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Abstract

Biodegradable polymers as biomaterial are hotcake nowadays especially in medical and pharmaceutical applications.
The present contribution comprises an overview of the biodegradable polymers for various biomedical applications.
To meet the need of modern medicine, their physical, chemical, functional, biomechanical are highlighted as well as
biodegradation properties like non-toxicity, low antigenicity, high bio-activity etc. This review summarizes the
emerging and innovative field of biopolymer with the focus on tissue engineering, temporary implants, wound
healing, and drug delivery applications etc.
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1. Introduction

In the advancement of modern medicine, the demand for biomaterials has increased dramatically since the last
decade. Biomaterial can be defined as "Any component or combination of components natural or synthetic in basis,
that can be used any time, as a part or whole of a system which treats or replaces any tissue, organ or function of the
body and systematically engineered to act together with biological systems to direct medical healing action” [1].
Biomaterials can be classified into four major categories: natural materials (from both plants and animals), polymers,
metals and ceramics (including carbons, glass-ceramics, and glasses). Composite materials are also categorized as
the fifth class of biomaterials and they are the combination of two or more different classes of materials [2].
Biomaterials have the ability to carry out their function with an appropriate host response. To fulfill the needs of the
biomedical community, polymers possess significant characteristics with great diversity of physical and mechanical
properties [3, 4]. Biodegradable polymers have been broadly utilized as a part of biomedical applications in terms of
their known biocompatibility, bio absorbability and biodegradability. Degradable polymeric biomaterials are now
used intensely for short-term prostheses, three dimensional permeable structures as platforms for tissue designing
[5], wound healing [6]. and as controlled/managed discharge drug conveyance vehicles [7]. Those polymers are of
utmost interest because biomaterials are able to be broken down and emitted or resorbed without subsequent
operation or any surgical revision. Biodegradable polymers can be degradable, either enzymatic association or
without enzymatically, to deliver biocompatible, nontoxic properties. In developing countries, environmental
pollution by synthetic polymers has become a major concern [8]. It was suggested that for many reasons natural
biomaterials are the most preferred ones; they are biodegradable, biocompatible, and nontoxic [9]. Economic and
environmental aspects are also contributing to the growing interest in natural polymers [10].

2. Important Properties of Biodegradable Materials/Polymer

Polymer degradation is a change in the properties — tensile strength, shelf life, durability, structure, size, color
etc. of a polymer or polymer based product under the impact of many environmental factors such as air, heat,
sunlight or chemicals [11]. A wide variety of natural and synthetic biodegradable polymers have been investigated
recently for medical and pharmaceutical applications. In order to be fit for biomedical application three basic
properties of biopolymer are: super hydrophobicity [12], adhesion and self-healing [13-15]. So, some very important
properties of biodegradable polymer/material that must be fulfilled before going for usage in biomedical treatment
are given below:
Capability of maintaining good mechanical integrity until degraded.
Capability of controlled rates of degradation [16].
The material should not arouse a sustained inflammatory or toxic response upon implantation in vivo [3, 4].
The material should have acceptable shelf life.
Should possess a degradation time concurring with their function and the degradation time of the material
should match the healing or regeneration process.
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«+ The material should have appropriate mechanical properties as per as application criteria, and any variation
in mechanical properties with degradation should be compatible with the healing or regeneration process
[17].

% Degradation products should be non-toxic, and easily metabolized and cleared from the body [18].

% The material should have appropriate permeability and processibility for the intended application [1, 19].

% In the case of scaffold-guided tissue engineering, the biodegradable polymer should be process able into a
proper shape fitting the defect’s site, with a proper micro- nanostructure [20].

¢+ The polymeric materials should be designed into a scaffold structure so as to carry mechanical properties
and degradation rate suitable to maintain the spaces required for cell ingrowth and matrix creation, and to
bear stresses and loading [21, 22].

