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Mechanism of muscular contraction and its regulation Ken Hotta,
(Department of Physiology, Nagoya City University Medical School)

I. &

Bk 55 D UHERIAR 13 AR A D BhTHERE % YRAYIC
HObTHLFL LTHL » b AEBEZOWHENSR
LiroTER., ABFENMRELY Eovv
TOWRE, ThbbLERE K RABESE
MECEEE L OTE DL, E{LEERS
BHEMH L, 2 04MiEME L 3 LT invitro
TOIMEHRAEEL LTBEELTE L. BTH
MBEDREIT X - TH OBHIIEE ST AR A
Heig (sliding) 2385 H i Blic o iSREE 2>
HAH, HE{LEEOMENFITESEMET v
RNVOBRICERPEI Lol EBIT
AR F ORI AR, EEFEOBREL YO
ZWTLE o, BETIIMEY B FERIC
E5HBREOBENBHAD DB~ &L
ElLETBY, SBRMELOFERIET T/
{755 THHH,

MHRERMR D b, EIREEHMEECNZ 5
N B P 18- B &R T AR O I &
ZFH3 3. o excitation-contraction (E-C)
coupling®® & X i¥h 5 @8 THIFPIC X —ED
A, ALREHRIERBZ - THB D, Thik
H1zEHERTV2E98b0THSH. &
Dk, )BEEORE*HEHICEL 5
HeiE, 2) ATP 0§ of{b& = XX — 0k,
3) WHERICL2/DRAELVID b =2
DX NV X —~FEPEFTERLTVSE. ZhbD
ST OV T RHARERSZ T h & b
Huxley 7z 51981 3319574812 &% L7z sliding
L ILBSIROP™ 5 A L Caic X 5%
EB OSBRI EHN s R Y
% 72 5 L, Engelhardt, Szent-GyGrgyid0&s g,
PIMOERIZFHEH ZHH L BT b T

L ® I

& BB O in vitro TOWIE & HHHIE O A3
BREEZFETST B ECHEELX. 4B TIX
E-C coupling & v 5 REICE £h 2 AHAE
BREORBOET CiHbhicE il v)
ZLRTEB, L LEHOBRPTIVHOR
TR TV BUEDHR &l & hic{p&
FRRTHEAT 52 2 & RURBRARDY, F
TR VAL TR S N B BIR, HlR BIREC

Excitation contraction process of muscle

1. Stim.—> Excitation of cell membrane :
Electrical

2. Activation of contractile elements : Biochemical

3. Release of chemical free energy : Biochemical -

4. Force generation, relaxation : Mechanical

X1,

PE S RS RERNE(L, BHFOBRRE L E
FFVRANVPBFERSHEHAT I E240Y
DEHRD S L5 THB. LThhvbhoft®s
EEDTCIOLFROWEOBER™ & AL
v, -

1. SEOSTHME

a, TRV —EHROMEEL sliding 3
ATP ob2oHME=XNVX—RB MR
2 b DRI YECERNLE? S i) T
HIkd 5 HETH 5= acto-myosin DEIL
We> thread o ATP SE§ERBIE S LT,
HIFE DL FRERBIZ DV TEE L ORMNFEERS
Nz, < Kirkwood, Morales?) &3
B aBBEN LV L LB TFHD.
%7, FloryD REERLlfES-Rgc X 5

OB PR e BN TERBL 25T
P BIREET VOB E SR Y IHHATE
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55D ThHorc. LHLIND OPUITERED
HBEL OBER S T, &blczngoyiti
RBIEIE X » TtiED & &, BHATHERICK
ERBERBIDECEVIEEBPHL M E
NBCBEATRLZVADNEL R o7k

H. E. Huxley, ]. Hanson 7z ¥133 i3k
ZEMSBEORD & X sliding itk 50T
H55ZLEFREWD LTV RNETFEMBEEIC X

HILAE & DR TR

HAERAT 2 L C thick filament jz cross bridge
PRHEENRDZNE myosin kY EHERSH
7= filament ¢ oL 2T bz, ZD X5
e LT sliding BUBIEERMIc T oV EE L
7223 crooss bridge o{EfE> ATPase 1%
M2 o coupling 7z Kz oW TI3kpDEET
»%. H. E. Huxley 13 X BEICL > TH
BH OMNEE L IWEOBEE B> T w5 R8%

DRICDCTOERERT — % ~Rx

bho2d 5.
b. Cross bridge »Ho3g4 -
HEER L CETFHEMSE THER

° L;
RELATIVE TENSION

2
I(}-ZOA \

BHOBERRK 2Rt X 5 b0
ThB. Lo Z % T sarcomere
(HEEHAL) TRIIEET25, T
b5, 2BOBMHMEN 9 b thin fila-
ment jxFE L LT actin & LiTh 3
B 50 A OBRREEO R E S
#» 57 v, Zhiz troponin,

tropomyosin 23#EELib D TH
’%. Thick filament o f§ 43 myosin
(4 FHHG45T, B &1400A) ks
BT 1Rz OE K10 FOYFLD
T& T\ 5. Cross bridge & myo-

1
2.5

L
2,0
SARCOMERE LENGTH

(a)

. N_an._o n 1.5

) 3

sin Sy FOEMEEZ B, EINIX
F2c wRrLekohb o Tdh B
T RNEBEBENCER X BAicH
LAiE T v 5. Bk thick,

1
3.0 3.5

K 2. a) JeREAMECOBRBRBRMOME. b) Thick
& thin filament ##55 DE R [X. Cross bridge VIRIFIkic
w1 L RoKER, 20 IEREER 30 SRR, 4 &
KIgHERE (Eh Tl d OAEIRRIE LT %) ¢) Thick
filament & myosin »FOHEEIN. 1. Myosin &, 2. £
4 LT thick filament #{E%Jk#8, 3. Thick filament [
@ cross bridge DOfLE & [, d) Sarcomere DR X &3

thin filaments O &/ - 72 54> T3
ET3. ZozZkixR2d iRl
ORI, THEHRE LEEIC X
> THETHRANZBETHLEY
BT 2892 L EEEIRBHRN

43R OB

- T thick ¥ thin filaments BEET 2 &
& sliding 1z & 2EHEEEIEL 721D £7-AF.
Huxley!® 3 B4k >\ T sarcomere @
B LRANOBRERE L, sliding 3% B
2 & BT 7. Sliding iz & 2 SRR IEER H B
EONHEMIED T/hE W LR TRENS

FFEWHEERLFE LR, f filament o .

— IR RHE (HEO D & &)
REVIZXEST, BAKKGLTEES. Zhik
HOFECIRE - LBAHERD Y, BAR
Z ORFNT, IHEERES XA BASERER S OME
TEEDZLERLTS., BrEELrI—>
@ cross bridge : FhicxfiaT 5 actin o
monomer %3, A Ui F-actin 0 d 2&H TH
595, '
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C—RRITERRIC B T OFEREHIT2~3
kg/cm? EETH B, lcm? »i- v thick fila-
ment (X KES 4 X10YKREEh T35 Z L BH
BB ENTVBE DT LAY Y OFEEX
2 x10%/ 4 x10%= 5 x 10~°dyne
T» 5. Thick filament %% 100 fHD 4+,
Lo TRIUE D cross bridge 28% 2% &3
5L, —OOHAHE#ES- D 5 x1077dyne @
NERHET BEEICE 5. ATP SBOKD 143
F4 Y o free energy 111072~10"Y%erg Th
55 cross bridge ¥y 5 x10-7dyne oy
T50~20 A BEEOBENAET H BT Lick
%. EEIHMEEGL EoewicZh k Vi
X\ Bzt 5 ThHH 5 ) sliding o elemen-
tary process & LTZ DFEED H T &% cross
bridge & actin monomer @ demension %
25 RUBKETHBELBRDNLE. Z0BE
D lcycle BT 2RHPIEEREZED 5D
3 Ch B b EKIE10msee BETRITAIEL
5. A F. Huxley® g 3izR_d X957k
sliding n&fMiEFNME2E %, myosin o site
M & actin Lo site A OEEITEE Sk
LCIEsiBR G, site M ix—FT A AL,
HCBESHLTRAETI L T & » T slide ¥
5. zofic ATP GfEFEHLTw % & L
TS, SRR, HBEEOMOB K E KD
ATP LfRdE, HEz=XAVX—0fifFsh?
BEAND LY ERWICERLE O FRE
2Tw3, ZOEFVERBRLT ATP 4%
B % < D Az scheme v ORREES
NTVBRT RZNE —FHROKRB T EEARHD
EETHD.
c. HMM ¢ #@sub-fragments
Cross bridge 23034 OrfE 2R
Fz b, »oZhR myosin FOEHTH
BT LiEENLZEELTHOITELNT S,
L7t - CHMAINEE 7 2+ Td 5 myosin-
actin-ATP ZoRiid4Ef5F o cross bridge
EEETR I o Ty AHEDOEIRT T simula-
tion THBLHBZ LA TE B, Myosin OFE
SEE actin L 0fES B L O ATPase (%

DEIBEF LT BT Th B0 b 2 OESY
EOBEL, XVEBMARRTERESGTRIZER
EFOGBETHEAITRDRE L 52k -
7z,

A Y DIE (1951) 26 myosin 43FE
trypsin QU iz X - T H#kEy homogeneous 7z
Zoo fragment icbiF bh 32 L BambhT
iz. Mihalyi & Szent-Gyorgyi?® i35y
WL L o TCZoDSEDLIT = Fh hevy
meromyosin (HMM), light meromyosin (LMM)
4SBT, FDOBOHE Ik X » T myosin
SFRESI50A, HTERKBF 2RO
peptide ERBPLHE->TTETBY, ZDO—
WIIBRIR T helix #EEODE VLR DH BT
L, trypsin REERESO—HEB R U]

THICK | FILAMENT

T ER
: R"‘g—
X

K 3. A. F. Huxley #5F\ 7z sliding model. &
DDA M site OF@ES. M : Thick filament
ko site. A : Thin fiilament [ site.

THIN FILAMENT

Bid+%. HMM 225 LT 2 & h 2ERES
(30A) 2 &4y FEKB4F D fragment TH
HZENELM TR o 7 (K2c), HMM i
ATPase {&E: L actin #4RRIZ b & » myosin
DEFRESHLLLTAREL & 5 © TR
THHETHS., Sbic/ME kifEE b
fragment % 5 2 RABKICAT I bhiz. HMM
B SK300A CHERESEE S actin D5y
F8<> demension (zh#h 5%, 50A) Lk
BLTL EcBEREAOHMABREIE LTLRE
F¥3%LEbhs. Mueller & Perry®™igk
£ trypsin # T HMM 245 L A8
—TRHPBIBPED 1T/ & RIEESALE 2 12,
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Z hix DEAE-cellulose, sephadex-G 200 @
column AV THEHET B LY~k b. €D
# chymotrypsin, papain &% f\wTHRIC X
IBHBEOLORZONB I ERbRY, —F
LT sub-fragment 1 (S5-1) & Xi¥h 59,
ZONFERP2LE, EBAEETCEAME
FLTWAFAEDBZARBEEETRZONT
4

s L X

\I
i
g

QQLATIVE ATPASE

=

(a)
%
15 ;:, e ._,._;_=_..__..._. Ymasx
\\ ,’
w
2 10p=
[}
=
<
w
=
= sk
<€
-1
Ly
o
N 1 L
0 1074 10-3
ATp M1
(b)

4. HMM S-1 ATPase D actin 2 X 518
. a) —EZDS-1 T actin Mz 5. FOLE
o ATP EE—0O—, 10°M ; —x—. 2x107M
—@—, 6x10°M ; —A—, 1.25x 10~M ; —{J—,
1073M. b) Actin/HMM S-1 % 1/2 w@E L, ATP
BEZHXIEED ATPase &M, RADOHIFHE
BEBTRT.

v B TEMEERAT O B /NEAL T 5. S-1 1% random
g%\ (helix 50%) = >DHRRETH 2 Z
Lz Lowey®7z ¥ 0BHEEHES, bhvbho
T > e EIELOREPD OERICX - THBL 2
& h Twv 3. REOEZThZEhogFER
B8 ~10FCIESLIELNHIES-1DEDTVBE
ERIEERE DN S O TEH > DERRE R I

FLCHEEZRELTWEDTHS ). ZOED
S-1 o 75 DTN FB (89 3 T5) DG S-1
LrbikEERTVBZ EREHER, Zh
TR D LR RIET 5 2 L bIERICAE
Bkt LTER 25U, S-1 25 OffREs
L UFRAIT OV TRIE { 22 OHENOM
R &hiz. Crossbridge ic bR DL IR

BABEERTOTHLPOREEREL TS

DTHD )BT OEBHBROBITIILTL
v, k72 Sl o o0RRERFAETEE Y
T ERTERER VN shTRY,
DEH» B HTORAETMOMERPHALPCEND
CRSBHEYOHHEET b0 LBbh s,

d. HMM, S-1 & actin, ATP 0{8ES/EH

Myosin ¢ sub-fragments &% & OA&HE
Hx L OEERE LTy 3ROV TIkiRENS
L\Wih &b, myosin active site D F
LLTHERTH 3 0RENMEA 4 VIRETH
BTehBT L, EERLOGTEETHT S
HBEBRAELBEHROTF B LIREEDT
»5 5. Myosin & ATP oSk k> THT
1A B 2 DREEE LR B L CIT e b7 SRER
BFRERIILTwARV T & b Morita?Did
HMM L S-1 #HWT ATP #fic k-
TRINAR Y MVREbOD bbb T L2 A
HL, BEHSMEOBERERRLIELOTH
BLrEZI.

