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ABSTRACT

Depression and anxiety often co-occur with cardiac diseases. The Shexiang Baoxin pill
(SBP) is a proprietary Chinese medicine initially used to treat cardiac conditions. This study
explored whether SBP has antidepressant and anxiolytic effects in addition to hormonal
and psychotropic mechanisms. Mice underwent 6 weeks of chronic unpredictable mild
stress (CUMS) to induce depression- and anxiety-like behavior. During the 6-week exper-
iment, mice received SBP at intragastric doses of 20.25 mg/kg or 40.5 mg/kg daily. Animals
were then tested for depression in sucrose preference, forced-swimming, and tail sus-
pension paradigms, and for anxiety in open field and elevated plus maze tests. Both SBP
doses significantly reduced anhedonic behavior in the sucrose preference test; the high SBP
dose also increased the number of entries into the central zone of the open field. SBP-
treated mice had markedly lower blood levels of corticotrophin-releasing hormone (CRH)
and adrenocorticotropic hormone (ACTH) than stressed mice treated with vehicle. Either
low- or high-dose SBP reversed stress-induced reductions of norepinephrine (NE) and
dopamine (DA) metabolites and the expression levels of brain-derived neurotrophic factor
(BDNF), nerve growth factor (NGF), and glial cell-derived neurotrophic factor (GDNF) in
related brain regions. These results suggest that SBP could prevent and alleviate prolonged
stress-induced anhedonia and anxiety in association with its suppression of the
hypothalamic-pituitary-adrenal (HPA) axis hyperactivity, modulation of brain monoamine
neurotransmitter metabolism and neurotrophins. SBP may be particularly suitable for the
management of depressive and anxiety disorders in patients with cardiac conditions.
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LLC. This is an open access article under the CC BY-NC-ND license (http://
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1. Introduction

Depression and anxiety often co-occur with cardiovascular
disease and are common and persistent comorbid symptoms
in survivors of acute myocardial infarction [1,2]. Approxi-
mately 20% of patients with cardiovascular disease and 40%
with coronary heart disease had comorbid depressive dis-
orders [2|. Depression is a risk marker for an increased
incidence of new cardiovascular diseases and worse prog-
nosis for existing cardiovascular diseases; a bidirectional
association between depression and cardiovascular
dysfunction has been well demonstrated [3]. Multisystem
mechanisms, such as hypothalamic-pituitary-adrenal (HPA)
axis hyperactivity, brain neurotransmitter dysfunction, and
neurodegeneration are thought to be involved in the patho-
genesis of cardiovascular condition-associated mood and
anxiety disorders [4].

The Shexiang Baoxin pill (SBP) is a proprietary Chinese
medicine that has been listed in the Chinese Pharmacopoeia
since 1995 [5—7]. SBP in composed of seven medicinal mate-
rials and was initially developed for the treatment of cardiac
conditions [5]. Pharmaceutical quality control for SBP has
been well established. Individual materials and major bioac-
tive constituents are listed in Table 1. The clinical efficacy and
benefits of SBP have been confirmed in patients with coronary
heart disease, atherosclerosis, myocardial ischemia, myocar-
dial fibrosis, angina pectoris, and myocardial infarction, and
the therapeutic effects of SBP are suggested to be associated
with cytoprotection and immunomodulation [6,7].

On the other hand, multiple constituents of SBP have
modulatory effects on stress-related neurotransmitters and
hormones [8]. Muscone, a principal constituent of musk
from the musk dear, and cultivated Calculus bovis protected
cerebral neurons and myocardial cells from hypoxia [9].
Cinnamic aldehyde, a major compound derived from Cortex
Cinnamomi, exerted its antidepressant effects by inhibiting
inflammation in a rat model of chronic unpredictable mild
stress (CUMS) [10]. Antidepressant effects of ginsenosides of
ginseng have been observed in various animal models [11]
and are associated with their broad modulation of stress-

related brain monoaminergic neurotransmitters [12]. Ole-
anolic acid, a key component existing in Styrax spp., and its
several derivatives also possess antidepressant and anxio-
lytic activity by broadly modulating GABA,, DA, and 5-HT
receptors and the BDNF signaling pathway [13]. Borneol
can promote the blood—brain barrier and epithelial perme-
ability [14,15], and co-administration with borneol elevated
blood levels of multiple ginsenosides in SBP [16]. Cotreat-
ment with the artificial Calculus Bovis and haloperidol syn-
ergetically enhanced antipsychotic effects [17]. Borneol and
muscone behaved as effective absorption enhancers in the
Human Nasal Epithelial Cell monolayer by opening the bar-
rier and increasing the paracellular and transcellular trans-
port [18]. Inhalation of SuHeXiang essential oil contained in
SBP also could produce the antidepressant and anxiolytic
effects [19].

