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Abstract

Buyang Huanwu Dcoction (BYHWD) is a traditional Chinese medicine that has been
widely used for the clinical treatment of skeletal muscle atrophy which is a common
complication after motor neuron injury and seriously affects the recovery of skeletal
muscle function. This study aimed to explore the main components of Buyang Huanwu
decoction and its possible mechanism for treating skeletal muscle and nerve atrophy
in mice. Total fibular nerve injury model was established by using total fibular nerve
clamp surgery. Main component of decoction was detected by HPLC and LC-MS,
the morphology of skeletal muscle samples was observed using hematoxylin-eosin
staining (H&E) and laser lens, and the expressions of muscular atrophy related proteins
were detected by Western blot. Astragaloside is the main components of BYHWD, it
promotes the recovery of injured neuroskeletal muscle and significantly inhibits the
atrophy of related muscle tissue (P<0.05). Denervation of skeletal muscle is closely
related to autophagy, and Astragaloside can effectively inhibit autophagy after skeletal
muscle injury. Astragaloside, the main component of BYHWD, promotes the recovery
of skeletal muscle denervation by inhibiting autophagy.
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BYHW Decoction is a traditional prescription of
traditional Chinese medicine. BYHWD is often used to
treat the sequelae of cerebrovascular accidents (such as
stroke), including facial paralysis, aphasia, hemiplegia,
paraplegia and other diseases of Qi deficiency and blood
stasis .. Nowadays, it is mostly used to treat neurological
injury-related diseases such as cerebrovascular disease,
facial nerve palsy, polio sequelae, sciatica, concussion

INTRODUCTION

Muscle is a plastic tissue that continuously adjusts its
shape, size, and function according to internal and
external stimuli . Local muscle atrophy is divided
into disuse atrophy and denervation atrophy. Disuse
atrophy often occurs in patients who are bedridden for
a long time, or in patients with joint breaking for a long

time, while denervation atrophy is mainly caused by
neurological diseases or traumatic violence that damages
skeletal muscle nerves 2. Trauma or inflammation makes
the nerves at the injury site undernourished, and the
related skeletal muscles receive nerve impulses restricted,
which in turn causes related muscle atrophy . Compared
with disuse atrophy, skeletal muscle denervation atrophy
is more serious, and its treatment has always been the
main focus of relevant clinical workers . At present, the
treatment of muscle atrophy is mostly limited to physical
rehabilitation training and the treatment of a small number
of hormone drugs. Therefore, an in-depth exploration of
the pathogenic mechanism of muscle atrophy is crucial for
taking targeted interventions, paying off muscle function,
and improving the quality of the patient’s life [°I.

sequelae, etc., and has achieved remarkable clinical effects
7]

In this study, we mainly analyzed the main pharmacological
components of BYHWD, and studied the inhibitory effect
of its main components on denervation of tibial anterior
muscle in mice with peroneal nerve injury through animal
experiments.

MATERIAL AND METHODS

Ethical Approval

All procedures performed in the studies involving
animals were in accordance with the ethical standards
of the Institutional Animal Care and Use Committee

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)



https://orcid.org/0000-0002-2868-0752
https://orcid.org/0009-0001-1947-4906
https://orcid.org/0009-0006-1534-7885
https://orcid.org/0009-0004-5670-4215
https://orcid.org/0009-0009-6601-3377
https://orcid.org/0009-0003-9327-2899
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Key Components of Buyang Huanwu Decoction in Muscle Atrophy

Kafkas Univ Vet Fak Derg

(IACUC) of Nanjing University of Chinese Medicine (No.
202203A041).

Animals

SPF grade, male, 6 weeks old, body weight 200 + 10 g, 42
SD rats, purchased from Changzhou Cavens Laboratory
Animal Co., Ltd. Laboratory animal license number:
SCXK (Su) 2016-0010. All experimental animals began
formal experiments after one week of adaptive feeding.

