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Wang et al.: Shenling Baizhu Powder in Improving the Diabetic-Induced Sarcopenia

The paper aimed to explore the mechanism by which high mobility group box-1 and nicotinamide adenine 
dinucleotide phosphate oxidase-derived reactive oxygen species enhance each other’s influence on the 
amplitude of electroretinogram and the permeability of the vitreous. According to the purpose of the 
experiment, the experimental rats were separated into a control group, a diabetes group and a Shenling Baizhu 
powder group. The messenger ribonucleic acid expression of microRNA-23 and microRNA-27a in rat muscle 
tissue was quantitatively analyzed by real-time quantitative polymerase chain reaction. The contractility of 
rat soleus skeletal muscle was analyzed by electrical stimulation program. Western blot analysis of rat muscle 
growth protein synthesis and the expression of myostatin signaling pathway was carried out. The expression 
of renal fibrosis-related albumin was tested by Western blot. The messenger ribonucleic acid expression of 
microRNA-23, 27a in the diabetic group was lower than control group (p<0.05), and the expression in the 
Shenling Baizhu powder group was higher than diabetic group (p<0.05). Compared with the control group, 
the diabetic group had lower body weight (p<0.05), and raised blood glucose concentration and diabetes 
volume (p<0.05). The ratio of phosphorylated protein kinase B/protein kinase B and phospho forkhead box 
protein O1/forkhead box protein O1 protein expression in the Shenling Baizhu powder group was higher than 
diabetic group (p<0.05), while the phosphatase and tensin homolog protein expression was lower (p<0.05). 
The protein expression of myostatin, FBXO32 and TRIM63 in the diabetes group was higher than control 
group (p<0.05), and the expression in the Shenling Baizhu powder group was lower than diabetes group 
(p<0.05). Compared with the control group, the protein expression of transforming growth factor-beta, 
suppressor of mothers against decapentaplegic 2/3, alpha-smooth muscle actin, collagen-1a and fibronectin 
was higher in the diabetes group (p<0.05), and the expression in the Shenling Baizhu powder group was 
lower than diabetes group (p<0.05). Shenling Baizhu powder can improve diabetes-induced sarcopenia by 
up-regulating microRNA expression, activating the insulin-like growth factor 1/phosphoinositide 3-kinases/
protein kinase B signaling pathway and inhibiting the myostatin cascade.
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Diabetes Mellitus (DM) is a complex illness, and 
its global prevalence rate is increasing rapidly. 
DM shows a wide range of pathophysiological 
changes, which are caused by the decrease of 
insulin secretion or hormone action[1]. According 
to the definition of European working group 
on myopenia in the elderly, DM may lead to 
sarcopenia, and cause different degrees of muscle 
damage on the basis of the DM severity and muscle 

fiber pattern[2]. The research record found that if 
diabetes is not intervened to worsen, it is easy to 
bring about more serious cardiovascular illness, 
which will not only cause adverse effects on the 
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invalid organs, but even endanger their lives in 
serious cases. In recent years, due to the increasing 
aging problem, people’s lifestyle, diet structure, 
work and rest habits and other factors, not only 
the incidence of diabetes has continued to rise, 
but also the mortality of patients has continued to 
rise, which has seriously damaged the health of 
patients. Muscle atrophy is a breakaway indicator 
of mortality in all patients with Chronic Kidney 
Disease (CKD)[3]. DM is the main cause of CKD. In 
America and other western societies, DM accounts 
for 30 % of all documentation of end-stage renal 
illness[4]. Although the treatment of controlling 
blood sugar and renal protective medicant are 
effective for diabetic nephropathy, this disease is 
the main reason for the increase of mortality of 
diabetic patients[5]. 

