JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

iz ]

UCHIDA, T., HASHIMOTO, M., TAKEGAMI, T, SUZUKI, N. and IWASE, Y. :
Sway-stabilizing effect caused by saccadic eye movement during

standing in human beings
H529[0] 7 A AT £

FMRFEERHE <

52 0] A AL ARE R LS

BH BB R HETE B AR D s B o - -ov e e sowmvawsaaminisbn dn e ove shbmnnnnine

HEXE£BE

J. Physiol. Soc. Japan




Donryurat 2R L 7o BARKERD T v VHEIT Y —F—
HA Zw M3 BS(Barrier System )Donryu® % 3587z LxL 7=,

¥ OR
OHHAMEICKH L CERSELET, (@R 4 B TLE, Skin Graft &,
o BIE, HERIF. HEEFS. ® k| SEEE. HEEL. WSWT M.
IEXBEwbLNET,
(& E & B
Barrier System Animal (SPF) Conventional Animals
NRC : Donryu® Donr'yu® Wistar
Buffalo S HR
]

=
y 4 — . et
= . A 33645 F EAF AR 226083
Sé HAZ v RS 20 (0488) 61— 6850 - 6401



(J.Physiol. Soc. Japan (1979) 41, 93-95)

Sway-stabilizing Effect Caused by Saccadic eye
Movement during Standing in Human Beings

Takashi UCHIDA, Masanori HASHIMOTO, T6ru TAKEGAMI,
Naoto SUZUKI and Yoshihiko IWASE

Department of Physiology, Kyoto Prefectural University of
Medicine, Kyoto 602, Japan

It is well known that the body sway in
standing human beings is reduced by
opening the eyes. The stabilization of the
posture, thus induced, is mainly due to the
decrement of the amplitude of components
slower than 1 Hz and thought to be achi-
eved by the activity of the visual system
(e.g. Edwards 1949, Wapner and Witkin
1950, Gantchev et al. 1973). In this experi-
ment we tried to study the effects of
repetitive saccadic trackings of targets on
the sway, in comparing with those of clos-
ing the eyes and of the fixation of the eyes
at a stationary target. Results showed the
tracking by the saccadic eye movement
brought about a significant reduction of the
sway than in a mere fixation of a target.

Healthy twelve subjects (8 males, 4 fe-
males), aged 20~35 years, took part in the
experiments. Subjects were preliminarily
instructed to stand upright on a sway-
detecting platform with feet in parallel and
a few centimeters apart with each other.
Subjects were initially asked to close the
eyes for about 2 min and then to open and
fix the eyes at a target (light emitting
diode, LED) set 1 m in front of the eyes
for 2 min, Sometimes the sequence of these
procedures was reversed. Vertical saccadic
eye movement was induced by asking the
subjects to track periodically a pair of
targets which lit alternately at 0.1~1.3 Hz
and were arranged symmetrically above
and below the horizontal eye level. The
distance between the two targets corres-
ponded to 30° of the visual angle. Body
sway in the forward-backward direction,
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converted from the force oscillation to the
electrical one, was fed to a DC amplifier
and recorded on a polygraphic recorder as
the oscillatory displacements of the center

_ of gravity, one directly and another through

a 0.3Hz low pass filter. Vertical electro-
oculogram (EOG) from the right eye (time
constant, 5.7 sec), surface electromyograms
(EMG) from the right anterior tibialis (TA)
and medial gastrocnemius (MG) muscles,
and switching of the target LEDs were
also .recorded simultaneously through
respective suitable amplifier. Experiments
were performed in a light room with a
few exceptions which were conducted under
dark condition and gave the same results
as in light.

. In normal upright standmg MG was far
more active than TA in about a- half of
all the trial, but in another half both MG
and TA were equally active or less active.
The feature of different use of the lower
leg muscles in standing was specific to
respective subject and variable on occasion
even in a given subject.

Fig. 1 is an example of the experlments
and shows body sways during closing the
eyes, fixing the eyes at a target in front
and alternate trackings between two targets
at 0.5 Hz by saccadic eye movement, each
together with vertical EOG and EMGs of
TA and MG. At first sight, when closing
the eyes, large body sway slower than 0.1
Hz appeared and reached 2.5cm at maxi-
mum (left) Such an undulational sway
disappeared or became indistinct by open-
ing and then fixing the eyes (middle).
During tracking targets by periodic sac-
cadic eye movements body sway decreased
more than in the fixation of eyes (right),
especially of the frequency components
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Fig. 1.

30 sec

Body sway during closing the eyes (left), fixing the eyes at a stationary

target (middle) and tracking the targets by saccadic eye movements at 0.5Hz (right).
In the target trace, staying at the upper level means lighting of the upper target LED.
Upward movement of the eyes is shown as the upward deflection in EOG trace. An
arrow under the EOG trace (extremely left) shows the time of eye closing. TA and MG

mean- EMGs of each muscle.

slower than 0.3Hz. There was no clear
relation of TA and MG activities to the
sway, except during closing the eyes, where
stronger MG activity corresponded to large
forward inclinations of the body. The
decrease of body sway was caused during
saccades irrespective of differences in the
feature of standing mentioned above. Fig.
1 was obtained from a subject whose MG
and TA were similarly less active. Results
of detailed analysis of sways shown in Fig.
1 under these three different conditions
were as follows : The rate of occurrence*
of 0.2Hz component per min was, as in
order of the eyes closed, fixation and track-
ing, 589, 509, and 219, respectively ; that
of 0.5 Hz component, 17%, 139 and 37% ;
while mean amplitude of 0.2 Hz component,
10.8 mm, 8.6 mm and 6.8 mm in the same
order ; that of 0.5Hz component, 7.7 mm,
6.5 mm and 4.8 mm. Shortly, during track-
ings by saccade, components of the sway
slower than 0.3 Hz reduced in occurrence
and amplitude, while components of 0.5~
2.0 Hz increased in occurrence and am-
plitude, while components of 0.5~2.0 Hz
increased in occurrence and reduced in
amplitude, as a whole leading to the reduc-
tion of body sway. Reduction of the sway
was observed over a relatively wide range
of frequency of tracking covering 0.1 Hz

open clos'gd

SWAY e A /\_,\/‘/V'v\/\—-]lfmm‘

L03HLPF)

TA Hoefinray TJo2mw

MG Nkt appromtio o i W]om
: 30sec
Fig. 2. Body sway and activities of leg

muscles during maximum upward .eye rotation.
Left ; with eyes open. Right ; with eyes closed, -
obtained from another subject while standing on
a tilted base (25° forward). Bars under EOG.
traces show the period of the eye rotation.

through 1.3Hz, We call tentatively this
phenomenon the sway-stabilizing effect by
saccadic eye movement. The sway-stabiliz-
ing effect, however, was not obvious, when
the sway during fixation of the eyes was
extremely small. Lack of the sway-stabiliz-
ing effect was also observed in the upright
standing on a tilted base which had a
forward angle of 15°~25° the activity of
MG being enormous and the slower com-
ponents of body sway decreased.

