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A mechanism of contraction of the rat aortic smooth
muscle by aj;~adrenoceptor stimulation:
dependency on extracellular Na*t.

Motoko MITO

Department of Pharmacology,
Niigata University School of Medicine.
(Director: Prof. Shoichi IMAI)

Contraction of rat aortic smooth muscle by aj-adrenoceptor stimulation was examined
in relation to extracellular Na' concentration. Experiments were carried out in the presence
of verapamil (Ver) 107°M to avoid the contribution of Ca®t influx via voltage dependent
Ca?* channel (VDC).

The contraction induced by phenylephrine (Phe) 107 M under this condition depended
on the presence of Ca?* in the extracellular space, suggesting that the Ca?" influx from
the extracellular space was indispensable for elicitation of contraction. The contraction
was also dependent on the concentration of Na® in the extracellular space except for Na*—free
condition. Tonic component of the contraction constitued a plateau with low Na®*
concentrations, but showed a gradual increase with time with higher Na* concentrations.
Dichlorobenzamil, a Na™Ca?" exchange system inhibitor, attenuated this contraction. Noradr-
enaline (Nor) 107®M also showed an extracellular Na* dependent contraction, as Phe
did. However, in the absence of Na™, almost equal contraction to those observed in the
presence of normal concentration of Nat was observed, suggesting the contribution of
Ca?" release from intracellular Ca?t store. The contraction by Nor as well as by Phe
were inhibited by H-7, a C-kinase inhibitor.

These results suggest that, when a-adrenoceptor is stimulated, C-kinase is activated

through formation of diacylglycerol and increases in Na' influx via Nat-H" exchange system
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results.

in Ca*t influx.

The accumulated Na*, in turn, enhances Na*-Ca?* exchange leading to increases

Na*-Ca®* exchange
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TRVFY M o - SHRGRES, WY
JEE phosphatidylinositol (PI) @ turnover ¥k &
BUOLWTwWAEE, BHAELRGEDLRTED, B a-
FHEMTIE, PI turnover 7%, {BHEZED T ELEF
THHEEZLRTV 3D, PI turnover DFLEK LD,
second messenger & L THIFEPIC, inositol-1, 3, 5-
triphosphate (IP3) & diacylglycerol (DG) #MEH h
B0, IPs (JHIMA store M6 Ca’t Bt A8
&b, X DG ik proteinkinase CHIEMAL X 4%
whh, FRARETLEEZLRTV .

EEIT o FTHEBRBOC XD IME TG B IHE %3
% DG AOBY, % C-kinase iEHEILIAEOBRF
20T, 7y P RENREEIREA % LV, phenylephrine
(Phe) %{ERZEE LCHE LI

KBMHBRURELZ

KRB IAE 300~400 g BitROBEME S » AR L
oo T T URBE T RBIRERE L, KA LiARA
Bk cHREOBSAMYRELLE £E 4~5mm
BEOY v V7EEAER L. T 0 THEEAHE L
18G DEMHFLEACHL, BRI I L E-TH
BABRELLE, 37C, pH 7.4 CHREL 100% O,
%@ L1 Modified Krebs solution (MKS) i ik
FE L7, 500~700mg @ resting tension % hF,
ENLETSHE T (tension B—FI b, H—Ke
#>) incubate L7:#, phenylephrine 107¢M T
BUGHETES 5 & TUAE%#EE DI L. Acetylcholine 107™
X BHHAERS, BHED 0~ 5 %RBOLDEHE (—)
DEEARE L THEBCHE L.

Verapamil 107°M ##E F 23044 F incubate L,
Voltage dependent Ca®* channel #7135 Ca?t ¥
AN L ERBETEETORBRYIT - 1.