MicroRNAs (miRNAs) have become the key 
regulator of metabolic homeostasis. These 
small non-coding RNAs target insulin signal 
transduction and Transforming Growth Factor 
Beta (TGFβ)/myostatin cascade reaction[6]. 
Recent studies show that miRNA is involved 
in the gene expression changes relevant to DM 
pathophysiology, including miR-23a and miR-
27a[7]. Shenling Baizhu powder is a traditional 
Chinese medicine prescription containing 10 
herbs. Shenling Baizhu powder has the ability 
of invigorating spleen and is generality used for 
spleen and stomach weakness[8]. Shenling Baizhu 
powder has been proved that it can strengthen 
the body, advance the immune system, measure 
gastrointestinal peristalsis[9]. Myopenia belongs to 
the category of “disease syndrome” in traditional 
Chinese medicine, which is characterized by 
flaccidity, weakness and inability to voluntary 
movement due to deficiency of essence, and qi and 
blood. This study is to explore whether Shenling 
Baizhu powder can regulate miR expression, so as 
to improve diabetes-induced sarcopenia.

MATERIALS AND METHODS
Experimental materials:

Experimental rats: Thirty 60 d old male rats, 
weighing 250 g, were purchased from University 
of Sao Paulo, kept with constant 23°±2° and 12 h 
of light 12 h of darkness, and received standard rat 
feed and tap water. The experimental procedure was 
approved by the institute of biomedical sciences 
and the ethics committee of animal research, and 
followed the ethical guidelines for the animal use.

Diabetes model and medication of Shenling 
Baizhu powder: Rats were fasted for 12 h after 
adapting to the environment for 2 w. Streptozotocin 
(Sigma Chemical Company, St. Louis, Missouri) 
was dissolved in sodium citrate buffer and injected 
intraperitoneally into rats at a dose of 50 mg/kg 
body weight. During this process, rats were sedated 
with halothane. After Shenling Baizhu powder was 
dissolved in water, rats were given orally at a dose 
of 15 ml/kg for 2 w.

Experimental grouping: According to the 
experimental purpose, the experimental rats were 
separated into three groups, the control group 
(rats raised in normal environment were treated 
with normal saline only, n=10), the diabetic group 
(streptozotocin was injected intraperitoneally at a 
dose of 50 mg/kg to induce diabetes, n=10), and 
the Shenling Baizhu powder group (rats were 
treated with Shenling Baizhu powder for 2 w after 
successfully inducing diabetes, n=10).

Experimental methods:

Quantitative Polymerase Chain Reaction 
(PCR): Ribonuclic Acid (RNA) was extracted 
by RNeasy Mini Kit. QScript complementary 
Deoxyribonucleic Acid (cDNA) SuperMix (Quanta) 
software was used to reverse transcription. Reverse 
Transcription (RT)-PCR was carried out by using 
the Delta Delta Cycle Threshold (δδ CT) method 
with StepOnePlus system (Applied Biosystems) 
and perfect Sybr green Fast Mix (Quanta). The 
expressions of single miR-23a-3p and miR-27a-3p 
were normalized to U6.

Blood, urine, and tissue sampling: Rats were 
put in a metabolic cage with urine gathered for 
glucose determination for 24 h. Animals were 
anesthetized, blood was collected, and the soleus 
muscle was anatomy, so as to carry out the 
electrical stimulation program. After euthanasia 
with excessive thiopental sodium, the length of 
the tibia was carefully tested to correct the muscle 
weight. As mentioned above, urine glucose and 
plasma glucose were tested by glucose oxidase.

In vitro muscle electrical stimulation: A 
horizontal metal bracket fixed one tendon and 
connected the other to an isometric sensor through 
a pulley. Muscle length was adjusted to produce 
maximum twitching tension. Muscle was immersed 
in 100 ml Krebs-Heinseleit buffer, pH 7.4. The left 
muscle was not stimulated as a control sample. 
The right soleus muscle was stimulated with a low 
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using ImageJ software and standardized by optical 
density measurement of each lane of PonceauS-
stained membrane. The results were expressed in 
arbitrary units, ND average value was considered 
to be 1.0.

