AA4:TE: - #5303 4 B - BMFM34E4 A 1 BHT (EA 1 H3EAT)
(f f 27 £ 5 B 6 B % 3 4 H§ £ % B ™

HA

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

30 % 4 % 1968

& =

ol @B b = LRI 350 B R R OIS & WG & DB 221
o9& R OMi-yE 2 ¥ 2. B HE: b b QRS T O NEIRTERE & DX 231
/oA Bk 2 RRMEEIROIKT, Hid Tk O REHAL OB T L

SRR, R R =R e ELAR R /L' v PR T s 1) B R DK

A A IS0, re = b L) | e [eheo i & O OO O R OCEUCCO s 245
B A ¥ A FRNEEIROKS, HisT BONCRA TS OMHMETowT 2

BRI SR 350 A MEROK S, HisrTs O EAH 7O ZE(T 21 T--270

b £
£ Shinji Itoh, Hachiro Shirato and Katsuhiko Doi : Relationship betwen cold pressorZresponse
and effect of NOYEPINEPRIINE -+« t-sserersesiminr ittt s 280
Masaya Funakoshi and Yojiro Kawamura : Summated cortical response to taste stimulation
S o e e e G R R e R 9892
S 2 GRS
O G I 2 = P L N R LR SO L 284

# K o F £ IR
Hﬁiﬂif*ﬁ'—"}f:ﬁjtiﬁiiﬁjﬁ‘.jf: IL:!’EJJV_F’: "AJ;T[['ET*G}‘F.I-QZSQ

" #
(R#E) & | — ¥ R BT RO E TS E U B IIE DN v s sree carisaetaronnasonssensinsoas canan 295
CEaifi) ke 22 S R
OTE ST — o A Al A R B £ T DU T e et 205
HETRAE SR T S W 7K 707 Ay veerencet it e s s e 296
NS ST e

i3 3 (] f#fvl"l'-
(U O MM""'
CEATEY SILEHER
T e o T T T T T T P PP L PR TP IR L L LE L LU E R LR SRR

AR & 2| ®
J5 PhysioI.Soc.JapanJ H ZI: EE E— ’_?—‘L’ %




5y + Donryu

¥ B
IEEAECN L TERSE LA,

(2JRE, RERY. HAEES.
(MERE# 4 B T&%E, Skin Grafto B8,

(. S, KE, NN O,
Im{BwbET,

Donryu Rats 24ED i L 22 BAR KN

Conventional Rats :EERF] 2 — 5 —

T¥. L BEROBRICLDLD,

BE-HrbimETyaLi8HwiL

E ‘

BHERE—(Donryu) (Wistar) {(Buffalow)

L
HXS v b (%)
HERMBIMARNG 08— 8
TEL (0488) 61—6 8 50




Wik224-
KIE 6 4E12))

KIETAES H

KA 8AR10
KIEL0E T
KIEL04E 7 H
KAEI24112 ]
KIEI3AES J
KIAFT54E

WE 2 4
WAFI T4 T A
WA 7 AE1LH

W24 1 A

WATIL44E 4
HEAFIL74E 1 H

9)]3H ﬁ;ﬂ

Bk % % B B

WP 120411
M AN234E12 ]
A F254%
WAFI2T4E 8 J
WA F11294F
WA FI344T

i EEND

SRS, MBI AT

AL

/!UJUIJV\]@f o) 1Y 2N
JT R A

")‘\'}"zﬁl",‘/\]n]ﬂ(r)f"b”ﬂ:}\m

T BRI 2 T %

Rk DS B 5

‘Jﬂ?“y‘)l

B2 [ b D2 2

[ B 2 1 Ry o

TR

FLAR Gk a i fhi L, T OH

AN

ahb

N LR

ARG G & LR

]
RS IE T S T RS
N BRI & R DT 1& ik

UNEIRIFES

R RCIEL S D
SEHE S BT R

SR

W 135410
364

RIS 1 J]

n’H FIS94R 12

WAF404: 8 J)

W F404E10
WA FALAELILH
WA FN414512 1

IR NS5 BB W 5E
SRR
f BErl 2
[IEARIRER }\“’ BEL UF"’“

AT

AU 1A E L TrhdE ARIL

CTRT BT

S 12D R e f
FESCSEZ P TN
W3 !Hl7 ITRMESRR (7«

i’)\

yryv) o

1)

] ‘J HLE
WEZ BkE o
gz onsd
M=2w 505

% HARBE A £
AS, BARTT

SVERIT A
\1: » %)\;%

XD S5



WE o ok F ok A& 2 R

MR AP RETTY DEEZE L S Thr 5T Tt 14
BFRCHK S, BEREAEEHR24E 9 A 3 BRERCER
h, RE6FL2ACIRFAAYESREEES N TEE
FHECAVEMEOWEICHEL, LEDOFHEEE
ROEHOREBREI DL, L L TKESHFIOFI
VERFHARIEREATC AT S, LERSBREDOE
BB AL ENR. £ UTKEIE T B Ay
BIRERAR TR X N CRER T TR L L SR
L BRI O T e TRARR B 53 BRE
DIFEMH I E T SO TH 57z,

EENMEREETII UD TR B\ LI DT E 72N
RITHEDEEERIC 2 2 THBIRSEC DWW T OMIEE
NIcEETH 7. TOFEODHHERENIZ OB
WEADESRE, FIEEE O D BN & = TS
PR VETHEIEI LB VLT ENTEDLRDD
DT, BB VEHIR E L > THEIZVWE DR > T
5. ZRMREDTDTHNTH 572,

e VIR S K IELIVED 7 A iRk 0 558
EX¥OMER XU EROEED DTN EEDL D
NWARIEI2ZELI2A A S Twb. £ UTHEER 1%
BIRlETIZE) OFF] (KIELME 6 ), HAEESANS
DAl (BRI 24F) in & AT BB ORROMERE R
i, LU TRERSHREERE 1515 15
BRFTOVT EVIREE OF bh (KIERET
A) Fio TEREY 7o b BIREHMTAAMEREE
8l LT 4&RELEL SN SN DA AIEIAFEI0H T
5. Thick o TRENEMEZWHOGHEICHEAL
TH S S BRI > W T D REE I bhvic
HDELTHMEDEH NSDTHS.

KBRS OREC O W TR, RS R S
N, BELEOQTHEKCD i, ESFHBIO W
CHERE & PpNIOEEEAE EHRATYS DI
WIBCAD X5 ETREILERLL) Lvwbhicl
L DEEERITEE 5 TV B DS, Seklat DY OB ROt
RENh, TERES) oEhie, HEBEEE R, Y
LIKBIDOWT), TE»E & OEIE-FOREERDS
HEiIeoWTy, TEBHISEIE O OARE L £ ORI
DWCORE), EHOKEE £ ORIE & hik-EiFT
BEOEY L FoREIOWTY, & E O 2EE X
NT, EXEFEIANEZIVES ABZEILE - TOH

RIS N hiE s vwe 5B LhEX el L
EDOLNTDTHS.

LEOBAFEDOFHFIIED TIAL, TOMLDEDT
B nns, ZOFTHEESHENRET D ORI
DOESGEEDTVS. bLAANRIZIE T bz b
B, FZE—BLTHRLTVWS 3D, HEOERAN
SBTHIT LT, BRMENERISE» DT T r—F 5
», ba—v=AAQRI» LMERZARLTED LW
SR O VBT TP &V D DOMBEAEDEM Tl
sl EBDbIE . XORDITIE VIR DHEEDIEL
FNRCFBREORMSLEE TR Y, IFC4EE
MWK L TE LN EBSpRbS. £ LTZD
ZERFVATEZ LD OB bH S LEOEFTIIR
BELETHPED s TWDTHS.

BT b E B DGR RT A BB T >
SRR HARSGEAIRERT & 7 o TR MBI L7z
OMRBPFI2ELATH 572, FI&HmETTEE LT
AT Pk M R H IR L & DB ER LD H
2L I RTERBEINT, —BHRCE % AN
Shbzricinh, wENEELE VDT OENTORTE
R T bNIchb T TH B0, BSTE 4 iR
IR EATT LE S KR A BN, JEoisE
BEBEEMNLIZORS X LWk S CRIFNS8E 7
A E X D icHBAD X STy ihckzid s idh
TeDTH Tz

e DFEART b7z I NS DV EE & YR
HOBINCETRL L LD, FEDINE>EST D
NEFERLA ST CHRIEERCER LTS, To&T
V2 RISk E A ok L LToEE RO
TEOLNDHZ &Y, DT EPEEDRIREAE
VCThD, FLhoTWEDTRENS D pEHEIN
B THEH, TOUREITH LT A DE DTk
LWL DA B b REORR L EBTH LT
19654F 8 J I A LRl D I X 0 B i
DEHFCET HEEY VR VY AR E O b BT
BN EE, BETSZTDbLWVWEDELTELDAA
DIEE L AR ETHSE. FEDEPR LT et
BINIHBBEEOSHOREREZELONDIEES
oL CEEBL. (KB IE)



CRZRAZBI: (1968) 30, 221-230)

(=)

HTLBHREGICHT 2 ERAEEOBNE L INE

EDME 6127416

B

% B

The relation between depolarization produced by electrical
current and contraction in the frog skeletal muscle fibres

Yukimaro Nakayama (Department of Physiology, School of. Medicine, Juntendo University,

Hongo, Tokyo)

1. The mechanical threshold potential (Vrn) was measured and the relation between
membrane potential and tension was determined by the application of electrical current in

the frog skeletal muscle fibres.

2. V1u was independent of the duration of current pulse applied.

3. At theresting potential of more than 60 mV V1, did not show much change, but at
less than 60 mV it was markedly decreased with decreasing resting potential.

4. Na* suppressed the decrease in V4, in the depolarized fibre.

5. Br~ or SO, ~, substituted for Cl-

, markedly increased the V.

6. Excess Ca'* depressed the decrease in Vrp, in the depolarized fibre, but Ca removal
markedly accelerated the increase in Vi in the non-depolarized fibre.
7. In the depolarized fibre the tension development for the wunit depolarization was

decreased.
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BLHY ARG ERBZ TIRMLELEE
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I, B EHOBMLECEDEVH
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(Zachar & Zacharova®?, 1966). L 2> UJEBALH
P U C IR AN & TV B BRI 1 S SRR
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e X 7z (Mashima & Nakayama?223), 1967).

1. % &

FEEREFENT B~ H = (Rana nigroma-
culata) ORETE 2 AT, £ TIGEMEMLZ
PET 20 HLeHeefoss, %
72 k4G 100ZR O #ME & & T/ NI 431, 15ml
D7y Y —VRARICOKFICEE Lic. flEds
T OB OREIE 3M KCl ik v L
72 2 RO PIHUINERE & B BT < O
KO ERYIC 100 o LUF ORIFECHIAT 5.
—J5 & FER AR, 7 e R AT S R A
Th 5. BT 10~15MQ 0L D& A
Lic. FREEBMICE Ag-AgCl Bz v, i
| BRI 20 msec b 200 msec o 2 FEAH (KR
4y 200 msec) DEEFWE BRI A Hviz. #
BB DM AMTIC 10kQ O FEEIEY 2 5]
AN THE L, HIEE F%ﬂﬁuﬂﬁTt
(Fig. 1).

IHERATEAL & EIE OB S RIC X - ka
BNDIHER B Z 5722 & & WIREARTEMESET
_Tﬁ%bfﬁﬂw,%®%®ﬁgu(u% 2
HHETRDLT) 2V ).

— AR S L BB ORE RO 2 HEIT

100MQ

Ampz
Fig. 1. Schematic diagram of simultaneous re-
cording system for membrane potential and tension.
Amp;, : amplifier for potential recordiong, Amp; :
amplifier for current recording, E : Ag-AgCl ele-
ctrode, S : pulse generator, T : mechano-electronic
transducer (RCA 5734), W : suction.

3, ORESER (K 2mm) 2BELT, HO
BRI & 4 mm OFLTHICEAICEP L

CER 05mm OfVE T ABEREE LTT A~

180° 5 24T v i, BHORMBIMIARF O E D
a7 FiestcEE L Fig. 1), B
RCA 5734 QAR v 27T 7 2E TR L
Te S EE O o . B & 4 mm DR
e 0 PR I AR P & RUA L AT BRI
BRETREE, 7O TS Wi REMIX
Z O F B - 2 mm QPR E R s R
Mo TOBERETIENRTES, LEP-T
F—EphL (B 5 4 mm OERAL) OFEEEAL
LIRS L BAREES WA C LT .

AEERIZ V72 Ringer {{‘ﬁi@,{ﬁﬁﬂiﬁ(@ P S
Y ¢ 5. NaCl 110 mM, KCI 2.5 mM CaCl2
1.8 mM, NaHCO,; 10 mM, amelysol 0.06%,
pH (% 7.2~74 THh - 7z.

