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The effect of ATP and acetylicholine on the sodium transport in bull-
frog large intestine Makiko KITAMURA (Department of Physiology, Nagoya Univer-
sity School of Medicine)

By Ussing’s flux chamber method the effect of ATP and acetylcholine (ACh) on the
sodium transport was studied in bullfrog colon.

The results obtained are as follows ;

1. ATP added to the mucosal medium caused biphasic changes in the transmural
potential difference (P.D.) and short-circuit current (S.C.C.), although serosal ATP was
ineffective. After an initial rapid and transient rise, both the P.D. and S. C.C. increased
in parallel to reach a peak in about 10 min suggesting that the tissue conductance is
little affected by ATP. Addition of ouabain to the serosal fluid depressed both the P.D.
and S.C.C. and abolished the electrical responses to ATP. The application of ouabain to
the mucosal side did not cause any significant depression. These results can be explained
in terms of stimulation of sodium pump by ATP added to the mucosal medium.

2. ACh added to either the mucosal or the serosal medium caused increased in the
P.D. and the S.C.C. The serosal application was more effective than the mucosal appli-
cation, The increase in S.C.C. was more remarkable than that in the P.D., indicating
an increase in the tissue conductance. It is suggested that ACh stimulates ion transport
systems by changing the membrane permeability of the colon.

(J. Physiol. Soc. Japan (1976) 38, 261-269)

key words : acetylcholine, active sodium transport, ATP, large intestinal absorption,
short circuit current.
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Effects of adrenaline and serotonin on the pump potential
of sympathetic ganglion cell membrane in bullfrogs

Yoshiaki SHIRASAWA, Takashi AKASU and Kyozo KOKETSU *

Department of Physiology, Kurume University School of Medicine,

Kurume, fapan

It has been reported by Tosaka & Ta-
naka® that the membrane of ganglion cells
in a rabbit sympathetic ganglion is hyper-
polarized when repetitive stimulations are
applied to preganglionic nerve fibres, under
the experimental condition where the choli-
nergic transmission in this preparation is
completely blocked by d-tubocurarine (d-
TC) and atropine in a K-free Ringer’s
solution. They suggested that such a hyper-
polarization might be produced by an
electrogenic sodium pump, which was
depressed in the K-free Ringer’s solution
and suddenly reactivated by extracellular
K ions outflowed from preganglionic nerve
terminals generating action potentials®. On
the other hand, it has been known that the
membrane of ganglion cells in bullfrog
sympathetic ganglia are hyperpolarized
when the external solution (perfusate) is
changed from the K-free Ringer’s solution
to the normal Ringer’s solution (containing
(2mM K ions)b?), Such a K-activated hyper-
polarization was augmented by the action
of adrenaline) or serotonin?, suggesting
that neurotransmitters, such as adrenaline
and serotonin, might be able to regulate
the membrane potential of ganglion cells

by interacting with the electrogenic sodium

pump. If this is the case, the membrane
hyperpolarization observed by Tosaka &
Tanaka® would be expected to increase by
the actions of adrenaline or serotonin. Thus,
in the present experiment, the effects of
adrenaline and serotonin on this membrane
hyperpolarization of bullfrog sympathetic
ganglion cells were examined.

Isolated paravertebral sympathetic gan-

*OEIRENE RAT % M AR
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{(Received for publication June 23, 1975)
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glia of bullfrogs (Rana catesbeiana) were
used, and the membrane potential changes
of ganglion cells were recorded by the
sucrose-gap method. Ionic compositions of
Ringer's solution are as follows : 112 mM
NaCl, 2 mM KCI, 1.8 mM CaCl, and 2mM
NaHCO,. 2mM KCI in the Ringer's solu-
tion was simply omitted for preparing the
K-free Ringer's solution. A preparation
was continuously perfused by a solution
and desired amounts of a drug was added
to the perfusate. All experiments were
carried out at room temperature (22~24°C).
Drugs added to solutions were adrenaline
bitartrate (SIGMA), serotonin creatinine
sulfate (Wako), nicotine sulfate (Katayama),
atropine sulfate (Merck)and ouabain(Merck).

