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EFFECT OF MUSCLE STRETCHING ON TENSION OF (
TSUBARA, K. HASHIZUME. Dep. of Physiol., J
nato-ku Tokyo

It has been postulated that mechanism of
the sarcoplasmic reticulum by additional ef
re. By use of FSR, the amount of Ca fromSR
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SAKAI T. MASUDA, M,
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3. fIX, ®E, K&, R (DA
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{5 : Action potentials recorded from XXXXXXXX.
Masuda, M. and Sakai, T. (Dept. Physiol., Jjkei Univ. Sch. Med.,,

Minatoku, Tokyo)
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FIHBEBHESOFEEABBEBCATIME 620143
(2D 2) HIHB\EREHEEO lipolysis (T3 & (EF K*
7 5 U (C norepinephrine D&
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Studies on the excitation-metabolism coupling mechanism in brown
adipose tissues, 2 ; Effects of K* and norepinephrine on the lipolysis
in brown adipose tissues. Takao KomaBavasHI, Seiya SAkamoto and
Minoru TsuBor (Department of Physiology, Tokyo College of Pharmacy)

This investigation was undertaken to clarify the lipolytic response caused by K* and
norepinephrine in brown adipose tissues.

1. Lipolytic response was obviously observed at the concentration of 50 mM in the
K*-induced stimulation, and at 1.0 #g/ml in the norepinephrine-induced stimulation,
respectively.

2. K'-and norepinephrine-stimulated lipolysis were inhibited in the Ca2*-deficient
tissues, and were inhibited by the addition of Mg2*, Mn2?* and La3*,

3. In the K*-stimulated lipolysis Ca?* could be substituted only by Sr2*, while in
the norepinephrine-stimulated lipolysis the substitution was possible with both Sr2* and
Ba?t,

4. K*- and norepinephrine-stimulated lipolysis were inhibited by the addition of pro-
pranolol and procaine. :

Accordingly, these positive results suggest that K*- and norepinephrine-stimulated
lipolysis are dependent on the presence of Ca?*, and are related to the movements of Ca?*
and cyclic AMP system in the cells. {J. Physiol. Soc. Japan (1978) 40, 127-136)

key words : brown adipose tissue, K-induced lipolysis, norepinephrine-induced lipolysis,

movements of CaZ*,
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B U7 54aME (BT, BAT i)
KhTFa—-Nvry, s =, ACTH,
TSH 7 X DF Ve v 2IFMT 5 LE L
BROEIP lipolysis DLk & OfHHEM:
MEEPBDSND (Joel), %7-, zhbdo
RNVE CEFRINT A5 DI RERA O K i
BEZMINE BT b 0k D iind & A EnE
LB (LUF, REGKRF O K BEE O8N5
X OF norepinephrine o¥EiNC X » THEES
NSRBI 4 & K15 # ks X O NE-
EHEL & BET) Mg sh 5. Yoshimura et
al. 013 = DO BFEREOHIE Ca?* fk
FEch o, Car REELBEZHELT v %
TEERELTD. FEEL D LR ER

ij

CHAFRS24R 11 A 17 B &AL

1Ty, 30mM K* 35 X U8 norephnephrine,
1.0 pg/ml DIFRIC & o TE L WERRER O
mpERESh s L EMEL, KV itk sk
FEROMINETFIc Ca*t NEEL BRI LET
5T & EIMFALI.

—J, BEHPIChTFa—vT7 I URRML
7o) K minsgs2kick»>T, BAT
DA P REDHFET 2 T Ll E£ L
s hTvw5 (Girardier et al.lD, Horwitz
et al.1®), Krishna et al.2l, Seydoux et al.30),
Smith & Imai3?, Williams & Matthews4D42).
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2b0rEZONG. LL, ThbOfEE
o 7o HFFERE AR D T I 249)46),

AREIATRDIC T S MERER P K B
XU NE &30t 5% 2 ik - T BAT o
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EEBEEL, Fhick b & - TERESHS
lipolysis OFTHEMEFEICS W THRAEMX 2B
T2 bDTH 5.

I.% 8% 5% &

EBRBIEHC L, 18R & 7z Wistar R
54 37 3RS (b, 200~300g) OJE F HRE
TelhfiiS % F vz, BEIRICIX Krebs Ringer
phosphate buffer & 2 %DFI&IC 7 VHET
VT LU ERYEEL, NaOH © pH74 iZf%L
b0k HAviz. KY oFErBRT 55481
K* 0% ZEIz AR Tz 04572y NaCl &%
EERMCH U . Mz Car Wiy 3546
13 Cazt ot viz EDTA % Ei&iEE 2mM
Ch5X5CMiRERPC IBHRT L
5 Jkk b ofe. Ca?t free REEWKIIIER R
#Ery Call, 2Fpv7zcbDTh S,
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Fig. 1. Effects of various concentration of

potassium ions on the lipolysis and oxygen
uptake in brown adipose tissues. Brown adipose
tissue sections (approx. 80~100mg) were in-
cubated in 3 ml Krebs-Ringer phosphate buffer
containing 2 % (w/v) of bovine serum albumin
under pure oxygen for 2 hours at 37.5°C. The
average values of seven experiments are shown.

FEREMTER IR TR ED Y O EA
FEMAR & BRE Ui Uiz, #§H U 7o
EROERBRER T & (¥ Lk, 80~100
mg BEL, 3ml OWENA > T v 3K
75 2RaNiEgEs ¥, 31.5°C, MiERESHD
T 2 B[ incubation U7z, ERFRIEREOW

E i AW L FRRICKERFE R o O, up

tester & v T{Fo7z. Lipolysis DIz
iR icik s h s glycerol mBEE M\ e.
Glycerol oEEidEEHES 2 Korn #:20%
Bl

HE8 L 346 X i NE (23 K. K),
propranolol (f & {k % T % K. K.), procaine
(= &% #gk K. K.), bovine serum albumin,
fraction V (fiyeigi L K. K.) B X U'Tilko
BRREKTh o .

M. % & & #

A. K+ @Eo#ms & o NE iz & -
TERES h A5 BAT oBFEREL & U
glycerol JiHi&DBILE

Fig. 1 i38ER® K BEL 475 mM 256
100 mM % THIN S ¥k BAT OBFHER
& LW glycerol HHEDELER LIS D

1 02 uptake o 125
(I Glycerol £k _
051 L 1100 £
= g
5 : S
2 o4 axk 75 2
[e] o
Q e
‘g 50 X
3 02f Es
s 25 &
Solf
(0]
O Contrad NE NE _ NE 0
0Qlpg/ml  Olpg/mt - 1.Opg/mi
Fig. 2. Effects of various concentrations of

norepinephrine on the lipolysis and oxygen up-
take in brown adipose tissues. * No significant
difference as compared to response in control.
## p<0.001 compared with the corresponding
value with control. ¥*¥* p<{0.001 compared with
the corresponding value with control. Experi-
mental conditions as described in Fig. 1. Each
value represents the mean+S.D. of seven
experiments.
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glycerol ojkHEik 50 mM K* o4& iz &
MEEDLS B o . ThdOERERRS, 50
mM K* ¢+47 KM -iGE Lo BB BE S b
2T LEMER L.

Fig. 2 wx8#kic NE 2ighiL7zrso BAT
DIRFITHEB X ¢ glycerol KHEOELE
RUIh O T H 5. ERFEERE 0.01 zg/ml
OFMD BRI ER S h, g Lopg/ml %
TERLBMBHE S . —F glycerol »
JEHIE 0.1 pg/ml OIRINT b ERRER T
BHELIZERETh o/, %70, RNEZ10
I U7z 1.0 pg/ml T3 2% L v glycerol o
HHPED b,

Pl EofERic 0 & Ptk o LR K -1E
M:AL DLz 1 50mM K+, NE-7EM:b o#igs
13 1.0pg/ml LIRELTITH 2 LiZ L.

B. Jii Ca** 4ugfo i

Table 1 i2d 54 U » EDTA (Grikiyles 2
mM) it Ca?t QL EL & h 7z BAT Lol
BAT iz K* 38X 0 NE % ¥fIn L 72 D BREE IR
Hio glycerol BOELERLIZHDTH S,
Kr-iEthfb 3 & 08 NE-EHE L b i Ca*t
MEIZ X - THE L Wl & hure.

C. Mg?, Mn* kXU La* oBifinog

Table 1.
by K* and norepinephrine

@

Table 2 (% 50mM K* 3% O NE #5408
Bk iz Mg?t, Mn?* 3L U8 La®* &3BiRhL
7ziEo glycerol HDELER LI D TH
3. ERBEKCEELS Mg 0loEFEDR
ek K-E ei & O NE-EE (L L b
PPl s iz, 72, Mn?t BLo La¥ o
BIRIIT & FRkic glycerol o pEH
Kl E niz, B, FTsz Lk Z 0%
A, NE-E b K -iEi b X v < ipfl s h
v L ThB.

D. K*-iE{h{tis & O NE-3EMAkic s XiET
2l A A D

Table 3 RFEFBEERCEE S Ca %,
FREFCEEOMD 21 4 icBH L 7ok
» Kr-FiE{bis X 0 NE-G(L o BRI &
RULIZLDTH B, KH-IEHLDFEBE Sr*t o
B D H R b, glycerol 3 L v 735
W b ps, Batt s X O Ni* B CIXER
g o glycerol HE L EREKETH -
fo. E x4 Cu?t Byt glycerol i &5k <
R L, EWRERTO glycerol JEIHELIT
Thote. —F, NEEMALoFEHL Sr** &
X0 Ba?t oE#ICBES ., £/, Cu??

Effect of Ca?*-free Ringer on the lipolysis of Ca’'-deficient tissues caused

Conditions Glycerol release
Treatment Ringer ( pmoles/100 mg/hr )
N.t. + Normal Ringer 0.291 + 0.023
50 mM X' ca'-deficient tissues*

+ Ca'~free Ringer

N.t. + Normal Ringer

Norepinephrine,
1.0 pg/ml

cad'-deficient tissues*
+ cd'-free Ringer

0.231 + 0.014%**

0.492 £ 0.018
0.385 % 0.049**

N.t. ; Normal tissues

* Brown adipose tissues were suspended in Ringer solution containing

2 mM EDTA for 1 hr.

** p-==0,001 compared with the corresponding value with normal Ringer.

Experimental conditions as described in Fig. 1.
the mean + S.D. of seven experiments,

Each value represents
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Table 2. Effects of Mg?*, Mn2* and La’* on the lipolysis caused by K* and nor-

epinephrine
Glycerol release
Conditions ( pmoles/100 mg/hr )

Control 0.120 + 0.029
50 mM X' ' 0.280 £ 0.025
56 mM K'+ 11.9 mM Mg 0.220 & 0.015%
50 mM K + 10-mM Mt 0.206 £ 0.017*
50mM ¥+ 5 mM La’" 0.113 + 0.038*
50 mM K + 10 mM La™ 0.060 £ 0.013%
N E, 1.0 pg/ml 0.493 + 0.021
N E, 1.0 pg/ml + 11.9 md Mg 0.403 & 0.030%*
N E, 1.0 pg/ml + 6 mM Mn* 0.265 £ 0.031%*
N E, 1.0 pg/ml + 10 mM Mn* 0.265 + 0.063%%
N E, 1.0 pg/ml + 5 mM La* 0.165 & 0.038%*
N E, 1.0 pg/ml + 10 mM La’ 0.185 + 0,011%%

N E ; Norepinephrine

* p=="0,001 compared with the corresponding value with 50 nM K.

