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Abstract

The present study was undertaken to investigate the antidepressant-like effects of the methylene chloride fraction of Albizzia julibrissin
(MCAJ) using a tail suspension test in mice. MCAJ was orally administered at 50, 100, or 200 mg/kg to mice, 1 h before the tail suspension test.
Acute treatment with MCAJ at 200 mg/kg significantly reduced the immobility time compared with the control group, and thus showed an
antidepressant-like effect. This effect was comparable to that of imipramine at 10 mg/kg. This antidepressant-like effect was reversed by treatment
with WAY-100635 (a 5-HT 4 receptor antagonist) or pindolol (a 5-HT o5 receptor antagonist). However, the antidepressant effect of MCAJ was
not effected by treatment with GR55562 (a 5-HT,p receptor antagonist) or ketanserin (a 5-HT,5 receptor antagonist). Therefore, our findings

suggest that MCAJ exerts its antidepressant-like effect via the 5-HT; 4 receptor system.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Albizzia julibrissin Durazz (Leguminosae), commonly
named mimosa or silk trees, are widely distributed in Asia.
Traditionally, the stem bark of A. julibrissin was dried and
boiled with water. Asians administered this A4. julibrissin soup
to patients as a folk medicine to treat insomnia, diuresis, sthenia,
and confusion (Zhu, 1998). It has been reported that saponins
(Kinjo et al., 1992; Chen et al., 1997), phenolic glycosides
(Jung et al., 2004b), triterpenes (Chen and Zhang, 1997),
flavonoids, and other compounds (Kang et al., 2000) have been
isolated from the stem bark of 4. julibrissin. A previous study
showed that the saponin-containing fraction of A/bizzia lebbeck
improves object recognition (Chintawar et al., 2002). Brain
concentrations of GABA and dopamine were decreased
whereas serotonin levels were increased after treatment with
the saponin-containing fraction of 4. lebbeck (Chintawar et al.,
2002). Recently, it was reported that the aqueous extract of
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A. julibrissin stem bark has anxiolytic-like activity in rats in the
elevated plus maze test (Kim et al.,, 2004). Moreover, we
recently reported that 5-HT;, receptor binding after A.
Jjulibrissin treatment was markedly increased in the frontal
cortex, hippocampus (CA2 and CA3 regions), and in the lateral
septum compared to vehicle-treated animals (Jung et al., 2005).
Therefore, a psychopharmacological role for A. julibrissin has
been suggested.

5-HT A receptors play a critical role in the pathophysiology
of anxiety and depression as well as in the mode of action of
anxiolytic and antidepressant drugs (Lesch and Mossner, 1999).
Binding potential values were reduced across many of the
regions examined, including frontal, temporal, and limbic
cortex in both unmedicated and medicated depressed patients
compared to healthy volunteers (Sargent et al., 2000). Given the
fact that the 5-HT system continues to be an important target for
drug development and production, strategies aimed at the
development of natural products to modify 5-HT function are
likely to be exploited by enterprises participating actively in the
introduction of alternative therapeutic approaches. The results
described above suggest that A. julibrissin may control
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depressive responses via activation of the serotonergic system.
However, there have been no reports of antidepressant-like
effects from the methylene chloride fraction of A. julibrissin.

Furthermore, the World Health Organization predicts that
depression will be the second-most common chronic condition in
clinical practice, exceeded only by hypertension by the year 2020
(Nowak et al., 2003). Despite the progress made in recent years
in the development of clinically relevant antidepressant drugs,
currently available antidepressants are not totally effective and
are associated with many undesirable adverse effects (Nestler
et al., 2002). In addition, only 60% of patients are responsive to
treatment with available antidepressants (Gareri et al., 2000). For
this reason, new drugs capable of controlling the symptoms
associated with depressive disorders are needed. Little is known
about the antidepressant-like effects of A. julibrissin. In the
present work, we assessed the possible antidepressant-like effects
of A. julibrissin using in vivo pharmacological procedures, and
examined whether the 5-HT;, receptor system is involved in
these antidepressant-like effects.

2. Materials and methods
2.1. Animals

Male ICR mice (MJ Ltd. Co., Seoul) weighing 20-25 g were
used in all experiments. Mice were housed ten per cage. All
animals were acclimatized for 1 week prior to the experiments
and were used only once. Mice were maintained in an animal
room on a 12 h light/dark cycle at 22+2 °C. All animal care
procedures were conducted in accordance with the NIH Guide
for the Care and Use of Laboratory Animals, and were approved
by the Institutional Animal Care and Use Committee of
Sungkyunkwan University. All animals were introduced to the
testing room 1 h before being tested and all behavioral tests
were performed in the light phase between 9 a.m. and 5 p.m.

