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Abstracts — Effects of Panax ginseng on the morphine toxicity were studied in relation to ils effects on the
opioid receptor-G protein interactions. Morphine treatments (3 days) reduced the body weight increment rate
and the weight of the thymus and spleen. These changes were usually recovered by the concomitant
administration of ginseng total saponin (GTS) but occasionally further deteriorated. This discrepancy was
studied in relation to the opioid receptor coupling to G protein, that is, the effects of morphine and GTS on
the opioid receptors were studied using the antagonist-agonist competitive binding studies. When GTS
recovered the morphine toxicity, morphine shifted the striatal & receptors to slightly higher affinity state, and
this was partly recovered by the GTS treatment. However, morphine did not have any effect on the affinity
state of & receptor from NG108-15 cells, suggesting that additional factors were needed for the modulation of
the affinity states of 8 receptor. Effects of morphine and GTS on | receptor were complicate and variable,
and we could not reach a clear conclusion. The morphine toxicity might accompany complicate biological
involvements, and the modulation of the affinity states of the opioid receptors might explain a part of the

effects of GTS on the morphine toxicity.
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Morphine is an excellent analgesic in that it greatly
reduces the distress associated with pain by working on
the affective component of the nociception. However,
along with the mental and physical dependence, mor-
phine when used for a long period, results in serious im-
mune suppressions (Bryant et al., 1987; Bidlack and
Hemmick, 1990).

Morphine seems to have more than one pathways for
the immune suppressions (Shavit ez al., 1986; Pruett er
al., 1992). The activation of hypothalamic-hypophyseal-
adrenal (HPA) axis, leading to an increased release of
adrenal corticosterone, seems to be the most plausible
pathway involved in the morphine-mediated immmune sup-
pressions (Bryant et al, 1991; Hemandez et al., 1993).
However, it is still unclear how morphine increases the
plasma corticosterone level.

One of the typical pharmacological actions of ginseng
is considered to be an immunomodulation (Kim er al,
1990; Lee et al., 1997). In support of these findings, our
previous studies have shown that oral administration of
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ginseng total saponin (GTS) exerts excellent protective
effects against morphine-induced depression of the B
cell and T cell functions (Lee et al., 1995). We also
have shown that the oral administration of GTS gen-
erally blocked the morphine-induced increase in the plas-
ma corticosterone, and apoptic cell death of thymocytes
(Kim et al,, 1999). However, the molecular mechanism
of Panax ginseng on the morphine-induced immunosup-
pression has not been reported yet.

The ternary complex model (De Lean et al, 1980)
predicts that the alterations in the receptor-G protein cou-
pling change the shape of the competition curve. There
have been reports showing that morphine in chronic ad-
ministration changed the opioid receptor-G protein cou-
pling (Puttfarcken et al., 1988; Nestler et al., 1989; Selly
et al., 1997). Interestingly, ginseng is known to possess
variety of pharmacological actions to antagonize the mor-
phine-induced alterpations in brain functions (Ramarao
and Bhargava, 1990; Suh er al., 1997; Kim et al., 1998).

Based on these results, in this study, we conducted a
series of experiments to study the molecular mechanisms
of morphine and GTS, focusing on the relationship
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between the physiological status of the experimental an-
imals and the opioid receptor-G protein interaction.

MATERIALS AND METHODS

Ginseng saponins

The ginseng total saponin extracted from Korean red
ginseng was provided by Korea Ginseng & Tobacco
Research Institute (Taejeon, Korea).
Cell culturing

NG108-15 cells were grown in Dulbecco's modified
Eagle's medium (DMEM, Gibco) supplemented with 10%
heat-inactivated fetal calf serum (FBS, Gibco) and HAT
(10 mM hypoxanthine, 10 mM aminopterin, 16.1 mM
thymidine).
Animal treatments

Balb/c mice were obtained from Korea Institute of
Chemical Technology Animal Center (Taejeon, Korea),
and were maintained on a 12-hr light/dark cycles. They
were freely accessible to food and water. Four to five
week old male balb/c mice were used. GTS (100 mg/kg,
oral) was administered once a day for 9 days, and mor-
phine was subcutaneously injected from 6th day to 9th
day (last 4 days). The route, dose, and period of ginseng
administration were determined based on the traditional
folk medicine and other studies (Ramarao and Bhargava,
1990; Kim er al., 1990). The mice were decapitated at
the 9th day, 2 hrs after drug treatments, and the blood
was collected from each mouse. For each step, any sus-
tained pain or noxious stimuli were not applied to the an-
imals.
Competitive binding studies of opioid receptors

