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Effects of acupuncture on the miR-146a-mediated IRAK1/TRAF6/
NF-κB signaling pathway in rats with sarcopenia induced by 
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Background: Sarcopenia during aging is closely linked to sterile, low-grade, chronic inflammation. However, 
considering the increasingly aging global population, the effectiveness of existing treatments for sarcopenia is 
not exact, and acupuncture, as an effective anti-inflammatory therapy, has the potential to treat it.
Methods: Fifty Sprague-Dawley rats were randomly allocated into five groups, including Control group, 
D-galactose (D-gal) group, D-gal + acupuncture (DA) group, D-gal + non-acupoint (DN) group and D-gal 
amino acid mixture (DAA) group. An aging rat was model constructed using D-gal for 12 weeks. Rats in 
the control group received 0.9% physiological saline daily. Treatment groups were acupunctured or given 
amino acid mixture interventions daily, and lasted for last 4 consecutive weeks. The effects of acupuncture 
were evaluated by the hematoxylin and eosin staining (H&E), transmission electron microscopic (TEM) 
examination and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assays. The 
anti-inflammatory mechanism of acupuncture was studied by using the expressions of microRNA-146a 
(miR-146a) mediated nuclear factor-kappa B (NF-κB) signaling pathway-related proteins were detected by 
immunofluorescence, western blotting, quantitative real-time polymerase chain reaction (PCR) and enzyme-
linked immunosorbent assay (ELISA).
Results: Rats injected by D-galactose (D-gal) revealed apparent skeletal muscle atrophy with significantly 
reduced cross-sectional area and fiber diameter. In contrast, acupuncture treatment alleviated these hallmarks 
of skeletal muscle atrophy and mitigated the mitochondrial aberrations and skeletal muscle apoptosis in D-gal 
rats. In addition, acupuncture also downgraded the overexpression of inflammatory factors in skeletal muscle, 
influenced miR-146a and the target genes level, and inhibited NF-κB nuclear translation in D-gal rats.
Conclusions: Acupuncture may ameliorate skeletal muscle atrophy, and its effects may be associated with 
the control of mitochondrial function regulation and the suppression of inflammation.
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Introduction

Skeletal muscle is an essential tissue responsible for 
physical function and metabolic health. Age-related muscle 
atrophy leads to the reduction of muscle mass and function, 
a phenomenon termed sarcopenia, which impacts the 
life quality of the elderly by decreasing movement and 
increasing muscle weakness (1,2). Furthermore, sarcopenia 
is closely associated with many comorbidities, such as 
Parkinson’s disease, peptic ulcer disease, diabetes mellitus, 
and chronic obstructive pulmonary disease (3-6), which may 
clarify why it is linked to a variety of age-related outcomes, 
including cognitive impairment and a higher chance of 
hospitalization and all-cause mortality (7). Recent research 
has discovered a clear correlation between greater levels 
of circulating inflammatory markers and lower, decreasing 
levels of skeletal muscle mass (8).

Advancing age has been reported to be linked to a condition 
of chronic low-grade inflammation in various tissues (9), which 
is known as “inflammaging” and characterized by elevated 
levels of circulating pro-inflammatory mediators (10), including 
the cytokines interleukin 1β (IL-1β), tumor necrosis factor-α 
(TNF-α), and IL-6 (11,12). As an important transcription 
factor for apoptosis, immunity, and inflammation (13), nuclear 
factor-kappa B (NF-κB), as a decisive molecule in muscle 
atrophy (14), has been illustrated to be activated in multiple 
organs of the elderly and aging animals, including aged 

muscles (15,16). Age-related increases in NF-κB activity 
appear to be a common biological phenomenon, and 
NF-κB might be a pathogenic component for a variety 
of illnesses (17-19). Notably, NF-κB activation has been 
observed in D-galactose (D-gal)-induced aging models 
(20,21). MicroRNA-146a (miR-146a) was the first NF-κB-
dependent microRNA (miRNA) to be discovered (22), and 
has been found to downregulate the expression of typical 
NF-κB pathway proteins, such as the toll like receptor 4 
(TLR4), TNF receptor-associated factor 6 (TRAF6), and 
the IL-1 receptor-associated kinase 1 (IRAK1) (23,24). On 
the other hand, miR-146a also targets RelB, which plays a 
crucial role in the non-canonical NF-κB pathway (25,26). 
Accordingly, the capacity of miR-146a to influence the 
NF-κB pathways qualifies it as a candidate for biomarker 
inflammation. Moreover, targeted miR-146a deletion in mice 
can result in NF-κB-driven inflammation that arises naturally 
with aging, and upregulation of systemic inflammatory 
factors further leads to skeletal muscle atrophy (27,28). Over 
all, inflammation-related miR-146a level is directly related to 
muscle strength in the ageing creatures, and it is serving as 
critical bio-markers of age-related sarcopenia.

