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Nature of the erythroid colony stimulating extract obtained from
spleen of irradiated rats Shiro Kasair, Waka Maruvama, Takashi TERA-
saAwA and Masaharu Iijima (Department of Physiology, Tohoku Dental University, Kori-
yama, 963 Japan)

Non-adherent bone marrow cells of a bled rabbit were cultured in plasma clot media
containing auto-serum, a-medium, erythropoietin (Ep) and spleen extract from irradiated
rats. The preparations were cloted on a cover glass, fixed and stained by Giemsa or
hemoglobin staining method after 3 or 5 days in culture, and the number of erythroid
colony was counted as reported elsewhere®. In the present study, first, it was
elucidated that the optimal numbers of innoculating cells were among 0.6~1.2 x 10* cells
per well for the erythroid colony formation. Second, this colony formation was slightly
stimulated by the experimental media which contained heat treated extract at 40° or 50°C
for 30 minutes. Contrary this, the extract treated at 70°C for 30 minutes lost completely
its stimulating activity of the colony formation, suggesting that the effective substance
might be protein in the extract. Third, an inhibitory factor might be present in the
dialysate of the crude spleen extract, because the number of erythroid colonies decreased
in a dose response manner by the dialysate. The residue of inner dialysate, however,
certainly contained the colony stimulating factor (s). The crude extract was separated
into five fractions (F1~F5) by ammonium sulfate. Fl, which was precipitated with 40%
ammonium sulfate, had the highest activity for the colony formation. Fetuin also showed
appreciable effect on the erythroid colony formation.

[J. Physiol. Soc. Japan (1978) 40, 31-38)
key words : erythropoiesis, spleen factor, tissue culture, bone marrow.
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Fig. 1. Number of erythroid colonies cor-
responded to the inoculated cell populations per
well. CFU-E in this case represents the erythroid
colony having 16 to 63 constituent cells, and
BFU-E represents the large erythroid colony
consisted of 64 or more cells. The culture condi-
tion was following, Ep: 0.4 unit/ml, spleen
extract : 10%, sampling : 5th day.
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Fig. 2. Effect ¢f heat {reatment of the spleen
extract on the erythroid colony formation on 5th
day of culture. Upper line shows the mean value
of each number of colonies counted on Giemsa stain
preparations, and the lower line shows the same
results on hemoglobin stain preparations. The
culture contained Ep at (.4 unit/ml, spleen extract
109, and the erythroid colonies which consisted of
8 or more constituent cells were counted.
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Fig. 3. Effect of dialysate and inner residue of spleen extract on the erythroid colony
formation on 5th day of culture. The solid lines represent each case containing inner
residue at 5 % : triangle, at 10% : circular, and 20% : square symbol respectively ; the
break lines represent the dialysate containing cases, the each symbol is the same content
as mentioned above. All culture contained Ep at 0.8 unit/ml.
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Effect of each protein fraction (F;~Fs) from spleen extract on the colony

formation on 3rd and 5th day of culture. All culture contained Ep at 0.8 unit/ml, and
each amount of extracted protein was as following, F; :0.0415mg, F,: 0.0185 mg, Fs:
0.0435 mg, F, : 0.0185 mg, and Fs: 0.0388 mg per ml respectively, in the 5 9% containing
of each fraction. The protein content of original spleen extract was, however, 0.705mg/

ml in the same 5 % to the total culture.
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Fig. 5. Comparison of effects of various extracts and Ep on the colony formation,

Fetuin showed also the stimulation of colony formation in spite of the protein concentra-
tion of fetuin was incomparable (see text). Innoculated cell number was 1.14 x 10* per well

at start in the same ordered experiment.
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Changes in excretion of catecholamines and metabolites
during acclimation to cold

Kayoko HAYASHI, Tsukasa SUGANO, Masakazu SHIMADA and
Hiroshi TATSUMI

Depariment of Veterinary Physiology, College of Agriculture,
University of Osaka Prefecture, Sakai, Osaka, 591

The sympathetic nervous system, includ-
ing the adrenal medulla, has been known
to play a number of important roles in
shivering and nonshivering thermogenesis
in the animal exposed to cold®. The me-
chanism of enhancement in the calorigenic
response to catecholamines during acclima-
tion to cold is not obvious. Although an
increase in the excretion of catecholamines
in cold is well established®?, time course
of their excretion during cold exposure
differes from one study to otherD®i), In
order to assess the significance of changes
in epinephrine (E) and norepinephrine (NE)
excretion, it is of importance to know the
changes in excretion of the metabolites. In
this paper, we attempted to observe the
changes in excretion of E, NE and their
metabolites during acclimation to cold,
especially in relation to nonshivering ther-
mogenesis.

Male Sprague-Dawley rats, weighing
200~250g, were wused throughout the
experiment. They were housed individually
in stainless steel metabolism cages for at
least 7 days before experiments, and at all
times had free access to food and tap water.
Bilateral adrenalectomy was performed at
least 7 days prior to experimentation. The
adrenalectomized rats were treated daily
with synthetic corticosteroid (Predenisolone,
Takeda Chemical Co.) 0.25mg/kg, subcuta-
neously, and received saline (1 9% NaCl) in
lieu of water. Urine specimens were col-
lected daily in small glass bottles and 0.4
ml of 6N hydrochloric acid and 40 mg of
metobisulfate were added to urine. After

® BERF EH R, BHE- Ko {4
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the isolation of the catecholamines from
urine according to the method of Chang?),
E and NE were determined by the method
of O'Hanlon et al®. Total 3-methoxy-4-
hydroxy-phenylglycol (MHPG) and 3-me-
thoxy-4-hydroxymandelic acid (VMA) were
determined by the method of Bigelow et
al.h and Sapira?®, respectively. Electromyo-
grams were taken at frequent intervals
from the leg muscles of the rats restrained
in state of immobilization in wire cages
without aid of anesthesia. The two active
electrodes of gold-plated hook about 1cm
apart were placed in the leg muscle and the
ground electrode was placed near the mid-
line of the back. Amplification of the signal
was done by Multipurpose polygraph RM-~
150 (Nihon Kohden Co. Ltd.).

Figure 1 shows the effects of the periods
of exposure to cold on the frequency of
burst discharges. These results indicate
that in rats, shivering thermogenesis is
replaced by nonshivering thermogenesis
after 15 days of exposure to 4°C (Fig. 1).
Figure 2 compares the urinary excretion of
E, NE and their metabolites from the
control and cold-exposed rats. The level of
NE was found to be about 2.5 times higher
than that of E in the control rats. The NE
output increased to a maximum in 10 days
in the cold and thereafter, decreased rapidly
(Fig. 2). However, this steady level was
about 4.5 times as high as the values for
the control rats. On the other hand, the E
output increased to a maximum in 5 days
in the cold and decreased thereafter. About
five-fold increase of these amines was
observed during 5 days of cold exposure.
The NE output in adrenalectomized rats
exposed to cold was significantly increased
and remained elevated for 15 days of cold
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exposure without the decline with the time
of exposure as in sham-operated rats (Fig.
2). Epinephrine could not detect in the
urine of adrenalectomized rats. Although
the pattern of MHPG excretion did parallel
the changes in NE, the excretion of MHPG
fell steadily to a final value only 1.3 times
above the final control levels. On the other
hand, the excretion of VMA remained
elevated throughout the experiment (Fig. 2).

