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a  b  s  t  r  a  c  t

A  highly  porous  chitosan  nanofibers  were  obtained  by electrospinning  chitosan/polyethylene  oxide  (PEO)
blend  solutions  and then  removing  PEO  with  water.  The  porous  morphology  of  the nanofibers  was
observed  by  scanning  electron  microscopy.  The  porous  nanofibers  were  soaked  in 0.1  wt%  paclitaxel
solution  to  load  the  cancer  drug. Then  a  polyanion  nature  macromolecular  hyaluronic  acid  (HA)  was
encapsulated  on the  chitosan  polycation  porous  nanofibers  by immersing  the  fibers  into  a 4  wt%  HA
aqueous  solution.  Differential  scanning  calorimetry  (DSC)  and Fourier  transform  infrared  (FT-IR)  were
used to  investigate  the polymer  formation  and  the  interaction  among  two nature  macromolecular  and
lectrospinning
aclitaxel
orous nanofibers
yaluronic acid

the cancer  drugs.  The  paclitaxel  release  profiles  of  the  encapsulated  fibers  in PBS were  analyzed  by  UV–vis
spectrophotometer.  In vitro DU145  prostate  cancer  cells  activities  of  the  nanofibers  were  examined  by
MTT. Cell  culture  results  showed  that  the PTX-loaded  nanofibers  mats  were  good  in  prohibiting  the  cell
attachment  and  proliferation.  These  results  strongly  suggested  that  the chitosan/hyaluronic  acid  fibers
had an  effect  of  controlled  release  of paclitaxel  and were  suitable  for postoperative  chemotherapy  of
prostate cancers.
. Introduction

Electrospinning is a well recognized and effective technique to
roduce fibers with diameters in the range of micrometers down
o tens of nanometers from the electrostatically driven jets of poly-

er solution or melts (Bhattarai et al., 1996; Reneker & Chun,
996; Li, Wang, & Xia, 2004). The unique properties of electro-
pun nanofibers such as high special surface area, high area to
olume ratio and small porous, have enabled nanofibers many
pplications that include filtration (Woon, Fong, Hung, & Yuen,
010), nanofiber reinforcement (Huang, Zhang, Ramakrishna, &
im, 2004), wound healing (Kurpinski, Stephenson, Janairo, Lee, &
i, 2010), tissue engineering (Hong & Madihally, 2010; Yoo, Lee,
oon, & Park, 2005), and release of drugs (Im,  Yun, Lim, Kim, & Lee,
010). In recent decades, a wide range of natural product mate-
ials, like hyaluronic acid, collagen, gelatin and chitosan, and a
ide variety of synthetic biodegradable polymers, such as poly(l-
actide) (PLLA), polyethylene oxide (PEO) and polycaprolactone
PCL), and co-polymers, such as poly(l-lactide-co-caprolactone)
nd poly(lactic-co-glycolic acid) (PLGA), have been electrospun in
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order to meet different requirements for specific applications in tis-
sue engineering and drug delivery (Bhattarai, Edmondson, Veiseh,
Matsen, & Zhang, 2005; Shalumon et al., 2009; Sill & Recum, 2008;
Sujata, Chung, Khetan, & Burdick, 2008; Yang, Murugan, Wang, &
Ramakrishna, 2005). In particular, the nanofibers are very favorable
for the adsorption of liquids and for preventing bacteria penetration
and thus provide good conditions for post-surgical chemotherapy
(Zhou et al., 2008).

Hyaluronic acid (HA) is a naturally occurring straight anionic
polysaccharide and a linear polysaccharide of alternating d-
glucuronic acid and N-acetyl-d-glucosamine, which widely exists
in many connective tissues (e.g., cartilage) (Allison & Grande-Allen,
2006; Meyer, 1947). HA plays a role in cellular processes like
cell proliferation, morphogenesis, inflammation, wound repair and
interacts with cells through surface receptors (Chen & Abatangelo,
1999; Toole, 2004). These biological interactions make HA a candi-
date for the development of biomaterials that can directly interact
with cells. HA has attracted much attention for its remarkable appli-
cations in tissue engineering, wound healing and release of drugs
due to its biodegradability, biocompatibility and wound healing

ability.

