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Abstract

Muscle soreness or pain and fatigues are important physical symptoms in patients with depression, which could negatively af-
fect the movement desire and daily functioning of patients. The main pathological mechanism of muscle soreness and fatigue is
not only related to the injury of muscle fibers and connective tissue, but also related to inflammation and mitochondrial damage.
At present, the traditional SSRIs have no obvious effect on the improvement of somatic symptoms such as muscle soreness and
fatigues in depression. Xing Pi Jie Yu (XPJY) Decoction is one of the most widely used clinical formulas of traditional Chinese
medicine. Our study aims to exploring whether it has Anti-inflammatory and mitochondrial effects on skeletal muscle. The rat
model of depression was established by CUMS (chronic unpredictable mild stress, CUMS) for 6 weeks. They were randomly di-
vided into four groups: control group, CUMS group, CUMS+XPJY group, CUMS+ sertraline group. We used sucrose preference
test, forced swimming test and Open field exploratory behavior test to verify the success of the depression model. The contents of
CK in orbital blood were measured weekly as well as the following assay index were measured on 14" day, 28" day and 42 day,
including TNF-a, IL-6, ATP and mitochondrial respiratory chain complex I, II, III, IV in gastrocnemius muscle, the mitochondrial
ultrastructure was observed by transmission electron microscope. Research shows that, CUMS could induce inflammation, dam-
age of mitochondrial function and structure in skeletal muscle. Early application of sertraline could prevent the increase of pro-
inflammatory factors in skeletal muscle tissue, but it couldn’t improve the function and structure of mitochondria. XPJY decoction
could significantly reduce the content of pro-inflammatory factors in skeletal muscle tissue and serum CK, prevent the damage
of mitochondrial function and structure of skeletal muscle. This research provides an important theoretical basis for the clinical
application of XPJY.

serotonin reuptake inhibitor [8]. In summary, MS/P and fatigues are
important physical symptoms in patients with depression, which per-
sist easily after SSRIs anti-depressant treatment.
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Abbreviations
Many studies have shown that the main pathological mechanism of

CUMS: Chronic Unpredictable Stress; XPJY: Xing Pi Jie Yu Decoc-
tion; MS/P: Muscle Soreness or Pain; CK: Creatine Kinase;
ATP: Adenosine Triphosphate; mtDNA: Mitochondrial DNA; ETC:
Electron Transport Chain

Introduction

Depression is a kind of psychosomatic disease characterized by
significant and lasting depression, lack of interest, slow thinking and
cognitive function. It has four characteristics: high morbidity, high dis-
ability rate, high suicide rate and high recurrence rate. According to
WHO statistics, depression is expected to become the second largest
burden of disease after cardiovascular disease by 2020. Therefore, de-
pression seriously endangers people’s physical and mental health, and
has become the focus and hot spot of the world’s common concern [1].

Depression can cause physical symptoms such as muscle soreness
and fatigue, which could negatively affect the movement desire and dai-
ly functioning of patients. Symptoms of muscle soreness or pain (MS/P)
in depression include headache and the pain in multiple parts such as
back, neck, shoulder, orofacial area, abdomen, joints, and chest [2,3].
Researches [4-6] show that depression and MS/P are closely related and
interacted. Among patients with depression, muscle soreness is one
of the independent prognostic factors for slow remission of baseline
damage in depression [7]. Besides, the physical manifestations of typi-
cal fatigue (tiredness, low energy, weakness, heaviness, slowness) also
occur in many depressed patients. A Sequenced Treatment Alternatives
to Relieve Depression (STAR*D) clinical trial in 2014 was found that
greater than 90% of 2868 patients had substantial fatigue on the base-
line. Another important finding of the STAR*D trial was that 60.8% of
patients had residual fatigue after 14 weeks of treatment with a selective

