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In this paper, surface of electrospun PVA/Cs nanofibers is modified using dielectric barrier discharge (DBD)
plasma and the relationship between the observedmechanical properties and biocompatibility of the nanofibers
and plasma-induced surface properties is discussed. Plasma treatment of electrospun PVA/Cs nanofibers is car-
ried out with both inert (argon, Ar) and reactive (oxygen, O2) gases at atmospheric pressure. Incorporation of
oxygen-containing polar functional groups on the surface of Ar-plasma treated (PVA/Cs/Ar) and O2-plasma
treated (PVA/Cs/O2) nanofibers and increase in surface roughness contribute to the improvement of surfacewet-
tability and the decrease of contact anglewithwater of the nanofibers. Both PVA/Cs/Ar and PVA/Cs/O2 nanofibers
show high tensile strength (11.6–15.6%) and Young's modulus (33.8–37.3%) as compared to the untreated one.
Experimental results show that in terms of haemolytic activity the PVA/Cs/Ar and PVA/Cs/O2 nanofibers do not
cause structural changes of blood cells and meet the biocompatibility requirements for blood-contacting poly-
meric materials. MTT cell viability results further reveals improvement in biocompatibility of PVA/Cs nanofibers
after Ar and O2 plasma treatment. The results suggest that DBD plasma treated electrospun PVA/Cs nanofibers
have the potential to be used as wound dressing and scaffolds for tissue engineering.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Electrospun nanofibers prepared from biodegradable polymers have
drawn significant research interest as potentialmaterials for biomedical
and biotechnological applications [1–3]. The characteristic features of
nanofibers such as large surface area to volume ratio, high porosity
and close resemblance to the structure and function of the native extra-
cellularmatrix (ECM) of biological systems such as collagen fibersmake
them suitable materials for controlled drug delivery and tissue engi-
neering [1]. Over the last decade, considerable efforts have been made
to explore more advanced applications and sustainable development
of electrospun nanofibers in biomedical fields [4–8]. Most of the efforts
involvemodifying their surfaces to impart certain functionalities such as
hydrophilicity, surface energy, adhesion and surface-immobilization of
bioactive molecules [4–8].

Various methods have been developed and implemented to modify
the surface properties of electrospun nanofibers such as low
udhury).
temperature plasma treatment, wet chemical method, surface graft po-
lymerization, and co-electrospinning of surface active agents and poly-
mers [4]. Among them, low temperature plasma treatment is widely
used tomodify the surface properties of electrospun nanofiberswithout
affecting their bulk properties [8,9]. It is considered as non-hazardous
and environmental-friendly process and has several advantages over
other surfacemodification methods in terms of consumption of energy,
processing time and solvent [10]. Through proper selection of plasma
source and control of discharge parameters (discharge voltage, working
pressure, gas flow rate etc.), it is possible to introduce different func-
tional groups on the surface and tailor the surface properties of
electrospun nanofibers to facilitate subsequent improvement in bio-
compatibility of the polymers [8].

Chitosan (Cs), a partiallyN-deacetylated derivative of chitin and one
of the most abundant natural polysaccharides, is a promising
biomacromolecule for electrospinning, due to its excellent biological
properties such as biodegradability, biocompatibility and antibacterial
activity and have drawn extensive research interest for applications in
controlled drug delivery, wound dressing and tissue engineering [11].
However, chitosan is difficult to electrospin into a nanofibrous
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membrane due to its limited solubility in most organic solvents, ionic
character in dissolved state and three-dimensional networks of strong
hydrogen bonds [12]. Therefore Cs is often blendedwith synthetic poly-
mer like poly(vinyl alcohol) (PVA) to felicitate electrospinning process
and achieve uniform nanofibers [12]. PVA is a non-toxic, water-
soluble, biocompatible, and biodegradable polymer and has good fiber
forming capability in electrospinning process [13]. Several studies re-
port successful fabrication of biocompatible PVA/Cs nanofibers with
goodmechanical and chemical properties and their potential use in bio-
medical field [13–15]. However no work has been reported so far on
surface modification of PVA/Cs nanofibers by low temperature plasma
treatment and subsequent studies of their physico-chemical and me-
chanical properties and biocompatibility to explore possible biomedical
applications.

