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On decrease in spike height of nerve action potential. A comparison
between sciatic nerve and ENM Masao MaTumoTo, Takamasa KITAMURA
and Michiko HANBA (Department of Physiology, School of Medicine, Gumma University,
Macebashi)

Employing ENM and a sciatic nerve removed from bullfrog, configuration of decrease
of spike under various experimental conditions was studied. The amplitude of the mem-
brane potential change in excitation was also recorded simultaneously with the decrease
of spike in ENM (electric nerve model).

Both on the nerve and ENM, with decrease of the resting potential, the amplitude of
the spike and the amplitude of the change of the membrane potential were decreased.
On the nerve and ENM, the decrease in spike amplitudes was induced by an elevation
of the niveau and by a lowering of the top. However, the amplitude of the change of
membane potential of ENM was reduced only from the base of the spike due to an
elevatxon of the niveau, with the top remained at a constant level. These decreases of
the spike amplitude and the change of the membrane potential in nerve were consistent
with that the electric constitution was the same for nerve and ENM, which is the experi-

mental equivalent circut of the nerve fiber devised by the authors.

(J. Physiol. Soc. Japan (1975) 37, 73-81)

key words : spike height of action potential.
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Sgku Ca—— A §£Ra . Ca=
E E Cm
_1E L= _LSm 3y
wlf N ™ _|
re A K Re 3Rem \—— Rb
(1) (m)
Fig. 1. Equivalent circuit of the nerve fiber

(I) and the electric nerve model ENM (II). A :
equivalent circuit of the surrounding tissue of
the fiber. B : equivalent circuit of the excitable
membrane,
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Fig. 2. Experimental set up used in the ex-
periment (1), ENM with terminals A, B, C
to be connected to the circuit, and D (with B)
for recording variation of membrane potential
(2). And the isolating vessel with eldctrodes to
be connected to the circuit and a sciatic nerve
set through the walls (3).

LEEs X ENM o AP & X 08 ENM
DIEBM OEEEOFEGFITE VT, FEELE1000
cps DAHE, FIBEIRSOMMA L B0 HIH
LEsX Rt trace itz 1, 2, 3&o¥EE
L, #hb0BERIC X - THh AP ik
A, B, CE&okiFofs, ENM oRERM D

Fig. 3.  Action potentials (AP’s) of the sciatic
nerve and ENM elicited in the relative refractory
period. N : records of AP’s of the sciatic nerve,
ENM : records of AP’s of ENM, time scale : 1000
cps. Traces labeled with figures represent applied
current, traces labeled with capitals and small
letters represent AP’s and variations of the
membrane potential respectively. OA, OB, OC :
zero potential line for trace A, B and C respecti-
vely, Oa, Ob, Oc:zero potential line for trace a,
b and c respectively. These notes are applied to
all records in the following figures. Interval
between the first and second stim. pulse was
2.2, 3.0 and 6.0msec in 1, 2 and 3 of records N
respectively and 5.0, 5.2 and 18 msec in 1, 2 and
3 of records ENM respectively. Stim. pulse in
records N : Ist pulse, 25mV-0.2 msec, 2nd one,
35mV-0.2 msec, in records ENM : Ist pulse, 110
mV-0.2 msec, 2nd one, 150 mV-0.3 msec.
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BICHN B TR L Y —RI/NT B 551918)19)20)
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U ENM © A CiRafilEfRics L ThFricE
MOBEY BB BN BT T, spike 118
T B i/ & v spike, C G kfkIE
HORE L FfEO spike A TV5. Zhbd
DFAIC spike DFEP/RE VLD BET S
2, NBIXOENM owFhici v o
B FIBd b s 0 H T, spikedTE K
F&EW) METLTY3. Zhic KL<, ENM
BT BIREN (REN & B ILBAOBKICS
WTRERR) OEBOEN OE S DAE IF—E
T, ERREF LERZIRS LT3, B
FIEH BTk, EEMS EZTORE (E
HOREE) TR B0 H b & 0k A CTHE N
BAUEZ0LSAFBIIE bDLLREINS.
L REMNOEBOEROESR—EL TS
ki, HEMNE L EEEMIE—EDE
(Er LB oAV) $TRPTEZEEFTD
DT, ZOFEETHREDFKEN all or none ¢
HBZLERLTVS. L, T0L5kE
BALOEBHRA L 75 » TEI 5 spike pigID
BEROET R X CERO_EF M HE 2 5B
THZERBEBLATNE R LAVEETHL A

5.

