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Abstract : The control of the surface energy by electrohydrodynamic force provides electrospraying
with various potential advantages such as simple particle size control, mono—dispersity, high recovery,
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.
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AT AAHIEE A e EYFEREEEPCL), 1
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Alet EZ)EZe] A0 E (tripolyphosphate, TPP), A& 3 <&
T (bovine serum albumin, BSA, Mw 65000), so|E2 X g
AZ2 QA (hydropropyl cellulose, HPC, Mw 10000}, Z&
FHE22R= (polycaprolactone, PCL, Mw 10,000/42500), Z&] (o]
gyl 2215 (poly (ethylene glycol), PEG, Mw 5000), Z&| (1]
9 ¢32) (Poly (vinyl alcohol), PVA, Mw 70000—100000),
7124k (chitosan, medium molecular weight)-2- Sigma—Aldrich
Chem (St. Louis., MO, USA) A 7433tk Sodium dodecyl
sulfate (SDS) & Fisher Scientific (Pittsburgh, USA) A -
dsilon, obAlE, WEHE, wEdEZe}o) = Duksan Pure
Chemical Co.{Ansan, Gyeonggi, South Korea), Z18]1. oI E
AH99.5%) 2 Samchun Pure Chemical Co.(Pyongtack, Gyeonggi,
South Korea) oA 74315tk & HPLCF(U. T. Baken) & &
Al glo] ARSI

olol32/Lbe AR HIZE.

M2 MY FA| : 271EF A48 A8 X Figure 1
oA RojFal itk @ A7|EF AJARRE A7 S4E 5 mL
FA(=F 26 AClA; WE 0.21 mm) ol Y2 F 71 59 DC
A0 ~35 kV/5mA, ConvertTech, N7, Gwangju, South
Korea) & dAA711, HAF¢ 425 Felwe] Za=e] 9ls
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Figure 1. Schematic diagram of electrospraying apparatus.
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0.9 wt% oHIEAE &) B3IA7] 1 wit% 71EAF 8, 18]l
7|EAF §o13k 0.1 wt% BSA §4& 111 F9u|2 41L& BSAS
el 71EAE goft}. 7|EA YAt 18E) S8 FHsHE 71A|
= TPP g 22 f7]8ul] vgheg-S AMS3ISi=d|, TPPE
Froll Tkt 5-%(0.2/0.02/0.002/0.0002/0.00002 wt%) 2 &
Az o, f71-80Q) vigkgells P9I HPCE 1 wt% §%
7t HEE ARt o FAREAE 133 g 71 v E

FetA WstA|7]m §F ARRE 2t FF-8T

PCL X} M| : Wd A EZ22}to] = (methylene chloride, MC)
ol €3I17) 2% (w/v) PCL (Mw 42500 g/mol) €942 phosphate
buffer saline (PBS, pH 7.4) £<o] tjeksl f&02 3 A7k F<t
R3] YR Al=selck

== HI[22YE 0|8F Opo|3=/: YA HIE UF 238
= S5 £31217] 3 wt% PEG £, o] PEG 8943 SH<ll
H3217] 0.1% BSA 298 1 :1 Fyju|2 E5tst &8 A3}
gt |1 F-EAEE dEdZ R o= AR 1 wth
PCL(Mw 10000 g/mol) &H& AM831931, BAM] £ 783}
£ 1 mM9 SDS €943 0.5 wt% PVA £3-& AR89t
oeFst el ) F-E2e] 5812 g AlZE BRF E-7-8tod BSA/
PEGE 3t PCL YA Az33c

X} M. 9z} =7] B¥= LA 910(Horiba, Kyoto, Japan)
dlo]#] Frket7](Mie & Fraunhofer, Relative Refraction Index=
D& ARgsle 49 Z7delld SAslth At 7] 4 A AR
B 25T B9 Bl AEe 40 W(39 kHz) o) v %
%%k £5 = 340 mL/mine|th AFxE Y=k RE2AE #5E}
7] S8 fEle Ao AP ik S-S o BE Holml £ 24
AZE &<t F AERAFRCE I 9l BE-EEHES 6.7 nm/min
E£E2 12023 2R8I 4 kV 223104 FAF A} dv)Ed
S—4700HITACHI, Tokyo, Japan)& AME3te] ZABIIC