These results have led to the hypothesis that SBP may be
also effective in preventing and alleviating stress-induced
depression and anxiety. To test this hypothesis, the present
study was designed to examine the antidepressant and anxi-
olytic effects of SBP in a mouse model of CUMS, which has
been widely used in the investigation of stress-related disor-
ders [20] and depression-cardiovascular comorbidity [21]. We
also examined the hypothalamic-pituitary-adrenal (HPA) axis
hormones, brain monoamine neurotransmitters, and multi-
ple neurotrophic factors.

2. Materials and methods
2.1. Animals

All experimental procedures were approved by the Committee
on the Use of Live Animals in Teaching and Research of the
University of Hong Kong (CULATR 3812—15). Female C57BL/6 ]
mice weighing 18—22 g at 8 weeks of age were purchased from
Charles River Laboratory (Wilmington, MA, USA). Mice were
housed at a constant temperature (23 + 2 °C) and maintained
on a 12 h/12 h light/dark cycle (lights on 6:00—18:00) with ad
libitum access to food and water. All mice were acclimatized
for 1 week before the experiment.

Table 1 — Individual Medicinal materials of the SBP formula®.

Material name (in Chinese)

Full scientific name

Major pharmacologically
active constituents

Artificial Moschus from musk dear
(Ren-Gong-She-Xiang)

The dried preputial secretion of Moschus
berezouskii Flerov, Moschus sifanicus

Muscone

Przewalski, or Moschus moschiferus Linnaeus

Radix Ginseng (Ren-Shen)
Cortex Cinnamomi (Rou-Gui)
Venenum Bufonis (toad venom) (Chan-Su)

Styrax (Su-He-Xiang)

Artificial Calculus Bovis (Ren-Gong-Niu-Huang)
domesticus Gmelin

Borneol (Bing-Pian)

Panax ginseng C.A. Mey., root

Cinnamomum cassia (L.) J. Presl., bark

The dried secretion of Bufo bufo gargarizans
Cantor or Bufo melanostictus Schneider
Liquidambar orientalis Mill., resin

The dried gall-stone of Bos taurus

Borneolum Syntheticum or Dryobalanops

Ginsenosides, e.g., ginsenoside Rb1, Rc, Rgl
Cinnamic aldehyde, cinnamic acid
Bufadienolides, e.g., bufalin, resibufogenin,
gamabufotalin

Oleanolic acid

Borneol

aromatica C.F. Gaertn, resin

& Modified from Refs. [6,7].
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2.2. CUMS procedure

The CUMS procedure consisted of multiple different types of
mild stressors [22]: tail clamping for 1 min, water deprivation
for 15 h, food deprivation for 15 h, restraint in a plastic tube for
4 h, cage tilting at 45° for 15 h, empty cage without nesting for
15 h, illumination in dark phase, and wet bedding (50 g
sawdust/200 mL water) for 15 h. The mice received one of
these stressors per day, and the same stressor was not applied
for 2 consecutive days to minimize the predictability of the
occurrence of each stressor. These stressors were randomly
assigned on a weekly basis and repeated throughout the 6-
weeks experiment. Animals received the SBP treatment dur-
ing the entire CUMS procedure (see below).

2.3. Drug and treatment regimens

SBP (manufacturer batch number: 160,504) was kindly pro-
vided by Shanghai Hutchison Pharmaceuticals Company
(Shanghai, China). The quality control of SBP adhered to the
specifications and test procedures as described in the Chinese
Pharmacopoeia [5]. For administration, SBP was dissolved in a
vehicle containing a 0.5% aqueous solution of sodium car-
boxymethyl cellulose and the two effective doses, 20.25 mg/kg
and 40.5 mg/kg per day, were given via oral gavage 30 min
before the CUMS stressor on a daily basis. These two effective
doses of SBP tested were calculated based on the clinical usage
of SBP (135 mg equivalent to 6 pills per day for adults with
60 kg in body weight) in Chinese population [23].