Statistical analysis:

All data were expressed as mean±Standard Error 
of the Mean (SEM). Muscle contraction effect was 
analyzed by data comparison in each experimental 
group with paired t-test. Results were then compared 
under each condition by one-way analysis of variance 
using posthoc Student-Newman-Keuls. Pearson 
correlation test was used to analyze the correlation 
between protein and miRNA in stimulated muscles. 
p<0.05 suggested statistical significance.

RESULTS AND DISCUSSION
The mRNA expressions of miR-23 and 27a in muscle 
tissue of rats were quantitatively analyzed by real-
time qPCR. Those in diabetic group decreased, and 
the mRNA expression of miR-23 and miR-27a in 
Shenling Baizhu powder group increased (p<0.05). 
The administration of Shenling Baizhu powder can 
improve their expression in diabetic rats as shown 
in Table 1.

Blood, urine and tissues of rats were collected for 
biochemical analysis. The weight, blood sugar 
and 24 h urine sugar of rats in the diabetic group 
decreased than control group (p<0.05), the blood 
sugar concentration and urine sugar raised (p<0.05), 
and the weight, blood sugar concentration and urine 
sugar decreased (p<0.05) in the Shenling Baizhu 
powder group. The results showed that streptozotocin 
successfully induced diabetic rat model, and Shenling 
Baizhu powder could alleviate the related symptoms 
of diabetes as shown in Table 2.

Muscle was analyzed according to the diagnostic 
criteria of sarcopenia established by EWGSOP, and 
S/T index, MCR, MRR and FI of rats were compared. 
The S/T index, MCR and MRR of diabetic rats 
decreased, while the FI increased than control group 
(p<0.05). The S/T index, MCR and MRR of Shenling 
Baizhu powder increased, while the FI decreased 
than diabetic rats (p<0.05). Shenling Baizhu powder 
significantly reduced the symptoms of diabetic-
induced muscular dystrophy by up-regulating the 
expression of miR-23a/27a as shown in Table 3.

The contractility of rat soleus muscle was analyzed 
by electrical stimulation program. The results showed 

frequency pulse (0.5 Hz) with duration of 0.2 ms 
for 60 s. Therefore, the muscles were pre-incubated 
for 30 min. After pre-incubation, the right muscle 
was stimulated by ultra-large square wave pulse 
with duration of 0.2 ms. By stimulating at a 
frequency of 100 Hz for 10 s, it produced 10 tonic 
contractions in 10 min. After tonic stimulation, 
replace the buffer with fresh buffer and incubate 
the muscles for another 20 min. 

Analysis of sarcopenia: The muscle was analyzed 
according to the diagnostic criteria of sarcopenia 
established by EWGSOP, which suggested 
that low muscle mass and function should be 
considered. The weight of flounder was analyzed 
relative to the length of tibia (S/T index) for 
adult rat’s sustained growth, testing contractile 
function using electrical stimulation of muscles. 
The following characteristics were analyzed; 
Thrombotic Thrombocytopenic Purpura (TTP) and 
Hormone Replacement Therapy (HRT), Maximal 
Contraction Rates (MCR) and Material Removal 
Rate (MRR), FI, etc.

Immunohistochemistry: Muscle was embedded 
in tissue freezing medium of isopentane cooled. 
Tissue was infiltrated in 0.05 % TritonX-100 
for 10 min, and quenched and fixed in 50 mM 
Ammonium chloride (NH4Cl) for 10 min. 5 % 
bovine serum albumin sealed the samples incubated 
with primary antibody. The sections were then 
labeled with Fluorescein Isothiocyanate (FITC) 
anti-rabbit Immunoglobulin G (IgG) (111-095-
144; dilution 1:100; Jackson immunology research 
laboratory, West Grove, Pennsylvania) for 60 min. 
The nucleus was stained by 4′,6-Diamidino-2-
Phenylindole (DAPI). The image was visualized by 
Olympus1X51 inverted fluorescence microscope. 
By using anti-laminin antibody, muscle fibers 
cross-sectional area in TA muscle was measured, 
with at least 500 individual muscle fibers in each 
muscle.

