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Introduction: Different kinds of substances has been used for wound dressing, however, some disadvantages such as unsatisfactory mechanical stability,
poor flexibility, severe shrinkage, low porosity, hard separation from the wound site, and non-antibacterial activity, has been reported. Over the last two
decades, much effort has been made to find suitable biopolymer materials for wound healing applications. Chitosan has revealed various biological
properties like biodegradable, biocompatible, non-toxic and non-allergenic, antibacterial effects thus can be used for the production of biofilms and
nano-scaffolds. The poor solubility and thermal properties of chitosan restrict its widespread uses, but this polysaccharide is highly compatible with other
biopolymers, and researchers are using this property to improve the limitations of chitosan and produce various types of chitosan-based hybrids
materials. The purpose of this study is to provide an overview of various chitosan-based nanoscaffolds as wound healing dressings. Materials and
Methods: This narrative review was performed using ISI Web of Science, PubMed, SID, Scholar, Scopus, and Science Direct and articles published up
to Jan 2020 were included. The keywords of chitosan, chitosan-based scaffolds, chitosan-based composite, and wound dressing were used. Results: Many
researches have been accomplished to obtain chitosan-based scaffolds, including the construction of chitosan based blends and composite scaffolds and
etc. The results of most of these researches showed positive effects of chitosan, and its nanocomposite scaffolds/biofilms in blood clotting, activated
platelet activity, facilitated tissue regeneration and wound healing process. Conclusion: The use of chitosan-based scaffolds is effective in biological
dressings and wound healing. Futuristic and innovative approaches in chitosan derivatives and nanocomposites can lead to the preparation of suitable
co-polymers and the production of wound dressings with the desired properties. the authors hope that this review will be helpful to the researchers.
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Introduction

The skin wound is a type of injury that typically involves rupture
of the integument or mucous membrane and usually damages
the underlying tissues (1). Skin lesions treatment requires to find
the temporary barriers that improve the recovery process and
regeneration of the tissues and pain endured by the patient (2-
4). Efforts to find a suitable dressing to cover the wound have
grown over the years. An ideal wound dressing must allow
protection of the damaged site, have adequate mechanical
strength, inhibit bacterial/fungal growth, absorb wound

secretions, promote cell proliferation, and accelerate the tissue
repair process (1, 5, 6). Appropriate wound dressing should also
be flexible, easy to use, non-allergenic, and non-toxic (7-9). The
selection of wound healing material due to its interaction with
the wound affects the healing process (10, 11). Commercially,
various types of biopolymers for wound dressing have been
distinguished; some are based on natural polymers, such as
chitin, chitosan, alginate, cellulose, and some others on synthetic
polymers polyvinyl alcohol, polycaprolactone, and polylactic
acid (12-17).

Chitosan (CS) is a natural cationic polysaccharide composed
of B-O-(1-4) - linked glucosamine (GlcN) and variable levels of
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N-acetyl glucosamine (GlcNAc) (18, 19).

CS is derived from chitin, which can be obtained from the
exoskeleton of shrimp, other sea crustaceans, and fungi (18).
Because of various biological features like easy preparation,
biodegradability, cytocompatibility,
environmental safety, non-cytotoxicity, antibacterial/antifungal

fat binding capacity,

activity, hemostasis, non-carcinogenic, hydrophobic, and
property to accelerate wound healing, CS and its derived are the
most promising biomolecules material, widely investigated in
tissue engineering fields, biomedicine, bone regeneration, and
drug controlled release systems, as well as biochemical
separation systems (12, 20-27). CS scaffolds are used to prepare
various forms of the wound dressings, such as sponges,
bandages, hydrogels, and membranes (3, 28, 29). CS shows
positive effects at different stages of the wound improvement
process (3, 29, 30). In the early stage of wound healing phase,
Chitosan modulates surface-induced thrombosis and blood
coagulation and can promote the activation of platelets and
collagen fabrication of fibroblasts (31, 32). The hemostatic
ability of CS does not depend on the host's coagulation path, and
this is an advantage of CS dressing compared to Combat Gauze
(33). Additionally, CS can re-epithelialize and regenerate the
granular layer of the skin (34-36). CS exhibits rather broad
immunomodulatory effects, by inducing innate immune cells to
release a broad range of pro- and anti-inflammatory cytokines,
chemokines, growth factors, and bioactive lipids (19).

