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Abstract

The present study was undertaken to determine the
inhibitory effects of orally administered ginseng saponins
(SP). protopanaxadiol saponins (PD). and protopanaxatriol
saponins (PT) on the development of morphine-induced
tolerance and physical dependence in mice. The study
also sought to determine the hepatic glutathione contents.
which are closely related to the degree of detoxification of
morphinone. a novel metabolite of morphine. and to deter-
mine the effects of GS on morphine 6-dehydrogenase. which
catalyzes the production of morphinone from morphine. and

the roles of spinal descending inhibitory systems in the

production of antagonism. The results of the present study

showed that GS. PD and PT administered orally inhibited
the development of morphine induced tolerance and depen-
dence. GS. PD and PT inhibited the reduction of hepatic
glutathione concentration in mice treated chronically with
morphine and the activity of morphine 6-dehydrogenase. and
the activation of spinal descending inhibitory systems was
inhibited by GS. So we hypothesized that the results were
partially due to the dual action of the test drugs. the
inhibition of morphinone production and  the  activated
formation of morphinone-glutathinone conjugation. and the
inhibition of the activatin of spinal descending inhibitory
systems and the others.

It is generally known that Panax ginseng has been used
as tonics for thousand years. But Kim and his coworkers”
(1967) reported that a folk medicine prescribed by seven
herbal drugs including Panax ginseng has been used as
antinarcotics in the treatment of mophine tolerant-de-
pedent patients. and its effective component was keratin
of Manis squama. But there were no reports that dis-
cussed the effects of Panax ginseng in the treatment of
morphine tolerant-dependent patients.

For this rcason, we started to work with Panax ginseng
in the antinarcotic aspects™*.

The Ist table shows the traditional prescription including
Panax ginseng which has been used as antinarcotic drug.

Table 1. Traditional prescription for the treatment of morphine
tolerant-dependent patient

Ginseng Radix

Euphobiae Pekinensis
Manis squama

Zizyphi Spinosi Semem
Angelicase Gigantis Radix
Cnidii Rhizoma

Paeoniae Radix

The topics about the antinarcotic actions of Panax
ginseng which I am going to talk about mainly today
as follows +

1. Inhibition of the development of morphine tolereance and
dependence.

2. Increase in the hepatic glutathione contents which are
closely related with degree of detoxication of morphinone.
a novel and active metabolite of morphine during chronic
morphinization.

3. Inhibition of morphine 6-dehydrogenase which catalyzes the
production of morphinone from morphine.

4. Antagonism of morphine analgesia on mechanical and
thermal  nociception by systemic, intracerebral and
intrathecal pretreatments of ginseng saponin.

Inhibition of the development of morphine tolerance
and dependence : The Ist figure tells the inhibiton
effect of ginseng saponin (GS). protopanaxadiol saponin
(PD) and protopanaxatriol saponin (PT) on the development
of morphine tolerance.

To induce morphine tolerance in mice. 10mg/kg of mor-
phine was administered (s.c.) to mice once a day for a
period of 6 days. Meanwhile each of the ginseng saponins
was administered to the mice 3 hrs in advance to morphine
injection daily. A tolerance test to Smg/kg of morphine was
determined every 30 min for 2 hours by the tail flick
method on day 7 and calculated as % of the control by
AUC. method. 24 hrs after the final injection of morphine.
The AUC value was expressed as % of the control on the
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Fig. 1.  Effects of GS. PD and PT administered orally on

tolerance to the.analgesic action of morphine in mice.
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ordinate. The inset white column represents the morphine
control group as 100%, GS 50 mg/kg treated group. inset
sliding bars represents 3 times. GS 200mg/kg treated group.
inset horizontal bars 82 times. PT 50 mg/kg treated
group inset sliding bars. 6 times and PT 200 mg/kg
treated group, inset horizontal bars 8 times compared
with that of the morphine control group while both of
the PD treated groups are shown to be not so effective
as the others.

