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Abstract 
 

Introduction: MuRF1 and Foxo3 genes are important molecular markers of muscle atrophy and are significantly 

increased in skeletal muscle under various conditions, such as diabetes. The aim of the present study was to evaluate 

the modulation of muscle atrophy in elderly prediabetic and diabetic rats through interval aerobic training and crocetin 

extract. 

Materials and Methods: In this experimental study, 45 elderly male and female c57bl6 mice with diabetes [40 mg/kg 

peritoneal injection of streptozotocin (STZ)] aged 14-16 weeks and weighing 30-35 grams were randomly divided into 

9 healthy control, pre-diabetic, pre-diabetic + aerobic exercise, pre-diabetic + crocetin, pre-diabetic + aerobic exercise 

+ crocetin, diabetic, diabetic + aerobic exercise, diabetic + crocetin, and diabetic + aerobic exercise + crocetin groups. 

Interval aerobic training was performed for eight weeks, five sessions per week. Mice received crocetin 30 mg/kg/day 

by peritoneal injection. MuRF1 and Foxo3 expression levels were measured by the real-time polymerase chain reaction 

(PCR). To analyze the data, one-way analysis of variance (ANOVA) and Tukey's post hoc test were used (P ≤ 0.05). 

Results: MuRF1 and Foxo3 gene expression in the skeletal muscle of the diabetes group was significantly higher than 

that of the control group (P = 0.01). The gene expression levels of MuRF1 and Foxo3 in the pre-diabetes group + 

aerobic exercise + crocetin supplement and the diabetes group + aerobic exercise + crocetin supplement were 

significantly lower than those of other groups (P = 0.01). Insulin and glucose levels were significantly lower in the  

pre-diabetic and diabetic groups receiving aerobic exercise and a crocetin supplement than in other groups (P = 0.01). 

Conclusion: It seems that interval aerobic training and crocetin, alone or synergistically, can help reduce atrophy in 

elderly people with prediabetes and diabetes by downregulating MuRF1 and Foxo3 in skeletal muscles. 
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Introduction 
Diabetes is a metabolic disorder characterized by 

impaired glucose metabolism, which, in turn, affects 

lipid and protein metabolism (1). Various studies have 

shown that diabetes is associated with an increased risk 

of skeletal muscle atrophy (2-4). Muscle atrophy in 

chronic conditions such as type 2 diabetes is primarily 

driven by hyperglycemia and hypoinsulinemia (5). 

Prolonged muscle atrophy disrupts intracellular 

signaling pathways that maintain the balance between 

protein synthesis and degradation (6). Proteolytic 

pathways, including the ubiquitin-proteasome system, 

lysosome-mediated degradation, autophagy, and 

Caspase-3, are responsible for protein breakdown in 

muscle and contribute to muscle wasting (7). In 

healthy muscle, the degradation of damaged proteins is 

essential for maintaining cellular homeostasis; 

however, in atrophic conditions such as inactivity or 
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diabetes, increased activity of these pathways leads to 

excessive degradation of contractile proteins, resulting 

in muscle atrophy (8). 

Several factors, collectively referred to as atrogenes, 

contribute to muscle atrophy. MuRF1 (Muscle  

RING-finger protein-1) is a key atrogene within the 

ubiquitin-proteasome system, activated by FoxO 

(forkhead box) transcription factors (9). Activation of 

MuRF1 may represent an early maladaptive event in 

certain atrophic conditions. Studies have shown that 

diabetes increases MuRF1 mRNA expression in 

diabetic mice (10). Skeletal muscle is composed of 

multinucleated cells, and improper nuclear positioning 

is a significant determinant in the pathogenesis of 

muscular disorders (11). 

Insulin binding to its cell-surface receptor 

promotes IRS-1 (insulin receptor substrate-1) 

activation, leading to phosphatidylinositol-3,4,5-

trisphosphate (PIP3) production via PI3K 

(phosphatidylinositol-3-kinase) and subsequent 

activation of AKT (protein kinase B) at the plasma 

membrane. When the AKT pathway is inactive, 

muscle atrophy is triggered through activation of the 

FoxO transcription factor (12). Inactivation of the IGF-

1–PI3K–AKT pathway is associated with upregulation 

of ubiquitin-proteasome ligases, MAFbx, and MuRF1 

(13). AKT directly phosphorylates FoxO in response 

to growth stimuli, retaining FoxO in the cytosol. Upon 

removal of growth signals, AKT becomes inactive, 

leading to FoxO dephosphorylation, nuclear 

translocation, and activation of genes involved in cell 

cycle inhibition, metabolism, and apoptosis. Animal 

models demonstrate that FoxO overactivation reduces 

muscle mass, likely through increased  

MAFbx and MuRF1 expression (14). In a study on 

aged subjects, 12 weeks of aerobic exercise reduced 

FoxO3 mRNA expression, indicating a regulatory 

effect on atrophic signaling (15). 

