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ABSTRACT: The aim of the present study was
to evaluate the anxiolytic effects of the ethanol
extract of Cirsium japonicum (CJ) in mice. The
extract was orally administered at dosages of 50,
100, 200, or 400 mg/kg of body weight. The CJinduced behavioral changes were assessed using the
open-field and elevated-plus maze test. The ethanol
extract of CJ did not affect overall locomotor
activity of mice in the open-field test, however, it
showed increase exploration in the unprotected
center zone, which is thought to reflect anxiolyticlike effects. Furthermore, the CJ extract (100 and
200 mg/kg) significantly increased the percentage
of time spent in the open arms of the elevated
plus-maze, indicating the anxiolytic effects of the
substance. This anxiolytic effects of the extract were
comparable to that of the benzodiazepine, diazepam.
To further characterize the anxiolytic activities of
CJ, its action on human neuroblastoma cells were
assessed. The CJ extract dose-dependently increased
chloride ion (Cl‒) influx, which was blocked by coadministration of the GABAA receptor competitive
antagonist, bicuculline, suggesting a GABA A
receptor – Cl‒ channel mechanism of action. Taken
altogether, the present study demonstrates that the
ethanol extract of CJ has anxiolytic effects, probably
mediated through GABAergic neurotransmission.
Keywords: Cirsium japonicum, anxiolytic, benzodiazepine,
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1. Introduction
Anxiety is a psychological and physiological condition
characterized by emotional, cognitive, somatic, and
behavioral factors. It is considered as normal reaction
to stressors and is important for survival, since it alerts
us to danger and prepares us to cope with imminent
situations (1). However, when anxiety is overwhelming,
it may fall under the classification of anxiety disorder.
Anxiety disorders are the most common psychiatric
diagnosis in general population which has an estimated
lifetime prevalence of about 16% and a 12-month
prevalence of 11% (2). Anxiolytics or anti-anxiety
agents are drugs used to relieve anxiety and manage
its related psychological and physical symptoms. Thus
drugs usually act as depressors of the central nervous
system (CNS) (1,2). Presently, benzodiazepines (e.g.
diazepam) are one of the drugs of choice in treating/
controlling anxiety. However, it is prescribed with
special considerations due to its common side effects
(1). With the hope of finding an alternative treatment
for anxiety with fewer side effects, many researchers
have delved into the study of herbal medicines or plant
extracts (3,4). Currently, studies on herbal medicine
as complementary and alternative medicine (CAM)
for mild to moderate anxiety disorders are becoming
popular and accepted worldwide (4,5).
Cirsium japonicum (CJ) is a perennial herb native
to China, Japan, and Korea belonging to Compositae
family (6). It has been classified in the Japanese
and Chinese Pharmacopeia and was used in various
preparations as an antihemorrhagic, antihypertensive,
and uretic agent. CJ has also been traditionally used as
an antioxidant, antidiabetic, and antimicrobial (7-10).
There are several studies about the pharmacological
effects of CJ, but very limited information is available
about its psychopharmacological effects. A recent
notable study with CJ shows that it has antidepressant
property, causing significant decrease in depression
associated with pre-menstrual syndrome (11).
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Considering the above-mentioned effects, we decided
to assess whether CJ has anxiolytic properties.
Thus, the goal of the present study was to evaluate
the psychopharmacological activities of CJ, specifically
its probable anxiolytic effect. The ethanol extract of CJ
was dissolved in water and were orally administered
to mice in dosages of 50, 100, 200, or 400 mg/kg of
body weight. Then, behavioral changes consequential
to CJ treatment were observed in the open-field and the
elevated plus-maze test. The open-field test provides
a unique opportunity to systematically assess novel
environment exploration, general locomotor activity,
and provide an initial screening for anxiety-related
behavior, through exploration on the unprotected center
area (12). Furthermore, CJ's effects were evaluated in
the elevated plus-maze test, the most widely used and
well-established paradigm in assessing anxiety-like
behavior in rodents (13). The effect of one of the most
commonly used and prescribed anxiolytic agent, the
benzodiazepine diazepam, was also evaluated and used
as a reference drug. Moreover, to further characterize
the anxiolytic effects of CJ, its action on the
γ-aminobutyric acid (GABA) receptor-chloride ion (Cl‒)
channel complex was assessed in human neuroblastoma
cells (1,12,14).
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extract and diazepam were diluted with sterile distilled
water before administration. N-(6-Methoxyquinolyl)
acetoethylester (MQAE) was purchased from Invitrogen
Co. (Carlsbad, CA, USA). Bicuculline was dissolved
in DMSO, with a maximum concentration of 0.1%. CJ
extract was orally administered to mice in dosages of
50, 100, 200, or 400 mg/kg. One mg/kg diazepam was
intraperitoneally (i.p.) injected to mice belonging to the
reference group. Animals in the control group received
the vehicle (distilled water).
2.3. Psychopharmacological evaluation
2.3.1. Open-field test
Mice were placed in an open-field arena, consisting of
a square plexiglas container (42 × 42 cm) with a field
bordered by 42 cm high sidewalls. Mice were orally
pre-treated with CJ, or vehicle, or diazepam (i.p.), 30
min before the commencement of the test. Prior to
recording, animals were first habituated to the openfield for 2 min to remove the bias of novelty. The
observed parameters were moved distance on openfield arena and unprotected center zone, was recorded
for 10 min (12). Ethovision (Noldus, Netherlands)
system was used to record animal movement.