Mitochondria are key organelles regulating skeletal muscle 
metabolism and can damage or kill their hosts by producing 
reactive oxygen species (ROS) or pro-inflammatory signals (29),  
and mounting evidence suggests they are essential for 
inflammatory phenotype development (30). Pyrin domain 
containing 3 (NLRP3) inflammasomes belong to the NOD-
like receptor family, and evidence of their activation has 
been reported in a wide range of age-related conditions (31).  
Furthermore, a study suggested the ROS produced 
from mitochondria have a role in NLRP3 activation (32). 
In addition, mitochondrial ROS production has been 
demonstrated to impede protein synthesis via reducing 
phosphorylation of the 4e-binding protein and affecting the 
mammalian target of rapamycin (mTOR) assembly (33), 
causing significant disruptions in muscle remodeling and 
mitochondrial fission and inducing muscular atrophy (34).

Acupuncture, a traditional Chinese therapy with a 
history of over 3,000 years, has been increasingly used as an 
integrative or complementary therapy worldwide (35). As a 
low-cost, well-tolerated therapy with few and minor adverse 
effects, acupuncture has a certain regulatory influence on 
systemic inflammation (36-38). The anti-inflammatory 
impact of acupuncture is mediated through the activation 
of the immune response at acupoints (39), and evidence 
indicates expressions of NF-κB are downregulated and 
miR-146a is upregulated after acupuncture treatment 
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(40,41). Nevertheless, it remains unclear how acupuncture 
prevents sarcopenia and inflammaging. Here, we propose 
the hypothesis that acupuncture improves skeletal muscle 
atrophy and modulates the miR-146a-mediated TRAF6/NF-
κB signaling pathway to inhibit inflammatory responses. We 
present the following article in accordance with the ARRIVE 
reporting checklist (available at https://atm.amegroups.com/
article/view/10.21037/atm-22-6082/rc).

Methods

Experimental animals and environment

Fifty mature male Sprague-Dawley 8 weeks rats (body 
weight: 200±20 g) were acquired from the Shanghai 
SLAC Co., Ltd. (Shanghai, China). All experiments were 
performed under a project license (No. FJTCM IACUC 
2021053) granted by Ethics Committee of Fujian University 
of Traditional Chinese Medicine, in compliance with 
institutional guidelines for the care and use of animals. A 
protocol was prepared before the study without registration.

Standard laboratory settings were employed for rat 
housing, which included a constant humidity between 40% 
and 60%, a temperature of 22 ℃, and a light-dark cycle of 
12 hours. Each cage contained five rats, and food pellets 
and water were freely available. As listed in (Figure 1A),  
after adapting to the new environment for 4 weeks, rats 
aged approximately 12 weeks and weighing 330±20 g were 
uniquely numbered, and then randomly allotted into five 
groups (n=10 each group) grouped with SPSS without 
any other information or tendencies involved: control 

group (300 mg/kg/d 0.9% normal saline, subcutaneous 
injection); D-galactose group (D-gal group; 300 mg/kg/d 
D-gal, subcutaneous injection); D-gal acupuncture group 
(DA); D-gal non-acupoint control group (DN); and D-gal 
amino acid mixture group (DAA) (720 mg/kg/d, intragastric 
administration). In detail, rats in the D-gal, DA, DN, and 
DAA groups were injected subcutaneously in the nape of 
neck with 300 mg/kg of D-gal dissolved in saline solution 
(>99% purity; No. S11050; Yuanye Bio-Technology Co. Ltd., 
Shanghai, China) daily for 12 weeks, with the dosage of D-gal 
based on a previous study (42). Rats in the control group 
received 0.9% physiological saline solution (300 mg/kg/d, i.h) 
daily for 12 weeks. 

Interventions

In the DA, DN, and DAA groups, interventions commenced 
on the ninth week of the 12-week D-gal subcutaneous 
injection protocol. The molecular formula of D-gal is 
shown in Figure 1B. The fur of each rat in the DA and DN 
groups was shaved at the appropriate area using an electrical 
shaver before the first treatment to reveal acupoints or 
non-acupoints. Rats were wrapped in fitted and soft fabric 
materials and fastened in the prone position in a conscious 
condition using a self-made rat fixator during DA and DN 
therapy. Single-use sterile acupuncture needles 25 mm long 
and 0.25 mm in diameter were used. Rats in the DA group 
were administered acupuncture at the bilateral Weizhong 
(BL40; stab to a depth of 7–8 mm at the popliteal crease 
midway, and biceps femoris tendon and the semitendinosus 
tendon midpoint) and Shenshu (BL23; stab to a depth 

