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Electroencephalographic studies on alimentary lever-pressing in the
dog Kensaku MIYAMOTO (Department of Physiology, Osaka University School of Medi-
cine, Osaka)

(1) Seven dogs with implanted electrodes were trained to press the lever with food reward.
Intracerebral stimulation was applied at low frequency as an “indifferent” tracer or as “CS”
tracer to activate the neuronal group in the brain, which would change the EEG response
just before the voluntary lever-pressing or the conditioned lever-pressing and the change
of the neural activities would easily be found by continuous frequency analysis of the
EEG. '

1. Regardless of the sites where the tracer stimuli were delivered, the EEG response
to the tracer stimulation consistently changed in the sensorimotor cortex just before the
voluntary lever-pressing or the conditioned lever-pressing. The sensorimotor area seemed
to be involved in the final common path of the cortex responsible for the alimentary lever-
pressing behavior.

2. When the “indifferent” stimulation was transfered to the “CS” without any change
of parameters, change of the EEG responses were induced in the subcortical structures
(RF, Cd, VPL, CM) to the CS (Table 2). Those subcortical structures seemed participate
in producing the conditioned lever-pressing. ;

3. The lever-pressing and the EEG responses to the “CS” were influenced by internal
inhibition (experimental extinction, delayed conditioning, inhibitory after-effect of negative
CS). The inhibitory mechanism was discussed.

(J. Physiol. Soc. Japan (1972) 34, 209-222)
key words : conditioning, evoked potential, alimentary level-pressing, frequency analysis,

internal inhibition.
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Location of the cortical electrodes
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Fig. 1.

Position of cortical electrodes. All cortical electrodes were arranged over the

left hemisphere of every experimental animal. Numerals show the name number of experi-

mental animal,
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Fig. 2.

Changes in frequency components of EEG response to “indifferent” tracer

(electrical stimulation to VPL at 7.5c/sec, 0.05msec, 5V) prior to the appearance of
voluntary lever-pressing movement in Dog 364. VPL =nucleus ventralis posterolateralis : -
SA=g. sigmoideus ant.; SP=g. sigmoideus post.; L=g. lateralis ; ES=g. ectosylvius ;
Hippo =hippocampus ; CI=capsula interna. {A) : Original EEG record. (B) : Six traces (A)
are respectively frequency analyzed in corresponding leads. Vertical lines in each record
show onset of lever-pressing movement. Note the increase or decrease of the frequency
specific components (3.75, 7.5 and 15 c¢/sec) and iso-hippocampal theta (5.5 c/sec) component

just before the EMG activity.
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Changes in frequency components of EEG response to “CS” tracer (electrical

stimulation to VPL with the same parameters as “indifferent” tracer) in Dog 364. Legends
as in Fig. 2. Note the remarkable decrement of fundamental frequency component (7.5
¢/sec) prior to CR in the records from F;(SA;-SPy), F2(SA3-SPs) and CI leads. See text

for explanation.

Table 1.

Areas, where EEG responses to tracer-stimuli changed similarly or differently

just before lever-pressing in both sessions where the stimuli were used as “indifferent”
tracer (voluntary lever-pressing) and “CS” tracer (CR-lever-pressing) respectively with the
same parameters. CC = corpus callosum ; Cd =nucleus caudatus ; CRa =corona radiata ; GL. =
nucleus geniculatus lateralis ; GM =nucleus geniculatus medialis ; LP=nucleus lateralis
posterior ; OR =radiatio optica ; Pf=nucleus parafascicularis ; Pul=pulvinar thalami; RF =
formatio reticularis of the midbrain ; VA =nucleus ventralis anterior ‘

EEG changed
Dog | Stimulated Simitarly Differently
Cd 1, F2, CI O, T, Hippo, RF
159 CI F2, O, Hippo F1, T, Cd
Hippo F2,0,'T, CI F1, C4, RF
RF F1, F2, T, CI, Hippo 0, Cd
360 cC F1, F2, CRa RF
OR F1,F2, T Hippo, RF
LP1 F1, F2, O, T, Hippo LP2
361 VA F1,F2,0, T, Hippo, LP2
VPL F2, 0, LP2 F1, T, Hippo
362 VPL F1, F2 O, Pf
363 VPL F1, F2, T, Pul s GM
GL F1, T F2, 0, VPL, GM
364 VPL F1, F2 Hippo, CI
CI F1, F2 Hippo, VPL

DEFiT LEEB ORI B S < Z & 23

FREhi.

RENRUICIAT L THRb I 5 B RIS D%
fbic>wT, ZkicfEan “CS” pv—¥—%

v ZCR#@ERFABLOZNEhick LT3t

BRI ELE R LB % Table 2 icR_ Lz,

z o Table BB 28, CR WA
LTBoRHic ik, MRESHE (F, F) x Lo
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FICULLETHEBRTER, Thoilkdbd, %
DO FBEFEIRS 7% O%h, BHRET5L
HIh 3.

B. REARKEHH R 5HRRE

“CS” b v—¥— (RERESMUIE R BZ 0 7.5
c/sec FIE) Xt BFRIIED XL NVELAT
BEANCE bh s AN EE Fig 4
Rl Figd ki bhs e, ZoERR
BE, BBREESEET 5 2, RIAAVHLT
Bhic BT U TR RSk L, FRRRcRIE»ER
hERicE kL. Z0 X5 ndiE#E CR (5
BEEHE0E) OB YEMHE CR (RFV
LRI OFENES) £ CToORM, b3

Table 2.  Areas, where EEG responses changed
commonly to different “CS” tracers just prior to
the lever- pr%smg behavwr

Dog i CSs Commonly changed areas
358 ;i  RF, VA, VPL F1,F2,0,P, T

359 Cd, CI, Hippo, RF F1,F2,0,T

360 i  CC, Hippo, OR, RF F2, T1

361 Hippo,,LP1, VA, VPL, F1,0, T

362 ¢ OR, Pf, VPL . 1, 12, e

363 GL, vPL : F1

364 Cl1, VrL :

_FLr2

Alimentary Lever-pressing

EEG of posterior sigmoid gyrus

\'x/' \‘l‘\d;\l. \k,tn“ﬁ\\,“‘ ‘ “J\v' ug w\\'\ﬁk‘*‘% v

w{

R KL UITE) O BRIRATRITSE

BRI om (Fig. 4, 1) il
LT CR o5z (Fig. 4, T) iz L < EHE
&hie. Fig. 5 3BHEHEE “CS” rv—¥
— L LEBETH S, 2EORHEII 1EOH
ACREFHRIGHEDN, BB RNV ER
FTEINCIASHRCH LTRIEL, »oBEiRD
BEERMEE OB CEL L. ZOXIR
TR A n 54, sigmoid gyrus
(Fig. 5, ) X v lateral gyrus (Fig. 5, ) i
BTV ERIHREDbI.

CR AT L TRBHEEH TR T ®
B RS AR E NS Z ik T Tl
RIZEY ThBH, Wit OB TR &
KD B, _REVBLTERIOERBICT
BERIOFERKIIC D\ THREEEEE A7 b
NERD, FIBEREIC IS U 4 -0 0 BB
/5.(1.5, 15, 22.5, 30 c/sec) iIL BT B A7 Mv
HisR oM O ZE{ & BRI Bk L7z (Fig. 6).
ZOfER, VPL fl#%E b v—¥— & LA
_RENVBLHIREOHER K 250 msec, Pf i
BE b LU—V— L LEBHAICITK 625 msec %

'CS(VPL 1.5¢/s)

(MVJM@%NWWW%AW%%

Lat RN ARl

BERRIN LY MV S :'",

q\fa\vih“;\i PN AR RN
' ' 1 L] \

w ,,\»‘ A A m"‘f‘kkv"wf‘“"fn'\f‘ww/f "" ﬁl\'\\«"”\ "M\ \w ‘N\MW

Fig. 4.

e

—— |sec

Changes of evoked potential (Ep) to CS in posterior sigmoid gyrus (F) induced

just before lever-pressing in Dog 362. CS was the VPL stimulation (7.5 c/sec, 0.02 msec,
5V). The time interval between the beginning of the Ep change and that of the lever-
pressing was shorter in the last stage of conditioning (lower trace) than in the earlier
one (upper trace). The left vertical line indicates the onset of lever-movement and the right
one the end of lever-pressing. CS was continued throughout the record,
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Alimentary Lever-pessing

EEGs of sigmoid gyrus (upper) and lateral gyrus (lower)
CS (OR 75 %)

' . A
:“v‘g'"”‘-,:“mwM\j\m’w*\«\vmw‘f We:\w;w‘w O L

A
}

P S A

A

SN AR e A i

|
e

;
1
1
1
i [y L

Frrm *’».‘ﬂ'm‘l\"{'rﬁ"’* T T Ciie

—— [sec

Fig. 5. Comparison of the Ep changes to CS (OR stimulation ; 7.5 ¢/sec, 0.25 msec,
7V) in sigmoid gyrus (upper trace) and lateral gyrus (lower trace) in the same animal as
in Fig. 4. Note the record from lateral gyrus in which Ep are induced by every two CSs
at first but every one CS just before the lever-presssing. Dotted line indicates the onset
of EMG activity. Two vertical lines show the onset and the end of lever-pressing.

FREQUENCY ANALYSIS OF SENSORMOTOR(F2) CORTEX RESPONSE
TO VPL AND Pf STMULLS (7.5¢ps) CS Tracer

75% \

15¢ 2
]

225¢%%

306 °
1

feMe
) — 05 sec

Fig. 6. = Time course of the change in amplitude of 4 special frequency components of
Ep (induced by VPL stimulation of “CS” tracer at 7.5c/sec, 0.02msec, 5V) just before
lever-press EMG in Dog 362. Short range frequency analysis by the aid of Sony’s Short
Range Spectrum Analyzer was done on the record of each 133 msec period (in the case of
7.5 c/sec tracer). Then, the amplitude of 4 special components (7.5, 15, 22,5 and 30 c/sec)
were measured on the power histogram along the time course and plotted on 4 different
graphs. Thick lines are average value of each frequency component, :
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ESi= ESe wivmieyinspisaios %mwww
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Cl WAMANAIN 22— D) etstond—POun ioteetis- GO e spe——0~

EMG (rFLI——4——— EMG (rFL)
Lever (R} ——v'\,— EEG  wiyleotum bt oH I Siieontorpamrait

Cs SA- SR SAs-SPs Li-L2
%
35— 4wttt nsinnn AN T Y WPV
G = 5 e A WNV‘WW“‘"NWWWWMMPW
Amentary Lever-pressing 5 — 6 ’ z T
(Controf) 7 — 8 .
CS:VPL{75%) 14-16 » -
2224 e—opo- o PR
EMG (rFL)
Dog 364 EEG  moivaovntombmmiotin WAttt da ok
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Fig. 7. The conditioned lever-pressing with the concomitant EEG changes to CS in a
control trial before experimental extinction. Legends as in Fig. 3. Prior to CR, the aug-
mentation of 4.5 ¢/sec component were observed in Hippo and the marked decrement of
7.5 c¢/sec component in F;(SA;-SP:) and F:(SA;-SPa).

(A) (B)
s
SA- SR B5= A o s S
SAs-SPs G = 5 Mol vl
Li- L2 Prsoncnt 5 = 6 e 5 g !
ESi— ESewasy o T =5 ettt
Hippo1 wawwwswnpmpsis [4— |G --ea@-Pm-Pe
Cl  wliidmtialwevih 00— 04  + @R ORIt
Lever (R) A EMG (rFL) +
EMG (rFL)-—————*L—-P‘ EEG WWMWW
R
cs SAi- SR SAs-SPs Li- Le
s
G 4 ewenesrznsssbunsscnmosn SN e LoD ettt
Extinction 4 -5 £ = iy
Alimentary 5 -6 - I
Lever-pressing (+) " —
CS:VPLIT5%) -6 —* sty Baase
22—-24 - -
EMG(rFL)
Dog 364 EEG ppoos oo S A otd A PR AR A A A
—lsec ESI-ES2 * Hppos C!

Fig. 8.  Appearance of CR shown by Dog 364 in the early stage of experimental extinc-
tion. Legends as in Fig. 3 and 7. Changes of EEG responses to non-reinforced CS are
not similar to those in a control trial indicated in Fig. 7. See text and also Fig. 12,
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Fig. 9.

La—-1Ls Hippo

Delayed CR and concomitant EEG change obtained from Dog 358. The latter

was characterized by alteration of two phases of earlier inhibitory and later excitatory
phase during CS application. CS (VPL stimulation ; 9.5 ¢/sec, 0.05 msec, 5 V) was applied
during 20 sec and delayed CR appeared about 18sec after the onset of CS. See text for

description in detail.
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SA;-SP; : Fy, Fo) io 8T, 178 defT L CE
AR R (Fig. 7) TP L o et
L, #HZEH (Fig. 8) Tidie LA#ALK. (b)
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Fig. 10.

The conditioned lever-pressing appeared in Dog 364. A control trial to

positive CS before the next inhibitory trial. Note remarkable decrement of fundamental
frequency component just before CR in sensorimotor cortex (SA;-SP;, SAs-SPs) and aug-
mentation of hippocampal theta component (5.5 c/sec) in these cortical areas and RF.
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b4 CS iz st 5 et CS o il 3N R E L D
Rz, BB IO 250 CS izovTsy
{E5ERR T % L Bt CS ik L CORIE
Rl _RAAPLERL, Z0FBENMOF, F,
B X ORE TR R A b i L RO
kR Uiz Fig. 10), LHLAERS, RO,
ITeRICHME CS offlick 5 B okt CS %
FATEEBs &, B CSicxt L TR
Bizh Y, FAIL CRZ Ml & ©, Fig
10 LB S N MEE 2B bhisk-
7= (Fig. 11).

3TED RN o e Fhtic XL BNHEILOSKET T
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ftUi4Es % Table 3 icx & w» 7-. Table 3
RS NN, BRILRIT O S TEhERT
BT BRI TED b IR & 12 IE R
Thote. BETHIE, HILBERCERLK
WAL R bl fHR e BERRICEET S
FRIAES TEEL TR, BERREEZAEL
BEBROEEHPENT B iz k> TAHKIEE
ELBDTHS.
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Fig. 11.

EEG  witwipeirmeninvispivss (iAot

RF Hippoz

A case of inhibitory after-effect of negative CS (Hippo stimulation ; 100 c/sec,

0.1 msec, 3 V) to positive CS. Dog did not press the lever even to positive CS when the
positive CS was preceded by the negative one. Note that changes of EEG response seen

in Fig. 10 were not observed.

