EHRETF, ACREEIE, e T ¢ AERRERE & ko Rk 2RI
T D BT DU T et

W, FREEM, PRk 2= AT oMasERIc X - T
Z BhemmEsofRiics pi-ﬁ-ﬂ; FEANHL coven 355

SATO, M., MARUHASHI, J. and YAI, H. : Selective blocking action of hexamethonium
on the inhibitory postsynaptic responses of aplysia ganglion cells: e «eeooviaiinniiniinin

EHARA, T. : Effects of adrenaline and ouabain on the time course of twitch

contraction in bullfrog ventricle
Jap. J. Physiol. 57122 4 S48 ilikahar OFI2ADE
& AR A
#3515 J. J. P. Ml

B = R MR S H U

B A £ %
J. Physiol. Soc. Japan




l‘
-muuuuull'l

iy
!
1

L

¥ K
(IFEHAEC N L RSS2 E T,

QUEE, RERW., AEES.

(BHEEWI 4 B THKE, Skin Graft HH

Ayt 3, KE, NAWZ O,
ECRAwbNET,

Donryu Rats #/E ) i L 22 HEHRKRD

Conventionél Rats HREHEFI 2 —H—

T3, B BERO BRSO
BE-HrbmET2E58HwRL

FrVawsvy b T.D 967394

Donryu-rat T.D 995227 3¢

ﬁﬁaﬁﬁ——(ﬁonryu) (Wistar) (Buffalo )

EFEEEEX

HEIBAHENTIRRE 608 —3
TEL (0488) 61 — 6850 « 6401




FEOIM AAEMELRIMABED RN

TROEFRIC L VESIEARERESREEAELETLE, 2RI
T&v.

1. £H) MRAM95E 6 f26F (k) 27H (k) 28H (&)
1) — M o3 26H, 27H, 28H
2) ¥FBmA S 26H
3) & & 27TH
4) FHiEmES BHFR

2, R XTSRS

FLBET R X BRI Y
FLIRT RS 8H
JtEE T A — v

3. Bk LUHEERASL
1) BINERAKRKEE)Y © BBF4SEIZ AR A . WERIASRREY Y : BEMA494E 1 AkAE.
2) EREASES BB BRI ET AR > & 2BUNE, RINA
YEMZ S THIAATTFE Y., HEORTFIYBRFCRERETE . 2L
BHENZVCEDOLTFRECERLET.
3) E - HRABREO VTR BAEEEEOSRIEY £

4 " A
1) {FMEE EOEHERE ZFAOLTREETHBHRAL TS v, ko U =
MIEABMOELET.
2 BRI E CHA ORI BRREA LB L THRROTHE £ LTV
L LERITYT. RBALORMNIZHA BRI L £,

5. % &RBEIRTT
AARBEAH CHIGIERS L EENRERITOBIEEE L+ REAHORN
BHBEBEILET.

8. XEXNIXBAHORAL L BHICKFEIIATAICHEREY TIFETT

FRFN484E9 7
HERE
REREEERAEAE—HE O B B Xk
AT GREE R OZF M —
B ORAEEEEE M R R
JIEHESATTARRY 2 A B A



(&7

GBI

XIE=E

LB, A = X

B = =3

MERASHE wm =2
HORCY O LR QAT T, MUEOES - oW TR ¥ e 2 A -
B KB FOEMEEAL, vhiFaagc LTR&RBoLizfrci@EisnT
. 2 OBOMEOHES I ONT, FHEEIsr T T L» S TETR O LD
LAY DLDAT, WEESKDEH? b2 7EEMEBCTHABLI B L5
o Taz.
AEZBRBOFLOHY FTILDoNnNTHY, HMEERELELC T 2 0EHOKE,
FEHO A A =20, EHOREL VW 2z T2 L2 HNE L, HEEESHoAERE

R ERR L b D TH S,

ROk B BN c BAINL L O TR, FHL Z20BRAMELEOREOHERE
PELTHWRINTEY, 3k, EEAGYEETHS LELMEER, ¥izh
FLLLLTHRONLEEBSOHLCRBERLT 5.,

B5Y - 1885 » 181X * Effi4500F (Fi40F)

FERMRET b5 2 HETHE

— B Th
He+_ B
Sl NS
%Ex@*‘*’k?ﬁ*ﬂ F'{Rﬁ/\ 2
JERERFEHR WA b
AHONBEEOEIHERE L, 2ORMBTEL LTHI20A TR, NHEEH
R L REL TEED T—oOFMAEREMR L 22D 2HKTHS.
AFOKTTRETE 2 H - +TI8BNRSOHENRE L AWML T20, 3615%
Bl Thbb
(Dﬁﬁ$lhtTuﬁLhiLBbLbﬁ7~EEMﬁl%%LIﬂm.f%&tﬁg(
ORREE R hk L T2 FUEERES L MEL B, $RLBELRbn s HACRYKRE
PHEHEr U M.
®Aﬂg<&oaznmbna;7a@of+_ﬁhﬁﬁimv—$E1%@miu
b BLE U CATHEMIEAS s (EPCG) (XIRGH2UE) oReHRL, enic
B rRIEDL S KL,
®®Wrﬁ£cﬂqukaﬁﬁuk<:a@féuo@ﬁ774ﬁ—x=—¢@3
EHEmzl.
@m@ﬁrmﬂwaLtzz—vikA@u$ﬁzm&& BERELvx—-RRESH
L, —fkRE LT—BHAPTV IS LL.
*iuﬁ TR L E LIARMR T b9 AETH Y, BEROELEDEL
LTREEO TS L b, RECEAO» 5 —FHI- & b RROEFIHEB L 2RO
DR BEEL LTREAIRII2 L SERI TV S,
B4 ZHY - 314 - BEIS (&> = —<fF) « Zffi18,000 (F300M)

7‘6@ FEMAEE A7 TH2 &7 2 - REOERRET8% - ©55(03)813—5411(1)
m



CEA4EHEEE (1973) 35, 347-354)

EFRBEE TR EERHICETRTS
FEICDWT 612.0147423-083

ABHE, P8EF, A EE (BB R E IR — A T ¥ ),
B W (SEER

' On the transformation of the deformed pulse through the living tissue
to the original pulse Masao MaTumoTo, Michiko HaNBA, Takamasa KiTA-
MURA (Department of Physiology, School of Medicine, Gunma University, Maebashi, Japan) and
Satoshi HANBA (Mitsubishi Electric.)

The electric change generated in the living body is often led out through the polarizable
living tissue as in case of ECG or electromyogram. In these cases the obtained pulse is
more or less deformed. The original pulse form is required for investigation of the underly-
ing physical or chemical process from the course of the electric change. In this paper the
method of transformation of the deformed pulse V(1) to the original one E(t) was reported.
The transformation of V(t) deformed through the polarizable tissue to E(t) is possible when
the equivalent circuit as well as the value of each component was known.

In the first place, the mathematical method of the transformation, which might be merely
a solutionin exercise in mathematics, was shown with an example often encountered in
the physiology. Secondly the electric method by means of a transform-amplifier devised by
authors was reported.

The transform-amplifier provided two condensers C1, C; and two resistances Ry, R,. Each
value was calculated from the values of the components of the equivalent circuit of the
tissue through which the pulse was passed. From the output of the transform-amplifier
prepared as above, E(t) could be obtained, when V(t) was applied to its input, The test of
the device and examples of the transformation were carried out showing satisfactory
results. (J. Physiol. Soc. Japan (1973) 35, 347-354)

key words : transformation of the deformed pulse.
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Fig. 1. (A) Equivalent circuit for leading out

the electric event generated in the human body
through the skin. The circuit in the broken line
is the equivalent circuit of the human skin. (B)
Equivalent circuit for leading out the action poten-
tial of the nerve or muscle fiber with microelectrode
inserted in the fiber. E(t) : Input pulse (original
pulse). V(t) : Output pulse (deformed pulse).
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Fig. 2. The circuit in Fig. 1(A) and Fig. 1(B)
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Fig. 3.  Oscillograms of the input pulse E(t) and
output one V(t) of the circuit shown in Fig. 2, when
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Fig. 4. Graphs of the input pulse E(t) and the

output pulse V(t) obtained by transformation of V(t)
and E(t) in Fig. 3 respectively. The values of t(sec)
and V(volt) of the points A, P and B are shown in
the frame of the respective figure.
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Fig. 5. Constitution of the transform-amplifier.

