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N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride (HTCC) was synthesized from chitosan
(CS). Organic rectorite (OREC) added into cellulose acetate (CA) was used to fabricate electrospun nanofi-
brous mats with improved thermal properties, as a result of depositing multilayers of the positively
charged HTCC-OREC composites and the negatively charged sodium alginate (ALG) via layer-by-layer
(LBL) technique. The morphology was affected by the number of deposition bilayers and the component
of the outmost layer. Observed from the field emission scanning electron microscopy (FE-SEM) images,
the LBL structured nanofibrous mats had much larger fiber sizes than CA-OREC nanofibrous mats. X-ray
photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) results further confirmed that HTCC-OREC
was assembled on nanofibrous mats. Additionally, cell experiments and MTT results demonstrated that
OREC had little effect on the cytotoxicity of LBL template, but obviously affected both the cytotoxicity

and the cell compatibility of LBL structured mats when OREC was in the deposition films.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In the past decades, the development of polymer/layered silicate
nanofibers has drawn much attention because it could combine
the unique physical and chemical properties of both inorganic and
organic materials. The composites also possess characteristics of
nanofibers such as ultrafine diameter, high surface area-to-volume
ratio, three dimensional (3D) nanofibrous structure, etc. (Deng
et al,, 2010; Deng, Li, et al.,, 2011). Recently, many researchers
have focused on this kind of composite nanofibers for a number
of applications, including drug delivery, bacterial inhibition and
food packaging. Polymer/layered silicate does exhibit improved
properties compared to the polymer itself, especially thermal and
mechanical properties (Wang et al., 2006, 2009; Xu et al., 2012).
However, less attention so far been drawn to the cell compatibility
of polymers/layered silicate composite nanofibers. The safety of the
composites must be firstly taken into consideration before any fur-
ther product design. At this point, it is necessary to explore the
compatibility of polymer/layered silicate composite nanofibrous
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mats to determine the applicability especially in the field of food
packaging and biomedicine.

Organic rectorite (OREC), modified from REC, which is a kind
of layered silicate, exhibits larger interlayer distance (Deng et al.,
2010; Deng, Wang, et al., 2011), better separable layer thick-
ness and larger aspect ratio than montmorillonite (MMT) (Wang
et al., 2010). Besides, the European Food Safety Authority (EFSA)
reported that bentonite (dioctahedral montmorillonite), another
kind of layered silicate, was safe as a food additive (EFSA, 2011).
Polymer-layered silicate (PLS) nanocomposites exhibit markedly
improved properties when compared with the pure polymers
or conventional composites. These include increased modulus
and strength, decreased gas permeability, thermal stability and
flammability resistance because of their nanometer-size disper-
sion (Giannelis, 1998; Gilman, 1999; Sinha Ray & Bousmina, 2005).
Therefore, layered silicate could be expected to be an ideal can-
didate in food packing and biomedical applications in future. In
our previous reports, it was interesting to note that with the
addition of OREC, the bacterial inhibition ability of other antibac-
terial agents could be remarkably enhanced (Deng, Wang, et al.,
2011).

For the fabrication of nanofibers, various methods includ-
ing electrospinning, phase separation, and template synthesis
have been used and electrospinning is considered as an efficient
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and simple method because it is straightforward, versatile, cost-
effective and scalable (Hartgerink, Beniash, & Stupp, 2001; Reneker
& Chun, 1996; Zhang, Venugopal, Huang, Lim, & Ramakrishna,
2005). A wide variety of polymers can be electrospun into fibers
and their fiber morphology can be easily controlled by various
parameters such as polymer molecular weight, polymer concen-
tration, electrical field applied, and solution feed rate (Boudriot,
Dersch, Greiner, & Wendorff, 2006). Electrospun nanofibrous mats
have been extensively applied in various areas such as wound
dressing, tissue engineering scaffolds, biochemical sensors and
cosmetic skin masks (Du & Hsieh, 2009; Huang, Zhang, Kotaki,
& Ramakrishna, 2003; Kanani & Bahrami, 2010; Venugopal, Low,
Choon, & Ramakrishna, 2008). To further improve the properties
of nanofibers in these above applications, the functionalization
of nanofibers has become more and more important. Function-
alization by the electrostatic layer-by-layer (LBL) self-assembly
technique introduced by Decher has become one of the most fre-
quently utilized processes for preparing functional ultra-thin films
(Decher, 1997). The LBL self-assembly technique includes step-wise
and alternating adsorption of oppositely charged polyelectrolytes,
particles (Xiao et al., 2009), and ions on solid templates with dif-
ferent shapes and sizes (Elbakry et al., 2009).

