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Objective. -e gut microbiota, as the critical mediator of the gut-brain axis, can produce and transport neuroactive substances,
thus playing a significant role in the pathogenesis of depression. Although regular physical exercise is an important nondrug
antidepressant, its specific effector mechanism is still unclear. Methods. Rats were randomly divided into four different groups
(n� 10 for each group) as follows: normal group (G1), depression group (G2), fluoxetine treatment group (G3), and regular
exercise treatment group (G4). All rats underwent forced swimming tests, tail suspension tests, open field tests, and elevated plus-
maze tests to detect behavioristics.-en, corticosterone levels were detected by ELISA. Additionally, taxonomic analysis of the gut
microbiota in all rats was performed after they were exercised regularly for 60 days. Results. Compared with the G1 group, the rats
in the G2 group showed significant depression-like behaviors, with increased serum corticosterone levels. -e proportions of
Bacteroides, Actinomycetes, Proteobacteria, Saccharomyces, and Cyanobacteria in rats of the G2 group were lower than those in
the G1 group, while the proportions of Firmicutes, Tenicotte, Deferrobacteria, and Fusobacteria were increased. Furthermore,
after regular exercise treatment, the gut microbiota of rats was effectively improved, almost returning to the level of the G1 group,
and depressive behavior and corticosterone levels were also restored, which was almost the same as the effect of fluoxetine
treatment. Conclusion. Regular physical exercise could alleviate depressive-like behaviors by modulating the species and function
of the gut microbiota.

1. Introduction

Depression is a serious mental disorder that can be ac-
companied by a strong sense of guilt, helplessness, changes
in appetite and sleep, and damage to organ functions. Severe
depression can even lead to self-mutilation and suicide [1].
Recent studies have shown that there is a bidirectional
pathway between the gut and the central nervous system,
also known as the gut-brain axis, which is closely related to
the complex crosstalk of the autonomic nervous system,
neuroendocrine system, and immune system [2, 3].

On the one hand, increasing evidence suggests that gut
microbiota is a critical environmental factor. It can produce
and transport neuroactive substances, which are considered
the key mediators of the gut-brain axis and play an im-
portant role in the mechanism of depression [4]. -e past
studies showed that transplanting the MDD patients’ gut

microbiota into germ-free mice led to depressive behavior
[5], and transplanting the gut microbiota from depressive
patients into rats subjected to antibiotic treatment also
replicated depressive behavior [6]. -ese results all proved
that changes in the composition of the gut microbiota may
be an important factor leading to depression. Further re-
search studies showed that gut microbiota can generate a
pathological feed-forward loop that contributes to depres-
sive-like behaviors via the central endocannabinoid (eCB)
system [7]. -e mediation of the gut microbiota through
host’s metabolism can also induces depressive-like behaviors
[5].

On the other hand, regular physical exercise is an im-
portant nondrug antidepressant method, but its specific
mechanism is still unclear [8, 9]. -erefore, this article in-
tends to use depression model rats as the object to dy-
namically observe whether regular physical exercise can
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improve the prevalence and composition of the gut
microbiota of rats, thereby exerting an antidepressant effect,
with the aim of providing relevant theoretical references for
the treatment of depressive diseases.

2. Materials and Methods

2.1. Animal Studies. Forty SD rats (female, 180 g) provided
by the experimental animal center of Jiangsu University
(Zhenjiang, China) were used in this study. -e animals
were housed under standard conditions (22± 1°C room
temperature, 55%± 1% humidity, and 12 h light/dark cycles)
in regular cages and allowed free access to food and water.
All animal experiments were performed according to the
Guidelines for the Care and Use of Laboratory Animals by
the National Institutes of Health. Approvals for the study
were acquired from the Ethics Committee of the Medical
College of Jiangsu University (Zhenjiang, China).

