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Abstract

Since ginsenoside-Rg one of the panaxadiol saponins isolated from the ginseng root, significantly inhibited the secretion of
catecholamines from bovine adrenal chromaffin cells stimulated by acetylcholine (ACh), the properties of ginsenosiliiEon were
investigated. Although ginsenoside-Rinhibited the secretion evoked by ACh in a concentration-dependent manner, it affected the
secretion stimulated by highKor veratridine, an activator of the voltage-sensitivé Car Na* channels, only slightly. The ACh-induced
Na* and C&" influxes into the cells were also reduced by ginsenosidg-Rige inhibitory effect of this saponin on the secretion of
catecholamines was not altered by increasing the external concentration of ACH'ofT@ia ACh-evoked secretion of catecholamines was
completely restored in cells that were preincubated witlu/Dginsenoside-Rgand then incubated without the saponin, whereas secretion
was not completely restored in cells that were preincubated withN®f this compound. Above 3@M ginsenoside-Rgincreased the
fluorescence anisotropy of diphenylhexatriene in the cells. Furthermore, the inhibitory effect of ginsengsated®quM on the
ACh-evoked secretion of catecholamines was dependent upon the preincubation time, but this was not the qalske &hd€e results
strongly suggest that ginsenosidesRipcks the nicotinic ACh receptor-operated cation channels, inhibitsinfux through the channels,
and consequently reduces both*Canflux and catecholamine secretion in bovine adrenal chromaffin cells. In addition to this action, the
ginsenoside at higher concentrations modulates the fluidity of the plasma membrane, which probably contributes to the observed reduct
in the secretion of catecholamines. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction mood elevation, and prevention of aging). Among the many
pharmacological effects of the ginseng root, we have focused
The root ofPanax ginsen@. A. Meyer is widely knownas  on the tranquilizing action and have investigated the influence
one of the most important components in many Chinese tradi- of the root on the nervous systems, especially the autonomic
tional prescriptions, called kampo medicine in Japan, and itself nervous systems, using bovine adrenal chromaffin cells.
is also commonly used to treat various diseases and maintain The adrenal medulla secretes catecholamines mainly via
health. The oldest Chinese traditional medical bdskeng- stimulation of its nicotinic ACh receptors by ACh, which is
nong Ben-cao Jingnentions that the ginseng root has many released from the terminal of the splanchnic nerve. Binding
effects (e.g. replenishment of vital energy, tranquilization, of ACh to these nicotinic receptors leads to a depolarization
of the cell membrane by an influx of Nahrough receptor-
— operated cation channels, causing an influx of'Cthrough
1o gsclorlrgggonding author. Tel+81-19-651-5111, Ext. 3366; fax:81- voltage-sensitive Cd channels, which results in catechol-
E-mail addressetachika@iwate-med.ac.jp (E. Tachikawa). amine sgcretlon by e.XOCytOSIS [1-3]. Therefore, adrenal
Abbreviations: ACh, acetylcholine; KRH, Krebs-Ringer-HEPES; Chroma_ffm cells a_lre Wldely used as a_mOde,I to study cate-
[Na']; intracellular free sodium concentration; SBFI, sodium-binding ben- cholamine secretion in response to stimulation by the sym-
zofuran isophthalate; and DPH, 1,6-diphenyl-1,3,5-hexatriene. pathetic nervous system.

0006-2952/01/$ — see front matter © 2001 Elsevier Science Inc. All rights reserved.
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Protopanaxadiol saponin Protopanaxatriol saponin

b-glc-rha

ginsenoside-Rgs ginsenoside-Rg,

glc : glucopyranose
rha : rhamnopyranose

Fig. 1. Structures of ginsenoside-Rand -Rg.

