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Abstract To investigate the potential application of

microcrystal cellulose (MCC) and cellulose whisker

(CW) in the electrospun vascular tissue scaffolds,

cellulose acetate (CA) and cellulose composite scaf-

folds containing MCC and CW were electrospun from

CA solutions and deacetylation. Structure and mor-

phology of MCC, CW and the fibrous composite

scaffolds were investigated using FT-IR, SEM, TEM

and AFM. The wettability of the scaffolds was

evaluated by water contact angle analysis. The effect

of MCC and CW on the biocompatibility of the

scaffolds for vascular smooth muscle cells (VSMC)

was assayed by MTT test, fluorescent imaging and

SEM. The biocomposite scaffolds displayed multi-

scaled structure and morphology. The scaffolds con-

taining MCC and CW simultaneously exhibited sig-

nificantly higher cell viability compared to those with

only MCC or CW and no filler. Cell viability and

morphology within the scaffolds become better with

increasing content of MCC and CW. The composite

scaffolds with both micro- and nano-scale organiza-

tion could mimic the native extracellular matrix more

closely, and further produce synergistic enhancement

on VSMC viability, adhesion and proliferation. This

study provides the potential applications of renewable

cellulose-based particulates in biomedical field.

Keywords Microcrystal cellulose � Cellulose

whisker � Biocomposite scaffold � Biocompatibility �
Tissue engineering

Introduction

Providing a suitable scaffold for the extracellular

matrix (ECM) is very important in tissue engineering,

and various techniques have been applied to fabricate

tissue scaffolds (Zhu et al. 2004; Hoffman 2012;

Thibault et al. 2013). Electrospinning is considered as

a promising method, because the high surface area and

porous structure of the as-spun scaffolds are of great

benefit to tissue engineering and the continuous fiber is
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also helpful to cellular interactions (Ladd et al. 2011;

Rnjak-Kovacina et al. 2011; Coburn et al. 2012).

Advantages of electrospinning also include that the

morphology of fiber and the shape of the scaffold can

be tailored by changing relevant processing variables

and different electrospinning method, respectively

(Deitzel et al. 2001; Teo et al. 2005). However,

biomaterial activity is still one key factor in designing

an artificial bioscaffold (Kakisis et al. 2005). To

achieve that aim, numerous methods have been carried

out (Ma et al. 2005; Gouma et al. 2010; Wu et al. 2011;

Truong et al. 2012; Wang et al. 2012). Among these

methods, loading specific particulates was thought to

be a facile one.

Natural biopolymers, such as cellulose, chitosan

and collagen, show superiority over synthetic poly-

mers as promising candidates due to their inherent

better biocompatibility (Khademhosseini et al. 2006;

Van Vlierberghe et al. 2011). As the most abundant

natural polymer, cellulose and cellulose based mate-

rials are intriguing for the huge biomass production and

ecological-friendly properties (Klemm et al. 2005).

The remarkable mechanical performance, physiolog-

ical inertness and biocompatibility of cellulosic mate-

rials have been attracted many attentions to the

potential application in tissue engineering (Müller

et al. 2006; Bhattacharya et al. 2012; Rodrı́guez et al.

2012). Microcrystal cellulose (MCC) and cellulose

whisker (CW) are the micro- and nano-scale particu-

lates of cellulose, respectively. They are usually

prepared through mechanical treatment or acid hydro-

lysis of bulk cellulose (Araki et al. 1998; Chakraborty

et al. 2005; Li et al. 2011; Shopsowitz et al. 2011).

MCC has been widely used for a long time as additive

and binder in pharmaceuticals, food, cosmetics and

environmentally friendly biocomposites (Das et al.