In this study, negatively charged CA-OREC composite nanofi-
brous mats with good water insolubility were used as an ideal
template for LBL deposition for the first time. Positively charged
N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride
(HTCC) synthesized from chitosan (CS) was selected as one of
the LBL deposition materials. It has been proved that HTCC
carries a higher positive charge density and has better bac-
teria inhibition properties than CS (Qin et al., 2004). Besides,
HTCC-OREC composites based nanofibrous mats were found with
good antibacterial activity in our previous report (Deng et al.,
2012).

The current research focused on generating novel LBL films
on nanofibrous polysaccharide-OREC composite template. HTCC-
OREC composites and sodium alginate (ALG, a kind of anionic
polysaccharide) were selected as deposition materials to be coated
on CA-OREC nanofibers via electrostatic LBL self-assembly tech-
nique by alternative adsorption of positively charged HTCC-OREC
composite and negatively charged ALG in aqueous media. The
effects of the number of deposition bilayers, the composition of
the multilayer and the component of outermost layer on the for-
mation of the LBL structured nanofibrous mats were investigated.
Meanwhile, the cell culture and MTT assay experiments were per-
formed to determine the cell attachment ability and compatibility
of the resultant samples.

2. Experimental
2.1. Materials

Cellulose acetate (CA, Mp=3 x 10%) was provided by Sigma
Aldrich Co., USA. Chitosan (CS, My =2.1 x 10° kDa, DD 92%) was
purchased from Yuhuan Ocean Biochemical Co. (Taizhou, China).
Sodium alginate (ALG, My, = 2.5 x 10° kDa) was supplied by Aladdin
Chemical Reagent Co., China. Calcium rectorite (Ca2*-REC) was
obtained from Hubei Mingliu Inc. Co. (Wuhan, China). All other
chemicals were of analytical grade and used as received. All aque-
ous solutions were prepared using purified water with a resistance
of 18.2 M2 cm.

N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chlo-
ride (HTCC), organic rectorite (OREC) and HTCC-OREC composites
with the mass ratio of 12/1 were synthesized as described
previously (Deng, Li, et al., 2011). CA-OREC nanofibrous mats
with the mass ratio of CA:OREC=10:1 which was fabricated via

electrospinning technique was also prepared as reported previ-
ously. All as-spun samples were put in vacuum at 60 °C for at least
24 h to remove the trace solvents (Deng, Wang, et al., 2011).

2.2. Formation of LBL structured multilayers on nanofibrous mats

The intercalation solutions for LBL process including HTCC
solutions, HTCC-OREC mixed solutions and ALG solutions were pre-
pared with the same concentration of 1 mg/mL by adding them
into distilled water with gentle magnetic stirring for 4 h at room
temperature, respectively. The pH values of positively charged
HTCC and HTCC-OREC solutions were adjusted at 5 and negatively
charged ALG was at 4. The ionic strength of all dipping solu-
tions was regulated by the addition of NaCl at a concentration of
0.1 M.

The method for fabricating LBL structured films on nanofibers
was identical with our former reports (Deng et al., 2010). First,
nanofibrous CA-OREC mats were immersed into HTCC or HTCC-
OREC suspensions for 20min followed by 2min of rinsing in
three pure water baths. The mats were then immersed into
the ALG solution for 20min, followed by the identical rins-
ing steps. The adsorption and rinsing steps were repeated until
the desired number of deposition bilayers was obtained. Here,
(HTCC-OREC/ALG), was used as a formula to label the LBL struc-
tured films, where n was the number of the HTCC-OREC/ALG
bilayers. The outermost layer was HTCC-OREC composite when
n equaled to 5.5 and 10.5. The LBL films coated fibrous mats
were dried at 60°C for 24h under vacuum prior to further
characterizations.