2.2. Sample preparation

The stem barks of 4. julibrissin were collected in Hwaseong
City, South Korea in July 2001. The plant was identified by Dr.
Changsoo Yuk, College of Pharmacy, Kyung Hee University. A
voucher specimen (#KHUHP-12) was deposited at the
herbarium of the Graduate School of East—West Medical
Science, Kyung Hee University. The dried powdered stem barks
(750 g) of A. julibrissin were extracted twice (each time for 3 h
followed by heating) with a mixture of EtOH and water (1:1) in
a reflux apparatus. The extract was concentrated to dryness
under vacuum. The yield of the 50% ecthanolic mixture extract
was 18% (w/w, 132 g). Part of the ethanolic extract (68 g) was
suspended in 1 L of distilled water, and partitioned successively
with methylene chloride and BuOH. The yields of the
methylene chloride, butanol and water soluble fractions were
13.3, 16.4 and 38.3%. The methylene chloride soluble fraction
(MCAJ, 13.3 g) was used in the animal experimental model.
This fraction was prepared by boiling the ethanolic extract with
1 L CH,Cl,. The final yield of the methylene chloride fraction
was 3.6%.

2.3. Drugs

Imipramine (a tricyclic antidepressant), WAY-100635, and
pindolol were purchased from Sigma (Sigma Chemical Co., St
Louis, USA). GR55562 and ketanserin were purchased from
Tocris (Tocris Cookson Ltd., UK). All drugs were dissolved in
0.9% saline. MCAJ (50, 100, or 200 mg/kg, p.o.) and
imipramine (10 mg/kg, i.p.) were administered 1 h before
testing. The animals were pretreated with WAY-100635 (0.1,
0.3, or 1 mg/kg, s.c.), pindolol (1.25, 2.5, or 5 mg/kg, s.c.),
GRS55562 (1.25, 2.5, or 5 mg/kg, s.c.), ketanserin (0.5, 1, or
2 mg/kg, s.c.) or saline control 30 min before MCAJ treatment.
Imipramine was used as a reference drug.

2.4. Measurements of locomotor activity in the open field

Animals were introduced to the test room 1 h before being
tested. Locomotion was evaluated in transparent activity cages
(opaque plastic, 30x30%x30 cm), and video-tracking was
conducted under subdued illumination (25 1x) 1 h after
administration of 200 mg/kg MCAJ, locomotor activity in the
open field chamber was recorded for 5 min using a computer.
Imipramine (10 mg/kg) was used as a positive control. Each test
group consisted of nine mice. Activity cages and floor surfaces
were thoroughly cleaned with 70% ethanol between tests.

2.5. Measurement of tail suspension test

The tail suspension test (TST) was performed according to the
method described by Steru et al. (1987) with modifications.
Briefly, mice were suspended by the tail from a metal rod using
adhesive tape. The rod was fixed 45 cm above the surface of a
table in a sound-isolated room. The mice were at least 15 cm apart
from each other and a styrofoam divider was placed between them
so that they could not see each other during testing. Mice were
considered immobile only when they hung passively and were
completely motionless. Test sessions were videotaped for 6 min
and immobility times were noted by an observer. The duration of
immobility was observed during the final 4 min of the test. TST
was measured 1 h after MCAJ treatment. The allocations to
treatment groups were randomized within each TST session.

2.6. Measurement of body temperature in mice

Body temperature was determined using a rectal probe
thermometer (TH-5, Physitemp, Clifton, NJ, USA) inserted
2.5 cm into the rectum. Animals received either saline or MCAJ
200 mg/kg orally 30 min after an s.c. injection of saline or
antagonist (WAY-100635, 1 mg/kg). Rectal temperature was
measured immediately before the injection and then again at 60,
and 120 min after the injection of MCAJ. The difference in rectal
temperature between pre-value and post-value was calculated.

2.7. Statistical analysis

The data are expressed as mean+SEM. Statistical signifi-
cance of differences were assessed by one-way ANOVA
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Fig. 1. The effect of MCAIJ on locomotor activity in the open field test. Data are
expressed as means and standard errors (n=9). S, saline; IMI, imipramine.

followed by the Student—Newman—Keuls post-hoc test.
Differences were considered to be statistically significant
when p-values were <5%.

3. Results
3.1. Effect of MCAJ on locomotor activity in the open field test

The saline-treated group traveled a mean distance of
922.84+112.7 cm. The group treated with 200 mg/kg MCAJ
showed no change in distance traveled (1019+78.4 cm) compared
to the saline control group. Similarly, the group treated with
10 mg/kg imipramine traveled 1094+ 186.4 cm [F(2,24)=0.4143,
p<0.05, Fig. 1].