As a trial to investigate the mechanism
of the sway reduction, we tested. how .a
large saccade and successive holding of the

* indicated by wave numbers of a given frequency component/min x 100 (%)

given frequency x 60



displacement affects the sway. Subjects
were asked to rotate the eyes upward as
rapidly and strongly as possible from the
horizontal eye position and to keep the
position rotated for 15~20 sec during stand-
ing with the eyes open or closed. The
maximum angle of upward rotations of eye
balls was estimated 50°~60° from the
amplitude of EOG in all subjects. Examples
of the results are presented in Fig. 2. As
shown in the left, during the upward rota-
tion of the eyes faster components of the
sway (0.5~2.0 Hz) were induced in small
amplitude and slower component of about
0.3Hz was depressed on the contrary.
Activity of TA increased and that of MG
decreased during the eye rotation, some-
times both showing the reciprocal dis-
charges. Another example is shown in the
right. This was obtained in the subject who
was instructed to close his eyes during
standing on the base tilted 15° forward.
Faster component of the sway were again
induced or increased by eye rotation, but
the slower ones were unchanged. TA
became active only slightly, while MG more
active, corresponding to a continuous for-
ward shift of the center of gravity. Induc-
tion or increase of the faster components
in body sway up to 2.0 Hz was also seen in
subjects who were asked to do voluntary
and periodic saccadic eye movements
upward and downward at about 0.5Hz
during standing in complete darkness.

In summarizing, the body sway in upright
standing which had reduced by opening and
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fixing' the eyes at.a target, reduced still
more by the task of periodic saccadic track-
ing of targets. This sway reduction was
accomplished by the decrease of slower
components of the sway and accompanied
with the induction or increase of faster
components in low amplitude. Fast com-
ponents up to 2.0 Hz were also induced
either during the upward eye rotation with
the eyes closed or periodic eye movements
in a totally darkened condition. Then it
could be assumed that the sway-stabilizing
effect caused by saccadic trackings might
be originated in what the activity of the
central oculomotor system, in addition to
the inflow of the wvisual information,
affected the spinal motor system, parti-
cularly involving leg muscles. Although
changes in the TA and MG activities have
not been cleared during saccadic eye move-
ment, except during strong upward eye
rotation, careful investigations will disclose
some subtle changes in the activities of
these muscles. : :
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1. EBGlctTdH7I—A7 IV ERE

Na 1 # > o4&

PRARS, WAR—, MW, EHEH
(BEX, B, B—EE - B

EAEy FOREMS XOBREGEBVT,
B ZHMw A LTOIMEERI I % Na DB5
BT Na =2y VoL, TXTOBK
S 7reEy (100°M) L o ETHH (7= -
7 3 v, 100M) %z fc. NawBkT 5 L
BRED, AV 7Ly v (IP) olgfERK
A Lic. Krebs®x 1 ~5505x 5L,
Zo%D Na REgHhwe s 1P offfk 1k
B Esd Hhic ¥ ¥icfiichic. SmMNaggT
1BERILL LB L-%8 Na 222l &, 18
B Th IP HROBFEHE nAbLT, K%
BBy 734 v (100°M) CRE LT
LA, NakBESHTo IP fEROBAEE L
EErBH LRI, Na REELID I b K&Kk
i, UTAL vEML DL IP OEERIT
{PElEhiz. 3 LIP oA Na # v 7 oiEk
{b L BER BT, Na RERHFCo IP fEROM
BuHlaR NaBEOETCTNa RV B HzH
hatditELLRS. NaREBREHRTO KIG 2%
KBEey 7.4 veIbriiflhsob oo
ELTHHETES. H LIDOEZNE LTI,
EREEo Na s, ENa B, KBrE, v 754
vic X X 50, thicg Na RBREHT
DMK Na BEOETXEETS X 5T
WBEHBAIEZRS.

2, % Na grhic & (T3 h =D RE DINHEM:
fH & (EEL B, 4R

PO ULy o= VDB O/PNER I BE—E
e a i L, 85 7~ 8 E0RERNE Y527k
POEBEMEBRENOREE X T - .
Ringer ¥ CHIBRE Y ES 1 HCBST& X
zHbh B IEOKEES (Bowditch®l) X, SHK
Na %3~C Li R Bt LB hCrr A DB,

% (Woodworth#l) #5345, BRI b hEE
LR - TWBZ Eh b, HilaR Ca DEE
DFLId LD Z LIXBLMTHS. HLBS
148 Ca-Sr BBV THEEIhL. 20D
ADKBESIIE Ringer WEERLTLES
kT, B 1205 TEEOAZ — VicEE

. Li=. —7, Ringer shCIRHRE L % & Ca

W RERT% &, BIRRIERT SR, &
D & EDRERLD OFB/IL ©,=0.7min & 7,=9.0
min @ 2 90FEHnbies. i 8 Na-Li rh
TAME Ca REFMSF LLET L, % Ca fn
1553 SR L C b B 70% L FreikBdre 7,

F ORFRIEE B 7,=0.7min & t3=67min D 2D
DWHMBID. & DEHT CTH Ca-100mMKCl
WERERTH L THRECHENIRE B T 5 2%
SmMMn i3 ChaTecii#Ts. chbool
Bind, n=ADLEFHOMIA Ca kER DL
B/ X 2 DD EF; compartment & Z iz
LFNEFER DK ¥\ compartment ¢ 3 KEiZ
SHTHLDEHE L.

3. 75/ 1Y QLRSS L URNDERIC
BLIFTHE B2 FRLFYY, HT7 x4
v otEf & 0TS

AG7vF, BRTFEE, #EER vk E,
AT

75 v v OLBERERYRET 5 BT
c-AMP %4 U CLI ORI LT3 7
VIV Y, h7 4 vEDEREREGS A
BL, RRFV=ALEGY AV, ZEEEREE
REALEE ¥ - EEE T OB, BHIERAR
BT 7F /v vETVVFYVEICHT oA
v OB b O FRE RO E 2 BT Lic.
FORE, 1) 777 v vkt RToOBEERER
(Inat, Is, I, background current I,) 3 X OWE
B (Ica KEMED, Ica FREKIEME ) 2114
L, BREERAERT. 2) #7 =4 VX7 T
VY VAR LI LREATSE 0L



BAD 25 =KX 213 gea DHEHTH b doo, foo ik
ricw. 3) 7Fsoviek sl b Lo thEM:
EBHEHGEREI7 Fvry v, 27 =4 VEET
CEHERD. 4) BT oA VEETTOTF I
D L D 2 » =R a3 Bea OHEHTH D
doo, foo [IFZ e &5 Z A L. Bk
DRERENG, LBAGKCEETS7F 2 v VAN
BoRSERcAENTBEET 5 LW o EHRNIR
RENDLLDCLDOERABFELT, 757 v
VLD c~AMP D4 FE i b O 4 BRI B 2
OHBEREH 2L\ 5 HEMSE 2 Bhic.

