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7 I VKA T A (Bever et al, 1982) Y X7 A VERENH D, TOHFIZIET
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SMUEE & A D R % 4T L E S A BICTHD O BHFBEMEROSEE 8L, b5
AAETF VAR EDESLTUIM L TEOENIRE S U, AiREHOHE
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P—PIRIE L7, RSB U TR ZER L. TR IE-20CICRELIZ Y
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10-3. g

Bt I AR DB HNIEBN TS I 4 Y VATPaseiRIZK DT - 7. HED
BRIILITOEY THS. £ RMAEBELZTILAVMTIEPH 104, 1065 &
M10.8 T154 /70, B TIIpH3.8, 4.0, 42 T54fT 7. BT I A
v vATPasefe 454, 1%E(LAIV Y 7 LK T340 E3[E], 2 %iE{ka NV b e
T34 1E, 0.01MNLESY —)bF MU o LR TAEIGEE LI, IROTHkse%:
243M, 1mi/100mIFEERFILTY v E=7 LKRTIO~608, X Silifketi3 5
BIAT - 7ct%, Bk, BHAOFETOIEL;. FMAEKE, 774 Y HToRE%
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RIcR U7, RAKRE=ER(2-18 C)BEICREFL. ROTRAREZW U7
Ye—UHIcy Y ary SA—RERE, YW LA Z o ity TREE L.
KRS T TUTOFIMEIC Utchd > THERZER L.

SN S BRI B35 15 oD A S B & kBB — B AR R 2SI 11 & - TR L
FEE R S U, FEE R DR E MR & BB I LY. BB O
T S % D SRR & P AIEE % i 12538 U BE RS9 0 S0 58 & IS O R & E4T L
E T XSO ) B0 BREEBRC ML, THFUIXRBEES A
DEIEEROMZ YINT L & 5 A #i At L. 3

KICHIS B AT Y & REHR AT Ui, S SICHMUBLER 2D & st
R & BRELE £ & ORICEST URRHSE ICmh ) siike o U 7o, B
DFEIHEBD R & HREF DR Z TINT LR RS 2 4 H U7c.

EADR IR U T3 IE s L O e B oM 2L 1B L.
R U7 ERIMmORIICEARIA LYY a0 58-BOKICEE L. BEE
ICBRU TR gORAEER 7. BATZ(95 % 0, 5 % C0,) il LEiR

-11-



FRRLICHERE U 7oA AR ISAER U 7oA — RRRGICRE U7, RO TRIEIZSEAL
b, BAZSEEAXDREBRHEHIZ36 CTI0MKE L.

11-3. A’

AW & UTEHEKrebs- Ringer % Uz, GEWE OFFMBHICKELT
fRIE D B S 2T 5708, £ DOHE(mM) ZNaCl 135; KCI 5; CaCl, 0.6;
MgCl, 5; NaHCO, 15; glucose 11 & L7c.

11-4. EERORE

Fatt and Katz (1951) DEEAE%(C bf:ﬁ?@iﬁﬁ@:ﬁgﬁféﬁ%ﬂi)ﬁ L.
ZDIBRENIZ30 ml DK Ca®" - & EMa® - Krebs- Ringer fEAHE (f&Ca®"
- ‘M) A T Ufe. CORMABICIZEIZ95% O, % L U5% CO, 0SB R A
HZ%BEL, 36 TR Ll BEOERIZY YIS OREHREAEL,
TDLITHH U ERA VY 3/7/\ HMOREFKICEVTEE LK. EBRIZAS
B R R | FEARICRA UE ﬁﬂiﬂz%ﬁl JHEL.

11-5. EEMOREIE

EEHRENATIT 5T THBEICH 7 ABM/NEREZRIA LK. ZOBMKIC
138 MOIE(LA VU 7 L ATKI-L, £D W%B&:él%ﬁﬂi;:iﬁﬂ:\%ﬂ%‘%ﬁﬁ*ﬁ@&:ot D %
ELUIFEEHEEE U, BRIEHUII2-6 A /A —-L(MQ) TH-72. ZDEMK
oM XN B B E A M NEBRSIESE (H4LE, MEZ-7200) TRLEL,
sty o xa- 7 (A40LE, VC-11) ETEELA.

FERIZOMNTHIREET I NVTOHBEMELELS. HIZE->OR
EHIIEME, BB EBROM, R LEEOEME, 75 2 EMINEHBADI M
BALA Y U LER ESERME, 7 XEMNERNODOI ME(L ) T LR S
feMHE(tip potential), ¥ XURBEEMRE AWK E ORICEBMENEETS.
I/ NERAEIREIROY oNT U AREI DA EHN0 mVICHEE L. &
DEHETHRANSEEIN S EAMAEH LEEA (resting membrane
potential, RMP) & LU T4k L7,
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11-6. BUMMRERORE

e NGB AL (i 'ni."'z‘a'}-'_cﬁure englplate'potential s, mepps) IRIGHMEE X b
75 LBHEE (BAORE, QC-111J) 2MUTHAT L. MR IE 0.1 mV
Pl k1.5 rp;_vuv@,%a;aiﬁﬁ%é‘mu L, Z018R&H 720 OEEHE (Fs') %
RIRE U7c: 1 #ARBH 72 0 #9100 EDmepps & RIE UARSE 25 L.

11- 7. WIRBAONE, FREMHHES X CREOREBOEH

KAEAL (endplate potentials, epps) & HIE Y % 72 DIT G AR TR
D DI BB R EFERIBEER (HALE, SEN-3301) Z AL TH
BTz, RIBOC E2E DR AL, SEREOFES0.1 3 Y B(msec),
AT ORI 4 msec, “HMETLE 1 BMATOMEA1 5 B(sec) & L. HlIH
ORFII28EE U |

epps OFEE(MMUIRIBESEN, FRINieppsOEEEXET S &,

| S m=In(n/(n-x))

75 BEMATRD SN 5 (Crawford, 1974). ZOEHRATHRD SHAE 1 R
IS M s KU 2 RIBICHT B m2 s B REA Sm2/ m1 QAR S -
Eicky, ::ﬂ%ﬂ#ﬁaﬁﬁ‘ﬁﬁiéw(temporal facilitation) OfgfE & L7:.

i
iy A

SN
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12, MiEHEER

COERICEHLUTRERDHS. KERETFOIBMHBORLE (FK5 £
1H158) Ok, KEORBRFHHOBEE NS HEEZZ . ZDkd,
KRBT OB B TDAFEETH - 7-. |
75— UVRREZEMHIZE U THELERUIBO T XIIDONWT, Z0MEORE <
TANDBEERB AT 72, 75— D5 0%HILERTE, E5|HAE L LR
HEE B FEAD 7 5 — LR HICH U T ARICTIE 27 Lisw 7 RD—EIC
BT, GBI & 5 2Bl TEOENICIBERIR U, 5 M Ok
A EIETHE Lk, 3,000 HE104HOBONEF - 2. HEOMEE Y LY
U VESE IR, JOY Y SUERE LT 20 BEIRFICEA LK. B
T BMERIZ0.4 mI/ = RE Uk, BT & 5 MY L TSIV 1AK% 0
0.4 mUIEEZ 7L WEEAIZ) i%ﬁﬁ@?f?x@ﬁﬂ?%%ﬁé‘bf:. |

MEEBEINITT TR, TOMB, £IE, 1786 &0 [ HEH~T.

13. YFTF b/ —LEXR

*‘/f’7° by — LEARIIHaj 0s (1975) D KB Ui T, {AE200-300 gD
T4 R —%Ty bEBLXUOKRROKKEE N SIERK L7

Y+ T N/ — LHCa* i DHIE X Komul ainen and Bondy (1987) D5
I, UTICZOBKEERT. VF 7 M —LE2BEL -4t Al O ki
125 mMNaCl, 5 mMKCl, 1.2 mM NaH,PO,, 1.2 mM MgCl,, 5 mM NaHCO,, 6
mMglucose, 1 mM CaCl,, 25 mM HepesT& - 7z. ZDpHIZ/KE(LF MY
LDHEICLD7. 4R L. CaRERMMIIIELA IV 2 7 AR LT,
ARE LTHELL. C*BRERBIKICIZEGTARIRINT 3 54 & LITLVEA M
Hote EBEF MY Y LEEREBEERT 5700, SELVOEMATY Vb5
WIEERHET NS F VT VEZYLTHF MY LAER LK. 14 mg
protein/mlIDBEDOREKE LI+ 7 M/ — LP2B4E A5 mMdfura 2-AM
E37CT204 WRE L. COBBKFZERABKTIORIZAER L. 361
2553 MM U7, £D05 mlZF 2 Ny MIAEL Thura 2 860 BIEC
L7z, fura 20EMIZIARY ho 7+ b A —% —(Jasco, model CAF-100) 2 &
D37 CTREL. v+ T b/ —LRHNCE EEIXGrynkiewicz et al. (1985)®D

HEIZ U > TEH U,
-14-



1 4. $EHLE  BUEIZOESE - S (mean ts.em) & LTRY, BEE
IEEKEE S5 %E LT LREERICKLDHE L.
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ok ##

1. D-VAK7 Y 2 OLDEIZ I KT § HFEEN O RE
D- R= V5 I UiZ X BHESEE ORIE I SIIRIE AL S B At IC D TR
B, D-VRI S UDLDEICE KIFID- RV S5 I UvBLUOFoF v
OREMEE, 36 NIFARREORE RN (K1) . Kickhid, D-R=
YIIVELUFOF Y OB REIEIMILD EEEE L Lcy 7 — VR
EIETSHE, TOERRFOFI BT RENIE, FoFv o DEA
3D-R=V 5 I VORKRGICIOIMHEINS I EPHSNTHS. 172U, Z
DRI LR A DD - 7. & > TIDEBRNS, D-_=F 3 Uck
2 I DR MUBRIE A A 53 2 FTREHEA S B & LT, LDy 4TS &
L7cr o — VEEHE UTEHMMY 5R0, FoFd  OBRESMNRFELS A
FEEHEZ L EEbn B,
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o

Effect of TRX, DPEN, and TRX+DPEN
on LD50 of dTc

0.8
2 0.7
Ei 0.6
=
) ‘
‘C.! 0.5
£
:_3 0.4
o 0.3
©
o 02
& o1
o
0\
CNT TRX DPN TR+DP
Treatments
X1. <7 2Xi :?oC)‘%D W7 Z Y DLD fEIC cr%zﬁﬁ%m@%
CNT: ifH8, TRX ¥+ (2.66 rg/gbw./day, 14H) # 5%, DPN:
D-R=¥ 5 3 (200 ug/gbw./day, 14 &#58, TR+DP.Fo+ v

(266 pg/gbw./day, 14HMH)EIUD- R=¥F I /(200 wg/g.bw./day,
14 ) RS E. HEoER : D- VYRS S5 v okE&(umole/ kg). *a:
CNTR: & D E3(P<0.05), *b - TRXEE - DFE#(P<0.05). n=10-184.
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2. Mg, EZAHB XORBEMHOEERIIE KIFTEEEYOLE

FOFy ORISR AIAER A B 72010, <7 ROMRERICH L1314
EEHORUBEORE LR~ (K2) . FuFrrBIUD-R=YFI0%
NENOEHEEIC & Dt~ ZOMIRE BNRRGICEZICEM L. Ly
U, BIHTARULIL) I, LDGEERRELILS I - VEREREFRFV VOR
HRESVMERT 5 L U THE O RICIIBEFENZED o iih - e 2 &6,
FoF v OHENRBROEREN UTHBE UICHEERIIZ LN EEZ 605,

-18-



Tissue weight

60

50

40

mg 30

20

10

Thymus SOL E.D.L.

Tissues

B s

DP-TR |

K2. Klg, EIAHBIUCRBMHOERICE KITTREENOLE

SLN: A &k 58, DPN:D- =5 I (200 pg/g.bw./day, 8i&H)
%53, DP-TR: ZU®»4BMD-R=5 3 (200 ug/g.b.w./day) %5 L,
Bl RD 4 BEFaFy (266 ng/gbw./day) 25 LB, TRX F o
¥ .(2.66 pg/g.b.w./day, 8E[H)&KEGH, TR-DP. ZU»4AMFoFi v
(2.66 ug/gbw./day) A5 L, §l&FHEEKRD4BED- =5 3 (200 u
o/ g.b.w /day) 85 UIcBE. Thymus : fifif, SOL: EF A%, EDL.: REff
. *a: SLNEEE DB EE(P<0.05); *b : DPNEE L DHE(P<0.05). n=124.
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3. WHAEEBHEHEAD Y 5 — VRSHICH LIFTREEY OLE

BEMREHEASSOBIRICHE T5_0F T EF NI URFROIER
REBICER LT, M A EERMEHEAD 7 7 - VBRHICE XIFIElES
Ll F A — IVEBHEORELA NI, FA—IVEBHREE UTF 4 — VAR
WTHDLIVFAAVA b—IvbBLUOF A —NVETIVFIULETHEN- = FIL< U
13 NOREERANI. DFAFXVA h—IV(0.4 mmol/kg/ day) 5.0 xR EE
I AEHEAE KA mi/kg/day) 2 &5 L. NNxF b=l A3 K0
umol/ kg/ day) D BEREICIEY A FILZIV T 4 F ¥ K(1 ml/ kg/ day) 5 U7z,
516 BRIT - 7o, X 3 XA AE/KE &S U fout B i i Rt i 12
K, BB LS A HEAE LU EE MER BB EAI BB BIGED 7 5
— VREHIEAMTHMERNTH S I LERLTNS. THbL, 75— L&
T MR ER, SR T AR, HREARHIEARDIEIC
BOIENEHOOTH S, ZOBREITELE FRETEAD SN RELMEETSH
D, EEAEKOEGERKSN 3EHOMUERD Y J~ VERZHICHE LN C
EERLTWAS. 75 - VERZEEMERB THERNTH S LR oITRRZH
JEAZLIZDWTIE, PF AR VA b —IVERERE, VAFIVRIVT xF ¥ FikbGRD
LUN-ZF IV LA I NEEBT-H L.

-20-



T1, Saline

1.2
1
0.8 |
0.6 |
0.4 |
0.2 |
o}
-0.2 - - - y : -
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

log[d-Tc]

| =% Diaphragm —®— Soleus ——X—E.D.L.

3. AR CEEAHUKESE, 1 mi/kg/ day) ORVERMEGEE, HEE
B b S A HIEA B L OEEHRERMEAIC B 3BT 0F 5 — VEZ
.

4 ERIBOTHS B BIFRDORN, £ 1 RBUSHd B RISED- Y RZ 5 U VEIE
OF 1 FIBIH T B B O E(r) THEBICE U7c. B D-Y R 5 ) v 0
HEE(uM) D 3. Diaphragm : IR HEFHEA, Soleus : [EEMREE S A M
A, EDL. : BEHEREMHEAR *a: Diaphragm EOH £ (P<0.05), *b :
Soleus & DHEZE(P<0.05). n=8-134.
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4 IHRREAREA I B 3 TID Y 5 — UBRSHIc b KETUFA AL A
h—JL(0.4 mmol/kg/ day, 16 H ) DEEERL TS, I ORIC IZELE R
Do ZOFE SR LTINS, AEAKK( mi/kg/day, 16 H ) H5RHIHL
B ORICAEEEEDE. WFBICUFARVA bR ERTIIAEA
ki SRS K LT Y 5 — VRSO IS LTI,

T1, DPH

1.2

0.8 |
0.6 |

0.2

-0.2
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

log[d-Tc]

————NTV —®—— SN —X—DTT

K4. HEREHEHEAICBIATIDS 5 - VREZHIIE XIITVF ARV A b=
VDR

NTV : AVEXTHERE, SLN: AMAIEK(1 ml/kg/ day, 16 HfE) 58, DTT :
UFF A LA F—-J)L(0.4 mmol/kg/day, 16 HR)#HBER. n=8-114]. * :
P<0.05.
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X5 ITIZEBEEMEL S A BEAICEITATIOY 7 - VBRI T VT4
A VA h—=JL(0.4 mmol/kg/day, 16 HH)DEELRL TS, ZORICITHE
MEBO<Y AR SR L. SLER, AFAKUK( mi/kg/day, 16 HH)
58, VFAAVA b=V (0.4 mmol/kg/day, 16HH) KD MIZEEZE
AFDIEUN, |

_,
© o o o

T1, SOL
.x-.x->‘<|=>‘<=>"<=>‘<:
X
X
R
X
4§k
| '\>,<.-><-><

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4

log[d-Tc]

———=NTV —®——gLN —X—DTT

0.6

5. BEHEES ABERICEIEZTIONS - VRSB XIZTUFA L
£ h—J)L(0.4 mmol/kg/day, 16 HFH)DFE

NTV : fEALEXS BERE, SLN: AMAiEK(1 ml/ kg/ day, 16 HRE) #&&5#, DTT :
OFF A VA h—)L(0.4 mmol/kg/day, 16 AR])&E5E. n=7-134%]. * .

P<0.05.
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G ICIIEEEMERBEMHERICKITETIO 7 — VEEHICEXIZTUVF A

ZL A h—J(0.4 mmol/kg/day, 16 HfE) DEZEARLTI5.

Z ORI IL i

IMERD< T RO bR U7, WLER, £ABEAE/K(A ml/kg/day, 16 HH)
WEB, UFAZLA h—)L(0.4 mmol/kg/day, 16HH) BEBROBMICEEE

2 FBDTEN.

T1, EDL

1.2

T P=xwzaze—g

- =X
0.8 F
%.

0.6 | ,'Q\
0.4 F ﬂ\
o} Xy e

_0.2 i 'l 'l 'l 1 'l

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4
log[d-Tc]

——" NTV —®——SLN —X—DTT

6. BEHERERMGERICBITATIOV S - UVRERSHIcELIZTVF ARV

1 b—J1(0.4 mmol/kg/day, 16 HH)DFEE

NTV : fEALES iERF, SLN: A Ak (1 ml/ kg/ day, 16 B ) &G#, DTT :

UFA XV A b—I(0.4 mmol/ kg/day, 16 H[H)
P<0.05.

24-

5. n=7-104]. * :



s

RER T, EHBMEHEOEELECLEIIIID- VRIS VOERAELD
BRETKRIHTSENTLEREZEZIT-> 2. D-VYEKRT Z U VIGEEMR nEYE
THHT7EFNIAY) VOERE=IF o7 EFINIY VZBETETHZ &
12 & D EB R O BB DGR R ENT S, AEMIRBROTICEET S5
A TOFHZRABE I Z5{k3 % (Alexander et al., 1990). ZDEELFHINS & 7
T - VBREYOEHNRBETRIETES. 4BRBIC KD 75 - VOEANE
BRETHRETEAHBAIUTO®EYTHA.

EHHEOKREN SHHEINATEFIV ) v RERO=—aF 7 vF IV T
) VUREKIERTS EEBICHBORRICERET DRZ/EICHERTS. 20
BRED=aF W7 FINAY VRFERITEFIVT Y OERE RIS U
THBIREMICEIEL T 5 &) (Alexander et al., 1990). j’f;abg, LY
HESNE SORHABET 5 ETHEOBEE, D% DIREOHE - BHICE
%%%Oﬁmkﬁienfhé.btﬁof,75—vﬁ®::%Vﬁ7t%w
0 UREKENEOSTET A, HAS L UKD T D 280 FEFHC
5720, BEICMAGEDRERNRNEEEINS. TOEHMRLT 5
— VRBEZHDOTEIZERINSG EEBZONTWVAS. TOZBRIILILBNEEIN
TCRAEN A BRI THS. ZORETOFLAEK ERHIELRM TR S &,
CEYE B DGRE IRF T 5 BEO O EETH 5. HﬁuumL NPS]
TEREDHELFNES.
l7iiﬂﬁ%%%ﬁ%&ﬁbLﬂ%ﬁmﬁ%%@ﬁﬁﬁﬁ FEBHREE T X
A & CEEE R BEREAR BEEARIC U TT - 7 4 SR B 618 o 7cTOF

D7 T - VEZBPEARRTHERNTHS ZLEERLTNS. T74bL, 75

= VRS T E R RERE AR, FBEMEL 5 AR, R RREHEAR
DIFICHNZ EXPSNTH S, ORI LE A TRD S ki & FH

-*'C“&BV) AR AR KOER &5 3 BHEORMHERICE i%TOFHb@7 77—V

BREZMISHE LBV EER LTINS, TOFHAREE LILHAIC) 5 - VR

HWOEAM TIEHEN TH S 2 &S NTEREZHIEMIE, YFA A LA b=

58, DXFIWAIVT +F3 NEEBE LUON-ZF L2 L1 I REEBRT—HL
.f-.,

e

-25.-



TOF, Saline

1.2
1 x—x—x«x~;‘l\
0 8» "*a a*a”a *al
. *a\*
0.6 F *a
: \.
0.4 } X
0.2 f
VI
-0.2
-0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6
log[d-Tc]
——®— Diaphragm —®— Soleus —X—E.D.L.

