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Abstract
Objective: Mitochondrial impairment in the skeletal muscle contributes to
useless of limbs in spleen qi deficiency; however the genesis of such impairment is not clear. Herein, PTEN-induced putative kinase 1 (PINK1)-Parkin
pathway and mitophagy were studied to explore the machinery of mitochondrial impairment. Methods: 16 male SD rats were randomly divided in the
control group and spleen qi deficiency group (model group); transmission
electron microscope was used to observe mitochondrial morphology; mitochondrial oxidative phosphorylation was assessed by testing mitochondrial
membrane potential (MMP) and levels of ATP and ROS; western blot was
used to analyze expressions of PINK1, Parkin, microtubule-associated protein
1 light chain 3-II (LC3-II) and p62. Results: Compared with those in the
control group, mitochondria became small, less and scattered, MMP and the
ATP level were reduced, the ROS level was elevated, PINK1 expression was
decreased, p62 expression was increased, but Parkin and LC3-II expressions
were not altered, in the model group. Conclusions: Suppression of mitophagy might be related to the mitochondrial damage in the skeletal muscle when
spleen qi deficiency develops.
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1. Introduction
According to the theory of the traditional Chinese medicine, spleen can transform and transport cereal nutrients to muscles; hence spleen dominates muscles
and limbs. Actually, such a function of spleen relies greatly on the conditions of
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spleen qi. When spleen qi is vigorous, muscles are healthy and strong, while
spleen qi deficiency will lead to useless of limbs.
In the modern medicine, muscular contraction is adenosine triphosphate
(ATP)-dependent interaction of filaments; therefore mitochondrial health affects
muscular strength. The mitochondrion is the cellular powerhouse, generating
ATP via oxidative phosphorylation (OXPHOS). In addition, mitochondrial
membrane potential (MMP) and reactive oxidative species (ROS) are byproducts
of OXPHOS, and their normality is helpful for ATP production and cellular survival [1] [2]. However, stress damages mitochondria easily, resulting in MMP
dissipation and ROS accumulation which impair cellular components and induce oxidative stress and apoptosis [3] [4]. Generally, MMP dissipation can activate PTEN-induced putative kinase 1 (PINK1)-Parkin pathway to initiate mitophagy by which cells degrade abnormal mitochondria in lysosomes to maintain mitochondrial health [5] [6].
It is thought that mitochondrial impairment in the skeletal muscles contributes to useless of limbs [7], but the pathogenesis of such impairment is not
clear yet. In the present study, mitochondrial morphology and OXPHOS,
PINK1-Parkin pathway and mitophagy-related protein expressions in the skeletal muscle were investigated respectively, attempting to explore the mechanism of
mitochondrial impairment in spleen qi deficiency.

2. Materials and Methods
2.1. Animals
Sixteen male SD rats (220 ± 10 g) (Liaoning Changsheng Biotechnology Co., Ltd
(SCXK (Liao) 2010-0001) were habituated for one week under the condition of
temperature (22˚C ± 2˚C), humidity (55% ± 5%) and a light/dark cycle (light on
at 8:00 and off at 20:00), and then randomly divided into the control group and
spleen qi deficiency model group (model group) of 8 each. Animal care procedures were carried out in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals, and every effort was made to
minimize the animal suffering.

2.2. Establishment and Evaluation of the Spleen Qi Deficiency
Model
Spleen qi deficiency model was established and assessed according to our previous study [8]. Briefly, in 2 weeks, rats in the model group were provided with
feed and water ad libitum on odd days and fed only with cabbage on even days,
meanwhile they were forced to swim to fatigue in 35˚C - 37˚C water every day.
Evaluation standard included emaciation, poor appetite, mental and physical fatigue.

2.3. Mitochondrial Morphology
Rats were anesthetized with 10% chloral hydrate (0.35 mL/100g) and sacrificed
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by decapitation. The quadriceps femoris was taken and cut into pieces of 1 mm3
at 4˚C and fixed with 2.5% glutaraldehyde in phosphate buffer. After dehydration in ethanol with graded concentrations, specimens were treated with propyleneoxide and embedded in Epon. Ultrathin sections (60 nm) stained with
uranyl acetate and lead citrate were examined in a transmission electron microscope (JEM-1 200EX; Jeol, Tokyo, Japan) at 120 kV.

