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ABSTRACT 

Background and objectives

The treatment of somatic symptoms of depression is a medical problem nowadays. More 
and more evidences show that oxidative stress and mitochondrial dysfunction may be an 
important pathogenesis of depression and are closely related to somatic symptoms. Currently, 
studies on oxidative stress and mitochondrial function are mostly concentrated in the brain, 
with less attention paid to peripheral tissues, and classical SSRIs are not direct antioxidants in 
treatment. XingPiJieYu (XPJY) Decoction is one of the most widely used clinical formulas of 
traditional Chinese medicine. Our study aims to exploring whether it has antioxidative and 
mitochondrial effects on intracerebral and extra brain tissue.

Materials and methods

The rat model of depression was established by CUMS (chronic unpredictable mild stress, 
CUMS) for 6 weeks. They were randomly divided into six groups: control group, CUMS group, 
CUMS+XPJY (3.6g/kg/d, 7.2g/kg/d, 14.4g/kg/d) groups, CUMS+ sertraline (4.5mg/kg/d) 
group. We used sucrose preference test and forced swimming test to verify the success of 
the depression model. The contents of CK and SDH in orbital blood were measured weekly 
as well as the following assay index were measured on 14th day and 42th day, including 
MDA, ATP and mtDNA in hippocampus, prefrontal cortex, liver, small intestine and 
gastrocnemius muscle.

Results

At the 14th day, the sucrose preference ratio was decreased. Besides, the immobility time 
prolonged at the 42nd day. CUMS increased MDA content in hippocampus, prefrontal cortex 
and gastrocnemius muscle, but decreased mtDNA content in prefrontal cortex at the 14th day; 
CUMS decreased serum SDH level at the 35th day, but elevated serum CK level at the 42nd day; 
CUMS increased MDA content in hippocampus, prefrontal cortex, liver and gastrocnemius 
muscle, while decreased ATP and mtDNA content in hippocampus, prefrontal cortex, liver, 
small intestine and gastrocnemius muscle at the 42nd day. XPJY decoction at 14.4g/kg, the 
efficacy trend of which was better than the other drug groups, could prevent the depressive 
behavior caused by CUMS, reduce the serum CK content and the MDA content of the tissues 
mentioned above, and increase serum SDH content as well as ATP, mtDNA content in tissues.
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depressed patients is normally lower as well as 
the prevalence rates with mitochondrial diseases 
of depressed patients are usually up to 54%, 
compared with control subjects [14-15]. From 
these perspectives, improving oxidative stress 
and mitochondrial function may provide a new 
target for the treatment of depression, especially 
in accompanied somatic symptoms. However, 
the current research on mitochondrial function 
of oxidative stress machine in depression are 
mainly focused on the brain, and are lacking of 
the analysis on other systems or tissues.

At present, SSRI antidepressants did not 
seem to improve the oxidative stress and 
mitochondrial function. Yan Li [16] found that 
Sertraline uncoupling mitochondria oxidative 
phosphorylation inhibits the activity of oxidative 
phosphorylation complexes I and V in rat liver 
mitochondria. Similar results were found in 
rat brain research: Fluoxetine reduced the rate 
of ATP synthesis [17]. Other studies found 
that sertraline and paroxetine significantly 
induced ROS production in 24 hours and SSRI 
notably reduced mtDNA copy number, which 
compromise the expression of mitochondria 
[18-19]. However, Nahon demonstrated that 
fluoxetine could inhibit the opening of the 
mitochondrial permeability transition (MPT) 
pore, release of cytochrome c (cytC) and protect 
against staurosporine-induced apoptotic cell 
death. Consequently, there are inconsistencies 
in the results of SSRI in the protection of 
mitochondria and antioxidant stress, which may 
be related to the type of cells [20] and needed to 
be further studied.

XPJY Decoction, a Chinese herbal medicine, 
which has been confirmed to improve depressive 
behavior, increase serum 5-HT, decrease 
serum corticosterone, decrease inflammatory 
factors in serum and hippocampus, increase 
the expression of cAMP, PKA, CREB and 
BDNF in hippocampus of CUMS rats[21-24]. 

Introduction

The clinical manifestations of depression include 
not only mental disorders such as depression, 
mental retardation and cognitive impairment, 
but also somatic symptoms such as headache, 
muscle ache, tension and indigestion [1]. 
These symptoms often cover up some of the 
characteristics of depression, so psychiatrists 
should attach great importance to them. 
Depression is considered to be a multi system 
disease. Research [2] has shown that male 
and female depressive patients with suicidal 
ideation show more frequent and more serious 
somatic symptoms than those without suicidal 
ideation. Somatic symptoms are closely related 
to the current suicide risk of depressive patients. 
Therefore, the attention and treatment of 
depressive patients’ somatic symptoms is a key 
link in the treatment of depression.

Ann Gardner [3]found that the decrease in ATP 
production in muscle tissue was found in patients 
with somatization symptoms, which reveals that 
the core symptoms of extreme fatigue caused by 
depression are closely related to energy deficiency 
and mitochondrial damage. Furthermore, 
increasing evidence suggests that oxidative stress 
and abnormal mitochondrial energy metabolism 
are involved in the pathophysiological process 
of depression and become the core factors of 
depression [4-5].For instance, several evidences 
indicate that oxidative stress in hippocampus 
plays an important role in the pathogenesis of 
CUMS-induced rodents [6-12]. It has also 
been reported that as the levels of free radicals 
increased, the total antioxidant capacity in 
patients with clinical depression decreased, while 
after antidepressant treatment, the free radicals 
and lipid peroxidation in serum declined, which 
reveals that the mechanism of depression may 
be closely related to oxidative-antioxidant stress 
system [13]. In addition, some research data 
indicates that the level of ATP in the brain of 