In recent years, physical exercise has been 

recognized as an effective intervention capable of 

inducing neuromuscular adaptations of varying 

intensities. High-intensity interval training (HIIT) has 

been supported for patients with type 2 diabetes, 

involving alternating bouts of very high-intensity 

activity and active low-intensity recovery periods, 

which substantially increase the metabolic demands of 

muscle and the body (16). However, the precise 

physiological mechanisms through which HIIT 

improves skeletal muscle health remain unclear. Muscle 

atrophy results from a negative balance between protein 

synthesis and degradation. In catabolic states or 

inactivity, atrophy can reduce functional capacity and 

quality of life and increase mortality (16). 

Additionally, the use of natural antioxidants 

alongside exercise may enhance health outcomes. 

Saffron (Crocus sativus) and its derivatives, such as 

crocetin, have demonstrated significant bioactive 

properties, including anti-inflammatory and 

antioxidant effects, inhibition of lipoprotein oxidation, 

and benefits in coronary artery disease, hypertension, 

neurodegenerative disorders, and cancer (17). 

Given the increasing prevalence of diabetes, its 

detrimental health effects, and the potential benefits of 

antioxidant supplementation and structured exercise, 

the present study aimed to investigate the effects of 

eight weeks of high-intensity interval aerobic exercise 

combined with crocetin supplementation on skeletal 

muscle atrophy-related factors in prediabetic and aged 

diabetic mice. 

 

Materials and Methods 
Animal Maintenance: In this experimental study, 48 

female BALB/c mice, aged 14–16 weeks and weighing 

30–35 g, were obtained from the Animal Breeding and 

Research Center at Royan Institute, Isfahan. Upon 

transfer to the university's specialized Exercise 

Physiology Laboratory, the animals were acclimated 

for 1 week under laboratory conditions. Throughout 

the study, all animals were maintained under standard 

conditions, including a 12-hour light/dark cycle, 

ambient temperature of 20-22 °C, relative humidity of 

55%, and ad libitum access to food and water. All 

experimental procedures were conducted in 

accordance with the Helsinki Declaration and 

approved by the Ethics Committee of Islamic Azad 

University, Khorasgan Branch (Approval Code: 

IR.IAU.KHUISF.REC.1401.386). 

Induction of Diabetes: Prediabetic and diabetic 

aged C57BL/6 mice were fasted for 12 hours prior to 

induction. Prediabetic mice received a single 

intraperitoneal injection of streptozotocin (STZ) at 20 

mg/kg dissolved in citrate buffer. In contrast, diabetic 

mice received a single intraperitoneal injection of STZ 

at 40 mg/kg in citrate buffer. Four days post-injection, 

blood glucose levels were measured using a 

glucometer. Mice with blood glucose levels exceeding 

250 mg/dL were classified as diabetic (18). 

It is noteworthy that three mice died following STZ 

administration due to individual sensitivity, leaving a 

total of 45 mice in the experimental groups. These 45 

diabetic mice were randomly assigned to the following 

groups: prediabetic, prediabetic + aerobic exercise, 

prediabetic + crocetin, prediabetic + aerobic exercise + 

crocetin, diabetic, diabetic + aerobic exercise, diabetic 

+ crocetin, and diabetic + aerobic exercise + crocetin. 

Additionally, five healthy mice were included as a 
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control group to evaluate the effects of pre-diabetes  

 and diabetes induction (15). 

High-Intensity Interval Aerobic Exercise 

Protocol: The exercise groups underwent a 1-week 

familiarization period on a motorized treadmill at  

7-10 m/min for 10 minutes. Following 

familiarization, a graded exhaustion test was 

conducted to determine each mouse's maximal 

running speed for exercise prescription. Mice were 

first warmed up for 5 minutes at 5 m/min, after which 

the speed was increased by 1 m/min every 3 minutes 

until exhaustion. Exhaustion was defined as the 

inability of the mouse to continue running on the 

treadmill or to contact the end of the treadmill three 

consecutive times within one minute. 

