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Hypoxic tolerance and work capacity Kazuo ASAHINA (Department of
Physiology, School of Medicine, Toho University)

1% O, &bz CTEFEL, bEVIRENE
BCHRER 1T 556, FHAIc: > TH
ZDORERE BRI Z 2, TTREL D
RT3z LTH3. Ik O TicEFEL
T VEB L2 D TR Y hIEVEA
EVDY, EBPRBCI-oTLER D 5 5
B, BHOAFELMABCTS L, b5
PHcHET 5 L2, E3EHToO sports %
FBs EERE {ATH 5 edicidfk O, &l
~OTHECESRESIOKRE L Z L RERER S
DIXYURTHB, Z0L5abIIT KO i
BT 3 BRIk E & UTIZE (B X U5H)
AR sports ABMBEOLSH CTEELFEELE
LTHIERED bR TETDTH 5.

FRIFFE DR RITIER » f¥K « FBHIRE VO
b s MFBEWROBIECD 5. bREIBW
THINBOER LY ZoFROBELEEEY, X
ELTHRUTOERRTAbh Tz, $ib
b, KB (BW), BE @), B GG, &
A (#R), REEMRBEOERII IS Mbh T
5. Hi3FREMIKAE, HEXEIRES
HOMETHS Fh &, vwFhi 3,000m
HIBOBH COERTH I DT, bE )P
BELOEEIZE ST 7 v, La L 3,000
moOE S I AOLEBEBEERIC & O T—208HE
ThrzlrzhboffEEHLMIZ L Ty
5.

Lz b T om0 KL, 1930 LIS
bRIELDTH DY, FOBEIFRAOEG
I BELBEENLTYS, 205 bAHRES
HBIME L MIRIc >V T, EROBIEE E L,
BRI ED 21772 > T 5.

- BB, Sbic—EBoBELToLaE
EMEREN, BETOREDO~YF 2L,

ARDDT 22 T TREIC O TOREREH
»5. ! o

Th b DOEETE S MR, Bk ok
A Lo THERREL ERRBZ L, Thb
LEPMECIRERBEAZERDBZ LY, 2
B OBFFERIA & ;T 5.,

ZZ TR O, Tt RiEic e 5b 1 ©d 3
DB, ThOFEZEDLd nEREZL-TRE
RO PB—2DFREICTE 5. ‘

& O. WHEDTEE L LTix, Z&5H O, EEE
EWRL T oBE, ThbbEEEZRER
ETF T o258, ACEBBNER LESE
FORE RABE) 2HAvszrbby, x
b d—EDEHETER LEIERtrbb4AE
FREMERZ LS. ERECRLIELE
MEEZBRALFERAORE. ZhEE
ERBIC LT T GAK, DrEETLic—
ERHHE S, ZoBBCBwTARRES
LbRTW L FETH 5.

WEhoBRE L BIZL T, £E0KE O,
MiEEsmsZ L 3T & 5. HEEDIZIA T
¥, YrRXAI, AYHIFAI KDV TI0
m/5y OWE TRWE LR OMEEZ L &=, &
£ UHE T 13,000m, o R 2 Tk 12,000
m, ~AYHFAITRS000m krhEREY
ODRABEZH LTS, LT, & O, itk
DREEE LT LAso CREBIEHEE) 2B LT
VB, Z i d BRI 2 R4S SRS,
50% DB T T 2 BEEZETOTH B,
WEROEA S BRI X ATHEIER IR C T
Hd LI, v

— RSB BB~ TR O, i
2 L vbh T 5, Zhidir < Robert
Boyle (1725), Paul Bert (1870) & 23K S\ iz
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ZLTHDIN, TOHDBRICL2THZOMHE
MIZAED LR TVT, Yuixx3, AV hEA
I, WAUYX, A%, Xz, =V LY, 77
v R AR ELL OB IBE T ZEITH 5
B LV, AltlandD j34:4%25H, 110~150H,
330H, T20B D&FEDO Y v XX I & 34,000 ft.
I 6 R & ¥ 7235A, 330 OB ELE
VIt EZ R L, 110~150H OB - iz k< &
HEL T3,

bhbhix Wister By r XX 22T
SR O iR & R T, FEREARERN (F
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BODY WEIGHT (crm)
R1.  vrxX 3 OESWEEME (@
H#1)ll, . ¥EF, 1966). ,
BIESCHRT 2 b0 LD T) OBWEE
IEESERN Ic AR, 1,000 m/4y o mE CIRES
5. 5000m PI#Eik4& 1,000m & 2z 10405
OWHEEE, TOMOAEFREBEE S L AN
B, 19000m B IAELDTHS. 1% O, it
HEREE ) CXoThrBRENERD S
A, TOEBREERT2 Biefiiny, KEEAN
EERIEE 18°~23C 2fE o7z
L CORERR LR TERY THBIMMELT
GEFOK O, THERE VLV E ) Th 5.
KE 14 g OFEBE 17,000 m F TREIA

FLTw 22, okERTEZHIIT THEY
BRoETEMEH LT 5. T4g #ETiX 15,000
m E TREEBEZELT v 3 2, 16,000m
P ECIZERC RN S . b ok 184
g BTk 16,000 m THEEBRL VDT, HB
Wit Z OREOFESTIRE O, THERIRV D
iz, L LelcBigts L, 9%
BB AR S B LV B TH A
5.

DX RBHORONIEARZELELDL
hTws. %L OBE CIRSEBWIARTL
BERRER TS 50T, TRENSKE SEHT
BER Eic & bz 9 AAKIBOKTIC & - THREH
PIHIE B RER, O FEMRBD LK O, it
HRRKECDTHEALI LV, ElcshESHHL
% DR AT I ESIIT energy A4
BRAVKECZ LB L LT 2HELD
5. ZhbonBEHEDIED, SEEMITFRRE
RORFEED DI O KT 5 KIEH
HEVELIBELRAVIELEZ BN X 5.
Hill!®) j34:4 1 ~40HO=U P VR RE L =
guinea pig Z AV TERL T % 3, $EE)
Yok O, itz 2w TR @ & 5 Il Tw
3. TLLARBPIEREESL BIE, 156~
10% O, 04 TEBRIIER fehs L,
Tz 0, PELFEBE N, L LAKER
THEERELTY, FEC O, HELIETT
B, RIELZOZ LIXGETIWIET Tl < R
LR LSRN 3 2L THEIND,
o s E O, X E L vI Z &
RTER. REERRCZ D OEERHID
HEAH X vV B KEOTEFREBICH - T, &
O, &fbic BN L ETH 3. ZOHAIIIZ
WEBYISNBEOE 22D b F, & O,
CXoTREPIMFIENEDTH B LBIT W
5. bhbhOERTREEENEEZIZER
B> TeT, LabsiEsiicik O, Mt
PEVWERRXETY3DOTH 326, NFEFH
DERFIFBEDSMCRD T ER B, R

RV SEEICEE R LORD Y E S THD.

& T ME B S HEREBI . 0 1 O, NS



RER R it & B HE

, ZriiEEREFHE VbR T3 0D,
BE 5 L NSWEEREICBE L THREEEAAR
BETHDILDTHHH LI BERBD BB,
B & TR,

Plko X 5 ik O, fitt: & id—Micik O; 5
iz TEFLEZRIEETOTH S,
& O, TCOEBREICOVTIE, ZmBloik
WrRMELT S, Zhicid, 1) b5 —EDEH
PR 9BE, BECXoTEDL ) ICHERN
BOPLEVOEEERE LB ZLELDY, 2)
HDE—EBETLEDL bVWOREOESE TH]
EThAEPLVCOIRKETRALRZ2ZLLD
. ElezhbEHALEFEMTEbL T
5. EEORAR—VEBROERRTE, 208
AHiERACOhS L, BIHER S EE
BEEB SN Z L% '

Jok12Dyx 195548, Mexico City (2,240 m) TfT
b PkEEacoEiEL, FR O
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TOIEEE B LT, EFio sports perform-
ance ~DEEL T v 5. BB T 100~
400 m OFE H T3 L Bl & OfficZER v
25, 800m TIHHALICERD - T, HHITO
RIS LB R T v B, ZhicEELTH
F191314% O, 252 &M T C&MBEEETT
7y, all out 125 Lbicdic, RERR
BERGS LRI b, ERZER (21% 0.) %
Bz B GoEIHEiTh ED, BER
SR 1 0% 2 2 BRI, 14% O, 0% R
HopicEmi<c allout it o TLES &
5, —iz 14T all out itz 2 RREDEEIX
400~800 m DEEEHCHE T 2D TH D » b,
1§ O, 823873 performance it b 3 DI,
{2 1£400~800 m T all out Iz 75 % BREE DOES T
H5 5 LHREL TS, i 400~800m LIk
DEME TREHOTREIELS LI OTHS. BA
¢ marathon #£F D F<¢H Mexico City 3%

#£1. FHE Ay e T 4 CRTHHEBRHOE
expected*® actual record
best record (sea  record in competition
event athletes level) Tokyo Mexico City  Mexico City

TRACK AND FIELD

broad jump E.K.**(f) 6.17m 5.87 5.97
N.Y 7.88 7.88 7.80
high jump 0.5 2.02 2.00 1.95
10,000 m H.O 30:27.0 —_— 33 :30.0
K. 29 : 01.0 —_— 32:49.0
SWIMMING
100 m S. F. (back) 1:034 1:04 1:03.8
K. M. (breast) 1:096 1:10 1:12.0
Y. N. (butter fly) 1:01.9 1:03 1:05.0
Y. T.(butter fly) 1:00.9 1:01 - 1:034
, S.F. (free) 56.0 S 57.5
200 m S. F. (back) 2:15 2:16 2:192
K. M. (breast) 2:315 2:35 2:35.9
Y. N. (butter fly) 2:155 2:23 2:235
Y. T.(butter fly) 2:14.8 2:15 2:20.7
400 m S.F. 4:22 4:25 4:31
S.S. 4:26.6 4:34 4:45.0
T.Y. 4:228 — 4:317
800 m T.Y. 9:25 —_— 9:28
H.Y. 9:40 — 9:58
1,500 m H.Y. 17 : 50.3 18:30 19:14.3
S.S. 17 : 433 18 : 00 19: 025

* expected record by Japanese coaches. **(f) one female athlete.
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BELIITR>7eRAE TR, FHEHE I Y20%
DET#RLTYv 5. Pugh?®ix 3 mile &G
—3E3# ¢ London ¢ Mexico City & iRk I
BLTvw52, Mexico City iz 4 BREIEEEL T
i VLS EA T B L EZ LNRBIRL 2D
boT, BRSB~T8%DETERLIZL ).
Asahina 523 I HAGFEHEOWEHELE L
T, Bk 5 4, k164 DEFiz o v T, Mexico
City iz 3 BEEMEF oL v TREILT
w3, Rliexwd sy, BEEHTR jump
758 OBRREFE, Ak TR100m HHEEZ ED
HEMEHCRVT, FHESFGL oflicigs A
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R2. EEZBRAROEEREL VO, 0%
(Fhe 7, 2%, 5%, 1969).
CERRBhAE VORI L, HASER CiiT
RTCEBHEBBET LT3, ZoRITTHREIN
ERFLHRELTHH0NEDL, Zhitikzk
LbORBLEAERCREBTHS. ZoRGERE
Hiiz 3EMMEL T, MRS % Lic X < Bk
BERBELI TV 5 TFORY (b - & $2,240
m TIHAELBIERAKRI L 5212 v) Th 3
25, BEHTALLIE O, 0EBEH~OEE
DHVEERLTVB LTIV,
FTibbik O, FHTTIX, BROESD 2
WIXESITEENI D VR T vkt
L, BAREED 5 Vi EKEEI Tz 2 0k

BRETTBLZ LBV,
bhbhiERETE b OEFRESLIE O,
LDOEERE LRk, 10%, 15%, 21% (2XK)
O, &1k X #7584 0 HEEE ergometer O/E
HEEOETHS. M2kROhZ L5, BF
FTRTCOEELREEZOH LT, 0 DK Vi
£ O, EREN PR, DX VRILAFERTAE
Yo, 1& O, FEPEETHZIEL O, 2H
ANBZERTER S KRB, ZOZ LRI
0. /T T 0ES) Ti3 KR energy ICHE 5 B
SHREAL, LizdoT O, BErEAkTEZ L
EERTHILOTHAH. ThbLRIUAESR

16
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e .
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3. RER L5 ER~OEBREOTE (F
JIl, %, &R, 1966).

LcBRICHBERNSRE VI LIt 3. Ok
EIHIRERIC X 5 energy DA I IZBREE 2
H20b, & O; BETOMEEITITYRHFHKIHR
Mb3Z L HYERTEBHOTH 5.

¥ 7 RIRERESC X L CikE O, o3
bhixvidhid, 2BMNESH TR rc
DREHHT, BROETE2RTOTH D). &
DZLERKBICRBZLRTES. Z0ERIX
g ergometer iz X 3 P50 E fhiEE), fuergo-
meter iz X % FipiE i ES) & FPTES & LR
L7zDTH BN, Z0X5 ZRFTHEGEE O
RRIFEN2km T4 3km THLigL AP
HEZERE VL Vo TIVv, &2 AR
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D X b A& YHEE T, all out ¥ ToOMHER
BEEL LeP> TERTT30Ths. Z0Z
LR RBCTLRICEOICADNEDTH
>, M4kwT & 5k, ¥E 3km, 6km
L OKETFT Ty e 2 AT % treadmill |15
m/4y, 225 m/4y, 26 m/5y DEE TE LEIY;
Bz, WThoEEOETTD, BEXEDE
PEIFBEDETT20Ch 5. HEOKER
FIFOBEINE, FETY all out & TR
R E e wic, EERE->TH, ZTORER
IR T ORI BRI S WO TH 50, EED
BEWESIE, all out E TORRREE DR
WHRE LV ERbRE. 2 THRENLE
THESERTIX, 1K O, OBEISHEIVRELS
$, BARESTIRE REEPBDLND
DTHB.

DO kD EBE OV TR Y ZEO
WERHSH T3, Balke) § 2,000m To
EHEBROEEL LT, EXNELCTEYE
ThHNR, BRWRALHETCEFMHLIHEALR
W FOREENMETT2Z 25D, EbikZ
3 Ui o B Bl BB RIR T 4 D EIE S
B5OIEBHTENTH S BT S. Ll
4,300 m » Mt. Evans T3 B#zE ergometer
OEZERI%IET Lick ). ZLTZOH
& 6 BEOBULHIR 0% T b B EEERII T
SEETER P oTc VD,

Bt 0Bk 2T b 3% < ER
HWERD . HEOREAMFER BK O:
EBE, BEREEREACTRY 0 17%L k0
T, 0. 21%DR&0OHE LERE VT
nEL, 0, %D TOREEICE 5 &, &AM
HERBETTSL v 5. 0, 14% &\ 5 DAY
3,000m OBEICHYTIEMETH LY, &
bRz B Y, ZOBEXEERERO LT
b, MIKOESD 5\ IZIERIERROBEED 1
Th, —OOBRETHDH I LI, FERELD
WEHEORE—HLLERTDS.

BAHERECEELT, & O, &£HEToRK
0, K (VO, max) NEHIETFTT s L
HIEL DL, & o7 Asahina 5

O BAKE SRS, Mexico City {7l o7z
EBROEREZK 52, b icFT (NI X 3)
e L E 0 5 4, KD 8 &\ h b Mexico
City iz BE3EROH v 77, EHIZESTH
Bz VO, max (STPD) BMETLTW53. 2L
T3EDOEKIZMHIZ Lo T, 2B IMOME
HMERTELDATRED, BEAERETD
BEVSTEVTHSH. foi2 3BE 0B
OB EOTHIC S & 2 7cfif, VO, max
BEMLLETOFEHEL VAL IBE > T

TREADMILL SPEED
150 —Oo— 15M/MIN

- —-0-~ 22.5M
- —-0-— 26M

100}

50

Running time to exhanstion (min)
1]

G 3 6
Altitude (km)

K4, vri3AIOEHET BT DIERIENL
VEXSRE DR (FR)1), BEF, &P, 1966).
BENEL, BRETLEEPEEALVEY
T LThDH. T 2240m k5 HERIKE
EoHT, Ly»b 3EEE ) EHF TR
HspE D Ricd 2 BEOBLAEA TWB T L E
FTTLDOTHSH.

ZORREELBIMAT, RBEShEbOD
5%, ERAEEr—2ORICE LD VIZONRH
6 Th%. Zhicks s VO, max BARICIK
¥ B DTS EE4,000~6,000 m DFiFHD» HTH
%. 4,000m TiXiBEHOKI80%ERODT
HoT, TLEERMLET TR L AL ERE
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a vk edh s,

“I/min AXI . J:i"EO X 5 h’—{& 02 —FVG/_EET?E?]:FEE
12| MAXIMUM OXYGEN ‘INTAKE (S'I“(FD {/min) PREREL, EFREORETT3ER
4.0 i K KOMARU (OUT OF MEAN), — ——————=Ki=——u__ i
38| 0 S sHMizy %%E;;“iigso &L T, Foid 0 EieR
AR S N/ S SRR S
3.2 MEAN Ki/ \s, %VG&) % 5 . ;ﬁﬂ%&@g;ﬁ'ﬁ—é 02 &

0

- ;;225 TR TE R L 5 EENE
28| , s Koo « 2T & hypoxia OHAKRET

24 Koy " —— K" -
2 \ g ,,"K ) 592 ThHs. DEV{EK O, TT
?: N [ K’ v DEEOFFIEFII[TTH I &\
-8 1TOKYO MEXICO TOK = N - 4 .
- 94 SEPT) 9 ocT- " ” L Nov. SR TH - T, THIEHER hy
5 2 DETE.  boxia LEBhc+ 2RI Tk
BbREBBLELAEETHS
b 5. LicdioTZ OEBRMERHERE

{/min N >

/48 MAXIMUM OXYGEN INTAKE (STPD l/min) Fv. TR B D5HHERDOI
1.6 Swimming 15)17)20)29)30)31)32)37)39) o)-%ﬂ@ﬁk{fﬁ%
4.4
i HOROKUL ) LoT, TOR™BE—RCE LD
N e PR
. He PUKUSHIMA {4___-}.4 i DOBE2THD. Zhi Hﬂ:&ﬁ%

A ) : \ = B > IR — -
ol S A — T LY I 2 RS
o TR i——————"" popaa, wFholELERE

3.0

v Hu' vy, Yo
28] T— ;“7-<\¢,><Mo7
NS
A
Y

Y OREBEARESTHT, HBHD

26 v:>m;é;: RELTOLDOTHY, H5L0I
24 s BESNSERTH 5. &I AHER
2.0, TOKYO MEX;C;)N """"""""" N ) TOKYO izl T zl) % 0)%% jfl“{% d) IE] CEigwv

15EFT, 0T 4 v a8 Nov, 2. Ll o TERFE—2DRIT

1€ ] : DATE. FLOTEEORBRET5 - LILE
K5. a: e 2¥>a74TO VO, max (fEE). b:F BB 5 . 8LAs LEE
e RAETavF4TO VO, max (kik) (I, 1964), Efééj’bbbbﬁgkléﬁ
FEREEOEETOF T 15 T
b355. BEOLDIC2, 3EYRE
Altitude (m) BROFER LML TR,

1002 1000 2000 3000 4000 5000 6000 7000 8000
=12 \L\ R _ E b T%3,000~4,000 m 2 K
% \\f O. MEDT - FIEREFL ik T
X .80 | =Y . BB L, £ OBRECEETOWN
8 @ : TR 3
v 7@ Astrand, PO(1966) T OF b g'c, TRUCIE L 2 PUEO TR 24 1
g og;lke,B (ISGE)H ( o HERCDHEL 0AETERED i
—0 Chri JH.(1937) 0 . .
5somﬁﬁ?&m phs. Lo LBERECEEOBLR
= |~ ® Pugh,L,G.C.E (1964) (9] = - z 1
© gJ.u/f.s.A (TAKAMINE) (1967) BHONDOWN, Rich B X Hic
~$J.A.S.A (MEXICO)(1965) —N 4,000~6,000 m |z 7= DE
. J&J.A.lS.A (NORIKURA)(IIQGQ) . m e b7e 5 FH OB
700 500 500 400 300 PHETHSH.
‘Environmental pressure{Pb:mmHg ) Rizh B ﬂ?%{)ﬁﬁ;ﬁ%ﬁ%ﬁ‘é b, %2

[Z] 6. RKIGEBICEELHRAO, T&Wﬁﬁﬁ@?@ﬁ’}\g@%ﬁ%- G LR D DIk o DEETH
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5. MKBIIEHTH SR Y 4,000~5,000m F
TEMLEEALEERE VTR L b, 6,000m
BB EHEALTLS. i O, BHED, &
B oREOBELZR L LTREN SIHlcE
T3, ZHEBEL®ICL - Th A X THRS
nTvs., wmzhik SO, KR 200 T
boT, BPTH SO, Xz OEECHEicE
LTwv3.,

VO, B TH BBV FHEE 5\ O T
550, BEHT3HACEYURTMH S S TH
A5, MEHEShHOETRECETTS2THS

K2, BRI HEEEEOENL

oSS VE | D0:] V0: Vma] 50:[Sav0{ HR HRra{ St V]Cartl
T rmjrmfrm| m [rmfrmlrmlmrmlr m
2000 |- ¢ : -t
500
1 3000 |- t|t ¢t [ Sl B tt
! -
© 500 ¢ -
- TR
4000 o t]- + —lt |- = |t
] I~ b~ N
500 t t R
. t ~ -t ]
5.000 ~ +
. o t
500 t +
1ty |- IR ] '
6.000 [t |+ It +
2%
500
4
7.000 - # (O]
500 ' + W
8.000
) W _ |

(r: K%, mEBR)

55, VO, max ik 2,000 m FEDEHT
T LIPIENEE >TSS, ZE0LED
BEMETIC LR - T, i o=@ ETE
PO ThHB. HMbichd LB, k4,000~
6,000 m Lig VO, max D& T kAl #4
TENELDBNB.

‘BhE R O, fafnE 3% (Sa—v0,) 1%, ffi
O, friieic K E{EFShZRT TH % »
b, EOXIiT, REZ OFEETHERSLRED
RIEBLTCY30R 5 5 X ). HERIEEE
THAT3EAIED S 5 Ok, BE hy-

poxia DIHRIEESIE D » 12, O, DEAN
DEFRICED0IHL, —FH TIRERTOBEE
BERTAEAR D202 THAH. DIFE
Lt F o AT 2 0k <o O, &
Tiexdt L, Bk~ O, Y A DT
WEBICKRE 5D Th5. ZOBRRIKT
TIRENBD, o
SOXRBRAEETDH B D, KLEL O
Fiz ) EFohTw3orbikcds. &
Bz LTV THIE O, KT ol #m
FTB5DOTHBEN, HOPCEEDOHEMAR LD
BB DiErE 1 4,000~6,000 m P EizB T
ThBHH. ETLEOTLRRENTVS. &
z B IEBOBAE, FUEREOES LT T
FhoBIERT, TCOHE LEE
H 7B, REHCITHEESEL TS, &

20+

16

Oxygen Content  (vol %)
o
T

° o, 08' Ol

4L, 1 L e
800 600 400- 200

Barometric Pressure  {mmHg)

7. AL mAEESEORG (R, EH,

#2ER, 1971). '

BhE T 5 L EHEOEREDREDT TH S,

THhLE e FEEOBBOREIIET VRS T
LTHoT, BOEHTRSLLTLLIE O &
B 5 ST & Y DAL ERR S IR
6,000 m PLE TR X 3 &I EH oL
Iodne LA b B ZickRMEEE R
S¥BEOESE] L 2 AT, 3,000~
4,000 m FREEQBHETT TREHOFBEALITE
* Tl L, 2hi V&L shd—BouEo
FRRT20TH5E. ZDZ LiXE 0. FTTO
EEECBEELT, ol bBMOLVRT
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» 3,

FERBERE & > TH R BIBIC 12 5 D
SHHETH - T, OHEL 1 EHHERSH
HEZED 3@FTH 5. ORI SROER
LT, HrmETHEMOBICETIOT
b5, thlREcIEFHBED 4,000mE
ETHEm» 5BICET L v BELD S,
ZhEODVWTREZ+GHARETH I Lidv ik
VwOThoT, —H Tk 1 EHHEE LR
200/ kBT REBD LRV I ERD
b5,

300 X10°

0200
Work volume (kg-m )

8. ®WATikkF5 HR, RR, {32 > DOBR
()Il, i%E, BFF, 1§04, 1966).