Conclusion

CUMS could induce oxidative stress and mitochondrial dysfunction in hippocampus, PFC, liver, 
small intestine and gastrocnemius muscle in rats. Early application of sertraline can effectively 
prevent mtDNA damage in hippocampus, PFC and liver, but its regulation on MDA and ATP 
is not obvious. However, XPJY decoction plays an significant role in antioxidation by means 
of improving mitochondrial function, eliminating inflammation and increasing 5-HT content. 
This research provides an important theoretical basis for the clinical application of XPJY.
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However, whether it can regulate oxidative 
stress and mitochondrial function remains to 
be elucidated. Mitochondria are key organelles 
regulating cellular energy status via oxidative 
phosphorylation, can produce the energy 
available for a variety of cells (ATP), which 
is especially important for the heart, skeletal 
muscle, brain and other high hypermetabolic 
tissues. SDH is one of the marker enzymes of 
mitochondria, existing in the inner membrane of 
aerobic respiratory mitochondria, the content of 
which in serum can reflect the energy metabolism 
of mitochondria. CK is an important kinase, 
mainly existing in cytoplasm and mitochondria 
andrelated directly to intracellular energy 
translocation, muscle contraction and ATP 
regeneration, the level of which in Serum can 
reflect the ability of ATP production and skeletal 
muscle injury. ROS damages mitochondria 
in two ways, one is the direct oxidation 
of mitochondrial DNA, the other is the 
induction of peroxidation of cardiolipin on the 
mitochondrial inner membrane, which leads to 
the decrease of ATP synthase activity and ATP 
production, resulting in a large number of MDA 
[5]. Therefore, the content of MDA can reflect 
the level of oxidative stress in tissues. 

To sum up, in this study, we used the recognized 
rat model of CUMS by detecting the contents of 
SDH, CK, MDA, ATP and mtDNA to explore 
the following three questions: (1) whether the 
chronic unpredictable stress of 6 weeks could 
lead to oxidative stress and mitochondrial 
dysfunction in hippocampus, prefrontal cortex, 
liver, small intestine and gastrocnemius muscle 
of rats. (2) Whether Sertraline’s early application 
improved the oxidative stress and mitochondrial 
damage. (3) Whether Chinese herbal medicine 
XPJY has the function of antioxidant and 
mitochondrial protection. Besides, this paper 
would study and reveal the mechanism of it on 
the premise that its function is established.

Material and Methods

�� Preparation and compositional analysis 
of XPJY

XPJY was composed of the following granules, 
which were derived from dried raw materials, 
including American ginseng (Xi-Yang-shen), 
radix curcumae (Yu-Jin), acori tatarinowii 
rhizoma (Shi-Chang-pu) and hypericum 
perforatum (Guan-Ye-lianqiao), and each kind 
of content 20g. All granules were provided by 
the medicinal materials company of Beijing 

KangRenTang Company (Beijing, China), 
and were analyzed for composition by high 
resolution mass spectrometry (HRMS). 
Instrument type: Thermo LTQ-Orbitrap hybrid 
mass. Chromatographic conditions: column 
temperature (30℃), flow rate (0.03ml/min), 
chromatographic column: Thermo scientific 
150 × 2.1mm BDSHYPERSIL C18. Mobile 
phase: A: 0.1% formic acid aqueous solution, B: 
acetonitrile. Elution procedure: 0-0.3min 5%B, 
0.3-0.6min 5%-12%B, 0.6-7min 12%-28%B, 
7-15min 28%-32%B, 15-18min 32%-98% 
B. Mass spectrometry conditions: ion mode: 
positive ion mode; heater temperature (35℃). 
capillary temperature (35℃), capillary voltage 
(35kv), sheath gas velocity (35arb), auxiliary 
gas velocity (10arb). Quality scanning range: 
50-2000, resolution: 30000.Sample treatment 
method: precise weighed 3.09g particles, placed 
in a cone flask, precision measurement of 50% 
methanol solution 60ml added. Ultrasonic 30 
minutes. Take the filtrate 1ml, through the 
0.45um micro film, to prepare sample solution 
(Figure 1, Figure 2 and Table 1)

�� Animals and grouping

Adult male Wistar rats, weighing 160~180 g, 
were provided by Institute of Psychology CAS. 
These animals are raised in single cages in 12 
hours of light/12 hours of darkness and are 
allowed free access to water and food. Before 
the study, rats were pretreated for 7 days, with 
3 minutes of adjustment each day. All animal 
procedures are in line with the guidelines for the 
care and use of laboratory animals.

74 rats were randomly divided into 6 groups: 
control, model, XPJY low-dose, XPJY medium-
dose and XPJY high-dose group, 12 rats in each 
group. Rats in the control group were given 
normal saline daily for 42 days; rats in the model 
group were exposed to unpredictable sources 
of stress and were given normal saline daily for 
42 days; rats in the XPJY decoction group were 
exposed to unpredictable sources of stress and 
given orally once a day at doses of 3.6 g/kg/d, 
7.2 g/kg/d and 14.4 g/kg, respectively, for 42 
days; rats in sertraline group were exposed to 
unpredictable stressors. Sertraline (Pfizer) was 
intragastrically injected once a day of 4.5 mg/
kg/d, for 42 days. Sertraline and XPJY granules 
were dissolved in normal saline.

�� Animal model preparation

The stress scheme was slightly modified from 
previous study [25]. Briefly,  a 6-week chronic 
unpredictable mild stress (CUMS) model of 
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Figure 1: Positive total ion current flow diagram.
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Figure 2: Negative total ion current flow diagram.
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depressive rats was established. The methods are 
as follows: inclined rat cage + water deprivation 
(30 degrees, 12 hours), high frequency flash (12 
hours), restraint + tail clamping (5 minutes), 
noise (12 hours of squeal), cold water swimming 
(4 degrees, 5 minutes), fasting (12 hours), water 
deprivation (12 hours), wet mattress (12 hours), 
warm and hot environment (30-32 degrees, 12 
hours), light (24 hours), darkness (24 hours), 
mixed culture (24 hours), 1. Two kinds of 
stimulation were arranged by random number 
table method for 42 days. One or two kinds of 
stress were given daily, and the same kind of 
stimulation appeared discontinuously. Except 
for the blank control group, both the model 
group and the drug group were subjected to 
stress. 