2.3. Characterization

The morphology and composition of as-prepared nanofi-
brous mats were analyzed using field emission scanning electron
microscopy (FE-SEM) and energy-dispersive X-ray (EDX) spec-
troscopy (Sirion 200, FEI, Holland). The samples were sputter coated
with gold prior to SEM analysis. The diameters of the fibers were
measured using an image analyzer (Adobe Photoshop 7.0). The
X-ray diffraction (XRD) was evaluated using diffractometer type
D/max-Ra (Rigaku Co., Japan) with Cu target and Ka radiation
(A=0.154nm). The ¢-potential analysis was measured using Nano-
25 zetasizer (Malven, England). The thermal stability of prepared
mats was determined by differential scanning calorimetry (DSC
204 F1, Zetzsch, Germany) which were heated up twice from 20
to 450°C with a heating rate of 10°C/min under nitrogen flow
(20 mL/min) to remove the heat history and thermo-gravimetric
analysis (TGA, Pyris 1 TGA, PerKinElmer, USA) with a tempera-
ture range of 20-500°C. In order to identify the surface elemental
composition, a qualitative analysis was performed with X-ray pho-
toelectron spectroscopy (XPS) using an axis ultra DLD apparatus
(Kratos, U.K.).

2.4. Cell adhesion and spreading assay

L929 cells were selected for investigation of the cell compat-
ibility of resultant mats. The prepared scaffolds were cut into
round-shaped membrane with a diameter of 6 mm that could
fit in sterile tissue culture dishes, then mounted on cover glass
and sterilized by UV light for 30 min, washed several times with
phosphate buffered saline (PBS) solution prior to cell seeding
which facilitated protein absorption and cell attachment onto the
nanofibers, then transferred to the 96-well culture plates, L929
cells with a fixed concentration of 1x 10% per well in 200 pL
Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and antibiotics were seeded on
all the samples and incubated overnight at 37°C in humidified
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Fig. 1. FE-SEM images of (a) CA-OREC nanofibrous mats and LBL structured mats coated with: (b) (HTCC/ALG)s, (¢) (HTCC/ALG)s s, (d) (HTCC/ALG)10 and (e) (HTCC/ALG)105
The insets show the fiber size distributions. Images (a’-e’) show high magnification images of (a-e), respectively.
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Fig. 2. FE-SEM images of LBL structured mats coated with: (a) (HTCC-OREC/ALG)s, (b) (HTCC-OREC/ALG)s 5, (¢) (HTCC-OREC/ALG);0 and (d) (HTCC-OREC/ALG);055. The insets
show the fiber size distributions. Images (a’-d’) show high magnification images of a-d, respectively.

air with 5% CO, for 24h. The nanofibrous mats cultured with
cells were then washed twice with PBS (pH 7.4) immediately
after the incubation period to remove unattached L929 cells.
Live/Dead assay kit (L3224, Molecular Probes Inc., USA) was added
to cell-cultured samples and incubated for 30 min. Images of L929
cells on nanofibers were acquired using confocal laser scanning
microscope (LSM 510 META, Zeiss, Germany). Besides, the cell mor-
phology of L929 cells was observed from FE-SEM (Sirion 200, FEI,
Holland).

2.5. MTT assay

L929 cells cultured on nanofibrous mats on the culture plate
were washed gently with phosphate buffered saline (PBS) to
remove untransformed solutions and unattached cells, then 25 L
MTT was added to each plate and incubated at 37 °C for 4 h. After
that, DMSO (150 pL) was added to each plate to dissolve the MTT
formazan purple crystals for 10 min, finally the absorbency of the
solution was measured at 490nm by using an enzyme linked
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Fig. 3. XPS peak fitting curve of LBL structured nanofibrous mats coated with (HTCC/ALG);¢5 films (a-c) and (HTCC-OREC/ALG);¢5 films (a’-c’). EDX spectra of LBL structured
nanofibrous mats coated with (HTCC/ALG)1¢5 films (d) and (HTCC-OREC/ALG);¢5 films (d’).
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Table 1
¢-Potential of OREC, HTCC, ALG, HTCC-OREC (12:1) composites and nanofibrous
mats electrospun from CA and CA-OREC.