We have found that an ingredient isolated from the 2. Materials and methods
ginseng root, i.e. ginseng saponins (ginsenosides), inhibited
the secretion of catecholamines from bovine adrenal chro-2.1. Materials
maffin cells stimulated by ACh [4,5]. The ginseng saponins
are classified into three groups, the protopanaxadiol, proto-  Ginsenoside-Rgand -Rg were supplied by the Korea
panaxatriol and oleanolic acid saponins, on the basis of theTobacco & Ginseng Corp. and the Japan Korea Red Gin-
chemical structures of their aglycones. The inhibitory ef- seng Co., Ltd. The purities of the ginsenosides were
fects of the protopanaxatriols on the secretion of cat- checked by thin-layer chromatography and nuclear mag-
echolamines were very strong, whereas those of the proto-netic resonance according to the method of Kawashima and
panaxadiols and the oleanolic acid saponin (ginsenoside-Samukawa [8] and were found to be98% pure. The
Ro) were only slight. There was a structure—activity 9ginsenosides were dissolved in dimethyl sulfoxide. The
relationship between the inhibitory effects and the structures concentration of dimethyl sulfoxide in the incubation me-
of the ginsenosides [6]. Furthermore, we have demonstrateddium was 1%, which had no effect upon the secretion of
that ginsenoside-Rg(Fig. 1), a panaxatriol showing the catecholgrnmes from_ bovllne adrenal chromaffin cells under
greatest inhibition among the tested ginsenosides, regulate§he conditions used in this stl_de. Ox.ygenateq KRH buffer
the nicotinic ACh receptor-operated cation channels, inhib- (pH 7.4) was used as the incubation medium and was
iting Na" influx through the channels, and consequently composed of 125 mM NaCl, 4.8 mM KCl, 2.6 mM CaCl

. . C o 1.2 mM MgSQ, 25 mM HEPES, 5.6 mM glucose, and
(r:iclill;c[z? both G4 influx and catecholamine secretion in the 0.5% BSA. In 56 mM KCI-KRH buffer, the amount of NaCl

On the other hand. ai id diol (Fi was reduced to maintain the isotonicity of the medium.
hn be 0 fr 2” » ginsenoside-Rg .pan(lallxa iol ( 'Igﬁ'b' Tissue culture instruments were obtained from the Falcon
1), has been found to cause an exceptionally strong inhibi- p|agtics Co. Eagle’s minimum essential medium was from

tion of the ACh-evoked secretion of catecholamines, com- \jissyi Seiyaku. SBFI tetraacetoxymethyl ester and DPH
parable to that of ginsenoside-R{b,6]. Moreover, it di were from Molecular Probes Iné>CaCl, (0.185 to 1.85
minished not only ACh-induced but also histamine-, GBg/mg calcium) was from Amersham International, Ltd.

angiotensin lI-, neurotensin-, angrlaminobutyric acid-in- Al other chemicals were of the highest grade available from
duced secretion of catecholamines from chromaffin cells ascommercial sources.

well as muscarine- and histamine-induced contractions of

the ileum in the guinea pig. However, ginsenosiderRg 2 2 |solation and primary culture of bovine adrenal
selectively blocked only the responses mediated by iono- chromaffin cells

tropic receptors [nicotinic ACh ang-aminobutyric acid

(GABA,) receptors] [7]. _ _ Bovine adrenal glands were provided by the Center of
Therefore, in this study, we investigated whether the |wate Livestock Industry. Adrenal chromaffin cells were
mechanism by which ginsenoside-Rmhibits the ACh-  prepared by the method of collagenase digestion as de-

evoked secretion of catecholamines from chromaffin cells is scribed previously [9]. The isolated cells were suspended in
the same as that of ginsenoside;Rg Eagle’s minimum essential medium containing 10% calf



E. Tachikawa et al. / Biochemical Pharmacology 62 (2001) 943-951 945

serum, 3.0uM cytosine arabinoside, and antibiotics (100 30 - A

units/mL of penicillin, 200ug/mL of streptomycin, and 0.3

pa/mL of amphotericin B) and were maintained as a mono- i:/
layer culture in 35-mm diameter dishes at a density of 2 25
10° cells. The cells were cultured at 37° in a Cidcubator

(95% air/5% CQ). A total of 2 X 10° cells contained 20 |
38.9 = 1.3 ug of catecholamines as epinephrine and nor-
epinephrine, and their ratio was determined to be 72 and 15 |
28%, respectively, by HPLC.