Table 3.

Areas, where EEGs were commonly influenced by internal inhibition processes

produced by different procedures, were presented in this table

Commonl) changed areas

Dog Ccs Exp. extinction Delayed cond. Neg. CS** after-effect |
s | VA Fi°, 2%, O, RF, VPL T
VPL F1,0 F1, F2, O, P, T, Hippo | F1,0
[ FLF2, T, RF® T
39 | rr T1, F2%, CI* L FL R,
cc RF* CRa* i
360 Hippo F2, T, CRa* F2
OR T ‘T, Hippo, RF .
RF F1, 2, Hippo F1, F2, CRa F1,F2, T
Hippo F1, T, GL F2,0,LP2
361 LP1 F2T, L2 F1, F2, O, T, LP2
VA Q F2, O, T, Hippo, LP2
VPL 2,0, VA F2, 0, LP2
362 Pf F1,F2,0, T

* increased in subharmonics; **Neg. CS given to VPL
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—fEic, EERMEERI X FEHLY 51
DTHB. Lih-T, BEOEBRMEILE
HREEOMEEERHBTZ Lid &b TH
HTHB0T, db5HEOMMEIFTINEE
oIV LITHERMOELERDBZ L%
LRLT, “RE” br—F—55ix “CS”
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4 AFRESOTEEMOELE L 5~ k.
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— I E2 I BE T EOFRRIIEIF IV
WUEMICFIEL L. Thez, REHE
EHF IR RSN LITBIORITICRA X
DT TH Y, REBEICHBT BERIBEKE &
MTw3EEZbhS., ZHhICKLT, ok
& 46 5% (lateral gyrus, ectosylvius gyrus)
2B B REREOBZAITEICRRY, &
bO—BHIZ L, PORLEETHD LTS
b, ThdORAERFIIEOMEESE L
Bhy, REAVBLITBORFCEL, [dH
OB STAHH ZRBEZE LTV B LEL
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~RF AR UITBNC AT U C B A ESI I
Hbh i MEEic o TR+ TR,
, EEBEESFE T & > T1/2 RAFAER
5, BARPERST B X O 2 ERFAERS BB B
BCRBEAKTEIERbrolk. ZOXOEAE
BRSO WRIIITHERMOFRK I © & 1k
(UNBE-RIR D EES © B 2 BiR DBR-{EIR 3
WAL EL) wBRT B LELDL b % (Fig. 4
8 X O Fig. 5).

P CR (CS o3 2 R MIEnEAL) 23
HohThH bRME CR (RN LA O

BXEE) MHET % £ © OBEERE (time
lag) 1%, 7z&21E VPL iz “CS” hv—%—%
Bz 188813 % 250 msee, Pf i 5.2 7284
234y 625 msec TH -7 (Fig. 6). Zhbdbo
Bk B2 a3 E BN B 0 B &R D> & X RURTL
HERHERE ToRE (2 0REREREREIZH
B L EEmIC L o TRRDH, #20~35msec)
CHRBLELLEY. 2hz, Zhbok
Fic 3 A EH KO RE I X 5 5IgkER M
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by, Tz EEESREBRBCEEL RS
AT LEZLRS.
FMUEMERCHE cl# L, Thit “R
B” rv—%—L LTHERAL, »5vix “CS”
b=V —RER LA, RiEOEEESY
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EFHEB LI UZOMORE R b Nie—HoRE
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HEIU B bE R LS, RETHE RF, Cd,
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WI3hDEAE S H o7 (Table 1). Dog 364 o
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Fig. 12.  Original EEG and frequency analyzed records in the last stage (disappearance

of CR) of experimental extinction. EEG dynamically changed in sensorimotor cortex (SA;-
SP;, SA;-SPs) in disregard of no lever-pressing. See Fig. 7 and 8 in the same extinction
procedure,
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v, CR 2IflehictEZxbhs.
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Studies on two proteins of bovine peripheral nerve Chitose TOBARI
(Department of Physiology, Toko University School of Medicine, Ohmori, Ohta-ku, Tokyo)

1. Two different proteins were purified from bovine peripheral nerve, utilizing the
method of a) acetone treatment, b) 0.03 N HCl extraction at pH 2.0, ¢c) C-M cellulose and
d) Sephadex G-75 column chromatography, successively. The elution pattern on the
Sephadex G-75 column showed three peaks, which were eluted at approximately 1.0 (the
first peak), 1.7 (the second peak : p-2 protein) and 2.2 (the third peak : p-3 protein) of Ve/Vo.

2. On the disc gel electrophoresis, the purified proteins migrated as single bands of Rf
0.30 (p-2 protein) and 1.07 (p-3 protein), respectively, relative to lysozyme.

3. On the SDS disc gel electrophoresis, the p-2 and p-3 proteins had molecular weights
of about 58,000 and 13,500, respectively. The N-terminal amino acid of both two purified
proteins was found to be arginine.

4. The anti-serum against p-2 protein reacted to the p-2 protein. And this anti-serum
also reacted to the HCI extract of rat peripheral nerve.

5. The basic proteins in the myelin fraction were quantitatively estimated by the disc
electrophoresis. About 26% of the protein content in the myelin fraction from peripheral
nerve was the p-3 protein, and the p-2 protein was contained only in small amount.

(J. Physiol. Soc. Japan (1972) 34, 223-232)

key words : peripheral nerve, basic protein, myelin.
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FMGRREAARRE, FPARIRIRAERR & D HBARER Y
DBHEHEM TS Y, EROMEE, AL
Ve s —o0FHI LRV 55 LEXD
ha. BaE0ERBEOAFERENROERIT
PEVy,  FREHERARRR I S B s AR MR R
L LT, S-100] BEHM, 14-3.2FHD &)
BHShTws. 2EEEEAL LT, P
WA myelin #EERH TH 5 EAE (ERYN
T UNE R RTURME & b 0 AR
HY) oFERMBATEY, TOBEHKESY
T, HrSREE THESEAL TV 32D, &
Tr R RR O M FRZ i s B 7. nucleohistone
DHEEDBEDL SN T WA, —HRAMHREH
BOBRRSICOVT, *0AEBEYLENRIED
MDD, FTikbhbhik, 7% OFRMEH
AR X VMR 2 ORER Lz oM E
SWTHREL, Z0EANEMO EAE BEA L

T

(RRFM464E11A 6 AR

BRloTwa I LeaHELLD. FEE, 40
VY OFRBAEES I VBT ER S5O0
B olBASEERERL, zoMEIc2wT
BEL, &6kERLOEAOKRBHEERD
R > TRE RN 72

I.% 8 7 &

A. BEMEROSEHERE

1 EEMEA oM
FARARR E LTk, BERSE I VAWK
HE et EShie Y YO BRMEEE AV,
ERT CHEAEBE 2RV BV ToREL .
HEMEME, TTkbhbh oL
EDRHRE L CHIH L. S8 S h o RIEH®RE
gz borty —30C CHPLIREER
D 10fzE D acetone % fv: Waring blendor F1
T 23&E VT4 AL, Buchnerjfstz fiv
FBEL, A S 2ELYRLLT D
VR E L. 2 bhicT & b UK EFRIEE
£ 003N HCL % A v 0l0fgEo Waring
blendor ¢ 245@AEYF A AL, 1IN
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HCl © pH2.0 iR L7ctg, 4°C, 158
BRI L VHEE T2 o 2. 20%
10,000g, 205yl Ly BE R 1T 75 v B¥E R 2 T2,
2. CM cellulose #5 s n< 57

4 —iC kB

Carboxy methyl (CM) cellulose (Serva #Y)
TEME(L D%, 0.05 M CH,COONa &k (pH
4.6) CEMEL L . 09x25cm 0BT LEMH
v, 50~100mg DEHZHEML, REERZ
TSI F L, 0.05M CH,COONa # & i
0.7M NaCl %#s v BRI ISl Lie.

3. Sephadex G-75 5 s 7 u= 75

74—k R

Sephadex G-75 (Pharmacia ) % 5 A,
1.5x85cm % fvy, gel ix 0.05 M CH,COONa
BEHK (pH4.6) TEHIL L 7z. CM cellulose
#75XY 07M NaCl BE CHAH S hiz2Rp)
EEHENTEME L CHREML, H#ix10~15ml/h %
¥ L7z, Void volume o # & iz i blue
dextran 2000 (Pharmacia #) # fH\v:7-. 26
hi=REOEREIX Lowry 205D k
> TEE L.

B. Acrylamide disc gel & kE: L BE
#®

ELEE Reisfeld 7250 pH4.3, 15%
acrylamide ©fTiz »7z. REEH 30pg 20
+#, marker t L T pyronine G # f\ T,
ltube My 3mA TI1205REE * 772 -
7z. PKEIE D gel mYufa ik comassie brilliant
blue # Fv7- Uyemura 726052z & v
filsolc. ELRZAZhOEHRDEEL,
Johns 2% histone D E&EIC AV 7z FED, +i
bbufa L gel * K/PA L%, ThZh
® band ZH)YE Y /ML LT, dimethylsul-
foxide 4 ml % iz iR Cl2~15RERIHIMH L,
Hiti¥k % 600 mp THERIRE + 5 K HBE AV
Tz.

C. 7 /BH¥H

7 2 BT, Spackmaniz 0 ED i
L7z, BEEH 1mg iz 6N HCl 1 ml %

JJD?., E%ﬁj\bfi 110°C, ZOBéfFﬁﬁjjﬂyj(ﬁ%[/

7et%, BILO034ET I ) BHEBOTECONE
T ok, PV 7 77y o EER, Goodwin
& Morton ©HENE AV CHIE L.

D. SDS disc BER Bk & 25 FROM
pics

Shapiro 7z H O FED I Lz s 0.29% SDS
(sodium dodecyl sulfate) 33 X8 0.1 M UV 8
EE% pHT7.1) &% 109 acrylamide # H
v, 2 2mg & 19 SDS, 8M REER X
% B-mercaptoethanol %% 1 ml h45°C,
2RI S w7k, 20pg % gel iCiRML,
ltube ¥ 9 3SmA IS0 LHEMkEI 2 1T 72 -
7o, BaEY¥EE R & L¢, bovine albumin (&
1 {k228), lysozyme, pepsin, trypsin (Sigma
#1), a-chymotrypsin (Washington Biochemi-
cals #) 2 fiv-ic. FRERORER, XK
77 Lot kB woTE, FahcE
HOBHESZ 7 ey L, BNEEEROBE)
EEL Tk,

E. ZBAN-SKET 2/ BOSHT

Gros & Labouesse o FEI0C Lz v, 3R
BEH 2mg # H,O 0.3ml &L, 250mg
RFEB LG 0.15ml U UEREEWKR (pPHS8.2) %
Mz, 20~305HE=RECEME S ¥4, 0.25ml
dimethylformide 3 X (¢ 0.1 ml DNS-Cl 5%
(dansyl chloride 10 mg/ml acetonitrile) % j
%, 2R dansyl {b&+724%, 10ml ©10%
TCA TRIE#% L, 3000 rpm, 1043[ELL
WEE X5z 1N HCl 38 1 0f acetone ¢ 2 [g]
Tev, LRSS E% 6N HCl 0.5ml 2
xC, HEHAL 110C, 4REHMR L. 7
ot HCl 2#RBREL, BB/ ev 57
4 — (silica gel G) it X » T 2k BE LE
H¥DNS-7 I /BOBBE: L& L 2. BE.
121X Zanetta 72 LB FHV 72 Wi (1 %5T ;
toluene : pyridine : acetate = 150 : 50 : 3.5,
v/v/v, 2 ¥z ;toluene : chloro-2-ethanol : 25
% ammonia=100:80:6.7, v/v/v) &\ 7z.

F. HuRGERIE
BB EH2~3mg #02ml o H,O iz I 2
L, %E» Freund complete adjuvant (%
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v ) B AL L7z EE 0.4 ml 2 ¥
WA TS L, 1R & 2~3 BRBNARE
AT CHUREO LR 2 R0 BT, iEE
B Uiz, = olfui % $ifk & L TOuchterlony
R T NN SRS 24T 75 = 72,

G. Myelin o

HTRETS v R PRAERE  T L, BUREE
D10 B o 0.8 M sucrose (pH7.0) &Nz,
Teflon-glass homogenizer THxE P+ A XL
fz. D% 2~3EOH—€ CEEL THAM
bt % By 0 B T ATk v T Laatsch 72 5 0
FEORGB Lzl e X v, myelin 5578
®OHEL. BBE & & 0.8 M sucrose 525
ml iz 0.32 M sucrose (pH 7.0)5 ml #EJE L,
55,000 g, 6043flED L T, FOHHBEEERY
0.8 M sucrose |z FElAM% L, 0.32M sucrose
L, 55000g, GOZMMELEITR 7.
Fo%PRfE R B Y, sucrose J#EE 024 M
{110,000 g, 104y3%:0» L C microsome %
&, Wiz F DO EEBBLA 4~ 7kH ¢ osmotic
shock # %17 10,000 g, 104330 L axoplasma
REvic. FLTZOibia myelin L L
TRV, % b Nl B, PRERICES
mitochondria OREME LA EFD LN
EiRHEE L b myelin 2 F L LcFETH S
R T TIHED .

H. Myelin EHOHEL

Myelin 437 % % 0.1 M CH;COONH, #ZHH
<, Teflon-glass homogenizer Tk E VF 4
KL, 0C, 3051 105000 g, 605y[iE
O Lieibiins b EBE ORI R R A4 729, il
%, 1) 0.19% DOC (sodium déoxycholete), 2)
0.5% DOC, 3) 0.5% Triton X-100, 4) 0.5 M
CH,COONH, # %1% 0.5% Triton X-100 (Tri-
ton-3EYAIE) DA TAREY A4 X L O0C,
304y FEIsEA L, 105,000 g, 6055 FELRE D L
15 & AR & L.

m = % & R

A. IR R ORI
Y VRIS b OEEER O IIC oV

Tk, Table 1 R4 HETITR -, Tib

LhNbhOEETT CRBELLFEDD S
%, CM cellulose Tf5fl4 % i NaCl o JREEA)
RzHvsfyic, HEEEAZAOBEHL D
% ¢ 0.7 M NaCl ik & BRI T 2 05
Ha A L. CM cellulose %7 7 4 X v @ 0.7
M NaCl 7 HiitE % BAT 6%, & b iz Sephadex
G-75 7 7 A THHEEME/T 5 & Fig. 1o X

Table 1. Isolation of basic proteins from bovien
peripheral nerve. Purification procedures of basic
proteins from bovine peripheral nerve are shown.
Acetone treatment (three times), 0.03 N HCI extrac-
‘tion, C-M cellulose column and Sephadex G-75
- column were utilized successively '

FRESH TISSUE

ACETONE TREATMENT,
3TIMES ;

Ppt Sup

0.03N HCL.pH2.EXTRACT, 15HRS

Ex{;act Res'idue

CM CELLULOSE COLUMN

+
First buffer eluent 0.7M NaCl eluent

|
SEPHADEX G -75

- + 3
£ P2 P-3

51 pattern 2z bhie. p-1 & Vo li—E
L, BToyEHE 66 ml fulo peak & p-2
Er, 83ml o peak & p-3 EH &AM
J7z. p2 BEV p-3 HHD V/Void, Th
FR1TR L U22%R L FERRHNEDE
Reisfeld % disc BLKKED Wz 2» 17 5 LIIA
lysozyme (zxt+% Rf i, p-2 BEH 0.306 &
V' p-37EH 1.07% R+ HE—n band & LT
bhie (Fig. 2).

