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Permissive effect of thyroid hormones on calorigenesis of cate-
cholamines Masashi KURAHASHI (Department of Physiology, Tokyo College of Pharmacy)

This investigation was undertaken to clarify the mechanism of permissive effect of
thyroid hormones on calorigenesis of catecholamines. In experiment, effect of catecholamine
@, B-blocker and nicotinic acid on calorigenesis of catecholamines and theophylline, effect
of thyroid hormones on calorigenesis of catecholamines and theophylline, and effect of non-
protein diet and protein synthesis blocking agent on permissive effect of thyroid hormones
were studied.

B-blocker and nicotinic acid blocked calorigenesis of catecholamines and theophylline,
but effect of those agents on catecholamines was more completely than that on calorigenesis
of theophylline,

Thyroidectomy reduced calorigenesis of catecholamines and theophylline, on the other
hand thyroid hormones potentiated those calorigenesis. Non-protein diet had little effect on
permissive effect of thyroid hormones on calorigenesis of catecholamines and theophylline,
on the other hand protein synthesis blocking agent blocked permissive effect of thyroid
hormones.

These results suggest the possibility that specific protein synthesis of thyroid hormons
may play an important part in the permissive effect of thyroid hormones on calorigenesis
of catecholamines. (J. Physiol. Soc. Japan (1972) 34, 1-7)

key wards : permissive effect, thyroid hormones, calorigenesis, catecholamines, protein

synthesis.
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Table 1.  Composition of diet

Diets Carbohydrate Protein  Fat

Non-protein diets 90.0 % 00% 50%
Protein diets 72.0 18.0 5.0

Harper’s salt mix. 4 %
Vitamin complex 1%
Choline chloride 0.15%
V. A 600 unit/100 g
V.E 10mg/100 g

Rl o

»

—o—adrenaline( A )
L —e— A+dibenzyline

--o-- A+ phentolamine
--e--A+propranolol

N
o
T

—
L)
T T

Oxygen consumption(l/hr/kg®)

Oy
Time(hr)

—o—noradrenaline(NA)
- —e—NAtdibenzyline

--o--NA+phentolamine
--o--NA+Proprandlol

3

Oxygen consumption(l/hr/kg®) o

N
o
T

=
o
'3
I
<

0—=% 1 73
‘ Time(hr)
Fig. 1.  Effect of @, 8-blocker on calorigenesis

‘of adrenaline (A) and noradrenaline (B).
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Fig. 2. Effect of nicotinic acid on calorigenesis

of adrenaline (A) and noradrenaline (B).
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Fig. 3.  Effect of thyroid hormones on calori-

genesis of adrenaline (A) and noradrenaline (B).
T, (thyroxine), N (normal), T_(thyroidectomy).
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Fig. 4.  Effect of g-blocker and nicotinic acid

on calorigenesis of theophylline in awaked (A) and
anesthetized (B) rats.
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Fig. 5. Effect of thyroid hormones on calori-

genesis of theophylline (T) in awaked (o) and
anesthetized (+) rats. N (normal), T_(thyroidectomy),
U (urethane).
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Fig. 6. Effect of non-protein diet (A) and pro-
tein synthesis blocking agent (B) on calorigenesis
of noradrenaline. T4 (thyroxine), T_(thyroidectomy),
NA (noradrenaline), PD (protein diet), NPD (non-
protein diet), C (cycloheximide).
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Fig. 7. Effect of non-protein diet {A) and pro-
tein synthesis blocking agent (B) on calorigenesis
of theophylline. T, (thyroxine), T_(thyroidectomy),
T (theophylline), PD (protein diet) NPD (non-
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Study on the neurohumoral mechanism of the thermoregulation :
Effects of ACTH and 5-hydroxytryptamine upon the body temperature
Motohiko MOHRI (Department of Physiology, Yokohama City University School of Medicine)

Effects of 5-hydroxytryptamine (5-HT), TSH, adrenaline and noradrenaline upon the
body temperature were investigated. These substances were administered intravenously or
subcutaneusly to the New Zealand white rabbits (female).

Results are as follows ;

1. 5-HT administration (20 y/kg, i.v.) raised the body temperature of the rabbits which
had been exposed to extreme cold (—20°C) repeatedly, but it failed to raise the body tem-
perature when the rabbit was not exposed to extreme cold.

2. When 5-HT was injected, preceded by ACTH treatment (0.1 #/whole body, i.v.),
body temperature raised significantly. In contrast, when 5-HT was followed by ACTH,
body temperature did not change.

3. When adrenaline (20 y/kg, i.v.) was injected, preceded by ACTH, body temperature
raised less significantly than when 5-HT was preceded by ACTH.

4, Body temperature fell when adrenaline and 5-HT were injected simultaneously.
Noradrenaline (20 y/kg, i.v. or s. c.) and 5-HT injected simultaneously raised the body
temperature significantly.

5. Body temperature did not change when 5-HT was injected following to TSH treat-
ment (0.25 #/whole body, i.v.).

These results suggest that 5-HT has a cooperative function with ACTH, in terms of

the thermoregulatory mechanism of the rabbits.

(J. Physiol. Soc. Japan (1972) 34, 8-15)

key words : 5-hydroxytryptamine, ACTH, body temperature, thermoregulatory

mechanism.
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Fig. 1. Effect of 5-HT on the body tempera-
ture. A : The change in the body temperature
after the administration of 5-HT in the normal
condition (22+2°C) after repeated exposure to cold
(—20°C) 12 hours per day. B : Control.
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121E 0.2°C IRO Y 4 ¥R KIS TH 5. 23K
iz B THRIBOBIE O A E v 7 ¥ (0.3~05
°C) bIETE LT S FEBRIER (8 : 00~18: 00) Py
THRE OB 04°C PINTH 72D T 04°C
PUb%d o> THRED LR E2 .

A. 5-HT B s o g

1. Eic —200C 0BRERRE LY
¥ F i RREE T 5-HT 20 7/kg #RRIIES L
72l A TPREM LS X Y FRITEH
FEL, #5405 L0 THA 0.5~1.7
C ofiEo AR = v, UTHEETL,
Bebtk 3 ~ 4 Rl CRER TV A viciiEEP L
LR o7 (Fig. 1-A).

2. ke 5-HT (20 /kg 3 X U8 200
r/kg 1.v.) xUBERZBULTHRELTH EEDO X
5 AE LHBED bW TARLBBELEE R
Sk o7 (Fig. 1-B).

B. ACTH HM#5 opE

ACTH 2.0 u #RNELE35 & 6 FicowT
BEER I VERRIETHEL, 121E60~90531%1C
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BLET (0.2~06C {&T) 2RLiEiK LS
L, #EHVvALEBZ THRRIZERL, #5
1% 150 SRRl BK 0.4~0.7°C 123+ 2% = Htt o
HREFZR L. 0B boEfmEEs s
HOORRUIBRLEN L T 5 (Kawas
kami et al30) (Fig. 2-A).

ACTH 0.1 u #RNES+5 L 12HH 9 [T
BEERREEHIED bhind o7z (Fig. 2-

*q
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40 -\
.,.—CQ. < o "’.—/ "'.'..V.N....‘— -o... o \o‘ '
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ACTH Ollui.v.
] 30 60 90

120 150 180 210 240
min

Fig. 2. The change in body temperature after
administration of ACTH 2.0 u/whole body, i.v.,
(upper) ; and 0.1 u/whole body, i.v. (lower).
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Fig. 3. Effect of ACTH (0.1 u/whole body, i.
v.) followed by cortisone acetate (1 mg/kg, i. m.)
on the body temperature.
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Fig. 4. Effect of 5-HT (20 r/kg, i.v.) on the
body temperature preceded by ACTH (0.1 u/whole

body, i.v.) (A), and followed by ACTH (B).

60 90

B). L»LaAbiEY 3[Rz ke ACTH
20u #E5F LR HEEOERBEESE 7 L
Te. o 2 PFE%30~40558 X b AR L5
PIAEY, BEH0SHIE THRAK 0.5~0.7C 0
—fEtEDFIE R ETRL, TOBRBRETL,
BEMLVVIZRE - 2.

ACTH 0.1u 2FjLE L LT, #E54%Ic cor-
tisone acetate 1mg/kg HHRNIZHFEELTDH
A PFETICHEELBREEESERE L o 12
(Fig. 3).

C. ACTH g/t Y ¥ Xicxt+ % 5-HT ¥
X 1 adrenaline #5 o B2

Fexic ACTH B E 0B OE TR~z
fn{, ACTH 0.1u Bpi#5cig & o LR
EEORLNEP o7 9 Fic ACTH 0.1 u 5.
#ic 5-HT (20 y/kg. i.v.) #5353 +, 5-HT
BE% X AEEHE LE L, #54%50~904
TELVER (BK06~14C) &RL, 20
WRHET L, #E5%3 ~4mfHcs@ssr
NNVERS—FEEORBREEZ R L. Thik
[DACER L IH T2 O ERLARET
Hole. Wmz OEETIX ACTHO.l u #5654 X
v S-HT # 5 ofic AR ERBELET L6158
b bhirdk o (Fig. 4-A).

Wicz o 18tk 5S-HT FiLEL, 2 0% ic
ACTH (0.1 u/body weight) #iRHNicE L T
%L%K%b%héiﬁt~ﬁﬁo%ﬁ£am
RET, 6RFEPE BT LA EBEBTED
hizh o7 (Fig. 4-B).

%7 ACTH 0.1u ¥i4LE 4 i adrenaline
20y/kg RTH#ET 5 L, BEBEH X Y20~30
53T 0.2~04°C DRI EF 2R LIRS, #54%
605y CIZIEIRERI VNV IR -7 (Fig. 5).

D. TSH Bif#5 -3 X 08 TSH gL v 4 x°
x5 5-HT 50 2m

#EHEE T ¢ TSH 0.25 u/body weight &
WRNES-LC, #E5% 6 mfichbi v HERE
HESE 6 PHhEP L LRE A1 -k (Fig. 6-
B). L Lidb& XcEELORHE LD
&<, TSH 04 u/kg &IRAES CRERIZE
Hit AL, $54£30~604 CIEERT L D 0.5~
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Fig. 5. Effect of adrenaline (20 y/kg, s.c.) on
the body temperature preceded by ACTH (0.1u/
whole body, i.v.).
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TSH 025u i.v.

3] 30 60 90 120 150 180 210 240 270 300
min

Fig. 6. A : Effect of TSH administration fol-
lowed by 5-HT (20 y/kg, i.v.) on the body tem-
perature. B : Effect of TSH (0.25u/whole body,
i.v.) on the body temperature.

1.0°C R Uiz, L2 LEERE 14~2085H
DERB#E L. TSH 0.25u/B. W. Bjif
Hgtic TSH §ijE e L <, TSH 0.25u/B. W.
#ehgpic 5-HT (207/kg. 1. v.) BIRAEKRE T3
LR EAERETR LS, 6 R
bic VREBILEER LT OEELRETIIRD
bz o7 (Fig. 6-A).

E. Adrenaline fz Fff#5-& 5-HT #RANIFE
e f 5 o A

Zex S B BHEL 72 i {, adrenaline
(20 7/kg) BARNBE CRABBICEEEZR S /5
Mole. L LETERET S LERIZER L
(Kawakami et al30¥®). 2z = G ARFERTI
adrenaline o F#5 LR 5-HT (207/
kg) BEIRNIZEET 5 L BRI TEROBENER
BE# I VRL, BEH300TEE 0.3~04C
BFL, Wik b LTgEmvAVERL, T
DBITIET L, #H#% 4~ 6 TREATV~
NCRE o 15155 6 PP 5 PFETEL72ns, HEY O

»
°C
40
5-HT 20/kg iv
adrencline 20 /kg s.c. PN
o i )
'\._.oo-o‘ Par—— 9& /' \.
0040 @ Py S
0 . L S
*—¢

o] 30 60 90 120 150 180 210 240
min

Fig. 7.  Effect of 5-HT (20y/kg, i.v.) and
adrenaline (20 y/kg, s.c.) administrated simul-
taneously on the body temperature.

°C

41
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noradrenaline 2071/kg i.v. 5-HT 2071/kgi.v.
60 90

%6 80 T za0 1 360

min
Fig. 8.  Effect of 5-HT (20 7/kg, i.v.) and nor-
adrenaline (20 y/kg, i.v.) administrated simul-
taneously on the body temperature.

