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Abstract 

 
Myonectin, also known as C1q tumor necrosis factor α related 

protein isoform 15 (CTRP15), is a type of myokine newly discovered in 

2012. Myonectin was related to muscle and lipid metabolism via its action 

on adipose tissue and liver, providing insight into complex tissue cross-talk. 

With the increase of myonectin, fatty acid transporters are activated which 

positively effects on lipid metabolism, and it draws attention to its role in 

chronic diseases such as obesity. Although the effect of myonectin on 

glucose and lipids metabolism has provided promising remedial 

opportunities, the molecular mechanisms of expression, secretion, and the 

action of myonectin have not been elucidated yet. Considering the 

characteristics of myonectin, which is predominantly secreted from skeletal 

muscles and regulated by the metabolic state, the research to evaluate 

exercise and diet restrictions in the metabolic disease model is needed. 

Therefore, this study compares the differences in expression levels of 

myonectin and fatty acid transporters between groups with exercise and diet 

restrictions treatment. 

Male C57BL/6 mice (n=36) were randomly assigned to six groups: 

normal diet feeding sedentary (CON) group, normal diet feeding exercise 

(CON+EX) group, high-fat high-sucrose (HFHS) diet-fed sedentary group, 

HFHS diet-fed exercise (HFHS+EX) group, Normal Diet (ND) after feeding 

8 weeks of HFHS diet sedentary group, and normal diet-fed exercise 
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(ND+EX) group. In order to induce metabolic abnormalities, high-fat high-

sucrose diets were supplied for 8 weeks, followed by 8 weeks of aerobic 

exercise interventions and dietary restrictions depending on the group. To 

evaluate the effect of exercise and diet control in obese mouse, myonectin 

and molecules involved in skeletal muscle fat metabolism were analyzed. 

Myonectin and fatty acid transporters gene expression in mice were assessed 

by real time-quantitative polymerase chain reaction (RT-qPCR) performed 

on liver and soleus muscle. Total protein expression level of myonectin was 

evaluated by using western blot. 

Both RNA and protein level of myonectin was significantly 

increased in the CON+EX group than the CON group, suggesting the effect 

of exercise on myonectin secretion. However, in the HFHS+EX group, 

which continued high-fat high-sucrose diets with exercise treatment, 

myonectin level expression was not significantly increase compared to the 

HFHS group. The ND and ND+EX groups, which changed to -a normal diet 

after induced metabolic abnormalities, showed no significant differences in 

myonectin expression levels between groups, but higher than HFHS and 

HFHS+EX groups. FABP1 and FATP1, which help transport fatty acid into 

cells, showed no significant differences between HFHS+EX and HFHS, but 

it tended to increase in NDEX groups compared to ND groups.  

Although exercise is recommended as one of the positive tools for 

obesity, exercise alone could not change the lipid metabolic factors for 

obese mice. However, when exercise combined with diet control, the 
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increase of myonectin with fatty acid transporter genes were observed. The 

combination of diet and exercise has a positive effect on lipid metabolism, 

which is expected to play a therapeutic role in obesity. 
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Ⅰ. Introduction 
 

 

1.1. Significance of Research 

 

Rapid economic growth and globalization have changed the diet habit very 

rapidly, leading to a significant increase in the prevalence of metabolic diseases. 

Obesity caused by imbalance in energy metabolism is a high risk factor that 

increases the risk of other chronic diseases such as high blood pressure, diabetes, 

dyslipidemia, cardiovascular disease, etc. (Buettner, Schölmerich, & Bollheimer, 

2007). Especially, dyslipidemia is one of the most common complications from 

obesity. The primary dyslipidemia related to obesity is characterized by increased 

triglycerides, decreased HDL levels, and abnormal LDL composition (Howard, 

Ruotolo, & Robbins, 2003). 

The main cause of obesity is an imbalance between calories consumed and 

calories expended (Fock & Khoo, 2013). The risk of developing overweight and 

obesity depends on lifestyle factors such as food intake (Micha et al., 2017) and 

physical activity levels (Gustat, Srinivasan, Elkasabany, & Berenson, 2002; 

Manuela Crispim Nascimento et al., 2014; Pietiläinen et al., 2008). Therefore, 

treatment for overweight and obesity commonly involves diet and exercise 

(Curioni & Lourenco, 2005; Shaw, Gennat, O'Rourke, & Del Mar, 2006). 

Exercise induces myokine which are produced and secreted by skeletal muscle. 

Myokine has been suggested as a mediator in crosstalk interaction among organs 

such as skeletal muscle, adipose tissue and liver (Argilés, López-Soriano, 

Almendro, Busquets, & López-Soriano, 2005). This mediator, therefore, could be 
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involved in interceding the multiple health benefits of exercise (Bente K. Pedersen, 

2011). 

Myonectin, also known as C1q tumor necrosis factor α related protein isoform 

15 (CTRP15), is a newly discovered type of myokine in 2012 (Seldin, M.M., et al., 

2012). Myonectin is not only related to regulate iron homeostasis (Kautz et al., 

2014), but also related to muscle and lipid metabolism via its action on adipose 

tissue and liver, providing insight into complex tissue crosstalk (Seldin, M.M., et 

al., 2012). With the increase of myonectin, fatty acid transporters are activated 

which positively affect on lipid metabolism, and it draws attention to its role in 

chronic diseases such as obesity. Although the effect of myonectin on glucose and 

lipid metabolism has provided promising remedial opportunities, the molecular 

mechanisms of expression, secretion, and the action of myonectin have not been 

elucidated yet. Considering the characteristics of myonectin, which is 

predominantly secreted from skeletal muscles and regulated by the metabolic state, 

the research to evaluate exercise and diet restrictions in the metabolic disease 

model is needed. Therefore, this study compares the differences in expression 

levels of myonectin and fatty acid transporters between groups with exercise and 

diet control treatment. 
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1.2. Purpose of Research 

 

This study is designed to evaluate the effects of 8-week aerobic exercise 

and diet control on expression of myonectin and fatty acid transport genes in obese 

mouse induced by high fat high sucrose. This study is aimed to investigate the 

effects and physiological functions of myonectin on the profile of adipose 

metabolism in skeletal muscle and liver in obese mouse model via exercise and 

dietary restriction intervention and explains inter-tissue crosstalk on the integrated 

regulation of whole-body metabolism. 



 

 ４ 

1.3. Research Hypothesis 

 

The hypotheses of this study were: 

1) 8-week aerobic exercise will upregulate the expression level of 

myonectin and fatty acid transporters in liver and skeletal muscle.  

