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The effect of aerobic and resistance exercise on sugar indicators and FGF21 

in cardiac tissue of diabetic rat  
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Abstract  

 

Introduction 

Training is one of the most effective therapy options for improving the 

control of type 2 diabetes. FGF21 (fibroblast growth factor) has been 

identified as a novel metabolic regulating factor with substantial anti-

diabetic effects in animal models and humans. The goal of this study 

was to investigate how four weeks of aerobic and resistance exercise 

affected fasting blood glucose (FBS) and fibroblast growth factor 21 

(FGF21) levels in the cardiac tissue of male Wistar rats with diabetes. 

In this study, 24 male Wistar rats aged 10 to 12 weeks and weighing 

200250 grams were made diabetic with STZ and separated into three 

groups: diabetes + aerobic exercise (n=6), diabetes + resistance 

training (n=6), and sham (n=6) and healthy (n=6) were divided. The 

training lasted four weeks, with the aerobic group working out five days 

per week and the resistance group working out six days per week. 

Blood samples and cardiac tissue were collected for analysis before 

and after 48 hours of the previous exercise and 12 hours of fasting. To 

conduct statistical analysis, the SPSS version 26 program was 

employed. We saw an increase in FGF21 in the training groups 

compared to the sham group, which was significant in the resistance 

training group (p=0.008) and also in the healthy group (p=0.02). The 

results showed that resistance trainings can have a bigger influence 

on sugar indicators and anti-diabetic cardiac factors like FGF21, and 

will play an effective role in minimizing the consequences of diabetes. 
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Diabetes is undoubtedly one of the biggest health concerns 

facing the globe today. It is one of the most prevalent non-

communicable diseases and the fourth leading cause of 

mortality in the majority of high-income countries (Reynolds et 

al., 2018). Reports indicate that 415 million individuals 

worldwide had diabetes in 2015, and that number will rise to 

642 million by 2040 (Cho et al., 2018). Cardiovascular disease, 

one of the leading causes of death in these people, is a 

complication of this diseases (Ernande & Derumeaux, 2012). 

Diabetes-related oxidative stress, which induces necrosis, 

apoptosis, and fibrosis in the myocardium and disrupts systolic-

diastolic function, is a major factor in heart failure in diabetic 

patients. 

Fibroblast growth factor 21 is a hormone that plays an important 

role in glucose homeostasis and metabolic regulation (Kim et 

al., 2023). It is expressed in several metabolically active tissues 

such as liver, adipocytes, pancreas, brain, skeletal muscle, 

brown fat, and heart (Kim et al., 2023; Lin et al., 2021; Luo et 

al., 2023; Tezze et al., 2019). FGF21 is involved in regulating 

cardiac function and has been shown to protect against 

pathologic cardiac hypertrophy, oxidative stress, and heart 

attack (Bo et al., 2021; Planavila et al., 2015; Tezze et al., 

2019). One of the mechanisms by which exercise exerts its 

effects is through the release of myokines, which are cytokines 

produced by skeletal muscle fibers. Fibroblast growth factor 21 

(FGF-21) is a myokine that has been shown to play a role in the 

crosstalk between muscle, liver, and heart during exercise. In 

this review, we will examine the current literature on the effect 

of exercise on FGF-21 crosstalk between muscle, liver, and 

heart. 

Exercise has been shown to increase FGF21 levels in the 

circulation, liver, skeletal muscle, and heart (Kim et al., 2023; 

Lin et al., 2021; Luo et al., 2023; Porflitt-Rodríguez et al., 2022; 

Tanimura et al., 2016). Chronic exercise programs have been 

found to increase FGF21 levels in adipose tissue, liver, and 

skeletal muscle, while acute exercise has been shown to incre- 
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-ase serum FGF21 levels (Lin et al., 2021; Porflitt-Rodríguez et 

al., 2022; Tanimura et al., 2016). The effect of exercise on FGF21 

crosstalk between muscle and liver and heart has been studied 

in several research articles (Bo et al., 2021; Porflitt-Rodríguez et 

al., 2022). Endurance exercise training has been found to 

enhance FGF21 levels in the liver and skeletal muscle, improve 

exercise capacity, and shift skeletal muscle fiber size distribution. 

