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Abstract : Now a day the strategies  to  use regenerative medicines are  hugely concentrated on
recovery of pathologically modified tissue architecture by implanting the cell of different type
in a supportive 3-D structure well known as scaffold made up of different biomaterials. From
last few decades the more importance is given to such materials which are biologically active,
show biocompatibility and biodegradability. These materials provides analogous environment
to  the  ECM and  provide  induced  rate  of  synthesis  or  growth  of  the  tissue.  There  are  several
natural and synthetic polymers are available which shows intrinsic bioactivity, biocompatibility
and biodegradability. These can be used in the application of drug delivery, trauma, wound
healing, tissue engineering, and in the designing of different implantable medical devices. This
review discusses different protein and carbohydrate biopolymers which are used in different
tissue engineering applications.
Keywords : protein biopolymers, carbohydrate biopolymers, Biomedical.

Introduction:

Due to several major advancements in technology the field of tissue engineering has increased
dramatically in last two decades. From 1990 tissue engineering is emerged as a promising alternative for the
treatment of damaged tissue or organs. It provided an alternative way to treat the patient in case of
unavailability of appropriate number of donors. It has also reduces the trauma and the inflammatory response
complications [1-3]. Another important aspect for using these materials is that availability of these materials in
a large scale at low cost [4, 5]. Due to all these properties the great efforts had been put down to make protein
and polysaccharides as biomaterials for tissue engineering and drug delivery application [6-9]. Protein
biopolymers can be used for different purposes like provide a matrix for specific kind of cells for controlled
growth [10, 11], for drug delivery on specific sites to save it from first metabolic digestion and from unusual
side effect on other tissues [12-14] or it can also act as a carrier to carry some specific kind of proteins or other
compound to the specific target. Like protein there are several carbohydrate polymers which possess good
biocompatibility, bioactivity and biodegradability. They also provide lot of option that to be changed according
to our wish. All these quality of carbohydrates attracted the researchers specifically associated with regenerative
medicine and tissue engineering.

Here in this review we had tried to summarize the use of different proteins and polysaccharides which
are found naturally as biomaterials which are extensively been used in tissue engineering applications, as drug
delivery systems.
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Protein Biopolymers:

Collagen:

  It is a fibrous protein containing three long chains of peptides, by the formation of intra-molecular
hydrogen bond between Gly and Hyp of  adjacent chains they forms triple helical structure [15]. Connective
tissue of the mammals is highly consists of collagen and it is the most abundant protein which is found in
mammals. It constitute about 25-35% of the body protein content [16]. Inside the body a bundle of collagen
fibrils forms a collagen fiber. Collagen fibers are the major component of ECM which also provides support to
nearly all tissue. Collagen possess high tensile strength, and is the major constituent of cartilage, bone, skin,
tendons, ligaments and fascia.

As biomaterial for biomedical application collagen provides excellent biocompatibility and the
immunogenicity is also negligible. It also shows very good bio- absorbability. Collagen is also a non-toxic
material [17]. The partial hydrolysis of collagen under mild conditions provide separation of all three strands
random coils, globular, give rise to the production of gelatin. Gelatin shows low antigenicity in comparison to
collagen.

In research of last few decades collagen had been evaluated for several applications like in bone or
cartilage constructs, in the treatment of various vascular diseases, for skin and ocular applications, neural
application, in urogenital disease treatment, wound healing and in drug delivery.

Collagen based porous scaffolds in conjunction with cross linking agent hydroxyapatite [18-20] or
bhrusite [21, 22] is used in when osteochondral defect reach above a certain extent. Some researches show that
some amount of autologous chondrocytes grows on type I and type II collagen without any important difference
[23, 24]. Collagen has also shown promising material for the decellularization of a very complex structure like
meniscus as a replacement scaffold in optimal condition [23, 24].

In vascular disease collagen can also be used as a biomaterial. The major problems associated with
vascular diseases are there are some irregularities or improper functioning of heart and atherosclerosis. At
present tissue engineering application only depends on colonization of acellular matrix and implantation of
some specific part. This all is because of very complex structure of heart [25, 26]. Although the xenogenic heart
valves are used frequently, but it is not a full proof treatment, because it possesses the tendency of getting
calcified and it is also immunogenic [27]. Decellularization of complete heart by perfusion [28], heart valves
and veins production by using matrix of human vein [29] would lead the development in the field of
regenerative medicine for cardiovascular disease based on collagen.

