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Abstract : Crude synaptic membrane fractions from the frontal cortex, striatum, brain stem and whole brain of rat were
prepared to assay the effects of ginseng total saponin (GTS) on [*HJDAGO bindings of the opioid pi-receptors. Scatchard
plots analysis binding data demonstrated that GTS (0.1 mg/ml) decreased the affinity of specific [’H]DAGO bindings
without changes in B___in the frontal cortex and striatum. On the other hand, GTS did not affect the [*’H]DAGO bindings
in the brain stem and whole brain. These results suggest that the regulation of [°’H]DAGO bindings by GTS may play roles
in the change of the pharmacological responses of p-opioids.
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INTRODUCTION

Ginserg, the root of Panax ginseng C. A. Meyer (4ra-
liaceae) 1s well known as a herbal medicine and has been
used in therapy for thousands of years. Many reports have
provided evidence that ginseng has a variety of effects on
the central nervous systems (CNS). Ginseng not only has
stimulative and inhibitive effects on the CNS,"* but also
regulates the effects of sedatives, hypnotics and convul-
sants.” Panax ginseng also acts a modulator of neu-
rotransraitters in the brain.®?

On the other hand, it has been reported that ginseng
extract and ginseng saponin antagonizes morphine-induced
analges a, locomotion and catalepsy®'? Meanwhile, it
has been suggested that these antagonisms of morphine
effects by ginseng might be mediated by ndirect activity
on dopeminergic system. In term of this hypothesis, some
evidenc?zs provided that ginseng saponin inhibited cocaine-
and methamphetamine-induced hyperactivity in mice.
Moreover, it was reported that ginseng inhibited the
dopamine receptor supersensitivity induced by cocaine
and me:hamphetamine.'*!>)

However, we could not exclude the possibility of direct
action of ginseng total saponin on opioid receptors. Espe-
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cially, antagonism of morphine induced-analgesia by gin-
seng total saponin might be mediated by direct regulation
of opioid p-receptors. Therefore, this study was under-
taken to investigate the interactions of ginseng total sapo-
nin with [PH]DAGO bindings on opioid p-receptors.

MATERIALS AND METHODS

1. Materials

{[*H]d-Ala%, N-Me*, Gly>-ol}-enkephalin {[*H]DAGO}
was purchased from New England Nuclear (Boston, Mass.,
USA). DAGO was obtained from Research Biochemicals
Inc. (Natrick, Mass., USA.). Ginseng total saponin frac-
tion [saponins mixture containing at least 10 glycosides
known as ginsenosides from Panax ginseng C. A. Meyer,
extracted and purified by Namba ez al.’s method'®] was
supplied by the Korea Ginseng and Tobacco Research
Institute. All other chemicals used receptor binding stud-
ies were obtained from Sigma Chemical Co. (St. Louis,
MO., USA.).

2. Animals

Male Sprague-Dawley rats (Charles River, Wilmington,
Mass.) weighing 200-250 g were maintained at constant
temperature (22-24°C), 4 to a cage. The animals were
allowed free access to food and water in a room automat-
ically illuminated for 14 hr and kept dark for 10 hr.
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3. Membrane preparation

The rats were decapitated and their brains were remov-
ed, and whole brain, frontal cortex, striatum, brain stem
dissected on ice according to the methods described by
Glowinski and Iversen,'” and Segal and Kuczenski.'®
Crude synaptic membrane fractions were prepared fol-
lowing the method of Zukin et al.,'” with slight modi-
fication’”). Whole brain, frontal cortex, striatum, brain
stem were homogenized in 10 volume of ice-cold Tris-
HCI buffer (pH 7.4) with a Polytron. The homogenate
was centrifuged at 48,000 g for 10 min at 4°C. The super-
natant was discarded and then pellet were re-suspended in
membrane buffer, homogenized, centrifuged as before.
After the second centrifugation, the supernatant was dis-
carded, and the pellet was re-suspended in ice assay
buffer. Then, the membrane was assayed for protein con-
tent,>! and aliquots were stored at 80°C.

4. Binding assays
The frozen pellet was thawed, suspended in 50 mM
Tris-citrate buffer and centrifuged at 48,000 g for 20 min.
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The pellet obtained was re-suspended with 40 volumes of
50 mM Tris-citrate buffer and incubated at 25°C for 30
min to remove endogenous inhibitors. After centrifuga-
tion at 48,000 g for 20 min, the pellet was then suspended
in the buffer for binding. The membrane homogenates
was incubated at 25°C for 1 hr in 50 mM Tris-HCl buffer
(pH 7.4) with 1 nM [?’H]DAGO (specific activity, 40.8 Ci/
mmol) in a total volume 1 ml. The reaction was termi-
nated using a Brandel cell harvester (Model M-24, Bran-
del, MD, USA.) and the samples were filtered through
Whatman GF/B glass filters pre-soaked in 50 mM Tris-
HCI buffer at 4°C for 2 hr. Filters were washed three
times with 5 ml of 50 mM Tris-HCI buffer (pH 7.4, 4°C)
and were transferred to scintillation counting vials con-
taining 0.5 ml of a tissue solubilizer (Solubene-350, Pack-
ard Instrument Company, Meriden, CT, USA) and 4 ml of
a scintillation cock-tail (Hionic Fluor, Packard Instrument
Company). Non-specific binding was measursd in the
presence of 10 mM unlabelled DAGO. Comparable results
were obtained from at least three independent sets of
experiments.
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Fig. 1. Representative Scatchard plots of [*HJDAGO bindings and the effects of ginseng total saponin. Crude synaptic membranes
prepared from frontal cortex, striatum, brain stem and whole brain were assayed for ['HJDAGO bindings (0.1 nM) in the
presence of ginseng total saponin (0.1 and 0.01 mg/ml). Non-specific binding was determined in the presence of 1 uM of