After cholinergic transmissions of a
preparation were completely blocked by
nicotine (0.1 mM) and atropine (0.12 mM),
the perfusate was changed to the K-free
Ringer's solution containing both nicotine
and atropine of same concentrations. In the
K-free Ringer’'s solution, the ganglion cell
membrane was apparently hyperpolarized
when a train of repetitive stimulations
(30/sec for 4sec) were applied to pregan-
glionic nerve. Such a hyperpolarization
gradually increased its amplitude and finally
reached its maximum amplitude (4 ~ 7 mV)
within 3 ~ 4 hours in the K-free Ringer’s
solution (Fig. 1). The hyperpolarization was
extremely sensitive to ouabain ; it was com-
pletely eliminated within 20 min by it in a
concentration of 2 x107° M.

The effects of adrenaline and serotonin
on the hyperpolarization were investigated,
in order to examine if these neurotrans-
mitters could enhance this hyperpolariza-
tion which appeared to be produced by an
electrogenic sodium pump. During experi-
ment with a preparation, hyperpolarizations
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Effects of adrenaline (A, B) and serotonin (C, D) on the membrane hyper-

polarization. A, C and B, D were constracted from experimental datum obtained approxi-
mately 2 and 4 hours after each 4 preparations were perfused with the K-free Ringer’s
solution, respectively. Periods during which adrenaline (3 x 107 M) or serotonin (C: 1 x
1073M, D: 1 x107*M) was added to the perfusate are marked by horizontal lines. Ordi-
nate : amplitudes of the hyperpolarization, abscissa : time scales.

were recorded by applying nerve stimula-
tions (30/sec for 4 sec) at an interval of 10~
15 min. Since the amplitude of the hyper-
polarization is progressively increased for
3 ~ 4 hours and sustained thereafter in the
K-free Ringer's solution, two sets of experi-
ments were carried out for the purpose to

confirm the effects of these neurotrans-
mitters. In one set of experiment, a drug
was applied to a preparation during initial
3 ~ 4 hours for studying if the drug is able
to accelerate the rate of increases of the
hyperpolarization during this period. In
another set of experiment, the effects of
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drugs on the maximum amplitude of the
hyperpolarization after preparations were
perfused for more than 4 hours. In both
sets of experiments, adrenaline (3 x 107*M)

(5 experiments) and also serotonin (1 X °

107*~ 1 x 107*M) (6 experiments) apparently
augmented the rate of increase and the
amplitude of the hyperpolarization ; gan-
glions were either depolarized? or hyper-
polarized when these drugs were added to
the K-free Ringer’s solution. Two examples
of these experiments, which were obtained
with adrenaline and serotonin are shown in
the Fig. 1.

The present experiment supports or, at
least, not against the concept that neuro-
transmitters, such as adrenaline and sero-
tonin, are able to enhance the membrane
potential changes produced by an electro-
genic sodium pump, as has been suggested
elsewhereD?), The mechanism by which

neurotransmitters enhance these membrane
potential changes is not entirely clarified
yet at present. Nevertheless, it does not
seem to be simply due to an increase of
the membrane resistance, because the
membrane resistance of ganglion cells was
not significantly altered under the effect of
these neurotransmitters?. In any cases,
the possibility that a neurotransmitter can
regulate the membrane potential of a target
cell by interacting with the sodium pump
can not be discarded.
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1. 3 3Cdsl 2 ERMEIROFER R

PRIRIRIE, ARG, BRAREr (MR, 5,
WA o R~ o V)

i GUNEIR R e v TR IS & T DAsle2004 r,
FEERIC A S Bl ST v Hin b b 57,

OB IR BRI C iR,

bivhhud 4 DR = (JRIE 2.0~34 kg) 1212
PR 2 THRE PO A A T, SRR I R A
ng'g&&fox,iﬁg}WEﬂz (14 Hz—s 2 Hz, 1 V, 0.5 msec)
v, [, MREREE L & DR Y 75 A
it kL, TR RN AN WO L A

BHEE A SRR LT, Zolikick

LR T RN T d - 7208, FEN
T R TR O B30 LI IT 4 §
B, 2~ 5 it A, s T



2
BOTHLOREIIEFE L. FOFNEILEE
FIEBREI O EE (Vigilance) KA B EXN5. T
nhb, BREOBHWEEIIES, hEEORE
EDER), EIRRE TR EAGO R ER
BITHMRRIEIRIKAE I A b, R B
WERAD R, BVIERICA > T aii
BICARIIRED St oo, i, TOWEER
VE24RE R AR ORIEIEIR, SEAEIR DR BRITITE
HEBIIFLTWE o7 DLEOHKERD, T
DA OIEIRFEFEVE, HER FEASEM DINHlic &
D, FAREVC RIS AR P — X A OBER LAk
FETHHH EHEZTWD.