B. 73 /@K

P2 B XU DP-3EHEDT I /ML L © R
vk, Table 2 iz7RL7c. p-2 BL U p-3 &BH
OERMET I B, TiuFEh 19.95 moles% 15
X 19.62moles% ZiRL, HHEMET I/ BR
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i, *h Fh 1620 molesy% i I Ut 18.92
moles% T& Y, acidic/basic it 1.233 X O
1.04 Th o7-. p-2Z&AEK, Glu, Asp, Leu,
Lys, Cys 28£<, p-3 BEHIX, Asp, Lys,
Thr, Val »3%&» o7z,

C. FTROWE ,

P2 BLUp-3EHIL2WT SDS # & ¢e disc
BRIKETL S TFREROBEMOER &L
TERLOGTFRERD S L, p-2 BHEIX, &

Q.51
P-1
g 0.3+
ul’
Vo
o [y
30 50 70 90
ELUTION VOLUME ml

Fig. 1. Elution pattern obtained from3s«the

chromatography of the basic proteins of bovine
peripheral nerve on a 15x%x85cm column of
Sephadex G-75. The eluate obtained from the
CM-cellulose column chromatography was applied
to a column of Sephadex G-75 equilibrated with
0.05M CH;COONa buffer, pH 4.6.

Fig. 2.

Disc electrophoretic patterns of purified
basic proteins from bovine peripheral nerve and
spinal cord. The acrylamide gel disc electro-
phoresis of Reisfeld et al?! was used. a) p-2
protein from bovine peripheral nerve ; b) p-3
protein from bovine peripheral nerve ; c) EAE
protein from bovine spinal cord ; d) lysozyme,

IF 58,000, p-3 I, 131F 13,5000EMA 2 &
hiz (Fig. 3).

D. @ N-kigadr

pP-2 B XU p-3 A% dansyl fbL, 43
2B 7 v NS5 74—tk 5T, Fh
FROBEHO NSRB7 2V BOSITE{Tr -
el B, TRERE—OBRCELARY M &
ML, #¥% DNS-7 3 /@o Rf » ikt 2
L, P2 B XU p-3EHILIkic arginine % N-
Kb 2 Z LR S e (Fig. 4).

Table 2. Amino acid analysis of purified basic
proteins from bovine peripheral nerve. After
hydrolysis with HCI of the proteins, the usual
amino acid analysis were performed using an
automatic amino acid analyzer. Values are expres
sed as moles/100 moles

Amino acid P2 P3
Asp 9.69 11.69
Thr 6.33 6.91
Ser 5.75 6.89
Glu 10.26 7.93
Pro 5.01 3.44
Gly 3.99 742
Ala 7.73 443
Cys 820 2.04
Val 6.66 8.22
Met 0.55 0.81
Tleu 3.21 5.45
Leu 8.75 7.65
Try 2.93 1.68
Phe 4.81 3.96
Tyr 0.59 1.33
Lys 8.39 11.50
His 3.52 1.70
Arg 4.31 5.72
NH; . 7.77 9.33

E. HEHUAHE

P2 H % complete adjuvant &3tz
FICHEH LT b hehiffic 2w T, RSNV
PIVERE BURS & 1T 70\~ & O Sl ke B % Mt
Liz. p-2 BABUEZ, vyBIUTZ0 p-2,
P-3EABIUEMD EAE BH KRS E5
L, UVBIUWTZDp-2EH L ORKEEEY
RL, hOEA & GEE RS ) - 72 (Fig.
5-A),
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1004
Bovine albumin
501 Sp-2
Pepsin

S; Trypsin
- Lygozyme
; 10- E(-chymotrypsin
=

0 05 10 15 20 Rf

Fig. 3. Molecular weights of purified basic
proteins from bovine peripheral nerve on SDS
disc electrophoresis. p-2 and p-3 proteins from
bovine peripheral nerve as well as commercially
available pure proteins were applied on the disc
electrophoresis of Shapiro et al.?» . Semilogarithmic
plot of Rf values (relative to that of trypsin) of
bovine serum albumin, pepsin, lysozyme and a-
chymotrypsin made a straight line, from which
the molecular weights of the p-2 and p-3 proteins
were calculated as 58,000 and 13,500.

L
Q T LA =z
? L s
8 o O @]
T
s | Onrg
43 i Ovat
c3e |
'
3’%’ OAla
Zs [
o g ! OGly
o3 t
g : OSer
= ! Ar
- TG [
™ = '
< g .
< 3 .
< 5 First dimension
L R toluene :pyridine :acetate
150 50 35 (Viviv)
Fig. 4. TracingZof thin layer chromatogram of

N-terminal amino acid of the p-3 protein from
bovine peripheral nerve. The purified p-3 protein
from bovine peripheral nerve was hydrolyzed with
HCI after dansylation, and developed on the thin
layer chromatography (silica gel G) of Zanetta et
al3, Only the spot of arginine was obtained.
The chromatogram of p-2 protein was quite the
same to that of p-3 protein.

Fig. 5. Precipitin reactions to the anti-serum
against p-2 protein from bovine peripheral nerve.
Various protein fractions and HCl extracts of
tissues were tested for the precipitin reaction to
the anti-serum against p-2 protein from bovine
peripheral nerve using the Ouchterlony technique.
A : A : anti-serum against p-2 protein from bo-
vine peripheral nerve. 1:p-2 protein from bovine
peripheral nerve (2.4). 2 : p-3 protein from bovine
peripheral nerve (2.8). 3:p-2 protein from pig
peripheral nerve (1.4). 4 : p-3 protein from pig
peripheral nerve (7.5). 5 : EAE protein from bo-
vine spinal cord (10.0). 6 : EAE protein from pig
spinal cord (20.0). (The amount of protein applied
was shown as pg in parenthesis). B: A : anti-
serum against p-2 protein from bovine peripheral
nerve. 1: HCl extract of rat peripheral nerve
(4.7). 2:HCl extract of rat peripheral nerve
(9.2). 3: HCI extract of rat whole brain (7.8). 4:
HCl extract of rat whole brain (15.6). 5: HCI
extract of rat liver (8.9). 6 : HCI extract of rat
kidney (4.3). (The amount of protein applied was
shown as pg in parenthesis).
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7 v b O&M, KEERE B FRogM
#k% 0.03N HCl t&EYF 4 AL, pH20Ic
P Lotk AWISEERIMEE L, o0 10,0008,
05RO L CA RIS S5 L, K
AR ORI & © 2 p-2 BEFUEKE RS
#m L7 (Fig. 5-B).

F. BEEEEBEAOER L ZORE
T VRSHRER L VRS h e p-2 BE O

0.3 1 ° Lysozyme
':/

0.2 1 / x P-2

0.1 4 8

0.0. 600 my

0 5

T T 1 L

10 15 20 25 Protein Mg
Fig. 6. Standard curves of protein concentra-
tion against colour yield. Relations between pro-
tein concentration and optical density at 600 mg
are shown. After developed on the acrylamide gel
disc electrophoresis, the proteins (p-2, p-3 and
lysozyme) were revealed by staining and extracted
with dimethylsulfoxide. The optical density at
600 myg of the extracts was measured.

SPINAL CORD

Homogenated with 20 vols
of 0.8M Sucrose (pH 7.0)

with Teflon glass homogenizer l
in the cold

Homogenate

Resuspended in 0,24M
sucrose and homogenized

at 4°C and then centrif-

[ Centrifuged at
0.32M Sucrose |1 55 000g -

p-3 A% Lowry D THIER, EEMIC
disc BRKBNCIRIN LIkBh U7 tg, Befafbifa L
FhEh ot band # dimethylsulfoxide iz
oL, BHEELREELOHBEERD
% & Fig. 6 oin& wEMHHE 2 bhiz. p-3&
HiX, lysozyme Lg% L vRea s 21 5
2, P2 BHORBMAEX, lysozyme k1o
BCEPZ bR, LALAEBLVThoBE
b L b 25 g T, ERAHEE X%
FEN, FREBRESES L LY, ThHD
EHZEEMICRELS 2 LE2 0 iz, p-2
BXUp3BHERZOFEEACTERTS L
Table 3 o<, p-2 BHIZ, FEWREEHO
31T 14.6% % 5w 2 0icxt LT, myelin BH
TIIEE 1.6%% (5 , p-3 BEZKBHREE
B0 16.6%ic% LT, myelin BEH o0 25.3
%&b,

Table 3. Contents of p-2 and p-3 proteins in
the homogenate and purified myelin fraction from
bovine peripheral nerve. The contents of p-2 and
p-3 proteins are expressed as percentages of the
_total protein amounts in the homogenate and
myelin fraction, respectively

P-2% P-3%
Homogenate 14.58 16.64
Myelin 1.60 25.25

RIPHERAL NER!

Homogenated with 10 vols
of 0.8M Sucrose (pH 7.0)

Filtered with a gause mesh

)
Homogenate

Homogenized‘ with the distilled
water and centrifuged at
10,000g, 10min

Homogenate el| M7 —— uged at 10,000g, 10min
(pH7.0)
twice

4
Precipitate

Fig. 7.

+

Precipitate

Preparation of myelin. Myelin was purified from bovine peripheral nerve or

spinal cord. After homogenization of the tissue, the myelin was separated by a modification

of the method of Laatsch et al.l4.
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G. FMHE myelin & H ORI

SyHERSIL & - myelin @ 0.1M CH;COONH,
WL O Yk EE IOV TRV L & R A T
0.5% Triton &1 X 8 Triton-¥E¥EIE TIX, %
hEh myelin f#EE A D 9%, 41% ; 0.1%%
X 05% DOC Tix, Z=hThll%, 44%nH
100,000 g, 605IE LD ki & e » 7z Fig.
8. %72 0.5% DOC 3 X Triton-E7RiLEE
HOFVE S N5 % dsc BRKB % T v
EE LR, Triton-¥Eysigius <13 myelin
EHD 260%cHTcdb OB p-3EHE & LTl
Bishaz e BB &R -7 (Fig. 9).

V. & %

FAK AL O R E s o v T, Kies
72 b BRI IR LT LIRS  OBFER e &
LT B DDODIDINIDIOINN)A)) | i3
FTiItbhbh OFE THRE LI HED & ik
L, FABHE X 0 EEEERREREE RS U
7z. Palmer & Dowson20 X ® i g ic
acetone % i\ % X v chloroform-methanol %
3 FREAOHERD IR CEREL T 5.
¥ 7= Nakao 72 5191%, SPiRaRERk o EAEE
o4t E pH3.2TIT8 9 & BE O ED
a2, HiHE pH1S TS LItk E
HOSREHT 5 L2WEL VD, 22T
L, PIERYERR X » acetone LEfE pH 2.0
{77 - C % chloroform-methanol JLEEf% &
[T Sephadex G-75 % 5 & 7 mn< FZRIL
pattern Z7R¥Z & 2 fED 7o b T ARERTRE
acetone # v iz. £ p-2 B LU p-3EHD
SFEOBEKESY, 2hbo sy,
Sephadex o gel 1% G-75 NEH THBHZ L &
Fewio. & 7= v v &% acetone 4, CM
cellulose # Z i 35 1 Ut Sephadex G-75 7 7 &
# v CoBEERY 5 L, Sephadex G-75 &
H pattern i3 V./V,=15 % 57 main peak %
e, bhbho#HE THED Lz EAE &H
o V)V, k—38LTviz. tBzn EAE &
Fix, lysozyme iz % Rf 0.60 %R LS
PEP2BIUOP3EALBZE- T, Ei2

0% DOC

05% DOC [

05% TritonX-100{ _]

05°% TritonX-100
0.5M CHLCOONH, L— Pt 1

Cswp  EXIPpt

Fig. 8.  Solubilization of protein from purified
myelin fraction of bovine peripheral nerve. Puri-
fied myelin fraction was treated first with 0.1 M
CH3;COONH,, and then with DOC (0.1% or 0.5
%), 0.5% Triton X-100, or 0.5 % Triton X-100 in’
0.5 M CHs;COONH,. The amounts of solubilized
protein which were obtained in the supernatant
after centrifugation were expressed as percentages
of the total protein content in the myelin fraction.

Patterns of disc electrophoresis of va-
rious protein fractions on 15% acrylamide gel at
pH 4.3. The method of Reisfeld et al.?» was used.
a) lysozyme. b) acid extract of myelin fraction.
¢) Triton-salt extract of myelin fraction. d) p-3
protein :

Fig. 0.

P-3 BEIE, bhbhoHEETT TIRBENL
T T AR L Y 2 bR R L dise
BEEHEO REc—F L, Sbhic7 I /R
Bb—FK LTk, 20z Lix, p-3 BADE
EF ORI IE L THFEET S b0
tEZ LMD p2BIUDP3EAOHTFE
1%, R ERIEIEDS,000 5 X O 13,5000 fE% 2
7. p-2 BHIZ 2V Tix, Weisenberg 72 %%
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BT &P X Y 4EEER 7 microtubules pro-
tein Oy FEL 7 I B O L TEOEEUR
NEBH, R ERNCFEETS
&, colchicine <> vinblastine & & Linv 2
B TONRBMEEEENTHS. L LA
CEBREACT Y 2 0 T, FEMRERNO Z
OBAORKIEC 2 v T A BRNELEL T
5.

