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Semi-excitation. in nerve and electric nerve model (ENM) Masao MATU-
MoTo and Michiko HANBA (Laboratory of Dental Physiology, Showa University, Tokyo,
Japan)

The “semi-excitation” is an excitation (like phenomenon) found by the authors, first
.in ENM and then in nerve during observation of the action potential and impedance
decrease associated with excitation. The phenomenon was further investigated in rela-
tion to the action potential and impedance decrease (for AC of 13 kHz) of the stimulated
site on the sciatic nerve'ahd ENM The nature of the phenomen on was the following.
same as that of the (complete) excitation, but the durations of the potential change
(plateau) and 1mpedance decrease depended on entlrely to the duration of stimulating
current.

- 2. Submaximum -amplitude of action potential and impedance decrease were graded
: by the intensity of the stlmulatmg current, but the threshold of this excitation was
found. : .

3. During or after the semi-excitation, absolute or relative refractory period was
not found. : : : .

4. Both in nerve and ENM, transition frorn complete exc1tat10n to semi-excitation
or vice-versa-was observed. o

5. Semi-excitation was found to occurr in the state .of reduced membrane potential

of the nerve and ENM.

key words : excitation, semi-excitation.
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Fig. 1. Action potential (potential change),
Fimpedance decrease in complete excitation (A),
[semi-excitation (B;, B;) and polarization (C)

(diagramatic representation). P : action potential

or potential change. I : amplitudes of AC show-

ing impedance decrease with increased amplitu-
des. V : stimulating current.

KCl, B3RSz R LicmiRigitic bBHh 35
WEEOKIE T H - T, BAEEHZHRLT
impedance JAOREEIZLEL BB BR R .
B, @ % AXEAIE B ORI MREE OREE
LHEPIL T B 2% impedance oA - T
%O TH B S HREE OFGE Tk s { HERE
ThdLHEND. LEREE S PHERE L
LSTHS, BIOCoRBLREARE T
BAMBEATET B2REEORETHS. LT,
AE R X O ENM Bkt e LT, R
BoORBR IOERECHETS 2, 3oMHEIC
DOV TOERREREREDT 5.

I.% &8 /% &

EBREE LTy v o b8 L4k
Bifks L O ENM ofi#F & Fvic. e
e E & L (Fig. 2), ENM it Fig. 3
RLESDEAVD, ZhbofkicovT

(A)

(B)
Fig. 2. Isolating box used to set the sciatic
nerve, (A) plane view, (B) side view. (further
details see the previous paper, Matumoto, M. and
T. Kitamura!®).
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Fig. 3. Equivalent circuit of the nerve fiber

(left) and the electric nerve model (right). A :
equivalent circuit of the surrounding tissue of
the fiber. B : equivalent circuit of the excitable
membrane. Th in the right figure represents a
thyristor (2 SF 101, NEC).
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Tdh B DIER L TAEMEOE T, PR
RELTWBDIEBE DL, BRI
ERICT 3ZEOMBERMEOERETH D Z L
EaborEronsd., LREEEHEECR
i7 % impedance OZE{LORETH > T, KiT
DR BHUERE |z 3317 5 impedance DZ{LD#E
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& T Fig. 6 iR L@ Tk, MBIV
ENM iz > TIEBEN O plateau 0fk5 m &
HMEROK S i1 —3 LT\ 3. Impedance
DELVREDREL RS -5, Fig. 50
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Fig. 4. Block diagram of the experimental
arrangement. 1: circuit for application of AC
and stimulating current to the bridge. [ : AC
bridge. ]| : amplifier for the current mixed of
AC and DC. |V : separating circuit of AC from
DC. V : AC amplifier. V] :oscilloscope. P: platine
electrodes for stimulating the nerve at its end
out of the fluid.
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Fig. 5. Action potentials and impedance de-
crease associated with excitation (complete
excitation) of the nerve and ENM elicited by
stimulating currents of different duration.
Stimulating current : In records N, V;:35mV,
0.4 msec, V,:35mV, 5msec. In records ENM,
Vi : 450 mV, 0.5 msec, V; : 450 mV, 7.0 msec.
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N ENM

Fig. 6. - Action potential and impedance de-
crease associated with semi-excitation of the
nerve and ENM elicited by stimulating currents
of different duration. Stimulating current : In
records N, for Py, I, 1,150 mV (2 msec) and for
Py, I, 1,150 mV (4 msec). In records ENM, V;:
1,200 mV (2.5 msec), V3 : 1,200 mV (6 msec).
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BB LA n% . Fig. 7 i iEDR
PHEEOBACENIC X 2EHBMLOKRE SR
XU impedance DORPERE B IRFBER LT
LDOTHB.

Fig. 8 1%, #EEEEMICEABIVOTHRTS
R R & - TR ERE OIEEEM R X
(¢ impedance D ORBTH S, ThTho
REARIC 381 BRI E T D3R S IRFE LI BALO
K& SR XU impedance DFPEIRINT
w5,

Fig. 7. Action potential and impedance de-
crease associated with semi-excitation of the
nerve and ENM elicited by the stimulating
currents of different duration. Stimulating cur-
rent : In records N, for Py, 1, 850 mV (2.3 msec),
and for P;, I, 1,100 mV (4 msec). In records
ENM ; for Py, I, 410 mV (5.5 msec), and for Py,
I, 450 mV (5.5 msec).

ENM

Fig. 8. Action potential and impedance de-
crease associated with semi-excitation of the
nerve and ENM elicited by exponentially increas-
ing and decreasing current. Maximum voltage
of the stimulating current was 1,150 mV and
1,200 mV in N and ENM respectively.
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ENM

Fig. 9. Action potential and impedance de-
crease associated with semi-excitation elicited
by the short stimulating current superimposed
on the long stimulating current. Stimulating
current : In records N, longer current, 30 mV
(14 msec), superimposed short current, 20 mV (2
msec). In records ENM, longer current, 1,000mV
(6 msec), superimposed short current 850 mV (1.5
msec).

2. RRH

a. MRS
Fig. 9 RECWHIBERIC & - THI - R
o plateau OFIEIZ, &b icECFIKER &
BLILGAORETH S, BVHMERICLS
1EBE LD plateau & X (8 impedance D
B I EC R ER 2 BT T, IEEEA
DAREZEB IV impedance A EE DA
Do, BELUHBERCH L TREAE N
TeZ eRHRLND. TDZ LI Lo TS
HIFELRZVZEBAaIbhS. TSLEEDY
A1 plateau o B @A & 3 HIKERT IC >
LT, 2R3 tHYEY 35 & T bIEEEN,
impedance DB ICELRNENSE Z L ik
v 0T ZOHEEINISHE B & h
é9)14)‘

Fig. 10. Action potential and impedance
decrease associated with semi-excitation elicited
by the test pulse applied after the conditioning
current with different intervals. Stimulating
pulse : In records N, 1,150 mV (1.5 msec), interval
between the pulses, 1.5 and 2.0 msec in P;, I;
and Py, I» respectively. In records ENM, 800 mV
for Py, I; and 500 mV for P,, I, interval between
the stimulating and test pulses: 1.5 and 2.0 msec
for P;, I; and for P,, I, respectively.

b. FAXAREH
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U2 04010 msec A OHIKIE, BF OBE
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WERBD 3R ETEREETH o TTOR
B IBITT 258, H3VRIOHOER
LB Shz.

Fig. 11 giFoHa<chbs. Fig 11 oN
ﬁ;wENMowanEVVC%PbLmﬂ
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T o, » % B T plateau B L UY
impedance P HIEIEZ - h lc—B L CEMET
5RERBE % S 5@ LT plateau 8 &
Ot impedance JHEIRIIRE L L TR

{tjmi
i it

Fig. 11.
decrease in transition from the complete excita-
tion to the semi-excitation. Stimulating current :
In records N, V; : 52mV (0.2 msec), Vz: 52mV
(4.5 msec). In records ENM, V;:450mV (1.0msec),
V2 : 450 mV (10 msec).

ENM

Action potential and impedance
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13, BEDE REESELOHM) 3L
DRI ERICI LT, OBAYBIECEY
b b THMEOHH (KE—E) &Y,
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R b, BEMEoORESEHEMLOCH
L CHEBEITbh# o L itk B b0 T
H5 Y. AT THERE & 450 R
B EMEE) L BB o H K (impedance D)
BRHYBHBETHEND, HEO—FELARETR
&Thd. HEFEORAIIE—ESRNIES
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AHEE LT b —E IR 5 0%, EREOR
BT HH 0 B OVER 15 LI B L 2 7R
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B. EREOWE  BREOR L EN
PREBEER © X % i (1) IEBEMB LU im-
pedance g/ #1fE 2SHIBCE I O B & F T 5
ZrTh BN, ZoiEh (2) impedance >
ErFIBEROMIIC L > TED, BRILT
BECIBOHE L VRPEN ST E, L
L (3) FIBEMIFET S Z &, (@) MRS
Hi, HHAFSHNGFELEZLBRETHS.
PUED XS niEER (588) BEOCRIADL D
EARIEHR E D X > THRZBF OB L
TEELMRZRET I 0THAH. flziE
Hodgkin o ion iz X 3 Na-ion, K-ion 7
Eizhd 2 BRI E B O AT BT 5 R 7
ERERD EE THEREORR LML S %5
BEPERD ZETH A 5D,

C. HEHERBN BT - PRI v THE
HWEPBEN OB EEBET HILEL->T, ¥F
ENM 2B\ T Z 0BRE1Eh 3 M & el
BEoRAED T XL T Table 1iz5R L.
Table 1 2BV TiXBEEFIEDOHERIC 2T O
BMHPFSTEVCEL D 50, BEEN L > T

Bz rHBOKREZEMBEENE T » 5 (Fig.
1221).

