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			Abstract | The objective of the current study was to assess how chitosan affects the capacity of rabbits to heal full-thickness cutaneous lesions, 24 clinically healthy adult male rabbits weighing 1.5 to 2 kg were utilized in the experiment. The interplay between intramuscular  of 5 mg/kg xylazine hydrochloride, 35 mg/kg ketamine hydrochloride, and 1 mg/kg diazepam were carried out. Based on the sort of treatment applied, these animals were allocated into three groups (A, B, and C). Chitosan powder was applied locally to wounds in group (A), as well as administered orally in group (B), and the wounds were left untreated in group (C) as a standard group. Each group was split into four subgroups, each consisting of two wounds, for histological analysis at the 0, 3, 7, and 14-day post-wound production and treatment durations. The findings showed that the speed of wound healing in treated rabbits were faster than non-treated rabbits. Additionally, the findings showed that treated groups had improved cellularity and expanded angiogenesis compared to non-treated group. Conclusion: The histological results supported the hypothesis that chitosan enhances and promotes the development of wound healing on the skin.
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			Introduction

			 

			The skin serves as the body’s biggest organ and its first line of defense against the outside environment because of its thick surface and corneous layer (Shamloo et al., 2018). Skin and soft tissue disorders include trauma, infections, and cancers of the skin, subcutaneous tissue, and fascia (Peetermans et al., 2020). Chitosan and its derivatives can be used to treat wounds as they accelerate the healing process for injuries to the skin, muscles, blood vessels, and nerves. (Alven and Aderibigbe, 2020; Zhao et al., 2021). Chitin, a fundamental component of the protective cuticles of many crustaceans like crabs, shrimps, prawns, and lobsters, is converted into chitosan through an alkaline deacetylation process (Kimbonguila et al., 2019). A lot of research has been done on chitosan to examine its possible application in medicine, food, and agriculture (Ghormade et al., 2017). Chitosan is biodegradable, biocompatible, hydrophilic, nontoxic and has antibacterial properties (Jin et al., 2015). Because of these properties, it is very useful for wound treatment, drug carrier, food packaging, dietary supplement, chelating agent, pharmaceutical, and biomaterial purposes, among other things (Gîjiu et al., 2022). Additionally, it facilitates cell migration, stimulates granulation and angiogenesis, encourages fibroblast proliferation, controls fiber deposition and organization, and improves wound healing (Naseri-Nosar and Ziora, 2018). Chitosan has several benefits, but it also degrades quickly and has a poor chemical strength (Gautam et al., 2014). Commercially, chitosan is available in different forms with variation in degree of de acetylation (50%–95%) and molecular weight (~300 to 1000 kDa) (Liu et al., 2011). Numerous chitosan derivatives have been discovered since chitosan is unstable and poorly soluble in water (Shahid and Butola, 2019). These derivatives were created chemically, retaining the parent chitosan’s useful biological qualities while enhancing its morphology and composition (Ardean et al., 2021). Chitosan and its derivatives have been made into hydrogels, sponges, microspheres, nanoparticles, and thin films for use as medicinal materials. Due to the vast range of qualities of these compounds, they are frequently employed to treat many disorders, particularly those of the skin and soft tissues. (Zhang N. et al., 2020; He et al., 2021).  Numerous investigations revealed that chitosan had the ability to heal wounds. Biocompatible carboxyethyl chitosan/poly(vinyl alcohol) (CECS/PVA) nanofibres were made by electrospinning an aqueous solution for use as a wound dressing material. According to cell culture results, fibrous mats were effective at encouraging L929 cell adhesion and proliferation (Zhou et al., 2008). A non-toxic, non-allergenic wound dressing is ideal, maintain a moist environment, permit gas exchanges, protect the site from microorganisms, and remove exudates from wounds (Croisier and Jérôme, 2013). The study parameters were determined using rabbits as an animal model following oral or local administration of the chitosan formulation once a day. The purpose of this study was to evaluate the effect of chitosan uses with method of treatment on cutaneous wound healing and compare it with a control group.