KB H L2 modified Krebs solution (MKS),
Ca?t KU Nat—free MKS O#BIILTORY TH 5
(mM)?.

iE®  Ca®t Nat
MKS free free

MKS MKS
NaCl 138 138 (=)
KCl 4.7 4.7 3.5
CaCly 1.8 (=) 1.8
MeCl, 1.2 3.5 1.2

NaH,PO, 1.2 1.2 (—)
KHzPO4 (=) (=) 1.2
Glucose 10.0  10.0 10.0
HEPES 5.0 5.0 5.0
~Tris 50 5.0 5.0
NMG (=) (=) 139.2
EDTA 2K (—) 1.0 (—)
NMG ; N-Methyl-D (—) -Glucamine

& e 3
1) Phenylephrine (Phe) WRICX$ 340K Ca?t
D5 (Fig. 1)

EDTA-2K 1.0mM % iz 7 Ca?*~free MKS T#
A% 304 LLE incubate L, Phe 107M #»#5, K&
PEELTHbH, WD Ca BWEM 0.5 1.0, 1.5,
2.0, 2.5mM /b8 IM CaCly, #2BMcing <
fT-7t B 1 RThRic, Ca?tfree D&M Tioid, Phe
107M I L UL, FRERD BRI fohl, Ca?t
DIV £ - THREREE NI BE AL, Ca¥t 1.5mM
Rtk CiE, IE# MKS 7B Hh 2BE0IE 100 %
L. Ca®t bnic X AU phentolamine 1075M
THELEICH% L. X, phentolamine 107M RBi4LE
Bl BDbhk{lt-hDOT, a- THRELNT
ARIETHABIIHOLLTH L.

2) Phe J#BEICHT B9% Na*t OS5 (Fig.
2, 3)

KW Nat BEORNL L MKS % T Phe U
WA 544 Nat BEOEEC >V TRE L. & Nat
BE (0, 20, 40, 80, 120mM) @ MKS i, Na* 138
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mM A& EH MKS & Nat—free ® MKS %4
THZ LIk TER L.

NaCl %4 ~T N-methyl-D-glucamine (NMG) T
BE# L7 Nat-free MKS TEEA%304 L L incubate
L, RIGMHEELLE, Phe 100M ##5 L. EH
MKS % Na'-free MKS TE#4 2% &, EXKIZETO
IR 8o 5 ~10% %) #nRL, TO®K, FORJ)
TR LTEET S, £~ Phe 107°M ## 515
&, IEH MKS FTHEHR5BHEORI36% (36.3+2.0
%) OBEEIBE IR, BUELNRSETH L L E T
LI, EA% Nat 20mM @ MKS TH#&L, &

100

(Ca 1. 8mM)

50 —

Contraction of control

v
WT 789

HHBRELTHE ($9205#), FE Phe 107°M %
5 LT EE, DEERC, ECBBED Nat %
& MKS T¥H#H L, Phe 107M 2#H 5T 5419
FET, % Nat BEC K AEKORIE R IE L 1.

BicRdRE, IHEE, Nat 20mM T, FEH# MKS
FOBMEOK20Y (21.3+1.3) EREE -7, B
#i: Nat BE ER S ®KAL, Nat 120mM TIF
H MKS cofifflFAEE  cEE L. ek
Rz, Nat-free OBEH BT HIE, Phe BUREAABE
Nat BEKFHTHIELZTRTLOTH S,

Phe WX AT, REARUDL LMY EZOHER~

(n=6)

%
o

T
1.0

T
2.0

Ca* Concentration (mM)

Fig. 1 £ Ca*" BEwE1> 5 Phenylephrine 1075 M 2 X % I#E.
Verapamil 1075M Z#&HETF, Ca?*1.8mM # a2 v bu—i b L

(e

Control Na' 138, 2mM L Na®_ OmM L Na®_ 20mM

) Na® 40mM L Na'_ 80mM X Na' 120mM

Fig. 2 % Na* BE =¥ 2% Phenylephrine 107M & & % I #3.
Verapamil 107°M AT TO% Nat BECHETANEE 42— V.
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Fig. 3 & Na* BEi=H3 % Phenylephrine 1078 M & X % INEE.
Verapamil 107°M H#& T, Na*t139.2mM # a2 v bn—a & Li-

R % .
DCB; Dichlorobenzamil

Control Na® 139 2mM Na' OmM

. ‘Na*_ 20mM

L Na® _ 40mM Na' BOmM \ Na' 120mM

Wash Wash

L 20min NA

1

NA

NA NA NA

Fig. 4 #& Na* @BE ik} % Noradrenaline 1075M & & % IREE.
Verapamil 107°M HFETFTTO#& Nat BEC KT A% — .

