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Abstract

Disruption of the hypothalamo—pituitary—adrenal (HPA) axis characterized by dysfunction of the glucocorticoid negative feedback system is
frequently observed in human depressives and is thought to involve a reduction in glucocorticoid receptor (GR) function in the feedback sites
including the brain. Recently, we found that chronic stress in rats induces similar HPA disruption that is caused by abolishment of feedback ability
in the prefrontal cortex (PFC) and hippocampus, which involves decreased cytosolic GRs or increased nuclear GRs, respectively. Also, we found
that saikokaryukotsuboreito (SRBT), a herbal medicine, prevents the chronic stress-induced HPA disruption. We therefore examined here the
effects of this drug on the chronic stress-induced changes in GRs in the PFC and hippocampus. Chronic stress was induced in rats by water
immersion and restraint (2 h/day) for 4 weeks. SRBT significantly prevented decreased cytosolic GRs in the PFC and increased nuclear GRs in the
hippocampus in the chronically stressed rats. Moreover, SRBT significantly prevented the abolishment of feedback ability in both regions. These
results suggest that the beneficial effects of SRBT on the GR level are involved in its ameliorating actions on the HPA disruption. This finding

provides information important for the prevention and treatment of depression.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Exposure to chronic stress is thought to precipitate or exac-
erbate several neuropsychiatric disorders including depression
(Mazure, 1995). Several reports have demonstrated that disrup-
tion of the hypothalamo—pituitary—adrenal (HPA) axis presenting
as attenuation of the dexamethasone (DEX)-mediated negative
feedback on cortisol secretion is observed in approximate one half
of human depressives (Carroll et al., 1981; Kalin et al., 1982;
Holsboer, 1983; Arana et al., 1985). Although glucocorticoid
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secretion is negatively regulated by glucocorticoids at the level of
the anterior pituitary gland (Miller et al., 1992), several regions of
the brain, such as the hypothalamus, hippocampus, and prefrontal
cortex (PFC), that have abundant glucocorticoid receptors (GRs),
are also involved (Feldman and Conforti, 1985; Magarinos et al.,
1987; Kovacs and Makara, 1988; Diorio etal., 1993; Feldman and
Weidenfeld, 1999; Mizoguchi et al., 2003a). Recently, we have
indicated that chronic stress in rats induces similar HPA disruption
to human depressives, which is caused by the abolishment of
feedback ability in the PFC and hippocampus (Mizoguchi et al.,
2001, 2003a). Moreover, we have shown that chronic stress
simultaneously decreases GR levels in the cytosolic fraction of the
PFC and increases the levels in the nuclear fraction of the
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hippocampus, suggesting the involvement of these changed
GRs in the abolishment of feedback ability in both regions
(Mizoguchi et al., 2003a).

Several traditional herbal medicines (called Kampo drugs in
Japan, herbal remedies composed of specified mixtures of dried
plant materials) are effective in the field of neuropsychiatry
(Kanba et al., 1998). In particular, saikokaryukotsuboreito
(SRBT, chai-hu-jia-long-gu-mu-li-tang in Chinese), one of the
Kampo drugs, has been widely used in a variety of clinical
situations for the treatment of stress-related neuropsychiatric
disorders, such as depression (Sarai, 1992), neurosis (Kanba
et al.,, 1998), anxiety (Sarai, 1992), and insomnia (Kikutani,
1984), with very low side effects. Although scientific evidence
of the clinical effects of this drug is scarce, several basic
researches have demonstrated that SRBT attenuates acute
stress-induced elevation of serum corticosterone (CORT) levels
in mice (Sasaki et al., 1995) and that this drug increases
behavioral activity in a despair test (Koshikawa et al., 1998).
This drug also suppresses an excessive increase in the glutamate
release induced by high concentration of K™ in the hippocampus
of normal and zinc-deficient rats, a neurological disease model
(Tamano and Takeda, 2004). Moreover, SRBT prevents both
disruption of the HPA axis (Mizoguchi et al., 2002) and behav-
iorally depressive state (Mizoguchi et al., 2003b) in chronically
stressed rats. These findings have suggested that SRBT has an
anti-stress or anti-depressive action and that it may thereby act
as a modulator of the glucocorticoid secretion system.

