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ABSTRACT

AIM: To gudy the effects of N-[4-[[1-[2-(6-methyl-2-pyridinyl)ethyl]-4-piperidinyl]carbonyl] phenyl]
methanesulfonamide dihydrochloride dihydrate (E-4031), a specific I, blodker, on Ca®* transient and cell contraction
of norma and hypertrophied rat ventricular myocytes. METHODS: Electrically triggered Ca* transent and cell
shortening were measured s multaneoudy using thelon Imaging Systemwith charge coupled digital (CCD) camera.
RESULTS: E-4031 (10 mmol/L) increased Ca* trandent and cell shortening from (210+49) and (3.0+£0.8) nmto
(245+47) and (3.6£1.0) mm, respectively (P<0.05) in normal cardiomyocytes and from (196+54) and (3.0+£1.3)
mm to (240+49) and (3.6+1.3) nm respectively (P<0.05) in hypertrophied cardiomyocytes, while did not change
calcium sengtivity in both groups. KB-R7943 completely blocked the activating effects induced by E-4031in both
of normd and hypertrophied cardiomyocytes. Nicardipine did not block theincreasing effects of E-4031.
CONCLUSION: E-4031 increased Ca* transient and cell contraction via sti mulating reverse mode of Na'/Ca*
exchange while without influencing calcium sensitivity. These eff ects were more notable in hypertrophied
cardi omyocytes than in normal myocytes.

methanesul fonamide dihydrochloride dihydrate (E-
4031), a specific | blocker, had positive inotropic ac-

Previous studies showed that N-[4-[[1-[2-(6-me-  tion in guinea pigs and dogs™. Itisgeneraly accepted
thyl-2-pyridinyl)ethyl]—4-piperidinyl]carbonyl]phenyl]  that thisinotropic action results from prolongation of
action potential duration (APD) induced by I, blocking
2 However, whether E-4031 has positive inotropic
effect on rat cardiomyocytes in which thereis no I,
remains uncertain. In genera, Ca* influx during
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verse-mode eectrogenitic Na'/Ca?* exchangé®. Our
electrophysiological study™ hasproved that E-4031 in-
creased Na'/Ca* exchange current and did not aff ect
inward calcium current. It is, therefore, areasonable
deduction that if E-4031 has positive i notropic eff ect
on rat cardiomyocytes with the exception of dteration
in calcium sengtivity, enhanced reverse mode Na'/Cat*
exchange would be amain factor. In order to demon-
drate this supposition, we examined S multaneoudy the
effect of E-4031 on C&* transient and cell contraction
of rat ventricular myocytesin norma and hypertrophied
heart.

MATERIALSAND METHODS

Cdl isolation Single ventricular myocytes were
isolated from Wigtar rats (250+£30) g and ratswith myo-
cardial hypertrophy which was induced by banding the
abdominal aortaat suprarend level. The ratswere pro-
vided by Experimental Animal Center of Shanxi Medi-
cal University (Gradel |, Certificateld2 070101). Briefly,
cellsweredissociated fromrat heartswith Langendorff
perfuse apparatus by aprotocol which conssted of a
congant-flow perfuson 8-10 mL/min with: 1) 5 min
of Ca*-free Tyrode ssolution; 2) 4-6 min of Ca**-free
Tyrode’ s solution, containing collagenase (Type P,
Boehringer Mannheim, 0.3 g/L ); 3) 9 min of 0.18
mmol - L of Ca* solution®. The isolated myocytes
were stored in normal Tyrode' s solution at room tem-
perature (22 1) for 1 h before use.

Experimental protocol Cardiomyocytes were
resuspended to 1x10%L and incubated with Fura-2/AM
(5 nmol/L) at 37 1T for 40 min'®, After washed out of
extrafluorescence dye Fura-2/AM, cells were placed
in an experimental chamber which was mounted on the
gstage of a Zel ss Axiovert microscope adapted for dual-
wavelength excitati on fluorescence microscopy. Cells
were perfused continuoudy with Tyrode' s solution
(extracelular solution). Two platinum needles on op-
posite s des of the chamber were connected to the out-
put of agimulator for the electrical field simulation.
The frequency of field gimulationis 0.5 Hz witha 10-
V pulse. Celswere sdlected for study based on their
overall physicd appearance, quiescence in the absence

of dectrica simulation, and their ability to contract in
responseto eectrical field simulation.

