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a,-adrenoceptor stimulation increases intracellular pH and Na® via
Na’-H* exchange in guinea pig papillary muscle
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Abstract : The effect of a;-adrenoceptor(a,-AR) stimulation on intracellular pH(pH;), Na' activity(ay,) and con-
tractility were investigated in isolated papillary muscles of euthyroid or hyperthyroid guinea pig with conventional
microelectrode, Na" or H'-selective microelectrodes, and tension transducer.

Stimulation of the @,-AR by phenylephrine produced a decrease in ay, in euthyroid preparations. This decrease in
ay, was abolished in presence of PKC activator, phorbol dibutyrate, and increased contrary to decrease.

Phenylephrine also increased ay, in hyperthyroid ones. However, phenylrephrine produced an increase in pH, in
both euthyroid and hyperthyroid ones. These changes were blocked by prazosin, an antagonist of a,-AR. These
findings suggest that the changes in ay, and pH, are mediated by a stimulation of Na'-H" exchange via a,-AR stimu-
lation. This study focused on the increase in ay,, pH, and conrractility. The increase in pH; was blocked by am-
iloride or EIPA, Na'-H" exchange inhibitors. Therefore, the increase in a,,' and pH, mediated by a,-AR appeared to
be due to an influx of Na* and a reduction of H'* through Na'-H* exchange. This study also revealed that the in-
crease in pH; and ay, might be related to the sustained positive inotropic response. The a,,' increase may contribute
to the intracellular Ca® through the Na*-Ca™ exchange, and the pH; increase could cause an increase in the Ca®

sensitivity of myofilaments and may augment the @,-AR-mediated positive inotropic response.
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F4+ guinea pig : AF 250g W2]2] 7734 guinea
pigE ¢ - = H kel A8t

oiztatd E2EE guinea pig : MIF 250g Wl9]9)
guinea pigell 9-1297F L-thyroxine(Sigma)Z 0.3mg/
kg vl 234 B7h) Fodsidct.

58, MEWH Na° 845 (ay). MEWH pH(pH) X
UMY FH : Guinea pigd T EHH o2 YA H
e Al A7) 5 ARE el A4z
F8H97% O,, 3% CO,)%! Tyrode £-o4(pH 7.3-74)0] ¥
o] Ng A}

Stereozoomdlol]A] 9-AJAlZHe] Z Aol <k 0.5-

Imm, Zo|7} ¢ 2-3mme] 528 HEslod dssue
chambero]] Yo 143} §-F29] Y9H = tension
trnsducerel] |As F&4-& Q). A7) A
2 1HzZ AARPHA chamber &2 & ¥3)) A40) £
35l oJoke(36-37C, 137 mM, NaCl, 5.4mM KC, 1.
05mM MgCl,, 0.45mM NaH,PO,, 11.9mM
NaHCO;, 1.8mM CaCl, 3 5mM dextrose)}S 2574
ek FHo| A MHAH 3M KCleo] A7 gut o
AR AEoll AHdsted 2HaslE Sgsta ol ot
A97 YHAAT No' & H o]goll Aeizoz 23
sl neutral camrier® 9HEo]Al Na' 4] H'- o]& Ay
A oSS it AF el 4kjlsted MEW
Na' 459 A X pHE FAH Kt Nae} A FE
pH- A& njAl A9 calibration A% A ¥ XF
oz AR AEN H F5 F40lA:= H-
ulA A2 PF3HE Aste] gl Tyrode§H 4
B & NaH,PO,8} NaHCO,E A#s}1 HEPES buff-
er& d|X|slo] pHE 7482 ZAHZ X 100% Absrto
2 E3A A ALt