2.2. Study Design. Rats were randomized into four groups
(10 rats in each group): a normal group (G1), a depression
group (G2), a fluoxetine treatment group (G3), and a regular
exercise treatment group (G4), with 10 rats in each group. In
G2, G3, and G4, chronic unpredictable mild stress (CUMS)
was employed for 4 weeks. In brief, the stimuli included tail
pinching for 1 minute with a clip (8 am to 10 am, just until
the rats whined, without skin damage), swimming in 6°C
cold water for 5 minutes (8 am to 11 am, using a 25 cm high
plastic drum that was 15 cm in diameter, with the water
depth determined by the rats’ toes reaching the bottom of the
container), bound for 2 hours, housed in an empty cat cage
for 15 hours (5 pm to 8 am of next day) and exposed to light
overnight, and lack of food or water for 24 hours (8 am to 8
am of next day). -ese stressors were applied in random
order in 1 day. Each stressor was repeated two or three times
during the four-week stress period. G3 was given fluoxetine
3mg/kg daily for 3 weeks by gavage, and in G4, Sierakowiak
et al.’ protocol was used [10]. -e depressed model rats were
placed in a 35 cm motorized wheel and exercised for 1 hour
at 9 am and 3 pm each day.

2.3. Rat Behavioral Tests

2.3.1. Forced Swim Test (FST). -e test rat was individually
placed in a plexiglass cylinder with a height of 25 cm and a
diameter of 15 cm with a water depth of 10 cm and a water
temperature of 25± 1°C. After 15min of pretesting for 3
days, the rats’ swimming time, struggling time, and static
floating time in the water within 5 minutes were recorded.

2.3.2. Tail Suspension Test (TST). -e test rat was suspended
40 cm above the table with tape, and the tape was placed
approximately 1 cm from the tip of the tail. In the 6-minute
test, the resting time of the rat, which is the total time that
the rat exhibited no limb or body movements, was
recorded.

2.3.3. Open Field Test (OFT). -e apparatus for the open
field test was a box (60 cm× 60 cm× 30 cm). -e rats were
exposed to dark or dim conditions and reared alone in a box.
-e movement of the rats in the container was represented
by movement distance and was monitored by an S-Mart
computerized video tracking system. -e number of times
crossing the line and the distance walked in the container
were recorded.

2.3.4. Elevated Plus-Maze Test (EPM). -e test device
consisted of two oppositely placed open arms
(50 cm× 10 cm) and two oppositely placed closed arms
(50 cm× 10 cm× 20 cm) connected by a central platform
(10 cm× 10 cm). -e maze was 50 cm above the ground and
was made of black plexiglass. -e rats were placed in the
center of the maze facing the closed arm, and the frequency
of the rat entering the open arm and the percentage of time
spent in the open arm were recorded.

2.4. Assessment of Corticosterone Level. -e collected blood
samples were centrifuged at 3000RPM for 15min at 4°C to
collect serum, and the serum was stored in a refrigerator at
−80°C for later use. An ELISA kit was used to measure the
level of corticosterone using a double-antibody sandwich
enzyme-linked immunosorbent assay (ELISA) to detect the
serum corticosterone content of rats in each group
according to the kit’s operating instructions. -e absorbance
was measured at 450 nm, and the intensity of the color
reaction was directly proportional to the concentration of
the target protein in the sample.

2.5. DNA Extraction and Sequencing of the 16S rRNA Gene.
To classify and analyze the microbial distribution, stool
samples from 5 rats in each group were collected after 60
days of exercise and stored in a refrigerator at −70°C. -e
FastDNA Spin Kit for Soil was used to extract bacterial
genomic DNA from 100 to 200mg of stool according to the
manufacturer’s instructions. -e NanoDrop method was
used to detect the purity of the extracted genomic DNA, and
the Qubit dsDNA BR kit was used to detect the concen-
tration of genomic DNA. Gene sequencing of 16S rRNA is
based on the Illumina 16S metagenomic sequencing library
preparation guide. -e forward primer of the V4 region
(CCA GCM GCC GCG GTA ATW C) and the reverse
primer of the V5 region (CC GTC AAT TYY TTT RAG
TTT) were used to amplify the V4-V5 region of the bacterial
16S rRNA gene. -e amplified sequencing library was pu-
rified using AMPure XP magnetic beads, and the quality of
the library was checked with a 2100 bioanalyzer. -e se-
quencing library was mixed at equimolar concentrations to
generate a 4 nM library pool and was then sequenced on a
MiSeq system with 250 bp paired-end reads using the MiSeq
v2 kit.