EAE BB o 4 F /i, Eylar 7z 59 %
12,500~15,800, 7- Eng 7~ 5 1%8,900~12,000
LHELTVE, STROANDIE, EFEVR
Zp-3EROSTRISS0LFHELL TS, L
» LESIKE) pattern, 7 I/ BRHLAR O&ERIT
EAE BH LR > TV e,

WicH#E I, disc BRAEBBICE L EBR
band. % dimethylsulfoxide i+ 5 = &
Xk pdisc koBHOERERHSI LI, £0
FEERCT, RASHES L URBEREL D S
HEREAU U7z myelin Sy v TERMMH 21772
v, P2 BLUp-3ERICOVCTEREFRD
&, p-2 EEE, myelin SGECED THRT
BB Lick Y myelin PAMCTFEET 5 LR
&b, —FF p-3 EiEE, homogenate XD
myelin ©J5 234 TE 10T HEE % 25.3% &
FRATBzLizky, myelin EEEATH B
ZEAIRIBE L.

Wolfgram & Kotoril (33 s##k myelin
CHETET 2 HEMEAT23.0%, i Engdi
B 21.0%% Ed T3 LHEL TV BR20
ERHERFHE TR, FFOThoklfick
BERIER, HERRENEL, FBREED -
7o, '

Wiz 2 bivie myelin i oW THEBE(LE T -
7z. DOC # v % 1 microsome o JEE HiiE
LA PEEbE R, ribosome 7ET S L
EERTWS, Ll 05% DOC #ms fAv
THRBMEE myelin BH ORI, £BAO
1344 % %R L, E7FR myelin B 2 %)%
BRI T2 L EE R T v 59 Triton-#5
BT, 3E4l% s mEbsh, Mholkk
T b ARA R myelin BEEFFE LS iz

o7 Lo LEERMEER p-3 1ddkic disc X
WEE B TOERETHE, ZhbORETIERE
R myelin X Y AL T, &
DT ki, FHEoEEMER EAEEA) LF
BRI RS OB REMEE A b A A4 A TR
FEREEDWTCB EELB.

. 3Bz Folch-Lees type @ proteolipid® s
XUt Wolfgram type o proteolipid® O F7E
BESHhTEY, 2hbid EAEER o
FR AL O myelin RS TH BT &
PHESRTYS, L L—FHTE, RS
o proteolipid iz o v T kv E FEER NS
V. TTIRb b R OEE TR, R
myelin 43 % 0.1 M CH,COONH, TAL315,
Triton-HE¥EE o TG 75 43T & RATEEME 75 43
iz o & proteolipid # /3R L L 2 5,
i myelin o #ER% proteolipid 3 FRiEf
Bmyelin 0V R oTwBZ L
ELTwB,

FiEo myelin ORERRRS OEEEED 2T
WicEiH a2z ick ) EAE 2 EEE LY 3
TEET TSR T B, — R
k% v ¥ ¥ complete adjuvant b dkici:
Hisziicky, FEHEICRF L EAN
(SEBRAY T Lo ¥ —PEpER) 2 8BEE LY 5 Z
& 75 Wacksman & Adams i X » CEYICH
EFDERTY B, L LEOFEMESE Iz O v
TROVEERHATH . bbb h OFEETI
B, REMROE 4 OBEASHE BT L
T, EANOHIFEMEZ#RF Uz, R myelin 5y
i, B EAN (EBRM T L v X —itdh
F28) BURMERS AR SN, p-3 BEICIFHUR
MR A BT, &L A proteolipid 2z EAN
(FERREGT v v X —HEER) FURMER A BN D
T LEEHER UL, & bITHREHE myelin o
BEHOFMEEZHRMT 2 2 2k, KRB MR
myelin OFEREALS O 54T, EANFURMEYHE O
HcE R TFBEEL LD EELZBN, £
7z myelin @5 D T, EFE—RoEE -
BREE « ERR « YROBME L I3 5 RicEE
CLrELbNG, A
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V. & #

L v UREMRER LY, a) 7 bR
¥, b) 003N HCI #iH4, ¢) CM cellulose
B X1, d Sephadex G-7515 L7 u= 7
T4 8HVT, 2EOR-ER (p-2 Bk
U p-37EH) 2 4oHE L7, CM cellulose 7
I LPEHT% ® Sephadex G-75 7 7 A ¥IEH ¥
— T, Vo/Ve BL7 (p-27BH) BLU 2.2
(P-3%A) nr—7 L LTHBES hiz.

2. Reisfeld % disc B&K % 8) <1, I9H
lysozyme 23+ 2% Rf ik, p2&H 0308 %
VU p-3FH 1072577+ —» band ¢H - 7-.

3. SDS disc BERWBNEC X 545 FREAIE
TiX, p-2 BHIZIEE 58,0008 L O p-3 BHIX
1341F 13,500TH v, dansyl Hric X 3EBHD N-
K7 2 JERiE, dtiz arginine Th o7z,

4, p2 BHEZ UV FICER L TEUEE
X U THRIR G RIE 1T o 7c L 25, ZOH
i p2Hk L OAKIEL, P-3EBHABLIUY
vEEO EAE BHLRURETY, Ty IO
R4, FEEE, BBOBMEIK L bREET, K
HREOBEHHW O 2L FURE R LI, Lieid
> T p-2 BEIT KA I R FIEL
TVW5BZ L BRHED bhk.

5. disc E& k8%, dimethylsulfoxide ©
Yufs band 2HIH L, HEEEEEESL L.
p-2 8 X V' p-3 B ALK HE myelin #E1EE
BDIEIE 25.3%% L), TOBERHAO 1IET
HBrELLNEZ. —Fp-2 BHIZ myelin PL
NeBEETHEELDRIRERE 2.

6. SRMEHE myelin 2 1% PR % myelin
Epiclkk L, DOC #Xvt Triton3EHwkIC
Yo TRIBIbE Rt oz, LB LEHOE
HMEA L FEKRC, p-3 BHIXZh O OBEIRL
Iz k- TiRIEERMCERES he.

Rk BICERD, MAATMEEENERE 2 TH - 7o /P
KBRS R T B s P EHE R B B N ICE B
PR - B R TR 7N B B BRI R B L &
T EREENE - HH R W B REAEE,
2 BARLE X O T R FIC IR L 53,
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EIE ALy L EER TS

B K : BEFI4542 9 A27H (H)
B R dCmER R

YHREHE L AREENANERE FE=F

1. Y} = OFIFIBERAHE

HARLT bk, 2, ShighE)
Y 5= (Procambarus claki) OALFTvIETEE
fEtkcix, 14 6~8ME, k{ERETHED
AR T, 13~14[8] 0 B < BARTER) 21775
5., ZOEBRRMTIRZHRE LT=Z20K3%
22 (horizontalanal movement receptor =HAMR,
verticalanal movement receptor = VAMR, telson
vibration receptor = TVR) OTFEE M1 THH B>

L7, HAMR ¢ VAMR ORI

O¥EE LI T B 2 T, T ORI
TR radial muscle-fibres I A VA%, %
OWHER BT 5. COHAR X TS T
HILFORIRES, 1BOMERIT&THNBTD -
7-. HAMR 3 X O VAMR AP RGBT
g, SENWEERS XCIIMEO ETOBE,

ALPaEsoEfic s LRG3 5. TVR B, E
TS5 &Rk, BEOEAMICY LRIT
BEZ RS Ui, ALFSE OBREAR o OiEfiE o
1 VoL AERERTCALFVE 2B, &5 Widil
POl X b gl Eh, HAMR, VAMR kX
O TVR sk % 2 UIHF Lics &, HishR
Vi Uleds o fe. T ORI BARIAZE 5 6 IR
##% i (posterior abdominal ganglion =p ab g)—Ff
B ELRHESEAETH L LEERTS. A
HARBAREES 2 TR T A ML LCpabg X D3
FBIEMRAD Y, THITFTT (anterior intestinal
nerve =ant int n) & $475 (posterior intestinal nerve
=pintn) &K L, IEIRIEETETSELE
IR TH - 7chs, BIEER) L EBEOBER LR -
Fo. pintn Z#E 0K LEKHIM (B c/s~50c/s)
5L, BRESBET, FEKIEELHT LA
ELRNT 5. O, pintn /4L pabgsd
HEED R TR T 5 L EEWRTS. A LM
i X D sEw Tl 0 B U7HLPTER 0 4 C b B HIHTE
oL bz, T OEX Y HLFRCHMER OH
PR D MEOHESE 2 bh, SRYE T OMiE
GEEESRTROREHELFA - HE T
7-. pabg OFFTOMKERD 5 WVITPHBEIR D E

LELHIM LcEE, Wi HEBERER £ T
5 ERRBEP o, ZRODEEXY pabg
VBRI D MR RE D 5 W HIH S g5 O
Mo TWD T & B Shi,

2, AEERECKT D E—MREHEOSED TR
{EEEIR, FOPEmEE (duk, 3, L)
% V¥ 2 VT laminae &5 LTk Y (Leg-

hissa, 1955), Z O&TBIC I % 1kl o TEEh
RS, ThOOERRI VEOPORRBS
X Twb (Jacobson & Gaze, 1964, Suttertin
& Prosser, 1970). b ORI R C1X
7 FHRECHFEL laminae S AR SLE,. T
O laminae #EIC X » T, K, HHEZR TR
EINTELHEEBRESED X 5 % modulation
%2F 5. £ modulation OERE TS
i, B1REETIRED X 5 BB O
HEBRONSPERAETHLENDS. ZORW
T, REBCHMNEBREZRIA L TE— MR OTE
BR i, FhoBifickvT, BEORME
HebE &SRR O ZRIMENE w i B L, RO
mode THEERRLI. LORR, ROSE (»
Fn % heterolateral eye ~DNFFIC X B) HE
Z3xhiz.

1. Sustained on units : receptive field (LATF
RF LHsF) o center OHAIMC—E WAL
MIBEEED A VAL ARE L BESEH), K
Bt A VoS AEERET LC—2EIEE <
(BESZH). SRHEBA v ULARED K IHE
+%. 2257 RF FO center 2bA8BH LK
W surrond & E BT B & A VoL RBEER
EECETT5. EESEHO A v-UL A EER
oD AL, BRMBORSERD
X ORI HE AT S,

2. Sustained off units : 5D off, &5k
SRR IRE T 5. FEE RF O center B
A T4 VUL RESELICEET 5 75, surrond
FeE BB TR A VoL RDOMEIES.

3. Off center/on surrond units:RF WO
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center ‘TIIYdD off, surrond % on, £ HD
RIS GO on, off T ER—EED A v
SNWAREELD.

4) Pure off units : RF JOLETHWT, Xk
D off C—iftkD A VAL ABELS,

5. Movement units : [, E0WkH» RF K
ERYLREHEEORRK Lict v L AR4T
5.

ZhdSBRHESOIIELHM X Vil h,
£ BvE £ B 5 B TI13iE heterogeneous i HEL,
ThTwa.

3. Fisk5 NMU o EHRHICDINT

IS, FHE M (bX, B, $4E)

b FOFEHICARER 10~40p DXV IR
FvE/NEEEZFA LT, NMU-voltage %308k
L, £0EXx bhi-¥yr ~+¥4 ® NMU spikes
D5b, FED uwit ZEFCRF SRS L
BTELPEIPROVTCERRZTL 7. 124
OWBE (B4, £548) gL, HEE
CiC 155 units WRFTEMMX 7oH3, LONRIEE
FHOBIER 5582, IHESNRHAT, BiRMH2L,
D5 TH5.

1. ¥ ~+%r ONMU BEHZhTw5 X
5 REOKE, TOHDORED wit OHEFEL
b unit OFHEIEDH T & X 155 unit
132 unit KRV TCI0FLINCHEEL e -7z, LD
23unit L 2 WTRZDXSEEBIC=2V IR
— VT BZERTERP T, TOESERED
F X B dBoHA OBi ik & < EEIXER® bh
Lot

2. & unit OFAFRFAE (1920~40 imp/sec)
Bk -, PixiEl, 2, 5, 10, 15, 20Hz
DEX10~20 /B8, £ ORBECGIEOR
HeXE5 50 B, onTREE2mz8,
BWE S TE LA (1, 10, 15) X Eix
Bl (2, 3, 5) 8b5C bt

3. 1{o NMU-unit 2T, ¥« THE
CXBRICREORERZ B & o2, £ OEX
300~600 msec T, HEO-DFETERML
B THIE L KSR (200~300 msec)
CHRTER o7z, EBHRED, BEORE
T BRTCELLREVDDERDPVWIEHTDH
5.

4, EWEFCHT DHEFMBORE, Bl
KUBEICONT

BEREE (X, &, 4£3H)

EHE T CHE LT B R IMER DI ARS8 IR
BOMKKEREL B TWB L EBRITIER X
hTws., 2oz i3k s # ATHORER
CEELENER b o TW5 O THERMEKOTIE
EERBNICHS DT, T v TIBMEOEME 2
BEETZ v v 2FTH (9 150 ps) TIo&R LAET
Liz.

EME R CHROFIBTROEREZRL, Bl
BEA4~8 p OHFAN TR MIROTN S MICEE
BEORESIIERCHAL, BTLFROtHOE
SRERCILFT 5. FEMEMERCHEY T
%8 ~9 ¢ OEME CHBTFIROAROBE R L
ERRLhTNH5 2 TH5H., ZOKED, 18
FORBBRELTVSEIDELT, 1{EDMmER
OEFEEENTH LEHIEMREF T 6143 25
n5, EE g L EOBHE TIIT0% Dl iks—
Tl - THET U T W 5. FROMERAEE M ORERE
(MERDTEA 2 HROMEROTES £ C) 13 MEREE
LR, BHERCREAIL, 8~9p OEWE
TS ¢ ChHD. FELORMECIE TS X<
ORE»H Y, THREFLERRCEE—ET
130 TH5H. ZOTSFATBOBLED 1= DEM
BEO~< 7Yy MEKOEOLN XD BIX 50
AL D30%BMETH 5.

L ED 7 — 2 3 X OCREARIEC X 5 HEHE
DOF —4 (ASEEEHZARR) » 5, MERE
OEPHETLE LT, BRI 2 OBMEROE
RBa42p O~TFuCvOREREZ2LE, O
~EJrEVIED, B0, 0%55100% fa
1T 50IIEH 05sec T3 2 L35 ¥H o7 &
775 REBHERAD O- iR DD LTS
E~E S e v IiEH 100% fafid 5 DT 0.2sec
2ETS. ChSRORBPZER LEwEEE LR
BAOEEOH 25 TH 5.