Animal Model

Rats were weighed, 10% chloral hydrate (300 g/mL)
was injected intraperitoneally for anesthesia, and the
surgical area of the left femur was routinely prepared
and disinfected. Take a 1.5 cm incision in the middle of
the left posterior femur, cut the skin and fascia in turn,
free and fully expose the femur of the sciatic nerve, and
perform the common peroneal nerve clamp down. With
14 cm hemostatic forceps, the upper total teeth clamp the
common peroneal nerve 3 times, 10 seconds/time, 10 sec
apart each time; the width of the crush injury is 5 mm.
The distal end of the injury was marked with 9-0 non-
invasive sutures, and the surgical incision was sutured
layer by layer. After the rats woke up, they were put back
into the cage for normal feeding. All animals were injected
with the corresponding drug intraperitoneally on the 2nd
day after modeling, and the normal group and the model
group were injected with the same amount of normal
saline for 7 days. After 18 days of surgical modeling,
all rats were euthanized, and the tibial anterior muscle
tissues on the left and right sides of the rats were taken
respectively. The tibial anterior muscle tissue was divided
into three parts for storage: 2.5% glutaraldehyde solution
was fixed at 4°C; -80°C was stored at low temperature; 4%
paraformaldehyde solution was fixed at room temperature
for subsequent detection.

Experimental Grouping

The first part of the experiment: Normal group (replaced
by the right healthy side of the model group); (2) Model
group; (3) Astragaloside group (20 mg/kg); (4) Capillary
isoflavone group (20 mg/kg); (5) Ferulic acid group
(100 mg/kg); (6) Paeoniflorin group (20 mg/kg); (7)
Ligustrazine group (100 mg/kg); (8) Mecobalamine
positive control group (600 pg/kg), 6 in each group.
Intraperitoneal injection was started two days after
modeling and lasted for a total of 7 days. The second part
of the experiment:Base on the first experiment, the main
active ingredient group + FOXO agonist was added, and
40 mg/kg of FOXO agonist was injected intraperitoneally
every day for 7 consecutive days. Intraperitoneal injection
was started two days after modeling, which lasted for a
total of 7 days. The normal group and the model group
were injected with the same amount of normal saline.

HPLC and LC-MS Experiments

HPLC: Precisely weigh 0.55 mg of pilus isoflavones, ferulic
acid, paeoniflorin, and ligustrazine samples, place them
in 10 mL brown volumetric flasks, add 70% methanol
solution to dissolve and dilute to scale, and make a sample
containing 0.055 mg per mL. Reference solution. Precisely
weigh Buyang Huanwu Decoction and add methanol to
dissolve, centrifuge the supernatant, and put the bandwidth
evaluation in a 5 ml volumetric flask, shake well, and get
it. Detection conditions: mobile phase: A 0.05% H,PO,
aqueous solution; B 0.1% methanol; chromatographic
column: Symmetry C18, 4.6 x 250 mm; flow rate: 0.6 mL/
min; column temperature: 30°C; injection volume: 5 pL;
DAD detector Detection wavelength: 320 nm.

LC-MS: Take 0.0050 g of Astragaloside reference
substance, weigh it precisely, place it in a 10 mL volumetric
flask, add an appropriate amount of methanol to dissolve
and dilute to scale, and make a solution containing 0.5
mg per 1 mL. Precisely weigh BYHW Decoction and add
methanol to dissolve, centrifuge the supernatant, and put
the bandwidth evaluation in a 5 mL volumetric flask,
shake well. Detection conditions: Column: ACQUITY
UPLCTMBEH C18 (1.7 pm, 50 mm * 2.1 mm); Column
temperature: 35°C; Mobile phase: A 0.1% formic acid
water (positive ion mode)/water, B acetonitrile; Flow
rate: 0.2 Lmin; Injection volume: 5 pL; Autosampler
temperature/TEM: 15°C.