Aerobic exercise has been suggested to improve metabolism 

during obesity and overweight by increasing FGF21 levels 

(Porflitt-Rodríguez et al., 2022). Exercise-induced FGF21 has 

been shown to play a role in aerobic exercise-induced cardio 

protection of post myocardial infarction mice (Bo et al., 2021). 

Several studies have investigated the effect of exercise on FGF-

21 levels. A systematic review and meta-analysis found that a 5-

week endurance exercise program decreased hepatic fat content 

and serum FGF-21 levels in overweight and obese individuals 

(Kim et al., 2023). Another study in mice found that endurance 

exercise increased FGF-21 expression and improved endurance 

exercise capacity and fiber conversion of skeletal muscle (Luo et 

al., 2023). These findings suggest that exercise can increase 

FGF-21 levels and improve metabolic function. A systematic 

review and meta-analysis of studies investigating the changes in 

FGF21 levels after exercise found that resistance exercise 

significantly increased FGF21 levels in the body (Kim et al., 

2023). Another study found that acute resistance exercise 

increased FGF21 levels in healthy adults (Qian et al., 2022). 

These findings suggest that resistance exercise may have a 

positive effect on FGF21 levels in the body. 

There is evidence to suggest that FGF-21 plays a role in the 

crosstalk between muscle and liver during exercise. A study in 

humans found that muscle-derived IL-6 plays a role in triggering 

glucose output from the liver during exercise. FGF-21 has also 

been shown to induce browning of white adipose tissue cells, 

which can improve metabolic function (Severinsen & Pedersen, 

2020). These findings suggest that FGF-21 may play a role in the 

metabolic benefits of exercise. There is also evidence to suggest 

that FGF-21 plays a role in the crosstalk between muscle and 

heart during exercise. Follistatin-like 1 (FSTL1) is a myokine 

produced by both skeletal and cardiac muscle cells that has been 

shown to positively regulate myocardial substrate metabolism. 

FGF-21 has also been identified as a hepatokine that is released 

from the liver during or immediately after an exercise bout 

(Severinsen & Pedersen, 2020). These findings suggest that 

FGF-21 may play a role in the metabolic benefits of exercise on  
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the heart.  

Few studies have compared these two types of training because 

of how important different types of training are for diabetes and 

oxidative stress factors, but recent research and the overall 

positive impact of training on FGF21 and the existence of a small 

number of studies on resistance training as well as the absence 

of comparisons between different types of training on FGF21 and 

the efficacy of aerobic and resistance training do not support this. 

Does the ratio of FGF21 in the cardiac tissue and fasting blood 

(FBS) have a difference from before training, and which of the 

two trainings is more effective? 

Materials and Methods 

Animals 

In this study, 24 male Wistar rats, average weight 200–250 g, 

aged 8–12 weeks, were randomly chosen and housed in the 

animal house of the Shahid Rajaee University's Faculty of Sports 

Sciences under regular lighting, temperature (18–23 °C), and 

humidity (50%). 18 of these rats had type 2 diabetes, which 

allowed them to develop the disease for four weeks while 

consuming a diet high in fat, with 45% of their total energy coming 

from fat (produced from animal oil, which has 24 grams of fat, 24 

grams of protein, and 41 grams of carbohydrates per 100 grams). 

By injecting a single dosage of streptozotocin dissolved in sodium 

citrate buffer with a pH of 4.5 intraperitoneally. A single dose of 

30 mg/kg of streptozotocin, dissolved in sodium citrate buffer with 

a pH of 4.5, was administered intraperitoneally to induce diabetes 

after 4 weeks. Of the samples, three were in good health. 

Exercise training protocol 

Every four weeks, an aerobic exercise routine was followed for 

five days. Before beginning the training, the samples were 

warmed up for 3 minutes at a pace of 7 m/min, then increased 

every two minutes to reach the training program of each session 

(Tanoorsaz et al., 2017). Table 1 shows an aerobic training 

protocol. 

The resistance training regimen was carried out six days a week 

for four weeks, with the subjects climbing the ladder twice without 

weights to warm up. After warming up, the training began with 

three sets of six repetitions, with one-minute pause between each 

repetition and three minutes’ rest between each set. The weight 

connected to the rats' tails is calculated as a percentage of their 

body weight (Karimian et al., 2015), which is shown in Table 2. 