*% p==—T0,00L compared with the corresponding value with norepinephrine.
Experimental conditions as described in Fig. 1. Each value represents
the mean + S.D. of seven experiments.

Table 3. Effects of various divalent cations on the lipolysis caused by K* and nor-
epinephrine
Conditions Glycerol release
Treatment Ringer ( pmoles/100 mg/hr )
: Control 0.146 + 0,019
Normal Ringer 0.273 + 0.034
ca' -free Ringer + 1.27 mM .St 0.276 + 0.053 NS
50 mM K cd' -free Ringer + 1.27 mM Ba" 0.149 £ 0.025 *
cd' -free Ringer + 1,27 mM o 0.078 + 0.015 *
ca'-free Ringér + 1.27 mM Ni“t 0.121 + 0.016 *
Normal Ringer 0.550 + 0.118
ca'-free Ringer + 1.27 mM st 0.462 £ 0.078 NS
Norepinephrine, cd*-free Ringer + 1.27 mM Ba*' 0.609 + 0.084 NS
1.0 pg/ml ca'~free Ringer + 1.27 mM Cu® 0.152 % 0.006 *
cd'-free Ringer + 1,27 mM Ni®f 0.269 + 0,017 *

NS ; Not significant
* p==<0,00l compared with the corresponding value with normal Ringer,
Experimental conditions as described in Fig. 1. Each value represents the mean #*

S.D. of seven experiments.
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DOEWG K JEE L BB S h iR 4R
fkic glycerol fiHi# 2 L < ) L 7c.

E. Propranolol &N o s

Table 4 % 50 mM K* 35 % ¢t NE, 1.0 ue/
ml F7ETic propranolol #EIRML 7= B o
glycerol B DL ER LIz b D TH 5.

K*—3%¢k b 1% 3.3, 33 uM propranolol m3E
WINZ & = CHEBCIIH S Wi, 2ol
CIEWBRERPTo glycerol Hihf: &g g

Table 4.

BOV_AVETETEER. —F, NE-iEHL
TR oRE (033, 3.3, 33uM) ¢4, #El =
v, R 33uM OBIRIITE LIS 8L
e,

F. Procaine JB¥RiNIO B4

Table 5 1% 50mM K* 35 X 0! NE, 1.0pg/ml
TEfET iz procaine Z BRI L7-#:o glycerol
TR B JEFTHBER LIS © T b 5.
K*-j&Akid 6 mM procaine o3i@iRinic & -

Effect of propranolol on the lipolysis caused by K+ and norepinephrine

Conditions

Glycerol release
( pmoles/100 mg/hr )

Control

50 mu x'

50 mM X'+ 0.33 M Propranolol
50 mM X'+ 3.3 pM Propranolol
50 mM K + 33 HM Propranolol

N E, 1.0 pg/ml

N E, 1.0 pg/ml + 0.33 pM Propranolol
N E, 1.0 pg/ml + 3,3 pM Propranolol
N E, 1.0 pg/ml + 33 JM Propranolol

0.159 £ 0.056

0.343 £ 0.026

0.289 £ 0.040 NS
0.134 + 0.040 *
0.143 + 0.026 *
0.448 £ 0.036

0.316 &£ 0,039 *
0.262 + 0.029 *
0.196 + 0.045 *

N E ; Norepinephrine, NS ; Not significient
* p==<0.001 compared with the corresponding value with 50 mM K or

norepinephrine,

Experimental conditions as described in Fig. 1. Each value represents
the mean % 5.D. of seven experiments.

Table 5, Effect of procaine on the lipolysis caused by K* and norepinephrine
. Glycerol release
Conditions ( pmoles/100 mg/ml )
Control 0.129 ¢ 0.019
50 m4 x* 0.250 % 0.035

50 m4 X' + 6 mM Procaine

N E, 1.0 pg/ml

N E, 1.0 pg/ml + 3 mM Procaine
N E, 1.0 pug/ml + 6 mM Procaine

0.171 + 0.024*

0.426 £+ 0.069
0.304 + 0.027*
0.223 £ 0.014%*

N E ; Norepinephrine

* p=<0.001 compared with the corresponding value with 50 mM x*

or norepinephrine,

Experimental conditions as described Fig. 1. Each value
represents the mean 1 S.D. of seven experiments.
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THL 2 & 7. —J5, NE-fEMALE
K*—3Epk & FikEc, 3, 6mM procaine o
BRI & o TEH Il & hore.

V. & %®

BAT w5 a—AT73y, NIy,
ACTH, TSH, theophylline, DBC-AMP 7z &
BRI B &, BRERO#ENS X Utlipolytic
action OFLHEABES h 5 (Joel®, Reed &
Fain®). AZERIC 3 T b, NE, 1.0pg/ml
DOEMTE L VWREERo#nE glycerol fk
Ho#EREIE Sz, Ldl, BREEROHE
I 0.1 pg/ml OFIMIC I TEHICBIES L
I b b b T, glycerol DX ER BRIE
WTOKE L2 ERE TdH o T, lipolysis
OFEIXTED ko7 (Fig. 2. Zabd
FEFRIIERFRIERL & lipolysis & DI TN
DEPREPET 5 Z L ERIRT 5.

Yoshimura et ald® i3 K* iz X 2 ERER
oL lipolysis o7, EEETTSHZ
LEPELTWS., BHELOERIZ BV TR
50 mM K* % Giiaiikeo Yoshimura et ali)
D L —Fed B3, 50mM iz % 75 mM
BLU 100mM o K+ ik 2 hll ko
glycerol opHikzE®» ¥, 50mM o K*
#upEco glycerol HtE L ZERKETH o7
(Fig. 1).

Bir & Hechter?, Lopez et al?®, Schim-
mel®), Yanagi et alx ACTH BXUH 7
2— AT 2 ORI X - TE 3 H RN
oEnFho lipolysis OJFTEICHERH 5 T
LEHELT WS, Tiabb, ACTH o
C ko CERSh % lipolysis oJT HEH R X
Car [RAFIET & D, #Fa—AT I VDR
Iz ko T B TER SR Catt kT v C
LTeh B, i, BFI—NT I VOFMCE
S5 lipolysis oyrikix Ca?* (KEHTSH
5wl KaoHE bR 6 h 5 (Efendic
et al.l®), Fassina & Contessal®, Mosinger &
Vaughan®). Alm et alDix, 7 v bEISHIE
Witkz T Fa—r7 2 v, ACTH kX

¢ theophylline miFiNc X » TEEShD
lipolysis o iikic Ca?* uptake DM & b
BHZELERELTVS.

Zofh, MEnIRT 52, MTEREARES
L OFIE ORE-SwEE B gL K- s X O
acetylcholine JiRiNIC & » CTHE S h 25 TR
OEBFIROTHRYFIC BT Catt EE
wEEEO - LARESh T (Douglas &
Rubin®, Dougiaslo>, Rubin3®, Komabayashi
et al?, Mikiten & Douglas?D, Samli &
Geschwindsh). FREIC #1190, I, FEFHD,
O BER o K EBEEo#NC X - TiEs
B DM FER O HINA N Ca*t JLET % 2
Ltk oTHELLPHIENZ Z LEREL T
5. EHD LREBAEZ L& BAT 2 Fvic iR
CBWTHERLTS. %z, NE 2 X 5BFEE
Eeosghma i Ca*r Mo EEZ T &
LR LT 5D, RERICTS VT HFREARZ
v % glycerol oHic > THREF Lz & &
%, Kr-iEifis L ot NE-fEH L Cart i
iz X - TS hsZ LB & hic (Tar
ble 1).

Mg?t, Mn?** X (% La** @EHEIRICB T
Cazt LA HEHERT Evb v 5. €
o #H =R xFpEE o Cart flux ol
HBLEZBNTY S (B, BED). Lk
BT, AERICEVCBES hic K-EEL
# X o8 NE-iE# Lol i Carr & Mg™,
Mn2* 338 La%t & 0B A iiEbiERomR
L2503 (Table 2).

el @k o lipolysis ik i g Py @ cyclic
AMP JpEsIc k> CH i & b % (Butcher et
al®, Williamson et al4®). Bir & Hechter®,
Efendi¢ et al.1®x ACTH 38X O*NE iz & %
cyclic AMP system, 4#ic adenyl cyclase %
Peo kR Carr RNEEABE LRI LER
ELTWS. DR &6 %EE 5 lipolysis
B 5 K=&k & NE-iEikfkic Ca®* &
ERBEPETLILOLELD.

Buss & Frank® 1, BigfioE HHE AL I
Ca** pfLfi L LT Sr?t S Ch 5 L il
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ELTvs. @ik, 00, FEHSDE K ek
L EHG OMmFEEROENEE T Ca*t o
LT S RHEETH 5 2 EEBELTY
5. RFERICB TH Ca* oz K%
HEARIZ B v T Sr¥+>Ba?*>Ni*>Ca?t o J|§
T, SI” AR LARETH o7z, —F, NE-IEMH
iR v T 4 Sr*zBa?*>Ni?*>Ca?* o [
T, Sr** BX W Ba** 2E[EETH -7z (Table
3). Ni** 2 Cur* 3 Ca?* of{ffL Vi v
BEE L T, Nizt 2 Cu?* jx Srz* < Ba+ &
gz L FFA (free fatty acid) 7z ¥ o h o8
VRRIZH L TRIEEE IR & MR R TR L
R, TS QRIS Lo E A LT
lipolysis BRICHBE B IIESZ & BNELD
Nd. kic, $RRETEMR T DR, AAREIC
BLAmwZ Lb#2bh 3. Yanagietaldd)
T HEEHMARC BT ACTH iz Xk 5 lipoly-
sis OFHc Ca? oL LT Bat L Cu?t
BEBRTER I LERELT v 5. Cu* 0
RAARTEEE L ORRICB - THRETH -
Tedt, Bart offfIRm i & oL i
. ZOMEX AR L BAT o#k 5
TERFEHILARRIC L B0k, Ehkb, Th
ETKHALMzERTwivw NE & ACTH o
ERA 1 = X 5 OFGEIZ L 5 b DM BT
V.

