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Blocking L-calcium current by I-tetrahydropalmatine
in single ventricular myocyte of guinea pigs
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ABSTRACT

AIM. To study the effect of [-tetrahydropalmatine
(I-THP) on L-type calcium channe!. METHODS:
Patch clamp technique { whole cell recording) was used
to record L-Ca®* current in single cardiac myocyte.
RESULTS; 1) [-THP 1, 10, and 100 pmol - L™}
reduced I, o, from (999 + 93) pA to (700 x 111)
pA, (582  66) pA, and (420 £ 112) pA (n =6,
P <0.01), respectively. 2) [-THP reduced the volt-
age at half-maximal inactivation { Vy,,) of L-C&*
channe! to more negative potentials by 9 mV (n=5, P
< 0.05). 3) [-THP caused both tonic and wusc-
dependent reduction of Ca?* current. Tonic block of
{-THP on C&* current was 46 % +8 % (n=6, P<
0.01). The degree of use dependent blocking was
13.5% £2.4% (n=6, P<0.05) at 1 Hz, the
degree increased o 44 % x5 % (n=6, P<0.01) at
3Hz. 4) [-THP delayed half-recovery time of Ca®*
channel recovery from inactivity from (94 + 39) ms to
(170 42) ms{n =6, P<0.01). CONCLUSION.
I-THP has a moderate inhibitory effect on L-C&*
current.

INTRODUCTION

{-Tetrahydropalmatine { -THP) is an alkaloid
extracted from Corydalis ambigua Cham. Previous
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researches had documented its abilities of anti-
anhythmia and L-Ca®* curment blocking effects'"'?),
However, the characteristics of its effect on L-calcium
current is still uoknown. Therefore, the present
experiments were carried oot to reveal them in single

guinea pig ventricular myocyte.

MATERIALS AND METHODS

Drugs [-THP was made by the Nanning Second
Pharmaceutical Factory. {-THP stocking solution (10
mmol- L' ) was prepared with distilled water and the
pH was adjusted to 7.0 with HC before use. Tyrode’s
solution contained: NaCl 137, CsCl 5.4, CaCl; 1.8,
MgCl, 1.0, NaHCO; 1.0, NaH;POQ, 0.05, glucose
5.55, HEPES 10 mmol L', the pH was adjusted to
7.35 with NaOH. Calcium free Tyrode’s soluiton was
Tyrode’s solution without CaCl;.  The ventricular
myocyte dissociation solution was calcium free Tyrode’s
solution containing collagenase 0.33 g+L~! (Sigma),
BSA 0.25 g-L~!(Sigma), protease E 0.25 g+ L™!
(Sigma). Intraceilular solution consisted of: CsCl
120, NaCl 10, CaCl, 1.0, Mg-ATP 5.0, egtazic acid
11 { Sigma), HEPES 10 (Sigma) mmol-L !, pH was
adjusted to 7.3 with CsOH.

Preparation of single ventricular myocyte
Male or female guinea pigs weighing (300 + 40) g
{species: England undercoat guinea pigs: Grade Il ;
Certificate number; 19-023; Medical Experimental
Animal Center of Tongji Medical University ) were
used.  Single ventricular ceils of guinea pig were
obtained by an enzymatic dissociation method™ .
First, the heart was perfused with dissociation solution
through coronary arteries for 5 min at 37.5 T.
Subsequently, the dissociation solution wa8 washed out
by calcium free Tyrode's scluticm.  Then several pieces
of ventricular tissue were dissected and gently agitated
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in Tyrode's solution contained Ca’* 0.2 mmol-L.~!.
After that the isolated ventricular myocytes were stored
in Tyrode’s solution for 2 h before use.

Electric recordings The isolated cells were set
wa 1.0 mL chamber mounted on the stage of an
inverted microscope. After being settled 1o the bottom
of the chamber, cells were superfused with Tyrode's
solution to wash out the dead cells. The experiments
were performed at room temperature (21 £2) T.

