Polymer (Korea), Vol. 31, No. 2, pp 168—176, 2007

| BE20H o)l ofgt 2jojaXI0] LiEE

OIS -5 2 HEH - wUN'
Fo3Trga RREAFLF, *FHr)sm 35
(2007d 2€ 89 HFF, 2007d 3€ 209 A=)

Preparation and Characterization of Microparticles of
Poly(y-glutamic acid) Containing Lysozyme by means of
Supercritical Anti-Solvent (SAS) Precipitation Process

Dong Il Lee, Yun Ling, Moon Hee Sung*, and Il Hyun Park’
Department of Polymer Science and Engineering,
Kumoh National Institute of Technology, Gumi, Gyungbuk 730—701, Korea
* Department of Chemistry, Kookmin University, Seoul 136—702, Korea
(Received February 8, 2007,accepted March 20, 2007)

=8 fo)aAol Uxg ZeuEF R (PGA) 9 ME-To|3E 2719 mlAgAE 4Y, &5 =5
7, BE 5& WsAAZMEA 20 vl A (SAS) 02 AZ3}dk SASHE AAH A= ol 2
TF, 2t RETE, =T Wol AEFE, ¥ H25 AL YA doigith FT-IRE 4% 23, £

o
by

g 2719 PGA:glo]2A=50 : 502 FAJH|E= SAS F4& AXEA IFF ]2} Yol 33 1 672 W3}
Bt o)72 PGAZ} Blol Al R e} 'z EA/HE A ZA| =(DMSO) £3-8of o 2 $3=E 717
WiEel Zeg FEHEch ko3l % B Wiel A A #-Ad TxE A1 jler, § e &
olaAtdo] PATHE A0 AR BAE B A} el 7.8x107° wthe FEZ m|Fe] DMSO7} &

3L glgol wFch

Abstract : The sub—micron particles of poly (y—glutamic acid) (PGA) containing lysozyme have been
prepared using supercritical antisolvent (SAS) precipitation process at various experimental conditions
such as pressure, temperatire, inner diameter of nozzle, and concentration. As overall results of the
application of SAS process to this system, the smaller size powder has been produced as (i) increasing
pressure, (i) decreasing temperature, (i) decreasing the inner diameter of nozzle, and (iv) decreasing
the concentration of PGA and lysozyme. It is found by means of FT—IR analysis that during SAS process,
the composition has changed from the original composition of PGA : lysozyme=50 : 50 into PGA :
lysozyme=33 : 67 at final product powder. It means that PGA has higher solubility for the mixed solvent
of carbon dioxide and dimethyl sulfoxide (DMSO). Due to such difference of solubility, this particle forms
the core—shell structure of which the core consists mainly of lysozyme. It is also found that the residual
DMSO amount of 7.8 X 1073 wt% exists inside the powder.
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g B Ao x]= o]eidk SAS AR E o] &3t go] xSl
(ysozyme)©] WEH Z)7ulZ2F84Hpoly (y—glutamic acid):
PGA) A} Alzel] Ag3to] Bkt of7]A glo]iaielS vzl
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HE. B Agolr] kg T A8 k= AXAZA AL
28 Zg|7alE 392 poly (y—glutamic acid); PGA, Bio—
Readers) & A4 7153 ni¥A2A Ex#2 256000 g/mol
olgla, whlA AEol oekEe] mwl FEEA Fho]iA]]
(Iysozyme, Sigma)©] AREEISIoH o] thst AAlgt B4 U &
FE= Table 10 71231590k PGAS} 2folaAqlE 27 §3iA)
710 FA)el 297 Aol Akt BREE 2k Qe S
24 dudAZALo| = (dimethyl sulfoxide; DMSO, Aldrich)
7} Agef] ARESIC) TREo 2 Bje)iAl|le] AR (bioactivity)

A8 2R og Akgd vhglolEs micrococcus lysodeikticus

Table 1. The Solubility of Two Solutes in Two Solvents at 25 C
and Their Morphology in Untreated State

Solubility — Solubility

Solute (gl\//[W ) Morphology* inDMSO  in Water
o a2 C a2 T
L Spherical
- X
Poly (y—glutamic acid) 256000 particle O
Irregular
Lysozyme 14000 flat erystal O O

(O tdissolved X : non—dissolved. * It was shown in Figure 1.
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Figure 1. Original SEM images of two solutes of (a)poly (y—
glutamic acid) and (b) lysozyme in untreated state.

