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AIM: To study the effects of norepinephrine (NE)
and isopentenyladencsine { Iso ) on Na*/Ca*
exchange cuments and the receptor mechanism.
METHODS: The quasi-steady state current-voltage
relationship from the isolated guinea pig ventricular
myocytes was measured using whole-cell voltage-clamp
techniques with a ramp pulse protocol. RESULTS:
At potential of + 50 mV, NE 0.005, 0.05, and 5
umol - L~! increased the Ni’*-semsitive current by
9% +9%, 2% =11 %, and 124 % +£31.4 %,
respectively; Iso 1.5, 150, and 1500 mmol - L'
caused increases in the Ni®*-semsitive cument by
28%+28%,5% %+13%,and 102 % £12 %,
respectively.  Propranolol 10 pmol - L™ completely
inhibited the current changes induced by NE and Iso
while phentolamine 50 pmol* 1L.~! showed no effects.
CONCLUSION: NE and Iso increased the Na* /Ca®*
exchange currents wig stimulation of cardiac -
adrenoceptor.

The Na*/Ca** exchanger is the primary Ca’*
efflux mechanism of cardiac myocytes during
excitation'"*. The exchanger is an important Ca**
efflux mechanism even during periods of rest, when
[Ce2* ], is 100 nmol-L~! or less®® . Hence the
exchanger can affect a transfer of Ca®* from internal
stores to the cell exterior during rest. During the
initizl phases of cardiac action potential, Ca?* influx
mediated by Na*/Ca®* exchange can initiate Ca®*
release from the sarcoplasmic reticalum (SR) by a
“Ca-induced Cz®* release process”'*!. The Na*/
Ca’* exchange mechanism is involved in the regulation
of cardiac inotropism!® . With the single-cell voltage-
clamp technigue and appropriate channel blockers, the

! Correspondence o Prof ZHAO Roog-Rui. Phn £6-351-413-5057 .
Fax 86-351-406-0031. E-mail sydw@ shani. ihep. ac.cn
Received 1997-04-21 Accepted 1997-10-22

Na* /Ca®* exchange cuments can be isolated from
other membrane currents and measured accurately'®’ .
[-adrenergic agonists potentiate the force of cardiac
contraction and accelerate the rate of its relaxation.
The increase in the force of contraction results from
enhanced Ce** current and Ca®* release secondary to
cAMP-dependent  phosphorylation of the Ca®*
channel™ . On the other hand, the phyosphorylation
of phospholamban and the subsequent stimulation of
Ca?* pump'®, in addition to decreased myofilament
Ca®* semsitivity’®’ , are thought to mediate the relaxant
properties of f-agonists. But, the regulatory effects of
B-agonists on Na*/Ca’* exchange are not clarified
yet. In this study we investigated the effects of NE
and Iso on the Na*/Ca®* exchange currents and the
involved receptor mechanism .

MATERIALS AND METHODS

Cell isolation Vengicular myocytes were cbtained from
Dunkin Hartley puinea pigs (250 + 52 g) by a previously
described rapid enzymatic isolation procodure!™ ., Myocytes
were dispersed and allowed to setfle for at least 1 h at room
temperature (20) before being used.  Animals were provided by
Experimental Animal Center of Shanxi Medical University .

Electrophysiologic measurements  The whole-cell
patch-clamp coofiguration'" was used to evaluate Na* /Ce
exchange currents with an AXOPATCH 200A  paich-clamp
amplifier connected o an AST computer with pCLAMP 5.5.1
software package (Axon Instruments). Patch electrodes were
made from thin-walled glass capillaries (1.5 mm CD, Shanghai
Brain Research Institute ) wsing a two-stage  vertical
microelectrode  puller { model PP-83, Narishige Scientific
Instruments., Japan) . The electrode resistances ranged between
1 and 3 Mfl. Because of the slow ramp protocol, no
compensation was made for membrane capacitance or series
resistance. The current signal was filtered at 2 kHz.

