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Unique features of nanofibers provide enormous potential in the field of biomedical and healthcare applications. Many studies have proven the extreme potential of nanofibers in front of current challenges in the medical and healthcare field. This review highlights the history and development of nanofiber technologies, unique properties, fabrication techniques, and emerging applications in biomedical and healthcare fields. The review summarizes the recent researches on nanofibers for drug delivery system and controlled drug release, tissue-engineered scaffolds, dressings for wound healing, biosensors, biomedical devices, medical implants, cosmetics as well as removal of toxic particulate matter/ions from air, water, and blood. Attention is given to different types of fibers (e.g. mesoporous, hollow, core-shell nanofibers) fabricated from various materials and their potential biomedical applications.

Introduction

Nanofibers as one of the interested group of nanomaterials with two similar external dimensions in the nanoscale (≤100 nm) and the third dimension significantly larger. Nanofibers provide a lot of wonderful features such as the large surface area to volume ratio, possibility in surface functionalities, tunable porosity, a wide range of materials selection, and superior mechanical performance. [START_REF] Bhardwaj | [END_REF]14 These remarkable properties make the nanofibers an ideal candidate for a wide range of biomedical applications including tissue-engineered scaffolds (e.g. skin, cartilage, bone, blood vessel), 15,16 dressings for wound healing, 17,18 biomedical devices, 19 biosensors, 20,21 and drug delivery system. 22,23 Nanofibers afford great flexibility in selecting biodegradable or non-degradable materials to give amazing properties such as finer control over drug release kinetics for drug delivery applications.

There is a possibility to immobilize enzymes, antimicrobial peptides, antibiotics, and growth hormones to nanofibers, or loading into the core of nanofibers. [START_REF] Kenawy | [END_REF][33][34][35][36] Nanofibrous mats provide a structure similar to native extracellular matrix with high interconnected porosity (60-90%), 37 great absorbances, balanced moisture, and gas permeability bring an appropriate environment to protect the wound from exogenous infection. In addition, the ability of loading antimicrobials agents and drugs into nanofibers provides a great potential in the development of effective antimicrobial systems able to treat infections in the wound regions, prohibition of bacterial biofilm formation, prolonging drug release and decreasing the time of wound healing process. [38][39][40] One of the main and interesting biomedical application areas of nanofibers is tissue engineering.

Nowadays, tissue-engineered scaffolds considered as a satisfactory solution to help the health and quality of life for millions of patients worldwide with end-stage organ failure or tissue loss. Nanofiber scaffolds provide many appropriate properties such as high porosity, large surface area, biodegradability, mechanical properties, and biocompatibility to a cell which need for tissue regeneration and sustained release of drug or growth factors. 41 Nanofibers have been used in wound dressing to promote the wound healing, hemostasis, skin regeneration, and treatment of diabetic ulcers (x). Nanofibers hold the moisture within their pores and keep the wound surface wet during the healing process. This prevents nanofiber sticking to the wound surface and accelerates the wound healing. Moreover, the oxygen can travel more easily between wound and dressing (x). Nanofiber membrane may be incorporated into wearable blood purification systems for the removal of toxins from the blood of kidney failure patients (x). Biosensors based on nanofibers show great promise for future applications in health-care testing and disease diagnostics. 42 Nanofibers are a natural fit for gas masks and protective textiles, as their pore size is desired to provide adequate protection from aerosolized threats (x).

Nanofibers provide 3D architecture with the desired surface properties regarding the intended application within the body in addition to mechanical strength and physiological acceptability. The present review summarizes history and development of nanofiber fabrication techniques, unique properties and applications of nanofiber in the biomedical and healthcare fields including tissueengineered scaffolds, dressings for wound healing, biomedical devices, implants, drug delivery system and controlled drug release.

Nanofiber fabrication techniques

Nanofiber fabrication techniques are varied and utilize mechanical, chemical, thermal, and electrostatic fabrication techniques. Various bottom-up and top-down approaches were proposed to produce nanofibers. Nanofiber fabrication techniques which can be generally classified into two main classifications: (i) physical, chemical, and biological techniques; and (ii) spinning and non-spinning fabrication techniques. In the next sections, these categories will be discussed in more details. Biological methods involve biological reactions between nanofiber raw materials and bioactive species such as bacteria, enzymes in presence or absence of outside force such as mechanical pressure, high energy radiations, electrical energy or thermal energy. In case of biological treatments, cellulosic materials are treated with cellulolytic enzymes like cellulase that cleave the fiber structures to simpler ones (x). Bacterial cellulose (BC), produced by aerobic bacteria received ample of attention due to its unique physiochemical properties compared to plant cellulose (x).