During the first week, mice performed the 

adaptation exercise at 7–10 m/min for 10 minutes. 

Subsequently, the high-intensity interval training 

(HIIT) protocol was applied, consisting of alternating 

treadmill speeds of 7, 10, 13, 10, and 7 m/min in the 

first week. By the eighth week, the speed progression 

was 10, 13, 16, 25, 19, 16, 13, and 10 m/min. The 

treadmill speed gradually increased from 7 to 25 

m/min over the 8-week training period. HIIT was 

performed five sessions per week, with a 5-minute 

warm-up at 50% of maximal running speed at the 

beginning and a 5-minute cool-down at the same 

intensity at the end of each session (Table 1) (19). 

Crocetin Supplementation: Crocetin (Product No. 

6-881-255) was purchased from Sigma-Aldrich, USA. 

Mice received a daily dose of 30 mg/kg body weight 

of crocetin via oral gavage (20). 

Tissue Dissection and Sampling: Forty-eight hours 

after the last exercise session, mice in all experimental 

groups were anesthetized via intraperitoneal injection 

of ketamine (50 mg/kg body weight) and xylazine  

(20 mg/kg body weight). After confirming complete 

anesthesia, defined as the absence of response to 

applied stimuli, approximately 5 mg of the soleus 

muscle was excised under sterile conditions. The tissue 

was then washed with physiological saline and 

transferred into 1.8 mL microtubes containing 

RNAlater™ solution (20% v/v), appropriately labeled 

with the mouse ID and the dissection time. Samples 

were immediately stored in liquid nitrogen for 

subsequent analyses. 

Gene Expression Analysis of MURF1 and FOXO3: 

To assess the expression levels of MURF1 and 

FOXO3, quantitative real-time PCR (qReal-Time 

PCR) was performed (1). For this purpose, 50 mg of 

muscle tissue was excised from each animal, and RNA 

was extracted from all experimental groups according 

to the manufacturer's protocol (Qiagen, Germany). The 

quality of the extracted RNA was evaluated using 

agarose gel electrophoresis and by measuring optical 

absorbance at 260 nm with a NanoDrop 

spectrophotometer (Sigma, USA). Additionally, RNA 

concentration was calculated using the following 

formula: C (μg/μL) = (A260 × ε × d) ÷ 1000 

Subsequently, cDNA synthesis was performed 

using the Fermentas kit (K1621) following the 

manufacturer’s instructions. Specific primers  

(Table 2) were designed based on the gene sequences 

of MURF1 and FOXO3 available on PubMed 

(https://pubmed.ncbi.nlm.nih.gov). Primer efficiency 

and specificity were evaluated using software available 

on NCBI (https://www.ncbi.nlm.nih.gov). TBP was 

used as an internal control gene to normalize 

expression levels. After completion of the qReal-Time 

PCR reaction and reaching the cycle threshold (Ct) for 

each sample, the relative expression of target genes 

compared to the reference gene was calculated using 

the 2^-ΔΔCT method. 
Measurement of Serum Insulin and Glucose: 

Serum glucose concentration was measured using a 

glucometer (Alpha TRAK, Zoetis, USA), and serum 

insulin levels were determined using an ELISA kit 

(Abcam, ab277390, USA). 

To ensure normality of the variables, the Shapiro-

Wilk test was applied, and homogeneity of variances 

was assessed using Levene’s test. One-way analysis of 

variance (ANOVA) followed by Tukey’s post hoc test 

was used to analyze the data. A significance level of  

P ≤ 0.05 was considered for all analyses. All statistical 

analyses were performed using SPSS software, version 

26 (IBM Corporation, Armonk, NY, USA). 
 

Table 1. High-intensity interval training protocol 
Week Speed (m/min) Duration (min) Sessions per week 
Adaptation 7–10 10 5 
Week 1 7, 10, 13, 10, 7 10, 3, 19, 3, 10 5 
Week 2 7, 10, 13, 15, 12, 10, 7 5, 3, 3, 3, 23, 3, 3, 5 5 
Week 3 10, 13, 16, 17, 16, 13, 10 5, 3, 3, 23, 3, 3, 5 5 
Week 4 10, 13, 16, 18, 16, 13, 10 5, 3, 3, 23, 3, 3, 5 5 
Week 5 10, 13, 16, 19, 16, 13, 10 5, 3, 3, 23, 3, 3, 5 5 
Week 6 10, 13, 16, 20, 16, 13, 10 5, 3, 3, 23, 3, 3, 5 5 
Week 7 10, 13, 16, 21, 18, 15, 12, 10 5, 3, 3, 20, 3, 3, 3, 5 5 
Week 8 10, 13, 16, 25, 19, 16, 13, 10 5, 3, 3, 20, 3, 3, 3, 5 5 

https://pubmed.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
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Table 2. Primer Sequences of the Target Genes 

