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Introduction
Depression is a common mental disorder afflicting 20% of 
the population, and characterized by a number of signs and 
symptoms including depressed mood, anhedonia, insomnia, 
anorexia, concentration difficulties and suicidal thoughts 
(Hamet and Tremblay, 2005). The majority of depressed 
patients require long-term treatment. However, because of 
the involvement of multiple pathogenic factors, many an-
ti-depressant drugs have low response rates and some cause 
adverse side effects such as nausea, headache, anger, weight 
loss, insomnia, yawning, diarrhea, weakness, fatigue, and 
dyspepsia (Park et al., 2007; Guadarrama-Cruz et al., 2008; 
Kiss, 2008). Therefore, it is necessary to develop safer, better 
tolerated, and more effective antidepressant drugs. 

Neurotrophins are capable of augmenting neurogenesis 
in the adult brain (Pencea et al., 2001). Neurotrophic defects 
are thought to be one of the pathogenic mechanisms of de-
pression. There is evidence that shortage of neurotrophic 
factors is the main cause of pathological change in the brain 
of patients with depression (Castrén and Rantamäki, 2010). 
Brain-derived neurotrophic factor is the most widely ex-

pressed member of the nerve growth factor family of neuro-
trophins. Brain-derived neurotrophic factor is a downstream 
target gene of cyclic adenosine monophosphate response 
element binding protein, and a candidate molecule for the 
structural changes associated with depression (Koponen 
et al., 2005). Cyclic adenosine monophosphate response 
element binding protein is a nuclear protein regulated by 
diverse signaling pathways, controlling integration of nu-
merous external stimuli, including antidepressants. Chronic 
antidepressant administration not only affects cyclic ade-
nosine monophosphate response element binding protein 
expression, but also activates cyclic adenosine monophos-
phate response element binding protein and mediates cyclic 
adenosine monophosphate response element binding pro-
tein transcription (Gur et al., 2007). Cyclic adenosine mono-
phosphate response element binding protein expression and 
phosphorylation levels are closely associated with pathologi-
cal and pharmacological mechanisms of depression.

Many traditional Chinese medicines induce anti-depres-
sive effects with fewer side effects, and are a good choice for 
maintenance treatment of depression. Shuganjieyu capsule 
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is a traditional Chinese medicine compound preparation 
made from St. John’s wort and Siberian ginseng extracts. 
Shuganjieyu capsule has been approved for clinical applica-
tion by the State Food and Drug Administration of China 
since 2008. In the clinic, Shuganjieyu capsule is often used to 
treat mild to moderate depression in China. Clinical studies 
have found that Shuganjieyu capsule has definite curative 
efficacy for mild to moderate depressive symptoms with very 
few adverse effects (Sun et al., 2009; Qiu et al., 2011). More-
over, St. John’s wort extract is used worldwide to treat mild 
and moderate depression (Rychlik et al., 2001). Hyperforin, 
a phloroglucinol derivative of St. John’s wort extract, is the 
main anti-depressant constituent. Hyperforin may exert an-
ti-depressive effects through multiple pathways, with one of 
the recognized antidepressant mechanisms being inhibition 
of synaptosomal reuptake of serotonin, norepinephrine, and 
dopamine, thereby increasing synaptic concentrations of 
these neurotransmitters (Muller et al., 1997). Recent studies 
suggest that the anti-depressant effects of St. John’s wort 
extract may be related to brain-derived neurotrophic factor 
levels and phosphorylated cyclic adenosine monophosphate 
response element binding protein (Gibon et al., 2013; Heiser 
et al., 2013; Leuner et al., 2013). Siberian ginseng extract, 
prepared from the root or stem bark of Acanthopanax sen-
ticosus, has anti-fatigue, anti-stress, immunoenhancing 
and anti-depressive effects (Deyama et al., 2001). Studies 
have shown that Siberian ginseng extract increases levels of 
acetylcholine, norepinephrine, and serotonin, and brain-de-
rived neurotrophic factor expression in the hippocampus 
of rat models of depression (Huang and Liu, 2008; Li et al., 
2012; Zhu et al., 2012). However, the anti-depressant mech-
anism of Shuganjieyu capsule remains poorly understood. It 
has been suggested that the anti-depressant mechanism of 
Shuganjieyu capsule is related to increased levels of mono-
aminergic neurotransmitters including noradrenaline, sero-
tonin, and dopamine (Jiang et al., 2006; Chen et al., 2013). 
Although it is not known if the effect of Shuganjieyu capsule 
as an antidepressant traditional Chinese medicine is associ-
ated with increased brain-derived neurotrophic factor and 
p-CERB expression levels.  

