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Balt, WRIEEIZIZ T 25 22 B AT XL o> THEMEILE LD cyclic AMP IKIFHED
rmZ4 K (C) BRO/FEETDZENMEMCEN, ZOBFROEKLZ>TND Cl Fv
YIRDBRES NI, T BIEMIC X DIEHEAE#MIZIE.  cyclic AMP KEFHED protein
kinase (PKA) IZXDF v > RADBERIEABEE L TWDH Z L bhroTEL, WolE D,
catecholamine D afFM b ELHOES T EBWHRFE BIXIDBERHME K &R Ik
BEGZDTENMLATND, LALLM ClERE alfl L OBRIZONWTIESET
MRS TWERY, FZTHE, BIERICX » Ttk &hiz C BiRIZHT 5 atEMizo
WTRBRE T - T,

BERMALC L > TR ONIcENLEY POEMMIREIRAL L. Ny F 75 7HEIZEY
whole cell clamp %1727z, HIIIPE KOS E Cl EHRLS OEFRAFEE LI < WELRE
DYDEL. 57 NAEANMTBZ LIZk ) Clav ks 2y AEHE Lk, —HO%
BT, outside-out patch iz & BB —F v > RV Ensk i Az,

Noradrenaline IZ X > THEMALEND Cl av X/ ZF L ADKREIIE. a 7Ry I—Th
% prazosin DFEF THRIZ LR L. a 74 =X hTbhS phenylephrine (PHE) ¥72i%
methoxamine X 8 7 4 =& N T 5 isoprenaline (ISO) Iz k> TiEMibEhiz Cl 2> & %
B AEWH ST, Claryyzy XEEAzBT % 1SO o R/ERMilFRIX. 30 uM @
PHE #MZXVEHIZS 7 b Ui, BLEDKIIZ. a ZAKIIEIL B ZREKFIED Cl
ayEy gy AmEEAEMRT SRR T . MU X572 a fERE BIER & OTFBEIL,
outside-out patch HIZ X W Bi—F ¥ VXAV L RN THEE T/,

L2* L PHEX, forskoliniZ & > Ttk E N Clary &7 2> Rzt L TRy T -
Teo Elo. GTPYS AAINAPAIC AN LMV T B Iz & 0 BIEHE I L S Rz C
aryEy U AS PHE OREEZTR»oT, TUOHOEIZ. a ML adenylate
cyclase DAEMEALEND XV MRIDAT Y 7 TRIEMEMFL TVWBZ LARETHH0T
HD. TL. acetylcholine A3 adenylate cyclase ZEE&MIZMIFI LT Cl BikcENz 5z &
XN TH B,

Fiz. ISO #3E Cl BHITHS D PHE oMz ik, Mgz 20 mM &5 BilE O
BAPTA ZRM LICRH T THERE LI, 0z Lid. BgEShic a fEHAOFRKBLAIRIC Ca
LA VIIBELTWARNE LERIET 5 b0 Th 5, |
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ANITHZRUNT, catecholamine-cyclic AMP RIS (2 4 L T2 M A £ > T B,
Bt RIS IE A 7 35 2 v B ZRIKIZ & - Tl b & D cyclic AMP KD &
SR (C) BT DT EMUILNTER., ZOlEHDMNER>TNS O Fv >
TANMEERIZ, D B HINT K DWPEALBRS D AN AFE S L. cyclic AMP {&{eEo
protein Kinase (PKAY (2 X D F+ > R OB S Tz el 2 W L T b Z & b -
T&Te. L2Laens, gHIoRBLT C iz L Tnd O TE2 0, histamine
b PKA %0 LT CLiliifia ks 5 Z &, acetylcholine XA A H Y R AEENLTA
Pzt L. 2o fAhiZ adenylate eyclase D IMINIC E B Z &2 8 b Tna,

-Ji. catecholamine D a )l £/ OMOE EEE UM HR (Pl 21X a8 it K
i) AR A X D ENNISENTIe > TWD, LALAENS CLillik e a 1 & DIWEIz
DWTE T E TR L ENR TR, BERA L, BHIINC L > Tk E iz C ik
MafflT E > TilEh s Z e LU fce Z oM 43, ERN & & i m T T
D/NT KL ) om0 a5 NEHIEENZ & bR B, # 2 TAPE
T, ROESIRZEEIINE L TUENRAE -T2,