Collagen can also be used as biomaterial for different skin and ocular based regenerative medicine. For
example, in the treatment of ulcer and wound caused due to burning collagen based material are used from long
time [30-32]. With melanocytes models of tissue engineered skin have been developed [33]. Several collagen
based skin, dressing and dermal substitute like IntegraR, AllodermTM are available commercially. Stem cell in
combination with collagen biomaterial is also a good strategy which can be used for the treatment of defects in
cornea. For the delivery of limbal epithelial cells for the treatment of damaged cornea collagen scaffolds were
extensively examined in last decade [34-39]. Collagen scaffolds can also be used for urogenital complications.
Patient’s  own  urothelial  cells  which  are  populated  on  the  collagen  composite  are  also  a  promising  way  for
augmentation of bladder [40-42]. Collagen based biomaterial is also proved as a very good nerve guide [43-
45]. Collagen is also a promising biomaterial in the field of delivery systems. In the reconstruction of
abdominal wall [46-48] and in the ulcer treatment [49] the delivery system based on collagen composite had
displayed a great delivery potential.

Fibrin:

It is a fibrillar protein which is incorporated in blood clotting and made up of fibrinogen. Due to its
cross-linking properties it has attracted the researcher to use fibrin in the formation of 2-D and 3-D mesh for
drug delivery and tissue engineering [50-53], which is plastic and biodegradable. The cross linking in fibrin is
driven by activated factor III. This factor three catalyses the linking of ϒ-ϒ dimers by catalyzing the covalent
lysyl-Glu bond formation [54, 55]. Cell attachment and cell proliferation is also promoted by fibrin and its
degraded product. Beside all these qualities fibrin has certain drawbacks also. The materials made from fibrin
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for tissue engineering application shows low mechanics. There are some reasons like instability and
fibrinolysis. Due to these reasons fibrin usually appears as films which is used for cell adhesion, proliferation
and differentiation,  or  as  coating materials  for  the 3-D scaffolds for  the repair  of  cartilage and neural  injuries
[55, 56].  Fibrin  is  used  as  a  cell  carrier  in  combination  of  fiber  based  scaffold  for  cardiovascular  tissue
engineering application and when it is compared with conventional method of seeding the cell after six weeks,
fibrin based ECM appeared larger [57].  Fibrin  is  also  used  to  fabricate  renal  proximal  tubule  for  artificial
kidney and it was also tested in vitro which shows correct polarization for the absorption of desired solutes from
the glomerular filtrate [58]. Fibrin is also used in bone tissue engineering, two scaffolds of composite fibrin and
thrombin were prepared for bone tissue engineering one has high thrombin concentration and other one has low
thrombin concentration the result shows that the scaffold having low thrombin concentration and high fibrin
concentration provide much better environment [59]. Scaffold of composite fibrin, fibronectin, gelatin and
growth factors had shown a steady cell proliferation, good cell proliferation and it does not allow the
dedifferentiation of endothelial cells in vitro [60].

Keratin:

It is the family of tough, insoluble and structural protein which several cytoplasmic epithelia and
epidermal  appendageal  structures  like  hair,  horn,  hooves  and  nails.  Keratin  is  formed  by  a  specialized  cell
known as keratinocytes. Keratin monomers are fibrous and they are twisted or wrapped around each other to for
an intermediate filament. Analysis done for amino acid content of keratin had shown extraordinary high
quantity of sulfur containing amino acids. Among others cysteine, which a sulfur containing amino acid was
found in large quantity, it was ranging between 7-20% of the total amino acids. Cysteine forms inter and intra-
molecular disulfide bonds which provides flexibility and tenacious property to the tissue [61]. Keratin shows
good biocompatibility, bioactivity and biodegradability. Keratin owns its own cell adhesion sequences such as
Arg-Gly-Asp (RGD) and Leu-Asp-Val (LVD) [62, 63]. It can be classified into two distinct groups on the basis
of their function and regulation, (i) hard and (ii) is soft. Hard keratin form ordered arrays of IFs embedded in a
matrix of cysteine rich proteins and contribute to the tough structure of epidermal appendages. Whereas Soft
keratin normally forms loosely-packed bundles of cytoplasmic IFs and provide mechanical resilience to
epithelial cells [64-66]. Several works are going on to make 3-D porous scaffolds and films for various
biomedical applications. The major issue of keratin scaffold is that the scaffolds are very fragile that’s why it
cannot be used lonely in tissue engineering application. In recent years the studies has shown keratin as a
promising biomaterial for biomedical application. The research on keratin is very less in comparison to other
protein biopolymers. So till now very limited tissue engineering application are available. Keratin is used in
different biomedical applications like in wound healing, ocular implants, nerve guiding or regeneration and in
drug delivery. Keratin based film was developed in conjunction with 1-3% glycerol which act as softening
agent.this film was for reconstruction of ocular surface. It was tested in vitro, which shows a very good result
and its mechanical stability, bioactivity was also better [67]. It can also be used for the repairing of the nerves.
Hill et al. prepared a keratin based hydrogel scaffolds for the repairing of peripheral nerve defects in rabbits.
Although their scaffold was not able to repair the conduits concisely, but keratin shows better result in term of
conduction delay in comparison to empty conduit and autograft [68]. Keratin based hydrogel has also
demonstrated the capability of enhancing the regeneration and neuroinductivity in peripheral nerve injury model
of mouse [69, 70].