Samples OREC HTCC ALG CA CA-OREC  HTCC-OREC

¢-Potential (mV)  +24 +72 -52  -28 -26 +86

immunosorbent assay (ELISA) Reader (MODEL550, Bio-Rad, USA).
The results were presented as the mean + standard deviation (SD).
Significance testing was performed using one-way analysis of vari-
ance (ANOVA), followed by Bonferroni’s post hoc test. Values of
*p<0.05, **p<0.01 and ***p <0.001 were considered significant.

3. Results and discussion

3.1. Morphology of electrospun and LBL structured nanofibrous
mats

The influences of the number of coating bilayers and the com-
position of the outmost layer on the morphology and characteristic
of LBL film-coated fibrous mats were investigated by FE-SEM.
The morphology of the LBL structured CA-OREC mats coated with
(HTCC/ALG), films are shown in Fig. 1 and (HTCC-OREC/ALG), films
are shown in Fig. 2, respectively. The average diameter of the CA-
OREC nanofibers was 376.05 +159.07 nm (Fig. 1a). Obviously, all
the mats maintained nanofibrous 3D structure before and after
LBL deposition. In Fig. 1b-e, there was no significant morphol-
ogy difference between 5 and 5.5 bilayers coated mats, as well as
10 and 10.5 bilayers coated mats. However, doubling the bilayers
exhibited more orderly arranged structure, much thicker average
diameter and higher surface roughness by forming some irregular
protuberances than those of CA-OREC fibrous mats (Deng, Wang,
et al,, 2011). The more bilayers used in the coating, the greater the
number of protuberances that were observed. The main reason was
that the different limited deposition space between adjacent fibers
resulted in the imbalance of the deposition driven force and vari-
ous dispersion speed of deposition materials on as-spun nanofibers
(Ding, Li, Fujita, & Shiratori, 2006). Besides, several fibers with the
diameter range from 1000 to 1400 nm were observed when the
number of bilayers was 10.5. The above results elucidated that the
number of coating bilayers was of great importance in the forma-
tion of LBL film-coated fibrous mats.
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Fig. 4. XRD patterns of OREC powder, HTCC powder, CA and CA-OREC nanofibrous
mats and LBL structured nanofibrous mats coated with: (a) (HTCC/ALG);05 and (b)
(HTCC-OREC/ALG)1055.

As a comparison, the FE-SEM images of LBL structured compos-
ite CA-OREC fibrous mats coated with HTCC-OREC/ALG bilayers are
displayed in Fig. 2. Correspondingly, the trend in variation of fiber
diameter was almost identical to that of HTCC/ALG coating. How-
ever, the fiber diameter obviously increased when OREC was added
into the deposition materials. Additionally, more junctions, denser
bundles and bigger protuberances formed in the resultant mats due
to the higher positively charged HTCC-OREC composites (+86 mV)
while the ¢-potential value of HTCC was +72mV (Table 1). The
HTCC-OREC could provide higher positive charge and larger spe-
cific area to absorb more ALG during the LBL process. Therefore,
the average diameter of LBL film-coated mats containing OREC was
thicker than that of HTCC-ALG films coated mats. In a word, the
introduction of OREC could greatly affect the morphology of LBL
films.