Actin MEEBE CHES, BHERET TR
ReEETZvbYs g-f BHETES. B
£k myosin iz X » TAHIC{EEES LD L,
HMM = S-1 2 A CHEETH 51950 L
LI v/ fragment icix Z ofEARE .
Zhix actin &k OFEERHCE=>OHEOHH
ERBPNHETH L L 71 5. HMM-actin o
complex % actomyosin type o ATPase ({&
4 # vEREET Mg activate) &%~ L, acto-
myosin OB & R OBEE L REEE DL
ATP iz X - TH Z 3. bhbhix HMM,

- S-1, actin, ATP & fiv-CTHE4xOFE4ETERD

OEEREZ Lo _W, P& A 4 VIRET
Mg activated ATPase {&#:#% actin & S-1 @



EIRE & & DI 731

HErzT L6 N EREKL a WY
Actin DEXHETIC Lieh - T ATPase &4
LETHITVWEED ATP 0L Z A5 TEHEWE
Nz bh, 7 actin & S-1 OEFEELT
ATP PEZPZTHETZLITVEISLT
BARHbbIS (F4b). Zhid actin & S-1
DFEER ATP itk - THESNDZ L &R
T4 0T, vwE actin ¢ ATP 23 S-1 LofH
U site AT A LRET DL, FEREIC
BWT :

MA4A 2MA- e Kua
MA +SMAS—MA +P--- - Kyas
MAS MS cevevenieninnnn, Kus

BEYVSEDS, 22T M ABITS Ekeh®
h S-1, actin BX U ATP 2bobl, K i
zhFho complex OEEEEHKLT5. ¥
B S 1k MAS OB ol EDRGHRE
NB5LT3L ORI LBRERMICKEAT
x%. Kuasy Kus 122 Fh 2 x10°M T
Kua 220XV 2HBNMETHZZ LBDR
-7z, .

F-actin 3Z{IE VST Th 3 e HicZ DRt
B R REM: % % 7. G-actin ¢ HMM %
Mz CTESSETEore F-actin & EERE
2z & o THE 4 OHEREREIC R B HEE & RE
+5 L5 EFET & 9 i HERnL 7z HMM
DRICBEFET S, ThbbEw HMM %
47 complex OFBRRM»IFE F-actin 232
v Ed flexibility 2 o Tvw5s 2 & %
F1. Be < zhik HMM ¢ actin ofE&
actin HEDREACHETIPHLTHLIVE
<4 %z actin filament 1% rigid 2 H D Tx <,
cross bridge I k o TEOHEEVP P L BNEZ
LERSRLTVS, KREED S L RIOHFET
F-actin 7» HMM L o#EERHICL - TR
BB LEERLLIPD TS,

HMM S-1 iZH#sy random 75 4E3E DR
%7 L, helix 1350%LLF<Tdh 5. Actin Lo
AL > TRIVIGRT X 5 i L\ helix
DBWDPRHE D B e, T OEMOKREZE
HMM fskoboiEzbhs. ATP 2R

T5LAWHCIEEBISEDZZ L B TE
HMM @ actin DiEAMREHCHRL T 5.
P ko b 2R HEICB1T 5 cross bridge
& thin filament OHEMEHL LTHEELT
% &, cross bridge & thin filament (2)§
Friciid 3 ATP o X - TRHA LRHENE 2 Y
cross bridge OfEBEBZEFNICE->TEELT

=
o
d mePrwn
w
T

%10 (cps)
.-.o."' -
N
1

—

o
I S ]
Y

I g
1 2 ‘3
S4/ACTIN

VISCOSITY

B
( A0
.

‘o "."~-.
~-g-tIvicizacecnt 8-
oo N S — . g ,"g_.
0 10 20 30 40 a0
VELOCITY GRADIENT sectl. .
(a)

X 5. F-actin (0.8mg/ml) & HMMS-1 LiE&H
D¥5E. a) EHERE L 0> 580sec™! ETEX Y
4, —O—, F-actin &, —[1—, +S-1 (0.2mg).
—@—+S-1(04 mg), —A—+S5-1 (2.0 mg). b) &
B 7.9see™! [T k1 B F-actin & S-1 OIREW
DFEEE. , :

% 1. HMM, F-actin 3 XU DIRAW® helix
48 (233mp @ specific rotation X Y FHH)
concentration (mg/ml) helix content (%)

F-actin 0.14 46
HMM 0.27 - 50
Average 0.20 48
Mixture of

actin and HMM 0.20 34

3. Mk HED site icsiF 5 ATP ofEd,

product OERED YA 7 ik cross bridge &
thin filament O#EE LEEEOY A 7 Vvic—F
LT Whz&hs, Cross bridge ixzihiz
o THEEREL VAT TRE LoD
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b B7-wiz thin filament ¢ ofic Tz 4
F3, Zh sliding ¢ elementary cycle iz
HELAVTH B 5. 30%0 helix AR
LK A oBBICRAI LOTHENE I,
XEBLOLT—F—BEELREEL VA
B6ix Z o X 5L SHICEVIERK
Th 5. TR FOROZELL (entropy,
#E S £ 7713 helix—coil £#) L&z fold
ing?3 WLABFHHD Td 5 » bahk
v, .
e. Myosin ATPase o [x)i#4E & mechano-
chemical (M-C) coupling

Z T T myosin DOEEFR{EME LI
HFx RN X —FEEORIGRERIC OV TEE
4+ 3. Actomyosin, myosin ATPase {3 %
ORISR B8 v THELLHL  (initial
burst), ¥Ho D biCERRBIZEBZ L ME

ACTIN FILAMENT

| CROSE BRIDGE
=== m_ FYOSIN FILAMENT

- - o o

6. NoFEERGEDET L.

FZIN TV 30309, Bt Bdg? & 3a#icix
EBEOSRER © 13 » i myosin O¥ERL
(E~P, B X VX —IRB) 2 E2ERED Y,
TR RINFE—FBRERB L RIETH B L
LTRD X 57 scheme %Ex 7.

E+S=E,S——E+ADP+P; (¥, it

1 T BELTwizw)
. !
E.S——>E~P+ADP (g3, 8L
Tw3)

Initial burst 23UIKEEL couple LTw3Z &
ix glycerol i fplRMR ED ATP IUHEHHRE &
ATPase §EiE o BfRE Lb~lcbhvbilDX
Bz X o Th TS h 5 38Rk myosin »
BRE E FEEER . BaF Taylort
51k gel filtration iz X » TRIGHIEH D ES,

EP 3 X O product o 4yH % B 5 EBRICB
T E~P oFEIRLLVWEREE2Z, LS
myosin-ADP complex 28 C-M coupling @
ORIEPEETHS LD X T v 5, Tixb
%, E«ATP——E.ADP.P——E*ADP+P;—>
E4+ADP+P; TRENBABRETHB. bhb
HiED actomyosin ATPase o Ks#I#ic v
T medium DA ¥P; BREETZZ AR
ATP 07z i) Tidd %) incorporate &
M3 LERH L. Zhid EoRIEOFERI
LT ATP pEARShBZ L &RL, E-
ADP »EKRODZPFMETH S L 2RRT
5bDTH5H5. i Ulbich ¢ Rilegg®¥®ix
7Y %Y UEEMEE R, ATP, P offET %
medium THHk X % stretch #4774 5 &
ZFhicxia LT 2P 8 ATP ik 9y Ahbh
5ZruHTVAB. Zhix ATPase oK
BAAT L > TRES e LB S h, L
72 5T E<-ATP=E.ADP+P; o RJHnMbEE
HHTRVX—L AR XX —0HHEL T
BRTHDHILETFRT 5.

II. FriRkEshiEo EREIELE

a, FnigL 20T

HOER REIIIINFEC >SSV Tl % fkb
BT hER S i AR OB IERE TS
HRANTWiEE LAzt 5. Thik in vitro
IR BHIET TSI AE O A 7 v
DEBRTBHORBELCE»P oD TH A
5.

ST ERE T OBAR OB T TN DOULHE R
mE+ % ATPase % % - 7« Kielley-Meyerhof
o factorDOFRIC X VIEE D, BEhEREOR
HKEBRTH/RERGETro ATPase %)
HL, WELEZETVEBESE2/ERAOD S
Tk, ¥crhd Ca 2BENICRIFEETS
ZLRNB BHEh, &bHIcEERIXZ O
HibcEo Ca 2S%ELT5Z D EHRK
& LFED D bV THBG B O RN TH
» Ca ZINMERPLED \_kkiéawﬁi’é
TURHMEEhBICE ST,
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B & Y ERER S h oMk (fragmen-
ted sarcoplasmic reticulum, SR) iz ATP o
FETTH CazBaTs WAREE>2x
105M-1, #5425 & 100 g mol/gram). ATP o
RV EZFREFEAEEI 2HELEOL v B\
BAEELTV3. 2ok % in vitro ©
KON DDTH B, EFHORETITHE
W Ca 13564 & SR IciiAEh T T free 7z
Lo, LeRo THEEOEENIRE &
bhvTws. ATP vk b mgficEy ¥
241 Ca release BTV, IGHERIR
Eah iz, In vitro iciF 5 SR OB &
JAPNAERBEES 2 D X 5 RT3 2 L 3B
TRUTHHEBRDbIS.

IR Ca kgD ATPase &% b2
Tv3., zhiciz Ca o/NEERE~ 0 &
VZHNEELTBZ L BHL »TH D,
Hasselbach, Makinosel2jx & b = &h 5 Ca &
ATP SfpBoERBHEEZHL TS, L
L& Y ZAOAEBEBERICOVTE, ThBAM
Hapy free Ca ML T34 factor ©
BB EH S TRV, JLHEE S 13/ MR
REICHES Lo b oREHEMcEKkOH 5 Ca
ThodLEx, &V IHhiTtLARKREIIER
ThiLLTvaRvTFhic LTHiES, Gt
DEFHEFERL Y ZH L ORI OV TR
BERE. T O BRI & O E b
Ca v reserver L 7 ¥ 5 S0k x L
mitochondoria & ¥ 4% v, Ca DZEE) L IUHE
» coupling iz 2>V TikS5BIcDZ Shi-fE
L AR

b, HE OHIKAN~DIEE

HwEo Ca SfisNicl Eh 3 & L A INHE
o triggar Th 3 L IRLEGEHEEZ AT
Ca Iu#E, EGTA #fg% demonstrate L7
Podolsky 0iEfExR ¥ OERIC X > THL R
sh, ¥EHMO Y ) G T DR
BEHRHA LN, & b KAEGHRMECS T
RHREOEECERICHIEAN Ca o1
FABEFENLDO., 0 Ca T/ ks b
HEEShizbDOTH 5 2 L BHLPTHZD

T, BEL v BERNBST Ca A LTHE
itz bhaz biz in vivo THLIEBH&H
TebhiFTh 5. S
WEERE O BE (Bom &7 R
T oiciarstE o7  Tsystem 22 8L T
Wi icfEL b, B+ % terminal cisterna
ET B TH A I B ENLBORIFEHER DR
EHTwEVEVZ B, b RO BAHR
X B4 4 VBEEOBELAFES LTS Ca
PHRHET50THA S, ok 5 MR/
A DRTE S R T 3 LB S I B S
BT 2R e hpEShTw5 70 &Y v
WIS IR BEHBMC S LBV L Eh b
rEh3. ‘ o
NESIE DR Ca oWl R 58
THICK FILAMENT

TERMINAL
CISTER I
-]

l<— THIN FILAMENT

$———

ACTION

CELL MEMBRANE

8. Myosin, actin OMZAEMMEIL troponin,
tropomyosin, Ca DRI, 1. ihfERE, 2. IHERE. -

BixAf L in vitro omodel ZE o CHEEK
LLUCHED TEETH 5 X% OBRIARHT
b5. ATP fR{EiC BT Mo /Mako Ca
WA D ATP ol wifia & AR O PNERIER 2R
iz 5 Ca ok ORICIXMORIRS 2T
Wiy, ZOREICL VS ABROVESLE
OhB T ENEBROERET—< L BB THS
5. = oIz approach T 5 HiEOE—i3H
DHEEICL b5 o TR I o TV 3YHEILENE
{boEEE OhH, WHELFHET 5 factor, 4
213 K, caffein contracture BHNT X 3IX
ke Ca 05 Z& B0 E, SFMiE
VFTFBZLThDH. NEEOTSBRIC K
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BUHEDEALOHE b EERTREEL 5 Th
5 5. ¥z invitro iz 8 v T, £5/Migfk troponin
» Ca #a&, BEEOEBRNS THEBCOVT
YAShARAThIER L RV ERE . KER
BRERIDTLLCIETEDAITRED,
MafEETEBR T b L 0ABEBERY b o
intact /gIREBTL Y T HELEBAR L, EEA
2EZEL-FRT in vitro OEBRTESZ LS
T3ZLThHB.