2. Materials and Methods
2.3.2. Elevated plus-maze (EPM) test
2.1. Animals
The male ICR mice (20-25 g) used in the present study
were obtained from Hanlim Laboratory Animals Co.
(Hwasung, Korea). They were housed in groups in
a temperature-controlled (22 ± 2°C) and humiditycontrolled (55 ± 5%) animal room on a 12/12 h
light/dark (7:00-19:00 h light) schedule. Food and
water were freely available, except the night before
and during the experiments. Mice were allowed to
acclimatize to the laboratory setting, for at least 7 days,
before the commencement of any experiments. Eight
to ten animals were used in each experimental group.
Animal treatment and maintenance were carried out in
accordance with the Principles of Laboratory Animal
Care (NIH publication No. 85-23 revised 1985) and
the Animal Care and Use Guidelines of Sahmyook
University, Korea.

The elevated plus-maze box and arms were made of
plastic. The plus maze consisted of four arms that
comprised of two open arms (30 × 6 cm in mice) and
two closed arms (30 × 6 cm in mice) enclosed by 20
cm high walls. Each arm had a delimited central area
of 6 × 6 cm. The entire maze was elevated to a height
of 50 cm above the floor. Mice were orally pre-treated
with CJ, vehicle or diazepam (i.p.), 30 min before
placement on the EPM. To begin a test session, mice
were placed in the center of the maze facing one of the
open arms. An entry into an arm was defined as the
animal placing all four paws over the line marking that
area. The observed parameters were (i) time spent in
the open arms and (ii) number of entries into the open
arms during the 5 min test period (13). The percentage
of open arm entries (100 × open/total entries) was
calculated for each animal.

2.2. Drugs and materials

2.3.3. Assay of Cl‒ influx

Samples of aerial part of CJ were obtained from Cheju
province of Korea, and were examined by botanical
experts. The dried sample (10 g dry weight) was
subjected to ethanol extraction (900 mL) by shaking for
25 h at room temperature. The obtained ethanol extract
was filtered then freeze-dried. Diazepam, bicuculline,
and dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). The CJ

Human neuroblastoma SH-SY5Y cells (Korean Cell
Line Bank, Korea) were cultured in minimum essential
medium (MEM) (Invitrogen Co.) supplemented with
10% fetal bovine serum (FBS) (Sigma-Aldrich Co.) in a
humidified incubator of 95% air and 5% CO2 at 37°C.
Experiments were performed according to the
methods of Yoon et al. (15). Briefly, cells were washed
twice and suspended at a concentration of 4 × 10 5
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cells/ ml in Hank's solution. For loading MQAE into
the cells, cells were incubated with the dye overnight
in a final concentration of 5 mM at room temperature.
Fluorescence (excitation wavelength set as 365 nm,
the emission wavelength at 450 nm) was monitored in
a well-stirred cuvette. Experiments were performed at
room temperature to minimize fluorescence dye loss.
Data are presented as relative fluorescence F/F0, where
F0 is minimize fluorescence without Cl‒ ions and F is
the fluorescence as a function of time. The F/F0 was
directly proportional to [Cl‒]i. All fluorescence values
were corrected for background fluorescence which was
separately determined using HEPES-buffered KSCN
solution containing 5 μM valinomycin to maximally
quench the MQAE ion-selective signal. In separate
experiments the F0 value was determined by bathing the
cells with Cl‒-free (KNO3) solution containing 10 mM
tributyltin and 10 mM nigericin.
2.4. Statistical analysis
Data are expressed as mean ± the standard error of the
mean (SEM). For statistical evaluation of data, oneway analysis of variance (ANOVA) was used. When
statistically significant differences were found, Dunnett
test was used as a post-hoc test, to determine the
statistical difference between groups. Differenced were
considered statistically significant when p < 0.05.