In this study, surface modification of PVA/Cs nanofibers has been
carried out using atmospheric pressure argon (Ar) - and oxygen (O2) -
dielectric barrier discharge (DBD) plasmas at atmospheric pressure
with an aim to improve their mechanical strength and biocompatibility
for biomedical applications. The effects of plasma treatment on PVA/Cs
nanofibers have been investigated using attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR), field emission
scanning electron microscopy (FESEM) and atomic force microscopy
(AFM) analyses. In addition, contact angle is measured to assess
hydrophillicity changes after plasma treatment while tensiometer is
used to evaluate themechanical strength of both untreated and plasma
treated PVA/Cs nanofibers. The study is further involves in carrying out
cytotoxicity tests to assess the biocompatibility of the plasma treated
PVA/Cs nanofibers in vitro.

2. Experimental

2.1. Materials

Chitosan (Cs, low molecular weight, 85% deacetylated) and
diiodomethane is purchased from Sigma Aldrich, USA. Polyvinyl alcohol
(PVA) (99% hydrolyzed, average Mw= 145 kDa) and glacial acetic acid
are purchased fromMERCK, India. All materials were used without any
further purification.

2.2. Preparation of PVA/Cs nanofibers

PVA is dissolved in distilled water (DW) at a concentration of 7 wt%,
and CS is dissolved in acetic acid (2wt% v/v) at a concentration of 3wt%.
The prepared solutions, PVA and Cs, are blended together with weight
ratio of 80:20 (PVA:Cs). Then the blended polymer solution is fabricated
into nanofibers at room temperature using electrospinning unit (ESPIN
Fig. 1. Schematic of DB
Nano, Physics Equipment, Channai, India). The polymer solution is
placed into a syringe (10ml) with a 22 gauge stainless steel needle hav-
ing an inner diameter of 0.413mmand is dispersed at a rate of 0.5ml/h.
A high voltage of 18 kV is applied across the needle and grounded col-
lector (stainless steel drum)which is covered by aluminum foil at a dis-
tant of 15 cm from the tip of needle. The nanofibers are collected on the
surface of aluminum foil covering the drum collector at rotation speed
of 1100 rpm and finally dried in vacuum oven for 24 h.

2.3. Plasma treatment of electrospun PVA/Cs nanofibers

Surface modification of electrospun PVA/Cs nanofibers is carried out
using dielectric barrier discharge (DBD) plasma at atmospheric pres-
sure. A schematic diagram of the DBD set-up is shown in Fig. 1. The dis-
charge is produced between two copper electrodes (thickness= 5mm,
surface area = 25 cm × 25 cm) placed within a cubic enclosure. The
upper electrode is covered with glass plate (thickness = 3 mm) and is
connected to a high voltage source ((0–40 kV, 50 Hz, Zenoics Systech,
India), while the lower electrode is grounded. The discharge chamber
is pumped down to 0.5 mbar by a rotary pump (Hena 26, Pfeiffer,
Pumping speed: 25 m3 h−1), while a gas flow rate of 2 slpm is passed
through the chamber. The gas exhaust, connected to a stop valve, is con-
trolled in such a way that the final working pressure is maintained at
1 bar during the plasma treatment. In this work Ar and O2 gases are sep-
arately used to generate the plasma and each gas flow rate is monitored
by digital mass flow controller (Alicat Scintific, USA). The PVA/Cs nano-
fibers are placed in between the two electrodeswith a gap of 6mm. Sur-
face treatment of the test samples is separately carried out in Ar and O2

plasmas at applied voltage of 15 KV and treatment time of 30 s. The
plasma treated PVA/Cs nanofibers are then taken out of the discharge
chamber and placed in vacuum desiccator for further characterizations.

2.4. Characterization techniques

2.4.1. Fourier transform infrared spectroscopy
The plasma treated and untreated PVA/Cs nanofibers are character-

ized by attenuated total reflectance Fourier transform infrared (ATR-
FTIR) spectroscopy (IMPACT 410, NICOLET, USA). The spectra are ob-
tained from a 200 μm diameter sampling area, using an average of 200
scans, at 4 cm−1 spectral resolution. Spectra are collected in transmit-
tance mode with spectral region of 4000–650 cm−1.

2.4.2. Contact angle measurement
The wettability of untreated and plasma treated PVA/Cs nanofibers

is measured by the contact angle (using the sessile drop method) mea-
surement system (Data Physics OCA 20, Germany). The system is
D plasma system.
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equipped with a software operated high precision liquid dispenser to
precisely control the drop size of the used liquid. Small droplets of de-
ionized water and diiodomethane (about 1.8 μl) are dropped on the
nanofibers through a computer controlled process and the image is
taken immediately. Each image of the drop is then stored via a CCD
video camera, using a PC based acquisition and data processing system.
As the measurement of the contact angle is obtained from the image
that is captured immediately, the effect of evaporation on the real mea-
surement can be ignored. In this experiment, five point measurements
on each sample are randomly performed and the result is reported as
mean ± standard deviation (SD). Surface energy (dispersive (hydro-
phobic, γs

d) and polar (hydrophilic, γs
p) components of the surface en-

ergy, γs) is calculated from the contact angle formed by the drop of
liquid (deionized water and diiodomethane) on the surface of the test
sample by Owens-Wendt method [16].