F 7ol FIRHORBIEER BRI
HLTBHESATOVARVARECThELD L
oR3X5ic Ca PINHE EoFRASCE
BEEL TR LVIZ LT CIRERLEE >
T3, FRGOERE, S0 Ca BEEE
itk - T essential LEHKTH Y, 2OZTDHE
ZEifi»s couple LTv3 v oL HER T
WBDTZ OFEDHIEDERS I ERE D
BEr Ca HMoREORACEE TR
BEzsrzrihszrbahin.

c. HEAD Ca itk 2RE _

BRI H » TUHEOEH/LE LS
EBHIAKOIz L > ED /2 { myosin &
actin T B T2 L LA 25 tropomyosin
LHELNAEABPAIZLEENR TV B
ZEibio Tk, ZOBHIEENE
HEREVEZA» 5 H E VEFSHT, Bd
{BEEBEATHA Y Lvbh T, LL
actomyosin (myosin B) » U <gr o L
&£ 5L actin, myosin & b¥THE-
2 vbw 3 FHR actomyosin @ Ca i3
RN R VD& 5 i2HfE (myosin B) i
tropomyosin  # FACCEABERXFTALTY
Ryl vwH EREXRH IS, ERCRITER
B oRZDBAREEOS BREBTL YT
ZERERIIT 5 E CREOBEHAS TS
o7z. ZHOEHIX native tropomyosin (NT)
LASF bR, ZThiEHR actomyosin i
%% & ATPase oiE#{bE X U#EIE#Eic Ca
2EY 5, vwbws Ca BEMEZLLXIIC
29, myosin B (RCIcARS. ZDkd5icl
T NT 3 Ca LECFHEFEEILOTHSZ

7% demonstrate x#7-. NT iz x5 Cagk
SHOBRERHRETL RSN, Tiabb,
trypsin fUE L 72 fFRRER BRI 7 U & Y VL
BRI TOLREGTY Ca B
ZHERIN NT 2MzsZtick-oTHE
BHxbh, Ca ¢ EGTA iz » T reversible
RN, R IThabE® B L BN T &,004
icir-3 <. Native tropomyosin D& D HF
FIX T S EEBEE R X U0 F TR AN
ZfThbh, Fh)S troponin ¢ tropomyosin
(v 3 BaileyDd type) 0#BEEHED TH BT
LHRRH & H troponin OB b L AR
&1 7z®. Troponin 1343 F&#K 8 T OKRER
T108g 7z 3mol @ Ca 2k {#EAL,
HEERIIC M cET 550 TH B, K
5 ofEE Ca iz ZHHETH 5. —J tropomyo-
sin IFRICERECHTEEL > T 5 ¥ F-
actin LEATAERMPESN oIEME T & v 2
troponin 0% Tk Ca BEZHE & - & T
FNVEZENEBEZ2BHZLIXTERY O T tro-
ponin ¢ actin ~D#E4 1% tropomyosin # 4
TEPELRERLTB30THAH LEDL
3, Ca #8ix X 3 troponin 25 DIFHITE
B o conformation /b % B L TfThbh 3
bLWwZ LB #ERL R spin labeld %
WTFTR o RERTRE WA ERIC native
tropomyosin : L THEHDEEHEERED
I fThbhspiZbh o TV, 4
actin filic 1> 5 myosin L OFE(EAHME
mask + 3 O TiRAavhrtEbh3, =7FL
Z0%FE o optimum (275 actin ¢ NT b
BHSHHRCBT S 2 h » b%% T actin o
monomer 2% L TEHEZRBIEL TS0 T
1375 T, Faactin L LCoZEE B LT
myosin ¢ OFIMEENZTWBDOTHAHH &
FHRINS., AELERLPDEBRETR
v—F—2HwTon F-actin o@EfiEc F-
actinp 72 &k NT & Cawc k- Caifiah s
LV IOkRE 2T s HMM o4 & Rk
NT o%h#ix actin filament DREEE W5
TRLIESNZILEFRTLOTH 5, 8
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R U BN LR3I & 3% 2 7= troponin,
tropbmyosin DOVEFE#FED scheme T 3.
5o 7 h o native tropomyosin % thin
filament Iz §400A4g e 26+ % = & B FITC
SRLVOWEEIL Lo TRLIPD BTV 339,
ZhiBB L% actin S4F8 gzl 7 DE
fiek s, NT b 57zwic thin filament
Db HEHFARBEREREIZS D, Z )i myosin
SEER > cross bridge L oiHEMEMAEZBELT
w3 rEz, Ca Lk troponin RNEST 5L
DEEN L Y 0 Ehh, flexible |27 5 & cross
bridge & OHMMFEE 1T /x5 BHEIE—DD
possibility C& 5 5. & 7 S DIEAINALIL cross
bridge ¥ & DIEEICH B DEND (slidingd)
1o LEBICERAE ZICEE T AIRELD Y
FLavnrkbEzbhs, Tropomyosin &
HMM 2 #EEEREZ b 2L 5 FigteRy
FEELH D, WTFRICLAZOBBOBEHIZS
#oMETH 5. In vitro w8} 5 actomyo-
sin %o native tropomyosin iz & % ATPase
EHEOMRE L A RT 5T ER—TH 50
¥ 5 23 f OB & AR o — AR &
FicHPICERE THHH. e in
vitro iz BT § NT-actin-myosin
filament D ZZREE % BB L 7 ER
BRASRETREE B,

pomyosin—actin—myosin & v 5 R CIER
ROz b3 LT _NTOHfEBTH S
T LREENB. EEHTL > THigo Caik
B2z EEr factor Th v, spike DOFAEL
Ca FHiEHB I L T\ 510, B#H T/ Mafd-
Ca)-EELFEH < (Ca)-ME-EH i< 8
Ehrzohs, DHEZEORBIAMEL, /M
kb0 Ca LAED Zh &5 oS T
gné B1 R BaoREEEI DX S
ELZLNTEDTHAHI,
%,uitﬁm$2%ﬁM?é tizkoT

s
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TROPONIN + CA

/A & filaments @ -

A
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< E-C coupling o ks v B
b ML &N T & 72 BIEROH, FiF
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iR T/MAEOREI A DI
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BECHEES ORI B S L T v 5. Phos
phorylase ik glycogen oRER{L%HY T 5E
LT XNV X —EECEETHER, K
EED b BpoiEtEo a MicBiT ¥+ 5 ik
phosphorylase b kinase, cyclic AMP ¢ Ca
NUBETH S, Rest oREBofgratizix Ca
Rz vz iz phosphorylase b kinase i3 fgv
T vEFHORBEY Ca oind bR
Mz OBROFERERET 3L K > &
3. Thbb/akx Ca 2EMLLYES
LYV T5Z2Lik-T, WHEEHEZXLVF
—REROBF AL T 5T TH 3.
Camfifastiz B 2 REZ 72 Y E v (mM)
T E b HRIRICIR & T —AEIC T T OMAT
NBERESI0MEUTTH 5 © BBETH
3. ZokxohEER Ca 3rkVEHRA
FrThY, FOMNIEPHRANOYWE DA
PIEEEZ B L C e RIEEERPR LTy 3 X
5 Tdh 5. B Rasmussen3® itz niadH “Cell
Communication, Calcium Jon and Cyclic
AMP” RV TTRToOHBEOERE Ca &
c-AMP k> T2 ML TOHIT T
BLEZTRLEBIBZBREVEDORTVS. 7
BT RTOBERFERLGHES LB DT TR
BORSL ORI BT S Ca o&EIx
WAL LT, ER—ROFERISE, B
OREBEORP I —oDHEREEZ2 b0
THhHY,

V. 8U—8B8®E, 5 FRHO
MRS LEE—

UG L = hic k5 R 0T X BRI
I THIITFL_RADCTFRIZE T b BHEGN
FFRFLLTLDDT BN TEL., Zhicik
FRGPBEAELC#BEZL-TBY, Biic
X BERPPEL, EBMEMEERITR O ICHE
LTw3Z e, E{EHCOHERRRIES
WESHERSBD THS 5. Slding Tk
FOWMBELZEAL LTRELLL, THiK
L ERE» D 2 bhic/Mafk fragment o
Bebk DIEBRD b BIE S Tz,

U DORERE BT < IUHE b /R %
HLEHRG L RBETH S 5 L Ebh 30 TLE
DHREEFTFLVNVTHEMEL L D L T3RABN
SEERE A 75 » molecular cardiology &5
SERENE. ZhICRBRGICBIT 5H%D
HEVPRKEBHWL > T3,

EEGHOMEEIT OB TY 5 X 5«
Bbohs., HEEE N & L, HEEENch
thin filament BEBERTVWBDHTH 5.
Thick (myosin) filament ZEITTEERED b
NAEVICH 2N EFNBE 0O EFRG L
Lk 5 aEgETo sliding Sllcoiis Lid®
Zohizv. L LEER X Dl S hic
#EH (myosin, actin) REEHOTH D &F
BHCRZ L dBbhizv. 20bLRVIEHEAe
ELDOEDBRECH Z2PLEVIZEDERVE
ZxlFRLE%5 Ths. HEREROEN
2 LT B#f o native tropomyosin 233{F
BT LT BRI /ER & b o & L ITEE
ST CARNCR BT L EXBD
ETRETH B O 0. BHGEEEHOKRLRE
AR OMMIEE L IEEETH S 5. &
FW OV THREI UBBHPRIBR O bR
%ibO¥dY, B (phasic muscle) > 5RE
{tonic) > LFH>FERB L VO X HITEREL TH
2B LOTERL, BN DELT
5L BZENTELS.

BBGICRB T filament o sliding 2335
Z % & & cross bridge k% iERTI0RE
OETH B & TEERE T2 R E AR
filament Fic#zd AT aiz®ic sliding & L
THESh? LEZDLE, FBHCB TR
myosin 23 thick filament 2Em¥3, &
BlicgfishTwT thin filament »AHEE
Hu b2k £ x hif cross bridge +4bb
myosin FHE TR I - T35 Z & i sliding &
LTBEShE ELFRENCFRICTH 5 & ik
EZ2ONBWTHH 0. £LDOWRTRD B
PHEEAOE TS OBEL L A#Esh
30 folding HLLBHBOADE# A5 Z L 3d
b miine,
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Studies on inhibition of hypoglossal motoneurons by hypoglossal nerve
stimulation in cat Toshifumi MoriMoTO and Yojiro KAWAMURA (Department
of Oral Physiology, Dental School, Osaka University, Osaka, Japan)

An effect of hypoglossal nerve stimulation on activities of hypoglossal motoneurons was
examined.

Spontaneous discharges of the hypoglossal motoneuron were inhibited by hypoglossal
nerve stimulation, and during this inhibition IPSPs were intracellulary recorded. These
inhibitory effects may be produced by high-threshold afferent fibers in the hypoglossal
nerve, and not by current spread to the lingual nerve. These IPSPs were strychnine
insensitive and picrotoxin sensitive.

Besides motoneurons, there were interneurons in the hypoglossal nucleus which fired
repetitively by hypoglossal nerve stimulation. These interneurons may make monosynaptic
linkage with hypoglossal motoneurons and produce above described IPSPs in the hypoglossal
motoneurons. These interneurons also responded to the stimulation of the lingual nerve.
Once interneurons were fired by preceding lingual nerve stimulation, the firing caused
by hypoglossal nerve stimulation was suppressed for about 500 ms.

(J. Physiol. Soc. Japan (1972) 34, 739-745)
key words : hypoglossal nucleus, hypoglossal nerve.
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Fig. 1. Inhibition of spontaneous discharges of a
hypoglossal motoneuron by a single volley to the
hypoglossal nerve. Inhibition appeared immediately
after the antidromic action potential. The period
of inhibition increased with increase of stimulus
intensity (A : 4 volt, B : 8 volt, C : 12 volt). Each
record was five superimposed traces. The hypoglos-
sal stimulation is indicated by arrows.
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Fig. 2. IPSPs of hypoglossal motoneurons by
hypoglossal nerve stimulation. A :IPSPs were
evoked after the antidromic spike of a hypoglossal
motoneuron. B : The IPSP was clearly recognized
when the cell was depolarized by the insertion
of the electrode. C : Spontaneous discharges were
suppressed in another cell during the period of
the IPSP. D : IPSPs were often followed by action
potentials which might be caused by the rebound
excitation. Records of A, C 'and D were five
superimposed traces.

ms o BE—ER R A v,

MR S 3N ERAEDE, CR &&
5 By v, EMENESS X C—E
Wfast s ici: DC2 Bz v, Bk
FAviw za— 7, EERELGEEBICLY
ek, W L. TEEEHAT 5 8 B

gallamine triethiodide <Jk@ifbL, ATLMEEK
BTl ode. 7%, Kk o LB T RETARE
TrREEEITE -7z,

Syrychnine (0.1~0.2 mg/kg) 3 XUt picro-
toxin (1.0~2.0 mg/kg) # X (g allamine tri-
ethiodide 13 KEBFFARICIES LB Ry = = —
VEMAMLTERSE LK.

M £ & & X

1. & TR X 2 B3Ik oIk
ETFRRERIBIC X » THEITHER A 7 24T
55 FRREBNIN O i i DR a3 6 B FE
FEKEFRTLORED bz, ThbOHiaT
3E TAERIEAEI0 ms 254200 ms 2hb
7o THEBEER SIS Wz, Zoflass
F B REREE S TAEEMAL 0BT A
A IBETHHREL VEL, METRENETRE
PR S ER Lie (Fig. 1). & TR Z %
AT L Y A BB E 2Tl aFC X o
TZ OHEFESEIBE L. LizBoTZ ol
e~ O BIRIFEI X 2RR TR,
EHTHRBOBMEORBILL LD LVE 5.
Fiz, Ok nEHRERAR 2 TLERIN
iz,

2. ETFrES D v T 7 AEAL
EmE & THRESMIENICEAL, BT
BERIBT 5 LFEITHER A A 7 ity T
REMBTFERs N (Fig. 2A). ZovF 7R
BT EREAI X > CHIESBSH L spike
inactivation MIREBIZ 72 % & —BHARICED S
hiz (Fig. 2 B). BRER A &R Tl T )
7 R B OEEEE T, Ml OBE LR
BieRkomE i@y bhk (Fig. 2C). zo
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Fig. 3. Relation of the threshold of IPSP and
stimulus intensity. A : Threshold of IPSP was
higher than that of the antidromic spike of a
hypoglossal motoneuron. a : The antidromic spike
and after-hyperpolarization. Stimulus intensity was
7 volt. b: IPSP was added on the after-hyper
polarization of the spike. Stimulus intensity was
14 volt. ¢ : IPSP recorded with higher amplifica-
tion. Vertical line indicates 50 mV for a and b,
and 20 mV for c. Time calibration : 10 ms.

B : The amplitude of antidromic potentials of the
hypoglossal nucleus was plotted against stimulus
intensity. Ordinate : Amplitude of the response.
Abscissa : Stimulus intensity. An arrow indicates
the threshold intensity of the IPSP shown in A.
C: Amplitude of antidromically evoked mass
potentials in the hypoglossal nucleus by stimulation
with various intensities. Numerals to the left of
each record indicate stimulus intensity in volt.

% supramaximal OIRE THIK L ZHE,
THRETHRICER S h S IPSP o BRHIF
144 ms (11.0~19.3ms) Th D, T FEHEH
BWOBEDOHK 2% Th - 7z (Fig. 4A, B). %
7z, H TR & 5 Y T 7 ABAE I AE
RS TLERIRE., Lo TEHETH
BRI X B ¥ F 7 R BALNE W~ O BT
FBRZE->THELLZLDTRHAEAVEVZ S,

Wiz IPSP %+ 5 L& 2 bh 5 EER D
ZE% g0 IPSP iz ovCif37z. Fig. 5A

A< strychnine (0.2 mg/kg) #Eic k-
Tb IPSP 13yH5ee 9 B IR A 0Kl b7
DFELED b sh o7z, Lis L, picrotoxin
(2.0 mg/kg) ##HE+hiE IPSP 3k T 5 &
i BRMEFR K OWHZIR bR L (Fig. 5
B). bbb, ETHREEHE LR, &FTFH
FOED) M 45 5 IlzhR% strychnine 3
RS2, picrotoxin EEEMTH 5.

vA?ﬁ\/w‘V"'——\

8 i\r——- —_ g =

a\vl
Fig. 4. Comparison of IPSPs induced by the
hypoglossal nerve and the lingual nerve stimula-
tion. A :IPSPs evoked by hypoglossal nerve
stimulation. Spike inactivation occurred in this
neuron. B : IPSPs evoked by lingual nerve
stimulation. A and B were recorded from the same
cell. Each IPSP is recorded in three different
sweep speeds. Note the difference in latencies of
IPSPs evoked by hypoglossal nerve and lingual
nerve stimulation.

|10 mv

20 ms

Fig. 5. Effect of convulsive drugs on the hypo-
glossal IPSP. A : IPSPs and inhibition of spon-
taneous discharges were recognized even after
injection of strychnine (0.2 mg/kg). B : Administra-
tion of picrotoxin (2.0 mg/kg) diminished IPSPs.
Spontaneous discharges were not suppressed by
hypoglossal nerve stimulation.