WIFE S REE T A B & n I B h B, A0SR
EWCTERME, Nat BE OBV, @ PE
T, WHEHFREE L -7 Nat 20mM T, #Ehr i
B aEmE AL, Nat BEOWAI>h, K&
AT AEE AR L.

Na*t-Ca®* ZF R O RIIIFIEE L VW bh b Dich-
lorobenzamil (DCB) ORi#¢5ic & -T, IBHEIT Nat
BEO FRCEGEISI S ERARL R

3) Noradrenaline I#@ICH$ 54 % Nat ©
M5 (Fig. 4, 5)
Phe BFEDAHK Nat BEEFETCAEELN b -

1.7, Noradrenaline (Nor) 107M i X 2 NFaC %
T 54K Nat BEOEE > THEBE LT

Bic/mdHic, Phe OB& & Ri D Nor Tik Na™
free MKS #¢4, EH MKS & &2 RARE O IR
HERD LRI, FRUED 2 — 2 Phe DBE &
R, BHEIE Nat 20mM CBIE (40.7+6.3%) &
oot Nat BECEEMCHA L. LA L Nor
OBENE, BHEERIE TS IERE MKS F0#40% T,
Phe ®20% L O Kb 7. X, Na*20mM T4kt
HTOWMEOMMR RS b, DCB i X 5O H
Hlid, Phe OBEELEBETH -,
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Fig. 5 #% Nat @E=¥17 % Noradrenaline 1078 M & & % 5.
Verapamil 107°M HF#TF, Nat139.2mM %2 v be—ad L1
B % .

DCB; Dichlorobenzamil

| Na' 139. 2mM Lo Na" OmM

19 Wash

I A N
1 L 1

Phe Phe

L 20min i

Fig. 6 Phenylephrine @izt 4 % H7 OXE.
Verapamil 107°M HF#TF, Nat139.2mM, B LU NatOmM TORMBCX4 2
H7 O FH %R
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L Na® 139. 2mM

I Na'  OmM |

Wash

1g l

NA
1 20min )

/

Fig. 7 Noradrenaline I#fgicxf4 % H-7 O%HHE.
Verapamil 107 M FF#TF, Na*t139.2mM, £ X0 Na*OmM TcoB#HCHT %

H7 OMEIER%2RT.

4) Phe 3, Nor BT 5 H-T OE
(Fig. 6, 7)

Phe ItfE%4 % protein kinase C OB &>\
THENT %708, protein kinase C DRI EIE L
WhhTwd H-7 » U TER%AT 7. Phe X
DI IG P EACE LEE LR T H-7 107°M
EET L&, BHEEEL OEXIMES I LD, LK
B ICsEL B Lo, A Nat—free T
MEEELBES, H7 kil 100% omErs
H Bt Nor fges LTd H-7 RO RES
LT h, AR Nat-free DBEMRIIEL T ch -
fo.

Z =

MBS OBRELS, MITaPSE) v o o LB [Ca?t ]
OLRAR L ->TREIAHL, BCREObhBEETHS.
Bollid, WEEAED VY 7 sBRZHOEZ VT
LREAHBINTVAE, —BANCE, B, [Ca®]
DERC L - TRIZEELTHECRWTHAD.

T [Ca® ] BRI, MRS SOMA L MEA A
b7 DO L - TR LS. Miass s Catt om

WATHEER S LT, Ca**—channel EHTH Y,
H#e, voltage-dependent channel (VDC) &, receptor-
operated channel (ROC) @ =2oaEZ LR TW5,
Bi#FE, EicMigfbsh, FREEBICL > TETW 5.
Mfapy 2 b7 & LTI, Bk (SR) AL TH B
B, MR 3 b a v B Y 7 K oMBEP ST b
OFBELEZ LT\ 5. Agonist 12X 5 I#EIE, SR
BEVEKEWEOBRERH LYY 0T, HBENAFT
LT SR BEETHAHH.
I) Phenylephrine [Tk %N

ASEIOERTIE, VDC LISAOBF ISV TR %
AR, £ TOERA 100°M @ verapamil (Ver)
FETET k. ZhiXCoBEROH Y v i h5Ee
I 2B TH L. Ver OFFILLY, phenylephrine
(Phe) @ & IHE L, Ver JEFEREDH 5 Hlim il L
TED, 7 v FXERDO Phe 1o X ABHEO¥SE, VDC
ENTHLDTHAENbh . {- TUTOBERIT
ERBEORETCEbELOEE T 5.