7. SR CEMAKOKE SR, 1 mi/kg day, 16H ) AT HELE
K, EE#HRE I AHERL LIV EEHERBEMHESICEITATOFLRD 7 5
— RS ‘

4 BRI 6 B BT S 787 TOFEL(r) 22 L7, Bl D- VK2 5
) O E (M) DX EL. Diaphragm : #FREEAEAIEAR, Soleus : FEFHEE b
S A A, EDL. : 8 W& R MGEA. *a: Diaphragm & O H & £
(P<0.05), *b : Soleus & DA 3 (P<0.05). n=8-134. | |
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8 I3 PR A EARIC BT ATOFD 7 7 — VREHICK XKIETVFA X
L4 h—JL(0.4 mmol/kg/day, 16 HFH) DEEERL TS, ZORITIIHEL
BEOTTADOKES R LTINS, AEAEK(T mi/kg/day, 16 HE)&kERI
IRER - OICEEZAZADIT V. WTHIIVFARA VA b—IVEEHTIRE
ARG ELBELTY 7 - VRZEIERICIUE LT3,

TOF, DPH
1.2
1‘ X—><§,>.<
0.8 *
0.6 | \
r .
0-4‘,' *
0.2 f \ \
, R\
0 F XS —m
_0'2 1L 1 L | 'l 1
-0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6
log[d-Tc]
——8——= NTV —®—— SLN —X—DTT

X8. HEREMHEHERIZKITATIOS - VEAZHIZB XIETVF A AV A b —
VORE

NTV : fEALEXTHEE, SLN : B AE/K(1 mi/kg/day, 16 HfE)#& 58, DTT:
OFF AV A b—I)L(0.4 mmol/kg/day, 16 H ) # }ﬁ n=8-114. *
P<0.05.
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QITITEBHEE T AGERIZE T ATOFLRD 7 5 — VBREHICE XIFT Y
F+ A4 h—)L(0.4 mmol/kg/day, 16 HE) DHBER LTS, ORI
SEALERO Y 2O R Uk LER, EEAkK( ml/ kg day, 16
HfE) %58, YFA LA b—IL(0.4 mmol/kg/day, 16 HFE)&KS5HOMICH
BEEAADIIU.

TOF, SOL

1.2
1 | .><-x->,<|-><_>(§';.<§
0.8 f
0.6 |
0.4
0.2 f
; ol
-0.2 heconren . 4 4 4 4
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

log[dTc] .

——&— NTV —8——SLN ——X—DTT

9. EEWMRES AGERICEIATOFLD Y 5 — VRS HICK XIZTVF 4
Z LA h—)V(0.4 mmol/kg/day, 16 H[E) DL | , |
NTV : fEALEXTHEE, SLN : AW AKIK(1 mi/kg/day, 16 HfE) & 58, DTT :
UFF Z LA b—IL(0.4 mmol/kg/day, 16 HR)#58. n=7-134]. * :
P<0.05.
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B101C 12 A HEREMGEAICS Y ATOFLO Y 7 — VRIS £12T Y
FAZL A h—)L(0.4 mmol/kg/day, 16 HRE)DEEZRLTWAE. ORI
VBRI O < Y OB S R U, LER, AMAEIK( ml/ kg day, 16
AR 58, YF4+ U1 b—IL(0.4 mmol/kg/day, 16 HH)ESHOMIZIZ
EANEBEEZDBDIIN. ~ :

TOF, E.D.L.
1.2
1
0.8
0.6
r
0.4
0.2 X
| \hisﬁ.
0 X=X ==X
-0.2 1 L — 1 |
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
log[d-Tc]
———— NTV —®——gLN ——X—DTT

B10. BEHEEEMHEAI 51T 3 TOFLD S 5 - VREHICE XIZT V774
AL 4 b=JL(0.4 mmol/kg/day, 16H[H) OEE

NTV : fEALES BERE, SLN: A AKk(1 mi/kg/ day, 16 FR)#E8, DIT:
VFAZAVA b-—w(o.4 mmol/kg/day, 16 B H])#&5#. n=7-104]. * :
P<0.05. | | |
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KA1 SRR R ERIC BT ATIDY - VEREZEHICEXIEFT UV AF IV
V7 +F ¥ K1 ml/kg/day, 16 HH) B LXUIN- = F )< LA I F(10 u
mol/kg/day, 16 HH) O E 2R L TW5. ZONITIZAEAEEIK(
mi/kg/ day, 16 BE)HSBO<Y 2 OKED R L TS, A kSR &
DAFIVZIVT #F Y FEEBEOMICERZEEZRDI.. SOITVAFIVAIVT #
FURNEEHIN- TSIV VA I FREFEHOMICOIUEMED —ERIcEEEZ =R

7.

T1, DPH
1.2
1 F X.X\X\_
0-8 *a ><\
0.6 F ' Ta X
r , *
0.4 f \\
X
0.2 F \\
X
o} AN -
_0.2: 1 1 ] L 1 1 »
-0.8 -0.6 -0.4 -0.2 0 .2 0.4 0.6
log[d-Tc]

—®—— SLN —#—— DMSO =X NEM

K11, BMEREHEHERCETATIO I - VERZHICE XITTIA FILZI
7+ F Y F(1 mli/kg/day, 16 Bfl) B K UN- = F)b<w L1 I F(10 u
mol/kg/day, 16 HE) D&

SLN : A3 A&k (1 mi/kg/ day, 16 AfE)#& 58, DMSO: U X FILZILT #
F2 N ml/kg/day, 16 HfE)&®EG#H, NEM: N-=F )<L A4 I F(10 g
mol/kg/day, 16H ) H58. n=8-104]. *a: SLNE: *DMSORE OH &=
(P<0.05), *b : DMSOR & NEMEE DA E35(P<0.05).
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123 EEHAEL S AHERCE FETIOI 5 - VERHITEJTT VAT
VA IV T #F ¥ F(1 ml/kg/day, 16 HE) BLUN-=F )<l 43I F(10 u
mol/kg/day, 16 Hf) DEEBELRL T3, JORICIFAEREREK(
ml/kg/day, 16 HH)#& 5HDO< 7 XADFEHRL T 5. AR SR &
TRAFIVZAIT +F v NEEBEOMICEREZEZRDI. LML, YAFIVAIV
T+F Y FEEREN-ZF IV A I FEEHOMICIEBRZEZERADIEMN 1.

T1, SOL

.8
.6
4 F

o O O o

0 F

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
log[d-Tc]

——@®—— SLN —#—— DMSO —X— NEM -

K12. FEEHEE S A GERICBIIATIOZ S5 — UVBRSEMHICE XIFT UAF IV
2T 4+ F Y FBELUN-TF L= LA 3 RO

SLN : A E &K (1 mi/kg/ day, 16 HM)5H, DMSO: I AFILZILT +
¥ N1 ml/kg/day, 16 HFE) &5, NEM: N-=F )<l 4 3 (10 u
mol/ kg/ day, 16HM)#HE58. n=9-13%]. *a: SLN# LDMSOREM OF ==
(P<0.05). |
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K13 I3 FEEMEREMHERCEIETIOS 7 - VEEZHICE LIETIOAF
JWZILT #F 2 F(1 ml/kg/day, 16 H) B L UN-ZF )< LA 3 N(10 u
mol/kg/day, 16 HE) DEEARL TS, ZORICIEAEEAEIK(
mi/kg/day, 16 HE) X EHDO< 7 ZDBEDRL Th5. AHEEEKESH &
DAFIVAIVT +F ¥ REEREOMIZEEZEZADI.. LML, YAFILRIV

T+F Y FEREREN-ZF IV VA I FEEBEOMEICIIFEEZRRDITM-TC.

T1, E.D.L.

1.2

0.8 F
0.6
0.4
0.2 f

o} C RS

-0.2 A . .
-0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6

log[d-Tc]

—®——SLN . — % DMSO X NEM

B3, A B RIS 5TI0 2 5 — VEREHICE XET VAT
ZVT +F Y RBELUN-ZFILT LA I FORE
SLN : AEFAIEK (1 mi/ kgl defy, 16 BfH)#& 58, DMSO: YXFIVZIVT #

3

F F(1 ml/kg/day, 16 H Faﬁ)?&ﬁﬁ, NEM: N-=F)b< b4 3 F(10 u

mol/ kg/ day, 16 HE)#&58. n=8-124]. *a: SLNZ: - DMSORLE OH Z3=
(P<0.05).
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BB MR AERICR IS 7T - VEEEICE JIFIN- 2 F <1 I R
(10 umol/kg/day, 16 HE) DEEBLRHARBIIH Y, RHEBRETRDLHICD
ICTOFHAFRIE L UTHET Lic. BRI 41Ci3BER IR R AIC 517 5 TOF LD 7
S —URRSMHICE XITTOAFIVZIVT +F ¥ F(1 ml/kg/day, 16 H)H LTf
N-TF)I< LA 3 K10 gmol/kg/day, 16 HfH) DE&EL/RLI. ZOXIZIEF
I AEK(1 mi/kg/day, 16 HE)ESHOBELRL TS, EE AR
BEUAFIVZIVT + F 2 NEEBHEOBMICHEREEZR DI, ISV XAFIVA
W7 +F Y REEREN-ZF IV LA I FEEHOMICHAEMO—ICEEZE
DI

TOF,» DPH

1.2

0.8
0.6 |
0.4
0.2

_0‘2 Il 1 '] L 1 1
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

log[d-Tc]

—®—— SLN ——®%—— DMSO —X— NEM

K14, BREHEHERCEIITIO/ T - VERZHICEXIETIL FIVAIV
T+F Y FBXUN-ZF LT LA I NOFE

SLN : A Aa¥K (1 ml/kg/day, 16 HRG)#E#, DMSO: JAFILZIVT #
F N(1 ml/kg/day, 16 HE)&5#, NEM: N-TF )L<w L1 3 F\(10v 7
mol/kg/ day, 16 H ) #%58. n=8-104i. *a: SLNZt L DMSOBR OF &%

(P<0.05), *b : DMSO# & NEM# L D F &7 (P<0.05).
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K15 IZEEMEE S AGERIIBIIETIDS S - VEREZEHICEXIZTIATF
JWZIVT #F2 F(1 ml/kg/day, 16 Hf) L UN-=F )<L A 3 K10 u
mol/kg/day, 16 HfH) D& ERL TS, ZORICIHAERREK
mi/kg/day, 16 H)& SHDO~ T XDOBESRL TW5. LHARKEER &
CAFIVAINNT xF 2 FEGIE DM EEZEDIC. LML, YA FILRIV
7+ F Y FREHEN-TF V2 LA I FESBOMICBEEELADEN - 1.

TOF, SOL
1.2
.
0.8
0.6
r
0.4
0.2 | A0
o} XS X=X
-0.2 - : - -

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
log[d-Tc]

—¢——SLN —®— DMSO —X— NEM

M15. BERWEL S ABEAITET B TOFKO Y 5 — VBRHICE KET VA F
VIVT +F Y FELUN-TF L2 L1 I FOBE

SLN : A&tk (1 ml/ kg/ day, 16 H M) &E5E, DMSO: U X FIVZIVT #
F F(1 ml/kg/day, 16 HfE) 58, NEM: N-=F )Ll A I F(10 u
mol/ kg/day, 16HH)&E58. n=9-13%]. *a: SLNEE :DMSOEE Df Z &
(P<0.05).
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1 6 LB R B B AE AL 51 BTOFIOD 7 5 — VS HIC 5 K139 A
FIVZIVT +F ¥ K1 mi/kg/day, 16 HE) B LUN-=F )<L A I K10
mol/kg/day, 16 HfH]) DREE R LT3, T ORITIFEEAIFK(1
mi/kg/ day, 16 )& EBO<Y X ORMbTR L T 5, A Ak ER &
CURFNVRNT #F Y REEBE ORICEEEEEDI. LinL, YAFILZIL
T FFUNEEBEEN-ZFIILLAL I NESHOMICIHIEEAEFEZEZADI
-7

TOF, E.D.L.
1.2
1 X-x‘z-.\.
\‘x
0.8‘ ™ *a \
0.6 ‘\rb
.
0.4 >< ‘a
0.2 } a
o0} : \;—x—x— X=
-0.2
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
| log[d-Tc]
—e—— SN —8— DMSO —X— NEM

K16. FEEMHEEEMHERCETIITIOZS - VRSHICE XIZT IAF IV
ZNT+F VY RBELUN-ZF I LA I NOEE

SLN : A £IEsK (1 ml/kg/day, 16 HfH)#& 58, DMSO: JAFILZIVT # |
¥ K(1 ml/kg/day, 16 HM) & 58, NEM: N-TF L=l A 2 (10 4
mol/kg/ day, 16H[H)#&E58. n=8-124. *a: SLNEf -DMSOE DB &=
(P<0.05).
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4. M RICETAEFIHBIORBEEELR SICEXETFoF o B &
UD-N=vF I VOB B ITHASOEERREDORE

%m#vv@Mﬁmﬁ@muﬁmﬁﬁf%otwf,Mﬁvﬁxmﬁmf%m
FUUBXUD- RV 5 I VERMT, H50FHEAEDLETERESL, KE
(K17), #EF[NH LVMBRERS SIS LIFTENSORBER~N. K17E
BIlB LI TEYORBLRL TS, FoF v ORMBERE EBATIKE
BEHENERTHE, TOREEMPEEICRENWIEDPHOSHNTH S, UK
LT D-RZVFIVREELEM . FoFy v oBMEEREFoF
-D- RV J I VERRGHEEHRT S L, BEORERMISAERICED L.
OB, FoFr oM SR TR ONEKERIMEEND- =V T I v
DEBIZE > TR SNTVBELIIKRAS. ZOXIUD-R=Y5 I VOEM
i3, BWEOBAICEBD- VYRI5 v OLD, EIE I BHEERAOBEE—H L
TEDEEKEN. UL, P EBD-R2VS I VOBRENFOF Y VOEH
ZAET B BEIF S0 - 7o
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Body weight

45
40 | r/\. ——o—— SLN
e ——e—— DPN
35 | NS |
g s—xe=2 N —0— DP+TR
30 | / ﬁ -‘g-/’\(/o
—=&— TRX
y
25 | \ | ——X—— TR+DP
20 : N
4 6 8 10 12 14

Weeks old

B17. Mt~ ADREICE £IZ T A SN OB |

HBIL5EATEEBL, 8BRS/, SLN: A Ath ki 58, DPN: D- <=
¥731(200 pg/g.b.w./day, 8iEMH)&5H, DP-TR: ZU»4EHED-N=v
7 3(200 pg/gbw./day) =& EL, FlEEmERO4BAEFOF (2.66 1
" g/gbw./day)E#5 LcE, TRX FoF (2.66 ng/gbw./day, 8 R)
#52, TR-DP: i2U» 4BF o+ (2.66 ng/g.b.w./day) %51, Bl
RO 4BEBID-R=5 3 (200 ug/ gbw./day)%#E LB n=124].
SRS A BT B 7o IS BT B < — 7 2 A L TUELD
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FOFy vBLUD- RV 5 I vASEERERE LT RIIENT, FICL S
WEFENEZBE L. TOFERZUTOBY THDH. §1ibb, vV XDREZRE
ELURTRIC L » TE2mmO 7))L I BOBEFR/IcE.. BeRELTNASIHIl<
P B ABIIONT SN EEE L. LIch - T, <7 RIBEEG&FHE
LI ETHENDOVNTEETTAHAZ LB, 22T, BEARELTHoFZEL
TEHETTHETOREMEZETS ZETHRERELUTER T I EERAAL. ZOR
Bz 5 BAL VWD TEIEHE L. TOBENKI8THS. ZDRBOFER,
FoFy  HEMEEHIIEWTOABEENARIVET L. LML, FoFv
YOPERZED-R=V T 1 UNERT S BN S R oS0 - e
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Chining period

80
——O0—— SLN
60 |- ‘[
—&— DPN
o - -
o 40 |} —{O— DP+TR
(2]
| N —%— TRX
20 | ¥ - X |
O\f\ D /X\ X ——X— TR+DP
o L 1 L L
4 6 8 10 12 14
Weeks old

R18. Mt< R OWELIC S LITTEY O BE

RERIZ5ESTHIEL, SEMK:T-. SLN: A1 &l k# 58, DPN: D- R=
¥Z731(200 pg/g.b.w./day, 8HMH)HKGH, DP-TR: ZU® 4BHD-R=¥
53 (200 pg/gbw./day) 251, Bl&kEEKO4BHFOFY (2,66 u
o/ g.b.w./day) %5 Uc#E, TRX FoF (266 pg/gbw./day, 8 iR
#E5#, TR-DP: ZU®»4BHF o+ (2.66 ng/g.b.w./day) % EL, 5%

$EXIROD 4BREID- =5 3 (200 ©g/gbw./day) 25 LB n=124.
THHE X 2T 5 f:&&:@ﬂc:&i?ﬁ%§§7—7%ﬁbfb\t;ln.
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FoFr  EXUD- RV I VEAERGERE LI AIIENT, 28H0%E
FIHABE L. ZORKI19TRL. CORBROER, Fo¥ o Bhsks e
BEUD- RS 3 VRS ER ST SR SR, 7 ors s B SR
EFuFU-D- RV T I UERERE, D- RV I VEMBRERED- R
ZUSIU-FOFY UHEREBREOATICEWTHEEREESRH U, $74b
B, COWEBEAEETBRY, BIROZEAERE UBSEH- 2 Ukhis
T, COBEFEROEENEET S I EEBIT

Traction power

300
250 —O— SLN
E\ /o/ _X
‘\ ) , /x\) ——O0—— DPN
200 X X R
g C\\X \/ ——{— DP+TR
150 [ o
X ‘ —&— TRX
\/><:“‘<r
100 ——X=— TR+DP
50 2 2 1 Il
4 6 8 10 12 14

Weeks old

B19. Wt~ ZDZEF|IlE LIFTEYDOHLE
AERII5BSTHBL, SHEMFITF/. SLN: A8 Al/kik 58, DPN:D-R=
¥ 3(200 ng/g.b.w./day, 8HM)&k5#H, DP-TR: [ZUH4BMED-R=
Z31(200 pg/gbw./day)Z %5 L, Bl&EEXKRO4BEFOFL (266 1
g/ g.b.w./day) &5 UicB, TRX Fo¥ (2.66 ©g/gbw./day, 8ERE)
K58, TR-DP: 13U 4:BRF 0¥ v (2.66 1g/g.b.w./day) A 5L, 31X
RERD 4BED-R=2F I (200 ug/gbw/day) %85 LR n=12f].
BRI ZBT B DICRICEFEEEZ -7 24 LT,
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FoFvrBLUD- RV T I vEEEKRE LY RCENT, €0 8HEH
%, U S EEREHIEA DS 5 — L RRN AR L TR OB EE
N7z 20 IR A B B AR LTS, CORBOEE, F
o¥ Y HEMEER-AEAEKE ERE, FuoF s JEEREREFDFEI Y
-D- RV T I Uk ERSBERICEOTRERLREERE L. d7dbb, JOH
FEAEEETARY, LDSOMEATEIEE Lo KB TR o N 7o B & FE R D &
Bonsc. Ledt-T, BREMBHERD 7 7 - VEREICHT 5F o+ v
DIEFAAD-R=V T I UNTUHET 5 2 LR LFREN - 7.
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T1, Diaphragm

1.1
0.9 f —— SLN
0.7 ———— DPN

R 0.5 | —O— DP+TR
0.3 | ——8—— TRX
o1 k TR+DP
0.1 L 1 ]

-0.3 -0.1 0.1 0.3 0.5

log[dTc]

M20. Wk~ ZORMREMHBRGERICHITS7 T — VEBSHICE XITFTEY D
-2

DB W53 5 BATHIEL, 8:BRlEEIT/ . SIN: EEAAK(1 mi/kg/

day)# 58, DPN: D- X=¥ 5 I (200 pg/gbw./day, 8iEMH)&EH,
DP-TR: 3 U®» 4 A#MD-R=>5 3 /(200 ug/g.b.w./day)éi}’ﬁ% L, Bl&fe

RO 4BEFOFL (266 ng/gbw/day) x5 LB, TRX FoF v
(2.66 rg/g.b.w./day, 8H#[M)&KEGH#, TR-DP: ZU»4BMFo+ 2 (2.66
vglgbw/day) 25U, Fl&kE RO 4BHD- R=F (200 ¢
g/ g.bw./day) A HFE UEE. n=124]. EEXEZBITIEDICRICEEEEY —
EM LTS,
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B2 1 (LR b 5 A AT B B 7 5 — LRSI b KT SR
DEGHEGEORBERLTVS. CORBOFE, Foy vHBED- "=y
5 3 VOB S U HARE O ERMEL 5 ABEADY 5 — U REHICHE
L5 LN S REIRE S hsh - 1.

T1, Soleus
1.1
i‘fhf(ﬂ?i’)}‘i"‘( P
0.9 \ SRR
0.7 T o
. —{— DP+TR
0.3 _.-— -
N ——X=— TR+DP
-0.1 : ' I l .

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4

log[dTc]

(21, Bt~ ZDEFHEE 5 ABERITEIT ST T - VEEZHICE KI3TE
oY | -

HEY DM G 5BSTHIBL, 8BS/ SLN: M AREK(1 mi/kg/
day)# 5.3, DPN: D- R=3 5 I (200 g/ gbw./day, 8 Rk GH,
DP-TR: (2 Ut 4 BHD-R=35 3 (200 ug/g.b.w./day)##k5 L, 5l&kEs
WO AABEFoFs (266 pg/gbw./day) %5 LR, TRX Fofx v
(2.66 ©g/g.b.w./day, 8iH[H)#&5G#, TR-DP: 3 U»H4HAMF o+ 2 (2.66
wg/gbw./day) 28 5L, Fl&EEEKO4MMD- <=5 (200
g/ g.bw /day) 85 U7cEE. n=1241. FHS 8T 5D RICIIAEEY -
7 AAF LTI,
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122 |3 3 HE B EE B AEA DT 615 7 7 — VBE Ik K398

C EEHOEERSOEEBAR LTINS, TORBOKE, FuFrHBH0ED
«;y5:y®$@ﬂ%“'ﬁA&5ﬂWEM%Eﬁ@%%$®77_V@§ﬁ
FELES EEEDbNSBEIIFE NS TC.

