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Abstract

In this study, we report a facile approach to develop composite nanofibrous mat for tissue engineering
application. Montmorillonite (MMT) nanoparticles were first used to load an antipyretic analgesic
drug, aspirin (ASP). The ASP-loaded MMT nanohybrids were mixed with polyurethane (PU) for
subsequent electrospinning to form drug-loaded PU/MMT/ASP composite nanofibrous mats. Then
electrospun PU/MMT/ASP nanofibers were assembled with a bilayer of polyacrylic acid (PAA) and
poly(ethylene imine) (PEI) through electrostatic interaction. Silver nanoparticles have been immobilized
onto nanofibrous mats by in situ complexation and chemical reduction of AgNOs solution to form
PU/MMT/ASP/Ag nanofibrous mats. The PU/MMT/ASP/Ag composite nanofibrous mats were
systematically characterized using scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy, and mechanical testing. In vitro drug release showed that this composite nanofibrous
drug delivery system can effectively mitigate the burst release of the drug and the introduction of MMT
can improve the tensile stress property. Further the antibacterial properties and cytotoxicity evaluation
of these mats demonstrate that the PU/MMT/ASP/Ag has a reasonable activity toward the growth
inhibition of model bacterium Staphylococcus aureus, and the PU/MMT/ASP/Ag nanofibers display
good cytocompatibility. In view of its sustained release profile and excellent biocompatibility, this
double-loaded drug delivery system may have great prospect in tissue engineering.
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1 Introduction

It is known that tissue engineering includes cells, materials and biochemical elements for the
construction of a new tissue to replace the impaired one [1, 2]. The electrospinning technique is
considered to be a versatile approach to generate sequential nanofibers for this purpose, because of
the superior properties of electrospun nanofibers such as large specific area, high area-to-volume
ratio and high porosity. In particular, the three-dimensional network structure of electrospun
nanofibrous mats that can mimic human extracellular matrix (ECM) has aroused great interest
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of scientific research workers [3, 4]. Many materials such as biodegradable, non-degradable, and
natural materials have been used to produce electrospun nanofibers, the characteristics of which
like diameter, appearance and mechanical properties can be regulated to fit for cells adhesion and
proliferation [5-7].

Recently, nanofibers have been widely studied as drug delivery system on account of their ad-
vanced properties [8]. A majority of drug-loaded electrospun nanofibers were fabricated from
blends [9, 10] in core-shell method [11] or separate-spinneret manner [12]. However, although this
method enables easy incorporation of drug molecules into the nanofibers, a burst release always
occurs which is undesirable in many cases [13, 14]. For instance, Verreck and co-worker incor-
porated poorly water-soluble drug, itraconazole and ketanserin drugs into electrospun segmented
polyurethane nanofibers for potential drug administration and wound healing. Drug release study
showed that in the first 4 h, the content of model drug ketanserin released from PU nanofibrous
mats reached 5 ug/cm?, 50% of loaded drug has been released out compared to 10 pug/cm? within
24 h, suggesting an obvious burst release phenomenon [15]. Thus, developing nanofibrous drug
delivery system that can mitigate the burst release of the model drugs is still a challenge.

Montmorillonite (MMT), a kind of non-toxic and layered silicate material has been frequently
used in biomedical field as a drug carrier because of its high internal surface area, excellent disper-
sive performance and biocompatibility [16]. Moreover, negatively charged MMT has good swelling
property in the presence of water and hydrophilic solvents because of which the positively charged
bioactive compounds can be intercalated into the interlayer spaces by electrostatic interaction [17,
18]. In view of the advantages of MMT, we hypothesize that incorporating drug-loaded MMT into
electrospun nanofbers might be effective to reduce the bust release of model drug. In this study,
we choose PU, a widely used polymer in the biomedical field owing to its well physical, chemical
and biological properties, especially excellent antimicrobial activity and cytocompatibility [19] to
produce electrospun nanofibers. The anti-inflammatory drug aspirin (ASP) was chose as a model
to be incorporated within MMT firstly, then ASP-loaded MMT was blended with PU solution to
form a PU/MMT/ASP nanofibers by electrospinning technology. Further, silver nanoparticles,
which is the most powerful antimicrobial that exhibits a strong cytotoxicity toward a broad range
of microorganisms, and a remarkably low human toxicity compared to other heavy metal ions
[20, 21], has been deposited into PU/MMT /ASP nanofibrous mats by chemical reduction of silver
nitrate solution to form PU/MMT/ASP/Ag nanofibrous mats with antibacterial property.