�� Sucrose preference test

Two days before the sugar preference test, rats 
were given two bottles of 0.8% sucrose water; one 
day before the test, rats were given one bottle of 
water and one bottle of 0.8% sucrose water, and 
two bottles were replaced at the midpoint of time; 
on the test day, rats were given water forbidden 
for 20 hours, and then one bottle of water and 
0.8% sucrose water were given respectively, so 
that rats could drink water freely for 24 hours, 
and two bottles were replaced at the midpoint 
of time. After 24 hours, the drinking condition 
of rats was counted, and the percentage of sugar 
water preference was calculated.

�� Forced swimming test

The forced swimming test was improved on the 
basis of Porsolt [26]. Forced swimming is a classic 
behavioral experiment of depression. It is mainly 
used to investigate animal behavior despair 
[27]. The size of rat swimming barrel is 25 cm 
inside diameter and 45 cm in water depth. After 
swimming in water for 6 minutes, the statistic 
analysis was made on the immobility time of 
rats in water for 4 minutes. The immobility 
criterion was that rats only floated with their 

heads out of the water and their bodies did not 
struggle. The longer the immobility time, the 
more desperate the animals were. During the 
experiment, rats should be separated from audio-
visual interference. Before putting down one rat 
at a time, the floating feces on the water should 
be cleaned up. After the rats are taken out of the 
water, the hair of the rats should be wiped with 
a towel as far as possible to prevent the rats from 
catching a cold.

�� Detection of blood and CK and SDH 
contents from the orbit

At 2 and 6 weeks, 1.5 mL bloods were taken 
from the orbit after inhalation of ether. At 
room temperature, centrifuge was centrifuged 
at 4°C for 3000 r/ min centrifugation 10 min 
to separate serum and cryopreserved at -80°C. 
Serum CK and SDH levels were measured with 
CK kit and SDH kit instructions. CK units were 
expressed in U/L and SDH units in U/mL.

�� Tissue sampling and content 
determination of ATP and MDA

After 10% chloral hydrate was injected 
intraperitoneally at the end of the 2nd and 
6th weekends, the head was broken after 
glutaraldehyde perfusion and fixation. The 
hippocampus, cerebral cortex, liver, skeletal 
muscle of right lower extremity and small 
intestine tissue were taken out immediately, 
washed with normal saline, drained with filter 
paper and frozen with liquid nitrogen (-196°C) 
for the determination of MDA content. Specific 
operation: Take frozen tissue from refrigerator 
at -80°C, add pre-cooled homogenate medium 
(including sucrose 250mmol/L, EDTA 
0.5mmol/L, Tris-HCL 10mmol/L, adjust 
PH7.4) at the ratio of 1:9 (W/V), and prepare 
10% homogenate. ATP content in tissues was 
detected by ATP content test kit (chemical 
method) of Nanjing Jiancheng Institute of 
Bioengineering, expressed by mmol/g; MDA kit 
of Nanjing Jiancheng Institute of Bioengineering 

Table 1: Identification results of ionic compounds.

No. Retention 
Time (Min) Compound Molecular 

Formula Exact Mass Expected Values Observed Values Error(Ppm)

1 2.09 Aspartate C4H7NO4 133.0375 134.0448 134.04482 0.15
2 2.09 valine C5H11NO2 117.079 118.0863 118.08621 -0.76
3 2.10 glutamate C5H9NO4 147.0532 148.0605 148.06042 -0.54
4 2.14 proline C5H9NO2 115.0633 116.0706 116.07047 -1.2
5 7.5 Isoscurenol C15H22O2 234.162 235.1693 235.16953 0.98
6 13.79 Fragrant ginger flavonoids C15H20O 216.1514 217.1587 217.15907 1.7
7 4.20 Malonyl ginsenoside Rb1 C10H12O2 164.0837 209.0819 209.07996 -9.27-
8 9.51 pseudoginsenoside F11 C42H72O14 800.4922 799.4849 799.47778 -8.91
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was used to operate according to the instructions 
of the kit, and MDA content in tissues was 
detected by TBA (thiobarbituric acid) method. 
Mol/g says.

�� Determination of mtDNA content

Samples were ground with liquid nitrogen, added 
1 ml Trizol (invitrogen), absorbed into 1.5 ml EP 
tube, added 500 UL phenol chloroform, shaking 
and mixing, stationary for 5 minutes, placed 
in centrifuge at 4°C for 10 minutes, carefully 
absorbed supernatant in a new centrifugal tube, 
added 700 UL isopropanol, mixing, centrifuged 
at 4°C for 12 000 rpm for 10 minutes. Minutes, 
carefully go to the supernatant, wash once with 
75% ethanol, dry, dissolved in 50 UL DEPC 
treated water, electrophoretic detection.1 ug 
RNA was retrieved by superscript III, a reverse 
transcription kit of invitrogen. After the reaction, 
it was placed at -20°C. Then, the real-time 
quantitative PCR reaction was performed on 
the PRISM 7900 fluorescence quantitative PCR 
instrument of ABI. Each sample was amplified 
by primers of the genes to be detected and the 
internal reference genes. Each reaction was 
repeated for 3 times, and then the amplification 
products were fused and analyzed by 1.5% 
agarose gel electrophoresis. According to the 
standard curve, the relative copy number of 
target gene mRNA in the sample to be tested was 
calculated, and the expression level of target gene 
mRNA was calculated.

