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Glycyrrhizae radix (GR) is an herbal medicine that is commonly used in the East Asia for treating
a variety of diseases, including stomach disorders. The objective of the present study was to examine
the anti-stress effects of GR on repeated stress-induced alterations of anxiety, learning and memory
in rats. Restraint stress was administered for 14 days (2 h/day) to the rats in the Control and GR
groups (400 mg/kg/day, PO). Starting on the eighth day, the rats were tested for spatial memory on
the Morris water maze test (MW) and for anxiety on the elevated plus maze (EPM). We studied the
changes of the expressions of cholineacetyl transferase (ChAT) and tyrosine hydroxylase (TH) in the
locus coerleus (LC) using immunohistochemistry. The results showed that the rats treated with GR
had significantly reduced stress-induced deficits on their learning and memory on the spatial memory
tasks. In addition, the ChAT immunoreactivities were increased. Gor the EPM, treatment with GR
increased the time spent in the open arms (p<0.001) as compared to that of the control group.
Moreover, GR treatment also normalized the increases of the TH expression in the LC (p<0.001).
In conclusion, administration of GR improved spatial learning and memory and reduced stress-induced
anxiety. Thus, the present results suggest that GR has the potential to attenuate the behavioral and

neurochemiecal impairments caused by stress.
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INTRODUCTION

Restraint stress is an easy and well-known method to in-
duce chronic physical and emotional stress [1]. The emo-
tional and physiological responses to repeated restraint
stress are initiated by the activation of the hypothalamic-
pituitary adrenal axis (HPA), which results in the release
of catecholamines and stress hormones such as glucocorti-
coids from the adrenal glands [1]. Elevated levels of gluco-
corticoids exert both short and long-term negative effects
on the brain and behavior [1,2]. At the behavioral level,
exposure to stress has been reported to increase anxiety-re-
lated behavior and to impair learning and memory [3,4].
Many animal studies have demonstrated that chronic
stress, as well as chronic corticosterone treatment, results
in learning and memory deficits on several behavioral
tasks, including the water-maze and passive-avoidance
tests, and this impairment was accompanied by hippo-
campal damage [5-10]. In addition, Ader and Cohen et al
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and McEwen and Stellar et al reported that repeated stress
is a risk factor for psychesomatie psychiatric illness, such
as anxiety [11,12].

Glycyrrhizae radix (GR) is an herbal medicine that is
most frequently prescribed for the treatment of a variety
of diseases, including stomach disorders [13]. It has also
been desecribed in classical Asian medicine as an agent with
the ability to ‘improve the tone of the “middle-jiao” and re-
plenish “gi”, to remove “heat” and toxic substances and ar-
rest coughing as well as the relief of spasms and pain [14].
In addition, it is widely used as a flavoring adjuvant in drug
preparations and an ingredient of cigarettes for its taste
and its properties that reduce irritation [14,15].

The aim of the present study was to investigate the ef-
fects of GR on repeated restraint stress-induced anxiety
and memory loss in rats by evaluating their performance
on the elevated plus maze and the Morris water maze.
In addition, the changes in the ChAT and TH expressions
in the brain were evaluated in order to elucidate the possi-
ble mechanisms involved in the identified anti-stress
effects.

ABBREVIATIONS: GR, Glycyrrhizae radix, ChAT, choline acetyl-
transferase; TH, tyrosine hydroxylase; LC, locus coerleus.
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METHODS
Subjects and stress procedures

Male Sprague Dawley rats at the age of 8 weeks (Orient,
Inc. Korea) were used for the study. The rats were housed
under controlled temperature (22~ 24°C) conditions with a
12 h light/dark cycle. The lights were on from 8 : 00 to 20 :
00. Food and water were made available ad libitum. All
the experiments were approved by the Catholic University
Institutional Animal Care and Use Committee. The rats
were allowed at least 1 week to adapt to their environment
before the experiments. The male rats were randomly div-
ided into three groups (n=7 per group): the nonstressed
group (Normal), the stressed group (Control), and the
stressed and Glycyrrhizae radix treatment group (GR). The
rats were stressed daily for two weeks using a restraint
cone. The GR group was treated daily with GR extract (400
mg/kg, p.o.) for two weeks, and the other groups were given
sterile saline. Immobilization was started 30 min after the
treatments.