Membrane proteins were prepared from the control,
morphine-treated, and morphine/GTS-treated animals. Stri-
atum or hypothalamus was removed and homogenized
with polytron homogenizer in lysis buffer (50 mM Tris

HCl, pH 7.6, containing 1 mM EDTA and 1 mM PMSF
and other protease inhibitors), and was centrifuged at
48,000 x g for 10 min at 4C. The same procedure was
repeated. Pellet was resuspended in 50 mM Tris-HCI,
pH 8.0, containing 5 mM MgCl..

For competition binding studies of p-opioid receptors,
150 ug of membrane protein was incubated with [H]
naloxone (Du Pont, 5 nM final) either in the absence or
in the presence of 50 uM GppNHp and 0.1 M NaCl
with increasing concentration (0.1-100 nM) of a specific
p receptor agonist, DAGO. For 8-opioid receptors, the
same procedures were followed except that it was con-
ducted both for the brain tissues and NG108-15 cells
using a & receptor-specific ligand and agonist. Mermbrane
proteins were incubated with [H]naltrindole (Du Pont,
Kd: 0.18 nM, 0.36 nM final) with increasing con-
centration of (0.1-1,000 nM) of DSLET. Nonspecific
binding was defined as the radioactivity remaining in the
presence of 10 nM naloxone. After 1 hr incubation at
37, the reaction was stopped by adding ice cold bind-
ing buffer (100 mM NaCl, 50 mM Tiis, and 5 M MgCL).
After vacuum filtration through GF/B filter, the radioac-
tivity was counted with liquid scintillation counter.

RESULTS AND DISCUSSION

Effects of GTS on the morphine-induced changes in
physiological parameters

Morphine treatments almost invariably induced phy-
siological changes such as the decrease in the body
weight increment rate, thymus and spleen weight, the in-
crease in serum corticosterone level, and the apoptosis in
thymocytes. The concomitant treatment with GTS usually
recovered those changes (Lee et al., 1995; Kim et al.,
1999; Table 1) but sometimes it failed to recover the
morphine toxicity (Table 2). In this study, we tried to ex-

Table I. Effects of morphine and GTS on body weight increment rate and immune organ weight (recovered by GTS)

Experimental Dose Change of % per Body Weight
Group (mg/kg) Body Weight (%) Thymus Spleen
Control - 2.75+2.26 0.1440.01 0.49+0.03
GTS 100 281+232 0.13+0.01 0.47+0.03
Morphine 20 —3.55+£2.21" 0.10+0.017 0.33+0.02"
Mor/GTS 20/100 2.2543.60* 0.12+0.01 0.380.02*

Mice were treated with GTS (100 mg/kg, oral) for 5 days, followed by morphine/GTS treatment for subsequent 4 days. Control mice
were treated with saline instead of morphine and GTS. Each value represents the mean+S.E. of 5-7 mice. Experiments were repeated
three times. ++: p<0.01, significance of difference compared with control group. +++: p<0.01, significance of difference compared
with control group. *: p<(.1, significance of difference compared with morphine-treated group.
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Table 1L Effects of morphine and GTS on the body weight increment rate and immune organ weight (deteriorated by GTS)

Experimental Group Dose (mg/kg)

Change of Body Weight (%)

% per Body Weight

Thymus Spleen
Control - 6.34+1.18 0.23+0.02 0.44+0.08
GTS 100 391274 0.250.03 0.37+0.06
Mosphine 20 0.56--3.38" 0.18+£0.027 0.3740.04
Mor/GTS 207100 ~2.34+3.617 0.15+0.04 0.314+0.02"

Mice were treated as in table 1. ++: p<0.01, significance of difference compared with control group.

plain this discrepancy in terras of the effects of morphine
and GTS on the affinity states of opioid receptors.
Effects of GTS on the affinity states of S-opioid recep-
tors when GTS recovered the morphine toxicity

Opioid receptors exist either in a high affinity state (G
protein-coupled) or low affinity state (uncoupled state).
According to the ternary complex model, agonists dis-
tinguish between the high and low affinity states, but an-
tagonists do not. Agonists have higher affinity for th
e receptor-G protein complex, and they displace an-
tagonists from the G protein-coupled receptors at lower
concentration. A nonhydrolyzable GTP analog, GppNHp
was used as a decoupling agent. The binding of agonists
to the opioid receptor is highly semsitive to nonhy-
drolyzable GTP analogs which (in the presence of Na)
cause a marked decrease in the affinity to the receptor
without changing the B, and promote the dissociation
of receptor-G protein-agonist complex (Childers, 1991).