I CLEMGPEARIZIS T D catecholamine @ a 11 & B U0 [-¥D JEHE & FERNIZ ] &7
Iz %,

a NN LD CLARHIEMIZ B DT E D X 5 2L HHAIE R AN T LT B DAz
DNTHIFE R D B,

L F A RZAL RAZEWNT a i CL Fr o RmMcED X S i #a i x T b

MEW HMNCT B,

1o

(WF5E Jridi)

PEAIE collagenase QLB k> TRESNIZT AT Y MIHELSTAINLTS B, 8\ i
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N1 patch clamp 742 & ¥ whole cell clamp Z {7572, whole cell a2 477 2 2 ZADE K

Az -40 mV AL L. 0D > 730 A% L TIT -7, %Diﬁ?ﬁt’I’lﬂlilW:’ﬁ
OUFEITIE. 0k OB E Wz, O UEBRTIE. outside-out patch ZAIZ XSt

F o Y FRAME T, ENTT— XX PCM T —# L a—X&/JnT DAT 77—
ZICASIR AL, B Tar Ea— 2Tk I EMT LT,

e & A 1 — R d#%iE (mM) . NaCl 140, KCI 5.4, MgCl, (.5, CaCl, 1.8, glucose
10, TIHEPES-NaOIT 5 (pl17.4) TdhB. wholccell izBF 5 Cl ar &y &2 ZUGENHTHIN
TN OHLSIE (mM) . NaCl 140, MgCl, 2.0, glucose 10, TTEPES-NaOIT 10 (pIT
7.4) THY . ZHUT K Fr >3, CaF A3, Na-K pump sliifiz il 5720
HFR BuCl, 2mM) . nicardipine (I pMy . ouabain (10 uM) & DIz 7z, AL (ks
i) OHUKIT RO Y THBD (mM) o CsOIT 90, aspartatc 90, CsCl 30, MeCl, 2.0,
TEA-CL 20, 12 GTA 5, glucose 10, TIEPIES-CsOIT S (pl17.2) o Outside-out patch OUEHRIZ
BOT kI E z & b D EIWe, TRTREBEIS £0.5°C Tro7e,

[U[’}w n'/‘\]

[l OHNEN TS E O a T2 4Tk AN K- Ttk fba i 2 el CLid
HWCHBEZ LRI TWD, ST ET « & 8 DOWifiil] & L~ noradrenaline (NOR) D
Cl B HLETE D WA WG IZ X > TWHMEN DN E S ekt Uiz, Vg 1 IZZDHURD
1l 23, NOR IZE > Ttk En D CL O NE Sk, o WHTHETH D prazosin
(PRZ, 5 uM) iRINIZ E > THIA L TWA, ke ddifa. 38 (01,1 BET10 uM) D
JED NOR ZNWTE D W LIT-T2 & 2 A, WTFROBILIZRWT DS PRZ X NOR (K4
D aryEy iz Re{Eici kS i,

Ll DRI« MNE s IR 2 D Z & LTS, £ ZTAHNDIH
5 isoprenaline SOy @ Cl A IEDIITAH L Ta R TH S phenylephrine
(PHIEY MUDTHINT D it Uiz, g 2 IZZO5MO 1T &3, 0.2 WM D
1SO L ~>THEEESNT Cl 2> &7 22 2 PHE @0 uM)y OHNNT X - T Sz igd
LT3, Vi 33250 58 sic s — 2 2R E L TRLICB D TH D,
a8y a0 ZPEIC B S 1SO DJTERININARIZ ISV T K idz s b u— Tk 28
AM Tdb~72A% 30 uM @ PHIE (¢ KT 86 nM AT LYz, [lkre o 1 & p i o 1
WD o (i ETH D methoxamine (~100 uMy NN THRES iz, Jiv IThb
Do PIPEIT TN D 3 > & 7 72 N0 b DR ERIEE R oTc, £ 2 THhA
@ SRR B SRR VD Cl 3 & 7 & 2 2 L & s D LG LT,
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A Noradrenaline (pM) B Noradrenaline (pM)

I@.||||:i;\l\|§l‘|sHOHWHWHHmu ilHlllHHl‘! | “”HHI!HIM

I min

C ¢-e
0-0

A-®
-100 -50 ﬁﬁa‘o

0 50 mV

+-0.5 nA

Fig. 1. Enhancement of noradrenaline-activated Cl~ current by an «,-blocker,
prazosin