muscle soreness and fatigue is not only related to the injury of muscle
fibers and connective tissue, but also to inflammation and mitochon-
drial damage. Jounger found the levels of IL-6, IL-7, IL-8 and IL-13
were elevated in patients with temporomandibular (TMD) myalgia
[8,9]. It is known that the lack in ATP will lead to muscle dysfunction
of contraction and diastolic due to the dependence of ATP on mus-
cle contraction and relaxation. However, studies have confirmed that
ATP in cells rarely drops below 70% of the pre-exercise level even in
high-intensity exercise fatigue. Therefore, it is believed that the cause
of exercise fatigue is not ATP itself, but other factors that reduce the
activity of ATPase resulting in low utilization rate, or damage to the
mitochondrial function leading to ATP re-synthesis disorder. In addi-
tion, some scholars have pointed out that, when the utilization rate of
ATP exceeds its production rate, the rate of oxygen passing through the
cell membrane is greatly increased, which will significantly accelerate
the production of oxygen free radicals in mitochondria and in vascu-
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lar endothelial cells. The oxygen free radicals will attack the organelles,
reduce the viability of cells and cause necrosis, eventually leading to
the occurrence of MS/P. Therefore, skeletal muscle inflammation and
mitochondrial damage may be the important mechanism of somatic
symptoms such as MS/P and fatigues in depression. However, the cur-
rent research on depression mostly focuses on the level of serum in-
flammatory factors or neurotransmitters in brain tissue. Few people
have studied the specific mechanism of MS/P in depression and its re-
lationship with inflammation, mitochondria and whether SSIRs could
regulate it. In this study, the depressive rat model was established by
CUMS. The inflammatory factors, mitochondrial respiratory function
and ATP, CK content in skeletal muscle of CUMS depressed rats were
observed in different periods. Besides, the morphology of muscle fibers
and mitochondria was observed by electron microscope to explore the
mechanism and sequence of muscle injury in depression.

At present, the traditional SSRIs have no obvious effect on the im-
provement of somatic symptoms such as muscle soreness in depres-
sion. However, in our previous studies, XPJY decoction at 14.4 g/kg
improved the depressive behavior and increased the content of 5-HT
in depressive rats, obviously improving mitochondria morphology and
oxidative stress in many parts of mitochondria but lacking in the spe-
cific effects and mechanism on skeletal muscle. Consequently, this pa-
per aims to exploring the mechanism of XPJY prescription on muscle
symptoms of depressed rats and seeking new medications for treatment
of depressive muscle symptoms.

Methods
Animals and grouping

Adult male Wistar rats, weighing 160-180 g, were provided by Bei-
jing Vital River Laboratory Animal Technology Co., Ltd. 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 labora-
tory animals.

74 rats were randomly divided into 4 groups: control, model, XPJY
decoction group and sertraline group. There were 18 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 decoc-
tion group were exposed to unpredictable sources of stress and given
orally once a day at doses of 14.4 g/kg for 42 days; rats in sertraline
group were exposed to unpredictable stressors, sertraline (Pfizer) was
intra-gastrically injected once a day of 4.5 mg/kg/d for 42 days. Sertra-
line and XPJY granules were dissolved in normal saline.

Animal model preparation

The stress scheme was slightly modified from previous study.
Briefly, a 6-week chronic unpredictable mild stress (CUMS) model of
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), dark-
ness (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 bottles of 0.8% sucrose water were given to rats two days before
the sugar preference test, and one bottle of water and one bottle of 0.8%
sucrose water were given to rats one day before the test. On the test day,
rats were given a bottle of water and 0.8% sucrose water for 20 hours,
so that rats could drink water freely for 24 hours and change the bottle
position at the midpoint. After 24 hours, the sugar preference rate was
calculated.

Forced swimming test

Forced swimming is a typical depressive behavior experiment. It
is mainly used to investigate animal behavioral despair. Rat swimming
barrels are 25 cm in diameter and 45 cm in diameter depth. After swim-
ming in water for 6 minutes, the statistical analysis was made on the
immobility time of rats in water for 4 minutes. The immobility criterion
is that mice will only float their heads out of the water, and their bodies
will not struggle. The longer the immobility time, the more desperate
the animals are. During the experiment, the rats were not allowed to
receive audio-visual interference. Before releasing one rat at a time, the
floating feces in the water should be cleaned up. After removing the
mice from 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.

Open field exploratory behavior test

Open field experiment can detect spontaneous activity and ex-
ploratory behavior of mice. It is a classical behavioral experiment for
evaluating spontaneous activity and anxiety state of mice. Xeye Aba
V3.2 video analysis system was used to analyze the behavior of rats. The
behavioral changes of rats in each group were observed on the 1* day,
the 14" day, the 28" day and the 42™ day, respectively. A single rat was
placed in a 100 cm x 100 cm circular clean open box. The inner wall of
the open box was coated with black paint. The locomotion trajectory of
rats was observed and the distance of movement, the number of times
of entering the central area and the time of staying in the central area
within 5 minutes were recorded. Each rat was tested only once. After
each measurement, the open box was thoroughly cleaned, and the next
observation was carried out.