BTa~LNT Ik o TERS h 5 BAT
TR DB IR SHBR O 7L 3 B 4 1%, f-
adrenergic blocking agent < % % propra-
nolol mIBFHIC X - TEHICIE s h 5 (Kri-
shna et al2D, Egdk, $EH2), %7-, epine-
phrine iz X % {€ 8N4k o lipolysis o s
B & O cyclic AMP level ok 5 i3 3.3:M
propranolol, 0.1 M dichloroisopropylartere-
nol 3 X (* 0.5 M pronethalol »3g¥RMIC X -
TELL MHIS 5 (Butcher et al.», Mosko-
witz & Fain®). z #1 5 o p-adrenergic
blocking agents i3 cyclic AMP A:pk % {3
3% adenyl cyclase J&# % #1 %] L, cyclic
AMP level o EHRZHHFT2 L vwbh 3. &
LR CHIE & 7z propranolol iz k3 NE-J&

M b ol adenyl cyclase oz d 5 &
Bxbohd. —F, Kr-iH(lko i i
W@ cyclic AMP JBEE 38 b3 5 hdmp, EH
LIFFERRL T, £, Zhb o8I
WTIREF LZZ#Eb A hiv. Zhenz e
26, propranolol Mz & 5 K*-iEH(L o
iR anf] 7z 5 HFF TS DA T H 5. La
L, K* e X 5 lipolysis o L%
IS 0L /- L T cyclic AMP &2
HHLDOLEHFLITHEL TV B,

Procaine 3 F#Fo Ca’t flux &k CULEE
BRI L L 2R EH LR b h T v
% (Bianchi & Bolton®, Feinsteinl®), Fein-
stein!g Ca?* efflux % &% caffeine gD
procaine {2 X > THIfflE N5 Z L 2L L T
Wb, 7, EREo procaine {15 v b
Fafids X OV v 7w VB SEIR A O Yol & A
THZLLMES T B (FH), BEHSD,
Kurihara?). Procaine iz X % B iER o
Mk, Mn®** OBEEMC X o TELLIHIS h
5 Z Lhn procaine 2HIfARN oiES Catt o
release # &84 % L& %2 bh 3 (Kurihara?),
FH ok BAT oRERICH JiETREico
WTHRFI L7z & & 5, procaine i3 K* iz k& 28
FREMOBEMATS R EH . m v 2 &, %
o, ERBRERTOMPBEREZ M E ¥ 5 =
&, NE i X 2RI E S b ICRES ¥ 2 Z
LR ERFERL TV 52,

D'Costa & AngellD12), Siddle & Hales3®
&7 o =T R T kB EANE M o
lipolysis #% procaine m3ERMMNIC X - THa < #71
flahszZ2HELTVE. KERICRBWT
bIRER 7 = & s h, K-Eibs Lo
NE-7&#AL & 2Bz S hiz (Table 5).
Procaine %, cyclic AMP level #jFid &
d=aF U@, ARV ik ¥ o antilipolytic
agents L &/ v, cyclic AMP level # LA &
% (D'Cost & AngellD), =zt kb, &
EBRCHIZE S hiz procaine jz X % lipolysis
OWMfiE#EL LT, 1) cyclic AMP-protein

kinase ¢ interaction o i, 2) protein
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kinase ¢ free catalytic unit O#FEEOINH],
3) triglyceride lipase D#fH], 4) RN
Ca** L OMEERREVBELONS.

Pk, K3kt NE ffinic & » Taigs
% lipolysis ojiiHguL Ca®* KEFETH S
TLrBHBMCE oM. E Tz, Z @ lipolysis
DTS propranolol < procaine 7z ¥ D
BEMC L > TiBlshs & & & b, cyclic
AMP system 3 & Uifigpy Ca** oZEH» EEE
BARE R o Z LAVER S N, T, BIEE
&) L - mRER 0%k & lipolytic action &
DOENCHER T 5 RAES % CBES h, BRFER
DTS4 L lipolysis LIRS & DR
lzowT, Shiemilhdhidnbirve
ELzTW5.

V. = B

BIH L7 BAT #fwC, BEEHo K 3§
EoRMBs X CNEFNic X » THEEShS
lipolysis DFLHEBRRIC > v TREFL 72 & &
5, ROX 5 nflERE .

1. K*—¥Epk ki 50 mM, NE-JE#:{kix 1.0
pg/ml O L > TERICAD bz,
2. K& b & o NE-iE: izt Ca

ALEEYS & O Mg?t, Mn?*, La** oBHRNc Xk - -

THl & iz,

3. Ke-iE{pizc i 3 Ca* ofSHIX Sr*t,
NE-Ebic 51 3 Ca2* ofefik Sr*t B X O
Ba** BF[RECTH o 7z,

4, Kr—3Ed(bs X 08 NE-JE#(kix propra-
nolol 3 X (% procaine MDBIRIMNC X - T
Shiz.

hboiEEE Y, BAT ki K BX
O'NE o k > CcEil & h 5 lipolysis OFLHEH
HBOBWFIEOVT, 2, 3OEBEETo.
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Comparison of calf blood flow measured by two
strain-gauge plethysmography

Hideji MATSUI, Kiyokazu KITAMURA and Miharu MIYAMURA

Research Center of Health, Physical Fitness and Sports,
Nagoya University, Nagoya 464, Japan

It is well known that peripheral blood
flow as well as cardiac output increase
immediately with the onset of dynamic
exercise. In order to study such changes,
accurate measurement of blood flow in the
limbs is essential. Among the methods
developed to date for this purpose are
indicator dilution, radio-isotope clearance,
venous occlusion plethysmography, electro-
magnetic flowmeter and ultrasonic flow-
meterD. Studies comparing mercury-in-
rubber strain gauge plethysmography with
xenon 133 clearance® and electromagnetic
flowmeter method® have confirmed the
accuracy of the former method. This
technique has been used extensively in the
field of work physiology because it does not
require blood sampling or injection.

Although there have been many refine-
ments in this technique, the procedure is
still based essentially on the system origi-
nally devised by Whitney in 1953. The
necessity of using cuffs to occlude the
venous blood, however, limits the use of
this method in certain types of movement.
In an attempt to overcome this limitation
the authors devised a measurement system
which does not require occlusion cuffs.
This technique, called the press method?,
utilizes a specially designed instrument to
apply a controlled pressure (2 ~ 3kg/cm?
to the vena femoralis on the anterior sur-
face of the inguino-crural. This method
was used successfully to compare the lower
limb blood flow in treadmill and bicycle
exercise. However, the validity of the
measurements using the press method was
not established.

MHFFHE, AR, ERERE  EEERER
HEREBEFREL V£~
{Received for publication Feburuary 8, 1978)

The present study was designed to vali-
date the press method of blood flow
measurement. This was accomplished by
comparing measurements taken with this
technique and those obtained from the
cuff occlusion method of Whitney® (Whit-
ney's cuff method).

The experiment involved a series of rest
and postexercise measurements of blood
flow using both methods. Eight healthy
males, aged 19 to 27 years, volunteered to
serve as subjects. All measurements were
taken in a climatic chamber under con-
trolled temperature (254+1°C) and humidity
(604 5 ¢5) conditions in the supine position.
A mercury-in-rubber strain gauge, under a
tension of 25 g, was wound loosely around
the calf at the point of the maximum
girth. Two pneumatic cuffs (24 and 12cm)
were placed around the limb just above the
knee and ankle, respectively.

Four resting measurements were taken
at about one minute intervals using Whit-
ney's cuff method for the first and third
trials and the press method for the second
and fourth. Four speeds (80, 100, 120 and
140 m/min) of horizontal treadmill exercise
were used. Each subject performed four
trials of 4 minute duration for each speed
except for the highest speed (140 m/min)
which was completed only in two trials.
Measurements of 10 second duration were
taken 10 seconds after cessation of each
exercise bout. The Whitney method was
used after the first and third trials and the
press method following the second and
fourth. Subjects rested a few minutes after
completing the fourth trial at each speed.

The first step in the analysis was to
determine the reliability of both methods.
This was accomplished by correlating the
values for the first and third trials (Whitney
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Fig. 1. The relationships between first and second measurements of calf blood flow
determined by Whitney cuff method (left) and press method (right), respectively.
presented in Figure 1.

50 - The second phase of the analysis con-
-3 - cerned the validity of the press method for
E5 o .o, which the Whitney method was used as a
EZ40f °° o standard. Blood flow values for trials one
§§ * % and two and three and four for all subjects
= cw across all test conditions were utilized in a
;g or . 2 correlation analysis resulting in a coeffi-
,_% g o« obe cient of 0.94 (See Figure 2). No significant

3 [ %4 .

B8 ol o o mean difference was observed between the
=9 to 8 e calf blood flow obtained by the cuff method
%g Q.._' . o as compared to the press method (t=0.942,
SZ 0t * P>0.1). In addition individual correlations
o® for each subject were computed which
r=094 ranged from 0.88 to 0.99. It is concluded

1 1 ] 1 i -

0 10 20 30 20 50 that the newly developed press method is

Calf Blood. Flow (ml/100mkmin)
(Venous Occlusion by Cuff Method )

-Fig. 2. Comparison of multiple paired cuff
and press measurements of calf blood flow in
eight subjects.

method) and second and fourth trials (Press
method). for all subjects at all velocities.
The reliability coefficient for both methods
was 0.94 indicating a high degree of repro-
ducibility, considering that the pairs of
blood flow values were recorded after
different exercise trials. These data are

a reliable and valid technique for measure-
ment of calf blood flow.

The authors are greatly indebted to Prof.
Richard C. Nelson for valuable suggestions and
reading of the manuscript.
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1. JEsRiEERMElcds() % epinephrine Ok

B -%t94-3 TEA #K&U° 4-aminopyridine ©%f
g

BA & GRILK, B, ISH4E)

£ & K*-channel blocker T2 % tetraethyl
ammonium (TEA) < 4-aminopyridine (4-AP)
PIASIEARAREORED 33 X VBB ORI X D
transmitter DIFEERRET 5 Z &R HE S h T
Wb, —HFEEILLH TR & CFET
% PRk @ catecholamine DRFREEIAI> B DT
3 ViEESS Na-K ATPase fHER Cafikn&D
FHTREShLZ LRELP T LTERY, &
BRI £ LE v IR ERRERERE W,
3 x10-5M dl-epinephrine ‘TiEHE# Z OIEMRE
Metihr Sl S5 epinephrine #7453 TEA 2
4-AP TWhpple DB &R B BIGHRICTRES
L. ZOER TEAZ104~103M T2V It R
— )LD 2 ~ 3 { L T @ epinephrine W& L L
7=. %72 4-AP 4, 1073~10~*M CHE /R E
VER %R Lz, 2hbinFndIEMEET I v
FRABOREERIEA]TdH 5 clonidine (1.9x 107
M) OFHESICX » TEL LIS iz, KT
K* Ryt cit, 4-AP it X % epinephrine 3
HE(REVERIE L Qi Xhiz. —%, TEA ©
ERN: K* frasic & Diicilfl s hie. Dlhof
Has g, 4-AP OFEf A KF-channel block iz X %
3O THIUE KY [Rkidh COMBIERRE LY
Na-K ATPase fHEOHER E LTHBxNhS., —
%, TEA OERBRFIOWTISHE BITKRET
FTRETHA5. WThicg X TEA 2 4-AP 55
AR R B e 1T B LR, JEPEMET S v
BYTRER R 2= B O catecholamine Wil 2 RE L7 T
L1, T OAHNERZEAT 5 LTIk b Rk
Bz Bbhs.