2.6. Analysis of Sequencing Data. QIIME (v1.9.1) was used
for data quality control and original sequence analysis. First,
the original sequences were preprocessed and clustered into
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OTUs with 97% consistency by UCLUSTsoftware. Based on
the Greengenes database (V13_8), classification was per-
formed with 97% consistent clustering, generating an OTU
table and classification summary to provide a representation
of the proportion of taxa in each sample. To analyze the
diversity of bacteria, the representative sequences of OTUs
were compared with PyNAST, and a phylogenetic tree was
constructed with FastTree. A simplified OTU table was used
to calculate the α-diversity based on the observed species
parameter and the Chao1, Shannon, and Simpson param-
eters. -e unweighted UniFrac algorithm was used to cal-
culate the β-diversity and was represented in the principal
coordinate analysis (PCoA) graph.

2.7. Data Analysis. Quantitative data with a normal distri-
bution are expressed as themeans± standard deviation (SD).
-e Mann–Whitney nonparametric test was used to analyze
all data. All statistical tests were 2-sided, and P< 0.05 was
regarded as significant. Statistical analyses of data were
performed using SPSS and GraphPad Prism 6.0.

3. Results

3.1. Regular Exercise Significantly Influenced the Behaviors of
Rats. Compared with the rats in G2, the rats in G4 showed
more frequent struggling behaviors (Figure 1(a)). -e
swimming behaviors of rats in G4 and G3 were significantly
improved (Figure 1(b)). In the FST, the resting time of rats in
the G2 group increased, while the resting times of rats in G3
and G4 were significantly reduced (Figure 1(c)). Physical
exercise in rats also reduced the resting time in the TST
(Figure 1(d)). In the open field experiment, the rats in G1
were active in the entire area, including the peripheral and
central areas, while the movement of rats in G2 was sig-
nificantly reduced in the peripheral and central areas
(Figure 2(a)). Compared with the rats in G2, the total
movement distance of the rats in G3 increased significantly,
and the total movement distance of the rats in G4 also
increased (Figure 2(b)). In addition, the movement distances
of the rats in G4 and G3 in the surrounding area were greater
than that of the rats in G2 (Figure 2(c)). -e movement
distance of the rats in G4 in the central area was significantly
increased compared with that of the rats in G2, and the
movement distance of the rats in G3 in the central area also
increased similarly (Figure 2(d)). In the elevated plus-maze
test, compared with the rats in G2, the rats in G3 and G4
spent less time in the closed arms and more time in the open
arms (Figures 2(e) and 2(f )).

3.2. Regular Exercise Effectively Reduced the Level of Serum
Corticosterone. Compared with G1, the serum corticoste-
rone level of G2 was significantly higher. Moreover, the
serum corticosterone levels in G4 was significantly lower
than that in G2. In addition, the level of serum cortico-
sterone in G3 was also decreased significantly. -ese results
indicate that regular exercise can effectively reduce the
production of serum corticosterone in rats (Figure 3).

3.3. Regular Exercise Had an Impact on the Diversity of Gut
Microbiota. -e stool samples were sequenced and analyzed
by MiSeq and QIIME. -e 16S rRNA gene sequencing of
each sample produced more than 120,000 reads, and QIIME
processed more than 7700 OTUs. To evaluate the ecological
characteristics of these four groups of bacteria, we used
different parameters to evaluate the diversity. In the α-di-
versity, the observed species parameter and the Chao1 pa-
rameter, which are the estimated values of species richness,
only slightly increased in rats of G2, and the Shannon and
Simpson parameters, which are the estimated values of
species diversity, also showed similar trends (Table 1). Re-
garding β-diversity, the microbial flora compositions of rats
in G1 andG2were significantly different, while themicrobial
flora compositions of the rats in G3 and G4 were similar to
that of the rats in G1 (Figure 4).