The values of the capacities A, B and the resis-
1
tance 3 are culculated from the values of A and

B in the equation (4). amp : amplifier of high input
impedance, V(t) : output pulse of the CR-circuit
applied to the amplifier as the input pulse. E(t) :
output pulse of the amplifier obtained as the trans-
formed pulse.
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Eig. 6. The circuit diagram. of: wthe transform-
amplifier in which: IC, T-52 was used Ry, Re:
variable resistances (0~100kQ): R3 1kQ, Ry : 500kQ,
Ci, C, : variable condensers (0~0 54F). C3 : 50¢¢F.
If the output potentlal could not be reduced to zero
by controlling the lead to R; condenser C; may be
shunted with resistance 10~20 MQ.
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Fig. 8. Records obtained by transformation of a
deformed pulse through the CR-circuit (1). A:
original pulse (discharge of a condenser), By : de
formed pulse through the CR-circuit, B, : amplified
pulse of By, C : transformed pulse of B,.
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Fig. 9.
deformed pulse through the CR-circuit (2). A:
original pulse (rectangular pulse), By : deformed pulse
through the CR-circuit (4). By : amplified pulse of
B;, C: transformed pulse of B,.
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Fig. 10. (1), (2) Records of the action potential
of the sciatic nerve of the bullfrog and its trans-
formed pulse. (3) Electric connection of the sciatic
nerve and the transform-amplifier used in the record
of action potential shown in (1) and (2). Dotted
traces in (1) and (2) show action potential [V(t)] and
solid ones transformed pulse [E(t)]. Time scale : 1000
cps.
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Stretch effects of frog sartorius muscle on the amplitude of action
potentials Takashi MINAGAWA, Yohsuke KAWAI, Shunsuke MORITA,
Haruo NIU* (Depariment of Physical Education, Faculty of Liberal Arts, Yamaguchi
University, Yamaguchi « *Department of Physiology, Yamaguchi University School of Mediéine, Ube)

Using the frog nerve-sartorius muscle preparation, effects of stretching the resting or
active muscles on the amplitude of action potentials were studied. Results obtained were as
follows :

1. Amplitude of action potentials by a single indirect stimulus was increased up to
110~1159 stretch, then decreased somewhat with length increment.

2. Stretching the isometrically active fibers at resting length mostly resulted in decrease
of amplitude degree of which was within several percentage.

3. Action potential amplitude of isometrically active muscles which had been stimulated
for a long time or pretreated with d-tubocurarine was consistently and markedly increased
by stretch.

It was concluded that the change of action potential amplitude by stretch was mainly
caused by recruitment of active fibers due to facilitation of transmitter release on the one
hand, dispQ;sf { focus on the other hand the algebraic sum of both effects determining

d 1 - . Physwl Soc. Japan (1973) 35, 355-363)
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Fig. 4. Action potentials by indirect tetanic
stimulation (30Hz) on the same muscle. 1 : active
muscle at resting length (Lo active muscle), 2 : active
muscle at 110% resting length (L active muscle),
3 : stretched at arrow to 110% resting length,
amplitude increases after stretch. E : action poten-
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EEEM LT3 3L A EDEERELY
BEOFHPKE D 57 (Fig. 6-1, 6-2).

L LARSEEDOIRMIICIE L A FED
#l (24]) bHBh (Fig. 5-1, 5-2).

—75, BB 2 IEEBM ORI OHA
fEix Fig. 6-1, 6-2 o< L {EEhFH A Lo 158)
LV REH 1345 941) & Fig. 5-1, 5-
20 hEH (I3FEF 441) BAHbhz.
BETHE LB ORMICER LV L3R
AET 5. IEEEM OIRM AT KEICET 51
fivk L GBS 0 525 Lo IEEfF & 0 b &Eh
W& o7z (3R 8H). L LR s, W
BELH (WBFEHR44) & 15T B8 L,



358 B RO EHRE R ORI 3 JE T R

B O R RKIECET B0 b & b
Fo. & B ICIEBIEAL ORI OB ORI &
A EOEE Lm0 s L@l v bk
%o 7o (I3FURLI0B). ARKC1ED 5 1HH
NEEALEHELVHIL BT,

120
RS sB e
£ eoce
2 ootd, 8" Q?!ii\s%o
ac° & a P ) o o
ce o N © o o
sé . 5 vl
58 ceen >2
N I © e
s
®38
t2
2& 80
2 | R ’
< m! | zo0g
I~ 3 20my
T omsec
T 1 1 L | J
S 10 15 20 25th
Number of action potenfials
Fig. 5 Acti jals 1 indirect tetanic
1g. o. ction potentials by indirect tetanic

stimulation (30Hz) on the same muscle. 1 : Lo active,
2 : L active (110%), 3 : Lo active muscle is stretched
at arrow to 110%, amplitude rapidly decreases after
stretch.

120 -

N
a BAAAAA
N AAAAADA
_.E- " AAAAAAAAAZ
2.
£3 s 0% Jeoe
g L
gz 008 ;;;a“a"“oo;;;;;“““
ce oo
2g o @
58 ©
g8 |
g
° _
g2 °
25 g0 -
i
a2
<
T 1 1 1 L -
s 10 L] 20 28th
Number of action potentials
Fig. 6. Action potentials by indirect tetanic

stimulation (30Hz) on the same muscle. 1 : Lo active,
2 : L active (110%), 3 : Lo active muscle is stretched
at arrow to 110%, amplitude rapidly increases after
stretch.

3. L, {G@h oz

L, IGEh oM Sy pviE ki g L7 % O
B ART% 300~500 msec), fif & Sk o il g L
7z.

i O SE B AL O AR 1T OB RT 2 L~
FTHEA (M 1lp) L8R E (1441

B3 LhoTn. mBSHBEZOBD, 1E
KOBEZFENENTE52%, 20% Th -
7z. Fig. 5-3 i3 Mg L CITEYENL OIR 23
Licfi| T b, Fig. 4-3, 6-3 iR L < 110%1H
BLTHEKLZFTHS.
TRIBIRIR T OB L pilic 1) 2 Mg £ T
OIGBYEN ORID ORGEITE & L EDORAE ST
CﬁA%kg = OB E TR
M”LTVK(Hg&% -3). MR
Lkw CRWTHEETH -7 (Fig. 4-3, 6-
3 o FE DB ORDY, R E T O
R ok

FAEBIER T d o T2,

iomy
2
iomy
s0msec
Fig. 7. Action potentials evoked by repetitive

indirect stimulation (30Hz). 1 : stretched from 110%
Lo to 120%Lo, note decreased amplitude and rate
of fall after stretch. 2 : stretched from 80%I.0 to
120% Lo, note marked decrease of amplitude and
rate of rise and fall, resulting in increased width
of action potential.

TACAREIC & o TIRBEAL O th 34+ 5 A
O pk R oI HIREU EOE 2R
B EUTOMETHIL T A2 ML T
F o bk iz, Fig. 7-1, -2 R Zh TNk
1109, 80% C¥LH LT\ 4% 120 % £ Tff

BLTz 6MIEIHEMTH L. TR LHE
HITEN BN O & il L, —FED

ik L 5. Fige 7-1 oG Rn o ko
SRR MRTTR TR E L EERA LN
B A b 1 il LT v B —
Fig. 7-2 235\ CUE ik & b (AR B (I8



v,

B OEBERLOIRMIC I L@ T HFEHE 359

ML T3,
D. REFBECRH (20~ 30[H) HROIES)
BALORN O

iR 2 Iz % LIEEEA ORI

FELL B LE. 2OB L, BB EHET S
LHBR ORGSR (C-3) L1z &flick v TR
Mk Uiz, Fig. 8-1, 8-2 rhFhEmR
E B AT OIS BB OIRM O ZELE R L
7eb O TH B, Fig. 8-1 ohn { MERZRIEEIBLL
ORMBAPA LeE&Th Figo 8-2 o< 44
BAREAAR LR REE ORI BN ORIMITE LS
KUk,

t { 2009
A T UGG EE I 4 ¢ TR 20mv

100msec

Fig. 8. Action potentials before and after indir-
ect tetanic stimulation  for 30 seconds. 1 : before,
2 : after stimulation, stretched at arrow to 110%.

¢

10mv
50msec

50msec

Fig. 9. Action potentials with or without partial
curarization on the same muscle. 1 :in normal
Ringer’s solution, 2 : in Ringer’s solution containing
1078g/ml d-tubocurarine. Lo active muscle is stre-
tched at arrow to 110%. Note difference of poten-
tial calibration at 1 and 2.

E. ## d-tubocurarine Ringer % (1 X
10~¢g/ml) Tz B 5 IEBENMOIEN DLk

EHEMOERERM S L ETHEROBEL LD
Eic 5 7-0ic, MR EE LIS T n
v 7 LIz v TEREIT- 7. Fig. 9-1,
9-2 11 ENENR—FHOEFEIET B X U
VAR (i B T U 7o O TR BB IR ©
BERLIEL D TH S, HhE OEBRIIFIEZ D

[E% d-tubocurarine Ringer ¥z 1 e
JELT?}EFﬁb§~E%C %o e T o 72

IEFIRRE CHBREN D L 3 & (Fig.
9-1) ThH, WRLEHETYH Fig 9-21c%k 6
1% 40 < FHERFARE & T AR 3 5 L s
BORIMTED LR L. »r5HKEE
B (10f) iz TH BRI

EZ OFMT T, EEEMOK 1 FE 24
LT ey b+ 5 L Fig. 100K T
HY, RINEHE 120 %F THER L.