2) Combination of dietary restriction and exercise intervention will 

increase myonectin and fatty acid transporters than exercise alone in obese mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The hypothesis of current study 
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Ⅱ. Background 

2.1. Obesity 

 

2.1.1. Prevalence of obesity 

 

Overweight and obesity are important public health problems and are 

associated with many serious health conditions (Shaw et al., 2006). Obesity and its 

associated conditions such as insulin resistance, type 2 diabetes, dyslipidemia, and 

steatosis hepatis, termed as the metabolic syndrome, represent major challenges for 

basic science and clinical research (Buettner et al., 2007). Especially, dyslipidemia 

is one of the most common complications from obesity. The primary dyslipidemia 

related to obesity is characterized by increased triglycerides, decreased HDL levels, 

and abnormal LDL composition (Howard, Ruotolo, & Robbins, 2003). Dysfunction 

of lipid metabolic system worsen the obesity. Therefore, appropriate treatment to 

improve lipid metabolism should be given to obese individuals. The risk of 

developing overweight and obesity depends on lifestyle factors such as food intake 

(Micha et al., 2017) and physical activity levels (Gustat et al., 2002; Pietiläinen et 

al., 2008). Therefore, treatment for overweight and obesity commonly involves diet 

and exercise (Curioni & Lourenco, 2005; Shaw et al., 2006). 
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2.1.2. Exercise and obesity 

 

Exercise is known as a common prescription to reduce abdominal adipose 

deposition and obesity (Mozaffarian, Hao, Rimm, Willett, & Hu, 2011). Aerobic 

exercise has presented numerous positive effects on body composition, insulin 

sensitivity and glucose homeostasis in obesity (Andersen et al., 1999). A long term 

of aerobic exercise training reduces hepatic fat accumulation, insulin resistance 

(van der Heijden et al., 2010), LDL-C level, fat mass, and HOMA-IR measurement 

in obese subjects (Fenkci, Sarsan, Rota, & Ardic, 2006). Exercise is widely used as 

a non-therapeutic intervention since it is relatively safer than surgery or medication 

in terms of obesity treatment. 

 

 

2.1.3. Dietary change and obesity 

 

Dietary change is an effective means of reducing body weight. Increasing 

fat intake results in the efficient accumulation of body fat, which is relatively 

unopposed until adipose tissue sufficiently expands such that daily lipolysis 

increases to elevate circulating fatty acids and balance fat oxidation with fat intake 

(Flatt, 1995; Hall, 2018). The long-term of high sugar consumption not only 

contribute to obesity but also elevates the stress hormone and inflammatory cells 

and dysregulate immunological function (Choi et al., 2017). Low calories diet has 

been reported to reduce the visceral fat and insulin resistance (Larson-Meyer et al., 

2006) and low fat diet produce weight loss in overweight subjects (Astrup et al., 

2000). Therefore, healthy diet is essential to prevent excessive fat accumulation. 
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2.1.4. Exercise, diet control, and obesity 

 

The combined diet and exercise intervention was significantly more 

effective than diet or exercise alone in the treatment of the metabolic syndrome 

(Andersen et al., 1999). Either high-fat or high-fat high-sucrose liquid (HFHS) lead 

to mitochondrial dysfunction (Bonnard et al., 2008; J. H. Lee, Zhang, Kwak, Shin, 

& Song, 2021), neuromuscular dysfunction (S.-R. Lee et al., 2015), and lower 

exercise capacity of skeletal muscle (Suga et al., 2014). 8 weeks of exercise and 

diet control was beneficial in reducing body weight, improving the lipid profile and 

increasing the level of PGC-1α in obese conditions (J. H. Lee, Zhang, Kwak, Shin, 

& Song, 2021). Additionally, Zhang D et al showed the combination of exercise 

and diet control activated mitophagy-related proteins and restored muscle function, 

mitochondrial oxidative function. and assimilation of fat and glucose in the muscle. 

These results can partially explain that the diet control and exercise is beneficial to 

improve mitochondrial dynamic, energy metabolism, lipid profile and muscle 

function in obese mouse. 
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2.2. Myokine  

 
Myokines are cytokines or peptides synthesized and released by myocytes 

in muscle tissue in response to muscular contractions (Bente Klarlund Pedersen, 

Akerstrom, Nielsen, & Fischer, 2007). Myokines are implicated in the autocrine 

regulation of metabolism in muscles as well as in the para/endocrine regulation of 

other tissues and organs including the adipose tissue, liver, and brain (Carson, 

2017; Ost, Coleman, Kasch, Klaus, & Medicine, 2016). About 650 different types 

of myokine have been identified, and it has shown the effects of control in lipid 

metabolism, skeletal muscle atrophy and hypertrophy, increased immunity, 

improved insulin sensitivity, decreased tumor size, and improved cognitive 

function (Kwak et al., 2019; Bente K. Pedersen, 2011). Due to its importance roles, 

numerous new potential exercises induced myokines have been identified. 

Myonectin, newly discovered myokine in 2012, is known to be related to lipid 

metabolism (Seldin, Peterson, Byerly, Wei, & Wong, 2012), but since its receptors 

have not yet been identified, its mechanism also has not been clearly established. 
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2.3. Myonectin 

 

2.3.1. Roles of myonectin in iron homeostasis 

 
Myonectin was originally referred to as Fam132b and the product 

encoded by this gene was previously identified as Erythroferrone (ERFE) (Kautz et 

al., 2014a). ERFE acts directly on the liver to suppress hepcidin (Kautz et al., 

2014b). As ERFE is the main erythroid regulator of hepcidin, the homeostatic 

hormone controlling plasma iron levels and total body iron (Srole & Ganz, 2021). 

Studies in ERFE knockout mice showed that the loss of ERFE impairs the 

erythropoietic response during physiologic conditions such as rapid growth or after 

the pathological stress of blood loss, in which erythropoiesis is constrained by 

decreased iron availability, but that ERFE is not required for resting erythropoiesis 

in adult mice. Thus, ERFE is a mediator of the response to erythropoietic stress, 

suppressing hepcidin to promote the mobilization of stored iron and the absorption 

of dietary iron, so that the increased iron demands of developing erythrocytes can 

be met (Coffey & Ganz, 2018).  
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2.3.2. Roles of myonectin in lipid metabolism  

 
Myonectin, also known as C1q tumor necrosis factor α related protein 

isoform 15 (CTRP15), is a newly discovered type of myokine in 2012 (Seldin, 

M.M., et al., 2012). CTRP 1 to 14 are secreted by adipose tissue and their roles are 

similar to adiponectin (Schäffler & Buechler, 2012), however, myonectin 

(CTRP15) is highly secreted in differentiated myotubes and predominantly 

expressed by skeletal muscle. Circulating levels of myonectin were tightly 

regulated by the metabolic state; fasting suppressed but refeeding dramatically 

increased (Seldin et al., 2012). Especially, endurance training elevates the 

expression level of myonectin in soleus muscle which is slow twitch muscle 

(Seldin et al., 2012). Due to the metabolic characteristics of myonectin, many 

studies have been conducted in metabolic disease models such as obesity and type 

2 diabetes (Li et al., 2018; Pourranjbar, Arabnejad, Naderipour, Rafie, & life, 2018). 