Of particular interest is the fact that
shivering thermogenesis was replaced by
nonshivering thermogenesis when the de-
cline in the NE and MHPG curves was
pronounced during acclimation to cold.
Despite the fact that the enhancement of
the calorigenic response to NE and to E
develops slowly during acclimation to cold®,
the excretion of NE and MHPG fell after
10 days of exposure to 4°C. The changes in
MHPG excretion will be interpreted to
reflect alterations in NE synthesis, since it
has been proposed to use MHPG excretion
as an index of NE biosynthesis®. The major
fraction of MHPG and VMA in the urine
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is derived from the intracellular deamina-
tion of E and NE, and then from the O-
methylation in the liver and other organs®.
Therefore, it is also possible that alteration
in enzyme activity, such as monoamine
oxidase (MAO) or catechol-O-methyltrans-
ferase (COMT) caused the changes in MHPG
excretion. In fact, MAO activity of liver
mitochondria increased during the first 10
days in the cold®. The catecholamines
released should be interacted with the
receptor in the target tissue to cause the
calorigenic response of catecholamines.
Thus, in connection with the enhancement
of the calorigenic response to catechola-
mines during acclimation to cold, the
increase of the intracellular degradation of
catecholamines by MAO and COMT must
be considerable. This interpretation is
supported by fact that the excretion of
VMA remained elevated throughout the
experiment (Fig. 2).
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V3. Ll Zh bIRERGHPHEB OB X
> TLIELIEZESLBRD. KRERTIE TCA
VAL INAYVS—DI =V, YATI=vy B
BIOTF P IR NABOEE L KINEE & B EE
COWTHRE L7, £OfER, TCA #1712
VR~ OEPRECTHRHE R LKA 4V ORH
CEEHEL D 1L 5. iz 1073 mol JEE T, K
BEEOEEE s =VBBI O P FILE AT
IR DEIR S B, KA 4 v OiHiEkE
B, YAT A=y FETIEMFRILHEDHEHRA S
Zoh, KA 4V OWSIHELRR bRy, B
BHECENTE, ThThIFRIEEDOEMS S
N, KAFVvortizs b 7L ABREITY A
Ta=y PBTHNILED, 7= VEETEELS
LIRS (AN

15, AT ORELEROH

=HEE— (BiBA, #3)

v F =7 A= GIREHAA ORI CHT 2R
%, ZRGBMAZEECLUTHANS &, LT
WHEBE—HMEOSZ R LISE L BN, B
ERmIEE S8BT 2560, FRREREX
OREE O HMBN0ETH S, BEBEEOR
B TEDS, (REHE 0K M & —FT BRESRATRIN
LB e, BROBET 5 EIHRMEEETT
MR D H ED0ET > FTh T\ 5D T L% 5T
W5 DT, LBORRE, MRS D =

okl b, HEFREOREERESE DT
Wi LB S hiz. £ 2 TBHERMIE OB
T onic, B—HaER cRkd o fKE
Wik & O RIEE O F AT, 25 EBHE
T O T ORIRAIBIER %1775 » 7iREE T, (R
KEEZTARSL L, RUTRHERBLEL T, B
—FAARRR T TR D R E R & o hidE
Ul oie, IBK, BERMEOAZRBHT S
oL T, ERRELZRDD L, kLT D
HHE DR X D 60T & C AICE
EMA % b OMRBZ bhic. BT ORHIE
T, SNEEREkD 5 &, EOfEEoh
ThHotz. THBDT EpD, ~=REBEMmIE
OREET 2RO 2 HRL M, [5»01)
THEERDD 5 Z &EBRREIhiz.

16. KCN [C &k ZEIEEEERICETEX7R
1 FEL£DOWMEE Fe 4+ OHMEICDOT

MAKES (BIFX, B, H—45

E/LEy FORIBEE%S Sayers © F ki L
7o o T % WSR2 vy, 11-hydroxy-
corticosteroid (11-OHCS) mzjk & KCN iz X %
iRl Fedt A Fvic X 5WloRIET 28 Ek%
7z, KCN 13 11-OHCS 4Bk o&kFR (b i
T AETEERCHE, BETREE TRy
r¥rz ek hiiflezs T L, Fe¥* 317 m v
VEREHRTHI LI VISIZRET 5 TH A
5T EMBHLH» T I o T2, S DTAKIRLEFE
(17-, 21-, 11-hydroxylase) @ KCN iz X 3 %% %
L5 HMTUC-2 VAT r—L2FV, PLr—~H
—EREIT o . HBAT A FHRHEEDI,
2R OB v~} 75 Ak D HHEL,
Wk vFVv—Ya vV IvVE—THlEL .
11-Deoxycortisol—cortisol, DOC—corticosterone
@ 11l-hydroxylation 2 :HL, SWHL 7.

1. E=bI5 902028 a—Y—[ck
% EERFROBEL D UICHRENIER

WOAS (PRSEEKR fWHEE)

Heat flux transducer (thermonetics corpora-
tion, model HA12-18-5-P) % {G{EKiED 7w —
TR CRECHRLYS T, Bl ORER
W5 DEEXET HFT ol 30 iz b & &
DERAMOBEZAELT, ThirbRoL

O

Yy



2

DERRLDIFEERIAIE & Uiz, FFIEER DIREE 13 Fk i
FiEFE AW THELZAKRE X » §909C &
< BHREDOEA OHMOBEOFTRLIBWE
2R L. MEOEERRECHE > TTHRLER
(I8C~20C) Itk Wiz, & F DEIBIZIWTHKR
JRVIIEIEHY homothermal T&H D, MHIZZIRM
poikilothermal TH % L 5% %. SDAIC X 54kl
DEILERE 1 ~ 4 REH OMHEFED WL 29 DEf
RETHEISELR. &2V 37E, Nelhs X OB
(303D 400 keal) @ SDA iz X BKIEDOELD
HPOMICE L WIREIX R Ohith - 7o, Bikd
TRy ] oD P PR IR B ZE LV HEBR AN E L, XD
R B EROIREE VI IR OIRE D < w23 AL
bhte.

18. ATV DLEHORERER RNERICE
LIEFEROME

®BEER, \B7YF B #¥H (LK E
AR TH)

RIRIC X BB 0ZEIfEMOARG L BRT 2 B
T, BAV=A0EHE2 AV 2 ERERERR
5B, ECIREE T EES, EER, RAEFRS
BRETERROEMEZRF L. TofER, 1)
IR LB O35 Il o, EEIELL
overshoot DIk, i DIER & IHEIRS OEH
AR S5, FEERNEZIM L. 2) E
BACMEE T I D MR RIRIBGAEM L ¥R ©
THIPBREL, FEERY VDO TH~DBTL,
AR EBRF X CHAEBROTHB B b h
7o. 3) IREREZET, MEERK ROERZHHE
Ringer IEF CHEEL, AERITH I T TEIED
VEMRMIUIRSR, Ioa & Ica KEWIEH 2
IR L 2 DBOEFEE (Inat, Inas, Ik, Iy,
L) HXO Iea SERFHIRD 23 THIfIL, R
EALIEKAEM: D basal tension DT 5 2 &8
HIEA U 72, 4) [REAL - BB X OWRERL »
IRABEMRIC 5 XIETIRIR OIER 25T U 726 R h
5 Lo oRBBsHER S, DLEOER
25, LFE LETERIROE N EM B ED)
EATFHRE OERDRITHER T 2K TIain, B
o EEBEOERAL b 5T 0T, BETT
X %M f4 JE outer layer ¢ Ca** i ## -k, inner
layer @ Ca*™* 3BT 5 & W S AHEMDRE 2 B
hre.

Wk 47

19, BENEERRICEETNDINONSDLAFY
EBRIGE

st BAKNK (BAK, B, H4HE)

# =/LE OIS SRR~ OEERRIT(L
HHebDTHEEELDNTVS. £2T, &
W% % A THETE LR O Ca £ A v RRL &
HCI, CaCly, JKOEEITFEIITH $l = h 72 235,
NaCl, KCl, # = — X DSEiziz e A ELE{bE52
G ot. —F, Ca A AVIREZETS LA
TOWRSEFIMEIShiz. d LETORISE®L
HEEC X o THRMRICELZ Db LRET 5 &
BLEDfSRIZFFE RS T, Kic NaCl, KCl, *=
— R DS Ca 1 A VIBEDKRTICX » THE
BRI EEIFAFTCHD. £ 2 TR
D Ca A F VM SPORTEERRMD Ca {4V
RX o THELS T D E%25 LU EOKRITS
BREHHEBRMR LBbh5. £ TERKTO
CatAVREERDCa A4 VIEEZEILXES
W DWW L. & IEERBIAE305
HCEREE L, TO®0FHEL, 20ml ©
10 mM NaCl THEm %2V, AHIT S5 Ca &%
RFENRSHT 5 LR OREC AL TH
KED Ca 4 A VIREDELT 5 & & PEEX
hiz, SBREREZHEAD Ca 14 VIRE O
Ringer i CIEIG & & HEOWRISEEZ AR 5B &
CaCl, BRISEIZERER & RROBEmEZ R L 7.
NaCl, KCI [5%13E% Ringer e &% h 3
Ca A # VIREMIE TIEG U 2B RIS EHS
g xhiz, HCLERWEF O Ca A & ViIRE
HBI U CISEERER U .