Figure 1 Flow chart and details of the experiment. Flow chart of this experiment (A). Molecular formula of D-galactose (B). Location map 
of BL23 and BL40 (C). D-gal, D-galactose; A, acupuncture; N, non-acupoint; AA, amino acid.
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of 4–5 mm at the point 7 mm lateral to the depression 
below the spinous processes of the two lumbar vertebra)  
(Figure 1C), while those in the DN group were administered 
the same treatment at another non-acupoint (localized  
5 mm below the BL40 acupoint). The acupuncture point 
locations on rats were identified according to comparative 
anatomy and experimental acupuncture science (43). Rats 
in the DA and DN groups received acupuncture for 30 min 
once daily with rotating manipulation administered every 
5 minutes for 10 seconds. At a rate of 90°/s, each needle 
was spun 90° bidirectionally. As a positive control, rats in 
the DAA group received a single gavage administration of 
amino acid mixture (720 mg/kg/d, mixed with deionized 
water) (Table 1). Intervening therapy was given once daily 
for 4 weeks with a break every 6 days.

Samples and preservation

This experiment was conducted over 16 weeks, at which point 
1% pentobarbital sodium (50 mg/kg) was intraperitoneal 
injected to anesthetize the rats. After dissecting the erector 
spinae, the blood was rinsed with saline, and a portion of 
the skeletal muscle was preserved in 4% paraformaldehyde 
for histological assessment. Another segment of the skeletal 
muscle was immediately cut into strips with a cross-sectional 
area of 1–2 mm3 according to the direction of muscle fibers, 
then fixed in 2.5% glutaraldehyde for 2 hours at room 
temperature followed by storage at 4 ℃ without light. 

For further bioassays, liquid nitrogen was used to snap-
freeze the remaining muscle tissue at −80 ℃ in a public 
refrigerator.

Grip strength test

The grip power of rats’ limbs was evaluated using a grip 
strength meter (XR-YLS-13A; XinRuan Co. Ltd., Shanghai, 
China). Rats were encouraged to grasp onto a metal grid  
(23 cm × 25 cm) then steadily dragged backward by the tail 
at a constant speed until they were unable to grip. Five trials 
were required of each rat, and the average result was noted 
as the rat’s grip strength. The experiment was performed at 
the end (week 12) of the trial.

Hematoxylin and eosin (H&E) staining 

The morphology of skeletal muscle fibers was explored 
utilizing H&E. Skeletal muscle was immediately harvested 
under anesthesia and rinsed in 0.9% saline after trimming 
adipose tissue and tendons. Subsequently, skeletal muscle 
was preserved in 4% paraformaldehyde for 24–48 hours 
(4 ℃), wrapped in paraffin after dehydration with gradient 
alcohol, then cut into 5-μm paraffinized sections. Slides 
were dewaxed by a gradient of xylene and alcohol and 
stained with an H&E kit (Solarbio Science Technology Co., 
Ltd., Beijing, China) to view the general muscle structure. 
All DNA/RNA structures bonded to and were stained blue 
by hematoxylin, while tissue proteins were counterstained 
pink by eosin. Once stained, the slides were covered with a 
coverslip before viewing. The average cross-sectional area 
and the gastrocnemius muscle fibers diameter were analyzed 
by Image Pro-Plus. 

Transmission electron microscopic examination 

A 1 mm3 sample of skeletal muscle was taken, fixed for  
2 hours in glutaraldehyde in phosphate buffer (2.5%), 
washed with a 1 mmol/L phosphoric acid solution, then 
fixed for 4 hours in osmium tetroxide (1%). The stones 
were precisely sliced into 0.07 mm thick portions, then 
3% uranylacetate and lead citrate were applied to stain 
the slices, which were then examined using a transmission 
electron microscope (JEOL JEM1400). 

Terminal deoxynucleotidyl transferase nick-end labeling

Paraffinized muscle (thickness, 5 μm) sections were dewaxed 

Table 1 Table of composition of mixed amino acids

Amino acids Rat dose, mg/0.2 g Rat dose, mg/kg

Leucine (LEU) 45 225

Lysine-HCl 23.4 117

Isoleucine (ILE) 22.5 112.5

Valine (VAL) 22.5 112.5

Threonine 12.6 63

Cysteine (CYS) 5.4 27

Histidine (HIS) 5.4 27

Phenylalanine (PHE) 3.6 18

Methionine (MET) 1.8 9

Tyrosine (TYR) 1.08 5.4

Tryptophan (TRP) 0.72 3.6

Total content 144 720
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by a gradient of xylene and alcohol, then phosphate 
buffered saline (PBS) was used to fix the muscle tissue 
for 20 minutes. We used a Tunel Kit (cat. No. G1504, 
Servicebio Biological Technology Co. Ltd., Wuhan, China) 
to stain the terminal deoxynucleotidyl transferase (dUTP) 
nick-end labeling (TUNEL), and TUNEL-positive cells 
were counted and expressed as a proportion of all nuclei in 
each section. Images were captured using 4',6-diamidino-
2-phenylindole (DAPI) and fluorescein filter blocks under a 
×400 objective Olympus fluorescent microscope (Olympus, 
Tokyo, Japan). At least 300 chosen cells from each group in 
each experiment were identified for quantification.

