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B & B GAETBRREEERE-AHEHE)
Inhibition of galvanic skin reflex by the splanchnic and the common
peroneal afferents in the cat Teruaki NAOTSUKA (Department of Physiology,
Nagoya University School of Medicine, Nagoya)

Under urethane anesthesia, Galvanic Skin Reflex (GSR) was recorded from the paws of
the anterior limbs of the cat by means of Ag-AgCl electrodes. The constant amplitude
of evoked GSRs was obtained by stimulation of the left common peroneal nerve every
45 sec. The great splanchnic nerve or the right common peroneal nerve was stimulated
repetitively for 1 ~ 2 minutes. Inhibitory effects on evoked GSRs were tested by changing
intensity and frequency of the stimulation, while recording the neurogram of each nerve
simultaneously.

It was revealed that evoked GSRs were inhibited in accord with the appearance in the
neurogram of the Ad fibers with the maximum conduction velocity 20~30m/s in both
nerves. The effect of the stimulation of these nerves was found to be bilateral. The optimal
frequency of the stimulation was tested using stimuli of 0.3, 0.5, 1, 3, 5, 10, 50 and 100
Hz with a constant intensity, and it was found that evoked GSRs were inhibited most

strongly with 5 ~10 Ha.

(J. Physiol. Soc. Japan (1974) 36, 139-146)

key words : evoked GSR, inhibition, splanchnic nerve, peroneal nerve, Aé fiver.
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Fig. 1. Scheme of the experimental arrange-
ment. EEG : electroencephalogram GSR : galvanic
skin reflex BP : blood pressure HR : heart rate

S :nerve stimulation electrode N : neurogram Ev:

electrode for evoking GSR.
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Fig. 2a, 2. Neurogram of the great splan-
chnic nerve. I, II, III, IV show Aj component,
Aj component, B component and C component of
the compound action potential and conduction
velocities are 20~60 m/s, 11~23 m/s, 4 ~10m/s,
0.5~1.5 m/s respectively.
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Fig. 3. Inhibition of GSR by stimulation of the great splanchnic nerve. Left column :
neurogram when GSR of the right column was recorded. Right column : GSR and the
stimulation. r-GSR : GSR recorded at the right forepaw. r. Spl. : right splanchnic nerve.
ST : indication of the stimulation. Upward notches indicate stimulation for evoking GSR.
Upward deflexion of baseline shows application of the great splanchnic nerve stimulation.
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Fig. 5. Neurogram of the common peroneal
nerve. I, II show Aefy component and Ad com-
ponent of the compound action potential and
conduction velocities are 30~110 m/s, 16~30 m/s
respectively.

-

iz, AdHEZRES ¥ 3015 iRE
<HIEL, 03, 05, 1, 3, 5, 10, 50, 100
n#& Hz TRAD, MiEZFRE% 05Hz 2 53
bhisw, 5Hz 2% 10Hz cEKRickD,
FNUETRBFBOES L. The 2 BFIE5
Hz ciij#4+2zZ it L.
AdBHEQHBIC X - T, FIWBIARICIR -
THhE W B b IKEMT 556 2% GSR
(Fig. 6 &f1, Fig. 3 TR bhiv) MHAL
NBEZLNEM o7z, ZOFEFHEGSRIE5Hz D
HIB TN E VA3, 100~200 Hz 0B ¢k
BRI o 72,

PREMREE DS, FBRE A ET T 51 SRS
nB5L, MEPFRLBETL->TH, THET
OIHEERZR O RY, i - TEES
BRRONBZ N ol. L LELREED
FhE PEL B THIRESEP LA
B52LbdotenT, REMRESKRENRE LE
BEZRT L0 LRI,

FKIC & > CIESEBIL, 2hic X » T
GSR B2 REJICEEBEhZZLLEZDL N B
25, = oEIRiEE, 824304 T ENE
e s S BERsh, 45T mED THE
v, 1FICIRMED EREF Tz, Zo
z e bFH% GSR oWl fiUENELIc X 5
2RI b D TREVEVZ B,

B. B E R

KPS IFARRERIE & PRI IR B AR D A 7
MBI L —B L CHF GSR ol s
7z.

ma—wZ7akiEETE M 1K O
o 3EOENR bR 5 28 (Fig. 5), 10
fEix 02~08V tH Y, I, MEOREEZZN
Zh 1o 36, 0Fcho7. [, I, I
e {70 ¥ BE vk 4 &, 30~110m/s, 16~30
m/s, 0.5~15m/s ThV, = h Zh, Aafy
B, Aop, CBBL TV, i Fig. 5 Tk
EE oG ETEEIR 2 Ty, =a—n
75 nERELEDROHMERAXICRILTY
L, BOic | IERHIR LT 5%, o liE
Oz 5Tk GSR iz & A EB{LIZR
b ole. & bICHlEERY, [ENHE
F3 ¢ Fhic—BK L THR GSR DIRIESAE
A Lz Ui (Fig. 6, 7). & bIiTflfoiR
EriEL el L, HHloREL ZhicfEoT
Bralz ML, BRCIEEN L E0FHEH
GSR oiEiEix, XBOIRE%E100% &+hid,
SE50% Td o 7o, KPR T &R
WHOBHATEHE0%TH Y, BRI
X BHHEIOF NS AR D > 7e. F—E
TRE R X s Iflo5 2, KA
MR X AMEIL Y bAhE P oTe. ZoWEIO
K& Xk, KRB X CRBRE MRSt



MR R R RO X 5 it R 8 R A o 143

ol W A e\ I —
L‘“ ST 1 lO.Gv ] l| 1 o
|
| MMJLW A A Mo

e . ﬁ
i 8oV .

tPer. 5Hz 0.05msec
Fig. 6. Inhibition of GSR by stimulation of the common peroneal nerve. Left column :
neurogram when GSR of the right column was recorded. Right column : GSR and the
stimulation. r-GSR : GSR recorded at the right forepaw. r. Per : right peroneal nerve.
ST. : indication of the stimulation. Upward notches indicate stimulation for evoking GSR.
Upward deflexion of baseline shows application of the common peroneal nerve stimulation.
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Fig. 7. Relationship between intensity of the common peroneal nerve stimulation and
degree of the inhibition produced. Ordinate : size of evoked GSR. Abscissa : intensity
expressed in multiples of the threshold of the first peroneal component (Th). Marked
inhibition occurred with the appearance of the second component (II).
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Table. 1. Inhibitory effects of the II com-
ponent in the splanchnic nerve and the peroneal
nerve, P values refer to the statistical significance
of the difference between the mean values in the
control and the stimulation period. *Value in
(C) is significantly different from that of (B) (P<
0.005). **Value in (E) is significantly different
from that of (D) (P<0.005). n : number of samples.
ThI, ThIl, ThIIL: threshold of I, II and TII com-
ponent. Spl. : splanchnic nerve. Per. : peroneal
nerve

Size of evoked

Strength of stimulation GSR in Z P
mean + s.d.

A. Control 100 £ 6.2
(n=50)

B. Spl.: >Thl, <ThII 97.6 £ 5.2 >0.1
(n=21)

C. Spl.: »ThII, <Thizr | O0-6 % 16.6* <0.005
(n=40)

D. Per.: >ThI, <ThII 98.2£7.5 0.1
(n=26)

*

E. Per,: >ThII, <ThIII 60.3 & 14.9% <0.005

(n=43)
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Moduiation of carotid sinus baroreceptor reflex by
central gray stimulation

Mamoru KUMADA and Kiichi SAGAWA

Department of Biomedical Engineering, School of Medicine, The [ohns
Hopkins University, Baltimore, Maryland 21205 USA and Department of
Physiology, Faculty of Medicine, Tokyo University, Tokyo, Japan

In the course of a study on supramedullary
control of the arterial baroreceptor reflex,
we have found that the hypothalamic defense
response modified the sensitivity of the
arterial pressure response to alternations
in the carotid sinus pressureD?). In the
present communication we report that ele-
ctrical stimulation of the central gray sub-
stance of the mesencephalon modulates the
carotid sinus baroreceptor reflex in a manner
quite similar to the hypothalamic defense
response.