3.2. Composition analysis

XPS and EDX analysis were performed to investigate the surface
composition of the resultant LBL structured nanofibrous mats. Fig. 3
shows the composition analysis results of the mats coated with
(HTCC/ALG)1g5 films (a-d) and (HTCC-OREC/ALG);g 5 films (a’-d’)
including XPS and EDX data, respectively. Fig. 3a and a’ detailed
the spectra of the C;5 region in both LBL structured samples, which
contained three peaks described as follows: (1) peak at 286.9eV
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Fig. 5. DSC and TGA thermograms of CA and CA-OREC nanofibrous mats and
LBL structured nanofibrous mats coated with: (a) (HTCC/ALG)s, (b) (HTCC/ALG)s 5,
(c) (HTCC/ALG)10, (d) (HTCC/ALG)105, (e) (HTCC-OREC/ALG);o and (f) (HTCC-
OREC/ALG)105-
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was assigned to —C—0, —C—OH and —C—OCH3 of HTCC or ALG, and
—C—N—C=0 of HTCC. (2) peak around 284.2 eV was characteristic
of —C—C or —C—H of HTCC or ALG and —C—NH, of HTCC (Ignatova
et al.,, 2010). (3) peak at 282.6eV was belonged to —C—Si bond
formed between OREC and HTCC, ALG or CA (Raciukaitis, Brikas,
Kazlauskiené, & Miskinis, 2006). Besides, the distribution ratio of
each peak of LBL films coated nanofibrous mats are also displayed
inset Fig. 3a and a’. The atomic ratio of —C—Si in (HTCC/ALG) 05
films coated nanofibrous mats was slightly lower than that of
(HTCC-OREC/ALG);¢ 5 coating, which demonstrated that OREC had
greatly interacted with HTCC and was deposited on the CA-OREC
fibrous mats successfully. In addition, XPS results gave nitrogen
peaks detected on the surface of the LBL structured nanofibrous
mats, which indicated that HTCC was assembled onto the CA-OREC
fibers. Moreover, the Nys spectrum (Fig. 3b and b’) was decom-
posed into two peaks centered at 396.93 eV which attributed to the
assignment of the binding energy of N=Si3 structure and 400.26 eV
which belonged to ammonium group —N*(CHg3 )3 of HTCC (Deng,
Wang, et al., 2011; Hua et al., 2010; Ono et al., 1999). Furthermore,
the appearance of Sip, peaks at 99.5eV (—Si—Si) and 95.9 eV (sili-
con dioxide) verified the incorporation existed between OREC and
HTCC (Fig. 3c) (Ma, Ogura, Kobayashi, & Takahashi, 2004; Pippel,
Lichtenberger, & Woltersdorf, 2000). However, in Fig. 3¢’ two
more peaks around 101 eV (—Si—C) and 98.1 eV (low-coordinated
Si) were found in (HTCC-OREC/ALG)q5 film-coated nanofibrous
mats comparing with the Si distribution result in (HTCC/ALG)1¢05
coating (McKenna et al., 2011; Onyiriuka, Kinney, & Binkowski,
1997).

EDX spectra of (HTCC/ALG)i95 (Fig. 3d) and (HTCC-
OREC/ALG)¢5 films coating (Fig. 3d") show that the contents of Si
and Al are 1.97% and 1.44% in (HTCC-OREC/ALG) ¢ films coating
while that of Si and Al are 1.76% and 1.38% in (HTCC/ALG)q5 films
coating, respectively. It was obvious that when the coating bilayers
were HTCC/ALG films, Si element was only from CA-OREC template.
However, when the coating bilayers were HTCC-OREC/ALG films,

the content of Si increased. Herein, the increase was attributed to
OREC contained LBL deposition.

Fig. 4 presents the XRD patterns of OREC powder, HTCC powder,
CA nanofibrous mats, CA-OREC nanofibrous mats and resultant LBL
structured nanofibrous mats. The diffraction of OREC consisted of
7.34°,23.52°,25.66°,36.26° and 44.20°, and HTCC and CA appeared
major crystal peaks around 21.91° and 8.67°, respectively. How-
ever, crystal peaks between 20° and 55° in CA-OREC mats and
LBL films coating gradually disappeared compared to those of pure
OREC. Besides, the crystalline peaks at 21.91° and 8.67° became
wider and the diffraction heights of (HTCC/ALG)1g5 films coating
(Fig. 4a), (HTCC-OREC/ALG)1¢5 films coating (Fig. 4b) were gradu-
ally reduced compared to those of pure HTCC and CA. The results
revealed that OREC changed the crystallinity of HTCC by the for-
mation of the interaction structure and the restriction of molecular
movement of HTCC chains (Wang et al., 2009).

