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KIM, H.-S., K.-W. OH, H.-M. RHEU AND S.-H. KIM. Antagonism of U-50,488H-induced antinociception by ginseng
total saponins is dependent on serotonergic mechanisms. PHARMACOL BIOCHEM BEHAV 42(4) 587-593, 1992, — Mor-
phine-induced antinociception was prevented by pretreatment with ginseng total saponins in the tail-pinch and tail-flick tests
carried out in mice. The antinociceptive effect of U-50,488H, a selective x-opioid receptor agonist, was prevented by naloxone,
a nonselective opioid receptor antagonist, in the tail-pinch but not in the tail-flick test. However, U-50,488 H-induced antinoci-
ception was prevented by ginseng total saponins in the tail-flick but not in the tail-pinch test. These results indicate that
nonopioid mechanisms are involved in the antagonism of U-50,488H-induced antinociception by ginseng total saponins. In
addition, the antagonism of U-50,488H-induced antinociception in mice pretreated with ginseng total saponins was abolished
by pretreatment with a serotonin precursor, S-hydroxytryptophan, but not by a noradrenaline precursor, L-dihydroxyphenylal-
anine, in the tail-flick test. Therefore, it appears that the antagonism of U-50,488H-induced antinociception by ginseng total

saponins is dependent on serotonergic mechanisms.

U-50,488H-induced antinociception Antagonism

Ginseng total saponins

Serotonergic mechanisms

U-50,488H displays antinociceptive actions in a variety of
assays (thermal, pressure, and irritant) in mice and rats (10).
Since different opioids exhibit different specificities toward
different receptor types, tolerance development to U-50,488H
might be qualitatively different from that of morphine. These
observations suggest that the antinociceptive effects of U-
50,488H and morphine are mediated via different opioid re-
ceptors. U-50,488H-induced antinociception appears to be
mediated by the so-called x-opioid receptor (24).

Of special interest is the work of VonVoigtlander et al.
in mice, which showed that the depletion of serotonin with
p-chlorophenylalanine (PCPA) slightly reduced morphine-
induced antinociception but resulted in a marked antagonism
of U-50,488H analgesic potency in the tail-flick (TF) and hot
plate assays (25). And, the antagonism by PCPA was abol-
ished by pretreatment with the serotonin precursor, 5-hydrox-
ytryptophan (5-HT), suggesting that the serotonergic system
could be involved in the opioid receptor subtypes (25). The
association of serotonin with pain pathways has been widely
studied and reviewed (11,15), as has the more controversial
relationship of the serotonergic system and morphine analge-
sia (14).

Kim et al. reported that ginseng total saponins (GTS) pre-
vented morphine-induced antinociception, and the antagonis-
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tic effect of GTS on morphine-induced antinociception was
presumed to be associated with the reduction of the brain
biogenic monoamines (7). Similar findings were obtained with
reserpine (20). There has been another report that the daily
administration of ginseng extract for 5 days decreased the
serotonin levels in the brain stem, as well as cerebral cortex,
in rats (17).

For these reasons, it is of interest to test whether GTS
prevents the U-50,488H-induced antinociception and also
whether antagonism of U-50,488H-induced antinociception
by GTS is dependent on serotonergic mechanisms.

METHOD
Animals

Male mice of the ICR strain weighing 12-15 g were pur-
chased. They were kept at an ambient temperature of 22 +
1°C and given normal laboratory diet and tapwater ad lib.
After their weights increased to 18-20 g, they were employed
for these experiments.

Drugs and Administration Schedule

The following compounds were used: morphine-HCI
(Dae-Won Pharm. Co., Korea), naloxone-HCI (Sigma, St.
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FIG. 1. Antinociceptive effect of morphine 5§ mg/kg and its antagonism by naloxone in the (A) TP and (B)
TF tests. Naloxone (Nx) 2 mg/kg or saline was injected 10 min prior to morphine (Mor) 5 mg/kg. Antinocicep-
tive effect was measured by TP or TF method every 30 min for 120 min after morphine injection. Each point
is the mean + SE of at least 10 mice.
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FIG. 2. Antinociceptive effect of morphine and its antagonism by GTS in the TP (upper panel) and TF (lower
panel) tests. GTS 100 mg/kg or saline was injected 3 h in the TP test and 4 h in the TF test prior to morphine
(Mor) 5 mg/kg. Antinociceptive effect was measured by TP or TF method every 30 min for 120 min after
morphine. (A) Changes in the TP response and in the TF latencies; (B) data in panel (A) transformed into
area under time latency (or response) curve (AUC) after subtraction of basal values. *p < 0.05, **p < 0.0l
(values are significantly lower than the control values as determined by Student’s r-test).
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Louis, MO), U-50,488H (Sigma), L-dihydroxyphenylalanine
(L-DOPA, Sigma), 5-HT (Sigma), and GTS [saponins mixture
containing at least 10 glycosides known as ginsenosides from
Panax ginseng C. A. Meyer, extracted and purified by Namba
et al.’s method (16) and supplied by Korea Ginseng and To-
bacco Research Institute]. L-DOPA and 5-HT as suspensions
in CMC and other drugs as solutions in saline were adminis-
tered in a volume of 0.1 mi/10 g body weight. Naloxone 2
mg/kg was injected IP 10 min prior to morphine S mg/kg
(SC) or U-50,488H 30 mg/kg (SC). GTS was injected IP 3
h prior to administration of morphine or U-50,488H in the
tail-pinch (TP) test and 4 h prior to in the TF test, because the
maximal antagonisms at these time intervals were observed
through preliminary experiments, respectively. Thirty or 100
mg/kg L-DOPA or 5-HT was injected IP 30 min prior to
injection of U-50,488H.

