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SUMMARY 
Nanostructured fibrous materials have been made more readily available in large part owing 
to recent advances in electrospinning and related technologies. Development of nanofibers 
by using the technique of electrospinning is having a new momentum. The nonwoven 
structure has unique features, including interconnected pores and a very large surface-to-
volume ratio, which enable such nanofibrous scaffolds to have many biomedical and 
industrial applications, such as tissue engineering, wound dressing, enzyme immobilization 
and drug delivery. The chemical composition of electrospun membranes can be adjusted 
through the use of different polymers, In this paper, nanoscaffolds developed by using 
electrospinning and its applications in tissue engineering, drug delivery and wound healing 
are reviewed. 
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1.INTRODUCTION 

During the past two decades significant 
advances have been made in the 
development of biodegradable polymeric 
biomaterials for biomedical applications1-

3. There are several reasons for the 
favorable consideration of biodegradable 
over biostable materials for biomedical 
applications. A biomaterial can be defined 
as a material intended to interface with 
biological systems to evaluate, treat, 
augment or replace any tissue, organ or 
function of the body4. Both synthetic 
polymers and biologically derived (or 
natural) polymers have been extensively 
investigated as biodegradable polymeric 
biomaterials. Biodegradation of polymeric 
biomaterials involves cleavage of 
hydrolytically or enzymatically sensitive 
bonds in the polymer leading to polymer 

erosion5. The essential prerequisite to 
qualify a material as a biomaterial is 
biocompatibility, which is the ability of a 
material to perform with an appropriate 
host response in a specific application. 

 The usage of electrospun nanofibrous 
scaffolds for biomedical applications has 
attracted a great deal of attention in the 
past several years. For examples, 
nanofibrous scaffolds have been 
demonstrated as suitable substrates for 
tissue engineering6-9, immobilized 
enzymes and catalyst10-13, wound 
dressing14-15 and artificial blood vessels16-

17. They have also been used as barriers 
for the prevention of post-operative 
induced adhesion18-19 and vehicles for 
controlled drug (gene) delivery20-24. The 
current paper reports on biodegradable 
nanomats produced by e-spinning, for 



                                                                  Shrivastava et al                            Review Article                        

IJBR2[3] [2011]181‐191                                                                        www.ijbr.ssjournals.com 
 
 

potential application in biomedical 
applications are reviewed. 

Among various processing techniques, 
electrospinning is the only method 
capable of producing continuous polymer 
nanofibres20. Electrospinning is a unique 
technology that can produce non-woven 
fibrous articles with fiber diameters 
ranging from tens of nanometers to 
microns, a size range that is otherwise 
difficult to access by conventional non-
woven fiber fabrication techniques25,26. 
The electrospinning technology is well 
suited to process natural biomaterials and 
synthetic biocompatible or bioabsorbable 
nanofibers for biomedical applications. 
The major driving force being the long-
term biocompatibility issues with many of 
the existing permanent implants and many 
levels of ethical and technical issues 
associated with revision surgeries. Linear 
aliphatic polyesters such as polyglycolide, 
polylactide, and their random copolymer 
poly(glycolide- co-lactide) are often used 
as the base materials for implant devices, 
such as suture fibers and scaffolds27,28. 
These materials meet several controlled-
release criteria, i.e. they are biocompatible 
and biodegradable and they can provide a 
high efficiency of drug loading.   For a 
successful application to a specific target, 
the nanofibrous scaffold must exhibit 
suitable physical and biological properties 
closely matching the desired 
requirements. The use of nanofibers in 
tissue restoration is expected to result in 
an efficient, compact organ and a rapid 
recovery process due to the large surface 
area offered by nanofibers Scaffold 
materials produced from nanofibers offer 
a large surface area that can support cell 
growth. For example, in tissue 
engineering, the electrospun scaffold 
should physically resemble the 
nanofibrous features of extracellular 