Fifteen dogs were anesthetized with in-
travenous injection of chloralose (60 mg/kg)
and urethan (500 mg/kg), and vagotomized.
Either right or left carotid sinus was isolated
and connected to a servo-controlled pressure
generator. The carotid sinus nerve of the
other side was severed. While controlling
the isolated intrasinus pressure (ISP) at 60,
120, 180 or 240 mmHg, the reflex responses
of the following cardiovascular variables
were compared before and during central
gray (CG) stimulation : arterial pressure,
heart rate, resistances of renal, superior
mesenteric and femoral arteries. The femor-
al resistance reflected primarily the skeletal
muscle resistance, since the paw circulation
was eliminated by a tight cramp around the
ankle. A monopolar stainless steel electrode
was placed stereotaxically to the central
gray substance of mesencephalon, and a 25
second train of biphasic rectangular pulses
having an amplitude of 100 to 3004A, a
frequency of 70 Hz and duration of 2msec
were delivered by a constant current stimu-

el 5, ENE—: Y a—vA, AFFVR
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lator. The site of brain stimulation was
confirmed by postexperimental histological
examinations. The sensitivity of the barore-
ceptor reflex control of cardiovascular vari-
ables was assessed by the overall open-loop
gain (or simply “gain”) defined as (reflex
change in variable)/(given change in ISP).

As summarized in Table 1, the gain of
the AP response was significantly increased
by CG stimulation at ISP intervals of 120~
180 mmHg and 180~240 mmHg. The gain
tended to be diminished at ISP region from
60 to 120mm Hg, although the difference
was statistically insignificant. On the other
hand the gain of HR response, defined in the
same way as the AP response, was not
significantly altered by CG stimulation at
any ISP intervals investigated. This result
suggested the CG modulation of the gain
of the AP response could be attributed to the
peripheral resistance rather than to the
heart. In order to confirm this point barore-
ceptor reflex responses of renal, superior
mesenteric and femoral resistances were
compared before and during CG stimulation.
Modulatory effect was again assessed in
terms of alteration in the reflex gain of
those regional resistances by CG stimula-
tion. Table 1 shows that the CG stimulation
modulated the three vascular beds nonuni-
formly, modulation being greater in the
reflex responses of renal and superior mesen-
teric resistances than in the femoral resi-
stance.

It was thus shown that modulation of the
carotid sinus baroreceptor reflex by CG
stimulation and the hypothalamic defense
response were similar in the following three
respects. (1) Both increased the gain of the
reflex AP response at a higher ISP range.
(2) Modulation was small or insignificant on
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Tabie 1.
at different intrasinus pressures

Arterial pressure, its gain, heart rate, its gain and gains of regional resistances

Intrasinus Arterial Pressure Gain of arterial Heart Rate Gain of Heart Rate
Pressure (mmHg) pressure (AAP/AISP) (beats-min=1) (Abeats-min_l/AISP)
{mmHg) Control CG Stim. Control CG Stim Control CG Stim. Control cG Stim.
*k *k
60 149 + 6 216 + 7 235 +5 245+ 5
“\ 0.32.+ 0.08 0.24 + 0.09 . 0.10 + 0.02 0.04 + 0.02
120 130 + 6 202+ 8 219+ 5 243 + 6
4o > 0.52 # 0,07 0.69 + 0.12* . 0.17 + 0.03 0.18 + 0.05
180 99 + 7 160 # 10 by 20914 232%6
wx _>0.26 + 0.04 0.41 + 0.07 - 0.11 + 0,02 0.14 + 0.03
240 83 + 6 136 + 10 202 + 5 223 +6
(n = 28) {n = 28)
Interval of © Gain of Renal Gain of Superior Mesenteric Gain of Femoral Resistance

Intrasinus Resistance Resistance [AR(%)/AISP] [AR(%)/AISP]
Pressure [AR(%) /AISP]

(mmHg) Control ca stim. Control CG Stim. Control CG stim.

60 - 120 0.08 + 0.05 0.52 + 0.39 0.19 + 0.07 1.10 + 0.57 0.14 + 0,07 -0.03 * 0.17
120 - 180 0.23 + 0.05 1,11 + 0.36 0.13 + 0.04 1,08 + 0.43" 0.36 + 0.10  0.86 + 0.28
180 - 240 0.03 + 0,04 0.48 + 0.16" 0.03 + 0.04 0.17 + 0.15 0.13 + 0.09  0.15 + 0,12

(n=21) (n = 8) (n=17)

Values are mean+standard error of mean. * Difference from the control value statistical.™
significant (P<{0.05). ** Difference from the control value statistically significant (P<0.01).

Regional resistances were normalized such that
was 100%.

the reflex HR response. (3) Modulation was
nonuniform among vascular beds ; greater
in reflex responses of renal and superior
mesenteric resistances than that of the
femoral resistance.

Supported by : NIH Grant HL 15434 to M.
Kumada and HL 14529 to K. Sagawa

the control value at ISP of 60 mm Hg
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1. HiTADAZED MPRERIEEONA
HEKRE (BRR 2w = —, FEEREER)
RIS VT, BRELEEERLEWERED
1/3i FCAPAY BHEL, FORYEES
ELLfTAR5—BE LT, MPHTAPAKRE
HIERFER C L2 L.
4[avs Kupferberg R HASMBHR LA 7
BT T 7ECEBERKDS L, BEDKED
Rl b OEy O B ELAR B 2
Z-DTHETS. ZZTRERNCE R X h
% phenobarbital (P.B.), primidone (Pr.) 3 ot
diphenyl hydantoin (DPH) iz 2WC D%, &
BEEOHIIR OB TH 5.

1, Pr. i 38&F Mm% 1.0 ml iz 1 N-NaOH 0.1 ml
Mz, 100ml @7 w ek Adhicihl+ 5 (7
SyvavALES).

2. ERwBwi-iii&ikicix P.B. & DPH
BEEN D, ThiCRER 04ml 2hnx, 10.0
ml O/ v ek Attt s, ZORE T
7\ kL AP IERMEDABRA LTV S,

3. REMREORD, 7w vkl il i
02 M-Na;PO, 5.0ml #fnz, ZhicEymrBT
IR,

4. Na;PO, HiEHiERE 02ml 2z,
¥tz 100ml 07 r e bl ahaHE T3 (7
F7vavB).

5. DlEofhH & S8z, fEREFE & NaS0,
T XD E 2@ LS, HAZ v Oihiigic
4 ROEBEPBEP -1, X T THSENFME, Bk
BRIEODR D BRI 2, /74 XV ~L0
ETekeh Lz,

6. 757 avArBrhrhpgEsEg
cholestane /%, Z v ekl Ak KT X 4,
dioxane TS L, AF/{kH| trimethyl ani-
linum hydroxide 2% T, ¥ AZ rizhiT 5,

7. #RA7 B H 212 FID ©, 2% QF-1
#Z A (Smmx 2m, #FR) #Hv, 130~215
‘C, 6°C/HDRBHMET oM. hEkFv V7T —
#A (Na2) OFEBIF 60ml/%, My Hy) 1k
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45ml/%, EKEEE 1000 ml/ 5 558 L 7.
95% L EORIRR THEBRTEETH 5.