2009; Eldessouki et al. 2011). CW brings about

substantial research on fabricating materials from

renewable resources owing to the dramatic mechanical

improvement for the nanocomposite material (Favier

et al. 1995). The recent research reveals that CW has no

evident cytotoxicity and low nonspecific cellular

uptake (Dong et al. 2012). And oriented whiskers can

regulate the morphology and differentiation of skeletal

muscle cells, meanwhile promoted skeletal muscle

myogenesis (Dugan et al. 2010, 2013). Potential

applications of CW extend likewise to biomedical

implants, drug delivery, flexible displays and so on

(Moon et al. 2011). It is reported that the electrospun

cellulose acetate (CA) nanocomposite scaffold con-

taining low amount of CW exhibits significantly

improved mechanical property at body temperature

(Pooyan et al. 2012). However, how NCC affect the

biocompatibility of the CA composite scaffolds has not

been mentioned. Materials which are organized on

multiple scales have been found to show more

resemblance to biological matrices than those with

single scale, and usually provide beneficial effects

(Tuzlakoglu et al. 2005; Zhao et al. 2010). Due to the

different size scales of MCC and CW, it is of much

interest to investigate the combined effect of MCC and

CW. In order to better understand the effects of the

different sized particulates, CA was used as the fibrous

matrix. Electrospinning CA is much easier than elec-

trospinning cellulose, and the CA scaffolds can be easily

hydrolyzed into cellulose (Liu and Hsieh 2002; Son et al.

2004a, b; Du and Hsieh 2009), so the difference in the

inherent biocompatibility could be excluded.

In this work, all cellulose-based composite scaf-

folds containing MCC and CW were prepared through

electrospinning. The morphology, structure and prop-

erties of the composite scaffolds were investigated

with FT-IR, SEM, TEM and water contact angle

analysis. The synergistic effects of MCC and CW on

the VSMC viability and adhesion within the fibrous

scaffolds have been interpreted. With the physiolog-

ical inertness and inherent biocompatibility, MCC and

CW are probably suitable additives to improve the

biocompatibility of vascular scaffolds.

Experimental

Materials

Cellulose acetate with 54.5–56.0 % combination of

acetyl content was purchased from Sinopharm Chem-

ical Reagent Co. Ltd., China. MCC PH-101 with DP

100–130 was bought from Asahi Kasei Chemicals

Corporation (Japan). Cotton linter pulp was provided by

Hubei Golden Ring Co., Ltd. (Xiangyang, China).

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-zolium-

bromide (MTT) was purchased from Invitrogen Corp

(USA).
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Preparation of MCC and CW

Microcrystal cellulose was prepared as following.

PH-101 (20 g) was treated with 50 wt% H2SO4

(100 mL) for 5 h at 60 �C. Then 1 L water was

poured to finish the reaction, and the obtained

suspension was centrifugated for 6–7 times at

7,200 rpm. The supernatant was decanted after cen-

trifugation, and deionized water was added to wash

residual acid and soluble hydrolysates. Finally, the

residue was dialyzed against deionized water, and the

suspension was frozen and lyophilized.

Cellulose whisker was prepared according to the

previous methods (Shopsowitz et al. 2011). The cotton

linter pulp was first crushed in a cryo-pulverizer.

Afterwards, 4 g crushed pulp was put in 35 mL

64 wt% H2SO4 and vigorously stirred at 45 �C for

25 min. The suspension was diluted with 400 mL cold

deionized water to cease the hydrolysis and allowed to

settle overnight. The clear top layer was decanted, and

the cloudy suspension was centrifuged at 7,200 rpm

for 3 times to remove acid and soluble hydrolyzates.

The collected suspension was dialyzed against deion-

ized water and freeze-dried.

Preparation of CA composite electrospun scaffolds

Cellulose acetate solution (10 wt%) was prepared

(Son et al. 2004b) by dissolving CA in a mixed solvent

of acetone/water (80:20, w/w). MCC and CW were

dispersed in CA solution with ultrasonication for

45 min, and the solid content was fixed to 10 wt%.

The suspensions were delivered at a constant flow rate

of 3 mL/h for electrospinning with a precision pump

(Longer Precision Pump Co., Ltd., China). The

applied potential was 12 kV (Dongwen High Voltage

Power Supply, China) and the working distance

between the needle tip and the aluminum foil was

12 cm. According to Table 1, six CA composite

electrospun scaffolds were prepared.

Deacetylation of the composite electrospun

scaffolds

Cellulose acetate composite electrospun scaffolds

were fixed in nylon mesh envelopes and then

immersed in 0.05 M NaOH/ethanol solution for 3 h.

The fibrous scaffolds were shaken during the hydro-

lysis process. Then the fibrous mats were washed with

ethanol and water for three times. The hydrolyzed

scaffolds were air-dried at 50 �C and coded as S10–S60

corresponding to the original CA composites S1–S6.

Cell culture and MTT assay

Wistar rat aortic vascular smooth muscle cells

(VSMC) were cultured in 50 mL cell culture flask

with DMEM/F 12 (Gibco), supplemented with 10 %

fetal bovine serum, 100 U/mL penicillin, streptomy-

cin and 2 % glutamine. Cell culture was maintained in

a gas-jacket incubator equilibrated with 5 % CO2 at

37 �C. When the cells had grown to confluence, they

were digested by 2 mL 0.25 % trypsin (Sigma) for

1–2 min, and then 5 mL culture medium was added to

stop digestion. The culture medium was aspirated to

get cells dispersed and counted.