LALRICRD LBY, SHHERLEIRE
T 4,000 m BED & Z 5 CHEM» bBAICE
THERARA LD bh, BB ImEL L
VECEETOERIMMERRD L » 2 b b
¥, TORBE TR LAEMLTY3
DTHHHH, 1EHHEIENZ OFETH
SOERED S LORL Lk, Z Ly
EHOBACIXZOFEEREL RS, Lo
LLEREBRES Y T, DY 1EHEE
LOBBREP RV ERETH - T, DBEEE T
PHREMOD VT TEZLDOLEDIRZ DT,

HLOFLL—FY R TE LYy, exd
FEES L, BRHEBICI-T, WELLH

CLEEERLLELTY, 1EHHELRT
THBLEVCZREVTDHAH., LB, TID
GRCROTHBRR BB SR TTHS. T
NI LTHOBREORENIBREL EX 5 &0
HHES, 4,000~5000m FEZ/ L LTET
THZLEREELATAE LRV, .

LR &8y 3,000 m PUF DIKEE TR LH
Rig7 HEIRR S X OER BB —Ric T
DENEERRCEEZ BN TS, THIEE
MELTELVWEEbhaThEd, BECE
BTHELLTLLENZ VDL TRAY. T
LITEAREH TR L, BoflER LicEs
T&Ez, DELIPRE O, 0EEITDLND
DTHBH. ZTOEEEX8RE S, 2,000m,
3,000m TXz 7%k Y AL PREER LEES
R ICEZ DL VH BB THBH.

ZDESIE O, BRZEORERER X - TEIH
FR o THFRERRERCEELEX 50
TH BN, TORNCOWTHERNL .

fesk—f&iz hypoxia »% adrenalin, noradre-
nalin OSFWERETIHBE LY, Z2ORKE
DR BB E 57 dic L EHEEEHEL, &
7o RIRRIC 7 RIS o O3 N3 3 72 o ic,
SHHEREL RS, LI L—FK O, i
HmEAEo PO, 2ET&®sLbicd T d
{ coronary sinus AR LAY, DN
T3 b0 bvbhs. PO, 2 10mmHg
PTFiciks tHLPiOIETZNE ks e
i, Fibb adrenalin % 4r4 3 (REHZIE
&, m#k PO, {KTFic X 32U 0MEIZIE L
BEBRICHDNEDOTH B, ZORIFEHD
FAZEOHBRIC L - T, DESERRESh
T Licind. nBOFIC hypoxia g7z

A, DO L L TESHBEESERICE
TLTHBOEANRHEZ 5 L, SIE RS
3L REHUIERRONS. L LRI
DB b0 K-eflux 8% -T, DERT
L Zz0kHd STHHRALNLEZ L 5.
ThODEFFORESNIbDOR, FERLL
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TN 52D Th 5.

FEEYIC Vv 213, hypoxia 23 HLEHYEEEE O 55
B M~ OBIHEIZI R < 5T, adrenalin
ki X BREDEVEHE TD B0, LH
¥ 1 EHHELEIL, Led-> Tohilii
FEREVDTHED, HDHRELETS L, Z
DX 5 BAEEDE T E L, Ro TR PO,
2 & B~ OEREE SO MAIRIR 1K
TP TL 3L vwHEL2FTH%5. Down-
ingDyx PaO, pMET Lz OBRESR RO X
BIAML TS, MIRKRLEEDOBRERTD
3. ThbbUEEZ R EGEAL LT
5, MWRINOGERETHIELORF V¥ H 2
R BIIC 357 O vector sum & LT
XD bbhd., ZORFICIMEENTZ DL
MEWELOREBDIEVD E TRV,

ORIV TORBARERT 525, kY
hypoxia 31— adrenalin FRZ A L COH
BRI, il i B A @ CIES
FEHET A L OEENRELFCRED &
v, ik PO, DIETFicH 2R/ LT,
Ei&o X 5z coronary sinus 721 T/ &<
1z carotid body BEHEE h T v 3HRERD
3. LTz o chemoreceptor I LD
DI E HHT 2R E RS 2T T, Fif
Lo TRIBEENZHIEE DEDILOTHD LV
bha, ERLBEERZT AR LTY,
DEHEHD PO, OETIXYRIHES ORGE
LEB5THAHH L, sino-auricular node LB
BLEEZROBEALARORY, FECEREE
DIHIELBROBRE - THLLDTHS
5.

PERRTEZ Lo, & O, TTOEED
B VILEBEES OBIRETFO 5 b, FERERS
hTE G RElE, R2TOHALL TS L
BY, 6,000m FEEF CIEHETLERTS
DTHBMD, BHROBEE 2T, B TH
LWHE T b b IEE Oz wic, MR H
ORI R k78 5 L ) X O R AI L L
T, — I hME O, TEBOHIKL 55
ridEzbhmy, Lichto CEREs LT

RifEIZ 72 3 1A O, JEHRETH 5.

fiti O Lk, HBAE, MRK, ERAR
CEEShAZ LW TH BN, S bl
MEPED TRELZH 2RO LICES. L
e o TEOEBRBRROKE, & s
BlekE{ZRsh232b0THA Y. HHHE
PET LThi 2 fh 2 RS W ETi,
9 S 2FEAETL, FNBREVEETSH,
Wi O, I BB s haZ bicn s 5. KO,
TTREL OEHRHY AR bEDTH
3.

CNS
tachycardia = Adrenals

Heart rate " Chemoreceptors

bradycardia <=— Conduction
System

_ CNS
increase
Ventricular < “S~~ Adrenals

Contractility

AN

hypoxemia
decrease <=— hypoxemia acidemia
- (Chemoreceptors)

(Downing)

9. BEANCRY DL EREDHIEF.

SHHER S £ Th A LS 1 EH
Bltl->THEEZOTH DN, —ikic 1EHY
BiE O, 0EEr ZEERELZFTARVD
DLENTVS., PIDOBYERTLZDZ
LRESTLNG. FORRCE B L, KO,
fitts: & e B B R B R R L T T,
EFT TR O S W ERE SE O, TR
ZLERLTVS, EE O, itk L MbE
LoficaBCEERD 5 R ED, 1 EHH
B 2Tt 2 ofic i EOBIRS R b o
b, AWHEEE L LTI X - TEAS
NBLVHZ L THB, D% VEFT LD
BN 5 EEME O, WHERREV Z & IE i
3. L ichHboMEE hAMERI X, mERMER
DEULR AT Th 20 b, SABICNESAFTEE
b BOHEE, L iDEERSMEEEKIC
KELFETH LT THSD.

Lo AT, AHE O, kLT, FBhRED
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ERFT 5z b 3—Bcximbh T3
Euler & Liliestrand®, Motoley 520 Pls£

SOWMEHILLI-TZ O Z L 3EZIhTy
5. Licho THifEERRMME O, T xRt
Tl CTEERBEREFOLEbh 3.

Rotta) i3 BiBhARITE X A S S #7E
LB LD, GHEROFBELAEHV ERR
Tv3, BUEOBEARZR—BE L v iiE R3H
3. ¥RZOGARALOABRREVDIT TH
3. ZOBE—RCLHHEOBINEZ I EX
ELBVOTHB,D, HillEEFIIMoBEER
EHRAE->Cwaien tEx il by, L
Te B o THRL~DOEBEIPEE LS.

PERIE O, Wiz 2T, DIMEHANREN
BEAREFEOZ LIRS OMEEI L - TEE
EhTwsdhidh, zoBAoHHALEE
LLTELMEEAZFEIIL T3 0 Th -
T, ELEALECEL T 38EETD .,
R ERD» b oHHERZE L v & Bt
LTXWTh5 I8, EALOHEHAL LIX
FWHRBEROUE TLL, 5 LB Y KBICEN
b5, LidoTABCHT I E0H Y FHD
ELEBALETRAPRIBRILDOIEZTH
595, BHBFRAELEESIE, A3
AHIFBRECERAEMCP2S LD, 13
PERKERLDLAED. FZ CHERLEEE
DI HBRHAED TN B FREERD S 5.
bhbhidED  ADDHHIREE B4 2 584
LT, EETOWE O SERELBR LY.

RO EEOTEESHIThH 5, LEX, M,

SEA LEVEL 6KM 8KM

PN bbb i L

EKG

SVLEFT D 0
WA AAANE
SV.RIGHT e

BP,
NVNVNN v N TV (- /\/\/W}::)

Tﬁﬁﬂ/\‘\/\_ﬁ/\ﬂf\“ﬂf\

H10, HRTTOPTRIEEREE,

FEREIRR L & b i EALOHHERARSh
5. ZOFTERLEEIZ VT 6,000m ¥ T
EHEMLTY3 3 h £ b 8,000m Tk T
5. 8,000m iZHFBPLRRET BTN E D,
10,000 m TEREURAD LT 5, MEiX 8,000
mECERERZRTINES, ZhUBET
L, 10,000 m Trx—F@ss £ ABRML T
BIozehibhrs MEEIEEL L bLICHE
m¥sFh ¥ b, 10,000 m EEPESL,
MEREL DL 7 5.
EALOHHEAE ST 21E, 6,000m %
TRIEEAEEFEDOHERED, FoBtREE

LR, 8,000 m T BRI BBk
BRI B, HHENAL TR B 5H

F&57 LTV 5. 10,000 m 8z i o
KREGZH S P ALMMET T30, £
RARER ) X AR5 DEMINIT X 20K
HEER STV

ZOBBREREEOREL LTRERE -2
ORHILTH B, ZHIEFEIOZ S Tb D ki
BAROKRBEI A VX ThH B, Bl EAL
DHHEY B3 £4,000~6,000m &7z 0 53
NELLRY, ELHAHE MENOERERT
DKL, BlLEPRPPLERZE - T 5,
8,000 m [ HEPEAL L bIHHEREML,
EHZ BT B X VBV AKELETITRED,
10,000 m HEHICERBMICTRET 3. =~ i
BLALTRTOFICRONZFE{THS. &
DFBEPORICALEHERELHHEL VD
WOTHB.

8KM60MIN 10KM

10KM60MIN.

llllI

Ww W"‘W Wlm\,

SV LEFT

SV.RIGHT

BP. i?m"H
AN AN - 80 &

RESP.
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LA, Tou4 Yy EREaEM o & O,
Blb &k - e BAIC ik RKI2ic 5 L Y, 6,000
m ¥ T o EER, EALOMHERZERT
KEFRESTEFT L TV 3, ZOE&EHF TR
6,000m ko FREfTRoTiz wiTh &
b, —MCBE Lz A 7 F X TIREBIEY
Lz AET, EALOHHECHEIRI NS
DThB. L LuA v FFoRAEADRE
HOR A DES DX, BB TH > Th,
10,000 m Bifg & RHHTWT, 8,000m FBES
T D X FERROBREPMRID b O
rEZLND. EEVATHE (0=12) DK O,
BET TOMRBRRABEDOESEE X 3 IR
F. ZhicX-Th, 8,000m F TkFHEED
IR BRI RIGER LTV Z EXb 5.

Z DX 5 I BEEERYIZ X 8,000 m FRE E T X <

R B’;ommHg Blood Pressure

230

ol T R,

190 Respiration Rate/
160 ;N

150L RR /

sV A
1.0+ 30 !l
....................... .,
Leff—
05 Right ......

1.1 IStfayl It h\;

3
Altinkm' 2 4 6 8 30, 8097 30
K1l., RBULH A v FOEFK B S BB
gEDZEAL (P, %%, &8, 1968).

O A LT

200 \I'A'\ Ji VA\'\/ﬂi. A

A ML

15 LIRAY;
s.v[ Respiration Rate

S:l‘:rc;ke Volume .
|

05 Stay Stay
L A S S S IE I S T S S W S R TV
F16" e 1n - 30, Aliide 30, | KRR (]
lZTlme ll{;lin 34 Iuinekm 56 ‘420

®12. Bty 4 ¥ OFEAK 35 1 DIELRIEEE
DZEk.

ERT % kv >Th, ZhbDEPOT~T
CREDEZ TN, MoFEHRK S Wi S
DTHB. FhZL bk THLOIFEYD 5
L, BEHIEOBEE I3l »icAUERBE
bhp. Stickney3 & BEIRER X > THDIE
E®HETWv5 L, ValdiviadDix 18,000 ft. iz 6
BEEE B IcHe, ALEDERPHRbh
T, ZhR—EDOKHECEL RT3 L H|T
T3,

BEHEDIE Y v 2 XL OLRER, B, K& SH

3. BNCRY HIEERIEGE

_ | staying | staying
~alt. sea level g;egn at 6km | at 8km
funct. val. alt. alt.

max. | 84.0 |115.7 | 131.1 | 182.0
respiration min. | 20.2 26.0 13.7 13.2
rate mean | 45.9 60.1 71.2 76.8
S.D 19.0 28.7 40.4 50.6

max. | 252.0 | 267.0 | 230.0 |194.9
heart | min.|183.0 |182.7 |146.0 | 144.9
rate mean | 223.8 | 226.0 |203.2 |166.6
SD| 25.5 | 28.0 | 28.5 | 15.3

blood |™EX 1506.0 | 139.8 |115.2 |114.0
pressure | min.| 81.5 | 49.5 | 53.3 | 48.4
S(ﬁfr?g‘;) mean| 99.0 | 94.8 | 83,2 | 78.3

sD | 18.8 | 22.6 | 18.2 | 22.0

max.| 14.3 | 19.0 | 19.0 | 18.0
pulse min. | 4.4 5.8 2.6 5.4

sure
Rl |mean| 10.2 | 10.6 | 9.9 | 10.3

S.D 3.3 3.9 4.7 4.5

max.| 1.00| 1.20| 1.72| 1.99
strloke min.| 1.00] 0.74| 0.59| 0.57
A% (3

(eft hear)jmean | 1.00 | 1.04| 1.08| 1.05

S.D 0.13 0.36 0.99

max. 1.00 1.17 1.26 1.77
stroke R
volume | min. 1.00 0.79 0.73 0.59
(right  |mean| 1.00| 0.99| 1.01| 1.03
heart)

S.D ) 0.12 0.25 0.42

max. | 252.0 | 296.4 | 353.3 | 353.8
minute | min. | 183.0 | 172.4 | 118.3 | 91.0
volume
(left heart)mean | 223.8 | 227.3 203.5 | 176.9

SD | 255 34.9 81.9 | 18L.4

e max. 252.0 | 278.9 | 338.0 | 304.4
e
e | min. | 183.0 |171.7 |106.6 | 94.4
(right  |mean|223.8 |219.8 |203.1 |173.5
heart)
SsD| 25.5 | 40.6 | 68.3 | 77.2
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1K O, R Lo CED L REZPERT,
RADOFEREZREL T3, ¥TOBERIZS
L TEEOES & L b c#L, Zkic
15,000 m TEFE L. ERLINCOEE T %
FETD L, ENMOBAETHELPZZNCKE
WZ LBbh b, EALEREROMET,
ELHBIE E A E B MR v (2 %) olcst
L, AL 15,000 m Gk 2 580k (107%) i
BRLTw3., ZhzRTLALOAHEOKE
WZLBHLRTH S, DBEOESIESVT
ik, ERLLLEFNEE B OB VTR
EY, ZhBe LAELOFORY F AR K&
. ERLOBENEFECEISb O TH A

>

.

#4. KELLUBORE

ZDES5kkvueRXI0EAIIE, 10,000 m
RE L LTAZROEENARICEAL, Rk
DRI ARTS 0 Th 5. Bick - TR
O, &fhiz BT o critical level 213308 %
LEDLRER, WFhic LY critical ok
Thoddb BN OEEIBREETHY, 20
POIAMBER Ch 5. FEZ oBICIZplIs
CRES MBS Y, (7 hALNCREEDTEERE
BRLNZDOTH .

Liehio TR O, T 04Ev LiES)D
HZ, 2F3 Lz AALECINEICH B L
EXTECDOTREPS 5 . EALEEI
LTORHPADOEETD, 202 LRNESTS
habEH,

6 km 6 km 8km 10km 15km
Sea level ascending staying staying staying ascending
Item 10 10 10 10 10 10
Body weight (g) m 212.2 212.6 219.0 238.2 226.8 237.0
S-D 22.9 37.5 12.6 67.1 34.3 57.0
Heart weight (mg) m 920.8 997.1 1110 7 1210.0%* | 1165.1%% | 1530.4*
S:D 87.8 214.6 196.0 354.0 353.6 247.1
Left vent. m 459.7 429.6 552, 1%%* 545.0%* 551.8** 574, 2%kk
muscle weight (mg) S-D 54.2 85.8 105.8 170.8 52.2 48.2
Right vent. m 117.1 121.0 136.2 165.7%* 185, 7%¥* 183, 9¥#*
muscle weight(mg) | S'D 26.1 32.1 24.8 51.1 55.0 | 41.2
Longit}:ldirflalt m 14.02 14.46 15.28%* 15.63%* 15.17% 15.70%%*
breadth of heart . -
(mm) S-D 0.58 1.44 0.88 1.78 1.92 0.84
Left vent. breadth m 8.10 8.50% 8.50* [ 8.16 8.14 8.23
(mm) S:D 0.15 0.61 0.58 1.16 0.58 0.44
Right vent. breadth m 1.71 2. 24%%x 2.56% 2.67%%¥ 3, 3gkk 3.60%**
(mm) S:D 0.45 0.40 0.31 0.47 0.56 0.38
Left vent. thickness m 3.37 3.34 3.39 3.35 3.23 2.76%%*
(mm) S:D 0.33 0.21 0.36 0.24 0.24 0.47
Right vent. thick- m 0.80 0.88** 0.80 0.78 0.76 0.76
ness (mm) S:D 0.11 0.04 0.08 0.03 0.08 0.11

Significant level (195 : *** 595 : %% 10% : ¥
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Voltage clamp 24 BMECHELIBAOERICHTS
ERIESEDOER 612.816.1: 612.014. 463

ok W, M O BBREEFIE - AEYEE)

Current flow under the voltage clamp of the sciatic nerve immersed
in the solution of inorganic salts Tohru Murakami and Katsuzo Cuosa
(Department of Physiology, School of Medicine, Gunma University, Maebashi, Japan)

The current flow through the sciatic nerve of the bullfrog in solutions of NaCl, KC],
CaCl,, MgCl,, BaCl,, HgCl; and NaSCN was observed during and after the voltage clamp.
The clamped voltage was applied with the use of the bridge voltage clamp technique of
Matumoto et al.

1. By application of depolarizing voltage above a certain level in the Ringer’s solution,
the time course of the recorded current was consisted of two components, one is presumably
due to polarization (polarization current) and another is presumably due to nervous activity
(peak current).

2. In solutions of KCl, CaCl;, MgCl; and HgCl; the peak current disappeared but the
polarization current was little affected.

3. In solutions of NaCl, BaCl, and NaSCN, the inward peak current was increased in
amplitude but the polarization current remained unchanged.

4. During the hyperpolarizing voltage clamp applied to preparation in Ringer’s solution
outward polarization current appeared, and after the clamped voltage turned to zero an
inward currrent similar to the action potential appeared. In solutions of KCl, CaCl,, MgCl,
and HgCl; the inward current similar to the action potential disappeared, but it was in-
creased in amplitude in NaCl, BaCl, and NaSCN solutions.

(J. Physiol. Soc. Japan (1972) 34, 418-429)

key wards : voltage clamp of nerve.

[. #&

Voltage clamp # i1z REMBEOHE LEE
BB RE L TR, giant axon #H1Ee
T3EkEDFEER, BoNSCEREREL,
ZOMDBEEE—EBIZRFTILOTH o1z,
LaL, ZOFEZED CHEREOR, #lx
EAEMESECERL LS L LTLRAEARARE
THDH. LS RS OMEOBEEE DM
B E clamp EEZMHEYKE { L hidEE
BT 23RS Eb LV, BEXKI
THEEOEIZL X » TR BHROZBENLE
WICH LTIV AERLDIIRY, ZOBEN
IV BRI TH B, BAED 3z
DREERIED TV y PO—DOBELHEE
4% bridge voltage clamp (i ZE L. =

T

CRETNATEE 2 H25 8 %A1

P - DFEE T H VO REFRRICH
S, EikBaEEOBET clamp 2
L, ZOBROEROBEE 4 iz FiE 2 5
FTHECZL->TEDI BT B0 EBEL
7z.

I.% & 7 &

AWFgeic vz bridge voltage clamp %
BAREDIZ L > THES N LD TH 5. Fig.
1ok kcrdmd, Y clamp BEX
BH L TR THRE (B, 5% &tk
DEVE 2R BEROEMMBRET 2 HAT,
SEHE o voltage clamp #ETiXZF ORI
DB SME e BEIC L > TELZEBROK
ESICHBRLTRARENEL, ZhonZb
MBI T s ErREETH 5. HiEREH
W E B #iE+haE clamp i & clamp
B D BR 0RB4E K % oscilloscope D iz



Voltage clamp % 245 i lii U 72 &

H<ENTERLARS. ABERZO LD BEE
1z, 2T 2 BI04y D & & Fik L T oscillo-
scope [&Eb+ 7w, clampBEIC k- T4L
BEHO O LEMLEVESGE T v Vit o
THEEL, B L TEEORE LR ZWHIET
&Pk LT oscilloscope ([eEbTHENT & 3
oLz bDThsb. 2D ik clamp
BEEMZ BP0 OWECBCTT Y v Pk
5 v ABEDWREBIZ BT E XS, PRk E 7
Yy Po—TISHEREL, o, WRECb 5
BELLEOHM, EEOMEICHRRFLY 2 X
24 B e D RICR N B BRI EE v,
EEWEE cFig 1 o FHeRLET ) v ¥
DLOEHLa, b,coybabbiaBL{ck
A5 L Uil ISR IR R B 5. iR o
WOBEV B I OBERN 5B & HiEHRE
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Fig. 1. Upper : diagrams of the current flow
by the simple voltage clamp (right) and by bridge
voltage clamp (left). Below : block diagram of the
bridge voltage clamp. 3 : voltage detecter. V :
clamped voltage. C : current, Reg. 1, Reg 2:
voltage stabilizer, sourse for voltage suppy. MIX:
set for mixture of voltage. a, b, c: res1stances
N : preparation.
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Set up of the bridge voltage clamp technique. Reg. 1, Reg. 2: voltage stabilizer,

V, A : amplifier for recording of voltage and current connected to the oscilloscope respec-
tively. The balance of the bridge is obtained by regulation of the resistance 1K marked
- with arrow. Resistances 500 @, 25 @, 50 Q, 1 KQ and variable resistances 5 KQ, 50 KQ which
are connected to the source of 1.3V, are used for obtaining calibration of voltage and

current,
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POERE P EE, Z OERIEOHE L EBE
LV EBRENCER S ABENED NS,
L7223 T2 OEBESAEH S Twin wEIR
¥ rEEICcdamp AN TV 5HIF T, = O
[CHREROBEHESZOMENIZE > THEER
#iz¥ wic clamp &hTv5., ERIZELT

RETHERRCERG LTI Y y VEAT Y
A&, BEEHOPDOBET ,=0 (i, &
BEBHOMBRSCB T ABE2MAAER ¥

8K
AN
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AN
25K

kS Y
RINGER SOL, Ag
In the left shown the records of the

Fig. 3.
current flow under the bridge voltage clamp on the
test materials shown in the right of the respective
figure. The test material was a simple resistor of
5kQ (A), the network consisted of resistors and
a condenser (B), the polarization cell of silver plate
and silver wire immersed in Ringer (C).
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BAEER L EREND B8, BENEEL —E
BRSO ENRZ DFEOAROBRITH 72
DIDESEHENZDTHS 5, HEEME
DERB—EBIARTZI B L v SRRk
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LR ZLDTHRCEVIENRTESTDA
5. #FOLE7 Y v PO—TWOELEE clamp
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R LIe i O BEDICEE L, BECEL
TR RORERZ Y DR S THRRICEL 2
I, MEEREOMRE NS ERE TE ST
N, Tiabb, HHEROBERKERATE S
TR B X Hic L. WEHasE 0N &AM
BLHERZ RS 02 5 b RS EERTE B
XoTREBNTRY, HEOWEERITAEICHE
AL, AghoBRicizESERh Il
7o, T DI IR O YN D RO Y
Bk L, 2 ORI b b R0 B
Gz - TRl T 2 b 0T

HoT, ZoOMoWE Ringer #is b HEED
BRI LT O T, O MIOW L B
WL TEIT 3 5. RS 230 O rE
ZIREEICIR - CHIBT T 2BRXER LT, TES
PO REEC LT U Uie, b LU I R
BHE DR E D T TR - TOIEETRERHED
M BTN 2 BIROERE L IZF— B2 DFH
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Fig. 4. Isolating box after Sugi used to set the
sciatic nerve for application of clamped voltage.
The top figure is the sketch of the box and the
lower is the side and plane view of the box
respectively. Ag : electrode of silver plate (4% 3.5
cm). N : sciatic nerve.