matrix (ECM) with suitable mechanical 
properties. It should also be able to 
promote cell adhesion, spreading and 
proliferation. For wound dressing, the 
nanofibrous scaffold should not only 
serve as a substrate for tissue 
regeneration, but also may deliver suitable 
bioactive agents, including drugs (e.g. 
antibiotic agent), within a controlled 
manner during healing. For electrospun 
nanofibrous scaffolds in biomedical 
applications, its physical and biological 
properties, such as hydrophilicity, 
mechanical modulus and strength, 
biodegradability, biocompatibility, and 
specific cell interactions, are largely 
determined by the materials' chemical 
compositions29. Based on polymer 
physics, copolymerization and polymer 
blending are two effective means to 
combine different polymers to yield new 
materials properties. Thus, by selecting a 
combination of proper components and by 
adjusting the component ratio, properties 
of electrospun scaffolds can be tailored 
with desired new functions. For example, 
many kinds of copolymers and polymer 
mixtures, such as poly(lactide-co 
glycolide)18, poly(ethylene- co-vinyl 
alcohol)30, mixtures of collagen with 
elastin31, and mixtures of chitosan with 
poly(ethylene oxide) (PEO or PEG when 
the molecular weight is small, say less 
than 5000 Da)32, have been electrospun to 
fabricate nanofibrous scaffolds for 
biomedical applications, but with varying 
degrees of success.  

2.Electrospinning  

Electrospinning, a spinning technique, is a 
unique approach using electrostatic forces 
to produce fine fibers of thinner diameter 
(from nanometer to micrometer). 
Electrospun fibers have small pore size 
and high surface area than those obtained 
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from conventional spinning processes. 
Interest in the electrospinning process has 
increased in recent years26, 33, and this 
technology has been exploited for a wide 
range of applications.  Various techniques 
such as electrostatic precipitators and 
pesticide sprayers work similarly to the 
electrospinning process and this process, 
mainly based on the principle that strong 
mutual electrical repulsive forces 
overcome weaker forces of surface 
tension in the charged polymer liquid34.   
The emphasis of current research is focus 
on determining appropriate conditions for 
electrospinning various polymers and 
biopolymers for eventual applications. 
Soluble drugs or bacterial agents can be 
added and electrospun into non-woven 
mats35. There is also evidence of sizable 
static charges in electrospun fibers that 
could be effectively handled to produce 
three dimensional structures. Processing 
parameters of nanofibers have been 
considered to applied voltage, the solution 
flow rate, polymer concentration, 
molecular weight, and distance between 
the syringe needle tip to ground collection 
plate36. Solution viscosity has been found 
to influence fibre diameter, initiating 
droplet shape, and the jet trajectory. 
Increasing solution viscosity has been 
associated with the production of larger 
diameter fibres37.  Most of the literature 
on electrospinning has explored the types 
of polymer solvent systems from which 
fibers can be produced. 

2.1 Electrospinning Set-up 

The advantages of the electrospinning 
process are its technical simplicity and its 
easy adaptability. The apparatus used for 
electrospinning is simple in construction. 
Basically an electrospinning system 
consists of three major components which 
are (i) a high voltage power supply with 

positive or negative polarity, (ii) a syringe 
pump with capillaries or tubes to carry the 
solution from the syringe or pipette to the 
spinnerets, and (iii) a grounded collecting 
plate (usually a metal screen, plate, or 
rotating mandrel). The collector can be 
made of any shape according to the 
requirements, like a flat plate, rotating 
drum, etc. Currently, there are two 
standard electrospinning setups, vertical 
and horizontal. With the expansion of this 
technology, several research groups have 
developed more sophisticated systems that 
can fabricate more complex nanofibrous 
structures in a more controlled and 
efficient manner38-41.  A schematic of the 
electrospinning process is shown in 
Figure 1. 

2.2 Process of Electrospinning 

The solution or the melt that has to be 
spun is forced through a syringe pump. At 
the end of the capillary, the polymer 
solution held by its surface tension which 
is subjected to an electric field and an 
electric charge is induced on the liquid 
surface due to this electric field. The 
pendant hemispherical polymer drop takes 
a cone like projection in the presence of 
an electric field at the end. When the 
applied potential reaches a critical value, 
the repulsive electrical forces overcome 
the surface tension forces. Eventually, a 
charged jet of the solution is ejected from 
the tip of the Taylor cone and an unstable 
and a rapid whipping of the jet occurs in 
the space between the capillary tip and 
collector which leads to evaporation of the 
solvent, leaving a polymer behind42-44. For 
instance, the polymer solution must have 
a concentration high enough to cause 
polymer entanglements yet not so high 
that the viscosity prevents polymer 
motion induced by the electric field. The 
solution must also have a surface tension 
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low enough, a charge density high 
enough, and a viscosity high enough to 
prevent the jet from collapsing into 
droplets before the solvent has 
evaporated. Morphological changes can 
occur upon decreasing the distance 
between the syringe needle and the 
substrate. Increasing the distance or 
decreasing the electrical field decreases 
the bead density, regardless of the 
concentration of the polymer in the 
solution37-45. 

