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Introduction 

Tissue Engineering is addressed to create functional three-dimensional (3D) tissues combining scaffolds, cells and/or 

bioactive molecules [1]. It is an interdisciplinary discipline and involves basically three basic elements: scaffolds, cells and 

biomolecules [2]. 

 

A major goal in Tissue Engineering is the design of scaffolds capable of recreating the in vivo microenvironment that is 

provided mainly by the ECM. Thus, these structures should incorporate the appropriate biophysical, biomechanical and 

biochemical cues those guide cell proliferation, differentiation, maintenance and function [3]. The appropriate scaffold for 

tissue engineering will be one that is created with biology in mind. Ideally, the scaffold provides a temporary pathway for 

regeneration and will degrade while or after healing, thereby obviating the need to remove the material later and eliminating 
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possible side effects allied with leaving materials in the body. Of course, attention must be paid to ensure the degradation 

products are non-cytotoxic [4]. 

 

Initially, scaffolds used for tissue engineering were derived from surgical materials; the tendency to adapt materials in current 

or prior use for other applications offers advantages from the perspective of regulatory agencies such as the Food and Drug 

Administration, but does not necessarily promote development of optimal materials with regard to performance 

characteristics needed for different tissues [5-7]. It is anticipated that the scaffolding biomaterial can be degraded as cells go 

through the process of forming their own supportive ECM; the permanent presence of implants almost always can be 

expected to elicit a foreign-body response. Material composition, surface chemistry, and topology influence the degradation 

[8]. 

 

Development of biomaterials also poses significant challenges. Formation of implanted tissue is greatly influenced by the 

composition, architecture, and Scaffold’s three-dimensional environment and biocompatibility of the biomaterial. In addition 

to being biocompatible, an ideal biomaterial scaffold for tissue regeneration can now be bioactive, biomimetic, biodegradable 

and bio responsive, providing signalling with spatio-temporal control and response which is selective to defined stimuli. 

Scaffold material’s mechanical strength needs to mimic the mechanical properties of the tissue it is intended to repair or 

replace. Moreover, material porosity, pore size distribution and continuity greatly influence the attachment of specific cell 

types and interaction of the biomaterials with the host [9]. 

 

Properties of Scaffolds 

Scaffolds provide cells with a suitable growth environment, optimal oxygen levels, and effective nutrient and waste 

transportation as well as mechanical integrity. Scaffolds also provided 3D environments to bring cells in close proximity so 

that they can organize to form tissues. While the scaffold is being degraded, the cells produced their own extracellular matrix 

(ECM) molecules and eventually formed 3D structures mimicking the native tissue in morphology. 

 

Many factors affect the selection and properties of scaffold. These include but not limit to biocompatibility, porosity, pore 

size, surface properties and pH, surface charge, biodegradability, mechanical properties, and ideally, the ability to recruit 

variety of cells. Several requirements have been identified as crucial for the production of scaffolds [10] some of them 

represented in FIG. 1. 

 

1. The scaffolds should possess interconnecting pores of appropriate scale to favor tissue integration and 

vascularization. 

2. They are made from material with controlled biodegradability or bio-resorbability so that tissue will eventually 

replace the scaffold. 

3. They have appropriate surface chemistry to favor cellular attachment, differentiation and proliferation. 

4. They possess adequate mechanical properties to match the intended site of implantation and handling. 

5. They should not induce any adverse response. 

6. They are easily fabricated into a variety of shapes and sizes.  
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FIG. 1. Schematic representation of properties of porous scaffold which includes geometry, mechanical competence, 

bio-compatibility and degradability and surface properties [11]. 

 

The scaffold should possess acceptable biocompatibility and toxicity profiles. Biocompatibility is the ability of the scaffold to 

perform in a specific application without eliciting a harmful immune or inflammatory reaction. If the scaffold is nontoxic and 

degradable, new tissue will eventually replace it, whereas if it is nontoxic and biologically active, the scaffold will integrate 

with the surrounding tissue. However, Fibrous capsule may encapsulate the scaffold if it is biologically inactive. In the worst 

case rejection of the scaffold and localized death of the surrounding tissue can occur when the scaffold is toxic. 