Fluorescence and cell shortenting measure-
ments Measur ements wer e performed with the Imag-
ing System. The Imaging System (Tillphotonics,
Germany) condgsof anair coded CCD camera(Charge
Coupled Digital camera), a camera control, an image-
analysiscomputer, avideo display monitor, and a high-
speed wavelength switcher. The CCD camera isca
pable of oollecting a seriesof fluorescent images at very
rapid time intervals. From the same series of i mages,
the ratio of fluorescence,,,/fluorescence,y, (expressed
as F,,/F 1) andthe length of cellswere measured with
Tillvison v 3.3 software. Ca* transient was expressed
by theratio of F,/Fq, Cell shortening (um) isthe
quiescent length of the cell minus the shortest length of
the samecell duringits cortraction. Calcium sendtivity
was expressed by the ratio of Ca?* transient/cell short-
ening of the same cdl'”.

The extrace lular solution is composed of (mmol/
L ): NaCl 140, CaCl, 1.0, Mg Cl, 2.0, HEPES 5.0, and
glucose 10. The pH of the solution was adjusted to
7.4 with NaOH. The L-type C&* channel was blocked
by nicardipine (1 umol/L ), and rever s mode Na'/Ca**
exchange was blocked by a new specific blocker KB-
R7943®. Drugs containing solution had the same com-
positionwith the extracellular solution. Solutionsgiven
to celswere switched by an equipment called BPS-4
Solution Exchange System from Scientific Instruments
of New York. Cellswere perfused with one solution
for 3to 4 min before they were recorded and then
switched to another perfusing solution to do the next
recording.

Drugs E-4031was gifted by Eissal Pharmaceuti-
ca s (Tokyo, Japan). Fure-2/AM was the product of
SigmaCompany. KB-R7943 waspurchased from Tocris
Ltd. E-4031 and KB-R7943 were dissolved in digtilled
water as sock solution and diluted in perfusates to the
desred final concentration just before use. Fure-2/AM
wasdissolved indimethyl sulphoxide and diluted in per-
fusatesto 5 pmol/L before use.

Statistical analyss All the data were presented
asmeantSD. Paired t test were made and P<0.05 was
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considered significant.

RESUITS

Ca* trandgent and cdl contraction in nor mal
and hypertrophied ventricular myocytes The am-
plitude of Ca?* transent was alittle lower in hypertro-
phied group than that in norma group (Tab 1, 2) but
the dif ference had no satistical importance. The Ca*
sengtivity of the two groups showed no significant
difference.

Tab 1. Effectsof E-4031 on Ca?* transient and cell contrac-

tion in the presence of KB-R7943 (0.3 mmol/L) and
nicardipine (1 mmol/L) in normal cardiac myocytes. n=7
cdlsfrom 7rats. Mean+SD. "P<0.05, °P<0.01 vs control.
®P<0.05, 'P<0.01 vs nicardipine.

traction in normal ventricular myocytes E-4031
from 5 to 15 pmol/L enhanced C&* trandent and cell
contraction concentration-dependently in normal
myocytes with no change of Ca®* sensitivity (Tab 1,
Fig 1). KB-R7943 did not influence the basdline of Ca*
transent and cell contraction (Fig 2), while completely

E-4ik31
Contral L-#031 +
— ] hB3-E7443
A - B i

£ 100 Lok
w! i '

e i e ]

| !

mar -

— — —
A e PR
= L 1
g ! :

E. LIT-N 8 +
un —

I 100 2000 0 LoMWy - 2000 1 JETILTRpIIL

T s

Fig 1. KB-R7943 (0.3 mmol/L) abolished the increments of
Ca?" transient and cdl contraction induced by E-4031 (10
nmol/L) in normal cardiac myocytes (from the samecdl).

Group Faro/Fass Shortening Caz* sensi-
/mm tivi ty/mmt
Control 210449 3.0£0.8 71+£16
E-4031 5 nmmol/L 215452 3.1+0.8 71+12
10 mmol/L 245+47° 3.6:1.0° 71+£15
15 mmol/L 249+42° 3.6+0.7° 71£17
E-4031+K B-R7943 20739 3.0£0.3 70£16
Nicardipine 78+14° 1.7+0.7° 55+19°
Nicardipine+E-4031  141+12"f 2.440.5° 61+18

Tab 2. Effectsof E-4031 on Ca?* transient and cell contrac-
tion in the presence of KB-R7943 (0.3 nmol/L) and
nicardipine (1 nmol/L) in hypertrophied cardiac myocytes.
n=7 cdlsfrom 7rats. Mean+SD. °P<0.05,°P<0.01 vscontrol.

Shortening  Caf* sensi

Group FaolFaso /rm tivi ty/mmt
Control 196154 3.0+£1.3 70126
E-403110pumol-L*  240+49° 3.6x1.3° 69+22
E-4031+K B-R7943 190449 2.940.8 70+£11
Nicardipine 82+9° 1.60.6° 54+16°
Nicardipi ne+E-4031 164+26° 2.4+0.8 62+11

Effectsof E-4031on Ca* transent and cell con-
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Fig 2. KB-R7943 (0.3 nmol/L) had no effect onthebasdine
of Ca?* transient and cdl contraction in normal cardiac
myocytes (from the same cdl).
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abolished the incrementsof both Ca?* transient and cell
shortening induced by E-4031 (Fig 1, Tab 1) at con-
centration of 0.3 pmol/L. T hese results suggested that
E-4031 enhanced Ca* transgent and cell shortening via
gimulating reverse mode Na'/Ca* exchange.