3.2. Antidepressant-like effect of acute MCAJ treatment on TST

A single treatment with 200 mg/kg MCAIJ significantly
reduced the TST immobility time, showing antidepressant-like
effect when compared to the saline control group [F(4,30)=4.053,
p<0.05, Fig. 2]. This effect of MCAJ was comparable to that of
the antidepressant imipramine at 10 mg/kg [F(4,30)=4.250,
p<0.05, Fig. 2].
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Fig. 2. Antidepressant-like activity of acute MCAJ treatment on TST. Data are
expressed as means and standard errors (n=6-8). S, saline; IMI, imipramine.
*p<0.05, compared with the saline control group.
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Fig. 3. The effect of WAY-100635 on antidepressant-like effect of MCAJ. Data
are expressed as means and standard errors (n=9-17). S, saline; W, WAY-
100635. *¥p<0.01, compared with the saline control group. “p<0.05, compared
with the MCAJ control group.

3.3. Effect of WAY-100635 on the antidepressant-like effect of
MCAJ

The administration of 200 mg/kg MCAJ significantly
reduced immobility times compared to the saline controls [F
(4,60)=5.025, p<0.01, Fig. 3]. This effect of MCAJ was
blocked by pretreating with the 5-HT; 5 receptor antagonist,
WAY-100635, at 0.1 mg/kg [F(4,60)=3.006, p<0.05], 0.3 mg/
kg [F(4,60)=3.800, p<0.05], and 1 mg/kg [F(4,60)=4.004,
p<0.07].

3.4. Effect of pindolol on the antidepressant-like effect of
MCAJ

The administration of 200 mg/kg MCAJ significantly
reduced immobility times compared to saline controls [F
(4,48)=4.979, p <0.01, Fig. 4]. This effect of MCAJ was
abolished by pretreating with the 5-HT} o/ receptor antagonist,
pindolol, at 1.25 mg/kg [F(4,48)=3.542, p<0.05], 2.5 mg/kg
[F(4,48)=5.373, p<0.01], and 5.0 mg/kg [F(4,48)=3.583,
p<0.05].
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Fig. 4. The effect of pindolol on the antidepressant-like effect of MCAIJ. Data are
expressed as means and standard errors (n=8-14). S, saline; P, pindolol.
*%p<(.01, compared with the saline control group. *p<0.05, #p<0.01,
compared with the MCAJ control group.
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Fig. 5. The effect of GR55562 on the antidepressant-like effect of MCAJ. Data
are expressed as means and standard errors (n=8-15). S, saline; R, GR55562.
*p<0.01, ***p<0.001, compared with the saline control group.

3.5. Effect of GR55562 on the antidepressant-like effect of
MCAJ

The administration of 200 mg/kg MCAJ significantly
reduced immobility times compared to the saline controls [F
(4,46)=6.403, p<0.001, Fig. 5]. This effect of MCAJ was not
changed by pretreating with the 5-HT,p receptor antagonist,
GR55562 at 1.25, 2.5, or 5 mg/kg.

3.6. Effect of ketanserin on antidepressant-like effect of MCAJ

The administration of 200 mg/kg MCAIJ significantly
reduced immobility times compared to saline controls [F
(4.35)=3.744, p<0.05, Fig. 6]. This effect of MCAJ was
unchanged by pretreating with the 5-HT,, receptor antagonist,
ketanserin, at 0.5, 1, or 2 mg/kg.

3.7. Effects of WAY-100635, pindolol, GR55562, and ketanser-
in on the TST

The immobility time of the group treated with saline was
129+11.2 s. The immobility time of the mice treated with
1 mg/kg WAY-100635, 5 mg/kg pindolol, 5 mg/kg GR55562,
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Fig. 6. The effect of ketanserin on the antidepressant-like effect of MCAJ. Data
are expressed as means and standard errors (n=38). S, saline; K, ketanserin.
*p<0.05, compared with the saline control group.
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Fig. 7. The effects of WAY-100635, pindolol, GR55562, and ketanserin on tail
suspension test. Data are expressed as means and standard errors (n=9-10).
S, saline; W, WAY-100635; P, pindolol; R, GR55562; K, ketanserin.

or 2 mg/kg ketanserin were 137+15.0, 147+13.6, 142+13.0,
and 168+8.2 s, respectively. Administration of these drugs did
not change the immobility time in the TST compared to the
saline control group [F(4.41)=1.184, p<0.33, Fig. 7].