Immunofluorescence assay

Muscle slices (thickness, 5 μm) were infiltrated with 
anti-NF-κB antibody (1:200 cat. No. ab16502, Abcam). 
Immunoglobulins with identical concentrations and specific 
to different species served as the controls (Beyotime 
Biotechnology Co. Ltd., Shanghai, China). Slices were 
examined using a fluorescent microscope (Olympus) after 
being marked with the secondary antibody that was Cy3-
tagged. 

Western blot

S k e l e t a l  m u s c l e  w a s  h o m o g e n i z e d  i n  R a d i o 
Immunoprecipitation Assay (RIPA) lysis buffer containing 
phosphatase and protease inhibitors. Protein quantification 
was performed by bicinchoninic acid procedure protein assay 
(BCA), and sodium dodecyl-sulfate (SDS) polyacrylamide gel 
electrophoresis was used to isolate equal contents of protein 
(35 μg for each lane). After activation of the polyvinylidene 
fluoride (PVDF) membranes, the protein was transferred 
to the membranes under the condition that the membrane 
remained moist. A 5% skim milk solution was then used 
to block the membranes containing the target proteins 
for 2 h, before incubation with primary antibodies at 4 ℃ 
overnight, then secondary antibody (1:8,000) for 90 minutes.  
The membranes were imaged using the Bio-Image 
Analysis system using an improved chemiluminescence 
kit (Meilunbio, MA0186, Dalian, China). Reagents from 
Abcam were as follows: IRAK1 (1:1,000, cat. No. ab238), 
TRAF6 (1:1,000, cat. No. ab33915), phospho-NF-κB p65 
(1:1,000, cat. No. ab76302), NF-κB p65 (1:2,000, cat. No. 
ab16502), Akt (1:1,000, cat. No. ab8805) and phospho-Akt 
(1:1,000, cat. No. ab38449), glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) (1:6,000, cat. No. 60004-1-Ig, 

Proteintech Group Inc., Chicago, USA) 

Quantitative real-time polymerase chain reaction 

Total RNA of rat skeletal muscle (60–80 mg) was obtained 
using an extraction kit (cat. no. R401-01), and cDNA was 
created by the HiScript II 1st Strand cDNA Synthesis Kit 
(cat. No. R211-02). In a thermal cycler (ABI 7500, Thermo 
Fisher Scientific, Inc., Shanghai, China), quantitative real-
time polymerase chain reaction (qPCR) was conducted using 
a ChamQ Universal SYBR qPCR Master Mix (cat. No. 
Q711-02,). The reagents used above were obtained from 
the China Vazyme Biotech Co., Ltd. (Nanjing, China) Each 
sample’s level of U6 expression was evaluated to normalize 
gene expression for variations in RNA input, RNA quality, 
and reverse transcription efficiency, and the 2−ΔΔCt relative 
quantification technique was used to quantify the fold 
differences in miRNA expression levels across samples. 
The primer sequences (SunYa Biotechnology Co., Ltd., 
Zhejiang, China) were as follows (forward and reverse, 5'-
3'): U6, CTCGCTTCGGCAGCACATATACT (forward) 
and ACGCTTCACGAATTTGCGTGTC (reverse); miR-
146a-5p, CCGCGCTGAGAACTGAATTCCA (forward) 
and AGTGCAGGGTCCGAGGTATT (reverse) and GT
CGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACAACCCA (RT). 

Enzyme-linked immunosorbent assay (ELISA) of 
inflammatory factors in skeletal muscle 

The skeletal muscle tissues of rats in each group were 
homogenized by adding 0.3 mL of 9% normal saline 
every 10 g. The tissue supernatant was produced by 
centrifugation, and the concentration of the homogenate 
derived from the muscle was brought into equilibrium. We 
used an ELISA kit to detect the levels of IL-6, IL-1β, IL-10, 
and TNF-α. The measurements were conducted according 
to the instructions provided by the manufacturer (BOSTER 
Biological Technology Co. Ltd., Wuhan, China).