3. Application 

3.1 Scaffolds for Tissue Engineering 

The biomedical role of nanofibers of 
biomaterials both natural and synthetic 
has extended into various specific 
applications with tissue engineering being 
the most widely studied. Nanofibers with 
high surface area and porosity have 
enormous scope for applications in 
engineering mechanically stable and 
biologically functional tissue scaffolds. 
The utilization of electrospun scaffolds as 
cell delivery vehicles has been 
substantially increased in recent years 
owing, in part, to the physical similarities 
between the nanofibrous scaffolds and the 
extracellular matrix (ECM) found in 
native tissues46. Scaffolds and synthetic 
matrices mimic the structure and 
biological functions of the natural extra 
cellular matrix (ECM).The tissue 
scaffolding material must be selected 
carefully to ensure its biocompatibility 
with the body cells. The biocompatibility 
depends on the surface chemistry of the 
scaffolds, which is influenced by the 
material properties. Nanoscale fibrous 
scaffolds provide an optimal template for 
cells to seed, migrate and grow47,. The 
inherent architecture of electrospun 
scaffolds provides a favorable substrate to 
more accurately assess cellular behavior 

in vitro.  Electrospun biocompatible 
polymer nanofibers can also be deposited 
as thin porous mats onto a hard tissue 
prosthetic device designed to be 
implanted into the human body. Scaffold 
structure and morphology can also be 
altered postproduction to closely match 
those of native tissues, mimicking the 
native physiological environment, for 
example an injury site. Thus, the scaffold 
would be constructed with the 
predominant protein(s) that are present in 
the ECM. For example, poly(amino acid)s 
[e.g., poly(aspartic acid)] have been 
investigated as to serving as a bioactive 
moiety in polymeric scaffolds48. For these 
scaffolds, the presence of poly(aspartic 
acid) was beneficial for osteoblast 
adhesion, proliferation, and differentiation 
after seven days. New type of guided bone 
regeneration membranes were synthesized 
by electrospinning polycaprolactone 
(PCL) and PCL/CaCO3 composite 
nanofibers49. The authors concluded that 
membranes rich in PCL had better cell 
attachment and proliferation than those of 
CaCO3 rich membranes. Tissue 
engineering was advanced when synthetic 
polymer/DNA composite scaffolds for 
therapeutic application in gene delivery 
were electrospun composed of 
poly(lactide-co-glycolide) (PLGA)  
PEG)24. Variations in the PLGA to PLA–
PEG ratio were observed to vastly affect 
the overall structural morphology, rate 
and efficiency of DNA release from 68 to 
80% of the initially load. The synthetic 
tensile moduli and strain resemble those 
of skin and cartilage. Another example is 
collagen nanofibers; type I and type III 
collagen are the predominant structural 
elements of the ECM in many tissues. The 
electrospun fibers closely resemble the 
natural dimensions and architecture of 
collagen fibrils making up the ECM and 
support cell growth and penetration within 
the scaffold50.  Indeed, researchers 
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investigating scaffolds that incorporate 
both synthetic and natural polymers have 
reported a combinatory effect of 
enhancing cell adhesion by modifying 
poly(lactic acid) (PLA) or poly(glycolic 
acid) (PGA) derivatives with collagen51,52. 
Another group has electrospun a mixture 
of aqueous regenerated silkworm solution 
with polyethylene oxide (PEO)53. The silk 
fibroin-based fibers with an average 
diameter of 700 nm were tested for 
supported human bone marrow stromal 
cell attachment and proliferation over 14 
days.  Further studies examining the 
precise polymeric interactions within 
electrospun nanofibers and their 
subsequent effects on cellular behavior 
are warranted. Poly (D, l-lactide-co-
glycolide) (PLGA), the commonly used 
biodegradable polymer in tissue 
engineering while electrospinning, 
produced highly suitable tissue scaffolds 
that have high porosity, pore diameter, 
and pore volume54. 