2.4.3. Morphological analysis of the surface
Field emission scanning electronmicroscope (FESEM, SIGMAVP, Carl

Zeiss, Germany) is used to observe the surfacemorphologies of the sam-
ples. Prior to SEM examination, the samples are coated with gold/palla-
dium alloy in sputtered coater (SC7620, Emitech) in a low vacuum.
Atomic force microscopy (AFM) images are obtained in ambient atmo-
spheric conditionswith a digital multimode scanning probemicroscope
(SPM) (NTEGRAVita, NT-MDT Spectrum Instruments, Russia) equipped
with a nanoscope IVA controller (resolution: horizontal, 0.2 nmand ver-
tical, 0.01 nm). The images are taken in tappingmode at a scanning rate
of 1 Hz (scan size: 3 μm×3 μm). The rms roughness of the PVA/Cs nano-
fibers is measured by NOVA image analysis software.

2.4.4. Tensile test
The samples are cut into a dumb bell shape according to ASTM

D638-10 Type V and the mechanical strength of the samples are evalu-
ated using a universal testing machine (INSTRON 4204) at a constant
speed of 10mm/minwith a 10 kN load (temperature: 27 °C and relative
humidity: 65%). The specimens are cut into strips of 10 mm × 50 mm
(thickness = 0.25 mm) and a gauge length of 20 mm is considered.
For each sample, data is taken for five times and the average of Young's
modulus of elasticity, tensile strength and elongation at break (%) are
evaluated from stress-strain curves. The data are presented as average
± standard deviation (SD).

2.4.5. Hemocompatibility studies
Venous blood is collected from a healthy human volunteer in

heparinised tubes, stored at 4 °C and used within a week of collection.
The plasma treated and untreated PVA/Cs nanofibers (1 cm2 of each)
are incubated with 10 ml of human blood (1: 9 dilution with 0.9% nor-
mal saline) for 1 h at 37 °C. Blood incubatedwith distilledwaterwithout
test material is considered as positive control and with 0.9% normal sa-
line is considers as negative control. After 1 h of incubation, the reaction
mixture is centrifuged at 1500 rpm for 10 min and supernatant is care-
fully collected. The free hemoglobin present in the supernatant is mea-
sured at 540 nm using UV–visible spectrophotometer. The percentage
of hemolysis is calculated using the following relation [17],

Hemolysis %ð Þ ¼ Abssample−Abs−ve control
� �

Absþve control−Abs−ve controlð Þ � 100 ð1Þ

2.4.6. Cytocompatibility studies
The possible cytotoxic effect of plasma treated PVA/Cs nanofibers on

mammalian cells are evaluated by MTT cell viability assay and the re-
sults are compared with the untreated ones [18]. L929mouse fibroblast
cells are obtained fromNCCS, Pune andmaintained as per the supplier's
guidelines. 1 × 104 cells/well are seeded in a 96 well cell culture plate
containing 100 μl DMEM (supplemented with 10% foetal bovine
serum) media. At 24 h of post incubation, cultured cells are further
incubatedwith 1mg of each sample for next 24 h, 48 h and 72 h respec-
tively. After completion of the stipulated time, the culture media is re-
moved from the wells and treated with MTT dye (0.5 mg/ml) and
incubated for 4 h at 37 °C. Further, 100 μl DMSO is added to each well
to dissolve the blue formazan crystals and the absorbance (570 nm) is
accordingly measured. The percentage cell viability is calculated by
using the following relation,

Cell viability %ð Þ ¼ Nt

Nc
� 100 ð2Þ

where Nt is the absorbance of the treated cells and Nc is the absorbance
of the untreated cells. In this work, the experiments are performed in
triplicate and results are reported as mean ± SD.
2.4.7. Statistical analysis
The results are expressed as mean ± SD. The significance of the dif-

ferences among the experimental groups is determined by one-way
analysis of variance (ANOVA) followed by Tukey test for multiple com-
parisons. A p value b0.05 is considered as significant. Prism version 6.00
(GraphPad Software) is used for statistical analysis.
2.5. Results and discussion

