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Axoplasmic transport ; its mechanism revealed by direct observation
and cell model study Hideki Goron, Mitsuhiko MaTsuMoTo, Toshifumi
TARENAKA* and Makoto SATO (Department of Physiology, Twate Medical University,
School of Medicine, 19-1, Uchimaru, Morioka City, Iwate 020, Japan, Department of Physiology,
Yokohama City University, School of Medicine, 2-33, Urafunechou, Minamiku, Yokohama City
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2L BB (K1), IEfTHOmR T EEEo
RS LB MTED D, AT ORI
ORGSR AHER I TS, & OMFTHER
ix, ETECGEIR TREIOEELTCE
W, HBITEMTI DA T B REFE
W ifaRelt v TV vV — AR0EE) &
E2 B T35,

TR OMEEL E UL, BEET 3 /@
mE, b=y —wiilakiciks LCEDERD
P TOE E%B 5 ONERTH B2, JF
BEEE & 7 o O « DI A Th % D
T DE FEBEHET L L AT
FBEIZL > THEIBRTER. T X 57BN
L, oMt o2l USRI B S
MoOTHBEMEN TR A, T BB TH
4 % &, lpm/sec BE, T bbbl HI
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BERCEWEE - €54 > A5 2% 1981FE 13
FLIY. BHEECHRIE =2 v P 7 A biITk
FTHDT2 Y b5 A FRM BSOS ETHT
TEME, SRELBEELILEBEIRS.
vy, NEGAY CF 4 2 T CEINERICE
WML, Fozv 7 A BESHNCHER LK
Allen 32 BRI VY ADIEC holic E&il
AR (frame memory) 1 FE ¥,
Y e = F =" ThH EOENLBEIERD
(background subtraction), %% &3 A8

ZREPICIAR Lie. 1B S X 5K S HIRAY:
WL, BME (B 25 nm) OFFEETH B,
F o — 7Y vERBRERCES LIOEARTHE
SRICEERSE D, BN ERESERE
R TC—ARDOPNETH ST EPNHERI LT
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W OBREMZE A Rk« LRFE LT 5. 19814
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F s X OHFBI O neurite OFIZRERAIRE L
T R B E, DX S iR
XV VYV —a, $ravFITEVS K
T oM E DMHE SR TH - 7o,
Wi o 7 AN E B s 20~100 nm @
BE o RWT o BENHEIR, ToEED 3
pm/sec &R TH D - e,

Allen %, ¥/, ARF—ZbLEbiRAID
MREAHEL, ¥ o e H LeM/NRLTF Ol
BIRE LR (K2)%. Fibb, 30~50nm o
BouhNreERBEoBErRbh, Lr
3 MR RS D 5 IE TR O AL S il

22X 4 WERMEONEBER LY TA a4 A
Ta v a — & —~ERAE LTE b ik .

T DEETE R, KT (L; 08~5.0 pm), rhHl
(M ; 02~08 pm) B 5%k, HRERS (LE) LAt
w, N (AR, 01~02 pm @f?é) D MR A
Rz, Lad, BETECmmEIh 3 ornmEieE &<
Mz cE. ER W, Befdbs LR oWTE Ma
R oONED Bl s, Ay —A %, 2pm.
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g S e, SRk, v TS ANRETLS X
5 7o IR A HZE LB BORIB X T
Do WEELE, T 2.5 pm/sec, HEE; 5 pm/
sec JTRE L7z, S ofmiuik, “evk g
B TR BN, MEEHGE NG D, <A
7wy Ay (B Boam) lsodag, BLE
DEZAMEEN O, FEEBL, BUA
B OUETE w ST, /A — T AT
PARIEE, 5 X0, WIS 21T - C
Eey, v — 2 =R U\ IR o
P oME, e A EN, TR Bk
Bn5 U Y Y — e FEKRETFOMTH:OR R
T, Linh EoiE b 1 pm/sec FLE QKL
G UNRETE oY Lavl, i
D DR EY R OO TR iis Eh T
WA EFINEE R T Allen B ofs 8z,
D X5 e A s bR~ OWE IS otk
A &I E ¥ OBk B g T & DT A
LT DT, PEATE, X OURELEIRGE
~OREHbIPHEERh .

7k, Lasek Bk, A #ERMED HEEIAY
VAR U U O b e RIS A C ol s s &
AVEC-DIC c@iZz Lc®. FIEE b cEEsh
BED XD Tl 4 Tl S5, intact 7
TR EEDRNLDTH o7 DX 5 ek
HYIC IR S T RO E & R BTG 3 5 chem-
ical skinning & [Fl#E 1 AIaPIERE ICE % 5 R
WEEA L LCRETHS. Skcinsy, »
TR B L, 196048 1% BB o BTG
BERE A VIO DIE B 1o IR FIRE % “< b
v A G PSTERRE) 2 P 7efFgERs
B TR CE o, MY, BRI 4 K
flifiti7edy & LCHETHRE., L L, HFST
IRIT, EE MR E LG B 1 cEmRr
RO BHE, 52 R 3 B 5, L
T, FREN bR TwAEIREX Y 358
BT T hRFIZE » B EEE O
MCHE B OCGC A ETE, MERERE BT
BICOE, MR < i 7 o L “#H
&7 NIRRT RIS TR o T B D TR 72 e
559

. Ca ZTEL LI GESER?

BRI & o Tl O BLS 2 O B4
HIEd Dicedciy, TEME & 5 DA RE A ik
2GRN COREMERAYE Lo L2 AT
BB, TOX AN D, FEIRLEE DA
Lis\WRIEE O e -2 F ADRERZD 1,
2EDH DTS, —HEETEE o Adams 11,
J1 = D) ik B e 7k Hr O T FE TR AL Ui
FENCH dnm BREEOFLE Y, R om
BLrcpizh Uit Wigieh w F4E3 % Ca kgt
O RS AL ER T Cls i, 0.5 mM
Ca CHIEW e Mg R bhic. —7, #rlo
mM EGTA 4T o Ca-free & Eixh Bk
TLHENEE SR Tihbbh, ko7 2y
FIA Y VRRPEAA 2 - F T Y VR ESR
7D, SRS ORI Ca {RIFHEL D
TA s, ,

WESE, Forman & & 4535 B o3 i, M1
FICHEEDOFIRPE 2 eV — 2 F Ak
T, RS OBy Ure. {1 Lcskim
EFE, Whd v = v (saponin) C, %
SWHEB»BHH LICAT R FHBWIT LY
TAR A VLI 5HETHD. el
JefFil w3 &, WHEEREECEINLD =
VAT R EERINCHE S L, SR
ERE TS R RET S, LaLl, Ml
TIAERED & k2 v AT v — AN
RN DT, VAR = VYRR R A AT
UL FE = NS £ DR X el
EERE IO T BT ENTE BW,

Forman Bif, = ¥ OEE e 0.02% 5 =
= VI CIS AR Lc & o A, SERYRI o
WL /3 wid Lich oo, Mg-ATP e
TCWT R R A LR LA (X3).
PIHCHAEE 13, 344 mM Glycine, 300 mM K-
Aspartate, 20 mM Na-Aspartate, 10 mM
HEPES(pH 7.3), 10 mM MgCl,, 5mM EGTA,
ZTULTATP 13 1mM Ch o fo. EARBEE

THHRETH 5. ATP O D.icdkkgiio ATP
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analog #*{# 5 LR TER) 13 BB S hinh o e
DT, ATP Ok % &b s 5 EBTH B &
MR S Rte. F %, 10~100 oM o Vanadate
CHERECELE Licn T, #£4 = viEiksiEs
LT3 & L. #EEHiR o BE BT v
BChHoT, £4=vir ATPase L LT%h
B DRUING R BT oD D = 3 A F — U RA AT
o T\b. HFRERREHEE & LCh 4802 bR
N NIBER E s T b, 4 =v oy
IERE LI EZ A THBHY, MMMk T
FA =V OFEITEHIN TSI Tk
V. EERE Vanadate 3 i JE Clri IR RANIC
% icfBE O ATPase #[EE35Z &abh
T b, 0T, Wbl ko X 5 e

2 TRy B, £1 = icEREoEGILE
%, erythro-9-[3-(2-hydroxynonyl)] adenine
(EHNA) <% bR o k¥ 52 &R L
oW ooz T FRE Vo, EHNA i
OIEB DO HE WML, NEFTHEOWIICILFE L
Do o &5 R, IEFTHE &ATTHE & RS
Wl BT ERTFBEL TS,

#E3k, intact ZeliZR CiRNE Ca BES B
TH T CHEEREEDOILE 5 2 &34 < O
SR L o THERERTWAT, Lhis T,
TSRS v A & R T X 5 e llfapyEd
Caefs (728h, pMi—£—) Tayv br—
AERTWAEEZL R T & . LIAN,
Forman 0B k5 s, 5mM Ca ofFfE

#3M. = CERMRCHE IR TS A, intact, HRIL YA = vl LA
BV, ATP(02mM) %#45 LT 1490 Wfls dcl0PMTcE L5, HHENE
W EHCl RS L 2 ol TEEBS N, 3 ORFIRHaA i - TEV- T 5.