Preparation of herbal extracts

The Glyeyrrhizae radix was purchased from an oriental
drug store (Jungdo Inc. Seoul, Korea). The specimens were
deposited at the herbarium located in the College of
Oriental Medicine, Kyung Hee University. The dried
Glycyrrhizae radix samples (200 g) were immersed in a
10-fold volume of dH30, boiled at 80°C for 1 h and then
the water extract was collected. The process was repeated
once, and the extracts were combined and concentrated
with a rotary evaporator and then vacuum-dried to yield
9.1% pure Glycyrrhizae radix (w/w) extract.

Elevated plus maze

The plus-maze apparatus was constructed with black
wood. It consisted of two open-arms (the arms extended
from a central 50x10 cm space) and two enclosed arms
(50x10%40 e¢m). The arms extended from a central platform
(10%10 cm}. The apparatus was elevated 50 cm above the
floor. The animals were transported to the testing room at
least 1 hr prior to starting the experiment.

After all of the stress sessions, the rats were individually
placed in the central platform facing a closed arm and they
were allowed to explore the maze for a 5-min test period.
The duration of time spent in the open arms and closed
arms were the behavioral measures that were recorded for
each rat. The apparatus was wiped clean with a damp
sponge and dried with paper towels between tests.

Morris water maze test

After 7 days of immobilized stress, all the animals started
training on the MWM task in a swimming pool (1.8 m diam-
eter and 0.5 m high, filled with milky water at a temper-
ature in the 22+2°C range) for 7 days. A 12 c¢m diameter
round platform was hidden in a constant location (the quad-
rant center) within the pool with its top surface submerged
1.5 cm below the water level. The rats were trained to lo-
cate the hidden island during four trials per day for 6 days.
After the 6th day, they were started in the quadrant oppo-
site to the target and they were forced to swim for 60s in

the pool without a platform. The spatial memory of the rats
was assessed as the latency time. The time spent searching
for the platform in the training quadrant, i.e., the previous
location of the platform, was recorded and this was used
as a measure of memory retention. A video camera was
mounted on the ceiling above the pool and it was connected
to a video-recorder and tracking device (5-MART; Pan-Lab,
Barcelona, Spain), which permitted on-line and off-line au-
tomated tracking of the path taken by the animal [16].

Immunohistochemistry

After the behavioral tests were completed, the animals
were anesthetized with sodium pentobarbital (100 mg/kg,
i.p.) and then perfused transcardially with 100 ml of saline
followed by 500 ml of a 4% solution of formaldehyde pre-
pared in phosphate buffer. The brains were then removed,
post-fixed in the same fixative for two to three hours at
4°C and then the brains were placed overnight at 4°C in
PBS containing 20% sucrose. The following day, the brain
was cut into coronal sections that were sliced to 30 ym-
thicknesses. The sections were processed for the ChAT im-
munoreactivity using sheep ChAT polyclonal antibodies
(ChAT, concentration 1 : 2,000; Chemicon international,
Temecula, CA.,USA) and the tyrosine hydroxylase (TH) im-
munoreactivity using mouse-TH monoclonal antibodies
(TH, concentration 1 : 2,000; Zvmed Laboratories INC. San
Francisco, CA., USA). The sections were then processed by
a conventional avidin-biotin-peroxidase method (Vector
Laboratories, Burlingame, CA, U.S.A.)). The tissue im-
munoreactivity was developed using diaminobenzadine
(Sigma U.S.A) as the chromogen. The sections were mount-
ed on gelatine-coated slides, air-dried and coverslipped for
microscopic analysis. A microrectangular grid (200X200 zam)
was placed according to the atlas of Paxinos and Watson
[17] under a light microscope (X100 magnification) to meas-
ure the cells.

Statistical analysis

Statistical comparisons were performed on the results of
the behavioral and histochemical studies using the one-way
ANOVA, repeated measures of the two-way ANOVA and
the LSD post hoc test. All of the results are presented as
means+S. E.M. SPSS 15.0 software for Windows was used
for the statistical analysis. The significance level was set
at a p values<0.05.

