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The pineal photoreception Yukitomo MORITA (Department of Physiology,

Hiroshima University School of Dentistry)

BEEOBREIC 2V TIRE K 5% L DR
Rd 5., WHLENLRERSTZIR TV
HIEOERIT L VAL LT, EREHERIT
EMr B {FERCBVTY, BT s A%
BhY, BRROBEEMERBLTV5LT 3
AELHBETH 5.

R gonad OFEXIHIT AL VO
BERGbhTws—F, TEFHEBMORRE
T, BEZAMEERbE 2EBENERShZD
B CREHEREOETH S, ZOWMERER
Wi, 0% D H-AREA-N U0 BE A FEE
BBk CHEBERD XKoo
DX, TOIPERTHY, BRE
BRZOBEPLEIMEE o2 b
5. L LaXbzopffixEeL
TIGRBEAY, B B\ i34 LRk
ZEBLDTHY, BREOEHPD
OBRKEHENHRETR L 8 o
7o (ZZTvikzEE, RPEIC
*3 B HO—REHER TR L, B
ZRMROFELRRE L, JeotF
A TRAE O B DT TlRES h
BREAEEE 2 5). EETI96243kK
2 [E§ 6 4EicE Y, P Bad Nau-
heim ¢ Max-Planck #4& W. G.
Kerckhoff-Institut @ Dodt #=
<, HOE BHEAE WER B
BEHRCRZREL L TOBAL
b, BEAOAEBEEIET IHEE

OSTEICHTHYES
(Saimo irideus )

X1.
Bred DEEEASE, WM, 18dME, TEREE Wi
B, 2FnF ARSI E iR R ARz m
3. BEAEORMIMENWARIRER. HAEETR
St. o, (2 EbH, BRROHS) & k&K (PR, PER
PHoupsy) 5 N, pin. THELTWAS. ikl <

v Giessen KEEESMi0 Oksche#dg L %
PWIIFEOEBEEEL LTEBIR L.

. BEEOBRE

RHERALIIERES b v 2, FOED» bk
HERETHHIN, WEHRROFERULOFES
b, ETHAEHOBREEERNZOHM5ES LA
bhs.

A. BREFHPTR

AR R RO WA L LT Ranidae (75 7
o), ¥ HFN, TVTIVE) i2BD

REPTILIA
{Sphenadon )

AMPHIBIA
(Rana esculenta)

MAMMAUA
( Epimys norvegicus }

AVES
( Passer domesticus)

HBRRRE AT ST B R O E AR, B

»0, ELVEECIRRV. RHEECEAEDERIR

FoleDT, TOBRELIEETOT
— 2 BT, RN D BT RER
ROBEEIC DOV TR T H e v,

BEVEASTETEIR, BHINEOH 58525 katk, BET
35 TN ZEH L bulbous cilia, lammellated
whorl structure % % 5. TEILIE TIXRRENOZRTEA

B, SWENSE255 (BEAT Studnitkal?,

W, JeSREEMGE, BTEERMGE Mk
{esiym R, HEFEL T o T

Z 31T Kappers®®, % Ofiipx Oksche et al$h9n102
X5, Dodt et al®® % 53(F)
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HEEE S 5.

fit#Rs Epithalamus 0)—"‘575#‘&?@ URASR
DRFELLSD. ZOREOMMAE b ES
=ML Tvpw 5 Stirnorgan (& =13 fron-
tal organ, DAF St. 0. LE$¥) 2y, 85
DESTX T O, FMFRPRIRICES. %E
M EA{K (epiphysis cerebri) TH 2. L7z
S THZNVTREE LV LIE, St o, b Lk
DRFEEEZL. RET S LWHFOMICEEEH
SERR L, BEMAEMHE Nervus pinealis, DL F N.
pin) RFEE %S (X1, AMPHIBIA %)

1, A

- BIZERE L Rana esculenta (3 —n v
NbE Y= HEN) obk&EE, ES1mm,
SR 0.3 mm BOLDOH Uik~ 2AROBES
bh, PR SMELEKL T 5. kA&
OWRER L LT, XZ5MM, ependymal
DIFFHRL, 7D 7RI, MHREHIAD, bR
MR EPBEREh T3, GREEREEY. R
AN EREE RO, I ra vl
VT I E bR, WEMCERESD
bS58 %E‘n‘@ lamella #i&i3 cone BHehy, B
émm4pL¢mC@ﬁﬁ§wkmrlmﬁ,
JE &% 150~300 A ©% % (Oksche & Harna-

ck9%), ({AIFRHENE © D E1X, Rana pipiens o rod .

T, Z 1 Zh55y, 10004, 150 A T3 5. Oksche
& Harnack®® X v 5|H). #Fhe LT, 4
HioFESAE~OHEHBRAOh 3 (Kelly &
Smith™), &F Ueck!?®) 1%, = w4 fiic ets
KRB WL HRER T3, R2E
A RIIRMBIE O HA D & 5 e HAIE Lv—7F
BORFNEES, BRENBICH>TLETF2 b
SEBRH L T v B, WA & SR
MoMliciy synaptic zone 2% VY synaptic
vesicle &.77. 3.

ML & PRI O %D k10 ¢ 1 &
AR Y OULEkE 4% (Oksche & Harnack9).
TREERIRL S B M T S AR B
Tractus pinealis, JIF Tr. pin) # L T#F
F7, BITH~FH 25 (Mautner™), = o hizix
60~80ZRDFRERHE & 200 Az D FEREHRAEHS TR

» BT % (Oksche & Harnackd®), 38D HF
Fie sz, H=rO kARSI
JaRBEEC RS T3, 20T IR
WEDOZN LR RE B L5 (Paul et allo),
Oksche®). WAIFTIE I =ADM, 1F YD
PAETH, B L LR LA
BwbhTws (Kellyhm),
2. Stirnorgan

B o Stoo. X, $ilziE Rena temporaria
(3—wmy XTHF=N) Gk, BEZO0.15mm &
DRFEBFRRE R LTEEOHIcH 505, &
B EFERDE DT, HMI»SBRTHLZED
PERBD b b, MR RERTR O
FAEKLRARETH B, I REERL Y ARH
AIeEAEZEARE V. BRI & kg
DI 4:1 TH B, St o. b HHEHRE
Mk N.pin. bip o CHEEE2 LY RAKICE
5. BHEOBGL Rana esculenta <, AEEMEHE
1 ~22K, MEBEHHESS~1464Tdh 5 (Oksche
& Harnack9)9%)),

B. AEBEKHETIR

B v DRERETIEZENA OIS & b=
Al ks, B3 X5 ol bitic
HBRZELHEID bR TV BN, Z0REER
EHBT LS R—Tiki .

1. FAEFTORZE
77—VBIUVMS222 252 = VO
FIHRER 7z 5N St o, #HH L%, BNz
BOWELREL, LEKEZEHNTS. Tz
EBREEFAL, REEE 52 5. BHEBIC

SM-KCl 77 2 uNBHRR, Sols% BRI
U Insl-X CRIBOHEL THER L 7= 8818
BEHV3. BEEHACEEES BB LY
Berliner-Blau &% FI/H L T 0EHEAL O R
EEfTRY. BlEcEEE, VRE»OOH
EBXE, FTH7 V-2 LB LTHEEN
fErh15nm) & ¥ 3.

Feli & BRI B % B [N o B B i B &
FIAT % L HIEMED spike hBE 5 5. [IkE
WIcH - CEBEAIL, KA 5 spike
BALOBMEE /N2 &, 2o E4eERE
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¢ Tr. pin. ic—3%+ 3 (Dodt & JacobsonD,
Morita™). #H L7 B RMHEL, B2 THD
I e RH e S h B AR S, BEIERR
B, BTSN B HExIBIEX 3.6X107°
lux (5.33x 1072 watt.cm™?) & #E TI& < (Dodt
& Moritas®), WEERIIRAEEOfE (5.68x 107
wattecm™2, Baumann®) [ZiEVv. FIEEO R
E% LiF5 & off-response 23¥bh, SHIC
Bk TRz LIRS h, spike BEUHRD
NBEARLY O #E T 5. Off-burst O
Bt s @EIERE TR Y, HIERRICH
bhBks. BEREKEOMBIZEREL LT
BIET 3 L, MBEO RN & REOTII—
#£TH v (Bunsen-Roscoe DE:R) FHILZERE
DEERELLNS.

LR BMAiRkE R v C  flicker fu-
sion frequency BT 5 &, 7/sec LNfE%
5%, ZOHECEEBEHRT 50 off-spike T

s 2

RELATIVE IMPULSE FREQUENCY

% 5 4 3 -2 -4 0
LOG ADAPTIVE ILLUMINATION lm/m%)
0

o &

LOG INCREMENT THRESHOLD
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T

1

J
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1.2 M

X2, ¥ =) kb DOBMHRKE. R
LR, BEE 7 « L& — D density ()
T 0=12,000 lux. Fe, BANER. BIEVE20 mV,
1sec. 3M-KCl # 5 A{4/NEWE, Rona catesbeiana.

LOG RELATIVE SENSITIVITY
'

6 5 -4 -3 -2 v 0
LOG ADAPTIVE ILLUMINATION (im/m?

X 3.

1 1 L 1
0 400 900 00 100 "
WAVELENGTH (nm)

N IE L BSOS X, A JESEOMEIRREC H L O H R

spike HEOHEE. 2 RERIRSIEISHE O KEIEES 100 %. SeSEENEIS L, 3HECT 0.6 30
S Ude. stk b QBN WLILE. Rana temporaria 4T7E. B: EXREHBANERSE; O B 6 &
(V. MEBERRE, WOMERIEQMAHE. 7 A M, 462nm () A vV F, 605 nm (A).

Rana esculenta O Ak, C: B, REHIASEOARY M VEEM. BT 3 R ORIEGE,
Eg3LiE 0.1 tux (REREMEDL0ME) O B EETHIERS Lizi4. 32#51% rhodopsin 35 X UY iodopsin
DAL, Rana esculenta O kMK (A3 Morita & Dodt® 7>, B, C i% Dodt & Morita’®?

»b).
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% % (Morita’®),

BREOHB S22 BAD ARMEREBEOH
EE{kense, K3A 0X5ic spike JHEE
B SR T LR EC R DY T 5. 1072
lux BEERL, 10 lux CiEsmicig s h,
bz spike BAIRShixv (Morita &
Dodtse),

IThHOORERESZREL, HEERREKZ
BHLEZBOLVDOTH 2 b, EERZLBL
TRBAHRT 2 BRORET, REABR L0
EoRCKIE T 3 » 255, BRERE
FOBERCHELZ L TER b v, Rana
temporaria Tk, Z DEIZES 0.34%TH -
7z (Morita™®)® ¥ b Ak in situ Tk
& 3,000~0.001 lux DREDBI 5 Xiz spike
BT 55 3. b & iR, KB
(BOCDALE) PEST 5 FEEOBE i 105
lux, % HOERR LS 02lux 55 (Le Gr-
and™®), RO LS, F ¥ v Vv 7L DkE
b Z iR CHEOHE 3 SIcEFaER 4
bhTv 3 (Bogenschiitzl®),

7=V EAEKORENRG DR ERREE, RIHRE
BoB& LT 2HETH 3. oF VIEEOR
MRS X OCREISEESI DR 5 — 20BN D
ZEETRT. 7R MEOERERE X TRIERE
WeHD L, BEEONHTIEBMANELED
h, REZELoMmbAE . Z OHRTARE
B4 L Figic Purkinje-shift & [F Uik
CXatEzxbh5.

L

r LS

425 526

| |

—_T

B

B4, H= bAE»LOBMBRNE. KRE
HEE A BTHRShERCRETS. B HL
=a— R VYPEOLTREFRNCINE X T v
%. &IE0mV, lsec. 3M-KCl # 5 2B/ NEIE.
Rana catesbeiana (Morita®?).

) EEOBHMI O W T T hillE X
T3 (Ganong et al#®),

WICTHESHENERR L, 5lgev < B i BHE S
LIeBEOWMHEE © £k, - % b incre
ment threshold Z#IE+ 2 (F3B). HEHARE
BBTARAMEDOCVWIHOESD, B 25
x10-*lux D52 bHEEFARbN S, 107
lux DOJERE TR OHEI X 2BEDEMN
Boper), ZOEZSOREBLLA T
<. 10lux PLEDYTHERT 5 & spike &
LEZL2EME o TLES O THEREL
5. TOMF, MEZELOESX4620m T 10°
IZE 5.

R < AL B - 2 PHIRME 2 3
LLTARY M viBEEER R TS, K3C
DX DTl s, BENEIET Cid 500 nm (2 HRAME
& Y rhodopsin DRINEARICIEIE—3K L,
BB o fEi% iodopsin O fEICES &, Pur-
kinje-shift %R 3. BED 1 FEopagT
PANES U 7 Ry D RREEZS(KiZ 650 nm. B | © i
1/10~1/40 D& FCH DIzt L, 530 nm P,
T Tt 1/10,000 L 7z > Tv 5 (Dodt & Mori-
ta®),

DEo7F—2ixgFH spike HKEHS, %4
BB LOREERT R CORECIHH & h 2
FEREHREEACTHEIELED © Tdh 5.
Rana temporaria, Rana esculenta o _|-A:fk
2> b D BEALMRIREILFE & BIEREMSETH
. f5 Rana catesbeiana (v F=n) ©
¥, SRR CHHEsh, BEELCEESLR
RN = 2 —u VRAIR Y DEISTH O
5 (K4) ZoREMEER, spike B0
TP DL THCE#IZIZbnEEL LR
% (Moritas). FF{LIDFT RS Y L O B
ThbR5h T3 (Gourast®).

2. Stirnorgan ToORZE

FHRDOMICS > THAL LB EZFEZOL ZD
#EIL, TOME bXZAE BESAYE b
BV EFEZARBL LTOREEREL »OH
C bR T& 7 (Gaupp??, Bream!?, Studnitka
17, Holmgrens? 7z &), Heerd & Dodts®yx
19614 N. pin. 75 spike BAIZEH L T,
St. o, BNHIBI T 2% 4k o T EEEEEH



REkORZE 667

L, %0 R @M L IR G 2 B
» HFEEHE Lz (Dodt2n2)),

RS2 321~673nm D F 2 MO,
355 nm DS peak & b o M HIBURE
& 515nm & peak % % -OBBRRZM D
5. PHIRAMERE 3.3 107 watt « sec? TH Y,
BRI THIER L2 Tb, REIEC X 2RIE
FRA i, FREOEDI S L RERHE O
FHix 2.5 msec~128 sec DHIELFH T—ETH
Y, BB bEREPERC > T 5EE
T

FEREMEE T AE MR THRBMEKER
PElEh, %o peak it 560~580 nm 2% 5.
BB X 0 BEEE LSBT 252, xR
fErx 1.03x10°° wattesec™ i %. Bunsen-
Roscoe D#:Hix 0.1sec EST LAIIRHEIE D
BALFETH S (Dodt & Heerd).

3. b VRREEES b ORRELL

St. o. 1238+ 5 mEERHER N. pin. |z cotton
wick electrode %4 CEFHEMT 5 L, spike
BN O FE I & - TRREMEEHT 3
(Baumann®). ¥R OFIBOL T BEEMN T
» Y, BEEA B ECEN 5. Spike BAL &
O BENHHE T H 5% (Hamasaki & Brookss®),
J RAA T spike BALZ T L b, BB
135 %% (Baumann®) 7z & St 0. yoofh
REID b DBy T v P AEL O R R R
Cohiens (Hamasaki®®), fgEiEOHHAB TS
T A RBOBHICIT SH OV FF e 5.