2.2.

Spinning and Non-Spinning Fabrication Techniques

Typically, most of the physical and chemical fabrication techniques listed above section are nonspinning techniques. Spinning techniques employ outside forces such as electric force, centrifugal force, or compressed gas to draw threads of polymer solutions or polymer melts up to fiber diameters range from few nanometers to several micrometers. (x) Nanofiber spinning has been a process of great scientific and industrial interest due to its versatility, cost-efficiency and potential to be used in a wide range of applications, resulting in an outstanding potential for nanotechnology research.

Nanofiber spinning techniques can be further classified into two major categories:

(i) Electrospinning technique

Electrospinning is a method based on the use of electrostatic forces for producing continuous fibers with the diameter range from several microns to few nanometers. In a typical electrospinning process, a polymer solution is placed into a syringe and then pushed to the tip of the syringe by external pumping applied by mechanical pistons. When the solution droplet is formed at the metallic needle, an electric voltage bias is applied between the metallic needle and a collector placed in front of it.(x) As the applied voltage is gradually increased, the electric forces overcome surface tension and a jet is produced and finally, the droplet elongates Taylor cone, from which polymer nanofibers are produced and then deposited on the collector. The jet is accelerated and stretched through the atmosphere with the evaporation of the solvent and is used for preparing interconnected mats of nanofibers on the oppositely charged grounded collector.

Bubble electrospinning,(x) melt electrospinning,(x) coaxial electrospinning,(x) self-bundling electrospinning,(x) nanospider electrospinning(x) are most common electrospinning techniques. The fiber diameter, morphology, alignment, as well as molecular orientation are affected by the nature of collectors, applied voltage, distance between nozzle and collector, and dispersion flow rate.(x) Some researchers have reported on needleless electrospinning systems using rotating disks, rollers, balls, and bubbles to obtain huge amounts of nanofibers.(x) Among of several nanofiber processing 

(ii) Non-electrospinning technique

Non-electrospinning techniques use centrifugal force or compressed gases instead of an electric field to generate nanofibers. These techniques decrease the use of a solvent, increase the productivity, and lower the production cost. Blowing bubble spinning (gas-jet spinning),(x) centrifugal spinning,(x) and fiber drawing(x) are three of the most common non-electrospinning nanofiber production techniques. As a high-output nanoscale fiber production method, centrifugal spinning can guarantee high fiber production rates, but it cannot produce high-performance fibers.

The fibers produced by centrifugal spinning cannot be used in the high-precision terminal industry and biomedical fields because of the erratic performance of the fibers, which may cause irreversible side effects (x). Blown Bubble spinning uses blowing air or mechanical force to overcome the surface tension and produce nanofibers.

Nanofibers for Tissue-Engineered Scaffolds

There are millions of patients who suffer from end-stage organ failure or tissue loss around the world annually. 43 Autologous and allogeneic natural tissue is generally used for replacement. Patency rates for these procedures are not 100 %, about 50-70% generally for coronary artery replacement, [START_REF] Khang | Encyclopedia of Medical devices and instrumentation[END_REF] these surgeries cost billions of dollars in worldwide annually. [START_REF] Bentley | [END_REF] The low number of donors is another limitation in front of transplantation. Nowadays, to address these problems tissue engineering brings a good alternative way to transplantation of diseased, failed, or abnormal organ or tissue. [START_REF] Langer | [END_REF] Tissue engineering scaffold provides a 3D environment for cell adhesion, proliferation and the specific arrangement of cells into complex tissue depends on the functional architecture of the organ. Three key elements are required for tissue engineering; scaffold, cells (differentiated or undifferentiated), and biological signaling molecules such as growth factors (GFs). 47 Various processing techniques (e.g. phase separation, self-assembly, solvent casting, freeze drying, gas foaming, and electrospinning) have been employed to fabricate nanofiber scaffolds (Figure 3). Among them, the electrospinning as a straightforward and cost-effective process has attracted significant attention.