2.5.1. Fourier transform infrared spectroscopy
The ATR-FTIR spectra of PVA/Cs nanofibers before and after plasma

(Ar & O2) treatment are shown in Fig. 2(a). The absorption bands at
1561 cm−1, 1658 cm−1 and 1320 cm−1 corresponds to amide-II,
amide-I and amide-III bands respectively and are characteristic of chito-
san [19]. The peaks at 2940 and 2900 cm−1 can be assigned to the
stretching of –CH2– and –CH– groups, respectively [20]. The bands at
1376 and 1413 cm−1 correspond to CH3 symmetrical deformation
mode [19]. The peak shown at 1700–1725 cm−1 is characteristic of car-
boxylic acid dimers, the presence of which is due to the acetic acid used
for dissolving the chitosan [21]. All nanofiber mats show a broad ab-
sorption band between 3700 and 3000 cm−1 which corresponded to –
NH/-OH symmetric stretching vibrations corresponding to chitosan
and stretching vibration of hydroxyl (−OH) group from intermolecular
and intramolecular hydrogen bonds of PVA [20]. Theband is observed to
be shifted to higher wavenumber after Ar and O2 plasma treatment
which is attributed to the formation of more of hydrogen bonding in
PVA/Cs nanofibers [20,22].

This apparently leads to creation of a highly cross-linked complex
structure in the nanofibers induced by Ar and O2 plasma treatment.
The enhanced cross-linked structure of PVA/Cs nanofibers after plasma
treatment is further evident from the shifting and subsequent broaden-
ing of the absorption bands at 1561 cm−1 to higher wavenumber (Ar
plasma: 1575 cm−1 and O2 plasma: 1572 cm−1) as seen from Fig. 2
(b)–(d) which depicts the deconvoluted ATR-FTIR spectra of the test
samples in the region of interest (1800–1500 cm−1). A schematic illus-
tration of the possible cross-linked chemical structure PVA/Cs nanofi-
bers after Ar and O2 plasma treatment is shown in Fig. 3. In this
simple schematic diagram, the oxygen containing functional groups of
PVA is shown to be reactedwith hydroxyl and aminogroups of chitosan.
The proposed cross-linking in plasma treated PVA/Cs nanofibers is facil-
itated by reactive atomic and molecular species, energetic ions, elec-
trons and UV radiation that transfer energies by impinging on the
surface of the nanofibers and subsequently activating the surface layer
through formation of free radicals [23,24]. The free radicals produced
at the surface of the polymer then either reacts among themselves or
with the surface molecules (or both) thereby enabling cross-linking re-
actions on the surface and eventually resulting in the change of surface
chemistry.



Fig. 2. (a) ATR-FTIR spectra of untreated and plasma (Ar and O2) treated electrospun PVA/Cs nanofibers. Deconvoluted ATR-FTIR spectra of (b) PVA/Cs and (c) PVA/Cs/Ar and (d) PVA/Cs/
O2 nanofibers in the wavenumber region of interest (1800–1500 cm−1).
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2.5.2. Surface morphology analyses
Fig. 4(a)–(c) shows the FESEM micrographs of the non-treated and

plasma treated electrospun PVA/Cs nanofibers mats. It is reveals that fi-
bers without defects or beads are obtained and that the average diame-
ter of the fiber is measured to be 167 nm. No visible surface damage is
observed during plasma treatment of electrospun PVA/Cs nanofibers.
Fig. 3. Schematic representation of DBD plasma induced surface function
However, AFM images (Fig. 4(d)–(f)) shows an increase in
nanometer-scale roughness of the plasma treated electrospun PVA/Cs
nanofibers which is attributed to the interaction of energetic ions im-
pinging onto the polymer surfaces during plasma treatment [25]. The
degree of surface roughness induced by O2 plasma on PVA/Cs nanofi-
bers is observed to be relatively higher than that induced by Ar plasma.
alization and cross-linked chemical structure of PVA/Cs nanofibers.



Fig. 4. FESEM images of (a) untreated PVA/Cs nanofibers and PVA/Cs nanofibers treated with DBD plasma with (b) Ar and (c) O2 gases, respectively. AFM images of PVA/Cs nanofibers:
(d) untreated; (e) Ar plasma treated and (f) O2 plasma treated (FESEM images, scale: 1 μm).
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Thismay be accounted for highly reactive oxygen ions impinging on the
surface of PVA/Cs nanofibers which play active role in etching the sur-
face during plasma treatment [25,26]. The inference drawn from
above discussion indicates that Ar and O2 plasma treatment of PVA/Cs
nanofibers results in the change of surface topography at the nano-
scale without any adverse effect on their bulk physical structure.