EaAfmiz 3SM-KCl %7 2 BB EHIAT
% &, FRIz30~40mV OFRILEEM & 271,
JEHIB CHfl S h 3 B FME spike JHE 2B
T35 FHED), ZoMmlico THESmEE S
5, Yoo off ©, —gED latency BEFUT
DUVR_NVIREY, [z off-burst BXEbh 3
(FRHE). ESRGFEM T EABERIL 2 K,
JeRBC X I CHRESRERET L v 3
0, OB spike BALOWMAZE L K& L
nAERBELEET 5 (Morita™ o Fig. 3). =
PRI CIBAYHE LT 2%, MINSMEHIC X 5
spike DIE@ERERLEZbDEELONS, &

N OBIEP B, BRRETOWHNIC TR
T OBAEHBAFR L T 2 HH ) 5.

St. o. ke % synaptic zone OEFEB
IR ERE300~500 A o synaptic vesicle 735,
b T3 (Oksche & Harnack®99%), Hj)s
F v 7 RicKE s ellipsoid type o vesicle
(Uchizono!®) #Eb¥ 28bHbh25, &
DERP DR ELRBEMCTA LTz,

4, BEE» D ORI ERIREM

Brown & Murakamil® X {IEREE Iz v
Rz RE T 5 L, latency JEREDRHIE
REENL (Early receptor potential) p3%igR X
NB3EE D TH%E L. Lamella &% 3o
S D 223, EFIR—FRETRCBRET
i B OBHIZTRETH 5 5 2

RS L St. o 2FEH L= A0k
A4 % 400 Joule o3&V F ¥ / VIR TR
L, MBEMREIET 2B -7 F T =
B GEH Ui EBALE, control & LTHIEL
7R isolated retina 2 & DL, EM
BINES O EDSEED TR EITwe (Morita
& Dodt®)). 227 b Vg% 55 & rhodo-
psin OWIHERE —F L T\ 3. HJE
R 2HERK TH 5%, Foefkiciies
ERRiEvER ¥ » b, Melanin iz k3 &z
(Brown!, Brown & Crawford!®, Ebrey &
Cone3D) Gid i VN H 5.,

5. FBRAPREE L RO ARER

St.o. L AR UEECHE L T 3
2, % OHREIIR— T, St o. TONZE
BEZLIRAETOI DN, LEERTIR
Rana catesbeiana ¢33k & UTIEREM, Rana
esculenta, Rana temporaria Gii¥s ¥ IEREGME:
Th 5. FIESRHOBREL ST 5L, L&A
DFH, HEOBEREERCANTD, %72
RIEAME. WH ORCT%» OBRED 338,
b LGHAERRR D 5 D5 5 .

RELeh = )V T OWEE & 5 S aik
H, N. pin. OFFITOW T, ek
BAP—F LT (Gaupp®”, Breaml?),
Holmgren$?, Studickall), BEIEPy D_EAEEIT
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HBERE Y T, PITHESRMEZTRY, H
#4540 N. pin. » 5FRS hicBME{LZEH
Thid, HEREEGKORFE HO» LY,
ERBPICYF v I RO EEE UK
(Oksche & Harnack®®) OUEBKRIT & 3
(K5 A). DR, FTHEEMIBES NI
(5B, C) znEFEELHETHL, 9~2
m/sec, 2 ~ 1 m/sec, 0.9~0.2m/sec d 3 FAS
R&hiz (Dodt & Morita®). Z Wiz BHEHIC &

W™

H5. REAME~OHFTHESHBE. A HH
B) $X0HEY (E) EEofiE. St. o. Stim-
organ), N. p. (AR {&##%), Ep. c. (E4:4K), T. p.
(AR o), T. o. (H%). C. p. (%35#). B, C :

FTHEERRRCEE ShABM. BEIIHEER
1.0: LB OBEKFE 0% S. B Tk 18, C T
W 2BEOEENLBNS (2m/sec & 04m/sec). D
1St 0. ~OFSBRBHETCS X ETHEESH
#. E: BEELRLRHE Lick:. BEXHEOLER
D :4£<[FU. BEIZTT50 £V, 10 msec. Rana
esculenta. (A, B, C 1 Dodt & Morita3® 5 D,
E ¥ Morita®® #5).

ZRECOEH, EiR X FoRHoOME
B HEY T LELORS, Zhidb v
DEMETOFTR L LI T3 (Tasakil2nim),
Bt % i+ N pin. 04, St. o. ic
BAREEHT 3 L BRERBEI RIS 5.
EREYCRHBT 3 L EEEZ S 55, Tk
BB LTy 2BcEREREY TS L,
FERIN T v 3 PTHEMIISEIShTLE
5 (H5E). zhix St. o. 2bOROMER
2B, BIEBMEBERELERLEZZLORS.

o, BRARE & b icEpdE, —HO
BHESIRD CTRE L, TORBIEDIISEE
BhHb. Z OFD> bEEDERNEVELE
BEOTEEN RS, TORF 2T 5
%, AUEBCHEERHBEEL TH. €
DOFER, H¥EM: spike HKEixtTaile,

Zhic i ARESE B bivie (Morita®).

Z @ post-tetanic potentiation (Hughes®) %
BRLcE, BIOEBHIC X 2 HBFETR D
5 (Collin2), N. pin. F1DELEERMER Y F ¥
FPREHLT St. 0. OEHBRERICMEP DR
LB L+ feed back system DRJEEM:AN
Ezbhd, kZLEOFMICY - TiX, RE
Lizhx=ro N pin. ORI EEZEIT]
WD b BE, BEICE->Tiz N pin. 0—ED
WD DB EAERICET 5E (Ueck et all?d)
BEEBEBREZANZS TERDRY,

Kelly et al™®™ X Rana esculenia ok
tkic, RBEMMZFET end-loop IRoOMER
MEBRLUEMERECTD 5 5 LE#HLTY
5.

EAED B & BIPRAF D wRRgER Tr.
pin. REZEE > TWEPEEDBMNTH B
B, BEOHFIC I NIEHSEP b & b ItilE
Z, —IBO#EHET pretectal region 33 X U
f¥% periventricular gray OEESZBHREH,
SRS B EEI P~ DB S ORISR L b
hTvws (Paul el al.lo),

I. BOEOBRRE

A, TERBFHIMLE

BE LYY 205X (Petromyzon fluviati-
lis) OREAIER 0.4 mm BoOMBIRKE Iz
LTEY, 20 Tiz/ oI R M4k (parapineal
organ) BROVTv 3. MEKLES KRILEHE
BLUBHMMLEZXRE, ArbAVEREERER
3EH %\, Collin?D~2) jz k% Petromyzon
planeri OFE#EFHHRFIE X lamella #EEoD
Sz b o N AN, RN, REEH
i, PRI 5. KEMMIZ S T = kG
FEHRERHRTHOCREERIAL AL B.



MEKRORZA 669

- B. AHEEMNPIR

XYY AT XOREEERHET 5 LAaEL
DY R NCEEN B B (Pelr. fluv. ¢ Younglsd),
Geotria australis < Eddy & Strahan3®), -
Petr. planeri OBERIIBERHEE Mz bh
% (Eddy®®). = h b 0AB X CHMF AR ER
o, MOBEOBRRESEEONZREANS
ZLEZONIEDTCROERE T o/,

MR EHH L, BEEMFI LK EER L
25 in situ ORREICEBERIT L, KR
XY 2BOREN & b Iz, 1831078
lux ORMEERL, DFEE TS5 534
spike #fET, 107 lux Ll b Ci3EssmREX
S h, off-burst OHRES. BEOI0ME
DEABIET 5 FEBANERT 5 L 205 CHEIER X
SERRT 5. & 2 Elix photopic range TG D
RIBECHRE T 2B Tch 5. MHH LBR
ETIBBMLBRSN S, —BOKE SORE
BALE D BIC BB XNV X — 2K IE ORI
YCRET S L 525 nm CBED peak b
% (Morita & Dodts®)).

II. EERBMORRE

A, FERBEFARIPTR

BEAHEOBRETORFEMSC LY, W
BN MBC L 72 75 & b ol (Fre-
ksa'®) iRl (Hl0), Mg (Holm-
gren®®) ERFA L, RRBEOFEMERRL S
AT (Rabl-Riickhard!9). 7 ofitess
BRI 2BETEbIHLIIRSh, Flx
¥ Phoxinus laevis ORRATIRBREED
SAE B b 0 AN, SRR, PR
Ha, WERMENBERSHh, VT v 7 REiICik
synaptic ribbon % tight junction 3£ <
b5 (Oksche & Kirschsteinl00108)), 2 7~
=Y =2 (Breucker & Horstmann!®), 7 -
(Omura et all®) T EFPE T lamella ik
L ONERR BN TS, Omura & Oguri
16) IXIEBRRICISEOBERZTH N, Z0ON4
FOMREMAECTHAMOER L Bbh 3 & L 85
L, 9FETHEEIfI % » T 5. Takahashi

1) zksl, O~1EDx X g (Carassius
auratus) TiE L0 X O REEREMER LR
B0, 24T D ARSI RDY,
vesicular % tubular BlOEENRZE L L k5.
TDEPD, BREEOEEOBINHERS T
W3, %L T Phoxinus laevis <%, iRE
WEDOZ O XS KHBENELZR DR TR
v~ (Oksche & Kirschstein®), Omura & Oguri
D @372l y €—& v CRERICHE
DELEBERL 8B, & biciRER
MM OEEILLATICSER L TR D, #
BLTVw2ETHS LERLT3,

B. APHETR

von Frisch®® (1911) 3 WAIREKE#HE L
Phoxinus <, BEERDEXHET 5 L hk
HOBEMPRE 2 5 FEBEL, BMESTc
RBEEANDS L LTS, 20k, FEE
iz X A28, %3 phototaxis iz X
ETREAHEHOER C >VWTHARLATH 3
2% (Breder & Rasquin!¥, HoartD, Kéhlingt),
HHFW I AL~ 0 BE DR R D
Y, BREOKZRCOVTERE T THRE
HTholr.

1, =YV=x0i8Hk

Dodt? 1319634, WHIIRIKZBRELL=
< A (Salmo irideus) DRREEEBHL, BB
ZRALT spike BEZEMHL, Zh3YEH
BCRET2E2H8 LT, BEATLRER
BERONZEREIIERFOF LD CHEH L
e, Bl TEFRFEFME L LR URMER
BEZBELTUTOWNEET Vv, =V <
ARREORZEBRE L COMHEERNLE
(Morita™),

BHShcBH#tED spike EALIX, HEIC
v 2 E (340~8150m) 2B - Tl s
LIRBEED L OB KIS THY (K6), <
e, SR cERECIEISh, BEEMO
FIBOL CHE 2 5 5 REMISEPBRRS e,
1sec OEENXTHELZGE, HIEREEOH
HIBMEE 3 x107°lux T& Y, 2.5%x 1076 lux PL
LOFFELE T CIBEO LA R RN D, F
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B0 % & PREIER B 2 & BRI L T
HEMKEOHEE2#25 &, 1072~107%lux %
LIREFEEIRRBD LiEY, 25%x10° lux TR,
+5. WV EEKOBELE-THIEE 2
7 x10* lux BB LTHREAMKEE R
Hizhv. = U ATCRBREAKEZEI RS OHE
B ERRDHY, KEOEBALRC. vwbY
% pineal window Th 5. Z OEOBNEREZH

6. =U<AREKILOEHEN. Lo#E
REEEMARLEZTT. T pin. (a) »BIEE
A EA (A), ARk (b) 2> SIZBAIFHRE (B, By)
NPE . NZ (FEfifia), SZ (h32afmia)
SRR L 0.94 sec. gREHER. B A, By
G—, By C+. B, OEsEs 1sec. (Morita™).

3L, kE10~13cm DA TiE 10.2+2.4 %
(s.d), 156~25cm Tk 1.4+0.6 %D HEEHFE
BT 3. Licho THiEOREETIHROR
T3 X104 1lux OXETTIZRL TV BEHKL
k5. kL, BREEZBIBOORECHD
BEAFRBEIERABELLEVE LTOHRT
b5,

ALY PVEREMEE RS L, peak XV
PEAD X 5 C—ENfE T L b F, 500~533

nm OEICHA L T 5. AIREE O 5 &
(Wald2®), Bridges'®)) & [Ffiz rhodopsin &
porphyropsin OEENEZ b B. B, FIH
RO 2 R 7 b VRS BB L. 1600
lux, 1.6lux TZh ZhBEG LB OREIER
PB4 B L U203 TH Y, HTiv b4
HOBELVESHTH 5.

B 6 B, ©ix spike Bfrostic, mEliceEd
PR L &, off-burst BEOBMEMMARD
nA%B, ThixFERME FrEEklsed), EF
¥E25L, BROGHIMINCHIALE
1z, spike HRIEAEA LickR A ORE L Bbh
5. Fiotic X a0 spike DM
KLTWwBE (Morita™ 03, 4) &% 3
L, Bz NOBA LR, spike BAIOHMIC
AR ETRIA O BSHE, Licdt o T IPSP 23k
S>TWBEELDND.

2, Engel-fish ofRARK

Pterophyllum scalare OREEZ=V <A
D k5 icERTEEL, BROEFERITDE .
BEAEE O FEIHERIEL, B x pt
neal window 338% bhis\v., L Berg-
mann® 2k %k, JEE LRI, BERER
BEge B n— MROBERRD Y, S0
FBCBEL-TY B L v 5, ZORBOARE
7o, HEABLIERATHIEDMOA TS,
EFENCIRREEF N oM, XA
HEEL SEIREVBEIL TS,

Z ORBEOEREDORRZFREINE, WHRE
BELE, BEACEBERATIHFCL-
TEBRBICHER S hiz (Morita & Bergmann
®). z bhic spike Bz E L THRE
MR TH Y, 525nm T AT PAEEWD
peak 3% 5. HXFAEL 7.6x107° lux TH
v, 0.75lux » HEJERE TR IR S h
5., LieBo THEEOELREBRICAN S
L, ZoOREEIERIMEISh, SEPORE
Fiic spike BALZHIL TV 5E L 5.

BEAETIX = 0, 7= (Plecoglossus
altivelis), XX (Pelteobagrus undiceps) TP
BRAEBEMTFRC LY, BREOKZEER
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Bed®» b T3 (Hanyu et al®). 7=, =
U AOBEETE, HRBCST 2RE0B
BALBESh, ARPES S-EBM, TS
BALL S h T3 (Hanyu et als®, i
7o B18),

FHECRBEADN, REETD Mk E M
(Riidebergl®), FE&LAB%A (Hamasaki &
StreckS) | EEDZREREND DR T
5. %FDOY * (Scyliorhinus caniculus) Tix,
FERGEM:D spike BE (BEIX 4.3% 1074 lux)
&, PEEEMIIC BT 5 LB L b h BIREM
PBEESh T 5.

V. RaBOmRE

A. EERFHIETR

Tew¥d, Hz b vy (Laceria viridis) <
1%, BRAERE, BN O AR T 55,
ARk (pineal organ) 2 BI#AEfk (parapineal
organ) OJFEMIA THRENS. REH, &
RAhi% LAk (epiphysis cerebri) & L -CHEEM
WBEY, —HERREAEELE 1, REPTILIA o
X 5 iz, BISEERIC 22 U CHATERR (parietal eye)
L75% (Kappers®®®). E-FFEMSEIC X 5%
TIXEAIERR, EBARMRE LI AMA Ao,
FERBOBEIFCRIEBELTRY, TEF
B D (LEO) BRREREZERON, &
bAEL T 5. L v XM AR b &
bhTw3 (Oksche & Kirschstein 100, Eakin
& Westfall?®, Van de Kamer!?®). =254
faxEw (152 oAHizRL, HAEL W
lamella 3% % 5. —F LEFOHEITEL
(2g), tubular #, vesicular BZZWH, B{b
LTV 2HRENEL, Bir “F <X XEREE
(whorl-like lamellar complex) RE>h 5
(Oksche & KirschsteinloD),

B. EBEZHFTR

b ATk, BEER, R4 LERAMR
LD B T3, FAERIEKEY TS LEE
fiss k¢ spike BIPEHSh, ERICX-
TISE DR N F — B 5 (Miller & Wol-

barsht’, Dodt & Sherer3, Hamasakis25).