BSA ZZ|E(Entrapment Efficiency). 71872 228 vlo]
A&/ 42k Y BSAY IFES golrr} H3), BCA (bicin—
choninic acid) assay®& o]&al3ith. o] & Cu'? 7k Cu™'E
v} biuret reactionS 713 Cu*'e] BCAS} 313E-2 843310
HepS 1 562 nmellA] F07t doldth. 94 BSA 3& AF
(0~40 pg/mL) & Azsty, W72z Az vlolazihe gt
+ 15000 rpm, 20 CeollA] 3AIZE Bt gRest & I Jads
B 9] ABEL microplated] 150 LA Wi 25:24 11
9 ¥ &2 &% #2§ micro BCA Aok A, B, CE 150 plL® &
71t F g2u)E Tl M 37.5 CTolld 241F B2 Yo w3tk
o] microplateZ microplate reader (GENios, Tecan, Switzerland)
o Y11 595 nmelA 4313tk BSA 3 88 va3 2ol Al
Ab= STk

A-B

BSA Encapsulation Efficiency (%) = x100

o7 At AM4E BSAY % % B QIR Ul $HREA 9 BSA
o] ogolck

4 H EE

714 0|3 2/Le YRR MZE. EFUE FHE 7IEAL v
olZZ ik ARz @ AT o8] vkt 7y 20lA
BHale] AZAog AZECE Table 12 374 WAL 7|2
Ak 3t A 270l st FES Agest Zolck TPP e &
3 133le) B¢ 71BAL g 5 = (flow rate) ol whE YA
3719 Xol= TS A4F AV} glv ASE Btk 3EEE
741 mL/hrdd whE Agstas fARE 9 2718 Holx itk
Table 1914 HAF(TPP £9%) 9} =& Ale]e] A2 (distance) 7}
FO)E5E F|EA H A )7} sk AL #1d 5 gl
t}, ol F|EA f9dlo] F7|H el o] #5F-H F olF 13
A7) Egahs FA Rl we T2 5 w4 dFEo] $
2 ggo] o] iRl Aoz Algdr). JheiaE g 4
< 8oflA] 14kVE F71ge] W AL 4= 2719 Wt ¢l
v A0F Btk dok $5-2 Z7o| Taylor cone®] 334
UE A71EFE 4 vell E9ed 11 YA s FE 1Y
3lE= 2oy dAEY AT S W= A o7 B o]
2t A5 A7IRFE EE wvke Adelelr ] gat At
(primary particle) 2] 3717} ohd 259] S F=] = 271
& 5353 S-S drEk

4 (methanol) ol &3t 18 3}ke] A9 71EA 899 37 &
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Table 1. Effect of Processing Parameters on the Mean Particle
Sizes of the Chitosan Systems

Electro—sprayed | Dispersants  Flowrate  Voltage Distance Mean particle
materials (wt%) (Wt%) (mL/hr) &kV)  (dcm) size(SD) (um)
0.2 10 3 1.3(0.5)
TPP 04 10 3 1.6(3.0)
(0.5 wt%) 0.6 10 3 1.8(2.6)
in water 0.8 10 3 1.800.7)
1 10 3 134(7.4)
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)
(0.(;;?\5{%) 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 3 517(7.0)
Chitosan 0.2 14 3 2.56(4.2)
(1 wt%) 0.1 12 3 3.52 (2.0)
0.5 12 3 31124
1 12 3 8.99(4.3)
15 12 3 98747
2 12 3 10.6(4.7)
HPC 0.5 12 3 31124
(1 wt%) 0.5 12 5 7.99(3.5)
in methanol 05 12 7 147(7.0)
0.5 12 9 18.4(10.0)
0.5 4 3 8.00(3.4)
0.5 8 3 57124
0.5 12 3 3.11Q2.4)
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) &V) (d, cm) (S.D.) (um)
PCL (Mw 42500) PBS(pH 7.4) 0.1 10 3 225 110
2% w/v buffer solution 0.2 10 3 18.9(9.40)
0.4 10 3 11.4(8.60)
mizrci;(s)sfgzi;fil) Dispersants Flow ratio (In./Out.) Voltage Distance Mean particle size
(mL/hr) V) 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 wi% 1 wi% solution 1(0.5/0.5) 10 3 0.28(0.2)
3(3/1) 10 3 0.70(0.4)
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Figure 3. SEM micrographs of the micro/nano particlés of chito—
san: (@) 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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uniaxial chitosan ~ coaxial chitosan ~ uniaxial PCL coaxial PCL

Figure 5. BSA encapsulation efficiency of the particles prepared
by electrospraying.
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