Vil FI\ 7o kKT, NaCl, KCI, MgCl,
CaCl,, BaCl,, HgCl,, NaSCN o 7Tf&H Td -
fz. = OWEE Ringer JE L EROLOEFE L
L7ed, BRI L > THORED L D BEML -
. B, BEPRBECERTI S A IR
Ringer igiciBA L, BAHEY Ringer ¥§ & &5k
ZhdX5ILie. BIROBHIZY > T, %
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Fig. 5. Records of the current flow under the depolariz-
ing voltage clamp of the sciatic nerve immersed in the
bath of Ringer’s sol. A : clamped duration was 7.0 msec
(definite). Clamped voltage:8, 10, 17 and 36 mV in 1, 2,
3 and 4 respectively. B: Clamped voltage was 36 mV
(definite). Clamped duration was 0.3, 0.5, 0.8 and 3.1 msec
in 1, 2, 3 and 4 respectively, Temp. : 24°C. Cal. : 0.5 pA.
Time mark : 1000 cps.

Fig. 6. Records of the current flow under the depolariz-
ing voltage clamp when the bath fluid was altered from the
Ringer’s sol. to 110 mM KCI sol. in records A and to 107
mM NaCl sol. in records B. In records A, 1 is the record
in the Ringer’s sol. and 2, 3, 4 are those of 7, 20 and
40 min after the Ringer’s sol. was altered to 110 mM KCl
sol. In records B, 1 is the record in the bath of Ringer's
sol. and 2, 3, 4 are those of 7, 20 and 40 min after the
Ringer’s sol. was altered to 107 mM NaCl sol. Clamped
voltage : 17mV (7.0 msec). Temp.:21°C, Cal,: 0.5 ¢A. Time
mark : 1000 cps.
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A. Ringer <o clamp 2L
clamp #iff % —Eic L TEBELZLLE
H BB ORI Fig. SA R Lizm
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Peak % RTAMEER (UMEZ 0BRE K
i peak FEJE LIEER) BBbh DKL IBE
< clamp % L Ringer P coBRZEE
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L7z e oiE i Fig 6 A IRk LML Tb
5. BE KCl otz % LR Ldtic peak
L 7 DRI kLT peak FBIRARE
HWLAVECWEETO clamp OEicHEbLR S
B (2 0OBHRERICHOMER & 5) OfFE
LR FROBROM L1 -7z (Fig. 6 A
4).

C. CaCl,, MgCl,, HgCl, oz

117 mM CaCl,, 95mM MgCl,, 10mM
HgCl-Ringer & kfk KCl & gL ZIHRE
RLED, *h b oRsoBEREET Fig 7
A, B, CicsgLicin ©b 5.

D. NaSCN %)

Fig. 7.
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= o¥EoEE KCl 2 ofhoin { peak B
PR SEELREESERERERST, X
sz peak oF S EFE Lo OHMEEE L
7= (Fig. 8 A, B). = » X 5/ NaSCN o {Efix
WL EARI DD, L TE VR EE
L, IEEMEARE - e BbhaHE, Tiab
% Ringer #&H Ch 37z peak BIE LR E
MR VT L VEHT, ZofA i
NaSCN iz fiz 5 L@ TR & 7 peak
BHEREDNS X 5 -7 (Fig. 8 B). 25,
peak BROFEBMBKE - 7%, SWEFK OB
ChI3hhRbEmEY» N2, SARLAE LS5
notc. Ei, DO peak BRI o BD
SEEROFBIIEE OBEE L VESRL, &
R Z OEP BFNCIRE 5 X 5 flEsR
bbb (Fig. 8A4).

E. BaCl,, NaCl ozhi

47 mM BaCl,-Ringer ##f LizE& 0 &
i KCl 2 ofhoifific i L CRER R

C

Records of the current flow under the depolarizing voltage clamp when the bath

fluid was altered from Ringer’s sol. to 117 mM CaCl, sol. in A, to 95 mM MgCl; sol. in
B, and to 10 mM HgCly-Ringer’s sol. in C. Records marked 1 in A, B and C are those
in the bath of Ringer’s sol. The records 2, 3, 4 in A are those 2, 12 and 25 min after
the bath fluid was altered to 117 mM CaCl; sol. respectively. Clamped voltage: 49 mV. (7.0
msec). The records 2, 3, 4 in B are those 3, 8 and 14 min after the bath fluid was altered
from the Ringer’s sol. to 95mM MgCl, sol. respectively. Clamped voltage : 95 mV. (7.0
msec). The records 2, 3, 4 in C are these 0.5, 12 and 33 min after the bath fluid was
altered from Ringer’s sol. to 10 mM HgCl,-Ringer’s sol. respectively. Clamped voltage : 83
mV. (7.0 msec). Temp. : 23°C. Cal. : 0.5 pA. Time mark : 1000 cps.
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THRIEICZE Y, peak WHRIE—IEID XV
BB TR DRI EER L. &
3, BaCl, IEHE % O b 5 B 1x S HRE
DRI PR OEEN R b (Fig. 9. Z o
BEE DRSNS peak 2EEMEICE bR
Tw3 b0 LEHSND. = OH%iEBaCL o
TEHT, @ OBEHREE — RN T 5 L 15T
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Fig. 8. Records of the current flow under the
depolarizing voltage clamp when the bath fluid
(Ringer’s sol.) was replaced with 100 mM NaSCN
sol. The record 1 in A was the one in the bath
of Ringer’s sol. and 2, 3, 4 are those of 3, 30
and 60 min after the bath fluid was replaced with
100 mM NaSCN respectively. The record 1 in B
is the one in the bath of Ringer’s sol. and 2, 3,
4 are those 1.5, 3, 20 min after the bath fluid was
replaced with 100 mM NaSCN sol. respectively.
Clamped voltage : 36 mV (7.0 msec). Temp. : 22°C.
Cal. : 0.5 #A. Time mark : 1000 cps.

BALPBEEYEC RS 2 F LR 5 L0
EEbIB.

Ringer {E% 107 mM NaCl #ig BT 3
&, peak BHUIMEEM LIKICHEL LY, hoE
OFFEEEE { 72 - 7z (Fig. 6 B).

2. WSTHEPEFEIE D clamp
A. Ringerjigrh ¢l sy itk B E DO clamp

T, 2ofME—gicfFE L CEEEZ T
SEEEL, BEE—EIES L CHlEzE
{bEEfaEOBROBE I Fig. 10A, B i
RLIIL Th 3, HiFEOHE, clamp BEN
INT BN SHRBIEDARKS X IR OFEE &
REFRPI L7 BIR o (G & BR OB &
BICET 288 SRS, BESHERT

A

Fig. 9. Records of the current flow under the
depolarizing voltage clamp, when the bath fluid
(Ringer’s sol.) was replaced with 47 mM BaCl,-
Ringer’s sol. The record 1 was the one in the
bath of Ringer’s sol. and 2, 3, 4 are those of 4,
8 and 16 min after the replacement of the bath
fluid. Clamped voltage : 49 mV. (20 msec). Temp. :
24°C. Cal. : 0.5 £A. Time mark : 1000 cps.

NE N CHOBER ORI L,
ClampBEE* ¥ v TR LB OBRIT &%
B & Hw, FRICEFRC T—BoNE & E
WBHEDL I 7o, ELIRBEIERT 2 OB
EdBKESIC 7 BBk LE (Fig. 10A),
ClampBE% ¥ v 0B L7k & VNl & B
BHEONIREOBEL AV, = 0BT —E
CHRFELT clamp B2 M~ 2 % 1 BE DRk
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F (Fig. 10B) ##8I&+ 51, SN THL
¥ clamp FBEZ ¥ v IR LB oW & Bt
FFHenCb EIREDETThOARB D 1),
clamp ¥ & 2EL Lic/z 5 & clamp BIE
¥ rIcRE Lch—E RSB O N & B3

B,

Fig. 10. Records of the current flow under the
hyperpolarizing voltage clamp of the sciatic nerve
immersed in the bath of Ringer’s sol. A : Clamped
duration was 7.0 msec (definite). Clamped voltage :
5, 15, 36 and 49mV in 1, 2, 3 and 4 respectively.
B : clamped voltage was 49 mV (definite). Clamped
duration : 0.4, 3, 5 and 7msec in 1, 2, 3 and
4 respectively. Temp. 22°C. Cal.: 0.5 #A. Time
mark : 1000 cps.

phic. ZoREEERE clamp BFEBE <
RiEn 58b 5 RE SI0ET HEEART 55
clamp #IRIAIEFICEL 2 EK > TR T
59, i, NaCl jEf cilvBEEZ AV 7t
%, clamp #ifTF O HRETR ORI R
FORLY (NAZBEBROHER) 2B HNDR
(Fig. 11 B o 4) Ringer Hyg TIx B TRV,
ik, BOSWERCARSBRAERT S
7z clamp i, @E O SRER &3
Broi@e LTHbNS LEMLTER AN

WX HThHD.
B. KCl oy
Ringer jfg © clamp B % ¥ m ICR L7tk
—EHEONAEBRARDONLS L) RERCE
W, BkE 110mM KCl CE#R LG

A B

Fig. 11. Records of the current flow under the
hyperpolarizing voltage clamp when the bath fluid
was altered from the Ringer’s sol. to 110 mM KCl
sol. in A and to 107 mM NaCl sol. in B. Records
marked 1 in A and B are those in the bath of
Ringer’s sol. and 2, 3, 4 in A are those of 0.5,
1, 2.5 min after the replacement of Ringer’s sol.
with 110 mM KCI sol. respectively. Records 2, 3,
4 in B are those of 0.5, 5, 30min after the
replacement of the Ringer’s sol. with 107 mM
NaCl sol. respectively. Clamped voltage : 36 mV.
(0.7 msec). Temp. : 15°C. Cal.: 0.5 #zA. Time mark:
1000 cps.

L Fig, 1TAWKWRLEMLS TH - T, B
B L dhic, clampBEEZ ¥ r iR LB
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Fig. 12

Records of the current flow under the hyperpolarizing voltage clamp when the

bath fluid was altered from the Ringer’s sol. to 90mM CaCl, sol. in A, 95mM MgCl,
sol. in B, 47mM BaCl,-Ringer’s sol. in C, and 10 mM HgCl,-Ringer’s sol. in D. Records
marked 1 in A, B, C and D are those in the bath of Ringer’s sol. Records 2, 3, 4 in A
are those of 2, 5 and 13 min after the replacement of the Ringer’s sol. with 90 mM CaCl,
sol. respectively. Clamped voltage : 36 mV. (7.0 msec). Temp. : 19°C. In C records 2, 3 and
4 are those of 2, 5 and 30 min after the replacement of the Ringer’s sol. with 47 mM BaCl,-
Ringer’s sol. Clamped voltage : 36 mV. Temp. : 15°C. Records 2, 3 and 4 in D are those of
5, 18, 40 min after the replacement of the Ringer’s sol. respectively. Clamped voltage : 36

mV. Temp. : 20°C. Cal. :
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3 KCl & owiE e » By, Ringer Jgrh©
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0.5 #A. Time mark : 1000 cps.
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5. Ledd-> CEBRRERE, BEEMARROR
BBV THEHABREK X » T drive Sh i BR
ERmO E EFBEERBRERAENICE T ZER
HBEREROBICGER T 2 BROELT nb
5 RB OBROBLEBELLOTH S,
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DEIL 0L, 2) HWEEOFRKE, 3) BAE
OBICEVCTRBELZBED SENEL DN

Fig. 13. Records of the current flow under the
hyperpolarizing voltage clamp when the bath fluid
was altered from the Ringer’s sol. to 100 mM
NaSCN sol. The record 1 was the one in the
bath of Ringer’s sol. and 2, 3 and 4 are those of
0.5, 7 and 50 min after the replacement of the
Ringer’s sol. with 100 mM NaSCN sol. respecti-
vely. Clamped voltage: 36 mV. (7.0 msec). Temp. :
20°C. Cal. : 0.5 #A. Time mark : 1000 cps.
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Fig. 14. Diagrams of the current flow under
the bridge voltage clamp. | :depolarizing voltage
clamp. | : hyperpolarizing voltage clamp. Top
figures : duration of application of voltage. A :
net current recorded. B : inward generated current.
C : polarization current.
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DOEIMICHT 5 BIEIH O VR

LOTHADAHN, ZOHE» D DERIIKR,
ORI 2T OEBRERE LR LBICS
VWCTHRENETHA S,

V. # ¥

& 2% 0 = V5 O AL E IS A PR IC BELE L,
ZhETY v PO—TIHEA LT Z OTIT D
HBEEFBEEL 5 5 bridge voltage clamp 3
& D BRSSO X - TR S BEBROK
WEBELUTORESL 272

L BiAofetEERE clamp < X % 7 i
1%, Ringer iz BV TIXEERD 2BEX
& VIEE peak BT 5B © Py 2B
(peak EiE) L OBEEOHEBIZ LS LEbh
LHREOER (HER) PEELbOLRE
%. Peak BIIZEEOFECELL = BOE
BIRIREAREIC L EE o

2. Ringer ygH TS MMEERE clamp (o
BYWTEBENRD 2BERTH B L clamp #Hf
Hicshm & B, clampBEEZ EricRE Lk
Beiz v A 75 PN A & B 2N BLb , clamp g
PIcBbh AR & BRI SEER L /&SR
FEBREPERELLLOLELZOLNRB LY I
BBPRENIIBEA LD o7, SHEEREHEE
DT EBL L v, clamp iz 5
BT 2AREERB LG clamp BEz2 ¥ric
RLUCERBICEET 2 K& aNR & BRITEL
U7z (%, Eicid/hNoin o7z

3. KCl, CaCl,, MgCl, 35Xt HgCl, o fE
Pz & o TS BMEEE clamp D4 o peak
B, WOMMEEE clamp Oif4& @ clamp
DINSCHAEERB LG clamp BELZ ¥ =
R L BORE VPN & BH T A A &
L7e PO BERIEIARE TS - 1.

4, NaCl, BaCl,, NaSCN n{£fic & » Thi
SyFEVERRIE clamp O 4 @ peak i & U
SHBPEEE clamp D40 clamp Egid /)
SN E EBIRO FHIRREB D b nsy
BERIIFEA EB LI o7,

5 D EORREZHREERL, WOBEEE
clamp D6 o peak B & OBEIEEE
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clamp DA BB T 5/M S VA E BIRS &
O clamp BEZ ¥ u B LEOKRE VN
BRI HROBECHETEZLOTHY, &
MBI ORAE & 2 E SRR O 2 RS
W HRT 2 SEBRTH B LT HRAREDR
i L FIRR O m%ut.
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BIEEM B EIC LD quantal content Fi{E
DHEFEE 612.815.2 : 612.014. 423

BOH BB (LEERFEEm R

Design of experiments for mean quantal content estimation by

e.p.p. failure Toshikatsu YOKOTA (Department of Physiology, Hokkaido Universits
School of Dentistry, Sapporo)

The mean quantal content of the e.p.p., i.e, the mean number of packets of Ach
released by a nerve impulse can be measured from the following formula ;
number of stimuli ~log 1
number of e.p.p. failure * b,
The standard error of m’ is given by
S.E.(m)=,[ L1—bo =J =1
Npo N

From this formula, number of trials required in mean quantal content estimation can
be determined. If S. E.(m')/m’ is 0.1, 200 trials are sufficient for 0.8<m'<2.8. Therefore,
m’ can be obtained with a standard error less than 10%, when the number of failures in
200 trials ranges from 12 to 90.

In studying decrease in mean quantal content at 0.05 level of significance with a reliability
of more than 90%, the control 7’ must range from 1.0 to 2.8 and a decrease more than 25%
from the control is significant. For increase in mean quantal content, the control 7' must
range from 0.8 to 2.2 and an increase more than 30% from the control is significant.

(J. Physiol. Soc. Japan (1972) 34, 430-434)

m =log,

key wards : e.p. p., mean quantal content estimation.

MBI TR, MERE» ORTAFO
Ach » 572 % packet 23 H SHiCERES h T,
BUNEIREN (miniature endplate potential,
m.e.p.p.) BAEL, fHEA LV RIZ L BEKIR
E{7 (endplate potential, e.p.p.) X, = »
m.e.p.p. MY+ B Hf7, F+74bb quantum
REBE-TELRS L) Katz 50 quan-

tum {RFEBELED SR T v 32999, 2 L.

T, e.p.p. ® quantal content =33 X iF+5E
£ DEWOEEE H I EBOWMERE X d 5

B, ThbOWEICE T, e.p.p. OREEK

iz & % quantal content SEEEOHEEEN LT
LIZEDLRTVB0T, ZoFEREAT I
US> TOERABEHRICOVTELTHLY LE
5.
1. #IRBLHB%E & I & 3 quantal con-
tent EHEOHEE
EEMREOB—ERA W i< X 5 e.p.p. A

CHEFRATAE 5 F31H 3R

quantal content #EDO¥ 4 Th 5. 0P
A, fHx OFIIC X - TR EE 1 o
A VT NVABREEL, FEERA S E O
T, FATHIBS BRI L5 e.p.p. KFRE
BELIVERETS.

VE, 1 ROHRBMEOKKIICIFET 54
VAN RIIEL 5 B packet DiEE E 7, HA D
packet DIREDOHEED n B OV TOEE %
p £¥5%, e.p.p. ® quantal content DI
BiEm 3,

Ty S OO PR )
&%, Lk =T, NEOHEKIZ X e p.p.
® %%, quantal content 23 x TH 3 b DDOMHE
® N i3,

Ne=N,C.P*(1 — P)r % sverrvrrurnarann. )
LizoT, 2N LIRS,

XL{mbhTws X 5ic, Ringerjko Caj
EzE»oh», MgRE2EDSE, e.p.p. i
BrafEL, £2BhTh mep.p DEDE
FIEEL VW, bi0iEEho 2 {-E-, EF i
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hol ke s, 2T m.e p.p. OEBHE TR
e.p.p. ® 1 {HD quantum OEHICFAY TS L
K7+ &, e.p.p. ® quantal content Xz DI
BlePEPEHEUT LR E S 5. ¥, &
Cajipr, % Mg #EoD m.e.p.p. KB XET
FE OV TOZINE TOREVIND, Z0
B4 D&V quantal content (xE L LT, PO
EFicks &3, pRkFTIS nix
ZFhIZHEBLTHFaREVLEHZREN S,
1) BICQ b
N,=N,C.p*(1 —p)*~*

— 1)ee(n— 1
N 1)t )

()
(- (=50
(1=

<, ;o
. m n— —m
tim (1 —21)"=e
ChBPD, NRLARE LAY,
. 11'Lz —m
i%Nz: NTe ........................ (3)

L 2T, N, o4k Poisson 4y 47 i iE F°
<.
(3) Xy, NEORFIZBTe.p.p. B3

T BEH No i
N,y=Ne™ cevrerenmirieenieniiniiaine, (4)
wh % bh, quantal content DEHE m 1%,
m=log. ]\J\fz ................................. (5)

L%, Thbb, BB 2RI OK
¥ N, e.p.p. DBFELE No 225 (B) Tk D
quantal content OEHIE m RHEIND.

2. Quantal content FEigEDHEICRE
REROKE X

NEORIT I B % e.p.p. OfFEOEE
N,/N % p, L35k, NBREHRKEVLER
BEE»LZBND P BERSMIT L
v, ZOHEV () I {mohTv5LX5ic

14 (ﬁ;) = LN—PO) ..................... (6)

Lisd. Lich =T, quantal content DI
& m OHTEME m' DLYEV (m') i

v m)=(2- )V (8
LRBHED, 4) XY

bo=e""
L BHDT
N t—po _ e™—1 ..
V(m)— N " - N (7)

BEPNB, LR 2T, m OEHERE
S.E. (m) L m' DX
S.E.(m)) _ ~/e"—1

e (8)
Lk, &l
V (log m)=(-218 Yy oy

_e”—1

=N
ThBID

S.EM) _ gy e ©)

Lins. '

vE, m OFEREEI0%, TiDDL
S.E.(m)/m %01k %5 &, NoK&ES
® &V

ml__
Ne 100(3%'2 1)

LB, ThEED &, BEEREIZIUTT,
quantal content DEME m FHET S DI
DEASFEER ThEbLEROKE SBED
bhs. ‘

Table 1 1%, m' O ECHRT 5 (10)
O NofEETRLESL O T, ZORPDL, m'=
1.6 C NIZEIEE 1544 % & v, 08<m'<238
OEFE T, N=200 35 LERHEEZ10%
PTFL+aZLRTEBZ ENDM5.

3. FEEIRE 200 & LI5S 0EHERE

7z, N=200 b LT, faxizm OFEIH
5 po BLOS.E.(m)/m' & ZzhZEh (5) B
U@ itk oTkKDBHE, Table 200Xk 51
BB ZOEIPODMSXIIE, N=200 &%
% Lm! OEREREEY, m'=1.6 CHRIKES.8% &

..................... (10)
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3. £, N=200 2 LD Tix, m' OFERN
EH)THoTHBEREPSNLUT LB L
kv, LHL, 08<m'<2.8 nflHc1x, &
HERENRI% R B V. Thbb, 04484
$.<0.0606 DFF TiZ, e.p.p. DREE» HE
HHRE10%LL T T quantal content DI E m
PHETEDS. ThEBREE» LR B L, 200

EOBRATO 5 b, BiEHA 1275 v LIODHFH T
PhE X vy tikiEsDT, Thithiz
55, EBEW, -k 2d Ringer o Ca
PLMgBEZRELAEL TRALER.