&T ENM iz B 1) 5 #EEEFRBFOEF X
Table 1 iZ;R&ENKL 2 ZATHBR, ZNDXH
TS FE B TR AR IS B YR BB O BT ICIE
LICHEAT 5 Z Lk, RO BERAER L
ENM oz h & osfehs -+ 6 2» Th\ Bl
BT, REEZRFLEELRCTHS
5. LnL, ENM 2o COEEH b RIc

vit)

AAAAAA
VWWWY
o)

Fig. 12. Partial circuit of ENM. a. ¢, g:
anode, cathode and gate of the thyristor (Th)
respectively. i, :anodic current of Th turned on.
im : charging current of Cn discharged. V(t):
stimulating pulse. E(t): potential change in
excitation (action potential).

Table 1. Mechanism of the generation of the complete and semi-excitation (see Fig. 12)
Complete excitation Semi-excitation
Stimulated 1. Increase of P.. above P, due to application of V (t)
process 2. Turn on of the thyristor, flow of i, (membrane potential shortened)
Excited 1. Vnm, larger than certain value 1. Vp, less than a certain value
process i larger than in ia, less than im
2. flowing of i, without V(t) 2. flowing of i, in association with V(t)
discharge of condenser Cp~——
decrease of Vp
3. decrease of i,, less than in 3, stop of V(t)
turn off of Th—stop of ia turn off of Th——stop of i,
Recovery 1. charge of Cn 1. flow of im 1. Cum charge, slight| 1. im, small
process increase of Vi potential rise of the| potential rise of the
and its cathode ¢ cathode c, slight
following 2. recovery of mem-| 2, rise of threshold | 2, recovery of mem- 2, rise of threshold,
process brane potential (relative refractory brane potential slight (no relative
period) refractory period)

Notes, Pg. : Potential difference between the gate and cathode of the thyristor, P; : turn
on voltage of the thyristor, V(t): stimulating current, i, : current flowing from the
anode to the cathode of the thyristor, im : maintaining current of the thyristor, Vn :

membrane potential.
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The effect of succinylcholine on the efferent and afferent nerve

terminals in isolated frog muscle spindles Masap MATSUURA (Department
of Physiology, Nagoya University, School of Medicine)

The effects of succinylcholine (Sch) were studied on single-type muscle spindles isolated
from sartorius muscles of frogs (Rana nigromaculata). Afferent nerve discharges and
miniature end-plate potentials (m. e. p. ps) were recorded from the isolated parent axon
and intrafusal muscle bundle on separate vaseline gaps respectively. As the capsular
region of the intrafusal bundle was underneath the gap and the both ends of the bundle
was kept free, the indirect activation of the sensory terminal via the contraction of the
muscle bundle by Sch could be eliminated.

Application of Sch at 25 #M or more decreased the amplitude and the rate of the m.
e.p.ps and then removed them. This implies that the drug may block the activity of
the motor nerve terminal (presynaptic membrane).

After treatment of Sch at 7.5 mM or more, increasing in the rate of afferent discharges
and decreasing in the spike amplitude were developed concurrently. The afferent dis-
charges in response to ramp-and-hold stretch of the spindle (by 0.8mm at 10 mm/sec
from the in situ length) were decreased by Sch at both of dynamic and static components.
This suggests that Sch may depolarize the encoding membrane in the sensory nerve
terminal. Cathodic depression might also be assumed when an ultimate decrease in the
amplitude was followed by a rapid fall in the discharge rate.

(J. Physiol. Soc. Japan (1977) 38, 78-85]

key words : frog muscle spindle, succinylcholine, afferent terminal activity, miniature
end-plate potential.
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Fig. 1. A schematic diagram illustrating the
experimental metl;od, A, Axon ; IMF, Intrafusal
muscle bundle ; R1, R2 and R3, Ringer’s pool ;

AG, Axon gap ; IG, Intrafusal gap ; Amp 1 and
2, Differential amplifiers ; DR, Data recorder.
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& AT kAE iz b Sch 2 T LIS % ikih
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<, B~ % hic FA# L7z axon gap 0ESKH
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Z o intrafusal gap TEEES N B MUINEHR
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Simultaneous records of the potential differences across the axon gap (upper

traces) and the intrafusal gap (lower traces) from a spindle preparation. A, in normal
Ringer’s solution ; B, after application of Sch at 25 #M ; C and D, 2 and 10 min after
application of Sch at 7.5mM. Miniature end-plate potentials are marked by arrows.
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Fg 3. Amplitude histograms of miniature end-plate potentials recorded from a spin-

dle preparation. A, in normal Ringer’s solution ; B and C, 2 and 10 min after application

of Sch at 25 uM.
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Fig. 4. Histograms of intervals between two successive end-plate potentials recorded

from a spindle preparation. A, in normal Ringer’s solution ; B and C, 2 and 10 min after

application of Sch at 25 gM.
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Simultaneous records of instantaneous frequency plots (upper traces), pro-

pagated afferent impulses (middle traces) and displacement of the stretch (lower traces)
recorded from a spindle preparation. A, in normal Ringer’s solution ; B, C and D, 2, 10
and 15 min after application of Sch at 7.5 mM.
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T3 bprbb T, HEHEERMETT 5.
ORI 1% 1% 1E —EDHREHEIHEHHES
2, ZOEERMEROZRIIL S A AE
V. Jansen & Matthews!® (1962) i = D —JiE
WD OISR & R OPEEE L RO, E o iR
SETRER CORBIHE L HHEE L 0E LB
SREE & £/ 72, Sch AL T 7.5 mM 0

Frequency (imp/sec)

Fig. 6.

16 o

4%+ L 1 L ] 1 1 1 ]

0.4 08 1.2 1.6

Amplitude of spike (mV)

A relationship between the amplitude

and the mean rate of the spontaneous propagated
afferent impulses in a spindle preparation after
application of Sch at 7.5 mM.
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DOFT, ACh T—@MEESEZ4 T, HCA Bk
TIPS % AT Bl HCA 2 —EREL L
FIIEEDOR -7 ACh ZNX THERSE, TR
ZakdI., HEIT ACh BEO/NIWEHAITIX
AG 132 5, ACh REEMNKE S & 4G HEiE
PED Bz, Zhit Michaelis-Menten D5,
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POFESNBIEPIHEE LT XSHWTE
DL LhD, SEHBHET WA CREAROA
AV EFREM O MBOB AT ST 5L ExD
h5.

4 DL HTNAIEE R E IC 5t 3 B cyclic
AMP & theophylline oM

A 5 BEES (AERA, B, B4
AR T F 4 5 P-potential (slow IPSP)
i, EMRAE S SRS hE hF 2~ T 3
VEIDVEEIhTWS., LA LERDZOEAM
DFEEEFIIEKAL LTRHDEETH B, T4
Greengard 5 13 BERERRAETE R RV 22 8000T, &
173 ¥ LRI D P-potential 13X Eif%HRIED
cyclic AMP Dfkic & » TRET 5 &5 EH
RRIE L. SEbhubhiiy & 7 = /LB
RT3 cycle AMP & theophylline @
TEM%, HERSIREE & Mlam i NEE % Fl v <
LoRle, 7 FVvF Y VIRE » TRSMEEALME
U 7 ik K, dibutyryl cyclic AMP (1~
3mM) KX - Tl RT3 k{tLB b ¥
PRI Lz, 7 P v+ U VEETF TR LN
K*-activated @%%& @ 38 34 1 F 1% dibutyryl
cyclic AMP FHETTRES h ik » » 7z, P-
potential 3 X X7 F vV VBB SFRERIZ
theophylline (3 mM) AT CHAE T LAH
fi] X v 7z. LN-potential (slow EPSP) i the-
ophylline T CHBIciflsh, LELIES
T = A Vil oW & VR R 2 SR E AL
CBT L. COERR=25vRXO0 7 7 VE
ETTHRAETH -7 Dbk, SEOER> S
Greengard 5ORHZIZFTHHEIIZL ik
oz,

5. BENEy FREMEHICKTIER23 Y
D¥ER

KittE—, WHHEW, BEER, REBTF (8
K, PR, HS—eH)
HptLexg® v b RSEMRHOBSEEIC
W25 e 2 2 I v OVER 2 M/NEREIC X
DRBLICL ZATROERY 2 7.