Statistical analysis

Data are expressed by the mean ± standard deviation (SD) 
or the standard error of the mean (SEM). Analysis of 
variance (ANOVA) analysis was used for group comparisons, 
and the least significant difference test (LSD-t) and Games-
Howell test were used to conduct the analysis of pairwise 
comparisons according to the results of homogeneity of 
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variance test. Data analysis was conducted using IBM SPSS 
Statistics 23.0 (IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NY, USA). A probability below 0.05 was 
considered statistically significant.

Results

Effect of acupuncture on atrophy in skeletal muscle

Rats receiving D-gal for 12 weeks showed a lower growth 
rate of B.W. and average peak grip strength than those in 
the control group (Figure 2A,2B). To better quantify the 
effects of acupuncture on skeletal muscle atrophy, skeletal 
muscle cross-sections were stained with H&E (Figure 2C) 
and showed rats in the D-gal group had smaller skeletal 
muscle area and diameter than normal rats (Figure 2D,2E, 
P<0.001 or P<0.05). In contrast, the cross-sectional area 

and skeletal muscle fiber diameter were higher after 
acupuncture and amino acid gavage treatments, indicating 
enhancement in the DA and DAA groups in comparison 
with the D-gal group but less improvement in the DN 
group (Figure 2D,2E; P<0.001 or P<0.05). In addition, the 
muscle fiber diameter in the DN group was shorter than the 
DA and DAA groups (Figure 2D,2E, P<0.05). These results 
indicated acupuncture could prevent D-gal from causing 
skeletal muscle atrophy by maintaining skeletal muscle mass 
and myofiber size. 

Effect of acupuncture on the ultrastructure of mitochondria 
in skeletal muscle

Skeletal muscle ultrastructure was examined by transmission 
electron microscopy (TEM). While mitochondria appeared 
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normal in the control group, D-gal-treated rats showed 
many swollen mitochondria and vacuoles and abnormal 
and/or poorly formed mitochondria. Acupuncture and 
mixed amino acid administration partially reversed the 
mitochondrial aberrations and reduced the formation of 
vacuoles induced by D-gal. However, acupuncture at non-
acupoints did not improve D-gal-induced mitochondrial 
aberration (Figure 3). Thus, D-gal exposure caused 
remarkable mitochondrial morphological distortion in 
skeletal muscle, and acupuncture effectively ameliorated the 
D-gal-induced mitochondrial morphological impairment in 
skeletal muscle.

Acupuncture reduced apoptosis in skeletal muscle

The apoptosis levels of skeletal muscle cells were assessed 
by TUNEL assay (Figure 4A). As shown in Figure 4B,4C, 
TUNEL staining results indicated the erector spinae in 
the D-gal group had substantially more apoptosis than 
the control group (P<0.001 or P<0.05), suggesting D-gal 
induction could accelerate skeletal muscle cells apoptosis. 
Compared to the D-gal group, the apoptotic cells number 
was greatly reduced by acupuncture and amino acid 
treatments (P<0.001 or P<0.05), while no obvious difference 
was observed in the apoptosis rate between the DN and 
the model groups. Therefore, acupuncture was efficient in 
reducing D-gal induced apoptosis in skeletal muscle cells.

Acupuncture reduced NF-κB p65 expression in skeletal 
muscle

NF-κB expression in the erector spinae sections of rats was 

analyzed by immunofluorescence (Figure 5A). Statistical 
analysis revealed the proportion of the positive cells and 
the area in skeletal muscle expressing positively for NF-
κB was considerably higher than in the control group 
(Figure 5B,5C, P<0.001) after D-gal induction. Moreover, 
the positive expression rates of NF-κB in the DA and DAA 
groups were lower than in the D-gal group (Figure 5B,5C, 
P<0.001 or P<0.01), but there was no difference in NF-κB 
downregulation in the DN group (Figure 5B,5C, P>0.05). 
These outcomes showed acupuncture could relieve skeletal 
muscle atrophy by reducing the expression of NF-κB, an 
inflammatory factor associated with aging.

Acupuncture reduced inflammatory factors levels in 
skeletal muscle homogenate

According to the results of the ELISA analysis, the 
expression of inflammatory factors (TNF-α, IL-6, IL-1, and 
IL-10) was elevated by D-gal (Figure 6A-6D; P<0.001). In 
contrast, inflammatory factor levels in the skeletal muscle 
homogenate of the DA and DAA groups were lower than in 
the D-gal group, but the downregulation was not obvious in 
the DN group (Figure 6A-6D, P>0.05). Thus, acupuncture 
could also reduce inflammatory factor expression in the 
skeletal muscle homogenate.

