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In a previous study, we reported that ginseng extract has anxiolytic-like effects in the elevated plus-maze
model and that the ginseng saponin fraction plays an important role. This experiment was performed to investi-
gate the anxiolytic-like effects of ginsenosides Rb,, Rg,, Rg;-R, and Rg;-S, and the Rg; and Rk mixture isolated
from the ginseng saponin fraction in the elevated plus-maze. Furthermore, the anxiolytic-effects of Rb,, Rg,, Rg,-
R, Rg;-S, and the Rg; and Rk mixture were compared with those of a well-known active anxiolytic drug (di-
azepam). The oral administration of ginsenoside Rb, significantly increased the number of open arm entries and
the time spent on the open arm compared with those in the vehicle-treated group. Ginsenoside Rg; and the Rg;
and Rk mixture also significantly increased the number of open arm entries and the time spent on the open arm.
However, ginsenosides Rg,-R and Rg;-S did not increase the number of open arm entries or the time spent on the
open arm. On the other hand, ginsenoside Rb, and the Rg; and Rk mixture decreased locomotor activity in a
manner similar to diazepam. These data indicate that ginsenosides Rb,, Rg,, and the Rg; and Rk mixture have
anxiolytic-like effects, but ginsenosides Rg;-R and Rg;-S do not in this model. We provide evidence that some gin-

senosides may be useful for the treatment of anxiety.
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Anxiety affects one-eighth of the total population world-
wide and has become a very important area of research inter-
est in psychopharmacology during this decade.” Benzodi-
azepines are still the most frequently used drugs for the treat-
ment of generalized anxiety disorder despite their undesir-
able side effects such as muscle relaxation, sedation, physical
dependence, memory disturbance, and interaction with other
drugs.?

In recent years, the development of new anxiolytics has
been an area of interest. Various types of herbal medicines
have been used as anxiolytic agents in different parts of the
world.” The root of the kava plant from the tropical Pacific
region, St. John’s wort extract from Europe, and the saponin-
containing fraction of the leaves of Albizzia lebbeck from
India are known to have anxiolytic effects.*® Panax
ginseng, as a folk medicine, is one of the most commonly
and widely used herbal medicines in Oriental countries such
as Korea, China, and Japan. Ginseng has also long been used
traditionally for the treatment of psychiatric disorders such as
anxiety and depression. It was reported that Panax ginseng
extract stabilized sleeping in food-deprived rats.” Ginseng
saponins prolonged pentobarbital sleeping time and delayed
the onset of convulsions when administered at high doses, ef-
fects that appear to be due to the GABA-benzodiazepine-
chloride channel complex.® Ginseng saponins increased the
affinity of specific binding of [*H]baclofen and [*H]fluni-
trazepam in crude synapse membrane from the rat frontal
cortex.”

On the other hand, we reported that ginseng produced anx-
iolytic-like effects and the saponin fraction played an impor-
tant role in the plus-maze model in mice.!” The present
study was to know the anxiolytic potential of ginsenosides
Rb,, Rg,;, Rg;-R, Rg;-S, and the Rgy and Rk mixture in the
elevated plus-maze, a behavioral test for anxiolytic drugs.
Furthermore, the anxiolytic effects of ginsenosides and di-
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azepam in the elevated plus-maze were compared to deter-
mine whether the behavioral profile of ginsenosides differed
from that of the established anxiolytic diazepam.

MATERIALS AND METHODS

Animals Male ICR mice (Samtako, Korea) weighing
20—28 g, in groups of 10—15, were used in all experiments.
Groups of 10 mice were housed in acrylic cages (45X
60X25cm) with water and food available ad libitum under
an artificial 12-h light/dark cycle (lights on at 07:00) and at a
constant temperature (22+2 °C). To ensure adaptation to the
new environment, the mice were housed in the departmental
holding room for 1 week before experiments.

Experimental Compounds and Drug Ginsenosides
Rb,, Rg,, Rg;.,-S, and Rg;,-R, and the Rg; and Rk mixture
were kindly provided by the Ginseng Science Inc. Rg;,-S,
Rg;,-R, and the Rg,. and Rk mixture, which are not usually
found in white ginseng, were isolated in ginseng steamed at
high temperature. Those compounds are unique constituents
of red and sun ginseng, and more abundant in sun ginseng
than in red ginseng.!''¥ Mice were given a single oral ad-
ministration of each ginsenoside 60 min being placed on the
elevated plus-maze. Diazepam (2 mg/kg, Dae-Won Pharma-
ceutical Co.) was administered orally 30 min before place-
ment in the elevated plus maze. All compounds were dis-
solved in 0.9% physiologic saline and freshly prepared.
Compounds were administered at a rate of 0.1 ml/10 g.

