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Comperative ethnical studies on the practical life of native people against the cold and heat
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Table 1. Comparison of the effect of several heating method at the ambient temp. 10°C

posture agura sitting on a stool
hea;g control  brazier kotétsu control foot- hori- hi?cﬁ
: warmer Kkotatsu 18°Cg

metabolism  kcal/m?hr. 49.6 45.6 43.8 47.1 46.7 42.0 42.9

sensation 1.5 . 2.3 3.5 1.3 1.8 3.0 2.4
rectum temp. C° 36.7 37.1 37.2 36.8 36.9 37.1 37.1
head and face 30.9 32,5 33.1 31.0 30.3 32.9 33.8
O | ek {front 355 35.6 36.2 35.7 35.4 35.9 36.2
ran. .
- back 34.4 34.5 34.2 34.3 34.0 33.9 35.4
'—F% infra- {skin 337 33.7 33.1 33.6 33.2 32.6 34.8
3 scapular | (cloth) 30.0 29.4 28.7 209 290 28.2 31.8
:q':_’, upper arm 32.3 33.9 33.3 31.9 31.9 33.2 34.0
R g fore arm 30.8 34.4 34.1 29.9 29.8 344 334
g« hand 24.4 33.6 32.1 22.6 22.2 33.6 30.7
(5}
= thigh 31.6 32.8 38.1 30.8 30.5 37.7 31.9
g front of { skin 28.0 30.4 38.8 29.0 27.8 38.0 30.6
g8 thigh 1 (cloth) 253 28.6 40.1 26.0 25.6 384 29.6
& shank 33.8 34.0 383 . 215 334 - 370 30.1
é foot 30.7 32.3 38.0 22.0 39.0 35.8 25.8
mean skin temp.* 32.56 33.90 35.77 30.81 32.57 35.31 32.91
. . ” .
;‘;‘;g“colg (in a wide 245 (2.97)  (4.37) 2.03 (255)  (430)  (3.37)

* Mean skin temp. was calculated according to the method determined by the national
research committee on climatic physiology.

Table 2. Mean skin temperature (MST) and sensation of warmth (S) during sitting in the
hori-kotatsu quietly in the ambient temperature 8, 13 and 18'C, when the electric power of
the heat source is adjusted to 150, 300 and 500 watts. (average of 3 subjects)

amb. temp. 8C 13°C 18°C
~
heating™._ - MST & S MST S MST S MST S
without heating 29.23°C <1 30.51 <1 32.25 2.1
150 watts 30.64 <1 3248 2.1 33.96 2.7
- 300 # 31.54 1.8 33.10 2.3 34.52 3.7
500 # 32.68 2.3 3421 3.2 35.70 4.0

Remark : in daily life 300 watts 34.81 2.8
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Table 3. Heat loss by ventilation and through the wall and heat conductivity of wall (a
trailer house in Alaska)

Date of experiment (in Jan. 1966) 20 21 29
temp. of open air ‘C —28 —47 —40
wind velocity (Beaufort) 0 0 1~2
ambient temp. in the room ‘C 20.7 22.2 27.0
mean temp. of inside wall C 132 - 183 235
mean temp. of outside wall ‘C —20.1 —41.6 —385
total heat production keal/hr (1615) (2168) (2892)
frequency of ventilation ' times/hr (0.9) (1.0) 1.58
heat loss by ventilation * keal/hr (564) (834) 1314
heat loss through the wall keal/hr (1051) (1334) (1578)
heat conductivity of the wall kcal/m2/hr/°C (0.89) (0.63) (0.72)
heat loss through the wall/total heat

production x 100 % (65) (62) (55)

() : estimated value
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Table 4. List of dwellings and heating methods in Alaska

No. kind of dwelling b}e\éo} o%fm race* heating method remarks
1 trailer apartment ‘ Efficien J electric heater with fan
2 basement 2 E hot water base board O. F**
3 trailer apartment 2 E forced air floor vent O.F
4 apartment 1 E  steam ' O.F
5 trailer apart mentd 1 E electric heater with fan O.F
6 wood house ( 2 [%) 1 C steam : O.F
7 trailer house 2 C forced air floor vent O.F
8 basement 3 C hot water - O.F
9 wood house 2 "CJ hot water base boord
10 apartment (2 &) 1 J steam U. of A #r¥
11 apartment (2 [) 1 J floor heat. U.of A
12 apartment (3:30F) 1 J° floor heat. | central heating  U.of A
13 domitory (3 f&) C floor heat. ~U.ofA
14 1ar§:S é';séi;il?nce with half 4 j hof1 Ox;va;::ierr base board and U.of A
15 trailer apartment 1 E electric heater with fan

* J : Japanese, E : Eskimo, C : Caucasian,
% QF : oil furnace.
#% U of A : Campus of University of Alaska.

Table 5. Temperature and humidity of dwellings (in cold season)

house ) temp. °C humidity %
No. date time place
upper lower upper lower
1 31/ 8:00 effic* 20.5 19.8 28 29
4/V 19:20 22.6 22.0 57 55"
2 9/ 1 21:35 liviee 25.8 24.5 34 37
21:20 kit 27.2 26.3 36 40
15/1 21:20 kit 27.0 25.8 44 38
3 9/1 21:05 liv 25.7 30
4 10/ 1 bedetx 26.0 24.5 33 23
kit 26.1 24.5 26 41
5 10/1 20 : 00 liv 29.0 24.5 15 " 15
4/v 19 : 40 liv 213 18.3 49 60
15 9/V 15: 55 liv 24.5 24.3 66 66
6 4/1 23 : 00 liv 23.8 21.3 45 53
9/V 16 : 05 liv 18.8 18.7 88 88

7 18/ 1 20 : 20 liv 21.8 21.2 31 32

* efficiency, ** living room, *¥* kitchen, *¥* bed room.
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Mean number of active sweat glands of Indonesian and Japanese
Indonesian Japanese
region ™ race —_— ——
X n x n
flexor portion of forearm 1332 20 118.2 12
extensor portion of forearm 131.8 20 90.8 11
infrascapular portion - 128.0 18 93.4 8-
chest 117.8 19 110.5 8
medial portion of thigh 101.5 - 19 57.0 7
lateral portion of thigh 162.9 19 75.8 8
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Studies on nervous control of the salt composition in saliva of
dog. First report. Electrophysiological studies on the activities

of the so-called salt nerve

Kihichiro Hirai (First Department of Physiology, Kyoto Prefectural University of

Medicine)

Miyoshi reported that the osmoregulatory center controls the salt compositions in saliva
through nerve fibres which run through chorda tympani, vagal and hypoglossal nerves (salt

nerves).

The present experiments were performed to ascertain this mechanism electrophysiologically,
by recording the spontaneous efferent impulses which are transmitted through salt nerves.
Effect of changing the blood osmolality upon the frequency of discharge of spontaneous

impulse was observed.
The results obtained were as follows :

1. The frequency of spontaneous efferent impulses of chorda tympani and cholinergic
nerve fibres of peri—vascular merve (N. vagus and N. hypoglossus) increases after infusion
of hypertonic NaCl (10%) or sucrose (502%) solution, it decreases after infusion of hypotonic
NaCl (1/2 concentrated Ringer solution) and does not change after 0.9% NaCl solution.

2. The frequencies of discharge of efferent impulses of cervical adrenergic nerve are

not influenced by changes of blood tonicity.
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T ITHERE U CEITT 272D B ED
THETH 5. BT AT MR s & O 2Rk
% —§E LT perivascular nerves DZHOT
ICERYHFH> Z LicT 3.

Fir, REHRCTEREREOA A o BEE I
PR B —1E U OIS Sy WA A ((ROFR
salt nerve) LBERZ i L, FORFELLTSH
BORS LSRR EBRI LI L.

ETEROKMERRTH B L, MEETICH
DA X DR & T RN DB OB S B
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YL Fy e Ra—7 RICEETS. 0k
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2 beam
oscilloscope

pre-amp.

perivascular
nerve fibers

duct

Fig. 1.  Schematic representation of experimental

procedure.
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TRHISRT & 5 B FIROEBE, SRR &
VETEHIRICIE - TEVETIRICE 2R
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%, ETHREOBMESEENLELLND)
Y BERT 5. ERRBAREX VEOEA TV
2R EHY 5EAIIE, HEERICHE - TEDK
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1 min. after acetylcholine injection
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Tig. 4. Effect of acetylcholine upon efferent impulses of
chorda tympani.
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Fig. 5. Effect of acetylcholine and deep anesthesia upon

efferent impulses of chorda tympani (dog).
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upon efferent impulses of chorda tympani (dog).
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Fig. 10. Effect of 50% sucrose upon efferent impulses of
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Effect of 1/2 Ringer infusion upon efferent impulses

of chorda tympani (dog 7 kg female).
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1 sec.

Fig. 12. Control of spontaneous efferent impulses of
sympathetic nerve fibers.
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Fig. 13. Tffect of 109 NaCl infusion upon efferent
impulses of sympathetic nerve (dog 7kg female),
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Fig. 14. Effect of 1/2 Ringer infusion upon efferent

impulses of sympathetic nerve (dog 8.5kg male),

CRE
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Electro-Vectornystagmograms and an electronic method for
their partial inversion. Part 1. Electro-Vectornystagmograms
Shigeo Takenaka*, Satoru Watanabe* and Masahiko Kondo (%The Department of
Physiology, University of Gifu, and *¥the Department of Ophthalmology, University of Gifu)
In this first part the definition of electro-vectornystagmogram (V. N. G.) is given for a
function g(x, y)=const., which is obtained by eliminating the time factor t from two periodic

functions, x=1{; (t) and y=1, (t), the latter representing a pair of binocular E.N. G. from the
right and left human eyes. The mechano-electronic method is described to obtain V.N. G.

The result is as follows :

1. The method of vectornystagmography is as convenient as that of electronystagmo-
graphy for observing human nystagmus at a distance, esp. in combination with the method

of telemetering.

2. The vectornystagmography may be used very conveniently for the detection of
nystagmus, the continuous observation being possible by the use of the CR-oscilloscope.
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G.) ZWIRER O R OAEERIC SV T, &
RERiE y=/,: @), ARk x=7, @) &, K»
BRG, hofBio EN.G 2 bEfHoE
R HBE-E T LEAICEE L T Lissajous
X, g(x, y)=const.,
BRIGT2HEEERTHILILHS.

Zo g, y)=const, FTLZ hu-_7 k
W%%@(VNGOitm«7kww%®a$

WL TRERZ LICT 5.
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{(J. Physiol. Soc. Japan (1968) 30, 149-154)
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THEMES % Edelmann 8IZERITEHC T
Lic. T OB TRBILIRERO Bl & BAIZEL
B OBREBRMICHIFEL Kb ole. 200D
L. L. Meyersh (1929) % Hindle #! electro-
cardiograph % L CIRIRIC AL 5 B0 ZMb
EHFEL 7. %It electronystagmogram (E.N.
G) L) HEEMD TERLEZ. EN.G o
BALEENESMRAS OB EBITIC BT 5 &k
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RO EFEMICIREROEHEEMSEET S
LN, REREBICL Y FET 2RERORE
FRoEFEM oL oE&E» E.O.G. T
D Lfim e, Zhllk J. StahleD (1966), &
FAED (1967), 1 5 (1967) L EICEB £ T,
RiRo#sEIC EN.G. ofif & hie Xtz
PEETHD.

LH»LELAMREOBEEZMED ¥ T Braun
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ARIEAS 2 b E7c Braun HENROE 1 KR
KGR ED LTI HICRHERL THB. TR
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CBREBETZ LY, HRICKEZ R,
BOBEL I OBWE L, F2ROFmELL
TAA v FERPOLICEIE2 5. chE L
M (EFHRER) LARICEKRT 5. 2oL
TERTH SRROBERAEPL & L TAE
x(180°) ZFEHES ¥ T, # 1 RBICEEOLE
BETRY. 2530, TAI L TR &v)d
ZRIEI R T, MBEE L L TR, £EF
V.N.G. 1 /% V.N.G. 4 #hzelf—
OWNEBEL CL v kit b,

¥ IgRoL AT L T A iE
Braun oS CE 1 RB 2 k& {EHTS
Flubd s, :

2. FHEH A

EHRIRIR 2 ZR T % 72 O I B R - EEESIRIE
ZRIA L. ThbbiE & kT Ee
&, EERGR 30 ICHETEEL LT,
158> 1/2 [Hl#E o AEEE ©, 20~40sec [l 7
510~20[H], EEREZITEY, ZODbLAEIEL
TZORICAE L RIPREE L /o TEEMR
& LTI AR EM, BER lom OHER3E
Avlz, Zhhr»bBfE A, B 2 HoEEEIE
FEOATRT (418 : Ay, A, By, By) ol
T3 ETHRBRAOANT A AR
BACEE L BRIC, ERATRT A, L8
E8SBOANMT B, Li3ERICEE L 2B
THERT A, LT A & B LEFE—8
fricga v 3. BBICAHMT B, i35
ROMBAICER L 2BRICERT 5. LoiE

S

CR beam

Fig.1B

Fig. 1. The schema of electrical connections
for E.N.G. and V. N. G. A ; The electrical con-
nection for E.N.G. B ; The electrical connection
for V.N.G.
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ORI EWECHBHL, £ B, 2% B K
LTETHNIE, Braun 052 £ — 4 05
b ERMECHEEHTAILORHAELTHEMHT
H5.

3. Rz MVBIER (V.N.G)
HIRITHEIESRA &% C Braun FH1v— A4
DIFFERIE, ERGHEESEBERTHE2 U —4
OIRFIRICESE L TV 5. Electronystagmogram
E.N.G) 2@ROBFIC>VTHRF LI & &
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ZORC2AOREMEE (KX 77 7) &k
D, B oMfTICRE D B g EoRT. ELN
G. @ Yoeam =S (1) &5 FIRBRDOKIEIE
Bk 5EMEH % Braun FoFElE—o0
Mg AT, H1 -0 ) KA
i, BIROBEES YW 22 Braun HoKER
FEEAARETETS. 22T =S 2
B3t a. 272 EN.G. @ Yoeam =51 () &
v 3 EIREROKIEESSC & B BAET)H Braun
BOE2 E— A DOREIIC AN TH - o0 2B
ZTH 1 E—noft8 (3) AR, RIED
a2 1c Braun & 0¥E S E TR EZE(E
FETH. 22T 9= ) PRETS. B2
E— LI Z0L ERLEL 5500, FRFCY
Bx CHEAREIET 5.

MR B0 x=1, () & y=/, () &% Braun
HEOR— L — LORERD v s yEHiCIiZvy -

» ‘Ssec
Fig. 2.

The electronystagmogram and the electro-vector-
nystagmogram in a case of idiopathic nystagmus. A ; E. N.
G., the time constants being the same in the both records.
B; V.N.G. corresponding to the E. N. G. in A. C; The
differentiated curves corresponding to the E. N. G. in A. The
upper curve is recorded with the time constant 0.3 sec, the
lower curve being recorded with the time constant 0.03 sec.
D ; The loop of the differentiated V. N. G. becomes rounder,
the difference between the rapid and the slow phase of the
nystagmus becoming more remarkable by differentiation.
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Bk, g, y)=const, 2¥b+. ZoLk &0
HBigZE L Braun FOREAR & OB IR D
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CVIRIER) BV THEALTYT,
NSRRI EE RO L TV 5.
EFREREANC THENIREROKE »
REKEH 21T b ® 2 LR TE 54
/icix, WEEZKLTZ Lt -T
E NG oFzsto) v 7ABNEERD T 3
TLENRTES. ,
RRERIREGHDTEEOH (K2)
WK & iRl T, FA#: 0.6~08sec T
» ol BT, HBRMEHEE /NS CHE
OGN AL EZRBAL TV 5. RIEOHEH
FHExorw, ENG Ao RE R 5
L, V.N.G. (=7 rVIBER) & 45° 0EBIC
Ev. EAWRRECHERITIZESEL L, fHEzE
BRI Th - 7.

2. V.N.G. »#5yEE

V.N.G iz oW TIRERREN, b2\,
FEEFEOER LU EREBREOBE TIX, B
ZAWRORESFEN <, MHEELIREED
iz, BEAS OEEOBEREERL T
MoELE b o CERNEST 5. KICER
B XUSEMEENL TEET S ENT, B
HDEDREE I DI IIERE & AT 7 1 48 A
L, BUCARBEREETRER TR o &
DB, ELBOMAEREOREREE T
Bz CERITEB TR IV, @3 ol kix

500 msec

Differentiation of E.N.G. and V.N.G. A ; The

upper curve is a record from the right eye with the time
constant 0.3 sec, the lower being a record from the left eye
with the time constant 0.03sec. B; V.N.G. corresponding
to the differentiated E.N.G. in A. C; The upper curve is
recorded from the right eye, the time constant being 0.03
sec. The lower curve is a record from the left eye, the time
constant being 0.3sec. D; V. N. G. corresponding to the
differentiated E.N.G. in C.

IR 0.3sec, ZEfE 0.03sec, FiXAHE 0.0 3sec
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L EE A
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) %71 vectornystagmogram (X7 kLR
W) LBRL, V.N.G. LB L. Z0M
%EFW) vector (N7 b)) L\ 5 EIEIL vector-
cardiogram (<7 FALVER) ORT Mk
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Fig. 4.

The induced visual E. N. G. and V. N. G. The
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EwHLE o vector D id vectorcar-
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Br T ERE L. ®2ICE O
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. 727 PVLVERRCRT B L
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KR E O.G. (ReESER) OLFEMRE
FHR&Tha), ZoBACLRRME
OERRAEET & & &8 TR T
rzengvenTc, ELLXEO.G

frequency of the eye nystagmus is 1/4 per sec. In A and C rEFREEAcy BN G o

the upper curves were recorded from the right eye, the lower
having been recorded from the left eye. A ; E. N. G., the
time constant being 0.3 sec. B ; The corresponding V. N. G.
C ; The upper curve : the time constant is 0.3sec. The
lower curve : it is differentiated, the time constant being
0.01sec. D; V. N. G. corresponding to the differentiated

E.N.G in C.

V.N.G. LB L-BEE»DS. £z
BRRHRO R SO FEL RFI0%
Eidos L&, FEFOEHRICER
B~ 7 b+ v (binocular vector) & >
v, —iRM#E~R 2 kL (monocular vector)
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Electro-Vectornystagmograms and an electronic method for
their partial inversion. Part 2. An electronic method for the
partial inversion of vectornystagmograms

Shigeo Takenaka*, Satoru Watanabe* and Masahiko Kondo®* (*The
Department of Physiology, Unwemt; of Gifu, and **the Department of Ophthalmology,

University of Gifu)

In this second part a new electronic method for the partial inversion of vectornystagmo-
grams is reported. The block diagram of the principles for this method of partial inversion
and the arrangement of the instruments also are described.

