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Abstract: Tissue regeneration is a complex process that the body has to undergo with openings or missing 
cell structures in response to traumatic injuries or wounds. Human tissues have generally limited 
potential for regenerative processes, making wound healing more vulnerable to infections and 
complications in the future. Recent studies show an improved benefit towards electrospun nanofibers as a 
substitute for conventional wound healing products such as bandages and gauzes. Ideal wound dressings 
should allow removal without contamination pain or risk, promote wound healing and restore cell health 
and function. These electrospun nanofibers can create a better healing environment by controlling the 
moisture and maintaining gaseous exchange.  
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Introduction to Wound Healing and its Mechanism 

Wound healing is a complex and dynamic method of substituting devitalized and damaged cellular 
structures and layers of tissue[1]. The method of healing human adult wounds can be separated into three or four 
distinct stages. Earlier authors referred to 3 phases— inflammatory, fibroblastic, and maturation, often defined 
as infectious, proliferative, and remodeling— and some authors maintain this. The phase of hemostasis, the 
phase of inflammation, the phase of proliferation and the phase of remodeling are present in the 4-phase 
definition. The phase of hemostasis is located within the inflammatory phase of the 3-phase strategy. 

Wound healing is an important physiological process consisting of a multitude of cell strains and their 
products working together. At the inflammatory level, attempts to repair the lesion caused by a local aggression 
start quite early on. Ultimately, they result in repair, which consists of replacing complex structures induced by 
collagen deposition and regeneration, leading to the process of cell proliferation and eventual differentiation by 
pre-existing cells in the tissue and/or stem cells [2]. Both processes do not exclude each other, that is, 
regeneration and repair may occur in the same tissue after a skin lesion, depending on the cell strains that are 
affected by the injury. The mechanisms of tissue regeneration and repair occur after the lesion begins. Is that 
because of the trauma or because of a particular medical disorder. All the stimuli which break the physical 
continuity of functional tissues establish one lesion. External or internal, as well as physical, chemical, electrical, 
or thermal, stimuli that cause lesions may be relevant. 

In addition, the lesions can cause damage to different organelles or to cells as a whole. Tissue repair is a 
simple linear process in which the growth factors induce cell proliferation, resulting in the incorporation of 
dynamic changes involving soluble mediators, blood cells, extracellular matrix formation, and parenchymal cell 
proliferation. According to Mitchel et al. the skin healing process reflects the principles of repair for most 
tissues. In wound repair, cell and biochemical events can be divided into the following stages: inflammatory 
reaction, cell proliferation and synthesis of the elements that make up the extracellular matrix, and subsequent 
cycle, called remodeling. Both stages do not exclude one another but overlap over time. 

Healing in most cases restores the barrier function and the skin's tensile strength near normal. Unlike 
prenatal wound healing, however, which is a regenerative process that recapitulates the original skin system, 
adult wound healing results in a fibrotic scar that functions as a simple patch for the wound. Excessive scarring 
changes the balance to hypertrophic scarring and keloid forming fibrotic states. There is growing evidence that 
scarring within the healing skin is a result of differential cellular responses to mechanical stress. Impairments in 
the response to the wound healing can also lead to chronic wounds 

Wound Dressings : 

Wound dressings are generally  made from natural or synthetic materials used on wound care. In the past, 
the primary function of the dressings was to keep the wound dry by exudate evaporation to prevent the 
introduction of harmful microorganisms into the wound. Yet this concept has been changed over time. An ideal 
wound dressing nowadays must have the goal of providing optimal moisture, speeding up the healing process, 
removing large amounts of exudates, and avoiding tissue maceration around the wound, which would cause a 
second injury. Standard wound dressing such as cotton gauze is usually used for passive dressings. Interactive 
dressings are distinguished by their clarity and their permeability. The downside of bioactive dressings is that 
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they require long periods of removal and are made from biopolymers such as collagen, chitosan, alginate, and 
elastin[3]. Commercial dressing include hydrocolloids, alginates, hydrofibers and collagens. 