Acupuncture inhibited miR-146a-mediated activation of 
related pathways 

The results showed IRAK1/TRAF6/NF-κB levels were 
considerably elevated in the D-gal group (Figure 7A-7F; 
P<0.001, P<0.01, or P<0.05), while acupuncture prevented 

Control group D-gal group D-gal + A group D-gal + N group D-gal + AA group

500 nm 500 nm 500 nm 500 nm 500 nm

500 nm 500 nm 500 nm 500 nm 500 nm

Figure 3 The microstructure of skeletal muscle was observed by TEM, ×50,000. White arrows indicate mitochondria and black arrows 
indicate vacuoles. Red boxed sections in the upper panels are shown enlarged in the lower panels. TEM, transmission electron microscopy; 
D-gal, D-galactose; A, acupuncture; N, non-acupoint; AA, amino acid.
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Figure 4 Effect of acupuncture treatment on apoptosis in D-gal-induced aging skeletal muscle. (A) TUNEL-stained paraspinal muscle 
sections of rats in each group, ×400. (B) Evaluation of the percentage of TUNEL-positive muscle cells. (C) Percentage of positive area of 
apoptosis in skeletal muscle after treatments. ***, P<0.001, **, P<0.01 and *, P<0.05 relative to the control group; ###, P<0.001 and #, P<0.05 
relative to the D-gal group; ^^^, P<0.001 relative to the DA group; +++, P<0.001 relative to the DN group (n=5 for each group). DAPI, 
4',6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate; IOD, integrated option density; D-gal, D-galactose; A, acupuncture; N, 
non-acupoint; AA, amino acid; TUNEL, terminal deoxynucleotidyl transferase nick-end labeling; DA, D-gal acupuncture; DN, D-gal non-
acupoint. 

this increase (P<0.001, P<0.01, or P<0.05). However, 
by comparing the D-gal group with the DN group, no 
statistical difference between the two groups was seen 
(P>0.05). The miRNA level of miR-146a was reduced in 
the D-gal group (Figure 7G; P<0.001), but acupuncture and 
amino acid gavage mitigated its decline (P<0.001 or P<0.05). 
In addition, no obvious difference in the expression level of 
miR146a was seen between the non-acupoint acupuncture 
and D-gal groups (P>0.05). Notably, acupuncture could 
effectively downregulate the expression of the miR-146a-
mediated IRAK1/TRAF6/NF-κB pathway.

Discussion

As the global population ages, geriatric diseases become 
increasingly widespread. Sarcopenia is a disease of the 
skeletal muscle motor system with a high incidence and 
has been the focus of attention of researchers at home and 
abroad (44). This study aimed to determine if acupuncture 
could ameliorate aging-related skeletal muscle atrophy and 
alter the inflammaging process. To clarify this problem, 
Sprague-Dawley rats experiencing aging induced by D-gal 
were selected for the model group, and the morphological 
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results demonstrated the skeletal muscle fiber diameter 
and cross-sectional area were significantly reduced by 
D-gal. However, acupuncture could alleviate D-gal-
induced muscle atrophy, mitochondrial aberrations, 
and vacuole formation in rats. The results also revealed 
D-gal administration increased the number of apoptotic 
cells in skeletal muscle, and acupuncture could alleviate 
cell apoptosis. In addition, we performed Western blot 
and qPCR detection of associated indicators to further 
investigate whether acupuncture had a function in the miR-
146a-mediated NF-κB inflammatory pathway, and the 
results demonstrated it downregulated inflammatory factor 
expressions, including IL-10, IL-1β, TNF-α, and IL-6, and 
could also downregulate the miR-146a-mediated NF-κB-
related inflammatory pathway. 

Due to the complexity of pathophysiological alterations 
in sarcopenia, many existing animal models cannot 
completely simulate some risk factors or pathological 

changes in its pathogenesis. In contrast, subcutaneous 
injection of D-gal can affect the functional metabolism of 
cells by inducing oxidative stress and inflammation. This 
can reduce functions related to some important enzymes 
and induce biochemical changes similar to natural aging 
in experimental animals, which can be used for studying 
sarcopenia (45). In vitro investigations showed D-gal-
induced skeletal muscle atrophy was accompanied by 
decreased muscle strength and muscle mass and induced 
apoptosis and autophagy impairment (46,47), and consistent 
with prior results, our investigation revealed subcutaneous 
injection of D-gal for 12 weeks accelerated skeletal muscle 
atrophy in rats. Furthermore, this research also showed 
the weight gain and grip strength of the paws in rats were 
reduced by D-gal. 