3. Classification of Natural Biodegradable Polymers
Bio polymer provides an important set of material options for biomaterials and scaffolds in biomedical
applications because of its high tensile strength, controllable biodegradability, hemostatic properties, non-
cytotoxicity; low antigenicity and non-inflammatory characteristics [1].
» Biopolymers fall into two principal categories:
(i) Polymers that are produced by biological systems such as micro-organisms, plants and animals, in short
natural products;
(if) Polymers that are derived from biological materials but are synthesized chemically such as sugars, and
natural fats or oils. This also referred to as synthetic natural product based polymers [23, 24].
» Classification of biopolymer according to the monomeric unit and the structure:[25, 26].
* Long polymers -Polynucleotides (i.e. DNA and RNA).
* Short polymers- Polypeptides
* Linear, bonded polymers -Polysaccharides.
» Classification depending on their origin: Kaplan [27].
* Polysaccharides: Xanthan, Dextran, Gellan, Levan, Curd Lan, Polygalactosamine, Cellulose, Pollulan,
Elsinan, Yeast Glucans, Starch, Cellulose, Agar, Alginate, Carrageenan, Pectin, Konjan, Various Gums,
Chitin, Hyaluronic Acid.
* Proteins: Silk, Collagen/Gelatin, Elastin, Resilin, Adhesive, Polyaminoacid, Soy, Zein, Wheat Gluten, Casein,
Serum Albumin.
*Polyesters: Polyhydroxyalkanoates, Polylactic Acid.
* Lipids/Surfactants: Acetoglycerides, Waxes, Emulsion.
* Polyphenols: Lignin, Tannin, Humic Acid.
* Specialty Polymers: Poly Gamma Glutamic Acid, Natural Rubber, Synthetic Polymers from Natural Fats and
Qils.

4. Natural Polymers for Biomedical Application

Natural polymers are used in medical prosthetic applications like heart valves, cartilage scaffolds, joints, making
of artificial skin, blood vessels, urinary catheters, ureteral stents, artificial kidney/Hemodialysis membranes and also
for drug delivery. Natural polymers such as nucleic acids and proteins carry and manipulate essential biological
information, other polymers like polysaccharides—provide fuel for cell activity and serve as structural elements in
living systems [28]. For example, poly (lactic-co-glycolic acid) (PLGA), poly (glycolic acid) (PGA) and poly(lactic
acid) (PLA) have been approved by the US Food and Drug Administration for certain medical applications, because
their products of degradation are eliminated from the body in the form of CO, and H,O [29, 30]. Semipermeable
membrane biopolymers (cellulose), with or without use of immunosuppressive drugs having less antigenicity used in
artificial kidney for hemodialysis is revolutionary [31]. Natural biodegradable polymeric biomaterials include
proteins (Gelatin, albumin, collagen, fibrin, silk etc.) and polysaccharides (Starch, alginate, chitin/chitosan,
hyaluronic acid derivatives, etc.) [32-34]. A family of native polyesters — polyhydroxyalkanoates (PHA) has
identified as natural biodegradable biomaterials and, recently, ivy nanoparticles (macromolecular compositions of
nanospherical proteins) and sundew adhesives (natural polysaccharide-based hydrogels) have garnered more
attention for their potential use as nano-carriers in drug delivery and for their ability to create effective
nanocomposite adhesives respectively [35-37].

5. Alginate

Alginate is of interest as a potential biopolymer film or coating component because of its unique colloidal
properties, which include thickening, stabilizing, suspending, film forming, gel producing, and emulsion stabilizing
[38]. In molecular terms, it is a family of unbranched binary copolymers of -D-mannuronic acid and a-L-guluronic
acid residues of widely varying composition and sequential structure [39]. Typically, the building blocks are
composed of three different forms of polymer segments: consecutive G residues, M residues and al MG residues.
The most useful and unique property of alginates is their ability to react with metal cations, specifically calcium ions,
to produce strong gels or insoluble polymers [40].
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Figure-1. Chemical structure of Alginate

