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ABSTRACT

ATM: To stdy the influences of calcium channel
blockers on calcium release-activated calcium currents
( fcrac) in rat hepatocytes. METHODS: Whole-cell
patch-clamp technique was used. RESULTS: The
peak amplitude of fepac was —0.41 nA £0.0% nA (#
= 157, its reversal potential was about 0 mV.
Verapamil { Ver), diltiazem (Dil}, and nifedipine
(Nif) decreased fcpac strikingly, without affecting its
reversal potential.  The inhibitory rate of Ver 5 prmol -
L 'was 40 % =12 % (n =3), Ver 50 pmol+L"!
reduced the peak amplitude of {pac from — 0,49 nA +
0.12nA to - 020 nA+0.09 nA (P <0.01 ws
comirol, n=5). The inhibitory rate was 57 % +
15 % ., Dil 50 gmol'L"" and Nif reduced {cgac from
-0.43nA+ 0.10nA 0 —0.29nA 20.07 nA (P <
0.01 vs control, n=5), from —0.32 nA +0.08 nA
o —0.27 nA + 0,08 nA (P < 0.0l v control,
5). The inhibitory rate was 31 % =11 %, 19 %
%, respectively. The amplitude of gy was
dependent on extracellular Ca** concentration. The
peak amplitude of fopac was —0.21 nA+0.08 nA (n
=3) in Tyrode's solution.with Ca** 1.8 mmol-L~!{ P
< 0.0l vs the peak amplitude of Jps in external
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solution with Ca®* 10 mmol «+ L™'). CONCLU-
SION: The three calcium antagonists inhibited Fepac
effectively and protected hepatocytes from calcium
overload via the inhibition of fegac.

INTRODUCTION

The drastic increase of calcium in hepatocytes
caused by the hepatotoxic substance diamidinothiona-
phthene (98/202) killed the cell. Verapamil ( Ver),
nifedipine ( Nif}, and diltiazem { Dil) were effective in
preventing the cell death caused by substance 98/
202", Mora NP had a transplantation experiment of
liver. which had been protected hypothermally with Ver
for 24 h and Ver had a protecting function™ .

The Ca** influx was mainly mediated by voltage-
dependent Ca®* channels and receptor-mediated Ca?*
channels, Most scholars held that store depletion-
dependent Ca’* channel mainly acted to regulate Ca®*
inflax jn nonexcitable cells, namely, by the calcium
release-activated calcium current, which was called
receptor-mediated Ca®* channels generally'® .

Hepatocytes as the nonexcitable cells were short of
the voltage-dependent Ca®* channels'.  Calcium
influx in isolated hepatocytes was studied by indirect
methods and it mainly depended on receptor- mediated
Ca®* entry'®. Calcium antagonists Ver, Nif, and Dil
principally affected the voltage-dependent Ca*
channels. Then how did calcium antagonists decrease
the cytosolic free Ca* concentration and protect
hepatocytes? The purpose of this paper was to observe
the effects of calcium antagonists on calcium release-
activated calcium cument ( fopac ) in isolated rat
hepatocytes and probe into initially the mechanism of
protection from cytosolic calcium overload.
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MATERIALS AND METHODS

Isolation of single hepatocytes Hepatocytes
were isolated'®’.  Briefly, adult Wistar rats of either
sex (n =43, Grade [, Certificate No 034, weighing
175 g + 25 g) were anesthetized by inhalation of ether
and ip pentobarbital sodium 30 mg+kg~'. The portal
vein was cannulated and perfused with oxygenated
Ca’* -free Hanks' solution 25 mL-min~"' at 37 C for 4
-5 min followed by perfusion with Ca®* -frec Hanks'
solution containing collagenase { Type IV, Sigma) (0.5
g'L71) for 10 - 15 min. The liver was chopped in
Ca** -free Hanks’ solution 10 mL. The cell suspension
was filtered through gauze to remove fibrous tissues.
Cells were incubated in KB { Krebs-Henseleit) medium
for 2 -~ 3 h and preserved in DMEM ( Dulbecco’s
modified Eagle’s medium) at 4 T.

Drugs and solutions Ca*-free Hanks'
solution wes prepared without Ca®* and Mg?*. The
KB solution was composed of glutamic acid 70, turine
15, KCl 130, KH;PQ, 10, HEPES 10, glucose 11,
edetic acid 0.5 mmol - L™'. The external solution
contained NaCl 140, KCl1 2.8, CaCl, 10, MgCl; 0.5,
glucose 11, HEPES 10 mmol - L™!. The internal
solution contained potassium-glutamate 145, NaCl 8,
MgCly 1, Mg-ATP 0.5, egmazic acid 10, HEPES 10
mmol:L~!). The Tyrode's solution was corposed of
Nall 144, KC1 4.0, CaClk 1.8, MgCl, 0.53,
NaH.PO, 0.33, glucose 5.5, and HEPES 5 mmol *
L™', pH 7.2. Ver, Nif {Beijing Tianfeng Pharma-
ceutical Factory), Dil (Sigma).