2. S5y MFHICHET 2 BRSNS & 5
FROBBFTTE, PHEROT(L

HERE, WHEE, BANT, BREET (B
FRam=—, SSERER, 4m)

SD#7 » b OH&fFic, £%FE1REL b B
FAETEM, /10, Eime Ko s
G.0mg/kg) L, MEHDOEVITE & IR « HhE
VA7V L b7z, Y0RSHTHORIRE 3 1T,
BEHTEOREZ AV, AERS ¥ TR
% CS, R 0BE#z UCS L LT, 1080wk
EREERFR A 2R Lic (1 B 15847 ©20 B &),
AT L ~ 7 HORBRE 24 k2 3 42223+
8.0%, 8~14HT65.8+52%, 15~20 { T 66.7
54%, 2300 A1T2E U T 12 508+21.9% Th
ofc. WEBRTIF¥EBOEULVEELE D b h
7o, SREDETT O TEBEIT SR Sh 528,
1~7RAT55424%, 8~14 0 T9.9+28%,
15~20HC 15.0+3.6%, 4% O F # 1% 9.9+
4.8% T, XTHRRFE ORICIEEEERS b h 7.
ATHESI SR TELALRD D h it 2
7z, WERRETCIE 1 B 85, 5T 0.3
Tholc, 4REHOKRY 75 72080 bk b
FUEIR (PS) woWCit, RE5HTH PS LTy
el (AORDRIE D 3 DR Q) DA RIS
Hbhichd, BMOBHNEZREI .

ZhoDZ7y FCHEERBEOLIVWDDE, b5
WHdD (n=5; CR 4RI %LIF) © PS %1t
BLTH5E, BEOEELRRD bhvitd o
25 (L0<CP<.20), %8B D 38D #2 2 5 & F
2, %PS & PS G D% < im0\ T
BARRBC3FITF Bl h, BECREL-
SVOEEREIBIEE PS i L OME R RET
5HDEEZBND,

. ZUBMYDA NS =T AR
KINFEE (KBK, B, #—EH), EAEALR



150 &

(AHETHR)

IEE DI 1EAE My hEAES (1973) ks
WC=T P IDRFFY ATV RARDTE &
Wik oW CHE Lz, Bd, A F7 Y —130~
50 mg/kg FIERT=7 b VITHEHITVWHA
DRI “OVIER” FREFEREL, TOTEIRKC
BEOE I SmmiBE TARD LR, -T2 L
PR~ T,

SEOERICLD, LD “OWVIESH” FREE)
thiz TIR OBRIE % BRI B U 5 RIS S md i
(pa=</F) TRDHDL N . TOIWOREEDEH
Cix2~3 2~ B4a</Bh) Tholk. EE=
7 FURBVTD “DWIER” RICBEREZHT S
REaET 50, SEOEREPD, A7V~
mIe “OVESL” REBREE >WIESRRISITE
PLLTW3 Z EBREShi.

Ik, ANV —N&E=7 1t VIiIcEE (50~100
mg//kg) T HETVRALED WEBIROZER
7 LR (43~45°C) 2ER% b, FuvhArbE
5+ o8EE (50 mg/kg) TVX panting i X Dk
BTBRA LI, ;

1) Hutchingson, J. C. D.,, & Taylor, W. W.

(1962) Proc. Wid's Poult. Congr., Xith, 112-
116

4 HFA-NTIVHBYEBELESICLDZ VY
FoEA{tyzaL-2a Yy

ARgkR (K, BRET, 855 5M)

v 27, Ta=5~35Cic k¥ 5 heat balance
L, Ta=25C TOHAD T 2~NT IVEIRE
gge Ui, ERICIHED New Zealand {7 9%
ZHV, ThERO4IFCHT.

1. Ta=22+2Ci3 7 AMEAE L, A1
ElA Y — 7 (0.1 ml/kg) %52 FEst (CONT).

2. Ta=0+1Cic 37 AFE (CA).

3. Ta=22+ 2°C T l-norepinephrine (3002g/
kg) %AV — FHicEmEE, 47 AHER1L
EE T4 Lic (01 ml/keg) F (NE).

4. FREDFH BT, l-isoproterenol (200 pg/kg)
& 4 7 AR TR Lci INE).
MFEECHNANAYEy JCBRALE Y ¥ ¥ O

Vo, 1%, Ta=25~30°C <©, CONT: 8ml/kg:
min, CA : 11 ml/kgemin, NE, INE : 9ml/kg.
min TdH -7z, Ta=5C T CONT : 15 ml/kge

¥k

min, CA : 19 ml/kgemin, o> 2 #£1% 17 ml/kg.
min OEZR L. ThdbRDEFRE (T
R, CA :15~17°C, CONT : 24~25°C, NE,
INE : 20~23°C ‘T& - 7z.

Tre 1, Ta=20~30°C ¢ CONT : 39.0°C, ft
D 3EETIE 385°C LI 05°CEYy, Ta DETIC
v NE, INE @ Tre iET L7485, CA Tk
584 ¥ 5%, CONT ik Ta=5C TEL L &
TFLi. Tsix, CA tHEiziA, CONT THE
THy, NE, INE BClx@m&ohfiE%s R L
7.

Eres 13 30~35°C T 4 BEILBEINT B 43, 4 B
CTEBEDEIRD b o7,

I-norerinephrine (300¢g/kg) DL T & T,
CA, NE, INE @ Vo, #inliss, CONT
TR TH - 7. HR OETEIZ CONT T
=L\, Vo, 0#EnRi: INE ¢k, CA, NE
DIETH - F=. l-isoproterenol (200 pg/kg) DF
TFHEHTIZ 4R Voo OBMBH 7. ZOM
2 Uy HR OB S - 7.

ZHhDDRERE, v ¥ ¥ ¢ ERBBUL, 50
WBBOVRL AT 27 I VEBEOBBRTE Z %5
RO &L IETROMHEIZIR O B 55, B-
receptor (D sensitization T X% C & ZHEHl X%
5.

5. Capsaicin O{FETRIERICDLT
rRILIERE, SRR (X, B, H—4H), |
B (Erfgst, KX

FRE 5B 5L (capsicum annuum) DEBRKZ
T % capsaicin ORIR TREIERICERBES 20
xfc. TOWE1OmMg 25 » PCETRE T 3
L, S5HDNRERE (Tre) O TRERIXLED,
Wb T3 Cied s, oM, BomED
YAEE & IR OB ERD Bivd. VY F THIZ
ERROBRERIME DI, F2F v t OFRATE
10 pg, 7 X OHRENIC 2 ~3mg &5 LT
% Tre DOETHEEINS. LrURERSGT
%&, ETHIVCWMARSOVWThIZE N THE
IR TR RER BB RS Lz,

MEEREE (LPS) 0.1 pg, ¥7cid7/m A
77viav B 02pg 5 v  ORIRETERCH
BlEATRE, 1~2CoTre0 bRZR%. &
@ & % capsaicin 0.2 mg #ZF F&5T 5L, FH
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7s. Tre DTk 25, LPS #E4(Cldze D
B Tre 0 LA PEHE XMz,

VY FORREE 2RI T 5 & FEEERSE
TUL Tren LHBET 553, O EFKHT capsai-
cin (50 mg/ke) #ETHET 5 & HEMEVIIRR
L, Tre D EREEPELL B4 Lk $H%
ik % & Tre BRLETLIIE U D 7.
Capsaicin (75 mg/kg) T 54 X % Tre DT
RIS 2RHT 5L, FEMEIIRGL,
Tre OTRERELRT 5. BHZ2PIET 5 EBHCRE
EMEEIEL, Tre 13ET L7z

Zh B OFERY B capsaicin ZARRATEF OIRE
BERBECERT 0LEXLLNS.

6. BFICKRIFST CO: BADHKE

AFFE, WARE (X, B, $—4£H), R
KREF (&K, #H)

BT bR, B TRETINHEEh, 24T
EETHZE, TORRE LTRMINAR, &
#3173, COx§ 2RIEHDEREBEZ B
BT ERTTREE L. 4EE, 3%, 5%,
7%, 9% D COz %2 HERAIE, £ ORFD
RHRIGE 2. BTRIEEENC X vEgERL
$kL, BIEIMAVEERIMRE T, I3 20 cm?
ThbH. RITEOEBEEIYCE 1C, BENTOS
TH5H. HREVEIRTOE L 64 (FHRRE
BIGME) &, WL LTCLTH¥EI2ETHS.
CORRVREY LT F ANy JILSDL, =V
AE—AERE<AZEZA LU TRAZIER.