1) #IEEfT e 22 3 VIFSIC X VRS HE S
BL, ToXREFIRREETITERAL, LIEL
EERMEOEBEROFE S B, Ehic (354

>

EAE - 3 87

FAFITBNT), 1074~103M e 2 % 3 v 0.1
ml 51X ) 2~5mV QMG & k2 L 7.
2) Supramaximal OFiRiTEHERIEIC 3 5 Hi
JADEERSRBO 2 2 I vFE T X b #AX
h, ¥FTRARETERANTIIEESh. 3)
Subthreshold DETATHERIRICHT 5 EikmlaD
CENE, HERIEREDOL R 2 I VICk DX
h, LI UISEBEA ORE % B 7208, HikET
W S e, CORED BV IRIIEIER I
T THEEHOMAD 5V IS 25 ¢ &
BEESh. 4) BEE B 5VIXEETSGER
I X BDEEME O, HkEOr 223y
XIS, (SiRE T (b2l
Motz 5) 77— VIEE ORI T, )
THEDIRERLD 5 VISR OEBAIC T 5 &
AR IV OERIEMIAD SRiLs - 7.

6 ABMHE-FWEH = -DVRICk T B
HRP &i%lcoT ‘ ‘

PAEH M, ANEFRAE, MR e RS, Ak A
(BILEYEL, B, 4.k, [E, §—4mm

Horseradish peroxidase (HRP) o 3% o5 il
KRR OBEIIT OV TEE L.

1) Z o MUHER & B v A E R R R A i
HRP 2, Zoff (M) #TRHM 3+ 3
&, Mif)= o —r vitkiF 5 HRP EHII 0B
DRI 2 it Lz, & Ol skt B NE S ik
WO BFERE (7T5~100mm/H) %+ 530
T -7z. 2) Colchicine (1071 M), 3 pl %%
FRHER NI AT S LR T, )= =—r viT
HRP /&£ 5 T, BRABEEFT
REe—8li 1) 2) OREREPLMES S W I
W3 DIEEE & BEBEHRBY U 7o - e 0330 5 piy i
KHFET S LMETES. 3) PHErBwie
3~7 HCIIMMZELIZE T v 28, HRP &
BREDH LN DS D o7, ERfFIA |
v 7 ¢ —=<w A (C57 BL6Jdy) “Cix:#230 B BN
DM IER T e U, HRP % o
TORINRD o7z, 2D ORER IR ORZE
RBIC W T DA & 5> DIFER DI IR 5> S HHRE I
NELND T EERRET 5.

1. BTN ETHRORHUREICOUT
M R & (UNER, 3
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= VHIEREOEREE LT 55k L &P
Ja# ¥ X ORI 2 HT 5 5 % BB ESUR]
By sE, STMRCRATLHAHERECER
B U, BRBORBOEE, FREBORMIC
Q B AHEREREOMIEMEL, WEHEED
KTH -7

Ha, FHrhh, HIROANE BB AR Ui
& & OFE TR O R SHERE OIRE L EHRE ORI
WOBERRIAE L, WoTHEPRET, HR
IS BNTH -7, Fio, HRI%EZ Ringer i
L 0.3M NaCl CHI% Liz & & OF TS
MINE Y, FHrhRE» S EREORRRIBIC X
S THECRAHERE L R L TAR S L, FRE
DRI X B RHEREIEESPAKTH -7, T
DX 5 RFE T RO RGBT EE X b IO
OEFE MRS LERIT & - T dFEL
Fo. Lo, BHEX DTS O R BEREORBI T
BHEASEA B Cladr o Fo. BE X DETH O D&
2 SE 5 D EMREBAMMT 5 &, EEM
BROBLHC & » T4 U 5 RAHERE I RIES
B L. BIEMROBESIMICE - TELDHN
SR X » THELZZ T . BT
DONEHEXET 558 TRIEEESRS L,
HEE AR TR T 5 44 Tl I AR o3
L.

8. MBS OSRBRFIRE L UE D LITRIC
DL T OB PRI
LTEBEALS, MR- Lk, W, PIRER)
Z v b OIHEH OFHIEE S X OBE#E» b AT
T % = AR N %> BRI X USRI R B~
DREFFREARER Lz, T ORLIR T % B 5H)
WU, [l X ORRIAREE X b ERBREL
EELER L7o. T ORER, AMEH@HIHY D ERH
WRORIEE T ORESHIF L, FHFEERNE Betz
FRIESE & RE BT AL TR L. S 51T,

Bt B AT ORI HRFRS O T B FBRg D

B X DEZWE 5 » 7= (bmsec). T DD
v, —HAHIRBE S S hets, BR2 T
UC AR B S h 5 4icBREI NS
DR BA ORI DHEE SN, e, —fllD
FRERBE PRI 2 5 [RHA DA R T~ DR S v IR
TR 3 X ORI THERI U 7R O 3% L\
ErD, Myr/ABEEEEZ bk, &5

2, SRR SAHUHEEE BRI~
OF4tE HRP 2V TRE L. XOHR, =
AR MR S OB, — BRI ORIKRH
FECEGUABRRL LT, SHIBKRENBERN
ST 3 EE DR, DEOKREN»D, HE
B DIEAE LTI 2 mi o bRBERET WS
BT oW THER L.

9. ik o HRP h(C Xk BHE

NI M, SRAREERIF (RBAK, R, B
B —RH)

Norgren & (1971, 74) 1&E OWKIKCIE L%
= a— VRS d D, BoREOIERE
S % 5 IHHlo VPM % X RO Rz
BT s LIREL TS, bhbhiEl D=2 —
vV EEET 572%, VPM & HRP A L
S Dl L M TR L. 1
ple o~ 30 b VIESHERIC T stereotaxic & VPM
1730% HRP % 0.03~0.05 1 %X, 24~ A8
OIS La Vail O5ECcREL, #Eik
LI 2 , Graham & Karnovsky D47
¢ 3-3' diaminobenzidine & H;0, T J& & &
oo B = a—w v O H 5 VPM ORISR
HRP ZiAT % &, Wl (EicFH) Obak
%R (BCM) @ L b #s&he o8 & ki
B LT/ NEOMR WillasEE S h T b,
*7z VPM ORI HRP 232 A L7cL 25,
ek amiayy BCM i3 S hd, Hllo=X
BEEER « SRR R £ BN~
LOMB H B i ERoThoBEE S IR
HRP @iz vl Shigd - 7o, 20T
2> 5 BCM DHIE WWINE DRI 3 KT ik
=.—rVTHHH LSS,

10, BERTHEERE= 2 —0O2ICHTBIIN
I—2FBREFEOIER

¥4 I, S. Nicolaidis¥, k¥ # (uk,
R, e ar—Tae Fe 7 5 v R MRREHE
)

Sy FEPRHIE (VMH) b % 702 — AR%E
= L—w VIS a— A LRIET S HRNEEHE
EEREEELTWS, ZOZ &R VMHO®EE
F—~ b ic X BHERS VMH & R HRERER G 2
T52¢, BIOCHHKROMPERE T X > TI 1V

o~

o
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2—Z (G) FR= 2~ rVEFHEEERZSF5HZ
ERBHEL,PTHD. ZOBRBOHSREITITZ
hETNa—2EDREERTTIVWOR, HEN
NOEALZ LIELTEHOM, ERRETETE
V. ZhoOfaiars—ie LT e XU B-
AFN-D-F 2 — A (aMG, SMG) 21EF < &
7o, MELLGHA= =— v VEFTERLTE
Bk bR @ 5. B-RICHR 2 5 3 KIRET
BMG %% eMG X DEIRRITH D725, WHIRE T
fl—Td 5. ¥ 2-deoxy-D-7 /L 2 — &, 1-
deoxy-D-/"/L 2 — & (Poligalitol) & % icxhH
B3 & A ERERT VD, eMG & X U AMG D
YERCHERT 3. 1 vy =) VEHERGER= =
— v ViR LS WIGIER 2 258, Fba—2A
LR E XS L o — 2B X b H3EH
miEBRET. Bloz iz, GER=a—RrY
2 aMG % X O BMG ZBNE T 55, FOhi%
HRITIX 770 2 — R DFRIAPI~ DA B H3 b B 75 D
ThREVwhrEEZLNRD.,

1. BIEEZF RS DIRAREADHRSFICONT

KEFEEL, KA B Lk B, 4H)