FEENEAL # 5 { 7o wic ik Ringer @ Na
% choline TiB X% 7 choline-Ringer ¥%#%
v iz, SEO KIEE &84 72 0i2id 250 mM
Ka%&%ﬁg%xf%ﬂK%ﬁ&a@@&%
1By, ARBRIIX15~30530 280 A%
oz LERie. ClE 7z oA 42 ORE
%R B Hicit Ringer gH o Cl & Br %
721x SO, B iz, SO, W flinkgA 4
VTChBEDIRER 2/3 L TREEEEL
L7z, ALK Ca oFEELH D I 0 ITT
choline-Ringerjft > Ca JBEZH L7V RE
Lz ) Uiz, EBRETNTEER 17°~22C) T
ﬁjfi 7z

. #& ES

A. [NHEBEE AL

1. R & IR EAL -

##% choline-Ringer JRICEF T304 4IZH
TRNERIC L - THEHMEEZ 200 msec Dfisy
AR ER R R L, TORS BREITHET
L EMSE T CERE R IR/ NUE BRSNS
I 5ick 5. Watanabe30, (1958) (X E FEHIEIC
X B BRI T o B R LI
5 LBART B, EEHIRANBERRIRIC X 5
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OB EIZEDHLOTERL, ETH
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DR FREIR D BRERAYUTHE A E < D23
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ROFECIHE A L. — R
f& 20 msec D4F L &R 5z 7B A
WO X OIEO AN EE S L. £
Z T ORE 2 BEOERERIEIC
WCE/PNMUED R - T OB
b bIWHERMIEA 2 HE Lic. £ D
2t Fig. 2 [RER TV B K 5 I,
ASHE R BB AL v RS D R B AR 7
CHELD ol 772 LILHEBIEM % T
PARS & 5 OICLEREBRET D
LINKER (BR) VRO H 2
DEPITED -T2,

2. By X 2 WHEEAL O
Hodgkin & Horowicz!®, (1960) 1%
choline-Ringer ¥ ® KB % 2.5 mM
A 20 mM T L e FIEEAT 1T
K#fE OB (54 mV) F CHOME
L THR/ANDKIHEDIAE B LR Ty
5. L LAMHEOKEE % 2.5mM »»
5SRIRT 2Rz L 8 5 20mM
= CEE 220 T+ e, Nastuk &
Hodgkin?®, (1950) mfERIc—3k LT
FREAIZIME 0 KIBE Ot g L
THEA Lz, L LBEEMY 54 mV
KELTHKIEIRBZ b 5Tk,
IHERIEAL I >V T b —FEDOBIEA &
rEZLNS.
ZZTHE S HMEBRETICRT
% OULKERIENL % 3 Bl OFH#HEIC >
THIE Lz, # OfEREKEE 25mM
2B 3 IHERIELI: 52 mV, KIRE
5mM Tk 52mV, KEE 10mM ¢
1 488mV THoiz. T T (52—48)
mV=14mV HINKEREBEMN OB Lz

50 mV

]unﬂ

—

200msec

Fig. 2. Membrane potential and current at the me-
chanical threshold. Bottom curve represents current
applied. Resting potential, 79 mV. A : pulse duration,
20 msec ; threshold potential 54 mV ; threshold current,
0.72%x 1077 A. B : pulse duration, 200 msec ; threshold
potential 51 mV ; threshold current, 0.64 x 1077 A,

et

200 msec

Fig. 3. The decrease in mechanical threshold poten-
tial and threshold current strength with increasing
potassium concentration. Bottom curve represents current.
Potassium concentration and resting potential were 2.5
mM, 53mV in A, 5mM, 53mV in B, 10 mM, 51 mV
in C, 20mM, 46 mV in D. Sodium was replaced by
choline.

mV
30+
40
50 : : — min
0 15 30 45
Fig. 4. Decrease of mechanical threshold potential

(Vi) with time in choline-Ringer solution with 20 mM
K. Resting potential, 52 mV. The soaking time and Vrn
were 5min, 46 mV in A, 15min, 38 mV in B, 30 min,
34mV in C, 45 min, 24 mV in D, respectively.
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HTHS. SHICKMEEE 20mM (THiT LI
WEREEATIX 6mV FH LT 42mV 127 »7-.
Fig. 3 L EOERO LHIEF LI O T b

mV o
-20} ®
-30F . /'fg

‘ . % 3
40 Vin %
-
8
5 505 °
5
% -60t
o
£ -0t
D
=
_80_
_90 L
—ioo!l . . - . mM
00 25 5 10 20
log (K],
Fig. 5. Changes in the resting potential (Vx)

and mechanical threshold potential (V) plotted
against the potassium concentration on a loggrithmic
scale.

mv XI0A

oLl L ! . mM
25 5 10 20

log (K,

Fig. 6. Changes in threshold depolarization (V),
effective membrane resistance (R) and threshold
current (I) at the mechanical threshold with in-
creasing potassium concentration. V : résting poten-
tial (Vr) minus mechanical threshold potential (Vs);

. R : effective membrane resistance ; I : calculated
from V and R.

SR ErD

BT B BILHIEREE O 7 & IHE & OBk

3.
Wiz KEE 20mM @ choline-Ringer y&Hy
I8\ T IEBAL A K RIEAL O < & sy
ML TV BFHICoT, & DULHEREN O
OEFEE . ToOREREFig 4 1tREh
T3 & 5 K2 I > TULHERIEBALIX
EIEA L. 7217 L15~304y DINHERIEAT
@WQ@%@%%kw&f%%ﬁﬁf®5:&
Bhdd., £ LT 1RBRBICRIET eI
RS T 2SS b idREES &6
IF R TERLA B ST, ThRDBIWHEILE
BRERFELERE. LALIDL S BEEE
CKEE 25mM ¢ choline-Ringer #Fiz i %
154588 I I EEAIE 7T0mV iKEHE Lz, =
DHBETHRRIC L - TR BZ 2L 5k Y
IEMEA: 36mV Th o 7r. _
ULOBRIEESEBMEE X THr 5155~
305y O HHRE IR AL DL DD 75 BE A %
FHLC, FxoBEBMCHT 5 IEREML %
10~25ffic o Tk (Fig. 5 @ V). 20
FERKIRE 10mM PUF (EALK) 60 mV DLE)
DL X IVHEMBMIZE L A SR L, K
BEE 10mM PLE (BEEALK 60mV LLITF) |
5L EMBMIXE LB T2 bk
-7,
3. UUHERME & IUKERIE AL & DRILR
Jenerickl®), (1953) i%h =)L OB ®E T
v, SMROKIRE 218 U THRER & ok S
D LBEERSEDT B RT3, 22T
IHERITEAL DZEALSy (V) Fis b b =
ILTEAT — IUHRRIEAL) &, B OO
BEMRIC X o CULHERIER (D) 23k
Te. Phbo 3% & AMILEL (KIBE) 2> T
WELTHBLFig6%5%. VicowTizK
RE 10mM MR/ MERDHZZ Ehibhr 5
(Fig. 6, gh#RV). #%ILRE OB D ELHEFIE
RN ERBIC X - T 200 msec DB IBEDL &
BRicit L, % ORMKEEMES L LB
Er bRz, 20X LTHEENRZRIZ
DT, EORSREIC & - T—HiEd O
BE7- 8B LDHE»D bz (Fig 6, HIfER).
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B8z iz o TR KEE 10mM PITF iz
OERXIEE L EBL L VR ERU EOBER
BOTZELLHEALTYS. FIEEM 60mV
P (K LT 10mM BLTF) oLz shT
LA L C b BIRES M b RIRRIC B 3
B, MEMCEREREMR L v E v 2
5. LA LEIEENM? 60mV UTicise,
FEIRPLNBD T B2 b b b TR R 25
LABRT 37 0ICHBRLIERT 20 Td
5.
LA EDHEIED & INHEREAL S8 LL AL D iEd
TR o THDT 2 RIA & L THEET O
EEZDZEREETHB. THTRAELTE
MO E LTRGBS ARER 2 O Th
b, FILBAL OIS B OBELD
2, ZORIEME THOMS ¥ 51CET 2RI
Db 5\ R (B ErBT2LELD
DBREHETHS 5.

4. SR Na JREE & UHERIEAL

Shgic Na 2% 120 mM Z7EF 338410,
TRIE DRI ARA T K v 12 o HIEEHERL
DMBALICET 5 LIEEEM AT L, WA
FEAHIETLTLE Y. IWROMEBIIZR XA
VARVIZHRED TIEV & & AI2 5 572 d IEHE
L& EREICIETE v, L LAMED K BEE
2 10mM P kg s &, #ILBALIZIEEIEN
DHBALITIT 60~55mV TSI
O CRHRUTIFBIEA 2 34 L i 0 I 0 BRE
MERD B LNTEBLSICEB. Lihis
TEIEEN 60mV DL 258 ILEA & I
YWERREEAL L OH{%iT choline-Ringer #§H T x
DNBFER» GHEHET 2 LD L LT, EEMR
60 mV LLTiz 81 2 WHERENL & MK Ic Na 23
b DA LR CHEEIC OV THiBRMES106]-5 o
ERRE L.

T b Na BEFELEVRAERILE
fLAs 60mV PIFizik % & IUERENM S AR
B LT3R, SNk Na BREET 25881
BOREBLL vz b5 Fig. 7). =0
X S SMkPic Na OFET 52 Lic & Y i
REf DUERR BN O AT Iflan s, Tb

mv
_20-
Choline-Cl
—30} Ringer
V 4
Th /
-40 r -
,'."
o—""" NaCl-Ringer
_50_
_Golk N s . . t ;AmV
90 -80 70 -60 -50 40
VR

Fig. 7. Relations between resting potential (V)
and mechanical threshold potential (V1) in Ringer
solution and in choline-Ringer solution. Each point
represents a mean of 10~25 measurements.

mvV
20t

30}

407t Choline-Cl

V ”i”geruo ......
1 O
h 50 I~

BrRinger
60
SOasRinger
70t
so{ — e
90 80 70 60 50 40

Vk

Fig. 8. Relation between resting potential (Vg)
and mechanical threshold potential (Vrs) in bromide
or sulphate substitution. Br-Ringer, Cl~ was re-
placed by Br~ ; SO,~Ringer, Cl~ was replaced by
SO,

b Na i mo EMEHER 2B+ LY 3
EEZLNS.
5. A 4 VB
SN o Cl oA 4o icBRT 5 & R
RAVERENDZ L BASH T3 (Sandow
2, (1952) ; Mashima & Matsumura?D, (1962)).
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ZOERE L LT Hutter & Padshal®, (1959) i
A F BRI R RS B e LT
%73, Washio & Mashima2®, (1963) 1%#5 %S
DRERFERIC LIEAT 52 LT3, 2k
Hodgkin. & Horowicz!®, (1960) If&A 4 iz &
> TUAHRIBAL K 10mV #EKT 22 L 2R
TV 5.

72 TARERIC B TIREE BB S €75
A DOWHEREBIIZH L TRA A VR ED L H 1T
ERT 20w Z L Z OV TRRA L.

‘a. Br o

Choline-Ringer &Iz 8\ < choline-Cl %
choline-Br iz B &#ixz % &, Fig. 8icms+ Xk 5
KEBE 2.5mM 281 28 LB 6 4]0F
FHEDOTT 10mV BNy, IHEREALIZH
55mV &7 9 choline-Cl @34 X » 8mV i
Kltz (Fig. 8). JMEDOKIREZMHE L TER K
SBESE D LB 65mV ST T
IHEBRAEAL I E L < LT,

b. SO, ozghE
S NaCl % Na,SO, iwSBBEICR 5

Y owEEHL, Homck5SO,nEHEZHR

Sfe. E SUREBREHRICH L RBITEITES B

mV

201

Cafree o Cax5

30}

40+ CholineCl
Ringer ,..of®

Vi

50}
60}

70}

! s mV
90 80 70 60 50 40

\/R )
Fig. 9. Effect of external calcium concentration
to the relation between resting potential (Vr) and
mechanical threshold potential (V). External
calcium concentration was raised to 9 mM (Cax 5)
or removed (Ca—free) from choline-Ringer solution.

ZYERP 4 ~5 Gy THIBR B I R -
fo. Bk Cl ot a0 a v ¥ 7202
BIEEI k&L, 20238 5D % L v D
(Hutter & Nobleld, 1959). L7z 5 TIHED
Cl #hoAs 4 v icBE Wz, Cl O
Btz Lea - T Cl REr—BticBEL
B % pisyims ¥ 5 (Hodgkin & Horowicz!®),
1960). 7z Hith O BN = OB HRIC X
Bh0LEZLND. MR OB E 1L
B DICIET O Ca JEE% 5 EREED 5
ZERfimbh TSR, TR CaiRER
B2ILI» 5Tz

e B A3 L A B 205348 1 TR AL O BIEAL
FRELTHD L, ELHEAL 3HOFFN
72mV i L. RIIMNEOKEEZ 5mM
CHEF LR U< B EIE MBI S h S I
HILREBICRE 572, 2 0L STEEEMOMEN
i 65mV i LTz, TR IME D
KB % 38 L C AR S S BB AL 2 E L
7. % OFEE Fig. 8 10FT X 9 KB DR
Rk VBRI E LB D BN L
7z, ‘
6. sk Ca JEE & ILHERIFENL

S Ca JEEE % 3 L BHEHI R LIES)
B OBEDS _EFT B (Coled), 1949 ; Franken-
haeuser & Hodgkin®, 1957). Wiz Ca BE %
BTl OHE N B 5 (Koketsu &
Nodal?, 1962). /5 Shanes?), (1958) D\ 5 X
51z Ca WIREIED Na Bl & LLENLT 5
W& (stabilizer) ¥z %. —J5 Ca ZfLiEIC
HLUTRAKRTH D, FED Ca B LILHE
MEMA#EAT S L vbh T3 (Littgau®,
(1963) ; Lannergren!®, (1967) ; Frankenhaeuser
& Linnergrenl®, (1967). %= © Ca DULHER
BT BRIR LB L.

a. Ca HnDZhR

Choline-Ringer #H @ Ca % 5 (9 mM) iz
WL Tctg, T2 OB LB BT 5 IUHEMEN
FRE L. FORERE Ca 1.8mM Dxtfic
R TIGERIEALIC 1Z K & BRI s o T
7o e L BAL DS 66mV LAT o & EINHEREAL
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A

DI 72 B (Fig. 9, ghg Cax
5). Ca HIhnid sy #5712 3 IHER
BALBD OWFIT b B IE R
RArbsevzd.
b, Ca frEOHHE
—J5 choline-Ringer jtk» Ca %
FrET 5 L HERMEALIZE L <R
L 60~65mV iz 57-. L L%
WOKEE % 5mM (28T L IUE
BIEMIIE LS L 55mV oh
oiz. EHERKEER 10mM ([ #
T LR IEEM S 65~60mV TUILHE
MEAIT 25 mV Il Lic. L2
Lz i3 # b EALA T0mV 15 3
DI b i b FUHE D SEa I Bl

14
Shicb b o7z, Thbb Ca e
Bk i IR 2 35 L < ikt L 12y
W5, R IUTEREER bR 0t
U T s 45 O INAERIEALIE 2 2 - il

TEHICHDILTLE D,
B. 4IRS ERELE ORAF 6}
Choline-Ringer iz % 30 4

DL BB 7o la N ER L v TR

%t 200 msec DERIKHIHE 52 2t

L, BRBERHETILCI S TH 0

DEEFHENCIR - TIHER LA D,

RAEBENEMET B M TES.

TOLEDRSDOKE S LFEBMO

Mi%%x Fig. 10, 11 iRl £F

Fig. 10 2iX1E% Ringer JEH DK

EE% 5mM i2# L 0.06% D pro-

caine T X - CIHBVEM DFHELH

%, WMHRANERE LB L CHBRERRE 218+

TERE 5T bW hEAPRERTY

B, & HICHIEERE & T L REICRER N

#4 (Fig. 10, B, C). 2D X 9z LT choline-

Ringer DO KiEES 5mM » 5 8mM, 15

mM, LU TE LR 1T 254RN L IEEN

OEGE R Fig. 11, A, C, E). Z0ik5mE

DRI & - TIHERBL 2B T 5 & [RIFF

B OB & - T RET IR LED

I Hp ~- .

Fig. 10.
tension (lower curve) by depolarizing current in normal
Ringer solution with 0.06% procaine. Resting potential, 72
mV. Current strength was 3.2x1077A in A, 35x1077 A
in B, 40x1077 A in C.