#HRRIC B T b spike DR OBPARIEX
ENM LREI#ETH 523, EEMLEOREIZE
BTERVH, ENM 04 LRRETH S LH#
BT HEHEO MM AN IC 8 T spike D
EHPNE T L BRI R THEBALA
INTH DD THD LV IHYEDOWRED L —B
+5. .

B. BHEKEREIREBIZBIT 3 spike 0F X

MR R IC BT 2 T, BRER X OB
BT ik ehehiatds L OB EERRERE
23, ZhbOREBIZB T EIEEMN, #)
WA, EEEMSCEYREN, BEEREE
TGk spike OF ST 2LIEND, K
¥k, BERBERIBREZHBNE BT L
BAEERIT - T30, KERICBVTIRE

Fig. 4. AP’s of the sciatic nerve and AP’s
and variations of membrane potential of ENM
elicited during application of the depolarizing
current of different voltage. Depolarizing cur-
rent : 5, 10 and 15mV in 1, 2 and 3 of records
N respectively, and 40, 80 and 190mV in 1, 2
and 3 of records ENM respectively. Stim. pules :
65 mV-0.2 msec in records N and 220, 180 and
95 mV-0.5msec in 1, 2 and 3 of records ENM
respectively.
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i) KRR T TR T OB IREAL A <
oo EIE L. g0 spike DM O
1t ENM oA L RAETH B0 b, BEEMOL
oREL ENM e 3 LRAKTHHI LD
HeENTTHEIC /2 5 DS ERAYICIIBED EE.

C. JEER %~ Offic Liz3E o spike D
%‘53) .

EEHREA, BXUBOBALRERE LTI
# % DIEOEEN 3T % spike DFE OB
REEEE L LD LA S5, ENM Fig.
1) kB THERETF Re, RbEofEzExh
i, SMED b BN E BB RN 2 B
B4 52 ki LICHEERL, Lichd > THILELL
DERZEZBZLHTELZ O T, Z0k)
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Fig. 5. AP’s and variations of membrane
potential of ENM with different membrane poten-
tial. Membrane potential (produced by change of
the value R, in ENM): 1070, 1000 and 840 mV in
A, B and C respectively. Stim. pulse : 300 mV
-0.3 msec.
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8 It overshoot 3k % < (Fig. 5, A), #ILE
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EEMOLEEZRT 3, b BLUcitB\ TR
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i —E CIRM OBV IEBA OB T 5D D
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ALB TR T IR O IREE Tk AR L
hivoT, ENM icovCoERBELST &
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X, MNeiy, BEEHNIEL spike DIRMIX
N otz EEMEBORM L EIEEM DR
D riicNE oS, BREMNEEOIESR LI
ENO¥ v k7T Oa, Ob, Oc & D FfEILER
R B icik~ 7z LRI —E TH -z (Fig. 6,
#). Fig. 6, 1% ENM (> CJEHitE % »
Bhoob B o BEER L BA L Tl
B EELE R EE D spike B X CIRE O
EHTHB. B Tl, 28XV 3DJEI
BABERZ KIC LI, Lk o TRILE
A7 (EEMD) RIOBECEL LVEENLD
ElERBEL kY, BEHHE (plateau) &<
i -Tw5 (Fig. 6, ENM (2), B, C). zh b
B4z spike DIEMIL spike 238 - = BE D BT
level 23 Ef7, /b bEEMIET VTES
OMEFFNETNEBR->TVBDT, ZOGRE
1z % spike DE & L # BN O BICIZBER ORE
RLAFROBEREA LS.
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ENM (1) ENM (2)

Fig. 6. AP’s and variations of membrane
potential in periodic excitation of ENM [ENM (1))
and AP’s in periodic excitation of ENM during
application of depolarizing current of different
voltage [ENM (2)). Frequency of the periodic
excitation was 130, 390 and 850 per sec in A, B
and C in records ENM (1) respectively, and that
during application of depolarizing current in
ENM (2) was altered due fo the intensity of the
current and also to the interval from the initia-
tion of the current. Voltage of the depolarizing
current was 160, 220 and 260mV in A, B and
C in records ENM (2).

2. TR E SR T 5 spike OF
)

A, ENM wFhiclsv ThmEY 0k
& ORAEEER 2 EA TR A
HIMEBE 05 HE 50, EMRNEIEEREEN L
BEAICE, MRTRZONEININESVE IR
#13E ¢, spike OESIBEH O LF & HicHf
BL, GHEIADL ZXEMIEL, spike ©
BISpAECEST5 Fig. 8).