Gene Primer Sequence Temperature (°C) 

B2m F: ACAGTTCCACCCGCCTCACATT 60 

 R: TAGAAAGACCAGTCCTTGCTGAAG  

MURF1 F: TACCAAGCCTGTGGTCATCCTG 60 

 R: ACGGAAACGACCTCCAGACATG  

FOXO3 F: CCTACTTCAAGGATAAGGGCGAC 60 

 R: GCCTTCATTCTGAACGCGCATG  

 

Results 
The results of a one-way analysis of variance 

(ANOVA) demonstrated significant differences in 

glucose (P = 0.01), insulin (P = 0.01), and gene 

expression levels of MURF1 (P = 0.01) and FOXO3  

(P = 0.01) in skeletal muscle tissue from diabetic rats 

across the experimental groups. 

Post hoc analysis using Tukey’s test showed that 

glucose and insulin levels in the pre-diabetic group 

were significantly higher than those in the healthy 

control group (P = 0.01). However, in the pre-diabetic 

+ aerobic exercise, pre-diabetic + crocetin, and  

pre-diabetic + aerobic exercise + crocetin groups, 

glucose and insulin levels were significantly lower 

compared to the pre-diabetic group (P = 0.01). 

Similarly, glucose and insulin levels in the diabetic 

group were significantly elevated compared with  

those in the healthy control group (P = 0.01). 

Nonetheless, diabetic + aerobic exercise, diabetic + 

crocetin, and diabetic + aerobic exercise + crocetin 

groups showed a significant reduction in glucose and 

insulin levels compared to the diabetic group (P = 0.01) 

(Tables 3 and 4). 
The Tukey post hoc test indicated that MURF1 

levels in the prediabetic groups (P = 0.01) were 

significantly higher than those in the healthy group. 

However, in the prediabetic+ aerobic exercise  

(P = 0.01), prediabetic+ herbal supplement (P = 0.01), 

and prediabetic+ aerobic exercise + herbal supplement 

(P = 0.01) groups, MURF1 levels significantly 

decreased compared to the prediabetic group. 

 

Additionally, MURF1 levels in the diabetic groups  

(P = 0.01) were significantly higher than in the healthy 

group, but significantly decreased in the diabetic+ 

aerobic exercise (P = 0.01), diabetic+ herbal 

supplement (P = 0.01), and diabetic+ aerobic exercise 

+ herbal supplement (P = 0.01) groups compared to the 

diabetic group. 

Similarly, the Tukey post hoc test showed that 

FOXO3 levels in the prediabetic groups (P = 0.01) 

were significantly higher than in the healthy group. 

However, in the prediabetic + aerobic exercise  

(P = 0.01), prediabetic + herbal supplement (P = 0.01), 

and prediabetic + aerobic exercise + herbal supplement 

(P = 0.01) groups, FOXO3 levels decreased 

significantly compared to the prediabetic group. 

Furthermore, MURF1 levels in the diabetic groups  

(P = 0.01) were significantly higher than in the healthy 

group, but significantly decreased in the diabetic+ 

aerobic exercise (P = 0.01), diabetic+ herbal 

supplement (P = 0.01), and diabetic+ aerobic exercise 

+ herbal supplement (P = 0.01) groups compared to the 

diabetic group. 
 

Discussion 
The present study demonstrated that streptozotocin-

induced diabetes is associated with skeletal muscle 

atrophy and increased MuRF1 expression. 

Additionally, the results showed that 8 weeks of 

interval training, with or without crocetin 

supplementation, could reduce MuRF1 expression and 

mitigate muscle atrophy in diabetic mice. 