Chitosan is a natural, cationic amino polysaccharide copolymer
of glucosamine and N-acetylglucosamine, obtained by the alkaline,
partial N-deacetylation of chitin which is commercially extracted

dx.doi.org/10.1016/j.carbpol.2011.04.082
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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rom exoskeleton of crustacean, e.g., crab, shrimp, etc. It is the
ost important natural polysaccharide after cellulose (Fernando

 Sérgio, 2004; Yui, Kobayashi, Kitamura, & Imada, 1994). Chitosan
as several biological properties that make it an attractive mate-
ial for use in medical applications such as biodegradability, lack
f toxicity, antifungal effects, wound healing acceleration, biocom-
atibility, and immune system stimulation (Blasinska & Drobnik,
008; Khor & Lim, 2003; Senel & McClure, 2004). Electrospin-
ing of chitosan-based formulations containing good fiber-forming
olymers like PEO, polyvinylalcohol (PVA), or polyvinylpyrroli-
one (PVP) (with quaternized chitosan) have been widely
ocumented.

Drug delivery systems have been developed by using poly-
eric materials in the form of microparticle, hydrogel and micelle

Manna, Bharani, & Patil, 2009; Worrall, Sudarisman, & Priadi,
009). Recently, drug-loaded electrospun fibers with higher drug
ncapsulation efficiency and better stability than other drug formu-
ations have attracted a great deal of attention (Tiwaria, Tzezanab,
ussmanb, & Venkatramana, 2010). The electrospun nanofibers
ossess high surface-to-volume ratio which would accelerate the
olubility of drug in the aqueous solution and enhance the efficiency
f the drug.

Paclitaxel (PTX) is a well known mitotic inhibitor and
adiosensitizing agent (Ranganath & Wang, 2008) used in can-
er chemotherapy but with poor water solubility. Its mechanism
f action comprises of interaction with microtubule degradation
esulting in increased mitotic arrest, decrease in cellular motility,
nd disruption in intercellular signal transmission.

Here we presented the development and characterization of
 natural–natural polymeric nanofiber as a drug carrier with the
ombined advantages, comprised of well-blended chitosan and
yaluronic acid. The first advantage of this study lay in the in situ

ormation of porous electrospun nanofibers and PTX nanoparti-
les encapsulated in the pores. The second advantage was  the
nteraction between the positively charged porous polymer (CS)
anofibers and negatively charged polymers (HA), which had
o side effects or adverse reactions resulted from crosslinking
ith glutaraldehyde or by photopolymerization (Chen, Wang, Wei,
o,  & Cui, 2010; Theron et al., 2010; Zhang, Venugopal, Huang,

im, & Ramakrishna, 2006). The morphology of pores, and drug
oaded nanofiber, and the actual PTX release characteristics were
nvestigated systematically. The structure and interaction of the
bers were subjected to detailed analysis by differential scan-
ing calorimetry (DSC) and Fourier transform infrared (FT-IR). The
otential use of this as-spun fiber mat  as a scaffolding material
or postoperative chemotherapy of prostate cancers was  evaluated
n vitro against DU145 prostate cancer cells. Cell culture results
howed that nanofibers mats were good in prohibiting the cell
ttachment and proliferation.

. Experimental

.1. Materials

HA used in this study was purchased from Dali Hyaluronic
cid Co., Ltd of Liuzhou Chemical Group (Liuzhou, Guangxi, China)
ith the molecular weight of 1 000 000 g mol−1. Chitosan (CS) with
olecular weight of 1 00 000 g mol−1 from crab shell was  pur-

hased from Yuhuan Ocean Biochemical Co., Ltd (Zhejiang, China)
nd used as received. PEO with molecular weight of 900 000 g mol−1

as supplied by Acors Organics (Shanghai, China). Paclitaxel of

9.9% purity was purchased from Xi’an Bio-sep Biotechnology
Xi’an, China). Acetic acid was supplied by Zhejiang Sunrise Chem-
cals Co., Ltd (Zhejiang, China) with HPLC grade. All other materials
nd reagents used were of analytical grade.
mers 86 (2011) 505– 512

2.2. Fabrication of nanofibers

A 5.0% (w/w) PEO solution was prepared by dissolution of 5.0 g
PEO in 100 mL  distilled water at room temperature with vigorous
stirring. CS (5.0 g) was  dissolved in 100.0 g of 2.0% (w/w) acetic acid
solution. The PEO and chitosan were blended with different weight
ratios, but the total polymer concentration was kept at 5.0% (w/v)
in all experiments.