Alginate is now rapidly used as the supporting matrix or delivery system for tissue repair and regeneration [41].
Due to its outstanding properties in terms of biocompatibility, biodegradability, non-antigenicity and chelating
ability, alginate has been widely used in biomedical applications including tissue engineering, drug delivery and for
preventing gastric reflux [42, 43]. The primary drawbacks of alginate are its comprehensive lack of strong
mechanical properties, poor cell adhesion, and its lack of degradability in mammals [44]. However, by combining
alginate with other biomaterials such as chitosan, agar and by partially oxidizing alginate with molecules like sodium
periodate, it is now possible to enhance its mechanical properties and degradability, conferring significant promise
on alginate-based biomaterials [45]. One study showed that, creating FCA/COS blended film, resulted in a scaffold
with superior physical, mechanical, and biologic properties ,improved cell adhesion and proliferation, ECM
compatibility, improved porosity and water uptake that could be used for skin tissue-engineering application [46].
Sodium alginate — due to its good gel forming ability, biocompatibility, and relatively simple amendments—has also
been studied for its use in bone regeneration and myocardial tissue regeneration [47]. Sodium alginate has one of the
largest applications in the field of wound healing, not only its excellent bioresorbable and biocompatible nature, but
also because of its ease of gelation and its physical cross-linking abilities, chemical cross-linking formation ability
[37, 47, 48].Another study formulated combination of 75: 25 Na alginate: Gelatin and loaded it with Ag sulfadiazine
(a metal antimicrobial) for application as wounds healing film in freeze-dried wafers. Sodium alginate gel was used
as the main biomaterial primarily because it creates a moist environment that promotes healing, exchange between
ions in the wound exudate and the dressing [37, 49].

Figure-2. Fabricating techniques of alginate-based sponge by Freeze-drying method
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Alginate can be easily formulated into porous scaffolding matrices of various forms (spheres, sponges, foams,
fibers and rods) for cell culture and response for regenerative medicine applications. It has been suggested that
certain alginate dressings (e.g. Kaltostat®) can enhance wound healing by stimulating monocytes to produce
elevated levels of cytokines such as interleukin-6 and tumor necrosis factor-o [50]. Production of cytokines at wound
sites results in pro-inflammatory factors that are advantageous to wound healing [41]. There have been also
numerous studies involving the use of injectable alginate-based scaffolds for bone regeneration [51-54]. However,
current alginate is still unable to meet all the design parameters simultaneously (e.g. degradation, bioactivities or
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mechanical properties).In further studies, efforts should be made to improve alginate and thus, support the
development of more natural and functional tissues [41].

6. Collagen

Collagen is an enzymatically degradable polymer which accounts for about 20-30% of total mammalian body
proteins [55]. In human body, more than 28 different types of collagen have been identified. Among them the most
common type of collagen: Type -1V [56]. Length and width of collagen is about 300nm & 15A, respectively, and
has an approximate molecular weight of 300 kDa [57]. Collagen is a hydrophilic protein because of the greater
content of acidic, basic and hydroxylated amino acid residues than lipophilic residues. Shape is similar to rod like &
it has a characteristic triple-helix structure.

Figure-3. Triple-helix chain structure of collagen

Recognitions of its biodegradability, low antigenicity, cell-binding properties and good mechanical strength,
collagen has been extensively considered for biomedical treatment especially in tissue engineering, bone
regeneration [57, 58]. But this excellent high biodegradable property has become a limitation for using as biomedical
polymer [59]. To modify its high degradation rate, several efforts have been made for example by addition of
mineral crystals [60], natural polymer (i.e. elastin) [61], Hyaluronic acid [62] or synthetic polymers (i.e.
methacrylate derivatives [63, 64], or by applying various crosslinking procedures [65]. In preserving the biological
and structural integrity of the Extracellular matrix, collagen plays a critical role. Collagen is process able in high
soluble acidic aqueous solutions .This unique property allows for the fabrication of collagen sponges, tubes [66],
sheets [67], powders, and injectables. Injectable collagen is widely used for the growth or buildup of dermal tissue
for cosmetic reasons [24]. From the last centuries, collagen has been used as a suture material, for example, catgut, is
now being used in surgical purpose, but the limitation is infection rates and inflammation in sutures increases due to
collagen, that’s why synthetic sutures are much more commonly used today. Collagen products are frequently being
used for the attraction of fibroblasts during wound repair, fracture healing, drug delivery systems [68-70]. One study
showed that collagen based hydrogel was used as gene delivery carriers. For promoting bone formation collagen film
and matrix have been also used as gene delivery carriers [57]. Nanoparticle based collagen are have also been used
for therapeutic agents and this are nano based collagen are thermally very stable [71]. Collagen as a biomaterial has
already seen significant use, so notable steps should be carried out to come up with the limitations so that
outstanding impact of collagen as biomaterial will be far better than before.