F. BE—EES X OREEENBIC X5
TR EAL DR DL

THE TORRIT L THEHEEHRE N LT
ZHNIEbLDThHD. L b IMEIC X 515

300

Amplitude of oction potential (% Lo)
>

e"‘!anqm (% Lo)

Fig. 10. Amphtudes of the first action potentlal
evoked by indirect repetitive stimuli under partial
curarization at each muscle length 4 preparatxons

%uOEm@WM@ﬁEH @ﬁT&A%k
Héh@%ﬁ@fmu%hﬁﬁﬁkﬁféﬁ%
bEZBND. F I TR EE T
U 7o i i E BRI & xR & 3 75E)
BALOEAE BTz, , '
FBOL A O RR & V1TV, FEEEAR I
o artifact LIEBBMN LB TE BT FEH LA
WREIREEEZ BATE. BB AEERIGOAE
e % 15mmAfiz crush Lz DcH| A Uiz, #
OB EH oL LOBLOES IR LE—
EEEE L Tz ohfEiiE Fig. 1lom
{THB. 115 %MEE TOREBEMOENR O
AR —E T $ Tt OBREL/NE o7z,



360 R OB E AL ORI S @3 (HRDR

LU BT 5 LA EARL bIRMEREDT 2
EmR A Sz,

¥ SAEE BRI A A2 7o Lo 15800 & R
+% & MBI A b e I
T340, WRTHH02 B B 7 (Fig. 12-1,
12-2). 7 BRIC A BB SAERIIE OH A
Hilig o artifact 23IGEEN E T 50T,

1o -

S

-

R 4 8

z R .

S 100k o S_— o —— 2

H a

o

° A
2

[

s

8 90 a
S

©

2

£

80 |-
L1 ! 1 ! L '
100 105 1o s 120 125
Muscie length (% Lo)

Fig. 11. Amplitudes of action potential evoked

by direct stimulation at cach muscle lenght. 5 pre-
parations.

50msec

Fig. 12. Action potentials by direct tetanic stimu-
lation (30Hz). 1 : amplitude decreases after stretch,
2 : amplitude increases after stretch, stretched at
arrow to 110%.

negative peak & Zojifsic->-3< positive
peak ZIEME UClE Lz,
V. & ks

i v
@Ml W & 5 IREER ORI Fig. 3

DML FHE 115 % £ TR L, Thll kil
T 5 LMD T B, Z ORI X HIEEE
RL DR ORI IZ K D =S D FER R —E %
LB,

1) A % o g o LB AL O BRI DO HEAL
2) LR OMIBANIEST (7)) 3 X SIS MEET
(ro) OFAHZE L. 3) IHTHRMERL o K.

1) iowTEFELLNDZ Lixfifgic
L AWILEM O THS 5. L LD,
ng&Gam&Wﬁrm%iTQW@ﬁg%w

I EREE L, MNET2 BB oL AT
DTG O R % 2 T 5.

& 5z IshikoMx L FEAL 23T L A HIRIC X
DL, EORSRIGEEM ORI b b
Tl B LS T A L ERE LTS

—J7, Harrisid emgli] By ~%1053) o
’Wﬁw Na* ORHHRERIL, L2 o T

Nat SEMEAL O AE & 7o L, & OREIGD)
BRI D TR B EEME 2 BT 5.
L UARSEBRIC 33\ C OV filine mif v A L ofili
BIE BRI R Lz T (% OMF208)
TOWBITEE L TLENPDD

WA AR R O 0 < flasf itk OB AL 2)
OPFRZPEZ TR bR, B A
B Po W ICARGEER O < TR KR & H
v, I O BRI A B I T R o R
ERLY St eEZ BIA.

Ver,

Vi+7,

Vo MR ENRL

Voo SMEBFHE T2 6 AL
HAfER O/ R X USbas o83

MR X > T oFBEIE LR & Tl
NS OB IIc kT s L EL NS,
L7 & v, OBERBFEC THIEMmEL T
LGB OIRMEZEE LR THA 5. L
LW&h;%ramﬁkxﬁri@%n%Lﬂh
mmh@wAf' %YL, FOWTHE

m%u@mmwmw¢ ThAH. Fig.llic
nxﬁbommwrWLkM%NN&M%MﬁW@hM
120% M E Th¥hrTlb s 88 LlL, %7z

V,=

Viy Voo



BHER OTEBBALOIRMIC I XET HELE 361

BRI T b AR ORSRR 2 & h e (Fig. 12).
INoDZLLLHBICXD 7 & 7, DR
L b Tidd 3 BIRMOWK IR T 2
ZEhEZIZBNID.

WIZESODERIZHOVWTERL TH X 5.
Libet & Feinstein!?), Libet et al.l8), Ralston
& Libet?), ARSI = v OfEBELT,
AR E SR 2 Nz % L EBEAOEDR
BHERKTHZL 2+ CRBE LTSk, %
BT OREEHEC X 3 R mEORBIE
SLTEEFHRMER OBNCREL T 5.

% 7- Kuffler’s), Libet & Wright!®, Hutter
& Trautwein?, PrESTMmESSHE I L5
HIREBAL B R T LZRHL
7z.

& BITHINETF, Hisada® (3iiaisdc
X BHARBEAL S FARRICHR T 5 LB TV 3.
L7eM 5T, MBI X 3N OBKIIERGE
EOMBICES  IFBIHRMER oI RE S
nNa3Th»sr95,

KITHRKREH DB I >\ v Tix+ Tl Rals-
ton & Libet?) {4 LT\ 323, 4z z o
HEZD2WTERERLTVAVY., Zhizik:F5E
R OB R —EE L bR B, L LA
FEBRIZB\T, Fig. 10 iz R o h 20 #5387
vy 7 FTCRHGRE 120 CHBLCLIEHE
PLOBMITHERHEAR LT3, = OEMI
AEDOHEIC L Roh, &5 IBILEIREN
bR 130 % THAT 5 LR TV 3.

ED Z & 2 b, % L d-tubocurarine 73
transmitter OB EFICERRTH S L TH
DD, WEBHENL O OB AT IEB RS D
Wb eixEZ SR, b L 115 %HETLE
HEPEBIL v, 2hM BB LTLIED
BHERET—BEEERT 3T T3, LT
HR—BHEE ML % LEMTb 3 2 < B
T3, ZO—2o0FH & L T RSO
geometry DAL, b bLERFEASEOMH
BIZI20BPELZONRETHAS. 220
ERT 5 L, KMo focus DBz,
HREA OB E, MhoERic X sH%

BFEhREr, = 0k » ERAHHLT 28R
WL, EBHoBLEE T2 L 3ELbND
(Fig. 7). L LR b Zhiz> v TS
CRAET 2 0ERH A5, MoFR L L Tk
Fig. 1LizR 50 3 fm < 115 9% Ll E o Tk
EBEMOEMR b T2 BYT 5 Lo bl
BICE D iy 7o DML ELZ DD, %
7o, HRIZ X 28 ILBAOBY bE2BRS
BEDORREEIT130% i B ¢ § 3mV BETH

Y, Ling & Gerard?yx 170 %R C b #ILE
PLRBELLBEVERRTVBZ b Z0KR
FREAEEBETANER AP,

d-tubocurarine F TRic X ) BE» 0%
5 LIRMAEEART 2 0 13 ERIET & 38k
Y, BEIGECHREEREHRBIZEYZh
LRBET 5w LEERMEBI SO0
EROFELER T b0 LBbh 3.

B. REREIC>WT

L &85, Lo iG585 & M FR M o B
BERDLEBLALEDOHTE2FHANPEL R
D ZORIBRAICHEARL, BERECELZERE
T58, —EBOEMEHRT LS. &
D23 H OB EHINESE T OME SN T
VER, ZOBERICOVTIERETH R0, *
DB OE I OBEKIL transmitter ¢ release
facilitation »#&IRELLD summation?)12)16)23)
Tk 5> TAEL 5. BRESRDOHFEIT acetylcho-
line BZM:DK T L transmitter DiEfEiIC
X B IEB AR OB AHO2228 B L L
T—ELLNS. LHLAXRD, FiFicowv
Ti acetylcholine # B (10~20%) {EF
SEEBAICBIBHRDTH Y, ThidkE
BR&elt:, b b 300~400msec o R o SEHH]
BWExRE5.

%7z Thesleff®) 3 JFBESHIELBE D acetyl-
choline BEZMOETEHEL TS, LiL
PoEBRIZT v b2 v, Ringer WOMARD
EEREERB LD THB. —JF Otsuka et
a2 FH = ABITT v b & AT The-
sleff LIXABZFBRELTVS, Ll 5 T
BARIER OIEEVEM OB OJRE & L Tacetyl-



362 A F i O VER)ERLOHR 1z 35 JIE T HOR L)AL

choline JEZHDET b & EEIXTE 2T
HA 9, T L LT transmitter OJEEEIZIFT
ZONREYETHS .

vz Lo i85 & L B oG BELL O RN
RHBT 2L, #1FBORMIMEIC K 218
B EEOEBO I L EHFHOFNKE
5. &bic LIgghf x4 o Tk
&1 % transmitter B2\ 72 IR M2 R KE
IZET BB EN CBKIRM O REL R D
FohY, Zhick vk &5 transmitter
OWHENRL VR IV EEICBI D), €D
BOBENORFIZREAET B LIz ORED
RKELBBLEZONS.

