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Introduction

Ginseng, the root of Panax ginseng C.A. Meyer, is a well-known folk
medicine and has been used as a tonic agent. The main molecular
components responsible for the actions of ginseng sare ginsenosides,
wﬁich are also known as ginseng saponins. Ginsenoside is one of the
derivatives of triterpenoid dammarane consisting of thirty cérbon atoms’.
Ginsenoside has a four-ring, steroid-like structure with sugar moieties
attached, and about 30 different forms have been isolated and identified
from the root of Panax ginseng.

Several reports demonstrated the action of ginsenosides on ion channel in
neuronal or non-neuronal cell. For example, ginsenosides inhibited
voltage—dependent Ca®* channels in sensory neurons \}ia pertussis toxin
(PTX)-sensitive G protein®. Ginsenoside were also found to inhiibit
voltage-dependent Ca?* channels in rat chromaffin cells®. Ginsenosides
attenuate acetylcholine (ACh)-stimulated catecholamine. release in bovine
chromaffin cells via inhibition of Na’' influx through nicotinic
receptor—gated cation channels“‘. 5,

. . . . . 2+
Ginsenosides have also shown to induce an increase of intracellular Ca



in non-neuronal cells such as macrophages or NIH3T3 cells®’. However,
relatively little is known about the action of gastrointestinal tract by
ginsenosides. Especially, it is still unclear in smooth musle cells how
ginsenosides are coupled effector systems to produce second messengers
and to exert their final pharmacology or physiological responSes.

interstitial cells of Cajal (ICC) are the pacemaking cells in gastrointestinal
(GD muscles that generate the rhythmfc oscillations in membrane potential
known as slow waves®’. Slow waves probagate within ICC networks,
conduct into smooth muscle cells via gap junctions, and initiate phasic
contractions via activation of Ca®" entry through L-type Ca®" channels.

Ablation of ICC networks by genetic means'®

or through inactivation of
Kit receptors with neutralizing antibodies'’ results in elimination of slow
wave activity and alterations in GI motility. The pacemaker mechanism
has been shown to involve rhythmic oscillations in intracellular calcium
concentration in a cofnpartment near the plasma membrane that controls
the open probability of channels responsible for pacemaker currents. This
mechanisminvolves Ca®" release from D-myo-~inositol 1,4,5-trisphosphate

(IPs) receptor-operated stores and uptake of Ca® uptake activates

voltage—independent, Ca? -inhibited, nonselective cation channels with a



unitary conductance of 13p812. The molecular species responsible for the
pacemaker conductance has not been identified.

Although the mechanism underlying pacemaker activity, and the current
fesponsible for slow waves may be common in different organs of the GI
tractT slow waves occur at a wide range of frequenciesl?’. Endogenous
agents such as neurotransmitters, hormones and paracrine substances can
- alter slow-wave frequency. Namely, because ICC spontaneously generate
the pacemaker currents having activity of channels and also regulate by
endogenous agents, I thought that ginseqosides having diverse function on
many channels and acting like as endogeneous agents may have action on.
pacemaker currents in ICC.

In present study, I examined the effects of ginseng tot?l saponins (GTS)
and each single ginsenoside on pacemaker currents in ICC isolated from

murine small intestine.



Materials and Methods

Materials ~ Figure 1 shows the structures of the five representative
ginsenosides. Ginsenosides and its individual ginsenosides were obtained
from Korea Ginseng and Tabacco Research Institute (Taejon, Korea).
Ginsenosides used in this study include Rbl (17.1%), Rb2 (9.07%), Rc
(9.65%), Rd (8.26%), Re (9%), Rf (3%), Rg2 (6.4%), Rg2 (4.2%), Rg3
(3.8%), Ro (3.8%), Ra (2,91%), and other minor ginsenosides. Forstock

solutions, all drugs were dimethylsulfoxide (DMSO) and stored at -20 °C.