3. EMEREIEIC X 5 F T ARESMER D v
F 7 R BAL O]

Wiz, ERER X O THRED VT Rl
2 X T IPSP #4F 5 MMico\C, &l
R HRE g, & TR M 2 5 2
T, BEFR L VFRSh B IPSP B3 nfiiz 55
BT BN ERF Lic. BREA~OHRE® 1
SETRGIEAICIE, F MR X 5 IPSP
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BREVWEEIC b > THflE iz, Fig. 6icR
LR TR I X > TR S h e
IPSP (Xl & DBEA #7200 ms & TiX
sEfilEh, FToXESICEET I
1 500ms ML EDORIBERLETH o7,

Wiz, EEmROEREN #ic X 5 IPSP o
i3 5 strychnine nZhFEE R L .
Fig. 7izsr+1m<, strychnine % &5 L T
% Fig. 6 o B4 L RBRICE THERITIC X 5
IPSP 3 ERE~DOFEFIBIC & - T, FRIH
IR A% 200 ms ORI FERIH S, 70
BFERRAS 500 ms DL kic 7z 5 ¥ TREKIZTLO
KESCEL D ol P bR EHRER
Bic X 2 ETMEFFE PSP oHpizhRs»
strychnine FREMTHBZLERLTVS
i3, Fig. 7 offaciditgkic KCl Emx A
Wizic® IPSP ARl T 5
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Fig. 6. Inhibitory effect of strong lingual nerve
stimulation on the hypoglossally induced IPSP.
A : Antidromic action potential and following
IPSP by hypoglossal nerve stimulation. B : Same
as A with higher amplification. Superimposed
record of five traces. C : The IPSP induced by
lingual nerve stimulation. Vertical line indicates
10mV for A and C, and 20 mV for B. D : Anti-
dromic action potential evoked by stimulation
with threshold intensity. E : Antidromic action
potential and following IPSP evoked by supra-
maximal stimulation of the hypoglossal nerve.
A dotted line shows antidromic potential without
following IPSP. F-J : Alteration of the amplitude
of the hypoglossal IPSP by conditioning lingual
nerve stimulation. The amplitude of the IPSP
was completely depressed about 200 ms and was
not recovered to the control level for about 500
ms of conditioning-test interval,

& TR P ES R & 3B, &
TR OB —HEIC X - THEERE R TNE
= a—u URRY bRz, T OMEIEE TR
~OFIBERE SR CIEBRENEL Y, A8
7 ¥R (Fig. 8A). ZhdMfE=a—

S
g ’U_,F

o «.s

e A,._.k,”

130 ms

Fig. 7. Inhibitory effects of lingual nerve stimula-
tion on the hypoglossal IPSP under strychnine
administration (0.2 mg/kg). A : Antidromic action
potential and following IPSP by hypoglossal nerve
stimulation. Using KCl filled electrode, IPSPs
reversed to depolarization in this experiment. B :
The synaptic potential by lingual nerve stimula-
tion. C : Same as A, but recorded with slower
sweep speed and higher amplification. D-G :
Change of the amplitude of hypoglossally induced
IPSPs by conditioning lingual nerve stimulation.
The amplitude of the IPSP was not recovered
for about 500 ms of conditioning-test interval.

A B

A

Jo

U
o,

20 ms
Fig. 8. The discharge of the hypoglossal interneu-
ron evoked by a progressively increasing volley

to the hypoglossal nerve (A) and the lingual
perve (B).
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vy O % L ik positive »EE R L 2 A
positive-negative DEBALERT S Db D%
BHW bhie (Fig. 10A). £z, ZORTE= o
— v UEEMRRAIRIC & o TOERIREERL
(Fig. 8 B, 10 B), % 038k D ERELE THEH]
BOBE BT TEN» L, POASM 7
%<, AAL 7BBIEE P o7z, Licho
T, EMRRETHRELIL, ZhoMfE==
—u LT, KVEBCRBLTYE 0L
Eibib,

E TR E 4 S CHB LR, ME=
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Fig. 9. Inhibition of hypoglossal interneuron dis-
charges by conditioning stimulation to the lingual
nerve. A, B, C: Response of an interneuron to
hypoglossal nerve stimulation recorded with three
different sweep speeds. D, E, F : The effect of
conditioning volley to the lingual nerve on the
interneuron discharge activated by hypoglossal
nerve stimulation. Time scale ; 20 ms for A and
D, 50ms for B and D and 100ms for C and
F.

2 —u UEEKOWRETEY 139 ms (10.3~17.0
ms) T, & AR & 5 F RO
IPSP o #hgiz Helgs LT, 0.5 ms &\ 721 TH
DTREL—FELTBY, ZhofE=a—mY
WE TRRMAIC B Y 7 2 TR L, IPSP %
FELTCLARENELONS.

5. HHREMIRIC & 5F FHERNTE= = —
w VB K O
EEONFE= 2 — v VHETHEIHIC X -
THAXL TV B, EHECRMES25LZ
DI K HH 500 ms DRI S iz Fig. 9). &
DIEIZIEE strychnine (0.2mg/kg) Z#&5
LTHIEERL & 2 » 7z (Fig. 10C). L,
picrotoxin (2.0mg/kg) % #5345 & Fig. 10D

R L7z, Z OoMfliash EEL L. T
bbb, TOME=a— v VEELNAERRE-
L TRER © B 1k strychnine JRERSZAE,
picrotoxin B TH 5.

A B c D

Fig. 10. The effect of convulsants on the inhibi-
tion of hypoglossal interneuron discharge by
lingual nerve stimulation. A, B : Responses of
an interneuron induced by progressively increa-
sing volley to the hypoglossal nerve (A} and to
the lingual nerve (B). C : Inhibition of hypoglossal
interneuron discharges by conditioning lingual
nerve stimulation under strychnine administration
(0.2 mg/kg). The uppermost record is a control
response of the interneuron. D : The effect of
conditioning lingual nerve stimulation on hypo-
glossal interneuron discharges at various condition-
ing-test intervals under picrotoxin administration
(2.0 mg/kg). The uppermost record is a control
response of the interneuron.
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Green & Negishi® 5 X (8 Porter!® 3 EFT
HHREHEREIC & - TH TARESMLcFRE S
% 7 RBAITIRBSIED b O DA iy
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L, &FEBicBwT K citrate Bz v T
G LIBA Y T 7 A BALE R RIBS R TR
L, Bisrid om U7ciifis 1 FI Lo 7ads o e
KCl i v 5 & Z OBSHBEMITRLIC
MR U E SR Uiz, 2 OfR» b H TRk
FC & - TH THRSESRACHFRE s D
v F I REMTFEE PSP ThirlEibR
5. AL, Zhbo v 7 ABAITEHE R
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RTOTC, —iBiciz EPSP RE&xhTwv3
FREEDBETCE Vv, Fiz, REAEEICR
Wb E TR ORI E THEEESMRD B
FEERKEFECMHL, BRERKERELL
Flixel@Edbhiahol. Lizh-T, HF
R ORI TE TR IHRIRE B L&
FTLvzs.

0 X5 BWHEISE 21k IPSP oFRENFE
THE® axon collateral #/+ 33 H DD, K
DEREOREBIZ X 55 Db, b 5\ idflE
~OEBHB/EIC L 5O OV TRERN—
FLTwviv. Green & Negishi® (3% FH#E
b D sRUMEREE D TFfE D fthiz, axon collateral
OEEEZTRLTY3S. UL Porterl®pxz
no O YT 7 RAEBAHE THEF OBEO B
RO D TEEND B B\ 1L TR,
BEREEC L > TEHGIEEL, 20BFOE
EBRVHBE L TERRORKE B 2 T FiC
XoTHFERs h 3 & Bx, HETHEHREO
axon collateral 24454 D TidkvLRR
T3, HEFEHRFICIhE, ZhETET
FEEMa o axon collateral OFEFEIXRD by
Tz (Cajal®, Lorente de N§2). 777
Sumi'® X F TFTHEREIC & Y ETHREF T
D¥ish3 5 Renshaw g & FEL O KIS & 775
HELRED M B]EL T3, L, K
ERFERWR LK, 1) BB X 5
ETHEMRO B RERK OWHIRE ks
FIBCRAL X D PR THIT H 5 Vi
HET 2%, 2) ETHERRIC X 55 TR
Ao IPSP o RRERSITIER S 7 ORME X
VHEVE, 3) o IPSP &SRR &
YAEFZIPSP X 0 b BREREVE, Fi-, 4)
IPSP i3 (IEHHE 2 00 L T b 5 TRV
X o THEREShHEED O F TAEHRIC X
3 E THEMRES OMEIXEE~DBERIE
Ed 5\ ix axon collateral %4+ 2l ¢ix
<, ETFEHERORMEOECRUERIEDIE
Blick o THERESh DR LEZLNS.

B, BRAESNLRERMOE TR O
ROERHEO—ER 1X, X, XI ffE L oy

BELB> THMCAZEIHERIL T 5 #
(Hanson & Widen®, Nakamura et al.1¥), &3
BIC B\ TE THEHIROESICEEL B I
FROHERMERL O L OYIEE N L TNIC
ABZPEPEZMAHATSD 5.

E TR E FTHERES M O/
E=a—n URFETIEIT CICBESNT
v+ % (Green & Negishi®), Porter!®, Sumil®).
ERERPDL, 1) ThbNE= 2 —» VOF
THEERIE i X 5 BKOBEBRPE THEEFZE
IPSP o#RLIZER L TH 55, 2) FE~
DEBRC X > TAE=a—n v ORKB X
UE TS IPSP 234 500 ms o B &
h 3, 3) Th b OMFIEIRI i strychnine 73
EZTh BHEE, FTHRIRCL 2 E=2
—u vk & IPSP OF% L ki THEEIL T
VARERDbPS., TOEEFME=a—uw R
E AR B Y T 7 2 L < IPSP
EFBRLTCCSAREERREL Ty 5.

FRONE= = — v VR bh 3 EMRE-E
THEHROIEZ, ZoRCEHIFEM L picro-
toxin M B, Z O L L T presynaptic
inhibition 23TV 3 EEEMER D 5.
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BREEFR KIS, E2Z OBRMEANT
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TR BB 2 ¥, picrotoxin O EIC X T
HELE.

2. F TR IE T Esim o i,
AHE=2—w UBEET S, ZO=a—u 4k
R, B~ ORMHRBIC T 5 KR, stry-
chnine Z%t3 240R%H b F TARESHG
Y2 icERE LT IPSP 28X LT
wiEtEILNB.
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THHEAL, EFHERBE ST E LTH
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Influence of glucose and propionate on acetate and butyrate
metabolism in liver slices of starved and alloxan diabetic sheep
Katsuo SeTto, Hideo NEGORO, Kazuchika Yosuipa, Motohiko MOHRI, Mikihiko
MANAKA, Masazumi Kawami and Arthur L. BLACK* (Depariment of Physiology,
Yokohama City University School of Medicine, *Department of Physiological Sciences, University
of California, Davis)

In ruminants, large amounts of short-chain fatty acids are produced in the rumen, where
they are absorbed, and then transport via the portal vein to the liver for metabolism.
The following results were obtained in a study on influence of glucose and propionate on
metabolism of acetate and butyrate in liver slices of normal feeding, starved and alloxan
diabetic sheep.

1. In normal and starved sheep, the formation of CO; and lipid fractions except NEFA
from acetate was increased and the formation of glucose, ketone bodies and NEFA from
acetate was decreased by glucose addition. In alloxan diabetes, glucose inhibited ketone
bodies formation, but did not influence the formation of any other fractions from acetate.

2. In normal sheep, the formation of CO,, glucose, ketone bodies and cholesterol from
acetate was decreased and the formation of NEFA and phospholipid from acetate was
increased by glucose addition. In starvation, these glucose effects, except on glucose forma-
tion, were observed. In alloxan diabetes, propionate inhibited cholesterol ester formation,
but did not influence the formation of any other fractions from acetate.

3. In normal and starvation, the formation of glucose, and NEFA from butyrate was
decreased and the formation of lipid fractions except NEFA from butyrate was increased
by glucose addition. In allloxan diabetes, there was no effect of glucose on the formation
of any fractions from butyrate. Glucose did not influence on CO; formation from butyrate
in normal sheep, but accelerated CO, formation from butyrate in starvation. In all
conditions, there was no effect of glucose on keto ne bodies formation from butyrate.

4. In normal sheep, the formation of glucose, NEFA and phospholipid from butyrate
was increased and the formation of ketone bodies and cholesterol from butyrate was
decreased by propionate addition, but there was no effect of propionate on CO; formation
from butyrate. These propionate effects on lipids formation from butyrate were observed
in starvation and alloxan diabetes. Propionate inhibited CO, formation from butyrate in
starvation but accelerated it in alloxan diabetes. In starvation, propionate effects on the
formation glucose ketone bodies from butyrate were observed, but in alloxan diabetes,
there was no effects of propionate on these formation.

Thus, the addition of glucose and propionate showed the various effects on metabolism
of acetate and butyrate in sheep liver slices and these effects of glucose and propionate
were changed by starvation and alloxan treatment. And also propionate effects were
somewhat different from the glucose effects on acetate and butyrate metabolism.