The result is as follows : By the method of partial inversion V.N.G. is developed along
the abscissa, showing the direction 'of the moving spot.

It is discussed, the method of the modification of brightness sometimes is not useful in
the case of vector-nystagmogmograms, because of their perturbation.

T, #& E ]
BifRIC TEEFL 7 FAIBIER (V. N. G)
OHFEHRERA L. RFETIRZ 07 VIR
IR DR KRB BT 2 B985 5.

:2’bkir ﬁﬁ&ﬁkﬁ) Ez’j‘: E.N.G. ?& x:fr (t)y

KR 50 E.N.G. % y=7, ) »Fid,
N7 MVIRIERE g(x, y)=const. LB, =
DO V. NG i xizno0Tyh, yiovTh—
RICZMEETHB. Lo 0ik, »3EHE
TR @R T 2 Th a0 0, sl
EL2MiTHD LI RBICE ST, BHER
RERE D20, FAKRTH Y, HCHE
S5, BEILAXLENZART 325,
2MHUETHB LB HESHDS. RIBEEL
V) DO, —IRIRAEIOMICREM 2BV TR
REZBERL TV L0%, RPEMhEaW»s
DR L T, x=w—|f| LhdLE, =0
xr=w-—|E 12T % y Dffiz *EID E D w+ €]

DD SIS s T3 2L Th 5.

R RARZREEE 1 A
g B RS R AR S
CHAFMA2411H 4 B2AD)

J. Physiol. Soc. Japan 1968 30, 155-160)

BN N) o‘(x y):const DX ﬁ[h“\ @Eﬁ%%k
B wiz@RZ it 5.
1. 5 *

RIFOTFE S LW, <7 FAIRER (V.N.G.)
DEGFFHEIZE LFED T, =7 MVRIE
RoFEREOFEEZRO LB Y Th 5.
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ErbUr+ 5. D), B) TfEbhic R
X o TRUNT 2HORERFEEZES. E) &
iZC) &D) &z THAaNKERE #1ES.
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E 52w THATIE, FTALESH I
bk, Zhi PKGEL, ENEKFE 2 Schmitt
[Fl¥E (Whitfield, 195310 jzT, X542 « v



C156  Aie e P e EE—=V 2 } r—=7 FUVIRIRR & X O MEERBX OFRRCER VT B2

AN ERED TNV AT ERT 5.
IHNEMASERKELBLT, SVRE
BL, ELIRIEFRMDIZD VA ZE
D UEEESVFRERO U A
— R T B THIRTRICED
H3 &2 0RiEERD 5. N
(Petran®, 1960 ; WhitfieldlD, 1953).
WiZ, TERID AVRIZEDED
IR~ VT IR 2 B € TR
'%ﬂUT,WEGNWXE@ﬁ%ﬁ%
ED . ZOBERE< VT HERED
mﬁﬁ,Ewﬂwzk%Oﬁﬁ®ﬁ@
NVABRFETD, LA TRWT
PK 23%5 b 0 EIEFREZ, RiCZ
DOIED )V 2 DEEFER D 3 A O I
DF—Frtk T, BT a, b
% AND E %z L83, PK E»5
Wi fho b 5 —2> DR & HAHO%
Wh 2 OHMBE~ NV FIRENG DO
BDON/NVA, ThbLWHD VAR
T, AND REIEZ@EHrE2Z21E -
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B & TR o TV T BBy MDA & R Fig. 6.
method of partial inversion of V.N.G.
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Fig. b. The block diagram of the principles for the
method of partial inversion of V.N.G.
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The arrangement of the instruments for the
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Fig. 7.
partial inversion of V.N.G.

A photograph representing the arrangement of the instruments for the method of
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BiEd (AVB-2) 2MH, =74 ¥—, HHEE
(MSE-3), CRT oscilloscope (VC-7) 35 X UNIE

% (AVM-29) |2 gate B #1724 O TH
TOERETEZOEEBEEZRL TH5.

M. B =

L FERE ANET 2560

THEE yEhE SRR OAS B AND LAT
HHZEM 0 Th L, Lissajous [Ix AR 45° O
EinB. ANRNERLEE THIIEHI0N L 3

Fig. 8. Two examples of development of ellipses
by the method of partial inversion. A ; The phase
shift is 12°. B ; The phase shift is 87". The figures
are dotted by the method of modification of the
brightness (100 ¢/s) of the CR oscilloscope.

Fig. 9. The inversed vectornystagmogram. Two
V.N.G. are inversed mechano—electronically by the
method of partial inversion. A ; A differentiated type
of a V.N.G. B; The inversed V. N. G. correspond-
ing to A. C; An example of V.N.G. D ; The
inversed V.N. G. corresponding to C.
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2. X7 b IRIRR OB S Y KR B
bHBHAN7 MARIERE 2 T B, ThE
FERET20TEAY. <7 MVRERICIT
WL OPORE L - TEEFPHER L T B

phase
shift

0

1z

Fig. 10. Some examples of inversed Lissajous’
figures with varied phase-shifts. Some Lissajous’
figures with varied phase-shifts are inversed
mechano-electronically by the method of partial
inversion. These inversed figures are shown in
the right column.
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Electropysiological studies of the effects of Heptamin,
adrenaline, tyramine and ouabain on the heart muscle activity

Norio Akaike and Yoshio Kowa (Clinical Pharmacology Department, Products Control
Laboratory, Tanabe Seiyaku Co. Ltd.)

The pharmacological actions of 6-hydroxy-6-methyl-2-heptamine (Heptamin) on the con-
tractile tension, heart rate, membrane potential and electrolyte content of the rabbit heart
muscles have been compared with those of adrenaline, tyramine and ouabain. Heptamin
induces a long-lasting ouabain-like cardiotonic effect and a slight increase in both the heart
rate and the plateau duration of the action potential in the right atrium, and presents a
marked myocardial stimulating effect on the ventricle, papillary and Purkinje fibres. Heptamin
abolishes completely the inhibitory effects of acetylcholine, but hardly antagonizes the effects
of anoxia except that on the contractile tension of the atrium. No effect of tyramine on the
right atrium, immersed in the cold solution for a long time, was observed. The treatment of
the atrium with cocaine also abolishes the tyramine action and reduces the response to Hep-
tamin, but facilitates the response to adrenaline. In the presence of ouabain the sodium content
increases and the potassium declines, but Heptamin and adrenaline hardly change the elect-
rolyte content. The mechanism of the cardiotonic action of Heptamin was discussed. It is
concluded that the cardiotonic action of Heptamin are due to the tyramine-type effect and
an adrenaline-like myocardial stimulant effect, but that Heptamin has no ouabain-like action.
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CREAFI424E11 1 7 B2

(J. Physiol. Soc. Japan (1968) 30, 161-171]

SRR BT %8 © ik, 19534F Coraboeuf and
Boistel® 2 & %4 % Purkinje Mz > To
% v, Heptamin (2587770 HIEEH &
T B, AR Miller” (2 & v Hepta-
min 3B UHHER I fE A % 45 T ouabain &
45 EvbhTeT, HEQH Heptamin
OYEFBEHEIC >V T—B Lic REED 7200

RSB Heptamin o R4 78.0ME F 5523
R L 5 b 00, H5\ ik ouabain f&
DLOM, FhELMELZFLRLEZDLO0
MRS Bcwiz, v EHMBAOE, AL
=, FLEERS, Purkinje i & 6EH L T3EHB
L OEBRAHENENT B 2, T O/EAHE
Bz TEELE.

I. £ B 7 &

A. BAR EHREET, RE 2.1~35kg oK
WA TFXFLDLBEEIRH L 30°C x4 v—
FER CHELDEHPDIZEEAEZTDEEDORE
EOBETE, BLEH» HERE 3~5mm, &
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& 15~20mm DOKRESOFHEF %, HLEE
BEEE Y Y AR 0.5~1mm, & 5~8mm DOF
SEM A UEREBCE L. RIBERELE
miE, oLy O, L CO, LORAEFRAT
+o5fEfn Lz 0~1°C &4 v — FIRICRE
L, BEREZEHRE .

B. &Ik % 4 v — FkoMRK @/ 13,

.NaCl 8.0, KCl 0.2, CeaCl,. 2H,0O 0.265,
MgCl, « 6 H,O 0.1, NaH,PO, . 2 H,0 0.515,
NaHCO; 1.0, 7 Fufg 1.0 225729, WIS
% 0,+5% CO, THFIL TRV /2. ZDEED
WEIEME 35+0.2°C, pH 7.2~7.3, BEJE 295mm
Osmol th - 7z.

C. BRWEE LENHOWMEENEZS 5%
DIERDERBITEORE FR®) L FRICIT
v, UG, FLEER & Purkinje #RHED B DR
Enr (Em) HlE1t Nastuk and Hodgkin® o J5
Bz Ly, 10~40MQ o#EdE b >Huh
iR e, EICER S X BRI
DR— A A —F — B OREEX Woodbury and
Bradyl® oz k 57z, # L TCLEGOIEEE

Az (Ea) o7k YEEEZRER 50 mec TH

FETGCER L, EBEM & [ IR L

(Hagiwara and NakajimalD). [zZ=fpicid 1 45/
60 DHFEE T ETERIBEEE > 5 BAERFH] 5 msec

~ ,@}i@ﬁ]%‘(%ﬁfib‘, A UTc R OB 2

BRI VAT a—V—, WEEEESFEEZAL
TR UEE TGS Lie. LI o KEH
) Bt 1 o300 EE TR I 5 Tz,

D. Lo MREROMER inudin %
bz, ZA v— PR E V7 FoEalR
. & 1g/100ml @ inulin Z¥FEML inulin Z A
n— F% (293 mm Osmol) % Fi&, = D30~31
C DB LR, LEFER L (Pageld,
Law and Phelps!®). 2f#%7 Fuis &%
BE A v — R THIMIZEERS BEv, AT

oH
CHa-CH-CHa=CH-CH-C-CHy + HCl
NH2 CHs .

Fig. 1. Chemical structure of 6-—hydroxy—6-
methyl-2-heptamine (Heptamin).

& 4~6C o LfgiRP T BB s
(Carslake and Weatherall'd), Inulin #:8E0&RIT
Schreiner’ OHIEIC X 0 REAIIEER & F
W, EE 490mp THEEELRZ. Na K
oflE, e Kusumotol® 12 L7z 57z,

D, DERCHT 2 BWERE —ERE A
#%, BoMNMEE AR THRE, HEESERES

ZEWT L 05 % FAERNE Sml IC—BEKEL

7r. FOREBRKE A A AT 50ml CHR
L CEBRB ORI EIT R -l FHOBEER
kT B ER EE O IR ERIR IS AN B TR
PRER, — 1100C CRfFELeb 0k
BELLTx.

E. {EHA%EY 6-hydroxy-6-methyl-2-hept-
amine (Heptamin), adrenaline hydrochloride,
tyramine, ouabain, acetylcholine chloride (ACh),
cocaine hydrochloride (cocaine) %, i1 2
KEZZA v — FIKICFIRL, EARNEER
BRI 75 5 40~6053 4 I I A ~TEERIRIN L, %
FEENBHOMEICES X 2icLie (Fig 1).
R OWEF ST g/ml TRE L7,

0. = & & %

A. HLEH

1. UiEiRT, hEhEk

a, Ouabain 3x1077 #5554 12 L
WEmE S (CT) o#gas, 1043148 X Y 8%k (HR)
DWW ER L, WHERAOER, HEEKOR
DAz O THEMBWCET L. Zh
b DHEFRPEWIC 1551553 > HA0GRIZ P T T
134 9 BB\ REARASFRAE U7e.  IHEMiAR
DO E D50% DB T 2 ULHEHIBRIE (ct o)
X, BHERIOBIBIC L p b b TR AEE
feLisis 7 (Fig. 2). _

b. Adrenaline, Tyramine 107% adr-

enaline 135 2 S RICINHEE I £5165% (B -

KIE) R U722, PR —EE TSR
HERRSR159, L b L. W U< JHBhEh Sk
27% M H17% & I ~7z. 5% 1077 tyramine %
2 1B IUKETR 0 & 494096358 & ¥ 72 R 1553141C
1315% & 72 Y, MBI~ DRIELE ) T adren-
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aline LFEHEORGEE 7z ¥ 57z, ZIPT ctse
FHLPICERES .

c. Heptamin 107* 5 3 5% 5 HIX
WRE I OWHRARHA LIS BERE LD, 204
BT L L7 i 2R Le, Bkl
IERE SR D TR EE OB A L & LR
PHETH 57z, oty IR & I EHERICE
#E L7z (Fig. 3).

2. FER— 2 A — N —HOBEL
FEEEE N H35096 F 53 1R
T HIEDWEM (tso) 1% ouabain 5155 RH X
DREICENREL, TORBBEHEMO ST b—
RO ENII IR Lz, & bICifai a2k
teo, S7b U EE, BILES © B, WEREAL
(A== 2 — ) OEFRELIIEBIEMD
K& SRED Lz, L LI0%DIE % THSHE
T AR OEBEM OB (o) 1FEEALLE
B2 2 s 72 (Fig. 2, Fig. 4 A, B). #
L LT ouabain: T X 5 ¥IEI oo UHEHR J1HE54
EBENE LR R D TIOR8, RS

a. Ouabain

DI ONTIRIIOEERRIT to ERsE AL T
D0 L H5IET Lz, FEESEMZE Y PO
=T Kassebaum!? i Lk > THRES LT

.

b. Adrenaline, Tyramine
fioRESITTIE & A EREBEEXTENC
(Fig. 4 C, D). fEAIc X »Tik

teo ZJHAD LTz

Z eI EE

mV mzec
130p= — 00
]
wo e BEE 8 gl Bae a4 Teo
nop 12 s b 48 é]‘ 60
roof Ea ctso a0,
‘gob °
msec  teo [ 240
140068 o o o 1 F 220
120}83 o o o 8 ° 2 200
ool 8- 8 882 ° 18
° 1 CT o o o
80 1t 160
TR
sor o * a0 1 Bpe o 8 ailse
40p,88 8 o . [] 5 o 120
prrleas 1] fa ]

20 o 100,
% %
100+ 43, 4 3 t i R HR S0 4140
sof + 3 t ! -’| ' tl- 24120
sol rate of rise | e ™ LI S
a0t L1 L L T I L I 1 1) go
o 16 20 30 4 0 (0 20 30 40

: Time (min)
Fig. 3. Effect of Heptamin on the right atrium.

107 g/ml Heptamin was introduced at zero time
in the figures. ty ; time for decay to 20% value
of the action potential.

mV

130 SYEEE > 106 °
A a8
rzo-?@g%%%’ 6 é & A%3%8 Qﬁ A%% 2% g0
nolefett P & BY B | {s0
oo} Ea ° gd L clso 8 400/
g0l o o 240"
msec_ teo [ o u
140rq o ° 4 b CT g . o.1220
@ o
120 g%% &% & § B- Y o 200
oo} ° o o o a 180
80 ‘-' p g B g 160
T 11
*Ppo » R
5°r‘.'":'~£§' * naég;g’ T 4140
40 tso | I f !. o Eﬁpn ———— i20
20l 8! Lo dioo
% 00« P + 100
[“ 3424 4 i 17" %
sof %:: + i ¥ § ft L : t l H w0
eof rate of rise +j HR .« 60
4ol L— 1 1 Il J L L i ! 11 40
6 0o 20 30 4 O [0 20 30 40
Time (min)
Fig. 2. Effects of ouabain on the contractile

tension, heart rate and non-pacemaker potential of
the naturally beating rabbit right atrium. Abscissa
shows the time after addition of 3x 1077 g/ml ou-
abain into the bath. Control values are shown at
zero time. Each horizontal line in CT dipicts the
ocurrence of the irregular rhythm. Ea ; action po-
tential amplitude, tq ; time for decay to 90% value
of the repolarization, ts ; time for decay to 50%
value, cts ; time for decay to 50% value of the
contractile tension, CT ; contractile tension, and
HR ; heart rate.

[00msec ’

_:X:;:_BCE;:
ju—y —_
CC N |

)é )&
Fig. 4. Simultaneous recordings of the contrac-
tile tension and action potential in the rabbit atri-
um, obtained from three different fibres (A—B,
C—D and E—F). A ; control, B; 30 min after
treatment with 3 x 1077 g/ml ouabain. An increase
in contractile tension (upper trace) is accompanied
by reduction in the duration of the action potential
(lower trace.). C ; control, D ; 5min after the tre-
atment of 1078 g/ml adrenaline, E ; control, and

F ; 20 min after the treatment of 107*g/ml Hep-
tamin.

100 mV

=
E
|o3
=3
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75 b—0EEY BRI, ThOLT T b
—ER5y o hump 2875 hic.
c. Heptamin 3x107% 0EE CiXEE
Frc LR S b 75, B\ IUHIR S O BT
BRI b, 6X1075 (T B L20%DEE THALY
Wy B OIEEIEMAOMRE (o) DR, 77 b
—~ DR OWAR D 7. 107 T 5~105
BICHEREA ORI X BIEEEBALOIERY
Dty HIEE L. S RVEEOESED LT
SHPN3205% & VR LEHBMLS T T
b — OEHEIETEIC S ¥ Vi (Fig. 3, Fig 4
E, F).
3, Acetylcholine #i%)iz %4 % Heptamin
EM
ACh ZIUHEIE S, DIHEE, IEEIEALO Y
5 p—BALlcE LI E 52 2910, Fab
b, 1077 ACh ZULHERT), EEL, tw, teo &

too

FLHHIL, BES05ETH B LR
DS I5%EBOMHE b 72 5 3. 22T
ACh  DZEEIHH HERRK & V#5304 1
107* Heptamin ¥ L7z, § 5 L BRI
X B UUREE I DHIRAD t JER, 7T b~
DEREZCAET, 34H%ici: ACh Wifln b
SR U 20 534812 38 9% 0 ILHEIE S1HEgRER
(B AfE) # = L7, Heptamin JRIIET L H0
2055980 t, WHERESIZNZE N O EOBICIX
0.1% DVARVTERENRRD bl WmEEk
<1, Heptamin N5 &5 ACh i X 528
HOBERE 2N, ARELTRTIIEEL R
o7z (Table 1).