T1, E.D.L

1.1

| xlﬁwq\\ ' DU
0.7 r ——— DPN

R 0.5 } ——O—— DP+TR

0.3 } —® TRX
0.1 kb ——X=—— TR+DP
-0.1 A : ! L L '

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4

log[dTec]

@%.Mﬁvam@%wﬁEEX%%ﬁwﬁnﬁwé75—v@%ﬁuﬁ&
T DR ' ‘

T ORHEEIX5 B4 THEBL, 8. SN AR ALKk
ml/kg/day) 5 DPN:D- =35 3.(200 pg/gbw./day, 8 M) &KL
#, DP-TR: (U 4 #MHD-R=>F 3 (200 ng/g.b.w./day)E&5EL, 5l&

Gx ko AARFOF (266 nglgbw./day) 25 LB, TRX Fo¥ o
(266 ug/gbw/day, 8iEME)IE5E, TRDP: ZU»4BEFoFs
(2.66 g/ gbw./day)Z#5 L, Bl&HEERO 4HEMD- R=25 (200 u
g/gbw./day)Z&E UK. n=124] BRI ZEIFE7DICHICIIAEEEY —
7 % U TR,
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K23 (IR B AEADTOFIZ B 13 5 7 5 — VERSEM 1T h KT REEY
DEFH G DOHEER LTS, CORBORKRE, FoFi  HumkErs A
REUKEGHE, Frdd VEEREREFoFy V-D- RV 5 1 Uik S
HEICEWTHEERZEZA®RE U, 378bL, ZOREMEIILD EA R E U7
ERTHONIBEEHRITH O, HEEMRHEELRD 7 5 — VESZHISHT 5
FuF T VOERAED-R=ZVT I UDTUEET BT AR USRS T

TOF, Diaphragm

1.1
XugeX :
oo \"Qx _
' | \& —Oo— SLN
: \
0.7 F \ ——e—— DPN
.
R o5 | \ —O—— DP+TR
0.3 | \ || —e— R
\\X
0.1 | | &‘* ——X=— TR+DP
Mg |
X ; ,
-0.1 : : :
-0.3 -0.1 0.1 0.3 0.5
log[dTc]

(23, WM< 7 2D BRI RAEA DTOFIIC 17 5 7 5 — UVIRSHICE L1F
THRY DB )

B OREREISHESTHIAL, 8AMFIS /. SIN: £ &EK(A ml/kg/
day) & 5#, DPN: D- RX=:5 I (200 pg/gbw./day, 8HR)H5H,
DP-TR: 15 4 AID-R=> 5 I (200 uxg/g.b.w./day) %5, RO 48R
Fo¥ (266 pg/gbw./day) 25 Lic#, TRX Fo+ (266 ug/
gbw./day, 8 M) H5H, TR-DP. ZUP»4AMFoFs (266 gl
g.bw./day) &5 L, kO 4BEED-R=2F (200 ug/gbw./day) &5
Lot n=124]. X ARG B 7-DICRICIEEESE < — 7 26 LT,
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K24 3EFHEE 5 A EARDTOFICEIF 57 T — VEEHICK JITTHHE
Z‘?E%O):@ﬁ%ﬁi’—:}@%@%% LT3, ZORBOKER, FoFyrHb0dD- X
ZU5 I VOB S NICEAB GV EEHRL T ABHBEAD Y 7 — VRSN
HE UGS EEDNBHEIERENE T

TOF, Soleus

1.1 ‘
XEXEXmX X~
§ \,

0.9 | pid —o0—— SN
0.7 r X —®— DPN
R 0.5 [ : —{— DP+TR
0.3 | —%— TRX
X

—Ix_ ]
0.1 L TR+DP
X
X=X=X
_01 1 1 l» 1 1

-0.8 -0.6 -0.4 -0.2 0 0.2. 0.4
log[dTc]
K24, W<y Z0DMEEHEE S AHERDTOFLIZEITS 7 T - VESEHICE

HETEYORE
YO B HS35 B4 THIGL, 8 BME . SLN: A B AKK (1

ml/ kg/ day) ¥ 53, DPN:D-R=35 3 .(200 pug/gbw./day, 8HEM KL
B, DP-TR: [dU® 4 H#HED-R=>Z I (200 ©g/g.b.w./day) =¥5 L, 7l

EXROABEBF o+ (266 pg/gbw./day) 25 U8, TRX Fof v
(266 pg/gbw/day, 8EM)HEH, TRDP ZU»4BMFOFY v
(2.66 ug/gbw./day) x5 L, 5l&HEEXKRD 4HEBD- X225 1 (200 u
g/ g.bw ./ day) A Ui, n=124. FUES A lHT 2 7o MIC b s < —
7 %A LTI,
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5 LB MR B HEADTOF BT 5 7 5 — VB HICE KT T & HE
EM@@M@@ AR LTINS, CORBROEE, FoFy rHi0ED R
U5 I VOB S NIEAR ENEEMEE S AHERD V7 T — VRS
W%bﬁé&mbhéﬂﬁi%bhm#ck

TOF, E.D.L.

XN\ ——O0—— SLN

0.7 F \_ ———— DPN

R 0.5 | —O—— DP+TR
0.3 F ( —®— TRX
01 L —X— TR+DP’
0.1 1 L : . .

log[dTc]

[K25. Wtk<y 2D FEE ?%:EE%EBW%‘&ZX@TOF& B35 75— VREREHICE
KT Y ORE |
MO MR 5L 5BSTHE L, 8 EME) /2. SN AFAEK( ml/

kg/ day)# 58, DPN:D-R=v 5 3 ‘/(200 ©g/ gbw./day, 8BEM)ZXGH,

DP-TR: 2 U» 4 BMD-R=¥ 5 3 y(zoo 1g/g.b.w./day) A5 L, 7l&kEx

RO 4BEFoF (266 pg/ gbw./day)k &S U, TRX Fo¥v

(2.66 pg/g.b.w./day, 8HEMH)HKGH, TR-DP: [T U 4 A I%D-F//(z.se

ug/gbw /day) 285 L, Gl XKD 4AED- =5 3 (200 ug/

gﬂw/%ﬂ%&ﬁbtﬁﬂhmw.ﬁﬁé%ﬁjétmﬁﬂﬁiﬁ%§7—7

AL LTS,
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PLED & D s E B ARIC BT 5 7 T — VRSB K IF T &Y
DS ORBOMIT, FHEERORMKGICEXIZTHE ORI L. L
L. SR IS U 7o AR OB A OUHEEE bR 5 0T, 70 RISORBE
BT 2 TRETRREE D O, M EAD SR AR T 5ICE Sl T
bbb, & EEERIE TIN5 & TEAEE X EEE TrA R I
1B THEGEAEMEET S & E Uk

15k, REERHCRSONB X I, BRI EATPased Bk & ) #Ald 5
LRI Z O AR bERL LB, i, OMIHMEEERHEOREE
BB EBHSMI Ui UL, EME T OBMICH T I ARER O
TR 2L R BIE LI E 0 - 7.
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% K

FFE—1D, RERIED- VALY 5 L OLD, ENABNICTETH S - LAET
Lic. 37bb, D-RoU 53 vELUFody vy OBEEERKIEKRD Y 5
—URSMAE L. ZOEARFOFY VICBOLTRED ST, FaFL v
DERAIID- R=>F I VORBEEICL OERIhA I AR U, 2L, C
DT PRI T Sh i d - . LichinT, D-R=v5 3 VL BHH
B F IR IE R DG4 BRI %5 2 & LT, ZOBRICF O+ L DBH
D ST B TRERE L & Bbh 5, | |

AERIE, FOFLUBLUD- R 53 VENThOBIEREIC LD <
v 2 ORI ERARR NG 52 EABR UL UL, FENOBEE
T BRI PR R SN TSt o T, £ 72DV K2 5 1) OLD IS
BOTHFAEMREICERBERIRD ShicDT, FoF Y L OERDHIBIREO
A% UTHRE UL TR Z LW EEZ o5,

RER T, BEABEHHEGEAD Y 5 — VRS IHICE X137 18085 U
TeF A — IV EBEE D HEA NI FEN S, VFARAVA b=V OESRS
BB AEAR A 1) B BUUES LUTOFIDD- VK2 51 o BRI IR 19
KA#ETBIE, N-IFLwlA 3 FOMERE S HREREAET EADTOF O
D- VK 5 ) VRSB TET 52 &, N TFLw LA I FOKBRE &
UTHELL YA FIVRIVT 5% ¥ RO 5 5L IR B i A,
b5 A AR & OB R EA D4 C ORRD FITH S £ UTOFH®

D- VRS S VEREMABRICTETS AR UL Tbh, WG E
RKOD- YA 5 Y RSO A EET B - L TABNTH DL EE R
L%t.:@:&m,%@E%ﬁ&ﬁ%ﬁaEmﬁﬁéﬁﬁﬁﬁﬁcmﬁﬁuﬂ
VAR LS B TR A R X TN B,
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KEBRTIE, Mtem XOKEMN, %506 JCRBEERS LB LTS
OEVUBLUD RZUT I UOBBE EORBER~. TOREE, FoF
U DB ENAERIMAEET S L, D- RV I VIIBREETHH L,
Fody L OBERIWEAED =25 L ICEDERENSC LR EER L.
FoFy o AtwdaD- RV S5 I OERBGRIE, WEOHAREDOD- YR T
L DLD, I Y B EHOME S—H L TH ) EIREL. L, P1EC L
BD- R=5 L L ORENF 0k L L O ERAET B AREHIR U - 1.

D-R=Y5 3 v EFREY OB 5SS DRSO, B
%ﬁ%%$;@%Mﬁtix%@$£;U@%ﬁﬁ§&%%%$mﬁﬁéﬁﬂ%
A E LT 20/ 5 — VRSHAE B~ ZORE, Fo+y U ORMIESH
D-VAEZSY VESHAT#T S &, LOERAND RV S I v OEEREIC
YOEHANS Z &R Uk Thbh, FOFy L ED- RV T I VOIS,
D-VEZ 5 Y L OLD,, HEHEE U EBRTR S I ik & RO EMR S
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ABSTRACT

Cadmium ions (Cd2+, 0.1-10 mM) increased the intrasynaptosomal concentrativon of Ca2+*
([Ca2t];) in a éoncentration-dependent manner. This effect was independent of Ca2* in
the medium, and was reduced by loading O-O'-bis(2-aminophenyl) ethyleneglycol-
N,N,N',N'-tetraacetic acid, tetraacetoxymethy! ester (BAPTA-AM, 100-500 mM), a chelator
of Ca2t, in a concentration-dependent manner. Further lanthanum ions/ (La3+,_2-4 mM) or
N,N,N',N'-tetrakis(2-pyridylmethyl) ethylenediamine (TPEN, 12 mM), a chelator of, heavy
metals, added to the medium significantly reduced the effect. Preloaded TPEN had no such
effect. Tetrodotoxin (1 mM), a medium containing low-Na+ (6.2 mM), caffeine (20 rﬁM),
ryanodine (3ﬁmM),_procaine (8 mM), thapsigargin (2 mM), zinc ions (Zn2+, 25 mM) or
cyanide ions (CN-, 1 mM) did not modify the effect. CN- (1 mM) completely inhibited the
rate of oxygen consumption by the synaptosomes, whereas Cd2+ below 10 mM had no
such effect. T)hus, the effect of Cd2+ probably depends on the release of Ca2* from an

intracellular storage site(s), which may be the plasma membrane.



INTRODUCTION

Some metallic ions including Cd2+ can increase cytosolic Ca2* in human skin fibroblasts

e

and canine coronary endothelial cells (Smith et al. 1989; Dwyer et al. 1991). Their

effectiveness is Cd2+>Co2+5Ni2+>Fe2+>Mn2+, It seems that a release mechanism of Ca2+

mediates their effewcts~th'r_6ljgh the activation of a cell surface "receptor”. Such effects of
Cd2+ vveréldtamongiiFéblé,o‘h_f___synaptosornal preparations. We describe here pharmacological

characteristics of this eff:éCt."a'ndj:_discuss a possible origin of mobilizable Ca2+.

MATEERIALS ANP' METI-‘:IbDS}

Materials

The fc'lloyying; matégjayls w@aré pgxrcha%ed from the cited sources: 1-[6-amino-2-(5-carboxy-
2-oxazolyl)-5-ben*zofUr_anyléxyj;z-(2}?mino-5-methy|phén0xy)ethane-N,N,N',N'-

4

tetraacetic adid, 4 ;pgeU_taa-cetoxy;fnethyl ester (fura 2-AM), 0,0'-bis(2-
aminophe‘hyli)efths;i::;ieglyc;-o.li-N;N.,N',N5—1:etraacetic acid, tetraacetoxymethyl ester (BAPTA-
AM), N,N,N',N'-tetrakis'(2'--;pyri‘d:..y||metayl\)ethylenediamine (TPEN), 8-amino-2-[(2-amino-5-
methylphenoxy)mqtnyl]»-ﬁ-fgnethoxyquinoIine-N,N,‘N',N'-tetraacetic acid,
tetraa,cetoxymethyi es,t:erf_;(quin- 2-AM) (Dojindo Lab., Kumamoto, Japan), cadmium
chloride, zinc chldride‘(K»zivn;fp‘ Chemicals, Tokyo, Japan), lanthanum  chloride, rriangamese
chloride, potassium cyamde, :ryanodine, caffeine, choline chloride, tetraethylammonium
chloride (TEA) (Wako Pu'ré éhemicals, Osaka, Japan), thapsigargin, ethylene glycol-bis(b-
aminoethyl ether)';N,N,N.‘;N.}fetraacetic acid (EGTA) and procaine hydrochloride (Sigma, St.
Louis, MO, U.S.A.).i Tétrod{otoxin was generously donated by Sankyo (Tokyo, Japan).
Methods N

Synaptosomes w'ere.ggi;}a'p-ared by the methods as described by Hajos (1975) from the
cerebral cortices of Wis~t.é|£ raté of both sexes that weighed 200-300 g.

The levels of [CaiZ+]% we?:_;:e:'m'easured by the method described by Komulainen and Bondy
(1987a). In brief, a —‘SUZsﬁ:fﬁénvéion of a purified synaptosomal F,B fraction gave a final

concentration of 1.4.mg protein/ml of an oxygenated standard medium (see below). This

suspension was ‘ini‘(‘:"‘h‘bat_'éé’d;f with fura 2-AM (5 mM) for 20 min at 37°C. Diluting this

-3.



suspension 10 times with the standard solution, the samples were subjected into further
incubation for 25 min. This procedure gave preparations to measure the fluorescence of
fura 2. Aliquots (0.5 ml) were incubated in a cuvette for an initial 10-min period under
drug-free. Measurements of the fluorescence with a spectrofluorometer (model CAF-100;
Jasco, Tokyo, Japan) started 4 min before the addition of a drug and continued for 3 min
in the presence of the agent. Temperature was at 37°C under stirring with magnet. The

levels of [Ca2+]; were calculated by the method of Grynkiewicz et al. (1985).

Oxygen consumption of a synaptosomal suépensioﬁ (0.3 mg of protein/ml) was
measured polarographically at 37°C (model OXYGRAPH-9; Central Kagaku, Tokyo, Japan).
The rate as nmol O,/min/mg protein was a parameter. Protein levels in the samples were
estimated with a kit from the Bio-Rad (Richmond, California, USA), as described by Bradford
(1976).

The standard medium contained the followings: 125 mM NaCl, 5 mM KCI, 1.é mM
NaH,PO,, 1.2 mM MgCl,, 5 mM NaHCO,, 6 mM glucose, 1 mM CaCl,, 25 mM Hepes. The
final pH was adjusted to 7.4 with NaOH. A Ca2*-free medium omitted the addition of
CaCl,. This solution served to make a suspension in a Ca?*-free medium, with or without
EGTA. Replacement of sodium chloride with an equimolar' amount of choline chloride or

isotonic TEA gave a solution containing low-Na+.

RESULTS
Effects of Cd2+ on [CaZ2+];

Cd2+ (0.1-10 mM) increased [Ca2+]; in the standard mediurh (Fig. 1A). This effect was
concentrétion-dependent. The peak value was about 20 times the corresponding resting
value. Ca2*-removal from the medium did not prevent the effect (Fig. 1A). EGTA (500
mM) canceled the effect (Fig. 1B). A reference to test the effect of some agents was the
response to 3 mM Cdz2+ in the Ca2+-free medium.

Effect of BAPTA
Preload of BAPTA-AM (100-500 mM) reduced the effect of‘ Cd2+ (Fig. 2). The loading

itself reduced the resting level of [Ca2+]; in a concentration-dependent manner.

-4-



Effects of low-Na+ medium and TTX.

Lowering Na+* (6.2 mM) in the medium did not alter the effect of Cd2+ (Fig. 3). It raised
the resting [Ca2+]; (data not shown). TTX (1 mM) failed to modify the effect of Cd2+ (Fig.
3), whereas blocked an increase in [CaZ*]; ‘induced by veratridine (data not shown).
Effects of La3+

La3+ can displace a portion of superficially placed Ca2+ (Langer and Frank, 1972) and
inhibit Na+-Ca2+ exchange (Allen et al., 1989). La3+ (2-4 mM) alone increased [Ca2+]i in a
concentration-dependent fashion (Fig. 4B). La3+ largely reduced the effect of Cd2+ (Fig. 4A
and 4C). By contrast, Cd?2+ inhibited the effect of La3+ vice versa (data not shown). The
effect of La3+ was demonstrable in a Ca2+-free medium, excluding a possibility that they
inhibited Na+-Ca2* exchange. |
Effects of TPEN

Postadded TPEN (12 mM) greatly reduced the effect of Cd2+ (3 mM) (Fig. 5). TPEN (9
mM) added simultaneously with Cd2+ (3 mM) abolished the effect of Cd2+ (data not
shown). By contrast, TPEN (40 mM) loaded for 40 min never reduced the effect ofv Cd2+
(Fig. VE'»). Thus, Cd2+ may act on the "receptor” on the cell surface. |
Effects of several agents |

Caffeine (20 mM)(Mekhail-Ishak et al., 1987; Martinez-Serrano and S‘atru‘stegui, 1989),
ryanodine (3-50 mM)(Rousseau et al., 1987; Hansford and Lakatta, 1987; Su, 1988; lino '
et al., 1988), Zn2+ (25 mM)(Storey et al., 1984; Berridge, 1984, Berridge and Irvine,
1984), thapsigargin (2 mM)(Takemura et al., 1989; Thastrup et al., 1989), procaine (8
mM) (Kostyuk et al., 1989), and TMB-8 (100 mM)(Chiou and Malagodi, 1975; Janis et al.,
1987; Hugtenburg et al.,, 1989) can modify the abi\lity of the endoplaé;mic reticulum (ER)
to re’lease Ca2+. None of these agents had any modifiable effect on the action of Cd2+’(cf.
Fig. 6).

Consumption of O, and [CaZ2*];

Mitochondria can accumulate a large amount of Ca2t. CN- (1 mM), a mitochondrial

inhibitor, completely inhibited the rate of oxygen consumption (Fig. 7), whereas Cd2+ (3

mM) had no such effects. CN- at 1 mM had a half of the potency to increase [Ca2t]; as



compared to Cd2+ (3 mM) did (Fig. 8A and 8B). Pretreatment with CN- failed to affect the
Cd2+-induced increase in [Ca2t]; (Fig. BA and 8C). The effect of CN- is explainable with
inhibition of buffering [Ca?2+]; through reducing the production of ATP.
Effect of Cd2+ on fly'uor_esc,eunce of quin 2

In GH‘3 pituitary cells and glial C6 cells, Cd2+ can displace Ca2+ after entering them. This
raised a possibility that Cd2+ quench the fluorescence of quin 2'(Hinkle et al.,, 1992). The
use of quin 2 could be useful to confirm the effect of Cd2+. Cd2+ could ihcrease the
fluorescence of quin 2 after quenching the fluorescence of quin 2 in the medium by Mn2+

(Fig. 9).

DISCUSSION

Present experiments  indicated that Cd2+ raised [Ca2*]; in rat cerebrocortical
synaptosomes independent of extracellular Ca2*. This is consistent with the former
observations in human skin fibroblasts and canine coronary endothelial cells (Smith et al.,
1989; Dwyer et al., 1991). The way by which Cd2+ produce such effect including its
specificity remains open to conjecture. In the present study, we attempted to answer
these questions using a Ca2*-fluorescent ‘indicator, fura 2, in rat cerebrocortical
synaptosomes. |

A possibility that Cd?2+ caused leakage of fura 2 from the preparation into the med‘ium
was poor because a quenching effect of Mn2+ was negligible in the presence of Cd2+ at the
highest level (data not shown). .In GH, pituitary cells and glial C6 cells, major part of signal
changes did not result f\rom the ‘cdmplex of fura 2 that had leaked from these cells
following exposure to Cd2+ (Hinkle et al., 1992). Similar results were obtainable in the
synapﬁosomes. Thus, we can exclude a possibility that Cd2+ might damage the plasma
membrane directly or as a result of its effect on internal Ca2+,

The results indicated: 1) Cd2+ increased [Ca2*]; in the Ca2*-free medium, and 2) this
effect disappeared by loading BAPTA, a chelator of Ca2*, These observations support an
idea that the increment of [Ca2*]; by Cd2+ is derived from Ca2* stored intrasynaptosomal

sites.



Cytoplasmic molecules and membranous structures can buffer [Ca2*]; as do intracellular
organelles."The role of mitochondria in the regulation of the synaptosomal resting level of
[Ca2*]; is at present controversial (Akerman and Nicholls, 1981; 'Nachshen, 1985;
Komulainen and Bondy, 1987b). This organelle may take up Céz‘f when [Ca2t]; was
raised. Hence, there are many sites involved in the metabolism of Ca2+ as a possible target

| site for Cd2+.

First trial was about a possible role of the ER. It can be a primary site for sequestering
intracellufér Ca2+ in nerve terminals, thus keeping [Ca2t]; from 100 to 5,000 nM.
Caffeine, ryanodine, thapsigargin, Zn2+, and procaine can deplete Ca2* in or reduce the
rate of release of Ca2+ from the ER. None of these agents, however, had any significant
effect on the action of Cd2+. Thus, it is unlikely that the ER mediates the effect of Cdz2+.
Zn2+ can inhibit the stimulatory effect of Cd2+ on the rate of efflux of 45Ca2* from the
human skin fibroblasts and canaine coronary endotherial cells without affecting the basal
rate (Smith et al., 1989; Dwyer et al., 1991). Present experiments did not demonstrate
such effects of Zn2+ on the rat synaptosomes. We have no idea to intérpret the difference
between these results.