The developed PU/MMT/ASP/Ag composite nanofibrous mats were systematically charac-
terized using Scanning Electron Microscopy (SEM), Fourier Transform Infrared (FTIR) spec-
troscopy and mechanical testing. The drug release kinetics of the PU/MMT/ASP nanofibrous
mat was monitored using ultraviolet-visible (UV-Vis) spectrometer. The antibacterial property
of nanofibers with different compositions was investigated using Staphylococcus aureus (S.aureus)
as a model bacterium by the disk-diffusion method. Finally, the cytocompatibility of PU/MMT/
ASP/Ag composite nanofibers was detected via Rezasurin assay to evaluate the cell viability of
fibrous blast cell L929 cultured on the nanofiber scaffolds.

2 Materials and Methods

Polyurethane (PU) was purchased from Dow Chemical Co., Ltd. Acetone and dimethyl for-
mamide (DMF) and AgNOjs were bought from Sinopharm Chemical Reagent Co., Ltd. Mont-
morillonite (MMT) was purchased from Zhejiang Feng Hong New Material Co., Ltd. Aspirin
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(ASP) (purity > 99%), polyacrylic acid (PAA) and poly(ethylene imine) (PEI) and sodium boro-
hydride (NaBH,) were from Aladdin Industrial Corporation (Shanghai). Staphylococcus aureus
(S.aureus) was obtained from Shanghai Fuzong Biotechnology Development Co., Ltd (China).
Peptone was from Beijing Aoboxing Biotechnology Co., Ltd (China). Agar was purchased from
Beijing Solarbio Science & Technology Co., Ltd (China). Cells 1.929 was purchased from Wuhan
Servicebio Biotechnology Co., Ltd (China).

2.1 Preparation of the Drug-loaded MMT Nanohybrids

ASP was dissolved into phosphate buffered solution (PBS) (pH = 7.4) to acquire ASP aqueous
solution (0.25 mg/mL) at room temperature. After that, MMT powder was dispersed into ASP
solution with different concentrations, namely 0.25, 0.5, 1, 2 and 4 mg/mL, respectively, to get
serious of MMT /ASP suspensions. Subsequently, the MMT/ASP suspensions were vigorously
stirred for 12 h to allow sufficient interaction between ASP and MMT. The mixture were then
centrifuged under 6000 rpm for 10 min to remove the free ASP and then rinsed with PBS for 3
times. The supernatants after 4 times centrifugation were collected together. The ASP encapsu-
lation and loading efficiencies were determined by measuring the absorbance at 274 nm using a
UV-756PC UV-visible Spectrometer and a standard curve for ASP (prepared using ASP solution
of different known concentration). The prepared MMT/ASP nanohybrids were lyophilized and
stored in desiccator before use. The drug loading efficiency can be calculated from the following
equation [22]:

Loading ef ficiency = (My — My)/M x 100% (1)

where M; and M, stand for the mass of initial ASP used for encapsulation and the free ASP,
respectively, and M stands for the total mass of ASP and MMT.

2.2 Preparation of the PU/MMT /ASP/Ag Composite Nanofibers

PU was dissolved in a mixture solvent of acetone/DMF (v/v = 1:1) with an optimized concentra-
tion of 15% (w/v). Subsequently, MMT/ASP nanohybrids (with the optimized proportion, 2%
w/v) were dispersed in PU solution under magnetic stirring for 12 h for preparing PU/MMT/ASP
nanofibrous mats. Pure PU and PU with MMT nanofibrous mats were also prepared as a con-
trol. The electrospinning process was carried out under ambient condition with a fixed electrical
potential of 20 kV, a collector distance of 20 cm, and a feeding rate of 0.5 mL/h. The pre-
pared electrospun nanofibrous mats with different compositions were taken off from the collector
and vacuum-dried for 12 h to remove the residual organic solvent before use. Subsequently, the
formed PU/MMT /ASP nanofibrous mat was then assembled with the PAA/PEI bilayer through
electrostatic interaction [23, 24]. That is, 1 mg/mL aqueous solutions of PAA and PEI were
separately prepared in 30 mg/mL NaCl solution, a square of PU/MMT/ASP nanofibrous mat
(5 ecm x 5 c¢cm) was exposed to PAA solution for 10 min, rinsed with water 3 times (2 min
each time). The PAA-assembled PU/MMT/ASP mats was then exposed to PEI solution for 10
min and rinsed with water following the above process. To incorporate Ag into the PAA /PEI-
assembled PU/MMT/ASP nanofibrous mat, 0.1 M AgNOj; was prepared and the PAA/PEI-
assembled PU/MMT /ASP nanofibrous mats were immersed to it under gentle shaking for 2 h.
After that, the formed nanofibrous mats were thoroughly rinsed with water and dried in a vacuum
oven for at least 12 h to remove the additional liquid. Then 1 M NaBH, was added evenly onto
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the dried nanofibrous mats. PAA/PEIl-assembled PU/MMT/ASP nanofibrous mats without Ag
were also prepared as a control.

