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Abstract 
Objective: To study the mechanism of Sijunzi decoction treating limb weak-
ness in spleen Qi deficiency (SQD) based on the myonuclear domain (MND) 
theory. Methods: 40 male Sprague-Dawley rats were randomly divided into 
the normal group, SQD model group (model group), SQD+ still water group 
(SW group) and SQD+ Sijunzi decoction group (CM group), 10 rats each 
group; Grip-Strength Meter was used to measure limb grip strength; trans-
mission electron microscope was employed to observe the ultrastructural 
changes of the myofibers, Image Pro 6.0 was used to measure the myonuclear 
numbers, cross-section area (CSA) and then their ratios (the MND sizes) 
were calculated, immunofluorescence assay was chosen to test the expressions 
of paired box gene 7 (Pax7) and myogenic differentiation antigen (MyoD). 
Results: Compared with those in the normal group, limb grip strength was 
decreased, sarcomeres were abnormal, and all the myonuclear numbers, CSA 
and MND sizes were reduced, but the Pax7+ cell numbers were increased, 
significantly, in the model and SW groups; Compared with those in the mod-
el and SW groups, limb grip strength was increased, sarcomeres were basical-
ly normal, the myonuclear number and CSA were both greater, and the 
Pax7+ and MyoD+ cell numbers were both increased, significantly, in the CM 
group. Conclusion: Sijunzi decoction might increase the myonuclear number 
by activating the MSCs to treat limb weakness in SQD. 
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1. Introduction 

Sijunzi decoction is well known for treating limb weakness in spleen Qi defi-
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ciency (SQD), and its mechanism is not clear yet. Muscle fibers are the engines 
of locomotion, and the muscle fiber is multinuclear, therefore every myonucleus 
has its own controlling domain, which is called the myonuclear domain (MND) 
[1]. In general, increasing the MND size means muscle growth or hypertrophy, 
and decreasing it leads to atrophy. However, it is thought that the MND size on-
ly expands to a certain extent, and new nuclei from the muscle stem cells (MSCs) 
must be added for further muscle growth [2]. The MSCs, also called the satellite 
cells, can be activated to proliferation, differentiation and fuse into the nearby 
myofibers [3] [4]. Based on the above findings, the MND size and MSCs were 
targeted in the present study, attempting to explore the possible mechanism of 
Sijunzi decoction treating limb weakness in SQD.  

2. Materials and Methods  
2.1. Animals  

Forty male Sprague-Dawley rats, body mass (BM) 200 ± 10 g, Liaoning Chang 
Sheng Biotechnology Co. Ltd., SCXK (Liao) 2020-0001), were habituated at (22 
± 2)˚C, in 55% ± 5% humidity and with a 12 h light/dark cycle (lights on at 8:00 
and off at 20:00). After one week of accommodation, rats were randomly divided 
into the normal group, SQD model group (model group), SQD model + stilled 
water group (SW group) and SQD model + Sijunzi decoction (CM group), 10 
rats each group. 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 SQD Model  

The SQD model was established and assessed according to our previous study 
[5]. Briefly, in 2 weeks, rats in the model, SW and CM groups 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 every day. The evaluation 
standards included emaciation (BM decrease) checked by the electronic scales, 
poor appetite (decreases of food and water intakes) detected in the metabolic 
cages, mental fatigue (motion distances and vertical times) recorded with the 
OFT-100 opening activity experiment system (Chengdu TME Technology Co, 
Ltd., Chengdu, China), and limb weakness checked with YLS-13A Grip Strength 
Meter for Rats and Mice (Jinan Yi Yan Technology Development Co., Ltd., 
Shandong, China). Evaluation of the SQD model was finished by an investigator 
who was blinded for groups. 

2.3. Treatment 

Sijunzi decoction (Radix Ginseng 9 g, Rhizoma Atractylodis Macrocephalae 9 g, 
Poria 9 g and Radix Glycyrrhizae 6 g) was purchased from the First Affiliated 
Hospital of Liaoning University of Traditional Chinese Medicine, and after be-
ing soaked and boiled in stilled water, the concentration of Sijunzi decoction was 
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adjusted to 1.40 g/mL. The equivalent dose for a rat was converted from the 
clinical dose of an adult, which was given to rats in the CM group by gavage 
twice a day with an interval of 8 h for 2 weeks. Rats in the normal group were 
not treated, those in the model and SW groups were separately applied actions of 
intrgastric administration and given 2 mL SW in the same way as the CM group. 