Z v P ETBHE R E BRI T 5 & EPRI
(VMH) i @1 CIs T 5V IEHERE (N), 2w
T/NE TRk (No) & BTk & < @ 500 Inbaik
PPy 3SR TE 5. Ny EHEMBICET 50
T VMH 7> 5 RTSEEF~ 84 3~ %3 05 IR R AL T
%. BHERMC X » TP OFIFES AL, 74P
DO Ny 35 L O N B3Il S 4 5 DT P il
P F T RABNABRDODDTH A 5. Nz 12100
Hz (g CIST 5 O THY F 7 2D >
FRABMERDODDOTHSS5. VMH HOH—=
2~ BYTEHTLTE, Ny BXON TS TR
HELL»HPORBHINHINEDOBH 5. /T
FERHE TR T 5= 2 — v VIEINLS Y VT
HEhsd, —AMENHRCSECRv=a-r Y
7Y eI L. EIDs Y vV
CXHIMENIA Y =V THIEXNEDT, §
SHEFRIBOC X 2R DIZEWEL S ) & v DR FE
AR,

12, BATHCHITI <1 o OMEREE <
O#ERRROEE
ANEFRAE, KA W, ORHREY, WKER

A

& 89

PR, fea RfIE* (&RA, B, B4
B gLk, [R, H—4HE* . BILEEK, E £
ﬁ**)

EBEFTEIO “Big S 137, “Bd” X K* R
W BERIAOTR & LTAWER{T o2 F/b
ERRIK (R TEMUE, LH), §5EIRE =
(OBF) s X U EEDH (MC) = 2 —r VDL
— 1 LB RATEIIC AT 5 G2 s B SN ER AL O
HIEBIRE Lo, £ OREE, 1) #3501
DLH = 2 —r Vigid LS~ LHT 1.6~0.8 Fic
P CERRFEHO LR, i) W OBF = a—r
VTV T OEFIET O, ii1) LS~ LAET
BB R LRG0 LR 2R T PT
=a2—ryvd OBF =.—w v FRiEion
#l, iv) OBF ¥ X RmHk#IEEM (AL) Rl &
D LH = = — v v CHIKEERFOREREICE &
K FH-HE OGS, v) LHEBGZ LD
OBF = o —w ViTliZfis A1 7 & h T
o6 < B F 7 iE I OIS AR & B h e, A BT
vi) LH & MC @ PT = o —w vic i3 ic B
VFTAPEMEEDODH B B 2 & s o
oo TRHDEELSET LI~ i L6~0.8
B To LH = 2 — v Y OEIHO_ LA LH
W=~ 7 v REEIC & 5“3 o F 4
¢, LH =2—wrv& OBF, AL X 0'MC = .
~r VEOBERER TR b= 27 v HREER
“HEET 1, Xbic LH 5 MC © PT = .~
BV AOH Y7 A BUER B R Bk
BdHbHTEEBHE LK.

13. RIS TERRERRIMICHELE R LIFT
FEFIc20T

HE B AN#ER, JEET (LeX E
W)

7 ¥ ORI TEHC thermode % %A A
BB T, ZOWEE 4 ORECEIRAHT
&, TN CBEHEEDOHEM®E A SN,
BATY 0 ORNIE TR 5 BB E D2 b S BT
R THOEE KL 2MOENTE S, 2O
IBERZWII SR EIEOEEIC A U, Pk
BIRAIC e TOiIL 7t 5. D2V TH5C DES
B 5 BT LESBEIS v ¥, &b
G AT TR RFTE 2T (%R 30°C LI 2 %
H1) % BORRHEI DA EHE LA HIS 7 - Fig o
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T, kbOHIE X D £ ORTERR T OIRER
FHRHEE Lz, WTFhOR I REmiIc LT
BERSNOSBIL 2RO 7, RRETEICHL
BB CH 7. 753 150 BT Hift L CRT
BEHE T2 RAGE Uiy £ 2w ThmL
T H8OIEH D B D LIFER U TH o 72 KifED
BWIEHIRE AT IIC LA £ OB AL ORHRY
R X » T2 DS EGIIC L, HEgR
TIROBBERBEIHEILL T 5. L LATH
BT OEESRIC BB Th, EEGE
DREBESHRREIT X 572 CRIBRAZELES T
LIEZDNDEDTH - T, BIBHRIK FHEDULE
RS L S SIS W ELRS T B 2 B IERTE
THETH 5.

14, EHEEEDREE & TR TER & OHEE
FyEgE

WS, Mk & (Lnk, B, AR
4 DIREF L ~LC, IRERC T EH KR
7% HIESIRES RO A REW 25k L, T
@ interspike interval histogram 243 % &, )
R T U OIREE AN & oo aRIC L,
EEF L Gaus SAROHMB L ET 5D DH
%95 7e. LinL Gamma SAiROSHAMEET
BhOBEE L. EHIRE AN ~ D AT
i, GRS & OO A B OTREE SR AR
LOEEATMNBESNTW SR, EAO K
B ONC BTER AR PR T3t IR Al 2> & DIRE A
N FEREE LTV S, R ATEER T R
TrhA VEMBEATSLE, HHERZSWTS
IERER AN & B bl T L, #
R R TR IR EE SRR 0 B s & IR R AL
2 Telo PRI 2 B S IRERIREEE 5 U Tv
B EBNHEINS, LRBITHRKTHORESR
AMlaCR, EMOBEREC X > TREELS T
% neurone DEGHE L, LR LV ~/L2 SRTEH
KT EIRESAMIE~DERRBESH V. Zhid
AR ER Tk DIRE R A RE O\ neurone {2\
CTHFARLISEDLNEDTH - T, AHHEK
T#5 neurone XZERE OIR B AMNE & SRR
MREREE R L, REFASORSIERCS -
TWEHDERIND.

15, BB <5y MTBI LY HATORZ

£

J5v5 41 E OEH

WOHER, REETF (AKX, WHEBERAE).

Z v MR EIR bR TE) (LT
X0 8WRIRIEE — 2~ 2 LBHI T 7 v 2[E
ESE5) AL, S—MLEKE & — % —
off DEF (GRfLIER) & 2TEE & L TRHKT
5. BEDEREEDWETHHEZZLRTVD
FuRES5VF 1V E; (PGEy) % 02~4.0 pg
B TERiCIEAT 5 &, AR D ~155MH], -~
— L3 X O bEEs A L, ERO SR
FREMES. FA LK PGE, 0BEBAZIVE, T
OITBERE OB £k Bt L, RROE
EhRkE v, —F, BERILTE (-FLCX
De—&~ on, 77 offf CAKRDOEREZITS
L, Ty MR LA R HEC X D B
AT, ZDX S EDLLORGT I
BN EEE 2 RN X S H AT L TEH
Ziat o, PGE: B THEASKIRFREIMD
WS T 2R LTINS OB LE b bTEH L
b5, REWGEREOREY I 2V —Ya vE
B2 AT 5 &ATEE IR SIS O bR TR
DI A ERRIFTE, BRGNS OBEE
VB DPof. TSR TERVWRRET
PGE; #7EAT % & HAMFANKICET CRRE
ORBEART. (TEMIRIETIE & B AR
L ORI BRS B 5E R L.

16. {KBEREA N5 Y MTENCHIT DRHRKT
EpoikE|

IR OVER, EAET (REAK, AEEITAELE)
FTARER T S i B & 1S A Ue 5 v b 2RI
BB T ClREsR LR (S LIC X D 3 PR
e —2—% 2 %) ZIBL, S—#LE
¥, wLESREEFRGESTHE & U iy
%, WK TR mESE T %5 &, HEKRTHE
(Toyo) TS U T IT BRI, S48
LIREEEAELYL 5> & T 5. COFHXVRR
Thyo BZHEDHE TS DMEE (Texnys) i X
DEDQLSIEEES THPEFANSE L, Texny

- PBMEWIREECIETEIEIZED Thye TRV TEE

Q, F7 Thyp BFWIKRELRSE. —F, T
BE RS TREAA—MLIR X DIYL0FH Thyo
ZEEEETTFEE VS Thy HEHEIZF S
VIFEETy PICXE, MBEOEBREZT-TH
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5 EEBEIEVE, OFHERIENET, Tho
Fxd 2 KGR T3, 2hb=o0ik
IRFAEETEI TR 2R Y, ANOR - ¥R TH
4 U iR B 5L P 4R © multiplicative &%
SFBLHDEELZOND. ZOETbRbhDIR
BERSZE= - — v VOERS, HEMERRER
ISOERTHHEINTVS, =2—rYyDLr
IVTHED DR EMARERE U TORIRFTR
JED VL TRONSFINEERSM =2~ v
PEIRTIH R OB THENITHEL TV B E WS —
DDIHIC B 7 5.

17, X 31 RAEHIZIAR O GABA [N HE
[xt9-% barbiturates O{EH

WOKEE, FOfE, B OEALE (AFRRK,
[E, #—sEH)

Barbiturates @ ¥ 7 7 ZAFHNH © {RESE
(Eccles, et al. 1962) D2 I+ 5 HAIT,
GABA WWRIEINEZRAEE B 0% 2 ORIRMRE
WIMHHEA % FH v, GABA BisHIC &5 X1 +
barbiturates (thiopentone) @ /£ F & #lia Py 3nek
BTN, RoOMRE 2.