7. Carrageenan

Carrageenan is derived from the cell wall and intercellular matrix of the seaweed plant tissue of the class
Rhodophyceae. It is high viscosifying polysaccharide with 15-40% ester-sulfate content. It is formed by alternate
units of D-galactose and 3, 6 anhydro-galactose (3.6-AG) joined by a-1,3 and B-1,4 -glycosidic linkage [72].
Structure of carrageenan’s are different from agars is that the B units in carrageenan are in the D form, whereas they
are in the L form in agar’s [73]. Seaweeds of different species and sources produce different types of carrageenan
such as kappa, iota and lambda. Some species of seaweed may produce a mixed type carrageenan such as kappa/iota,
kappa/lambda or iota/ lambda [72].

70



Scientific Review

Figure-4. Kappa carrageenan
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Figure-6. Lambda carrageenan
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Carrageenan has a unique property to form a variety of gel textures at room temperature: rigid or elastic, clear or
turbid, tough or tender, heat stable or thermally reversible, low or high melting/gelling temperatures [72].
Carrageenan is a selective inhibitor of several enveloped viruses, such as human pathogens as human
immunodeficiency virus, herpes simplex virus (HSV), human cytomegalovirus, human rhinoviruses and others [74,
75]. A study showed Carrageenan based bionanocomposites which has been used as drug delivery tool [76]. It can be
used in both topical bases and suppository bases. It has excellent thickening and binding property for which
carrageenan is being used in dentifrices and prevents solid-liquid separation [25, 77].
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8. Agar

Discovered in Japan, in 1658 by Mino Tar6zaemon, Agar-agar is a hydrocolloid extracted from red seaweeds
belonging to the Rhodophyceae class [72]. Its a linear polymer combination of two separate polysaccharide: agarose
and agaropectin, where agarose making up about 70% of the combination. Xylose has been found in some agars.

Figure-7. Chemical structure of agar
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Its high gel strength at low concentrations, low viscosity in solution, high transparency in solution, thermo-
reversible gel and sharp melting/setting temperatures makes it suitable for usage in biomedical treatment [78]. Agar
is used as an impression material in dentistry, as a medium to precisely orient the tissue specimen and secure it by
agar pre-embedding (especially useful for small endoscopy biopsy specimens) for histopathology processing [79], to
make salt bridges and gel plugs for use in electrochemistry ,as a substrate for precipitin reactions in immunology
[80]. Agar based hydrogels are used for manufacturing contact lenses, hygiene products, tissue engineering
scaffolds, drug delivery systems and wound dressings [81]. In addition, thanking to its biodegradability, agar based
hydrogel blended with gelatin & collagen has also been studied for wound healing, drug delivery and tissue
engineering etc [82]. More studies on agar is still going on continuously to widespread its usage as biomedical
polymer.

