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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, temperature, 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, (iii) 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 1072 wt% exists inside the powder.
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ZA1) B9, Gao 52 Red Lake C 2= G8E opA|Ee] =<
T SASHle R 78 dAE AxlEd B =Fe] WS 5
~500 um= WH3}AZ o] 1 pm o]3ke] ull$- v]Ast & T
5 4 Joltkr Basgick! w8k Reverchon 52 Disperse Red
602H= ARl A Axsigi= ol A% A4 Qe
A7) FAeh izt E5 8], 5, & Tl dste] 2dd
 olrk wwelgiek. o Agela] T2 9 nme] 78 S
QUATE A A= vl 22 7 24 Fue 9o
itk wsh,

Kim 557 SASH ] A% 2904 fAlol o5k garAEz
(solution enhanced dispersion by supercritical fluid, SEDS)
T AREBIET] o] 714 coaxial nozzdes F3 wulE &
A} ojrksleba s HHZE £07 FAlo] F8k Aot ol &
g gola} oilsleiag FAle] AL EFE 7] witel whE
hazslel §Ix; AP o' QIgh nlAska wkE %} P o]
Q). mel ghalg oz g2lo] 2z} (lysozyme) = ¥ EU8 A
Aol Aghet Ak Axshr] flste] 25, o, Buixdat 22
ST A AR 271 9 - Aol wiAE gl st
o] AT E3t Park 52] 2007 =& SAS A5
ARSI fluconazoled] A4S &% 60~80 C, &8 80~160
barol|A] tlEZZw|gk(dichloromethane), oMHE i AEHs &
9] gulE ARgste] AW YAE WHE & 4S5 DSCdi-
fferential scanning calorimetry), TGA (thermo gravimetry
analysis), 31 XRD(powder X—ray diffraction), FT—IR
(Fourier transform infrared spectroscopy), SEM (scanning
electron microscopy) G2 FX& AHE3sto] EA8I3ITE Va—
tanara & 2 WAk dlell) 2JokEe] AFQ salbu—
tamol sulphate?] T4l YAE A Z3FHF T Aol = HAF Bk
o) QA wIEgIom, Qe Al el v B FEs
Folo] Lo wlg- oEFTH= 218 vtk Tsivintzelis 52"
SAS HX|Z A3k poly (L—lactic acid) (PLLA) 2] A= #|
zepglom igo] SUVETE 257t AAades Ak =007t
ZolA) = AL W5k, Tenorio 5 ©]eEEQ] ampicillin
o] A= AlxElsdl 58] AREE 8ol SRk oelel o
2k 7ke] =719k w7t v o] A S Qlar, ol TS
T8 AP doixlkar Bkl

FHzo] o]st Ak Alxel| W AT EFS HY vlojaw
71014 gk &l ¥ 2R sub—micro, & e 719 SRS ®E
=] 27o] HolA|aL glom g’ oA Gupta 59" &
T Bael At 253 IXI71E 1] SAS Aol FAA|
A0k o A 297 0 Aol A1 AEL Fof 29
Al FAlell Eolxt HAlFo] Bt ujAlEkA AA| YRR A =5
sto] 1 AR dofx 1A YgAre] AARE FAIE = Qo YAk
PEEE Fokd 4 9Jehs 2ol ol9) do] 283 2717} 2
ZHE SAS W& Ao R Aibshs 3R XgE o), A
7) 2 9 vl R A Fhssk, ) 897} golsiohs 4
oA Rt a8l Wolgta 2 4 Q& Aoltk Guptad 1=
FoliE 253k §3 SAS A7} aljX] (batch) 2102 TIARIES]
B 2 Ao A%A SASE Azsle] AAl AlFE