1) 1078~10-5M thiopentone % GABA Jjii4%-
W OIRIE % dose-dependent iTHik X# 5, [
FE® thiopentone X HREMIAIADEEAL, TEHEDL
D BN EFEEBE v, 2) 1074M thio-
pentone % 5. iC X Y BEIRPUIIRD, EEMDEK
mV {£TF L, GABA [RoMEFHICIER T 5.
3) 103M thiopentone &5z X b RO HE
(5~10mV) xijtiz GABA Ji4HEIkii43 2.
4) E0TEILEE thiopentone i X 5 [Bi4rKir: Ge
DiEkIC #3 <. 5) 1073M GABA T GABA
TR ETEAT “F&YE” #£ thiopentone (1072 M)
%%5.% T%, thiopentone 1= X i MEIT St X
5. 6) 1078~10"5M thiopentone T T 3%,
GABA-GABA ZAGKKIER OMFEHERITZLL
. BlEofER, barbiturates (3 GABA 24
R & VXEEE &5 & & ¥, allosteric site IZ{EFIL
Cl” # ¥ R 2R XE, GABA MRz Rk X
BEHRE DO ENHA L.

18, S rOKFEL Y (TTX) OBREMREICE
EXA5iEH )
YREXR, THYZE— (BREX, &, Dk

bt

&

% 91

PEER)

AR RREZRCE XET TTX O%ER S
MLdDTH5. EBICITF v P 2HW, TTX
DOEME E 7213 L P IERH% I 31 B EAA T ERE
FIT R 2 BRI RS 2 508k LR 7Y & I %
72. 10mg/ml @ TTX % FHic 3 5 Lz
WA, T OEBOIAImRE R S8R
TR RS VIR D60 B FRES I Le, T DBk
RBITHEIR I X OEER &, HRSs X OBk & O
THAERENRD Hh, HIB X OEHHRRBI
THMROFPREVEHACD -2, T TTX
12 K B BRI R S I%h SR 12 15~30 2 [HikRE L
72, 1 10mg/ml @ TTX [E Vst
LRISEERL It » - 7=. TTX OERFEHIC
¥, guanidyl EPBEIE Ih T 523, @R
COREBETAST =AY — &M, o TTX
DYERIC AT /EM L7z, TTX 0.25mg/100g
FMT2N U CRERARER S EREE, &
Lfg i BIARIM LRI 5 SR ARG
IIRA L, 30~604%5 1T 13 3 lBD20~30% & 73
D, FAWHT, LOREI0MHLL £ fE L
7. o

MM L7z TTX 1k guanidyl Z£a 4L
LRfMl D receptor site & #EA L CIEAZRET
LKL, MIFHRE L2Ba, WHRoFE
ZIMET 5 2 Lic X b BRNRRIC OB T
DL L.

19. D-penicillamine3%5.5 v b Cds(t 3 pre-
ference 1TEj& WRIEE ‘

PEEE, EEERT (K, [®, 4.
HORHS AR R ATT) ,

D-penicillamine (D-pen) OEMIFS5IT L i
BOWTHRERERZ S TZERHMBATVWS. b
hibihiz D-pen 25 LT v P&V, KK
Wiz k3 % preference fTEhERIAMNEIL T 5L
DT, T BRI 3 HR MR ORIGE
Y BRETERNCRER L. T OR, D-peni%
55y FTIREES v MCHART, &, Ui
A3 % preference DIK TR Bz, Lo,
BRIE L S ORISE TR EOMITITE A &2
BRONEP -7, £ L TE h & @ preference
IR OZHEIL, %5 L7 D-pen D, HAMF
TLTHRTY, FE5EE2HPETHLEEFRDODDOAE
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B L. E7omEgho Na, K & Cl £ VO
ERIE ST - 7255, Fh ik D-pen &5 X
Wb E R I,

BlbEdz &5, D-pen pIEiRM# X b KM
O, RiMfaokZic ¥EL2 525D TR
<, WREPIRE i3 o & B U C OBRIEHRE
TERBEECEER2 52530 E 2 b h
3.

20, ERBEIRIC & D RERE O

RS, L, fegbs, Lo (5
IFER, F—HH)

SHEERFC LELBLIHROEEL KD BT
DEBET 7. BAOEABTEZHAV, £F
0 1-2 hREEERMIC » 58K (F8) it
ZRIALTRIEE U, FRAFHRAECD Tee
BIR & oftiic 058 1 BEIRET 5 EHEEH
WHIR T - 7. BEOEZTARD oW
HOLFRYEEN % 2 ~ 3 BEIOR £ i3 Al
L, MBRECHEIEEZEMOMS &LCFHRL
.

BRI X - T OWRE RIS E ORI
Zohiz. BERIEE F X CRURT SRR
¥Z 5E TCORMEAZERE L < 20~1,6208
DEPFANC D » 7. F—ACBEEZXE LRT
BRI BENRZ bR, UL LI6GIDERFIZ>
WOGEBRBROM S (L, mA) LAMEIHFERE T
DER (T, sec) & DBFREFAR % &, 1=011+
18/T OoBEARMHRORXBEILLERL LT & T
& DRI I HIBAFREK 0.87 (P<0.001) % % DE B
Bie B NG oTn. ZOLEMBERNSE
O VIHBEBR O v E— XV A (3~179
kQ) WIZEHEAMLTEY IOmA BT TH »
2. BB DOBLSHME LD 5 L REIGR < hlE
T35 6 A 8 HIOFSEIER L 275.7+£91.3 (S.
E) BTh -7z, [DIERRM & BESRG L O
REOBRE REER» 7.

21. k FOIREFOMBRER

TEHRBETE, FILEE, RAEE (FREX, 8

e} O & H R MENE L TE U AHRERE SRR
TRrR T NDOWBHREIC DV THE L2 S
HRIC X - TRk L, HIHIBMERL (P) OFE L5

Sip

S

WOV THN. FERic LD P oL b
250 PR & TEABEI RS E O C RIfRiTH L
CTHFRFH 21.120.8 (Mcan+S. E.) msec kX *
285+1.0 msec T D WIRFALE D Ca-F3 FLFRIC X
DIERLITL A EENED o7, —HERBIT X
5> THEU S Py O H DS D i & HE BRI
Cs-Fs S0k CIE#NFh 140108 msec k5 X OF
233+ 11 msec ‘Th D HHIHDOBFA I THI6
msecE < HHE Le. 5 & FOMBIKIC X - TET
% Py ORI 13T H #9 8msee TH -7z,
HIEHE L fgD Py IIIHIREAHDO Co TH
FAR 2T VB, #58Ro TRM OB b3
B, ERHUONEER & MRk <k Py
WEE L ie, WHESHED B 2 Shvie P
OHFIEMHEOR R L X B L. REH
BT ONRED Py il O ZRK &
UCHREEER I R MO SR E R Lic. SO
MRS X AT A EERI O A 923 L
Q, Py AHETLIZ L BEHETH TR/ A
R DT BRI D W T IR T i R R AR
CE5HOLFERETHY, ELREEETIE R
WO ELTH T,

22. HEXOHCEFFEFICONT
TR, G, ERE— NEER (B
A, E, #AEE « MEIEmR
ERBRABER T, GREMEEL LR, #
R OXBER (DL F MRF & 3 %), SMAAH
(MVL), NIIIER (MVM) & 5 55 ORRB=BER
(MBF) 75 ¥ S OB OWAIIRE % 72 2%
z D 1 FDOBEAIE MVL>MRF>MVM»MBF &
nY, HGENEIERSMER L. HOZ«
OEMIIHRNOETRAR BHREHOEs D%
Zvse & R AR I X B K & R ORI 2
ZFCWDB. FRT, b HRROMBEIIT LTI
WomEs & EErEL, HERbEL, HOME
jRBEERT VW5, lmsec fic AD L
7 BDORODHER (vo) © 1 RILHTREIRHTIC
I OEN P E B (THuEE, R
Gu(B) ZBERAFM (HMERCSz 5h 2k
DR, i) OHEL 0.2 BRDVD, HEXOS
% 0,2, Gu(B) 251 b AHFANITEEREY G
LT, on?+G=oy? 5. TOEEDKE
1d(=logs) % & % & 1ldoy+I=1doy, I=1/21dG



(BIRROBM AT E) &7 %545, 21dem &
2Moy BRENTHERFMEHERO=V Y
~TH5. ZOFHRLHEOME» S RHERED
ZRT 1A (don, 1dey) BPRES. 52D 1HD
ZHOHER T 8 FPM, 500 msec fFizskd 7216
fHDR (Idow, 1day) 7> 598% DIFFEHIF %KD
BEVER AR S — e oW TR 7z,

23. BROEREN
NEPERE, VERRRE), TEMRK FEHE— (B
MR, [R, SEEED « MR IE AT

I ORERE] ve 13, BOEITAREZRTEH
Zoh, {an} ZEACREBHRE, n 2EELTS
&,

Ve =Sm=1@myt-m+n:
EPT B, CHICHEHIBEER T B, (Bt =Yt-n)
PRAT S E, KOG

ne« G(B)=y:

DG By & (B LRI

G(B)=1/A(B), A(B)=1—3M_a,Bm

NEBRhB. Lid-T, G(B) ThkoFHH
HEBSEEWICERTE, ¢, 8,0, 8 i Xo%
ERBRSFTED, ISREACEMER {an}
BERGAT 5 © T, Wi NHOILUERGREED
{an} ODKWRTER2Z b% Al &T5E, 20F
B XCHE-<7 b,

N
C- - Ai-A)(Ai-A)

ZHAWT, EEOMEOEHTEFREN7 t1 X
& A X OiEEEFx i1,

Fx= %‘Iﬁ)—jﬁ(xﬂ"«) Ce(X—R)

TEHTE, BHE (K, N-K) D F 545 Lichs
5%, O Fx 2FIA LT, BEox~v
FEBIDSATRE T D - 7.