4. Anoxia ¥#ickl+ % Heptamin {EFH

a, Anoxia DOFIE OB T RE

1009 N, TE# L TR Z S &7, Anoxia jI%f
TS o —B P D INHEE /1, THESR o, E

Effect of Heptamin on the activity of the right atrium in the presense of ACh

t2o HR CT

Table 1.
Drug Time Ea
(cases) (min)  (mV)

(msec)

(%) (msec) (%) (%> %)

30 1194+1.0 1188+ 74 842 38437 79.0 91.9+24 81.844.7

as

ACh-+ 0
Heptamin* 30
G

50 1181+14 1233+ 81

874 398438 819 95.8+2.7 86.7-:6.7

0 1205410 141.1+ 9.3 1000 48.6+3.8 100.0 100.0 100.0
ACh

1179411 1228+ 1.2 100.0 40.8+2.4 100.0 100.0 100.0
118.3+22 1135+ 7.8 924 348+3.9 853 885+21 84.1+32
50 122.0+1.3 121.84106 99.2 54.0+3.8 1324 105.1+3.0 135.4+8.7

* 107¢ g/ml Heptamin was added to the bath after the pre-treatment with 1077 g/ml ACh

for 30 min. All values are the mean=+S. E.

Table 2. Effect of Heptamin on the activity of the right atrium suppressed by anoxia
Drug Time Ea too tso 5:;6 of HR CT
(cases) (min) (mV) (msec) (%) (msec) (%) (%) (%) (%)
N, 0 121.14+-1.6 115.6+3.9 1000 71.7+3.5 100.0 100.0 100.0 100.0
40  1154+1.7 83.6+3.0 72.3 428179 59.7 94.7+3.3 524+33 10.8+1.7
az 70 1229418 117.8-34 1019 720435 1004 1044436 968442 840L7.5
N+ Heptamin* 117.5+1.8 106.2+4.7 100.0 66.1+4.8 100.0 100.0 100.0 100.0 -l
40  111.2+21 81.9+05 771 442432 66.9 942449 62.0+3.2 42.71-5.4
™ 70 1224423 1223481 1152 84.3+88 127.5 104.9+6.8 134.7£5.5 247.2+26.8

* 10 g/ml Heptamin was added into the bath as soon as anoxia had been started. All
values are expressed by the mean+S. E.
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(GR®, Paull®) #i2 = & 7223, 10~15534%1C
VRIUHRERE /) % 85%, L 4A%k % 50% 3] U7z, I
ALIZH LT tso, teo DEHEICHAT, 1EEIE
PLDOKE S &7 bV HE OMENIERET 5 7.
L7 L N, BA LERC 107 Heptamin #3&
BF 5 &, RS A Y BB anoxia fE
H2d 6bh, anoxia 40 4314 DORHREL & DR
K 01%D VAV THEEN D -7z Fig. 5 A,
C, Table 2).

b. Anoxia 5 pEE O, & CO, L
DIRE H A OFEHE CUUETR I B & OAEhEE
Heptamin /LB O HEICHIRR < 1 S%ICIEE
Brthdic. IWHEES O E1E 1 B T1x304y
% b KIL0% DIHINTRLE Lz A, JUB RS o [E1E
VRIEHE G253 48 1 147 % D ILKERE IR R (B
KE) &Y, EEMICFEEED Heptamin %
B2 Txbh350%0MEHmBED 3fEL -7
B8 305514 ot RS & ALE 1 31 B ILHERR D
LD E ORI VERYL 01 % L RALTHEE
BRI LIz, WD LI IR BALARS D EE b
WUiERR ST, DB OEE L EFCE Y, R
B OVETEAL A anoxia FIOMEIZEIE Lz vo
i, ALERE T tso, teo DIEREEHLZRS
DEIEFmLEERD D, 7T b —BALOEEHE
MPBE LKL k-7 (Fig. 5. B, D, Table 2).
UL LS BV EEOREIIHEBG L Db b
o7c. Anoxia I &z b O EEHIC,
SRR 13GIH 5 4, ALERT 7 I 2 i Rk
MIELE LTz,

5. Cocaine {EH

RWREARERI L YV O F 2 — A7 2 v o
X9 % tyramine DO{EEFEHICE > TRz &
5 AR MER X cocaine Iz X VHIEE h
% (Garrett, et al®), 107® cocaine | UNFEIE S
C—BMEOEREY 52 525, 2058 ICIRED
HHEER-LEXTREL, ZOMLIHERKE
EEEMS X O ILEMZESEL L » 5
7z. 2043[] cocaine ALiEH%, adrenaline iz X 3
USHERE 7 0 HERR SR 1L RALE I I 1 20~3095 8K
L7zAs, iz tyramine DUUHERE S icwt+ 24E
Aixe < 4% Liz. Heptamin 13 EALER

Fig. 5. Effect of the anoxia on the action po-
tential of two different preparations (A—B and
C—D) in the presence of Heptamin. A and C;
superimposed action potentials obtained before and
40 min after the anoxia. B and D ; 30 min after
the recovery by oxygen supply. In C. 107* g/ml
Heptamin was added into the bath as soon as
anoxia had been started. Arrows indicate the direc-
tion of change in the action potential configuration -
after the anoxia. Time calibration represents 100
msec.

160
O Adrenaline (6)
- @ Heptamin (9)
A Tyramine (8)
140} -4
S S
_— - S -
X /{ﬁf,”/,—ﬂ—ﬂ
ol 1204 ° _
£ o,
L=}
(&)
o
(5]
3| 1004, 1
— LN
o LI
& i \A =" & '
80} \ /A/A-
Sa—b_A__a
60 LLa L 1 L I I_J
0123 5 7 10 15 20
Time (min)
Fig. 6. Effects of adrenaline, tyramine and Hep-

tamin on the right atrium pretreated with cocaine.
The ordinate represents the ratio of the contractile
tension, obtained when 1078 g/ml adrenaline, 5x
1077 g/ml tyramine and 10~*g/ml Heptamin were
given to the atrium pretreated with 107%g/ml
cocaine, to that without cocaine, while the abscissa
shows time after addition of the three drugs to
the bath.



166 Frith » PR——LAHETITH T 5 Heptamin, adrenaline, tyramine, ouabain {EF DB G ETILAIRHZ

50 mV

100mVv

Fig. 7. Effect of Heptamin on the atrial pace-
maker cell. A—B and C—D were obtained from
two different fibres. A ; control, B ; 15min after
the application of 107* g/ml Heptamin, C ; control
and D ; 10 min after addition of 107*g/ml Hep-
tamin.

50mV

Fig. 8. Effects of cardiotonics on the pacemaker
potential of the right atrium immersed in the cold
Tyrode solution for a long time. A—B, C—D and
E—F were obtained from three different fibres,
which had been immersed for 6, 9 and 9 days
respectively, and were transfered in Tyrode solution
at 35°C. A ; control, B ; 5min after addition of
1076 g/ml tyramine, C; control, D ; 3min after
treatment with 5x 1077 g/ml adrenaline, E ; control
and F ; 10 min after the application of 3x107*g/
ml Heptamin.

BBER509% X Y 15~259~ L JHD Lic 3 & DRR
EIRAE LT, LB o WEIR /1 ERRIEH
2381 % adrenaline>tyramine>Heptamin &
v ) FEF A3 LB 1412 1 adrenaline > Heptamin >
tyramine e } b, tyramine & adrenaline,
tyramine » Heptamin & OfICIX =1L £
01%& 1% VL TCHEZNRD b (Fig
6).
B. ALBEOA—R A~ 51—
L EEALFER
Adrenaline (X = — % # — 5 —BNIFH ORIE
fif (prepotential) DfEA}F EMRIC L TAR—2R A
— i OB & BT 5 (West, et al20).
10~* Heptamin 9, adrenaline BEZhHE & ~—A
A—H =B LU= A — ) —EHEMITE A
7o BB, BIEBMEIAS—AA—D— X DES
MBI LR 5 TREL 2D (Fig. 7).
2. (RIBREADER
A RDLEEREEA TR 0°C IC BRI FGRF L
HCLIEBBMOFKED D Z e BRREENT
5 (FAH « fh20). 7 3 FHLE KRR
b ¥ H R, 35°C oMRIC30~4043E Lz
%, WNBBERIAT S LIGBEMOFEKD A
Bivie. —MRICERERS Tk B R & LI TEED
BALDFEKENLS AL — A 2 — 7 —[FH~ L Rk
ENTL BN, =2 A7 —BAPFEETS
R 2 OEALIC/ER % B Rh R A L.
L LEEFGOBE S Y bEBEZSNEL L
(Akaike??). Adrenaline % 9 HF{EEEFED N
— 2 A —H —HIRGICHAE R o, RIENLS b
Y gl HEMMER 2 L, Heptamin & #8%¥%
WRER IR L, BRI AL < o O INHEIR 7
O HETR S EMEE T B s hie (Fig. 8 G, D,
E, F). L» L tyramine /EfXRES ~5 HEL
#ici s Lk Lz (Fig. 8 A, B).
C. ADEf~o Heptamin {EF
Heptamin 12 & % [XAEIR /I #9813 REE D% EX
BRI L CEBRICHEINL, RIEREZIRER
6X107°~10"° 1TH 7z, £SPREE TOUHERS
PSR L VE A ORI RIZ T b AL ER &
Lowie (Fig 9) 107 OFE TR
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DIFI AL OFEH L. 6X107'~107° [ZERE)
LTV RVERD L 20 I HFEEIEE b2
5L, 1EIDWEETIIEELEVZ ERED -
7. :
D. I %1% Heptamin /£

OB AIBALOEA, FLEER I ouabain Off
E#DREHZZ0EDL ISCHESh TV

400} -

300} o .

200} +/+ + | A_

Relative magnitude of response

¢ A
100l o// A 4 o
oL wul bt ) AR N
1078 Topu 1073
Heptamin concentration (9/ml)
Fig. 9. Effects of Heptamin on the contractile

tension of the rabbit right ventricular muscle driven
at a rate of 60/min and on the naturally beating
right auricular muscle. Open circles dipict the
maximum magnitude of ventricular contractile ten-
sion, and open and solid triangles represent the
contractile tension and the heart rate of the atrium,
respectively. Heptamin concentration is expressed
by logarithmic scale. Each point represents an
average of 6 to 9 experimental results. Vertical bars
indicate + S. E.

1I50msec

ANERREAN

100 mV

—! rd

Fig. 10. Effect of Heptamin on the papillary
muscle driven at a rate of 30/min. A—B were
obtained from one and the same fibre. A ; control,
B ; 15 min after application of 10™*g/ml Heptamin.

DO—o>TH5 (Cattell and Gold?®», Tanz?®,.
Dudel and Trautwein??), % = CUUHEE I3KH
B O —FEHIIC ouabain FEIOB B B b o
Heptamin % ZLEERIZ 5 2 CHEREERIC oW
THRRT L7z, 107 X itk i KGR S D 38
FRAEC L, PEREMNEZE UISEIEMOEAKE
1725 Lz (Fig. 10 A, B). Lo LALEDIHE
N R A= —Eir b X BN BMICH LN
97 e R, 77— OFERMAOLERZ
B b 7.

E. Purkinje #i##

v ¥ % Purkinje #EEOIFEEM 1T v ¥ ¥
(Carmeliet?®), Hutter and Noble?D) <1 %
(Weidmann®) <tz bR T30 LR UL FiE
ik TRy SWE, R oY a 7, FF b
—, BABHIL T T ZEMbh sk,
1077 adrenaliné {3 5 455%I1C 75 b — D
BIRLASEERTIRASL 77T F—1B

OAMERC L, TREMEOREIC ShTE

100 mV

Fig. 11. Effects of cardiac drugs on the action
potentials of the naturally beating Purkinje single
fiber. A ; control, B ; 5 min after addition of 10~7
g/ml adrenaline, C ; 20 min after the recovery in
normal Tyrode solution, D ; 15 min after applicat-
ion of 107*g/ml Heptamin, E ; 20 min after the
recovery in normal Tyrode solution and F ; 15 min
after treatment with 1076 g/ml ouabain.
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B L 75 -7z (Fig. 11 A, B). 107 Heptamin %
adrenaline FEELIOEAEE 2, ZThbOiEY
ERTBALOES EZHIML T, E2TiEd 5830
ek A Ems ¥ Fig. 11 C, D). Eobh
TSR 15~205EH # 1 v — FIR CHelk
THZ LIk DK L7, 107° ouabain T E
BLELL RESBEN Bk BExd ol
25, SoRRE X VINEERE 7T b — R
DERZ L, 155%EIEBALOWBD & BIEME
Hlohne X M\ om: » v (Fig. 11
E, F), ZRia RER~ BT LTV 5. T0
#% Purkinje #tifEo B RIERITNR L. ©
DX 575 ouabain OVEMAFEBUER 1T A X O
Purkinje fi#t T H 5T 5 (Vassalle, et al.
29,

F. MpNEMEE

SHRBZALER, AUE 2 TthEho05
- MIER # A v — F#Kic, adrenaline, Heptamin

BERHIIER £ A v — FURIC604538 L7ets, =
60 30 SEEZEYOEARRKE L.
Ouabain #5FIER & A v — FIKIC305HE
L, 7 D6043f% ouabain /ML Lic.

Adrenaline, Heptamin (3 BB 28z 2 ViIDLE
BIC AR ONMEE 52, DBEG TP,

ANEEIE S B R U7z, Ouabain 58 CLHLE

51C B IR T B S, AU ERI305y
BIZEME L. ZheBHERITC LTLE
# o EBMEL ouabain iz Xk VgL, Car
slake and Weatheralll¥), Page, et al30 {T X -
THESNTVD LS, KEHTYL ouabain
e Na 2858 LK 28k L. SR
& ouabain HLE#EL ORIz Na, K ofF
BizcrhFhloe 01 % v _LvoBEENE
L7z. Adrenaline ¢ Heptamin Z0ERH D
Na, LEG® Na, KOGHRICELEER S
27, DEMOKSERZEI NS ¥ 5"
B LI, WaddellPh ik - TH BN XD
BAEEEIRE L) 7z (Table 3).

V. % £

BB O HEECEI, IR TR,  cto
44zt Heptamin 7213 ©7z { adrenaline, tyr-
amine T4 5h, Heptamin, adrenaline 3t
WWIEH R — A A — 5 —BALORIEMER ZHER

Table 3. Electrolyte contents in rabbit heart muscles
b Average electrolyte content in muscle (mequiv/kg w. w.)
rug
Right auricle Right ventricle
(cases)
Na K Na K
Control 9 70.6+1.78  55.7--2.10 50.22-1.47  70.941.07
3x 1077 Adrenaline (6) 69.2+1.06 58.8-1.60 49.24-2.36  70.840.91
3% 107* Heptamin (6) 71.8--1.28 57.3+1.85 50.3+1.62 70.7+0.90
107¢ Quabain (7) 76.6+1.54 49.440.36 57.9+257 64.7-+1.33
Intracellular concentration® (mequiv/kg f. w.)
Control 44.2 100.1 38.1 112.3
Adrenaline : 43.3 105.7 373 112.1
Heptamin 44.9 103.0 38.2 112.0
Quabain 47.9 88.8 44.0 102.5

Inulin space (ml/100g w.w.) .

Dry-to-wet-weight ratio

2854154  (15)
0.1664-0.0038 (23)

1734064  (14)
0.200+0.0048 (25)

* Calculated from the average Na and K contents in muscles using inulin space and dry-
to-wet—weight ratio at the bottom. Numerals inside the parentheses indicate the number of

muscles. All values are the mean + S.E.
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Fig. 12. Effects of Heptamin on the contractile

tension of the guinea pig left atrium, driven at a
rate of 60/min, in the presence of ouabain. Ordi-
nate represents the ratio of the contractile tension
of the left atrium, obtained when ouabain of vary-
ing concentrations was added to 107°g/ml Hep-
tamin, to that obtained without Heptamin. Abscissa
indicates time after the application of the drugs.
Open and solid circles represent 2.5 % 1078 and 1078
g/ml ouabain and open triangles 1077 g/ml ouabain.
Each point represents an average of 8 to 11 exp-
erimental results. The response ratio attains a ma-
ximum at 2.5x1078g/ml ouabain and decreases
with a further increase in the concentration. The
facilitation effect of Heptamin to ouabain response
was also seen on the contractile tension of the
rabbit left atrium,

DR EIE, o LA ouabain D UUHEESI~
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5.
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amine D FEfEF & adrenaline JAl D EHE
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Reflex potentials of the vagus nerve in various levels evoked by
stimulations of some peripheral nerves

Yoshikazu Nakazato (Department of Pharmacology, Faculty of Veterinary Medicine,

Hokkaido University, Sapporo)

1. A single shock—stimulation of the central cut end of the contralateral cervical vagus
nerve in cats evoked three groups of reflex potentials of different latencies in the cervical
and thoracic vagus nerves, a group in the abdominal vagus nerve and two groups in the

recurrent nerve.

A stimulation of the great splanchnic or sciatic nerve evoked two groups of reflex potentials
in the cervical and thoracic vagus nerves and a group in the recurrent nerve. In most
experiments, however, no reflex potential was obtained from the abdominal vagus nerve.

" 2. It was supposed thai the first reflex potentials of the shortest latency in the cervical
vagus nerve evoked by stimulation of each nerve are conveyed mainly to the recurrent nerve,
and that the third reflex potential of the longest latency to the abdminal vagus nerve.

3. When the ipsilateral stellate ganglion was intact, a sympathetic reflex potential was
recorded from the thoracic vagus nerve by stimulation of each nerve, but not from the

cervical and abdominal vagus nerve.

