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Stimulation by melittin of Na*-Ca?* exchange current in ventricu-

lar myocytes of guinea pigs!
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ABSTRACT

AIM. To study the mechanism of calcium overload in-
duced by melittin in myocytes. METHODS; Whole-
cell patch-clamp technique was applied for recording the
cuments. RESULYS: Mel 0.05, 0.1 pmol/L in-
creased the peak amplitude of Iy,(nA) from —2.1£0.8
t0 ~3.2x1.0(n=7, P<0.05) and -3.7x1.5 (n
=7, P <0.05) respectively at testing potential of — 40
mV. Mel 0.05, 0.1, 0.2 umol/L had no significant
effect on I, but enhanced Iy,_c.{pA) from 53 £21 to
427+256 {n=5, P<0.03), 349+ 147 (n=5, P<
0.01) and 320+ 97 {n =5, P <0.05) respectively at a
testing potential of + 50 mV. CONCLUSION: The
stimulating effect of Mel on [y, _, rather than the effect
on I, contributes to the calcium overload of myocytes.

INTRODUCTION

Melittin (Mel), a 26 amino acid polypeptide, is the
major component of bee venom. Bee venom has long
been known to induce cardiac dysﬁmcﬁon“‘zl. It had
been proved that Mel was the main constituent to induce
cardiotoxicity and the toxic effect was mostly attributable
to calcium overload of cardiomyocytes’ .

Generally speaking, three Ca®* transport systems
contribute 10 Ca®* influx in myocyies; L-type calcium
channels, Ca®* release from the sarcoplasmic reticulum
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(SR) and Na*-Ca’* exchange. The Na*-Ca’* ex-
changer catalyzes the countertransport of three Na* ions
for one Ca’* ion across the sarcolemma membrane and
plays an important role in the electrical activity of heart.
It has two working modes. Normal mode generates an
inward current which extrudes Ca®* and reversal mode
generales an outward current, which causes Ca?* influx.
Its mode of working is sensittve to the intracellular sodi-
um ([Na])™.

It has been reported that Na*-Ca®* exchanger is the
dominant way 10 bring about Ca’* overload of cultured
mouse myocytes exposed to Mel with fluorescent
method®, which was proved by pretreatment with
bepridil, an inhibitor of Na*-Ca®* exchange, abolishing
the effect of cardiotoxicity by Mel®).  Paradoxically, it
has been also reported that Mel, as a specific calmodulin
antagonist, has no effect on Na'-Ca®* exchange in
guinea pig ventricular myocytes with patch-clamp tech-
nique[SJ. To elucidate the cardiotoxic mechanisms of
Mel, the effect of Mel on Iy,, fc,, and Jy,_c, of ven-
tricular myocytes in guinea pigs was studied.

MATERIALS AND METHODS

Preparation of ventricular myocytes  Single
ventricular myocytes were isolated from adult pguinea
pigs, 315 5 24 g (supplied by the Experimental Animal
Center of Fudan University, Grade [l }, by enzymatic
disaggregation.  After stunning the guinea pig, the heant
was rapidly put into oxygenated calcium-free Tyrode’s so-
lution. The aorta was cannulated and the heart was per-
fused on Langendorff apparatus at 37 . Following per-
fusion with calcium-free Tyrode’s solution for about 5
min, the low calcium (30 umol/L) Tyrode’s soluticn
containing .03 % type-II collagenase and 1 % bovine
serum albumin ( BSA) was used for about 4 min. The
ventricles was chopped, minced, and gently agitated to
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obtain myocytes, Cells were filtered through a 200-pm
nylon mesh and the calcium concentration was gradually
increased.

Whole-cell patch-clamp recording The cells
were transferred to 2 1 mL pool that was mounted on the
stage of inverted microscope (Nikon, Japan). Only
cells with rod-shape and clear striations were used in ex-
periments. The pool was continucusly perfused with test
solution af a rate of 1.5 mL/min. Serial concentrations
of Mel solutions were prepared and administered in tumn
by perfusion for at least 1 min to assure that the drug in
the pool reached the anticipated concentrations. Micro-
electrode were pulled with a microelectrodes puller (Nar-
rishage, Japan), resistance of 3 — 4 M{) after filled with
pipette solution. Ag-AgCl electrode was used as the ref-
erence electrode.  After gigaseal was formed and mem-
brane ruptured, Iy,, [fc,. and [y, _c, were recorded in
the mode of voltage clamping. The Ni?* -sensitive elec-
trogenic [y, -, was measured as the difference in current
before and after application of 5 mmol/L Ni#*. Ax-
opach 200A amplifier ( Axon Instrument, USA) was em-
ployed and pCLAMP 6.0 software ( Axon Instrument,
USA) was used to produce protocols, acquire, and pro-
cess data. Series resistance was partially compensated
electronically and capacitative transients were temoved by
applying electronic compensation when recording [y, and
I¢c,, but because of the slow ramp protocol, no compen-
sation was made for membrane capacitance or series resis-
tance'®!.

