/ml) G4k + %
b, Aok Ca-AP TH 30, =» AP i
DNP (10*M) %7z KCN (1072 M), £EERF#, =
et h 2053 Fiifk CIHAR L, 7 IRERTS
WK B, Shicxt L, ERIKER CRHERE

DB P05 FRE THIBT 20, A AL 7RO
AP BESZTHERET, oMb EF L S E
v oL LT B Z o Ca-channel nffRic

R#t = 3V X —DPRETH D LFERL TV 5.
AP 077 b —FaOFHtic G- 2 h OB
EE, BEERKEERT Ik Ia 2ol LHR
# L OBERIC OV TR ERS 2. Th
SIXBHI D BALC LT 2B TH 5 b
B, LHOBEY QuErbbFHE h 5 & 9
W, MR, ROEAREEEZT 52FETDH
5. BE, H VLG TRERICRET2F LY
S EBEER Ixn OEABE K & 1 (Goto
518, 1972), {3z DNP {EH T ClR 2 5hm
SEHROMALFEE S *K-efflux o LH45450 5
T (Haas, Kern & Einwdchter?D, 1970),
INHORETO AP OF L VEHE & 9L ¥
D . )
UL, BETR& AP oS E XY
HEFz, Bk 1) slow channel dopy ] &
BRMORNIEM(L inactivation, 2) BIEEHK &
RIS ER © 13 2, 3) EoORRER
leaky current, 3 X O 4) BEEKEEZRTH
MEER I DEETAHLVHIZLTHSB. &
N HOFEFRITE I T REEROBENH L
PICENIECR Y FB LRI RET D 2
2B, KRBz INVE—DRER—R KD leaky
current Ok L APDEREEX b - b F. —
¥, & iE @ Isenberg & Trautwein3® (1974)
@ Purkinje #iz > COR%E I k i,
ouabain %7 dihydro-ouabain (DHU) %
o electrogenic pump iz X %44 H X BH EH
HIL, steady M & EFR LW, AP LR
LA E L L L, BICBEEREHETL
HBB, BEORFBEREEIELL ZE v
5. bLESIThHIE, ThOEMAEROHK
AT AP ORFERE LS LIS ).
5 & HIcERET &R, LHOBERELZ
DB > TREBLVHZETHD., TNV
v MOEEER IOV T o McDonald 54042
(1973a, b) DEBRTIX, 7J F—HELOEH
5L ET le. THBEVH. TOHEHAIZ, 1)
7V 2 — AFEFHR P T D AP OB Ie i)
1% “2K-eflux ogks b v (McDonald
& MacLeod3%, 1972 a), 2) .[>Z={EEMG 1 Pur-
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N A
l Sustained 2h |

b

Control
27mmKt- Ringer
Prapranolol blocked B

de —AMP (I0°%) ——>

I5min

50mV

} 100 i
ms

K3. BoHE/LEs MLBOEHEMHBRICE XIE T isoproterelol (1077 M) &k X O

WEOHE.

a) EHEHER (A) 27mM K B4 X 5 KISiEE (B), TO&XETFTD

isoproterenol (107 M) 2 X 3i&BEMOFHHER (C), %£® propranorol (2mg/L) iz X %44k
(D). b) 27mM K 3 X U° propranolol {ER F DR, FOxHER (E), 3mM theophylline (F),
3mM caffeine (G), ¥ X UCHEIRES Mix OfEH (H). (c) [l 5z 27mM K 3 X % propra-
nolol {EFTF® 107 M DB-cAMP (dc-AMP) D {i:F (Schneider & Sperelakiss, 1975).

kinje #i L B7s Y, AP oFESBWIEEL LT
slow channel @ Iy, Ica DB X 5 (Gie-
bisch & Weidmann!) 1971), 3) %o slow
channel #3E¥r32 Mn i 50mM A =—
ZAFETD AP Z3EH» i L (McDonald
& MacLeod, 1972 b), j¥%iz slow inward
current #¥8944 3 isopropyl-noradrenaline
(INA) BEBRTCEMBLZ AP 2 EIHE & ¥
%5, RETH 5.

V. BEHEREEHICELET ATP O

H

ATP ##4% & ¥+ % adenosine nucleotide o
LEVE B i3 &  Drury & Szent-Gyorgyi?d
(1929) LK% < OMFER H 53, YURrOHEM T
RIEBALOBEIIRIRETH - 7o D DULHE

B & BT & FIRRC B R3d L7 Hollan-
der & Webb2) (1957) oFiRick hiF, T v
+ DL ES ¢ ATP, ADP, AMP # 7z adenosine.
deoxyadenosine, inosine % 0.1~1.0 mM &
Echd APREOEY 2D (3~6%)
L, AP 75 F—HHOZE LVERE (37~40%)
BIOAOENEREZ b EbT v, I
BALRP ICZigL A ERBREERD . i
¥, Bertelli 53 (1972) $, S v +, £ E v b
DEH TIREFRRLREREXTVB2, Ty b
T i cyclic 3, 5 AMP (cAMP), dibutyryl
cyclic 3, 5 AMP (DB-CAMP) »:fifh b §E
7c AP #E g, overshoot % 7= dV/dt o #§ k
%, DB-cAMP G131 & bic AP #HE 0 R L iy
WEAOBEEERE L LT L.
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M4. BEENEETORRY=ALEG

57, BEHICH XIEF ATP 01mM off

Bl. a) —RE. EAEE TGRS B AE SERAREEIhTW 5, AEORER

EX D 002g, 20 pA, 100mV. FERIEEEEWE

FEK 1007, EUVESKLE. b) EWWEHIC

BIFBK, INO—I Do ANDER. 1 DL AP T0mYV, 100msec, 2 DL ATE 150

mV, 18, £hfhCag

BEIRAE & FERFE ORN FE 2R T

c) ATP{Efits. ATP{g

FTIC Ca ittt IG5k, JEUAHE D B DIEIIHISh °c Wb, @&Em:;t n"
20 pA, 100 mV, 0.02 g. [ERHE L # (Goto --Yatam & Tsuda, £53%).

s, BB H = VDB D T, -
Antoni, Engstfeld & FleckensteinD) (1960) 2%
Ca** RE Tz ATP 8 adrenaline :F%@{’E}SE_:,,_ .
ERL, AP OFfET0~T5%MER L IS
FEBRD D T L BEEL, FEHH (Goto, Y-
tani & Tsuda, SRk L ERLETOH = ;1)
LRI N EHRT 5L L bic, overshoot
OHK LD, FEEMEEECL) oo ®

HA LR ORR e B L, ATP 1% slow
channel » L, D@ E L, FEINNHERZ
ity sz L 2BLMIC L (K4)

% 7- Goto, Yatani » (5k38%) i3 ATP, GTP,
adenosine, guanosine, imidazol 75 ¥ DOZhE
& HlgiREt L, guanosine &R\ T3 THIH]

';mmowﬁwmaAP@ﬁﬁ,ﬁﬁoﬁké%
Te BT, ﬁém:tﬁ@gjmzﬁj L AP @mﬁﬁ&

i nucleotldes h_%iiEﬁfﬁﬁ@Eﬁﬁ?}ﬁ » AP DE
B, EREERRS Y, Thbid ATP>GTP>
<adenos1ne>guanosme @JIIE Liny, guanosme

CRAPEIM L AP OFfEO B ETT LV
M LT ATP %145 % & 3+ % adenosine

' nucleotides 75 Ic, niEsk, APEER, I

KEVHIEDOEHIER L, delayed current o
WK, APDEHE, IR AT & v 5 ADET
RO 2 TEAERT L ThiE, B, O
DHREIZ L - T, BIFEOES L O TRIENE
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FHERR, BEREEREZLETLOTIH AP O
WLADENERPHBT 20 b 4RV L DI
Hbh3., £ 0EKRTEIRLD cyclic AMP
O2HEERCET 2MERERETRELDORED
59,

VI. Cyclic AMP ST

Tsien, Giles & Greengard® (1972) % Pur-
kinje ##ED 77 b —EfLick XY adrena-
line DfEM, 1) 75 b—HOEHE, 2)
AP og#ETh Bz L, THhbb slow inward
current D33k L delayed outward current @
WA F IR+ Z & (Noble & Tsient), 1968)
iz B L, phosphodiesterase (PDE) #igi& ¢
% % theophylline, %7=—E® 77 7z M # X

[
line (A, B), 2mM, 0.2 mM theophylline (C, D), 35 X 0¢ 100 #g/ml Ro 7-2956 (E), 2 mM MB-
cAMP (F) 0RO #E. M diEFBEMFSEOEHLE S P —HOLAZ 3257, BURKE
V1%, R LE DOLT258. BilAA3 (Tsien 5%, 1972). b) REBEMIC & JiETH

A 55m O % R. A) cAMP OfEA.
5'AMP D{EF.
~D cAMP JEADEHE,
% (Tsiens?, 1973),

1: HEAHL

1: AR
1: AR, 2:HEA3SE. MHEAOMERLV. C) HBRER S oMl
2 FEALSPER,

L5t & electrogenesis

Ro 7-2956 (4-(3, 4-dimethoxybenzyl)-2-im-
idazolidinone) ® fEH 2 BEIL, T h b R
adrenaline L &< Fi&ic 75 r —EBM DO LR L
AP @iz bbb Tz EHLMCLE (K
5a).

Theophylline X/ Mafkn &0 Catt
¥biebl, (Cal ok 2 ki KiZgk
DA% L bR 28 & 5 2 (Franken-
haeuser & Hodgkinl®1957), Ro 7-2956 {3 PDE
DIMHEIR2000/5 B 58 < T » OF/NEE» 5D
Ca** HHfERR V. bbb T, Z0

10~100.4g/ml ©7 35 b —HO LR, AP O

%5 & pacemaker DEEREDbIhBE. ThbdD
VERfTh S BEMAICT vy 7T & L v
5, 2 ki catecholamine DIz X 54 D

b

-2
A
3
1 .
2\ 1,3
\
B
2\1
" [

a) = > Purkinje #HOMINEAIICE X 1T T#IME51$&5 D 1078 M noradrena-

2 A4 3:239%, B)

3: 65, HBEEMEEIHATY

mY
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Tixs . -

#eb ik & bz, EHEEED CAMP ©h 3
monobutyryl cAMP (MB-cAMP) % 7= N°-2'-
0-dibutyryl cAMP (DB-cAMP) o {E %
N, ThbaEEH% 1~ 24T adrenaline &
FtREERERTZLER B T L, R
cAMP # catecholamine fEF @ FH%E LT
5ThHAHHEVH. T b b MB-cAMP 2
pacemaker action ¥R 5Z L, EEE
frEEc X v delayed outward current ©
b5 In B35 TIERECHBSh, TOH
ER XL VECEBMCBITT 2L, i
PEAs —63mV 5 —71mV ~ kT 52 L
Mo, BEFEO driving force o RERA L & 3

L5, .

< LT, CAMP 23 catecholamine D{Ef &

Rt LEL B3R, BIF Tsient? (1973)
X & VEBIC I EIEHT 5720, Purkinje #
HOMBNIK cAMP % EH#: A intracellular
iontophoresis % Z L2 X ¥ Z DR ERES
Liz. +hbbB/NERIC 1.57TM o cAMP
» Na #5z >»MERNICHAL, TOEREE
LT aBEET CAMP REATSLE, K
5blicsrlizk s, 1) ALhETST +—FE
o kHE L, 2) AP EBoEENHER L.
zhizxtL cAMP L%4%E, SHTETHS
BT OLEEY) S'-AMP Z2EEEA L THA
b HE LR, '

» LT, AP 0o L7 7~ — E &

cAMP BHEOEHRTH Y, cAMP 73 adrena-
line, ATP % %\~ PDE &l o4 o final
common path # &+ RIBEMHENR B 5 5. Tsient)
(19742) ZE LI ZDEEHED 52, T
adrenaline ¢ Purkinje D EERE & I
Ix, E¥E o kinetics 1038 X IET8)E % SR
&t L, adrenaline 23 Ix, DV 3 SH#R & &
#20 mV &\ EEA T voltage shift & ¥
DEERIERNRD - T, Ik @ deactivation %
Hraz e, zoEAEME Catt o 1.8mM
25 54mM ~o FRIZICETZ L, 2hl4f
DO, T ORGEFHE, BHROWWER, %

7o Ie DRMERERELELD RV LR
B & Uiz, ,

F 7T Tsientd (1974 b) 1% adrenaline
DR S ghsio voltage shift iz 2w T
adrenaline % theophylline, Ro 7-2956 ®#f
RIEAERF L, BAEDBRED LTI
P FAEICBAZERY occulusive IZfER L, BAMR
EPLEo S o voltage shift 234 b h T,
BAREBELT CREVITHENC/ERT %
ZrRhEEHLIIZL, BETHL cAMP 04
AERAAS final common path % 7& 4 L%
7.

B+ < %% adrenaline o S g ITERH
1z T half maximum effect % 6 x1078
M T» 50l L, slow inward current i
X5 FNIZIEEEEVEVSZ 2 Th 3
(Carmeliet & Vereecke®, 1969). +74b b Pur-
kinje 4z 3\ Tk pacemaker iz 5+ 3
delayed outward current o J5 23, UNHEEES
1z B354 % slow inward current X v adrena-
line' okt LIOEZRERB . DEOBEELE)

YR L > THEEROMREREL P D, £

DRENRLVVET2WEELHS .
VI. Catecholamine, cCAMP &R HEER N

Tsient3)64(1974a b) & 3 catecholamine % 7z
cAMP F§E#E » pacemaker activity %}
FHEFABEEZE LM LDkt L, Reuter
52) (1974) 1% = &7 L LEREG DUHER S % 72 Tea ~
DOIERMFZEMC R L 72, KI6bixzo
Reuter OFf RO—EER LI DTH 505,
noradrenaline (107¢M) % 7= DB-cAMP (103
M) ogAEDREBRETSLE, [Thb AP
75~ —BALD LR LR, 8 X OB I
EHoEEER #73. L L noradrenaline
I X BIES OHEER & TERRF O &ML L Y BHE T
HY, chicH L7 7 b —HEEE DB-cAMP
DFHE L. IR T REMIZ 317 % hump
OHEIZ = h oI tonic tension J Y %
phasic tension # X Y#¥¥&ET+5Z & 2R T
5. 4% 513 % 72 MB-cAMP 234 < Rl &
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a) =% Purkinje B#EOMIBANEARICE XIE$ Ro7-2956 (44 pM) OZhE. T
T3 15388, 2 1B 3 514 (Tsien®, 1974),

b) = v LEFHOINE R & MIRNE

712 3 X 1 3+ DB-cAMP (1 mM) & noradrenaline (1076 M) OfEH. FiA X (Reuters?,

1974).