PEDZ &hne Lo iSO MR T b RO
PRREAT A3 D RIE 1 A U IR B B HE B Ba N D
REEICESETTH 5. INEOBEAFIR R
RGBT, BIOES 7 v v 7 TORRIE
CIHEHEHLTYS., LnLans, EFET
TR L A EOFIc B TIERBI I & (hle+
3 LBEESD DIRIEED L.

ZORRA & L T BB Tl e R X
3 1y, 1, OB LREZLBNS. LidL
Fig. 12 CR 57z in 110 %RREE DO & T ik
Blb —EDFMERS YT, »oZ0OEHM S
INE VO THRBHROIRM OB E Z DELD
WKRTAZLIETERCTHSHH. TOMOR
e LTEZLNBZOREKDOMETHS. OF
D IEBYER R T RERAT I I RERIMIC X 5
TIEBATIZ A VIR LT 310, Z D= ff
B —BIEBAL O &Rz L, OV TETEE)
BAOEMABITEZEbELZLASE. L
LAaMRS, ZHIXHMRENGRSEIC XY EET L
ERH A5, FITCERBFERE L TERERE
— ) T e < IR R AR O SRR E 2
bha. SEVHEMHEL TEERBIEL
LLTh, REMKC X > TRBRMENIEEIL T
WHISEMZERE, LAZoREI L -
TWAT B LeELLRD. £ HREBANCIGEI
BHEBDEA L2 b 5 HATH, T ORER
EEGEE 5 bEbEEMERI T2 THAS
5. ZOEZIIBERENS—LEAL TR

FTHEDOTHELIMBEENLLHZLNDZ LD
FEHETELTHAD.

PLEE F 50 iR, 1) MRBHmEOR
W, 2) MEREAoSsW, 3) FMkakst
O OMREL, 4) IEEICE Y TR
BAOBKEbLLL, Thb4FOMEEM
BHBROEHBEMORNEELS LI LOL
Bbhs.

V. 3 ]

T 7 L DRE T RAEA & PR 2 TR B
BALOTWNICE L ETHEE .

1. B[R0 & B IEEEAL ORI
F110~115% & THIK L, ZO%b T
ML,

2. HILETCIEEIL v A 2 BT 5 LA
BBOEEMOIRERMIZIE LA EDFIzE T
WL, WMAEAELTME T, L,
B, WROBEIXBHBUATH 7.

3. ERESEEON - # W d-tubocuraline
W CIEBEMORMNEE S L D SR,
IEBP O R 5 L LT REROEBEN
DFEMEZES LK LE.

4. LLEORERIZ > WTHERL M.

X K

1) Auerbach, A. & Betz, W. (1971) Does curare
affect transmitter release? J. Physiol., 213, 671-
705

2) Ceccarelli, B., Hurlbut, W. P. & Mauro, A. (1972)
Depletion of vesicles from neuromuscular junc-
tions by prolonged tetanic stimulation. J. Cell
Biol., 54, 30-38

3) Chang, C. C,, Cheng, H. C. & Chen, T. F.
(1967) Does d-tubocurarine inhibit the release
of acetylcholine from motor nerve endings? Jap.
J. Physiol., 17, 505-515

4) Harris, E. J. (1954) An effect of stretch upon
the sodium output from frog muscle. J. Physiol,,
124, 242-247

5) Hisada, M. (1958) Effect of stretch on neuromuscu-
lar transmission in a nerve-supplied single
muscle fiber. J. Fac. Sci. Hokkaido Univ. Ser.
VI, Zool., 14, 78-82

6) Hunt, C. C. & Kuffler, S. W. (1954) Motor
innervation of skeletal muscle : Multiple innerva-



B OTREERL ORI 35 X I1E 3L 3R 363

tion of individual muscle fibres and motor unit
* function. J. Physiol,, 126, 293-303
7) Hutter, O. F. & Trautwein, W. (1956) Neuromus-
cular facilitation by stretch of motor nerve-
endings. J. Physiol., 133, 610-625
8) Ishiko, N. (1957) The effect of stretch on electri-
cal properties of striated muscle fibres. Kuma-
moto Med. J., 10, 199-207
9) Ishiko, N. (1958) Changes in resting and action
potentials of striated muscle fibres by stretch.
Kumamoto Med. J., 11, 18-31
10) FHE 1k (1969) MUFEAFEERIC X B # = LEETAS
ORI 3517 2 WAHEB >V -C. A
ARAETIEE 31, 224-234
11) Iwasaki, S. (1957) Mononeural double innerva-
tion of an amphibian striated muscle Jap. ] ,
Physiol,, 7, 267-274
12) Katz, B. (1966) Nerve, Muscle, and Synapse.
L Magraw-Hill Inc. New York.
13) Katz, B. & Kuffler; S.'W. (1941) Multiple motor
innervation of the frog’s sartorius . muscle. J.
Neurophysiol., 4, 209-223
14) Katz, B. & Thesleff, S. (1957) A study of the
desensmzatxon produced by acetylcholine at
the motor end- -plate. J. Physiol., 138, 63-80
15) Kuffler, S. W. (1952) Incomplete neuromuscular
transmission in twitch system of frog skeletal
muscle. Fed. Proc., 11, 87
16) Kuno, M., Turkanis, S. A. & Weakly, J. ' N.

(1971) Correlation. between nerve terminal size
~and transmitter release at the neuromuscular
junction of the frog. J. Physiol., 213, 545-556
17) Libet, B. & Feinstein, B. (1951) Analysis of
changes in EMG with changing muscle length.
Am. J. Physiol.,, 167, 805-806

18) Libet, B., Ralston, H. J. & Feinstein, B. (1951)
The effect of stretch on action potential in
muscle. Biol. Bull,, 101, 194

19) Libet, B. & Wright, E. W. (1952) Facilitation
at neuromuscular junction by stretch . of muscle.
Fed. Proc,, 11, 94

20) Ling, G. & Gerard, R. W. (1949) The influence
of stretch on the membrane potential of the
striated muscle fibre. J. Cell Comp Physiol.,
34, 397-405 '

21) Otsuka, M., Endo, M. & Nonomura, Y. (1962)
Presynaptic nature 'of neuromuscular depression.
Jap. J. Physiol,, 12, 573-583

22) Ralston, ‘H. J. & Libet, B. (1953) Effect of
stretch on action potential: of voluntary muscle.
Am. J. Physiol,, 173, 449-455 )

23) Py BE (1957) MREBEROMRE T X R
. AEfRORY: 8, 133-139

24) FTNET (1957) 1ikfpiziE kiml:&ﬁ:‘d’ﬁf:ﬁ'&@
BRI OV, MRS 2, 166-174

25) Thesleff, S. (1959) Motor end-plate ‘desensitiza-
tion” by repetitive nerve stimuli. J. Physiol.,
148, 659-664



{J. Physiol. Soc. Japan (1973) 35, 364-365)

Selective blocking action of hexamethonium on the inhibitory
postsynaptic responses of aplysia ganglion cells

Makoto SATO,* Juro MARUHASHI** and Hideko YAI***

Neuroscience Laboralory, Division of Neurosurgery, University of Oregon
Medical School, Portland, Orvegon, U. S. A.

Hexamethonium (Hex) is known to be a
ganglionic blocking agent specific to the
nicotinic type of synaptic transmissionH67),
However, this concept is exclusively based
on results obtained from the excitatory or
depolarizing type of postsynaptic activities.
No systematic analysis has been made on
the inhibitory type of cholinergic response,
although vagal inhibition of the heart® and
some cholinergic IPSP’s of Aplysia ganglion
cells» have been reported to be unaffected
by Hex. In the present study, we have
identified the nicotinic and muscarinic type
of inhibitory postsynaptic membranes of
Aplysia ganglion cells, and compared the
effects of Hex on their responses to ACh.
The identification of each type was directly
made by comparing their sensitivities to
nicotine and arecoline which was applied by
microperfusion to exposed cells. Responses
were evaluated in terms of the conductance
change in each postsynaptic membrane.
Details of our technical procedure have
been published in a previous paper®). Nico-
tinic and muscarinic types were also confir-
med by comparing the blocking potencies
of atropine and d-tubocurarine with respect
to the acetylcholine (ACh)-induced response.
Hex and ACh were mixed in various
concentrations and applied directly to the
exposed cells under study. The majority of
H-type cells examined in the abdominal
ganglia are found to be nicotinic. Only 15%
of all H-type cells examined (8 out of 52)
are of the muscarinic type.
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The ACh-induced responses of the nico-
tinic H-type cells were found not to be
blocked by Hex of even 200 times greater
concentration than that of ACh. Instead, they
were often augmented by the presence of
Hex when the cell was not eserinized (see
Fig. 1). Duration of ACh-response was also
prolonged. Following eserinization, the aug-
mentation decreases but little blocking effect
was found even with 200 times greater
{Hex] than [ACh). The augmentation is
probably due to the inhibitory effects of Hex
on the hydrolyzing activity of ACh-esterase.
On the other hand, the ACh-induced res-
ponses of muscarinic H-type cells were found
to be readily blocked by Hex of the same
concentration as ACh (see Fig. 2). When