5. ZOEHABAETOEENE
NUERE, Bk, MEZEE ok, BE
W, 2:3E) -
KEH T —TNEBBER TEBREAR R LR
TEPRSRA # LR 7 v A VERECRME ORI 5
CERBRLCERLY, ELENTRINIEDORH



FHHBREVTE L TOIEIBET TW DS H
EopEVBHEMBSE - Tnic, LT TETEE
DI DIS N5 BB I E R R e 02 7
NMC X - CTHEL, BRIz —KicOENBI
BWTERBIVKRTHS S LH#EHI L. DWTEH
SRR R A BRI 1 X OELEONB LB
LICHIA LCTRER RG>, WO OFEE
TCRFOMMMKEZHIE L. T ORI
ECERBOMMAAI20BKE» o Te, BIKRS
v 2 v 2 mg/ kg TN B O ILbTA F50% 14

ML, S EOMIREMNS o7, 67% 0D

MR C IR RSB MmE & DER L, KB
DOF BB E PR EMERCD - 7. Tihb
b B ODE&ETIEE F/LTOHER L EE—
ﬁ?%i&%hk.%yfn?V/—w03%/
kgemin MA{EEHE CIXPBSHEEAE, REE2
BICHEk Ui, T O OmEceiadEms e
50T, BEHONS FEOEEMBERIRDA
BT b O BEBAVED 550 LHE
2bh5. 4V TRrNF b ATRIETRERIE
U < MM v g8 EHshn Lisds - 7e.

8. CO iLHBEN DR

EEEE, SEKF duk, B, £3H), B
W (B SEFLIRRRE)

IykgaE 7 Duco il s SIEME MR
Veaskdaici, 63 2~3 R DlfilasmEs T
Paoz ik WT Drco 3k, Th bz CO LR
MR & ORBAEERE Fo (2713 0) OBRESTE
L OEFEEZ B L TRD T, L LEBD
Forster 5@ Drco OBEIEFIECHEM VT, Dy,
D OHEE%FTRS L&, KERBERELEL
Ho, £HBREcOWTRkDHZ L, PRIE
Blinz L ThB. FZ TEIELIE Fo LARMIRA
B Dk R B D CO OYEEIR RS 7 IAEHE
CEXoT, THOREBRERPDDEIEZDNER
Wi LT, Du/Ds Z#—E & LTEREEE, =5
wix Ve oE®T o7, DL & Dy, Ds & D
B%1x Roughton BiT X » TR biviz 0 &R
L 1T, 1/DL=1/Du+1/Ds=1/Du+1/8Vc &
RENTWS. SHCEAORIT LD, BHLE
NOFRMIKE, sheet k&7 /LLLTIRE,
Dy #5415 & 1/Du=1/(Q-Htetc)e(d/7+d/x)
LRENS o2k H» 5 Du=QeHtetcen/d

& 235

ORAGSE »h B, 22T 9/d=Fu EEE,
1/Fu+1/Fs=1/FL & ¥ % & DL =QeHtetceFL @
ABRALT B, LCAPEROHRERL LD L, £
HEMAE N OFR IR EIEETFROER 2R LT
W5 ERD, FRuEkEFEERCEFALL
T DL OfBRE T » 2. Tbbr2nAn
A2 X % T Paoz @Ciﬂ'ﬁ??‘% Fc #3EL,
D-Fc 0%z 7re } § % & 7=045%x10"5
OEDEE DL X 0RHETHHBE» 2 b
2. DT i p=aD/3 » b, diffusion
barrier DEX#EHE TS5 & 1.7~2p LEEROH
&gz 13~2p & v OERIGEHRTHERE
7t o7z, S BIC sheet £ F /AR WTIE 1§ 3
s, Doz Ed S DL OBRBEWHITENT
VX, BHENOFRMIROE T /L% sheet & LT
% cylinder & LT%, #f Fc, Fo 27l
THD, TS5z E»5LT, Do RKRERE
WEBIIEXTV., Lo T DL ik Qe te
TR ELEET B VS HERIB LSz,

1. HEH/EIRMEY R © tone (23t B IR
WEELT K RECLIHBYR
# i, BIEH R GLIREKX, H4:3),
Brecht, K. (Tiibingen k%) .
v o facial artery OEIF VX IEH Tyrode ¥/ T
IERR T BN E 2 1775 5 #5, Tyrode ko K*
BELEYE (5 ~15mM)nEes &, BBk
IEDSEERD, 7o LITHEK L i Ais tone
DTS, 20 K it X 55tkE50%E1E K=
10~15M THRATH Y, Thblhk K* iRE2E
T LR OB LA EHEREZR LT
K-#iEiciz+ 5. Sucrose-gap I X 5 HEE R
ET, ZofEeiEd K REHETE, gk
A EZENIEAD bhisv. 2o K (10mM) i X
L iEIE 5 ~10 mM Cat* oFinic X b ik (0
#H) X5, Fiz Ca® Tyrode ¥ H3 € » Ca*®
uptake Bk K+ % 268mM % 5 10mM i
¥ 5 &k T + %. Noradrenaline (4 ~8
pg/ml) 1T X5 tone O_EFIE 10mM K* w kb
BT 5. i 10mM K* @ X D{EF Lic tone
VZ¥%hn noradrenaline (4 ~ 8 pg/ml) T X b Béjn
FTHERLV. FRCERRMC X hiEEShiz
artery @ tone 3 5mM K* i€ X ¥ &#ICET
F5. ChHEEHF TR T B K itk 5 tone D
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& TFix, 10¢g/ml @ tetrodotoxin, a-blockade
(phenoxybenzamine), f-blockade (propranolol) ®
HETFTCMLEEIhEY. ZOEI ROV
ELLT @ K¥ T X 5 @ i3 iR ER ONFEEIn
WhHoDEE X bhb, Facialartery strip @ tone
kLT, ATP, ADP, AMP, cyclic AMP 7z
EDEEL RS D oH, cyclic AMP Drhssh
CKRTH5.

Fie, o K@ X 35 E Ik i E <,
elastic type DKWEIIRE TiEA L BhLV.
#v» muscular type OBIIRECIR Dh D X 5.

DEoEER D T K X 5HEOHEHKI D
WCiR L.

8. HHIRA/NSEETOEERICETIME

1. Urea #7855 & transverse tubular sy-
stem [CD(\T

AH B, BEME GLEEX, $—4H)

Urea i€ X » T % “after glycerol-effect” &
mechanical RIRAHRPEDZ L 2T HH T
/v (Rana japomica) > sartorius ZFWVWTRH L
(§3 Howell (1969) 0z ddH %), IHIL T
D “after urea-effect” ZFEH L7z # 4 T3,
“after glycerol effect” D¥& & Bz b, T-tubules
PRAFLETHZLRZPLIICLE. UL, Z
D “effect” ZEET 57ttt T-tubules 757
¥ sarcolemma X intact R EIELTWD
PELEELMEL LTEINE. £ TThE
DEEZWELPET 5 2 &L ZEHME L. £OR
B, (1) T-tubules %% sarcolemma & E#&% {75
THEVEADONS. (2) L Lgsd, T-tubu-
les OEFEIIK T, T opening site 1T I v T
TOBESEWR TH 5. (3) —F sarcoplasmic
reticulum & T-tubules & OFEEEIHIIT AN T
Wh %R F. (4) marker & LT Ferritin %
VWi kB Tk, Ferritin 13 T-tubules 2%
ERALIELALKL o Tw 5. kpz iab,
“after urea-effect” ZRBLi-Mia ¢ b, T-
tubules ZHEEMHLELEE>TWB 0D, B
28It T-tubular lumen V30K EEE L TW
LT ERHEINS.

T-tubules »% sarcolemma & E#&ZFEEHEL TV
BB hddo 53, mechanical responses (twitch,
K-contracture) 73 Lt Z & 13, sarcoplasmic

b

&

#

reticulum & T-tubules DFERENIE L R o T 5
ZLb—oDFEETH S 5. i Ferritin BEA
Licd ko TWw5bZ &, XBI opening site A3
FECRL B o TWBHZLIEELE L EDNhS.
B EDEES L “after urea-effect”, T7nbb
B9k urea Ringer #L¥8#£iz mechanical responses
BHRONEIRBEFROFRE LT, HEHRFH
HE¥EHE L79s, —F tubular membrane EH{K
OBREZELICBIT o RFTDILELE LS.

9. 1 RRFFOESLFIERE

it -, KHEE (FLIREX, $H—42H)

BASEEOE LT, ABRERCRVTIREE
BHERLTWLIHATDS. R, OB
EXDOED» S, MEHSC £ 5 X kinetic neuro-
muscular unit 2SEEIHNC S < FAET 5, fast type
O THBZEVBTHC X VRE I TS, %
~bivb h dALEIT 4 X B O microsomes
SEOREEZRIL, Th¥ 14 vy FEBHO
HEED TRHT 2 EEE L Twa. L,
1T rat OEHHIT 2T, succinic dehydrogenase
activity OMBILERFTR> D, T OXRESNE
FEOLROWRBERIVES Z E2HELTY
5. 4, bhbhiif 2 OBREGEERT 5%
Mo type IS HWIT, HMLENCZhEE
BLTHhIz. TD#HE, - succinic dehydrogenase
(SDH) 7Dy small size o red fibers &,
HEE G T 5 medium size @ intermediate
fibers & THR I Tk Y, large size © white
fibers X2 RY Do, EFRHBERLRES
L intermediate fibers 90%, red fibers 10% CdH
b, KEDXERS DS intermediate fibers C5%
bBhTwb., —%F, 4 XE#5D phosphorylase 7%
X, FDFBA LD red muscle fibers THERK X
ha4 2EG (BRK) X0 Bt LTE»
btz

PlED A 2B MBI LERFT R 5, bhvb
AR AELFERT X BRER, T hbbamak
BLv3bol, COBORKTELEDS inter
mediate muscle fibers OB icEE T 5D T ik
vt Bbh3.

10. BERESL5B R4AE exocytosis MFIETF &
LToOmIEA Ca?t 1 & Hsk



2

ERHEX, FEES, AR BE R K
Bz (Jek, BE, £3H)

EIESE R LE vV OHIIT D WTIE, FIgNE
2D Ca?* A 4 v OMIEANRASSWEEET
HEERRTFEINTNWS, 20X 57 Ca?t K
FESBIEBEORGW, NP ONTELTE
BERTE TS, ERNASBDAIBREOS D
L kR exocytosis ER & L 5D DL EINTH I
B, Fo Ca?t KR S>VWTIEIEV XKD
o TWRV. '

bz I F v 7l Tyrode HOENERA
BHWCT 35 —¥Hiho Ca?t KHFC>WT
B L. B T v FERIERERIET > Wik
FTCRRE LI (HEFE, 188 EAEMEH
HEEa), XbkOXdhEEMx. (1) &
AE@ICxT Tyrode B2 T LTHL. @)
B 2 e Tyrode BTHEWR L TR L. (B)
FREEEE Tyrode Wiz 0:+CO; ¥ AZBU T
Bwva.

Pancrozymin (Pz, Boots) 1.5U/ml ##%5%% 5
5[5 incubate L7-72ORHMEAPICIIZFELRT 3
5 — EHWMBRAD BB, TOFEE Ca ik
mehipElEhizy. Pz iwédEhs Ca 2fR<
721z chylex100 #8L, 2¢M LT {&T
LTW5bZ &2 RFBHAERCHE D Td 5.
ACh-5M+eserine 104 M 5. TClERHBIE R
Binvs. 3w R N X RS R R
B¥shRichrzsde ACh $20~3045H1 7 3
5 — P HMERIRETHERAZ D Db LT 5%,
Z OB Ca i TReIfishs. Th
3L, Pz OREGIRECX > TOERZSh
A Ca W TIRAAD WD, HBHO
BmiEsmoin ACh 58 L FRHE Sh
5. ,
(RHREO—HIET TR T 5 GHEERTE
B X OCHEEAZSEMERERMRET X 2
z L REHTS). o

11. BAYIsAFy OBBIBESCEITS
IeRF 7 R '
ERE—, KE B bk, B, H—4mE)
XxitbhbhbhidEd Y7 A1 F v BERIRE
SR ONENE S RTEN: & R 2 F RS E 5 T
LERE LR, 208 VY ALFVEEDIENS

& W 237

FREEINYER & WP B hnE A 3 medium Hr oD caleium
ERETHZ LR X VERRPEFESR LR T
@ calcium B3k & [ 75 %7 2 13 medium fho
magnesium JEEZHEMIEHETDIHRE D D
iz, .

— 7 norepinephrine MgEH 7R IZ calcium
353 X O magnesium OFRINCERLEES
SFhdote. TOEH Y VAT X B ISR
TERVIB QIR O MR 2 Bl 3 2 » B &
reserpine THIAETHZ LI EVIEE A EFE4
sl sz,

—7 norepinephrine iz X % Igi5% f% 1E A WX
reserpine FALE 3 X UVMREIIC X Digs A &
WER 5Tk o

DLEofEREEE S Y v A QRIS REFR
HRENUTERRZRERELTWS L LB HAISE
%. E7-HBERIFRT VX 7 % B © norepine-
phrine BE&FNTWVWS Z EPFBNLTNWDHT L,
X SIT RN resespine Hr5iC X D 1B EAERS
% dnorepinephrine DFERRIRD 23 AH DD T
L, %7 calcium R % X O magnesium OFER
B2 B LU EORRIEES U Y ADHEREO
depolarization &3z LT OfER norepinephrine
OB X D IEFSREREZRRLCWE L E
RIS, ,

 OHEREIE 5 BSOS B E LT, (1) barium
£ A v ISEEISIHEE ORI & GRS €
#=. O barium FRIEN Y 7 AOFETSH
CBEEIT 7 » 7z (2) B-adrenergic blocker T® %
propranolol %% norepinephrine ¥ TR L{H
# U AQIREFSFRERZIE U 7. B) BH Y
@ A% in vitro T OB BRSO norepine:
phrine OWAEERRMS &, REBDHT DN
5.