The 2nd figure shows the inhibitory effects of GS. PD
and PT on the development of morphine dependence by
naloxone 1 mg/kg induced withdrawal scores. Additional
groups of mice that had received the same morphine and
ginseng saponins as described before were used to determine
naloxone 1 mg/kg induced withdrawal scores 24 hrs after
the final injection of morphine. The scoring was made for
30 min immediately after the injection of naloxone. Scoring
is as follows : jumping. diarrhea 2. rearing. grooming,
defecation. wet dog shake. writhing and ptosis 1. The
morphine control group. the inset white column. re-
presents 100% of withdrawal scores. Most of the
200 mg/kg of GS. PD and PT treated groups show about
70% of withdrawal scores. The inhibition degree of
dependence tells the decrease in the scores of withdrawal si-
gns. ,
Increase in the hepatic glutathione contents : The
3rd figure tells the inhibitory effects of GS. PD and PT
on the hepatic glutathione level decrease in mice by daily
injection of morphine for 6 days. Other additional groups
of mice that had received the same morphine and ginseng
saponin as described before were used to determine the
hepatic glutathione levels by the modified Ellman's
method.”

The glutathione contents in mice treated with only GS,
PD and PT are shown on the upper panel. Those values
are generally a little bit higher than that of the saline
control group.

The lower panel tells the values of ginseng saponins
and morphine treated groups. but most of the values
of the glutathione contents in ginseng treated groups
show higher than that of the morphine control group.
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Fig. 2. Effects of GS. PD and PT on the development of
morphine dependence in mice by the naloxone induced withdra-
wal syndrome.
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Schole et al® (1978) reported that ginseng extract
increased the hepatic glutathione levels in rats as we
observed by the similar increased in ginseng saponins
treated mice. The present results show that ginseng
saponins inhibited the reduction of hepatic glutathione
levels by daily injection of morphine for 6 days.

Inhibition of morphine 6-dehydrogenase . The 2nd
table shows the inhibitory effects of GS. PD and PT on
guinea pig liver morphine 6-dehydrogenase. Morphine
6-dehydrogenase was prepared and assayed by Yamano's
method.” PT functioned as effective inhibitor. We found
that. PT is a little more effective than naloxone. The
enzyme was inhibited about 50% by 001% PT (corres-
ponding to approximately 0.125mM based on an average
M.W. 800) at the physiological condition (pH 7.4).

The 4th figure tells the metabolism of morphine to
morphine and its SH conjugate.

Morphine 6-dehydrogenase catalyzes the production of
morphine from morphine and a part of the produced
morphinone is nonenzymatically conjugated with non
protein-SH at the opiate receptor to produce tolerance.
The rest goes to form morphinone-glutathione conjugate
for detoxication and excretion. Ginseng saponin increased
the production of hepatic non protein-SH levels, the
formation of morphinone-glutathione conjugate and its
excretion while it inhibited morphine 6-dehydrogenase
which catalyzed the production of morphinone from
morphine. This result suggests that the dual action of
the above plays an important role in the inhibition of
the development of morphine tolerance and dependence.

The Sth figure shows the binding mechanism of mor-
phine and morphinone with opiate receptors. Morphinone
can not produce normal analgesic effects after morphinone
is conjugated with non protein-SH at the opiate receptor
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Fig. 3. Effects of GS. PD and PT on the inhibition of hepatic
glutathione level decrease in mice.
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Table 2. Effects of ginseng total saponins, protopanaxadiol and protopanaxatriol on guinea pig liver morphine 6-hydrogenase

Inhibition (%)

Saponin fraction Concentration (%) with NADP with NAD
at optimum pH at pH 74 at optimum pH at pH 74
1.0 36.6 - - -
Ginseng total saponins 0.1 79 18.1 9.5 9.1
0.01 0 36 0 Q
0.001 0 0 0
1.0 449 — - —
Protopanaxadiol 1.0 7.3 15.5 69 9.1
0.01 0 0 0 0
0.001 0 0 0 0
Protopanaxatriol 1.0 - - -
0.1 678 444 67.3
0.01 - SL1 28.6 454
0.001 119 4.8 —
0.0001 39 0 —

—, not determined

site like this, but at the normal opiate receptors morphine can
produce analgesic effects this way.