% A BEZAT90%D 2> & 120 B O OF 2 O nR
(BABIART R T 5 HMEOR) v, 4T
v 3% CO,t52%, 5% CO;T86%, 7% CO,
T100% TH -7z, W Tik3% CO; T19%,
59 CO; T30%, 7% CO, T50%, 9% CO,
TI9% CThH -1z, ML CO» RECH L THLIX
BEETEANRSHEOEWZ AR IR, %
£TI9% COp 22 5HBALDDT BT &M
TERVWTENRG P LD, LD CO: @
WY BRISEBEWE & BRET 5. CO; Tk
HIETFBMEE SN PRER 21T 2R REtE D &
D, BRIGEWFRZITR > THiceTh, Wik
HIEFET R, CO, WA Xk BTN
13, BRWREESCX 5D TRWI EEZRET
5.
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Schaefer (19654F) 1% skin diving %%+ % escape
training tank instructor {Z3&\ T 5 % CO: Tkt
3B IFRR DR ISHES — A LIEW T & 23R
HELTWw 32, a7 — 213, BLCEWT
COz by BRSHDETH, T £ ©
BILATWBRZLRRLTWS.

1. RBERHEYE IC & 3 vy £oRaMiEg
(B 2%R)

NIRRT, UEIRRARR, BTIRES, BRI, X
RES BEENKA, [E, $44HE), nmE=
BR (ENLfft, KERSZAR, 3kFm)

BIEE SRR (LPS) 135BEA 7 <, o
FYETTWOT, HIRFEE A = X A OREIE
UARREMETH B EELDATWS.

1. v FiRBE D LPS 0.2 rg/kg % &Ik
AT 5L, EBEZ20~305 D2 T L5
BA%A, £ A 60 5 1218 1 REMED peak HHDb
t, 180 HfRiciasE 2 FEMED peak H34T, WK
WTRBREEIC ST, 1A 300 S I EBIER IS
HEARE R &% (N=10. 2) zop LPS 02
re/kg 2V VX ORWESTIEAT 5 L, HEdEIR
1iRtE L 2%, ZOBE, HAL» LEIBE LA
HBE TOBRI05BE T, REMED peak 3k
AE2405 THBR L, MEEITEBIT, EA#390~
4205 2R CEBIREAREIC S &5 (N=17).

3) LPSoO#HiEs X CHINEMIEAOHRE T2 S
NAHRUNKEIEBEOBECLT L, £BHE
PRERS (&E0-F 818, WPRIEE, HiEs), ik,
RA#7e L) 2RI LICHR, BR—ELTw
fo. 4) SE, Ficky ¥ic LPS 0.2 rg/kg
REELCE A, REdhi1ETchs L
o7, b, ERERIEAE20~304 O
BT LA, BAODBCIIEE Y V¥ ick
J%5 LPS $#HEDRHT A LR EIBIR EF & 13iE
RIRECE(LZ4 T, EA 180 5%z peak %%
b, LIFE, MREMECRET, 360 25 CIEARTEIC b
Eofle (N=T)., 5) MY +FIXIEEY ¥ Fi©
BT, WRMEE, REIRCELSLL, FEO
IniRElKIC X % panting DFER B LA, 4
EVE LPS §#Ec X 0T L RO BILITEE T
otz BB 4% LPS EIRIEA CHED)
PEPHCIET 5 2 L #FH o, FEYHFIT
LPS #EC 2 MoORMMEORE LR #ic EEG-
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arousal & FFTREIDOTER L LN BIDH - 7.
6) DLEDEREZD LT, 3EHORBWMBROME
B, FOHESY, BE TR X OHRE - i
BT BERIBFEEF OB oW TE S ORE
Zmxic.

8. IROBE(LICHE S FRmBkA pH OXE)

BERT, PELAT, RITEH (&RX
R, #—4H)

SRMnEk- MR o HY 04 Ecid Donnan SE#IC
PE5 Lvbhb, ff - TIIKOBERME Pcoy,
2, 3-DPG EEDZ 1L f v Hb OffEE (ion-
ization) HZL3 5 &, FRIMERA pH 3&ELT S
ThbS. SERIL, 2, 3-DPG 2FLALEE
ey LM, 2, 3-DPG WIS A LM & FREE
473, DPG & Hb o & OE Vil (7
) ROWHAEM, RALZMEE LT, ROk
(b, DR tE S FREkA pH OXB 2~
7. Mg 015 M #LEE i3 015 M BEH 2N,
Mk base excess & ZE (b & &, DWT3rC T
6.5% CO,-0p X% 75% COx-Ny THAFHE
Bz, FhAEROmEC>W Tl pH (pHb) &
FrifEkpy pH (pHe) OFRE TRy + 5L, 1)
wEhomEd pHb ©_LF & 3tic pHe IXERFHY
z EH L. 2) vYmikicsid s pHb-pHe B
FEERn & FERLLOMCEREDERTAD
¥, pHb=7.40 T pHe WEFT#H T 7.240, %
# 13 1262TH o7z, 3) FBE-IRAME IR
0TV, B Xhiz pHb R7T.1~7.Ti s v TR
Fibmo pHedBE L OZh X v H<L, pHb=
7.40 ¢ @ pHe i3 BB R I TR 7.209, BRFE({Lm
TR Thot. 4), 2) RV 3) S
»oind, v i#o pHeik e bk & b pHb=
T1~1.7 OHETHCHEZTR Lie. Thbokk
£ 5 pHeDWREWHE L, 2, 3-DPG 22 O
By vk o®E Hb @ ionization %)
MOBT Lo TRBTHA S BRI ND,
%, 5) #RFhAOMECoOWT HY ZOCl- @
Donnan . (rau+, vc1-) 23K, FTE DL (ran+/
rei-) % pHb el <y ey + 4 5 &, pHb
71~T5 8T, FHE-v P RO ORI
ZEHWTHO MK T, 7aut/rci- 1% pH depen-
dent TH-7z. Thix HY 1 CI- oFffsk-1i
R 5Bt 3 C pH dependent 7 A # = X A

OHFESHERSNS.

9, ;E&Hrhd CO,-V: response curve [ZD(
T

BEHEWE, FEHET (&RX, E, F—4Hm)

RERTIE, b=V IrE (B, <5V
VEFIR) LA (R¥E4E, RABTFIAR)
oW TR L EB D COx-Ve [HEHBE
ke, HE LTz,

COx-Ve & D slope 13, MR X »
TRz, Tinb b, RHERTEERECTS
CO2+0: DIRAEHF A (4]) & 4 SHIFFR X,
IR A O Peo; 13 Beckman CO, analyzer, Ve
% respirometer Cil$k L7z, EEjfF (MONARK
A, HigE=/LT X —&~—, 360 kgem/min) %,
EFERIATS 4.5% B2 510% CO.+0: DEE # A
(81) % 1.5~ 2 HSHEEFRETRbER.

F DIER, RERICRIT 5 —RADIEEHED
slope V¥, FH 186 Trv—=VvI7iHE DO L ik
1.20 & 720, WHEOMIKILS B ORBBRETCHERD
EHBRD D N 7o, TREEFOREZ RO slope
E—EA 120, b L —=VvIE 061 TREREN
Bt v—=v7ED slope DEH—BADEN
LHERTEL, BREOEVPRD DI, ZhbHD
HREPD, FV—=V X o THEBROLETT
BB LE RET 0L Bbh 5.