Mitochondrion had been a candidate to play a role in regulating [Ca2*]; in neurons for a
while. Blaustein (1 98‘8) indicated that this organelle did not play such.a role, unless the
other buffer systems were saturated or the cell became pathological states as overloading
Ca2+, Cd2+ were still effective to raise [Ca2t]; after pretreatment with CN-. Thus, a central
role of mitochondria is unlikely in the effect of Cd2+.

The other trial was about a possible role of the plasma membrane. The profile of the
effect of Cd2+ resembled that of La3+. La3+ bind to CaZ?*-binding sites on the plasma
membrane wyithout penetrating the cell (Langer and Frank, 1972). The effect of La3+ is
probably due to the displacement of Ca2+ from the plasma membrane. Pretreatment with
La3+ largely attenuated the effect of Cd2+ and vice versa. Thus, Cd?+ may act on the
plasma membrane as do La3+. Cd2+ can trigger the mobilization of Ca2t through a
reversible interaction with the cell surface (Smith et al., 1989; Dwyer et al., 1991). TPEN

added to the medium blocked the effect of Cd2+. It is permeable to the cell membrane and



chelates heavy metals (Arslan et al., 1985). However, preloaded TPEN had no such effect.
Thus, Cd2+ may act on an outer surface of synaptosomes.

Cd2+ can enhance the fluorescence of fura 2 (Smith et al.,, 1989; Hinkle et al., 1992).
This emphasizes a possible effect after entering the synaptosomes. Preloaded TPEN had
no inhibitory effect on the action of Cd2+. Major parts of Cd2+ in cells bind to the cell
surfade, whereas relatively little is located intracellularly (Prdzialeck and Lamar, 1993).
Smith et al. (1989) claimed that the low permeability of the cells to Cd2+ prevented these
ions from binding with fura 2. The fluorescence-increasing effect of Cd2+ was
demonstrable in synaptosomes loaded quin 2 in spite of an observation that Cd2+ can
quench directly the fluorescence of quin 2 in the medium. The direct interaction of Cd2+
with fura 2 in fhe synaptosomes, therefore, is unlikely.

The possible mobilizing effect of Cd2+ on Ca2* raises an important implication. Such an
effect predicts the stimulation of the cell, unless Cd2+ inhibit the response. Cd2+ can
enhance the spontaneous release of transmitter from parasympathetic nerves (Asai et al.,
1982) and from motor nerves (Nishimura et al.,, 1984; Molgo et al., 1989). Thus, the
membrane-bound Ca2* may be candidates for supporting physiological mechanism -to

release transmitter.
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Fig. 1 A : Effect of Cd2+ on [Ca?2t]; in rat synaptosomes.

C (control) is a resting level of [Ca2t]; Data are means + s.e.m. of values from four to six

experiments. B: Effect of EGTA (500 mM) on the effect of Cd2+ (3 mM).
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" Fig. 2. Effects of Cd2+ on [CaZ2t]; in control and BAPTA-loaded synaptosomes in the Ca2+-

free medium.

The loading BAPTA-AM (100 - 500 mM) preceded 45 min the addition of Cd2+.
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The increase in [Ca2+]i means the difference in [Ca2t]; before and after exposure to Cd2+.

Data are means + s.e.m. of values from four to six experiments in the Ca2+-free medium.
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A: Changes in [Ca?*]; in response to La3+ and Cd2+, B: Responses to La3+. C: Responses to
Cd2+. The increaéee in [Ca2*]; means differences in [Ca2t]; before and after exposure to
La3+ (B) or Cd2+ (C). Data are means + s.e.m. of values frofn four to six experiments

carried out in the Ca2+-free solution.
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Fig. 9. Effect of Cd2+ on the fluorescence of quin 2 in the synaptosomes.
Quin 2-AM (50 mM) was loaded according to the method of Komulainen and Bondy

(1987a).
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1. %

il

EETHR G RISEBERER O MRS 5. FIZE, BBLICTy MBI
BiOT7EFIaYy L AFS5—¥ (acetylcholinesterase, AChE) &3 7
+FIV NS X7 25—+ (choline acetyltransferase, CAT) &M I3FHDE
BE DR EA 1) 5 (David et al., 1973) LU . FBIC & 0 B HFIBE =
L EEMBEHRHESIO RENE{LER LTS (Waerhaug et al.,

1992; Tomas et al., 1989). T bHREFHIESTE ORI HEHIETLEHD A
ROTHETHREIDBAIENHOMIINTE TS (Robbins, 1980;
Lomo., 1976). L7 > T, SMERGEERA S EICLHEHEDREAIZZ D
BRI B LR B R REEN D 5.

—7, EEHHERRIT T DA U AEEERIRENICE U TREETH 5.
FEBE DB LT b 2 ORI HIIEET 5 TR D 5.

Z I THRERTIE, DO RL D FRG, &, ¥ XUOENHEBRE X
B & UTRAR. EBHRHROBEN I 2 HE &G ORE LR N
5—EDHKDOHFT, FIHEZEDD- Y7 F Y »(d-tubocurarine, dTc)

R ETERRISEEIEE Lic. TS XD Zon¥rARE Uk,



0. #EXITHE

1. ¥ -

EBIIIHE F O ddY Rtk R RV, EBREAKOTY XE4£T
SESEL, HEDHERMTTE 4 AMSE L. MEBICIEFHESRSZ
5 Uk, EBAEMEE U TEHEL JUBKOBEICZOENFIOEX 180
cm B 8 cm OSMBMAREES Z LERB S IERMERELAE L. &
BhIRE & UTIIIE 4 cm B 6 cm BATX 8 cmOT 7 Y VB — U RICH
RUTcx o REHELU. 8Os ERAGENIE, BER VT EELF CE 2
3 LAYAN

2. HHEERDIER

KEBRTIIFRBHOH & U THRESZ, EHOE L TREMHE, FLESN
BOHIE LTE S A BARENICRY, KSMEHEREUTOHEC LR L
7c. :

HERETHOC X D < A, HBIRD S ORI & HIEH L.
Z DRI EGIB U, BRI A2 X 7 e MIBRIRE & o i U 7. 243K
FEA TR AR A ST 6% HUCMTIE% 0.8 em ICHITI TRE Lic. Z06HE%E 2
KDRT U ZBED 6 k5 M BEf e ARICEE ICEE U, 4% 20 ml
D Krebs-Ri nger #& ((mM): NaCl 136, KCl 5,CaCl, 2, MgCIAZ 1; NaHCO,
15, glucose 11) 2 GLHEFREOHFICBE L/c. BEICIIHILRETIgDIE
NEEZT. BHBIIE 95% 0, & 5%C0, @KL, 3 6°CTpH7.3 ILfRKF
L. ,

ZERBREYIMNC & DL 50l Uic. RUBZ#%, Krebs- Ringer IASLHY + —
VIS Ulc. EARSAMEE T TAFMHRE T A AR LA FHREBMmiEs %
ek L7z. Krebs-Ringer #®d 40 ml & REREO P TEADE L Fx L
VTCREEL, B lg ORNEEZ . BIKIZIZ95% O, & 5% CO, % HK
L, 86°CTpH 7.3 icfii L.

BADEHADIDICESIFBEE (HAHE, SEN-3301) 2. #
ft 0.1 msec, #F 2 Hz, 150% K ERIBEEDIER BIC LS HF#AE1 0
BRIBCABIC AN T 5@ 5L, D13 LS 20 AR ORERME
P HUE U 7. | '

A4-



3. pEhERBR

MEE S REEE 0.1 msec, #EF 25 » o 200Hz O#iFH, 150% &k FHl
BEDETBCHERABMAM L. THICE D HEHBICKT 275227
W USE28HE G258 7. RIBSHE X 25, 50, 100, 200Hz ORI L L, &K
ks 5 AMOKRBIAR EZ 2. CORIENS, BREHNERDI:.

SEHER A TE U7- 1%, Fift 0.1 msec, $H 2Hz, 150% &K LR EL
DiET % 4 # (train of four, TOF) R# & U THEERIC 1 OMERTER,
4 EOBIHEEB . 4 ERBUNT 2 HIEHED S b, 5 1 RIBUIH T 5 B
& T1, $ARBITT 5 BIlHE T4 &L, T4/T1 % TOF & LTkt
D4 ERET OBIHICE XiFT dTc oMEIZIRA[EL, T1, T4, bk
X TOF HoD dTc Sk kb, | |

RADEALIL, BIEHEIES (BAEE, EF-6016) 24 U TEFIICHEEL,
s (HANLE, AD-100F) T L7

4. fEREY
- d—=vEKY Sy (Y (d-tubocurarine chloride, dTc, FIeHiE) » M
AV A% ‘

5. A | |

ERICHWICERRL, #RES, b o465 REMGIEEHERHTINL
16,15, 12 fil, EEEFIFEHTILT 16 4, EHHRFAFTHTINTH
17,15, 14 Hl & U7

6. FatuEe

BUEIS T+ iR L UKy, AREIEEKEEZS BELT t BRE
ICEDHEELL. BRETUEEICEELEDH 2BE, BREG— 5 AHb 5
UISBERR IR — REAFBE O R TIXE—T XF Y RJ (%) T, EFAH—&K
B ORK TR Y R ) Z7a (xa) TRU. MEEGBEORETRE,
WBEMAEH - EHRHFAETHN LOBEAEH - EFHRAEREOEEE %
BM—727 Y27 (%) T, EB@HSEH EBHEAERHOEEELYT X
ZYRX7a (kxa) TrUT.



. SEEREEE

1. T10dTCRERH: DR, R Lk

HREG, b A0 XCERMBET T © dTc B2 HiRd 57001,
ZEBERICBWT T O dTe B E2mHATchKrLe (K1, 2, 3). 2O
W THB U &, LWThORBHOERIIE TS, REMHEIRROD,
HERE I RIEDATe M 2R L, £ ABIITDOMOBSEMEERT I ENH
LM TH- 7.

2. T1 @ dTc BEHiIck KT THEREOLE |

WBEAER, S AERL L CEEHIREAE B TT OdTe 2 M % i
THIDIT, BN ERMTATe BRZHOHREfT-7c (M4, 5, 6) .
Z DR, HREAIIATCRZHICE U THEREOREBLIZILAERIT I -
fo. ZHSHUTE S Ak KURBMH TILREENRD Shic. TOEREIH
FEAIC & > TRIE - 7oy, W& S IEB &G & E R S E B REE R T dTc
RS HENTIE LT

BED T @ dTe @A R BB VT, ORSBUIIHEARN TR
B L, QRABIISESRMEOREAZII LN, HHERICIDBENRILS I &,
OB I EREOBEB I EAEZFRN EER L. \

REBTIE, EBHEHHORELEEREORME L) BBRETRIET S HNT
TOF Fll#% 1T - 7z dTc (TEB R EMHEAChD (ER %2 AR DZ B KT BT
§5 2 ST kD EBEG O BB OLERENT 5. AEMIRBRROPICE
35354, TOF tIZABICE LT % (Alexander et al., 1990). ZOfEE%:
FiL G EdTCREMOIER DERE TR I NS, TOF FlBuc kb dTc Bt
DNERETHRETE2HEAIUTOEY) THS.

IEENFRED KD S HH X i EACh IRtk = aF YT &FI)La Y
&7k (nicotinic acetylcholine receptor, n-AChR) IZfEfid % & &I
HEDKRKIERET S n-AChRIZHIEATS. ZO#KRED n-AChR I3, fnzE
HEG A Ch D3Eks FH TS U TAEFRRYIC 13R57E (positive feedback) (ZHERE

LT3 &S (Alexander et al., 1990). 3 Hb b, ZEMEEENESD
‘ | .



BHERET S 2 ETHREORES, OF VIEOHK - BRICER TR OO L
ZZoNTWWA., Lch-T,

dTc 8D n- AChR #EWiENFHET 256, ¥tk L RRKOMWEEAL n- AChR
FRBICBEERICHTIRI SN B 700, EEICMAGEOREGENHEINS. £
D_BEHRNATCREZHDOTLEICIERINS EEZ SN TNS. TOBEIZLK
DNERINIRIBHENTOFRM TH 5. Z DR TOF A K HHEARR T
BT AL, REHOEEMEBHSGREIKET SBEEO BN AREE LS.
E AR S OB T B E A ORBE TGS,

3. TOF Ho dTc R it

HIRIER, b5 A Bk X CEBMERICH T TOF o dTc RS2 & A
BOGRITHE L (M7, 8, 9) . ZOE, TOF ko dTc B2kl T1
DZENLYHSMNIENZ EDMEMD SN WTNOREBBDOERNIZENTD,
EEMBIIRED, HMBEGIIRED TOF Ko dTCRSHERL, £S5 AR
ZOFRMOBEHER U . KL, EBFHRAEHOES A HOHE, TOF
Ko dTc BESHIMET U TRREGOZ N & EZRBE LML -7 Lk,
bS5 ABOBREER S, T1 & TOF lo dTc BRESMARESNEIZIZIZHRANTS
LEEZOND. |

4. TOF b dTec &Mtk X THRBEREDORE ,
WEFER, EBEbEERHE K OERHREERMICH T TOF thodTekk
EHERELUAL (K10, 11, 12) . TR, #EEHICE )5 TOF It
D dTc RS HIIEREOREE IFEAEZ I MM/, JhUSFLTES A
friCE 1T 5 TOF oD dTe BSEZHILERNRFISERHICE O GERINISUEL, &
B Tl E BRI A E B S BB R EHOMBIC O TIRIERBREICEE -
2. TIbb, TOF ho dTe BSHTHE L4, AEAGOREBIGHT
FEARIITH S Z VKB L7

5. dTc @ 50% #5I#E D Hig ,
dTc @ 50% #GIEE (50% inhibitory concentration, IC, ;) % [EFEITE:
IZ&D T1 & TOF HucBAL TR (R 1) . HREMS TREERMAL LY
2 EBONIEEEANETEN M0, LI AHEERMBHOBE, T1 O IC

-



s o THICITEBEHIFERICE O TOAFEEERDIN, TOF o 1C;, X
MR CTHMRAIMTH 7. BT AFITEITS TOF Lo I1C, , flIdEE &G G
BIibLWToaEEM U, JhusH UTREMB OGS, EBSakeEE &
EFEIREIERT TOF o IC, , EANEIFREDEAER LI

P E® TOF > dTc BB~ mfiie, © T4 ORBUCKEL I hERZ
5 EEME N O REDNB BRI T SREIERICLVRIEIE, @
WAL OB B A E R OREEZLALRIBNI L, O
ZOREERBEMHICE VW TBRIICAE VI &, @ £ A TRERRE
BRI BT S OBBIC T BIREENA X BB 1L, © REMBTIIE
BREHINTE B BRI AR S THREEDRE (B2 &, RTINS,

6. MRS DR K |
BEWRIEAT A A, AL B b 5 A A d & UM RhE B B A D 3
R AABETHE U (K13, 14, 15) . BREBGELOES A%
FERGOEBEZEAES I, UL, BRI ERH RSB
KBV TS OSBIRICIE T U, 3710b b, MERGEOREBIIEHEICH
LT b BHE NIRRT S - 1.



V. B8

REBICEOTE, B G0 BELZENSHREOBRIC LV REE T
HDEEFRUL. F1, OEERIINEREOHEBERT >N TRET S
AEEME AR Ulc. AR BRI B OBBIRG I LLBOAKRE, #F
GO BERMET ZBBABA TS EEbNE. S LT, BB
EES AT, B HERAEOBEBEAZELYTIN &, ELICEOBEIE
T TRIENWT E2R U, BREEHOREMGITREIEIVNES {, EAFALER
Pl U T HBIRREEIR O L 5 AN IR REHEF I Eamr Ui
 EBAIET 2 B THE U/OEBMGIE T S EFRHEERIIIIAET T S
%%%%ﬁ@“ﬁiiﬁ%~%m%t. THUIAERTHE U EREN, MRS Y
OAMEFH & BEEH O ETFIVEE S T - TR AR LTS, BREL K
MRS TOAER & BREEROREIL Y F 7 Xk KU+ 7 A% I
KBexhnb EZZ 50 TW5 (Robbins, 1974). AERTS & SiIlzEWHEK
 HOREAEMA S Z L&D, VFTRABBICNT AHELERTHRETH
A9, REBROERIE, —DOOufEHELT, BEEOHVVKERE YV FTARE
EOEMEEDRL (Tomas et al., 1989; ’Waerhaug et al., 1992) %<k
TH5HDEEZOND. LU, MMENHTH D HENICEREEEOE S X
EERREMHOERBMH CIXEHEOREERIL - IR TRE T A&
W ZOREEM, HB(LFENO AT o TAEMAFERICSHOLT S (Betty et al,
1982) E#Z 5N 5. FORMBIZINIE, YT ADES AT 1B BgHEE 1
RSO A NG, F2 X BERCEETHEETSY, REMHIETHO I
B R & 355D DA BigMICHT O I BB ORI NS &) .
FRHETY DR AR SNGHAREE: & 1369 U d—B B LI SN EHES N T B,
HEIIA - - R O 5 TR B & & TIGHHRED IX TR T H 5
(Yamauchi et al., 1991) &) . UL7ch->T, RERTHRHRLHBER D
SEREEZRANSZEICKD, XOICHEBMERET S EEDNS. |
Ty NOBBHICENT, WEHEHOKE TCATERENENLT 5 HmESN
TV 5 (Snyder et al., 1973). REBROHE, 200Hz IEHERIER O 2 WEOD
MR A S D &, BBl Cld@ s &G &SI A EE RIS TR T MmN
»oh, EHFHRAETFHTRBIERNREINI. o Lid, CAT FEHOH

BEN UTHERRIO ACh S EDOMEE XY SREESFATNS LI TH 5.
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o, HREBOMIMC X O RHILEICE T 5 ¥+ T ARBEMUDIREYE D R
SO (Vrbova et al., 1976) bE[EETH Y, T ORFIIMATEIL

-10-



V. B#

1. WFNORBRBD SBSNIEATS, BEMIIIEAD, HERT LR
INDATCRERZ M AR L, BT AHO dTe B2z z M TEE L.

2. BEREMEERIT dTe Bz icB U TRIE MO EEZ I EA EZIFED - 7.
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T1 @ dTc BESZEHNTLE L. h
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BT TLE Lgf:. ‘

7. EREEOBERISIGESHIRF TR R CTRIRINICET L.

PLE DR S, B AR A MO 5 dTe B PEIcB L TR BT
B0, FRIRAEREOREL S5 TEEAR U
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SUMMARY

The effects of feeding conditions on the sensitivity
of neuromuscular junction to d-tubocurarine

The sensitivity of neuromuscular transmission in three types of
skeletal muscles to d-tubocurarine (dTc) were examined in mice in
order to clarify the effect of training on the plasticity of
neuromuscular transmission.

Male mice 5 weeks old of ddY strain were classified into three
groups, e.g. a conventional group in which mice were fed in a
conventional cage for the mouse, a restricted group in which
individual mouse was restricted its movement in a small box (6
cm- height, 4 cm-width, 8 cm-depth) with steel-wire-mesh in the
- bottom, and a compelled group in which mice were compelled to
climb up steel-wire-way with 8 cm in the diameter and 180 cm in
the length whenever having food and water, respectively. The
"training persisted for 64 days. At the termination of the training
period, three types of nerve-muscle preparations were dissected
out; a phrenic nerve- diaphragm muscle (DPH), a sciatic nerve-soleus
muscle (SOL) and a sciatic nerve-extensor digitorum longus muscle

(EDL). SOL is a slow-twitch type, EDL a fast-twitch type, and DPH an
intermediate type of muscles. Nerve trunks were electrically
stimulated with pulses of 0.1 msec duration of supramaximal
voltage at frequency of 2 Hz for 2A sec at intervals of 10 sec, thus
stimulating with a train of four pulses (train-of-four [TOF]
stimulation). This mode of stimulation produced a group of four
twitches composed of T1, T2, T3, and T4. The ratio T4/T1 was
stated as TOF ratio. The parameter TOF can be used to detect
dTc-like action sensitive. The preparations were also activated to
cause tetanic contractions with pulses of 0.1 msec duration of

supramaximal voltage at frequencies from 25 to 200 Hz for 2 sec.
-12-



1. In all groups, the sensitivity of twitch response, T1 to dTc was
highest in EDL and lowest in DPH. SOL varied the sensitivity of T1
within those values obtained in the preparations of DPH and EDL.

2. Training (restriction and compulsion) sensitized the
sensitivities of T1 in SOL and EDL to dTc, while it caused no effect
on that ink DPH.

3.1t was confirmed that the sensitivity of TOF ratio to dTc was
much higher than that of T1 in all preparations.

4. The sensitivity of TOF ratio in SOL to ch: was selectively
facilitated in the compelled group.

5. It was specific that the sensitivity of TOF ratio in EDL to dTc
was potentiated in both restricted and compelled groups.

6. The magnitude of tetanic contractions of EDL significantly and
selectively declined in the restricted group.

From the results mentioned above, it was conceivable that the
neuromuscular transmission is divergent in concerni hg to access the

effect of dTc, and can deal with the physical training.
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Relative tension of T1
Comparison in diaphragm muscle
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Frequency-tetanus, E.D.L.
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1. ¥

]

—aF oM TEFILTY 24 (nicotinic acetylcholine receptor,
n-AChR) IZiX ¥ X5 1 » (cysteine, Cys) BENEFFA T 5 (Kao et al.,
1984). ZOBEEITIZTEFI/LTY v (acetylcholine, ACh) pEAT BEAL
NHY, BEMIERLIFEODEZEZIONTULA (Kao et al, 1984). Cys 7
F—)U# (sulfhydryl, SH %) 25, YZ)L7 1 K (disulfide, S-S) #& i
HHEELTWBE EEDO TS, L -> T, SHENSHEHESIICKIT 5L
ALEEICHEERN T H B 51E, £ SHEABITLHLWIETIVFIUET ST &I
EOBEEREMT B RREENE C, A TE DRI LFERTO LB IHRE
ﬁ%@ﬂﬁ% Bhié EPNEBEZoNS.