Therefore, we examined the effect of Shuganjieyu capsule 
on behavioral changes in a rat model of depression. In addi-
tion, we investigated the underlying mechanisms by exam-
ining brain-derived neurotrophic factor and phosphorylated 
cyclic adenosine monophosphate response element binding 
protein expression levels in the medial prefrontal cortex and 
hippocampal CA3 area.

Materials and Methods
Animals
A total of 74 pathogen-free male Sprague-Dawley rats 
aged 6–8 weeks and weighing 180–200 g, were provided 
by Shilaikejingda Co., Ltd., Shanghai, China (license No. 
HNASLKJ20120005). Animals were maintained on a 12-
hour light/dark cycle (lights on at 8:00 a.m. and off at 8:00 
p.m.) under controlled temperature conditions (22 ± 1°C), 
and allowed free access to standard food and water. They 
were acclimatized for 3 days before use. Simultaneously, they 

were trained to drink 1% sucrose, and sucrose consump-
tion levels and open-field baselines measured. All tests were 
performed during the hours of 9:00–17:00. All experimental 
procedures conformed to the Guide for the Care and Use of 
Laboratory Animals published by the US National Institutes 
of Health (NIH publication No. 85–23, revised 1996), and 
approved by the Animal Experimentation Ethics Committee 
of the Central South University in China.

Drugs
Shuganjieyu capsule used in the present study was generous-
ly provided by Chengdu Kanghong Pharmaceutical Group 
Co., Ltd., Chengdu, Sichuan Province, China. Shuganjieyu 
capsule is composed of St. John’s wort and Siberian ginseng 
extracts, and has been approved by the State Food and Drug 
Administration of China for mild to moderate depression, 
and proven potent in clinical practice since 2008 (drug batch 
No. Z20080580).

Animal groups for experiments
Of the 74 rats, 50 rats were randomly selected, and equally 
and randomly divided into five groups: control, model, low-
dose Shuganjieyu capsule, high-dose Shuganjieyu capsule, 
and fluoxetine. They were subjected to open-field, sucrose 
consumption, and forced swimming tests. In order to ex-
clude the effects of behavioral testing on brain-derived 
neurotrophic factor and phosphorylated cyclic adenosine 
monophosphate response element binding protein expres-
sion in the brain, the remaining 24 rats were used for a 
mechanistic study. They were equally and randomly divided 
into control, model, high-dose Shuganjieyu capsule, and flu-
oxetine groups, and then immunohistochemical analysis of 
brain-derived neurotrophic factor and phosphorylated cyclic 
adenosine monophosphate response element binding pro-
tein expression performed. As low-dose Shuganjieyu capsule 
showed little effect on depressive-like behavior in rats, the 
low-dose Shuganjieyu capsule group was not included in the 
mechanistic study.

Chronic unpredictable mild stress procedure
The chronic unpredictable mild stress procedure was per-
formed as described by Willner (1997). Briefly, chronic 
unpredictable mild stress consisting of 10 types of unpre-
dictable stressors, including 24-hour food deprivation, 24-
hour water deprivation, 5-minute cold water swim (at 4°C), 
5-minute hot condition (at 45°C), 1-minute tail pinch 
(1 cm from the end of the tail), foot shock (voltage 35 V, 
10-second duration, average 1 shock/50 s) for 30 times, 
vibration (160 T/min for 5 minutes), bind (2 hours), day 
and night inversion (24 hours), and overnight illumina-
tion. One of these stressors (in random order) was given 
every day between 9:00 a.m. and 12:00 a.m. for 21 days. All 
stresses were applied unexpectedly to prevent adaptive re-
sponses. Control (unstressed) rats were undisturbed except 
for necessary procedures such as routine cage cleaning. The 
control group was raised together in a cage, while the other 
groups were raised separately in cages.



491

Fu JH, et al. / Neural Regeneration Research. 2014;9(5):489-497.

