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Abstract 

Background and Aim: Hydrogels are recently applied for skin healing purposes in a wide 

range of skin conditions. The aim of this study was to investigate the effects of collagen 

hydrogel on skin wound healing in diabetic male rats.  

Methods: 40 mg of bovine collagen was used in our study. The back of rats was shaved with 

a sterilized razor blade. After general anesthesia with ketamin and xylazin (ip) an area of the 

back of rats was burned with red-hot coin and similar grade II burns were created. The rats 

were divided into two groups: control (normal saline treated) and experimental (collagen 

hydrogel treated) group. After the treatment, wound healing was evaluated morphologically on 

days 7, 14 and 21. Skin elasticity also was assessed with a Cutometer. Ultrasound method was 

used to measure skin thickness.  

Results: Skin elasticity was higher in rats dressed with collagen than control untreated 

animals. Ultrasound imaging showed that dressing with collaged resulted in significant 

increase in skin thickness compared to control group. However, there was not 

morphologically wound closure difference in macroscopic observation among two groups. 

Conclusion: Although collagen hydrogel improves some aspects of burn wound healing in 

diabetic rats, wound area is not significantly decreased. 
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Introduction 
A burn is a damage to the skin or tissue caused by heat, electricity, chemicals, friction or 

radiation [1]. Burns can only affect the surface of the skin. Relatively thick or second-degree 

burns occur when the underlying layers of skin are damaged. In full-thickness burns or third-

degree burns, all layers of the skin are damaged. In type IV burns, deeper tissues such as 

muscles or bones are damaged [2] Diabetic foot ulcer is one of the significant complications of 

diabetes. About 15% of people with diabetes develop diabetic foot ulcers. Diabetic mortality 

is due to the vascular complications of diabetes, which include small vessel involvement such 

as renal involvement and retinopathy, and large vessel involvement including the lower 

extremity vessels, which results in impaired wound healing [3]. Diabetes causes diabetic foot 

ulcers by several mechanisms. The main cause of ulcers is usually a lack of pain in neuropathy. 

On the other hand, neuropathy itself makes the skin of the foot dry and brittle and increases the 

skin's tendency to crack. Due to the failure in immune responses, the mechanism of fighting 
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against germs in diabetics is impaired and the wounds are infected. Blood supply to the 

damaged tissues also is disrupted [4]. Most grade 1 or 2 diabetic foot ulcers heal with proper 

blood sugar control within 10 weeks [5]. 

Collagen is a natural polymer and has been widely studied for its role in scaffolding. Collagen 

type I and II are commonly used to produce hydrogel scaffolds for cartilage regeneration. 

Collagen hydrogels have a high swelling ratio and catalyze the formation of cartilage in the 

hydrogels. Collagen gel dressing can increase the speed and quality of full-thickness wound 

healing in diabetic rats. Moreover, it can also increase blood flow to the wound area [6]. 

However, it also has limitations due to its potential for an immune response, low mechanical 

strength, and high cost. Collagen hydrogel is synthesized chemically or by aldehyde or 

carbideimide [7]. The aim of this study was to investigate the effects of collagen hydrogel on 

skin wound healing in diabetic male rats.  

 

Materials and Methods 
40 mg of bovine collagen was dissolved in 25 cc of sterile deionized water in a Falkon tube.  

16 ml of PBS and 8 ml of HEPES buffer were poured in another Falkon tube and mixed to 

prepare a homogenous solution. The tubes were then placed in a beaker containing ice cubes 

for 5 minutes. The contents of the two tubes were combined and transferred to a dish and placed 

at room temperature for use.  33 mg/kg of streptozotocin (STZ) was used to induce diabetes in 

male Wistar rats. The back of rats was shaved with a sterilized razor blade (figure 1).  

 

 

Figure 1. Shaving the back of rats. 

 

After general anesthesia with ketamin and xylazin (ip) an area of the back of rats was burned 

with red-hot coin and similar grade II burns were created. The rats were divided into two 

groups: control (normal saline treated) and experimental (collagen hydrogel treated) group. 

After the treatment, wound healing was evaluated morphologically on days 7, 14 and 21. Skin 

elasticity also was assessed with a Cutometer. Ultrasound method was used to measure skin 

thickness. 

 

Results 
Skin elasticity was higher in rats dressed with collagen than control untreated animals. 

Ultrasound imaging showed that dressing with collaged resulted in significant increase in skin 

thickness compared to control group. However, there was not morphologically wound closure 

difference in macroscopic observation among two groups (figure 2). 
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Figure 2. Wound closure images on days 0, 7, 14, and 21. 

 

Discussion 
The present study shows that collagen hydrogel dressing has significant role in improving some 

aspects of wound healing in diabetic rats, however it does not significantly accelerate of 

diabetic wound closure. In line with our finding, it has been shown that hydrogel dressings 

consist of 90% water in a gel base and by keeping the wound moist, the hydrogel dressing helps 

protect the body against wound infection and promotes effective healing [8]. The success of 

hydrogel dressings is thought to be due to their ability to maintain an optimal wound healing 

environment, warm and moist, not dry while keeping infectious agents away. They can replace 

conventional dressings such as natural or synthetic cotton bandage, lint and gauze. Insoluble 

hydrophilic structures show significant potential for adsorption of wound secretions and 

accelerate oxygen release [9]. Collagen is the most abundant protein in the body in various 

tissues including skin and bone. This material is able to build a three-dimensional and non-

toxic network and therefore has many applications in tissue engineering [10]. Collagen is a 

natural substrate for cell attachment, growth and differentiation, and promotes cell proliferation 

and differentiation [11]. Collagen type I hydrogel is made and used as a tissue engineering 

scaffold. Gelatin hydrogel is able to repair damaged internal tissues of the body [12]. Collagen 

hydrogel has potential applications in tissue replacement. Collagen does not show any 

significant toxic effects on fibroblastic cells in vitro and can be used as a scaffold in tissue 

engineering applications [13]. The low cost and high wound healing ability have made collagen 

hydrogel one of the best ttopical treatments for chronic wound healing [14]. Hydrogel dressing 

is a good substrate for better performance of effective factors in wound healing [15]. Studies 

have shown that collagen scaffolds are safe environment for high density of cells effective in 

wound healing [16].  

 

Conclusion 
Although collagen hydrogel improves some aspects of burn wound healing in diabetic rats, 

wound area is not significantly decreased. 
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