4. Quantal content DM EOEELE
it

e nERIC B\ Tk, quantal content @

Table 1.  Minimum number of trials required Table 2.  Standard error in mean guantal con-
in mean quantal content estimation tent estimation
m’ N m’ Po=No/N ‘S E.(m")/m’
0.1 1,052.0 0.1 0.9009 0.2345
0.2 553.5 0.2 08197 0.1658
0.3 388.8 0.3 0.7407 0.1394
0.4 3074 0.4 0.6711 0.1237
0.5 259.4 0.5 0.0606 0.1140
0.6 2284 0.6 0.5495 0.1067
0.7 206.9 0.7 0.4975 0.1015
0.8 191.5 0.8 0.4484 0.0980
0.9 180.2 0.9 0.4065 0.0949
1.0 171.8 1.0 0.3677 0.0927
11 165.6 11 0.3322 0.0911
1.2 161.1 1.2 0.3012 0.0898
1.3 158.0 1.3 0.2725 0.0889
14 1559 - 14 0.2463 0.0884
1.5 154.7 1.5 0.2227 0.0880
1.6 154.4 1.6 0.2016 0.0879
1.7 154.8 1.7 0.1825 0.0880
1.8 155.9 1.8 0.1653 0.0883
1.9 157.5 1.9 0.1495 0.0888
2.0 159.7 2.0 0.1353 0.0894
2.1 162.5 2.1 0.1226 0.0900
2.2 165.8 2.2 0.1107 0.0911
2.3 169.6 2.3 0.1000 0.0922
24 173.1 24 0.0905 0.0934
2.5 1789 2.5 0.0819 0.0947
2.6 184.4 2.6 0.0741 0.0962
2.7 190.4 2.7 0.0670 0.0977
28 197.0 2.8 0.0606 0.0994
2.9 204.2 29 0.0549 0.1011
3.0 212.1 3.0 0.0496 0.1032
3.1 220.6 31 0.0449 0.1052
3.2 229.8 3.2 0.0406 0.1074
33 239.8 3.3 0.0367 0.1097
34 250.6 34 0.0332 0.1122
3.5 262.2 3.5 0.0300 0.1147
3.6 274.7 3.6 0.0272 0.1174
3.7 288.1 3.7 0.0246 0.1203
3.8 302.6 3.8 0.0223 0.1233
3.9 ) 318.2 3.9 0.0215 0.1264
4.0 335.0 4.0 0.0182 0.1297
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Table 3.  Level of significance in mean quantal
content change

decrease increase
m  p<0.05 p<00l  p<0.05  p<0.01
0.1 0.1 0.1
0.2 0.1 0.1 0.1 0.2
0.3 0.1 0.2 0.2 0.2
0.4 0.2 0.2 0.2 0.2
0.5 0.2 0.2 0.2 0.3
0.6 0.2 0.2 0.2 0.3
0.7 0.2 0.3 0.2 0.3
0.8 0.2 0.3 0.2 0.3
0.9 0.2 0.3 0.3 0.4
1.0 0.2 0.3 0.3 0.4
1.1 0.3 0.3 0.3 0.4
1.2 0.3 0.4 0.3 0.5
1.3 0.3 0.4 0.3 0.5
14 0.3 0.4 0.4 0.5
15 0.3 0.4 0.4 0.6
1.6 0.3 0.5 0.4 0.6
1.7 0.4 0.5 0.4 0.7
1.8 0.4 0.5 0.5 0.7
1.9 0.4 0.5 0.5 0.8
2.0 0.4 0.6 0.5 0.8
2.1 0.4 0.6 0.6 0.9
2.2 0.5 0.6 0.6 0.9
2.3 0.5 0.7 0.6 1.0
24 0.5 0.7 0.7 1.1
2.5 0.5 0.7 0.7 1.2
2.6 0.6 0.8 0.8 1.3
2.7 0.6 0.8 0.8 14
2.8 0.6 0.8 0.9 ‘
2.9 0.6 0.9 1.0
3.0 0.7 0.9 1.0
3.1 0.7 0.9 1.1
3.2 0.7 1.0
3.3 0.8 1.0
34 0.8 1.1
3.5 0.8 1.1
3.6 0.9 1.2
3.7 0.9 1.2
3.8 1.0 1.3
3.9 1.0 1.3
4.0 1.0 14

SEfEm OB RIBE L 5 2 EHBL R, m
DHEEIE m' OBOERAKER, tRE K X
2 THESNS.

v, o m e m', RO T h &
my LR E

Table 4. Influence of 4.4x10°¢M-Ach on
mean quantal content

control Ach control
No. 1 0.87 0.45 1.16
2 1.26 1.20 1.79
3 0.58 0.56 0.59
4 1.76 0.81 0.86
5 1.18 0.38 1.07
6 1.57 1.37 1.70

7 1.10 0.59 0.89 .
8 1.67 0.92 1.08
9 0.68 0.34 0.57
10 1.57 0.99 1.35
11 1.05 0.88 1.65
12 2.59 0.61 1.83
13 2.45 1.97 1.03
14 1.58 1.49 1.42

t s’ — s (11)

- VS E.m PP H1S. E.my)}
LhBDT B ltkoTSEMm) BXW®
S.E.(m)) ##ET 2L, m' BXU m' O
xR AEC R RRT 5 tasskE 5. Table 3 1%, st
BB L ORBIRO N% 200 2 LT, m'BX
O m, oExEE2WTLERD, £<0.05
BXO p<0.01 THERBDB L OHENE m'
D& RBRLSVWTRLEZELDTH 5.

ToRIBHEB XS, mOREEOELER
#E10%PUTL LT, <005 CHERBDE
BB 5 =iz, 1.0Sm,'<28 1t/ % X 5 £
Gfbr L TR D I v, Rz, $<0.05
CHEREMEZEEE T 51X, 08=m,'<2.2
ThiFhERLEY. ZFLT, m' BZDXD
CED L i, #25%LL LR B X UFI30%
DL o p<0.05 TERENAEL V2
5.

5. sEERfloikEt

Table 4 1%, * X I ORI ARIREE
Kz o v T DR b OREHET, Ringer o
Mg JE% 14 7z v L 16 mM & LT quantal
content # FIF T, 44%x10°M o Ach #
24 1,72 Ringer JRIC 5 & 5 VX0 & b L7z
L % » quantal content OFLEFH 2 b D
<50, =4, quantal content DI
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Bk N=200~250 & LC, e.p.p. Ok
bR, BE4OEENS L, No.3 BIQ
No.9 TR EEED m' /ST ETHEY Ty
z &A% Table 2 26505 %, No.13 ik Ach
ES LIzBOXNBESRBRFOMELETH
BEOBDPERLTCEH, oo cir, R
BREED m' BEEORLERTH, HBVRE
BEoBfbxrshvz N Table3 24 2th
»B.
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An assessment of cardiac output by the CO:
method during exercise

Miharu MIYAMURA and Yoshiyuki HONDA *

Department of Physiology, School of Medicine, Kanazawa University,

Kanazawa, Japan

Cardiac output is an important factor in
oxygen transport capacity and an indispen-
sable parameter of circulatory function
during exercise as noted by Andersenb. In
order to estimate such cardiac output during
exercise, direct Fick and indicator dilution
methods have generally been employed
reliably. However, the use of these methods
is restricted during a limited type of exercise
and risky for measurement during strenuous
exercise. On the other hand, the CO, method
recently developed by Jernerus et al.® can
be used without danger during exercise of
any degree because the method needs no
blood sampling or catheterization. The pre-
sent study was undertaken to examine the
reproducibility of results obtained with this
CO, method in experiments conducted on
different days, at rest as well as at a few
different work loads.

Six healthy males served as subjects.
Each subject performed the test with a
given load five times. Work loads were 0,
360, 720, 1080 kg-m/min. Exercise was per-
formed for 5min on a Monark type bicycle
ergometer. Pedaling rate was kept constant
at 60 r. p. m. by use of a metronome, Oxygen
uptake (Vo) and carbon dioxide output (Vcoo)
were determined by the Douglas bag techn-
ique ; expired gas was collected by a vinyl
bag for 5min at rest (0kg-m/min), and
during approximately the last min of an
exercise test After expired gas was colle-
cted, alveolar CO, pressure (Paco,) and mixed
venous CO, pressure (Pycoz) were measured
both at rest and during the last seconds of
an exercise period. P,co, was estimated from
P.co, Obtained by the Haldane-Priestley

* EREN, AERT  GRAEEYHE &
e
[Received for publication March 15, 1972]

procedure?, CO, concentration in expired
air during rebreathing was measured by an
infrared CO, analyzer. Pyco, was calculated
by the Klausen® method from the recording
of these CO, concentrations. From the P.co.
and Pyco, thus obtained, the values of arte-
rial CO, content (C,co,) and mixed venous
CO, content (Csco,) were read on the stan-
dard CO, dissociation curve®, and cardiac
output (Q) were calculated by the Fick equa-

Q
(1/min.)
25¢
2}
st
10}
5 -
° L - — 1 — —
Rest 10 KP 2.0 KP 3.0 KP
(]
w -
s
B 20}
8
s
]
@
K]
£ 1o}
3
o
0
Rest 10 KP 20KkP 30KP
Fig. 1. Changes of cardiac output during

exercise. Vertical bars indicate mean value+S. D.
The work loads indicating 1.0, 2.0 and 3.0 Kp
correspond to those of 360, 720 and 1080 kg-m/
min, respectively.
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Table 1.
and mixed venous CO; pressure (mmHg)

The mean value, standard deviation and cofficient of variation in alveolar

p Rest 360 kg-m/min 720 kg-m/min 1080 kg-m/min
CO2 -
Subj. Mean S.D c Mean S.D. c Mean S.D. c Mean S.D. c
K.M. 347 32 93 376 37 98 398 31 7.7 419 17 39
K.T. 376 17 45 428 43 99 485 04 07 457 48 105
P N.M. 362 1.0 27 383 26 68 456 18 39 398 26 64
€02 Y §.D. 388 17 45 457 28 61 453 1.8 40 419 29 69
J.K. 378 19 49 411 07 18 435 13 29 439 15 35
M.M. 359 09 26 362 08 21 365 12 34 294 06 20
K.M. 487 18 37 666 17 25 781 35 45 837 16 19
K.T. 4991 16 33 671 14 21 783 33 43 933 25 27
P N.M. 588 24 41 654 13 20 844 41 48 902 24 27
Veoz Y S.D. 490 08 16 679 14 20 779 23 30 897 22 24
J.K. 514 04 08 691 21 30 786 39 50 89 36 42
M.M. 492 11 23 679 22 33 786 37 47 88 19 23

¢ ; coefficient of variation (%)

tion from Vecoz, Cyco; and C.cos.

Fig. 1 shows the mean value and standard
deviation (upper half) and coefficient of varia-
tion (lower half) for cardiac output of each
subject at rest and during exercise. As the
work load was raised, the cardiac output
progressively increased but its coefficient of
variation decreased from some 209 to about
10%. The same tendency was also observed
in Vo, and V¢o, measurements. On the
other hand, the coefficient of variation for
PYcoz and Paco, did not show this decreasing
tendency with increasing work loads (Table
1)

From these observations, accurate mea-
surement of P,co, and Pyco, seems parti-
cularly important to secure good reproduci-
bility. As far as P,co, is concerned, the
subject must be accustomed to exhaling
alveolar air by the Haldane-Priestley ma-
neuver. Subject M. M. in Table 1, who is
well trained in this procedure, shows the
least coefficient of variation of all the sub-
jects. On the other hand, coefficients of
variation of Pyco, values do not show a
definite difference between subjects untra-
ined and well-trained in the experimental
procedure. This presumably can be ascribed
to the fact that the subjects have simply

to rebreath the whole CO, gas mixture in
the bag, and therefore do not need particular
skill in this procedure in order to obtain
accurate Pyco, values. Thus, the present
study suggests that the reproducibility of
the CO, method mainly depends upon the
estimation of P,co, values which can be
improved by training in the Haldane-Prie-
stley procedure,
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The effect of aldosterone on the blood glucose
concentration in rabbits

Sumio MASUMURA *

Department of Physiology, Mie University School of Medicine, Tsu, Japan

Conn?) observed -an impaired carbohydrate
tolerance in some patients with hyperaldo-
steronism, suggesting that aldosterone affects
the specific concentration of potassium ion
in the pancreatic beta cells to reduce the
insulin secretion. Apart from this, it has
been reported that carbohydrate tolerance
was also impaired by depleting serum potas-
sium of rats (Mondon, C. E. et al.®). Further,
insulin secretion from pancreas slices of
rabbits was decreased by potassium deple-
tion of the incubating medium (Howell, S.
L. & Taylor, K. W.2). All of these findings
appear to be concordant with Conn's in-
ference. At present, however, works are
promoted without regard to serum potassium
concentration in order to clarify the real
mechanism of aldosterone effect on blood
glucose concentration and on its ‘tolerance
in mammals. Therefore, we have examined
such hormonal effects under conditions of
normokalemia.

Normal adult rabbits of both sex were
used. The animals were fasted for 12hr
before the experiment. After obtaining the
control blood samples, 2.0 xg/kg of aldo-
sterone (Sigma) was injected intravenously.
Blood samples were then collected from the
marginal vein of the ears at 30, 60, 90 and
120 min after the injection. The serum
potassium concentration was measured by
means of flame photometer. The blood
glucose concentration was simultaneously
determined by the method of Somogyi®. In
separate experiments, the glucose tolerance
tests were performed before and after the
injection. This method was aimilar to that
described by Yen and Vela?.

In our experimental observations, aldo-
sterone failed to affect the concentration

* PHtid - SERPERERE - EEERE
{Received for publication March 15, 1972]

of serum potassium ion, However, under
such conditions of normokalemia, the hypo-
glycemic response to aldosterone was ob-
served in six of ten animals without any
hyperglycemic case. As shown in Fig. 1, the
glucose concentration of two animals was
decreased by 30~40%, for 30~90 min, follo-
wed by recovery (transient hypoglycemia)
and that of four rabbits was reduced by 40~
509, for more than 180 min (prolonged
hypoglycemia). In the remaining four ani-

Blood glucose { % )
120

100

80

1 1 1 1 1. L L L 1 Il T
180 150120 90 60 30 O 30 60 90 120 150 180 Zlomin

Before After

Fig. 1.  Effect of aldsterone on the blood glucose
concentration. A : normoglycemia. B : transient
hypoglycemia. C : prolonged hypoglycemia. Or-
dinates : the glucose concentration determined just
before the intravenous administration of aldoste-
rone (2.0 #g/kg) was expressed as 100%. Abscissae :
time (min) before and after the injection (0).
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mals, the glucose concentration fell within
the normal range (+20% of the values
determined just before the hormone injec-
tion).

Glucose tolerance tests were performed in
other rabbits. When aldosterone was injected
10 min before glucose administration (160
mg/kg intravenously), the patterns of the
tolerance curve were apparently improved
in three of the eight animals, but were
unaltered in the others. In consequence,
within the limits of normokalemia, it is
likely that aldosterone in a large quantity
(2.0 ug/kg) has rather anti-diabetic than
diabetic action. Below the dose, the blood
glucose concentration was scarcely affected.

Recently, many arguments have been
presented concerning effects of mineral
corticoids on carbohydrate metabolism. In
adrenalectomized mice, aldosterone is active
in raising the liver glycogen (Schuler, W. et
al®). In addition, desoxycorticosterone has
also a strong glycogenetic action if given
continually to adrenalectomized rats. In this
case, it is able to restore liver and muscle
glycogen to normal values (Sass-Kortsak,
A. et al®)., At present, however, the me-

key words : aldosterone, blood glucose.

chanism of their action is still obscure. So,
the hypoglycemic as well as glycogenetic
action of aldosterone should be investigated
extensively.,
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% PR P TAEBRAET T TH, MEREEERAFRIEERHE

YEGE  EARHY, A8 B

1. 1 ERTREOWIZHRIE

e, LIRS, HHEZR R, &,
fttice )]

1ERTEER I ROLOMILIL X Y TEDE
Behy, LrdFBLav Le2¥B8T54AI
RMBabs5, ZOERTE, 1H1EZEHNCR
XIkBVAEROYE, 1EREREHLINTIRIT
KB LEHRLIE, REERE2505C
Lk 0B Ex s FEERv. EED
13, Z O%BHL, HBE, B ICTHORKEI D
W, fFEIREERT 5 L, KINEE, BHX
DIk R kL, %7z, BEEBIRBOMREH
RBHZ LD, 1EEHTEYOMREE LIS
L. #8ui, 1) 1EETEEHOGHES
SRS OEERBER U % — v THo T, i)
KN E R X OVEES X D ACER Uik o B RS
Wick b, SEHREIAET (AR BT 581 OBk
EEBORBHERZEEMEEFERTHEBR T 5
L, SWBITIEE O — X RS OB EERD T
7, REEEETII—EOE(LERDIRI o7
iii) L%, WURRHEREZ IV TERCER
Higx 52 % L tEHCBRCRIERZHES
5 HIHEEE TV, 24BRBORTER VW TEE
SHE DT, FEEISHE LR WRIEEE T
W E LT, i, BEREHBEIELR
IR T H - T HHa(bH520~30R LIk 5 X 7o
BV EBRR BT b o 12,
DLEOREL D, 1ERT X 5ZE)HERES
Bz, BEAHLE UTCIFEROSMBNLET
0, TO¥BOIEETHEIT20~30LINT
HHTERREEING, Fi, TOZBIYELEEE
WS, MICEENEILR X530 THHILE 0D
L2 BB, FEOIT LOERWRIICXY,
SBERS L FROEBEGTH 5 T & 2ERT
5.

2, FEEEAE (BE5F) CHTIHFEERED
HER0LIE
WEEZER CRIRTA, B, H—4m), mEE

B (RIRTTR, &, BieRsLRD, SE%H (K
BEKR, BEFILH)

ERF DY L TT R~ PR VBB o —r
VISR E R OB oS & — v ORIBRICISE
LT ERTOER JOTHEDAEMZLTH % L 7z
25, Sz OB OERBRE I TH0TD 7 7 4
FLOEREFELDIOTHET 5.

WEE CHMBECE SBILh 5 LR S
M43HD==v +D 5 b, 1) —>DBEEREITIC

JECcd 032(8, 2) Z-ob oo
JSUebo45fE, 3) BIfEiE &EOMERTIST
72h b3, 4) FRERMZZTITS Cizd O13(H

Thote. TZOPTHEELODVWTIRLZDITEAL
BHEEDOD LENE G LHDDTHotc. —F
ZRBFOBEFICOWTHE, HMSTE, FHIE26
1H, FIS0EE K-> TkY, B EEEOHEE
ERR DR, TOX 3 TE5HITIEE
L BEIOMEER ST OMEERL L SI T
ERONEWEROBEED D Lrdi bk
FIEATH B DS B3 F — VT2 TVBHE W
SORFHTHD., ERESHDO= 2 —r O/
TS & — vV OEHE X TII W L D DERFEHFRD
S>h5HOREAOHELML I Sk hEMT
Wi BB R T B = o — m Vb B OEERSS
B THDELE TN E—VRERT D=2~
rYBEHHEVSBHRLBEDAAT 7 —F—5T
DHEBI DD TIRES LHEINS.

—%, WEARECE LT OEL D IX
B 5 M BRTEE « #BE « ik ONEIe SI & [F]
CEFIDH 5 2 L BHER SN, £ L TRICIEF
L= a—r VY CHREREORIG EHEORGO™
FIE DA D B, —RC BN TR
HEORIGHRVOTHE S FIxAEEEEGHEHE L
TRESTONBERELE LS.

3. BWEEABEERHICONT

WAL, 4 ARIR (K, B, Biidm),
KB R O(RBK, th REEE)

IR DV 5 IR OB E R E R X
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- TR RS 4 + % “recruiting response”
RREORHT « — L FEMEEORE, REE
WXy 01~025mm LITFici\W»CEERMEIHE
RZEs) % 5 3 Xtk (superficial thalamo-
cortical) (T-C) response) & EFEX 7z, Eic,
HFEOVWDHY SRBEBORBEEREFIBIC L - T
KEEEIC4E US “augmenting response” 1,
RRBE TR & £ - 7o B B IR SR E AL (deep T-C
response) H5_Z2 @ superficial T-C response %}
5 HDEEESNLL. Zh b deep T-C response
¥ X OF superficial T-C response {Zid#& 4 Rl -
RERKBEEERARBEFET L LE X LN 5.
KA G iz 35iF B recruiting response D4Af,
BCERERHEIC ST 55 mCB L TEEk» b
BRROMEED » 5 »22, bhbhiibl EoESE
v T EERERHE C 1) % recruiting
(superficial T-C) response 3 X (X augmenting
(deep T-C+superficial T-C) response F&% &
7 1—/L FEMEH X VD TRIFLE. B
WERY T X —LEEBE T D% 2\ intralaminar
nuclei, ventral anterior nucleus 75 & QSRR
WEFT - o H%, RO recruiting response O
criteria %3 /5I% posterior sigmoid gyrus,
lateral gyrus, ectosylvian gyrus DOREEIZHEFIC
BHLx¥, REREEELT T, FAUHEFC
%tk U7 recruiting response % ZiL O DEKE R
HEOREO X 5 B> THEHT 5 L3bh -
fo. &, BEREEPEEOEMAENH T X -
T, & & DEFEARERGEOKRIS T augmen-
ting response (D criteria AT 5 RIS
Lxishoie. RREEPEEORERNHT, K

CHET AREFRHENIC “incremental” R

OHBRTHEERD D, TORENELTAIE
augmenting response DX IVITFEY Linv,
Dlbow# & » 5, KESZHERER S E T
superficial T-C response {ZHAIGT X X HEKH» B
DERFBRBT 20 BOCESTHLEELD
5. Recruiting (superficial T-C) response D&
BHHR»EDRBTSH b, Wb diffuse
non-specific thalamocortical projection system 7s

SEARERTOLESD 5.

1) Sasaki, K. et al. (1970) Exp. Neurol. 26,
369-392
2) Jasper, H. et al. (1955) EEG clin. Neuro-

» 5%

physiol. 7, 99-114
3) Starzl, T. E. & Magoun, H. W. (1951) J.
Neurophysiol. 14, 133-146

4 BRIRMMRRHICHITZEH=1—-0>D
BE

HEXR (BRA, RELE, 4£HITE)

EURMEMEER A ic 1) 5B = = » b OREH
ERIOCRFELo-od BHORS LIRS OBRE
BEIL, HHEPSOANCLDIEF=z—rV
ORI E (recruitment) OFR LI L.

Bl x 2 THOBI WV oEELce T ARBEHR
KB D AAEE (REFAD) €<
HIETBLE, BOXKAKAREDIFE VIR
FYBBEREN S AEMINEREEESED L
A xDEB)2=v b ORBEREFT D LHBTE
5., HE—EORICHIFLI L EDEF 2=y
F O EEERHRECD LT 7.8/# T, &
KAEBETHFA LSHEMLIRY. ORI, #
IRIC X o TRAETHRNBEHE K L LARy
KT BHEE, BALTWHER = = — = v OREIX
HHIC SO TIRARL, & LTHIROMET
HbbiESIEBE VL Xk T 5 L 2R
Bi5.