Electrophysiologic recording The recording
chamber {1.5 mL} was perfused with external solution
2-3mL-min”' at 22 £2 T. Membrane jonic
currents were measured in a standard whole-cell patch
clamp configuration with an Axopatch-1D amplitier
{ Axon Instruments, USA). The pipettes were pulled
in two stages from hard glass capillaries using a vertical
microelectrode puller { Narishipe, Japan). Electrode
had a resistance of 3 — 5 M{) for whole-cell recording.
Membrane potential and cwment signal were monitored
with a dval beam memory oscilloscope (VC-10, Nihon
Kohden) and stored in a computer. For the cument
measurement, the holding potential was kept at & mV,
the command potential was —100 mV, and the
duration was 200 ms. Data were presented as x £ 5

and compared by ¢ test.

RESULTS

Voltage pulses were applied every 5 s at holding
potential of 0 mV, command potential of - 100 ¢ +
80 mV, with 20 mV increments. The peak amplitude
of Fpac was — 0,41 nA £ 0,00 nA (n = 15), its
reversal potential was about 0 mV (Fig 1). The
current was steady and without nindown within 5 min.

-150

Fig 1. Current of calchim release.activated calelhnm
current { Icgyc) in rat hepatocytes. A) Jegac:
woltage pulses were applied every 5 s at holding
potential of 0 mV, commend potential of — 100 to +
80 mV, in 20 mV increments. B} Current voltage
relationship from the data in A, Measured at the
beginning point of the pulse.

Ver. Dil, and Nif decreased frpac. and did not
affect its reversal potential. The inhibitory rate of Ver
5 pmol*L™" was 40 % £ 12 % {n =4), Ver 50
pmol* L.~ reduced the peak amplitude of [cgac from
—0.49 A£G 12 nA 0 —0.20£0.00nA (P <0.01
vs control, n=5), the inhibitory rate was 57 % +
15 % (Fig 2).

Either Dil or Nif 50 pmol-L~! reduced Icpc from
—0.43nA+0.10nA to —0.29nA £0.0TpA (P <
0.01 vs control, # =5) and from — 0.32 nA £ 0.08
nA ¢ -0.270A%0.08nA (P <0.01 w control,
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== Control
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Fig2. 1Icpac in isolated rat hepatocytes before (A)
and after {B) Ver 50 pmol-L"1,

n=2>5). respectively. The inhibitory rate was 31 % =
11 %, 19 % =7 %. respectively {Fig 3).

The amplitude of [opae was  dependent
extracellular Ca®* concentration. The peak amplitude

on

of Jcgac Was —0.21 nA+0.08 nA ( r =3) in Tyrode’
solution with Ca?* 1.8 mmol-L='( P < 0.01 vs the
peak amplitude of Jopsc in extemal solution with Ca™*
10mmol - L™').  Ver 5 umol* L~ decreased fcgac
from — 0.21 nA +0.08 nA to —0.14 nA +0.05 nA
(n=3).

DISCUSSION

Calcium influx depended on the activation of Ca®*
currents caused by the depletion of intracellular stores in
nonexcitable celis™, which had been named Terac
The existence of /rpac—type currents has been recently
demonstrated in many different cells.

The experiments had been carried out in high
extracellular Ca** concentration in order to chserve the
effect of drugs on fepsc.  The results showed that the
reversal potential of /cpac in mat hepatocytes was about
0 mV and the holding potential was 0 mV appeared,
although the gating of Jcpac was independent of
membrane voltage, there was. nevertheless, a strong
dependence of Ca** influx on the driving force exerted
by the membrane potention, ie. the influx rate
increased with hyperpolarization and decreased with
depolarization™ . Our resuls were the same as

0.6

—&— Diltiazem

0.6 -

04

—O— Control
—— Nefidipine

Fig 3. Icue in rat hepatocytes. A, B)control and Dil 50 pmol * L™!; C) current-voltage relationship of Tonac
obtained from A and B; D, E) control and Nif 50 pmol'L-!; F) current-voltage relationship of I, obtained from

currents of D and E.
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documents. The amplimde of !cpsc depended on
[Ca** |, in rat hepatocytes. The amplitude of Jegac
was strikingly lower in Tyrode's solution (CaCl, 1.8
mmol * L™') than that in high external Ca®~
concentration (CaCl, 10 mmot-L~7)'#!,

mainly used in
cardiovascular systern, which was widely applied In
clinic as anthypertension.
antiarthythmic drugs and organ transplantation for its
protection of histocyte by inhibiting calciom overload.
Calcium antagonists inhibited calcium overload by
decreasing calvivm influx, which blocked voltage-
operated calctum channels ( VOC ) in cardiac muscle
and smooth muscle!® . Three calcium antagonists Ver,
Dil. and Nif decreased the amplimde of fegac at 50
nmol+L™! in the experiments, the effect of Ver was the
most distinct and that of Dil and Nif the second place
among them. As the nonexcitable cell rat hepatocytes
is without VOC, the experiment results indicated that
the 3 calcium antagonists could protect hepatocytes by
inhibiting fepac to decrease intracellular Ca®*
concentration,

Calcium  amntagonists  were
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