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ABSTRACT

The development of new materials and the enhancement of existing materials to develop skin regeneration are wide areas of research in polymeric
biomaterials. The paper presents the analysis of a wide range of several natural polymers such as proteins and polysaccharides which can be utilized
for skin tissue repair and regeneration. The reviews look at the few examples of commercially available natural - origin polymers with applications in
tissue engineering. Natural polymers, such as proteins and polysaccharides, being components of, or structurally similar to, the glycosaminoglycans
in the extracellular matrix (ECM) are valuable materials for tissue engineering applications. Natural polymers have great coincidence to natural
ECM elements, particularly in biocompatibility and biodegradability. In this paper, the attention is focused on several natural polymers that found
application in research work for drug or cell delivery within the skin tissue engineering field, namely collagen, chitin, chitosan, alginate, gellan, gelatin,

and curcumin.
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INTRODUCTION

In the human body, skin is the biggest organ that represents around
one-tenth of the body mass. Overall, it serves as a shielding barrier
against chemical, mechanical, microbial invasion, osmotic, and
photodamage [1]. Skin defects and necrosis can affect from burns,
soft tissue trauma, UV radiation, and chemical-contact [2]. Skin
regeneration holds a place of essential value in tissue regeneration
research. Conventional therapies employed to repair skin defects such
as autograft, allograft, and xenograft [3,4]. Although autografts are
commonly used to repair skin defects, there are limitations of donor
sites [5]. Alternatively, allografts can be gained in wealth, though
these are often related to high risk of immune refusal and disease
transmission. To resolve these problems pertaining to predictable
treatments, tissue-engineered skin substitutes are used nowadays.
Major limitations of these tissue-engineered skin substitutes are their
high cost and low mechanical strength.

Tissue engineering, a term was equivalent with regenerative medicine,
provides an alternative to replacement of tissues, by increasing
substitutes that restore, retain, recover, and improve tissue function.
Tissue engineering strategies consist of three major elements: Cells,
signaling molecules, and natural or artificial scaffolds. Such scaffolds
have been prepared for use in different tissues such as bone [6-8],
cartilage [8], muscle [9], and skin [10]. Scaffolds for use in regenerative
medicine offer the support for the repopulation and specialization of
stem cells, blood vessels, and extracellular matrices [11].

Divergent materials such as biopolymers and synthetic materials were
used in the tissue engineering purpose [12]. Biopolymers have greater
bioactive properties over synthetic polymeric scaffolds. However,
synthetic polymers can discharge acidic degradation products and
raise serious immune reactions in the body and poisonous to the host
tissues [13,14]. Biopolymers have chemical compositions similar to
that of the host biological system and serve as a tissue contact or even
can bind with the host tissue [15,16]. Biopolymers normally possess
vastly controlled structures and may contain extracellular matrix (ECM)
ligands, which can bind to cell receptors. In addition, the biopolymeric

material based scaffolds can conduct cells to grow at different phases of
development [17-19].

COLLAGEN

Collagen, an extracellular protein abundant in animal tissues and
made up of specific amino acids - glycine, proline, hydroxyproline and
arginine, and collagen makes up around 30% of the proteins within the
body. These are hard and tough structures found in bones, tendons,
and ligaments. Collagen has huge importance in tissue engineering
because of its biological nature, outstanding biodegradability and
biocompatibility [20]. Collagen provides strength to different structures
of the body and also protects structures such as the skin by preventing
absorption and scattering of pathogenic substances, environmental
toxins, microorganisms, and cancerous cells. Collagen is regarded as
an ultimate scaffold or matrix for tissue engineering, and it is the main
protein component of the ECM, provided that support to connective
tissues such as skin, tendons, bones, cartilage, blood vessels, and
ligaments [21-25]. This uniqueness has also contributed to the safe use
of collagen in biomedical applications [26,27].

Although it has been one of the favorite biomaterials for in vivo medical
applications and difficult processing, low mechanical properties have
been the barriers to its broad use in biomedical and engineering
applications. To enhance the poor mechanical properties strengthening
with fillers or cross-linking has been used, while the existence of
residual cross-linking agents leads to lethal side effects [28]. Among
the various types of collagen, type I collagen has been comprehensively
used as a tissue engineering scaffold and wound dressing system due
to its low antigenic and high direct cell adhesion properties. At present,
the main sources of type I collagen are bovine or porcine dermis [29].