2.4. Ultrastructures of the Myofibers 

After rats were euthanized by inhaling carbon dioxide, soleus muscle was col-
lected 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, spe-
cimens were treated with propyene oxide and embedded in Epon. Ultrathin sec-
tions stained with uranyl acetate and lead citrate were examined under a trans-
mission electron microscope (JEM-1 200EX; Jeol, Tokyo, Japan). 

2.5. The MND Size 

Soleus muscle was stored at 4% paraformaldehyde solution, and then embedded 
in paraffin and sectioned at 6 µm. The sections were stained with hematoxylin 
and eosin and examined by a light microscopy. The myonuclei were dyed blue, 
and 100 myofibers each group (10 fibers each rat) were chosen by the investiga-
tor described above to measure their myonuclear numbers, cross-section area 
(CSA) by Image Pro 6.0 (Bethesda, MD, USA), and then the MND size was cal-
culated by CSA/the myonuclear number [6] [7].  

2.6. Proliferation and Differentiation of the MSCs 

Simply, soleus muscle was quickly frozen in liquid nitrogen, embedded in op-
timal cutting temperature compound and then sectioned at 8 µm using a freez-
ing CM1950 microtome (Leica, Wetzlar, Germany). The sections were fixed with 
4% paraformaldehyde for 10 min, washed in PBS, and then blocked for 30 min 
in blocking buffer containing 5% bovine serum albumin at 37˚C. Sections were 
incubated with the the mouse anti-paired box gene 7 (Pax7) and rabbit an-
ti-myogenic differentiation antigen (MyoD) (both were 1:200; Santa Cruz Bio-
technlogy, sc-514352, sc-377460) overnight at 4˚C. Sections were washed 3 times 
in PBS and incubated for 5 min at room temperature (RT) in the blocking solu-
tion, and were incubated with the goat anti-mouse IgG and goat anti-rabbit IgG 
diluted in blocking solution for 90 min at RT, and the nuclei were stained with 
DAPI (0.3 µM). After incubation, sections were washed 3 times with PBS, and a 
drop of Alexa Fluor 488/594 secondary antibody mixture was added and incu-
bated at RT in darkness for 1 h. Finally, sections were mounted with DAPI and 
fluorescence was visualized using an Olympus FV10i confocal microscope (Tokyo, 
Japan). The Pax7+ and MyoD+ nuclei in 100 myofibers each group (10 myofibers 
each rat) were counted in the blind way as described above. 

2.7. Statistical Analysis 

Data were processed using SPSS 25.0 and expressed as mean ± standard devia-
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tion (SD). Analysis of variance was conducted to test differences between groups 
and p < 0.05 was considered statistically significant. 

3. Results  
3.1. Treatment of Sijunzi decoction 

Table 1 and Figure 1 showed that all items in the model and SW groups were 
significantly less than those in the normal group, indicating that the SQD mode 
was successfully established and SW could not treat SQD. Compared with those 
in the model and SW groups, data in the CM group increased obviously, which 
suggested that Sijunzi decoction treated SQD. 

 

 
Figure 1. Effect of Sijunzi decoction on the symptoms of the SQD model in rats. Note: mean ± SD, n = 10; verse 
the normal group, ap < 0.05, aap < 0.01; verse the model group, bp < 0.05; verse the SW group, cp < 0.05, ccp < 0.01.  
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3.2. Ultrastructures of the Myofibers 

Figure 2(A) was the typical structures of the sarcomeres in the normal group, 
where the Z and M lines were clear, and mitochondria were between the myofi-
laments. Figure 2(B) and Figure 2(C) were morphological changes in the model 
and SW group, where some Z and M lines were disorderly, and mitochondria 
were smaller; Figure 2(D) showed the sarcomeres of the CM group were basi-
cally normal, and the mitochondria were bigger than those in the model and SW 
groups. 