For the measurement of Na*/Ca®* exchange current, the
extracellular (test} solution contained NaCl 140, CaCl 2.0,
MgCl, 2.0, HEPES 5.0, and glucose 10 mmol-L-*(pH= 7.4
adjusted with CsOH ). The Na*-K*' pump. background
currents, and K* channel and Ca®* channe] were blocked with
ouabain {Sigma) 20 pmel - L', BaCls 1.0 mmol *L~1, CeCl,
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2.0 mmol'L~", and nicardipine {Sigma) 1.0 pmol’'L~". The
pipettz solution contained egtazic acid { EGTA) 42, CaCl, 29,
Mg(lL 13, potassium aspartate 42, E,ATP 10, Nas-creatine-
phosphate 5.0, tetracthylanmmonium ( TEA, Sigma) 20, HEPES
5.0 mmol-L~1(pH = 7.4 adjusted with CsOH). In the internal
solution. TEA 20 mmol - L~! was used to block K* channel.
The electrogenic Na®* /Ca’* exchange current was measured as
the ( bi-directional} current that could be blocked by N¥* 5.0
mmol+ L~ 109,

Stadstical analysis Resulls were expressed as X £ s.
Baired ¢ tests were made.

RESULTS

Measurement of the Na'/Ca’* exchange
current Ramp voltage-clamp pulses { - 40 to +60
to -120mV, 90 mV -s~') were applied from a
holding potential of ~ 40 mV. The current-voltage
relationship was constructed from the declining slope of
the ramp pulse (Fig 1A, a). After the application of
Ni** 5.0 mmol -+ L™!, the cument immediately
decreased , at both positive and negative potentials (Fig
1A, b). The difference between cument-voltage
relationships in the absence and presence of Ni#* 5.0
mmol + L™ ( Ni** -sensitive current) reflected the
activity of the elecirogenic Na* /Ca®* exchange current

(Fig 1B). We did not find significant run-down of
the Ni?* -sensitive current during the experiment.
A
Membrans potsntal/my 0.4 s
- 100 b
i < Lo 0
T H -0.4
B
Mpmbrens potentisl/my 0.4 a-b
- 100
I —_— L
= < [0 50
% L
§l-0a
g
Fig 1. NP*'-semsitive electrogenic Na‘/Ca*

exchange current of guinea pig ventricular myocytes.
A: current-voltage relationships before {a) and after
(b) application of NF* 5.0 mmaol-L-!. B: Ni*-.
sensitive current {Na* /Ca?* exchange current) .

Effects of NE and Iso on electrogenic Na*/
Ca’* exchange current NE 5.0 pumol<L ! or Iso

1.5 pmol * L' resulted in increases of membrane
current { Fig 2A, b and Fig 2C, b). After 30-s
application of Ni2* 5.0 mmol - L™!, the membrane
current was decreased (Fig 2A, ¢ and Fig 2C, c¢).
The current-voltage relationships for Ni‘* -sensitive
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Fig 2. Effects of NE and Iso on electrogenic Na*/
Ca’* exchange current of myocytes. A: current
voltage relationships before application of NE (a),
after application of NE 5 pmol* L~ 1{b} and Ni#* 5.0
mmal - L~ {¢). B: Ni**-sensitive cuorrent in A
before (a - c) and after application of NE (b - c).
C: current-voltage relationships before application of
NE (a), after application of Iso 1.5 pmol - L~1({b)
and N¥* 5.0 mmol - L' (¢). D: Ni**-semsitive
current in C before [a - ¢} and after application of
Iso {(b-c].
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currents of the same experiment were shown in Fig 2B A
and 2D. NE and Iso increased the Ni’*-sensitive Membrane potentlel/my 0.4
b
current in a concentration-dependent manner (Tab 1}. -1ee T T Tl
PR <0 50
Tab 1. Effects of NE and Iso on electrogenic Na*/ 13;__“
Ca’* exchange current of guinea pig ventricular el
myocytes. Membrane current (pA} measured during a <
ramp pulse. 7 =4 cells from 4 guinea pigs, * + 5. &
P >0.05, P <0.05, “P < 0.01 vs before drugs. Membrane potental/m¥ 94
- 100 .
i e 8,
Drugs Before After Change % E o 50
E —0.4
At potential of + 50 mV 5
NEpmol*L"!
0.005 24377 313 £ 99F 29+8 c b
0.05 226+ 88 383 + 127 72x1l Masmbrane poteniial/my 0.4 - s
b1 190 + 35 418 + 38° 120+ 31 e
~ 100 g o
Iso/nmol-L~! ' P — <|o 50
1.5 135+ 89 138 + 932 2.8+2.8 ‘—“""""_Ff- - =
150 199+ 98 307 + 148° 56+ 13 e g -0.4
1500 214+ 68 430 + 141° 102+ 12 <
At potential of + 100 mV Fig 3. Effects of propranolol and phentolamine on
NE-pmol+ L~ action of NE and Iso. A: effects on N¥* -sensitive
0.005 119+ 95 164 + 82% 60 + 50 current before (a) and after application of
0.05 166+ 26 243 + 43° 47 + 26 propranolol 10 pmol:L~! plus NE 5 pmol-L-*(b), »
5 106+ 34 178 + 3% T3 =4 cells from 4 guinea pigs, P> 0.05. B: effects
Tsovmmol- L1 on NP+ -sensitive current before [a) and after
1.5 104 + 84 106 + 852 1.1+0.8 application of propranolo]l 10 pmol - L-! plus Ise 1.5
150 9+4 170 +91° 123 + 44 pmol-L-1(b), n =4 cells from 4 guinea pigs, P >
1500 134+ 74 304 + 144° 13421 0.05. C; effects on Ni*-sensitive current before