10 +
2.3. Measurements of catecholamine secretion from, and

45Ca" influx into, chromaffin cells

Catecholamine secretion
(% of total)

After 4 days of culturing, the cells were washed twice
with prewarmed KRH buffer and then preincubated with or 0L Oy == O : O
wri]thout ginsEnoside-;?sgndKRl-:] bufferr:‘or 10 min at 3(;7°. 0 7 6 5 4
They were then incubated with or without ginsenoside-Rg .
in the presence or absence of ACh, high K6 mM K*% log [Rg3] (M)
or veratridine for 7 min. The reaction was terminated by
transferring the incubation medium to tubes in an ice-cold
bath. The catecholamines secreted into the medium were 120 - B
extracted with 0.4 M perchloric acid and adsorbed on alu-
minum hydroxide. Their amounts were estimated by the 100
ethylenediamine condensation method [10] using a fluores-
cence spectrophotometer (650—10S; Hitachi) at an excita-
tion wavelength of 420 nm and an emission wavelength of
540 nm. At these wavelengths, epinephrine and norepineph-
rine showed the same fluorescence intensity.

After preincubation of the cells with or without ginsen-
oside-Rg in KRH buffer for 10 min, the cells were ineu
bated for 7 min with or without ginsenoside-R@ the
presence of*°*Ca&* (37 KBq) in the plain or the ACh-
containing medium. The medium was removed, and the
cells were immediately cooled on ice and washed three
times with ice-cold C& -free KRH buffer. The cells were o-
scraped and solubilized in 10% Triton X-100. Radioactivity 0 7 6 5 4
was determined using a liquid scintillation counter (LSC- .

900: Aloka) [9]. log [Rg3] (M)

80

60

45Caz2+ influx (%)

40

;/ /L 1 1 1 ]

Fig. 2. Effects of different concentrations of ginsenoside-By catechal
amine secretion (A) and €4influx (B) in bovine adrenal chromaffin cells.

2.4. Measurement of [N, Cultured chromaffin cells were washed twice with prewarmed KRH buffer
and preincubated with different concentrations of ginsenosidgiRg) in

Loading of the chromaffin cells with SBFEI was per- the KRH buffer for 10 min at 37°. (A) Then the cells were incubated with
different concentrations of the saponin used above in the absenaar (

formed by a rr_lod|f|cat|on of the method of Harootunian et presence of 5aM ACh (@), 56 mM K* (M), or 50 uM veratridine @) for
al. [11]. The isolated cells were cultured for 4 days ONn 7 min. The amount of catecholamines secreted from the cells into the
coverslips cut to fit into the spectrofluorometer cuvette. The medium was determined as described in “Materials and methods” and was
cultured cells on each coverslip were incubated withul0 expressed as a percentage of the total cellular catecholamines. (B) The cells
SBEI tetraacetoxymethyl ester and 0.02% Pluronic E-127 in Were then incubated with different concentrations of the saponin in the
KRH buffer for 3 hr at 37° and washed three times with KRH buffer containing 37 KBd°C&" in the absence or presence of 50

. . uM ACh (@), 56 mM K" (M), or 50 uM veratridine @) for 7 min. The
KRH buffer. The coverslips were then placed in the cuvette amount of C* influx into the cells was measured as described in *Ma
and preincubated with KRH buffer for 10 min at 37° in the terials and methods.” The values of the basal Ciaflux were subtracted
fluorescence meter. Then the test agents were added to th&om the data, and the secretagogue-inducet Gafluxes were assigned
cuvette. Increases and decreases in the fluorescence inducéigﬁu‘)’(ae'ﬁvgelgogg -(I;hSezAff_O’E:zeoﬂé,;r::\ctjhfovgztg(gger;let;gidl?
from the _SBFI_Né complex were recorded SlmultaneOL_Jsly cells, respectively, and the basal influx was 1430.27 nmol/2x 10°
at excitation wavelengths of 340 and 380 nm, respectively, cejis, values are means SD from at least four experiments. Key: )<

and at an emission wavelength of 500 nm. The change in0.05, compared with the ACh-induced responses.
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Fig. 3. Effects of ginsenoside-Ron catecholamine secretion from the chromaffin cells induced by I-nicotine. The cells were preincubated Eiftoout (

with ginsenoside-Rg(3 uM, A; 10 uM, O; and 30uM, [O) for 10 min at 37° and then incubated with or without different concentrations of I-nicotine (300
pM-300nM) for 7 min in the presence or absence of ginsenosidg-Bgtecholamines secreted from the cells into the medium were determined as described
in “Materials and methods.” The values of the basal secretion were subtracted from the data, and the nicotine-induced maximal response was assignec
value of 100%. The basal and the nicotine-induced maximal secretions wete @Band 28.2+ 0.9% of the total cellular catecholamines, respectively.
Values are means SD from at least four experiments.