ATZ L, L LS50 cAMP (10 mM)
BIU 5 AMP (10mM) 36 OREERE
B L HTS.

{5, catecholamine X LFDEVHRAEE
¥ #1994 L (Reuters0), 1967 ; Vassort, Rougier
560, 1969), MB-cAMP % Rk fEf 273 2
Lameh Ty % 28 (Tsien, Giles & Green-
gard6s), 1972), Reuter®? (1974) X bizZh
b DEMOERBF = L Ica © kinetics ©
BIFTHREZRBRHAL . TOERE, EiLo
noradrenaline % 7= DB-cAMP O AKE%hE
ET, Fifikle & 24, BRERIMERL,
noradrenaline DERAR L VEETHZHZ &,
% 7= delayed outward current ~DEH 5
w2t EBALMAC L. ZhLOBTRIZERD
AP rIERAKRT 2EEPOPROEE X
{#HHT 5.

#7 Ica 1X Reuters) (1973) iz X ¥

Ica=gca (Ea—Eca)

gc":—g?;'dco'foo
TCRERBD, bbHA gk Cat 0avy
7HE VR, Goa BEKaVEIEZ VR, %Ea
BIEEN, Ec.ix Catt oFMFEN, d, £ I13F
BRI Lo FEMEN, REHEAERTER

T, o, fo IZIERRIFE] D steady state 123
FBENLDEERT.

Reuter® (1974) 13- h b0 ER I @
kinetics iz ¥ X ¥ 3 noradrenaline & DB-
cAMP DfEf 2R L, PHEEM Ec., &
b, RNEHLOEE do, fo BB, %
7z Ieo OEEHRLZEE LT, BRMI Catt
DERaVEIEZ VARG, DEREDZHTZ
LEHL M I L. ZOX ) EHEYOE
FEREFRRNEELLE O Ca-influx o &4 & 8K
LT, BELHoZREEKLECEV D flux

ik 2EBERE (Grossman & Fruchgottl9),
1964 ; Reuter®), 1956 ; Morgenstern 43,
1972) L X< —HKLTV 5.

EEO L I VLHOBRE F £ 7o IR
2B kiE ¥+ ATP, DB-cAMP (kFEHK) %7z
caffeine 7z & (Goto, Wada et al.™D, 1974 ; Ki-
moto, Saito et al.”®, 1974) DIEH 2 #Ft L, Lca
DR 81348 Reuter of5R L T4 3R
¥ xlch (E4), ATP & caffeine 2SEZHHE (3
#BLR) DERAZRT O L, DB-cAMP 0
INHE T HERIE R0 LR BT 5 2 & &
45 7-. Reuter52) (1974) 3, DB-cAMP, MB-
cAMP o 0513 noradrenaline iz, L#E
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7. A) BENEETFTOERS =/LLESOIHEED LEERICE X 1§ 3 ACh (106 g/
ml) O, BisHE-9L A1k 7T0msee, 100mV. 1: EFIRT, 2, 3: #RENIERK1/2, 44
Hosttk. ABOKEIRE X D20 gA, 20mV, 0.02 g, BRRFEE 250 msec, [f— LR Xt
LT dUNHEIE S & tail current PSPHEIHAL T W 5. B) BVWAMEERIS LKL D tail
current @ ACh (1076 g/ml) iz X B34 TTX (1078 g/ml) FAE T DEék. 1 : ACh {EFR,

2~4: R 1/2, 1, 35, AMOWIEIX XD 5pA, 50mV, 0.02 g K E 50 msec
(Ikemoto & Goto®, 1975),

L<EL, (Ca), 0.9mM DfEMET T bikHHs
BT 304052 EFT L), BEHLZ
D5 cAMP DEFBEOWERE D EEL
b3, BiczhiZdoBHIcX 3, £
DRSNS B3PI oV TR RBREO
KRB 5.

VI. Acetylcholine O E/ER

Catecholamine .UMgIER &4 & OB
FXlambh Ty % A%, acetylcholine (ACh)
OER L REOBRES EVEE S TYER
>, fek ACh 3Bk gx 0 LRHIck 5 AP
D%HE L pacemaker potential o] (Hutter
& Trautwein??, 1956 ; Trautwein & Dudel6®,
1958), % 7= AP &EHgic X 2 IUHERR 71 o ikl o 4
23HEHE & 1 C & 72 (Antoni & Rotmann?), 1968).
LH» L, i, Prokopczuk 540 (1973) ikfjh
SEOG I BIF B slow AP % ACh 23l

BZLEWH S M IC L, EREED (BB,

1974 ; Ikemoto & Goto2®), 1975) | EBMEE
ik v ACh pPHICEFEEME (20 KRS
THDOHELY, Lo BRERAITHIH L CTIUHE
HNEME B L EHR L. Tiabb la 2%
i35 EERoRic 11 53EHR, Eca Zca deoy
fo DR ZEhERHFL, ACh ik 8o OB E
BIRWCHHIT L 25-7 (7). =0T
Fix Ica 238587 % adrenaline OfEFICIFIC
sty ch v, AChoEHIz 2w adrena-
line & [FRICHRE L DBEL UREE T 5 &%
ERDHBZLERRT S, £ h B3, 5 cyclic
guanosine monophosphate #4351 &EH» b
(Kolata®), 1973) BR@cRiFT X EH@ETH 5
5.

K.¢ % U
OB R OB, EERR, EEEMOEE
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B & UIREIR AT ic B KT REIC OV TR L
oo Bk, 15, R ¥ —R o BB B
F 3 ESHAIT L - i b Hodgkin-Huxley o
LA VBEEL > TR ShTERR, EET0
RHROERIC b 5 4 FrBBEEERETHE
F, »BvixEhboiEEk, NEELOBEE
KRHRBEETBZ Lk, D2V TS
BRBFECERVEETHS .

L L, ATP % cyclic AMP B E&RiC Y
» X 5 iz Ca-channel % K—channel (53
BRICOCTIRZORBE IO TRERIASL
MRV, Zh b nucleotides @ Ca—chel;itor
LLTORBZERT S0 H Y (Rasmus-
sen & Tenenhouse®), 1968) ifc:;}p%‘:é‘i
T304 H%. %7z Isenberg® (1975) 345
Lk i BmERoRE I (Ca) i
Lbisd gx OWAREREZ LT B bAH
.

fiiice X ATP, cyclic AMP 12k 3 [c. @
ek L Ik, OEBIT catecholamine % methyl-
xanthine OFFE LEEPIL, —FZ i acetyl-
choline DR Ltk T H 5. %7 adrena-
line % theophylline iz X 3 slow AP 034
1, B B AMIC/EA L T adenyl cyclase
DEMAL, %%k phosphodiesterase D] %
blebTbDL LT, cyclic AMP ofifEic
BiF KM, Ca—channel £ K-channel o
induction iz B5-% 3 & v H Sutherland35)(1970)
DESFEXHET55MIc d Y, acetylcholine
k% slow AP % Ic, ofpflixsh2 h
cyclic GMP #4334 DTl DEE
ERE 2T 5 (Kolatas®, 1973).

X [

1) Antoni, H., Engstfeld, G. & Fleckenstein, A.
(1960) Inotrope Effekte von ATP und Adrenalin
am hypodynamen Froschmyokard nach elektro-
mechanischer Entkoppelung durch Ca**-En-
tzug. Pfliigers Arch., 272, 91-106

2) Antoni, H. & Rotmann, M. (1968) Zum Mechan-
ismus der negative inotropen Acetylcholin-
Wirkung auf das isolierte Froschmyokard.
Pfliigers Arch,, 300, 67-86

. 3)Bertelli, A., Bianchi, C. & Beani, L. -(1972)
Effects of AMP and cyclic AMP  on the
‘mechanical ‘and electrical activity of isolated
mammalian atria. European -J. Pharmacology,
19, 130-133 :

- 4) Carmeliet, E. & Vereecke, J. (1969) Adrenaline
and the plateau phase of the cardiac action
- potential. Pfliigers Arch., 313, 300-315

5) Carpentier, R. & Vassalle, M. (1971) Enhance-

. ment and inhibition of a frequency-activated
electrogenic sodium pump in cardiac Purkinje
fibers. In Research in Physiology, edited by
Kao, F. et al. 81-98, Aulo Gaggi Pub., Bolognia.

6) Coraboeuf, E. (1974) Membrane electrical activify

and double component contraction in cardiac
tissue. J. Mol. and Cell. Cardiol., 6, 215-225.

7) Drury, A. N. & Szent-Gyorgyi, A. (1929) The
Physiological activity of adenine compounds
with especial reference to their action-upon
the mammalian heart. J. Physiol.,, 68, 213-237

8) Ehara, -T. (1972) Effects of the increase in the
intracellular sodium concentration .on' ‘the
electrical activity of bullfrog ventricle. Jap. J.
Physiol., 22, 403-419 .

9) Ehara, T.(1974) Late potentiating effect of low-
K Ringer solution on the contractility of the
bullfrog ventricle. Jap. J. Physiol., 24, 329-342

10) Frankenhaeuser, B. & Hodgkin, A. L. (1957)
The action of calcium on the electrical pro-
perties of squid axons. J. Physiol., 137, 218-
244

11) Giebisch, G. & Weidmann, S. (1971) Membrane
currents in mammalian ventricular heart muscle
fibers using a voltage-clamp technique. J. Gen.
Physiol., 57, 290-296

12) Girardier, L. (1971-1972) Dynamic energy parti-
tion in cultured heart cells, Cardiol., 56, 88-92

13) Glitsch, H. G. (1972) Activation of the electro-
genic sodium pump in guinea-pig auricles by
internal sodium ions. J. Physiol., 220, 565-582

14) Glitsch, H. G. (1973) An effect of the electro-
genic sodium pump on the membrane potential
in beating guinea-pig atria. Pflligers Arch.,
344, 169-180

15) Glynn, I. M. & Karlish, S. J. D. (1975) The
sodium pump. Ann. Rev. Physiol.,, 37, 13-55

16) #EEE 2 (1974) LEH OBE « INHEERS. #B21[E A
FEMEH. LBOEWR SvRIY A BF
E&sE 26, 500-501

17) %R %, FEMW, Sl b (1973) L5 &
Electrogenic Na-K pump. HZA4EHsE 36, 563-
575

18) Goto, M., Kimoto, Y., & Suetsugu, Y. (1972)
Membrane currents responsible for contraction



Dottt & electrogenesis 357

and relaxation of the bullfrog ventricle. Jap. J.
Physiol., 22, 315-331
19) Grossman, A. & Furchgott, R. F. (1964) The
effect. of various drugs on calcium exchange in
the isolated guinea pig left auricle. J. Phar-
macol. Exp. Ther., 145, 162-172
20) Haas, H. G., Hantsch, F., Otter, H. P. & Siegel,
G. (1967) Untersuchungen zum Problem des
aktiven K- und Na- Transports am Myokard.
Pfliigers Arch., 294, 144-168
21) Haas, H. G., Kern, R. & Einwichter, H. M.
(1970) Electrical activity and metabolism in
cardiac tissue: An experimental and theoretical
" study.-J. Memb. Biol.,, 3, 180-209
22) Hauswirth, O., Noble, D. & Tsien, R. W. (1968)
- Adrenaline : Mechanism of action on the pace-
maker potential in cardiac Purkinje fibers.
- Science, 162, 916-917
23) Hiraoka, M. & Hecht, H. H. (1973) Recovery
from hypothermia in cardiac Purkinje fibers :
Consideration for an electrogenic mechanism.
Pfliigers Arch., 339, 25-36
24) Hoffman, B. F. & Cranefield, P. F. (1960) Electro-
physiology of the Heart. McGraw-Hill Book
Comp. Inc. New York, Toronto, London
25) Hoffman, B. F. & Suckling, E. E. (1953) Micro-
electrode studies of repolarization in the dog
ventricle. Abstr. 19th internat. Physiol. Congr.,
470-471
26) Hollander, P. B. & Webb, J. L. (1957) Effects of
adenine nucleotides on the contractility and
" membrane potentials of rat atrium. Circulation
Res., 5, 349-353
27) Hutter, O, F. & Trautwein, W. (1956) Vagal
and sympathetic effects on the pacemaker
fibers in the sinus venosus of the heart. J. Gen.
Physiol., 39, 715-733
28) Ikemoto, Y. & Goto, M. (1975) Nature of the
negative inotropic effect of acetylcholine on the
myocardium : An elucidation on the bullfrog
atrium. Proc. Japan Academy, 51, 501-506
29) Isenberg, G. (1975) Is potassium conductance of
cardiac Purkinje fibers controlled by [Cal;?
Nature, 253, 273-274
30) Isenberg, G & Trautwein, W. (1974) The effect
of dlhydro -ouabain and lithium ions on the
outward current in cardiac Purkinje fibers.
Pfliigers Arch., 350, 41-54
31) Kerkut, G. A, & York, B. (1971) The electro-
A ~ genic sodium pump. Scientechnica Pub., Bristol.
32) Kleinfeld, M., Stein, E., Magin, J. & Kossmann,
C. E. (1955) The action of iodoacetate on the
electrical and mechanical activities of the
isolated perfused frog heart. J. Clin. Invest., 34,

1802-1806 o

33) Kolata, G. B. (1973) Cyclic GMP : Cellular
regulatory agent? Science, 182, 149-151

34) MacLeod, D. P. & Daniel, E. E. (1965) Influence
of glucose on the transmembrane action poten-
tial of anoxic papillary muscle. J. Gen. Physiol.,
48, 887-899