2.3 Characterization

The PU and PU/MMT/ASP nanofibrous mats were characterized using FTIR spectroscopy.
The spectra were recorded using a Nicolet Nexus 470 FTIR spectrometer (Thermo Nicolet
Corporation, United States) in a wavenumber range of 4000-400 cm™! at ambient conditions.
The surface morphology of PU, PU/ASP, PU/MMT, PU/MMT/ASP and PU/MMT/ASP/Ag
composites nanofibers was detected with scanning electron microscope (SEM) (HITACHI UHR
FE-SEM SU1510) at an accelerating voltage of 15 kV. Before detection, each specimen was
spray-coated with a 15 nm thick gold film. Fiber diameter was measured using ImageJ 1.49
(http://rsb.info.nih.gov/ij/download.html), at least 200 nanofibers from SEM images were ran-
domly selected and analyzed. Tensile test of the electrospun nanofibrous mats were performed by
electronic material testing machine (INSTRON3300, UK) at constant temperature (20 °C) and
humidity (63%) with a cross-head speed of 1 cm/min. Specimens were cut into rectangular pieces
with width x length=1 cm x 5 cm and were gripped in the top and bottom collets 2 ¢cm apart.
The tensile testing was performed with a loading of 10 N. According to the collected data, the
stress-strain curves of the samples can be calculated through mathematical conversions [25]:

f(N)

O(MPa) = w(mm) X h(mm) @)
_ L(mm)
e(%) = 2 (mm) x 100% (3)

where f is the breaking force of sample; w and h are the width and thickness of the sample,
respectively; [ is the breaking length and ¢ is the distance between top and bottom collets.

2.4 In Vitro Drug Release Analysis

In vitro release of ASP from PU/ASP and PU/MMT/ASP (the content of ASP in nanofibrous
mat was 2%) nanofibrous mats was evaluated using ultraviolet-visible (UV-Vis) spectroscopy
(UV-756PC). 60 mg of each specimen was put into 20 mL vial containing 5 mL PBS (pH = 7.4)
solution with gently shaking in an oscillator (SKY-2102C) at 37 °C. At different time intervals,
2 mL of solution was taken out and replenished with an equal volume of corresponding buffer
solution. The optical density value was measured using an UV-Vis spectrometer at 274 nm. Thus,
the concentration of released ASP at different time interval can be calculated using standard curve
of the concentration vs. absorption. Simultaneously, the accumulated release concentration can
also be obtained. All the samples were analyzed in triplicate.

2.5 Cytotoxicity Evaluation

Cytotoxicity of electrospun PU, PU/ASP, PU/MMT/ASP, and PU/MMT/ASP/Ag nanofibrous
mats were evaluated using 1,929 cells directly cultured on the samples. Glass coverslips were
covered with nanofibrous mats and placed in the bottom of the wells of 24-well culture plates.
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For sterilization, the mats were initially left under UV radiation overnight, followed by soaking
with 75% ethanol solution for 1.5 h and ultimately washed three times with PBS solution. The
electrospun nanofibrous mats were then soaked in culture medium overnight prior to cell seeding.
Cells were seeded on the top of the mats at a density of 2 x 10* cells per well, and cultured in
1 mL DMEM cell culture medium (Gibco) containing 1% Antibiotic-Antimycotic solution (AA,
Gibco) and 10% fetal bovine serum (FBS, Gibco) in a humidified atmosphere with 5% COq at 37
°C. After 24 h, the medium was changed by fresh medium containing 10% (v/v) of a rezasurin
solution, followed by incubation for another 3 h. Subsequently, 100 Ul of resultant medium was
transferred to an opaque 96-well plate and the resorufin fluorescence (Ao, = 530 nm, A.,, = 590
nm) was measured in a microplate reader (Perkin Elmer, Victor® 1420). The cell morphology was
observed by SEM (JEOL JSM-5600LV, Japan) with an acceleration voltage of 10 kV. Before this,
cell cultured on each sample were rinsed 3 times with PBS solution to remove non-adherent cells.
Then each sample was fixed with 2.5% glutaraldehyde at 4 °C for 2 h, followed by dehydrating
through a series of gradient ethanol, and air dried overnight. Before SEM observation, samples
were sputter coated with a 10 nm thick gold film.