KR L EHPOILE RO slope 21t
BmTsE, —f&A, bPr—=v IERGERTO
slope (MET L, HEIC X D1 %ERETER
DIETHRD vz, Zhix Asmussen & Niel
sen OFERLIELLH{0THD. NERTILEES
OISO slope IETF L7ca, ZOREI
SWCILEFF IR T 5 A-aCOD oK, CO,
narcosis 75 E¥28% 2 s, L L—F T, &
g et CO: k¥ % chemoreceptor function
% 7~ 1% activity @ J& 4>, central respiratory
control mechanism @ “gain” HMET U723 E
L Ve TXOE Peop Kiif% Bh BEVSA
T, LVEENTRAVWREDEZDBNRS.

10. {IF & windkessel BIFEER & Y & 7-mhiR
i FEFE R RE

SHGK, F) E EHX B F4H)

HOUEE & S mtE, AOBIRE, BNk



2 & ¥ % 153

ERFEF LN D, 79X CHRSEER 1 A201
U 72 i e BR A~ % B 75 Lz,

kT, BWREEEERY, BEBCED
TWL EZNICE C TR ES A L, b
BRE, WEIRIMLIZIE & A &2 S ic mAEKEESS =
L EShie, T OMmEKEIHNRBIEDCH 2 £
ETELURRALL -, BRE 8 %5 & Eigrhd
FHIRIE, BBIIRIESS B Lic, ik b Atz
Bk Shig 5 mEKETNIBE 2 52 fEET
T, ZO@ETE, HOBIRE, BERECS
LAEBEBEZONEWDT, kb ICKMEHD
BEINEOEEEIC X 5 b D E#EXNKE. RRT
1%, BORIRE, MERESZELL ELE T 50
T, LIRS REP D - CTRACRSEDLEE
bz,

2. Wiz, ARflEEZ—-=E i LC, »5Mm
FEKEERZPIRMEESRE 2 b & T, BRMic,
windkeseel % BREER L.

MUEZKHEHSY 120mmHg 0 % L ¢, windkessel
Ay 6 ml/kg DMEEZBLSHEELET, M@
JEKUERMERE Xk, DX, ROLERIRIE,
BIREXTHLE.

ZhE Y, MEKESRMBEGL ORI
LHRME R & ® C, 6ml/kg OMmM¥E% wind
kessel NeB LOMME®5 % T, HFshi-do
LBbhiz., Tk, PR fEKES
MHEBELTWENZRLTWwE3DEELDZE
MRS,

1. FMEREFFCH DI DHERTOELTE)
IE2WT-WERE - KEEDELE)

w %, A, g/ B EBMX E,
Ak )

7 ¥ TR OMEZHE—OREBIR TR E S
&, ZOMEIIRCAIEZAR T 5 & RMEKYE
PER LR EETRT Lo Chs. ZoL
DORERE, ZLBEORFETVWRET 217 -
7.

EBREE : v FIcI0% Y v & v 10ml/kg %
IR CHREE LR IME 1A RRBBIIR X D 506k L
7o, EENRE, EOBERLEEREZWED, £
NENCER Y =F VUV Fa— TREERALTHE
SELz. EMEREEZEY, GifichRzBsT
R RERGERER 21T - 7o, - & B~ D MLiftg &

UTid, mlo#E 8) ik & ASEEIRO Mk % ik
B, BT BIEENR 2 BRI 2> L7k
EED ORI AR R,
FEBRER ¢ 108k, 19KBR%1T - .
BREHEZ BRI E® 5 LR IE S 5 Ui
YLD S, ZEEER, BUDIEEALLLNEX
ELdisv. ECAFREREDEOTEKED S
EVRBERDAREL oL 2 ATERERR
CHOTRMMATHZIICD S, £ OFlTIIFD
BFRI3IE X 200 mmH0 DL Lz ¥ TE LS FRL
7o, WEMREC DWW TIE% < DBAITE A FEK
QTR A bRV, BPCIRRRATARE
DERLFEDSWTELL LET 3L %60
7.
kR
1. BhESRR TR L D AEBERICBT L &
RC X5 e E BB O F OBIEIL S B
s,
2. LIEHESERIE L BRETE LTS &
PHLPICINTVWEZ END, ELEED
[T D ZALVE DA~ D M DFF R % &
TRHOTREVWHIEEL BRB.

12, BIBFRE RN E Y OB-OER

BHE— (FTEX, E, $24m)

BIERE ANV EVIRAERAOS 5 2 23 »
DI Sh T3, EEIBHRED O OE
PR T 2R L 5 <, glucocorticoid $#¢.5.
CXoTDHREET S ZEPHEShTWS (1§
M, BAmsk, 34% 611, 1972). f¢ - T gluco-
corticoid I MEF D H 5 2 L B3 5% 2 bhs D
T f17s glucocorticoid T#H 2 dexamethasone
PBLHERFE L EEMC VAR DRSS XIiET
PEDWTF 2 FLIHBIER % AV CRE L.

. 1. Dexamethasone 0.1~10 pg/ml T I¥ {54
DOYERBHLND., BHNERIERITHBED,
3~ A FFIRIC K & 7 D 10RRR DL B 5.
1~10 pg/ml T & 773 925 & 7n DAEARRN
hypodynamic state iz % @ 238 X < FHIEXh
5. 20 pg/ml DL ECHRREE BRI IR,

2. WHEH QBRI ECEEBAINIEL D,
TEBEAORE IR L, EBIEAFERERR S I
ET5.

3. BIRKROKIRELR 4 f5i28¥ & glucocorti-
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coid DIRLANEIIERMCHE LEXED 8 W
T5. Na BES /25T L8 0HIRT IR
T3 Ca BER 1/4 TH 5T LIELR
BT LA EEET S, Ca BEOLE 1/4CHD
LA IR HBE LV,

4. Reserpine (1 mg/kg/day, 3 days) & & &
F 7o V3R IRIC. propranolol (5 x 1078 M) &z
T glucocorticoid = X .5 IRHEIIHERITZE B
V. —J5 phentolamine (5 x107°M) %Nk % &
IWHE R EI SN 5.

5. Glucocorticoid D LENF 235 K Tl S
NP EA Na X9 d Ca RECKFENDDHZ &
75, glucocorticoid DIEFVL ouabain ZED5& L
REEOFNEBFREL D LEZ OIS, &
- 27,02 catecholamine & DBSE & FRE XN D
BTNSOFMIITEETHS.

AEFIT BT S OISR & FRE R
CHELEET I Rhh & iiglucocorticoid
PRLEIR R DT bT Z EBHERIE NS,

Kﬁn@—ﬁﬁﬁﬂwﬁﬁiﬂﬁﬂ%ﬁmﬁﬁ
B& X » Tfibh ik,

13. 7O5 4 F VS EEEKRTB=a2—-0Y

LSS, KN B, DNERE, BEREZ, P
N O (&RXK, B, $AE)
- HERTHETERNEDO S v 5 7 F VbR *F
HF—F e 74—y ZJRIRTRH LTS, £
LTz DB TR 7 7 F VX DD RLEY D
BHEMAE LN, YV A VEEETTT » MK
FTHZRLETEE—= 2 —r VEECHT 57
RS yFVE, FOMBADKRLVEVIEZSE
WUNEREIRIT X VEERE L, T ORZZE - I
FEREBEXVO= = —rYORERERTT L.
BEL383 ==~ vdSER ST 7 F Y
T 0 EFEAEEShI. thd==—r Vi
FNRE > SERREER S L OCFREZCRE A
FRELT VR, SLRE-FGERPD, ==
—eVED 1 BARMIZL SRS I FUHFHR
BT5EELLNE, —F T RS IFVICIDN
HXNBBAD = = —r VIiE, WHEKEE»DES
AREHCPTFTHEE LTV, KEE, HIKE
X OHR TR w5 7 FVEEE= -
—r VA FELLP o7, ERERMHES X
CHERERE, BRI VRS Z 7 FV

bk

BRRS L LHEShTVS. L LETER
FLAE v 7 F VG Lot = A b
v VR IR 2LF 24 PR T Oprolactin
inhibiting factor (PIF) A X%, Fh7/' w7
I FVEME LRI EINTVWS, LTS
vTyFURERSI OIS = 2~ T, L
OIEER=A LR FVRBITZ AF YV (=
NFaqF) THHERE A3V Y VRIT
prolactin releasing factor: (PRF) ¢8> TRH
TEAREEREP -T2,

Zhborzerd, LEROEBTr7 7 7Y
SWFEHCEELRHZ I LTWELEZ DN
%, #1T PIF % X0 PRF Sindfag &5
v S 7 FVERSEREORBIE, £hFhTe S
7 F v RENER X OWIEERI T XIS T 5.

