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Abstract—A PGSS (Particles from Gas Saturated Solutions) process designed to generate nano-particles using
supercritical fluids has been conducted for the fabrication of Poly(lactide-co-glycolide) (PLGA) microparticles
that encapsulate a protein drug. It is demonstrated that the polymer and the dry powder of a protein can
be mixed under supercritical carbon dioxide conditions and that the protein component retains its biological
activity. In this experiment, the mixture of polymer which is plasticized and dry powder protein was sprayed
to form solid polymer that encapsulate the protein. It is found that supercritical fluid process give fine tuning
of particle size and particle size distribution by simple manipulations of the process parameters. Porous
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particles were formed with irregular shape. Protein encapsulated in the polymer was found to have enzymatic

activity without significant loss of its initial value.

Key Words: Supercritical CO,, Poly(lactide-co-glycolide), Particles from Gas Saturated Solutions (PGSS),

Plasticization, Encapsulation
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Figure 1. The lysozyme reaction.
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Figure 2. Different drug carriers.

CLEAN TECH., Vol. 12, No. 2, June 2006 55

oF g, oFE JEAE, o

ot
ol
=2
1o
:(1)1:1,
[
ml
A
N
il
X

A 5730l el GEFE etk A ofE A AV
of A4l Y= vtk vAstE ekEfixke & 2HAS 7HA

v ERHo] B5% §ASEA AU Fot wekadh 1
e} Frdow vAlshe $ae mee 3717k 4] G
ERENEECELE S B D RS R I B
Ao] A ggoln okEo] o] g4 w4 §HAA Y o
ol wel oFEe] SR 1) ME Frawe] JFS v
o e Y obEe g9 A A9 A% ouAE F8g 8
271 QU] el A7l uls wlws 4 83, FE 5 9
ok A9 FrRe) A9 FEERG 23 §al S0t 3
o, o Fele] obEe Bl 470 sielsle] Halelgel Aot
71k g7k weck ols) o] ool gl Bl F4 B4
2 A PSS 2k Zo] ok B8-2 Ao F

St to] Hok

oFE A2 2] Foji= AEA 29lef s A o]Fo|d
7] Wil FES FHAE ol&ste] AP FeE A, A
Fato] Fojah= Wilo] ARSE AL Qi wheba] A|F ] HE
ozl okE @9 A Aol oFFe] AEvkE Fadt <l
2k S5 Qlt). ofugh oFE9] Aol AE 5= 1 Azl
wt 1A o] FFEE S STl 2-5 wje] Aol vh=
A% ) 53] G8A =S AMEEIA APsE A oF
£ F57F A UZ Aot v o] FoAA] ot oFE 4%
o] Ashs WA "ok oleist EANS slAstaar B A
TAE] w3 Aol R =] A7|E Y AR ¢
28} sto] AR, FAR C8HFAY, FETAE §), wA Folit
gk ofdzl, Ui 3719 dF BARE A, A SO Alx
sto] A oFEe] Ao EES TXATIE A7 XE L
Atk ol st i F719] A kel AVE HARAIFO
ZX A 583191 u] oo ErFo] Aoz FrhE
A=t S7E A, oFRY FES TXIAA A o8&

e 1%+ gtk etk

{ Ingredients |—>| Liquefaction/Dissolution |47
1]

Dosing system |
v
Mixing |<7
L]

Particle generation | Gas recycling |

L] [}

Separation of Solids Solvent removal |

L]

Postprocessing |

opt.

[ 1]

Figure 3. Block diagram for spray processes for particle generation.