Ay —aqt, 10 pm, (Forman et all® X v)
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g b A BB EF O Rh L. KL F DT THIH B A el
. BRI RN & - T B, ik CRT
Bt A i U, 1 Dy = VAR (0.015%), 2 ¢
washing, 3 : ATP ¥4 (5mM) #ff-ic. Dk
DO PEE LY, colchicine : 1 mM, cytochalasin
B: 10 pg/ml, vanadate : 1mM. (Takenaka®’)x
)

BEED Ca fEAEFCHUNEN E D g o T b hs
Ml ZATHA.

i3 5131 71> fin nerve % 0.01% w7 = v
TRWET 2 0 MILIE U, VAR 7RISR 25 O IR TP
JHAZ ) L. £, intact O RfET
ThsR RERL AT RS A TR LT b, it
= VLB RAT o Jo. B 3 ~T7 4, ATP i
LD CHE - 7ohd, CofdibiFoB) i
fwv. ATP % &L, 37chb b, 400 mM
K-Glutamate, 150 mM Glycine, 10 mM Mg
Cl,, 5mM ATP, 1mM EGTA, 20 mM
HEPES (pH7.2) wiiffed 5 & B ChFH\B)
729 (M4). oA, intact 7ililizk & @
U7tk C, M 3 intact &134E [ U 0.8 pm/
sec FEETH-Tc. DX HEFLTHLES
AUl %, 1mM Vanadate -¢fgik Uk

VICE D IO XS il EENE L L. T2
FVDPREEFTH LA P H 5w vBeLil

X D e Ek o B B E L AR, 2, 3 pm D fE

directional movement oscillation

directional oscilfation

movement
(intact) + +
complete NGF~ + +
ATP-free - -
vanadate - -
colchicine - +
vinblastine - +
cytochalasinB ~ — +

5L itk o & B T & REHER) w4 5 SRR
R, R OB Eh s R A B A
T, =X E o7 BT Ao EREIR LS, HE
P B LT 4 E L.
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& SR SIS %
FOR. A= v THOBTo A HE AR

(£, &M

). ik, intact 7glihEEC, JEAE S C

WA HR = VAR T IR ARESI G LA EEERRbRIgh s e, Ay — ik, BT
0.5 pm, FHflico\-Cik 1 pm. (Gotoh and Takenaka'®# i)

RER e & TR FeaEE Lic (’5). &
Ak intact ZelisRCH R b h, ¥R = AL
13 ATP (R HZE S e ¢, Brown HE)
Cikc\s. Forman 5420 X 57 ATP k&
PEDIRE) A FER L O B8, bhdbh &R
A0k, 1mM Vanadate ¢4 ZEEE L &
Lie ol HTHH. bhbihii, 1ImM
Vanadate "C 1k ¥ 2 D% EE Lich, S HrH
BREEDIL, 2 F v vy 5 AF VT
FHED B BEENLE LT 5 2 < & OJRE)EE)
PEHZ L THB. T OHEER, BUNE»HWT
ST ER) O 7 FE A < e o Tohd,
BRSBTS A TR IREN 722 3 0 E
BIhbLEL D LB LT FEFD Bl
FRgEDET L& LT, HINE i & OmitEE
(L—=n?) P - C ATPase CEFHEEI? ) 28
WEEWET B EOEZNED ST X 5 TH
5. LL, TOX 57T ARBRTLID
@, MEEHEE L v - A E S LD RO OB
oAl 2 VB B DT B O UL SEERAY I D C IR Bk
ThHDH. Pk, YL EELEDTL L
THZTNPEEEE T 0L ORBLE L1207,
BHBHCE VY — VR B U TR T R Dbk K
AT 20 v—y—SRTHHE D RARET
Boic. SEIOEEHE R X BIRE) e & MR
oMz, Dok 5 kREELERd 53k
ELTHATHAS. ik, bhtbhoy# =

VLB BIHCHET 5 &, IRIEE
M DOIPINT B OB, £ DRI,
#1100 nm TH - (K6). LichisT,
R=veF Ik d, Hithh EEESTE
HE xRS 2 5 MNERCR L ER Eh,
RS ER oM RE AT 2 L Ebh
5.

V. AI#EEIC L 2Hx0ER

R ImRE DEERE, VBB LTy
TR DODBDETANRBERTHWS. Th
HDHITRD 20D 7~ TR T BRI
2113, TRtk MR Ih BN Lo, 7
7P 3IdvVvROXOBHEEER (KRR
7RrATY o OH) BB, RexEELRTD
&\ 58T H B (sliding 31). Schmitt®) B3k,
Wiz CRE LI S h, 1975411 Smith
DY B FOPRRZE S THEPNEE I ba v FY
THEDHDNIY T TANGEODO 7w AT Y

FepILTh, FlzE, Berl %Xt Puszkin
Bty P AN $ 4 v VB R OFERE
BHL, chihvr 7ANECT 75 VEEBE L
HEER L CHREREERBCTEEE L T W
9. Z0X5T 24 vy O FE R
Wi TLEZ BT THB. b 5—021%, Gross
CXoTRBEINILDOT, WiRPc: 2 arg
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LT AT, BRI T, T A MoRES AV VROBEIAED BT A KT L
B, T F V=T AD R S
VCEE NSRRI T EH &

DX SIS, AT Ok EHos B TrFVr =Tk LT B I
B DO ERT, TR REEEL (Nitella) #FIH Urz. HTE o 78k B

BREEZZV T e, Wik X hoa (mneikr, px
A OBRLE S Teo ThBDTHA I

TSR — 2 ORISR OH7 B
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BB oERC R Fhh T& . ZoMiak
RENTIER N T 7 F v ir — T ATHERT B IR
TP VEEBR L, £0I LB lilo vy v E
MBI L CRPEEZR LT 5. bk, &
EEE, WREBHLTEDT 275 v
r=7rEMALEbTTtHDH (RT7). cok
. Heavy meromyosin(HMM)c = — + L7127

I AF y 7 OMICHEMINLT (B, 03~0.5 pm)
HlbLThicll A, FEHERE LR CAE
LS THRT O DT OB ICHMET RS
Shic (R8). MUKT Y YliFE7 173 v
(BSA)T=— b LTCHZ DX 57 EBITE D
Mot & OEFNL ATP-free O &8CiiE s
o te. %7, HMM % SH 3R EH1L

O, BEMEOMNEEED 7 I AT, 7T ENEBEHE. WA VAT T, Bk
ThHy, BREE~E—2v i+ v v TCa—F LTHDE BicbsSk ST ILERE BB
R cHERRIVELLTCWA, B—RT T (a), £/ LT (b, c), BBk, 2HOFE (d) 2
B Tuw5, BEFEOFTININ - THBEE, TR - TEI-Tw5 (e).
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ENDTLFRLMERTHBE N, = 2T
HMM G = — } L F% N-ethyl maleimide
(NEM, SH I cib %) CABT 5 L%
M Tz

BUREE D1, =0 X 5 7eilfiés Ca-free o
TR LTHBH. WEE%, i
JH T T & AR TR LTk Ca k7
VED DI & OIRFERTIE RN Lz, oo

ThHLCOTREMESRBEE N cbFTh B, Bk
W co Ca o, b rE v ok
HGLTCT 7FvE 34 v v OMAEER YT T
WhMe A= v RHRL, 7T vEId oy
o sliding #PAT 5 EE 2 bR TS, T
b, Cark, I o LR IR DTH -
T, WHFE Db OWMIE L 53l Tl in s
2B, Ca 7o LIS 12 B CHEEE S o Cus
. Lo T, Ca o BEx, v LAESY
MHENIV I —FTHEAEHB. —T7, kG
BALDNTR D Z25E Ut steady 7ol LB 2 B,
FY =3 BRI ([ OB
E L Te 5 Bl ok oZd iz S hTtun b

19 [,
T LT A, T
)

ﬁ:WﬁKEﬁAbtm)x%VVM%(ﬁ,omM)@@ﬁ S B 15 ~25TH I
Tk, AR b. Ay —rk, 10 pm, (Adams and Bray® )

WRERV B R S b b e T kT3
EDOBZETFEINTNAB).. LT AT, kMR
V0o THRREEDO LE 7 79 v L v b
N, IF Y VOFEEIDONTH W DmnDifis:
RhHBH. L, CAlfiERECTH B ek
=V, teRit v ontii~yF Y Lic

IR S o) E FC X 5w, Ca o
'ﬁﬁéahtcu\'f 7 I A Y VRMIAT L EDT
BHOEMT EhEd, Iy o
D VR RENERET DT LN oh ol
ETHEREIT LB RE s T
Uh, THEBEEN RS TEW ‘Ca-h ey Ly
VMﬁ””%@mfm%@f%55#9

Sheetz &€ 5 4 13 5D THBRE S, (i
iR ie BT sliding BEREAMEI- TV B0 g
Lo EBhebiuas, b ¥ Clifyi(l
STCETFTMOGBE . Shiex L, EEO
Adams 513, 75 A5y 7T B EREOMR
BIRZEALTZ 2 L b, ok R
Sheetz & & WBITH . DLy =Fk
PREZR I 7 AN A o ORI TR FEEA
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Lichd, EEREASME L Thimk3hiz
DTHBHY(K9). T OHEE S ARDOB TR &
FER UL pm/sec Tho e, TRLTNT
IEATHETH o Fee ~35 7 4 Vil d RERICHRE &
N T, BRI HAR LTRSS & 4B
RIAThh B E2bhb. EbIT, HHIE
TEMAECERDANESI PR N B oD
=, #AEEMECHTERE 2 — b LTAK
H R AMETA TR I8 B A% &
BN, HV YO vLRIHET § vEETIER
WEIRS LB Ehindikote. 2L, &
5 AWM T (0.6 pm PITF) RAWHELT
WA, BRI hind o o

ThbDOEBREFEEOMMOMC, o1 ET
WD LD IEEERT-TW5h. F—, NTH
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Changing patterns in muscular potentials at MG and SOL muscles
of dystrophic and normal mice due to prolonged stimulation

Isao UrRAMOTO, Kimi WATANABE, and Tsuyoshi TOTSUKA*

Department of Physiology, Institute for Developmental Research, Aichi
Prefectural Colony, Kasugai, Aichi 480-03, Japan

In the experiments to be reported here, medial gastrocnemius(MG )muscles of dystrophic
mice(dy/dyywere found to be more resistant to repetitive stimulation of sciatic nerves at 5
Hz for 10 min than those of normal mice(dy/-+or+/+). Moreover, soleus(SOL )muscles of both
mice also showed resistant characteristics. Thus, changing patterns in muscular potentials at
dystrophic MG muscles under this condition were moved toward those characteristic of SOL
muscles.

Dystrophic and normal mice of the strain C57BL/6J-dy were used. They have been
maintained in our Department!'® and classified into age-groups ; normal mice of 22~39 days,
and normal and dystrophic mice of 49~72 days in age. The number of mice used in each group
was 4~10.