Fig. 11.
and the membrane potential by 200 msec depolarizing
current. Potassim concentrations were 5mM in A, 8 mM
in C, 15mM in E in choline Ringer’s solution, and 5
mM+0.06% procaine in B, 10mM in D, 20mM in K
in normal Ringer’s solution.
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B C

,20m\/

200msec
Potential change (upper curve) and devéloped

The relation between the developed tension

+3. & x2 & Fig 11, iR A 0@k 7.7
mg/mVTh 53, CTix 3.3mg/mV, E Tix.
12mg/mV 2ELLBALTS. T bbb
iAo MRz & 2 e Ok i BEAL O &
LTEPIBEPY T, BMHSESZY
DFEREHOFD L LTHEDh TSk
5. REBRICETIEER 200msec &\ 54
WIRARERIE 2 T B0 5, BRI HED
e ORAEES LI, b LAESECERSREREK
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(2t 2 3E KR & v icigarik, |O
FEFEPRDTLEZTH IV,

wichhikic Na 735 235 DRI L BoRKR L
O OEFEER DIz, HILEBMS 60mV PR
TRIESHBM ORI X Y HHEORBFEN LB
iz, 00690 procaine &z CIEENIE
MErzc®, KEEE 5mM L LTEHDL
JEEL DGR ERD B & Fig. 11, B B dh
%, INWEEAEALIY procaine T X - THJ 5mV
BT+ 2 8% 4EEHL 6.3mg/mV T choline-
Ringer JEDHPA L KER VI LB 2 5. L
TS o THEBAIAS 60mV LLET & h i Sk
Na B2 H->Tha THEEMERBEELO
BfRIC B2 7. UL L IRBAL2S 60 mV
DT CHEHBMAAHZONEEET BV T
¥, Fig. 11, C,D chisohsk iz, Na 3
BETNER UM+ 5 3EES » Na
 OBCEAPR /2R LT B, E K
EE»S 15mM, 20mM it Fig. 1L E, F 2R
bIA X D ICREREMIF LD L, KR
BALLEAD LTz,

Pl 5EIEEMS 60mV AIToL
X%, S Na pb 52 L B3E Uit
T BFRAEICR L TFERCERL T2 L
wzb.

V. & ES

Hodgkin & Horowicz!?, (1960) & # =&
BB oW TSR X 57 0% O KIHEES
DY & [ O ANIEMEAL (inactivation) & FRA
72. # ™% Frankenhaeuser & Linnergren!®,
(1967) 13i% U o DA K & WEK HED 5
DEERENLS L.

ARERICI W TEEILREE (60~50 mV)
P54 BRI h R E, WHEREA IR
LS Tk, EIEBMALORHIC L 5T
—E OB L TEE T 2R3 8D
T35z L, YUEZo0REARHFEICE Y TIUE
DARTEEILERET L.

B 127 DG EOBHE LTMERE S
TN/ MR D F6E B T (Peachey?), 1965),

BHIEIC > TR T 2 ATEE R X OUMNER
DEEALO b &I T S5 PNEBEE O « O
P OB THEE L T\ % Ca OREE%
z i3 57 (Constantin & Franzini-
Armstrong, et al.®, (1965) ; Constantin & Podol-
sky®), (1967)).

Ebashi?, (1960) i kX7 7 F o8BI T
ZFyvve ATP LORREZRAFHL T 5 b0l
L bTEEE B Ca ThBH v 5. L
TS5 TSR X Y Ca OB’ R Z D IUHE
KEHLDLEZDND. Lo LERPSEN
B Lo BAIE, —RlEEEs iz Ca BANE
LS NI ERWERBZ 20D E 2 b h
.

Bianchi & Shanes?, (1959) (L& 4RI
L0 oA Ca RBHTIL 05TV 5.
Lo L WinegraddD, (1965) 1z & i/ Meik
N DB Ca lxBEre ¥, Zhlltofhic
H5HEE Ca A4 v R L TBEITS
DThHAHHEBIT 5.

7z LI A RRIC & - TS S ANEM:
fbE i b KEBE S 25 mM e K3 EE
REbEE L CIER 2 bha X dickd L, %
T iy Mg e caffeine ZEFHS®ZHZ L i &
STHliZBZ T b T & 5 (Axelsson &

' ThesleffD, 1958). 1725 C AR ITHE DR

Lo LT+ a et cild - THRES
ez EBRbh B, TETIHE & AIEE
Lt B 0EASKETH A 5. BE S S FH/MEE
o Ca PSS 52, d 5 v xlE#Ih
Ca RESShTLE Y2 LT, REHELEH
BILILEBDTHAD.

b LG O ARIEHALAF R 0l Ca ORI

CMEbick B rER B L, Fig 4 RSN DI

MIEA DR ORGSR = O % RN O
Ca A 4 v OREELORBEEFEDL LTV 5 Z
Lich 5.

gz Na 233 354 1 IREENIC BT BT
MEOREMAL 2 e, T Eic
LV AA L OFBESEL, Bb HMED Nea
DR IZ A - T Ca A o+ v ORIEHEALE 15T
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HB.
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Skin potential activities as a function of stages of sleep

Yosizumi Niimi, Takami Watanabe and Tadao Hori (Laboratory of Psychophysiology,
Waseda University, Sinzyukuku, Tokyo)

The basal skin potential (BSP) and spontaneous skin potential response (SPR) were
investigated on the fifteen males during natural nocturnal sleep.

BSP at the finger, which was always negative during waking, was found to be a function
of the stages of sleep, increase in depth of sleep being reflected in a decrease in negativity
of BSP. BSP was seen, in some case, to be changed into positive polarity during early
morning hours. Similar potential shifts were noted in sleep for the different regions, which
were of electrically less negative during awake, in the order of forearm<(back of hand<
toe< finger.

Spontaneous SPR was found to be related to EEG phases during sleep, with maximal
SPRs during slow wave sleep and relative decrease of SPRs during para-sleep. Regional
differences in occurr ence of SPRs were reversed during sleep, SPRs on the back of hand
being more dominant as compared to those on finger. Monophasic positive SPR was usually
occurred in the early stages of sleep at the back of band and forearm, while very rare at
the finger and toe.

Skin potential activities during sleep were discussed in terms of the peripheral mechanisms

involved in them. (J. Physiol. Soc. Japan (1968) 30, 231-244)

X DEERENTERD,

[. v & < B

D j:g:g%Z)H)lB)%)
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electrodermal potential activity) OZAFBIZ-DW
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i, —EEO K EEMNER L LT OREENX
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LHET) L, TOERCH > TRRCEET S
FEFEHELNT (basal skin potential ; BSP & Ji%4)
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RO RN L b 0 2 MEAEE L L TR T
CHIALTESE, = OFBELBRAYD ShTE
7208, BEEEE 7r POETRIEER I Shackell3)
o gyl (skin drilling method) ##i4 =
ETCZOMEE R L T .

—J, FEHBCEEDO BP 3 <55
FENID0, FEREOFIEEBMLEZ ST
7z (Floyd et al®). UL LETic/ - T, #fl
Py EREMN : LTo BSP i, BiibEEs L
Do B AREEEALIC S L TR B
& 4) 1-96)8)14)18)22)30)40)41)43) , sy O%ﬁ@m%gﬂj—
22408 = L xgiohTE7z. 2o BSP
OEENZEEOREEN & KL L, HEEEA S
EE5L BSP fatEriEe, K5 LEMc
BB Lh 5, BSP i AEEOTEIN S
RED—oDFRIEL 75D 552 LARRER T
BB L LRERHENL O K BERRF © BSP
FHhz o\ T OFERIZ, HEd THv. Leider
man et all® (IMEIRFEHCIZERERL v § BSP
PUETFF 5 & &L, Niimi et al224 %
- ERERHRNE OIS b i LT BSP 23 45E)
L, RIERCHBN B LERRLE. &
5 Lz R 5 BSP LHBIREE L OHEAT
Hans, Tusky® o h zFELT
5.

Z OHFZED B B S BALIEE) 1S FERHERL O
FELEVIBEERIITA L THE. Z
Diwic, PERO RGBT EIREN OR
Brizv o5zttt s2LThs. 2D
felc, PERDLZEBMIEENEC BT 55k
PIRMEDYE R 3H Y, R EREERISE L
*EREESIC R EELEE, v b o BSP
nZEF L SPR O MIBRHEE L BEREE S XV
ZOFEBML ARSI oD RE L.

n. 5 B

A. WEHRERLLUERSH

REBRAE V2108 75\ L245F ORE iR B o
BERERE @ 72 v DEREE R BT AL AT,

ROV 5 EEREL)E (frst night effect)
(Agnew et all) ZWETF B7-0ic, ZOFEDE

BROBSHEL LTORBRE LD, »poEREL
HERZRD W EREOFHIKC AN T3
EEBALIZ.

EEEILY N FENFERET, =5

2240.5°C, JBEEIE50~609%1cff 7. ~v K
SlA, B CREEFETHERAL T 0D

L, BECRCbOZRC. BEREIE

EOEEBRIERA L v 2RHRcEREC A
D, BRI EROES & ik L.
BEAR R, 42 bR —Y5 2 e h - 7.

B. & FE

W, EREKES), MEX, SPR 1%, =ZM

TR R (EG-129%, AJjA v E—Zv 25

MQ) iz X v, F7- BSP 2= 8 Galvano-
graph (HR-101H), AJjAf v v —4F =% 525
kQ cgkB) ek v, ¥Kicbhk ) EREE L
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CEWEt (PM-18C &I, AJfj4 v bE—4 o 210

MQ) #H:H L7z,

SPR : Shackell3®) o g EBEIEZITVERY
CARIEMEAL U 7o BRI o fr e (BT BInT
JE b WeED) RAERIERAL L U, AT
(G8), FEoPR (FE), EEHMLICK 2em T
BT B SEAEL O RTINS (SEAERRTNG), 5 X
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Gk, SPR #HEfiro BSP #5402 LicE
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W : R EPRE, FHIE - BEIVTLT
NEFEYEE L UCHBEN L. BRXE
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DHEB L A b7 A THOBER O R L
5 {BARIE B .

Tk, FIEHEAERZ 1L L.

2. FEARA#IORE
CEERRERRE 1 (RRICIZBEREO) 2 b BRRE 4 B4%
TASHERICES ETEFEAE LTLESHL L

7o. BEERZEN: TIXERRE 3« 4 HHER L fEHA
BdHBNB, TOXORBFETH AT EROHE
2L CT1E#E Lic. ABREER 1EAYT
%, B ASEECHBRNERILE S ¥ & 3
B, COBERPREICHIBELOKTEL 5
TZHL, BREEEEY, H%EOSTERE S
DRFEIE AR L & L.

3. BSP.SPR oz - %3

BSP 1%, Galvanograph DI HF5L DL
YR EEZRT AR mVENTHER & - k.
Z O, SPR B & OB Cic X 2 EH OB
BIIRA Uiz, B3 SPR 1 0.2mV Pl Eo
RiEZ b b, FpR20R LN ORMEEMENE, Bt
B, B2 BTAER, B U - BTHEED
147 OMBEBEEEL 2. B, ),
%%, TERRIRAE DR R L OV 0% 10 LIS

CHEL 72 b 0 BN SPR & UCREALE

L, T OHEORMELFERMD bR

W, R, BSP & USPR o+ _To
gkic artefact 2RAL7-HE EMMAE) & L
e,

m. # ES

MEMREER 21T/ 5721540 5 &, $gH BSP
Iz 2\ Ti114, MOEMLo BSP k2w Tik
2 4, FEREH @ SPR &0 ESEiZ o\ Tid154
DFERIZ SV TIR NS, mBHEIERLE LT,
BEREBRICEBM LI 4 Kizow T, RERRERE

- f8Tigo BSP ZEHEIL7-.

A. BRERORB

154 DIIGIEIRIC D\ T, 058 Lz
4 B ETO, BT L OFMERERE O Rty
Bi2s Table 1 Tho. HAEBBELL, MK
ZOMOBERNHERRERIBE, artefact 25
TDHARRRE () EHALTH S, BERETHET
A — Y REIRAMES T H 505, BRI B
2 L NSERPERICR Y, &bILEREE
BELCERE 2 S ERAEREEERLTVE
LHROMPRLB. Fi, WARELEDOZVDY
5 1 KERTIE S 32, FEREEHEO A
NHHB L, Agnew et alD O 4 HERICIT
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ML BbDTH-T, & 1RMEERLE (first
night effect) IZERTE 2 LD LEbh 3.

| BIEIREYE ORBITIc o\ T, Table 2 ok
50, BYVPEEIBETHEI L ZIBRET
b, i) O —B—B L BT B, B

Table 1.

APLBRIBRTE—BEL I VIEZBRED
Bz BT AEAAADND. LA LSTHE
RANZEE 2 PLBITT2BEPRE 5% L
B, SHLBHVBRE2IZRILPLART, £
4% BSP <% SPR OEHEERRE & D3RI,

Total sleep time in minutes for six stages of each sleep cycle for 15 subjects’

night sleep. Stage 0 indicates in this column that which occurred after the onset of sleep.
The so—called “laboratory effect” characteristics of the first night subject seems to be negligible

Pre-sleep Stage Post-sleep
awake 0 I 1 ] v Para awake
Cycle 1 186 0 170 445 133 436 105
Cycle 2 7 69 644 174 223 346
Cycle 3 1 25 783 97 81 376
Cycle 4 5 22 635 76 7 431 143
Sum 13 286 2507 480 817 1258
(0.2%) (5.3%) (46.8%) (8.9%) (15.3%) (23.5%)
) Table 2. The sequence of the occurrence of sleep stages in which one sleep stage -

appeared after another for over-night sleeps of 15 subjects. Middle gothic figure in each
column of a 6 x 6 contendency table shows an actual frequency with which one stage
followed another. Upper figure in each column gives a percentage of frequency with which
one stage listed in the left-hand column was changed from another stage listed in the top
row. Lower figure also shows a percentage of frequency with which one stage listed in the
top row was changed from another listed in the first column. This table should be therefore
read as, for instance, 91.8% of all para-sleep stage followed the stage [ and 69.9% of
para-sleep were shifted backward to the stage [

This sleep stage

0 [ I I V P Sum
56.3% 21.9% 0 % 3.0% 18.8%  100%
0 18 1 0 1 8 32
13.4% 2.6% 0 % 1.6% 8.29
23.99% 54.49 g.o% 3.8% 1%.9% %20%
g 1 32 13 5 1 1
f’g” 1009 21.6% 6.0% 8.1% 21.99%
» 0 % 41.9% C24.9% .  139% 19.3%  100%
E 1 0 11 66 37 51 265
= 0 % 82.8% 49.29% 59.7% 69.99%
o 0 % 0 % 85.8% L 14.2% 0 %  100%
o 0 0 115 19 9 134
8 0 % 0 9% 43.49% 30.6% 0 %
2 0 % 0 % 4.8% 95.29% 0 %  100%
2 N 0 0 3 59 0 62
: 0 % 0 % 11% 44.09% 0 %
T N S L 1
0 9% 3.8% 25.3% 08% 0 %
32 134 265 134 82 13 700
1009 100% 100%

Sum 509 10025 1009

<t
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BERE O 2 & BYfE 4 ~ DIEMRAIIENRL & —FHIZ B &5.