Drug treatment
Experimental doses of Shuganjieyu capsule were 50 or 
150 mg/kg per day, equivalent to approximately 2- or 6-fold, 
respectively, the clinical dose (24 mg/kg per day, according 
to Shuganjieyu capsule instructions). Shuganjieyu capsule 
was dissolved in 0.5% carboxymethyl cellulose suspension, 
at concentrations of 5 or 15 mg/mL. The groups received 
appropriate drug doses, specifically, low-dose Shuganjieyu 
capsule (50 mg/kg per day), high-dose Shuganjieyu capsule 
(150 mg/kg per day), and fluoxetine (1.54 mg/kg per day, 20 
mg/tablet dissolved in carboxymethyl cellulose at a concen-
tration of 0.154 mg/mL; Lilly Company, Indianapolis, IN, 
USA). Control and model groups were administered 0.5% 
carboxymethyl cellulose suspension (10 mL/kg per day) in-
tragastrically, 30 minutes before each stressor once a day for 
21 days.

Open-field test
Open-field tests were performed at the beginning and end of 
the 21-day modeling period. Open-field tests were used to as-
sess the rats’ spontaneous activity and exploration (or seeking) 
abilities (Thiel et al., 1999). Each animal was placed at the cen-
ter of a dimly illuminated square area (44 cm × 44 cm) with 
walls 47 cm in height. The ENV-520 video tracking analysis 
system (Med Associates Inc., St. Albans, VT, USA) was used to 
observe spontaneous activity. Data were continuously record-
ed for 3 minutes, and cumulative locomotion paths analyzed. 
The cage was thoroughly cleaned before the next test.

Sucrose consumption test
Sucrose preference tests were performed at the beginning 
and end of the 21-day modeling period. The test was per-
formed as described previously (Luo et al., 2008), with mi-
nor modifications. Briefly, before the test, rats were trained 
to adapt to sucrose solution (1%, w/v). Two bottles of su-
crose solution were placed in each cage for 24 hours, and 
then one bottle replaced with water for 24 hours. After the 
adaptation procedure, rats were deprived of water and food 
for 24 hours. Next, rats were housed in individual cages and 
given free access to two bottles containing 100 mL of sucrose 
solution (1%, w/v) and 100 mL of water. After 60 minutes, 
volumes of both consumed sucrose solution and water were 
recorded, and sucrose preference calculated using the fol-
lowing formula: sucrose preference = sucrose consumption / 
(water consumption + sucrose consumption) × 100%.

Forced swimming test
Rats were individually forced to swim twice at 24-hour in-
tervals in a cylinder (60 cm high, 23 cm diameter, self-man-
ufactured) filled with water (25 ± 1°C) up to 45 cm. Before 
the test, rats were subjected to 12-hour fasting without water 
deprivation. The previous day, rats were forced to swim for 
15 minutes, taken back to their cages, before another forced 
swim for 5 minutes within 24 hours. We recorded the time 
taken for 5 minutes immobility to appear. Immobility time is 
noted by floating of the rat in the water, without struggle or 
only slight body movement (enough to keep the head above 
water). In the forced swimming test, the immobility status 

was referred to as a depression symptom in rat models.

Tissue preparation
After model establishment, rats were perfused with 0.9% 
200 mL PBS using a catheter inserted into the carotid ar-
tery, followed immediately by perfusion with 4% parafor-
maldehyde for fixing the brain. Next, brains were separated 
from the skull and placed into 4% paraformaldehyde for 4 
hours, dehydrated in 30% sucrose, 4% paraformaldehyde 
and embedded in paraffin. Fixed brains were cut into 30 
µm thick sections. Using a rat atlas of anatomy (George 
and Charles, 2005), we selected brain slices of the medial 
prefrontal cortex and hippocampal CA3 area for immuno-
histochemistry.