14, I PBEOREELCRIZTRIMEE7 I/

BMoOXE
BERS, g EBR OF (@RX B,
THRE B ERET)

NBs XORERBTR T Y 7 AMEEEES
WHIETHERO—EE LT, =4 OWEERERER
%mw,ﬁﬁﬁ%ﬁhxﬁm¥mwmﬂm?ﬁﬁ
TIJMOPERRRE L. T I /VBIER (Y
#W¢NMM®%ﬁAL#w7xﬁ¢%@®m
WX, LOME (5 x1077ml BAT) 2EHT S
FET, £ET I JBOTh T EBREB
s Lk, BELORLE X OEERN 2288
5%, JLSEORERE A OB 513 LB
(£2 0.5 mm) TT -7z, HMIRBEERS X CYLH
WRBA~DT 37 BORFRER, HSEEECA
EEERE DD LK, NRRER X O e
M@EA®&5ﬁ%AEﬁ%f%ok.ﬁ%®%

. distal PIIL 4 V3788 U 7255, proximal PIIT
m%m%%b SEME & { wE OHPLERIED
A, CEAEE < BREC RS L. -
RS LY SEMASERATHEEAET, Lird
KA Es BRI E LR D N s b o oHE
VA & OACEHIE OIEERLS, HRMiERE S S5O
BEEN Y 7 AR X - T ShTHn5
LS XDh, BLAKARBEREETSELD
BRI S B ORIMAZBIC X » TR T B W
SRS T 5. PILRANE, BT § /B (LA
@ aspartate & glutamate) &, LT DOfLD7T I/



Y

B (glycine, L-alanine, valine, GABA, taurine)
KX L TR DBEBRELZRL, WEORIHYSIC
X o TREEZRZIN VA, HDVITERECHEA
ENRR, BECL - TISELTBEEShRE. T
DT L= DFEE T v T, filkE7 3 7B
GABA 7 PII [R5 0T, ThicEELi
MR OREMBREZBET S L 2RLT
w5,

(EE, SR ICABEFE» S oW EH KR
BHT ).

15, SEfHd 7= 1 DBIEKFARIID K

BRI, REAE, ZEE= &L B
o, BWIHER)

MK S BAL AR RRIRE IR 75 » 7245,
BT 5K 0R A L SEBAL DAY
PATEER L ORIEE, FIT 2 A ORI TR
RESh TRV, SEbhbhiL, =4 OW
iz Procion Yellow = — % v /2 EHA LA
N7 MVISERC X5 5BOBFRETE, £ ORE
DRIEZETR, DTORRE 7.

1 2SI D SEBREDOARY MR
Zyx, photopic L#, scotopic L#, R-G A,
SHRBDIER D> BE SN TVWHD D it Y-BHE%
5B A LTz,

2. AFHIRRE O 18 GLAEHI) 2 51,
photopic LMD L2508k iz, 528 (FhRizk
FHARE) 2 5 1%, R-GH, Y-BE, =fE#o C
Bosrnicskashiz. £ 38 (FUkFmE »5
VX scotopic L BRIRE R XN, Zhii=—7 Xhi-
iDL ORI & A8, hofEREc
FREANIZ R S T % rod horizontal cell (Stell
1967, Witkovsky & Dowling 1969, Parthe 1972)
ThHHZEERd.

3. ERE3BX I DrWTFHE, RERED
EIEr R DNHEIATE & OBEFRER T D B i
[R5 % process 7B SERBFEHFSH, Lrd
photopic L&, CHpATOM 2R L. FD
HRRERIRT L, 21 #B 35 v T IuHE, &)l
{1965), * v ¥ = @Iz v T Stell (1967) oz
] L7 D large horizontal process & [@—
DHDEE~BNT, Procion EET<—~7 Xh
72Zh B D process 7> Hix, fhoffso X 5k
THEZEEI R S ds - 7243, process O —uix

b 8%k 155

S, EREAEHIIOER S O TRV E Bb
NHISTWRBERTIOIR BN, zhdbo
IGH, WREmmE > & Dowling 45 (1966) 75w 4
F R CRD 7K FMZo additional process &
RTdDTRL W EHR L.

16. #3i% spreading depression
WHEE, B o (BEK, B B4
Spreading depression (SD) % Ledo »319444%
KIBEECROIFER LZDDTH B, EETD
BETHZEPHMOIT WS, %5 5T
Bl e 2 3% CI7 MiciRT &, dilmick v
SD DREERLZLNEDT, SELESFSEREL
T, ROX > BERETR 7.

1. SD it m FryvE

Conway #® Cl- jBE% 10mM % Ol X
', =L REEHEECTEV > S 0.11log MfrT
BRNCEVW RS2 5, H5WMET trans-
retinal Y 15mV DK E X% 3o SD R4 %
B L 5% (SD BE). COBEE, WEOHIE
JEOBREI X - TZ - TL 5. BIEGS Lk
1I50W 2 v 7 AT vz 108 ~60BH LTr F
T VERGEREIE, NHRENDOEENEL
R5DREST, BEOHNKER Py viBEL
DOEERZ L5 LEEBERCHS. ZoK, SD o
FAETID DEEBETHC LR TERVR, »
=BT CIm ORItk » T, bR
CRREPBENCCEBHALT W 5 @ ¢, ¥
Conway ¥ (Cl™; 745 mM) ;NG biiRM & =
FAOvEEDRGE» B, H5KE X 0 bkt
SD RBAERMNERDIOLEEINS., £, bk
ErTL T 51ERE O T AR EVERS
BURCERTE, VMBS T SD 0RER
=T 52 L3 CERP K.

2. SD & ORI

SD DRRINRE & ORI EE L2 ki
HERTT 5L, SD oFdr k0 BRI A%
WAL, SD DFAIRM A 3305 <
NTXDOWIREA LD, T01%, HawEE
LT SD D@ TR E — B L Tto v -Lic
R3. FHEECTRVTOERESLOBIE? D,
IV D transparency 2% SD FsA:izpk 5 C
WMATHZERRLTVS.
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17. 2= —aYOR1 o0y Y
HLU oo bFS BRI

N (SRR, B, B4, JIa ZEY
GRk, B, B

NIRRT = = FERRE L ME R AL = =
—ryicEyF T A TPSP 2. ¥k
RMROBLAECEE R X CHROEEZAS
OBWRIBIPRAL = o — v VICHE L IR E <
OBR TR LEM#RAISERRIT. £TTAh
R EEE 5 & R RE O MEC R § 5 EE
BIMEE % S NEEEIC X D R Lie, N
BRI R X O ELIkEE GABA #5.
X B = = — v VORI TR 7
7YV OEERELYZ R F 2V OREIREER
Bz X0 BIRNC TRy 7 &0, LELSY Y
VOBEERST X BT ESTH - 2. WT
BEIRMERS A + Y £ = VIZET 3 RO Mk
vLiEshT, FY v vRER X BMEIRTE TRy
7 Lk, L7eh o THAE = = — r v ~OIEHA
EWE 1 GABA X5 BB EXBND.