3.2 Drug Delivery 
 
Drug delivery and pharmaceutical 
composition Delivery of drug/ 
pharmaceuticals to patients in the most 
physiologically acceptable manner has 
always been an important concern in 
medicine. In general, the smaller the 
dimensions of the drug and the coating 
material required to encapsulate the drug, 
the better the drug to be absorbed by 
human being. Drug delivery with polymer 
nanofibers is based on the principle that 
dissolution rate of a particulate drug 
increases with increasing surface area of 
both the drug and the corresponding 
carrier if needed. With the massive 
proliferation in the primary literature on 
electrospinning, a relatively small amount 
of these reported data deals specifically 
with the use of the technology in the 

delivery of drugs. Nanofiber mats due to 
their high functional characteristics find 
application as drug carriers for the drug 
delivery system. Researchers in this 
nascent field have started to demonstrate 
rapid progress and understanding of the 
factors involved in the formulation, 
incorporation, and controlled, sustained 
release of a repertoire of molecules with 
vastly different characteristics. Controlled 
delivery of drugs at a defined rate over a 
definite period of treatment is possible 
with biocompatible delivery matrices of 
either biodegradable or non biodegradable 
polymers. Undoubtedly, more data and 
reports further demonstrating the efficacy 
of using electrospinning in the generation 
and production of biodegradable scaffolds 
capable of delivering bioactive molecules. 
Kenawy et al. investigated the drug 
delivery potential of electrospun polymers 
by spinning poly (ethylene-co-vinyl 
acetate) (PEVA) and poly lactic acid with 
ethanol and tetracycline hydrochloride as 
the model drug55. The release of 
tetracycline from the electrospun mats 
was found much greater than from the 
cast films. They observed that the 
electrospun PEVA and 50/50 PLA/PEVA 
mats gave very smooth release of 
tetracycline over a period of five days.  In 
another work by56, bioabsorbable 
nanofiber membranes of poly(lactic acid) 
targeted for the prevention of surgery 
induced adhesions, ware also used for 
loading an antibiotic drug Mefoxin. 
Preliminary efficiency of this nanofiber 
membrane compared with bulk film was 
demonstrated. Ignatius & Baldoni57 
described electrospun polymer nanofibers 
for pharmaceutical compositions, which 
can be designed to provide rapid, 
immediate, delayed, or modified 
dissolution, such as sustained and/or 
pulsatile release characteristics. Owing to 
the solvent requirements in the 
electrospinning process, whereby the 
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majority of polymers utilized require 
dissolution in organic solutions, e.g., N,N-
dimethylformamide (DMF), 
tetrahydrofuran (THF), and 
hexafluoroisopropanol (HFTP), with low 
aqueous content, the challenges faced in 
the formulation and incorporation of 
bioactive molecules need to be addressed 
separately for hydrophobic, hydrophilic, 
and charged molecules. 
 
3.3 Wound Dressing 
 
Dressings for human wounds have been 
aimed at protection, removal of exudates, 
inhibition of exogenous microorganism 
invasion, and improved appearance. 
Wound areas that are kept just damp may 
heal faster, but accumulation of exudates 
under the dressing can cause infection. 
For wound healing, an ideal dressing 
should has certain characteristics such as 
haemostatic ability, efficiency as bacterial 
barrier, absorption ability of excess 
exudates (wound fluid/pus), appropriate 
water vapor transmission rate, adequate 
gaseous exchange ability, ability to 
conform to the contour of the wound area, 
functional adhesion, i.e., adherent to 
healthy tissue but non-adherent to wound 
tissue, painless to patient and ease of 
removal, and low cost58.  A wound 
dressing with electrospun polymeric 
nanofibrous membrane can meet most of 
the requirements outlined.  With the aid of 
electric field, fine fibers of biodegradable 
polymers can be directly sprayed/spun 
onto the injured location of skin to form a 
fibrous mat dressing, which can let 
wounds heal by encouraging the 
formation of normal skin growth and 
eliminate the formation of scar tissue 
which would occur in a traditional 
treatment59-61. Non-woven nanofibrous 
membrane mats for wound dressing 
usually have pore sizes ranging from 500 
nm to 1 mm, small enough to protect the 

wound from bacterial penetration via 
aerosol particle capturing mechanisms. 
High surface area of 5–100 m2/g is 
extremely efficient for fluid absorption 
and dermal delivery. Nanofibrous 
structures provide the nonwoven textile 
with desirable properties and there are 
also reports of cytocompatibility and cell 
behavior of normal human keratinocytes 
and fibroblasts onto electrospun silk 
fibroin nanofibrous membranes. 
Researchers have investigated the wound-
healing properties of mats of electrospun 
type I collagen fibers on wounds in mice 
and they found that healing of the wounds 
was better with the nanofiber mats than 
with conventional wound care, especially 
in the early stages of the healing process21, 

45, 59, 62-64. Apart from electrospun 
collagen, silk, polyurethane, 
polycaprolactone fiber are also frequently 
used in wound dressing14, 60. Jia et al. have 
prepared non-woven antibacterial poly 
(vinyl alcohol) (PVA) membrane by 
electrospinning of PVA aqueous solution 
with addition of Ag+-loaded Zirconium 
phosphate nanoparticles for potential use 
in wound healing materials and 
antimicrobial tests proved the efficacy of 
nanoparticles containing nanofibers 
against tested strains65.  
 