4. All of the vagal reflex potentials described above were still recorded even after the
transection of the brain stem at the uppermost medullary level, although they were somewhat

depressed in most cases.
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Fig. 1. Diagram showing the experimental me-
thod. Recording electrodes, R;, Rz, Rz and Ry
are placed on the right cervical, thoracic, abdominal
vagus or right recurrent nerve, respectively. Stimu-
lating electrodes are placed on the contralateral
cervical vagus (stim.), great splanchnic or sciatic
nerve (not illustrated in the diagram). R. vagal n.:
right cervical vagus nerve trunk, L. vagal n. : left
cervical vagus nerve trunk, V. vagal n. : ventral
vagus nerve trunk, D. vagal n. : dorsal vagus nerve
trunk.
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Fig. 2. Reflex potentials recorded from the right
cervical vagus and right recurrent nerve. A : From the
cervical vagus nerve, three groups of reflex potentials
are recorded by stimulation of the contralateral cervical
vagus nerve (a), whereas two groups are observed by
stimulation of the great splanchnic (b) or sciaitc nerve (c).
No further reflex potentials were observed in each record.
B : From the recurrent nerve, two groups of reflex
potentials are recorded by stimulation of the contralateral -
cervical vagus nerve (a), whereas a group is observed by
stimulation of the great splanchnic nerve (b) or sciatic
nerve (c). It is noted that no reflex potential corresponding
to the groups of the longest latencies in each of A (1)
at the cervical vagus nerve is recorded from the recurrent
nerve. White dots indicate stimulus artifacts.
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Fig. 3. Reflex potentials recorded from the right
thoracic vagus nerve. From the right thoracic vagus
nerve, three groups (upper traace) and two groups of
reflex potentials (middle and lower traces) are ob-
served by stimulations respectively of the contra-
lateral cervical vagus, great splanchnic and sciatic
nerves.
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Fig. 4. A reflex potential recorded from the ab-
dominal vagus nerve. From the abdominal vagus
nerve, only a group of reflex potential is observed by
stimulation of the contralateral cervical vagus nerve.
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Fig. 5. Relationships between the stimulus in-
tensity and the three groups of reflex potentials
from the cervical vagus nerve. With increase in
intensities of stimulation of the contralateral cervi-
cal vagus nerve from 0.2V to 5.0V, reflex poten-
tials from the cervical vagus nerve with ‘longer
latencies appear and increase in amplitude. Each
trace shows 10 superimposed records.
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Fig. 6. A sympathetic reflex potential in the tho-
racic vagus nerve. A : The pattern of reflex poten-
tials from the thoracic vagus nerve by stimulation
of the contralateral cervical vagus nerve is distinctly
modified following removal of the right stellate
ganglion. B: As to the reflex potential from the
abdominal vagus nerve, no appreciable change is
recognized by the same procedure.
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Fig. 7. Effects of the brain stem transection upon
the reflex potentials from the right cervical vagus
nerve. Even after the brain stem transection at the
uppermost medullary level, reflex potentials are still
observed from the cerical vagus nerve by stimulation
of the contralateral cervical vagus, great splanchnic
or sciatic nerve without distinct modification. Each
traces show 10 superimposed records of the reflex
potential.
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Diurnal variations of plasma free fatty acid level
and influence of starvation on its level

Shinji Itoh, Katsuhiko Doi, Akihiro Kuroshima,
Ichiji Wakabayashi and Chikashi Ogura*

Department of Physiology, Hokkaido University School of Medicine, Sapporo

Our previous studyl’ demonstrated significant
differences in the plasma levels of free fatty
acids (FFA) among several subject populations
in Hokkaido. The highest value was observed
in subjects born on the main island of Japan
and living in Sapporo, followed by those born
on Hokkaido and living in Sapporo, and farmers
born and living in Huren which is one of the
coldest areas in Hokkaido. The Ainu, natives
to Hokkaido, showed the lowest level (unpubl-
ished data). From the results it is inferred that
the plasma level of FFA is the lowest in sub-
jects who are well adapted to cold and the
highest in those who are not so.

However, it is known that during fasting
the release of FFA is increased as glucose
entry into adipose tissue is decreased. There-
fore, the plasma level of FFA might be affected
by the time of sampling after food intake. It
seemed of importance to know the diurnal
variations of plasma FFA level and changes in
relation to fasting. The present study was
carried out to elucidate the pattern of plasma
FFA and triglyceride levels on male medical
students in the year range of 21 to 24, during
a period of October to December.

Plasma FFA was measured by the method
of Ttaya and Ui®, and triglycerides by that of
Laurell®,

AR - R - RERUL - BT -
A 5 BRI | AR
[Received for publication December 26, 1967]

1. Diurnal variations Twelve subjects
served as volunteers. Blood samples were ob-
tained 6 times, every 4 hours, during a day.
Meals were given exactly at 8 :00, 11 : 30,
and 18 : 30. As illustrated in Fig. 1 A, trigly-
ceride concentration in the plasma did not show
any variation, while plasma FFA level in the
morning before breakfast was significantly
higher, almost doubled, than the values at
other times.

2. Influence of starvation The high
level of FFA in the morning might be related
to the fasting. To know the influence of star-
vation on the plasma FFA level, 10 subjects
were deprived of food for 13.5, 15.5, and 17.5
hours exactly. The results are shown in Fig.
1 B, together with those obtained in the above
experiments. It is apparent that the plasma
FFA level began to increase 10 hours after
meal and thereafter was elevated progressively
with the elapse of time. On the other hand,
the plasma concentration of triglycerides seemed
to remain at constant level so far within the
time of this observation.

In our previous experiments!) blood samples
were obtained in the morning without break-
fast, but the elapse of time after dinner was -
somewhat different from individual to indivi-
dual. Therefore, some doubts might be raised
as to the evaluation of the data. Accordingly,
we have examined our present results dividing

into two groups : that is, subjects born on
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Fig. 1. Plasma levels of free fatty acids (FFA) and triglycerides (TG). A. Diurnal
veriations. Arrows indicate the time of meals. B. Influence of fasting in two groups of
subjects. Vertical lines indicate SE of the mean.
Table 1. - Plasma FFA level under fasting condition (#Eq/1)
No. of Hours after meal
Place of birth ki
subjects 135 155 175
Hokkaido 5 341+18 403+28 521+42
Main island 5 374 +47 52436 . 569+52
: P<0.05
Hokkaido and those born on the main island. J-IBP.
Although the number of subjects was small,
the plasma FFA level was higher in subjects References
born on the main island than in those born 1) Itoh, S., Konno, N., K. Yoshimura and A. Kuro-

shima (1967) J. Physiol. Soc. Japan 29, 239-240
2) Itaya, K. and M. Ui (1965) J. Lipid Res. 6, 16—
previous observations. 20
3) Laurell, S. (1966) Scand. J. Clin. Lab. Invest. 18,

668-672

on Hokkaido (Table 1), conforming to the

This work was supported by a grant from the
Ministry of Education and carried out as a part of
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On the cerebral slow potential changes caused by rhythmic
flash stimulation, with special reference to
photically evoked EEG responses

Toshiyuki Ozaki, Sechiko Sasaki and Yoshihide Fujimori*

First Department of Physiology, Faculty of Medicine, Hirosaki University, Hirosaki

It has been suggested in our previous reports
234 that the negative shift of slow potential
(SP) in the cerebrum during rhythmic flash
stimulation is closely related to photically evo-
ked EEG responses. It seems to be very inte-
resting to determine whether this negative
shift of cerebral SP changes is related to any
component of photically evoked EEG responses
or not. Accordingly, our present experiments
were performed to study this problem from
the standpoint of the stimulus intensity in the
awaked and moderately nembutalized rabbits.

The SP changes in the cerebrum between
the occipital region and the root of the nose
during rhythmic flash stimulation of 0.5 per
second were led through non-polarizable calo-
mel electrodes, amplified by a DC chopper
amplifier with C-R filter preceding and reco-
rded by pen-oscillographs simultaneously with
the electroencephalogram (EEG) and the aver-
age response (AR) of photically evoked EEG
responses. The potential difference between
exploring and indifferent calomel electrodes
was compensated into the zero potential level
before stimulation, as described in our previous
investigationD. The average response of photi-
cally evoked EEG responses was obtained by
the Average Response Computer, ARC (AR~
201, San-ei Sokki Co. Tokyo) and, if necessary,
a digital data processing computer, (ATAC-

* RGBT o U5 < R T « TR (5ART RS
TREEERES 1 AR
{Received for publication February 17, 1968)

402, Nihon Kohden Co. Tokyd). The intensity
of a flash stimulus was changed by electric
energy delivered to a Xenon gas stroboscope
in several grades ranging from 0.06 to 4 Joule.

In the awaked resting state, as shown in
Figure 1 L, there were observed considerably
marked negative shift of cerebral SP changes
and evoked EEG responses by rhythmic flash
stimulation of low intensity, that is 0.06 Joule in
electric energy given to the stroboscope, altho-
ugh the primary components of evoked respo-
nses were not recognized so clearly. In the
stimulation of moderate, high and very high
intensity, that is 0.25, 1 and 4 Joule in electric
energy to the stroboscope respectively, the
negative shift of cerebral SP changes and the
primary and secondary components of evoked
responses were increased respectively according
to the intensity of flash stimulation strengthe-
ned, though they were sometimes decreased by
the stimulation of very high intensity. In the
nembutalized state, on the other hand, there
was no negative shift of SP changes in the
cerebrum during stimulation of low, moderate,
high and very high intensity, as shown in Fig-
ure 1 R. The secondary components of evoked
responses recorded simultaneously were consid-
erably decreased or almost completely abolished
even by the stimulation of very high intensity.
On the contrary, the primary components of
evoked responses were found to be increased
markedly by the same stimulation.

From the above-mentioned results, it seems
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Fig. 1. L. Cerebral slow potential (SP) changes, electroencephalogram (EEG) and average
response (AR) of evoked EEG response during rhythmic flash stimulation of 0.5 per second
in an awake rabbit. In this Figure shifts above baseline are negative below positive 1, 2, 3
and 4 show the stimulus intensity of low, moderate, high and very high, that is 0.06, 0.25, 1
and 4 Joule respectively in electric energy delivered to a stroboscope. In the left and right side
of the arrow indicated above, each tracing is recorded in the speed of 3 and 6 cm per second,
respectively. Each vertical line of right angle indicates 100 £V in the SP, 50 £V in the EEG
and 10 #V in the AR, respectively. C : Control tracings before stimulation. S : Tracings du-
ring 19 and 20th flash stimulation. R. Cerebral slow potential (SP), electroencephalogram
(EEG), and average response (AR) of evoked EEG responses during rhythmic flash stimulation
of 0.5 per second in moderately nembutalized rabbit (10 mg/kg). Each stimulus intensity and
calibration show the same order as those in Figure 1. C : Control tracings before stimulation,
S : Tracings during 19 and 20 th flash stimulation.

R-880-10-2-1.4;

to be likely that the negative shift of cerebral
SP changes was not related to the primary
components, but to the secondary components
of evoked EEG responses, as suggested in our
previous study3)d.
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LY Efll=— A AT SAED - FREHRE
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1. BEFRHORESLLINEIE

BS #- Tl B (Juks 14

Field J#ic X » THESwe/L €y MIFE
Tl OB B (E. §op.) &HIHIES (L ] p)
DEHME % Bridge iz X AHIJARETEIT X T
Nl

L p. OBEE E i p. OFREVES, %
C 72 Lj.p. FEco latency 1k E. j. p. (10 msec
D) R TiE S EY (50 msec DL k). 58
WERE T E. . op. O%ickivT L p. 2308k
&nh5. E . op BHBOBIKIDEORNES
2L peak time HZLT B LT, L p
VEERMSE TR B & & DNE XYY peak
time X% 570V,

MIIEPLETIR LY Ejop- FXO L j p. Rl
@ conductance OB ZEET S L, E. j. p. T
13910~20% D LR 3L LhBDEx L, L op.
TV conductance DZE{LASHE STV,

FOREPRBET X D EREAL Y XL BB EEL T
E jp XL p 0Zftzrsde E jp.
B DAE BRI AT 5 25, L p I
Tfrz 100mV @5 L Ch e DR E SEE
fELzwv. o2& zo L p. Wi PR
weEz b,

Mn*™* 3mM) & E..j. p. OFEAE T
13228 Lj p. i3 BIEMR. ¥ 7 picrotoxin
{10~%g/ml) 35 X O strychnine (10™g/ml) % I j. p.
DFEAETVIF R,

DLEDFER 5, BT R-5E &5 T ik
XN % junction potential 5% E. j. p. 13T
T diffusely 1 37fE L v % iR 5
DILEEWEC L > TRETHEEZLNS.
Zhitle L, B L p. 13 tetrodotoxin
TExOFERMIEEINE LW SWERDH D, Th
A Lj p. OMRETHD LS ME—DRITH
505, KERTHELNIHERIINWETETS D
DT, ZoLjp PhoEcE bz Lp.s p
ERICERTRELTVWASERELZIL v,

2. LEHOEEREBERE

IRARZ - BEEE (JukE 2 4:3)

DAFFE AR U TR E TR QBRI & (EE
FEMEEIC KB X dy, SRRSO OABEDS TR D
S ENT VB, +OEALIFH I ER
P D LD W T RR 2T i 7e s L 7s v,
bhbhiEiFEgER v L, R, R (1957) 5
DFHFET L WHEROLE, GELHERIT 2
T, REOBEERREE L LD O % LGS
L7z, Wi X % &, 1) EREEEAES
B, FLU, BUshE b, BEEiCL 729 5 T
exponential decay H7RL, DI AL
NFEN 1.24mm, 1.18 mm, 1.25mm 7 5fEZR
Lz, 2) Wed ow WE6E, ERTIRZHT
41 7.3msec, 7.5msec TIFE—F L7chs, FLHAG
TV 32mset Th o7z, THDHORERHOER
Weidman (1952), #AF (1960) & Asife B
Lo THEb0LBE—ETS. Tbhbhl
HSMIPIERRIC X DGR L b RV—Fk
FRbre, —JiH, #RE (1957) LOTIRCX -
T, EWAL e foot DR, {ZIRME,
DL X DR Cm 23R 5 & hh, U
%, FEimTHENR £ h 275 pF/em?, 1.68~6.75
#F/em?, 0.75 pF/em?, 535507z,

C OEAROERAIIAPRERTIC X 0§ TIClE
TNTWAECHERTELLINZV., 22w
Tix Fozzard (1966) M3 TILHELTWVH LD
CEMBELTOBEAREZEAEL VB EEXLN
L. B EXER T o v T, TTiimia
FOBEE I L 0 LEAT 130 (Woodbury & Crill,
1956), LERGT T0p (HH, 47k, 1966), (R
ST 1900 £ (Weidman, 1952) 75 BIEARE Sh
Tw5.

Zh B DT Thihvbh OfFFEEIT X » T
BLnERERRACOVWTIEEVW—FEZRLE
23, LS, LEHTRINI0~20fEDESR bR
7o, TOETOWTEHBROHEE X 2HIRDIM
NFOETERNTEIDLEZDLND.
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3. Toad spinal cord @ Cholinoceptive

interneurone [Z2(+T .
EZHRI - E4KREE (AFHRKE 2 43)

1. #<ki% isolate U, BTERIERIC X »C
#2 5 HIBEN (VR-DRP), B oIS X %
%1 EBAr (DR-DRP) (X dorsal root terminal
DR/ % sucrose gap JETRLHK L. -

2. Ach, eserine X carbacol iz &1 ¥ dorsal
root terminal WPEZHEZSE D, L OfFE, VR-
DRP & DR-DRP 3ZEBCEAb L.

3. Atropine V3 Ach B3 carbacol O{EF]%
TR L7z,

4. d-tubocurarine % atropine & [RJER7RAEMA
R LI,

5. Nicotine 13 Ach EjJE carbacol OIEMIC
WU TH -7z,

6. DLEomEnre, F<EiD cholinoceptive
site #7¥ 5% interneurone DIF{EZ WS,
Ach X% interneurone D7EENHS dorsal root
terminal OGS VR-DRP, DR-DRP %
CTEERERAILCVWR EBE R,

4. RHEODEZFEHZICONT

Rees, C. J. C.. 1 {E§E (JuKkHi4)

(LR ROEE T 5{RFL & LT, Beidler
Mo % Beidler ({EiEHI L. TOEBLES
5 Dk, SEREMKE L receptor site & D
complex DEITIHFIT B ETH> DD, F T THE
Bz oEHERWEL &%, Hodgkin o,

p= RT . PelE"),+PydNa*l+ P [Cl);

F PrlK*);+ Py {Na*}; 4P, [Cl),
X THETHERHES S Lva b X
72, ¥ i b HbRABOEIRICAET HEMELIX
spike OFEREEL PGS LIETHE, AL
BEED spike ZHTR o IEORER LR
AT BEICX - T, EhERRKERE T 55N
Hks. £ORFEE Pye=129, Px=100, P, =
0.68, Pp,=0.54, Pp=020 ¥ 750 ziiif4y
DAEZIDOFICHE LY., 20X L THELN
PER R RATSZ & i X VEE S,
receptor potential & spike DIEEEVY, FERRICED
$kHi3k % receplor potential, spike DIFEE &I
mO—EF 5. ZOHL, Sl L HEFARBC
BIL T L L, Beidler fFSia W53

& W

¢ Hodgkin S0% %% b - THIEEHESNS

L O Al

5. Mucin ot ZOHELECKITIE
e _

WiERS - EFEA Y3 WBELTFER - LKE
1 4:38)

Mucin 25855 F & LTEROERELEL, B
REniFECHEEREOML, BEELET
HOTRBEVHEVS TEES 5Tz, Zhid
mucin Zhix 7 milk ZEKAL/NEOE»S,
lactpacillus bihidus ZSHEFEL CTW5 2 & H3HBAL
TWeDT, ZOMERTFEkkRo HC 22
BRL TR WEREVWHEEZTWEDTH S,

Lo L B o PRI B EROKE, REBECH
bh, ZoOXMCRTHEE TR J 5 mucn
DRL T HEHENEED, H52DTIHRE
DTFYE TRAESEWE LGV iDT, T
ZEHRET S,

1. BREBROFER

N/10 ®jx N/100 HCl % N/10 NaOH T
FHEZTT 5 54, mucn WRME K rh L FE
OKEINETBE T2 W THIR L., £ORE
mucin ExRICHEL, BEZ 0.1 303 001% &
RLTHTH, PHBECHK » THHELRE
BER D TR, P o THAIRSR W E &
MR T BEE 2SS b, iz N/10 NaOH %
HCl CigE L < hict 25, HCl 0B&X Y b,
PR IS DSEIRCRET5 2 L R R,

Pz &5, mucn @3 2/LEERT LY
Y EICE BN B &k, mucin OFETEMEICE
DRFIBAEEINED TR T v EBS. —F
mucin 2B TR, TOHEENELT, R
AW X 3BT AMEN RO BN T LR
-7z,

2. In situ TEH* A IHLEO/KED pH %
HEEBEAVT, §, T, £, |5,
BlE, fiBcownt, 1, 26T oMbk,
o pH {EE T BB LcBE, 2 BHETARLY
&, BIELRWEESIEOWTHLRTHE., BT
2 HETE LBA e ATk, HILE @ pH pithlic
B 6.8 HEOEZTRL, BFNLEEINNSVWT
LRI ERGESA g v O THER L
73, 540 mucin OAHPIERESITTH LT
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8. KHMZ L HIO—-CRDOTBHERILEY
DCHELIETEE

ER—BI (EiRAE 1 &)

VT E—)LREER TR HRLZR Y, £ D
HOT7T P VFUvEIAT FLyY vEEEEE
z2 v Tt fllE Lz,

HREEF b ) v AEOHIRNEAT X 0 Mk
PH W3 7.70 i0ie LA U7e SEIBEEE &~ /L & V45
R DBINIERD bV 72, & OIS
Tk m— I ABRIEEE O 5L RE R E
LTWsDhERi: pH 7.70 BEOHET L
hr— P RCEEEE R /LE VI U &
EHEVORELLATHEEELNS. £2T
IR DEREEF T U 7 LD HEIEAZ {TVWEA
WHKE TMA (FFZAFATVE=YA) O
WRPES 217 > C R 7efl, BEOSIREEIIEAR
THEBCRINTHBIES b 57, e Hie
TRV R b7 A ORI ST AR T -
725, Mg pH v 7.91 e RF Lo, Z ok
pH 7.81 BBE X D BIE &L E v ILEE DI S H
LA ERDI, T T THIEPRZ T Lo KiT
ERDBEE T t Y 7 2O SIEA KR E(T T
DI IRREE AL & VIR O BNV g pH A3
T8l Ll ki 57, WhipFRdbhinh o7z,
S (e 70 b v — & RS IHRRZ2 A L TE
Bale v phEEOEMEZETLIOTHS.