Western blot evaluation: Frozen muscle 
samples were homogenized for 10 min. Transfer 
the homogenate to a propylene tube. The same 
amount of protein (30 μg) was electrophoresed 
in polyacrylamide gel, and immunoblotting with 
related antibodies (AP2041, #MP3401). According 
to the manufacturing specification (1:5000), 
the enhanced chemiluminescence procedure 
was carried out using the appropriate secondary 
conjugated antibody. Imprint strength was analyzed 
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(p<0.05), while the expression ratio of Phosphatase 
and Tensin Homolog (PTEN) protein increased 
than control group (p<0.05). The expression ratios 
of p-Akt/Akt and p-FOXO1/FOXO1 in Shenling 
Baizhu powder group were higher than diabetic 
group as shown in fig. 1 and Table 5.

To study whether raising miR in muscle can improve 
the muscle fiber size reduction caused by diabetes, 
fiber’s cross-sectional region was tested in the 
tibialis anterior muscle frozen section. The diabetic 
group decreased the cross-sectional region of muscle 
fibers, while Shenling Baizhu powder weakened this 
decrease (p<0.05) as shown in fig. 2.

that the absolute isotonic force and absolute rigidity 
of skeletal muscle in diabetic group were reduced 
than control group (p<0.05), while the absolute 
isotonic force and absolute rigidity in Shenling 
Baizhu powder group were raised than diabetic group 
(p<0.05), and there was no distinguish between the 
two groups (p>0.05) as shown in Table 4.

The expression of my growth protein synthesis 
signal in rats was analyzed by Western blot. The 
expression ratios of phosphorylated Protein Kinase 
B (p-Akt)/Akt and phosphor-Forkhead box protein 
O1 (p-FOXO1)/FOXO1 in diabetic group decreased 

Group miR-23a miR-27a

Control 1.86±0.16 1.93±0.18

Diabetes 1.15±0.06 1.04±0.03

Shenling Baizhu powder 1.79±0.13 1.85±0.16

Variance ratio 11.625 9.187

p 0.014 0.021

TABLE 1: qPCR ANALYSIS OF miR-23 AND miR-27A EXPRESSION (x̄±s)

Group Weight (g) Blood sugar (mg/dl) Diabetes (mg/h)

Control 375.36±25.44 116.37±4.23 15.11±3.42

Diabetes 229.57±12.88 482.60±13.44 285.42±38.57

Shenling Baizhu Powder 326.39±18.51 275.46±10.64 47.23±5.33

Variance ratio 12.396 10.243 9.115

p 0.013 0.008 0.026

TABLE 2: ANALYSIS AND EXPRESSION OF BIOCHEMICAL SIGNS IN RATS (x̄±s)

Group S/T index (mg/mm) MCR (N/s/g) MRR (N/s/g) FI (% twitch-1)

Control 4.12±0.14 4.81±0.22 3.01±0.86 6.07±1.25

Diabetes 2.19±0.08 3.41±0.11 1.67±0.35 7.35±1.44

Shenling Baizhu powder 3.64±0.16 4.46±0.17 2.98±0.67 6.28±1.28

Variance ratio 9.628 11.337 13.594 10.085

p 0.003 0.015 0.007 0.022

TABLE 3: ANALYSIS OF MYOPENIA IN RATS (x̄±s)

Group Absolute constant 
tension (mN)

Isometric tension 
(mN/g) Absolute rigidity (mN) Specific rigidity (mN/g)

Control 108.54±16.37 85.32±8.54 88.30±11.32 58.44±6.37

Diabetes 75.29±9.41 79.36±6.28 64.27±5.47 65.23±6.88

Shenling Baizhu powder 97.55±13.29 81.23±6.88 93.82±13.46 69.25±7.49

Variance ratio 8.339 11.416 13.735 10.823

p 0.005 0.016 0.024 0.011

TABLE 4: ANALYSIS OF SKELETAL MUSCLE CONTRACTION OF RAT SOLEUS MUSCLE (x̄±s)
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Fig. 1: The expression of myogrowth protein synthesis signal in rats