4 BEELERIC L3 ELEY MBS
BB S & IR DORE IC 3t 3 B Co-
enzyme Q. DEIEIHR ,

BREA FH E, SBEEFLK B &
THERE - KGEKX, FAEY

CoenzymeQ,q (LATF CoQyo &BE) 123 b2 v F
V) 7B IEFEEROBEELBR K 4 T b
5. KRR L 2RBEETHEE L2, FLE
FLEG OMBENEE B L HED 3 1 iF 3
CoQ,y mBhF%, BMNEBEC L VB L. &
BRI X v, LEHOEEER R i B R
(APD) LR DIEATH. 2T, EfWe
CoQyo (100pg/ml) % fn 2 % &, fERHEK205
=, APD23% (P<0.01) InfEiE /249 (P<0.02)
DOEERXR L. & o BIEHE bi, propranolol
(25%10-5M), methiamide (5x10-°M) T ¢
HAHabhic., LT, #AT7a2—17 3 v
AR VOB X5 2KOEH TR V. —
7, BFEEROBEEAR NaCN (10°M) {EAT
TCoQy &Iz % &, APD LIEEINIERE
W & AEE (20~30%) wEELL. &
58, BAK Y v EE o B3t % # (Proton
ionophore) DNP (5x10~*M) = X % B 2,
CoQy Iz & W iZIFTRLAEHE L. LDEHOE
A X B & e ORIz iiRA ATP oS
PRETHD. CQpicksz b o EEHE
W, A0 bEr AR, I bV TRES
LML) vEMLERAEL, ﬁ‘iﬂB@Pi.ATP BRED
EAEN U TR CITEESPEEIRS.

5. EAEY MELABEHONRETRLNA
TR

97

AR, R £ Wk B, #2458

BB LEHOREERLETT5 BT L
.y PAEFEY (EE08mm T, £ 3mm
LI k) X L single sucrose gap iz X % voltage
clamp # B & 7z. = A E2# 1z L b sucrose
compartment X bH, ZDiEIL 15~ 2mm &
U, Tyrode #rhDfiREi2 0.7Tmm A F & Lic. &
S3EE I New & Trautwein (1972) o Hikic
¥ L 7= 2%, Bl transgap potential 35 L O¥
transgap resistance % HIFHIE TEAH L5 L
oo RUDRBEERRHE Lick 25, Rm i2ug
1£2K2, Cm 1% 0.5~15xF, i Tyrode [HiE7l
P Rs 13300~8002 Thotc. “DEHEHD Rs
Tk, BB pA Hich BEEMEZ 1V )
TTHD. ke, %< DEKRE\T gap action
potential ¥ sucrose BABKE /I LD,
[Eif1z gap resistance XA LiglT 7. Lizhi-
T voltage clamp 12 3\ C&RE L= B %30
SUEBATEBILEHLDTHTH > 7. HEE
HIZREL T v i PRI OWTESER O tail
current analysis R 4Lk & =%, HP=—40mV
WET r=30~50ms O W ¥ tail B =
300~500ms D4R X tail 23z Shiz. Zhbik
FhZFh, slow inward current ¥ X (¥ delayed
potassium current ¢E% bhb. ks, ELE
» MOEGL cell to cell decoupling ##g = L3
VCOTIRAEVW D EHERIIR .

5. BEAELHOoREIED Ba* 11 vick

ZREL
MR £, HERN, SEEx Ok B, &
ot 2¢:::)

BRAaBOHesT 5, VWb b Ca-mediated
action potential(CAP) ¥, & slow channel o
EHLORFLELORTWS. LU CAP i
FIRERAESE <, Lad graded response Th -
“C, slow channel O¥'E % EEMCSHTT 51
BARLETHD. T Thhbhi3ZE L slow
response % 5 %73z, K*-channel blocker o
—DTH% Ba¥ £ + VvEIEH &8, TEOMKEL
87, 1) Ba® {Ringio27mM-K* B4 .08 T
11, PIB oKX E X Lichi- T graded response
»ME U, maximum response % 3 ZHEOKA X X
1ZIEH Tyrode R CORMEDIOELH ETH -1
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#, 01~02mM-Ba i X v, R EE
Tyrode YKRAME @ 3 ~ 4 fEORIBCTHE L, 31E
all or nothing response # 2 LUfz. 2) = Ba**
#inis o slow response »44¥E Ca2t JEEE L DBY
FBERFAI & = 5, Ca¥] kL &L over-
shoot, Vmax, IfEED &  w EWEmL,
overshoot D4, (Ca?t), D10§EE (L CFIEH26.7
mV OF{tE R L. Ba* 1mM FETCHI3E
FEEAFTRA 2 bhis. D EOEEND, ERE
Ba?* g OBiS O slow response X,
EhDTRETH-T, Lind (Ca¥)o BEHEA
BWEETHBOT, & O Hikik slow channel
(Ca—channel) D¥stERIZE L, ERTHS LBbh
5. :

1. 4v7a5 L /- (Isop) DLE{ERICE
KIFTEESR - DTV LEHORER BHE
E by &-Y::7

K9, BEREX, KEER LK B, &

:EE)

, DB CERTC ¢ LB ZRGOERI R
hbuk#ﬁgkkofbb.%ufﬁﬁkﬁﬁ
R#x¥o Isop 0 REEFER(20C) LER (8T)
T, RAY=AMLBEHERWTRE L, —ERE
BMEMEE ¥ IEEET COBEER, EEW, &
NEFA~ORYRL LBRE Lic. TOKR, 1)
Isop (10712~10~*M) o BE « KIGHE CRAZY
EREXFERLM, ERIM ThHY, BRI
BT, ERCTIESBREORIMBRIFALTEL,
EBEDThiIHEN >, 2) Isop (107°M)
T, BEXTU? & EFR ETIREINLET
Lo, BEOKSRE, BEEAMRS & IURRR
BEOEEYZDic. 3) BEMEE T, Isop
(10°M) ERTH lca KFEHEN HHE L .
B, FOBRERSRCERTBETH- . 4)
BER - BREGII\VT, Isop (10°M) R
TEVHEXER (L) o0 AmEEH (L)
AL, EERTH L Ik Licn,
ZOBRKXEMNELBSEE~BT L. Lk o
ERTHTNTHoT. UEORERNS, BilkE
Isop. o fEf ic X RIS R < k<
T, EE T ESEH, WbNk a, B FEED
E#IL LT, ERTO Isop OfFEFIIE
ELT B RBhEATREEL R,

A
=

#

&%

8. WEMHEED KF—NRI vE KU 7 EFILI

Y o 2R{KICE}$ D neuroleptics OER

iy M, B OBEE (KEXK B, H-4%
)