Thus, because SRBT might have a psychotropic action
through the glucocorticoid secretion system, we considered a
possibility that this drug modifies the GR levels in the brain
regions that contribute to the feedback system and regulates
feedback ability of these regions. The present study was de-
signed to clarify this possibility. For this purpose, we examined
the effects of SRBT on abnormal changes in the GR levels in the
PFC and hippocampus using a Western immunoblot technique
and on abolishment of feedback ability mediated by DEX locally
placed in the PFC and hippocampus in chronically stressed rats.

2. Materials and methods
2.1. Drugs

SRBT was supplied in the form of a water-extracted dried
powder that was manufactured from a mixture of the crude
drugs listed in Table 1 (Tsumura Co., Tokyo, Japan). The
concentration of several effective chemicals is defined for each
crude drug as an internal standard in our company’s guide to
Good Manufacturing Practices. The powdered drug was
suspended in distilled water. SRBT (100, 300, or 1000 mg/
10 ml/kg, p.o.) was administered daily during both a 4-week
stress session and a 10-day recovery period, described below.

2.2. Animals and stress exposure
All animal experiments were performed in accordance with

our institutional guidelines after obtaining the permission of the
Laboratory Animal Committee.

Table 1
Crude drug composition of saikokaryukotsuboreito (SRBT)

Plant name Composition (g)  Major components
Bupleuri radix 5.0 Saikosaponin a, ¢, d, e
Pinelliae tuber 4.0 Homogenistic acid
Hoelen 3.0 Eburicoic acid
Cinnamomi cortex 3.0 Cinnamic aldehyde
Scutellariae radix 2.5 Baicalin, wogonin
Zizyphi fructus 2.5 Zizyphus saponin, betulinic acid
Ginseng radix 2.5 Ginsenoside

Fossilia ossis mastodi 2.5 Calcium base

Ostreae testa 2.5 Calcium base
Zingiberis rhizoma 1.0 Gingerol, shogaol

Naive adult male Wistar rats (Japan Clea, Tokyo, Japan)
weighing 300-350 g were used. They were housed four per
cage in a temperature- (2242 °C), humidity- (55+£10%), and
light- (12 h light/dark schedule; lights on at 7:00 A.M. and off at
7:00 P.M.) controlled environment and were fed laboratory food
and water ad libitum. The procedure of stress exposure was
described previously (Mizoguchi et al., 2000, 2001, 2003a).
Briefly, the animals were placed in a stress cage made of wire
net, and immersed to the level of the xiphoid process in a water
bath maintained at 21 °C for 2 h. The animals were subjected to
this stress session once a day for 4 weeks (chronic stress). To
avoid the acute influence of the last stress session and to
evaluate the influence of chronic stress as a consequence of the
cumulative stress effects, animals were allowed a 10-day
recovery period. In our preliminary experiments, gastric ulcer
was not produced by single or chronic exposure. Although
relatively severe, this stress is not intense enough to produce
gastric ulcer.