35) MocLeod, D. P. & Prasad, K. (1969) Influence of
glucose on the transmembrane action potential
of papillary muscle. Effects-of concentration,
-phlorizin, and insulin, non-metabolizable sugars
and stimulators of glycolysis. J. Gen. Physiol.,
53, 792-815

36) FAHI = UHRHR (1971) FRBR o AHIE, APEEIACR
I, #1, E¥EkR KT

37) McDonald, T. F., Hunter, E. G. & MacLeod, D.
P. (1971) Adenosinetriphosphate partition in
cardiac muscle with respect to transmembrane
electrical activity. Pfliigers Arch., 322, 95-108

38) McDonald, T. F. & MacLeod, D. P. (1971) Anoxia-
recovery cycle in ventricular muscle : action
potential duration, contractility and" ATP con-
tent. Pfiligers Arch., 325, 305-322

39) McDonald, T. F. & MacLeod, D. P. (1972 a) The
effect of 2, 4-dinitrophenol on electrical and
mechanical activity, metabolism and ion move-
ments in guinea-pig ventricular muscle. Br. J.
Pharmacol., 44, 711-722

40) McDonald, T. F. & MacLeod, D. P. (1972b)
Effects of manganese, glucose and isoprenaline
on the action potential of anoxic ventricular
muscle. Naunyn-Schmiedebergs Arch. Exp.
Path. Pharmak., 275, 169-181

41) McDonald, T. F. & MacLeod, D. P. (1973 a)
Metabolism and the elec¢trical activity of anoxic
ventricular muscle. J. Physiol., 228, 559-582

42) McDonald, T. F.' & MacLeod, D. P. (1973 D)
DNP-induced dissipation of ATP in anoxic
ventricular muscle. J. Physiol.,, 229, 583-599

43) Morgenstern, M., Noack, E. & Kohler, E. (1972)
The effects of isoprenaline and tyramine on the
45Calcium uptake, the total calcium content and
the contraction force of isolated guinea pig
atria in dependence on different extracellular
hydrogen ion concentrations. Naunyn-Schmiede-
bergs Arch. Exp. Path. Pharmak., 274, 125-
137 )

44) Noble, D. & Tsien, R. W. (1968) The kinetics
and rectifier properties of the slow potassium
current in cardiac Purkinje fibres. J. Physiol.,
195, 185-214 '

45) Page, E. & Storm, S: R. (1965) Cat heart muscle
in vitro. VIII. Active transport of sodium in
papillary muscle. J. Gen. Physiol,, 48, 957-972



358 D s s & electrogenesis

46) Prasad, K. & MacLeod, D. P. (1969) Influence of
glucose on the transmembrane action potential
of guinea pig papillary muscle. Metabolic
inhibitors, ouabain, calcium chloride and their
interaction with glucose, sympathomimetic
amines and aminophylline, Circulation Res., 24,
939-950

47) Prokopczuk, A., Lewartowski, B. & Czamecka,
M. (1973) On the cellular mechanism of the
inotropic action of acetylcholine on isolated
rabbit and dog atria. Pfliigers Arch., 333, 305-
316

48) Rasmussen, H. & Tenenhouse, A. (1968) Cyclic
adenosine monophosphate, Ca** and membranes.
Proc. Nat. Acad. Science, 59, 1364-1370

19) Reuter, H. (1965) Uber die wirkung von
Adrenalin auf den celluliren Ca-Umsatz des
Meerschweinchen-Vorhofs. Naunyn-Schmiede-
bergs Arch. Exp. Path. Pharmak., 251, 401-412

50) Reuter, H. (1967) The dependence of slow inward
current in Purkinje fibres on the extracellular
calcium-concentration. J. Physiol., 192, 479-492

51) Reuter, H. (1973) Divalent cations as charge
carriers in excitable membranes. Progress in
Biophysics and Molecular Biology, 26, 3-43

52) Reuter, H. (1974) Localization of beta adrenergic
receptors, and effects of noradrenaline and
cyclic nucleotides on action potentials, ionic
currents and tension in mammalian cardiac
muscle. J. Physiol., 242, 429-451

53) Schneider, J. A. & Sperelakis, N. (1974) The
demonstration of energy dependence of the
isoproterenol induced transcellular Ca%* current
in isolated perfused guinea pig hearts. An
explanation for mechanical failure of ischemic
myocardium. J. Surgical Research, 16, 389-403

54) Schneider, J. A. & Sperelakis, N. (1975) Slow
Ca?* and Na* responses induced by isoproterenol
and methylxanthines in isolated perfused
guinea pig hearts exposed to elevated K*. J.
Mol. and Cell. Cardiol., 7, 249-273

55) Sutherland, E. W. (1970) On the biological role
of cyclic AMP. J. Amer. Med. Association, 214,
1281-1288

56) Tamai, T. & Kagiyama, S. (1968) Studies of cat
heart muscle during reeovery after prolonged
hypothermia. Circulation Res., 22, 423-433

57) Thomas, R. C. (1972) Electrogenic sodium pump
in nerve and muscle cells. Physiol. Rev., 52,
563-594

58) Trautwein, W. (1973) Membrane currents in
cardiac muscle fibers. Physiol. Rev., 53, 793-

835

59) Trautwein, W. & Dudel, J. (1956) Aktions-
potential und Kontraktion des Herzmuskels im
Sauerstoffmangel. Pfliigers Arch., 263, 23-32

60) Trautwein, W. & Dudel, J. (1958) Zum Mechan-
ismus der Membranwirkung des Acetylcholin
an der Herzmuskelfaser. Pfliigers Arch., 266,
324-334

61) Trautwein, W., Gottstein, U. & Dudel, J. (1954)
Der Aktionsstrom der Myokardfaser im Sauers-
toffmangel. Pflligers Arch., 260, 40-60

62) Tsien, R. W. (1973) Adrenaline-like effects of
intracellular iontophoresis of cyclic AMP in
cardiac Purkinje fibres. Nature New Biol., 245,
120-122

63) Tsien, R. W. (1974 a) Mode of action of chrono-
tropic agents in cardiac Purkinje fibers. Does
epinephrine act by directly modifying the
external surface charge? J. Gen. Physiol., 64,
320-342

64) Tsien, R. W. (1974 b) Effects of epinephrine on
the pacemaker potassium current of eardiac
Purkinje fibers. J. Gen. Physiol., 64, 293-319

65) Tsien, R. W, Giles, W. & Greengard, P. (1972)
Cyclic AMP mediates the effects of adrenaline
on cardiac Purkinje fibers. Nature New Biol.,
240, 181-183

66) Vassalle, M. (1970) Electrogenic suppression of
automaticity in sheep and dog Purkinje fibers.
Circulation Res., 27, 361-377

67) Vassort, G., Rougier, O., Garnier, D., Sauviat,
M. P., Coraboeuf, E. & Gargouil, Y. M. (1969)
Effects of adrenaline on membrane inward
currents during the cardiac action potential.
Pfliigers Arch., 309, 70-81

68) Webb, J. L. & Hollander, P. B. (1956) Metabolic
aspects of the relationship between the con-
tractility and membrane potentials of the rat
atrium. Circulation Res., 4, 618-626

69) Weidmann, S. (1956) Elektrophysiologie der
Herzmuskelfaser. Medizinischer Verlag Hans
Huber, Bern und Stuttgart

70) Weidmann, S. (1974) Heart : Electrophysiology.
Ann. Rev. Physiology 36, 155-169

71) Goto, M., Wada, Y. & Saito, M. (9741) Tension
component and tension fall of the bullfrog atrial
muscle during depolarization. Jap. J. Physiol.
24, 359-375

72) Kimoto, Y., Saito, M. & Goto, M. (1974) Effects
of caffeine on the membrane potentials, mem-
brane currents and contractility of bullrog
atrium. Jap. J. Physiol. 24, 531-542



359

AR DS & BRREICBI T 2 v v A Y D 4

Symposium on Structure and Function of Central Neuronal Networks.

Nikko, Japan, August 21-23 (1975)

WAy ESHE—myrgs F B E 0B

DY VETIY MIIHE S TR TR
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1. Neurons in the caudal spinal nucleus possibly involved in trigeminal
afferent depolarization. Y. NAKAMURA, T. MURAKAMI, K. KIKUCHI, Y. KUBO
and S. ISHIMINE (Sect. of Physiol., Inst. Stométognathic Sci., Sch. of Dentistrjv; ‘Tokyo
Medical and Dental Univ. ; Dept. of Neurophysiol., Fac. of Med., Univ. of Tokyo, Tokyo)

Under pentobarbital anesthesia, trigeminal
primary afferent fibers of the cat were impaled
in the nucleus oralis and caudalis of the tri-
geminal spinal nucleus, and the following
results were obtained ; 1) the primary afferent
depolarizations (PADs) were evoked by stimula-
tion of low threshold fibers in peripheral
branches of the trigeminal nerve, 2) PADs were
evoked in the same single fibers by stimulation
of the three trigeminal sensory branches, fron-
tal, infraorbital and lingual nerves, as well as
of the cerebral cortex, 3) stimulation of these
trigeminal nerve branches evoked PADs with
disynaptic latencies, the shortest intranuclear
delay being 1.1 and 1.2 msec respectively in the
nucleus oralis and caudalis.

On the other hand, recording from the
nucleus caudalis and subjacent lateral bulbar
reticular formation demonstrated the following.
1) Neurons in the subnucleus gelatinosus dis-
charged spikes in response to stimulation of
two or all of the three trigeminal nerve
branches, the threshold being 1.4-1.6 times as
high as that of the lowest threshold fibers in
these nerves. Only one of the 14 cells sampled
responded to cortical stimulation. This cell,
however, could not be related to generation of
the PADs, because their firing occurred after
the onset of the PADs. 2) Neurons in the sub-
nucleus magnocellularis responded to either one

or two, or even three, of the trigeminal nerve

branches, with the threshold of 1.1-1.3 times
that -of the nerve branches. Cortical stimulation
evoked spike discharges in 11 of the 61 cells
tested. The majority of the magnocellular
neurons fired with latencies of monosynaptic
range after peripheral stimulation, thus preced-
ing the peripherally evoked PADs in the
nucleus caudalis.  3) Neurqns in the reticular
formation fired under stimulation of either two
or all of the three nerve branches tested, the
threshold being 1.1-1.6 times that of the nerve
branches ; 13 of the 19 cells examined responded
to cortical stimulation. In the majority of the
reticular neurons, however, latencies of the
peripherally evoked discharges were in the
disynaptic range and overlapped with those of
the similarly evoked PADs. v
These observations indicate that interneurons
responsible for generation of PADs in trigeminal
afferent fibers (D-cells) are contained in the
subnucleus magnocellularis. Attempts were made
to produce PADs in trigeminal afferent fibers
by directly stimulating the subnucleus magno-
cellularis. However, such stimulation excited
the fibers from which PADs were to be recorded.
With stimulation weak enough to avoid
this direct excitation, the evoked PADs had
latencies of disynaptic range, presumably due
to transsynaptic excitation of D-cells via the

still excited low threshold afferent fibers.

2, Synaptic organization and its plasticity in the red nucleus and reticular
formation. N. TSUKAHARA (Dept. of Biophys. Engineering, Fac. of Engineering Sci.,

Osaka Univ., Osaka)

The large neurons of the cat’s red nucleus
(RN) receive monosynaptic excitatory action
from both the nucleus interpositus (IP) of the

cerebellum and the sensorimotor cortex (SM) of
the cerebrum. Physiological and histological

investigations have shown that cortico-rubral



synapses terminate at remote dendritic portions
of the RN cells, while synapses from IP impinge
upon their somas. Electrophysiologically, distal
dendritic synaptic input is dominated by the
dendritic cable properties, which cause a much
slower time. course of dendritic excitatory post-
synaptic potentials (EPSPs) than that of somatic
EPSPs.

After chronic lesions -of IP, corticorubral
EPSPs induced from the cerebral peduncle (CP)
had a rising phase much faster than in normal
cats. Further, on the falling phase of these
EPSPs there was another peak which might be
the slow normal CP-EPSPs superimposed on the
newly-appeared fast ones. By stimulating SM
and CP, the conduction velocities of the cortico-
rubral fibers responsible for the EPSPs -were
found to be virtually the same as in normal
cats. '

The newly-appeared fast rising component
of the- CP-EPSPs readily increased in size by
membrane hyperpolarization and decreased and
finally reversed in sign by  membrane  depola-
rization. On the other hand, electrotonic length

of the RN neurons, as estimated by analysing )

the membrane transient response to current
steps, did not change signiﬁcantly after chrb-
nic IP lesion. It is indicated that, after IP
lesion, corticorubral fibers sprout to form
synaptic contact with somas or proximal den-
drites of RN neurons. The shortening of the

rise ‘time of the corticorubral EPSPs was
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appararent 4 days after IP lesion and was fully
achieved at about 10 days, thereafter being
maintained for more than 80 days.

Unitary components of the corticorubral
EPSPs were isolated by using threshold CP
stimulation. Their rising phase was much
faster, and their amplitude significantly larger,
in chronic than in normal cats. It was also
noted that the unitary EPSPs in chronic cats
contained both fast and slowly rising com-
ponents. Both of them showed marked facilita-
tion with similar time course, when tested by
double CP stimulation.” Hence, it appeared that
these two components were generated by the
same corticorubral fibers, the fast one through
the newly formed proximal synapses and the
slow one through the original peripheral
synapses.

Neurons of the pontine and medullary reti-
cular formation receive monosynaptic excitatory
action from the fastigial nucleus, SM as well
as the central tegmental tract. In the majority
of reticular neurons sampled, the rise time of
the cortico-reticular EPSPs induced by stimula-
tion of CP was appreciably shorter (1.2 msec)
than. that of the normal RN cells (3.6 msec). In
sdme cells, however, slow rising cortico-reti-
cular EPSPs were also found. It was concluded
that, even in normal cats, corticoreticular fibers
terminate at the somatic  as well as at the

remote dendritié membrane of reticular cells.