Preparation of cells and tissues — Balb/C mice(8-13 days ;ld) of either sex
were anethetized with ether and sacrificed by cervicél dislocation. The small
intestines from 1 cm below the pyloric ring to the cecum were removed and
opened along the mesenteric border. Luminal contents were washed away
with Krebs—Ringer bicarbonate solution and the tissues were pinned to the
base of Sylgard dish and the mucosa was removed by sharp dissection. Small
tissue stripes of intestinal muscle (contained both circular and longitudinal
muscles) were equilibrated for 30 min in Ca®"-free Hanks solution containing

5.36 mM KCl, 125 mM NaCl, 0.34 mM NaOH, 0.44 mM NapHCO3;, 10 mM



glucose, 2.9 mM sucrose and 11 mM HEPES. Then,cells were dispersed with
an enzyme solution containing collagenase (Worthington Biochemical Co,
Lakewood, NJ, USA) 1.3 mg/ml, bovine serum albumin (Sigma Chemical Co.,
St. Louis, MO, USA) 2 mg/ml, trypsin inhibitor (Sigma) 2 mg/ml and ATP 0.27
mg/ml. Cells were plated onto sterile glass coverslips coated with murine
collagen (2.5 pg/ml, Falcon/BD) in 35 mm culture dish. The cells were then
cultured at 37 °C in a 95 % 02-5 % CO; incubator in SMGM (smooth muscle
growth medium, Clonetics Corp., San Diego, CA, USA) supplemented with 2
% antibiotics/antimycotics (Gibco, Grand Island, NY, USA) and murine stem
cell factor (SCE, 5 ng/ml, sigma). Interstitial ;:ell;s of Cajal (ICCs) were
indentified immunologically with a monoclonal antibody for Kit protein
(ACK2) labelled with Alexa Fluor 488 (molecular prove, Eugene, OR, USA).
Morphologies of ICC are distinct from other cell types in the culture,
therefore it was possiblbe to identify the cells with phase coﬁtrast microscopy,

when the cells were once verified with ACK2-Alexa Fluor 488 labeling.

Patch clamp experiments — The whole-cell configuration of the patch-clamp
technique was used  to record membrane currents (voltage clamp) and

potentials (current clamp) in cultured ICC, and Axopatch 1-D (Axon



Instruments, Foster, CA, USA) amplified membrane currents and potentials.
Command pulse was applied using IBM-compatible personal computer and
pClamp softwe}rev (version 6.1; Axon Instruments). The data were filtered at 5
kHz and displayed on an oscilloscope, a computer monitor and a pen recorder

(Gould 2200, Gould, Vally view, OF, USA). The cells were bathed in a
solution containing 5 mM KCI, 135 mM NaCl, 2 mM CaClg, 10 mM glucose,
1.2 mM MgClz and 10 mM HEPES adjusted to pH 7.2 with Tris. The pipette
solution contained 140 mM KCl, 5 mM MgCls, 2.7 mM K:ATP, 0.1 mM
Na;GTP, 2.5 mM creatine phosphate disodium, 5 mM HEPES, 0.1 mM EGTA
adjusted to pH 7.2 with Tris. Results.were analyzed using pClamp and» Graph:

Pad Prism (version 2.01) software. All experi_ments were performed at 30 °C.

Statistical analysis - Data“ were expressed as means T standard errors.
Differences in the data were evaluated by Student's t test. A P values less
than 0.05 were taken as a statistically significant difference. The n values
reported in the text refer to the number of cells used in patch-clamp

experiments.
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Results

Spontaneous inward currents and depolarizations in ICCs

Under a voltage clamp at a holding potential of -70 mV, ICCs showed
spontaneous inward currents, which is referred to as pacemaker current (Fig.
2A)._The frequency of the pacemaker currents was 14 * 1.6 cycles/min and
the amplitude and resting current level were —-420 £ 57 pA and -22 £ 18 pA,
respectively (n = 8; bar graph not shown). Converting the amplifier tb current
clamp mode, spontaneous depolarization was generated in ICCs (Fig. 2B).
The spontaneous depolarizations ‘recorded from cultured ICC were similar in
wavefokrm to events recorded from intact strips of antral muscle. In the

remainder of the experiments, I used a constant holding potential of -70 mV.

Effects of ginseng total saponins (GTS) on pacemaker currents activity in ICC

First, I tested the effect of GTS on pacemaker currents activity in ICC, As
shown in figure 3A, the addition of GTS (10 ug/ml) to the bathing solution
increased tonic inward currents and decregsed frequency of pacemaker
currents. Under control conditions, the frequency pacemaker currents was 16

+ 2 (n=8) (Fig. 3B). In the presence of GTS (10 ug/ml), The frequency

__.11_



pacemaker currents was 2 * 0.4 (n=8). The amplitude of tonic inward
currents generated by GTS was 27 £ 9 (n=8) (Fig. 3C). Thus, these results
suggest the possibility that GTS may regulated the frequency and amplitude

of pacemaker current in ICC,

Dose-dependent effect of GTS on pacemaker currents in ICC

In dose—dependent experiments with GTS, treatment with GTS (5, 10 and 20
ng/ml) had effects on pacemaker currents in a dose-dependent manner in ICC
(Fig. 4). The EDsp of GTS action on pace_makér currents in case of the

amplitude was 5.48 * 1.47 pg/ml in ICC (n=4-6).