The scaffolds were punched into small wafers

(6 mm in diameter) in order to locate the disks into the

48-well tissue culture plate. After sterilization of the

Table 1 Component, filler content, diameter distribution, contact angle and porosity of the CA composite electrospun scaffolds

Code Component Filler contenta

(%)

Diameter

(Mean ± SD)

(nm)

Contact angle

(Mean ± SD)

(�)

Porosity

(Mean ± SD)

(%)

S1 CA 0 1,043 ± 470 105.4 ± 2.0 53.4 ± 7.4

S2 CA/MCC 5 982 ± 558 98.5 ± 0.7 73.7 ± 3.1

S3 CA/CW 5 954 ± 336 101.0 ± 1.4 60.7 ± 7.1

S4 CA/MCC/CWb 5 1,214 ± 517 100.3 ± 0.7 72.2 ± 8.2

S5 CA/MCC/CWb 7.5 1,113 ± 541 98.8 ± 3.0 69.3 ± 7.1

S6 CA/MCC/CWb 10 1,016 ± 572 98.0 ± 2.7 79.7 ± 8.8

a The filler content of CA composite electrospun scaffolds
b MCC:CW = 1:1 by weight
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wafers with 75 % ethanol and 30 min exposure under

UV light, 200 lL (ca. 5 9 104 cells/mL) of cell

dispersion was placed on the wafers and cultured for

24 h. The viability and proliferation of VSMC were

determined by MTT assay. Then the original culture

medium was removed with a macro-pipette and

200 mL of fresh culture medium was added to each

well. 20 lL of MTT solution (5 mg/mL) was added to

the culture well incubated at 37 �C and 5 % CO2 for

4 h. The upper medium was removed carefully and the

intracellular formazan was solubilized by adding

500 lL of DMSO to each well. The absorbance of

produced formazan was measured at 570 nm with a

Microplate Reader Bio-Rad 5 50 (Hercules, USA).

The standard curve of absorbance versus cell number

within every well was measured (Fig. S1). The cell

viabilities were calculated by the following formula:

Cell viability ¼ ODSample � ODBlank

ODControl � ODBlank

� 100 %

Three wafers were applied for each sample. Statistical

analyses were performed using the two-tailed t test

assuming equal variance for two samples. Differences

were considered statistically significant at P \ 0.05.

Characterization

Flourier transformed infrared spectroscopy (FT-IR)

was recorded on Thermo iS10 spectrometer. The

scaffolds were first cut into powders and dried in

vacuum at 50 �C before FT-IR measurement. Water

contact angles were measured on a drop shape analysis

system (DSA100, KRÜSS, Germany). The picture

was taken immediately when the water dripped onto

the scaffold surface. The number of tested pieces for

each sample is 3.

Morphology of the electrospun scaffolds, MCC and

cell situation within the electrospun scaffolds were

observed on QUANTA scanning electron microscope

(FEI Co., Eindhoven, The Netherlands) and Sirion 200

field emission SEM (FEI Co., Eindhoven, The Neth-

erlands). For the biological samples, cells were first

cultivated for 2 days, and then the wafers were rinsed

with PBS for three times and fixed in 4 % of

Fig. 1 SEM images of a PH-101 and b MCC after acid degradation, c TEM micrograph of CW, and d AFM image of CW

(2 lm 9 2 lm)

1914 Cellulose (2013) 20:1911–1923

123



formaldehyde/PBS solution overnight. Afterwards,

they were rinsed with PBS and dehydrated with a

series of graded ethanol solutions. Freeze-drying was

employed for maintaining the cell morphology. All the

wafers were sputtered with gold before taking SEM

images. The sizes of MCC, CW and electrospun fibers

were measured with the aid of software (ImageJ).

To calculate the porosity of the scaffolds, the wet

weight (Ww) was obtained after immersing the scaf-

fold in water for 24 h. And the dry weight (Wd) was

measure after drying at 50 �C for 24 h. Porosity of the

scaffold was calculated by the equation:

Porosity ¼ ðWw �WdÞ
Vs

� 100 %

where Vs stands for the measured volume of the

scaffold.