PA W] FAr el &%k grolaxtdo] e EIArtEFEAY AR Al W 54 169

olF o]&ste] YA} A|F=el ARSI Zlo] Guptaglke] APE
sh¥l Holrt

ESE 2 ATellAE o]#fst SAS FAFE o] gate] golAaatd]
(ysozyme)©] WX Z&]7lvla8XH poly (y—glutamic acid):
PGA) 4=} Alxel] Ag-ate] Kokt o714 glo]aaigle whd
Aol eokE BEll ek o ARGE ST PGAL olelgh glolx
29S Eea AXshs EAE ARSI A Bad A
2= T3 gpo]Aq] =48Rk QAL AlxE SASH e &gk
17w A77) aEo] gko} ! QiAo o3t 2ok
2pdo] Ul a2} RF Al FHoll SojehA] BAH R A
T7) AlZeigiet. § ol #2005\l Shakesheff 5-&1* 7%
A 23} 7F43AX] poly (lactic acid) (PLA) & %%
| A oA E3 & Pgho 24 glo]Aixels SO E PLA
£ A% 74 IS BEor} 1 271 10~300 pmEH
egAlz & g+ gtk 58] st PGASH thE Wizl 3
7 o]gslo] -7 A (core—shel) T3] Wi AR Az &
S ATt o7 g w7t glrk o7)A4 AR PGAE A€
o] 7kadt ThilA uRARA] F=Ade] FARR! ARt Ato| 2
Z Al 73] s7F ok 2R, 2 Ao Te7t 582 T
210l vzl A|e] ook o 7 tiA|sle] okAlE AlZehd -
2] AlAlelli= PGAE 3llehs 847t QLo v g oJokzo] AlAls] W
=49 & 3= DDS(drug delivery system) ©] w9~ 2 skt o
7V = 7 Ak webs] 229k FR)7F F-2E SAS well Rk
H ofe] 34 FuEEs 2@etol H29 Ak Az 9 Alxd
ARF HelXe] = ARe] 740 W A 72E Bl Slo] o]
=l T HAoltt
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ME 2 A3 k=g ITE 98E sk AXAZMN AL
45 Z7mEFg4 (poly (y—glutamic acid); PGA, Bio—
Readers) 2 218 7l3t nEx2A4] A2 256000 g/mol
o], Tl AlFe oJekEe] ndl itEREA gho]iatd]
(lysozyme, Sigma)©] AFEE10H o]of tjst AAst 54 4 &
d%=1= Table 190 715310tk PGAS} glo]axt)e B f3A
719 BAlell 2] @A kel Avtdt B 2k Qle g
24 oH"ed ZAlo] = (dimethyl sulfoxide; DMSO, Aldrich)
7} gl ARSEISIE tho = 2ol Azlgle] ARV (bioactivity)

g HZxoz AME vlEg]o}EE= micrococcus lysodeikticus

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

MW Solubility  Solubility
Solute (g/nol) Morphology* inDMSO  in Water
at2b T at25 C
Poly 4-glutamic acid) 256000  Phecal O X
particle
Irregular
Lysozyme 14000 flat crystal O O

(O :dissolved 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,
COg siphon 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} E&lol whe} Mdelw gl
T AR EEe] el tist SEM AR Figure 104 H
S 71 0] PGAX A2 971 o] sl 7 2ol o]
2apole. yare] A4 wokolglt).

E2|H, A31¢ A25, 2007

el

Aot

=]
RS

HX|. SAS A7} 4 FFe FQ FRog A é'ﬂ NS
Figure 2014 BoiF=ar 9tk 94 part [oAE o182 $13101 CO.
_]—_,ol- 'El]
ZH3%
_?_

2 Y12 ABA7) L, 1Y
olg e} A ol g FUHLE L
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25} SfElo] 2dEm, ofuf A b back—pressure
771 (VB & gk geo] dAsHAl AA=%% gt Part |
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=5 53t %xd*ai WA A5E BuH, o] FHAPC) ol
2he 250 719 AVl 2239 97 247](Kodo Technic
Research) ol 2]3] ZdHc) COell 23l 4= 100% ©1’d F-3] =
e g 77] fulle Al A GRS R F B RRs) 3
steel frit (Y52 FE) & F3to] part IVE] @& <] jﬁfg’“
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Aoz yolA Hi, gAY 7] T2 URUX|A ok °]
ol SASHel &3l Ade mAAr SEEs AAAEPC) vie Y
o] HoR A Hck AT HFA 0 e 2ee B
A9 H A (Setra C206) 2, <5+ Pt 100 Q AAZ S35 ch
olwf FHA] EF £05 T olulelr =4 FAsk] flste]
gre 7o) Eo| Az g]tﬂ S &3k g].\:i tzel itk

A|E KOI |:|| H=E, /\] =0 _l]l ﬂ _g_oﬂo H‘I,—zs:] ia %
g HAA=E SofrhH, o] ‘ql o B& 253 ] 3wl ok
SHAl HEAIROZN fods U] [ eI PN AR e BT S 1)
AP EEE VIR 55 % 2 0.5 mL/minE 30~45% &
QF FleIgith oW Als &Ko F4lo] Fy Fo|= ¢hds]
ZE g 471 S8l COzE 90+ o 71]’—7 S E] 2
F718E Fdigk AAs =31k

Uxle] 37| #M o =M BM. Az A AEE AR A
2 &) (SEM, JEOL 6500F) 02 §iaks S7d3k3lar, olwf ¢
28] 7] AL golsHl a7l flste] A sl AES e (TDI
Scope eyes, Techsan) & AM-SISITE B8k AlZ2E IR} Ujol|A]
PGAS} #ho]axkyl 839 28]+ FT-IRJASCO 300E)
£ ARESIGlem o] ¥hHe| BRdAdS SASH o R dE wAl izt
= i 4R X DMSO o] NMR Bruker DPX—
200 MHZ) & A=} #418191t)

20| AKX}l o] x| &M (Bioactivity) S&. Micrococcus lyso—
deikticus Hreg]o} £-M2 phosphate 8N (pH=7) 90 mL
2} NaCl(1 wt%) 10 mLel gElglo} 20 mge] HlE=Z 4o] ve
o, gfo]artq] g T2 M (pH=7) 100 mLel =k
o]t 4 mgs = veH, wEglel £ 2.5 mLe go]aat
ol g 0,25 mLE 38t 5 UV—7A384 E34(Ocean Optics,
DH-2000) & o83 3 450 nmeol|A] Alztel] & S4=2
W32 S48k P