9] 30

1 B BRES 2R S ko7 (Fig 7).

F. Noradrenaline Bj# 5 3 X Ot nor-
adrenaline & 5-HT REIR5 0

A. 1 TRARZBRE R ~7-B#ic noradrena-
line % 207/kg #HEFicfEsEL T b, 5-HT
BEHL B VERLRABREBZR S 20 2
7z. E7-MMZiz i Y noradrenaline & T ic
BELTHE & A EEERRRBRRIRS AP 2
7-. L L7 28 b, noradrenalin 207/kg %
BARPIBE T 5 & #5520~4053 DR 2 B
THEEARC LR L, HE5H5~605 TR
0.7~1.0C) icEL, LMWL T L, RER
2.5~ 4 B CIRERTY R Vv IR D —FEEOH
EZSE) %5k L 7z. %7z, noradreneline 207/
kg, & 5-HT 207/kg % FBRCHIRA < 5
+5% & 5P LeflicRSER L VEEXERL
T, HEHIS~TOFTELV EAMEZ V&
* (05~1.2°C) okE ERERL, Htaft
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DUV EHEREL, DEERETL, #5%
4 ~5RBETIRERSEIVvANVIRE 5 T2,

V. & %®

—EHMC bl ) BEEARE LRIy ¥ X
iz, 5-HT Bk E, 7213 ACTH gijiE
#ic 5-HT #3545 &, AEEARLOBEE D
5-HT B 5E# L V@i LA L, FHZ—EME
DRBEBFR L. ZOEER, BHHLERE
BEZELZ LIk > T5-HT 33 3 44K
IOBECEEBD OB L5kt ofc b E
ZAbhd. Tibb, RERELRZHWHE A
b LR X - T ACTH o4 ACH
OEMEbTOL, ZORBEBVCTIERTLDT
BHMEETREbor ok 5-HT itk -T2
ARERERZ LT bDOLEEZLRS. &
ook ACTH & 5-HT » oE#GEE
BeESLb0Thsh, bsvid ACTH i
Lo TP ERBEEDOEBRVE L
OHBEERICE 2D THA5. LL, AE
B b 5-HT HiL@E Uiz ¥ ¥ic ACTH % #
HLTHEBOEHERELVEV IR 2
T3, %7z, 5-HT #Eick -7 ACTH o
BUWPREBENBZ EBabh T v 3 (Mou
satche & Alvares-Pereira3®), Fischer et al.
2), SapeikadD). Lz o TZh b DEENP S,
SERBATEE O LR, Bic ACTH o
PEIMCE > Th7edb SN TRAVZ &R
BEshs. &6ic ACTH §ilBiz & » i
Pz L7z ACH & 5-HT L oifBERIc &
>TLEOFYBFRE N2 L bEZLRS
2, ZHhIEAERICB T cortisone acetate
DRLE Uiz b iz 5-HT ##35 L T b AE R
EREFRERCIEPLLEZIRL V. LAL
ORI BRIV E > L OMEERI X » Tl
ZHAREEDE - T 5.

fb 5, ZELERZEIZX->T ACTH ¢ TSH %
BEMSWmEn392%8) = L B anEETH
5. L UAEBRCR\C TSH ¥ilLB%ic 5-
HT 285 L CLRBEBI &R S L o 1o HE
b, TSH ¢ 5-HT L o@EERE AL O

LEZONS.

5-HT #H5iz & - T Andersson 59, Bligh
& Cottle® yIRMMLE D LR & IR O T % H
LLtvs., ACTH gigEs#ic 5-HT 5
35 LRIRE ERT 5 L RRICRBILE (B
WR) DOIEENRTED bhie. Z RIS OHEIEIC
Lo THEPRESH, FREMETT2E)
HWRLIIMEETS. L2 L, 2k xid adrena-
line 5.1 & » CRBIMEF X —FBIMEL, &R
DERBEZ 38, ZTHICB & CRMILE
DIEJRBBZ Y, BERMEEIRD Z LB b
5. LIeBoTIheBE0RZLMETHZ L
LCES. LaL, 5-HT ol i E+E
B MFOWHE, BRI 3R, o
BCX2HEDD Y, RERICBVT, Wih
DEFIC L o T5-HTHEiC X » THES R
THPEHAL P T,

—f% iz adrenaline, noradrenaline, 5-HT
AR HR THRCRRECEEL TS Z
L, BHoICTh b DRI EIRFEEICER K
FBEREEL TR XH6RT % (Amin
et al.?, Vogti®, Brodie & Shore?, Eulerd).

7 % ¥ Gk adrenaline, noradrenaline $¢&-
TRAEED LABED S L T v 5 (R,
Cooper et al.l®). Cooper RA&EERIZ BT,
5-HT =N, BIRNCERES L Tb &
ERELL 5 o 7z, L, Cooper Hix
pyrogen ¥7zix noradrenaline O#:5IC X -
THEO AP &R ShicRBizB T,
R TERTERic & o 5-HT 2 #2515 L KR
DETHPRZZZLERD TR, RERICR
wTb ACTH giftB#ic 5-HT 2535 &
FROEEPRBZBZLE2EBDTVE. Zhd
WEOFER» D, BREMOERDO VNV DOHRI
53 5S-HT # 5/ B 5 B 0 NESREIR R
R EEN B 5 ACTH, # o Iifeska
oYED S-HT #Ef oMb vvic b BiEd
BeEXOLND. LbZOREEFOBIRE
R B IR DARERP LI B/ETE
B hs, PRI AR TSR @ R
bEXLNS. Thbb, bhbhiEEicHh
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H L0, MEFTOBKAES X UERR
BT B0 2 MEES RO LA L7 EEALO

5 b O—EOEALO R TES 2, ACTH Bl
B S-HT #BIC X - TE ORIEEIS L&A
LicZ bbb ERBARIEHREDEREN
LTOBEEbEELATRERLRECTD S
5. WwIShicd &35 kkxk, ACTH & 5-HT
L OWBIEE SRR AT L 5 2 LB
WCOEETH Y, 5%, WEMESHEFHEHO
—E b0 LEbhb.

5-HT & noradrenaline o [RIp 5 CiI{AE
LR %R L. ZHix monoamine oxidase
inhibitor »—->T% % tranylcypromine @
MERNBREIC L > T5-HT oEA2 ML, &
B2 R Uiz b v 5 #4 (ElHawary et al.l®),
%7z tranylcypromine #.5.4%iz noradrena-
line #5353 LRRPERIC LA T 05
#4e (Feldberg & Lotti?®)) & —F L T\ 5.
F 7z 5-HT & adrenaline & oI EIC X -
THRIEAET L. L2 L adrenaline BijiT
AR ESA L, 5-HT BEMci B ersidn b
Nhhol., ThbDOEE,LLbILDLIE, 5
HT 7% adrenaline ofEFH %8 IEIL, nor-
adrenaline iz L CI3 @3 &€ % X 5 7z inter-
action3® % b 0 L fHGRT 5.

% 7z vasopressin 3 ACTH o R EME R
MELDEVH T ERMBATVS. £ Th
b b vasopressin ZERFMICEE L 72 A3
B A EERRFEEB R RS kol (IR
B3D). Fjz vasopressinitBREET S ¥ 5 &
VOHE BEO)LH 5. Th X CARERIC
B THREAERCR X ETHE NIRRT TR
BOUbDEEZDBND.

V.£ & &

L KEESTEE-EHER v ¥ X i
5-HT #&5iz X » T EHARBEERERLE
n, ToFKLERRCyFXCS-HT 2851
THHIRIEZEL o7z,

2. ACTH zpiuEsic 5-HT #5725
LEWBREERO EARRE O b i, s, 5-

HT %@iauEsgic ACTH ##5 LT b4AEI
BIL 75 b - 7. 272 ACTH %@iEHRIKC
adrenaline ##5%+ % L 5% KR LF
fEM &R Uiz’ 5S-HT e bz EE W i (R EF-
T b o, )

3. TSH Lg%z 5-HT 285 L THiE
BOBIIRD bz oz,

4, Adrenaline & 5-HT *»[Risicig& 5+ 2%

LIRER TREOEMZ R L.
5. Noradrenaline ¢ 5-HT %Hﬂ#ﬁﬁ-?

6&@&@%%&Lﬁéﬁbt
T U EORER» b AR 5 NWETF, i
ACTH ¢ zofhoipi e 5-HT L oWEEA
BIEFET 5 2 LSRR E i

b ) TAYROMEIEE, #EMEEzEBE L )l
SEEBEBFICEL BHWZ L 5. KBS
BE, MiEEEB0 2 UcEP B ESE, IR &
FiAW, UM SR & OV IS M ORI & < D
LU BT ET. APRORT bu% 7o DRI v
TR wic ¥ A#E, KH Bo#lL X hE#oE
ZRUET.
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F B RXOEIC oW, 1970) OREENC X » THkdh
iz,
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Change of inulin- and chloride- spaces during acute metabolic aci-
dosis in the rat Mamoru FujimoTo* and Koh HIGAKI** (*Depariment of
Physiology, Gifu University, School of Medicine, **Department of Physiology, Kyoto Prefectural
University of Medicine)

1. The chloride content of various tissues was determined in the acidotic rat 24 hours
after loading of 5mM/kg body weight of 0.3N HCI intravenously. The alteration of
extracellular space in individual organs and whole body was estimated with “C-inulin
and chloride content with 3¥Cl space and its specific activity.

2. Comparing the acidotic rat with normal control, the inulin space in the acidotic rat
was slightly increased in the intestine, liver, and bone, and more markedly in the skeletal
muscle. The muscular ECF volume was enlarged even expressed per unit weight or unit
water volume, though both the total muscle weight and its water content were also in-
creased.

3. Generally, the ¥Cl space was expanded in the abdominal organs, such as intestine,
liver and kidneys. The detailed survey for specific activity (S. A.) of 3Cl in various organs
presented a correlation between the size of 3Cl space and its S. A. that the more Cl space,
the higher tissue S. A.

4. The increment fraction of body or tissue chloride after parenteral Cl loading was
329% of the amount of Cl infused for skeletal muscle, the greatest mass in the body. The
buffering of bone was as much as 13%, and 12% was excreted in the urine for 24 hours
during recovery period from the acidosis. The fraction of liver was 8 % and 5 % for
intestine, whereas those of skin, kidney and circulating blood were less than that. Thus,
approximately 80% of infused chloride could be followed up by analysis of tissue mass of
over 77% of body weight.

5. From the above findings, it is considered that the effect of tissue buffering can be
exerted roughly according to the size of tissue mass and their neutralizing capacity. The
skeletal muscle and bone may be considered to be the most important in mitigating the
excess of Cl during hyperchloremic acidosis. Hyperchloremic acidosis would cause an
expansion of muscular ECF, as well as that of muscle cell volume, which might be due
to an increase of Cl in the interstitium within the muscle tissue or tendon.

(J. Physiol. Soc. Japan (1972) 34, 16-27)
key words : hyperchloremic acidosis, tissue buffering, inulin space, chloride space.
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Table 1.  Tissue weight in the rat
Normal rat Acidotic rat
Tissue (% of B.Y.) (% of B.K.)
Bone 135210 15,84 3.8
Brain 8.6+1.6 10,0 £2.3
Intestine 3.0+ 0.3 3.0+04
Kidney 0.840.1 09401
Liver 31404 3.440.3
Muscle 3N.2+4.0 322120
skin 16.0 + 2.3 15.8 £ 0.9

The figures are mean  S.D.

Table 2. Comparison of “C-inulin spaces of
various tissues in the normal and acid loaded rat

Normal rat Acidotic rat

Tissue  |Hp0 % of | 'c-Tnulin space W0 % of | Mc-Inulin space
T. 100g [%of T, |5 of T.H0 | T. 100 g [% of T.H. |% of T.Hp0

Brain 72.0 404 0.4+0.1|0.5%0.2 [ 74.3+2.6/ 0.7+0.3|0.94+0.4
Bone 38.141.0010.1 + 0.8[26.6 + 1.5 | 35.1 +1.8/10.9 + 1.0 [33.1 + 2.6
Intestine |75.0 +1.021.1 + 0.6/28.0 + 0.9 f 74.7 + 0.824.1 + 0.7 [31.5 + 1.0
Kidney* |77.7 £0.9 [19.6 + 2.1[25.2 + 2.7 | 78.1 + 1.1{20.7 + 2.3 [26.5 + 3.2
Liver 70206 [13.4505019.251.0 | 71.3 £ 1.0{14.1 £ 1.0 [19.7 £ 1.3
Muscle  |70.6 +2.5[11.8 £ 0.316.7 2 0.9 § 74.3 + 1.3[13.0 £ 1.0 [17.5 £ 0.6

Skin 60.2+1.2(46.9+2.0[77.9 + 3.7 | 63.8 + 1.4[46.2 + 0.6 [73.6 0.8

Ye-tnulin space Y. Tnutin space

% of B.W. | % of B.H0| % of B.1.1% of B.H0

Whole body
22.8+1.0[35.2+ 1.5 || 21,5 + 0.5[33.1 2 0.8

The data were summarized from 20 rats consisting of separate 4 groups.

The numbers denote mean + S.D.. * indicats the value of cortical siices.
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22.8+1.0 (S.D.) %% 215+05%TH Y, Th
KbV ICH B & 35.2+1.5% L 33.1+0.8%
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Table 3. Urinary excretion of ¥Cl in the normal and
acid loaded rat (24 hrs)
Kormal rat Acid Tosded rat
Body 1 *n % Excret, Body ey *r | s Excret.
| weicht | Admin. | Exeret. of 3¢t | ™ | weignt | dmin. Excret.
3 o1 ct 9 et Lci
I ERE 2 1 245 121 | 0.0 19.6
2 | s oeo | o6 76 |2 180 rowo | o.ais 207
3 | 2 140 | c.oes .6 3 s vo | o0a3s 13.5
o | am v | oo ga |4 | a0 120 | 003 8.4
5 218 1.260 0.067 5.3 5 225 1.280 0.348 27.2
N | 28 L | o087 5.7 frean | 209 1 | 0.2
ss.0. 0 0.175 0.021 1.9 [+ 5.0, 27 0.153 0.090 6.4
0

o per body water
1ok o per body weight

36C{ space in whole body (% of b.w.)