2, EIBBEADOAFI—N7 IV EEICK
3% Ca?* #Hi%| (D-600) Q84
MEESR, ¥ Bk GRIbA, B, SR

EIESBEE > & @ catecholamine (CA) 3 B 1T
Cazt BEESREEZHE U TWv % 2, SHERE
stimulants 1z X % CA ¥iiiic &3 % D-600 0§
2 4 R BV T AR W TIRES L
7z. Acetylcholine (ACh) iz X % CA v D-600
X - THECIH S hieds, & OMHIE#ERg
th Ca?* JEEE D 5 2 & TiH%k L 7. Hista-
mine (His.) iz k% CA il b RROBEREZZRL
#z. Tyramine (Tyr.) iz X % CA ¥z % D-600 T

T X o bd, Z offli: ACh DA X
VIR TdH 7. —F, cyclic AMP itk CA
WeErx 3 3 #E o CA Yigpk &40 Lz D-600 (3
pg/ml) THIHEZ T otz DEOBRX
v, ACh, His @ CA gk Ca?t @ influx i
WRFELTCWBEHEX B, D600k, D
influx OHENIZ X - C CA WEERIMEI LT3 &
#xz5h5. Tyr. OfFAicd Ca?t @ influx {2
KET R BELEEZ DN, R Vvbh
Tw5 displacement DS\ OUHHERESTFET 5
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HEvE Ca?t @ influx IR AKTFELRVWEE RS
N3, AEKED Ca?t HKOMEBREE TE R
V. ¥, FOERABEOVWTD, SHEBETO%
ERHDHEEbNS.
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HEHES (B, B, )

e NTIERTEZ ) VIRRBREECBET 5
2, =v 7Y VITIRLIRIET 5 %I in-vive TR
TR Z U VIRSMEEOTFEIIAYETH o fo. TR
R B HTRR in vitro WS F i K
Sato ; Am. J. Physiol. 225 : 1147, 1973) %JisF
L, BEREL XV LRE—~T7 87 Y ViRE
in-vitro TS L, W & b TRMEEERHRAN
Jo. =Y VRO X b BT D A2 h16~119
nanoliter/min OZFpEE 5 E®H, ZHET PV
F U VERKE D§920% 56 ke I T D -
7o SR ODA A VB vk, Nat p3855R (145

O

)



i

mM), K* 2285mM TV, FEKEE: VRR
L7 D% fu ik, Na*t 35 85~145mM, K*
2B5~8mM Th 7. FEIBEIC X 58 k4
TADBMEEETARIE 25, 5 EEmENgE
Y vk, =27 FUr ) vHEBTIRAR ST,
TNAT7 7 HEDHR TSR, 7AT 7 HliE2 3T
OGBS RN E 2 A, Hhics
oM R OERENEEREEXNS 5.
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FR 4L ARFEER LME, BEME (3
detaok, ZEEE)

W MEIa b, MIEOBFE LS ict 5
Z Ly > Homeostasis o Z s &3 458 MG
BORBEMENISF 2T 5 5 2 2 A FE
ZETHDH. SMEIEF i plasma clot Ha R
LBERRICX D 2 = — R EIRIE L LR
HORATBRIMAE (CFU-E) 2RFT B7cdic<w R
BIOe MERRIEE TR L. ki
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ATIX2H, & FTIET7 AMCOMMIFsECHR L
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SN Z ERRBTBELDTHD, in vivo D
MREEZ FM L T\ 7z, & }E8ifio CFU-E 3
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RAwvie. iFHFE=2 = =~ (CFU-E) oz~
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6. Tungsten MM T &I & B marking
technique DR : 2 I DK EE S area T
B X M A EBEMERS 2 neuron O BEFAAORE
A

A, T FWE A B (BFEX
PR

K8 neuron @ single unit activity %5
T BN, RS OMRPEERERL .
ERDESERE LI X % marking technique iz
&BR&Ez, 78+ % size ® marking spot %
5 571 spot size L BEBLE & OEER T
7z. Marking it % tungsten #HIEREDIE



142 2

IR EROBLIKFEL TED D 2~5
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ERCMRERERAL, LEOEREEZEEL
T, BREL spot size OBIEEMMFHNTRD
7-. Spot size L BEEERBIILABRICSD,

marking C 358 75 B 100~150 pm D spot i
Bk 3 LA, BERE S ~I0BTLLhBT & A
BRI, TOFEREA L CHRERREE Sn
@ pulp specific neuron OERFHARFH L L
%, BEE3IBERCRET DT LB,

1. 5y McHIT2HEEOWR

BHEENE, FHE—HE*, T EEY (RRE®
X, W, BZEE - AREEY)

SBEIC L AEESRORBEEF 2T S
B, Fv FEAVKERERZTY, BN
. BUEBIZIE, T v F DEOWAWAIRERALIC
EZ02mm 0z v /AT VEERAL, Thz
el & Uiz, EHBEIET » P O Y Tl
15cm? OFRIR & L, $EE 45 Hz, HHGERHH 5ms
DEREZIBSEEE L. BB OMRSIEH
ORI AR TV BEIEE S BT RE L L. &
BEOERIT, T o P OTEIIEER% BN
T L7 & kT R R L HE EBRNS
AL LCRE L. Thbb, BHTEHOH
g - B DR LM EROEN &, BEEL
P OTRLAEE LBREBAOBRNCE XETH
ERF, EOWER, Ty P OROE Y L
R, & QB S OFGBEIIFE OIRM &2
iR X8 i, EBUBE I RERIIRISED L
n, EHSGREENO L~ E TEET 201K
1, SEoENEER TR0 EEEL, BER
FREATIOFULEZE LR, LErLEEED
KTHEBE, L7 4 VOERETHSE VAR
TJrve Ty FOEBACEETAZ LD,
CoEEKEMIEL L ERSh, gBEOTLT
1 VIRERSERE S he.

8. VY EKIRBOFHRFCHTIRAA

%

v OUEFR E 1 F >~ OKEEREE L OFFR
EEEER HHEE (KEX, B FoE)
Y FOABRBORECKH LT, B+ VITE
ﬁ%mﬁmfé%waWﬁmm@<%®aK%ﬁ
Bhs. FIFIRE LS T OKEE A 4
BB L, BERAEREROA S v RiKET
5. —HIMEIENZEI 4 4 VIEIHIE S - 7 R
a7 Sie B A EEREA A Vi~ T 5. £
TAENIEA A v ORI A v OIKEEERE
ERICIE S D OP D HVIEA A v OFEERIK
% % D 2% 5§ % 728 benzensulfonate, trichlo-
roacetate Jr F7KFESTHESRBIRS 1L &1
v ORISR R . FR OB A VD

SKEEE TR 2R (B-0.0025 V) &5.570,

NS OBMBEAIKOMEE B X CEERAEL
7-. Benzensulfonate, trichloroacetate 137K%%F
BOWME I L ThA DENMES - 7o, ETH
WA OKE B X O BEOHIE »» b, benzen-
sulfonate, trichloroacetate DREMEFEDERS 13 2>
7 DR WK IR R 2o L E b o T,

SRR S CI P N R

RIEE DA 4~ channel O pore AFE X D 575
DRENZ EHD, B FAVIEXHFERILS
3B EENE A A v DAHEETREEI X 5 O TR
2, A A volEERCEEAT 50 L HETH
7z.

9. x5/ EOG o self- LT cross-
adaptation

BB LR, KEWH GHwR, 4H)

KRB ERICR T HEREREL, ¥ V=10
EOG =04k X W% L 7z, BIVWHIKiCiaEi# n 7
I, Eilgiso 7 31, Eien 7L (BT RO
FOnA, iA, nB) DGV, fEEICEBLWE
Z v, self- 35X (% cross-adaptation %, Rf&
PE o MSE-BSEHN, B X ORITRBIRER
25 % Tk - BRI O 2 ERORIC X b, =]
© EOG [SEZHIE L. CORE, BHFR-B%E
TN, Atkic 3 BRI, BT
BISEIREN R bh, iz nB O self- TIIH
s, 53%F TR L. i, Eie-BEIER
<%, nB @ self- THRFHBIREDO LR &I
BROBEST% E TOWDBR SN 72 23, nB
& nA L OB TRIThOIETH90% £ TOWSI
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¥ 5 /2. E 2, nB BT IA BFETI0BITN
L, #DNETT2% % TORWSHBRSh, Liihs
L7z nA-iA TZ{bik <, iA-nA TRAT 5D L
R EHRCEY T 5. Z2hbX b EOG [S28
23T 5L, nA & B BREZEFHRLWE
XD, SEBRRIBYLCHEETSEE2 LA,
ZDZoE 1A BHTEDORENNI S BENRKE
BEERBIETCZEXY, EWRSERICER
VBB, POBEOISEEBRE VWD &HTRIE
Xha. i, M—imaomEBogiEciz, o
BRIEEBLEVWDIDEH Y, ZZTWSIEEFI
HLETDH EOG L LTogEoMiaoEENck
5D DERERT 5.

10. EHEY LS T EOBEEICHIT BHES
=

SEIERE, SRESRCR (Edbk, HE, )
AV FEHRERCONKREICELZ TV BHEE
DREFEECAG/NI AN D & HTvE A 0 JliK
BRPBZY, ELHOMIE (B ER—130mV)
ICTRTIEAL (HRIE 110 mV, {Z3E3EE 10 cm/Fp) 25
BERL, AcHELTrOWmEiELs. EY
FIAOTET)BATL TN K 50 mB4ET ¥ %. 4
RO BRERLVESF I rOH L ARR
b, FxOWELRIETIAROREEZIT0 %
F5E, WMETRE S —EREN LTI ED
BEABRFEET S, Efic O EiFHET—FE
IRIBICIE L T BIEBIE AR T % & T ORI
(T) BT 5 &, T &HEEIEAWhHOBR
ZRLE. TORE, skr—ELBbhs2
Bilas O OTEWEAEERE RS TR TY 55
5, B0 Ot PR E B 5. Liahsio T
O EFEEIFHOBEOERE RO itk
5. KEEOHHHICSH 5 4 HOZEME (#il
EAL—100mV) O—D i/ NERRE HI L ZARE
REZFESR L7, ETIHDEFHRELIZE—HK Lk
B THESBAPNITEY, ERORE- 72509
BV THEAIGEL, DBLRAICES
S5, ZOMKY~ 7 HLEECERLIFD
FTIFIRIE & ERBRIT D 545, MR DML TH
Y~ 78T 5E TORMIRBEENKEWEE
V., ZHABHHRD t OREIEHIEL TV A E b
ho., ZEMIECRBIELOREKIT S & 57

FEKDIBFTE F LI b e B,

A
=

&
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11, <9 2B TRAROEER-ACh OESHK
EERIRICH T IS

R ZE EILEE* R, E,
WEK, BB, B4

<7 A FRass ACh T L TEHARESR
WRISETRTEWVWS 2 i T OEREFEFICER
L, ACh-iontophoretic application % Fj\CZ®D
pattern OfENT &, ThiIC5T 54 4 v oRkst
ZBZH - 7. 3M-KCl # 5 2 f/NEREZ v
T~ AMHSA TIR IR OREA 2 5is% L, 2M-
ACh pipette iz & » ACh-iontophoretic applica-
tion %3 Z7x\>, dose-response, atropine XhE
ZBic. THIFU acinus KHIA X hi-EBEH
3M-KCl % 7 AM/NERI & D ABHICHHE S
B TRISOELE H7z. &#FZiK Na-free &, K-
free %, K-40 mM ¥Riz X 5 FISDE (L% &z
Z DFER ACh izt B 551 Nat o534 51
RS t & KY OBST 58S RRKS O b
KoTkD, ThENDKRE SIREBIZK - T
HEENEA A VEBEOR T X VIEShB T
L, IBKE, BOERSGESERSICHEL LD
v ACh iz F L TCWwWaZ LEHLMICL
1.

JEFAEEE «

12. 735-EoHMBEREOME L ZTDIS
A

INRIEA, FELLEASE,
WK, B, $H4H)
< v 2OE TR ACh T— @RS
R, ANEHSELLBA + 5. ACh Hilig
BRET D EANBIOBIE L2V NEL
5. ¥7z, ACh fZfFF 2044 preincubate L
7-ETIRMIE T ACh i 5ic & b ANiEHOZE
HizA bRy, —F, RREDOKE SOE TR
13 ACh f3£EF OEEE 305 LLNIC % D80~909%
DT 3IT7—¥&2RS., ThODOFEILESE, F
Th#miD ACh i2 X 3 ANEROBAS K LU
D—EDZLAS, 1) Ussing @ Leak and Pump
EFANETRC DS TRESZERE®RTBD
2, 2) TIS—¥OROSTEsTRSEHS
DA LPITT 5Dz LEDIRED V-
NTBRERET 35— ¥R FTLTHET
BUENRSD. TDDITIIIERCREDE T
37— EERBEVLELRLOTHELL, Hik

kR, EBE= (L
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1% 5 ~109% amylopectine-anthranilate 400 pl %
HEL L, BB 10 £l 237C T20~305 0
R4, K& U7 Tris-buffer 1ml TG
1k®, 5fRX 7z maltose-anthranilate % 3 J &
7T 4NE—TiERL, BROEREBHELL.
TSR L, Km ix 45mg/400 gl & 7x
Stz ZOFBERERT v VBRI T30~50
fEOREZR L.