ENM Gk amic 2 2b b Failicis v
T spike DEMITA T B OWIHE & IR

GTRTINEEN,

ENM

Fig. 7. AP’s of the nerve in periodic excita-
tions produced by depolarizing current and AP’s
and variations of membrane potential of ENM
in the periodic excitation produced by applica-
tion of the depolarizing current. Depolarizing
current was 20, 60 and 180 mV in A, B and C
of records N respectively, 240, 380 and 550 mV
in A, B and C in records ENM respectively.

ok Y, AN L B LIticBEYRH
(plateau) 12 {5 BVW. Z h b O FRicH
&%, ENMoflj #izis\ T spike OIRMIXER
DIETF L HRo LR oW HR»P WAL T3
RegdEL w5 (Fig. 8). La»L ENM
B 5 BEEMORNIC 2 v THEADHEHS
(plateau) (ZAE THAMRS LH L 72 EZT B
LT3 Z LiEhoRAEORKRFERLAK TS
% (Fig. 8, ENM). EMRAEIEERIC X 2 5]
HESHERE OB A, BRAFHE T CLE
R T AP o plateau BKECEL LY, o
WICEERRKIC 75 B 2%, T 0k 5 A icplateau
DEEII—ETHVESICHETRETHS. &
DT EFROBAIZE - THED TEERBLKT
bHroLELBNS.



78 MR DOIEBENOE S DFARBIZO VT

SRR
\/v‘v\,\.\.uunx‘w

s 111t
jL\\\\\u\&

Fig. 8. AP’s of the nerve in periodic excita-
tions produced by linearly increasing depolariz-
ing current and AP’s and variations of mem-
brane potential of ENM in periodic excitations
produced by linearly increasing current. Gra-
dient of linearly increasing current was 7.2, 12
and 22 V/sec in A, B and C of records N res-
pectively, 5, 7.3 and 8.5V /sec in A, B and C of
records ENM respectively.

Plateau OB ST CRBE LT L (HE
LIcBEDBEEMBD OERERTHOT, Z
DfEIC Y - THEIEL (HILEMN T IXESE
MR ¥eichsd, DHEMBE-TWED,
JERHET 22OHENRICLZNEHT
»5.

E. E&KEROHEEEL25EE

PR - D AP 2 HIBANEEE FVv
THETIHAI DL, HHEONIMUR O EEIE
RREET I, Lo T ENM os
Zd, ThicYT 282K TTAP 25
L7c. ENM 4 i@, HagEE o 54
T b ERIEIRE /D I T R XEHIEBMII/MNT S
3013, ENM oA iz BESMIcRBIT 5 7
DIORBICKEVEBEEZ B L, &

Fig. 9. AP’s in successive excitation of the
single skeletal muscle fiber of a bullfrog and
AP’s of ENM with different shunt resistance
(see text). M : AP of the single muscle fiber
recorded at Ist (A), 3rd (B), and 5th excitation
{C) in successive excitation with 1sec interval
between stimulations. ENM : AP’s of ENM
recorded with different shunt resistance (Rs), Rs
was 1,500, 1,000 and 8002 in A, B and C
respectively.
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EUNERE BHRMENICIEAL T AP 25T
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DEE (Tl 3w+ % 23, overshoot DF
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bIhia AROBERAR b Fig. 9).
L L ENM DEE 0 EB O TE I RE TR
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FFE ORI O SRR Fig. 1(1) ks
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PEBE D R &AM ORI I EEE, ThabBIEE
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5. BILRBICRBT 2EEMM L 2hicHT 5
LB BROBRIC D 50, BEEMO—IE
ML I & - TiE5 T#HEEN ) 0—BlE
B, AP cB\ CiREMER O Ca 285+ 5
»T, spike DIRM & EEBEM OEEDOBELRIE E
BOBELIEBR DD S.