Transmission electron microscopy (TEM) images

of CW and S6 were acquired on a JEM-2100

transmission electron microscope (JEOL Ltd., Japan).

The suspension of CW (0.05 wt%) was prepared by

ultrasonic dispersion. The suspension was dripped

onto the copper grid and air-dried. Atomic force

microscopy (AFM) was performed on a scanning

probe microscope (SPM-9500J3, Shimadzu, Japan)

with tapping mode. The suspension of CW was added

onto a freshly cleaved mica plate and air-dried

overnight. Fluorescent micrographs were obtained

after the VSMC were cultured for 2 days and stained

with calcein-AM, 4,6-diamidino-2-phenylindole

(DAPI) and propidium iodide (PI) dyes were per-

formed on a microscope equipped with a colored CCD

camera (Axiovert 200M, Carl Zeiss, Germany).

Results and discussion

Morphology of MCC and CW

Figure 1a, b show the SEM images of PH-101 and the

hydrolyzed MCC, respectively. The stock powder

(PH-101) has a size about 100 lm length and 20 lm

width (Fig. 1a). The dimension was too large to

prepare the fibrous composite scaffolds considering

the dimension of electrospun fiber. After acid treat-

ment, smaller particles with a size of 19 ± 9 lm

length and 5 ± 2 lm width were obtained (Fig. 1b).

The acid-treated MCC maintained the original

Fig. 2 SEM images of a S1, b S2, c S3, d S4, e S5 and f S6. The presence of MCC was marked by white circle
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rod-like morphology of PH-101. The surface was also

smoothened by acid etching process. CW prepared

from cotton linter exhibits needle-like shape, which

can be observed clearly using TEM and AFM (Fig. 1c,

d). The whisker has a diameter of 10 ± 2 nm and the

length of 156 ± 47 nm measured from the TEM

image.

Structure and properties of the electrospun

scaffolds

Figure 2 shows the SEM images of the CA composite

electrospun mats. Decoration of MCC on fibers could

be observed in the images due to the micro-scale

dimension, which surely increased the roughness of

fibers. But CW had little influence on the fiber surface

morphology owing to its small dimension. To sum-

marize the diameter distribution, 100 fibers were

counted randomly and measured. The data are dis-

played in Fig. S2 and Table 1. The diameters of the

fibers were at submicro-range. Scaffolds containing

MCC had a broadened fiber distribution, due to the

unstable jet flow caused by the unbalanced forces

among the surface tension, viscoelastic, and electro-

static forces caused by the micro-scaled particles

(Zhou et al. 2011). Some secondary fibers

(100–300 nm) were arisen from the surface (Fig.

S3). As listed in Table 1, blending MCC and CW

(especially MCC) increased the porosity of the

scaffolds. Sulfuric acid hydrolyzed CW was usually

negatively charged by sulfate ester. The charged

particles could increase the conductivity of the

solution, thus stabilize the electrospinning process.

Therefore, S3 displayed more uniform fiber distribu-

tion than the others.

Figure 3 shows the TEM images of S6. Based on

the shape and size, MCC could be seen located along

the fiber (Fig. 3a). CW was observed by the different

contrast from CA matrix (Zhou et al. 2011). As shown

in Fig. 3b–d, the whiskers dispersed along the fibers,

part of them was wrapped by CA matrix and could not

be observed clearly. According to the size of MCC,

Fig. 3 TEM images of the CA composite scaffold (S6) with MCC and CW content of 10 wt%
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electrospun fiber and CW, the biocomposite scaffolds

with MCC and CW possessed multi-scaled feature.

Figure 4a illustrates the FT-IR spectra of the CA

composite scaffolds. Peaks at 1,751 and 1,235 cm-1

are assigned to the C=O and C–O vibrating mode of

carboxylate group (Ilharco and de Barros 2000). The

bands at 3,405, 3,344, 3,477, 3,463, 3,480 and

3,450 cm-1 are attributed to stretching vibration

modes of O–H groups of MCC, CW, S1, S2, S3, and

S4, respectively. The O–H stretching vibration of CW

is located at lower wavenumber than MCC, because

the H-bonding interaction of CW is stronger than

MCC owing to the large specific area (Watanabe et al.

2007). For the electrospun scaffolds, addition of MCC

or CW alone has no significant influence over the

H-bonding of the scaffolds.

Wettability of the electrospun scaffolds was ana-

lyzed by water contact angle, and the data are shown in

Fig. 5 and Table 1. Water contact angles of MCC and

CW are 51.0 ± 0.9� and 36.2 ± 2.1�, respectively.