Stimulating and recording methods have been described!®''® except that a memory
oscilloscope (type VC-10, Nihon Kohden Co.) was used. Briefly, muscular potentials at MG and
SOL muscles of urethane-anesthetized mice(1.0~1.5g/kg, i. p.)were evoked by stimulation of
square pulses 0.05ms in duration and of various intensities. The stimulation was made at a
sciatic nerve near the entrance of the MG and lateral gastrocnemius(LG)muscles, and at its
exit segment from the LG to SOL muscles. With needle electrodes, muscular potentials were
monopolarly recorded from the MG and SOL muscles, and some animals were used to record
them from either muscle. Single potentials were photographed from the memory oscilloscope,
unless specified, at various times during 5 Hz-stimulation, and peak-to-peak amplitudes were
measured with a film reader (Takahashi Co.). A value obtained immediately before 5Hz-
stimulation was taken as a control level and amplitudes of muscular potentials during the
stimulation were represented in a percent of the control.

As shown in Fig. 1A, muscular potentials at MG and SOL muscles were usually of a
biphasic wave, which was followed by slight deflections in a few cases of MG muscles.
Changing patterns due to repetitive stimulation at 5Hz for 10 min are demonstrated in Fig.
1B, where two age-groups are combined for normal SOL muscles and mean values with one
standard error of the mean at various time points are plotted. Using t-test, statistical analyses
were made. At first, it was determined whether or not 5Hz-stimulation produced significant

WA W WD, FE O BAROANEE = = S E

{Received for publication October 21, 1983)

Abbreviations MG : medial gastrocnemius, LG : lateral gastrocnemius, SOL : soleus, EDL : extensor
digitorum longus
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changes in muscular potentials in each group. Both dystrophic and normal SOL muscles failed
to reach a significant level of 5% at all time points. In addition, muscular potentials at
dystrophic MG muscles were not altered significantly. On the contrary, significant levels of
5 and 0.5% were obtained in normal mice of 22~39 and 49~72 days, respectively, when 1 min
elapsed after the start of 5Hz-stimulation, Thereafter, changes in muscular potentials at
normal MG muscles were significant at the level of 0.1 or 0.5%. Secondly, comparisons were
made among MG muscles of various ages. Significantly reduced potentials at the level of 5%
were recorded in normal mice of 22~39 and 49~72 days in age, already at time points of 2
and 1min, respectively, as compared with those in dystrophic mice. Thereafter, differences in
the magnitude of reduction were significant mostly at the level of 0.5 or 0.1%. Moreover, a
slight difference was observed between two groups of normal mice (p<{0.05, 6 min after the
start of 5 Hz-stimulation and thereafter). Thirdly, no differences in the amount of changes in
muscular potentials were found among dystrophic MG, SOL and normal SOL muscles.
However, significant differences were revealed mainly at the level of 0.1% when muscular
potentials were compared between normal MG and dystrophic or normal SOL muscles. Lastly,
changes in muscular potentials at MG and SOL muscles after the completion of 5Hz-

A

60 (P ? (P

Fig. 1. A : Examples of muscular potentials at medial gastrocnemius(MG)and soleus
(SOL)muscles of a 65 days old mouse. Stimuli were delivered at 0.5 Hz. Ten potentials
were superimposed on a oscilloscope in MG (N=10) and a single potential was
photographed on a memory oscilloscope in SOL (N=1). Calibrations ; 20mV and 4ms.
Negativity is indicated downwards and stimulation is synchronous with sweep onset. B ;
Time courses of changes in muscular potentials to repetitive stimulation at 5Hz for 10min.
Data were obtained from dystrophic (solid symbols) and normal mice (open symbols).
Circles : MG muscles of 49~72days in age. Squares : MG muscles of 22~39days in age.
Triangles : SOL muscles of 22~72 (normal) and 49~72 days in age (dystrophic). Note
that dystrophic mice of 22~39days in age were not used. Each point : Mean+S. E. M.
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Table 1. Significant levels between two groups

Group I I I v \'
I — p<0.05 p<0.005 p<<0.001 p<0.001
II p<0.05 — p<0.001 p<0.001 p<0.001
1L p<0.005 p<0.001 : — N. S. N. S.
v p<0.001 p<0.001 N. S. — N. S.
A\ p<0.001 p<0.001 N. S. N. S. —

Groups I and II : MG muscles of normal 22~39 and 49~72 days old mice,
respectively. III : MG muscles of dystrophic 49~72 days old mice. Normal
mice of 22~39 and 49~72 days in age are combined for SOL muscles and
shown as group IV. SOL muscles of dystrophic mice are shown as group V.

stimulation for 10min were compared between two groups, and significant levels were
summarized in a matrix form (Table 1). For example, muscular potentials at dystrophic MG
muscles were reduced less than those at normal MG muscles of 22~39 and 49~72 days (p<
0.005 and p<{0.001, respectively), whereas they were not altered significantly as compared
with those at dystrophic and normal SOL muscles. In conclusion, one class consisted of normal
MG muscles while dystrophic MG, SOL and normal SOL muscles seemed to form another class
with regard to changes in muscular potentials induced by prolonged stimulation at 5Hz.
Moreover, changing patterns at younger normal MG muscles showed a transfer toward those
characteristic of the latter class as pointed out previously!®1112),

It has been well documented in the analysis of tension outputs that fast-twitch muscles
in dystrophic mice were more resistant to fatigue than in normal ones*® and, under the
so-called fatigue regimen, tension outputs of slow-twitch muscles were reduced to a lesser
extent than those of fast-twitch muscles!’. We have reported fatigue resistant-like property
in dystrophic MG muscles!®V1219) " which was also confirmed in the present study.

Using cholinesterase staining, Harris and Ribchester pointed out in Bar Harbor 129 ReJ
strain mice that end-plates in dystrophic extensor digitorum longus(EDL )muscles resembled
those in normal SOL ones®. Recently, many workers have accumulated electrophysiological
and histochemical evidences on this line of investigation!?’”?, For example, Parslow and
Parry” found using C57BL/6] dy?'/dy* mice that contractile properties of dystrophic fast-
twitch EDL muscles were moved toward those characteristic of slow-twitch muscles. Our
experimental procedures were completely different from those in the above-mentioned studies
as well as the strain used. Nevertheless, our results could be counted as one of those evidences
supporting this hypothesis.

An idea of a maturational defect was proposed for dystrophic processes?'1911) Since
various types of muscle fibers differentiate from one population during pre- and postnatal
development® and fatigue resistant-like property was found in dystrophic MG, SOL and
normal SOL muscles, we are inclined to agree with an idea that dystrophic muscles are
subjected to a loss of the primary control which determines the fiber composition of individual
muscles?.
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#13 Qqe 252 L Ty thermal coefficient »% 0.2
impulses/s« C LA E#{R = = —w v/, thermal coeffi-

» &

cient. 73 —0.15impulses/s« C U T%% = —r V&
Liz. 5048 LIcB5EDEEH = - — v v 5 HI9ES
B=a —H VThHD, ARG = —wVTHol.
MR E LR I EORER B = 2 — 7 VT,
LERZT AR =2 —r Y ThBRTERI . Bk
DORER, B = - — v vo—Riciy, RERZME=
o VBT B C EBRB IR B,

8. BMEREOREMTEL L RERE
HIHERT, SHER, SARE, ARB=E (FEE
Bk, B :m)
REOKRELMT X - THREMMCELA LT, =
hOEREGE T TOARRMCPELE IELT5
DEPEOWTHREH L. SERSELHAW RS
T & KA (5,600m 7Y, 1/2( & E(ATA))
BIVEKE (4ATA) BHECER Lic. RHEER
(1/2ATA : Ta=28C, 4ATA : Ta=31C)T §i i
IR E A WE LB atkE AR (Ta=38C)
whEZ chboEDTELEY Hic. AHER (Tes) i3k
BRTRVTFhoSERELE VW TER—Th-1c
S R TR (Tex) %6 X 0% 37 BE Ifn 3 & (FaBF) 111/2
ATA THE e Lt To 3 X0V FaBF {2 4 ATA
TEHECET Uk, fRimiiE (FiBF) 1% 1/2ATA, 4
ATA HEEETHEALR Lic,  Lich - THEIEX
1/2ATA CiE3E, 4ATA G LSEDZENIE D
FRAEZ IR LTW5Z L3RS he. REAR
B o MY % R —RER 5 5 IR R E TR T3
% & FaBF 11 1 ATA X 1/2ATA TH L b i BF
L2t FiBF izzediindiotc. HhoBRENALE
SERE CHRBEM T 5 OB EIER
SEBEBCRI TR ERE-C0BI L BT S
h, Zoo EMEKERECOARRNRE By
52 TOBHREM TR I hic

1. SRERET AATA) [CHIT DDA L KBE
ROZE

=REH, RIFXT, SHES, OB (EE
A, FER)
SUBHEATR S 2B, v bodudE XK
EREBELYAE L, ChOLPRRESE (LERSE
(4ATA)) TRWTCED X > EBMiZhsnrBH L
fe.

5 AORABFEAV, KERSE (B, 31C)
CAE &%, MEMLRH LI 1RERR - =%, 1EH



Hf (impedance plethysmography), .38, Hilik
Y OEH5 M (venous occlusion plethysmography)
BIORER, KER (l—=vAx vz vEEN)
PE Lic. R 4 ATA wBS5ME LDz h b
DIERFB T 2 — 2 RPE LB B Lz OFEE
(HR) 1%, 4 ATA T 9 #1/5KT Lz (p<0.08). —7,
1 EHEE, OHEERS IOLG OB ERE
{bidigdofe, BEXITR EAS®LED, HER
(Tes) 3% HR OBIRIIKD L 5 R THKbT &
&M T &%, 1ATA T, HR=18+ Tes—590, 4
ATA Cix, HR=11+ Tes—353. @X0RC, EIFE
ks XOP o FREZE (p<0.05) 2b 7. bh
b OEEOWRDIER LBE TS L, 4ATA T13
FoED AL, HR OffiRcFERPEYE L&
T EFRIh. Eio, BS S VCIXFROERE &
Tes % Wi MRRIEBA BB & DBIfRiL, 1ATA
L 4 ATA BICH RIS, 4ATA ZEEmMEL K
WERCAEBERMEL R JESRVWC EBRTEB X h
re.