			 

			Materials and Methods

			 

			Experimental Animals

			In the study, twenty-four adult male rabbits weighing between 1.5 and 2 kg were separated into three groups of eight each. Throughout the duration of the trial, the animals were housed in individual cages at the College of Veterinary Medicine, University of Kerbala, with free access to food and water (Pellets). Animals were given anti-coccidiosis injections for four weeks to help them adjust to the experimental conditions. 

			 

			Ethical approval

			Each and every experimental technique was authorized by the College of Veterinary Medicine of kerbala and complied with the ethical approval number (UOK.VET.SU.2022.056).

			 

			Methods

			 

			Animals Preparation and Anesthesia

			Prior to receiving anesthesia, food was avoided for six hours. After shaving and cleaning the area along the dorsal back, diazepam was used to induce general anesthesia. After 10 minutes, xylazine and ketamine were then injected. These medicines were all administered intramuscularly. The dorsal side of the rabbits’ backs was prepared for aseptic surgery while they were held in ventral recumbency. (Albozachri et al., 2017).

			 

			Experimental design and Surgical Operation

			On each animal, a one square centimeter (1cm2) full-thickness skin wounds were created in dorsal aspect back region. The animals were divided into three groups, group (A) wounds were treated locally with chitosan daily for 7 days after creating the wound, while, at the same time in group (B), the wounds were treated locally and orally daily with chitosan, and group (C) the wounds were left without treatment as a control group.

			 

			Tissue processing

			The samples were dehydrated using increasing concentrations of ethyl alcohol (50–100%), cleaned in xylene, and then embedded in melted paraffin wax (59c), after being fixed in 10% neutral buffered formalin for 24 hours, blocked and finally cutted with an ordinary microtome with 3-6 micrometer thickness, placed on clean slides. Tissue sections were stained with routine dying hematoxylin and eosinand were examined using light microscope (Shi et al., 2006, Gür et al., 2023).

			 

			Results

			 

			Behavoiral and wound Healing Evaluation

			All animals were noted to eat and behave normally in the first three days after surgery, the wound healing processes were evaluated histologically in treatment and control wounds during two weeks of study as following;

			 

			Histopathological Results

			As stated in the study, a histopathological evaluation of all groups was done on days 3, 7, and 14 following treatment. Full-thickness incisional biopsy samples were obtained (5–6 mm wide), and they contained 3–4 mm of uninjured skin on either side of the wound. These samples were then embedded in paraffin, fixed in neutral formalin solution (10%), sectioned into 5- to 7-micron sections on a rotary microtome, and stained with hematoxylin-eosin (H&E) stains. The animals showed no signs of infection in the post-operative period and continued to be healthy. The aseptic circumstances surrounding the wounds in all groups were further confirmed by the microscopic inspection. A complex biological process called wound healing occurs in all tissues and organs of the body. Various cell types, including keratinocytes, neutrophils, macrophages, lymphocytes, fibroblasts and endothelial cells, are involved in this process. 

			 

			The inflammatory response predominated on the third day of skin wound healing in groups A and B (the treated group). Necrosis of skin tissue was observed on the skin’s surface as a result of mechanical injury. This stage was also characterized by hemostasis, RBCs (red arrow),mild fibrosis (black arrow) and significant angiogenesis (new emerging  blood vessels)  (white arrow), slight granulation ,slight edema , and significant formation of new hair follicles (white arrow) (Fig. 2,3). In the treated group, inflammatory cells thickened the epidermis near the cut edges, whereas in the control group, inflammatory responses were absent  (Fig. 1) The inflammatory response is initiated very soon after the trauma on wound event, it’s the first phase of the wounds healing. During this response the wound and surrounding tissues become inflamed and cells, mainly neutrophils and monocytes, are mobilized to penetrate the clot and begin the processes involved in granulation tissue formation.

			 

			In the 7th day of skin wound healing group (A, B) showed hemostasis, edema (red arrow), mild fibrosis , significant numbers of fibrocytes (black arrow) and slight hyperkeratosis (white arrow). slight inflammatory cell infiltration (red arrow), mild fibrosis (collagen fibers) (black arrow) (Fig. 5,6), and significant keratocyte proliferation, slight granulation tissue that was revealed as compared with group C (Fig. 4) . This is because the chitosan used in the formulation also has antibacterial properties, which further enhance the antibacterial activity.