Detection of blood and CK contents from the orbit

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

Tissue sampling and content determination of ATP, TNF-a
and IL-6

After 10% chloral hydrate was injected intraperitoneally at the end
of the 2™, 4" and 6" weeks, the head was broken after glutaraldehyde
perfusion and fixation. The skeletal muscle of right lower extremity
was taken out immediately, washed with normal saline, drained with
filter paper and frozen with liquid nitrogen (-196°C). Specific opera-
tion: Take frozen tissue from refrigerator at -80°C, add pre-cooled ho-
mogenate medium (including sucrose 250 mmol/L, EDTA 0.5 mmol/L,
Tris-HCL 10 mmol/L, adjust PH 7.4) at the ratio of 1:9 (W/V), and
prepare 10% homogenate. After that, the electric homogenizer was
used to homogenizing for 8 times, with 10 seconds each time. Then
centrifuged in a cryogenic high-speed centrifuge at 4°C for 3000 r/
min centrifugation 10 min. The supernatant was extracted as skeletal
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muscle homogenate. ATP content in skeletal muscle was detected by
ATP content test kit (chemical method) of Nanjing Jiancheng Institute
of Bioengineering, expressed by mmol/g; The content of tumor necrosis
factor-a (TNF-a) and interleukin-6 (IL-6) in skeletal muscle tissue was
detected by Elisa method with reference to the kit instruction. ELISA
kits were purchased from Nanjing Jiancheng Bioengineering Institute,
Nanjing, China.

Measurement of respiratory chain complexes activities

Attheendofthe 2", 4" and 6™ weeks, after centrifuging the remaining
skeletal muscle homogenate for 15 minutes at 2000 r/min, extracting
the supernatant; centrifuging the obtained supernatant for 15 minutes
at 2000 r/min, extracting the supernatant; centrifuging the obtained
supernatant for 12000 r/min, 15 min, discarding the supernatant,
adding a proper amount of buffer solution to the precipitate, after fully
mixing, centrifuging for 15 minutes at 12000 r/min, the precipitate is
mitochondria. Mitochondrial isolation was carried out at 0-4°C. The
prepared mitochondria were suspended in suspension (30 mmol/L
sucrose, 20 mmol/LTris-HCI, 0.1% BSA, PH 7.2), and the aliquots stored
at -80°C. The activity of mitochondrial respiratory chain complex I ~
IV (C1 ~ IV) was determined by Spectrophotometry with reference to
Vyatlina’s method [10]. Mitochondrial proteins of 10 ml were added to
the buffer with the final volume of 2 mL. Distilled water was used as
blank tube. The absorbance was corrected to 0. The absorbance values
at 340, 600, 550 and 550 nm were measured for 3 minutes, respectively.
All samples were determined with a corresponding assay kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

Ultrastructure observation of mitochondria

At the end of the 2", 4" and 6™ weeks, rats were anesthetized and
then decapitated after perfusion fixation. The skeletal muscle (gastroc-
nemius) was separated from the right hind limb. Tissue blocks about 1
mm X 1 mm x 3 mm in size were taken. The skeletal muscle specimens
were fixed in 3% glutaraldehyde solution for 48 hours, then treated with
1% osmium acid for 2 hours, gradient acetone dehydration (50%, 70%,
90% and 100% acetone for 10-15 minutes), pure acetone + Epon 812
embedding agent (1:1) for 1 h, pure acetone + Epon 812 embedding
agent (1:2) for 1 h, it was cured in oven at 37°C for 48 h and in oven at
60°C for 24 h. The LKB-V ultrathin slice machine was sliced. The thick-
ness was 50-60 nm and stained with 3% uranium acetate-lead citrate.

Statistical Analysis

Data are presented as mean + SEM. Differences between groups
were analyzed by one-way analysis of variance followed by Dunnett
multiple comparisons. The significant level was set at p<0.05.

Results

Sucrose preference test

Rats from different groups showed no significant difference in su-
crose preference ratio at the 1* day (p>0.05). Significantly decline of
sucrose preference ratio was observed at the 14" day, 28" day, and the
42" day (p<0.05, p<0.05, p<0.01) in the CUMS group. At the 14" day,
treatment with sertraline at 4.5 mg/kg significantly suppressed the
stress-induced decline of sucrose preference ratio (p<0.05); At the 42
day, treatment with XPJY decoction and sertraline significantly sup-
pressed the stress-induced decline of sucrose preference ratio (p<0.01)
(Figure 1).

