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Abstract: 

Scaffolds are biodegradable materials used to deliver drugs, genes, and cells into the body. They are given as implants or injects 

and used in the regeneration of tissues by mimicking biological action that promotes cell adhesion, extension, proliferation, and 

differentiation. The properties of scaffold matrices in cell/drug delivery are biocompatibility, biodegradability, interface adherence, 

drug distribution, porosity, binding affinity, stability, and loading capacity. Scaffolds are successfully used in various ways drug 

delivery, wound healing, bone healing, antibiotic delivery, diabetic treatment, tissue engineering, etc. Scaffolds are fabricated by 

using different techniques such as solvent diffusion, porogen leaching, emulsion and phase separation, electrospinning, and 

stereolithography. 
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  1.  INTRODUCTION: 

A scaffold is a degradable material used in the regeneration of tissues by delivering biologics like cells, proteins, growth factors, 

and genes.[1] 

In the early 1990s, Robert Langer and his co-workers introduced the idea of tissue reconstruction by transplanting cells onto 

synthetic polymer matrices. The induction of the new scaffolding technology into the clinic from the research labs has been 

restricted due to many reasons i) The material and design requisites are not fully understood. ii) Degradation of scaffold material 

in clinical applications and their regulatory requirements are not understood iii) The requirement for a complete scale-up method 

for biomaterials having complex 3D structures. iv) The requirement to incorporate computer-aided design techniques for the 

fabrication of scaffolds. V)The requirement for a better understanding of materials and manufacturing that impact scaffold 

regulatory factors and vi) the requirement for more end-user, surgeons, and involvement in the design of scaffolds in order to 

increase surgical use and acceptance of biodegradable scaffolds. Some factors included in this are fundamental research in nature, 

particularly the requirement for a good understanding of the design and material requirements, as well as the requirement for a 

good understanding of material degradation in clinical settings. [4] 

2. APPLICATIONS OF SCAFFOLDS: 

2.1 Tissue engineering: 

A scaffold is necessary for tissue engineering to serve as a source for cell adhesion, extension, proliferation, and differentiation. 

When the scaffold mimics the biological needs of the regeneration tissue, the target tissue will be growing. In general, the optimum 

material for tissue engineering should possess a high liquid absorption capacity, adequate gas permeability, biocompatibility, and 

antibacterial qualities to guard the skin from other infections, dehydration, and consequent tissue damage.[5] 

M. Willerth et al established the optimal cell culture parameters for proliferation and differentiation of embryonic stem (ES) cells 

in fibrin scaffolds (protease inhibitor) by observing the density and location of the cell along with adequate amounts of fibrinogen, 

thrombin, and aprotinin. It is essential to identify adequate doses of fibrinogen and thrombin for the cultivation of neural lineage 

progenitor cells produced from EBs. To avoid degradation of scaffold by the ES cells Aprotinin, which is a plasmin inhibitor, 

should be added to the medium. Using a single intact EB encased within a fibrin scaffold was determined to be the ideal cell 

preparation strategy for excellent ES cell proliferation and differentiation in 3D cultures. These cells differentiated into neurons 

and astrocytes after 14 days of incubation within fibrin scaffolds. [6] 
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Balkrishnan et al. have demonstrated that an injectable, in situ-forming, non-toxic, biodegradable polymer scaffold may be 

fabricated using biopolymers with well-established biocompatibility and bioresorbability, without the use of any additional cross-

linking agents. Using oxidised alginate with the proper molecular weight and degree of oxidation, has shown that quick 

crosslinking and gelation with gelatin is possible in the presence of borax in order to create a genuinely injectable system.[7] 

 

2.2 Drug delivery: 

For the development of neocartilage rabbit, chondrocytes were delivered via elastic hydrogel scaffolds which are made by using 

hydrophilic poly (ethylene glycol) (PEG) and hydrophobic poly(-caprolactone) (PCL). These scaffolds are biodegradable and are 

prepared by Salt leaching is a method that is used often and their in vitro cell interactions were studied using chondrocytes. The 

high PEG content containing hydrogel scaffold with a relatively demonstrated higher chondrocyte cell proliferation, whereas the 

scaffold with a relatively low PEG content demonstrated inferior chondrogenic differentiation. [8] 

Dextran hydrogels had previously been studied to deliver drugs but the catch was its nonadhesive nature that has been used in 

tissue engineering. To circumvent this constraint, macroporous scaffolds of methacrylate dextran (Dex-MA) copolymerized with 

aminoethyl methacrylate (AEMA) were produced, introducing primary amine groups for covalent immobilisation of peptides 

obtained from the extracellular matrix. By copolymerizing Dex-MA with AEMA, a novel dextran hydrogel scaffold with 

macroporous, cell-adhesive, and cell-penetrable properties was created. Because of particular cell-material interactions, covalent 

treatment with ECM-derived peptides increased cell adherence and neurite outgrowth. [9] 

Defail et al. encapsulated doxorubicin in poly(D, L-lactide-co-glycolide) (PLGA) utilising a twofold emulsion/solvent extraction 

process. Glutaraldehyde was used to crosslink gelatin scaffolds, and during gelation, microspheres were added to gelatin. 