Chemicals and solution Melittin (Mel), type-
I collagenase, MgATP, Tris-GTP, CsOH were pur-
chased from Sigma (USA). TEA-Cl, HEPES, and
ouabain were Merck products (Germany). 3-{ N-mor-
phoelino) propanesulfonic acid ( MOPS), bovine serum
alburnin (BSA), CsCl, were purchased from Sino- Ameri-
can Biotechnology company ( USA}.  Tetrodotoxin
{TTX) was purchased from Hebei Ocean Product Institute
of China. Other reagents of AR grade were products of
Shanghai Chemical Reagent Plant.

The calcium-free solution contained; NaCl 100, KCl
10, NaH,PO, 1.2, MgSO,; 5.0, glucose 20, taurine
10, MOPS 10 mmol/L; pH was adjusted with KOH to
7.2. Test solution of Iy, recording was composed of;
choline chloride 100, NaCl 50, KCl 5.4, MgCl; 2.0,
CaCl, 1.8, HEPES 35, glucose 10 mmol/L; pH was ad-
justed with NaOH 1o 7.3. The pipette solution of Jy,
recording was; CsCl, 130, NaF 13, MgCl, 2, egtazic
acid 2, HEPES 10 mmol/L; pH was adjusted with CsOH

o 7.2. The test solution of Iy,_, recording was com-
posed of ;: NaCl 140, CaCl, 2.0, MgCl, 2.0, HEPES
5.0, glucose 10 mmol/L; the Na*-K* pump, back-
groud currents, K* channel and Ca®* channel were
blocked with ouabain 20 grmol/L. BaCl, 1.0 mmol/L,
CsCl, 2.0 mmol/L, and verapamil 5 pmol/L; pH was
adjusted with CsOH to 7.2. The pipette sclution of
Ina_cy Tecording was: potassium aspartate 42, MgCl,
13, egtazic acid 42, CaCl, 29, KyATP 10, Na,-cre-
atinephosphate 5.0, tetracthylammonium ( TEA) 20,
HEPES 5.0 mmol/L, pH was adjusted with CsOH to
7.2. 'Test solution of I, recording was composed of:
TEACI 140, MgCl, 2.0, CaCl, 1.8, HEPES 10, glu-
cose 10, TTX 0.002 mmol/L; pH was adjusted by
TEAOH to 7.3. The pipette solution was; CsCl, 140,
egtazic acid 10, HEPES 10, MgATP 3, Trs-GTP 0.4
mmol/L; pH was adjusted by CsOH to 7.2.

Statistics The data were expressed as x £ 5, =n
represents the number of cells. The results were ana-

Iyzed with paired ¢ test.

RESULTS

Effect of Mel on Iy, Iy, was evoked by a siep
depolarization from holding potential of - 80 mV fo
—40 mV for 30 ms (Fig 1). Mel 0.05, 0.1, 0.2
panol/L increased Iy,(nA) from —2.1x0.8 0 -3.2
£1.0(n=7, P<0.05), -3.721.5(n=7, P<
0.05) and -3.2+1.3 (n=17, P >0.05) respectively
at a testing potential of — 40 mV. The current-voltage
relationship was obtained when membrane potential was
held at — 80 mV and depolarized to various levels after
every 5 mV (Fig 2}.

Effect of Mel on I,  The membrane potential

control

5 ms
0.05 umol-1-1

Fig 1. Effect of melittin on Iy, current in ventricular my-
ocytes of guinea pigs.
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Test potential/mV

Fig 2. Effect of melittin on current-voltage relation-
ship of I, (C) control, (@) Mel 0.05 pmol/L, ( x )
Mel 0.1 pmol/L. n=7 cells from 4 guinea pigs.
z2xs. "P>0.05, "P<0.05 vs control,

was held at — 40 mV and the current-voltage relationship
was obtained by depolarizing the membrane potential from
—40 to +40 mV in 10 mV increment. The step pulse
lasted for 500 ms. Mel 0.05, 0.1, 0.2 pmol/L had no
marked effect on the cwrent. Mel 0.05 pmol/L
changed the /c,(pA) from 1094 + 318 to0 1128 + 500 {(n
=7, P>0.05) (Fig3). Though Mei 0.1, 0.2 pmol/
L had a tendency to reduce 7c,(pA) from 1094 + 318 to
170+206 (n=7) and 777 £ 389 {n =7) respectively,
the decrease was not significant compared with the “run-
down” of control group.