2.6 Antibacterial Activity

To evaluate the antibacterial activity of PU, PU/MMT/ASP, and PU/MMT/ASP/Ag composite
nanofibers, the Kirbydisc diffusion method was used and this test was performed on S. Aureus as
model bacterium. During the test, specimens of different formulations were cut into square discs
with 2 em x 2 em and sterilized under ultraviolet lamp (ZW30S25W-7894, Guangdong Cnlight)
for 2 h. The S. aureus were seeded on agar plates with a sterilized cotton stick and then the
specimens were placed gently on the surface of the agar plate using a sterilized forceps. During
this, the disks can not to be moved once it contacts with the agar surface. The plates were then
immediately placed in the incubator at 37 °C for 24 h. Finally, the plates were examined and the
diameters of the zones were measured for complete inhibition, including the diameter of the disk.
The tests were carried out in triplicate to confirm reproducibility.

2.7 Statistics

All statistical analysis was performed using the IBM SPSS Statistics 20 software (IBM Inc.,
Armonk). Results are reported as the mean + standard deviation. One-way ANOVA with Tukey
Post Hoc test were used to assess the statistical differences between the group means.

3 Results and Discussion

3.1 Preparation of ASP/MMT Nanohybrid

Montmorillonite (MMT) is a layered aluminum silicate with exchangeable cations and reactive-
OH groups on the surface. It is one of the most widely used layered silicates because its lamellar
elements display high in-plane strength, stiffness, high aspect ratio, and high surface areas in
particular [26, 27]. Recent studies have shown that incorporating bioactive cargos or drugs into
silicate clay-doped polymers could be a promising way to develop functional tissue engineering
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materials [28]. Herein, we load antipyretic analgesic drug ASP onto MMT nanoparticles to
produce nanohybrids for controlled drug release materials. Fig. 1 shows the loading efficiency
of ASP with a function of MMT concentration, where the concentration of ASP solution was
fixed at 0.25 mg/mL. As we can see, when the concentration of MMT was lower than 2 mg/mlL,
the loading efficiency of ASP on MMT nanoparticles increased with the increasing of the MMT
solution concentration. The loading efficiency of ASP on MMT nanoparticles reached up to 51.7%
when the concentration of MMT was 2 mg/mL. However, further increasing the concentration of
MMT solution resulted in a decreased loading efficiency of ASP on MMT nanoparticles, which is
likely due to the easier assembling of the MMT nanodisks at higher concentration, impeding the
ASP molecules into the interlayer space of MMT. According to the results, 2 mg/mL was selected
for forming the MMT/ASP nanohybrids.
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Fig. 1: ASP loading efficiency as a function of MMT concentration
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Fig. 2: Typical strain-stress curves of PU nanofibrous mats with 0%, 2%, 4% and 6% of MMT nanopar-
ticles

3.2 Formation of ASP/MMT /PU/Ag Nanofibrous Mats

It is known that mechanical property is important for tissue engineering scaffolds, therefore before
producing PU/MMT/ASP/Ag nanofibrous mat, the effect of MMT content on the mechanical
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property of PU nanofibrous mats was investigated. Fig. 2 shows the typical stress-strain profiles
of PU/MMT nanofibrous mat with different content of MMT nanoparticles. We can see that
incorporating MMT into PU nanofibers impacted the mechanical properties of PU nanofibrous
mats (see Table 1). For PU nanofibrous mat with MMT, the tensile strength was significantly
enhanced, whereas the strain to failure decreased. When the content of MMT was 2%, the tensile
strength of PU/MMT nanofibrous mat was 9.55 MPa, 4.24 MPa higher than that of pure PU
nanofibrous mats, which might be ascribed to the presence of MMT uniformly dispersed in the PU
nanofibers. However, further increasing the content of MMT in PU solution resulted in a gradual
decreased tensile strength, although still higher than that of pure PU nanofibrous mats. This
might be due to the agglomeration of MMT nanoparticles in the PU solution, which made MMT
nanoparticles not disperse in nanofibers uniformly. Therefore, 2% MMT was chose to produce
PU/MMT/ASP/Ag nanofibers.