Doxorubicin was used to treat the murine mammary mouse tumour cell line 4T1. The doxorubicin produced from both the 

microspheres alone and the microspheres combined with gelatin was cytotoxic to 4T1 tumour cells. [10] 

2.3 Wound healing: 

Karri et al created a novel nanohybrid scaffold by integrating Curcumin into chitosan nanoparticles (CSNPs) to improve stability 

and solubility, then impregnating the obtained Curcumin-CSNPs into collagen scaffold (nanohybrid scaffold) for better tissue 

regeneration application. According to the findings of this study, a synergistic combination of Curcumin (anti-inflammatory and 

anti-oxidant), chitosan (sustain drug carrier, wound healing), and collagen (established wound healer as scaffold) is an important 

strategy for addressing various pathological sign of diabetic wounds and improving wound healing capability. [11] 

Sanapalli et al created an L-Glutamic acid (LGA) loaded collagen/chitosan (COL-CS) composite scaffold for diabetic wound 

healing. In comparison to a non-crosslinked scaffold, the characterization results of the composite scaffold demonstrated that a 

crosslinked scaffold has optimal porosity, low matrix degradation, and sustained drug release. The prepared LGA composite 

scaffold met the requirements for an optimal diabetic wound dressing in terms of mechanical resilience, swelling, porosity, 

biodegradation, controlled release, biocompatibility, antibacterial and anti-inflammatory properties, all of which are thought to be 

important for tissue recovery in diabetic wounds. [12] 

 It is a well-known fact that growth factors such as vascular endothelial growth factor (VEGF) and basic fibroblast growth factor 

(bFGF) increase cell proliferation along with hastening wound healing. P. Losi et al. created a scaffold of poly(ether)urethane-

polydimethylsiloxane/fibrin with PLGA nanoparticles which were loaded with the above-mentioned growth factor and tested its 

wound healing characteristics in genetically diabetic mice. The scaffold’s capacity to enhance wound healing in a diabetic rat 

model implies that it could be used as a dressing in diabetic foot ulcer patients. [13] 

2.4 Diabetic treatment: 

Human embryonic stem cells could turn into insulin-producing cells on their own, but only 1–3% of the cells in differentiated 

embryoid bodies were insulin-positive (EBs). 

G.-h. Mao et al. showed that human embryonic stem (ES) cells could be used to make islet-like cells by following a five-step 

process. Instead of nicotinamide, they used exendin-4. 

This work shows that a five-step protocol with the addition of exendin-4 may be an effective way to turn human embryonic stem 

(ES) cells into cells that look like islets. It also suggests that scaffolds could be used to transport islet-like cells to where they need 

to go.[14] 

F.G. Lupascu et al. synthesised new chitosan formulations and xanthine derivatives used to treat diabetes have been made to 

enhance their biological and pharmacokinetic profiles. Particle size, shape, degree of swelling, Fourier transform infrared analysis, 

and X-ray diffraction were done to see how well the optimised formulations worked. Depending on the type of formulation, the 

results showed that the loading efficiency of xanthine derivatives in chitosan microparticles was between 68.98% and 90.89%. It 

did a good job of getting rid of free radicals, was less dangerous, and helped to treat diabetes. All of the results showed that xanthine 

derivative 6 and its chitosan form (CS-6) could be used to treat diabetes mellitus syndrome. [15] 

Salvay et al. looked into the characteristics of extracellular matrix proteins to improve the long-term action of islets transplanted 

onto microporous scaffolds coated with collagen IV, laminin, or fibronectin and then implanted into a mouse model of diabetes. 
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They found that when extracellular matrix proteins are on microporous scaffolds, the time it takes to reverse diabetes in C57BL/6 

mice is much shorter than when scaffolds are not coated with extracellular matrix proteins. 