The thermal stability of CA-OREC nanofibrous mats and LBL
films coating is evaluated by DSC and TGA analysis (Fig. 5). Regard-
ing to DSC analysis, it could be noted that the appearance of an
exothermic event at 220°C due to the CA crystallization (Barud
et al.,, 2008). CA-OREC mats showed the glass transition tem-
perature at 348.2°C and melting temperature (Ty) at 388.3°C,
respectively. However, HTCC/ALG coating exhibited remarkable
decrease in Ty, and the disappearance of the glass transition,
which was because of the interactions between CA-OREC mats and
HTCC, and they could act as a plasticizing agent hindering glass
transition and the polymer crystallization in the LBL films coat-
ing (Rodriguez, Galotto, Guarda, & Bruna, 2012). Besides, it was
important to emphasize that Tg and Tp, in the (HTCC-OREC/ALG)1¢
and (HTCC-OREC/ALG) ¢ films coating returned to the previous
level of CA-OREC mats. The reason was that the addition of OREC
could enhance the thermal stability of OREC contained LBL films
coating. On the other hand, the TGA thermograms of different
samples exhibited similar curves of LBL samples to that of CA-
OREC mats (Fig. 5). In detail, the curves could be divided into

Fig. 6. Confocal microscope observation of cells cultured on (a) CA and (b

(d) (HTCC/ALG)1055 and (e) (HTCC-OREC/ALG )103s.

) CA-OREC nanofibrous mats and LBL structured nanofibrous mats coated with: (c) (HTCC/ALG)s,
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three zones: water lose, the decomposition of biopolymers and
the carbonization of the degraded products to ash. The Tyax of all
LBL structured mats were slightly lower than those of CA-OREC
mats. Here, Tphax Was the temperature when the rate of weight loss
reached a maximum, but the mass losses of (HTCC-OREC/ALG)1¢
and (HTCC-OREC/ALG);q5 coating were less than those of CA-OREC
mats. This phenomenon stated that (HTCC-OREC/ALG) films coat-
ing exhibited better thermal stability because of the interaction
between HTCC and OREC. The presence of OREC in the cellulosic
structure of CA with high aspect ratio acted as barriers, which
might strongly hinder the out-diffusion of the volatile decomposi-
tion products obtained from pyrolysis and prohibit the continuous
decomposition of HTCC, as a direct result of the decrease in perme-
ability (Wang et al., 2010). When HTCC chains were in a restrained
state in the gallery space of the layered structure, their frac-
tional free volume became smaller so the mobility of HTCC chains
was weakened due to the interactions between HTCC molecules
and OREC. Moreover, OREC containing mica layer with the high
temperature resistance might contribute to the enhancement

10 pm

Cell viability/ %
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of thermal stability (Rodriguez et al., 2012; Wang et al., 2010). Fur-
thermore, the barrier behavior was enhanced as a result of good
dispersion with the increasing of the amount of OREC as barriers.
Therefore, it could be concluded that the amount of OREC played an
important role in improving the properties of LBL structured mats
and CA-OREC template.

3.3. Cell attachment, spreading and MTT assay

Preliminary observation from the images of 1929 cells is
recorded by confocal microscope (Fig. 6a-e). Compared with Fig. 63,
more green spots representing live L929 cells were observed among
CA-OREC nanofibrous mats in Fig. 6b because positively charged
OREC was entrapped into the inner of CA fibers through elec-
trospinning. The amount of adhesive cells on the nanofibrous
mats with the outermost layer of HTCC (Fig. 6d) was much larger
than that of mats with the outermost layer of ALG (Fig. 6c¢),
because the nanofibrous mats with the outermost layer of HTCC
allowed the assembly of cells into 3D structures with uniform cell

Samples

Fig.7. FE-SEM morphology of L929 cells on (a) CAand (b) CA-OREC nanofibrous mats and LBL structured nanofibrous mats coated with: (¢) (HTCC/ALG)s, (d) (HTCC/ALG )05 and
(e) (HTCC-OREC/ALG)105. Image (MTT results) shows the cell viability of untreated L929 cells (Con) and cells cultured with nanofibrous mats (a-h): (a) CA nanofibrous mats, (b)
CA-OREC nanofibrous mats and LBL structured nanofibrous mats coated with: (¢) (HTCC/ALG)s, (d) (HTCC/ALG)s 5, (e) (HTCC/ALG )10, (f) (HTCC/ALG)10.5, (g) (HTCC-OREC/ALG )10

and (h) (HTCC-OREC/ALG)105. Significant difference: **p<0.01, **p <0.001.