Myonectin reduces the blood FFA concentration, which has similar role 

with insulin, as it activates the expression of fatty acid transport genes such as 

CD36, FATP1, FABP1 and FABP4, thereby facilitating the absorption of fatty acids 

into cells (Seldin et al., 2012). 

According to early stage of myonectin research, myonectin, expressed in 

skeletal muscle in response to metabolic states, may support the idea that skeletal 

muscle is interacting with the adipose tissue in regulation of lipid metabolism and 

maintenance of the lipid homeostasis. It suggests a potential role of myonectin in 

metabolic crosstalk of muscle and adipose tissues (Seldin et al., 2012). 
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2.3.3. Roles of myonectin in liver autophagy and 

heart protection 

 

Recently, new roles of myonectin have been reported. According to Seldin, 

M.M., et al (2013), who introduced myonectin in 2012, conducted a research on 

liver autophagy with myonectin regulation. As a result, myonectin activates the 

Akt/mTOR signaling mechanism, inhibiting the expression of several autophagy 

factors such as LC3 and p62, and consequently the injection of myonectin inhibited 

autophagy in the liver. These results revealed that myonectin plays a role in 

regulating liver autophagy, emphasizing the effect of hormone control on inter-

tissue crosstalk in maintaining whole body homeostasis (Seldin et al., 2013). It 

provides evidence of direct endocrine control between skeletal muscle and liver. 

Another study identified the role of myonectin in the heart protection. 

Myonectin, which secreted by the skeletal muscles during exercise, has been 

shown to activate the S1P/cAMP/Akt signaling pathway to prevent acute ischemia 

in the heart by reducing macrophage and inflammation of macrophages (Otaka et 

al., 2018). In summary, recent studies show that myonectin promotes the 

expression of Akt/mTOR, inhibits autophagy in the liver, reduces macrophage 

inflammation and apoptosis in the cardiac muscle. 

To sum up, previous studies have shown that myonectin plays various 

roles in liver, heart, and adipose tissues. When approached from a metabolic point 

of view, myonectin, which is responsible for activating fatty acid transport genes to 

uptake FFA in tissues, can be used as an important biomarker for metabolic 

diseases and is expected to play a potential role in inter-tissue crosstalk.  
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2.4. Roles of fatty acid transporters in lipid 

metabolism 

 
Fat is a major energy source for skeletal muscle. Lipase enzymes break 

down fat into fatty acids and glycerol. Long chain fatty acids (LCFAs) are 

transported into the cell via a protein-mediated mechanism, involving fatty acid 

translocase/CD36 (FAT/CD36), plasma-membrane-associated fatty acid binding 

protein, and fatty acid transport protein (FATP1-6) (A. Bonen, Chabowski, Luiken, 

& Glatz, 2007). Once inside the cell, they should transport into mitochondrial 

matrix to mobilize fatty acid into energy production by β-oxidation. This step is 

controlled by the carnitine palmitoyl transferase (CPT) system, consisting of CPT1, 

acylcarnitine translocase, and CPT2 (McGarry & Brown, 1997).  

Previous studies have shown that mRNA or/and protein expression of 

FAT/CD36 and CPT1 in the skeletal muscle increases after short-term exercise with 

a normal diet (Talanian et al., 2010; Tunstall et al., 2002). According to (Yun, Lee, 

& Jeong, 2020), fatty acid transporters may be enhanced to facilitate the entry of 

fat into the skeletal muscle cells for fatty acid oxidation during endurance exercise. 

Reportedly, the mRNA or/and protein levels of FAT/CD36 in the skeletal muscles 

of rats and humans increased with short-term feeding of a high-fat diet (HFD) 

(Arkinstall, Tunstall, Cameron-Smith, Hawley, & Metabolism, 2004; Arend Bonen 

et al., 2015). These studies demonstrated that the molecules involved in energy 

metabolism may be regulated by diet and exercise. It has been shown that not only 

FAT/CD36, but also FATP1 could increase the efficiency of the mitochondria to 

oxidize fatty acids in collaboration with CPT1 (Sebastián et al., 2009).  
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2.5. Changes in gene expression of myonectin and 

fatty acid transporters by exercise and diet control 

interventions in obese mouse model 

 

Obesity caused by physical inactivity and excessive energy intake induces 

dysfunction of lipid metabolism (Rudnicki et al., 2018). Excess FFA in blood can 

produce lipid droplets in hepatocytes, resulting in non-alcoholic fatty liver failure 

(Mato, Alonso, Noureddin, & Lu, 2019). Blood FFA also increases insulin 

resistance, causing problems not only for fat oxidation, but also for glucose 

homeostasis (Rudnicki et al., 2018). Non-surgical treatment of obesity is most 

often approached in terms of physical activity and diet, which are two factors 

inducing obesity, to improve body fat reduction and fat metabolism through healthy 

eating and exercise (Zapico et al., 2012). 

According to the function of myonectin related to lipid metabolism, it is 

expected to play an important role in lipid uptake, which is improved through 

exercise and dietary restrictions, but there has been no research related to those 

effecting factors. 

Myonectin has received much attention in the past decade, but it has not 

yet been established whether myonectin can improve lipid metabolism in obese 

mouse with diet control and exercise. Considering the characteristics of myonectin, 

which is predominantly secreted from skeletal muscles and regulated by the 

metabolic state, the research to evaluate exercise and diet restrictions in the obese 

model is needed.  
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Ⅲ. Methods 
 

 

3.1. Animals 

 

Male C57Bl/6 mice, 4 weeks old (n=36) were purchased from Central Lab. 

Three or four mice were housed per cage under constant temperature (22±2℃), 

humidity (55-60%) with a 12-light/12-dark lightning  cycle in a specific 

pathogen-free (SPF) animal facility. After 1-week acclimation period, all mice were 

individually caged and switched to a high- fat high-sucrose group (HFHS, 60% fat 

diet and 24% sucrose liquid, n=24) or a control diet group (CON, normal diet and 

sucrose liquid, n=12) for 8 weeks to induce obesity. And then the CON group were 

randomly assigned to two group: 

Ⅰ) CON, a group received a normal diet with plain water group (n=6); 

Ⅱ) CON+EX, an exercise group received a normal diet with plain water group 

(n=6). 

The HSHF group were randomly assigned to: 

Ⅰ) HFHS (high-fat high-sucrose), a group received a high-fat diet with sucrose 

liquid (n=6); 

Ⅱ) HFHS+EX (high-fat high-sucrose + exercise), an exercise group received a 

high-fat diet with sucrose liquid (n=6); 

Ⅲ) ND (normal diet), a group received a normal diet with plain water (n=6); 

Ⅳ) ND+EX (normal diet + exercise), an exercise group received a normal diet 

with plain water (n=6). 
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All mice in each group were assigned to biological detection. The high-fat 

diet was purchased from Research Diets (D12492), and the sucrose was purchased 

from Central Lab. Animal Inc(Table 1). All groups were allowed to eat ad libitum. 