Effects of Protopanaxdiol (PD) and Protopanaxtriol (PT). on pacemaker
currents in ICC

In previous reports, the main molecular components responsible for the
action of ginseng are ginsenosides, which are also known as ginseng
saponins. Ginsenosides largely subdivide by the position of sugar moieties,
Protopanaxdiol (PD) and Protopanaxtriol (PT). In present, I checked the
effects of PD and PT on pacemaker currents in ICC and also showed which

components have actions on pacemaker currents. In figure 5A, I could see

_12_



the effects of PD (10 pg/ml) on pacemaker currents same as GTS action but
the inhibitiory intensity was not large than the GTS action. Also, in figure 5B,
PT (10 pg/ml) had the inhibitory action on pacemaker currents and the action
amplitude was same as the action of PD. These results suggest that PD and
PT have inhibitory actions on pacemaker currents same és GTS but this

actions is not large than GTS actions on pacemaker currents.

Effects of single Protopanaxdiol (PD) ginsenosides on pacemaker currents in
ICC

Protopanaxdiol (PD) constitute with Ral, Ra2, Ra3, Rb2, Rb2,' Rb3, Rc, Rd and
so on. In present study, [ wanted to show that what kinds of PD ginsenosides
have action on pacemaker current in ICC. I tested the PD ginsenosides
action, Ral, Rb1, Rb2, Rc, Rd, on pacemaker currents. Figure 6 showed that,
as representative ginsenosides, under control conditions the treatment of
Rb1, Rc (100 uM) had slightly inhibitory effects on pacemaker currents. Also,
ofher PD ginsenosides had shown like this (data not shown). The inhibited
amplitude and frequency of pacemaker currents by treatments of each
ginsenosides showed in figure 7 and 8. These results suggested that single

PD ginsenosides have inhibitory effects on pacemaker currents in ICC and PD

._.13_



action on pacemaker currents may have by co-effects of each single

ginsenoside.

Effects of single Protopanaxtriol (PT) ginsenosides on pacemaker currents in
ICC

Up to date, single Protopana:xtriol (PT) ginsenosides reported 14
ginsenosides, Re, Rf, Rgl, Rg2 and so on. Especially, PT ginsenosides was
reported that the actions of PT ginsenosides on neuronal and non—neuronal
cells have diverse effects and this action is like to endogenous agents or
neurotransmitters. So, in this study, I checked‘vs./hich single PT ginsenosides
have actions on pacemaker currents or not.

As shown in figure 9, the addition of Rf (100 uM) to the bathing solution
induced slightly inhibitory effects on pacemaker currents. Rf slightly
increased tonic inward currents .and decreased frequency of pacemaker
currents in ICC. Also, Rg2 (100 uM) showed similar effects like Rf on
pacemaker currents. In the presence of Rf and Rg2, the frequency and
amplitude of pacemaker currents slightly inhibited (Fig. 10 and 11). This
results suggested that nevertheless several reports about the actioné of PT

on neuronal and non-neuronal cells, single PT ginsenosides had not shown

_14_



strong effects on pacemaker currents in ICC.
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Fig. 2. Spontaneous inward currents and depolarizations in
cultured ICCs of the murine small intestine. (A) Under a voltage
clamp at a holding potential of =70 mV, ICCs showed spontaneous
inward currents oscillations, called pacemaker currents. (B)
Under a currents clamp mode, spontaneous depolarization was

generated from the same cell.
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Fig. 3. Effects of GTS on pacemaker currents. Under control
conditions at a holding potential of =70 mV, (A) GTS (10 pg/ml)
inhibited the amplitude and the frequency of pacemaker currents
in ICCs. (B) and (C) summarize the inhibitory effects of pinacidil
on pacemaker currents. Each bar represents the mean + SE. (n =
6/group). Those noted with * were significantly different from the
control (p < 0.05).
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Fig. 4. Dose—-dependent effects of GTS on pacemaker currents in
cultured ICCs of the murine small intestine. (A), (B) and (C) show
the pacemaker currents of ICCs exposed to GTS (5, 10 and 20 p
g/ml) at a holding potential of =70 mV.
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PD 10 pg/ml