Nicardipine, aL-type Ca* channel blocker, inhib-
ited Ca?* transient and cell cortraction remarkably (Tab
1, Fig 3) at concentration of 1 pumol/L. The drug,
however, did not block the increments of both Ca*
trangent and cell shortening induced by E-4031 at this
concentration (Tab 1, Fig 3). These resaults gave fur-
ther evidence that E-4031 enhanced Ca* trandent and
cell shortening via simulating reverse mode Na'/Ca*
exchange.
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Fig 3. Effects of E-4031 (10 nmol/L ) on Ca®*transient and
cell contraction in the presence of nicardipine(1mmol/L)
in normal cardiac myocytes (from the same cdl).

Effectsof E-4031on Ca* transient and cell con-
traction in hypertrophied ventricular myocytes In
hypertrophied cardiaccells E-4031 10 umol/L enhanced
Ca* transent and cell contraction significantly (Tab 2,
Fig 4). When cardiomyocyteswere pre-treated with KB-
R7943 for 3 min and then E-4031 was added in this
perf use solution, E-4031 failed to increase the ampli-
tude of Ca* transient and cell contraction (Fig4). KB-
R7943, at concentration of 0.3 umol/L, did not influ-
ence the baseline of Ca** transient and cell contraction
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Fig 4. KB-R7943 (0.3 nmol/L) abolished the increments of
Ca* transient and cdl contraction induced by E-4031 (10
nmmol/L) in hypertr ophied cardiacmyocytes (from the same
cdl).
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Fig5. KB-R7943 (0.3 mmal/L) had no effect on the basdine
of Ca?" transient and cdll contraction in hypertrophied car-
diac myocytes (from the same cdll).

while abdishedtheir increnentsinduced by E-4031 (Tab
2, Fig 5). E-4031 aso increased Ca* transient and cell
contraction in the presence of nicardipine (Tab 2, Fig
6), and theamplitude of Ca* trandent increased by E-
4031 was higher in hypertrophied myocytes than that
in normal heart cells (Tab 1, 2).
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Fig 6. Effects of E-4031 (10 nmol/L) on Ca?* transient and
cdl contraction in the presenceof nicardipine(1 nmol/L)
in hypertrophied cardiac myocytes (from thesamecdl).

DISCUSSION

In the present study, E-4031 exerted a posdtive
inotropic effect with asignificant increase in the ampli-
tude of Ca®* trangent. In generd, the increase of Ca*
transient resulted from increase of Ca* influx via L-
type Ca®* channels. However, this possibility had been
excluded since amore pronounced increase of Ca* tran-
sient could be induced by E-4031 when L-type Ca*
channels wereblocked. Recently, anumber of experi-
mental results suggested that the reverse mode Na'/
Ca™* exchange might beinvolved inintracel lular Ca*
trangent and cell contracti on during the process of ex-
citation-contraction coupling. Yang'® et al and Fujita
and Endoh™ have reported that the activation of re-
verse mode Na'/Ca* exchange may be responsible for
the increasein contractility and Ca* transient induced
by endothelin-1 and angiotensin I1. Our results showed
that the increase of Ca* trangient and cell shortening
induced by E-4031 were completely abolished by KB-
R7943 0.3 umol/L, a specific blocker of reverse mode
Na'/Ca’* exchanger. Thus, a possible mechanism was
that reverse mode Na'/Ca* exchange might beinvolved.

In rats with myocardial hypertrophy, E-4031
showed a smilar pharmacologic profile as in norma
rats but more pronounced stimulating effects on Ca?*

transent. T hese observations are consistent with the
findings that in hypertrophied myocardium, the Na'/
Ca™* exchanger gene express on was enhanced™ and
the density of Na'/Ca* exchange current was increas-
ed.

The lon Imaging System with CCD camera en-
sures smultaneous measurement of cell length and Ca®
trand ent to and yse the changes in ca cium sengtivity.
The experimenta results excluded the possbility that
the positive inotropic effect induced by E-4031 was
produced by increase of calcium sensitivity.

In summary, the present results suggested that E-
4031 enhanced C&™* trandent and cell contraction via
reverse mode Na'/Ca’* exchange with no significant
influence on calcium sengtivity and these eff ects were
more notablein hypertrophi ed rat cardiomyocytes than
in normal cardiomyocytes.
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