2.4. MMP Assay
200 mg tissue sample from the quadriceps femoris was homogenized in 500 μL
mitochondrial isolation buffer (220 mM Mannitol, 70 mM Sucrose, 10 mM
Tris-base and 1 mM EDTA, pH 7.4) on ice. After homogenates were centrifuged
(1000 g, 5 min, 4˚C), the supernatant was transferred into a new microcentrifuge
tube and centrifuged again at the same condition, and then the supernatant was
draw and centrifuged (12,000 g, 10 min, 4˚C). Finally, the supernatant was removed and the pellet was saved in 100 μL PBS (pH 7.4). MMP was determined
using a JC-1 MMP Assay Kit (Beijing solarbio science and technology co., ltd.,
Beijing, China) according to the instructions of the manufacturer. MMP in the
model group was expressed in percent of the control group that was set as 100%.

2.5. ATP and ROS Assay
The ATP level in the muscular tissue was detected by a ATP Bioluminescence
Assay kit (Beyotime Institute of Biotechnology, Haimen, Jiangsu, China) according to the protocol of the manufacturer. The level of hydrogen peroxide was
used to reflect the ROS level and measured using a kit following the instructions
of the manufacturer (Beyotime Institute of Biotechnology, Haimen, Jiangsu,
China). The level of ROS of the model group was expressed in percent of the
control group.

2.6. Western Blot
The total cellular proteins of muscular tissues were extracted by lysis of cells with
buffer containing 150 mM NaCl, 0.1% Triton X-100, 0.5% deoxycholate, 0.1%
sodium dodecyl sulfate, 50 mM Tris-HCl (pH 7.0) and 1 mM ethylenediaminetetraacetic acid (EDTA). Protein concentrations were determined using the bicinchoninic acid method. Equal amounts of protein (50 μg) were subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophoresis on 10% gels and
transferred to a polyvinylidene difluoride membrane. The membrane was
blocked for 1 h with blocking buffer containing 5% non-fat dry milk and 0.05%
Tween-20 in Tris-buffered saline, followed by sixteen hours incubation at 4˚C
with the primary antibodies as follows: PINK1 (1:1000; Abcam), Parkin (1:1000;
Proteintech), LC3-II (1:2000; Abcam) and p62 (1:2000; Proteintech). Following
further incubation with the corresponding secondary antibody (1:5000; Transgen, China) for 1 h at room temperature, immune complexes were detected using enhanced chemiluminescence western blotting reagents (TransGen, China).
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Images were quantified by AlphaView (Version: 3.4.0.0) (ProteinSimple, USA).
GAPDH was served as the internal standard. The protein expression in the
model groups was expressed in the percent of the control group.

2.7. Statistical Analysis
The data were expressed as mean ± S.D., and statistical analysis was performed
between groups by ANOVA using SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA). A value of P < 0.05 or less was considered statistical significance.

3. Results
3.1. Assessment of Spleen Qi Deficiency
Table 1 showed that 4 items of the model group were all lesser than those of the
control group. And among them, reduced body mass and food intake implied
emaciation and poor appetite respectively, decreased motion distance and vertical times in the open field implied mental fatigue, and lessened grasping
strength represented physical fatigue. Therefore, these data suggested the establishment of spleen qi deficiency in rats.

3.2. Mitochondrial Morphology
Figure 1 showed that mitochondria were between myofibrils exhibiting clear Z
and M lines, and dark and light bands. Mitochondria in the control group were
rod-shape and abundant of cristae (Figure 1(A)), while those in the model
group were small, less and scattered, but their cristae were still abundant (Figure
1(B)).

3.3. Assessment of Mitochondrial OXPHOS
Compared with those in the control group, MMP and the ATP level were reduced whereas the ROS level was increased, significantly, in the model group
(Table 2).
Table 1. Model evaluation of rat spleen qi deficiency.
Body mass
(g)

Food intake
(g)

Motion distance
(cm)

Vertical
times

Grasping strength
(g)

Control
group

305.40 ± 10.81

31.20 ± 4.08

8611.47 ± 984.55

18.5 ± 3.7

1614.70 ± 316.82

Model
group

192.60 ± 8.35**

21.45 ± 4.70* 5874.53 ± 428.70** 12.7 ± 3.2* 1117.07 ± 144.40**

Values are means ± S.D. (n = 8). *P < 0.05, **P < 0.01 versus the control.