B PT 10 pg/ml

Fig. 5. Effects of PD and PT on pacemaker currents. Under
control conditions at a holding potential of =70 mV, (A) PD (10 u
g/ml) inhibited the amplitude and the frequency of pacemaker
currents in ICCs. Also, (B) PT (10 pg/ml) inhibited the amplitude

and the frequency of pacemaker currents in ICCs.
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A Rb1 100 pM

(T

Fig. 6. Effects of Rbl and Rc on pacemaker currents. Under
control conditions at a holding potential of =70 mV, (A) Rb1 (100
pM) inhibited the amplitude and the frequency of pacemaker
currents in ICCs. Also, (B) Rc (100 uM) inhibited the amplitude

and the frequency of pacemaker currents in ICCs.
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Fig. 7. The effects of Ral, Rb1l, Rb2 and Rc on the frequency of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized frequency of ICCs
exposed to Ral, Rbl, Rb2 and Rc (100 uM) at a holding potential
of =70 mV. Those noted with * were significantly different from
the controls (p < 0.05). ‘
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Fig. 8. The effects of Ral, Rbl, Rb2 and Rc on the amplitude of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized the amplitude of ICCs
exposed to Ral, Rbl, Rb2 and Rc (100 uM) at a holding potential
of =70 mV. Those noted with * were significantly different from

the controls (p < 0.05).
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Fig. 10. The effects of Re, Rf, Rgl and Rg2 on the frequency of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized frequency of ICCs
exposed to Re, Rf, Rgl and Rg2 (100 uM) at a holding potential of
-70 mV. Those noted with * were significantly different from the
controls (p < 0.05).
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Fig. 11. The effects of Re, Rf, Rgl and Rg2 on the amplitude of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized the amplitude of ICCs
exposed to Re, Rf, Rgl and Rg2 (100 uM) at a holding potential of
=70 mV. Those noted with * were significantly different from the

controls (p < 0.05).
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Discussion

Ginseng is usually mild and subtle in its efficacy compared to other
medicines. Ginsenosides are known to represent a variety of physiological or
pharmacological effects of ginseng in non—neuronal cellsl. Howevef,
nevertheless the diverse function of ginsenosides, the action on
gastrointestinal tract are not well studies. Here, I demonstrate that
ginsenosides have effects on motility _of small intestine through modulation of
ICC in cellular basis. In addition to, I further showed the co-modulation of
ginsenosides on pacemaker currents in ICC nét single one.

ICCs generate spontaneous pacemaker inward currents that depolarize
membrane, this spread to smooth muscle via gap junctions resulting in
dgpolarization of membrane in smooth muscle leads to contraction by
generating acting potentiai through voltage dependent Ca®* channel
activation. It has been suggested that pacemaker currents of ICCs are
mediated by the activation of voltage-independent nonselective cation
channels'**®. And pacemaker currents of ICCs are regulated by endogenous
agents or neurotransmitters. Namely, because actions of ginsenosides on

diverse channels and functions as like neurotransmitters of ginsenosides, I
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thought that ginsenosides may have functions on pacemaker currents in ICCs.
In this study, I could see that GTS have effects on pacemaker currents in
ICCs. GTS depolarized memebrane in ICCS by increésing inward currents
suggesting GTS regulates intestinal motility indirectly via acting on ICCs.
Similarly cholinergic stimulation produced same responses in gastric ICCs of
murine. This means that GTS also may have action on pacemaker currents
like. as neurotransmitters in small intestine. Also, the effects on GTS on
pacemaker currents was shown dose-dependent manner. Name_ly, GTS may
regulate the channels or receptors in ICC.