RERIT<T Y Bt A% B EB M EHEAD 7 5 — L (d-tubocurarine,
dTc) E&%{m:io L1 SH ﬁd@ﬁﬁ%@éﬁ&ﬁ-@m%%aﬁ«% ZEEAMEL
7o, TOBRINIIL, SHERTIETHEVFA AL A ~—)b (dithiothreitol,
DTT) HAWMETIVF I LETH S N-F )<l 1 I N (N-ethylmaleimide,
NEM) ’Qvﬁxtzﬁiﬁ‘&’——? U7ctt, M nEORENE L EKRE L. SR
ELTIE, MENHTHOEHORHELROE S AH), EEEHHTHOEHOD
AR ORBEMSH, BLUOTRHTH D EG EEHOTHOREZRT EFD
N5 EEEHROBREES AW HiFlc. SHIETUATIT AR EILIT—K
kLRI Ure. AR SR O B % RS L, €0 dT
REH DL S OTIBIEERUD 2 & & L, |



I. BB LUhHE

1. EREY
B 713 ddY T Ot 7 RE I o, B TS 2T v 2 B — INTH
B U oI I B ERATE CE-2 (A7 LT HRAKH) % Al
fRE L, BEB/KTTHELL.

2. EHOFE

DTT (RISt T2 rt) (EMARIKICAML, 0.4 MOMEE ICHHE
L#-. NEM (SIGMA Chemical Company) i 2.5 %Y X FIV AN FFV K
(dimet hyl sul foxi de, DMSO; Aokt T3m &40 1ML, 10 MM DR
F?OD(”K%% L.

3. EYoOHkE

5B DR~ ™ 2D ERERN I DTT (0.4 mmol/ kg/ day) & % U i& NEM
(10 wmol/kg/day) #1 B 1HE&LT1 6 BMEEKRE L. BBRIEKDORE
BELT, HYBAEOEEAEKEK (1 ml/kg/ day) & Z)mi 2.5% DMSO
(1mi/kg/day) ERAERS UIciEHEL/

4. BERDRH

R EIOHEEE KRG A D 2 4 B %~ 7 ZOBRBEHEBITICL D KpxEi. <
OHEIRAE GINF L, 2B S 7o, R T QR B4 R — 1 Bl g A4
(DPH), ZEfss Btk — b5 AffE4 (SOL) $5 & ORE B IR — Bl e A
(EDL) % Ml U7z, BEARZEE OXRHEICID M1, 95% 0,8 &K U 5% CO,
%585 L 36°CI248#F U7 Krebs- Ringer # (NaCl, 136mM; KCI, 5mM, CaCl

, 2mM; MgCl,, 1mM; NaHCO,, 15mM; glucose, 11 mM) FCEE L. B
i3 1 g O#IERAESZ ICRIET MR BLHB (0.1 msec, 0.1 Hz,
supramaximal voltage) U, &% U7 HIUHE & ARG NS X TRE L.

5. HERRHIE
BT I3 TR BB (B AORE, SEN-3301) AUz, AHEA Ok
AR ae 3 5 W A B aR e R U 7o TERERELC izs 50, 100,200 Hz
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O#l# (0.1 msec, supramaximal voltage) % 2 ¥R, HIHEFHARIZIX 2 Hz
0 4 EF# (Train-of - Four stimulation, TOF) % A 7z, &1 Rl JUE
AFIBTRT A BUNHESE T1 LU T4 LE& L. T4/ T ERD, Tz
TOF M &#R U THIDHEE L.

6. UHRIRSDRIE '

AR T 7 (AARLE, EF-601G) AA LT, #—<T LA La—
5 (AAJE, RTA-1200M) hbiciiéklic. &9, &RIBSHEOMERIEE 5
SRR T - 7. ZDERTH%, EAOENR2ZE LT 2 045 MME Lk TOF
FIHEBIE U, COMESN S BIELTEEE LT, BREmU/ dTc 28
T1 L TOF Wik KT MshREZRE L7

7. et
HUEIZFIE £ RS (meants.em) TERL, AEEREICW
Student @ t- BEE (AE/KE 5%) =MWk



M. SZERAGHE

1. THO dTe BT 5 BT R
T1 @ dTc BEHAGHMTHNC LSS, SARBBICHNT, DL ERED,
- DPH 3 {ED ch.{{@fﬁ'léén\ , SOL 7D RIDBSZHAETT &) HBOD
gEpEsni (M1, 2, 3, 4). b, ORI T © dTc B2
PEASRAGITIHRNTH 5 2 LARLTHY, SHOMIENREERYT 5
bOT, £ORMBRRBENT THFS NI DDEEZ SNG.

2. T1izhtd 2 DTT BRI
mT%ﬁﬁ&ﬁbtvﬁx#%%%ht%K@Tubmw@%ﬁmﬁ%uﬁ

#4 5 Lp@pAEN (B5, 6, 7). T ORI DPHICH L TERIT

Bote. EDI. :rom SOL THkAHR & IZRFRED dTc BEHAE S

3. Tt &:5(’:@‘5 NEM o fE i D R4n

NEM @éﬁt&'—mié'c DOEAD T1 ITIFEAEHEEEZ T, SEBEEEOMIC
 BEEE &wﬂh ot (B8, 9, 10) . Lichi-T, THITHd 21EM
"*Uﬁa‘%mi@ SH %@l&l%mwv#}mﬁ\fc@ dTc REZHIC BT 5 A6
HIxZ u\tw& ZZohs.

4. T1 -a::jrﬁfa DMSO 35 BIRAIE A
e i NEMSABRRE ORI & LTIV e, A3EM O 518, 2 TORA
©d-To BERHEARITTELL (8. 9. 10) . T4bS5, JORME
T1 © dTc f@mlﬁ PARRFOBENIEAEZET 5B THL I LERLT
Y, Ft @O)(’Eﬁ-} FZ ORI T HIERIREATH 5 LEZ 505,

AEBTIL, BRSO BE EEREOE L L W ERECRET 5 BT

4ﬁﬂﬁ%ﬁ%t‘%®ﬁm%u':%T.ﬂbmﬁ@mﬁﬁﬁfﬁﬁwﬁﬁ

AT 5. x&%@@%+@¢ AT 5354, TOF HiZBHBICE LY 5.

C DA AV AL dTe RENO FRNERETRIES N3, ZORBIKO

X D IZERBA ‘§ﬁt‘_b\5(Alexamder et al., 1990).

‘@Ejﬁﬁhﬁngﬁ\ Sl XN/ EEYE ACh (3R ED n-AChRIIZIERY %
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F KR B BCTEAET B n- AChRICBIERT 2. ~ D%K LD n-AChR I,
LM ACh ORI LT U TR /& (positive feedback) #:iZf <.
THbb, EEWEASNESOREERET S I & THRHORE, D% DinE
DHEFRECEBEEH OO EEZ SNS. LIcdd-> T, dTc £k n- AChR
ENEET BBE, ¥Hib XU KOW n- AChR 2 iEER HIFI I 05 7o, 1k
BITMZ EEORES ENHEX N, TOEHEN dTc BZHD AT DIL
EAEUDEELZ OND. ZOEEI Ulhi-> TERI N FIBG RO 4 B
THB. - DI TOF A KEARMTHET S &, KEEOEENE R
AR T AR BT S, F, ZOBRBICHT SEYORE LT
L2 ENTES. UTIZED LS I hetx i~

5. TOF o dTc BethicBid 2 HRsE R

KFEH KRG Lot 2D 3 BEDHIEAD TOF o dTc Esei 2 thig L.
EOBE, VTHOBICENTS dTc REHOIEIMES N, & e ORE
PG TR TH S - & bEESAL (K11, 12, 138, 14). U
/L, DOH B TIRERNBZ IR 5O BEN S 5 2 EBTFHTE D
T, UFTEDT LB T,

6. TOF thicxtd 5 DTT OZIRPIEA

T1 CHE Lo & A, DTT Oty 513 DPH (<3135 TOF i dTc f&
SHAEERIELL]: (K15, 16, 17) . %@@%MEPHBMT%%'
AHoN, BRI TH-7. b5, T THE Lic DTTORRIMEA
TOF izt LT BT 5 2 LMD b?i’Lﬁ_

7. TOF 1 dTc R THitl L7z NEM OfEF
1 THET SR NEM OBFBESIERBRHETE S M7 UL, TOHE
%&ﬁdDﬂi:BU%TGMDMb@%ﬁ%ﬁ%KﬁE?%W%%%t(El
8, 19, 20). kKL, 20k SHELNKEL, SOL %XV EDL TR
W oMot Ulhi=>T, DPHIZHT S NEM OfEIIRBRINTH 5 7. 20
C &g TOF W BBIMAEE OGO (L% X D BRBEICE 5 12 L&
t%@&%ﬁena ﬂﬁ**@mﬁu S-S #ADBTE SHEDTILFIL

1L lPH@@%Wﬁ%E LB BEBEDEEIGERNICEE LGS
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AREMEZ R LTS,

8. TOF Hicktd % DMSO DIEEIRHER

DMSO 0 #Hifstk 5134 TOEAIIE 135 TOF o dTe BZHE2HEIC TE
L ({18, 19, 20). T7bb, DMSO ORI T1 ST 5DHKES .
4 TOF HicBI LT bIBBIRITH 5 2 L AT L.

9. ¥R B PEF ORI
FIRE THRSNICHIE T OBEEDHORARIES B L ORAIEAICH T S i
ERIZOVTHEHE L. WThORBRBILEW TS 2 TOEAIIHT 3
25,50,100,200 Hz DHI# & 5 5&#E ORAR N H & VB RICHE LT
SR o7 Ukedi>T, R U S samRsic il U TR BE 500 &
WA 5.



V. B%

AEBITH T, SH EOHSEIL3EIE DPH 1251 5 EEEA RIS
UCEBIRIIC S LB aaet % = Lic. DPHIZH1) 5 SH ZED#EEL, —D
O EEMEE LT, FERIC I B M EED MR BRI E Y S0 DAL
DTT (50 uM) 1& in vitro 124 \T DPH QHIUH IC HBAE AT
(Nisimura et al., 1986) &9, Ukdi->T, FERTHESNIKHBEOTT
DREHEEEI T A HEIE, REEBEOI R IRERTHEEEL S
5. 2D &L, DIT QAN LA DTT 038 < 2 ENEERNICT
OREEIZ BT ZDO TR, ZOMBIEENT 5 LAWERARLH HULNET D
B FOEDIEE (FIZIE, F#Rrrecycling 15E) BT AR TH DA
Eet AR LTINS, ZOHEER—o0fE2HIF 5 &, DIT ST HILH
HRITEAZINBEHTFO B ELTEHINLC &'C%é 9.

ﬁﬁﬂﬁhﬂ?éﬁ$®&ﬁu,E%%%bML%&hot%®$%%%ﬁ%
F U7z, DTT H &0 NEM psssiiost U CIRIEETH - Ik R, MM
WDy AT, HETETHMEZOSDNE O NTEEHE LM EDOMIZNET S
REMEREDER OBHAZ(LIE L BDOTEBNI EERLTNS. L,
ShoDEYE DPH O dTe REHICHE LS. Lkd->T, mEYE, &
mﬁf%hﬁﬁfcaﬁm 2N oIt ET AHERICIER L E R X BEB/BL. £
- CEBME A ACh TEA SN B EEMEAAZAT SBIEE LTE
Zohb. | |

ACh D¥5&BAIIE n- AChR 43 FHic 2FET S a7 2=y MIFFELT
+0, n-AChR OEHALICIZZ DY T 1=y bOEHEFID S-S KAVEET
2 (BE5, 1990) £XhTW5E. ZDH3BY H Y REAHMICH S EEZX S
1% Cys'®2/Cys'®® @ S-S #H&d, D S-S KA B KA TET
Xn % (Kao et al., 1984, Kao et al., 1986) L1 5. SHEBRLETH S
DTT {2 S-S&&MS SHEEEL, TIVFIULETHS NEM I SHEZET IV
)Lz Z 4 5 (Narahasi, 1974) XT3, Licdds->T, DTT D
?&543\ NEM O34 & 0 & dTe BSEMICSEE BRI EE LI L, 20 S-S

GANEREE UTEETH L EEZ 0N, R, O & S-S AN
DPH 1251} BLFIEEOBHREBICFE LTV S AREHE S ARL TS,
DOE[EEH: XS B ORI LRI 5.



ik, AERTEEREARE WD jiﬁg%ﬁﬁ Wil DY E R DPH IZ/ER
U7 ATEEM MR INE~ETHS. —F, E¥D SOL I X U¥ EDL ixtd 5 1E
AE—ERN XN B TRFERR LER. AFETH SN DTT LU
NEM OFEH O DPH [Z5td 5 BRI 2 & O EY O 5 HHBITKAE U 7o v REN:
AREEUTET. BEARES RN RN REIC DPH ICEREER LSS0
iZxt LT, SOL % EDL IZIdNEDOESAITKE U TIMERT 5 LW HENT
H%. ZOREIZ, DTT OEREMAOEEC/ERBEREICOWTOMBETHY,

DTT OfEAEDOBIBETIZ/AL. L - T, BHENIERSE5E, DTT
DIEBER R O BB IREIHE LIS Z LIXHBTH 5.

FEB T, DMSO DRI EBMREGIREICRER AL LamLic.
DMSO 3, iAo FkiEtbAMORMLIZB LT CAVSRTH
%, AMEEYITISER RSN T AR EERANRED o N T 5. L
HoT, BB, ERHREEAEBIVEOEYORMZSICBLTZ O
ASATIMMTHD D EAR U £, TORENL, 2T dTc BEHOI
AN, TR, EEMNEGESBOEEEDOETEERL TS,
DIEREEDETIX dTe BEMOTEELTE SX5NTHY, BETAR, £
EYE ACh DR EDIE T THS. DMSO (2%) BETFICHENT, HIILOK
B E A T U/ NEMEAL (miniature end-plate potential, mepp) I KT
& EAL (end- plate potential, epp) DIRIEA NG 5 (Cherki- Vakil et
al.,1991) &\ 5. —%, <7 XD DPH Tid, DMSO DA F T mepp D#RIE
Mg 42 (McLarnon et al.,1986) L#iEx . Lidi->T, DMSO Ot
BEEAMICHT BRI, BSOS NICEAERSNEL TE D, B
KRR TRHLOSNB. Lo T, RAYMORBIZLD, EBIIZEWED R
BUHBHEMETT 5161, TOEBMHNT S LR e A B D R (2 U 5B
s e LS B HREMDE {, MBSO A EN T BB OREICR L E
HIDIERBI D EETH A .
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V. Bl

n-AChR @ ACh #5&54121% Cys 0\FEET 5. Cys (L SH ;%{»?#5 S-S |

bEET 3 EEDNTINS. SH ZDBIEH B ETIVFIULIE £ ORERE%E & &
+ AR D, £ ORI BRGSO TR b B LT L%
ZoNb. £ TAEETIE SHEETE E LT DIT(0.4mmol/kg/ day),
7 JLF LS E LT NEM(10 wmol/ kg/ day) %L, HEHNFTH » BHOR
PeaFD SOL, FHERN T ) RO R R EDL 5 & UTFREITH D &
1 & B O DRt AR T & Ehh 3 BEHE B O DPH 1Tk 1) B iR
CBILT dTc RSt & U, WG IEEDORBIENZE LIS DN TR,

1. A TORBBOEAT, EDL EAD, DPH (3RO dTc BEZHAERL,
SOL 22D HmAR L.

9. DTT OfEfEEid T1 X TOF thod dTe BB irEEICAE L. ©
DOYERIE DPH BRI TH - 7.

3. NEM O#g# 532 TOERD T1 @ dTc BEHITIIEAERE LD -
7245, DPH @ TOF Kz A HRICHED -,

4. NEM OxtiEREE U CTHE Lz DMSO @ 2.5% AR Dk 5134 TOER
® T1 B LU TOF o dTe A2 HEIC LA L.

PLEO B BT, SH EOBEBILZE RS DPH 12351 5 Mgkffh (521052

RSB UE S WEEME /R U, DPH k15 SH ZD#ER, AEEARIC
BT BB IEEO BRI EREF O R LB
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SUMMARY

Nicotinid acetylcholine recepter (n- AChR) has cysteine (Cys) group
on its ACh-binding site. Cys contains sulfhydryl group and
contributes to constitute disulfide bond. Reduction or alkylration of
the this group are possible to modify the functions ’of the
neuromuscular transmission. The plasiticity of neuromuscular
transmissionis also affected by chronic treatment.In this studvy, the
sensitivity of neuromuscular transmission to d-tubocurarine (dTb)
was examined in three typesvo*f skeletal muscules of mice in order to
clarify the effects of them on the plasticity.

Male mice, 5 weeks old of ddY strain were daily inj ected
intraperitoneally, for 16 days, dithiothreitol (DTT, 0.4 mmol/ kg/ ‘dray)
which has been known to reduce sulfhydryl .group ) or
N- ethylmaleimide (NEM, 10 g mol/ kg/day) which has been known to
alkylate the sulfhydryl groups. Saline (1ml/kg/day) was
administered as control sample for DTT and 2.5%
dimet hylsulfoxide(DMSO, 1 ml/kg/day) solution as control sample
for NEM.

Within 24 hours from the last inj ec:tion‘, three types of
nerve-muscle preparations were dissected out; a phrenic
nerve-diaphragmmuscle (DPH), a sciatic nerve-soleus muscle (SOL)
and a sciatic nerve- extensor degitorum longus muscle (EDL). SOL is a
slow-twitch type, EDL a fast-twitch type, and DPH an intermediate
typeof muscles. Nerve trunks were electrically activated with
pulses of 0.1 msec duration of supramaximal voltage at the
frequency of 2 Hz for 2 sec at intervals bf\ 10 sec, thus stimulating
with a train of four pulses (train of four (TOF) stimulation). This
modeof stimulation produced a train of four twitches composed of
T1, T2, T3 and T4. The ratio T4/T1 was stated as TOF ratio. The
parameter TOF ratio can be used to detect dTc-like action more

sensitive. These preparations were also activated to cause tetanic
-12-



contractions with pulses of 0.1 msec duration of supramaximal
voltage at the frequencies from 25 to 200 Hz for 2 sec.

1. In all groups, the‘senusitivity of twitch response, T1 to dTc was
highest in EDL and lowest in DPH. SOL varied the s}ensitivity .of‘ T1
within those values obtained in the preparations of DPH and EDL.

2. With daily dosage of DTT, the sensitivities of both T1 and TOF
ratio to dTc were potentiated significantly. The effect was
selective in DPH.

3. Daily dosage of NEM sensitized the parameter TOF ratio of DPH
“to dTc, while it caused no such effect in other preparations.

4. 1n DMSO-treated group, the sensitivities of T1 and TOF ratio to

dTc were potentiated significantly in all nerve-muscle preparations.

From the results mentioned above, it was conceivable that the
neuromuscular transmission can be affected by possible chronic
modifications of sulfhydryl groups with chemical tools. A possiblé
functional role of sulfhydryl groups in DPH includes maintenance of

major part of the safety factor in neuromuscular transmission.
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I. 5

B ORISR SRR TH 20, BERRE TIEKRRIIC R & A4
U3, ZORICEEENTER S BB, FRMEO MUY 3 BIENE
BIIEICAEINTOEONGENTH Y, ZOREHRIIERORE RS THE
SHICERER OO LRETE S, JOREISLTE, ERFEEBE TS
R EEE DL I B & SIS OM R A CHERFRERTDES. B
BRBRLUBMEEZ 3 EROREBESABNREEZAT 5 I HNRIET
HDHIERMPATEZ L, E NOYREEEZERMCT S EHIT, MK DK
b ABEEDREHIT B TH B AREENE L, EEIE OHEREEE DR Rz
BT 5 &30 S OBEEERICERT S - & TEBEL.

MR R RE T OBMOEEE S, TTOLERERHIMEOANEEZE
T 5 BB TRENBEF LS 2 & (Jansen et al,, 1973) PSS T
B0, ZOMKMGEEEIRT 5 HkE UTHEBMEORGZ 42 2 E2%H
Foha, bbb, TRIRANT BRI LY KEINTO S0 (Harris,
1981; McLenna, 1983; Ross et al., 1987), HOEMAH 2 WITAFEHICEK
2RO AR R OELIC RSN B EEZ ohB &0, REs%
HETCHE Licv ™y RO BBESHME DML FRE LT - 1.



0. M L UOHE

1. Bty
EEAIZIT 5 S, (AE 18 ~ 22 g D day R~ 2 30 PLA{FH L7-.

2. fESRY, KENEL LUETIHINE

S5EG< U RADBENEEIT, TOWEMEE S LIZEHERERHOTHIKE
PEEIZIEB LR 10 LD 3 FVI—FIT43iFt. FV—7 1 2 @EEER
EL, RUF—RRA PRy —VINBELTHEBE L. JV—72 2&
BEIRATE R (HIESTER) &L T5X10X10ecm 7 27 V)Ll — 22 1 T
SOPREFLUTHE Ui, 7V—7 3 2 EBaffER (EEaHE) & LU TE
KB LUEERICES1.8 MOSHEBOMEEE ST TRIZSHNEN D KB
TTHERELL (K1), REETCOSAEHEROZ ML XEZEBL, FHEHA
1 BREEA0 BHE LA 64HEEFT 8 HIEIHENES LUES /0N
EERIT-T2. EFINOWUEIRI AKX ) v TEBMO T, £D7 Y v T
RORERS S L THHIIT >H]D, /KD HAED ORKMELHT 571k
rEol. '

3. BHGBEDER

ERHERADERIIUTOFIETT - 7. TV AICKEEEEZ S B THKTE
BiRe UIWT U CRUNIE S B 7%, ZEREKRZE e RBREE I COIy, sitkicRI U
TKrebs- Ringer buffer (NaCl 7.89 g NaHCO, 1.26 g, glucose 1.98 g,
1M KCI 0.5 ml, 0.2M MgCl, 5 ml, 0.4M CaCl,5ml, -+ »Z#17kT 1000
miCEAHE) A7 Uiy » — LTV Y 30 55— Ric B U TRE L TEE
B F Tk Z A7 (soleus muscle = SOL) B LU EEA R (extensor
digitorum longus = EDL) A U7-.