Electrospun nanofiber can be fabricated from a wide range of materials with high similarity to the native extracellular matrix in different sizes and functions. 48 Electrospun scaffolds have been employed in a number of different tissue applications including: vasculature, [49][50][51][52] skin, 53,[START_REF] Zhu | EMBEC & NBC[END_REF] bone, [START_REF] Yoshimoto | [END_REF][56][57][58][59] cartilage, 60,61 neural, 62,63 and tendon/ligament (Table 1). [64][65][66] and electrospinning (c) to fabricate nanofibril structures in synthetic scaffolds. 48 Copyright 2013, Elsevier.

Scaffolds with 3D structure can be synthesized of natural polymers, synthetic polymers or blends of synthetic and natural polymers. Chitin, chitosan, alginate, collagen, and gelatin are the most commonly used in nanofiber scaffolds. Synthetic polymers, such as polyglycolic acid, polylactic acid, polycaprolactone, poly(N-isopropyl acrylamide), and their copolymers have been also used for fabrication of scaffold (Table 1 and2). 52,[START_REF] Yoshimoto | [END_REF]60,[67][68][69][70][71][72][73] If necessary, the nanofibers can be further modified via adding bioactive agent (e.g. DNAs, enzymes, and growth factors) either incorporated via encapsulation or covalently conjugated to the matrix polymer to better control the proliferation and differentiation of cells seeded on the scaffolds. 74 Wang et al. 75 evaluated the efficacy of aligned electrospun chitosan fibrous tube as a protentional platform for enhancing peripheral nerve regeneration or for the treatment of demyelinating lesions using a Schwann cell-seeded to repair a 10-mm sciatic nerve defect. Figure 4 shows Schwann cells cultured on both random and oriented electrospun chitosan nanofiber coverslips. Aligned electrospun fibers enhanced Schwann cell maturation more than randomly oriented fibers. As a result, such aligned electrospun scaffolds may be an ideal platform for this purpose. 75 The structure and biological function of the scaffold must be similar to the native extracellular matrix. 89 Biodegradability, biocompatibility, nontoxicity, nonmutagenicity, and nonimmunogenicity are necessary properties for an appropriate scaffold. Surface properties (e.g. surface energy, chemistry, charge, surface area) should be able to promote cell adhesion, proliferation, and differentiation. 89 Other important and essential physicochemical parameters of scaffolds should meet to develop a useful scaffold are external geometry (e.g., macro-, microstructure, interconnectivity), mechanical properties (e.g., compressive and tensile strength), porosity and size of pores 90 . Various structural parameters such as fiber diameter, porosity the ratio, spatial distribution and alignment of nanofibers, have critical impacts on the mechanical properties of scaffolds. For example, Ju et al. 91 fabricated PCL/collagen bilayer scaffold with desired mechanical property by controlling nanofiber diameter. Enhanced the scaffold's porosity and reduced its Young's modulus from 456 2.03 MPa to 0.26 MPa were resulted by increasing the fiber diameter from 0.27 µm to 4.45 µm. The large pores on the outer layer of this fabricated poly ε-caprolactone (PCL)/collagen bilayer scaffold promoted SMC infiltration and small pore on an inner layer facilitated EC attachment (Figure 5). 500 lm). 91 Copyright 2014, Elsevier.

Table 2. A number of different tissue applications of nanofibrous scaffolds.

Application Nanofiber Materials Cell/Signal Ref

Blood Vessels

A bi-layered tubular scaffold of an 

Biosensors and health monitoring system

Nanofiber technology has opened a new promising window in design and fabrication of the miniaturized dimensions biosensors with high surface to volume for immobilization and sensing, cause to enhance the catalytic properties of electrodes, exceptional ability to boost the desirable sensitivity, specificity and accelerate the reaction rate. Among of various types of nanostructured materials, the nanofibers-based biosensor has potential to develop towards even single-molecule biosensing. Retaining the bioreceptor functionality is one of the main challenges associated with the production of nanofiber-based biosensors. To obtain highly sensitive biosensors, the nanofiber mats should provide a large active surface area to ensure that the bioreceptor does not only keep their biological functionality but also remain accessible to the molecules to be detected. To retain the biological functionality of the biosensors, the receptors can be immobilized using various strategies, to optimize the physical and chemical interactions between the nanofibers and bioreceptors. Surface immobilization has been typically used to immobilize enzymes, antibodies, DNA strands, and aptamers on nanofiber surface. Another approach is loading the bioactive molecules inside the nanofiber by electrospinning a blend of enzymes and polymer (x).