Micropipeties whose tips were 1 — 2 pm were
constructed from standore capillary tubes and were heat-
polished to have resistances of 1 - 3.5 M{l when they
were filled with the internal solution and immersed in
the Tyrode's solution. Recordings were made in the
whole cell voltage-clamp configuration of the patch-
clamp technique with a PC-2 patch clamp amplifier,
DA-1 data collection and analysis systemn was used to
record and analyse f-,. Sampled datz were stored on
the hard disk of computer gor later analysis. To
investigate the effect of I-THP on the voltage dependent
of Ca®* current availability, the twin-pulse inactivation
protocol were used w0 evaluate effects of membrane
potential on the peak Ca’* cument of a subseguent
depolarization { f-curve)} with and without {-THP. The
holding potential was maintained at — 40 mV, and
conditioning pulses (4 s) 10 potentials betwesn - 60
and +20 mV were applied ( Fig 2, inset)'*%. Peak
Ca’* cument was measured during a subsequent test
pulse and plotted as a function of the prepulse
membrane potential.  Prepulses 1t more positive
potentials result in inactivation of Ca®* channel':"- .
The data presented were recored after a 10-min drug
exposure, The frequency of stimulation was 0.10 Hz.

In order to observe the use-depentent effect of
{-THP on Ca** current, different frequency (1 Hz, 3
Hz) stimulus was used to activate Ca®* current™® . The
membrane potendal was held at —40 mV without
pulsing for 5 min before each train. The command
potential was + 20 mV followed by a depolarization to
— 40 mV with 10 ms. Tonic block was calculated as a
diminution in the peak fc, of the first depolarizing pulse
after exposure to (-THP compared with control®® .
Twin-pulse was used to study /-THP on recovery time
from inactivity of Ca®* chanmel. Holding potental
maintained — 80 mV, prepulse and test-pulse both were
10 mV, interval of two pulse was from 5 to 1280 ms
(5.10,20,40.80,...... 1280}.

Statistic analysis Values were expressed as

Xzt 5 by ¢ test,

RESULTS

Ca’* current When the holding potential was
—-40mV and the cells were voltage-clamped from
—40 mV to different membrane potential { —30 o + 60
mV) at a frequency of 0.10 Hz, the inward /c, was
invoked. When the command potential was 10 m¥V, it
reached its maximum. After adding /-THP 1, 10, and
100 pmol L7}, respectively, fca s reduced from (999
+93) pA to (700+ 111} pA, (582+66) pA, and (420
+112) pA(n =6, P <0.01), respectively (Fig 1A},
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Figl. A) I-THP on C&®* current of guinea pig single
veptricular cell, B) Example of Ca’* current with
(left) or without (right) I-THP 1 jumnol-L~lin Tyrode's
solution. C) - V¥ relationship curves of L-Ca®*. H:
Control. [1: I-THP 1 pumol-L~'. @; 10 amol- L1,
O 100 pmol-L-1,
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Fig 2. Effect of I-THP {10 pmol-L"!} on volti,e-
depencence of calcium cutrent. 7 =5 Celle fimin 5
puinsa pigs. wvx s.

After I-THP was washed out, the Ca*t current

reversed ( Fie 1B, The data obtaned from ihe

experiments filted with the Boltzmann e =1/
o+ BNP [V, - W kL fres
paraneters, ¥, . ol L, quanbfy Tane
potential where current was half-maxinw:, stope
of activation cuives (dac ). The V. valuz 1 control

A2 mVy and 8.33
The £ vahles in
-7.11 mV

and in /-THP 10 ymot+ L™" were 7
mV { F > 0.05), respectively.
control und m /-THP 10 pmol-L.~"
and —6.90 nV (P >0.03), respectively,

Voltage dependent of Ca’* curreni avail-
ability Under control conditicn, the amplimde of
Ca"* cument wis the Targest after a prepulse to pofential
mote negafive than — 50 mV. /-THP decreased Ca®*
cutrent at — G to + 20 mY, and the voltage at hal-
maximal mactivation ( V,;) was reduced to mom
negalive potentials by 9 mV [( - 29 = 3 ) mV 15
{(-38+£7)mV, n=5, P<0.05 (Fip 2},

