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INTRODUCTION 
 

Sarcopenia represents progressive loss of muscle mass, 
strength, and function with aging and is associated with 

adverse individual physical and metabolic changes [1]. 

This is a major threat to independent living for older 

adults [2]. In addition, sarcopenia imposes an economic 

burden on individual families as well as on public 

health and social care systems.  

 

Although there are many contributors to the 

development of sarcopenia, elevated inflammation in 

the skeletal muscles is a predisposing factor [3]. 

Inflammation induces muscle wasting through direct 
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ABSTRACT 
 

Dulaglutide, a glucagon-like peptide-1 receptor (GLP-1R) agonist, is widely used to treat diabetes. However, its 
effects on muscle wasting due to aging are poorly understood. In the current study, we investigated the 
therapeutic potential and underlying mechanism of dulaglutide in muscle wasting in aged mice. Dulaglutide 
improved muscle mass and strength in aged mice. Histological analysis revealed that the cross-sectional area of 
the tibialis anterior (TA) in the dulaglutide-treated group was thicker than that in the vehicle group. Moreover, 
dulaglutide increased the shift toward middle and large-sized fibers in both young and aged mice compared to 
the vehicle. Dulaglutide increased myofiber type I and type IIa in young (18.5% and 8.2%) and aged (1.8% and 
19.7%) mice, respectively, compared to the vehicle group. Peroxisome proliferator-activated receptor-gamma 
coactivator-1α (PGC-1α), a master regulator of mitochondrial biogenesis, decreased but increased by 
dulaglutide in aged mice. The expression of atrophic factors such as myostatin, atrogin-1, and muscle RING-
finger protein-1 was decreased in aged mice, whereas that of the myogenic factor, MyoD, was increased in both 
young and aged mice following dulaglutide treatment. In aged mice, optic atrophy-1 (OPA-1) protein was 
decreased, whereas Toll-like receptor-9 (TLR-9) and its targeting inflammatory cytokines (interleukin-6 [IL-6] 
and tumor necrosis factor-α [TNF-α]) were elevated in the TA and quadriceps (QD) muscles. In contrast, 
dulaglutide administration reversed this expression pattern, thereby significantly attenuating the expression of 
inflammatory cytokines in aged mice. These data suggest that dulaglutide may exert beneficial effects in the 
treatment of muscle wasting due to aging. 
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and indirect catabolic effects [4, 5]. Mitochondrial 

dysfunction is the main cause of increased cellular 

oxidative stress, followed by muscle wasting via an 

inflammatory response [6, 7]. Mitochondrial dynamics 

are critical for maintaining mitochondrial function [7, 

8]. Optic atrophy-1 (OPA-1) is an essential protein that 

promotes mitochondrial fusion [9]. In a mouse model of 

mitochondrial myopathy, overexpression of Opa-1 

protected against muscle loss and enhanced muscle 

function [10]. Conversely, specific deletion of Opa-1 in 

muscles led to oxidative and endoplasmic reticulum 

stress, thereby inducing muscle atrophy [11]. Redox-

sensitive transcription factors such as nuclear factor-

kappa B (NF-κB) are directly involved in inflammatory 

processes [4, 12, 13]. In addition, mitochondrial DNA 

released from impaired mitochondria stimulates Toll-

like receptor 9 (TLR-9) to induce inflammation [14].  

 

Glucagon-like peptide-1 (GLP-1) is best known as an 

incretin hormone that restores glucose homeostasis by 

stimulating insulin secretion and elevating β-cell 

survival [15]. However, it also has a broader range of 

physiological actions through its receptor, GLP-1R [16–

18]. GLP-1R is expressed in various tissues, including 

the pancreas, kidneys, and skeletal muscles [15, 19, 20]. 

In particular, the GLP-1R agonist, exendin-4, increases 

glucose uptake in the skeletal muscle of type 2 diabetic 

rats [21] as well as oxygen consumption and 

thermogenic gene expression in C2C12 muscle cells 

[22]. Recently, we reported that exendin-4 attenuates 

muscle atrophy in dexamethasone-induced muscle 

atrophy and chronic kidney disease-derived muscle 

atrophy models [23, 24].  

 

In the current study, we examined whether dulaglutide, 

a long-acting GLP-1R agonist, attenuates muscle 

atrophy in an aged mouse model and investigated the 

underlying mechanism. Our studies demonstrated that 

dulaglutide administration attenuated muscle wasting 

and restored muscle strength by reducing inflammation 

through the OPA-1-TLR-9 signaling pathway in the 

tibialis anterior (TA) and quadriceps (QD) muscles of 

aged mice. 