[Na*]; was expressed as the ratio of the fluorescence atformed to identify differences among the groups< 0.05
excitation wavelengths of 340 and 380 nm [5]. was considered to be indicative of significance.

2.5. Measurement of fluorescence anisotropy
3. Results
The fluorescence anisotropy of DPH in the chromaffin
e i s i ey o 1. Eflcts of ginsenoside5on catecholamine
: . : . secretion from, and Cd influx into, bovine adrenal
incubated with a final concentration of QM DPH for 2 '
) : . chromaffin cells
min at 37°. The fluorescence intensity of the probe was
measured in a spectrofluorometer equipped with excitation
and emission polarizers. The excitation and emission wave-
lengths used for DPH were 363 and 428 nm, respectively.
Steady-state fluorescence anisotropywas calculated ac-
cording to the equation

We examined the effects of ginsenoside;Rfgig. 1) on
the secretion of catecholamines from bovine adrenal chro-
maffin cells stimulated by ACh (5@M), high K* (56 mM),
or veratridine (5QuM) (Fig. 2A). Ginsenoside-Rgat 1 uM
significantly reduced the ACh-evoked secretion of cat-
v = (Iyy =Glyw)/(lyy + 2Glyy) echolamines concentration-dependently (1-1QM),

] - whereas it had no effect on the secretion induced by high
wherel,,, andl,, are the fluorescence intensities measured k+ \yhich directly depolarizes the cell membranes and

with a vertical polarizer and analyzer mounted vertically oqits in C&* influx into the cells through voltage-sensi

and horizontally, respectivelyc = I/l is the corree e c2*+ channels and, consequently, catecholamine secre

tion factor [13]. tion from the chromaffin cells [14]. On the other hand, the
secretion induced by veratridine, an activator of voltage-

2.6. Statistics sensitive Na channels [15], was not affected by 100 nM-10
uM ginsenoside-Rg but at a higher concentration (100

Statistical evaluation of the data was performed by uM), it was diminished slightly.
ANOVA. When a significantF value was found by To further confirm the action of ginsenoside-Rmn the
ANOVA, Scheffe’s test for multiple comparisons was per- nicotinic ACh receptors, we examined the effect of this
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saponin on the secretion of catecholamines induced by I-

nicotine. Ginsenoside-Rgalso inhibited the nicotine-in
duced secretion (Fig. 3). Ginsenoside;Rg concentrations

of 3-30 uM shifted the concentration—response curve of
nicotine (300 pM-30Q.M) to the right. Schild plot analysis
showed that the slope of ginsenoside;Reps 1.99, sug
gesting that the mode of antagonism of this saponin is
unsurmountable.

Ccé&" influx into the bovine chromaffin cells is essential
for triggering catecholamine secretion [1]. Ginsenosidg-Rg
diminished the ACh-induced €& influx into the cells in a
concentration-dependent manner (1-10d), whereas it
had little or only a slight effect on the high 'k or the
veratridine-induced G4 influx (Fig. 2B).

3.2. Effects of ginsenoside-Rgn the ACh-induced Na
influx into the cells

Na* influx into adrenal chromaffin cells is a crucial first

step in the process of ACh-evoked catecholamine secretion

[15]. Stimulation of SBFI-loaded cells with ACh (50M)

led to a rapid and marked increase in the fluorescence ratio

(Fig. 4A), indicating that ACh augmented Nanflux into
the chromaffin cells through the nicotinic ACh receptor-
operated cation channels. The ACh-induced Mdlux was
little affected by 100 nM ginsenoside-R@nd it was de
creased slightly at &M (Fig. 4, B and C). Ginsenoside-Rg
at 10uM greatly reduced the ACh-induced Néanflux, and

at 100uM it almost abolished the influx (Fig. 4, D and E).