Figure 2. Schematic representation of our SAS apparatus. A,
COgzsiphon tank; B, cooler; C, ultrasonic generator; D, polymer
solution; F, steel frit; G, wet gas test meter; H, horn of ultra—
sonicator; P, pressure gauge; T, temperature gauge; R, rota—
meter; P1 and P2, high pressure liquid pumps; VB1 and VB2, back
pressure regulator; V1, V2 and V3, control valves; VM, micro—
metering valve; PC, precipitation chamber; EC, expansion chamber.

(Sigma) 7} £310) wle} de g}, P2
T AR 29 el gk SEM ARIE Figure 1904 B
T A Zo] PGAE AZE 9A Bo] e 78 Toko|i} glo)
AAFIE WA H7 Hekolgtt

Z2|H, A319 A2F, 20074

Mo

M
ot

5 -

x| SAS FA7F 4 FFQ) Fo FROZ FAHL 5
Figure 2014 B33 ek 94 part [ 055 913t CO
= JZ7)7 A3A7) 3, 28 BE(Lab Alliance: Series IDE
olg3lo] A o)F £ A 1et B o3 COt
part 1] FHAPOUZE Eolzt § 244 /A Be7t HEF
259 geo] 2w, o] JHAE ¢4EE- back—pressure
Z7|(VBD) R k= ko] I FAEES dt. Part I
< 4 AETL Bolle AA S JRAR FYATIE B
olty. dA] 22 FH gt FEF AMEEt] T vl BYY
&S B3lo] FHAE A AEE 1A, o] FAHEPO) o F
2E 259 719 A7lEe 253 B 247](Kodo Technic
Research) ol &3l ZE¥u} COzell 3 4= 100% o1 ¥ =
& ¢ 7] Sl vA 1A YAE e F ekas 34
steel frit(¥F<] HE)) L B3l part [V w2 4g9] B34
ECZ w7, AMg §7] Sl B3 vl 3¢ &
Aoz yol7 Hu, eibrlAgt 7] o2 JBUR|A Frt o]
W SASHe] ol A3E mAHIAF FEES FAAPO) v 2
Hdo]] Zoix)A frk AAA e g 25 BT
A8 A (Setra C206) 2, =+ Pt 100 Q AA=Z 3315k
ol FAM] 25E 05 T oolld 22 x5 A
g2x0] Bo| FAA dES SRS ARl HIo

ANE FY Y AX AEE BA 94 42 vlsd =58 F
3 FANZE Borh, o] Wl =F9) B 239 W3] FHe| ¢
Al FAEAZDCEAN FAE ulAdl BAAE £ Ql%la, 99
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PGA S} glo] 2R 359 24U FT-IR(JASCO 300E)
& ARSI e o] WRle Bl SASH R ¢ w4 dAk
2 A 542 XFgE DMSOY) 59 NMR (Bruker DPX—
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2jo|AXI o MA| &M (Bioactivity) £X. Micrococcus lyso—
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Figure 3. SEM images showing the effect of pressure and temperature at C=0.5 wt% and PGA:Lysozyme=5:5. The operating
conditions are (a) 80 bar at 30 C, (b) 80 bar at 35 C, (¢) 100 bar at 30 C, and (d) 100 bar at 35 C.
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Bugh vkl w5 A By Fa1 k0T o)gjst o
= 8o SIEFE Ty 250} Wold4E DMS02 At
Z7kska, 8 A= AT} ARGE §7)8n) WL e
7oA BAkERE Zo|th o]} o] 259} el wE dA} 7]
o] ¥z} o2 719 gy A3Y A 2 AXE B
Fa 9tk FAR Yeo 59 =8l gJapd!? COp WellA o)
WE DMS0S BAE 4% AAE A9eq, &% 35 ¢, oF
70 barelME o 150% F3) s#go), 782 2% 75 baroME
370% HEF Fu) Bgo) 7slarHos F/1ES Bof a1 )
o} wlebd] 5o] sk B3| ojatd 9u] A3 Z7iefr
DMSO 3] 3%+ 80 barolM= A% 600% ©14, 100 bar

