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ABSTRACT

AIM: To study the effects of tetrandrine {Tet)
on calcium-activated  polassium  channels.
METHODS: Inside-out configuration of patch-
clamp single channel recording techniques.
RESULTS: Tet 7.5 and 15 pmol-L™" increased
the open probability from control value 0.251 +
0.012 10 0.340 = 0.013 and 0.415 + 0.011,
respectively ( P < 0.01), decreased the close
time from (61 +15) ms to (33+10) and (28 +
11) ms. respectively ( P <0.01}. But Tet 30
umol + L' decreased the open probability and
open time to (Q.114 £ 0.008) and (1.47 +
0.09) ms. respectively [P < 0.01 &5 control
(0.251 £ 0.012) and (20 £ 8) ms|. CON-
CLUSION: Tet has concentration-dependent
dual effects on K¢, chammels in isolated rat
pulmonary smooth muscle cells.

INTRODUCTION

Tetrandrine (Tet) has been clinically used
as an anti-arthythmic and antibypertensive agent .
It blocked the Ca’* channels.
calcium-activated potassium ( K¢, ) chamnels in

as well as

nerve terminals. and produced a relaxation of
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smooth  muscle Because  potassium
channel activation, especially the K¢, and ATP-
sensitive  potassium  channel, reduced the

pulmonary vasoconsiriction, this study investi-
gated the effects of Tet on K¢, of rat pulmonary
smooth muscle cells.

MATERIALS AND METHODS

Drugs and reagent  Collagenase ( type
XI ). papain, bovine albumin,
tetraethylammonium bromide, dithiothreitol, and

SETLm

were purchased from Sigma
Chemical Co. Tet was a product of Jinhua
Pharmaceutical Factory { Jinhua, Zhejiang
Province, China). with a purity of 98 % .
Isolation of rat pulmonary artery smooth
muscle cells'>®  Wistar 2 rats ( n = 18, 200
— 250 g, Certificate Ne 24301050), supplyed by
Experimental Animal Center of Third Military
Medical University, were anethelized after 1 %
sodium barbiturate ip 33 mg-kg™'. The main
left and right branches of pulmonary artery were
placed in cold medium contaimng: NaCl 130,
KCl 5, MgCl; 1.2, CaCla 1.5. HEPES 10. and
glucose 10 mmol * L', pH 7.3 adjusted with
NaOH, arteries were cleaned and cut into pieces
(1 mm®). and allowed to recover for 20 min in
low-Ca®* (20 pmol - L™') isolation medium at
37 1.
Ca’* medium, collagenase 1 mg. papain 1 mg.
dithiothreitol 1 mmol + L',
albumin 2 mg were added to digest at 37 “C for
40 min. and then cenirifuged at 1000 x g for 5
min. In 2 mL enzyme-free Ca®* -free isolation

poly- L-lysine

Tissue was transferred to ! mL low-

bovine serum
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medium, tissue was triturated with a fire-polished
Loose cells
were placed on poly-L-lysine coated glass

Pasteur pipette to disperse cells.

coverslips and stored at 4 C for 8 h.
Single-channel recording  Single-channel
recording was performed at room temperature (23
+2) C using the inside-out patch configuration
of the patch-clamp Ie»:-hnique”J .
currents  were detected using a patch-clamp
amplifier ( CEZ-2200, Nihon Kohden, Japan)
and gap-free recorded using Fetchex program in
the pClamp 6.02 software ( Axon Instrument,
USA) at a frequency of 10 kHz. The filter
frequency of amplifier was set at 1 kHz.

Single-channel

After the control charmel currents were
recorded, Tet was added cumulatively into
solution at intervals of 15 min. Then the

currents in the same patch were recorded. The

concentrations of Tet were 7.5, 15, and 30
;xmol'L".
Solutions The patch electrode was filled

with; KCl 140, MgCl, 1, NaxATP 0.5, egtazic
acid 6, CaCl, 5.4, and HEPES 10 mmol-L"™',
pH 7.4 adjusted with KOH. Bath solution was
the same as the paich pipette solution.

Data analysis The open and close times
were fitted exponential fitting. Current
amplitudes were fitted by Gaussian distributions.
Open probability was caleulated from the sum of
open time for each sweep divided by sweep
duration. The conductance of K¢, ( Gy ) was
caleulated by

Ey= (RT/ZF)in{ [K* ],/[K* ;) and

G, =41 (V, - Ey)

The data were represented as £ + s and treated
with ANOVA.