A. SOLOHH

BERER DB E DN S = D HMUER & PIRIER & S I 208 U RIS o0 MR & AR
DREEAT U SOL Ifh 5 MR MRS B I L, SOL 27 L 2L D
EEME LUPHFEE OREESEH TYINT LU THL L7 »
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B. EDL o#it

B ORI T8 L CHERETA T DR TN L Totk s L,
| T OREEEYIN L TRE U & SIS 21 U, SMRLAES & e
B & DRICESR U EDL /I 5 8% 5187 U7z, EDL ORIAEH L KIS
DR GIN LT EDL 24t U7, BRI ERE LTk E+H2EID,
BRFAFNTEOERENE L.

C. A

TV I BENRBE IO T TeF v v 1237 U RERULAATH
REERT 4 CIsRHLTh &, EASRLRICAE L. Z0%, BEERT
# —160 CITHHLTE WA YRy T VN TERE G U, BRokoZk
EMZ B0, 1 VRYY VHTEREZBRBEI S BREXRII N YIVRIZA
NT— 84 CIIHRE LIT4—T7) ¥ —TRELK. FEOEIE-20°C
IKBRE LI VA RSy T ES10 pm ORMEIR 2ERL, X534 K75
ZEITES>THEENT 2 OMEZRIETOHOER L.

4. B .

Yot IR DA ICBIN TS 34 ¥ v ATPase eta kT -7z, Hikid
- UTo@#EhTH5. FainsEaiEs7/la ) fiTidpH 10.4, 10.6 EL O
10.8 T 15 53M4FL, BeMEMITIZ pH 3.8, 4.0, 4.2 T5 A7 HT
143 ATPase 4uf 45 43, 1% CaCl, 3 43x3, 2 % CoCl,3 43, 0.01
M/ UVES =)L N Y AT 4 Eze#, #oksE2 4, 1 ml/ 100 ml #ap
b7 BT L 10 ~ 60 B, Fiksk3 4, Bk, HADIHIZIT -7, AILER
Wit 7V U RE 0.4 MsVES —LF kU4 20 ml, 0.18 MCaCl, 20
ml, 7k 60 ml&L, BEMNE IVES—LTET7— MNE OSVE S —IUF b
YA 2.97 g, EifgF MY 241.97 g, 7k 100 ml) 25 ml, 0.1 MHCI 50
ml, 7k 40 ml & U7z, ROTEEMAE 0.1 M/LES —)LF MY 74 20
ml, 0.18 M CaCl,10 ml, 7k 70 ml, pH 9.6 Ti-7z. Hefaikid 0.1 M
JIVES —)VF Ry L 20 ml, 0.18 MCaCl, 10 ml, ATP 2Na 5 0.25
mg, 7k 60 ml, pH 9.6 & UL7:. pH OFMIIR Y —F5 —-THHELEHNS 0.1
'MHCI, 1 MHCI, 0.1 MNaOH, 1 MNaOH 2#% L TiT-7-.



5. EERE ,

AT T E AR LT HE - B Lic. 14 ATPase 1 TiLY
A7 TIRTIHVICREE, BICKE, 74T LA RTIVAVIZEE, BRIIAR
£, 74 TUABIITIVAVICRE, BIEARE~FHTHAD, TIVAVHOD
B ELIBE 54T LA K, ¥4 7 1A £5 47 1B ZRYT 5.
pH 4.2 TIEY 4 7 TIREREL, 1T TARESEY, 54 FIBEZOTHE
DREERYT. pH3.8 TEY A7 LIZEBSRL, ¥4 FTA &7 4 FIB AL
B35 (21, B 6). R0k 0&FILEE M L7cfik o R—ERO
SRS EEY 100 ETHRE Lk, HEEE U TSHRERNOARRERZ, <
DEGERDI. K6 IR UEEIT 100 55 X0 200 FTHE L.

6. HFEY ,

BALAV ST L, SVES =)V MY T L, BB, kEREF UYL, TT
JUv 3 ULVER2 F UYL, EED UV 2 kAW, LS b Y YL, R
kS L, Fa—2, AT A, SR L, BT B
L, AIRUT U (2-AFNT S V), FYLy, (UEETRE ),
EBEFLT VESL, T8 -V (UL TR, BRLP), ELFaT—
U—T7 2 (FDEHEE) b LB ERE RO

7. BEHLE
¥EIT Pl R TR L, BEEREI Student D t- RE A B EKE
5%+ LTIT-17.



. SEBRAKEE

1. REFLUETN

BEOWMBILEEFHERL S - L DREL, KOTHIRAER, EBHRHE
DIETH -7 (K 2). EFSTEEGREEE, BEAEH HIRFAEFOICK
otz (K 8). WEOBIC AT 3 &5 I1ES LT cl, &
Bl EHREOHBEGRERT BN TES N/ REOCHFER 4 IIRLI. TOD
EE FEHE 1 ARE IS TIREERENREATO. BEHEEHIHE

B SR —REITHER LTS, EEEHE TR O SOISHEIA, HIFRAHE

HTREBIVA SN

2. HER -

frE &L, SOL, EDL &b ARXWHD SEEFAEE, EERHIE, HIRGHFR
DIETH -7- (K 5). BEMEEEHEAER b IOBERAGE & EBHREH
BHOMICEEENRON.. BREIOHTIHATHERER LILEIA, EFH
SR HIRAEEE . EEhREIEEAY, SOL T3 0.026 % : 0.024 % : 0.025 %,
EDL 7% 0.040 % : 0.037 % : 0.043 % Td - 7.

3. BB ORE , :
£ 1 TR BRI OO TOMBLFIREER U, B 7 ITIIAERE

REORBGMBI DB E&ER Uz, SOLIE, #4471 : IA: 1B XEHEMERHT

47 144 :9, FIRSAERT68 : 18 : 14, EHAHAT48 :43:9 ThH -7
THbD, EERHBSEEATRLTEWNS S, HRAERHTRY oMY

AT 1LOHEMET AT TA OBV R SNt EDLITIZS A 7 1T HVRAN

LTk, 147 TA : OB IEHEBIERT 52 : 48, FlIREEHRT 46 : 54,
EEAFIBT 63 : 37 Thotz. HIRFAEHRTEIIATIA DB ESI AT 1
B p#NY, EERHBTIIZOFOBENR oIk, ik, HRAERAMC
BT EDL OF 47 1B REOEHAE SN (R 6). MAT, BRI
ZOWEHNBALAERTH, HRFAEES L UEBRHE O EDL TS A 71
A S DM A% - CIBEAR L. EEMREHBTIE S 1 FIA SR
KL BID SN BB, ShoOHBEOKIIEMIEETRL, EETHSEE
oY I



ZEEEETTIY XOTHEBR UIGER, BEFERELR LGS,
REAEH CIIHREOATORILES SR oM. T OMERHIEE L TO,
HhE R LUEFNMEOBICFHE S B & CABAICENEH R LI L0, i~
KB ABWENT2ZENS, DD PV IATIEMNTN KD TH k.
RHAEH CEBRORPTORES, B, Bk HILS O LT EEID
BEah. BHEAEHOLRTEDES SEIL-> T



V. ¥

- WO ERMILTNERKT B HRMED BT, BT TBINH B
EOER AN, FhEABNSEDOEIZL Y KRG EABIZGTTHRENS LD

i, Lt Zhoix 34V ATPase Zeftc L O BN AIERICIE - 7
(Engel, 1962). FHEnidHEIEL, #H Lic< < (slow twitch
resistant =447 1) BHE bbb s, ABHISIHEHREENES EHE DD
h 2 EEOEENS 3. Th5EEYH LPT0 b (fast twitch fatigue=
74 FIA) EFEXLIZL WO (fast twitch reS|s,tant‘—5’/f‘7°IIB)
(Brooke & kaiser, 1970) [24Mf 515, ZOUUSHICELT, &1 FIA
i3k D SIS ETTH D 5 4 7 1B ILBHERICEN &R .

& ARERET 2 OEHEXET 5MEIC L 5. WABWICEEELT
2 EWEOBO o MEELH D, HOIEMENRICAN LR THIIHRNS
KT H B RGE L CRGA YT 5. BAGEIE, BRGEEH~NTRLS, &
BN, FIGEEDTE L (Granit, 1970), WEXRIIRENT, FRH
EORIMIC X DENEHINS§ 50, BRGEISHERSRT, EHELOS
EHOWIMI L DRI AEEME RS (Kuffer & Vaugham-Williams, 1953).

XA T 2L L, AHEXE L THA2ME TR IES &, K
IZEfMEd 5 (Karpati & Kiernan, 1968). 5 v FD kT X HOEHBRKEL,
R TR T 5 & Em AR 2L L D 5 (Gorza et al., 1988; Ausoni et

al., 1989) &) KEERD S, HBMEOHENZ AT 5EEHRIC X
DEEINS LR, FHEABIIERFNICOEEFNICORELEN, £0
HWHEITREBHTH b, MR L > THBICE OWHAEEZ 9 B2 &M 5.
BERIZENTHHBTORGDENT L D MROEENEITEMNEL, £TDI &
WO HH I 5 bDEEZ SN D.

AERTIIH AT EHLESENERAMICHEINTO ), TXIVF -8
KEMMEL, BEORMIERLITH o712, T2 OBRTIREGAELT 3Bl
BSRENEIL - 7. BRI EENEES W AR TICEINTO B D

i $IEEIRITH 5 EDL ORZNEL, BE, MHETEFHHET LT
9.



MBLFRICRS &, 97 SOL IABMICDFREEREL, KEOHRFLEND,
MENHE LTOAIBEL T EZEL SIS, JOBEIE, F47 1, TA,
B #kEA 68 %6 18 % :14 % I LI ETXREINTNS. T74D
B, MEDOIATIREENZS (K7). ORI EDL 2 F 0D i D
EHE, EINOBETEEZRIIANTATHRIRD, BREEXZS L) BEEE
REEIEIERENZS. EDL Tidy 1 1A 04, 1B oML R o
fo. HIRSERIIEEEZEAIT->TED, JOEBIBRKROEMERZE
kL, fasttwitch resistant &uV9, IEiZ¥ A 7 1B BHEKFREET
HBENEES. —F, EEHREIBETIZ SOL A% 48% : 43% : 9% & 755 T
2 (R7). TOEIBEFERSLBEL TN 72200, 517 IA R
TREBEVSR SN, ZORRITHIBAERO L INHEEOEEEZZ AN
ZEEZLBAONTHDTH S, REFICEEREEIIBEOETTOK
BAENBE NI &0BH, BTN EHOAHENRBEFHER
KOKED S22 EDSHENGIBE S EEL bNB. Tb HEBRE
BB RN ERICMA THENNSESOR M L/, €D/ VAN
ENTHEY, BEFREHEOEDNINST2ENZS.

FIREEFHICES O THREOER IR S0/, &%, BRHREIZAREE
LTV APHIBHER TR TOHBEINELZELTEY, ic EDLITE
$3 547 1B B OEMHE Lo 7o, BROINMES L EOZ(L, B
RO b > & SHBMITEMLEEZZ SN TS0 (Tower, 1937, 1939), K
BTRHINSOFMRRBEINE N ool EDOMBOHREIIN L, BIXAANE
AMEREEL OIS, BMEIMTONIETOHOEEI RIS & EE.
FRIETE& 5 2&, T UCTEEBHEXREROHTHEEOMETICK ) ZEHE0H
n5 (Eccles, 1941; Thomson 1952; Gutmann & Gutmann, 1942;
Ginetzinsky, 1956; Lomo & Westgaad, 1975) W HRENS b, HHEH
BIEHETORERTHELLEEZ NS,

HEROKEICHT HALEE~TEE, SOL TRANERAREOEIE
BTINE L BBHAEN L 5 Th - 727 EDL CHEMEENKEN -7 HE
FHDEMLTHHREEXLS EVSBEBRIAETHY, SOL ObFHIER

ZIIEBREDRBRZH AR UIERENZATHASH. —J, EDL T EBHHE
-10-



BT HENAE , HEFAERTIINE D o7, ARBROME IR
EHETETS O EHET S bDDENKE o o fodd EDL SKEIT 5255
SRR SN EBbhs. TNOoOKEREE, BEMER L EHHRERO
EDL o B CHBENR SN LD OEHIZL VRELTHY, BAHIEE
MBI EEDNS. Ashmore (1972) 53, WIEMWOEBHIEH LD B E
CSREAMEL, EEEGIC & - TS MR L ) BN S RES B &
FE U BGOSR C B 2 EiE, BZ 5 HRBOREICENT
LD EHA S EPNEIS EBbND. DD, 50RO Mk
U, HEICEC BT 52 L IBlE LT 50THS. UL, HOWEHS S
LB TESSASHTOSDNES DENS & &N TIHRIER LTI,

HUAZNLOHNRT - IR OHEMICHET BRENEETE I EMR

®wa 5 (Gordon & Vrbova, 1975).

U > FROBBROMRICH BT 5 RFOFT, BHERS-> & bEBNORE
WEETH S, EHEEGIMEANERET 5 BRCRENTRTF LS
(Jansen et al .,1973). WILEWICH 1T EHGME S & CEGRMEOTIISML
IZOWT D4 (Riley, 1977; Rubinstein & Kelly, 1981) W T/-E#%, ¥
| ERO VPRI T S 2 OB ORRIGMEAS O
BEENEFE THSuEMN TSNS L 51278 - 7 (Edstrom & Kugelberg,
1968). ELBWOEBMSEEBLARM LIz &Z 5, 1 AOHGMEITKT 588
DREZIEITEEICHE L, HADORIEHEOEM &b (OBrein et
al., 1977). 5> kBERBE L 5B 12 EZITEHLY, BEH~DESL
PERHED ATIC & » TR 57205, B UG EA R AR A HERIRIZZL U
122D 5 72D ENW I B AT A Z ENTEXRNTNS, UL LEEER
R BN TR DB OIS LIRS O EI S DELAES B L 4T
Uiz, $HbBEHOEM, MEFISERMEOLE(ETIZEI L, ZOELRE
BRSO Rk I N D THS.

U EOBREEEREEEVIEELSRTASE, BYMOEHIMHING L

ST, BZITENL U E, 5 AOIEBECERY & 355 KBS T,

B ORI GO RARIEETH 5. Fiz, R TH SERELGIE

BHTHBIENS, BEHBEOFIEMEFICL VD> TED, LEENED
-11-



ARG L, ENREDTENCEE LS P TUSERERE S D5 BRI R 5 &1
A&, UkttnT, EHGEIRBSHEIMES, XA T 1 THAIH LT
DS B DTIREOHEBbNS. B bEMOMRE LS ATIREDND
RIIZ 3 3 FEBWTIRBBRAE, ELTHHRT S &0 D HIIITEE
BOHVERTH S, —F, BEWWTIETOBEELLBOES. Lichs-T
B DRE R & RBRRAOHTIS > TILERARE ETHS.
7o, FEISRIBICE O TRERROEREMHT 5 - & T XVF—ORFeE
B, EROMBIIEDE. ORE, BHRMELD bBRIEBRIILD IV
o REE URADNAENTS 5. Licht- TREIGERIENE L HAUEHERAE
HRITH B L BbNG.

-12-



HE
A DI S L ORI o EEIROXETICH 5. BMICEZ 28E
SMFiE o EEMROEENRBA BRI LB 5. Licdi-T, ZOBEHRBOEAL
2R DB S L ORI S IC R SN A FIRERD S 5. AT T,
- Z OFHEHE RIS B oD ICEBEAERMICBIML LB O BB 5 OB R
EEfT- T2 '

His L UHE ,

KRB R G E LT, RENESEHTHSET A% (SOL) FLUHEHTH
% Bl (EDL) M0 Bt SIE&EE LTRENE, EBFIRAETE &
EBREISE R A RE L. SBOBREYWTIE 8 B I LICKENES £
U (SRR AT - 7. BEMICHILEAE 64 BHICHERIL L. HOER
ZHIE%, Engel OFHEICHE LTI A Y v ATPase Jefzfi L7,

1. GEORMBIIEEAEE HREEE EHRHBORICREH -7
2. EFINGEESRHE, BEAER FIRSEFHORICARE M7

3. WERI, B@HHAER EHBEHE FIRSEROINCKRE 7.

4, IGEBMEDREIA I A4V ATPase it k407 1, TA BXUIB D
3 Bz qiric. ,

5. TOWBE, SOLOHe, BHEEETE, 471 : 1A : 1BOBAH
47 144 :9 THY, HIBFAERTIZI68 18 14, EEIRKIETIZ 48 : 43 :
9 ’C*d?)pf:. ' ,

6. EDL DIBEIE T A4 LI HRMLT W, Lici-T, €07 A7 1A
1B O3, BHEEEETS2 : 48, HIRMERT 46 : 54, EERHBT 63 :
37 Thotz. TOFTHHIBHERD SOLIZEWTIA L1 OHMEF AT
TABLUIB OREPHHASNTH -7 '

EEBIUHR | |
ULDBBIZENT, HEEEVGE £510, HERLSIUHETLEOXE
-13-



RSGA—F—ICHBULBBI AR L. TOREBOF TS, EBOMH I
EMED R ARM U, $IEBOHIRITE M D LR AT 5 2 LA SN
Thote BRI o BHHEOXETICHSEI Lo, TOEALT o EEHIE
OHIENIEMNERBRTEHDEEZLO6NS.
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Vi. Summary

The effect of feedings on the histological types
of skeletal muscles in the hindquarters of mice

Purpose:

Contractile and metabolic properties of muscle fibers are being
under control by activities of a-motor neurons. Breedings can affect
the activity. Present experiments were designed to verify a
possibility that living conditions can modify the metabolic
properties of hindquarter muscles through changes in the activity of

the a-motor neurons.

Materials and Methods: |

Skeletal muscles of ddY strain mice of 42 days old tested were
soleus (SOL), a typical slow tonic muscle, and extensor digitrum
longus (EDL), a typical fast twitch muscle. Mice were fed on a
conventional condition, on a condition restricted their movement, or
on a condition compelled their movement. Measurements were done
on body weight and traction power every 8 days, and weight of
muscles and their histochemistry for myosin ATPase activity of

Engel on the 64th day after the conditioning.

Results:

1. Body-weight-gain was larger in the order of conventional-,
restr‘ictkedl-, and compelled-group.

2. Traction pdwer was greater in the order of compelled-,
conventional-, and restricted-group.

3. Muscle weights of both EDL and SOL were larger in the order of
conventional-, compelled-, and restricted-group.

4. Muscle fibers were cornposked of histochemical types of I, I A,

and I B. Percentile distributions of each type in SOL were 47: 44: 9
-15-



in the conventional-group, 48: 43: 9 in the compelled-group, and 68:
18: 14 in the restricted-group. Type IIA and 1B in EDL were 52: 48 in

the conventional group and 63: 37 in the compelled group.

Conclusion:
These results indicate that living conditions can affect the
metabolic properties of hindquarter muscles, suggesting via changes

in the activity of a-motor neurons.

-16-
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INTRODUCTION

In connection with correlation between muscle activity and
morphological or functional chahgés, the plasticity of neuromuscular
junction has been demonstrated under variant experimental
conditions with reference to nerve-muscle activity. For instance,
nerve terminal sprouting occurs when axons to a muscle are severed
(Brown et al., 1976; Jansen et al, 1975; Thompson and Jansen, 1977,;
Brown and Ironton, 1978). Over use of the rat plantari muscle
resulted in an increase in the activities of cholineacetyltransferase
(CAT) and acetylcholinestearse (AChE) ( Snyder et al., 1973).

Muscular activity can also affect its contractile prbperties
(Vrbova, 1962, 1963 a, b). Soleus muscle (SOL) is transformed into
fast type of the contractile property by tenotomy. Extensor digitorum -
longus muscle (EDL) of rat became active by stimulating the nerve
trunk in a tonic pattern 8h/day for 20 days (Gertler and Robbins,
1979). THere are reports in which the activity related morphological
and physiological changes was investigated in concerning with age.
Andonian et al. (1987) indicated, in male mice of 12, 18, and 24
months old, that the exercise exerted differently its effects on the
morphological aspects of neuromuscular juncfion (NMJ) depending on
the period during which the conditioning was given. Hiosenheimer et
al. (1985) concluded that the direction of age-related-terminal
change in branch number appeared to be influenced by the degree to
which muscular activity was being maintained during aging. -

The influence of activity to immature NMJ has been reported. An
increase in the neuromuscular activity speeds up the elimination of
polyneuronal innervation (Vrbova et al,1989), whereas tenotomy

delays the elimination (Benoit and Changeux, 1975) and other
3



experiments in which the amount of activity was decreased showed
same effects in the NMJ, such as block with curarization (Srihari and
Vfbova,1978). |
However, as far as is known there is little literature concerning
the effects of constant exercise to immature and developing nerve-
muscle system. We anticipated that the exercise on early stage of
growth could affect the immature nuromuscular junctions differently
compared with those of adult stage. Contractile properties of
skeletal muscles are being under control by activities of a-motor
neurons. Conditionings of the movement on early stage of the growth
can bé imprinted in the activity of a-motor neurons. Present
experiments were designed to verify the possibility that the
sensitivity to d-tubocurarine (dTc) of neuromuscular transm.i:ssion
. and contractile properties imprinted can be held for long periods:
after termination of conditioning. 16 day-old infant mice were
prepared for the experimental training program because they were’
possible youngest mice for climbing training program, and that the

NMJ of the 16 day-old infant mice were not completed (Slater, 1982).