        Table 1. Aerobic training protocol. 

Days     

Weeks 

First Week Second Week Third Week Fourth Week 

V(m/min) t (min) V(m/min) t (min) V(m/min) t (min) V(m/min) t (min) 

First Day 15 25 16 30 17 35 18 40 

Second Day 15 26 16 31 17 36 18 41 

Third Day 15 27 16 32 17 37 18 42 

Fourth Day 15 28 16 33 17 38 18 43 

Fifth Day 15 29 16 34 17 39 18 44 
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In order to check the effectiveness of training, vVO2max tests were 

used in aerobic training (Boule et al., 2005) and 1RM in 

resistance training (Davoodi et al., 2018), so that these 

measurements were taken from the samples before the start of 

training, two weeks after training and after four weeks. 

HOMA-IR  

We used the HOMA-IR test (Formula 1) in such a way that four 

days after the injection, a drop of blood was deposited on the strip 

of the glucometer gadget (Accu Chek Active) by making a small 

cut in the rat's tail in order to validate the final diagnosis of 

diabetes. We administered it, and a glucometer read the strip. 

Blood glucose levels over 300 mg/dl were seen as a sign of 

diabetes (Holmes et al., 2015). 

 

𝑭𝒂𝒔𝒕𝒊𝒏𝒈 𝒊𝒏𝒔𝒖𝒍𝒊𝒏 𝒙 𝒇𝒂𝒔𝒕𝒊𝒏𝒈 𝒈𝒍𝒖𝒄𝒐𝒔𝒆

𝟐𝟐.𝟓

1RM test 

The 1RM test was obtained from the resistance training group 

and the Vvo2max test was taken from the aerobic training group 

after diabetic rats had been trained for one week and had 

adapted to the environment. The rats exercised for 3 minutes at 

a pace of 11 m/min after warming up for 5 minutes at a speed of 

6 m/min in preparation for the vVO2max test. If they had the option 

to continue after three minutes, the speed was increased by five 

meters per minute. The rats were kept in this task until they 

became weary, at which point their final speed was recorded 

(Boule et al., 2005). In order to perform the 1RM test, we 

considered 30% of the rat's body weight and the weight was 

attached to the tail of the samples, was added (Davoodi et al., 

2018; Molanouri Shamsi et al., 2014). 

Laboratory measurements 

After four weeks of training, the rats were fasted for 10 to 12 hours 

before being prepared for dissection by first anesthetizing them 

with Ketamine (75mg/kg) and Xylazine (10mg/kg), and then blood 

was collected from the samples' hearts and their hearts were 

extracted. The tissues were transported to a special kit and 

subsequently to a -80°C freezer once the heart was removed 

(Nourbakhsh et al., 2015). ELISA method was used to check 

glycemic indices and FGF21, the kits used to check glycemic indi- 

 

-ces were DA-3200 model and the kits used for FGF21 were from 

Zell Bio with Cat No.: ZB-10034C-R9648. 

Statistical analysis 

To perform statistical calculations, SPSS version 26 software was 

used with Shapiro-Wilk test and LSD one-way and post hoc 

analysis of variance. Also, since the data were normal, Pearson's 

correlation was used. We used Prism software to draw graphs. A 

significant value at the level of p≤0.05 was considered to reject 

the null hypothesis 

Results 

The mean and standard deviation of the Lee index for all groups 

are reported in Table 3. 

The mean and standard deviation of the one repetition maximum 

test and maximum oxygen consumption before and after training 

are given in Table 4. 

Tables 3 and 4 reveals that the training groups have a lower Lee's 

index than the sham group, and the assessment of 1RM and 

vVO2max tests before and after training shows that these factors 

improve and grow after training. 

There was a positive correlation between FGF21 and 1RM 

(rp=0.889), meaning that an increase in 1RM led to an increase 

in FGF21, and this relationship was significant (P=0.044). There 

was also a positive correlation between FGF21 and vVO2max 

(rp=0.908), indicating that an increase in vVO2max resulted in an 

increase in FGF21, and this relationship was significant 

(P=0.012). 

In the inferential section, one-way analysis of variance and the 

LSD post hoc test were utilized to validate the research 

hypotheses. 