Due to some of the limitations associated with using scaffolds
synthesized from a single-phase biomaterial, a number of
researchers have formed scaffolds that include two, or more,
phases to combine the advantageous properties of each step (37,
38). Blending or combining of synthetic-natural polymers,
natural and natural polymers as well as synthetic-synthetic
polymers can result in the development of new polymeric
materials that are both biocompatible and biodegradable (39).
However, some of the limitation of pure CS, like its low
mechanical properties (rigid crystalline structure), high
destruction rate, and moderate Cell adhesion, can be overcome
by cross-linking as well as mixing with other synthetic
biodegradable polymers such as poly (ethylene glycol), poly-L-
lysine, hyaluronic acid, hydroxyapatite, gelatin, laminin, and
collagen type II/type IV (40-48). This study aims to overview
and outline the different CS-based scaffolds for wound healing
dressings.

Materials and Methods

This study is going to review and summarize information about
CS-based scaffolds for wound dressing. In this study, the
keywords searched included chitosan, chitosan-based scaffolds,
chitosan-based composite, and wound dressing. We searched
English reported and published articles in journals up to 2020
using various databases, including ISI Web of Science, SID,
Google Scholar, PubMed, Scopus, and Science Direct. Then, the
related articles were reviewed.

Results

Chitosan-based blend, nanocomposite scaffolds
Scaffolds are artificial, highly porous extracellular networks,
used in applications such as delivering cells, drugs or genes
selectively into the body. Different forms of scaffolds are
available such as typical thermo-sensitive sol/gel transition
hydrogels, 3D extracellular matrix scaffolds, nanofibrous
scaffolds, etc. (37, 38). A scaffold provides appropriate material
for different functions, cell attachment, proliferation, as well as
cell migration. The biological materials used to make scaffold
may be natural polymers such as CS, fibrin, curdlan, gelatin,
galactan, gellan, emulsan, levan, dextran, pullulan, alginate,
collagen, and albumin, or synthetic biodegradable polymers
such as polyethylene oxide (PEO), polyvinyl pyrrolidone (PVP),
and polyvinyl acetate (PVA) (37, 38).

There are several purposes for blending CS, which depend on
the application.  chitosan-based  natural/synthetic  or
polymer/nanoparticle composite scaffolds can be used for
several purposes such as increase hydrophilicity and improve
blood, high water vapor transmission rate (WVTR), wound
closure rate and enhance antibacterial and mechanical
properties (26, 49). Chitosan-based scaffolds are used to prepare
various forms of wound dressings, such as sponges, bandages,

hydrogels, and membranes (13, 50-55).

Chitosan scaffolds with natural polymers

Alginate is a natural anionic and hydrophilic multifunctional
polysaccharide. Alginate, due to its excellent biocompatibility,
forming gel easily, is one of the important polymers, have
increasingly used as attractive compounds in the biomedical
applications (32, 56). The CS/alginate polyelectrolyte complex
(CS-AL  PEC)
biocompatibility with human and mouse fibroblasts and
promoted accelerated healing of wounds compared with a

biofilms showed excellent in vitro
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conventional gauze dressing. The results of these researches
demonstrate that this membrane can be considered for wound
dressing (57-59).

The super porous hydrogel of CS /

alginate/curcumin / honey had a good fluid absorption capacity,

composite

excellent swelling capacity, water vapor transmission, bio-
adhesion, and expandable strength. I vivo results showed that
This
composite contributed to impressive faster wound healing
within one week (32, 60).

The high performance of biodegradable, biocompatible, and

this wound dressing induced re-epithelialization.

non-toxic CS/cellulose composite as a wound dressing is
reported. This composite substantially protects wounds from
dehydration and inhibited the growth of a broader range of
bacteria such as S. aureus, E. coli, Vancomycin-resistant
Enterococcus faecalis (VRE) and Methicillin-resistant S.aureus
(MRSA) in the lesion site. Fibroblasts continue to survive, and
proliferate in the presence of composites. These results indicated
that this blend membranes might be appropriate to be used as a
wound dressing (61-64).