20. v H TR RERRRIC R AT B RE
M+ TRBRAIEDNT

LHR— EEEE (AKX, B, )
v o =L DIEIRASES R EE & U NE R
WU CHEBEMRT S L, VEko%ESBEMS
HoEBEMLRRETS. LrLl, HBEOMIE
i, Ao 7B EEE SMEOBENET
FTonBWHXhiz, 20 3EEDOBERMIT, B
SIBEAM (DP) LB BEMERT I POERX
DRV TV 5.

DP OA & SR OMEEC X D ELL, &I
ETHARLZ. FigomMBEE30ME it 3L,
DP i3flE ORIEZ M 2 THz IT R 7 &34



48 : #

g, BEERESHET 5 & DP 0K & XA
5. {& Ca?*, B Mg? OiAHH T DP iRy
iRk L, HEME 1MEEOMSHE L% 7~ L
7z. 1075M d-TC %#5.% % & DP [3ilskT 5.
10°M =+ Yy VEETFTTDP AL, < DiEL
AN I BFEE LT, Th SO OB RIT N
HITH -7z DLEOFREER:, DP 28 EPSP &
=Y > 7 ABMTHEELZR L T 5. ¥
Fo, HABOWITTIL, FEIBASTRET S E
BRI TR ARG % 3% T EPSP % %84k X 2 B 03ETE
THZEERL TW 5. &, HiiRlEeRET 5
e, ATATERAE DS FIRRIC M S h B TR R &
iz :

21, R L )L DB ERANEE—5E 2 3R
NEOESE (RER, BABES (GRS
WIRFARIC B 5 FRARIR R AR PR T ER LA
SCHFRECIERE, IR DG S h T v
5. MARHFMOPRKIBERZECSINL, HE
IETb3s X CIREIRBL Y ¥ ¥ OB IR FETINE S
HFIEE I % T BB I v~V O IR SR RS
EFEREE LDAKEFAMOMBERFZREL T
5. B (33C 4:8MH) 2% (10°C 458R) wiE
i IR EIHR L 72 BRI - ¥ 2 BRBEIR 26°C &
BT ORGSR X CBH L THER SN B IREe
BEBARUS IR SR b I o F i IR L CH R
—EMEASER® b, RITIREIEIELPR Y v ¥
THREYETD - 7o H N SR OBIERE
Heled. Ibw, EENELARY 9 ¥FicstEiy
' (LPS pyrogen) %#ik7 % LEIGED EFS
ER LS. DEOBERIIESS X CESIELD
WECEWTHIRS XORMHEE v 2 75 ~12
IBERZREOZ LML U RET 5 H 0T
5. T, RERERIIKIESREEIR TS
CEoTavibr—lINTWHREMRZTRL
TW5,

22, ELVEy FBOBEHICHITIEIER
CHRRED, fEfniEsEr, BEEKE (BRKA E,
PR o BEEET)

EHEREEEZAVCE& T 5 &, ®LEy b
DB DIFER T B 2 EREOBLREE (slow
wave) X FEROE 1 BEFE & O 2 TR, b
S TVWBETZEPHBA TS, 1 ERIIRES

b %

KRB LRVBRIC X > THAEL, COERITX
STCEO2 VR 2V AD LR T 2 EE
BEEFRZ TN TWS. RERTIIBUNERIC X
SN EMOIERIC X - T, slow wave 23
DORY S TREFENBR-TW 5 T & ZHERAL
7o, WEERA» SE/NEREZHBAL T &, i
ERRE L EERE L O & Bbh S I FET
BEA 5, 40~50mV DiEE A EH 1 EEDOA
L Bbh 5 ERENEEE UK & RBEAED 2
ERINBZENDD. ZOBEROERITT, &
LIZIFEL BHREZED T &, wEMHs» bOH#A
70 slow wave PSiC8kTE 5. ZOHEH
1EEOREXF10~20mV TH 5. 2T L
b, B1ERIZO>OBEOMCHET DI
i AL, BIEBBRIENCEDS D
® L H#EEIX L 5. Caffeine 35X 0% theophylline
(1~5mM) 352 BHREZHCRS S, slow
wave DOFEJELET IS5, B1EROK
XXCRRLAEERS5 2w, £z, Ca O
ik X Na ORI ERCE 1 EROLRERS
EL0T, B1EE2OERLITE S BF TSR
E£THHDEEZLND.

23, BLEEIRA X ICk B MmiER S 08
BOREAR

LHEAS, AHEZES, REBE FHRek -
EBi—, TERR* EERD* (REFK B %
ZHNE - TR, HRIHRIRAT)

ISR A R IC KT B LA F 3 » 7 RMERA
Wike 2 T 55410, 20~30kg DEEME S %k
X OEEIR 4 =i 0.04 g/kg O¥EAT 2 RHEAIE
B TREIRIIIC S 2 5555 b SIc IEEE 1 v
A U v EZ LOREESE Uiz, SEARNCNT 5 Mg
DA VL ARSE TS OIRFHERE & ik
BLLD, 4V ARYYOFNGIERAI S M
RAEVEEDNPEL B, MBEFAGEEZRTE
#xz b5 S-Ss ki (VA Y VEMBEDA V3
NARBEOHETROLL) XETIRRESER mAEE
BRTENTHWRETF LT/, 2D Si-Ss
39 0.06~0.07 DATF & 70 5 L IfbE, &A1 v A
Y v DWwh¥ % Sand Meyer ZUNERFFINAR A S
kL, ZOEPEMIECES threshold && %
b5, Fio, TTREELLT = +¥ VRBRA
1 RELET B &, T0%FERE3 7 AED Si-

0O

(.
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Ss HIZ 7w 4 v 30~40 mg/kg FE LB E
T U o0 Ik EE b & 2 Uikl o &
hiz7r +4v 50mg/kg HE5EHEIERCHE
ALz,

24, FEARBIOTAR & EMICHE S B A Y OEIE[C
I BEMEIE LEXNRHOTE
AN, KPEERD, FEHEEA. % 554 1
MWD (EREEK, B, B4

&4 Ringer ¥k (glucose 200 mg/dl) 3 X UM
% Ringer ¥ 3513 % Ehrlich /KRR %
THRMESE LBRRIRORE 22D L, &
¥ Ringer ¥ TR X O RIE & biT
MRSET L B Uiehs o THRIBEI NS
D, IEOELITKEL LHEMBEA BRI, 5
4 A v olEy, MRS X OEREE IR
EHERE BT UL - TKA A VOREIEKRE
7D, HKAMARIETIE 2 fHE L O 28 & B
f, Ca A FVIREHELDITIKYRAARBARLN
Fo. E7cfdE Ringer ¥ <oy, HR L OMT
ik E e inzg s Z L X DV EEHTEOK
T, VWb % crabtree FHEBL SN, KEEES
Bl Bie Lichs - THRRIHEIT IS <D, ¥
D%, FLEOFEE R X OUKEA F VIRE DL
BIFSHIRBIC SV TRICKRE S o fe. E£72F5
1 ZF VOl Ex, EERO%LE, RKWHIRE TR
KAFvomBkskot Ca 44 v DR DAL H
B, crabtree B DL ST MDD ET Thdi
KA FvoIRD AR E Ca A & v O3S 5
iz, TR EIT - T HIRKIIREE Cra ke KA
FV OB LV Ca £ F VDD ABIH BH
7z,

25. BEMEEEICLD VS AT OERIRD
K-activated hyperpolarization ©43f

KEHER, /& & HBEEZE (AEEK
R, #=4=H)