12, &S rOR bV REISHE

ERE, RE H bk, B, $—4H)

Pphbhiz+TesE s » MeRWTHRETER
CRF EMDHERNY X A OFEBE R F VARISD
REMCEDOH Dk, Tk LEAMDAR
Z P UVAREG LW, Wi % stress-non-
responsive (SNR-) period DFET 5 - & &
L7z

& [E)vx 2 ©-SNR-peried DEEIC >V TEHETD
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Btz zoclETs. ERiciEe LA
#2450 Wistar REE T v F R X ORLRY
D7y F2BEBCIYEVELTCHVE Aty
AL LUTHR=— 7R T BN 2 v, CRF
EHEDOBIEER, KESDF v F FEREARTEARA
EEMEBEARC Lich- 1.
EROFHREHK 2 AT v M THIK TIHECRF
vl ¢ ffiid Cpd. B /LG stress-non-respon-
siveness (SNR) 2% & »7. Z® SNR i, 4%
2HSZ v FORIBRERNAK ACTH it X <
RIET5z L, ¥ TFEKE ACTH BIIBECES
FETDHZ L X DHETH CRF #2 rate-limiting
step THAHLEDbh 5.
REZREMS » F OBRE TR TEARITRER
BA M VAREEZRTHES AL S, ]
KTH CRF vk X KIS+ 5 8mhais

fa3
-l

bid
Q

“@

5%

AT R VORISR P IEBERSE D B
7o,

RSB DN OFET v + oliFCpd.
BUrRMEE7 » P ERERRICEERR L.
ZhidRROBK T TEARIFEERP 5L
WHR M VARREARRCEGELTWBZ ERRL
Tw5b, Likd- TEESHTRETCEH VLA =
IFa2RTFr YV VLBREERTHICE 1 5 CRF
AR E TS LT negative feedback %
CXOPEHZEXIELTCWEEEZBND,

Sl EDz &5 5 SNR period OpkK & L TliaiE
XEz BTz X 5 R HERRORKED 7
DEWSXIRBLAFHEE VI A FLVRILEL
IS L 0bie—@t ORI GHEE LD L
BT RELE B o7

FREAFEBFSPE - NEHFL

H B : BBFI454E10A 308 (&)

% A BAEERAE

YHERE  RIRKEEFHREBELE : RIIRE, WA 5F

1. Parabiosis [C 3l DEER

A, BRI (R, B, $4H)
HER DR B B OHRIRER F O ROV TiX
BREMEOKRS, ERBWX D Oom¥E, K
0% Ss, BESGTOMBERXEL Lk
HANEFECTbh Tw 5, bhbhiii
71, HRASETEARRROPE»BE T 12
CAFEF— Y RBER LU CEROLEZHRITL
7.

2D F 4 27 %X I REBYE, ETHRE
BLE > TRFEF— T RARED, BuEkEdi
ELIDORMNERE L. FROEFE LT
FEF— Y AERBICKRY 75 7 AREREZGR
2B, TOFERX Y IHRENCEISZ L
HioTe.
ERFENBEICOWT 2R ORI, WEiE
IROFRHR %158 \NERFFIIC oW CHERE 2
1Tl » 7z, .
BHERIZEWTIE, 35 04— Y RERE,
2~3, 4~5, 10~118 B DEIEN B LT
TRERT LD, REBERCEVTTEESE

Bodhith-t. Lirl, FREEEGIEERTO
%, WHEELDLV_ALTHD, WTFhHHER
BXUEETHY, £KOFHEE L THE
IRz P<0.001, BFIERIC I WTH P<L0.01 0
BEERLE.

%8, 1HICSIAMAHRELZbORH B, £+
DFRMERI ALUAEFROVLTHY, iT
EHETBEMIR N - 7.

iz, KBREENNEBET L SNCEHEROR
MRSV ERT BEEBR Ik,

D EOHER» D, RIEER, SHERICEED
REBHBCR VT L DTHRBERTF OB S 3E 2
bh5H, ZOBMEESHEROESAZVWE
WHZ LWRTES,

2. Na* 8®R¥H 5 2EEDERICHT S K*
BREFLU PH OFE '
PRTHRR, JIRHES (LOX, B, $4H)

EET, WPNEBORBEMICOWVTRET L
L%, HHBED NaCl BTN T I VRED
HEW Na* ORI, BMAKERFOLTHE
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FCTHAS5 LHE L. SE: Na*t SERM:Y
FRABBERVC, ZOWMEOHE,LIZRTEE
FiT, TOLDICUERKBHT 2L 1LT, i
W K* BEENSEE, BICEKR pH
W& iz Nat- BREOEBMD, FOX50ED
PITDOWVWTERL 72,

1. #v: NaCl o Bfilizk 7% (0.001~1.0M)
® pH % Tris-HCl {E&#KIT7.8L Lz b D& 3
BLL, ZhitT BOEICY DT AT I VR
PLidd, AL KCl % 01~001M ol
WEPL2d o, BIOMMKERD pH 25
REAIT 5.0~6.0 L Lzd DT, BRITEANE
L (M NERRA) §IBREHes & E LEEE (A
QPDgs) CHlE L 72,

2. RIERHIKANE (PH=78) i Nat j#E
DX & BIEDEN & CEGBRBL Bz,

Eie, KBBPCHRRTAT I VHEFT B
BRDBMBIE SR -7, Tihbb, Nat 0fF
BIGTAT IV A4 Y) BEFELCIRET
H5.

3. fiE/kiEW PH=7.8) sz KCl 2,1
RATEEE, HEOWREN0.01 £7-12 0.03M @
L EVAIEEOER T - 7205, 01M DL X,
NaCl FERO/NSWHTE» OBMET AL LN
7z, 7o b 24E, Nat7EE 0.009Eq/l 0k & OEAL
2 Kt #4%hE%119mV, 4%k % 114mV
TdHo .

4, BRKIBE O pH BMEWE X3, BwvwE &
CHUT, BRORL DEREE DEVEMELTR
Lz, 2hidd s, BV 7 A0 Nat R
2 HY @l iz KY BERELVvRHEE
bh b,

3. L 3 ORI EEIC U T

f Fe, EAEE, WAARE HERA (E
BX, &, $—4H)

L gRiBfE 2 Ay, fleEcs T 58—k ¥
—BRBESOBECHEL B DAE, LRI
Mz TERH, MERHOBREKS LB R/L¥
— RS ORBREALENEE» S IRETTS
DERDDHEEX, SENHEEBCEELL L &
MaoEECFR#AL SR OMITERZ > 5 BH
TEREZL TR,

Robbins & Marcus &ic X WL iz, &

=

bl
&

o

#% 239

ZUAD & BB AL A X D RISk 5 H ke
AKELT, KEOHMEZEETE, NoREMmiatt
SrFEEL I L, BEBRIASH RS20
TEBRERRAEELC, BEMICDELENL
Lz 5T Thiny, BUYRFERE D - g
M4BT 5 52 LB TE .

Tishb, REMHEEEZ LT 52 x107 o
R BRI IR X h T \» BEEE 2 10KAE
L, 25ml & conditioned medium # AT,
6 [Eliz /108 D ¢ 10[Efz OFBEEE #4725\,
JEY medium Z10EDMIC 5oLz T L%
YETHI 3 x 105 fAOMIaZ kT 5 2 L BT X7
T D HIEHII80~0% TH -2, FLCZ DX
5L TR AN %2 FIMEEE bic 0°C s
L, & © % % 18RHEREFL, §|0%, 7[REOE
eI D DR IR Z &5 7o 72 iR T,
reinoculate U 7858 D4 BIEH OB B2 2 5
L, BEBLVIIRIRFSTCIOREITLA
Ex bz ofe, £ U THIRERRERCHH
B5ET Uik, 2EL, 1EEOREERET X ol
ARz 2vwTix, 2RIEDEOS 0t  5X
T, HREIRESLREVOT, FFBECEH
BWFBIWEEL BN, D EoFkick
bz, A{EENLELES T Ty, BB
FFAL 228 OMIEERZA v hiE, cell cycle
DFWIEIC I WT, cell age RS T 5413
LR O BT REC e 5 LB bh 5,

4, DEEENEMICHT D TTX LT Mn+r

DYER

EELH (KBX, B, H—4&m

FHEWOHEEER O 2 b I 3 L DR
Nat DEETFAC I BT &1, TELALREX
NEEETHS. SEBRZORENT ST MRF
F v (TTX) & Mot O % T~z

2 LEHEHH L B F IR Ringer i
TTX 5k Mot 250 LRAS LY #EESR
Na BROKEEL TX 1 LEHOFEZ TN

. TR Mntt i3z OMICEER i L X7x

o 7eh TTX 1% Na carrying system OAE#E
LRI R RER O X DV IRVWRICBH E 52 &5
bk of. 2OT &P TTX i3, Nat @
AZEE T S MENTIRT 3 &1 bh
%,
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. 5 AH4BRETASIHOTEF ALY Y
(Ach) [cxidBRISICH LIZTHHECa 142D
BE :

B R (REX, B, B, BHER (55
X, 8, 4£3H)

Ach x4 5 IR A B ¥k DR IGE 100&
T35 Lol Catt IEORAIL L Bt > T O0mM
C¥I10%, 2mM T 120 %THD. Ei Catt
HHEIT 5 & HEEREA L, 48 mM TiSiE80%,
DA% Catt jREOBSIMC Uizt - CTHRKEL,
348 mM TIZIE 180 ¥ OWEEL 5. F R F b
¥ v (TTX) AR GAHTiE5 x104g/ml D
BEETHEHCIEE LTV, ¥z TTXS5 x
106 g/ml CixWTho Catt JREOHKFTDHH
LI EEIR V.

—% Ach T AEMEIIA KD TR
#20 mV OERNESTH &, Thitf30mV O
AL ENTHOBEL L d O DO2EEEDD
2, WERSELRALNS. WThoBOBEMES
DL EIERRRGEETT. LT CERLENE
BORILOVWTRS L, SO Cat* B2 0mM
B2 mV TH 57 2mM OR300 mV 27
%. xbic Catt QRE DI Licht - TERL
FENI/PX L 72 D48 mM DRESIF1SmV 2ix 5.
220 mM Dl B B LR ENEBIRIZEA
rFEB N b, 220mM T 6mV 0—i&
W EBMAZE LD, 348mM T X BiHX
X hFEE4mV x5, b EIEERONT
¥x Ca*t OBEEOBEIMT Lz > TKELLY,
348 mM DO REAZERT. TTX OBMEHIC
W oEE: Catt OERETADLOM K
XU 2mM DR ERDbh, MEFHZTR> TR
ABRFEARRLZAENENSMV XK 1ImV
Chsb. o Catt BETIRITLAERALIERE
B ohirv. UEOENLZOHFD Ach ©
T AERLENMTEICIE Catt BRI WEEE
BLTw52, Na 053 BETERNDOL
Ex bhD.

6. 1 EVHILBRRBE LT BOKE LR
ORISR O MIREE

CBRRD LI, RAFREBT, BEERRE (BRX, H,
), EE W (RRX, B, 3

1% V8, MEORE Lkimiaz A VWimiEnE

b

#

Bk HEREOTREEWEE & BRI X
DRI E OB ERBRE L. BRE R
D 4 T v 0.32~0.77, 35 053+0.02 T & &
— BB AR R TR T O LN RS B
JaD#k & 0.04~0.69, #50.18::0.03 T E &
DERKELBLAWFER—RTRY. BTRE
FERZBEMIE» CMIEEHER L AR SRS
FEEORAEMTEELT 2 oMK s X
N R ZERSIESE D & 5 TR T 5.
— BB TE—RICARST 52, BERIIIV
lah b OB X DEVHERY BOBFRE
BE&bL 55, EEBEOERERESZEBIELIT
DERCEDbOLEDbNS, —FE, MNEEE
MR OEER A ETIREOEER IO
4 g TR s5 4 (zonula occluelens) 755 %.
M BT L e, ANETHOS 1 DY, MIEEOH
RS LR EEAR LT3, BEEOE
BFRICHBIaRIER 55 %9 300 A o 75 BE (macula
adhaerens) 235 5. = DT/ TR, Miluk
B ¢ ek k.8 gap junction JE{PlOEED
bV, £ CRLECHVEOI/EIHRTS
%. /METIE interdigitation $45 < $ 5. EHK
OEEFEEZEE L TREBECRET 52E X
Bis SIERES & gap janction H{ED#EE ITHERT
RIBE DN E E IR S HIIEONEOELE
TR HIEEBE > TWH L &b, 2EOH
EREIEFEOEERS THHAREERR. &
LHENRETE L /METEVC LR OERH
FCK L/ MNETIRWE L—F L, /NNETHRL
DIE Lo ERAEWEZ & & by pass BRTIL gap
junction BES5LTW5 LBbh 5. EEMIE
SROREEE S I L o EiETi R &~ D5
DOHFH R,

1. HhT L OREMEENT S BEHHIC
T

BHHFETF (BEX, E, $T48)
Nembutal FEE: b =/L% X OBRINAERIER b =1
RV, REMEOHIRES XORME, PN
B3 IO BEHROFREZ T ThERIIH
LT, REMRENT D BEENHIR SR
DWCiERE LK. .

1. RFER AR RRE ORI T H I RER
S8R Biho 73, atropine 5D (LIF
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B OB L LK) T, BEB O
BEUBHEE, ¥, RERGSREDOhHE
(atropine i) & 23B - 7c. :

2. FFRE A =L F T VT PR AR A BT L7z
F = /L DRTE AR AR ORI T, A EIREEIpRE
BT BIRER S O i MEI IS 2332 Divic

3. WRIPIE R 2 UIT U ictk, WIS X
QM B iR FP AR U DRI X - TIRMERUS Ofthic
MEIRISH D Bz,

4. 2R XU3 O KK T EEMENE, WIh
4 atropine FEZ LIsWCE L. ik, Thb
O BEBIEIT 410, NERRIO V-~V CIERE R
P Ly =L CHRD B, Zhb ORISR
PIERIC HDERR LT,

5. T EhOMR OB AW, FRE
1~8, V, $fEE5 ~100 Hz O&HFENTIE, K
SBREZ DT LT X o TRIE L MHOMRISZ
REHLUTCELIELZ LIXTERP 2T, Fig,
FRB A = /L & ORI RS ORI D Bhisd -
7.

8. EILEv FORIHEHROREEHOINE
+EEE (WX, B, $4m)
CELEy FORIHEERORMOL T 15 7
S ADENEPT BT LI X - T isotonic 7gik
B ofE ¥, NELS, transmural OEIH
BBIOCT2F L2 Y CE > CTRERZOEREL,
F DI OHEE RS DINHE & 1 Fr O A ik OREE
wimlas bHE S EBER & ORMREBRETL
7.
Trendelenburg i X » TR RANEEZST
L, EDOLRI LIS > THBRCHERPA > TS
‘Lrdw, ETEEMFROEHESE D, 2T
spike BRI DFs2: & & diC peristalsis HSOERDE
N5, LrABRT FrEVEINSg/ml 275X
5 CBENCNZ % NEZERSESE, #
R A T T bbb T Bl 5 H OE
iR shi ot X o Tl peristalsis
564 DAR OB 75 16 D KEHEVIAEE #50° spike DFE
A BLFTCREBIINIC NG LicTcd X DIV,
WICHE LA (10 Hz, Ims, 10V %721320V)
< transmural ZHIKF B LT X o T, HEED
FHEOD tonic RMHEMSZ Bivie. TORSET b
rEY10%g/ml HHWEF e FFEFIV4x

105 g/ml CRHIE &N 5z &4 5 cholinergic 7x
neuron 23 FEINBHDTHLEHEX LIS,
Z DDA tonic TRIHEDFHICVIMEED
RS BBRE SN BIBRICIE spike BT R
ShT, L AFIM D off BhE & L TR Z HRATHY
e iR D ZE4: D & F i spike BAIAR. Dz,

Fhe, TeFL2 Y VEBHEI 4 x1077g/ml &
%5 X5 ek fca OREERH O tonic TRIRHEIC
L spike BALIX R Ohind o7,

BlEDz &b spike BALIIHEE D tonic 7
BHCREERSL TWARWEEX T 5 2 2L &k
v,

9, EHEEEICOLT
gk Ew (LK, EEYGHERR

W /N SREE T 2 R T3 B 5 DR ERERIR

LG HEREEEL, NERTER LR
Ltb& %@ﬁﬁkivmﬁiﬁkovfﬁ”
2T oTw5b.