  

RESULTS 
 

Dulaglutide increases muscle weight in aged mice 

 

The initial body weight was higher in aged mice 

compared to that in young mice, but decreased 

following dulaglutide treatment in both the age groups 

(Figure 1A). The weight loss was maximum on the first 

day following dulaglutide administration and then 

gradually recovered over time in both young and aged 

mice (Figure 1A). Total muscle mass was remarkably 

lower in the aged mice than in young mice. However, 

dulaglutide treatment significantly increased the total 

muscle mass in aged mice, but had no effect on the total 

muscle mass in young mice (Figure 1B). Consistent 

with the data on total muscle mass, the weights of the 

TA and QD muscles in aged mice increased following 

dulaglutide treatment without any change in the body 

weight at the end of the experiment (Figure 1C). 

However, this effect was not significant in any of the 

muscle types in the young mice (Figure 1C).  

 

Dulaglutide increases muscle strength in aged mice 

by increasing the size of myofibers 

 

Dulaglutide treatment significantly enhanced the grip 

strength in both age groups, although the effect was 

greater in aged mice than in young mice (Figure 2A). 

Interestingly, the improvement in grip strength in young 

mice was accomplished without an increase in the total 

muscle mass (Figure 2A). H&E staining of TA muscle 

was performed to better characterize the effect of 

dulaglutide in reversing muscle atrophy in aged mice. As 

with grip strength, the cross-sectional area (CSA) of 

muscle fibers was increased by dulaglutide in both young 

and aged mice groups compared to that of the vehicle 

groups (Figure 2B, 2C). In addition, dulaglutide treatment 

shifted the distribution of muscle fiber size from small to 

large fibers in both aged and young mice compared to 

vehicle groups (Figure 2D). Furthermore, triple staining of 

the gastrocnemius (GA) showed that dulaglutide 

administration increased myofiber type IIa by up to 18.5% 

and 1.8% in young and aged mice, respectively, compared 

to the vehicle group. This increase was much higher in 

young mice. In addition, the amounts of type I muscle 

fibers increased by up to 8.2% and 19.7% in young and 

aged mice, respectively (Supplementary Figure 1A, 1B). 

Peroxisome proliferator-activated receptor-gamma 

coactivator-1α (PGC-1α), a master regulator of mito-

chondrial biogenesis, was significantly lower in aged 

mice than in young mice. However, dulaglutide 

administration increased the expression of PGC-1α 

to the same extent as that in TA of young mice 

(Supplementary Figure 1C).  

 

Dulaglutide decreases the expression of muscle 

atrophic factors in aged mice 

 

To examine the changes in the expression of myogenic 

and muscle atrophic factors in TA muscle of aged mice 

following dulaglutide treatment, we evaluated the 

expression of myostatin (MSTN), atrogin-1, and muscle 

RING-finger protein-1 (MuRF-1). The mRNA and 

protein levels of muscle atrophic factors, including 

MSTN, atrogin-1, and MuRF-1, increased in the aged 
mice, but decreased following dulaglutide treatment 

(Figure 3A, 3B). Intriguingly, there was no change in 

the levels in the young mice (Figure 3A, 3B). In 
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contrast, the mRNA levels of myogenic factors, MyoD 

and MyoG, were increased by dulaglutide in both aged 

and young mice (Supplementary Figure 2). While 

MyoD protein expression increased, there was no 

significant change in the protein expression of MyoG 

with dulaglutide treatment (Figure 3C).   

 

Dulaglutide attenuates inflammation and OPA-1-

TLR-9 signaling pathway in aged mice 

 

Given that age-associated loss of Opa-1 and 

upregulation of TLR-9 in muscle induce muscle atrophy 

[11, 25], we further investigated whether the expression 

of Opa-1 and TLR-9 is regulated by dulaglutide. The 

expression of Opa-1 was significantly decreased, 

whereas that of TLR-9 was increased in aged mice 

(Figure 4A). In contrast, dulaglutide administration 

reversed these expression patterns in the aged mice 

(Figure 4A). Notably, dulaglutide was not effective in 

the TA muscle in young mice (Figure 4A). The above 

finding led us to investigate whether expression of 

inflammatory cytokines was increased given the 

upregulation of TLR-9, because of its association with 

inflammation [26]. As expected, expression of IL-6 and 

TNF-α was elevated in aged mice compared to that in 

young mice. However, this increase was reduced 

following dulaglutide treatment in the TA muscle 

(Figure 4B). We further confirmed these findings  

in QD muscle, because of the small amount of TA 

muscle. As in the TA muscle, the expression of

 