A and B, chart records of membrane current in response (o ramp pulses obtained in
the absence (A) and presence (B) of prazosin (5 tM). Noradrenaline (0.1 and 5 ;M)
was apglied for the period indicated by bars: C, [-V relations of noradrenaline-
induced current obtained in the absence (A-O and ¢-O) and presence (A-@ and ¢-@)
of prazosin. Noradrenaline-induced currents were obtained by subtracting control /-V

relation [rom the /-V relation with 0.1 and 5 M noradrenaline, respectively.
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Fig. 2. Suppression of isoprenaline-activated Cl™ current by phenylephrine

A, chart record of membrane current in response to ramp pulses. Isoprenaline (0.2
pM) and phenylephrine (PHE, 40 pM) were applied for the period indicated by bars.
Current traces indicated by the symbols are the sources for /-V relations shown in B.
[-V relations obtained in control solution (O) and in the presence of isoprenaline
without (@ and ®) and with (A) phenylephrine. C, time course of membrane

conductance obtained in the experiment shown in A.
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Fig. 3. Dose-response relations for the ClI™ conductance and isoprenaline as
influenced by phenylephrine

CI” conductance was measured in the absence and presence of phenylephrine (30 nM)
at different isoprenaline concentrations. In every experiment, CI” conduclance
induced by | pM isoprenaline was at least once determined in the absence of
phenylephrine, and conductance data for lower isoprenaline concentrations, with  (
@®) or without (O) phenylephrine, were expressed as relative to this value. In the
graph, each data point represents mean + or — S.D. S.D. for the data at 1 M
isoprenaline with phenylephrine was within the symbol. Numbers in parentheses are
the number of paired data at each isoprenaline concentration. The smooth curves
were drawn by the least-square fits of the Hill equation, normalized conductance

= (1+(K /[drug])"), where K
and n is the Hill coefficient. Control: K ,=28 nM, n=1.3. With phenylephrine:
K,,=86nM, n=1.1.

1, is the half-maximally activating drug concentration,
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Outside-out patch A it - Cl F v > RV Z LB TE D Z LADMP > TS, £Z
TZDYATFLEMNNT, it - Fr R0 Ta fITE BHINO PR D2 &
Tl Adc. bbb ol ORILN K Z AT patch AW T outside-out patch IRz
L. oS IIZ adrenaline (ADRy & PIHIE 24 1&E 25D TH D, LA L. EAUNIZ Y
S L7= oulside-out patch s 42 2 L2 E S NETH o7z, Lo B AEER outside-out
patch AL F L S ADR TS LT Cl F ¥ > F A H & 239 L1ER S @h ~ T, ki,
%A1 7 MO outside-out patch PIZEBWT ADR ICX » T E e O F v > Rl
QAMTE L ZOND 2 HNZHBNT O F 4 Y RAMINCAIT 5 a I E BN
AW TE T, Vig 412535020 1 r 56NN TH D, PLHIE SO pM) 13 ADR
5 UMy Ik > THEIEE I O Fx R AMDEN SZMEIL TS, Zomiflix. 1
ELTF v Y RAMMARD E LW L LTHRTWD X5 TH DA (g 4Bb) . L2 L
Z OEITIE PHE {¢(e iz 0L b A b (Fig 4Be) o« £ <O outside-out patch
1A% agonist & antagonist  (ZAF L TEIS LA 212 Z E QELIEANITH D, L Leh
5 il O URES UL, « Iz & D whole cell Cl i Mk, wWtEhic O Fv >
FAPEDP AL &L R MIITHNAL B T T2 iow TH D Z L E T 5 Lilbh b,

Forskolin 1E A S48k &3 MEIMARIZ adenylate cyclase Z i EYHALT DM TH D, b L
a DS BAT Y I ENTERIT,  adenylate eyclase AT 2 Z L2 X~ T
BUENENIT BZOTHIUE. o LRI forskolin 12 XV iHTEILE e CL i & i)
W45z EallifEhsd, 22T lorskolin BUERAS PHIE 1 K - THME D h 154 & it
L7z. Lig SI238 %%, £9° 2.5 uM @ Jorskolin 2 XY Cliliiiz B L TRE, 0
HE 2 uM @ acctylcholine & 40 uM @ PHIE DU EZIZHLOTH S, Acclylcholine 13M0]
15X 80 forskolin E 78 ClE i A Z &AM L7c s, PHEEM SR b S ehoTz,
[vi] B 72 SR A W AIGRT A D) (0.5~5 M) @ forskolin ZJIWTEED I LT 7ehs, #6544
WL Tdh-Tz. ZRHD)LUE a X adenylate cyclase & (fHEMITIIF 2 D TR N E W
ST EAET D, Thbb, o RN, adenylate cycluse AP E D K0 LL
NDERET A7 KL ) oAz 2l L Tnd &5 1 bhvd,