 

Table 3. Mean of serum glucose and insulin in experimental groups 

Group Insulin (μIU/mL)  

(mean ± SD) 

P-value Glucose (mg/dL)  

(mean ± SD) 

P-value 

Healthy Control 0.59 ± 0.09 < 0.01 95.4 ± 4.1 < 0.01 

Pre-diabetic 1.70 ± 0.02 < 0.01* 142.2 ± 2.5 < 0.01* 

Pre-diabetic + Aerobic Exercise 1.20 ± 0.04 < 0.01* 117.2 ± 3.5 < 0.01* 

Pre-diabetic + Herbal Supplement 1.14 ± 0.04 < 0.01* 111.0 ± 1.4 < 0.01* 

Pre-diabetic + Aerobic Exercise + Supplement 0.84 ± 0.25 < 0.01* 98.5 ± 0.7 < 0.01* 

Diabetic 5.20 ± 0.12 < 0.01* 310.2 ± 10.0 < 0.01* 

Diabetic + Aerobic Exercise 4.10 ± 0.05 < 0.01* 290.0 ± 0.2 < 0.01* 

Diabetic + Herbal Supplement 3.80 ± 0.04 < 0.01* 281.5 ± 2.1 < 0.01* 

Diabetic + Aerobic Exercise + Supplement 2.80 ± 0.11 < 0.01* 246.6 ± 1.6 < 0.01* 
*Indicates significant difference from the control group at P < 0.05. 

SD: Standard deviation 
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Table 4. Mean of FOXO3 and MURF1 expression in experimental groups 
Group FOXO3 expression  

(mean ± SD) 

P-value MURF1 expression  

(mean ± SD) 

P-value 

Healthy Control 0.99 ± 0.02 < 0.01 0.98 ± 0.02 < 0.01 
Pre-diabetic 7.40 ± 0.30 < 0.01* 5.40 ± 0.30 < 0.01* 
Pre-diabetic + Aerobic Exercise 6.20 ± 0.21 < 0.01* 4.20 ± 0.09 < 0.01* 
Pre-diabetic + Herbal Supplement 5.60 ± 0.12 < 0.01* 3.60 ± 0.10 < 0.01* 
Pre-diabetic + Aerobic Exercise + Supplement 4.07 ± 0.52 < 0.01* 2.90 ± 0.04 < 0.01* 
Diabetic 11.40 ± 0.25 < 0.01* 12.41 ± 0.11 < 0.01* 
Diabetic + Aerobic Exercise 5.40 ± 0.15 < 0.01* 9.40 ± 0.07 < 0.01* 
Diabetic + Herbal Supplement 4.70 ± 0.07 < 0.01* 6.70 ± 0.21 < 0.01* 
Diabetic + Aerobic Exercise + Supplement 2.70 ± 0.34 < 0.01* 4.70 ± 0.34 < 0.01* 

*Indicates significant difference from the control group at P < 0.05. 

SD: Standard deviation 

 

These findings are consistent with the results of 

Panahi et al. (21), Liu et al. (22), Ribeiro et al. (23), 

and Moradi et al. (24). 

Limited studies have examined the effect of 

exercise on MuRF1 expression, and they have 

suggested different underlying mechanisms. In this 

regard, Panahi et al. showed that 4 weeks of resistance 

training reduced MuRF1 gene expression in diabetic 

Wistar rats (21). Liu et al. also reported that eight 

weeks of moderate-intensity aerobic exercise 

decreased MuRF1 in type 2 diabetic mice (22). 

Pancreatic damage induced by STZ injection in 

rodents and the increase in MuRF1 expression in 

skeletal muscle atrophy suggest a potential role for 

MuRF1 in diabetes-related muscle atrophy (21). 

Several studies have attempted to clarify the 

mechanisms underlying the increased expression of 

MuRF1 in diabetic muscle. Its expression is regulated 

by two transcription factors: Foxo and NF-κB. 

Evidence shows that increased NF-κB activity is 

necessary for IKKβ-mediated MuRF1 transcription, 

with at least 50% of the changes in muscle mass 

attributed to NF-κB activation (25). Since chronic IKK 

activation occurs in diabetic patients and NF-κB is 

strongly activated under diabetic conditions, the  

NF-κB pathway appears to be a major contributor to 

diabetes-induced MuRF1 upregulation. The 

transcription factor Foxo is also involved in muscle 

degradation and likely regulates MuRF1 ubiquitin 

ligases (26). Inflammation increases MAPKp38 

activity via NF-κB, which may drive atrogene 

expression and protein degradation (atrophy) (27). 

Additionally, studies on rodent cells using 

pharmacological approaches or gene inhibition have 

shown that MuRF1 transcription is regulated through 

the AKT-Foxo signaling pathway (9, 28). MuRF1 

response to exercise may vary depending on 

intensity, duration, and repetitive activity. Hsp25 

(Heat Shock Protein-25) seems to act as a regulatory 

mediator of the atrophy pathway, playing a key role 

in counteracting diabetic muscle atrophy. Increased 

Hsp25 expression following exercise reduces atrophy 

and MuRF1 expression, suggesting that exercise may 

be an effective intervention for diabetes-related 

muscle atrophy. 