56 F&0/= A28 A2z, 20065 62

Ak (@)9F 2o] oteg AEAR

& &l ekEo] FAbEaL o] o]
H

2]

2ol 27 572 #7E 5
El oS

% BAZA oHEO) A%H YRS WE/l golsth. ok
s

hyA

Bt Al AEe yEA]) o

A el AEslE= At EZHA ol wdskA &

WA SRES MEUT (D QA el o2 ool Sla) S
AHESE ABHE U obE S HE, (©F
Fo FYA BOT AME FAEY 3 ATE Bt

o] ATE Bl obEe WE FuS ekt

2.3 27 A S o83 PR Alx

AR ZE 2l Fash vt BAR ] AAle] g delx
215-2 BFAZ (spray drying), 25442743} (spray crystallization)
T S 719 AY S AET FARSHE AR Alxel 2
Q3% 7 &A1 F4E Figure 30 =218} a3tk 37 2] BFY
et zb GAC] EA= el QS S AL Ao R

1] 297 3852 Figure 39 ¥A|E WAES XL

T

AR A71el= A8 SZolv EFES HA 52 1A A
Bl = EAISE = Qlrk 1A AJEHY A9 o= HAA RAL 7
sk FEIE vhEo] F= Zlo] TQ3th 294 Aol 25k 24 83l
% AL (RESS), 4] &u ol £3] 5 A} (Supercritical
Antisolvent System, SAS), Q1A FAlo] 28t 7}Aas} & FAF
(PGSS) 5] 11 w4l WHHEolt

31 A% A=

PGSS W& F3sto] @il &N encapsulation)E 2]
o AN ARRAY TRAS IR chaal ek Al T
Q1 Poly (lactic-co-glycolic acid) (PLGA, M.W.: 85,000-160,000)
= A A lactide$} glycolideE 50:50 0.7 371335 A
S A3 AL, Blo] Ak (chicken egg white, 3x crystallized,
dialyzed and lyophilized), Bovine Serum Albumin (BSA,
fraction V, minimum 98% (electrophoresis)) = SIGMAA}]|
AT 22 AR oA 99.0%] SR A 3
A k2ol T8

316, 7}2 115mm, A& 110mm, Zo] 255mm, W7 10mm,
53] 80mle] FZ7|E AE Hivk ARl v olilsleh e
AL 2(RBC30, JEIO TECH)Z AXwWA 1t Hx
(high pressure pump, P-50, Thar)]| &) =¥} ok
ZRIE UL oilsRiaE VIR FHE7] el g7

=]
TTooT

L T

K e

A: CO; cylinder, B: Cooler, C: Pump, D: Back pressure regulator,

E: Heating chamber, F: Pre-heater, G: High pressure vessel with two
sight glasses,

H: Ball valve, I: Nozzle, J: Collecting chamber, K: N, cylinder,

Figure 4. Schematic diagram for the supercritical fluid apparatus.
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diameter and 9cm nozzle-valve distance.
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Table 1. Mean particle size and size distribution of processed
PLGA and PLGA-lysozyme

Tempera- Concentration Noza Eelmgecr? Average| Particle
ozzle

ture  [Pressure | Solutes | Lysozyme Size Nozzle | Particle Size
(MPa) |in 5cCOp| in PLGA | (inch) Vaanlee Size | Distribution
(©) (W) | (wt) G| ) | ()
38 20 0.83 0 0.06 9 [357.720| 349.300
38 20 0.83 30 0.06 9 [322938| 254.758

Table 2. The effect of Lysozyme concentration on mean particle
size and size distribution of PLGA-lysozyme

Concentration Distance :
Tempera: o o csure Nozzle betwelen ’A‘P\alretrli?ee Pgritzlgle
ture Solutes |Lysozyme | g;,q Nozzle

) , S and . Lo
0 (MPa) |n(\:l%’CA)<))z |n(v|:t|5/$A (inch) Vé% . ?Zr; Dlstzlzll;tmn
38 25 0.74 5 0.06 9 384.201| 347.843
38 25 0.74 10 0.06 9 291.058| 277.258
38 25 0.74 30 0.06 9 104.209| 95471

Figure 7. SEM photographs of PLGA-lysozyme particles at 38°C, 25
MPa, 0.74 wt% solutes (PLGA+lysozyme) in scCO,,0.06"
nozzle diameter and 9cm nozzle-valve distance.
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10 wt%

Figure 9. SEM photographs of PLGA-BSA particles at 38°C,
25 MPa, 0.83 wt% solutes (PLGA+BSA) in scCOy,
0.06" nozzle diameter and 9 c¢cm nozzle-valve distance.
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Figure 10. PLGA particles encapsulating lysozyme, (a) protein
activity at ambient condition. (b) protein activity on times.
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