Zein:

Like starch, zein is also a storage protein. Zein is abundantly found in corn and constitutes about 40-
50% of the total endospermic proteins. It belongs to the prolamines family of proteins which are soluble in the
mixture of alcohol-water mixture. Solubility of zein in alcohol-water mixture is 60-95%. The solubility property
of proteins depends on their amino acid composition. Zein contains huge amount of hydrophobic uncharged
amino acid and have amino acids such as leucine (20%), proline (10%), and alanine (10%). Zein having
molecular weight of 44 KDa is a heterogeneous mixture of amino acids which are linked by disulfide bonds.
Zein contains about 50-60% α-helix, 15% β-sheets and remaining molecules are aperiodic [71].  It  is  used as
coating agent in pharmaceuticals and food industry from long time.  Zein is also used as adhesive,
biodegradable plastics, chewing gum, and inks [71, 72] .  It  can be used as  scaffold for  tissue repairing,  drug
delivery vehicle in the treatment of various diseases, as a carrier of DNA for gene delivery. In 2009 J. Tu et al.
fabricated  a  zein  based  scaffold  by  salt  leaching  method  and  seeded  rabbit  mesenchymal  stem  cells  or
investigating the bone formation. The scaffold was tested in vivo and they found the complexes of zein scaffold
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and mesenchymal stem cell of rabbit could go for ectopic bone formation in nude mice in the region of thigh
muscle pouches [73]. Zein is also used as drug carrier, in 2011 Karthikeyan et al. prepared zein microsphere by
emulsification and solvent evaporation method and these microsphere were loaded with Aceclophenac. The
stability of these microsphere were in gastric pH was checked in vitro. The result shows the retarded release of
drug in this condition which reduces the risk of gastric injury in a result there will be no inflammation and side
effect of the drug. The release of the drug was checked at intestinal pH in in vitro condition was 72 hours [74].
Zein  can  also  be  used  as  DNA delivery  vehicle,  M.C.  Regier  et  al  had  fabricated  zein  based  nanospheres  in
which the DNA can be entrapped and can be delivered at specific location. They prepared nanospheres which
had encapsulated to DNA by using a coacervation technique without any use of harsh solvent and temperature
so that the integrity of DNA will not disturbed. The particle size is ranging between 154- 410 nm [75].

Casein:

  It is a phosphoprotein which is found in milk and cheese. It constitutes nearly 80% of total milk
proteins. Casein contains high number of proline peptide bond and lacks of disulfide bonds. That’s why there
are less secondary and tertiary structural elements. Due to its hydrophobic property it is less soluble in water. It
present as suspension in the milk.  It is used in the manufacturing of adhesives, binders, protective coatings,
fabrics and food additives [10, 76]. For the tissue engineering purpose casein inexpensive, readily available,
non-toxic and highly stable material. Casein microsphere is used as drug delivery vehicle. In compare to
collagen, silk fibroin, keratin, fibrin, casein has very limited or specific area in which it can be used as
biomaterial for biomedical application. It has very few work in the area tissue engineered bone or cartilages.
Ritzoulis et al. prepared a porous scaffold of composite caseinate and hydroxyapetite for the application of bone
tissue engineering. But in this caseinate was used to stabilize the emulsions of oil in water which made the link
of hydroxyapetite on the surface of oil droplet by interaction of caseinate-calcium phosphate [77]. F. Song et al.
prepared hydrogel of casein for controlled delivery of drugs in which the uses genipin as a cross linking agent.
They used different concentration of genipin for evaluating its effect on the hydrogel formation. They observed
that as they are increasing the concentration of genipin the gelling time is getting elongated whereas it increases
the strength of the hydrogel. They also observed that temperature as an important parameter which affects the
gelling. The genipin also stimulate the drug or protein release in different manner at gastrointestinal conditions
[78].