3. Geometry of the ventrobasal complex and its functional significance in
skin sensation. Y. IWAMURA (Dept. of Physiol., Sck. of Med., Toho Univ., Tokyo)

The receptive field organization of ventro-
basal neurons of the cat’s fhalamus was studied
by both electrophysiological and histological
techniques.

The regional difference of the receptive field
organization was found when the excitatory
and inhibitory effects on these neurons were

examined by punctate electrical skin stimula-

tion in. anesthetized cats. The dominant foci of
both effects coincided. The inhibitory effect was
relatively stronger in the neurons of smaller
receptive fields in the distal forelimb compared
with those of larger receptive fields in the
proximal part of the body. In the former group
of neurons the inhibitory receptive area out-

spread beyond the excitatory one forming the



362

narrow inhibitory fringe surrounding it. In the
latter group of neurons excitatory and inhibi-
tory receptive areas were arranged in slightly
eccentric manner and either excitatory or
inhibitory fringe effect or both were observed.

Histological examination indicated that the
whole nuclear complex was composed of many
irregular forms of neuronal clusterings and
fiber terminals, and large or small myelinated
fiber bundles. The latter, mostly running
sagittally, invaded the neuronal mass in various
extent, heaviest in dorsolateral portion, lightest
in the ventromedial portion. Optical reconstru-
tion of these fiber components within the
nucleus helped to give three dimensional im-
ages of size and shape of spaces for neuronal
components in various portions of the ventro-
basal complex. In the dorsolateral pole of the
nucleus where the trunk was represented, dense
myelinated fiber bundles prevented neurons
from clustering together in any appreciable
size. In the middle portion of the nucleus
where the proximal parts of the limbs projected

myelinated fiber bundles were arranged to form
several thin horizontal laminated spaces for the
neuronal clusterings. In the ventromedial part
where the distal paws were projecting, the
whole space was rather loosely divided into
larger lobules of irregular forms, and neurons
clustered being most densely packed. These
differences in size and forms of neuronal
clusterings were supposed to be correlated with
the regionally different density of neuronal
components and converging presynaptic ter-
minals. Consulting the scheme of neuronal
arrays for the inhibitory surrond proposed by
Szentdgothai, and also both anatomical and
physiological data and surmize on the arrange-
ment of the ventrobasal neurons, —possible
dimensions and the profiles of the intrathalamic
representation of a skin point in two different
areas of the body, the forelimb paw and the
trunk were reconstructed. The diversity in
organization of the receptive fields in different
portions of the body was interpreted from

functional points of view.

4. The possible significance of the network of inhibitory interneurons in
the relay nuclei (thalamus, geniculate and cerebellar nuclei). J. SZENTAGOTHAI

(Dept. of Anat., Semmelweis Univ., Budapest)

It appears by now fairly established that all
so called relay nuclei—first and foremost the
sensory relay nuclei of the thalamus and the
geniculate bodies, however, as found more
recently, also the non-sensory relay nuclei,
like those of the thalamus (VA, VL, LP, PUL),
and even the cerebellar nuclei (possibly the
substantia gelatinosa and the posterior column
nuclei too}—contain a network of interneurons
that by structural standards of their synapses
seem to be of inhibitory nature. All of these
interneurons have so called presynaptic dendrites,
i.e. dendrites that in addition to their nu-
merous contact .sites of postsynaptic nature
have contact sites containing synaptic vesicles

and ‘that’are presynaptic to other elements,

mainly the dendrites of the relay (projective)
neurons. In contrast to reports in the literature
these neurons have always also axons of their
own. A systematic study made jointly by Pasik
and Pasik from the Mt. Sinai University in
New York and Hémori from the Budapest
Anatomy Department has shown that there are
numerous structurally polarized synaptic con-
nexions between the dendrites or between axons
and dendrites of diﬁerent interneurons, In the
lateral geniculate nucleus of the monkey in
about 40% of the contacts of the Golgi 2nd type
interneurons the synapses are established bet-
ween neurons of the same kind. This would
suggest that the relay nuclei are pervaded by
an apparently diffuse network of synaptically



interconnected interneurons. This network
receives an abundant input (in the thalamic and
geniculate relay nuclei: VPL, LGN, MGN) from
the specific sensory afferents and from the
descending cortico-thalamic (-geniculate) path-
ways arising from the respective sensory cor-
tices.

The synaptic contacts of these Golgi 2nd
type interneurons are arranged in a very
peculiar way, the so called triads : i.e. a fixed
combination of an extrinsic afferent (in most
cases the specific sensory afferent), one of the
characteristic bulbous appendagés of the Golgi
interneuron, and a relay (projective) cell den-
drite. . Various speculations, based mainly on
intuitive reasoning, have been offered by this
and by several other authors for the possible
functional significance of this strange synaptic
arrangement, however, the results of these
speculations were never really satisfactory. It
is difficult to imagine that such an elaborate
structural arrangement should be used for such
trivial purpose, like tonic-phasic response trans-
formation and surround inhibition (having in
addition such a stereotype circular geometry),
which could be produced by much simpler
means.

Prompted by the new information about the
abundance in interneuron-interneuron con-
nexions a theoretical study, using network
logics, was undertaken in the Budapest Ana-
tomy Department by E. Lébos. This study
started from considering the possible functions
of a single triad if modeled by three abstract
neurons of a McCulloch-Pitts type network
with fixed thresholds and input weights. En-
tirely arbitrary assumptions were made on the
either excitatory or inhibitory nature of the
three elements of the triad. The three abstract
elements represent : (1) the retinal afferent (R),
(2) the geniculo-cortical relay (projective) neu-
ron (P), and (3) the appendage of the Golgi
interneuron (Go). Under such circumstances

there are 8 different possibilities, from which
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only one:(N;) is physiologically completely
realistic, and another may possibly: be realistic
(Ns) although unlikely. Testing these arbitrary
assumptions by calculation of the state-transi-
tion graphs for retinal input leads to the con-
clusion that a single triad could be either (i)
a simple or delayed transmitter line with the
projective (P) neuron output following the retinal
(R) input, or (ii) an “on-transformer” or else,
(iii) an “off-transformer” from R to P. Since
the assumption, both anatomically and phy-
siologically the most realistic, happens to be
the “on-transformer” (i.e. transfoming a tonic
input into a phasic output), it seems reasonable
to continue all further speculations with this
only option remaining open. The assumption (Ny)
leading to the conclusion of an “off-trans-
former” function is both anatomically and phy-
siologically so absurd that it has to be left
out from further consideration. The semi-
realistic (see earlier intuitive speculations of
Pecci-Saavedra (1968) and Szentdgothai (1970)
on presynaptic disinhibition) assumption N :
(R excites P and inhibits Go, Go inhibits P)
yields a rather trivial result (follower) and
makes it not qualified for further considera-
tion,

Speculating along the lines started by Ralston
(1970), the dendritic appendages of the Golgi
2nd type interneurons, which are the main
participants of the triads, are considered as
quasi independent abstract units. Making-
additionally the anatomically probable assump-
tion that several retinal units reach successive
appendages of the same Golgi dendrite, which,
in turn, make contacts with diffierent receptive
sites of the same projective neuron, it can be
studied how different retinal input patterns
could be discriminated by the projective relay
cell output. This analysis yields the result that
such an arrangement could discriminate sta-
tionary and moving stimuli, and could even
extract and convey information about the size

and speed of the moving stimulus. Asymmetric
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coupling of triads beloging to two different
Golgi interneurons (Golgi to Golgi neuron
synapses) could serve as a primitive detector
of synchrony between the activities of parallel
lines of input.

Although the mentioned examples are picked
out arbitrarily from a number of possible other

functions,—that could be complicated addition-

ally by extraneous drive of the Golgi inter-
neurons by cortical or brainstem input, and
also by graded conduction in the Golgi cell
dendrites—they may offer a glimpse into the
versatility of the triads and the Golgi inter-
neuron network as tools for information pro-

cessing.

5. Some aspects of neuronal differentiation in thalamic nuclei. Y. HIRATA

(Tokyo Metropolitan Inst. Neurosciences, Tokyo)

Measurement of the “neuron size” in the
human thalamic nuclei reveals that the “micro-
neuron” (McLardy) occupies high percentage (40
to 50%) in the whole neurons composing such
association nuclei as mediodorsal and pulvinar
nuclei, in contrast to rather small number of
such neurons in the ventrobasal complex and
metathalamic nuclei. These differences in the
ratio of “microneurons” have been considered
to be of some functional significance, since this
sort of neuronscould be interpreted as inhibi-
tory interneurons. Neuronal “size” measure-
ment in conventional Nissl preparations of
subhuman primates and subprimates usually
cannot disclose such clear distinction between
two neuron populations, i.e., microneurons and
principal or projection neurons as seen in the
case of human thalamus.

Instead of relying on rather ill-defined, and
often only arbitrarily determined “cell size”,
automated and consequently more objective
measurement of projection area of neuronal
nucleoli was made by using electronic densito-
metric devices in various thalamic nuclei of
the rat, cat, macaque monkey and man. This
nucleolometry could demonstrate the presence
of a population of small neurons corresponding
to that of human ‘“microneurons” in the
associative nuclei of both macaque monkey and
cat, while such neuron population was not
discernible in rat thalamus. Comparison of size

distribution . of neuronal nucleoli disclosed

further ; a) in associative nuclei, the separation
of “microneuron” population from the other
composed from larger neurons becomes the
more distirict, the further evolved is the animal,
from cat through monkey to man, and the
histogram of nucleolar size shows that both
populations of smaller and larger neurons
become the more homogeneous, b) The neuronal
constitution of the ventrobasal complex, on the
other hand, seems to change, at least in respect
to nucleolar size; into more heterogeneous one,
in accordance with the phylogenetic ascent.
Serial thin sections (1.5 to 5micra) from the
rapid Golgi material embedded in either paraffin
or epoxy resin were stained with conventional
basic dyes. This procedure has an advantage
that we can determine if the populations
identified by nucleolometry may correspond to
those of neuron types definable only in Golgi
preparation by such morphological parameters
as size and shape of neuronal somata and the
way of axonal and dendritic arborization with
and without characteristic appendages. Thro-
ugh this technique, the population of small
neurons in associative nuclei as identified by
nucleolometry was found to correspond largely
to that of Golgi-II type neurons. Comparative
observations of rapid Golgi preparations of cat,
macaque and human thalami revealed .some
phylogenetic trends in addition. a) In asso-
ciative nuclei, both Golgi-II and projection

type neurons become the more homogeneous in



their Golgi figures as well, and projection type
neurons in these nuclei of human thalamus
are of rather isodendritic appearance as com-
pared to the tufted semblance of this type of
neurons in the same thalamic regions of cat
and monkey. Dendrites of Golgi-II type neurons
look the more wavy and the extent of their
domain the smaller, with the evolutionary

ascent. b) Dendrites of projection neurons in

6. Inhibitory pallidal projection
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the ventrobasal complex are the more tufted
and the more diversified in the shape and size
of their dendritic fields.

These differences in the way of neuronal
differentiation between various thalamic nuclei
would be of significance in analysing and
interpreting the -functional implication of the

neuronal networks in this part of the brain.

to thalamus. M. UNO and M. YOSHIDA

(Psychiatric Res. Inst. Tokyo, Setagayaku, Tokyo ; Dept. of Neurol., Jichi Medical College,

Tochigi)

It has been suggested anatomically that
activities arising from the basal ganglia and
cerebellum are integrated in the ventrolateral
nucleus of the thalamus. In the present work
with intracellular technique, the pallidothalamic
transmission was studied with special reference
to the influences which the cerebello-thalamo-
cortical relay might receive from the pallidum.

Cats were anesthetized. The entopeduncullar
nucleus, which is a homologue of the medial
pallidal segment in primates, and the contrala-
teral brachium conjunctivum were stimulated.
Recording sites were confirmed by ejection of
fast green FCF from recording pipettes.

Eighty-nine cells were impaled in the region
of nuclei ventralis lateralis (VL) and ventralis
anterior (VA) of the thalamus. Sixty-two cells
out of them were excited monosynaptically by
brachium conjunctivum stimulation ; they were
relay cells on.the cerebello-thalamo-cortical
pathway. In the majority of them, stimulation

of the entopeduncular nucleus did not produce

any synaptic potentials. On the other hand, in
the remaining 27 cells which were not excited
from the brachium conjunctivum, entopedun-
cular stimulation, even very weak, produced
IPSPs of simple configuration with a peak
time of about 5msec and a duration of about
100 msec. Their latency ranged from 1.1 to 2.2
msec (mean, 1.5 msec, n=24), which could be
monosynaptic if allowance be made for slow
impulse conduction along pallidothalamic fibers.

Locations of the 89 neurons impaled were
plotted on serial frontal sections of the tha-
lamus. Those neurons producing IPSPs in
response to stimulation of the entopeduncular
nucleus were located in the ventrorostral and
ventromedial portion of the VL and VA nuclei,
whereas the relay cells on the cerebello-
thalamo-cortical pathway were located in the
dorsocaudal portion of these nuclei. Five relay
cells which exhibited inhibition from the ento-
peduncular nucleus were observed in the border

of these two neuron groups.

1. Input-output organization in the lateral hypothalamus. Y. OOMURA (Dept.
“ of Physiol., Fac. of Med., Kyushu Univ., Fukuoka)

Stimulation of the rat lateral hypothalamus
(LH) while recording in the frontal cortex, or
vice versa, revealed the following : Axons of

LH neurons terminate directly on frontal cortex

neurons, and dendrites. Frontal cortex stimula-
tion produced an excitation-inhibition sequence
in many neurons in the dorsal half of the LH,

but only inhibition in the ventral half.. Anti-
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dromic frontal cortex spikes were obtained by
stimulation of the ventral LH, but not from
stimulation of the dorsal LH. Thus, the excita-
tory and inhibitory interneurons appear to be
located outside the dorsal LH and within the
ventral LH. Strychnine applied electrophoreti-
cally to these neurons blocked specifically the
inhibition produced by frontal cortex stimula-
tion. In addition, bicuculline applied in the
same way had no effect on this inhibition.
Frontal cortex stimulation studies revealed a
specific columnar structure within the LH,
inferred from neuron response patterns.
Stimulation of the rat globus pallidus (GP)
and substantia nigra (SN), while recording in
the lateral hypothalamus, revealed mutual
interconnections. GP stimulation produced an
EPSP-IPSP sequence, while SN stimulation
produced EPSPs only. Antidromic LH spikes

were obtained with either stimulation. Inhibi-

tory interneurons responsible for the IPSP are
located in the dorsolateral part of the .LH. In
the LH, only glucose-sensitive neurons were
specifically facillitated by SM stimulation and
inhibited by GP stimulation. Dopamine and
noradrenalin, applied electrophoretically to these
neurons, yielded inhibition in a dose response
manner, denying the possibility of dopamine as
an excitatory transmitter substance.