24, FHEHAREE & HESIRIRAE D 2 X THCH
IREEHIC & DI TEIRENAE OIASD

BB, TR, BB (B,
B, HTE e A o MR IEHAT)

3 Bl D.L B R KRR B & 12\ TR BIIRIE &
HEREAER S T —TFAE L F VAT a—

b Bk 93

THIFEEL, RS LE. T h b O aikihEs
0.04 B II00T b7 - THAR b BRI 25K
®iz. 1) FEIRE & IR E ORRIIDOH
SRBREE ST EREK L CIRIgER
HD, ZhbORFERINIAI S EBHNCIER 5T
BINT T EREN. 2) EEDORE DIEIREL
AERZER X Di@EEDLH « DI EHIRELAE KT
T 5 & LK DY 4« DI EIREIC D 4KFE Lx D
LELWTVWEEEXONEDT, ThbDKER
AN 2 RTEHERMERZRTEE 2 5N 5.
3) FEBIARIE & WS ARERAJE & 12 2 Yoo E 2 ER
R EIEL, % bzl DZEHRETIME O EREIT
2175 &, 26300 2 kitEik: —=oD 1%k
G E B D, fho 1EE=20 2 RiGEH:
BB - Twic, 2 REBHED ST ~ A7 b L
DEVZA~T5Hz OB L 10Hz fitkic s b, 141
ZDH 23Hz DIFFIENZERD -7, 3HlIT
BB O DEDE S L IREREE BEEITER
DEEELI VR > Tz, LEEHB-T, Th
5 O HTRB I L E i O F WA A Eh T
WA Z ERRE X .

25, EMRSESR LUTRARIHIC & SHEET
&4 T DBEICOUNT

WAMEA, ILMpFIEE, AEA (BREX,
[, fB—sH)

KB B X O EHIZ SV TR 76 mmHg T
FNTh34%, 31% OVRENE], 38 mmHg T
FHRE & B 1wd3% OIERIMEIR A Bh 55, KN
5 cix76mmHg T 7 % OWEREH, 38mmHg ¢
25% OVFRIMHA B Sivie. CHISEERIE ST E
HEBITASCEELTH 5 2 L IENSRATHS
2%, FLERDEAHRIMIGH TSV TKINEE B
X CANIEG TR L Bh, BEE T
WA H BN, BREEET - AR
ENBEIIAMEERE DT RE kB, RG]
@ pattarn WXERIK OB & & Rk C, B OEE
3 [AIRR7; pattarn Z7R L7z, 51 4 v OB &R,
KINEE R X AN T, 76 mmHg TK 4
F vV O OMIMIPI WD, BEETIRAEL
WML Cw5., 38mmHg, 0mmHg »{KEES
Bl 3 Ui’ o THMEEE & dicimiiak & <
moTWwa, Ca A FVIEKEE R XKW
BHCE, BBRSETTOHEIEL, KIRA
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BODWWDBH B B3, FHETRHERKE
<, Ui RBOMmMBIHR bR, i
BRI X - CTRNEES X OBEERE TR K
BI® Ca 4 AVOFEIIRIWE, KHNIEHT
FSFERE LR RV. LELENSORE
VAR DA L [R5 pattarn &R L7z,

26. YU £ HIEEEICKIT PR AHOERM
12D T (ISP A F >~ DBENCDUNT)

KiEEGE, TEREA EHH®=E (BREX,
[, $—4H)

M2 Warburg BEJE T incubate L,
BRHERLKKIC Ca A A VOBEIKOWT
KRR LR R Lk, GEIEECY VR
Ringer ¥ 0.85% NaCl ¥ G, FJEs NaCl
W TRz E A Crabtree hRZR L7z, KA
AV, AETE, &8 Ringer i CEPRIK
DAL, fERE Ringer WP CEHIRIFEHIAS B
et KMEETE, WETHREBSSL L0, %
NIXEHE Ringer & X D H4EHE Ringer DK
KE\W, Ca 44 Vik, WFhARIRBBAHRE
N7z, F72 DNP o 10-8~10"3 mol % {EF X¥-7=
B, BRRINE, AR KINEHE L $i 1073 mol
TIEEHIH 104 mol Ttk & IR RIREL R
L, MEEMBMEL 7551 LichS » CIFIRRAE D m
dNX B, K44 ViR, AT, KiRET
275 D RAB DB DI, KN E TRt i
BHB N 5. Ca A4 VIFTMEE dKIRET
IO ABSL5NS. %7z ouabain @ 1078~1073
mol Z{EFEE 5 &, AETIZ10%mol XD 3
TRIREE TIERARME DBEMI 23 % D, KIKEE TR
B YRS IR OBEM A & 5 h 5. KA+ vV
i, ABIRRETHEE L, ABEEDIRETH
%. Ca A4 vk, WHEE DITIKDAZNLD
hie.

21, PRIREtC & BEENE R OB

i 8% OB, Ak B O(REERK, &
BEEAEEE)

BSHEKR IC X 5 ERANERO W REK %2
bell factor 38.0, Z2&kIE 81 DIFREHT DWW CH#ET
L7z, 1 [EERE %S ED10% 5 590% i Hihn
ERBEDOREEKECEBERFT LIcE 5,
LHERIC b > TRIZL LRV AR, 1 EFE

& # &

BOIEOHRI b 2 /KEDRB TH o 7c. Eio
EOBBIEMOBE TS, EHERHT—ER
- THEBAMEDOZ L E BRI 5 X 5T iud, [
BROBRERBZ b,

Uit o CTRBS —FICHETE 5HEBE=/V
oA~ 2~ X DEHARERTRZE, WRER
DIFOPALE B RS O {EIRORHETRE
BEBObTELELTIV. £5T5&, ZOM
BEB O = R L ¥ — BT s EHE, B
M SHEOMER Lk TR bt flREIERA
LHTERTES.

1) EBrhic 2 OFRIESERICEET 5 R0
ERRIEASRAL LR R R T & ek b. 2)
EIK T DR D DEHEICET 5 O FIRDOHE
B BT A E BRI OR A E T &, E
WHER Lz O, BRMRTE 5. 3) EHK
TORE D BRI U BT 2 E BB OR R &
B[R &, EEMCERL: O &, Tibb O
AEEAKRTES. 4) Tz offt Rl
& DIERE S, O ABOERIK - kR 2 T
Frriclb.

28. 4 XQIMEE 1> R Y Y OECERBEC
DT

TRk, NERBEY, IR (REX, B,
ETETE, PRI - SRR

A OMEEZ ERSE 5 X 5 el &
W), B L ofEx ORKE HE) ZiExTRE T
WaIZh b ST, ToEFEEIMch TV S,
Lind & 5B S O MIEEIL IR 4 & Z DEEDORER O
M ET S P OEEL S 2 Th5. ML, %
e OB E IR h X D IAROMBEEE {50
Mz #2550 T, MbEEE SRR
EEART. 4 VR Y ViR oW ThRBRT &
Bz b, FChHEEEREERHT 520 %
v 7 & — LR T OfEEMER A =T, 10FRIzh
70 5 v E ARERT 0.04 g/kg DEAR 2 5
%, MMl “@5E” 2 ¥, 54% 120
EOMEEE 1 v A Y VIEDORDRDORFRIZ
sk, B2 XKDEDODERINC 1 RInEHT
[EJRRNF 26 Ui, MBEREEEICEETOL W
FEEERe, JEE AR OEREH TH - 7
25, 4 VR Y VHHEESIEO AV DD R
WEEOER S BIR D, MEFAETE X VERO

o



N
=

W TH o7z, ZhiZA VA Y VORWEMT
HEB S EOE B 2D 50 LTWB T &
ZRRTLHDTHS 525, XLMmEE A VA
VVYD2ZRITEDT 4 — KT~ —~Fie 71—
FoSy 7 HEE S EIRSIEET 2 ko5 © & kK X
D, SLEPELIPREBTHAS.