Diabetes leads to alterations in cellular proteins, 

oxidative stress, and impaired cellular defense 

mechanisms (29). Exercise-induced reduction of 

oxidative stress in diabetic subjects in this study likely 

contributed to the downregulation of MuRF1 by the 

end of the training period. Chen et al. linked increased 

MuRF1 expression in diabetes-induced atrophy to 

oxidative stress, showing that H₂O₂ induces MuRF1 

expression and MHC degradation in cultured cells 

(30). Ribeiro et al. also reported that 12 weeks of 

resistance training decreased MuRF1 in the muscles of 

young and aged mice (23). Persistent hyperglycemia in 

diabetes disrupts the pro-oxidant–antioxidant balance, 

increasing ROS and decreasing antioxidant levels. 

Insulin reduction and oxidative stress are essential for 

protein breakdown and muscle atrophy (23, 29). 

The current study also showed that Foxo3 

expression in skeletal muscle was significantly 

increased in the diabetic group compared with the 

other groups. In contrast, exercise, with or without 

crocetin, significantly attenuated Foxo3 expression. 

Foxo3 was used as a marker of atrophy and protein 

degradation. Seven days of immobilization reportedly 

increased Foxo3 by 82%, MAFbx by 78%, and  

MuRF1 by 91% (31), consistent with findings from 

Kang and Li Li Ji (32) and other studies on inactivity 

and muscle mass (33). Batista et al. (34) demonstrated 

that denervation increased Foxo3 and MuRF1 

expression in muscle fibers, leading to atrophy. In 

animal models, Foxo3 overexpression caused 

increased MAFbx and MuRF1 expression, reducing 

muscle volume, suggesting that these genes are reliable 

indicators of decreased muscle mass (31). 

Multiple mechanisms contribute to muscle  

atrophy under disuse conditions. IGF-1, through the 
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AKT-mTOR pathway, plays a key role in skeletal 

muscle protein synthesis, so its reduction is a 

significant factor in decreased protein synthesis and 

subsequent muscle mass loss. AKT inactivation 

activates Foxo (35). In rodents, increased Foxo reduces 

insulin receptor substrate availability, and inactivation 

of the IGF-PI3K-AKT pathway correlates with 

elevated levels of the E3 ubiquitin ligases MAFbx and 

MuRF1 (36). In the present study, interval training 

reduced Foxo3 in aged diabetic mice. AKT directly 

phosphorylates Foxo in response to growth stimuli, 

retaining it in the cytosol; upon removal of these 

stimuli, AKT is inactivated, leading to Foxo 

dephosphorylation, nuclear translocation, and 

activation of genes involved in cell cycle regulation, 

metabolism, and apoptosis (32-34). 

Crocetin, with its potent antioxidant and anti-

inflammatory properties, reduces oxidative stress and 

inflammation, inhibits atrophy, and improves muscle 

health. Combined crocetin supplementation and 

regular interval exercise protect muscle from oxidative 

stress by reducing lipid peroxidation and enhancing 

antioxidant defenses, thereby modulating skeletal 

muscle atrophy in aged diabetic mice (37). 

 

Limitations 
The present study was limited by the lack of 

measurement of other factors associated with skeletal 

muscle atrophy and reliance on Western blot techniques. 

 

Recommendations 
Future studies should investigate the effects of these 

interventions on other tissues such as the heart, brain, 

and liver. Given that interval training and crocetin 

supplementation modulated muscle atrophy in aged 

prediabetic and diabetic mice, it is recommended to 

use aerobic exercise and crocetin, both individually 

and in combination, to improve muscle atrophy. 

 

Conclusion 
The present study demonstrated that 8 weeks of crocetin 

supplementation and interval aerobic training reduced 

skeletal muscle atrophy in prediabetic and diabetic mice. 

Combined interval training and crocetin produced the 

most significant reduction in muscle atrophy. Therefore, 

interval aerobic exercise and crocetin supplementation, 

acting through distinct pathways, effectively modulate 

skeletal muscle atrophy. Overall, crocetin, with its 

antioxidant properties, in combination with interval 

aerobic training, reduces muscle atrophy in prediabetic 

and diabetic mice. 
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