			 

			In the 14th day of skin wound healing, group (A, B) (the treated group) showed re- epithelialization (red arrow), mild fibrosis (black arrow), and mild hyperplasia of the epidermis (white arrow) (Fig. 8,9). At the same period, the histological sections of control group were showed the fully epithelized surfaces (white arrow), less collagen fibers proliferation (red arrow).  Granulation tissue less cellularity (black arrow) and tissue structure resemble normal (Fig. 7). Wound healing is a process for promoting rapid dermal regeneration and accelerated wound healing. A chitosan membrane consisting of a skin surface on the top layer supported A chitosan membrane with a skin surface on top and a macroporous sponge-like sublayer has been created. The chitosan membrane demonstrated regulated evaporative water loss, high oxygen permeability, and improved fluid drainage while efficiently suppressing exogenous microbe invasion.[image: 57532.png]

			Figure 1: Histological section 3rdday of wound healing control group showed the non – epithelialization surfaces (white arrow), collagen fibers proliferation forming a matrix (red arrow).  Granulation tissue formation (black arrow) with the presence of red blood cells (yellow arrow). (Hematoxylin and Eosin ,10 X).
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			Figure 2: Histological section  3rd day of wound healing for the treated group (locally) showed hemostasis, RBCs (red arrow),mild fibrosis (black arrow) and significant angiogenesis (new emerging  blood vessels)  (white arrow) Slight granulation tissue. (Hematoxylin and Eosin ,10 X).
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			Figure 3: Histological section  3rd day of healing in wound for treated group(local, oral) showed  slight edema and hemostasis (red arrow), mild fibrosis (collagen fibers) (black arrow) and significant formation of new hair follicles (white arrow) (Hematoxylin and Eosin ,10 X).
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			Figure 4: Histological section of wound healing control group at days 7, showed significant highly collagen fibers  proliferation ( white arrow).  Granulation tissue more cellularity (black arrow) with less presence hemostasis (red blood cells) (yellow arrow). (Hematoxylin and Eosin, 10 X).
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			Figure 5: Histological section of 7th day wound healing for treated group (locally) showed hemostasis, edema (red arrow), mild fibrosis and significant numbers of fibrocytes (black arrow) and slight hyperkeratosis (white arrow) slight granulation tissue. (Hematoxylin and Eosin ,10 X).
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			Figure 6: Histological section of of 7th day healing in wound treated group (locally, orally) showed the slight inflammatory cells infiltration (red arrow), mild fibrosis (collagen fibers) (black arrow) and significant keratocytes proliferation (white arrow). (Hematoxylin and Eosin, 10 X).
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			Figure 7: Histological section of 14thday wound healing control group showed the fully epithelized surfaces (white arrow), less collagen fibers proliferation (red arrow). Granulation tissue less cellularity (black arrow) and tissue structure resemble normal. (Hematoxylin and Eosin, 10 X).
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			Figure 8: Histological section of 14th day of wound healing treated group (locally) showed re-epithelization (red arrow), mild fibrosis (black arrow) and mild hyperplasia of epidermis (white arrow). slight granulation tissue. (Hematoxylin and Eosin, 10 X).

			 

			[image: 57682.png] 

			Figure 9: Histological section of 14thday, of wound healing treated group (locally, orally) showed significant re-epithelialzation in epidermis (black arrow) and extensive granulation tissue formation in dermis (white arrow) (Hematoxylin and Eosin, 10 X).

			Discussion

			 