8. ERWICHITHIRERF=a—0O0>[ED20T
FE E HEEET, FFRE-PF (LR,
R, SRR - JRERY)
FRIBFRARROBEBEIR AT & UTHRIERIREZA
BT AEEANND S, T NITEERTHR
MR TEERRERE LTEF R TV AR, EE
FERADSAFTIING « B$IENC X 5 TH F ARk
IRFIET D AT S FITEIRAIRIINI S £ THFH
T5HZEMMREINTWS., £ THRZOERIZ
HIREZZAMIOREFEL, £330 5ORERRD
convergence 23 5 & & ZHE L Z DEF ORI
MBRFT - 7. EHEIC BT HRTEDIREE R
ANADSEEER X L7225, X D5 BLIEANEFAN
o, ABEASEZEMETH /. LLIhDHD
(BN nonlinear 7 thermoresponse
curve 2T 5dDHELHFERTVS. Zhbd
IREZAMIE OB ANEIERRACIE T L, &
XA 3IMEEEDT X H1.0mm WL 4.0mm D
MRS SFEL TV, 1R« S ZAMmEom
WIERC S R DR 5 7o, JEER R IE T OIRE R
WMOBEEZRT 5 &, R TEITHEG 7/, »
FAAIIA T 7l S i RIS %2R0, EHIREE
R~ DR ET A S OREA N DFEZRL
T3, ISEHHOMR - BHZ >N Th T
PR U, R IRERROSE & JHELDL
EwExT.

9. DY IFTHBEOKBELY RA-GHESNEE
SREBORERZMECOT

WM, HE & (Lak & PTAHE
BB 7 S ONSHRIERR S B DIREE R, RS

2 275

BREESI&ERIT “0&4” LT, #HoTny
5. ZO5 bEFEHOBEZAMBIAEERT
Hofticd, i, EH FHCIEELTVS
ZEBNELPIINTED, ThBHBA BTN
IGRBIE LT, M5 L TwaniaEE xR
LBz bR5.

7Y FTRER» O OMHEREIT E b TRE
o BAOWERC D720, KEBRFEHRZELCTHS
ZEPDIORED» LORBBBELZIEEIC LT,
HIFRRAPR TG, AN IF e T 5 IREF MR
EERZEEZHRET L. Thbb, BEELZEAD
VUL B IR B, HIERHR TR 7 & ONim rhi
W oiE2IAA S thermode 24 L C /BTN
WHE 778 5 720 REEOMIZEIIE heat flux
transducer Z BH AL, D% DC ilek
BTTHAE Le. HEOHEEE» YT 5B &,
ATERBUR TR DIRE RS MV, e L, 125
PIEKREL, TOERDIEEC non-linear 1225l
LTWw3s. FABEHROMBIZ X » CIRERZMS:
PZERL, BET»LOBEBRIC XY, Bz
5. LGN TIREERZEIIEL, Fof
DIRETHHI L2 2T 525, REEOZL
X TVABRELELL TR RFHROE
BRKENT LN e,

10. 3 J/BERBHOEENIEICK 4 B cyclic
AMP 3 & dibutyryl cyclic AMP oO/EF

SN (LAK, BB, E—E)

F o /NBTFERE EER) OBRSKNTE B2 E
WRRIC X DRCERL, FIRRORNZELDESRL,
NSt 5 c-AMP, d, c-AMP 7 ¥ O{EH 25
~RJz. ¢-AMP, d, c-AMP Wb A1 25
ERHL, JEE 75T, slow wave bl
KL, Hx) B-FIgFIDREORE b 72
5As, HAICILEE c-AMP 7 X X DR\, 8-
WMWY (F R 757 m—sL, DCI) kb B-Hfilik
FOVER DR 5 DIE L, c-AMP, d, c-AMP
DIEREIER L ole. 73 AT+ 2RT 5
~ IR (BT =4V, BFT 1 Uy, o3
Y YEBEXOY e T 1Y v) FETFTE c-AMP
RER BRIBHIOEFNIEGR I 72 23, 13 %
V= VEE T THREFH S 2vd+-SyvA
A OTEEIICH LT, ETho7ns, =2 vh
FANY VAT, JAT PR vy
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TvF Y vOERESESERTE L T v 7z, c-GMP
£ d, c-GMP 5 OFEENIEICAT LT, ZEAL
PV 5 T2 ThB DR S B-1ERiC>
WT D dynamic theory B L T, HEZMZ,
% 7= c-AMP, d, c-AMP Offflaffiz s+ H/EMH
DWTHERML .