Three groups of CUMS-stressed mice randomly
received vehicle alone (CUMS + vehicle), 20.25 mg/kg
(CUMS + 20.25 mg/kg SBP) or 40.5 mg/kg SBP (CUMS + 40.5
mg/kg SBP) treatment for 6 weeks. The treatment was carried
out in parallel with the 6 weeks of the CUMS procedure. An
additional group of unstressed and untreated mice was
included as control group for behavioral and biochemical ex-
aminations. Total 50 mice initially received CUMS procedures
in a random manner (n = 20 for CUMS + vehicle, 20 for
CUMS + 20.25 mg/kg SBP, and 10 for CUMS + 40.5 mg/kg SBP).

2.4. Behavioral tests

A sucrose preference test (SPT), a forced-swimming test (FST),
and a tail suspension test (TST) were used to measure
depressive behavior. An open field test (OFT) and an elevated
plus maze (EPM) test were used to measure anxiety behavior.
The behavioral procedures started at 3 days before the
completion of the CUMS. The SPT was conducted on days 1
through 4 and the FST and TST on day 5. The OFT and EPM test
were carried out on day 6.

2.4.1. Sucrose preference test

The SPT was conducted as described previously with minor
modifications [24]. Briefly, to acclimatize sucrose preference,
mice were exposed to two bottles containing 1% sucrose so-
lution (w/v) with ad libitum access for 24 h in groups of three
to five per cage. On day 2, one bottle containing 1% sucrose
solution and another containing tap water were accessible for
24 h. On day 3, the positions of the two bottles were switched
for another 24 h. At the end of the adaptation period, mice

were deprived of food and water for 22 h. After that, the SPT
was conducted in an individual mouse housed in a cage with
free access to two respective bottles containing 1% sucrose
solution and tap water for 2 h. To prevent side preference in
drinking behavior, the position of the two bottles was
switched in the middle of testing. Water and sucrose con-
sumption were measured as changes in weight of fluid
consumed. The sucrose preference was calculated from the
formula: sucrose preference (%) = sucrose intake (g)/[sucrose
intake (g) + water intake (g)] x 100%.

2.4.2. Forced-swimming test

The FST was conducted in a polycarbonate cylinder (30 cm in
height and 20 cm in diameter) that was filled with water to a
depth of 15 cm at 23 °C—25 °C, as reported previously. A mouse
was placed in the cylinder for 6 min and its movement was
recorded on videotape. The duration of immobility, defined as
the absence of all movements except for motions required to
maintain the head above the water, was obtained from the
last 4 min of the trial with EthoVision XT7 software

2.4.3. Tail suspension test

The TST was performed in a specially manufactured tail
suspension box as reported previously. Briefly, each mouse
was suspended 50 cm above the floor of the box by fixing its
tail tip (1 cm in length) with adhesive tape. The duration of
immobility, defined as the absence of any movements of limbs
and trunk except for whisker movement and respiration, was
recorded on videotape over 6 min of testing and analyzed with
EthoVision XT7 software

2.4.4. Open field test

The OFT was conducted in a white square box
(40 x 40 x 40 cm), in which the white floor is divided into the
central zone (15 x 15 cm) and the surrounding zone. Each
mouse was placed on the surrounding zone and allowed to
explore freely for 5 min under white fluorescent light from
above. Its movement trajectory in the box was recorded with
video tracking software (Noldus Information Technology,
Leesburg, VA, USA). The total distance moved was analyzed to
evaluate locomotor activity. The time spent in and number of
entries into the central zone were obtained to evaluate the
extent of anxiety. The box was cleaned with 70% ethanol be-
tween tests

2.4.5. Elevated plus maze test

The EPM test was conducted in a roofless apparatus consisting
of two open arms (35 x 5 cm) and two closed arms
(35 x 5 x 15 cm), arranged such that the two arms of each type
are opposite to each other. The maze is elevated to a height of
70 cm from the floor. The mouse was placed in the center area
of the maze with its head directed toward an open arm and
was then allowed to explore the maze freely for 5 min. The
movement trajectory in the maze was recorded with video
tracking software (Noldus Information Technology, Leesburg,
VA, USA). Any subsequent visit to one of the four arms was
counted when all four paws of a mouse entered. The time
spent in and number of entries into the open arms were ob-
tained to evaluate the extent of anxiety. The maze was
cleaned with 70% ethanol between tests
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2.5.  Measurement of serum HPA-related hormones