MATERIALS AND METHODS

Animals
Male ddY mice were assigned to an experime\ntal and a control

group. For experimental group pairs of cyliynders constructed of wire-
netting (180 cm in height, 8 cm in diameter) were prepared equipping
with drinking bottle and a feeder on the top of cylinders respectively.
The mice fdr experiments were subjected to climbing training
started from 16 days after birth. We imposed the infant mice on the
cylinder- climbing by driving them up with a stick. The mice were
trained once a day for 9 days to climb the top of cylinders vy’here feed
and water existed. Only those that climbed spontaneously to feed or
water by the 9th day were allowed to be assigned for preparétions.
The mice trained successfully could climb to access water and feed
ad libitum. Animals were divided into two major groups; group A:
trained from 16-day old as described above, group B: housed in
standard mouse cage and allowed food and wait‘er ad libitum as
conventional control group. The mice of group B were sacrificed on
99-day old. The mice of group A were separated into 3 subgroups.
Subgroup A was sacrificed on 99-day old. Subgroup B was killed on
155-day old. Subgroup C was recovered to a dmventional feeding
condition on 99.<-day old and sacrificed on 155-day old. Three nerve-
muscle preparations were made from sciatic nerve-EDL, sciatic

nerve-SOL, and left phrenic nerve-DPH.

Preparation and solution
Experiment was performed on EDL, SOL, and DPH. The mice were
killed by decapitation immediately after vertebral cervical

dislocation. The preparations were made from three different types
5



of muscles; extensor digitorum longus muscle (EDL): fast-twitch
muscle, soleus muscle (SOL): slow-twitch muscle, and diaphragm
muscle(DPH): intermediate type. DPH was quickly dissected out and
cut into 0.4 cm width in the course of fibers along with the attached
phrenic nerves. One end of the DPH was immobilized with two steal
wires, which were the components of rigid acrylic support, along the
site of muscle-rib attachment. The other end, tendon, was tied with a
thread connecting to the arm of a isotonic force transducer (Nihon
Kohden, TB-652T). The support with the DPH was then placed into a
temperature-regulated, aerated (95%02-5% CO2) preparative organic
bath containing a Krebs-Ringer solution (20 ml, pH 7.3), maintained at
36°C. The composition of the modified Krebs Hinger.solutiovn was
(mM): NaCl, 136; KCI, 5; NaHCO3, 15; CaCl2, 2; MgCl2, 1; glucoée, 11.
Left pelvic limb was amputated at femoral bone and the skin was
decorticated. Nerve-muscle preparati‘on of EDL and SOL was dissected
in the Krebs-Ringer solution by manipulating micro-scissors under
microscope. Only distal ends of SOL and EDL were cut at the tendons
and those of proximal ends remained cling to the preparations were
mounted with pins on the open-topped organic chamber including the
Krebs-Ringer solution (40 ml) in the same condition of DPH
_preparation. Two threads were tied to the tendons, the free ends of
SOL and EDL preparation, connecting to the arm of the force
transducer respectively. All preparations were given a loading
tension of 1.0 g as a basal level. This tension level was suitable

empirically for preparations to yield constant level of twitches.

Stimulation and Recording
Glass suction electrodes were used as a stimulation electrode, and
the sciatic and the phrenic nerves were stimulated through the

6



electrodes simultaneonsly. Tetanic trains of square wave pulses
(duration: 0.1 ms) were applied supramaximally at frequencies of 25,
50, 100, and 200 HZ for 2 sec by an electric stimulator (Nihon
Kohden, SEN-3301). Each set of pulses had interval for 5 minutes. The
isotonic force development for each frequéncy of stimulation was
‘recorded. The preparation was tested with train-of-four stimulation
(TOF), four pulses (duration: 0.1 ms, 2 HZ) every 10 sec, after the
tetanus test, having taken equilibration period for some time until
the amplitude of TOF stabilized. The TOF stimulation was recorded
~with dTc, which was injected directly into the bath every 3 minutes
until the fensions were inhibited perfectly. The isotonic force
developmen‘t was amplified through a preamplifier (Nihon Kohden,
AP-601G) and recorded on a thermal array recor‘der (Nihon Kohden,

AD-100F).

Anélysis

The tetanus maximum force and relaxant ratio that is of the last
tetanic tension to the maximum within 2 sec were obtained from
each sets of tetanic stimulation as described above. The first twitch
~and the last twitch tension of TOF were named T1, T4 respectively.
The s‘ensiti\‘/ity of T1 to dTc was measured as the ratio between
suppressed T1 and control T1 twitch. Control twitch was given as the
average of T1 from five sets of TOF that had been recorded before dTc
injection. T4/T1 was also measured. T4/T1 was also measured.
Statistical analysis was performed between group means applying
Student's two-sided t tests. A significance level of 0.05 was

selected for all analyses



RESULTS

General description

To assess the effect of presynaptic transmitter release in the
sequence of nerve stimulation TOF stimulation wés carried out on
EDL, SOL and DPH preparation with the lapse of time after adding dTc,
which was injected evefy 3 minutes. Presynaptic nicotinic receptors
mediate a positive feed back on ACh release at the muscle endplate
(Wessler et al., 1986; Vizi et al., 1987). The ACh released from nerve
ending, in turn, accelerate ACh release through presynaptic nicotinic -
receptors. T4/T1 sensitivity to dTc could indicate the dependence of
the nerve terminal on this mechanism in sequential‘stimu_lation
(Alexander et al:, 1990).

Effect of dTc was tested on T1 and T4/T1. As is shown in Fig. 1 the
concentration of dTc was shown as a Iogarithmic scale in abscissa.
The down phase of T1, the ratio of T1 to control twitch, was shown
in Fig. 1, and the phase of T4/T1 shown in Fig. 2. The sensitivity of
both parameters to dTc was highe’r in the order of EDL, SOL, and DPH
(Fig. 1, 2). These parameters were held in all groups.

In the tetanus tests, SOL gained complete tetanus from 50 Hz in
stimulation, DPH from 100 Hz and EDL only ét 200 Hz. These trends
were maintained in all groups. Maximum‘ tetanus tension and ratio of
relaxation were measured to study the muscle contractile properties
of the preparations in the stimulation as described in Methods. As is
manifest between 100 HZ and 200 HZ in Fig. 3, contraction of SOL
(slow-twitch muscle) and DPH (intermediate muscle) was
comparatiVely effective in lower frequency of stimulation whereas
that of EDL (fas;t-twifch muscle) is effective in higher frequency of

stimulation. EDL decreased relaxant ratio at highest frequency of
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stimulation (200 HZ), whereas SOL and DPH could maintain their
ratios at 200 HZ (Fig. 4). These' properties were preserved in all

groups.

Effects of exercise during growth

A comparison was made between subgroup A (exercised) and group B
(housed in normal cage) on the phases of T1 and T4/T1 in order to
assess the effects of exercise on the sensitivity of neﬁrcvmuscular
transmission to dTc. In three types of muscle a shift to the left was
observed in ratio-log[dTc] curves (Fig. 5-7). This indicates that the
exercise on early growing stage increased the sensitivity of
neuromuscular transmission to dTc non-selectively in spite of their
muscle forms. |

To examine the contractile property a comparison was made

between subgroup A and group B on maximum teafanus tension and
- ratio of relaxation. In the maximum tetanus tension, the difference
was not statistically significant in all types of preparation. However
in the relaxant ratio, the differences between the two groups were
~ statistically significant in DPH (25 HZ and 100 HZ) and in EDL (200
HZ), (Fig. 8, 9) whereas there was no significant in SOL preparation

(Fig. 10).

Effects of continuity and recovery from exercise

A comparison was made between subgroup A (exercised), subgroup B
(continued) and subgroup C (recovered) on the phases of T1, T4/T1 and
‘contra.ctile properties. The effects of continued and discontinued
exverci:se were considered on the mice that had been exercised on
early stage of growth. There was no significance between subgroup A,
subgroup B and subgroup C on the sensitivity of T1 and T4/T1 to dTc

9



(Fig. 11-16). Therefore it was indicated that the trends of the high
sensitivity of T1 and T4/T1 to dTc in subgroup A was maintained in
subgroup B and subgroup C. The reléxant ratio of EDL (200 HZ) in
subgroup A showed higher value compared with corresponding valuer
of group B (Fig. 9). On the other hand there was no sigrwificént
relaxant ratio between subgroup A, subgroup B and subgroup C ih the
corresponding frequency (Fig. 17), indicating that the higher relaxant
ratio of subgroup A was maintained regardless of whether the

exercise was continued or recovered.
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DISCUSSION

Three different types of muscles (EDL: fast-twitch muscles, SOL:
slow-twitch muscles, DPH: intermediate-twitch muscles)
demonstrated the sensitivity to dTc differently. In all groups, listed
in order of their high sensitivity to dTc, they were EDL, SOL, and DPH.
This result may reflect the different structure of NMJ. The area of
nerve terminal synaptic contact in SOL is about twice that of EDL in
mice, so that the nerve terminals of SOL may release more quanta of
transmitter per impulse than those of EDL (Fahim et al., 1984). The
arborization of the nerve terminals in EDL and SOL may be account for
the distinct sensitivity to dTc. There is positive relationship
between transmitter release and terminal length in frog (Kund et al.,
1971). The EDL motor nerve terminals, where the distal free-end
segments are shorter and less divergent than in soleus nerve
terminals in» rat (Tomas et al.,, 1992), may release more transmitter
than SOL in the stimulation. Furthermore the evidence that AChE
éctivity is higher in fayst- than in slow-twitch fiber (Crockett et al.,
1976; Nystrom, 1968) could be compatible with present result.

Exercise increases sensitivity to the |nondep‘o/|arizing muscl
relaxant metocurine in dog gastrocnemiUs, fast-twitch muscle
(Gronert et al., 1989). This result is concordant with present
investigation. There are indirect evidences supporting increase of
sensitivity to nondepolarizing muscle reléxant on nerve-muscle
activity. The cases where ACh release from terminal possibly ténd to
decrease are as follows, (1) locomotor activity diminished terminal
size and branch points of EDL in rats ( Tomas et al., 1989, Tomas et
al., 1993), (2) the training decreased the number of varicosities per

nerve terminal in EDL and the density of varicosities in both EDL and
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SOL (Waerhaug et al., 1992), (3) stress from foot shock resulted in
decrease of number of nerve terminal branches per end plate in the
EDL and DPH in rats (Rosenheimer, 1985), (4) exercise minimized or
prevented farther age related nerve terminal elaboration in mice EDL
and SOL (Andonian et al.,, 1987). In addition, enhanced AChE of
endplate méy increase the sensitivity to dTc of neuromuscular
transmission theoretically as an opposite effect like
anticholinesterases. Exercise increased the endplate cholinesterase
activity in the white vastus lateralis muscle of rats (Crockett et al.,
1976) and in gastrocnemius, tibialis anterior, extensor digitorum
longus and plantaris of rats (Gisiger et al., 1994).

Present experiments exhibited that in all NMJ of EDL, SOL and DPH
the sensitivity of neluromxusdular transmission to dTc was increased
uniformly by the compelled exercise on early stage of their growing
period. Therefore it was indicated that their safety margin was
reduced equally irrespective of muscle type. On the other hand there
is another report that an exercise of adult stage in mature mice
couldn't exert its effect on the sensitivity to dTc in the preparation
of DPH, indicating s;af'ety margin of the vital DPH remained great
extent compared with that of hind limbs EDL and SOL by the adult
stage exercise of climbing that was started from 35-day old (Asai et
al., 1994). Therefore, these results denote that the exercise on early
stage of growing period can yield a great influence even on the vital
DPH to reduce its safety margin.

The relaxant ratio of EDL (200 HZ) was increased by exercise on
early stage of growth, suggesting that the phasic EDL became
resistant to fatigue as a result of adaptation to the exercise. This |
adaptation may reflect fast to slow transformation. However, the SOL
was unchanged on the relaxant ratio by the exercise. 1fhese different
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results of contractile properties may be because distinct firing
patterns of SOL and EDL received the exercise effect differently. The
slow anti-gravity SOL muscle is much more active than the EDL
during normal motor behavior in rats (Hennig and Lomo 1985).
Therefore, it seemﬁs that the EDL that is very little active during
normal motor behavior (Hennig and Lomo, 1985) could be more
sensitive to exercise effect becoming much more active whereas
anti-gravity SOL was still active by the exercise.

There was no significant difference between exercised group on
early growing period (subgroup A), continued group (subgroup B), and
recovered group (subgroup C) with regard to the sensitivity of T1 and
T4/T1 to dTc, and also elevated relaxant ratio of EDL. This result of
present study indicates that the prbperties of musculature acﬁuired
from the exercise on early stage of growth was maintained
regardless of nerve-muscle activity.

The NMJ influenced by the exercise on early growing stage resulted
in adapfation where NMJ reduced safety margin in all thrée types of
:s-kfele:tal muscle. The NMJ tried to exclude superfluity by reducing
redundant safety margin and became more efficient. Elevated
sensitivity of T4/T1 | to dTc that was demonstrated in this
experiment could be one of factors that render the function of NMJ
more efficient. High sfansitivity of T4/T1 to dTc indicates NMJ
becomes more dependent to the mechanism that the ACh released
from terminal acceleraté ACh release through the presynaptic
nicotinic receptors, as mentioned in Results. The high sensitivity of
the end-plate to the transmi‘tter induced by Nerve activity (Jones et
al.,, 1971, Vrbova et al., 1976) could be the another factor.

The present investigation indicates that high sensitivity to dTc of
transmission and increased efficiency in NMJ acquired from the

13



exercise on early stage was held regardless of whether the
musculature was active or not active. Consequently it is suggested
that exercise on early stage of growth has profound effect on
neuromuscular transmission, and once established, however, the
imprinted properties of neuromuscular transmission become

independent of muscle activity.
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SUMMARY

Higher sensitivity to d-tubocurarine in vitro of
neuromuscular transmission in mice chronically
compelled their movement can be held

Contractile properties of skeletal muscles are being under control
by activities of a-motor neurons. Conditionings of the movement on
early stage of the growth can be imprinted in the properties through
changes in the activity of a-motor neurons. Present experiments were
designed to verify the possibility that the imprinted properties can
be held for long periods after termination of conditioning.

Male ddY strain mice were compelled to climb ‘up s,eparat‘ed
cylindrical steial-wire;w;ays on feeding or drinking from 16-day old
to 99-day old or 155-day old. Some mice returned to the conventional
feeding system on 99-day old. Control micé were fed on the
conventional system. Mice were sacrificed on 99-day old or 155-day
oid. Three nerve-muscle preparations were made from the left
phrenic nerve-diaphragm muscle (DPH), sciatic nerve-soleus muscle
'('_SOL), and sciatic nerve-extensor digitorum longus muscle (ED'L)
immediately after the killing. The nerve trunk was electrically
activated with train-of-four (TOF) pulses and tetanic pulses. TOF
stimulation yielded four twitches as composed of T through T4.
Measured were inhibitory effects of dTc on the amplitude of T1 or
ratio of T4/T1 (TOF).

The sensitivity to dTc was higher in the order of EDL, SOL, and DPH.
These properties held in all mice tested. The sensitiVity to dTc was
potentiated by conditioning. The imprinted properties were held even

mice returned to the conventional feedings. EDL from compelled mice

15



exhibited possible resultant anti-fatigable effect on tetanic
stimulation. This effect was also held after returning to the
conventional feedings.

These results suggest that the compelled movement on the early
stage of growth may imprint properties of neuromuscular

transmission after termination of the compulsion
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FIGURES
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Fig. 1. Inter-muscle comparison of the sensitivity of T1 to dTc in
group B ( DPH: n=28, SOL: n=29, EDL: n=27); ordinate: the ratio of T1 to
control twitch, abscissa: logarithmic scale of dTc concentration.
Superscripts (a-c) indicate significant differences between DPH, SOL,
and EDL (P<0.05). a: significant difference between DPH and SOL. b:

significant difference between DPH and EDL. c: significant difference

between SOL and EDL.
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Fig. 2. Inter-muscle comparison of T4 /T1 sensitivity to dTc in
group B (DPH: n=28, SOL: n=29, EDL: n=27); ordinate: the ratio of T4 to
T1, abscissa: logarithmic scale of dTc concentration. Superscripts (a-
c) indicate significant differences between DPH, SOL, and EDL
(P<0.05). a: significant difference between DPH and SOL. b: significant
difference between DPH and EDL. c: significant difference between

SOL and EDL.
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Maximum contraction
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Fig. 3. Inter-muscle comparison of fnaximum contraction in group
B (DPH: n=28, SOL: n=29, EDL: n=27); ordinate: tetanic tension (9),
a\bsciyssa: stimulus frequency (Hz). Superscripts (a-c) indicate
| significant differences between DPH, SOL, and EDL (P<0.05). a:
significant difference between DPH and SOL. b: significant difference

between DPH and EDL. c: significant difference between SOL and EDL.
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Fig. 4. Inter-muscle comparison of relax/a.nt ratio in group B (DPH:
n=28, SOL: n=29, EDL: n=27); ordinate: the ratio of the last tetanic
tension to the maximum within 2 sec, abscissa: stimulus frequency
(Hz). Superscripts (a-c) indicate significant differences between
DPH, SOL, and EDL (P<0.05). a: significant difference between DPH and
SOL. b: significant difference between DPH and EDL. c: significant

difference between SOL and EDL.
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Fig. 5. Inter-group comparison of the T1 (DPH)-sensitivity to dTc in
the exercised (subgroup A, n=13) and control group (group B, n=28);
ordinate: the ratio of T1 to control twitch, abscissa: logarithmic
scale of dTc concentration. Asterisks indicate significant difference

(P<0.05).

.28



Ratio

-0.1

1.1

T1(SOL), Climbing for 99 days

0.9
0.7
0.5
0.3
0.1

N
N\

-0.8

-0.3 0.2
log[dTc]

—8#— Native

—®— 99 days training

Fig. 6. Inter-group Comparison of the T1 (SOL)-sensitivity to dTc in

the exercised (subgroup A, n=13) and control group (group B, n=29);

ordinate: the ratio of T1 to control twitch, abscissa: logarithmic

scale of dTc concentration. Asterisks indicate significant difference

(P<0.05).
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T1(EDL), Climbing for 99 days
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Fig. 7. Inter-group comparison of the T1 (EDL)-sensitivity to dTc in
the exercised (subgroup A,v n=13) and control group (group B, n=27),
ordinate: the ratio of T1 to control twitch, abscissa: logarithmic
scale of dTc concentration. Asterisks indicate significant difference

(P<0.05).
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Fig. 8. Inter-group «comparison‘ of the relaxant ratio (DPH) in
exercised (subgroup A, n=13) ahd control group (group B, n=28),
ordinate: the ratio of the last tetanic tension to the maximum within
2 sec, abscissa: stimulus frequency (Hz). Asterisks indicate

significant difference (P<0.05).
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Relaxation within 2 sec (EDL)
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Fig. 9. Inter-group comparison of the relaxant ratio (EDL) in
exercised (subgroup A, n=13) and control group (group B, n=27);
ordinate: the ratio of the last tetanic tension to the maximum within
2 sec, abscissa: stimulus frequency (Hz). Asterisk indicates

significant difference (P<0.05).
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Relaxation within 2 sec (SOL)
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Fig. 10. Inter-group comparison of the relaxant fatio (SOL) in
exercised (subgroup A, n=13) and control group (group. B, n=29);
ordinate: the ratio of the last tetanic tension to the maximum within
2 sec, abscissa: stimulus frequency (Hz). There was no significant

difference (P>0.05).

33



T1 (DPH)

1.1

0.9
0.7
Ratio 0.5
0.3
0.1

- -0.1
-0.8 -0.3 0.2

log[dTc]

——8— Subgroup A ——®—— Subgroup B ¢ Subgroup C

Fig. 11. Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the sensitivity of T1 (DPH) to dTc (ordinate: the ratio of T1
to control twitch, abscissa: logarithmic scale of dTc concent.ration).
Superscripts (a, b) indicate significant differences (P<0.05). a:
significant difference between subgroup A and subgroup B. b:

significant difference between subgroup A and subgroup C.
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Fig. 12.» Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the sensitivity of T1 (SOL) to dTc (ordinate: the ratio of T1
to control twitch, abscissa: logarithmic scale of dTc concentration).
Superscript (b) indicates significant difference between subgroup A

and subgroup C (P<0.05).
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Fig. 13. Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the sensitivity of T1 (EDL) to dTc (ordinate: the ratio of T1
to control twitch, abscissa: logarithmic scale of dTc concentration).
There was no significant difference between subgroup A, subgroup B

and subgroup C (P>0.05).
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Fig. 14. Inter-group comparison between exercised group (subgroup
A, n=13), continued group (subgroup B, n=13) and recovered group
(subgroup C, n=12) on the sensitivity of T4/T1 (DPH) to dTc (ordinate:
the ratio of T4 to T1, abscissa: logarithmic scale of dTc
concentration). There was no significant difference between subgroup

A, subgroup B and subgroup C (P>0.05).
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Fig. 15. Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the sensitivity of T4/T1 (SOL) to dTc (ordinate: the ratio of
T4 to Ti1, abscissa: logarithmic. scale of dTc concentration).
Superscripts (c) indicate significant difference between subgroup B

and subgroup C (P<0.05).
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Fig. 16. Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the sensitivity of T4/T1 (EDL) to dTc (ordinate: the ratio of
T4 to T1, abscissa: IoQarithmic scale of dTc concentration).
Superscripts (a, c) indicate signific'ant differences (P<0.05). a:
signif%icant‘ difference between subgroup A énd subgroup B. c:

significant difference between subgroup B and subgroup C.
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Relaxation within 2 sec (EDL)
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Fig. 17. Inter-group comparison between exercised (subgroup A,
n=13), continued (subgroup B, n=13) and recovered group (subgroup C,
n=12) on the relaxant ratio (EDL); ordinate: the ratio of the last

“tetanic tension to the maximum within 2 sec, abscissa: stimulus

frequency (Hz). There was no significant difference (P>0.05).
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mADRH I (Bilbring, 1946) DF v MIk\F 5 fEBILHEICHE LT - 7.
F1bb, <Y AOREBEBIT L TSEX 5 &I HER A YIB U T HUME S
Wi, NS & OB DR E A PRI > THIB Ut ZEMIBE g % Btk 30 L
Gok U7z, MR NG 2 sire e ot EMMREESERsE L. KEXEY
W95 O EIT & D MBS D S 3T, (DB E AT B R
W 5 GIRD S48 Lz, RO TR BRI & D Bk L7e.
B DRI B EBALIT I - TR & 1B 5 SRR A U Tc & SR
A UTe. ZhEdA00T Krebs-Ringer IR TS Uic. FHBHOHREA
FERA S EENT 1 cm, B 2 mm OIETHIRESED EATITI - THIN UAE
AL L. :

C. B 5 A FHEA (SOL) ¥ & O HEEHHE R A (EDL) DR .
ASER DR 8 % IE FREITIE - TYIBE LRI OB % St i 0 U 7e. SREAME
SEAEESTHIE R BTN, T APMTIBAHT X (95 % 0,, 5 % CO,) Z@BKFOHK
RO Lo, fURBIEEIR (12-18 C) BENCHRF L. RO TIRBRE TR
Uk v — VORI Y Y 2V S—%8E, GILcHEZo LcEVTEEL,
SRR T CHREA A VAL L 72 |

SN S AR R 5 D A B RE & KRR — B BT P& BT 10 - TR L
HE B AR U7e. AR R R R AR E I T HE L. BB D%
Eid» 5 % DIMUTE & PIRUEE % Stk 538 U BRI OSSR & AT O R 2 4T U
B 5 XTI D BEEEED SR A EER B U, THFURREES A
DRSO GIN L b 5 £ #5% R Ui,

WICHHEH AWM O b BEE 2B Uiz, X SIS MBI 2D B 244
B85 & BREL RS & ORI U RBHSHIT IO Hie 2508 LT, BB

DIEBIHEB DR & HAT O R YINT U RBL M EHH U7c.
| "



BAD R I B TIIRTHRS & ORI T 5 &0 ISR L7,
FitH U - B TS ORI BV ARIA LS Y 3055 MRy FIEE Uk,
EEIc L TEAIY 1 g DIRAIESA . BAHZ (95 %0, 5 %C0,) il
S USRI MR U AR IR I R U B A — BRI R R L 7. SR
ROBEHRMWHT 36 CTHIFEOHERT 30 HRIMKE L.