2.5.3. Surface wettability studies
The results of water contact angle and the corresponding surface en-

ergy measurements of the untreated and plasma treated PVA/Cs nano-
fibers are presented in Table 1. After Ar and O2 plasma treatment, the
contact angle on PVA/Cs nanofibers is observed to be decreased rapidly.
That is attributed to the increasing of surface roughness after the plasma
treatment. The wettability increase effect is further related to plasma-
induced formation and subsequent incorporation of polar groups on
the surface of PVA/Cs nanofibers after Ar and O2 plasma treatment, as
evident from the increase in polar components of the total surface en-
ergy. The introduction of polar groups on the surface of PVA/Cs/Ar nano-
fibers may be accounted for the presence of residual oxygen content in
the discharge chamber during Ar plasma treatment atworking pressure
of 0.5mbar. In case of PVA/Cs/O2 nanofibers, a relative increase in water
contact angle by 25% and decrease in surface energy by 15% over PVA/
Cs/Ar nanofibers can be attributed to high reactivity of oxygen ions
which eventually leads to high surface roughness and more incorpora-
tion of oxygen containing functional groups on the surface.

2.5.4. Tensile test
The observed mechanical properties in terms of tensile strength,

Young's modulus and elongation at break (%) of PVA/Cs nanofibers be-
fore and after plasma (Ar and O2) treatment are presented in Table 2.
All of the samples are tested after being conditioned in a laboratory en-
vironment (23 °C and 35% relative humidity) for 24 h under identical
Table 1
Contact angle and surface free energy of untreated and plasma treated (Ar and O2) electrospun

Sample Contact angle (°)

Water Diiodomethane

PVA/CS 77.23 ± 0.57 46.4 ± 0.65
(PVA/CS)/Ar 31.03 ± 0.39 19.26 ± 0.31
(PVA/CS)/O2 23.10 ± 0.18 12.14 ± 0.14
conditions. It is revealed that Ar and O2 plasma treatment of PVA/Cs
nanofibers results in increase in tensile strength by 11.6% and 15.6% re-
spectivelywhereas the Young'smodulus is increases by 33.8% and 37.3%
respectively. Besides, elongation at break (%) is observed to be de-
creased thereby indicating an increase in stiffness of PVA/Cs/Ar and
PVA/Cs/O2 nanofibers. The increase in tensile strength and Young's
modulus coupled with a decrease of elongation at break can be ex-
plained by formation of strong hydrogen bonds in PVA/Cs nanofibers
matrix induced by Ar and O2plasma treatment which contributes to
high cross-linked density in the nanofibers and causes superior load
transfer to the nanofibermatrix [27]. It has been reported that strong in-
teraction occurs between PVA and Cs during blending through forma-
tion of intermolecular and intramolecular hydrogen bonds [28]. Ar
and O2 plasma treatments further felicitate the formation of hydrogen
bonds in the PVA/Cs nanofibers matrix through interactions between
active plasma species and the surface molecules. The interactions result
in chain scission and rearrangement of the polymer chains through for-
mation of chemical (intermolecular and intramolecular hydrogen)
bonds onto the surface thereby leading to formation of highly cross-
linked PVA/Cs nanofibers matrix.

2.5.5. Hemocompatibility studies
The untreated and plasma treated PVA/Cs nanofibers are incubated

with blood samples and the results are presented in Fig. 5(a). As nega-
tive and positive controls, blood is incubated in saline and distilled
water, respectively. It is observed that hemolysis is b0.5% for PVA/Cs
nanofibers and does not vary significantly with PVA/Cs/Ar and PVA/
Cs/O2 nanofibers respectively. The observed hemolytic activities of the
untreated and plasma treated PVA/Cs nanofibers are thus far below
the permissible limit of hemolysis (up to 5%) for biomaterials [29]. The
samples subjected to hemolysis studies are further observed under
FESEM and the results are shown in Fig. 5(b)–(f). It is evident that
PVA/Cs nanofibers.

Surface free energy (mJ/m2)

Dispersive Polar Total

31.91 ± 0.21 6.44 ± 0.08 38.35 ± 0.34
20.11 ± 0.32 41.60 ± 0.72 61.71 ± 0.74
21.81 ± 0.41 51.09 ± 0.42 72.90 ± 0.66



Table 2
Mechanical properties of untreated and plasma treated (Ar and O2) electrospun PVA/Cs
nanofibers.