Table 2. Particles' Diameter and Deviation Prepared at Various
Operating Conditions

Temp. Pressure Needle Dia. C  Particle Dia. Deviation

(T) (bar) (mm) (wt%) (um) (fum)
30 80 0.26 0.5 1.22 0.17
35 80 0.26 0.5 1.52 0.31
30 100 0.26 0.5 0.65 0.12
35 100 0.26 0.5 0.95 0.11
30 100 0.13 0.7 1.35 0.26
30 100 0.26 0.7 1.61 0.24
30 100 0.51 0.7 2.00 0.40
35 100 0.26 0.3 0.72 0.22
35 100 0.26 0.5 1.01 0.42
35 100 0.26 0.7 1.12 0.38
35 100 0.26 1.0 1.14 0.32

o429l 1000% ol 2 Ao® 58tk = Kordikowski 5]
SEE =Rl AN o]2A] Aate] gstd DMS0 CO,
welld e} FPwE gEo] S7HEE, S5t ARTTS, WY
A

.
=
i)
¥
I
st
ot
o
rlo
1N
!
ﬁ
i1
To
=
=
He
*
o
P
=
o 9

=
wA] o} gl o] vl SIRKE RhEo] A & gl Aotk
3] =9} qhEo] ERlgste] F9lE gelo]
F23] o] FofA A ekord BN AAVE rthe HA nige]
of ol AElE Uehte A& = E 5 SISt

Figure 304 Bl F5%0] ghollx] Slsh 25, ¢4 2xisellA
T YRpEe] # wEolAaL Qlom, ek 2 2dex v

}-NI it
juie
)
[@
o
Iy
o

w S

p

Polymer (Korea), Vol. 31, No. 2, 2007



172 olFY -

off
Ho

KUMEE KUMGI

(a)

KUMOIH E 150K X2.000

©

Figure 4. SEM images of SAS products prepared with various needle inner diameters. (a) 0.13 mm, (b) 0.26 mm, and (c) 0.51 mm.
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28} B A7) (1) ARl AL y(um) = 1.15+1.7x(mm) =
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wi%E WA A 7FaN Fred wE QAR 27)F GobRsgith
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57 7S F2 0.3 wt%olA 0.72 pmEA 7 22 iR A2
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umZz F718] B5 A} FEsslet ol#ist H &2 Reverchon
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oxicillin ¥%9] 7l whet 9=kl =717 0.3)4 1.2 ym 2
F71tHe Ba9? n)ede ¥el F1 vk ZeEy 2 A3
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= Sk g 2] St avE X 10% FF HERY,
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B} A B9 swel FUHA S 2719 Jakao] 24
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Figure 5. SEM images of SAS products obtained at various concentrations of poly (y—glutamic acid) and lysozyme. (a) 0.3 wt%, (b)

0.5 wt%, (c) 0.7 wt%, and (d)1 wt%.
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Figure 6. FT—IR absorbance spectra at various compositions of
PGA. It shows that the value of 84173 &EA1730— Aimo) strongly
depends on the composition of PGA.
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Figure 7. Standard calibration curve of FT—IR obtained with
several fixed compositions of PGA. If the dAcr value of the
sample is obtained from FT~IR, the weight percentage of PGA
can be calculated easily from this calibration curve.
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Figure 8. FT—IR spectrum of our powder product prepared by
SAS process. The input composition was PGA : Lysozyme=
50 : 50 but the composition of the final product was found as
PGA : Lysozyme=33 : 67 using the standard calibration curve
shown in Figure 7.
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Figure 9. Change of absorbance at wavelength 450nm against
time. (O) original lysozyme (slope: 1.067X10 %sec™?), (@)
lysozyme after treatment of SAS process (slope: 7.81 X 10 *sec™).
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