ENM iz CTRIEEAL & i ILTBAL & fESEIC
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C. AP o overshoot & ®f{%
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PREBERKBEZF IS . Lk LEBMS
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Extraction of Ca-sensitive actin from intestinal smooth muscle

Haruko MATSUMOTO, Hideyo YABU, and Eisaku MIYAZAKI *

Department of Physiology, Sapporo Medical College, Sapporo, Japan

It is now clear that the contraction of
smooth muscle is regulated by the intra-
cellular free Ca ion concentration. It is
demonstrated by the fact that superpre-
cipitation and ATPase activity of intestinal
myosin B show a typical Ca-sensitivity®.
However, the site of the regulation has not
yet been established. As is well known, in
vertebrate skeletal muscle?, the thin fila-
ment contains troponin which is Ca receptive
protein. On the other hand, in molluscan
muscle® Ca regulates the contraction by
interacting with myosin. In this paper, we
report the extraction of the Ca-sensitive
actin from the intestinal Ca-sensitive myo-
sin B, and show that in smooth muscle the
components responsible for Ca-sensitive
ATPase activity are associated with actin.

Protein concentration was determined by
the biuret method, standardized by the
micro-Kjeldahl method. The ATPase activity
was determined by measuring the amount
of inorganic phosphate (Pi) released during
the first 16 min by the method of Fiske-
Subbarow?). Ca ion concentration was cont-

rolled by the ratio of EGTA/CaEGTAY,,

with a total EGTA concentration of 1 mM.

Myosin from rabbit skeletal muscle was
prepared according to Tonomura et al.n.
Actin and Ca-sensitive actin from rabbit
skeletal muscle were prepared according to
Ebashi and EbashiD.

Intestinal Ca-sensitive myosin B was
prepared as described previously®), and used
as the starting material for the extraction
of actin and of Ca-sensitive actin. Final
myosin B which was suspended in low
ionic strength solvent was centrifuged at
8,000x g for 15min. The resulting pre-
cipitate was suspended in three volumes of

* AR T, O, CEIRSEE  FLRERK
A
[Received for publication January 7, 1975)

cold acetone and left for 5min, and then
filtered through the filter paper (Toyo No.
5A). This procedure was repeated three
times and the filtrated residue was dried at
room temperature. The acetone powder was
immersed in twenty volumes of 0.3mM
NaHCO; containing 0.02mM ATP for 30min
at 0°C, and then filtered through filter paper.
The filtrate was polymerized with the addi-
tion of 0.05M KCI and kept at 0°C over-
night. The preparation thus obtained was
used as actin. Ca-sensitive actin was also
extracted from the acetone powder follow-
ing the method of actin preparation above
described, except that 2 hr and room tem-
perature for extraction were used in place
of 30 min and 0°C, respectively.

Effects of intestinal actin and Ca-sensitive
actin on the ATPase activity of skeletal
myosin were shown in Fig. 1. ATPase acti-
vity of myosin was activated approximately
three times by an addition of actin in the
presence (pCa 5.21) or absence (pCa7.53) of

o

=

(=)
I

8

ATPase Actlivity
(pmoles/mg myosin /min )

i 1 1 1 1
005 010 055 020 025
Actin (mg/ml)
Fig. 1. Activation effects of intestinal “actin®
and “Ca-sensitive actin” on the ATPase activity
of skeletal myosin. Reaction mixture:(0.5mg/ml
skeletal myosin, 1mM MgCl,, 100mM KCi, 1
mM ATP, pCab5.21 (open circles) or pCa 7.53
(closed circles), and 40 mM tris-maleate buffer
(pH 6.8). Temperature, 25°C. -o, »—, actin; -a, a-,
Ca-sensitive actin.
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Table 1. The Ca-sensitivities of various synthetic actomyosin and intestinal myosin
B. Experimental conditions were the same as those described in Fig. 1.
Material ATPase activity Ca-sensitivity Activation
(umoles Pi/mg myosin/min) by actin
+Ca(pCa 5.21) |-Ca(pCa 7.53) +Ca / -Ca
1) Synthetic actomyosin
(myosin:actin, 2:1)
Skeletal myosin 0.0368 0.0350 - 1.0
+ Skeletal actin 0.184 0.184 1.00 5.0
+ Skeletal Ca-sensitive actin 0.195 0.0690 2.83 5.3
+ Intestinal actin 0.0945 0.0927 1.04 2.5
+ Intestinal Ca-sensitive actin 0.107 0.0530 2.02 2.9
2) Intestinal myosin B* 0.0116 0.0046 2.52 —_

* A unit of ATPase activity of intestinal myosin B was pmoles Pi/mg myosin B/min.

Ca. Thus, this synthetic actomyosin (o, )
showed no Ca-sensitivity. The ratio of
myosin to actin which gave the maximum
activation was around 2 by weight. On the
other hand, actomyosin (s, a) composed of
myosin and Ca-sensitive actin showed a
apparent Ca-sensitivity. ATPase activity
was found to be two times greater in the
presence of Ca than in its absence.