1. ROKREBEORABIREHRISICONT

S - EIERE) - =HE— - 5% & X
REAN (BIFALE 2 £H)

HEFRWe, Flaxedil #3){ko> atropine H{EEIRD
f® (16f]) © ATAC-401 iv X % KBt D30[E
IEPDEA R RS2 & ATAC501 i X %
BRI O EHCHEER & oBRE R L.

1. KINHEOPREFRETY K6 1%, Rk
500 msec ;22> E¥D IBDIK G HH ST Q)W
TSNS (Py : THIERF 25~60 msec) % & »i%ki
30~60 msec DFiV F 7 bk HEHIEV THEED
3~5{HD st (PiNy, P:N;, P3N;, &) 73]
##% 150~250 msec & iHbh, (i) Fofkici
Bi49 150 msec DDA W FHEERL (PN, PNy,
PiNg) 252 ~ 3 1@, F X, (i) KiggrsE < (10~

N
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25 msce) /NE L THWSNOHIOELINDS (1) D
S, BICE () 0shE S EE L TE:
INERE A OBRERRL, BaliSx VEIRL
Fos, DEDABRSEATE R [ FH 0 osh
T oho (i) OSNHPEEL, Lird () b
Fbhsdo. ¥k Ny it PN PN, i
VWA BB THRRTE 2, T8 (i) ©
SNVEFEA EIHE L, PN, PsNs 2RI /n 5

O :G) & () oI T525, N & Na ik
B, VB : £0OSNOHEER, e P & N
DENSIHLEET 5, () © 5 b
%

2. 25 LIcHlia DR KRB BT O
HREHOEEEH DX L3 LEbI DD
T, BHEME & £ o HEARK & oBfRR T
. BREASTHVSIBRLSVWEITE, BR
T vk (L LI B R b <, £ OB 4ER
X Thd AR B DB (20 ¢fs) AR
ﬁ%%m% b DFEBF THEAMRBAIRE) T & -

—HEFERFS T S idR b A L KTEE R
%Mx‘iﬂc-&bfcﬁl“ﬂi, I V33 1 /s ORI
Q7 0, EICHEBIR D BEER O A WA RERE)
=L L, {HEU”:LN:IR#){E‘\/‘ %@"P”ﬂ D H DT
VX, Hax OBTRSLELESERA DI,

Ut

SUEEN (FIR)
(EAKEE 1

8. BIBMEmIRDE

B R . RATE - AFER
)

AR H T MR, B TRY R VR
PR TIBCEEL, BEMEE OMCERE Y
FTARESTWVWDS., ZhbOfEHEE cholinergic
T, HWECRuES B AW N5 acetylcholine (ACh)
PEIENI 8% adrenergic DBEH & L E® ¥
OFWIHES. LrL, T O X 5 CHEMRS
cholinergic TH 5 Z & 75, HA P LHLNLTWD
whpirbbT, ACh X0 X5 il g
HLEVOGIETIEETIE, KRELTTHY
TH5.

—7, PNIBRMRRIRC X - CBE KA/ T v D5
WHBEM L0, FRRNEERTINT X - <%
BEFUWD VMR T 570 E OFEBIH 5 T
bbb Y, HEMESDOMERL Y
DT & B 75 » T action potential »34:3°%
PESPEOWCIE, SEBRBFRETH 5. De
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Robertis &3 NIEMRCERFIRES 25 L&,
I RIC 4 F 5 synaptic vesicles W FH DD
L k%, BTHEMBNCHLI T L H, T
NEBE OSSR L EREBEROD S L
ERTHDOTHS.
bhvbiiis v 7 & — LR T BBk v
Yy FREAL, REEROBIE~OSE»bE
| RMWERTRELE. T, 20X 3 REkT
VE, LR OBE AL E VDS, PR D OR
B A VIR » TS CnE—D20
YL B DDTHH S, EHE, MIERCX
D, BIBEED D DN WEMET DI
L7, MBI WAWADRTSHY, Th
BEDFESPHDODOHOREXEETHY, &
BORFPBETHS. LrLEdsd, Zhbd
Hfive, Sk, BELDOR/LE VIBERS X
T DMRTIGER ORI, FNEFHIES
25HDTHSS.

9. BASSESICE LIETRIEER O
&

=)

I (REASKES 2 228

i Griffith v, 7K« BiEE & 7 Fyic
W B H =L DR FABOISERELER]
(NaCN, NaN, DNP) i & v #iflSh 5 2 & 28
B/, KHSZARICCERESESLTwErDd
LhswEEiRLTws., FEHIXT v PERWT
Griffith OFEEZEH Lz, WllEe L T 01M
i, 05M jEgER v, Griffith & [EIC, &
nBEkEERC 2 Fh 0.1 mM~ 5 mM @ NaNj,
NaCN & Xt DNP %iE& L7cSa&osRMR
ISEDELE TR .

NaN;, NaCN TR REECHERL,
DNP <3 0.1mM X U £ X CEEREICH 5
SERIz b, L L pH OBEERL D
z, DNP % NaOH <Hfi+%&, DNP &k
BRSO o7, ERBE LT,
HCI % X ot NaOH % T, WHlE#Ro pH %
LR ik X ORI R T B SRS
OB LS E, pH4 LFCRIGEORE S
BERA LTz, Lokt - ¢ DNP oilifzhRik
PHOB X 525 2 b 5. #gic NaCN,
NaN; ¥ Xt DNP ZoRSFEERIEE &
OSSR EEL S LES RV &

& W

BEEHENG, ¥ pH AR L EECIEEL
RVNOT, BEESRREZARISTEES L Tsh
3, BRCEELRIETEELLOND. LL
DEDEEBICVWEETOWL DPOFELT L
% LRHISZARISCERPRG LT 5 L%
2 bRV OT, Bb L pHIBABRERZRROW
WA R MR R B XIE L, TNPREAS
LA E ORISR LD EFEALNS.

10, 33 XHEEHTRBINDIHTLLRAE
B :

PRz - BE & ks 14m)

RO 3 3 AREESTIEBMUMIHIESL (mini-

ature inhibitory junction potential) DFEAEIZ L
5/ NI E A, (miniature excitatory junction
potential) DFEARXTTH 5. #IE DI picro-
toxine € & Dil%k L, MEPCRE X lEliz
BT B & —50~—60 mV OEIFET = Otk
PR 5. B % OVRE AL —50~—60 mV
DVNITHB.
RN Z 7ovx field Bl & D InHIERL (in-
hibitory—junction—potential) 1% % H5A, WEE
£z (excitatory—junction-potential) $58E¥%. 7T
20T H M OINEITE AL & R picrotoxine 12 X
v, $HEE dfc 1wk v, FNRENOREASEIE
ThBHDOT, ChHEMT XY mE BRI
HIES5H.
TR epp WO FEEZRT DL, B
i Mgt 7213 Catt KRPCRONS epp
b ORH Y, FOAE SEH mV~10mV
T, BB X - Tl spike ZFERT LD
Ld5, COEEERLT prostigmine THIALEE

5. EAEPGEEC X b AaEE B

5 EBEUTOBEIC Y - T HEEEMITEIE
MEFERTS. COBEBMOTHELL 0 ~10
mV Zdh 5.

T X THA U HIEIEAL B R MR EIE
RrOEEZEL, MIANBEC X > THET BTG
WEREIET S, TabbIHEMC X 5#E%
Hi 3 X O% conductance DESIMVEEA & 2> ICTEBIEAL
OFERMIE T 5. & ONHIBAOFEER
50~60mV D v-Lic ® 0, MIRIEALOL
hERL—ET5. .
. &7 d—tct-glutamate solution (Cl=5.6 mM)
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13 ipsp OEMEEFEACHEREIES. MANESE
XV LEVWUTORAEEZ 525 & T O ipsp
GIEBNEN R RET S, —, SRKERNCS X
7z GABA kb GABA ERIMBFELEL, ZO
GABA Efr @ FEEEA I ELLOFEHEAL O
VUL L CHIECH 5 .

DLEosERiERE LD, IHEMS XCBREER
W EN N K> 5@ y-aminobutyric acid
B X acetylcholine Wi X WFELTW5
EEZBNG.

1. HH5 5 LIBFHERIC &S 2 o ACh-
ZRB/O B

ABHFE (EAAETD) - &% 3 (BFEAL
m

B &b LG 7 2 F —/L = ) v (ACh)
LRMFCE N B DO~F Y AY =7 ARERAI Y
4, D-cell T3 ACh v A v ApisE, H-
cell TIIHEEHMAR BN 5, D-H-—cell tkiF 5
ACh ® D-3 X0 H-ZAHRTH T hIhilE %
TV BERAE L MR EST 5 & L BRvLh
2. =¥ Y virE5i X - T ACh itk Bfia v
7 2 vADRIAR D-cell TIE5~12f% & 7t %
A, H-cell TI1x2~3MMERKELEEDL T &2
5, D-% X0 H-#AHMOLTh ThoWmEBES
EEZBI VL, FREMAEABICKHTS ChE o
DS, HTW 2, 3%, DTS Tths e
CEXDIDEEZD L EDBRETHS .

El T LA RS e VICE BT I 5K
FHOBMiEE NaBHy ik B /LR ¥V LHD
Sz X 5 ACh v AR Y ATKT 58> D
BHNF RIS IEABRD X 5 i ACh-ZEH[O
BEREZbND.

1. ACh v REvAD trigger F (73 /3%,
COO~ #4£ 1)

2. JE& BT 5 ion OHI%RELT

a. DT trigger 2 COO~ #

b, HTIX trigger R&E BT 7 3 /3%,
COO~ E£ 1 %F 15 lon-#ikiH

3. 73 /1A TEZAR-CHE Mo ACh
LT 5%

SR-THERSREMR < X Himiam Cl &z, £ ofth
Shig Cl Z2fhp B fon TEMELEBRS» S H-
cell wxiFs@mmy CI- Blicksziee

£ ) - 189

OYFHED don %R T I 7 ERERE Lo
Wbz enEZLND.

12, 3=+ o ORBEEIZNME FE 1)

wmE B BhT (EREAE24H)

2V =y VRARZENT, T a5, A,
ERALLCELAVONTVE., av=y 7ED
WERANT, RAKIEMPB—FEL, ¥17%, 2»
THERS L0%, K, BH»EFTH D, &
B R TV, RA(L2355~60%, EEHE2~4
%, A3 ~5%THbDEVbNS.

WYY, VAR Y =y JHERS 2T,
ARELREL, 0L bFBOMmTEHEL
7o, B, BEBEAGEMERIZI0ZD 2 v = v 757
BRIRALTHES Lic., #E5#20B8HEX D, W
Bl & R TERBEOR D E 2Tz, 20% % X U0850% O
BaT R OBEmAS b, BERERZTTD
E3E, RBERBMNEHIOGESE, v =y 7 DR
BHEHR DD EBRHEShe. &L, &
BREUMBESTs iy, Bikisc s
FxBNBDT, FUHIC5 BIRAMRIZ30 A
L, DBI0%IRALGEZ1EE L 7o 53, Bk
VI, o ED LR LNE» T,

a v =y 2 QT B XCMERTHED
M EFTR 572, 2 v = v ZHERERAKTIER
L, A&7 —~LTH~xVFVRIEBRS®, <V
%V@&—N—ﬁnka?7mlbfw:—1
<V FUTHETLEEM STz, =V F YREDF
WiRMEREL, ~——/ e b T 7L
T, =ve FU VBED 8 DD AKE Yy FERHL
7o, BRI R SORICEHE LT, mEDO—@E TR
ML HNTDT, WM D OMER T WE DO
Haikii., 71 b VERIEAZ  — L TOWLE
VRS T B & 5803, IAPICERS 7. 100°C
T 5 SEmE LT bIEERE DR, 2 BRERK
B & - ISR b, (EERCTES
o, BT LI FIREBEE SR o7, B A
vaslaftls (IR-410) Wi shiz. Bilk7 v e
=% (4OM) X VBT A WED S bici
TEW: T B ORHERD b,

13, WiEFEAICRT B EEVEOHERIE
20T .
C REBS - A1E B/ (RIRBAHE 2 4H)
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TR A ORISR LB W, ACh 0FI &
4 (mobilization), kXX, bihvbhst demo-
bilization £ IEATW5S % OHFRIED 2 >DRIE
@RS ACh &R S OMICEET S & v
b, 2D 5% mobilization process U
TH—REETHHZ BT TRAML TV 5
(Takeuchi 1958) ¢, %b%’bﬁb:}’bbi demobilization
process oW T W 2 Et 5z,

Mg PR EA T BRI T 52 Ltk D
WARBHL AR Sy, IR 20 5 LRI X D

T OREIBPST S, V=PrA (VIZERBLOKE

&, P X release factor, v I B ETFEHIZD D
HIRBEA DK %X, AL available ACh 0 E) &
WHBREZAVWD &, BT BEEEMOAE X
ZHETSHZ X 5T demobilization process
DORIGHREZHETHZ EPHEESL. 20 X 5
L THELNEIRELORAEE, Thbb
2 available ACh—stored ACh TEbIh Bz &
ot 57z,

Demobilization process o &7 available
ACh DBFIETHHIT 5 LFET h i, M
EEROBZ BNC X D, BSEE

dA/dt=—K {A—-A,)2
TEDLENS (4, WRIERECHKT % available
ACh oR, K, BEISER. X0t
Kpt=1/(A—~A4,)~1/(A,—4,)

(A, V& t=0 KT 5 available ACh &, ¢ X

R OBE) WRDX > ERTES.

KyAt =(Vo/ Vo VIV )(VIVo— IV uf Vo —1).

(Vo t=0 THFBRBELOKS S, 7, 13
IR 351 2 RIRBROK X X). HshC R
tRED, ERIVELNERIRBEMORE 2
AvTitie, coROBFTE ey bTBHEE
-1 5.

Z DT &% demobilization process HIR IS
THhDHZLERTHOTHS.

1. BEoOFEMROR DA V8L R

HE BB HE-ABET - AERT - F
RFA - HRBEE (JuNE AT

F X OBHROBLLEA Vo UL R DEIRIC W
T, FORRERLLS, Fie, EEHHED N
MR 5 DB S, AERRREES
FAEMREE & OBRIC >V TR,

& %

ERBWICIT, BRIk, & Ok SRR L
7z,

OB A IEE, /0%, WYEL, roR®Ey
BRLE. DEREPERL, DENRSEEE
L, X OXRMME, b EEHHT ORI 2
THHHUNOBE T L., 20k 5RiE
RO OBEMRBICEBE N TERLMEA VoL RE
kL7,

AR O 5 B OXET S DEKET, b3
B, &5 \CIEBINE AT v, BTk 5E
DA v 2D LR BIEE L.

BREZENTBHELUTOL>THS.

1. BB © nEfkiEic 5% NaCl, 02%
acetic acid, 2 % quinine T+ 5EHT, O
MR X VRIS 1 VoL RBIEINT S, T
DA, REEHETLTHrD, BLEA v-UL
ABEC B ECRER, B LTEREETS.

2. OBEHECBRET, BRWEIRES5 25
&, RO BRI ELEAS VoL ARSEET
HTERDD. TOA VR, (LFERBITR
FTHELMEA VoL AR LT, BRICREET
5.

3. FIESHSIE 2 BRI R B A, RIS
KD\ BEBIN T B 5 DIT, ML VoL AR

CORETILFEFELRVETNSS.

4) BRI X 5 THE U BB VoL
AUk, B LCARETS.

15, (KR O hiREEERATHEICET 2 EE

WAMERL (REAR KR E R 4EED)

IR ORBEEF & LT, HERSD
BEI b AA, HEREOHETD, BREME
DWEBREOREBTART2EE DO DO
RHAT, FREKICI T HEEMEERIAR
BT 5OBRHETH LR TR
LB VWERERELNTE . Thitddrbd
FTEHEMTE, FNEEGTBERERAMC D
HLHADT &, WHERTIHOEER ERFTHZ
LIRXS>THEBLEBSDIX LT, IERSE
ELBERNFEOLDODLTH S X > BEIRER
FBH, £5F5LhEESBIRTRELOM
BEELBINERLR s, Zoz tizow
TV, EXOH I EERENZE D SRS % LR
TR DLDOTRGHBE DA v 7L AR
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TESNTE D, BERFEEEOSR T X - TH
TS THHOH LT, BXOHREKED
DEFRITRLOHEEIPTRELTER D, HEX
FISHBHL ST, ORI ERE&k
D, CZEHIRE R X B RS SHE
0, L IFROBERMBFEEMRIEO LN
W UERBIC R E WE & S - T, FRSmRE
HODH 0L FRESEMEHIC L5023 E bic
HbhTlBLEz25E, —HOHEMNSL LS
wEbhs.