Their plan was to change the microenvironment around the islets to help the grafts live and work better and to help them fit in 

better with the recipient. In this animal model, hyperglycemia caused by streptozotocin was quickly reversed by giving collagen 

IV. This was the most effective extracellular matrix component tested. The results from the above study suggest that the 

composition of the islet's microenvironment has a big effect on how well transplanted islets live and work. The scaffold gives a 

way to control the way cells are implanted to support islet engraftment. This is a big change from other methods of immunisation, 

which used biomaterials. Also, being able to reach euglycemia with a single transplant of 125 islets so quickly. [16] 

2.5 Bone healing: 

Open fractures lead to infection which may slow down bone healing and can cause a person to lose a limb or even their life. At 

the moment, the clinical standard of care for treating contaminated open fractures is a two-step process: first, the wound is treated 

with antibiotic-loaded non-biodegradable poly (methyl methacrylate) (PMMA) beads to control the infection, and then bone 

grafting is done. New blood vessels formation is a part of tissue regeneration and can take time of 6 weeks in segmental defects, 

so a biodegradable bone graft with a slow release of an antibiotic is needed to keep the implant from getting infected and let both 

vascularization and new bone formation happen without being slowed down. 

Vancomycin was put into the body using biodegradable porous polyurethane (PUR) scaffolds made by B. Li et al. In vitro, it has 

been shown that porous, biodegradable PUR scaffolds can support the controlled, slow release of vancomycin. When PUR/V-FB 

scaffolds were implanted in rats with infected segmental defects, cut the infection by a lot compared to the untreated control group. 

After 4 weeks, they worked just as well as PMMA bone cement. When hydrophilic V-HCl was changed to hydrophobic V-FB, the 

release of vancomycin from PUR was extended to at least 8 weeks. So, PUR scaffolds with V-FB could be a possible clinical 

therapy for treating bone defects that have been contaminated. [17] 

In order to make composite tissue structures like osteochondral constructs, growth factors must be delivered to polymeric scaffolds 

in a way that is controlled in time and space. In the study by X. Wang et al., We investigated the influence of human bone marrow-

derived mesenchymal stem cells (hMSCs) on osteochondral development through microsphere-mediated growth factor delivery 

in polymer scaffolds. In either PLGA or silk microsphere scaffolds, a single concentration gradient of bone morphogenetic protein 

2 (rhBMP-2) or insulin-like growth factor I (rhIGF-I) was applied, as well as a reverse gradient combining both growth factors. 

They found that Silk scaffolds that looked like sponges were better at making deep linear grow factor gradients than alginate gel 

scaffolds. So, you can control how certain tissues form by putting microspheres into a polymer scaffold and controlling how growth 

factors are distributed in space. [18] 

Bone healing that doesn't work could be caused by osteoblasts that don't stick well to hydroxyapatite. Koyama et al. made a bone-

compatible scaffold with sub-micron hydroxyapatite (HA) surface that looks like bone. They looked at how nitrogen-containing 

bisphosphonate (N-BP) affected the behavior of osteoblasts and how well bones healed. Human osteoblasts were put on a bone-

compatible scaffold with or without N-BP, and the cells' ability to stick together and spread was measured 4 and 24 hours later. 

The mineralization process was then looked at again at 7 and 14 days. By implanting the scaffold for 3 and 6 weeks in a rat's 

cranial bone defect, the scaffold's osteoconductive activity was evaluated. The number and size of osteoblasts in N-BP-binding 

scaffolds were significantly reduced at 4 and 24 hours compared to untreated scaffolds. Mineralization in the N-BP-binding 

scaffolds was likewise significantly lower than in the controls at 7 and 14 days. At 3 and 6 weeks, an in-vivo study showed that 

N-BP binding scaffolds had much less bone growth than untreated scaffolds. Based on these results, it seems that when NBP binds 

to HA, it stops osteoblasts from attaching and spreading, which slows down bone healing at the site of an injured bone defect. [19] 

2.6 Antibiotic delivery: 

In order for antibiotics to treat dental, periodontal, and bone infections with high local bioactivity and few systemic side effects, 

they must be delivered in a way that is both targeted and timed. In this study, a 3-D porous tissue engineering scaffold was made 

that could release antibiotics in a controlled way to stop bacteria from growing for a long time. K. Feng et al. used a modified 

water-in-oil-in-oil (w/o/o) emulsion method to put the antibiotic drug doxycycline (DOXY), which dissolves easily in water, into 

PLGA nanospheres. The PLGA nanospheres (NS) were then placed in pre-fabricated nanofibrous PLLA scaffolds with a well-

connected, macroporous structure. It was looked into how DOXY was released from four different PLGA NS formulations on a 

PLLA scaffold. The results of in vitro release and antibacterial tests suggest that the drug-containing nano-fibrous scaffolds can 

deliver doxycycline in a controlled way over a long period of time. [20] 

3. PREPARATION METHODS: 

The first step in the manufacturing of a scaffold is the making of a base material and transforming it into a 3D structure this helps 

in generating an effective scaffold with optimal mechanical and mass-transport capabilities. Titanium, for example, will provide 

suitable functionality for bone but it is not compliant when it comes to the repairing of soft tissue similarly elastomeric polymers 

will provide suitable functionality for soft tissue likewise there are also polymers in the middle of the spectrum that are functionally 

acceptable for either a hard tissue like bone or a soft tissue. 