After the behavioral tests, 0.5—0.6 mL of blood was collected
from each mouse via cardiac puncture; serum was separated
immediately and stored at —80 °C until assay. Corticotrophin-
releasing hormone (CRH) and adrenocorticotropic hormone
(ACTH) levels were measured using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Cloud-Clone Corp.,
Wuhan, China) according to the manufacturer's instructions.

2.6.  Measurement of brain monoamine
neurotransmitters

After blood sampling via cardiac puncture, the mice were killed
and their brains were rapidly removed. The hippocampus,
striatum, and cerebral cortex were dissected, weighed, and
stored at —80 °C until assay. The brain monoamine trans-
mitters, norepinephrine (NE), dopamine (DA), and 5-
hydroxytryptamine (5-HT), and their respective metabolites,
3-methoxy-4-hydroxyphenylglycol (MHPG), dihydroxyphenyl-
acetic acid (DOPAC), and 5-hydroxyindole acetic acid (5-HIAA)
were assayed using a high-performance liquid chromatog-
raphy (HPLC) system with an electrochemical detector. Briefly,
the tissues were homogenized with 100—150 uL of 0.1 M
perchloric acid containing 0.1% ascorbic acid as antioxidant.
The mixture was centrifuged at 12,000 rpm at 4 °C for 20 min,
and 20 pL of the resultant supernatant was directly injected
into an UltiMate 3000 UHPLC equipped with an UltiMate™
3000 ECD-3000RS (Thermo Fisher Scientific, Waltham, MA,
USA) on an ACE Excel 2C18 column (100 mm x 2.1 mm x 1.7 pm)
atthe potential of 1000 mV. The chromatographic mobile phase
consisted of methanol (A) and 50 mmol/L sodium acetate
(adjusted to pH 4.5 with acetic acid) (B), and the gradient pro-
gram was developed as follows: maintain 99% B for 25 min,
99.5% B for 25—40 min, and keep 99% B for 20 min for equilib-
rium. The flow rate was kept at 0.1 mL/min. The contents of
transmitters, metabolites and turnover rate (metabolite/
transmitter) were obtained from each brain region.

2.7. Western blot analysis

After blood sampling via cardiac puncture, the mice were
decapitated. The brains were removed, and the hippocampus
and cerebral cortex were rapidly dissected for Western Blot
analysis. The three neurotrophic factors, brain-derived neu-
rotrophic factor (BDNF), nerve growth factor (NGF), and glial
cell-derived neurotrophic factor (GDNF), were examined in the
two brain regions. Briefly, the hippocampus and cerebral
cortex were homogenized in radio-immunoprecipitation
assay buffer (RIPA Buffer, Sigma Aldrich, USA) containing 1%
protease inhibitor cocktail and 2% phenylmethanesulfonyl
fluoride (PMSF; Sigma—Aldrich, USA) at 4 °C for 30 min. All
tissues were centrifuged at 13,000 rpm for 20 min. The su-
pernatant was collected and diluted appropriately; the diluent
was mixed with Bio-Rad protein assay dye reagent concen-
trate (Bio-Rad Laboratories Inc.). The absorbance of the
mixture was detected with a micro-plate reader (Bio-Rad
Laboratories, Inc.) at 595 nm. The final protein concentration
was calculated based on the standard curve generated by
bovine serum albumin (BSA; Calbiochem, USA). The lysate

was mixed with 6 x loading buffer and boiled at 99 °C for 8 min
for denaturation. After that, the samples were stored at —20°C
for further use.