Sample Tensile strength
(MPa)

Young modulus
(MPa)

Elongation at break
(%)

PVA/Cs 20.5 ± 0.35 69.76 ± 0.75 433 ± 1.12
PVA/Cs/Ar 23.2 ± 0.30 105.5 ± 0.84 346 ± 0.90
PVA/Cs/O2 24.3 ± 0.32 111.3 ± 0.65 326 ± 0.72

Fig. 6. Viability (%) of L929 mammalian cells at different time points post incubation with
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there is no effect on RBCmorphology induced by PVA/Cs, PVA/Cs/Ar and
PVA/Cs/O2 nanofibers which corroborates the above results. The hemo-
lysis data therefore suggest that all the test samples can meet the
hemocompatibility requirements of biomedical materials and can be
used as biomaterial without causing any acute hemolysis.
PVA/Cs, PVA/Cs/Ar and PVA/Cs/O2 nanofibers (*p b 0.05 compared with control). All the
results are expressed in mean ± SD of three batches. Control: Cell with no treatment.
(Some error bars are too small to be shown).
2.5.6. Cytocompatibility studies
The viability of L929 mouse fibroblast is tested on the untreated and

plasma treated PVA/Cs nanofibers after culturing for 24, 48 and 72 h re-
spectively (Fig. 6). After 24 h of culture, cell viabilities on PVA/Cs, PVA/
Cs/Ar and PVA/Cs/O2 nanofibers are 93.7 ± 2.71%, 94.2 ± 1.84% and
96.5 ± 1.68%, respectively. Similar results on cell viability are obtained
after 48 h of culture. After 72 h, cell viabilities on PVA/Cs, PVA/Cs/Ar
and PVA/Cs/O2 nanofibers are 81.5 ± 2.11%, 84.3 ± 1.73% and 88.6 ±
1.61%, respectively. It is revealed that Ar and O2 plasma treatment en-
hances cytocompatibility of PVA/Cs nanofibers up to the observation
period of 72 h as compared to untreated one. The improved
cytocompatibility can be due to incorporation of polar groups and for-
mation of nano-structured roughness on the surface of AASFwhich sub-
sequently enhances cell adhesion and proliferation. The more
hydrophilicity of PVA/Cs/O2 nanofibers may further improve its
cytocompatible nature over PVA/Cs/Ar nanofibers as observed from
the results after 24, 48 and 72 h of culture. These studies clearly confirm
that the cells show viability in the presence of the test samples and the
plasma treatment does not cause any adverse effect on the
cytocompatibility of PVA/Cs nanofibers.
Fig. 5. (a) Hemolysis (%) of human red blood cells after incubation with PVA/Cs, PVA/Cs/Ar and
distilled water. Surface morphologies of RBC subjected to hemolysis test with (b) DW, (c) sa
(FESEM images, scale: 10 μm).
3. Conclusion

In this study, surface modification of electrospun PVA/Cs nanofibers
is carried out using Ar and O2 DBD plasmas at atmospheric pressure.
Both PVA/Cs/Ar and PVA/Cs/O2 nanofibers show rapid decrease in con-
tact angle with water as compared to untreated nanofibers, which is at-
tributed to plasma-induced surface roughness and increase in the
contents of oxygen and oxygen containing polar functional groups on
the surfaces. ATR-FTIR analyses of the PVA/Cs/Ar and PVA/Cs/O2 nanofi-
bers reveal an increase in the degree of cross-link density which subse-
quently improves their mechanical properties in terms of increasing
tensile strength and Young's modulus. In vitro hemolysis assay reveals
that Ar and O2 plasma treatment has no adverse effect on
hemocompatibility of PVA/Cs nanofibers. Both PVA/Cs/Ar and PVA/Cs/
O2 nanofibers are observed to exhibit better cytocompatibility than
AASF which is attributed to good hydrophilic nature and formation of
nano-structured roughness on the surfaces. The DBD plasma surface
functionalized PVA/Cs nanofibers may find potential applications with
PVA/Cs/O2 nanofibers. Values represent mean ± SD of three batches. +ve control: RBC in
line, (d) PVA/Cs and (e) PVA/Cs/Ar and (f) PVA/Cs/O2 nanofibers observed under FESEM
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improved mechanical strength and biocompatibility as wound dress-
ings and scaffolds for tissue engineering.
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