Forced swimming test

At the 14™ and 28" day, rats from different groups showed no sig-
nificant difference in the immobility time (p>0.05). At the 42™ day, in
comparison to the control group, the immobility time significantly pro-
longed in CUMS group (p<0.01); in comparison to the CUMS group,
treatment with XPJY decoction and sertraline could shorten the im-
mobility time (p<0.01, p<0.01) (Figure 2).

Open field exploratory behavior test

At the 14™ day, rats from different groups showed no significant dif-
ference in the total distance of exercise, number of times of entering
central area and residence time in central area (p>0.05). At the 28" day,
compared with the blank control group, the total distance of exercise
in the CUMS group was reduced (p<0.05); compared with the CUMS
group, the total distance of exercise in the XPJY and sertraline group
was increased (p<0.05); but there was no significant difference in the
number of times entering the central area and residence time in cen-
tral area among the groups. (p>0.05). At the 42" day, compared with
the blank control group, the total distance of exercise in the CUMS
group was reduced (p<0.05); compared with the CUMS group, the to-
tal distance of exercise in the XPJY and sertraline group was increased
(p<0.05); however, there was still no significant difference in the num-
ber of times of entering the central area and the residence time in cen-
tral area among the groups (p>0.05) (Table 1).
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Figure 1: 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 and
sertraline significantly suppressed the stress-induced decline of sucrose preference ratio (p<0.01).
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Figure 2: Forced swimming test: At the 14th and 28th 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

and sertraline could shorten the immobility time (p<0.01, p<0.01).

Total distance (mm)

Variables
Day 1 Day 42
Control 39088 + 3616 37694 + 7886
CUMS 38933 + 4880 27887 + 4209
CUMS+XPJY 39564 + 7001 35601 + 292044
CUMS+ sertraline 39597 + 2114 34988 + 6562

Number of times of entering cen- Residence time in central area (s)

tral area
Day 1 Day 42 Day 1 Day 42
33127 2925 11.05 £ 9.86 6.01 +£3.12
3223 25+18 11.89 £ 2.63 5.89 +1.34
35+1.9 3.8+23 10.01+£7.09 5.45 +4.31
37120 28+3.2 11.90 £ 5.88 6.38 £ 3.54

Note: Values were presented as mean + S.E.M. n=6. ‘p<0.05 vs. control group; “p<0.05 vs. CUMS group, 22p<0.01 vs. CUMS group.

Table 1: Open field exploratory behavior test.

In this study, after 42 days of unpredictable mild stress intervention,
the sucrose preference rate of rats in CUMS group decreased signifi-
cantly, the immobility time prolonged and the total distance of exercise
reduced. The rat model of depression was successfully established.

Effects of XPJY on CK content

At the 14" day, 21 day, 28" day and 35" day, rats from differ-
ent groups showed no significant difference in CK content in serum
(p>0.05). At the 42" day, compared with the blank control group, the
CK content of serum in the CUMS group was increased (p<0.05); com-
pared with the CUMS group, treatment with XPJY decoction could
prevent the increased CK content of serum (p<0.05) (Figure 3).

Effects of XPJY on TNF-a content

At the 14 day, compared with the blank control group, the TNF-a
content of skeletal muscle in the CUMS group was increased (p<0.05);
compared with the CUMS group, treatment with XPJY decoction could
prevent the increased TNF-a content of skeletal muscle (p<0.05). At
the 28" day, compared with the blank control group, the TNF-a con-
tent of skeletal muscle in the CUMS group was significantly increased
(p<0.01); compared with the CUMS group, treatment with XPJY de-
coction and sertraline could prevent the increased TNF-a content of
skeletal muscle (p<0.01, p<0.05). At the 42™ day, compared with the
blank control group, the TNF-a content of skeletal muscle in the CUMS
group was significantly increased (p<0.01); compared with the CUMS
group, treatment with XPJY decoction and sertraline could prevent the
increased TNF-a content of skeletal muscle (p<0.01, p<0.01) (Figure 4).

Effects of XPJY on IL-6 content

At the 14" day, compared with the blank control group, the IL-6
content of skeletal muscle in the CUMS group was increased (p<0.05);
compared with the CUMS group, treatment with XPJY decoction and
sertraline could prevent the increased IL-6 content of skeletal muscle

(p<0.05, p<0.05). At the 28" day, compared with the blank control
group, the IL-6 content of skeletal muscle in the CUMS group was sig-
nificantly increased (p<0.01); compared with the CUMS group, treat-
ment with XPJY decoction and sertraline could prevent the increased
IL-6 content of skeletal muscle (p<0.01, p<0.05). At the 42" day, com-
pared with the blank control group, the IL-6 content of skeletal muscle
in the CUMS group was significantly increased (p<0.01); compared
with the CUMS group, treatment with XPJY decoction and sertraline
could prevent the increased IL-6 content of skeletal muscle (p<0.01,
p<0.05) (Figure 5).