Figure 1 depicts the hypothesis test of fasting blood sugar level. 

Fasting blood sugar levels decreased significantly in the aerobic 

(p=0.02) and resistance (p=0.04) training groups compared to the 

sham group, according to figure 1. In the comparison of these two  

 

Table 3. Resistance training protocol. 

  Groups Aerobic 

Training 

Resistance 

Training 

Sham Healthy 

Lee Index 0.44 ± 0.12 0.47 ± 0.06 0.50 ± 0.06 0.42 ± 0.03 
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        Table 2. Resistance training protocol. 

                       Session First Set Second Set Third Set 

First Session 30% 30% - 

Second Session 50% 50% - 

Third Session 50% 50% 50% 

Fourth Session 75% 75% 75% 

Fifth Session 75% 75% 75% 

Sixth Session 75% 75% 75% 
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Table 4. Mean and standard deviation of the 1RM and vVO2max 

Variables Before Training After Training 

1RM (gr) 51.30 ± 2.26 71.00 ± 9.63 

vVO2max (m/min) 20.17 ± 5.84 27.67 ± 5.16 
 

trainings, aerobic training resulted in a greater reduction in blood 

sugar, but the difference was not shown to be significant in this 

study. 

The result of FGF21 data is shown in Figure 2. 

According to the findings, there was an increase in FGF21 in the 

training groups as compared to the sham group, which was 

significant in both the resistance training group (p=0.008) and the 

healthy group (p=0.02). The amount of FGF21 increased more in 

the resistance group than in the aerobic group when the two 

trainings were compared, although the difference was not 

significant. 

Discussion  

Type 2 diabetes is one of the most common metabolic illnesses 

of the twentieth century, characterized by an increase in blood 

glucose and an increase in oxidative stress. It may be important 

in the etiology of cardiovascular disorders (Mohammadi et al., 

2017). According to the findings of this study, aerobic and 

resistance training can both have a good influence on blood 

glucose levels, although there was no significant difference 

between the two trainings. The level of FGF21, on the other hand, 

increased in both forms of exercise, although this rise was 

significant only in the resistance group. 

FGF21 has also been shown to prevent diabetic cardiomyopathy 

via AMPK-mediated antioxidation and lipid-lowering effects in the 

heart (Yang et al., 2018). The study concluded that FGF21 has a 

protective effect on the heart, and its activation and involvement 

in cardiac protection may facilitate increased glucose uptake in  
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Figure 1. Comparison of fasting blood sugar in different groups. Data 

were show as mean ± SD. *Shows significant difference at P ≥ 0.05 
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Figure 2. Comparison of FGF21 in different groups.  Data were show 

as mean ± SD. *Shows significant difference at P ≥ 0.05 

 

ischemic stress (Patel et al., 2014). The study also found that 

resistance exercise was more effective than aerobic exercise in 

improving sugar indicators and FGF21 levels in diabetic rat 

cardiac tissue (Patel et al., 2014). Therefore, resistance exercise 

may be a more effective intervention for diabetic patients with 

cardiovascular complications. 

The effect of aerobic and resistance exercise on sugar indicators 

and FGF21 in diabetic rat cardiac tissue has been studied in 

various research articles. The studies show that exercise can 

improve insulin resistance, increase insulin sensitivity, and 

reduce blood insulin concentration (Lin et al., 2021). Exercise can 

also reduce circulating FGF-21 and myostatin levels, which are 

potential therapeutic targets for insulin resistance in age-related 

metabolic disorders, including type 2 diabetes (Shabkhiz et al., 

2021). Aerobic exercise can increase the sensitivity of FGF21 by 

upregulating the expression of the downstream receptor 

adiponectin (ApN), and the serum FGF21 level after exercise 

increases initially and then decreases (Li et al., 2022). Resistance 

exercise improves cardiac function and mitochondrial efficiency 

in the hearts of diabetic rats, which are accompanied by higher 

FGF21 content in the soleus muscle (Khajehlandi et al., 2021). 

Both aerobic and resistance exercise training significantly 

decreased serum fetuin-A and fetuin-B and increased FGF-21 

levels in males with type 2 diabetes mellitus, but more significant 

alterations in serum factors were observed from resistance 

training (Keihanian et al., 2019). In the case of resistance 

exercise, FGF-21 levels decreased after exercise in all but one 

study (Kim et al., 2023). 