15 20 25 24 48 T2
Equilibration time for 3*CI ( hours )

Fig. 1.
bration time.

Change of 3Cl space as a function of equili-

B0 5.7%H 24 R IcERE & b T
w523, HCl &% (5 mM/kg) # <X
179% v 5 ESIZOFRERE LT
3. Zhux HCl AR & » THIKREN
2, FRBBZ ofcz b L, BRMEE
ks Cl oBRINGCBAFHETERTL
el ThaH.

Afr& iz Cl %7211 *ClL 0 —ERA5H
MARCBRALRLY, b5\ ikl (|
BR) cBEgshic Cl exEdsze
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OV TRESRPEROKMORNZLTHD,
Lizi->T Cl FROBIES, £o&McL-
THRo LRI ZLND Z LBBMBENS.
ZREREPD BT, ¥Cl ¥ A% O AR
% b2 e *CIERE RS IcE b 3 & 1E
Iy VOLFTHE L o R Fig. 1 Th
5.

Ro X vic, BEORBIZ Liek-7T, %
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B TIHAREH LT iR, 24Bf b0k
Z2OEMITO 0PI 2 T 5. HD5H
T, BATRLEORGBEDY O (FHIE)
%, BEILTRLIEDIBEROKSHIZY O (F
BIE) %Thsd HECEB KBTS D.oKEE
BRT) PEREAETE S LR, BRWE
¢Cl) oRBIOBIFICRIEPETRST L, HE
S —EBERLED VWA D Y, EABTE
V. BCEEREAE»TES L, BRI Lo
THEEATS LR sBEARD D, ERAKIC
X, ¥TRPBOEARBRECTEY, BWE S
— D 4R E B + B H R R R B 1
Erzs&theBbns. Lichi->T, FHE
T3 Cliz oV TR o AR & 24 L
Uiz, 7272 L & o, T 2Rfb e
TERZ T Db, ThEHERALK.

Table 4 1%, Bk “C-4 X Y Y EROEHE
L, SClRERENP KT S, EEB IV
T7YR—3v2ADTy FCHELIZLDTHS.
KEHETO *ClERE X A XY YHKEE
(Table 28M) XV bHICKEVZ L2 Cl A
F v BRI C BAT 2 EEICE S
T3, THE2VTREELIZT TIRBERT
e LT » 5. —ikic, Cl Bk, B
B, FFo X5 niREEERECE L, ERE
NXoicA XY VEBROLVETITHRE .

TYR—VvARTBZ LI LT, #EED
ssCl R ESHEMT 20 0 B8 bV, Rk,
B, BRIVERECENTHS. ThEBL
T, &FMicHTH, KEHSY 35.3% (K
KAy b 54.2%) OXBENPLS, TY F—v
AERICREY 72 D 40.29% (K4y%7- Y 61.9%)

Table 4.  Comparison of 3Cl spaces of various
tissues in the normal and acid loaded rat

Normal rat Acidotic rat

10 % of | 301 space g0 % of 3601 space
T.10C g Loof T, % of T.Heﬂ T. 100 g Sof T.H. | % of T.Hy0

Brain - - - - - -
Bone 210+ 11| 14905 (7N0+2.4 [ 21,0+ 08 [1554+0.5]|73.83 2.4
Intestine | 71.0 # 1.5] 54.0 + 2.0|75.5 + 2.5 || 78.8 » 1.0 [62.5 + 3.1|79.3 + 2.0
Kidney | 77.7 £0.9/69.8 +5.5170.7 £5.4 || 76.9+ 1.0 [50.0 £33 [71.0 £ 2.3
Liver 74,4 +2.6]29.4 2.1 [39.5 +3.0 |[70.2+0.5 [37.9 43.4]54.7 5.1

Muscle  72.3+3.3]18.2+ 1.1 [24.3 2.0 [ 74.0 £ 0.7 {181 £ 1.9 245 + 2.5

skin 60.6+3.8(58.8 +3.7/97.2+0.5 [59.3+.1.5 (58.6 +2.0[100 +1.7

¥¢1 space =t % space

Whole body % of B.N. [% of B.H0 % of B.M. [% of B.H20

35.3+09(54.2+1.4 40.2 +1.1 |61,9 +1.7

The data vere obtained from 10 rats in 2 groups. The numbers in the table are
nean + 5.D..

~EBEGLELTWS., ZhCH LT, HHRRe
BETE, 7Y F—V2R0FECZL>TiEEA
LR RD o, BRRO X 51T, *Clo
MR 2R L o T, abhBERHK
R B LD 5 DAk 5, Table 41z b1
X5 CHEMOBE LT, ERTYF—V
ADFEBIL L oTHNR>TL B, LichoTH
O R > 7ok L BN RGO b 23 o X
SOESETH BT Cl BERL 2h b0
RDEBR S FBILILBREDTHSH.

4, £FEHERO *Cl o H & BE (specific
activity, S. A.)

E#HTy beTV— FV 2Ty OKFEER
DA %Y v Cl ofREo g : *Cl i+
3 HHERE S A) 2% Lw T, Table 5 wF
+. S A FHBAETS 2 X — POEER ML O
Eo%kt LTEDLLTHS. ZHEEET v
FeTYV R~y 25y bTR*CIEARIZFET
Th-oTh, 2ARMANOPRIEEL R 7x 5 7o
», ¥Cl OENBEES LAV, S A, 2SR
BRLLIVMBETHLEDL-oTLE2 P56 TH
5. MED%E L TREOEEZRDT Z LIC
Xy, S A oOffER, E¥, TVYF-VYZRO
MO IR FREL 155,

A4 2) vk ®CIEROkE 25 &, HRAI
ClL 23 A 2 HAREER, FOEM/NEL 5. H,
BB, FF® X 5ic transcellular fluid i E#,
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Table 5.

T F—Y AT 5 ECF & Cl

The ratio of inulin space to ¥Cl space and

specific activity for 3Cl in various tissues in the normal
and acid loaded rat

Growp Kormal rat Acid loaded rat
Fluid toutinf 1 | nulin- | 5 of sa for ®c1| mmutin | Ber | morin-| % of s for ¥
spaces space | space | /36C1- per plasea SA space space | /36C1- per plasma SA
Tissue Zof Ti|%of ™ | space H+5.0. % of T |% of TW | space K+ 5.0,
Bone 10.1 ug | .67 53.3+1.3 10.9 155 | 703 54.0+1.3
N - vl i
Irtestine | 21.1 sa.0 | . 57.14 3.0 241 62.5 | .32 62.1 +2.9
N
Xideey 19.6 4.8 | .333 €3.4+3.3 20.7 59.0° | .351 63.8+0.9
-l -
Liver 13.4 2.4 | 491 R.052.2 14 a9 | an2 41.5+1.6
Fuscle 1. 18.2 | 648 | 40.6+2.2 13.0 ER B W 31 38.2+2.5
skin 4.9 $8.8 | 798 | s6.3+1.7 4.2 58.6 | .788 95.242.6
Mole body | 22.8 35.3 | .64 218 40.2 | .53
Pe.cs, »Pec.ol
Normoi rals Acid loaded rats
_100p e 100 s
2, intesting P s
£ o o skin
© 80} .~ 80 P
a bons * V@ "
H o, Kidney R
= o
Seof > 60t Segr
2 Tiver 4 e
z a8 af
401 A a0} £
° J 7
g 24%a P
g & /
* 20} 9, mescls 20f =2
O ’ ¢
-
=
° : . 0 . . :
20 40 60 B0 100 20 40 60 80 J0O

*c1 specific activity
{% of plosma value)

36¢1 specific activity
{ % of plasma value)

Fig. 2. Relationship between %Cl space and specific
activity (Each dot represents mean of 5 measurements
in 1 rat).
Table 6. Total chloride balance in the normal and
acid loaded rat (24 hrs)
Growp ) Mormal rat Acidotic rat
Tisse Tissue | %01 (sA)e/ | Tota | Tissve | ¥ct (sA)y/ | Total | oifference
examined Weight | space (SA)p a Weight | space (SA)P 4] of total C1
g/kg Bifal/kg TW meq/komu | grkg sw|miskg ™™ mEq/kgBW | mEq/kg BW
Bone. 135 143 .533 3.95 150 155 .540 4.60 0.65
Intestine 20 540 SN 2.97 30 625 .621 3.23 0.26
Kidney 8 548 634 0.72 9 638 .638 0.8% 0.17
Liver 3% 294 +380 2.92 34 319 415 3.32 0.40
Muscle 312 &2 404 14.72 32 181 .382 16.31 1.59
Skin 160 588 .963 10.23 158 586 .952 10.40 0.7
Total 681 35.51 707 38.75 3.24
(3] 1
Erythrocyte| 35 | end 176 | 3 (e1] mea/t 195 | 0.9
Plasma 40 104.7 4.19 39 106.9 4.7 -0.02
Total 75 5.95 75 6.12 0.17

BECHBEOBE L L DT, TOHMR
&<, 035~046FBETHSB. ZhizA
2 ) VRO 2.2~2.9 f5FRE b *CLER
BdY, LErbERREITT Y F—v
AT, Z0X)nEERERS T *Cl
FIBROBLERS Wz LA fFbhs, &
RIZHLTE, RESHR EOREXRE
BEABTIE, XY v e*ClofpEo
HoA8 0.67~0.80 F2EE <, #5)53CIRBE D
FHRA XY BB 1.2~15 FRECH
BT LERLTVS.

S A BZEoREEPE H T, MHE>
BRE>E>B>E>, HoETH5.
EERELTYRF—V2BOmEL A2
L, BLEEZDZEEBEOFTRINE
WHERAK » 5. L » LECBE
(p<.01) LAF (p<.05) BSHZ A &% T
. Zo S A oRECESRE, *Cl
FBRAARTH 2D, ZhidEREMT X
> TEx b h 7z FEHERNCEA LKL
SCl BHEBMIRNICEE T 2RSS 2R
bTLDTHSBH.

ZDS. A oKkEs L *ClER (K
KRGECHT5%) OB RE HIcDOB
Fig. 2 T©h 5. Zhix %Cl 1 A%24R
llzo THBFALNIL DT, Rk
PRIEET v PROREERDL, A%
BTV F—v 207y VDO TR TH
5. EhEh—2o0HIX1LDT v b C
HEShISREOELTH 5. S A
DK & 2R L 13 *CloBROE VI
BTHY, ZokdhEHE R *CIER
PRy, WHic *Cl o S A p/RhE
BB *CIFR oK & S/ h& v, ER
HLTVF—Vv2BOmEEZ AR T
*Cl iR & S. A OB 4 RIREED
v, ToXORBRPrLHRBE, TV
F—3v 22 ko> T*CIERAETS2 5
LS HRE, UAREBI I H TS
A. Fisbb *Cl ORBROBEMT 2 b
DOPREZBEVHZ LILE B,
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5. &5 B XUEERED ClEELZz0N
T VA

DEOEEZL LT, EEBIUVTVE
—~v205 v tofio Cl ofinger BT
BZENTES.

Table 6 sz HC1 (5 mM/kg) #-5-8i
#ok Cl EFREHEL, TLDdbNTh
5. ARKBEBEOBERIAEkKg YYD g3k
TERESHATHY, IRt LBEE
DI%FZPBER STV 3. ZHICKERS
KEENR, O, Fis O CEET 5 0% (7.5%)
BMzsE, BEEAE0%TECTHTEE 72
3. fmERI *°Cl MREEZRL, S A TH
% LAAREBIOR Cl E2RE220, Thih
BisL, A HC 0% M ORERic
DT 5P EBNCERRTESBDIT TH 5.

WwCIREL LT, BE, ik & B §
BEONEZE - T 5. E¥T v bOLFof
0% 0ERZ Ly 5#l#ick-T, zo Cl &
ZEEY Y 3551 mEq/kg ThH 5, HCl %
5mEq/kg 5Lz iz X v, FH38T5
mEq/kg itz o7, & OB 3.24mEq/kg
T, B HCl 0f65% 23 EiEfikic 28l s h
ez itk B, RPRAUFERNCIEESh
 Cl #5{v43ix, Table 3 kv #5 HCl o 12.29%
ThY, ThELEOBBESFRICMI TR
b,

kB, MmERh, Rk Cl et Cl
DZOTHIF THEL TR, O3 :
70X 5 icmificgyv. L L, HCl#EgEiz &
57V R—v 2 (4RfH) oMmcixsha L
BIREDLRT, bLEET  &THE, @
ROFEETEZ TV AIRBENRALNS.

PEofERZELHT, EASh HC o
AR D3 24 I OMRIC S LT 5
PEBEAS LT, Table TitR L7z, MEBOWTE
BIER, 7Y F—y 2ABEOBETHE» HE
HL, €&c77.2%, Cl oiBEDAAT v 2R
#EESmEq/kg ®5Hm804%L 7 - T,
—ISAEREEER LN TS, T OfERI
g, BT 31.8%, BT 13.0%, RPic

Table 7. Change of tissue chloride content
after acid load in the rat

Distribution 2 of B.W. % of C1 infused

Urinary excretion 0.5 2.2
Blood in trunk vessels 7.5 3.4
Bone 1.3 13.0
Intestine 3.0 5.2
Kidney 0.8 3.4
Liver 3.5 8.0
Muscle 31.7 3.8

Skin 15.9 3.4

12.2%, FFT8.0%, JBT52%, %, K& M
WO N b 34%RBHLTVEE & B b »
5.