Results

�� Sucrose preference test

Rats from different groups showed no significant 
difference in sucrose preference ratio at the 1st day 
(p>0.05). Significantly decline of sucrose preference 
ratio was observed at the 14th day, 28th day, and the 

42nd day (P<0.05, P<0.05, P<0.01) in the CUMS 
group. At the 14th day, treatment with sertraline 
at 4.5mg/kg significantly suppressed the stress-
induced decline of sucrose preference ratio (p 
< 0.05); At the 42nd day, treatment with XPJY 
decoction at 3.6g/kg, 7.2g/kg, 14.4g/kg and 
sertraline at 4.5mg/kg significantly suppressed the 
stress-induced decline of sucrose preference ratio 
(P<0.01, P<0.01, P<0.01, P<0.01) (Table 2).

�� Forced swimming test

At the 14th day, rats from different groups showed 
no significant difference in the immobility time 
(p>0.05). At the 42nd day, in comparison to the 
control group, the immobility time significantly 
prolonged in CUMS group (p < 0.01); in 
comparison to the CUMS group, treatment 
with XPJY decoction at 3.6g/kg, 7.2g/kg, 14.4g/
kg and sertraline at 4.5mg/kg could shorten the 
immobility time (p < 0.01, p < 0.01, p < 0.01, p 
< 0.01) (Figure 3).

In this study, after 6 weeks of unpredictable mild 
stress intervention, the sucrose preference rate of 
rats in CUMS group decreased significantly and 
the immobility time prolonged. The rat model of 
depression was successfully established.

�� Effects of XPJY on CK content

At the 14th day, 21th day, and 28th day, rats from 
different groups showed no significant difference 
in CK content in serum (P>0.05). At the 35th 
day, compared with the model group, treatment 
with XPJY decoction at 7.2g/kg could prevent 
the increased CK content in serum (p<0.05). At 
the 42nd day, in comparison to the model group, 
the CK content of serum significantly increased 
in CUMS group (p<0.05); in comparison to the 
CUMS group, treatment with XPJY decoction at 
7.2g/kg could prevent the increased CK content 
of serum (p<0.05) (Table 3).

Table 2: Changes of sucrose preference in different groups.
Groups Sucrose preference ratio (%)

1st day 14th day 28st day 42nd day
Control 84.11 ± 4.19 87.33 ± 2.07 92.56 ± 0.86 92.88 ± 0.12
CUMS 81.73 ± 4.09 86.72 ± 4.01* 89.89 ± 2.23* 84.89 ± 1.34**

CUMS+XPJY
3.6g/kg 80.82 ± 2.16 85.57 ± 3.21 88.12 ± 2.11 88.12 ± 2.09△△

CUMS+XPJY
7.2g/kg 82.01 ± 1.08 84.92 ± 3.43 91.51 ± 1.09 94.77 ± 0.33△△

CUMS+XPJY
14.4g/kg 81.15 ± 2.20 88.19 ± 4.01 92.01 ± 2.88 93.45 ± 1.19△△

CUMS+sertraline
4.5mg/kg 85.04 ± 1.12 91.60 ± 2.87△ 90.90 ± 1.99 91.38 ± 1.28△△

Note: Values were presented as mean ± S.E.M. n=6. *P<0.05 vs. control group; **P<0.01 vs. control

group; △P<0.05 vs. CUMS group, △△P<0.01 vs. CUMS group.
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�� Effects of XPJY on SDH content

At the 14th day, 21th day, and 28th day, rats from 
different groups showed no significant difference 
in SDH content in serum (P>0.05). At the 35th 
day, in comparison to the model group, the 
SDH content of serum significantly decreased 
in CUMS group (p<0.05); in comparison to the 
CUMS group, treatment with XPJY decoction at 
7.2g/kg could prevent the decreased SDH content 
of serum (p<0.05). At the 42nd day, compared 
with the model group, the SDH content of serum 
significantly decreased in CUMS group (p<0.05); 
in comparison to the CUMS group, treatment 
with XPJY decoction at 7.2g/kg and 14.4g/kg 
could prevent the decreased SDH content of serum 
(p<0.05) (Table 4).

�� Effects of XPJY on MDA content

At the 14th day, in comparison to the control 
group, the MDA content of hippocampus, 
PFC and gastrocnemius muscle significantly 
increased in CUMS group (p<0.01, p<0.05, 
p<0.01); compared with the CUMS group, 
treatment with XPJY decoction at 14.4g/kg 
could prevent the increased MDA content 
of hippocampus and PFC (p<0.05, p<0.05). 
At the 42nd day, in comparison to the control 

group, the MDA content of hippocampus, PFC, 
liver and gastrocnemius muscle significantly 
increased in CUMS group (p<0.05, p<0.01, 
p<0.05, p<0.01); compared with the CUMS 
group, treatment with XPJY decoction at 3.6g/kg 
could prevent the increased MDA content of liver 
(p<0.01); treatment with XPJY decoction at 7.2g/
kg could prevent the increased MDA content of 
hippocampus, PFC, liver and gastrocnemius muscle 
(p<0.05, p<0.01, p<0.05, p<0.05); treatment with 
XPJY decoction at 14.4g/kg could prevent the 
increased MDA content of hippocampus, PFC, 
liver and gastrocnemius muscle (p<0.05, p<0.01, 
p<0.01, p<0.05) (Figure 4-8).