Effects of XPJY on ATP content

At the 14™ day, rats from different groups showed no significant
difference in ATP content of skeletal muscle (p>0.05). At the 28" day,
compared with the blank control group, the ATP content of skeletal
muscle in the CUMS group was significantly decreased (p<0.01); com-
pared with the CUMS group, treatment with XPJY decoction could pre-
vent the decreased ATP content of skeletal muscle (p<0.05). At the 42"
day, compared with the blank control group, the ATP content of skel-
etal muscle in the CUMS group was significantly decreased (p<0.01);
compared with the CUMS group, treatment with XPJY decoction could
prevent the decreased ATP content of skeletal muscle (p<0.01) (Figure
6).

Effects of XPJY on mitochondrial respiratory chain complex
activities

At the 14" day, rats from different groups showed no significant
difference in mitochondrial respiratory chain complex I, IL, III, IV ac-
tivities (p>0.05). At the 28" day, rats from different groups showed no
significant difference in mitochondrial respiratory chain complex I, I,
IV activity (p>0.05); compared with the blank control group, the com-
plex IIT activity of skeletal muscle in the CUMS group was decreased
(p<0.05); compared with the CUMS group, treatment with XPJY de-
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Figure 3: CK content: At the 14" day, 21t day, 28" day and 35" day, rats from different groups showed no significant difference in CK content in serum (p>0.05). At
the 42" day, compared with the blank control group, the CK content of serum in the CUMS group was increased (p<0.05); compared with the CUMS group, treatment

with XPJY decoction could prevent the increased CK content of serum (p<0.05).
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Figure 4: TNF-a content: At the 14th day, compared with the blank control group, the TNF-a content of skeletal muscle in the CUMS group was increased (p<0.05);
compared with the CUMS group, treatment with XPJY decoction could prevent the increased TNF-a content of skeletal muscle (p<0.05). At the 28th day, compared
with the blank control group, the TNF-a content of skeletal muscle in the CUMS group was significantly increased (p<0.01); compared with the CUMS group, treatment
with XPJY decoction and sertraline could prevent the increased TNF-a content of skeletal muscle (p<0.01, p<0.05). At the 42nd day, compared with the blank control
group, the TNF-a content of skeletal muscle in the CUMS group was significantly increased (p<0.01); compared with the CUMS group, treatment with XPJY decoction
and sertraline could prevent the increased TNF-a content of skeletal muscle (p<0.01, p<0.01).

coction could prevent the decreased complex IIT activity of skeletal
muscle (p<0.05). At the 42™ day, rats from different groups showed no
significant difference in mitochondrial respiratory chain complex IT ac-
tivity (p>0.05); compared with the blank control group, the complex
L, IIT, IV activity of skeletal muscle in the CUMS group was decreased
(p<0.05); compared with the CUMS group, treatment with XPJY de-
coction could prevent the decreased complex I, III, IV activity of skel-
etal muscle ( p<0.05) (Figure 7).

Effects of XPJY on mitochondrial ultrastructure

The skeletal muscle of rats in the blank control group showed neat
arrangement of muscle fibers (muscle cells), with bright and dark cross
striations, clear sarcomeres, complete structure, and paired mitochon-
dria in the bright band. Most of the mitochondria were in normal state
with oval shape, intact outer membrane, clear inner ridge and even ma-
trix. In model group, the difference of light and dark zones of skeletal
muscle was disappeared, the sarcomere was not clear, the local myofi-
bril dissolved, the mitochondria were nearly round, in a swelling state,
the distribution was disordered, the number was reduced, the vacuole
degeneration, the internal ridge dissolved and lost obviously, and the
arrangement was disordered. The skeletal muscle sarcomeres of XPJY
decoction group were clear, and the light and dark bands were obvious-
ly different. The structure of mitochondria in XPJY prescription group

was close to that of blank control group. The muscle fibers of skeletal
muscle cells in sertraline group were arranged neatly with obvious dif-
ference between light and dark bands, but the degree of mitochondrial
vacuolation was greater than that in XPJY decoction group. Most of the
mitochondrial ridge dissolution was absent, but the overall situation
was better than that in model group (Figure 8).