W, BEEL, MEZERE E RS
HTP O#iEic X b 7T~ 9Y/PBoEfh == | OF
RMERECRERT, LEFAROMEEZEX 5
L, HDIEFVE 80~90 g/mm DEETHEEIE
EH T 5. T OIEINE A E U
HDOTIREL, EH==y FOHEKETC “IR
HLoob5” HORNEEZDNS., Licho
THRIROMIRTOERTHIRIC X » TAHTSERS
(90~120g/mm) @ 5 b, HEEAN L CREMI
BZHENINBSTHEZ LBbr 5. EE,
B KA TR EE (R U 7o 5 I Ak 8 — KA R D288
BRIRMCEE LT 5 EskiRiRBI 2oz 5 &, ff
BRI X BRNO LT X LAY DR EMS
50T, HREHERIEOMIRIT X > THE—IR
KRN PRET BRI THHEHE 2 bh,
DX S5 TN D—REKD» HORERA ST
X o THIERIE TR FEXERED & EEOEEM
W DHER= 2 — v UBEILEIND LV 53R
PIFKILD.
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5. SRRSO IR IR B .
RRMEA, SEE—F BAEEKX, B
SLIRER T AR C B W T T TRBREOSIR

LENTVWABRRTD Y LB, TOREBILOWV
TWEELETHSHELP IR TV, FA7lebidy
SERFERALT, TORBABFEHELPRT B
BOERE TR 0Tz, v ¥ EEEREECHE
L7, RN 10cm OEE X WPRE R B % 5
%, FORGE® FIRBHRL LRI THCE S
IR EMIC X 05, MEDIAC X D50[E
IR & U 7. v 3 F OBRAONRIRIRA A
peak time HFNFh2l, 33, 45, 6lmsec DM
@ negative KRCHRAD BN S, chbD%
BAT s X TINEAEEREk 100c/s FHk, CM,
VA 8c/s Fli D% %\ % barbiturate, chlor-
promazine, myanesin 7 & D&M OFEIT OV
THRE LT B, JlREMHE A ORRE, X
7o X DOREE & BRI OBE L v 5 A TRETY
BTN ED, BT HEFHE VI RTIRE
CERLERENRZ BTV, Z ORMTLIRG
1R E DT b DR B EIE T & ORBICBIR
BB ENSELFICE o TIHEAOEVERT
BB, WICHHREMOFEC>WTHRF L E
o5, Ny Baisdnigel, Ny, N, Ns £545
Bz - THATHLOBH 7. TORME,rD
1 No, Na, No 573 GG X 0  IRERC
ZOEFEBEZ b, Ny EGoudiRzl LT
B oEEThoZ LPELP LT, &%
AT 75 o T IR R R RS R D EAR R S AT
2% XIETIR OB EE HA T EREES DI,
chlorpromazine R OB VBT R T O
BACHLCHAGERERXEL TR D, bar
biturate 1232 MO \WHEREDS Ny B OFEBIC
BIRD BB EHBEZDBND.

6. hTLBEOMEIEAELEkE procion yel
low [Z L BRIE

WA Rk, KBTI, £%W)

% = LI horizontal cell, bipolar cell, ama-
crine cell 35 X% ganglion cell O#IENGEEHFE
Lz rdiz, FOflE% procion yellow OIEA
WX o T ote. FEDOKIEIEN60%THY,
z % H o dendrite DAL W2 B ETYed H T A
%, Golgi staining 2 X 5HEE X< —FHLT

¥ & 441

.

Horizontal cell 13+ v ¥ 2, F<AELE7KD,
1838 U FE Shvish - . fllfak s Hreceptor
i dendrite 2SOV & & % T, KFECIAD
axon Jkd process DR DB DRI BT,

Bipolar cell (zvX 2 #%H D response H3F2% Hiv
7o, —HEHLES (04 mme) 1 & DIBGHE, R

. iDHE4t (08 mmg DA KX VESEERL,

5V z DD response ZiRL7c. W DM
BRI RS v o 7z, Th b,
necturus K X O F VF 2 DR L X —HL T
5.

Amacrine cell iZ34>< & % 3D response H3
=W bk, #1 0, on BIY off THE
7 spike discharge # ¥k Z U7z, Z#idnecturus,
2 v¥ s CREINZA QMY TS, B20H
ik spike IR SR, HRFOMEIER BT
Uiz, %3 ORI, F20REFATCLE
SR TRTH, off kT spike discharge 23R
bhiz, BlORK H\» Tk, FLBHITES
spike 13, FIORERBITC X DMEIE 7. H
fatkyx inner nuclear layer D&A\EH> D HRIER
W THEEL, tesponse DHLBIWIC X D, HLE
R HEmHBH Bivic, Amacrine cell h &
v, 1EOEAT2~ 3EOMASRRICEE S
T EME i,

Ganglion cell 2> 5%, on, on-off ¥ X U off A
RIS, Th SO EROHR AT X
Y751 damage %3%(F, response [¥ED D &
Lo,

1. B OFE—BIEL LTORMEHERE

BETRE (RREEK, {(RE4HE)

r F7YvitkzBHRT5E, YT VST
D—BETHBVFF—IHPBLL-2 A BF — /L
P VvRARE(LTHEWI Z &%, Wald itX -
TH bR EN. Wald 0oz OFRIN, HE
DELBBIIVFF—LOREMILTH B & &
n, ZOREMILTHEN TR A B 5 ORSHE
C, BEIMELDEEL DR D EE- L
L, #ORECECBFIBICOVWTIRNWEDLET S
FHETH 5.

chiex LTEER, BEOB LBEL LTE
MR LIE L TERR, FhICELE20DK
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5 LT Na 4 Fvoiliis biFcnd

RERT W, BRGSO, HEM
bE YRR B LERLI. TOHRMDOR®D
, +oREBEERHRLIr FT YV EBEERR
FELTWER FT Y VOlRELCOWT, 779
=24 PIRBEX-THELBIRIBELE 4« &
pH W THIE L. TOER, MiHEOLI i
EOFRBEHCHLTKTHEZ bl
pH=6.75 C, & 50% CHEI 2B TdH »
7=,

COFRP LY THE, BEEZRELTVS
v KT G FO0BBEERGER LT, TD
GEIRTBENRET L LEZLONS. XHR
Vo Th, ik - TREBEL, 0,
BERIEELTe F 7o VvOSRBELLDTHS
B, FEERMEMIC X - CHENZ SOt
BHAbCchHD. LichioT, REEHHOE I,
R X DA ChEELEIHI LD LH
z5.

EREHCE . T4E L HHEOE 2088
i, e Py vhbo NaAFvolsEt 25
h3. NaAFvOZEEhipNa A—2—%HwT
HETHOTHDH, BEERELLe NIV
B REBH L Cd Na 1 4 v OlFsiizas o
hishotz. DFY, RERESENSE Ckidh
i, Na 44 vOEIELEnwDOThs. L
L, BELEA LA FS o vtk B T 5
s, 15 TFOBREFFIEHETHLic2~3@
D Na 1 F V3 ST 5 2 LD bhiz,

8. 714 9 ¥ £§F phosphorylase j&#t(Cd &
{24 angiotensin OEF
PFsiE, HEEH (SEX, K, $—4m)
mE EFICIEF K EEIR% % D angiotensin
W, EmBEERCHEST 5 & v 5 Heiden-
reich & (1961) D& H Y, HRBEITHKI D
HEEBIETHOLBEDh S,

bhvbhii s 4 v %% T polypeptide Tk % -

mEERCEEL, x0BEF & LT, 1) Gly
cogenolysis, 2) Gluconeogenesis, 3) Insulin
like activties LN FELZZITHIDEE LT, &
v 1) wBALTH 1 v % FIF phosphorylase 7%
Hea LTI 2R A 7o 558, 50 pg/kg angio-
tensin #HE7%OMYE LTI, B phosphorylase

2

&L, 30~5045% THA L, 60~804%T,
SR T control level iZ;& 1 7. 100 #g/kg angio-
tensin #EHR T, HMEHRELE CH- 2P,
ZL5 L AMmEIEML I LEHCET 5.
LIk angiotensin i€ X % i ¥ & ¥ phosphory-
lase {EH:DHEEIMT B &5 < glycogenolysis {£HE D
MRTHEL, B0 2) XU 3) X bEE
BhHBLEbh, HTREPTHS.

9, 4-(2-carboxyethyl) phenyl trans-4-
aminomethylcyclohexanecarboxylate hydro-
chloride 0] 75 2 3 VERLD U ICEKIBER
BT 3 ETOER

WMAETF, HEST, WARE—F, BEARF
(WP 2Rk, KAL)

M7 5 A 3 v, t-4-aminomethylcyclohexane-
carboxylic acid (t-AMCHAY), o#FiEfkE: L C,
4~(2-carboxyethyl) phenyl trans-4-aminomethyl-
cyclohexanecarboxylate hydrochloride (CEP-t-
AMCHA) B8 —8EFA SISV TRERHK
Shiz. #E S CEP-t-AMCHA o#ilsElE
RZBEMOHT 5 2 3 vilg L gL, 1BE
REHT HEECOVWCHETOERRIT- 2.

[. PiBERIERA

1 fnEtk XOFEmMEL T 4 7Y VIR (e
BeBExORECED) ZEALT, SK fkix
UK &ML T 7 R 3 vies+ 5 W3R % i L
7. CEP-t-AMCHA %, EACA 0#H100x, t-
AMCHA ofy10x OHIfERA %R Liz. CEP-t-
AMCHA ¥E, 74 7Y VIBERZIEIT 5 72 o,
clot lysis EECREIEE#ETH - 7o,

2, SK FEMAbmAEERD TAMe 3L 00+
4 vOBRRTH LTiz, EACA, t-AMCHA i3t
iz & A EWHlZ R v5s, CEP-t-AMCHA
TR VWIMEHER 2R L.

3. CEP-t-AMCHA i31fi HE£E D 475 57,
MY T v DhEA v ERE SRR Lk,
Zh BEER, EACA, t-AMCHA 537 1+ 7Y v
SRR CERWSIHWETH 5D LT,
CEP-t-AMCHA B+ 5V r— LD X 57 r
TT7—~¥THDTELERLTNWDS,

I. EERREXT51EH

Z v b OTFEERIC S W T, CEP-t-AMCHA
IR (LERE o7z, L LERES T
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iE, SEBITED B, TER, Rk LHEHE
S5LWEEALBERTRD SNl ER L.
PR DIREE T ORbER S O WERRTH IR 5 2
FEThHHM, b L OREDOIEAIE K HiT risky
state CTHEAINLBEEEET 5 &, 5%LE
KM EPLETHHLEZDND,

1) Okamoto, S. et al. (1964) Keio J. Med. 13,
177-185

10, BBT{ic kB M+ CO; BEDHE
BEE—, gk (KREX, $4AH)
— RIS BT, BT OERE
BEolEEE R EET 5 Lo, REEEOEHRE
T CIEBT BERASS 5. FIzE, whBmo
AR F DEBIREIESTH 5. HEDRLO
LIREEEPRET 2 AWT, £, BOBHowk
WER R FL A 1 B Js XVE S MR P D R A
DOBETOWT, ABERELEEZELTHNTA
7z, Na BIEFAE L, BCARZFEL S 2EE
EMR 52T, FOERERIEIEFED> SEIRRFT
B LME T ABCRIETEELEE L.
Fisbh, KER100g O Wister Fooo h %
R 3%, Na 2§55 LTREDOKEZML RGN
REPRHCHE L, TEANCHE LicboeK
LLAERD, FOREMECE b ik 26H
B « 350 H « 458 H OEBIH O ABIR L U &
ml, MEREYABEZRERMEBOIRS VA G
WREBCHED X > KllE L. —Kic Na B
HEIAEEMEBORD L LTHDNWEY, O
X5 BT R BT bbb T, MRELEL
T, MARERYABCIREAEC X 2EREE
13D bhED - T

—%, BEIREZL, BiEREF 2C) ©k
W, WEEMERCRkCEE & 17\, 21H
H + 3178 B - 408 B 0¥l oBplikfn & SRR LA
RS ABROEERIT-o 7. L OFER3IEH « 40
BEOH DT, MARETABEPCLHEML TL
FYOYENY (B

ZhSOFERIE, Na BIERT X 5 MuREREE
Gt B R EE, BN, R Na BRIRE
Bk s Nat-KY e X - THESh > 52
LERLTWS, Fio, KIRABORER, $4
LAMp RS ARCEPNTE o &, &
%, MhORHR, BHiCAT R FIFHORHRS

e
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ERBRTHT L LT, LMROBRERZERT
LBEOFNLFRELDDDOLEELS.

1. {EREECAVGL 3 v b B condi-
tioned medium [CR§4 B —EE

NA#E, KMPNEE FIKUESX, 43H)

BRI — 2 v VR E O 4 1
% BlERREEEESEASNG, BET
Bic- THRMEOBRPEFEH Sh TR, K
Y voSBROBSEN Zh SO MG # R TIR T A
HTHD., bhvbhiz vy, vy, v
TR A Y VAR T HRERPFEL TV D
T E &R L (HE8EEYS, 1969) BESE
z oflRERFoOMarE s T h &
conditioned medium & DBAHF i 2 W THET
5.

FF, M B i OB e OBEM
LHBILTWD XS EE 2 bhvie, IL<wV A Y
voSERICH T B v S M IER T A & LEER R
SRUTC. TOHEERRY v-sskbilofllg, c&
20, FFfasged LCh ERRD bh. T
bbLFEE Ry ETT9 BREEL (B
RIS ERE LR TEAW), Thit 5 %0
vomERIRE S, v GRS CITmg
E Bbh B3R OHIIE & HEEI R E S 2
ThotchDid 1 BB TIE & A LHEMEFEIRT
o T,

Wie—EERE s e A U 7o & MR8 ofpla R T
Fv 5 &I 5 s O RIVE RSB &
NBHEVWSEHEBD S, T OREERE BT co-
nditioned medium *\ o T3, BADEET
#£ bh 7= conditioned medium DA% Y vk
PHEALTHEANLZAHRDO X S RfERE2 2.

+7dh, conditioning (1 [E]H DREE) OIRE
VESTEMT OEEETARROMEL 2. =23
U RE D B VIR LT Y VAR T X 5 T
conditioned medium % 4E#HfE T £ » 7= condi-
tioned medium LFEU X3 2%hH%E 3 2. EE
conditioning 1ZVI24RHEI LB T e b 525, 2
s TARCHRE D0, LEOERPD
conditioned medium V3] S DERIKG OE E
NEWEEZD XD DL LAPERD X 5 allar
FE LB ORRE SNk LRI,
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% P REREELEVErv £~
YERE  FMHREEYR R R, B B

1. HPEEHHF glycogen SEBICHLIFT
©E

HRERE (BHK, #F, EEh4m)

BRE LA —EEEOEH 2 AN T
5k, EBFEETII2kn BEETT, BHEE TR
Wk #B2 sBEITEOLE 2 RT. 2O
&, BEE LERSE OB NS NERGR
DOHEDARI 5 F, ERERIIEHRROHEEZ100
&7 5 LIESEEE TLI0~1208 85 c115~175%
Rl Tixbb, SEHENIEREECHES)
B U TEE AT DHNP L I REVE
W%, XZCHABEORBIER ST 50
PRETIEDIZK D X 5 BBMERETIN-
o, Bikix wister 5> FTHY, ThiTEH

FU—FIARTSv=yv /2851, FE- L
B - ERBEIUER, EAFTEEIND glyco
gen BREIE LA, BTy M& 1LER, 28
B, 3BT ThEhOHR, training %
ML training #f O#E X 5 glycogen 48
DOHEED L. TORKR, EBraRitsc s
KXo THREEMIME Sh, —FEREHEED
T, SEBEFCH LA EmE S -7z, ¥,
B o O - B - B - EAEOFEB I IBE
E ORI AELZEZED 7t o 72 glycogen
HETRE, FE- - 5%% - CRLEFHEFROS
PR BEICHENEWEEZR U, i 2888
training Z HH LB &1V, #OFRNIEZEC
bO#EEFELREREMETR L. —F, Bk
XOEH T training OFEEZZIT LV, &
LAEHAFHEOI B L VEWERRLE. Dk
DEX VR training ZEWTEEIT X - T
EHCEEBFR T 5. LK. BRSB Fligho
glycogen SEZHT. b, REROHHE AT T
HHIFHED glycogen DMINBIIED TARE V.
¥ /= running ¥ OE MEEOPIETEE Z 5 LifF
glycogen WHkT5HDE:Bhbh %5, Sz 5
7% BVE, f5A training X - TX D LVES)
X SHEISRESEbh L vk B,

2, BEEICKTBRI > ZEM-Paco: G
::E

AHERT, BREE (&RX, B, $—4£mH8)

5 N\OBRABFHBREITONT, RAEEARIT
baith, 7% CO:+0: DIEEH A% T A bag
b, MEED 1/2FER2, BRASETER
Zhx38k. TRZ2Z LN K o7l
(breaking point, B.P.) ‘, HBAMEE % = A bag
TV, Rl [ a2 kR TE R LR
[EFCRA LK. T, Ebic s Abagho
HWRAEZRAL, MUREEZII»Z L. »LL
T, FBEERAICHEINL 724 Pacos VNI BT 5,
B2 5% R (breath holding time, BHT) %
E L, Paco-BHT [SEmiE% X7z, KHEHEHE
)T A—& — ¢ 180kg-m/min, 360kg-m/
min, ¥ X 720 kg-m/min OZ/EETOISE
%, £40fHETLESORDI, 1) AL
BXT7 A FH®D Paco: D FFHEEVR, L BIE
ERoMMT oW T ER L, 2) &g X
B2 ORER, TinbbHER BHT =0 O Paco:
fE (Ben) iiE, EAZEMRESh7z. LoL, &
RELEFROERZ LD L, 1FERBIHAIL Tignm
THEASED b, 3) BZbXT AR MHOD
Pacos D_FHE Pacoz/t &, Ber & D IEEHRE
¥, +0.699C, FEOMHBEZMRLL. 4) Pacoe/t
& Pacor-BHT [SZBh#E AL Ser &1%, H4R
%R L, Pacox/t B/NXWE Spr BKE B o
7= AREE A%, —0.819C, BEOMEE TR L.
5) CO# DB Z B2 5 ¥ 5E &% sE+
5L, 0% T, EFC X 5FEIE» BN
Pofe. T DT LV, EBCHET SRR
L, COiTERT R DILERI E D, B
ZHXRELUTHEERORWZ E2RET5 X
SicEbh s, ’

3. HplNEE - sbE OBEAHIT
WRNEF EE B (EEETXR B H—-
T AEE)
Bt 1) % E-C coupling @ mediater %,
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Ca C sarcoplasmnic reticulum 2 5¥FEt S5
Ca 2N#EEEH D receptor TH 5 troponin TiE
ETHETCEEPIHFH INTVW b T v
5, MR OWBERTH 5 & v 3FBXIIN-
T, troponin & SR [ Ca @ localization i
Eair factor WX - CEEDH%, BEOHRE
THRECEWTHFHTH7. Troponin & Ca %
HESE SR Zzhieinx s & Ca OBEIBRD
bz, Zd trponin »» 5 SR ~d Ca DOBE)
1%, ATP BEETHHEIFELEIVWEESRI
R2~3EWMT 5T &M oTc. Fie, BEIE
BENEND Ca #5E&EE & max. capacity 2> 5
HEINSHOLITIE—FL, troponin 75 SR
~® Ca OB EOHEAER & site DI X
S5 THEMTEESDOTHHTLBHELN LR
-7z, %8 Ca 135 F @ SR & troponin
content 23FHFh, Smg, 3mg/ml ¥ 5%k5
X free @ Ca DR ENBEHTT, ATP 0
HFECL-T ~10'M BETH 5 & Fxdh
5. LORBBMBEARERETICREPES
i, SHIBOBEEAOFET PR TEADE
HF sk Licv.

4, N TILFHREEOR MO DIEERY L

BN, EFECRE (Bma¥ERK, W, 43

LRI - f5REE T, Skl spike O
R TRAEL, PIKETED LR\ abortive
spike BEZE I TV 5.

M5 # DREEBIL 7 =L « ETE T RIS O
Wik, BEOSHOLFEZL TS, Thbb
capsule ITA o HREMRE, ¥F2HL, —F
BEDOEEDR, EHFHCER TV B (“1R
1) bR & Hic 2R OFHMR b h T
w5 (4 24%L"),

bivbhii, ZoO&ESED, BRBOWHER
BT R VTV R EERER T 5 » RADk
», REOENBC X DRE®ILRITR - 12,

B30 ¢ W LIE» 72)ED spot &, “ 24%E”
D4 B 5t 3 5 L, abortive spike 1ZiHKL
7-. Propagated spike V35% - 7225, &+ 45 5]
XD LT spike @ frequency VXdHE DK
Lo iz, fiby “ 144" OEmE R EELT
% &, abortive spike DHHEE - 7. .

ZhEID, BokLEVWEEEHC o 5L %

W &% 445,

“ 17" 13 propagated spike OFEAELHFSL,
BB Dd B 2 Z4E abortive spike D Fe4: T 57
51LTw5L#E255. ST 1IREDHTHS
L, HOWEERZHEXLTHIREBEOOAER, b
HREEDL Rz s, abortive spike 277 L
TW5 2ARDOEEND - T, R LHTHEER
ECTHBOCABRERL WD EHEESN D,

X Bz node ZM T HEREITS &, &H)
DI R RiE(L L C % amplitude 2 2347
%73, propagated D3V T\w5b. L spike
DRAI, TREDEMCH BT ERRLT
wab,

5. Abortive spike DIRIEDOHTT

HEER (&KX, E, $4m), PR (¥
ERER, R, AREE)

K, bhbhidERAERZCHAL T =L
BT Ak$E KT C abortive spik (AS) & F&4:¥
% PR OREHEEL, TOEMBHOMHEIT L
Bino TELTHEER L.

Kootk O~ M2 RERLT 5 & & ORI
TBHESS LOTHEREN L FRCREL, "5
R 45 2 ABICIFEIRE SN7c OV I OEE (8
WsERmOBEEENL ; BH - FHEX) bbbk
D ThBHH, Thbl b “GT” BT A%
55REEDL L AMBENRFRCIOE S,
Z7ew,

“ETR? DR L DD & OEREBELT AS
DIRIFOF TR FARIL TS, ROEREZ 2.

1. AS o iRIE © SAsnFEXRERE» D 2
mm HEERSHEAT 5B LN EOMIRIC X -
THORAOT 5, SOOI & b 5BET(T
LTw5, . ’

2. % OHIICF VT AS OIRMEEARR LB
REDEEEFEOINE B ST 5. HEARBAOKRE
X OMIE, BLAER BT v L0
B YT X - T LRV, —RZ OBl L
BhEWHICIEEEORABMEZE L NT X S
F5ThD. BRERBO I/ N—T07Y 3
F—ETEREORE ITKRELLV. e.p.p O
BATIEAT Y F BB OFEHRCHEAITEDLE
L Rn5. AS 5T 5EROHMPLILVE
BEW®RT S ELEb5,

3, AS iz#< interval {% conductive spike iz
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BRENX VEV. /IS AS KL in-
terval IERE\ AS IR Fh X D ESV L HIE
LTHREBERIELELTH Y, HEREE
HEBHI/NED o T, AS 320 “Gif” OBREM
BBEEZ D LABChO BT R{IBEELD,
FEOERBRMBAEI DO X S LERIIE
BLEZBID,

6. HTNHEHFHARALORRES
BHZXE, LHREA (BHETX, ¥, E&fE
)
HHEREREAZ AW ORI 1 53
WOERZBTT 58k, ZOEROEV, KX,
X 70 E ORTES HF L\ burst RO EFERH 4
THZERRAH LR, @ burst DRATAFHR
MTAMLTEY, FRBRESVWCHRBLE
BRBEABR DI, ZOHEFEMIISC X TS
HUTHiHkLah -t BEREZELTSLE
PR, BOEREEHBRT ERELEL. &
DR BEEABFOHEORBLIFTL TV,
Strychnine (10-7~10"%M), picrotoxin (1075~
1074 M), bicuculline (107~10-5 M), glutamic acid
(10™4~10"3M) 3 X ¢¥ serotonin (10-5~10-3M)
BWTFhIEERHZER S € 28, TR
BERIThEFNRE - Tk, —%, glycine, 8-
alanine 3 XUt GABA X 103 M CEBL R4
MRERZR L. ZORECRENEACHT
HMFEEREEAER BRI » 7.
FEHEHD Cl A FVvEAAVERDIYVKE
VEAAVZERLITES, BREESF OFEH S
Z—vHPEEL, EERECE L THEREOREY
burst BHBHHERCERLEL. ZO&KETFT
X glycine 3 X O° B-alanine OIMEIERIIRE Sh
7o GABA i X AHFHERIE L A FR Sh
Pof., TOEEIX X LT sucrose-gap T
FREMIC BV T HED .

bR XD, MHHEFHITR» DX bhTH
ZEREFIB T LA AHEROERRE E - kR
£FBH0EEZBNG. LIL, FakB0T
BTV ERE, BE, ShkLORERE
CRFIAEFHFLIED, FHHIhHFHcs
FOoRBIRER L E X BB, £, GABA
REDT I JBOERZZFLT L, bl
free KB VWCIEROERBE LR ESD, 2D

BEFESIFHOMBIBEMRHOF R TR L&
5HDEEZD.