16. = 3z X§ERD anion FBiE

FIHES - FRtz - ARIER i 14£8)
o33 AR OIEEANI K —35mV T
5. FELMT Ko, (Na), I3kt (Ca)o it X
S T#LT 5, Lol anion % Cl X 0@k
D&V glutamate (Glu) TEHT 5 &, EEMIE
ZE U723, total conductance i 80% %Ik
FD . L TERTEOMD anions AREALE
IOEER O LTk JIETHRIT oW THE L
7. )

Cl~ % Br~, I, NO;~, C;H;SO;™, SO,*+, asparate
BELO Glu T L, BHEMOZE LR Bz, CI-
OHBETIEL Br X0 I7 TiE ST 525,
Z DL anion TREZELV. LaL Glu Tk
Uil , FOREFEERD v
B LETIREL LS. Ll B Tii—
P R L IERIREAL L D BB E i v
TR 5. Br Ol lok & X%,

log(Brlo i=x L CEMMRERT

FENEANETE B (Wheatstone bndge method) 1T &
D EAMMEERER AT S &, CI7 % 1005 & L
T, Brm62.5%, I~ 58.8%, NO;~ 118%, C;H;SO5~
146% ¥ X % glutamate 180% TH 5. FizZ D
BER OB EBEEOT(LE LT 5 L, BR

BSOS g3 L OEREZR S8, EEE
B3R v O REHZHEASES. thbd
& anion OFEET ClllE XhiziEHiiiz GABA
(107%g/ml) X » THOZELT 5. Tiabb CI-
T GABA 05T 512m2 5 37.2MQ
CETT 5. —F4 NOs~, CHsS0;™ 3 Xt Glu
THALZENE GABA X -, E% Cl %
FTOEICIE WV VLT ETHADT 558, Br i
WEBD 51 M2 25 33ME2 K FX%, GABA

& i 191

Mz Cd 2N EIRFIIRA Ulnws.,

#52 D EoE» 5, CIm OTFHEMIZER
WTWE —55~—66 mV CTHEER L PRI ELS
DT CI" OHFMIFEITHRL, 14V
Donnan % b 77w, & ST/ MIGIER D
B R AED (Clo THIET S &, (Clo DRk
Ak Cl DA ZEBISTIENF 7. Fh
Cl” & Glu CEHT 5 LB OEILIT TN,
Glu+GABA ¥ Tii#5mV (n=51) @4+ 5
DT GABA 11 CI” 047:56F Glu 0B &HED
HormdstBbihs. 2T GABA 11 anion
OFEBILZIAL CIm I DREWA A v DS
FHMHEERET DO L E X BND.

17, {BERAE AL L Y M7= ectopic pacemaker
OFEE (55 14R)

Sik—m (JLKHS 2 Z:1)

IR EA LS Purkinje fiber ¢ aconitine-
induced fibrillation ##MIAPM/NEMEIC X 0B

L, ZORER, FEERDO—-60mV level fHif
T 105+:L7c¢/s DIRTEL, 5~10mV OFIFE
DR EMETEARL (oscillatory potential) #3FRTE L C
WAHZERALMZLE. T oscillatory poten-

tial OWEEEZMIT 570 —EOER BT,
SRS U7 B H A 4 v D BN I%ﬁwowf
LMV AR, (S, E’z% BT DR

ReRBEL . /C DR, DNP sodium azide,
monojodoacetate 7 & DfUHIHEHL, oscillatory
potential DIRIFZMHIT 5 & & L ITIRDIEE S,
LIS, REEIRIT OB & FR L IRTIE DR
P bizb L, IREFEZK TS Qi (20~30°C) jx
”"SJ 2THDT LI ERHI L. WICFRiEREI &

Z DIEFESL level & rh.y & L C hyperpolarizing
current, depolarizing current DEHA L% 2
hyperpolarizing current {3 IRIE % 4k X4 abort1ve
action potential #{£5 fibrillation #»H I X4
%. #7c aconitine LGB —iEEITIZIE —T0
mV level T spontaneous activity Djfskw H 5

, #®@ quiescent cell iZfEx DE XD depola
rizing current 2 LEEM 2 (LI E 5 &,
mV OEEAL level THTEZD oscillatory potent1a1
L FIEES R o oscillatory potential MDFe4E %
B%, R DIEERL level pBRESHBIE5 &
oscillatory potential DIRIZVIHEINT pacemaker
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type @ action potential DH % # % . Depolari-
zing current ZWICHII B B LT D action
potential VEIHIHI X o WITIX activity VITERT
5.

Doz &5z d oscillatory potential VX,
EEAric dependent TH 1, IREHEVILHFH DI
RS LTWH T AL, ST N ey
1%, Z o oscillatory potential vx 1 v, &3,
{EE, BEWCS L TARD pacemaker potential
LRICHERRUOTHHH, BEMHEECH
LT, RE, REVvShicks T dELERR
SV ETHT

18, 4 V7 IEFICHITIHABESHGBIERED -

<31

FEFEHEAE « THEFN - A 4 (Jukiisg
)

RELR LS ORI RIS T 5T LR
FUE TR 4« OB TR SR, BEREEND
TH AV TV ES (Onchidium verruculatum) O
BREEAREE O O < 0 O b UG
THZEWG T, T OREZEMRMI T3 E
EEDODD L HEIHDL O L OBENEENT
W5, B MR TR X 5 T
VoULRABELRKY, BREREEZLTVWAHET
VX, FOSEESEMT ARESRLND. — 5
HIMSLRF AT, SERIBOT X - CTIEREMT
BAEHBAET, BRMETEIEXNS . FC MR
HTE L ED2Z BT 5 T X 5T & DH#UNBEI:

ZRWT, BEZEMESE-RKODDTHDY

FHTRVWHERRBTHZEBTER. B—KD
SERECZ AN XX, £ OMIE BRSBTS
TH5LOTH Y, EROMIZ T EHECR
ST BT L, BkiEs S oEREZ
R E B DB T HRIGERTIDOTH 5.
F DR, BEEREZEMETR VT, B
TR & B IR OBk E 3 D DMREEI T4 &
—HPToRHET z EBTER, IEMRCE W
THED L 5 EBIRERE S TwEw.

19, #HIBEHEE & IRFESRE @ Nat kU Ca*
DENEDEL

EFHE— (AFRKREE 2 41)

1. PERETANEER & RRAELE o B2 AR IS DO

=

w3, Nat O ETMR AT ST B b &
W TEBRLI., OB, Catt oFjE LHEL
WEOA &V OEEORWVIHFT LI, 13 VD
B % 1Z, wash-out experiment, Na* D=Eii,
flame photometry 124K - 7=, FFEEMILETT—FRAR
HEEARRED, ERICELCE, WERTIVML
THW. HFEER L sk &3, Na2 O
WEBDB. ThUE, ﬁ%@%%%%ﬁ%w%m
L5HDTHY, 2O LEFHMBERIVWTE
BL7z.

2, Wi Ca** @ Ca*t @) & h§ 5 ER,
s cEL L, K ELKO Nat il & OF)
Ziorht HIEIER 3 Afa S c#F Ly, Ouabain

Vv, fEe LTRsREED Lt < v, i

AW D L, F OIEOMEZRD 5RER,
ouabain & KELKE THLPCE 572 Nat ©

B R B 2 BB, T 0 2o D&MRA < Mk

CHIER LW E & 2R+ %. 3mM cyanide
OfEfVE, Nat OB)E 1w v T iEMfaiicE L
<, Ca*™ oW TRFEEFRER OIS 2R
BHIEE C I WTERTHS.
3. Na o&HE, Nali OEROREZA~
THBHIET, i Catt OYERIEIEIICR WV CRUKE
2, RECBIRNCEET S 526D KT &
Li#i & ouabain-Ringer & TiX, Mfaificis v
EREAE L, Nat ol oEE I,
SHIAET X TR 2 TRV D, THITNEREE

C MORBOBREEZIMLTWS EES. Thi

RUT, Ca™* oB)&ix, BWHROKMORLKE
wzb.

20, FHOWTAICKTB A ¥ a Y v IEMPERF
OHhFIA=NT IVHHcDONT

stiFBAE (FAAEE 1427

A vy =Y VEMERCEIEHE /LY Oh
WIS R B EVWH T ERINETDEL O
REELMBNTE Y ETH, ZOHET ORI
BT RST 50K & 2 TH DPEMEKERTS
DET.
RERTREFRZE S OB I T LT
REA VY =2V 2~THfi/kg OFERTEV
BB AL E Y OSIIREEEBEL, ThilE
HRB LB TIRI R A v Y 2 ) VIR
BHIEIEBONT 2 —/LT7 I VI EDOLEE
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FlrovE L, RmZERBSER» ST50, »
Fa—7 3 VOERBIIERECL 5T, MEE
1 Somogyi DAL THEIEZITE -7,
FDFRER, BEA T VY =) VIRLEZE
TR AE LB HTF 2 —LT 3 vVOSIBHEINT
L TEOBREIEVD, $EOBEHOHITH
BZ LioA 2B VT HA vy = U RIS
CRIEL THF2—AT 3 Ol & 5
U, LRI NSRRI X BT e M vy 2 Y
VRIER D B F 2 — 7 3 VAT R U TR
S AWBEMERL TR D ET. Ld - TH
B U o b4 8 THELA T OFF R i (Rl b i FE LT
BIBBIE A /L v OGN E (5 ER AT
5L WS ERBELBND. TinbbBEEE THI
BB LEVOGHIREEL DN TV ET
TR R TOCHKR T T, FhEChDH 2K
ARS A vy = ) VRIS T 50 EH 2
Sh, LadzoFERIx Cantu LPHELTE
DETHHCOHA VY 2 ) VIEECEET 5
RIBBE AL £ v HIPIRBH S L5 RF &
RoHiReRmLTEET.

21, +ZiEB MM LU secretin B &5 B
CELIZTHE

RHRFE « hE— - BFER (FEALNE L4
)

N (dEN) RNES SIS B E ©
—Di, BlSW (BXOEED) 2k T 5
enterogastrone p53% 555, = — 4 A hLifFET 2>
BAGE e Jorpes & Mutt DT bivie
-G (DE) 3 XX Boots ¢ secretin
EEA 25 L T, BRSWEKY 2
L.

1. DE 0.1 mg/kg ZFARAICIZS Lichs, B
R TERE v,

2. Insulin 1.0 Bifii/kg #FHIRNCHKES T 2
L, BB BR LN 5 53, nsulin 5.
5414 DE % 0.1mg/kg #ARNICIZST 5
L, T OBWHWS, B - EHHER - iR X D
I, BECHfIENS. LrLEAZED DE %[
BRICHE TREELTh, BETEE TR,

3. Histamine 50 pg/kg ZERNICIRS LT
Blo eIt S 7cAic, histamine §85.5
otk DE 0.1mg/kg ZFIRNICERE LT,

=
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F o7 B Z 7o\, Insulin & histamine
LV, BHSWERBITERY, BEoTnsl

LETFRTS.

4, Insulin 1.0 Bifr/kg Z¥HIRMNICIZS L 54
iz secretin 1.0 ¥ifir/kg ZEIRANCESG § 5
L, Bswss, BEER, WEREREEL,
gl X5, Secretin & 3.0 Bifit/kg \iBET 5
L, AONHOBRERAE LD,

5. Insulin 1.0 Bifiz/kg #RIRNIES-30% § i
secretin 3.0 Bifr/kg ZFIRAICIR 5 L T D,
insulin WX - CHEE N 5 BHMBICETELZR
EX RV,

22, BIREGIEHMEA Na, K 1 4 v oBEicEk L
4 aspartate 1 # > DOPFR

EEE— - REHETF - IMET REACAE 2
A TH)

B T LEE TR A B IR C24RSMIIE T Ringer &+
CHET S &, RN Na o F VIREDHER
U, KA VIRESRDT D, AERTE, ER
Ringer ##i%7-1% Ringer #irf K, Mg, Ca, Na
wrnFh K, Mg, Ca, Na @ L-7 235 ¥ VER
BB L iy = AR TR IR D L WRH
B (20°C) TRARGHINE L, 24RHE DORHHERN
Na, KA A vEFERBTHLICXY, MIENE
WL RE k3 5 aspartate 1 A v DRIR %
A5 ElHTc.

Ringer yirh o KCl, MgCl, #2%iko K-aspar-
tate, Mg-aspartate &L 723 icili~<724%
HCRIRET 5 &, X Ringer #HCINE L
FEAWHL, Na, KA # VIREOZE(LA/NS
v, NaCl # 5mM 721 Na-aspartate TEH
F5E Na AFvigEE{E»MEw. KC D
I % K-aspartate TEML 72HA1F, HEER
Ringer i CikE LicHa Lz Bk p - 7.
MgCl; #7:1% CaCl, %% Mg-aspartate, Ca—
aspartate CEH#T 5 &, i Na A A vHiK,
KA & v ORsBH L.

KCl, MgCl, % K-, Mg-aspartate TEL 72
Wiz 20°C CRARERIRE L iR o # L BAVE
% 100mV TH%, —F, IEH Ringer iic
[ U BRI AE U7 ApiatE Tl 96~97 mV T, &
EBEREVEME T L. UL, 2°C T2URRMIK
B Ui c i LB 205 0 o 72,
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5 mM-KCl Ringer 3%/ C iy S 8 7o il
%, bmM K—aspartate,. 2mM Mg-aspartate ‘T
BEHRUIRTZ LTS, BIEEMAOKRE SITRE
79230

23, 5 bOHARBICELIFTREEOHED
FEHERES

R B (REACKEERAEL)

HARA OEBGHBELRE L BERVWENEE R
THERERECEWUALBDONTHRLLZAT
5. L UEETEBERERASOEMET D
MRAEFEORTHBATE LK - THFEEH
BT TRTWD . MEEREEFORERD
R Z oBIRIFICE L ZME L, BIEREE S
TS HEEOEEGIRAS L, CHhIIFEERRD
BERZX - THREShTYS. ZhboFEERLST
BILC, EBUHOEMETS L BRFEEROLR
LOBERRIT BRI T v + REEE, @5
H, BEEHORBIAHTHEL T, TOBOR
FIR R S ONT T 3 X OV P O R R IR, & 4R T
WhicVEEL, BIERRICEOZFRKTL
L TATHD,

AR ARG X D BHR B OB ETTIE
BEHEETVWLBBELL LEL, SEHETY
FROBERBEDLNEY, BEEATHE—ED

BERWER S 7k v, BERCREBERCEATS

25, EVEE, EIRIFE T —E DM R X i
V. ESCERT AR AM & R R O
ERET2RT 8L, FLFUAMACERHER
LTCWB—FEBRELTVDEZETHS.
£ BEMGORHRFRB RS CITFE X
U AOHBITRZE L E L T T 5 &, &l
BB b CEEBEEEARKFCR T EDS 23
BETLTCWER, BEEETCHE LRGARTRE
LW LEEs EROEEBRA LD B, ThbD
TEM BRI RO ERED S HBBHETH - 7.
Db DRI A OSE & SOEE RTT B A
BHDHR, ThIBOBKRC X 5 REER 0%
CEBT5 300k 5B bbb,

24, MiSHHEmOrER (55 XIII g)
THEHRE (FREAE 1 4:38)

PR i 5 X B R IEREIR DR B %
1 2B WTEIE L2, i Goldstein 43,

¥ o2

Molidb e, Hih#ic Freund o adjuvant %
WL, ELEy MTESLTC, ﬁ’ﬁﬂ&ﬁﬁﬁﬁﬁﬁ#ﬁ
BHIEBELTVS.
AD@aﬁwmtﬁmkléﬁﬁwﬁﬁw%z
R L7, )

XL ULTAEHESHUND DDFR<Y ZOFET
2, 1 2OlEs I OB (pH 7.0, BiEkiE
& Ringer) ZFh i, 0.01-0.02ml 458 1

SRS, WBEUTEAES I, adjuvant

B 50 L 0EHVE.

4 2EWCE, 2HEMEOEH LD, &

FHERADICBEE, BEAAL, MBRE DR E
FREERD, BNEEROREBIFEHTERL,
BERIT SRR s 7o, =7 ADEA,
adjuvant MRS L - T b, HEOBE, %
BWRITIE LA ER LN, FTED MR
B e X 0 K5 5 . %7z thymus graft,
muscle graft, thymectomy & [F U <, #EIERE
{REH 5T, EPCEFHOIHBRA SN DRE
ThH-Tz.

RS EREOE THAE RERIA LN VW,
MR EE RS © £ v T, fHdE

#, adjuvant FRIEE, W ARBBI D ASBE

EBEBALN, Y adjuvant 3 adjuvant
HMEIOKRThote, EHY vAAHEEDMIRE
[FIEE DI 2R Ui ns, Bt ik 58
KX D ERINTH -7, CHIERALT Y V35
BT L OREICEDH B EEZRLTWH.
IR A MRS L Cd, KERFERIRED S
g, adjuvont 54T X b BARRkuanfEm H>
Lo, HFHmHH adjuvant BRI LAY Vo3
OB, FEELROBEIERM RS DR,

25, DI NERETOS + FREHEIC DT

AKRH— % BT - BHED (BEBKE2
A:3H)

7 =B CIE AR, ATARAIR C IR BRI
£T5. TORENERRZMD R, RAAT=/1
DFHHEETEREZ 3 bW TERETR VKDL S
AN i e e

1. BARRRC X 2 BREAI R STRI <
BARFI fibre &4 < &R0 b FRERET
maximum {ET 5. RIS LRI X %

BIRERAIEFEA T/ v & maximum bébfg
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V. ZOZLRWEOHEFOEEZL D L TV
5.

2. WHARTRARGT X 2 SRE A i HREAT
HBPEETH DO L, BRI X 5%
LR FHER P EETH 5.

3. [FBURT, BRI T X 5 BIREAIRA
M, BAETRNC X - CTRAT B, THUIERE
HiZBATE AN = RADHFHLEZTRLT WS,

4. H— segment TOHBMTREFMOLTD
D ERTA ARG T L2 LHLTY
5.

U E DGR B 7 =V TRIAWES 28 H
LTy 7 ARG BEGRL, Lad fibre T X
55k BLEZLND.

26, IIRIBIE M IC 45 & (EF  catechol-
amines Rop3)

BS #- FREz (LK 14

33 AYEEmD BEER 3 X ORI E IS
Y/ NDHITE AL (miniature inhibitory junction
potential, m. 1 j. p.) PERIND. ZOBEMITE
HIGCRBLND acetylcholine D& FHINH Iz X
% mep.p LENUOLOT, MREKE»SER
Tt & B1EEWE  y-amino-butylic acid
(GABA) WX - THETHIDOTHS.