 

The scaffold material should be biodegradable and its degradation products should not be toxic and should be eliminated 

easily from the implantation site by the body, eliminating the need for further surgery to remove it. The scaffold’s 

degradation rate should be adjusted to match the rate of tissue regeneration so as to get disappeared completely once the 

tissue is repaired. 

 

Biomaterials for Scaffold Fabrication 

A number of biodegradable materials including synthetic [12-14] and natural [15-17] polymers have been exhaustively 

explored as supportive scaffolds for bone tissue engineering applications. Among them, naturally derived polymers are of 

special interest due to, as natural components of living structures, their biological and chemical similarities to natural tissues 

[18]. 

 

For surgical implantations, over the last century, biocompatible materials such as metals, ceramics and polymers have been 

widely used. Ceramics and metal have contributed to major advances in the medical field, mainly in orthopedic tissue 

replacement. But, metals and ceramics are not biodegradable and their processability is very limited. Therefore, polymer 

materials have received increasing attention and been extensively used because of easy control over biodegradability and 

process ability [19-24]. Some of naturally occurring biomaterials and their applications are listed in (TABLE 1.) 
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TABLE 1. List of naturally occurring biomaterials [25]. 

Type of 

material 

Application Citations 

Protein based biomaterials 

Collagen 

Bone, Cartilage, 

Heart, Ligament, 

Nerve, Vasculature 

Baharvand et al. (2006); Battista et al. (2005); Chan et al. (2007); 

Chen et al. (2003); Daya et al. (2007); Gerecht-Nir et al. (2003); 

Ma et al. (2004); Michelini et al. (2006); Noth et al. (2005); 

O’Connor et al. (2000); Sumanasinghe et al. (2006); Watanabe et 

al. (2007) 

Fibrin 

Cartilage, Nerve, 

Vasculature 

Catelas et al. (2006); Gurevich et al. (2002); Im et al. (2005); Liu 

et al. (2006); Willerth et al. (2006); Willerth et al. (2007); Worster 

et al. (2001) 

Silk 

Bone, Cartilage, 

Liver 

Altman et al. (2002); Hofmann et al. (2007); Hofmann et al. 

(2006); Kim et al. (2005); Mauney et al. (2007); Meinel et al. 

(2005); Meinel et al. (2004a); Meinel et al. (2004b); Meinel et al. 

(2004c); Wang et al. (2005) 

Polysaccharide based biomaterials 

Agarose 

Cartilage, Heart, 

Nerve 

Ando et al. (2007); Awad et al. (2004); Chen et al. (2007b); Finger 

et al. (2007); Huang et al. (2004); Mauck et al. (2006); Moriyasu et 

al. (2006) 

Alginate 

Cartilage, Liver, 

Nerve, Vasculature 

Ashton et al. (2007); Awad et al. (2004); Franzesi et al. (2006); 

Gerecht-Nir et al. (2004); Hannouche et al. (2007); Jin et al. 

(2007); Maguire et al. (2006); Prang et al. (2006); Wayne et al. 