Generally, nanofiber-based biosensors reveal great potential for applications in disease diagnostics and health-care testing. Nanofibers have been employed to detect a wide range of analytes including glucose, 20 

Drug Delivery System

Biomedical application of nanofiber in drug delivery system is growing fast, due to a various number of unique features and properties of porous nanostructure including high drug loading, encapsulation efficiency, enhanced therapeutic index, localized delivery, reduced drug side effects, ability to modulate drug release by engineering, controlling the processing and solution parameters of synthesis. 131 Nanofibers can be produced from a wide range of natural and synthetic polymers. 132 Nature polymers such as chitosan, cellulose, heparin, gelatin, pectin, collagen, polysaccharides, and proteins. Nanofibers made of natural polymer are biocompatible and more capable of mimicking an extracellular matrix, whereas the synthetic polymers loaded with drugs can be easily electrospun. Although, natural polymers are more expensive than synthetic polymers.

Biodegradable polyesters polyglycolic acid (PGA), (polylactic acid (PLA), poly (lactic-co-glycolic) acid (PLGA), and polycaprolactone (PCL), non-biodegradable polyesters(polyurethane (PU), polycarbonate, and nylon-6) and naturally occurring polymers (silk, collagen, gelatin, alginate, and chitosan) prevalently have been used in electrospun fibers for sustained release (Table 3). 133,134 Simple and versatile fabrication method, high surface-to-volume ratio, interconnected porous structure, the ability to the incorporation of different drugs and high permeability of electrospun nanofibers provide the great potential applications of electrospun nanofibers as an ideal candidate vehicle for drug delivery in medicine. Copyright 2017, Elsevier.

Table 3 shows various drug incorporation methods using electrospinning. Recently, considerable progress has been made in the fabrication of the smart electrospun nanofibers for controlled drug release. In this method, physical and/or chemical stimuli such as pH value, ionic strength, and temperature, light, electric or magnetic fields, or combinations of them induce the drug release. Smart electrospun nanofiber is gaining considerable attention as an ideal candidate for oral drug delivery, [150][151][152] transdermal drug delivery, [153][154][155] vaginal drug delivery, 156,157 and as a scaffold for tissue regeneration due to morphological similarities to the natural extracellular matrix, high surface-to-volume ratios, very high and tunable porosity and good mechanical properties. 22,158 Another remarkable application of electrospun fibers is their use against infectious diseases treatment. Encapsulated antibiotics or nanoparticles in electrospun fibers exert a potent antimicrobial activity against infectious diseases. 159-161 Future efforts may be focused on the development of multiple stimuli-responsive electrospun nanofibers. More works need to be done related to the biocompatibility of this generation of nanofibers to provide great potential in the biomedical field.

Drugs release from electrospun fibers can be controlled by various factors such as fiber composition, swelling, diameter, porosity, construct, geometry and thickness. [162][163][164][165][166][167][168] A combination of diffusion, polymer degradation, drug partitioning in polymers, and drug dissolution are considered as a drug release mechanism from fibers. The drug release mechanism for the nonbiodegradable matrix is driven by the concentration gradient and osmotic pressure or matrix swelling, for biodegradable matrix or biodegradable matrix with the conjugated drug, the hydrolytic or enzymatic cleavage of the relevant chemical bonds are involved 168 . Some studies of nanofiber in drug delivery are shown in Table 5.