DAGO.
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Table 1. Effects of GTS on specific PHJDAGO bindings

' Kd Bmax
Concentration (fmol/mg
(nM) .
protein)
Frontal cortex Control 1.65+0.28 113.1£5.7
GTS 0.1 mg/ml 2.75+0.33*% 104.2+4.7
0.01 mg/ml 1.30+0.18 112.5+4.5
Striatum Control 0.84+0.09 131.6+6.3
GTS 0.1 mg/ml 1.25+0.19% 149.7+7.1
0.01 mg/ml 1.07+0.10 143.3+6.9
Brain stem Control 1.25+0.12 104.1x4.4
GTS 0.1 mg/ml 1.58+0.27 98.6+3.1
0.01 mg/ml 1.24+0.18 102.3£5.8
Whole train  Control 1.25+0.14 115.6+4.9
GTS 0.1 mg/ml 1.38+0.18 112.3£5.6
0.01 mg/mt 1.24+0.15 116.8+5.0

Each value represented the mean + SEM. Each experiment was
performed in triplicated.
*P<0.05 compared with that of control.

RESULTS

[*'HIDAGO produced curvilinear Scatchard plots which
could be fitted to a one-binding site model, yielding a
straight line (Fig. 1). Scatchard analysis of binding data
demonsrated that GTS (0.1 mg/ml) decreased the affinity
of specific [PH]DAGO bindings without changes in B,
in the frontal cortex and striatum. However, GTS did not
affect tie [PH]DAGO bindings in the brain stem and

whole brain (Table 1).

DISCUSSION

In the present study, we found that GTS (0.1 mg/ml)
decreased the affinity of specific ["H]DAGO bindings
without changes in B_,, in the frontal cortex and striatum.
Therefore, we suggest that GTS could modulate the
opioid pi-receptor bindings to synaptic membrane of the
frontal cortex and striatum of rat. However, lower concen-
tration of GTS did not affect the specific PH]DAGO
bindings in the frontal cortex and striatum. Moreover,
GTS also did not affect the specific PHIDAGO bindings
to the synaptic membrane in other brain regions such as
brain stem and whole brain.

Ginseng modulated morphine-induced behaviors that
seemed to be related to the opioid receptors. Morphine
indirect .y stimulates dopaminergic systems. In particular,
the [i-receptor site may be critical for the effects of opio-
ids on the dopaminergic systems. GTS inhibited mor-
phine-induced hyperactivity, the development of reverse
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tolerance to ambulation-accelerating effect of mor-
phine.!" Recently, GTS also inhibited the conditioned
place preference and the post-synaptic dopamine receptor
supersensitivity induced by morphine.'"*'? Therefore, it is
suggested that GTS might be able to modualte the dopam-
inergic systems. So, we previously reported that GTS
might be useful for the prevention of opioids-induced tox-
icity.

On the other hand, GTS antagonized morphine-induced
analgesia, inhibited the development of analgesic toler-
ance to and the physical dependence on morphine.!” In
term of these effects, we suggest that GTS directly acts on
opioid receptors. Thus, this study was undertaken to
understand the interactions of GTS with PHJDAGO bind-
ings. From this study, we confirmed that GTS decreased
the affinity of specific [’HJDAGO bindings at some brain
regions especially, frontal cortex and striatum. Because
GTS showed the slightly increased affinity of specific
[*H]DAGO bindings at the low dose, even though it is not
significant.

There is another evidence that GTS and ginsenosides
act on other pharmacological receptor sites. GTS inhibited
GABA, and GABA; receptor bindings to the synaptic
membrane of frontal cortex.??) Therefore, GTS also plays
important roles in the regulation of GABAergic neu-
rotransmission.

Ginseng exhibited various pharmacological activities on
the CNS. These effects mean that ginseng has the affinity
to more than one receptors type on the CNS. From this
study, we suggest that ginseng saponin could inhibit on
opioid U-receptors bindings in some regions of the brain.
In conclusion, Ginseng saponin can modulate the mor-
phine-induced pharmacological effects through opioid p-
receptors.

Further research requires what kind of ginsenosides
have the binding affinity to opioid p-receptors.
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