M. Tl Ey FNBERBCHTDHFI-NT
I v a-excitatory {Ef
KINERE LAk, BB, @)

EAEy b OE KNSR E TR
IosL, chicxtah7sa—n7 3 vofE
Jfl, #ic a-excitatory {EFHCDWTHIAz, £
AVIHAMTRTESER, A, BEHrOE-2b 0
e BMTRTES S slow wave &%
NI DB A 7 % b DI WHED & % B AUNET)
WaTT., AL 23T FvrIy, AV T
Y vin Bk DI E RS 25, slow wave B4k
Lisvs., T ==—Lm7 4 ) VO, IREETA
SN ORI S BT, B ECHEE AL C i
slow wave A3 71355 it wai TEA
(10~20 mM) 1= X D A3 723384 T 5. O
7 Fv ) vl 7 e~ a0 YV
koo THIRERBA, JATFVFY Y, 4y
TV Y VIS S TSRS, T e R Y
ANV IV ST, a7 0 Y YO
HEE et 598 DCL# 7'm 75 ) v e L
IMFCE, 7e=—bm7 VLK HRAL Y
FeEDIER BTz, ZREIF 3~ LT 3V
OPEME TTX (1077~1076 g/ml) JLBETF T 4 [ £
Cdhoin, T==~Lx:T7 1Y VO excitatory
eI a-excitatory {1 & B by, BRI O
a-excitatory receptor OFFESTIE A5, |
[T R P P ARl (L R (e ST S

12, 1 H 4 FERFpIC T D ¥Ca-efflux [Cxf4
%YL Na Rk oghR

SERITED, VPR (RARR L 2RED)

A S A RSN ATV b Seateh muscle
W B EGC, AE b LI e TR
HiARRE AR L 5 5. 508 cateh RBn B 5 & &
5-HT ZAFN &4 4 Ligrk U S 0%,  Zhid 5-
HT i by Ca JUEAMUFF o ch s
SV SRR ST, 5-IT (RIS

S

>

=

i
$

ae

5

N5 Ca-efflux HEOW KT Z WA THRHLTY
5LEZLNTVS. i, Sk Naffkic kb
KIGOUREE TS T &Iz £2T,
BCa-efflux i+ 5 48z Na [k 0ihRizonT
FHEDDFEmR ohs Lk, sgho
Na #[R< &, #Ca-efflux jHJEEEE L /hE<in
D, EFWCHES ETE, Shii—EmnyicEik
LThEIC -7z Na PREigessqc i+
HATHKER mersalyl (5 x 1074 M) i3 efflux i
R R 5 27500 - 72, ¥z, #Ca-efflux HifEic
3 JE T Na [k o%h By, mersalyl o b
WHERTZI I 5T, Zh ORI Na kit
i Caefflux EIEEBIGR W 2 & ZRLTH
D, Z iR Na ki X bimlam Ca #HHEE
i~ Ca DD RAHIMEME S HHETRET S &
WHEZEFFLEW. s, 5-HT (EHIMNS X
CRrkmpic L ohs & o Ao SCa-efflux HfED
— IR Na frdifirh izl & s - 7=

13, AT VHEEROMMNEE S €/ 7 3 VY

PRk WG, SERITETN, E IR G (BIBK,
i, )

JEBR 0 = b & BT 2 L OB G s 5 L
IO H%E & Falck and Hillarp (1962) iz
X5 7T vORREMEBIZEZ T, LR
DR & fz. KIO 23 5 Wkl ool
VEFLEH WL 22 i3 % RSB P O o s & JLpe
TR U, 2 B Ltk gt g ania
M1 associate cell O] % b o RIS
LB TR » T v 5. WIS & 3o
pedicle (= d DR & 2 FilIO & - " A Kl
I T B WALy 100 nm RN
FAERT Skt @ % @ & Rz clear
vesicle 7% & DU & 5 7 2RI
AL RSSO THD. e 2 o
I T v b A T s 3R U ook
F Pz 9 7 AT RPE L O NI ST T 5 4
BT AR e, JRIET X D S O BT
P 9 7 Az # 50 nm £ clear vesicle
PR AR v T Rk lEz L B/
T3 R i o SRR R Y B
BT E e L B h . Z odEE L
LR A b B, Wi SRES e
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ERTLET/MIRS-HT 247 LTW5 LT3
Hirata and Nada (1975) OffR 2L T W 5
A5, BRARAE i o 6 FEBARTIC 50 mg/kg (RO
reserpine JLHLD 3, D= 500 mg/kg KD niala-
mide JABERECH AIEHALL RIS v g
HIEZELTYS.