To generate scaffolds that have great porosity and good structural features conventional methods like Porogen leaching, emulsion, 

and solvent diffusion, and electrospinning are used. [21] 
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3.1 Solvent diffusion: 

PLA was cast into ceramic molds in chloroform (25% w/v) and the solvent evaporated under ambient pressure or a 1500 Hg 

vacuum. The procedure was repeated until no more solubilized PLA was found in the mold. [21] 

3.2 Porogen leaching: 

To achieve desired pore shape porogens of different shapes are used. Using the vibrating-particle approach which is a form of 

porogen leaching Zhang et al created a fusion between porogen leaching and compression molding techniques of polylactic acid 

(PLA)/poly (- glycolide) (PGA) scaffolds with a ratio of 85:15 of spherical and cubic shaped porogens respectively.  The porosity 

was observed to be 78-97%. [22] 

3.3 Emulsion and phase separation: 

Nam and Park created poly-L-Lactides (PLLA) and PLGA scaffolds with linked pore structure and fine structural characteristics 

using thermally induced phase separation (TIPS). The polymer is dissolved in a solvent and quickly frozen in liquid nitrogen, 

followed by three days of freeze drying to remove the solvent in this process. [23] 

3.4 Electrospinning: 

Materials ranging in size from nanometers to millimeters are employed, including PLGA, PCL, collagen, chitosan, and others. To 

make the fibers, a strong electric field is delivered to the nozzle, from which a polymer melts or droplet in solution is ejected. 

Unless aligned by spinning along a rotating drum, extruded fibers are amorphous. Isotropic effective scaffold qualities are produced 

by amorphous fibers, while anisotropic effective scaffold properties are produced by aligned fibers. [24] 

3.5 Stereolithography: 

It necessitates the use of a photopolymerizable substance. Cooke et al. were the first to demonstrate scaffold fabrication of poly 

(propylene fumarate) (PPF) using a biodegradable resin mixture of diethyl fumarate (DEF), PPF, and a photoinitiator, 

bisacylphosphine oxide (BAPO) [25] 

Lee et al. created PPF scaffolds with a range of 3D porous topologies using a stereolithography method. Pore diameters ranged 

from 500 to 900 mm, porosity ranged from 30 to 63%, and compressive moduli ranged from 15 to 40 MPa. These materials have 

the potential to be utilised to substitute trabecular bone. [26]. 

4. EVALUATION: 

4.1 Cytotoxicity tests: 

The word cytotoxicity refers to a series of molecular events that interfere with the macromolecular synthesis, resulting in diverse 

cellular, functional, and structural damage [27]. Substances recovered from evaluated scaffolds are exposed to various cell culture 

lines in these studies. Cell cultures are particularly sensitive to trace amounts of leachable chemicals and exhibit immediate toxicity 

in the presence of potentially dangerous substances [28]. 

The suggested testing methodologies for in vitro cytotoxicity screening are indirect contact assay or extraction method and (ii) 

direct contact assay. 

4.2 Indirect contact assay 

The leaching of the drugs from the scaffolds is determined by these assays. The changes occurring in the morphology of the cell, 

growth inhibition, metabolic activity of the cell are evaluated by the extraction test.  [29] 

Scaffolds are incubated at a given temperature and time (37 °C for 12 h-72 h). The extraction technique and the ratio of test material 

to extractant are still debatable and may differ depending on the kind of tissue, despite ISO guidelines recommending a ratio of 

1.0 g/5 ml (ISO 10993-10:2010). Immersion, perfusion, and evaporation are the three most frequent methods for preparing the 

extract [30] or consternation Cells cultivated in the absence of scaffolds are frequently employed as a negative control, whereas 

cells cultured in the presence of latex rubber or 20% dimethyl sulfoxide are utilised as a positive control. Viability assays are used 

to assess the influence of the extract on cell cytotoxicity. Trypan blue exclusion is the most basic approach for determining viability. 

Viable cells can exude trypan blue from their cytoplasm, making them appear transparent under a light microscope, whereas non-

viable cells look blue [31], [32] 

4.3 Direct contact assay 

The majority of the researchers opted to use direct contact assay to examine the cytocompatibility of decellularized scaffolds since 

it allows them to analyse the attachment, migration, and dispersion of reseeded cells within the scaffolds. Surface culturing brings 

a sample into direct touch with cells. Cells are tested for indicators of toxicity at various time points using morphological evaluation 

and viability tests [33]. 

