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Abstract : ATP-sensitive K* channels (K rp) are expressed in vascular smooth muscle cells, skeletal muscle
cells, pancreatic P cells, neurons and epithelial cells. K 4 contributes to regulate membrane potential to control
vascular tone, to protect myocardial ischemia, and to regulate insulin secretion in pancreatic P cells. We pre-
viously demonstrated that ginseng saponins and ginsenoside Rg, activated maxi Ca?*-activated K* channel, and
this might cause vasodilation. Because K 4rp plays an important roles to regulate the resting membrane potential
in vascular smooth muscle cells, we investigated whether ginsenoside Rg, produces vasodilation by activating
K 4rp We showed in this study that K ,rp is expressed in rabbit coronary artery smooth muscle cells. K yrp was
inwardly rectifying and was inhibited by internal application of ATP. Micromolar minoxidil activated, but gly-
buride inhibited the activity of K ,rp Ginsenoside Rg, relieved inactivaiton of whole-cell K 4rp current without
affecting the peak amplitude of K,pp currents presumably due to more opening of the channels.
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Introduction

K* channels that are inhibited by intracellular ATP,
called ATP-sensitive K channel (K ,rp), are expressed
in a wide variety of tissues including in the cardiac
myocytes,'o) arterial smooth muscle cells,'” and pan-
creatic B cells.” K ATp Maintains the membrane poten-
tial during ischemia in the cardiac myocytes, thereby-
preventing further deterioration from a series of Ca”'-
dependent phyéiological events.'? It also maintains
the membrane potential of vascular smooth muscle
cells and enhances relaxation of the muscle.>>'? In
the pancreatic § cells its inhibition facilitates glucose-
stimulated insulin secretion.” Hence, K 4rp is regarded
as an important therapeutic target for hypertension
and diabetes.

The ginseng saponins extracted from Panax gin-
seng have been shown to relax aortic rings via pro-
duction of cGMP and/or activation of TEA-sensitive
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K* channels™®® and maxi Ca**-activated K* chan-

nels.?) It also appears that ginsenoside Rg, might
cause vascular relaxation by activating K sp because
micromolar glibenclamide, a specific blocker of K ;1p
significantly decreased Rb* efflux from rat aortic
rings.g) In this present study we investigated whether
ginsenoside Rg; causes vascular relaxation via an
increase in the K sp activity in single smooth muscle
cells isolated from rabbit coronary artery.

Materials and Methods

1. Cells

The rabbit coronary artery smooth muscle cells
were prepared as previously described.? Briefly, cor-
onary arteries of healthy 1.5~2 kg male NZ rabbits
were separated in tyrode working solution (in mM,
135 NaCl, 5 KCl, 10 HEPES, 0.1 EGTA, 10 Glucose,
1 MgCl; and 2 CaCly). After removal of the con-
nective tissues, clean arteries were incubated in cal-
cium-free tyrode solution at 37°C, enzyme 1 solution
(0.5 mg/m/ papain, 2.5 mg/m/ bovine serum albumin,
and 1 mg/m/ DL-dithiothreito) for 5 min each, and
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then for 25 min in enzyme 11 solution (4 mg/m/ col-
lagenase, 1.3 mg/m/ hyaluronidase, 2 mg/m/ bovine
serum albumin, and 1.5 mg/m/ DL-Dithiothreito}).
After the series of incubation, single smooth muscle
cells were collected into the KB solution (in mM, 50
L-Glutamic acid, 40 KCl, 20 Taurine, 20 KH,PO,, 3
MgCl,, 10 Glucose, 10 HEPES and 0.5 EGTA).

2. Electrophysiological recordings

Whole-cell and single-channel recordings were
made according to Hamill er al.? An Axopatch 1D
patch-clamp amplifier and pClamp software (ver.
6.0.3) and Labmaster hardware were used to control
voltage and to acquire and analyze data. Pipettes were
fabricated of borosilicate glass capillary tubing (resis-
tances 3~6 MQ) with the pipette solutions used.
Recordings of whole-cell K™ currents began about 10
min after the onset of the whole-cell configuration.
Currents were filtered at 5 kHz with the 8-pole Bessel
filter in the Axopatch amplifier. Exchange of the bath-
ing medium was performed by continuous perfusion.
All recordings were made at room temperature (22~
24°C), and results are presented as mean + S E.M. (n,
number of cells).

3. Solutions

For whole-cell recordings, the bathing medium was
normal KCl saline containing (in mM) 140 KCl, 1
MgCl,, 10 glucose and 10 HEPES, adjusted to pH 7.4,
and the pipette solution was low Ca?*-XC] saline con-
sisting of (in mM) 140 KCI, 10 EGTA, 1 CaCl,, ]
MgCl,, and 10 HEPES, adjusted to pH 7.4. For sin-
gle-channel recordings, the bathing medium was low
Ca®"-KCl saline and the pipette solution was normal
KCI saline. ATP was not included to activate K 4p
current. Intracellular free Ca®* was buffered to <10
nM to inhibit Ca®*-dependent currents according to a
computer program written by Dr. J. Kleinschmidt
(New York University, NY).