14, FIERMTTIC S LIF S BINFIR S OBE

BEE, W (R (BEA B B4

PHIR ST X B MR & % O S W ORIk AP
FHIFIEOME S in situ 3 X OZSTERIZL D
H5E L7z, 4 %% Nembutal FEFETiz#9 120 cm
EO/PNGD ESMEDIRIC canulae ZfFAL in
situ T, Fiz, b5 1O XOEEINRA Sk
L7-, BRIV in situ OFRIKOETH, 5 1
DA R DEFIRIGE L7z MikEs X OB RN
RS DEIZE R ELMm A0, WA 20 - .

a. In situ 231 2GR OTYERIR O i
TR U, il ic s OB Ohi
FCEELT, TOHBENS LT, RRKTE
W IHERTR - 72, IR OEE SRR FIEE A
O MR LT, O b M E R i
Wb U TR OEICE U 7e.

b, ZE B HEDE TN R RO Wk o fuiit i o
iy, RIS Lc kB b b, —If
[l EHEE 2 B e e o 7o, FRIRALR O FE SRR
B fufm ozt s ¥ - 72 {Ffr§5 P-Type
L, WEMOZE L E TR T R-Type & 12413 5h
Fo. THHOHENL, WHIEShcE dins, W)
WO MR mE ORI L 5bDEHE 2 bh
%. Fiz in situ TRERBEACERA U2 i s
—PAMET 5, XER T ZRBRED bh
T o 72T, THRMEOEMIC L 5dD L
Zbhb.

15. ®ILE v PO DRI L UHEHERF

il ¥R OIERRTA, Wk 3 (FILR, IR
H AR TE) ;

NP, FixDT I 78 B X O E
K4, soybean trypsin-inhibitor ZyEA L, JFIEH-
Do, FER X RIS R OB 6+ %
e L 2. &I secretin, CCK-PZ,
caerulein, ¥k Fra—/LE, #FaLT73I V0
BRI R e L.

g

#
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N/10 i@ 2 ml 27 A+5 &, 2~ 3 54%ITHE
MBI U o, FFciBEEz2 ~3mE/
S DRI EME DR L, 205 Mm% L.
KRIFD AL 7 IERVTEHE L BmL 7. RS,
B TR VELABOMREZOERI LA LaL
arginine, phenylalanine, Y / — /L &, soybean
trypsin-inhibitor 1313 & A EREBED - 7o,
Secretin, CCK-PZ D#HEIIIFIRIT D 750 2 {RHE
U7ch3 caerulein v BAME 2 20 IMRSE (R AT IZ 3200
bl o7z, ¥72 CCK-PZ & caerulein p3JH
TGS, RIERD A 2 T8 % Bl &
Bicds, secretin BRI S B0 72, 5
B N R 2~ LR OFHEIZITIR IO 59 % 0L
HESE D, EEUEHERA S 50T, Hibng
MBFEX D Tem HO R Tk < &, JHHIEIATE
PV HF®4%. Phenylephrine yi#&JH%rskusst o
A3 TR R LRI R R B A%, BAERIZ T
TR DITVEI D Uz, 2 IR SR R - —
T 5.

16. AR EIZ LR O KNI IR R AR
BICE D1 ROLEOINURICDINT
HIEBSERA, il 3k (FILK, BB, fskE)

MEETHLFRYEER S L O 9ET,
% & F R PO O BT SR RS o 2 TE AU L,
T EFRZHELTWS, EEAMGpTH, o
HIRE OB AIT I LW D DRERAEED B,
T DLHRERVE TR T i 2 50T U C b ki
b b, atropine 0.2mg/kg O, o
CHERAHIS Lz D, ERKRE LTRSS
bdotz. £ TThEHAT B0 ECG %
PRI X & TRk 5 & 2 OLHTERIT O S
PEIIAMAR DTS EIT X B 2 L3 5 7. & AL
PR IER OB ORI S Sbh, EWOM
D12 TH o7z, TOLELIIMESLED &
DAL TR D D 2D 5 7otd, McFee
Bz X AEHEA A WT ECG 258U, o
R, oW, TSN
BHEAEL, TOWENPEECEEL YD 2 28
AL 7. ZhbOfER» D, KA ORI
kb, FIBHE > BSWEND catecholamine
OEMICE - TEB L DHEX BRE, REMR
IR Z o WHNEESR D 2T vz b, B
75 % catecholamine DYEF D LTl < i JE_FH &
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V3 LSO AR OB 3 X ORI EIRTC X
% PRSE MR EEH] O A S O & IR -
THLDOELHERL TS,