m@mwmw Wﬂm(ﬂumm‘ %ﬁl i IM m—iﬁmmﬁ—m mﬂﬂ@

ACh 0N ACHH Hexi 1G> ACh 10" ACHHHea
| 0omv
5
Wmmﬂ(mg | mm{lfﬂ (MWmmwmﬂmmM"’memnﬂm
T proweo e T R T
Fig. 1. ACh-induced responses obtained from a

nicotinic H-type cell. The first and third columns
are controls before and after 3 min application of
eserine (0.05mM), Effects of Hex on the ACh-induced
responses are shown in the second and fourth
columns, respectively. Concentrations are expressed
in g/ml. Repetitive downward shifts of the resting
potential level are the monitoring of membrane
resistance. This was made by feeding a constant
anodal current pulse through one micro-electrode
inserted within the cell, and recording the potential
drop across the membrane from another micro-
electrode inserted in the same cell. Pulse interval
is 5 sec. The resting membrane potential of this
cell was 40 mV before application of eserine and
37 mV after eserine.
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the relative change in conductance during
the ACh-induced response is plotted against:

the log [ACh], the curve shows a sigmoidal
shape, a typical response-log (dose) curve.

The systematic shift of this curve produced |

by various concentrations of Hex indicated
that inhibition of the ACh-receptor binding
by Hex is of a competitive nature. It should
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! { ! 1 ’nu 01 SRR R
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ACh10™ AGh 5 ACh 1078
Atropine 3x10? ﬂTubocuﬂvm w0 Hex 107 2
Nicotine 10™ mM ACh 107
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Arecofine 107 ACh 107%
Hex 107

Fig. 2. ACh-induced responses obtained from
a muscarinic H-type cell. The left column: shows
conﬁrmatlon of the muscarinic type ; the response
is readily blocked by atropine but not by ‘d-tubocur-
arine, the membrane is activated by arecoline but
not by nicotine. Concentrations are expressed in
mM/l. Note the difference in concentration. The
effects of Hex are shown in the right column. The
ACh-induced response is readily blocked by equimo-
lar Hex. Horizontal bars on each record indicate
the reference levels to each resting potential, the
length of which corresponds to 20 sec. All record-
ings were made after application of neostigmine
(0.05 mM).

be noted that the muscarinic H-type res-
ponse is readily blocked by atropine of a
concentration equivalent to the [ACh] and
is not readily blocked by d-tubocurarine
even with a concentration 100 times greater
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" than that of ACh (see Fig. 2). This type of
- cell sharply responds to arecoline but does

not respond to 107* mM nicotine. In other
words, the pharmacological characteristics
of this receptor membrane show typical
muscarinic traits except for the effects of

‘Hex. The nicotinic H-type response also

showed typical nicotinic pharmacological
characteristics except for the effects of Hex
(as described above). In cholinergic inhibi-
tory postsynaptic membranes, the action of
Hex is similar to that of atropine but does
not ‘mimic that of d-tubocurarine. This is
a significant contrast to the classic concept

of Hex-action derived from the study of

excitatory postsynaptic responses.
It is concluded that the blocking action
of Hex to the 1nh1b1tory type of cholmerglc
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Effects of adrenaline and ouabain on the time course of
twitch contraction in bullfrog ventricle

Tsuguhisa EHARA

Department of Physiology, School of Medicine, Kyushu

Universily, I'ukuoka, Japan

Various agents and ionic conditions are
known to affect myocardial contractility.
However, their effects on the time course
of twitch contraction, which is probably
reflecting some increase or decrease in
jonized activator Ca within muscle cells,
are not necessarily elucidated. Recent ob-
servations demonstrated that an increase in

Fig. 1. Superimposed records of twitch contrac-
tions in bullfrog ventricle on exposure to Ringer
solution containing adrenaline 0.1 pg/ml (A) and
ouabain 1076 M (B). Upper traces are differential
curves of contractions. In each figure, control and
the full potentiated state, with an intermediate, are
shown. Upper vertical bar is calibration of 200 mg/
sec, lower one, that of 60 mg for A and 40 mg
for B. Horizontal bar, calibration of 1 sec. Note
that the rate of relaxation is enhanced under
adrenaline.

[Naj;), as well as a decrease in (Nal,, not
only augments the contraction of frog heart,
but also changes the contraction pattern
into a type of rapid onset and slow relaxa-
tion. In the present experiments, actions of
adrenaline and ouabain on the pattern of
contraction were analysed in bullfrog ven-
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tricle, with particular regards to their
effects on the falling phase of contraction.

The experiments were done in winter
(December-February). Thin strips (diameter
1~1.5mm) of the ventricular wall were
prepared from the bullfrog heart and mount-
ed in a recording chamber and stimulated
at a constant frequency of 10 ¢/min. The
chamber was continuously perfused with
oxygenated Ringer solution at 19~20°C. The
twitch tension of the muscle was measured
isometrically with a mechanoelectric trans-
ducer attached to one end of the muscle.
The rate of rise and fall of tension were
also recorded by electronic differentiation
(time const. 15 msec). The preparations were
initially driven in normal Ringer solution
for 1~1.5 hr until the twitch tension be-
came steady, and then the effects of drugs
were studied. The concentration of Ca was
1 mM throughout.

Figure 1 shows the typical results. As can
be seen, the positive inotropic effect of adre-
naline (0.1 pg/ml) and ouabain (107°M) was
mainly due to an increase in the rate of
rise of tension, although time to peak tension
(TPT) was slightly prolonged. The rate of
fall of tension was also augmented with
increase in tension in both cases. In adrenal-
ine media, however, the increase in the
maximum rate of fall of tension ((dR/dt)m.s)
appeared to be greater than that in the
maximum rate of rise of tension ((dP /dt)max)s
while they were almost the same in ouabain
media.

Figure 2 shows the relationship between
the increase in (dP/dt)m.x and that in (dR/
dt)may Obtained in a number of preparations.
The concentration of the drugs used was
variable between 0.1~1 gg/ml with adrenal-
ine and between 10°7~10"% M with ouabain.



The dose-response relationship was quite
fluctuant among preparations under adrenal-
ine but was fairly consistent under ouabain.
As seen in the figure, ouabain increased
(dP/dt)mex and (dR/dt)mex almost equally so
that a linear line, of which slope is nearly
1, could be drawn along the data. On the
other hand, under adrenaline, the increment
in (dR/dt)m.x was generally larger than that
in (dP/dt).., although the data scattered
widely. It was also found that, under ouabain,
the increase in (dR/dt)... was well com-
parable to the increase in peak tension,
while the former was larger than the latter
under adrenaline, though the data is not
illustrated. This relaxant effect of adrenal-
ine, however, appeared to be less pronounced
when the potentiation was strong, as seen
in Fig. 2 (points in right upper).

It is evident that both adrenaline and
ouabain increase the degree of activation
in the myocardium. However, the results
suggest that some qualitative difference
exists between the actions of adrenaline
and ouabain on the falling phase. Generally,
the rate of fall of myocardial twitch tension
increases with increase in peak tension.
This common phenomenon could be ex-
plained by assuming a simple first order
kinetics for the movement of activator Ca
during relaxation. The prediction implies
that the activator Ca, on which tension de-
pends, is removed from certain sites or
region at a constant rate whether its con-
centration is high or low. In such a system,
(dR/dt)mex should be proportional to peak
tension. Thus Goto et al3 observed with
voltage clamp experiments that, in the
contractions of frog atrium produced by
controlled depolarization of various magni-
tude, (dR/dt),.. was proportional to peak
tension. With these considerations, the pre-
sent results suggest that ouabain has little
or no effect on the mechanism of relaxa-
tion, whereas adrenaline has a facilitatory
action on it.

Recently similar relaxing effects of adrenal-
ine were detected in experiments on mammal-
ian myocardium under states of Ca overloads).
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It is also known that adrenaline reduces
the contracture tension of myocardium
produced by high-K or low-Na soluton6).
Therefore, adrenaline seems to exert its
relaxant effect, independent of its potentiat-
ing effect, more prominently under condi-
tions in which relaxation of muscle is slow
or inhibited. The nature of this- action is
still to be investigated.
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Fig. 2. Relationship between the increase in the

maximum rate of rise of tension ((dP/dt)max) and
that in the maximum rate of fall of tension ((dR/
dt)max) obtained from the bullfrog ventricle in res-
ponse to adrenaline (open circles) and ouabain (closed
circles). Each point represents the response in one
muscle and the value is expressed as percent
increase of control. The concentration of adrenaline
was 0.1~ 1 #g/ml and that of ouabain, 10~7~10-6
M. The solid line was fitted by eye to the data of
ouabain.
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BA T 5. B 0BG L, D
AT 5. B SREkWe, REEOE
b 538EL, TORBOTEMHRRE (6
BIOCRISEHKET S, LihH-T, ARD
W, Kic&thez—me+5LE, B SNORER
OEbEE =2 ~F5 7 LT X > THRRICHE
ZHEL S 5.