Neuroleptics (chlorpromazine, haloperidol,
pimozide) &> dopamine(DA)3s X O'acetylcholine
(ACh) SR+ HEAY, voF=nr&vy
FOFREEL (SG) RV, EHEREEES IO
RPN BBEC X » TRE L. LEEDE
v ¥ LA O P B L O DA 0 BREKEINE
5 X % iR OBA B LT LEEEY RS
oot ZORERX IO neuroleptics 73
Hika o DA Z/kD Ll 57, SIF cell iwksi)
% DA opEtk, e UCHIEAR W &%
RLTWwB. v ¥ LS v 7 AR %
35 DA FHREMRE ST B2, 20X
X LCh neuroleptics [XIEMITEAEE L
fedvote. HlEOBERIFERD N -2 3 vEEE
EWHR S & HZsh ¥, neuroleptics o fE I M &

SSRGS OB RS T IIT IR bIn T

LERET Sy o h= SG BT v
s~rY F— a3 P BALY AT
& U723, R EETE#ED ACh 52 fast
%3 X 0% slow ACh potentials # 3, @A I ¢i. L
oo THREA R 815 P BALOK T adrener-
gic system %35 neuroleptics DEEERIC
a4 oTikic, SIF cell D= AH Y VEEE
DOREZHETE S LEXLRS.

Tr=UY,

8, H T #&ﬁﬁ!._ero(-j-% GABA O ¥
7 2 BIHIRE

DEERT], ABER (REXK, B, H4H)

v o ¥ = LSRR ETIC 3\ T, GABA (-7
I OEE) v S ABECh TG, —iBi
w ULHPER Ly, LasL fast EPSP oiRiE &
FOBETFEEZEWCBLTHDT, v 7ARK
WnboT7eFAa) v (ACh) il xHiE-
B Edbhns. (Katoet al. (1978) Brain Res.
153, 398).

&@Eit, GABA 3, v+ 7 ATFED ACh &%
M T T, fast EPSP 0 v 7 ABH & WA
TBHZEbb, LRROKREHE L, GABA Off
PR L ABSMERLEET Lic. GABAR LS
fast EPSP #lI4IfE Ak, Cl- RERWEH TH & T
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%. —7, miniature EPSP DJfE 1% GABA 1.
I OhE LW, EK g T EHcHEmL, o
D& ¥, GABA 1z X % fast EPSP M&|{E i1,
B K W e Bb b, Lichi-T, GABA
DIERIR Y 7 7 ARIRERED ClI- 058 LR
X RO HHR X AIEBHBAOWBD DFEE,
Fhicgihs Ca¥* BioRA R % %%
bhd. ToZ &, MMM ER CERE L
oo F T ARKGE OB ER (K5 Nat &
WeXsEELBN3) ik, b (7% B
BTBEENLB VLB, Tek, VU =AT
SN, GABA 2 &L R AH S
e L L, MfEfFo GABA I, 1~10
eM # b, fast EPSP #ilix, 5u4M TROR%
DT, GABA Dk VEEEB X % v 7 AR
Mo, RE IR S.

10, © 2 H T )N hiZiGHED electrogenic Na-
pump [Cx§4 DA FI—-L7 3 v OER

HZHEE—, HE#H= REXK B, $o4
)

Electrogenic Na-pump {1z X h F4: LT\ 5B 7
o = A NE R DK-activated hyperpolariza-
tion (KAH) wxf+%7 FLr7 D v (Ad) OfEF
458 Lic. KAH 13 Ad OfFETrRB\WTHEL
A IR, SMEOKEE : KAH offi
Michaelis-Menten DX TRIh, REEEK
s LOBARIEERD D Z EMTESD, &
OBFEY Ad FETREVWTRRIZELD
Ad o (EREF 25 Lic. Ad O FETRRW
Tik, Log dose response curve (3~ FITRE)
L, FREEEBIEDRA DR DRI HRKRIER
AR . =75, Ad X3 KAH 0l
KIEANEEIOBE RIS boTikivc &
BREATLEN T, ClERBE O R LU
TEA o fERZBR~NIHER, 20 bEREHETT
1%, REEREC L  RARIGEVEAT
HLElEHRLL. ChbLbOXBRER XD,
Ad = X 5 KAH o#§:A L electrogenic Na-
pump O PRI LB EDTHY, = O {EH L
pumping sites 2332 K 1 # v o @Fadk oHEk
ESLDVDTHS - EBRTBERE. Thbd
electrogenic Na-pump oA L, pumping rate
DER X DD THD, BHEHOHK, Nat/KH

#k 99

coupling ratio MK, F7-i%, pumping sites
DRBOBMIL LT L5 LD TRRNE LARE X
i,

M. 9L HTNTFHREHRIED pump Ef:
234 BE%7 3 v oA '

FErse, SHA—(RAEXK, B, Bz
Bt - HEEKX, £B¥)

VA VAR PRI Y, &K, =ag v
BIOT b r€ve et T LIFEL EER L
Toth, ERTRMEL S VIR LSS5 &, FWR8
SHBEL (presynaptically mediated hyperpo-
larization ; PMH) 233&4:3-%. PMH % w73
VTR X B O T electrogenic Na
pump DOFFEHIC X hFEAE LTS (BiRE S,
HA4TEEE 35 ; 482, 1973). low Ca B CIR
PL, =€)y A LLDT, PMH w35
ACh DB§ERE2 bhiz. Fh T ACh © pump
BT BEB%, PMH ¥ L 0¢ K-activated
hyperpolarization (KAH) #7RE - LTHH L,
7 Fvo Y vo pump B i@ X35 FH & g
HEt e,

AGMSmM)mPMH%inAH%#K%
K15, BRE-RIGHBIESEAGNTH v, #BR
DEHFVIEEARBRT—ETH 1. 2Oz &L,
ACh ZHfEOE & #A LT pump BA A
BMlicz taxmnddboBbhs. —H7Frsr
Y v (107M) iz PMH »EANCHER L, BAR
G ZE 23, Km 2% % %0 C pumping rate %
BATHZ ek b pump B & i%ﬁ Lich o
LEZ bR

& Ca B TOBRHERICAS>H D

slow channel D#E

EHA— (EEERX, 4£38) ‘

ﬁﬂ¢m&ﬁ§Ltb/%vwzw®&Iﬁ%
Ca-free EGTA Ringer Y C¥H+5 &, BB
SEEET, 05BIITH—30mV OB Y
AL, [ExR—80mV L) @0k La /- s v
AkE2 B L, AL 7B SP) B2 2hy
BRAOR7F b iR OIEBEM (PP) 2
FHE L. ;haomﬁ%iﬁﬁ%ﬁﬁbtkh
AUTORRER/.

EHREMORBEFCEENOBLBREShS.



100 ¥ & W &K

SP {348 Na*, X0 TTX ofFE T CTHHNK
W42, PP 34E Nat, Mn & L0 D-6000 7%
ETFCMieskT 5. NaCl » BEEECERL
Ti-vHiEE LB LRFEEELADND Z &0 D
G RS BRBTRITHLELLNS.