Effects of propranolol and phentolamine
on action of NE and Iso Propranolol 10
pmol <L~ inhibited the changes of inward and outward
membrane currents induced by both NE 5 umol-L™!
and Iso 1.5 umol-L~!{Fig 3A and 3B). However,
phentolamine 50 pumol - L~! did not affect the
enhancement of Na* /Ca’* exchange current induced
by NE 5 umol-L~!(Fig 3C). Similar results to those
shown in Fig 3 were obtained in 4 other cells,

DISCUSSION

In the present study. the electrogenic Na* /Ca®*
exchange currents were measured by using methods
previously described!®’.  The advantage of these
methods is that high concentration of intracellular Ca®*
buffer ( EGTA} are used, which should prevent any
possible increases in cytosolic [ Ca** ]. The
contribution of other membrane currents to the total
recorded current was minimized using various blockers

{a} and after phentolamine 50 pmol-L~! plus NE 1.5
pmol:L-? (b}, n =4 cells from 4 guinea pigs, P <
0.05,

{ nicardipine, C&**, Ba®*, TEA and uabain). The
shape of the current-voltage relationship we obtained
for the Na* /Ca** exchange current is theoretically and
practically compatible with the available literature
regarding the voltage dependence of electrogenic Na* /
Ca’* exchange current.

Our experimental results clearly showed that both
NE and Iso could significantly increase the electrogenic
Na*/Ca®* exchange cumrent. Propranolol, a §-
adrenoceptor blocker, inhibited the increase of Na™/
Ca®* exchange current induced by NE and Iso, while
phentolamine, a a-adrenoceptor blocker, showed no
effects on the NE-induced increase of Na*/Ca™*
exchange current. This suggests that B-adrenoceptor,
but not a-adrenoceptor, is involved in the increasing
effects of NE and Iso on the Na*/Ca”* exchange
current. Our results also demonstrated that NE and
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Iso increased not only Na*/Ca®* exchange inward
currents, but also Na*/Ca®* exchange outward
currents, indicating that 3-adrenergic agonists are able
to enbance the rate of transmembrane movement of
Cz"* by Na*/Ca’* exchanger. The enhancement of
the Na*/Ca’* exchange ratc can be one of the
mechanisms responsible for the positive inotropism
induced by J-adrenoceptor stimulation.  However,
further experiments are necessary to determine the
molecular mechanisms of regulation of cardiac sodium/

calciun exchanger by (-adrenergic agonists, It is
concluded that the Na*/Ca’* exchange cuments of
guinea pig ventricular myocytes are enhanced by -
adrenoceptor stimulation.
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