29, IMEEFEHEEIC T I MEE A 22 Y v
BD7 1 — Fiy SHEEBNCDNT

RERSE, TIEMICY, R Bk B (R,
R, AR« R, MRS HT)

I HE DR M i v HE & Dk LE VR R AR D
B5-3 5 BRI ERM S T 58, £0
—iiE M5 BT, MBS X TR b D,
F v & A2l ok AR & 5 4 [ bE, 120
HOMSEE & 1 v R Y VIEDORFRINE 2. HD
R OMBEEI: Fh X D il@FE 0% 4 © s {E
BT 5E» 0 T, BEOFVEXLEATE D
MR H 50T, M E RO RT &
Ezbhb. ¥l, HARKEA VAU VORITD
FROBRIH D, SSICMmEE 1 v R Y Vidh
WIKT 4~ Py 7O HBREIGEE 2R T E W
25, FZTHEAREAEEA YR Y YO 3K
H SRR AR & BRI 21T - 7o, BEATNR S MAL
BOA VR Y VIOHT HOBEDOTE (1 V-3 LR
JEE) 1330425 3G D B il F 23E T
B o7cdd, PABROMmMEERLEEAR T LTS VA
Y VI31053 5 205 F O F v S OB & 3% 5
iz, 20z LRI AR L & DINNEREE )
B 5. 2 FORB R0 L RPN THEDSTIRE L AR il it
AERIZE > THED LW 5 < kEjE 2R
L, W24 VYR Y VIZBEAR L RN TOMEED
BEit LRWEMRE 2Rl 2071~ F
Ay ZHIOHIICIFEO DL VWIIER I 2 Sh
TWBZERTLTNA.

30, RTF RARIEY OMREEIES

MRS E, AR (i, 288 8 i, db)I
[ (Riggk, BB, $—4&H « B=NEF .3
AT aklE N &R )

gk, F)IS0 SHEZEHOFEMEZISHL,
72 ITA K L7~ metamaleimide-N-hydroxysuccini-
mide ester %F\ T angiotensin 1 } XN in-
sulin % p-D-galactosidase THEz% L 7z. ZHh

-
o

>
&

oS 95
LZRAWTEhLhd enzyme coupled immuno-
assay (EIA) iCpzh U 7. FDREEIL 1075 20
VL TCdH - T radioimmunoassay (RIA) % %&EE
F%. L# L angiotensin I o EIA 13m0
B X VESERTEREBD 7. £ 2 T10
mM EDTA X 0.1% bovine serum albumin % &;
TV VEREHRE (PH7.4) 2 AV CHRRPURR S %
kTlgo7cd A, MBPFETT L5pg »5 50
pg OHIFETHEBUE, FINEBHRCRIFELD,
7z angiotensin II, angiotensin III, 1-sar-8-ileu-
angiotensin Il 2T 4#M L THIE TS /. £C
TARBITE + OM#Ey = vE®RIEIC AR
BuTxohiitiRfsz RIA Tz bhi-iERa
Bl 25, 42T Y=090X+002, r=
0.94, t b TIEY=080X+0.2, r=090 & FiF7r
TEBMED A B e,

31, TaE&EE S X O & & cortisol « corti-
costerone 7KICILIFTEREK I Y DIEFH

IKHEWS T, RAASHERS, AHJIRE, $AE= (B
WK, R, H—41)

ERAX IV A RXROREEELE VLR
FHHCHMSE5ERH SN TV S8, +OWFF
BTERAKEETHZ L EPh T 5. S,
TR X EHV, R %3 v OIRNIKS
X 2alEEERLEY, T b B cortisol &
corticosterone DZIAEIEBIC DWW THRFT LAz, 5E
B, RIEEIRMERIR DB IERIEC X 55 = =
V=Y s VR T, RO 4 T trans-
buccal (i CTHEEE i L. X301
mg/kg BREFHIRICHSG L, T OHB—EDRHYE]
HIR CRIB MR L2 ERIT L, Mo cortisol &
corticosterone & % E & L /2. ZE &KX thin
layer chromatography % T4k, %
HEETHIZE Lc. B R & 3 V54D cortisol &
corticosterone 43ihl, RSAETICHR LT, RE
TiddH I HROMMPBRED b, ZOHEXE
AF 3 VHBEIERRCEENRESIRET T 5FE
BEgT 5.

32, BEARLEVDBICKITRIORET5Y
F a4 rBLUCZDEAKBEEROMERICDINT
KBk (BIFX, B, R4

HEA R & R ERIRIL 2RISR+ 5 72
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D EEREIRC TS = ~ — VEEALL. &
I U 7z Ml §E vE Gardner kT 17-oxosteroids
(17-08) 2 Liz. SEETRAXTFVT 1
VORESHREEE LSS P rEVORE
SR VT BB LB R LS PR IRETT S
iz, FOMERTAEY Y, AV EFAYVY
SHTLE UCER BT 5 7e. b b CHIEH
72 Y Y (20mg B3 200 mg/kg), AV
Fr¥v v (3mg BBk 30mg/kg) & il
p=a—1ic X b5 %, 3% HCG (20
Lu/kg) FEELE A, WRHL, HCGO
17-0S s ERNI AR RIS & bhie. 2
W eyclic AMP @ 5l EH I oW TiRET L
78S, 4V FAF VO R E 1% cyclic AMP
(1mg/kg) © 17-0S Z-WAEkIER 240 Lixd>
oic. UEOHREPLT RAX S TVT 4 VIS
FELREVOT Y F RSP VEERSIETF CE
53 25WETHH5 EHEABND.

33. ICSH Hlck&IFTIOARLIIVF4
VDB

SE|EHA, SEOLH, HHEAL BEK R
ITF—# Bk, KB, EifER

3 VTR — VTR LTe A R VT, B3N
SESRIVEIRNIC 7w A E F5vT 17 E
(PGEz) #1%5.LC, T#fk gonadotrophin D
kT HEhE A BlER L7c. Gonadotrophin ODjlif
wEvk, FEEERRMA D 17-oxosteroids (17-08) %
HiEL, WiRE L.

PGE; (1 ¢g or 5pg/kg) DIHENES T,
gonadotrophin WHERIBEN RIS Bk - 7.
UL, SEENIRAEES- (10 g or 20 pg/kg) T
13, BEFORIBSIR L BN, Eio, BEiElL®
NLVE ViR /LE v (LH-RH) OSEBINRANRS T
13, BEEIS CRREEIRB 450, PGE, &
FOSELRHKT 5L, LH-RH @ 1pg/kg i©
L PGE; @ 20 pg/kg MBFEBEDIRERL
7o. ThBORENP DS, PGE, BT T
LEEORBSRND 5H 0 LS5,

3, T ILBREFEHELULEED electrogenic
Na-pump [c3d 37 K L3 U v OEEER

KHEMEE, FRE K BEEEZE (AEXX
E, #H43)

By & F =L ORWEMREEIC R VT, #T =
~ L7 3 v Na o & v OREBhifiE & Bk 3 50
el RE XN T 5., A 7<= /LOkE
ITHBELIOY A= ADLEBERWTT Fuvir
Y v Na-pump iZxt3 % 8EE1EMA 28T L.
S2BRVE Na-pump OiE#E(LIc X - TET B EE %
5% K*-activate hyperpolarization Z#5i% &
LCfToiz. I B W»w T Kt-free 5 X O°
Ringer ¥ CIREMICEE 25X It W7 Fuv
F Y v (3%x1074¢ M) = K*-activated hyperpolari-
zation 133 HBHIC IR X iz, OB, EERICX
2513 38% S ¥, point voltage clamp 75Tl
K*-activated outward current DK D 5
#u7-. ¥ 7z Kt-activated hyperpolarization D%
7 vy v (3 x10M) 2iFNT 5% &,
X 5B ARSI IR X B OB BRI h
Foo THHOERERIET FLvr Y VRERGED
electrogenic Na-pump #1552 & %RL
TWb., —HFLBEBCEWTH7 Frri v (1
x1075M) iz X % K*-activated hyperpolarization
OHABBERINE, ZOT7 FrrYvick?
BEXVER RS { Na-pump OHEIEIC X - TAT
TWbHHDEEZEZLNS.