4% K Ringer YT Licy & # =L DL EHHI
Valgstmic K2z 5 & @alert. 2o
% fr %% /. (K-activated hyperpolarization) I
electrogenic Na K v 7 DiEM(bic X » TREL
TV EEZLNTVS., FERIZ KW TIIEE
frEEE I X » ¢ K-activated hyperpolarization
4o electrogenic Na K v 7 E i DilllE & 3,

) &%k 49

K7z, HIE L7 electrogenic Na 3KV FEHEOME
ESNRT Iz <K IREE (0.25~ 5 mM) o> log {H &
DRRIE S- RO TR Eh, BiEEOY
BEKIREEOMHE & %I Hill offs 2 &
RET 3 LIFEERICTREN S, DEOEEH
5 # =L DBEIIEAR O K v 7R BB 0L
—ETHD, HcOREBIIEHEET 5 KD
2HFE - THEBEXh, BERLShAZRE
IZ &1 5 K-Na & sl oK IR i 8%
CHIE—ETHHT ENTBEIND,

26. MEFBAFICILIZFS acetylcholine @
{EFR

A b FEL R (K, B, )

vy FISHIBEERIC 3 X1¥ 3 acetylcholine @
IR B BUNEEE & BGOSR s v BB L
7oo BEERALNE —625mV TH D, Kl & 8hm L
T MO E 2 BlEE T 5 & IR & HEErX 104
D K)o DZE{LITKI LT 48 mV Th o7, (KL
@ acetylcholine (1078~10"7 g/ml) b3 &% 384>
T5. SHICEIRE (1075~107% g/ml) iz 7o hid
FFULEOY 3 FCI3BS EOEAERIN % 28
37y HUTOY»FTHMSEIRA LT 5.
Z OIEI RV atropine DL TigkT 5. INHE
13 1078~107° g/ml DIFE TIREITILHI L T
T5. TTHREAR EBHERFIIAET 5. Eo
W E KBl o kic X 5 2 &8 (K)o 2%
L& ClllE U7 BB ALIT 5 X 1F Facetylcholine
DR BHEHI S e, £ & T K- (19mM~
48.7mM K*) % J§4 X4 acetylcholine % %54
% & TAED w3 ¥ Crk K-#laha s w i §il =
N3N L5 o4 FTik K- iiis sh,
6 r How 4 FTIXmHEOPBICH - 5% (L2 TR
L7c. T DRI Fs XiET acetylcholine %51k
atropineiZ & - TH##l X 7. Noradrenaline-#
#e sl acetylcholine MR HE VY 4 £ T
VIR TR, IR CIUMEESRIER, 1 FDL
LYY FTRHFICHELZ R L . ZOERD
atropine TH& L7z, DAL DSR2 &I HEIEBIIR
i XiFT acetylcholine OFR % v+ FDHFE
BREIEEL, ¥/ Ca oo bl
THEEL.

21. 5 v MEBRREPERED ORI RENEC
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H

33 ATP L ZzolENEOME

ERER (LoX, B, $H—EH)

5 v + OEBRBEMEORERT, HEEHC
IR RS & i iRaT ATP i X b I
BRET S, T OURLOREN OBBRHITEB LT
W5 ATP &+ ORMWE DR L L.
ATP & ADP xiiERIEEORMZ5 BT L,
AMP L 75 ) VI AERRER LY, £O
vk ATP X 0L, 4 /7 YV TIIEEALS)
Bl o fo. ATP 277 7 Vi X B
13, Mg Ca BERZE TSR3 LRI LT &
5, EEEBLTO Catt OBBNCEIR L fEAR
BDC EARES B, Fie, Catt RER 2
O5mM icF 5L, ATP 277 /7 v VickalL
gL o MBI SR, [~ Catt-binding 1N
X DD stability 8T LEbNS. S
W Mg+t BERRSXE5 L, Catt OFRRET
= ATP, 75/ v vOlERiEHEHE S fi, Daniel
& Irwin ('65) 357 L7cfE~® Mg*™* binding
OFEEE FE U 7. Eie, & Nat BT
ATP /NS Wisos B h sk Cart IREECE Sh
R WIEER S L, T Y VIRIEE S Ll
I E AL, TEOIMERERECEN D
HLERRIFE ST,

28. V7 DEFERARERECOTIMES
Cd & IETEENR

#%iE W, ERRE (EFEX E E—E)
4 v 77 EF QPRI HAIE L HkE
T, BRMOEDEN BRI IAT 5 EXM
Jlag (150~200 g) D3HFFET 5. Z ORI —E DI
XO|MSEBELETPE X5 L 1B TRAL
EL, Z08BY 50T BEMENSH S
no. ZOBRE Ev 1P) LR RBSHE
BEHIE 2 THIE LBEERE, b3 ién
R, BEPOBESBEORDILBEERI

FEEHIC RS O T, 5D pacemaker poten- -

tial IfES Kpa vE 7 2 VADBAC X 3%
WEWRRE - TWwd. T, ZOBEKIE Na-Kv
TREE AT E NS5O Na JRE (50 mM)
THEL RN LD, BHEHI Na-R v 7
BEIXNRSZE2dE2I < v, LirL 50mM
Na @i & Ca 2[R < LB EH OB OBWAILIE
%45, —FHEEMERET CESEFOEREH

i
&

5%

ET 5 LN E BRI T o e TIN5
ZEBHLLNS. TOBEROBEME 50mM Na iz
HCIEER & k%<, CaRl% 50 mM Na #r
TRHEETS. REMEETTALhEARMEE
WOWIMIED2 v E 7 2 v AOMINC X 5 &%
2550 %, @HEBEPICHEET S Ca iRk
Ui B h M O ENZELEFHIET 5 2o ifth
SEMETIIBBRYTHD LELLND.

29, EREHERT & AR

WAIEEE, BRREEGR, REBT, EREES (8
K, B, )

19394 Coon & Rothman == F VIEH%
BT 58me R NERT 5 &, R ERTS
BTHZEERERL, AN E MR &R
DEERB D, FEENL cholinergic TH5 &%
2. FTTHHLDAY Fikdd b W T B-i
W3k <& % propranolol & FEFTHKERER DD T
§5\» OPC-1085 @ nicotine (10-5ml/ml, 0.2 ml)
X4 9 NaCl (0.2ml) ic X W3R T EHERIT
T BB . TORRIIROL S TH
<72, 1) Propranolol, OPC-1085 & iz & i
REFHEFT 2 AW THH L7z, 2) Nicotine
T X BMWRFEHEFRT AT 2R AR T 31T %
propranolol D/ NEENHIEILEVE 5 x 1076 g/ml
FhiT, Se4iEiRER 104 g/ml TdH by, OPC-
1085 D /MBI HIIRE 131078~ 2 % 1078 g/ml,
SEAHIEIREEL 10~ g/ml T » 72, 3) 49
NaCliz X W FHERT T+ 5 2RIk
J % propranolol DHE/NEEHMHIIRE L 2% 1077~
5 x 1077 g/ml, SE&HIIRET 1075~107¢ g/ml
TdH D, OPC-1085 Di/NEXMIHIRE 1T 1074~
5 x 107 g/ml, SEAMIHIREIZIZIE 103 g/ml ©
BTz,

30. SR &E O#E M

HEIFIET, B B B OB Eak &
(ReAK, WEIED, 4:H)

i SREACBELT2~3ED5 H0 BT
B4 OTHEWER, FD X5 REEDHLOERE 7z
E 5 R BEITHEEC O OWTHER L. [BEAaRE
525 L BTFRRECEAL D ME IR CR5,
LT VRIBRED G B v & v SRERRZ Bh
7oo ERFITE DIMEEO S BMEWRITKEES

&
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AL, FHOBEMRERE L IMEREOH MRIRET
by, BERLZHBT2LEOFMRIRETH
27 DEDVEIE, STVHFERAECHVTH
LN LS. FESARIIHEES D
EDHHBAIDS, BB A 0409,
HR2B% w5 ET, BERIEMEEZE - TWw5
T LiTind. FEMFIROMENT, R 295 5, 7
£ 33875, FIREE & L < ik 178/cm?, 188/
cm? T, TEEHNCIAEI IR0 S s 5
oo HEF—KHOEBERE 52 bk
LY, LTSRN RIT LTV 3RS D
<, ZOEMIFNHBEOF CWEB S Lis o 7.
DE D AR L BTEOE TR0 5 2
BHETHD. 2O 5 i ORITEIET
2~ 3EOWMECHEXhS Z 27, Hw
FTFUE R - TWB itk 5.