1. 9L HTINOHIREZEIERLY U VD
ADRHHZ DT

IARIERE (IIEX, 4EH)

39 = L OSETIR, RTINR, IR IR O 23
IR BB T S C LItk D, ERRRLD
Y VSO SRR 2T Uie. BRCEIRD
FE## 40 mmHg FCLEATHE, U v Ul
DTN XD, 2 O AN EAE
DALY, PIEEOENH D VIFFE B TR L2
BAOHRERE b 2T Ll b. —ZIER
PR, TRV & B A D A5
. ZoFFNE 4D ) v ALETIEERRE I
Blbh s, HUOWIRINEL X » TEEMo Y
VoS < IS h A A B 5. Carotid
labyrinth Z ¥/ L T\w5 carotid nerve LIffiji
TR % il LC\% long laryngeal nerve @]
WV, L&@&%%%m%%?é.ihwm
B UK e 2 B AT B LRI (R h
Ml AE) CHIEhS. LT,
OO BitotiEiin g Eh b, A8
A S AP RSN DY AN c%m,s®ﬁﬁ@mmﬁ
R R B iz, RO T TG
CWi AT 5 &, U O Vi g T 5.
7, AR SUAM 3 mm F CHERG A TR CHE
Wit 5 &, IER OISR 555 Bk
oo deT 5. ZofFE X D IR ot
RVLIERI T2 2 L, AP b~ TS
vk b b, UEEH LR TR Hh
7.

18. 1 XOHEG-EWMEHRICEH (T DEEDED
HAOETRT)

[MEE, #ims, IR OniseEx, &
)

TELIS o0 28 e A B 2 Bds U 7= IR R s
Ul ﬁ“f"fﬁﬁ’sfl”f FCTHNE -JELNS B oo i P
IR DG 2 WgE L, RO % 2 7. 1)m
HEPFRIELNG B oo G R X o T I
(45~~50 msec) & &y ik (200~300 msec) D
B ot s, S €1, Thiz)

&

OWMNT X » TIHET B2, WiERERTS. C
NODOFISERTIELEMRIIRL > Tnd. &
B ORI I R SV S L vy,
5 ~10 Hz OIERORINE X - T—E Ui WIIET
IS+ 550555, 2) ko {EEshf o
2, B sk O HHE ORI VE I8 W 1B (25~30msec)
va%ugmw%ﬁw@mwu@mw%~mw
msec) O & K Z ;@MJmﬁﬂrﬁr
5. )mn4zruﬂ§@ﬁ%wmmw
Tl i B AR IR O B FEMEFE SR & zh@
éka@T%&P%&h&m%m%;U%ﬁ&
ﬁlrﬂ\l%ﬂ’ (80~110 mmHg) SO Xz X hb.
BMEAFHE-T = TR 2 D O JUFHETTHER) T v B
4%L&«ékgm ih,ﬁEM%@MEK
N 7RISR B s v, DLEofs Rk
D, BRE NS ER 725(“6 VIEPRIMER R e X b
[5G o> tonus VAT 1505, MUBIESE L b
LN At HITHE R & ORI A X 0
IR O E R D LR Eh S,

19. o X OFHHERSPIROBIEZDINT

[ RREE, Rz, R OIRE s, 4k
TR

U RS £ o sl Lol e X o TS
Z D SN C oo i (200300 msec)
OEME ST 6 D FEBU I 54 5 I i Ao bRl 1 =
TR Stz T OIS~ O A plE e bR
FEN COFBRORIEI>EDL S5 THD.