8. 1/2EMREIC &5 BRAWHEOLEHEDH
i

SHES, ENIERT, ZAESE, ARE= (EE
B, gL
AMRAATROBHAELNET A LIt L - TH
RIS AR DAL DHER 2 RSB R ERE AT -7
HEB T E AR L0 1/2 e KL (1/2ATA) T ©
FREERIR (28C) wRIFMZH I S8, ABE
f%38CETLAIE, RTHBEITCHERT -
IR BT RE OB I BN ERTF A, B
B ds JOARUBHBE L HEEMNT A L XD
LB RO, 1/2ATA TREBRATIC X b AR
(Tes) 3R BEErEL, RFHRBIAGETID
ERER R . RITBRE COEE R 13 Tes &F
BEEE (Ta) € —EOBEZET UC PR (Tw)
BRDHZ LR L VBERTAREOFELH S L,
1/2ATA TIRAKET X h EREICLREOEH N D -
T LREIh D, Ly LERRINE LAERE 1/2
ATA OF BBt oo, hBERHER 35750 Ty
% To=aTes+(1—a)Tex & LCTHEE T5854, Hh
B & BB &bl TR R~ M5 A28 Ui
X, aw KELTHNENSB. JUE L EBEN
BTe #HEL, 20 Th #1857D0 akRdickh
B, 1/2ATA TipRIRC+Cre R E Rl o mg 5 1

w & 105

PREETI £, bR HEMAR % Uik
ik, AKET CREBUA~OmESHROBELIKE
BB L 1/2ATA CRFhi Dl EHEE X
iz,

8. RE . FEBERICEIT BB

MRS, R M, HUER, BEEET (BF
K, BURTE, BEI4H)

V¥ ORK TR - MR AE L ERR I
FHC 3 W UIIEFATHER 3 % 23, LPS-pyrogen #E
i & B FREEASC sulpyrine #E K X B REGIHII
EGE &R THE « SRR GE ORI E Sk
IREBSIBEIhS. Tihobb, R BEWE
FHERR, AR 2R CEK TP & ok
WEERZ R CRET(LNEE L, FvTERR
FEALDFEREZ DN, =i LE OO RPTIYE «
REHPBD TR LT 5 2 L0 L BIBWRETH
5. ILEREENL LPS R# D sulpyrine Bk X
HEFBEEE (BN EEERE EFRf XU thermal pant-
ing) & AR B L e 4 RS (BRI B & o3Ein)
BROWTTREOMEREA T EMEE R INL 1.
T, O ORFZMNEE OB thermal pant-
ing W X MR OEBIEMN w R 7T 5 LA,
©@Simon(1981) Kk X % RE—RRE RIS 3 5
WRERZEER ST AR OEES OEREBRT
B RRE L, K THRIE TR primary ther-
mosensors DEEDHILITH Db B3, BETHAE
BEEECCIE CTRRAT A GRRRAGHRE K IE o &
(gain) 33 5 — & DR A v X THEIE LicHT
B (1982, 1983) DEEERTFicZ OMENEED
HWINBER DA % 5Bl DR L5 E TMmtE e
X B EE B mER OIS R RFNR ER T O A
kDT,

10. A~5> MTBERICHIT B/ —# LEE) & By
RBHES

FAREL, PS5, HE & (Lo, B, #ix
A1)

BISTB O RERER DI, AT v &4
NFEFRTH L b, bbb, LA—HLY
ERLT, B EES - LRI kBWE AT
s ieIh C&i. 4mE, (¥Cl-deoxyglucose Ba%
BT, 7o FOERTE, 55 \WidiREkETEF
BLOBE, B ORBNETI 23 2 e B kT % 00258
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~Njo. BAEFBHREGRC, VA -HUEEB LT
R CEBTIENRD b i AL & L T, frontal
cortex, thalamus ¢ ventromedial nuclei, substantia
nigra ¢ pars reticulata, medulla ¢ reticular
formation 23 & b, ¥ cBEARE RG] LT, fornix,
parietal cortex, trigeminal nuclei, solitary nuclei ®»
BHILENRD bRl —7F, RERBTHRIRC,
VoS — 3 LEB B L CR AN TTERARD bh
BEREr & LT, thalamus ¢ ventromedial nuclei,
posterior hypothalamus, red nucleus, paraventri-
cular gray substance 23Z(F b}, ¥ % frontoparietal
cortex D—IRITIEE) DIE T HRD bt

DX 5w, ZHEROTEIFRE ORI O
Bl (1C)-deoxyglucose 3% EA L, FhFhoBE
CEWT, FRECABEE P E LT 5 MR 2R
ETHZENTRTH S Lo L.

M. QL E—-LREAGICEITRIT Y RFAL7 4 0&T
Y77 YUOfERE

BIHIER, ARBEM (RAL, KEED, £3H)
RIIEBMES » Pe=A br P VRHILAEBEL, Se
YFR7Fe vERELTRESh S v F— v AFHR
(LQ)i3, estradiol benzoate(EB)#iy-5.i% oo 2 T B2 P4
B-endorphin(B-EP)E AR X » T L #AT 528
BT A YERD FFEPEARC I - CABE R ET T
%, F A A FEEHiF| O naloxone 12WFIDBE D
LQ2EBETIREZ &b, AL EFA FO
B L - Cr A F— v AFHRBET 5 ER s
BRHHZ ENREIND. £ T Met-enkephalin
(M-EK) % X 0" Leu-enkephalin(L-EK) DfE F % #
FLTHD &, M-EK 12 EB #5835 XOYTEI 7 A +
EFff0BEAL L > TLQE2FREAI®S. Ll
L-EK i3 EB 5 R ERCIET €58, 787
A MEFCESTH S, T EB HERKD anti §-
EP FVMEBREAR XY LQ WEBETT 5.
EDRELD, AR AFE®REET LA
ke S VEIIfE R LT, B-EP MR EERC,
L-EK R IHe/EE LTuwb, SHeiREsShis
Bl = ATENCER LTk, M-EK #H& R DR
BENEBRETWBZ EhEL bh b,

12, ELEy MOREIBRICHETBFE oz
7y RARFAOYICEBANF T4 REEOHEHE
BAEES (R, B, $F—4:3)

ELEy FEIBE N Y S TAE LTHE LR
B, ACTH(100uV/ml), ¥C-2 VA F r— L &
e, FEiFr=¥7 v Frax5we v (DHEA)Z¥RE
mi, 4 vF X~ LicDb, £FRLIEL O MC-
arFal FREB/r~ 757 4 —AVCHRE
LllE Liz. DHEA o 05pg/ml ofEmc 11-OHCS
(2nsy—n) OERPEECHII h i ¥,
“YC-a g a A ¥ L, “C-pregnenolone, M“C-
DHEA, “C-cortisol 23 F & w & 4 L #=. “C-OH-
pregnenolone D& BT T E Ch % “C-pregne-
nolone HBEFRICIRD Licie d b b3, Bk Liah
ofe. BEDOF—-2kbzrz, + ORIEREME Y
AN E T, BECEELE Shic DHEA 1%, R ofl
Vv_ATD7 4 —F, 2iFwc Xk b, cholesterol
side-chain cleavage & 4;~4y Desmolase %34
$hHC ek, DHEA opdavilE+so &, ¥
11-8-Hydroxylase %415 L, cortisol o g 4= A JN4H]3-
RN 1oV Y b el

13. #AF3A Na (k%54 Ca EAMIEIC L2 EIBME
KRIVE Y HBD KA F v ic kB

BT B, FERTEA (BREX, B, $£—4:30)
EREE»rbOH 725 1 VAT, Na 8 VIR
EHTHD Y 734 VB X 0B & e liinT s
2, TOMRKA A vEBRBEDS X b 10mM i #§ in
DL, S HRGWEIT AT 5. T &
A Na 1+ VBEREKFETHZ L LY, K1ty
i & Na-Ca ZZifhE &R+ 5 Wt 2 a0,
REE LTz, COWEMEY L bIT A, ¥
A3 VEETTRKA F v BE LK TERL, K
14 VIR X D5 WHBEB LR L, DT okErYE
J2. ()70mM Na 1 # vEE T i 5K 045w
fER, 2~10mM CTEEKFE L. @K 5mM ©
X B5WiE, Ca0lmM FTCHA Liz. BRb 4+ v
FIBIERE, KX he5E, Cs(5mMs, fEfl%
A&, WKS5mM i X 545%ix, Co, Mn o o v
(2mM)ic X h 4= 1, D600 & b 4l X h #-.
(6)ATP pEA %I+ % = L X b 80w Na 2y
THRIETSH LEL B 5 KCN, £/ 2 — FEBOM
BTTh, KA+ voRBIERREBET 2, HigH
ERHEC, KofEfikihie. KON ok X v
SWIIEM LI LD 5H, KomM FHine X b 5%k
ETT5zExb, REEERIL, Naxv s &k
o3, SUBELLEET I EES LEbhi.



14 BARRREY = MHMEROEIBEENE

REWEH, RKE KX, BH=ZH EREX B, §
A TE)

74 C—EY = OB oL BIERYE ORR
BEE V=L, RGBS EBOBINSRER
(MEPP) s R &8 Lic. 70% =% 7 —
HE, »=nAEROK O M8 &k, ¥ iE i,
MEPP JREHIN(MEPP &) i & 04 BB %3
305, COWMBREEN, YR, BYETE®R=F
ATHET % & 2T MEPP E#ME &l oEkyE
EHHES B, MEPP IEHYEREE - 740 ) KE
TEWECTH %, SENIEER=F v Y2 RET T
Wi LR E Ui, B30 0.15~0.6mg/ml %%
PR ClER e -3 ik o Nat, K+, Cl- &
B, REOBBED MEPP ¥ JIFTHE8TiE
BWTE/. MEPP OEEMINIHSER X h A bhih
B OBER LT L 4. IE% Ringer
CHEFTEEETS. offARSED Catt DFE
sk bTFRE L, 06mg/ml TIXIEH Ringer o
MEPP #HEOL100f5L) b Lic. o Catt &
Joir Mgt 0By ERXe 5 LEE ML Catt
Floi Mgt BE I LT Lic. 51
* va& L ¥\ Ringer hCHERRE L.
L EogEREansbdo MEPP SEEESS In 8 B i,
Catt, Mg*t Jo K i1 4 v OB BB AE T TR
fDfER S FETH - LARBIhi.

