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Background: Depression is a major public health challenge that imposes a great societal burden. 
Depression has been attributed to the decreased level of neurotransmitters and brain-derived neurotrophic 
factor (BDNF) levels. Chinese herbal medicine Jie Yu Chu Fan (JYCF) capsule has been shown to be 
effective in the management of depression. However, the mechanism has yet to be determined. This 
study aimed to explore the activity of JYCF against depression by establishing a mouse model of chronic 
unpredictable mild stress (CUMS) with fluoxetine as the positive control drug.
Methods: The open field test, sucrose preference test, forced swim test, and tail suspension test were 
carried out to observe the behavioral changes of animals. The levels of norepinephrine (NE), dopamine 
(DA), and 5-hydroxytryptamine, as well as their respective metabolic products 5-hydroxyindoleacetic acid, 
homovanillic acid (HVA), and 3,4-dihydroxyphenylacetic acid in the mouse hippocampi were quantified by 
high-performance liquid chromatography (HPLC). Cell proliferation and apoptosis, and early and mature 
nerve cells in the hippocampi were observed by immunofluorescence. Reverse transcription polymerase 
chain reaction was used to identify BDNF expression in the hippocampi.
Results: After 5 weeks of unpredictable stimulation, a CUMS mouse model was successfully obtained, as 
indicated by sharply decreased sucrose preference and locomotor activity, as well as an increased immobility 
time in the forced swim test. Our results demonstrated that treatment with JYCF (1 and 5 g/kg) and 
fluoxetine (20 mg/kg) dramatically reversed the behavioral abnormalities in CUMS mice. At 1 g/kg, JYCF 
significantly increased NE, DA, and HVA levels in the hippocampi of CUMS mice. JYCF up-regulated the 
mRNA expression of BDNF and promoted cell proliferation in hippocampi of CUMS mice. 
Conclusions: Our study demonstrated that JYCF exhibits antidepressant activity comparable to 
that of fluoxetine in CUMS mice. Moreover, the antidepressant-like activity of JYCF was shown to be 
mediated by enhancing hippocampal nerve cell neurogenesis through increasing the levels of monoamine 
neurotransmitters and BDNF expression.
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Introduction

Depression is a major public health challenge that has 
become the second leading cause of disability worldwide. 
It places a heavy economic and emotional burden on 
society. A meta-analysis of mental disorders found the 
population attributable risk for depression to be 11.2%, 
which was much higher than those of other types of mental 
disorders among suicides; in comparison, the population 
attributable risk for all causes was 12.7% (1). In a recent 
study, the overall incidence of depression among the 
elderly Chinese population was reported as 23.6% (2). 
Despite the effectiveness of conventional Western drugs 
in treating depression, approximately 40% of cases remain 
incurable (3). Furthermore, the initial side effects of current 
treatments in some patients with severe depression can 
include hysteria lasting for weeks or even months, during 
which time there is a high risk of self-harm or suicide (4). 
Moreover, Western medicines can have other serious side 
effects and withdrawal symptoms, which has prompted 
researchers to work to obtain a better understanding of 
the mechanisms of depression and to seek novel treatment 
drugs. 

Chinese herbal medicine has a long history of safe use 
in the treatment of depression-like syndromes. Jie Yu Chu 
Fan (JYCF) capsule is a Chinese herbal medicine that is 
commonly prescribed for depression-like conditions. JYCF 
contains Gardenia jasminoides Ellis (ZZ), Magnolia officinalis 
(HP), Pinellia ternate Breit, and Forsythia suspensa, which are 
herbs commonly used to treat mental disorders, including 
depression (5-7). The clinical application of JYCF reflects 
its efficacy as an antidepressant; however, the underlying 
mechanism is still unclear. 

Depression has been attributed to decreases in the levels 
of neurotransmitters, including 5-hydroxytryptamine (5-
HT), norepinephrine (NE), and dopamine (DA) (8). 
Antidepressants enhance neuronal activities by increasing the 
levels of these neurotransmitters in the synaptic cleft (8,9). 
The regeneration of nerve cells in the hippocampus, which 
is regulated by brain-derived neurotrophic factor (BDNF), 
is crucial in the recovery of mice with chronic unpredictable 
mild stress (CUMS). Moreover, BDNF plays a pivotal role 
in structural plasticity, learning, and memory (10).