Discussion

In present study, rats subjected to 42 days of CUMS exhibited de-
creased sucrose preference ratio, prolonged the immobility time and
reduced the total distance of exercise. Moreover, at 14 days of stress,
the TNF-a and IL-6 content in skeletal muscle increased. At 28 days
of stress, the TNF-a and IL-6 content in skeletal muscle increased more
obvious; the ATP and complex III content in skeletal muscle decreased. At
42 days stress, on the basis of the above changes, the CK content in serum
increased, the complex I, IV in skeletal muscle decrease and the destruction
of skeletal muscle mitochondrial structure appeared. Rats in group treat-
ment with XPJY decoction, the efficacy trend of which was better than the
other drug groups, could decrease CK, TNF-a and IL-6 content, increase
ATP and complex I, III, IV content, prevent abnormal changes in mito-
chondrial morphology of the above tissues. However, although sertraline
can reduce the content of inflammatory factors, it has no significant effect
on the function and structure of mitochondria.
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Figure 5: IL-6 content: At the 14" day, compared with the blank control group, the IL-6 content of skeletal muscle in the CUMS group was increased (p<0.05); com-
pared with the CUMS group, treatment with XPJY decoction and sertraline could prevent the increased IL-6 content of skeletal muscle (p<0.05, p<0.05). At the 28"
day, compared with the blank control group, the IL-6 content of skeletal muscle in the CUMS group was significantly increased (p<0.01); compared with the CUMS
group, treatment with XPJY decoction and sertraline could prevent the increased IL-6 content of skeletal muscle (p<0.01, p<0.05). At the 42" day, compared with the
blank control group, the IL-6 content of skeletal muscle in the CUMS group was significantly increased (p<0.01); compared with the CUMS group, treatment with XPJY
decoction and sertraline could prevent the increased IL-6 content of skeletal muscle (p<0.01, p<0.05).
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Figure 6: ATP content: At the 14" day, rats from different groups showed no significant difference in ATP content of skeletal muscle (p>0.05). At the 28" day, compared
with the blank control group, the ATP content of skeletal muscle in the CUMS group was significantly decreased (p<0.01); compared with the CUMS group, treatment
with XPJY decoction could prevent the decreased ATP content of skeletal muscle (p<0.05). At the 42" day, compared with the blank control group, the ATP content of
skeletal muscle in the CUMS group was significantly decreased (p<0.01); compared with the CUMS group, treatment with XPJY decoction could prevent the decreased

ATP content of skeletal muscle (p<0.01).

In recent years, some scholars have proposed the IN-PRO (in-
flammatory-neuroprogressive) hypothesis of depression, which holds
that “stress can activate the immune system, increase the release of
cytokines, further affect the synthesis, release and metabolism of neu-
rotransmitters, change neuroplasticity and neuroendocrine function,
and ultimately trigger depression” [11-13]. Clinical studies showed that
the levels of IL-1, TNF-a and IL-6 in peripheral blood and cerebro-
spinal fluid of patients with depression were significantly higher than
those of normal subjects. Animal experimental studies have found
that peripheral or central administration of IL-1pB, IL-6 and LPS can
induce depression-like behavior in animals [14-16]. Cytokines are the
important material basis of immune system acting on nerve and endo-
crine system in neuroendocrine-immune network. According to their
different roles in inflammatory reaction, inflammatory factors can be
divided into proinflammatory factors and anti-inflammatory factors.
TNF-alpha and IL-6 are important proinflammatory factors.

As early as 1975, Carswell et al. discovered that serum contains a
factor that can kill some tumor cells or cause hemorrhagic necrosis in
some tumor tissues and named it tumor necrosis factor (TNF). In 1985,
Shalaby named TNF produced by activated macrophages as TNF-a