Immunohistochemistry for phosphorylated 
cyclic adenosine monophosphate response element 
binding protein and brain-derived neurotrophic factor 
expression in the rat medial prefrontal cortex and 
hippocampal CA3 area
Immunohistochemistry was performed according to the 
avidin-biotin peroxidase complex procedure. Brain slices 
were rinsed in 0.01 mol/L PBS and inactivated with perox-
idase, followed by antigen retrieval and 5% bovine serum 
albumin sealing. Sections were incubated with rabbit an-
ti-rat phosphorylated cyclic adenosine monophosphate 
response element binding protein monoclonal antibody 
(1:400; Abcam, Cambridge, MA, USA) and rabbit anti-rat 
brain-derived neurotrophic factor monoclonal antibody 
(1:200; Abcam) at 4°C overnight. Next, sections were treat-
ed with biotinylated goat anti-rabbit IgG (1:200; Vector 
Company, Burlingame, CA, USA) and incubated in avi-
din-biotin peroxidase complex liquid, followed by 3,3′-di-
aminobenzidine coloration (Vector Company) and H2O2 
staining. Sections were covered, dehydrated, permeabilized, 
and mounted. Positive comparison film in the kit was used 
as a positive control, and an alternative primary antibody 
(0.01 mol/L PBS) as the negative control. Four brain slices 
from the medial prefrontal cortex or hippocampal CA3 
area of each rat were randomly selected. Average grayscale 
values were measured using the Motic pathology analy-
sis system (Motic China group Co., Ltd., Xiamen, Fujian 
Province, China).

Statistical analysis
Data were expressed as mean ± SEM, and analyzed using 
SPSS 18.0 software (SPSS, Chicago, IL, USA). Multiple group 
comparisons were performed using one-way analysis of 
variance followed by post hoc least significant difference tests 
to detect intergroup differences. P values < 0.05 were consid-
ered statistically significant.

Results
High-dose Shuganjieyu capsule improved spontaneous 
activity in rats with depressive-like behaviors
The open-field test showed that before chronic unpredict-
able mild stress, there was no significant difference in cumu-
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lative locomotion path between groups (P > 0.05). However, 
it was significantly decreased in rats with depressive-like 
behaviors compared with the control group (P < 0.01). Low-
dose Shuganjieyu capsule (50 mg/kg) induced a minimal 
response, and there was no significant difference compared 
with the model group (P > 0.05). Similar to fluoxetine, high-
dose Shuganjieyu capsule (150 mg/kg) produced a significant 
increase in cumulative locomotion path compared with the 
model group (P < 0.05; Figure 1A).

High-dose Shuganjieyu capsule increased sucrose 
consumption in rats with depressive-like behaviors
Before chronic unpredictable mild stress treatment, there 
was no significant difference in total liquid consumption, 
sucrose consumption, and sucrose preference in the sucrose 
consumption test, between the groups (P > 0.05). After 21 
days of chronic unpredictable mild stress, there was no sig-
nificant difference in total liquid consumption (P > 0.05), 
although compared with the control group, significant 
decreases in sucrose consumption and preference were de-
tected in the model group (P < 0.05 and P < 0.01, respec-
tively). There was little change in sucrose consumption and 
preference in the low-dose Shuganjieyu capsule group com-
pared with the model group (P > 0.05). However, similar to 
fluoxetine, high-dose Shuganjieyu capsule caused significant 
increases in sucrose consumption and preference (P < 0.05 
and 0.01; Figure 1B, C).

High-dose Shuganjieyu capsule shortened immobility time 
in rats with depressive-like behaviors
The forced swimming test showed that 21-day chronic un-

predictable mild stress significantly increased immobility 
time (P < 0.05) compared with control rats. Compared to 
the model group, high-dose capsule and fluoxetine both 
produced similar shortened immobility times (P < 0.01), but 
not low-dose Shuganjieyu capsule (P > 0.05; Figure 1D).

High-dose Shuganjieyu capsule increased phosphorylated 
cyclic adenosine monophosphate response element 
binding protein and brain-derived neurotrophic factor 
levels in the medial prefrontal cortex and hippocampal 
CA3 area
Immunohistochemical staining of phosphorylated cyclic 
adenosine monophosphate response element binding pro-
tein and brain-derived neurotrophic factor expression in 
the medial prefrontal cortex and hippocampal CA3 area 
was significantly decreased in rats with depressive-like be-
haviors compared with control rats (P < 0.05). However, 
high-dose Shuganjieyu capsule and fluoxetine significantly 
increased phosphorylated cyclic adenosine monophosphate 
response element binding protein and brain-derived neu-
rotrophic factor expression in the medial prefrontal cortex 
and hippocampal CA3 area of rats with depressive-like be-
haviors (P < 0.05), nearly restoring them to normal levels (P 
> 0.05; Figures 2, 3).