Mitochondria are vital organelles in charge of regulating 
skeletal muscle metabolism. Moreover, muscle mass 
regulation, apoptosis susceptibility suppression, and 
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aerobic energy production management are all significantly 
influenced by mitochondrial turnover. Sarcopenia is 
partly caused by mitochondrial network dysregulation and 
decreased mitochondrial function (48). On one hand, the 
age-related impairment in signal transduction machinery 
sensitivity may enhance the decay rate of mitochondrial 
protein and mRNA, resulting in a decline in muscle 
mitochondrial plasticity (49). Notably, it has been shown 
that the buildup of damaged mitochondria causes motor 
neuron and muscle fiber death, emphasizing the significance 
of this process in the development of sarcopenia (50). On 
the other hand, during normal aging, muscle cells also 
experience the negative effects of fragmented mitochondria 
of low quality that generate excessive quantities of ROS, 
and are affected by fragmented mitochondria of low quality, 
creating excessive quantities of ROS (51,52), which might 
increase apoptosis in aged muscle (53,54). A previous study 
showed that under D-gal induction, muscle mitochondria 
were swollen and distorted, had obvious cristae disruption, 

and that more vacuoles appeared (47). Similar results 
were found in this study, which showed D-gal-induced 
mitochondrial malalignment and myocyte apoptosis 
were considerably higher in aged muscle than in normal 
muscular tissue. Additionally, the mitochondria of rats 
treated with acupuncture showed reduced mitochondrial 
swelling, disrupted cristae, and vacuole formation, although 
the disappearance of mitochondria remained unresolved. 
Notably, we found acupuncture could alleviate the muscle 
apoptosis rate of D-gal-induced aged skeletal muscle. These 
results imply acupuncture may postpone the skeletal muscle 
mitochondrial dysfunction caused by age to alleviate the 
apoptosis of the muscle nucleus and alleviate apoptosis.

Inflammation during aging has an impact on the onset 
of age-related illnesses such as sarcopenia (44). As a major 
mediator implicated in immunological and inflammatory 
responses, NF-κB content in the muscles of aged men 
was fourfold greater than that of young men (16), and the 
anterior tibialis of aged mice had an abnormal sustained 
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activation of NF-κB DNA binding activity during in vivo 
studies (15). A malignant inflammatory-muscular atrophy 
closed loop is formed with the nucleus translocation of the 
NF-κB p65 subunit during activation, causing the synthesis 
of inflammatory molecules including TNF-α and IL-6 
(55,56). Accordingly, elevated levels of NF-κB, TNF-α, as 
well as IL-6 in the bloodstream are linked to aging and are 
responsible for the pathogenesis of sarcopenia (14,57,58). 
The effectiveness of acupuncture in anti-inflammation is 
highlighted by the World Health Organization (WHO), 
which advises the therapy for 16 different types of 
inflammatory illnesses (39). Notably, acupuncture has been 
widely shown to attenuate inflammation by downregulating 
TLR4 and the myeloid differentiation primary response 
gene 88 (MyD88) (59), promoting Sirt1 levels (60) which 
consequently block the receptor activator of NF-κB, 
and lower downstream serum inflammatory cytokines 
production (39) Our findings are consistent with previous 
results that showed the expressions of NF-κB p65 and 
immune mediators like TNF-α, IL-6, IL-10, and IL-
1β in the skeletal muscle of rats were increased by D-gal 
lactose induction. Acupuncture inhibited the activation 
of these immune mediators and inflammatory factors. 

Immunofluorescence detection showed the expression 
of nucleus-localized NF-κB decreased significantly after 
acupuncture, which indicated it may reduce movement and 
activation of the NF-κB p65 nucleus translocation in aging 
skeletal muscle tissue.

Individual genetic make-up cannot solely account for 
the trajectory of inflammaging (61). Therefore, researchers 
have focused on the function of endogenous, non-coding 
miRNAs, which can regulate many pathophysiological 
processes, including cell proliferation, metabolism, 
and apoptosis in inflammaging (62). miR-146a shows a 
significant decline with aging in elderly individuals (63), 
and its overexpression may be generated both by replicative 
or stress-induced senescence and pro-inflammatory, 
highlighting its significant role in both inflammation and 
senescence (29,64). miR-146a has been shown to target 
molecules in the NF-κB pathway and is upregulated in 
response to diverse immunological mediators (65,22). 
It inhibits the expression of IRAK1 and TRAF6 after 
translation, both of which are identified as being its target 
genes (66). Indeed, an age-related decline in miR-146a leads 
to upregulated IRAK1 and TRAF6 level, which participate 
in the canonical NF-κB pathway, while increasing myosin 