3. BMYNICHITE V- L ORITEE=
a—0ViEE)

BS M, GBS SR G A, K
O, NERRREER LK, BB, Hi—RE e B
R, =T

ZHETHFEVLEZRNT, LA—MLIEAT
WSO = = — = VT, BEFIRTHLEET
HRAMANLE (LH), LH & i as b oIRE
BHYIF (OBF) & MR EF CHRC &4, SN, kR
DI E YL ORITEAT (& LT L H5EE)
DWW T o 7z /LT, IEEEEYF 2 ik
T 5 &, FYDRBCIOEZHIRANS &
PRBMEOE(R ED Kliiver-Bucy JEER
Z5%. LH TiX, v —#L O L6FET 2 LiE
BB LEAEZE L, FEHET, 08835
WEHHEZEI = 2 — v V3% i bh, OBF
T, ZHERIC, Vo —~3L 0 L6BiTH» L
HEROMHE, 03BH» LBV EE LR % 2 ©
FT=a—mViELLhE. —F, FHEFEE T,
VoA=L Oy LRI SIERE DB 25 15
0, 5I&/HE VT, oS~ L OERT 047710
XY 0.2B0 Mk < MV IEBREMOL B h 5 = 2 —
2 YBEN, EHHOTFORE LG L = 2 —
B VIEENE VoS — L O 0ARRIICIAE & >
b, O LMW F HIEFEB oL, v
SN B HHEER D 525 E VS PIEREBIGL
hDEBbhs.

=3
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32. K)o RmIZ & B H TV LEH; Ca Tt

SRR
HHE#EEX, BEER AB7YF Kk E
W A )

BERF=LLEHCEXIET Kl RADELS
ERISWT, 2 BERFGEBAIE SR X Rt
L7k, BRBMFREZETIRESWTHHEE SO
2 M DB E R 2 58 7. W0 O V8 vk
Px I Tichnz, Ca Bif (lea) 35X O lea—thAEHE
RN ORI X B2 £, F W0+ i Na-
pump MHIC & 5 2 & BB S0 » 72, 4,
WA D Tca HE3E DR & EAMICIRET L7z, K)o R
Wik, Ica VIREHRL, ORI ORERH/N
ST o fon Ehe, RWERSEORH (ki B
D) S E E B () OREMHZ BTz, =
BT, IcaPiEMft, Eca bk Ulnvi@mu
TERGWIBE 5-Hio < /L & (60 msec) 2> B (RSB ~FF
THE U 7ol D PRI & BRI DI DI GHK (za) 12,
BWREMLA~BITL Exk 2FBLTH, Ko R
MCXYREL ot EF, FOMONEEE
e (Ica) DD 5 Tca DIFEMALZES (d) DHIK B3
Bolils o e, X OEBAKAEI TSR R
B o T2 (do REE). —F, Ica ORIEMALICIT
FHREAIRD I o Fo. BEOHEEL 1 K)o
RNt ® Iea B3R DB OB D Ca a v
Ay RVADHKE L Bz, slow channel Op
BB AR, BB SEREY 5 2 L
Exbhb.

33, 7 TV EHE AR AR & MR OBk &
TPNER, ERRBETE, FILE (FisEX, 5
—E )

= DEBREZEYFII TR RO MM R
CH B, HEMREN, MMEchrh o
ALTW5. bhbhiimkksthiit s 2R50
RS EHIRFTES I X UK ik DIk s e ik 7
ERfle, R = LV OFREMRRN, SRS
ThAEWERRBL, W IEEZ v CB—Fk
FLEED BB 2 TR Lie. C Ok, 1)
P S B D 70.8% 1 b7 2 HATEF O3
e, 2) JMIEITERS 324 % DIEENICH
HEER ThFhIML W52 s, 3) MKOE
BXERUP L ORBEHEET S 2 &, RESHES
PDEW ST AF VYT N~ BEA LT LD
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IR FLEARE 49718308 (FisEES.E) TZ D
5 B AR S ECEF N D FLFERE 1568.6+5.0 [HD -
Fr. TR O 1/3 K HTmbDTED ©2/3
OAFEBFIET 5 IR & ORICIE ST
DR TRERLNE &M o fe. EEMHEN
% 7=V AR A S 0.05 mM % = v B0 3
SRS A2 &L, 05 M EEHBIC X BIE%E
LDl kmb s LTEI2168£15%, $hEIF138
+169 T ¥ X OHHEPRI OB EE 170+
14%) & ORCHEBER P -, —HRAIE
SMAIE: O BT S B TV T MR R RS
EDFN T 64.1% & 39.5% i UHIRFLEE
DA L EE—F L.

34, WHEMEFERHOMREERBICRRET
EWofER

PRy, 6K 6 Tl B Lk B R
)

v LR 3 X &4 procaine &
caffeine DOANEATE 4 DEBRBE AV THE L
7o, MBIREEGIERNELZRESTBECL -
TLEBER AR L. EEAE —574mV
CESEEE I X b mVvEREf2RT. Pro
caine (725 x 10~4M) 12 & Jio iR L, JBIEDLZ 1
L, EmVERENEIL, EBHEAZRETS.
c oy TEA LERTHSD. T OMEBEM
Caiciiiil, Bz Liassblo\. Caffeine
(75% 10~ M) piEa Bt L, Bkt B =
#7%. BAMERECIEDBAER A L T,
Noradrenaline OfE%E%NH b procaine < caffe-
ine ORIYSIC X » THIRI S B, IHBIIRT-EA
Wk T DEIE- KGR %, caffeine L procaine
OHE T THIZEY 5 & caffeine 1 5mM BLED
P CHEY B R S BHEE I %, Procaine
VITEBEAL A Fed T B 7o 5 mM TIIMEILS 5
< 10mM DI kT caffeine LRBORIR B DD
caffeine & procaine DULHEICXF % FHUEAIE
s o Fm. E BT Ca-RIREGTAR I il H T
noradrenaiine ok 5 I ESRE OB A Bl
caffeine & procaine T& hicfRfiIhiz. L
L caffeine 13 K-{ffa b ZEMBE THRESE
J-HjlE% procaine X D AEBHITHIHRIL 7. Bk
| pEER D Lic LT E-C Mok gt o
nSEMOIERICOVWTER L.

23

35. 1 O9.EEF© slow inward current [C3
L [F3$ nifedipine 3 LT (—)-verapamil O3
£

SR LK, B, His4E)

DB EBRI 3135 Ca Bt (Iea) /&, activa-
tion, inactivation OFIHZE> & I TWV 55,
F OAFEIT DWW TIE, inactivation 2» 5 DM{EHE
BEDLDTEVELE, EFRFATKE ISV, —
7, slow channel inhibitor &Mt % 1EEDOEEY
OfERENE, Ritof4iH s OREIZ R TRL
FLLHESHTHW., % T, nifedipine & X
® (—)-verapamil @ 3% = | ¥4 % slow inward
current WH XIETHRICOWT, 2 EEWERGE
i X b & (T 2. Nifedipine 2 X 9 Ica ¥
M ME X 5A (EDsy =5 x 1077 M), deo, foo,
Ica ORFERICELIIES hF, Eca XV Lea
@ restoration i HFEIIM/V. DXL T DR
Bk Bea DB EHED TH 5. Thicwdl
(—)-verapamil @ Ica #J#lVE, BiGHEIREE R X O
EERICIE S B X h . & WEHERS
SR BBz 7 Lo HRIMHL, Rk
restoration DIEIEHFEZ » T W %. Nifedipine
& (—)-verapamil @ Ica #MiHWER DI, Th
B OO EIEHOZER & X EBL T
B0, FNEFLOEAROEVWE RIZT 5. &
¥, (—)-verapamil OfEHIERZHLHTTH T
2 1%, restoration HROAMEEHEL T I v
TMRRETH 5.

