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Cold Plasma Surface Modified Electrospun
Microtube Array Membrane for Chitosan
Immobilization and Their Properties
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Abstract—Electrospun microtube array membranes (MTAMs)
made of PLLA (poly-L-lactic acid) have wide potential applications in
tissue engineering. However, their surface hydrophobicity and poor
biocompatability have limited their further usage. In this study, the
surface of PLLA MTAMs were made hydrophilic by introducing extra
functional groups, such as peroxide, via an acetic acid plasma (AAP).
UV-graft polymerization of acrylic acid (G-AAc) was then used to
produce carboxyl group on MTAMs surface, which bonded covalently
with chitosan through EDC / NHS crosslinking agents. To evaluate the
effects of the surface modification on PLLA MTAMs, water contact
angle (WCA) measurement and cell compatibility tests were carried
out. We found that AAP treated electrospun PLLA MTAMs grafted
with AAc and, finally, with chitosan immobilized via crosslinking
agent, exhibited improved hydrophilic and cell compatibility.

Keywords—Plasma, EDC/NHS, UV grafting, chitosan, microtube
array membrane.

1. INTRODUCTION

LECTROSPINNING is a straightforward method of
producing ultrafine fibers from micro- to nano-meter range
diameters and with controlled surface morphology. Electrospun
fibrous substrates were often used in drug delivery, artificial
dressings, and cell enzyme immobilization. MTAMs made of
PLLA hollow fibers have possessed wide potential applications
in tissue engineering [1]-[3]. However, their hydrophobicity
and poor biocompatibility have limited such usages [4].
Chitosan is a non-toxic and biodegradable material, which
exhibits good antibacterial activity and cell adhesiveness, and
has been widely utilized to prepare microspheres for anticancer
drug delivery system [5].
Surface modification by plasma deposition and graft
polymerization is often used to solve the adhesion problem
between substrate surfaces and coatings. Plasma deposition can
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provide free radicals and peroxide groups on the substrate
surfaces [6]. Plasma-deposited surface film has many
advantages such as good adhesion to substrates, excellent
uniformity, easy for thickness control, low porosity, and pin
hole-free formation [7]. Graft polymerization on the
plasma-treated surface further adds radicals to the surface for
enhancing the chemical property of the surface [8]-[11].

PLLA MTAMs surface was modified by an AAP to
introduce functional groups and subsequently treated by
UV-graft polymerization of AAc to facilitate the
immobilization of chitosan. This study employed a plasma
deposition and a graft technique to modify the surface of PLLA
MTAMs to facilitate the immobilization of chitosan. an oxygen
plasma treatment on the PLLA MTAMs is expected to
introduce peroxide groups on the substrate surface. Subsequent
UV grafting with AAc on the plasma-treated PLLA MTAMs
was applied to polymerize carboxylic groups on the surface.
EDC/NHS crosslinking agents were used to combine the
functional groups on the grafted PLLA MTAMs surface with
chitosan. biocompatability of electrospun PLLA MTAMs was
evaluated by MTT assay using NIH3T3 cells.

II. EXPERIMENTAL

A. Materials

Porous MTAMs were fabricated by co-axial electrospinning
(Fig. 1) [1]-[3]. The chemicals used in this study includes AAc
and ammonium peroxodisulfate (APS) from Wako Co., Japan.
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Fig. 1 Fabrication of porous PLLA MTAMs by co-axial
electrospinning
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B. Processes for Immobilizing Chitosan on PLLA MTAMs

The reaction steps for the immobilization of chitosan on
PLLA MTAMs by plasma and grafting treatments are shown
schematically in Fig. 2.
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Fig. 2 Schematic reaction steps for the immobilization of chitosan on
MTAMs by plasma and grafting treatments are shown

PLLA MTAMs were subjected to an AAP pretreatment (Fig.
3). The cleaned PLLA MTAMs were placed on the lower
electrode of the reaction chamber before vacuumed. The
reaction chamber was firstly evacuated to less than 30 mTorr.
After the pressure was stable, acetic acid monomer was
introduced into the reaction chamber and maintained at a
constant pressure by adjusting the micro-throttle value. After
the pressure has become stable, the plasma glow discharge
treatment was employed. Substrate temperature was kept at
room temperature during the treatment. The treatment was
performed under the following conditions: AAP pretreatment at
100 mTorr, 10 W, and 5 min.
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Fig. 3 Schematic diagram of AAP reactor system

Subsequently, the plasma-modified PLLA MTAMs were
grafted by UV-radiation using a 10 mmol AAc solution
containing 0.1 mmol APS under high-pressure mercury lamp at
1000 W for 20 min. The grafting solution of AAc was
composed by: AAc 1.5ml, water 13.5ml, Vitamin B2 4ml, APS
0.0212g.