http://www.stembook.org/node/450#R8
http://www.stembook.org/node/450#R9
http://www.stembook.org/node/450#R16
http://www.stembook.org/node/450#R20
http://www.stembook.org/node/450#R24
http://www.stembook.org/node/450#R39
http://www.stembook.org/node/450#R66
http://www.stembook.org/node/450#R80
http://www.stembook.org/node/450#R85
http://www.stembook.org/node/450#R87
http://www.stembook.org/node/450#R98
http://www.stembook.org/node/450#R109
http://www.stembook.org/node/450#R15
http://www.stembook.org/node/450#R44
http://www.stembook.org/node/450#R53
http://www.stembook.org/node/450#R65
http://www.stembook.org/node/450#R111
http://www.stembook.org/node/450#R112
http://www.stembook.org/node/450#R113
http://www.stembook.org/node/450#R1
http://www.stembook.org/node/450#R48
http://www.stembook.org/node/450#R49
http://www.stembook.org/node/450#R53
http://www.stembook.org/node/450#R73
http://www.stembook.org/node/450#R75
http://www.stembook.org/node/450#R76
http://www.stembook.org/node/450#R77
http://www.stembook.org/node/450#R78
http://www.stembook.org/node/450#R108
http://www.stembook.org/node/450#R2
http://www.stembook.org/node/450#R7
http://www.stembook.org/node/450#R19
http://www.stembook.org/node/450#R29
http://www.stembook.org/node/450#R51
http://www.stembook.org/node/450#R72
http://www.stembook.org/node/450#R81
http://www.stembook.org/node/450#R6
http://www.stembook.org/node/450#R7
http://www.stembook.org/node/450#R33
http://www.stembook.org/node/450#R38
http://www.stembook.org/node/450#R47
http://www.stembook.org/node/450#R54
http://www.stembook.org/node/450#R67
http://www.stembook.org/node/450#R90
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(2005) 

Hyaluronan 

Adipose, Cartilage, 

Nerve, 

Skin,Vasculature 

Angele et al. (2007); Chen et al. (2007a); Flynn et al. (2007); 

Flynn et al. (2008); Gerecht et al. (2007); Mehlhorn et al. (2007); 

Myers et al. (2007) 

Chitosan 

Bone, Cartilage, 

Nerve, Skin 

Cho et al. (2007); Franzesi et al. (2006); Gravel et al. (2006); 

Mrugala et al. (2007); PP et al. (2005) 

Polymer based biomaterials 

PLGA 

Adipose, Bone, 

Cartilage, Muscle, 

Nerve 

Bhang et al. (2007); Chastain et al. (2006); Choi et al. (2005), 

(2007); Graziano et al. (2007); Kim et al. (2003); Kim et al. 

(2006); Levenberg et al. (2005); Levenberg et al. (2003); Neubauer 

et al. (2005); Sun et al. (2007); Teng et al. (2002); Tomita et al. 

(2005); Uematsu et al. (2005); Xin et al. (2007); Yoon et al. (2007) 

PEG 

Adipose, Bone, 

Cartilage, Liver, 

Heart, Nerve 

Benoit and Anseth, (2005); Benoit et al. (2007); Buxton et al. 

(2007); Ford et al. (2006); Hwang et al. (2006); Mahoney and 

Anseth, (2006), (2007); Nuttelman et al. (2004); Royce Hynes et 

al. (2007); Salinas et al. (2007); Shin et al. (2004); Stosich et al. 

(2007); Underhill et al. (2007); Varghese et al. (2008) 

Peptide based biomaterials 

-- Bone, Nerve 

Garreta et al. (2007); Garreta et al. (2006); Gelain et al. (2006); 

Hamada et al. (2008); Hosseinkhani et al. (2006); Silva et al. 

(2004) 

Ceramic based biomaterials 

-- Bone, Cartilage 

Arinzeh et al. (2003); Arinzeh et al. (2005); Bruder et al. (1998); 

Dennis and Caplan, (1993); Dyson et al. (2007); Gao et al. (2001); 

Hanada et al. (1997); Kitamura et al. (2004); Kotobuki et al. 

http://www.stembook.org/node/450#R110
http://www.stembook.org/node/450#R3
http://www.stembook.org/node/450#R18
http://www.stembook.org/node/450#R30
http://www.stembook.org/node/450#R31
http://www.stembook.org/node/450#R40
http://www.stembook.org/node/450#R74
http://www.stembook.org/node/450#R83
http://www.stembook.org/node/450#R21
http://www.stembook.org/node/450#R33
http://www.stembook.org/node/450#R41
http://www.stembook.org/node/450#R82
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Synthetic polymers 