V. = %

19584E BAHD I A X DFFARAIC 015N HCl &
AWML TAEREET VY P~V 28 RB8¥
BA, A& - BRI RIS
n, MNIREEEREHERT 5 —F, Migstor
¥ F— v 2 OFERRE RS L O
BN rbEie T vES Y A E UTHRE
N5 ETORMBITEITR o 7. BREED
RS RE D A V BEOFHBE ORI L - 7o
SRR e F VEIRTH D, ERNLEL
BEOBRCRAAHEELERD T, 0%, &
FeEHLD (1962) 134 XV VEBREERL
T, FfRO&ETERER IR, L) ERER
TV R—=VAOREBFEALPIC L (T
F—3 20 =EpEs8 4 9 three-step-regula-
tion theory). = o&#ric Thid, AR X 3
BRlo HCl i3 24p5H LN ICHRANE R & 2 0
KIABLEET L, 2hriikk (B2b MR
W) P TERAL, B X5 RET T
ZEHERE, HE0 X2 oBNcEEE
REBEshhiE i b i WERCRS. K
(1963)BNXZ D X5 HT Y R—V ZADA X Tk
W licksze—VEBEBERLTWEZLE
L, Thzd ic L CHifSMcEA LR
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Cl oXEHA, 24BEHEBICITHIANCA % &
VWO REETE L. L LKEOR T,
TV P~y 2Bz FebicEAShEClE,
7 u— VR ER DB 72D ORED SClomE
DEABOFERENREL > T5e), £
3Cl olkEEE S A) REEAXLTY F—
VERA ZOMALEEEN T REVEDL, Clo
BEOHESGRE LARC—HORLREESRT
w3, tbdbh, Z0k5k Cl offilaR~0
BAVEEBZZONEI D, EBZ5ET
g, FOBEFBZ 3 »RKEVEETDH
B, FITCEELRZINOER-EVERED
DIy rEACT A XLEEREBECTVF
—VRAEBIIRT, 2H0ORLLT, RO
HERHE LV~ v Cl GfoEEBETSZ
tiklLiz. '

ET, Ty PEOVTRERYIZBWTED
2HR LV EERBOA XY B Cl G
BEHET 2 FEIZOW TR0 T, AT
Fzht HCl EARXBTYF—V2OTy
FeLEAL, zhidbiicL TR Cl o
EEEOFRELE. 4 XV v ERAEI
UC-INEEXINVAL XY v E, Fhre—n[E
R *ClezigrpEeL L, iR EEEk
7Y RF—v 207y bR LERER R -
2% 2RI L EE LY, EeBERTLRE
BLUivCURMEE S 2 BICfIE L ..

FEIFv PeTYF—v 25y hOEEL2E
Bise, 4 VERIXZAEEHLZER L
CHRBE L ERGTTEROMMER LY, 20
fff, FTHLETOEMERERTLORD -
e, ZOHEE, B, HTERTYF—YRiZkY
DIFPELHEBEROEME AL 5 T i,
IhHTREDA XY UERERERY VI
KbLTYH, ABEML Tz, ELEHEI
TYR—V Z2OBERCEDKIEETRB LR L
Tz, ThHDEEILIY, B LBEr
N LETIIE, FRETT VY F—Y RiZEL
THBRAROBIMERNBZ 3 2 & BMabh
7z. Zhizd { Hastings & (1937)9 ofgigL
P—H LT3, ZhbdLixpflc, Myt

z bz CIR—IHBENIic A% = & ixCotlove
& Hogben (1962) ik X Vg <hTRY, Th
Ry ciEdidbsh, BEMICA XD VERE
re—VEREHIEL CHETSZICXD,
BERFHFE L VI DERE VT L2 LEER
2<. HCl g AR~ Cl- AR B =
%A, TOE L BRERNEEED HCO™ &
wahiey, H' t—xticn-oCcHCl 20 % 0
LLUTHIBBAICAY, s pHETT X5 &
T5. EEEZERLELSELRL pCO, 2T T
PH OEEEEHEL S LT52, EBREMAETIR
Cl © & 5 s IEERMRA 4 v OEE Z ke
BB IUHBRATHECTBZ 2, ZoB4
FLb2ARDFELBLEZONS. T u—
N BAEBREMEDC LI BTV F—v 20
B, Mg B Bin L oRNBEBEC T 0
IMERREECHR LD b, *ClLERZD L
DOKE S I BT 5 *Clo e, -
%Y *Cl LK Cl ORBROKRE S L—ED
M4 RERL, Bx bhicBERIR <o *ClH
BRoOEE v ixRIERC °Cl &gk Cl oo
EMEZER LT3 L ilbr ok,

F IR ARURB O R TIE, 5xbh
7z Cl o 1/8ix 7y F—v iz X » TRFI
ERPEH & h, Y 0 7/8 BRENICHERET 5 =
Lich s, KENT0%E L » 5EE Cl
EhEEHEETS L, Exbhiz Cl 0 1/3 5
B, ROTER LS, oM, FF, Bk
DIHLHFCHBHEZRCOML T B2 2 28b
»B.
05k Cl orENLBSRSHEOE
DERERD L, BEROBVERE L K& v
Cl FEEICE>TRY, BiAZHhICS » TL
{, LLARMELERRI L. SHEHR
B EOEREERCHFr 5B, 20
KSEEEBRTV F—V AT A2 2 TH
9, 4AXY VERELOREL T3S, Fok
AL VRHEBEREFOHEMRD 57D 1%
NOMBROBEMNED - Y 0 *CIFRIZ T F—
VAR K- CEBER TR T & B3Exbdbh
5. LPLHEDO S A EE LTINS,
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TYF—=VREZE->T, RLABPLTV 5.
2EY, AKX > TEx Bt Cl- 28
HRERNICEE L Cl LoRERE LRV
27, DUABEAR X > TIh b ORI
Lzt vizeBELLRS. bLES&T
i, HCl2BAT5 & v 5 HEn 2BREt &
B OBEEIC X 5 ERR » LIBRER &R &0
FEBEREZESNRER LR THSD.

TYR—v22BTdicARshizHC
BiiEE kg % 5mM T, Zhiz—Eoxk
EREOKHET, EAKRTRICLER MK pH
NI2HBOPEEDT7TY F—V 2Lk 5. Fl
ER L LTREBEA D o 2 IELEARKICE
BErRrhlmgnEEsh, SHESRnE 8o
ZLThHB. L LEMEREPNTHET S
iz, 2 olEEORENEE © pH7.0 2L
TTHRVRY, AN TH VAR CEET SR
EoboThs, FBEDCT vV F—Y Bk
@ NH,CIID ZO#EErd 58, AR
FTHATTITLL, BoExYEo HC &
HEFAULTH?. LidZoBAITEABORE
BESIEEFABCHTER b % »
b, —B—KkivzXs.

AFEBRCB VAR Sz HCLix 0.3
MThHD, BEOLDREBFBEN L VLRV
2B, EABH ZELCBEEILT, HET5
LWIHBBEE LI LTOhbATEY, 015M
BRICHERTHEEZRFE T LB TESD, 2
NTHEAIREE, FH200g 0T v b TKE
2L T 33ml ¢, KED 1.7%, HENEED
7.3%, SMBEOR20%iCHYT 3. ¥ 2 i
AFBRRCITEbhhER bRV, KIREL
TIABNCEALZ 2 2BTHY, ZOBRE
75 bERERERSY & LCb R R RIES B
LOTHE.

PLEOBA» S, BHRETNESEN R
EEHSTFBERELONEY. LS, TVE
— ¥ R & B0 WA TERGE LRI R
AOEMOBEBEL Ty 55 b &,

DMO»®13) (5, 5-dimethyl-2, 4-oxazolidine-
dione) % i\ T3z o ZefFpafAe N pHEIE D

WERCX B L, E¥T v MEET 7.10£0.06 (S.
D)©, 7¥YF—v25y Mg (6 mM/kg HCI
AR OB ) T 7.0720.07 TER LM
Tbobizv., LALBEACL > THET ¥ ¥
—VARD BREHOREMMMET LTSS

LIXEETH B, s L MERNIMNRORR
BT (ol zid, ¥Clo S AETF) REELE
BHLEZTHLRBETIR V.

FOBRE, MaNTY F—v 2 2koT, *
DBIRFEOREREZ v 7 E (Pr) B BE
BB L,

Pr-Ca-0-CO,-Na+H*,Cl-—>
Pr-Ca-Cl+Na*,HCO,"-
D X 5z, H-Na* ozg#, CI--HCO;~ n%g#

LR~ DEREEB T LREL LN BIO8),
Z ORI A 7 v — VIR OB & [/
CHMCERAL T 5.

TYF—=Y2ADTy VHETARY e m—
MEROERBDITAZ b, &, B, FFO
L5 BEMEETA X ) YRR TS v —
NEBROSZFNTT L &2 b » 5 23,
znix Cl oAR I & - T transcellular Cl
transfer DFEERE L TS Z LICEELE D
DL ENE .

HCl o bz X - T, R Cl Rk osginms
BZoTws2, Zhizfffbho Cl BERE
FY, REKEPLFBEShS Cl oBER8EMNT
HZLVBFELIORETHS H2. 82 1T RME
ek s Clm oFWIE T2, HCOs™ oKX
FRLIRRBZ-TLBZ L TH 5. DR
HEBFC O VTR b o T v i v 2,
HCO,~ BIRINTTHE & [FlRgic HY o4y, NH,*
OEEMABE LY, B ERIN Nat bzg#
iz KY SRS L 3525, Zhbo—fo
BA A LEEL T, g L Cl pight &S
N5z EREZLRD. FOf, X7 v EA
o RME OWE R OBMER DL { 15 &
», HoviziElEn Cl oEED FRERBIR
i, 2hzh Clm et 2 ERH, H5vidfe
B 7 SERE OB R Y, W Cl#
WEEESEZZLHDD 25,
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"Dt aME s e —A T Y F— YR 0EIE
BERCRT MM REL Cl 0EghicowT
MUz, —fCHIRsMT B Z - BB ETE O
P HRNCEEBL2E25THAH Z ik
RXVAEBLNTVIEZ LT H 5 NN, 4
BebiaB, ToREORMMERE, 2971
b i R e BB Lichlidin v, &
BXTIRT Y F—YAO=20FEHD 5 b,
F2ERECHBSEERR VRS BESh IR
REzbW, & Cl oo RBORELHD
MLz, ET 3, BRicx-T Cl o8k
ERENLY, Theho4imleE L BiEclEE
LERLEBIL T3 Z LA CRRER
T3, FFOEMITE -7 *CIERORIE
UBEMEEEIC L 5 b 0 T, fho—{ffif A+
(**Na, K, ®2Br) T4 Z O24RHERGHSh
T3, ZORFRTIRmMEED S A RLELT
KB ThB. TR LHELT, HieopEsE
E->T S A BELIERY, & Clon%
Db ORI EREME, FipExBtEoLoT
PBZELETRL TV 5. e ClEE LT
3, BRREBGLESL T, ROTFE, R,
B, B E v SR GMmEmE » R, 20
5 HTHIHEETIE, 70 *CIEROEMmE,
FTRTBZ#MED Cl 0IENEEILEL 5 L
Vi, KaZEobobHRIRE OB E Rk
LTw3eELbN5. HARCIT—HRSHE
BN EEET bbb, BEs, BELR—ER
L oHEPREEES EBRHERTYS. L
TeH o TESRECARIEME 4 DO ST
Flohds b,

&bz, 25 CloNsvz i@ L T
b, BIED Y U AMET AV H v — ¥ BRI
Cl REELEEEZRTILBABLLATR Y
2INDY), BZBHL, ZOEEKEBELTEOH
gigEomHic i Cl oS R» Tz LT
ERVTHD5. SRIOFHRTL—BRES
hWBRETHSB.

V. # 23
1, 9 v bEBRPNIC 0.3N HCl 2 k& kg ¥4

729 5mM DEI&TARML, BtERm ClET v
F—v2&zsa, 24z Cl Rinfilic
MEEN TV B2 &S LI, BIRIHREDOE
i “C— XV VIR X Y, 7 Cl oG
ZEhx *CIERR & e o2 k& Effic L,
LEBIUSERSEN: CLIBEZLLS, X
BT v b & HgRat L.

2. A RY VEBRIEER T v bEIIRES, 7
VE—vRADT y FEETIE, BEBIOERG
TEEQHMNEAR L. BB TRIKIES
EVEELETHEMERE DM, ThbEHE
LCh 723088 TS 4 5 hi.

3. *Cl Fpz -0 fF, Bz & ofFHNEic
FRFTBLOBEh ok, ZROESTS
&, *Cl ORFFR O HEAE LRk *°CL iR
BREVZ LD oTk.

4, 7V F—v2ic k3% Cl B0k
PRHELTCHD L, BEEORDKEVERGS
#A Cl &D32%, BTI13%, RPPEIEI12%
T, FF8%, BBS5%T b Vv, % I KB,
B, MREfhb 3 %HikicT Enrolk. &
DX 5, BKEOTI%REEDCHEBOSITOR
B, EA Cl of80% BB L 2 7.