AR Y NIVEERML 450 L 520 nm jz peak 3%
b 5. FBERORETRREED 2o 100
fe®db 5 (Dodt & Scherer’d), AT
2, L7t o CHRREMDIEDHR bR,
RUMEXSEER & D & <, photopic range &
% (Hamasaki & Dodt56)),

V. RRoOnRHE

A. HBRFHIRTR

b Y ORESRAREE FRIRRNEER & /NI B
Fh T, Sinus sagittalis OETF, TEEP O
Wiz ® B (Oksche et allo®), = = 7 &3
DEESRICE S . » F (Columba livia) 2 X 2
(Passer domesticus) DBEFGTix, HAEL
v lamella &% b o4 ik 75 <, BER
(bulbous) o cilia 3% v, FEAIEERwhorl
BEXD 5 (3 1, AVES). L Lz “rudimen-
tary receptor cell” mEifiz ik synapse f&1&
DA Hh, PREENIA, MR L BIEREh T
Vw5, Mz OMABEAICE dense granule (HE
1000~1200 A) 255 1 T v % (Oksche®),
Oksche et al9n9M102), Ueckl?D). = U L YRR
X A0 e FicbEED whorl #iE= cilia 23
BESh, BEOAZEELHVOIDLTIE
R23d 5 (Bischoff®).

B. ABEMFTR

R0 X5 e HZABL L TR ERREE
EbOLEXONIWEND, Kok HEE
DB HEITE B b0, FHRBENRRN L P
TLUTEREITR o7z (Moritadd), ~ + DEESE
#Eg& Sinus sagittalis % FicKEL TR
BAROXMEBEHL, EBEFALLEAR, T
LIHETMOBREEICBIT 5 X 0k, YHlEKic
ST AR BET s ER s o, BEEE
BizH - CEBWCHAT 5 &, /h& iz spike
P B 50, BRE~OXREICKGT 52FiX
BV, TRERRBERR#EN b spike TH
ZeBELLbND. T0OHK, VAT, AX 2 ORE
HTLRC CEREFTR AP bhiz (Ralph

& Dawsonl1®),
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V. REEORECONTOER

Gk LRRE

19114 von Frisch®® 3477 -7z Phoxinus
DERBEDOERIC DV Tt T Tt filth 7z 23,
HEEL~ORREEDOBEEZ, BOERIC X
>TEHHALMPTH 5.

EEREOYY 2y FXRARE RIS, K
EBOBEKY X ai3@bhT v 5. Young™®
1319354, BREKEHEH T L, T X LR
HNAEEZEEL, TEE»DOBERBILE
MBOSWEIHIT 5 impulse BERERD
HTw 3R, » 3V iz EARBEEERD
»2MBEIREEPO/WS T 3RS
FTTIRIBEHL T 5. :

Schiferl!) i, ARk % B3z L7z Phoxinus
laevis WHBHET v, REEILORBEZR
FL. 16x105lux o HENRTTTRER
BEH 5D, BAEOBKECTHET L, &
H U BR A2 EERE T 2568 ORMER 4 X
10%lux :7 5. ZofEix spike FHEOHFH
PREL LTHE L=< 2BREEROREIR
s TV

Hafeez & OuaySh iz k 5 &, REREHEZD
=U2 AT, REELOEK Y X » BRAR
T X Y BRTB. ZoFE»LREER
NERSBCEE LTy 2HRENTH 5 L v
5. —7F, MEBFHCREEAOFREEL TV
Mordacia mordas (BOFEO—E) Tk, BE
R AAE{O ) AACEBERBIELT
iz (Eddy & Strahan3).

h TN DEEEIC OV TR, BARHROK
BHBRDIE L, HRAOERBEROIR, %
EOHEETECHCERLHIEY 2 H = b
(Xenopus) ox#2< < ¥ 7 VARvbLhATY
3. BEReB L, AROFEC DL THE
B 558, BRERETZ ORIGREER
+5. BEEINVELOAT =vEE2BE
HUOHBL A5, £zZ® “Body branching
reaction” [IRFERRES O, B BILERIEG
LixE iz { v (Bagnaradb). Zh & 0BIERp

5 Bagnarad RkDEHE T, HAPTTIR
BREEOZHRAROEREM LT, BEEH
>EARMEBEEREZ LOPE, B AT
= v BRSWEh, FERIERET 5. SREK
X o> TZOWBEOFWIEILT B, —F, T
FARANVE VIEZ—EBOZWERT T2 DT,
BEFREFCERL, EEREECES. &
DRI Xenopus O H»Th <, TEFHDOAE
FTRTEHEST D LI,

Bogenschiitz~1D 1%, BEAZROWIE, %
£ O & B T©FIH 7 % melanophore index
(BB OFLBCRIES 5 B 1< b i, RbIE
BUREE, Lo TEBlhofhedL
+3) EHCTRECH S & LRGAE{LOBER
PP, BEIESE, RECHZSEELTT
ReFF=Vx 7 VOFRBREILDY, 5
mEUECRMTT S oKk, vk
kb O ERME spike HER, REOCHD
SkoTkEIFEh s B A& (Morita &
Dodt®®) jz & T 5.

Phototaxis, circadian locomotor rhy-
thm 73 &

FEADBRENERECEGED 5 22 & 5
i, EEHLATERY. ABCERARO LV
£, Anoptichthys OFREEED LN
positive #» & negative %3 &9 (Breder
& Rasquin®). 7, Hoarth) @R =%/
(Oncorhynchus nerka) o 2 £ T, RPEMAEX
negative phototaxis {5 L Tv5 tHEL
Tvw3%, L L Hafeez & Quayh 3, =¥
- A CREEITERECEFRLE LT 3,
de la Motte®® & Phoxinus & Zte18FEDE
KT, RIRMKEHEZOERE 2ITEEEFHIC
FANBREOBEEEEZL T 5.

B No—FE, Acris gryllus ITHAIIRER %
BRELTHDD, bBEDOHFMERE (celestial
orientation) ¥ - TV 32, FORICBRE
BEELTY 30N B (Taylor & Fer-
guson'?))., ¥ ¥ g5 v v o—f, Plethodon
glutinosus < b IRBHHH %, HNHEKESY X
A (circadian locomotor rhythm) X7z <
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W, HENONREREBOFEIHRS
Tv 3% AdlerD). Gaston & Meneker# |z &
% &, AX# (Passer domesticus) o HRNHEK
EE ) X AR REEBH cELh AL 5, BR
Rz AR A D “ERPIEEER O i B R
FRELTVEL L,

Aol & OREE |

LB OB b1 A T b= VRS
nTw 38, FEO X 5 ke kL circadian
rhythm 75 S HRAE S EE LT % ATREME DS
bBENPD, TEERBMOBRRETLRSW
e’ HEEE S h T\ 5. Bagnarad iz Zhid,
BEMKIZAT b = v B E N7 DR EILER
FJCtharlEh Twv 558, ZO%ADE
(Hafeez & Ford®, Oguri et al®, Hafeez &
Quay"), # U H<* (Owman & Riideberg
) 7z EOMT, BWEHRERE, H50ETAY
b= X BEET, AT b= precursor
ThHBEu b= 5-Hydroxytryptophane
BHOLNR TS, Fif Fenwick® &34 0—
$&, Omncorhynchus tshawytscha OIERMAEIC 2
I+ = v ndby, HROBREICHEIZIRE D
DLWELTWS, Fir F v ¥ =z (Carassius
auratus) b, HRROIGICHT D KSICRRE
DBEETAEEL T 3D,

iz 3H (Charlton?), Iturriza®, Owman et
al.109), Ueck!), &H¥E (Quay et alllbl), &
¥ (Fuxe & Ljunggren®), Oksche et allob,
Uecki?h) <% JFfEiz biogenic amine DIFTE
BDHEEN TS, L LR D TEFIERY
ORBEESEAECBT 5L %, A5 b=V
DEBRELATAMTD B0 E D PIROVTIEER
B4R 5 (Wurtman et allsd o 163 H).

WHIECEE Tk A 7 b = v AKEERD
Hydroxyindole-O-methyltransferase 2%, &
BRI LERH SR T3 (Axelrod
et al?), = PEEROEEIIBREOH 5 S icEE
Eha. TR, MEE? D OFRE_ EEAEE
BN L CRRARR R CRERICET 5 L v

5 (Wurtman et al.13D1s2),

V. REERESNEANDOEE D

MO, W4 BEAES, TSEHDY
DORREI TR BRI, vy 7
AJE, PRIEETAIE, MR Y, RRAET
EBHEBAPTD bR T3 LR, BERE
BT S, RIS T 5 spike BALRRE
BALAZ bh, ZORKREIED THL, HEEx
LBLTARTIHTORSIRGERL Y 5%
BHLPER . .

—FWEE T, Z0kd AEEORSAY
BB D DEEIRLNT, FHPNSWERED H
DEZLNTVS, MEOPRBIICMET 2008
R, REOBREGTOLI LV L), Tk
TR, BIRRMAEICHERT 2HERIE 41k
LI B TH DD, KD FEIEZEM
ROAFDERNEL, bW BBITHEL)
Rons. L UEBRAEEPEICEZE G
DHENT%. BFIC % &, HE 7 Bk
DX 72 & bulbous cilium ¢% 3. Lamella
Wt d - T whorl JBTh 5. HRENIN,
Yy ARG, WRERHEI RSB, SR
RT3 BEMTEH STV R, — I
hrds 38 o b fu photo-neuro-endocrine func-
tion &z b T3, WILE T, EEDON
RRENIEL 250, NSWEEIXEE~D
KA CHE S LT 5.,

ZD LD CRERENCERICONT, B
BERP ODNDWERBECBITL T2, ol
B4 283 MELTTH B, L LETOMER
{LEERFEIC X 2 TEFHEEWRER O T
1%, B4 biogenic amine SEERH & LTy B 4L
»b, BREPONZW~DOBITEVI LY,
W —E L BEETH YV, JB2EN, BE
HTOEEN» S, AIRMEIEE AL CofER
BATLTE L ) FASEY 2 b Az,

PLbEEE UT TSRS ORI LR
oW TBARTe 2, BREBBROLENHS L
VB L LT TROKRERD 50 CHBRIE
7z

Kappers & Schadé’®, Wurtman et al.ls,
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Wholstenholme & Knight130),

Br&kxsicyy, BKEMEOELR - THY:
EBREEEE, LOLUEBHEE - REEOHA
B EERLET.
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Voltage clamp Z &4 B®#ECHELI-EAOERICHTS
MIBEOERICDWT 612.816.1: 612, 014. 469
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Current flow under the voltage clamp of the sciatic nerve applied
several drugs Katsuzo Cuosa and Tohru MURAKAMI (Department of Physiolog
School of Medicine, Gunma University, Maebashi, Japan)

The current flow through the sciatic nerve of the bull frog was observed during and
after the voltage clamp in solutions of choline, veratrin, strychnin, TEA, DDT and TTX.
The bndge voltage clamp techniquce was used.

1. Under the depolarizing voltage clamp, the inward current due presumably to the
nervous activity (peak current) appeared at the beginning of the clamp before application
of drugs (choline, veratrin, strychnin, TEA, DDT and TTX) but was decreased in amplitude
and finally disappeared. But the inward current due presumably to polarization (polarization
- current) was little affected.

2. On application of veratrin and strychnin, wave like course of the polarization current
were observed, which were presumably small peak currents occurred during the voltage
clamp. ;

3. With the hyperpolarizing voltage clamp, the inward current similar to the action
potential was decreased in amplitude and finally disappeared by the effect of drugs. But
the outward polarization current during voltage clamp was little affected.

4. By the effects of veratrin and strychnin during the hyperpolarizing voltage clamp,
_ small rises were observed associated with the outward polarization current, which were
assumed to be a kind of the peak current due to nervous activity.

{J. Physiol. Soc. Japan (1972) 34, 679-684)
key words : voltage clamp of sciatic nerve.
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EA (tetraethylammonium), 5) DDT, 6) TTX
DOHETH o7, TNBFKDE S LTH
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-1, Cholin : Cholin chloride # Ringer #%
i NaCl oD iz v =7 (112 mM).

2. Veratrin : Ringer ¥k OJEEE% 25~
10x 107491z U7z %K.

- 3. Strychnin, TEA, TTX : HiRAIRE %
R¥EEE L, Thk Ringer IELREALT, B
B OPEE) strychnin 3 0.5 mM, TEA &
70mM Fix 10mM, TTX 115 x10*M o
Lok L.

4, DDT : =% 7 —ziEH» LTH b Ring-
er ¥ L B4 L, DDT o Eeic L T A#0.05mM
DLDER e, ZORETE I —NE 07%
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EHEERTVBZ LItk 3.

ke LEEERT 2B e TL
Bomd FRUBREEFERALZOT, PUTH
iz cholin & %% veratrin &% FEH L L
T 5HAE, 3T Ringer % Lo
JECEEWA L LEFRTLOTH .
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AL RSEBEERE clamp 04
BRI BT 2 EBRERTIER T L K,
Ringer iz 81 TR EREEBED clamp %
LA o BR&E X clamp BES/DEW
L ERMICHOBER L E 2 bh 3 ERERNT
“WW' 2V T B A% clamp @g;r;yw @ﬁaﬁui
T B L SHREN L peak EHT B ﬁ%%ﬁ

Records of the current flow under the

Fig. L.
depolarizing voltage clamp when the Ringer’s sol.
was replaced with 112 mM cholin-Ringer’s sol.
in A, and with 70 mM TEA-Ringer’s sol. in B.
In records A, | was obtained in Ringer’s sol. and
2, 3, 4 are those obtained 3, 12 and 20 min
after the Ringer’s sol. was replaced with 112 mM
cholin-Ringer's sol. respectively. In records B, 1
was obtained in the Ringer’s sol. and 2, 3, 4
were recorded 30 sec, 4 and 22 min after the
Ringer’s sol. was replaced with 70 mM TEA-
Ringer’s sol. respectively. Clamped voltage : 49
mV. (7.0 msec). Temp.:23°C,

S ORI S B OEiT 2w T

(peak &) HEELBHRIBbhZ. Y
OIEAEBET B Hvie clamp BERX
#1z Ringer JEHiciv T peak EFRASBD
amEsob0k v, Bkt Ringer 6
FrEURICESHL, T ORE» D OIS
BRI fE - TERORES LD 2R EBEL
ELOThB. T OBAEOEREEIShO
O VER b iGN peak B A REBICHE

Records of the current flow under the
depolarizing voltage clamp when Ringer’s sol.
was  replaced” with 25x107%% veratrin-Ringer’s
sol. in A, and with 0.5 mM strychnin-Ringer’s

Fig. 2.

sol. in B. In records A, 1 is the one in the
Ringer’s sol. and 2, 3, 4 are those 5, 35 and 100
min after the replacement of the Ringer’s sol.
with 25 x 107°9 veratrin-Ringer’s sol. respectively.
In record B, 1 is the one in the Ringer’s sol.
and 2, 3, 4 are those 8, 20 and 30 min after the
replacement of the Ringer’s sol. with 0.5mM
strychnin-Ringer’s sol. respectively. Clamped vol-
tage : 49 mV. (7.0 msec). Temp. : 23°C.