Use dependent {-THP c. sed 1 marked tonic
block of Ca®* chamnels. Cu’* carrent was reduced
duoring the first pulse of the tran.  The tcnic blovk of
[-THP 10 pmol* L~ " on Ca®* current was 46 % + & %
{n=6. P<0.01). After exposre 0 [-THP 1}
pmol* L-!, compared with that {n control. the degree
of use dependent blocking was 13.5 % +2.4 ¢ La=
6., P<0.03) at 1 Hz, the degr < increased w 44 %6 +
5% (n=6, P<0.01) at3 Hz. The vocking effecl

WEnS

of 3 Hz was stronger than that of 1 Hz stimulus { n =6,
P<0.01) (Fig3).
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¥ig 3. Use-dependent block of Ca’®* ourremt by
LIIE i0 pmol - L7, Ca®* current at the first
stimudus in control ¢ ) and in 7-tetrahydvopalmatine
{B) ai 3 Hz, frequenicy-dependent inhibition curve of
¢ curvent (C). 1 =6 cells from 6 guinea pigs. =
+s.

Recovery from inactivity of Ca’* channel
I-THP delayed Ca** channel half-recovery time from
(94 £39) to {170 £42) ms (n =6, P <0.01)
(Fig 4).

DISCUSSION

I“THF can reduce the L-Ca’* cument in the
ventricular myocytes of guinea pig. This effect seems
stronger than that of berberine on L-Ca** current™”
Another important result in this experiment was that
[-THY blocked cardiac L-calcium channel potendy at
wihich most channels were inactivated. Just as Fig 2
shown, when the 4-s conditioning pulses were applied
to differcnt voltages, the resulting steady-state inactiva-
tion curve was shift to the hyperpolarizing direction by
YmV (=5, P<0.01), this result showed that its
effect on the inactivation of Ca®* channel was the same
as that of berberine!™. The result which is
charactetised by a number of Ca?* channel ligands
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Fig 4. Effect of [-THP on recovery tme from
inactivition of Ca’™ channel. n = 6 cells from §
guinea pigs. ® = 5.

suggested that /-THP should have the affinity to the
inactivated state of the Ca’* channel. The modulated
receptor model could account for the results described in
this papellm. The more the channels were bound by
I-THP, the more the Ca®* current was decreased.
This consisted with the concentration-dependent action
of {-THP on Ca®* channel.

Use dependence and frequency dependence are the
common characters of Cz2* channel blockers.  I-THP
had these characters also. Its Ca®* channel blocking
effect was significantly stronger at 3 Hz than that at 1
Hz stimulus. But berberine has no effect’™ . This
character is very useful in the therapy of tarchycardia
when the heart rate is very fast. Another finding in
this experiment was that [-THP could delay Ca®*
channe] recovery time from inactivity which means that
Ca** channel would spend much more time to recover.
Namely, the duration of inactivation was added. This
character should contribute to its blocking effect on
Ca2* channel.

We observed & tonic component of block by
!-THP, which could resuit from either a specific
receptor-mediated inhibition on the channel protein as
suggested by the modulated receptor hypothesis for ion
channel blockers, or from some indirect or nonspecific
action. Our results did not allow us to discriminate
between these possibilities.

“Run down" of Ca®* current had ever been
reported in whole cell configuration of patch clamp

technique. In this experiment, many methods were
used to decrease this phenomenon: 1) ATP and egtazic
acid were maintained in the pipette solution. 2) The
strict selection of cells. After Ca®* curremt was
evoked, it was observed for 10 — 15 min, if the
reduction was less than 10 %, then the drug was
added, or the cell was given up otherwise. 3)
Washing-out. the Ca®* cument reduction after !-THP
was added could recover after drug was washed out by
Tyrode's solution. 4} The lessenming of /., caused by
the run-down in control was less than 10 % throughout
the observation period, which has no significant
influence on results, so that we could consider that the
decrease in /-, was really cansed by {-THP. not by the
“run down” phenomenon’') .

In summary, the inhibition of Ca** curreft caused
by I-THP was use-dependent and membrane potential-
dependent, meanwhile, the time of calcium channel
recovery from inactivation was delayed by {-THP.
These suggest that {-THP has a moderate inhibitory
effect on L-Ca®* current. On the other hand, these
results can be very helpful in the therapy of cardiac
arthythmia with {-THP.,
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