Fig. 2: Detection of cross-sectional area of muscle fiber

Group p-Akt/Akt PTEN p-FOXO1/FOXO1

Control 1.96±0.18 1.04±0.03 1.94±0.18

Diabetes 1.15±0.04 1.83±0.16 1.13±0.05

Shenling Baizhu powder 1.89±0.17 1.15±0.14 1.88±0.15

Variance ratio 9.625 13.249 8.168

p 0.004 0.012 0.006

TABLE 5: THE EXPRESSION OF MYOGROWTH PROTEIN SYNTHESIS SIGNAL IN RATS (x̄±s)

The expression of myostatin signal in rats was 
tested by Western blot. The protein expressions of 
myostatin, FBXO32 and TRIM63 in diabetic group 
were higher than control group (p<0.05), while those 
in Shenling Baizhu powder group were lower than 
diabetic group (p<0.05). miR decreased myostatin-
related protein expression and promoted muscle 
growth as shown in fig. 3 and Table 6.

The expression of proteins related to renal 

fibrosis was tested by Western blot. The protein 
expressions of TGFβ, Suppressor of Mothers Against 
Decapentaplegic 2 (SMAD2)/3, Alpha-Smooth 
Muscle Actin (αSMA), Collagen-1a (COL1A1) and 
fibronectin in the diabetic group were higher, while 
Shenling Baizhu powder expression was lower 
(p<0.05), which indicated that Shenling Baizhu 
powder could significantly weaken the renal fibrosis 
caused by diabetes as shown in Table 7.
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Fig. 3: Western blot analysis of auxin inhibition signal expression

Group Myostatin FBXO32 TRIM63

Control 1.13±0.05 1.05±0.03 1.02±0.02

Diabetes 1.95±0.18 2.01±0.21 1.97±0.18

Shenling Baizhu powder 1.08±0.03 1.05±0.05 1.11±0.07

Variance ratio 11.636 9.417 12.055

p 0.012 0.003 0.026

TABLE 6: EXPRESSION OF AUXIN INHIBITORY SIGNAL BY WESTERN BLOT ANALYSIS (x̄±s)

Group TGF-β SMAD2/3 α-SMA COL1A1 Fibronectin

Control 1.01±0.03 1.07±0.05 1.14±0.10 1.04±0.07 1.05±0.03

Diabetes 1.95±0.18 2.01±0.19 1.85±0.16 1.94±0.17 1.99±0.20

Shenling Baizhu 
powder 1.13±0.11 1.08±0.10 1.12±0.08 1.02±0.04 1.22±0.12

Variance ratio 9.553 11.202 13.417 8.328 10.581

p 0.005 0.018 0.026 0.004 0.013

TABLE 7: WESTERN BLOT ANALYSIS OF RENAL FIBROSIS RELATED PROTEIN EXPRESSION (x̄±s)

27a in vivo was up-regulated after taking Shenling 
Baizhu powder, both of which are mRNA encoding 
protein related to atrophy and fibrosis.

It is reported that insulin deficiency and resistance 
bring about the insulin and Insulin-Like Growth 
Factor 1 (IGF-1) down-regulation, which is very 
important for inducing muscle atrophy in catabolic 
diseases[10,11]. Akt is an albumin kinase, which effects 
muscle quality regulation[12]. Generally speaking, 
their up-regulation will increase protein synthesis 

The evidence provided by this study showed that 
Shenling Baizhu powder can reduce muscle loss 
caused by diabetes and advance muscle ability by 
restraining the expression of miR-23a/27a, raising 
insulin signaling pathway and restraining myostatin 
cascade reaction. The study also found that the up-
regulation of miR-23a/27a by Ji Shenling Baizhu 
powder can reduce renal fibrosis, which supported 
the basic principle of new way to treat various 
diabetes complications in muscles, kidneys at the 
same time. Thus, the horizontal of miR-23a and miR-
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and reduce albumin degradation, thus fighting 
against muscle atrophy[13]. Myostatin is a momentous 
member of TGF-β superfamily that regulates cell 
multiplication[14]. SMAD2/3 are transcription 
elements that are phosphorylated in response to TGF-β 
and myostatin[15]. In CKD, kidney TGF-β increase 
brings about SMAD2/3 activation, which leads to the 
multiplication of myofibroblasts, and finally leads to 
renal fibrosis[16]. SMAD2/3 activated by myostatin 
can inhibit myoblast from differentiating into mature 
muscle fibers[17]. On the contrary, the pharmacological 
inhibition of myostatin can significantly enhance the 
function of satellite cells, decrease the degradation 
rate of protein and increase the synthesis of protein 
in skeletal muscle[18].