National Institutes of Health guidelines for the care and use of laboratory animals 

were strictly followed, and all experiments were approved by the Animal Care and 

Use Committee (IACUC: SNU-1705189) at Seoul National University 
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Table. 1 Research group 

 

 

 

 

Table. 2 Dietary composition 

 

Group name 
Intervention 

Diet Exercise 

CON Normal diet No 

CON+EX Normal diet Treadmill 

8 weeks of High-Fat High-Sucrose Diet ↓ 

HFHS High-fat high-sucrose  No 

HFHS+EX High-fat high-sucrose  Treadmill 

ND Normal diet No 

ND+EX Normal diet Treadmill 

Diet: Research Diets, Inc 
High fat diet 

(#D12492) 

Normal fat diet 

(#D12450) 

Protein (kcal%) 20 20 

Carbohydrate (kcal%) 20 70 

Fat (kcal%) 60 10 

Total kcal/gram 5.24 3.85 

Sucrose concentration (%) 
Saccharose  

(7501-4400) 

Deionized water 

(DW) 

Sucrose concentration (%) 24 0 

Total kcal/gram 0.96 0 
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Male, C5BL/6 mice (n=36), 4 week 

8-week diet intervention 

HFHS: high-fat diet + 24% sucrose liquid feeding (n=24) 

8-week intervention 

CON: low-fat diet + plain 
water feeding (n=12) 

CON 
(n=6) 

CON+EX 
(n=6) 

HFHS 
(n=6) 

HFHS+EX 
(n=6) 

ND 
(n=6) 

ND+EX 
(n=6) 

Regroup 

8-week diet or exercise intervention 

Diet structure change from high-fat + high-sucrose to high-fat + plain water/normal diet + plain water Treadmill 
exercise in CON+EX, HFHS+EX, SR+EX, ND+EX group 

Sampling 

Sample analysis 

RT-qPCR; Western blot analysis 

Statistical analysis 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Animal procedure of study 

Male C57BL/6 mice, 4 weeks old (n=36) were randomly assigned to 6 groups. All 

mice in each group were assigned to biological detection. CON, a group received a 

normal diet with plain water group (n=6); CON+EX, an exercise group received a 

normal diet with plain water group (n=6); HFHS (high-fat high-sucrose), a group 

received a high-fat diet with sucrose liquid (n=6); HFHS+EX (high-fat high-

sucrose + exercise), an exercise group received a high-fat diet with sucrose liquid 

(n=6); ND (normal diet), a group received a normal diet with plain water (n=6); 

ND+EX (normal diet + exercise), an exercise group received a normal diet with 

plain water (n=6). 

In-vivo test at 8 week 

Grip strength test, hanging time test 

n=5 

In-vivo test at 8 week Grip strength test, hanging time test 
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3.2. Exercise program 

 

At the end of 8 weeks feeding, mice in the exercise groups were 

acclimated to and trained on a 12° uphill Exercise 3/6 open treadmill (Columbus 

Instruments) for 2 days. On day 1, mice ran for 5 min at 8m × min-¹ and on day 2 

mice ran for 5 min at 8 m × min-¹ followed by another 5 min at 10m × min-¹. On 

day 3, mice were subjected to and then were trained on the treadmill with 12° 

uphill incline for 60 min × d-¹, 5 d × week-¹ at 12m × min-¹ for 8 weeks. All animal 

procedures were performed in accordance with institutional guidelines and with 

approval from the Institutional Animal Care and Use Committee (Baynard, Vieira-

Potter, Valentine, & Woods, 2012). 

 

Table. 3 Exercise protocol 

 

Speed (m/min),  

time (min) 
Warm up 

Treadmill 

exercise 
Cool down 

1 day 

0m/min, 1min; 

+1m/min, 

~5min 

8m/min, 5min 

5m/min, 2min 2 day 
8m/min, 5min; 

10m/min, 5min 

1~8 week 12m/min, 60min 
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3.3. Grip strength test  

 

The mice were placed on a tension grid while restrained manually by the 

scruff of the neck and base of the tail. After visual confirmation of firm gripping, 

the mouse was gently pulled back until it released its grip from the grid. The force 

generated as it attempted to maintain its grip was measured in grams by grip 

strength meter (GSM). Each mouse performed three trials with the greatest force 

used for analysis. To adjust for potential effects of body weight on performance, 

results from grip strength test were normalized by body weight (He et al., 2012). 

 

3.4. Hanging test  

 
With hanging tests, balance, coordination and muscle condition can be 

assessed. The test is based on the knowledge that mice are eager to remain hanging 

on a wire or grid till exhaustion. Mice were put on the grid 25cm above soft 

bedding to prevent mice from harming themselves upon falling and then placed the 

mouse on the grid so that it grasps it with its four paws. The test session ended for 

mice that could be able to hang for a duration of 600 second. Mice that fall off the 

grid before then were given up to two more tries. Maximum hanging time (i.e. the 

longest of the trials) was used for analysis. To adjust for potential effects of body 

weight on test performance, results from hanging test were multiplied by body 

weight (Aartsma-Rus & van Putten, 2014). 
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3.5. Body composition analysis 

 
Total body composition (fat mass, lean mass, and total water) was 

evaluated using the Mini spec Contrast Agent Analyzer (Bruker Optik, Ettlingen, 

Germany) immediately before killing. 

 

 

3.6. Sample preparation 

 
After 8-week exercise and/ or dietary intervention, mice fasted overnight 

with food deprivation, and all drink was replaced with plain water. After fasting, 

mice were anesthetized by isoflurane with anesthesia machine. The muscle tissues 

were collected 24 h after the exercise intervention to avoid any effects of the last 

bout of exercise. The muscle tissues were excised, weighed, cut and snap-frozen in 

liquid nitrogen and stored at -80℃ for further analysis.  

 

 

3.7. Lipid analysis 

 

Skeletal muscle triglycerides were extracted from quadriceps 

homogenates and assayed using reagent kits according to the manufacturer’s 

instructions (Triglyceride Assay Kit quantification (ab65336), abcam United 

Kingdom) (Benetti et al., 2013). The concentration of plasma TG and TC contents 

were measured by using a TG kit and TC kit according to the manufacturer's 

instructions (Asan Pharmaceutical, Seoul, Korea).  
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3.8. Total RNA extraction and RT-qPCR analysis 

 