These LH interconnections with the frontal
cortex and neostriatum indicate that the
hypothalamus can report to these centers any
changes in the organism’s internal milieu. One
third of the LH neurons are known as glucose-
sensitive neurons which can discriminate the
concentrations of glucose, free fatty acids,
insulin, etc. in the blood. Such mutual inter-
relationships between the frontal cortex in-
cluding neostriatum and hypothalamus may

provide for motivational feeding behavior.

8. Climbing and mossy fiber visual pathways to the cerebellar flocculus.
K. MAEKAWA (Dept. of Physiol., Jichi Medical College, Tochigi)

In albino rabbits anesthetized with a-chlo-
ralose (50 mg/kg) plus urethane (400 mg/kg),
responses evoked in the cerebellar flocculus by
stimulation of visual pathways were investi-
gated. With using the dorsoventral approach
through the cerebellar hemisphere, the whole
area of the flocculus was tracked with a
microelectrode.

Electrical stimulation of the optic disc pro-
duced prominent field potentials in the ipsila-
teral flocculus with a latency of 11~13 msec,
negative in the molecular layers and positive
in the granular layers. These potentials are
identical to the climbing fiber (CF) responses
studied in the previous investigation®. By
contrast, in the dorsal folia of the flocculus
field potentials were consisted of not only the
CF component but also of the early component
with a latency of 5~ 7msec. The early

responses, similar to the late one, were predo-

minantly negative in molecular layers and
predominantly positive in granular layers.
Parallel features in the laminal profiles in the
flocculus between the early responses evoked
from the optic nerve stimulation and mossy
fiber responses evoked by the VIIIth nerve
stimulation suggested that the former also
represents the mossy fiber (MF) responses.
Characteristic properties of the CF and MF
responses in the flocculus were further demon-
strated by their different behavior during
double shock or repetitive stimulation of the
optic chiasm and also by different susceptibility
to pentobarbital sodium. Both of these CF and
MF responses were also elicited by flash light
illumination to the ipsilateral eye.

In about a half of the rabbits used in the
present study, the flocculus was consisted of
four folia and in another half of thre efolia. In
either types of the flocculus, both of the MF



and CF responses were produced in the dorsoros-
tral portion of the flocculus ; in other areas
the CF responses were alone prominent, with
little contamination by MF responses. Thus,
there is a distinct difference in the spatial
distribution between MF and CF inputs from
the retina to the flocculus.

" Bilateral extirpation of the cerebral occipital
lobe exhibited no influence upon the MF
responses. Even when the optic tract fibers
were severed just rostrally to the superior
colliculus (SC), the combined MF and CF
responses evoked from the optic nerve stimula-
tion were well preserved. The further severance
of the accessory optic tract (AOT) abolished the
CF responses, as described previously?. At the
same time the MF responses were also reduced,

but their substantial fraction remained. It is
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probable that the MF responses are mediated
partly by AOT and partly by another brainstem
pathway.

A small amount of horseradish peroxidase
was injected into the dorsal portion of:the
flocculus either mechanically or iontophoreti-
cally. Neuron cell bodies thus marked were
found in highly localized clusters confined to
the dorsal cap of the dorsal lamella of the
contralateral principal olive, in confirmation of
the recent finding by Alley, Baker and
Simpson?. No marked cells were seen in the

medial accessory olive.

References
1) Alley, K., Baker, R. & Simpson, J. I. (1975)
Brain Res., (in press).
2) Maekawa, K. & Simpson, J. I (1973) J.
Neurophysiol. 36, 649-666

9, The pattern of retinotectal projections in the cat. A. GRAYBIEL (Dept.
of Psychol., Mass. Inst. Tech., Cambridge, Massachusetts)

The distribution of retinotectal afferents has
been studied by autoradiography in four adult
cats. The findings suggest that crossed and
uncrossed retinal fibers terminate in a striking
cluster-and-sheet pattern that varies systemati-
cally with respect to the retinotopic map of the
colliculus. ‘Following unilateral eye injection,
labelling was most pronounced in the contrala-
teral colliculus but a surprising volume of
label appeared on the ipsilateral side in all
cases in the form of dense clumps of silver
grains separated by sparsely labelled zones.

The contralateral projection appeared densest
in the most superficial of the three laminae of
the stratum griseum superficial ; appreciable
labelling was present also in the middle lamina
at all survival times used (23~72 h). Near the
area centralis representation labelling in both
contralateral tiers weakened markedly and local
gaps appeared in the more dorsal band. Else-
where, labelling in this dorsal band was gene-

rally dense, though sharply interrupted at the

optic representation and in a curious, elongated
lateral zone at mid-collicular levels. In the
caudal half of the binocular zone rareficiations
or “holes”, about 200 pm wide, appeared in the
more ventral tier between more densely. labelled
zones of roughly similar width. v
On the ipsilateral side, labelling was parses
or absent at the rostral and caudal collicular
poles, and was also weak in the region of the
area centralis representation save for occasional
very superficial grain-clusters. Farther cau-
dally, however, prominent ca. 200 gm-wide
“puffs” of label marked the middle lamina of
the superficial gray layer. The puffs were most
regular in shape in the caudal half of the
ipsilateral zone and there were spaced at
roughly 200 gm intervals. Puffs lateral to the
horizontal meridian representation tended to lie
more dorsal than those medial to this line and
some of the most lateral puffs at mid-collicular
levels invaded the upper lamina of the super-

ficial gray layer, The optic disc representation
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was marked by a column of label extending
through the upper and middle laminae.
Similar experiments in cat fetuses suggest
that these staggered—and possibly even com-
plementary—patterns of crossed and uncrossed
retinotectal projection are innate : ipsilateral
“puffs” of labelling and contralateral “holes”
appear in the superior colliculus at least one
week before term, as does the ipsilateral
filling-in and contralateral gap at the optic

disc representation.

These observations suggest that in the cat,
a vertical as well as horizontal organization
may characterize the superficial layers of the
superior colliculus. The additional finding of a
similar, interrupted puff-like pattern of labelling
in the stratum griseum medium following
injections in the region of the substantia nigra
makes it likely that a somewhat comparable
cluster-and-sheet organization may exist also

in the deep collicular layers.

10. Neuronal connections and receptive field properties of cat’s visual area
19 cells. K. TOYAMA (Dept. of Physiol., Fac. of Med., Univ. of Tokyo, Tokyo)

Cats were initially anaesthetized with Ketaral
(30 mg/kg) and were respired with 3:1 mixture
of nitrous oxide and oxgyen. Photic stimulation
was given to the cats by projecting a light
slit through a slide projector on a tangential
screen. The visual pathway was stimulated at
three sited ; the retina, the lateral geniculate
body (LGB) and the optic radiation (OR).

LGB and OR stimulation orthodromically
excited all of the 77 cells extracellularly
recorded from area 19. Their latencies of the
excitation varied considerably from cell to cell
(1.2~ 5msec for LGB stimulation and 0.8~ 3
msec for OR stimulation). Analysis of latency
distance relationship indicated that the cells in
area 19 were composed of the three classes ;
class I (16) receiving monosynaptic excitation
from LGB through fast conducting specific
visual afferents (velocity, 15~27 m/sec, Ohno
et. al., 1970), class II (23) similar monosynaptic
excitation but through slow conducting affe-
rents (3 ~12m/sec, Ohno et. al,, 1970), and
class III (34) polysynaptic excitation mostly
through slow conducting specific visual affe-
rents.

The three classes of cells were also character-
ized by different location through the cortical
depths ; I and II at the middle layers (0.6~1.8
mm from the cortical surface) which roughly

corresponded with 3rd-5th layers and III at the
superficial (0.2~0.8 mm) and deep layers (1.8~
24 mm), corresponding approximately = with
2nd and 6th layers. The laminar arrangement
of the synaptic connections in area 19 thus
resembles that in areas 17 and 18 (Toyama et.
al., 1974), except for the dominant projection of
the slow conducting specific visual afferents.

When investigated with light stimuli, cells
of all of the three classes responded strongly
both to exposure and withdrawal of a stationary
light slit. There was no outstanding difference
in the time course of their responses. They
exhibited similar spatial arrangement of their
excitatory receptive area ; ON area completely
overlapped OFF area.

However, the three classes of cells differed
from each other in their selective responses to
certain features of light- slit stimuli, i. e,
orientation, width, length and direction of
movement. Class I cells were selective only for
the orientation, class II for all of the above
features except the length, and class III espe-
cially for the length. In view of the selectivities
for the orientation and width as well as of the
overlapped ON and OFF excitatory areas, the
class II cells may correspond to *“complex cells”
of Hubel & Wiesel (1962, 1965). Class III cells
on the other hand, are comparable with “hy-



percomplex cells”, for their characteristic
selectivity for the length. The class I cells
might as well be ‘“complex cell” for their
overlapped ON and OFF areas and for the
selectivity for the orientation, even though
they lacked the selectivity for the width that
is one of the :most. important criteria for
“complex cells”,

The three classes of cells discriminated on

the basis of synaptic connections  with the
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specific visual afferents are now found to have
characteristic selectivities for different features
of light stimuli. In some experiments ‘impulse
activities in areas 17 and 18 were temporarily
deprived by cooling. Yet, the light-induced
excitation was not affected at all in class I
cells, and only slightly reduced in class II and
III cells. Hence, areas 17 and'18 appears'to
cont,ribpte little to the information processing

in the three classes of 19 cells.

“11. Visual input to' the cat’s motor cortex. T. OGAWA (Dept. of Physiol., Sch.

of Med., Akita Univ., Akita)

PT cells in the cat’s motor cortex which
send down their gxohs into the pyramidal tract
disc};argé :yh'imv'pullses in response to various
sensory stimﬁli. Recently Dubrovsky and Gar-
cia-Rill reported that about 50% of cells in the
cat’s motor cortex responded to visual stimuli
so that their’ receptive fields could be mapped
in the visual field. The preéent work was
undertaken to examine by intracellular record-
ings how motor cortical cells respond to visual
stimuli. ’ '

Cats were anesthetized with a-chloralese (60
mg/kg, i. p.). Stimulating electrodes were placed
in the optic chiasm, lateral gexﬁcu}ate nucleus,
superior colliculus, visual cortex, and bulbar
pyramid ipsilateral to. the explored,motor cortex.
In some animals a ‘concentric bipolar electrode
was attached to the optic disc after the eye
was opened. As a visual stimulus flash 1ight
produced by a glow modulator tube, Sylvania
R1131C, was commonly used. It provided a

wide-field illumination. of the. retina. For

intracellular recordings - fine-tipped .3 M. KCl
filled glass microelectrodes were used. In some
experiments relatively blunt-tipped 2M NaCl
filled. electrodes were used for. recording field
potentials at various depths of the cortex. .All
cells obtained in the motor cortex were tested
for an -antidromic activation by electrical

stimulation of the bulbar pyramid and they

were classified as PT cells when they were
antidromically ‘activated and otherwise-as non-
PT cells. - )

Fig. 1 illustrates one of PT cells. It was fired
antidy‘r,omical'ly by stigiulation- of the. bulbar
p;yramid‘_:viritl‘l a Iatehcy of O.Q‘m‘sec. Stimulation
of the optic chiasm elicited a long-lasting
(about 20 msec) EPSP on which several spikes
were superimposed. The latency of the onset of
the EPSP following. stimulation was 7.3 msec.
LGN stimulation produced an EPSP .of similar
time course and superimposed with several
spikes after a latency of 8.1 msec. Flash' light
500 msec in duration given to the contralateral
eye' gave ,f’isev t6 on and off responses as ShoWn
in a PST histogram (A in Fig. 1).

An example of a non-PT cell is shown in
Fig, 2. Pyramidal stimulation did not elicit an
antidromic spike, but a burst of discharges at
a high rate after a latency of about 2.8 msec.
Both optic chiasm and LGN stimulation pro-
duced EPSPs and spike discharges at a latency

_of 5msec. SC and VC stimulation was also

effective in eliciting similar responses with
latencies of 4.9 and 6.5 msec, respectively. Flash
light induced on and off responses.

. Although our sample is so limited (only six
cells were successfuly studied), it might be
stated that the response latency to VC stimula-
tion. tends to be longer than ‘that to optic
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chiasm, LGN, and SC stimulation. It may follow
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Fig. 1. Example of PT cell. This cell
responded antidromically to stimulation of
bulbar pyramid (Pyr) with a latency of 0.9
msec, Optic chiasm (OX) and lateral geni-
culate nucleus (LGB) stimulation produced
long-lasting EPSP superimposed with several
spikes after latencies of 7.3 and 8.1 msec,
respectively. Resting membrane potential
was 60mV. A and B represent PST histo-
grams of spike discharges with and without
light flash 500 msec in duration. PST histo-
grams were constructed with bin width of 5
msec for 50 presentations of flash. C indicates
actual photographic records of spike dis-
charges (lower trace) with eye flashed. Up-
ward deflection in upper trace indicates “flash

£

on’.

that the visual cortex is not always an essen-
tial cortical site at which visual information
should be relayed to the motor cortex. Our
ablation experiments support this inference.
Subcortical structures should be considered as
the possible relay station which mediates

visual information to the motor cortex.
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Fig. 2. Example of intracellularly recopded

non-PT cell. Pyr stimulation did not elicit
antidromic spike but a burst of discharges
after a latency of 2.8 msec. OX, LGB, and SC
stimulation produced prolonged EPSPs on
which several spikes were superimposed.
PST histograms (A and B) show responses to
light flash and maintained discharges under
weak light-adapted condition.