18, BEEEEBNEIA OBEURENICKT 2 REDR

s (REAER, BAH)

TR B PR MR R AT B IRERIR B
L EkD D, POBERZLETHS. Invivo
?32Ex Lippold ® Andersen ST X » THid
XN TV BRI e R O IR EE 2 TEHE F3
BT 5c ERIEECREETH B, £ T CIRERAD
DRGSR 2 - TEBREITIR - 2. BWUIR
ORBEB IR 5 A Tr AmH EERE
B 2FALE. ESH500s O0ELEy MR
PIE OEEN 0.1~0.17"C/ 5 DE|& T E
z Bz, SRR % 10 V, 0.1 ms TIETHE
CESHET 5 LTI RRER XD
SR (IS), et (N), & X 085 (P) BEALPSE
$Ihb., MYIHFOBERTLSI4CERLSED
EFERBEMITRDO XS in-7 (5F1FH). 1) IS
B ORMCERLZTLITRRDIRL VWA, £ D
ATEREE 0.75+0.08~3.6540.29 msec [ZE. - T
Tz, 2) By Fr7ABMEELZDRLTVS
NE R (1 ~3mV) i 32°C I CRAIRM &R
LAFN X DERWIRE CTRIRMITERA LI4CTEE
4k Uiz, 3TCAmT CTINET % & NEMIZHFC
HERLZCTIRETOAS SichE Lz, RIER

¥ &

1% 4.83+0.46~17.90+1.48 msec TH » 7z. 3)
PEREOEE 02mV) 123 & b LENDOTE
L1 - & D U 72 v SRR ERX 23.65 1214~
82.50+353msec L7, XD FFA
B2 - CE—BRERC s e AFE
RrEesticatT HIRIBEMR 2T &, 32'CHHE
TIE3T°Ciz Jei U C AL RS B3 in 3 2 fEm
w5, 5lEk THAT 5 & BARES 0BTEL
L23~20°CHIE Tl T 5. Wit DlREZ
3T~ATCIE » THLE®5. 41CicT 5 LNE
REDIRMIT1BB WA T BT Cle T B LILDKE
XEET 5. 43~4T"Cie§ 5 & 33~93% Wb T
%, BEOSICELTHIEOKRE ZDIN~40%1T
L2EE Ly, NERL 28 32°C L TRAERM
ZETHEBCOVWTRMNY T ABBIRX » T
unit level 2> SREFEZERTITER .

19, FUSBMEICEITL TR H 4L % silent pe-
riod DORIFHEE

REImZEy, Fes, ERGT (Baiae
=, FEREMN, 1K)

oL UDEHHCEREOMEBENTLEEES 2
ToREED D, AMRRISENER R TE, BFC
2T LB REORIER (silent period)
BHBT 5. HE (1955) 12, ZOBRRERICR
MoBlERFBIEL, RIEEOEET 5 —&ED
HPIREHBRE THA S LEEL TS, thE
TOWEF, X LTLEOHHET 0T
Holedt, RERTEHIhCMETTEE, LT
B OFIEFEE, BMKICEE BIRFICEIELRT
W OREBEEZHELPICLESETEHDT
b5, FOKR, 2FOT EBHELRPITE - T,

1. FISEEICSfTT % silent period 13, £
B chhi{EHHT b L E O bh, £OH
b EA—CTh o 2.

2. FIEEHEIHRBEIVE X % MM IS & BIRRS
X 5E)ER silent period DOHBEE 5L DF
WiE T B B &, BHMREOAR 4%, s
18%, EIRRISOEBEH26%, KBis323% Tdh -
7=,

3. EARESOMEMREERZTRS L, &
A LEB=Eme 2R U LCEERO silent
period BAHE L7z,

4, A—OEFBHMRCIRINTH5H (KIE



2

MEAAR) TWE, BT DR 81 E 3T o
silent period 3% Hiv, Uind EEARTRGE L7z,
T RIB MR 2 B L W 5 FRERT A OES)
=a—RrYOREKENELLIZZLEZTETS
bhDTHS.

5. Rix- 7= HMHEH» OFET ES MR CE
fEhTwa b E TRORREEZTLRS &,
L - TR OHE I TEF R 8 1E 81 0 silent
period 23 % Biviz.

6. PIREFIOR X EBREEL L Do 7otk
BME T, TORIGEESTT 5 silent period
OHEBILE D Bhvinhr o7z,

20, BERTFICEFEERLERALABCHE
EHCRES 2 EBAARE

/NETIEE, B3 1B RAERER (RRXK,
R, RHr4)

b b EASEL REmICRS Sh ik o T
FOBELEEMEOEERL L > TE b2, HIE
REEORRK : ELEREIEREED forceplate 13—
W4 50 cm DEABTHFD=AF T, K4 OTHEA
CXEEREBEE, ChitREETRZEBLE. &
ERFIRY vEHRTEShAFROR Ty v 7
CAEBEERPMIAEN, ZBEERDO 2T~
ATV DB I OVERNT S, Lid-TEIH
RICIZ SWIINIRERS © % 2 KOELS
D, EBEERO LIRMA = 4 2V 1 kHz OHEEE
BrbhdBEEREZ2DE 2RAID = 4 4051k
COFERSFTHBI Ui 2 RAIBR LB 25T E
5. ZO0EEX V2O 2Rk A=A LVOBE
EAERLT4ch ~VvEXV2—FB X OF
—& Vv a—ZTEEskL, ATACS01-20 2 v E =
— R XY EOR X OHEE AR 4 %, BB A
7+ 7 A GETE T

Z OFERROFIED D - Tz

1. FERSDOHCEIST 5.

2. Forceplate ﬁiﬁﬁ:’%‘ﬂzﬁﬁéfﬁ) h, &
% x i, yEIRAIUE, B fx, fy BIHES
XD x#y, yEZTFLAREE X Y 250
BT B2 L CELADOEESEECH 5.

3. fx, fy iz z 2@ T AFEIC XL Y force
plate W EEH I 2 IMRERS 2 EHTE 5.

4. 2 BRERPLEZAE D forceplate H %>
RED X S CREMECEELRS 2T 5 s

b &% 157

230N

RRE UTBIEMER LT 5 EE R EEISE
W 1Hz DLETBATLE S 2, 20Hz BEES
EFCRYHTRRARETH 5.

21 A FVEHFERICOTD 2, 3 D¥fEst
HiRER

KU ¥, HENER (BREX, H—4m)

Hodgkin 3 X8 Huxley ¥ Y 1 # B A%
WOV T O HERZBE R X 5 KET
HTEE 2, 3OWERA L. EROBES,
P % membrane action potential, oF ¥ &
DEFCIE D EEMS BT, BB ERS
Rhivwiaie, ESERPEY Lz TH W
7z.

BREHSE © X 5 BER 22 A /cm? T
5. 6.0 tA/em? T 2%, 6.21 pA/em? G338
RERERFEET S, Biiz¥iwohTtrok
FIBE L, 6.257 pA/em? Tik, FHEH B O #5250
msec ZI4FEDIEBBASTLET % 28, F0FEE
FIBER LR L CAEERE L., 20k
TR DEBEALOIRMIZI0B TR LT B R
U, Na avg s 2 v 2AoBEAEIR1EER
L2 ETLTWS, 35 ER 28
KTpe, REREIERCHEL. LB/ ISk
COREBEDHMREE 20 msec, %10 zA/cm? D
KE T8 msec BETHSB. 0.1 xA/cm? DLFD
W 50 IR ER T, ERESH 16 #A/cm?
OREET 2 L BESREL, RERERLH
k. 58, 2RI 5 NAREE LS
V. ILICEREMEZREG 5 L BEHEMLOERE
EIEEBCEAS L, ERES 160 pA/cm? %id
25HDTO LD, BHEEROEKT, B
WEMEEN R b 55, £ ORE 30 msec i
BEDOEF OB Ik <, 28 pA/em? T, BSBDOF
hEeRERL, EELBEHESHREECR >h
DIGEBAMEE L ERENREL L LN E DH
Th5.