Total RNA was isolated from muscle using Trizol reagent (Invitrogen) 

following the manufacturer’s instructions. AccuPower® CycleScript™ PT PreMix 

(dN6) were used to Synthetic cDNA (Bioneer, Korea). CFX96™ Real-Time PCR 

Detection System (Bio-rad, Germany) and SensiFAST™ SYBR® Lo-ROX 

Kit(BIO-94020) were used to target gene amplification. Real-time PCR values 

were normalized with glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 

Real-time PCR values were analysis by primers about Myonectin, CD36, FABP1, 

FABP4, and FATP1. Each primer’s forward and reverse sequences were Myonectin 

forward primer (5’-TGCTTGGATGCTGTTCGTCAA-3’), Myonectin reverse 

primer (5’-CAGATGGGATAAAGGGGCCTG-3’), CD36 forward primer (5’-

GTCTGCGGTGATTTCATCGAA), CD36 reverse primer (5’-

AGCCAGGACTGCACCAATAAC-3’) FABP1 forward primer (5’- 

ATGAACTTCTCCGGCAAGTACC-3’), FABP1 reverse primer (5’-

GGTCCTCGGGCAGACCTAT-3’), FABP4 forward primer (5’-

ATCAGCGTAAATGGGGATTTGG-3’), FABP4 reverse primer (5’-

GTCTGCGGTGATTTCATCGAA-3’), FATP1 forward primer (5’-

CTGGGACTTCCGTGGACCT-3’) and FATP1 reverse primer (5’-

TCTTGCAGACGATACGCAGAA-3’). Thermal cycling proceeded with 40 cycles 

with denaturation 95℃ for 10s, annealing 60℃ for 15s, and elongation 72℃ for 

25s. 
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3.9. Total protein extraction and western blot analysis 

 
The total proteins were extracted using RIPA buffer (ThermoFisher 

Scientific, #89900), containing phosphatase inhibitor (Sigma-Aldrich, 

#4906845001) and protease inhibitor (Roche, #4693159001), separated by 10~16% 

tris-glycine SDS-PAGE, transferred, following the membranes was blocked in 5% 

skim milk for 1 hour at room temperature and washed in TBS-Tween 20 Buffer for 

3 times 10 minutes each. Primary antibodies were used: anti-Myonectin (Aviscera, 

1:500), anti-CD36 (Invitrogen, 1:1000), anti-FABP1 (Invitrogen, 1:3000), anti-

FABP4 (Invitrogen, 1:1000), anti-FATP1 (Invitrogen, 1:000) and anti-GAPDH 

(sigma, 1:3000). The membranes were incubated in primary antibodies for 12 hours 

in 4℃. After overnight incubating, 3 washes of 10 min each, the membranes were 

then incubated with a peroxidase-conjugated secondary anti-rabbit. Each specific 

antibody signals were detected by Immobilion western chemiluminescent HRP 

substrate (Millipore, #WBKLS0500). 

 

 

3.10. Statistical analysis 

 
Statistical analyses were performed by using Graph Pad Prism 9 (Graph 

Pad Software Inc., La Jolla, CA, USA) and data are represented either as mean ±  

standard deviation or mean ±  standard error of the mean. P Values <0.05 were 

considered as statistically significant. One-way analysis of variance (ANOVA) was 

used for the analysis of data to examine the main effect among groups. Bonferroni 

test were used as multiple comparisons for the comparison of the data under two 

interventions between groups. 
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3.11. Ethics statements 

 
All experiments were approved by the Animal Care and use Committee 

(IAUCC: SNU-170518-9) at Seoul National University, and the guidelines for 

laboratory animal care and use were followed. 
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Ⅳ. Results 
 

 

4.1. Effects of dietary change and exercise on body 

weight and adipose tissue. 

 
To examine the effects of dietary change on obesity, another 8-week high-

fat high-sucrose diet (HFHS), or a normal diet with plain water (ND) were fed to 

the obese mice fed high-fat high-sucrose for 8 weeks. The 8-week HFHS diet 

resulted in weight gain. It can be seen that the weight of the   of the groups 

increased compared to the ND and ND+EX groups at 0 week in Figure 2. The body 

weight of the HFHS group continued to rise after intervention. In contrast, ND 

group significantly (p<0.001) decreased compared to HFHS group, which was in 

accordance with the change of calorie intake. Two-way ANOVA repeated measured 

showed that diet significantly (p<0.001) affected body weight by times. Continuous 

high-fat high-sucrose diet induced significant increase in white adipose tissue mass 

of subcutaneous fat (iWAT) and visceral fat (eWAT) (Fig. 3) However, dietary 

change to normal diet fed to obese mouse attenuated the increasing both iWAT and 

eWAT in mice, which result no significant difference with CON group. 

To examine the effects of exercise on obesity, 8-week aerobic exercise 

was intervened to the obese mice fed high-fat high-sucrose (HFHS+EX)or normal 

diet with plain water mice (ND+EX) for 8 weeks. The HFHS+EX group showed a 

slow growth in body weight with a lower energy intake (p<0.001) compared with 

HFHS group. However, there was no significant difference in adipose tissue mass. 

In normal diet with plain water fed mice, exercise experienced a sharp decline in 

body weight after the first week of intervention of ND+EX group in comparison 
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with HFHS group (p<0.001). Two-way ANOVA showed that exercise with normal 

diet had a significant effect on body weight, iWAT and eWAT. 
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Figure 3. Effects of dietary change and exercise on body weight and adipose tissue 

mass 

A) Body weight change. B) Adipose tissue mass (n=6). The values are shown as 

the mean ± SD (n=6). * p<0.05, ** p<0.01, *** p<0.001 vs. CON group; # p<0.05, 

## p<0.01 vs HFHS group. CON, normal diet + plain water, CON+EX; normal diet 

+ plain water + exercise; HFHS, high-fat high-sucrose; HFHS+EX, high-fat high-

sucrose + exercise; ND, dietary change to normal diet + plain water; ND+EX, 

dietary change to normal diet + plain water + exercise. 
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4.2. Effects of dietary change and exercise on serum 

and quadriceps muscle of TG and serum TC 

concentration 

 
For the analysis of serum TG and TC concentration, 8-week HFHS 

feeding significantly (p<0.001) increased the serum level of TC in comparison to 

the CON group (Table. 2). Dietary change to normal diet (ND) significantly 

decreased the contents of TG (p<0.01), TC (p<0.001) of serum, indicating that 

dietary changes could reduce the concentration of serum TG and TC level. Dietary 

changes had significantly decreased the contents of in serum TG and TC level, 

indicating that dietary changes could reduce the concentration of serum TG and TC. 

For the effect of exercise, two-way ANOVA had shown that exercise 

could affect all the lipid parameters, we confirmed exercise prevented the increase 

of TG serum and tissue caused by high-fat high-sucrose diet, but not TC.   

In conclusion, dietary changes had significant improvement in both serum 

TG, and TC. However, although exercise can reduce TG, it has no effect on the 

serum TC. 
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Figure 4. Effects of dietary and exercise on serum and quadriceps muscle TC and 

TG concentration  

A) Triglyceride (TG) of quadriceps. B) Triglyceride (TG) of serum. C) Total 

cholesterol (TC) of serum. The values are shown as the mean ± SD (n=5). *p<0.05, 

**p<0.01, ***p<0.001. 0 week, point before intervention; HFHS, high-fat high-

sucrose; HFHS+EX, high-fat high-sucrose + exercise; ND, dietary change to 

normal diet + plain water; ND+EX, dietary change to normal diet + plain water + 

exercise. 
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4.3. Effects of dietary change and exercise on muscle 

performance  

 
To identify the effects of dietary change and exercise on muscle function, 

hanging time test and grip strength were performed before and after diet or exercise 

intervention. 