Western Blot

Samples were cracked in RIPA lysis buffer plus PMSF
in low temperature, and BCA assay kit (Santa Cruz,
California, USA) detected total protein concentration.
Prepared protein samples were separated in SDS-PAGE
and transferred into 0.22 um PVDF membranes and
incubated with prepared antibodies. Finally, enhanced
chemiluminescence (ECL, ThermoFisher, MA, USA)
visualized this membrane. Antibodies against FOXO/
p-FOXO and GAPDH were purchased from Abcam
(Cambridge, MA, USA). Antibodies against MuRF-1
+ Atg5. Beclin-1. LC3Iand LC3II were purchased from
Proteintech Group (Proteintech Group, Wuhan, China).

H&E Staining

Pretibial muscle tissue was dissected from each group. The
prepared muscle tissue slices were dewaxed and hydrated.
After washed by water, synovial tissue slices were staining
in hematoxylin solution for 5 min. Next, differentiated by
1% hydrochloric alcohol for 15s, the slices were washed
with water. And then synovial tissue slices were stained by
eosin solution for 1 min. Finally, muscle tissue slices were
dehydrated, transparentized and sealed by neutral gum,
observed under an optical microscope (Olympus, Tokyo,
Japan).
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Immunohistochemistry Staining

Pretibial muscle tissues were dissected from each group.
First, Pretibial muscle tissue was fixed in 4% formaldehyde,
embedded in paraftin. Each paraffin block was cut into
5 mm sections with a cryostat. The prepared Pretibial
muscle tissue slices were dewaxed and hydrated followed
washed by water. Secondly, Pretibial muscle tissue
slices were sealed in 5 % normal goat serum for 30 min
at room temperature. And then the slices were incubated
with primary (p-FOXO 1:60, FOXO 1:300, LC3 1:300
» Atg5 1:150, Beclin-1 1:100) antibody overnight at
4°C. After washing with PBS, the slices were incubated
with biotinylated goat anti-rabbit IgG for 1 h. Finally, the
slices were stained by DAB until a color change, and was
observed under microscope (Olympus, Tokyo, Japan).

Masson Staining

Collect the tibial anterior muscle tissue, take out all the
tissues, and dehydrate them sequentially through a layer
of ethanol in a dehydrator. Put the melted paraffin into the
embedding frame, place it on a -20°C freezer to cool, take
it out of the embedding frame after the wax block solidifies
and trim it, and place the embedded paraffin block ina 4°C
refrigerator for setting. Slice after setting for 10 h. Briefly,
Masson staining was performed on a 10 um cryosection of
muscle fixed with 95% alcohol for 20 min. Sections then
were incubated with different solutions supplemented
in Masson’s Trichrome Stain Kit. At the end, the section
was dehydrated with 95% alcohol for 10 sec, two rinses
in anhydrous alcohol for 10 sec, and two rinses in xylene
for 1 min each. The sections were mounted with Neutral
balsam for imaging and fibrosis quantification. Muscle
fibrosis quantification was performed by using Image J.

Transmissive Electron Microscope

Take rat tibial anterior muscle tissue, wash it with

normal saline, immediately put it in a pre-chilled 2.5%
glutaraldehyde solution, and fix it overnight at 4°C. After
all tissues were fixed, the rat tibial anterior muscle tissue
was cut into tissue blocks of 1 mm ° size. Replace the
1% osmium acid solution, let it stand at 4°C for 2 h, and
wash 3 times again with 1 x PBS. The tissue samples to
be inspected were subjected to 50% (15 min), 70% (15
min), 80% (15 min), 90% (15 min), 95% (15 min), 100%
(20 min), 100% (20 min) ethanol layer dehydration.
After the transition of propylene oxide permeation,
the samples were embedded with resin, and ultra-thin
sections (thickness 70-90 nm) of lead citrate solution and
50% ethanol saturated solution of dioxy uranium acetate
were stained for 15 min respectively. Under transmission
electron microscope, images were collected to observe the
ultrastructure of tissue samples.