RTBLOTEARCI ERHEESHS. B. BSP %)
KR OEBER O & T Ok L OFl% Fig. L. #50 BSP 258 & REIRIREE L OXbE
LIZRLTe, ST BROMBELEELTHY, e BSP ZgEIRIEEC A L, ARRBARIOR

75 Y A S EIR S 5 — L R BB Z ENT BERICREICRE T H Y, SWREOFEIX

Sleep .
Stage i
REM °
Body. Mov. ¢
=60
- 40
BSP
in mv b
;
s
10
Dn 0
SPR 10
imne. g o
L1,
PF 0 [_wﬁ—rww.nun e . I
1 * . 3 . I 1 0 .
Sub.No.108
Fig. 1. Representative profile for over—night sleep illustrating changes per minute such

as sleep stages, rapid eye movements (REM), gross body movements, basal skin potential
(BSP) at the palmar surface of the finger and skin potential responses (SPRs) at the palmar
surface of the finger (Pf), plantar surface of the toe (T), dorsal surface of hand (Dh), anterior
surface of the forearm (F), and at the finger connected with non-drilled forearm (P-F).
Shaded areas in the sleep stage profile indicate para-sleep states, which is common to Figs.
2 and 6.

-60

50 Sub.No. 114

my

==

Sleep
Stage

) 3 H s . 8 1 H H

) Time in hours

Fig. 2. BSP shifts for an individual during over-night sleep, shown in relation to EEG
stages of sleep. Note a trend toward decrease in negativity through the night, the gradient
curves being accelerated companied with the occurrence of para-sleep periods and reaching
a minimum in the early morning hours.
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—47.3mV (SD: +7.9) Th o7z, L LAJR
L [RIERiz BSP 12tk S L, DMEHE
EoEEIC LB WEigER 27z 8D, BEH
DA FHERECENE 7Y, EEMOKE) TR
HHE~EB L2l 5 REL & bicadicEE
DIEM E72 ¥ 57z, L UARBIOKE E CH
T 51 i3%E 2 ~ 3, BUEAE 5 R
EE L. & bIERPICHTBEER L T IR
OHBFRH L CE L MEXMZ b h 5 EHw
BPLELIEERD Nz, EBREPIZADNLZHE

cycle 1 cycle 2 cyele 3

o H\m HH

vvvvvv

cycle 4

B ciE RS ~ o 2 HABNEE R
L, 2~34 CHKEICER L. i)
CEET % B BEOTE LIIKBTE 5.
— K OREIRFRIEIC DT D BSP OHER % i)
IHEIREERE Y & b ICRR L7 142 Fig. 2
Td 5. Fig. 3 1% BSP BH) & ERERE & 2 0
AL cEHES Y THE V2D T, FHBRED
14540 BSP 0% SMEIRER & L o £5
L, Z#EANOEED S 2 e RO L EHE(R
F L FEREY S LICFELTS, E5FH0
Hix104, FhiSMI1lg o
CHThH D, BEREE GRS SIC
o, EEREESE S
AT BSP i3 0 G~k LT
WBZ b » 5. Fig 4 1%
} AHEER I > C, MEIRERMIC
% L7 BSP ZEOFH L 7
DEEFEETLTV3. Zh

cycle 5

awake

Stages of Sleep

Fig. 3.

in mv

B S P

post -

g{:e.pll.llﬂNFlllmNPXllllNPlllIIWPlJll!lVPsmn LOE»E, EEEECHBRL

awake

T BSP MS@tkicigd+ 5 EH
BOPRLD. FAATERT
o & ORERRERE X D bR
AR EBMZRTZ EPNERS
NB. 1O ERE O
BSP A IAFICEET B 5.

F 7255 1 AR OREIREE iR
L7= BSP oZ#h, %3 H#
DI D75 0 BB s QBT < B
T, FORERBHETHZZ
LLEBIETS. ZhiE, H
P B 5 2 EIRILART & AR &
CREEAR B D TR D i
I 5 ne (Table 1) 2 &
LEZLTY B k5 icBbh
5. ZhbOERICOVT,

Means and standard deviations of BSP levels at the
finger for sleep cycles in stages of sleep on 11. subjects. Note
gradual decreases in negativity of BSP as sleep cycle developed.

Stages of Sleep

Fig. 4.

of the stage of sleep.

post-
sleep sleep
awake awake

5 HEIR & B b B 2 T FRIREEE
¢ BSP #5{f & o < Kendall
DNERIFERAfR %k (&K T =
+0.80, P<0.05) %, 7%
#o BSP 0l O AL & HE
BRYEEE L o< Kendall 0—3;

Means and standard deviations of BSP levels for
stages of sleep on 11 subjects. Note BSP changes being a function
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¥ (W=0.794, P<0.01) &2 h Ko 102
FhkoEn, WFhb 5 %UT A |
DOFERREB TREREE & EAT L T Y |
BSP ot m ~ OB R _al
bihiz. Tib b 3 HHIE Tk = ‘
RERRIREE & BSP Z°8h & id5E4c -nf )
—H L (FE# =+100, P< =l itoe Ty
0.01), # 4 JFH <7 BEART Ic & T hn”,Mﬁ“gﬂfx
DHITEHNDH BN B, Rk ol I R S B N DA
HRIREE & ATRMR 20 5 2 & 8 Mg
T&3% (c=+0.80, P<0.05). ul
2. BSP o BkipfrzE Fig. 5. Regional differences in BSP changes during

AERiEEER: » BSP 1, i&
(—47.3mV)> 2 (—41.5mV)>=F
% (—36.0mV)> ¥l (—34.5mV)
DIETERER L VINEL ST
5. AIRE R Zh 6 OEAL D
BSP X AIRBIONEAL 2R B 75 23

sleep and awake among the finger, toe, back of hand and
forearm. Note similar BSP shifts in sleep for different
regions, which were of electrically less negative during
awakening in the order, the back of hand<forearm<
toe< finger.

HI1EEHeD BSP 14T L CIEM
FECHIT Uiz, Lk TRE
IZIRERLISL T, ke, T, R ONE
IZ OB KHEECEL, SHEME

sleep

stage

Sub.No. H3

KB L7z, Zhb O ¢k
BEES% T b e Bt @E L
WIS T 36,39, FilET 37.3
%It H B N . HEEE#% O BSP
DIEYIIET —19.0+95mV, 7
T—17.8mV, FiBET—11.6mV,
FET -73mV THY, bb5
AETIRZ OB EMEERTZ Lk
Bk oic. Fig 5 RBEHREEERHH TR O
BSP % 5 S fgic I Lic— K 0@ o 1 4T,
BORTEFIC bR EZR T3, 221
80 BSP 1, kb EICRHBMNTH I
HEMEFRTZLEREVES R T Wi L
L, BSP %MiE Lic114HH 3 4 CRED BSP
VRN E SR, Thbb4ED VLI
SEIHDASFHEREFBLT, 50 BSP 235
BT Le. ZOBA, BHEEMOKE Sk
AR+ 2mV L, 20~9053E L, HERNT
DEETE L LIcREIEEL, T0%2~ 35

BSP in my

Fig. 6.

v
awake

Time in hours
Representative positive changes in BSP at the

finger in the early morning hours, together with stages of
sleep. Note that BSP changed into positive polarity of a
magnitude of +2mV at 6: 00 AM.

I CHIE D/KHEICTEIR L7z, Fig. 6 13720 14
C Galvanograph E#EEEEH 1 ﬁﬁpz 7
v LD DTHB.

3. MIRHKEEHERETOIRD BSP £F)
SHRERLE LT, BREEROEREOF»S
B4 RKICOT, —RKOWIRERZITE »
7z. Fig. T zo 1<, 8o BSP %1041
[BCHELZL O Td 5. KRKREERETO
BSP iciz—@EDEMIEA ST, & E—EE
b LS ERBHERPOWIET 2BETH Y, FIF
WEECIRR 2R 2726 T b —20mV Z[REEL
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SPR RATE PER MIN.

BSﬂin my

L
=

i
.
=

T

¥
>
=1

Wi « B - it} O EBEEB OMEIRIEE & ORG

\
 finger

Sub.No.185

Fig. 7.

a7 cycled tycle 2 | cycled cyele d
FINGER B atga.mong.
1k SN diphasic.
0l i . 3 posi. "h')llh_“L i
I 1
f TOE
[ NI - |~ Y . ‘ = . |
2 ﬂg DORSAL OF HARD |
l_
[ §
r 1
f FOREARMN
i} S
pre. L 0 M W P M M W P L I W N P L WM WP poOst
sleep sleep
awake awake
STAGES OF SLEEP

Fig. 8.

SPR RATE PER MIN.

Fig. 9.

70 1

. ]
Time

in

2 3 4 ]
houts

BSP changes at the finger during sleep-deprived
awake state over-night. Note no predictable tendency to
shift for BSP during the entire of the night.

Comparisons of spontaneous SPRs on four skin
areas in responses per minute, and percentages of their
waveforms recorded, among cycles of sleep stages over—
night.

i FINGER

TOE

| mmm Nega. mono,
vz Diphasic.
c—1Posi. mone.

j_-.ﬁ.i;-ﬁi

[ DORSAL OF HAND FOREARM

pre- 1 nom v Popost- pre- v wowm W P post-

sleep sieep  sleep sleep

awake awake awake awake
STAGES OF SLEEP

Mean frequencies of spontaneous SPRs per
minute for each skin area, and percentages of their wave-
forms occurred, for six stages of sleep over night.

LTER L VBHERRA~BTT25Z
Lidhbh ok, TOZEHY, B
R BSP O~ 0BAT,
XS BIEBAL ~ DR, FEIR
X VRSN EREThHELEL
b5,

C. B SPR ol

1. SPR H{BLRABOHERE

Fig. 1 TREC A= X 51c, FEIREE
oo EFEM: SPR o HEBLIZ AR L
&bl T 528, BERO
AT L & b BRI ER LA —
VEBR CHAZTR L, oSTEREICE
THELELL DTS, F2EHT
VT DEE B LS b HIRAERE
BRAEKCEBEEZTRL, £ 3EHTIE
iy OENERT. £FLTHED
%4 o 5 FMCHBEE L ZOHRA
MR TR EET SEMZ
¥ote. HEESIC D SPROHEEE
CEEFL LN T EBIT,
b SPR HEERE KOS
MR RIC b Y, FICFEE, Bl
TEME R L, REIRETH TG
MNEEH L. LrLZDX )k SPR
BRI AT L b IR 0 A58
bloTHLNBE DD T, »
BV EAENPRLNL. 22T, B
Rz MbT, &5 \vidas
bl s MBEEOL LT,
RIS T 5 HREE T b
D, BECBCTR—RICEHE Th
>7z. SPR HHOEFORE 2 5
v B EE L AL L KT B R
ZbbBHH, WAECET5EOME
SRR AR RS TR, REIE
B X 035 o HBISEE RS,
HEVERODBHSELE R v 2 T
.

2. SPR H# L ERE#HB L O

MEARIREE & DX
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Fig. 8 |z &4k BrE OREIR T O FEALO B 1%
SPR 0 1 53EoHBHEE L = OWFOLEL
B, TR ROBERRERRY 35 X OMEIR B & ioxhis &
¥ bDERLE. SPR oI, BEOE
TLIRTEAT L CHERB T 50, —Mics 1A%
THRENFE LEL, AP ECEICERL,
/B0 4 FET L 62 EET B HEEN
IMPBEB. I HICEEE OLERERIC b
7z BIEIRE R4 SPR HIMERE L, Fig. 9 T
RLIcE D, EOWMMATHREELTYS
LHL N B, Sﬂimﬁﬁﬁaﬁmﬁﬁtoﬁ
I E B 3 B iz (Table 3). =
fn,»7mﬁéﬁﬁ&%lﬁﬂbbr,&%
1 EFMIEMEL THh B, Thbb, I8 B
CAHIPER I O TR A U TR 3 B3R
RERETEECHEEZ R LT 5. FETIEIE
RO & KRBT FTER B E B 58, PH
TRRELENTE D, Filw <3 3 A&k
T RTIEECBEBEBRERD . 2hbo
5 D DOEALD SPR KR D —F % Kendall
D—ELRRTH~D &, 8 1 JFHT1aW=0.933,
B2 W=0718 L 72 v, —EnHbH
% (P<0.005) midsE 2 A#E <, &3 Y
(W=0.235) LDIBICEAZELZ—H X 5 h ik
. F 3 AHT SPR HBICELAAVE Ui EE
X, Z ORHICHE L CHERESEI fE 5 BSP
DEBAEICEHENE L s FEL HbET,
WERR & — o DEREREE 3 AR &7 2
EERERLT 3.

Table 3.
* Significant beyond 0.05 level.

3. SPR H# 0 FHFHNE & EEEmEE
AL DR

FTTIATERE S ic, ARBIEERICITL
ERAT & bITITEEEICHE L TV B3MESPR
ﬁﬂﬁkkiﬂ:mﬁi’@%ﬁiu,@ﬁﬂ
B EEICHD THRIC « Bl B BEIRTT
LAY, 1E . &@%@&%ﬁ%ukﬂbrﬁu
R e, T b bENREAOERS o SPR
HERZARATRER X v, $Y, siliczh
EgEsy 030, 0I8EMIA LD L, 6
AT 0.03, 0l6EENEFNFS LK. FET
OB FEETH 5. TR ERR T
BOANTEPEERAL & 75 & U CIERE B MR 25 L &
LT S N S o pilnig, BEIR I RS
BUEEZRL, H0 SPR BRML TV 5K
ZLIERICHER L Fig 1, 11).

e L SEAVER A 5 o SPR M, 7ERIE
H &N FEOW oo 7o i RRfEE L e
3, o<, Table 3, Fig. 10, 11 THLMAE L S
o, PEkoBHFEE AV 5 & ST &

DEEREETHD. ThbbIORE, ED
SPR ¢ gilio> SPR & o REFICIEERLT 3
IRIE & W L JHEED SPR HE L, ZOHEHR
BRI B X OB E W E R OBA XV LRI
B L EE VRN ER LT v B, FE-EEKIRTTE
&, eI L o FnE o SPR o
FHERSHE, UREI INEE 1 AT
T L (U=85) 3, &2 @ U=30, P<
001) PHLIXFAEENTIDLND (kL L T

Kendall’s rank order coefficients between SPRs and sleep stages.
** Significant beyond 0.01 level

Cycle
" Site 1 2 3 4 Total
Finger +.86% +.64 +.40 +.56 +.86%
Toe +.77 +.85 +.70 .00 +.92%
Dorsal of hand +1.00%* +.55 +4.40 +1.00%% - +.55
Forearm +.94 +1.00%% .00 +.86% .90k
Finger-non-—drilled 4 gousc 41, +.21 FLOORE 100

forearm
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2 U=35, P<0.05). $iabb, H1EHTI
B L 5> LIEER T 5\ SPR BIHE
LT BHDT, WEORAHEIIIZEEETH
B, %2 AHEED SPR R LT L
HIRO BB K E 7V, FEkoBEHFH: L%
EREDFELOMCEEERR/D LI LT
B ZOEMSIEROMAIZBEESMA T
HiEm i,

FINGER - FOREARM

= 251 mm Nega. mono.
=0t zzzm Diphasic.
o ——1Posi. mono.
a. 1.5
[ 8]
= 1.0
[~
.5
[~
& 9 : B 8
pre- 1 I T I P post
sleep sleep
awake awake
STAGES OF SLEEP
Fig. 10. Mean frequencies of spontaneous SPRs

per minute recorded from a connection of the
finger and non-drilled forearm, and percentages of
their waveforms, for six stages of sleep over night.