 
 

Figure 1. Dulaglutide increases muscle weight in aged mice. (A) Body weight changes in mice (B) Total muscle weight and, (C) Weight 

of the five muscle types, including gastrocnemius (GA), tibialis anterior (TA), quadriceps (QD), extensor digitorum longus (EDL), and soleus 
(SOL). The muscle weights were normalized to the body weight (g). The total muscle weight indicates the sum of all muscle weight such as 
SOL, TA, QD, GA, and EDL. All values are expressed as the mean ± SE. Significant differences are indicated as ** p < 0.01 or * p < 0.05 
compared to young mice + vehicle or ## p < 0.01 or # p < 0.05 compared to aged mice + vehicle. N = 5–8/group. 
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TLR-9 and other inflammatory cytokines (such as IL-6 

and TNF-α) were significantly elevated in aged mice, 

but their expression was decreased by dulaglutide, 

unlike that of Opa-1 (Figure 4C).  

 

DISCUSSION 
 

We previously reported that the GLP-1R agonist, 

exendin-4, attenuates muscle atrophy in dexa-

methasone-induced and chronic kidney disease-derived 

muscle atrophy models [23]. Moreover, our recent study 

also demonstrated that dulaglutide treatment restores 

muscle fiber size, muscle mass, and muscle strength in a 

disuse muscle atrophy model [24]. In the current study, 

we further expanded our findings and proved that 

dulaglutide is also effective in age-induced muscle 

atrophy, as in sarcopenia. Mechanistically, dulaglutide 

treatment attenuated muscle atrophy in aged mice by 

decreasing OPA-1-TLR-9 mediated inflammatory 

responses and the E3 ubiquitin ligases, MuRF-1, and 

atrogin-1.  

 

GLP-1 receptor agonists lower blood glucose levels by 

stimulating insulin secretion in the pancreas [27] and 

reducing food intake by slowing gastric emptying [28]. 

Thus, the weight loss observed on the first day post-

dulaglutide administration was due to a reduction in 

food intake that was then gradually restored over time 

in the both young and aged mice in the present study. 

 

Age reduces the total muscle mass and strength [29, 

30]. In the case of aged gastrocnemius muscle, the ATP 

content is 50% lower than that in young animals, 

indicating that mitochondrial oxidative capacity 

decreases with age [31]. In the current study, the weight 

of all the muscle types assessed in aged mice was lower 

than that in young mice. Only TA and QD muscle mass 

significantly increased after 4 weeks of dulaglutide

 

 
 

Figure 2. Dulaglutide increases muscle function and myofiber size. (A) Grip strengths were normalized to body weight (g). (B) 

Representative image of hematoxylin and eosin (H&E) stained muscle tissues (C) Cross-sectional area (CSA) of TA muscle tissue. Magnification 
×200 (D) Muscle fiber size distribution. All values are expressed as the mean ± SE. Solid black line indicates young mice + vehicle, black dotted 
line indicates young mice + dulaglutide, solid red line indicates aged mice + vehicle, and red dotted line indicates aged mice + dulaglutide. 
Significant differences are indicated as ** p < 0.01 or * p < 0.05 compared to young mice + vehicle or aged mice + vehicle. N = 5–8/group. 
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treatment, indicating that these two muscle types are 

the main contributors to the increase in total muscle 

mass. Intriguingly, dulaglutide did not affect the 

muscle mass of any of the muscle types in young 

mice, but elevated the grip strength in both groups. 

Aging-associated changes in muscle fiber composition 

are associated with mitochondrial number and 

function [32]. Therefore, it is possible that muscle 

types predominantly containing slow-type oxidative 

fibers, such as QD, are more effective than muscle 

types that mainly contain fast-type glycolytic fibers 

such as the extensor digitorum longus (EDL) and TA 

during aging. Similarly, exendin-4 has been shown to 

increase mitochondrial biogenesis, number, and mass 

in rat insulinoma cells [33], indicating that dulaglutide 

may directly affect the mitochondria and the degree of 

effect is influenced by mitochondrial content in each 

muscle type. Consistent with this report, although the 

amount of PGC-1α, a master regulator of mito-

chondrial biogenesis, was significantly decreased in 

aged mice, dulaglutide administration increased the 

expression of PGC-1α to the same extent as that in 

young mice in the TA muscle. Another alternative 

explanation may be the differences in the expression 

levels of GLP-1 receptors in individual muscle types. 