4.4 Pathogenic risk: 

Although Pigs are immunologically different from humans; they are frequently used as a donor for xenografting. Pigs are used 

because they are easier to breed [34]. These animals usually contain viruses such as the porcine endogenous retrovirus (PERV), 
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which was found to be incorporated into the pig genome even in specified pathogen-free (SPF) animals [35]. A specific test for 

detecting pro-viral PERV in decellularized tissues is polymerase chain reaction (PCR). [36] 

4.5 Immunogenicity: 

It is essential to ensure that there are no cellular components, antigens, and nucleic materials to avoid rejection and vascular 

thrombosis rejection to induce immunity. [37] 

4.6 DNA 

Remnant cellular components within the ECM can trigger undesirable host reactions in vivo, thereby increasing the likelihood of 

xenoantigen transmission, emphasising the need of eliminating DNA remains. [38] 

DNA quantification is simple utilising technologies such as spectroscopy, slot blot, and picogreen. Gel electrophoresis could be 

used to determine the length of residual DNA fragments. [39] 

4.7 Alpha-Gal 

It is critical to evaluate how the recipient will react to decellularized tissues after implantation, particularly the immunological 

response, especially when using xenogeneic decellularized tissues. The alpha-Gal (Gal1-3Gal1-4GlcNAc-R) (-Gal) epitope that 

remains on the surface of cells is critical in the rejection of xenogeneic tissue. Except for humans and higher apes, the -Gal epitope 

is expressed in the majority of mammalian organs. [40] 

The content of -Gal in decellularized tissues can be determined using immunohistochemistry and PCR[41]. 

4.8 In-vivo evaluation 

Animal testing has been utilised for biological testing of scaffolds obtained from humans, pigs, and cattle before clinical application 

in various animal species such as mice, rats, and swine. The host reaction may be induced by a biomaterial implanted in the body. 

Depending on the implant's properties, such as size, morphology, composition, mechanical stability, sterility issues, contact 

duration, and degradation, the degree of this response and in vivo performance against scaffolds can be divided into an acute and 

chronic inflammatory response followed by a long-lasting granulation tissue phase [42]. Various quantitative assays have been 

used to examine the inflammatory response. Cell adhesion is one of the criteria studied, and it has been utilised as an indicator of 

biocompatibility after being interpreted by several scoring systems. The second criterion is the number of leukocytes infiltrated at 

the transplanting site. Furthermore, the phenotyping of cellular infiltrates and cytokine profiles have been studied [43],[44] 

5. Future aspects: 

Tissue Engineering (TE) has benefited from the development of Additive Manufacturing (AM) techniques in the previous decade, 

which has resulted in the manufacture of free-form porous scaffolds with custom-tailored topologies. AM is described as "A 

process of combining materials to produce items using three-dimensional (3-D) model data, usually layer upon layer, as opposed 

to subtractive manufacturing methodologies" by the most recent ASTM standards. [45] Unlike traditional subtractive methods, 

which remove material from a 3-D block, additive manufacturing constructs the final object by adding material layers from a 3-D 

computer model. The 3-D model is "sliced" into two-dimensional (2-D) layers, which are then transmitted to the AM device for 

final product creation. Selective laser sintering (SLS), stereolithography (SLA), fused deposition modeling (FDM), precision 

extrusion deposition (PED), and three-dimensional printing are commercially available AM techniques used to manufacture 

scaffolds for tissue engineering purposes (3DP). 

Following the widespread use of computer-aided tissue engineering (CATE), the number of tactics aimed at achieving the best 

scaffold design for a specific clinical application has skyrocketed. CATE has facilitated the advancement of scaffold-based TE to 

a multidisciplinary research field by merging empirical, laboratory, computer modeling, and simulation-based activities. The 

combination of experimental analyses and numerical simulations, in particular, has resulted in a more efficient procedure for 

developing scaffolds that address target requirements, as well as the exploration of several novel design principles that incorporate 

biomimetic and biological features into the same architecture. 

Although certain broad trends can be seen, extensive research is still required before understanding all of the parameters for 

physiologically guided scaffold design. Only a handful of the suggested design criteria have been incorporated in scaffold 

manufacture in the previous few years. Furthermore, the results of thorough in vitro and in vivo characterization are restricted to 

a few tissues and architectures. Among the most extensively used and studied strategies are space-filling curves with orthogonal 

or honeycomb patterns, as well as image-based designs. On the contrary, whereas irregular porous architectures appear to better 

reflect genuine tissue complexity, they have not been thoroughly confirmed. The implementation of TPMS design has lately 

yielded interesting first findings, but further study is required to demonstrate the full potential of such technology in vivo contexts. 