 Wallis e 1779 &,

& DX \

4. SPR Dk & # OFEH:

FEHR 8 C I3 BRI MBS C AR o B
FENTHBR, BEREOBETRETFAONS
T ENRB ol T TIREER ORI BAE
Rt o> b BaRG —ABMENE & %t L TR IR
FL, ChOBRARBENERET S (F365
) A5, BOBMERcEE Lz Fig 11). F5
TR MBI A IR A IS 1 R (78.6
%) OBEE2 (50.0 %) ER LTV, iz
ARSI 2> & B ~ 0 B THIC e Al
WwR Lie. Fig. 8,9, 10 it 2 EhOFALD
WHOHBRL R Ui, B EEE L
ek @B HEic X A¥Eo SPR %, HiEo
SPR &z Rl L (Fig. 11) Filgo SPR 723
BALTYBZ LidE ) &, —F, B
KEhiE B L Licts, RTINS D O
FlN. ZOT X, BT O BEAEGMEE & AT
i > BEAERE MY & o HIFRAE B @ [ T Kruskal
0.1 %L F O fERE
THEEERD -7z (P H)=16.89>y%.00) Z &
PHLHERTES.

V. # =

b5z FED BSP iFEIESICERT
% DT { FEOEFBIEICHEIR T 51030
Wz LB ENTE. L LITIROSTHE

A B ¢
EOE G bt b, *,\a‘mﬂﬂ‘*\ﬂ{f\‘”v‘lwa‘wn\! TN “‘a‘ l'i"w’u!’ﬂ' (R ".[}l,“m'
REM v b
EMNMG
P vimy
S 1 s
P Db e e e T T e

Fig. 11.

Example of transitions of SPR waveforms from monophasic negative (A) to

monophasic positive wave (B), with a return to monophasic negative wave (C) during early
hours of sleep. Waveforms at the finger —non-drilled connection (P{-F) are seen to be
summated by the potentials from these two areas, especially from forearm. B is a record 4
minutes after A, which is one immediately after onset of sleep, and is followed by C in 40

minutes.
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EOEVIERR T, BEOKV-FHERFIREIC <
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Ltz v,
DT,
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BB b L7 v, BSP 2 0 BRI Bl
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The correlation of the secretion of water, salt and protein of
salivary gland of rabbit. (1) The changes of water, salt and
protein in the rabbit saliva after injection of autonomic action
drugs and pituitary-adrenal hormone

Yoshifumi Tanimoto (Department of Physiology, Tokye Denlal College)

Regarding the mechanism of salivation, the control of autonomic nervous system and
pituitary-adrenal system have been emphasized.

In order to clarify the secretory mechanism of water, salt and protein through the salivary
gland, experiments were made using rabbits, giving them several autonomic drugs, ACTH
and cortisone. Especially each change of water and protein content in the saliva induced
by pre or postinjection of pilocarpine were examined in relation to time.

Results obtained are as follow :

1. In the experiments with autonomic drugs, the correlation was not found between the
volume of secretion and protein concentration in the saliva. .

2. Protein concentration and content were increased with injection of adrenaline, but did
not given large influence to the rate of salivary flow.

3. Each administration of ACTH and cortisone resulted in remarkable increase the
amount and protein content in salivation.

4. The action of these hormone showed the increase of sodium and the decrease of
potassium concentrations in the late period of experiments.

5, It can be concluded with these facts that pituitary-adrenal system has more to do
with the salivation than the autonomic nervous system, and that secretion of water, salt and
protein through the salivary gland are accelerated with the secondary effects through the
blood or tissue liquid as the result of the accentuation of these systems.

6. The typical electrophoretic bands after electrophoresis on cellulose acetate of rabbit
whole saliva can be separated into eight fractions, but the results showed considerable dis-
agreement as to the number and electrophoretic distribution under various conditions.

7. Protein fractions to the anode side showed much minor variation in relation to time
and densitometrical curves of these fractions resulted in remarkable patterns on the whole.
On the contrary, cathodal fractions showed the large patterns and numerous bands in the
early period of experiment but decreased gradually of number and pattern in the late period
of it.

8. From the results of the present experiments, the secretory mechanism of salivary
water, salt and protein have been independently.

But, secretions of water and salt were found considerable correlation.

[J. Physiol. Soc. Japan (1968) 30, 245-269)
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Fig. 1. Relation between salivary secretion rate,
protein concentration and content, Na and K con-
centrations and Na/K ratio after injection of (A)
Pilocarpine ; (B) Bethanechol.
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Fig. 5. Salivary volume and total protein con-
tent secreted over a period of one hour of each
experiment. (upper) Total protein content, (lower)
Volume of salivary secretion. The experiments were
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Fig. 6. Designation of typical electrophoretic
bands after electrophoresis on cellulose acetate of
rabbit whole saliva {Dark sections indicate the
great patterns in densitometric curve).
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AN Hi
s intlhn

Fig. 7. The typical electrophoretic pattern of
human serum. Current (0.8 mA/cm) was applied to
cellulose acetate paper for 40 minutes. Veronal
buffer solution was 0.07 M, pH 8.6. O : Origin.

Fig. 8. Electrophoregrams of rabbit whole sa-
liva secreted over a period of one hour after in-
jection of pilocarpine (upper) and the parts of
electrophoretic patterns of these saliva (lower ; A
and B). (upper) 1 : 10 minutes saliva, 2 : 20 minutes
saliva, 3 : 30 minutes saliva, 4 : 40 minutes saliva,
5 : 50 minutes saliva, 6 : 60 minutes saliva, (lower)
A : 20 minutes saliva, B: 30 minutes saliva. Current
(0.8 mA/cm) was applied to cellulose acetate paper
for 40 minutes. Veronal buffer solution was 0.07 M,
pH 8.6. Paper was stained with Ponceau 3R. O :
Origin.
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Fig. 9B

Comparison of electrophoretic patterns of saliva secreted over a period of one

hour after injection of (A) Phenylephrine-pilocarpine ; (B) Adrenaline-pilocarpine. 1 :10
minutes saliva, 2 : 20 minutes saliva, 3 : 30 minutes saliva, 4 : 40 minutes saliva, 5 : 50 minutes
saliva, 6 : 60 minutes saliva. Current (0.8 mA) was applied to cellulose acetate paper for 40
minutes. Veronal buffer solution was 0.07 M, pH 8.6. O : Origin.
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Fig. 10.

after injection of (A) Pilocarpine-phenylephrine ;
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Comparison of electrophoretic patterns of saliva secreted over a period of one hour

(B) Pilocarpine-adrenaline. 1 : 10 minutes

saliva, 2 : 20 minutes saliva, 3 : 30 minutes saliva, 4 : 40 minutes saliva, 5 : 50 minutes saliva,
6 : 60 minutes saliva. Current (0.8 mA/cm) was applied to cellulose acetate paper for 40
minutes. Veronal buffer solution was 0.07 M, pH 8.6. O : Origin.
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Fig. 11. Comparison of electrophoretic patterns of saliva secreted over a period of one

hour after injection of DFP-pilocarpine. 1 : 10 minutes saliva, 2 : 20 minutes saliva, 3 : 30
minutes saliva, 4 : 40 minutes saliva, 5 : 50 minutes saliva, 6 : 60 minutes saliva. Current (0.8
mA/cm) was applied to cellulose acetate paper for 40 minutes. Veronal buffer solution was

0.07M, pH 86. O : Origin.
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Fig. 12.

BE——FREERIRE DK, B RSCCERESWOEEEZ>VWT B1IR

Comparison of electrophoretic patterns of saliva secreted over a period of one

hour after injection of (A) ACTH-pilocarpine ; (B) Cortisone-pilocarpine. 1 : 10 minutes
saliva, 2 : 20 minutes saliva, 3 : 30 minutes saliva, 4 : 40 minutes saliva, 5 : 50 minutes saliva,
6 : 60 minutes saliva. Current (0.8 mA/cm) was applied to cellulose acetate paper for 40
minutes. Veronal buffer solution was 0.07 M, pH 8.6. O : Origin.
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R SWER O CEABHEE DL, KM
ORBE L b EEBTLEEMEFRLTY
%. %7z, adrenaline OG- DEES, BFEO
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¥z, BRREREESLHZR LI E
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i o T ARAEKOREORE, SUHHRITE
BAREAY B Lz, TCIHFRE, FRICK
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$e503, EESW OIS OREE 527
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BB oM X > THERO W IHl s
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E7e, BUSMHE® 15BN, B0 L7tk
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LT ENTERN STz, BRSO DBENHAR T
7. £, cathode flDRESIE, B s
X ORBEERL TS, ZHICHEE L ER
1%, Pilo.-Ph. % X 8 Pilo~Adr. KT b
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Fiz, ZHbDOERFICBT D BEMRENSE
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4. WMEOABAEEKE, RREREERED
HRERR L.
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The correlation of the secretion of water, salt and protein of
salivary gland of rabbit. (2) The changes of the secretion of
water, salt and protein in the rabbit saliva after administration
of anesthetics

Yoshifumi Tanimoto (Department of Physiology, Tokyo Dental College, Tokyo)

Tt is well known that the salivary glands are controlled by the central nervous system. In
order to clarify the central regulatory mechanism for the secretion of salivary water, salt and
protein, experiments were carried out with the whole saliva of rabbits after administration
of four kinds of anesthetics. In the stage of surgical anesthesia, each component of saliva
induced after injection of pilocarpine was examined with relation to time.

Results obtained are as follows : :

1. In the experiments with four kinds of anesthetics, in the state of hexobarbital ane-
sthesia resulted in remarkable suppression of the salivary secretion. Thiopental did not give

~ quite influence upon calivation but the salivary secretion were increased in the state of
amobarbital or urethan anesthesia. :

9 In the state of hexobarbital and urethan anesthesia, the concentrations of salivary
protein during the experiment were some higher quantity than the case of thiopental or
amobarbital administration. But there were the shade of difference.

3. In the state of each anesthesia, the curve of salivary protein concentration did not
give any large variation during the experiment. ‘

4. Hexobarbital and thiopental did not give much influence upon sodium and potassium
concentrations compared with the case of saliva induced after injection of pilocarpine in the
state of nonanesthesia. On the other hand, administration of amobarbital and urethan acted
suppressively the changes of these concentrations during the experiment.

5. From the results of the present experiments, in the state of functional reduction of
central nervous system after administration of anesthetics, the secretion of salivary water
and salt are influenced by the degrees of anesthesia. In the stage of deep anesthesia, secretory
mechanism of salivary glands are activated with pilocarpine and increased parallel with the
secretion of salivary water and salt. On the other hand, the existence of regulatory mechanism
of salivary protein secretion in the central nervous system is considered but the secretory
mechanism of salivary water, salt and protein showed the independent activity.

(J. Physiol. Soc. Japan (1968) 30, 270-2793
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B L ET e

HERE O3, R TEZ X U RIKEEE
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5 "o 5¢ ©
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Fig. 1. Relation between salivary secretion rate, Fig. 2. Relation between salivary secretion rate,

protein concentration and content, sodium and
potassium _concentrations and Na/K ratio after
injection of pilocarpine.

protein concentration and content, sodium and
potassium concentrations and Na/K ratio after

administration of hexobarbital-pilocarpine.
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RV ST I DREHE & T2 o 7=

ZRiZH L, hexobarbital o5 nDIE4A, W
W+ 2R (LT Hexo-P ML +5%) 0%
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Thio-PIEHK & §5), % DWW EMRILEE 3
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Fig. 3. Relation between salivary secretion rate,

protein concentration and content, sodium and
potassium concentrations and Na/K ratio after
administration of thiopental-pilocarpine.
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Fig. 4. Relation between salivary secretion rate,

protein concentration and content, sodium and
potassium concentrations and Na/K ratio after
administration of amobarbital-pilocarpine.
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Fig. 5. Relation between salivary secretion rate,
protein concentration and content, sodium and
potassium concentrations and Na/K ratio after
administration of urethan-pilocarpine.
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Fig. 6. Total volume and protein content of
saliva secreted over a period of one hour of each
experiment, (upper) : Total protein content, (lower):
Total volume of saliva. The experiments were as
follows : a : Pilocarpine injection. : b Hexobarbital-P
injection. c : Thiopental-P injection. d : Amobar-
bital-P injection, e : Urethan-P injection. *P=
Pilocarpine.
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12 B X O L4EDSNEZ E D 1.

PUEoZ &L, BEOSEHREE ORI
Lo Tl U i REDRER & 2 Y, KK
B L ORIV 3 MEEEOER
HEN DD & LTRSS k.

2. ZAERREEIENS pilocarpine R DK H IR
ERbCEBARCRLETEE

KB EM » & LT, #E, Bk @
55, MRER THZF Do EHALE, SR O M
BRBCEESE LT3 [(HD).

Uiz 0T, FREEIRIC X - T 2h b OFEAE
DEER O A, ERFOBEAREICOVT
LML POEENEELDZERNELLNS.

22T, Bk 4 BEOMBIKOREIL L 5
T, pilocarpine ¥EF#ICHH T 5 MER OB H R
ErbCICERRNEDL 5 BT BT D
WTHRR LTz,

FTCIHHRD e BTk 72 & & <, pilo-
carpine ML OFAOEARER O VKE
HERE, FIM2BLU3IREND L5 ik
BB L e, Thbb, 2 OFENORE
NAEEBEE, BEENCTR S Wi S BATRERE o
BB L & i 142 mg/dl OEARE % 57 L2104y
WEWE 2 D REE T H 5 218 mg/dl 6043HEYRIC
EHET, WEREEELAEXO EROERER
Lic. ¥7c, BHEBRIOSERIHEHETH S
22mg/1053 &R/ L, 2055 MEHKIZ0WL, 304y
YR O Bid 102y ER DT 1/3 12 K L 72 BRIk
W’}@;"ﬁ%%k A4SV el

Zhicxt LT, Hexo-P BB 2EBEHE
EOBIRE2R, 2itFrsh3I 8L, 104
BEVR A 5504 MR & Tl 200~210 mg/dl D4
BEOE»TEEL, 05@EELESS LAOHE
MR b D0, SEHICIZRE—ELEE
FTHoTz.

