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Abstract: A diabetic skin ulcer model was established by combining streptozotocin (STZ) administration with full-
thickness skin defect surgery to evaluate the changes in irisin levels during the healing process. The experiment was 
divided into 2 groups, with 6 mice in each group: the normal control group and the diabetic skin injury group. Compared 
with the normal group, the model injury group showed a significant increase in blood glucose (p < 0.001), a significant 
decrease in healing rate (p < 0.001), and a significant decrease in irisin levels (p < 0.001) after 14 days. Irisin levels were 
positively correlated with blood glucose and positively correlated with wound healing rate. In conclusion, irisin may be a 
potential therapeutic target for the treatment of diabetic skin injury.
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1. Introduction
Diabetes mellitus is one of the common chronic metabolic disorders [1]. It is accompanied by a series of 
complications, such as diabetic nephropathy, diabetic encephalopathy, and diabetic foot [2]. These complications 
affect the quality of life of diabetic patients, and severe complications can even be life-threatening. Among them, 
difficult-to-heal diabetic wounds, such as diabetic foot ulcers, are a major concern. Due to significant impairment 
of vascular microcirculation in diabetic patients, wounds are difficult to heal. Once induced by factors such as 
wound infection or low immunity, these wounds can develop into diabetic skin ulcers [3]. At present, there are still 
no effective treatment methods for diabetic skin ulcers, and in-depth research on the pathological mechanism of 
diabetic skin ulcers is lacking, which hinders the identification of specific targets for drug development.

Irisin, a myokine-derived protein, is closely related to tissue metabolism in the body [4]. In recent years, more scholars 
have focused on the role of irisin in metabolic diseases, such as its effect on diabetes mellitus [5,6]. Relevant studies have 
found that irisin can significantly improve body metabolism, promote blood glucose utilization, and alleviate diabetes 

[7]. Meanwhile, irisin also exhibits certain anti-inflammatory and antioxidant effects [8]. However, whether the 
expression of irisin in the body, especially in skin tissue, is correlated with diabetic skin ulcers remains unclear.
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In this study, an animal model of diabetic skin injury was established to detect irisin levels in blood and 
skin tissue, and to explore its correlation with the healing of diabetic skin ulcers. This study aims to provide a 
theoretical basis for determining whether irisin can be a potential effective target for the treatment of diabetic skin 
ulcers in future research.

2. Materials and methods
2.1. Experimental animals
Adult male ICR mice, 8–10 weeks old (n = 24), weighing between 20 and 24 g, were purchased from the 
Hangzhou Medical Experimental Animal Center.

2.2. Experimental equipment and reagents
Irisin (ThermoFisher Scientific); Streptozotocin (ThermoFisher Scientific); High-fat diet (ThermoFisher Scientific); 
Blood glucose meter and test strips (Roche); Ultrapure water system (Millipore); Analytical balance with a precision 
of 0.01 mg (1/100,000 balance, ThermoFisher Scientific); Irisin detection kit (ThermoFisher Scientific).

2.3. Animal grouping
The experiment was divided into two groups: the normal control group and the diabetic skin ulcer group, with 6 
mice in each group (n = 6 per group).

2.4. Animal model establishment 
First, a diabetic animal model was established by intraperitoneal injection of streptozotocin at a dose of 50 mg/kg [9]. 
Seventy-two hours later, blood samples were collected from the tail vein for the first time, and subsequent blood 
glucose monitoring was conducted continuously. A blood glucose level ≥ 16.7 mmol/L was considered a successful 
establishment of the diabetic model. On the basis of the successfully established diabetic model, a skin ulcer model 
was constructed. Specifically, mice were anesthetized by isoflurane inhalation, and their dorsal hair was removed using 
depilatory cream. A circular wound with a diameter of 20 mm was created on the dorsal skin of the mice. Mice in the 
normal control group only underwent the skin wound creation procedure without being induced to develop diabetes.

2.5. Evaluation of wound area in diabetic skin ulcers
On days 3, 7, and 14, the ulcer wounds of mice in both groups were photographed using a camera to measure the 
wound area. The wound healing rate was calculated using the formula: Wound healing rate = [(Original wound 
area - Unhealed wound area) / Original wound area] × 100%.

2.6. Tissue sample collection
On days 7 and 14 after wound creation, blood samples were collected from the tail vein of mice in both groups for 
blood glucose detection. Fourteen days after wound healing, 6 mice in each group were sacrificed, and dorsal skin 
tissue samples were collected.

2.7. Irisin detection using the kit
Skin tissue samples were lysed, followed by ultrasonic homogenization. The homogenate was centrifuged, and 
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the supernatant was collected for sample loading. After adding the antibody, a stop solution was added. The 
absorbance value was measured at a wavelength of 540 nm, and the irisin content in the samples was calculated by 
referring to the standard curve.

2.8. Statistical analysis
Experimental data were expressed as mean ± standard error (mean ± SE). Statistical analysis was performed using 
GraphPad Prism software, and the unpaired t-test was used for comparisons between the two groups. A p-value < 
0.05 was considered to indicate a statistically significant difference.