In the present study, we investigated the antidepressant-
like activity of JYCF in comparison to a clinically 
prescribed antidepressant, fluoxetine, by establishing a 
mouse model of CUMS. Specifically, the concentrations 
of monoamine neurotransmitters and their metabolites as 

well as nerve cells at different stages and mRNA expression 
of BDNF in the hippocampi of the mice were measured 
by high-performance liquid chromatography (HPLC), 
immunofluorescence, and reverse transcription-polymerase 
chain reaction (RT-PCR), respectively. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5599).

Methods

Animals

The protocol of the animal experiments conducted in this 
study was approved by the Capital Medical University 
Animal Subjects Ethics Sub-Committee. The experiments 
were performed in compliance with guidelines of Capital 
Medical University for the care and use of animals. Eight-
week-old male C57BL/6 mice were routinely housed in 
an animal facility at the Capital Medical University After 
1 week of acclimatization, the animals were randomly 
assigned into five groups: the control group, the CUMS 
group, the CUMS + JYCF (1 g/kg) group, the CUMS + 
JYCF (5 g/kg) group, and the CUMS + fluoxetine group.

CUMS procedures

CUMS model was induced as previously reported (11). 
Briefly, the mice were subjected to the following mild 
stressors for 5 weeks in a random manner (one treatment 
per day) to ensure stress unpredictability: food and water 
deprivation for 24 hours; exposure to an empty bottle 
for 1 hour, 45° cage tilting for 7 hours, continuous 
illumination, damp bedding for 24 hours, swimming in 
cold water (temperature: 8 ℃) for 6 minutes, physical 
restraint for 2 hours, and exposure to a foreign object 
for 4 hours. The depressive-like state of the mice was 
evaluated by behavioral tests, including the open field 
test, sucrose preference test, forced swim test, and tail 
suspension test. 

After undergoing the behavioral tests, all of the animals 
were sacrificed under anesthesia with sodium pentobarbital 
(50 mg/kg). The brain of each mouse was immediately 
isolated, and the hippocampus was promptly collected and 
washed with saline. Half of the samples from each group 
were stored at −80 ℃. For the other samples, intracardiac 
perfusion was performed with 0.9% saline, and the brain 
was stripped out entirely and fixed with paraformaldehyde.

http://dx.doi.org/10.21037/atm-20-5599
http://dx.doi.org/10.21037/atm-20-5599
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Drug administration and sample collection

The CUMS mice were randomly divided into four 
treatment groups (6 mice/group) and orally fed with 
distilled water (the CUMS group), JYCF at 1 g/kg [the 
CUMS + JYCF (1 g/kg) group], JYCF at 5 g/kg [the 
CUMS + JYCF (5 g/kg) group], or fluoxetine at 20 mg/kg  
(the CUMS + fluoxetine group) for 5 weeks based on 
previous study (11). The dosages of JYCF and fluoxetine 
were selected based on their clinical dose and previous 
studies (11). Mice without stress stimulation were 
employed as control mice and orally given distilled water. 
Stress stimulations were conducted 2 hours after drug 
administration.

Body weight 

The body weight of mice was measured before and after the 
CUMS procedure, as well as after the fluoxetine and JYCF 
treatments. 

Open field test

The open f ield test  was performed as  previously  
described (11). The number of squares crossed by the 
animals and the frequency of standing on the hind limbs 
were respectively recorded over 3 minutes. 

Sucrose preference test 

As previously described (12), the mice were allowed to 
adapt to 1% sucrose solution before the test. For the test, 
the animals were presented with 2 bottles for 24 hours after  
24 hours of water and food deprivation, 1 containing 
distilled water and the other containing 1% sucrose 
solution. The sucrose preference was calculated as the 
percentage of sucrose solution consumed versus the total 
water intake. 