2.3. Immunoprecipitation and Western immunoblot analysis

The amount of GR proteins was measured according to the
method established previously by us (Mizoguchi et al., 2003a).
Briefly, the rats were sacrificed by decapitation after the 10-day
recovery period following the 4-week stress session. After
decapitation, the PFC and hippocampus were quickly dissected
on an ice plate, immediately frozen on dry ice, and stored at
—80 °C. On the day of the experiment, the sample for
immunoprecipitation was prepared according to the method of
Beck et al. (1993) with minor modifications. Each tissue was
homogenized in 1 ml of hypotonic buffer [10 mM HEPES (pH
7.4) containing 1 mM EDTA-2Na, 10 mM molybdate, 0.1 mM
p-amidinophenylmethanesulfonyl fluoride (Wako Pure Chemi-
cals, Osaka, Japan), 0.1 mg/ml leupeptin (Sigma, St. Louis,
MO, USA), and 0.1 mg/ml antipain (Sigma)] in a Teflon-glass
homogenizer. The homogenates were ultracentrifuged at
100,000 xg for 1 h to yield a cytosolic fraction (the supernatant)
and a fraction containing nuclei (the pellet). The pellets were
extracted with hypotonic buffer containing 0.5 M NaCl for 1 h
on ice, and then ultracentrifuged at 100,000 xg for 30 min to
yield soluble nuclear extracts. The extracts were desalted, and
an aliquot of each cytosolic or nuclear fraction was used for the
determination of protein concentrations according to Lowry’s
methods (Lowry et al., 1951).
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For immunoprecipitation, a monoclonal mouse anti-GR
antibody (3 pg, BuGR2; Affinity BioReagents, Golden, CO,
USA) was added to each sample (500 pl) and incubated for 1 h.
Protein G-Sepharose (20 pl per sample, Amersham Bios-
ciences) was then added and mixed by rotation for 1 h. The
protein-bound protein G-Sepharose was collected by centrifu-
gation and washed. The immunoadsorbed GR complexes were
solubilized and denatured. The samples were clarified by
centrifugation for 5 min and subjected to gel electrophoresis.

For immunoblot analysis, the proteins were separated by
electrophoresis on 12.5% SDS-polyacrylamide gels (ExcelGel;
Amersham Biosciences) and electroblotted onto nitrocellulose
filters. The anti-GR antibody diluted to 1 pg/ml in phosphate-
buffered saline (PBS) containing 1% (w/v) bovine serum
albumin and 0.1% (v/v) Triton-X100 (incubation buffer) was
applied overnight at 4 °C. The filters were then incubated for 2 h
with peroxidase-linked sheep anti-mouse IgG (Amersham
Biosciences) diluted to 1:5000 in the incubation buffer. The
peroxidase was visualized on X-ray film using an Enhanced
Chemiluminescence system (Amersham Biosciences).

Semiquantitative densitometric analyses of GR signals were
performed on X-ray film using Macintosh-driven image-
processing and analysis software (BioMax 1D; Eastman
Kodak, Rochester, NY, USA). The accuracy of our immuno-
precipitation—Western immunoblot analysis system for GR was
confirmed by our previous study (Mizoguchi et al., 2003a).
Data are expressed as relative change (%) for the GR levels in
each cytosolic fraction of the control (naive non-stressed) rats.

2.4. DEX infusion into brain

The infusion experiments were performed according to the
method described previously (Mizoguchi et al., 2000, 2003a).
Briefly, after a 2-day recovery period following the 4-week
stress session, the animals were stereotaxically and bilaterally
implanted with a guide cannula (9 mm long, 0.8 mm outer
diameter; Bioanalytical Systems, West Lafayette, IN, USA)
under pentobarbital anesthesia (45 mg/kg, i.p.). The brain atlas
of Paxinos and Watson (1982) was used to determine the
coordinates. The following coordinates relative to the bregma
were used for the cannula implantation (in mm): the PFC,
anteroposterior,+3.2; lateral, £1.0; vertical, —2.5; the hippo-
campus, anteroposterior, —4.2; lateral, £2.4; vertical, —2.6. In
our previous study (Mizoguchi et al., 2003a), we verified
histologically the cannula position and confirmed the correct
position. The animals were initially treated with Xylocaine
(Astellas Pharma, Tokyo, Japan) to minimize pain and were
monitored on a daily basis for signs of distress or infection.
Thus, the animals were free of the water immersion and restraint
stress session during the 10-day recovery period, but they were
subjected to surgical stress during this period.