The research on the effect of exercise on FGF21 crosstalk 

between muscle, liver, and heart suggests that endurance 

exercise increases the expression of FGF21 in skeletal muscle, 

which promotes fiber conversion through TGF-β1 and p38 MAPK 

signaling pathways (Luo et al., 2023). Both clinical and preclinical 
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studies have shown that aerobic exercise can change circulatory 

and tissue FGF21, along with its receptors (Porflitt-Rodríguez et 

al., 2022). Exercise-induced elevation of circulating FGF21 

affects both muscle and liver, but the dominance of one over the 

other remains unclear (Yue & Jianping, 2022). Exercise can also 

improve obesity-induced metabolic disorders by enhancing 

FGF21 sensitivity in adipose tissues (Geng et al., 2019). Acute 

exercise can increase FGF21 in metabolic organs and circulation, 

and the activation of Akt induced by acute exercise might 

increase circulation FGF21(Tanimura et al., 2016). Overall, the 

research suggests that exercise can have a positive effect on 

FGF21 crosstalk between muscle, liver, and heart, but more 

studies are needed to fully understand the mechanisms involved. 

The studies cited in the search results suggest that aerobic and 

resistance exercise can have positive effects on sugar indicators 

and FGF21 in diabetic rat cardiac tissue. Aerobic exercise has 

been shown to alleviate oxidative stress and apoptosis by 

activating the FGF21/FGFR1/PI3K/AKT pathway (Bo et al., 

2021). Both clinical and preclinical studies have shown that 

aerobic exercise can lead to changes in circulatory and tissue 

FGF21, along with its receptors and co-receptor (Porflitt-

Rodríguez et al., 2022). Resistance training has been found to 

attenuate circulating FGF-21 and myostatin and improve insulin 

resistance in elderly men with and without type 2 diabetes 

mellitus (Vecchiatto et al., 2022). Another study found that insulin 

and exercise increase FGF21 in plasma, and that induced 

expression and secretion of FGF21 from muscle may improve 

glucose tolerance, lipid metabolism, and energy expenditure in 

rodents (Kruse et al., 2017). 

In the research of Abbasi Daloii and colleagues, a period of 

aerobic training caused a significant increase in FGF21 in the 

serum of obese men (Abbassi Daloii & Maleki Delarestaghi, 

2017). In the research of Yaghubi et al., who investigated the 

effect of eight weeks of aerobic training on the level of FGF21 in 

diabetic women, they saw an increase in the level of 

FGF21(Yaghubi & Abedi, 2021). It appears that aerobic and 

resistance exercises improve glucose disposal by increasing 

insulin action and by activating the AMPK pathways, causing 

GLUT4 translocation to the muscle cell surface and glucose 

uptake in subjects (Pereira & Lancha, 2004). We speculate that 

increased FGF21 mediates some of the beneficial effects of 

aerobic and resistance exercises on glucose and lipid 

metabolism in menopausal women with type II diabetes mellitus. 
Another study by Kim et al reported that serum FGF21 level is 

increased in mice after a single bout of acute exercise and that 

this is accompanied by increased serum levels of free fatty acid, 

glycerol and ketone body. They also observed that FGF21 gene 

expression was induced in the liver but not in skeletal muscle and 

white adipose tissue of mice after acute exercise, and further, the 

gene expression levels of hepatic peroxisome proliferator-

activated receptor α (PPAR α) and activating transcription factor  
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4 (ATF4) were also increased. They proposed that FGF21 may 

also be associated with exercise-induced lipolysis in addition to 

increased catecholamines and reduced insulin (Kim et al., 2013). 