Table 1 is one of the cases where GTS significantly re-
covered the morphine-induced changes in physiological
parameters. Membrane proteins were prepared from the
same amimals and the competition smdies were con-
ducted for the d-opioid receptors. The membrane pro-
teins were labelled with ['H]naltrindole, a specific an-
tagonist for & receptor (Kd: 0.18 nM, Yasuda et al,
1993). As the concentration of DSLET, a specific agon-
ist for 8 receptor (Kd: 21 nM, Yasuda er al., 1993), was
increased, [‘Hjnaloxone was competitively displaced
from the membrane protein (control group). When this
curve was compared with that of GppNHp-treated group
(GppNHp completely uncouples receptor-G protein), the
control curve was, shallower suggesting that the d8-opioid
receptor was G protein-coupled (Fig. 1). Morphine in-
creased the agonist-induced displacement of the high
affinity sites suggesting that the 8 receptor was shifted to
the high affinity state by the morphine treatments. GTS
partly recovered it. The same pattern was observed from
the hypothalamus (data not shown).
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Fig. 1. Effects of morphine and GTS on the d-opioid receptor-
G protein interaction in the mice striatum when GTS re-
covered the morphine actions. Mice were {reated as in table 1.
Membrane proteins were prepared from the striatum and
competition bindings wete conducted using [‘H]naltrindole
{0.36 nsM) and DSLET (3-1,000 uM). Each point represents
the average of three distinct measurements.

Effects of morphine on the affinity states of & receptor
in NG108-15 cells

To study the effects of morphine on the affinity states
of & receptor without the interference through the in-
teraction with p receptor, NG108-15 cells were chosen.
NG108-15 cell is a hybrid of mouse neuroblastoma and
rat ghioma, and it expresses mouse & receptors. In con-
trast to the results obtained from the striatal membrane
proteins as shown in Fig. 1, the morphine treatment (100
WM, 48 hrs) did not affect the shape of competition curve
suggesting that morphine did not affect the & receptor-G
protein interaction (Fig. 2).

The roles of the d-opioid receptor in the development
of morphine tolerance and dependence have been well es-
tablished (Abdelhamind er al, 1991; Miyamoto et al,
1993), nevertheless, the effects of morphine on 6-opioid
receptor were not consistent. Some reported that the treat-
ments of NG108-15 cells with & agonist down-regulated
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Fig. 2. Bffects of morphine on the S-receptor-G protein in-
teraction in NG108-13 cells. NG108-15 cells were trealed
with 100 pM morphine for 48 hrs. Competition bindings were
conducted as in fig. 1. Each point represents the average of
three distine! measurements.

the §-opioid receptor (Kim ef al., 1995), but others show-
ed that the morphipe-induced down-regulation of 6-
opioid receptor was observed only in the presence of
functional | receptors in the same cell (Baumbaker et al.,
1993; Jiang et al,, 1990; Palazzi er al, 1996). Qur study
supports the latter, that is, the modulation of 8-receptor
by morphine might require the interaction between & and
[ receptors. '

Effects of GTS on the affinity states of p-opioid recep-
tors when GTS recovered the morphine toxicity

Effects of morphine and ginseng on the [ receptor-G
protein coupling were technically difficult to study, Since
we did not have a specific radio-labeled antagonist for the
U receptor other than ["Hinaloxone, DAGO (Kd, 0.57 nM,
Martin and Eades, 1966), a specific y receptor agonist dis-
placed only a small proportion of the ['H] naloxome
bound from brain tissue, at most 40 to 50 %. In addition,
morphine treatments have been known to bring in com-
plicate effects on W receptor making it more difficult to
interpret, furthermore, these effects seemed to vary de-
pending on the brain regions studied (Sim er al., 1996;
Petruzzi ef al., 1997).