RESULTS

General properties of Kg, in rat
pulmonary artery smooth muscle cells On
inside-out membrane patches from pulmonary
about 90 % of

artery smooth muscle cells.

paiches contained K,(58/65). These chanmels
were highly sensitive to changes in intracellular
Ca®* ([ Ca®* 1) concentration. When the
intracellular membrane surface was bathed with a
range of Ca®' concentrations al a membrane
holding potential of - 60 mV in symmetrical KCI
140 mmol « L',
increased as [Ca** ], concentration increased.
When [Ca®* ], was 0.1, 0.2, 0.3, 0.5, and
0.8 pmol -L!, the open probability values were
0.010 £ 0.001, 0.083 + 0.005. 0.213 =
0.010, 0.428 + 0.014, and 0.754 + 0.012,
respectively (Fig 1).

the open probability was

ICa™k 0.1 pmot - L

I n —
IC2*]; 0.2 pmot- L™
A an. 2 navs T
ICa® |, 0.3 pmot- L
Ip LA
[Ca™ Lk 0.5 umoi- L'
T
[Ca™ )i 0.8 pmol - 17
3 I UL T L K st
-
200 ms
Fig 1. Single Ca** -activated K* channel cur-

rents recorded from an inside-out membrane
patch held st a membrane potential of — 60 mV
in rat pulmonary artery smooth muscle cells.
The upward deflections indicated outward
currents. The concentration of Ca®* bathing the
intracellular membrane surface indicated to the
top of each cwrremt record. This is one
recording of 10 cell patches on 10 rats.

The single channel conductance was (245 +
13) pS. The channel currents were inhibited by
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adding tetraethylammorium 10 mmol* L™ to the
hath solution {n = 10 cell patches) .

Eftects of Tet on K¢, in rat pulmonary
artery smooth muscle cells The open time and
the close time of K, were (20 + 8} ms and {62
+15) ms with a Ca'* concentration of bathing
solution 0.3 pmol*L™" at a membrane potential
of —60 mV. The open probability was 0.251
0.012 (n=8).

Tet 7.5 and 15 grmol + L™! increased the
open probability from control values to 0.340 =
0.013 and 0.415 £ 0.011, respectively ( P <
0.01). and the close limes were decreased to
(33+10) and (2811} ms (P <0.01). Bu
when Tet conceniration was increased to 30 pmol
L~", the open probability decreased to {0.114
+0.008) . and the open time also decreased to
{1.47£0.09) ms (P <0.01 »s control, n =
8). (Fig2. 3)

DISCUSSION

Our results demonstraled that the open
probability of K, in rat pulmonary artery smooth
muscle cells increased as the Ca’* concentrations
in  bathing solution were The
conductance of K, in symmetical K* 140 mmol -
L™'is 245 pS. The results are similar to that
reported by others'*-# .

Tet al low concentration opened the K, in
rat pulmonary astery smooth muscle cells, the
But when Tet
concentration increased to 30 pmol - L', it
inhibited the open of K¢, the open time and
open probability were decreased. The dual
effecis of Tet on K, indicated that 11 appropriate
concentration, Tet activated the K, in pulmonary
artery smooth muscle cells, which resulled in K*
outflow increasimg, together with s Ca**
channels inhibiting effects'”, reduced the
pulmonary vasoconstriction.  If high concen-
tration was used., Tet would inhibit the Kg,.
which may be the toxic effects. These indicated

increased.

open probability was increased.
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Fig 2. [Effects of tetrandrine (Tet) on Ca’*-
activated K* channels in isolated rat pulmonary
artery smooth muscle cells at a membrane potential
of —60 mV from an inside-out membrane patch
exposed to symmetrical KC1 140 mmol-L~! at Ca®*
0.3 pmol* L.~ applied to its intracellular membrane
surface. The upward deflections indicated outward
currents. Tet 7.5, 15, and 30 pmol - L~ were
added cumulatively to bath at intervals of 15 min.
This is one of 8 cell patches on 8 rats. The 4
tracings in each group were gap-free recordings.
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that there would be different K, subuniis mjg‘j,_

which are identical to that
pulmonary vasoconstriction is a unique process in

different organs.

response to hypoxia that distinguishes the

pulmonary from the sysiemic circulation™ 7% .
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a novel calcium channel antagonist

currenti in isolated nerve
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