Thus, the concentration—-response curves for the ginsenoside

inhibition of the ACh-induced Na and C&" influxes and
secretion were quite similar. The 50% inhibitory concentra-
tion (icsg) values of ginsenoside-Rgn catecholamine se
cretion, C&" influx, and N& influx were 14, 16, and gM,
respectively.

3.3. Effects of external ACh and €aconcentrations on
the ginsenoside-Rgnhibition of catecholamine secretion

The character of the ginsenoside-Rghibition of the
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Fig. 4. Effects of ginsenoside-Rgn the ACh-induced increase in [NR.
The SBFl-loaded cells were preincubated with KRH buffer in a fluores-

ACh-induced secretion was investigated. An increment of cence meter cuvette for 10 min at 37° and then incubated with different

the external ACh (20-20QuM) or C&" concentration
(2.6—7.8 mM) produced an increase in secretion. Howeve
inhibition by ginsenoside-Rgwas affected only slightly by
increasing the ACh (50-57% inhibition) (Fig. 5A) or €a
concentration (46-50% inhibition) (Fig. 5B).

3.4. Reversibility of the ginsenoside-Rg3 inhibition of
catecholamine secretion

We have reported that the inhibitory effect of ginsen-
oside-Rg (Fig. 1) on ACh-evoked secretion is reversible
[5]. Therefore, to compare the inhibitory properties of gin-
senoside-Rgwith those of -Rg, we examined the revers
ibility of ginsenoside-Rginhibition. The cells were prein
cubated with or without 10 or 3@uM ginsenoside-Rg

concentrations of ginsenoside-R@Rg;) (0—100uM) for 1 min. ACh (50

r M) was added to the cuvette in the fluorescence meter. The change in

' fluorescence was recorded before and after the addition of the test agents.
The [Na']; was expressed as a ratio of the fluorescence at an excitation
wavelength of 340 nm to that of 380 nm. Data are from a representative
sample of four experiments.

washed three times with the prewarmed KRH buffer, and
then incubated with or without 10 or 3@M ginsenoside-
Rg; in the presence or absence of o ACh. As shown in

Fig. 6A (column V), in the cells that were preincubated with
10 uM ginsenoside-Rg washed with the buffer and ineu
bated with ACh, catecholamine secretion was restored com-
pletely. On the other hand, the effect of @M ginsenoside-
Rg; was still maintained but only partly diminished (Fig.
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Fig. 5. Effects of external ACh and €aconcentrations on the ginsenosidesRthibition of catecholamine secretion. The cultured cells were washed twice
with prewarmed KRH buffer and preincubated with or without 8@ ginsenoside-Rgfor 10 min at 37°. (A) The cells were then incubated with different
concentrations of ACh (0—20@M) in the presence or absence of @M ginsenoside-Rg(Rgs) for 7 min. (B) The cells were then incubated with (Il and

1) or without 50 uM ACh (I) in the presence (lll) or absence of 3 ginsenoside-Rg(l and Il) in the KRH buffer containing different concentrations

of C&" (2.6 to 7.8 mM) for 7 min. Catecholamines secreted from the cells into the medium were determined as described in “Materials and methods.” Th
secretion was expressed as a percentage of total cellular catecholamines. Values are ®Bafnem at least four experiments.

Rg3 . T T

6B, column V). Although further cell washing (another four 4. Discussion
times) was added after the preincubation, it did not alter the
effect of the inhibition. These results indicate that the in- 4.1, Inhibition of catecholamine secretion by
hibitory effect of ginsenoside-Rgat the lower concentra  ginsenoside-Rg
tion is reversible.
Ginsenoside-Rg a protopanaxadiol saponin (Fig. 1),
3.5. Effects of ginsenoside-Rand -Rg on produced an exceptionally strong reduction in catechol-
fluorescence anisotropy amine secretion from bovine adrenal chromaffin cells stim-
ulated by ACh [6]. Its inhibitory effect was comparable to
DPH, a fluorescent dye, penetrates through the plasmathat of ginsenoside-Rga protopanaxatriol saponin (Fig. 1),
membrane and localizes to the hydrophobic core of the which showed the strongest inhibition of secretion of the
membrane. The probe is virtually nonfluorescent in water. ginseng saponins [5]. In this study, ginsenoside-Rgib-
Therefore, the fluorescence anisotropy perhaps mainly re-ited both ACh-induced Ga and Na influxes in a concen
flects the fluidity of the middle of the lipid bilayer in the tration-dependent manner similar to that observed with the
membrane [16]. Ginsenoside-Rat 10.M did not alter the ACh-evoked secretion of catecholamines (Figs. 2 and 4).
fluorescence anisotropy, whereas at; @@ it greatly aug- However, it had no or only a slight effect on the catechol-
mented the anisotropy (Table 1). On the other hand, neitheramine secretion and €4 influx induced by high K con
10 nor 30uM ginsenoside-Rgchanged it (Table 1). The  centration or veratridine (Fig. 2), an activator of the voltage-