15, 72/ EY S ERTOERICEKITDRENER
EOZRE

i R, MEFAGRIGR, B, HATE « N
RESTBE)

ENEy FOYWWEAG A4 A Z K T stratum radia-
tum ORI L - T CAl o stratum pyramidale ‘¢
REINhAESEHEMI, 4-7 3 /€Y 2 v (4-AP)
100~700uM o5 X h REMHETS X 5 it
5. FAFCROEEROREI w57 4 -2 F
EPSP oiExtth, 7 4 — A F EPSP w3 2 4E41EH)
B OHM D, WThLBEAT 5.

CAl $ifFMifac B0 A MIENEE T, 4-AP 5
CXoT, v 7ABRECHTHREFRANRED R
%%, EPSP ok Bachimct 5 72 ® i spike
burst %4 U, HHM D EPSP 23D 5E 5. =D
¥ 7 AMBREGESEERR PO Mgt B o i
KEBIMM EB )i X » THHlix bhisyu. fif, 4-

W & 107

AP @ itk A <1 7 FKFBE T BIERE—ET
e, #yr 7 AROHRC OV UL MR 2T
54, 4-AP B Ec X - THETHAEAFYBENLOR
EMOFERL, £E LT, v 7 AGEREFRORK
RiEBZDLRS.

16. REKTEHROBESAHEH L UBECKT BEIF
AR D RS

FRRE, H0EE, XN % His e* uk,
&, 438 - FrRA, B, H—mEY)

BB HE % 7R 5 MRS = 2 — = Vil
BRT D HIEE T e RiElEko b5 = &
PEEERE bR T3, 22 Thhbhiy, BIE
TR OB RIS % 5068 L2 LELR T 36 41 1) B
(LHAm), #-%Ey fll 3 (LHA2), 3 X O 5 P9 4 1%
(VMH) 2 BSHCRBE SOWE L, ZhboRE
HE~OMREFEHER AR Lie. B3 s » r2H
Wiz, LHAm O Cix146id 9 G CHpiEgh 235 in
L, 5HEELTH 7. BHECII14EH124] G5
B2YET L, iz Th»%. LHAa oRBuL12
Bl 7 GICEBET, MiEEThH -, BT
WIEBER, BT, 8884l T 2T ho
To. WETA AU oD 5 (& EEEBE OB E N E
{fewnte. —J5 VMH 04, HETCRMEETHOZE
{bik T dn - To DS T2l (106)) CHREI AR
Bhie. LLkofERy» s LHAmM 3EIBARR
Uittt e, VMH, LHAa i3 3lEdE e LT\w5 2
EANHIBE L.

17. FFRIIRA 7 K O EREME R SIC L BRI TER
SMAIEF (LHA) = 2 — 0O VEB0T L

FERET, 2o, K %, BKEE (uk,
B, £—4&H)
BERRFRYE 7 = v v (Al)NITEHE 8 Mifao
T OREREEMATS Py EBAT 5. EBAT
BAOBEOREL H B, FFFIRARIE 7 F v iRk
o=y PAFEL, ROEXREPEE A LT, LHA
LEEIBEEGE AR T. T T AR DT, FPIRA
OBL5r X b LHA = o — = vERT(LAY G L.
-7 Kol B 2-deoxy-D-glucose(2-DG) o
BHE L Ikl Ute. AlX 1354 = o —w vih, 33% 304,
6 B Lic. 7 FogiIbd= o —w v, 8%iE
L, {Birich oic. 7 FoEpifRs ¢ Alx X
LHENEME LI, 2F D, 7P UEEAHLTON
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HOBETHS 5. ¥l Alx G EES IRES Tl dE
I LIFPIRAER ©H 5. BHER6=0—rv
h, 3L, e ok, 2-DG ill=a —
vy, 2%EIL, 12 L.

Pk, FFPIRPICEEE S X OV F DL E RS =
=, FAFEL, B Ax 137 Fylich L, SR
LHA = . — = vEBEHET5. Licdio TERR
i s} 5 hiith s X ORI LSBT S o HhE
SEO¥FR, B probe LD 535 EELBRB.

18 9 LR VEREES v FORE - (IR ORIREYRER]
Bic kB 0HEOEL

TEBE (RWX, 8ED, BEEkE)

v L& VB Wistar RHES » P ORI B ¥ 7ok
T - Nl A4 5 4 EBHRR ERE U<, Ok, m
B, EMEEROELY RIS L. <ER>OF
HEE DT » Mo\ T, BEOBHIE X b O3
I Licds, B o (UBEo%RIB TR Lie. Ot
¥ LOME « (U THh OB FIBE X » THBHEE
RIMET Lic. Okt XOUE « (g oERIB TIL,
B CHE IR o—F Ao LB 0% it
FREIN ok, OEHCTHE LT Ulc Atk
S v bTIL, BliosmBrOREoRy, BREE
DR OWMETHL L. <HBOTURES » tO
P (M9 OB OBRBLOHE RN @
225, BERELOHEEEA 5 (Linetal, Am. J.
Physiol 223, 626-631, 1972) = » %5 X OUSSEIMT
FHE (Boilids LUK « Iufh) O®BRMc X v LRI
WAL, BB & » 83 % (Simon et al,, J.
Neuro-Visceral Relat. 31, 350-372, 1970) = & 53845
ShTw3. SEOFHEES » PR HHHEE
e X 038 0% ki, supraspinal L ~L @
WHEEL, TS » st s THEENMK L5
O DL, T L~ A ORI OEB)
T ARECHEYECER TS OELEE 2L b
5.

19. RS THRENOHRTHESEHHDOLF TR
AR

REFHE T 18, EEEET, fkEH WE
T OEREX, F—4:H)

= TEE (SFOY MK FRO T v¥F4 7 v v 1 2%
HL, KKTHLME LR 2R3 —F, BRTH
Eg% (PVN) BHFIR =V 5 v OZWC X » TRE

w &

OHETE R I EM DT, BEMEREA LT
REAHMCEET 5 2 LAEEREIhTW5. £
T, &b KSPEcES L% SFO & PVN &
O DOBEE L DBEEB T OWT, F v HWTESER
FH R

PV A NMFEETR R 2 AR L, BT
®/IBL SFO & PVN LA L, PVN Hl#s4 5
SFO = . —r vORIGEEE L. 1320 SFO =
a—w Y05 H48fE(36%)ix PVYN Hiscillfl S ki,
W I I DYk 3. 17 4 8ms (SE35 £ SD), Fkehsisix
30x22ms Thote, HEURRIGEZRLic=a—mrv
3L, W EhFRI2, 13, 28ms T, W
D@ BHERTNT3Ims LRTH -1, BT HE
Lik=a—r VL2 b RIGOERIL 12ms £ 16
ms C, {ZEHEEIL6~8m/s LHEEIRE. kD
Rz PVN A LEBBERHRSS PVN ik +
HIERRESZ AR O OFERY SFO wEmEIhD
LRBISE LTwWBZ EhELBRS. Ebic PVN i1
SFO WHD v+ 7 AANEZFT CBH T EERE L
T3,

20, bl y FIABITICEITZITERESEOECTER
SHENME

ks BRe, ek, & B2, BHIEE (BEKX,
HEED, 43)

B hbe CHEEEKERETS &, ToRlic
—H LA SEOEBEEAY — 227 b A
Hbhs, Cov-— 7 3BBEN 3 ORRAEZRL,
%L ieh LHMIRIET L, 6 %882 % &H%kT5.
B IBE ORGRIICAFRIEE) A Sh TwB &
ERRLTNBD, LOBFIOW T LTI
V. BIERRETSRT L LT TEEO 1 EHO
W & X DBIBEED 2 o HITHZ LNTES, *
2T OFsEER SEE - Th EhHEERS % 8
AL, £EOHTFADY X ATHEEF 2 BT L.

BEEEED T — A7 F ARBEBRC—HK L
E— 7 BBEOBRE LEFCEbh oot U, FHE
HRTRLO -7 38E LD L. BERFFEFT
&y -t AEIARENTS &, BEKS O
BAECRT 5 SHERYRS I, HiE, HER X ORRH
Rl TEthEhss, 406 XO018YTH-T. REEEH
4BHBNEE LAE DL, BESIOEEDS,
5 B RMIBS13K020% %R Lic et L, IR ©
FRORIOG U TIIET Lic. #$H7 Y X 25880, &



TRPEFOT vROBEH X » S TROETESOEE
OB L > THIbINTWBHZ ERFRE LT W
5.

21. ¥PNMR [z & 3 SIRiEO s —INm & (L F L
DREB—

AL, BZEE (KoBEX, £8)

BB TD=RAX—DEELE L, 7 VT F vk
DHEBEYHE TS L%, =3 ¥—INTERENE
CTWB I EnBHLIRER, ZORBORERDER
PIREDIVEME KT A RELRBE T hot. ¥
SIPNMR @ X 5 7z, LIS X BioJFEEx v
%, WY LRREEOLER D - 1.

TE DR EEOHHER Y A\ CEE - NMR R
DIEERF S, Wh 5 ERMSMEE NMR Eizous
TTTCRBE L. ThIETR, e HF=10RT
MaRg L LT, g0 7 v 75 vl osME e 8
B Licdd, 7o H=A 0B T8 A CRENT
Rk R 2B, kRO 7 V75 VBB © 5 7
i, SERON=FIAF—INTORRB L, FOH4
OERFHIIERS XK & LR L BT 5.

W D 7 v 7 F VR ORI, IUHE DIARE <
AANTIVIRED Ca B4 MBS LT W 3B
Ca & hiRinBE, FICIFE X vER L 3 +
vV ORIEHEG R TLOREB RTEETH VLR S
LEZbRSD.

¥R SHEOBMC L - T, RO pH 234y 0.1
BTV 7 v 352 &5, EERRE DLy
Y7 rbHWbN Lo, ST K Y (bt
B v oEFE > CEE L. R X 5K
DT VR, 7 v T F VBB OGRS TE L
LRBAF VORBRCHKTELDEEL bR 2.