Discussion
It is well-known that long-term chronic stress is a pathogen-
ic mechanism in depression. In this study, we used chronic 
unpredictable mild stress to produce a rat model of depres-
sive-like behaviors. This model has been widely used for 

Figure 1 Effect of Shuganjieyu capsule (SGJYC) on behavioral changes in depressive-like rats.
(A) Effect of SGJYC on cumulative locomotion path in the open-field test. Longer cumulative locomotion paths show greater spontaneous activity 
and exploration (or seeking) abilities in rats. (B) Effect of SGJYC on total liquid and sucrose consumption. (C) Effect of SGJYC on sucrose prefer-
ence percentage. Sucrose preference = sucrose consumption/(water consumption + sucrose consumption) × 100%. (D) Effect of SGJYC on immo-
bility time in the forced swimming test. Longer immobility times indicate more severe depressive-like behavior in rats. Values are expressed as mean 
± SEM (10 rats per group). Multiple group comparisons were performed using one-way analysis of variance. Intergroup differences were compared 
using post hoc least significant difference tests. *P < 0.05, **P < 0.01, vs. control group; #P < 0.05, ##P < 0.01, vs. model group.
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studying the pathological and pharmacological mechanisms 
of depression (Vry and Schreiber, 1997; Mao et al., 2010). 
Moreover, optimization of the chronic unpredictable mild 
stress method was performed using isolated-living condi-
tions, housing the rats separately, which is closer to a depres-
sive-like model (Willner, 1984; Fenli et al., 2013; Xia et al., 
2013). We found that cumulative locomotion path, sucrose 
consumption and percentage are significantly reduced by 
76.1%, 38.3% and 27.4%, respectively, and immobility time 
extended by 53% in model rats compared with controls, sug-
gesting successful establishment of the model. 

According to recent evidence, in depression there is dys-
function of specific neuroanatomical foci, notably the hip-
pocampus and the prefrontal cortex (Sheline et al., 2003; 
Warner-Schmidt and Duman, 2006). The hippocampus 
and frontal cortex are affected structurally and functionally 
by stress responses, and critically involved in regulation of 
mood and learning/memory function (Luo et al., 2008; Qi et 
al., 2008). Neuronal atrophy/destruction in the hippocam-
pus and frontal cortex correlates with the incidence of major 

depressive disorders (Manji and Duman, 2001; Fuchs et al., 
2004). 

In this study, high-dose (150 mg/kg) Shuganjieyu capsule 
significantly increased cumulative locomotion path by 2.4 
fold, and sucrose consumption and percentage by 49.3% and 
24%, respectively, and decreased immobility time by 43%, 
compared with the model group. However, there was mini-
mal change at low Shuganjieyu capsule doses. These results 
provide evidence that Shuganjieyu capsule improves depres-
sive-like behaviors in rats. 

Shuganjieyu capsule is extensively employed to treat mild 
and moderate depression in China. A previous study found 
that compared with sertraline, Shuganjieyu capsule had sim-
ilar anti-depressive actions and less side effects in depressed 
patients (Qiu et al., 2011). A randomized, double-blind, pla-
cebo controlled trial also suggested Shuganjieyu capsule was 
effective and safe in treating patients with mild or moderate 
depression (Sun et al., 2009). These reports are consistent 
with the results of our study. 

Cyclic adenosine monophosphate response element bind-

Figure 2 Effect of Shuganjieyu capsule treatment on p-CREB expression in mPFC and hippocampal CA3 area of rats with depressive-like 
behaviors.
(A, C) Expression of p-CREB in mPFC and hippocampal CA3 area (magnification: mPFC, × 40; hippocampal CA3 area, × 100). p-CREB-positive 
cells are brown. (B, D) Semi-quantitative analysis of p-CREB expression in mPFC and hippocampal CA3 area. Values are presented as mean ± SEM 
(six rats per group). Multiple group comparisons were performed using one-way analysis of variance. Intergroup differences were compared using 
post hoc least significant difference tests. *P < 0.05, vs. control group; #P < 0.05, vs. model group. C: Control group; M: model group; HS: high-dose 
Shuganjieyu capsule group; F: fluoxetine group; p-CREB: phosphorylation cyclic adenosine monophosphate response element binding protein; 
mPFC: medial prefrontal cortex.
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ing protein is an important nuclear transcription factor, 
widely expressed in neurons. Cyclic adenosine monophos-
phate response element binding protein expression and 
phosphorylation levels are associated with depression. In 
depressed patients and animal models of depression, phos-
phorylated cyclic adenosine monophosphate response ele-
ment binding protein expression is significantly decreased 
in the prefrontal cortex and hippocampus (Bilang-Bleuel et 
al., 2002; Wang et al., 2007; Yuan et al., 2010). Many antide-
pressants have effects on cyclic adenosine monophosphate 
response element binding protein expression and phosphor-
ylation (Nibuya et al., 1996; Manji and Duman, 2001; Laifen-
feld et al., 2005; Nair and Vaidya, 2006; Li et al., 2009). Gibon 
et al. (2013) found hyperforin, the active antidepressant 
component of St. John’s wort, increased cyclic adenosine 
monophosphate response element binding protein, phos-
phorylated cyclic adenosine monophosphate response ele-
ment binding protein, and TrkB expression in the cortex but 
not the hippocampus. Moreover, hippocampal neurogenesis 
remained unchanged in cultured cortical neurons and brains 
of adult mice. Hyperforin acts on the cortical brain-derived 