(TNF-a) [17]. TNF-a can not only induce inflammation by activating
the NF-kappa B signaling pathway, but also bind with endothelial cells
to increase the production of peroxide anions, stimulate cell degranula-
tion and myeloperoxidase, which increase the secretion of inflammato-
ry factors such as IL-8, IL-1 and GM-CSF by endothelial cells, and pro-
mote neutrophils on endothelial cells. Adhesion, which stimulates local
inflammation, is an important inflammatory mediator. At the same
time, TNF-a stimulates the production and release of IL-1 and IL-8 by
monocytes and macrophages, leading to further expansion of inflam-
mation. Studies have shown that TNF-a can increase NO synthesis by
activating inducible nitric oxide synthase (iNOS), and then stimulate
peripheral blood monocytes to release IL-8, which further aggravates
inflammation [18,19]. TNF-a and its corresponding receptors are ex-
pressed in microglia of the brain, so inflammation induced by TNF-a is
closely related to depression. TNF-alpha is involved in inflammation of
peripheral and central nervous systems. IL-6 is produced by monocytes
and macrophages, which can promote T cell proliferation and stimulate
cytotoxic T cell response; stimulate B cell activation and proliferation,
and differentiate into plasma cells to increase the synthesis of immuno-
globulin; induce hepatocytes to synthesize acute phase proteins; pro-
mote hematopoietic stem cells from GO to G1 phase, and make mac-
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Figure 7: Mitochondrial respiratory chain complex activities: At the 14" day, rats from different groups showed no significant difference in mitochondrial respiratory
chain complex I, I, lll, IV activities (p>0.05). At the 28" day, rats from different groups showed no significant difference in mitochondrial respiratory chain complex I, II,
IV activity (p>0.05); compared with the blank control group, the complex Il activity of skeletal muscle in the CUMS group was decreased (p<0.05); compared with the
CUMS group, treatment with XPJY decoction could prevent the decreased complex IlI activity of skeletal muscle (p<0.05). At the 42" day, rats from different groups
showed no significant difference in mitochondrial respiratory chain complex Il activity (p>0.05); compared with the blank control group, the complex I, Ill, IV activity of
skeletal muscle in the CUMS group was decreased (p<0.05); compared with the CUMS group, treatment with XPJY decoction could prevent the decreased complex
I, 1ll, IV activity of skeletal muscle (p<0.05).
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Figure 8: Mitochondrial ultrastructure: The skeletal muscle of rats in the blank control group showed neat arrangement of muscle fibers (muscle cells), with bright
and dark cross striations, clear sarcomeres, complete structure, and paired mitochondria in the bright band. Most of the mitochondria were in normal state with oval
shape, intact outer membrane, clear inner ridge and even matrix. In model group, the difference of light and dark zones of skeletal muscle was disappeared, the sar-
comere was not clear, the local myofibril dissolved, the mitochondria were nearly round, in a swelling state, the distribution was disordered, the number was reduced,
the vacuole degeneration, the internal ridge dissolved and lost obviously, and the arrangement was disordered. The skeletal muscle sarcomeres of XPJY decoction
group were clear, and the light and dark bands were obviously different. The structure of mitochondria in XPJY prescription group was close to that of blank control
group. The muscle fibers of skeletal muscle cells in sertraline group were arranged neatly with obvious difference between light and dark bands, but the degree of
mitochondrial vacuolation was greater than that in XPJY decoction group. Most of the mitochondrial ridge dissolution was absent, but the overall situation was better
than that in model group.
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rophages, monocytes and cells [20,21]. In this study, we found that the
levels of inflammatory factors (TNF-a, IL-6) in gastrocnemius muscle
of depressive rats were also increased outside the brain, and there was a
significant change on the 14th day of stress, suggesting that the inflam-
matory response induced by chronic stress may be systemic, and this
change may be one of the mechanisms of muscle pain in depressive rats.

Mitochondria are mostly distributed in organs and tissues with
high energy requirements, such as brain and muscle, so the function of
brain and muscle is more susceptible to mitochondrial abnormalities.
In recent years, more and more scholars have linked the pathogenesis
of depression with mitochondria. First of all, depressive symptoms are
common in patients with mitochondrial diseases. Fattal [22] investi-
gated 36 patients with mitochondrial disorders. The results showed
that the lifelong prevalence of depression in patients with mitochon-
drial disorders was as high as 54%, which was significantly higher than
that in the general population. Secondly, patients with depression have
mitochondrial abnormalities. Shao [23] found that 6 of the 13 mtD-
NA-encoded transcripts in the prefrontal cortex of depressive patients
were significantly reduced. Thirdly, there are abnormal mitochondrial
function in the animal model of depression. Chronic mild stress ani-
mal model is a commonly used animal model of depression. Using this
model to study the mitochondrial function of depressed animals has
achieved some results. Yu Gong [24] studied the function and ultra-
structure of mitochondria in depressed animals. The results showed
that chronic mild stress for 6 weeks could inhibit the mitochondrial
respiratory rate in hippocampus, cortex and hypothalamus, decrease
the mitochondrial membrane potential and damage the ultrastructure
of mitochondria.