KL, bLEOBEROBBOA L 7. L
22 L peak ERAEERT 2 ToKBICE
WTHERMC X - T clamp fBE 0 EHELE I
FEAB SRR R bR T, 2B ORI
PEpOBEAICTREEROML Th 5.

1. Cholin. i, FefHo#%E & ki peak
BRIZKREICHNELRY, BRI EricH D)
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SNBRBEL R o/, ZhizH L ToERX
TR EZED I RIE T o 7.

2. TEA. @H#k peak BHiOKE &34
U, [FERFICOBEIROKNE SBRETS, 0BT
peak EHII/NE < Y, WRkTB. Ll
cholin DA L X EA Y, HHEER T K & <
It o7 E ¥5FE L (Fig. 1 B),

3. Veratrin, strychnin, Peak &E¥E o,

A B

Fig. 3. Records of the current flow under the
depolarizing voltage clamp when the Ringer’s sol.
was replaced with 0.05 mM DDT-Ringer’s sol.
in A, and 5x107*M TTX-Ringer’s sol. in B. In
records A, 1 is the one in the Ringer’s sol. and
2. 3. 4 are those 30 sec, 4 and 25 min after the
replacement of the Ringer’s sol. with 0.05 mM
DDT-Ringer’s sol. respectively. In records B, 1
is the one in the Ringer’s sol. and 2, 3, 4 are
those 6, 35 and 100 min after the replacement
of the Ringer’s sol. with 5x 107 M TTX-Ringer’s
sol. respectively. Clamped voltage : 17 mV. (7.0
msec). Temp. : 23°C.

DB cholin OEA LREHETH o 7223,
SRR ORI/ S WU REED bh, /NE
v peak BFHEAKE v peak oBicdh 1, 2
Bbohizd o LFEMLS RENRENT.
(Fig.2).

4, DDT, TTX. DDT -0 TTX ofef
i veratrin A L KEFEHLZLOTH -
7z. DDT ic2>w T, Zh#% axon NIiEAL

B A TIEEEM O plateau REL LB
& PHE ST 5 39090, REBDEAITI
PN Uicld, FhickS 5 & 5 8%k
A E D BN T (Fig. 3).

A

Fig. 4. Records of the current flow under the
hyperpolarizing voltage clamp when the Ringer’s
sol. was replaced with 112 mM cholin-Ringer’s
sol. in A, and with 10 mM TEA-Ringer’s sol.
in B. In records A, 1 was obtained in the Ringer’s
sol. and 2, 3, 4 was obtained 7, 15 and 20 min after
the replacement of the Ringer’s sol. with 112 mM
cholin-Ringer’s sol. respectively. In records B, 1
is the one obtained in the Ringer’s sol. and 2, 3,
4 are those 30 sec, 20 and 120 min after the repla-
cement of the Ringer’s sol. with 10mM TEA-
Ringer’s sol. respectively. Clamped voltage : 36
mV. (7.0 msec). Temp. : 20°C (in A), 15°C (in B).

B. BOBHEEE clamp 04

A% Ringer {EiciE L CBSBIEEED
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BEAROREFLE 72, clamp BEE ¥ R

Fig. 5. Records of the current flow under the
hyperpolarizing voltage clamp when the Ringer’s
sol. was replaced with 0.001 % veratrin-Ringer’s
sol. in A, and with 0.5 mM strychnin-Ringer’s
sol. in B. In records A, 1 is the one in Ringer’s
sol. and 2, 3, 4 are those 5, 35 and 100 min after
“the replacement of the Ringer’s sol. with 0.001 %
veratrin-Ringer’s sol. respectively. In records B,
1 is the one in the Ringer's sol. and 2, 3, 4 are
those 7, 15 and 20 min after the replacement of
the Ringer’s sol. with 0.5 mM strychnin-Ringer’s
sol. respectively. Clamped voltage : 36 mV. (7.0
msec). Temp. : 20°C.
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Records of the current flow under

Fig. 6.
hyperpoiariéir;g voltage clamp when the Ringer’s
sol. was replaced with 0.05 mM DDT-Ringer’s
sol. in A, and thh 5x 107 M TTX-Ringer’s
sol. in B. In records A, 1 is the one in the
Ringer’s sol. and 2, 3, 4 are those 1, 4 and 13
min after the replacement of the Ringer’s sol.

with 0.05 mM DDT-Ringer’s sol. respectively.
In records B, 1is the one in the Ringer’s sol.
and 2, 3, 4 are those 2,' 5 and 15 min after the
replacement of the Ringer’s sol. with 5x 107 M
TTX-Ringer’s sol. respectively. Clamped voltage :
36 mV. (7.0 msec). Temp. : 23°C. k
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B OH BN ERREAERREE - 4ATEPHE)
Studies on the membrane-bound enzyme activities and their
localization of toad skeletal muscle RYOSUKE SAKAI (Department of Phy-
siology, The Jikei University School of Medicine, Tokyo)

In the present experiments the membrane-bound enzyme activities and their localization
of toad skeletal muscle were investigated.

Isolated muscle bundles of sartorius and separated sarcolemmas which had been treated
with organic solvent, protein denaturant or hypertonic solution, were incubated in Ringer
containing 3mM ATP, then some part of its were analysed for Pi and nucleotide content,
and lipid composition of the organic solvent-treated sarcolemmas were compared with that
of control. Content of phospholipids in the sarcolemmal specimens was reduced to about
83.3 % by treatment with ethyl ether.

By treatment of separated sarcolemmas with organic solvent, activities of ATPase and
adenylate kinase were reduced and by protein denaturant, that of AMP deaminase was.

In the intact muscle bundle treated with organic solvent or hypertonic solution, the
curves of produced nucleotides drew a similar pattern to those of control sarcolemmas.

These results might suggest that the membrane structural lipids could play an important
role in above enzymatic activities, and that localization of their active sites might differ
from one another.

Further studies on the present subject are now in progress.

(J. Physiol. Soc. Japan (1972) 34, 685-698)
key words : membrane-bound enzymes, membrane structural lipids, ATPase, adenylate

kinase, AMP deaminase.
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layer chromatography. In this experiments repeated chromato-
graphy was yielded better separations ; after the first chro-
matography the layer was dried and additionally developed

twice with the same solvent. The compounds were detected

by means of an ultra violet lamp
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ICHZ Y 21, Ringer ¥&H CRIFIBIER Ik & —
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T—F VI X 5T, £OBEMED B VIR
WRLEDOLI REERT B EHE L.

II. & B K #&

A. SEEGRE R BT MEAIE 0 R
1. HWERERRICXIT 5= F— v e =—
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EFH BB E B L 20 b, Ringer
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Pi released

10.0F

5.0

Il Il 1 L

0.0 90 120

0—o0O amount of Pi time in min

©---0 amount of Pi : treated by Ethyl Ether sol.

(outer surface of the membrane )

: treated by Ethyl Ether soi.
(outer & inner surface
of the membrane )

®---® amount of Pi

Fig. 1. Released Pi in media composed of 10%
ethyl ether-treated toad sarcolemma and its control,
which were incubated for two hours in Ringer’s
solution containing a tris buffer and 3mM ATP.
At various times samples of the medium were
analysed for inorganic phosphate and compared
with its control. Quter surface-treated sarcolemmas
were prepared as follows ; after the fragments of
minced skeletal muscle were treated with 10%
ethyl-ether for about 17 mins, they were obtained
as sarcolemmal specimen according to the procedure
which was described in this paper, and outer and
inner both surfaces-treated sarcolemmas were pre-
pared as follows ; the sarcolemmas, obtained as
described in this paper, were treated with the 10%
ethyl-ether for about 17 mins,



688

M /10m)

80

40
30}
20}

Nucleotides produced

70
sof 4
sof v

THHRERE ORE SRR

Mi/10my

sor
T0f
6o
Sof
40
30
20f
1o

150

€0 ' 90 120 180

ATP decreassd

-s0o}
~io0

~——
~~—
.0—O0 amount of ATP S~
-~
0—0 amsunt of ATP
©--© amount of ATP
A0 omount of ADP

freoted by Etnyl Ether sol
(outer surfoce of the membrane )

treated by Ethyl Ether sol

-4 amount of ADP
(outer surfoce of the membrana )

—0 amount of AMP

treated by Ethyl Ether 10}

D-48 amouar of AMP
(outer surface of the membrone )

@—g omount of 1MP

treared by Ethyl Etner sol

vy amount ot (MP
(outer surtoce of the membrane }

Fig. 2.

oo
10}
-20}
-30}
40
-5.0f
-6.0f
70}
-8.0F
-0l
~100}

0—0 amount of ATP
0—0 omount of ATP
@9 omount of ATP :

traated by -Ethyl Ether tol.

(outer 8 inner surface of the membrane }

&4 emount of AOP
-4 amountof ADP : treated by Ethyl Ether sol.

*(outer B inner surtace of the membrane)
DO amount of AMP

-8 omount of AMP : trested by - Eihyl Ether sol.

{outer B inner surfoce of the membrane)
oy emount ol IMP
-y emeun ot IMP : teeoted by Ethyl Ether ol

(outer 8 Inner surface of the membrane )

Conversion of ATP to IMP via ADP and AMP by membrane-bound enzymes

in the 10% ethyl-ether-treated toad sarcolemmas and its control, which were incubated
for three hours in the same medium as described in Fig. 1. At various times samples of
the medium were chromatographed and spectrophotometrically analysed for nucleotide
content and compared with its control. Treatments of the sarcolemmas were carried out

as described in Fig. 1.
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Fig. 3. Released Pi in media composed of the
0.01 N perchloric acid-treated toad sarcolemmas
and its control, which were incubated for two
hours in the same medium as described in
Fig. 1. At various times samples of the medium
were analysed for inorganic phosphate and com-
pared with its control. Outer sarface-treated
sarcolemmas were prepared as follows ; after the
fragments of minced skeletal muscle were treated
with 0.01 N perchloric acid solution for about
10 secs, they were obtained as sarcolemma accor-
ding to the procedure which was described in
this paper. Outer and inner both surfaces treated
sarcolemmas were prepared as follows ; the
sarcolemmas, obtained as described in this paper,
were treated with 0.01 N perchloric acid for
about 10 secs.
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Conversion of ATP to IMP via ADP and AMP by membrane-bound enzymes in

the 0.01 N perchloric acid-treated toad sarcolemmas and its control, which were incubated
for three hours in the same medium as described in Fig. 1. At various times samples of
the medium were chromatographed and spectrophotometrically analysed for nucleotide
content and compared with its control. Treatments of the sarcolemmas were carried out

as described in Fig. 3.
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Fig. 5.  Released Pi in media composed of the =~

109 ethyl ether-treated toad muscle and its control,
which were incubated for two hours in the same
medium as described in Fig. 1. At various times
samples of the medium were analysed for inor-
ganic phosphate and compared with its control.
Treatments of the intact muscles were carried
out as follows ; after 5 mins and 10 mins soaking
of the muscle at room temperature in 10% ethyl
ether, each muscle was then immersed in Ringer’s
solution buffered with tris.
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Fig. 6. Conversion of ATP to IMP via ADP

and AMP by membrane-bound enzymes in the
toad muscle treated with 10% ethyl ether and
its control, both of which were incubated for two
hours in the same medium as described in Fig.
1. At various times samples of the medium were
chromatographed and spectrophotometrically analy-
sed for nucleotide content and compared with its
control. Treatment of the muscle was carried out
as described in Fig. 5, and treatment time was
5 mins.
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Fig. 7. Released Pi in media composed of 0.01 N
perchloric acid-treated toad muscle and its control,
which were incubated for two hours in the same
medium as described in Fig. 1. At various times
samples of the medium were analysed for inorganic
phosphate and compared with its control. Treatments
of the intact muscles were carried out as follows ;
after soaking in 0.01 N perchloric acid solution at
room temperature for various times, each muscle was
then immersed in Ringer’s solution. Each treatment
time was 30 secs, 1 min, 3 mins and 5 mins.
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Fig.8. Conversion of ATP to IMP via ADP
and AMP by membrane-bound enzymes in the
0.01 N perchloric acid-treated toad muscle and
its control, which were incubated for two hours
in the same medium as described in Fig. 1.
At various times samples of the medium were
chromatographed and spectrophotometrically
analysed for nucleotide content and compared
with its control. Treatment of the muscle was
carried out as described in Fig. 7. Treatment
time was 30 secs.
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Fig. 9. Released Pi in media composed of
the hypertonic sucrose solution-treated toad intact
muscle and its control, which were incubated for
two hours in the same medium as described in
Fig. 1. At various times samples of the medium
were analysed for inorganic phosphate and com-
pared with its control. Treatment of muscle was
carried out as follows ; after soaking for two hours
in hypertonic sucrose solution at 10°C, the muscle
was immersed in normal Ringer’s solution. Osmotic
strength in this solution was six times as high
as in normal Ringer’s.
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Fig. 10. Conversion of ATP to IMP via ADP
and AMP by membrane-bound enzymes in the
toad muscle treated with hypertonic sucrose
solution and its control, both of which were
incubated for two hours in the same medium as
described in Fig. 1. At various times samples of
the medium were chromatographed and spectro-
phtometrically analysed for nucleotide content
and compared with its control. Treatment of
muscle was carried out as described in Fig. 9.
No IMP was found in the media surrounding
the control intact muscle.
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Table 2.

Al OB RN

Lipid composition of the 10% ethyl ether-treated toad sarcolemmas and its

control. After total lipids of each sarcolemma were extracted by the procedure of Folch et
al., those were separeted by TLC and spectrophotometrically analysed. The amount of
separated lipids in the ratio of the 10% ethyl ether-treated sarcolemma (B) and control
(A) was shown in percentage. Treatment of muscle was carried out as described in Fig. 5.

Material Sarcolemma
Compound Control (A) |iresfed with () | B-xi00
. . ug/img Hg/lImg
Triglyceride 10.00 Protein 9.35 Protein 93.5%
Cholesterol 5.66 5.49 97.0
Phosphatidyl ethanolamine 9.12 9.35 103.0 ’
Lecithine & Phosphatidyi
serine 14.42 10.98 . 76.0
Sphyngomyeline 4.69 3.78 80.6
- ‘Phosphatidic acid 2.36 1.74 73.7
Total Lipid 46.25 40.69 87.9
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Effect of methacholine chloride on the microvibration of the body
surface Toshiyuki Ozakr,* Katsuro IcaArasHI,** Daisuke Sasakr;*** Sechiko
Sasakr* and Midori HUKUHARA® (*Department of Physiology, Hirosaki University School
of Medicine, Hirosaki,** Department of Pediatrics, Hirosaki University School of Medicine,
Hivosaki, ***Department of Internal Medicine, Hivosaki Uniuersity School of Medicine, Hirosaki)

EBRPICHFET 2 HFEREICRT 5 M/NE
B) (microvibration, MV) D3R L 2 D4
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B0 5 Sk 1 o, To%205 %28
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VERER & [RIREIC ZE AR HRER MV o R #8E %
OEEIROfEEED & L CEH S hzEEMV
EHWIRLERE LTRBFEGELRY 777 7H)
WS L7, Fig. Licii b 2 # V = U Fheaist
TR & B8 930%0, 1, 2, 4, 5, 7, 1153 ic BT 5
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RCFHEFC LR LTHR LR, ZhIER
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SR MRS FlicovTbAF Y v
i & 2RER MV ok kit s L, Fig. 1
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KRB LIRBIM O BIESERE L, BB ORIE S
WLk, chbo MV o s fEgss0rs
TEHAL TR, 1HBCHBALITY, &
T L 4 S0 b 11Tk i b B
ML, ZoOHE, Bk MV oEZ2/ikZE)
FEHIRR 0 &M & EHREOHRIT s h T L E
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ZhE AL A # V) 2 v O MR & Y i
ERTHL, FEMEEN L TRETEICRT
B AR PR OIEBME SR L, (DB R
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LT eB+HpieEXIbNS. kB, A=Y~
REEC D bz MV OERLIEEOREE
HH5R & BRI RS MR &N Fig. 1 wr
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M V(parietal)(microvibration, parietal lead), MV (thenar)(microvibration, left thenar

lead) and EKG (electrocardiogram, standard limb lead II) tracings before, (A) and about
30 seconds (B), 1(C), 2(D), 4(E), 5(F), 7(G) and 11(H) minutes after the intramuscular injection
of methacholine chloride in a dose of 10 mg per 60 kg of body weight. Each calibration
in the right side indicates 1 mV in the MV(parietal), MV(thenar) and EKG.