			Haemostasis, inflammation, proliferation, and remodeling are the four steps that make up the complicated and dynamic regeneration process of wound healing (Hani and Satya, 2013). The tissue-regenerating properties of chitosan present a novel approach to skin reconstruction.  (Wei et al., 2022). This study shows the enhancement of inflammation chitosan reaction. This reinforcement may be due to the increase in inflammatory cells in the first three days in both number and more specifically due to their high capacity to secrete more chemical factors, unlike the natural recovery process, so the process appeared faster and took shorter period to complete it compared With control. This conclusion is in agreement with many studies (Ahamed and Sastry., 2011, Rodrigues., 2019). These cytokines play an important role in recovery mechanism (Okamoto et al, 2003). It was reported that fibrous cells stimulated by chitosan molecules secrete Intercin -8 (IL -8) and other cytokines that in turn can stimulate blood vessels, fibrosis and epithelium. (Mori et al., 1997) It is known that IL-8 is from Al-Wa’i and chemical attractiveness to both lining and skin cells. Koch et al. (1992) Chitosan has a free active group (N-Acetyl-D-Glucosamine)  that has a pioneering role in the healing process. Song and Park (2001) Despite having a sewing machine It is regarded as the infection›s origin. (Javed et al., 2012) The chitosan antimicrobial property plays an important role in accelerating wound healing and preventing infection (Zhou et al., 2016). Graduate studies indicate that the amino groups are from  chitosan when calling it Physiological fluids are protonated and  they are associated with anonymous groups of microorganism microbial cells and growth (Mi et al., 2001, Kumirska et al., 2011).

			 

			Topical application of chitosan in burning wound management can stimulate forming the tissues of the granulation in the early stages of healing wounds and activation one of the fibrous cells that produce collagenase, this enzyme responsible for re-present it stimulates re-appearance and aids in wound healing (Alsarra, 2009, Wilkinson and Hardman, 2020). Re-preparation did not show any significant variation between groups in this investigation, even when the top groups dealt with chitosan. The study›s usage of chitosan could be to blame for this outcome, chitosan not have enough molecular weight and the degree of permissible removal to enhance the epithelium to treat (Aranza et al., 2009).  As the effects of healing the wound chitosan can be affected by factors Periodic molecular weight (Park et al., 2011). The degree of removal of acetyl (Kojima et al 2004). Also, the chitosan concentration that has been used may not be sufficient stimulating the revival of the epithelium, effect chitosan was influenced by a concentration chitosan itself, the top chitosan concentration is a higher initial effect, however lower chitosan concentration for him the time of influence is longer (Chen et al., 2002). It may also be to reduce rehabilitation due A short period of  chitosan application, due to the plaster that was placed after surgery. The procedure does not remain for a long time after surgical work, about 15 minutes remained a maximum due to the natural activity of animals after waking up from the anesthesia that led to the removal of plaster from the back of the animal easily when they are running, jumping and digging their tunnels, this chitosan wash from wounds  when applied in the form of powder.

			 

			Conclusions and recommendations

			 

			Chitosan’s antibacterial and anti-inflammatory properties give it the potential to be an efficient wound healing accelerator. Effective dressings should have properties tailored to a certain type of wound, be reasonably affordable, and cause the least amount of discomfort to patients. Numerous findings have been made public, however these materials still require a thorough and uniform classification. In order to accomplish these goals, it is necessary to modify the physical characteristics of the recognized systems.
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to non-treated group. Conclusion: The histological results supported the hypothesis that chitosan enhances and pro-

motes the development of wound healing on the skin.
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INTRODUCTION cuticles of many crustaceans like crabs, shrimps, prawns,
and lobsters, is converted into chitosan through an alkaline

he skin serves as the body’s biggest organ and its first ~deacetylation process (Kimbonguila et al., 2019). A lot of

line of defense against the outside environment be-  research has been done on chitosan to examine its possible
cause of its thick surface and corneous layer (Shamloo et application in medicine, food, and agriculture (Ghorma-
al., 2018). Skin and soft tissue disorders include trauma, de et al., 2017). Chitosan is biodegradable, biocompatible,
infections, and cancers of the skin, subcutaneous tissue, hydrophilic, nontoxic and has antibacterial properties (Jin
and fascia (Peetermans et al., 2020). Chitosan and its de- et al., 2015). Because of these properties, it is very use-
rivatives can be used to treat wounds as they accelerate the ~ ful for wound treatment, drug carrier, food packaging,
healing process for injuries to the skin, muscles, blood ves- ~ dietary supplement, chelating agent, pharmaceutical, and
sels, and nerves. (Alven and Aderibighe, 2020; Zhao et al., biomaterial purposes, among other things (Gijiu et al.,
2021). Chitin, a fandamental component of the protective 2022). Additionally, it facilitates cell migration, stimulates
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