effect of ginsenoside-Rgconcentrations over 3@M on sensitive C&" or Na' channels [14,15]. These results
membrane fluidity could not be observed because thesestrongly suggest that ginsenosidesRgts on the nicotinic
concentrations affected the fluorescence intensity. ACh receptor-operated cation channels but not on the volt-
age-sensitive G4 or Na" channels. Furthermore, the gin
3.6. Effects of preincubation on the ginsenoside-&ud senoside-Rginhibition was not overcome by increasing the
-Rg; inhibition of catecholamine secretion external ACh and Cd concentrations (Fig. 5, A and B,

respectively), indicating that the inhibitory effect of ginsen-

The preincubation time of the cells (0—10 min) with oside-Rg is distinct from that of the competitive antago
ginsenoside-Rgor -Rg; was examined. As shown in Fig, 7 nists of the nicotinic ACh receptors, such as trimethaphan
when 30uM ginsenoside-Rgwas added together with 50 [17,18], and that of blockers of the L-type voltage-sensitive
uM ACh to the cells (0-min preincubation), catecholamine Ca* channels, which are competitive with external’Ca
secretion was inhibited by 21%. Preincubation with ginsen- concentrations, such as diltiazem [19]. In fact, the mode
oside-Rg for an additional 2 min enhanced the inhibition of the ginsenoside-Rgantagonism was non-competitive
(40%) and with a 5-min preincubation, inhibition reached a with nicotine (Fig. 3). Taken together, therefore, it is
plateau (45%). Thus, the effect of ginsenosiderRes highly probable that ginsenoside-Rgs well as ginsen
dependent upon preincubation time. On the other hand, theoside-Rg reduces the ACh-evoked secretion of -cat
inhibitory effects of 10uM ginsenoside-Rgand -Rg were echolamines by blocking the Nainflux into the cells
little affected by the preincubation times (0—10 min). through the nicotinic ACh receptor-operated cation chan-
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25 A Table 1 _ _ _
Effects of ginsenoside-Rgand -Rg on fluorescence anisotropy of DPH
c in adrenal chromaffin cells
% 20 - Concn Fluorescence anisotropy
S § (M) G-Rg G-Rg,
wo 15|
o 0 0.153= 0.002 0.153+ 0.007
Lo 10 0.151= 0.001 0.150+ 0.001
E® 10t 30 0.170= 0.010* 0.149+ 0.002
_g Adrenal chromaffin cells were incubated with Q8 DPH in a spec-
S 5| troflgoromet_er cuvette at 37° for 2 min, and then dif‘fergnt congentrations
® of ginsenoside (G)-Rgor -Rg, were added. After further incubation for 3
O min, fluorescence anisotropy was measured as described in “Materials and
ok methods.” Values are the meansSD from four experiments.
* P < 0.01, compared with the control.
Preincu. (Rg3) - - + - +
incu. (Rg3/ACh) -/- -+ /4t -+ that the inhibitory effect of ginsenoside-R¢L00 M) on
ACh-evoked secretion of catecholamines from chromaffin
cells, which were preincubated with this saponin and then
incubated without it, was no longer observed, indicating that
25 L the ginsenoside-Rgdnhibition is reversible [5]. On the other
5 hand, although the inhibitory effect of ginsenoside;Rga
"97_3 20 + low concentration (1QuM) also was completely reversed
S _ (Fig. 6A), at a higher concentration (2M) inhibition was
g partially maintained in the incubation medium, even in the
“g’ s 15¢ absence of the saponin (Fig. 6B). Furthermore, the effect of
5"6 ginsenoside-Rgat 30 uM on the ACh-evoked secretion of
o 10 catecholamines was dependent upon the preincubation time
'§ but that of ginsenoside-R@r -Rg, at 10uM was indepen
© 5r dent of it (Fig. 7). Thus, ginsenoside-Rigas another action
o besides directly acting on nicotinic ACh receptors. Ginsen-
ol . oside-Rg at 30 uM significantly augmented the fluores
I I n v v cence anisotropy of DPH in the chromaffin cells (Table 1),
Preincu. (Rg3) - - + - + suggesting that this saponin increases membrane microvis-
Incu. (Rg3/ACh) B ) ) P cosity. However, ginsenoside-R@t 10 uM and ginsen