Ver F# T Phe IR, Rmic st H v >
LE [Ca?t ], Wikt T, Mlastrobodn e A
WMADNRERTHHHERbP -7, #-T, Phe INHE
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BE

RGO | R Na®

BT ARy 1Py o X MR store HHDHA YT
LRI E 2 L TLBLOTR WA EBbh A, v
FEFRBIRTIE, SHEH V7 2 RBREL TS Phe &€
L —BYORENRD ATV 0D, BipfEoEL
ZXHL0EBELHND.

1) Na® FETIRE LI BHOBE

LEIDER T, Nat-free OBE#ERTIE, Phe T &
LIRFEE, SHE Nat BECEEETHLERHL M &
1. Nat i3, FHEOZERLOREOBICLE
BETH»D. FHEOKEHVI Greenberg H9 @ [3H]
VoA NESASERIC L A &, clonidine, norepinephrine,
epinephrine BOEHIE L o SEMK L O EE, NaCl
BEEMEV R EEL o b, NaCl &S 41
FEOBFM I LB 5 2 s, S OB A
L3 lund. LiCl THEED A2 —v R LA, KCI
THBENE - THHBIR AL WE,D, JF
B L 2BOATREIRTWE, AR LTS, BEEC
Bi4 2B 0 Nat B HALWRT, SEOKRER
FURMKT L. 5T, SEEES BRI Nat (ki
DUWTIE, agonist DEBEEADOFKESLBFEOR/EOE S
FEZ R,

a ZHE, B a— BEMEICEE L T, agonist @
FHEE~DOREESHOERE & LT phosphatidylinositol
(PI) turnover NEEH I A TEkD, PI turnover O
T X - T, MR TPs & DG &9 290 second
messenger BEL R ABTIZ LTI, BRI~

Phe IRfgIE, AV & 0 ACIFIETELKARGIET
HBHOT, HBEANIEEER 5 Ca?t w4 [Ca?t
DERREITHWETHD 1P, BB TERE
FEUTWASRELLNY, 220 second messenger
o, DG AEELE2 LS. DG 20T,
protein kinase C (C-kinase) %* &M b3 A{EHE M4
LhTEY, Ckinase OEMEEEZ N LT, MIYE Nat-H*
ACHBRRE AR L L, Mo 7 v h 0 {E& Na' influx
DWAABCTEELATV AT, IPy DERIED S
TBMETHEOIK LY, DG OERILEE DT,
IPy (3@ o B IRFEREK, DG Rtk oEHIC
BS54 54 ELZLRTVWEY, TOEZICRIRABLHS.
flnic LCh, AEIOERT, A¥ Nat BEORINE
3£ Phe BMEOFSIHOBA DR D bl B, Rt
iz, DG O&ER—~Ckinase DfEHA(L—Nat-H* 35#
BEORE~NaT influx OHKEV S —FOEILAEE
HLTOATHEMAZRTLOTHS. Ckinase DR
Bt Tchbs L EbhTW% H-7 T, Phe I

BB L5 7 o b KBIIR
WM D WT 793

PRSI SN EL I OE X TR TLIHEELE L
9. 7o PAKBIRTFEGEEER cCOERICL S &,
Na*t-H*t 3o/ Nat w4+ % Km {#i2, 30~
50mM VbR TVLAA, ZhbSEOERERE —
HT 5.

