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Abstract

Introduction: Electrospinning technique is used to produce an ultrafine fibers. Nanofibers
obtained from this technique exhibits many advantages which are: high surface area to volume, high
porosity and small pore size. This study aimed to fabricate nanofiber containing benzalkonium
chloride (BC) as skin antimicrobial applications. Methods: Polyvinyl alcohol (PVA) nanofiber mats
were prepared using electrospinning method. The various amount of BC were loaded into
nanofibers. PVA solutions with various amount of BC were evaluated for the viscosity, surface
tension and conductivity. The nanofibers were characterized using scanning electron microscope
(SEM) and powder x-ray diffraction (PXRD). The nanofibers were also evaluated for the wetting and
dissolving time. Results: The diameter of nanofibers were 100-200 nm. The diameter of fiber
decreased when the amount of loaded BC increased. XRPD results revealed that BC existed in
PVA nanofiber in amorphous form. Conclusions: PVA-BC nanofibers can be fabricated using

electrospinning method. BC existed in fibers in amorphous form which can be dissolved.
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Introduction

Electrospinning technique is used to

produce an ultrafine fibers. Nanofibers obtained
from this technique exhibits many advantages
which are: high surface area to volume, high
porosity and small pore size (Bhardwaj, 2010)
(Supaphol, 2008). Benzalkonium chloride (BC),
classified as quaternary ammonium compounds,
is commonly used as antiseptic agents. BC is
most effective against gram-positive bacteria such
as Staphylococcus aureus (McBain, 2004). This
study aimed to fabricate nanofiber containing BC

as topical antimicrobial applications.

Materials and Methods
Polyvinyl alcohol, (PVA, Sigma-Aldrich

Co.Ltd, USA, Lot no. 16796TJ), BC (Acros

organics, Denmark, Lot no. 1453187V) were

purchased from various suppliers. Other
reagents were all analytical grade.
PVA solutions (10% w/w) were

prepared by dissolving in distilled water at 80
oC, the solution was stirred for 6 h. Various
concentrations of BC in PVA solutions were

prepared as shown in Table 1. PVA and PVA-

BC solutions were evaluated (25°C) for their
viscosity (Brookfield DV-IIl ULTRA rheometer
(Brookfield Engineering Lab., USA), conductivity
(conductivity meter (EC Test 11+, USA). and
surface tensions (First Ten Angstrom, FTA1000

B drop shape instrument).

The solution was electrospun for 8 h at
room temperature, the collection distance was
fixed at approximately 20 cm. The solution feed
was driven by syringe pump that was controlled
to about 0.25 ml h'1. The voltage was fixed at
15 kV.
morphology and diameter (SEM-EDS, 6610LV).

Nanofibers were evaluated for the

The powder x-ray diffraction (PXRD) of each
excipient in powder form and nanofibers were
performed using MiniFlex 1lI; Desktop X-ray
Diffractometer.

Nanofibers (1x1 sz) were placed into 20
pH 74 at

mL of phosphate buffer room

temperature. The wetting time (time that water
penetrated through the whole fibers) and dissolving
time (time that whole fibers were wet and

dissolved) of each formulation was recorded.

Results

The properties of PVA and PVA-BC
solutions in Table 1 showed that all solutions
exhibited the viscosity between 400-800 cps,
surface tension between 3.3-4.2 nM/m and
conductivity between 500-1500 Ls. From Fig.
1, the diameter of nanofibers (Fig. 1) decreased
as the amount of BC increased this might be
from the decrease of polymer solution viscosity,

which might be from the hygroscopic properties

of BC. The beads in
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Table 1 Properties of 10 % PVA solutions at various concentrations of BC.

Rx [BC] Viscosity (cps) Surface tension (nM/m) Conductivity (LLs)
1 0 547.7 £ 1.1 4.2122 + 0.0026 578.0 £ 56

2 0.001 5205+ 1.3 4.1784 + 0.0063 616.3 £ 8.6

3 0.005 528.5+2.0 4.0780 + 0.0052 633.3 £ 13.0

4 0.05 5258 +2.3 3.8644 + 0.0048 7157 £ 6.4

5 0.1 602.6 £ 6.0 3.7696 + 0.0083 794.0 £ 9.0

6 1 466.0 + 8.7 3.3656 + 0.0065 15423 £+ 5.5
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Figure 1 Morphology, size distribution and size of PVA nanofiber containing various amount of BC.

(SEM: x 2,000)
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Figure 1 Morphology, size distribution and size of PVA nanofiber containing various amount of BC.

(SEM: x 2,000) (continue)
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Figure 2 PXRD patterns of BC powder and PVA nanofiber containing various amount of BC.

(PXRD conditions: angle = 5-50°)
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nanofibers  appeared

in Rx 6 which

indicated the un-appropriated condition to produce

nanofiber under this spinning conditions. The PXRD

pattern in Fig. 2 indicated that BC existed in the PVA

nanofibers in amorphous forms which is ready to

dissolve.

Table 2 Wetting and dissolving time of PVP-BC nanofibers, n=3).

Rx Wetting time (sec) SD Dissolving time (sec) SD
1 3.33 0.58 14.33 1.52
2 2.67 0.58 16.00 1.00
3 2.67 0.58 13.00 1.00
4 3.33 0.58 8.33 2.08
5 1.33 0.58 2.33 0.57
6 1.00 0.00 1.33 0.57

From Table 2, all nanofibers were wet and
dissolved within 16 sec. As the amount of BC
increased, the wetting time and dissolving time
decreased. This was from BC which is high
water solubility and hygroscopic drug. In
addition, PVA is also a water soluble polymer
so this can promote the fast dissolved of
nanofibers (Supaphol and Chuangchote, 2008).

In conclusions, the electrospun PVA-
BC nanofibers can be fabricated. All
formulations have the diameter in nano-scale.

BC existed in fibers in amorphous form.
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