The biocomposite scaffolds exhibited lower angles

than CA ones. However, the water contact angle of S2

was lower than S3. As a result of the large size, MCC

was more inclined to change the fiber surface

morphology and stay uncovered. CW was too small

to change the surface morphology; in addition, many

of whiskers were wrapped inside the fiber. Thus, the

electrospun scaffolds containing MCC exhibited more

hydrophilic than CW. The contact angles of the

scaffolds decreased as the content of MCC increased,

and it also suggested MCC showed more obvious

influence over the fiber surface.

Cell viability and proliferation of the CA

composite scaffolds

Microcrystal cellulose has been commercially used as

an additive in food and pharmaceuticals. CW, as

reported, has no obvious cytotoxicity (Dong et al. 2012;

Male et al. 2012). Dugan found the skeletal muscle cells

was more motile on CW surfaces than the glass (Dugan

et al. 2010). Figure 6 shows the effect of MCC and CW

over the VSMC viability within the electrospun scaf-

folds assessed by MTT assay. The electrospun CA

scaffold (S1) was not suitable for the cultivation of

VSMC. Compared to S1, the cell viabilities of the

scaffolds containing only MCC or CW (S2 and S3)

were not significantly improved. Interestingly, through

blending both MCC and CW into the CA matrix, the

cell viability was obviously improved. Although the

total content of fillers was the same as S2 and S3, the

cell viability of S4 was significantly higher than S1

(P \ 0.05). The cell viability of S5 and S6 was higher

than S4 as a result of increasing additives content. For

example, the cell viability of S6 was twofold higher

than S1, and even better than the control group. The

results suggested the CA composite scaffolds contain-

ing both MCC and CW exhibited noticeable improve-

ment of biocompatibility.

Figure 7 shows the situation of cell attachment and

morphology within the electrospun scaffolds examined

through fluorescent microscope imaging. The dead

cells and cell nuclei within S1, S4 and S6 were also
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stained and shown in Fig. S4. VSMC status within S1

was not good. Several cells aggregated and showed

small and rounded shape. After adding MCC in the

scaffolds, more cells could be observed within S2. The

dispersion and density of VSMC in the scaffold of S3

were getting better, and VSMC were dispersed more

uniformly than S1 and S2. The results indicated that

CW promoted cell attachment. For S4, not only cell

density and dispersion but also the cell morphology

became obviously different from S1. Some cells within

S4 began to exhibit spread shape. As the content of

MCC and CW increased to 7.5 and 10 wt%, cells were

more abundantly dispersed throughout the scaffolds.

Meanwhile, more cells performed spread morphology

with increasing content of MCC and CW. Among the

six scaffolds, S6 displayed the best biocompatibility,

and the cells exhibited a three dimensional prolifera-

tion throughout the whole scaffold as presented in the

fluorescent image. The cell adhesion and proliferation

of electrospun CA scaffolds were ameliorated with the

addition of MCC and CW. It might have a close

relation with the surface roughness, porosity and the

hydrophilicity of MCC and CW, because surface

roughness and porosity of electrospun fibers has impact

on cellular behaviors (Zhu et al. 2008; Luo et al. 2012).

In addition, although the hydrophilicity of the entire

composite film was just increased slightly, considering

the microenvironment, the spots where MCC and CW

were decorated should be more hydrophilic.

Scanning electron microscope images of the culti-

vation of VSMC within the scaffolds for 2 days are

shown in Fig. 8. Merely some rounded and small cells

could be found within the scaffold S1. However, some

spread cells could be found in the biocomposite

scaffolds. For example, cells grew along the fiber and

had spread morphology in S2. Within S3, many cells

were better dispersed on the scaffolds but only some

spindle-shaped cells could be observed. By careful

examination of S2 and S3, the actions of MCC and

CW can be well interpreted. MCC was advantageous

for the cell growth while CW played an important role

in cell attachment. The difference could be attributed

to the size of MCC and CW. The prepared MCC

particles were about 20 lm length and 5 lm width,

which could increase surface roughness and provide

anchors for VSMC growth and proliferation (Li et al.

2013). Owing to the nanoscale dimension and high

surface area, CW could be more widely dispersed in

the CA fibers than MCC, and consequently meliorated

cell adhesion on CA fibers. Therefore, more VSMC

were attached to the fibrous scaffold dispersively. The

consequences of S4, S5 and S6 were derived from the

combination of the beneficial effects of MCC and CW.