neurotrophic factor/TrkB pathway, leaving adult hippocam-
pal neurogenesis unaffected. A recent study found that hy-
perforin activated different pathways, including Ras/MEK/
ERK, PI3K/Akt and CAMKIV, causing cyclic adenosine mo-
nophosphate response element binding protein phosphor-
ylation in PC12 cells and primary hippocampal neurons 
(Heiser et al., 2013). We found that chronic unpredictable 
mild stress decreased phosphorylated cyclic adenosine mo-
nophosphate response element binding protein expression 
in the hippocampal CA3 area and medial prefrontal cortex 
of rats. These effects were significantly reversed by Shugan-
jieyu capsule, suggesting that the antidepressant actions of 
Shuganjieyu capsule in the medial prefrontal cortex and 
hippocampal CA3 region are related to phosphorylated cy-
clic adenosine monophosphate response element binding 
protein expression. Our results are consistent with previous 
reports that antidepressants increase cyclic adenosine mono-
phosphate response element binding protein expression and 
phosphorylation (Nibuya et al., 1996; Laifenfeld et al., 2005; 
Li et al., 2009; Heiser et al., 2013). However, another study 
found hyperforin increased cyclic adenosine monophos-
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Figure 3 Effect of Shuganjieyu capsule on BDNF expression in mPFC and hippocampal CA3 area of rats with depressive-like behaviors.
(A, C) BDNF expression in rat mPFC and hippocampal CA3 area (magnification: mPFC, × 40; hippocampal CA3 area, × 100). BDNF-positive cells 
are brown. (B, D) Semi-quantitative analysis of BDNF expression in rat mPFC and hippocampal CA3 area. Values are presented as mean ± SEM 
(six rats per group). Multiple group comparisons were performed using one-way analysis of variance. Intergroup differences were compared using 
post hoc least significant difference tests. *P < 0.05, vs. control group; #P < 0.05, vs. model group. C: Control group; M: model group; HS: high-dose 
Shuganjieyu capsule group; F: fluoxetine group; BDNF: brain-derived neurotrophic factor; mPFC: medial prefrontal cortex.
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phate response element binding protein and phosphorylated 
cyclic adenosine monophosphate response element binding 
protein expression in the cortex, but not the hippocampus 
(Gibon et al., 2013). Result inconsistencies between the stud-
ies may be attributed to different methods for measuring 
expression, animal species, and medicines used.