RESULTS
Effects of GR on the elevated plus maze

As shown in Fig. 1, the one-way ANOVA performed for
assessing the time spent in the closed arms and the time
spent in the open arms of the elevated maze revealed sig-
nificant group differences. The LSD test indicated that the
control group spent significantly less time in the open arms
[Fo9=12717, p<0.001] and increased time in the closed
arms [Fy20=1.680] compared to that of the normal group.
After administration of GR, the time spent in the open arms
was significantly increased in the GR group compared to
that of the control group (p<0.001).
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Fig. 1. Time spent in the open and closed arms in the elevated
plus maze maze. The GR group was daily treated with the GR
extract (400 mg/kg, p.o.) for 2 weeks, and other groups were given
sterile saline. Immobilization began 30 min after the treatments.
The results of elevated plus maze maze were analyzed by perform-
ing separate one-way ANOVA among the groups were followed by
LSD test. Each value represents the meantS.EM. ***p<0.001
compared to normal group and & *p<0.05 compared to control
group, respectively.

Effects of GR on the morris water maze test

Fig. 2A shows the recorded mean group latencies to reach
the hidden platform in the MWM for all the groups over
6 days [F315=35.574, p<0.05]. On the first day, the GR
group had a significant decrease in the time spent search-
ing for the platform compared to that of the control group
(p<0.01). However, after the second day, there were no
statistically significant differences among the groups.
There was a slight trend for a significant interaction effect
on the distance traveled to reach the platform.

To examine the spatial memory, on the seventh day of
retention testing, the time spent swimming to the platform
was compared among the groups, as is shown in Fig. 2B.
The times spent around the platform were significantly dif-
ferent among the groups [F20=28.226, p<0.001]; the GR
group spent more time around the platform than did the
control group (p<0.001).

Effects of GR on the cholinergic system

The results of the evaluations of the ChAT immunor-
eactive cells per section, from different hippocampal for-
mations, are shown in Fig. 3. The number of ChAT neurons
in the CAl area was 23.4+1.4 in the normal group, 11.0+1.2
in the control group and 22.9+2.5 in the GR group
{Fy25=28.2, p<0.001}; these results show a two-fold in-
crease in the number of ChAT neurons in the GR group
compared to that in the controls (p<<0.001). The ChAT im-
munoreactive cells in the CA3 area were 29.1+2.3 in the
normal group, 12.8+1.4 in the control group and 27.8+1.6
in the GR group [Fs25=27.0, p<0.001]. Thus, the number
of ChAT positive neurons in the GR group was increased
by 226% compared to that in the control group (p<0.001).
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Fig. 2. (A) Changes of the latency time during 6d of the acquisition
test in the Morris water maze test. The AM group was daily treated
with the GR extract (400 mg/kg, p.c.) for 2 weeks, and other groups
were given sterile saline. Immobilization began 30 min after the
treatments. Repeated measures of two-way ANOVA of swimming
time among the groups following by LSD test. Each value
represents the mean+S.EM. #5<0.01 compared to control group.
(B) The latency time on the 7 day of the retention test in the
Morris water magze test. The GR group was daily treated with the
GR extract (400 mg/kg, p.o.) for 2 weeks, and other groups were
given sterile saline. Immobilization began 80 min after the
treatments. The results of retention test were analyzed by
performing separate measures of one-way ANOVA of swimming
time among the groups were followed by LSD test. Each value
represents the mean=S.EM. ***p<0.001 compared to normal
group and & #5<0.05 compared to control group, respectively.

Effects of GR on the catecholaminergic system

The results of the TH immunoreactive cells per section,
from the locus coeruleus, are shown in Fig. 4. The TH im-
munoreactive cells in the LC area were 7.3+0.8 in the nor-
mal group, 19.5+1.7 in the control group and 8.840.9 in the
GR group [F32:=30.6, p<0.001]. Thus, the number of TH
positive neurons in the GR group was decreased by 45.0%
compared to that of the control group (p<0.001).
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Fig. 3. (A) Number of choline acetyltransferase (ChAT) immuno-
stained nuclei in the different hippocampal areas of the experi-
mental groups after 8d of the behavior test. The GR group was
daily treated with the GR extract (400 mg/kg, p.o.) for 2 weeks,
and other groups were given sterile saline. Immobilization began
30 min after the treatments.The results of ChAT-reactivity were
analyzed by performing separate one-way ANOVA of neurons
among the groups were followed by LSD test. Each value represents
the mean+S.E.M. ***p<0.001 compared to normal group and “'p
<0.01 compared to control group. (B) Photographs showing the
distribution of ChAT-immunoreactive cells in hippocampus of
Normal group (A), Control group (B), GR group (C). Sections were
cut coronally at 30 #um and the scale bar represents 200 xm
(200%200).

DISCUSSION

The main findings of this study were that treatments
with the crude extract of GR reduced the repeated stress-in-
duced anxiety and memory loss. Moreover, treatment with
GR significantly suppressed the increases of the TH ex-
pression and it enhanced the ChAT expression in the
stressed rats.