Animals were adapted to a mock infusion protocol to
minimize any stress associated with the procedure before the
start of infusion experiments. After an 8-day recovery period
from the surgery (i.e., 10 days after the 4-week stress session),
the animals were restrained gently while the stylets were
removed and replaced with an infusion cannula (PC-12;

Bioanalytical Systems) that extended 1 mm below the guide
cannula. The animals received bilateral infusions of DEX
(Sigma) at a concentration of either 0 (vehicle) or 10 ng in 1 pl
sterile saline containing 0.2% (v/v) ethanol at a rate of 0.2 pul/
min using a microinfusion pump. This dose of DEX was
optimized by our preliminary study (data not shown). The
infusion was performed between 10:00 A.M. and 11:30 A.M.
The cannula remained in place for 2 min after the completion of
the infusion. Stylets were inserted back into the guide cannula,
and the animals were returned to the home cage. Four hours
after the infusion, the animals were sacrificed by decapitation,
the trunk blood was collected, and the plasma was separated and
stored at —20 °C.

2.5. CORT radioimmunoassay

The ['*I]-labeled CORT (46.3 kBq) double antibody
radioimmunoassay kit for rat (Amersham Biosciences) was
used to measure the plasma CORT concentration. To displace
CORT from corticosteroid-binding globulin, the plasma was
heated for 30 min at 60 °C. The assay was performed in
duplicate at room temperature, using rabbit anti-CORT serum as
the first antibody and donkey anti-rabbit serum coated on
magnetizable polymer particles as the second antibody.
According to the manufacturer, the cross-reactivity is low.
The highest cross-reactivity is found with 11-deoxycorticoster-
one (2.4% in contrast to 100% for CORT). The possible range
of the assay is between 0.78 and 200 ng/ml.

2.6. Statistics

All data were initially analyzed using one-way analysis of
variance (ANOVA). Individual between-group comparisons of
changes in the GR levels were made using Fisher’s Protected
Least Significant Difference test, and comparisons of changes in
the plasma CORT levels following intracranial infusions of
DEX were analyzed using the unpaired ¢ test.

3. Results
3.1. Detection of GR protein

As shown in Fig. 1, two immune-specific bands (molecular
weight: 54 kDa and 97 kDa, respectively) were detected in the
cytosolic preparations derived from the hippocampus (lane 1)
and PFC (lane 2). Considering general information and our
previous study (Mizoguchi et al., 2003a), we determined that
the 54 kDa band is IgG and the 97 kDa band is GR.

3.2. Effect of SRBT on GR levels

The effects of chronic stress and SRBT treatment on the GR
levels in the cytosolic and nuclear fractions of the PFC and
hippocampus were examined by using the immunoprecipita-
tion—Western immunoblot technique (Fig. 2). In the PFC
(Fig. 2A and C), cytosolic GRs were significantly decreased by
chronic stress [F(4,35)=2.363, p<0.05] compared with the
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Fig. 1. Western immunoblot analysis of immunoadsorbed GR. The blot shows
detection of GR proteins from the cytosolic fraction prepared from the
hippocampus (lane 1) and PFC (lane 2).

naive non-stressed rats (Fig. 2A). Although this decrease was
not prevented by 100 mg/kg of SRBT, it was significantly
prevented by 300 and 1000 mg/kg of the drug [F(4,35)=2.363;
300 mg/kg, p<0.05; 1000 mg/kg, p<0.01], and there was no
significant difference between naive non-stressed and SRBT-
treated (300 and 1000 mg/kg) stressed rats. The nuclear GR
levels were not significantly changed by chronic stress and
SRBT treatment (Fig. 2C). In the hippocampus (Fig. 2B and D),
cytosolic GRs tended to increase following chronic stress com-
pared with the naive non-stressed rats [F(4,35)=1.272, p=0.06]
(Fig. 2B). This increase was not affected by 100—1000 mg/kg
SRBT. The nuclear GR levels were significantly increased
by chronic stress compared with the naive non-stressed rats