Furthermore, there is a large improvement gap between hard and soft tissue applications. Soft tissue engineering and organ 

regeneration are predicted to make the most important advances in CATE. Novel CAD models and design methodologies for these 

applications must be thoroughly investigated in the near future. In this context, hybrid scaffolds that combine the benefits of 

multiple materials in the same microstructure may have superior qualities for the reconstruction of multi-tissue or complicated 

organs. However, there are data on rapid prototyping of multi-material scaffolds, and even less research integrating materials 

selection in the FEA prediction of scaffold microarchitectural features. 

http://www.ijcrt.org/


www.ijcspub.org                                  © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1271 International Journal of Current Science (IJCSPUB) www.ijcspub.org 433 
 

Another intriguing development that has been observed is the combination of AM techniques with other scaffold manufacturing 

methods to create hybrid structures with complementing structural properties. Although this novel technique is still in its early 

stages, it is showing promising outcomes not just in the recapitulation of complex tissues, but also in the augmentation of biological 

processes such as construct vascularization. [46] 

 

References: 

1) Langer, R., Cima, L. G., Tamada, J. A., & Wintermantel, E. (1990). Future directions in biomaterials. Biomaterials, 11(9), 

738-745.  
2) Langer, R. S., & Vacanti, J. P. (1999). Tissue engineering: the challenges ahead. Scientific American, 280(4), 86-89.  
3) Vacanti, J. P., & Langer, R. (1999). Tissue engineering: the design and fabrication of living replacement devices for surgical 

reconstruction and transplantation. The lancet, 354, S32-S34.  

4) Hollister, S. J. (2009). Scaffold design and manufacturing: from concept to clinic. Advanced materials, 21(32‐ 33), 3330-

3342.  
5) Han, F., Dong, Y., Su, Z., Yin, R., Song, A., & Li, S. (2014). Preparation, characteristics and assessment of a novel gelatin–

chitosan sponge scaffold as skin tissue engineering material. International Journal of Pharmaceutics, 476(1-2), 124-133.  
6) Willerth, S. M., Arendas, K. J., Gottlieb, D. I., & Sakiyama-Elbert, S. E. (2006). Optimization of fibrin scaffolds for 

differentiation of murine embryonic stem cells into neural lineage cells. Biomaterials, 27(36), 5990-6003.  
7) Balakrishnan, B., & Jayakrishnan, A. (2005). Self-cross-linking biopolymers as injectable in situ forming biodegradable 

scaffolds. Biomaterials, 26(18), 3941-3951.  
8) Park, J. S., Woo, D. G., Sun, B. K., Chung, H. M., Im, S. J., Choi, Y. M., ... & Park, K. H. (2007). In vitro and in vivo test of 

PEG/PCL-based hydrogel scaffold for cell delivery application. Journal of Controlled Release, 124(1-2), 51-59.  
9) Lévesque, S. G., & Shoichet, M. S. (2006). Synthesis of cell-adhesive dextran hydrogels and macroporous scaffolds. 

Biomaterials, 27(30), 5277-5285.  
10) Gomez, N., & Schmidt, C. E. (2007). Nerve growth factor‐ immobilized polypyrrole: Bioactive electrically conducting polymer 

for enhanced neurite extension. Journal of biomedical materials research Part A, 81(1), 135-149. 

11) Karri, V. V. S. R., Kuppusamy, G., Talluri, S. V., Mannemala, S. S., Kollipara, R., Wadhwani, A. D., ... & Malayandi, R. (2016). 

Curcumin loaded chitosan nanoparticles impregnated into collagen-alginate scaffolds for diabetic wound healing. 

International journal of biological macromolecules, 93, 1519-1529.  
12) Sanapalli, B. K. R., Tyagi, R., Shaik, A. B., Pelluri, R., Bhandare, R. R., Annadurai, S., & Karri, V. V. S. R. (2022). L-Glutamic 

acid loaded collagen chitosan composite scaffold as regenerative medicine for the accelerated healing of diabetic wounds. 

Arabian Journal of Chemistry, 15(6), 103841. 
13) Losi, P., Briganti, E., Errico, C., Lisella, A., Sanguinetti, E., Chiellini, F., & Soldani, G. (2013). Fibrin-based scaffold 

incorporating VEGF-and bFGF-loaded nanoparticles stimulates wound healing in diabetic mice. Acta biomaterialia, 9(8), 

7814-7821. 