Antagonism of morphine analgesia on mechanical
and thermal nociception: The 6th figure shows the
pain transmisston and spinal decending inhibitory systems.
The analgesic action of morphine is the result of direct
or indirect inhibition pain transmission in the spinal
dosal horn. The analgesic action of systemic morphine
in analgesic doses is primarily mediated by the activation
of the descending inhibitory systems. Recent studies
(Kuraishi et al(1983)) have shown that descending in-
hibitory systems consist in part of the noradrenergic and
serotonergic systems. The noradrenergic descending in-
hibitory system in mechanical nociception (tail pinch
test) and the serotonergic system in thermal nociception
(tail flick test) play more important roles respectively
in the production of morphine analgesia. For this reason
1 am going to tell whether the analgesic action of mor-
phine in analgesic doses on mechanical (tail pinch test)
and thermal (tail flick test) nociception is antagonized
by 1) systemic (100 mg/kg of GS ip.) 2) intracerebral®
(40 ug/body ic) and 3) intrathecal™ (40ug/body it)
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Fig. 4. Metabolism of morphine to morphine and its conjugates.

pretreatments of ginseng saponins and its reversal by
L-DOPA or 5-HPT to check the acting sites of antagonism
and the roles of spinal descending inhibitory systems
in the production of antagonism.

The analgesic action or morphine 5 mg/kg (s.c.) was
determined by the tail pinch or tail flick method as I
descirbed before and calculated as % of the control by
the AUC method and compared with that of the mice
pretreated with ginseng saponin.

The 7th figure shows antagonism of morphine analgesia
in the tail pinch test by ginseng saponin and morphine
injected systemically in mice. and its reversal by L-DOPA
or 5-HPT.

The inset white column represents the analgesic
activity of morphine 5 mg/kg as 100%. the parallel cut
out lines column the antagonized activity of morphine
Smg/kg by the pretreatment of ginseng saponins
100 mg/kg. and the others, the suppression of antaginism
by 10. 30 and 50 mg/kg of L-DOPA or 5-HTP.

In the tail pinch test (Fig. 7). analgesic action of mor-
phine §$ mg/kg administered subcutaneousely was antagonized
by 50% with the ip. pretreatment of ginseng saponin 100
mg/kg. but the suppression of morphine antagonism by L-
DOPA was more predominant than that of 5-HTP.

In the tail flick test (Fig. 8). analgesic action of mor-
phine was antagonized by about 20% with the ip.
pretreatment of ginseng saponin 100 mg/kg. and its
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Fig. 5. Binding mechanism of morphine and morphinone
with opiate receptor.
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Fig. 6. Pain transmission and inhibition of peptides
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Fig. 7. Antagorism of morphine analgesia in the tail pinch
test by ginseng saponin (GS) and morphine injected sys-
temically in mice. and its reversal by L-DOPA or 5-HPT.
100mg/kg of GS(i.p.) was injected 3hrs before Smg/kg of mor-
phine(s.c.). 10. 30 and 50 mg/kg of L-DOPA or 5-HPT (i.p.) were
given 30 min before morphine injection.

*n<005. **pc0.0l. compared with that of morphine (Mor).
*p<003. * *p<0.0). compared with that of GS+Mbr.
Morphine control @ G.S + Mor