B S oEM AL &Y, —ERECHEY
BEML, TOWDEHE (b5 \WTER) OF
BE=Z~L, —HZOWEBCHY LRDORE
B EEAILL VEETS. A SOMERR IR
BHoOREAMOTmHE—ELTHLE, KEOD
HIEE LR X S EEOSIBRE R —E &
D, E=Z~INDHEHE VL OEFBMEIN
5.

PLRoFRMEId ESnT, HEV-ULL, BE
2 (Eth) LMEOBKTRbT I ENTELD
T, ZOFBCEDRIGEEROBERVBLEEL D
VN A TBHTEEE 2 W EBRER I D W CiRE
T5.

6. MEPEHIRNICLDRRERRD A /8L X5
HEF IO IBEN

FH¥EE, *Richard Herman (FiikIE LA, B
-3 « *Temple Univ., Pa.)

E xR 2 OBEGR I e 7 2AHEBWT, IF
AT T MR S O EMG [SEELS
~fz.

REEEC BV TIE, YA 7LD EDERED
ICIEER CHRiED EMG 2R L7255, H 5 Eik
BPA b s L8894 71T & i EMG i H
bz, ZOMHEIDH L s BN, BEHE

i

&

b

W5C22~24Hz, ¥7- v 5 A 5Tk 14~16Hz {7
ETH o . TRHOEEECRITHETE
EMG oiRiE% % OREEEOE Y 1 7 L CHEER
{EET5 L, EMG ofifilnid 544 7 /LT
RN DR H S, i EMG ol h T
WIRWH A Z L TIRAFEN DAL Z LD IR o T
7.

Z DFFIRS OBERIT T B D D BRI B
FBLTWEDOTHD (19734, BAEFIHKLHE
FFE) B, 0K 7B T BIEEIIOM
EERPABRCEELREIEL TS EEZLN
72DT, %R 5 ORI MR FIC X - T
Gla, Dlb 384 & FRRICERER L 72,

F R, Gla & Glb 4 vos/L A DFEHTERYH
R OFIIC X - THIPITRIL - T 5 DL
"IN Tihbb, HihE»SD0 Gla FEHIE
—fR R E» LD Glb BHIVEFTLTY
BH, MNERIEIIOHEKIT X - T oh b ORI
i otz Lichs- THio EMG i, Gla
AV ASAADT SHICFEH Lz Glb o1 vosu
AR L -THIBHLDEEZBND.

1. hiEEN & BERE OREMIC 8 T 2 M
R, BIHRELOMFEERLT

RIFHEAL, MILE= (BAFEERK, #EM)

WA WA DRFEE I U TR S5 B Ok
IRVERBRFE 2% 2 5356, T HHSE EIH O MM
BAEALcd 00, HHVIRMKOEET LD
2RI OB E AT EXDHDE. Fiebh
v, B, T OMEE D &D CHRRRMRRIER Y
ORI TIETREE, v X OREEkE
WHHELUT, Ky 77 —@BFRMERT, BERMR
T koo, W, WEM, mEEFERECHRL, $
RSB IARR & M & OBIRIC D W TR &2z T
Wb, ZTNETCOERLERH S, CDP-choline i@
VEMENGRIER & b, RIFER LTS OMImT &
% 2 RA 7 AR MR A OER d B R ERIER S 7
WZ b otz Xbic, CDP-choline iz 0w
TOERA, HINEDOFERICHEL N ESEB) IR T
HE R EINE RS LD, HINE?D
DB R IE 1T R\ T, arousal reaction & recruit-
ing response DMHEERIC I JIETHEEZRFT L2
Z D%, arousal reaction @ HHREHZIXAFIRE O
HHROFEC» 2> b 5 3, MitdEEREmT5
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%3, recruiting response DGFIIIFHHEOHE
BRI L, HBEURWECIREER v,
ETT5E2ED.

Bl EDEBIC oS\ Tl HEE & BT o i
MEOBKRERET 5720, mitdEEL ATAC
501-20Cf44 X8 DBarbiturate & Cardiazol @
B2 fEt Uie. Barbiturate CIIIR5E &N
LCHMEOMBBEMRIIEEBHILKEA D B 2
75, Cardiazol TixhsF 1L HFTLRKE® L
B ot TORBEOE T LA EO%
BHHHTHA S, Cardiazol T X B HED
BROBERKEVWEEDLND., REZK, MIKHE
EOBESESLEOREERCMREET T DO
ZENS D BERMAEHC X p Mg & BRI L
7. S .
T ORR, HREORHIC X 5 EEL, WElE
B & DSETRBRPBRD LN, MG T OR
BTITEHEBHE BN, ZORKEDWTIEESH
B LinwEE2 TS,

8. HEAIROBESEH
B OB OBR R RK BRI, £%T

%)

WEMRT, GERHOFETHLEELD

nTED, H< ik Magoun & Ranson (1935), iJF
SRV V3 M NEM R 2\, Nishida, Okada, Na-
kano iz X B FABHTW5, Stark 43, F& L
Te F2HRLCLT, BXERATRO Y AT A0
2T o7, TOBBCRLLTHLVWEE,
B, ZOEBEMARTEUHEISL LB,
= —FLTHEAE, e~/ 7T r—RATHBELT
* 2RV, BNERZEMICEENIROER
CRIA L, AR, BiRMEEOESRRImE,
S 28R LT, £RITH % neuron 50D
MRSt MRENOREEREITIR - 7o, HERESY unit i
2>unTik PDP12 %M\, PSTH $/ER L7z,
BAROBE—F#T, HEWROERTIE, 2
1 DEBH BTV TREDEBEMPEH SN
%. EEMCEFELC, mit FEIEDhS. 2
FERNRA DIEE R, BRD B, 2 MBS B,
1B IR ik {718 LU C X 7= presynaptic volley &
#x b b, Unit spiked #RHIZEE) L, 1.5msec
BEOCEEREDOLDE, 4~10msec DEWIEEF
DHOEEDT BN OMENGESFTE, By

b % 371

B BB EPSP 3% %, %7z EPSP 0%
LOEkvT, IPSP Pi#Hshs. EhicHiR
R OFIBT X » C, IPSP 23508k Xh 5. A%
FlD neuron TiX, BIRMEZOFIKIC X - T,
WH RO T KPR S, Rl T 505
vk, WL EE, KT X - <H
Rz, B OBBREPRFIN TN,

8. UMY —LOREREREE-1, 1

B #F EEEKR, H—4aH)

Y R Y — A DOIHRES ORI T iERIEITIER i
BEETMETHS. £ TR SHlaNK
HRREEZBRT s BEMEEAVW T, 5T
OHEROBREEREN YV RV — A ThHDHES, 4
L2, R HED . DWW T in vivo B X
W in vitro T Y KV — A DFEREREHE T OWT
LoR7enTHET 5.

10, ABERAERS IR DRSNS

B 8, RiEEEE GIEEKR, F—hHm
NIEMAMR R X~ Y v, BRZX IVE
5%, Lid Zh b REREELBEAEKERED,
heparin—histamiﬁe—protein complex & UCTHHE
THHDEEZLNTNS. BADREZT 2
R E 2 5 BRI AR RS, BfRSE b Y &
—T5hDLELLN, FHiEEOMIAIIAEEE
W EBRIE VB TH 5. bhbhii A SHis
5 2 T B BEMR R O TR R I D W CE BRI T
BRI 2 T8 > oD TEDRER T OV T
HRELizw,

11, RPEHE &R T & DREC DT

BEAHE, ERGH#E, REEZ= R = (K
X, Hh, AEEEEE, ®2) .

v MW OREAIE, MR &
Bt X » TR S h, WEEHRESRKIC X
D, SRR R X IR N RIRERIR,
BHP O BREEBABEZ DN T & R RM46E A
LT THRE L.