9. Gelatin

Gelatin is a natural biopolymer derived from controlled denature of the fibrous insoluble protein, collagen. It is
obtained through alkaline, acid, or enzymatic hydrolysis [83]. Cattle bones, hides, pig skins, and fish are the
principle commercial sources of gelatin [25]. It is a relatively low-cost polymer and it is widely available. Gelatin is
an edible protein where all essential amino acids except tryptophan are available [84]. Gelatin has excellent
biodegradability, biocompatibility and surface-active properties in physiological environments for which it has been
used in medical and pharmaceutical fields, technical applications, microencapsulate aromas, vitamins, and
sweeteners [85]. From total gelatin manufactured in worldwide is 65% used in foods, 20% in photographic
applications, 10% in pharmaceutical products, and 5% in other specialized and industrial applications [8]. Gelatin
has excellent film forming capability that is transparent, flexible, impermeable to oxygen and water-resistant [86]. In
the biomedical field, gelatin is being used as a matrix for implants, to develop specific drug-release profiles as micro
particles, nanoparticles, fibers, and hydrogels and as stabilizers in vaccines such as measles, mumps, and rubella
[87]. Furthermore, it also has grater use as scaffold for tissue engineering, as a wound dressing, and as absorbent
pad, adhesive for surgical use [69, 88]. Foox et al showed that for drug delivery to the brain, gelatin micro particles
served as vehicles for cell amplification [89]. Ozkizilcik A et al, invented a new method for the production of gelatin
micro particles for controlled high protein and drug-loading efficiencies [90]. Cohen B discovered novel
gelatin/alginate soft tissue adhesives loaded with drugs for wound closing applications [91]. Gelatin can be easily
cross-linked by a variety of cross-linking agents to form hydrogels. In another study, Malafaya et al. designed [92]
several gelatin-based carriers for biomedical applications, for example, Gelfilm®, a gelatin film used in
neurosurgery and thoracic and ocular surgery; Gelfoam®, a gelatin sponge for hemostatic applications. But its
usable practice is heavily limited by its poor mechanical properties [93]. So, in future more research needs to be
investigated on gelatin to have noticeable impact for use as a biomaterial.

10. Starch

Starch is the most abundant and cheap polysaccharide reserve material constituent of photosynthetic tissues and
of many storage organs in plants. It is found in corn, rice, maize and potatoes etc. Granule sizes,
amylose/amylopectin ratio, mineral contents, and amount of phosphorous and phospholipid contents may vary from
plant to plant and this effects on starch physical and mechanical properties. Its chemical structure consists of a
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mixture of two polysaccharide, amylose and amylopectin. Amylose is a linear poly(1,4-a-D-glucopyranose) which
consists of about 30% and amylopectin is branched poly(1,4- B -D-glucopyranose) with branches of (1,6-a -
Dglucopyranose) consists of about 70% [94, 95].

Figure-8. Structure of starch
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There are three types of crystallinity in starch. They are the 'A’ type, 'B' type, 'C' type .Starch is insoluble in cold
water, but it is very hygroscopic and binds water reversibly. As starch is renewable, biodegradable, inexpensive, so it
is vastly useful in tissue engineering, delivery of biologically active compounds , bone replacement implants, bone
cements to drug delivery systems, cancer therapy , nasal administration of insulin , antibiotics , vaccines and tissue
scaffolds [96] etc. Being established and widely used biodegradable polymer, it have been also proposed as bone
engineered scaffolds, bone cements and micro particles or hydrogels for controlled drug delivery [97, 98]. A number
of studies by Gomes and co-workers have been carried out to discover starch-based scaffolds for bone and cartilage
tissue engineering, and also analyzed their functional, mechanical properties, blend component, material processing
technique [99, 100]. Among its drug delivery application, its hydrogel form can efficiently enclose drugs and
protects them from undesirable conditions in the human body [101]. Development of the polymer nanocomposites is
one of the latest revolutionary approach. In a study by Mahdieh et al, they synthesized a nanocomposite biomaterial
where nano-structured forsterite and vitamin E incorporated as the ceramic reinforcing phase and thermal stabilizer
and blend of thermoplastic starch and ethylene vinyl alcohol incorporated as the polymer matrix [102]. Starch is
noncytotoxic, biocompatible, exhibits a high Young’s modulus with low levels of elongation at break, relatively easy
to modify chemically, and it has the ability to replace expensive synthetic polymers during the fabrication of
composite biopolymers [103]. By blending starch with thermoplastic polymers, these biopolymers shows improved
thermal stability, mechanical properties and melt process ability. Some studies showed blends of starch with
ethylene vinyl alcohol (SEVA-C), cellulose acetate (SCA), polycaprolactone (SPCL) and poly(lactic acid) (SPLA)
exposed the potentiality of starch-based biopolymers as scaffolds in tissue engineering. [104, 105]. Further research
should be emphasized on improving more properties, thus revolutionizing the use of this material as biomedical
application.