1) BRI B I 2 B X b RO i

T U dn. S PG oD (R I 6 D3 0 36k
i HUNEIET B VLR I s UG
g om X Th s, 2) NGO AE R 5o
Wyl 2 B2 ORI 4 mm i H 5 E T, bk
TR D B R 5 SIS (R 2 W i i T &
B S L E W O M IS e B E e
JREEI A Ude, (b, B IR (45~50msec)
DURAE ST RS VE 2 A 5 DU b 56 L. bl
PSS o s DG X TR SR B
TSI ER v 2 & ORI I bR I i 3l U 7=,
3) L~ O RIZE I e o0 P AR O TR VG
W O T GBI 7 & CU RN I X o TR
W E R Ui, 4) R D, 1
P R DA A B & h, 2O
WEEERG W) 0 2 2 T o0 3 <Pl
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DIV I ET 5 LR SRS,

28. BEKICELD & ¥ 5 2 (Geoclemys re-
evesii) OE{LEE DR

i B}, NEBEER mlmTE OISEX, 4
)

WARRA & B 1L, IR REPN R R OHLEET)
wxht BEEITOWT, KBOBE AV T
ARG DR ET R > TWwd., 20—
WELT, ~HHEORELLTE VDT sy H
A DOWHILE OIEFED %, WHEETHY Shi
BIROTERISFA L TH 2AOEMH» BFELI &
Z5h, RDXS5THor.

1) Bchy, mEMERANI2I~32B ORI T %
A1, 0.5~0.9 mm/FPulEE THIFTIC Tl TESR
TAHIFEEIR S, 2) KIETHE, (ko250
FRETERD B W o, (a) IEEDBIRITIT18~25F)
ORECTHRIZREAEL, 91 mm/BolE Tk
T3 50Em»H 5. COEMXIRE BT Tk
1GOBFRZZE S LIFHHE + 5. (b) L& &K
Mo el B 38 4 U, &, 243F T
0.15mm/FPDOMETD - < ETFTL, IEicE
T % & %9 0.5 mm/Fb DV EE & 75 - TIGEDR
Mk E CERTLENRD 5. » ADPTX D
MEIZ X - Th D, MEAHOXNGICHY S 5
JEFTH D E bbb,

21, SR XOBBEEDICH T B RAMRRDE
£l
B B, BRI (INSEEK, 4:Im)
FTRADEIBITOVWT, FOENBIE, Fh
W B RENRRAIIa DR EI R L. T DK
R TE, ROXS5THS

1) RSB TW 58 T, BRI
B FEEL, BAEBL, MPTCGEL TS,
2) +fRlB T, B OB ETAETS
CHbh, TRENPIFADEPCIEE TS5
A, B, BWEFEICH - TRET 5. 3) [T
ik, &RThic o TEIRBEL, 2ozot+iF
AR OEELBESIIEENhS. S5 LIEL
E, LTAEZAMWIENEL, [, BEY
i, TLEP VIR ER TR LT X -
T, MLEBER NG, 4) LaL, [
THEICRWINHENE Z 5 &, ThBRBHNEHL

& W 279

TRIBONAEZILPSVTITUH 3 & & 2534,

5) Meissner %3511 MEMIANEED & L 7
V. Auerbach #i#RiE T, MEET DK VERE
IR BN S, MERERIIT, PR
B2 SPHET S, 6) KA AR IEERD
LR 5 To. TP 7~ XOEERBERIZ
i, WFLHICERD BB X 5 TE B IR A RE SR
FTwbEEz 505,

22, Glutamic acid B & ¥)B O ABIME X
IR OB RIRBN K B RR

I g RUE Th, B OMEL Rk, [E,
T4 HIE)

FA7ebidniic, 77 U H <4 <~ 1 (Achating
Sfulica Flerussac) £ T Mgz @5 LU 7- PON
(periodically oscillating neurone) o & & 7% )
7%, glutamic acid Iw X DEESh 7 v 2%, B-
hydroxy glutamic acid ($#iz erythro-g-hydroxy
-L-glutamic acid) X D<M h sz &%
Hit= Lo, A ibotenic acid 7n & BRI A
F¥ % amino acid %44, %< O glutamic acid
B E 308 x & ofEHl %, PON LG Z
R e L.