Table 1: Mechanical properties of PU/MMT nanofibrous

Sample MMT content (%) tensile stress (MPa) Stress to failure (%)
0 5.31 £ 0.32 383.50 £+ 43.35
PU/MMT nanofibrous mat 2 9.55 £ 1.96 333.23 £ 36.33
4 6.73 £ 2.80 232.54 £ 33.84
6 6.60 = 2.85 182.68+35.29

The MMT/ASP nanohybrid was incorporated within PU nanofibers (2% ASP relative to PU)
via electrospining to form PU/MMT/ASP nanofibers and then Ag nanoparticles was loaded
onto fabricated nanofibers to produce PU/MMT/ASP/Ag nanofibers. Meanwhile, PU, PU/ASP
(2% ASP relative to PU), PU/MMT and PU/MMT/ASP (2% ASP relative to PU) were pre-
pared as controls. The morphology of the formed electrospun nanofibers with different compo-
sitions was characterized using SEM (Fig. 3). It is clear that PU/MMT/ASP/Ag nanofibrous
mat shows a 3D porous structure and have uniform, smooth surfaces, except for a slight swelling
because of the assembling and soaking processes, similar to the pure PU, PU/ASP and PU/MMT
nanofibers. The diameters of PU/MMT (580 nm), PU/MMT/ASP (591 nm), PU/ASP (517 nm)
and PU/MMT/ASP/Ag (702 nm) nanofibers are smaller than that of pure PU nanofibers (792
nm), which might be due to the increase of solution conductivity caused by the introduction of
charged species in the electrospinning solution [14].

The successful loading of MMT/ASP nanohybrids within PU nanofibers was confirmed using
FTIR spectroscopy, which was shown in Fig. 4. Comparing the spectrum of PU/MMT/ASP with
that of PU nanofibers, significant difference could be observed. The new peaks emerged at 3640
cm ™! ascribed to the —Si—O-stretching vibration of MMT was detected. Except that, the peaks
at 1690 cm—! and 1610 cm ™! due to vibration of CHy,=CH—COOH and benzene skeleton from
ASP were obtained, proving the existence of MMT/ASP nanohybrid in PU nanofibers.

3.3 In Vitro Drug Release

The main idea behind this study is that loading ASP onto MMT nanoparticle can endow them
controllable drug release properties. Thus, the study of the drug release kinetics is of vital

importance to evaluate the developed new drug delivery systems. The ASP release behaviors of
PU/MMT/ASP and PU/ASP nanofibrous mats were investigated in PBS at pH = 7.4. It can be



112 Q. Peng et al. / Journal of Fiber Bioengineering and Informatics 10:2 (2017) 105-116

80r T0F
~ < 60F
%60— <50t
5 & 40t
g 40 g a0l
Z <30
£ 20} g 201
= ~~ 10f
i 0
5 min | 400 600 800 1000 1200 200 400 600 800 1000
° Diameter (nm) Diameter (nm)
60F __ 60f
8 < 50¢ IR < 50f
> 40} =40
Q Q
g 30 g 30¢
20} 20}
— -
~ 10 ~ 10}
ol L L1 1 1 [ AN\ 1 = 0
200 400 600 800 1000 Moy = . of Ei 200 400 600 800 1000
Diameter (nm) el i e i i/t Diameter (nm)
35F
< 30r 4
T 25F
Za0t [
2 15¢
g 10t
25 7

0 )
200 400 600 800 1000 1200
Diameter (nm)

Fig. 3: SEM images and diameter distribution histograms of (a) PU, (b) PU/MMT/ASP, (c) PU/MMT
, (d) PU/ASP and (e) PU/MMT/ASP/Ag nanofibers
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Fig. 4: FTIR spectra of pure PU and PU/MMT/ASP nanofibrous mats

seen from the ASP release profiles of PU/MMT/ASP nanofibrous mats that ASP was released
in a sustained manner during 10 days of incubation, the cumulative drug release was 23%. In
addition, the initiative drug release was 10.5% of the loaded drug within 5 min, much lower than
that from PU/ASP nanofibrous mat (26%), proving that loading ASP onto MMT nanoparticles
could significantly mitigate the burst drug release (Fig. 5). This is because that drug should first
run out from the reservoir of MMT and then from the polymer matrix, which forms an additional
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obstacle for the drug release.