ZOEBRICBVTHE, TTREBAZX 5 T
RO SWIEINE S, FEAIRERIC 81 3 431k

FRERIR DK, TR O EBRESBOMBEEC>V»T B2 275 -

BRDETH -T2 hD, BREBER X UE
WAWEDOEICL - TR b3 EAE LMK
WAL, H2X, STHL2Z T LK,
12.7 mg/1053 D FEfE % 7R Lz 1043 MRS & O
Z TR, U 7B 0> 20 43 1 31 LA e 13 B FE 0 #68s
LeblzAaR L.

— 5% 3/, 21ZRENS Thio-P EEOE
BIBEE 0 bix, 133mg/dl OBRIEE L 7157z
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I I B B % R L 726053 R I 72 B & THT
Bl 7, BEEOKBHEIIIFRER 3
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SYWEREIX 17 mg/ 104y & FE IR EEL L ET
B 7278, S0SMENR TR 1055 R D IE FH451C
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2B T BERDSWE, Pilo. EEEOHE LR
R LB 2R Licnick v L, BRBE
OECDEAI LV BRE > TS, Lkdo
T, TOREBEERRE LAk, PR
R 5RO ST E T M L D
b BRI BIR T S MALOTEBNIC IR L
2 TwaZ LB RRE R

D DMK LT, PR EIR o BRELS)
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ML 30 MR AR IR < F6B L e, T Cick
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LHERKLEZEIREB EEL BN,

‘Urethan {2 & % fFEE T G378 B EE ORI
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T304 IEHR X%y 189 mg/dl TdHh -7=h 217
mg/dl DOEEEZ R LIS0XER ¥ &, 200
mg/dl FIBODETH 57z. LIz -T, ZDIE
EHHMIIE 2 M, 210REhie Hexo-P EKE O
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HEOHH 2 Redd, FENEERcRT 5EA
£13 Hexo.-P Dﬁ%&@%ﬂ%ﬂ@%’ﬂ2{%ﬁﬁfﬁfz
YT BEER L.

PLEDFEBRICKIT 5 1 FHOBREEHES
RLIDDE 6 M EEORRETH 5.

#9156 mg/105y D% R L 72 H @ a » Pilo.
W & Pl LT, ¢ @ Thio~P EEIXIEEE
BIL7EL 72 Y, b Hexo-P <1k Pilo.
R DT0%B#% D % 5= Liz. —J5, d © Amo.-
Pk b Nic e » Ure-P EEROESIE,
Fhi Pilo. BEoBEARLZ FEY, 14
L 15O HETH -2, LR T, 18
Blic 313 5 BEEE, UreP > Amo.P i
#ie> Pilo. Wiz > Thio.-P 1 > Hexo.-P ik D
B & 7 o, ZHUE, 36 KT BROmERSW
BOIEM L IZE RS LD TH 572,

PEoZ X, EEHRELRRBICERE LR
4, pilocarpine JFEHIC & - THH S 3 EK O
EHEIRE L, pilocarpine B 5 DHFE DR
WAL, BRI b RE B
Sl TR, R D OCRERE QSRR
BT LTIARORA TR I L eWRESLL DT
11d 5%, Hexo-P E#EE & 8 Ure~P HHE D
BT, =0OEERERSWE L BENT
BREL 2L OTRA» -T2,

IHBDZ NG, KMEEEMHED LT 5H
L RROMALICNE, EERSWICE ST 5 D &
75 5 THEREE BB O S BT 5 B L FAE
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BT3ZLe8EBLbNS.

3. KTEBFEESE)S pilocarpine HEWE D Na, K
EEER 5N Na/K ek kiE+ e
BEk o 2k K, BEMREEERE LSS
pilocarpine 5HE & - THRH T 5 WK O HUWE
BOCICBHEREINPL Y OFELZT 3L
DTHole. TDXEIREE, NaBIU K
COEMBREOHEHER DL STk 0EF
TLTHRE L.

Pilocarpine % BpEr 5 Uiz B4 0 ERKK, Na

REEHEIROKG, SR DO ERRFBOREET 2V - 2

BEL LU Na/K o2 s 1 K,

4, SBIUOITTFT & 5 ifRIC o7ce M
B A HATRSH, Mt th ZhoEERT L
&t 4 o K BEI2055 K5 8.6 mEq/l T
BIEME L 72 57223, LItk 16.8 mEq/l 0EfEZL
R L7260 mIRIC 72 5 2 T LAOBMEEEL
7. )

—J5, K5 D Na REOHE, 1055EERA
BEETH K 130mEq/l OREZRL, 20
SEEIZ 2 LB ERETH - 705, BMRKTL
mEq/l ORIKIE %R L 7-605HK E TATF
ﬁ%ﬂ‘% Hﬂﬁ@l?‘&of'&.

LB oT, Fb6ikeFKbp & Na/K [hph
BRiZ, 205yMEVEAS 16.00 el &R L7z, 4.8
DIKNENE & 75 - 72 603 MEHR & C T+ 281k %
Wiz,

Zhizst LT, Hexo-P g K, Na jBE
7 b N Na/K o R Ix S 2 K, 4,
58LU6THLMLT L, Himo Pilo. &
BEOBESLHBELT, TR b RERERIH
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P s S LOAY G > & 604V % CTEARAY IC
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NICEPT 2D TH 57z,
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HoZsfnd, Pilo MEEOBEEICY 72 DIERIL
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Ko 4 1cRrEh 5 KIEECE, 205MERLIED
ik 4iic Pilo. MR LV &b TICEEL 7
BEEHTH -7, —F, KPS D Na REDS
A, 203D IC BB R R Lic s, B0
BT 230 Th o 72,

s oERICE LT, Amo-P EiEs b U
iz Ure-P R OBAICITR00R 5 M % 2
7z.

Thbb, H4K LRSh3HFEOKE
EEp iy, EEEOI0SEEEZRE VFR
7mEq/l BB OEEZTRL, BEHICLIE L A
SRR D LN 8 5 Tee —F, FH5D
Na BEDEFA, 105 H50SMEIRE T D
WEEEREIT 139~120mEq/l TH v, 60K
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Na/K iz, 21.0 ofE% L 2405 Ek % &
— 712 LT1043 R 72 & UNZ 6043 R DM S IE 4
LW EZRTILZE Y 0L s 57z

¥ 7z, urethan BREET <1, K BE ORREHY
PIESK, 40BTHL2LX Y, 10
5375 B UM 6043 R S 10 mEq/1 Bt ol & 7R
L7223, 2045MEWE A 55043 MEHR & Cliig L A &
Bin3in { 7.5 mEq/l B OETH - 7z

H5K, SOMRTREND Na BEOEE
1%, 133mEq/l THREME L i 5 72 105 5
100 mEq/1 % ¢ 22 _H38 5 B 0605y MR I
7o £ TREFEROCTRT MEMEEZ L.
%7z, Na/K xRt 6 lcRjkEh 3 2 &
{, B0OLMER R E—ZICTARERDD LKL 5
7z.

PbEoZ &<, HEZhROMKGRR O
hexobarbital 33 X (¢ thiopental 7t ¥ Z#5 L
TIEA, MERR O Na, K 7Y oEEsihix
Pilo. MWk L kA 75, amobarbital 71 & (NC
urethan 7z ¥ OFREEIEEROR L 0 T,
Th b OREORFMEFI DTN TH -7z
BEOLE, KMEE R & OWEIGESY 50 7
IRl s hBaZ ik Y, KSHWED
WITHEPEE b ELLND.

V. & 2

FTTIRIBRI-Z & &, MR D 45 I AE SRR
B, K TEO BHEPRS KM E 7 &5 5
B 2T Tw5. Lizh-T, KMEER
5 ONZ HERHBARIR 0 _EATHEBRIE SR O #8E 2 90]
T I R LI e, TR T 5
OEBEZ TR ELONS.

—7, RERICBTBROSWEFET S
72D > B AR RVERF o pilocarpine
X, RRERAE T b RS WA A TS (Stav-
raky?) Z &6, BICEBEMICERTS - &
PBEZLNTVS. Zhex, PRELSVIC
FIFRER D b OSWKE AR MBI E 5 7z
5, BMEFOSWBELEE R LD LT
KB LEVERENS.

REMRAR DK G, bR BEREFIROEBEkC>VWT $E24 277
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B, WEOSWIIME S BRLIRES LS
FEROMK T 5 HEE 2 7.

PDOTHRESD 1%, REHAVTOERT, bar-
biturate & 0 BRERAINL R O 23 W & 58 EE [
L, ether B CIZEMASWERL T & L
Tzo KAD b RE T RIERIZ > THEORER
LTV A. Z0OXSAERORERL LT, #
F O BREEA O 541 1 MR O EIE S W E T o
b OPREERZT W 2R T s 0l L
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Z OAERERL O K 43I v TR FERET O LBV
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U7edd o T, BRERT IS8T % MRS W o (R
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%, R DSAMVBEIC A 3 WIS 2 HO Bk &
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I oTEMRSS. 2L 21E, HiC urethan FREE
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T, OB ECEREE Tz 7T o0
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AHAEEOTENILT L L -8 Ly @
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75 L ORI X o T PR R SRR AR
FEn, ERSWAEHEEOIEEFME ST
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RAPRERMICER LZEEERET DIV 2d D
DeEZ NS, —JF, hexobarbital gREEDLE
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CDX S hFEBELFE, FEMBEERE L
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B EFRGHENICHE LS TYs (B - &
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o, HHRERESRIC BT B Ay ST
BRI X - THTLbERCIHEh
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Lick Y, pilocarpine D fR~DEBEERICES

CHESAOHWHBEL Y, FERMICIIEIRAK S
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Relationship between cold pressor response and
effect of norepinephrine

Shinji Itoh, Hachiro Shirato and Katsuhiko Doi *

Department of Physiology, Hokkaido University School of Medicine, Sapporo

It was shown that the rise of systolic blood
pressure in response to cold water immersion
of one hand was significantly lower in Japanese
subjects born -on Hokkaido than in those born
and grown up on the main island of JapanD.
However, the cold pressor response of the Ainu,
natives to Hokkaido, was unexpectedly remar-
kable as compared with that of the Japanese?.
Hence, it was suggested that the blood pressure
respohsé to cold water immersion of one hand
would not always reflect the adaptability to
cold, and that the response might be concerned
with the irritability of the sympathetic nervous
system not only in response to cold but also to
some other factors, such as pain sensation in-
duced by the application of cold.

The present experiménts were therefore
carried out to find out relation, if any, between
the cold pressor response and the effect of
norepinephrine on the blood pressure, and the
effect of local cold exposure on the release of
free fatty acids (FFA).

The first series of experiment was made on
10 female subjects born on Hokkaido, 19 to 39
years old. One hand was immersed in a well-
stirred water bath at 10°C for 10 minutes.
Systolic and diastolic blood pressures were
measured on the other arm at minute in-
tervals throughout the immersion period. Nor-
epinephrine was injected subcutaneusly in a

dose of 0.1 mg per 10 kg body weight and the

* RREER « BRER « RRIBE - AR
RERE | AR
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Fig. 1. Relationship between the effect of local

cold exposure and that of norepinephrine injection .
on the rise of systolic blood pressure.

blood pressures were measured every 2 minutes
over 20 minutes after the injection.

In the case of cold water immersion the
systolic blood pressure showed the maximal
elevation 1 to 2 minutes after the immersion
and thereafter the pressure decreased gradually,
while after subcutaneous injection of norepine-
phrine the maximal rise of systolic blood
pressure was observed at 6 minutes. Average
rise of the systolic blood pressure above resting
level during 5 minute immersion period was
compared with that over 10 minute period after
the norepinephrine injection. As shown in Fig.
1, a highly significant correlation was demon-

strated between these two values, indicating
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Table 1.

Relationship between increase in plasma FFA level and rise of blood pressure

in response to cold water immersion of one hand

Average rise of blood

No. of Increase in plasma FFA pressure during 5 min
subjects after 5 min immersion immersion period
(Mean+SE)

5 0- 50 #Eq/1 3.84-0.78 mmHg

5 50-100 9.3:+1.32 '

4 100-200 12.3+£2.91

2 200-300 10.8, 11.2

2 300-400 8.4, 11.2

1 400 7.6

that the cold pressor response is closely related
to the vasomotor effect of norepinephrine.
The release of FFA by adipose tissue is
known to be one of the representative physi-
ological actions of norepinephrine. If norepine-
phrine is released in response to the cold water
immersion of one hand, an increase in the
plasma FFA level is expected to be observed.
Plasma FFA concentration was determined by
the colorimetric method of Itaya and Ui on
19 subjects born on Hokkaido in the year
range of 19 to 39. Preimmersion level of the
plasma FFA was 339+32 uEq/l (Mean+SE) ;
it increased markedly to 482450 yEq/l (P<
0.05) 5 minutes after the immersion and to
436+46 pEq/1 after 10 minutes. Whether the
increase in the plasma FFA level after 5 minute
cold water immersion is correlated to average
rise of the systolic blood pressure during 5
minute immersion period was examined. In
subjects who showed slight change in the

plasma FFA, the cold pressor response was

significantly low. The fact may indicate little
or small libereation of norepinephrine in these
subjects. However, in general these two res-
ponses were not conformable with each other,
as seen in Table 1. The results suggest that
the response of vascular system to local cold
application is not in accord with that of adipose
tissue which might be stimulated not only by
catecholamines but also by other hormones,

such as corticotropin and growth hormone,

since these adipokinetic hormones are known

to be released by cold stress.

This work was carried out as a part of J-IBP
and supported by a grant from the Ministry of
Education.
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Summated cortical response to taste stimulation in man

Masaya Funakoshi and Yojiro Kawamura *

Department of Oral Physiology, Dental School, Osaka Uuiversity, Osaka, Japan

The averaging technique introduced by Da-
wson (1954) has permitted study of evoked
cortical responses to sensory stimuli in man.
Especially, the responses to auditory, visual and
somatic stimuli have been studied well, however,
little information is available on the evoked
cortical response to taste stimuli. In the present
experiment, properties of summated cortical
responses to taste stimuli in awake human
subjects were studied.

The cortical evoked responses to taste stimuli
were recorded from the temporal region and
were averaged by means of a Computer of
Average Transients, CAT, (Technical Measure-
ment Corporation). A taste solution was applied
on the tongue surface by a hinged spoon through
a funnel which was held just above the tongue
surface. An end of the hinged spoon handle
was made to act as a point of contact in a
trigger circuit to sweep the CAT. Thus, the
application of the solution synchronized with a
sweep of the CAT. Besides recording of the
evoked response, when a taste solution was
applied on the tongue, the subject was requested
to signal onset and grade of his taste sensation
by gripping a rubber bulb which was connected
with an electronic manometer. Thus, a time
course of subjective intensity of the taste sen-

sation was recorded as a pressure curve, and

the sensation curves were averaged 20 times

on the CAT.

