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Abstact : We investigated the effects of ginseng glycosides and their aglycones on processes of single
ion channel formation and channel properties. The glycosides, Rg: and Rby, and their aglycones, 20-
(S)-protopanaxatriol (PT) and 20-(S)-protopanaxadiol (PD) increased the membrane permeability
for ions. PT, PD, Rg, and Rb; at concentrations of 0.5, 3.0, 10.0 and 30.0 ug/m/ respectively: in-
duced single ion channel fluctuations with the life times in the range of 0.1~100s in open states and
conductances from 5 to 30 pS in 1 M KCI. At high concentrations of these substances, rapid fluc-
tuations of transmembrane ion current with amplitude from hundred pS to dozen nS were observed.
Against other substances, ginsenoside Rb; began to increase the membrane conductance at con-
centration of about 60 pg/m! without fluctuation of single ion channel. Membranes treated with PT.
PD, Rg, and Rb, are more permeable to K*, than to Cl1 while zero current membrane potentials with
10 gradients of KCl were 12, 16, 8, 25 mV respectively.
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Introduction

Saponins are the major components of extracts
from root of Panax ginseng." Preparations ob-
tained from extracts of ginseng root are used as
practical medicines in various countries. Ginseng
saponins are classified mto two groups. They are
triterpenoidal glycosides of 20-(S)-protopana-
xadiol and triterpenoidal glycosides of 20-(S)-pro-
topanaxatriol, which show different hiological ac-
tivities."” The properties observed are associated
with their actions on cellular membranes.” * The
mechanism of interactions of these substances
with membranes, however, remains unknown.

Investigation of molecular mechanism of ef-

*To whom correspondence should be addressed.
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fects of these substances on membranes i1s par-
ticularly important for the application of thera-
peutic uses.

We describe the experimental results of action
of total saponin, 20-(S)-protopanaxadiol, 20-(S)-
and Rb,
from Panax ginseng C.A. Meyer on lipild mem-

protopanaxatriol, and glycosides Rg:
branes. The technique of planar lipid bilayer al-
lows to reveal their mechanism in molecular lev-
el, as well as to establish the details of relation
between structures of substances and their mem-

brane activities.
Materials and Methods

Planar lipid bilayers were formed according to
Montal® from two monolayers obtained at the air/
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water interface. A thin teflon (tetrafluoroeth-
ylene) film (25 pm thick) with a small aperture
was clamped between two halves of a trough and
kept stationary. Membrane was formed by fol-
lowing steps. The two compartments was first
filled with water or saline to below the aperture.
Lipid monolayers are secondarily spread on each
side. For the last, water levels are slowly raised
above the aperture by gravity flow one after the
other. When the aperture descent below the wat-
er level, the two monolayers came in contact and
began to form a bilayer by joining their hy-
drocarbon chains.

The measuring chamber and the electrical ar-
rangement were also similar to those of Montal.”
A constant voltage pulse was applied to the mem-
brane at the same time as a capacitative current
was displayed on a storage oscilloscope. The capa-

city was calculated from the current records by
C=(LT Idt)/AV, where [ is the current and AV

1s the amplitude of the constant voltage pulse.
The specific capacity of membranes was equal to
9+1 mF/m‘ Because the capacity current is small,
the feedback resistance was kept about 100 k<.

In order to elucidate the selectivity of mem-
branes for K* and Cl
current potential with 10 gradients of KCl. 1M

ions, we measured zero

KCl solution was contained on one side of mem-
brane, and 0.1 M KCl on the other side. In ex-
periments with single channel, 80% egg lecithin
(Fluka, Germany) and 20% cholesterol (Serva,
Germany) were contained in lipid bilayer. The
solution was consisted of 1M KCl, 5mM Tris-
HCI (pH 7.4, 23°C).

The total saponins, 20-(S)-protopanaxatriol, 20-
(S)-protopanaxadiol, Rg:, and Rb, were offered
from analytic center of Korea Ginseng & Tobacco

Research Institute (Taejon, Korea).

Results and Discussion

Action of total saponin on membrane was re-
gistered adding the total saponin into aqueous
phase of one side of the membrane. It was sim-
lar to jumps of current through a transmem-
brane channel (Fig. 1). Current-voltage curves of
single channel as well as multiple channels of
membrane were linear in the range from —100
mV to +100 mV. The membrane with an ion
channel formed by total saponin was more
permeable to cations. Zero current potential of
membrane with total saponin was 20 mV.

The current fluctuation of large amplitude was
registered when increasing the concentration of
total saponin subsequently. We have assumed
that the appearance of this large current fluc-
tuation can be connected with the formation of
lon-conducting structures such as transmem-
brane pores in the membrane. The conductance
of these structures was in the range from hundr-
ed pSm to dozen nSm. Such fluctuations of mem-
brane current were registered on the mem-
branes without cholesterol at given concentration
of substances. Under these conditions, the mem-
brane was not selective to cations and anions.