Forced swim test 

The forced swim test was performed in a plexiglass cylinder 
(50 cm height, 20 cm diameter) containing water (35 cm 
depth). The mice were forced to swim for 15 minutes 
at room temperature (13). One day later, the animals 
were forced to swim for 6 minutes once more, and their 
immobility time in the last 4 minutes was rescored. The 
following actions were recognized as immobility: no 

struggling; upright floating posture; and occasional limb 
movement with the head above the water but without body 
movement (12). 

Tail suspension test 

The tail suspension test has been widely used for screening 
rodents in studies that focus on potential antidepressant 
drugs. Adhesive tape was placed approximately 1 cm 
away from the tip of the tail of the mice. Then, the mice 
were individually suspended 50 cm above the floor. The 
immobility time was recorded for the last 4 minutes of a 
6-minute session, and the mice were considered as immobile 
when they hung passively and completely motionless. 

HPLC-EC measurements of monoamine neurotransmitter 
and metabolic product levels

The contents of 5-hydroxytryptamine (5-HT), dopamine 
(DA), and norepinephrine (NE), as well as their respective 
metabolite 5-hydroxyindole acetic acid (5-HIAA), 
homovanillic acid (HVA), and 3,4-dihydroxyphenylacetic 
acid (DOPAC) in the hippocampi were determined by 
HPLC with electrochemical detection (HPLC-EC). 
Briefly, the mouse brain tissues were homogenized in  
0.4 mL of pre-chilled internal labeling working solution at 
4 ℃. After centrifugation at 14,000 g for 15 minutes, the 
supernatant was collected to measure the concentration of 
neurotransmitters mentioned above by HPLC-EC column 
(ESA MD-150; 3.2 mm × 150 mm).

Immunofluorescence 

Nerve cell regeneration in the mouse hippocampi was 
analyzed by immunofluorescence. Brain specimens were 
incubated with rabbit polyclonal antibody and subsequently 
with Alexa fluorescein isothiocyanate (FITC)-conjugated 
goat anti-rabbit IgG (1:100, Invitrogen) at room temperature, 
followed by 4’,6-diamidino-2-phenylindone (DAPI) staining 
of the nuclei. The images of the hippocampi were observed 
using 400× magnification and photographed using a 
fluorescence microscope (Olympus BX 51). 

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) staining 

Tissue sections were incubated in proteinase K, washed 
with phosphate-buffered saline (PBS), and covered in film. 
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A reaction buffer containing TdT and UTP (v/v: 1:9) was 
added to the slices, which were then washed a second time. 
The nuclei were stained with DAPI. The samples were 
observed under a fluorescence microscope.

RNA extraction and RT-PCR

Total RNA was isolated from the hippocampi of the mice 
with TRIZOL reagent, following the manufacturer’s 
instructions (Invitrogen, USA). cDNA was produced with 
a reverse transcription kit (VAZYME) using 3 ug of RNA. 
The specific primers used for cDNA amplification were: 
GAPDH (forward: 5'-ATGGGTGTGAACCACGAGA-3', 
reverse: 5'-CAGGGATGATGTTCTGGGCA-3') and 
BDNF (forward: 5'-GCCTCCTCTACTCTTTCTG-3', 
reverse: 5'-GGATTACACTTGGTCTCGT-3'). The 
relative expression of the target gene was normalized by 
housekeeping gene GAPDH.

Statistical analysis 

Data were presented as mean ± SD, and differences between 
groups were determined by one-way analysis of variance 
(ANOVA) with Dunnett’s post-hoc test. A P value of <0.05 
was considered to be statistically significant. 

Results

JYCF treatment altered CUMS-induced depression-like 
behaviors

To explore the effects of CUMS on animal behavior, the 
open field test, sucrose preference test, forced swim test, 
and tail suspension test were performed for all mice before 
and after the treatment. The weight of the mice was also 
recorded. As shown in Figure 1, in the CUMS model 
groups, there was significant weight loss after 5 weeks of 
CUMS exposure compared with the normal control group 
(P<0.01). JYCF treatment at both 1 and 5 g/kg, as well as 
fluoxetine, significantly reversed CUMS-induced weight 
loss (P<0.01) (Figure 1A). 