Aliphatic polyesters such as polyglycolic acid (PGA), polylactic acid (PLLA), their copolymers (e.g. PLGA) and 

polycaprolactone (PCL) are the most commonly used polymers for tissue engineering scaffold applications [26]. While these 

materials have shown much success as they can be fabricated with a tailored architecture, and their degradation 

characteristics controlled by varying the polymer itself or the composition of the individual polymer [27-29]. But they have 

drawbacks including the risk of rejection due to reduced bioactivity. In addition, concerns exist about the degradation process 

of PLLA and PLGA as they degrade by hydrolysis, producing carbon dioxide and therefore lowering the local pH which can 

result in cell and tissue necrosis [30]. Hence, recent research includes significant use of naturally occurring polymers in the 

tissue engineering field.  

 

Structure of chitosan and alginate 

Chitosan is a natural, cationic amino polysaccharide (pKa 6.5) copolymer of glucosamine and N-acetylglucosamine gained 

by the alkaline, partial deacetylation of chitin. The name chitosan is used for a co-polymer with less than 40 percent DA (i.e., 

more than 60 percent DD) that, in most cases, will be soluble in dilute acid. Biological source and the extraction procedure 

used influence the Chitosan quality. Chitosan isolated from crustacean sources like shrimp and crab shells and squid bone 

plates have a high molecular weight with low polydispersity. (FIG. 2) represents the structure of chitosan. 

 
 

 FIG. 2. Structure of chitosan. 

 

Pure chitosan is free of antigenic effects, biocompatible, non-toxic, biodegradable and polar. It has been used to prepare a 

variety of forms like powders, hydrogels, fibers, membranes, beads and porous scaffolds which have been tested in many 

medical and biological applications. Tissue engineering applications for which chitosan scaffolds have been prepared by the 

freeze drying and freeze gelation methods and their mechanical and biological properties have been characterized. 

 

The property of Chitosan allows it to rapidly clot blood and gain approval for use in bandages and other hemostatic agents 

that are used in tests to quickly stop bleeding and reduce blood loss. The chitosan salts can be mixed with other materials to 

make them more absorbent (such as mixing with alginate), or to vary the rate of solubility and bio-absorbability of the 

(2005); Kruyt et al. (2006); Lennon et al. (1995); Marcacci et al. 

(2007); Meseguer-Olmo et al. (2007); Ohgushi et al. (1996); 

Shimaoka et al. (2004); Toquet et al. (1999); Turhani et al. (2005); 

Yamada et al. (2003); Yang et al. (2006) 
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chitosan salt. Chitosan can be used to transport a drug to an acidic environment, where the chitosan packaging will then 

degrade, releasing the drug to the desired environment. One example has been the transport of insulin. 

 

Alginate is usually extracted from seaweed, such as brown algae, or from some bacterial species. They consist of unbranched, 

binary copolymers of 1-4 linked β-D- mannuronic acid (M) and α-L-guluronic acid (G), of widely varying composition. The 

structure is influenced by the seaweed source as well as the growing conditions of the weeds. Alginate has carboxyl end 

groups hence called as an anionic mucoadhesive polymer. (FIG. 3) represents the structure of sodium alginate. 

 

 

 

FIG. 3. Structure of sodium alginate. 

 

The use of alginate scaffolds in tissue engineering applications is limited, however, owing to their weak mechanical 

properties, lack of cellular interactions, and uncontrollable degradation. Scaffolds made from alginate are soft and weak, 

which may limit their further application as templates for tissue regeneration. 

 

Because alginate is hydrophilic, alginate scaffolds have limited protein adsorption capacity; thus, most of cells do not adhere 

to the scaffold. Furthermore, once the scaffold gets dissolved in the medium, the loss of divalent cations into the surrounding 

medium causes the ionically cross-linked alginate’s uncontrollable degradation. To improve these limitations, we propose 

using chitosan as a reinforcing material to make porous alginate-chitosan composite scaffolds. 

 

Chitosan-alginate composites 

Chitosan and alginate alone has low mechanical strength and high rates of degradation. Therefore it should be used in 

composites to improve material properties and reduce degradation rates.  