FERITRTI22dHV, %@/J\H%Vﬂﬂ%%:?a?
H U0 bEATIREMSETCEE S 5.

XD, ZOEBSECRIMERY v AZRD
SFte. COBEBERY Y ACREEEE D ER
BUBEHIE5 L LOTE LBMETERED,
z DTSR 1 A DT DR Db THEE
BEREHT LTy, %@%ﬁ%ﬁﬁ%mﬁ
HTHXorRLTHA. ,

_olotﬁ&fﬁmo%§%®#%%2ﬁ?
5LoEDLSRD.

1. HEEFHORMITHRATSD, %@mm
BEREHIEIRW - VL TWwb. Eic, fEx O
EMOME LI EHRRTERSZLTRD,
1 SR #y10~28El DIRESE 2 L. T 5

2. EEEB O activity V/NE EIRIT I VCHE
HEL, EETHICRABRELI LS.

3. SEER & B IR MRE PR E TR RIS & O
EEEHOD activity RE KT S T L CAM
TR C I RRER 2T 5.

10, BHHEICHITZBEEBFROBLEL

BEFH—IT, Eﬁ#ﬁﬂ?} (E&K, B, HEH)

TR AR R 2 SR T U, XD .
HoBtR s X OVR « FERERT % B0ET U 7z Nembutal jf
B4 %, HBHWiIE Flaxédil cESL LM X%
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vz,

fgE D BB, RIFOLEZRE L E2
L ORYVIFARAFVERBLBCLEREHEEZ
AL, REMBRBEROBLINHIE, MER X
CEONMEHRHEE Y - TEESHEZEAE
LR OBREMEIEL, BEHORH
BT SPRAEFCOWTERL X5 &R
B,

1. REMR KRR ORIIC X - CEESHZIT
EXRIES, HOHVRERMERE L 284
2, FEBIHRA» LOREEL I #EINLE
B, {REZHELS D ORETIMH X hiz,

2. EEONEME (IS EEEKE TR Y
X DHIRC, SEBRRENCIH SNz,
O, BESINHIEALD b ORBTFHAZL L
RIMU7chs, {RERS D, BEBOMHINRE
ERE CREEE, —BEORELRDOHRT
Hoir.

3. BEFHEERNS D, BEBOHMEMITF
L CHPNHRESED b, TOBERE, B
HEREBDTEWE EETIEHIRD - .

1. EEREWMICHT B EEER

—EGH (BBX, &, $—4H)

R B ICI51) 5TEROFEEE ORY
V3, MEmCOmE, mED D\ WimikzEE S
52XV LBBICOERZTRL TV HEHE
BERPHETDICLYEY, HEMEESLRE
THZ LRI Dhr o7, RERBRESIEE]
HREESTHY, EREBNWTOZhORIZEIRHE
BEFECOB 4 ORE, FlX I, £HEEH,
EEH5VIREHESCHS REHEGERZMD
HEOEHRTIEMTS. L LB SEERRD
A#E XD bR I TV,

ERCIRBR I 2EAL, 7o — 2 VBT
CTEHREHBL, T OhiRIRCIERER
AL, RBCTITRERCOEERZEE X
KBRS 7 —F LR RBRICYEB L. MEEe
THEE T CTEbhATHSEERBEL TS
LEHBLRBFRER Y, SRR RS
B, BIRME, TITABRMITE X OLERZF
RHHEEL .

LERRED F 2 TR 1 ~ 2 B RSB
BRECEUERKEBETOEH LV DET L. F

#%4~30HMIT b VIR E Bl b ok, Ik
BOBRRIIREER B URHRNC IR » TR 5
I o Tz, RRCHZESFEA LR ERIZH
¥ B Rk45 o5 original DEEFTIIMERTER L
BEID Do F2hs CAT ZRV200045 s inE L
e bAFITLHEFEET RS DH B T L b
ofc. T FUvFYU v 210 pg/kg HEHLEIVIR
JE OHEIMC VAR RIEENIIIHE R 5 7. B
L oFR B HEREET T b BIE oL T
DA AR PR BRTE D, T ORI ML
B D ORLEMREE)C X D iHEZ 5
TWHZ LAHERTE .

EHRE D 5 WIREERICI O, KEWRLE S
VIR OEBNTHATL ARG B OB N
BED LN, ThBFhiREOEE L5z
PHEETE . DLEOF Ry LEHREET QAR 1
REIHIRBORLTHES PREDD O L FE
ABENLULIFIESC X 5HEERCX > <&
HLTwbLERTER.

12, E4E4) Tetrahymena ¢ galvanotaxis
CRLEBFIEKEORE .

HETRE, BE B (EUX, E, $—438)

R MIE L ood D Tetrahymena pyriformis
GL #%F\», Hahnert f#z & Plesner K¢
galvanotaxis T X IETEKEDOFE A7z,

Z DAt cathodal galvanotaxis 7R 75,
e oMiasny, SXERICHAILTEL
5., ENEmx 5L, BRCE> vtz
—BRNCEE» LiEL T, FURECE > TL
5. LT, £57T 54, EABEVWELS
V. 400 SUELL BT B L Faic 4 SRR L
7tb, B50RELTHELEEL, T7bb anodal
galvanotaxis #7RT X545, TORKE, F
NEECMETEVWT, BOTERERK LGS
HEKRTHS.

pH 4.95~8.50 D¢, 550 KJE T C 4 volt OE
&> 5 U anodal galvanotaxis ##Z X+, RIiT
FRED polarity 2% %, MIESH 2B~V
158 5 ECORI% response time &35 &, pH
A5 W response time J3 55\,

K-ion, ouabain, choline chloride "GJLEE 7~
MO WT, RROERZITIR 278, KRLE
DFER LR TH o7z, 1277, ouabain MO



2
favx 550 KETF¢1: galvanotaxis %Rk
=7z,

13, FFEEROSEIcEk & 1T $HFE, CORNIN
ORE

Wolike, JEP—ER, b, MER 8
FEF, HL#E, mE 5 @k B %
4 E)

bkt cornin PFEIEOS R LT HF
FEE U TR, SR REZE B SIE R T
X RS EIRA8 %R 44T L cornin OABRSE
iz o WTRHRET L7,

Cornin B&HEERT v FMOFEX v LA
e e A AN I MINING 17, & 5 7k
D EEAEK xR E ULTH W cornin ¥Rk ZhiT
0.1 %3 X005 % DB S » b FlE cornin 2
Mz izb D&MV, HERLLMREEESRT v
Fiz DAB 7X@, EUEFEEZRRET » b
CEREEAMEL S IR T 2T/ L
C83T % X ¢ C84BT o 2 {ifER &M Lic.
e R, 0.1 %% X005 %@ cornin W
CEE L7z C83T H X0t C84BT iashRiC L
LI S B oME 223 TR wiRy.,

FeRE LRICHRENCTERTERE L
B A5ERYE T » FTFEBROEIREEM
g RLN-10ic# LC 5 v | ¥l cornin VX [RIMREE
CERLSBHMEEREE TS, ThbbF v b
Fli% cornin R US » b FFIgEROMIRCH
LS B 24T 2R & I Ui Wililsk 55 &
%3, chit X VERERZFHRRVWESHEL T
w3 cornin ¥ Bullough ®\+5 chalone &2
75 0 BT SRS B EVER D BT L A ISR
BMrHETHEELDND.

4, (EREES L SIEEWME A A

FHEBE (B, B, H—458)

BNCIRBRL OSERE: (EELTh /==
ANORBTHEF W) AEEHO K REZET
CritkoT (L9mM »512mM i) FEL
CWAFTHH, FOSEEOHEKIIEMNE & bITHE
7L, —ERHSIEIERE LB/t s. K Ik
EpiaiE (15 mM) £ OBRIXERL, B
(8mM) @i+ 5. HENRZOXSREELRK
B 5 ET B E A ERF © Catt

# 243

BECHEIN, Catt BETFEEL, Bl
£ (64mMig) K+ REW X S4E OB ADH
G H 5L 1.8mM Catt D& EHEKAT, £hX
DE L THEL THHEROEET/NI V.

NIL* d/INEIRBAOEEZE AR X ¥ 5 5
(25 mM NH,* % Na* L&l 7z) T ORFOSEE
AR ORI A CHEH RO & &L Catt
B L ORIRE K* OBE L ZERBRTH - .

Na* iz 2oWTHE % & Na* JEE D (sucrose
TEH#H) &L DCMNCIRELDEEERT S
(Ca*™ v 1.8 mM). % DFEEEHEK ORFRHIHREE VT
2R BT Nat REDME L 75 5o THIH
& (test solution WZ{EHaM% 5 ~105MHICIEEIZ A
L, +OHESUTRE LERRD) BPEL
Rt 5.

AR A EEAERC transmitter OERE T B L T
Mg*t 1% Ca*™ it 545, K @ X B/
HREEACSERE DK ORISR L Tk Mg
BEMTHS. Ll K X o THALUHEE
FDHOE Mg X - TERHIH Eh 5. B
BMEIC10 mM o Mg* &z hid K+ o
(15 mM &) it X 5EEHAORRITHTERS.

NH,* (25 mM) OKIREFARIBIC I D@ THR
% EE L 725 d-tubocurarine G block U 7cREv
WAL, Mg+t ¢ block U7chidER L.

15. FEEMmicLIPHR

WHE 57, AF H, BFA%E (BEX E,
R EE)

HFDOEATRBWT, bhvbhui, BEHORE
BRI B BTN AR OIGEEREL,
ZFOMBERHRE L. BENTo L, REERIX
1B, BEAFBICISET HEERA S CHEMRIRIE
CARETRRBOHB L LERELZDRE
LB N oM O IC X BIREE{LC X -
CTHEEL, FOFARIBHIMELHFTSD
OVERY ST, BICEMMRE, EEvEREM
ByRge S L THEERET 5 T L 2TFEL
Iz,

AEVE, fERERRE X D #R ST hE R
DELFEE X » TEFHEERRCO>WTER
275V, BEES TR IR EBRRIT S
SharzBeiLic. ERfEEL T1 X 2H
Vv, NV EoSLE X — LT X BERKEREDO D LI
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BL, BEESRZER, T ORRBT OBEOF
BHEREHTUMNEEEZAVCERL,
KE RS b OROEEBES, S ICBERS
N~V X VBEOEHEFRRFCEHF L. BE
Flgk e UCIRBEEZHT 5 Ringer IRZHE
EHEXY, FRRBENCEX, BRI EL
TEBERNL — v OEREEL, EFidr1 e
Ve Sy TBERE R L.

Z OEFIIFEBEI OBR LRk, licXy
ROEEERAR LN, TLHMCIHIUEDR
EORBBL L. FIRE® Ringer iFIKIC X
HIRERET A ROEFHFREOREABRA DR, L
»LA0CC P EOHBCREBIEEHE L. £
BRI X Dok O @B OPE %o ~%Y
vin Ringer i C#R$ 5 L, HOROEHER
B L. - vk BBEC 5 ERES
X1 vV 7T 2 X HBIEOBWRRIEIC
T HREDLBhRS, BENBEREKEAD
HEE, D, ZOWMEORGEREERT SHMABER
LT EBEZ Bh.

16. BERGE®) O KA
FEBE, Ek#EE (BERX, B, $4H)

1 % OB RXEOFRMRED D ORLKTE
&, BEMANE, ARBESMREZEIL, KNSR
OYEIERSEES, /AT Frvr) vt X3
SHERBRE Ui, Ei, SHRES DR OFTEIAL
ZHLPIT B, —AIBEBRMEEE O N
REHEC X A E R R ORHIEE»ER D
FOI R T 5 Lick o Tk T B2k
iz

1. RV T & —LEEEA X8 X OERRRE « BRA%
1 2 OARNIERHEOEIRTRESRORE (7TV, 2~
20 Hz) i X » TEBEMROBLERF OEEK, B
MESHOME, mELARERING. FEEL
BTN 2 HFOFEENI BB L 0L, HiH
BORBELZD. /LT Fray v (1~10pg/
kg) OHIEIL X > THELUOERZHBBD Db,
Zh B OISR RIS R E TR, W
IRAMED S b, WThh—FRED L XXl
BRDLNED, AHEOUMBTINEETS. L
728 o T LR OMHZI RV HLE L &iT X - TR
EZEHBPEB I, REECERShizdo L
EZbhb.

¥ & B &

2.77#9%4—»%#@%Lkﬁﬁ%%%
—¥ =~ FUREE TR Lk 2 2w

.—wmkMﬁ®@%¢m OB X -
T, EIEBEARICE W R (1 X T 250~430
msec, * 2 T90~240 msec) DR HHFe4 (FHrfEiy
200~250 msec) 75 1 ~ 3 EHEE XI5,

Z DS IGEVRE ORI OB S ke B
LiDbicit, ks —HEET 525, HoHhEEH
O S THET LD bIitikEL ik, B2
REBEBVWTARHEGERRD Db o

ZORRXY, BHRESCHET ARIEE LM
BREHIBOBHARRICEAEL, TERLUT Ofbikis
BOLTIRIERE OBRKHABPRARETHS 5 L
WEhB.

11. & FOKRBEEFERICOT

m&E,%ﬁﬁ%,kmﬁg(éﬁk,E,
H A TE)

tb@&ﬁéﬁﬁﬁé%@ﬁ&hﬁa,m%f
OWEGERNC & b I 5 B L—KBRES)ES:
(MP) & XBzricds—2RIL, %@%mm
S ERA.