Table 2. Assessment of the mitochondrial OXPHOS in two groups.
MMP (%)

ATP (μmol/g)

ROS (%)

Control group

100

0.404 ± 0.180

100

Model group

58.21 ± 9.95**

0.213 ± 0.086**

117.58 ± 9.49*

Values are means ± S.D. (n = 8). *P < 0.05, **P < 0.01 versus the control.
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Figure 1. Mitochondrial morphology in the skeletal muscle fiber. (A) The
control group; (B) The model group. Arrow: Mitochondrion; M: M line; Z: z
line. Scale bar, 500 nm. Magnification: 25,000×.

3.4. Expressions of PINK1, Parkin, LC3-II and p62
Relative expressions PINK1, Parkin, LC3-II and p62 of the model group to the
control group were 60.55% ± 8.42%, 88.41% ± 5.00%, 88.66% ± 1.41% and
119.31% ± 3.35%, and PINK1 expression was decreased whereas p62 expression
was increased significantly (n = 3, Ps < 0.01) (Figure 2).

4. Discussion
In the traditional Chinese medicine, muscles and limbs are dominated by spleen
because spleen can transform and transport nutrients to nourish them. Therefore, patients with spleen qi deficiency often complain of useless of limbs. It has
reported that mitochondrial impairment might contribute to useless of limbs
[7], but the genesis of mitochondrial impairment is not clear.
Herein, mitochondrial morphology and function in the skeletal muscles were
investigated respectively. First, it was observed that mitochondria in the model
group became small, less and scattered, suggesting the morphological damage.
Secondly, compared with those in the control group, the ATP level and MMP
were lower whereas the ROS level was higher in the model group, indicating
functional abnormality. Taken together, mitochondria in the skeletal muscle
were impaired after spleen qi deficiency occurred.
Mitochondria not only generate energy for cells but also induce oxidative
stress and apoptosis if ROS accumulation; hence cells develop multiple mechanisms to maintain the mitochondrial OXPHOS [9]. OXPHOS within mitochondria is an important metabolic process whereby electrons are transferred
through the electron transport chain across the inner mitochondrial membrane
to reduce oxygen into water. ATP is the key product of OXPHOS and its significant reduction inhibits cellular activities including decreasing muscular strength.
ROS are highly reactive byproducts of mitochondrial respiration and their accumulation will impair cellular components and activate death pathways; however, cells initiate related mechanisms such as mitophagy to opposite ROS accumulation [10] [11] [12]. MMP is another byproduct of OXPHOS, and its
DOI: 10.4236/cm.2019.101002
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Figure 2. Relative expressions of PINK1, Parkin, LC3-II and p62 in two group. Values
are means ± S.D. (n = 3). **P < 0.01 versus the control.

reduction can activate PINK1-Parkin pathway to induce mitophagy [13] [14].
Mitophagy is a special autophagy by which cells destroy abnormal mitochondria. PINK1-Parkin pathway is one of the best well-known pathways mediating
mitophagy. It is thought that normal mitochondria can import PINK1 into mitochondrial matrix and degrade it; however, mitochondria exhibiting lower
MMP cannot import PINK1 but induce PINK1 accumulation on the outer mitochondrial membrane (OMM), and then phosphorylates ubiquitin, leading to
the recruitment of cytosolic Parkin and subsequently the engulfment of depolarized mitochondria by autophagosomes [15] [16]. In the present study, PINK1
expression was significantly reduced while Parkin expression was unaltered in
the model group, suggesting that PINK1 might not accumulate on OMM and
Parkin recruitment was inhibited after spleen qi deficiency developed. As
PINK1-Parkin pathway in the muscle fiber was suppressed in spleen qi deficiency, it was speculated that mitophagy might be not promoted.
As mitophagy is tightly controlled by a number of proteins, some proteins are
used to assess mitophagy. LC3-II, a widely used marker of autophagy, is localized at autophagosomes and its expression level correlates with the number of
autophagosomes [17] [18]. Another widely used autophagy marker is p62, also
called sequestosome 1 (SQSTM1), which directly binds to LC3 and is selectively
degraded by autophagy [19] [20]. In the present study, it was found that LC3-II
expression was unchanged while p62 expression was elevated in the model
group. Such results indicated that mitophagy in the skeletal muscle fiber might
be inhibited in spleen qi deficiency.
In conclusion, suppression of mitophagy in the skeletal muscles might be related to the mitochondrial impairment in spleen qi deficiency.
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