A
150~ -

1004 14

504

% of Naive

0

Naive

% of Naive

0 0 100 300 1000 (mgrkg)
Stress

[F(4,35)=5.532, p<0.01] (Fig. 2D). Although this increase
was not prevented by 100 and 300 mg/kg of SRBT, it was
23significantly prevented by 1000 mg/kg of the drug [F
(4,35)=5.532, p<0.001], and there was no a significant
difference between naive non-stressed and SRBT-treated
(1000 mg/kg) stressed rats.

3.3. Effect of SRBT on feedback ability

The effects of chronic stress and SRBT treatment on the
feedback ability mediated by bilateral infusions of DEX into the
PFC or hippocampus are shown in Fig. 3. In the PFC (Fig. 3A),
the plasma CORT levels of the naive non-stressed rats were
significantly suppressed by the DEX infusion compared with
the vehicle infusion [F(1,14)=17.697, p <0.001]. However, the
CORT levels in the chronically stressed rats were not sup-
pressed by DEX [F(1,14)=0.381, p=0.547], and the levels
were significantly higher than those of the DEX-infused naive
non-stressed rats [F(2,21)=22.487, p<0.001]. The CORT
levels in the chronically stressed and SRBT-treated rats were
significantly suppressed by the DEX infusion compared with
the vehicle infusion [F(1,14)=18.350, p<0.001], and the levels
were significantly lower than those of the DEX-infused and
chronically stressed rats [F(2,21)=22.487, p<0.001]. Similarly,
in the hippocampus (Fig. 3B), the plasma CORT levels of the
naive non-stressed rats were significantly suppressed by the
DEX infusion [F(1,14)=22.091, p<0.001]. However, the
CORT levels in the chronically stressed rats were not sup-
pressed by DEX [F(1,14)=1.410, p=0.255], and the levels
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Fig. 2. Effect of saikokaryukotsuboreito (SRBT) on chronic stress-induced increases or decreases in GR proteins in the cytosolic (A and B) or nuclear (C and D)
fraction of the PFC (A and C) or hippocampus (B and D). GR proteins were measured by using an immunoprecipitation—Western immunoblot technique (see Materials
and methods section). The cytosolic GR levels of naive non-stressed rats were used as control (100%). Each column is the mean+S.E.M. of 5 rats per group. Asterisks
indicate a significant difference from naive non-stressed rats: *, p<0.05; **, p<0.01; daggers, a significant difference from stressed rats: ', p<0.05, Tt p<0.01,

1T, p<0.001.
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Fig. 3. Effect of saikokaryukotsuboreito (SRBT) on chronic stress-induced
abolishment of feedback ability in the PFC (A) or hippocampus (B). DEX
(10 ng) was infused after a 10-day recovery period following a 4-week stress
session. Four hours after the DEX infusions, the concentrations of plasma CORT
were measured (see Materials and methods section). Each column is the
mean=+S.E.M. of 8 rats per group. Asterisks indicate a significant difference
from vehicle-infused rats in each group: *, p<0.05; *** p<0.001; daggers, a
significant difference from naive non-stressed and DEX-infused rats:
T, p<0.001; double daggers, a significant difference from stressed and
DEX-infused rats: ¥, p<0.01, HE »<0.001.

were significantly higher than those of the DEX-infused naive
non-stressed rats [F(2,21)=12.989, p<0.001]. The CORT
levels in the chronically stressed and SRBT-treated rats were
significantly suppressed by the DEX infusion compared with
the vehicle infusion [F(1,14)=6.555, p<0.05], and the levels
were significantly lower than those of the DEX-infused and
chronically stressed rats [F(2,21)=12.989, p<0.01].