DOFHEER MV 31K T OB P D K
B XD EREFRBR B F—VERTIE
i MV o E#niRERy ORIES 1 ERHE
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Nomogram for the calculation of intracellular pH with DMO method
Mamoru FuJiMOTO (Depatment of Physiology, Gifu University School of Medicine, Gifu City)

Bk, fpapy pH JWEMORRMWE L L
T, DMO (5,5-dimethyl-2, 4-oxazolidine-
dioneD) R LIFLEHVHRTVWE, Zhick
5T, To& ZERMERDS, OO, DD, B
;3’1’;10), HI]:S)IZ)’ F%Bzii‘gﬁ)y é%ﬂi)m), @mn) )
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ENBLHIEH ol FEICIE, Z OWENR
A A UMEIEEORRRIC X o T, RO o
pH ARG L THFmzr 252 L 2R LL
bDOThHB., Liedt-T, HIENO pH &ko
Blcwiciiiusto pH (pHe), #H#k & MBS0
DMO mk¥7- 9 oEE (C/Co), MRS D

SOEFE (Vo/Vy) ZHEL, ZhdbER
VR AT L v,

1&L=6J3+Mgﬂ}%—<l+~%—>

_,¥T1 o [10PHe6184 17— 1}
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I @b ORACLRNMETH D, Z ORI
PR BRI )BT A BERL, EH
gL X5 & Lz,

ERXo { ) ik {(x) - ]—1) &v5—
BIEP RV IZ-TBMD, pH i, F4T 2
Ao Fic (v] & () R BRI,

HAERMIIE, RS 2 AT RICRT Z 28
HRETH B,

Fig. 1 13 pHe (810, pH: (F2R) B &
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BN R (F 4 R) »oMREh T s
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xoffi, F7b C/C 1+ )= VeV,
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EAL, Na-K #v 7 OREERBEHL TS
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2. BEEEFOXEHIZOT

WHIEE (LK, BE)
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L L, passive stretch TIXHAH iC H LEEH 23
KELIMTB LV FERITHE >, Thik Buch-
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Ca'* OE)&(Cx13 5 {EF D possible mechanism
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Xh-EERE 2 5 ETORMEZ, BiEOKR,
2EY, HLRT X HEE S B L I0E DR
ROBPET2WT, TORERMZEZE L.
R, 1) ESUSLERNTL HE O
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ZEBTES. TORBRIEEL, ROXSLE
Ba{Tie, B 0N mEREOMEEFIT oV
TH ML X, FEIEAC LT IEDR
¥ (X 123 W/m?) %, B 5T55R (pre
ferred) & #OFxtOHE (oull) &k e U7RER
SRR, ThdERFICRRSE
BHE, o0 EEE R Ul bk CRIENIC
HigEw s A0 2BECO W T,

FOEOESERICH LT H MR O S 556
i3, i AEROAETH FRERESAS bR,
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W —75 i NSRS, FUR o preferred @51
TG HEES » 5 & #EEhD, BB
2T T O ¥ 7 ARRICKEMEIES & D optic
cartridge &EHEL, Lpd 008K » T
BELTWBZ EBRIEHALL (Bk &R,
1971410, FA2E BEABHESHRE) ©OT,
OHH BB TS5 BLELLRS. &k, A
EETHEWIIHEASH, ThXDEVEd
HIANRIITFE 572 L LEBOFE, »RIA
S ECHE L (0E~30ELE), B2K= -
BYDEIR= 2 —rVYNOREEHEY F T ALK
LIRS FIRFCHE LR L TR B,

T LIERE, —HMERCETS=
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RYTCERTIAVEAE 230505, XD HK
TRHEEhTWHZ LT WiEEITE 5.
Doz i»n, EHOLFEREROVWTD

EAP L HREFSEL I XhiE Bbh s,

8. EMEMHREMEKRO S+ FREBNE

RFES, FAERF REARK, &, $£T4EH)

ERHEOfh, BB X ORI R T
INFRERO2R 74 v v LiER TS, KRER
i3, 2h D OEMMREHEOEMEKIMICET B
T F T ARG B ZH L P ITT B DT o Tz

KAk R —VFEEL, 757 2F 1T
L7, TR okl 3 58 (3T,
th, #t), SXHEHBXCEMEZEH L. §
HERIIPEEZEEESFBL, 72 PR
KB X=X MEFHZICS X o, &R E
7R M lgoRfEREZE R, BEXVEHESh
HTEEEMNORE I ZH N, FL=ZX M
REBE - OMTHEB B 2 RBEL, &
HRIBT T ORKDOEREZ I~ .

TR T O & 7oV bk AR R A R IR I B
EXEHoRELXEARTISE L. ZOERET
BROMEEA VoV R R SR E LT R OXKR
w2{TitoT.

ZHBRFE {403 VT X FRBICETL
TE5x25E, FHTHEMOE1E (kX054
HOEBER) IEITEXL, MR ORHER
FE23%9 250 3 VFPLLE & 70 B & & IHERIB OB ER D
HELE.

SRR O R K OTER b ITIE R B iR
Ri@zRLic. —HFHE MR ERMEERTORMER
EHFIBET CIRIET 45 O THiE B X oM
BRI BREOKERRICY F T AR SEE O X
BIZLTWwsEEXLN5, WERZDOT A FFHK
TR 5HTHEMN O 1 B E Oflbls, ©ia
RIS X ORI (BRiC20 3 Y = /LiEEE)
ikt s, LELEXMEERZEOT R F i
Wi X BAETHEEEERY, BRISHHEIC X - T
EEINL.

T B OERERE, 1) HMEMANOREIX
WHIRRARHERC R ERVI AL, 338 LOMRTRRARAE 1 v
SNRALE 2T, 2) ZXMRFHZEAOH, &
FRERCR BV R O MR E R X » T h?
N F ARG EZ T SRS T L E2RE

%

LTV %., BRMHEMEHE IR B PR R B R e it s
F 7 RS BOTFEE R TERER % 2 Sk
NN ol

9. S5y FOKRAMPRICHITDREZEME
az=y FOKEES

ME B (RBAoK, WHEEM, &)

HIRFHE PR OFERIE S h T v HHEEAET
BF-RUERRAIR TR X, {RERARE Ll 2 ofh
HARSPEFEL TR D, ThCEFAROLD
LEFREDLOBHELMICENTVS., ThE
TRLORERZHTOWTWAWARKRET&21T
o TET2H, SENErh HIEESRME DR
B 2w CETORN 21Tk - 72.

MEEFRREE (BALES, JRA-5) 24
LT, ZOAAA /MR ERCEAETS L, &
HIRBTOREZAMAD R <1 7 HEe A + 7
7 A%, gamm %R T3 D& exponential 4y
HERTIO0O2EBECSEINS. L L%
DML DEEEEZHRT B L, Tk TRY
BEPRDLND. FiobbibEZRAMIE DR
fibg e R b7 AQEREF/LE LT gamma &
Fi7c UM exponential 2375 F 5 2 L BT X
5. DERINLAMOBEZREMIED QuiEr
¥ % &, exponential #7333 b D DE A gam-
ma FMERTHOX 0 bEY Qo ERZEL,
gamma 4% TIRZAMIED S B E Wik
ERBREEZFELTCVS3D0LFBELNS. 3D
BHRIBED T Y 22 LT3 &, [EEZAM
faoWmE % H BHMBIERE BBEDF v $ 43
KREL, BHEEBA/NLEBEDANT Y 1T/
. bbb EOEEKETCRE TS, FOERE
FRBEIZELREVWIDEEZILNS.

DWT AR JEERINICOWT, FOMEMHE
HaEmLCTHBE, gamma Hf&R$HIlaCRX
B2 5 Z L 5% { pacemaker cell &I
ST LB TEBHEFENERTDOITL, exponen-
tial 5% % 23 5 Tl E B 04 { 7t v non-
pacemaker cell ORI ZR L 7.

TS DFEBEHEY S gamma A2 RTIRES
AAmIaVE, BTERHRIR T ERic#E1E+ % thermosensor
ZDHDEMEND DK L.C, exponential 4>
xR T DO, FE»LEEBHREL>FTCVE
& ST DERRL > & DI IR JRIR B A Sy %
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S

PRUL S TR A & U TV B IRIE R ET AR
WML 0D THELMINL 5.

10. T Ev MRWRBWHERIC3TT S 6-hy-
droxy dopamine D3EI=o(\T

KA E—, RATE, BEBF AKX, E,
B2

KIHZZEMRE TR x5 6-hydroxy dopamine
(6-OH-DA) Dy 5H#%0E % #~<5 HiT,
gt LzeLey S 6-OH-DA % 54
TER 8, MR X 2 RGECk LT
BaiEt Ui, 1073 (g/ml) @ 6-OH-DA 135047
BiEEmREA L (8542 ~644) %, G
[HTid 2 MBI shiReRm L (#8546 ~10
B, T, Fk, WAKTDE (%54410~60%
#%) OBR—-BIERE LTRD bR, Rk, T
DYREETIIIHAR R D i Uz, 1074 Clk
ULHEIRE T DIER: B 388 Bhvie s, IEE I+ 5
WHIRY ISR B EHTH - 7-.

0.02mg/ml @ /L7 Fuv Y v osgEE 5
LB EOWMESR 1072 5 X010 ©» 6-OH-DA
DEIHTCHERIES v 5 BHIIED LRI -
7o, TOZEN, BALNIMERBMERTD
HERRTERTIE R RIS 2 & O EM B B o1
REHESL L B2RET 5.

1073 3 X O° 1074 @ 6-OH-DA 138 5 155055
Chiz VECERBMEIER L. ZOHERI
HaDKERS1E 6-OH-DA H3HiR i #Ric /R L
TINANT FVvF Y vORBERUERCL S &
Exbh %P, ZOHEWEE TTX (5 x1077
g/ml) R XV A LEERZIIN i » 72 D
T, ST P VIRHEERC R RIS O B R
WE (EWEAORE) B TV 2 HEE X
ha.

6-OH-DA i35k ip Cilaf bk B2 5L, #
N LED 6-OH-DA % d725FHDh
ESpaiRet 1 5 7o o, BBk ED) RS
(1 25 —%) © 6-OH-DA %S Xig+HE
o, B E T~ 6-OH-DA T X 2855
DE R II B R G 2 70 o T2 b, TR
LR THONEESEBE O R L E - 7= QB
DERE, HESHROLEREL -

1. 5 v MToEiRs Ik LIEST NHC o
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2E

WAL (BB, B, $—k3)

FF D4 homeoslatic ¢ iz X b Fgks X,
TWVaEnb i Twv 5, #LREORmES
PRLEECHEZBBINGD, T DD D
approach & U T, ¥4HIFEIRES » o S
ATk ETARBSNEN L E Op S o i
RTBHLHITIERT v b CIHEROREREY %
T e Ll oiisfedsc ek
T DHIENEE 2 T 2 FEEn b 5.

THE T S S THD TR 2 72 b iC PR % 5k
T B T L 28R T B FEMIIa S B & B %
T k. ik 8RS ORI SRR = L
Tz &, FFEIRORAE £ 71212 70% FFE~ DR
B ORET XY FROEDHMEZE» 5 & T
TaRBBFERT B L. T0%FEDMRRE: 2105
[EI%5%, BAfR#% ouabain, trypsin, chorate D#4E
X 530%IFE M HFRE. X 5iEDTA+
ouabain %7213 LiCl 0#ic X 5 fFuula 055
P2 o, IFmias RS EmET (FAm
DEMLE DBEHN) (LSRR (MIFSRE O AT Y e RE
&TF) X 5HIaMBREE 021 (Kic Na*t o)
KXYFIEEEIND & E L. (LFWRTF (G
FF) 2EHTLEHNTOEOERSY B 2 7t »
7z,

¥ 140g OIS v + & = —FLRREECRIE, 70
ZEOHERER 2, SKMETECEE, BY
ZRAL~-%Y v (100 %£7/100g) ¥ / ~ L Na
(1~3mg/100 g) Dk DI DH MBI X 1 30%
FECEEDFTRERD. V) —NELa—
B O < IREDIEEWEE NHLCI (0.5~150 #2mol/
100 g) DAV T X BHAFEEHLBEDL C
% NHCl (3 ~7.5 pmol/100 g) #3054 2 A
E 721360517 3 Bl ORI NIEH %6051 Y 7 — 1
B (1mg/ml) = — /L (0.5 mg/ml) DIRE#; 0.5
ml/100 g D¥FEIT X D 48KHE H DIFIc 43 % 3
BBz e TER

FIfRiL D> NHs J#EE b < 5T
BRI BRI X 0 I AR I X i i i
Ein b, EFURe X D i iR o inss
HHNWD T L ST OWEBSITEEDHEET
TRV LIEEINS,

12, 70 F27 0 UEEC OEEIc TRy (c B
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AFEHD;?
LB, REDT (BX, B, $—4£H)
T F AT r VO & 25U QP& AR

FTHENRDE S BT, TIFRTrYBERE

I XD X S e TIRAEh S »FH<T. MC-

FALFAFrY 025pCi 25 v FREIRXVE

AT 5. 105EBEL, {M@zEb Hs. R

BTAFATFRYREKE LTINS, Y78

LA ZVTHEL, BB e< L TRES, HiK

SEerllET 5. @R Y 25 GFs 2RV

TR 5. EEgE=FL/M-~FVV/[=8)—

JU/EERE (72 : 135 : 4.5 : 10.0v/v) CRRET 5 &,

2-FV—j, INFARTFRY, TIVFRATH

VizXSEL, FhFho RE 13084, 075

055 Ch 5. Eio, FBHm TR, Rf 0.39 OfL

Bz, 4 VA7 2T Shiswds, 7R

LRARVCHE NS AT A FEEDhDWE

PR Eh5.

TAF AT RV, BOKBRECES B
HETHRCBm L {RAENE. £, FCiX
bTrLrRAERT, FRETHEERRTH
TREITE A E v, BAOKREREGARIX
TAFRTrYOBEEIIYREZONDH, R
KT~k X LA, BERTHERT/LFR
FevSBOBECESE LTy 5 2 L 2TRET
5. LT AHP, WC-TINFATFrvEETrHanks
ERFECHETES XCRBEEER S V¥ 2
4} LA, FRRCRIZEAEENRWV. £
nWwx, in vivo TOME~OTRALDER, W
HGOT A AT e viEsT 5EMEDOETLS
DT, mMEK-BEMOFEI, 5 Wik
MiKDE X Bd0rbLvicwv. iz, ERLT
AH, 1I8BHEDZ v F EE~OBRALE, KT
BIEE DL EARAEERTS, KRETH,
wWTh bl L FREORALZRL, MBI X
LERIEAELV.