The results of the open field test showed that 5 weeks 
of exposure to CUMS significantly decreased the number 
of crossings compared with that of control group (P<0.01). 
Treatment with JYCF significantly increased the number of 
crossings (P<0.05) (Figure 1B).

After  exposure to CUMS for 5 weeks,  sucrose 
consumption in the CUMS mice was significantly reduced 

compared with that in the normal control group (P<0.01). 
Expectedly, fluoxetine induced a dramatic increase in sucrose 
consumption in the CUMS mice (P<0.05, Figure 1C).  
Similarly, JYCF at 5 g/kg resulted in a significant increase 
in sucrose preference in CUMS mice (P<0.01). 

According to the results of the forced swim test, the 
immobility time of the mice was remarkably increased 
in the CUMS group compared with the control group 
(P<0.01). As with fluoxetine, JYCF at both 1 and 5 g/kg 
remarkably reduced the immobility time of the CUMS mice 
(P<0.05, Figure 1D). The results of the tail suspension test 
were similar to those of the forced swim test (Figure 1E). 

Effects of JYCF treatment on neurotransmitters in the 
mouse hippocampus

The contents of monoamine neurotransmitters and their 
metabolites in the mouse hippocampi were measured. 
After the administration of JYCF (1 g/kg) and fluoxetine  
(20 mg/kg), the contents of NE (Figure 2A) and DA  
(Figure 2B) remarkably increased compared with those 
in the CUMS group with no drug treatment (P<0.05). 
Treatment with JYCF at 1 g/kg significantly increased the 
level of HVA compared with that in CUMS group with 
no drug treatment (P<0.01, Figure 2C). No significant 
difference was found in the levels of 5-HIAA, DOPAC, or 
5-HT after JYCF or fluoxetine treatment (Figure 2D,E,F). 

JYCF stimulates nerve cell neurogenesis

Ki-67 is a nuclear protein involved in cell proliferation. 
We compared its expression in the hippocampi of the mice 
in the different treatment groups (Figure 3). The results 
of immunofluorescence showed that after treatment with 
JYCF or fluoxetine, the expression of Ki-67 in each group 
was increased compared with the CUMS group with no 
drug treatment.

The results of TUNEL staining showed that following 
35 days of treatment in the fluoxetine (20 mg/kg) and 
JYCF (5 g/kg) groups, the rate of apoptosis was decreased 
compared with that in the CUMS group with no drug 
treatment (Figure 4). To observe the nerve/progenitor cells 
in the hippocampi of the mice, nestin was used to perform 
immunofluorescence. The results revealed that nestin 
expression in the CUMS group with no drug treatment 
was decreased compared with that in the control group and 
that this phenomenon could be reverted with 35 days of 
treatment with fluoxetine or JYCF (Figure 5). The results 
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Figure 1 Effects of JYCF and fluoxetine on weight (A). Zone crossing times in the open field test (B), the sucrose consumption test (C), the 
immobility time in the force swim test (D), and the immobility time in the tail suspension test (E). The results are expressed as mean ± SD 
(n=5/group). *, P<0.05, **, P<0.01, compared with the control group; #, P<0.05, ##, P<0.01, compared with the CUMS group. JYCF, Jie Yu 
Chu Fan; CUMS, chronic unpredictable mild stress.

of immunofluorescence showed a reduction in the levels 
of NeuN and MAP-2 in the CUMS group with no drug 
treatment compared with the control mice. After 5 weeks of 
treatment with fluoxetine or JYCF, the levels of NeuN and 
MAP-2 had increased to similar levels as those seen in the 
controls (Figures 6,7).