{J. Physiol. Soe. Japan (1972) 34, 746-756)
key words : sheep liver, acetate and butyrate metabolism, starvation, alloxan diabetes.
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o OB OARY, 7 RS CIcEOR
BIREEDR L O r €4 VBROTRMOFEE
B L ERHLTY 300, x5 icLeng
& Annison® j, vt VP DFRTAL RAZBWT
Zh S DIEFRIENERE Vo CO, 7 Kok s
Wie s b VIEOERPHERIC L > TET B
LE®EHTWBL, %~ Hanson & Ballard?
CIhiE, eVPBIVCTVOFRTARARE
JAER L v o CO, 7o b NCIRE DR T
FOBRBIOA vya ) v ORMOEELZT
5D LThHY, Sbic, Hidari et ald® 3
Y POFR T A AR HIEREEIR L D ©
CO, 73 & NI FRB D AR BRI L O T » ¥4
VBRI X o TEbTAZ L EREL TV S,
THLDEER, vYVBIVCTVRLEORE
B DOIER T4 AR BEERT b CICERER D
REin, 7 EoERLUO—BMcT UL
Uy b vEERE b b, BOoRERTAERICE
(DB LERTVB T e Ut VRO EEL T
BLlbic, ZOREEF oA vyaly
L BELTVWAZ EERLTRY, Th
LORBOMEBREELPIT S Z LIRS
W BAEREIEIER O EBE & s R EE AR
HTbhbarLELIOND.

FrTEHELIIORE XY PIRCT 5 ER
D—MWLLT, E Y VOFRATLSRALCBTS
UC-FEEe 75 & UF UC-HEER D “C @ CO,, 7" K vy
W oy R D ICIRE~D L D THITHT
%57 Rk & 7 R E A VERDTRINO
PHMEB L OT B ¥ VMBI X 5 TEDED
BT B2l O TREETR, BakZ
ehid B b B IO TLORERICOCTH
HY 5.

I. EBRAEZILUHH

Bk # Y O fE, KELS kg FiROME Y Y
% vy, BEL600g 3 X ONREREL 400 g 248
HR 8 pIciRE-L, 2 h & EHEEHLL
7z, E72 7 BESBECHEEE LT b O 2 YLk

Lz, Bie7v e x4 AELkg i)
80 mg %50 ml D AFMAYRHEK L & b ICEHFRIR
RIS L b0 2T e 35 VEREEL, 7
vy b 4 ARICERICE L. ORI
B 5EBSRM, EEFABTHEFKRCL, =
BB VIR TKIZE AR S R,

B i CLEHE SRR ICHBIAR & Y ouiLic &
VEZL, THOPIFERERL 115% 0l
fh Y BIRIC Oz Ly 131 05X 0.5% 0.04cm 0
ASGA AL LIt 028 & UCHERE LW
iz *C-E&ER100 pmoles (1xCi) (Na i, Isotope
Specialities, U. S. A} %#&%e Krebs-Ringer
EREEER (PH7.4)10ml & & i, 2ml O
BlE%E+250ml 0=Zf7 7 22t TRHEE
0, :C0,=95:5 DEAF = CEH#38C it T
3 R BIE R 21T - 7o HEEHE T 4%, Hyamine
10 X (Packard Instrument Co., U. S, A) 1ml
* Rz, 10N B 0.5ml & E|ICEAL,
MWK i T304 RRE L, CO, RIBIR Lic. 35
RWR L OHRR T o 7 Ky S EY, Jones
FENZ LY, 7 b RS, Mayes & Felts
OFEDICL Y 2 7. fELE I Folch et al
DFED Tk Y RIEE 2 HER Lk, HH
HEO 2EBCT3EROEEDEM v TIT -
7z, Z0EA, fraction A, B, C, D 5 Wi
E ix2h#h cholesterol ester (L F CE &
WszD), triglyceride (BAF TG L WgiR), free
cholesterol (LF FC LEEE), non-estrified
fatty acids (BLF NEFA LB, = 0SHEI
EEER, e O VER, EEER & OIRARETR
BEEhTOYRY), 726 Wiz phospholipid (B
T PL LEEEE) E Va2 T 5,

BT OMETERT POPOP 0.01 %7z & WM
PPO04 % &&te T VW5 ml 23 v F
L—a VERIREE LTHY, iRy v FL—v
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R T A ADREHEE T RO HEDT

HEL, £FE~DLY ZHEEHEI0mME H
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Table 1. Effect of glucose and propionate on metabolism of acetate in liver slices of normal

feeding sheep

Addition TPransfer of 11;0 from :U'C-acetate into
(:02 Glucose 5::;:: Fraction A * | Fraction B *| Fraction C #| Fraction D # [ Fraction E *
14
C-l-acetate 192.9 + 8,3 | 38.920.7| 8.4 +0.5| 58%0,3 | 24281 | 65+0.3 | 1.3£0.1 | 10.9% 0.
Yigureacotate + glucoss | 219.7 £9.6 | 16.3 £ 0,8 492 0.2] 7.620.:2 | 28201 | 7.9t0.5 | 0.520.0 | 12,8+ 0.5
:u‘c-l-acetate + £ 0.6 1.9 % + + .
Sropiomate ses .3 £ 0, 701 16202 0.9%03 | 25£01 | 2.6£01 | L9£0.1 | 19.6 £0.5
e 2acetate 85,5 1 4.1 [ 58.3 £ 2.4 15,92 0.7| 13.3%0.6 | 58203 | 13.9+0.5 | 4.9+01 | 27.8%1.3
Yo o-acotate + glucose | 128.5 £ 6.2 | 42.6 + 1.8 9.2 2 04| 1.5%0.5 | 6.4 % 0.3 15.1£0.6 | 15201 | 29,9 1.2
1
Ce2-acetate +
‘;ﬁ‘o’;o:“, 19.8 £0.5 | 2,501 1,9%01] 1.0£0.1 | 5.4 %02 3.1%0.2 | 6.2+0,3 | 39.4%1.1

Slices (2 g) were incubated in Krebs-Ringer bicarbonate buffer with 4C-acetate (100 zmoles,

1 £Ci).

*Fraction A, B, C, D and E were designated cholesterol ester, triglyceride, free cholesterol,
NEFA and phospholipid, respectively.
**Mean muCi per 100 mg of tissue N+S. D. in 5 animals.
#4100 gmoles of unlabelled glucose or propionate added into incubation flask.
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Table 2, Effect of glucose and propionate on metabolism of acetate in liver slices of

starved sheep

Transfer of ll;c from 14c-acetate into
Addition :
o, Glucose ggdt::: Fraction A *# | Fraction B #| Praction C * | Fractiom D * | Fractien & *
Eld

Lg_1eacetate 52,1 % 2.3| 1.9 £0.1| 3.2 %0.2] 1.1%0.0 0.8£0.0 | 0.6%£0.0 | 0.9%0.0 2,4 £ 0,1

1 L2 )
Yg-1-acetate + glucose | 75.5 % 2.6| 0.7 £ 0.0| 2.6 % 0,1] 2,0 £ 0.1 0.7£0.0 | 0.9%0.0 | 0.32%0.0 2.9+ 01

wer
e 1unzetato + proplonate| 13,9 % 04| 1.7 £ 0.1| 0,9 £0.0] 0.2 0.0 0.9£0.0 | 01200 | 1.8#0.1 3.9 £ 0.2
Ltomzaacetate 17.9 £ 0.7 | 2.4 +0.1] 14,1 % 0,8] 2.4 £ 0.2 1.7£01 | 1L2%01 | 1L.9#0. 5.9 + 0.2
kg 2-acetate + glucose | 21,5+ 0,9| 1.1 %0,1| 3,0%0.2| 3.1%0.2 15501 | 1.6%01 | 1.7%0.1 6.7 + 0.3
Lo paacotate + proplonate| 9.2 + 0.3] 2.6 +0.2| 1.5 % 0.1| 0.7 + 0.0 1.9 £ 0.1 0.5 % 0,0 3.4 £ 0.2 10.4 % 0,3

Slices ( 2 g) were incubated in Krebs-Ringer bicarbonate buffer with 14C-acetate (100 zmoles,

1 ¢Ci.)

*Fraction A, B, C, D and E were desingnated cholesterol ester, triglyceride, free cholesterol,

NEFA and phospholipid. respectively.

#¥Mean muCi per 100 mg of tissue N4+S.D. in 5 animals.
##%100 zmoles of unlabelled glucose or propionate added into incubation flask,
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Table 3. Effect of glucose and propionat on metabolism of- acetate in liver slices of alloxan

diabetic sheep

_addition Transfer of ll'c from u‘c-acetate into
co, Glucose ’?t”‘ Fraction A * | Fraction B % Fraction C *| Fraction D * | Fraction E *
odies -
11‘ -
~C~l=acetate 82,1 3.2 | 5.4 0,3 [12,9 £ 0.5 1.0.%£ 0.0 0.1 0,0 T #¥a 2,3%0,1 1.4 0.1
iy sase
C-l-acetate + glucose 79.4 2,3 | 5.2 0,2 | 9.6 £0.3 1.1 +#0.1 0.1 £ 0,0 T 2,5 0.1 1.6 0,1
b7 snes
C-1-acetats + propionate | 81.6 *+ 3,5 | 5.1 £ 0.2 [13.6 * 0.4 0.4 £ 0.0 0,2 £ 0,0 T 2,5 % 0,1 1.2 £ 0,1
Mc-a-cet&t- Bl 1,1} 8.7 £0,5[25.7 £1,2 2,2 £ 0.1 0,2 * 0,0 0.1 0,0 3.7 £ 0.1 2.5 £ 0,1
nc—z-acet-teq-glucosg 42,9 £1,5| 8.1 %0.3(19.1 £ 0.9 2.4 £ 0.1 0.3 % 0.0 0.1+ 0,0 3.9 £ 0.2 2.4 * 0.1
1 u’c-z-.coe-to + propionate| 43,1 + 2.0| 8.4 £0,3|26.,1 1,5 1,0+ 0,0 0.2 * 0,0 T 3.6 £ 0.1 2,7 £ 0.1

Slices ( 2 g) were incubated in Krebs-Ringer bicarbonate buffer with *#C-acetate (100 pmoles,

1 ¢Ci).

*Fraction A, B, C, D and E were designated cholesterol ester, triglyceride, free choleserol,

NEFA and phospholipid, respectively.

**Mean mgCi per 100 mg of tissue N+S.D. in 5 animals.

¥+ Trace

*#x%]00 #moles of unlabelled glucose or propionate added into incubation flask.
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Table 4. Effect of glucose and propionate on metabolism of butyrate in liver slices of

normal feeding sheep

Transfer of lL’c from 146~butyrate into

Addition T
G, | Glcose | Fotone | Fraction A | Fraction B * | Praction C + | Fraction D + Fraction E *
- vy T N .
Lo.1-butyrate 317.9 11,9 | 21.6 + 0,9/16.4 +0.7| 2.9%021| 33%£0.1 | 3.0%01 | 13.9%0.5 | 9.3%0.4
e I }
o) butyrate + glucose |301.8 + 10,3 | 13.7 + 0.6/17.2 £ 0.8 4.3%0.2| 4l%o0.1 | 3.6zx0.2 9.6 £0.3 | 13.5% 0,6
14 N
C-1-butyrate + 3 & + 1.9 to0, 18,1 £0,7 | 20.2 £ 0.
T aate % [P065 £13.8| 790 % 3.4 9.3 %041 06200 3.5%0.1 9 % 0.1 8.1 0,7 0.9
1 P .
e _z-butyrate 214.6 % 9.0] 75.0 % 2,5/36.5 £1.2| 8.4 x05| 8.9%04 | 7.2%0.2 | 3L5£1.1| 19.5 % 0.8
g o butyrate + glucose [224.4 * 10,1| 60.3 % 1,7/37.0 £ 14| 10.6 0.3 | 11.6 % 0.5 9.1 £ 0,3 20.8 £ 0.6 | 26.4 % 1.1
Y0~2-butyrate + 208.1 + 10.6 | 288.4 + 11.9/15.5 £ 0.8] 0.9 % 0.0 9.7 05| 23201 | 45.6 £1.7 | 34.2 % 1.6
propionate 1 ) . A
1"c;3-butyrate 275.1 % 11.4 | 23.4 * .1,0/33.5 £ 1.5 3.2 £ 0,1 3.5 % 0,1 2.9 £ 0.1 22,9 £ 0.9 | 15.7 % 06
o s putyrate + glucose |282.7 £ 9.6| 17.5 % 0.6/34.2 + L3| “42%0.2| 46£02 | 3701 | 16505 221105
1 l'fc-s-putymte + 278.6 + 12,3 81.0 % 37 16,0 * 0.7 0.4 £ 0.0 3.8 £ 0.2 1.7 0,1 35.2 21,5 27,0 & 1.1
propionate N -

Slices ( 2 g) were incubated in Krebs-Ringer bicarbonate buffer with #C-butyrate 100 pmoles,

1 pCi).

*Fraction A, B, C, D and E were designated cholesterol ester, triglyceride, free cholesterol,

NEFA and phospholipid, respectively.

#*Mean muCi per 100 mg of tissue N+S.D. in 5 animals.
*#%100 gmoles of unlabelled glucose or propionate added into incubation flask.
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Table 5, Effect of glucose and propionate on metabolism of butyrate in liver slices of

starved sheep

Addttion . xeto::anster of Mc fron ll'c-butytate into
€0, Glucose bodies Fraction A * | Fraction B * | Fraction C * | Fraction D #| Fraction E *

P4c.1-butyrate 179.2 £ 7.6| 2.9%0.1| 14,8 0.6 2.1%0.1 | 0.1%0.0 0.7 £ 0.0 21t01 | 3.6%01
Vico1-butyrate + glucose |339.3 £ 11.4| 2,3 £0.1|15.2 2 0.4| 3.0 £0.1 | 0.6 0.0 1.1 % 0.1 1.5+0.1 | 4.8%0,2
ica1-butyrate + propionate [105,5 + 4.1| 7.5 £0.3|10.7 £0,3| 13201 | 0.2%0.0 0.3 £ 0.0 3.8 0.1 6.7 £0,2
co-tutyrate 119.7 + 5.2 #.8%20.2|31.8 1.5 7.8+0.3 [ 1.220.0 3.1%0.1 4.7 £0.2 | 12,2 £ 0.4
UG a-butyrate + glucose |162.9 + 6.8| 3.2 +0.1] 30,3 £ 1,0] 9.6£0.3 | 1.820.1 3.7 £ 0.1 2,.8+0.1 | 15.9 £ 0.5
146 obutyrate + propionate| 65.2 + 2.8| 15.0 £ 0.6| 214 £ 11| K202 | L4 o0, 1.5 £ 0.1 6.2 £0,3 | 21.7 0.8
e s-tutyrate 722.3% 3.2| 3.8%0.]262%0.9 23201 | 0.3%0.0 0.9 0.0 L3£01 | 7.9 £0.3
Lie-3-tutyrate + glucose |137.6 £ 5.7| "3.0 £ 0i1f 25,9 £ 1.2| 3.3 0.1 | 0.7 £0.0 1.4 0.1 2.6 0.1 | 10.6 % 0.4
il’c-}-bntyrata + propionate] 25.8 £ 1.2| 11.4 * 0.5 13.4 * 0.6] 1.2 + 0,1 0.2 * 0.0 0.4 + 0.0 5.9 £ 0.2 16,1 £ 0.7

Slices ( 2 g) were incubated in Krebs-Ringer bicarbonate buffer with 1“C-butyrate (100 zmoles,

1 £Ci).