Table 5 shows the therapeutic delivery application of nanofibers. Loading antimicrobials agents, growth factors, vitamins and drugs into nanofibers provides a great potential in the development of an effective antimicrobial system able to treat infections in the wound regions , prohibition of bacterial biofilm formation, prolonging drug release and decreasing the time of wound healing process. [38][39][40][205][206][207] Collagen, 69,208 polyvinyl alcohol, 209 polyvinylpyrrolidone, 210,211 polyacrylic acid, 212,213 gelatin, 214 chitosan, 215 silk fibroin, 17 polyesters and polyurethane 40 have been used to fabricate nanofibrous materials as a wound dressing. There is need to attain smart nanofiber with the ability to provide optimal drug release profiles and rates of release according to the type of wound, the conditions of the wound and subsequently, start the release of drug agents with the optimum delivery profile only when needed to treat in the wound region. An initial burst effect is toxic to tissue cells. 22,74 However, now these systems are not available. Recently many researchers have focused to achieve these smart systems and translate them into an effective wound healing. [216][217][218] The effects of different layered nanofiber matrices are presented in Figure 12 and the ability of the scaffold was evaluated. 204 The new generation of smart electrospun nanofibers with electrical stimulation, mechanical stress and pulsed magnetic field could enhance and accelerate wound healing. [219][220][221] Interestingly, the scaffolding application of electrospun nanofiber mats has already been applied on the industrial scale. Electrospinning provides the great potential for various application in the cosmetic market such as for skin health and renewal such as skin healing, skin therapy and facial masks for skin cleansing. 263- 267 . The nanofibers mat considered as a vehicle for incorporating active ingredients with the controlled release in some cases to cosmetic applications. Fathi-Azarbayjani et.al have developed polymeric nanofiber face mask made of PVA and RMβ-CD that incorporated with several skin nutrients such as ascorbic acid, retinoic acid, gold, and collagen. In comparison with commercial available facial cotton masks, the large surface area to volume ratio of the nanofiber mask will guarantee maximum contact with the skin surface and help to enhance the skin permeation to restore its healthy appearance, this face mask will only be wetted when applied to the skin, so improving product stability. When moistened, the content of the mask will gradually dissolve and the active ingredients will release and provide maximum skin penetration. 268 It seems that nanofibers will get more attention due to their unique features in this specific application in the cosmetics market in the future.

Application

Nanofiber for ultrafiltration of air, water and blood

Nanofiber filtration membranes represent the next generation nonwoven filter media due to their unique properties. Nanofiber membranes allow for the fabrication of filtration media capable of retaining contaminants as small as 200 nanometers, including viruses, bacteria, multivalent ions and ultrafine particulate. One of the drawbacks is the high-pressure drop over the nanofiber membrane.

To use in ultrafiltration, the nanofiber membranes are used with a supporting substrate to prevent membrane rupturing under high pressure.

Water pollution has many facets, and the resultant health risks. Drinking water can expose people to a variety of harmful pollutants and pathogens such as heavy metals (Cu 2+ , Pb 2+ , Ni 2+ , Cd 2+ ), toxic organic compounds, bacteria and viruses. According to WHO report, about 2.1 billion people lack safe drinking water at home. 222,223 Thus there are essential needs to remove environmental contaminations from water. Nanofiber membranes bring effective solution for removing of pollutants from water. Nanofibrous membranes have an extremely high surface-to-volume ratio, small pore size, high porosity and permeability, easy surface functionalization. They are very effective in removing viruses, 250 antibiotics, metal nanoparticles [251][252][253] , bacteria, and microorganisms from water. 254,255 Water membrane biofouling has a negative effect on membrane performance. To solve this problem, membrane surface was modified using biocidal agents (x). Commercial ultrafiltration membranes were therefore modified using polymeric nanofibers in order to gain additional water treatment functionality. Current research is focused on the surface membrane modification with different types of polymeric nanofibers, photocatalysts, and biodegradable substances (x).

Many attempts have been conducted to reduce the carcinogenic effect of air pollution with viruses, bacteria, toxic gases, and pathogenic bioaerosols. The penetration of these particulates into the respiratory system, in long-term exposure, can cause too many serious health problems. 257 Several studies have proved that nanofiber membranes have excellent ability in filtering viruses, bacteria, toxic gases, and pathogenic bioaerosols from air. [258][259][260]261,262 Face mask fabricated made of nanofiber membrane provide an effective protection against various airborne pathogens. Some of these nanofibrous face masks are already in the market, e.g. RespiPro ® mask. On the lab scale, Zhang et al.

259 have designed polyacrylonitrile nanofiber/ ZIF-8 as a metal-organic framework filters (PAN /ZIF-8) for air pollutants control. The nanofibrous filters (so called MOFilter) has showed high particulate matter removal efficiencies up to 89.6% and 88.3% for PM10 and PM2.5 for over 48 h of continuous, respectively. Figure 14 shows the suggested capture mechanism of the air pollutants and SEM Image of the MOFilter before and after long-term PM capture. 259 The suggested capture mechanism of the 

2. 1 .