11. Cellulose

Cellulose is the most renewable, abundant polymer consisting of unbranched chain B (1—4) linked D-
glucopyranosyl units (anhydroglucose unit). Cellulose is a very highly crystalline, high molecular weight polymer,
which is infusible and insoluble. Its primary source is the lignocellulose material in of plants and other sources are
natural fiber like cotton, linen; algae, bacteria biosynthesis, and chemosynthesis [106].
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Figure-9. Chemical structure of cellulose

CHyOH

CHyOH

Due to availability, environment friendly, biocompatible behavior, it has widespread application in biomedical
application; most commonly natural fiber i.e. cotton, linen and regenerated fiber i.e. Iyocell, rayon, viscose [107].
Several researchers investigated the use of cellulose for different biomedical applications, including wound healing
and engineering of various tissues, such as blood vessel, cornea, cartilage and bone [108-110]. Wan et al, Hong et al
developed bacterial cellulose-based nanocomposites incorporated by nanoparticles into BC matrices in order to
promote mechanical, technical properties for biomedical application [111, 112]. For its excellent biocompatibility,
good mechanical properties usage of bacterial cellulose for devices as controlled drug delivery i.e.in solid tablets,
scaffolds for regenerative medicine, wound dressing is on the verge now-a-days.

12. Chitosan

Chitosan is a linear nitrogen-containing polysaccharide that is constituted of g- (-(1, 4)-linked N-acetyl-
glucosamine units [113, 114]. Chitosan are regarded as the second most abundant natural polymer after cellulose
found in the exoskeletons of crustacean and insects as well as some bacterial and fungal cell walls. It is extremely
insoluble in most solvents, but it can be solubilized in acidic solution [115].

Figure-10. Chemical structure of chitosan
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Chitosan has some functional groups that allow for graft modification which helps to improve its solubility and
consequently widen its applications [116]. Chitosan is susceptible to enzymatic degradation by non-specific enzymes
from a variety of sources, such as lysozymes, chitinases, cellulases or hemicellulases, proteases, lipases and f-1,3-
1,4-glucanases [117]. There are four chronological steps by which chitosan can be processed from crustacean shells.
They are namely, deproteination, demineralization, discoloration, and deacetylation. It is an attractive biomaterial for
different applications in the biomedical field. Chitosan exhibit multiple bioactivities, for example, low toxicity,
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biocompatibility, biodegradable, antimicrobial properties that favours both soft and hard tissue regeneration, wound
dressing materials, drug carriers etc. [118]. Chitosan can protect DNA, improve drug absorption, increase the
expression period of genes and stabilization of drug components to increase drug targeting. Chitosan can be
processed into porous matrices for scaffold construction because it can influence cell behavior and tissue formation
of the engineered construct [119]. Incorporating with anticancer agents, chitosan can execute better anticancer
effects with gradual release of free drug in the cancer tissues [120]. Chitosan can also accomplish better antitumor
effects by secretion of interleukin (IL)-1 and 2, which results in the maturation of cytolytic T-lymphocytes [121].
Functional capabilities of chitosan exhibit a bactericidal effect on both Gram-negative and Gram-positive bacteria
and opened an array for biomedical applications, including tissue engineering, drug delivery, wound healing, and
temporary implants. In a recent research by Yang et al, chitosan based nanoparticles with paclitaxel (a chemotherapy
drug), by aggregation of intracellular nanoparticle, successfully discovered trapping ability for the treatment of lung
cancer and tumor [122]. In another study by Wang, L et al , for good drug release efficiency, good stabilization, low
outbreak, and steady release of insulin ,insulin-based chitosan nanoparticles have been synthesized through polymer
crosslinking [123]. Chitosan can bind DNA and prevent DNA from being degraded by nucleases and high level of
chitosan nanoparticles loaded with interleukine-2 plasmids have been assessed as milestone for gene-based immune
therapy [124]. Overall, the unique chemical properties of chitosan have recently allowed it to be studied for
biomedical application. Elaborate research and animal experiments on chitosan-based high-tech products should be
carried on more in future for the benefit of humankind.