3. Experimental results
3.1. Changes in body weight and blood glucose
Compared with the normal group (32.4 ± 2.1 g), the body weight of mice in the model group (24.1 ± 1.0 g) was 
significantly decreased 14 days later (p < 0.01); the blood glucose level of mice in the model group (12.6 ± 0.8 
mmol/L) was significantly higher than that in the normal control group (4.2 ± 0.5 mmol/L, p < 0.001) (see Table 1).

Table 1. Changes in body weight and blood glucose levels of mice

Group Body Weight (g) Blood Glucose Level (mmol/L)

Normal Control Group 32.4 ± 2.1 4.2 ± 0.5

Model Group 24.1 ± 1.0** 12.6 ± 0.8***

t-value 3.568 8.904

p-value 0.0051 < 0.0001

Data from 6 mice in each group were expressed as mean ± standard error of the mean (SEM). Student’s t-test was used for 
data analysis. ** indicated a significant difference compared with the control group at p < 0.01; *** indicated a significant 
difference compared with the control group at p < 0.001.

3.2. Changes in wound area
The wounds of mice in both groups gradually narrowed over time. At 7 days after wound creation, the wound 
healing rate of mice in the model group (22.3 ± 0.9%) was significantly lower than that in the normal control 
group (36.8 ± 1.8%). A similar trend was also observed in mice at 14 days after model establishment (see Table 2).

Table 2. Changes in wound healing rate of mice

Group 3 days after wounding 7 days after wounding 14 days after wounding

Normal Control Group 12.8 ± 0.5 36.8 ± 1.8 81.8 ± 2.2

Model Group 9.3 ± 0.7** 22.3 ± 0.9*** 44.3 ± 2.3

t-value 3.995 7.348 11.860

p-value 0.0025 < 0.0001 < 0.0001

Data from 6 mice in each group were expressed as mean ± standard error of the mean (SEM). Student’s t-test was used for 
data analysis. ** indicated a significant difference compared with the control group at p < 0.01; *** indicated a significant 
difference compared with the control group at p < 0.001.
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3.3. Changes in irisin level
At 14 days after model establishment, compared with the normal control group (2.2 ± 0.3 nmol/L), the irisin level 
in the skin tissue of mice in the model group (0.7 ± 0.1 nmol/L) was significantly decreased (t = 4.743, p < 0.001).

3.4. Results of correlation analysis
The irisin level showed a negative correlation with blood glucose (R = -0.755, R² = 0.57, p < 0.01) and a positive 
correlation with wound healing rate (R = 0.821, R² = 0.67, p < 0.01) (see Table 3).

Table 3. Correlation analysis of variables in mice at 14 days after wounding

Variable Irisin level Blood glucose level Wound healing rate

Irisin Level 1 -0.755** 0.821**

Blood Glucose Level -0.755** 1 -0.902***

Wound Healing Rate 0.821** -0.902*** 1

The data represent Pearson correlation coefficients. ** indicates that the result of the correlation analysis between the two 
groups has a statistical significance of p < 0.01; *** indicates that the result of the correlation analysis between the two 
groups has a statistical significance of p < 0.001. The “-” symbol represents a negative correlation between the two sets of 
data.

4. Discussion
This study found that the expression level of irisin in the skin tissue of diabetic mice may be associated with 
wound healing. An increase in irisin level can accelerate the healing of diabetic wounds. The irisin level in the 
skin tissue of diabetic mice is significantly lower than that of mice in the normal group, which may be one of the 
reasons for the difficulty in wound healing. Irisin has anti-inflammatory and antioxidant effects, and can improve 
nerve and tissue functions [10]. However, no studies have shown so far that it can promote skin tissue repair. The 
latest relevant research has detected the expression of irisin in dermal tissue. Combined with the biological activity 
of irisin, this suggests that irisin may have the effect of promoting tissue repair [11].

This study also has certain limitations. Correlation research results indicate that there is a correlation between 
irisin, blood glucose, and wound healing rate; however, it remains unclear whether irisin directly promotes skin 
healing or improves skin healing by regulating blood glucose. It cannot be ruled out that irisin improves the local 
tissue microenvironment with high glucose levels, thereby alleviating microcirculatory disorders and further 
promoting tissue repair.

Through literature research, it is hypothesized that irisin may improve wound repair through the following 
pathways.

(1) 	It may inhibit inflammatory mechanisms, such as the Nuclear Factor kappa-B (NF-κB) signaling pathway, 
thereby optimizing the inflammatory phase of skin healing [12].

(2) 	It may activate the AMP-activated protein kinase/Phosphatidylinositol-3-kinase (AMPK/PI3K) signaling 
pathway to promote the secretion of growth factors, thus facilitating the formation of new blood vessels [13].

(3) 	It may activate oxidative stress-related mechanisms such as Nuclear Factor Erythroid 2-Related Factor 2 
(Nrf2) to exert antioxidant effects and protect cells [14].

(4) 	It may regulate the metabolism of the microenvironment and improve microcirculation [15].
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5. Conclusion
In conclusion, irisin may be a potential therapeutic target for diabetic skin ulcers, but further experiments are 
required to verify its mechanism of action.
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