22, HERRELOHEREFERS LY twitch po-
tentiator O &
KERFBE, WERA (KSBEX, £H)
BT OB EEA T stable heat(SMH) & labile
heat(LMH) i bis%. 20 5% LMH oREIz 7
TEE L TCWwiavn, Ca- i 7 3 vEAEE X O IR
BAOBITRE RS 70 AT Y y OO v i AT
LR E DML LTEL bR T\W5. LMH o &
LN T B0, HHEREES IO 7 214 v
DEEA T,

(ULMH 3R A fEioy linear wifid Li-.

¥ ® 109

BAFE I HEETO LMH 2R KB R O
0% ChH -t

(2LMH gEA L ha exp(-at) T L TH
%. ha & a L HRIRB Kty linear iR
Lic. oA oBE# e LMH X b XThoi.
(BLMH OB H 7 = 4 vic X D BEI RIS,
ha & a 3L R L.
PEDBERIRDO I >R T22 & » T & 5,
LMH of70% 1 Ca-< 1" A 7 3 Vg Buwehmd L,
B DIFENRsm AT Y » OehkT s, LMH 35
AANANT S VERIOI Y VB Lot
b, Ca MR KE Lic\v. L L, fllc X% Ca
HHEREDNK DR, WL b D Ca-rtn ST 3 v
BEERSL (haK) A L7 3 Vit Ca v faf
T5(@aKk). Lo Tha & aid Ca PRk L
TEHT 5.

23. BMHORIUEIC LB BBOWEHNERCEH LIF
95\% Nat ogE

BHIME, WHE B @R, &, $-4E)
FRMic LHz 250m 0HE LIS A 5% 5 & ¥ g
MCIEDRBRBESNE UHH, £ oBoiki(100Hz)
W E R 2084, BERSIVNIWEXOR
DOEFEOTIHIIIR S , BERIG A X\ ERiE M
BERFE 5. SR Na D50%% = ¥ v OBl 5
&, BEGEOMA R LUHMERSOHAIE Ui d
Dby BT BIEER OGRS M S his. WTh
DEMT TS, 1Hz ORI THEBHBAOCKRES © 1
REEENRD B ENIZ &b, FOBEMINGER
BERBESPETCIEELDR S, 50% Na B it
Mk Ca WELR % > REBIMELR B L e X b
BIERDPER L IS h 523, 1Hz o 1§58
LRIBCIBE B A <1 7 ORI 2 b,
HREPI~D Na ARKRECTKD L, £ 0fBEkN
CHBRSOMAEILL Lo tBbhs, ¥
BAROBSE & — vEENTHRD &, ¥ Ringer ¥
RCIIE LIS o oA b D A L
e, 50% Na B¥EreCidiislniabhi. & hit,
507 Na ¥ CIisaMRciBBIBAAHm  IH S h
BIERIDELLLDEHENI RS,

24, HTNFOKIEZEDOREEEMg™ L4y
R TH, AERETF, FEELE, SRS, TH
T (EHAELA, £32)
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FEWERERL G, FOREORBIELR i
Lic. BEOEFZOFAOKE, KIGE 0WFEARIL
ZRBEDZ VAR B ENEL LR, Lk
b, BLT, WEBETHBTEMNI M7

BKPM & Cat* In—KElB &%, 5 ¥ HLE
bRBZ LRI, KIGEOWHOERT &N ©
Cat* 4 F vOBREC X HHHKEL, Catt Ji—
Aoz & KRGS OHEAL, [Catt)e & (Catl &0
TREZOBECK DI DTIREEL DLE » .

SEOPETIE, Mg™ A4 Vi, HEORETT
i, Cat* £+ vERFT LER VWO, BEORRTT
i3, Catt A A voRbLERRITLIB LB R Y
Bie. ZoRBlx, BEFmMHSAOHBEEKs b0 LR
bhs.

5. S5y bRV IRCHTIHEHREEDOL
B

FRHEFER, UHEZ, SREEL (B, & nkd
)

pu Akl (NaCl, HCI, quinine-HCI, sucrose) s
X7 s VBEREHEE LTHY, F» F(Wistar)
BLO =y 2 (CH) DBEMRRIGS (FEH 03
B)%EE L, 0.1M NaCl & %2100 & Ui-tEsi7e
ECTIB OWH RS M & HBET L. 2R,
1) PEARAE OCh Zhe o\ CHEEM DM E
BIERUTHSBH, = v AD1Msucrose X3 %G
BiX7y o244t hy, 02MHCl e LTh <
U ARSI 2) EEARRNE O BRI
BEIEZ » P TRBEETARI M B0, <7
ATHAVEREREACIREBECL I belint 5
fHmExRT. 3) LM 7 3 v BERECN LTt
WE & b 1iciziE NaCl & Ao BE— LA LT
4. 4) L-d7 3 /B (Cys, Ser, Ala, Gln, Gly,
Met, Thr, Asn) i LC~ ¥ A LB WERSHLT L,
01M DEETE0L L oMM EER R T 25, 5
» METh LG UTChHS. 5 MBHE b,
HM7 3 2B (Arg-HC)iwif LT L& & DE ofSiic
ENRD LRI, dfE:7 3 2B (Ser, Ala)ickt L
TEHLEDFNRDE X b L BERKE W EDHA B
it 2T v PBIV =Y A IHRERZMN K
LY DEBRD DD, ERPBECTHIEEARY +
FAREERCTH D, EROHERE DL EE
zbhb.

w &

26. BEHERTROTBHRTROW b E DM
RERRIE, WL¥E, HELE Cuk, B, &%)
X VF =y A= OBRMCEREEONEC TS AE

BERIAL, —77, REELMme a2 ety 1 Mififk= v

VIEDODIF » €5 Y — RS THE L, Rk

ChEd 5 —FHOBEBE L. ZOREBTESERD

FRET LA 7 BADPERIEh 50, TOBME O

@HENMNRB (IMEL=2Y voR) CHETHL

A Lie. kicsesdty TTX OS5 &, A1

7 BAIISEL TR LIcH, e B chig L

LEDPLEDHKNIZZDEET TTX oE» T

Ehote. 0@ 6 E o ECHEBIBIR L RS TR

% &, RBEEA SBME (HOEME) LreaE

i, BT L E ZiE 1 0k 2 o iKE

HTHObIhBPLENRELRA 0.1M B % &

O 0IM ZEFECHIM Lic & &, SBERS oERT
3~5% X1~ 2msec, ¥ b ¥ DOFWIFE (o)i2H 30

uV THole. FIBEAAE 6 BTok (o) ofEif 4

EIRA Ute. RN IREEDEI N & 1 A o 2R & lE

35 EHEIRTWAY, 02M REECH¥M L L

¥ ORFERIT10~30msec LIEHIEL, ¢=10u4V &

NEhote, ThbodbEFRIBESAERE LeFETs

BEEEIMEA A vF » vEALDBBRKERT S L 0 L #

E3hs, LOFHTHEROT » VEAALRKEWTE
Y, ZOVHEH R OME L SR ORE R X

STRRBEEZ RS,

21, WEEHREL= v MIHTIAMEESREFO
AHoE

FHEHE—, HLELE NI
4E)
KMEEREL (CTA) 2 b IR T 5 WGl
OROEBHOBEATFLD SD %, &7 =
A E R — A TRREE L R OBRFIR (0.1M A8, 0.5M
> o B8, 0.0IN S/, 0.02M = = — 3 )i B s %
MEZ L VEFE L, HUELLRRROEEL Y — % —
VORI Lie, BE, v—=— FREYTI
BET 2mm CTH2CR ¥ CE L. 16[DEY = =
v MO B—X R 9 Firk 5 @, REGID 7 @
4 H—THRINE OB DI, X & R & ok
BEOBELOTRCHBELZRD R ot Fiz 4R
PR T RN fleabhBEd &<, AL
Y o BT AR 2B E DT ot Thbog)
RIILE TR 7 4 —ABEL2 B3 EREL X Do

W (ekX, B, £
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oo BT » PTCREFES » b LCEEFOHKL
EDECEAT R 2=, tOBMENRZ b h e
2, CTA OBHTIZAFOMWEL, K& ScPBirrs
Mode. Lichi-T CTA B R~ =, } OIEEK
ARERICEEYE 2 O b, CTAREHR Ly —=
—~ FRIEE Lk A C CTA BIEI RO
EEz 1.

28. BIRFSHEAEEREZRI= v FOFIRRRICHT
% Mn, Mg o8

IR, I M (RBAK, &, Hkm)

=N TR R AT % B S R RS A
=y PRI, —EERBCK UCRERIK & & R 3
Ft-1 LHAIRKBEO F-I 55, Mll==, | 0f
BRBCRT B Ca RFM LTI d THEEE L D
BEOMn 2 ST THRL, Mil==, r OEHE
TSt 3 5 % DZEL T~ e, HREOFEHI
LT F-1(9 Bl) o5&k, 1mM CRABET, L
%, BEKRTFECRD Lizss, F-I(4 603, 3~10
mM TEID TUSE DA Lic. T & L BRGSO
WA BEH T, 10mM T & 5 B E O
ZFwiz. —7, {& Ca, & Mg % &L EERTIE,
Ft-1 D2 TH70% (8 61) s L, F-1I o
TR Lishote (26)). B EokEEix, Fi-1 4%
i Ca WRZHOBVEN OS5 2 LR L
TWnb. LT, AP ORHKEL T TE
NEPGHE BB 22528 L FfR, Ft-1 48583 2 1y A4l
ThHDRREMEN D 5.