1. FHERTFOFRGER H ) o
VeREEEE, FREEER (Babiok, o, £
e OREHROBLABC X 58X D OERE
MR ORE Y, AMAOMED T RS F A
ropEInfER, BEnCHERmEN (HR
5) BAEUS. HRAEOWKE, FRAORER
Al L 2EN LS B LERELTWS.,

SRR HEESELERT S, Th
BRI D OHFEER EE Z BN TWD, [
UCRHCHE A3 E L MBS h 523, Z Ol
BRSO R 75 AEKC—BTLPBOP, H
VIR VRES F 3B VR AR IR NG 2
Z350», PHEHOEEOZEL» DHETE
Twin & X TEREZITIR- 2.

SRR P HRERESZE L NS RBBET
iz, BWEROLPBETAEABE bR,
BREY FIF T, KEBREES 2 b h RFaT
Vx, RIEEERAIHEART, BWERORIBOKRE
LY FRFEVEKE &R 5HOICETHR
BEBHICE D bh k. Thbb, HHMERR
i, BWRIBIRERS bias ShTWHAICE
i, BOEROBEEOZEEIERIA
S EElcn s, W, RERREIRT, KRS
BHESHBERT 5 LR b, %0
KL DEE LR EDS b o T2,

HHERP OHEBRHCE LY, HROKIE
W—E A L. TRIEHERR OB LT
i, HERENE Lo . WIhoBEKR
b, HEOBCELWEHEIXED DR L b » 72
2, [ CHERFOREIT D » T b, EBRMECX
D, FRORISKRENRTLRBDZ LIE, ZOFK
BRFEOEZELVWHEREREZ IR TS,

8. BEERERISOLEROEL LESHIHEDL
7Y & DREE -

T, 1R 4B Br(ERK, E,
B MR K, B, HIEH)

* 2 OREFCTOBEZERERG DCR i1H L »»
LHEINTCW5ED, Th bk Chany O43EHIC
X b Ist component & [nd component iZhiF
B b, |st component (RARTEMENINEREDEAL



Lxh, [nd component VIESHHET X - TEH
FEINBHBEOBREL I L T\ 5. bivbhid
DCR %W, BioFzmiResc RuEphkzEE
KX, RE-ZEMRE o BEaErfr20
Wiz v, [k Golgi Befaic X b Ml O%iE
X O OB ERRR &2 P,

Sk AL FR 240D E, BS2HE
X h35E HEDH D (100~300 g) % 25 mg/keg %
VDRV TR —ARREEE LTER L, BRI
DBEERIIRA - LEBTHETCRE, HiE
FHiEr L ATACS01 iciFE L, 40 o EF
B % 1T - 7. FIEBIXWEME R gyrus
lateralis ®»—FNME i & %, ~LRFE0033Y
, HigkomXs 20V TRl &% 28
EK;"—JV\’C& [ st component L& Huiss,
D4 BEOR IS WTHIBEERD I { TO
negative phase iz 3%\ C | st component & [ nd
component iz} B, Z @ [ nd component.d
WR MR I N 2 72iE S 1 mm QY CREIHE
F, EX3mmOYETHEL T 5. ZOBR
I nd component VIEENESHHEICLSDDT
BB rEZ BN b, [st component 35
X% [nd component @ peak latency VI HE%
BB BT Lo T, RS T HEAHBHD
ho, BERERSOEERECOWTRITEN
A EERERERL, D20l E B2
7z, ZOEX D EENRE OB LORERS, 14
HEE L HESh R, ZhidPurpura 5 OHREE
HERRE H—F LTV 5. MBFMIX Golgi
Yefs 24T - THFz. A4 BEORTE, M
b pXL, BHRIGHEOFESE VDY, SHHEK
755 L B ESIALIRD, 4B Hic/ s &8
KR DFENZ L\, Trans verse fiber 134 H
H~14E O CEBEREL - & VHTRS.
DL X DI 3 I OEHES RAT D
b5, bhvbhoERX VMBEICKRD 28
EERETLX KB bbb,

9. EERNRlcLBN FOREFREOSN

& Wk (&K, BURES, #5HM)

~ F OHERIC BT BEECHE ORI MG
LTW5A, HE O MIRERILKY 500 £ OIS
FCELTED, REFBREEOFH CHikk0¥l
CELHBIILT LS EM TRV, SEIXZ 0K
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EOW LIcwEEZ, KMy 102 ORM/NEME
W, IR OBESR TN+ 5 sz
D IRB LIy DRFE L, £OBRIFEORE
RO XBE LT, i

EEBREFIoOFEEMEM» BRY, Th
FHREIY F v TARE S ZRDE. Ele, 20O
IO (N-wave) & IR0 5 ETD 4 —~
VEREMCHEET 5 &, EHR=E208S (ny,
ng, ng) Wb bz, ni, ng 13 N-wave LR
THERST, ThEh 250 g, 300 2 DS TR
KEMERLE. TN Y F v 7 AWES
RRADLTEND, EERERZRIC LT OO
WRCLIZRELZEZ bhvic. —Fnsfdn, ne
L DRRPEnET H THEL, TFE 450~500 ¢
OESCHRKIEMER Ule, %7, N, m, ng i
RS IR W RRR ISR R L. Tiab
b, FHSSHE 2 WK+ S RETRMEZRT 5
LIEFALTH B, 10~15E/HBoLs 5 TEHL
\» potentiation %73 L7z, XHfliC X % B7E
195 50~300 msec DFEKENE Ky i T supernor-
mality #7R%F 2 &5 5, Bic5 facilitation L%
zbhids, N, ng, ng 5 5 ~13msec T supernor-
mality %, 2|%:< 300 msec ‘T subnormality %
Tz L ba BEONE ERbhie. FlE
5L mBSRBETRLIZE,PLD, n, il
I % secondary mHE L1IEZ bk, &5
BCBVWEEEER bOMMERCI b0 LED
o, BiElO#%FES TR VT, N-wave CBEL
IR LD 3WB DL L RWE LR
NCOEELDILSHS. ERUEOERPD,
AEEBOKIEEEPE S THEESN, Stone &
Freeman (1971) DR % U 7o fBiafEsE & R L C,
RUTHDHT LBRDDNIT.

16. A4 YL ORKEERBAICHTBHEE
HEoFH

B4 dRIEES, EERK, BFERE HBXA B
BEEYE, 8955 #F)

B4 75 F ORI R splenial sulcus
OIMUTIEAR Y, £ ORI A binocular
interaction field (BIF) »% & %, 4[EIWFIRMEF
ool ESzo BIF wikHLoo, #&
e, JEBIE DB A v 3 ¥ CHMR BRI X
BHEN IS igE, HECRMOBRIT D EH
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Bat Ui, #REILT o th 5.

1. AAIHERE» DR T LM, ThbbH
# & FRITRIEDH A S BIF ww—
FHL7-7, [FEi splenial sulcus ORENC B H
5T LBBRD LR (B Z 0% SG LT 3).
Z ZIITTkeMEN L &, 7o Bishop % (1938
) PREOCZDOBADEB Y ZIEHL VB
FThote. Zo SG RIS, HERE LEE
A CiERE, BEORIC O PLLBREA-ED
W Bt of. R S Bishop OB EES
NBHH, BE,ORELRLREORMND T
BERIRR B SN B REHF EE~ DRI,

2. —ff@lo> BIF Hl#c, HURER» S0
XA T2~3HOREEHT, thotREE
K5 Xz, B39 4msec TH ST trans-
callosal DEHERH BN, Tiabb Z D BIF i
HRIBME»SOREE &b, mPREOREE
DOFEETCOHETHBIHERE IR,

3. &3 BIF @rodhe#fc—k (1) =k
(1) oFEBFcbF bh b, *DOEEOEENK
CIET 55{iR—SEE ORG24 5 L, | Ol
TR I KR KIEMERD B E VS X 51T,
=1, I— ] OFXEERERLZ.

4. SG#fid BIF onEEEEELHALIIT
TEY, R —ASMUBSR RIS RE CTRfilic
BERBEARYDEOrRRISEED, S L
b ZDOF» 5 trans-callosal 1 fil{I[FER i #EiE D
BT ENE~LN. T, FRHORSIEE
HFFFY 10.5msec, HAIT 7 msec Y, ATRKY
BLWERDOTZDZ DR OWTIR R BRTD
BRWEE LK.

DLEOED» SEERERBE T oEEEL
7.

1. EEELICHT 28FTO coding 3%
BOHREE, FHE— EREWLA, K, S
4E1)
EFELECHT2HEEROE~= 2~ v VOIS
EZBRRCBELTREER» BELBEIN TV 5
2, EEFELAFTCETAHARE Ly, HHEEE
CHEWTREDL LY O X5 BEEERHIINE
EREEEES TWEEEZ DR TNV,
REBRIISIEVOFE W27 Y v 7 THRIE LI X
CRETHIAVAR Y ATHHIBEMRIEHE

fED Ni i ORIBEIEIELE LT, 8 LR
FHAE 7Y v 7FICHBE LI L ED VARV A
RE—ERDLRAZE N,

n—1 n—1
Ea=U (- 3 Eif 1-4(Z T}

ZTEhEh, Ea=30EhB Lh o nFEHDOZ Y
v 7 HT 5 Ny ofFlE, U(l)=N; o intensity
function, f(t)=[EHERA%, Ti=j FEHE j+1 %
Hoz Y v 7HolEeE T 5.

ZORCESVW T TolcaVE L~ 2 REX BT
Jalb—va VEEMMEROERLENLD I
—E& %, BHEBRBEIPEBROZ Y v 7B X -
THE XN WERNAREZEDLTWSZ &
Bbro .
WAEWARRE =YD Y v 7 HRECHET 5
VARV AP DEHELFMELETEDO X 5 ek
HhETHTHRETO coding B 2 HE L
7z,

12, KSR EHBRE OBRIS &

AREEIE, REM-—B (BERwk, DiRdm)

KRIBEE B 5RERNER LT
HEITA 2 &2 W TR E OUIRRER & B
EBDRFEER LT - 1o,

1. CORRSEER : BME FIRERIER Liz1 X 8
ARV, HAM4WREBKR (5, &8, ma
B, ¥ =—FEKER) 2EICEX RO
ETRERSWE S, KBMEESREHEORSH
TRRATIRIC o W CTHIEL, FoHSERBIETR
i, EOWERIRC L 55WENRDT 5028
Al To#R, WEZHFISREHEON»
LIRITIN - CTHEBR, $Ebk, Huk, Bkl Eizz)
ERTWBHDLER ST,

2. 3C#% E % : Evarts & micro-manipulator
BEE LR X 8THE B, KNG EMmiE
DOWRIEE RS L. R4 v /AT VER
2ER L. BMoOENICRIER 2 1E < &,
licking % swallowing D72 ORSKELE, 55,
WENOBERARIRIC X 5 R EMIaR S D78,
LIE VSRS E DM E CREER £ U, Lok
Ty, HTHT D ERARBC S U e b vkl
B BUE U T D REske BRI Lz,

BRISE D& — v iZ 1%, on#l, off #), on-off
TR I CMEIR O 4 ABRBER I, £, Y
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T AERERIC L D SET S E, AREDS S
ENp—oDHFIE Linb o (B), 2HREIE
Bl7ebo (18), SWHEIKELEDO (T#)
LFRBDOFTRTIREE LD D (VA), 3XUd
BERETit On B, fhoBRE B IsSEmRL
fed o (VH) oS5ARKEIS. Z2hb SR
DR SHR OV 1 B4 5, 188 %], MH2
Bl, VR2pl, VESHATH-%. &k, hbd
Tk S DS ERER S VT BN ERAL 2 R B i i e 7
2y bT5HE, XEXOUREROBHRTHEBLT
Wiz,

13, BETHICxT IR0 EVOERICDOWT

Eagz, K B, B 8 kil (&
Rk, B, B4

Epsteir, Fitzsimons %, 7 v b O KT
U, SRR T, fRERTE, 3 X ORI
ALieh == — v biEME (5~100mg) ©7
v¥F+F vy | (Angio) #1535 &, FI30R
TERLRATHOBRINDIORHVWE L.
Lo EPLINDS = 2 —r ViTTZ\WWT 5 Angio
OEBEERBPZEZ NS, EiI/ AT VY
Y v (Norad) & DRRERETHERDH 5.

bbbk, Angio, Norad, 7 /L % 3 VER, HE
1, Na 2 Ah7cd 5EM/INERICERAER
1A Vbbb AV v FOBKT
WOFE S ETBRIKEIND 5 WIXERIRIEER
N BHOEMEMEREL, ==—rVYOED
bRt Lz, ¥/ 0 2 3 vEERZEREL, %
NCFB L= 2 — R VIZOWTRIFROER %
Toic.

1. Angio X * Norad ic7zwvwLtxhTh
BiEt5=a—r Vi, SORIGEERNRLDD
WECEBBEGRS 2 b, Tihbbt D=2~
R R BT U ARAMER > LE 2 BT
5. ERANDOSERKRTICHE SRR
ThBHWiEIhic

2. D= = —r v Angio T3UEMEE
XN I EHEI Sz, U bRESh/c= 2~
v H11{EE Norad © b (R Shie. —75 Angio
THIH X N7z = 2 — = ik Norad T4 O3
HlXNTW5, HH¥PICERDET Angio &
Norad RRI—FHOEAZE D > TWHEWVWS T &
HMHTX%, oF D Angio ¥ XU Norad G X

;% 449

NoH=a—rYREBECHHINS=2—-rY
FLRITN NS BANCHFET ST 2R L
Tn5b. .

3. XXV Na s UARBEREME= =
— B ViI2oWC % Angio 35 X O Norad VI {EER
WPER Lz, L L Na #5493 Angio DR
FRCInE 2R Sk - 7o,

Zh B D#EE D 5 Angio 35 X O Norad iz 72\
TEREMAE D=2 — vV ELNBMERT S
MREEEOFEENC X D, BAKTEBIHRSND
DTREEWPEZEZ DS,

14, RERFOROETAYEE

APILERRE, SR RS, ERME (B B B
)

RFBR R RS T 2RERE k= 2 —
VIZERATE & IR L 0 2 rFTICRB LT
FELTWS., HERIEFCIIEELRITX - Tk
BHESEMT 5E==y  BEEHSh, 18
BRI RFE DET T X » THRESENT 5
W=y PHPEBEET S BREoR2=v b
WER, EEOWRIBCBRATRIBIT X - THEE
Bains. £ L TL OREHEE ORI R B R
DR ERY. —HFREMFEZFHAMET 5 &
I AIRIERIE 5 2 B lE S TWw 5.

FEBMBEE T VE VRO A 7y FCEET
5L, Ba=v ML OFEHBHUH S, H2=
vy P CIRINEEESE L LHENT 5. —FRER
LRV = o — 1 VY OFEENIREMEC X > T
B 53, EREEOD A v Ficsr 7 ARE
7y F vk 01~05ml #iEd % &, BREHER
o, FEROELVWTERIET 5. BEEEE
1317w L5EERY ¢, 1.5~2C o L7 kL, 1
10~305FD Vit E EE5,. £ 0k, HUOE
EBBEBHEEL LAY, KB LFE»P- TS
L 1'C FRT 5. ZOROHEEEETD L,
H—, BEOKEFAOERTR XD <A
A TEIRIBER OB X — v BEHRTS. &
NRBEMET X - ThedbIh kg ==
v POk, B==v P OWHIIC X - THHFTE
5. L, ZOXIRiEE= - —r VY OIREHR
EOBC X » THRER EAT 5. TOERE, 1
BRAFREIOE T 2NE D, B Rk &
~VIZED, BEERIARBRIEPFHTDS.
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WoEE= e v ETHELETObO0
MREhEFRTCERTIRBMEORE L
& - THEREROFEHIKENZEILL, Thitk-
TR DR 5.

15. Bovine plasma albumin (BPA) ® N-F £
#it, MEE—BE MR

AEEER, EEEZ, SRER (KEX E
Ak TR)

% 5 X D EEHEMT 35T microheterogeneity
DT W EHEREBTE BPA VX (elss-pH profile,
(‘:e—m)-pﬁ profile (acid-difference spectra) %

279
wiswvwT N-F Bk, BigMo 2EBEB2RT
(s, (2620.) v 2 BUIRBICKHIS L T 2 K

€279
I3 KRBEOLEILETT.

LEE 2 EREBCHIE Ui 20 E
PEELOWESEE A v TR L. EkithkE
% (S) @ pH-profile i3 1 RO E(LERT T & 43,
Charlwood, Kronoman ZiZ X V& S h T w
7z. Microheterogeneity D47 W E M RIEIEBPA
X 0.10M KCl, 0.02M NaClO, ¢ (S)-pH
profile iZBAREIC N-F Ei:(b, BEECHISLE
2B:DE b & & L. %7 Williams it X D
0.10M KCl, pH 3.3 (BiEoH & pH) HW»T
SH # & S-S oZ%M i X Y dimer 2{E5
ERRESh TV, bhbhOERTIERE
Lzithrofe. ZOEZ Willlams Z£DERICE
WTIERE B D Cu*t @ contamination 5%
SRlcHEEZIBNS.

16. REIV—SSHIERBRLTIHEEE
FHEE=, BHER, PMEAXAFEEX, E,
EAT - YFEK, E, ER)
BniTEB{bE RO C B ILIS 4
BENEFEELD > BT LAE4DHTRIN
TW5. bhbhiIHiigEo transport LEFRD
kinetics & ZDEELLE DFEREMET S &
ZEMELT, RET YV ~F S HARERRET
DHIEZ SN L Twies, HERIVRKRL, B
—THIE OSEICKIT Lie. OB ST A8
PR T, XERTDHEIRETIV—FTHNL2,
2, 6, 6-tetramethyl-4-hydroxy piperidine-1-oxyl

b £

L3t3F+ % & sharp & broad OO DEHSDE
tote ESR v 7 F v eET 5.

8 ~40°C o {8 = & | ¢ Kivelson o= (J.
Chem. Physics. 33, 1094 (1960))

W U7 5 » ¢, tumbling correlation time,

wiked Inc=In C+% (Arrhenius O=R) T X

b, H»iF D activation energy #>ko % & 6.7
kcal/mole T&h - 7-.

S I hE RO MeCl, REZZEX 5
L 3~7mM @ MgCle iRIE ClBRRSEEMm B X
B 7310

broad pk4r D38 /sharp K4 DREE

CEPREEBRRTHT LR L.

Zhi: Mgt iz X 5 4:4K[E @ polarity, rigidity
OEBELCTNBT EEZRLTWS,

11. EEOHRICOTD 2, 3DRR

|BHEMEK (BB W, 48)

TEEOERBICOWT, FERESIT OEEBAL
HwbhTERP, ZhidtEZzbhsigdHE
ERTE—EHR D DOTIERV. B2, BEEo
SEERZRE L ThE, S cET sBHREL
BT, B R OM IR, OBER
FHELTWS.

Lz %5 Licklider it X »C IFEARR I @
EBRPTHhT, TEZERMB1ERIZI0DLD
SARFNCERLCH TRERELIRETLE
WZ EBmREhis, 20k 5k 1-0{ES 0GR
FACH LTI, MRAEEECTbh CE RS
FESHRATE S, ERAHEEOFNDIEL &
.

bhvbhid, MRAEBENERCHAVCERLT
— 2 WERERE ATACS01 BREFFTCHH
WHTHBHT ERRBE UL THIMRMEIRE (¥~
7 e 7V v EVY) CERREFIOFREHHEC
TELRDIE, TNEFALCARIER, —D
DE->HPTThHHorz.

bhbhDfT- 722 LREFFREFL DD DODHE
7 2, BACBTSoLLT, 1) FHEK
Bos + ant, 2) ERo—HRIE, 3) IR
hElkR, 4) FEAXE, FXHVTChLEER
DTRRECOWTOEREDSH. Zh k2w T
Vi, IRMEE X D AR TOEA TRER



MET L EBDE -T2
EhizhboffEtmuEAsEeE LT 1) F
RREBOEEST, 2) TOREAEE, 3)

L OIRM OBEESHE LTV, £ERIHHE

s -S4 — v RSO EBRRSIh

18, MERIMEO KT VD BREN
WiBE, i o) (GEX, E, $—4m)
WHECEEBELTr A vES B S E D
&, —EMECEEDC LR BN, *OHRREHOD
BletdEELT R 5T EBlESh Ty
5. ZOBEBRFToOWTIEE bR b O & RN
THDEBEZONLD, KERTIE, £05%
OIALEEEIC2WT, e F7Yvoksy
BEemchrrrr 7y v ] LofELZ ERG
BXOHEMEOFIEBINZE L L MR T 5T &
X o TEK Uiz, BEIERG U RigkEy = L8R 2
RV T AT VRTEHMEEIE, TORBRET
HED» DOELSE R ST Bt oL
Fo—E Y% v ERG %5 X4 7o i R TRosk
LTwl &, b HRZEE ERG 5L LTS
5. ZOWREHE B ERG S84 % CoORME, =
F7 o v OiREEPETNIES VIZEERT 5.
O, BT VORSRENTHELAZRT
Ty BRAETDE, AZFTYVIED
EHERBIVA2r VYV [ EOREZRLICL
LHEEDERT OGP LT A2 R FTI V]
B23b 5 —EDELUTICR %L ERG BFELT
BT LHHBA L. HIROPMMITREIRELD
R VIRRREHIT X - T HNEI~D Nat o
TEEIET A LT L > TRETHLBINT
W3, SEOEBRKERD HILBHIT X - THHHE
Wiz U2 & r 7o v 93 ERG 0Fg4%i
HLTWEHDLEEINS.

19, 7Y Y& B e HABEEHE

AARF, B T AR (REX 5
B3

Warren QL FIC7 VA Y VEREETS L
BRI 35 T D 25, T OB,
standing potential 3 X CRIIEMATESLOZEL
CoOVWTHRR LR, 7V AU viRbic X oMk
TR TV, BB B R LR BOERR
X OB E OBS OFRRRNELE B T D -

L 451

fo. FLTCBRELERILFEETHEELDND
standing potential & HHANFESHiH DRELET S &
%z bh HREEMIAER ZAIE L 2 & R,
standing potential VEZIFHH] T 7 {LRFEKY 3
mV Th 585 DHREIC LH LT—ET 5HM
BHBIBH, T v A Y VIEEHTIE12~24FK
T—@ER ER L0 BLRETHEAS LT, 7V A
Y vigE5#3ATH 1ImV kb, FO%—EL
fo. —7, REEMAERIEMET B 7LARS
AHIOERFITIE, FOKXKE ZITH 6004V TH
D, FOBbTREALT—ETSH. 7VAIY
#E5H 0B ARMIEER DX & S IEATR12R
McERE LT L, T2RE%HICOITL2TH
liz. WCF MBS (L2 MCA~5H
K CEBEC CMMEE2 5TV A ) VRS
Bl EEEI20R M Hic £ DEERICEED &
% infolding W AREAME 25 & B h, HE5HEM
D@ & i infolding HYRESITIE L T 86HHE
i MIEE R 7 basment membrane
LTl b, WRAHMIETTIE, T v A Y vEEk
T 20M A R I AT B 7 disks DTS4
ZEaED, F OB OB - THRESRE
Ensd. UEOREEPD, TV AYVEIVER
S X ORMIRE DA ET O kS ZE L 3 IR
Hbbhdz b, 315 EEMaOEENS
LSEHINT, £OTDEHIENEHORIES B
ZHRDEEZDNS.