JYCF treatment increases BDNF mRNA expression in 
hippocampus of CUMS mice 

Compared with the control group, BDNF mRNA 
expression was decreased in the CUMS group with no 
drug treatment, but could be restored by treatment with 
fluoxetine or JYCF (Figure 8).
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Figure 2 Effect of JYCF and fluoxetine on the levels of brain monoamine neurotransmitters and metabolic products in the hippocampus 
of mice. (A) NE concentration; (B) DA concentration; (C) HVA concentration; (D) 5-HIAA concentration; (E) DOPAC concentration; (F) 
5-HT concentration; the results are expressed as mean ± SD (n=3/group). *, P<0.05, **, P<0.01, compared with the control group; #, P<0.05, 
##, P<0.01, compared with the CUMS group. JYCF, Jie Yu Chu Fan; NE, norepinephrine; DA, dopamine; CUMS, chronic unpredictable 
mild stress.
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Figure 3 Proliferative cells in the hippocampi of the mice. 
Superimposed Ki-67 and DAPI-stained nuclei show the number 
of proliferative cells. The images of the hippocampi were collected 
using a fluorescence microscope (Olympus BX 51; original 
magnification: 400×; bar: 50 μm). JYCF, Jie Yu Chu Fan; CUMS, 
chronic unpredictable mild stress.

Figure 4 Apoptotic cells in the hippocampi of the mice. TUNEL 
labeling and DAPI staining were performed to visualize DNA 
fragmentation and nuclei of cells. The images of the hippocampi 
were collected using a fluorescence microscope (Olympus BX 51; 
original magnification: 400×; bar: 50 μm). JYCF, Jie Yu Chu Fan; 
CUMS, chronic unpredictable mild stress.

Discussion

With a deepening understanding of the underlying 
molecular mechanisms of depression, numerous new 
therapies have been discovered for the treatment of this 
disorder. In this study, JYCF was characterized according to 
its therapeutic effects on depression. A CUMS model was 
used in this study, as described previously (11,14,15). Upon 
5 weeks of unpredictable stimulation, the CUMS depression 
mouse model was successfully established, as indicated by 
the loss of body weight, zone crossing time in the open field 
test, sucrose preference, and increased immobility time in 
the CUMS mice, which were similar to those observed in 
previous studies (16,17). 

The present study showed that after 35 days of repeated 

administration of JYCF or fluoxetine, the behavior of the 
CUMS mice recovered to some extent, which confirmed 
the antidepressant-like activity of JYCF. The CUMS mice 
exhibited reduced food intake and body weight, which are 
similar symptoms to those experienced by patients with 
major depressive disorder (MDD) (18). In our study, JYCF 
and fluoxetine significantly reversed the loss of body weight 
induced by CUMS in mice, which again agrees with the 
previous findings (6,10).

One of the core symptoms of MDD is anhedonia, which 
in the CUMS mice, was demonstrated by less sucrose 
consumption (14,19). Repeated administration of JYCF 
dramatically increased sucrose consumption and zone 
crossing times, which are the criteria for recognizing the 
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Figure 5 The neural precursor cell in the hippocampi of the mice. 
4’,6-diamidino-2-phenylindone (DAPI) staining of the nuclei. 
The images of the hippocampi were collected using a fluorescence 
microscope (Olympus BX 51; original magnification: 400×; bar:  
50 μm). JYCF, Jie Yu Chu Fan; CUMS, chronic unpredictable mild 
stress.

Figure 6 NeuN immunoreactivity in tissue sections from the 
hippocampi of the mice. 4’,6-diamidino-2-phenylindone (DAPI) 
staining of the nuclei. The images of the hippocampi were 
collected using a fluorescence microscope (Olympus BX 51; 
original magnification: 400×; bar: 50 μm). JYCF, Jie Yu Chu Fan; 
CUMS, chronic unpredictable mild stress.

antidepressant-like effects in the open field test (20). In 
the forced swim and tail suspension tests, immobility time 
was shortened compared with the CUMS group, which 
indicated that the depression had been alleviated (21). The 
results of the behavior test suggested that JYCF induced an 
antidepressant effect in the CUMS mouse model. 