Finally, the AAc-grafted PLLA MTAMs were cross-linked
with EDC/NHS to immobilize chitosan by mixing 1 wt%
glutaraldehyde and 1 wt% chitosan with MTAMs at room
temperature for 1 day. EDC: 5mg/ml, NHS: 1.25mg/ml,
Chitosan: 2N.

Bio-compatibility: MTT assay with NIH3T3 cells. Cells
were cultured on the surface of the different steps of
preparation, quantitative to observe the situation NIH3T3
mouse fibroblasts grown on the surface of the material after
1,3,5, day by (MTT assay) method as mentioned previously [8],
[9].

III. RESULTS AND DISCUSSION

A. Wettability of PLLA MTAMs

Surface wettability of the modified substrate can be
measured by the WCA.

(a) 86.19°41.7°

Fig. 4 WCAs of MTAMs (a) untreated, (b) P.D. acetic acid(c) S-Graft
AAc (5%), and (d) chitosan Immobilized

Fig. 4 shows the WCA results of plasma treated, grafted
acrylic polymer and immobilized chitosan. The WCA
decreased from 59.2°1.7° (untreated) to 34.4°+5.6° (AAP
treated), then rose to 55.4°+4.3° (grafted with AAc polymer),
and eventually became more hydrophobic (68.3°£1.2°) after
chitosan immobilization.

TABLEI
HYDROPHOBICITY (WCA, DEGREE) OF SURFACE TREATED ELECTROSPUN
PLLA MTAMS SUBSTRATES.

Plasma EDC/NHS + Chitosan
Untreated 86.0 75.0
PAA 48.0 46.0
PAA+G-AAc 40.0 38.0

It can be observed that PLLA MTAMs have become more
hydrophilic after plasma and grafting treatments however
showed slightly hydrophobic than untreated PLLA MTAMs
after immobilization of chitosan through EDC/NHS
crosslinking agents.

B. Surface Morphology of Modified MTAMs

Surface morphology of PLLA MTAMs by scanning electron
microscope (SEM) is showed in Figs. 5 and 6. A relatively
thick layer of polypropylene acid and chitosan was observed.
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(b)

Fig. 5 SEM of PLLA MTAMs (a) untreated, and (b) PAA+
EDC/NHS+chitosan (X10000)

Fig. 6 Scanning electron microscopy images (surface and cross section) of electrospun PLLA MTAMs

NIH313P9

(il

Fig. 7 Biocompatability (MTT assay) of electrospun PLLA MTAMs
with different surface treatment parameters: (1) AAP+G-AAct+
EDC/NHS+chitosan, (2) AAP+G-AAc, (3) AAP+
EDC/NHS+chitosan, (4) AA, (5) untreated+ EDC/NHS+chitosan, and
(6) untreated

279 am

C.MTT Assay

Fig. 7 shows the MTT assay results of electrospun PLLA
MTAMs with different surface treatment parameters. The
growth of NIH3T3 cells at the first to the third day is almost the
same in different electrospinning process. However, cell

growth on chitosan immobilized surface was observed
increased. Surface immobilized with chitosan (AAP + G-AAc
+ EDC/NHS + chitosan) possessed improved biocompatibility,
comparing with those of control and other modification
parameters.

IV. CONCLUSIONS

The results from weight changes and MTT assay reveal that
AAP treated electrospun PLLA MTAMs grafted with AAc and,
finally, with chitosan immoblized via crosslinking agents
showed improved hydrophilicity and biocompatibility,
suggesting an effective and potential process to modify PLLA
MTAMs for tissue engineering applications.
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