22, #HROTIAYEE O EME K

NARECHE, JEAYERIE, REETF (BEKX, &,
5 — 1)

MR OBRRNET OFMEEE & 13 RTERD
BOMELOBEREZER L THbLsB4«OBELH
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REFAKROBBOBIFARSHRC I 5 LMk
OBMEBRA LI ECHELWLERTHS. 1
BREHEOSMERKIZIS B ETEHLOMEE L -
TEBLADLOPBEINTVEY, 2hdbidnd
NLIW SRS C BN A ERHAERER
BROREBRBOVTEDLLLTHEHOTRTOE
KERZFARBROREBREVTERLT LB TED
PEPOBIBE STy, EHEFFIIEHRO
AT E] B8 & E BRI E D ED bR S EH

CEMERKE LTCOEEREL TV EPEIEE
BRI MY B 7o iR oS MEK 2 BANET
FRAVWCERL, Zhiz o Tl 2Tko72.
AREI MR OTERHC OV CORFTDRERTH
5. :

EEROFR : (R LN HRICEDbh I ER
BHE UCEEER, PRSI CEREOBEK
0EEEED DT OWTHDbNW S BERBEROKE
P ABWE (F =) & ENM & @i \WTELEit
BHLAECRWTLLFRTH 5 2 & 2D
7z,

r OEEH SHFEOBERNIEE O il F ¥ 13
ENM 0inEd0Th5b. TihbbHRERoELRE
3 ENM O EBERERIC L - THERET DD
ThH5HLoOFmTELR.

7r3% ENM O EFD—>& LT thyristor
AV BT W 528 thyristor @ gate & cathode
ROEA2S—EDH (MIMEE) WETHIE thy-
ristor OEFENRIE D Zhic X » TEREBEREOEA
SEESECETVIRENEIRERRDb S
5. BERED ZO X 5 iE »5Hodgkin ® ion
Bick - THE S50 EPCE L TEAERD
FEOHENTH S C L 2D AT 5.

23, BEIHEERE L ZONMOERDEL
[c2UsT

WABHE, EREE @RX, B, $H—4H)
CEEO—A, bR E X BEERRE ORE
BB LT L7os (BAsRERgE 353, 1973
) FRE BB EEEA PR X OERED
B OFEZFNCRE LB ROBETH 5.
FEBRAENE b =L A B iR & iR AGHE o FfhE
BERBLINET 2D - THR L BRI HRER
(ENM) %Rz, ENM i3 cicifig Lz 2 &
< HIERBOBCME, EIRBOFBEEML

b &

OB D BLRBR 2 TN CTHRIC BT 5 & ARk
ORBEBVWCERTSHIOTHS. Zhzfv
TS E R ERE £k 5 BALOKE D D Z OBF MR
EOBF 2B AT L2 TRDD
ThH5.

ZOMR, BRAEBEESEECAEL 5 LHK
RHCEESIED Ix Ik pEERILFIIERHLE
2%, ZhicEd LBIRRR B 2 589 B
L, BB aRE - CWABSEEEE2E 4
DIET Lic A X OB IR R 2> DYE BRI
BSBREER D X5 FESTL - T, Bk
#HESWIRRBIT LB BB ORRIC & BESR
EOFEXRITL, WThoR& BRI
X - THPbNWAZREZITETICR 285 BIEEE
PEATNEREIRbhW R WT L 2H - 2.

Wiz ENM ORRETOfE, BEERORES
X VBB REOREOER 25T LIHEE,
1) BEHEEEEERC X 5REROLL, BX
&, 2) BERBTEERD S b TR RTERD
FSSERIC X 2 BEEDO LR L v 5 o DER
BREC/ER UCRER RS Z L M7z, 2D
Brb 5@ pIEREGC LD, X
ROEE, HETX - THERBEEZONS.

24, Phase 3%:IC L BEAERAE

FHREE, BRERB (KEX, B, H4H)

Perrin O, : 1/P—1/3)=(1/Po—1/3)(1+3 </
o) [EE (P) & FRFCRIEHG () ZllET 52
LTk - T BPA SF oS CEkITS5 TRP
1RI8 o [ElE D% FIFRE (on) OB ZBIE L 7e.

s ooy phase 3 (JASCO Phase Fluo-
rometer FL-10) Z . WEMBE W) Td5
BRWE 2 ERES X () CRT Bk ThiET

B L IR ORI 3 ()= | W () x (- ) du

T5z b,
x(t) & () OhfEER ¢ LT B E,
S?ﬁnwﬂV@dt

tang=-———
80 cos wt W (¢) dt

W) =expl—t/z] BT r=%tan¢ L

5.
(0= 2xf, [ : B0 LB L)
Weber SR DNEFLOMERZIRE L TV 5,



ZA; cosg; sing;
A, cos?¢;

BEWEAN1BEOL &

cos2 ¢p=

tang =

(2 _ 2 24 4% (11 %
(A 1)tan¢i—[tan¢A(1 A)+l]
tan?¢+1

(4=l e BORKOLIAE)
Ipt+1s Ir: @, Is:8ELE

HIE LI BUR A oor = = tangy
FL-10 O O st 2 HMER :

1 HOR | .NON
Tcor™® = T(z 868 +788%)

89E : AEH IR LicRies ek
ADEZEE - I-HIEE
w39 RN LTI WEEE TR DI AD
fH% A - 7= HIEE
FAHITLBRIEFRD O #8 EE reor™ 13 cut-off
filter 2 {HH L CHEFLOBEL TR VWIS &«
v @ pH-profile 2185 2 & »sHiskA. Lz
PBo THRBPORENEVEETHZOX 5 FHE
BT X RS BRIFRERRZ LN S,

25. BANS YL TICHITDEHIRHORE &Y
i

EHE &, ILAER, alEE%E (BHETA,
E, $H—4H)

B VBRI R & L v v A B (Ca-
EGTA, 10"MBTF) T LTI 85 L kX
IHED B & BRI BB LT L B
EIhi. TOLEOEEMIISLEL LB Th
EHBEHEMRMMEE 2R CHElEh S, E
¥ Ringer W RBIEFORNRER L BN, HE
FEATEHELTWS, $5Ca #HWT Ca DA
R % LEIED & &, Wlap Ca BE O
D1IEHYTEEOBMALTWB EEbh SR
#2185, '

LOHEIEISRERZMEY, SR 2L EIh:
Ca O—ERXEN LSy ABRECITas iz i h
PERD Ca BRETBR®, WEBEsZ bRk
HTEPHEEIND. Led- LB T SR
D Ca 3L oBB %D - Tnb.,

Ringer f1ic Mg BEELTHD EEI LY
AT THENOETIERE 250, Ca OftF0
BERELTWDXS5BbhEN—FEHNETL

& W & 159

Bpi Mg #5.2 X THRAOEER A SRy
oz, THhBREINLY Y AT L ST 5
Ca 13 E-C coupling WhHDOIDTHSH5 2 &
PEEmIh5. B Ca Yefaphcz @ Ca Offlg
NEEZBEMNTER LTS,

26. Lateral inhibition D SRHIES (T

FHEREE (AKX B, $4EHW)

ZHhIZITHERIT S Do 4 7z lateral inhibition
(LD V23T “dl” F7203 “0 sk & ¥ ofn”
ELTEREINTWS, ZOBEHDO—DIEhiE
ORREEPEHRLTVELE S 2EIL LT,
BEBLOL SR CREXEL L L2 FELTH
REEDIDDIS5CH LD, BRAFRIZZOL
STMNCHERZRDTVWELS5cB25L, £
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