4. Conclusion 
 
In nanoscience and nanotechnology, the 
electrospinning technique provides an 
inexpensive and easy way to produce 
nanofibers from many types of polymers. 
The specific advantages of electrospun 
scaffolds (high surface-to-volume ratio, 
controlled porosity, and flexibility to 
conform to a wide variety of sizes and 
shapes) make them superior to scaffolds 
generated by most other techniques for a 
wide variety of applications. In addition, 
electrospun scaffold composition and 
fabrication can be used to provide 
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functionality. Collectively, these 
advantages are reflected in the wide 
diversity of scaffolds generated with the 
intended purposes from biomedical 
applications. Nanofibers are used in 
biomedical applications including drug-
delivery and wound dressing systems, and 
structural elements in tissue engineering. 
It can be clearly seen that polymeric 
nanofiber-based scaffolds have a potential 
for a wide range of applications in tissue 
repair and regeneration. Their place in 
tissue engineering is expanding rapidly 
and the potential of a variety of polymers 
as scaffold candidates in mimicking the 
ECM has been already demonstrated. 
However, employing drug and morphogen 
release properties will confer extra 
properties on multifunctional scaffolds 
and mimic further native ECM. Thus, the 
convergence of tissue engineering, 
nanotechnology, drug release and wound 
dressing technologies is expected to 
address more of the current challenges 
which relate to the success and 
functionality of engineered grafts for 
regenerative medicine. There is room for 
much improvement in processing 
technologies, regarding the formation of 
three-dimensional constructs and 
incorporation of molecules/particles for 
subsequent controlled release. 

REFERENCES 

1. Shalaby SW, Burg KJL. Absorbable 
and biodegradable polymers. 
Advances in polymeric materials. 
Boca Raton: CRC press; 2003. 

2. Domb AJ, Wiseman DM. Handbook 
of Biodegradable Polymers. Boca 
Raton: CRC Press; 1998. 

3. Piskin E. Biodegradable polymers as 
biomaterials. J Biomat Sci Polym Ed 
1995;6:775–95. 

4. Williams DF. The Williams 
dictionary of biomaterials. Liverpool: 
Liverpool University Press; 1999. 

5. Katti DS, Lakshmi S, Langer R, 
Laurencin CT. Toxicity, 
biodegradation and elimination of 
polyanhydrides. Adv Drug Deliv Rev 
2002; 54:933–61. 

6. Khil MS, Bhattarai SR, Kim HY, 
Kim SZ, Lee KH. Novel fabricated 
matrix via electrospinning for tissue 
engineering. Journal of Biomedical 
Materials Research. Part B, Applied 
Biomaterials 2005; 72B: 117–124. 

7. Ma Z, Kotaki M, Inai R, Ramakrishn 
S, Potential of nanofiber matrix as 
tissue-engineering scaffolds, Tissue 
Engineering 2005;11: 101–109. 

8. Riboldi SA, Sampaolesi M, 
Neuenschwander P, Cossu G, 
Mantero S. Electrospun degradable 
polyesterurethane membranes: 
potential scaffolds for skeletal muscle 
tissue engineering. Biomaterials 
2005; 26: 4606–4615. 

9. Yang F, Murugan R, Wang S, 
Ramakrishna S. Electrospinning of 
nano/ micro scale poly(L-lactic acid) 
aligned fibers and their potential in 
neural tissue engineering. 
Biomaterials 2005; 26: 2603–2610. 

10. Jia H, Zhu G, Vugrinovich B, 
Kataphinan W, Reneker DH, Wang 
P. Enzyme-carrying polymeric 
nanofibers prepared via 
electrospinning for use as unique 
biocatalysts. Biotechnology Progress 
2002; 18: 1027–1032. 
 

11. Wang Y, Hsieh YL. Enzyme 
immobilization via electrospinning of 
polymer/enzyme blends, Polymer 
Preprints (American Chemical 
Society, Division of Polymer 
Chemistry) 2003; 44: 1212–1213. 