13. Glucocorticoid dexamethasone O T
{5 ACTH 7 BHHIRICOT

Wk B, ERES, WT—H (RIFX, K
B A:3E)

Sodium pentobarbital J&E:+ %% F\v T dexa-
methasone O T &k ACTH SibiliEsi R 2 HE
U7, ACTH &Hiicst Uiy, BIE#RLHO

11-hydroxycorticosteroids {11-OHCS) ##lzE L,
ZDIEE L.

Sodium pentobarbital iRk 1 Xz, BEIREIE
X EORIE R EDR b LV ARME D LEl
8211-OHCS D43 25 hu L 7248, dexamethasone-
21-phosphate % 50~200 pg/kg %53 % &,
Z b VAR X BHBEEL LM Sz, &b
By Bi: dexamethasone 100 pg/kg DB—I¥
5ThHoix.

-5 ¥ iz dexamethasone 100 pg/kg THIAE L7z
4 %, ACTH 5~500mU/kg Z#Ikhiciks
+ % &, BIE 11-OHCS OHiIZEciEmt
7o, FoEmMOBER, ACTH O5RILH
THEKRERLI.

X iz dexamethasone 100 pzg/kg % #1585
OERT 2EKRS5T 5L, 1EES XY HACTH
DEIEE 11-OHCS Fihicut¥ 5 LSt d 5 1BE
MEXhiz. 2Dz &t dexamethasone % H#K
AR L5 $ %L dexamethasone Xl
EEEHARCHEEERZSIESTLOLHAS
ha.

14, TEEITF rKboEryELTaLFaLO
E v oSRick LIETEEXRRHORVE

=SEHRR, Ek B, WT— (BEX K
T A:2E)

RV T E—VEEREA REAWT, BEERIOIT
EHROFACXEEEML, TEESFFIrY
vEI®aNLF e EVOFRIEIFTERX
WA OEELZHE L. BERTEERLV LT
%9 200~1000R ‘Cd » 7. Ttk gonadotrophin
#5 X UF corticotrophin DRV, FhFNIERE
IRifiids > 17-oxosteroids (17-08) s X U'EIE# Ik
fifi@ 17-hydroxycorticosteroids (17-OHCS) %
BIEL, EiFEE L.

ERFTHEERR AIERC T T hh
=2 Vv a VERL o1 * CERXHBRER
(200~1000 R) %477 - 7243, 200R, 500R DM
HTHRBERS IS REY bORLE YOG
BT Sl » 2. 1000R OIRHCIEEIR
ERHEANLEYOFMPEITBEmCH -T2, X
2T, AP VARX L THERE-FERORE K
1000 R OB #1775 » THWM ORI E & 72 D5,
XFEORPER SR 0T,



D&, HERFXHRIRSS (1000R) %% 2 B H £ 300
Hic histamine 0.5 mg/kg % §iRPNICIS L7z,
JERRSTEE T3 histamine O 5114E 3 17-0S 04
WVEBEIMERE 2 E7h o 7245, B 17-OHCS ik
FELVWHik#naEiRs Lk, L L, X#I1000R
IRAEETIE, histamine OFIE 17-OHCS bR
JEVE IS 2 B B CRIEBARHIC LR 0 ]IS
DETRABh, VBATIE2HERL Y HWVs
AR U7z 23RBS BRI 1T 3 KT Te e - 72

15, 2, 3 DR OEBTERICE LIET 77—
BEansBopg

MAFRA, BREA BREX B, $H—4m)

BRI AR BIERWE OEEIIESE D
ZRCE > TOTFLI—HThRVWZ R LIELIE
BRERLTWS, $EE TCA A 27 LDA VS~
THBHBT—IVEEE a T EPREBED 1 v
FORBLE, BEEL SO HIREOHBRITR
TR L Torin b B82S XETraEk L.
BRIHR Warburg REFHCHIEL, (ERWE
13 glucose fnBEE#EE Ringer ¥z £ £ 40 mg
%, 20mg%ish X S5 TiELTHWE.

I EROEE, Qo OXIRITX T 584 (E/
C) 1RIREED 40 mg%, 20 mg% O Y& w RHEE
1.09, 1.11, B Bg 1.22, 1.21, #[@ME 2.04, 2.22 ©
Hote. TORHEFIEED pH 2540mg% DR
6.50, 20 mg% D 6.88 LEEHICHV T W5, £
ZTHILT pH XD TAHLE T &
BRic#izR 45 2 KiiEE 118, 118, Big 1.37,
119, HFFMEE 345, 177 L7 0w d IR oR
ERB BN,

T~ NEEDEE E/C i1k FE 2240 mgy, 20
mg% O ¥ W KREE 0.99, 1.03, =EE 1.17,
111, #EE0.98, 0.98 CH D, mFILIEAK
Wi 1.02, 1.02, SB&'E 1.18, 1.05, #FE 1.15
124 Thoie. WTFNBPROEED 5 WTFD
BERBEBLNEH, 27 BROBEID BT

Ll ki R AR pH ORI W T2
VB, TR VBREKNEE, BRE, #BEED
AR A RN DI ENH B, O’
EIHBOBHECX - TRELZ ENbR 5.

TR, 2T, TR-ABOERNCE > Tw
THOMBC VT DEOIEE, LR ORD
BHELRT, ThEPMLULEETE VTN

b #k 709

BOWAEH DN IR EEITIIRE R A
1Y (A Y o

16. W1 o9 (ckHB370+Y vouE (B

1) 70349 voEREEETRICHLIFTE
2

REHE (BREXA, E, $—45m)

B A THF alloxan ZEFTHZ LI X DEE
RFRPEREIND T L1345 ORF I X 0 HiE
SNTWBEDR, ZTORERCOWTRWERIEL
DEMEZEL TS, WEIZhLERET B2
DICRDERZFT o7, 2~25kg OH A 7
F &P alloxan &A% 50 mg/kg, 100 mg/kg,
200 mg/kg B X 300 mg/kg % 1 [H%E L fEH
D # K % 5, alloxan E¥H{lo thiopental D}t
W, MR & KRG E S X OSBRI
B IET alloxan OFEER U k. 2 ORE
alloxan 5.7 X B HERFRERICIIEARE B K X
<BAfRL, 300 mg/keg #5 OF AT S IR
fHCIETT %23, 100mg/kg 3 X O 200mg/kg #%
ScuRtERER Uk,

FTREEHCOERS XCMER ERETS. ©
DIREVE stress FiH3#¥ 2 S adrenaline D5
&R T2 E 7213 adrenaline OIEFACIFE® gly-
cogen W+ 53 DEBbh%.

F IR S AR T—B oK LiIX LI
BB EBD ST, THERREDWS T4ED
WEEL R » R/ERT insulin % X O'fhod hor-
mone OFZMBFNC LB HDLEbN%, FHID
+EEFE 2 BB & TSR A
B RMMERZ % 5 & LR OB T X il
insulin DFBBRC L HHDOTH D, Wik
5L T HR R OB B MBS VT f-cell DiEgE
BT &AL ENSG,

D ERE TS X OBl DR 3% BE 4 1T
RS D o, BERFRI X DRk St g
BOFIRDBE L COREEOMALEZ R AN
THETHLERD S LEbNhS, FHMFER
¥ RIS HE: Warburg & FVC 1078,
1075 I X Of 1077 mol JEE D alloxan % & JERYE
W& RIEERR & TR LB BB s X
TRETEE, EREELDr -7

17. ERB & <IC Pb, Cd OFERIY & E D%



710 2
ENBINCE XIZTTHE

EERE— LE % B S @EEK E
rhERE, A1)

E4EBELCH, #F3Iva, WMOBERN
LANOBIETEBC O VWIUREEREZRV
CFite ot EBFERELTITET, 200g BE
D5y +/PBELHE in situ T 100ml @ Krebs
Ringer T L, WREHLrLDOKS, 7 3/
# (L-Histidine), /L2 — ABNSCE X & ¥
Pb, Cd, Zn OFERO>WTH R .

KB IC oW Tt Smyth & XiEHBERT
DEEHE L BFEREC X 2BETERO in-
uline-4C DBFHEY» LRHETRkD DB LB T &
7=

Cd -Cii 5 ppm BEH HK SR~ DR
B8C, 50ppm BETSELTHEIET. DS
Na—R, T3 B~OEECHELE T TP,
Pborh b~OEE T CAdictbind 5 LA,
%7z Zn OFROA~OEEL Cd 0y 1/5BET
»5hH, 200ppm BETKSY, 73 /8, /=
— R DYV B EE M & FZ VT 7z

Cd 35X Zn HEOBER»LOBRESH %
L ENF NIRRT T O E 40, 100 ppm BET
ffncEL, Tofafh#s > Km (ER#ET
LEREKRIUA— K —iied. ZOBEMBENID
BECRINhOESBLERNCEEG T 4 VA
I EOFERTETSD. RN bESBEOBRE
PLOEBERNEXETHE, CdTrRIS %,
Zn TIRHB0H BB E T L h SKGRREE
BLTEh%kdbREeHFELL. ThbELRE
MEOEFETHLHH, 7 3I 7BV —RADREE
BEXAMHEIZZTHIDLEZHNSDS, in vivo
COFERICX5E Cd 100ppm 54503 HE
ETFhOOBHRAYRETIZ L b, BRIOE
£BOBERIN S XL OFEFBINT R TS
SE AT S CRKD 5B TH 5.

18. pH stat;[c k3% pepsin A% & &
OERAICDLT

R % (REAK, B, hED, &)

ByED pepsin HIEIC2WTIE, #EK Anson-
Mirsky R ER 2L TIAL Avdh T w
B0, FOREDYM S LHEEROE D Bl
FOHRBERESCH L WillEEOER MBS

nNTW5., EZEirzoMEERL, HBETLY
G L HEES o pH stat % Z OFEICIEH
L, FOFERHILOTERE TS, ETHE
TS5 %D~y (Fk) 9ml AV, %
N B 1ml % pH22 T2 RIGS®EB E~E
J R EVORTF VDK 8% 20 FUSH
»OEERNE, 7oA VRICBTTS. T OBT
#pH 22T 7 v 7 LTk L X OERSFPERIC
LY EPWCEE SN ARERLOREZMMICH L
TESFT B2 itk D pepsin FEHEEZ BEAIIC
KDBHZ ENTED.

LOFEREDE, EROX S CHEROWHNEZ
PNEL T, ERfcs oz ss T L
BT EFOERE~OISASHFE DS,
SEZFE pH % 20 BEH» S 5.0 fBrE Ty
7} XgTH pH TO pepsin HEHER KD BT &
BT E, = OpH-TEHHERVLICEER~T Y
VEIT X D ZLT 502 BT

—RT Bk pepsin @ pH-7E#EdhRlE, pH 2.3
BECREES b O¥%ED pepsin & pH33E
EED gastricsin #RE L DML E LB, L
BoT2ERZE OB THSL. LT
BT VEI, 7TAH ) AREECITBIE
EHDRINTER - T 5. BEDH pepsin Fl
ER ECcoiSH) 2RKELDIFB L, SHEEOM
BrA7LROLO (EWER) &iEmERo
DOLTKRFTELHPHMED b O & EiCHKED
pepsin 7E#EI3E L BIE Ln w3 pH 3.3 fHE DT
H1Isa < EEZY, BEESWEOERLE
ThbH., COERREMIIT /LY JRIEITK LK
QD pepsin OLHBIHEINBZ &2 0, BE
F-HE-HERTOEROHEE» BHATE S,

18, TILEY FE K IK S © slow potential
changes [CD( T -

phismke, Sz, L B (K, @, 4
H)

ELEY FHiRKG, &RV TR
slow potential changes (LT SP) 3RV
£55. 2@ SPIIMEBIEELRL ThHEE
5. SP OFEARTIIBERSEASL, LOE
SRBEORSRRIC X » TETIHERIEAX D DX
X\, D7D SP OFAIED ion FEil#: D
EINCX5H0LEZLND,



SP W HREZR LI BE T SP ORAFHEEITX Quw
TI3LLEDZTH D ISCUT CrERE L.
SP DFEEBECHES TS ion ZH5 DB
@ ion TETTD SP Dk E X LFEEOL(LE
BE L. Nat 2 1/10BTRBASZ® 5 L&
BENZEFECRLTCAEE L VWL, ClIm %
CeHsSO,™ i iE#z (72721 155 mM ClI- 1% CaCly
BLC MgCle & LTHAE) LThMKkTS. L
2L Clm % Br iE#tT 5 & SP OSEEIIZE{LL
R, ERBENTAHEADHB. K 21/10
CERTE % 5 & SP oZ4ikE kL, £7-51%
(205 mM) Dl ETHiHKT B, Catt 2 1/5LUTF
CART 5 & 1Bk T35, Catt & Srtt
CEMRT D LEE L IRIBIEINT 5. L LBatt
TEMRT S LEKT 5.

SPOBARICHEELZEILI ¥ 2o BERE
L CELHIEDS » v, 300msec Ll Loy X
OISR T & SIS L 7.

SP % acetylcholine (Ach), noradrenaline (No-
rad) % X % isoprenaline (Isop.) ¢ % $HEE A2k
X%, Ach 131078 g/ml CIHHELZ NI &5
prostigmine & atropin i SP DIEER L&
BBELL S ThVWEHED D%, Norad iIEEH
2R URESITESH L, SP ORAEZIHT
5. L2 L SP oWl Eo@SEE B R L 7
V. Isop. IIRIEHIEZEL S EWT SP OF4
2T 5. Z v B catecholamines (CA) %)
R e- BXO p-EHAITHHISHhS. £ T
SP DL Ach 2 CA TZEHFINh % 2%, SP
DORERHREODIDOLITEZEZOLNT, LLAL
%D sinus node Z3siF 5 HRMELL S & Bl F
EEHEC X 53O ThRVr L HEE S hie

20, 7 RFRFEOHRICHLIETIE Na
L UKOYER

£ BH (LK, E, 45)

= REFFEHITSE Na Ok (B £
b Tris) it X »CH —25mV ML, s
HoWEEZRETS. —F KY itk - T Nat 2
B LB ERE LRI T 4 2 0 CBET
%, Tonic contraction DA X Xix [Ktly 2SAE
WIEENPI V., Fopx Ca-free %R K i
THEIRETHE, Ca 2—@Hit5x25% & INE
BHEAET BN, ZOHENHERIIINE Nar & K*

b 711

EECLE > TELLAEsTn5, [Nath+KY %
—Ei L T (BUF Na-¥g) (K*) & IRHES OB
BH5 L K 25 20~40 mM OBSIEE I
K&inb, —KF (Trish+K*) #—Fi2 LT K
B2 BE (BT Tris-#R) K+ 252803 S
famiah X L % 5. FAUREMEZRTHEETD
Tris-iEh TOREER Na-igh X b dRk&Ewv, T
N5OT L tonic contraction DFe: LT
W, BEEMEAX DL A, Sk Nat 2K 8E
ERRLTVWAZLEFEBRLTCWS. Z0X5k
KU TRETBIFC S XETIREDEE 232°C
L 16°C T L, &IRICX » TH Nat Jgihi ¢
DRI HER T 525, B K I coRMEIEE
AR R oy, Lo T 16'C o Na-
BTo K &REEORRKRIE, 32°C To Tris-
W TAONBERELTL 5. zhbpZ &
b= AFERTOMNE Nat 5 X O K OfgiEin
FIFRBR- BRI L b EZONEH, KB
OB LELE T Y RAFEHCE VW T b Na*
DA & couple L7z Catt o \WH LR
TET5ZENBREINS, :

21, TLEv MNERERHOREL

FE 4, Kate E. Creed (uk, #, fkH)

EBNLE v b EREEHIEEMN -37.TmV &,
hoFIEFMIE & D d 10~20mV EWEEZR
L, BEOBEZHIME1: Cable Hific Lic 25 5.
[Na)y # Tris-Cl iz BH#a3 5 L i L, sucrose
TEHTDLBHFELETLHHBRTVWED
CHEBMOEECOWTEXLEHRELE

EEAE Kl 0l0f50Zbickf L, 30mV L
PR REL V. 5.9mM IR0 Kl TIE, 36'C
CRWCIERSET 5 25, 10°C Crio iz i
Bhviav. eVF/RT L (Kl L OBREFENS &,
36°CL10°C Tl Prna/Px BB o TWB Z 25D
%, K-free, ouabain (107¢ g/ml), *7-i3%, K-
free+ouabain (108 g/ml) CHRIZB 58 L, Krebs
CiRTE@ESBLTHHEETS. L, Na-
free (Tris-Cl ‘TE#1) 2, {KED Krebs 1, Z
D Z T 5.

