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CHAPTER 1: INTRODUCTION 

1.1 Background of study 

 

Nowadays, the nanofibers scaffolds produced  has play an important role in biomaterials 

division due to the higher demand of biomedical applications such as tissue engineering, 

wound healing, drug delivery and release control system. Human tissues are primarily 

composed of cells and extracellular matrix (ECM). ECM is the structural framework for 

tissues, also known as scaffolds, matrices, or constructs for cellular attachment, proliferation, 

and in growth ultimately leading to new tissue formation (Bae et al., 2013). The tissue 

engineering technologies paves a way for development of artificial scaffold materials. These 

artificial scaffold materials are substituted for organs and implanted in the needy patients for 

tissue restoration or regeneration. Nowadays, the tissue engineering have develop a porous 

structure scaffold required by mimicking the Natural ECM matrix of desired tissue to be 

regenerated. More recently, nanofiber-based scaffolding systems are being explored as 

scaffolds for tissue engineering (Hutmacher et al., 2000). In reality, what is the function of 

nanofibers in biomedical? The fabrication of nanofibrous scaffolds has provides the protein 

absorption and binding sites to cell receptor. Besides, it also provide greater surface area for 

cellular interaction which enables cell adhesion, spreading and proliferation in wound healing 

system and provide maximum volume fraction in fibers alignment for improve the strength of 

drug loaded nanofibrous mat in drug delivery system (Dias et al., 2013). In this research field, 

the synthetic biodegradable polymers which are polycaprolactone (PCL) and polyethylene 

oxide (PEO) have been used in drug loaded nanofiber mats. PCL has become widely and 

commercially use in biomedical because it is a type of synthetic polymers that can be 

degraded by microorganisms and lack of toxicity has made PCL suited to release control drug 

delivery system (John et al., 2008).  Besides, PCL is a hydrophobic and semi-crystalline 

polymer; its crystallinity tends to decrease with increasing molecular weight and degrades 

very slowly in vivo and in vitro. PCL is resistant to chemical hydrolysis and behave achiral, 

which is a feature that limits the possibility of property modulation through the 

configurationally structure of polymer chains (Mark et al., 1990). While for PEO, it is the 

most suitable material for making nanofibers become stealthy, which is difficult to be 

detected by the immune system either through cell level or humeral reactions. This is due to 
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the highly hydrated and flexible hydrophilic PEO chains can form a steric barrier against the 

adsorption of proteins at the nanoparticle surface. Whenever, the proteins are no longer 

adsorbed (opsonisation), the phagocytosis of the nanoparticles is avoided and their lifetime is 

increased in the blood circulation (Aqil et al., 2008). Therefore, In order to produce the good 

quality nanofibers scaffold for making the r nanofibers mat for drug delivery system, we need 

to consider the process parameters such as flow rate, voltage, and distance. While for 

systematic parameters are polymer type, molecular weight, and solvent used. Besides, for 

solution parameters we need to consider the viscosity, concentration, conductivity, surface 

tension and also the charge of jet. Lastly for physical parameters is humidity, temperature and 

air velocity during the electrospun process of fibers (Katia et al., 2012). 

 

 

1.2 Problem Statement 

 

Currently, drug delivery system by tissue engineering is one of the vital and prosperous 

development research fields which involve medicine, biology and engineering technology in 

this new era. The objective of the development is to repair, replace, and maintain the function 

of tissue and organ of human body. The current challenge in utilizing tissue engineering is the 

design of the biocompatible support matrix called scaffolds, that can imitate the function and 

capacity to mimic the natural extracellular matrix component and collagen. A wide research 

has been carried out all around the world to produce the perfect scaffold materials. These 

researches potentially showed some positive results but they lack in few aspects like rate of 

degradation or the strength of the materials, due to this reason this scaffold materials are still 

not in wide use (Ishaug et al., 1997). Therefore, the selection of polymer material and solvent 

used is important to produce a good quality of nanofibers scaffolds that behave in the desired 

manner to generate tissues and organs of the desired shape and size. The selected material 

should provide better biodegradability; provide an excellent porosity with an appropriate pore 

distribution size distribution to allow diffusivity occur easily, biocompatible to promote cell 

adhesion, migration, proliferation, and differentiation of the cells (Wang et al., 2011). 
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In this present study, there are also varies parameters that will influence the nanofibers 

scaffold quality even though the electrospining process is simple. The Electrospinning 

process can be affected by few parameters, which are solution parameter, equipment 

parameter and ambient parameter, which makes this method very challenging to handle. The 

solution parameter includes conductivity, viscosity and also concentration of solution. 

Meanwhile, for equipment parameter that affect the Electrospinning process includes voltage, 

current and also distance between the wire electrode and also the collector while for ambient 

parameter, it includes temperature and humidity. Besides that, the nanofibers after 

electrospinning process often have beads as „„by products‟‟. The formation of beads attached 

to fibers has been observed wisely. The beads formed might due to the instability of electric 

fields, polymer solutions and so on. Therefore, experiments with various conditions need to 

be taken out to get the good quality of nanofibers scaffolds. Preparation of the 

electrospinning solution plays critical role in embedding the drug for sustained release. The 

solution parameters need to be optimized and identifies the suitable method to embed the 

drug in the nanofiber matrix will be a challenging task for developing a Nano Drug Delivery 

System (NDDS) (Fong, et al., 1999). 

1.3 Objective 

 

1 To study the effect of electrolyte addition on the morphological quality and size of 

nanofibers scaffolds. 

2. To study the effect of using different solvents with polymer solution on the 

morphological quality and size of nanofibers scaffolds.  

3. To develop a drug embedded nanofiber scaffold. 

1.4 Scope of Study 

1. Preparation and characterization of various polymer solutions (PLA, PEO and PCL 

with and without electrolyte addition, using solvent such as ethanol and chloroform) 

that will be used to produce nanofiber scaffolds via viscometer and conductivity 

meter.  

2. Development of a single layer nanofiber scaffolds via needleless electrospinning.  

3. Morphological assessment of nanofiber scaffolds using SEM. 