Twenty micrograms of protein were separated using 10%—
12% SDS-PAGE in running buffer (25 mM Tris, 190 mM glycine,
0.1% SDS) at 100 V for 2 h and transferred electrophoretically
onto polyvinylidene difluoride membranes (PVDF; 0.22 uM;
Bio-Rad Laboratories, Inc.) in transfer buffer (25 mM Tris,
190 mM glycine, 20% methanol) at 100 V at 4 °C for 2 h. Non-
specific binding sites were blocked by 5% BSA dissolved in
Tris-buffered saline Tween-20 (TBST; 20 mM Tris, 150 mM
Nacl, 0.1% Tween-20, pH 7.4) for 4 h at 4 °C. The transferred
membranes were then blotted with the primary antibodies,
rabbit anti-BDNF (1:1000, Santa Cruz Biotechnology, USA),
rabbit anti-NGF (1:1000, Abcam, Cambridge, USA), and rabbit
anti-GDNF (1:1000, Abcam), and mouse anti-GAPDH (1:5000,
Immunoway, USA) at 4 °C overnight. After rinsing with TBST,
the membranes were incubated with suitable secondary an-
tibodies (1:2000, Santa Cruz Biotechnology, USA) at 4 °C for
4 h. Chemiluminescence was detected using an enhanced
chemiluminescence detection kit (GE Healthcare, UK). The
intensity of the bands was quantified by scanning densitom-
etry using Image Lab 5.1 software (Bio-Rad, Laboratories, Inc.).
The mean value of the intensity was obtained from at least
three independent experiments.

2.8. Statistical analysis

Data were expressed as mean + standard error of the mean
(SEM) and analyzed with one-way analysis of variance
(ANOVA), followed by post hoc Dunnett's test with GraphPad
Prism 7.0 software (La Jolla, CA). The results were considered
statistically significant if the P value was less than 0.05.

3. Results
3.1 Effects of SBP on depression-like behavior

ANOVA revealed significant group effects on the three
behavioral paradigms of depression, SPT (F346 = 14.390,
P < 0.0001), FST (Fs4¢ = 13.500, P < 0.0001), and TST
(F3,46=7.972,P =0.0002) (Fig. 1). CUMS-stressed mice showed a
significant decrease in sucrose consumption (P = 0.0003) in the
SPT and a marked increase in immobility time spent in the
FST (P = 0.0001) and in the TST (P = 0.0002) compared with
controls. The stressed mice treated with both doses of SBP
consumed significantly more sucrose (P = 0.0001) but showed
no significant effects on immobility time spent in the FST and
TST compared with stressed mice treated with vehicle.

3.2. Effects of SBP on anxiety-like behavior

Significant differences among groups were observed in the
OFT in duration spent in the central zone (F34¢ = 6.054,
P = 0.0015) and the number of entries into the central zone
(F3,46 = 3.785, P = 0.0165), and in the EPM test duration spent in
(Fs46 = 5.490, P = 0.0026) and number of entries into
(F3,46 = 5.506, P = 0.0026) the open arms (Fig. 2). The stressed
mice receiving the higher dose (40.5 mg/kg) of SBP had
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Fig. 1 — The effects of the SBP on chronic unpredictable
mild stress (CUMS)-induced depression-like behavior in
sucrose preference test (SPT) (A), forced-swimming test
(FST) (B), and tail suspension test (TST) (C). Data are
expressed as mean + SEM (n = 8—14) and examined with
one-way analysis of variance (ANOVA), followed by post
hoc Dunnett's test: ***P < 0.001 compared with

Vehicle + CUMS group.

markedly more entries into the central zone in the OFT than
those that received vehicle (P = 0.0373). Either two doses of
SBP did not affect the duration spent in or the number of en-
tries into the open arms of the EPM.

3.3. Effects of SBP on serum levels of CRH and ACTH

Significant main effects of groups were observed on CRH
(F3,12 = 37.170, P < 0.0001) and ACTH (F3,1, = 6.937, P = 0.0058)
(Fig. 3). The stressed mice had a striking elevation of serum
levels of the two hormones compared with the unstressed
mice (P < 0.0027). Both doses of SBP significantly suppressed
elevated levels of the two hormones compared with vehicle
treatment of stressed mice (P < 0.0270).