Figure 1. Effects of ethanol extract of CJ on locomotor
activity in mice. Each bar represents the mean ± SEM (n =
8-10) of the moved distance in arena (A) and center zone (B),
for 10 min. * p < 0.05 significantly different from the control
group. DZP, diazepam.

3. Results
3.1. Open-field test
Figure 1 shows the distance moved in the open-field
arena and unprotected center area of animal treated
with the CJ extract, diazepam, or vehicle (control
group). Ambulatory activity was significantly decreased
by diazepam (q = 3.16, p < 0.05) as compared to the
control group, indicative of its sedative effects (16).
On the other hand, the CJ extract did not significantly
affect ambulatory activity in the open-field arena. In
addition, diazepam significantly increased exploratory
time at the unprotected center zone (q = 2.84, p < 0.05).
This increase in exploration in the center area was
thought to reflect the anxiolytic property of diazepam
(17). Similarly, the CJ extract showed a significant
increase in exploratory activity in the center area of the
open-field test at doses of 100 (q = 2.75, p < 0.05) and
200 (q = 2.78, p < 0.05) mg/kg.
3.2. EPM test
Figure 2 shows the percentage of time spent and
entries in the open arm of the plus-maze. As expected,
diazepam significantly increased percentage of entries
(q = 6.14, p < 0.001) and time spent (q = 7.04, p <
0.001) in the open arms of the maze, demonstrating

Figure 2. Effects of ethanol extract of CJ on elevated plus
maze test in mice. Each bar represents the mean ± SEM (n
= 8-10) of the percentage of time spent (A) or entries (B)
into the open arm of the maze. ** p < 0.01, *** p < 0.001
significantly different from the control group. DZP, diazepam.
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Figure 3. Effects of ethanol extract of CJ or CJ plus
bicuculline on [Cl ‒ ] influx in neuroblastoma cells.
Fluorescence was monitored in the excitation wavelength at 365
nm and the emission wavelength at 450 nm using Cl‒ sensitive
indicator, MQAE. Contents of influx Cl‒ were expressed as a
peak (a.u.).