1. Action of 20-(S)-protopanaxatriol, 20-(S)-
protopanaxadiol, Rg, and Rb,

Our experiment demonstrates that the studied

2pA
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Fig. 1. Current fluctuation of a single channel form-
ed by total saponin at concentration of 1 pg/
ml. Applied voltage was 100 mV.
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substances increase the permeability for ions
when they are added into one side of the aque-
ous phase of the membranes. Depending on the
concentration of substances and lipid composition
of membrane; protopanaxatriol, protopanaxadiol
and Rg, form two types of 1on-conducting struc-
tures: one 1s a single channel possessing low con-
ductance and the other is an ion-conducting struc-
ture having large conductance.

Protopanaxatriol, protopanaxadiol and ginseno-
side Rg, with the concentrations of 0.5 ug/m/, 10
ug/m/ and 3 pg/ml respectively, formed the ion
channels having low conductances (Fig. 2). At
high concentration of these substances, rapid fluc-
tuations of 1on current with amplitudes from
dozen pA to hundred nA were registered with
the membrane potential of 100 mV. This process
did not depend on the cholesterol contents in
membranes. The life-time of open state was in
the range of 0.1~100 s.

Ginsenoside Rb, began to increase the mem-
brane conductance at the concentration of about
60 ug/ml. Against other substances, we could not
observe the single channel fluctuation but ob-
serve a chaotic noise of membrane current. At
high concentration of Rb,, the current fluctuation
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Fig. 2. Current fluctuations through transmembrane
channels formed by a) 20-(S)-protopanaxa-
triol and b) ginsenoside Rg,. Applied voltage
was 100 mV.
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with large amplitude was registered identically to
the cases of protopanaxatriol, protopanaxadiol
and Rg..

The membranes whose conductances were in-
duced by protopanaxatriol, Rg, and Rb, were
more permeable to K™ than to Cl . Zero current
potentials with 10 gradients of KCl on membrane
were 12mV, 8 mV, 16 mV, respectively.

It is reported that 20-(S)-protopanaxadiol is
able to increase the conductance of membranes
formed by o-monoolein.” However, the increase
of membrane conductance by 20-(S)-proto-
panaxadiol is not clearly explained on the basis of
our present results. Our experiments show that
this substance forms ton channels in lipid mem-
branes at low concentration. One of the con-
ditions of registration of ion channels is the cho-
lesterol presence in the membrane.

The membranes with 20-(S)-protopanaxadiol
were more permeable for K™ ijons than for Cl
lons. Zero current potential was more than 30
mV. In Fig. 3, the experimental record of single
channel current fluctuation of 20-(S)-proto-
panaxadiol is adduced, the polarity of which cor-
responds to the cation selectivity.

2pA
L —
40s

Fig. 3. The transmembrane current of short circuit
through channels induced by 20-(S)-pro-
topanaxadiol. 1 M KCl solutton was contained
on one side of membrane, and 0.1 M KCI solu-
tion was on the other side. The polarity of
the current jumps corresponds to cation selec-
tivity.
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It was shown that the holostan-type tri-
terpenoidal glycosides from Holothuria mexicana
form 1on channels only on adding to the both
sides of lipid membrane.” With the addition on
one side of membrane, single channels were not
registered.

The results of our studies show that dam-
marane-type triterpenoidal glycosides from the
root of Panax ginseng C.A. Meyer differ from
glycosides from Holothuria mexicana in the chan-
nel-forming properties. First of all, ginsenosides
form 1on channels in membranes when added to
one side of the membranes. Moreover, it is found
that their interactions with lipid membranes do
not depend on the cholesterol content.

Ginsenosides differ in single channel conduc-
tances (single channel conductances of glycoside
from Holothuria mexicana and of ginsenoside Rg;
were 28 pSm and 5 pSm, respectively, in 1M
KCl solution). This difference can be mainly con-
nected with the difference in chemical structures
of these glycosides.

The discrete changes of the current with large
amplitude were observed in the studies of action
of glycoside from Holothuria mexicana® and
commercial saponins” on lipid membranes. The
discrete fluctuations of current with large am-
plitude are registered at electrical breaks of
membranes and phase transitions. Such fluc-
tuations of current are explained to structural de-

1 micellar

fects, pore-forming in membranes,
structures of different sizes” and fusion of single
channels.”

Depending on their molecular structures, gin-
senosides exhibit the different biological and phar -

11

macological activities." The technique used in
our study establishes that the characteristic of
ion channel and value of threshold concentration
at which membrane conductance begins to in-
crease depend on the molecular structures of gin-
senosides. It is assumed that the distinction in

membranotropic activity of preparations underlie

zEalitera A

the wvariety of their biological and phar-
macological actions.

For the study of more details of interrelations
between structure and membrane activity, the
experiments with other ginsenosides and their

synthetic analogues are required.
* o
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