3.4. Regular ExerciseHadan Impact on theDifferentMicrobial
Compositions in the Gut. -e classification analysis at the
microbial composition phylum level indicated that the
composition of the gut microbiota was reshaped due to
stress (Figure 5(a)). In the gut of G2 rats, the proportions of
Bacteroides, Actinomycetes, Proteobacteria, TM2, and
Cyanobacteria decreased, while the proportions of Firmi-
cutes, Bacteroides, Deferrobacteria, and Fusobacteria in-
creased (Figure 5(b)). Regular exercise helped restore the
microbial composition of Actinomycetes and Cyanobacteria
that were altered by stress by regulating the gut microbiota.
At the genus level, 105 genera in the gut of rats in G2 showed
increasing or decreasing proportions, but in the rats in G3
and G4, 85% of the gut microbiota was restored. Namely,
S24-7_unclassified bacteria, Lactobacillus, traveling Bacillus,
Bifidobacterium, and Desulfovibrio were reduced in relative
abundance, while Bacteroides, Prevotella, Parabacteria,
unclassified Bacillus, Rumenococcus, Doria, oscillating
Spirulina, unclassified Rumenococcus, Corynebacterium, and
Clostridiumwere increased in the gut of rats in G2. However,
the rats in the G4 group showed recovery of the gut
microbiota at the genus level, that is, the proportions of S24-
7_unclassified bacteria, Lactobacillus, Bifidobacterium, and
Desulfovibrio were reduced (Figure 6).

4. Discussion

Neurogastroenterology has revealed that there is direct
biochemical signal transmission between the gastrointestinal
tract and the central nervous system which is called the gut-
brain axis [11]. Some reports have shown that gut microbiota
can influence and regulate emotional behavior, which in-
dicates that probiotic intake may provide effective ingre-
dients to alleviate depressive symptoms [12]. -e effect of
probiotics on mental symptoms is related to the gut-brain
axis, and the gut-brain axis can reduce systemic inflam-
mation and regulate neurotransmission [13]. Although some
animal models mimic depression phenotypes by inducing
neuron changes similar to humans, the development of new
treatments and biological mechanisms for depression may
not be applicable to humans. However, under the premise
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that animal models can provide treatment strategies that are
suitable for humans, the molecular and cellular mechanisms
for detecting depressive symptoms in a controlled envi-
ronment are reliable.

Some reports have revealed the effect of regular physical
exercise on the relief of mental symptoms [14, 15]. In a rat
model, aerobic exercise can reverse depression by regulating
the hypothalamus-pituitary-adrenal axis [16–18]. In another
rat model, regular physical exercise may increase the level of
tryptophan in plasma and decrease the level of 5-hy-
droxytryptamine in the frontal cortex, thus alleviating the

symptoms of depression [19, 20]. In addition, regular
physical exercise of medium-low load can directly change
the physical condition by increasing the proportion of
rhamnose JB-1 and enhancing its effect on c-aminobutyric
acid receptor expression to reduce depression-related be-
havior [21]. According to our observations, in the rat model,
the same regular physical exercise can reduce depression-
like behavior, such as regular swimming. A recent report also
showed that anxiety and depression-like behaviors induced
by chronic mild stress can be improved by performing three
regular physical exercises: swimming, treadmill running,
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Figure 1:-e behavioral comparison of rats in the forced swimming experiment and tail suspension experiment among four groups.
(a) Struggling time of rats in FST. (b) Swimming time of rats in FST. (c) Resting time of rats in FST. (d) Resting time of rats in TST.
∗0.01 < P< 0.05, ∗∗0.01 < P< 0.001, and ∗∗∗P< 0.001.
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Figure 2: -e behavioral comparison of rats in the open field experiment and elevated maze experiment among four groups. (a) -e
trajectory of rats in OFT. (b)-e total distance of rats walk in the container in OFT. (c)-e peripheral distance of rats walk in the container
in OFT. (d) -e time of rats spent in the closed arm of EPM. (e) -e time of rats spent in the opened arm of EPM. (f) -e difference of
corticosterone concentration in serum of four groups of rats. ∗0.01<P< 0.05 and ∗∗0.01<P< 0.001.
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and weight-bearing ladder climbing [22, 23]. In addition,
regular physical exercise can also relieve depression and
anxiety. In the regular jogging and swimming treatment
group, psychological pain was significantly reduced [24]. At