Straccia et al., examined the effect of N-Succinyl chitosan
(NSC)/sodium alginate/micro-cellulose on wound dressings.
This hydrogel had antimicrobial effect against S. aureus and E.
coli, ameliorated swelling grade, and water vapor transmission
rate and stability. This biomaterial was suitable to hold a moist
environment in the wound site to increase regeneration and re-
epithelization (65).

Flexible sponge composite, CS/sodium alginate (SA)/
curcumin, was used to repair dermal lesions in rats. The results
obtained from this compound indicated the ability of in vitro
drug release, swelling capability, as well as in vivo formation of
the collagen. In vivo tests showed that this compound was more
effective than cotton gauze, and the presence of curcumin in this
compound increases the therapeutic healing effect (66).

CS/sericin composite nanofibers displayed good compatibility
to tissues for wound dressing applications. These biocompatible
composite nanofibers showed a bactericidal effect against gram-
negative and gram-positive bacteria and could promote cell
proliferation. The researchers showed that the combination of
the two substances improved the biological response ability
through their synergistic biological effects; therefore it could
function as a good candidate for wound dressings (28, 67).

The use of CS and silk fibroin (SF) showed an antibacterial
effect on gram-negative bacteria E. coli, enhanced cell
attachment and proliferation. The results of the experiments in

rats showed a rapid improvement in skin regeneration without
tolerogenic. Taken together, these results indicate that
composite might be a promising biohybrid material for wound
dressing (68, 69).

Type I collagen and chitosan, due to their cell-related
signaling activity including survival, proliferation, and
migration have been broadly used to make scaffolds for wound
dressing and restoring the damaged tissue (70). CS/collagen and
its derivatives hydrogel demonstrated well wound repairing
potential. These scaffolds had a good anti-inflammatory effects,
re-epithelialization ability, and considerable accelerated diabetic
wound healing (70, 71). Ma et al., produced CS/collagen sponge
for skin tissue rengineering. They added Glutaraldehyde (GA)
to this composite to improve their biostability. The results of
using this treated scaffold on human skin fibroblasts culture
showed accelerated cell infiltration and proliferation.
Satisfactory in vivo tests results were also obtained. All these
results suggested that the collagen/CS/GA scaffold may be a
potential candidate for skin regeneration with increased
biocompatibility and good biostability (72).

Chitosan/fibrin bandages, when tested in rats, showed high
cell viability, adhesion compared to chitosan-only groups. In
rats, due to an increased blood clotting, enhanced percentage of
wound closure was seen in lesion treated with this dressing
compare to chitosan-only bandages. It was proposed that the
biodegradation chitosan/fibrin bandages, might produce an
additive effect on wound healing. It was suggested that the
biodegradation chitosan/fibrin bandages, might generate an
increasable impact on wound healing (73).

In vitro and in vivo result of novel fibrous scaffold CS/salmon
fibrinogen showed a good mimic of the native extracellular
matrix (ECM). Progressive proliferation of human skin
fibroblasts cultured on this scaffold was seen. Wound healing in
the group that used this scaffold was far better than the control
group. As a result, researchers proposed this scaffold for use in
tissue regeneration, surgery, and other injuries dressing (74).

Kweon et al., used water-soluble CS (WSC)/heparin (CH)
ointment to make an accelerator in the wound healing process.
Heparin was used in this structure due to its ability to increase
stabilization and concentration of growth factors in the wound
site. The use of this structure showed approximately full
regeneration in the dermis of the lesion area (28, 75).

Hyaluronic acid (hyaluronan) due to its capability to promote
epithelial and mesenchymal cells migration, differentiation,

enhancing collagen deposition is a suitable biomaterial for
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wound dressing (76, 77). Studies involving the use of
chitosan/HA  hydrogels, aldehyde
propane-HA-chitosan, and HA/poly(vinyl

1-amino-3,3-diethoxy-
phosphonic
acid)/chitosan hydrogels in wound healing with satisfactory
results have been reported (32, 78).

Blazevic et al., proposed a new strategy to deliver melatonin
locally at the lesion site utilizing CS /lecithin nanoscaffold. These
nanoparticles showed a good effect on the keratinocyte
migration/proliferation. The use of CS/melatonin nanoscaffold
caused accelerated wound epithelialization and closure (79).