The mixed solution was pumped at a predetermined rate using
a syringe pump (WSZ-50FZ, Zhejiang University Medical Instru-
ment Co., Ltd) at a constant rate of 0.3 mL  h−1, forming a bead of
solution at the tip of syringe. A high voltage difference (12–20 kV)
was applied between the nozzle needle with diameter of 0.57 mm,
a negative potential, and a grounded collection target. As the jet
breaks up into fibers from the Taylor Cone, the liquid was evapo-
rated and gave rise to relatively dry fibers which were subsequently
spun on the aluminum foil wrapped rotating shaft until multilay-
ered fiber mat  was  obtained.

The blend fibers were soaked in distilled water for 10 h in
order to remove PEO and got the porous nanofibers. Then porous
nanofibers were soaked in the ethanol solution of paclitaxel
(0.1 wt%) for 8 h in order to make the drugs adhesive in the fiber.
At last the fibers were soaked in the HA solution (4 wt%) to let the
CS and HA attacked relying on the attraction between positive and
negative charges.

2.3. Nanofibers characterization

2.3.1. Morphology analysis
The morphology of the medicated electrospun fibers was

observed by using Hitachi S-4700 scanning electron microscope
(Hitachi Company, Japan), and its accelerating voltage was  20 kV.
Samples were mounted on metal stubs using a double-sided adhe-
sive tape and vacuum-coated with a gold sputtering layer prior to
examination. Diameters and distributions of the electrospun fibers
were analyzed from the SEM images by using Image J analysis soft-
ware (Image J, National Institutes of Health, USA).

2.3.2. FT-IR analysis
FT-IR spectrum was recorded on Nicolet 5700 instrument (Nico-

let Instrument, Thermo Company, USA). Samples were prepared as
nanofiber membranes and were scanned against air background at
wavenumbers range 4000–500 cm−1 with resolution of 4.0 cm−1.
The peaks area was calculated by a software ominc 32.

2.3.3. Differential scanning calorimetry (DSC)
The thermal analysis of the electrospinning fibers was studied by

a DSC 204 F1 thermal analysis system (Netzsch, Germany). Samples
sealed in aluminum pans were heated from room temperature to
270 ◦C at a heating rate of 10 ◦C/min under 30 mL/min of nitrogen
flow.

2.3.4. Fluorescence microscope
The image of the electrospun fibers suspension after PTX loading

was taken by an inverted fluorescence microscope (Olympus IX81)
excited 270 nm in UV light. The samples were positioned so that
the emitted light was detected at 270 nm from the incident beam.

2.4. In vitro paclitaxel release

In vitro paclitaxel release test was  conducted by immersing fiber
discs/sheets weighing 3 mg  each into 5 mL  PBS buffer (pH 7.4) in

15 mL  centrifuge tubes and incubated at 37 ◦C and 100 rpm in a
shaking water bath (GLS Aqua 12, Shanghai, China) to simulate
body physiological conditions. At each fixed time interval, 2.0 mL
released solution was  withdrawn from the dissolution medium
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Fig. 1. Sample preparation process for porous, PTX lo

fter incubation, while an equal amount of fresh PBS was added
ack to the incubation solution. The amount of paclitaxel was
etected by a Hitachi U-3010 UV-vis spectrophotometer (Hitachi
igh Technologies Corporation, Tokyo, Japan), a maximal absorp-

ion peak of 270 nm was observed for freshly prepared paclitaxel
n PBS and released within the designed period. For standard sam-
les with a concentration from 0 to 30 �g/mL, a linear correlation
�2 = 0.9999) was determined between the absorption strength and
aclitaxel concentration. The percentage of the released drug in
amples was then calculated based on the initial weight of the drug
ncorporated in the electrospun nanofibers (Ranganath & Wang,
008).