 

FIG. 4. Formation of 3D microporous chitosan-Alginate composite scaffold. 

Upon mixing of chitosan and alginate will form a polyion complex. Masuda et al. confirmed that the carboxyl anion of 

alginate and amino cation of chitosan can form complexes as explain in FIG. 4. These complexes form by mixing in the ratio 
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of 1.1 to 1.2 depends on the specific chitosan and alginate being used which develops a heterogeneous structure produces 

relatively rough surface on the bulky scaffolds [31-33]. The structural properties and yield is depends on the mixing ratio of 

these two components. Low concentration chitosan and alginate (<3%w/v) are frequently used for beads or films synthesis 

for drug release especially growth factors release as the neutral gel forming conditions facilitate these protein based growth 

factor to be incorporated [34], but we are using high concentrations (>3%w/v) chitosan and alginate for making scaffolds. 

High concentration hybrid chitosan- alginate scaffold will be discussed more in later chapters. 

 

Chitosan-alginate composite do not need certain modifications for better results is its other main characteristic. As both 

possess opposite charges, interacting with each other forms 3D porous structured scaffolds, they are self-functionalized 

organic molecules too, hence can get relief from tedious functionalization procedures. Chi-Alg composites have been widely 

used for drug delivery and protein delivery, wound healing, tendon and ligament tissue engineering and intervertebral tissue 

engineering (FIG. 5). 

 

FIG. 5. Schematic representation of the molecular interaction of chitosan (Chi) - alginate (Alg) composite scaffolds. 

 

Applications of Chitosan-Alginate (CA) Scaffolds 

Chitosan 

Another polysaccharide that has been explored for tissue engineering applications is chitosan. It is derived by the 

deacetylation of chitin and consists of glucosamine units. Additionally, the rate of gelation of chitosan scaffolds can be 

controlled using pH. Chitosan has been used extensively as material for regenerating skin, bone and nerve tissue and has 

more recently been studied for use in combination with stem cells. One of the studies looked at the ability of such 3D 

scaffolds to promote osteogenic differentiation of mouse mesenchymal stem cells [35]. This study showed that the addition of 

corraline, another seaweed derived material, enhanced osteocalcin release over time, which is important for bone formation. 

A different approach for bone tissue engineering used adipose-derived mesenchymal stem cells seeded inside of chitosan 

particles, which were then aggregated to form scaffolds [36]. Chitosan scaffolds have also been demonstrated to be suitable 

for mouse ES cell culture as well as for the expansion of stem cells derived from human cord blood [37]. For cartilage tissue 

engineering, an in vivo study looked at the effects of using chitosan scaffolds seeded with mesenchymal stem cells and 

transforming growth factor-β as treatment for lesions on the patella of sheep [38]. These cells differentiated into chondrocyte-



www.tsijournals.com | March-2017 

9 

  

 
 

like cells, demonstrating that such strategies can be effective in vivo. Such studies show that these scaffolds support stem cell 

differentiation both in vitro and in vivo (FIG. 5). 

 

Alginate 

Alginate, which is derived from the cell walls of brown algae, forms scaffolds through the use of ionic cross-linking, 

allowing for encapsulation of cells. Many studies have evaluated alginate scaffolds as a platform for generating cartilage [39, 

40]. Both adipose-derived adult stem cells as well bone marrow-derived mesenchymal stem cells have been shown to survive 

and differentiate in chondrocytes in these studies. Alginate has also been used for neural tissue engineering applications. One 

study demonstrated that adult neural progenitor cells seeded inside of alginate scaffolds survived in vivo for two weeks after 

implantation into a spinal cord injury model [41]. A different study developed tunable alginate scaffolds by incorporating 

microspheres that released enzymes over time to degrade the scaffold. These scaffolds were successfully used to culture 

neural progenitor cells and increased their proliferation rate compared to when such cells were cultured in alginate scaffolds 

without microspheres [42]. Alginate scaffolds have also been used in combination with ES cells to generate hepatocytes and 

vasculature [43] (FIG. 5). 