For the comparison, under the same
conditions, skeletal or intestinal actin and
Ca-sensitive actin were added to skeletal
myosin (Table 1). The Ca-sensitivity was
expressed as a ratio of ATPase activity at
pCa5.21 to that at pCa 7.53. The Ca-sensiti-
vities of actomyosin which used skeletal
and intestinal Ca-sensitive actin were
calculated as 2.83 and 2.02, respectively.
Under the same conditions, the Ca sensiti-
vity of intestinal myosin B used as the
starting material was calculated as 2.52.
Namely, Ca-sensitivity of actomyosin syn-
thesized from intestinal Ca-sensitive actin
was about 709, of that from skeletal Ca-
sensitive actin, and 809 of intestinal Ca-
sensitive myosin B. Activation of skeletal
actin to myosin was two times greater than

key words : Ca-sensitive actin, smooth muscle.

that of intestinal actin. The reason why the
ATPase activity and the Ca-sensitivity of
actomyosin synthesized from intestinal Ca-
sensitive actin are weaker than those from
skeletal Ca-sensitive actin is not clear.
However, it is probable that it may be
concerned with the impurity rather than
the difference in the property of actin pre-
paration. Thus, the existence of Ca-sensitive
actin might suggest that the Ca-binding
protein localizes on thin filament of smooth
muscle.
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1. ZEM® O affinity & Bohr effect

mE & PAEE, NF ®EX E,
e . dhk, SEY)

RO # ARCEERBEYT DD ARL
FERMEEE T X - T, BREOHEREEMML
ethic T B AR MIROBEE Bk Y H 108
B 5188 Bichiz» Tl & L in vivo @ log
Peoy-pH #'4 7 7 5 abpb, ik > HcdicH
WiiR& 7 AD Peo, X9 pH EZELLEI K
», £HSRTRTD Hill X% & L. pHT74
w5 Ps 13, BHHL0, 12, 14, 163 X ’18H
B, 60.0, 54.5, 46.2, 33.1 X 286 mmHg
LBALTED, ¥k, ~AHEMOERANLH
4 e dE e s EmAER L. Bohr effect @
BSIC X 5EEWLHTRVY, M~ OmBFRHk
wa e BEICH D70, effective Bohr effect &
Bkpiz. CORIE, BHIICELT HBFER
fuik, ~AMEEEIOEMA, O: capacity D=
FLANER AL, &R, BEHEROLENS
WESVEANE, BV, Ev~ AL
MR X T, %L OBENHFRSHh, B
ZOIRE X hi- ki D7, hypoxia OIR
Bich 5SRO T, BEREME S LT
O, capacity O#fNIC X » T, hypoxia IZHIX 5
3 X5 nEERSMBOBITIEL, AR
T T BATERE~OEIES % b h 5. [
1z, Bohr effect OFBHBEZME L7, Bohr
effect 11 —RNGEBbhb.

2. ETORBEAEHICAET S
DRk, REFAER, KTEE, WK & A
H ® BE £ (BBEXR $EH)
I 2 HIBERERE & UThRFNRAE
RELIAVLhTWS. Tiabb, kEDFEBR
ZEEL, ZORERXERT I OTHD. FH
bhbhiiE FTIEEORHEZEREELT, 74
b A4 A — FRRREF LT HRARORENZ
SR, BEEOKERCOWT, TORELES
HH L OEHRE LD, LOBRIT, IREOH

C DR TR EELA NG 5 AR, JREEOEM
KON THEAEELIRDT 5 CH, HHHMEIE
{LLEWBRO SHORFIASTE . ABEZRD
FTHIITHER D4, BEZRDTIEWRDHILE b
MEOFRY, CHEROTHROGNIEA VS
OERMTH 5. ABIERECSTNWE (7
LTIV, JEE) EKEDOREERT, REOH
Mo THREELBE KT B 22 bh, BRI
WHEORXWIE (BF) LKkEDORBHERT
BRI & BELOBIME BT LIEL S S L HE X
b, CENIBCEEOXEWIE &k OBER
=, BEOMIMCONTERORSE ST LE
2 bhi. AR BHOEAR, ARECREOE
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FOW N ERENC IR L TR T O MO &
2HISS L L. ETOMBERZZTLIERLRO
WAREL, A5/ FTROT. WABRET
e U 7L I K B HRE(REE 0.0025 (ml of
blood)/(ml of tissue xmV) TH - 7c. sS4 TR
REPEETNEEN»LORY & LT T
DBENESTRETD 5.