 
Table 1. Effect of Sijunzi decoction on the symptoms of the SQD model in rats (mean ± SD, n = 10). 

Group 
Emaciation (BM) 

(g) 

Poor appetite Mental fatigue 
Limb grip strength (g) 

Food intake (g) Water intake (mL) Motion distance (cm) Vertical time 

Normal group 371.47 ± 22.46 31.27 ± 4.21 54.6 ± 12.0 8933.20 ± 1751.35 22.7 ± 5.2 1593.75 ± 204.66 

Model group 289.67 ± 56.03aa 18.63 ± 3.88aa 36.7 ± 9.7aa 6145.55 ± 1933.78aa 12.3 ± 4.4aa 1221.65 ± 198.11aa 

SW group 291.45 ± 40.89aa 20.79 ± 4.33aa 38.0 ± 8.1aa 6605.10 ± 1653.23aa 11.3 ± 2.7aa 1138.93 ± 106.75aa 

CM group 322.13 ± 44.21abc 25.05 ± 5.04abc 45.6 ± 10.7bc 7783.44 ± 1409.25abc 16.8 ± 4.0abc 1355.90 ± 171.58bc 

Note: verse the normal group, ap < 0.05, aap < 0.01; verse the model group, bp < 0.05; verse the SW group, cp < 0.05, ccp < 0.01. 
 

 
Figure 2. Ultrastructures of the myofibers (7000×). Note: A, the normal group; B, the 
model group; C, the SW group; D, the CM group; M, the M line; Z, the Z line; black ar-
row: the M or Z line was not clear; *, mitochondrion. 
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3.3. The Myonuclear Numbers, CSA and MND 

Table 2 and Figure 3 showed that, compared with those in the normal group, 
three items were all decreased significantly in the model and SW groups, and the 
myonuclear number was increased, CSA and the MND were reduced obviously 
in the CM group; Compared with those in the model and SW groups, the myo-
nuclear number and CSA were increased markedly in the CM group.  

3.4. Assessment of Proliferation and Differentiation of MSCs 

Pax7 promotes proliferation of the MSCs, so the Pax7+ cell number is used to 
detect MSCs’ proliferation [8]. Figure 4 left and Table 3 showed that the Pax7+  
 
Table 2. The myonuclear numbers, CSA and MND (mean ± SD, n = 100 myofibers). 

Group Myonuclear number CSA (μm2) MND (μm2) 

Normal group 3.27 ± 1.19 1487.08 ± 610.33 473.59 ± 151.04 

Model group 2.76 ± 0.98aa 1064.75 ± 409.13aa 409.51 ± 145.70aa 

SW group 3.01 ± 1.18aa 1144.45 ± 482.23aa 395.61 ± 131.09aa 

CM group 3.94 ± 0.80abbcc 1380.98 ± 258.59abbcc 354.21 ± 58.02aa 

Note: verse the normal group, ap < 0.05, aap < 0.01; verse the model group, bbp < 0.01; 
verse the SW group, ccp < 0.01. 
 

 
Figure 3. The myonuclear numbers, CSA and MND. Note: mean ± SD, n = 100 myofibers; verse the normal group, 
ap < 0.05, aap < 0.01; verse the model group, bbp < 0.01; verse the SW group, ccp < 0.01.  
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Figure 4. Pax7 and MyoD expressions. 

 
Table 3. The Pax7+ and MyoD+ cell numbers (mean ± SD, n = 100 myofibers). 

Group Pax7+ cell number MyoD+ cell number 

Normal group 5.57 ± 1.27 2.85 ± 0.58 

Model group 7.71 ± 1.38a 3.00 ± 0.48 

SW group 6.86 ± 0.90a 2.90 ± 0.46 

CM group 9.29 ± 1.11aabcc 3.65 ± 0.72abc 

Note: verse the normal group, ap < 0.05, aap < 0.01; verse the model group, bp < 0.05; verse 
the SW group, cp < 0.05, ccp < 0.01. 

 
cell numbers in the later 3 groups were all greater than that in the normal group, 
and that in the CM group was higher than those in the model and SW groups. 
MyoD plays an important role in differentiation of the MSCs, therefore its posi-
tive cell number is used to assess MSCs’ differentiation [9]. Based on Figure 4 
and Figure 5 right and Table 3, the MyoD+ cell number in the CM group was 
higher than those in the former 3 groups significantly. 