3.4. Effects of SBP on levels of brain neurotransmitters
and related metabolites

The representational chromatograms are shown in Fig. S1.
Methodological limitations precluded detections of NE, 5-HT,
and its metabolite 5-HIAA in the brain regions examined.
Significant main effects of groups were detected in hippo-
campal MHPG (F314 = 15.810, P < 0.0001), striatal MHPG
(F318 = 8.044, P = 0.0013), DA (F5 20 = 7.836, P = 0.0012), DOPAC
(F3,17 = 6.629, P = 0.0036), and striatal DOPAC/DA turnover rate
(F316 = 6.687, P = 0.0039) (Fig. 4). Post-hoc analyses further
revealed that the monoamines and metabolite levels and
DOPAC/DA turnover ratio of the stressed group were signifi-
cantly lower than those of the unstressed group (P < 0.0429).
Both doses of SBP remarkably restored hippocampal and
striatal MHPG levels (P < 0.0390) and striatal DOPAC/DA
turnover ratio (P < 0.0316). The striatal DOPAC levels of the
group treated with the lower dose (20.25 mg/kg) of SBP was
approximately twofold higher than those of the vehicle
treated stressed group (P = 0.0286).

3.5. Effects of SBP on the three neurotrophins of brain
regions

Significant main effects of groups were observed on cortical
BDNF (Fs 15 = 8.283, P = 0.0017), GDNF (F3 10 = 8.442, P = 0.0043),
NGF (F314 = 4.736, P = 0.0175), and hippocampal NGF
(Fsg = 12.820, P = 0.0020), but not hippocampal BDNF
(Fsg = 1.395, P = 0.3132) and GDNF (F35 = 1.259, P = 0.3453)
(Fig. 5). The stressed mice displayed markedly lower expres-
sion levels of the three neurotrophic factors in the cortex
(P <0.0166) and of hippocampal NGF (P = 0.0090). The stressed
mice treated with 20.25 mg/kg SBP had significantly higher
expression levels of cortical BDNF, GDNF, and GNF than did
the vehicle treated stressed mice (P < 0.0222). The expression
level of the hippocampal NGF of 40.5 mg/kg SBP-treated mice
was also significantly greater than that of the vehicle treated
stressed mice (P = 0.0009).

4, Discussion

Similar to previous studies [20], this study showed that the
exposure of mice to the CUMS procedure for 6 weeks caused
diminished sucrose intake in the SPT, increased immobility
time in the FST and TST, shorter duration remaining in and
fewer entries into the central zone of OFT and into the open
arms of the EPM. The CUMS also induced striking elevations of
blood CRH and ACTH, the two key hormones of the HPA axis,
confirming the notion that chronic stress results in HPA axis
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examined with one-way analysis of variance (ANOVA), followed by post hoc Dunnett's test: *P < 0.05, **P < 0.01, ***P < 0.001

compared with Vehicle + CUMS group.

hyperactivity, leading to the increased levels of related hor-
mones [25]. This study well validated CUMS-induced depres-
sive and anxiety behavior in multiple paradigms and HPA axis
hyperactivity.

This study revealed that chronic treatment with SBP at
both doses restored sucrose intake in the SPT; the high dose

also increased the number of entries into the central zone in
the OFT apparatus, clearly indicating antidepressant- and
anxiolytic-like effects of SBP. Nevertheless, neither dose had
an effect on the other two depressive paradigms (FST and
TST). These findings are highly consistent with previous
studies that have confirmed that CUMS is more likely to
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induce “anhedonic” behavior, rather than “desperate”
behavior [26]. Anhedonia represents a mild depressive status
that is more sensitively detected in the SPT than other
depressive paradigms, whereas “desperate” behavior is often
caused by severe acute stressful events and is indicative of
passive immobility in the FST and TST [26]. It therefore ap-
pears that SBP particularly suited to treat stress-induced mild
mood and anxiety disorders.

This study also found that both doses of SBP strikingly
lowered CUMS-induced elevation of blood CRH and ACTH
levels. It is well documented that dysregulation of the HPA
axis with elevated CRH and ACTH levels is extensively
involved in the etiopathogenesis of depression and anxiety-
related disorders [27—31]. Our results suggest an association
of the antidepressant- and anxiolytic-like effects of SBP with
the suppression of HPA axis hyperactivity.