The results showed that miR-23a and miR-27a 
in skeletal muscle of diabetic rats were lower 
than control group. This decrease promoted 
myostatin and PTEN expression, and reduced 
the phosphorylation of Akt, which directly led to 
the disorder of synthesis and decomposition of 
protein, and then developed sarcopenia. In addition, 
SMAD3 expression increased in diabetic rats, and 
miR-23a targeted SMAD3 in chondrocytes[19]. It is 
found that raised SMAD2/3 signal bring about Akt 
phosphorylation inhibition, caspase-3 and ubiquitin-
proteasome system activation, which are related to 
the process of muscle atrophy[20]. In many types of 
muscular atrophy, a group of genes have a hand in 
protein degradation are regulated, up-regulation of 
TRIM63 and FBXO32 are considered as proteolysis 
markers[21]. In this study, we detected the increased 
protein expression of TRIM63 and FBXO32 in 
diabetic rat’s soleus muscle, which was accordance 
with the description that these genes were up-
regulated in gastrocnemius muscle and heart induced 
by diabetes. However, after treatment, the coding 
of these proteins was reduced. It can be reasonably 
assumed that in the case of long-term atrophy, 
muscle proteolysis should be inhibited to retain 
residual muscle mass. Especially, its maintenance, 
accompanied by high protein hydrolysis, means high 
protein synthesis conditions. In addition, our results 
showed that insulin therapy raised muscle weight 
and TRIM63 and FBXO32 expression. This shows 
once again that protein synthesis plays a leading role 
in the muscle protein turnover induced by diabetes. 
In view of the above situation, it is an important 
issue to maintain reduced muscle mass, in which 
protein production of damaged muscles must play a 
fundamental effect. Muscle contraction adjusts cell’s 

metabolic homeostasis, including increasing muscle 
glucose treatment and positive protein balance.

As expected, streptozotocin induced hyperglycemia 
and diabetes in rats, and the treatment of Shenling 
Baizhu powder can partially reverse these conditions. 
In fact, it has been described in flatfish to slow down 
contraction and relax convulsion time and reduce 
MRR[22]. In this study, although the convulsion time 
remained unchanged, MCR and MRR decreased. 
In addition, absolute convulsion and tonic tension 
are also reduced due to diabetes. However, the 
specific force is still similar, which indicates that the 
observed muscle force decrease is highly correlated 
with the smaller muscle size[23]. In the DM’s long-
term evolution, motor dysfunction is related to 
neuropathy existence[24]. In type 1 and type 2 DM, 
it is reported that ankle plantar and dorsiflexion 
myasthenia is progressive and relevant to the severity 
of neuropathy. This shows that muscle strength injury 
involves muscle change itself and nerve control[25]. 
Therefore, in this study, the skeletal muscle mass 
loss caused by diabetes was widely reported. In this 
study, it was observed that the S/T index of the model 
group was lower than control group. The treatment of 
Shenling Baizhu powder can reverse the muscle mass 
and strength damage of soleus caused by diabetes, 
indirectly highlighting the effect of miR-23a/27a in 
the development of sarcopenia.

To sum up, our research shows that Shenling Baizhu 
powder can improve diabetes-induced sarcopenia by 
up-regulating miR-23a/27a expression, activating 
the IGF1/Phosphoinositide 3-Kinases (PI3Ks)/Akt 
signaling pathway and inhibiting the myostatin 
cascade reaction.
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