Carboxymethyl-chitosan ~ /
CS/gelatin/epigallocatechin gallate hydrogels displayed positive
antibacterial activity, an effective promoting cell proliferation,

gelatin  hydrogels  and

easily remove from the wound and accelerate the wound healing
process (80,81). The CS/gelatin (GE)/nanofiber membranes
with Fe304 nanoparticles with mechanical and antibacterial
properties appeared as a promising wound dressing substance
(82).

Natural polymers (from plant extracts)
The use of a combination of plant extracts with CS has an
important role in nanotechnology. Researchers believe that the
incorporating of plant extracts into some structures such as CS
could provide better performance and synergistic effect for
wound healing as well as great potential as a biodegradable and
antibacterial blend for wound dressing applications. These
outcomes have been widely supported by the results of cell
viability and proliferation of fibroblast cells (30, 83). Lawsonia
inermis leaves extract, Melilotus officinalis extract, Tridax
procumbens leaves extract, Senna auriculata extract,
Achyranthes aspera extract, Radix Salviae miltiorrhizae extract,
Ocimum basilicum extract, Bletilla striata extract, Passiflora
edulis extract, Morus alba leaves extract and several other plants
have shown great potential for use in the skin wounds dressing
(83-91).

Also, chitosan hydrogels in combination with hemigraphis,
nerolidol or apigenin, which found in several plants, displayed

the antimicrobial effect and healing properties (91-93).

Chitosan scaffolds with synthetic polymers

Polyethylene oxide (PEO) is a hydrophobic polymer used in the
manufacture of nanofibers. PEO was reported to reduce
viscosity due to changes in the internal and molecular
interactions of CS chains. PEO also led to an increase in the
hydrophilic property of the nano CS scaffold and better wound
dressing. Therefore, CS/PEO scaffold is a good candidate for

wound dressing usages due to its non - cytotoxicity, great
antibacterial properties, and biocompatibility (4, 94, 95).

CS-based nanoscaffolds have been used as an anti
leishmaniasis wound dressing. The CS/PEO/berberine (BBR)
nanofibers were prepared with the aim to obtain a suitable
nanofiber for leishmania lesions dressing in mice. Results
showed that this nano bandage has a positive effect on the rapid
healing of lesions (4).

Polyvinyl Alcohol (PVA) has good physical and chemical
properties polymer,
biodegradable, as well as excellent film-forming properties.

such as nontoxic, water-soluble
Therefore, PVA is widely used to support natural polymers in
tissue engineering and wound dressing (96). According to some
investigations, intermolecular and intramolecular hydrogen
bonds between CS and PVA chains resulted in an easier
electrospinning process. Furthermore, the use of CS/PVA
nanofibers on open wound healing in mice was useful. Results
of mechanical stability and histopathological examination
indicated that this matrix was impressive as a wound healing
accelerator (97-101).

The use of chitosan/PVA hydrogel in experimental burn rats
showed that the wound was healed earlier than those cured with
cotton and paraffin gauze (102). Exciting results were that after
adding bee venom or honey to this compound, the anti-
inflammatory and antibacterial properties of this hydrogel was
increased. These results showed chitosan/ PVA compound has
good potential as wound healing dressing (32, 103, 104)

The PVA/CS/Starch nanofiber could provide proper handling
of wound exudates, accelerate wound healing, and efficiently
protect the wound against E. coli and S.aureus (36). Another
study on wound healing properties of CS/ PVA/ starch
membrane with nano Zinc oxide showed that this membrane
was effective as a wound dressing and that the gel can be used in
topical applications, which required a broad spectrum of
antimicrobial activity; for example, as a bandage for wound
dressing (12).

The CS/PVA/montmorillonite (MMT)
hydrogels were recommended as a suitable wound dressing, due

nanocomposite
to good  mechanical  properties,  biocompatibility,
biodegradability, blood clotting ability, and antibacterial effect
(105).

Poly (ethylene glycol) (PEG) is a hydrophilic and flexible
polymer that has been widely used in pharmaceutical industries
for its low toxicity, flocculation ability, and thermoplasticity. CS/
PEG diacrylate blend biofilms
biocompatibility and no cytotoxicity toward the growth of

showed good in vitro

E Regeneration, Reconstruction & Restoration 2020; 5(1): el1

This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International.