0I8717] A ALEAUE : ol 7I7le A7 A5F7)
(Model 305-R, WPI), A7) x}5 =74 7](1835-B, WPI),
electrometer(FD 223, WPI), microprobe system(KS-700,
WPI), recording system(M-3000, Gould), osciloscope
(5113, Tektronix), tension transducer(M-405, Cam-
bridge), stereozoom microscope(Olympus), illuminator
(Dsenner Inc) micromanipulator(Prior) 3 vibration iso-
lator table(Harvard) -gol%ic}. AMEeFE-2  thyroxine,
phenylephrine, atenolol, prazosin 3} phorbol dibutyrate
(©]4} Sigma), amilorde(RBI), EIPA(donation) §o]¢jc}.
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=, pH o 53 &7} &olol| Xl prazosingl
A& : Phenylephrineol] 2%t +23 9] pHO} uhAS] W
Fol a-ARE R4 BAIAE k] A B
714" AZolla 3X107 M prazosin  EAfstelA]
phenylephrine®] #3-8 WAsigchFig 1). 10°M
phenylephrine2 A¥W] pHE 7.150)14 7.21& 0.06 =
THIFE 1mVe] HE53 $58g $1AZ. ol7)
8k #7950l a-AR 2ekA)Q) prazosin® & XpdE]o] a-
AREZ 7358 aa-S lssir).
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Na'-H' i2%7] A5l o%t Afl-g Al glovt
A4 71Ug AToNA o-AR AFL tiEe] A4
F<-(55/0 sample % 5070 sample, 91%, Fig 39
panel left)ol| 4] 45 Yov|2& Na'-H' 23719 &
AL A AT D {F-52(5570 sample F 570
sample, 9%, Fig 32] panel right)el| A& 2,2 71
Bel No-H' 287] $4¢ 93eha e, 2eit o)
B4 7IUR AR aye] FASH 25 2l F
7He vJehlieA ol it A2 & < gict

T(mg) [m mm
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[ W——
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Fig 1. Effects of phenylephrine on membrane potential(Vm), intracellular pH(pH,), and twitch force(T) in absence
(panel left) or presence(panel right) of prazosin in euthyroid ventricular papillary muscle.
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Fig 2. Influence of amiloride, Na'-H" exchange inhibitor on phenylephrine-induced membrane potential(Vm), in-
tracellular pH(pH,), and twitch force(T) in euthyroid ventricular papillary muscle.
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Fig 3. Effects of phenylephrine on membrane potential(Vm), intracelluar sodium activity(a'y,), and twitch force(T)

in euthyroid ventricular parpillary muscles. Panel A(left) and B(right) shows that comparison between de-

crease and increase in ay,.

At 7|UE Al2ollM phenylephrineof| 213 2tH
A R, a9 Za % =53 57| Hubol olx|=
phorbol dibutylate(PDBu)2| 4% : 34 Z1Ug 4
Zol| A a,-AR A= protein kinase C(PKC)E ¥4 3}
AA AE) ol AZ 1Moz e a, 4 Y
Z7] %9 74 #Il PKCE ARt 434
gle}. ¥ A#lo)4 PKC &4 Q) PDBuol] 23 ay &
74X7 % phenylephrine ay'e 4.3mMollA] 4.
6mME ¢F 3.0mM ZAAZL £59 F71 4 AT
& Yozt 22} PDBu EallstollA phenylephrine
£ 0.3mM9] a8 F7HF 3 %32 PDBuel ¢
3 k7 AN A Bt o|2H AY 7YY 4
ZollE 2-AR AL a,'F 7T 1A (Na-H' 2
3)7] 734 )3 74714 (PDBu-sensitive)o| F~F3haL Q)
22 & 4 Qlo] A4 71U AZoA ay, B4 71H o]
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oAM B2EE 7)Y g M2olM a2t pHoll o]
x|+&= phenylephrine2l ¥ : o,-AR z}5oll 2J3t pH;
a9 717} Na-H' 23719 34 AAQ7EE oS
wgts] 3] SJste] AAAA $2EF 7Y A2l
4] phenylephrine®] ¥-g a5l Kch(Fig 5). HP-E
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Fig 4. Influence of PDBu, PKC activator on phenylephrine-induced membrane potential(Vm), intracellular sodium

activity(ay,), and twitch force(T) in euthyroid ventricular papillary muscle.
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Fig 5. Effects of phenylephrine on membrane potential(Vm), intracellular sodium activity(a'y,, panel A), intracellular
hydrogen activity(pH;, panel B), and twitch force(T) in hyperthyroid ventricular papillary muscle.
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Fig 6. Influence of ethylisopropylamiloride(EIPA), Na‘-H* exchange inhibitor on phenylephrine-induced mem-
brane potential(Vm), intracellular pH(pH;), and twitch force(T) in hyperthyroid ventricular papillary muscle.
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