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ABSTRACT-Alginate microspheres, containing fluorescein isothiocyanate-bovine serum albumin (FITC-BSA) or green
fluorescent protein (GFP) were prepared and used as a model drug to develop the oral vaccine delivery system. The alg-
inate microspheres were coated with poly-L-lysine or chitosan. Two methods, w/o-emulsion and spray, were used to pre-
pare alginate microspheres. To optimize preparation conditions, effects of several factors on the particle size and particle
morphology of microsphere, and loading efficiency of model antigen were investigated. In both preparation methods, the
particle size and the loading efficiency were enhanced when the concentration of sodium alginate increased. In the w/
o-emulsion preparation method, as the concentration of Span 80 was increased from 0.5% to 2%, the particle size was
decreased, but the loading efficiency was increased. The higher the emulsification speed was, the smaller the particle size
and loading efficiency were. The concentration of calcium chloride did not show any effect on the particle size and load-
ing efficiency. In the spray preparation method, the particle size was increased as the nozzle pressure (from 1 kgf/m2 to
3 kgf/m?) and spray rate was raised. Increasing calcium chloride concentration (< 7%) decreased the particle size, in con-
trast to no effect of calcium chloride concentration on the w/o-emulsion preparation method. Alginate microspheres pre-
pared by two methods were different in the particle size and loading efficiency, the particle size of microspheres prepared
by the spray method was about 2-6 um, larger than that prepared by the w/o emulsion method (about 2 um), and the load-
ing efficiency was also higher with spray method. Furthermore, drying process for the microspheres prepared by the spray
was simpler and easier, compared with the w/o emulsion preparation. Therefore, the spray method was chosen to prepare
alginate microspheres for further experiments. Release pattern of FITC-BSA in alginate microspheres was evaluated in
simulated intestinal fluid and PBS (phosphate buffered saline). Dissolution rate of FITC-BSA from alginate/chitosan
microsphere was lower than that from alginate microsphere and alginate/poly-L-lysine microsphere. By confocal laser
scanning microscope, it was revealed that alginate/FITC-poly-L-lysine microspheres were present in close apposition epi-
thelium of the Peyer's patches of rabbits following inoculation into lumen of intestine, which proved that microspheres
could be taken up by Peyer's patch. In conclusion, it is suggested that alginate microsphere prepared by spray method,
showing a particle size of < 10 m and a high loading efficiency, can be used as a model drug for the development of
oral vaccine delivery system.

Keywords—Alginate microsphere, FITC-BSA, GFP, Emulsion method, Spray method, Poly-L-lysine, Chitosan,
Peyer's patch
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Maeng, Department of Microbiology, Chungnam National
University), ovalbumin (A-7641, Sigma Chemical Co.,
USA), poly-L-lysine (P-0879, Sigma Chemical Co., USA),
poly-L-lysine-FITC (P-3543, Sigma Chemical Co., USA),
water-soluble chitosan (Jakwang, Co. Ltd., Korea), calcium
chloride (Duksan Pure Chemical Co. Ltd., Korea), sodium
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alginate (Junsei Chemical Co. Ltd., Japan), acetic acid
(Junsei Chemical Co. Ltd., Japan), trisodium citrate (Junsei
Chemical Co. Ltd., Japan), sodium phosphate dibasic
(Duksan Pure Chemicals Co. Ltd., Korea), citric acid
(Showa Chemicals Inc., Japan), Span 80 (Duksan Phar-
maceutical Co., Ltd.,, Korea), soybean oil (Sigma Che-
mical Co., USA) 5-& A&t

Ao ARgE F8 71712% BiomixerModel X1030D,
CAT Co., Eberstaadt, Germany), Spray system HS 9901
(Han Sheng Co. Ltd. Korea), Scanning electron micro-
scope(ISI-SX-40, Japan), Particle size analyzer(Microtrac-
X100, Microtrac®, Honeywell, USA), High speed refri-
gerated centrifuge(Mega 17R, Hanil Science Industrial Co.,
Ltd., Korea), Fluorescent photometer(Jasco FP-750, Japan),
Confocal microscope(TCS. NT, Leica Co., Germany), Mi-
crotome(CM185, Leica Co., Germany), Microplate reader
(Molecular Device, USA), Bio-Dis extended release tester
(Vankel Industries, Inc. USA), Air atomizing nozzle(Prona
RA-C2, Spraying Systems Co., USA), Microplate strip
washer(Bio-Tek  instruments, USA), Membrane - filtration
system(Millipore., Bedford, Mass., USA) 5] It}
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Table I-Process Conditions of FITC-BSA Microspheres
Prepared by Emuision Method

. . Concent.ration Concentration Concentration
Sample Emulsification  of sodium
No. speed (rpm) alginate of Span 80 of CaCl,
peed p £ (%, whw) (%, wiw)
(%, wiw)
Al-1 10,000 1.75% 0.5 5
Al-2 10,000 1.75% 5
Al-2 10,000 1.75% 2 5
Al-3 10,000 1.75% 4 5
A2-1 5,000 1.75% 2 5
A2-2 10,000 1.75% 2 5
A2-3 15,000 1.75% 2 5
A3-1 10,000 1.75% 2 3
A3-2 10,000 1.75% 2 5
A3-3 10,000 1.75% 2 7
Ad-1 10,000 1.25% 2 5
A4-2 10,000 1.50% 2 5
A4-3 10,000 1.75% 2 5
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Figure 1-Emulsion method for the preparation of alginate microspheres.
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Figure 2-Spray method for preparation of alginate microsphere.