 

Chitosan-Alginate (CA) composite Scaffold 

CA Scaffolds in growth factor release and drug delivery 

In these, the cells with growth factor are encapsulated or seeded in the scaffold and administered into the body. Previously, 

CA polyelectrolyte complexes in various forms have been used to encapsulate and deliver proteins or drugs by manipulating 

the degree of association between the two polymers functional groups as well as their pH-dependent charge density [44,45]. 

For example, CA self-assembling polyelectrolyte multilayer films have been used to immobilize antibodies [45], CA blend 

gel beads with dual crosslinking were shown to have gastrointestinal site-specific protein release
 
[46], and drug-loaded, 

polyelectrolyte complexed CA fibers released charged compounds such as bovine serum albumin (BSA), platelet-derived 

growth factor-bb (PDGF-bb), and avidin over the course of 3 week [47]. 

 

Also, three-dimensional scaffolds prepared from the polyelectrolyte complexes (PEC) of chitosan and alginate developed for 

the delivery of bFGF [48]. Similarly, sponges composed of sodium alginate and chitosan were prepared in order to assess the 

utility of mixed sponges as potential wound dressings or matrices for tissue engineering application. Such sponges were also 

used for controlled release of paracitamol [49]. Min Lee et al. [50] showed that CA scaffolds were used as osteogenic protein 

carriers in the form of microparticles.  

 

CA Scaffolds in tissue engineering 

Previous research regarding the use of organic and inorganic materials, including chitosan and sodium alginate, in scaffolds 

has been conducted. Yet, little research has been documented on the mechanical stability and strength of scaffolds which 

composed of differing ratios of chitosan and sodium alginate. Many of times chitosan-alginate in the form of scaffolds, 

beads, hydrogels, and thin films was used for attachment with various cell types and its interaction was studied. Chen et al. 

[51] carried out analysis of chitosan-alginate bone scaffolds. In this experiment, they examined the scaffolds structural 

integrity as well as adhesion of cells to it under various conditions. Florczyk et al. [52] used chitosan-alginate scaffold for 

studying interactions of prostate cancer cells and lymphocyte in vitro. Liz, Zhang, Tigli and Gumusderelioglu [53,54] used 
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chitosan–alginate scaffolds for studying cartilage as well as bone tissue engineering. Similarly, human embryonic stem cells, 

hepatocytes and annulus fibrosus cells, glioma tumor cells, cultured on chitosan-alginate scaffolds for variety of applications 

[55-59]. 

 

Some modification is also done that enhanced use of chitosan-alginate scaffold as a culture system for many cell types [60]. 

Used galactosylated chitosan scaffold and alginate for culturing hepatocytes with NIH 3T3 cells which enhanced liver 

functions of hepatocytes cells. Some combinations with alginate such as polypyrrole –alginate with chitosan used in bone 

tissue engineering [61]. Yet another combination with hyaluronate was also studied for cartilage regeneration by Ma and 

Sutradhar et al. [62,63] showed the effect of chitosan-alginate beads with demineralized bone matrix which enhances 

chondrogenesis. This study demonstrated that chondrocytes co cultured with DBM in chitosan-alginate beads shows 

enhanced proliferation while keeping the chondrocytic round morphology showing combined superior biological and 

mechanical properties over its alginate counterpart, raises the possibility of using chitosan-alginate as an improved alternative 

to alginate for osteochondral repair and regeneration.
 
Leung et al.

 
[64] studied Chitosan- alginate scaffold culture system for 

hepatocellular carcinoma which increases malignancy and drug resistance.  