3.8. Effect of WAY-100635 on MCAJ induced hypothermia in
mice

Rectal temperature was measured 60 and 120 min after
vehicle or MCAJ (200 mg/kg, p.o.) administration. MCAJ
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Fig. 8. The effect of WAY-100635 on MCAJ induced hypothermia in mice. The
first measurement was made just prior to the saline or WAY-100635 injection
and was repeated before saline or MCAJ dosing and then 60 and 120 min after
injection. Data are expressed as difference of body temperature between pre- and
post-measurement of MCAJ injection at 0, 60, and 120 min in mice (n=15). S,
saline; W, WAY-100635. *p<0.05, compared with the saline control group.
#p<0.05, compared with the MCAJ control group.
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(200 mg/kg) significantly decreased the rectal temperature
by — 0.5+0.08 °C 120 min after the MCAJ administration
[F(3,45)=3.710, p<0.05, Fig. 8]. WAY-100635 antagonized
the response at a dose of 1 mg/kg (s.c.) (p<0.05), which itself
had no effect on rectal temperature.

4. Discussion

Depression is a common, debilitating, life-threatening illness
with a high incidence. Numerous antidepressant compounds are
now available, which presumably act via different mechanisms
involving the serotonergic, noradrenergic and/or dopaminergic
systems. Heterogeneity of clinical response to antidepressant
and mood-stabilizing drugs and susceptibility to adverse effects
are major clinical problems (Lerer and Macciardi, 2002).
Therefore, new drugs are still needed for the control of
depression-related disorders.

In the present study, our results demonstrate that treatment
with MCAJ produced a significant antidepressant-like response.
This effect was comparable to that of the classical antidepres-
sant imipramine at 10 mg/kg. Moreover, the administration of
MCAI did not affect locomotor activity in the open field test.
Kasture et al. (2000) reported a convulsive, ataxic and sedative
profile and narrow window of safety for a methanolic extraction
of A. lebbeck. In our experiment, however, no change in
locomotor activity and no myorelaxant effect were seen in any
MCAJ-treated group compared to the saline control group (data
not shown). These results suggest that MCAJ has an
antidepressant-like effect but that it does not stimulate
locomotor activity. Furthermore, we saw no signs of the
serotonin syndrome, such as the head twitch response, when we
observed animals treated with MCAJ (data not shown). The
absence of the side effects seen with 4. lebbeck may be due to
the species difference (4. lebbeck vs. A. julibrissin) and/or to
the extraction method used (methanol vs. methylene chloride).

The brain serotonin (5-HT) system projects widely through-
out the cortex and limbic system, and 5-HT neurotransmission
is believed to play a major role in the control of mood and
behavior (Tork, 1990;Jacobs and Azmitia, 1992;Barnes and
Sharp, 1999). It is known that depression results in part from
reduced activity of the serotonin system (Blier and de Montigny,
1999; Lesch and Heils, 2000; Veenstra-VanderWeele et al.,
2000). Therefore, reversal of the reduced 5-HT transmission is
important in terms of recovery from depression. It has been
reported that the methanolic fraction of Albizzia increased
GABA and 5-HT content in mouse brain (Kasture et al., 2000).
Therefore, further study on the change in 5-HT release by
MCALI is needed to elucidate the neurochemical mechanism
underlying the antidepressant-like effect of MCAJ.

More recently, several lines of evidence have suggested that
a deficiency in the function and expression of 5-HT 5 receptors
is an important factor in the development of depression (Leitch
et al., 2003). 5-HT; 5 receptors are located at presynaptic and
postsynaptic sites (Blier et al., 1993). The somatodendritic
autoreceptor, when activated by systemic stimulation, is
believed to down-regulate the 5-HT;, receptors and reduce
the level of 5-HT release both in the cell body and in the

terminal regions of the serotonergic neurons (Laaris et al.,
1997). When antidepressants are administered, the 5-HT;4
autoreceptors become desensitized, and so disinhibit neuronal
firing. In this way extracellular 5-HT levels are elevated at
synapse terminals.

The 5-HT 4 receptors localized postsynaptically to the sero-
tonergic neurons in the hippocampus, septum, amygdala and
cortex increase signal transfer, which leads to an inhibition of the
firing activity (Okazawa et al., 1999). A decrease in 5-HT;4
binding potential, as determined by positron emission tomog-
raphy, has been demonstrated in depressed patients in multiple
forebrain areas, including the frontal cortex and hippocampus
(Drevets et al., 1999; Sargent et al., 2000). Most antidepressant
medications function by normalizing 5-HT,; 5 receptor density,
so relieving depression (Leonard, 1992; Haddjeri et al., 1998).
In support of this hypothesis, the 5-HT 5 agonists gepirone (Van
etal., 1999) and MDL73005EF (Hajos-Korcsok et al., 1999), as
well as the 5-HT 5/ antagonist, pindolol (Olver et al., 2000)
are used in antidepressant therapy.