Data Processing and Statistical Methods

The data obtained from the experiment were expressed
by mean + standard error (Mean + SEM), and all data
were processed and statistically analyzed using GraphPad
Prism 6. The t-test was used for the comparison between
the mean values of the two groups of samples, and the
ANOVA test was used for the comparison between
the mean values of multiple groups of samples. P<0.05
indicates that the difference is statistically significant.

RESULTS
The Ingredients Contained in BYHWD

In order to study the main components of BYHW
Decoction, HPLC and LC-MS were used to detect the
contents of Isoflavones, Ferulic Acid, Paeoniflorin,
Ligustrazine and Astragaloside in the medicinal solution,
respectively. The analysis results showed that, the content
of Astragaloside in the decoction (3.78 mg/mL) (Fig.
I-A) is much larger than that of other components,

Standard solution mg/mil Detected concentration mg/ml

MRM of 2 channels ES+
78:

MRM of 2 channels,ES+
785.4 > 143,108
.

A HQJG
100 282

38479
3.95¢2 |

Standard solution mg/ml Detected concentration mg/ml

A Astragaloside
B Calycosin

C Paeoniflorin
D Ligustrazine
E Ferulic acid

concentration of ferulic acid

Fig 1. The concentration of the main components in BYHWD. A- The concentration of astragaloside; B- The
concentration of calycosin; C- The concentration of paeoniflorin; D- The concentration of ligustrazine; E- The
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Isoflavone (0.11 mg/mL) (Fig. 1-B), Ferulic Acid (0.14
mg/mL) (Fig. I-C), Paeoniflorin (1.48 mg/mL) (Fig. 1-D),
Ligustrazine (0.0063 mg/mL) (Fig. I-E). The experimental
results clearly indicate that astragaloside is the dominant
chemical substance that dissolves after the BYHW
decoction is boiled, suggesting that it may be one of the
key substances underlying the efficacy of this compound
formula. This also reflects the significant role of astragalus
as the principal herb in the formula.

Astragaloside Inhibits the Atrophy Level of Skeletal
Muscle After Nerve Injury

After determining the concentration of each component,
we tested the therapeutic effect of each component on
de-neuromuscular atrophy using mecobalamine tablets
as positive control in animal models. HE staining results
showed that compared with control group, muscle
tissue of each treatment group was damaged to varying
degrees, On the other hand, the degree of muscle tissue
loss was significantly reduced in the treatment group
compared with the blank model group (Fig. 2-A). Except
for the positive control of mecobalamine, Astragaloside
group was the closest to normal tissues in terms of
tissue morphology. The electron microscopy results
of muscle tissue were similar to those of HE (Fig. 2-B),
which indicates that Astragaloside may be the main
pharmacodynamic component.

Autophagy Plays an Important Role in Skeletal Muscle
Denervation Atrophy

Based on previous studies on skeletal muscle, the
ubiquitin-proteasome pathway or the autophagic
lysosome pathway is the most likely deep cause of skeletal

muscle denervation atrophy. To this end, we examined
and compared the expression levels of key proteins of
these two signaling pathways in normal tissues and model
tissues (Fig. 2-C). As shown in Fig. 2-C, the expression
level of LC311/Iand the ratio of LC31I/Iin the model group
were both increased, indicating the improved autophagy
level of muscle cells. During autophagy formation,
cytoplasmic type LC3 (LC3-I) will enzymolysis a small
section of polypeptide and transform into membrane type
(LC3-1I). The increase of LC3-II represents the initiation
of autophagy, and the LC3-II/I ratio can also estimate the
level of autophagy. These results suggests that autophagy
is the underlying cause of denervation atrophy in skeletal
muscle.