Noradrenaline (Norad.) & adrenaline (Ad.) VX
T F AR O MR EA T B W CRENY S ER &2
Fb, Norad Iiiiiskumic, Ad FEMIRICL
NENERINTAERA LT, L iRmREEED
Wikz 7 5% . Zh b catecholamines DR %

I I AEEGHOMRBESHTH LN D mi ] p.
COWTHTHR-,

m. i j.p. OFEASEEEICAIE Lo F—imia
T Norad. (10%g/ml) X T 204/min 5
275/min iz, E7F|OAIET Ad. (107 g/ml) &
X 5T 304/min 25 391/min TN 525,
m. i j. p. OFEIRME EBOEHT T Norad. iT
X 5Tk 12mV »5 L1ImV 2EEA CEL
WO LT, Ad. Tk -TiE 1.2mV 55
18mV AT, 2@ Ad. T X 5FEIRMO
WA HEOZE (L X 50T, MEMEER X

> THIE L MIROBEHSTE Norad. (107° g/ml)

X ->TEELnvoicK L, Ad (1075g/ml) ©
XD 16tk d 5. —F, EEMIRLT

& 195

Norad. (105 g/ml) % 2.8 mV ?IFEEESRS
FHICTELVA, Ad 1x 108g/ml T 7.1mV,
105 g/ml T 14.8mV 72854+ 5.
Dbk 5 K1 3 AEEHOMR-FHESERIC
BWTdh Norad. 3L Ad 134D m.ijp. I
® U CHBER 21008, T ORI E T
B, WETMRERMCER L TmEmE Ol
ZRELT mijp. OREHEOLZIEMSE
50 RNLT, BERECEBECERALT mi
j.p. DR h R A X, FAHES NS
FHHDEERPbNS. ZOFKRIITEDEINE 5
Th7 FOHE LA Norad. & Ad. 23k
Wz L— 1R 2R Uit S & O ERAL
BERLZLEFRLTVS. )

21. BOA  HFIMICxTDT o MEEK= 2~
oy o

LA - BHEER (RBASKIE 2 430)

B EES B e RELEbNS, Ty b~
TSR LIS TBEE AV, FOR2/3 OFH DB
(10°C 7K) 3 L CIEARIMEEFB AT 5% == »
MSE R WA AR E & UCERL, £ 0
WE 27z, Bk X ORERR ST 51 v oL
AHBD 2 — EERIR O L X LT
WVWHDS, RGOSR h T E RFEERES
#%, R 52 p AT EDVLIZRS
LWV ETRREDEERIZL TS, NaCl
b A X IREE BT EMAE T OERICE b
HARELEHFL LT, T OERIERCIT B
% chemotopic organization ZRFRICIX 7 VWEE
RBRT 5D THB. [ UBBAE TR S
X OEEARI BRSO B E R RLAR L 2.
FoF ORGEDOAREEID 01M NaCl wxhd
LI IEEERER TS T AECEL, £h
#i 0.1M NaCl: 0.01 N HCI : 0.5M sucrose :
0.02M quinine : 10°C 7k=100:72:21:45: 79
Thoiz. ZNEOEEID, FHHRE ==
v MSZEOSEWER, T ThifEIhTwsd
DrEzLND., LHrLEBOMNER & » T
HCl W HBHIRE RIEER & T HEBR145H 4
Bl bh, Fo SR RiBcTd 555
BEMRTRITEI D I D RERISERRT
LVWOBERL bR, ZOEIFEMRIIE®D
Sy rERVCARBRRERCS - 7. BEERX



196 : ok

7B OB, Konig & Klippel D&
Y Erpul & D5 1.0~12 mm, §7HiC 3.6~
42mm, PIIEEFEH LY 09~23mm TF
ThoTe. Fio= v ANGEMBEARTIE Krieg
(1946) o frontal plane 54 WAEY L, ventrobasal
nucleus complex @ 5 PYANTIE VWER ST B AGTE
MNED B b, AERTIHS LS RPIRZE
Pfaffman 8 (1961) i€ & - CRosk SN EfAr &1
ERCEEZDBND.

28, HEREDOA Y E—L Y REIE

wHEE (LREFEE)

B O MR BE QBRI RRRS 7 7
=4 VEHCE L COSEERITHC L, T
F DRI O BHER AR OIREBELIT X 5
LS T ERHALRI LB, TORRPE—
BER DD D D», FLOBRERENIEE
PR B T2 D TWHEDA v E— XV AELE#H~
7.

1. Isometric twitch

A=k B = b ORETLH % R \WE#G I A8
(0 ~20ke) %#@E L Wien type @ bridge i€ X
DEETS. BEIBRCEREROSEORE S
BOFELEZE L ATBEMZHEA LR,

BRI 3Tk 10.5~13.8% (1ke) O 1 v
Y- KV ADRSBH B, TR E ©
 FRFLERIC X D,  OBAETIHEORE L XG L

CVWB T EBRDBENS. L L isometric DFE
ERSRET B RN D FOAMB LB EOERE L
TEZLND.

2. Isovolumetric twitch
BHREHRBIRY —EC LA vE— X VAL
1baFARD 7 DA O chamber 2{ED 1 LA
U< bridge X D#ElE LA, - OERIZHSE
W EE L. COFETRIED 12.7% (1ke) D
A VY~ XV ARDE B,

Dkl 2 oBEEXLHEIEDDTH DM
IO S 25 AT W5, £ L T isotonic
sucrose VEiT X HAIARIHE DI % e LARIE
F5L1OREGDA v E— & v AL 163~
22.9%, ¥ 2 TR 14T% LT 57z,

1ke CRBEC IR OZE( LT X 28NS
WEEZBNBEDT, HEREAOETEIIEE—
INHERRIC A A L OB ERER NG L LT

= ]

S ZATHD EHERMLIDTHSS.

29. &H® Trans-bladder potential

NFHER - SERE - BA—#& (LnXFE24
)

1. fEt U g figopElts, 7 280k
O, EMC Ringer iz A TEIREL,
ZhEE—#—Hod Ringer JITiRL, WHDOWK
DR EURERTENEZZEN TS &, RIE
{1H31075 0 LIOmV BERAITEEME T, M2~
5 R R E T, RUEZHEF 6L,
BRI - DB TH6»H 5.

2. KIBic Lo & &, % 72 3B Ringer
W 1mM 0%/ =2 — FEEgEmz 5 &, &
RrERBALIBA LT D, KIRD & SR

| WTH B, BREOHAEARTETD 7.

3. # 7 AENO Ringer HOBEIHT 5T
Lk, EAOMBEREXIBE, KIEO~
15 mm OFIFENT SmV BEOEME DL
=iz, :

4, Mo Ringer #%, Na ZEHELN
Ringer # (NaCl % choline chlorde "CiE#i, £
E) T 5L, BAETARTEST R, KE
WBAEPOELTHS. KEAC OV T KRR
Ve 5 &, BRATBDT 585, T ORDERL
gL, WA B XCREORMBEE DB L V.

5, SEREAlO Ringer #2 B K* A A v &FR<
L, BRERGACHES LT LRMEGICRITRA LS
FERb., LOLE, WEE B L ©HELRTSH
5. COBRRIEHESDD.

6. HEJEHI > Ringer #ihiz, aldosteron % 1076
g/ml Nz % &, BAEEIEHIKD 5< b LY
LT, W 3 ~ 5 RSMIBEA LB RS 5.

7. SIEMoO Ringer e, 0.1U/ml ORT
FARBIERNLEVEIMZD &, BAETHIRIEA
ToHH, —EEBRMEEEND (DL EhESEL
75 ).

8. Inulin, mannital € X BB ZEDOHE SR
BL7H, —EOENBELNLA ST,

30. RFEEMAOEMEICONT

W = - $HEHN - BAEHE - IR
(BIRAE 1 4:38)

WESIRFMIE S L O O RRTH 5
tomes FffEAS, —TROREBHBOC L EER L
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wmL, BERE, B, {LENRESCX VEE
FRzTHEZEHN L. LrLoh bl X
ZHEFRFRGIIMELR IO LEFLONIERL,
SENIRERMGC X 5 RERFTERT DWW Ok
RERETS. ,

Thbb, FFFEMITI LV tomes FEHEIL,
EEIRE, BEZABLBFACMET BE %2 4
U, MREEHEIEFOEE (WER) ofvx
10°C ¢, #H#Ec & 5REIRFHL T 20C DT,
IEEFERR T 30°C DlbTh o7z, T OREER
WA PRI X - CRIRDRT, RERMC &
IR E = - A VRFEBRT, RFERRE
DRI R R DD VEHMER L. £2T
LDEZPRLPTT B, ~LF = —hREF]
R URBESRBEEZED, R oI Lzl
TR OBy MER R R I 2 CERETR
7T, MEEOHRE2EB . T O RS E
WICTEMR &, T OISR TISCEERE O OB ZE MR
BT T sHEERE Lic. ZOEMERT
BH, MERENKE RS E, WHEAEHMAINSE
SRORIEL IRy, BEEERCR T SEAT
MNUT, ZVIFEFDOEPE +mVicdhELK.
W oT, ZOWAEDOELBEIRZ A TR
BT B &0, ZOXSRELEETS
RFIT FL &3 5 ST i O B S8 B PR 0
LEPEZLND.

ZOME» S, AT Hliinsicd s
EDEMER G I, BERFERL, Lirb=
FANVFFEESR, RECR R S 2 7, R
WHENTHD, AMRKCHT HETFREDOFRER,
MEERRE I L K< —F T3z LRl ani.

31, b/ Y <ERETIRD Na, K&k&LU Cl 1
TV EHFB LR LEFTHRBREODR (E3HR)
FEERER CukE 14

L, 5% 1%, 05% urethan ; 2 %, 1 % ether;
2 %, 1 % chloroform ; 2 %, 1 % ethylalcohol %
&8+ % Ringer {RICZ LT 2HHB TR DM
5% 01N HNO, CI2REAEL, 25D
HIRI2WT Na 3 LUK A F ViRE 2 SO08E
BT, iz Cl 4 4 vigE% Cotlove i THIZEL
7o, X DORERCXBE, Na 14 VigE (mM/kg
muscle weight) [ I&RBREEEE DIG-E X BT D A3
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KEL, KA FVIRERTNORBEDHEITD
KPNERPHR L ETTETHS. LrL, ClA
# VIREEREEEO-A % W U TR O 5 53
KEW,

LLED#HRZ RFMEEOEE LB L TH5
L, Na s X O K 14 vigETsd 5308134
{FCTH2B2, Cl 14 VIRET 3 JIETHR
VETRRBECRE VW T XTTHDH. Thboig
R OER 258+ 5 LicBlkd 5H»
BaEE .,

32, BNy MUBDSEE « SRIEAR L EEDR
FELTENOORRICLDEICDT

KB B -RH B (UAE 2 43)

LFUHE DR & LIRS R & DB, X5
KZNLDOHEFREESLTHMOLERITE DS
LI RED T b2 Mb o LR HWE LT, EAE
v PO CATBE I & HRBE C X RN D
ZLCB§ 2R BT VW TORER 25 2.

a. RHHEBE T H BV S LGRS O
[R5 & o P P B AR AR A SR 2 5 5
% noradrenaline, acetylcholine OEFRIC X% 3 D
T, TOREVLBELI, WEERET X v ZEL
T5. Tinbb, TOMINIEEEERE TR
THECHR L, LrLEBBEHEORD T—#
1 DIEHG581F  post-stimulation potentiation &
THENSBIRITHIY U 0 electro-release & V%
BIRDNE V., B inb—dOHER» D E/LE v
MLEFGICEE TS B3 ClokE MRS o7
WZ ok, YEWMITELE, LCEBEYEbTRAR
MR I DBRINT D 5 T L0 HEIh,

b, —%, BUEHEL OHEEC X VIHET 528
Z DFFEERIIIMBE O FE T AR, LERHTIX
Bt B, MR ORTEREZ REL I8
HE/NE v LT DB & MO BUER
[ BHBEMRERT T EHIBAL 72, T DIRHENE:
HA RSN X - T b SRTIENESR
HH L DRRERERIR &R ErP L, R
iz E-C coupling @R ki 54 4
v (8B Ca1Fv) OB CERTHHE
LEZ B,

33, EERICH T DER-BROEME/ 2 — >
OEALIZDT
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Fk—B  HEET  IUTRE WEkA®1
£E3)

EREECRIET T L2~/ (ALHE OF
Ee, WERKEE (CREEL) ©owT, &
BEYUBELBHTb, THRELE. Thbb, #
Higez 7 V v » —{f, ERG (IRskiEH) X
Y, EERPOBEZEEOKBER LKL, =5
IR, LHEOE(ERSHE L Lic, ERFSH
Ta —UREVE, du)REGEREE C L ORKiE
ZHEIEL.

1. RERFRCRALEGE

578 1080 ml 275 11ERC B 20K o T 5 IRFREIMEAR
BOBENL, BGERIICEST Y v 7 —EH10% 8L
LOERTZ2RT3035 0, RERESDHIFTE
HTETRMESERL . HEREMCOESEIE
b E, BESE-VIEHBIERL AL~
VIBISTRE e, ERIEKAH 7L 2 —/LRER 0.5
mg/l DLkZRL 7.

C DRBATFH AL ROREFEL Th »
7.

2, LPEERDTRKALES

EE 540 ml 2% SHERTHRA T, 9RIREL
TR, EEEE, ERTELRRIERTTRA
EREELTE D, BEHR7 /L2 —LidmETE
B st

3. PEEFFRICRARES

B 540 ml & 1 O¥E L [F UCREZI (F11F)
WK%, BFHOBELERE, EREELs5 L, 7
Vo b —~EROBETZRTHO d b, ERG
DB OISR DT X 5 HE S EL T &
BFRERL.

Bk SRR T b I BB X 5 TR
H ORI ET, HEBED D VIREREELT
2 — )L DB S T LT, TOREE
CRERT L2~ VRERT TR, 7Y v b —
{E, RERES), »5VIIHERRREIE & —v
EERELTHEENLHEMIBSLELBEbhS.

34, 5o FFEHBROMBREREEC DT
HEREEE (REACKSS 1 43
SHIRAA DIV IR R T 5 T & 43T
T, —~EOW, KESRLDHE, MREIELT
B, Uit o CHMIAEmIIE, IR Hi
AL OEEBSEET DX TTH B,

&

Z v MFCHSWITFIRE SRS &, BN
TEEHEDREB LD, %i%ﬁii‘gﬁlﬁ%ﬁﬁﬂélzzgﬂ#ﬁﬁ%
i d AT EBRZ 50245, IE
¥T ot OAFEERIIETEORFREREL
T, FRLEZDHFS5 Xt E, FEEHEMN
MRS AR T 5. HrRITEIR24R I EH O 2R
oy, EHEX D 8 ERMPIRLITLES & T35
L, PRI BRVPIBOGREHLLDDHIT
FTERDS S, W SHMEL VIR EET S
FoRpVERER & & b SR OEMNE 2, 168ME &
D PRI 2R T w7y, EFFIROSE
LEUWSEES & B o, U LREE
X O PIIRMIA 2T Ucki o8Bl ik S h %
#, A7k 3ml %713 PCMB 200 #g/100g
BN T 3 L 2RO E B AL, EEZ
v b DERFFE~OMIRE 2R, LRFHER
ouabain 1mg/100g, 0.05M EDTA 1 ml/100g,
desoxycholate 1 mg/100 g & 4 ¥ E LK, X
% thioacetamide 5 mg/100 g A 46 14KEH B W
U< ouabain, desoxycholate, heparin 100, 1000
unit/100g BEFNFNEE L & 5 w24iFH BT
ovabain [T A LIk D, BEFLEEAL
H L W RR28E ki A i,
Moz iy, WEEREOSRERT TSI
= & ikMAD ribosomal RNA &% (FIIRILE
D5, thioacetamide T X Dk 2 %) LHHATE
OFEBEDOZE(L (EREFREDERT) LRI
BEBHL LB EELLND. T2 DNAGHK
% OEIAIC ouabain X D SHBNEE, iR
EXN5 DT, SR DNA &K ZHEREDRE
WHEOE T2 LEREET 5 2 & BFELLh
5.

35. REEEFHOTRAESE LUREREDIC
x9S HIERIHRR

P B3 (REAKH 2 Z:3E) - IRAT—ER (RRAS -

K 2 448D
HERAOBEEHL, TORKEEL D, HiE

' BEIEBEZ AT, BERRHOBRIHED & B

BETOESESZ A F vy~ Uik, R
WESR L. EH R T, BER, HEMTHER
%, =MD spike potential &, T DHEITHEL
fatt @ slow potential HSERER 4L, Zh b OER
ZEhs, SB~IBOMRBTHRAELL, <V



b )

25 ORPEI . EREMWRFB (0.1 msec
@ ERH, 20/B~30/B) w x v, 1) slow
potential DMK & EENERIOIGHE, 2) KBAE
Bk L OUBERERMIR OERE & REAN LR X
o, EMMREC X D, 1) ZELRBNLEH
BLOBEEBOWH, 2) BALEH), BEED
OFHRANE, 3) BIRES)Z Db v spike po-
tential D& D burst kDI, BHE L. x4
AFTI VS X v, slow potential DHék
L, EBERER DTN S D, KBEEIR
DIEER S LD DI HTc. 7 br Evik5ic
X0, slow potential D%k & FIRGCIETHET D
2SR S /e 3, spike potential VX, #HAIE
LAHB LA, 7 e P&y vigb5Rz, i
B EA S5 &, slow potential I3k Lz
%3, spike poteotial \IHBI L7z, 7 KU vi%
LR XY, ARl Aok REe 2 7.
Blkoz & kv, spike potential vk, BIEHEW
EEETLHREOEME L ELbhD. Ei
RIATEAAE, MR D X b THEVWRERET
Ve, BIRINER OB SIH X, R
ELWEIENSER S 2BV EHRIND.

36, 25 ML b I BATEIREI OB R T 58S
ICdLIFTEE

HEZE (REAKAH I EER)

S EBE X B IRDEEY, Rt 2 bhis
RHTHRT 5D TH BT LI TH B,
EERO V— 7 —BEOFRIT, BTk 58
B, B ERmOBIIC L > TR SEvwDT
HoT, 2EEERTI L LGAICORTIT
5. TOT L HLYRFFERBTC R OBES.
PRI h 5. & 2 TEERERBREL AV
T, LB S O CRFTEIRE) (IREH%60c/s -
R 0.5~0.7 mm « I 4.2~55G) 23 43 KT
BRI > T PR RO B RS E
XETEE R O>WTHRY sk 7.

B~ OIRBYE I3 4R proprioceptive 753Kl
HESOWMBSEERESNDZ End, FESE
T DRBIRE T 5 PBFRAOER 2R LA
5L, £5Md 5 VIIREMEEARIZ, O
OIEB AT L DEBZFER L2 572, 4ERO
EHARIC X - Th, FRRLBZRDL -
7.