Chitosan-based scaffolds for wound dressing

ell

mouse fibroblasts and have the potential to be applied as wound
dressing substance (106, 107).

Acrylic acid, a common hydrogel-forming monomer, has
been used in the copolymerization with CS/chitin to enhance its
hydrophobicity. The results of the combination of poly (acrylic
acid) (PAA) with chitin or CS showed that not only this
compound improved the water sorption of the dressing but also
caused growth and migration of fibroblasts to the wound site.
After 14 days, the morphological and biological conditions of
the cell on this film returned to normal (108).

Chitosan-based scaffold as a drug delivery system /
antimicrobial agents

The use of silver nanoparticles has an important role in
nanotechnology because of its physical, biological, and
functional applications. Nanosilver incorporated and CS
scaffolds have shown antibacterial effect against gram-negative
and gram-positive bacteria, excellent blood clotting ability, and
nontoxic effect toward Vero cells. In another study, the results
of the antibacterial tests showed that fabricated composite
scaffolds CS/cellulose (CE)/silver (Ag) could find potential
usage against different bacterial strains, including antibiotic-
resistant strains and could be applied as wound dressing
materials. Also, cellular response data showed that NIH3T3
fibroblastic cells have adhered and proliferated into all
composite scaffolds. These satisfactory results predict a good
future for the use of these nanoparticles in the biomedical field,
especially for wound dressing materials (30, 109-114).

In this regard, Rahimi ef al, revealed that a bioactive
quaternized chitosan and its silver-containing nanocomposites
could be considered as a biomaterial for wound dressing
applications (113).

The bionanocomposite CS/ZnO due to water absorption,
cytocompatibility, antibacterial effect, thermal stability, as well
as biodegradability, was introduced for use in wound dressing
(115, 116).

CS-polyacrylamide (PAM) and other chitosan hydrogel
scaffolds were produced to deliver piperacillin/tazobactam,
norfloxacin, minocycline, gentamicin/ ciprofloxacin, and
gentamycin sulfate, sulfadiazine, amikacin, tetracycline
hydrochloride. The results of these studies have shown the good
effect of antimicrobial agents in chitosan-based dressings for
decreasing infection load and accelerating wound healing (117-
124).

Thiolated CS/poly (N-isopropyl acrylamide)/ ciprofloxacin

film showed antibacterial properties. This composite was easily
removed from the lesion site by lowering the temperature
without causing any pain (28, 125).

After using hydrolyzed curdlan /chitosan membranes,
improved elongation-at-break and water vapor transmission
rate in high temperature (90 °C) were observed. Curdlan, a
microbial linear polysaccharide produced by a strain of
Alcaligenes faecalis(126, 127). The results of using curdlan/CS
membranes showed a well antibacterial effect against Klebsiella
pneumoniae, Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus. The use of this substance as a wound
dressing requires more time and studies (126).

Chitosan-based scaffold with growth factor releasing
nanoparticles

Growth factors are soluble regulatory signaling polypeptides
synthesized by fibroblasts, epithelial cells, endothelial cells,
inflammatory cells, and platelets. These factors can stimulate cell
migration, cellular growth, proliferation, cellular differentiation
and healing (32, 128, 129).

The use of growth factors incorporated into CS has also shown
good results for use in wound healing. The most important of
these factors are fibroblast growth factor-2 (FGF-2), platelet-
derived growth factor (PDGF), basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VEGF), epidermal
growth factor (EGF), and transforming growth factor-beta
(TGF-b) (130-136).

Conclusion

Despite a large number of wound dressings in the medical world,
efforts to find the superior product for a variety of wounds are
continuing. Therefore, finding a suitable substance for wound
dressings that guide and accelerates the wound healing process
will help patients and physicians. Chitosan has been shown to be
important biopolymers to be used in wound dressing due to its
biodegradability, biocompatibility and antibacterial, anti-
inflammatory, non-cytotoxicity activity. Satisfactory results
from CS and modified CS (blends/composites) on healing and
regeneration wound tissues, have increased researchers' efforts
to find cost-effective and better compounds for the treatment of
acute and chronic wounds. For this reason, the present study is
focused on the introduction of synthetic/natural polymers and
other metabolites with different properties as the additives to
CS-based wound dressing’s substances. The purpose of this
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review was to collect the best work in this field and provide
information to help the researcher.
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