Albumin:

It is globular protein, which is soluble in water. When heat is exposed to albumin, it gets coagulated. It
is frequently found in egg white, blood serum, milk and several other plant and animal tissues. Albumin of
serum is one of the most abundant proteins which constitute about 55% of total blood plasma protein. The main
application of albumin as biomaterial is microspheres used in pharmaceuticals. The size of these pharmaceutical
microspheres varies from nanometer to micrometers. Albumin microspheres was first prepared by Rhodes and
Zolle in mid of twentieth century, and the size of those microspheres was ranging from 5-15 µm. it contains ϒ
radiation source, which was used for the determination of abnormalities in pulmonary circulation [79, 80]. Till
now these microsphere have been used in targeted drug delivery to various tissues and organs [81, 82]. Like
casein albumin also not so much used in the field of bone or cartilage tissue engineering, but is extensively used
in the field of drug delivery, cell culture for different tissue formations. S. R. Lyu et al fabricated albumin based
scaffold for promoting the neocartilage formation. They seeded and cultivated the porcine knee chondrocytes in
a matrix composed of polyethylene oxide, chitin and chitosan which are coated with albumin. Although the
quantity of did not shows any effect on the viability of the porcine cell, but it enhances the adherence of the cell
to the 3-D matrix [83]. Albumin is also capable for delivering the drug as a carrier for the treatment of several
diseases. It is used to form the nano size micelles for carrying the drugs. Y. Wu et al. developed the micellar
based drug delivery vehicle for the treatment of cancer by loading it with anti-cancerous drug. They made the
micelles from polycationic albumin precursor protein cBSA-147, and encapsulated doxorubicin (DOX) an anti
cancerous drug. These micelles show a good stability in a wide range of pH and different physiological buffers.
Their uptake into A549 cells was reported very well after the incubation period of 1 hour. They observe five
times more cytotoxicity in comparison to free DOX. Intracellular drug release was also very efficient [84].
Albumin’s applicability as a biomaterial had been also seen in the bone and cartilage tissue engineering
applications. Earlier the mineralized scaffolds were used for procuring the defect of the bone by the means of an
assumption that mesenchymal stem cells will grow and they will remodel the defect. But it was not a sure shot
treatment. For this Weszl et al. used pre seeded scaffolds of freeze dried human or bovine bone graft or
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hydroxyapetite which were seeded by human mesenchymal stem cell isolated from either bone marrow or
dental pulp. Under standard culture condition it shows very less productivity of the cells, the coating of collagen
and fibronectin improves the efficiency but they are still not sufficient. On the same time they uses human
albumin coating, it provided potency of both seeding and proliferation and it also has no effect on the
mechanical property of the scaffolds [85].

Silk Fibroin:

It is a fibrous protein like keratin and collagen which is produced by insects like silk worm Bombyx
mori [86]. It is the repeating protein sequences which has structural role in the formation of cocoon, trap, safety
lines and the protection of eggs. It is being extensively investigated for many biomedical applications due its
some good properties like easy in processing, poses good mechanical strength, stability, biocompatibility,
controllable biodegradability, flexibility in morphology, and one unique property is that it can go for
modification in its side chain of amino acid for the immobilization of growth factors [86-88]. Scaffold of silk
fibroin are highly porous, also connectivity of pores is quite good. It shows the pore size ranging between 100-
1000 µm. The porosity was more than 90%, better biodegradability and biocompatibility, and other important
mechanical properties are characterized for these scaffolds [89-92]. Nanometric scaffold of silk fibroin possess
very close similarity to ECM had been also demonstrated. It can also up-regulate integrin-β1 expression for
inducing the pathway of adhesion of epithelial cells with micro fibrous scaffold sample [93]. Because of its low
processing conditions, silk fibroin can be used as active biomaterials for drug delivery. Y. Gotoh et al. prepared
lactose and silk fibroin based scaffold for the attachment of the hepatocyte cells and the observed that it is quite
comparable to the collagen based scaffolds for the same. In term of morphological assessment it was different
to the collagen [94]. H. Liu et al prepared a combined knitted silk scaffold and micro porous silk sponge for
ligament tissue engineering. This combined structure was loaded with human mesenchymal stem cells. They
observed that adherence, growing and cellular function was better in comparison to knitted scaffold [95].