14) Zhang, H., Kusunose, J., Kheirolomoom, A., Seo, J. W., Qi, J., Watson, K. D., ... & Ferrara, K. W. (2008). Dynamic imaging 

of arginine-rich heart-targeted vehicles in a mouse model. Biomaterials, 29(12), 1976-1988.  
15) Lupascu, F. G., Dash, M., Samal, S. K., Dubruel, P., Lupusoru, C. E., Lupusoru, R. V., ... & Profire, L. (2015). Development, 

optimization and biological evaluation of chitosan scaffold formulations of new xanthine derivatives for treatment of type-2 

diabetes mellitus. European Journal of Pharmaceutical Sciences, 77, 122-134.  
16) Salvay, D. M., Rives, C. B., Zhang, X., Chen, F., Kaufman, D. B., Lowe Jr, W. L., & Shea, L. D. (2008). Extracellular matrix 

protein-coated scaffolds promote the reversal of diabetes after extrahepatic islet transplantation. Transplantation, 85(10), 

1456.  
17) Li, B., Brown, K. V., Wenke, J. C., & Guelcher, S. A. (2010). Sustained release of vancomycin from polyurethane scaffolds 

inhibits infection of bone wounds in a rat femoral segmental defect model. Journal of Controlled Release, 145(3), 221-230. 

18) Wang, X., Wenk, E., Zhang, X., Meinel, L., Vunjak-Novakovic, G., & Kaplan, D. L. (2009). Growth factor gradients via 

microsphere delivery in biopolymer scaffolds for osteochondral tissue engineering. Journal of Controlled Release, 134(2), 

81-90.  
19) Koyama, C., Hirota, M., Okamoto, Y., Iwai, T., Ogawa, T., Hayakawa, T., & Mitsudo, K. (2020). A nitrogen-containing 

bisphosphonate inhibits osteoblast attachment and impairs bone healing in bone-compatible scaffold. Journal of the 

Mechanical Behavior of Biomedical Materials, 104, 103635.  
20) Feng, K., Sun, H., Bradley, M. A., Dupler, E. J., Giannobile, W. V., & Ma, P. X. (2010). Novel antibacterial nanofibrous PLLA 

scaffolds. Journal of controlled release, 146(3), 363-369.  
21) Taboas, J. M., Maddox, R. D., Krebsbach, P. H., & Hollister, S. J. (2003). Indirect solid free form fabrication of local and 

global porous, biomimetic and composite 3D polymer-ceramic scaffolds. Biomaterials, 24(1), 181-194.  
22) Zhang, J., Wu, L., Jing, D., & Ding, J. (2005). A comparative study of porous scaffolds with cubic and spherical macropores. 

Polymer, 46(13), 4979-4985. 
23) Nam, Y. S., & Park, T. G. (1999). Biodegradable polymeric microcellular foams by modified thermally induced phase 

separation method. Biomaterials, 20(19), 1783-1790. 
24) Boudriot, U., Dersch, R., Greiner, A., & Wendorff, J. H. (2006). Electrospinning approaches toward scaffold engineering—a 

brief overview. Artificial organs, 30(10), 785-792. 
25) Cooke, M. N., Fisher, J. P., Dean, D., Rimnac, C., & Mikos, A. G. (2003). Use of stereolithography to manufacture critical‐

sized 3D biodegradable scaffolds for bone ingrowth. Journal of Biomedical Materials Research Part B: Applied Biomaterials: 

An Official Journal of The Society for Biomaterials, The Japanese Society for Biomaterials, and The Australian Society for 

Biomaterials and the Korean Society for Biomaterials, 64(2), 65-69. 

http://www.ijcrt.org/


www.ijcspub.org                                  © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1271 International Journal of Current Science (IJCSPUB) www.ijcspub.org 434 
 

26) Lee, K. W., Wang, S., Fox, B. C., Ritman, E. L., Yaszemski, M. J., & Lu, L. (2007). Poly (propylene fumarate) bone tissue 

engineering scaffold fabrication using stereolithography: effects of resin formulations and laser parameters. 

Biomacromolecules, 8(4), 1077-1084. 
27) Murray, P. E., García Godoy, C., & García Godoy, F. (2007). How is the biocompatibilty of dental biomaterials evaluated?. 

Medicina Oral, Patología Oral y Cirugía Bucal (Internet), 12(3), 258-266. 
28) Granchi, D., Cenni, E., Verri, E., Ciapetti, G., Gori, A., Gamberini, S., ... & Pizzoferrato, A. (1998). Adhesive protein expression 

on human endothelial cells after in vitro contact with woven Dacron. Biomaterials, 19(1-3), 93-98. 