13, EEAEREFANE? 2 5 — Uil
InEERTHE, TEILBAEE (LK, B, $T4H)
PES S IR 351 B stimulus-secretion coupl-
ing ZMEET 5D O—FHEE L T, Matthews
5 (1974) BERLAT I 5~ Y HBSEEZW®
BL, ZOCHHEEZEF L. ZOHBEORE
13, BSOS MENhET I T —ERERT
VIVIER LA ORERER L e B s Rk &
FREERHCEGANCEE, T A LTS,
BIHE L UTAA Y VBREAY, £ Ex
E, Em EEIRZhLH 33 nm, 420 nm TE~
VERTT. TV T VIEEN0S%DEE, 73
5 ~¥1x 15u/ml £ CHEHMEELZRLAL DT, T
OHENTT 37— EMUOEARIEH X NI D
X5 IR (920 mg) ZFFEIL 72, O fkfi<e
4 F VBB R CT B DB OREIRT
372X Fmg) L7ckER, ACh X ONE
77 F o304 R, S0R RIS L Thy 2
BRI ER CRARIGHRL D2 LT bh, %
FoARIRE OFIBAEREIR S T L i s XL 8%
ELRT 35~ Eiliifnz Shiz, SEOE
s R v DFESTVL B B E D stimulus-secretion
coupling WX T B ELTHRAEEL L 5. flx
EZNETToRAA Y VEE, 2LV VEER]
WX 57 37— UiRHhE» 5, ZhOTEES
FF P OIbLEEEE 7 3 T — PHHEE E OH
HRkd B EBTE.

14, ERRMIC L3FFHEERS S AART
BR) &oREE '

WEIHEIES, FREE(EFEXR, B #H—%
BB, AR '

afEpic el SELHOERE L OERE, T
A (5%, 10%) THEFMLIBE, £HD
B TR b OB OIS ERREHE L. &

¥k

OSMBEEET D101, BERORMELMERK
BllEEE 7 2 AV . HREE, PEN, W
o, EAt BROMH 54 (24, 29, L2305
34, 22F 0k 24) BB, HRL  FO—
HlZR% L 72E, ZhERMOFTRAL5WME
NBEWEOREIL, HROHETER» BSWEND
MEOD 2B ERRT. i, HOMEERBL
Tl R & A DS E N A REDHIE, ©
W10 245 LR RIEENILHRIAL (B
#, Z24) Thote. BER2  HFO—HZHK
LR, RTREOYEG &Rk, RO TIR»
B NREOHE 2 5 EER UM,
% i L s, Z2E OB TR AL S hiz
Boltly, 3R TH -7 (54H24), R
3 ERER (59%) Hi S4WEAAE TOWR
E, —f3ie, FEEITIE 2 ~6FT, SHAITIRE S
w3 ~10EENS. Hi, BoEEUTW5H
M, EBRARENT WD, R4 — BRI 5%
DOELE B LRI, B SR TERE
7ois, 109 DA, FHLABICETR. L
7ot o THI I & UCEEEEE AV RIS %A
YR BDOEELD.

15, 3 J9LEEAOBRERSMMZE

ANRER (BARTA, FEEBAEKRT)

1) Nembutal FFfET @ % 210784 v, K&
(FX) 0B L X 0 2Bk (MB) Kk Bibh 5%
AT % AOWEER GMEE 05 mm, AEHE
0.15 mm, #E[1~1.5mm) ZHVicskl7z. 2)
FX #ligic & v MB 2 54881 70 ms © 3 18k
LWL S, EAERIIE 13k 3ms,
23 10ms, 453 %15~30ms Tho7. 3)
SUFBH A NS X D EEICHIA U BRSO
BRET BRI 1, 2 i MBI
©, 553 i MB ISR CiE L. — BRI
Fk AL 2ESEMIMBERTCEE L .
4) FX ORBEE 25D 5 & 75 LESsED
h, FIEEETHL® > DEHRLE. H21
WL FREEZ AL, XA L.
ARG E D £ TOM—FEAREKTRH D,
SERELT2EBEL ER T, B3I EORER
1, 2 X DKRTH o7, TOWDIRIBITE 2 K
D 2 KEHOEEHEADBICARR L. 5 FX
2 HFHRIC X B 1 koREEIIRREL, 2ms [HE

G

(,



S

TH0% 2 & L 7z, 6) &AT5&EET FX % 500
Hz, 4FHhgs 5 &, BERECH~E2, 3
BIRIBIEEA LA, 7) BLEORER, #F1EE>
F 7 ARG (FX) OfEE%, #2, 3 MB
=a—nVYOEHERTHDEEZ LRI,

16. X7/ RE

W O Al B BE & (BREX ¥
A

KEH I DIREGESDS, RIRIRZEMHOEE) & 5
BrBGRLTWs Z LRI A L. —4,
Bell G & LT, IRz L5 LIRERD LIRS 5
ERpEmbhTws. EXRABTFC2WT, %
S DRiE & T & 2B, IREROEEAE &
EHE EOG kX v iR L, 57 & RREHO
RItR% BT L. AlRIC- L RRICERZIRE D
FAE, FIERERHSETD, FOWRMKIIZATE
783 VE, THA (RIRBRSATRE) Wik 102+
2103 VB ThH o7, ERERHE & bRk
DOLriED B2 0, FOERHISLETSI VR, B
B (BANRER LAY 31151863 Y B TH -
fo. TOX ST, RO S X TIRIR & IREROT) &
A BT, AR UTHiE O
RPN B T » o & i hudie s, [IRIR
L IRk OWRIB S ET)E, BTOZoDBECD
btz BEERLIRR ORI & B AW IREREE
REg U, REET B A&, PASRTOIRERALE ©
B E LCRBET S 28 TE. $h, WEY
A DIRERHE T I FIE—3 U THRIR DL Tl Z)H3 5
Shiz. U EZ20Eic 20T, IREEEIRERE
DETNVIFRIR 223 A 5T, Wit gt DI
HThiEETHERWERbNS. Tinbb, IRE
LHRER DL FE Y% 35 & F A BB B IFET 5
LortELLNS.

17, /& & RERH

BR O, FER IUTRE (BEEX 8
)

1) #ERAORE % & e+ O OB R E
MOS b2 VAT e — LTiRiswd, EHZT
2 VAT R — LRERORBI T ARIEE LD
RCHz, 2 VAT R~ ADBEKITIVDD B2
VAT v JHRGERERL, B, Ei EORRK
wxLd B HEATHR» bFORE (KRR OLE

S
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TRIET 5. ZOXSBBAFITER, 2 VATR
—LEER (HARVEEZAFARE) BEOR
A BRAEEMIETCLIRONS. COHRER
BEEOODF TERE T Thi. BOE(LEE
KENCERLTHD &, RBOFEWIN—T (T
Az —)) hEOEED S~ 7 (ZEFEER)
Bowrn—7 (BHEE) oodbh, % ORMHIE
158~105Th5. HAZREETHETHT, £
ORBEDOELBETORETHS. 2) RETA
WOLHIREE b S VAT 2~ — DG R
B AT RERTH DHBREEETIE» LD W
Wil E LTHW B h b, TheBREMAE
R, BHRZERL, EREDIF VARV 2—Y—
& L THWHEARR S S DT W C & dsbh o .
RRBLAMEE LTOmE S EERS Y, &
B DB E&DH 5 T L& 7.

18, 2IEEH= 2 — 0 OMFINRRFOM
H

InigggeEl (RKEK, B, fE—24eH)

KR T Lk 2 DFELTHDO= = —r V>
Sl % & v 7 AT VERBRTTRY, BE
B OWEEH~T. ZoDRY v YR (SR
WEFAME) BTRY =X~ TRI Y=V
L OREWCE 2 oK, T A PRIBIC X D AL
VISR Ui A, IR A TS 5
LT, COBRRYOWEEZMc. BiRtL=
2 — 1 VI Wi, nondominant eye D§990%
CE NI RESND - 7. TOZRBOMH 2R
TR DA XY 3.6° T, MO X 1k FE
739, random -$x — VRIRTHIMHBEED, %
7o & DY D X I IR OB R RS -
7o (CREmM oY, 9¢) BEEAMEOREEO
WEES O T » 5 HIHIMERE & B (inhibitory
end-zone) T DWW T hHI7z. £ ORER, RO
mE, BxEIRX I [H#CSVWTEhTh,
709, 54 x1.9°;67%, 6.1'x3.0° Th -7 (Fi
). &7 DEBOMH O E D, FEFOE M
R RMEA S - 7o (S, 80%). MBI AE T
HEBT B, BOZAEY, AW mEELE,
random pattern i X - T % #HI04 5 Hp
5, HIHBEERNORE TH Y, BHAMWE
(complex cell) 22D TiE 7w\ EHEL
7z,
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19, X 2SMABG IR ik imAT o fBR PSS &
bl PR

WER L NI, EETE (BREX B,
H— )

F 2 MR AEBRIZAD = = — v VISR
¥ X ORI EHEE B OB B8 -1
£ — Vip BESATFEC I EPkINES X O
R ZAl &, RIS St ORE
BoWE L LhiciEa T 2 HMmROEERES )
5Y, X, Wi (FEEEOEWVIE) sEsh
TW5. ¥R Y¥HNCIE Guillery, Famiglietli
BiT & DRI DR & S L OBHRISRD S 2 —
v b Class 1 cell~Class V cell £ TOHDOD
7 7 RCHEERT WS, Mz LT Class T cell
W EAE ARG T Class 11 cell (X448 EEkHm
JTHD. RERTIE= 2 —r VOB EEED
B & v o 7o B procion yellow EHREA v
T/ wr 5 wr— RFEEL 75 =2 SRR AR Ol
fapyaesk & Mlam g e’ fTiob e, 4 @O
(fmlzA, B, C, D) pfufamgwmkzhL, #
MREFLEE, HMRAE B X CRERER OBESM
WITHT B VAR vV A OE ) b4 TEhikmY
LREE Sz, FHlROFERITHIIRA TOW
TIXABTL OfbOMINT A1 BTH -7, JERB
BpyiciE Guillery O3 Lz 5 LA, C
I3 Class T cell, 4@ B, D X Class II cell iz4f
YLl FhBOROOMICHET HRMED
{ZIEHRPE VLA A T DV T it slow type TE DOfth
OB L Tt fast type TH - 7z

20. i DiBEAREABRRIC X T 2 ARHEFH O
7E

HAMASAKI, D. I, CHINO, Y.* and SHANSKY,
M.* (Bascom Palmer Eye Instit., Univ. of Miami ;
wibK, [E, H—4:38 . Hlinois Col. of Opto-
metry, Chicago®)

HET 2 EROHERBRRERLEDL IR (= v
PSR VRERE) 2HVEE, BEHEROBRVH
SRR X S YD 2 Bz 433 B 2 & 48
TES. AL LS5 T ORI OSSR
EBET S, ZORICKT B R ZBEMR
E R HRERD DD D Vi X-HlaT, FORE
THISERELI SR WD D1 Y-HETH 5.
T A% 8TWWH 5210, EEF = TSR 51330

b £

=y PRI ThLDOBERFERS &, Y-
FHREVE LB = TIE33% (44/133) b5, v
¥ AF T TIEI3% (27/210) ¥ Ehhwv. Vv A
F2 T Y-FRIE O M BIR AR DR & ¥ OF
B35 0, WHVAHE T ik Y-H 0 RS .
O EREBEB R 2 ALAMREZES LI X
- ThiED Shie. £%12HOEER 2 3 WL H
v, SMUERSZEEIN, 47 ARSI L TRy
THLERTZE, 4d==y } D5 L Y-fuiad
84 (12%) K Thole. LENRST, ¥Yv 4
F ik W T Y-HfgoERER KW Z &
i3, MEROBERIMICX5H0TIERL, HH
BICHET2DDTH S ERFERTE 5.