R. Huang et al. / Carbohydrate Polymers 90 (2012) 957-966 965

clusters distribution since the cationic carried HTCC could attract
the cells via electrostatic interaction (Yang, Chen, & Wang, 2009).
This result suggested that the outermost layer of LBL structured
mats would affect the initial attachment of cells onto nanofibrous
mats. Additionally, for the nanofibrous mats with the outermost
layer of HTCC, the density of cells increased when the number
of coating bilayers was doubled. Increasing the coating bilayers
would provide a higher binding site density for cells to enhance the
cell compatibility of nanofibrous mats (Bhattarai, Li, Edmondson, &
Zhang, 2006; Denget al.,2010). However, the (HTCC-OREC/ALG)1g 5
films coating (Fig. 6e) displayed less adhesive cells than that
of (HTCC/ALG)195 films coating which evidenced that OREC
deposited on the surface of CA-OREC fibers had cytotoxic effect on
1929 cells.

Fig. 7a—e shows the morphology of L929 cells cultured on the
CA-OREC mats and LBL films coating. The results revealed that all
the as-prepared nanofibrous mats still kept 3D microenvironment
after cell culture. In Fig. 73, cells attached to the surface of CA mats
and exhibited polygonal shape with filopodia- and lamellipodia-
like extensions and microvilli, and the size of the cells was from 20
to 30 wm. Fig. 7b showed numerous microvilli and discrete filopo-
dia, and the microvilli tended to grow along the orientation of
nanofibers. In Fig. 7c, it could be observed that the cells grew into
the structures along the nanofibers and reached out for adjacent
nanofibers in (HTCC/ALG)s films coating. In Fig. 7d, the observed
cell morphology was an important indication of supported and pro-
moted cell spreading with characteristic phenotype of filopodia-
and lamellipodia-like extensions which was regarded as spreading
well.

Observed from Fig. 7a-d, there was remarkable difference in
morphology, which was because that the LBL structured nanofi-
brous mats with increased fiber diameter allowed more deposition
components to be assembled, affecting the surface area to which
cells could adhere, which implied that LBL films coating onto CA-
OREC would be helpful in improving the cell adhesion behavior.
Besides, increasing the coating bilayers would provide a higher
binding site density for L929 cells to enhance the cell compatibility
of mats (Deng et al., 2010). In addition, the uniform and orderly
orientation of fibers obtained by LBL modification might affect the
guiding of cell growth. Moreover, (HTCC-OREC/ALG)1¢ 5 films coat-
ing (Fig. 7e) was less functionally active than that of (HTCC/ALG )15
films coating (Fig. 7d) in terms of cell attachment and spreading for
1929 cells. In a previous report, it has been demonstrated that cell-
scaffold interaction is dependent on the chemical characteristics of
scaffolds in the first place (Zhang et al., 2005). The addition of OREC
gaverise to more HTCC deposited on CA-OREC mats and a larger dis-
tance between adjacent nanofibers in (HTCC-OREC/ALG)1q5 films
coating, but too large a distance between the fibers might not allow
the cells to bridge over. It could be concluded that the LBL modifi-
cation of CA-OREC nanofibrous mats did have a positive effect on
cell adhesion and spreading when the outmost layer was HTCC, but
the addition of OREC might slightly affect cell growth.

MTT results in Fig. 7 are expressed as a percentage of the corre-
sponding viable cells. CA mats showed slightly higher cytotoxicity
than CA-OREC mats, and the cell viability of LBL films coating was
identical with the results in Fig. 6, which confirmed that OREC in CA-
OREC mats had little cytotoxic effect on L929 cells, but the addition
of OREC into deposition films obviously affected the cytotoxicity of
LBL structured mats.

4. Conclusions
LBL film-coated nanofibrous mats were successfully fabricated

by electrospinning and electrostatic LBL self-assembly techniques.
The EDX and XPS results evidenced that HTCC and OREC were

deposited on the surface of CA-OREC template, and the addition
of OREC onto LBL films resulted in thicker bilayer, larger fiber
diameter and better thermal stability which could broaden their
applications in food packaging, catalysis, sensors, electrochromic
devices, etc. Additionally, cell attachment and MTT assay experi-
ments suggested that both the number of coating bilayers and the
composition of the outmost layer were critical points affecting the
cell compatibility of the resultant scaffolds.
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