LENE, T o EIEEEER X OARE R LB
TR & OB & A RENIR & M as B — 58 E
frErAVWTHE L

EERVIHRE 250~280g Ol SD RZ v v &
Flaxedil (30mg/kg, i. p.) THREHLL=DDEMA
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Wiz,

FHRERAL R X A BRI X 5%
BALE, FIRTEHOR G S hdilic 5 % il
¥, BRREE, SRR X OB EEE R XD
z 5 h i, BREAEERERGECE, RIEERE
ITP) X b daHiithiti (CTP) Fio 1z 5 25
IRIF R U7ens, AsB bk 41 © v s pilae g fie
(CSN) X b bEAAEMRE (ISN) M OE S 2
L LEIRIE AT Uiz, WIS O & — 7% T
O, CTP Tl1320~25msec %, CSN Tl
30~40msec, ISN T1340~60msec Z 7 L7z,

FAREAL B —EBTEAL + R T 8 o lEFT23
1, SMUSFCRMED = = — v ViT2OWT, ML
AE PRI T B RS T L 2 B
CTP F ST % = o — v v ZIHE»LE 4
1{#, CSN & ISN Zj&¥'5 = = — v VR,
B s AESHET D & BT & 7z, CTP Hligk
CRIET 2RO = 2 — w v, FliiEie~
108msec iz spike FsHtas b, L @ first spike
DIHgpE I 2Tmsec Th - 7. STl CTP
ik #:36~256msec iz spike FEHASH BILIcHS,
D5 HDFI80% 1336~104msec I3 Ai LIz, &
@ first spike D141k REE55msec T - 72. CSN
TG RIS T 5RO = = — v Vi, Rk
12~230msec 1= spike FE& DS BT DS, KERS
1312~62msec 2.3 - 7=. First spike O FIigy5iEE
V¥20msec Th o7z HMAEFTIE, CSN Rl
16~52msec = spike FEH LS, LD first
spike OO FEWEEE32mseec R L7C.

12 0L 3Ialb—-2avER

THHE =R, EAEE W e BROR, PR,
SETART)

Wolpert (1960) 3% RBjo> EMG & # %K
REORCHEORRERD, % < OWMEET
REM {1z §980%, NREM iz §920% o &t
REWE L72H, WIEIR Y OETAEROMEIL &
RHBEShTwinw, FEEMAEREE CS &L
T, TSRS X OmEE v oS — ML 2%
3374 T o &, HAMWIRLT, Tofk
REM /3 L8 NREM iz CS #45.xC, &
BARER IS BN ARG O CR %
{t, B IV - UG EMG 2R, £
HRCIEINIT & D & 5 RS IEB 3B 5 Db,

Sip

NI X - CTEROBIRRIHHTE 2, &
L.

A D ARG £ T F R it CR DR
B DRSS, 2 BIXERY OMBIIHATE
o ie. SEIVIIEIRAR (Rl 558, BE,
) ol CS, i CS, &k CS, k&
CHIANTK (& 4 10sec [i) st 2l EMG
DOHBHBIT DWW Tz,

1) WEMRFADBERIRY /AT v £ % 4R (20~40%),
ikl (3 ~25%), (RAHH (3~9%) HktA
(30~70%) T, WRARMEEH & HIsEm Wic & 0 AEE 3
595, LIEIRHNC 2 TR ECBIRE L, 13
IE—ED iz m L.

2. MEMRIWIC 3513 10 EMG I BERIZRIEA
2 BT ETT U f2 25 WESIR L, IR
20%, WARKIT0% T, Hifk, RESMADIEEZ
o oificd - 7.

3. Py CS FRArASERR | ikds, I 1 1% 4
%, HENBROVWSNTH - Th, EMG 1
BITFES LY. — RS DHDFRLIE X D
W% THDHN, HLw CS kL THv CR
GRNS) PEWBTEND 2 E0B3D 5.

4, fgtt CS RFMMHEM TS, BEAHTH
#9309 BT EMG B3R BRI BT 5.

5. BEVZIMN QIO BUEE SRR & 75 - T
B, HWEBROFBH LR L D SEheT
Wz &, KiE CR OIBERBREVEEFOM
BB N &, KRMECR DT A — Fo3v 7
BEDA A — T OFRMEREL, FofERew
DLDTHAS.

13, /vy v SEREOBBERY T —EICRE S DR
% (B2 BEEmMLY DBEL Y v SEEED
phytohemagglutinin (%19 2 SIS

ATEM, AREF, *BRE (KRTX
[F, SBTAEE «RIRTATR, R, FEREAR)

PR 5 P Y v SEREEE IR R O AR JE 1)
B B EEROIFATTH T BRI ERET 5 S
2 TR TEREERTHD EBbNE. S0l
I p N Y v oskk (SL) # & 2 i, ESEL,
phytohemagglutinin (PHA) #iliiic & b Rz
{b¥ % SL DIFfE LA Z -, IarfA SL
BREMAMOFh & [ U L BEEMC T —Taiiig
HATH L0 2WEMCIEEEMEREEZ 52 5h
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7o SL B MICHET 59 252 RET 5.

Fks 1) REELERL 2R E L, FRnsk
BEREREHELEO AT X b SL 32y
B 2) SEESL BAoMELkickiRE2
BOSEIDT 5. 3) SEEMLEHImmEEE D
TCoooltt T 1) 2) MU HEEICT 5. 4) ThbiT
PHA Zuhn, B3, T2RpR7%%, JE 3D SL
BOHURELFRAN L YHETH, LR 3B
YELOBE X FERIBEIR L DNA A5fETEb
T

fhR « BEE

1. BB MR AL & B D FRFRR SR EE
RERONBEL, MiE XD SL OoEMES A S
TS, LEoFET SL 2§990% OHiE <4
BEL, N2« EWOEICIEIEINE Le (B
Hrif SL B A O L EF U HfatE DNy
B> bR — T HAIEEE).

2. %G SL #20> PHA iz & 535k BRI
35.7%, WRAMDZRiE55.0% (Etem SL #E
PHA non-reactive & reactive OfIfas» 5750,
BREMIC R — iR, X7, BEMIEED
ICEER D> SL S ic T CIeFET 5.
72U, RALLE b Aw). .

o 3. BB MRS O F ek ERT 32.8%, DNA
4% fE ((H-thymidine © & 9 £ %) 133300cpm,
ZOESE TR ENF41.1%, 9295cpm. A
#2558 TVE30.29%, 2723cpm, T4 T1165.8%,
14819cpm (SL o#ufatbEIEI: 1.060~1.072 T,
PHA reactive cell ©Zhid 1.068~1.072 &
Eh, ZOMBRLEIRIRTSHS.. LirL, WHm

b % 373

NDLiuid 1068 iTEBE L, BAIMKN © % h ik
10723k v, TR BRI OB 2 X b s
LD Z T reactive cell 3324 < X h 53
HcdHsr5)

14. Voluntary dehydration Z4-#%RIcRgd
B—EE .

BARF] GEUFER, $H—kH)

FIFIE L, AKIEKRBEDKG %E S Db
oY, DERELICES C &k, whwd
voluntary dehydration %33 Z &ikd< b4l
LTS, ZOFRERFTHL L, RiFko
EEELOEEESS Y, FEERTHRET Cl
AFVIRED LR T 52 EMBEEHAIATHWS, L
B LIRS 7 v AT B OBENERZFT I izh T
WISV, & TLOADREEB T I EA 2 [
bich, BEFAREMZ, KRR, REXSD
ZEib a2 B E ¢ 5 Eicbiz - THIE L.

Z ORER, BFHERILO~< 27V v MER
EPCHE I L EIRME 2303, (BRI B IER
E~EMER L. —FliEo CligEs, £ic
BELAERETHD, RTFEOBEVECIRNT
HUME Nat IREOHEMEDL/2ibE -7, Fiz
FfRMwE, MiE Cl- 2% X Donnan ratio

LD Rb 7R O Cl- £ RIXFITFHRK20%

D¥EMER LI

[AIRFICIIE U e 3R B IR 1% 0.6~0.7g/dl
Winam L. ZOMPREEOEML, BT
DOYERIMAER OREF, R IOCl A v g
WMCBBTHZLE2BHATIDEEZ NS,
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1. Statistical observations on the reprodu-
cibility of spirometric parameters in differ-
ent population groups, 353-385.

BHEDHRBICHT B R4 DX MY —HERD
BRMICET DHETHERE

M. MITSUFUJI, K. NAKAMURA, and T. YO-
KOYAMA, (ZE {5, 1kt 3, Bulife « B
X, B, NED

A4 B A b Y — Tz BhHIREAREI ORI D
IR 6 O EEE U7IRAT, 304 DIRSEERY-A:
75 5 ONT 128 D1 I 7 R IR 2R FRRE B & D IR D
3P OREFFIC oW AT EHE L 72

G R (VC), 1% (FEVI.0) XU 18
(FEV1.0%) i¥ % h £ "WOigie & E T Lic
S Lo Pl B IR E A L & LTREY
B BIE, 6 ZOERI OV TR 600 [T 90 L
Je Ao B A b Y =TI ZRT T L5
et o o, MiER, 1RE, 1BROEYIE
MMF (FEF25~75%) & %\ ik MVV OZEHNICK
AT SN E D T2,

WiERE, 1P8E, 1%, MMF sX0 MVV
OE PR BB IFBIR A & L h Ot
BERIC OV TEL Ui, Eilis X CEEHE
BT 31T 595 % fEHR S R R A DIE X D HiE
NS o T

2. Contribution of polysynaptic pathways
to the tonic vibration reflex, 367-377.
BRIEMIEBRMICHITEEL + T RERESD
&

K. KANDA (#pLLES - T8k, 5, §i—du)

EPEME RS 4 (TVR) (Hagbarth & Eklund,
1966) WPBHE LT\ 5 A ST AAIEER 1 HEHCOR
TH 5T ERTHE S R, —T7F DK
TORGHRK T OV TEILT LB S 5 T lid 7
V. ERDM Y F S AN S S > T ARG
DS BRI TS, % 2T ORI Y
TR, FlEIERE 2 L T AT O E 1T -
7.