) o ) ) S ) oside-Rg at 10 and 3QuM had no such effect (Table 1). It
Fig. 6: Reversibility of the gmsenosu_je—ggmlbltlo_n of catecholamlne is not clear Why onIy ginsenoside-Bgas the membrane-
secretion. The cultured cells were preincubated with (lll and V) or without . . . . .

10 uM (A) or 30 uM (B) ginsenoside-Rg(l, 11, and IV) for 10 min at 37° modifying action. The fact that ginsenoside-Rg eluted

(Preincu.). The cells were washed three times with KRH buffer and then into @ more highly lipophilic fraction than ginsenoside-Rg

incubated with (Il and 1V) or without 1M (A) or 30 uM (B) ginsen- as shown by silica gel chromatography [20], may be the

o§ide-Rg (1, 11, and V) in the presence (II-V) or absence of ACh (1) for 7 reason for ginsenoside—gghowing such an effect on the

min (Incu.). The amqunt of catechc_)laml_ne“s secrgted from the cellsnlnto the membrane and perhaps also accounts for the finding that the

medium was determined as described in “Materials and methods.” Values . ~. " . .

are meanst SD from four experiments. inhibitory effect of ginsenoside-Rat 30 wM on the secre
tion was not fully reversible and was dependent upon the
preincubation time. Therefore, ginsenoside;Rat the

nels. Further study of the action of ginsenosidesRg higher concentration probably inhibits Nanflux not only

the receptor-operated cation channels in the chromaffindirectly by blocking the nicotinic ACh receptor-operated

cells is now in progress, using oocytes expressing nico- cation channels but also indirectly by reducing plasma

tinic ACh receptors. membrane fluidity.
We have observed that ginsenoside;Rgppresses the
4.2. Actions of ginsenoside-Rgnd -Rg on chromaffin responses induced by various receptor stimuli as well as by
cell membranes ACh [7]. This saponin significantly inhibited histamine-,
angiotensin II-, bradykinin-, neurotensin-, ageaminobu-
To compare the properties of ginsenoside;Bgd -Rg tyric acid-induced secretions of catecholamines from bovine

inhibition, we examined the reversibility of the inhibitory adrenal chromaffin cells and muscarine- and histamine-
effect of ginsenoside-Rgon the ACh-evoked secretion of induced contractions of the ileum in the guinea pig [7].
catecholamines (Fig. 6). Our previous report demonstratedAccordingly, the membrane-modifying action of ginsen-
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Fig. 7. Effects of preincubation time on the ginsenosidg-&yl -Rg inhibition of catecholamine secretion. The cultured cells were preincubated with or
without 10 uM ginsenoside-Rg(A), 10 uM ginsenoside-Rg()), or 30 uM (@) ginsenoside-Rgfor 0—10 min at 37°. The cells were then incubated with

or without 50uM ACh in the presence or absence of A ginsenoside-Rg or 10 or 30uM ginsenoside-Rgfor 7 min. Catecholamines secreted from

the cells into the medium were determined as described in “Materials and methods.” The values of the basal secretion were subtracted from the data, -
the ACh-evoked secretion of catecholamines was assigned the value of 100%. The ACh-evoked and the basal secretions-viegea?®ld.4+ 0.1%

of total cellular catecholamines, respectively. Values are mear8D from at least four experiments. Key: (B < 0.05, compared with the 0-min
preincubation.
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