However, further studies are required to address these 

questions precisely. In addition, our immuno-

fluorescence data further indicated that dulaglutide 

induced a muscle fiber switch from fast-type 

glycolytic fibers (type IIA, IIX, and IIB) to slow-type 

oxidative fibers (type I) in the GA muscle of aged 

mice. This may also enhance muscle strength and 

function without muscle mass. Taken together, these 

data indicate that dulaglutide may be involved not 

only in increasing the muscle mass, but also in the 

quality control of muscle tissues, such as  

via restoring mitochondrial function. The effect of 

dulaglutide on the quality control of muscle may  

be more effective in young mice, which  

further indicates that its effectiveness varies under 

different metabolic/physiologic conditions such as 

aging. 

 

Histological analysis of the TA muscles showed that the 

size of the fibers in both young and aged mice increased 

following dulaglutide administration. In particular,

 

 
 

Figure 3. Dulaglutide decreases muscle atrophic factors in aged mice. (A) mRNA expression of myostatin (MSTN), atrogin-1, and 

muscle RING-finger protein-1 (MuRF-1) in the TA muscle (B) Protein levels of MSTN, atrogin-1, and MuRF-1 in the TA muscle (C) Protein level 
of myogenic factors, MyoD and myogenin (MyoG) in the TA muscle. All values are expressed as the mean ± SE. Significant differences are 
indicated as ***p < 0.001, ** p < 0.01, or * p < 0.05 compared to young mice + vehicle or aged mice + vehicle. N = 5–8/group. 
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small sized fibers (1000–3000 μm2) were predominant 

in aged mice compared to that in young mice. However, 

this distribution pattern shifted toward middle and 

large-sized fibers following dulaglutide administration, 

consistent with the average CSA, indicating that 

dulaglutide stimulates muscle cell differentiation and 

muscle fiber thickness associated with increased muscle 

strength. This observation is consistent with that in our 

previous study using disuse mice [24].  

 

Aging is associated with an increase in the circulating 

levels of pro-inflammatory cytokines, such as IL-6 and 

TNF-α [34]. Several classical risk factors are regulated 

by these cytokines during muscle atrophy [35]. Studies 

have shown that administration of IL-6 or TNF-α in rats 

causes muscle breakdown, indicating that inflammation 

may be associated with the loss of muscle mass and 

muscle strength with aging [36]. MSTN, a negative 

regulator of muscle growth, induces muscle wasting 

through the regulation of MuRF-1 and atrogin-1 [37]. 

Our current data also showed that these muscle-specific 

E3 ligases were upregulated in aged mice, but inhibited 

following dulaglutide administration without any effect 

in young mice. In contrast, the mRNA expression of the 

myogenic factors was increased in both young and aged 

mice. However, we only observed an elevation in

 

 
 

Figure 4. Dulaglutide attenuates inflammation and downregulates the expression of OPA-1-TLR-9 signaling in aged mice. (A) 

Protein levels of OPA-1 and TLR-9 in TA muscle (B) mRNA expression of IL-6 and TNF-α in TA muscle (C) mRNA expression of Opa-1, TLR-9, IL-
6, and TNF-α in QD muscle. (D) Schematic diagram of the proposed mechanism of action of dulaglutide in muscle tissue. Our data suggest 
that dulaglutide mediated-GLP-1 receptor signaling may regulate muscle atrophy in aged mice via the following three independent and 
interconnected signaling pathways: 1) Dulaglutide stimulates PGC-1α, which in turn enhances mitochondrial biogenesis and function, 
subsequently suppressing endosomal TLR9 mediated NF-kB signaling cascades in muscle. This signaling involves an increase in 
proinflammatory cytokines and muscle atrophic factors expression. 2) The increase in proinflammatory cytokines activates myostatin 
signaling cascades and 3) NF-kB signaling cascades thereby inducing proinflammatory cytokines and muscle atrophic factors expression. In 
contrast, dulaglutide treatment suppresses these signaling pathways by regulating cAMP-PKA-NF-kB and AKT-FoxO. All values are expressed 
as the mean ± SE. Significant differences are indicated as ***p < 0.001, **p < 0.01, or *p < 0.05 compared to young mice + vehicle or aged 
mice + vehicle. N = 5–8/group. 
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MyoD at the protein level in the current study, unlike 

that in our previous reports using different mouse 

models of muscle atrophy [23, 24]. Collectively, these 

data indicate that dulaglutide may regulate certain risk 

factors that drive E3 ligase expression under 

pathophysiological conditions.  