21, A ZNRTDP{LY X A

NER B, BEERY (RIbk, B, #o4
B - [SIEDTY)

a2y ASzDIMEY XA, N~RA~
B —ThDHEZHIRERE, TOEETICHY
EEIHE Y X 52 TE LT AR RZ R
D2 FIMERC X - THEShTWw i EvbhTw
5. bhbiui, 1= S=0ft) a5y 2y
Va2 RAzDEREENWL OhDETRESZ &
ZRE LR B1oMERE, WMbor—72,
YayVavAA= TR, BE-E0%E TH
oS, k—E0Es, BEYA 71
O &R Bicd 3Dt LT, 4 =3=Ti3,
T MlokEEicn TEEy Mchbscd T
5. B2, YawYa v S=Tik, [EHREBT
U X ABREE Lok LT, 4 =-S=Tl,
[EIFIRAE & FRCIBERPREETH Y X AR T 5
L THD. 3 OHERIL 1 ==DBA,
ZODIREMEKOFESHER TERP -7 & TH
3.

22, BORRIEIC &L 2REIX D VY ¥ OIRKE
(- HGRE OEs S

EXBT GARTK, B, $—E)

IREMAB S B3 D FFEVE, Sl iR eigRE D
Be L OEES Tt v 5. SN, BIEss
IRIEEM B DAEBPEE T > W, HEEERN
(electroretinogram, ERG) Rz MV, i, "%
EB) & FRFECER LPDERISOSE OE > S e L
oo Y ¥ OEE IR & ARIAR E» 5%

()
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hEnEH U ARBRIRREMNZH L ERG zon
T, 100 B OHNER % ER/NVEF B I
KD Rdic. FIBRE ORTERE & UCH - BEIESG
DEBR TR - 7o, WIESKEBI 817 3 IRRE R
Z#HE ERG IHHIEGRHC ST 520X b 313
Lic. ZOBE, BRZEOBSG KK 25 1k
ERG Dby e Wil Lz sx —v % 7 L,
T DR L WFTHIE L TEIL L7, BEIES 05
T UK TR ORE & 8+ L BALEE)
& ERG DIEM:RLA I8 L7 BRI LB D15k
BRI EER S B DI ES L, B g~
VERLIZ, OXIGHYBDR VT & — L THEEE
ZITRVIHESRDOET L Tw K88 T POkl
DEEEZMLTHEMEHOERRS 1T K 5 h
¥, ERG @ a JHic i d 5 etk s o Ziigas L
7. DEORICX Y, BOLBRIRRERNZEEO
5 BIREMC X DR LIRS 135 3w ERG
DOPIEIE- L, 5k Ui s o3 IR 5
DR E LCOIRBHBRECERT 540 L%
Zbhs.

3. b MOBEESDEN S KREE B
DEEEIZE

e xR T (BARTK, [E, H—d:)
KEiC & 13 5 EHEAL stationary potential
(SP) DFesk & B3OV T, KWEE b
SP ZBH LT« DEHTICRET X h 784
OMIRPHE ST VB, ZhE Tt E—
REFZZ BhTwiw. FoRKTHE W THRITY
BRE VT &~ UKBRIRIE D w7 4 FEERG Fops 518
HiEhic SP ORHAGRIC D W TR L, EEE
REBIZ B3 5K SP OMIEEIE + 2 mV JifgT
BB ERHELPIZ Uiz, F2T, SENIHEER
A20Bz o> ThE Ui e s+ 5. SP o
By A b7 D iTE%eR: L calomel R
ST fafn KCl BRTY » V2 LTHES
DEEDORBOEE & BIRE I tafn KCl BT
BV A FTESLTIRY, Bk T
BES), LEXERBEISR L. ks, SP {EIR
FHUTE THHIE U7 DBEIEED 5 calomel 74y
WOSHEEZZLBI 2Lk bhik.
WERE 2 BRI BUR X, REOBRIEERER
P HI0SREEER LR Y 75 4 02 D v TARM
SP DRI Z BT 2L, ko dbhik SP O
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HEERES TRIFECALE Th - . La
L, MWB04MHREBT S & » 7 VREL, —104
mV 2 5+60mV 2R, %< OFITIE+3mV
DHFANICD - 7o, & OHEEEEEY, Bdoo
RELTWAHIEEL D D 0k o 7o, HIE
EOEH» 52, 3OERYMLS.

24. 1R 0,/CO; EIE kg ORI

ANEF R, SRBE (UEK, B, $—km
SETE M HRE DS 02/CO, HIFRD % 47 i< X
b, Vor 55X Voo %165 DIEHERIE Iz b 7e
> T OSBRI kdE 25, Vo RIFHILE
RS TR T Bz &2 b, A%, Voo
IR (Q) 3 X OISR O, 4R#ET D
BB B 7 DI R i B N & T,
FREUT, 1) mHicftuviiifasd CO, Ents
L O, DS IEENS = &, 2) Bohr %)
£, 3) QOB 4) IFHEED SV ITEER
OFER ENHEL SR, 4) 22w TiE Vo @
A VIR H B I R B D, T EER I
HEW0BBICENS 2 e hbBEIhi. 3)
it CH, e X 3 QEIERHE S & WHdz Qo
RELBIEBRNWZ EB X, HHEPOLE" >
SLHBR—ETHEEITLD, BEINh-
1) BXWK2) ZHErd 5B AL HDCO, i
% L Vor & Veor ORIRE kb L &5,
Vor=4.58+043 Vo, DIBIH 2 i, £ Dk
Fob, Veor BRI - THAT 5745 Voo
LHBBERITREZ EBNHEF N, Vo &
Veo: DIEIE 1) OERTR 2 CHIEEETS
5. Tibb, CO; DT X D O OYLELARE.
EEND LHfilan O BEARIIEAE 0 B
FED Vo liTsLAAE 5%, #4/, Bohr )
ROTWHERSHVHSRITA DB OME X L 2 &
V.

5. BTy MNEBEERHO 2EBAF B
FEINER, FLLFER GEILK, B, SFRELE)
EAE Y MEEHGEBEREZAVWT, 28 =
MRt EA L, Bt - BEFREC LV EOE
E - BRICERZTHF L. FLTERFROLEE
TT2on5EHEMEAMEERD Ca, Ba
O Sr & 2 {HilE 1 4 v DEBh T OV T iR
Al 1) BREZOEHT T, E¥ Krebsiy
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RN E BRI L > T SN EOZBIES
BT S5 5> 5 node IR OBREIZIRAE 0.5 oF
HEIE 300kQ TH o7z, S EBIICH LTH
BV~ L OBMEIC XD 65mV DR DAAA
7 L ik B EBERN X D IRIEMLS X 5
h, BHOBE &L HCHERA S 7 HEEZFEE
F5X5cb. Ca free 25 mM Sr iFIE THIE
% 25mM Ca Krebs ¥ FOHEBEAICIE LT
10mV =3 k.5 overshoot DMK E RSA 7D
rate of rise DMk X CHESBHOERS AL
BHND, & ITHEBA S ZINEITE A3
B BT+ 5. Ca free 25mM Ba g T T
AL ZOKR S X O HAEEREESEED
plateu BB OEBEMB L bhvs. 2) BIEREE
FeabhsNSEHR L. 1 D600, verapamil
X TBEMICED « HET S, ZOFEPD
 DiERDEBERNY Ca-spike THDH T LHb
5. Ca free 25mM Sr % X Of 2.5mM Ba ¥k
T, #hFh Ca Bt Iea OV KREW Isy Isa
DOFEBZE D BN, ERTNOFEER Eca,
Esr 31O Epa DIECIEZRIZHZED SN >
7z,

26. 4 & Y BR{CR#AE Oparacellular shunt
pathway [Z2(+T

Sulighk ek, B, SREE)

moNEREE, SUNEREE, BTHEMSER T
XoT, AFERMRMEE OMIMEOEHR
Ve, RERVEMEEZEEL, LOREND, R
RS OEERN QBB OTFE LR Lz, IR
AR ORI OB KU I A S B (1.2
100 A 5 8.0x1079A) X44i & & it (—0.8x
1070 A % 8 —9.2% 1070 A) TIRITIEE A 2 BILR
%% L, input resistance VX 4.2x 108Q TH -
7o, EEAN OB LRI NM S EIR (20%1078
A), HRESER (—5.0x1078 A) OHiFE TEMRM:
%% L, input reristance ¥ 114x10¢Q TH-
Fo. RS OMIaEo input resistance 11 E
FER5Lo input resistance X iR L THI40FE DR
XX TH o fo. TORFITEERIRIEIRO
HEERNINCERIVERKOFEEZR LT W 2.
Lanthanum #¥E CHEMUGER U 7o BhR RLRRAAE A
T oD SRRV AMAERE 5E %5 @ junctional complex
L intercellular space iz lanthanum 236§ R HY

S

>
&

&

&

R B, L L Sflfai @ pinocytotic
vesicle % & OHEILNEE CIZRED B -
oo —RRCTEILEY 0BT AL PRARE A ORI
Mk true tight junction 2 AL X T W B
23, 4 & Y ESERLERME Tl true tight junction
THRVWIT RS & D, 4FVEEMRME TR
junctional complex & intercellular space &
BRSO BEANEREEZ LTS EE X b
5.

21. ENE Y MBRICEITRERI 1. T
A—2&E70 Y b—XORIN

ERHE, E5 L $kB—* BRIERY™,
2 Eeer ek, B, BN . it .
JNRERE ¢ B, R, AR

E/AEy FEABORED S EARZHV R L b
V=T VT Gy ABHAEL, A7 b
— R DRIFRIER 351 % EiE o v» RN
ST /A2 — AREE ORBRERT - 7.
2SR ERERE, 1) 77 b — AOEEE
X Michaelis-Menten ¢ kinetics Z7RL, 1
I Shs, 2) Za—A0ER%E, Naik
BEOREEE T, 7R UTY, HF7 F—AD
BETFTTHHX . $hrd Y VHEETTOD

CFHhHES T, —F, T b~ ADEE

BLEDX S BEHIT LT, £l HEELE
Gl oz, 3) Fa—REE TN b—A
BREORENEITIZE A AR » o7, Bk
DL BRTEE 3 5 747 b~ AR
13, Na k&2 RT /L2 — AERETE -
Fo 3T > Na iofffE Lic v k% B < E{RHEIR
OB Tk Sh 5 LRk L.