B-hydroxy glutamic acid (BHGA, HOOC .
CH, - CH(OH) « CH (NH,) - COOH) o Jijéi > CO-
OH &% CONH; {27z » 7z f-hydroxy glutamine
¥ X ¢ B-hydroxy, e-glutamine, % 7 BHGA o
ester JHIZIX{EM M5 7. 5T y-hydroxy
glutamic acid K HIEARE» 72, T &h
5 PON ixi§ 21EM%d b ¥ iz, BHGA
Witk COOH 3k, F7:iided hydroxy J&ix,
FObDEEZ b b, BkHEE D - 72 amino
acid TV, ibotenic acid 235&WIEI /E A & &
L, #OiXE, erythro-L-BHGA * [F4%, % L
I RFHWIRE T H » 72. Quisqualic acid,
trichlomic acid & PON il fE g & & L 7=
#, Fhix ibotenic acid X b HIFH o 7z,

23, REE DREHYE KSR OERIEE)
|c%}4 3 biologically active peptide o35

M & B T B OB (Rl R,
N7

FE TR 52 U7z 2 [l o B AR
TAN tonically autoactive neurone) 7 & UV iz
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PON (No. 22£:18) OESEENTK 3 % biologi-
cally active peptide OFHEHE#E L7z,

1) Vaso-active peptide : Substance P, phy-
salaemin, eledoisin-related substance, neuro-
tensin, xenopsin, bradykinin (BK), Lys-BK,
Met-Lys-BK, angiotensin (AG)I, AGII, hyper-
tensin, AGIII % # 52 L 7z. TAN @HLT,
physalaemin @ % 2% BUEEnPUEEA 2 & L.
PONIZ I3 _CIEA) T » /2. 2) Hypothalamic
hormonal peptide : LHRH, TRH, somatostatin,
MSH release inhibiting factor #E{AH722%
Fh % TAN, PON WHZMNT H - 72 3)
Posterior pituitary hormonal peptide : Oxytocin,
deamino-dicarba-oxytocin,  deamino-dicarba-
Arg-vasopressin %772, TAN UGN
HLT, 2hbRTThTcdo7z. Lrll
M, PON il WIE(ERM % & L 7z, De
amino-dicarba-oxytocin ¥, deamino-dicarba-
Arg-vasopressin X D HAEFARED » 72 4)
Others : Liver-cell growth hormone & tuftsin
iz, TAN, PONOM T F o 7o L WA TH - /e

24. Na' &3 (st 2R RE AT © i
[c2T

IR g, BRENEE (REG BE, He-sRE)
D EE % Nat % Tyrode ity
5 eSS R s 2. ChiEslii Nat e
DL CH D, SR Nat JESSIET D30
%1 e, b Na® JREELOfF 02k LY
15 mV o srkie L, BUEHL2 T 5 5320% Ll
Fop Nabt JREECiTl ok CE ¢ —~807k
WL =90 mV it 5, 2 OB g
FrooWi b 20k 75 v, Tyrode Ml & D iy
el 5. Na free jn CrEBIEALIE K'Y JREE
DRI LCH 50 mV oZLERL, K
O pK BLERLTWAE L ERFEE L. —7,
Na &Z i chk Na-Ca 2 iR o n i s
T b, FHHEC ST I Na 21
WG TS & Fig, LIHOBHS
i, SRR & s 2D, Nat
FEC I U 2o b Cart i TR LT H
P ST R 00 1 fele IR ol N T

£, Na-Ca Zsfffidiziz & b flupyiciigio Catr
SN LB AN 2 & R B piKC ol i

% E# 27 Bz ouabain OEFIC X b, #iE
W Na® JREED T &, 2tk Na KZOEMI
L DB BilbsE &R LR ORI I L
TEPAINT 52 & b OB 2T

25. RBFEEHARL DR

RRINESL (REK, B, #—s:E)

LD [ TP VR B R A e oo R IR TE e
{bic & B — R R i o = v 2 o
VYRR LB EELZBND, HavEsay
AVFPERIFERIC X DE SRS, DA
IEAWIZESE LB oflianr binh, T
DHING 2 FESDC I 5 HENLETH S,
R AMIa N NERR & D 5 2 B E, ERER N E
LUEROIEA D 2T 52 & X b space
clamp P fEA & & DRI ST 72t st
U PRI CROER U 2B E AR T O & o
BWROTALFEHFE LWL LI X2 » b h
Too W FIRBHE N 3 W Tl NE R X A
WAL OB IR O X5 Th - 7o, @ Hkag
TR RO VTR —40mV T, Zo
A G LMoL Ak 5.2 5 & —ilik o P
[ &R, 0mV 2 v T 20~40 msec 4
L DM RO 45 v, 2 O E RIS
Na JEECAFT 5. P ETEDEHE < i &0
DEVEIREH & & bt 4 5. B EE LY 0.5
Py oW E R TR+ 50 SR R S, W
Fir 3L ATV & & DI ikd 5 P & s
Hhh. K92 Bsom i i s s oot
WM R E LB Lich iz vz sy 2w
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