 1 Physical, Chemical, and Biological Techniques Nanofiber fabrication techniques can be classified into physical, chemical, and biological techniques based on the forces and actions applied to produce nanofibers. Physical methods apply high energy radiations, mechanical pressure, electrical energy or thermal energy to cause material melting, abrasion, evaporation or condensation to form nanofibers. Most common examples of physical fabrication techniques are mechanical milling,(x) physical vapor deposition,(x) laser ablation,(x) and spinning fabrication techniques. Ball milling, cryo-crushing, or high-pressure homogenization are commonly used top-down techniques to produce cellulose nanofibers from natural sources e.g. wood pulp.(x) Physical vapor deposition techniques such as Arc deposition,(x) plasma sputtering,(x) thermal evaporation,(x) and pulsed laser deposition,(x) have been used to prepare metal oxide nanofibers and carbon nanofibers.Chemical methods involve chemical reactions between two or more reacting species to form nanofibers. Such a chemical reaction can occur by simultaneously or be caused by an outside force such as high energy radiations, electrical energy or thermal energy to form nanofibers. Chemical vapor deposition (CVD),(x) electrochemical deposition,(x) polyol synthesis,(x) phase-separation,(x) microemulsion,(x) sol-gel method,(x) hydrothermal synthesis(x) are some of the most commonly used chemical methods for the nanofiber synthesis. Ultrasound irradiation and microwave have been recently employed for wet chemistry synthesis of nanofibers. (x) Soft templates such as surfactant and polymers or hard porous templates such as polycarbonate membranes (PCM) (x) and anodic aluminum oxide (AAO) membranes (x) are often used in combination with the chemical methods to produce nanofibers.
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 1 Figure 1. Schematic representation of different electrospinning techniques and types of collectors

Figure 2 .

 2 Figure 2. The different morphologies of the electrospun nanofibers: (a) randomly distributed nanofibers;

Figure 3 .

 3 Figure 3. Schematic of some fabricating techniques such as phase separation (a), self-assembly (b)

Figure 4 .

 4 Figure 4. Schwann cell line growth on both random and oriented electrospun chitosan nanofiber coverslips for 4 days. 75 Copyright 2007, Elsevier.
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 5 Figure 5. Electrospun Scaffolds for Tissue Engineering of Vascular Grafts: (A,B) Macrostructure

  poly-L-lysine dendrimers (HPLys)/ polyaniline Cardiomyocyte Copolymer poly(l-lactic acid)-co-poly (ε-caprolactone) (PLACL), silk fibroin (SF)/ Aloe Vera (AV)
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 6 Figure 6. SEM image of nitrocellulose nanofibers(A). Ag electrodes fabricated on the electrospun
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 7 Figure 7. Schematic of the biosensor. (A) structure and membrane assembly consisting of absorption
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 8 Figure 8. Inflammation-free, gas-permeable, lightweight, stretchable on-skin sensor (electronics)

Figure 9 and 10

 10 show various drug incorporation technique to load drugs in/on nanofibers using electrospinning.135 Incorporation of the drug can be done easily into electrospun nanofibers by various techniques such as physical adsorption, chemical immobilization, blending, co-axial electrospinning, and emulsion electrospinning.[136][137][138][139][140]141 
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 9 Figure 9. Schematic of possible methods of drug-loading methods in nanofibers: (a) post-treatment of

Figure 10 .

 10 Figure 10. Different surface immobilization techniques for incorporating biologically active

Figure 11 .

 11 Figure 11. Schematics of a cross-sectional view of electrospun fibers in various configurations: (a) co-axial electrospinning and (b) triaxial electrospinning with the loading of required agents. 142

5 .Figure 11 .

 511 Figure 11. Extent of nanofiber wound healing ability in diabetic C57BL/6 mice treated with various formulations. 204 Copyright 2008, Elsevier.

Figure 12 .

 12 Figure 12. Different types of hybrid micro/nanofiber scaffolds employed in the cell culture tests. (a)

  air pollutants by the MOFilter can be done by three mechanisms: (i) binding to the open metal sites on MOFs; (ii) interacting with the functional groups on MOFs and/or polymers; (iii) electrostatic interactions with MOF nanocrystals.

Figure 14 .

 14 Figure 14. (a) suggested capture mechanism of the air pollutants and Inset is the SEM image the

Figure 15 .

 15 Figure 15. Nanofiber mesh filters blood of toxins allows for tiny hemodialysis machines: (a)

  

  

Table 1 .

 1 A number of different tissues fabricated out of synthetic polymers, natural polymers or blends of natural or synthetic polymers.

			Polymer	Tissue	Cell	Ref
	Natural	Biopolymers	Collagen and Elastin	Skin	Human keratinocytes