*Fraction A, B, C, D and E were designated cholesterol ester, triglyceride, free cholesterol,

NEFA and phospholipid, respectively.

**Mean mpCi per 100 mg of tissue N+S.D. in 5 animals.
***100 #moles of unlabelled glucose or propionate added into incubation flask.
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Table 6. Effect of glucose and propionate on metabolism of butyrate in liver slices of

alloxan diabetic sheep

Transfer of 1"(: from ll'c-butyrate into
Addition
Ketone
co Glucose bodies ‘Fraction A* | Fraction B* | Fraction C#* Fraction D* | Fraction E#
2 .

Yig-1-butyrate 257,8 £ 10.6| 9.7 £ 0.6 (20,53 £ 0,8 | 1.6 £0.1 | 0.7 £0.0 | 1.2%0.0 1,0£00 | 3.7%0.
. e
Yo l-butyrate + glucose  |2u3.1 * 11,3 9.2 £ 0.4 [19.8 + 1,0 [ 1,52 0.1 | 0.8%0.0 | 1,2 %0.,0 2,2 £0,0 | 4.0% 0.
Lhc 1 -butyrate + propionate| 314.3 + 12,8{10.3 0.4 (19,7 £ 0,5 | 0.7 £ 0.0 | 0,6 %0.0 | 0.8 £0.0 1,720 | 6.1:0.2
Y62 putyrate 160.5 + 8.8/25.5 £ 0,9 |40.6 £ 1.4 | 2.8 % 0.1 | 1.9%0.1 | L.k #0.1 1.3 40,0 |26.3 % 0.7
Thg pubutyrato + glucose |167.2 = 9.1[22.6 % 0,8 [41,5£ 1.6 | 3.0£0.1 | 221201 | 1,3*0. 1.4 £0.0 |17.0 % 0.5
4G o butyrate + propionate 208.1 = 8.9]24.2 * 0.8 [42.8 £2,0 | 13201 | 1.8%01 | 0.6%0.0 1.9 0,1 |[23.8%1.1
Lhg-3-butyrate 123,0 & 7.4{11.7 £ 0.4 | 37.2 + 1.3 | 1.9 0.1 0,8 £ 0.0 1.2 £ 0,0 0.9 % 0,0 8.5 % 0,3
Lo 3ebutyrate + glucose |121.8 * 56.511,1 % 0,3 [35.9 1.6 2.2%£0.1 | 0,9%£0.0 | 1.4%00 0.7 £0.0 | 9.2%0. |
1"0-3-butyrate + propionate 159.6 * 7.6/12.2 * 0.5 35.8 £ 1.7 0.9 £ 0.0 0.9 * 0.0 0,5 * 0.0 1.5 £ 0.0 15.9 £ 0.5

Slices ( 2 g) were incubated in Krebs-Ringer bicarbonate buffer with *C-butyrate (100 #moles,

1 pCi).

*Fraction A, B, C, D and E were designated cholesterol ester, triglyceride, free cholesterol,

NEFA and phospholipid, respectively.

**Mean mgCi per 100 mg of tissue N+S.D. in 5 animals.
%4100 #moles of unlabelled glucose or propionate added into incubation flask.
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Spontaneous skin potential responses during
natural sleep in monkeys

Katuo YAMAZAKI, Tetuo TAJIMI, Kenichi OKUDA and

Yosizumi NIIMI*

' Laboratory of Psychophysiology, Waseda University

There are several recent studies of natural
sleep in monkeys2"®. However, findings
obtained in monkeys seem to be small when
compared with the vast researches on other
mammals, especially in autonomic division,

We previously examined the general prop-
erties of spontaneous skin potential respon-
ses (spontaneous SPRs) which are mediated
by the sympathetic division of the autonomic
nervous system during natural sleep in
cats and humans»910),

It is the purpose of this study to determine
the characteristics of spontaneous SPRs
during natural sleep in monkeys using the
same method as described in those studies,
and compare the appearance of spontaneous
SPRs during sleep with previous findings
obtained in cats and humans.

Methods

Four macaca monkeys ( 2 Macaca mulatta,
1 Macaca fuscata, and 1Macaca cyclopis)
were used repeatedly. All of them were
adult males and their body weights ranged
from 4 to 10 kg. Each monkey had been
habituated to a primate chair® for several
months prior to the experiments reported
here.

Central-occipital bipolar EEG, horizontal
eye movements (EOG), and posterior neck
EMG were recorded on a San'ei Type EG-
900 Electroencephalograph. EEG and EOG
electrodes were firmly affixed with collodion
on the scalp and each outer canthus via
electrolyte medium. Two insulated copper
wires (diameter : 150 ¢) with insulation re-
moved for 3 to 4 mm at their tips were inser-
ted in the posterior neck muscles for EMG

recordings. To avoid wire breaking by the-

* LR, FHATH, REAR—, BRRM:
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manipulatory behavior of the monkey, both
arms of an animal were loosely tied to the
chair. Spontaneous SPRs were recorded on
the same equipment with dc amplifiers.
After cleaning the skin surface with alcohol,
Ag-AgCl nonpolarizable electrodes® were
taped with agar and agar 0.05 M NaCl, on
the hypothenar eminence of one palm, and
on a skin drilled area on the ipsilateral arm
as an indifferent site. The animals were
kept awake during the daytime and allowed
to sleep through the night from 10:00 ». M.
till 6:00 A. M. in a restraining unit. They
slept in the perched position in the dark
room. A total of 9 nights with an average
sleep period of eight hours per night was
studied. All records were scored for wake-
fulness, NREM sleep and REM sleep, accord-
ing to previously described criteria®19, Room
temperature ranged from 26 to 28°C.

Results and discussion

Spontaneous SPRs occured in both states
were compared with each other in relation
to those in awake state. Fig. 1 showed the
typical patterns of spontaneous SPRs during
waking (A), NREM (B), and REM (C, D)
sleep in one monkey. Spontaneous SPRs
were prominent during awake state, while
they showed complete silence durng NREM
sleep in all monkeys tested. REM sleep
episodes were observed for 21 times in total.
For two-thirds of REM sleep episode (16
times out of 21 observations), no spontaneous
SPRs were present during this stage as well
as NREM (Fig. 1C). In one-third (6 times
out of 21 observations), a special temporal
pattern was noted, that is, spontaneous SPRs
bursts such as slow changing of the base
line lasting from 20 to 80 sec shown in
Fig. 1D, which is in good agreement with
previous reports in cats and humans3410),
Such a pattern of spontaneous SPRs was
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never seen in awake state. This did not
associate in time with other signs of REM
sleep, such as the rapid eye movement or
twitch like movements of forearms.

It was surprising that spontaneous SPRs
disappeared completely during NREM sleep
in all monkeys recorded, because spontane-
ous SPRs appear sporadically and moder-
ately in frequency with relatively regular
time intervals during NREM sleep in cats,
although they reduce in frequency when
compared with awake state®10, On the other
hand, spontaneous SPRs during NREM sleep

A

117 JE RO MURILAPS. SRR

EME ~ s

28 sec

Fig. 1. Spontaneous SPRs during awake and sleep
states. A : awake, B : NREM sleep, C: REM sleep,
D : REM sleep. No spontaneous SPRs are present
during NREM (B) and REM (C) sleep. Note that
there is a burst of spontaneous SPRs such as a
slow changing of the base line during REM
sleep (D). Negativity at the surface electrode is
indicated by an upward deflection.

significantly exceed those during pre-sleep
waking in humansD.

It is suggested that spontaneous SPRs
might be controlled by a common mechanism
among cats, monkeys and humans during
so called archi-sleep, REM sleep and that
they could be regulated by a different
species-specific one among them during so
called neo-sleep, NREM sleep.

Summary

Spontaneous skin potential responses (spon-
taneous SPRs) were recorded during 9 nights
(72 hours) of natural sleep in four macaca
monkeys. Spontaneous SPRs were prominent
during awake state, but they disappeared
completely during both NREM and REM
sleep. In some cases, however, they showed
burst like patterns during REM sleep. The
complete absence of spontaneous SPRs dur-
ing NREM sleep in this animal was discussed
and compared to other mammals such as
cats and humans.

This work was made at the Department of
Neurophysiology, Primate Research Institute, Kyoto
University, Inuyama. We wish to express our thanks
to Professor T. Tokizane and Professor K. Kubota
for their interest and help.
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Effects of gastrin upon intestinal volume pulses

Toshikatsu YOKOTA and Nobuo SAITO*
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The question of a relationship between
blood flow and secretion in glandular struc-
tures has been a problem of continuing
interest in the field of classical integrative
physiology. Effects of gastrin upon gastric
blood flow have previously been studied by so-
me investigatorsD23), and it became establis-
hed that the total gastric and mucosal blood
flows increase linearly with increase in H*
secretion stimulated by intravenous gas-
trinD.

Recent studies have clearly shown that
gastrin is capable of eliciting a wide variety
of actions in multiple target organs®. It
appears that intestinal secretion is also
stimulated by gastrin. Then a question
arises : Is increased intestinal secretion stimu-
lated by gastrin associated with increased
intestinal blood flow ? The experiments to
be described have been performed to gain
some insight into this problem.

In 9 cats anesthetized with urethane-
chloralose, effects of intravenous pentagas-

trin (5~6 r/kg) upon photoelectric volume
pulses of stomach, intestine and paw skin
have been investigated, measuring mean
volume pulse amplitude of consecutive 10 or
20 second periods. In each case, 3~5 trials
have been made and mean values of the
trials are given in the Table 1.

In all preparations, gastric as well as
intestinal volume pulses became larger,
whereas paw pulses became smaller follow-
ing the administration. It may be worth
mentioning that movement artifacts due to
gastric or intestinal motilities were carefu-
lly avoided in the preparations listed in the
table. The maximum, minimum and pulse
pressures of the femoral artery were either
elevated or depressed, except for one case
which showed no change. In 4 cats, gastric
volume pulses increased in amplitude more
than intestinal pulses did. In one case,
however, intestinal volume pulses were
augmented even more markedly than gas-
tric pulses were. There can be little doubt

Table 1. Changes in volume pulse amplitude and blood pressure by gastrin

Percent change in volume pulse

Change in blood pressure

Animal Stomach Intestine  Paw Maximum  Minimum
pressure pressure
No. 1 +53.7 + 294 — 9mmHg — 3mmHg
No. 2 +80.0 + 36.4 + 2 + 3
No. 3 +62.2 + 127 -7 —10
No. 4 +23.0 + 88 + 7 + 4
No. 5 +414 +127.9 —17.3 +23 +14
No. 6 +38.0 —39.0
No. 7 +71.0 —15.5 -5 -9
No. 8 +50.0 —46.5 0 0
No. 9 +80.7 —68.2 + 2 — 8
Mean +556 4+ 430  —37.3

* OB, R  JbiEE AR AR
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that intestinal volume pulses were augmen-
ted by the gastrin administration irrespec-
tive of blood pressure changes,
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Increases in gastric as well as intestinal
volume pulses amplitudes by gastrin are
demonstrated in Fig. 1. The maximum and
pulse pressures of the femoral artery were
%ﬁn
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Fig. 1. Effects of intravenous gastrin administra-
tion upon gastric and intestinal photoelectric
volume pulses.

depressed by the procedure, while the pulse
rate hardly changed.

Since gastrin is known to evoke secretion
from the intestined, it may not be a surprise
to find an increase in amphtude of the
intestinal volume pulse following an intraven-
ous administration of this substance. Any-
way, it appears that this is a manifestation
of a vascular adjustment suited to the
metabolic requirement of the activated
glands. S
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A simple method for determination of red celi intracellular pH
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Blood pH is an important and readily
measurable guide for assessing the state
of physiological function of blood. The pH
per se is an indicater of the acid-base status
in the living body and is also one of the
important factors determining the respira-
tory function of blood. In the latter aspect,
the determination of the intracellular pH is
evidently more desirable than the blood
(plasma) pH determination which is done
conventionally. Several procedures for the
determination of the intracellular pH can
be found in the literature®%, but most of
them are rather troublesome to perform,
which has prevented their wide use in routine
works. A simple method, therefore, has
been developed and will be described in this
communication.

The sample blood was drawn anaerobically
into a syringe as usual and the syringe
was furnished with an obtuse-pointed needle
(No. 18). Its dead space was immediately
replaced by the blood. The needle with
syringe was then inserted in a small rubber
bung and was centrifuged (3,000 rpm, 10

minutes) at room temperature. After cen- i

trifugation, the most dependent portion of
the packed cells was carefully and anaerobi-
cally transferred into a small-bored glass
capillary via a short piece of silicone-rubber
tubing connected with the needle of the
syringe. The glass capillary for CRP-test
(0.7x 90 mm) was conveniently used.

One end of the capillary was then sealed
‘with hematocrit putty. The packed cells in
the.capillary was frozen in a freezer. It is

E RE EF T, wWHER, FHEHk, YR
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possible to freeze within a few minutes in
freezer housing of a conventional refriger-
ater. Too abrupt and too deep freezing
should be avoided, since it may cause a

. breakage of the capillary. The frozen material

was then thawed rapidly by warming the
capillary with finger tip, the complete lysis
being assured visually by the homogeneous
transparency of the content. The complete
hemolysis could be otherwise guaranteed by
microscopic inspection of thus treated con-
tent. The capillary with its content was
then connected with short pieces of silicone-
rubber tubing to the plastic tip of thermo-
stated capillary glass microelectrode (Radio-
meter E2051) at one end and to a syringe
at the other. The erythrolysate was forced
into the microelectrode by applying an air
pressure from the connected syringe and
its pH (=intracellular pH) was read with
Radiometer pH meter 27 at 38° C.