35, vy EMFCkBEENEORERH

FRMEZ (Juk, W, 4:2)

MR- HEECHES T sEAREATY VYR
HEL, FOMmFOMR-HEEICR L IE THR
FROIPMERE LT, ERRYFFOEOy =
NR-EEE R X THREHE e, v E
O Ix M vE ACh  H Fp & Tk (M. E. P.P)
OERE XY, TTX (1076 g/ml) 4
T b2 ERIBIEN i AR L, BRI
wE|XEIF. OV FMEic X 5EEHED
R IRHEIE30~605 MR L, T 0% ME.P.P
DHEEE TR L, DWiRELIE LT 5. miER
540 ACh EFMHEMM I, MRk X5
ACh gL IEMT 5. L LINGERS 30~60
BB HR-HEERELCES h 5. T
K M.E.P.P OFRETHMLLY, LORES
ERBEIIT /NS L T D, DWIiTiEiEE L, fEfsT
FUER L7tk ki AP dERIiER TR ¥
FEMBEO T OKFEIL, WHARZIHETLLEELD
B EYATE (56°C, 3047), HIARRLS D Cs & Cy BT
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HYse K5O vl X - CReRIEET 5.
XBic Co A RKL vH FMmiE Lk DR R
WICT AR BT A, C Ko DOR
ek viEmEoREREEZ5 &R Dk
DFEEREER 7 B 7 % X D i H O AR 75 5Pk
L H = LRI ER U, (BB E R
Hi&, Mikmi~oZElELT SR TL%
zbhb.

3. 5 MEASHOMERBEICLIES

FnE—, HREST Cuk, # £H)

S5 v FILIE A AT 5 SR MREI L EX
WO L, 7 ORI Tt 55 0L &ML
B R, BRAIFNAEERCTHES, vb
b BRI OB & g U Ao, FEBRITIE fast
twitch type (75, B S PEIfEZE £k
V) DRGHED s B I B R W, MRE
SIS R ARET RS S ~THH X DR
{LEE% (SDH) & fihsREE# (PhR) D4, lyso-
some DO TdH 5 AcP DEHFLIGING S S
%% myosin ATPase, ACh E i35 0% bz %
Bl o fo. OGS & BEE LT A D LRI
SR R & e O, SR OIBIMA L B
N5, Xbic twitch OUUERIMOERE R H B
Fo. W HpREBER, FIROWE 2 M/ NERE T
WO T B % & ALREETS SORFHI NI I VAR
BALOYSRBH BN, T I FEEBALD 5 i)
MED. 2~3 Bisicid ACh SR ERDSHME A
NolERicd b bbh, X5 DIFHL DRI
oWk, 1EBELLD rate of rise DI & TTX
X BIRZ O BB I T b DL
7 ~10H 481z peak % T 5. LLEDIERKE T
BIEBERREIC X B A5AIE 2 v B oR BT i
X DR E X =BT 5 &% bh, MHRYIEE
BT MR RS RS ORIR & 5 2 5 DT
X B s Bbhs.

81, X ABEEHOEBMEICHT BHLE R
£ v OfER

KINEE, FEOHx (Lak, B, #H—43H)
FaF (RIEHR) FEHOEINEEEZEE
WETEISR L, BADFREIRL, Zhbiitd
HILE s LE v OERZH~N. BREHOER
HEENELY, slow wave & spike REBRLE 25

W 8% 97

750, phasic HIEENRZhiITE b ->TH b
5. ZhbDOBELWE & CHmeEEx, 71
B PRI VIZE o TR SR o 12d, N7
R JAT FUF Y Vit k- T, BEIRIHEG
BV . RV EHF APV e F LA
APY Ve RVILVEFFIVE I T E2IVFV
i, WL EE R L. 2 h S OEEE:
DM, 7IREY «F IR P+ VEIT
IRFIVHTEAELNI, —FH, 7 =1VE
XA T7 4 U BIfh T, Zh S oMiaiEH
i, EWmwhoEHc T, mElshi, %
fo, A4 3BV — LTI, 2D DS
INEVIZEL 5T, FoifEisdbiik. 20Xk
ARV, RIREOT 2 Y2 ) VIR LR
WHDTHB., vrHTR VL BHITEROE
I R 5 2 s, RV EHRA LY voas
VI VvAF I VvORESFIE, ve AR eV
X o TS hic. TheDiRE»D, LS+
E Y DIERIH~OEEEE &, £ Ot
BHAARA cyclic AMP OBIG5% % bh 5.

38. —EEERELICKT BERHOMBAR A
VE—H VR EEBFER

MRS, RS, BURRETE,
(fRRK, PR, BEREDF « 4 —2E30%)
ENEy PG (R & 25mm, EE 0.5mm)
ZHV, “EMEEREEE T X o T—Hl»5BE
L, bl SEKBREHH Ui, HEHE R OREs
CIHE X 12mm, N Imm OF = — LS % fln
7. Krebs a3t % B OlEi: 0.7 mm T,
T O M NE N 2 A LRI N AL D [0 6%
R o, Zh b OREIE B A I LIRD T
2 530~605 D Tk » 72, (Rt TR h
5 EIFIREMITHIINEBLLD 70~80% T & %
25, FEBIBALOH1X30~40% CTh -7z, TEFEID
BEERGICIR 2 S S TG ENORSE
HWiET % & 2 ~5MQ OIEHLOEE150% DR
ZR U, b OISR DO NEREE, %
L UHERIRIL R kD B L, ThTh2~4MQ B
X UN0~20 MQ DR % Shvic. BEERERIC 1/100
DB D Krebs i &Nz 5 & SAEFEFIZFI 1 MQ i
0, ECEREALNY 1/3~1/5id L k. z ol
£, FrHZ 5 ~15mV OB HERHR LN B, &
BB 2 ok X ¥ BRI ER T BB A bk

B P R
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WOT, ZOWMHBIEEEOEENOELERT
HOTHRAEWEHBIZhS, THEOY =~148
Iz 100 # O % 5 ABEBZHEA LT, MRCE-
TENARZHET % &, BREREAIIIERR
BWCEEL, TOEMERT 1 ~1.2mm OfF
R L. TOEBRT, Krebs # & OBE S
Wil 1 ~1.5 mm ORJITVIAARLITIE - CHREFEWE
BEBHED 710~80 mV DBERARSHES .

39, TAEy FBREORERIC (T D slow
wave & Mg 1+

PORREZ, FHEH (EBRX, E, k)
ELE FBlERO slow wave [IEELAK
FHOWAE 1 ERE, EEMEKFEOEWE 2
EREPLRD, H2ERIPEIERCI - THE
Mo h Tw b, fgEo Ca gEE2 LT
Mg g% 1.2mM 55 36 mM iz LTl &,
1 EROEEEMICOIEPELETI R 50
V. L L, £oFkREEs L, EERRD
+5. —F%, MgikEx—Eic LT CajRE® 2.5
mM 55 36 mM s 5 &, 1 EROR
BRI OSIER L, £ ORRFEE XD T 5.
ZHhBHDFFEIE Na g% 50 mM fifkiciid L
THEERZ 35\, 10mM Ca ¥R o8 L TR
OIS DI MIERBFE LTV BIRIZ, &
JRpE (12mM) O Mg 5.2 % &, 81 ER O
e gee T, RABEERISRBST 5. @
7, BANCEIRED Mg 5.2 TRAMHE 2B
XpBICERED Ca 2525 L 1 EFE O
LRI EER 3 508, FRAESEEIT DA R,
AL, 2D X5 Mg, Ca REOHMITWT
b slow wave ORAFEEZFAHIE DD, T
OYER DL FHIZ#E - T v 5. KIRE (0.001~0.1
mM) @ Mn kX La £ v ix—d@k D5
iz, 1 EROEKM LR S CREEEL
WINsg5. DEOX 5 i, slow wave DFE4
B CREEAC KR0S L VWBEESES L,
COBBIXEMDA & Vv TEMCEEXIh TS
e S,

40, Sy PFEFICELIZTHFI-FIVD
MR

EMERE, B KB (Juk, o )

v MERTEOHGER, WEHCRIIIETH

#%

F2—F I VORI OWTTHA . FEIBER
I5HABO S OE2HV, BRHFIMNERE,
CEEERRIECK > 7. M NBRBER BV Tt
EBIIERMED RS 7 18E, WEHTIET T
—ENREHTH D, AT FrF) et
D EMEERSTIBEINESE L, BRKEDIRIED
HE Ui, WiEHTIRS 7 F —BMORRF ER
L, BiEdK L. 41V FrF ) viREck b
TSI 330 T S BITE 5 LB RIEEISHER L
fo. SEBEENGGH TR B REEEEAIIEA T
503 & BRI CIEER T 13 R o8 1 2B
F, EWERTCRS T —EMERETS.
LT Fv U veiEET 5 LR clRiEsm s
WL, B X 0 BREAARE LB ETHIR
MIEECEA Lie. WEGH TS 7 b —BR
EEL, ¥RBMEORSXbWALE. AV 7V
7YV OEEIT X o THEER, InERICAEE
WEIC X 5 BELREEEMSKD Le, DLEORER
X0 5y MERM TR QR E 55 T IE B
£, IRERH TR c WEBME W IR T 56 %
L, 2@ BMEHEREH Vv A4 & v OEFEEE
DERKIZXBELDTHSS LV IRBE S HHH
T&7. A

41, BRA TN DOEICEITD NaF Otk &

VEHETHIEA & cyclic AMP L ~JL & D%
FieER, REWRE* Lk, B, B4
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