12. Wang Y, Hsieh YL. Enzyme 
immobilization to ultra-fine cellulose 



                                                                  Shrivastava et al                            Review Article                        

IJBR2[3] [2011]181‐191                                                                        www.ijbr.ssjournals.com 
 
 

fibers via amphiphilic polyethylene 
glycol spacers. Journal of Polymer 
Science. Part A, Polymer Chemistry 
2004; 42:4289–4299. 

13. Wu L Yuan X, Sheng J. 
Immobilization of cellulase in 
nanofibrous PVA membranes by 
electrospinning. Journal of 
Membrane Science 2005; 250: 167–
173. 

14. Khil MS, Cha DI, Kim HY, Kim IS, 
Bhattarai N. Electrospun nanofibrous 
polyurethane membrane as wound 
dressing, Journal of Biomedical 
Materials Research. Part B, Applied 
Biomaterials 2003; 67B: 675–679. 

15. Kim HY, Lee BM, Kim IS, Jin TS, 
Ko KH, Ryu YJ. Fabrication of 
triblock copolymer of poly(r-
dioxanone-co-L-lactide)-block-
poly(ethylene glycol) nonwoven mats 
by electrospinning and applications 
for wound dressing. PMSE Preprints 
2004; 91: 712–713. 

16. Buttafoco L, Kolkman NJ, Poot AA, 
Dijkstra PJ, Vermes I, Feijen J. 
Electrospinning collagen and elastin 
for tissue engineering small diameter 
blood vessels, Journal of Controlled 
Release 2005;101; 322–324. 

17. Ma Z, Kotaki M, Yong T, He W, 
Ramakrishna S. Surface engineering 
of electrospun polyethylene 
terephthalate (PET) nanofibers 
towards development of a new 
material for blood vessel engineering. 
Biomaterials 2005; 26; 2527–2536. 
 

18. Zong X, Fang D, Kim K, Ran S, 
Hsiao BS, Chu B, et. al. Nonwoven 
nanofiber membranes of poly(lactide) 
and poly (glycolide-co-lactide) vi 
electrospinning and application for 
antiadhesions. Polymer Preprints 
(American Chemical Society, 
Division of Polymer Chemistry) 
2002; 43: 659–660. 

19. Zong X, Li S, Chen E, Garlick B, 
Kim KS, Fang D, Chiu J et. al. 
Prevention of post-surgery-induced 
abdominal adhesions by electrospun 
bioabsorbable nanofibrous 
poly(lactide-co-glycolide)-based 
membranes. Annals of Surgery 2004; 
240: 910–915. 

20. Jiang HL, Fang DF, Hsiao BJ, Chu 
BJ, Chen WL. Preparation and 
characterization of ibuprofen-loaded 
poly(lactide-co-
glycolide)/poly(ethylene glycol)-g-
chitosan electrospun membranes. 
Journal of Biomaterials Science. 
Polymer Ed. 2004; 15: 279–296. 

21. Katti DS, Robinson KE, Ko FK, 
Laurencin CT. Bio-resorbable 
nanofiber-based systems for wound 
healing and drug delivery: 
optimization of fabrication 
parameters. Journal of Biomedical 
Materials Research. Part B, Applied 
Biomaterials 2004; 70B: 286–296. 

22. Kim K, Luu YK, Chang C, Fang DF, 
HsiaoBS, ChuB, Hadjiargyrou M. 
Incorporation and controlled release 
of a hydrophilic antibiotic using 
poly(lactide-co-glycolide)-based 
electrospun nanofibrous scaffolds. 
Journal of Controlled Release 2004; 
98: 47–56. 

23. Kim KS, Chang C, Zong XH, Fang 
DF, Hsiao BS, Chu B, Hadjiargyrou 
M. Incorporation of an antibiotic 
drug in electrospun poly (lactide-co-
glycolide) non-woven nanofiber 
scaffolds. Abstracts of Papers of the 
American Chemical Society 2003; 
226: U437. 

24. Luu YK, Kim K, Hsiao BS, Chu B, 
Hadjiargyrou M. Development of a 
nanostructured DNA delivery 
scaffold via electrospinning of PLGA 
and PLA-PEG block copolymers. 
Journal of Controlled Release 2003; 
89: 341–353. 



                                                                  Shrivastava et al                            Review Article                        

IJBR2[3] [2011]181‐191                                                                        www.ijbr.ssjournals.com 
 
 

25. Li D, Xia YN. Electrospinning of 
nanofibers: reinventing the wheel? 
Advanced Materials 2004; 16; 1151–
1170. 

26. Reneker DH, Chun I. Nanometer 
diameter fibers of polymer, produced 
by electrospinning. Nanotechnology 
1996; 7: 216–223. 