Electrospinning : 

The electrospinning process is a advantageous system for obtaining polymer fibers by creating an electric 
field. The process of electrospinning is much similar to that of electrospray technique. But , the difference lies in 
the breaking of the electrified jet of polymer. In electrospray technique, the product formed is in form of 
droplets from breaking up of electrified jet. In contrast, the electrospinng process produces continuous strands of 
fibers which are formed from stretching of the electrified jet. This process uses a high potential electrical field in 
order to form nanofibers. Electrospinning by aligning nanofibers can also create certain nanostructures such as 
nanotubes and nanowires [4]. Such variations make it possible to apply the electrospun nanofibers to many 
applications including tissue engineering, wound healing, protective clothing, drug delivery.  

Process of electrospinning : 

The general process of creating nanofibers involves the use of high voltage to induce liquid jets which 
stretch the solution because of the electrostatic forces acting on it. The molten solution is collected on the fiber 
mat to solidify. It is then stored as a continuous nanofiber distribution. The electrospinning process will focus 
mainly on the use of polymer solutions for this paper, but polymer melts may also be used to produce nanofibers. 
The polymer solution is kept at its tension on the air as the capillary tip is exposed to an electric field. The 
strength of the electric field will continue to increase, which causes the polymer solution to lengthen the surface 
and start to form a conical shape. This is referred to as the Taylor cone which is an important part of the process 
[5]. The electric field will continue to increase until a value is reached at which the repulsive electric force 
overcomes the solution's surface tension force. At this stage the capillary will be expelled by a jet of charged 
solution. As long as the polymer solution makes contact with the surface, the solvent will evaporate. Initially, 
the jet begins as a single strand, but at such a high voltage electric field, the polymer strand is broken into 
several fine nanofibers strands which are then deposited onto the negatively charged plate. Three main stages 
will summarize this process. form first, followed by the ejection of the polymers in the  straight-line jet, and 
finally, the unstable whipping stage  where the polymers will split into separate but continuous  strands of 
nanofibers. 

Chitosan Nanofibers : 

Chitosan is a linear polysaccharide consisting of N-acetyl-glucosamine and β-glucosamine formed by 
crustacean chitin alkaline de-acetylation. It is soluble in acetic, lactic, malic, formic, or succinic acid solutions 
with dilute acid [6]. At pH 6, it is polycationic and associates readily with negatively charged molecules such as 
proteins, fatty acids, anionic polysaccharides, bile acids, which phospholipids, and can therefore be used as 
blended solutions. 

This polysaccharide has activities which are antibacterial, antifungal, mucoadhesive, analgesic, hemostatic, 
non-toxic, biodegradable, and biocompatible. These biological properties favored its topical use and 
implantation. Another recent medical technology is the drug delivery control systems. Possible oral use of 
chitosan nanoparticles was reported with drug carrier, as chitosan gel beads can be degraded between 14 and 28 
days after implantation. It was also suggested that chitosan is a candidate to be used in gene therapy due to the 
electrostatic attraction produced by its ability to bind and form complexes with DNA. 

Biodegradation is a very important property, and can be chemical or enzymatic degradation[7]. Chemical 
degradation refers to acid-catalyzed degradation, for example the stomach gastric juices. Chitosan can also be 
degraded by enzymes that hydrolyze the bonds between glucosamine-glucosamine, glucosamine-N-acetyl-
glucosamine, and N-acetyl-glucosamine-N-acetyl-glucosamine, respectively. Moreover, the rate of degradation 
of chitosan depends mainly on the weight of the molecules and the degree of deacetylation. Nonetheless, 
chitosan degradation isn't fully understood. Biocompatibility of chitosan is attributed to glucosamine, which is 
the most abundant component in chitosan and produced in the human body from glucose. Also, it is responsible 
for producing glycosaminoglycan which forms a cartilage tissue in the body. Chitosan by its positive charge can 
bind to free fatty acids and bile salt from dietary lipid during the absorption in the gut. 