�� Effects of XPJY on ATP content

At the 14th day, rats from different groups 
showed no significant difference in ATP content 
of hippocampus, PFC, small intestine, and 
gastrocnemius muscle(P>0.05). At the 42nd 
day, in comparison to the control group, the 
ATP content of hippocampus, PFC, liver, small 
intestine and gastrocnemius muscle significantly 
decreased in CUMS group (p<0.01, p<0.05, 
p<0.05, p<0.01, p<0.05); compared with the 
CUMS group, treatment with XPJY decoction 
at 7.2g/kg could prevent the decreased ATP 

Table 3: CK content.
 Day 14 Day 21 Day 28 Day 35 Day 42 
Control 574.184 ± 118.272 543.804 ± 128.982 522.538 ± 93.804 527.601 ± 102.550 549.880 ± 104.201 
CUMS 611.653 ± 154.742 697.730 ± 217.605 661.274 ± 131.524 668.911 ± 149.772 724.460 ± 138.986* 
CUMS+XPJY 3.6g/kg 596.463 ± 144.457 584.311 ± 176.844 609.627 ± 131.524 569.121 ± 208.448 610.640 ± 160.556 
CUMS+XPJY 7.2g/kg 610.640 ± 107.135 555.956 ± 146.164 550.893 ± 120.460 499.331 ± 86.886△ 539.247 ± 53.828△

CUMS+XPJY 14.4g/kg 588.788 ± 135.221 591.399 ± 261.238 585.323 ± 140.637 591.399 ± 123.402 624.818 ± 164.921 
CUMS+ sertraline 4.5mg/kg 585.323 ± 126.476 568.108 ± 165.401 573.171 ± 131.525 576.209 ± 97.707 650.134 ± 112.831 
Note: Values were presented as mean ± S.E.M. n=6. *P<0.05 vs. control group; △P<0.05 vs. CUMS group.

Figure 3: Forced swimming test. At the 14th day, rats from different groups showed no significant difference in the immobility time. At the 42nd day, 
CUMS paradigm significantly increased the immobility time; treatment with XPJY decoction at 3.6g/kg, 7.2g/kg, 14.4g/kg and sertraline at 4.5mg/kg 
could prevent the increase of immobility time. Values were presented as mean±S.E.M. n=6. **P<0.01 vs. control group; △P<0.05 vs. CUMS group. △ 
P<0.01 vs. CUMS group.
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Table 4: SDH content.
Day 14 Day 21 Day 28 Day 35 Day 42

Control 2.025 ± 0.346 2.157 ± 0.256 2.356 ± 0.630 2.265 ± 0.386 2.275 ± 0.375
CUMS 1.914 ± 0.360 1.803 ± 0.361 1.901 ± 0.409 1.732 ± 0.201* 1.725 ± 0.354*
CUMS+XPJY 3.6g/kg 2.036 ± 0.379 2.005 ± 0.412 1.914 ± 0.391 1.965 ± 0.443 2.127 ± 0.466
CUMS+XPJY 7.2g/kg 1.894 ± 0.329 2.167 ± 0.444 1.964 ± 0.511 2.360 ± 0.422△ 2.374 ± 0.491△

CUMS+XPJY 14.4g/kg 2.059 ± 0.392 2.299 ± 0.465 2.056 ± 0.417 2.086 ± 0.376 2.461 ± 0.486△

CUMS+ sertraline 4.5mg/kg 1.853 ± 0.402 2.066 ± 0.440 1.944 ± 0.444 1.987 ± 0.555 2.133 ± 0.428
Note: Values were presented as mean ± S.E.M. n=6. *P<0.05 vs. control group; △P<0.05 vs. CUMS group.

Figure 4: Hippocampus MDA content: At the 14th day, in comparison to the control group, the MDA content of hippocampus significantly increased 
in CUMS group (p<0.01); compared with the CUMS group, treatment with XPJY decoction at 14.4g/kg could prevent the increased MDA content of 
hippocampus. At the 42nd day, in comparison to the control group, the MDA content of hippocampus significantly increased in CUMS group (p<0.05); 
treatment with XPJY decoction at 7.2g/kg, 14.4g/kg could prevent the increased MDA content of hippocampus(p<0.05,p<0.05). Values were presented 
as mean ± S.E.M. *P<0.05 vs. control group; **P<0.01 vs. control group; △P<0.05 vs. CUMS group.

Figure 5: PFC MDA content: At the 14th day, in comparison to the control group, the MDA content of PFC significantly increased in CUMS group 
(p<0.05); compared with the CUMS group, treatment with XPJY decoction at 14.4g/kg could prevent the increased MDA content of PFC. At the 42nd 
day, in comparison to the control group, the MDA content of PFC significantly increased in CUMS group (p<0.01); treatment with XPJY decoction at 
7.2g/kg, 14.4g/kg could prevent the increased MDA content of PFC (p<0.01,p<0.01). Values were presented as mean ± S.E.M. *P<0.05 vs. control group; 
**P<0.01 vs. control group; △P<0.05 vs. CUMS group; △△P<0.01 vs. CUMS group.

content of hippocampus, liver, small intestine 
and gastrocnemius muscle (p<0.05, p<0.05, 
p<0.05, p<0.05); treatment with XPJY decoction 
at 14.4g/kg could prevent the decreased ATP 
content of hippocampus, PFC, liver, small 
intestine and gastrocnemius muscle (p<0.01, 
p<0.05, p<0.05, p<0.05, p<0.05) (Figure 9-13).

�� Effects of XPJY on mtDNA content

At the 14th day, in comparison to the control 
group, the mtDNA content of PFC significantly 
decreased in CUMS group (p<0.05); compared 
with the CUMS group, treatment with XPJY 
decoction at 14.4g/kg could prevent the 
decreased mtDNA content of PFC (p<0.05). 
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Figure 6: Liver MDA content: At the 14th day, compared with the CUMS group, treatment with XPJY decoction at 7.2g/kg could prevent the increased 
MDA content of liver. At the 42nd day, in comparison to the control group, the MDA content of liver significantly increased in CUMS group (p<0.05); 
treatment with XPJY decoction at 3.6g/kg, 7.2g/kg, 14.4g/kg could prevent the increased MDA content of liver (p<0.01, p<0.05,p<0.01). Values were 
presented as mean ± S.E.M. *P<0.05 vs. control group; △P<0.05 vs. CUMS group; △△P<0.01 vs. CUMS group.

Figure 7: Small intestine MDA content: At the 14th day and the 42nd day, rats from different groups showed no significant difference in MDA content 
of small intestine (P>0.05). Values were presented as mean ± S.E.M.