Table II-Process Conditions of Microspheres Prepared by
Spray Method

Sample Nozzle pregsure Concentration of Spraying rate
(kgf/cm®) CaCl, (%, wiw) (ml/min)
B1-1 1 5 1.50
B1-2 2 5 150
B1-3 3 5 1.50
B1-4 4 5 1.50
B2-1 3 3 1.50
B2-2 3 5 1.50
B2-3 3 7 1.50
B3-1 3 5 Q.75
B3-2 3 5 1.50
B3-3 3 5 3.00
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Table I-Particles Size Distribution of Alginate Microsphere
with Various Process Variables in Emulsion Method

Sample Variables Number distribution (Um) SPAN*
10% 50% 90%
Concentration of 80
Al-1 0.5% 452 6.64 10.7 0.85
Al-2 1% 2.47 4.86 8.89 132
Al-3 2% 1.04 1.36 2.37 0.98
Al-4 4% 0.89 1.26 2.19 1.03
Emulsification Speed
A2-1 10,000 rpm  1.04 1.36 2.24 0.88
A2-2 15,000 rpm  0.98 1.30 2.14 0.89
A2-3 20,000 rpm  0.88 1.24 2.20 1.06
centration of b
A3-1 3% 0.89 1.26 227 1.09
A3-2 5% 1.04 1.36 2.37 0.98
A3-3 7% 1.23 1.39 2.53 0.93
Sodium alginate
1-SAL1.25% 3g 1.14 1.33 2.31 0.87
2-SAL1.50% 3¢ 1.04 1.30 2.33 0.99
3-SALL.75% 3g 1.04 1.33 232 0.96

*: polydispersity
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Table IV-Particles Size Distribution of Alginate Microsphere
with Various Process Variables by Spray Method

Process Number distribution (jim)

Sample  viiables " 10%  50%  00% | AN

Nozzle Pressure

Bl-1 1 kgffem? 7.02 11.55 2612 165

B1-2 2 kgffem® 6.40 1028 2199 152

B1-3 3 kgffem? 4.50 7.16 1806  1.89

Bl-4 4 kgf/em? 5.32 737 1839 177
Calcium chloride

B3-1 3% 531 1025 2562 198

B3-2 5% 4.50 7.16 1806  1.89

B3-3 7% 431 696 1605  1.69

rayin te

B3-1 075 mlmin  3.77 612 1434 173

B3-2 150 ml/min ~ 4.50 716 1806  1.89

B3-3 3.00ml/min 523 933 2132 172

*: polydispersity
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Table V-Particle Size Distribution of FITC-BSA and GFP-
containing Alginate Microsphere with Various Concentrations
of Sodium Alginate

Concentration & Number distribution (ltm)

Samply vols dium PAN*
v algillll:tlee (i;;,w/w) 0% 50% 90%

FITC-BSA microsphere

1-SALO.5%  0.5%, 19 ml 5.44 824 1722 143

2-SAL1.0% 1.0%, 19 mi 5.63 890 1998 1.6l

3-SAL15%  1.5%,19 mi 649 1087 23.19 153
GFP microsphere

1-SAL0.5%  0.5%, 19 ml 4.70 723 1602 157

2-SAL1.0%  1.0%,19ml 5.23 816 19.18 171

3-SAL1.5% 1.5%, 19 mi 6.25 945 2129 159

*: polydispersity

Table VI-Comparison of Alginate Microspheres Prepared by
Two Methods

Spray method Emulsion method
Particle sizes (um)
wet particle 6.12%+ 0.09 1.35+£0.02
dry particle 2-6 -
Loading efficiency(%) 78.78 £2.20 16.94 £ 0.40
Harvesting products easy difficult
Preparation method easy difficult
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Figure 3-Scanning electron micrograph of alginate microsphere
(A), alginate/poly-L-lysine microspheres(B) and alginate/chitosan
microspheres(C) containing FITC-BSA.
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Figure 4-Release profiles of FITC-BSA from uncoated(@®), poly-
L-lysine coated(C) and chitosan coated microspheres(¥) in sim-
ulated intestinal fluid.
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Figure 5—Release profiles of FITC-BSA from uncoated(@), poly-
L-lysine-coated(O) and chitosan-coated microspheres(¥) in PBS.
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Figure 6-Image of a rabbit ileal Peyer's patch.
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Figure 7-Image by confocal microscope and histologyical stain obtained of cryosections of rabbit ileal Peyer's patch segment. (A) Control;
(B), (C) Follicle; (D) Villi.
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