The restraint stress used in this study is widely used in
studies on the molecular and behavioral effects of chronic
stress, and it has been very helpful in improving our under-
standing of stress-related brain pathology and the changes
in cognition {1]. Restraint elicits a variety of physiological
stress responses; the magnitude of these responses can be
decreased or increased by a prior stress history [1,11,18].
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Fig, 4. Number of Tyrosine hydroxylase (TH) immunostained nuclei
in the locus coerleus areas of the experimental groups. The AM
group was daily treated with the GR extract (400 mg/kg, p.o.) for
2 weeks, and other groups were given sterile saline. Immobilization
began 30 min after the treatments. The results of TH-reactivity
were analyzed by performing separate one-way ANOVA of neurons
among the groups were followed by LSD test. Each value represents
the meantS.EM. *p<0.05 compared to normal group and “p<0.01
compared to control group. (B) Photographs showing the
distribution of TH-immunoreactive cells in LC of Normal group (A),
Control group (B), GR group (C). Sections were cut coronally at
30 #m and the scale bar represents 200 #m (200X200).

To establish a practical animal model for chronic stress,
we examined the behavioral traits of anxiety and memory
loss as stress-assessment parameters. We found that 2
hours for 14 days of restraint stress significantly induced
anxiety and memory loss, and that repeated restraint stress
changed the expression of neurotransmitters in the brain.

The degeneration of the cholinergic innervations from the
basal forebrain to the hippocampal formation in the tempo-
ral lobe is thought to be one of the factors involved in de-
termining the progression of memory decay, both during
normal aging and in AD [16]. The best available marker
for cholinergic neurons in the basal forebrain is the ChAT
activity. ChAT is the biosynthetic enzyme for Ach, and
ChAT is presently the most specific cholinergic marker for
checking the nervous system [19]. According to the chol-
inergic hypothesis, memory impairments in patients with
senile dementia are due to a selective and irreversible defi-
ciency in the cholinergic functions in the brain (the basal
forebrain, cortex, hippocampus and amygdala) {20]. There-
fore, ChAT activators may compensate for the reduced Ach
levels in the brains with AD disease. A significant reduction
in ChAT activity has been reported in the postmortem
brains of mentally impaired patients. In addition,
Gottesfeld et al. showed a decrease in ChAT activity in the
hippocampus after repeated immobilization stress [21,22].
However, in the present study, treatment with GR pre-
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vented stress-induced loss of ChAT-immunoreactive neu-
rons, suggesting that GR exerts beneficial effects on chol-
inergic neurotransmission in the brain by increasing ChAT
activity in the hippocampus. The behavioral and neuro-
chemical results of this study indicate that the memo-
ry-enhancing effects of GR may be mediated by cholinergic
mechanisms in the rat brain.

Most norepinephrine (NE)-containing neurons in the
brain are concentrated in the nucleus locus coeruleus (LC)
[23,24]. These neurons are part of a widespread network
with a broad range of functions, and this network extends
throughout the neurocaxis and accounts for about 70% of
all brain NE in primates [23]. Activation of the LC produces
intense anxiety, hypervigilance and an inhibition of ex-
ploratory behavior [23,26,27]. Based on this data, it has
been proposed that clinical anxiety or depression may be
the result of alterations in the activity of the LC nora-
drenergic system. The LC is considered a crucial site for
the CNS stress response. An abundance of data collected
using different techniques has shown that corticotropin re-
leasing hormone can modulate the rate of discharge of NE
and TH in LC neurons [28-31]. In this study, the repeated
restraint stress caused a 35.0% increase in the TH-ir cells
in the LC. However, treatment with GR significantly re-
duced the expected increases of the TH-ir cells in the LC.
These results suggest that treatment with GR effectively
decreased the over-expressed TH-ir neurons in the LC.

The present study investigated the effects of GR on re-
peated restraint stress-induced anxiety and memory loss
in rats by evaluating their performance on the elevated plus
maze and the Morris water maze. In addition, the changes
in the ChAT and TH expression in the LC were determined
to be the possible mechanisms involved in the identified
anti-stress effects.

In conclusion, the results of this study show that extract
of GR possesses anti-stress properties in rats. However, fur-
ther studies are necessary to confirm and extend these
results. These findings provide evidence that GR is useful
for reducing stress under certain circumstances.
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