36. BIRFFOINEICxtd D dantrolene-Na &
aminopyridine O{EH
grisis s (BREK, B HAH)

V=< # =L@ sartorius muscle % EHEH]
# 1, twitch tension %Fi#kL 7. IEW Ringer
thc 4-aminopyridine (4-AP) VX IEH 5 D I
& Ir 5T dantrolene-Na (DAN) CIUE L
HIUfoWNiEaE 8 X ¥ 5. %/ 4-AP (05
mM) & Nit* (0.5 mM) ZFERFICERSES L,
INdEE S Bl X, twitch tension @ half
decay time WEHHIER X h 5. Ca*t free ¥i%
o, glycerol T T-system R L RS T
1% 4-AP OBEBIEFIETT 5. DAN OfFH
1%, T-system @ Ca** influx BOBPAHTH D &
Whh TV 5%, LiBofER? 5 4-AP O HE

O
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x4 5YEMAIE, T-system o Catt influx ot
MR FdeBEzbh5. BHHIEDHZE
IZI38H d-tubocurarine (d-TC) -Gk OB %
Wi-> THibhd 0T 2mg/100cc @ d-TC %
& T Ringer ¥ T LB OBIRE A WIH L CTHRRET
otz &AM 4-AP OFRITIE Sh, 4-AP
& Ni** 2 [RRGCVEFE S 870 & & O L EHI
Milshiz. d-TC DIEMBAIETH -7, 0
HIVE: d-TC 72213 Tl < acetylcholine (107
g/cc) X gallamine (4 x 1075 g/cc) THE B Hh
%. Atropine, histamine TIXIIEHERIZA S
Tahs e, 4-AP 3 X0 DAN A DML
> d-TC @ 4-AP D{EFAIEI OB Eicown
THELL,

3. X AE—REAMEMHZERICH TS TFO 0
/LTI /FPES Y OIER

T OFRE FRE T ORI (AR,
[, B4

Butyrophenones (haloperidol, pimozide) % X
U* phenothiazines (chlorpromazine) i3 GABA &
[fEkD butylamine chain %% L, Janssen iz X
i, £ h & o3 o—#kiz GABA OfEfl%
mimic 352 LIk DU B LREIA TS,
% 2T GABA ZREI T2 E5EHEF © £ 7
%, B LIRMEMRAIIED GABA oGBS
FRCRESL, ROFRE 22 1) 2EE= o
~rYD30%IZI\WT, GABA iR i: butyro-
phenones (1077~105M) iz X W %% 5 F, #
DRI A3 1077 M T, 1075M Ciifiic sk L
7. 2) EFCIRED butyrophenones i GABA-
GABA « ZRKMFHHER Z 2L B 2 5 5
7. 3) Butyrophenones i &5 GABA [ji4 G
O, WK, T ORI X BBUEHORDS B
LVIHER EWAT U 720 b B 10"M Tz AL
%259 DB OB & FmV OEELE T >3k
7e L, 107M CraBERHE AT - THEK (RL220%),
REAZIIEDTH o 7. 4) 4 A VSRS
TR S, (KIRE T O DZE L1 Gra &
Gr O LFICHRAL, BIRETOZIE Gra & Gk
DRI LB E B ¥ 5 72, 5) 1077~104 M
chlorpromazine $¢5.Ci3 GABA BisiEic H &%
BEIGIRBD I 57z, LLEOFE 2 5, butyro-
phenones 13 GABA SAKICIIEEERET, B

¥ & 53

WA R AL C GABA BisiE b Eai+ 5 EH5
T, GABA OfEf% mimic $+% 4D TiEARWnE
Bbh b,

38, BB LVIEBIEENL T v bOLEEED
Blcxdde MIEA Y ~/O 7Y Y OHER
TH H, AJIAGSE (uk, B, HTEH)
Wik e E Y v <277 7Y v (HGG) 8 ~
10 mg % freund complete adjuvant Xz, 4
EHRT2EENL, ELEy FEABLE. &
DEfEELE Y PZF U HGG 3 ~4mg %t
T5ELERE BOIDANC1I~3EORE R
v 7 eRT. Bk, 13HE0 Tiz—ake
DOBLRWEITIE L, 2>WT ST WS kR, 2wic
ITLEREOR R R LLERENMEIEL, B
LT 5. LERTROZOX S Lk, 7
FT7 47 FY~R, LEHEEACERRZEL
MBEC D EBREEXINZDT, RICEIEELE
v FPLSEIEGEREEL, 24 7 e — FIRERT
THEMELL & INKER 2508k L - -, HGG (10
pg/ml) 2R XB7. HGG iz X 1 {51053 0%
T, EWEMOT T P —HiE—BEiEE (1
20%) OO BLFHALIEH (1950%) TIEL, I
R D —@d R (J910F5) Li-. zhoER
DI SVIEEA B 2> & FERBLA & T ORI kA
U, BIHEBIZRREASIEGS, 128 gL
SWIFT 3. Tz oRIGIE HGG FIEHERI
bR CHB L7, JEfEELE » + Tt HGG 1o
X0, EEESLOEM EIRRN OB RLE L B
DHBT, BIEENE Y MITRITFDES &S5
RIS, BfEE/LEy MizxlT 5 HGG 1Mz
BRIV (1pg/ml) OLGBEMRCET 5 &
dHDH, TRTERBEE A2 IV OER T
FTHZEIXTERV.

39, REAIREHARICd5(T B late slow EPSP
DEEHE

RIFER, 1 BAR (AREK, B, $—4
)
AR =2 Y viEEERICZ, JE=y
VHERERHRERERS I TWE D DRH 3.
H%BED > 7 AER (late slow EPSP) j31~5
BWoOWREE b, “9” © order THEHET S, A
FEEZ B\ T, nicotine (0.12mM) & atropine
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(0.05 mM), & %\ i3 acetylcholine (0.5~1.0 mM)
1z X - C cholinoceptors % WElKT & 5 WIEESE L
7o o 4 = L MR TEIE O late slow EPSP &%
OERFSBHRL, KO LEWL»IT L.
LDy T ARRIGEEFOBRZHY, NRE
FBIRIC X > TRAO L, A4 7 BB G E3TERT
HIEER TR E X D, T ORISR L~
MygEo (Nat) ¢ [CI7) @B shd, K oA
AT 5. o-7 Fr Y ViR Td o
75, B JEMTAI & < i propranolol 13 late slow EPSP
PEFH T 5. —7%, 8K (isoprenaline
7 E), & 5\ix dibutyryl cyclic AMP % & Lol
i X BT OB BT 5 T &<
late slow EPSP ik 5. Z Ok cyclic
AMP ZHEHBANICIEALTHEL S, DEOk
B late slow EPSP 3 iifiaE Gr OEFEREY
BT L - TREL, 20 Gk Bdixde= v vik
EEWE LSRG EST A REROER LR X
% B-adrenoceptor T X » T iS5 HIEN
cyclic AMP p#amzNELT5.

40, FFLESEIRR A RIcds!T D MEREEEI O
AYREAR

RESEER, THE=, R o &
Br—, TEER* Gk (BEX B %
THNEL o ST, ISR

B ; ARSI IFRES S MG & Tl
nTwETS, FER#cE s EERRTOMm
BHAEB R IET 5 BINT, BAR, MEE
L vRYVIE, Fh = VED 4 RTE CRUER
WL DR L 7. Jitk; 23kg~30kg HEE T R
R, ERE, T0%F8#%1ESIC3HAKL
BTN - T, VT &~ VEREE TR RERHIR
I v 0.04 g/kg OWEATE T v X AEFSENE
AL, RfEARRENRE b 5 5 @3LEHETTL 7.
MEERO. T .k A VAU VI 2k, s
s Fvi3 30K itk B LR TRIEL, KD
BOBRNE 2, ThbzMv, 4 KTHOER
RN IE L. FE5 ; TO%ITEIRRA % CHEATR
HFBAVAY YDA VAN AEED, gL
EETRNELD, SHEETHXOHEHMBPED S
Niz. —FZnh TV D4 VSV ARER, Y
#1EETAELRY, 3EBIAED LIERRIC
W VR 5 Twiz. MECREERS5 LT

g 1EET, #OREEROMAEZRL, 38
IR ERRGECEFE L Twi. 2hboZlL
VIS0 O IS AIETERNC & > TABRIBIEE X
bhb.