Figure 8: Gastrocnemius muscle MDA content: At the 14th day, in comparison to the control group, the MDA content of gastrocnemius muscle 
significantly increased in CUMS group (p<0.01). At the 42nd day, in comparison to the control group, the MDA content of gastrocnemius muscle 
significantly increased in CUMS group (p<0.01); treatment with XPJY decoction at 7.2g/kg, 14.4g/kg could prevent the increased MDA content of 
gastrocnemius muscle (p<0.05,p<0.05). Values were presented as mean ± S.E.M. **P<0.01 vs. control group; △P<0.05 vs. CUMS group.
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Figure 9: Hippocampus ATP content: At the 14th day, rats from different groups showed no significant difference in ATP content of hippocampus 
(P>0.05). At the 42nd day, in comparison to the control group, the ATP content of hippocampus significantly increased in CUMS group (p<0.01); 
treatment with XPJY decoction at 7.2g/kg, 14.4g/kg could prevent the increased ATP content of hippocampus (p<0.05, p<0.01). Values were presented 
as mean ± S.E.M. **P<0.01 vs. control group; △P<0.05 vs. CUMS group; △△P<0.01 vs. CUMS group.

Figure 10: PFC ATP content: At the 14th day, rats from different groups showed no significant difference in ATP content of PFC (P>0.05). At the 42nd day, 
in comparison to the control group, the ATP content of PFC significantly increased in CUMS group (p<0.05); treatment with XPJY decoction at 14.4g/kg 
could prevent the increased ATP content of PFC (p<0.05). Values were presented as mean ± S.E.M. *P<0.05 vs. control group; △P<0.05 vs. CUMS group.

Figure 11: Liver ATP content: At the 14th day, rats from different groups showed no significant difference in ATP content of liver (P>0.05). At the 42nd 
day, in comparison to the control group, the ATP content of liver significantly increased in CUMS group (p<0.05); treatment with XPJY decoction at 
7.2g/kg, 14.4g/kg could prevent the increased ATP content of liver (p<0.05, p<0.05). Values were presented as mean ± S.E.M. *P<0.05 vs. control group; 
△P<0.05 vs. CUMS group.
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Figure 12: Small intestine ATP content At the 14th day, rats from different groups showed no significant difference in ATP content of small intestine 
(P>0.05). At the 42nd day, in comparison to the control group, the ATP content of small intestine significantly increased in CUMS group (p<0.01); 
treatment with XPJY decoction at 7.2g/kg, 14.4g/kg could prevent the increased ATP content of small intestine (p<0.05, p<0.05). Values were presented 
as mean ± S.E.M. **P<0.01 vs. control group; △P<0.05 vs. CUMS group.

Figure 13: Gastrocnemius muscle ATP content: At the 14th day, rats from different groups showed no significant difference in ATP content of 
gastrocnemius muscle (P>0.05). At the 42nd day, in comparison to the control group, the ATP content of gastrocnemius muscle significantly increased 
in CUMS group (p<0.05); treatment with XPJY decoction at 7.2g/kg, 14.4g/kg could prevent the increased ATP content of gastrocnemius muscle 
(p<0.05, p<0.05). Values were presented as mean ± S.E.M. *P<0.05 vs. control group; △P<0.05 vs. CUMS group.

At the 42nd day, in comparison to the control 
group, the mtDNA content of hippocampus, 
PFC, liver and gastrocnemius muscle significantly 
decreased in CUMS group (p<0.01, p<0.05, 
p<0.01, p<0.01); compared with the CUMS 
group, treatment with XPJY decoction at 3.6g/kg 
could prevent the decreased mtDNA content of 
hippocampus and liver(p<0.05, p<0.05); treatment 
with XPJY decoction at 7.2g/kg could prevent 
the decreased mtDNA content of hippocampus 
(p<0.05); treatment with XPJY decoction at 14.4g/
kg could prevent the decreased mtDNA content of 
hippocampus, PFC, liver and gastrocnemius muscle 
(p<0.05, p<0.01, p<0.01, p<0.01); treatment with 
sertraline at 4.5mg/kg could prevent the decreased 
mtDNA content of hippocampus, PFC, liver 
(p<0.05, p<0.05, p<0.01) (Figure 14-18).

Discussion

In present study, rats subjected to two weeks of 
CUMS exhibited decreased sucrose preference 
ratio. Moreover, at 2 weeks of stress, MDA 
content in hippocampus, prefrontal cortex and 
gastrocnemius muscle increased and mtDNA 
content in cortex decreased. At 6 weeks of stress, 
MDA content in hippocampus, prefrontal 
cortex, liver and gastrocnemius muscle increased 
and mtDNA content decreased, and ATP 
content in hippocampus, prefrontal cortex, 
liver, gastrocnemius muscle and small intestine 
decreased, and serum CK content increased and 
SDH content decreased.Rats in group treatment 
with XPJY decoction at 14.4g/kg, the efficacy 
trend of which was better than the other drug 
groups, could decrease MDA content, increase 
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Figure 15: HPFC mtDNA content: At the 14th day, in comparison to the control group, the mtDNA content of PFC significantly increased in CUMS group 
(p<0.05); compared with the CUMS group, treatment with XPJY decoction at 14.4g/kg could prevent the increased mtDNA content of PFC. At the 42nd 
day, in comparison to the control group, the mtDNA content of PFC significantly increased in CUMS group (p<0.05); treatment with XPJY decoction 
at 14.4g/kg and sertraline at 4.5mg/kg could prevent the increased mtDNA content of PFC (p<0.01, p<0.05). Values were presented as mean ± S.E.M. 
*P<0.05 vs. control group; △P<0.05 vs. CUMS group; △△P<0.01 vs. CUMS group.