.5. In vitro cytotoxicity of drug-loaded fiber mats

.5.1. Methylthiazolydiphenyl-tetrazolium bromide (MTT) assay
The cytotoxicity of the electrospun fiber membranes was

valuated based on a procedure adapted from the ISO10993-5 stan-
ard test method. DU145 prostate cancer cells were cultured in
PMI1640 medium supplemented with 10% fetal bovine serum,
ogether with 1.0% penicillin–streptomycin and 1.2% glutamine.
ulture was maintained at 37 ◦C in a wet atmosphere contain-

ng 5% CO2. When the cells reached 80% confluence, they were
rypsinized with 0.25% trypsin containing 1 mM ethylenediamine
etraacetic acid (EDTA). The viabilities of cells were determined
y the MTT  (3-[4,-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
romide; thiazolyl blue) assay. The level of the reduction of MTT

nto formazan can reflect the level of cell metabolism. For the
TT  assay, the as-spun membranes were sterilized with highly

ompressed steam for 15 min  and placed in wells of a 24-well
ulture plate, respectively. The samples were then incubated in

 mL  of RPMI1640 medium at 37 ◦C for 24 h. The extraction ratio
as 6 cm2/mL. At the end of this period, the membranes were

emoved and the so-called extracts were obtained and further were
iluted to obtain extraction medium samples. DU145 prostate can-
er cells were seeded in wells of a 96-well plate at a density of

 × 103 cells per well. After incubation for another 24 h, the culture
edium was removed and replaced with the as-prepared extrac-

ion medium and incubated for 24 h, then 150 �L of MTT  solution

as added to each well. After 24 h incubation at 37 ◦C, 200 �L

f dimethyl sulfoxide was added to dissolve the formazan crys-
als. The dissolved solution was swelled homogeneously for about
0 min  by the shaker. The optical density of the formazan solution
, and HA encapsuled blend fibers by electrospinning.

was detected by an ELISA reader (Multiscan MK3, Labsystem Co.
Finland) at 570 nm.  For reference purposes, cells were seeded to
medium a fresh culture medium (negative control) under the same
seeding conditions, respectively.

2.5.2. Cell culture and adhesion
DU145 prostate cancer cells were selected for the biological

assays in order to evaluate the effect of electrospun fiber mem-
branes on cell culture, adhesion, and proliferation. The electrospun
fiber membranes were fixed on the glass cover slips by using cop-
per tapes. The sample membranes were sterilized, rinsed three
times with sterile phosphate buffer solution (PBS), then trans-
ferred to individual 24-well tissue culture plates. Aliquots (1 mL)
of DU145 prostate cancer cells suspension with 1.5 × 104 cells/mL
were seeded on the sample membranes. After 24 h of culture, cel-
lular constructs were harvested, rinsed twice with PBS to remove
non-adherent cells. The samples were dehydrated through a series
of graded ethanol solutions and dried overnight at room temper-
ature. The dry samples were coated with gold by sputtering for
further analysis cell morphology on the surface of the scaffolds by
SEM.

3. Results and discussion

3.1. SEM images

The preparation process for porous, loaded PTX, and encap-
sulated blend nanofibers with HA by electrospinning were
shown in Fig. 1. Fig. 2 illustrated SEM micrographs of electro-
spun nanofibers. The original electrospinning product showed
non-woven nanofibers structure. The electrospun CS/PEO blend
nanofibers with average fiber diameter of 300 nm and narrow
diameter distribution showed the round-shaped and smooth mor-
phology in Fig. 2(d). Previous research reported that electrospun
blend nanofibers and prepared porous nanofibers via selective dis-
solution of one component (Bognitzki, Frese, Steinhart, Greiner, &
Wendorff, 2001; You et al., 2006). In this study, similarly, PEO was
removed from the ultrafine CS/PEO blend nanofibers via a selec-
tive dissolution technique. After dissolution, the large amount of

porous with circular shape and narrow size distribution formed
on the surface of nanofibers. The nanofibers mat  was immersed
into HA aqueous solution (1 mg/mL) for 10 h. The morphology of
encapsulated HA nanofibers were shown in Fig. 2(c), the nanofibers
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Fig. 2. SEM images of electropsun composite nanofibers: (a) CS/PEOnanofibers; (b) CS porous nanofibers; (c) PTX-loaded CS/HA nanofibers; (d) Diameter distributions of
CS/PEO nanofibers.
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ig. 3. FT-IR spectra of electrospun nanofibers: (a) CS/PEO nanofibers; (b) porous
S  nanofibers; (c) PTX-loaded porous CS nanofibers; and (d) PTX-loaded CS/HA
anofibers.

orphology of the nanofibers was maintained and the nanofibers
ere orderly distributed as before encapsulation which meant

hat HA films were formed on the surface of the nanofibers. The
egatively charged nature polymer (HA) was assembled on the
ositively charged nature polymer (CS) nanofibers surface. PTX
as encapsulated between them, and the interaction increased
anofibers strength (Pan, Ge, & Gu, 2007).