Measurement of Antinociception

The antinociceptive effects of analgesics were determined
by using the TP method by a modified Haffner’s method (19)
and using the TF method as described by D’Amour and Smith
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(4). The TP responses to mechanical stimulation and the TF
latencies to thermal stimulation were determined before and
at 15- or 30-min intervals after drug injection for a period of
60 or 120 min in these experiments. The basal responses for
the TP test and the basal latencies for the TF test were found
to be approximately 1 and 2 s, respectively. A cutoff time of 6
s for the TP test and 10 s for the TF test was used to prevent
injury to the tail. The antinociceptive effects were calculated
as area under the curve (AUC) by plotting the changes in
response (or latency) time (s) on the ordinate and the intervals
(min) on the abscissa. The data were expressed as percent of
the effect obtained in control animals.

Statistics
The data were expressed as mean *+ SE and were analyzed
by the Student’s ¢-test.
RESULTS

Morphine-induced antinociception was completely pre-
vented by pretreatment with naloxone in both the TP and
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FIG. 3. Antinociceptive effect of U-50,488H and effect of naloxone in the TP (upper panel) and TF (lower
panel) tests. Naloxone 2 mg/kg or saline was injected 10 min prior to U-50,488H (U) 30 mg/kg. Antinocicep-
tive effect was measured by TP or TF method every 15 min for 60 min after U-50,488H. For other details, see

Fig. 2.
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TF tests (Fig. 1). In preliminary experiments, the effect of
morphine alone and the combined effects of morphine and
GTS were investigated at various time intervals. The maximal
antagonistic effects were observed 3 h prior to administration
of morphine in the TP test and 4 h prior to administration of
morphine in the TF test. The antinociceptive effect of mor-
phine 5 mg/kg was lowered to about 60% in the TP test and
20% in the TF test by GTS 100 mg/kg. The antagonistic effect
of GTS was more effective in the TF test than in the TP test
(Fig. 2).

U-50,488H-induced antinociception was completely sup-
pressed by naloxone 2 mg/kg in the TP but not in the TF test
(Fig. 3). U-50,488H-induced antinociception was significantly
prevented by GTS 100 mg/kg in the TF test but not in the TP
test (Fig. 4).

When L-DOPA or 5-HT was injected 30 min prior to
administration of U-50,488H to mice pretreated with GTS,
L-DOPA 30 and 100 mg/kg did not abolish the antagonism
of U-50,488H-induced antinociception by GTS (Fig. 5),
but 5-HT 30 and 100 mg/kg abolished the antagonism of

KIM ET AL.

U-50,488H-induced antinociception by GTS up to the normal
level (Fig. 6). However, although GTS at 100 mg/kg alone
produced an antinociceptive effect it was not observed 3 h in
the TP test and 4 h in the TF test after administration of
GTS. L-DOPA and 5-HT did not affect U-50,488H-induced
antinociception in mice (data not shown).

DISCUSSION

We reported that the standardized ginseng extract G115
[trademark for the standardized ginseng extract containing
4% ginsenosides (Pharmaton Ltd., Lugano-Bioggio/Switzer-
land)] inhibited the development of morphine-induced toler-
ance without antagonizing morphine-induced antinociception
in mice (6). However, GTS separated from ginseng extract
prevented morphine-induced antinociception and also in-
hibited the development of morphine-induced tolerance (8).
Therefore, it is proposed that GTS is able to antagonize mor-
phine-induced antinociception.
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FIG. 4. Antinociceptive effect of U-50,488H and effect of GTS in the TP (upper panel) and TF (lower panel)
tests. GTS 100 mg/kg or saline was injected 3 h in the TP test and 4 h in the TF test prior to U-50,488H 30
mg/kg. Antinociceptive effect was measured by TP or TF method every 15 min for 60 min after U-50,488H.