5. BlEXY, & Cl 73 F—v 20 EHEE
BBy T, BB mcEERRRIZ 3,
L, g cMiEoRl b F, HickEo Cl
DHEMPEH T, ZohmoMikE =<0, Kl
B CRE I BEDREPBIAZ LPHLMT
5.
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Effect of temperature and agents on Ca-uptake of the fragmented
sarcoplasmic reticulum Hiroaki NisaijimMa, Kyozo YonEMoTO and Toshio
SAKAI (Department of Physiology, The Jikei University, School of Medicine)

The rates of Ca-uptake and ATP hydrolysis of the fragmented sarcoplasmic reticulum
(FSR) separated from the leg skeletal muscle of Japanese toad, were studied at various
temperatures in the presence of caffeine, thymol and sodium desoxycholate.

1. In the drug free medium, the initial rate of Ca-uptake and ATP hydrolysis were
inhibited at low temperature, but there was no signifiicant difference in the maximum of
Ca-accumulating capacity between 20°C and 5°C. :

2. The Ca-uptake was not altered at 20°C in the presence of low concentration of
caffeine. But the initial rate of Ca-uptake in the presence of caffeine was remarkably in-

hibited at 5°C.

3. The Ca-uptake was inhibited both at 20°C and 5°C in the presence of thymol.
Especially the initial rate of Ca-uptake at low temperature was smaller than that at high
temperature. At 20°C the rate of Ca-uptake of the thymol-treated FSR showed the maxi-
mum at 1 mim after the begining of reaction and then gradually decreased.

4. The initial rate of Ca-uptake and the Ca-accumulating capacity in the presence of
sodium desoxycholate, showed the phenomena as well as the result obtained in the FSR

treated with thymol at 20°C.

(J. Physiol. Soc. Japan (1972) 34, 28-39)

key words : fragmented sarcoplasmic reticulum, Ca-uptake, caffein-RCC.

1. #&

H7 = A VBB LB 0N
## -+ (Axelsson & Thesleff 1958D). Hyfi
RRITRELERBEUTON T = A » TLH
Lictt, BFEAHEITR ) LEERHETERLI
Frigo+ (Conway & Sakai 1960, Sakai
196510, Liittgau & Oetliker 19681). %7z,
TOHT = A VB OAEAHIC L > TET
% rapid cooling contracture (RCC) i3 T %
(transverse tubules) BHERFIC BV THBET
%5 (Sakai et al. 19712D).

#7 =A »-RCC LEPOBRITFE—NVT
PR LR TEB (Sakail et al. 196718,
196819)).

47 =4 »-RCC oigFpicBL T, /M
i, Hiz, lateral sacs itk YV ZENR T3

[l

CHRA464: 7 H 3 BZAID

CaqttAvdnT7 oA VB TERLST
Y, ThAAFEAHNC XV EICHHERS D
Dr#EBIN TS (Sakai 196517, Sakai et
al. 197120), = Ca A F Vi OBFIz 2\
T WeberDH®) &3 5Bfs /NafA % v, &
7= VEET, BIOEETcBFS Ca g
Fr0LY ZHEEREL, TORERRLD
H 7 = A VEET BT HEER /M
Ivo CaqtrHBPRBRESNEZDTHSH
Lk Uiz, %0tk Ogawa (1970)91% Weber
b LRI ER B (Onishi & Ebashi 1963
®) kY, SEFH/MIE»S0 Ca At ik
HAKETTEL W & 288 LK. &b
Taniguchi & Nagai (1970)22 ¢, SyBf/NafE D
Cafx v h ok, HKHOEBRHER S Sakai
@ rapid cooling contracture iz} 55 %
Bl

4|, bhbhb Weber® L [REEDFHER
XY, BAREL XV VERG» D OIEE /N
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Bk (fragmented sarcoplasmic reticulum,
FSR) # Av, # 7 = A v (caffeine), F&—)
(thymol), 38XV, FA Xy =v~—  (sodium
desoxycholate), LB L EET o Ca 44~
LY ZAHEEWE LD THET 5.

I. EBRHMB&ELUTE

1. SBERR N O FEEE

EEBMEHC I BAEE X F = v bufo vulu-
garis japomcus O TRRERBVE VLT
ZOTEGETCBL, HAERD 3HEE
o 40 mM Tris-HCl #&#ysu (pH 7.2), 80 mM
KCl e &t Wiks v, YV a—vTBALK
AFVVAFADT—Y TV F—THRED
A b5, BERTRTLCUT eIy,
10 RECRA ML, 14HKIETS, 2D
BIERHYIEL, BF60MMEE YR FEAT
nole, BKAEVFRA ik pH68 it/ &
HIEE LT LETROBER TR o, TDXD
R ETERA LT A RO (Hitachi,
18 PR) © 4500 rpm (Rota No, 12), 1553z
DU, HERHE KRR, SEReic® o
&% 8500 rpm (Rota No, 12) T5047 /] 3= L»
FBZLicXoT, S ravFITER
iz .

Wiz, =0 LEEEEFHK No.5A 2T
FBL7%. = @ FE#kE 17500 rpm (Rota No,
18), 60YEEL L, ZOREERT 7 v Vv REY
4 ¥ —%Avt 50mM KCl, 20 mM Tris-
maleate, (pH 6.8), { iy I BEICBIET 5.
Z DY FEE 17500 rpm (Rota No, 18), 60
SBELT B HEc X VgL, ZOREES0
mM KCl, 20 mM Tris-maleate, (pH 6.8), {24
BIRCEEL, chefifagsete L. &R
Ehix 4C T efFEL, HRE XD 3 BRI
EEMCH LT, chik Caq A v Y THEES
B XV ATPase FEix/EFRH»H3HET,
FHEN 0%, 120% LZ{bL, LBAEEICTE
BOBIRHELENDETHS.

2. BHEER
SR N EOEE BRI Lowry? ¥, b

2\ % Micro-Kjeldahl #iz X - 7z.
3. Sy Mako Ca A 4> L) ZHEED
i

FJs¥swx 50 mM KCl, 1.0 mM MgCl,, 20
mM Tris-maleate buffer, (pH 6.8), 0.1 mM
4CaCl,, 100~250 pg protein/ml, 1.0mM ATP
(adenosin-5-triphosphate disodium salt, Sig-
ma. Co) # v 7z,

ATP 2¥INURIS % BIth S & ThH b—ER
Bi4gic milipore filter TEE LW E DHES
B3Ik o CRIEE Y. FBICHACERE
ko pore size X 0.3~045p TH 3. ETc,
P BT 2 R SRR & 755 & 5 Icik5l
AR L OSEG/ MakOERRERHI L. L
HOFEIC & - Tx bRk B SEER /ML
hriEwEO—EE VT, ThZRICEENT
% #Ca % gass flow counter (Aloka TDC 2
B CHEL, T OfEE»boHE/ Mk L
yrEhi CaMxvEERDK.

AER I ATP kSR X Y EBRIC &
pzEinicCatftrvikwsdewic, ATP%
wiLE RS EED, ATP RmLed
O LEBEOEBRY [T o, ATP FETTO
Ca 44> &V = REEOHIEIRF Weber & Herz
(1968 Lz sV, BUSHIRPEEE h 54
5Ca A 4 v OHEE L PR O ©Ca & OB
o bo THEH/ MUk Y Z A ECa
A A vEREELEZ. LiL, ATP o
1< Th Ca A 4 iz B/ MECHRE S
B LibhrotedT, Ca A4 v NRIRETK
Fichiz bt b, SHFMIFCEESL
3 LBbh b 345%ic milipore filter ToyEE
/N & RUGTRIR L 4y BE L, ATP, #CaCl,
PEER VAT SEIYEEL, FFIRE, B
wNERCE o7 “Ca A A VERIEL, B
BRI ET S Ca A+ v BEERELL.

A B CiE B o & g B S 2 AT
b in s o T B Makic B v Tk ATP #
ET I olcikR Ca A AL ) ZHBDOK
1.0% OfE% R Lic. '

NI =2AY, FE—IV, TAFVIAV—R
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EOIYCHE UTE AW, T ORERIIE
L, i, FE—AFETCEZERHTH
Y, Ay bz B A L CEmT 3 Em»s
bole. I7=4v, FAFVav— TR
ZEPOBYERL, Fiz, BETTRELI
REROBDORH bR, L L, SENZATP
ARG X 588 Ca 4L Y ZHED
BEEZXEZ LD T, LlEo Ca A4 ks
AL TREEZPDRIP -7,

4. S/t ATPase EtEofIE

BRI OEF T RT Caqt i
BEORE L F—&4 <7z, Ca-Mg depen-
dent ATPase (extra ATPase), Mg-dependent
ATPase (basal ATPase) EiE#HIE L 7-.
ATP g, —ERf<5% TCA (trichrol
acetic acid) Wik 2Nz TRIEZ1ED, BEKT

3.00r

2.90F

-0
2.80} \\\\

log 4Pl (10" moles/30sec/mg protein of FSR)

2.701
3.3 3.4 3.5 3.6
Temperature 103/T
Fig. 1.  Relationship between the extra ATPase

activity or the basal ATPase activity and tem-
perature. The total ATPase activity and Mg-
dependent ATPase activity of the sarcoplasmic
reticulum were measured in the reaction mixture
containing 50 mM KCl, 1.0 mM MgCl,, 20 mM
Tris-maleate (pH 6.8), 1.0 mM ATP, 0.16 mg pro-
tein/ml of reticulum and in the presence or ab-
sence of 0.1 mM CaCl,. Reaction was started by
addition of ATP. —(O— ; extra ATPase, (0.1
mM CaCl,), —@— ; basal ATPase, (in the ab-
sence of CaCly). Ordinate, logarithm of Pi (107°
moles/30 sec/mg protein). Abscissa, reciprocal of
the absolute temperature.

OFEEEERE (Pi) &% Fiske-Sabbarowd ik
DR X VHEL, SHEf/NMagk 1.0mg
EHRELSYV OBMERER 2 EL, Th
#% - T, ATPase EME:L U 7=. Fiske-Sab-
barow ok Furukawal®&ozsg: s
Eiz LTIl » 7.

m. #% ]
1. DB/ Cat 4 )z gl
ATPase iz ovT

T Y X FA 2 b O B/ Mk ATPase 1%
HRHERR T TIEL, 2 OB HEshEE O
ot LERHBRPRITSE v b h 5.
(Inesi & Watanabe 19671D ; Hasselbach et
al. 19709), RI#Eic, vx 4 T VTR EBHRIES
BEF/NREED 2 ~25°C % T oFEEBIT S
ATPase &R 7z, £ DRER, SYHER/ME
ko extra ATPase &%, basal ATPase i%
iR EICkEFL, % ATPase {&H:oxt
Bl L HshRE 0% (1/T x 107%) o iicix15
CEHEC LT, HEE, KEECS - TERY
BE{RASERSE L7z, Extra ATPase {4 & basal
ATPase #E#: & o2 (Ca-dependent ATPase)
B—ETEL, BEMETCLER>TETL
7z (Fig. 1).

wiz, 20C e 5 OEEF /Mo Ca 4 +
v Y TR RIGRERIS0R TR AMEICE
Lic. ¥725Ccn Caft i 2 aBOR
R CHRR OBV TiX, DL ED A
BRERT, RUSBRRRTEN 2 4 T20°CAHF OBk
BLELVWEIRELE Fig. 2). Zhix Weber
& Herz (1968)5) D28 b —B Ur.

D EOERFER» S, FRE (2~25C) T
DRIGERE#3PED Ca 4 4 LY 2 2k
koL, Fig.2 omlicioic. SyEH/ME
tho Ca A ALY Z Hiik ATPase 15 L [
BREBEECETL, 20 Caqrgtriy
T HBOEAE & AEXHEE 0¥ L BRI
iRz ATPase i D& L FEThH o /2.
Ebig, lko Ca 432y z gL Ca-
dependent ATPase {Ef2 &3k b 5 Tk
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Fig. 2. Temperature dependence of Ca-uptake

activity in the sarcoplasmic reticulum treated with
1.0mM caffeine. Sarcoplasmic reticulum was
incubated in the presence or absence of caffeine
for 3 min at various temperatures, before addition
of ATP. Calcium uptake was measured in the
reaction mixture containing 50 mM KCl, 1.0 mM
MgCl;, 20mM Tris-maleate (pH 6.8), 0.1 mM
45CaCl;, 1.0mM ATP and 0.2mg protein/ml of
reticulum. Reaction was started by addition of
ATP and was terminated by filtration through a
milipore filter. —O— : control. —@— ; in the
presence of 1.0 mM caffeine. Ordinate, logarithm
of Pi (107° moles/30 sec/mg protein). Abscissa,
reciprocal of the absolute temperature.

MHBER L OHIZ VT hORETYH 1.8~20 D
Bizchotz. zhix, Ca A2 zHrEE
ATPase &ML OBRE R #H < b, KEIT
b, FOWICBERE I EERLTY S,

2. N7 = A BESEER/Nako Ca A A
Ve Y ZHBEIZOWT

10 MM PITF D 7 = A v YREE TR /N B
h#, 200CC 3 SRAE L, RSB HRIPT
» Ca 44y zhBEERDRE (Fig. 3).
FORR, h7 oA VEEL Caftrly
B OE%IE Fig. 3 RLzmRY,
2.0mM PUF OEBENIE 21775 - LB A3 &
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Fig. 3.  Effect of caffeine on the Ca-uptake

activity. The sarcoplasmic reticulum was incubated
in the presence of caffeine for 3min at 20°C,
before addition of ATP. Reaction was terminated
by filtration through a milipore filter at 30 sec
after addition of ATP. Reaction condition was
the same as described in Fig. 2. —(O—- ; control,
—@— ; in the presence of various concentration
of caffeine.