29) Salgado, A. J., Coutinho, O. P., & Reis, R. L. (2004). Novel starch-based scaffolds for bone tissue engineering: cytotoxicity, cell 

culture, and protein expression. Tissue engineering, 10(3-4), 465-474. 

30) Akhyari, P., Aubin, H., Gwanmesia, P., Barth, M., Hoffmann, S., Huelsmann, J., ... & Lichtenberg, A. (2011). The quest for an 

optimized protocol for whole-heart decellularization: a comparison of three popular and a novel decellularization technique and 

their diverse effects on crucial extracellular matrix qualities. Tissue Engineering Part C: Methods, 17(9), 915-926 

31) Hussein, K. H., Park, K. M., Teotia, P. K., Hong, S. H., Yang, S. R., Park, S. M., ... & Woo, H. M. (2013). Sterilization using 

electrolyzed water highly retains the biological properties in tissue-engineered porcine liver scaffold. The International journal of 

artificial organs, 36(11), 781-792. 

32) Pizzoferrato, A., Ciapetti, G., Stea, S., Cenni, E., Arciola, C. R., & Granchi, D. (1994). Cell culture methods for testing 

biocompatibility. Clinical materials, 15(3), 173-190. 

33) Gupta, S. K., Dinda, A. K., Potdar, P. D., & Mishra, N. C. (2013). Fabrication and characterization of scaffold from cadaver goat-

lung tissue for skin tissue engineering applications. Materials Science and Engineering: C, 33(7), 4032-4038. 

34) ] Fishman, J. A., & Patience, C. (2004). Xenotransplantation: infectious risk revisited. American Journal of Transplantation, 4(9), 

1383-1390. 

35) Chamuleau, R. A., Poyck, P. P., & Van De Kerkhove, M. P. (2006). Bioartificial liver: its pros and cons. Therapeutic Apheresis 

and Dialysis, 10(2), 168-174. 

36) Park, K. M., Park, S. M., Yang, S. R., Hong, S. H., & Woo, H. M. (2013). Preparation of immunogen-reduced and biocompatible 

extracellular matrices from porcine liver. Journal of bioscience and bioengineering, 115(2), 207-215. 

37) Naso, F., Gandaglia, A., Iop, L., Spina, M., & Gerosa, G. (2012). Alpha‐Gal detectors in xenotransplantation research: a word  of 

caution. Xenotransplantation, 19(4), 215-220. 

38) Gui, L., Chan, S. A., Breuer, C. K., & Niklason, L. E. (2010). Novel utilization of serum in tissue decellularization. Tissue 

Engineering Part C: Methods, 16(2), 173-184. 

39) Crapo, P. M., Gilbert, T. W., & Badylak, S. F. (2011). An overview of tissue and whole organ decellularization 

processes. Biomaterials, 32(12), 3233-3243. 

40) Ekser, B., & Cooper, D. K. (2010). Overcoming the barriers to xenotransplantation: prospects for the future. Expert review of 

clinical immunology, 6(2), 219-230. 

41) Hussein, K. H., Park, K. M., Kang, K. S., & Woo, H. M. (2016). Heparin-gelatin mixture improves vascular reconstruction 

efficiency and hepatic function in bioengineered livers. Acta biomaterialia, 38, 82-93. 

42) Onuki, Y., Bhardwaj, U., Papadimitrakopoulos, F., & Burgess, D. J. (2008). A review of the biocompatibility of implantable 

devices: current challenges to overcome foreign body response. Journal of diabetes science and technology, 2(6), 1003-1015 

43) Mirmalek-Sani, S. H., Sullivan, D. C., Zimmerman, C., Shupe, T. D., & Petersen, B. E. (2013). Immunogenicity of decellularized 

porcine liver for bioengineered hepatic tissue. The American journal of pathology, 183(2), 558-565.  

44)      Orlando, G., Farney, A. C., Iskandar, S. S., Mirmalek-Sani, S. H., Sullivan, D. C., Moran, E., ... & Soker, S. (2012). Production 

and implantation of renal extracellular matrix scaffolds from porcine kidneys as a platform for renal bioengineering 

investigations. Annals of surgery, 256(2), 363-370. 

45) ASTM Committee F42 on Additive Manufacturing Technologies, & ASTM Committee F42 on Additive Manufacturing 

Technologies. Subcommittee F42. 91 on Terminology. (2012). Standard terminology for additive manufacturing technologies. 

Astm International. 

46) S.M. Giannitelli, D. Accoto, M. Trombetta, A. Rainer,Current trends in the design of scaffolds for computer-aided tissue 

engineering,https://doi.org/10.1016/j.actbio.2013.10.024 

 

 

 

 

 

 

 

 

 

http://www.ijcrt.org/