3. BRIBSHITEMICHITET 3/ Higo
18 {RH R

£ i Rtk B, $4H)

BUR R RSB OEEAE (RITFE) s
F57 3 BOBKGXREFEHE > T AN
T, Triturus (£ V) TRRIEER 7 § /8BS
7 Ringer W CHU/NERL, TOBROMIIERD
bR M/NERIC X D L TR EMREEOR
HEHAS, IbisE vy -~ XEEL
77 I EDE VIALEEREERN T L
7o bk, dEERME, BT I JEBEOXThENROR
2 L LT L-alanine, L-lysine, L-asparatate ¢ 3
# X HERER (MRS W) OFEARILET
% &, L-alanine 23K (10mM ¥ T 22mV),
L-lysine (1A% (8 mV) ©dH b, L-asparatate
¥ e ThHoTo. BAFEED Na* KEHER, L-
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alanine TIIFHIT, & Na* OHH TR L 58
SR FES LSS, —F L-lysine BALIZFAL
Nat kit % 7% X%, L-asparatate i& Nat Q%
WIZE BT, BAZREEIER. £ Na*t
T L-alanine i X %@ 4 M54E T alanine
DL VRALFEEICKT D Nat REDOHR»D,
alanine 1% 2 &tk (XA), 3HEAM (XANaY)
DoODRTHETHESINTNE EEZ DN DS,
L-asparatate (3 EM % Tk S vp3, Na*
KIFHEDR N & VAR ERTZ &5, XA Na*
DD 3 HEBEARTHEEESN TV LEXD
5. L-lysine & DAL, #HnEBALIZILIC Na
RAFHEAME L, POMREA T EEAK TR
Tk, XAY O CEmE I TN EH
zbhbd.

4. 1A »Na OBBSHE

WHEr (Eiek, B, #H—48)

1. 7o FIFEER ToxEY=%—1, K
LOELSEO BNa 3o 77 L E2RIEL, K
OfERE 27z, (1) PNa OIIEEEZ RS S ¥ 5
BE R ER S RET 5. (v) o #Na >
FFry, NEBEIERCL230TH), M
o TH25 730,01, 1 20=1/20=%/L
¥ — VN OBBRICHIST 5. () Nat BRI X
BAREY =%~ PO Nat OFEBEOHIERSR
CXniE, REY=3— FHofEg Naix, vwb
w5 TRz Nay XA,

2. Jfgo ®Na ORIEORE, ROFHD
3 Liskwiz. (1) Mo Nat iy, =20
$EERD 5. (1) co=>DIKERD Na* 0z
Bz, E» ETERLERW). (1) &0 v
B, —5OWREED Nat 13, B—OBEREEs
X OBE—D R ¥ V-2 ¥ VIR T2 Z#Ho. (V)
5 DIREED Na* 1%, —20DHE 7z T XU
(F724%) oLl LB EREE (—kOEEHR
DEERICE W) 2. 2 b RHERIERE
X, ZOoDRS X VD, FOHBREEEIEE
LS, T 3RS & T BHaEridh
13, SItEsAE 0% OABHEIIN S,

5. EJNEv MEHE [C & T D ouabain ©
catecholamine #EE{ER
A I SRS LK B, JSREHE)

b &k 85

" kR ouabain (1075~10"*g/ml) it X %€/
E v MIBE OBKE OB IT o W TR, 4
(LR B 3 de. 2 OIHKEIE ouabain &5
%, ¥ 5450 latency D%, /g% 7 rhythm
S THbh, (E57 tonus @ E&F &3kicfyls
SRCHRAE % T 5. Zhid atropine (1077
g/ml) ® methysergide (3 x1076 g/ml) Tl
< I X j1, -F phentolamine (5 x 107¢ g/ml) i
X o THRESN, £, REMRENARITDHD
bretylium ( 3x 1075 g/ml) ® JH#k3E T & % cacoine
(5 x108g/ml) it X » THHEBRCMRH Sz, &
51T reserpine MEMERT S, Z OUHERIGIEIH
LT \W»Wizas, %0Di%, bath iz NE (5 x107®
g/ml) &Nz 305 fiRME L7t B0 ouabain &
BB Ui, B BESR bR, 20
IV#E % phentolamine 7 X Y EL&IIEH I iz,
—75, WS IEA% Krebs-Ringer #3047 [l
i, control & ouabain fRFET DEEMMKHICH
T <& % catecholamine BD &I 5 72 ¥,
p-cellulose column ‘Tok#s, &I Eic T
stU7.. Z K control #EHd catecholamine
BEIIEEA CRIERAHETS - 72 23, ouabain
MERRAE, LE LiEE AR (0.1~0.08 nmol/
one vas) AESMH Iz, D DORERPD,
ouabain X catecholamine WEHEMEIERIC X - T
RREEONMELSETIOLEELLNS.