13. Fibrin

Fibrin is a fibrinogen-derivative biopolymer composed of fibronectin and the fibrinogen molecule is composed
of three polypeptide chains, named a, 5, and [1, which are joined together by six disulfide bridges. Fibrin is natural,
highly available, implantable, inexpensive, and easy to use. It is a critical blood component involved for natural
blood-clotting process, surgical adhesive including neurosurgery and plastic and reconstructive surgery, tissue
engineering, drug delivery, cell encapsulation enhancing cell adhesion and proliferation due to its biocompatibility,
biodegradability and injectability and has a wide range of application for biomedical purpose [125, 126]. Fibrin has
been utilized as a scaffold for the regeneration of numerous tissues, such as adipose tissue, bone, cardiac tissue,
cartilage, , liver, nervous, ocular, skin, tendon, and ligament tissues, muscle tissue, nervous tissue, ocular tissue,
respiratory tissue and vascular tissue as well as a carrier vehicle for bioactive molecules (drugs, antibiotics, or
chemotherapy agents) [127-129]. Several researchers have demonstrated that clinical application of fibrin
significantly improved the healing of chronic periodontitis [130]. Attempts have been carried out to develop
microspheres, nanospheres fibrin-based drug-delivery carriers and tissue-engineered scaffolds to enhance its
biomedical value.

14. Hyaluronic Acid

Discovered in 1934, Hyaluronic acid is a linear anionic polysaccharide composed of the repeating unit of N-
acetyl-D-glucosamine and glucuronic acid. It is isolated from extracellular matrix of skin, cockscomb, cartilage,
vitreous humor, rooster combs, umbilical cord, synovial fluid and from other body tissue [131]. HA forms highly
viscous solutions, very hydrophilic, flexible, high capacity of water retention, and influences several cellular
functions such as migration, adhesion, and proliferation. These factors have

Figure-11. Chemical structure of hyaluronic acid
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made it a promising material for tissue repair, scaffolds for wound healing and tissue engineering, as well as
ophthalmic surgery, arthritis treatment, and as a component in implant materials, lubricating fluid in joints, facial
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wrinkles and folds of the skin as a regulator in the lymphatic system both in vivo and in vitro [132, 133]. HA
promotes cell migration and differentiation, making it vital for tissue repair, tissue engineering. Modification of HA
into various porous and 3D structures is currently utilized as a carrier vehicle for drug delivery [125]. HA based
nanoparticles have also shown aptitude as a delivery vehicle to deliver chemotherapeutics, antibiotics [134]. HA-
based scaffolds can be engineered to possess controllable degradation properties to achieve long-term stability and
increased mechanical strength, and to regulate the release kinetics of bioactive agents. Various strategies have been
adopted including photocrosslinked and covalent cross-linked HA scaffolds, HA-modified poly (D, L-lactic acid-co-
glycolic acid) (PLGA) scaffolds were successful in inducing cartilage tissue formation in tissue engineering [135].
HA is also an ideal wound healing biomaterial to reduce pain and enhance joint mobility in the body of patients
[136].

15. Conclusion

The purpose of this paper is to explore and constitute the concepts that a biomaterial can change with the
radically new types of substance that we are using, in many new ways, in medical technology so that it will attract
the attention of specialists in the study of natural based biopolymers. Natural polymers, particularly in the form of
microspheres, nanoshperes has opened the array for clinical applications in various forms, such as wound healing
materials, temporary prostheses, scaffolds for tissue engineering and controlled drug delivery devices because of its
low toxicity, biodegradability, stability and renewable nature. Numerous challenges still exist today across
biomaterials, so there has been an exponential need to focus on more research and interest into making such a
technology into reality. There is a need to develop a well-tested production path for producing the biomaterials from
the natural polymer .It is hoped that this will stimulate constructive debate about the biomaterials of today and of the
future [137].
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