28, ELE v MBIk T BHERE, 1. Suc
rose DY

BAm— EIFWEHEY BRESRY 2
e, B B (IR, B, AHE - HBER
Bl o ANREPE ¢ TR, (B, BRI

L%y FEBEEO SERE v, RIL b
Vo~ =T, FIFHIK I 31 5 sucrose O
sucrase I X ANk RicEEE O™ 5 & -~
7. 2 LI ERKERNE, sucrose VIRIT-RREESL
T sucrase T X » T glucose & fructose I
SR NIBENT hOBIERERIC X - TER

O

U
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BB L, sucrose DFF THEINLRSITITE
AEBWZ L &R L. $754b% : 1) Glucose
B D& R TF7 /L& iz sucrose & F v 7-f
D &Y T HE (glucose F,HFD & b Z HfE) 13
glucose #i% ORLEHR|TH 5 phlorizin FET T
TR iz 5. FERICHEIZE L fructose Ef
4D & D ZAHIT phlorizin TE 5 7= B 52T
ZZv. 2) 10 mM sucrose f£E T T D glucose
FDEY T HE, fructose FHDE D & HIED
288 THY, F & h FhofiX glucose %
fructose 3 & % iz free ¢ monomer 5 mM #7
ETHELAD & ) 2 HEITIF—FK L.
3) M B x 7 free @ fructose s 5 DN
sucrose 10 mM Z4E T CHIHI 2 %1, % O
2) TOERICH LI FRE—FH Lk Lrl
free @ glucose 7> & DIRINIE sucrose 10 mM 73
ETTIE & A LM R, MESE LTS
7.

29. 1 EYREICHITBHB - BIVEEORTE
2R84 2 ER LIS AEIES

WERRE GRIEK, B, fi—4:1m)

IBE DK « BB DB « 55 bHFED BT >
WT, 1B » HRE X h T v % fluid circuit

# 149

model ZRFET 5 EHMT, 1 EVIBELZHAVESR
LIPS R T o7, BE, WG 2B L
T« NEHE L AR E AL B T
60mV, ZEEZHTHIEMV ThHH, it bILE
ZEFERIETFT LT3, 2mM D-glucose ¥ &
R 0.2 mM ouabain (3L TRV LG L
2L, BELEEEME —Hci40mV iz L.
Z DFERE LT F LT 513 B RIUERE OIS
UENDRERE TR L. SWiEREicB LT :
cholera foxin & {EF#R734% 38 7 theophyline
(AT theo.) DIEBR/KEIEEBLR T A~~~
DEE R /NG R, Tk X 0L Iz v THEIS
L7z, SHREHETIRNTHOB T b 3.7~4.8 pl/
mg tissue wet wt « min DOIEBROKEINISE 5
N722210 mM theo. 1%, Z & 1.0~2.5 pl/mg
tissue wet wt « minDIEBRAKSIbICE U 7. &
K[HI-SF A& —1X, BAZE (mV), BHEST (Qem?),
BN (pA/cm?) TH T O X 5 I %
¥, /N EER : 0.6, 161, 3.9—0.8, 118, 6.6
JNBTFHER 0.9, 325, 2.8-0.7, 143, 4.9, &:]8 :
23, 687, 34—21, 491, 47. L7235 T theo. |%
BHEPLOBRD 35 X O Cl™ DIEBRS I % 258 Lokl
FEERNPLHWCE L DLELLRS.

B
>

5 200 [ & 3B % W OB 3

I : BRFIS24E12510H (H)

H
& BBRMRE 15

HEBE MRS NP OISR E AT

1. RERTEMIFO= 2 — 0 VB E BBSH
i

A. D. Simpson, A=K, HEFHE* (M
K, B, B—EH - TR, [E, H—dumr)
HRTEIL, ARCEROTHHCES T 52,
ZTOBFIZ 2 v T4 DHNRH B, £0D%L
W, T — RRRENEER T E DA EHE R O i
TRESEELERLZIDEI LTV 5. Lx
L, THDOKR DL hTHERTHELOEE
DWTH, MBSV, BEELRFA LY vEH
W, BRRTEHSMAIE LH) O=2—r viEHEE
B W DRIEFREERIC & » T, BEE SR ORI
ZAMETDERETo . HRTH=2—r Y

i, #RAFY VIZx LREBEERZ 25005 5
LML, IR X 5 TEEIe T A MY v
Xt s LH = 2~ r vORSICIE, #RiE (type
1), #P%I (type 2), —i@i¥: DAL DIE] (type 3)
D3@BHHDH. ALY VOBRIZBEWRS T
X, =a—rVEBIOEL T > BESWLER
W, FOBA~IFEF R MY vORER Lic=.
a— R VEBORE®E R LE S, A Y

VEEHE LH =2 —r vOLIANED type 2
DISERRL, WERCR L TiE, ZEEBOKE
BO=a2—w BB Ehic. DEOBEEMSH
AUV, HETEH LH = =~ — = v ic 8
B< 23, ZOIERE, BRBRDTRICKEL T
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2. L 25 ALRAYIC AT DERE

Bil—%, £Fil% KA B (LEX E
ey

FREBETRICD ESWT, YAT ARBE
B bENMERONEETAETGRL, £OR
AR PN OZLE LTI LTEER
BERWHOEERKDCT, VAT LAOREREHL
7. BWO2VITTLTFVRC, HRAVEIZ
vza (EfA»SH7250), b (THRE»S A
72b D) B, ATELRDRIZETHS. BA&H
L LT, LI EIR BHIRO 3 A X D R BfHE
HHEE T ARMRET B eIT, =L ORI
FRWT, BIRMEKRS X OHEREREED,
Ringer ¥ CHEER LT OLIEORE Bk #IkoO
SR, ERTIRIMLE, LEEE%2 001
HE L OFHME, TR & L THEL
7. BAMURHBRICBWTHEERRT L LTOL
gD <5 A — £ am, bu, pa vk ACh (0.5x1077
g/ml) ZYEAXE5E, an WIZLA L, bu 133
F L, UL7edioT pu BB Lic, E7oRKAEHE
0.0, 6.8(s/cm?) Tkt L TOAHE « BRI HEH
CITERIIRED LN K b o K. KL 36.0
(s/em?) zxt LTRLAE Pa=3.2(cmH;0) TiX
B S22 L, Pa=5.3(mH0) 1xFd L
7z. Pu, Ca @IREIDO=2 v 754 T VR) —ED
& &, KNG DENERE O B A B, Ad
(107 g/ml) I ERUESLOE(L S D LT BIRE DA
b2 d7=bTztaemLic.

3. JLPF=VIYTIYRDEHCONT
EHWEAN, FHEHBRL Gk B $—H8)
B : GFR OEBNBEDKEOLRLEE D T
LiEr Ak, AIEShAREZ V7 5=V
7 U7 VAEOLEEZMALER B 5. L
DONilE EORE & L T non-creatinine chro-
mogen DIFTED b4 U BIREI D T ik Lloyd
S CWFELTRR (T > F CLIRTREE L7z, ST
miEZ vy vViEE Po), RE1IBZVT F =
VHHER (Ber) 3L OUBHIvTFVIIT S
vz (Cor) BEIE LS CTHAZE), HRH
EEy, SRR R, FEk BRNEH)
ToWTHE, EEEEREBECHL, 1B 4EZE

» 5

BRI & $RIR 2 H6AT LBIE L. BEZEEIZOW
TiZEE 6 A 6 BRIZERRME 1 BRERZHE
FLHIE L. BB OE#R: 1) P DEN
LEIFALEL, Eo RHPRELE M KT
L, Co dABOZHEZRLE. 2) P OHM
EENIEIEE I LI16% Th - 72, £ D50%
PLESHEERIZE - TED, Lcdts TEOEE
Vgl i 5. 3) B ORZEEIR LW
15%CH 5. 4) Ca DA, H2%THD,
BRI A EROBEN DOFER X » TH
10%Thsd. Lo TEOHMEMIZFN20%T
5. fEwE LT, 1) RMERLNE R b h 25,
2) GEHEEH T O Cer 1 24 hr TIXBHTE T,
3) Co OHEMZENIH2HOMERSETD
%5, 4) HEREHE P itk S {EE, FiTh
BHESFOE AP BELTWSEZ EBRHEA L.

4, V&ODREEREZDIGH
M & BT (AKX B, $—EH)
Hodgkin and Huxley (1945) OFR$k L7k 2 H
B IR OENINERERZ & D, O peak b
EMICEGEZ T LTHRORA VoL RATHT,
£4 VAULADEDNDE X % s, ¢, duration &
t, V), ZEEES & O v r A2~ T ORROE
X% 0, v &T5HEE, 0KV VIEEA VUL
ACIBETHHZEEFALT
582
t(s?+s%)
TEPEIND 1BEOEELSEXZHE L.
AR OB EREE NEEB RIS T 5
BLTh B EE L, BEEER T L IERTES
BA A NRES, FRIRETEAL, HREL
BIXOATLEER T2 W T, FOREERL
7z.

0=

5, 44 = IBlc kB 1 hEKHIEskinned
axon OEFRHIFASE

BHEAE, TR, IS S (BEETHA,
B, H—4hE)

MgkmER I, FEE, IBE EEWE b
fatk, I b2V FY¥RESLDHODHIED

2. EFEHEE L T WE 2 nm OFRDMERE

(A 7 v F a—TFN, MT) BZhbOMRZIE
ULTWDEDBHMND DY, LOEHEITETH

O

O

@
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ThHb. WMRMEDEBEHETSLET, 7V
UV VBN T 5 X5 7%, WEEEBRWEHESR
ETABRZORIEFEATES 5. bhbhiif
HEMFITH D9 K=V (1%)TH HEXMHRE
1h B LCEREEFARER L, BENEE
ZfTole. TOEFNLIIE, OBz e~
LERERCEEOMT BEERTHRE. Xbiz,
BRmELILET B EEBAREFTLOMT I ED
X SNERT o ¥onDEREIT - 7. (RIEM
B (4'C, 1h) itk d MT 3Z23 LB L.
Ca (1mM, 1h) 4238, ¥ X Mg-free D&
WIhi MT 2ELIilE . ZhoOREE
PREEROEMREEICHE T 5 in vivo DEEREER
E—FKLTEY, Ke7F/LUIMBEREOMECH
MATHA5 EBbNh5. BE, /<ARE—H
STFHBEMEEZANT, KEFLTHER I b
a2V F ) 7TEDHERE > T B2 ED SHER
ZEDTWVS.