4. BTy MRIEHEETERHOFIMEL K
MR

KIEE, FEDHER (LAX, B, $—4£H)
AROFEREICE, B OMMIIRERISER S
LD, AERTIZEAE FRRHLEOEER
2B x bhiEk o REmtEoR ks, Th
BT s hFa2—NAT 3 X ACh OfER
o, ERTIERMERAETH - DT, A
RoKBERIBEE L. flzid #E 20g 0L
%1%, Fold bl FudF « /Nj « KIHE
AT, BREEIIZEAEEZLNRT, Ad R
Isop VNIRRT » 7225, ACh THWIES 2
Sz, Fo ©OF « PBEAR TN BARRAT
IE S B, Ad R EAEENTH - 72,
ACh Iz X » TRVINHENSZ S h 5. KB TEER
KCIIFRE TR D AZ —VOEB B 5 D
f, Ad 7 ==—/=7 ¢ YV CUHEERSS,
Isop TRIIHIRL B, Ad OFFEIL e-excita-
tion T & -7, FoDF « /MEEARCEAHAL
EHEE AL, Ad THY 5 RISIREEE TR L,
& frt2 Uinin o 7208, Feo ORIBHRIEEAT
11 Ad 1z X - THI4I (8-inhibition) 237 Shvic.
Fro DKM TEMEA TIX a-excitation FIL W #-
inhibition 3% Bz, TREMEILETEHBOEN
RS, SEeREoBic X Thkbh T Ll
S TWBR, —EDMHEMP’H DT &HFRIhi.

42, HENICEITBRREFREM
NG, AT EREK, B, HT4sm)
& = LR OEE) AR 1 AR TR B Tl
B DB F T AMRBERDEN, YFTRARE
BB b b O hikZeEEE, FIR» D
b DIFHIAETTH S, ThDHORETIRES)
MHRTEENC AT B v T ARIRBREL S T LA
BTV, ERRHIGCTT 2 EORL S
BRREIT, AJV-ULTTsd 5 WREERE 2
SNEDT, WLy Y F=LFE2ERLT
RIRFRRSEREM Y T 2 & 20 IR
T IBIREAI S E D32 & D B hvie, FIFRRIBIC

G

O



X B1%IREAL (LC-DRP) ORIEIFATIRINE OBIE
E—HL, FlFE®RT 5L BEAT IR, #%
I X 2R EAL (DR-DRP) L 0 /N X v,
LC-DRP 0Di#{kiiiz DR-DRP O#({RERL b B
AERFIC & BIREAL (VR-DRP) D X D
%<, VR-DRP 0oZhiTiiv. #HEOMRGEHE
MR > T B Z L& FTHRIIL 0
s otz e LC-DRP pMAlEHIKIC X v BE
U7 E B ksl 50 VR-DRP ThdZ L%
ATRbZ 5N sk, ThLDEED B
RCIBRBAZ R ST REND 5 LIRS
hiz.

43. AT N LEFICET S tonic tension
FEHEBRICoIT

FIEER, THRAE* (K, R, o4k .
ERREER, 4%

B = VLB BT 5 Ca-JE kIR (tonic
tension) DFEMEF 1T >\ Tlix Na-Ca exchange
BABENTHEH, ERMERSV. FHRETR
2 EREVERRAEIR T X 0 [EEAE G T oS M L
A (134 mV, 5 ) izx}4 % tonic tension DFIE
PELEFE% F3X, Na-Ca exchange & DBz >
WTHKREF L7z 5B D-ULRIZ XL B tonic tension
@ peak & terminal tension TiIw 731 v,
N7 =4 VT K BEEERIER, KCN, 5,33 — /L
X DHEMEIER, IREMRRENETRELRS. ©
NHDEEZEE 2T, conditioning pulse (134
mV, 17) & test pulse (134 mV, 5 ) oo
duration %7F % C peak & terminal tension o
PG L@ 2 31X o, EIEMLIMEIR (12~
17°C) Tix peak, terminal & %z test pulse 7%
HHF E#) 600msec X DIRE D, IR (26~28C)
TS BRITHA L, BiEREOMER (v) 1%
{KIE T peak, terminal & %iz 2 BRTEETRL,
peak I3FIRT 3 5D 1 FEEICKAD L. Peak i
DWTHE o BEIR, K Na RERSKX O D 7 =1
vTHEIL, & Ca lRETRHA L. KIE @ik
Dt XD QuERkdDEF2.75 71 peak tonic
tension TIIREBIRI AR NREES LT 5 ATREM:
HEETE L.

44, 2 deoxy-D-glucosed 35 o MEIfMERAR

> 5% 55

SlckBlFRyNa~2, HEEREHEE 122U
YELUERARINEVEOEE)
FgH—ES, ARRE—FF EHER KN #®
(LK, B, g—4m)
2 deoxy-D-glucose (2DG) #8pici® 5.3 5%
L, BREPRAO T FYBEZE=x—rvDT
FYRFRAZEERCHST 5. ToER, 2o
= a—~rVYONa-K v 7OERC X DB E» S
BRETHORENSEZ S EE2 55, 2DG @
PIRE R 2 IR 570, AEMT TS v
FMEZEANIZ 2DG 4mg 2 EA L, EAR %
15, 30, 603 X U90&icIik 04ml ZEbh, 7 F
Vs, WEEEISEEE (FFA) 3 X0 v 2 U v (Ins)
ZHEIEL 7. Mg, FEA%30 5905 % TH
30mg/100ml EH LA, —F, g LEFicdsr»
b 57 Ins {E LR 5 70, OME RFIT
a-adrenergic blocker (phentolamine, 4 mg/kg)
DETME TR X B 75 % - 72, 2DG 5
2 & B IfkE BRI Ins [ERANS & B bkt o 72
Z &1¥ adrenergic A H = RADBEERE L S
55 phentolamine DHALE TlE L H A5G4
KIS hindr . 2DT &3, fhokEfts
CBIRT SR EV ORSDE L BNG. £D7:
BBE GH 2 HIEhTH 5.

45, 1V 77 EF GABA =2 -0V DAL * Y
Frrrlb

HKEMR, JEHFIRY EER AN %0
K B, e F—FEK, £HY)

AVT7IEF=a—r V{1 GABA 2k ) —i%
DWW TR OERIGBSBDHR S 5 dDhs
H5. MEIE= v &7 & v RAMKEERY, ¥
REM I XU AV EHER» LHF L Clo, £
FHX K ERM AT X 5. Lsdss CGABA YL
MY LTCl BEXPRKY Fv VR LR DE
Ezbhb. HxOLRHERRIBRLEZRVWT
AFVF XV RZNOILEEEZRE L - R
Clr # v VR ATRAA VRV ZIF) P vEE
@D e-NH3" 25, Kt v+ V2 TliF e o VR
OOHBERFDERER LTS, Tl T &
~AlzEL Tk, GABA o NHz* & Xt COO-
BERTNEARY Ey FEIOE U vERELE
ET50LELBNB.
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The Japanese Journal of Physiology 8%t ™ FIC R E
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1. Impairment 6f acquisitlon of learning
by inhibitors of RNA or protein synthesis,
267-211.

RNA A5 L BEEAKMEEARIC & 3%ERIZIC
BLETHREILONT

N. MISHIMA and T. HASHIMOTO (ZBE
T, FEARRT CEREA, K )

2. Functional properties of peripheral
sensory units in hairy skin of a cat’s for-
elimb, 279-289.

> IR EREEC S B AR TS Ak
HRRBONEHEX

M. AOKI and T. YAMAMURA (HK 7%,
IR < TR, Ak

3. Estimation of the physical state of
potassium ‘in frog bladder cells by ion
exchanger microelectrode, 291-303.

$ TV EEBEE E R OB KIERIE DT

G. KIMURA and M. FUJIMOTO (KRff%ia
R, A SPBRK, R e RIRER, SHTAEREY)

- 4, Thermoregdlation of the Japanese
macaque living in a snowy mountain area,
305-931.