Similarly, FGF21 causes a significant decrease in fasting plasma 

glucose, fructose, triglyceride, insulin, and glucagon in diabetic 

monkeys. In addition, FGF21 causes a small but significant 

decrease in weight (Taniguchi et al., 2014). Another study has 

shown that serum FGF21 increases in impaired glucose 

tolerance and type 2 diabetes and is associated with liver and 

whole-body insulin resistance (Schuler et al., 2013). In animal 

studies, the existence of FGF21 resistance has been investigated 

in obese mice with a diet; Therefore, the high serum level of 

FGF21 probably indicates the resistance and reduction of the 

therapeutic effect of FGF21, which may lead to glucose and fat 

burning. In addition, the basal level of FGF21 is positively related 

to the daily amount of physical activity, while the FGF21 induced 

by training in normal weight individuals increases with increasing 

cardio-respiratory fitness. Cuevas-Ramos et al showed that in 

healthy young women, the level of FGF21 increased significantly 

from an average of 276.8 ng/l to 460.8 ng/l after two weeks of 

training (Cuevas-Ramos et al., 2012). In Rajabi et al.'s research, 

a significant increase in serum FGF21 was observed after 12 

weeks of aerobic training on inactive women (Eckardt et al., 

2014). Kim et al showed that even one session of acute exercise 

increases serum FGF21 levels in both healthy mice and men. 

However, Kharitonen and colleagues reported that FGF21 

therapeutic prescription causes a decrease in plasma glucose 

and triglyceride levels close to the normal level (Kharitonenkov et 

al., 2007). In the study of Semba and colleagues, high serum 

concentrations of FGF21 were related to abnormal glucose 

metabolism and insulin resistance (Semba et al., 2012). Similarly, 

in the study of Mraz and colleagues, the plasma level of FGF21 

in diabetic patients was significantly higher than in the healthy 

control group (Mraz et al., 2009). Based on these results, FGF21 

has been proposed as a hormonal regulator of metabolism and 

may be a promising key target for the treatment of insulin 

resistance and other aspects of metabolic syndrome. 

Experiments on mice treated with FGF21 showed that this protein 

regulates the entire body's insulin response and increased 

glucose uptake in skeletal muscles, white adipose tissue, and 

brown adipose tissue (Camporez et al., 2013). 

The results of the present research are consistent with the 

findings of Cuevas-Ramos et al. (2012) (Cuevas-Ramos et al., 

2012) and Abbasi et al. (2016) (Abbassi Daloii et al., 2016) and 

are not consistent with the findings of Taniguchi et al. (2016) 

(Taniguchi et al., 2016). It seems that FGF21 is a determining 

factor in the response of metabolic adaptation to energy 

deficiency and also as an excellent therapeutic molecule for the 

treatment of type 2 diabetes in laboratory animals. Performing 

sports activity leads to an increase in FGF21 serum level in 

healthy mice and humans. Recent findings show that FGF21 is  
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an important endogenous regulator for blood glucose. Also, 

FGF21 increases glucose consumption in an insulin-dependent 

manner. The therapeutic use of FGF21 in diabetic mice led to the 

improvement of blood glucose levels (Raschke & Eckel, 2013). In 

most type 2 diabetes patients, the goal of doing sports exercises 

is to increase energy expenditure, and this topic is directly related 

to the amount of muscle mass involved during sports activities. 

For this reason, activities that involve more muscle mass have 

better results for type 2 diabetes patients (Poirier et al., 2002). In 

general, it can be said that regular aerobic and resistance 

trainings have a positive effect on the heart function and sugar 

indices of diabetic people, but according to the results of the 

present study, resistance training can be recommended to 

improve the heart function of type 2 diabetics.  

Conclusions 

According to the results of the present research, resistance 

trainings can have a bigger influence on sugar indicators and 

anti-diabetic cardiac factors like FGF21, and will play an effective 

role in minimizing the consequences of diabetes. 

What is already known on this subject? 

Based on the available research, it is known that both aerobic 

and resistance exercise can have a significant impact on 

fibroblast growth factor 21 (FGF21) levels and its associated 

pathways in cardiac tissue. Additionally, both aerobic and 

resistance exercise training have been found to decrease serum 

fetuin-A and fetuin-B levels while increasing FGF-21 levels in 

men. 

What this study adds? 

Resistance Trainings can have a bigger influence on sugar 

indicators and anti-diabetic cardiac factors like FGF21, and will 

play an effective role in minimizing the consequences of diabetes. 

Organ Cross-Talk Tips: 

 The cross-talk between damaged heart muscle and metabolic 

responses following eccentric exercise needs to be carefully 

identified (future perspective). 
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