For the effect of dietary, we can find that after 8-week HFHS feeding, 

both the hanging time and grip strength decreased compared with that before the 

intervention (p<0.01)(Fig.3). However, in ND group, which was changed to normal 

diet, showed significant in grip strength (p<0.001) but no hanging time test 

For the effect of exercise, the experiment result shows that exercise tended 

to improve the poor hanging performance (p=0.08) induced by HFHS feeding, not 

grip strength. The combination of diet change and exercise showed a combination 

improvement in hanging time (p<0.05). 

To sum up, a dietary change to a normal diet with plain water improved 

the muscle performance of endurance capacity and max grip. Exercise improved 

hanging test, but nor grip strength. 
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Figure 5. Effects of dietary change and exercise on muscle performance 

A) Normalized hanging time. B) Normalized grip strength. The values are shown 

as the mean ± SD (n=5). * p<0.05, ** p<0.01, *** p<0.001. 0 week, point before 

intervention; HFHS, high-fat high-sucrose; HFHS+EX, high-fat high-sucrose + 

exercise; ND, dietary change to normal diet + plain water; ND+EX, dietary change 

to normal diet + plain water + exercise 
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4.4. Effects of dietary changes and exercise on the 

expression of myonectin 

  

 Diet control and exercise intervention affects expression level of 

myonectin. As shown in figure 4 and 5, the protein and mRNA level of myonectin 

was significantly increased in the CON+EX group than the CON group in both 

liver (p<0.001) and soleus (p<0.01), suggesting the effect of exercise on myonectin 

secretion. However, in the HFHS+EX group, which continued high-fat high-

sucrose diets with exercise intervention, RNA and protein myonectin level 

expression was not differ from HFHS group in both liver and skeletal muscle 

(Fig.6,7). The ND and ND+EX groups, which changed to -a normal diet after 

induced metabolic abnormalities, showed no significant differences in myonectin 

expression levels between groups, but higher than HFHS and HFHS+EX groups 

(p<0.05, p<0.001).  

 In conclusion, exercise had significant improvement in myonectin 

expression in both protein and mRNA level of soleus and liver. However, exercise 

intervention in obese model with maintaining the HFHS diet (HFHS+EX), exercise 

alone was not enough to increase the expression of myonectin. Combination of 

exercise and diet control in obese mouse had significant effect on expression of 

myonectin in both liver and soleus. Protein expression level of liver and soleus 

showed consistent results with mRNA level results.  
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Figure 6. Effects of dietary change and exercise on the protein and mRNA 

expression of Myonectin in soleus  

A) Immunoblotting of Myonectin and GAPDH. The graph shows the expression of 

Myonectin B) determined by densitometric quantification. C). RT-PCR results of 

myonectin in soleus. The values are shown as the mean ± SEM (n=6). *p<0.05, 

**p<0.01, ***p<0.005, ****p<0.001 vs. CON+EX. CON, normal diet + plain 

water, CON+EX; normal diet + plain water + exercise; HFHS, high-fat high-

sucrose; HFHS+EX, high-fat high-sucrose + exercise; ND, dietary change to 

normal diet + plain water; ND+EX, dietary change to normal diet + plain water + 

exercise.
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Figure 7. Effects of dietary change and exercise on the protein expression of 

Myonectin in liver 

A) Immunoblotting of Myonectin and GAPDH. The graph shows the expression of 

Myonectin B) determined by densitometric quantification. C). RT-PCR results of 

myonectin in liver. The values are shown as the mean ± SEM (n=6). *p<0.05, 

**p<0.01, ***p<0.005, ****p<0.001 vs. CON+EX. CON, normal diet + plain 

water, CON+EX; normal diet + plain water + exercise; HFHS, high-fat high-

sucrose; HFHS+EX, high-fat high-sucrose + exercise; ND, dietary change to 

normal diet + plain water; ND+EX, dietary change to normal diet + plain water + 

exercise. 



 

 ３４ 

4.5. Effects of dietary changes and exercise on the 

expression of fatty acid transporters 

 

Fatty acid transporters Diet and exercise intervention affects myonectin 

and fatty acid transporters. As shown in figure 4 and 5, RNA level of myonectin 

was significantly increased in the CON+EX group than the CON group in both 

liver (p<0.001) and soleus (p<0.01), suggesting the effect of exercise on myonectin 

secretion. However, in the HFHS+EX group, which continued high-fat high-

sucrose diets with exercise intervention, RNA and protein myonectin level 

expression was not differ from HFHS group in both liver and skeletal muscle 

(Fig.6,7). The ND and ND+EX groups, which changed to -a normal diet after 

induced metabolic abnormalities, showed no significant differences in myonectin 

expression levels between groups, but higher than HFHS and HFHS+EX groups 

(p<0.05, p<0.001). FABP1 and FATP1, which are fatty acid transporters’ roles in 

lipid metabolism, showed no significant differences between HFHS+EX and HFHS, 

but it tended to increase in ND+EX groups compared to ND groups. 

 In conclusion, exercise had significant improvement in myonectin 

expression in mRNA level of soleus and liver. However, exercise intervention in 

obese model with maintaining the HFHS diet (HFHS+EX), exercise alone was not 

enough to increase the expression of myonectin. Combination of exercise and diet 

control in obese mouse had significant effect on expression of myonectin and FA 

transporters in both liver and soleus. Protein expression level of liver and soleus 

showed consistent results with mRNA level results. 
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Figure 8. Effects of dietary change and exercise on the mRNA expression of, CD36, 

FABP4, and FATP1 in soleus 

RT-PCR results of FABP4(A), FATP1(B), and CD36(C). The values are shown as 

the mean ± SEM (n=6). *p<0.05, **p<0.01, ***p<0.001 vs. CON+EX. CON, 

normal diet + plain water, CON+EX; normal diet + plain water + exercise; HFHS, 

high-fat high-sucrose; HFHS+EX, high-fat high-sucrose + exercise; ND, dietary 

change to normal diet + plain water; ND+EX, dietary change to normal diet + plain 

water + exercise.
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Figure 9. Effects of dietary change and exercise on the mRNA expression of CD36, 

FABP1, FABP4, and FATP1 in Liver 

RT-PCR results of FABP1(A), FABP4(B), FATP1(C), and CD36(D). The values are 

shown as the mean ± SEM (n=6). *p<0.05, **p<0.01, ***p<0.001 vs. CON+EX. 

