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Blocking effect of rhynchophylline on calcium channels

in isolated rat ventricular myocytes'

WANCG Xiao-lLiang . ZHANG Li-Ming. HUA Zheng
CLastitate of Materia Medica . Chinese Academy of Medical Sciences. Beijing 100050, Ching)

ABSTRACT The effeet of rhynchophylline
(Rhy) on L-type Ca’” channel current was

studied

in rat wventricular

myocytes using
patch-clamp whole-cell recording technique.
—403 mV,
cells were depolarized to 0 mV for 250 ms at
frequency of 0. 5 Hz , Rhy 1 0and 5 0 pmol
+1.7"' reduced verapamil-sensitive Ca*" inward
current by B0 % and 80 % . respectively,
without affecting the voltage-dependency of
This
indicated that the effect of Rhy on the activa-
rion of Ca®" channel was voltage-independent.
The effect of Rhy on Ca?t current reached the
maximum at 10 min and was partially recov-
ered by washout of Rhy. A pD, value of 5. 91
and Hill coefficent of 1.1 were obtained from

the concent ration—respo nse curve.

When the holding potential was

the maximal activation of Ca®t current.
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myo-

RhynchophyHine {Rhy) is a major effec-
tive ingredient extracted from Uncaria rhyn-
chophylia. which has been used to treat hyper-

1ension., epilepsy, asthma, and some other
diseasex in China.
effect !

Rhy showed hypotensive
» bradycardic effects'? , and might re-

duce calcium 1.7,

inward In this
study the effect of Rhy on calcium channels in
rat ventricular myocytes was investigated by

using the patch-clamp whole-cell

current

recording
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techniques.

MATERIALS AND METHODS

Isolation of veniricular myocytes Ventricular
myocytes were wsolated from male adult rats ¢ weighing
240+ s 21 g? by enzymatic disaggregation ™" Lan-
gendorff hearts were perfused with a calcium-free solu-
tion containing NaCl 116+ KCI 3.4, NaH:P(} 1. 1.
NaHC(; 15, MgSD), 1. and glucose 15 mmol =17 ",
for 5 min. and then with the Ca-free soluton contain-
ing collagenase type I {Sigma) 0.3 mgml ™' aml type
1A (Sigma) 0. l5mg-m!™, and CaCl; 1 50upmal
»I.7' for 15 min. The venuwricles were cur into small
chunks and incubated i the above enzyme »olutwon for
10 min. Cells were harvested after filtration and
washed once with the calcium-free solution containing
albulmun 0.5 mgeml™'.

Voltage clamp experiments Transmembrane cur-
rents were recorded using the single electrode ¢ whuole-
cell parch-clamp) rechnique' ™.
sured with a Lizt L/M EPC-7 amplifier {List Medical .

Germany ).

The current was mea-

Computer program pCALMP G251 was
used 1o produce voltage clampng signals.  Acquisition
and analysis of membrane currents were also done with
the program. The electrode resistances ranged from 2
—3 M. They were filled with the solurion contain-
ing KU1 140. MgCl; N3¢ egtazie acd (EGTADY Ln.
and  1-( 2-hydroxyethyl )-1-piperazine-ethanesulfome

acid (HEPES) 10 mmol-L~!.
7.2 with KOH. All experiments were carried out at

The pH wos adjusted to
the roum remperature ¢24—6 ( ). The chamber was
perfused ar a rare of 1.5 ml*min™! with the modified
Tyrode™s solurivn contamung NalM 1506 . KCI5. | .
CaCly 1.2, MgCl, 2, HEPES 5 mmol
«L7!'. The pH of the solunon was adusted o 7.1
with NalH.

Drugs Rhy was isolarted 1n our Institute, The
purity was 99. § %

glucose 10.

¢ — 1-Verapamil was purchased
from Sigma Co.

Analysis of data Data were presented as T+ ».
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Paired or unpaired ¢ tests were used.
X
RESULTS ~40 —20 20 ’,l_’/ﬁ 50
Effect of Rhy on Ca*' inward currentis ) ka b B . Tb (V’u(m\-"}
Calcium currents were determined by depolar- r". /
ization of individual ventricular cells from a T
helding potential of —40 mV to 0 mV. Un- /
der this condition the activity of Na* channels _500/T
was completely inhibited™, and a Ca*' inward
. \ 1 oControl
current can be measured. Verapamil de- ° T ® Rhy 50 pmol » L
creased the amplitude of peak Ca®! inward cur- Lu(pA)
rents. When cells were exposed to verapamil —1000
1 pmol-L ! for 5 min. the Ca** inward current ; : i . ] —
was completely abolished, indicating the char- 1-0r a=——a——s |
acteristic of the L-type Ca?t channel current. /;:!"—50 pmol - L™
Under the same condition . Rhy 1 ¢ or 5 0 umol
«L.7! inhibited the amplitude of peak Ca?* in- :
ward cucrent by 60 %% and 80 %, respectively -':__0-5
(Fig 1). After washout of Rhy with Tyrode’s 3
solution. the peak inward currents partially Control
increased again.
ool & . . ]
. —30 —20 —1¢0 Q 10 20 30 40
. - Ve (mV)
: Fig - A) Relatonshlp between Ca®' inward current

Control o
&
i
S50 ms *
Flg 1. Iphibition of Ca*" inward currents by vera- |

pamil (A} and rhynchophylline (B ).