Due to bovine spongiform encephalopathy, transmissible spongiform
encephalopathy, and foot and mouth disease in pigs and cattle, the use
of collagen and its derivative products from these sources has been
restricted [30]. Type I collagen has also been extracted from skin, bone
pins, and scales of freshwater and marine fish, chicken skin, and other
oceanic animals such as squid, octopus, and starfish [21-25]. Collagen
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from these sources has been evaluated for their prospective application
as a substitute for mammalian collagen [31].

CHITIN

Chitin is a natural polysaccharide found mainly in the shell of
crustacean, cuticles of insects and cell walls of fungi. It is the second
richest polymerized carbon available in natural ants, as well as the
second highly abundant natural biopolymer after collagen. It has
been widely exploited due to its ECM-mimicking character and one
of the degradation products, namely N-acetyl-D-glucosamine and
reported supporting fibroblast proliferation and structured collagen
deposition (Fig. 1) [32]. Chitin also promotes macrophage movement
and stimulates the deposition of granulation tissue and also has revealed
a function in vascularization and good hemostatic action [33]. Optimal
biomedical design focuses on the use of bioinert materials to minimize
inflammatory response alleviated by unknown body reactions, thus,
chitin, being bioactive and bioinert would be a proper candidate. Chitin,
due to its less quantity of 2-amino-2-deoxy-D-glucose, is less soluble
in acidic solvents, deficient in the property of protonation [34]. The
abundant hydroxyl group and the N-acetyl group that are associated
with inter- and intra-molecular hydrogen bonding explain the high
crystallinity of such aggregates.

Use of chitin in wound healing dressings arises from the ability of
N-acetyl- glucosamine to speed up the rate of tissue repair, and to avoid
the development of scars and reduction of the skin [35]. It is invoked
as a powder in the beginning, at present it is being incorporated into a
variety of materials such as films and membranes, gels, and woven and
non-woven dressings [36]. The high crystallinity of chitin compromises
the mechanical integrity of such scaffolds. The latter was found to be
particularly suited to the treatment of burns, cutaneous lesions, and
ulcers, and skin grafts for their high-quality of absorbance, adhesive
character, and permeability to oxygen [36-38].

CHITOSAN (CHN)

CHN is a biopolymer fully or partially deacetylated form of chitin and
consisting of glucosamine and N-acetyl-D-glucosamine (Fig. 2) and
has been extensively exploited for biomedical and tissue engineering
applications (skin, bone, cartilage, and vascular grafts to substrates
for mammalian cell culture) due to its affirmative properties such as
non-toxic, renewable, biocompatibility, biodegradability, nonantigenic,
and bioactiveness [39-41]. The gelation of CHN takes place at body
temperature and CHN having the ability to interact with growth
factors and hold proteins, makes it a significant material for tissue
engineering [42,43].

The degradation of CHN is limited by the remaining amount of
acetyl component, and it quickly degrades in vivo conditions. All
these favorable characteristics made CHN an attractive material for
tissue engineering [40]. However, in CHN scaffolds, the porosity can
be restricted which affects the strength and elasticity of the tissue
engineering scaffold [44].

The cationic nature of CHN enables it to interact with negatively charged
polymers such as HYA to form a polyelectrolyte complex (PEC) through
ionic bonding. The HYA and CHN are prone to swelling individually and
therefore do not produce stable scaffolds. However, the formation of
PEC causes the construction of constant and dynamic scaffolds [45].
Thus, formed scaffolds will improve the properties of the individual
polymers such as increased stability, superior cell attachment, and
enhanced mechanical property [42].

ALGINATE

Alginate is a naturally occurring anionic and hydrophilic polysaccharide.
It is one of the most abundant biosynthesized materials, and water-
soluble biopolymer is extracted from brown seaweed and bacteria [43].
Alginate contains blocks of (1-4)-linked 3-D-mannuronic acid (M) and
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a-L-guluronic acid (G) monomers (Fig. 3). Naturally, the blocks are
composed of three different forms of polymer segments: Successive G
residues, successive M residues, and alternating MG residues.

Alginate is of particular interest for a wide variety of applications as
a biomaterial and particularly as the sustaining matrix or delivery
system for tissue repair and regeneration. Due to its wonderful
properties in terms of biocompatibility, biodegradability, non-
antigenicity, and chelation ability, alginate has been extensively used in
a variety of biomedical applications including tissue engineering, drug
delivery and in some formulations preventing gastric reflux [44]. The
result of naturally available polysaccharides, alginate exhibits a pH-
dependent anionic nature and has the capability to react with cationic
polyelectrolytes and proteoglycans. Therefore, delivery systems for
cationic drugs and molecules can be obtained through easy electrostatic
interactions [46].