29, hxTABRMERRIC IS BEEHIS &
%

ERRIE, MESHE (R, &, &£8)

BRI THR I BRI O ABREMLOME S X
CRAEBELHE. Ry o 7= 0 RE,
BN ORI R H R Lic. hiila ol E A 1: 3 M KCI
OW/IBBCEY Lic, 20o0ERFEY VR 1
DOREDIRLER LC, Wl oMER oK 221t
IRBHE MBI, RZFFEETONTE DA 4 v
MR AL E R 558k B HCl »Brebx 5 &,
REOHECIFHA LT, SRABRBMIAE -
fo. V) VA —ICIEER, BRERH 10°M Th - 7.
B % 01M NaCl e 35f# Uici5 A, BRiE » A DS
10mV O 2% 5 BB Lic. [BWEEhx
VB AEE I Th, ZABRBEMOKE IRIEL

2RETHOM

w & 111

B3, FHEMEZRDDZ LILTEEh . BOZ
RARBMIL, BE%»D Na*, Ca? %743 Cl- 4 o
VEBRELCREL Lihot. Fhdz, BoSE
BEMLORA T, MEREAISEE Lo E R
WIhn, 0, WREEEOEE®KHO Ca® (3
VERETDE, BOZEBRBMOK ¥ X 11 50~
607w e» . BiA A VvKCIRISE® % &, Fhiiy
35 DIER s 7. Ca¥* f F v kB Lis & F1IEE
D ATEBL S B Lieds, KIEED & iz, i
TS WK L. UEDHERNS, Bic ks h =itk
Ml oM B, SRR COREEL & IKSEM O
THBEVR B,

0. ATNEROHESOBEE M IN+ > iR
RoEESRY

1EHEFT, hEER, b R, AAEE (EFE
X, B—rH)

K = VR BRI 5 2 L X b /NP
W DB F il — S A ¥ v S Y e
THZENTED, AERRTRH/IISE & B MRE
& OBEARRB D EWHERE, Fhod\ViE—FF
RAFOBKRIBAEAIT N, F0 & F Rt 5 %
BB & ANIGE (BHMEA) ZRABGEE L. b
BHIGE & FRRIBGREE & OBIR A T~ R, NN
BIMER Ol TRIE DR BN O BRI L
T, MR &ARR (C) LRABRH (T) 25
% C-THRZZL IR GE, RBRRBC XD
BESEPHEIH I, TO VI RS O#L06
E L &wr, C-THBAE+ s vy BHUR T
SELCHEIE iz ¥, HEROLITHREDEL-
BRHERR L  ME O IREMICE &S Lin W o BRI ©
WWEEIRIT 2 Lot —F, FUAL v
A (153 VMR, 83) 2EBEWMRCS x5 &/
BT HRIC H20~40% DIRIEIIN A R Lz, H—
HRABFOBZHE TIIIEENR L BRT, FiFE
OESHIBT H INISE ORI B 5 EE ORIE
BELETH - Zhb OBRIINMEE DRE
HEBEOROBMEORENDETHY, LirdEth
b ORABHEENELTHSD = L &R LT 5.,

31, Signal Detection Theory [C ;3 &5 8K
RERE OB

HilfE, AENER (BWEX, $£—4aH)
BE OERIEE T (W), 5(s) 2 OB KB
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BrovEarsz, BARERCS (ves), B Uin
(o) B LA 2 vCEEXRD L, 1) wiliexfL
< no(w-no, correct rejection), 2) w-yes (false
alarm), 3) s-no(miss), 4) s-yes(hit)d 4 BOEE
BELRSG. WEIVSHEOLhEhENLTHD
M UHISE LA D correct rejection & hit o
ENRLbhD LI CREXRELTRE, AR ARM
FHREM(EP) %3048 Lic. EP 2T 5EH (N)
BIUEE (P) OL0ES0OThZh OBt 4D
IREMTEELRIRD b Rt ol 2, BT
(P190, N220, P270) OiEf@i% w-no, s-no JLER
W HAT w-yes, s-yes [RER DK E D T (P L
0.01). w, s JB T % BB ORHE D5 T 21085
(A no D& ¥ 1~5, yes ® k¥ 6 ~1088) wor
FCEHME S, EP R S ORIE & OfBER RN
= A P190, N220, P2700&iRIE &BH ves DM
BRRE & ORI ARBI R R (P <0.01). Ll E of5RA
b, ZhbHERSWEOREHIBEEE X v bBE 0
FREOEBEHET S &hbh ol

32, 24 L EHOIMUTITH OB

FIRE— Bk, B, FE4H)

~ & YEROZRAREOHE KA TIEO
fv M T R e T .

AT AREED pit BELD OBHRELLET D5k
MMRBER L LCoREZR L, Ao
H oz &2V HRP @ X % 2B CHHE Lie.

SMUTITRRBE O TR LR - RO X 5 7ef
BT o T 5.

1) serotonin % & Lol 7o\~ (PAP Eie X B).

2) succinate dehydrogenase(SDH)2345\~(Nach-
las ¥E).

3) WhRERAIKE V. SR MEREH T 5 HRP
DOEIFIRRSIC X 5 R TE, RREROFEIMIT
8¢ 36pm, TITHET 1.8~2.3um % - 7.

4) (1-1C) 2-deoxy-D-glucose({(1*C) 2-DG) DEGA
LMK E . KER 1008 D= A Vi 10pCi o 2-DG
ZEEACES, LRMZCRE LickRie X 5.

PED X 5 7k M 7o 2 BB RR I T 2 R % SOk
LTCWBDTHA 5.

33. AOROBHMIEICH T BEABHROLERE
MORIGFS, PR RS, B —RR, IUEEK (R
WK, o, FRELER)

$toBEFBOC X Y EOFREMES LR TS s#E
ThTwab. L, $togEsRs, il o
R ERBICERRD B 0, O RsrH 500
COWTIERENR e, i, AOHEBESHIE L
BAWE UAEE & LT pain & prepain A& Eh
T 555, prepain x4 % ORRTME I LT
v, 2T, EXNHRERCBEST5 Lvwbh Ty
EEREHBBELC, Loz otk &
ERI320F ~23F ¥ CORBERBRABT 8 £ T » 1.
W PEOWARE LR, BROY — 7 &b
Qtedd, WREICILT A —F2ehF, =—=FT4 V7
47y 7 ATE D ZEAL. HREORELHERT
La—ATERL, =7 TEELT, FBERLIEE
L. HcEBREA V. FllogAce%eT
b, Blig L AEBCHBOMENR - 5BE X THRE
HB U, #5Bi3, 8 A4 B prepain & pain DK
BAEE IR, FLC $PEERT5HIO pain ©
FR{EIT# 40pA, prepain OREIXH 158A ThH o1,
Z OEE SR BRI, pain o B 1159 100pA,
prepain ORIMEIIK 50pA L ER L. LaL, $h8
B Ld - T FRHIC, BERRbhinhol. H
X, $tofEHRIRAMETHD EELD T LN
T& 5.

M, Ny FHSYTEICLBENLE Y MBS Na
channel $5PEDigE .
BEREAN FH E KFEX, B, H4HE)

27— MBI X Y EELELE Y MDER
iRty 5275 v ERHEMA L, B— Na channel
BINLEE L. Ml Es X0, BEAKCIIFE—
#Hp o Tyrode ¥ (Na : 140mM) % v, BEIXI6T
{5 - 7=. Cell attached mode R} 258805, L
FOBEFHEE S e is -z, DNa channel DREJEE
fzvx, MIEEA X D bR 1ImVBSBAH D, “h
X v LM 30mV DEFHC, Bi— Na channel &
WOIRIEL 1.1~14pA TH 7. @ LELOEAHFE
CF\ T, Bi— Na channel BROBH—EERSRIL
SEEMEITH oo, @R BT 5 30~50{HOBH
EELINETH L TERER L Na BIEORES L0
EHEAL, REEEOEE L, REEME—EL LS
E, BWHBT A Lich- TN L. ORFBEMNY
BB BET A Lk b, PENBRORIEDR
B Uit B, NEECORBETFEIhh

e,



HEXb, -2y P Na channel 3, JEAT{4H
DG LS LORER BB RF LT3 &
PRE I,

35. K* BENELEBD Ve ICx13 3 isoprote-
renol OHI{ER

AB—RE, BREAN FRER, 478 & FH
B (RGEX, B, 4

HREA K* 2180 L (8.1~14.9mM), = 1 = v b
DEFAFFOBILEL (En) 2P S5 L, EHE
frar s b o #A4 &, residual fast channel {7
PEOEBNBLMARET S, e, TORKILEVE
EE Vimax, fast {L isoproterenol(10-8~10-M) i X -
THIH & % (M. Arita et al, Am. J. Cardiology, 51 :
1433-1440, 1983).

SENIZOMEBEF 2B LT 5w, b
blocker, Ca** channel blocker 7 Fis L O'JEHELETF
T, isoproterenol (10-"M ) #¢5-5it% i@ % \» T, Vamax
L En OBIR (Vaa-Ex B i) 2 Kk D . # Lf
Vmax-En §l #§ OBEMBICB - FEB > b isopro-
terenol 12 & % Viax, rast @ 0 IR HEE Le. ¥
3 blocker 23F£7E L7s\ 54, isoproterenol i Vmax—
En fiffd 17mV F R CBIBHACRES 2
fo. — %, Ca**t channel blocker, !-Verapamil
(1pg/ml) FZE T Th, isoproterenol {3 Vmax-Em i
Bow 38mV FREGESBEHACEB IE, »o 0
{@% 11 isoproterenol JEEKEM: (10-8~10-M) TH
»iz. Ud %I B-blocker, pindolol( 1 pg/m) 4T
TIRZ OREPE BRbhichote. o E X
, isoproterenol X% Vmax, tast D4l slow
inward current OEEIENT B ZRSERTIZAL,
B RBGENTHEENIGTHAZ ENRE I h
fe.

36, LD K BET I KIET Batt oR

HREF 22+, whEERT, BEEH(LL, B, $£—
AER « Uk, B, $F4H)

Do K+ B#Bc s Xig3 Batt opEx, &
Ax=nLESHZRWT, —EEEREGEC X 5EE
BT, EEE Tt Lic. 208, 1) Bat*
% 0.01mM DIEREED LIFHIFMEFHK ER (k,) %
HH L, 0.1lmM TR EFEHELZITESCEEL
1o 2) BAHEMIC K-depletion #igA 3%, 0
T BH RN X B () 0OFELZHAL » 1 L

W & 113

e Fio,  3) SR EBEEN (Ix) % 304 Lioas,
4) ToOWHIRBESERHE L BACEREL, B B
5 H8C unblocking D X 5 7 B &% A M H L 7.
5) Ix o tail B D 2 DDESE, Ia, Ixs i D \» T D
BT, Batt (MERET la #BIEEIL, 1mM
UETHEEAEHESESD N L, Ixs i3 Batt
3mM CH0ZBECHHETR T L EE v, T,
6) Bat* FAET O Ix OMEBEAL —85mV Ll ks
L, Ix "KERTH B E08FR S i LIk, Batt
A=A OEHO K BIEBRO VTR & 3% Lo,
ZTOHROWIIL, Ik, & la TRABRERCHELS, DWT
Ixs, f OlICis 5 = LB Lic. %7, Ix Bli~0
Pt R EEAR T TH D, BBARE G X
WHIRERTEANR S .