Central monoaminergic systems play an essential role in
the pathogenesis of mood and anxiety disorders [32]. A large
body of evidences have confirmed a close association of the

pathophysiological mechanisms of depression and anxiety
with dysregulation of serotonergic, noradrenergic, dopami-
nergic, glutamatergic and GABAergic transmission system
[33,34]. In this study, although the methodological limitations
prevented us from detecting the contents of NE, 5-HT, and its
metabolite 5-HIAA in the brain regions examined, we showed
that CUMS produced a widespread decrease in the striatal DA,
its principal metabolite DOPAC and its turnover rate, and the
striatal and hippocampal MHPG, a key metabolite of NE.
Similar results have also been observed in CUMS-induced
depression in rats [35]. Moreover, this study revealed that
long-term treatment with SBP at both doses reversed the
stress-induced decrease in hippocampal and striatal MHPG
levels and striatal DOPAC/DA turnover ratio. The low dose of
SBP additionally restored the stress-induced reduction in the
striatal DOPAC. It has been demonstrated that anhedonic
behavior is partly caused by reduced function of the meso-
striatal and mesolimbic DA systems, which play an essential
role in endogenous reward mechanisms and stress reduction
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[36]. Rats that display CUMS-induced anhedonic behavior
showed greater sensitivity to NE and elevated expression of
neuronal NE transporter [37]. These results suggest that the
effects of SBP observed in reducing anhedonia- and anxiety-
like symptoms appear to be associated with its modulation
of multiple central catecholamine systems by preventing the
stress-induced abnormalities in the metabolism of brain
monoamine transmitters.

BDNF, GDNF, and NGF are the three most abundant
neurotrophins that are heavily involved in the pathophysi-
ology of mood and other stress-related disorder [38]. The
alterations in neurotrophins levels are associated with
neuronal death, survival and dendritic retraction [39]. Clin-
ical studies have shown the decreased neurotrophin levels

in patients with suicide victims [40]. Furthermore, anxiety
has been confirmed to correlate with anatomical changes
related to the BDNF polymorphism [41]. In this study, we
revealed that CUMS caused a widespread decrease in the
expression levels of the three neurotrophins in the cortex.
This is in agreement with results obtained from the post-
mortem brain of depressed patients with MDD, in which
significant reduction was observed in mRNA and protein
levels of BDNF and other several neurotrophic factors in
critical brain regions, including the prefrontal cortex and
hippocampus [42]. However, the present study did not detect
the downregulation of hippocampal BDNF and GDNF. One
recent study also has shown that different types of stress
produced differences in the expression of multiple
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neuroplasticity markers in the prefrontal cortex and hippo-
campus [43]. It seems that different neurotrophins may have
differential patterns and brain region specificity in response
to different types of stress.

This study further revealed that chronic treatment with
SBP, in either low or high doses, reversed the CUMS-induced
decrease of the expression levels of the three neurotrophins
in the cortex and NGF in the hippocampus. This finding is in
line with previous studies, confirming that SBP has significant
effects in enhancing vascular endothelial growth factor (VEGF)
protein expression in the heart [7]. Antidepressant treatment
increased peripheral and brain BDNF levels in patients with
MDD [44,45]. The antidepressant efficacy has been shown to
be associated with the regulation of the synthesis and release
of related neurotrophins in the hippocampus and cortex
[44,45]. Thus, our study suggests that SBP could prevent
stress-induced aberrant alternation in brain neurotrophins;
this preventive activity is an important mechanism in the
antidepressant and anxiolytic effects of SBP.

Several limitations of this study should be noted. First, this
study did not include a conventional drug that possesses dual
antidepressant and anxiolytic effects as positive control.
Whether the antidepressant and anxiolytic potency of SBP is
comparable to that of conventional drugs could not be deter-
mined. Second, we only tested SBP as a whole preparation, but
did not examine individual materials and major constituents
that may exert dominant effects, although it is postulated that
Radix Ginseng, Cortex Cinnamomi, and Styrax may play the
principle role in the psychotropic effects of SBP. Novel anti-
depressant and anxiolytic compounds existing in SBP deserve
further identification. Finally, there are no clinical studies
reported about the use of SBP in patients with mental dis-
eases. Its clinical benefits and risks in the prevention of
depressive and anxiety disorders need further evaluation in
clinical settings.

5. Conclusions

In summary, this study suggests that SBP could prevent and
alleviate prolonged stress-induced anhedonia and anxiety in
association with its suppression of the hypothalamic-
pituitary-adrenal (HPA) axis hyperactivity, modulation of
brain monoamine neurotransmitter metabolism and neuro-
trophins. SBP may be particularly suitable for the manage-
ment of depressive and anxiety disorders in patients with
cardiac conditions.
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