GS + Mor + 10 mg/kg of L-DOPA or 5-HTP

GS + Mor + 30 mg/kg of L-DOPA or 5-HTP

GS + Mor + 50 mg/kg of L-DOPA or 5-HTP
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Fig. 8. Antagonism of morphine analgesia in the tail flick
test by GS and morphine injected systemically in mice. and
its reversal by L-DOPA or S-HTP. 100mg/kg of GS (ip)
was injected 4 hrs before 5 mg/kg of morphine (sc). 10.
30 and 50 mg/kg of L-DOPA or 5-HTP (ip) were given
30 min before morphine injection.
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Fig. 9. Antagonism of morphine analgesia in the tail pinch
test by GS and morphine injected systemically in mice. and
its reversal by L-DOPA or 5-HTP. 40 ug/kg of GS (i.p.) was
injected 2 hrs before S mg/kg of morphine (sc). 10. 30 and
50 mg/kg of L-DOPA or 5-HTP (i.p.) were given 30 min before
morphine injection.
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Fig. 10. Antagonism of morphine analgesia in the tail flick
test by GS (ic.) and morphine injected systemically in mice.
and its reversal by L-DOPA or 5-HTP. 40 ug/kg of GS
was injected 3 hrs before 5mg/kg of morphine injection
(s.c.). 10, 30 and 50 mg/kg of L-DOPA or 5-HTP (i.p.) were given
30 min before morphine injection.
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Fig. 11. Antagonism of morphine analgesia in the tail pinch
test by GS (it) and morphine injected systemically in mice.
and its reversal by L-DOPA or 5-HTP. 40 ug/kg of GS was
injected 2 hrs before 5 mg/kg of morphine injection (s.c.).
10. 30 and 50 mg/kg of L-DOPA or 5-HTP (ip) were
given 30 min before morphine injection.
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Fig. 12. Antagonism of morphine analgesia in the tail flick
test by GS (i.t) and morphine injected systemically in mice,
and its reversal by L-DOPA or 5-HTP. 40 ug/kg of GS (ip.)
was injected 3 hrs before 5 mg/kg of morphine (s.c). 10. 30
and 50 mg/kg of L-DOPA or 5-HTP (i.p.) were given 30 min
before morphine injection.

reversal by S-HTP was more predominant than that of L-
DOPA

In the tail pinck test (Fig. 9). analgesic action of mor-
phine S mg/kg administered subcutaneousely was antagonized
by 45% with the intracerebral pretreatment of ginseng sapo-
nin (40 ug/body) and its reversal by L-DOPA was more pre-
dominant than that of 5-HTP.

In the tail flick test (Fig. 10.). analgesic action of
morphine  5mg/kg administered subcutaneousely was
antagonized by 350% with the intracerebral pretreatment
of ginseng saponin 40 ug/body and its reversal by S-HTP
was more predominant than that of L-DOPA.

In the tail pinch test (Fig.11l.). analgesic action of
morphine  5Smg/kg administered subcutaneousely was
antagonized by 45% with the intrathecal pretreatment of
ginseng saponin 40 ug/body and its reversal by L-DOPA
was more predominant than that of 5-HTP.

In the tail flick test (Fig. 12.). analgesic action of
morphine 5mg/kg administered subcutaneousely was
antagonized by 45% with the intrathecal pretreatment of
ginseng saponin 40 ug/body and its reversal by S-HTP
was more predominant than that of L-DOPA.

The summary of morphine antagonism by ginseng saponin
as follows ;

. The analgesic action of systemic morphine in analgesic
doses on mechanical and thermal nociception was
antagonized by sysiemic. intracerebral and intrathecal
pretreatment of ginseng saponin.

. L-DOPA in the tail pinch test and 5-HPT in the tail
flick played respectively more important roles in the
supression of morphine antagonism by ginseng saponin.

3. The above results suggest that ginseng saponins inhibit
the activation of the spinal descending inhibitory nor-
adrenergic and serotonergic systems as well as the
activation of the inhibitory cerebreal-PAG system including
thalamus.
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F. Soldati: You have used ginsenosides concentratic:
in the range of 100 mg/kg ip. in mice. Would you injedi
such quantities into man? Do you expect any side effects
such as hemolysis?

H.S.Kim : No. 1 didn"t inject that dosage in man and 1
didn"s expect any side effects.

T.Y.Lee : May I comment on the previous question for
the possibility of causing hemolysis by the dosage of
ginsenosides? It has been well recognized that ginseng
saponins do not show hemolysis. Recently. we confirmed
that ginsenosides do not exhibit photohemolysis induced
by singlet oxygen rather than causing hemolysis. Also |
would like to point out that some of the polyacetylene
components exhibit protective activity against photohemoly-
sis.
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