lRAK1 

TRAF6 

p-NF-κB 

NF-κB 

p-Akt 

Akt 

GAPDH

Con D-gal DA DN

77 KD 

58 KD 

65 KD 

60 KD 

60 KD 

60 KD 

36 KD

Con D-gal DA DN

0.8

0.6

0.4

0.2

0.0

IR
A

K
1/

G
A

P
D

H

Con
tro

l

D-g
al

***

###

D-g
al 

+ A

D-g
al 

+ N

^^^

1.0

0.8

0.6

0.4

0.2

0.0

p-
A

kt
/G

A
P

D
H

Con
tro

l

D-g
al

***

###

D-g
al 

+ A

D-g
al 

+ N

^^^
1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

TR
A

F6
/G

A
P

D
H

Con
tro

l

D-g
al

***

##

D-g
al 

+ A

D-g
al 

+ N

1.2

1.0

0.8

0.6

0.4

0.2

0.0
N

F-
κ B

/G
A

P
D

H

Con
tro

l

D-g
al

**

##

D-g
al 

+ A

D-g
al 

+ N

^^

1.0

0.8

0.6

0.4

0.2

0.0

p-
N

F-
κ B

/G
A

P
D

H

Con
tro

l

D-g
al

*
#

D-g
al 

+ A

D-g
al 

+ N

1.1

1.0

0.9

0.8

0.7

0.6

0.5

m
iR

-1
46

a

Con
tro

l

D-g
al

***

###

D-g
al 

+ A

D-g
al 

+ N

^^^

A B C D

E F G

Figure 7 Acupuncture inhibited the secretion of inflammatory cytokines via the miR-146a-mediated TRAF6/NF-κB pathway. (A-F) 
Western blotting analysis of IRAK1/TRAF6/NF-κB/Akt protein in skeletal muscle after 4 weeks of treatment (n=5 each group). (G) The 
expression of miR-146a in the skeletal muscle of each rat group was detected by real-time quantitative PCR (n=6 each group). ***, P<0.001, 
**, P<0.01 and *, P<0.05 relative to the normal control group; ###, P<0.001, ##, P<0.01 and #, P<0.05 relative to the D-gal group; ^^^, P<0.001 
and ^^, P<0.01 relative to the DA group. Con, control; D-gal, D-galactose; DA, D-gal acupuncture; DN, D-gal non-acupoint; NF-κB, 
nuclear factor-kappa B; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; A, acupuncture; N, non-
acupoint.



Jin et al. Acupuncture for sarcopeniaPage 12 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(2):47 | https://dx.doi.org/10.21037/atm-22-6082

heavy chain ubiquitination and degradation, contributing to 
muscle atrophy, inhibition of muscle fiber regeneration, and 
the detrimental effects of inflammaging (11,67). Moreover, 
TRAF6 has been shown to activate Akt and mTOR, 
explaining how miR-146a influences both pathways (68).  
In D-gal-induced pro-aging rats, we discovered the 
expression of miR-146a was negatively correlated with NF-
κB. In other words, after 3 months of D-gal subcutaneous 
injection, the miR-146a level decreased in rat muscle, while 
NF-κB and its associated pathway components IRAK1/
TRAF6 were upregulated. Also, acupuncture upregulated 
miR-146a expression in D-gal-induced skeletal muscle 
of rats, and IRAK1/TRAF6/NF-κB signaling pathway 
activation and the overexpression of some inflammatory 
factors were reversed. This finding suggests miR-146a in 
skeletal muscle might be a potential target for acupuncture 
to control inflammation in the elderly. 

Above all, our investigation gives a new viewpoint on 
the mechanism behind the anti-inflammatory effectiveness 
of acupuncture, namely improving the systemic low-
grade inflammation caused by aging, and recommends 
acupuncture as a potential complementary therapy for 
sarcopenia. The specific mechanism of acupuncture to 
improve skeletal muscle atrophy may be achieved by may 
be achieved by reducing the apoptosis of muscle cells, 
improving the aberration of mitochondria due to aging, 
and exerting anti-inflammatory effects through miR-
146a-mediated IRAK1/TRAF6/NF-κB signaling pathway. 
However, our study gives evidence of association, not 
causation, since we did not prove whether acupuncture 
amel iora te s  D-ga l - induced  musc le  a t rophy  and 
inflammaging via the miR-146a-mediated IRAK1/TRAF6/
NF-κB pathway. Future research should investigate the 
precise mechanisms behind the benefits of acupuncture 
treatment on aging-induced skeletal muscle atrophy via the 
miR-146a-mediated NF-κB pathway.

Conclusions

The results of this study reveal that 4 weeks of acupuncture 
inhibited D-gal-induced skeletal muscle atrophy, delayed 
the age-induced mitochondrial dysfunction of skeletal 
muscle, and alleviated apoptosis of the muscle nucleus, 
which may have been mediated by upregulation of an 
enhanced miR-146a and downregulation of the diminished 
expression of the IRAK1/TRAF6/NF-κB pathway. 
Furthermore, targeting the miR-146a-mediated IRAK1/

TRAF6/NF-κB pathway by acupuncture treatment may 
have inhibited D-gal-induced skeletal muscle atrophy, 
which may provide an optimistic therapeutic strategy for 
less intrusive and more effective therapy for musculoskeletal 
disorders.
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