In fig. 1, the intracellular pH, pH;, thus
determined of human adult and cord red
cells were plotted against the corresponding
whole blood pH which had been shown to be
essentiailly identical to the extracellular
pH, pH2Y. For a wide range of the pH.
(6.95~8.15), a linear, parallel relationship was
present between pH; and pH.. No significant
difference was revealed between the adult
and cord blood in this relationship, confir-
ming the result of the previous workerD,
The difference in pH across the red cell
membrane (ApH=pH.-pH;) is pH.-depend-
ent as illustrated in Fig. 2. By the least
sguare method, ApH can be expressed in
terms of pH. as:

ApH (adult blood)=0.232 pH,—1.507 (n=24)

ApH (cord blood)=0.241 pH.—1.574 (n=20)

ApH at pH.=7.40 was calculated as 0.20
in both adult and cord blood. This value
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Fig. 2. pH difference across red cell membrane in relation to the extracellular pH.

was consistent with those tabulated in a
recent review article?.

In most experiments pH was varied by
equilibrating blood with various CO.-air
mixture in a closed-type tonometer at 38° C.
Tn some of the experiments, however, bicar-
bonate was added to change pH, as indicated
in the figures.
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IEB944 4 B0 ERPICI W TREOBEHEED
biviz.

DD D, /&L ARENOER =
VEBRSSEHERARZETHLEX DN, IHIT
RO NY T 7 TVRMBEREEZETIOLH
Bahs.

2. 3 IOEREEMICHSTS ROS5-6901 O
&

BINRE, BEET, FREXL BEX E,
)

BT S 2 250 F 2k 1 5HE-IERE
s LT, benzodiazepine D H LW iFHEET
%% RO 5-6901 (LAF RO Zm&Hr) 2REIFRIIO
nitrazepam L [{¥k, TEIEEZHMINS & £MER
AR S A ERRRT T L& R, Nitra-
zepam i3 b b CIEIEREAEAZRTIC D2 2bh
BF, & a0zh b HERRESR
Shiz,

%z TEOFEEREEDY, HERAFCEY
BTG E LTH 2%, WREHET
CIREREEEGAEE Y, X LCHEEMCHE
RAEEE > 2 CAE. i 1AM EES
lux OEEFERIC * 2 2 AN, EHRERIIRE
CHY F 57 1 —&fFlnote. BEREO—HIM
—HRERED S F AT LR L TR 2O
BhEE L. EE-ERENITERE (AR),
WL ERE (W), rRMINERR (IS, #hsEuk o HBIRY),
HULIERR (DS), EBUER (REM) 0581 b 1F
7z. 54licdsiF % placebo & 57 3RHIC I B
ZhHOEHESRIZTh N 58, 210, 224,
339, 16.9%C % v, REM #ioLEIREHIC
FTLEHRIT 234% TH o 7z

Nitrazepam 3} X RO #h £ 1, 25, 5
mg/kg = placebo F¥FFV « h T RNCAD
BETROES L, 2hFh 4 o5 5 BT
Vv, 5T 3R LIk 5 SR O E, &R
R 304 AL O B 4 BRI & LT E FRI3ET
BOMHBE SR TR L. Placebo &5 CHHE
Mez, MHERMESE Sz &il, 2EERh
%. Nitrazepam TIHEIGEE-BESMEITH -
o LI RE C X HRREFKRTHY, &
5z RO Th 5mg/kg 5 4 BIORERCHHD
Vg le LR, AkEORTFENRL, AR
#.45% IS+DS+REM %555 Z &3 5 % DfER
BBV TR I,

3. Lit* &{% Na* [C kP transmitter release
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HE

{REER D sk

FMHEEE (BIRK, &, $#—4EH)

HRaLE e et Lit 1z Nat oftBice sz
EREHEL P LHLNT WS, MRGEATTO
W& OTEAO BT 5HEIIE < lav.

COERTII L/ y< =L ORTHZME L
L, MUNEBHK X o THEES L M/INIRE
POFEEE D > TREWHEBRMOEBEE L.

ERE#EO Nat 248 Lit @hxds, BN
WEOSEEIREOKE & & b WHERLED
% (60%7F). Z DIEEEDOWMKE (Z OBEVIE
CISEEIE A ORI ERE) BREEikHh D Cat i}
EwBEL, Cat BESEWE (0.18~3.6 mM)
SEEBAOEFIIP 20 TH - 2.

—F1&% Na* (Na* JBERZIER ©50%) i X 58
INEIRE R OB KT Lit D4 & R B
#rho Ca** BECHGRL, Ca™t REFEHVE
(0.18~54 mM) HE D KEII/NTH - 72,

Thbb Lit, & Na* i X 2 B/NEIRER D
BEEHXIRIMhD Catt X > THIfEh 33D
LEbNhS. RELEE X BHEENKORRME
B BlroTn5b.

WCHBEHESROEEDERHOBFCEL
T, Catt & Mgt T vwbhTns0
G, Li* L& Na* i© X 5/NAREN DR
K& Mg** X OBMRR D WTERR{TR o7z, T
DEB T Lit A Nat 0FED, b
RIREROHERATS L T Mg™ (5mM) ik
SREHTHDHT L HBDD o,

- 4, BEEBBEECHTIER

WA <F, B & kHET EX & (B
BK, E, $—48)

BB R R Y, BRI 0 & b
F, BEELCH U THBECRIEETRL, KE
ERERORABLACKRELZRL, ME¥IRER
CZhOOBREA CRIESEMRERORAE I
BT E®ELK. ZDOEER Von Frey bDE %
HZREOME AR L OEROBHTIIEL DN
v, —5 Weddell 513, IEERRR R DAL
XNTWBAERRETDH, REOFICH LT
BEARRTCEREFBELTHS. Lrl, 2hbd
DOWFE T, FIHRERA O MR R OMET I T »
TWinw EEDR S OBEREZHE L, TN

S

N

<, Weddell 5ORBRZERL TH.
EBRMEI R 2 0AKEE BV, RERR, #
AR, BESOBELLEE 2 M AL
o KECHBHRIORIN X LT, IREIEEREBRA O
FARVERIVTT T v ¥ a2 flvic. £FH
CCHIREL AWM FHE A3 = S THIE S 2 7.
FC X 5 HEOHZ I REREMREZEHL,
AgCl-Ag ROBEELZ BV TEHEMNORED
FECIDVHELF 5 - LBRAEFERCX
> THIBE XIS B IEB B ORI LR L.
ERERE LA BREETLE T HE
RIBECREISIES ST, 12°CLUF TRl
X - TERLEDBNORRLR, COHE
I, hoRBABIFRCL, FFEHIC, Blxho
K2R LI, EBRPROFE—HC, F1r
VHIRECHREE S 2 Th, BFESCX5H
WAVFNSCT LCHIRE R R L. REIE T,
HERESARCT 45°C D EoRiEcIii2as
BEEET B DT, 36°CLLEDIBFRIKIEE X -
7o, MRREAIC RIS RL 2 S8R5 &, ek
Lo, EiEeRERoL A Shs,
MY~ KRR EZ R T 0L L R Ehi.

5. AFHEMRE OFEE B

HREZK (REX, #, 4£H) -

H =V OMERIZEENSN D 2 H5 THERIh
TW523, Wl RZAmie, afmie, 7
Y 7R D, BEFESRDLNS.
SHEN O S EHARO PR, EEONICHFET
% stirnorgan T % ¥V, SHBPN ORI EREFR
&, EEIGEVCEERTHS. Zh OmERERE
Spikuasies N. pinealis WX HBik X CERED
HRBHESPER I TV 5.

R L h = L ORI Z B L, EAERhRE
EHHRAEHER, Tr. pinealis Cipik % BAEHTEE
Lic—xOBREREEELZEL. BFEEBTIIE
B -7ew 7 AEREE » BILEEEE AN cot-
ton wick electrode V5. BH L7-BRZ(L
F—2va— XL, ERETHERTK
TBHERHEL, X-Y Lo~ 2GR L 7.

1. N. pinealis > & OEEMERE T 58
BB SRR OB FECVIIH L IRED 2R B Hh
7o .

2. BXHIBEBOMFHSIRS~BATHIH



fEH RV, $960% TH Bz,

3. %%/Tmmﬁwaﬁwrﬁkﬂﬁﬁaa
7z,

4, BLEHIKOIEE Y 50~100/sec 23EHE TH
> 7D, 10/sec THHENINIGEDR D - T2,

5. JARIE SRS D potentiation b3l
BELTHLER L.

6. BANERT X 0 FIER T 05 BEIHNE DR
BITERTH -7z, E

7. DLEOEBREREP D, MEAHRE IR
LS HEDSFELE L, stirnorgan ORI X - TiE
L SN, Y F e TREALTE
HFrBIELTWH RS S 5.

6. /MB-BiIMBIRSICE & F TRRERBO
-7 ' : R
BH—, BEHhET (RBX, B, B4

TR « NPIIER S X OE 1 « 55 2 SEB 2
HI¥F U7z nembutal FEEEA X & 5 \E, Flaxédil
CEBME LA X2 E BV, RIS RS
B o/NE-BHMHRE SR X & TRREERORE
B2 WwT, FOBFEEREHENTERL
7. :

1. Zeif OfnERRRICE 72 ER A EIE T
X AT, BEIRRANCHishie. T

DS, MEREO B EBIGIERALC 351 BB M
L, {REHMLOHBIXRD Lic.

2. BREZEORIMIT I WT, ThNEEE ED
bR B IIEERWHAORIHTD, MEOR
Wiz X 5 BEB O LAHIMER G, FL R
ENBHHBWEHEE L.

3. /NiB %m%&%r;orm%éhrw
SEMRERAOREIL, RREOFHIC X T
EET52H5WIXEML, MHXhik. -

4, BREORBCE - T, £ OE, EfE
ORI X A{REXRII5E X, MEIRIRIXIR
wahie.

1. 4 X OR-Bh R :

FIEMSE, WRIEF (IMFEX, 43HE)

4 X DEEMN AR ERKRERRZL; B
T ERLER) 2 HR IR TOREET, BRMHREN
DEOEFEHR B X CEROSERENECH TS
RERIEE O AR 2T ~Te, T ORBRORER

b R 765

DEDXHTHA. :

1, ﬁa‘/#@mmz/7ﬁ—»ﬁ@4xr

v, BRI - SERB O WTh OB-ECH 185017
FICIRIREE T & » THHZIRPOE R Z S h
7o, 2B OBV I T RE R OB, WEZE
B BART HEBIRIATRE, SRR EACR MR
DYMIBIZ HERD BB,
- 2,45 3 VOIEBI L U7 AR - JERRAN A %
D 3HIT, IREREMEI X o THIHISI R D A M350
Sivic. fihd, -MERREE o BRiN A X (2341) TR
A« FFEID 2 BRO AR BPRD b, —RTE
FEEECIRE, JREEATHERIRS L b,
L2 L23%1H o 8 il T IRER FF 38 OaFFT i 2>
ST HICEEMNROLBRD b, TRXH
BT R Y 7 & —~LD/NE (25 mg/ke) 5T X
2T, BELETRE, HELETIHZIRT,»
b5, XLREBOREHIMEZIROHLEZ 5
ha. . : i
3. EFRER - IRIN A R IT BT BIRESIRIT LT
EfOBEE TOMBEMIKT X » THERLERY
7, TREERMATOMMIC X » THKL, IRERE
HEZ X - THHEBIROABZONE X H TS,
X 5B PRI OE & THhHER R HET L ickicid
B OB OERAILEE L, SROEHNR
K DEREPIE A X o T hmORATHEL
. BO—HIOBIFNEC X » CTHERSh=E
Mwﬁwguﬁﬁﬁmm%Eﬁr - T 4
L.,

4, ThBHDHRXD, ﬂﬁﬂ%E@.V X “C‘O‘%
Bz Xk OEE IR O SRS R L
TR BB B L ETH, XL kFLTH
Tz U CiRENTRESR, X0 LEOMEAL
TSR EER R X ETIDOLHEEING.

8, FMHIFFIYIC & 3 EOEOIIERISIED
T . o L

BEHhET (REX, B, $4H)

Nembutal FEE» =/L% Hv, HEMERRAEH
DELZRIEC X 5 HEADNRES X S IXEmE
DRFER IS OWTER LK.

RIS AEOZLIE photo-cell brldge b"'J: -
TEIEEOEIE UCEHFL, FRRCHEMET T
ocular micrometer T X ) AEEEFHEIL 7.

1, Atropine {§ 5 %, HEWEMHEORMEFNK
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XD ENEOIRRRICHIER LIcd L, FKRD
HC & b FIEORESEREIh.

2. Atropine 5% L% T b, FEEHL%E
TILERBZER K -C, IRRRIGEERGZ
FBMLbI BT ERTER. TibbREEHD
5bMELEE L #—EiR LT, duration 2%k
XEES, —RRIC duration HEVWRHITEER
578, duration R EWRHIIEER G 2 DB
MERLE. UL, mETRRRISSIEERIGCI
Wi#ks3 5 duration OFWPERMEEKIC X > THYX
ERREAD b,

3. EWEME KRR X AHRLE ORGSR
X O° adrenaline T iC X 5 &EME DWEENE,
iz, dibenamine 2 F®IZ5THZ LT X > TH
o

4, Pl XY, HEEMRRR RECRL S
2O, Thbb, MEMREER LM%
INGERR EBEENTWAERELNER o T,

9. ¥ o oddl IHHFFOIE & MIRANER
+EBE, il K @Elok, B, $Ho4H)
Oddi #E§9%%5 & + =B & OBk > W T
FHOENRE W O T, vHFOBH+ -4
EEELERY, XOERZ{TE - 7.