8. 1 E Y GETRHOMEIE

SAEE, BIRM—EF, SHAEZE e
R, FFI4HE)

£)F Baumgarten HICXD, ¥YYATYFFOD
B4 5-HT % & LRl O E 2 S e &
N, 4, BEOHRERENH R T Vv
T, FhXVEEA AT YO hind gut 23 5-HT
TEENERGETRTZ EERAHL, 5-HT @
{L#EEWE & LT OWREM 2V TIRET L 7.
1Y BEIIRENELRME (0.5 msec, 10 He,
5sec) itxt L C—@BHEORFEER Lz, TORIS
¥ saxitoxin (1077 g/ml) T Sh, MEEZN
TEHERSTHB LR L. —FHHrDbE5X
BT >\ T, acetylcholine, GABA, 5-HT
BT L 725 Lcds, 205 bESH
WX BRIGE X LT Wiz @ 1k 5-HT oG
R Thol. DT, EXFE T X % IHEX
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methysergide (5 x 1076 g/ml), LSD (5 x 1077 g/
ml) TR X558, atropine (1075~1078
g/ml) ® picrotoxin (10-5~10"8 g/ml) TiZ¢ A
EEELZ ST, ThbDZ EhbA T VIBE
Wik 5-HT 2L EEWE & ¥ 2 NEE R SEF
HEL, ThPBBEOIWHEER I - T B ATREMES
Exbhi. X b, AEERD 5-HT OftEsE
8, HtFESR, BEERCIIRFLLLE
A, (L¥EECEW TREED 5-HT HBIEHI
h, MELFEERIT IV T catecholamine Hi3k
DBREEBADZHEVRELOMEHM B E D D
h, BFEEARCHV T, monoamine % & ¥k
Z\v vesicle (1,500~2,000 A) AEEAGHRIICE
ELEERRRCECEEL TV ZhdbnHE
PR5-HT 28T & E 2 hiE, TEENERER
EEL—FL, ¥V A FFIDIIBEPEESE
FHBWOBRE D 5-HT A EWNEOTENH
z2bh5.

1. $2ckREEEER & DRAMR

TEEM, aRRE, EF B ZEgE &
BET (BFEX, H—4H)

Kolder 20 3RBEFE & BEAEASILIZ66FP D SR IE
THRBRCH T BIRREGFEMNETHKT 5 &,
HEOPEEFFEMITE - T, FEOEOAMRRC
B/NETRL, BERNCBARZRT/NEZBE L
fast oscillation & 55 L7255, TORBEFIIR
HATH5. EEFITHL: = OE LR
FRTHBL, REFHFEMYERERE Tk
L7-Ff, HlgssS2520~30 i HE + % ERG
D cHETHRHMER (cik%EEl, EESMET)
W, BHBXKEIAE & ORICTE S /365~98
BERTHBUEOREZRRL, ®E2cHLL£30k
(BA43eE 31, 301, 1974). ZOHOHAET, B
2 c EORBRITTH-FBOE TIERIBIHR 2 100 7
U EZET S, B FELETIES ~100TES
THDZEMBHBBFLA. X5 Kolder % & [k
DEBFB CHREEFEN 2K L fast oscilla-
tion DHBRFAE HEIRGTT 5 &, BHEOE/N
W o BEEAIT, FBAOEXIIE 2cicth
ThEL—5T5. HHEEMEZ6M L ERE
7oL+ BT fast oscillation 237RBARE &
FEEOHEDRAT, SEBEFBT clgiEBi
Fo2ciBEB T kB, Thbb,

b R

BAAHAS 100 L. iz i, BHHOBALE LTH
BIhZE2cITHBELTLUEY, S0BBTO
BT Tk c I BB b P IE 2c O KE
OREHIBESBOLRLWEDTH 5.