Carbohydrate Biopolymers:

In carbohydrate there are several polysaccharide polymers which are frequently used for different
biomedical applications. Polysaccharides are large molecules having high molecular weights, which are made
up of repeating units of same or different monomers. The use of the polysaccharides possesses some advantages
like its wide availability, cost effective processing and huge range of properties and structures. Beside all these,
due to the presence of reactive functional group it can be easily modified along with their polymeric chain. It
also shows good account of biocompatibility and biodegradability. Most of the polysaccharide polymers are
soluble in water. All these properties have attracted to use different polysaccharides for several biomedical
applications. The polysaccharide biopolymers which are most frequently used are cellulose, starch, alginic acid,
hyaluronic acid, chitin and chitosan, dextran.

Cellulose:

Cellulose is one of the most abundant polysaccharide which is found in nature. It forms the structural
frame of the plants. It is the major constituent of the plant cell wall. It is composed of repeating units of D-
glucose monomers. By enzymatic degradation it degrades in D-glucose units. It is a linear compound and
soluble in many common solvents, the reason behind this is the presence of strong hydrogen bonding between
polymeric chains. Cellulose possesses hydroxyl group which is very reactive and it can be easily functionalized.
Several derivatives of cellulose like methyl cellulose, carboxy methyl cellulose, hydroxypropylcellulose,
hydroxypropyl methyl cellulose are used in different biomedical applications. These derivatives are soluble in
several common solvent and can be easily processed for various forms like films, sponges and nano or micro
fibers. The membrane of cellulose possesses very high diffusion permeability to most of the toxic materials so it
is used frequently as heamodialysis membrane in the dialysis [96]. F.A. Müller et al. fabricated cellulose based
scaffold for cartilage repair. The scaffold was prepared by non-woven cellulose II. The scaffold was coated by
calcium phosphate layer, which was obtained from the precipitate of super saturated physiological solution. The
activation of scaffold is done by Ca(OH)2 . The chondrocytes cell adherence and proliferation of the scaffold
was tested in vitro. In comparison to uncoated scaffold they found better response [97]. C. Remunan Lopez et
al had designed the chitosan micro particles with the coating cellulose polymers like cellulose acetate butyrate
or ethyl cellulose for controlled drug delivery system. The major issue with non-coated chitosan micro particles
was that they dissolve easily in the stomach due to their hydrophilic properties. They used sodium diclofenac
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(SD),  fluorescein  isothiocyanate-labeled  bovine  serum  albumin  (FITC-BSA)  as  a  model  compound  for  the
investigation. The properties which were being investigated were entrapment of drug and its controlled release.
The result shows that the entrapment ability was very good and its release can be also regulate [98].

Starch:

It is basically reserve carbohydrates of the plants. After cellulose and chitin it is third most abundant
polysaccharide found in nature. It can be usually isolated from wheat, potato, rice, sweet potato etc. It is
basically a combination of amylase and amylopectin.  Starch had about 20-30% of amylase which is linear in
configuration and 70-80% of amylopectin which is branched polymer. Like cellulose is composed of D-glucose,
amylase and amylopectin both also are consist D-glucose repeating units. The only difference in both is that
amylase exhibits α (1-4) linkage whereas amylopectin exhibit α (1-6) linkage. In enzymatic degradation of
starch the (1-4) linkage is attacked amylase and (1-6) linkage is attacked by glucosidases. By the processing of
starch different structures like films, scaffold and fibers can me modified easily for different biomedical
applications. Starch also shows a good biocompatibility and biodegradability. Contramid is the trade name of a
product is marketed in the market which is made up of amylase rich starch. Bio adhesive drug delivery system
for nasal protein delivery starch microsphere has been investigated [99].For starch based scaffold in biomedical
application several novel fabrication techniques had been developed [100].  The issues related with starch as a
biomaterial is that, the construct made up of starch are very brittle [101], and its difficult processing. Beside all
these it is used as biomaterials for different biomedical applications. I. Pashkuleva et al. fabricated scaffold of
50% by weight starch scaffold which was highly porous and had interconnected mesh. The purpose of their
research was to overcome to the drawbacks which were faced by the previously designed scaffold of starch like
thermal degradation and entrapment of starch in material bulk etc. The topographical observations show rough
surfaces which enhances cell attachment and growth.  In vitro test which was done by seeding the osteoblast
cell on the scaffold shows high cell number and increased culture time. Model modification by plasma was also
carried out for the versatility of scaffold for further improvements [102]. M.I. Santos et al. prepared a scaffold
of starch and poly(caprolactone) (SPCL). Their main goal of this research to demonstrate the interaction of
endothelial cells (EC) and SPCL fiber meshes. They found that both micro and macro ECs which are growing
on the SPCL mesh are able to maintain a normal expression of EC specific genes/proteins. This indicates the
potential of this mesh for vascularization process of bone in vivo [103].