Effect of Rhy on the current-voltage rela-
tionship Cells were ‘depolarized from a hold-
ing potential of —40 mV to +50 mV in steps
of 10 mV, resulting in a progressive activation
of Ca’t current. The current-voltage rela-
tionships (I-V curve) of Ca®* current in con-
trol conditions and in the presence of Rhy 50
pmol L ™' are showed in Fig 2A. Each point
Tepresents average current amplitude from 4

and membrane pofentlal {I-V curve). B Stemdy-siate
activatlon curve obtained from the I-V curve in A. n
=4, Xts5 "P>0.05. "P<0.05, “P<70.01 vs con-
trol.

cells.

The maximal activation of Ca*t current
appeared at 0 mV in the presence of Rhy.
This was not different from the control. de-
spite that the levels of Ca** current were obvi-
pusly decreased by Rhy.
tivation of the L-type Ca®* channels in the ab-
sence and presence of Rhy is showed in Fig
Z2B. Dividing the currents in Fig 2A in the
range of —40 to 40 mV by the fully activated
current, which was estimated by extrapolation

The steady-state ac-

of a linear regression through the currents be-
tween U and 40 mV, we obtained a steady-
state activation curve fitted to Boltzmann func-
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tion given in equation ;

T/ = 1/(1 + exp{—(V — V,,,3/5})
where V = test potential {mV), V.= poten-
tial of half-maximal activation (mV?, and 5 =
slope parameter (mV ).

In control. the potential of half-maximal
activation was —15.1+0. 2 mV, and the slope
parameter was 4. 24+0. 2 mV. In the presence
of Rhy, V,,; and s were —15.9240.3 and 4.8
+ 0.2, This result
strates that Rhy dose not significantly affect

respectively. demon-
the steady-state activation curve of fo.,.

Time course of Ca’' channel blocking ef-
fect of Rhy Due to the “run down” of Ca®”
current during the measurement, the ampli-
tude of Ca't inward current in the presence of
Rhy was compared with that in control group

not exposed to Rhy { Fig 3 3. The amplitude

Hop v - v -
]
120} T
N
100,
]
s Wash
E 80
o % Contral
< 5oF
S
d o Rh}' 10].1:110]-]'.."
<
20 ;
b b
c\\xc Rhy 50 pmmal = L
[} A T— i s n 1, ” a Jd
-5 [+ ] 5 10 15 20 25
Time/min

Fig 3. Ca’" inward currents after Rhy was wided at 0
time and washed out at [0 min. = = 4 — 7. ¥+

*P>0.-05, "P<C0.05. "P<C0.01 vs control. At 0
tin, the calclum turrents were 355 1+ 104, 385+ 164
and 391 1114 pA. in control. Rhy 10 pmol L~ and 50
pmol+L " treated cells, respectively.

of peak inward currents just before addition of
Rhy was constdered as 100 %, activity of Ca?*
channel. 1t was found that the Ca®t currents
were decreased to 6517 % in 10 min in con-

trol cells. In the presence of Rhy 10 or 50

pmol-L ! for the same period, the Ca’™" inward
currents were reduced to 18.1 %+ 3.4 % and
9.8 +£2.3 %, respectively., which were lower
After 10-
min washout of Rhy with perfusion solution.

than the time-matched controls.

the peak Ca®' inward currents partially recov-
ered- This result demonstrated that the re-
duction of Ca®t channel currents was mainly
due 10 the effect of Rhy.

Potence of Rhy in blocking Ca®’” current
To avoid the influence of *run down” on deter—
mination of Ca®" current, the differences be-
tween Ca®" current levels in the presence of
Rhy and in the time-matched controls were
used to represent the responses of cells o
Rhy.

clearly concentration-dependent.

The effect of Rhy on Ca’” current was
Rhy 1. 10,
and 50 pmol-L~’ reduced the Ca** currents to
62.2+17.-6%.,21.0+12. 9%andl5. 21+
3.6 Y. respectively. The concentration-re-
sponse curve (not shown) was fitted by using
the nonlinear regression technique to the data
points with the computer program *Graph-
PAD” (iS5 Software). A pI), value was calcu-
lated ta be 5.9130.02. The Hill coefficient

was 1. 1.
DISCUSSION

Qur study demonstrated that Rhy inhijbit-
ed cardiac F-type Ca®’" channels obviously.
Because. under the condition of the present
study the I-type Ca®* channle currents were
activated, meanwhile. T-type Ca** channels
and Na' channels were inactivated®®, the
currents recorded could be completely inhibit-
ed by verapamil (I pmol-L"')> — a typical
Ca’t channel antagonist.

Current-voltage relationship (I-V curve )
showed that the peak amplitude of Ca®* inward
currents were attenuated by Rhy at all depo-
larizing steps, but the steady-state activation
curve was not changed by Rhy: the potential
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of halp-maximal activation {V,..} and the time
canstant of activation {3} were not significant
different from the control in the presence of
Rhy, indicating that the biocking effect of Rhy
on Ca*t channels was voltage-independent.

In the present study it was found that the
“run down” phenomenaon of Ca?t carrent was
obviously. Tt has been reported very often by
other laboratories'"!' , but the mechanisms
are not very clear up to now. Therefore. a

time- matched control is very important to
evaluate the effect of drugs on Ca** carrent in
whole-cell patch-clamp study.

Char results have shown that the effect of
Rhy on Ca*t current is dose-dependent. The
Hill coefficient closed to 1 saggests a simple
one-to-one binding of Rhy with its affecting
sites, The pD. value of 5. 9] indicating that
the blocking effect of Rhy on Ca®* channel cur-
rents is apparent, but the effect is lower than
that of verapamil. We have also found that
the effect of Rhy was relatively easy to reverse
by washout of the drug. Therefore, one of
the mechanisms of Rhy in treatment of hyper-
tension and arrhythmia in animal experiments
could be explained by Ca channel blocking ef-
fect.
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