Bl En#ER X v, SP % Na-channel %, PP X
Ca-channel # @875 Nat icX v &4 LT W
%. ¥1-, PP oREdic Gk BZEASTHID T
5+ —HOBRNERC LB LDEELDRS.

13. 4V77EF GABA L7 2—&kU4M
*UF v RNDOILEREICDONT

BAEY, WEER, AR # UERECu
X, K&, F—4HE - F—FK, £HY)

A v7ves GABA REH =a—w V{3,
GABA 5 Ca v &7 2 vA (Gm) #nxE
5 —@E DAL (phase 1), Thick Fitk
D85 1& (phasell) &=, 7k ClIm, &k K+
FHBEE A L%, phase ] 13, GABA2 ¥,
phase[ 1%, GABA1 43F 2, ThFh1ZEH
PrEiEAT5. FEEHRBIVBER YR VT
Cr#xyvir, K5y vERARB IO GABA v
7 X —DLFREYRDTEL. VO VvEED
eNH* # T2 ) = be_vEVALKY
B, eAFOVEREVESTOAFLY T
X b phase | 3 HIHEh%. Liki->T CI7
F o VELTY O VEED e NH' KX e A5
CVERENSERINATWS. FryvEELE
HTB7EFAAL XS —NEFrvF—ERH
WBHERDL:D, Kt F 4 vER X, FrYV
BRED OHFENRLZOEHER LTV EE L bR
5. ¥, FevvERI, GABA Vv & 7 5 —
PLERLTWS. 7vE=YAE) 77— I%E
IUOCA VTR EALFAKRRZ AT Y F— X
HZEMERNLD, YV VEERICEY vERED
OH 71 GABA o NH;t, COO~ LA TH EEL
bhs.

W (V77 FHEMRIC & [T 5 GABA
response & {UHAERIORE

MEEER, BAEH, ABFER, AH # b
X, B, HE—4HE) :

AV77E5G-H=2—w iz GABAR L b
— B DOBHE L BRICHREEOBSBYRT.

Bi%% phase], #¥E% phasell LFEE. Z DX
¢ o phase ] DFEFENL (Ecana) 12 —86mV T
»b, 10K ZTmV Bhd5. Lichio
-C phase O+ VEIL K Th5.

phasel]l ® = v & 7 2 v A%k (4Gm) 1 HREW
BRTHB. 18CTD 46m1l k+5 L, 11CT
0.2, 6 CTIX01TH 1. X bz NaCN(0.2mM)
20 43 ¥ i TC phase[i3 05 T Hote. KRR
NaCN o#h2 1. Na-K ATPase OAREMAL &£ %
bhb. KicHifas Nax Li CBE#R L, 1/2(Na)
35 & AGm (313K L. Mz 2(Naj T
13106 L 7c »7-. Mannit = X% Na B8 THKIG
OEARALRIN, ZhEz (EREEE L
FEATRE e ot BEDOEREMN L,
phasel] @2 v &7 & v AZ{LITHAA Na BE
oWATIMEHIh, BhTHALELEWLS. &
hHDZ Enbunx bz bix, MR Nat 3 X
CEBKF » 2 VDRETHS. $5—2DRE
M ORIGEGAREARE R L THS.
v 74 v, DNP /g ¥ OFEL DT, SHE
BrEdios.

15. 1 V7 JEFREHEROER 43I VICk
3WEER O

®E ¥, EEEE (BEX B F—4H)

4V 7y EFOEEHRIIe Az 3 v (HA) €
o TAMEYR T 2E0MRMa R FE T
3. HA off AREEROER B2 LT,
Y T7AL VTHEETE. LhL, v T4 YEEA
72 Na R CRHLOGMERT L, v 751V
HETCL HAFRoREN A bR, #1045 TH
OWET5. —F, s o Na %#1/8 (60mM) i@
BobTE, V731 voEEIRWHAR LS
BHERALR, ZOfERIRSED Ca 2BRET
iz bh3. LaL, 1/3Na (150mM) ¥+
o HA ez 734 vIVEET S L 205 Ca
BErI-THzbRS.

Pl EoksE iz HA OfERIERS 0 Na RES
BELBRLTWT, 0L Na-pump &, ¥
TR VCEELZ e\~ Na-Ca exchange i
IoT#FEIh WA EThIEFHBATES. Na-
Ca exchange {3{& Na BER P BWT, HREA
AT S Na 2 1% %&HCoH Na-pump
OREFRBTES LHEMIND. ¥, Ca 2R



Y

DERV (R Na BEW I Ca 2 FRET5 LE
BHROZWLE LB 553
%. Zhix Na-Ca exchange iz X «» CTHiZHEMN
BZ > TOWAHESERLTWS. LicdiaT,
3 L ffifist Na & iiapy Ca o exchange 2%
EIHEERASRT S  EAWIESh, HA i1z
ORBEFEHUALTEZ L X » GHASER R T
botELORS.

16, hINBEGOEIVEI2Y 2k &
epp amplitude [C35 LIFd pH PR

ESH#ET @RAK, B, H4H)

ek Ringer hT, I =L ERGOE=2 &
7 2 v A (Gm) % XU epp amplitude 23FA 3
% . pH5.0Ringer #C Gm 1L IE% D #I60% 1 A
T5. ZoBsg, WEMIY2mY B5E L.
—7, epp amplitude |3 1F 31 _#30% D F>
DA BIICH, epp PRI Lich -1z,
Zh BB pH 1z & 5 Gm ¥ X 0% epp amplitude
DWW ONT, (1) 14 viE#EER (i) negative
charge % F ORBEABRMETHE D L AF VL
EE IV e AF P vEBEPLEEHL, TOKBR
w e Ui,

(i) (Na*)y XIEFDL/3, 1/10 WA 35 L
tE pHZ X % Gm A 23358 L. —7, [Ca?'],
%0.1mM s 53.6mM Hgim LC b Eed: pH )3
13, BEAEE L Lish ot Dz ki, o
YW p ¢ HY L Na* 23ED negative surface
charge WM I fEALTVBZ E &R LT
5.

(i) ZAFEFIAERBIT L AF D vEELY S
S=2teFEA T 2/ —ABIRAF VY ITN—T
ThZhiEfhits &, Bk pHic X5 GmZAfi
ZWREISRACRA Uiz, Ina amplitude ous
ThFEE, BRI & beid L.

HEoz &ab, Bk pH X, HEHEEERSE
DI N B INER IV A7 vBELR
EMET 3 Lic X - T Nat 8 23 3¢
BrEZBIS.