BN E M Rz CLk e T AL d Db o Jiikid, ALz <wy GTP @A TH S
GTPYS ZHIZ ML TRE, AR RENINT 52 L THD. TDH & B LRI

2D BRADNT 3 adenylate eyclase 1X40#E Nbild 2 DT, CLlmdsaetiicimt b s e
FENREL D, FZ T 2ozt b S Avic CLRHIT A% PHIE o) Y i
ptUCHRIoA, PHIE ohfudiisis e o7, 2ol b g, o HINE adenylate
cyclase e (THEMIEIS 5 D TIERNWZ & &3 LTn D,

W ODRDOITEIAIZBNT, o RO IAILN O Ca T A 15 S8 5 L ol
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A ) Phenylephrine

g,

30 s

Fig. 4. Out-side out patch recording showing the effect of phenylephrine on the
single C1” channel currents

The activity of CI™ channel was induced in an outside-out patch by exposing the patch
membrane to 5 (M adrenaline, and 50 M phenylephrine was further added to the
bath (bar above the current trace in A) in the continuous presence of adrenaline. B
shows expanded records of the parts of A indicated by bars (¢, b. ¢, and d). The

patch membrane was held at +40 mV throughout. Dotted lines indicate closed levels.
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A Forskolin

ngn””“ H MHH | Wj“l ““\”M

Fig. 5. Effects of acetylcholine and phenylephrine on forskolin-induced CI'
conductance

The cell was first exposed to 2.5 pM forskolin and then to 2 uM acetylcholine (ACh)
and 50 uM phenylephrine (PHE), as shown in A which shows chart record of membrane
currents. B shows /-V relations obtained at the times indicated by the corresponding

symbols in A.  Propranolol (1 uM) was present throughout.
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M5, O TERTIZHNLN L 5 mM D EGTA 25 A THWDOTHIUN Ca )13 =
DHDOTELS RN TN DIRT TH D, Licnd> T, BES I o NIIAHILN Ca JeKs
LA EREL TWD BV, 0, HIIZ 20 mM &0 5 w5l D BAPTA %114
LTCaZEHITMINTFL— DU/t R T MR o MM E N,

(& %]

TOURT . TAT Y M SEHIZRBNTT KL T U M8 SR R0z & - TilbkAe
S CLltud, o AWz Z o MESh D Z EnWIbhtir o7, ZDES R a,
HNrE g NI FliX, i Fr oL XA Thimanic, o HNE B AN F
BDAN=ZALIZONTE, TETIZT Yy hOLETH L SRIEEhTnE, 2R b0
WREIZ&Z D & 7 v M Tika 1) adenylate cyclase iMEEMZ D Z L2 kv 8 HIICHS
B2 Ewvoe W« fiAS Torskolin DN AW T B, E7- gdiliiz L v B =
Al cyclic AMP L SAZAS RFE D, REDOHNDD. Thbb, 7y hOKTIE,
adenylate cyclase WGPEDRIA « A & BN DL THIZRBWTH L A2 Bl & % LT
DH LW,

L2 LTAT Y bOIITE LidoMRIZ M T ELR2NWE 51Tl x B, Ao RTit.
PHEL & forskoling @ CLEEA B WITH L TR TH o7z Eio. GTPYS & (Uf LAl
N CRSEPHZ G b E e QLR Z D PHE 2 & » TEHEN R o7, 2 b o)
W, a M0 adenylate cyclase ARRTEILE LD X 0 LLGTO R 5 v 7C B 1)l &l LT
NWDZEERETDLDOTHBD, ZDZ Lid. acctylcholine A adenylate cyclase % &5 7531
LT CLSEREMA D Z & LANTH D, LALTRTAT Y hOIHEE T, o,
MINE adenylate cyclase WP AL THHEIZIZEE B L2802 & &R EIE S WS A iz
DN B,