3.4 Cytotoxicity of the ASP/MMT /PU/Ag Nanofibrous Mats

For tissue engineering applications of the PU/MMT/ASP nanofibrous mats, it is important to
testify the cytotoxicity of fabricated fibrous scaffolding material. The viabilities of fibroblasts
1929 cells seeded onto TCPs, cover slips, and all nanofibrous scaffolds were shown in Fig. 6. Cell
proliferations on B, C, D and E were much better than the cells seeded onto A. The incorporation
of MMT and ASP did not have severe influence on the cell viability when comparing to the pure
PU nanofibers. Although PU/MMT/ASP/Ag nanofiberous mats showed lower cell viability than
those of PU and PU/ASP nanofibrous mats (*p< 0.05), it is obviously higher than cells cultured
on TCPs (**p< 0.01). The good cell proliferation onto nanofibrous scaffolds suggests that these
PU-based nanofibrous mats have an excellent biocompatibility to promote cell growth. The mor-
phology of 1.929 cells cultured on different electrospun nanofibrous scaffolds was observed via SEM
imaging (Fig. 7). Cells cultured on all nanofibrous scaffolds displayed a fibroblastic phenotype,
indicating that the cells can penetrate and migrate within the scaffolds in a manner similar to
native ECM. There is no significant difference among PU/MMT/ASP/Ag, PU/MMT/ASP, PU
and PU/ASP, reinforcing that PU/MMT/ASP/Ag has a good cytocompatibility after loading
ASP, MMT and Ag nanoparticles.
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Fig. 5: Drug release profiles of PU/ASP and PU/MMT/ASP nanofibrous mats at pH = 7.4

3.5 Antibacterial Activity Assay

Antibacterial activity of the formed electrospun nanofibers with different compositions were exam-
ined using S. Aureus. As shown in Fig. 8, ASP/MMT/PU/Ag composite nanofibrous mat showed
a visible inhibition zone (Fig. 8(d), white circle). However, PU and PU/MMT/ASP nanofibrous
mats have no antibacterial properties against S. aureus, indicating that the antibacterial activity
of developed ASP/MMT /PU/Ag composite nanofibrous mat is solely related to Ag nanoparti-
cles. This may be due to Ag nanoparticles interact with the thiol group of the respiratory enzyme
present in the bacterial cell wall.
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Fig. 6: Rezasurin assay of L929 cells seeded on (A) TCPs, (B) PU, (C) PU/ASP, (D) PU/MMT/ASP
and (E) ASP/MMT/PU/Ag nanofibers for 24 h (*p < 0.05, **p < 0.01)

Fig. 7. SEM images of 1929 cells cultured onto (a) PU, (b) PU/ASP, (¢) PU/MMT/ASP and (d)
ASP/MMT/PU/Ag composite nanofibrous mats

Fig. 8: Photograph of antibacterial activity of (a) control, (b) PU, (¢) PU/MMT/ASP and (d)
PU/MMT/ASP/Ag nanofibrous mats incubated for 24 h
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4 Conclusion

In summary, we have developed a facile approach to load antipyretic analgesic drugs ASP and
antibacterial agent Ag nanoparticles into PU/MMT composite nanofibers for tissue engineering
application. The MMT/ASP nanohybrids with the ASP loading efficiency of 51.7% were success-
fully incorporated into PU electrospun nanofibers. The incorporation of 2% MMT nanoparticles
not only improved the mechanical properties of the PU nanofibrous mats, but also weakened the
initial burst release characteristics of conventional electrospun polymer fiber-based drug delivery
system. The PU/MMT/ASP/Ag nanofibrous mats showed excellent antibacterial property bio-
compatibility, suggesting that the developed composite system is promising in tissue engineering.
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