27. Zhang CX, Yuan XY, Wu LL, Han 
Y, Sheng J, Study on morphology of 
electrospun poly(vinyl alcohol) mats. 
European Polymer Journal 2005; 41: 
423–432. 

28. Yang QB, Li ZY, Hong YL, Zhao 
YY, Qiu SL, Wang C, Wei Y. 
Influence of solvents on the 
formation of ultrathin uniform 
poly(vinyl pyrrolidone) nanofibers 
with electrospinning. Journal of 
Polymer Science. Part B, Polymer 
Physics 2004; 42:3721–3726. 

29. Liang D, Benjamin, Chu B. 
Functional electrospun nanofibrous 
scaffolds for biomedical applications. 
Advanced Drug Delivery Reviews 
2007; 59:1392–1412 

30. Kenawy ER, Layman JM, Watkins 
JR, Bowlin GL, Matthews JA, 
Simpson DG, Wnek GE. 
Electrospinning of poly(ethylene-co-
vinyl alcohol) fibers. Biomaterials 
2003; 24: 907–913. 

31. Boland ED, Matthews JA, Pawlowski 
KJ, Simpson DG, Wnek GE, Bowlin 
GL. Electrospinning collagen and 
elastin: preliminary vascular tissue 
engineering. Frontiers in Bioscience 
2004; 9: 1422–1432. 

32. Duan B, Dong C, Yuan X, Yao K. 
Electrospinning of chitosan solutions 
in acetic acid with poly(ethylene 
oxide). Journal of Biomaterials 
Science. Polymer Ed. 2004; 15: 797–
811. 

33. Xu CY, Inai R., Kotaki M, and 
Ramakrishna S. Aligned 
biodegradable nanofiberous structure: 

a potential scaffold for blood vessel 
engineering. Biomaterials 2004; 25: 
877–886. 

34. Chew SY, Wen Y, Dzenis Y, Leong 
KW. The role of electrospinning in 
the emerging field of nanomedicine. 
Curr Pharm Des 2006a;12:4751–70 

35. Frenot A. and Chronakis IS. Polymer 
nanofibers assembled by 
electrospinning. Curr. Opin. Colloid 
Interface Sci. 2003; 8: 64–75. 

36. Theron SA, Zussman E, and Yarin A 
L. Experimental investigation of the 
governing parameters in the 
electrospinning of polymer solutions. 
Polymer, 2004; 45: 2017–2030. 

37. Reneker, DH, Yarin A L Fong H and 
Koombhongse S. Bending instability 
of electrically charged\ liquid jets of 
polymer solutions in electrospinning. 
J. Appl. Phys. 2000; 87: 4531–4547. 

38. Liang D, Hsiao BS, Chu B. 
Functional electrospun nanofibrous 
scaffolds for biomedical applications. 
Adv Drug Deliv Rev 2007; 59:1392–
412. 

39. Kidoaki S, Kwon IK, Matsuda T. 
Mesoscopic spatial designs of nano 
and microfiber meshes for tissue-
engineering matrix and scaffold 
based on newly devised multilayering 
and mixing electrospinning 
techniques. Biomaterials 2005; 
26:37–46. 

 
40. Stankus JJ, Guan J, Fujimoto K, 

Wagner WR. Microintegrating 
smooth muscle cells into a 
biodegradable, elastomeric fiber 
matrix. Biomaterials 2006; 27:735–
44. 

41. Sill TJ, Recum HAV. 
Electrospinning: applications in drug 
delivery and tissue engineering. 
Biomaterials 2008; 29:1989–2006. 



                                                                  Shrivastava et al                            Review Article                        

IJBR2[3] [2011]181‐191                                                                        www.ijbr.ssjournals.com 
 
 

42. Taylor GI. Electrically Driven Jets. 
Proc R Soc Lond, A Math Phys Sci, 
(1934–1990), 1969; 313: 453-75 

43. Yarin AL, Koombhongse S, Reneker 
DH. Bending instability in 
electrospinning of nanofibers. J Appl 
Phys 2001; 89:3018–26. 

44. Adomaviciute E, Milasius Rimvydas. 
The influence of applied voltage on 
poly (vinyl alcohol) (PVA) nanofibre 
diameter. Fibers Text East Eur 2007; 
15:64–5. 