 

Mitochondrial dysfunction is thought to play a critical 

role in the decline of muscle function [38]. OPA-1, a 

mitochondrial fusion protein, stabilizes mitochondrial 

DNA. In pathological conditions such as aging, 

mitochondrial alterations, such as a decrease in the total 

number or increase in oxidative damage, are increased 

in the skeletal muscle [39]. These biochemical and 

bioenergetic changes are due to a decrease in 

mitochondrial biogenesis and an increase in 

mitochondrial-mediated cell death [40–42]. Initial 

mitochondrial alterations activate TLR-9 by interacting 

with mtDNA, which induces or increases cellular 

inflammatory responses through activation of the 

TLR9/NF-κB pathway [13]. In particular, aging 

activates the TLR-9-MyD88-IL-6 pathway within the 

aorta in aged mice [11]. In skeletal muscle, ablation of 

Opa-1 leads to severe mitochondrial inflammatory 

myopathy by activation of TLR-9 [26]. Similarly, our 

current data showed that TLR-9 is activated in aged 

mice, and that its expression is significantly inhibited by 

dulaglutide, indicating that dulaglutide may regulate 

inflammatory response through the OPA-1-TLR-9 

signaling pathway.  

 

In conclusion, we found that dulaglutide, a long-acting 

GLP-1R agonist, has therapeutic effects on muscle 

atrophy in aged mice by regulating the OPA-1-TLR-9 

mediated inflammatory response and muscle-specific 

E3 ligase system (Figure 4D). These findings highlight 

the potential application of GLP-1R agonists in the 

treatment of aging associated muscle wasting. 

 

MATERIALS AND METHODS 
 

Animal models 

 

Young (4-month-old) and old (24-month-old) 

C57BL/6J male mice were purchased from the 

Laboratory Animal Resource Center at the Korea 

Research Institute of Bioscience and Biotechnology. 

The mice were housed at ~23 ± 1° C under 12 h 

light/dark cycle on a standard laboratory diet. All 

experimental procedures were approved by the 

Institutional Animal Care and Use Committee of the 

Gachon University. The mice were subcutaneously 

administered 600 µg/kg/week dulaglutide (Trulicity®) 

for 4 weeks. Body weight and food intake were assessed 

daily. The mice were weighed and humanely sacrificed 

after 4 weeks of treatment. The skeletal muscles and 

other tissues were collected and weighed. All samples 

were stored at -80° C until use. For histological 

analysis, some parts of the muscle tissues were fixed in 

10% neutral buffered formalin (NBF). 

 

Grip strength test 

 

Limb grip strength was measured in mice using a grip 

strength meter (BIO-G53, BIOSEB, FL, USA), as 

described in our previous studies [23, 24].  

 

Immunohistochemistry  

 

Serial transverse sections (8 μm) of paraffin embedded 

TA muscle samples were mounted on glass slides. 

Slides were stained with hematoxylin and eosin (H&E) 

and observed under a light microscope. The cross-

sectional area (CSA) was assessed using Image J 

software. 

 

Multicolor immunofluorescent staining 

 

The gastrocnemius (GA) muscles were immersed in an 

optimal cutting temperature solution immediately after 

dissection and frozen at −80° C. These optimal cutting 

temperature blocks were cut to a thickness of 10 μm. 

The tissues were fixed in 10% NBF for 20 min at room 

temperature and washed with phosphate-buffered saline. 

The fixed tissues were permeabilized at 25° C in 

phosphate-buffered saline containing 0.2% Triton X-

100 for 40 min. The tissues were incubated with protein 

blocking solution (Dako, CA, USA) at 25° C for 1 h. To 

characterize the fiber type composition of GA muscles, 

tissues were immunolabeled with the following mouse 

monoclonal antibodies (Developmental Studies 

Hybridoma Bank [DSHB], USA): anti-type I (BA-F8, 

mouse IgG2b), anti-type IIA (SC-71, mouse IgG1), and 

anti-type IIB (BF-F3, mouse IgM). The sections were 

incubated overnight at 4° C in a mixture of BA-F8, SC-

71, and BF-F3 antibodies (1:100). The sections were 

then incubated with secondary antibodies for 1 h at  

25° C: DyLight 405 rabbit anti-mouse IgG2B (for BA-

F8), Alexa Fluor 488-labeled goat anti-mouse IgG1 (for 

SC-71), and Alexa Fluor 555-labeled goat anti-mouse 

IgM (for BF-F3). Fluorescent images were taken at 

100× magnification using a laser scanning confocal 

microscope (A1 plus, Nikon, Tokyo, Japan). Myofiber 

CSA was analyzed using ImageJ software. Blue labeled 

fibers were identified as type I, green labeled fibers as 

type IIA, red labeled fibers as type IIB, and unlabeled 

fibers as type IIX. 