20, WEEOEKAKRSE : Ty X100 LY F
SHEOEE LERNESE

NREBSE, K 8 (&RK, BB, 4H)

=V R4 (plotosus anguillaris) Dw v v/ F =3%
ERHEEATIIE—DFITH S5, TOWRECD
WTOIRERITE A ER\V. T OREILERE O
s B L DT, FREO/NMLEEE
fichsLEzbnb. LOMELE BEMED
BT V77 B X OROHRORIGEEE L TE
M x D 0T, HAHSE (tonic secondary
receptor) DE 7 & LCIFEEME VW B, &
OEFETDO » L v F =BEIL2WT, insituT
ERTI, 7v7 7, &k X0l EE
OMUNEBEFIA L TEREFTR - 1.

1. BEO7 v 7 REEHEAEhEN 5 2DOH
BicBiR T 5, U CHEmMR ERECHERT S
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E0DMRER, T TR OB N EEETE
T57v7SEETRLTNS,

2, Bk RR1E 30~50 Hz 0 B RWE LR
L, BRARBOCIS Cird was, Es Eon
BTFTOBMELEHLTREL, <172 VD
BB CHREERTI0OZHE T 5.

3. HEWE IO IS & o i CRg X
v, BB CHH I3 tonic LRIEERT.

4, TV T SABLEREDTREVWRIFEEE
Fot#EESHh, BORTOEBERLIXEILAL
BELLT VI 5ELLRS.

5. 7 v 7 SRTRBEERRCKE U C all-or-
none DBHDORIEHE 5 h, ThikigioRd
BLblLoTRIS. BREMEBEOREETTE
£z bhb.

6. SROLFREEEKD DHIINGEE T, BRI
THSBED, BRERK RS EEOEERS,
EEEASEEOMR E L bitsh bh, Pl bl
SEBEEMII T VT SRORKERE DR - TED
WBDTEPSP L #Ex bh 5.

21, AYPIEFER=2~-OVYDITY TV
SBICOT

REES, K #, Kb ¥ ANIEF (&
RK, E, H4HE)

1Y 7 v EFONBERERI D 5RHIEDHED
Pl 1I{ED=2—uwyv (V-3) 1 102g/ml ACh
TEL I FIEET, TOHEOHHBEDVES
htwk., Yo vinl0g/ml BETZD= =
~Rr VI 30mV ORESEBERI T LEED
Pofz, LrLEzvE s &Y 2 O¥XiE, H-
RD-==2—rvixtTsd ACh OBAFIFE, B
EChdr ok ZOVYV I VESEREAAVE
B, fRAEER, 7Y vORFIRE, EE
MEEERLLETHITL, ROBERZXL.

L 7y v s, BREMELL ORFE» D
ZORGBOFEEHEELIH +30mV sz &
MHEAL. Z O, FMERATEHZIMQ 0
BugHic v L 10MQ OEBIERBSRE LT
Lt 5.

2. 7Y v vBARRIESNE Na BB 0BT
HEL, K 53X O Cl i3 &R TH - 72,

3, FFEFFFYVRENTH -T2, R}
Y ¥ =viREomEiEE Lz, ¥y 7N Vit

‘T DS Y o VESREIC  electrogenic pump
BHOIES Lo,

4. 7V v v ERTEBEM O TRMIREE T
EREZRL, 77 —»BERShiz. ZOERX
BEEMZEE VL Ch-TRTCDEZHZED
LERELMOIBC L > THRELLDDTRW. £
ZCHEBMEEER T DEE R 5 Uik,

BT & - CTRYINH EER & chici st
HEBHEB RN 52, EFBKOBELEBRL
T, NAEEROERSER LD, 50,
NEESBROBAYS h X & OERGHHATE
5. WIERA DR, oD, HH=2—r VT
BBEOCHLBNBHEND -7z, LLThdAik
bhitv=a—rvid ) ERCHT HBHITE
EDLZABPLPTIRN.

2. ERRREE X - 4BHREICO L TO
voltage clamp =&

FE AL ihEEE BEBEX, B, $—4£3H)

B = F R R set LIRHMFINIC
Ringer %ZHE LT B FEH:d 5 VLB
HOBEREEIREEICL T % v T bridge voltage
clamp B2 X W oD 5 VIESEEOEE
clamp % Uc AR OANE ERIER 2 2 7=,

1 @S EEOBESRERES XL TR VRERK
—SEDE X QRS BB LD clamp i+ ER
FIRMEEBRE O A LT peak BT/
REELERLUTHBEROFBILT L s - 1z

2. om0 BREREEERZ S X TR\
BAC—EDWH S ORS#EMEEE T clamp i3
LERBEREFEEIS/DNI VT peak BB AE
{in3dh, BEOHEKEFLNELIEY 10EE
LRM ERREER L Lo 72,

3. BOBUOEIFIRES X TERC—ED
% X 0@ EEEE clamp #i§ ¢ ESKIERE
FE DA L FHiT clamp B ORI peak Eif
R EBCHE LNAREZOSTBEROABBEER I
X5 ot.

4. BOEEOERERETELIEL T\t
BRI —~E O X OB S EEE clamp 2z %
&, clamp BB ORNM & BIRIE—REEKT 555
BERFRMEEOHE KR & HHER LR, -

5. BEXRRMBEEZASEE» SRR T
A2 B % OB IS BRI clamp i+ &



o

Rlg’s peak AL » BN LN E B
OEEVLPEERBEH L. 1R8I0 3 ofERIES
Wi KCl 2 @A LA LAKTHI b D
Wik NaSCN, BaCl, %R LicBa L Ao
HRLBEMSND.

23. CR EKOHIEH D AR ERDDFHE
MATHE, 58T (HBR, B, $—EH)

D%%,?%m%kwmmﬁﬁ?éﬁﬁﬁ%m
KESRE RN L CEIREFING, Em
ﬁﬁ%@ﬁ%%ﬁ%ﬁ¢%m%%w HBATEN
T H MR BB E & B L TR D EBRD
—ER DR TH BT LPREFIC X » THE SN
TWw5, ThbORGEBIIER L EBOESR
HIEE T b b A Db S Al E]R
LizbDTHBZ E0BHPTHD. ERERTR
WESWELOB RS T LA b ER
o EH CEERMETHS. BEESFIZH
BOBAEE L MBS 0SMER LMD T &
DT & NEH D S A (FIETY) kD5
ERTEETHHL LB Mol ZTDHELELT,
1) Mg omEk V() »SANE E1) 25
sk s, 2) bk V() 2ESHNEHREE
TED £ D out put BEIFE E) 2k bHh
BEOZoRd 5., ARETRVTIE 1) ©onT
F MR EPIEE LT a) C-RIEERIC b) fEE
BeonwTx bhkREE EW), WO Ve »
bz bhFEEE E@) RERMC 2 bhic
oscillogram & X { —F T3zt &nlik. HK
2) LoV F T i AEFHERHFES (105 2
B, BfEKX) T THELE.

24, DElckLFET CdTH & Hgtt R
WAETF, & HE (BREKX, HF4EH)
DA OEBBEEECH L, 2{HOREDEA + v
Cd*+ s Hgt* o Zn** B E DX S5 HEREL D
ik, BESORBELLERAY = VOMGRER
AZ RV, E&MHI200 ¢ 057 AR |EREICXD
LEOEEMZEKLARCLAEEEZE-E
FEZS LM U7 IR AR I X 0 FESR L CIRET L
Fo. DEBOME: Hartung OEREAREZHV
THEBRE Le. LEFEZR T W R NERL
Z AV CH#IER X OVEBIEMEZTFZ L

1, Ca** : FsiAERACH 3 % Cd* OfFH

A= 453

ERTIEIIRBER TR 5. WEBAMIEER
X ORI TR A EEL R 5 XTI IR 250
%WAHSEDH CA BEIEFE 0.013mM Th -
7z, LEHTRLEBIEHERE %R L RREORN
1/10 OERIREECIARR 22 3 W L, LR ORI
X3 Cd* B o ByHBAEHEIhi. hbd
Cd** ofEFVEFIREEDS 3 ~ 5 512 O ERER
5, IEW Ringer i CHEAUMETNITEIN S
OB ISR & bseaicBE T 503, RET
EE (> 1mM) CdH 2R (O>30%) BT
% ERET LM SER LRI ERTE D,
IF¥ Ringer B~R L ThTLLEEIZR X bhis
otz zD CA* OLEIERIFERN: 0.04
mM LT o BETLLD 35 LINOmE AR
Ca*t X ATP 2 Xk » TEALRHEIIN 5.
Cd+* OIUERIITER AT 5 Cat 5 X O ATP
OREHEEFE enzyme kinetics DJEHICX Y,
AT BHENH T VEERIERE L HEO
SOEFBRARE SN, S5 ATP & Cat* o
AR b BlE S h.

2. Zn** r Hg** : Zn**, Hg*t ORI 28R
RREARZ FWwT CdH OfER & et Uiz
o EELLEGORMESE250% 85 T %
Ca** jafs (0.013 mM) #FE#E & Uiz, Zn**(0.013
mM) TIREL « BRAEHRLELER L LD b h
75ds o7z, Hg** (0.013 mM) Ti%, BMECERR
Q, BB X HESHEMLOEWRRD (30%)
ZRL, ZOZEL FAHREY — £ (0.026 mM
oib%x%Hy*ﬁ§®2P@md%§)k
D sEL [EE Lie,

25, 2V I HADEICHTIMEHEESRE
SO OISR ’

FIRER (KREEX H, B)

BRARBN LRV B R L & L TR LI D
Coks b hBHAK ) EMELHTEH L,
5, BEAAFARYBREXHNTEE LB TSR
v, LirL& Y+ 3 HA (Dolabella auricula) T
13, BERCKECEVETRESRED DD LA
S\, IR Z OB E IS H L, TP
OTEBERICHT BEREFD DI OFE
ERLE LS THB.

BRI EREE 3 b P SEEE T X - T
BYEALICH T % chronotropic effect # X535 L
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LRTED. FIRSESEEOSHS, UP OB

R RESIE BRI 5, Zhiifi«o P2
X - T#Ez Xh % anodal brake excitation i
BEMNERINSDDEE 2 bh 5. BEE
1P T X » TH L MHERRDbN 5755 T
DOREBAMIBERNCHEIBLAEE PRI O
BRI A BB S h 5. EER OB
> CTHEBEMBEEREBCEBEL TN, —f&
CEEEA TR EEE P 3EEmESL S L
BEEOBSBEMZBRTE 5, BEHELTIX
anodal brake excitation & L T ORSEELIH
HEL, TOMEXBHENLEIEBLZEZTHO
EEZBNE. Thbb{REMMRERZRIAL
THATERHDEEZ DRSS, LrLTZDOXKS
BB FHED OB T 55 ETIRESh T
VHEREMENBNELRELBLL A TH b,
P iz X 5.0 R EEMR OB SRBIC L 5
EHEMLOMHE VS Z LA ORFCIRIATE
TwhDEEZLLNS.

26. HFDRICHITBEENDOEITST BELICD
T

TRAE (ER%FA, THEER

b ¥ QLG FhEFhEBER DD, 0
BHY X ARMRCE > CTHETSEE 2B h
5. LodDLEiReEKELT—2oD ) RARES
THET 5. LEAD 2 EOMIEH BER % MG
CEHFTHE, BEIVWThLBRETLREOR
MBS Vv, ZoThy EEEEZ kD
% L25°C CHE 30cm Th - 7= 2 {HOMIaDE
i EvRRBLEVWREBEH 0L &
ETRMOEBPE DT EBDY, TOLERE
BRAGIOZLRMFTbh 35, WEORRM
HThOZELEELVWEEEL DD TH 5.
B L A2 DLER 2 EOMALBEL
IRLTEE2H L, ThPhOFBM/NERER
FIALEBEMAEZFET 5. 1B L ORROKS
Sk, WEORMNTII—RITKE L CRM
HEEVLTVWIREBRES. BHROEMAELTK
W&, TN TR OESIEECRBZ L
FHz BTV, £2T, GE2ESE2RTFR
FEEHRAMSPAEDIRVWIREBIR L & & O
BTz L b5 L, THhIIRELKEL R
T2, T ERGERH] & S ERMERE B

5%

7=, FOMc—EORIOTHEFRT 5N
% d o IR E R

z OEFEVETE A DB EVCIER Ld > TEY 7% E
Mk %, EWRICFYT 5RERN BT
HBofErmEL, NEAPEBAMCS ET
TR DWT X MR (Ebara, 1964, 1969) &% -
EHT 5. Tibh, HEZERL TV SRR
TWiZ ) R ADHEHLEF D R2ITRV, TOLETED
BAOBICDBEBERDOND Z EBREVH, &
HELT—20DY RakERT D, Lo TH
7T 5WMEOEA Y RABLEROBHE L HDT
13754, T OEAEETT C e ThekoBFE
BRET B OBEF Y XA EOFREWTHOY
RACEDOLNTWBELEEZDNIDTH 5.

21, {FEROEERISOME, LOHEEICNT D
HE ‘ ' :

A5, el STRA PIITE, B
HWE= (BgX, B, HZAR)

i, B ORAMHEZ kOB LT, ME O
T AR 24 LFIBIEE 3 X UEEH
I 2R E2 b7 bTh, ERAEOERHERE -
LEEOXBEMEOEROBELRIL, oMl
EZ#H% b bTRF2> ERFEMX .

F1k : a-chloralose FEE:T DRI X DIE A
BB IOCKBEHZEEL, 0.5msec DEFHEE D
> TRl L. BIEE 1~15V, FIEEE 1~
1000 cps DRIZBLEL D, ThHOBE A DA
BT X DROFIEEIT - 7o, R E208Mn % 72
#% 2 SRR ZTV 5 S EoRIEER ORI
% - 72. Succinyl choline & X ¥ #55tiE 2 FEE L
ATRERSRZHERA, LRI LERI XD, Bk
FERERMEG CHEENR X Dtk L. —HoE
ERIZ B\ ThE, AT pacing @ X 0 LR EE
L, &%\WIEHHIKE 9% (vago-sympathetic) 7]
W Zhnx iz,

Bl TTiESh T W B R (1V,
leps OANE) CHRBERR, 3&5#E 15V, 100
cps DINE) TRHFERSEHE W TRERISHER
dohlk. 205 bERAEREIZ10cps TR hEH
THoTz. 20~100cps i3 B S5 5 10 cps
DENEZELT|Wic “BERS” % RRE15#%10
FORES Tl > 72 (PCro) VRIEIEERSIMT >
NCHEIMER & 7R U 7o RiC 100 cps Fl 0%



KL
o

£, 2~15V Rl 3 G5 1V o £ h
ZFE LB WTRDIe “GEMKS” OF U< 108E
(PCro) VEHIBE BN 2, C e i B4
L7z, LEMhOBE S EPMRa kB L v
BELEERGEZZE L. 20T & bERHRE
Vit C-fiber 0¥, FIIFAERGHICE

LEZBNG. KEIRMITE % RGEIE L72B D
FRR D> B IMLEZEE) O 2 RV KR 1L (i & X OO0
MR ICH B EEZ bh, ChE—8TRHTS
Fi B & L CakEE, kRt eom & 7o
B~ MW % propranolol FTALEIC X b FERIEHH
HlS B ER G Sh 5 2 L 2RO T,

28. Noradrenaline g £ 7* 5-HT [C K DA,
IEmFEEDOEIC DT

ARk (K, RUEIEW, $BHEH)

MINE S 5 VIR T S MEEASh
biogenic amine OAIRFALTH CO/EN D D5 b,
i zh b amine QORME~OEEEMCLS
IR L DR — IR B OB By — BB, B E v
SEFOTEERIC YW TR RNz 7o, EIRERD
#A4 V¥ (25~3.0ke, &) T, HIK= (sero-
tonin (5-HT) 200 #g %5 & X noradrenaline (NA)
100 pg ZIEAL 72 BEOBKRTHR, KBEED
B, mitEoZBbEEARcEE L. BRER
B 200 ¢ © Cu-Ct BWEM T, MIKEETE—N
@ paired-heated thermocouple TFLEkL 7z,

5-HT Cidfixig, EIBRMMET, Bk

cHEn Uiz, NA G, INiE, EBELER
0, kR R Lie. HEEA amine DR
%, BCHETHLE ~OEEERIED bR
FeS, IR, BELLSAA EEFLTCEHL, 2L
EAEECH D, BEE Ll bic ks 2K
W RIRTGISF ORERIRER T 5 LB TSR
ot
. 5-HT JEA TR, REAPBMET, NA Ti3#EmL
7r. DB OEENIA TR h 5 7. Systemic circu
lation ~® NA DE&FEA (30 #g/kgemin, 30
4/ wX ARE THRLmE, RERE, LRE
- OBLIENSEEA F] L Ry, BE, LRER
- NA FEASRE bW 2L L7z, [F—amine T
OEAFEOFEI X AR itE, BRERLO
B HHE, IDKEThOWERETO/RED
B OoVWTE I LRFELVRE 2030w,

b % 455

29, FHORMREE(ANECHKIZTTHE

NI (BHEWAKA, B, H4H)

HIB TR DR IT A BiL b vasomotor activity D
FEBEF A X OFHERIC L VEESh
LOWEBD S, T OFEREHHENIC X Dsoma-
tomotor activity OB & LEHKEST 5 &, £D
vasomotor system D activity ®_EH OFREICIX
KB oD BB E 2 bR S. 1) FHO
(IR ASELE RS L~ LD vasomotor efferent
@D activity & FR X85, 2) HFHOBHB LA
@ vasomotor center ¢ activity 2L X B 755
vasomotor efferent 0 activity »S EF Lzt % %
bhn., LENERKEEA X CTHMEAMER, AT
T C_EALFREEIRT 3o X OV RR 3 #iR U0l LA
BEUIRT T DRk X LB WIEET (Tr=
30C) DENRTHhAERRICE JIE T HE LB
Uk, HHEQRFTEEIVEBINRILE T 3 X 00
BT H B 540< vasomotor activity & H]I
L7,

T DU TR &RV C v iy B8 LS AT
OMEER LBl b te. T OBEREAHIRE
MOERE LT UTHETD » 0. 25 O&HKIE
TRHHZBEO TRICAVILERTREL 2232 O
FHEIMEcmEDO—@ O LR E R H D,
BRI O MLE TR SN RO BRI X 5
I EIHIASEERA S e,

DEOFERXD, 1) EFAXOFHEEICH
B 5 pressor effect 13 _EA7D vasomotor center
POLOBEBRELDONS. 2) FHA X OB
i X % depressor effect vX_bALDFERD b DR
BRTry JE3NKECLVFHO= 2 — v Vv
DIRERZOBEOZLEL, 3)FHA X OFMEH
Bt pressor effect FIFRAEIESL O L LT

W BRER B LORIBRESRH OER, LT

HHEEE» HOEES I X Y sympathetic efferent
neuron @ activity OEESIE 2 bivs, 4)
BFEEA R TR HEBRKIE OB OFRERFTING
HBIED LR, EEHENOEIFOMREEH LY~
JLCIRIE I DS active T depressor effect D&
DEEZRTNRID A D = X ACDWTIEESHD
W W T 5. SEOER CIRMEA, Hihig
#l, NTIEBEOMERARD D HCARIRTL & DLt
REhEEE L.
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30. DIPHBAIEICHT D CO kDB

ERER, AHBRT (&RX, E, $—4H)

Ui B R EIET b 54, Fick EEEESET
BHRRESFERDERINSGFETHDHLER
BRTWS. Lil, EBROLHEERZEIET
53BE, ThHDOFETILERHD £ 1 7@
FEVSEP DD 5 BEOHESDS. B,
CO % iV TESIF LI B ORIES T bh
TW3Hs, EEOEFHET O OWTIERETSIED
PREIRTHWEV, BER Tk, CO: xRV
CHRHRE L ERREOLHIE R R e P E A XITDOW
THiEL, o CO: HOEHEC>WTRIL
7o :
FFRMABT 6 ZirowT, KL IEED
EBH AR OREE Y AHHEE (Vo). IRAHIRM
CO, 4/E (Pycoz), BRI COz 4/E (Pacoz), ¥
XUEms LR (Q) &4 5HEl = L, [—
A BT 2EHE B, £OER, Voo O
P¥cos Pacoz ILEBIEEE %5 < 7o B icodvTHEMm
L, Vcoz, Q OZE#BEBREEORLE T L =
7%, Picoz, Pacoz DENILEBORASHED Hh
e ofe. BREAEC X UIBhiHRE L 1Bhi
WEBED Pcos 35X U8 Pacor BHETS L,
Bhi#gREoEHREREL L VWEREFOTHh
Y/ Ep ot ZOEPDL, COERXHAWVTL
B REET BEE, ERECHEE I REh X
BLLENDS LEDRS.

WICHREE Lo 1 % OLFEE LEBRE (EXHIE)
oL ER Fick 2 CO» mEAWCHEEL
Fo. 7 DR, OV THHR I H~SERE THY 4 51T
L, Fick #icX 5 Q L CO3kkc X5 Q%
H#3 5 L, r=0703 LEHVWHEESED bR
L L, EERcEsT 5 CO;, 0 Q ik Fick#k
D Q XY RREWETH 7. Zhit endtidal
X Dskadi Pacor HEINRIL L D K7z Pacoz X 9
ErolbDitX b, ZOERREOVWTIRILK
BB THS.

3. EHNREXSLFRESS IICLBME b
R —Z2 DAIE

AT, BARAR (FK, [E, H—4km),
=ZiEMET, AFER (BKR B ERAE)

MAEEE b~ % ARMEPE & BEDREE L
THHPICHESNSZ & 23, Burton 5, HD

DHFRITITT X > THONR TV, Thbd
WA ME T PCEREAR OV Rbh Ty
57, ANME~NOBERBSHOMBEL L TESh
TW5.

FESAER S v+ R /5 7% A TRk
ZEHL, REEERAOMBELZED S (80~
100 mmHg) &, WRiEOIIH 1~ 3 5 ORFEHE
WTHIRIEAT 5HREED, THIROERRE
B 5, transmural pressure OZELIC X HER
DOMERIGTHY, ZORIGD H B X active
tension DR T 5 L B HI- .

Thbb, 1) MEAEZETIESZLITX
- T transmurl pressure # EFHEETD,
MBEEEDIIHELFEROBREEZSS. 2) B
BIRZ T TS + — % 22EINTRE, 2ol
ERISHER TS, 3) EERBCX > ¥
EHHREE T ey s PhE, COMERISIEIER
T 5. ' ' '

FhZ OMERIGDOR S HE LTV EET,
S5iE 20~30°C, SEFTANEE 60~100 mmHg TH
BT EmHI- T,

FLTZORISIOWT, D5 WIERENR
BROREBENFAZARCLT, FHEORMRE
BEE > TZORIEOREELRELLLEZS, F
WHE—EPMR C ORISEERDILVE, L
R WIE P~ X ABEET S oh TIHERT
BT Wb ot ERIBICOWTHRATRE D
L7 VvF REEHEAETORES &, MERIGH
BETOBMP» D, nEESHHROFAETN L~
2mm/day TH5H T L &H - Iz

D EoEER S X BRI S, KFEE
RAVFRESFTIREHT, MEL—32 (T
LT active tension) DBEIETEDZ LB » o
7o

32, -RISA OEIFEFBICEHKIZTTRBAE
Brgors

WASRT, FEFL SAEAS (&K E,
E—4H), B %, FHE OE (BKX RI
2.5~35kg OvHF & F v, 25% urethane
4 cc/kg MEREPIRREE T C B L 7. 10~20 £Ci
(0.1~02ml) ® RISA %#kLC4£E 1w RISA
PBHMHLTH D, HEBIK & IFAIBEEHIR Y SR
A BN RRIRIL 2§ 0.4 m] -S08R1M U, BhEEARMH



o

o RISA g% well-type scintilation counter
CElEL, BEEE P-HElRc X > THE
Lz,

‘2 ~10volt, 0.1~ 1 msec, 10 cps D&IFT, %
TRAS AR 0 0 L SEATR R AR 4 BT & B KURIK
T5E, RAlONE:ENEEROTHREZED S
3, AEFAY RIS K TS5 L7z 1 % hexamethonium
THEREMRE 2R Lo AT DL, EROKE
PIEAD 5. T OEBRENE CRRMRSRL15
SRR hE, FERETI Q SRTHIBE R O
PR RISA BEBRS~T% WL Lk Ei
microhematocrit (R X » T#lE L7 Ht {HIx
WRIL D523 1 ~ 2 % & < RIS RV 75 b - e

E¥ OMyIMER IR MER O MRS D
zinm D, ko Ht L7, momeE
JURH 2 E%RT 5. L, RISA SRk & ARk
SN CRE Ui & h i, Ht 5 & Rk
RO RISAIREB ERELTWAIETTHS.
EERERCGRLEL ST, WRMERRC X - T
R0 RISA 2335 2 &5, RISA offi
SHIRHEIIEL,» T H 5. Ht E» SHE LM
HORWHIE2~3%THY, RISA OFEAES~
7 9% CdhHr b, RISA ORI MK
DRARY FH - TW5, TOBREE—ANE
SR LB A, fhomifks it U Tk
MZRDIR L WEDTHA5.