the same time, the anxiety symptoms of patients with
chronic fatigue syndrome undergoing aerobic physical ex-
ercise were significantly lower than those of the control
group. -ese positive findings indicate that the strategy of
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Figure 3: -e difference of corticosterone concentration in serum of four groups of rats. ∗0.01 < P< 0.05, ∗∗0.01 < P< 0.001, and
∗∗∗P< 0.001.

Table 1: Alpha diversity of fecal microbiota in four groups of rats.

Group
Richness estimates Diversity estimates

Observed_species Chao 1 Shannon Simpson
G1 7732.5 39788.96 7.042 0.972
G2 8809.0 41881.26 7.586 0.980
G3 8232.5 39164.41 7.216 0.970
G4 7251.5 34310.12 7.072 0.973
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Figure 4: Principal component analysis (PCA) of fecal microbiota in four groups of rats. -ere are 10 rats in each group. G1, normal group;
G2, chronic unpredictable mild stress used to develop depression-like behavior in rats; G3, fluoxetine was given 3mg/kg daily by gavage after
the formation of depression-like behavior; G4, the depressed model rats exercised for 1 hour at 9 am and 3 pm each day.
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Figure 5: Phylum horizontal abundance of gut microbiota. (a) -e different composition of the gut microbiota in four groups of rats.
(b) Changes in various types of gut microbiota in four groups of rats.
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Figure 6: Genus horizontal abundance of gut microbiota.
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physical exercise therapy has great prospects [25]. In such
strategies, regular physical exercise may become a target for
the treatment of depression [26].

Although the role of regular physical exercise in im-
proving the type and function of gut microbiota to improve
depressive disorder has not been precisely explored, our
research shows that the characteristics of gut microbiota
imbalance are significantly different in taxonomy between
G1 and G2. At the phylum level, the proportion of Acti-
nomycetes in G2 decreased significantly, while the pro-
portion of Actinomycetes in G4 increased significantly. -e
reason for this difference may be that regular physical
exercise can improve the efficiency of the delivery of
Bifidobacteria-containing probiotics to the gut, which in
turn will increase the abundance of Actinomycetes in G4
[27]. It has been reported that there are significant dif-
ferences in the proportions of Actinomycetes and Firmi-
cutes in the composition of the gut microbiota between
patients with severe depression and healthy people [28–30].
However, in this study, the proportion of Firmicutes did
not recover after regular physical exercise. In addition, gut
inflammation may be involved in the pathogenesis of de-
pression [31]. Although the results obtained from this study
do not show that regular physical exercise can alleviate gut
inflammation in rats, we speculate that regular physical
exercise can promote the anti-inflammatory activity of
probiotics in the gut, protect gut barrier function, regulate
inflammatory mediators, and thus reduce the symptoms of
depression [32].

In conclusion, regular physical exercise can regulate
stress-related behavior in rats. Because regular physical
exercise changes the distribution of gut microbiota, this
study may support that interventions based on intestinal
microbiota can alleviate stress-related depression symptoms.
Further extensive studies combining metagenomics and
metabonomics are needed to explain the relationship be-
tween depression and regular physical exercise. However,
based on our observations, we can clarify the partial rela-
tionship between the types and functional changes of in-
testinal microbiota induced by regular physical exercise and
depression.
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