4. Discussion 

In the theory of the traditional Chinese Medicine, muscle is governed by spleen, 
and muscle will become atrophy and weakness when SQD develops, which can 
be treated by Sijunzi decoction, a representative prescription for invigorating 
spleen Qi. The mechanism of Sijunzi decoction treating limb weakness in SQD is 
still not clear. As myonuclei are the control centers of the skeletal muscle fiber, 
the effect of Sijunzi decontion on the MND was studied herein, which has not 
been reported. 

Pax7+ DAPI merge MyoD+ DAPI merge

Normal 

group

Model 

group

SW 

group

CM 

group
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Figure 5. The Pax7+ and MyoD+ cell numbers. Note: mean ± SD, n = 100 myofibers; verse the normal group, ap < 0.05, 
aap < 0.01; verse the model group, bp < 0.05; verse the SW group, cp < 0.05, ccp < 0.01.  

 
In the present study, the action of Sijunzi decoction treating limb weakness in 

SQD was first confirmed, and then its effect on the myofibrils was detected. Each 
myofibril is composed of myosin filaments and actin filaments, which are re-
sponsible for the actual muscle contraction. In the sarcomere, the myosin fila-
ments and actin filaments partially interdigitate, and the centers of the former 
are the M line whereas the ends of the latter are attached to the Z lines. It was 
observed that both the M and Z lines were disorder when SQD developed, and 
Sijunzi decoction ameliorated such abnormality. These positive results made it 
possible for the next experiments focusing on the MND. 

Different from other types of cells, the skeletal muscle fiber is multinuclear, 
and the myonuclei are pushed to the periphery of the cell by motor proteins 
which are densely packed in the core. The peripheral myonuclear placement 
means each nucleus owns its territory, that is the MND, and its enlargement in 
size and/or new nuclei addition can induce hypertrophy [1] [2].  

The MND size differs between the muscle types [10] [11], and soleus targeted 
here is one of the typical slow muscle. It was observed that, first, when SQD oc-
curred, the MND size became small due to the reduction of both the nuclei 
numbers and CSA; Secondly, the Pax7+ cell number was raised, but the MyoD+ 
cell number was unaltered. The activation of the MSCs needs many factors [12] 
[13] and among them, Pax7 promotes proliferation and MyoD stimulates diffe-
rentiation, therefore their positive cell numbers are widely used to imply the 
corresponding phases of the MSCs’ activation [14] [15] [16]. Accordingly, it was 
speculated that when SQD developed, the MSCs might split, but their daughters 
might not undergo differentiation, resulting in no new nuclei entering into the 
muscle fibers. 

Sijunzi decoction can treat limb weakness in SQD, and we have reported that 
one of its mechanisms is related to mitochondrial protection [17], but its effect 
on the MND is still unknown. Our results showed that, first, Sijunzi decoction 
increased both the myonuclear number and CSA, indicating the positively effect 
on the muscle fibers. Although the MND size in the CM group was not signifi-
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cantly bigger than that in the model group, it might become larger if the treat-
ment of Sijunzi decoction was continued due to the increase of the myonuclear 
number. Secondly, both the Pax7+ and MyoD+ cell numbers were increased 
markedly in the CM group, meaning the increases of MSCs’ proliferation and 
differentiation. Therefore, Sijunzi decoction was thought to activate the MSCs to 
add new nuclei into the nearby myofibers. 

Based on the theory of the MND and our results, limb weakness in SQD might 
be caused by the reduction of the MND size and the inhibition of MSCs’ activa-
tion, and it is concluded that Sijunzi decoction might increase the myonuclear 
number by activating the MSCs to treat limb weakness in SQD. It should be 
noted that the activation of the MSCs is complicated, and the in vitro experi-
ments are needed to confirm the effect of Sijunzi decoction on the MSCs.  
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