4. Discussion

The present results suggest that SRBT can prevent chronic
stress-induced abolishment of glucocorticoid negative feedback
ability in the PFC and hippocampus through the improvement
of abnormal changes in the GR levels. This mechanism is
thought to underlie the improving effects of this drug on chronic
stress-induced disruption of the HPA axis (Mizoguchi et al.,
2003b), which is thought to be related to its anti-depressive
action.

As shown in Fig. 2, chronic stress significantly decreased
cytosolic GRs in the PFC and significantly increased nuclear
GRs in the hippocampus, which are in agreement with our
previous report (Mizoguchi et al., 2003a). Although cytosolic
GRs in the hippocampus significantly increased in the stressed

rats in our previous study (Mizoguchi et al., 2003a), they tend to
increase in the present study (p=0.06).

In the drug treatment study, SRBT prevented these abnormal
changes in GRs, except the increase in cytosolic GRs in the
hippocampus. In particular, the preventive effect of SRBT on
the decrease in GRs in the PFC was a dose-dependent manner,
suggesting that this effect is based on a pharmacological
property. Regarding the underlying mechanisms, regulation of
glucocorticoid secretion by SRBT may have a role. Although
several factors can regulate the expression levels of GRs, the
ligand, glucocorticoid, negatively regulates the GR expression
at the transcription level (Rosewicz et al., 1988). In particular,
GRs in the hippocampus as well as in the PFC are sensitive to
changes in endogenous glucocorticoid secretion (Lowy, 1991;
O’Donnell et al., 1995). We previously reported that a single
exposure to water immersion and restraint produced a marked
elevation of CORT secretion, and this response was maintained
during the 4-week stress session (Mizoguchi et al., 2001).
Indeed, cytosolic GRs in the hippocampus were down-regulated
in the stress duration-dependent manner and up-regulated
conversely after the recovery period (Mizoguchi et al.,
2003a). However, in the PFC, cytosolic GRs were initially
down-regulated at the 4-week stress period, and this down-
regulation was maintained until the end of the recovery period.
Because sensitivity of cytosolic GRs in the PFC to excessive
glucocorticoids during a chronic stress situation may be lower
than that in the hippocampus, the ligand-dependent down-
regulation may occur later (Mizoguchi et al., 2003a). Thus, the
elevation of plasma CORT levels in response to stress may be
involved in the chronic stress-induced abnormal changes in
GRs. Considering that SRBT suppresses elevated plasma CORT
levels in response to acute stress (Sasaki et al., 1995), the
preventive effects of SRBT on GRs in the present study may be
due to its suppressive action for elevated CORT. Alternatively,
SRBT may attenuate excitation of the brain induced by stress.
For example, this drug reduces hyperactivity of locomotor and
prolongs the sleep induced by pentobarbital sodium in EI mice
whose brains excite easily in response to stimuli, suggesting the
involvement of gamma-aminobutylic acid (lizuka et al., 1998).
Moreover, this drug decreases the elevation of the concentra-
tions of dopamine and its metabolite dihydroxyphenylacetic
acid in the brain in response to stress (Sasaki et al., 1998). Thus,
SRBT might prevent the abnormal GR changes as a result of
attenuation of the brain excitation induced by stress. The
mechanisms underlying the effects of this drug on GRs should
be clarified by the detailed studies.