VRSB A D Ca A A LV ZHRBRL D

LEP BT BEARD - 2. LaL, 20
mMMELED T 7 = A VIRECRIBERE I L
7eloT CatF i) ZHBOBDIZERTT
Hole. LOmM BiIEOREEY 7 = 4 » T
U oBE Mtk Ca £ 4 v L Y ZHERIR
st L, £ ORISIEICIET L Trinw
ZERBD BN,

Wiz, 20°C, 1.0mM 3} 7 = A RLEESY B £5
MKz s Ca 43 v e Y ZAHREBRGHE
MBI CTRLE ORI LIEHE Td » 72
2, 0P TIHEIICEEE TR L. LML, &
KRIEIZHE L TH BRGNS L 7= (Fig.
4).

SEILIR e MR D Ca £ v L Y Z 2jE
W EEEECE LT Fig 2 @R/ Les,
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Fig. 4. Effect of caffeine and temperature on

the Ca-uptake activity. Before addition of ATP,
the sarcoplasmic reticulum was incubated in the
presence or absence of caffeine for 3 min at 20°C
or 5°C respectively. The experimental condition
was the same as described in Fig. 2. —O—; 20
°C control, —A— ; 5°C control, —@— ; 20°C 1.0
mM caffeine, —A— ; 5°C 1.0 mM caffeine.

1sof (A)
0. g O. 0
/,A, "‘"‘A\A A

100} /./’\.

Co-uptake (10°® moles/mg protein of FSR)

SEER/NAED Ca £ 4V 2 ) 2 BRI BIRER X RO B

1L.0mM % 7 = A ALEE T O KA BEhA% 30Fb I
D CaAF i) ZHEOE L MEHEE O
W e ofGRE R B L, 15°CLETRISRICH
LTHEPOBEMERL, ZRUT CREIET
L. L»L, Fig. 4 ©xRLEmL, 5C 1.0
mM» 7 = A v, 35FENBI X 3SR
ko Ca A4 & vk b Z HEEORRFHZELiBRIT
HRCHLEL LI T d - 7. BiMIC
%, 20 Ca Ay zAnE1320C, s
SEERNEORFEOBEK Ca 4 A vV 2 HE
FCEL. :

3. FE— VALESYBER/MEEk D Ca £+
LY ZHREIZ DT

Gergely et al. (1959 iz X T SYBEAG/
ke NEOFE—NVEREML 5 &, Z0
ATPase IR RELERB L 5. LaL,
FOROFE—NVEECEL TIXZEN L r o
fo. FZ T, bhvbhEERTOF E— Vi
I UCEESY 100M T L LiERY
Tl o7z, 200C, 343/, FEEREOFE—NV
CHI Uz BNtk Ca 4 F vk Y 2 H
O RBERX Fig. 5(A) otk » .
25 uM F & — )\ CHLE & i Sy BERS /NAR D B

ISOr

100 -Z/A ./

/ —
[ ]
[ ]
/ \.N A/"
/ l/
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Effect of thymol and temperature on the Ca-uptake activity. Befor addition of

ATPase, the sarcoplasmic reticulum was incubated in the presence or absence of thymol
for 3min at 20°C (A) or 5°C (B) respectively. The experimental condition was the same as
described in Fig. 2. —O—; control, —A—; 25 ¢M, —@— ; 50 #M, —A— ; 100 oM

thymol.
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KCaAgFve )z rBERTEAL, KSHE
BBN1ST, 20%RERS L. = o
50~100 M FE—VMETEDL L L L &2
D, ERKCatF v ZHRBIZELTPLLL
BOBDIZ—ERIE L 72 57z (Fig. 5 A).

wiz, EKRT (6°C) TRk EREITR -7z
EZh, FE—-NVLHEIZES CarFrh
HREIZSEALEE O35 L i L CIR—EIR T -
7eds, 20 Ca4F v e Y 2 REOHIHEILIR
DLic. 2o CaatF vl o nEBEORDIZTF
ToNVREKEL, BEXE v L, 20 Ca
A4y ZHBELHA L (Fig. 5B). L
L, 20C&MTorosmCarrr by ol
PRGBS 1 5 CRAEER R HEIR
D HNT, RS L kicEikEm Lz, Sk
BXFE—~NT 3 oMM L 2% ATP i,
Dt Catt ) ZHRERRELLZLD TS
53, zhiiilic, ATP 2EMLEVES
o Ca 14V RERE LRI L.

ATP 2L s Wi5E O SR /Natk i %
%345 Ca A A+ vEix ATP kS X 585
B Caqr i) zhBicdt LELTEDS
73, 2000 B\ TIRLE O RER & 3T Wik

L, BEOHATIOEMIIEL o7, L
»L, o CaAszrkER5°C ik eol
BEL, RBRETHARY, BEREICL
b O EMOBEMIZ R o7k,
4 FEAEFXvV a v~ M&f_ﬁaﬁ}%ﬁﬁ’fd\ﬂﬁﬁm

Carrrvinz Jsaaauov T

SRR D T A %Y = v — NGEIR20
C, 3oL L, Fokic ATP kA X
5 CatF vy ZRBEOMERTFRbAIE.

SyBEfR/ Mtk ATPase &M, B8X 0 CaAf
A e Y ZHEBIC D v Tix Gergely et al
(1959)D, Ebashi & Lipmann (1962)) & n 34
BhHN, Bubhicytiyar— ol
DRSO TE» o7, Thbb, Bigx 1.0% %
24 mM), %1% 0.2~0.8 MM Th - 7. IR
CE B, Zhd ORE OB /NG T LR
T5L, 0 ATPase jEfZETL < ﬂ‘«ﬁ—F“?‘é.
vy, '

bihbiix, Sakai et al. (1970)20) 7§§H§yﬁ~@
BE SN A WIECLEREER 504M DT T
HBLBLTVBDT, 50 uM PLITF OIERES
Fxvav—veERAL, V=AY, FE—
DA L RO FEEIC & o THER U 72 45 BE
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Fig. 6.  Effect of sodium desoxycholate and temperature on theCa-uptake act1v1ty.
Before addition of ATP, the sarcoplasmic was incubated in the presence or -absence:of
sodium desoxycholate for 3 min at 20°C (A) or 5°C (B) respectively. The experimental condi-
tion was the same as described in Fig. 2. —Q— ; control, —A— ; 12,5 #M, —@— ;250

#M, —A— ; 50 pM sodium desoxycholate.



k7] /N Ca 4 4V & D T HEHT 5IRER XCEDORE

kD Ca 4% v b Z BB ORIk
#ERD TH (Fig. 6).

20°C, 125uM FAx v = v— LESEER
Mk To ATP fjkafgc b7z d Ca A4

viYZHERIRBLTIE, dRickLEIDE

FTLasdbhirolk., L L, 25~50 M 4L
iz s & Ca A4 v ) ZHEEHFEOERD
WL, bz, Ca A4V Y ZHBRIFE
B30 TR AEE R L, ThUB TS
Lic. T OfEMZLEBEOHEAR LBV
BLizo7 (Fig. 6A)

ki, ERT 6°C) TREROEREITRI L
Fig. 6B om<lici » f=. $hbb, 256~50
eM BNtk Ca A1 AV eV ZHE
X15~30B CHRAEE & L, Thilgix 20C
OBE LRk, BPoEE % & o . 125
M AETRZO L BBRKIAELNT, L
%, 20°C, 125 M LR OBA L O Z 7

“ (A)
110 Caffeine 20°C

€0}

Ca-uptoke in FSR trected with agents X 100%

Ca-uptake in un-treated FSR

30 -

Relative Ca-uptake (

50+ -
=’
40} 'l/

L, BAEZTRLZOBRIERS 20C 0F
LBV L EPEBERTFRITRE T . —iK
A%y ar— USSR/ Matko Ca o
A v ) Z HERRERSET CRRIERBOY]
#icix Caqt vy ZHEOBD, BLU,
BEEEERLED Ca 442D ZHEBEOR
Bk (Ca A+ RN 1% 200C OFE XY
LEHRCH o7 (Fig. 6B)

ATP #FNL i ocBan Ca £ 42D
DGR T A RERX T T —VLEL
ZRELY, FOREEOHEREITZBDOLALP-
.
5. S/ NakoRt Ca 44D T H
iz oW T
SNtk Ca £ 4L ) 2 HEERIREE
&k, BOTI, W T7=AY, FE—IV, BX
CFAxvav—r#Eic kY, $18 Ca 14
vipzugee, z0o CafFrERLIZH

(B) (c)
- Thymol
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100 w—a—o - -
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Fig. 7.

Time in Minutes

20} - )

1ot - ,OON 2

) 1 1 L 1 1 [} 1 1 [ - 1 1 ] 1 1
5

I 2 3 4 5 I

3 4 5 | 2 3 4

Time in Minutes

Relative Ca-uptake of the sarcoplasmic reticulum treated with caffeine, thymol

and sodium desoxycholate at 20°C. Relative Ca-uptake was calculated by the equation of
Ca-uptake of FSR treated with agents 100 (%) from the results shown in Fig. 4, 5 (A)

Ca-uptake of untreated FSR

and 6 (A); Relative Ca-uptake was calculated by the equation of
Ca-uptake of untreated FSR at 5°C x 100 (%) from the results of control at 20°C and 5°C

Ca-uptake of untreated FSR at 20°C

shown in Fig. 4, 5 (A), and 6 (A) ; —x —, Rerative Ca-uptake of untreated FSR at 20°C ;

_O_..
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BABNENERELS. T, FEWLILIT
BolcBh, FOEEBIEESETERENRE
Io7z (Fig. 4, 5, 6). 22T, HMoh 05
BB DI, FREICST 5 BB
INEED Ca A4 2L b & 2fE b WY EE T
Bolbon Cagt by il d gt
BTEBPUETHoT. 22T, ERUER

ffE (Fig. 4, 5, 6) 2 oROMEHEE T

. $hbt, HERFEGOE Cattrey
THBERALT, EELRD, oEE2HE
%t Ca 44> 29z 2E& (Ca-uptake volume)
L L, BRRELER & R 2. ZhEHEN
Ca 4> & v = #E (relative Ca-uptake
activity) 245z iz L.

Relative Ca-uptake

__ Ca-uptake of treated FSR
Ca-uptake of untreated FSR

v, 20°C iz B i B ERES R/ NEE D
Caftr ez HEiX ATPIRMNEI0F TR
{HIZEL, DBz 0B ote. Lz

X 100 (%),

B o TRDT B 7.

BoT, #xt Ca A4y zBER 0Eic
ST AELSRE RS, ZOX5LTERD
bhicfEhm b Fig. 7 pER S hz.

Wi, 5C (T 5 & RYULIR Sy BER Nk
»CaAt i) Ziaer, TORECRITS
ALY R L R L, RO E R
TN Ca A A v LV ZABEERDTHE. +
TIIRRT X Ca 44> 2 ) 2 RERik il &
NBZeBbProTV 50T, KEPNEOE
A0 CaqFr vy ZHiE, whil kgl
R, TORAVEYLEGRL LS. &
DB G 5°Cle B 5 ERRER (Fig. 4, 5
B, 6B) 25 ERDFERE b - TRk Fig. 8
iZmRL7z. .

EkLizm<, 5°C ik 20C whikL <,
SEEGNEED Ca 4 A2 b b = BRI PIE &
nad. 22T, EOUHESER/MUsD 5°C o
Cafgrld iz 20C DIES L HERL T
#xt Ca A4 v & ) ZHEER B0 FHEH
ZOFEFR%E Fig. TA
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Relative Ca-uptake of sarcoplasmic reticulum treated wih caffeine, thymol and

sodium desoxycholate at 5°C. Relative Ca-uptake was calculated by the equation of

Ca-uptake of FSR treated with agents at 5°C

Ca-uptake of untreated FSR at 5°C

% 100 (%) from the result shown in Fig. 4,

5 (B), and 6 (B). Relative Ca-uptake of untreated FSR at 5°C ; —@—.
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Rz,
V.= =

LB/ MaE o ATPase #&t, 8L 0Caoa
AV ZHEOREKRFIICEL Tk Inesi
& Watanabe (1967)1D), Hasselbach et al.(1970)
L OWEND Y, KREMT Tk ATPase if
#, Ca A4y ZHhERIBETTEZL
pabh T, ERERTR~mL, X
= VFREHRG & Y OSBER/NUEC ST
1%, 15°CEECHER, KEMOThERITE
v, Fig. 1, Fig. 2, omE BEEMSRR L.
T hiz1sCEEL LcBiRM, EEMicEvT
X, ThEhiesds CaA 4L VRBOR
BIAAF—FZRBABZLERLTVS LR
bha, BErOoBFCHE L TR AHATH
3.