36°C ® Krebs ZRiBIc 35 L, BVEATIX
SREEL, RCHESETIHNCHS. EbIT
36°Cic iRy @GR LTHSRIETS.

Cl oK% % benzensulfonate 2 &t L 7z,
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Cl-deficient Krebs f1Ciz—@E oo BEZEL
7otk BHBL —45mV OEBEMCELEL.
Krebs it &1&, —E@FHBLTLLEETS
zZDz ki, Cl i1 passive distribution ‘Ti A
TERWZ EETLTWS. K-free & ouabain
DRESHH S OEIERZ, Cl-def. Krebs % v
5L, BrEE —80mV dET 5. ZOFR
1%, Cl @ leaky current & L TO®EIMMH S
Nifmdic, Ak electrogenic sodium pump
OESHEEEZ NS, LR XY BERTFE
51X electrogenic sodium pump BHFEET BT
L, Cl {3B7 % passive distribution TiXaHH
TERWZ &, BT T Pra/Px BPELTSHZ
Ebhrots. 5%, BETZHEWT, Pn, Px
DOVWTABEELELERL TS5 E I
Lz,

22, Enteric plexus OERRY;EENME

KIEE (LAX, E, $£—4£H)

%k 2/ M EE D myenteric plexus % Of submucous
plexus @ ganglion cell 7 SEH L -HREED X
24 7 & (burst) D%~ viX, X<LEMILT
w5, ¥ burst interval I myenteric plexus
¢ 6.3FF, submucous plexus T 7.3 TH o7z,
BHEIIII 3~ 4B TH > 7. Burst OFER:
fi33tiz 400 msec LLFA3% { (myenteric plexus
“¢76%, submucous plexus ‘T64%), F7-, burst
LhD R4 ZEFIOLTOLDRE H > 7=
(myenteric plexus T50%, submucous plexus ©
59%). %7z, ZhbD5FHM plexus TLLH
SILTwik.

KAED myenteric plexus 75 HEHLLEESR
#Ho burst B3z 5h, ZThHI/MEER (+=
53R, 53, [EIIEE) © burst @Sx—v g
{iL, burst $8EE, burst interval =3 EHEIT7
oz,

/PiS enteric plexus 725 @ burst X AK5IL C,
slow-type & fast-type i HEIN5.

—2@ ganglion 5% Hivic burst OHITiE
slow-type @ spike & fast-type @ spike HMEZE
-+ % intraburst interaction BA BB T LB
5. Z O type @ burst ‘T, slow-type @ spike
WX »C fast-type @ spike 25 trigger L, fast-
type @ spike DHIIC X - T, slow-type @ spike

¥

DOREVBEE XIS TN 5,

—oDBET %5 ganglion CoORBEEEGTIRE
i burst MicBER BT LT E L »
J-. —7, submucous plexus @ ganglion cell
DEFEM: burst k #RERHOTEE BN ORI T
¥, Tty burst interval L FIIEBEAL interval
MiZ ¥ OMEES A B,

Ll EDEEE» S, myenteric plexus & submu-
cous plexus V¥, burst D% —V, 5% O
s, R—EE2d230LEZ D, i,
zh o plexus VEfFicxt LT tonic inhibition
ZH0bDLEEZIDLND.,

23. Evidence for non-adrenergic mediat-
ed relaxations in the intrathoracic guinea-
pig trachealis muscle

Coburn, R. F. (Dept. of Physiol., Faculty of
Med. Kyushu Univ., Fukuoka, Japan)

We placed 2 to 3mm diameter strips of
guinea-pig Trachealis muscle in Krebs solution
(aerated with 95% O, 5% CO;) in an organ
bath and measured muscle tension before and
after transmural electrical stimulation. We used
stimulus parameters which stimulated trensmural
nerves in the preparation but had no significant
direct effect on muscle (1 to 30Hz, 0.1 to 1
msec, supramaximal voltage). Five or ten seconds
stimulation resulted in a contraction followed by
a relaxation which had a prolonged recovery
time. The contraction could be almost entirely
abolished by atropine or hyoscine (10~7 g/ml).
Tetrodotoxin (5 x1077) entirely abolished the
relaxation with pulse durations less than 0.8
msec, although small tetrodotoxin resistant relaxa-
tions persisted at longer duration pulse stimula-
tion. Muscle strips were taken from both the
intrathoracic trachea (1cm superior to carina)
and cervical trachea (1cm inferior to larynx).
Propranolol in doses of 1 to 10 micrograms per
ml did not have a significant effect on relaxa-
tions following transmural stimulation in the
intrathoracic tracheal muscle, but partially sup-
pressed relaxations in the cervical trachealis

muscle. Similar findings were seen following
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practalol, 5 x107% to 1 x107%g/ml. Hexame-
thonium, 5 x 1076, and phentolamine, 1 to 5 x
106 g/ml had no effect on relaxations in this
preparation. Bretylium, 5 x 1078 g/ml partially
inhibited relaxations in the cervical trachealis
muscle and this response was shown to be speci-
fic in that relaxations returned toward control
following metamphetamine. With the intratho-
racic trachealis muscle bretylium always caused
a slight decrease in relaxations but metamphe-
tamine had no effect, indicating this was a non-
specific effect of bretylium. We were able to
demonstrate that the stimulus parameters re-
quired for maximal relaxation were different
for muscle obtained in the intrathoracic and in
the cervical trachea. At constant frequencies,
intrathoracic trachealis muscle had maximal
relaxations at pulse durations of 0.3 to 0.5 msec,
whereas cervical trachealis muscle exhibited
maximal relaxations at pulse durations of 0.5 to
2 msec. Intrathoracic trachealis muscle exhibited
maximal relaxations at frequencies less than
10/sec, (60 pulse trains at 0.6 msec), whereas cer-
vical trachealis muscle had its maximal relaxa-
tions at frequencies of 10 to 30/second. Relaxa-
tions following transmural stimulation have been
seen in intrathoracic trachealis muscle in two
experiments following reserpinization of the
animal. These data suggest that innervation of
the trachealis muscle in the two different regions
of the trachea is different ; that the intrathoracic
trachealis muscle relaxations are mediated pre-
dominantly by non-adrenergic nerves, whereas
cervical trachealis muscle may. be mediated pre-

dominantly by adrenergic nerves.

24, ELEY F%ESF}E'*S@E%ﬁWﬁL%J:
124 NaHCO; DR
K wm Ouk, B, E—h)

EOE OFEGHE > TER T 554,
Krebs #13%9 16 mM @ NaHCO; & A T35
@ Na K CaténgE % #H~< 5 iiiHCO;
DRERROZIEHLECE E b 5. K,
Locke #% & Krebs i DL DX 758 ik NaHCOs

gk 713

DEEL CO; DETHS. ZOWMEEAVTE
By a28AME oM B RERED %~V
BUBLIELIERLNS.

T THEE I HCO; 2Rk LcBE&o%t
EBOVEHTHE L., FE TRk
BE OB WIESESEICE D, EhLEDE
REDFENH S EBbhD, EikEEEciaisy
M5 BTN L L, 75 LARCEEDR
VIR ERGRIC I - TR 53, BHESIXTFED
BECHLTRKL kY, BREBcEsR
HOBHRIR bhis k5. '

BOVHIBHCIRIENDERT &, HEMEIEEOME
EOBALHRALND. SEFEH Tk
BN, 910534 T BE LTk 5. HCO;s
FEOMZSE, FERICKEEBMCIR—EED
MHBRE Z > B EREONEPEET S, BT
RN B X OCEREOBRMBEOEERR SN 55,
KETI—iblE (19204) OENBRIED.

ZDX 5w HCO; #R\WicshRITEEfHOE
HTERCR-TV5. 2hbnEi, Ca off
Cxb3 5% eMmian Ca IRE ORI HIEA
NOpH X - TEELZT 50, OPEDFE
TG B EEGOBETE> TWH D TRV
LEZ2BNRS, AL LB OV TEImM
Ca mANRITINZ Iz & & DEEDS, 16 mM HCOs
T EE, 0mM HCO; TR i
B3 X5k, CaqA4vshEix HCO; ok
ETE£E-TL%. FEFEHTH UL
HRBZ O, SHLOFESE (BPRE)
THFRBRRER LT, HCOs OFhE > HAE
FEHOBEDEZEDL T U TITL FETD
%, .

25. ERAFTIFERBLEOHT

B (BRBX, B, S04
BIRBAVI R ORI RO 5 1 T &
y, YFTANHSIRETE ST, kb
PRI R DB, FRELSNC DL,
FOREIIERTHL»L, HRMERCKT S
BREERIIREVWEEbNnS. UL, flzl
BIREMDBEV, TORPLOAN KT Tk
{, Bh-fhOBRPLDANT L > THH LK
HIRELH A B, BIRTRERT IR D CRIAH
BH 75 convergence 3% b5, -
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R IR R O HE M T M E B RV, SROMEA
1 D Ze R R o AR 2 1 X, SRR
BHERKOBRESBC D b2 E 55, #iR
BT H BB IEFTL convergence VXL ive —E
L., X2T, M/NEBRERIC X 5E—RLEW
R HEKHRIZ BT D convergence DA R T T
i, HEH U&7 = U Ok kR
S DHIMANBAZIHEL, SRORBICXOIR
JCE AT,

ROHEMSEEEOHNANGEH» b, 1) ZIRE
Rz HETERbD (453%) 2) RBOFFEK
BUEIBEMZIETELLD BL1%), 3)
EEHEMDNCMOELD LN, > 7o b D
(23.6%) ©3WHLLhic. BREBRYIHTE
Tosk O HEREREEHET D, JAHB L convergence D
HZ2oh5H DAL, EOPORPLDATE
JERIET 5508 %0 -7z,

ZhHOERDP D, ROEMRBEHEEROKES
BIIEBHLDDOTIREVWTE, TLTRALDY
OFLBFEIhb i KRR L.

26. FOH4 v L10866 & DEBHROHER

AE H (EREX E $4H)

T oy TRABBEREIB 2V LS 2 ROEL
RrhFhari Nas K OK 1 F Viglgisie
SIELTVWBZ L2 I LIRART T 5D, F
yuh4vOFEEK T H 5 2-diethylamino-N-
cyclohexyl-acetamide (10666) DR BRI Xt 3
5%E % Mg ABEEHRFHELAZBVTILLN, T
hWe7ehdvOBELEERL TR,

1066613 IR BN A A1 7 ETFb—L X 1
OB LIRS T e h 1 VIZT
W5, 77 —HOREETT R VIS
LELIEV, LrLliesd, KRSk 5
HERHEE L DL MA—Thote. FRHRED
BRWERCHT 2R IEE OMICEEDOED
BHohih o7z, ZhbOERIGBRIRCH T
52V Ey 2y ADEBENLT NN/ Na
LKA A VEBRBIVEK->TED, Na 14
VERBRRINTAERIAE LA L TH B
25, K44 VBB T5ERBRTw5E
2 TR T E R,

COEHZIAT D7D 7Y & v —/LA0HE
BHERE AW CEEMEREC X 5EREZ{T

ofc. Uk w— LRI EERE R R 5 T,
HEBET LA LLESREEEO V-V
FETE 5.

ZDEBRDOIHR, Na A4 vVEBRBCHTS
ER T rp 4 vd 10666 HFALTHHH, KA
FVBERBCH T HERIIR - TwBH T EHE
SEEh, HREECA 4 viEERES LN Ehl
i’ Na B XK 1+ viEdRigic skl cn»3
ZEEIBERMT .

21, ATNKRBHEHEEL YV FILAF Y
RERET, BEEEE (ATXKA, B, S4mm)
Bl Lit O iR iR OBRE IC 0t 5 1 B

BIERCOWTHELAR DI TE R, ZhicBhE

LC, MERMICI VT Lit 58 Na* oftFEFE

ST ebT, FEWEERCL > TEERSIY

EEZEHT5 L VS WREESTRIE I TN 5,

ZRZ LR, Lit oMERECH T 2 ERREE

HERT 5 5 2 CEELHETHD. TOEXL,

Li* i3 Na* oZ BB XA L 5 5 0586800

REZIRALIRWE WS AW E x L o

R TEL D B DICEER TR -7
BR Y =L OFRMREIIWT, Lit iz

VI = a7 VEECH L TELIC Nat oft

el 5%, EREZRERM Li-Ringer IS #ici®

LTHLE, EEBIV= a7V EEEIRET

EHT I 52, ThiMEEORS B k50

TH 5. »h5EES B LT oMlanng i

CX5h0LEILND,

MR 313 5 = 2 F VIEERLS OB 4 DY
FTREETIY, FOYF S ABREMORECHE
8 L TOFERL Na 0B & PEECES LT
W5 EELLNBESE, LitiiNatoftfz L
558, YFTABEMOREAET Nat ORI
78E& (Na-pump) PEECESLTW5LEL
bhaHEE Lit ik Nat oftHa L akwy

DEoEBiT LY, Lit oMRRECET5E
EEIOEEQL A VT 2 ERRELE
%2 5%4, Lit ik Nat OfifgELE L TOZER
BEIESRIELHAELS 5235, Nat & <mla
AP BEY 7T X DB Sy & v S EARryin
FERXFTTRTHHALS LD THY, Lit s34k
RARMOEE S X OEEICR U TR BRAY o 3R
A% ® 5 L2 BHETR.
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28, WREREIRIED slow IPSP & 34 Fngs
*

ARG, MEEE (AR, B, $T4m)

bbbl R SMmiE > bRET s
IPSP 73, wv-S4 vtk DEERMICHHE NS
FHRBE L, chicEELBOMRE s L~ 71
s-IPSP 3R ioo CHElgosx X v #4L, L
Y UL VIR OBEMELICR U CREITE
HALEWEWSHEZRERLTWS, KERIIZH
SOFEHRERIAT S HNTT o7

1. B HiaiEEME ORI X BETE L, T
B i, %X OB iR XD &
Ll xn5g. i, BHOEBERMISESE
BALIE s-IPSP FARpicER I Ehs, Th
BDEBREST, s-IPSP 3L OB LS
IR E dic, BEcRELTW5EERH
BHITRLTWA.,

2. s-IPSP i3 = a2 5 ViREEICX LTIZ & A
LEEO WY TS v OIRE(108M) 2T, &
R gaicifl S h s,

3. #FEME Ach iz X o T4t b iR iR
o skEx, s-IPSP oMECE L T v %
2, ZO@BRETY 7oA VICX BRI
Ihb.

4. RIS X0 Rk b R ERIEIR O
WHEE, s-IPSP OMEIEML TWEE, T
DBEHFBDH T VA VIRX VBRI MH S h
5.

5 DE0ERiZXD s-IPSP 53475 & %,
BHIAX D REL, TV 1 VX DEENTH
HEXh5 LW IERWLES, Ll, FFEEAd
& - THAET 5 MR EIEO& S/, s-IPSP
OHELIELLTWSS, ZOMSETY v-S(
VI X DIk Ehasicw.