Astragaloside Fights Skeletal Muscle Denervation by
Inhibiting Muscle Autophagy

To verify this hypothesis, we treated animal model with
Astragaloside alone, with autophagy labeled protein
FOXO agonist as a control. The experimental results
showed that the muscle dry-wet ratio in the model group
was significantly improved after receiving Astragaloside
treatment, but the data of group E was significantly
decreased after the using of FOXO agonist (Fig. 3-A,B,C),
suggesting that the using of autophagy agonist could
inhibit the therapeutic effect of Astragaloside on skeletal
muscle denervation. Masson staining showed that the
blue collagen fiber tissue of Astragaloside group was
significantly less than that of model group, and the blue area
of FOXO agonist group showed obvious expansion (Fig.
3-D). Under electron microscope (Fig. 3-E), the number
of scattered autophagosomes in Astragaloside group was
significantly reduced, but the number of autophagosomes

Standard solution mg/mi Detected concentration mg/mi
MRM of 2 channels,ES+
7854 > 143.108

4.180e+003 400 HQJG

MRM of 2 Ghannels. ES+

785.4 > 143,108

A HQIG 4.949e+004
282

39479

D. !

Standard solution mg/ml Detected concentration mg/ml

A Astragaloside
B Calycosin

C Paeoniflorin
D Ligustrazine
E Ferulic acid

vs. the control group

Fig 2. Therapeutic effects of each monomeric component on skeletal muscle atrophy. A-H&E staining results of muscle
tissues after treatment in each group; B- Electron microscopic images of muscle tissue in each group after treatment;
C- Expression levels of key proteins in muscular atrophy related signaling pathways (M: Model) (**P<0.01, ***P<0.001
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Fig 3. Terapeutic effects of Astragaloside on skeletal muscle nerve injury.
A- The molecular structure of astragaloside; B- Morphology of tibial
anterior muscle in each group after treatment: C- The ratio of dry weight
and wet weight of anterior tibial muscle in each group after treatment;
D- Masson staining of tibial anterior muscle in each group after treatment;
E- Electron microscopic morphology of tibial anterior muscle in each
group after treatment. Yellow arrows: Autophagosome. *P<0.05, **P<0.01,
**P<0.001 vs. the control group

was significantly increased after the use of FOXO agonist.
These results suggest that Astragaloside inhibits skeletal
muscle denervation via lysosomal autophagy.

Astragaloside Inhibits Skeletal Muscle Denervation
Autophagy Through FOXO Related Pathway

Autophagy is a highly conserved and multi-step metabolic
process that maintains homeostasis of the intracellular
environment by degrading damaged proteins, cellular
metabolites and diseased organelles. The occurrence
and development of many diseases are associated with
changes in autophagy activity, and the autophagy related
gene microtubule-associated protein 1 light chain 3, LC3
and autophagy related gene-5 (ATGS5) are both important
genes involved in the regulation of autophagy activity. In
our results, the expression level of LC3 and Atg5 protein
were significantly upregulated after animal model was
established and down-regulated after treatment which
indicates us the important role of autophagy in skeletal
muscle denervation atrophy (Fig. 4-A,B). Besides, studies
have shown that FOXO can activate the autophagy
mechanism of different cell types by affecting the
expression of autophagy genes which including ATGS5.
Therefore, we used FOXO agonists as a distraction to
determine whether autophagy in muscle tissue after motor
nerve injury is mediated by changes in the FOXO pathway.
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Fig 4. Astragaloside regulates autophagy in skeletal muscle cells through
autophagy related pathway. A- Western Blot results of autophagy-related
proteins in tibial anterior muscle after treatment; B- Immunohistochemical
results of autophagy-related proteins in tibial anterior muscle after

treatment. *P<0.05, **P<0.01, ***P<0.001 vs. the control group

As predicted, the addition of FOXO agonists reversed the
efficacy of the treatment in both the mecobalamine and
astragaloside groups.