Figure 16: Liver mtDNA content: At the 14th day, rats from different groups showed no significant difference in mtDNA content of liver (P>0.05). At 
the 42nd day, in comparison to the control group, the mtDNA content of liver significantly increased in CUMS group (p<0.01); treatment with XPJY 
decoction at 3.6g/kg, 14.4g/kg and sertraline at 4.5mg/kg could prevent the increased mtDNA content of liver (p<0.05, p<0.01, p<0.01). Values were 
presented as mean ± S.E.M. **P<0.01 vs. control group; △P<0.05 vs. CUMS group; △△P<0.01 vs. CUMS group.

Figure 14: Hippocampus mtDNA content. At the 14th day, rats from different groups showed no significant difference in mtDNA content of hippocampus 
(P>0.05). At the 42nd day, in comparison to the control group, the mtDNA content of hippocampus significantly increased in CUMS group (p<0.01); 
treatment with XPJY decoction at 3.6g/kg, 7.2g/kg, 14.4g/kg and sertraline at 4.5mg/kg could prevent the increased mtDNA content of hippocampus 
(p<0.05, p<0.05, p<0.05, p<0.05). Values were presented as mean ± S.E.M. **P<0.01 vs. control group; △P<0.05 vs. CUMS group.
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Figure 18: Gastrocnemius muscle mtDNA content: At the 14th day, rats from different groups showed no significant difference in mtDNA content 
of gastrocnemius muscle (P>0.05). At the 42nd day, in comparison to the control group, the mtDNA content of gastrocnemius muscle significantly 
increased in CUMS group (p<0.01); treatment with XPJY decoction at 14.4g/kg could prevent the increased mtDNA content of liver (p<0.01). Values 
were presented as mean ± S.E.M. **P<0.01 vs. control group; △△P<0.01 vs. CUMS group.

mtDNA and ATP content of the above tissues. 
Meanwhile, it could also improve the abnormality 
of serum CK and SDH. However, sertraline 
had no significant antioxidant effect, but only 
increased mtDNA content in hippocampus, 
prefrontal cortex and liver at 6 weeks.

Stressors can lead to increased ROS and oxidative 
stress through various channels. Firstly, recent 
studies [28] have reported that stress reduces 
the expression of BDNF in the prefrontal 
cortex and hippocampus of rodents. BDNF 
has antioxidant activity, which can down-
regulate the oxidative stress and apoptosis of 
hypothalamic neurons induced by ethanol, the 
mechanism of its inhibition of oxidative stress 
may be through regulating the BDNF-TrkB 
pathway [29-31]. Secondly, the stress source 
transmits stimulus signals to the hypothalamus 
through sensory organs, and stimulates the 
hypothalamus-pituitary-adrenal (HPA) axis to 

destroy hippocampal neurons, which induces 
the release of stress hormone corticosterone. 
Corticosterone can mediate ROS production 
through the BDNF-TrkB pathway [32]. In 
addition, unpredictable repeated stimulation 
can activate the peripheral and central immune 
system of mice, up-regulate the expression of 
pro-inflammatory cytokines, and induce aseptic 
inflammatory response. Inflammatory cells can 
release a large number of ROS and aggravate 
oxidative stress [33]. Pressure-induced oxidative 
stress is mostly studied in hippocampus, cortex, 
amygdala and other brain tissues. This study found 
that MDA content in liver and gastrocnemius 
muscle increased under stress stimulation, 
indicating that oxidative stress caused by chronic 
stress involves other tissues outside the brain. 
This also explains depression from one aspect. 
The mechanism of gastrointestinal symptoms and 
muscle soreness symptoms in patients.

Figure 17: Small intestine mtDNA content: At the 14th day and 42nd day, rats from different groups showed no significant difference in mtDNA content 
of small intestine (P>0.05). Values were presented as mean ± S.E.M.
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Mitochondria are the main source of ROS, 
which are produced mainly through OXPHOS 
pathway. Lower levels of ROS play a role in cell 
differentiation, tissue regeneration, redox biology 
and promoting adaptation to environmental 
changes. When premature leakage of electrons 
to oxygen occurs in the ETC, the production 
of highly active free radicals such as superoxide 
and peroxidase increased. Superoxide is the 
precursor of ROS, and the increase of its content 
increased the production of ROS and then 
produces oxidative stress [34]. ROS can cause 
mitochondrial damage and apoptosis in many 
ways, which can lead to depression. For example, 
ROS can induce lipid peroxidation damage in 
mitochondrial inner membrane and nerve cell 
membrane, which can lead to depression[35-36]. 
In addition, reactive oxygen species (ROS) 
can directly damage mitochondrial DNA[5]. 
Mitochondria are the first site of oxidative 
stress damage. Because of the lack of histone 
protection, antioxidant mechanism and repair 
mechanism, mtDNA is very vulnerable to 
oxidative stress damage due to its proximity to 
reactive oxygen species.It has been found that 
mtDNA content in anterior cingulate cortex, 
caudate nucleus, dorsolateral prefrontal cortex, 
hippocampus, orbitofrontal cortex and thalamus 
of patients with severe depression is absent in 
varying degrees. The possible mechanism is that 
oxidative stress leads to the increase of cellular 
oxygen free radical content and DNA oxidative 
damage, among which the frontal cortex is the 
main one missing area [37]. In addition, some 
scholars believe that oxidative stress-induced 
mtDNA damage may also be associated with 
telomere shortening in oligodendrocytes [38]. 
ROS can also mediate cell necrosis through 
endogenous and exogenous pathways, which are 
related to mitochondrial dysfunction and cell 
death receptor pathway, respectively. Caspases 
is a group of aspartate proteolytic enzymes 
with similar structure in the cytoplasm, which 
can cleave Asp-X peptide bonds in protein 
molecules. Its cascade reaction is the junction of 
multiple apoptotic pathways. ROS can induce 
caspase cascade reaction, leading to hippocampal 
neuronal apoptosis, meanwhile, caspase can 
also increase the level of ROS. Moreover, some 
scholars have found that the carbonyl content in 
the brain region of depressive rats is significantly 
increased. It is believed that oxidative stress leads 
to the impairment of gamma-aminobutyric acid 
transport function and then produces depressive-
like behavior [39]. In conclusion, oxidative 
stress can induce cell apoptosis, depression-

like behavior and peripheral symptoms by 
inducing lipid peroxidation damage of biofilm, 
mitochondrial or cellular DNA damage.