F A AR & 5 RISA omESEL
1%, SEASEpERR AT iz hexamethonium % {ER X
BRI RO B D, BHIME L AT 5
B SRR T Ach vy T A%
frxvwEBbhs, ZOSRCOWTREESD
ot E T TH TS,

33, MEfEDERL Y RIEEIAT & FIREEE
HLEE#, N & A%TH EEes =
BX, E, H—4EH)
LBEHRER AR X VIBE SN 5 MEEDH
Ei, EBEECERREA OB I HEE
TiEEET5I0LELLNS. Thbb, #
BT VT LR E R E EE L ickEo%
EEAOEME (5oK) ZBIE LR, MEMED
BV UL SN B E R D - TiE, FREER
SRASRIFTH D, FITMEHEMEZ R S FICH
EREZRTE TR ELEn 2 R L. —

b 5k 457

¥, AENESH RN CHE AT BE & R HEIRE
W, ORI L BREL I —FTsL L
Hh 5, ERRHAMEMERZE LCHEDS D
DELTWS., £2°T, EBEETHLIRLT
HABICHFBREEENRLLT, ~— =
AT v T e T A VERC X BMERAER R KB
FEhiE LD OMERE (k) LERE & OB
Rieow T L. )

1. BFEEIREEGI X 54 FE %D E/?
B LR MR LS 5H R D - ThE, AERES)
HEYIRS FTHERER S R 05880 Hhvie. L
U, EEBMIEESEERZRTECD>T
VX, EBEEIIRE TR D B OBEM AR D B
iz, EENC X VR AMESERICEA LB
WREDOFRE + % & v, FEf/ENNEREETIE
b, LR AR LD LEWRERL
TWHHDEHEINSD.

2. 7 BRER U CRE OGRS A S L
TR, BRCESSHEEE S EE TRV Y
LR, BRE DHEIRTREL IR . W

EEZ TR VT SRR B EESE T T D BiRA)

ROBPEFEND.

3, BREOLLERLEVWELHLT, #)Y
7 vA vEREHAREBREEN UIRER, o iR
EREHCHL, FREBOEEOC LREDREK
v, BRSDHERATAEE o, TDTEWE, &
Y7 uA VDR Y Y VEER X B RMLEIRRD
Bt oF, MEBEORME £ BB OME A
FEBRE~ DS LR INEL T ATH .

34, Bihkic LB EBRS

RESE, BT, FH #, MR,
W FE (BREX, $4EH)
BEOBCLFCRFEL5ET, BERRE
NHETH LM, EHEHEIBREHRRTLIO
XRBZINBFHEORIT L TFAIL, BRER,
REEH R E VIR X DIER LRSS & — v/
CTHBRT 5RTE2 A7, Tk Minor JROAE
EEEHWCEERTK L.
BECIEEHEDI~12FOE S THLEE D E
% 4dcm B 7-FHE (Boas-Ewald oJEfS L icxt
[5) CRATLE & B . PETH PRI
w, BEEABORIT & —vERDE. Zhb
OFEFIZEFRET 3 FHELL A 50T, ARfERN
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10 TRBEL, FAkZAVWTRERKTEIEAE
fToBET LA b, BERNTHLIERES
Ihiz. T CEIRRICHEWho BB DZEL
T 5 E> pegiT 5 B CRIEELIER, &
B, OER, fE, IREEZEICERL .

FEOEEELIEINE D.C 10 tA/cm? OEE
WCHIE Lo R oA 200% oEmaERL, £
DN EECREI% Hensel Mok EmikEsts
AW CHlE LS REE iR L. LEX
@ R-R [RBIERA40% OESE, Tiobbiakk
s Sh, BRE#EO R-R MEOZOKRE
okt A 1 B0RMETCHEEEPRESHh
7o T ORISR Lo E i@ dkRic X
SIFRIRE O S ER R EHN90% OB 2R L,
X O CHBZEI X VEIE LcER26CE
WC R L, 25 14mmHg, Fi57.5mmHg ©
EREZRLIRL.

BihKiT X 5 HERH OFE R ik OER CH
PICENIH, T OROLHERIEVIEE S5 T,
DEDFL LTEERZZR TR L&,
Bk w7k (3007211 600 ml) THiAL 7235 &
3, BRCREELEZRIRHERP o 7or BT
5. BLUERBIRTOATEERENTSD
DELEEINS.

35. BHIRELASOBBIRNREERELT
BaEoZEt

BHE=, Z)IE4, FEESA, BEER, &
A&7, FITE (REX, E, F_NH), BEX
F (BEBEX, E, HB4H)

B3R FE_E R 4% AR AL O BR 0 123 FE D3 BAR
MFEEZHZ, BFRLEZEEEEREH T
BEIT5ES, 1 XOTHTRELKIVEDD
hkf. SERBIOVWITEFhERAL, bbbt
TEOLTEREOCEEFRBEESFOZE( Lo
EREMz .

EE 11315550 pentobarbital FiEE 4 % &
v, AEHRNCH T —F L 2EAL, Fick ©
FIRCRRELAE L. TRABR2IMILD
FEEL, BiRE%EZ 30~50mmHg BELFX
B, 7 VT 5 VAKRRE - CTEEELLaEkL
fo. Taks, ERVIRIAEIEE, TRk MR
2557 TR, BABRIEIT L7cts, 205 0% (bE
EBERL 7.

-

4 REEIR S - MK 2 ShickE Rk on
ThH5. :

1. BERRREERETESMCBEL, &
HOBNEMLARICERBORL, SITY Y
SRS DEBTE XN BT OBt
BHECHLNDEL LI LR TH 5.

2. GFR, RPF »Jtit{&FL, REOKT%
FiLi. AREEEDE, BhkSEosr V7T
FVYRABET L. Thdos Y75 AETIR
RECHALETTHY, HeBHENES -
I & ARG BT B 5 5 L ixBbhi .

3. Na oFRINE (EBHAHEYYD) kA
L, REBLO—FHLE> T35,

4. yEEE (F.F) Bk > - M b
AEMCH D, AREBOBEREE LR b7
DL, RHEE R SOBEERIEEER &
ToTwW5hb,

5 BlEX Y, B> oMk k1) 5GFR; RPF
DOEE, RRERME BRSPSV ELDEER
JBLEMEE L O OMKESHELE DTREL,
F.F. @ b& &3 @ ARARBEME MIRBE RS
EDERZMH, TO#HRE, Na 25LEEO0H
TIPSR b0 L Bbh b,

36. RKRER O BRRsfC S

HERRR (FMROEEEE =)

WRIIFE» DYIKE COBRBMOBMER (60~80
B) X, % OREEREIEE E % 1,000
kcal THlo T\ 5. —FZOREIZHEIORMIC
5~8kg KT¥ % 23, ZhidEcETISIED
WA X 5. Licd-TH¥A 1 AFEi100g
DIEPREL T, BRI 7 Y —O T2 ITIEH]
> TWBEHATE S, TivhbI L TIRHE kS
DR TH S LT, —FH CTRIBKIELDR T
VAR X o THERF ST L, EHZEDTY
brELLNS.

ZD X5 RS OTUEE, RO R.Q. 0
& L MEFHIEEREEO LR X VIHLPTH
5.

BLEoD X 5 7R BRRE G T O BB ARRA D 72D,
HAym= 75 7%FWCAKRER (24°C,
30%) omiEHislIREOEEZRET Lz

WKBREIC X - CluPissEE @ 5 & C-chain
BEL, POREF D B @ (olic, linoleic, ara-



chdonic acids) 23X { ZEBRD L7z,

W OWIKIEERE (24°C, 40%) DIEIGRE-S#
— v OLEB D R OEMIS KRR ER & R
&R L, Ld T OETERBKIEEROS
EATH o 7o, EIAEEKR TRV DIRIHR-S
& — v O RIE~DEIE b HKEERFD 2 ~ 35
OREZE L7, 2Bk LS Bl 7o kiR
BUSCE T b2 KR, MIEEDOA T VAZD
LD THA5.

WS KRFEOR VT /LT FrvF+Y v 02mg
ZETEHLCABE, BKRE LR CHORE
[5ER- & — v OEB R B L. L LT Fuvsr
YV OIERTIEFD X > BEBEH L DT h -
7.

Zh b OEEIRKEBOCHAKIEEDA P VA
MER /LT FrvF Y vORibhkichrd,
ISR AT O3 |4 & i 5 b D LR SN 5.

37. ZRULFY YETEHICLBE FORTR
EEZDHEFICDONT
AN BBk, R, $4AH)

b F MRS ) BT B0

TRV FY VORFRECI Y, TORMEIE
DORENADOhBZ LEXY, 7 FLvF U vick
T LR LTI EBLEELTHEEEZD
NTW5., Loz s, EHNESEELET
L ES PRI TRy, ABXT Frvr
Yy v o (01~03mg) ZFETFHOHRE K

b Fk 459

THHTBE, BTMEESNL0RED, HA
EEER ST Fua Y VIS HIRIIE L h B &
ERRZhPEHENERZ LB THAH LH
E L.

HE SIIRPRES T X pERIT iR X
0, LoEBREZERL, TFVvFIVIEDOET
ST X AR ED) R ¥ 2 EBHRITR -
TRECEDDNLILBDHHDHRT, £ D
BEFEF OIS LIZESR TH D L RRD
fo. I, TORTRAER, EBREE T XL
b, ZO7 FUvH+ U Vit X 2RITIRER
BEREETRL, & 5o U a-#li#l (tolazoline,
phentolamine, dihydroergotamine) % & NIE# L
TR DWW, RERT FUvr Y vEIREZFNS
&, B IRERAL T4 B D Rk AT AR
FTiE & ST, FERFORES S L, T
SHREAL CRIFIREDS H D D & Y, SRHEES
&fﬁ:hﬁé%m@ﬁbt.itTFv%Uv

RS D OB RS .

PlEo®iEEL Y, ETHERHShET FLrrY v

BIFIRCEHEERE T, CORBIFR (3% 5<
CFEBAMER) 2D OSRINERIFHBEEA L, R
R IR R B ST A R A L

TR 5 RISEMM X b, 7 Fvry v

HEHOHEMIANT, EEEREBCI> R
HLOEHRINDG, T Py VIEsE
DOFRZRE » B> B DI R IEIER O
B53Fxbhd.
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BEARMSBE 1L E RBEXERIEES ]
DRECOWT

TEREMASHITELTHLT 5 T, —&fTH
TEDHDP) WS e, —Fciarhtns
FEDOX5THY, FIXEREHEZLS) SRS
ZS5TTEHEABRE - 72D T, BREHEDO—
T CHRES B TWREETZVWERS,

¥k, BI42ESIE IhBED IEXER
IR SR - HERNEE OBERTEZEMN
ETBEVSHESTT, X3RLHELTY
TRV AAREHEZESO EEEES) & (14
#%, REE EBEEEET VA yFEhBE
21T, ZOHBEN LTV W), 104HRES
SE~FOPT THEREXAEFRERES) OB
X BE&GIED, & LTLEOERBEEBEDS 4
D, BWXEE ST T, EREEEEOER
REERTHRVEREHZERT I RERID, X
HEEOfi~D, K5« KEEROLRNELEL L
OEFHC DT OB E T IHERHERRY, o
MEHE TR0 [EEEEREVNERS) &L

EREXHERIDEBRESESE
=

1. INEBAOHEK

R, 2B (B), 728 (W), wig, ks, &
I, Wik, dbi, =X, ZiF. KN, 4%

2. NEBLRROVESD '
BOMDTERIY Y, FAX, Z0 UNE) ko
WCHTHAD OB S L, ZOEERR b
BT, L5 I[BEHFNIE ~OHE%
RELLY, & LTHEREERSA»D, BT
FHIWEWSHERBLEESN, R ThzFE
R > TEEREZRZHE L.
FOEDV, BEFHO VLTI, BRESE
LEMEEEFOHR LAV, LHTUIRE, M

ok E ¥ #
woAR B -

Th, LOHANOENBRENTE b TH
5. Lil, RS BEECCHMEOREZID S
TETERP -T2

VESE « SRR SHR Sh, £H¥E2H
LIheF A, kLo TFEEE cxy, 4
A (750 HH) 23, AfkZ (2,3004H), #
#HE (#200065H) stk T, &4
& (19 1,0005[) DTRABST SR T W S
THEERLTREOEZ ERREL, EEEM
ZBTENRTERY. RRAHESATIEE B
EBEPTIEE MEZERR LLTCRALTCTE
- THD, ZREHECT IERELRRINERS
ZEE »BHB=ZEESHEA L T T k0
T, MEESOHMERMETIATIRETHS.

BTo & &, &E7Y v MR Eh
T AA%MEHRE THERFE 3 S (19724) 2B

WL DTH S, (FBA1474 6 A15R)
g &
WmoOoZ%F M —

BT Rbh W EE0e 5 L RHALT, &
LAVWD—2D/L— F E7ah ShiXE, OFHhIT
E2izbFTH 5.
3. BBOBE
INERADERE H S5 RE D DOOLFEN,
BRTREDLDTh - LIZBbhivags, A
CHER L OEERTEZERL, £k, 1%
TEEMRZMZ 2o EEETHECKT 55
HBOBUEECHZELZ P T T, FOEROEHE
PRET DRIV,
1) TRBEZRIVNERS) L TERE ¥
AYBFERS LOBHE
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1969457 H20H, 15:00~17:00, &85 v ¥
A7 /UCH 2 h iz 25, BT 5B TE
(F: REFRBEFAAEEESIBAL - BXEME
B4x%E) FEAINE, BHRELZEO45M194
DEEBSMLTTED, HFFHO THERSE
PORBBEERE (REAEER) & BIZER
E2ED6KOEEBRSMSI Wi (20 IHERH
F1 3, 10 EREXLOYFEELORRTL -
THREIN72HDT, RAE4LA, MIROEEERE
H0 L EAREXAOREEBRT- L vESHh
72bDTHB)

FT T, IR DBLRES L Ih, £
D5 HLOEIMBRNERR (1) EXR¥AEER-
EVHEEE] OBEL, TOFELSNOERR
HiFTs2 oL, (2 EXHFHEOHER
Yo T, TEXHFEHRS) OMEd O ORE
MNEELY, LWHTZEThHoT.

BEOETHATEWT, FOEBREEDL
LLTHEARBEINLY, LD (2) kownTHE
BREABEIEI 7 (RKkE OREHEY
BETHREER L LR SN, T BARATERE
32 (3), 198-200, 1970k Ex#E Ih T\ 5)

2) EREF¥HEEFCHETIBRHRS

19704, fLIRCTH T HEBHEIPhZSY, TH
18A4FHT, LEETFSBEET, BEREHFANE
BAZERODOFAADD LT, B¥EE, Lk
BREYSEHECOWT, 2EDORHEEAMSIH
i

3) MERRAEIE T SEFEEHEREL
ZoEg) OREEORHY
FLVE19704E 8 HRA HF940HM, X, &, A=
—F v, T, 77V AOEFUDESEE O
BB LN, ARENEBRORELERHENE
BADEEEARBEAEETWIRWRDT, #
£ LEADEENSS X bhi. Th THEM LIRS
HLIEEO 4D Y v FEIREREE (AFH150 H)
R L, 19TUET AROE THETRML, £
he [EREHREVNE) O—FEL LUTHDT
WEL XS EE L (FOEBRRAEE
]}, 2473, 87~89, HE46, 10, 2 W RKE).
4) BEHEHERE~OTMESS

R oKEBREZD 5 U, TEEHENE] 2K
HI~OHFEERL LTV R E R VWHAEEZ D -
T, EEOMEAITIEIEIEOE THATE
WTEELLTEDDTTCH BT,
ZOFERERARE, TEXEE o EEE, 5%
e, bBEIC 3 F 55 BETORBITEL,
“HRRE¥EBERRL” 2UHE, BEEEo %
M THRERCRETSC L2, BEREREEY,
LEELTHDHHIZERTESTHAID) L)
ZETHoTe.

ZhR2OWTW 2 DEBHZ ST, Th
at LCBRK, £S5 EBROMBRCOMmMBK
Shic EBRO—HIZ_ EFEOESHRS, 2473,
fE46, i dITFHNhTWv5).

BXAEBHSSQAIEIEO T

AAEEZATIEEABEFIhTHI D, ¥4
TofL%, AEHEMERROERAC LCER
ARETHEOBLEZTEE L. ThETIEY¥
ARFEETHRDIC, ThERCERLT Y
EWnw5 e, SEMEDOEVWEHOD LT
EEIhTEELR. L LAEZOWERER
SRILLEBARLLY, AE¥LL 8K T
LTEELAEDT, BHEZMME L, HEREY
FELTHEVELTD, BiTOXLDCHIZRE
AAHELLATE, $422TEEHBCGEE
THLLEBHEELIRDE L. £ TEEEALX
EHMPL ORI OFMERS> T ERL, LrdE

RZAIT 5 X5 AR ERERITLELL. &
CEEIBDbh52~3DHICOWT, $49EA
AEmEsms (EF) OfzhziEHEL, £h
BEDOWTDLEDERERDELRL. LLlE
BNLOFHLE ERRR D5 BRI h - 7o
DT, FEEFRIN LA RATINT, 28|
HELOWTOHEEEZD ST, HRFEHERT
LEDHEBBRON B XH5EELREF LV
LBRWEY. TOHERTH ESWTRRIREDE
BE&REoL Y, FEBEThEZRE Lty
LELTVET.

35E28% 1. 1. P IREEE R X O HAHES



BoBHEFETOVWTE, BEEL XV ZOEN
RESNZY, — BN OREFHE (B2 E3EH
BHEMEERYLEETERBEORLSE)
BBV ET. ARELN, ThLEHFEOHS
PHE L CARAEEROEELZEDETOTIO
BEZEXN, ThbEo2VnThTHAERESBN
LhBX>HELET.
BREEFRKANERER
YAKH, BFR=, FE=5 (EER)
HEER, BF B ARILT, EAREX
BR, HE 3, mE B, MEHES
(1972. 7

BALESRLLH (PHHRER)

FE1E & A
Bl RSTEREEES LV,
W24 KEBELHREEFRANAEEEA2TH
28F21LSIREXENTESL.
F2E HMBSLUEE
$3% FAORWEBEOWER I OYE OESRFE
BzX5.
A% ALIHIROENEERT 5RDITKRO
FERTES.
1. k&BME. ,
2. Hhh RS OB,
3. HZA4:H2e4sk The Japanese Journal
of Physiology % X O OfhOFHTHO
213,
4, L, HES, BYLRIVCETS
DR,
5. ENkICENBEEEEEE OB NTE
).
6, AHFEHCHTLHEH
7. ZOMALOBHERET 5D ILE
TREE.

BIE & B
ELDLEIFRD 1~ 4 vFhbh %
L, FIEDFHETT L LT 5.

1. ASE :4AB¥cBELE b beE 4,000

M #d 5.

2. BA&E : ABRCHT o HH, BREH

L, ASBE44ED E &8 4 438,000

GRS

RS

LS

8%

RS

10%

AN S

2%

135
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H &kl 5.
BASE  AEDkDIBFRHFH DD -
7eE. ABEIARINS.
Baa R ¥R, NESE, WEMFoM
wEEA. BREBZHE O L
BT AEAE 4,000/ D B &,
ALBRis > L3540, BEF, I
B, B2 LBL, TOFE0LER
REATCHRLEBRICHAL DD LT 5.
T AL R sl EE, ImADOLE
FEE>DERERORGEZT 0L T
5.
B&ERAS > L+ 5EE, 1£40BS
BoOWEZZT, AaEBHRCHLAL
HD LT 5.
BARIABREZESOBERT, B
L THERIN S,
o B&R a2k, £O&RE
B2 BRI X O The Japanese Jour-
nal of Physiology DEIf2%\) 5.
BHABREERESOHEECI s
DEARERTIET 5.
LBTBALIS LT5HN, TORER
KEOEBRECTRIERTNIEL SR
V. 7272 LEESBILRM Lisv.
LB MBHEENITHA LR WERRE
B SRR EORAEFEIET 5. K
WIFETRLILETARES ST,
HsaE FERLUVER
FEDOHERBAETRTh Tk b
.
FEDFEBIE, WERE, LERE,
BIVEERDS.
FEEBRERNCEDLRBC L DEH X
ha.
BREOEINI3ELT 5.
2 ML TEEShET.
BEBREORCEEREE LT, RER
B, EBRERIVAHBRELRL.

2. HEBEIIFTHREORLRITLS.
3. EBHRIIRERELFRDI L EBTE

Bla%

5.
REBTIASEREL, SBHZHRET
5.
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2.
3.
BEI55

BT

FI8%

F19%

8205

F2l%k

225

EHBEL, EHRENT 5.
SEIBREIIAFR2EY T 5.
FEDEFREEEETHRDIT, YUF
BEILAEHL. RELAECS UET
BEME BT ENTED.

MBEREL, ALOBMELRFIEFTTAE
B 5 —YIoEEETES.
LUBRRFOEMIL, WEOLBRELD
EHS IR E LRI BE» DARAKRTHK
EYBFSHECEES M ERTLS> ETL
T 5.

LERBREIILOEMp, EERESD—
Bitimb s,

LFERHRTII, KAMBPRSRIBEL,
ZhEaE&aT 5.
EEwEE2L% KL,
BEHRIFCEDIHEL L » TENEh
5.

EHERIALOLHEEEREL, ThEiks
CHRET 5.

EEOEIT3E LT 5.
FLDEBZRETHDTEFRICE
BBEETAZE LN TES,
EEBBRIRERERERL, FRET
5.

AL O BOAKIERLLORICITI
5.
BSE & &

HERESS XUERCEEIhSL 0
EL, BRI - THRXh 5.
BELEOBRIIIHEEDBEROBRIT X
3.
EMRESIENE LTELREL, 4FE
BENBETS.
EHRSI R LI O E Bk 4B s
DU HERFLRET 5.
PERERANEERESLELRDEE
HDVIEILEBEO3I S 1 LOEFEH
b BE, RERFEP 1 AR
#£55.

. BERHRSBROL S, EBRERBEH

oL LHI0BLETREEYSAE
B U Fhudis Sinv.
WMEDKRE LI L T HHEEIRDED

235

F2A%

255

262

ET5%.

. EEHE R IOCRTFE

. EERERICRTRE

. HEB&

ABRIUCERLE

WA A BT 3 X VY Fade
B&H, Bi4ERICER

HEMERS

KAER
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