Alginic Acid:

It is obtained from brown algae’s cell wall, and is a linear hetropolymer. It consist of D-mannuronic
acid and l-guluronic acid. It available as sodium salt, sodium alginate commercially. There is block copolymer
region which has huge amount of mannuronic and guluronic acid and also had copolymer regions of both these
sugars. In presence of divalent cations alginate can form gels due to occurrence of carboxyl groups along with
the polymer chain. High water absorption capacity and porosity of calcium alginate gel and the haemostatic
potential of alginates make them an attractive candidate for developing wound dressings materials [104]. Cell
immobilization in alginate is very well established technology which is frequently being used in field of
biomedical and biotechnology. AlgiDERM, Algisite, Hyperion, and Kaltostat are the different trade name under
which the alginate based wound dressing materials are commercially available. Because the formation of
scaffolds for encapsulation of cells or drugs in alginic acid is very feasible, fast and simple so it is extensively
used as matrices for cell encapsulation and for artificial organ and for drug delivery[105]. Lishan Wang et al
fabricated a novel wound dressing material from chitosan-alginate polyelectrolyte complex (PEC). The MTT
assay and NMR results of this membrane demonstrated that they are non-toxic for mouse and human fibroblast
cells. These membranes shows accelerated wound healing in a model of rat in comparison to conventional
guaze dressing [106]. Gianni Ciofani et al demonstrated the efficiency of controlled protein delivery by alginate
microsphere for neural regeneration. They loaded Netrin-1 which is an axon guidance protein. The release
efficiency of these microspheres was tested in vitro experiment. They basically assessed action of axonal
guidance on neuronal cell of embryo. The result shows that the grow of neuronal axon approaching Netrin-1
sources [107]. Z. Li et al. fabricated a scaffold based on chitosan and alginate and compared its properties with
chitosan scaffold. The result shows that the hybrid scaffolds possess higher mechanical strength. The
attachment and proliferation of osteoblast cell was also better [108].
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Hyaluronic Acid:

Like above all other polysaccharides, it is also a naturally occurring polysaccharide. It is linear and
anionic polysaccharide which consists of repeating disaccharide units. Hyaluronic acid is the major compound
and component of articulating cartilage. It is important component of connective tissue and is widely distributed
in synovial as well as vitreous fluids of mammals. Its main function in synovial joints is to provide viscosity to
the synovial fluid, so that friction between the bones can be avoided. In the mesenchymal embryo hyaluronic
acid is also present. The chemical composition of hyaluronic acid is D-glucuronic acid and 2-acetamido-2-
deoxy-D-glucose monosaccharide units. It is highly soluble in the water and provides very viscous solutions. It
had many properties which make it an ideal candidate for wound dressing application [109]. It act as
scavengers for free radicals at wound sites, in response it modulates the inflammation, the other important thing
which make it unique is that it can interact several other biomolecules. The cells which are associated with the
repairing of the tissue has a receptor for several antigens like bacteria, hyaluronic acid provide a bacteriostat
which can be recognized by those cells. Several hyaluronic acid derivatives are like ethyl/benzyl (HYAFF)
esters are used very frequently in wound dressing. The degradation rate and solubility of HA can be very
effectively controlled by the quantity of esterification [110]. Hyaluronic acid is also known for increasing the
rate of collagen deposition and angiogenesis by enhancing the migration and differentiation of mesenchymal
and epithelial cells [109]. Hyaluronic acid possesses several properties which an ideal biopolymer is supposed
to own. In the result of this it is used very frequently in many biomedical applications. It has attracted
researcher as an application for biomedical application due to its mucoadhesive property and safety. H.S. Yoo et
al. prepared a scaffold of PLGA and PEG then modified it by hyaluronic acid. After that seeding of osteoblast
cell was done. They observed that hyaluronic modified PLGA scaffold shows better attachment of osteoblast
cell in comparison to unmodified one. They also observed the increase in the synthesis of glycosaminoglycans
and total collagen by modified scaffold [111]. S. Yamane et al. fabricated a scaffold which is hybrid of chitosan
and hyaluronic acid by wetspinning method. They seeded rabbit chondrocytes on that and compared its cell
adhesivity, differentiation, morphology, and synthesis of the extracellular matrix with native chitosan scaffolds.
They observed that hybrid scaffold shows better results for each parameter [112].  M.  Halbleib  et  al.  made  a
hyaluronic acid based scaffold for tissue engineering of white adipose tissue. They seeded human adipocyte
precursor cells which were obtained from enzymatic digestion of adipose tissue sample by collagenase. After
the attachment of the cells their differentiation was induced with different defined adipogenic factors under
serum free culture conditions. The result shows high degree of cell attachment and differentiation [113].