N
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BRTH SRR OEENT, B RSHARD
Hawit LEME» S, RIEESAFORE
13 25EME S B, IRBAR A IC A R IR
FLORRBEITRL, FERET X - THIBRT Ok
BB 5. thhersiiMansERREES
b5, FBRERIE - T Wi WREBIZE WL
T, BIRREREHEMOGESHBEL TSR, §i
bbb, 2HRBIATRL L BIEREAT R
HiBF 2 KE% phasic response &%2 5% 7 &
i, o0 5 R oREHEEE T X 0 iEke b
hkﬂi&ﬁﬂ?}?ﬁﬂ#@?ﬂhﬁ tonic response & # x B
5. :
P EomRBOMEATICT X 5T, BIESEHE
%5 tonic IWERCIRIEIC D L VW5 LIXEET
NEZLETHY, ThIRBERSOEECTRINLT
BLARMERICH T NS WROED, Tibs
FIRIRBERE DT « JRAD 17-OHCS & F - 2
HHABETHEA RS L, AI—FRE2RLTES 3
DTH5.

3. ENEy b EEGECEERHOBERES

BE & A =-FEl B Cuks L4

E/LEy MEFECSWTFZIEE» SEBCE
LETOREEN B X BRI OIEERE 50~60
mV OFiHIcH D, RS, BRIk X
SHEOZIED bR TV, UL LEEEE
REEVIERRIIC X » TR B,

ABE O+ BB OB A L Tl b 2 D8k
DAL (FH50 mV), FEEHEA (F# 58 mV)
BRI ERG O E O EBEDX 2D
e, UL 2 RO NEE RS- —feEi o
#i & +ZHEIGC 2 mm ORIFETRAL THENE
DOFARRE I Ucss, FEIMSrOE =L
2L, WEDOMCEEERILONL Tz,
JEEEDOEER. (46 mV) ks XOVEBEA (28 mV)
B EDLDTEL, HMETERERCH /2. Ll
PR ERREE CIXE B BRI CE A o e, B
EREEEI T BB TIE 41em/sec, fEEH RO
TV 3.8cm/sec “T& 1 chronaxie % 8.5 msec
& 82msec CHEDHICEEDEIIRD S hix
I fel

ETNE y FEFEHOEBAZEME, K8
B, MBE R X CHPECHElE Lz & 2 A 53 mV
20 6lmV QOFRCH Y, FEUMLOECEZRD



200 | Mo %

ZRER» LR, o7,

Spike HEIIEFOMFERE T 5 slow potential @
FrimEINS, XX slow potential 7%
A7 spike HED LA RMMCRET 2HED
&% . Overshoot potential 135 D EDETH» 5D
HETEHRFRIEHFHF TSRV, BREHOR
EIERERT 46cm/sec T/NBE K E R B o
7.

wmiasi Rl EIc X 5 C spike & slow potential
PEERT & 5. Slow potential VI HFERERDL
NI dErVREETRL, BECESHBIC X
o THAET 5 BB AR L Ot H 2
3.

E/LE v PEERBIEG > OEK S Tw
%. [EEAE 7T0mV (n=50) T overshoot D
»HIEBEAL (85~90mV) 2 F 4§ 5. Spike
duration VX 2~5msec THY, FiRHD ‘spike
L RS, X 5icl077 g/ml tetrodotoxine
TR ORERC I TEEER TR IRV,
BEEGOESEMORETTLTHH Sh,

BEmc b Al - BRTHORERERBTH B

Z L FE E T,

38, BiBREOMR & HSMIUEE & OBIR

MAREA - BREA (BREASE 14

LYY, WSS L L T, Ringer &
PERETIEEL, 7P YERNI2d02An
TWB. S, FHEROMKEZE 2 TERET
I o7z, J5F Ringer i 7 FofERIMZ C, ##
HL VWA, EFTACEdBorhictbN
“C70% D TQo: (28] DETZRA. L5
W, EEOCESIEELEEMY, EREOY
L% DI T R BT ETd - 7. HREHROYI
FrOia i C R O B A R b ERRIEE O I
BRED ST (12%) Fiz, BETEE LSS
L, EHETEREOEE SITRER S KER61%
562% OHIEITH »72. 2 ¥ 1T, Ringer Oftb
DCEEAERAVS L, EETEHLLEEEE
HUIR Cl2% DBFEIRBE ORER Bichd, HiEHE
DI T16% DA B S 1 72, Ringer D
b BEkERVWEEE DA CEEEDOS
AIERGIFT, 15%n H80% ORFRIHE DI
B H =55, BRESHR TS TYET3% b &78% D]
ThoT.

N

= W

Lirdic, 7Py EORbI S Y 2~ vE
STB AV, TEHYIR T, EE L HA1352%, &
{1 OEEVI45% DME % 55 B E Ik - 7.

LB, BRSHBOIR TR LR aitie2

%, EEEOREVIT2% OWE %7 Lz, Ringer
Db D REEKZHWEER, BEOSET
VE, EE LA ERTN Ty, EEEOS
VL6028 DI % B o ns, WO TR, &
EOBETIER TS LT1%, BIEETIH8THSOM
ik =Rl
DLRDEEEN D, Fla— XoiE (5w
VIERRIEIT X BAEE ) VIR U TR
DREERTTC EBHEIND.

I. $$BIKEE

1. FARAIBRAATRHK

INEVER (RBARKHES 1 4:3)

AR AT, FEdH DA DR WEIEIT
bl b SRR REOMESH I, LTIK—2
DD S X 5 CBbh b, AEELEMES
O%ALE LT, K¥ED X5 kBER, $HES
BoOmEREMEHN Sh, BLEAY, BEE5L
W5 Z L, AFEAROESDOIHEELVE
TV B E VD L.

TR IRE BN AR A ORI Vit D
W, E{LERI o DE XL RET VT, KD
IO BBERROSEERN L.

| . BB DR LR AT ER

%
L

AR
Sho: Bk (ERZE, UK, REOR, BEEDL,
BB TR T THES)
Rl AR [ AW sako) i) e
MW (BRE), Ifik——1EER
NEREE R LD o d—
FRSEEK » Ad - WEESR
FER 0 Al HIER
etk - HIRFR (FECR)
I. \BEHORK
[RBARVIE
IR TR
B AR
M. SLERBREE L OATIHD
BER




oW F

BIR ()
V. @fEokd e U
R
S DB
e i DA & H
AT KO R —— . L IE 5N, QI
DI

2. RO & R

HREBZ (LM AA:m)

REWMEE2TE L BET 3562 hictho
1 (Zh#% attendant LIEE) HFiET D&
WX - THRYT5E%E%%. HHE detector
MBI TEFER) SNSRI X 0E
FEOREMMBMEE S5 . BT 2RI L S cdhs
I X o TR ORI A3 HE & 7 B 23 BIG kAL
DIFFFZ IV TiE, S attendant & FEOVYS
Wieb O TSI &4, & (element) @
SAC RS WMoY 2EEL, TOHERE
LTI RCOBRRKIBE 2 BILS.

B DT TR VY 52 F 4 558
FImEL DXL AR Z v ie s, IR D ZE (trans-
formation) 120V Tia v oW B WEREINE & 25

IR & DOIIC A TIRETH D, & DL
TCIT b s & E 2B U7, il & fh
T X B HERER & DREFRIC 2 v T, S
detector DOIFTH D, detector |T& I3 W
1EOBREBENDP D, FIRTH 5 kR
OB Ty WHRE 2505, ZhicH
T 5MHE OGN O WTHE L 72, ik
L BRI AR E Ab 7 b DR E T
AR¥g— (heterogeneous) 7l TH itn & H
EHEOEREE LTI E h T Vv BEEEA
7z,

I DWW TR AT X DR EE L

U ClREERRE Lz, flxiE detector iTX

o0 201

BHU—F ISR OBEROBAT OV TE DIRIK
BHORBTESE LTORETEZELD. X
7z, ZICOWT b —2DEH DOERS T T DR/
PR kAT A AREA R 5L B LD
ERBRE UTSEEMORELZE X S5 2 L5
ks, MEBEORGEAIEMEOBEE TH 2
5. Tihbb, I—o0&MEIhE 5D TV D
WY O — 75 BIR & A O B E T E
BREETH S LEETS. LrL, ZOEHE
FEETHBEMIZEDD 5> 205 OWAT LD
b BB RIEEZETfE—2 Lirievy. Liedds
TEBORABESTEWTIIWEOEESIEA
HENDTOFHET L - TfTbhic v, &8
BB ERAT 2 7o DIV T R C 7 AR & 0
FHT X DM OEPLETH S, Fie, BEF
i IEE GUE) Nhdhd z &k
%

3, iR DAILDNBRIE

WIERTE (L FIEA « JLE 1 4E)

WIRAFEL S ZIWAWADZ EZBAER I
I b TR EBR. ZOESETH L
A, MELDOLDTEHEEE O LTHY,
MEV»SMEEITRSDTHS.

Lin U DR BB I RHRLET WS Z LT T
BEIEETHEEZ >, 1heEDT, Al
72 DIETEDLZ ENTEL W E VLN
DTH5H. 57D ETEE D ANHIE S
LW DTREWAEES DT, Zhitown
TR R OESE OB &L, LB
DM E BT S HHHREPEEZLTEH B
TWEER LB TH S,

. BBt
Nervous transmission

HEE Lk 2 &)
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N
RE

A =

POBEIBVT, & LD TAKBERH»TRD
N0k, EE4E (1754) H2ATHOZ L
T, ZOH, YHEHOMFETH Y EROMAL
3 - I RESNAETTR D L &b I RERC
BT, AFEBT, FREOHH2TE-T
V3. ZOERER, bBREOVHY AEES
OEFEFENPELFZIZ DO TH S (WH
HEEE RS, 17597).

FRD, b2 ERORE6E (1756),
EL R CREBROET, RoEEMmIER
(BRA) 1%, RAKMOBNE L - T, AN
fAFOR AR €, FAHRMmETE
SEEERE A L.

COBEEECE, BbREIRIT AHEHD
MEEBHE Ch - T, F24E (1765) £
FRLTTAS, (L AR A ETIC RIS U B
BRI SN Dn b 94, R %k 34 (1774)
TR BRI L B IR E O BESEBAISE &
DISEERITH D, TOWERX, I ETH
, Ik HAEZES FoEBINEE LY, B
CRAOERCEEDEL L L LI, BERALO
EHMEERET ARSI RERTH .
 EERMARIOBAME EicED B L L b,
MOZHD BIEET 5 b ORKEICB I AL,
FOR» L NFEEHFAENIHEL2394, Zh
CEBEBLIUEEDOANER LIcEEMAT, 5
1EIAZEE T, EBIC 269 /(DL IELILED
ZL, WEL LTRECERNETTH 7.
IDEBICLT, BEEbERAXBLY, &
TERESTHEELHEE, ETLCHEEL, B
SEEFIZE, ABEE0LEZZIENLTH -
v, Tok, BLOEfEEEDL >,
B OFIIC Lic it T, 200, ik
BEIANELD 5720, TATHOEME LT
100 RAEIE L.

BHBEROERS & & bic, HHBML, O
et OHBO—HE R o720, IEEREICBY

ARXRBREZFHEEFHER

Th, BHECEE T olc. ZOEEOR
T, REAVEIEM)IEAR, EFICOV T,
SR DEEFESD b, WFEEZE~OIHO 2
—If, FEMEEEELC, HTR3E (1970) #Hir
CEIROMICIRETT R R, HHEREDA T
Eenl, EFORHZEL T, MFCEED
HEFRBL, AEERHFFTSNIE 100 RAIKC
Fehie. EHEBE XA 4F (1871, HEHEES
HEORD, BErbA 7 v ¥ oFER C. G
van Mansvelt %L T, FRCHFBERE
AT, BEEEEIC LY, EEARSIE LT
E&P T, Mansvelt 1%, 7ERE34FE0fEiC 132
LOEFETPHE L. ORI, BE, BX
DEFREZIEE Lz, JLBLEZMS - REXE -
HHEROMEBBNEE LI D Td 5.
2, KEE CHMETFrHOBBRRED, BiA6
4 (1873) 6 HISHREAREREEATRICKL, XK
2tk L <, EROFMMN EDd ot
O _EHx, Mansvelt OBEAE (BBAKEES
W) L LTHATH 5.

BAYS 748 (1874) Mansvelt (355 b TREAR
R, 0%, Fhis & OHRERRIL
BESrwEESHh, TEBYIIHEY, EYEFERL
U LS, & bicdbMic® - T, dLiskt
A falt . :

Z o, @Y EERERRIC, —%, Baeos
Y, 2hh, VAVLADEEBERT—InF
Z EHHIR104E (1877) WHEEOMIZ X Y EFALE
YOUEROZ LD L X B BRICRL, BUE
(1878) I HELFAE-C, HIIR154F (1882) RIfEES:
BROTR 221 1o 2 b 7s ¥ — BATR294F (1896)
FISTHERESRK & Y, & b, WIRITE
(1904) FASZREAE FHEARE, KIE104 (1921)
IRSTREAR RS E YRR, KELE (1922) Bsz
REARER RS, W44 (1929) BEXLIBE S
i, BEFIl44E (1939) 5 HICXERREINBIESS
ISR MEE S 4, & O IICF4ELOR M BKEERS
WP OE S .

BAFN204E (1945) 7 A¥RSGC &Y, FERRERR



RE AR B2 AT

DERBENBER L, RBERERRERES XU
WIRRSHEL, RN oI IRE G
L, MBERO—E, GG R
CHL-ORFIEI2ZATH 7. FOH, HBE
B ILRET T 0 7 ATENT o IR S sl i (e
BT 2222mY, USRI h - i REESET
FEFTRIRI 2 oy CTIRG T d - 7o, BRI
DERSERAE D—F L LT, ERERASRES
ot SRR R 5, * OFE R
H{hE LT, REEEVERTA VI R 224
(1947) 111, ERRBHEIEE L Ty =
DHA~BIEL, ERHESFHEAE L FETHI2E
.

HEARIE B KA (A 2
9 (1946) Bl L ARARIE B A S BRHE (7
FERT L 75 0, WEFN224E (1947) pREIR AR 520
TBPHER S A, 2 o BFSE i (T A A A
RO TTHRPUEISE LW E N T, HEcE
5TV d RERICER S WAk s Rz
WFEPT AR s 2 B = L),

MEFn244E (1949) ER7ASEHRIc RS E,
HBINEA R BRI AT L, (RETIE SEF
EREA A BT RS TET & 7 0, IFRIAE
AERKFELE DO 2L L5 7. VT,
2548 (1950) (T REAR R Bl RS IR IR SAF P
MBI E N7,

AP EER I P R T B 7o s, WHFN28
G (1953) 55 2 T L < BERR S, AR
294 (1954) HHFE L. Lieh-T, 4F
TOAEBEREIE TIEE Y, ZhFho
BYUEOHESTIZL - T, BoTho, §1
AR EY IR RE &, 55 2 FEEE S B IR &
SEOBERY, HHEELEL, TORSI
Lichio TEBEN TSk, mBEEESE
BT O B ETGEERL, AR OE
REE L T 2 HBEIC > &, HEE s
HLTE.

FEFN304E (1955) FrifilfEAR KSR SRR S0
FERBERE S, FHFI354E (1960) IHHIREARE
BREVELRS .

BRI OFLOFTENT® - AT 21,
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B 7 > WEFISSE (1958) 70 B3F L < BEEIGE
B HENT IR, FHEE, ZOHEOERIC
e, WNI Y IERERLooH -7z B
FN354E (1960) APRAREE 1 EEMESs X OVES 2 3R
MR L, W37 (1962) REESEE
Frainig iR LT, BB X OREESE
Bt O =R D& S 7.

AAEESEEOHERIT B L T, TEfnlde
(1939) 4 A1 H, 20, 3BICHEFRI/NEE
wo L L, BIEAERES i, B
R 190 4, FEFE S Mo ENE, EE . (i
B L (2 F o oBINE Ete) 1958T
B oo WAFI254FE (1950) 10127 2 i &
W5, HERIUNEMREE - fE Lo b & s Bl
A7z, IRTN334E (1958) 10745 9 1M )54
T, TR B FE 5L « R S R
i, MEFn4L4R (1966) 10 A B517 [0 HE s & i
GRS o REEEHE o M HEIL TR L.
iz HNEFA3E (1968) 4 3 H, 4H, 5H
Wbk, HEIC20MRIE D 0 2 EEE o 2EkRE (5545
[ED) 7%, ZofEARoHIciftsns FE T H
0, WFEERRRE HERL « TR EE - FPEHERO
3 &R 900 ZAAMEE D 366 BHO % O & 2
BOERIE AERERDZ ZLIC -, T 5,
AR BB LR O

FEASKSEE SR ORI FISB @ ) Th
B, ARREIEREAE Y U 7o B4, AL
SEATOLO U, o Ty, BELL
Mansvelt HE LAM¥ELZHELLET T T 5
B 2O LICHT B EMAGERVE 8. B
WL Ty AR LI OERTE LT, B
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Sakuzi Kodama (1966) A method of perfusing an
isolated rabbit-heart, with simultaneous pressure—
recordings of the aorta, vena cava, pulmonary artery
and pulmonary vein. Tohoku J. exp. Med.,; 90, 97—
103

Sakuzi Kodama (1967) Some notes on the method
of perfusing an isolated rabbit-heart. Tohoku J. exp.
Med., 92, 243-246

Z ORI ORI HES A B F Tie 200 BRE B
ROPRCKRELRELRB LTSNS LT
5. ZHWIEEDV LT LOMRPRDLNID
ThH Y, FIIEEOHERTMEDOREBIEA 4T D
ZRBREES . HEMREETHROLEYELE
WTIEES L &HT 5.

Sono Mukasi, Oinuma So6roku Sensei wa Gakusei
no Watakusi ni “Gakumon wa Makoto wo aisuru
Kokoro kara umareru” to kaite kudasatta. Sosite
Sugimoto Ryditi Kun to Watasi wa Seirigaku ni
Nyumon sita. Oinuma Sensei wa Kodama Sakuzi
Sensei to onazi ni Romazironzya demo atta. Sono-
koto ni Omoi wo itasi, Kodama Sensei ni Sensei
no Ima made no Gokenkyu no Miti wo sinobite
tutanai Uta wo sasageru. “Magatama no hureai
hibiku Tamayura wo kikitutu ayumu Hitosuzi no

Miti” Wk, M=)
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