its anxiolytic effects (18). The CJ extract also showed
profound increase in percentage of time spent [100 (q
= 4.05, p < 0.01), 200 mg/kg (q = 3.82, p < 0.01)] and
entries [100 (q = 4.06, p < 0.01), 200 mg/kg (q = 3.53,
p < 0.01)], in the open arm of the plus maze.
3.3. Intracellular Cl‒ measurement assay
Figure 3 shows the action of the CJ in cultured human
neuroblastoma cell. Treatment of CJ extract increased
Cl‒ ion influx in human neuroblastoma cells, in a dosedependent manner. Furthermore, this CJ-induced
increment in the Cl‒ influx was significantly blocked
by the specific antagonist of the GABA A receptor,
bicuculline (Figure 3).
4. Discussion
The present study shows that the ethanol extract of
CJ produces anxiolytic-like effects in animals, as
evaluated by the open-field test and the elevated plusmaze test. Furthermore, the CJ extract induced Cl‒ ion
influx in human neuroblastoma cells, suggesting that
its anxiolytic effects are probably mediated through a
GABAergic mechanism of action.
The open-field test is a simple way to measure
general locomotor activity, willingness to explore as
well as anxiety-like behaviors (12). In the present
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study, diazepam (1 mg/kg) caused significant decrease
in exploratory activity, which is expected because of
its known sedative properties (16). Treatment of the
CJ extract did not profoundly alter general locomotion
demonstrating that the CJ might not have, or might
have very minimal, sedative properties. In addition,
the animal's exploration in the center zone of the openfield was also evaluated. Activity in the center zone of
the open-field can be a tool to evaluate the anxiolytic
properties of a substance (12). Normally animals
explore on the peripheral area and tend to remain close
to the walls of the open-field, if a drug/substance has
anxiolytic properties it would promote central zone
exploration (19). Diazepam, a known anxiolytic drug,
significantly increased central-zone exploration. This
increase in center zone activity was also observed
in animals treated with the CJ extract (100 and 200
mg/kg), reflecting a probable anxiolytic effects of CJ
(Figure 1B). This anxiolytic-like activity of CJ extract,
in the open-field test, was further supported by the
findings in the EPM. The EPM test is the most widely
used and accepted paradigm to measure anxiety-related
behavior in rodents and considered to be a valid animal
model of anxiety because it utilizes natural anxiogenic
stimuli complementary to those observed in humans
(13,20). Diazepam exhibited its established anxiolytic
effects by significantly increasing the time spent and
entries in the open arms of the maze. Increase in the
proportion of time spent and entries into the open arms
of the maze indicates reduction of anxiety (17). In a
highly comparable manner, the CJ extract (100 and 200
mg/kg) significantly increased time spent and entries
into the open arms of the maze. Taken altogether, our
behavioral results suggest that the ethanol extract of
CJ has anxiolytic properties comparable to that of
diazepam, but with less sedative effects.
It can be observed from the results that the
anxiolytic effects of CJ are not dose-dependent. Due
to the limitations of the present study we cannot fully
explain the exact reason behind this result, and that
we can only infer based on previous reports/studies.
Some studies on the anxiolytic effects of plant extracts,
reported somewhat similar results (less effects on
higher doses). This was attributed to the complex
pharmacokinetic and pharmacodynamics of plant
extracts (21,22). Plant extracts are composed of various
components mostly with unknown pharmacological and
dose-response data (21). It is possible that with higher
dose complex interactions occur (probably between
CJ and other bodily systems), which then altered the
anxiolytic effects of the extract. Somewhat in support,
is the in vitro finding (discussed below) wherein
dose-dependent effects were observed when the CJ
extract was administered directly to cultured human
neuroblastoma cells, detouring some pharmacokinetic
processes. It would be beneficial to investigate the
individual effect of the extract in order to elucidate the
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agents responsible for its anxiolytic effects. However,
the present study is limited, thus further studies are
needed to adequately address these issues. Nevertheless,
the present results can be helpful for therapeutic
decisions and with respect to toxicology.
It is thought that anxiety is a product of an
imbalance in the brain; primarily between the excitatory
(glutamate) and inhibitory (GABA) forces. In a
normally functioning brain there is a delicate balance
between excitatory and inhibitory forces, when this
equilibrium is disrupted it would cause abnormalities in
functioning (23). Wierońska et al. (23) asserted that this
was the case in anxiety, the harmony between excitatory
versus inhibitory forces in the brain is disrupted, such
that GABA levels are decreased resulting to decrease
inhibition leading to over-excitation. Indeed, this might
be true because of the fact that GABA is the brain's
principal modulatory (inhibitory) neurotransmitter,
playing a very significant role in maintaining/regulating
homeostatic milieu or equilibrium (24). Furthermore,
supporting this hypothesis is the mechanism of
action of one of the most commonly prescribed
anxiolytic drug, the benzodiazepines (diazepam).
Benzodiazepines alleviate anxiety by potentiating
GABA neurotransmission, counterbalancing the overexcitation observed in anxiety (25). Specifically, it
binds at the allosteric (benzodiazepine) site in the
GABA A receptor resulting to a facilitation of the
opening of its Cl‒ sensitive ion channel (24,26). Based
on all of these, we have decided to evaluate the effects
of the CJ extract at the GABA receptor by measuring
Cl‒ influx in human neuroblastoma cells. Indeed, our
results showed that the CJ extract facilitated Cl‒ influx
in a dose dependent manner (Figure 3). In addition, this
increase in Cl‒ influx was significantly blocked by coadministration of bicuculline, a specific and competitive
antagonist of the GABAA receptor (27). These findings
suggest that the anxiolytic-like effects of CJ might be
mediated through a GABAA receptor-Cl‒ ion channel
mechanism of action.
In the present study we have observed a somewhat
incongruent result in the sedative effects of diazepam
and the CJ extract. Diazepam produced anxiolytic
effects coupled with sedative effect. On the other hand,
the CJ extract showed comparable anxiolytic effects
but without profound sedative effects. Although,
anxiolytic and sedative effects usually go hand in
hand, there are reports which implied that anxiolytic
and sedation are two dissociable things (28). In fact
researchers have identified specific areas in the GABAA
receptor wherein these effects are mediated. Sedation
is mediated in the (α1 and/or α5) subunit of the GABA
receptor, while anxiolytic is mediated in the (α2 and/or
α3) subunit (24). Benzodiazepines (diazepam) targets
all of these subunits, thus it manifest both sedative
and anxiolytic effects (29). It is possible that the CJ
extract acts on the subunits of the GABAA receptor

which mediates anxiety, but not on the subunits which
mediates sedation. This might probably explain the
anxiolytic effects, void of significant sedative effects,
manifested by the CJ extract. This particular effect may
be beneficial, because the sedative effects associated
with anxiolytic agents may sometimes be undesirable
and even dangerous. Sedative drugs may cause
deterioration of person’s optimal daily functioning (e.g.
work, school) or even predispose one to fatal harm
(e.g. driving, falls, etc.) (30). This is the reason why
scientists are on the search to find an anxioselective
drug; and based on the present results CJ might be a
promising candidate.
5. Conclusion
The results from present study provide evidences for the
anxiolytic effect of the ethanol extract of CJ. In addition,
CJ's anxiolytic effects are void of profound sedation
suggesting that CJ is a promising anxioselective drug.
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