1. ELEy MFORIEHTD /L7 KLFHU
v OEBEF
AN (BEKX, B, H—4£H)

97% 0,, 3% CO, THFIL7=38C D Krebs-

24 101

Henseleit W Cc#iHboELEy FVFTH R 2V
TFVFY vEERIRS E, 1007g/ml T ©
BBRSEE R o323, 1078 g/ml £ EoBE Ik
&0 b =Btk O RGBS | & ik & Higtik 085
BEAZOND . ZO8E, MRABEELTVE
EHENET S LHHATEROBL R ALRS.
D/ AT FVvFY ViR T5% 2 A0 KGN
a FWHTHS7 =+ 5§ v (4 x107¢ g/ml)
THHEh, BEMAATH D TrFS /) r—n
(4 x10°%g/ml) CTHEYZT W Ehd a T
BHRENLTCORIGEEZDRSG. ¥l 2 TH
LB BAREHL, ERASEZEXEHED
HBEARARGR, EEMA—45mV X i &
FITB LA FBEIRR 7. ISR
iy Cl A4 F+ VB CTERLT, +0BEEY
Vo &L e b, BHBEOZDKIEH B
h2 X5k esdn, Na BEYRS LA
KUEEEZbRShoT. 20k, BEE
PLTKFE LT W 5 2 &, BEROF RS &
L, BIU Ol BECEKFLTWBZ LR ER X
D, VT FUrF Y v k- TRz &hb 2 it
DRIED > blESEL, Eo Cl i3 258
MR THIERIVELD LD EEL B A
%

18, XX IOFBHERILE Y HBICEKIET
ERFIHOE

BFIFER (RFKX, E, F—4HE)

Wistar ;REES » b (2902~408 g) 25T L
T, *v7&—n (50mg/kg i. p.) MKE T icBAlE
L, EEIBMIRCARY =5 v Vs — 7R L
foH = a— VEBRA L CEIBSIRM 2 Him L.
FOMBEHGT FvF Y VEI AT FVvFY vk
B CHIE LCHWEE S Rl R
SBEDOBAE S AL, 0.2msec, 10Hz, 0.5V 0iEH
BT 3 5T - 7o RIBERALIT R BRT X
o> THER Lic. FIBETOSWEER, 7 FLvry
v12440.8ng/kg/min (PIHELELENRE), /L
7 F v ) v3.3+05ng/kg/min THH, /A7
Fro Y voE&195+24% Choic. L%
FETER JOTREX 9 EHLS5mm O % F
L6 FITEIE7 Fvo Y voER S WMEE
Nabhtc, LLs AT Friy voLwiEn
RS Lot —F, TEOEHEMHL
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TED 5B 36 AT Ky Y oL
2N, 17 Fvr) v ) AT FLvFY voiy
PEHARE I, foPRrE i Uizl
BNTEIBHE s A= v OSREECELIBE
Thithote. ShbOEEND, HEKEET
HE IO ORHCETHE SV v FURES
IO OPIREBEOFEI R I .

19, 4 ROFIBHBARICEDANFINEL
TALNFIRTFOVERADE X2 XV OBEEE
A

BEDT, AR, #HIERE, §KE= (R
BX, B, E—4E)

e AZ 3L, BIBKERLE Y ORBERE
T5H, TOBFRTEENOFWIh 5 ACTH
IXIbEuvbhTwiz. LazxLbhbhii, TE
HEEr1 2 ORBEPERATCE VW TIEETIX
HENEEFNE VOFWBHNE A ERR
KL, ACTH 24 X7e W RERF L HFEET S
CEEHST. SElite A X VHEIBREHR
CEHEARSEEXETHEPEWELMICTE1D
I, BIEHEAaAY A, in vitro TEBRET-
io.

4 2OBEIBERFHL, 255+ —EE LY 7>
vERAWTEIROERMREERL, eAx IV
WL TA VFa—X—FLi. EHLIaLF
24 FREB /e~ 257 4 —BWT2AF
yrEanrFaARie vt LEXET
FE L.

LAZ I VEMLTORVWHBERTS 245
VAR aAFa AT e VvOESE, TREDh
474+ 4 35 X014+ 2ng/105 cells Tho7c. &R
R IVEMAIBERE, 2AF S ADIELDBIE
5ng/10° cells, = A F 2 A5 » v 125+ 2 ng/10°
cells T 9, AL THEROBMTH 7.
ZDZ ki, tAZ I VR, BIBREMEYESE
BT rENNDB LR T.

20, poYTHINECHDHD Kindling PR
AEPEERE, BYRE, ¥y, FHEES—
EBFA, B, £EE—, OB - et
)

FLVLERTCALATTAMELTERE ST
% kindling R oT, by =F=AwH

A
=

#

#

Vs, BEOFWGERFS (60Hz, 100~200p4A, 2
P ORETCEUIMEFEHHOEL LR~
o BRLRENBE LY OBERSOEREHA
o, QOBRETALALKED LR LHEM,
(Ve R RO A BB IEE) OB L R RS RY
L OEEBE, OB v AREDHERA
PRS0 msec D H v F S AMEEZ DR BRGSO
Bl YA bRl Zh SIS ETN T iH
Sh, EERTHH IR, T REAEERO
TADLAEREDOEEIZ Omsec LI oD
% { +50msec i 5AE L, CTAPAMBEORE
BN VDD L REED DL 2 RERRBTE
LTWBldELbR L2 - k. BLEOKERE,
b, REANOMEIMERAEETOLOD
FXig¥h kindling $ROREHER BE%
BELTw3BZ L, LhbZhicdBEifnkE <
BHELTWBZ LRI hT.

21, KKEEEETRICELETITNA VD
®E

BEARKA, BHEA, B X EREX B
F—45)

9T AL vEFRERIS, 1074, 107 g4t
Ringer frCEiRHE (Warburg BREFIZ X %)
TRRB LR, OF, BERECRRECBRK]
—EOBWIRHELNBR, KEEESR T131073
MT#A0Y OBERBOBI B ALN, BENSE
{75 EWHLBEL T,

DERABEE I OWT medium @ LA 5
2T 734 v (107°M) 0 &% -7z medium
PHERZER K BX0 Cat* 2K T5 L, W
ThoB& L BRENBORIBALREH, L0
WHEOEAVIX Catt BREDIE I BKThH-1.
K-rich Ringer D 4131ES Ringer OFAcH
RTY 74 YOFRAMRBEHHhc. K-HR X
PEENBOBNSEEEBLTIRACI S E
Bz b. &b K-rich Ringer in 5 Catt %k
#1C%, K-rich Ringer 0BT Fid e\ AYHE
By 7514 vOERARED bhi.

Ty T A VRINESRN D OMRHEERD
A REFICBEZELTASB L, B Ringer i
TRENE305 L bW CREBREBRECALE
s bhicydd, ThlisREoRRE &b
CBENBOEAIAEZ RS, L medium



2

e Catt BEELSWEHRBHE LS B2 9,
Kt 0B 8T LI X HEIRS.