* AR « FIRPETAR ¢ JOBROREE S DR
(Received for publication February 21, 1968)

Fig. 1 shows typical responses to water and
to four basic taste solutions. Arrows in the
figure indicate an onset of taste stimulation.
These averaged responses were characterized
by two positive (downward) waves, i.e. early
and late components. The early wave was
recognized in all traces. The latency of the
early wave was approximately 150 msec. On
the other hand, the late wave was found only
in the response to tartaric acid and to sodium
chloride solutions. The latency of the late wave
was about 0.5 sec. Among the summated cortical
responses to 1/40 M tartaric acid solution in
five subjects, there was considerable individual
variation in the latency of the late waves,
ranging from 0.5sec. to 1.5sec., although the
same subject always responded with a nearly
constant latency. However, the early waves in
these subjects showed almost the same latency,
approximatély 150 msec.

The different acid concentrations did not
cause any obvious variation in the amplitude
of the early waves. The amplitude of the late
waves, however, increased as the concentration
of the solution was increased. The late wave
was first detected at a concentration of 1/160
M tartaric acid solution, where the amplitude
was about 6 4V, and it raised to about 14 xV

-by influence of the 1/80 M solution. The 1/40

M tartaric acid solution caused a response of

about 20 V. Beyond the concentration of 1/40

M solution, the amplitude did not increase.
When the summated cortical response to

taste stimuli of each subject was superimposed
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Summated cortical responses to water and to four basic taste solutions. Arrows

indicate an onset of taste stimulation. Positivity at the focal electrode is recorded downward.

Summated number ; 40 times.

on the trace of his taste sensation curve, the
latency of the taste sensation corresponded with
the latency of the late wave of the summated
cortical response.

The early waves described above may be
the response to mechanical stimulation caused
by pouring the test solution on the tongue,
because the early wave was evoked not only
by taste stimuli but also by demineralized water
or tactile stimulation on the tongue surface.
The late wave, on the other hand, may be
attributed to the gustatory response, because
demineralized water did not produce any late

response, and the amplitude of the late wave

increased as the concentration was increased.
However, no gustatory response was detected
to sucrose and quinine hydrochloride solutions.
The reason for this lack of response is supposed
to be that the cortical taste cells responsive to
sucrose or quinine hydrochloride may be smaller
in number than those responsive to salt and
acid, and the cortical response may therefore
be too small to detect. In other respect, we
may also consider a possibility of a wide varia-
tion in response time to the cortical cells, which
respond to sweet and bitter stimuli, so that

these cortical cells do not excite synchronously.
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TR « MR X » THIRICEIES
FLEIMHIEAFAT D, L LSR8 X<
FE L TH DI/ MNIGIEMIE & ofilas & b 5lsk
TE 5P, MNTEBMOTFKIILENECH
5. BEBAOFHELE 0 ~5mV, IIHEA
DENFFI—60mV TH 5, %%z Cl deficient
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W T L Otk % R+ 5 . GABA o iontopho-
retic application i X ¢ CTHA+ 5 GABA-BALOD
SEAFERFIHIEN I X O MIRIBR DT &
—F L, Zh BOEAIE picrotoxin 1T X - TIHEK
T5. EREEEMNE &-TC THRTS.

Bk E - flElE% excess KY T 10mV
WS 5 LSRR EZREL, L ORK BRI
20mV ZdH 5. HiEo duration % 50 msec Bl k
=¥ % L sustained contraction 22 A& B L 5.
Sustained contraction 1% excess K T X {u low
NaTi#iaEhs., LTEHELNS [Calh/NaP D
BE{%1% phasic tension MK E ZITIEH TITE B
V. SELBRHEVIEL c/sec DRI THE4T 5. Caffein
X o THEENS L ORENELL, IRIFED
potentiation D34 BHIV5 .

MR GRELTEKXR) : 4 22h 3 IXD
normal Ringer &VX¥ 0 X 57 medium %Lk
UET 5. :

Ej: #4243 3 XD normal Ringer X[
e BEEZOBMAEERB P LI AL E L
7-. Ringer OAZZELI-DIIRIT D T OFLTE
DEOISRTEVCDH T BTT.

Gt : PREOMR TT B A VRRELE LT
B, B oEKIFI 2T TEA, picrotoxin T spike
L spike DIERE L LB bDBLENET
2%, HE® medium X AFELEbhERA
el

B AERRESD B LEVET RS
MLEMERHWCEVERADT, L ERDA
F v OBREZECEERD 5 & TR D < &
PEETHILERDEDET.

7 BsE (REAKEE 243 : 2D FEmAED
B THERNRIE R ZEAE VW E VS DR B TT
o MRS 0P, ThidBHaaGOwHLOT
Ths. KR LTI S DB A BIVE T H.

E(L RO D D EE XL b L E
4. Tetrodotoxin “THE DEMZELX block U %943
BADTT OERTEILLERA.

BB LT 0 55A1E desmosome & R
31F deformation potential 23F z bhE$.
% support ¥ % EEREVY Na DBt & b T
FEThE LD stretch TEARSHE L T
critical membrane potential {Z3%E3 % & BbihvE

7. _
HETL (WEFIKHE 1 2:) : Excitatory trans-
mitter %3 acetylcholine T% % DVLANH 7% % HRHL
X 0ETH. Anti-Ch E 272D hE Lz,

|l : d-Tubocurarine TiH&%k L, BBEER DF
HEMD —5mV ZH D ET. LrL anti-Ch E
FEALTRDERA.

K¥ BRIl & (ERAFE24E): Clo
Sfins passive TR\ A3 [Cllo & A X FeRFIC T
RERAE BIRVA? LS EFTTLRS, O
7% passive Tl iF i (Clh &2 X Fo Rl E AL A
25 NEL W TT. Passive 7B @ES KE T
E ICl ) o X VBN (LT RETT.

FEI - BRI oERS X L bbb EE A D passive
&5 5EE TS passive distribution % Cl 2375
T7%5 MP=Eci ThHEEZLNETH, L
L Eci X MP & 0920 mV Wiz 0, Eic
CloEt 3 Wiy, £ LT Cl % glutamate 2
asparate TEHT 5 L Eci 1& MP X 0§ 20mV
& level BT %25 MP IZZ{E LI DidTx
BRAHS LW BEEREREL DT TT.

Kt oKL & A YTV ESOE 200
v dH5MTH CIh BBV £ .
[CI7) ©&ins active T & 11 (& Z DRHERES L
pump @ activity 3L FT5TL x 5.

Z @ pump 25 electrogenic TH % & THLKE
TSR 5%, Lndhidflzld Cl &
9 & L 72i1E, passive 75 & depolarization 7548
INETA, FRICER CI); TEWH L@
Tw5 pump OFEEBPETTHZ LEA<LED
FHEEE—Th D £7.

Fly : HROERD X < i D EE A electro-
genic pump W¥FESE L ShET. LA L pump
% MP L TERLETE, L Cl2MD
ion KB LTEOBICED 1 A viEm RS EY

(L L=k T MP ©%{b75 < Eer & Eci+anion

2 MP & A UGl A & 5 &34 pump 1358
DEEALEEZ BN ET. L LK ion O
flux B LR OA AV OREZEIZELTED
FRADTHBCREZITTELRVWERVET.
LOEZWVEMTELZTWHEPE S PIEbHDE
A

s
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BAEEZIEERTS  tBEEFREERTHR

B R ERFM249 A308 (L)

fre 4% fLIRERLREESE 1R AHED

1. Actomyosin X[Cxt4" % Amobarbital
DYEF '

W OSFelFXE=Z-EK OB (FLBREAFEL
4:38)

TTIiT, bhvbhil=x ¥ —EBILERTS
% Amobarbital (Amybal) %5555 B 15 DitikERX
F%Tdh% microsomes IR KEREERS
xF, LL% actomyosin RICHEIEERTBC &
ZHE L7 (FLIEEEE 30, 196~203 (1966)).

/—L,\[EH*:}: , actomyosin 3RIZX 3% Amobarbital
DOV ZFC T L7z,

a. 5mM Amybal /¥ myosin B @ clearing
phase ZJEHEL, H7oALEZL (0.6 M KCl, Mg
JRFEAETF) wxi LT viscosity response % %<3l
L, splitting time ZJEHEL /2.

b. Amybal ¥ myosin B &> ATPase {&EH:D
KCl jBisiefit: (0.02<08M, Ca X0 Mg %
TIRL 75 WA @k v T, KCl oiikER)
(0.3~0.8 M) ¢ ATPase 7 & 3544 c B Uiz,
F72. Ca—~ %5 \ix Mg-activated ATPase o
KCl jREkfEMEV: Amybal 12 X » TERERANC
FHiz. Amybal b, 5 «M EGTA i & % myosin
B ® ATPase Ol & —H/5bE L, 10eM
B ko EGTA o#ifilictf UTids < EL7md
-7z,

c. Amybal 1%, 47k actomyosin DFBILIE S
X0t KCl iRttt (0.04~0.15 M) g & A &
HERE 2w 5T,

d. Myosin @ ATPase jFHH:D KCl jREEHK
i (0.06~06M) itk T, KCl omEikEM
(0.3~0.6 M) © Amybal 13 ATPase /it % EHic
HEE L7,

D EorkiEs S, Amybal 13 myosin %L T
BEEFERT 52 &L L7 5 7o, %72 myosin
B X " A& K actomysin 23 5 K AE T,
Amybal %3 native tropomyosin {Z % {EF 3 5 A] RE
HErRTIoLEbh5.

2. ##%; myofibrillar ATPase ;EICxtd

% Ca o0&

IAE= - 5% F-5K 8 (ILMEXE1
A=)

FROFHE LOCEBOMER TR OLE >
W T TG L. A, mfics TR
HEMERE L LD myofibrils OWHE%E, 0
ATPase iEfEicxl+% Ca, X EGTA off
FA DA & HecaT L7e.

a . 7Ry myofibrillar ATPase &E¥Ev:, 0.04 ¢
moles Pi/mg of protein/min C&H Y, BHIHEDF
#u (0.12 ¢ moles Pi/mg of protein/min) O 1/3
ThoTc.

b. W& ®D myofibrillar ATPase 7&Hi:id, B
JSiRWE R oWERE Ca DIREARE LT & h
7z. pCa 8 ~45 DT, WHFD myofibrillar
ATPase &L, pCa 7555 T, #hF AT
F L7, B myofibrils @ ATPase &#:I,
pCa 65 LITTHMO £ & DFLIM@Sh
7.

¢ . 7Rf5 myofibrillar ATPase iE{:E, BEHD .
et~ EGTA X v sl ShiEr o7z, T
e, FREEET0% O 2R Ty, Kb
myofibrils TI1I§y 40 oM @ EGTA %, BAFHD
FNTIEN10 #M © EGTA 205 E Lz,

d. FFi5E KO EH; myofibrils 50 Ca &&
ENFh 6.30+:1.29(S. E), 740+1.94 £ moles
Ca/g of protein T - 7z.

e. 5mM azide %, 7ifi5 myofibrillar ATPase
EEEx % EGTA oOmh#zi 10% ik xw
7. :
f. RERAEMHE Y F® L /2 native tropo-
myosin Vi, 7Ri5 3 X OV E#5 @ myofibrillar ATPase
w5 EGTA (ERcEEL2E527 7 » -
o,

LI oy, /iy myofibrilar ATPase i
x5 Ca, X0 EGTA 1ERIA, BBD
LBELIELPCELDBZLETT. TORRAK
DWTRBERIN P TH 5.
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3. RB5& actomyosin [CD(vT

HigEk - & FEHiH K & FLREXRE2
4EFE)

KIBEFIEH X b B ORI L Tmyosin
B (natural actomyosin) ZfhHHIER L, O
BHEEEL. £0OER, 1) B% myosin B i1
actin & myosin X D755 % OFEESRLIIEE
D EF NI myosim B3k X . 2) myosin
B » ATPase JFHE{EIE 10~50 mM KCl &4 7T
. AM-type DEMZRTH, £D Mg T X %G
AL OTREI B O ITH N b IR DANTH
5. 3) AM-type ATPase OB N 5 &KHETT
SPPTN (Bt 258%75% @ extent, speed
CEBGOENCHARTRES v, 4) KCL R,
pH i+ % myosim B OBk X NEEL
WBIEERHO £ h s fiznsh, ATP
e X % SPPTN 4i#13E 5 L L& KCl, B
MBI LT3, 5) Cat*-buffer itk VK
IS Ca™ BEHETETAHE 107M §if
Mgt*-ATPase JEHHELHIH], v LIXEELSh
BERBDDH. L, HHILOBRETEEG D
FNEHRTINTHS.

wefgpaEF 5~ XD 50mM KCl, 1mM -

ATP &y, tonoactomyosin & EE DfhH %
A, FBETR - /2. & @ ATPase &k
KCl &REicb X » T Ca*t i X BiEMELS
Mg** X sxhk v RkTHb, ¥/ SPPIN B
b5 myosin B Tl REB L L /NE W, L LK
EE oW TOERIZFNITEENS actin &
myosin DFEF1IIFIE myosin B L HE L WEER
3. Bk myosin B 3 XO® tonoactomyosin pre-
paration & DEFMEC>VWTHRE L.

4. BEFEMRGEPRE S D OICRWIRREHIC
L2 BEEROWHICOULT
KE 5 RESEM - FHEAT (OoiBiEEE)
FAEVE, F9E BARIEHEARAT, ROkE
P ORI X 5 BEB O ME] & HikE
4%, adrenergic blocker MERHD L BNBZ &b
b, ZOREEEICIT adrenergic nerve DISLD
AR DS T B R RR L., —FkE
FHRE DRI FIIC X 5 B oAl 1, adrenergic
nerve LIS OIIHIIFHERBIS L C\v 5 & Martin-
son (1965), Campbell (1966) 134 LT\ 5. 4H

=

VI, RE  REMRIAT X BB OWMHIOREIC
BE 53 B RIRIER T W R B &0 DR 2 m
%, SBLICZOREHT X BHH &k E MRS
TR X B & & eEiRET L.

%ok ‘

KaF\v, Ether KT C¢HM (Ci—Ce M), T
PR, ZZR MR (MIREOES) 249)
WrLiz. BEENT, B PAIIEA L7 balloon 0%
Lz vEF v v /ST THEELEL.
adrenergic nerve OEE%[R< 729 reserpin
0.5~ 1mg/kg/day % 3 ARIESEZTREG LA
THERLK.

&R

1. Atropine 200~400 pg/kg #iF#d, XKE
WREROTIKSZ T 5 & (SOBMH), Hom
HEL BN, TOEEE, FIKHEIRIE X 5T
PRI DIMHERSEEL 7o & & 2IERT
5. :

2. iz atropine T THRIGR XL OKRYIEE
£ xRl U BB T 5 B oidlico v, Fligk
FEE ChiT X ARG OES, KL E
gL, TR, PRI TR RME 5/sec Ll
TSR EEIA S B, 20~50/sec THA

TEL. FREE 5B L, FhEERetE50~60
sec THEAITEL, BEVWHODTIE 5~ 6min TH
Bl —7F, REHRBTIE /sec 55T
BA S T RIS B BB RS, e KiCET D HHE
AELERTH - 7. RS L BTE <,
WBAATE 30sec THRAWEL, £<TH 2min
TEE L7z, BLEDBEMRIE reserpinize XTI
?SIIF‘:JEEVCXD 7.