45. Huang, Z. M., Zhang, Y. Z., Kotaki, 
M., and Ramakrishna, S. A review on 
polymer nanofibers by 
electrospinning and their applications 
in nanocomposites. Compos. Sci. 
Technol., 2003, 63, 2223–2253. 

46. Rosso F, Giordano A, Barbarisi M, 
Barbarisi A. From cell-ECM 
interactions to tissue engineering. J 
Cell Physiol 2004; 199:174–80. 

47. Athreya SA & Martin DC, 
Impedance spectroscopy of protein 
polymer modified silicon 
micromachined probes. Sensors 
Actuators 1999; 72:203–216. 

48. Cai KY, Yao KD, Hou X, Wang YQ, 
Hou YJ, et al. Improvement of the 
functions of osteoblasts seeded on 
modified poly(D,L-lactic acid) with 
poly(aspartic acid). J. Biomed. Mater. 
Res. 2002; 62:283– 91. 

49. Fujihara K, Kotaki M & 
Ramakrishna S. Guided bone 
regeneration membrane made of 
polycaprolactone/calcium carbonate 
composite nano-fibers. Biomaterials 
2005; 26: 4139. 

50. Matthews JA, Wnek GE, Simpson 
DG, Bowlin GL. Electrospinning of 
collagen nanofibers. 
Biomacromolecules 2002; 3:232–38. 

51. Yang J, Bei JZ, Wang SG. Enhanced 
cell affinity of poly (D,L-lactide) by 
combining plasma treatment with 

collagen anchorage. Biomaterials 
2002; 23:2607– 14. 

52. Chen GP, Sato T, Ushida T, Ochiai 
N, Tateishi T. 2004. Tissue 
engineering of cartilage using a 
hybrid scaffold of synthetic polymer 
and collagen. Tissue Eng. 10:323–30 

53. Jin HJ, Chen J, Karageorgiou V, 
Altman GH, Kaplan DL. Human 
bone marrow stromal cell responses 
to electrospun silk fibroin mats. 
Biomaterials 2004; 25:1039–47. 

54. Li, W.; Laurencin, C. T.; Caterson, E. 
J.; Tuan, R. S.; Ko, F. K. Electrospun 
nanofibrous structure: a novel 
scaffold for tissue engineering. J of 
Biomedical Materials Research 2002; 
60: 613. 

55. Kenawy, E.-R.; Bowlin, G. L.; 
Mansfield, K.; Layman, J.; Simpson, 
D. G.; Sanders, E. H; Wnek, G. E. 
Release of tetracycline hydrochloride 
from electrospun poly(ethylene-co-
vinylacetate), poly(lactic acid), and a 
blend. J of Controlled Release2002, 
81, 57 

56. Zussman E, Yarin AL, Weihs D. A 
micro-aerodynamic decelerator based 
on permeable surfaces of nanofiber 
mats. Experiments 2002; 33:315–20. 

57. Ignatious F, Baldoni JM. 
PCT/US01/02399, 2001 

58. Thomas S. Wound management and 
dressings. Pharm Presse 1990; 1:37–
57. 

59. Coffee RA. PCT/GB97/01968, 1998 
60. Jin HJ, Fridrikh S, Rutledge GC, 

Kaplan D. Electrospinning Bombyx 
mori silkwith poly(ethylene oxide). 
Abstracts of Papers American 
Chemical Society 2002; 224(1–
2):408. 

61. Martindale D. Scientific American 
2000:34–6. 

62. Smith D, Reneker DH. 
PCT/US00/27737. 2001 



                                                                  Shrivastava et al                            Review Article                        

IJBR2[3] [2011]181‐191                                                                        www.ijbr.ssjournals.com 
 
 

63. Wnek GE, Carr ME, Simpson DG, 
Bowlin GL. Electrospinning of 
nanofibers fibrinogen structures. 
Nano Lett 2003; 3:213–6. 

64. Rho KS, Jeong L, Lee G, Seo BM, 
Park YJ, Hong SD, et al. 
Electrospinning of collagen 
nanofibers: effects on the behavior of 
normal human keratinocytes and 

early-stage wound healing. 
Biomaterials 2006; 27:1452–61. 

65. Jia J, Duan YY, Wang SH, Zhang SF, 
Wang ZY. Preparation and 
characterization of antibacterial 
silver-containing nanofibers for 
wound dressing applications. J US 
China Med Sci 2007; 4:52–4. 

 
 

  

Fig. 1 Systematic set-up of electrospinning 

 