 

Real time polymerase chain reaction (RT-PCR) 

 

Gene expression was determined by quantitative RT-

PCR (qRT-PCR) using SYBR Green PCR Master Mix 
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(BIO-RAD system, USA), as described previously [23]. 

The primers used were as follows: TLR-9: 5'-ATG GTT 

CTC CGT CGA AGG ACT-3' (sense), 5'-GAG GCT 

TCA GCT CAC AGG G-3' (anti-sense), atrogin-1: 5'-

GCA AAC ACT GCC ACA TTC TCT C-3' (sense), 5'-

CTT GAG GGG AAA GTG AGA CG-3' (anti-sense), 

MuRF-1: 5'-TGA CCA CAG AGG GTA AAG-3' 

(sense), 5'-TGT CTC ACT CAT CTC CTT CTT C-3' 

(anti-sense), myostatin (MSTN): 5'-GGC CAT GAT 

CTT GCT GTA AC-3' (sense), 5'-TTG GGT GCG ATA 

ATC CAG TC-3' (anti-sense), Opa-1: 5'-ATA CTG 

GGA TCT GCT GTT GG-3' (sense), 5'-AAG TCA 

GGC ACA ATC CAC TT-3' (anti-sense), interleukin-6 

(IL-6): 5'-TCC ATC CAG TTG CCT TCT-3' (sense), 

5’-GGA GTG GTA TCC TCT GTG AA-3' (anti-sense), 

tumor necrosis factor-α (TNF-α): 5'-CCA ACG GCA 

TGG ATC TCA AAG ACA-3' (sense), 5'-TCC TCC 

CAT TCC AGG TAG GTG TTT-3' (anti-sense), 

cyclophilin: 5'-TGG AGA GCA CCA AGA CAG 

ACA-3' (sense), 5'-TGC CGG AGT CGA CAA TGA T-

3' (anti-sense). 

 

Western blot analysis 

 

Total protein was extracted from TA muscle tissue, and 

western blotting was performed as described previously 

[23]. The following antibodies were used: anti-MSTN 

(ab203076, Abcam, MA, USA), anti-MuRF-

1(ab172479, Abcam), anti-atrogin-1 (ab74023), anti-

myoblast determination protein 1 (MyoD) (sc-377460, 

Santa Cruz Biotechnology, CA, USA), anti-myogenin 

(sc-52903, Santa Cruz Biotechnology), anti-TLR-9 

(NBP2-24729; Novus Biologicals), anti-OPA-

1(#612606, BD Biosciences), anti-PGC-1α (ab54481, 

Abcam), and anti-GAPDH (sc-365062, Santa Cruz 

Biotechnology). The band density was quantified using 

ImageJ software and normalized to GAPDH.  

 

Statistical analysis 

 

All statistical analyses were performed using one-way 

or two-way analysis of variance using the IBM SPSS 

Statistics 19 program (IBM, NY, USA). All values are 

expressed as mean ± standard error (SE). Statistical 

significance was set at P < 0.05.  

 

Data availability statement 

 

Data are available from the corresponding author upon 
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SUPPLEMENTARY MATERIALS 
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Supplementary Figure 1. Changes in myosin heavy chain (MyHC) expression by dulaglutide treatment. (A) Representative 

images of MyHC immunofluorescence in gastrocnemius muscle tissues for the triple-labeling with MyHC-I (blue, Type I fibers), MyHC-IIA 
(green, Type IIa fibers), and MyHC-IIB (red, type IIb fibers). (B) Proportion of MyHC isoforms-specific fibers. (C) Protein levels of PGC-1α in the 
TA muscle. The data are presented as the mean ± SE. *p < 0.05, **p < 0.01. N = 4 /group. 
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Supplementary Figure 2. Dulaglutide treatment increases myogenic factors in both young and aged mice. (A) mRNA expression 
of MyoD in the TA muscle (B) mRNA expression of MyoG in the TA muscle. All values are expressed as the mean ± SE. Significant differences 
are indicated as **p < 0.01, or *p < 0.05 compared to young mice + vehicle or aged mice + vehicle. N = 5–8/group. 
 
 