22, FIERGHIORAHICETIME B
—H BEAHEKS T SOBEICOLT

IMEEl, KBRS EBREX, B, $—4&
)

72— AOPEE120mg, 50mg, 200mg/100m]
EL, FOEERLBL LB, TS AT—A
SRR (30, 60, 90, 120 min) S L
fo. KMEBE TR b2 — ADRENEL KD
Ul TG OB AE b, KA+ ik
WL, MEREXEENEL LA Ldi>Th
e T ot BEKES T120mg/100ml CIpk R
EXRZ SR, 50mg, 200mg/100ml CREE IS
Abhc. BOME, ABOELIIELDTKE
teote. KA+ V13, 20mg, 50mg/100ml G
HAabh, HHEIREXEL A5 Lichis
T T b, 200mg/100ml C it B b 3R %
Ba St ETIEE ClHE & MRE CIRR I 2
L, KA viiZRE Th oI RHRRH
bhic. HEToOEEILZbhichote. FBE
TR R E 25 &, AMEE TR
M#1320mg, 50mg/100ml TREIA I O 1@ Lis
NoTKEL oot BREBEOEOWE &AM
DEANL, 20mg, 50mg/100ml TEIZARD
Hie\nas, 200mg/100mt ¢ i3 BefE2 coie Lic
DBoTkhkELtotc. KA4Fvit, KBFEE T
BEL KA+ volEEALbh, o
Ll do THiiHER e ootz JEAKER T
1320mg/100ml TK 1 A+ v o iiHsi & b, B
Moo o TR ERS L /it o7, 50mg, 200
mg/100ml CizK 1 4+ v OB ) RERZ LRI,
2 FIEEI13200mg/100ml <K £ + v 0 B9 A%
B3R LS, 50mg/100ml Cikitina bk,

23, b FOHHORRMEICHTDINI—ZDW
HIER

BoAE (hH¥EK AWSE

By 2 BE T oAb RS, HfERPHE
FEBIEETAZ LRI ABATWS. Ly
LISHERAEETS. WAWADEETI/ L=
—AET7N7 b—ARBEALTe F OHROBE
BRE L. Fa=RET7 Y b=ZHR2 11

P
=

#

% 103
ORBHE S ml & T A THRER LEESFOR
BROBEIX ER Lic. LL7A 7 b —ADEHE
DT HEBROHHREEREL L.
B 3mm /L HT %5 BEKESY o7 5
AF 9 27V —= b RHWT I ra—-RE 74T F
—AQRE¥E (1:1, 2:1, 1:2, 1:3)
EOWTHRORELY RDI. Fra—AE7A
7 b—=2A2: 1 OEEGOHNROMHELII6% ~ 18
Yt ote. Fra—RE7 A7 b —ABEOH
SREHEIL M FR09Y, 069 C Hole. 747
b= A DEE R ED T HBEKROHRBEIIZELL
Teinote. BORORBEROHKEET L2 +—
ADPEEIEL T, Fra—2 R R EE
(0.1~0.2 g/100ml) H§hn -+ % LHHRrMH s h
o, B, Zra—ABEAFELTR707
— ARG EREHT L COBBROHRIHE L.
7z — Ak e b OHRICH LCTHRENL O
IR ERT 55D THhHS. L7 A7 b —
AX% 5 Tlguo.

2. AT NFKEE GRLEHE L YT
quzd

THE—, SR, WAEER, BETR
WORT (EREA, )

B = ADERERBA & vKCHT & et T
HEEPENORSEELR/B L L b,
W B KIS DRARF P RBREAL L.

1) SAEX DD Cat* 1% v OKHEEEOW
HBKIEE DR L BB BRI v s LR E
L, B L v Catt A F v ok e I
HEWHEREYEBLI) SRS e nt Vi
WTERL, OREDOHHBESHLELZ L
b2 IO

2) KISEOREMFEINEIL, BEoHAZ
YEEERTHHZ L EWES. i, BEL,
BHE VRS ot

3) JEIS¥E & LC Ringer ¥ %48, Akl
B Catt A4 vz 5 L KIBEDOKEL It
301k BERCEZ>% Catt £ 4+ vOROH
e ks &&Exi.

4) YYD X VKBS HRL/2~1/3
RHB Loz 212, Zhagentim XBEx v 2
WoOBINELLE Catt £ 4 v ORE L & b ke
IR TV B E WS BIOEERERE vz
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T, Ca*t A4 v OFABPXE CORILDID
TiRRVLhEEL .

25. Mini-computer % i 7-EHERS IS
By 5oL 15 L]

BEER, THYE— EREX & ot
)

BRERBEE ORI, RERB N T 58
FHRBORMIELRE L, BREBH O
HAH=RAEHETHZ ENEV. bhubhul
B EEK O N mini-computer (ATAC-
2300, CPU 24K wards) #i\VF— 2 2 &R X <
HFHElcEB S S akHELL. ZO0TRST
LOEBEIROBEY THB. 1) A-DEHBR B
sampling time 3100msec G, ¥ — % X FGAX%,
CPU i3 BRI Wb UGB AS L Thy
%91 LC phasic response & steady response iz
“>¥ base line L OWHOREL TV ThEE
~T%. 2) base line filEg Ay —n I FONE
DBEYTHE XL TTY kb comand % key
in LTEETS. 3) TXTOF— 2 0FHFMNE
HiEE B> TTO w7 Y v + LEKkc PTP X
h punch out U2 kMBI Hix 5. cD7r
732 HVWCT y PEEAROCIZTA 74 Y vV
* 3SMBAL, Lo ITB5ERBEKRE
BB T OHEMEOEFTCE YR L. £
OEEERECHEA LT A7 1) YR X »>TEH
~1553t4 % TRE15% DWW EINE DML ED L
e, SRk microvilli DECBRFLTC7 7 =
YA 75 —EDJEEDTEHRIh DB E, B
XU cyclic AMP ZRESR & HES#5C &
ETA7 4V VOEBERYELDE, TA7 4
Y vORBREERL cyclic AMP #4354 © T
HHEHE IS ZHRAS R ST 4%
mechanogram % EKG o $#l, X5iz EMG,
EEG /¢ & 0BGV ABCIERATHS LEX
bhs.

26, HTABEANICHTRLPEESL Ca 14
v

HERL, ZRiEN BEX, B, F24H)
vy = AFLEY ATERL, EREHO
Ny AL G VBERELSE, BRGESLE
ORORBINEE* BB IOV AT Y V&

3

—FFNCESE, B Uic. EGTA 1 X % BEIK
DRLEE X Bicdiz 3.6mM : MgCl, % F
Wi, HEREOIEGEK & LT10mM NaCl % i
o, BRRIE & L C, EaoEED NaCl, KCI,
CaCl,, @+ =—%, HEHEIOWHA 4 vk
Fuvic. @b gEhs CaCL #IEHEX Y
T3 &, chritrTCaCly,, a4 vk, &
B B IR I S i at, NaCl, KCl,

= — R B B MEC I EE LA & 2 - T
2.8mM EGTA ¥ L0 3.6mM MgCl, %& T3
BhTiF = — RISEREWRIE R 20 e,
NaCl & KCIHE& i3 BB & /R L.
NaCl-[5 & OHEHRSIE R iEH S i 25,
BB — Btk ol S Bl s h
7o. TOXREIX 0.3 M Bl Eoskilicst U CEH
Th-t. KCIHBexT 5 G ERBERNE T
AL, BRETIMHIh. D EoEE
b, WRIGETERKRPCEEh 5 CaCly Bk
FHOBWIGER (CaCly, B, Bifd 4 vAK-IG
) REMOENLER (NaCl, KCIHRE), 38 X
CrhbofhEEEYRIEE (F=—%) D3IFHK
SEIhi:.