RigEd, FHREMLR %, Iﬁﬁaﬁgki?’ﬁi%
VIR, BuEREECT A RSERE L T
v, SHAEEESE RS OHEE EHERR
FIAL, ZOROERCHT 5 EMEH EHEK
15 BoEmBTHEML, WMIELHKTS. RE
BORAIE, RS, EBHOIXUED £
HEROWECEV T B LR, EEERD
BACILESO R U E VELRGENORLE
DE—F BN RV, BAT — 7R
CEfTHE ¥ 7o V3 fTike B4 L, FEnEE
(50~100[) iz X VEskLE.

1. FPYUH— e ULRELCHERRE T—3
TE5NABRVER, boLdEHT MP %
R CER.

2. RISEBIOE, HE TR X 555
EMNOETORERERBNE VI, HERDIX
CEDDRNCET 3 U R, B oV OBl
BT, EBCE DI VEF T PR, B eV
DREMER L B, T D%I0 4V izt hll -
T 100 3 Y BLL_EFE OIS HEZ B2 e

3. WEEEBHOE, EHOELCES 057
e Bl kR B oV OBRERRRS S D
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b, EBOEFTE ik hickt  BAEIE
SEFHOBELEERAKRTH- L

4, B0 MP OBRFHSH» D, EBC
LA S B omEkED MP T, BTT 55

F10E £ BFREEHKS
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HLEENLEIC X » TE Uikl vV AR
LBBREATHY, MEEDH ORMEEREN
ERRESREADRIGTH S T EHBRR I,

B B RA4SEILFA28AE (+) FHR I35 XY

T RRBLANEE 4 BE
UFHE - JWEZEH

1. 3TEEOHIROEIZ DT
. FEER (EMK, ESED, UFER (B
RX, $H—4H) N e

A =N O ERGEE . DEET TS
&, FORBORRLBIE L. WHEIORHE
A, o XomERSTERLE Thhbb
IR O 1 b O sgEEE % Ko, Pl 2
Xr, WiEHEE X &L, 0 1/2 ¥ TEET BN
M t, BEECEETLCETIRHE t2 &
L. bbb Xe/X, to/t kHED
BH L TR C%!‘obﬁﬂﬁz?‘"—fw@{x%ﬂ‘]?‘&i&?@‘(ﬂt
REHEINEWAERTHY, ERORKEEZDHS
BERTLIOTCLHS. HNMEOBBIIXSAEORE
EZBRBELTNS,

1. =FE% sartorius FHichnz 5 e Xeid
L5, Xe RHBREOBECHERTS. T
JVE stress-relaxation DFEEL EEL T H1®D
LEZ LS.

2. Rectus abdominis T3 Xc DIEE R & 3k
tﬁb<ﬁ&ui¢m@m:m¢?anm%
FRR RS T 5.

3. Rectus abdominis 2R3 5% &, HEERFD
(tz/tr) VRAREE & LB AT 5.

4. Gastrocnemius ‘G Ke/X, tafts VRIS
LR OEEEEIC X - THOEEINS. ZORD
to/ts VX, BEMES OBEINE W S X DX T L AREAN:
OWKLBTTLHTED.

5. zhBHOEMIE b & 3 SIS X 2
i, Xc w2 e L Xe/X FHCT — &% 7R
v +4 5 &, sartorius £5 DS IRMIBEE O Y RE
13 Xe=ax OFR LS. a iXa>0 OEHTH
5. zhz C HEIES,

6, Sartorius FGOMBICKTL TiX, HEPH

VE: C BT, BESRVENY X=const &7x
5. che B AEIES.

7. Gastrocnemius HIg- -V AZME T, %
DFEGEIEE %20, 40, 50 msec Z %2 B L K=
ax, a0 L5, zhz CHLIES,

8, &R ADSED &, CPS 2EX RO X
DT Xc:const{ BRYILo. ThE A LIF

9, DIk A, B, C 0o3WBRDEND.

2, FheARE OBFRIE oL TO—HEA
BERZE, LRHE (RX 8F, #F)
AT b BRI b O LRI © & 9 b
%, B

X, ZORCREENELDODOHRO—2E5
HHCEBRL, ¥BLOBREBHTICLICL
iz.

WEREI & LTV, BRE X 0 AR —E I
EE Uie, MR ERE Lin\vikE25g BEDOY
HF R I 100 EREHERLE

88 D 7= DEEE BRI T, TORSEE
#p— AUFoERckE, K5 927%, HE
EVE 9.13%, HAER52.22%, M 416%, HIK
5710%, #LTCEX IV B 511818 TH 5.

e, ERFRCSEERRLIEE (/7=
- —-100%), BEE (€75 v-855%) L
g (v 2 — b =y /-100%) orhTheilk

A, —SEHE (3, T XUN4R) WH LR

HEIHAT B 2 L ek, -
By, BRHEBMENETH ST, EELT
WMETH 5. : o
BRI OBETE, AkE VRE URBERZ
SRBCHOVTY, 7TV AR GHBE 2RE
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SRTEBEL, HUERROES | T b b o iR
CEIPNIRIROEI BB E L.

W OBE&TR, BEIhEERCHESR
TEXZOLEMRMRGERZEY, 7TV AR
ZUMT U CESRAET LB L, MR RISER
THER LU TR RE T X8, WGBRERETFE
ACIRTES X5 L CHBHRTE Lo
%LU, mILGERERFEITsz LT LA

R

L MEAZEERES TNV TUREEI425, 50
% TREIE BEHEm Ry, FEERUYE TR
EEHAEmER Y, ET LA

2. MEHOETRIREREATHELL, BEHE
BTRDER o7

3. WHEHRBEREATCRESEENETIRD
iR WET L.

3. NAZ & —BIHIFOREFF MBI DU T
KE & (BX, E, £-4£H)
NARZ—GINERF OBESE, & LTBEH

SRR TR UTHELEE, B4Rz c
PFRIFESC, %D anatomical and functional
integrity #7732 L %R
| B Braver 215 » 2BV bOLAE
HWICF LS © ¢ dH 5. Optimum operational
condition 1%, 1) Perfusate : 70ml -~ 2 % & — 4 (f
+20 ml saline, 2) Temperature : 37°C (humidity
50% Ll k), 3) Oxygenation : 95% Q.+ 5 %CO,,
4) Perfusate pressure : 12cmH,0 T¥ - 7=.
S AR DIEH S W OXEIIROBE D T
»5.

1. Bile flow rate {3F#0.26 ml/hr & b,
NARZX—DERELEDOHEEZ R L.

2. Total bile acid DIREEVT, =& 1EREH
5.9 pmol/ml T, Rl & ICEH T LTx.
zivkd bile acid DBHEROXBICLS3DT
»5.

3. Deoxycholic acid 13, Bl & 3t Z0A 3
AU SHRILIEIE Ot/ o 7. Z DFix Deoxy-
cholic acid 1% 2 %k#9 bile acid TH5z %5
7.

4. Bilirubin @ Bk, 1RERIEH T 5.1 2
mol/100ml CTH v, B &I+ oEmR
LTz,

5. BSP it~ oghiz, #5145 2K
BRET, H5EDB% 2R, 4EHORBEIT
62% T -7-. $ad BSP o &4V,
11#930% ¢, 4EERI%II62%Ch ok

6. Sodium taurocholate 35 X (X secretin @
%513, BABE7: choleretic effect %7k L7z,

DEEFT BT, hoBimeRich, ~aAA %~
DREERE, FRCEHEBEROE ST, et
DENEELYL TV B, £ OHHIFERIIT
DIEH G WEREMRDBOFRRET LD 5
LT EERFLE.

(BHFEE, E D Mayo Clinic (1967~1968) iz
BV DTHY, £ DAL ] of appl.
physiol. 28, 495 (1970) iR L 7).

4 Bo+ bY o LHERICHITBMPRELS %
BREFBEDRE

EREAN (BX, E, £—RH)

MR DAL TABINRI % i« X 5 GFR 0T
W&, Zhds50 BN E BB 4 2D Na H
WIZEAEHELR WL & 2R U (Bdd
Fk, 31 : 631, 1969). LiLb t b v BLLET
PBLRAVCWBEETFLTIE, Na 2vx72v2
1k GFR Wil Wz #L, M5 0BERD5 T
LTINS, £ TWEETORBIRE:4L
NoOERT — 2o SERNLTHE

B 2WREEKOFREHERCIT Na Hhithe
By, BAbhciip Na gE R ofiic GFR &
AR R L. AEOMHE (4Pv » GFR) 13X 5
CRWHEZE L. 2SR AKBOEHAE XS
BAMLABTS, Na SHIBRE L L oML
BWHEEEZRL, ThPhicsE Shi-mIREs
REDET D b b, HEt¥mic 5 2~
Z—CHEDENPEP o7z, T FRAT R VOR
REZRIEHETLLLL0BFRA L TH -
7o. L LREIIRSE B E50ES X OB 21558
K&EL, MOEREPALIHCELBEEVERL
7=

SEwififh Na JREFFE GFR offs|o®
BEHEET DK, TEOREMLEHRT 5
ZLTX->THREL, £OREESERESH
X TEHMLTRE. Mo AL £Han
IKETAMBEERC BV Ch, MHEFOBREILE el &
EBE L MR DHE VO BEREPD Dz, X
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Bk BoE EBREE CUIRELIETIC T T GFR i
PHRBE L P, KRELBRE~DEEE
BEhosrcaEaRoaEick; 5 GFR o
H2RT 20 L#EIEN., o TEFER»S
X DhiETEEE ERAEE 2l T 5 £, GFR
DIET H350% DL ORI IZIE—8 3 %28, 50%54
LORRENEOFPREP -7, LichoTH
EEEKATRRE GFR 2 kX ET X & %
B, {7 50> Na $hlt2 i &8 5 R R 23
ETDLDODML TH 5.

5. Bridge-voltage clamp ([c LB h T &
BHROBEINHEE FE4H)

AAREcHE, JERZE, ST, MR MR (B
BX, &, $B—EH)

Bridge-voltage clamp iz oW T 1 ~ 3}
TR, T DHER H =L DREHRIT OV
THWEEAOBRZED > b, HoBEEED
clamp iz X 2 EBRER2HE L. ERSFELO
I 28R DFA L AR T clamp FEL LT
SEHEBEZ AV d DT, EREREORE LD
EOML TH 5.

Clamp & E# 0255 3 H0BS T
UTEDE EHE S8 EEOBEMIE AR B
T, TORBEIDAE L, REBEREEIE,
HF B, IR TREF LLBEFTR
FWEOBE—EHZFED. BOR#E Dk
O FERARBBEPNS DI clamp BENDSHE
DLEDBET, BEWNSVWERDNERW., Ei
FIR DB B D% pic—@k: RS ERbN DR
HIBERBRATHODNIED S FER. LHrLEE
BARETEL L ZOMETHRIZ LS. 20X
7okefix clamp BIEL X » TR B 5WBOD
DERBLOBPCEABENBIREL, £ Ok
DB H—BEOBROEBMER & T h 5.
ClampEEZ 02 b—ZHILZ LEEOICR L7
4, clamp T TV A OEFKE L odn
THHH, clamp EEE 0 TR L HORRIX
clamp BEM/NT clamp FRPH & B O—E#:
FEBRBEDLNUIEWESX clamp BEZ 0CEL
FE BV 2 BRSE bRl B RE CIHk
T%., ZhiXSBEEOKMRHEREARENS
D ThH%. Clamp N & B0 —iEk: LH#&
BHBEbNIBE, TORBPRERZIIEEL

8

&
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HELTLEDEWVWS B camp TEZ 0 TR
FE, HEEBRTH TR D AR—E OB OANM
EEMPHEDh OV CHET 5., ZOREOAR
S BRI BRBAREOME R S TEHEMD
bLE2 b5, Clamp FicEbh 5 W & B
O—@EHE KL camp % 0 R LictkicBibh
5—E O ONI & Bt L I FEZEOBBRRD D,
BIRBAMAIC X » TR 2EEOERFE RS2
DOEEREHRTH D LEDNEE, TbDA
COWTIBIOBAITIRE T 5.

6. ;EBEAR D overshoot DRLEICDLT

AECHE, JUREIE, T BEBX, B,
) .

TEEVEAL (AP) RriciRiikio AP o spike
DOEINEILERD level iz 522, Thb
HEERA OBAL O, overshoot BB bh D
Z L V3|H3E Bernstein DEF CHBALEEL, o
<€ Hodgkin 01 A Vil @Hbhilc. ZOX51C
overshoot DOHKITFHAOREAETET W TIE
HTEELMETHS. EFFREENRED
L<(HEE DRE D> B overshoot HHE DAK i H
BT BEEPBEPT DOV TEARFOICED, T
OFEH» DR TS E2RTERERTR 72D
THET S, H=LOLFHREMBE LTED
LMMEKIIS L OWRBF L X » THESHL TS
i, POERICH LTS L AEOUTIEE
C—2 DEFPEINCGESF I NEEE TS, T
OEMERRILIEA I HRE, FRERIRER, KCl &4
AXERESREWTHITLAEE LT &R
v, Lo LEEERCH T SRR ch b e
R AEDODDLERD. T BOESES LR
o AP BRECAE L ERAUTICEE Sh
T EE L ORI EESh, Lo TED
Wiz shs. FA2ERY CREESERET
5 & overshoot iICFHY T S BEbNh
¥ - 7o#% positive after potential FHPlOHRS % D
SURBCER IS, 0k 5kEBEZA L TH
Rigiic o bhd AP BENORBSREHIND
W OEIEZ RO E & ik U overshoot 70\~ L
positive after potential & Z7x SN BE S HBEb
N5 EEREPDR. ECERIER LERS
VI iEEIncmg s REE 2R T &L ER
BriiR Lo REEIEE, % v iR 2 T
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BOER « AROUFIEB DR D i i v over-
shoot, positive after potential YT 2EHERD
Hbhsz tZMHotz. ThbDZ b over-
shoot 13#KHL, AEOWFIEKZEL THbILD
RECTRERCRT 2EBNOELLRZDOX 5K
BHEREVWOTR RV, ERDRS.

1. BRIk = 2 — O Y OHEFRMECER

T 1, UAOEE, hnBRER (RAEX, B,
Nk B ERY, FhiRAEE)

1. %V 7 &% — LEKREET O = DMK
(LGN) = = — = VAHAOMIINGHFZ TR » 72

2. SUAD = = —r V32~ 3BT T BN
% EPSP %, 4{fD= o — v VREALPEID X
4 7O EPSP 2R L. zh b EPSP 331~
115 mVoighic, k% EPSP 1z 7.0%
KV~ILIEP o 72,

3. IPSPix4E < T\ IPSP (5§t 8 ~b0msec,
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