.2. FT-IR spectroscopy

FT-IR spectra of the nanofibers were shown in Fig. 3. The
road peak at 3430 cm−1 was due to N–H and hydrogen bonded
–H stretching on the CS back bone. The N–H deformation vibra-

ion absorption peak was observed at 1606 cm−1 and –C–O–C
eak appeared at 1109 cm−1, respectively (Velde & Kiekens, 2004).
he in-plane bending vibration (1367 cm−1) of –OH on the back-
one of CS was used as interior label to investigate the changes
f peaks’ intensity. The peaks at 1106 cm−1 and 950 cm−1 were
ue to stretching of the C–O–C group in PEO (Wongsasulak, Kit,
cClements, Yoovidhya, & Weiss, 2007). In Fig. 3(a) and (b), com-

aring these two spectra, one could find after selective wash
reatment by water, the area ratio of A1106/A1367 was decreased
rom 5.419 (Fig. 3(a)) to 4.574 (Fig. 3(b)), it means that most of the
EO was removed. The spectra of PTX-loaded porous nanofibers
Fig. 3(c)) were similar with the spectra in Fig. 3(b). It may  be caused
y the little amount of the PTX loaded on the fibers that could not
e detected by FT-IR. After encapsulation with HA, the absorption
eaks of –N–H shift from 1606 to 1597 (Fig. 3(d)). It proved that the
pecial interaction of CS and HA via electrostatic was formed.

.3. DSC results

Fig. 4 presented DSC data for electrospun nanofibers of CS/PEO,
efore and after PEO removal. The first characteristic endother-
ic  peaks at 64 ◦C of CS/PEO could be dehydrated or denaturalized
hen they were heated. The endothermic curve of CS/PEO blend
anofibers was broad, and the peak shifted toward lower temper-
tures comparing with the pure chitosan and PEO. It indicated that

he aggregation structure of CS/PEO was amorphous, and chains
ere in the noncrystalline state due to the rapid solidification pro-

ess during electrospinning. However, the endothermic peaks were
hifted to higher temperature and the peak becomes sharp after
Fig. 4. DSC thermograms curves of electrospun nanofibers: (a) CS/PEO nanofibers;
(b) porous CS nanofibers; (c) PTX-loaded porous CS nanofibers; and (d) PTX-loaded
CS/HA nanofibers.

the porous CS nanofibers were loaded on the PTX, and encapsuled
by HA, which was caused by the interaction of positive and nega-
tive charges between CS and HA. This amorphous nature of the PTX
might have pronounced pharmaceutical significance as it could lead
to increased solubility and improve the biological activity (Mu,  Teo,
Ning, Tan, & Feng, 2005).

3.4. Fluorescence image

Fig. 5 presented the fluorescence image for the PTX-loaded
CS/HA nanofibers. The results demonstrated the fluorescence of the
nanofibers, indicating the presence of PTX. The dark regions in the
image, as in all of the fluorescence images, were areas that were out
of focus due to the uneven contour of the electrospun sample. The
fluorescence images results suggested that the PTX was  presented
not only in the inside of fiber porous but also in the encapsulated
sections of the nanofibers matrix. But, all fluorescence microscopy
images indicated that PTX was  presented throughout the depths
of the electrospun matrix, suggesting a fairly uniform dispersion
of PTX owing to the uneven porous size and distribution. These
results suggested a slight improvement in PTX incorporation in the
CS/HA nanofibers and the nanofibers porous permitted the incor-
poration of slightly more PTX encapsulated in the nanofibers than
the smooth fibers.

3.5. Drug release

In vitro release profiles of paclitaxel from the PTX loaded
nanofibers was  shown in Fig. 6. The release rate of PTX in phosphate
buffered saline (PBS) solutions was  examined by immersing PTX
loaded electrospun fiber mats into solutions with pH of 7.4. A burst
release was  observed from the release profile due to the diffusion-
controlled release of the drug and the higher water adsorption of
the electrospun nanofibers, moreover, the nanofibers possessed the
high surface area, porous, allowing more drug molecules to diffuse
from the nanofibers to the surrounding medium (Meng et al., on
line), therefore the drug molecule had a more rapid diffusion from
the matrix into the aqueous medium. After 48 h, it took short time

to reach the equilibrium, the release curves of PTX deviated from
the curve, and the rates became slower. This may  be due to the
role of positive and negative charges to prevent the PTX drug to
release from the nanofibers. The cure was  near constant release
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Fig. 5. Fluorescence image 

ate and longer drug release sustainability which might be crucial
or treating prostate cancer.