Di1sCcuUsSION

In this study, starting from the basic composition of
traditional Chinese medicine, the contents of the five
most important components in the BYHWD, Isoflavones,
Ferulic acid, Paeoniflorin, Ligustrazine and Astragaloside,
were detected by HPLC and LC-MS methods . All
monomers have a certain inhibitory effect on skeletal
muscle atrophy caused by nerve injury in vivo. Among
them, Astragaloside has the highest concentration
in decoction, and its monomer has the most obvious
inhibitory effect on muscle atrophy .. Pharmacologically
speaking, Astragaloside has many pharmacological
activities, it can effectively activate mononuclear
macrophage system, stimulate macrophage and T cell
function to play an antiviral effect; Astragaloside can
prevent adrenal hyperplasia and thymus atrophy in the
alert phase of stress response, and prevent abnormal
changes in the resistance phase and exhaustion phase
of stress response so as to play an anti-stress role .. In
addition, Astragaloside can also enhance cell metabolism,
promote blood circulation, and improve cardiopulmonary
function in some cases "',
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In terms of clinical research, Astragaloside has a good
curative effect in the treatment of the body after nerve
injury. Qietal."?'used BYHWD to feed rats after spinal cord
injury. The experimental results show that the decoction
can inhibit PAF. The application of BYHW significantly
improved the motor function of rats; the research results
of Zhao et al.'"® team on the gerbil model of ischemia-
reperfusion injury showed that BYHWD could protect
the nerve function of gerbils after reperfusion injury by
improving brain microcirculation. A study indicated that
BYHWD can inhibit the apoptosis of nerve cells caused
by hypoxia by eliminating reactive oxygen species and NO
(14 Qur results show that the inhibitory effect of BYHWD
on skeletal muscle denervation may be produced by
inhibiting skeletal muscle cell autophagy.

Whether it is the expression of autophagy-related proteins
after monomer treatment, or the immunohistochemical
results of autophagy-related proteins in tissues, and the
number of autophagy corpuscles in tissues under electron
microscopy, the results of autophagy-related detection
showed significant changes among the groups '*.. This also
directly affects the wet-to-weight ratio and cross-sectional
area of skeletal muscle after treatment. Autophagy is a
dynamic process through which cytoplasmic components
can be decomposed into basal components and then re-
entered into the cytoplasm for reuse !*. Autophagy is
also a major protective mechanism that allows cells to
survive a variety of stress conditions, such as nutrient
or growth factor deprivation, hypoxia, reactive oxygen
species (ROS), DNA damage, and more 7. MuRF-
1 encodes E3s ubiquitin ligase, which is essential for
protein ubiquitination degradation and determines the
degradation rate of this pathway "8l However, from the
detection results of samples, there was no significant
difference in the expression of MuRF-1 in normal tissue
and model group, but there was significant difference
in the expression of LC3, the signature protein of the
autophagic lysosome pathway 7). Under basic conditions,
low levels of autophagy exist in all types of cells, but stimuli
such as nutritional deficiencies or hypoxia may lead to up-
regulation of autophagy levels ).

After the injury of the common peroneal nerve, the
conduction of nerve impulses is hindered, resulting in
the disuse of some muscle fibers controlled downstream,
resulting in disuse muscular atrophy . At the same time,
the release of acetylcholine from the peripheral parts of the
damaged nerve fibers decreases, and sympathetic nerve
nutrition weakens, resulting in muscle atrophy 2!. Our
findings reveal a possible mechanism of muscle disuse
atrophy, that is, after motor nerve injury, downstream
skeletal muscle due to lack of nutritional factors in order to
maintain mixing, the level of autophagy in skeletal muscle
cells increases, and the number of muscle fibers decreases,

resulting in muscle atrophy. Combined with the research
results of Cheng et al.??, on the one hand, BYHWD
strengthened the microcirculation downstream of injury
and alleviated the lack of nutritional factors caused by
nerve injury, on the other hand, its main component,
Astragaloside, can effectively reduce the expression of
autophagy related proteins in skeletal muscle, thereby
inhibiting skeletal muscle atrophy.

Motor nerve injury induces muscle atrophy via autophagy
activation and nutrient deficiency. BYHWD alleviates
atrophy by improving microcirculation and its component
Astragaloside suppresses autophagy, offering a therapeutic
strategy for nerve injury-related muscle wasting.
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