Using purified compounds of ginsenosides, i.t has been reported that
ginsenoside Rbl protected hibpocampal neurons agéinst ischemia'®. It has
been also shown that ginsenosides Rbl and Rg3 protected cultured cortical
neurons from glutamate-induced neurotoxicity'’. Recently, Liao et alls» also
reported that ginsenosides Rbl and .Rgl protect spinal neurons from
excitotoxicity induced by glutamte or KA. That is individual ginsenosides
have different effects in cellular levels. So in this study, I first t‘ested that the
effect PD and PT on pacemaker currents in ICC. PD and PT all have effects
on pacemaker currents in ICC but the intensity of effects not more potent

than that of GTS. In generally, PD have been reported to have an effect on
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cultured cancer cells by reducing cell proliferation, blocking cell cycle,
inducing apoptosis and PT reported an effect on neuronal cells by regulating
channels and receptors. I thought that because the action of P'T on channels
and receptors, PT may have influence on pacemaker currents in ICC. But, in
ICC from small intestine, PD and PT showed the same effects on pacemaker
currents. Namely, the action of GTS on pacemaker currents in ICC may
co—working of PD and PT ginsenosides.

Especially, individual ginsenoside each alone have been shown to reported
many action on channels and receptor. In present study, I found each
individual ginsenosides showed similar action on pacemaker currents in ICC.
v The effects of single ginsenoside generated tonic inward currents. The
generation of pacemaker currents is initiated by the release of Ca® from
endoplasmic reticulum. Cyclopiazonic acid, a Ca® ATPase inhibitor in
endoplasmic reticulum or xestospongin C, an inhibitor of * inositol
(1,4,5)-triphosphate (IP3) receptor in endoplasmic reticulum abolished the
generation of pacemaker currents Whereas ryanodine, a Ca®' -induced Ca?
release blocker in en_doplasmic reticulum, did not affect on generating
pacemaker currents. These mean suggesting IP;—mediated Ca? reléase from’ '

endoplasmic reticulum is essential for generation pacemaker currents. In

_29_



lately, Nah et al*’ reported that GTS utilize a well~known signal pathway of
the G protein coupled PLC activation and IP; mediated intracellular Ca®*
release to activate Ca®*-activated Cl” channels in native Xenopus oocytes.
This means that the action of ginsenosides on pacemaker currents in ICC
may influence by intracellular Ca?* mobilization and this effects show by
co-working ‘all ginsenosides not alone ginsenoside.

In conclusion, this study provides evidence that ginsenosides may have
possibility of action on pacemaker current in ICC of murine small intestine.
Ginsenosides depolarized the membrane With increased inward pacemaker
currents via Ca? mobilization. Thus, ginsenosides may play a very important‘

role in the regulating intestinal smooth muscle by acting on ICC indirectly.
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Summary

Several reports demonstrated the diverse action of ginseng total saponins
(GTS) at the level of many tissues or single cell. Especially, many
ginsenosides showed several effects in neuronal and non-neuronal
systems.

The functional study was investigated to determine whether ginseng total
saponins (GTS) modulates pacemaker currents generated in interstitial
cells of Cajal (ICC) of murine small intestine by using a whole cell patch
clamp techniques at 30 °C.

ICC generated spontaneous inward currents (pacemaker_ currents) at a
-70 mV of holding potential. Under control conditions, the frequency
pacemaker currents was 16 * 2 (n=8). In the presence of GTS (10 pg/ml),
The frequency pacemaker currents was 2 + 0.4 (n=8). The amplitude of tonic
inward currents generated by GTS was 27 * 9 (n=8). These effects of GTS
showed dose dependent manner and reversible. GTS largely divided by the
position of sugar in structure, Protopanaxdiol (PD) and Protopanaxtiol (PT). I
further checked the effects of PD ahd PT on pacemaker currents in ICC.

When treatment of PD and PT (100 pg/ml) in ICC, pacemaker currents also

_31_



generated the tonic inward inward currents and inhibited the frequency same
as GTS. But the action of PD and PT on pacemaker cufrents in ICC not
potent than that of GTS.

Many reports suggested that ginsenosides alone have large and different
effects on cellular levels. In present study, individual PD, Rb1, Rb2, Rc (100 u
M) had slightly inhibitory effects on pacemaker currents. Also, other PD
ginsenosides had shown like this (data not shown). The addition of Rf, Rg2
and Re (PT ginsenosides, 100 uM) to the bathing solution induced slightly
inhibitory effects on pacemaker currents. Rf siightly increased tonic inward
currents and decreased frequency of pacemaker currents in ICC.

Our result demonstrate that GTS may modulate 'intéstinal motility acting on
ICC by co-effects of total giﬁsenosides not.single ginsenosides via the Ca®

mobilization.
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