6. L—¥—=qs070—-T&EI/EFE
BEROTENE

REESKE, EIRHEREY, LILEee (Bt
K, B, FH—H e BRET*-BWHK, E W
T k)

R OHBBITIC B3 5 TEIFICE LTI,
Xf=4 7 7+Y ox, MBMEENSE %6
G RFPOCEES OFEBHAIhTE
2B, WD ORLAEITAEIKELTE
DRSEEOREIEESE LBbhsELH0.
VY —=A /rTr—~ THEIIEME T CEZD
JEFR (¢ : 10~300 pm) L — ¥~ T 2 » b L,
RELH RE RS- BHHHTEHHDT, B
BRI VL RTEL A ABE & 37 wet sample 2 F D
EESNTES. bhbhidERFkd S Sickst
LROfEfmE 272, 1) fERpbr—F~1tk 5
VvV T ORERIMEL L d —ELAdo
2. ZLTHYTNZRAF LY T~ (1 9%)TYe
BLTHOLHH Liz. TOBE, yv 7y v %)
RIELLHEIIA. ChIBEERX SV —F
~HDBNRRDEEEbNhS. 2) KEHRIIE

& W 151

HERUEIE 5 2 L < fER» LEEBIEIIFA
EXRWHETH » 7. bhbhuitEes C) &3
FRENIBEBDO LS v R I v 2 v R (T) EDRIC
CooT 32 ORARSH 5FEN b 5 o 72. LEdo
T, T3R8 X V TESEOHLERIEST
REIC TR o 7z,

1. TF Y —TEEEBICHT IHBENADDOA
HOBETH

YIBE, A (BIREX, $—4)
INE T BEA OT R DB S B OB i A
i, WENTR- oMz LTk, Hiohik
BdTA4 Y~ 7B OR#E I ED, W
BHEELARTH B LT CRifg Lic. AH
1k Z DD DR DM DI TFUIT 2 ST L.
EBWZvVvEY, rese—CREEFOY X%
v, MEIEER» S Y — T E S RBELD
BRIz LY, T4~ BB HEEIh
LIEMERZIEIEE Lz, A8kt UCSHAIRS
LBIBHICELRE O 5 b, WAEMR, #25
W, SHAUFRZE TS, PR D& FliT X
IR OFHFEIEEI, FHAE R o £ st
Wz X 0 4EHEG T 40~60 msec DRI X Hu7r.
W BRI U C R o i dlie X 2 e
RRIOHFREEE, R & ORBETT~DE
BRI & D BRI R s, XD
RIRIR, AR ORI £ hFh BB LT
¥ 7 ARIHE T B BEBATREILR 3 X Oyl
DOWRIFFELIC 5 2 T dRABARES L LH
oo LLEDORER S, T Y — FiEigEs iz
A% 2 R UCRENIR S & OTEB) M EIIR S
LOEBETA Y — TN THHT 5 2 & 235
nEitol.

KEME (BWX, B COR4Em)

1. $EHROEE IS impedance DZE{L
2. BEKHEEI ENM 0 « OB SRS
3. BiE#MMED spike @ overshoot {Z-D\»
T
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The Japanese Journal of Physiology #8# k3 DFn3CEKE

Vol. 27, No. 6 (1977)

1. Interrelation between rhythmic ma-
stication and reflex deglutition as studied
on the unitary activity of trigeminal moto-
neurons in rabbits, 687-699.

SR ARE—EE = 2 — OV DOFREL Y SR
BHERERE & R T OB
T. SUMI (f8 BB : AHERER, E 4H)

2. Adaptive properties of the b-wave
and the Plll in the perfused isolated carp
retina, 701-716.

O 4 EFCEEEREEIC & DERREIRIS

T. ASANO (BEFRH] : K, BREEED

3. Some properties of intrinsic neurons
of the dorsal lateral geniculate nucleus of
the rat, 717-730.

5y MMIBRASAZEENME=2—0Y0D
BRURED

1. SuMITOMO and K. IWAMA (fk—K,
EEE  RA, B, KA

4. Inhibitory action of dantrolene so-
dium on the activation of excitation-
contraction coupling in frog skeletal mus-
cle, 731-741.

5 TN BEEGCET 2 REIREROE %L
Ic%432 dantrolene sodium OFI{ER

M. TAKAUJI, N. TAKAHASHI, T. SUZUKI
and T. NAGAI (B B, BIREW &
F, KHFEE : HLIREKXR, H—EH)

5. Effect of dantrolene sodium on the
inactivation of excitation-contraction cou-
pling in frog skeletal muscle, 743-754.

51 T Bi&E5IC 1T 3 dantrolene sodium O
HEIRERTEEER

M. TAKAUJI and T. NAGAI (B B, kIt
BE  fLREX, FhH)

6. On the roles of calcium ion during
potassium induced contracture in the
smooth muscle cells of the rabbit main
pulmonary artery, 755-770.

o4 LHEIRERGICE (T B K-HRRERD
Ca D1&E|

Y. ITO, H. SUZUKI and H. KURIYAMA (f#
Wiz, 8k b Tl Rk KB, 3RHE)

1. Possible functioning of active ion
transport mechanism in the mucous epithe-
lial cells of newt stomach at low tem-
perature, 771-783.

EETICHT31 Y BB ERERO T+~
HEBhRIX R OIEH)

Y. KANNO, Y. MUNEOKA and T. YAMAMI
(s, SRR, ILREH  KEX, #,
£:79)

8. Intracellular divalent cations and
plateau duration of squid giant axons
treaeted with tetraethylammonium, 785-
800.

FISTFIN7VE-VLTERLIEA DEX
DTS b—OFE L HBIA 2 i€ 4>

S. TERAKAWA, M. NAGANO and A. WATA-
NABE (¥l i, EHLXF, I B EE
EHA, B, $HAEHE)

8. Effects of cord section and pithing
on spontaneously hypertensive rats, 801-
809. _

ENFBEARES v Mod 2 EHEIET - iR
DR

J. IRIUCHIJIMA and Y. NUMAO (ARET
BR, EREE : ®BA B, 4£H)
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FWEAFXEBHR QKL EOEALT

SH56[E] A AR AEHF A RS DY FHREL A L%
REBBIRTTHZ LAY, FOREERN (B
1R) A3 SAHE LTRARE LR, &
DENTHAXIERFTETHS T LILKATED
B E» -T2 L L EFETETH, Thidg20
B HAEREESHRE & OBIR, HVERA¥ORE
HREDOFFR EWAVWADERERE L L Tok:
WTT. ThIEBMLTE 5 —2AEE TS
TEENBIVELE. ZORHRCEDZETOY
BEREFL LCORANEEL, 6EMBIGRLR4L
HRERBLLTOI» VI REL, SREMK
WIREDTENEZHE L ET 5 KRETT.
EEMOEE £ 1E (K11) 2 SEE0E AL
SR FIROIEEIOLEE I A58 35%125 D
AAA S S OIREOF IR IR TV S, 50
A RS OEBEEIL 433 B Th - 72, WEFI25 « 264
D Rk& @R, $450 (fB4) zkhE, 4
A DEENED - T 280 EBSEIRT, LK
FROHERE T2 EBTETH 2L >
Bbha, LA, $490 (BHATE) ik
5L MBLAML, T DBERMIT, 433, 431,
400, 466- FRAEEZTRL, HHAMAEREAST
EAOLEE WS EFITL > T 5. Zhab Tl
T5EHBAREDOINEEII 500 2257255
&I LSS R 3k Z OIKHEELL T T - 72.
ZOXSEEWE-EE, BIEIZ L TROEOHR
% B - TRIE L TH 3 B o&licik= +
VEWSHDOBREYLLN. BEL, FEAADER
BB S500 EWH KERB25ET 5L, K
DHETDbNbIOALIT E OO HERKE T
B LT E & 2 OEBEEOBL 2 Tic T
RTBPINBELOREL -7, T OHEZES
EIZESWCHE»SEON T 5 FHEO TR
77 ABELIRIICARRRN (B 1) OFEMEHE
OOERLRITIERSRVEL A<V Iy b
MR T Wiz,
DBEERRZ— ety sy T TRREBEBA
HEEORSEN (B 1) THESE Lk,
BAERARAZ — « 2o ¥ 2 VORE OEEE Bk
WULE L7z, ThiZFar - FH2E LT 1 A
FTER LR SR v & v 5 £ R

REEX, 4w
B OH &

WO L, MEER TR S s W SRR
DERZEE Lico 5T, —HifThoER s
EMBERO DBV RBERBTERWCL &
5. NERThOBHENIFADHY, EiT5
Y, NG EDEAZIL L > THHRODITF ORI
VBEXEEhTw5 X5 b BbhET. BR
BB XUHEB O BRAHYARSTH YHFRED
FFRID CRAZ — o 2o ¥ 2 VRfThhEA D
MW5d 0 E L. 3T, o2& cizkrhice
DEXEZRALTED, RETRTLAFDFA
BEL > TVB XS TRBIONEST. BV
FEHER R Z —ZRNIC LTERTD DM« & 15
WIS 2 B D DL DEASRID S D TR
TLxodd. ZORMZERLNEZZIT5
EHHD5TLES?

EBRI 250 HOMWNRERAK~ e 2y ¥ 2 Vil
LD ETE, REME UTIRAEESDS N
ZEEEDbRET. LURERIIEREOEHT
BRROEENMTbITEY, FORBREED
TEMA L PRE ORI LTRKIITED X 5 i@
NbET.
PUREYALILONT : AREHEE LS KRADH T
PVRIYAELTEE LTS D DI
BYVRYTATHDELES. THENDEBE
SA4[E D AR HE o v AR S 4 4E B B v 7e
%, BECVRLEVSBETSEEEHDHT
BHELYES L TVET.

DM, BHETVWIEHEEEFSVEI YA
PREERE—EROETIBEE WS ZBE L - T
WHEZEHEHTERVWVEELBE W E F. 2o
S YVERSY AOHBRCASELE LTHEA
DRFFIFRIES, AHFS0RELSBIELSOTIED
BVELR BADTICLY T L, KEEES
FEPEHENIEIBE ORABARES ORITHED
EMOHBEHET 5 LTREDLE TH /2L
HubhET.

bhbhd 6 FBEOY VRS Y ARfHicd O%
RELE L. ZOBBEITIIRS < £ DHtH»n
BERY, RORERL - TEMT3bIITID
FIRE ES1ATAE cObhbhitiEebh
TRADOEBEER > TVwETF. 6BEV->Th%E
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BYVEITARANCDTHLEESEERD
AR B D T

HBEFXRSOPWRETANTHENETS : BkE
mELMEEAHE (8 « 95%) 13, ABE¥oRS
OWRRETH VD, K4, FIZL (6005), F (200
words) OWFHTHAEWVS Z L TIRES I T
X% Lic. ZORER, BEFREZERLLT,
COREEBERDTRT, ThIRBETATILE
RSB DR OB B ENS T & T, &
2, B RS, BRECEBRLTROhDHEA
AERZEADEARBEAEDODDOTIE H D X &
Ao BETZOFE > b, BBEEOKEELHMSA
», E5LTHLORICAESTZHRS 57D
CIEE A RZA—ANTREZS IZFRTINER S
e WS Z T, i, BEXELRALTWD
bIFTTeD, FOESLHEHEVWS LR
It., Z2IZHT, REOENLEEDT, HERE

BEIEFSEVOIBHEIE-TW2E5IE
bhx.

B AR A OSSR T &
DERITIE, KOBRBBEHLETH D T
2, FRIIMOERTEY, FHRr b S &4H
20 HAERRAS S 1T -~ CHEIHR LA —
L, 7% VEIRITRITTHZ LT LE LR,

%£%5 300D EAEERBESTHDTIOD
FIEMSHIE S N, RS BFREOEMBE KT
b5 LEBEEh, BREERTIICOEREMDM
e 2 TEEMAAOTESRDLTHT LR
BELic. REEETORBORD, RERAN (B
28) RIETRTOZEN, DEEX R ILEL
TIBABNTEETRATLRSY, TOERTERD
BEREVvEFET. ¥, TREREHE D O
THEBIER U ET.

a4 AA4EE¥LLB4LE (FBM52F 8 AIARE) (COWT

BEOABMIHFEFTECTVB L EELET. v TRALBTIE, BE o
REY R Y & Lic b EREH T 02RFBRE THALET S .

(REE&ED)

HAREEA0%6 B2 B E ETHLET. 5FD
B TORERES TELEEERF LT
o TLEWE L., (LA Z D6 FEHEFTIX
B0 ETH, MErBEERRET S 23—
T, BE, BRoBEHOFMERE, SR
TR AR DI o ER LOREET, KELELLE
S TE D ET. HHTCZAEBEEESSEDOAD
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