Measurement of Anxiolytic-Like Effects The elevated
plus-maze test is described in detail elsewhere.'*'> Briefly,
the plus-maze apparatus is comprised of two open arms
(30X5cm) and two closed arms (30X5X15cm) that extend
from a common central platform (5X5 ¢cm). The floor of each
arm is wooden and the walls of the closed arms are clear
Plexiglas. The entire maze is elevated to a height of 38 cm
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above the floor level, as has been validated and described.'®
Experiments were conducted in a quiet room illuminated
only by a dim light. Mice received a single administration of
test compounds. Mice were placed on the plus-maze 30 min
after diazepam and 60 min after ginsenosides. In a prelimi-
nary experiment, the effects of the agents were investigated
at various time intervals. From the results of the preliminary
experiment, we found that maximal effects were observed
when diazepam was administered orally 30 min prior and
ginsenosides 60 min prior to plus-maze placement. A stan-
dard 5-min test was employed for each mouse. The maze was
thoroughly cleaned with damp and dry towels between
mouse experimental periods. All experimental sessions were
recorded with a video camera mounted vertically above the
maze. The open arm activity was evaluated as: 1) time spent
on the open arms relative to the total time spent in the plus-
maze, expressed as a percentage (100Xtime spent on open
arm/total time in the plus maze); and 2) the number of entries
into both open and closed arms, expressed as a percentage
(100X open/total entries). Four paws onto and two paws off
of an arm constituted an arm entry and exit. The behavioral
experiments took place under quiet conditions and low light
(501ux) and were carried out between 13:30—16:30 h.

Measurement of Locomotor Activity Since the plus-
maze experiment was affected by changes in locomotor ac-
tivity, an additional experiment was carried out with the spe-
cific aim of monitoring the activity. Separately from the ex-
periment with the elevated plus-maze, spontaneous locomo-
tor activity was measured automatically with a tilting-type
ambulometer (AMB-10, O’Hara, Tokyo, Japan). Each mouse
was placed in the activity cage (20 cm in diameter, 18 cm in
height) and after an adaptation period of 10min, the test
compound administration protocol was implemented. Di-
azepam was administered orally 30 min prior to the experi-
ment. Ginsenosides were administered orally 60 min prior to
the experiment. Ambulatory activity was measured for 30
min after oral administration of the agents.

Statistics The data are expressed as mean*S.E.M. The
significance of the effects of the compounds was assessed
using analysis of variance (ANOVA). In case of significant
variation, the individual values were compared with Dunnet-
t’s test.
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RESULTS

Anxiolytic Like-Effects of Ginsenosides Behavior ob-
served in the elevated plus-maze confirmed the anxiolytic ac-
tivity of diazepam reported previously.'” " As the positive
control, diazepam 2 mg/kg increased open arm entries and
time spent on open arms.

Ginsenosides Rb, (10, 25, 50 mg/kg) and Rg, (10, 25,
50mg/kg) and the Rg; and Rk mixture (25, 50 mg/kg) in-
creased the percentage of open arm entries compared with
those in the vehicle control animals, respectively (Figs. 1, 2,
5). On the other hand, ginsenosides Rb, (25, 50 mg/kg) and
Rg, (50mg/kg) and the Rg; and Rk mixture (50 mg/kg) in-
creased the percentage of time spent on open arms (Figs. 1,
2, 5). However, ginsenosides Rg,;-S and Rg;-R did not in-
crease the percentage of open arm entries and percentage of
time spent on open arms (Figs. 3, 4).

Effects of Ginsenosides on Spontaneous Locomotor Ac-
tivity Locomotor activity was significantly decreased by
diazepam (2 mg/kg). Locomotor activity was also decreased
in animals pretreated with ginsenoside Rb, (50 mg/kg) and
the Rg, and Rk mixture (50 mg/kg) compared with that in the
vehicle group. However, ginsenoside Rg, (50 mg/kg) did not
decrease locomotor activity (Fig. 6). Ginsenosides inhibited
locomotor activity to a lesser extent than diazepam and thus
had a better profile for anxiolytic agents.