CON, normal diet + plain water, CON+EX; normal diet + plain water + exercise; 

HFHS, high-fat high-sucrose; HFHS+EX, high-fat high-sucrose + exercise; ND, 

dietary change to normal diet + plain water; ND+EX, dietary change to normal diet 

+ plain water + exercise.    
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Ⅴ. Discussion 

 

Obesity is a disease with rapid increasing prevalence, but it is still nor 

fully preventable. Unhealthy diet such as high fat and high sugar is the cause of 

obesity and is the most frequent cause of death in the diabetic patients (Micha et al., 

2017). Further development of obesity induces diabetes, muscle dysfunction, 

metabolic syndrome, and other diseases (De Stefano & J., 2015). Previous studies 

have indicated that increased fat leads to impaired in lipid and glucose metabolism 

and eventually disrupted whole body homeostasis. To prevent and treat obesity, 

precise understand of mechanism is required. 

Myonectin was related to muscle and lipid metabolism via its action on 

adipose tissue and liver, providing insight into complex tissue cross-talk. With the 

increase of myonectin, fatty acid transporters are activated which positively affect 

to lipid metabolism, and it draws attention to its role in chronic diseases such as 

obesity. Although the effect of myonectin on glucose and lipids metabolism has 

provided promising remedial opportunities, the molecular mechanisms of 

expression, secretion, and the action of myonectin have not been elucidated yet.  

This is the first study that examined the different effect of exercise, diet 

control, and combination of them on myonectin and fatty acid transporters 

expression in obese mouse induced by 8-week of high-fat high-sucrose diet. 8 

weeks of continuous high-fat high-sucrose diet adipose tissue mass (Fig. 3A). We 

assessed the soleus muscle which is consisted with slow twitch muscle because 

myonectin is tended to express higher level in oxidative, slow-twitch muscle fiber 

types than does glycolytic, fast-twitch muscle fiber types (Seldin et al., 2012). 
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Furthermore, it has been indicated that aerobic exercise training led to elevated 

myonectin levels in overweight and obese women (Pourranjbar, Arabnejad, 

Naderipour, & Rafie, 2018). 

This suggests that it may be involved in mitochondrial biogenesis and 

sensing cellular energy state (Seldin et al., 2012). This may attribute by the 

characteristic that myonectin is produced in erythroblasts, which proliferate when 

new red cells are synthesized, such as after hemorrhage when more iron is needed 

(Kim & Nemeth, 2015). In addition, liver plays a central role in all metabolic 

processes in the body. In fat metabolism, liver breaks down fats and produce energy. 

As liver is major player in fat metabolism, we analyzed liver as well. 

Either high-fat or high-fat high-sucrose liquid (HFHS) lead to 

mitochondrial dysfunction (Bonnard et al., 2008; J. H. Lee et al., 2021), 

neuromuscular dysfunction (S.-R. Lee et al., 2015), and lower exercise capacity of 

skeletal muscle (Suga et al., 2014). In our previous research, we examined the 

effect of exercise and diet control on metabolic indicator and mitochondria-

associated protein in obese mouse. The results showed that the 8 weeks of exercise 

was beneficial in reducing body weight, improving the lipid profile and increasing 

the level of PGC-1α in obese conditions. Additionally, our lab conducted another 

study regarding effect of exercise and diet control on autophagy regulation in obese 

condition. Zhang D et al observed the combination of exercise and diet control 

activated mitophagy-related proteins and restored muscle function, mitochondrial 

oxidative function and assimilation of fat and glucose in the muscle. These results 

can partially explain that the diet control and exercise is beneficial to improve 

mitochondrial dynamic, energy metabolism, lipid profile and muscle function in 
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obese mouse. With this sample design, we conducted the expression level of 

myonectin and fatty acid transporters to identify effect of exercise and diet control 

on the lipid metabolism in obese mouse. 

To confirm the beneficial effects of exercise and diet control intervention 

on lipid metabolism, we investigated the expression level of myonectin, FA 

transporters and lipid profile. Both in soleus and liver, the protein and mRNA 

expression level of myonectin was significantly increased in normal mice with the 

exercise (CON+EX) (Fig. 6 and 7). These results confirmed the myonectin is 

upregulated by the chronic aerobic exercise, supporting the previous research from 

Seldin et al. (2012). In soleus, FATP1 and FABP4 were also increased in the 

CON+EX group, which is consistent with the myonectin expression whereas 

FAT/CD36 tended to increase with the exercise but no significant difference 

between CON group. However, Fatty Acid-Binding Protein 1 (FABP1) was not 

detected in soleus muscle since it is liver-type fatty acid-binding protein (LFABP), 

which is dominantly exist in liver. In liver, FABP1, FABP4 and FAT/CD36 

observed the significant increase with the exercise intervention (CON+EX) but not 

in FATP1. FA transporters transported LCFAs into the cell from the blood, which 

led to reduce the circulating FA concentration. Once FA into cells, they can 

translocase into the mitochondria and converted into Acyl-CoA, Acetyl-CoA 

through β-oxidation, and make energy via Krebs cycle. We assessed the serum and 

quadriceps triglyceride levels (Fig. 4), and it can indirectly be assumed the change 

of circulating fatty acid.  

For obese mice fed a high-fat high-sucrose diet continuously for 8 weeks, 

exercise intervention did not significantly differ in myonectin mRNA and protein 
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expression in the liver, but in soleus levels (HFHS + EX) (Fig. 6, and 7) . This may 

be contributed to the excessive HFHS diet induced metabolic dysfunction, exercise 

alone may not be sufficient to change the expression of myonectin in obese model. 

Fatty acid transporters were not significantly different between HFHS and 

HFHS+EX (Fig. 8, and 9), suggesting that exercise alone did not affect the 

expression of FA transporters in obese mice. Serum and quadriceps TG levels 

supported with consistent results (Fig. 4) 

To examine the effect of combination of exercise and diet control in obese 

mouse, we changed to feed normal diet (ND) or normal diet with exercise 

(ND+EX) after fed 8 weeks of HFHS diet. ND group can show the effect of diet 

control to obese mouse, whereas the ND+EX group can show the combination of 

diet control and exercise. Diet control alone did not differ the myonectin expression 

both in soleus and liver but combination of exercise and diet control significantly 

increase protein and mRNA level of myonectin in soleus and liver. For the FA 

transporters expression of mRNA level in ND+EX group, FABP1 and FATP1 

observed significantly increase in liver and FATP1 was increased in soleus 

comparison with ND group. Although serum and quadriceps TG levels did not 

differ between ND and ND+EX, but both groups decreased by the CON group 

level compared to the HFHS and HFHS+EX group. These results suggested that 

diet control and a combination of diet and exercise are much more effective than 

exercise for decreasing TG levels. Overall, ND+EX, showed higher expression 

levels of these factors, suggests that exercise and diet control should be combined 

in the regulation of fat metabolism in obesity models (Andersen et al., 1999).  

The current study found that diet control had a strong effect on grip 
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strength whereas exercise alone did not significantly affect in muscle performance. 

Combined exercise and diet control group dramatically increased in both hanging 

test and grip strength compared to other groups, suggesting that it was evident that 

a dietary change to a normal diet improved the muscle performance for endurance 

capacity and maximum grip. 