29, AT DBHOEEICLDEEBEOETL
LEDAAVER

ATET, KKkbie, #HEEE Kk E #
)

Double glycerol gap HEic X DAY =/LLE
HREL, BolEZHEe. EERBHEE
2175 &, BBERHA s mLURER
C/NZ ISR A RS, T DN, slope resistance
REBARCHEAL, BEREM~TEM TR

b % 715

EfET%. Z 0w o conductance DZE{bix
Cl Rink X BRIV TD LS R ie, SED
Na 14 v%& Tris 14V CERTSE, [HE

PEHHEmV #AL, BEROBSEIARSD B
LD, BERRIBIIERTE Z T TR
{, TrisiFEHp CRIBBERILH S BEEL
7. Slope resistance DZELIFIER AT EE
TRV, BERCHEATAERCS 7. C
DBEEB S EBIINE Cl A F v 2tk 4y
TEHRLTHBL LA ok, BELHHEERE
20BEBBEFOEIBOKRE X LR AITE
BB XELIH, BEXMBEILGASEITLA
SEELrof., TOZEEEEEMLD DI
WEAL#HIPH iz KB @ delayed rectifier system 23
TFHETDEEZNIHATE S, ZhidiBmE
FEFTH LN g LRUHEERZ D2, Lo
Eh, WOEMCIIIEEM L D dIEVERL
#HPC KB delayed rectifier system mific
EbDTREADIE delayed rectifier system 7373
FEL, Na A FVHEEREHERL TS E
»EZLND.

30. 1 XHUBMAHOINHE, SABICXTS DEE D
-7

FBZoR, KHRm (LK, B, B4« n
K, ERFEKR, £H)

IR0 fE DRI FEECE S35 Catt DftRIR
LU, MREEEEZ®E > TAoTL % Catt &
T-%2 N U CHlEAN Catt store 2Bl Xh %
Cat* DO EHE XN T W 5. EREREIG R
ZHALTTA X LEHCEBEMEE 2T 7% 5
&, IEH Tyrode T (IEE#) —50 mV frod
BB /NS R P L LD 0mV fhE
TRIBTAERRIDORBEPHZ SN, Ko
BRCRWCHMERIERT 5. /NI gl &
REMRNOFBECHTEZOOREB =2 D
Ca** OHHAELEET S L E 2 b, EEHIC
caffeine 10 mM Z{EAIBTH/PEHAK T X 5
Ca*™ DI DAL ZMH LIz A (caffeine #5) T
EEGEFAROEREZTRVIE L TROKEE
z7z.

1 EWEHTH BN /NERIESD © F 411
caffeine [T X » CTIZ & A EMHI S inwaik E7n
IRAOFAETFF R EZZT 5. 2huhbIER
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H>
&

b &%

T 31T BIREEN ORI E E U THRIER B BRADAEZELHLTAEL 72 b, caffeine
PHHRAT S Catt OEENIERTREL, HE HTIRIEE—ETh » 7o, HHERI X - THIK

B OENIIEE LCiMako Catt oIEH B2 oS BII—ETHBH» D, EEHOE

WORHBTELELTWEEELZONRS. BB T ORNFATG/NMaERS Catt 2EHL
2. #ijast Ca** REOLELIIER H O K E TKRELRBEEZEZDNSD.

R-SR NI 2R BB - CETBESR 5 0 4, —ERBAMHESHEEE % LT caffeine

HBTH oo, FlBorEiSHE/FOMBTHLTD S5H0ORNFBEORMREE S5 5 L RYICHED

BEREZ ol MHEIPSES & L BIEFEHC KT 55biEEfm/Ma
3. EEMEEHOE 1 FHOBEHENICL S s Catr #IO ALz L TET S,

ENEHDE, EFHTRITOEERENICIT

FIMMEMEBEPRPRRRER

B R BA4TE 1 A29 (1) FERIR30D XY
o O RREESERAY BASEAEGEE
LEHE  ARGLT, Bk

1. FTSHICRATy hFTY Y MSDINT B—b e 4 XTRE, SEIRKEA B % 4 55 0.56
PFEE=EB, NEHK (BX, &8, &H) (£A) L—iEAREL, BFL—REEEEA
AR — 2 EFOHENFEOR TR BRI E ERICKEITHE LD 0.02/hS 5 72,
HL, o7y b7V v+ (KECELTWSR RBFRPECHTHEFE TR, EFL—K¥
E@OIK) OomEERERICOVWTHELR. H£LTOEEDERL, bThinbRERNS X
Fikik, REFE7 v 7Y v FEES (BEE DT L BERE > o7z, FRICH LREA G
BEAMRASER) X RAKBRBYE, — E TN BEFEETH -7z,
BRFEAB IR REGROKXEARFEEZNRE
LHEIEZITR » /o, MEBERERAE, RAPRA 2, EESEoTINF—-RHHcoT
SOHBEREEETOT v b YV b ETOERS EAGERE (EREKX, KF, EBEm)
FEEEDE— e v 1 K&, SETOREIRSHE ZHEThbhbhB Tk TERLEEFD =X

BRCS [ WREBBRDEVFR — /L o 7 1 RIPAT N —RBCETLERER»D, 100m 0L
WEBEEA VAT YT e v 4 e, ZTLTHP REPCINT, 150mlBEORRBIRESNR S

LORLEBDH -/ o v 1 RICETIE S o, 4EE, 20, 30, 50x X8 80m Ep=x
De—/Ls v 1 XETHY, RERSE T AN NE-BERZINETCERABKROLFETHZEL,
R L EESE (IS BAEE) T X -k 100m #£X 903 ISBLEESEST5E
wE HEEZ = RNE~OE»S BEH L. ZFET

Reboe W 4R, AVATF T o7 1 ABLT iz, 100, 200, 300 35 Xk(X400m &b T
E—/b e 7 4 ROPTRIFILBEVETES VR ftofe. WBRENL, SHAOBFAR¥EBELBHRE
FoT e 4 XTHoTm. D—HKAT YV Z—TH5.

Kb o 7 4 XTI, RE—VEFBIO—/F HZIEMET OFH AL~ i, 20mED6.0
FAKEAREEX VISL, f2HFOETIE m/Bir HEEE Lt B R L, REEE 100m
LAERDN AP ot AVAT YT« ¥ 4R T i (85) Txdh, ZTOBBRACET L& (400
i, AR—-YBEFIRDREL, F—Lev a1 X m: 7.2). »

%1l Lick E0EIETIE, 038 (F), 0.37 (k) BETZERN, HEHSELIRLIT LS vl
L ke —fEeeA o 0.35 (F), 0.33 (£) <, % R B (20 m 35 X OF 400 m 4 & 2.8, 12.8])

EA B4 029 (BA) &—EAhSh otk L, BREAEELRROEREZR LK (20m:2.7
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400m : 10.01). %7, EEPOMRERER,
T OEEEEFECREWTR BN (20m : 60 ml,
400m : 2.81), BERIHTHEAE, B42%
(20 m)~20% (400m) TH - 7z.

BARSEY D, SR 1kg YD OMREER
v, FEREEE X SR BagAITIRA T B 45, 100
m ETOLOMEIE, 80m FEDHL VED - 7=
Tz LV, HRL (19274) nEELTWDLT
L, 100 m EDFEM 50~80m FX HENWE
Ltk o CHAShE., FHAE~ FEBRTEE
& (/kgB) LOBRERS L, 20m»580m &
XU100m 75 400 m & TR B o0 M 5 R
bz,

LI EDHERE»D, EEEHEETRS T, fnEis
LEEM R R T ESER (R T108
) 2, =X RS L L TEE
EEE LTI,

3. HEFIRE S LTLFERRED D OE IR
2N 3 o)

SIRE (FEKX, &, H4EHE)

SEIR RIS EZ A 2R (CBR) % X CSEBIIR
L2 ARE (CCR) 75 OROLMEMREHER &
To. BEEAEMIT SRR SN RIRHR O iR
~DEECET AT BRI X 5BREAL
AR LTcTe), TOMKERET DT EHT
ER A Yoy o

RERTIIHRARMBC X AEM= = — 7 VIEH)
DO LZFIAL, CBR kX CCR #=2—
vy ZREL, T ORBEINE D DHEPD HN
AT

RV T &~V H 5 3 VvIEBME R = OERE
z, ALY fast green ZELH/NEBEHFIA
L, MIMESRESREIC X D = = — » VREHEE B R
$RU7-. BMUR(ECERENICRERITIRNS 1o®,
1) LEMCRML R 8 —vERL, B>
RO BEEIREISC X D RAHEH O d 0%
CBR =-~rv, 2) EARFESEECEERSE
WBEBEZRT==2—vv T, CCREBKITD 57
Y v R RMEEARAS E DIEALKEE, £0==
—n Y EHOMERTSHDE CCR =2 —RrV E
EdT., FERRINLIE= = —r VOB, B
ek b fast green 475, EE, WA 7EHR
DFNET X VFER LT,

b % 717

CBR =a—rVEFEEShizdD 12. 20454
LA (NTS) iz 9, 57 TR I (Para
XI) w1, FERFEREYE PRN) L2TH -
7.

CCR =a—rVERZEENLDID2L L D5
#5vx NTS 213, Para XII 4, PRN iz4T
Bt

PAE, SRR ORRIRHERAIE NTS TH %
Tk, HETIiEdH BH Para XII, PRN ~ %4
LEECTES RV ERERLE

4 ERTIE TN LA O VICHDORE)
Bfids L DR

m4a &, 730 B, mETaR, HESEHE K
R OB, hEibT (AKX, B, H—4H)

5B (close bipolar electrodes) Z{#iff L C,
B & A =L QAF LI B ONT L E D impulse O
EXRB S BRAAEOBAN, TbbRRRE
L) CER VR Ik = A D

ST IS EE AL A RN U C impulse D
BEHT, MRERIGOBLEREEVWHY
@ impulse DE- X, #OF X Z{ZEEE T 5 EERH
BIOCREEEERZET O RN2EE, EROFE
THIE L7c 2 b ORIEE & iR Ui,

5. ZREr—INEHREZEOICA (1EVE
o)

EHEE, RHE-, ZEZX (BEX
W, CfEAEE), BIERARS (FMEbTR, W, £

=WIEs — 7 VERERIE Woodbury & Crill iz X
Y rat LD electrotonus DFENTITEDH h Fo.

ZFRLSHRIC SR Xh, ER@E A SR
L, BEINO, REEEEEE SES
N REIE F RS OB R E S I S h i,
= Ot ENRAKT-falE, RIS A~ O 3%
26N 5.

1. HH

it £ oo cell-cell communication D3
LTV AN NER X D ERZIEA
LTATHEEMZLEBNT 52 © WH#ASh
5. WMARSERERZEA L RBICE - AT
LERWIEER ZE b 122, V=R,/472.4,)K,(y)
LEHTES. R IIRMMEOIEYL, 2., Ay 1222/
ER TN, MoE SR 4, MlaEO v B X
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Oy FR QBRI E, & pen £y EBL &,
2,=(4R,/2 . )'% 2y =(4Rn[2 py,) 2 LEESH
5. K, (r) 12FR D 2 L WiBessel i ¢, %
By ="/ FF0/2,F &85 ERBERE
TEmL o, EEAXERED 1/21GETHED
% tye &5 ERMEOMER (C, WEEMm
BOBRER) 13 RpCp=27/t12 LRBZN 5.

1. #R#

1 & Y BHELRAMEAT, HEXREZOH
S 7 X40 ¢ OB ERIT A SO, BB
tight junction :MHINSHEENDSB. EEED
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sn -l T D EEMELNTHTCE B2, iR
BoRTHICE RN G, EFIREORERT
xR L, ThicEBR2ER T 5% &L p=10
to 1.5x103Qcm, R, =7 to 9 x10%2Qcm? DfEMN
z2bh 5.

1) Shiba, H., Kanno, Y. (1971) Biophysik, 7,
295-301

2) ZEZK, BIFE—, EEERE (1968) mH
FERERRSGE 9, 87-95

6. ;FENEf: overshoot [CRId B, B
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THHBEEC X VEHENEZEE £ @ overshoot
L spike DEIEVRERBOLEOMIELT L
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B MMER Ringer IPITR L, MUNERZRA
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19624 Davies Hiz X » Tl U T, FDNB W
ENHCREZI/VTFVEF—EBHEESh, )
B> T ATP BPBAL, B V7 FVERSD
EFVELRWZ EpmEhie. Wilkies  XFDNB
HEGORNBERIVCEBRELEEHELDEVE
BN EREPDTND,

L LEEHELN T, FEHTIEIVTF
v+ —¥ER XY Lohmann KGBAHZ S
TWBHDTHB D, AEBRTIE Wikie 0FW
THEH I ) IEESICREOKREVWEOHE
He2FWT, FDNB mEfpoBIRMEIC X 5583
£, BWREULTEEHLRALTH S0 ES e
~fe. .

AEBRICHT 5 FDNB OB N%EE, +hbb
0C fHEDIRET, BRTEERE L T400M8
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K TFT5X57% FDNB 0 0.l mM T
b 7. ZDfHEIX Davies, Wilkie, Aubert o>
Wiz 0.4 mM T HEAR ST D /RS,
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E2o 50, control E{l7-fifiEzRl. 6)
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T, BOEHET, WIS O, BIEO Las
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Enteroceptors, Edited by E. Neil, Handbook of
-Sensory Physiology Vol. lll/l, 1972, Springer-Verlag.

SRR OB 2 KR T BN Z AR O L 1%
BEICDV T, ThETIEL S A OTRARE S
h, BOERERZ BN T B 5, AEkfEiiE
(h A+ R & vR) BRETD i OWERIER A
%5, NBRORLZEZTHRRABITOVT
i3, ZhETHEVBELMDR L 2 - 2. &
I, BREEEOMEOHELLWTLT, 0E
DFFEPE# LED BN TV HDREEL VW &
Tho. ZOE, ZONHOREETOWEDRK
REFFHTIND IS DN DEWT H 5. 200
HizEDIDTH DM, EDTENVEBIIHEN
BEWAX XS, ROBENSEEIhLTWS.
1. Cardiovascular Receptors (A. S. Paintal), 2.
Arterial Chemoreceptors (E. Neil & A. Howe),

FEFV VRO T L]

EIOE £ BE¥EF S

19624F, AT T DALV OIMITIHE » 1o
FoVRIY AL, HFHEO S HICAETHI0E 2
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4 B18530% X D EFEKRK — AT TR
Nz, £7—<8 T2y b oS L O
i) v D Z L THEAPDIHEID S i B
LTWwWiohd, 7EcE, Zoiiffiic NIH 2550t
KEEEIHPNEN RS TR Sh T His
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i —= (Laboratory of Neurobiology, NIH):
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TR BB Iz, Matteueci 2 Du Bois-

AR T AT R
B £ F =

3. Receptors of the Lungs and Airways (J. G.
Widdicombe & M. Fillenz), 4. Abdominal
Visceral Receptors (B. F. Leek), 5. Central
Thermoreceptors and Thermoregulation (R. F.
Hellon, 6. Receptoré Subserving Hunger and
Thirst (B. Andersson). A4:HI%3% 7213 T &, i
RE¥OWEEDREBZBL TV L E 20D
DTHB. Ik, BERLTAIC, ZhiclhEo
H5EMBTUTENTWS. Fhii PROGRESS
IN BRAIN RESEARCH, VOL. 35 o “CERE-
BRAL BLOOD FLOW?” (Edited by John Stirl-
ing Meyer & J. P. Schadé), 1972, Elsevier =
BT, I6OMIBND BN T WS, [ERESE
CIEPRE T EATWRREINER VT 5.
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Mr &R 5 DM U iz,

s, RV FED 7 ARSI Y 5 TAms
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