The biocomposite scaffolds with both MCC and CW

exhibited micro-, submicro- and nano-structures; this

multi-scaled feature could better mimic the biological

matrix and help to improve the cell attachment and

proliferation at the same time. The increased porosity

also accounted for the improved cellular migration and

infiltration, as well as growth and proliferation within

the scaffolds.
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Cell viability of the deacetylated electrospun

scaffolds

To further understand the roles of MCC and CW, the

CA biocomposite scaffolds were hydrolyzed in

0.05 M NaOH/ethanol to obtain deacetylated cellu-

lose composite scaffolds. As shown in Fig. 4b, the

characteristic peaks of the carboxylate group nearly

vanished, which was the substantial evidence of

successful deacetylation. The surface morphology of

Fig. 7 Fluorescent micrographs of cells within the scaffolds of a S1, b S2, c S3, d S4, e S5 and f S6 after 2 days of cultivation
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deacetylated fibers did not exhibit obvious difference

in Figs. 2 and 9. The deacetylated scaffolds became

hydrophilic because CA has been changed to cellu-

lose, and the water contact angles were in the range of

35–43� (Fig. 5). The variance tendency of water

contact angles of S10–S60 was very close to S1–S6.

MCC still proved more obvious action than CW on

improving the hydrophilicity. The results further

proved that the roughness and porosity of fibrous

scaffolds derived from MCC and CW played an

important role in the hydrophilicity of the scaffolds.

Figure 10 shows the VSMC viability within the

deacetylated electrospun scaffolds determined by MTT

assay. The deacetylated cellulose scaffolds possessed

better biocompatibility than the CA composite scaffolds.

Moreover, the scaffolds containing MCC and CW

(S40–S60) still showed better biocompatibility than the

pure cellulose scaffold (S10), and the cell viability

increased with increasing content of MCC and CW. In

consideration of the slight difference in wettability of

MCC, CW and hydrolyzed scaffolds, the change in

hydrophilicity was not the foremost reason for this

dramatic improvement. The multi-scaled structure (Kim

et al. 2010), surface roughness and increased porosity

derived from adding MCC and CW should be the major

influence that affect cell attachment and spreading. MCC

and CW exhibited arrestingly synergistic effect on cell

adhesion, dispersion and proliferation. We believe the

cellulose-based biocomposite scaffold with enhanced

biocompatibility could extend the prospects of potential

applications of natural materials in vascular tissue

engineering. And the promotive effect of MCC and

CW on biomaterial activity for electrospun scaffolds

should be helpful for other kinds of synthetic polymers

such as PCL, PLGA etc.

Conclusions

Cellulose acetate and cellulose scaffolds containing

MCC and CW were successfully prepared through

electrospinning and deacetylation. By introducing the

Fig. 8 SEM images of VSMC cultured within the CA composite scaffolds of a S1, b S2, c S3, d S4, e S5 and f S6 for 2 days (Scale bar

is 200 lm)
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micro- and nano-scaled cellulose particulates, the

composite scaffolds exhibited multi-scaled organiza-

tion which was more resemble to natural extracellular

matrix. MCC and CW showed different effects on the

electrospun fibers. For the scaffolds containing MCC,

the fiber diameter distribution became widened, and

the fiber surface became obviously rougher. CW

stabilized the electrospinning process, and the elec-

trospun fibers became more uniform. MCC and CW

provided slightly difference on the hydrophilicity of

the scaffolds. The scaffolds with MCC became more

hydrophilic than CW. Vascular smooth muscle cell

viability within the electrospun scaffolds containing

both MCC and CW was considerably improved

compared to CA and those with only MCC or CW.

MCC provided anchors for cells to grow within the

scaffolds, and CW ameliorated the cell adhesion for its

wide dispersion. Both cell density and morphology

were getting better because of the synergistic effect of

MCC and CW. After deacetylation, the cellulose

composite scaffolds exhibited the similar trend on

both hydrophilicity and biocompatibility. The syner-

gistic effects suggest that the cellulose particulates are

promising additives to improve the biocompatibility

of scaffolds for the vascular tissue engineering.

Fig. 9 SEM images of the deacetylated cellulose composite scaffolds: a S10, b S40, c S50 and d S60 (Scale bar is 20 lm)
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Fig. 10 VSMC viability after 24 h cultivation within the

deacetylated cellulose composite scaffolds determined by

MTT assay (*P \ 0.05)
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