D. RAK. |
R & LT Krebs-Ringer &% fuic. €O (mM) % NaCl 135;
NaHCO, 15; KCI 5; CaCl, 0.6; MgCl, 5; glucose 11 & L7c.

E. ERDLRRE.

Fatt and Katz (1951) O¥EEESZIC UAKRBRLARDRBEREEER L7
ZDIBREAIZ 30 ml @ Low Ca?*-High Mg®* Krebs-Ringer fAHMBK %N L7
C ORIZIZ %I 95 % 0,4 LU 5 % CO, SR HRAN ZAERBAL, 36 C
ISR U, ORIV Y 3V SN-ORBEREAEL, TOLICHH LS
A% IS8 BONy FEFITE Y THEE LR, H Aﬁ&é%ﬂ%%
5 | EARICIRA UBESHIBICHE L.

F. BEMOHE. |

EEE N AT T BT THIGHEIC Y T RBUNERZERIA Lc. ZOE/KIZ
23 M@ KCl 27z L, £OREBICE&BERIC AgCl ZEBRSRICLDEE L
SUEMAEE U EEENIL 2-6 MQ Tho-t. JOBEBHSHFEINSD
A UNVEBAIRIES (A4S, #UK, MEZ-7200) TAE L. IO
BMEBE, MNERARBESZNUTESEAy Y oxa- 7 (BRRE,
VC-11) Lic#izE L.

REBMBIITONT B EHET B! a‘ob\’cﬁ@‘%ﬁz&&_bé FIZEZDDHE
K AWKER, BKkESBOM, BEIEBOEME, 75 AERNEERAD 3 M
KCI| 7518 &SRB, #5 R EMNEBNO 3 MKCI Ak L PR (tip
potential), ¥ XURBIEMRERFREOMICEMNENFET S, NEHINE
HAHIES O 05 L ZRHOESHEMAN 0 mV CEREE L. D&M TRl
W S8R X N 2 BAL A B 1E BB AL (resting membrane potential, RMP) &
LCESLE.



G. W/MNEIRERLDORIE. |

e/ NEARE AL (miniature endplate potentials, mepps) XEGINE - £ X
b5 ARATEE (HAOEE, QC-1114) EMVTHAT L. BAIORIEL 0.1
mV Bkt 5mV UFObODHELFIML, T 1 BRHIh) OFBBE
(Fes™) 2T Uiz, 1 #4idH7- 0 100 D mepps %Rl UAEME 45
L7,

H. #$IREBRAONE, FREERHES X CHBOEBEORE.
- ¥AREAL (endplate potentials, epps) ZHIE T 5 721K B TR
RERH DI EEB MR ETERBEEE (B40LE, SEN-3301) Z AWV TH|
MU FIBuCiX2EOERHE ALY, SERROR% 0.1 msec, TEIERH
O % 4 msec, T@E4EEHE 1 BAIOMMR% 1.5 sec & Uik, RIEMORTIX
128 [ & L7z, |

epps DFE (M) (IFBEEEZE n, FRINI epps OEE x £T5 &,

m=In(n/(n-x))

1 B E|ATRD 5B (Crawford, 1974). ZoEBRRTRH SN zE 1 #
BUTHY 5 m1 B XU 2 FIBISHS S m2 L BFRENS m2/m1 DHARH
FHILILLD, IhERHOEEOHERS L. :

1. fhEtiLs.
RIEEOBRA EEKEICIE Student @ t-test. ZHU e (fEAM,1964).
HEK#EL S % L LIk



M. SEBREGE
A. HERRRE AR A.
# - BB DPHMEIL 73.87 + 0.406 mV (mean * s.e. LI F# U 2),

mepps OF OFHEIL 3.87 .= 0.203, m1 OFHMHIT 0.28 £ 0.013, m2
DFHfEIL 0.36 £ 0.017, m2/m1 DFEGHEIL 1.87 £ 0.018 Th -7z (F1).

1. EEWERGHIECET 5 IO NESE.

parameter DPH EDL SOL

RMP (-mV) 73.8 £0.4 (30) 69.0+1.27 (12) 68.9 =1.34 (13)

Mepp frequency (Hz) |3.87 £0.20 (30) 6.89%+0.74 (12)* 10.34+1.48 (13)**

m1 0.28 +0.013 (30) 0.41+0.054 (12)* 0.69+0.106 (13)**
m2 0.36 £0.018 (30) 0.51+0.058 (12)* 0.82+0.122 (13)**
m2/m1 1.38 £0.018 (30) 1.27+0.044 (12) 1.21%0.043 (13)

DPH (3 RIEHEA, EDL [ZEEMERIAEA, SOL LEEHEL 5
AHEAEZRLUTNAS, HEITFEE £ EEEZLR LTS, EDLIZENT,
* [IDPHED W THEZENH -1 Z EARLTWA(P <0.05). SOLIZKITA
**ORRRIERD, KRB E O HBICEWTREENRH - T EERLTND.

B. HEEHE R A,
C EIEBEEAOFLEIL 69.0 = 1.267 mV, mepps DS E L 6.89 +
0.735 s, m1 OF#{HEiL 0.42 + 0.054, m2 OFEfHiL 0.51 + 0.058,

m2/m1 OFEEfEIF 1.27 £ 0.044 TH-7 (F1).

C. FEEHREL T A HTREA.

I EEAI D FEEIL 68.9 + 1.336 mV, mepps DEEDFHHEIZ
10.34 £ 1.48 s, m1 OFE{HEIX 0.70 + 0.105, m2 Dt 0.82 *
0.122, m2/m1 OF#HfEIZ1.21 = 0.043 TH-7 (£ 1).

-7-



D. EifE S A& DHEK.

% LB, mepps O, epps ® m1 XU M2 LS m2/m1 (1TD
VT Student @ t-test AHVVREAB I 7. ZDER, mepps DR,
mi1 LU m2 DI ONWTHEENAD SN, WIhd SOL N EDL XY K
X/ E%ER U, RMP CERRIEUEBIC OWTIRAEZEZRD -1 (R 1,
1- 5).

RMP

80

70

60 -

50 |k

40 |

-mV

30

20 }

10 L

0

DPH EDL SOL

preparations

1. #IEEEAD IR

NN ERRNT & D IR (RMP) 2315 L7z, Studentdt-testic & b B4
MOBEEEREEIT- 1. HILBEEMCE L TREEZEAD LI - T
(P<0.05)

DPH : Bl Bt i 4% 7~ g

EDL : EEE MR FHER LR

SOL : JEFMEEL T A HiEARERT.



mepp frequency

1:2 - * *

10 Foee Ao
LR (LRt
l-'..'l
: 8, a9
Pafey
A i
8 L Gt
ey k)
oy .
-." LWl
'_-'- o
.
[ 6 F PRI OKRTRd e
X .:I s u'_"-
i .l.il.:l-.. l-"
4 s .-. ! -'-_'- !
B PSR E SR
et ;
-'T. o ..'__ -.'_.J-:.
._ Nk
)
2 } IR
-".-'  pon sy u.'..-
AenigiaTitaly
0 TRy
b e

DPH SOL

preparations

B 2. W/NEIRTEAL DD LI

W INERR AL (mepps) 2 MR ERE TRIE U 3 AR THER L/
SOL b EVHEZR L. (P<0.05)

* . DPH EORIKICHBWTHEEEND - 12 AR LTINS,

** . EDLEDHIRICENWTEEENH -1 2 EERLTNS.



‘m1

0.9 [ *x
0.8 L

0 * 7 B . ] 5
RRRIRE
0.6 S
o S
- O S
£ 0.4 Lk ATs .
et 5
0.3 ¢t LI
0.2 |} SR
0.1 L ;:a:
LAl L

0 PSRRI

DPH EDL - SOL

preparations

B 3. m1diiig .
FI1RBTHERSINCREMRHERZ LB U, SOL R EVVEER L.
(P<0.05)

* :DPH EDHIRICEWTHEEEZNRD NI EARL TN A.

** L EDL EOHIRICE W THEEDGAD SN I EERLTNS.
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m2

-_—1 *

0.9 .

0.8 | EER

ST

0 . 7 - :-;-i‘:‘

i

0 . 6 o -:.:..:.::.-q.- ="

o O St ';::

€ 04 | —1—** Sy

PURaies

0.3 | AR
0.2 L

0.1 } eI

0 .éu:uu.m_
DPH SOL

preparations

M4. m2p g

B 2RIBIC & - THERINIIaERE (M2) % SEAMTHE L.
SOL "&b mEl vz L. (P <0.05)

* :DPH EDHIICENWTHEENBO SN/ EERLTNS.
**  EDL EOHIBICEWTHEENMRDONILI EXZRLTNS.
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E. HREMHEEIMEHE KU E S A B TOHEK.

H EBHOFMEEZZ S TW5 DPH & EDL 35 XU SOL Ot 24T -
2. ZD#E, DPH-EDL, DPH-SOL D H#IZHUT meppsDHE, m1 L&
m2 OWThICHEEENED SN (P < 0. 05). THoS3BHOEHKMM
Tl EWE O H6813SOL, EDL, DPH DJEIcEN -7 (F 1, K 1- K 5).

m2/mi

1.5 p

T
o 55-{«-33ﬁ&
= 1} B
© AR I
[ S -'_‘ [ [y
e alas, 0! l.
- l‘.‘a et e R0 808,
E i

~ A ) -l‘

N 0.5 it
€ S
::_--'.-: s ::. .'-'.-':I..
o Yy " : . ='- ='-".

DPH EDL ) SOL
preparations

B5. m2/m1d i , i
RERIRMEEDEIEE LT m2/m1 25 M U, DPH, EDL, SOLOMTHE& L 7.
EAMICEEREZERED S -7, (P<0.05)
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V. EEK

KEBL, 1K Ca’- & Mg™ % &S BRI & T OREARICELTT)
mepps DHFEICHEZEAADT, 2) M1 BLXUM2 DEICHEEEATHT, 3)
Wb SOL A¥RRfE, DPH VR{&fE%, EDL 3WiEAM THEMELZRL,

4) RMP LRI BICISEREZEZRO BN LERLI. $HOLIDEET
(3, REHET OEBMROEEWERHEEL BREMDZVIIFRELMHT,
ANTHERHOBEHICL > TRIT > T, BHTHBSOLICASI LTI SE
BHREND - L bRORERCENEORLEERL, RRHTHY, B EHE
OB TH S DPHIZAST L TO B EEHEND - & IRV HEEER KD
EDRUT. |

O &S HHHEEOENIERES DV EBRELMDTED S BRED
[EEME B AR HCRIN D Ca® IR R 5 22 5hT5 (Kita, H.
and Van der Kloot,W., 1976). Z O34z UlchZ i3, EEAERIC & ) B ke
TZORKAD Ca™ EICENH BT LOFEASND. TOREITE, AR
P HEDR XX SOL D/INER BRI & BE % FOTREEASE X SN 505, I
FKOFREE Ui

AAMOLEWEBHEEICBET AR D, KHEEDRE IEBIHIRKKD Ca®™ &
ZHITRET S WREENE L o 5. EEWHEHNKHE I A BETIE, MgKK
OMIER BT B BAKGHEAIV Y T LF » XV SREKNICHEAT S Ca*
N &EEELD T EDMSN TS (Llinas et al., 1972). ZOFIC Lizpsz
3, MARZEY, Ca* OEUNEHMEIZL > TARE—THY, ANTEEK
I OBEET R LU TS R[EEHNEZ S d. —RI—REOEENEOKHE
L 4 FHFO Ca®* M4 5 & Xh T3 (del Castillo and Engbaek,
1954; del Castillo and Katz, 1954 ; Jenkinson, 1957; Zengel and
Magleby, 1981). <7 XDH4, HRERMHEIZ OV TIZZ OBFRIHEID S0
TW5H (Nishimura et al. , 1993) , SOL ¥ kO EDL |2 AS39 BREIZDOU
TEHAHTH S, KEBRTHRAK D C® BEAEZ 5 ETE ORI
REAEMALY, B ONIREOHBICIRY HH Y, RRETTHERYT S &
R T. 72U, —DOOREE LT, 2 [BFD Ca¥ OFXIi k> TH mepps
PRBT D ENPWMEINTINASZ &S (Popot and Changex, 1984), SOL ¥

KT EDL IZ AFI LT B Mt TR N Tl e DRI T 5 Ca" FHn
-13- |



PN EBBRARE LT RETH A Y.

" mepps DR LEKOK & X ORICHBBRNH D, F RS HEKIIEEYD
B HEELE (Kuno et al. , 1974) &), RERICINIE, HREORE
MR EIZ SOL, EDL, DPH DIEIZEZ NI EDRHSNTH - 7. RIZ Kuno 5D
81 (1974) 12 U128 mepps QRN HEDEKIZZ DA S XK E &
T57551E, SOL 9 EDL #EKIFAE { DPH DZHUI/NI NI EXTFRIENS.
BADKRE NS & &N RRABE ST 5 £ 5 ABXRISH U THRIT
HDHEREMDDH 5. B RIRDIZDICIIRFEERTE epps OFRENLE LTS,
ZDIHICREENE THLTEFINAY Ve REIHETEAZ ENEHENT
H5. MATHBENFEA UET 5 72D IZMEHBOAND 1 4 a3 F N EER
THBEIENBENSHS. THbL, BEHEMORAEICHEOHBRICIRATS S
MU B ALA Y LT B Y 7 LA+ v ORESQESKDSNDE. O E
BABDIRIIVF- ZHhEE L, ThEELETHHEA/NSEIRET SLEND
3. EDLIZ AN LT % BB MR L D SOL IZ AT LT % EB S DBATA K
XD EABE UHEDNH D (Fahim, et al., 1984), EDL & SOL DRI
DNTIEBETEETH - 7o, BRI OWTIIREREL L.

HHEEI TH S DPH X 3 BHOBERHOFTH - & bRV ZEMHEOKH
BEA R Ule. WRGET)IEERED BRI TREBEBIETHD, TOMEZHED
DPH (3 EBEEI 24 0B L TWW5. ZITFPEEINS Z &L, DPH XAl 5
EEREGLED Y F T RICEOMBEDORITHS. MBORBWGEEEZD &
=DV EDEEYWE TRENTR U378 REIRERFD epps DFEENLHALNLS.
DPH D7 F- VBEZHIEING 3 FOHFTRHEETHY, BLWEREEEF>I &
COREN (B, 1993). ZOMRIE, DPHIZKT S U+ FRIZEIIDVEDR
BEWHI L A ZEEROEMLTHEENTKT S LEEHIES. ZOHEMBODIR
D TIXEEENHAS.

SOL & EDL D#kEE% kg 5 &, SOL (3BHHER D 7o ICFK B RE,
EDL (3R RIISIEBIMEE THS. SOLIZEANZZITHZ DY, TOH
B\ hE S I3 R A I O B i £ 0 BT bh 5 &) (Vyskocil, F,
Vyklicky, L. and Huston, R. 1971). Z ®7¥% SOL O Tid epps. D tiEHh
BAHD O AR EE T 5 C 10 5. $/0EATIE, 4 D epps
WEEEALE 1 1 OREEREE L SIS SRV ARV EREENH 5.
D& 57 SOL IZk )5 v F T RIZEDRENE LV Z L OIEEYEORHES:

-14- :



 HMERFU T B ETREEARMRERRRE & Lo,

—7, BEITH S EDLICAIIT 5 EBh RIS EBI B2 R U TR LT
5. EEIMREISTEB MM US OIS A AREA A REL, TOVF TR
ZL 1 1 OXISERICH B L) (Kuffler, 1943; Fatt and kats, 1951).
L7cdi-T, ThZho epps $HELEE LR ULk BEIEES &
INTWDS. TOIZ EHEOEBIHEEY & HEEE A2 52 TOB REEDSH D,
BETRRRE & L.

-15-



V. BH

2RO EBEHAREHERACET D
f 2 W E BB D B

(B8]

It & OVCIHAE TS & DB OB R > T 5. TDED
A ST BEB R OMERITIRE LT B, SR & B & ORICIIRER)
BAONEBEAIN S B - & bEEAIUL, EEMEOEENE OBUHEIC S
HRFREITES. JOZEREYF T RIGEEOEHMELFAZTH L LEZ 0N
2. UkdioT, 0L 715EREOERIL AN HEH]
BRI LD, KERTIE, <7 AOKMEMMEHEACET b EENED
T B e U e
B L U]

1% 8-12 B4, (KT 34-42 g O ddY Rt v 2 SHIRBAREA A
(DPH), JEEHEERHbEA (EDL) ¥ KUEEMEE T A Hiffa (SOL) ZfF
B Ute. EHILY Y L - el RV WEH Krebs-Ringer AR F CTHilZA
VBRI & D LA (RMP) 28 ) RO BRI ZHE L. MR
AL (Mepps) & & W AHEAIC AS1 Y B BB HER & EURIE L 7 RO MALENL
(epps) ABIE Liz. mepps X2D 1 HEMU Y QEEHE (Fs™) LT,
 epp WREMMHE (M) & LTERUERMERS Ui, ERAHE LT 2 1
WA - 7o, CORBIC XV ESNBEThEN 2 HO epp OREMMLE (M1
BXUrm2) hozoth m2/ml Ek, ThERHEEEOREE L.
[kt
1. &HEAD RMP OEICHERLEEZRDITN - 7.

2. ATOMEAT, m Ok F LRI KRARFO Ca™ Ik L.

3. FE LU m OfIc & EAKTEEREERRED . HEEL S SOLITE,
THRATHY, DPHIZBWTRNTH » 7. ’

4. m2/m1 HCH IR O Ca®t IBEI DD ST TOEEATIHI—ETH Y,
HEEEADIN - T,

(B - W]

PLEDREIC BT, EERIC B B EENE OB EOIANT 2F

-16- v :



K & D R 2 S AT U, ZOBOCHBRGORS, BHiH 50 3HH
T DR & BT 5 W BRI RE OAMAR L. BCHRIIIEIC S B
M REERD Ca®* B HEL TR Y, ANERBHOBENERER
Be LT3 ETREHEAEL |
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VI. Summary

Releasability of transmifter at the motor nerve
terminals varies according to the muscle types

Purpose

Skeletal muscles are different in the contractile and metabolic
properties. These.differences are being under control by a-motor
neurons innervated. This predicts differences existing in the ability
to release transmitter at the nerve terminals. This study was
designed to examine this possibility in the mouse preparations.
Materials and Methods

Three nerve-muscle preparations were made from the left phrenic
nerve-diaphragm muscle (DPH), sciatic nerve-soleus muscle (SOL),
and sciatic nerve-extensor digitorum longus muscle (EDL) in 10-12
wks old mice of ddY strain. The nerve trunk was electrically
activated with twin-pulses at 4 ms intervals in low Ca?*-high Mg**
Krebs-Ringer solutions maintained at 36 °C under oxygenation with 95
% O,- 5 % CO,. The frequency (Fes™") of miniature endplate pote;ntials
and quantal content (m) of end-plate potentials were simultaneously
measured at many neuromuscular junctiohs by an intracellular
recording method. The ratio of m2/m1 given by the twin-pulses was
taken as an indicator of the temporal facilitation of transmitter
release. ‘
Results

1. There was no significant differences in resting membrane
potentials among these preparations.

2 The value of m was dependent on the level of Ca®" in the medium
in all preparations.

3. The value of F was highest in SOL and lowest in DPH.

4. The value of m was largest in SOL and smallest in DPH.

5. The ratio of m2/m1 was held constant in all preparations
-18-



independent of the levels of Ca’" in the medium.
Conclusion

These resulyts indicate that the ability of motor nerve terminals to
release transmitter is variable depending on the type of muscles |
innervated. This diference, in part, may reflect the variation of the

sensitivity to Ca®*".
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