1.0mM » 7 = A VHEETTO SC kBT 3
CaAAv VT HEBIX, hT7=2AvHD X
BR: 5 Z h £ h OFGOHRIRRE L
¢, 20C, 1.0mM » 7 = VIFEETF ik Ca A %
VEVZHERBET T LBRVIRLPRD
5%, 5°C ERVTREZDETHEL» o,

Sakai (19650 @R &HE AV 7 =4 VA
BB (RCC) oM FFic AL, 2EBANC X
Y BNEAE D B 0, (a) —BERy Ca A A VK,
(b) 2o Ca A AL ) ZHEDOEKT, 2
b5 iR, BE Ogawa (19709 1%
BT A vic X BSEENAE»PSD Ca A F
V2 CE Y H11CI BV TE Lol b
#EL, Weber & Herz (1968)%) L [EEDHE
Brxi. LiehoT, Ogawa (197009 %%
7 = A Vi SEEG /a0 Ca £ v B
X% releaser THD L LR L.

Sakai et al. (1970034 7 = A >-RCC n E
BEBE 2Ty, 77 =4 -RCC 0B XE
TIEL ZOEEERTIZ L, ZORE
HERBCHITL, KRR b2 2b bR
HEbhdz LERE L. Ebig, KRS
BTC, ZOBRAVPFHEILENCR - R RTH
—ERCBEHE, D5 CEEIYV VLYY

NEC X 5SEE 52 5 L IRBEETRL»
b b TIGERATEETH o7 (RFEEK Sakai).
DT b, EREET TONMTSEGA
X v Ehi Ca A4 4 U BB/NMagc e Y
REh, ok VREhi Ca o+ v BRESH
¥, BIUBSECLYVBOKRESh IO L
Zzbhd. Z0OK, KERT TSRS/ NMNIE
e Caqt A eV ZHhmEEAL, L2d
Cattr by zhaEMWH dovidikRCas st
v ZHBEERAONT, BRICBITS
LRIED CAf A vl T LATES.
r nEBEE (Fig. 4) 134 <o inactivation
BEOBRCHL, MbroXFErE2D5b0
LtBRbhs.
FCIAKIBE F & — VLR S T S R
I (& — 1 -RCC) (Sakai et al. 196718,
1968), 3 X UF E—NEFEET TOKHHEDHE
# (Ebashi 19650 iz > TixBLambh Ty
5. ZOBEEFFE-NCLBHMMIEROR
& CapFEEELRF < RBZ LERLTV S,
S NaKic T 5 FE— Ve XATP-
asefEMORTFEL B B v (Gergely et al. 19597),
EEBERD Fig. 5tz Ca A4
LYV ZHEORTE b Lz, Thbb, &
pah ol Ca A A v EOEME DT Z
Lichk s, BE RBRCBCT, RERES €
—NVCEGRLET S LERE © + (Sakai
et al. 196718). L Z 528, T TIEBRMERICE
WTORR72Im L, 20°C, 50 uM F & — LALER Sy
B/ Nafko Ca 4 vk Y = Bk 1.0mM
h7 =24 vOBRELEL VIETL, %72, Ca
AF VY ZHBEVEB b D SR, &
hiz>wT, bhbhiz ATP 2LV
B OF T —NVLEIT X - BRI EH
i CaAr  BOBEREN DB LER.
Z »IHx Carvalho (1968)2 mv~5 non-ex-
changeable Ca-bound o#k L ix& x2 b h T,
LA, DS MEORRICHTHFE—V
OERIZ XY, HTF VvV TOEBERLSE
0, Zokwic, Ca A+ RERNERL
TebDEELOND.
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5°C &M T oM Mo Ca A+
D ZHEEIE, 20COHE LD b RISHMIEET
nCaAgF ) ZHEPMMET LT L
L, Ca 44V Z HBIIFEMEEL KK
7B DL, 7, BiFE LATP
EERM LI CEA O S BE MEER A T
% Ca A A&, 20COHELY LEETD
ofc. THRFE—MT X BEEEELR, &
BEUGTCHEDCHEOOLNILLDLEELD
hb.

Pl ko F ® — VLRSS MRk Ca A &
vl DI BRI = A LR L TS
L, BT 24 vORL/0BDFE—N T4
7 =AVERED CaAt i) THERR
+r b ol. ZTHREERETERCTHAE
— B Chole, ZOLOIRTFE—N; HT7 =
A v OPEE Iz o\ Tiz Ogawa (1970)9 iz &
D EROERRES LT 5.

F o % oo - LR OS5 BOE X HE
(Sakai et al. 197020 ZH 7 = A ¥, FE—IV
MIEDEE L Bis Y, RAHHIREESRL, T
BB ELTHLEI BN BT,
L5, IEEEIEEShZ. ZOoROET
eI X B b, lateral sacs BRERF L
LT, EEEORENET » T3 X ) IBig
xhTwv5, Tashiro et al. (1957)2) ZiF 7
vy —AEAVT, FAEFvav— bRERE
HRBICEEL, ofEE lipo protein I %
NOFESTEERSY 5D, EREOBEL L
B LHEL TS, iz Gergely et al. (1959)
7, Martonosi et al. (1968)19 & & 23/ M
R CRBEBBE TR, Sbie, T4
Fyar— MURK & - T, SEVNMIEORE
M, Caf Ay ZHEE, BLY ATP-ADP
BB EOBENMET T2z L bmoh T
% (Ebashi & Lipmann 19629).

AEBRTHCIZIKRBENDTA ¥ v 2L — ML
G S Mako Ca A4 v L D T HEE
X, +Ti, 20C, FE—VAHEOE TR
L5 i A IRREED DN TV B XD R TH
o, FThbb, 20C, XU 5C ©h ATP

KSR LS CafFr & VD 2 BERDS
B, SEGNakhic o Ca M F v E
ﬁ~%kb:ﬁ§ﬁtkﬁé&,%®ca4ﬁ
VERBEETAZLATEY, KHoBERCA
S>TLES. &ble, KAT 6°C) TEr7 =
Ay, FE-VLEOBRALRLY, Ca 4%
VIRBRETI DR T A —EE Lt o7c. Thb
Nz b, HiRoFEFFyar— -RCC I
BT xAy, FE—N-RCCOBELELERY,
MAEER LS 2 Licba Y, RA[HEYIHEE
BAsbnLELONS.

Wiz, T TIREHTHE ST T 553l
iz L B AESH oHHEES (Sakai et al. 1967
18), 1970200, 19712D) L AEBRRFERSLRD D
n iz Fig. 7, Fig. 8 wmwLizCattrr vz
HEEDOFSHME L 2L THe. AFTECR
BEAHIZ T TR £ i <« (Sakai et al.
196517), %7z, =|RT 1.0mM B 7 =4,
25.0 uM FE — v, HBViX 125 M FH % v
av— MIFHESETIZ . Z0Z LidARHE
BRen Ca A4 ) ZHEBOMEMEP LA D
L, Tho oBRERWEREREDTTHS Z
LAERETE D, Thbb, ZOBREOEWEF
ETFTIE, 20 CaAaAd i b ZHiBRiREl
FEZTvRERVEVLZEY. LIBR, FE—
MBEEH 50 uM, FF ¥ = v — MREEN 25.0
M Dlkicins e, Ca £ 42 L) ZHEOH
SHEX RGERE 1 3 %r b L, gifiice
ZEhie Ca A A VEFOERHESNILTVE .
AR COWRERAEOT ML FRT 5 1
nEvzB.

LO0mM b 7 = A VLT RESEIC X Y
IHEL, EREETED 5D, RAEAEMHERL
7ok, WERT 5. Tz LiAERT, 5C
B3 1.0mM 5 7 = o BB/ NMEE D
Caftv iy Z HEDOHEMESHHNCIZRE
Thole. ZhiziElt Ca 4 3 v OMKEER
L, CHBERHGOBRE O, b5 \VIEIME
BrEEL, SbiEMEEcts Ca 4y
LY ZHEOBKITER ORA OMiEE & ST
BL0ETdE, 17 =-RCC OMFEHRH
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THDREEIBE.

UEDmMEWERHF IS LT, T
DFE—N-RCCoPELEL CaqF i
ROMME» SHHATETH S, Tihbb, F
E-NVREREKTSEE, CG vy oan
ROHMER BV TEETH -2, L
LRI Ca ALy Z B0
BRI 7 =4 VIVEOBE LY LIBRT
bote. ZTDZLhbd, FE—N-RCC otk
BEOER, 3L UHEAHE LIC  WEAEAS
HHTES. TAZFVaLv— L 2ERHLLES
i, MIOBE Bv Th, MHBEETO
CatfF Ly ZHEBOMMETKE v 28, &
KEER LI, EALBPERLE. Thb
B, MIHERCERE Ca 4 BNEbY T
ErThY, LBREEEECHE- Tkl Ca 1
FUVEBBERTHZLEEKRLTYS, Lad
ZOHER LR Ca 4 4 VX EOSBEG /NG
WLV ZEhdz bidnnhofe. BE, 4%
TEEBHETE->TY, ¥ T7=AY, FE—
NABOFELERY, BT Lik
24, S EYVFEEDOBCIHEEBE LY, L
b, TOIFEIARR LML ARFHEH TdH -
7z.

AR CRE L M Matko Ca (4
&Y ZHEEE, A OWREROTRTEIEH
TEbDOTiRAEV, Li LEAEREEIIHE
DERIRST DRER D B LA ORI 585 L
b LHIRTEBRILRELLNS.

V. & L)

1. BREY~ (ex¥=n) TREKRG»
LOMEL e fi/Mfko ATPase ¥, B IOt
Ca £ 42 ) ZHERBEEEERDY, 15
CEEL LImRE, BRBCEVT, Z0E
DK & MasehiE B o ¥ o0 B i E AR B %
B ol 15°C 2L L KISEo Ca 1
i) ZHABREESTHEN Th o2, £
DER Ca A3 L) ZHBEER20COER L
—TbhboTz.

2. 5°C, 1.0mM 3 7 = A VLRSS EER /N

o Ca A4 ZEEELLEZ T 08
ALV HELIIHIES . :

3. SNk Ca 43 ) ZHERI
FE—NVLEZE->THMHE S 5. LaL,
25.0 uM F & — N ALEGx 20°C, 5°C Ttz Ca
AF ) ZHEOHFIMEPTH o2, &
R EDOBE (50~100 M) T3 Uil
bY, BCERTIEBCTELP k.

200C kT, FE—NLVEEMN 25uM P ET
S & hiz BN OB AT, 1 4HT#
2oV khi Ca A4 rnEHshsIEE
2L, FENVREOHKLICHEERITE
Hicizo/z. L, 5CTi20C cR b
BRIBEENT, BRrTEd52, Ca (4%
VEY ZHRBEOBMBARbN. —RIC SRS
Ntk Ca 432 D ZHERE, FE—NVE
EoBimctivEEE R L.

4. SEERIREOT v a v — ML
X5 Caqrry itz 20CcHbLB
FE—NUEOBHBIFEL Lz, Tihbb, 20
C, 5CohOBERICRB T b—RMicE Y
ZEhT CA A A U RBEOCERT 2. ZoBs
i, 25M P EOBEIC X574 % v ar— b
B SEEGNE CBE S he.

5. DEOEBRERPS, ¥ 7=y, FE
—N, TAXVaL— VLERINGCEBESh
7z rapid cooling contracture DRI &
hiz.

FRRRRENENAEE B & SEWR-40
WHE3s L0 RCC Hifi#$) w X v filnbhiz.
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woF:ER M, BRI

1. SRGHELEY
RIRESL, WML, BAE—, E e (3
BEEX, AT

v 9 ¥ ORSERED 5 VI HEK OB LRI
XV - BECBERSNEHHED > bLaTlkic2
B3 tonic type D H DIXEEKKZOH X LH
Bnd by, 8- BB E 232 S bphasic type
DHOIHEFNEFOBE CBEHESDHENVS T
EEDOWTIRTCIRIME L LZATHDD, £
WTTT R - e KB E & B ERBROERTIE,
BHEEOE » b3 KB OB AR
tonic type D OREHHNICED Hh, EEHIK
DHEVILEFIT UrRD Dhisnwz E 0B S5
Lixot. TOFBAREERBMIC YHETS
TRERHERBHEOEZDB VLD THY, BE
FFIC X b BT A RE RS RN RO EED
BWNDDTHDENWSZENTES., FLTEY
{ER @ _E 5> 5% diphenylhydantoin o X 5 i il
VWHAERABEE BRI X 55RE s L,
piperiden ® X 5 I gEthA MM OE BRI
MO EE R OB RECE - IEER 2 T
FTZLEEALPILTWS, v FirknTile
P OFERBITHEY T R EHMRIIAT R © & &
XETHLvwbh 55, ERomiEicsds
CDP-choline D ERIREEE 5> I3 e i Bk T o
HAEBRRIEEZITE LTV B2 LBEL DR
5. KEHHELZBECEH LB L-ERick
WTHE, WAWSOEMOER 2 BB RIS
SIEMA LT BRI LTV 5, EBRISCH
LTRIED TR TEMD 5> b cytochrome C,
CDP-choline, ATP % Fia 5B OBEZ TR
Z¥ %%, amphetamine, centrophenoxin VX5
BORMEIITEA EERERE b o . HEE
BREE LTREBERICE T T <, BHRED
REZ LRRFC TR 2EYR L VRN TS
559, WREZBELRZY ¥ T OXEE Gk
CE VAT BEEED WA BRHREL R L
LB RO RE, DI, FEBEOTHRE R
TEYD 5 %5 cytochrome C & CDP-choline 73

control » B LTHIMT & 5 ¢ L BERSH
. BLEoft, REmERARS X 5 akERT
BWTHKEY — X PEBRRIG & LB DR
B2 TRISEDZLEBEID TV S,

2, X IDHBYBEEEAICTES BB
EH DO sprouting [C DT

MARZY), ZHFERE (BUK, E, $—49H)