For details, see Fig. 2. **p < 0.01.
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FIG. 5. Antagonism of U-50,488H-induced antinociception in the TF test by GTS and its effect of L-DOPA.
GTS 100 mg/kg was injected 3 h prior to U-50,488H 30 mg/kg. L-DOPA 30 or 100 mg/kg was given 30 min
prior to U-50,488H. Antinociceptive effect was measured by TP or TF method every 15 min for 60 min after
U-50,488H. For other details, see Figs. 2 and 4. **p < 0.01, compared with that of U-50,488H.

The antinociceptive effect of morphine 5 mg/kg was com-
pletely prevented by naloxone in the TP and TF tests. But,
U-50,488H-induced antinociception was completely prevented
by naloxone in the TP test but was not prevented in the TF
test as Takahashi et al. observed (21). Therefore, U-50,488H-
induced antinociception involves at least two mechanisms,
opioid and nonopioid forms, on the basis of criteria such as
reduction by naloxone (28). As the nonopioid mechanism,
catecholaminergic (3,9,21), serotonergic (2,3,5), and choliner-
gic (12,13) mechanisms were involved in the production of
various physical stress-induced analgesia. This may occur in
combination with an opioid mechanism (3,9,12,21). In agree-

ment with our findings, psychological stress-induced analgesia
is completely prevented by naloxone in the TP but not in the
TF test (21). These findings provide further support that two
separate systems can regulate nociceptive TP and TF re-
sponses. The antinociceptive effect of U-50,488H that is an-
tagonized by naloxone in the TP test is mediated by opioid
mechanisms, but the effect not antagonized by naloxone in
the TF test is mediated by nonopioid mechanisms. However,
U-50,488H-induced antinociception was prevented by GTS
but not by naloxone in the TF test, whereas the effect was
prevented by naloxone but not by GTS in the TP test. These
results indicate that the antagonistic effect of GTS on U-
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FIG. 6. Antagonism of U-50,488H-induced antinociception by GTS in the TF test and its abolition by 5-HT.
GTS 100 mg/kg was injected 4 h prior to U-50,488H 30 mg/kg. 5-HT 30 or 100 mg/kg was given 30 min
prior to U-50,488H. Antinociception was measured by TF method every 15 min for 60 min after U-50,488H.
For other details see Figs. 2 and 4. **p < 0.01, compared with that of U-50,488H; #p < 0.05, ##p < 0.01,

compared with that of GTS + U-50,488H.
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50,488H-induced antinociception was substantially different
from that of naloxone. Therefore, nonopioid mechanisms are
implicated in the antagonism of U-50,488H-induced antinoci-
ception by GTS.

In agreement with the present study, we previously re-
ported that catecholaminergic and serotonergic mechanisms
are involved in the antagonism of morphine-induced antinoci-
ception by GTS in mice (7). The inhibitory effect of GTS in
isolated guinea pig ileum and mouse vas deferens showed the
direct action of GTS on smooth muscle preparations without
the involvement of cholinergic or noradrenergic mechanisms
on the opioid receptors (26). The inhibition of the develop-
ment of morphine tolerance by GTS in guinea pig ileum was
mediated through an effect on the cholinergic system without
involvement of direct action on opioid receptors (27). Further-
more, recent study showed that the analgesic response to mor-
phine was antagonized by ginseng extract, suggesting this
pharmacological action was mediated by a nonopioid mecha-
nism (18).

In terms of serotonergic mechanisms, antagonisms of mor-
phine by reserpine and PCPA have been widely studied in
the mice and rats, indicating an important contribution of
serotonergic mechanisms to morphine-induced antinocicep-
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tion (1,20,23). Recently, it was reported that U-50,488H-
induced antinociception was highly dependent upon serotonin
(5-HT) in the mouse TF test, whereas morphine analgesia was
minimally reliant on 5-HT. Under the same conditions, it sug-
gests that x-opioid analgesia, in contrast to u-opioid analge-
sia, is manifested principally through serotonergic pathways
(25). In addition, S-HT antagonists, cyproheptadine, ketan-
serine, and pirenperone caused dose-related antagonism of
U-50,488H in the TF test (24). None of the 5-HT antagonists
significantly affected morphine analgesia. Based upon the an-
tagonism of U-50,488H by selective S-HT depletors and vari-
nous antagonists, it is proposed that x-opioid analgesia is de-
pendent on serotonergic mechanisms.

Ginseng extract decreased serotonin levels in the brain stem
and cerebral cortex (17). In these experiments, GTS prevented
U-50,488H-induced antinociception in the TF test and the an-
tagonism was abolished by pretreatment with 5-HT but not
by L-DOPA. This is also in agreement with the result that
the loss of x-opioid analgesia by reserpine was abolished by
treatment with 5-HT. In this regard, the present results pro-
vide additional evidence that x-opioid analgesia is dependent
on serotonergic mechanisms as was demonstrated by Von-
Voigtlander et al. (24).
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