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AIM: To study the effects of taurine on L-type
voltage-dependent Ca* channel ( VDCC) in
adult rat cardiomyocytes infected  with
coxsackievirus By ( CVB; ). METHODS:
Whole-cell Ca’~ current of I-type VDCC was
obtained by patch-clamp techniques.
RESULTS: The density of L-type Ca’" current
was 4.1 0.8 pA/pF in nommal cardiomyocytes,
but increased to 4.9 £ 1.4 pA/pF with CVB;
infection. A1 16 mmol - L™', taurine decreased
the density to 3.5 * 0.5 pA/pF in normal
cardiomyocytes, and to 3.8 + 0.8 pA/pF in
CVBs-infected cardiomyocytes.  In  addition,
CVB; shifted the membrane potential depolanzing
to peak current ( ¥,) from 8+ 8 mV 10 5+3 mV
which could also be reverted to 8 + 4 mV by
taurine. CONCLUSION: Taurine inhibited the
increase of Ca’* inflow through I-type VDCC and
normalized the decreased V, induced by CVB,
infection. The effect of taurine on L-type YDCC
was the mechanism of taurine attenuating the
intracellular Ca’* accumulation and abnormal
electric activities induced by CVB; infection.

Taurine makes up 50 % of the total free
amino acid pool in mammalian heart, and
possesses a lot of cell protective actions such as
modulating intracellular Ca®* hromeostasisLH ,
inhibiting lipoperoxide formation->',  reducing
enzyme leakage. and maintaining membrane
stability. Deficiency of taurine was implicated
in many heart pathological states and could be

! Project supponted by the Key Projects for the Nimb-five Year Plan.
No SEOOEN21D,

? Corespondence to Prof YANG Ying-Zhen_

Phn 86-21 54041990, ext 2509,  Fax B6-21-6403-8472.

Received 19970702 Accepted 1997-12-12

reversed by taurine supplement’’. We found
that 1aurine was beneficial w0 clinical treatment
for virus myocarditis'' and to cultured rat
cardiomyocytes infected with coxsackievirus B;
(CVBg)[S]. and the reduction of transmembrane
Ca®* inflow was one of the functions of taurine’s
protection to cardiomyocytes'® .  However, the
transmembrane Ca** influx involved in a lot of
aspects  including  voliage-dependent  Ca®*
channel { VDCC), Ca’* leak channel, ATP-
dependent Ca®* pump, Na*/Ca’* exchange,
and H* /Ca’* exchange, et a/. This study was
to investigate whether taurine affected Ca®*
current through L-type VDCC in cardiomyocytes
infected with CVB; to provide a basis for the

clinical treatment with taurine in viral

myocarditis.

MATERIALS AND METHODS °*
Cardiomyocytes Cardiomyocytes were

isolated from adult Sprague-Dawley rats ( n = 29,
200 - 250 g, clean. from Experimental Animal
Center, Shanghai Medical University ) as
previously described”). In brief, Hearts were
quickly moved and mounted on a Langendorff
apparatus for retrograde perfusion at 37 C, first
with Ca®* free Tyrode's solution for 5 — 7 min,
then with the same solution containing 0.05 %
collagenase ( Type 1, Sigma), 40 — 60 mmol
-1.-! CaCl,, and 0.01 % BSA for 7 — 10 min.
Afterwards, the hearts were incubated in KB
solution for 10 - 15 min. then minced and
dispersed with a pipette for 3 — 5 min. The
suspension was filiered through a 200 pm nylon
mesh, and kept at 15 - 25 C for > 1 h before
Ca™* recovery with Eagle’s minimum essential
medium.

Groups (1) N: normal control group.
{2) T: taurine control group; including T;, T,
and T; subgroups added with taurine 1, 8, and
16 mmol<L"~!, respectively. (3) CVB; control
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group, 1 x 10° cells/tube were inoculated with
200 TCIDs, (50 % tissue culture infection dose)
CVB;. (4} V+ T: CVBs-infected and taurine
16 mmol* L~ ! treated group. All the cells were
incubated at 37 °C for 2 h before use.
Recording Whole-cell Ca’* current was
recorded by Hamill patch-clamp methods-* using

a glass pipetie ( diameter 1 — 3 pm}. The
formation of whole-cell configuration was
performed in Tyrode's solution. Then the cell
was superfused with the external solution. The

rest potential was monitored in current clamp
mode, compensated the slow capacitance near
rest potential. The data were acquired by a
Macinntosh computer using an EPC-9 amplifier
and Pulse + Pulsefit 8.0 sofiware ( HEAK,
German). For L-type VDCC current recording,
hold potential was kept at — 50 mV to inactivate
Na* channel and T-type Ca’* channel, test
potential depolarizing from — 40 to + 60 mV,
pulse width 100 ms, step + 10 mV, frequency
0.5 Hz. The mean peak Ca ™ current of L-type
(Ia) was expressed as a function of membrane
capacity ( C,).