Effect of Mel on Iy, Ramp voltage-clamp

Test potential/mV

~1050]
-1200

Fig 3. Effect of melittin on current-voltage relationship
of Ic,{O) control. (@) Mel 0.05 pmol/L. n =7 cells
from 5 guinea pigs. Xz s. P>0.05 vs control.

pulses ( — 40 1o + 60 to ~ 120 mV, 250 mV/s) were
applied from holding potential of —40 mV. The current
was sensitive 10 Ni** 5.0 mmol/L. Mel 0.05, 0.1,
0.2 pmol/L resulted in the substantial increase of /n,. c,
(Fig4). Mel0.05,0.1,0.2 pmol/L enhanced Iy, . ca
(pA) from 53 £ 21 t0 427 £256 (n =5, P <0.05),
3492147 (n=5, P<0.01) and 320297 (n=5, P<
0.05) respectively at testing potential of +50 mV .

el
0.05 pmol-L-!
0.1 umol'L!

=" 0.2 pmol-L"!

control

Test potential / mV

-400

Fig 4. Effect of melittin on current-voltage relation-
Ship of IPE—C&‘

DISCUSSION

Our results showed that Mel increased voltage-gated
I, in ventricular myocytes of guinea pig, which has so
far not been reported.  The voltage-gated sodium channel
can be a source of significant increases in [Nal,. Evi-
dence has accumulated that Mel increases the [ Nal; of
cardiomyocytes'®) and active transport of Na* in butlfrog
comea'”’ and skin of the toad Bufo marinus®’. But the
effect of Mel on increasing Iy, may not be the exclusive
mechanism for increased [Nal;, the inhibitory effect of
Mel on Na* ,K* -ATPase also contributes to it. A com-
parative study regarding the effects of Mel, cardiotoxin (a
component of snake venom), and ouabain (a typical
Na*-K* ATPase inhibitor) on the sodium pump in
synaptic membrane isolated from rat cerebral cortex
showed that Mel was the most potent inhibitor among the
three!®’ and the inhibitory effect of Mel has also been ob-
served in other tissues'™® . Both these mechanisms en-
hance [ Na]; which exerts important influence on Iy, . c,.

Ina_ca is very sensitive to the intracellular Na* . A
rise in intracellular Na* makes the exchanger work in its
reversal mode which reflects an increase of Ca®* influx
via exchanger and is ultimately responsible for Ca®* re-
lease from SR'*. Furthermore Levil'’ found that the



ISSN (253-9756  Acta Pharmacol Sin P B #® 348 2001 Jan; 22 (1)
Phn/Fax 86-21-6474-2620 S 13 -

E-mail aps@ mail . shene.ac, oo

increased [Na]; resulted in a progressive outward shift in
{0 - ¢ during the plateau of action potential, which sug-
gests that the intracellular Ca®* would be increased at the
plateau via exchanger. Our results indicate that Mel
stimulated /Iy, and outward Iy,_c,. which is responsible
for caleium overload of myocytes.

In addition to the Na*-Ca’* exchanger, there are
two other ways resulting in calcium influx: L-type calci-
um channels and calcium release from SR. Qur results
observed that Mel had no significant effect on L-type cal-
cium current. Meanwhile, being a membrane-active
peptide, Mel can not affect Ca’* release from SR as the
primary effect. Taken together, the calcium overload by
Mel is mostly ascribed to its stimulating effect on fya—ca.

But it has also heen reported by Kimura J©° that
Mel, as a high affinity calmodulin-binding peptide, re-
mained unaffected on Na*-Ca®* exchanger. The stik-
ing difference between Kimura's experiment and ours lies
in the mode of Mel administration. In their experiment
Mel was applied by internal perfusion to study the interac-
tion of Mel with the calmodulin-binding site of exchanger
in plasma of myocytes!'?’. However we added Mel in
the extracellular solution. Therefore the two experiments
are not contradictory and it is suggested that the site of
action of Mel on Na*-Ca’* exchanger wes on the exter-
nal side of the membrane .

The “run-down’ phenomenon has long been noticed
in recording L-type calcium current. In order to distin-
guish the decreasing effect caused by drugs from the “run-
down” phenomenon, we compared the drug groups with
control group respectively'> .  The results showed the
three concentrations of Mel all had no significant effect on
L-type calcium channel.

Another interesting observation is that the stimulating
effect of Mel on Na*-Ca’* exchanger is not concentra-
tion-dependent.  As early as in 1970s, Habermann had
found that higher doses of Mel were followed by dimin-
ished responsest’® . This phenomenon has also been re-
ported in several reportst!'’. It may be explained by
Mel's property of tachyphylaxis.
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