Results and Discussion

1. Electrophysiological and pharmacological prop-
erties of K,yp currents
Whole-cell K currents were elicited in symmetrical
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Fig. 1. Whole-cell and single-channel K,rp currents. A:
Bathing medium and pipette solution contained sym-
metrical KCl saline. Whole-cell K rp currents were
recorded from a holding potential of 0 mV at voltage
steps from 160 mV to 40 mV applied every 3 sec in
20 mV increments (leff). The peak current vs. voltage
relation exhibits inward rectification (right). B: Single-
channel K,pp currents were reversed in inside-out
patch configuration at a pipette potential of 60 mV
(Control) and after 2 mM ATP was perfused (47P) or
the bath was washed out (Wash).

KCl] saline from a holding potential of O mV. It
became activated at more hyperpolarizing potentials.
The whole-cell current vs. voltage relation for the
peak current showed strong inward rectification at
potentials more negative than -100 mV. The K* cur-
rents were reversed at 0 mV, indicating that this cur-
rent is highly selective to K* (Fig. 1A). Single-channel
K* cumrents were recorded at a pipette potential of
60 mV (Fig. 1B). In inside-out patch configuration,
perfusion of the bathing medium with 2 mM ATP
completely inhibited the current. When ATP was
washed out, the current was recovered, indicating that
the channels were sensitive to intracellular ATP. Pha-
macological properties of the current were further
examined. The peak amplitude of the inward whole-
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Fig. 2. Pharmacology of Krp currents. A: Whole-cell K 4rp
currents were elicited at 120mV from a holding
potential of 0 mV (Control). Then 50 pM glyburide
(GB) or 500 uM Ba®" (Bo**)was perfused into bathing
medium. B: K, cuments in the presence of
glyburide were normalized to the control K* current
at 120 mV. 50, 100, and 200 uM glyburide inhibited
the current by 6418%, 62+6% and 6618% (S.EM,,
n=3 each), respectively. C: Single-channel K s currents
were recorded in inside-out pach mode at a pipette
potential of 120 mV. Perfusion of 100 or 200 uM
minoxidil increased the currents.

cell K* currens was inhibited by micromolar gly-
buride; 50, 100, and 200 uM glyburide caused 64+t
8%, 6216%, 6618% inhibition (n=3 each), respec-
tively (Fig. 2A, B). However, bath perfusion of 500
uM Ba®* did not inhibit the inward K* currents, indi-
cating that K ,7p currents recorded were not contam-
inated with a component of Ba’"-sensitive inward
rectifier (Fig. 2B). We also used minoxidil, an acti-
vator of K,p Two hundred micromolar minoxidil
activated the current. Thus, electrophysiological and
pharmacological characteristics of the current clearly
indicate that it is the ATP-sensitive K* current (Fig.
2C).

2. Effects of Rgy on K, p current

We then examined effects of ginsenoside Rg; on
whole-cell K jpp current. Perfusion of Rg; removed
relaxation of the K,rp current, which was subse-
quently relaxed by the following perfusion of micro-
molar glyburide. Washout of Rg, and glyburide
slightly recovered the relaxation induced by ginse-
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Fig. 3. Activation of K, currents by Rg;. A: Whole-cell
K srp currents were evoked from a holding potential
of 0 mV at a command voltage of 120 mV (Control).
Then 100 pg/m/ Rg; was perfused into bathing
medium (Rg;). The cumrent increased by Rg, was
inhibited by 20 uM glyburide (Rg;+GB) in the pre-
sence of Rg,. B: Single-channel K rp currents was
elicited at pipette potential of 40 mV. Pipette
contained 200 nM ChTX to prevent activation of
BK¢, and 10 pg/m/ Rg,. The concentration of Rg;
used was reduced by ten times compared with that
employed for whole-cell recordings to prevent exces-
sive activation of K sy The currents were recorded at
2, 4 and 6 min after establishment of inside-out patch
configuration.

noside Rg, and glyburide (Fig. 3A). Effects of Rgz on
single-channel K s1p current were further investigated
(Fig. 3B). We reduced the concentration of Rg, by ten
times recordings to establish stable single-channel
recordings and included charybdotoxin for to prevent
activation of BK,. In inside-out patch configuration
Rg, increased the activity of K, with time, sug-
gesting that the X 4, current is activated by ginse-
noside Rg,

3. Functional implication of K, p

ATP-sensitive K™ channels control vascular smooth
muscle tone by maintaining resting membrane poten-
tial of vascular smooth muscle cells.>>'? Consistently,
Kim er al.> have recently shown that ginsenoside Rg,
caused vasorelaxation of aortic rings in the absence of
the endothelium. Since glybenclamide, a potent inhib-
itor of K 7p inhibited Rg,-induced Rb* efflux, it was
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concluded that ginsenoside Rgs-induced vasorelax-
ation of aortic rings was due to activation of KATpg)
The present study is also consistent with this idea that
ginsenoside Rg; may cause vasorelaxation via acti-
vation of K ,1p because the whole-cell K p current
activated by ginsenoside Rg, was inhibited by appli-
cation of glyburide. In overall, this study suggests a
pharmacological action of ginsenoside Rg; on K 4pp in
vascular smooth muscle cells.
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