&, Phe T Nat-H' % 0{E#, Na' influx
DOWAHREZ 5L LT, Na*influx OBKHAEZ 5 &
R FTEIEME N5 DTH A 5 . Ckinase OIFEM
LI & DBEEARD v o 7 ARSI T 5 B D
hTWAH, 4E0ERT, Ver FETO Phe I
LA A A OFENLBTHIERDP TS
OT, fiEArLDO LYY ARAOEEETE LR
b, Natd o 7 L Ca?t o AEKS L
TELMmbnTWw3 Nat-Ca?t THEHL, BEI,
NP BHMAT S Nat oz Aa¥—2FHLTHL Y
v LRRAEHTRE LTH EELBRTVAH Smith
hizk b &, BERNEFEHMETE, Mafe Nat
OEFEHEBE Nat-Ca?t THERE L latent TH
HE0H00 2 LT, MifgA Nat BEo LRSI,
AR EE LT h v o s %R R 0 AT, Ver
FLETCA bR Nat KEKD Phe BRI, &5 <
FORIBF TR > TWBDTHAHH. BHESEOE
BT, Nat-Ca?* THBBOBRNLINHELEDLIS
dichlorobenzamil ©, < OEFHEOIMEHBED LT
5. 5 v b RERD Phe o & AR Nat-H* 25
BEIBEETLEVHE 2N LTk Reynolds »1Y
ORBHHB. T HcLbE, Phe PHiE, Nat-H?
MO FIR 7 BAEIECH 5 hexamethylene amiloride
(HMA) LT HHZRT, L LAEEIND
L, Nat %# NMG CE#HE LT v bo—1084%ic
Mz bhdicdEnuvsns,. Lrl, BHOERTIE
Ca?t #HEirFEbh T v, R Lok 91, Ver
107°M R4 T Phe BHRIT 2 v b o— A D#50% 12
58T 5 H 5, Elwood HA Nat BRETIEBE LI
fEOS0% L VDC A LichoThh, ZOESGIE Nat
BEOMEAZIRETE L, HHAEHE LI Nat B
FIL L D16 OBHIE 2 TR O50% b - TRLHE
ieh, Ba nBEE LIm36ROMREE VO BT LT hB
KELELREWELEL LS. BHBEAO Nat ##
29 L 57 agent 13, Nat-Ca?" ZTHSHA N LT IPs
B RET L EVOIHRELH B,

2) Na* JEFFET OUHE

T h T, Nat-free THALRIEMRITIE > E2 LD
BULOTHAH M. Nat-Ca?t THERI o~ X
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S5IHROLDTH A D, Nat-free TlF, HENE
#RITHRELTHEET 5. SEOERTL, Natfree
B EENREGTENTES L PBRENRC > T 3.
ZOREET Phe ¥z 5 &, DG OEAICL T C-
kinase MIEMILE S A, C-kinase DiEMALIZIFE
F Ca*t BSEMMAZEZTEEbIAT5DT, Nat-
free THEZ AUHMEH C-kinase DIEMEALIC & - T
EhBEELTLIVOTREVD, SEOERT, H-7
7%, Na'-free K§> Phe s TLIH LTV 5%
BEOEL HTHTHEETHS. £ LT Nat 20mM
ITMRIPIAt O Nat OBERE AT S T x> IORET
HHETHE, ZOBRSTORBHARECKLHELAL
HHTHHETE .

II) Nor [Ck 2R

SEIOER T, FEHERED Nor i, Nat-free T
4, EH Nat FETLABEORMEAELR TV 5.
Na* 20 mM DABEOBREKFROESTH, Phe i
LRI E K& v, Mgl Ca?t ofEns 205
THAH. Nor &2\ Tid, MK Ca*t—free T4 IR
BB AZ LML h TR, MlEAN Catt o
BEpnEr bhTwvb. Nat 20mM Tk Phe O%B4
EERRIED /N E e B0, Fhic AR Catt o
BALHVEATOLAEEM D 5. T o b a— L 0B
#T, Nat-free TOERZ, BrEOCTbhTEY,
CORM RO Ca?t BELtHSEH LN
(£ TKEBRRIGHEOLNS), SHE Nat H 0w
REETE, #MasH S50 Cat MANERK IR EOT
restore A4 &ic 0, KOG TIHMEA AR b 75
B LR, BEHINEL halcbtBELDEL
TELLLTH B,

III) Na* EHEHOEKNER

BRFBEBINE S » Mokt 2 MERIGHEOBLIZIE,
C-kinase # /v LI-{HBEEROBEELILEE LT
HhbERLWEVOBELRDH DY, SRIOERKT, Phe,
Nor i & 2 s/ Na® BEERERTHY, Fh
it Gkinase 75 Nat-Ht LHREH O
B4 5ThH A5 ENRINIL, BINEORERT
COWTRERBCBEALEREEL LS.
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