12. Studies of the tecto-ponto-cerebellar pathway in the cat by ante-
rograde degeneration and axonal transport techniques. K. KAWAMURA and
T. HASHIKAWA (Dept. of Anat. Sch. of Med., Iwate Medical Univ., Morioka)

Neurons in the tectum have been known to
give off axons to the ponine nucleus. Decisive
morphological evidence concerning the cell
bodies of: origin of  the tectopontine pathway
has recently been obtained in our laboratory,

following injection of horseradish peroxidase
(cat KEN 20) in the pons. In the superior colli-
culus, the HRP-positive neurons are found in
the tectal layers deeper than the optic stratum.
Large as well as small cells in the middle and



the deep layers are thus identified as the cells
of origin for the pontine projection. In the
inferior colliculus, cells located in the central
and the external nuclei are found to be the
major constituents of this system. Very few
neurons in the pericentral nucleus send fibers
to the pons.

The pontine projection from the superior
colliculus has been known to convey visual
inputs to the cerebellum, since the superior
colliculus receives the main input from the
optic nerve (directly or via the visual cortex).
Fibers from the superior colliculus terminate
almost exclusively in the dorsolateral pontine
nucleus and few extend to other subnuclei as
the lateral and the peduncular®. Some degree
of rostrocaudal topical correspondence has been
shown to exist in this tectopontine system.
Thus, rostral parts of the colliculus (i. e., those
“representiﬁg” mainly the central parts of the
retina) project to more rostral parts of the
pontine projection area than do caudal parts of
the superior colliculus. It should be noted,
however, that any point-to-point localization,
as demonstrated in the retino-collicular and
the visual corticocollicular projections in the
cat®#®, cannot be found in the tectopontine
projections. The nuclei of the inferior colliculus
likewise project almost exclusively to the
ipsilateral dorsolateral pontine gray®. Areas of
the inferior collicular projection overlap fairly
well with those of the projection from the
superior colliculus, but not quite identical, and
no termination can be found in the caudal
third of the nucleus.

According to Brodal and Jansen?, the dorsola-
teral nucleus is among the pontine areas which
send their fibers to the cerebellar vermis. This
was confirmed by our autoradiographical experi-
ment of cat KH 2 (see below). This is in good
accord with the physiological observation?®
that following optic and acoustic stimuli poten-
tials can be recorded in the lobules VI and VII

of Larsell (tuber and folium) and the vermal
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part of the lobulus simplex. A slight difference
in the location between the “classical” visual
and acoustic cerebellar areas®, brought out by
careful examination of the physiological data,
may be related to the slight anatomical .diffe-
rences in the projection from the superior and
inferior colliculi to the pons and the cerebellar
projection from the latter.

Organization of the second link, the ponfocere-
bellar projection, is now being persued with the
autoradiographical and the horseradish per-
oxidase methods. Thus, with the method of
retrograde axonal flow of  horseradish per-
oxidase, it was found that the lobules VI (cat
KEN 14), VII (cats KEN 5, 7, 8) and VIII (cat
KEN 13) receive fibers from the 'dorsolateral
nucleus as well as from the paramedian, the
peduncular and the lateral nuclei, differences
in location of labeled cells being evident among
the cases. The present autoradiographical in-
vestigation has revealed that the dorsolateral
nucleus (cat KH 2) gives off massive fibers to
the lobules VII A and B together with a
minority group to the lobules VI, VIII, IX,
the crus I and II, the lateral portion of the
paraflocculus and to the paramedian lobule. It
was also demonstrated that there is strong

projection from the lateral nucleus (cat KH 9)

" to the paraflocculus and the paramedian lobule,

with lesser terminations in the lobules VII,
VIII, IX and the crus I and IL.

The terminal field of the tectopontine projec-
tion in the dorsolateral nucleus largely overlaps
with that of the corticopontine projection from
the auditory cortex. The latter, however, extends
a little more ventrally, close to the lateral pon-
tine nucleus which send fibers to the parafloc-
culus (cp. cat KH 9). It may be hypothesized
that dendrites from the cells in the lateral
nucleus extend into the dorsolateral nucleus
and are contacted by the cortical afferents.
This might explain the transmission of acoustic
inputs to the paraflocculus, physiologically

shown. With regard to the visual corticopontine
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fibers, they show a far more extensive projec-
tion to the pons with terminations in different
nuclei than do the auditory corticopontine fibers,
many of them are localized in the ventral and
the paramedian nuclei. As demonstrated in
cat KEN 5, the latter projection is probably
concerned in the further propagation of im-
pulses to the lobule VIL. However, the cere-
bellar projections of the ventral nucleus are
not clear, but they may well turn out to be
the hemisphere®. Although decisive morpholo-
gical evidence is still lacking, it can be
assumed that the optically evoked responses
obtained in the cerebellar vermis® and in the
ansoparamedian lobule?” are attributable to
the two different ponto-cerebellar pathways.
As discussed above, evoked responses ob-
tained in the cerebellar hemisphere by tele-
ceptive stimuli are for the most part due to the
cortico-ponto-cerebellar system. However, a
minor component of the hemisphereal responses
may also be attributed to the tecto-ponto-cere-
bellar pathways, as shown by our experiment
cat KH 2. Vermal responses, by contrast, must
be evoked largely by way of the tecto-ponto-

cerebellar routes. Our experimental findings
thus strongly suggest the possibility of multiple
neuropathways for the teleceptive impulses,
involving the ponto-cerebellar system, which
has projections to more widely spread cerebellar
cortical areas than hitherto known. Recent
physiological data of Mortimer” appear to have

good corresponence with our current findings.
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13. Projections from the lateral reticular nucleus to the cerebellar cortex
and nuclei in the cat. M. MATSUSHITA (Lab. of Anat., Inst. Basic Med. Sci., Univ.

of Tsukuba, Ibaraki)

A study with a modified Gudden method
(Brodal, 1943) has demonstrated that the lateral
reticular nucleus (LRN) projects to the entire
cerebellar cortex with a topographic relation-
ship, that is the parvocellular portion projects
to the vermis, the magnocellular portion to the
hemisphere and the subtrigeminal portion to
the flocculonodular lobe. However, no systematic
study has so far been made with the method
of anterograde degeneration although very
recently Kiinzle (1975) has studied this projec-
tion with the autoradiographic tracing techni-
que. The purpose of our investigation is to

clarify the fiber course and the distribution of

reticulocerebellar fibers in the ceerebellar cortex
and nuclei by means of the Nauta and the
Fink-Heimer methods. In 15 cats electrolytic
lesions were placed in the caudal portion of
the LRN using a parapharyngeal approach.
Degenerating fibers arising from the LRN
enter the cerebellum -through the ipsilateral
restiform body coursing along the rostral
aspects of the anterior interpositus nucleus.
The greater majority of fibers pass to the cortex
and the nuclei on the ipsilateral side but a few
also project to the contralateral sibe, On the
ipsilateral cortex degeneration was distributed
to lobules I to V of the anterior lobe with



denser distributions from lobules III to V, and
the densest degeneration was seen in sublobules
Vc to Ve: In transverse sections it was found
that 'degeneration was denser in the inter-
mediate to the lateral zones rather than in the
vermis proper. In the posterior . lobe dense
degeneration was seen in sublobules VIe and
VIf and in the transitional zone from lobule
VI to the simple lobule (HVI). A small amount
of degeneration was also seen in the caudal-
most folium of sublobule VIIb and the rostral
folia of sﬁblobule ViiIa. Laterally a medium
amount of degeneration was seen in the rostral
part of the paramedian lobule and a very
limited amount in the medialmost part of crus
1. However, no degeneration was found any-
where in the lateral part of crus I and the
simple lobule, and in crus II, the flocculus and
the paraflocculus. On the contralateral side
only a small amount of degeneration was found
in the anterior lobe, the rostral part of lobule
VI and in the medial part of the simple lobule.
The fibers derived from the LRN were found
to terminate in the entire thickness of the
granular layer as mossy fibers.

Furthermore it was found that the LRN
projects not only to the cortex but also to the
nuclei. In the ipsilateral cerebellar nuclei dense

degeneration was seen in the rostral portion of
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the medial nucleus, and also some degeneration
in the small celled part of the medial nucleus.
Degeneration in the interpositus nuclei was den-
ser than that in the medial nucleus. In the ros-
tral portion of the anterior interpositus:nucleus
degeneration was less dense but it increased
in amount caudally, and the densest degenera-
tion was found ventrolaterally in the caudal
two thirds of the anterior interpositus nucleus.
This degeneration could be traced further
caudally to the posterior interpositus nucleus.
Similarly intvensevdegeneratio‘ri was seen in the
rostrodorsal portidn of the posterior interpositus
nucleus. However, the caudal portion was
almost lacking in degeneration. Laterally no
degeneration was seen in the lateral nucleus.
On the contralateral side a small amount of
degeneration was seen in the rostral portion of
the medial nucleus and the medial pbrtion of
the anterior and the posterior interpositus
nuclei. These findings suggest that the LRN
projects to the specific areas of the cerebellar
cortex and nuclei to convey the various inputs
from the cerebral cortex, the red nucleus, the
superior colliculus and the spinal cord. Espe-
cially in the cerebellar nuclei the LRN is
considered to play an important role as the
excitatory input, as postulated by recent phy-

siological investigations.

14. On cytology, organization, connections and neurotransmitters in the
cerebellar dentate nucleus of rodents and primates. V. CHAN-PALAY (Dept. of

Anat. Harvard Med. Sch. Boston)

This discussion of the cerebellar dentate
nucleus encompasses a brief review of the
morphology of the simple mammalian form as
seen in rodents, the division of neurons into twe
morphological classes-large projection neurons
and small ones arranged in swirled multipolar
arrays and columnar ones. The corticonuclear
axons from conical terminal fields and extracere-
bellar afferents are simple varicose axons.

These organizational principles are repeated in

the primate deatate but with more complex
ramifications. The sources of afferents to the
dentate were studied with horseradish peroxi-
dase, and by lesions which cause degeneration
detected by the silver methods-cortical lesions,
ones of the pontine reticular formation, superior
cerebellar peduncle. The raphe axons that
contain serotonin as a transmitter are revealed,
as are the norepinephrine input from the locus

coeruleus. Electron microscopy of the neuropil
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provides a means for analyzing the neuronal
perikarya as well as synaptic organization, as
an adjunct to the light microscope Golgi and
transmitter studies. Several classes of axon
terminals are described and, on the basis of
their morphology and the results of experi-
mental lesions, tentative identities are assigned
them, such as Purkinje axon terminals, climb-

ing fiber and mossy fiber collaterals, raphe

serotonin terminals labelled by tritiated sero-
tonin, the axons of large neurons (labelled by
tritiated amino acid) and those of the small
interneurons (labelled by gamma-aminobutyric
acid). Finally, these are combined with com-
puter studies of populations of neurons and
synaptic vesicles in axons. A circuit of the
neuronal connections in the lateral nucleus is

presented.

15. Light and electron microscopical studies of pretectoolivary projections
in the rabbit and cat. N. MIZUNO and K. ITOH (Dept. of Anat., Fac. of Med.,

Kyoto Univ., Kyoto)

Pretectal projections to the inferior olivary
nucleus were investigated in the rabbit and
cat by means ofi the Nauta-Gygax and the
Fink-Heimer methods®®. Electrolytic lesions
were produced stereotaxically in the pretectal
areas.

In rabbits with lesions involving commonly
the nucleus tractus opticus, nucleus olivaris
pretectalis, rostral areas of the nucleus pretec-
talis posterior and caudal two thirds of the
nucleus pretectalis anterior, degeneration in the
inferior olivary nucleus was found ipsilaterally
in the dorsal cap and the B-nucleus. Degene-
ration in the dorsal cap was marked, especially
in its caudal two thirds, and that in the j3-
nucleus was slight. These pretecto-olivary
fibers appeared to descend the brain stem
ipsilaterally, chiefly through the medial por-
tions of the tegmentum, with no tendency to
form compact fascicles. Termination of pretecto-
olivary fibers in the dorsal cap and the 8-
nucleus was also confirmed electronmicroscopi-
cally ; electrondense degenerated synaptic ter-
minals were encountered upon dendritic profiles
in the dorsal cap and the g-nucleus.

In the cat almost the same findings as
observed in the rabbit were obtained, but
additionally, slight degeneration was often
found in the rostral areas of the dorsal acces-

sory olivary nucleus. The vast majority of

these pretecto-olivary fibers terminating in the
dorsal accessory olivary nucleus appeared to
arise most probably from the rostral portions
of the nucleus pretectalis anterior. Although
in a few rabbits with rather large lesions
involving the rostromedial areas of the pre-
tectum a small number of degenerated fibers
were seen to run within the confines of the
dorsal accessory olivary nucleus, these findings
suggesting termination of pretecto-olivary
fibers in the dorsal accessory olivary nucleus
were not so confirmative in the rabbit as in
the cat. In the pretectal projection system there
might exist some species differences between
the cat and rabbit ; in regard to this point
further studies are now in progress.

The pretecto-olivary fibers to the dorsal cap
and the f-nucleus can be considered as mor-
phological substrates for visual inputs to the
flocculus and nodulus of the cerebellum, where
climbing fiber responses with short latencies
have been elicited by electric-pulse stimulation
of the optic nerve or by light-flash stimulation
of the retina of the rabbit®%. On the other
hand, physiological meanings of the pretectal
fibers to the dorsal accessory olivary nucleus
are still unknown. According to BrodalV, the
dorsal accessory olivary nucleus projects mainly
to the anterior lobe of the cerebellum. Hence,

if the Brodal’s data are correct, and if all



axons of the inferior olivary neurons terminate
as climbing fibers in the cerebellar cortex, it
can be anticipated that visually evoked climb-
ing fiber responses with relatively short laten-
cies may be also recorded in the anterior lobe

of the cerebellum, especially in the cat.
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16. Experimental studies on the termination of the Purkinje cells : light
and electron microscopic findings including observations using tracer techni-
ques. F. WALBERG (Iust. of Anat. Univ. of Oslo, Oslo)

Previous experimental studies with silver
degeneration methods have shown that the
majority of the cerebellovestibular fibers are
dérived from the anterior lobe vermis, with-a
smaller proportion from the vermis of the
posterior ‘lobe. The corticobestibular projection
is ipsilateral. The corticofugal fibers leave the
cerebellum via the inferior cerebellar peduncle,
and terminate in approximately the dorsal
halves of the lateral and inferior vestibular
nuclei with the majority of the fibers reaching
the former nucleus. A somatotopical arrange-
ment of the fibers prevails, the fibers from the
forelimb region of the anterior lobe vermis
end chiefly in the forelimb region of the
ipsilateral, lateral vestibular nucleus, the fibers
from the hindlimb region end in the correspond-

ing area of the lateral vestibular nucleus.