21, AT NBRIEEICH LIFT A FILKBORR

WHHERH, HTmL*(B4X, B, H—EH".
F )

v H = VEMEY ATERL, ERRcis
Lic 2 F VKENERMEEIIC 3 LIS FA%
B L. 3 x107M 0 2 F A KB X » CHIE
D HRKEFELE 2 h e B L. Th
T OBE CRIBEMEL 3 EHIH ¥ T ORISR
BRERE S, HflTc—Bir B RREHEE
M ERT BFH105~10"M 0 2 F VKR CHEE
Shic. BT 5 EWRERGE S HREE
HE LS FHRORBFER TR Y . MH
AHbI B HIC— B CREISE R AHAT 2 4
DEREIN. 0L UHIRCAE JELR
X o TERKEh TR, EBEED 2 FLKE
(107~10-°M) % #EWiBALH10~405 DR T % <
BEIN. ZORRIRIBEOBENMEWS
BREHCTH 1. FOMBBCT5IHE bk
IG5 L BIERFOBRELZ T . REISEHF IR
HO0YLTeME NS TYATA vES
DERKRCY v 2 THOREREREE Liswid



#:

YDy, ILRMAHIAET T O EEI L.
VATAVERKI /AT FUr ) v (SRiiED
EFEEWE LREIRTWS) 2 ERTHL
Xy, ThUA LWL SR, o3 hks
LEE BES . U ORI 2 F 4 K8
WRENDILZE Y > 7 A BAE R IS LIckER T
BBHEEZLRD.

8. ARATIREHEZELI = v ORSEE
=

ezt NI ¥ REKA, B, )

v vz (3g/kg fRHE, i p) THEELIcRH
- =N (Rana catesbeiana) % i\ BRI 2%5
B b OREBME A= = » b OEH R KR T
4B MR 2 S B L 7. HIBUL moving coil
transducer (Brown & Iggo, 1967) % sine wave
$ L O ramp CEXE) L, FJFw indentation % jp
Ziz. REEE (CV) 32 AT 2 BRMM L TR
D,

BIEGIY (SA) ==, P CV : 13.941.3m/sec
(n=13). ramp threshold 20~60pm, tuning
curve % 1 Hz L Fic best frequency *74 L7-.
—75, HIEGE (RA) == , b 1%, Lindblom
(1962) i L7chin TIFIGD X DB d D & X &
W DI T sy, CV iR Eh £h13.242.7m/sec
(n=12), 13.6:-5.9m/sec(n= 8), ramp threshold
R ER17.74£23.3pm(n=11), 17.24-24.0 (n=
8) LWMERICEEOERN /L, tuning curve
134 C1~5Hz & best frequency % 4 L7-.
FLERORLIEG#O = =, T 20~50Hz 1
best frequency % ¥ 3 tuning curve % % D %
ON1THIRBE &, CV 1129.5m/sec C Hoiz.
ZRELSA 2=y PRARD L DB (600
%) skin wart @ LIX LIE—% L TAHbh, RA=
=, b field type @ & DA% h -7 (81.8%).

29. KT UBHEHMA—RROERIEORE

HOME, BHZE (BRSX, B, k)

—RROMERAER R MEOROEA T X - T
FiF B BHEL, FRHASEC X > TENH B,
By v =V EEREOHK S SO KRBT
AT B — R DA o I 2 A A AT
WOFMERXIRE L LTI, Mkl o0RD
PR D DA X - TRGB 2 ZT 5 R0

3 105

BRI E O 3ETH -t Ttk Lo
A & SRIFRIREEIC TR X 5 209 e
Thole. KENSDOROMEBHOTIBER L b o
ROBEATC X b IR B & 20
25, WikE X D IERI LHETS, HboRD
PERRME L RIE R B LA B b kSR L
DR R A ST i o te. ED B OROMEGHE
X TDADZEFHE VAL D S %mm L E#h -3
MCOMFTHRBCRIG L, Bamonsh
TERGEE DRMEDOA BT LV A TEEHLDT
R 45%) Thotedr, BRiHHLSLT
RELDTERTH-% (8%). HEo—KkRD
TR DL s kA bR ot —
RO O RSB BRI A - 7o 3B6L X b ik
No EREFERFATE, L LoKcnReT
52k, ROMEBHEOBHA COR ST FR
FRRICBRGBEZT B EERETS.

30. 5v MEBHEE= -0 vAOKBKKEE
AR

feAR—% Cuk, %, nkEdn)

KB (Ctx) o SEHEBHHIIEAE 285 7
¥, vVX VKRBT » b ORTEEL Ctx % BEH
Ws s, HHBHERCHENE D b R k.
Ctx Flz X vl (C) s XoREM| (1) 0%
"M eEE (DN) LmifiE (MN) @R Ih
7= Bfrix, CDN CHAIBIE% 7 L IDN, CMN,
IMN DOJfic/h& g7, CDN ~o#gH Ctx
2R TIF & A E—F DB (R 5.3ms, &
BSIMS)DIRETH D, LRO v+ 7 ARK &
HHDEEZ LIS, SRMRERZ L E B
LT DN 4 UsKkBrxd¥5 Ctx FIMOR R
1% 8ms ifE H30ms ¥ THEIEHTH -
¥, FolEER = . —ny (DMtn) B XD
BESNICHTHEMEN TS Ctx Hil o3
1310ms & #h ¥ H40ms F T Hi < BV TH -
7. ZHhixk DMtn ¢ EPSP iw knd by
bLhb. DMtnicsdd % Ctx 5 & oz
bR lc. EXMREFMEERRC X 5 MN
RSB U, Ctx 2 HEH oMt @5
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T HBRER kI L » T—ET, BvF 7R
TS 1. —F, DEo EPSP Bk
W, AT Lo T—ERTE v F FARTD
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WHREBESHB L, BELES TS Ltk
WEFR RSSO WES L EETRRL, M-
EHEBE A H = X A DRERIAFICE R % HrFic.

19655 IREE S, MRAW = = —» vEOER
it & A & b3 B TR TR SEBR IS B
BT, FREF Y F=XBEOMBESM= =
—wm v E L, FoMBags Na X0 Ca

KEDOEBEMERETL2Z 00, A O
Ca BIf 2% M+ 4 & v 3 ROHIM & BB
FthT B O TETe\ s & DEFHABRIF T S B
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LCUEB IR, REIIER b R4 ook
ofc. WRIMRBOMEOE, EFHHIELOT
Mo LHEFmOBE, BROME, BEVCHEE
BOERET, LIZLIERER W BIEED e
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