Do ER SR D, 2k AR X
5B O, ROEEIC X b IR O IR
BEL, ZhPREMRCE £ 5 adrenergic
nerve DAL EIIERER N L CB W L
FERAECWREREZ DS,

5. ¥ H = ORABDHEE L BEHRICHITD
THERIGE

WOfER JokHRE) 4 28)

Y H=HIRTED 2 b EBOHRNER
i, HRETEELRES ek, 2ROoF v
FACDT LN TIHCEESND. ZhbDF %
FAT NP BT, BEE, EITR XOERE
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B ERICT 5D T heterogenous == v b
PHERINTVWS . S0 s L Tidk
BEMRMMESISE L, ORI U TEgRE
MRS RIS L, Wi OEENTH L TERR
BRI RIS AT 5 . SRR
B O EEREIE 2 b o, ¥ #
= ORBERBTCHNSNT VDL BIE, Fhb
EAREHOE R LI b, QX578 v %
ITHIRCEE SN T VAR,

ZDFRR, ATOREEMRHESBH D2
855, REICH LT S RBIICRIGT 5 2 & 28
Aohiinote. TibbBRoNHEE (0) &
G (907 & LRI 2 b offkici
KORIERT, fWOMERK & RARE
ZET LA 45 DT 5. Fzzh
SOEZERT IR Z b ofto—oi, b
50> CIHEIS S8 T bt DFEIc a4 % BREE
Tl ThboBski, AERNOILZER
WIET ORCERZLTWS 2 20E0 7+ 5
A Y =T L, BREIRD S ORI IEEV I s
HiTHA SN TIRBE RN 2 1 ¢ iR iz
TRDHBTLERRLTCWS. Fiz, BEORLRY
Th, 0B XV 90 W hERAkEL o8
IO G AN S fh R, SR R T
345 Ot ALRET 0L ER BN
5. =77, IFEEARREHEE R LT ok
B R AR 2 BRI T, 00 35 X 0% 90" D fERETHl
X5z LEEIREG. DEOERICITE~ D
B Freshell oH%OBIREH S T4
BRI BN R VT EHTED D,

6. =7 b YIcdlt B REETEIOEIT
| KRR - BIIRE (JLABRE )

[EIRFORBIRE, BBEES—ETD, WAL
X TRAERRERELZRT. X X AHED
i3, FREECET S, CORERBEORNS
POEERENOORICSELE. £ 2 T4
VI, =v PRV, XEOMAEE OB EIRE W
T, b, A, BEiE, Ro—EREETIRR
FOEEIROEE R, Lo, g, BED
TED DAL TRz

| BB 2+ 4T, PREIRSTERER
BnEllhoThy, RERBOEHEIAE V.
FRBHENOKR S RIEMESED bz, [Ric

2 201

FEtomE, B, B3 XOHRERCEIE
B8 EL, ZHEIAE, 7. SSTHEMD
DR ELIRFFOLHER B Er 7. LM LA
BIZRWT I, 30C M CHERE, RERE
FEOBLPR D b, MUIRCET 5HE
V¥, AEPLEIRIC 5T, BBEER X OEE
BEBRO W &, BENCX > THE LA

FEOHBENESE TSV, AICINCETSR
TRWME 0D, P rHRPEPERLTYS
Zend, ZOEMIRESXCERE, 8
BY2tya LoPivEERE T b0LEL
Bh5.

1. EEE#HE (RR) [CHLITTHETR”RO
EBIZDNT

AHER - REHSE - HRES (bABEEE)

bhvbhil, fiRics e, KB OEEIR
REFREFE LT, HEThY, Zhs, A%
T, MfEZ - TRREIREZ L, B
X, 2o | BERTIGE, EERGOLTH
WAL TH DT LERRE L, SE, 1A
CET DY FEREERCOWT, oMk
fil & OREIC O XMEL, KOMRE X,

1. Ffllo, FEEMEEE b ERMRGETo
UBRESE 2, 8 3 TR O 1T/ - 7 F Rl o
Hifg, BEERTEERHX D HRR0EL, $
SR T OWIE, ROCRBETESS L, &
FHIRMCHBBET, KL LTSERERE
¥, IECEML T,

2. EFMOBE NG, S8 200 CTRAER
RLTCRS, T, EERRTARL, BEE
B S C LB - TIOAERERR LK.

3. BEEEY, ERHETCIRER 200C Ky~
7 #R LI, IFHTRERCAS Y, £oK
AN L7,

4, 8 200C THLNEEEL, 2~64
DEEBSVEFREIEL, N, 7~1650
HOWVEKRERL VD, 2~650bDEAD%L,
175D EDbDEH N> 5. F2, E&,
TrER O, EF%, fifliitc 1'C UTFob
DAL - 7S, Wi 3C Dlhod o 125
Y (03 IO

5. =5°C I AIOEEEE, 16~70%
bk I SEET, 3IC L7, 30°C TR ERT
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KELDOPH Tz

6. fifER15n ARRBL L, HMORFEET
54, WThOSERTHERCHHRShT
wie.
BEQRMr D, EERCS JET HEMRER
DEEID—WRMD T LBTE LI, =7 b
) DR, BEORELLELU LR DHY, ¥
JERBEEF OV TR,

8. Rapid flow 3%[C & > TAIE S M D IR
D 0, {LEERE Fo &inE & OfR

JLERE - 58 # CosRENAE)

7 AZTHEDRE S EARLRE & U T Rsko
O fbLedx2EbT O (LEERE Fc 1%
LOWREOIHEBZEDTER. L2LABLL
DEEREH R DOTHERL, HEHADIFEDLLLL A

 BLpRIA—BHEThTED, FICEREE

DELIHMEZEDLESH D D d 5. bhvb
DRz oMEOERRE ¥ 5 72 » iT, Mochizuki
(1966) OB ILEFZOMICTEY Pt BRI
LT HRERIEY BT, MEORKEEHIRL 2
2, XLRBRITFTH B RMIKERITERT 2%
FEn O WMAZYTHWhHMEZMEL Rapid
flow JEOHEEZ P2 THEIEL T & 72, ZORE
FIF U & 7o o aGH 0~323 cm/sec i3\ C, Fe
¥ 0.011 25 0.06 ml Os/sec mmHg RBC ml #
TR EEMICERT L EBELr LS.
TR R & & DBk OMER, X SIEIRORE
ko EsEL LD, O OMERANOFHAD
REESNEL0LEbNRS. Lrdb EETEOR
HEmERvT 2 bh 5 RIEER, RhvORREZTR
FUA /AR L CR— O Hhic Db T
ERRH N, T OFERERERIT X B A
EREDONT &, EROMESTHNORITE —E
FFT bR EH W L 2R
BY5h0THS. SHLZOHMANPDZENS
BALERE, T O bk 2 5L SERT
Tz bhi Fo @4 LLARALTRES W
W52 ETHAS . HEMME PN T O M
T 05mm/sec ITTE k. L LEARIZ
WHIRCIE AT 5 2 L RFIhEWw. 20Xk5 7k
FEEELZLL, IbrOHKEILLY Fe dik
M, U dEEMILE N TEE SR uEi s
TV s, » L THERDIT D H AZF D

& #

AHIRANERACEEShTWD X OB b
ho.

9. Bhlcdsld 3 A R iGHEE D. OEEF Du I
DT OIEHAYER

NUERE - BAKE JoRSHEWAR)
fico O \IROE N Kb HEL U CRIK
HIZ Op & 5wk CO JRERE Do 23fEEEE S
5. Do 34 Roughton (1957) &iT
& o TS Dw LMl De witehdd
DOLEZRESN, THLEHEE Deid~< 7Y v b
Her, fRiisk Op [LEERSL Fe, MimikRQ, #
AIREERT tc Ik > THEbIhi. fiih D 120%
Her BB CHBEEMAERTRELE £ OES
X, TEEBDDLBLONhE. Ll
BowgsEiricon Du 34 L OGAMIMEER
WK 5 2 L FEBRCH S, BRI HE

A (1963) L DIEYHRZ LERLIZ. LTHH

X 51z Mochizuki & (1958) 52ERDASRE MO
BRI, SBT3 T Dy E1Z Q7213 T 7z < Her
CAHWHET 5 L BREX 52 2 RVERBNL D
B X T X 7. Rarkin 5 (1963) 13 Roughton
5OMEBRA DL TINES Y 2wz & T, HE
BETHSHS EFRLE. Lo LAEE YRR
ZBFE Her OHHHFET Du 28 Her iWdlE

BILS Bz LM L. TibbRmekasiilg |

FIMAE 2L 5 O LT K & EMmIRIT
BELTWAEMMERZBEL T, TOMDEXD
Hemn O DHADBEBDTHA S . T DHifH
FMIKOEX 18 L5RE 4 OfF delg 255, F
HIMAE A (R 21) WS mikassmL, 1@
DMIFRAEH SN HEMOMEOESZ 1 L T5.
MIROBEESBMENFELFELC 21 L TNIEKREL
SHETLZEmD le/l=Her BT &35,
ZOEEZEAORVIFWVICHSEbE S &
D= 2+ 4+HereQoteeDii/red '
7272 L Dy iR C 72§ 5 O i
TREPRSAREG, BEAIIE om?/sec. 4 ik DYLEIRE
Du t3BI0bDTHE. dEEOEX. 0
fily I BEIR .
L%, Du b Q Her Wk B 210ins.
Zhic X WiTo O EEREN 27T D OfFiR
& X DERCT AEERL O,
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10. ACTH o WHiicxtd 37 3 v ofkH

LE H-E #H-F@EER (LK 14
ACTH o yihZJ9Hi L T v D HK T Stk
37t CRE OAREMRLSEMICI STk
VWHITE, CRF OFEOHEIIMWHRMEIRT &
S TEBREEND. ERMw ST &7 in vitro &
LW in vivo ORERESILIC—RE—E2H+5 2
L5, bhbihii CRF ofiEiks LT TR
WAL E A 2 T TR T 2 2 L i
L7z, TixbbAEMED ACTH 43ihd F iy
D dexamethasone FALBIZX - CTwry 7 L
727 v FOTEKHERFLERICE DB L
O~FUED 04 p1 AT 20 5 # Ol
Cpd B v~ Lo bHEE2 L - THREM ACTH
JAHIDIRIRE Lie. ZOTETHRIELIZETAIE
iRl X OV AL IE OB I3
@ ACTH JitiiEH % & & s 7eds, Az g orh
DENINE D E D BN 572, FloihHikL
& v (arginine-, lysine-, vasopresin ¥ X% oxy-

tocin), /L= EXTY v, BXWEr } = vigik

ACTH WMULERM &L 250> » 7283, = F &
ZYVRICE R & I VOILBINS R 2 EENTE
CIEAT S EHED ACTH b 2k+ 2 L5
L ol

DX cyclic 3, 5-AMP ZEAEREE LT
10pM i X S WENIIEA T % & TED
ACTH fiiliz s+ z L 2RI L. 3BT eyclic
AMP O EMMT H 5 5-AMP ZIEALT
LR D AT H 7. 2 B DFFRIE
CRF »iEs» 5 ACTH jillzk+iBc z h
5@ nucleotides PHELREMEIXI L TWw b
TLERERLTEY, ZO—2DW ML LT
phosphorylase  DiEPE(EAH 2 B H S, Zhd
DEFSHOFED HEREE VW L5 .

1. EFHEEORBICE LIZT serotonin @
PYES :

EHEE— « FIRER (LA 1 42)

Z v Ol O T X iE T serotonin
DR & BENEIHREE, IEMRISHHER: X/
EHAERHRR % v C in vitro "TH#ET L7z, Sero-
tonin % BURPRANL 7235 S5 ENR G R X 5
FFA BB EETEd 2 EOEMIL LD
bz, L L ofbolglhfificst U TEFE

2

& 293
DEENR > 572, T O serotonin /EAJIE mono
aminoxidase inhibitor FF7E FC serotonin %y fi#
2 x T HERE BIS» o7,

D& T theophylline & iLiz serotonin % {EMf &
HBETIIERL FFA oitinias: o 5 h
7. BEIBIFMEE 3 X CIGRIIERE G & o 35 &
serotonin 5x1077M 5 5x 1075 M DI CEM
HoC FFA JRIMEN ORsER D 5 v 7z, Ll
serotonin JEER 5x107*M HGmML T A%
SR L TR 2 o 7oL RIS O B5Ei v
serotonin 5x 1075 M THE®D FFA fiH#inm
Hbhiz.

HERhFEAR DREEINE X serotonin DIRINIC X -
TN U 72, Z OFERIHENEINER B EE 0
ik, DGMIBENEIAHLME, RIZEILIENHE o IE 2 38
<, HBEIENFHM DS serotonin 5x 1074 M 3
X 5x107 M IR B L 2.
LA L serotonin 5x 1075 M CiXiF & A E4hEM
IR otz T OREFHEENINEME FFA fulie
[k theophylline F{ETTHILL 2. FR I
¥ slice DEEFEHETATL TiX serotonin |3 B2
Lotz

P Ekoz &» 5 serotonin X b @ &k /L & v
(epinephrine, ACTH, TSH 7 &) & @i/
Tl oL HEL b D.

12, KABARRIC &Y RIBE SRS D5
bHDERIICDINT

EHK H.BHNEE oA 248
FRAG2300 (2.2~4.5 kg) & Al LA ISR O
SRR X DR 4« ORI B X bh 5 iE5E
REZ DWW Tt il i, & OIREEG tikigtE o
P L b 2 bh 5o %Y +7 A8 X O
SBS [atHifr & Helhiit U7c. SERRIE ether [R
FED % & C F fff % 17 72 v fl§f%  chloralose (30
mg/kg) FEFRC T D 2% flaxedil CEEHELL 7ok
BETITR - 7c. KA EIBECS < Chlg
THIL, EEMREC A BDEN TR S8 L7:.
Flc s 0.3 msec DM EIRE 271
EOEETHZ 5 O % FAIE Uiz, EEEMEIE
B, DIRTR, EEME, BEMEEThTho
ERAE CREHTINT L o & o ik > HIERLOE
2T -7z,

1. AP MRRNSOC & D B R DB
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i 18~28 msec T 10~20 msec, &I 150 oV
O 1 EoEMSEE Shic.

2. RO X - TR D Ts Tz T
DEHIT, TR 11, 8, 6msec Rl
m~15msec DEFAZ Hhic. R, 20~
25 msec DENTFIC DIRMMO/N S < AHANTH
bhHEBAMRED BhTz.

3. BEMRE, Wig ko 5i3igr20~25 msec
DFfi & 30~35 msec DENT2FRICELDBED v
7.

4. C OBITHMEZ LMY 5 LR O
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