A large number of clinical and basic studies have shown that mito-
chondrial abnormalities are closely related to depression. Studies have
confirmed that the mechanism of mitochondrial abnormalities in de-
pression is also related to many aspects. First, inflammation associated
with depression can lead to mitochondrial damage. Studies have shown
that proinflammatory cytokines can alter ETC complexes and complex
related enzymes [25]. Stressors could also lead to increased ROS and
oxidative stress through various channels, such as BDNE, HPA axis, in-
flammation channels, ROS could induce lipid peroxidation damage in
mitochondrial inner membrane and nerve cell membrane, which can
lead to depression [26,27], in addition, ROS could also directly damage
mtDNA [28]. Mitochondria are the center of substance metabolism and
energy transformation in the body. They exist in almost all aerobic eu-
karyotic cells and are the main energy supplying sites for cell activities.
Mitochondria produce ATP through oxidative phosphorylation during
muscle contraction, which provides energy for muscle contraction. Mi-
tochondria, as a buffer of cellular calcium, have the ability to absorb, re-
lease and regulate the concentration of cytosolic Ca** in order to main-
tain the function of cells and keep muscles in normal state. Moreover,
mitochondria can make muscle more use of lipids rather than carbo-
hydrates for metabolism, thereby reducing lactic acid production and
delaying fatigue. Therefore, mitochondrial function directly determines
the physiological function of skeletal muscle cells. Mitochondrial dam-
age can lead to muscle fatigue and soreness. Thus, mitochondrial func-
tion is significantly correlated with somatization symptoms. Ann [29]
investigated 21 depressive patients with obvious somatization symp-
toms with an average age of 49 +9 years and compared with 10 healthy
people with sedentary habits. The results showed that depressive pa-
tients with obvious somatization symptoms had decreased mitochon-
drial ATP production in muscle tissue, suggesting that the decrease
of mitochondrial energy production constituted at least a companion.
Somatization symptoms are part of the genetic susceptibility to depres-

sion. This study found that serum CK content, skeletal muscle ATP con-
tent, respiratory chain complex content and mitochondrial structure in
depressive rats changed significantly after inflammation (average 28-42
days), suggesting that chronic stress can lead to abnormal function and
structure of skeletal muscle mitochondria, which is related to muscle
fatigue in depressive rats and other symptoms.

This research showed that early application of sertraline inhibited
the increase of TNF-a and IL-6 in skeletal muscle but did not prevent
the damage of mitochondrial function and structure. This may be one
of the reasons why SSRIs did not improve somatic symptoms of depres-
sion. 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 se-
rum corticosterone, reducing the inflammatory factors in serum and
hippocampus, increasing the expression of cAMP, PKA, CREB and
BDNF in hippocampus [30-33]. This study found that XPJY decoction
could prevent the increase of TNF-K, IL-6 and CK in skeletal muscle,
as well as prevent the decrease of ATP and respiratory chain complex
L, II1, IV in skeletal muscle, and avoid the damage of mitochondrial
morphology and structure caused by stress in CUMS depressive rats.
Therefore, XPJY decoction has anti-inflammatory effect on skeletal
muscle and improves the function and structure of skeletal muscle’s mi-
tochondria in CUMS depressive rats, which shows that XPJY decoction
may become an important drug to improve the somatic symptoms of
depression.

Conclusion

CUMS can increase the levels of TNF-qa, IL-6 and CK in skeletal
muscle of rats, decrease the levels of ATP, respiratory chain complex
I, III, IV and damage the structure of mitochondria, Inflammation ap-
peared on the 14th day of chronic stress, but abnormal mitochondrial
function appeared on the 28th to 42nd day of chronic stress. Electron
microscopy showed that the skeletal muscle fibers and connective tissue
structure of CUMS depressive rats were normal, but the morphological
structure of mitochondria was damaged. It is suggested that the somatic
symptoms of muscle soreness and fatigue in depression may be more
related to myocyte inflammation and mitochondrial damage. Early ap-
plication of sertraline could prevent the increase of pro-inflammatory
factors in skeletal muscle tissue, but it couldn’t improve the function
and structure of mitochondria. Early application of XPJY decoction
could significantly reduce the content of pro-inflammatory factors in
skeletal muscle tissue and serum CK, prevent the damage of mitochon-
drial function and structure of skeletal muscle, and may have a good
effect on somatic symptoms such as muscle fatigue and soreness in de-
pression. It is highly recommended 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.
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