Experimental electronmicroscopical investiga-

tions that were made in our laboratory follow-
ing the previous light microscopical study with
the Nauta method, showed that the cerebellar
corticovestibular fibers had an initial filamentous
reaction at early stage of degeneration. The
initial filamentous reaction was followed by
shrinkage, so that on the fourth day of survival
many of the degenerating. fibers and boutons
were electron dense, -Only dark degenerating
axons and boutons were present at the eleventh

day of survival. The degenerating - terminal

and en passage boutons were in synaptic con-
tact with cells of all sizés in the lateral
vestibular nucleus. The degenerating boutons
contacted all parts of the neurons, the soma,
proximal and distal dendritic trunks and spines.
Elongated as well as round synaptic vesicles
were present in the degenerating boutons.
Recent microchemical work has furthermore
revealed that glutamate decarboxylase (GAD),
the enzyme governing the level of gamma
aminobutyric acid (GABA), is concentrated in
the inhibitory axon terminals of the Purkinje
cells. The level of GAD is 2.5 times higher
(dry weight) in the dorsal than in the ventral
part of the lateral vestiblar nucleus. When
Purkinje cells in the vermis of the anterior
cerebellar lobe are destroyed, 50 to 70% of the
GAD activity is lost in the dorsal part of the
nucieus. The concentration is unaltered in the
ventral part. Destruction of Purkinje cells in
the cerebellar hemisphere sending their axons
to the left nucleus interpositus, results in a
70% loss of GAD activity in the nucleus
underlying the destroyed cerebellar cortex. No
decrease is found on the unoperated side.
Subcellular fractionation of the dorsal part of
Deiters’ nucleus and of nucleus interpositus
shows that GAD is mainly present in particulate
form. Microchemical investigations have fur-

thermore shown that the concentration of
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GABA in inhibitory terminals in the dorsal
part of the lateral vestibular nucleus is 58 mM
and that the concentration of GABA in nucleus
interpositus is 138 mM. Similar calculations
from substantia nigra in the cat have given a
GABA concentration of 61 mM in the boutons
in this nucleus. Our estimations, therefore,
indicate that the concentration of GABA in
inhibitory terminals in nuclei in the central
nervous system of the cat lies between 50 and
150 mM.

Injection‘ of tritiated amino acids (leucine)
and horseradish peroxidase into the cerebellar
cortex of cats with intraaxonal transport of
proteins and macromolecules shows that the
inhibitory Purkinje cell terminals in nucleus
interpositus have synaptic vesicles of various
shape. Of the altogether 121 labeled boutons,
50 with a moderate grain number were selected
for identification of the shape of the synaptic
vesicles. The statistical analysis showed that
all labeled boutons have a population of pleo-
morphic vesicles, and that the proportion of
round vesicles as well as the degree of flatten-
ing varies. Thirtynine boutons (78%) fall in
one group. The majority of the synaptic vesicles
of the boutons in this group has a ratio from
1:1, 1—1:1, 7, the smallest average diameter
being 340 A, the largest 440 A, Such vesicles
are generally by morphologists called elliptical.

Flattened vesicles (vesicles with a ratio above

1:1, 7, smallest average diameter 250 A, largest
500 A) are few. In addition, absolutely round
(ratio -1 : 1) and slightly ovoid vesicles (ratio
up to 1:1, 3) are rather frequent. Such vesicles
are usually by morphologists called vesicles of
the “round” type. The boutons in this group
have synaptic specializations of Gray’s type II
or of an intermediate type.

Four boutons (8 %) contain a rather -homo-
geneous vesicle population (a prevalence of
round vesicles), a finding which could indicate
that such boutons beldng to a separate group.
The boutons of this 'type ﬂave synaptic
specialization of Gray’s type L ‘

The injected horseradish peroxidase was
transported from the perikarya of the Pu;kinje
cells aterogradely to the axon terminals in the
nucleus interpositus, and was included in
boutons with pleomorphich synaptic vesicles.
The horseradish peroxidase was present in the
agranular reticulum in the - boutons. Thé
synaptic vesicles were free of tracer. ,

The findings presented warn against a
generalization concerning a relation between
vesicle shape and transmitter type. Other
experimental studies of the type made her_e,
and on a larger material, are necessary to
reveal whether it is permissible to make the
conclusion that the Purkinje cells have more
than one population of boutons terminating in

the cerebellar nuclei.

17. Identification of a new type of spinocerebellar tract. T. HONGO (Lab.
of Physiol., Inst. Basic Med. Sci., Univ. of Tsukuba, Ibaraki)

It has generally been agreed that the dorsal
spinocerebellar tract (DSCT) originates from
cells in Clarke’s column, which is limited to
the first thoracic through the fourth lumbar
segments of the spinal cord®. Evidence has
recently been obtained, however, indicating
the existence of spinocerebellar tract ascending
uncrossed as DSCT and originating from cells

outside (caudal or lateral) Clarke’s column??37,

The aim of this report is to identify and
characterize the caudally originating spino-
cerebellar tract with respect to its physiolo-
gical-anatomical properties, such as .input
organizations and cerebellar projections, and to
discuss its functional significance in com-
parison with other previously known spino-
cerebellar tracts.

The cells of origin of the spinocerebellar



tract involved are located in.the base of the

dorsal horn and the intermediate region, mainly

in the medial part of Rexed’s lamina VI, of
the Ls and Lg seginents. Conduction velocities
of the ascending axons are 27~115m/sec,
comparable to those of DSCT fibres.

- Monosynaptic excitatory inputs are derived
from muscle group I.(both Ia and Ib), cataneous
and joint afferents of the hindlimb ipsilateral
to the cell body, among which contribution of
the first is most frequently seen. Characteristi-
cally; the group I input originates predominantly
from extensor muscles, and the degree of con-
vergence from different muscles is great; about
‘three fourths of sampled cells recéiving input
from - 2 ~ 6 muscles. Convergence :of different
kinds of afferent, such as group I plus skin
or group I plus joint afferents, onto single cells
is also frequent.

‘Lesion experiments have shown that most of
the ascending axons tested are located in dorsal
part, but a few in the middle or ventral part
of the lateral funiculus. However, their loca-
tions-do ‘not seem to differ significantly from
those of Clarke-DSCT- at the lowest thoracic
Jevel, as revealed by comparing positions of
recording from single axons of both kinds in
the same preparation.

Threshold mapping for antidromic activation
of individual neurones.from the surface and
the depth of the cerebellum suggests that the
tract fibres terminate more medially than the
DSCT, i.e. in the vermis and the most medial
‘portion of the intermediate zone. Furthermore,
the termination area covers not -only the
hindlimb (lobule III-IV) but also the forelimb
-region (lobule V). Evidence of multiple termina-
tions in different lobules has also been obtained

‘in several fibres.
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- As -stated above; the caudally: originating
spinocerebellar tract shows different properties
in many respects from the Clarke-DSCT, and
hence constitutes an additional category of
spinocerebellar tract. The new tract may ten-
tatively be referred to as the caudal spinocere-
bellar tract (CSCT). Presumably, the tract
conveys peripheral information regarding a
certain pattern of movement of an entire or
large part of limb rather than discrete and
precise information of local events. For various
reasons it is tempting to assume that -the
caudal spinocerebellar tract is a hindlimb
equivalent of the rostral spinocerebellar tract
(RSCT) described by Oscarsson and colleagues
996 In fact, we have recently located cells of
origin .of the RSCT in the dorsal horn and the
intermediate region, similar to CSCT cells; In
this relation some account of functional
organizations of the spinocerebellar tract cells

in' the cervical cord has also been given.
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18. The -cerebellocerebral loop through the anterior ventral nucleus of the
thalamus and the parietal association cortex. K. SASAKI (Dept. of Physiol., Inst.

Brain Res., Fac. of Med., Kyoto Univ. Kyoto)

The results of our studies on the cerebello-
cerebral loops in cats, particularly those includ-
ing the anterior ventral (VA) nucleus of the
thalamus and the parietal association cortex,
are presented and discussed,

Single stimulation of the cerebellar inter-
positus and lateral nucleus elicited marked
responses not only in the motor cortex (anterior
sigmoid gyrus and folded cruciate gyri, area
4 and 6) but also in the parietal association
cortex (anterior portions of the middle supra-
sylvian and lateral gyri, area 5) on the con-
tralateral side to the cerebellar stimulation®.

The responses in ‘the motor cortex are composed

mainly of the deep thalamocortical (T-C) -

responses (surface positive-deep negative poten-
tials), whereas those in the parietal cortex
consist exclusively of the superficial T-C
responses (surface negative-deep positive poten-
tials). The formers are well known to be
mediated by the lateral ventral (VL) nucleus
of the thalamus. Recording from the thalamus
with microelectrodes revealed that the latter
responses are relayed by the VA nucleus®.
Thus it was concluded that the reciprocal
{mutual) innervations exist between the associa-
tion cortex and the cerebellum as between the
motor cortex and the cerebellum. The direct
projection from the VA nucleus to the parietal
association area was also verified histologically
by Mizuno et al.h,

Stimulatidon of the parietal association area
induced in turn mossy fiber and climhing fiber
responses in the cerebellar cortex. The mossy
fiber responses at a latency of about 2 msec
distributed mainly in the ansoparamedian
lobules of the cerebellum®, which is different
from the main distribution of the mossy fiber
responses set up by stimulation of the motor

cortex, i. e., they are mainly in the intermediate

part of the anterior lobe. Climbing fiber
responses o stimulation of the parietal cortex
distributed in much the same area.as .those
due to the motor cortex stimulation, chiefly in
the intermediate part of the -anterior lobe.
Latency of the parietal-induced climbing fiber
responses was of 17~19msec, being a few
milliseconds longer than that.due to the motor
cortex.

The parietal-induced mossy fiber responses
were found to be mediated by the pontine
nuclei on cutting experiments of the inferior
cerebellar peduncle®, Recording from pontine
nucleus neurones with microelectrodes revealed
that the neurones receive monosynaptic contacts
either with efferent fibers from the parietal
association cortex or with those from the motor
cortex?, It was concluded that the parietal
association area sends efferents to have synaptic
contacts with the almost exclusive pontine
nucleus neurones which convey 'mossy fiber
volleys mainly to the ansoparamedian lobules,
i, e,, the lateral part of the cerebellum,

A neuronal ciruit diagram was drawn accord-
ing to previous works and our studies men-
tioned above, and a speculation was made on
the mode of information processing in the
diagram in relation to the cerebellar functions
assumed from the previous ablation and stimula-
tion experiments of the cerebellum, as will be
summarized below.

1) The pathway from the association cortex
to the motor cortex via the pontine nuclei, the
lateral part of the cerebellum and the VL
nucleus will be important to ‘initiate the
movement and posture which are finely or-

ganized and integrated in the association

- cortex. The feed-back loop to the association

cortex through the lateral part of the cere-
bellum and the VA nucleus of the thalamus



must have important roles for the further
elaborate and associative function of the cortex
in controlling movement and pesture,

2) The motor cortex thus activated through
the cerebellum sends influences upon the $pinal
and bulbar motoneurories via corticospinal and
-bulbar tracts. These tracts excite thereby the
pontine nuclei and the inferior olive, which
send miossy fibers and climbing fibers to the
cerebellum, mainly its intermediate part. The
cerebellar” part projects not only to the motor
cortex again but also to the red nucleus: The
rubrospinal tract excites, on the way to the
spinal cord, the inferior olive and the reticular
nuclei, which give influences to the medial
part of the cerebellum to activate the vestibulo:
spinal and reticulospinal tracts. In such ways,
the cerebellum in combination with- the pre:
cerebellar brain stem nuelei can recruit many
descending systemis and contrel the moto-
neurones in multiplex manners. Compound;
generalized- and coordinated movements-Geme-
inschaftsbewegungen- of many synergist and
antagonist muscles, and even of forelimbs and
hindlimbs may be possible with the aid of
such- cerebellar functions.
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3) The movement and posture being in
action, informationis from peripheral receptors
in skin, muscle, tendon, joint and vestibular
organ are in succession fed back to the cere-
bellum directly via the spino-, cuneo-, ves-
tibulo-cerebellar tract and inditectly via the
reticular nuclei and the inferior olive. The
cerebellum then sends again impulses back to
the brain stem nuclei and the cerebral cortices,
being the center for the feed-back confrol of
movement and posture, especially for the body
equilibrium and postural reflex.
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19. The role of climbing fibers in the development of Purkinje cell den-
drites. S. KAWAGUCHI (Dept. of Physiol., Inst. Brain Res., Fac. of Med., Kyoto Univ.,

Kyoto)

In order: to reveal roles of climbing fibers in
the postnatal development of the cerebellum,
lesions were placed in the inferior olivafy
nucléus of the newborn kittens by electro-
coagulation. This surgical operation: was per-
formed in more than a hundred of kittens 2~
10 days old, under the direct vision by para-
pharyngeal approach. Of eight kittens which
survived over four weeks and which were
followed up for behabioral observation, two
were studied electrophysioclogically and three
were examined histologically in their cerebellar

cortices by the Bodian’s silver impregnation

method.