The accumulation of nuclear GRs in the hippocampus may
be due to the results of the changes in cytosolic GRs. Steroid
receptors are shuttling proteins that traffic continuously
between cytoplasm and nucleus when liganded (Guiochon-
Mantel et al., 1991; Dauvois et al., 1993; Madan and DeFranco,
1993; Galigniana et al., 1999). Hormone binding is transient,
and the loss of hormone from the receptor leads to a recycling of
the receptor (Scherrer et al., 1990). Although there is no
evidence indicating that SRBT modifies the GR traffic system,
it may be possible that SRBT influences the chronic stress-
induced abnormality of nucleocytoplasmic shuttling of GRs.
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GRs are a candidate molecule that contributes to the
feedback system. Therefore, to explore a functional significance
for the preventive effects of SRBT on the abnormal changes in
GRs (Fig. 2), we next examined the effects of this drug on the
chronic stress-induced dysfunction of the feedback system in
the PFC and hippocampus. As shown in Fig. 3, when DEX was
infused into the PFC or hippocampus of the chronically stressed
rats, no suppressive response to DEX was observed, which is in
agreement with our previous report (Mizoguchi et al., 2003a). In
the drug treatment study, SRBT certainly prevented the abolish-
ment in both regions, suggesting that the preventive effects of
SRBT on the chronic stress-induced abnormal changes in GRs
in the PFC and hippocampus (Fig. 2) contribute to the beneficial
effects of this drug on the feedback system in these regions.

The fact that the maximum dose, i.e. 1000 mg/kg, of SRBT
was effective for the chronic stress-induced GR changes and
dysfunction of the feedback system in the PFC and hippocam-
pus in the present study is consistent with our previous findings
that the same dose of SRBT prevented the chronic stress-
induced disruption of the HPA system (Mizoguchi et al., 2002)
as well as decreased the extracellular concentrations of dopa-
mine and serotonin in the PFC and behaviorally depressive state
(Mizoguchi et al., 2003b). This consistency suggests that the
GR regulating actions of SRBT are related to its anti-depressive
actions. This hypothesis is supported by a finding that
glucocorticoid-related drugs (e.g., mifepristone) are sometimes
used successfully as anti-depressants (Belanoff et al., 2001).

Although the active ingredients in SRBT for chronic stress-
induced abnormality of the neuroendocrine system have not yet
been identified, the major components of the crude drugs
comprising this drug have been isolated and are shown in
Table 1. Among them, several active ingredients that influence
the glucocorticoid secretion system in particular have been
isolated. For example, oral administration of saikosaponins
increases plasma adrenocorticotropic hormone (ACTH) and
CORT levels in rats (Hiai et al., 1981; Yokoyama et al., 1981),
and this CORT elevation is clearly blocked by DEX (Hiai et al.,
1981). Also, ginseng saponins similarly increase adrenal cyclic
adenosine 3’, 5’-monophosphate (cAMP), a second messenger
of ACTH, and thereby stimulate synthesis and secretion of
corticosteroids in normal rats, but not in hypophysectomized
rats (Hiai et al., 1979). These findings have suggested that some
kinds of saponins contained in SRBT elevate plasma CORT
levels due to activation of the HPA system. Alternatively,
ginseng saponins act as a functional ligand for GRs (Lee et al.,
1997). Although long-term exposure to excessive glucocorti-
coids, e.g., during chronic stress, causes several neuronal de-
generations such as neuronal atrophy in the PFC (Cerqueira
et al., 2005) and hippocampus (Mizoguchi et al., 1992;
Watanabe et al., 1992; Sousa and Almeida, 2002; McEwen,
2005), optimal stimulation of GRs is also essential for main-
taining the neuronal functions in both regions (Sloviter et al.,
1989; Mizoguchi et al., 2004). In addition, glucocorticoids are
the most important hormones for overcoming acute physical
stress. Therefore, some ingredients having an activation action
for the HPA system may facilitate the resistance, coping, and
adaptation responses of organisms to stressors through modula-

tion of the glucocorticoid secretion system, which may be
involved in an anti-stress action of SRBT. The active ingredi-
ents of this drug should be identified by the detailed studies.
In conclusion, our present results revealed that SRBT could
prevent chronic stress-induced dysfunction of glucocorticoid
negative feedback system because of modification of GR levels
in the PFC and hippocampus. This mechanism may underlie an
anti-depressive action of SRBT. This finding provides informa-
tion important for the prevention and treatment of depression.
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