 

They have shown the CA scaffold system is a highly reproducible, versatile model of HCC with direct applications for 

evaluating tumor behavior and the efficacy of novel anticancer therapies. Whu et al. [65], demonstrated evaluation of bone 

marrow mesenchymal stem cells seeded into BCII and chitosan-gelatin composite scaffolds and cultured in a dynamic culture 

system for neocartilage regeneration in vitro. Jose et al. [66] studied Chitosan-collagen scaffolds which can regulate the 

biological activities of adipose mesenchymal stem cells for tissue engineering. Cruz et al. [67]
 
showed differentiation of 

mesenchymal stem cells in chitosan scaffolds with Double micro and macro porosity. GBMSCs when seeded in Chitosan 

scaffolds with micro and macropores are able to attach and gradually proliferate along 4 weeks of culture. Sabine Neuss 

Christian [68]
 
studied assessment of stem cell/biomaterial combinations for stem cell-based tissue engineering. They have 

used variety of combinations of biomaterials- stem cells, and studied cell adhesion, proliferation, migration, viability 

properties which can be essential while used as a tissue engineering construct. Pandimadevi et al. [69] demonstrated use of a 

novel wound dressing material fibrin-chitosan-sodium alginate composite sheet, and applied on the clinical wounds of dogs 

to find its efficacy as wound dressing material and the study is in progress. Shao and Hunter [70] presented a paper in 52
nd

 

Annual Meeting of the Orthopaedic Research Society, entitled Developing an alginate/chitosan hybrid fiber scaffold for 

intervertebral disc annulus fibrous cells. The study demonstrated the feasibility of alginate-based chitosan hybrid scaffold 

fabrication and support of annulus fibrosus cell growth. Jeong et al. [71] developed electrospun Chitosan–Alginate 

Nanofibers with In Situ Polyelectrolyte Complexation for Use as Tissue Engineering Scaffolds. The nanofibrous scaffolds 

were able to promote the adhesion and proliferation of cells, and they Offer great promise for use a sscaffolds in tissue 

regeneration strategies. He et al. [72]
 
studied creation and degradation of chitosan-alginate scaffolds for in vitro cell culture. 

The results show that cells are viable in the chitosan alginate scaffolds and that the cells can be reliably released for study 

after being cultured in the scaffolds. These scaffolds may be used to support various cell types and can be a great tool in 

mimicking in vivo conditions in vitro more closely. 

 

Recently, chitosan/gelatin- alginate scaffolds have been used as a tissue engineering construct which can be directly 

implanted in vivo upon seeding stem cells/proginitor cells. Katesn-Globa et al.  [73] and  Xuan Meng et al. [74]
 
studied the 
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use of 3D culture systems for stem cell culture and discuss the relationship between stem cells and 3D growth matrices 

including the roles of the extracellular matrix, scaffolds, soluble factors, cell-cell interactions and shear stress effects within 

this environment. Francis et al. [75] showed that C/A scaffold is a promising candidate for use as a nerve guidance scaffold, 

because of its ability to support neuronal attachment and the linearly aligned growth of DRG neuritis. Andersen et al. [76] 

compiled information regarding the use of alginate, and in particular alginate hydrogels, in culturing cells in 3D. Zhang et al. 

[77] studied proliferation and differentiation on mesenchymal stem cells encapsulated in Alginate-chitosan-alginate 

microcapsule. 

 

Conclusion 

In summary, biomaterial is defined as ‘a nonviable material used into a medical device, which intended to interact with 

biological systems; given by European Society for Biomaterials (ESB) in 1976, however, the ESB’s current definition is a 

‘material intented to interface with biological systems to evaluate, augment, treat or replace any tissue, organ or function of 

the body. This subtle change in definition is indicative of how the field of biomaterials has evolved. Typically, three 

individuals groups of biomaterials bioceramics, synthetic polymers as well as natural polymers, are used in the fabrication of 

scaffold for tissue engineering. Each of this individual biomaterial group has specific advantages and, needless to say, 

disadvantages so the use of composite scaffolds those comprised of different phases are becoming increasingly common. Use 

of chitosan-alginate scaffolds in drug delivery and tissue engineering applications is presented by this review. Both chitosan-

alginate scaffolds are polysaccharides, naturally occurring, biodegradable and biocompatible organic molecules and it is the 

main reason to use them. When they combined, they possess desirable mechanical strength and stability. Hence, they can be 

served as a potential material for tissue engineering applications. 
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