3. AT NLEHOBRERSLVIURENICEK LI
7 A-LDIER

thEERT, BAKEX, BEER Lk B, %
—A43H)
“EEHERERC X A EEMAEE T - EEE T O
BRI =ALBHRONT, 01~10% D=4 ) — 10D
LA, BB X OUHEE e idH R e me
Lic. ZOfER, =2/ - 3BEREEe, 1) B
B)RAL overshoot DIl 2) Y7+ —H DO E T,
3) BHOEMOEE, 4) EHLEEMLOETES b
L, 5 RRcBSEEDZIHT 52 &3 L.
Eth b OARKIGHE» S, H o k= x, &
N>7 5 v —H>EBEALO K >overshoot DJFic
Moz bhMote. 5, EENEE TCABRES
~NOHREBF L, oI EH o IEF1x, Isi>Inae>
>k v o txBbnic L. FRENE R
DWTIE, Iss KN, JEEREEEN L L riiEss
AR SR, T A - MEABRES, EHE
REFRRICIER T 528, BIRER~OM $l 11 Is;
F7cdob slow channel KR 3HL, ch A EEr
Iea REFHIERDOME Y, * i IHREME
ToHHE%Z T b LEL bR

38, HTNRBEHRE—LEERICHT D Ca Al
OB

BHEEWH, BEER, ik B, kiE—, AdE
BB (RRAK, B, F—4H)

W AR 7 = A OO R AK—Straub i L 748
WERT, LEARE, ap/dt, LHEHE, LROZE
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MeAHE, DR EE ORISR T 5
Ca-blocker DEFA % Lic. WMH OO B HH
Bt LC, Diltiazem, Verapamil, Nifedipine i¥
108M 25 3X107M DR CREMAEIC IS
Bids T ONDIRE 2 E W EHl L3, Nifedipine .0
BRI T A ERRER T o e, @QEEMRES
T OEEE & A I fl 3 L 7= 3B &, Diltiazem
(3x10-5~3x107M) HhHwr X v, FWEHL DI
B DOIE oI Ge st LR, —Jith
it RN L RERERSE D b h fe.
(@A R B X B e D B K IS e i L G,
Diltiazem(3x107°M) TEHIHRIFAIR D b h
fo. @REEMRRIBOC X 5 PUE MG R L T
Diltiazem(3x 10~M) #5ic X v #FIEANR & b h
7z. (4)Adrenaline $y 51 X 5 WA IR G XF L
< Diltiazem(3x 10~°M~3 x 10-5M ) “CHERAME ] 53 %
bhte.

- LIk, Diltiazem i3 = A7 MR ORIB R LT
IR, — AR LR &
WO M OfERBERD bR,

39. BENE v bFILF Y FEOETRENR

kxR #R BERAM LK, B, F2ERE)

T, BT Ak V(R 100~2004) DT
wHRT 200~400p O X ¥EE L, two micro-
electrode method & X » EBMEE XTI - 7. EE
B OBILELIT —80~95mV T, HEMIIE® bhie
. steady state I-V relation 33\ -NZEI% 7R3,
pacemaker current [XFE» bhics. HP —50mV X
b OPLSHE pulse T, Ica 36 1O Ik 3% b, +10mV
BT, Faiehih transient outward current
(Teo) ERADBEBEREI L BN B, Ica @ peak [1E
SEH%3~bmsecD LI HEDHY, THOKRKEI X
0 ~+10mV TRA L7 5. foo i1 —30mV T 0.75,
0mV Tl &£ A E 0 7%, exponential plot = X b
Isi & Ik 405 2 &3 +10mV Pl ECRARTRET
» 50, Cd sensitive current(Cd 0.1mM) %25 &,
+40mV T3 +10mV T Isi R0 < @ Isi A3
EHLSh5 L& bh, Isi © reversal Zh/e h
VW voltage b B X 5ThDH. ELEy P AF V=
R, REROFEE AR A & b o pacemaker
current 23 I\ VRV Y F Ao v L EBETH
%. capacitive current & decay (% time constant

3 ~5msec T second component [} 7z {, series

% &

resistance [3FEE /DI V. LEDOFEENL, =0
At Isi, Ik &b & LA BRORBNELOBE,
Ky oRE BE LB LEbh .

40, YL HITT KR MR IC&IT D slow
EPSP oREMEEZIC LD AT

YRS, A £ REXK B, o4

¥ &9 = AV ERRAS RGO B e R 2 T B slow
EPSP (slow excitatory post-synaptic potential) D
Bl A+ Y, B—Mlaa BT 2 AofilaNE
BCHRBMAEERTRI L b L. 0k
Rz Rtz AVCEEREECL - Bbh
e biHE 8 (Kuba and Koketetsu, J. J. P., 26, 651,
1976) LEANE~FKTHLDTh-T Tishb,
slow EPSP o1 # v#Hiis, #ilcXxb 22o0R»
e, co2200RoRBEHEELhAE, K53
OOBEFET A LRATES. ZhboERERS
DB EN bREINCOWREE LR LR
% &, slow EPSP 01 # v OWTRIEMHE S h
T\ 2~ 3 DBEERBERIR-Tw5. bhb
hoEBRERC IS &, F1ox gx OB L -
TRELTHHH0OTH 525 L5 LTwb K-
channel {3%% 5 <{ M-channel 72 & Bl 5. £
20BIER gy AR L - THEELTND DT
BB, B LT\w5% channel (HEEAEKFIETH D
P TTX id B2 /R & 7o\ 4% 8 o Nat-channel
T#H%. Slow EPSP DFAERF gx 23D, gva 23K
5z Lit, Kt & Nat 23F—0 channel &3t LT
Wig\hZ EERER LT 5.

4. BREBEOV O RHRBEHRERICIH KIZTH
2

R 1, A. G. Karczmar(XAH:XKKk, B, £t
Hermazk, K, )

BRE LO# Lo~y 2AMRHEERcE JiETE
B oW TORMWBLER LRI v, LR
TRV, R S fc~ v 2 (CF-1, CBF-1) 0
BRI — BRI R AR & BT, 224 H~ 2 i
bie bR, EfboP8iconT, MRNERE, K
BAEEEE AR Lie. 8L, OBIEEAM,
ABHSHs & o# LEERAME, OB/MERERIR
B (mEPP «f), quantal content(Q. C)7n & D77
ABEEE, OREAL (EPP), # i) & i (EPC) @ half
decay time 7¢ & D #% v+ 7 A B 5, @Synaptic
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depression 7o EFDOEEOES L5 4008 E 0 b
fIlsole. T ORE, ANBEEAEYE 100 Bz % T
WA U (CF-1), 120 2E BT ThTalmL
72 (CBF-1). EPP+f, Q. C i3 B fEv 445 100 BAr ¥
THM L (CF-1), #fhictfy 2 £ Hiii#fic il Lic
(CBF-1). EPP o half decay time 3R bV IRA
T AEMER L, EPC kit 5 2hit, BERE
BB D B hleds» . Synaptic depression (3E
CECEES DI e, Ebe b T s st
Rohic, RERERIY, BR -BROTF L=
Y VERHIL, Bk - BLiRFERETH D, BB
#1100 ACiRZ 5= Lo RET 5.

42, B—RROMEEERICH T DR IBEIEEY
MEDOIER

HHE—B, FIUFR, HE#H=* CHESA, #
B, BEAEE - AERK, B, FEEY)

v v = VRS MR, Nat & KY (R0
acetylcholine(ACh) % X 0% serotonin(5-HT) i X %
—@iE DA BIRIE, Cl- &FHD GABA © X 5—ifl
HOBRSBRIGEE LS. L LAY B oSk
Tk, (Nat)y itk Lisvh—Biko ACh BioEKIS,
(Na*)y wtk#F3 %5 —iBM: 0 GABA B ERIEHBiLE
Ehic. ACh o = =+ VEE{EH 0 $T 3 (tubocura-
rine), GABA D}EHi3% (picrotoxin) s kO caffeine (1,
ACh, 5-HT %5 O GABA Rt a4 Ty #id) L
7e3, TEA 13 ACh RIED &% ZIRK e I L. 5-
HT o#Hi3E (methysergide) iz, Wl oKt L
THIZEAEFEL R MIE S et v 7 AR
HIRWETS = L HRE X T\ B barbital 1%
GABA & XU ACh Kk, mEECsWOTHH L,
EHEEE R CIIE Ui,

43. TEA O HHIEREIERICKTT D pH o
R

Wi 8 (BREX, £H)

H = ARETHHEA % AV, fractional release(P) %
B L LT, 47382V (4AP) BXO'5 5
=FNT vE=Y A (TEA) OMEHIRENESRE S
st (pH 7.2) % L OV 7 A U 4 (pH 9.2) K HCHE L
TRz, 4AP ofEERIEAMRE pH 7.2 25 pH
92 T 5 ERELECBH L. “hicxl, TEA
OEEMRERERE TR pH w X 2 EH0BH R
i o, FlTER 1 XY KEDo7 Hill £

W & 115

ER7ra IV hTlricste. E7 A0 VEHET
EEEBRERCITEA VT =1 v v oiigs)
RIBERL O ChbORERY B, TEA ORI
By pH BREZM OB Z =009 1 F 5T 5 2
L, BIXUO PHRESZMOLBE YA PXELAILVS T
<A Y VOHHMRRER L SBEIRH B = LAVRE X
5.

M HATABETEFILIY CSREOTRG DX
DIEHT

REWIE, KIRFX uk, B, £4)

B = AARD > F T AGIE A BAIEE L, 14 vk
B 7eFra) v (Ach) 52 THRER 5 7
S F—BH(I)DP L ERMIT L. 123 10~100nA
DfETY b ¥ o HCHBBIRIIE K 2 o EREE D
FICELTE, 20C, 10~50nA TEORER v, & 7,
1349 0.8 & 3msec TH 7. #5735 Ach DEEM»
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