In a previous study, it was noteworthy that after repeated
treatment with the aqueous extract of A. julibrissin [*H]8-OH-
DPAT binding of the 5-HT; 5 receptor was markedly increased
in the rat frontal cortex, hippocampus, and lateral septum
compared to vehicle-treated controls (Jung et al., 2005).
This result implies a possibility that the antidepressant-like
effect of MCAJ may be mediated by modulation of the 5-HT 5
receptor, although in our study the mice received a single dose
of the methylene chloride fraction of A. julibrissin. This
hypothesis is supported by one of the findings of our present
pharmacological manipulation study that the 5-HT 5 antagonist
WAY-100635 abolished immobility time reduced by MCAJ.
The 5-HT 5,15 antagonist pindolol also reversed the reduction
of immobility time by MCAJ. However, the 5-HT 3 antagonist,
GR55562, did not reverse this antidepressant-like effect by
MCALI. In addition, in another experiment the 5-HT,, receptor
antagonist, ketanserin, did not change the immobility time
reduction induced by MCAJ. Furthermore, 5-HT antagonists
administered alone did not have any effect on the duration of
immobility in this experiment. These results suggest that the 5-
HT 4 receptor is implicated in the antidepressant-like effects of
MCAJ, and that the 5-HT;5 and 5-HT, 4 receptors are not.

It has been reported that 5-HT;, receptor activation by a
wide range of agonists produces hypothermia and this has been
postulated to be a robust method for detecting 5-HT 5 agonists
(Cryan et al., 1999). In fact, our experiment showed that MCAJ
administration produced a mild hypothermia in mice, suggest-
ing some 5-HT 5 agonist properties of MCAJ. Furthermore this
hypothermic response was completely blocked by WAY-
100635, a specific 5-HT;, receptor antagonist. It has been
demonstrated that the receptors mediating the hypothermia in
the mouse appear to be located presynaptically upon 5-HT-
containing neurons since selective lesions of serotonergic
terminals by injection of 5-HT neurotoxin, 5-DHT, largely
prevented the hypothermic responses of 8-OH-DPAT (Bill et al.,
1991). Chronic administration of 5-HT synthesis inhibitor, p-
chlorophenylalanine also blocked the decrease in temperature
induced by 8-OH-DPAT (Goodwin et al., 1987). In addition,
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Martin et al. (1992) confirmed that repeated administration of
antidepressants down-regulated the hypothermic response.
Therefore, there is a possibility that antidepressant-like effect
of MCAJ may due to the modulation via 5-HT;, receptor
presynaptically.

To date, 5-HT 5 agonists have been only moderately successful
antidepressants in the clinic in comparison to selective serotonin
reuptake inhibitors (SSRIs). However, most SSRIs suffer from a
variety of drawbacks, such as a delay in the onset of efficacy
(Kinney et al., 2000) and several adverse effects, such as sexual
dysfunction, anxiogenic action, headache, gastrointestinal cramps,
and diarrhea (Stahl, 1998; Rosen et al., 1999). Therefore, a herbal
extract acting on the 5-HT 5 receptors should provide a lead for
new antidepressants, because of low adverse effects evidenced by
its use as a traditional folk medicine. Meanwhile, several recent
human studies have reported changes in 5-HT, receptor in major
depression, but the results are variable and inconclusive (Serretti
et al., 2000; Gardiner and Du, 2006). Nevertheless further study
would seem warranted as to whether the antidepressant-like effect
of MCAJ is partially mediated by 5-HT,c.

At present, it is not clear which constituent of MCAJ exerts
its antidepressant-like effect. Several compounds have been
isolated from A. julibrissin stem bark. These include flavone
derivatives, unsaturated acids, lignan glycosides and triterpe-
noidal saponin (Kinjo et al., 1992; Jung et al., 2003, 2004a). 4.
lebbeck is a different species from A. julibrissin (Jung et al.,
2004a). Acacic acid lactone saponins and triterpenoidal
saponins were isolated from A. lebbeck (Pal et al., 1995).
However, similarities with regard to active fractions between
these two species may be due to the effects of triterpenoidal
saponins isolated from these species of Albizzia Genu. Further
study is needed to identify the compound that causes these
antidepressant-like effects. We are currently examining the
major components of MCAJ in this respect.

Taken together, the findings of the present study indicate that
MCALI has an antidepressant-like effect, and that its effects are
mediated mainly by the 5-HT; 5 receptor system.
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