Brain-derived neurotrophic factor is an important neuro-
trophin, and thought to be one of the pathogenic factors of 
depression. Brain-derived neurotrophic factor is responsible 
for proliferation and maintenance of central nervous sys-
tem neurons by modulating neuronal plasticity, inhibiting 
cell death cascades, and increasing cell survival (Aydemir 
et al., 2006; Yulug et al., 2009). Physical stress may reduce 
hippocampal brain-derived neurotrophic factor expres-
sion in adult rats. For example, binding stress may decrease 
brain-derived neurotrophic factor expression levels in the 
rat dentate gyrus, indicating that stress-related depression is 
closely related to hippocampal brain-derived neurotrophic 
factor expression (Ishida et al., 2011). Brain-derived neu-
rotrophic factor shortage is the main agent of pathological 
change in depressed patients (Castrén and Rantamäki, 
2010). A recent study reported that region-specific brain-de-
rived neurotrophic factor knock-down in the dentate gyrus 
induces depressive-like behavior (Taliaz et al., 2010). Infus-
ing brain-derived neurotrophic factor into the hippocampal 
dentate gyrus or midbrain produces obvious anti-depressant 
effects (Pae et al., 2008). Chronic antidepressant treatment 
may reduce or reverse hippocampal neuronal atrophy and 
damage by increasing brain-derived neurotrophic factor 
expression, increasing hippocampal neuronal generation, 
and promoting nerve fiber germination (Tardito et al., 2006; 
Cattaneo et al., 2010). In addition, it has been suggested that 
the antidepressant actions of St. John’s wort are mediated 
via a similar mechanism to brain-derived neurotrophic fac-
tor (Leuner et al., 2013). Siberian ginseng extract increases 
brain-derived neurotrophic factor expression in the hippo-
campus of depressed rats (Li et al., 2012). Consistent with 
these reports, our results show that chronic unpredictable 
mild stress decreases brain-derived neurotrophic factor ex-
pression in the medial prefrontal cortex and hippocampal 
CA3 area of rats, which is attenuated by treatment with 
Shuganjieyu capsule. 

The cyclic adenosine monophosphate response element 
binding protein signal pathway is involved in brain-derived 
neurotrophic factor activation (Fukuchi et al., 2005). En-
hancing the cyclic adenosine monophosphate response el-
ement binding protein pathway up-regulates brain-derived 
neurotrophic factor expression. Chen and Russo-Neustadt 
(2009) found that cyclic adenosine monophosphate re-
sponse element binding protein overexpression in mice 
leads to transcriptional activation of brain-derived neuro-
trophic factor, and consequent promotion of hippocampal 
neuronal generation, survival, maturity, and differentia-
tion. Cyclic adenosine monophosphate response element 
binding protein is also activated by Ca2+-dependent and 
microtubule related kinases, through which cyclic adenos-
ine monophosphate response element binding protein reg-

ulates brain-derived neurotrophic factor expression (Zhao 
et al., 2005). Anti-depressants do not increase brain-derived 
neurotrophic factor expression in the brain of cyclic ade-
nosine monophosphate response element binding protein 
knockout mice (Conti et al., 2002). In addition, there are 
reported interactions between cyclic adenosine monophos-
phate response element binding protein and brain-derived 
neurotrophic factor. Cyclic adenosine monophosphate 
response element binding protein promotes brain-derived 
neurotrophic factor generation, while brain-derived neu-
rotrophic factor induces cyclic adenosine monophosphate 
response element binding protein phosphorylation (Vinet 
et al., 2004). A previous study found that brain-derived 
neurotrophic factor induced cyclic adenosine monophos-
phate response element binding protein protein phos-
phorylation in cultured neurons from rat visual cortex 
(Tommaso et al., 2000). Our study indicates that in chronic 
unpredictable mild stress-exposed rats, Shuganjieyu capsule 
effectively reverses depressive-like behaviors and increases 
both brain-derived neurotrophic factor and phosphory-
lated cyclic adenosine monophosphate response element 
binding protein expression levels in the medial prefrontal 
cortex and hippocampal CA3 area. This anti-depressant 
mechanism may be related to increased neuronal brain-de-
rived neurotrophic factor expression via phosphorylated 
cyclic adenosine monophosphate response element binding 
protein activation, and subsequent activation of the cyclic 
adenosine monophosphate response element binding pro-
tein-brain-derived neurotrophic factor signaling pathway. 
It is interesting to note the crosslink between cyclic adenos-
ine monophosphate response element binding protein and 
brain-derived neurotrophic factor following antidepressant 
therapy (Sanjukta, 2012). How Shuganjieyu capsule affects 
the cyclic adenosine monophosphate response element 
binding protein-brain-derived neurotrophic factor cascade 
in depression requires further study. 

In summary, the results presented in this study demon-
strate for the first time that Shuganjieyu capsule effectively 
reverses depressive-like behaviors by increasing brain-       
derived neurotrophic factor and phosphorylated cyclic ad-
enosine monophosphate response element binding protein 
expression levels in the medial prefrontal cortex and hippo-
campal CA3 area of depressive-like rats. The anti-depres-
sant mechanism of Shuganjieyu capsule may be associated 
with up-regulation of brain-derived neurotrophic factor 
expression through increased phosphorylated cyclic ade-
nosine monophosphate response element binding protein 
phosphorylation.
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