Of the three kittens, the two which were
kept survived for 40~45 days after the unila-
teral subtotal destruction at two days old
showed. the lack of dendritic arborization in
many Purkinje cells in the cerebellar cortical
dareas contralateral to the lesions.. Thus the
primary dendrites were seen to form parallel
running lines through the entire molecular
layer, whereas in:the cerebellar cortex ipsilateral
to the lesion the well developed elaborate
dendritic trees of Purkinje cells were observed:
Paucity of the dendritic branching of Purkinje
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cells was noted when the inferior olive was
destroyed in a little later stage, for instance on
the. 10th day after birth as in another case.
This suggests that the induction of dendritic
arborization, even in a relatively advanced
stage, is interrupted on the deprivation of
climbing fibers. There were observed no such
abnormalities as gross cerebellar- atrophy,
indistinct lamination of cortical gray matter,
impaired migration and necrosis of - granule
cells, randomly oriented and dispersed Purkinje
cells as was found in mutant weaver, staggerer
mouse, X-ray irradiated rat, animals of feline
panleukopenia virus infection and- cytasin
intoxication. )

Laminar field potentials in the cerebellar
cortex were investigated in.the two. olive-
ctomized kittens. In a normal kitten, stimula-
tion of the cerebellar cortex by the concentric
électr,ode placed on the surface of the foli\im
(LOC stimulation) evoked the typical r‘esponse
composed of the parallel fiber spike and the
subsequent surface negative-deep positive slow
potential wave which is attributable lafgely to
EPSP currents in superficial dendrites of éorticél
Vne‘urons especially of Purkinje celis. In the

olivectomized kittens, LOC stimulation could

elicit the parallel fiber spike but not the

subsequent slow wave. This indicates that the

synaptic activation of Purkinje cells by parallel

fiber volley: is severely impaired in the kittens
of which the climbing fibers have been deprived
previously in the immature stage.

" Neurological symptoms of the olivectomized
kittens - were as follows : body swaying and
head bobbing, abnormal position -of limbs dur-
ing movement as well as during rest, ataxic
gait and disequilibrium. The abnormalities
were not-conspicuous in the stage of crawling
but became striking as soon as the kittens
started to walk. The brain stem- mechanisms
appeared to be functionally developed already
in the stage of crawling, whereas the cerebellar
cortex was reported to exert functional activity
almost simultaneously ' with the- period when
the kitten begins to walk. Most of the neurolo-
gical manifestations mentioned above are, there-
fore, considered to be the cerebellar symptoms
rather than the brain- stem ones.  These cere-
bellar symptoms may be explained mainly by
the failure of mossy fiber input through granule
cell-parallel fiber synapses- onto- the Purkinje
cell dendrites which are maldeveloped, though
it is unknown yet what extent the lack of
information processing via climbing fibers

might directly contribute to the symptoms. -

The present study was made in collaboration
with Drs, T. Yamamoto, N. Mizuno, N. Iwa-

" hori, A. Konishi, and Y. Nakamura.

20. Cerebellar control of walking investigated in cat Deiters neurons.
M. UDO (Dept. of Biophys. Engineering, Fac. of Engineering Sci., Osaka Univ., Osaka)

To investigate the neural design of cere-
bellar control of locomotion, stepping prepara-
tion was used where four limbs of cats decere-
brated at the thalamic level were driven by a
treadmill, thus coordinative locomotion occurred.
Any electrical stimulation to induce locomotion
was avoided for the reason that it might give
artificial inputs to the neuronal circuitry con-
cerning coordinative control of stepping.

~ Impulse. discharges from Deiters neurons

were analysed through a computor: regarding
their phase relation to the step cycle in the
following way. Angles of -hip and shoulder
joint were transduced ‘into voltage through
potentiometers. This signal was once diffe-
rentiated and passed through Schmitt trigger
circuit, then a pulse was generated at a certain
phase of the limb movements, Thus, length of
one cycle of the limb moveménts was nor-

malized and neuronal activity of each step



could be:superposed. During a cycle of stepp-
ing, most Deiters neurons controlling ipsila-
teral hindlimb showed two peaks of . neuronal
activity « the first in the stance phase and the
second-in the swing phase of ipsilateral hind-
limb. The first peak often started to rise 50~

150 msec:-before the - ipsilateral- hindlimb was
placed. When movements of either hind- or
forelimbs ‘'were stopped by inserting a plate
between the respective limbs and the treadmill,
amplitudes of frequency modulation of Deiters
neuronal activity were much higher when four
limbs were coordinating.

_Cerebellar cortex was locally cooled .at ver-
mian part of Lobule V, until. discharges of
Purkinje cells were entirely stopped. At the
same time, activities of Deiters neurons were
significatly’ enhanced in El (shortly before the
limb is placed) and stance phases. Accordingly;
in the similar phase of step cycle, amplitudes
of an integrated EMG of hind- and forelimb
extensors were augumented.. From these results,
it was postulated that there is a neural .me-

chanism = which .utilizes converging motor
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information from hind— and forelimbs to build
up a control information, which through- the.
vestibulospinal. tract is transmitted to extensor.
motoneurones of each limb. Cerebellar Purkinje
cells should be contributing to this mechanismi
by adjusting activities  of Deiters neurons
below -a. certain-level. . .

In some cats, following changes were observed
in movements of the ipsilateral hindlimb during
this local cerebellar cooling. Angular displace-
ment of knee and ankle joint increased (more
extension) -in E1 and that of ankle joint in-
creased -in E3 (late in the stance phase). .

In E2 phase (between E1 and.E3), angular
velocity - of hip joint slowed down a little and
knee joint tended toward more flexion, while
ankle was somewhat more extended than before
cooling. Changes in El phase could be .inter-
preted as related with increased activity..of
extensors -and that of Deiters neurons. Changes
in E2 and E3 phases might be due to a change
of balance. between the .mechanical , forces

exerted through hip, knee.and ankle extensors.

‘

'21. Neuronal correlates of the cerebellar learning cortrol investigated in
rabbit’s vestibulo-ocular reflex system. M. ITO (Dept. of Physiol., Fac. of Med.,

Univ. of Tokyo, Tokyo)

The fact that the Ccrébellar ﬂoccuius is
intimately connected to the vestibulo-ocular
reflex (VOR) arc and also to visual pathways
s’uggests' a ‘threefold role of the flocculus ; 1)
the flocculus as a sidepath to the major VOR
arc contributes to dynamic characteristics of
VOR ; 2) the flocculus utilizes visual informa-
t‘io'n to exert 6nline correction for inadequate
performances of VOR ; 3) as the visual correc-
tion is repeated, the flocculus undergoes a
plastic change so that VOR acquires an im-
proved performance. In order to examine experi-
mentally these possible roles of the flocculus,
VOR was investigated in albino rabbits by
using sinusoidal.head rotation on the horizontal

plane at 0.03~0.5 Hz ‘and simultaneous. visual
stimulation?®, Visual stimuli were. provided
with a vertical slit light which wag’either
held stationary at a fixed position or moved in
phase with the head by an angulat: displace-
ment twice as large as that of the head rota-
tion. Further, impulse discharges were recorded
from Purkinje cells of the flocculus while ‘the
animal was executing VOR under - various
visual stimulus conditions?.

Dynamic characteristics of VOR were eval-
uated in terms of the input-output relationship
between the angular amplitude of the head
rotation and that of the eye rotation and of

the frequency responses on the Bode diagram.
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Chronic destruction of the flocculus on the side
of the tested eye resulted in reduction of the
eye ' rotation particularly at relatively small
angular amplitude of the head rotation. The
input-output relationship of VOR that was
more or less linear in normal rabbits thus became
non-linearly distorted. Only minute changes
were recognized in the frequency characterstics
of VOR. Recording with microelectrodes from
the flocculus? revealed the presence of two
major populations of Purkinje cells, one exhibit-
ing an inphase and the other an outphase
modulation of their simple spike discharges,
relative to the instantaneous head velocity. As
the excitatory signals from the vestibular
organ to vestibular nuclei are modulated in
phase with the head velocity, the inhibitory
signals from the inphase type of Purkinje cells
would have the action to depress VOR, while
those from the outphase type of Purkinje cells
would enhance VOR. Hence, it is postulated
that in normal rabbits the linear input-output
relationship is maintained by push-pull action
of the two types of Purkinje cells.
Presentation of the fixed slit light immediately
caused enhancement of VOR and that of the
moving slit light immediately depressed it?.
These effects were always in the direction of
minimizing the slipping of retinal images of
the slit light and therefore represented the on-
line visual correction for VOR. Underlying the
immediate effects of the slit light, simple spike
discharges from flocculus Purkinje cells were
readily affected ; the outphase type of modula-
tion became dominant during presentation of
the fixed slit light, while the inphase type
prevailed during presentation of the moving
slit light?. It is conceivable that this population
shift in the response types of Purkinje cells is

the primary cause of the enhancement or
depression of VOR under presentation of the
slit light. The very recent experiment by Ito
and Miyashita has shown that the immediate
effects of the slit light were well preserved
even after the visual pathway through the
inferior olive to the flocculus had been inter-
rupted: chronically, Hence, these effects are
ascribable to the mossy fiber visual pathway
to the flocculus?. i

Continuous head rotation for 12 hours with
the fixed or moving slit light presented resulted
in progressive and plastic enhancement or
depression of VOR, representing a learning
process involved in the adaptive conmtrol of
VOR®. These slow effects were absent in those
rabbits from which the flocculus on the' side of
the tested eye had been extirpated beforehand.
Ito and Miyashita’s recent experiment further
demonstrated that the slow effects were abolis:
hed or, even if some effects remained, they
became abnormal, in those rabbits in whieh the
visual pathway through the inferior olive had
been interrupted chronically. These observations
indicate that the visual pathway through the
inferior olive plays an important role in the
plastic modification of VOR.
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22. Slow and rapid (quick or ballistic) tracking movemenits and a cerebeliar
Purkinje cell activity. N. MANO and K. YAMAMOTO (Tokyo Metropolitan Inst.
Neurosciences ; Dept. of Neurophysiol., Inst. Brain Res., Fac. of Med., Univ, of Tokyo,

Tokyo)

Activities of Purkinje cell (P-cell) in the
monkey’s cerebellar hemesphere were analyzed
in relation to the performance of slow and
rapid tracking movement, in order to answer
the following two questions. First, whether the
cerebellar cortex 'is concerned preferentially
with either'one type of the somatic movement
(slow or rapid) or not. Second, whether func-
tions of ‘the two input systems to the cerebellar
cortex (mossy and climbing fibers) could be
understood by notions of “tonic” and *“phasic”,
respectively. ‘

Three rhesus monkeys were trained to per-
form the task, looking at a target strip and a
cursor line displayed on a two channel wide-
scope placed 95 cm apart in front of the monkey.
The target strip was moved from the center
of the scope to left or right by ramp or step
function voltage on the upper half of the scope,
and the monkey had to track the target strip
with the cursor line displayed on the lower
half of the scope by moving a handle 30~40
degrees with the wrist flexion or extension to
receive a drop of reward juice. The line was
moved in proportion to an angular position

of the handle by a voltage generated by a low

torque precision potentiometer coupled to the’

rotation axis of the handle. In one monkey,
mechanical stoppers were placed at the positions
of 30 degrees, so that the monkey could per-
form a “ballistic ‘movement” by hitting the
stopper when the instruction was given by the
step function voltage. In the remaining two
monkeys, the mechanical stoppers were not
placed, so that the monkey had to perform a
“quick movement” by making brake actively
at the proper angular position when the cursor
line reached the final position of the target
strip.

The recording techniques of a single cell
discharge during the performance of ‘the task
were essentially the same as those of Dr. E. V.
Evarts. Two hundred and three P-cells were
isolated from the cerebellar himispheres of
lobule IH-VI ipsi-lateral to forelimb performing
the task. Of these, the activity of 65 P-cells
were recorded during the performance of both
“ballistic” and “slow” movements of the wrist,
and of 92 P-cells -during “quick” and “slow”
movements. '

The firing rates of simple spikes in about
two-thirds of the -recorded ‘P-cells changed
time-locked to and prior to the-initiation of the
wrist movement. These change were judged to
be not correlated with the horizontal eye
movement which occasionally accompanied the
performance of the task, because the change
of the firing rates were always observed with
the wrist movement, even when the eye move-
ment which was monitored with the horizontal
DC EOG, did not accompanied. The changes of
firing rates of the P-cell could be considered
to be directly evoked by the visual stimulation

. "due to the movement of the target strip on the

scope, because the latencies of the change

.measured on the peri-stimulus time histograms

were always longer than 100 msec. In addition,
the reaction time (RT, time from an onset of
the movement of the target strip to an initia-
tion of the handle movement), pre-P-cell time
(Pre-P cell T, time from an onset of the visual
stimulation to the beginning of the change of
P-cell activities) and the post-P-cell time
(Post-P-cell T, time from the beginning of the
change of P-cell activities to an initiation of
the handle movement), were measured (RT =
Pre-P-cell T-+Post-P-cell T). Analyses of the

cross correlation between them clearly showed
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that the change of the P-cell activities is very
similar to the change of EMG of the wrist
extensor or flexor. ) )

Changes of the P-cell activities were always
observed in relation to both slow (10°~150°/
sec) and “ballistic” (300°~700°/sec) or “quick”
(200°~300°/sec) movement, and in a given P-
cell, the direction of the change (increase or
decrease of the firing rates of the simple spikes)
was the same regardless of ‘the type of the
movement. However, there was a gradation in
the amount of the change of the firing rates
in correlation with speeds of the wrist move-
ment. :

* The appearance of the complex spikes, which
is presumed to be activated by a climbing
fiber, timelocked to the movement was observed
in about half of the related P-cell. This change
of the complex spike activity was also observed

in relation to both slow and rapid movements.

From the present study, we: may draw the
following two conclusions. First, the cerebellar
cortex is concerned with both slow and rapid
somatic movements, and there is a gradation
in the amount of the change of P-cell activity
with the speed of the movement. Second, the
modulation of complex spike activity reported
in the present study throw doubt on the inter-
pretation of the complex spi'ke as having phasic
role for the voluntary movement, . as = was
proposed by R.-Llinds and W. T. Thach. The
available observations so far reported by Thach
(1968, 1970) and Mano (1974) on the complex
spike activity in relation to the .voluntary
movement and the result of our present study
appears to be suggesting that the complex
spike is somehow correlated with the timing
of the voluntary movement, when the move-

ment is triggered by an external cue.
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