Monoamine transmitters play a critical role in stress 
response and in the modulation of depression (8,22). In the 
present study, CUMS mice had remarkable lower level of 
NE and DA in hippocampi comparing to that of normal 
control mice. Both fluoxetine and JYCF significantly 
increased NE and DA in CUMS mice. The increased levels 
of NE may directly enhance neurogenesis by promoting 
the proliferation of neural cells in the hippocampus (23). 

This action of NE on neurogenesis is mediated by β3-Ars, 
which contributes to the function of NE on neural stem 
cell activation and neurogenesis (24). DA may modulate 
depression-like and anxiety-like behaviors through the 
dopamine D1–D2 receptor heteromer (25,26). Some 
treatments for altered emotional states involve the rescue of 
abnormally low NE and DA levels. In our study, the level of 
NE and DA in the CUMS mice were dramatically reduced 
compared with the control mice. Treatment with JYCF or 
fluoxetine significantly reversed the changes in the levels of 
NE and DA in the CUMS mice without altering the level 
of 5-HT, suggesting that the antidepressant-like activity of 
JYCF might be mediated by regulating the levels NE and 
DA in the hippocampus.
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Ki-67 is expressed in dividing cells and has been used 
as a marker of cell proliferation (27). Compared to CUMS 
group, fluoxetine and JYCF promoted the expression 
of Ki-67 in hippocampi, indicating the presence of new 
proliferative cells. Nestin-positive cells, as the proliferative 
progenitor neural cells (28), and MAP-2-positive cells, as 
the mature neurons, were enhanced after treatment with 
fluoxetine or JYCF. These findings were consistent with 
previous research on gradually improving depression (29). 
BDNF, a kind of the nerve growth factor, possesses the 
ability to support neuronal survival, differentiation, function 
and plasticity and has been observed to play a crucial role 
in certain neurobiological modifications that may otherwise 
lead to depression (30); CUMS exposure significantly 
decreased BDNF level in hippocampi, suggesting the 

involvement of BDNF in the pathology of depression, 
and treatment with fluoxetine and JYCF reversed CUMS-
induced decrease in BDNF, which provided another 
possible mechanism of action for the antidepressant-like 
activity of JYC.

JYCF, a Chinese herbal medicine containing G. 
jasminoides Ellis (ZZ), Magnolia officinalis (HP), P. ternata 
Breit, and F. suspensa. Banxia Houpu decoction, including 
HP, P. ternata, Perilla frutescens, Poria cocos, and Zingiber 
officinale, has been widely used in the treatment of 
depression (6). F. suspensa has been reported to prevent 
the generation of reactive oxygen species that could be 
induced by chronic stress (31-34). In the present study, 
JYCF attenuated CUMS exposure-induced behavioral 
abnormalities and reversed the changes in NE, DA and 
its metabolite in hippocampi of CUMS mice without 
altering 5-HT level. Future study is needed to investigate 
in terms of the underlying mechanism of JYCF on the 
neurotransmitter system.

Conclusions

JYCF exhibited similar antidepressant-like effects to 
fluoxetine in the treatment of depression in CUMS mice. 
The essential neurotransmitters, NE and DA, as well as 
BDNF, a vital factor for improving nerve cell neurogenesis, 
were involved in mediating the anti-depressant effects of 
JYCF in CUMS mice. 

Figure 7  MAP-2 immunoreactivity in the hippocampus. 
4’,6-diamidino-2-phenylindone (DAPI) staining of the nuclei. 
The images of the hippocampi were collected using a fluorescence 
microscope (Olympus BX 51; original magnification: 400×; bar:  
50 μm). CUMS, chronic unpredictable mild stress.

Figure 8 Real-time RT-PCR analysis of the expression of BDNF 
in the hippocampi of the mice. The results are shown as mean ± 
SD (n=3/group). *, P<0.05, **, P<0.01, compared with the control 
group; #, P<0.05, compared with the CUMS group. JYCF, Jie 
Yu Chu Fan; RT-PCR, reverse transcription-polymerase chain 
reaction; BDNF, brain-derived neurotrophic factor; CUMS, 
chronic unpredictable mild stress.
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