E\LlcfED BAY IV OFERA

T. HORI, T. NAKAYAMA, H. TOKURA, F.
HARA and M. SUZUKI (i 48R, AFILBEHEEY,
Zp By, [ ST, GORIER* (REACK,
WEEYD, 4R B ABEYeRAR
e e TUk, ERAEPE)

5. Tetanic contraction and tension-

length relation of frog ventricular muscle,
321-335. ,

7T DERF O L IRDE SBIR

H. MASHIMA (BURZE(E : IEREA, K #=
)

6. Effects of cadmium on the active
transport of sodium by the abdominal skin
of a bullfrog (Rana catesbeiana), 337-352,

Y HTI (Rana catesbeiana) FRERRE & ©
Na geBhigi%Icxt 95 Cd DR

H. HAYASHI, M. TAKADA and A. ARITA
(% F4&, wHEHE FH ®HEEX B2
4:E)

1. Effects of adrenaline on the action
potential of sympathetic ganglion cells in
bullfrogs, 353-366.

B Y H TV TSR RENERC T B 7
RL+uU ol

S. MiNOoTA and K. KOKETSU (ZEMHA—,
W= AR, B, 43

8. Effect of exercise on the skeletal
myosin of growing rat, 367-377.

S5y MNEFIFLVICHLETEEGORE

M. YAMAGUCHI, K. NAGAKURA, M. YOSHI-
DA and T. SEKINE ([JAIERA, XKAE— FH
e, BOMRMOET (EXRILK, FF « TIFK,
BE* o JEREK, BE*F)

9. Prolonged sarcotubular regenerative
response in frog sartorius muscle, 379-389.
h TV ETERNEREO HEE B CHEERNRIS
K. TAKEDA (FTEHZAA : BIKA, %H, 4H)

@]



&= ]
AA&EYSBE

S
%

EWm

L E E

NEEFIRNFTERES

PRFIS24R12H 2 BTk 2 RE~ 6
FLOMSE8 S

(BPRRg) DBRIEE, ‘HIA3EHE, MR, JILEE
B @mARE FE A KM=, GEES,
WEERE =, B ¥ THMEE ARk HE
TE, WMFEXE B OE R B OBME
., HE—RL AR R, RARER #EEE
ERERE

57

AERAR  BHER (BB), B2 W JIP)
YERE  MRE—, FULER
® R NEHT (RERE)

&

1. NEEBREX D EAS2EES AR LT
FRRERBE L SE Sh,

2. FHEAFHE X VIBFSZEERFHCOWT
G RR SR TRES .

3. FHREUREREDS, FERSE, 2AAR
LM (1) ORETS LCREOBRIC>
WTHRE Ui, 9, 44 MR R IR N E W B FETT
BELhdEHEZh, TRSh.

4, BUREREEL D, JIP OoFflk L O
FRIEOBERMBIME X hiz. ¥, WSR2
T, 50 F/L X 054 FALIEEFAREFZh, TR
ahie. FERAD S bETOEBTEICHT IR
Enik I,

5. MAMSSEENHAREMATELEEHE
EERESEBHREL VFHSH, 10 7HRT
YRLATRONG A% ARFHERCHIE L 72
B, mEEhe.

B-REEZRREWE

—iAEH (FHE 3 4)

shAE=, wI W Bl OB

PREAS AR (EHE 2 4)

FELES, FFR=

IR (BWE 34)

JILEER, 4K [ HHE R
¥, F-BREEOEME 240D TEHDI
EDRREFHR» LOERF T LT, FICERT
CEASLEERE SN TRS A

6., AHERPFECRNTE7 v~ bOFEL
1REfF7 5 O THH N EE W2 W L EFERE
X5 hie.

7. BHS2EEREMEBEYEOEE, By
onT, EHEBRELIVBREShA (FORRIT
DWTIE 43k 40, 2TEHICIBR I h).

8. ZWXFIEOFHERRIC X 2 HERIL,
EOFERVEBGHEL 0 8% Shin. ,

9. IAFN534E H55(a] A AL HESE S K A HEN DI
TERASFREL VHESIhA, fiEDTEL
MHCAZEEAPHM N 2 A HCREEY v
v L, (HRES, RAVMINBETETHS.

10. TUPS 84 : 4R Y iT B 1} 2L DR

B, BAREL DHE S hi. RENL T & <R

TR SIS, _

# B o

1. AHYRREALRAE L AERETOY
ERFARICHERERCENT, RRERLH
EHKBENTMR, REOFRRIC 2 T TR
PR, TEBEIAORBL L - 7205, FDAHD
THIEED, NEEREIVEHSHh, B2
MR S0 &, BAFFHo%, TERIh:.

2. 6FEBF—A LY T THINDEEEM
HEBEEREOBMERET D5, H v HL—%
SERIFDEOREIKEL DRI TWEE
2, BABREIVHEXN, Zhickd 34my
LORENRINY, FBRCOETTHERSS:
Zﬁo“f:. )

- 3. JUPS OAMEHMBETRIZOWT, KREE
$lﬂm%ﬁtéh,%ﬁl®%gmomf®ﬁ
IS, HERESRK—ETOEIREBINT-.

4. HEREOEBRICOWT, E5tr bk
EREEDLELLD, METASREED, &
SERER2LTDETERRRELL. BEOHE
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T, HER, AMERE 1ESOEAL, HEREK
V4 TEEL L ARGRI T L LR T, B

(]

¥R0AZ BRI WIE RET & L ORI
L LTHEhE. Bk

IUPS World Directory of Physiologists (First Edition)

ERAESHEE D E LT IUPS SRtk
15 $650 THOTHRLET. CHEDOHITHEE
ARESEBRETRH LAA TS, —fELT
EXHLET.

BEATHEZEhSHE
Prof. K. Thurau Dept. of Physiol. Pettenko-
ferstrasse 12, 8000 Munich 2, Federal Pepu-
blic of Germany &% ‘C.

iRk

FfE @ Pfliigers Arch (368 : 1-2, 1977) ic X h
1ZFz51x SI (International System of Units) @
BRHE]- 72k 5 TF. Acta physiol scand
LEEIC SI OFEAEBHELTVET.

HORERBALTIRER ST HBER
B LDV ERAY, BEEE- TkRAHE
LEWEFT OT, SI ©onwTZZT—R2LT
EERVWERBVWET.

SLizA~ b (m), ¥r s 5 A (kg), B (s)
77 A), FAEVIRE K), #v 77 (cd)
/L (mol) D-EoREABAE L, TV TV (rad)
LATF VTV (s1) BREMBEAIE LTHET. &
Bz~ (Hz)(s™Y), =a— Fv (N)(kgem/s?),
SR B (Pa)(N/m?), & o~k (J)(Nem), 7
b (W)(/S), t— 2 v (Im)(cdest), /by 7 R (IX)

# £ £ B
g H B =& =B ARE + BB B OHF B OX
My B — F & R E X B & —
OB - B B Ok (ted 2 % db)
H B BE R A OB (RO &I E O GE £
E ) & E(h-mE " H =L M

(Im/m?) PFEABEA»SFES WA SI OBEAT
7.

Eyhiccgs PBMKSitftofcbnws Z ED
X5TT. 20k, EHOBMIRIATHELE
TEHRLKBECATHKIA=NTEL, SAHIL
Lwd, BArE LTREERIRVWDHDOITL - T
WwET,

Zh Tk mmHg &5, bhbhitd: - Th
> EDFLAFWENBAZ D SH - Thhwidix
WOREWS L, £5THHRVES5TT. AL L&
% Acta physiol scand Tik mmHg % "5F&h
BEfi, LT T4, & BkEEFAFicHb
hTwEd. Ll mmHg 2w 5 DOikizko b
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