As shown in Fig. 3, in the striatum prepared from ex-
perimental animals treated with the morphine, DAGO, a
specific w agonist, more readily displaced [*H]naloxone
binding compared with the control group, suggesting
that morphine increased the affinity of p receptor to the
agonist. Surprisingly the concomitant administration of
GTS and morphine consistently shified the competition
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Fig. 3. BEffects of morphine and GTS on the p-opioid
receptor-G protein interaction in mice striatum when GTS
recovered the morphine actions. Mice were treated as in table
1. Competition bindings were conducted using ["H]naloxone (5
nM) and DAGO (0.1-30 nM). Each point represents the aver-
age of three distinct measurements.

curve far to the right suggesting that the u receptor was
uncoupled from G protein. This would result in inef-
ficient signaling through | receptor.
Effects of GTS on the affinity states of -opioid recep-
tors when GTS failed to recover the morphine toxicity
Occasionary, as shown in Table 2, GTS failed 1o re-
cover the morphine toxicity, rather it deteriorated the phy-
siological parameters. Competitive binding studies were
conducted from the same experimental animals using the
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Fig. 4. Effects of morphine and GTS on the p-opioid
receptor-G protein interaction in mice striatum when GTS
failed to recover the morphing actions. Mice were treated as
in table 1. Competition bindings were conducted using ["H]
naloxone (5 nM) and DAGO (0.01-100 nM). Each point re-
presents the average of three distinct measurements.
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Fig. 5. Effects of morphine and GTS on the p-opioid receptor-
G protein interaction in mice hypothalamus when GTS failed
to recover the morphine actions. Mice were treated as in table
1. Competition bindings were conducted using ["H}naloxone (5
nM)} and DAGO (0.01-100 sM). Bach point represents the
average of three distinct measurements.

membrane proteins prepared from the striatum and hy-
pothalamus.

Fig. 4 shows the competitive binding curves from the
striatum, Compared with the control group of the Fig. 3
(where GTS recovered the morphine toxicity), the com-
petition binding curve did not show a good shallow-
shape suggesting that the coupling between the it re-
ceptor and G protein is different from Fig. 3. GTS itself
did not cause any noticeable change in the shape of com-
petition curve but morphine shifted the competition curve
to the far right side with a steeper slope (G protein is un-
coupled). Interestingly the concomitant treatment with
GTS recovered the shape of morphine-induced competi-
tion curve close to that of control group in Fig. 3.

Fig. 5 shows the effects of morphine and GTS on the
competition curve in the hypothalamus for the yt receptor.
The membrane proteins were prepared from the same ex-
perimental animals in the Table 2 (Fig. 4). The effects of
morphine on § receptor from the hypothalamus were sim-
dlar to those from striatum (Fig. 4) but GTS exerted to-
tally different effects (Fig.4 vs Fig.5). The control group
showed a good G protein-coupled curve and GTS itself
did not exert any significant effect on the competition
curve. Morphine shifted the competition curve to the right
as in the striatum (vncoupling, Fig. 4), however, con-
comitant treatment with the morphine and GTS only
slightly enhanced morphine-indoced the uncoupling of U

receptor. We do pot have any clear explanation for this
discrepancy between the striatum and hypothalamus from
the same experimental animals. The biological en-
vironments might be different in two brain regions.

When we compared the Fig. 3 (Table 1, the toxicity
was fecovered by GTS) and the Fig. 4 (Table 2, the toxi-
city was worsened by GTS), the affinity states of ft re-
ceptors in two control groups were different. Because a
number of experimental variables are involved with the
differences between two studies, it is hard to discuss
them separately, however, at the least, the differences in
the states of | receptor-coupling with G protein might be
the starting point for the discussion.

Even though morphine exerted deteriorative effects on
the physiological parameters (morphine toxicity) both in
Fig. 3 and Fig. 4, the effects of morphine on the affinity
states of | receptor were totally different. In Fig. 3, mor-
phine increased the affinity of p receptor to the agonist
(G protein-coupled), but in Fig. 4, it significantly decre-
ased it (G protein-uncoupled). This discrepancy might re-
flect the different functional states of experimental an-
imals, especially in connection with opivid receptors. We
speculate that the morphine administration might put the
animals either in the tolerant or in the abstinent state de-
pending on the affindty states of U receptors at the rest-
ing condition. It has been reported that analgesic and the
cellular immune functions could be differently regulated
depending on the status of the experimental animals,
whether they are in physical tolerance or abstinence con-
dition (Albrecht et al., 1997). The effects of morphine
and GTS might just follow the path set by the affinity
states of L receptor at the resting states.
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