L0 2] DMSO ZHIZAL wlA] §1#} qtell EAl8H= DMSO
9] =8 flame ionization detector (FID) 74|77} &2ke B4
# 714 AZekE 233 (Shimadzu GC—2010) 2 #23}A
$017) A (carrier gas) & FAZIA7F AFEEQIoH, oju] AY
(Agilent, DB—5 capillary column) 2] %2 1.53 mL/min
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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, (c) 100 bar at 30 C, and (d) 100 bar at 35 C.

fEal 20 st Hstk Fdd w2 Jxke] 2= o=
Lxol 7P W Qe Metha RuEglee, T 2 A
oA oS 80 barst 100 bar, 25& 30 €8} 35 C= 7+
7} A7 o152 28l 80 bare} 30 C, 80 barg} 35 C, 100
bar2} 30 C, 100 bar®} 35 C2] W] 71X 244 AdS st
Stk ©3714 80 bargl 30 Co] A% AL I3 T =
Al Z70] ofg} Babkae] A Folgta & 4= Al
o] A¥ %71 Ags] %A Fz7lo] oprlEk: Ak Aol 7f
e AR Slek] AgEidith ¢4 dEle] SRS,
27t GolAsE QIxF A7) Fopls & 4 olidl EdoA
B vpe} H|5gt A Hol Fu ek oledt o)
gto] Z7FE i 257} Wold4=E DMS0S] 37}
St MY A T AASE f7)80 e v|AEkA
7Mo1A] FAkE]= Zlolek o]9} o] w9} hEel] whE 1Ak 7]
o] W3} o 710 i) APA AP £ YAE Ko
F3 9tk AR Yeo 59 =l oJau CO, tielln gt
o2 DMSOS] = A3 A7g Aund, &% 35 C, o9
70 barolAE oF 150% §-9] o], & 2% 75 barolAl=
370% == 5] o] 7Ishar Ao ® TR He a1 gl
o} wEbd 750] Bk Exel oJshit $a) A8 xpelA e
DMSO #3] 3= 80 barolAi= #oi% 600% ©1d, 100 bar

rr

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

Temp. Pressure Needle Dia. C  Particle Dia. Deviation

(C) (bar) (mm) (Wt%) (um) (fpm)
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
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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.

o7 BE IRk 7] W AHA oisk JRE Table 200 291
t}. Figure 33} Table 25 2w R, 942 80 barolld] &= 5 C
A2 QIAF A7) 25%, 100 barold 25 5 T 52 45% A=

o) §Jx 21719) F71% ZasIgick. 2efuh gele] 80 bareld 100

bariz 9% e Zhe] xold thie 40% AE) Siat 2]
o FaE G ol vl M AF AnE FHs] 2 1)

Z9A =08t ol AR FelME 4t o] 7 sl
AL dRe] 7] 2EE 2ok fERte] 2goR: A Wl Wl
oMz vlg- golakAl & 4= A, MEQl ]Ixke] 7] WA=
Hu) 2719 dRpel HA 2719 gl 27] #Jel7F ~1 pm €]
ol Aoz YEehth

ZE WA@e| dak 2ol ulf- #2 Z5u 2x17] BH
o Yol 2 G5 tFE AFATIER 2 Aeli= F UlE-
o= 9)Ho] 7h= FAY] vhkso] ARSEIGITE ofw] AREE vhse]
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Astm s, o] w2 A Uldo] 0.26 mm, vk Be] T}
0.13 mm¢! FAP] vls(gauge 25)S ARSI 1 0)8+= gauge
3249 o] v Zrow FF HAEo] FAY| vles v |
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oA sl om, oluf gl FEE= 0.7 wthE AT F wE9
et gelste] A3e Wskleh. $-4 Figure 4914 SEM AL
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7o)l 0.51 mm=E AlZxH Yxke] Ae-2H Hit 7% 2.00+
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tiRlRlel we} §JAke] 717} kS wh=ths Blo) HagltoX0!
A8l Age Bt 53] 5% 0.7 wi%old W (02 <
2ke] Bt 271 () Atele] #AAL y(um) = 1.15+1.7x(mm) =
dojxiom, o] Ao] efnjsh= Z12 8 100 bar, <% 30 C, %
0.7 wt%olM iz ol =& WAES 43t % tigk 1.15 um o3}
9] §IAt Ax7E E7Fssrhs Zolek o7k dRke] Aoz Aa71E 2
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AlA Bt o] R A3z =2 100 bar,
& W2 0.26 mm= ¥ZAZ H F=5 0.3, 0.5, 0.7, 1
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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. Tt shows that the value of 8A41730(EA1730—A1710) 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 dA..r 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: 1.067 X107 %sec™), (@)
lysozyme after treatment of SAS process (slope: 7.81 X107 *sec™).
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