SEGERE ORI E 7oA+ 2 W, Wik &

D ok U 7o R B — @ )ikt © TVR Wik s
DR E, BT XM > T ARFOLh
LR L. ch x5 RAeFEBHZE M
55, UG T SR ORI R ORI, KO
FF YR~ UG X BB A U,

1, BRI O JaiER (250/sec,
10F0) 1 FD#H 1 ~3 4 TVR %k
glta, 1) KK E MR RT S RO
B bRz, 7oL, Bl R = Tl DR
Hhbhich o7z, 3) LB (2~10mg/ke) OF
F 2y & — LR TVR 2Bl ¢ 5
—77, BEEE X5 MSR BROMEE»Z -
THIM X (BN e IRT R R 5 X T
% & TVR WG L 72).

oS X b TVR Fdiciz % v+ 7 ANK
AR OB b E L b, T O—{REFRNICD
FAET 5 o & AR S A,

3. Effect of manganese ions on excita-
tion-contraction coupling in frog sartorius
mascle, 379-392.

AT LBRIHORE-IRERCKT 3 5 Mn*™
DB

1. 00TA, M. TAKAUJI, and T. NAGAI (k[T
W, W 2, AJHEYE LR, s

Mn*t* i34 U # = 72y KOO Ca-
spike HHIHT HEBH SN TS, H =/ LT
50 B - IR T 35 X Mot oo
WTHETL, AT ORISR E X7

1. Twitch, tetanus 35 X% K-contracture @
peak tension, 7g BUNMTIE)FEA: & ilbiE MU
Mn** i A FE Uil & stz Twitch l3iaig
7mM TH4 I, K-contracture 1310mM Ty
90%, 20mM T S he.

2. Caffeine-contracture ¢ peak tension [
10mM Mn** C§930% i S h 10§ E s,
IR AL i, & <4z initial rate PRI
ke gl

3. Resting potential 75 &U%C action potential
@ amplitude +¥ Mn*" ik D, FLAEREX
N7 A3, negative afterpotential (I 57T
AL, #ELEU7e.
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4. Mn** i3 myofibrils @ Mg**-activated
ATPase [EMEZHHIT 5 2 L7, LLAWEML
7z. L#» L, microsomes 23ifijd Ca iz k%5 ATP
SR OMRIEE Mot ORE IO LTI & h,
10mM Mn** 1322 sE L i Uz,

LAEDO#ERE, Mot 230 = /LET TR W',
T-system 7¢ 50%T sarcoplasmic reticulum @
terminal cisternae DERERIHITHZ LTk D,
E-C couplmg HET 5 2 &R TRE ‘?‘6

" 4, 'Effects of chemical modifiers on taste
responses in the rat chorda tympani, 393-
402, ' :
5 v b OBRMIEREICE LEFTCPEMHT O
- v .

A. NOMA and Y. HIJI (¥FRisgst, HHuE
BoRRARK, B, $d)

{b2efsfn%) (PCMB, NEM, IAA, DTNB,
FDNB) X OMUSHEEHR] (7 vk by v 4,
DNP) %5 » FOEERERE X, Zh bOEA|D
BRIGE AT 5 BELZHBEMRED» b1 VLR %
ST AT LIk o TL BT

DR, SH HEoEHi#|<d 5 PCMB, NEM
TAA 1, ThThESRIRETS ik, 3HER
BRI T I E IR A DR R s LET L L
R, BEECART BRSO 2R BRI IC
ERHITHHEIL, T OMHIREEIR PCMB » NEM
X0 L20MEMEIRORE W EHBA L. L
»L, SH EoOR#EATHS Et-SH iz
PCMB, NEM %5z 723541k, wWih bl
SHEIE S BV, ERh SEFIOEERR %
Aat»aa4yvxx—-ﬂ—a@ﬁ%ﬁ%f

EHAWIERRTCET S L 8b o, —
757 BT 5 FDNB ¢, M
FF BRI I B s o 7o 28, oD 33
Ankigicst Ui iidl 2R, SH B2 el
BEDAN LR TEHRORKRE 272,

INHOEEI D, WHRZER EODLED
7 3/ BEEAIRERROWNERCEEL, B
i SH RIS ABBCEEAREME2EI TN S
P LEDLNRS.

Inks, FRHPLER)C T SRR EDZELIX
B BRI T2

5. Effects of the increase in the intra-
cellular sodium concentration on the electri-
cal activity of bullfrog ventricle, 403-419.

B A T DHOBRRRHICRIFESHERA
Na #EEEmomE :

T. EHARA (SEFRIH : UK, [, A=3H)

HRZA ZEROE K Hihic BRI RET 5
L, #faN Na ofghne K oAby, #
CThZERELCLE K BiciZ T L, Na Ky

T OB E X D #ilAN Na o K otz

B2 5 THRERCEET S X SRk bh
TW5, 2T, BRFZALEHER T Lo
BEE Nz, Na Bk X 0 oEEOBE IV
THORTERWEN 2R L

Na AT ORISR T—#ik o iR 5
BRTH, COBHBOKRE X LR ELEE
WD K RECHEIKETS. $hv 751 Y
Xz oBSBEMEY 5. —%, Na AfRifisiE s 5
F—BELNEL s RIEHBAERTY,
OIEFEBMIIEERD THhACEEYTS. kT
oRERHE K KX - TRESh, w731V
ko TR s, XbrEERRO Cl BE
& Na BfiRH O Ca REOEE ZH HORKR
CHERRIEI . DEOEBREX D ROEH
wZl. :

1. Na GRS O @R TR BB
% Na v 7 OEEICHRT 5.

2. Na BREBICE NS5 F —DFE LW
VIRl Na JREOBEn X 5.

HbET, AN Na 377 b~ B kX
ETEBI OV TEE L.

6. Preferred spike intervals in the vibra-

tion reflex, 421-432.

IREVRSHC R DN DIFER /1 SRR

S. HOMMA, K. KANDA and S. WATANABE
(ARA=BF, hHMEES, EEERS: TEKX, E, 4
) | B o
W ORMIRENC, 5% X ORTR OB ki —
FEHED AL I BFET B, A4 7 gk
LTIRBVEOREMSE T 5. REEST LD A%
4 7 B O 2 73E decoding ratio & FFA T
W5, BERMHELRECREIT 5 &, C O
BB T 5. DNERTERETT VY 7 R
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Ik, BERIBST S, KU OMK R O
MR A F T 5 Z LT X - CRERICIE R
L.
HEHBLIEEDR A 7R A LT A
kB &, IRBOYE L S D IEE O 4R
BRT. RO S AIREIT & BRI X
LR OREOFETH 5.

1. Studies on the blood pressure sensitive
mechanoreceptors in the kidney in rabbit
in vivo, 433-440.

A4 o LBEICHEET S NERZHERE

E o158
A. NIDIMA (& M #nBk, IR, H—4&
)

BATYEREN, v R BT CIE, £
IS E 2SR X 0 SR L, TE BT AR
TYMWT L, SRRSHNT 3o v TR B S T v i
15 AV MRS, RE)ST T 1 v T R
{LEREMR 24 U sk O3 2 Rk U7z, MUTES
FRVISEBIIR, & 5 \WITIEHREIR K D TR 72
SR ERE LI T M4 T A v P AROR S LA
BERBRESEEINS. 7 KLy Y v10~20p8
Froldwy 7 10ml ZEHELMLEE ER S5
L BRI SO RS BRIk o TR
L, #B8CHEESE—~7IEL, mESKAIT
HEDVULID ED &, JHEHEEDRIFZ -
CYEPWAL, WLDDV~VIER -7 BIIk
X0 UIBRICIEERABRE 2 7 7L, SEIRILE
EIRT S, &5 WIHEE RO EIM R % 45
Bl U CTIE KT X85 &, IR
Lic. Th LOME LR D5WIRET Ot & )%
THHEORF ORI L IIEFE B L. Y=
o MZOWTHLIED VL & IS & OR% D
LSy gt

IEHOME V-~ 3 W T — BT IR i AN
R & v RRTH, 7 v U ViEHERMLT A
BRI, IREDHIE LA THRE & VIE
BAIDEETH 7. Th S VLD

R ART L= FOEHIME T4 T 2V b
P LOMEC L VARSIt EnTER &
FZh bo= =y MIERIEOBANTE U Tt
WM ERL, R EEWAE (30mmHg LA
B) @ LTCOBERT BB, BREDOEA
B EZ ST, MR KT B S A ST
RERNC I —E O Z AR L% 2 Db,

8. The positive after-potential following
the orthodromic and antidromic propagated
impulses in the frog muscle spindle, 441-
452,

N TNFHHEICH T DIBMME S L U FRIMERE
A4 2300 RS  IBHERERL

F. ITO and H. KURODA ({fj a0 i, M5
e s FhREGE R, T, )

B =V OFEL > HE—5 M U7k 31
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