1) Kolder, H. & Brecher, G. A. (1965) Arch.
Ophthal., 75, 232-237
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W ENERTE. L LTERBIESE S
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SAEHEZ Wi,
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2— v VRS XOCREEEHEES (VC) o0&



2
=
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THFShiz.
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WD, WHAMICX > CTRET P20 —wy
ERETHZLBTER. ZhdD=22—rY i
EX MR IR OIHREMEBIRAIRI T X > THE
BT, WERBCX - TRHEMCEE T 2R
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TN, ZOED = 2 —r VORI, WX
DAT5 BT =R ERAEIROAFI I X - CH BT
THLDONRS 7. TOWRIFERBAEVED
LT, BRENOIZSX TSR NEZ O
—HEEDTHIVWIS5cAbh 3.

N. AEFHOREEE
GIAREZ (LK, W, PjR4EE) .
bhbhid, NEHORHAERZASTL OB
BEMIMEZBES T L X 5 ER ATV 5.
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F 2 OEFOHRHIRIBIC X BN E 5 ET BAT
DRHTEB B HRTRD T E B35S Ihi.

1. EREFHTIEL OEENBEALSHEREIRIRZ
BEXSBEEHCHETE L. Tihbb, Rk
FLEEER, [MFERIRZLEAS, ARIIERIATLIEE,
[RHE AR FLEE SR + R R AR FLEESS,  RRIREL
BEER - M IR R R FLEARE 0 6 BE T H 5.

2, EEEHENBMOMAITX 5 ARENE
E, FAIERS T2 AEZ .

3. HEEHEBEAOBRNRINZAR I
ERIE & E 5 EB AL & BRI B S ES B
E5DY, MEIRMEEOKE, REEFANE
BATRICERD Sz,

4. F b A EHEBEA SRR R E
T 5304

5. F b ¥4 BEERELY, EHEESHES
BAoPic b BRENELZTRT0ORD 5.

12, 2 JoWFTEIRRIC KT ZREORE|CD
T

FEIERE, RBROSER, LLORRER, EEE H, /8
H & BE & (EBBEX, $4HE)
SEiC—{AI R B R BRI X - Tk 2 3T
TLERBE 0D T & LREMKIIITEI ORI
BECEST 5 EHE L. BERITEMZOME
RIS SEOLEBMELZZT TR, FOBRETD
WIS . RERD BRI ® 2 DEEATE)
BRI BT SMIRORTREZFHTZ 2L TH
S70. HITBREOFRDOT A MX128]0 KA
AFaBFVWERYy — 2 (99%x62x 71lem) TR
A% 2R L T 3 5[ ANIC mounting {78127
WEPICX - THRE L, BRITEECx3 Smount-
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ing [ DE|E% sexual activity & U THRETL
z.

TRMRERBIEREE (3 61) 13uEkBIRRE 1~ 98
H X v sexual activity 2FEZIC L5 LEHEREF
KABE 7L o 7. B~ATROF LIRS, FF
FARFGHAR (sexual activity 90% L DR H
M) 110~2LETH » 7. EBHEMHT L T D
sexual activity i3 1FICIRKREE T L D D
DD 2 FITIE 6 BB LS FTERERREL T
7. —HAIRRERBIEREE (2 4l), EBWARERBIRE
(24) 35 XORHRE (54]) TRV LHETE
DICERED 25 o 7. TRIRERFIBR R 213 E
T HMERRAIER S h Tk,

P Eo#R, Mikiix 2 OMTEHREERT
B5%F53DE 03 5. £ LTRIRBRIERD
B 5 BEE L LTORERZRETIEINY TR
X, EEE R roEME L IEEL THETHER
OREHEELDETHIOLHEE L.

13. e HTIMBBEOE—a2 =y FH LT
EOG o —EBRIHICHT BIEE

EhiEkE, SRR (FOLHK, 43H)

BEZAICRIBEGCO2VWT, =, Z0HE
BREDOTHETS. n-amyl acetate (B F nA),
iso-amyl acetate (BATF iA) WHHE#E D X <
- 2EBEOWHEZERE L, ETOEEREE
FLEEBFICX VROFITH T BB DER
L.

EOG : £&#F#i# & LT nA puff Fig &7\,
EPBHCRBETHKT % &, BE0BRLIBER
Sbhi-DiHL, BEETRIZEALBABELR
Aotz T, 10O nA HERIREZTR
W, PRGBS 6 Bk puff FIEERTR-
L5, RBRATDEEFFRBORER
FTERPLTL B2, EETIHITLAEE( LA
Pofe. RELEGRIEEZ A 2L 2FEI13,
nA, iA puff FIRCREREEZIRRE .

B—==y }OSE nA X Y puff FIEELT
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