Chitosan's hemostatic and antimicrobial activity is related to its polycationic character. It is thus involved in 
agglutinating red cells, which causes the formation of clots. The antimicrobial activity is due to electrostatic 
interactions between the chitosan polycationic structure and the anionic components of the microorganism 
surface. 

Chitosan nanofibers are formulated by electrospinning but, owing to its polycationic nature in solution and 
rigid chemical structure, chitosan has a limited electrospinnability. However, it will be  possible by blending 
with some co-polymers due to the formation of hydrogen bonds. 
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Cross linked co-polymers for electrospinned chitosan nanofibers : 

 Poly-vinyl alcohol : Polyvinyl alcohol is a water soluble, synthetic polymer with excellent chemical 
resistance. It is mainly recognized for its non-toxicity, biodegradability, and biocompatibility and is used in 
the biomedical sector. The PVA nanofibers are known to dissolve instantly in water. That is the main 
reason why we suggest cross-linking. Electrospinning was designed for chitosan nanofibers with PVA 
because they are more suitable for cell culture compared to PVA only[8]. Chitosan nanofibers mixed with 
PVA are recently being studied as dressings for the treatment of diabetic foot ulcers. Nanosized pores have 
been shown to protect damaged tissue from infection, while high porosity increases fluid absorption and 
helps to heal wounds. 

 Sodium Alginate : Sodium alginate is a non-toxic polysaccharide, with nutritional and medicinal uses. All 
Brown Seaweed species are the natural sources. It is an alginic acid salt with water-solubility. Inβ-(1–4) 
union, it consists of two uronic acids, β-d-mannuronic acid (M) and α-l-guluronic acid (G). These acids 
form homopolymeric blocks M-M or G-G, and blocks with an alternating M-G block sequence. Due to their 
high viscosity pure sodium alginate solutions can not be treated by electrospinning. But it is possible to use 
organic solvents or with water-soluble synthetic polymer mixtures such as poly(vinyl alcohol) (PVA) and 
poly(ethylene oxide), sodium alginate mixture with PVA can be processed by electrospinning and ultrafine, 
uniform surface nanofibers form. 

 Carboxymethylcellulose : Carboxymethylcellulose is a semi-synthetic natural polymer obtained from 
carboxymethylation of cellulose with properties such as biocompatibility, low toxicity and low rate of 
degradation. Likewise, their water solubility from β-(1[ 4]) glucopyranose residues to their composition. Its 
use as a biocompatible substance has been proved in biomedicine[9]. Chitosan blends with 
carboxymethylcellulose because it is an anionic polymer with similar structure to chitosan allowing strong 
ionic cross-linking between them. 

 Cellulose : Collagen is one of the proteins more present in mammals in the extracellular matrix. It is known 
for having excellent biocompatibility and the ability to promote tissue regeneration as re-absorbable. The 
extracellular tissue matrices are nanofiber structures which act as wound dressing to attach tissue cells, 
control tissue structure, and regulate the cell phenotype [10]. Collagen and chitosan are blended mimic the 
components of the extracellular matrix. Electrospinning using a solvent such as the mixture of 1,1,1,3,3,3 
hexafluoro-2-propanol with trifluoroacetic acid makes dressings with application in tissue engineering is 
possible. 

Advantages of Chitosan Nanofibers: 

Because of its natural origin and the biodegradability, biocompatibility, non-toxicity, and antimicrobial 
potential, chitosan nanofibers are said to be essential in producing various pharmacological actions. 
Electrospinning creates non-woven nanofibers with a high specific surface area and small pores for wound 
dressing. Both properties are beneficial for exudate absorption and prevent the bacteria from spreading, thus 
facilitating wound healing. Chitosan mixtures are used to manufacture nanofiber dressings and characterizing 
the structural, mechanical and biological properties is very promising for further studies. 
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