1. Oddi {85 (RIRERKRE) &+
EHBOBEFOERMEEPRE LN, oM
JANERZBEL, EBRF L.

2. HmBHERpERR OB, +RBR
FAEL WEBHERFES 28T 5 23, oddi #§
PR EOES R RV, ZOEET=KB
b SR TFEENT 1T T 5 slow potential iE
B85 5 3FEERRLNL LD AL 7 IRERRE
Wxhb, Fhk oddi FYG» L IERTEE L
LY XATARAS 7 RERPTRHE SIS, WED
BEAPFAROCEETHE, A (1 7 BERORH
BAtR2 HYIET U+ =555 5 oddi I~
DREDEEIBHEMINS.

3. B oRB L DT oddi FEHHIIRTE
Ehicinb b it b, oddi FHGEEORRILRAL
O+ =B OLPIRTFEFH 2T S X5l s.,
ZDX 5 RIGA, oddi FENE» B DA IE
PEOREFRECAHAEZY, Thi Lt b
oddi fEAFEDEEBRLND X 5T ik 5.
DL & oddi FENHELO+HEH» DIEZh

¥ &

LEERPT B A1 7BED B WIILLFAHL
TWEMBEF Sz,

4, Oddi FEAGHIIRE OEBZRL TV L
%, ACh 5 x107g/ml 2A+5 L, +iE
HEEH IR R Lictd, oddi FEHNA
B LIES L A3 7 BB 2R EEEIES RS
e,

PDEoz &nd, +EBGHOREFEROY
&zt oddi FERFRTOZECRL, BEEDO+
IR OEEISTE o2 X1, oddi FEAHD
MEAOERBMESTEIN S IDOLEEZ LS,

10. X I/\ BB © myenteric plexus & & U°
submucous plexus OERAEEE:

KIEER (LAxX, E, $F--43)

5 2/MEBED myenteric plexus ¥ X ' sub-
mucous plexus @ ganglion cell DERAIESNE
ZWNEBERT X » TEiFk L7z, Th b plexus
@ neurone XERMEOFL Lk A1 Z7KE
(burst) ZRL, FD-8&~VIFEBPLT W 7z,
Burst OF5HEIXA plexus TIIFEL L (my.
pl T6.3%, sub. pl ‘T 7.3%), mode i3ILix 3 ~
4 TH 7. Burst OYIERRGE - il X
W burst Y4 § D A4 7 EDOHFHE, Thdb=D
D plexus ITRHWT, XLIEPLTH.

KHEBED myenteric plexus »5d H B D
burst 528k SN, Z D burst HPBLE (+=
el EE « EI5ER - BIBER) CxDhicdbo LT
Th5.

Burst-type Di3H T, single spike DE\» train
£, mechano-sensitive type OERIIEDIME D &
Bz, Eiz, /NE D myenteric plexus 3\ T
1X, =2DT &b 3%—v D burst TR LT
V2% intraburst interaction A S5Nh5Z : b b
5.

ZOoDBE Y45 ganglion 2 HOR K EC & T
v, EFH: burst B EZHWETZLRTE
b o7z, —7F, submucous plexus D neurone
DRtk burst & ERFEFHDOEE B ORRFFLH T
1%, 4 interval B DFEBER % Sz,

TTX (10%g/ml) i€ X »C neurone [ Zi:
burst (XEILL, SwEHTCRHEHBEMLORET S
ZLBdbb.

B Eo% & 2 5, myenteric plexus & sub-



2

mucous plexus @ ganglion cell 23[E—#REZL D
DT EBEZ BN, LOBRED—D L LT/MEF
BB %t L CD tonic inhibition 23# % & h
5.

11, A%, + v CENGELUEBEESCTT
3SR

WERE, LEBE, Euwi, RERLET
(FhXR, &, $H4H)

Erspermer et al. (1966) i XtiE, +—A+ 5
Y 7EED T < 4 =/ hyla caerlea DRz JE > S
Xhizw/ v 4 v (decapeptide) VXJHERICK L
TAV YA F=VROPR, THhbbREOR
fia, &y VERBOMBEOERIL, BIHED
ZIGEXE 52, BRSNS,
EE DX, COWEDA 2DEENT « NEES)
BIXOCEERCAT BER, ¥, 1 XOHH
NG - 551 & IR A ER R Lo T
HET 5.

L v A VIREE - /NEES) & JTHE X
#, FEBLFs TRy, FOMIER, BT
5 ng/kg i.v., +=#l5, 2205 C 10~20 ng/kg
Lv. Thoie.

2. VA VIZEERCH LT, 1~2ng/
kg i.v. CHEREZOERC L, 3ng/kgiv.
TF v VENGOMBEROERT T

3. UHFRBIOA XORFMH B R X OE
BT, 'V A4 VEE 10710~107° g/ml “CEB)TL
EHREOERTT. —F, 1 OB CE
BIFTER R &2 3 XI1F T2 1078 g/ml 23N ETH
o7z,

4, vy FORHBECH LTI/ VA VI
5x100g/ml 2> BWHEZOE T T

5. FEHUNBERNC BF T 5 FROTTHER R
tetorodotoxin (TTX) H5Wik=a2F VX »T
ERETHH, TIREVTREHTA T ¥t
W, 5, BECHT HITESIRIICh SOy
X - THEHTShER W, Eicd v PENGHOMEE
R TTX Tk o Tz By, £hdx, &b
VA VG U T B P AR A A i LI
BRI R S, IERC U CIEBNTERL
PAFEDIHE & A v VTR OMERZ OISR T L
Wz b,

6, LtofRe b, BENMREMRCE= Y v

i

&
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Hodhot, 7ThrYViKESEED oY
VHEDEETIE= 2 — vV D 2EENFET S
T EMNHEEIND,

7. Fl b 7= HTNDOEECHELLL YV
WIEPGET 5T L 2Pk, '

12, 95T ) (Rana catesbiana) DXKfFD

EE i LU DR TED
wE R, NEER, BRAE (BEX &
)

a. EREEEOEEEREME, XBOERELH
£, BEMERRAR, T Licto RRIRICEBm
CHEHBET, TRV & U TER
WAL MEEBL, BAHOERIL TiHxsT e
ZRHE L.

b. FRROMENIF 4 BWARALERED -
T, WHLEDULKTUET 525, & WR/INERHE
ﬁﬁkﬂkﬁfb<ﬁﬁb,%@#%abfhi
HOHEIAR T COEFE OIS,

c. KBGEBOLEMREE LTI, ThETH
LN TWHELI0F MR OE T, HIFHHE
BENCHELTENGITTENRETHL L ER
Hll. Z0XWEROTIERMHRIKIZEST
& B0 LILEMEEHEIERCHRT 5O TH
5. BBEI, FIHEMERIFCHWHRES
XiIEFieT Ev. ANREERIES S OBER
IR Z, RRIOEBRWILEERE R L.

d. TOEMRRNE D X Wighd LIE LIEBEHERS R,
bhva, ZOIWETHRINERIC Z & CBE G
B - TIHAREBE S O EFE N THRASRE
KERD DPINAAD ZH, DWTKIELEDER
PHBEC I ED, RO S &
N5, EERCIE, zoX5EBTERITLY
Ronisw.

. KB OEENIATEHALT D 5 BEREET 0 A%k ic
m;%tn£Wﬁ?&b%¥mk;U%H%%W
BPRAL, T OREAMREFRCIHE - CTEEN 510
B D A 2 & Lo/ MR I TR D SR
T5, ZOEE»HIE, Thb% Auerbach #%
FBLIPLEZ LBRYTREVWESICEbhS, b
- EBERE T, WE WmERGREOMI
37, HUEMCHRIESR bhE, RBHET
BT R—o oMMz bR ity ZDH)
Wiy, BEORMABICE > Th, LRI
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(RELR) X-Th, BEARFZEREIES
SRS Bhit. Fh 2 At oMY
WITEMR ORI X » TREL, mEWE L
550 ThHY, EFBERBIOIEENESD
> LABEECHEEIhAEFT 5 & BkSh
%,

13. EVF= Vo \BREERCELITRE
[T

W aE (LY, BELRERR, 4£38)

192748 X W/MEORBEBZHR L T

Kokas & Ludény %, 1933+ fEiEHNE
CHEBPEATSZ XY, MEHEENHIT
ETHZ LR LR EDi, LOREIIIHE
H/NE R OAFERERD HWVIE 2O X2 D
HbWEAREREBRZTRY, T IRBEED> DR
EEWRPTEIR DL RLEVREHMBINDLLE
DXLY, IBRIDRNEVIVEBRT X > TR
EXNBZ LR LE ZLTZORALEVIT
Y=V E&HIioThs. LrLBRMNRE
)2 =viETEHRTE, v»IFh b Kokas &
Luddny SOWEE»LEESNcDORLDE
Bz,

EEFPRV T E-NVRBICL DM RED DV,
EY &=V L/PNEREER L ORI OWTHR
Liz. 3B Y F=VOFELXHEILrDHIDIL,
INMEE OAKERER 3 X O XXBERERETT
fofe. Ik, EVF=v O HIX Kokas &
Luddny QLT LichoTc. EROFHERZEN
FTHLEOEDXDITLS.

1. i LEVwb® 5 E Y + = VIiZ/MEHEE
Lo EL X ah o

2. {EHVNIE R & AERETE LI B+ ZHEBA
B N/10 B2 EALTD, /MR OMEE
BOTLEIIED bhith o7,

3. BRFEREBILI VT, 1O RO+
EBABI N/10 0EBZEALTD, (1 X
DHMEEHTELRED Sk o7z

4, LRORBERERIETHE, EUF=VD
BEARRT L ENTERP T

W ZHADHICERET7EFLIY vEL
U 5SHTO{ER
AR & (REX, B, H—4H)

W %

YEE T HD—%&, Modiolus demissus i%A #
{ LA—BBET A, 7TxF/12Y v (Ach)ic
L, AFROHEETCH LEECEERS
ZF. COBRFRECHEFLEAHTALELBNT,
BERLLEDEDOLFABROBREZ TH S, Achic
WNTBzDX3M2ERRIIS A FrAF b
y7x%23v (5HT) wowT b H T ED,
modiolus demissus TVFIPE], A & A CIT{EHER
BT 5.

2 WEENEIRIC X » THEEHABIEL 2 > Ach
B X OSHT #{gf X4, modiolus demissus i
DWCIEDILE R Uiz, [FBROME 2K T IRE
¢ Ach TREMALEEROBIEZRTICHNL S
HT ciRigfiotizbShied i o7, i
iz —F L CRSENA Dhe. BIRICX o Té
SERREXEREOL, Ach ZEFI® % &, &
RATCILESERE LT Ach fERMSHEEL, B
SEETRTEO>ERY, HAETHE Ach X
ESEERLERITCE UCERC 5. i
BRI EEERFCHRELLVIITHN— 3mV @5
BRCHEEL TV, fis, SHT R2OWTHFE
Bho LW, FOHEEMMIE—15mV
iy, BESrcmiE oM R s ERER
BETHCLEEL SR, COHEHEL Ach B
IOS5HT oA A v OEEZ L LR LT
Xy —BXEEhi. s o Cl™ % propionate iZ
»x5E Achiz X YV BisERRsz 5%, SHT K
X o TR EFHRBIERF D, U EOFEE
X modiolus @ Ach {Eficix ClI- OF@EHEHE
S5+ 5xL 5HT offfixteL 5 K* oFihk
RHESELLDTH S, Cl- OFEZFBISH
COWVWTHARETH -2

15. 2 5HBR:T in situ ©5 v MHREIRESA
CHLZTHMOEE

% FHH, BHEGE (RBX, W, £H)
FPBsEAR  3k ¥ A TREE UK & ST 5.
B SREL M o U CRMTIC RS § % %5, IEEAL
RIBECHAN, ERECEV LR = LT
F VYA (4mg/100g) OIEEMNIEST X b FREE
LihE 95~130g DF» b2 A L 2. BIE
#%, FE2ZE LEEL, WREZ X 5EE25R/)
R Ex, 7IABMEER (ERIEHIS~40
MQ) THIE LT,
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BREREK LEERI S 2T T » 10005 B DRt
TR DG T 399 Fl, B/ 34 mV Fk68
mV ¢ 53.2+55mV Tho7z. 4, 10mV
MEOBREEMND 2, 3#lE ShicnIiFiiaoE
B S FREED I o 7o, TEE ALV ERE OREEE
BT X » Th3fy 4 BRIt & CERR LRI
oo,

FUSHET X IR REE304 T it 30mV
MBI ETAKCEAL L, ¥ 2”RMEBEIE1TmV
itk in o7z, PURGERR, RIS
25, FERB 1R T TR W, RE
RivE, #ERB105TREEY 40mV i, #3044
i 30mV Hitkicis b L OB IWAERD, PR
@ik % &7 Ui, #2M#gE 17mV ik
BA L, [EHRG L FEREORMIRELTR
L.

PINRGE 2R 10512 T i 38 2 MR ER LIF I~ D 1T D
FERE»5 &, B U TWIEBEAITIE AR
#I0F IR L EER UKk E SRIE L.
PRI RIA0SRITHER 2R TH &, 5141
CIISERIERE0S TREMOKRE ST ETHEE
L7z Bl 140Cix, ARRR#305 TR 40mV i
—BEE Uit OBIZEASO—g 2l -7z, M
IRéEH105%ITmiTEH L, KEMSEERELE
HHEEMRZ40FEEE LeF T, ¥ 30mV
CETHA LR EBA R RERED R4 2 5
W, EHEZR RIS o 7.

FENIaIEE A DM, i~ DM T ORER
REETH DS, FLMASERETH T, —HR
AU BEBAIEIEN LB 2D,

16. ¥ 4 DS > OIS FINHIE O
22T 1. in vitro TORE

wE B, FLbEE, wEET KA E K
Lk, eHERRRE, EA—RR, KB, MR
# (AKX, B, $—£5)

Yamanouchi (1955), Nigrelli £ (1960) vk, ™
VeRE @ > < =, Li & (1965, 1968), Hegyeli
(1964), Szent-Gyorgyi &5 (1965), Prescott &%
(1967, 1968) 75 V%, HEBEDZH AL B, WILE
MO L, AN AOHIEEIIN T 2 WE
O T > TW5.

bhubhil, MANEBEDF <2k X1
4, 7 S ORids B, cornin FH (FKHHHEDOT0~

% 769

90% EtOH L4 HE), X2, 3D45EZH
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