Solution preparation (mmel L-') (1)
Tyrode’s solution: NaCl 135, CaCl; 2, KCl 5.4,
MgCl; 1, NaH,PQ,0.33, glucose 5. HEPES 5,
pH adjusted to 7.2 with NaOH. (2) KB
soluion: KOH 80, KClI 40, KH,PO, 30,
Mg, S04 3, glutamic acid 50, taurine 20, glucose
10, HEPES 10, egtazic acid 1, pH adjusted to
7.4 with KOH. (3) Intemal solution: CsCl
120, MgCl, 1, MgATP 4, egtazic acid 10,
HEPES 10, pH adjusted to 7.2 with CsOH.
{4 ) External solution: tetraethylammonium
chloride ( TEAC1) 135, CaCl, 10, Mg(l, 1,
HEPES 10, glucose 10, pH adjusted to 7.4 with
TEAOH.

RESULTS

In normal cardiomyocytes. the [, was 4.1
+ 0.8 pA/pF. and the membrane potential
depolarizing to peak current ( V) was 8.3+ 7.8
mV. Taurne 1, 8, and 16 mmol * L7!
decreased I, 10 3.9+0.4, 3.7+ 0.6, and 3.5
+ 0.5 pA/pF, and the corresponding V, was 7
+7, 11 £ 3, and 9 £+ 5 mV, respectively.
Though taurine inhibited I, in a concentration-
dependent manner, only taurine 16 mmol - .71

caused substantial effects on the basal I,
compared with nommal group { P < 0.05)}.
Taurine had no effect on V, in nommal
cardiomyocytes. With the CVB; infection. the
I, increased from4.1+0.8t0 4.9+ 1.4 pA/pF
(P <0.01. #s normal group), while taurine 16
mmol * L™! counteracted the effects of CVB; on
I, and decreased the I, to 3.8 + 0.8 pA/pF
(P <0.01, ws virus group). The V, in CVB;-
infected cardiomyocytes decreased to 5 + 3 mV
which was a little lower than V, in normal group
(Tab 1}, Thus, the I, trended to reach its
peak value at lower membrane potential in CVBs-
infected cardiomyocytes ( Fig 1}.  Similarly.
taurine normalized the decreased V,, and
reveried it to 8 £+ 4 mV.

Tab 1. €, V,, and f,. Cells from 29 rats, * + 5.
bp < 0.05, P <0.01 s normal group. P <0.01 »s virus

Egroup.
Group/ ” Co V. Te
mmol- I, 7! { cells) (pF} (mV) { pA-pF)
Normal 23 263 + 64 L. 4.1x0.8
Taunne 1 10 262+ 58 717 3.9x0.4
Taurine 8 10 231+ 38 11+3 3.7x0.6
Taurine 16 16 284 + 53 9+5 3.5+0.5"
Yirus 14 260 + 44 5+3 4.9+1.4°
Yirus + Taunne 16 14 289+ 81 8+4 3.8+0.8
Membrane potential/m¥
~60___—40 20 0 20 40 60

- 300

CVB,- infected

- 1500

Fig 1. Relation between L type Co?* current amd
membrane voltage in pormal and CVBs-imfected
cardiomyocytes.

DISCUSSION
With CVB; infection the intracellular Ca™*
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was increased®, and our study indicated that
the increase was partly associated with the influx
of Ca** through L-type VDCC. The enhanced
L-type Ca’* current induced by CVB; infection
increased intracellular Ca’* accumulation during
action potential; besides. the Ca’* inflow
through VDCC was a promoter of Ca** releasing
from sarcolemmal reticulum (SR ).  Except
increasing calcium inflow, CVB; trended to
decrease the V,; in other words, the L-type
VDCC could bhe activated at lower membrane
potential after CVB; infection. The extra Ca®*
inflow, the intracellular free Ca** accumulation,
and the shifted V,, resulted in intracellular Ca®*
overload and abnormal electric activities, which

was the reason of cell damage in wviral
infection'®’ .

Taurine decreased Ca'* entry both in
normal cardiomyocytes and cardiomyocytes

infected with CVB; and reversed the decreased
V, induced by CVB;. Former study revealed
that taurine affected the intracellular calcium by a
dual effect that depended on calcium
concentration''”’, It promoted Ca®>* inflow with
low external calcium concentration., but exerted
an opposite effect with high calcium
concentration. In our experiment protocols, with
Ca?* 10 mmol-L™! in external solution, taurine
played a role of decreasing Ca’* entry. By
decreasing the Ca®* entry through L-type VDCC
and revemsing the decreased V,, taurine
attenuated the intracellular Ca®* accumulation
and reduced abnormal electnc activities induced

by CVB,.
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