We seem to have got the answer to the questions 
before. CUMS can lead to oxidative stress and 
mitochondrial dysfunction in multiple tissues in 
and out of the brain. The occurrence of oxidative 
stress is earlier than mitochondrial damage. 
Although oxidative stress and mitochondrial 
dysfunction can cause and effect each other and 
form a vicious cycle, we have reason to believe 
that oxidative stress in various tissues of CUMS 
rats plays a more important role in inducing 
mitochondrial dysfunction. In different tissues, 
except hippocampus and cortex, gastrocnemius 
muscle showed earlier increase in MDA content 
relative to liver and small intestine, which may 
be due to its higher oxygen consumption. 
The symptoms of depression include mental 
disorders and somatic symptoms, such as 
depression, cognitive and memory impairment, 
muscle soreness and dyspepsia. The occurrence 
of these symptoms may be related to cell damage 
in hippocampus, cortex, liver, intestine, muscle 
and other tissues, while oxidative stress and 
mitochondria. Body dysfunction may be an 
important mechanism of its disease. Therefore, 
antioxidant therapy is an important link in 
the treatment of depression, and it is also the 
key to prevent the further development from 
chronic stress to mitochondrial damage and cell 
apoptosis deterioration.

However, there are different opinions about 
the role of sertraline in the protection of 
mitochondria and mitochondria. Some scholars 
found that sertraline treatment significantly 
induced ROS production in 24 hours, and 
ATP production in astrocytes treated with 
sertraline decreased, suggesting that sertraline 
caused mitochondrial damage [18]. In addition, 
studies have also shown that sertraline can 
reduce the content of ATP and mitochondrial 
respiratory complex in rat liver, induce MPT 
and uncoupling oxidative phosphorylation, 
suggesting that sertraline-related hepatotoxicity 
may be caused by mitochondrial dysfunction 
[16]. However, this study found that early 
application of sertraline could reduce liver 
MDA and increase the content of mtDNA in 
hippocampus, cortex, liver and ATP content 
in small intestine when the rats were given for 
6 weeks. Sertraline, as SSRIs, could increase 
serotonin levels in the brain. Some studies have 
shown that serotonin does have antioxidant 
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effects: 5-HT can increase the level of cAMP 
through the interaction between 5-HT receptor 
and G protein-mediated adenylate cyclase, and 
reduce the expression of cytokines by inhibiting 
protein kinase A (PKA) pathway to produce 
anti-inflammatory effect, thereby reducing ROS 
released by inflammatory cells [40]. In addition, 
5-HT can block oxidative reactions in two 
ways. The hydroxyl radical diffused before free 
radicals interact with unsaturated lipids in the 
initial stage of peroxidation, or interfere with the 
proliferation process of unsaturated lipid chains. 
Therefore, sertraline may play an antioxidant role 
by increasing the content of 5-HT. Of course, 
it may also have other antioxidant mechanisms. 
The positive effect of sertraline on systemic 
oxidative stress and mitochondria in depression 
has been a controversial topic in academic circles 
at recent years. This study found that although 
sertraline had the tendency of antioxidant and 
mitochondrial protection in its early application, 
its main role was focused on mtDNA, and 
the regulation of MDA and ATP had a trend 
of improvement, but had no obvious effect. 
Apparently, sertraline is not a direct antioxidant.

XPJY decoction, a Chinese herbal formula, have 
been reported to have an antidepressant effect in 
rats exposed to chronic stress through improving 
depressive behavior, increasing serum 5-HT, 
decreasing serum corticosterone, reducing the 
inflammatory factors in serum and hippocampus, 
increasing the expression of cAMP, PKA, CREB 
and BDNF in hippocampus. This study found 
that, XPJY also has antioxidant and protective 
effects on mitochondria. Its regulation on 
mitochondria is achieved by protecting 
mtDNA directly. The antioxidant mechanism 
of XPJY prescription may be achieved through 
the multi-target effective mechanism of 
improving mitochondrial function, eliminating 
inflammation and increasing 5-HT content. 
Accordingly, in the treatment of depression, 
XPJY prescription can supplement the scope of 
SSRIs from the perspective of antioxidation and 
improving energy metabolism. The combination 
of Chinese and Western medicine is of great 
significance to improve the therapeutic effect of 
central and peripheral injury of depression.

Conclusions

CUMS could induce oxidative stress and 
mitochondrial dysfunction in hippocampus, 
PFC, liver, small intestine and gastrocnemius 
muscle in rats, early application of sertraline 

can effectively prevent mtDNA damage in 
hippocampus, PFC and liver, but its regulation on 
MDA and ATP is not obvious. The effect of XPJY 
decoction on antioxidant and mitochondrial 
function is more significant. We have sufficient 
reason to believe that oxidative stress-induced 
mitochondrial damage and apoptosis is one of 
the mechanisms of the occurrence of multiple 
systemic somatic symptoms in depression and an 
important link in the treatment of depression. 
In combination with previous studies [21-24], 
XPJY prescription has an antidepressant effect 
in rats exposed to CUMS through increasing 
serum 5-HT, decreasing serum corticosterone, 
reducing the inflammatory factors in serum 
and hippocampus, increasing the expression 
of cAMP, PKA, CREB and BDNF in 
hippocampus, regulating oxidative stress and 
mitochondrial function in multiple tissues. It is 
highly recommend to be combined with SSRIs 
in the treatment of patients with depression. 
Clinical experience has found that the Chinese 
medicine prescription has remarkable curative 
effect, and no adverse reactions occur when used 
alone or in combination. Relevant clinical trials 
are under way, and the results are expected to 
appear.
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