DISCUSSION

The elevated plus-maze is a well-established animal model
for testing anxiolytic drugs.?'*? Diazepam, a standard anxi-
olytic used clinically, is also employed in behavioral pharma-
cology as a reference compound for inducing anxiolytic-like
effects, even when the compound being screened does not act
via benzodiazepine receptors.®

In a previous study, we reported that ginseng produced
anxiolytic-like effects and that the saponin fraction played an
important role in the plus-maze model in mice because the
water extract of ginseng, which contains less ginsenosides,
did not produce anxiolytic effects.!” On the other hand, we
were interested in the anxiolytic-like effects of ginsenosides
such as Rb, Rg,, Rg;-R, Rg;-S, and the Rg; and Rk mixture
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Effects of Diazepam and Ginsenoside Rb, on the Percentage of Open Arm Entries and Time Spent in Open Arms on the Elevated Plus-Maze

Data are expressed as mean values (£S.E.M.) from each group of at least 10 mice. * p<<0.05, ** p<<0.01, s p<<0.005, compared with the vehicle-treated control.
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Fig. 2. Effects of Diazepam and Ginsenoside Rg, on the Percentage of Open Arm Entries and Time Spent Time in Open Arms on the Elevated Plus-Maze
#p<0.05, #* p<0.01, **x p<<0.005 compared with the vehicle-treated control.
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Fig. 6. Effects of Diazepam and Ginsenosides on Locomotor Activity in
Mice

Data are expressed as mean values (*S.E.M.) from groups of at least 10 mice.
#p<0.05, sk p<0.005 compared with the vehicle-treated control.

from ginseng saponins. In this study, we found that Rb,, Rg,,
and the Rg, and Rk mixture increased the percentage of open
arm entries and time spent in open arms and thus showed
anxiolytic effects in this model. The anxiolytic effects of
drugs such as benzodiazepines are accompanied by de-
creased locomotor activity and sedation.*¥ We previously re-
ported that ginsenosides Rb, and Rg; inhibited psychostimu-
lant-induced hyperactivity.*> 2¥ In agreement with previous
reports, ginsenoside Rb, inhibited locomor activity in this
experiment. However, ginsenoside Rg, inhibited locomotor
activity to a lesser extent than diazepam, and thus has a bet-
ter profile for an anxiolytic agent. There is considerable in-
terest in the development of new anxiolytics that do not in-
duce sedative effects and do not inhibit locomotion.

Drugs derived from traditional herbs may have possible
therapeutic relevance in the treatment of anxiety.”” Research
has been conducted to investigate natural anxiolytic agents in
the search for an alternative, more specific, and perhaps cost-
free therapy. Various types of herbal medicines have been
used as anxiolytics in different parts of the world. The root of
the kava plant from the tropical Pacific region, St. John’s
wort extract from Europe, and the saponin-containing frac-
tion of the leaves of 4. lebbeck from India are known to have
anxiolytic effects.*® In addition, ginsenosides from P gin-
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seng are the active pharmacognostics responsible for enhanc-
ing cognitive behavior.>”

Although the active mechanism of ginseng is still unclear,
its anxiolytic effects appear to be related to the GABA-ben-
zodiazepine-chloride channel receptor complex. We reported
that ginsenosides interact with the ligand-binding to the
GABA, and GABAj receptors. In particular, ginsenosides
enhance specific [*’H]flunitrazepam binding and increased the
affinity of [*H]flunitrazepam binding.” In addition, the level
of [*H]muscimol binding was strongly elevated in almost all
regions of the frontal cortex after administration of ginseno-
side Rc, but was decreased after ginsenoside Rg,.*" Ginseng
saponins administered at high doses prolonged the pentobar-
bital sleeping time and delayed the onset of convulsions in
behavioral studies.¥ Ginseng induces sedative effects at
higher doses and anxiolytic-like effects at lower doses.
Therefore, the anxiolytic-like effects of ginseng may involve
GABAergic mechanisms. The exact underlying mechanism
of action remains to be elucidated.

Thus it is concluded that ginsenosides from P, ginseng that
contains saponins has anxiolytic activity. The GABAergic
transmission mechanism may be responsible for the anxi-
olytic activity of the ginsenosides.
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