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Abstract :
with various potential advantages such as simple particle size control, mono—dispersity, high recovery,

The control of the surface energy by electrohydrodynamic force provides electrospraying

and mild processing conditions. The advantages are quite helpful to improve the stability of protein drug
and control its release. Herein, the nano—encapsulation of protein drugs using electrospraying was
investigated. Albumin as a model protein was processed using uniaxial and co—axial electrospraying, and
chitosan, polycaporlactone (PCL), and poly (ethylene glycol) (PEG) were used as encapsulation materials.
The major processing parameters such as the conductivity of spraying liquids, flow rate, the distance of
electrical potential gradient, etc were measured to obtain the maximum efficiency. In the chitosan systems,
mean particles size decreases as flow rate and the distance between nozzle and the collecting part
decreases. In the uniaxial technique of the PCL systems, mean particles size decreases as flow rate
decreases. In the coaxial technique of the PCL systems, it was found that the particles size gets larger
under the application of the higher ratio of inner—to—outer liquid flow rates. The primary particles formed
out of an electrospraying nozzle showed narrow particle size distribution, but once they arrived to the
collecting part, aggregation behavior was observed obviously. Efficient nano—encapsulation of albumin with
PCL, PEG, and chitosan was conveniently achieved using electrospraying at above 12 kV.

Keywords : electrospraying, chitosan, nanoparticles, drug delivery, protein.
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Figure 1. Schematic diagram of electrospraying apparatus.
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Table 1. Effect of Processing Parameters on the Mean Particle
Sizes of the Chitosan Systems

Electro—sprayed | Dispersants ~ Flow rate  Voltage Distance  Mean particle
materials (wt%) (Wt%) (mL/hr) kV)  (d,cm)  size(SD.) (um)

0.2 10 3 1.3(0.5)

TPP 0.4 10 3 1.6(8.0)

(0.5 wt%) 0.6 10 3 1.8(2.6)

in water 0.8 10 3 1.8(0.7)

1 10 3 13.4(74)

0.2 10 0.5 2.75(4.3)

0.2 10 3 8.94(7.9)

0.2 10 5 18.2(15.6)

(O.OTZPxit%) 0.2 10 7 19.4(9.6)

o water 0.2 8 3 443(6.3)

0.2 10 3 8.94(7.9)

0.2 12 3 5.17(7.0)

Chitosan 0.2 14 3 2.56(4.2)

(1 wt%) 0.1 12 3 3.52(20)

0.5 12 3 3.1124)

1 12 3 8.99(4.3)

1.5 12 3 9.87(4.7)

2 12 3 10.6(4.7)

HPC 0.5 12 3 3.1124)

(1 wt%) 0.5 12 5 7.99(3.5)

in methanol 0.5 12 7 14.7(7.0)

0.5 12 9 18.4(10.0)

0.5 4 3 8.00(3.4)

0.5 8 3 5712.4)

0.5 12 3 3.1124)

0.5 16 3 10.8(4.8)
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Figure 2. Effect of TPP concentration on the particle size di—
stribution of chitosan.
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Table 2. Effect of Processing Parameters on the Mean Particle Sizes of the PCL Systems

Electrosprayed materials Dispersants Flow rate Voltage Distance Mean particle size
(Uniaxial) (mL/hr) (kV) (d, cm) (S.D.) (um)
PCL (Mw 42500) PBS(pH 7.4) 0.1 10 3 225 (11.0)
2% w/v buffer solution 0.2 10 3 18.9(9.40)
0.4 10 3 11.4(8.60)

maEtI(jrCiZZS(I)CriZiiil) Dispersants Flow ratio (In./Out.) Voltage Distance Mean particle size
(mL/hr) kV) (d, cm) (S.D.) (um)

Inner nozzle Outer nozzle

PCL 0.25(0.5/2) 10 3 0.12(0.1)
PEG (Mw 10000) SDS(1 mM) aq. 0.5(1/2) 10 3 0.17(0.2)
(Mw 5000) 3 wt% 1 wt% solution 1(0.5/0.5) 10 3 0.28(0.2)
3(3/1) 10 3 0.70(0.4)

=0/, A3148 #A3%, 20074
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Figure 3. SEM micrographs of the micro/nano particles of chito—
san: (a) BSA—loaded chitosan particles prepared by TPP solution
and (b) BSA—loaded chitosan particles prepared by methanol.
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Figure 4. SEM micrographs of micro/nano particles of PCL: (a)
BSA—loaded PCL nanoparticles prepared by uniaxial electro—
spraying and (b) BSA—loaded PCL nanoparticles prepared by
coaxial electrospraying.
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Figure 5. BSA encapsulation efficiency of the particles prepared
by electrospraying.
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