FREGREZUMIT5 2 Lt X - TEHWMR? S
sprouting MBFELETDH LW IREITELEI T
Wi, bhvbhIE TR0, BRI X »
TEENT X - CEBEIFE D S sprouting 3%
5L RERAEEENCH LM L,

BIR 2 FRE MR ET O FPiR I 3V T L %
TEBWTE Yy ABIGER = = — v YOMIENE
REiT 5L, BIRFIC X - T msec Bic [
SBENPEDbNS. ZOBMITHTHER-( 7
BALO@S R, » 5% Renshaw IPSP D% |-
CEWTEHbhBZ EB%L, Mian Cl 14+
HEAC X » TR, 7, BB ss
TEDOFHBEMERT S L 0mV iEw. Do
BR»D, BRI X > TRET S LTS
B ER: EPSP (VR-EPSP) ¢ & % L5 xh
5. ZOXS3RFILENWT, BRO—-F2dD
PUDTIDERLTEWHE I, AR X
> TEDEIRIERER (VR-DRP) 535435
DHFED b, TOHRE X OCRHZ&X VR-
EPSP X hnligiE—8HT5. 2 O# R, %
REYWI LIk 21T 5 W T X, #BED primary
afferent WHB Y+ 7 X E#%F T % interneuron
ot UTES#ER ) 5O sprouting 25T 5 2
LETRTHOEEZLNS., BEP—HTVEX
hTWBEEIEWT, VR-EPSP 355K R5
BREBC X 5HE Y+ T A EPSPR X O% Y77
At EPSP & occlusion #R3 2 ¢ ohick -
THPATDZLBTES. Bk VR-EPSP %
X O VR-DRP 13 57#R 0 B—Fllig ©50~60/sec
PEECRERTREIAZENED, T, EH=
=~ R YOREROEREREZRI LTV 5



2

Ebd5. HIRUBBCHE bh 3 B0t
i, BLEoan<, EE#EZEs» 5 O positive feed-
back iz X %EH)= - — = v hyperactivity 3%
DREATREVWHEEZ BN S,

3. BHHERICETZES =2 —nyDRL
X

HEEREE, RARZE (K, R, $—4H)

FTLRNT, WHABMRE —c s 5 v
U THREICN 3 5 M % —FERc B X & 72 4
B, BEVIIEHMOETRTE - B A THOE
MDRFEET DM, LD Z — VIZRETOMER
Y, EH==—r VOMBNEAFIFICX > T
TRENDFEKIRR O M & 3K B e,

B MEREREITI VT 1, BEDOHAIX10~50/
sec DEMHMELV =2 — v VORREINE
BHEBNDR, L UBEOEEATHREREIRR
BRI, BREECRS. ILIREDORAE
BH= = — B VYD RA 7 BRLDOIZ abortive iz
RDBEEVIER LT, 150/sec iTET D, ZDX
& full-sized spike L £ 2 BNh5 30 L, IS spike
LEZBNLBDLDIENIC, MEDHUOHE
DKRESD spike BFAET B, DLOBHFMKE
TR B2 & 45544, E7-, pace maker
& LT Renshaw IPSP ML LTWBEE %S
NE5ERH 5. (BAmERGEDOEE Ta-IPSP 13
% DBfRT % interneuron HFEIT 5 D TLFRY
24555, Renshaw cell }3—f2iz resistant ‘T
» Renshaw IPSP 137 238535 \).

WCHFREET & 2 DA TR & Dsprout-
ing BRELETHZLBRDLNER, LHOHEE
DER) = =—r VOFEMKNET—RICRHET
10~80/sec T & %. FRFTIOHEOHME L
T, 1B S 0 sprouting KX 5:E 2 b h 3
EPSP 234920/sec DIEETHRMECRET L0058
Hbi, ThHEERMERES trigger LTV 5D
TRIEVWPEEZ SRS,

4 FEMRMNOES HREADL F S 25E
MEEN, HAKR (KIRTKA, E, $—4EH)
FUF = O S MRIRHED 5 bl /L — T

(S #3HE) iT B VT HURTICIE LizkW S L~
70D (S1 #fE) LR UL, %3 EPSP 2334
L, ThiROEHEE AL 7BMOVOER XN

% a

LT ENEEH U7z, EPSP i3ZsaEic LSz
DREEH graded WHILL, £ ORFHEMSEREE
BicX W ETS. TbH300Hz OFiwky
OERzINB EPSP X v 150Hz oFick
% EPSP 0 B5BMRBE. (FDE 4 DR IHS
LT EPSP %41 %) iBHE & %2 & U ano-
electrotonus 2T 5L, FOBRERDILLNLS
& R34 7 BRI block Eh %23, EPSP i3

C BEPHEARTEDOTEPSP & 231 KB N

5. S; BHEOHIAE» LHEX h HEBEMIC
1%, EPSP L Zh it 0 &2 3T INB RA
A7EWVWSHEALTDRE—VETRT DO TN
HNAHEHLDIOBEF I IO TR DO
THETFEERMZ I,

5. RIEERMEAMEE OERRIRIC L BWMERKE
#HIEDORISIC 2T

WHE—, AR 1 (FEHFEKX, $45)

Motion sicknss 12 & S BERPLEL DN
%X 51T, WEEMRS X O OWEHOERH,
HEMRERCEERL R IET T LIEL DA
bhTwb, '

ZZTEEX DYRIOXE, X OVMEzERE
U EmEEa bk = 2 v, wEMRNE L
ER TR U R oSFERREMR» 5 RS %
L, TOMEZ LN, ~ A

RS, R 1L.5msec ¢ initial spike (I. S.,
Hift 1~2msec) &, WHF 4~ 6msec @ late
activity (L. A., ## 5 ~ 8 msec) X Wk 5. FI%
RORTEMRARZ ORI Lt Liehs» T,
LS. oRIENR A& 5. 2%EFBC X 5REIEK
¥, LS. 75 msec, L. A. 5% 100 msec DL ETHh
5. EFERE (20~50H2) i X 5&FEER B B
L, LS. oiRIBIFEA EZE LS, LA 12
ELIEE R 51F, 30Hz 305H ¥k 50 Hz,
108 H O GV E L TilRT 5. '

%7 thiopental Na O#RNI&S5w X v, LS.
BEEER STt WS, LA miswmEr S
75,

ZhbDZ o5 L. A tX M 7x synaptic route,
BLELMEREEZN LIRETH Y, shick
L LS. W EENERETHHEE 2 bh
5.

WiHMEIT & SHEHBGEOHE, ME-REW
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BRREECEE L ERRA BN D DT, HED
e e 1w S i (600 Hz, 50%) 2 5.%2C, L. A.
CHEIETEELL. TOBKR, HIEERMHERG
BB 2 ET 5 L L. A Isine Uik
T58, HEOHBAOFBK T L. A CRFKRAE
HERALNED 5T,

8. 5+ b B % 0 respiratory chemosen-
sitivity [co1\T ‘

3| PR (X, B, H—4&H)

Masland 2 (1962) V5 v M EHOBHEBEE
BOER )L, area postrema 5 CO, DO{L¥%
BBARNRHRZELEZTRH L. £TZTT7y M
®o CO; (LERAMEZFARLLDROL 5> E
Befiit-7z.

Urethane % 7-t% hexobarbital “CHFEE L7 5 »
FRBEERABLBE LR, EREEHL,
TED 4 20§ 12 OFECHEMETEZS
%, IL spirometer %7V} pneumotachograph iz
X VRS LE.

Fj# Ak, 1) Bubbling-lRHFEimFicis vwic
RF 4 —/b o o34 Fi humidity U7z CO,-0, #
ARFELAEHL Y bubble LT5x%. 2) B
TR - A TR % 38°C ¢ CO,-0; ## A
CTEE X EREMC IV o =7 VR LCER
+%. 3) Area postrema O % E-4 30~
508 DF 7 AENy + &% T/NEBIROHEICHIA
L, BxDOEETHERTS. 4) Chemode (¥
IV TAER AT 4~/ TOERBTIRD OFF
2h0) ZREANCHAL CO; ¥RAZEZE
LCEx5.

CO. flifx Lo F ki X h BRERC R4
IRD CHERHRERRIGZELT MRS
7 area postrema % FEBE{LEZA I &
BF—EHRBESLTHWEW & WX 5. —F,
CO FZ BRI L5525, K
BOKEX, BROEZLDh, HFREREREOH
MPBEDHENS., HEBRIONEHRAORELRTE
2D 5L, EREIMUTELOREW VLT
D 535% D REHH { Mitchell 5535 = DR TR,
H U B i iE—5 T 5.

1. X JIOBEFROFRIEIEENCE LITTRIEMS
BRoNE o

24

EEE (Bm¥kx, W, 43

SR AR IRERES) (REM) OFF
25 L ULCHED phasic MBROBERBED
N3OS TH 5. FKTiE, REM e—%L
THNREOHESREOND.

BTEE MR ® N.:medialis & N. descendens @
ERAERRER, HHERDBO REM 047 57,
SEAR OBRMINELCREH OB LT 5.

AEBROERVE, BIEMRZREIEES, REM
RO FEOBEMRECFLTEDX SR
FEPROPERRTHZLETHS.

X aDFRECEBEN C EBEZYEL, SO
multiple unit activity % integrator #4 L Citék
L7-. BEERFCB)HS orienting reaction 7R3
BRI RSN M U, REERCAS &,
FREFBEBHOKEIE T+ 55, B Eofh&ER
—BLCEESHEG L. WRERFP I REM
OREFICRPUTELWHROEEIEMAR Sh
7.

BRI O N. medialis & N. descendens @
TR REEVE, WHAEIRG O REM SHREB O A
5 O FRZIEB OMMIEREZIERE LR, &
R ORRIHEIR T D FAIEB A L TR E 235
20358 dWA G RN rell

Fi O REM o BB s KIN BRI
BET5LOREORBEESE LT X, REM
RO EEEIRIIATEMRIZ X b OEEATT
EETDEVZ5. : i

8. BREAERSEREROBELTETHEMNS
%

PR (Ba%¥kK, #, 43

FHEB BRSPS 8 DS T D 1%
ERBHHLT, HEECHLTRSLTWS T
L ¥ 5T wb (Tasaki & 1952, Tto & 1964).
Z OB OKKIIHOZEWHE S LU T phasic
RER L, BT UTEGSEY,. Ll
HOEEMIEETIHHEOR S L BAAET, £
DWFEDTESI burst [TEH L, INHEE ST,

ZOERHREK L L OTERE H = AT
BNTE—i 78 L, paraffin gap ZETEODKRK
DL DEMEZFET D, Ak IhREREM
DOREMRERGEHEO TN ERLLITWS. L
P50 T2 DOEORLEHRIRE OB BRI



FIvR
¥

FEIRBEM S BROEA VAL R BRI B
CHREALTWSEZE2BNS. TOH, HifhiEs
[FRRIC T DRI H 5 5 D abortive spike H3E08%
Eha,

Dk X5 e RE Shicmikicks 7
NWE—=L e TAFT 74 VEIZEZRTHRAI 2 —
ABEL, BEFEMBARZBR . LROFH
BRI ARImE < TEAP S BT S L,
EHITEhD DL CHEMEEEZ SR TS. o
AR TR OLEE 2 - 3BOEWIRIAE
(3% 5 < Schwann KHHE) TRYBEATWS
SR PSR B BRIV %%Emmm¢ﬁﬁ%\r
2V FY 780, TORIEMEDKREOMEE
TEEINTWS, ZOMIRICIIAE L sE
Hbh, I Pz FY 7= pinocytotic vesicle 33
SHE T, TORCIIFWEIRDLNS,

9, RNESREICLBEBEKEICONT

Lin=, # JEH—, HHE=R8 KX, &,
P ER)

H AT ERRY, BEEBR>EREZEAL
THERREZHE U XY, ThiCfE> BRI T
FEOZLEHE L. ERIFR & L T &K
Bl o | TIT RV, ZKEAROS = —F LK
ARV, RATE—NLBICEBRT eV
BEFITONWTh, bR THRIT L.

1 224 (2~3cc) HEABBL D 6~ 8
{EEBEREISHEL, 2VvTAE FHEER T
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#HeEORELERRETDHDIOTH 3.

12, B CHHETORE

ARFEHE (RIKX, &E5)

XXTEEK (1500 m HHE) D5 v 7 s 24 A
T, HEA LY, TOVFHEIOHELIS 2T
SEHBE T THRMENR PR DT LB

&1Lk,

SEOEG RBEHDZA AR L L L, b/tpn=
Tas Lelte=r, L LT, In(ry—1, BHETHITLA
LADOFELED/IZEL TD. ThiX v, & £ THHE
THEELTBE, r—1,=0p1—0,)/0, L LTE
5 EREBEHCTRT IO THS.

In(ry—r,? &4 AE m LTI Ry ¥
5L, PEVERTIRLEKELTCESE, —
EH BER), T (7v&aibR) T56EE%
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vitamin Ks-dependent

BHphELT, BEFHEERLBELLKI 7Y
— A configrational 7rZE L& tEELD angular
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