Chitin and Chitosan:

It is a naturally available polysaccharide which is the major constituent of exoskeleton of crustaceans,
insects and also found in the cell wall of the fungi. After cellulose chitin is the second most abundant
polysaccharide which is found in nature. It consist of β (1-4) linked glycan, which had 2-acetamido-2-deoxy-D-
glucose. The presence of N-acetyl glucosamino group in chitin shows its structural similarity with hyaluronic
acid which had a very good wound healing property, so it is obvious that chitin will also show the wound
healing  property  and  in  actual  it  possesses.  Chitin  mats,  scaffolds,  films  and  fibers  are  frequently  used  for
wound healing. Chitin is insoluble in several common solvent so its deacetylated derivative chitosan is
extensively used and studied polymer for biomedical applications. Chitosan is a linear polymer which is present
in semi-crystalline form. It consist of β (1-4) linked D-glucosamine along with N-acetylglucosamine group
which is randomly distributed. It is completely soluble in acidic water, or in solution whose pH is less than 5
[114]. In, in-vivo condition it degraded by lysozyme and its byproduct is also non-toxic. The degree of
acetylation and crystallinity of the chitosan decides its degradation rate [114].  The processing of chitosan is
very easy and it has very good biodegradability, biocompatibility and bioactivity so it has attracted researcher
for several biomedical application. In fact chitosan is used very commonly for wound especially for burnt
wound as dressing material. It is because of its applicability, permeability to oxygen, water absorbing property
and it has also ability to induce the secretion of interleukin-8 from fibroblasts which is basically involved in the
migration of endothelial and fibroblast cells [115]. The activity of antibacterial drugs which is used for wound
dressing shows better result when it is used in conjunction of chitosan based dressing materials [116]. It can be
used as biomaterial for tissue engineering, drug delivery and wound healing also. AA. Abbas et al. prepared
porous PVA-chitosan based hydrogel which will act as ECM scaffold cartilage regeneration. They seeded
chondrocytes which were derived from New Zealand white rabbits. The result shows enhanced chondrogenesis
of the seeded cells, which shows that PVA- chitosan based hydrogel, has a huge potential of carrying cells
[117]. T. Tanabe et al. prepared a keratin chitosan composite film for biomedical application. It was compared
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with chitosan and keratin films. They observed that the composite film shows good attachment and proliferation
of fibroblast cells and come to conclusion that it can be a good substrate for mammalian cell culture [118]. Min
Sup Kim et al. fabricated polycaprolactone-chitin based nanofibrous mats for tissue engineering application.
By the addition of chitin the porosity of the scaffold was increased and the contact angle with water decreases
as there is increase in the quantity of the chitin increases in the scaffold. The mechanical strength was also
higher in the hybrid scaffold. The in vitro studies showed that the viability of human dermal fibroblast was also
higher in composite [119].

Conclusion:

As in above discussion, the wide range of availability of protein and carbohydrate biopolymers had
significantly affected the growth rate of use of these biopolymers for different biomedical applications. Beside
all this tissue engineering is a field is in infanticide which had a vast potential of growth and it will nourished
by the development cell and molecular biology. This will requires novel biomaterials which will not possess
only good physical and mechanical properties but also shows a good interaction with biological components
because tissue engineering is a field which has strong integration with biology. Similarly field of drug delivery
either it is targeted or stimuli-sensitive will requires functionalized biopolymers which had better
biocompatibility and biodegradability.
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