Alginate has been used in a number of wound dressings [47]. Alginate-
based wound dressings such as sponges, hydrogels, and electrospun
mats are promising substrates for wound healing that suggests many
reward including hemostatic capability and gel-forming ability on
absorption of wound exudates [48,49]. Alginate has found to acquire
numerous significant elements attractive in a wound dressing such
as good water absorptive, conformability, optimal water vapor
transmission rate, and gentle antiseptic properties coupled with
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nontoxicity and biodegradability. Balakrishnan et al. showed that
an informing hydrogel wound dressing prepared from gelatin and
oxidized alginate in the presence of small concentrations of borax [28].
The composite matrix has the hemostatic effect of gelatin; the wound
healing promotes the feature of alginate and the antiseptic property of
borax to make it a possible wound dressing material. Moreover, since
the structure lacks a signal sequence for cell adhesion, alginate-based
dressings are well known for wound management and keep away from
secondary injury when peeling off. In particular, wound dressings of
alginate-based sponge are universally used to treat the wound with
large volume exudation [28,48,49].

As a U.S. Food and Drug Administration approved polymer, alginate has
become one of the most essential biomaterials for various applications
in regeneration medicine, nutrition supplements, semi-permeable
separation, etc. [45-47].

GELLAN

Gellan gum is a linear anionic polysaccharide composed of repeating
units of glucose, glucuronic acid, and rhamnose [50,51]. It exists
in the acetylated form, which is the initial raw material, and the
deacetylated form, which is the most frequently used [52,53]. Gellan
gum is noncytotoxic and can be simply processed without the use of
insensitive reagents into transparent gels that are resistant to heat
and acid stress [54]. Gellan gum gels are frequently utilized in the
food industry as thickening agents or stabilizers. In the biomedical
field, most applications are recommended for drug delivery
approaches [55].

GELATIN

Gelatin is a derivative of collagen and usually obtained by the controlled
hydrolysis of collagen extracted from animal tissues, such as skin and
bovine and porcine bone. Gelatin is better-quality in its biological
properties, ease of processing into microspheres, gentle gelling
performance, controllable degradation through the optimization of
cross-linking and the presence of the great quantity of functional
groups that can be further derivatized and modified [56].

The electrostatic nature of collagen is hardly modified through the
acid process because of a less invasive reaction to amide groups of
collagen. As a result, the isoelectric point of gelatin that is obtained
with the acid process will remain similar to that of collagen [57]. Using
gelatin carriers for cell delivery as showed to become also a promising
technology for tissue engineering applications. Several examples
include bovine and human chondrocytes [58], mesenchyme stem
cells [59], and human preadipocytes [60]. The strategies range from
the coimplantation of loaded microspheres [60] to the incorporation of
cells into porous scaffolds [61] and, in general, the in vivo results show
the higher effectiveness of using gelatin carriers-based technology.
Gelatin is generally applied in the pharmaceuticals industry for drug
delivery, with many orally delivered capsules being based on gelatin.
Gelatin and other natural polymers have been studied in vivo and
in vitro for their potential in pulmonary drug delivery and sustained
release [62].
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CURCUMIN

Curcumin (diferuloylmethane) (1, 7-bis (4-hydroxy-3-methoxyphenyl) -1,
6-heptadiene-3, 5-dione) (Fig. 4), is a naturally occurring multifunctional
polyphenolic phytoconstituent, an Orange-yellow pigment obtained from
the rhizomes of Curcuma longa Linn. (Zingiberaceae) [63].

Turmeric contains protein (6.3%), fat (5.1%), minerals (3.5%),
carbohydrates (69.4%), and moisture (13.1%). The essential oil
(5.8%) obtained by steam distillation of rhizomes has a-phellandrene
(1%), sabinene (0.6%), cineol (1%), borneol (0.5%), zingiberene
(25%), and sesquiterpenes (53%). Curcumin possesses a number of
biological activities including anticancer, anti-inflammatory [64,65]
and antioxidant, antimicrobial, antiviral [66], and wound healing
activities and suppresses proliferation of a wide variety of tumor
cells [67]. Topical applications of curcumin provide antibacterial,
anti-inflammatory, and antioxidant (free radical scavenging) activity
and patients wound healing has greatly improved [68]. The curcumin
loaded CFNGO has appreciable mechanical strength (when 2% of NGO
was combined with 1% of collagen), cell adherence and proliferation,
biocompatibility, etc. [69].

CONCLUSION

Skin tissue engineering aims to restore, repair the diseased or
damaged tissue. Polymeric biomaterials have several important
uses in addition to skin tissue engineering. The bio uniqueness
categorizes the natural-origin polymers as one of the most eye-
catching options to be used in the tissue engineering field and drug
delivery applications.
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