.6. MTT  assay

A biomaterial should not release toxic products and support
ellular attachment, which could be evaluated through in vitro
ytotoxic tests. The level of toxicity of these nanofibers scaffolds
owards cell viability was evaluated using ISO10993-5 standard

est method of indirect MTT  assay. The absorbance of the samples
as read at 570 nm in a spectrophotometer (Fig. 7). The extrac-

ion media were prepared from the nanofibers scaffold washed
ith PBS three times. When cells were incubated with extracts

ig. 6. In vitro release profiles of paclitaxel from the encapsulated nanofibers by
mmersing the fibers (0.5 wt%  PTX loaded) into PBS buffer solution (pH 7.4) at 37 ◦C.
-loaded CS/HA nanofibers.

obtained from washed scaffold, the viability of cells was  changed
with the change of PTX concentration. The viability of the DU145
prostate cancer cells after 48 h of incubation with the PTX-loaded
CS/HA electrospun nanofibers was  significantly lower than that of
nanofibers that were loaded lower paclitaxel concentration for the
same culture period. The higher concentration of extraction media
was, the stronger inhibition affected on cells. When cells were incu-
bated with 100% extract obtained from washed nanofibers, there
was a significant decrease on cell viability compared to 50, 25, and
10%. The obtained results suggested that electrospun nanofibers

of CS/HA were nontoxic to DU145 prostate cancer cells and are
good candidates to be used as wound dressing for post-surgical
chemotherapy.

Fig. 7. Cytotoxicity test of PTX-loaded CS/HA electrospun nanofibers indirect cyto-
toxicity.
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Fig. 8. SEM micrographs of DU145 prostate cancer cells attached

.7. Cell adhesion and proliferation

Cell morphology of the DU145 prostate cancer cells treated
y PTX-loaded/CS–HA nanofibers mats after 48 h cell culture was
hown in Fig. 8. The blank CS–HA nanofibers mat  did not show any
ytotoxicity to DU145 prostate cancer cells compared with the con-
rol. It could be found that, DU145 prostate cancer cells appeared to

dhere well and exhibited a normal morphology on the nanofibers,
hich was due to the lots of porous, rough surfaces of the fibers

ssist in adhesion and proliferation of more number of cells (Gupta
t al., 2009; Yang et al., 2004). DU145 prostate cancer cells attached
HA nanofibers with different loaded PTX concentration after 48 .

on the surfaces by discrete filopodia, exhibited short and numerous
microvilli on their surfaces, and tended to attach and grow along
the polymer nanofibers. Those of the DU145 prostate cancer cells
on nanofibers encapsulated by PTX were also included for compar-
ison. In the case of 0.05%, 0.1% PTX-loaded/CS–HA nanofibers mats,
the released amount of PTX was enough to inhibit the cells growth,
so the cell numbers decreased rapidly during the test and the

cells became more irregular shape. Cells spreading became more
prominent and cells became in a flat morphology on the scaffold
surface. Nanofibers mats loaded with more PTX showed stronger
cell growth inhibition. These results strongly suggested that the
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anofibrous scaffolds reported here was suitable for postoperative
hemotherapy of prostate cancer cancers.

. Conclusions

In the paper, the characterization of electrospun CS/HA
anofibers was investigated in detail. The result from SEM images
howed that porous morphology of the electrospinning nanofibers
ould be obtained by remove PEO via a selective dissolution tech-
ique with water. The structure and interaction between positive
nd negative charges of the fibers were subjected to detailed anal-
sis by DSC and FT-IR. The result showed that interaction formed
etween the positively charged porous polymer (CS) nanofibers
nd negatively charged polymers (HA). Fluorescence for electro-
pun nanofibers results demonstrated PTX was dispersed inner
f the nanofibers. The drug burst release behaviour was  mainly
elated with adsorption of the nanofibers. DU145 prostate cancer
ells attached on the surfaces, but cell numbers decreased with
ncrease of concentration of encapsulation PTX owing to the inhi-
ition growth.
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