Previous studies shows that myonectin functions are apparently related to 

lipid metabolism, acting in order to decrease plasma-free fatty acids levels through 

the stimulation of their uptake in adipose tissue and liver. The present study 

supports the idea by identifying the relationship between myonectin and FA 

transporter expression in liver and skeletal muscle in obese mice. By measuring 

serum and quadriceps triglyceride levels (Fig. 4), it was possible to indirectly 

estimate changes in circulating fatty acids. By increasing FA transporters in the 

soleus muscle and the liver, we may suggest that circulating FA decreased by 

entering cells that can be possibly mobilized to produce ATP in the mitochondria. 

Whether the fatty acids entering the cell are actually used to make energy remains 

to be determined by identifying β-oxidation. Although FA transporters and serum 

and quadriceps TG level was measured, it was insufficient to fully explain the lipid 

metabolism and palmitate oxidation. It might have been better to analyze the β-

oxidation intermediators (for example, acyl-carnitine, acetyl-CoA, CPT1, FAS, 

PPAR- γ), which could have provided a more profound description of palmitate 

oxidation in the mitochondria. However, some studies indicated that FAT/CD36 

and FATP1 could have a role in mitochondrial fatty acid oxidation under certain 

conditions such as during exercise or muscle contraction (Ibrahimi et al., 1999; 

Sebastián et al., 2009). These results may support the current data partially, but to 
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confirm the mitochondrial oxidation, further study is needed. 

Concerning the limitation of the study, we investigated the expression of 

myonectin and FA transporters in skeletal muscle only in soleus, which is an 

oxidative, slow-twitch fiber. However, in a previous study, confirmed that 

myonectin transcript predominantly tended to express higher in soleus compared 

with plantaris (Seldin et al., 2012). We speculated that the myonectin with 

intervention might vary in different muscles but lacking the sample of skeletal 

muscle is another limitation of this study. As mentioned above, future work will 

investigate on confirmation is needed on whether fatty acids produce ATP through 

beta oxidation indeed.  

This study is the first step to investigate the effect of exercise and diet 

control on myonectin and lipid metabolism biomarkers in obese mouse. The 

evidence from this study suggests that the combination of diet control and exercise 

has a promising effect on lipid metabolism, which is expected to play a therapeutic 

role in obesity. To confirm that the same effect applies to human, study with obese 

and overweight people should be followed. 
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Ⅵ. Conclusion 
 

 

In conclusion, 8 weeks of aerobic exercise and diet control improved 

muscle performance, weight loss with changing in adipose tissue mass and lipid 

profiles. The combination of exercise and diet control upregulated the expression 

level of myonectin both in soleus and liver, which leads to increase fatty acid 

transporters levels. However, it is still unclear that entered fatty acids are used to 

produce ATP through β-oxidation, further study is needed to identify. The 

combination of diet control and exercise has positive effect on lipid metabolism, 

which is expected to play a therapeutic role in obesity. 
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초록 
 

마이오넥틴(myonectin)은 C1q tumor necrosis factor α related 

protein isoform 15 (CTRP15)으로 2012년 새롭게 발견된 마이오카인의 

한 종류이다. 마이오넥틴이 증가함에 따라 지방산 수송체가 활성화되면

서 체내 지방 대사에 긍정적인 영향을 미쳐 비만과 같은 만성질환에서의 

역할이 주목받고 있다. 금식/재섭취, 운동과 같은 급격한 영양 및 대사변

화에 작용하여 골격근에서 방출되는 마이오넥틴의 특징을 고려하였을 때, 

대사질환 모델에 운동과 식이 제한을 함께 평가한 연구가 필요한 시점이

다. 따라서 본 연구의 목적은 운동과 식이 제한 처치에 따라 마이오넥틴

과 지방 대사 관련 물질들의 발현 수준 차이를 그룹별로 비교해 보고자 

함에 있다.  

대사 이상 모델을 유도하기 위해 8주간 고지방, 고설탕 식이를 공급

하였고 이후 그룹에 맞춰 8주간의 식이 제한과 운동 중재를 실시하였다. 

중재 기간 이후 체중, 지방조직, 혈중 TC, TG 농도, 마이오넥틴과 지방

산 수송체 유전자의 발현 수준 분석을 위해 단백질 추출을 통한 

Western Blot 분석과 total RNA 추출을 통한 Real-time PCR 분석을 

하였다. 자료의 통계적 분석방법으로써 유의수준은 P<0.05으로 설정하

였고 그룹간 비교는 One-way ANOVA, Student Independent t-test 통

계법을 이용하였으며 사후검증으로 Bonferroni 검정을 실시하였다.  

일반 쥐의 간과 근육의 단백질과 RNA 수준의 마이오넥틴 발현량은 

CON그룹 대비 CON+EX그룹에서 유의한 증가가 관찰되어 운동이 마이

오넥틴의 유전자 발현에 영향을 미침을 알 수 있었다. 하지만 고지방 고

설탕 식이를 지속하면서 운동을 병행한 비만 쥐인 HFHS+EX그룹의 경

우, HFHS그룹에 비해 간과 근육에서 단백질과 RNA 수준 모두 마이오

넥틴의 발현량은 증가하지 않았다. 8주간 고지방 고설탕 식이로 대사 이

상을 유도한 후 일반식으로 바꾼 ND그룹에서는 마이오넥틴의 발현량이 

증가하지 않았지만, 식이 제한과 운동을 병행한 ND+EX그룹은 ND그룹

과 유의한 차이는 없었으나 HFHS그룹과 HFHS+EX그룹에 비해 마이오
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넥틴의 유전자와 단백질 수준에서 높은 발현 수준을 보였다. 지방산 수

송체인 FABP1과 FATP1은 HFHS+EX그룹과 HFHS그룹의 그룹간 차

이가 없었으나 ND+EX그룹은 ND그룹에 비해 증가하는 경향을 보였다. 

혈중 TG와 TC는 식이 제한, 그리고 식이 제한과 운동을 병합한 그룹에

서 CON수준만큼 감소되었지만, 고지방 고설탕 식이에 운동만 처치한 

그룹인 HFHS+EX에서는 유의한 감소가 일어나지 않았다. 이는 근 기능 

평가인 grip strength에서도 비슷한 양상으로 결과가 나타났다. 

고지방 고설탕의 식이로 비만을 유도한 쥐에게 운동 처방은 마이오

넥틴과 지방산 수송체의 발현을 증가시키지 못하였고, 혈중 TG, TC의 

수준 또한 감소시키지 못했으며 근 기능에서도 유의한 향상이 일어나지 

않았다. 하지만 식이 제한과 운동을 병합한 중재그룹에서는 마이오넥틴

과 함께 지방산 수송체 유전자가 증가하였으며 혈중 TG, TC 수준, grip 

strength 또한 향상되는 것을 확인할 수 있었다. 결과를 미루어 보아, 

비만 치료에 있어 식이 제한과 운동의 병행이 지방 대사에 보다 긍정적

인 역할을 할 것으로 사료된다. 
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