@ PN OHNEN AT HZIE R IZDOW TR TH D 4 E TOIIZBNT o M &4
DUWHENEZAF S S D E LT, A/ ¥ b= SBRE(IP,). protein kinase C (PKC). 7%
R RACHPER 70 L WAWARMIIOL N H I bR TE Y. Zh & O g
SHICa &M L THDuENA B B, LA L. S IOUERTHINIGN Ca % BAPTA
LTS FL = M UIRIE NTh a DR Lo Z i, WlxiE 1P, @ Ca S
JMZE>THeHEND LI HNUN Ca B YN ZAUZIY T LT nZ Lx g L
TWwd.  Jis PRC iFEe LAGT C Gzt e 52 Enil Snicdh TE T,
L2d. PRCIE BT KLY U PKA RIZE>THMEALEND Cl Fr R &L Fx
PHNEMIET D eV S, Lieao T, Mtk a iz PKC MY 352 £ixdh v
ISz 5, wFRIcE L. o ORI HIZE R IZ DN TS %O T

—205—


SSRF020
スタンプ


WIS L TV LN H B,

BB - D X S I EREAWTREB DM, a MlE B HIORIL 1T, [l
F ALK GED MM O L SO TR I Td A 5. /BN &P TTTH D
noradrenarine 1o AN E BN DM )i &> TNDDTH DN by kD sk e
fiik. SRS (EPED negative feedback HERE &7 2 A HBTEL TV D DO TIEEA 5 5
Mo TOAHZKLE ANGRITTT L INUE D B OIE I L TS TN D
Do

M)

HMOUSET, TATy POETO C GBI Ic SN T « 7 FrF U A
EAT RLFU I EMS T D2 EMNNEM e, TDHLD AT =X LD
TIE. forskolin 72 & &I Jdiid 5.« A11E adenylate eyclase A3GTEIEE 1D 300 B
WiDAFy 7T T RLFY AT HUEE B2 ML TWDd Z LRI EShich, £nT
8 SR B < EDBIS AT v ZIZa DL THDDOREANIDEETH D,
bbAA. BEZREDT D= Z MTAT D MAPEA LA LI B M TE . TD
a JENE B E ORI #E, S8 AR YE O R BRETIIC B TR IS TR -0l
MTHDBELZ BNDBDT, FOUEEN SMTT DD, il DL W TRk
IZWFSE 2D TO K BN D D,

Fho. AhlEgE R o 7 KLY NI L . 2o HHAER I 2 D AN O E F
ThD, e M OoNTIE. B HINEE Z DR RULERAN] SIS TR LY,
EEEER RN ITIIHERTH BRI TH Y . TR IS I AMIUZ T D5
WA 2 IR 2 T A 175 2 &2 BT X o T & ORTIHLER A AL & L U
72 BT80N,
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«- Adrenergic inhibition of the B-adrenoceptor-dependent chloride current

in guinea-pig ventricular myocytes

Tsuguhisa Ehara, Tkuo Iyadomi and Kenji Hirahara
Department of Physiology, Saga Medical School,
Nabeshima 5-1-1, Saga 849, Japan

SUMMARY
I. «a,-Adrenoceptor-mediated inhibition of the 3-adrenoceptor-dependent Cl ™ current
was investigated in guinea-pig ventricular myocytes with the patch clamp

technique.

o

The CI" conductance activated by noradrenaline ( 0.1 o 10 uM ) with an
ay-blocker (prazosin, 5 M) was significantly greater than that activated by
noradrenaline alone. Phenylephrine and methoxamine, «,-agonists, exerted an
inhibitory effect on the Cl™ conductance activated by isoprenaline. The dose-
response relationship for isoprenaline and the CI™ current activation, which was
fitted to the Hill equation with a half-maximum concentration (K,,) of 28 nM in
control, was shifted to higher doses in the presence of 30 uM phenylephrine;

K, , increased to 86 nM.

3. The interaction of «,- and {3-agonists on Cl~ current was also observed on the
single channel level: in some of the outside-out membrane patches, phenyleph-
rine (50 M) depressed the activity of single CI” channel which was induced by
5 uM adrenaline.

4. Phenylephrine was ineffective on the CI” conductance induced by forskolin (0.5
to 5 uM), an activator of adenylate cyclase. The CI~ conductance persistently
activated by isoprenaline in GTPyS-loaded cells was also insensitive to
phenylephrine.

5. The results suggest that the observed «,-adrenergic attenuation of [-adrenergic
response is not primarily due to inhibition of adenylate cyclase activity. The
«(t-adrenergic action may interfere with the processes leading (o the enzyme
activation in the f-adrenergic pathway.

6. The phenylephrine action persisted when the capacity of intracellular Ca**-buffer

was extremely increased with 20 mM BAPTA, indicating that Ca® jons are not

involved in the observed «x -action.
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