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w2 R, BRHES,  FRARS
(L P RRE R TRFAUT A TR A 650 %, bt 100080; 2. ESUL TR L ARl S HA B, Jbst 100029)

& E: RAMIUEIE S S REL G H SR AR — T 5 10 DU FLRR R 2R (FLIR 2 5L O R) IL R W ok A 1R 48 vl
MK 3E, R34l B3 CV(Coefficient of Variation)ly 14.04%, Ak T-HLIRSHEFE: 01 & MEE CV(76.54%). 43 %)
IO N ZKARZS 57 PVA, PEG400, HP-B-CD, 3 ¥ Bl 1 £ 31 26 MJCER INFAIRT 1) 68.1% 53735 K2 86.6%, 89.0%F1
94.1%. VS INFAIBRAR T 45 5 5 X 58 BE. PEGA00, PEG6000, HP-B-CD I BRAR T 5 i g B3 %, 17 PVP BY PVA #
I TUL IR T 5 B T R T A VT AEE 9k 7K A T R B A A R R B SRR FERE R I\ PEGA400, PEG6000,
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PVP, HP-B-CD W] 45 &5 b BE Gt T JPH 7K S T30 3 140 3 s Il 1 P 4 2.
KR BT RIERIZERE: R RELR-FRELR)ILRY); W

FESES: RI44.5 XERFRIRED: A

1 W&

K T A= B R e 2y i T B R 4 2 2
FCh H AT . AR e B2 RE ) £ 1A A
AR N e R N 2] TS W TR ST
SN LRI SR, X e B o 4% 1 e
W RARAY —, A SEMEH AR, A
JranmbEZzE . ORI EIEAL: . PR ZRAK.
Nakashima %1F- 1998 4F & Y4 th AL SLAL B A
(Shirasu Porous Glass, SPG)H T ¥ £ fi Fh FLIE AN —
{167 i 5. Omii 257511 Ma 251 ORK 12 45 AR N 1 4% T il e
(I, HHT, SPG IEFLALEIAR gl H T« Aol
B2y, ARk, Ay B A4,

K IS LA i) % 52 FL 0 A7 A A B L AR e 1k 22
R R, LA R 38 L AAS 2 WL/O HIFL
ERSWIED FEE SPG K 5 A 3] 4 /K 48 6 1k
W1/O/W, 3. W1/O HIFLIBE T EATE R R, R
507 )2 FERIABEAREE . VLB AT K S 80T
LA R R B AN RS, B 2B s S LI R AR 1Y
— k.

A SRR RALR(PLA). RELR-F2
2 R) LY (PLGA) . B A B (PCL)MM . 2R 1R I
(PAV AL WL RS i 2> T PLA FI PLGA, &
B, HA RIFIVAEYAHENE, 1R T B kg 58
[E £r i 5 2450058 1) (FDA)HEAE R ] T il R34, AT
YEi%E ] PLA F1 PLGA SISk, DA BB A 18 254,
PR FH I FL A2 5 S FLEE 28 R AR 45 G il £ R 1y
— ) PLA/PLGA 2 24 Th%E.

¥ BHA: 2005-09-06, f&E HHEA: 2005-12-06
EEWH: HRAHEFERSLLSHIITH 'S : 20125616)

XEHS: 1009-606X(2006)04—0603-05

52 3L R B D) ) Rk St 2 S 8E A
SR I, B A TURTE, — R AR R Ak
AKARFIIAFE H. 3R LIGRE(PVA)Z AN KA FH
SER, HoREs o, B RIHERRED, ARk
BN KAH. SR LI Be /i (PVP)E Jg A 7K A s
INF e 3 O 2R (1 7E PLGA T3 b (1) B HEFIRE
JBCRGEES, AR R R S AR AR . MW
VIR L I (PEG) /3 8 T-iAH, R FH W 55 I8y 45 1
B, RO SR, AT e R B2
¥ (HP-B-CD) sk /> FL i 2% iali 7K ST 3 3501 2 i
A e RIS K T AR H PEG400, PEG6000, PVA,
PVP, HP-B-CD 1E& P /KARES NG, 25 S HON T
PR R TBOE ZE 50w, FEH)0 268 T HON B B I 1) £
EH.

2 MEEFE
2.1 TS

BEHLIR(D,L-PLA, M,,=300 kDa), % (FLiE— 25 2.1%)
JLE W (PLA:PGA=T75:25, M,=8 kDa, LlIZ%4 BT 2k
WEFLHT), Arlacel 83(PK/K L ZEEEAS -y TG, Sigma), ¥
Bl (Lysozyme, BBI), R ZMEE(ZE AL 1700, Kuraray),
PEG6000(Biotech grade, BBI), 7. — & H %y AL
AT AT, HoAl b 23R 5034 4 T 85 4 Fr 4.

SPG JI 3,4k 2%  (Ise Chemical Co.), ¥R FL 4L AL
SO AL ST ), B HL(GS-6KR, Beckman),
B HNAT WL H(Amersham Biosciences), 37 & 547
i 7 M (JSM—6700F, JEOL), M0 Hi % 1% (Coulter
LS230, Coulter Co.).

EE RN 2ININ(L982-), 2, WA H SN, WL, ATl Sk, @R A, Tel: 010-82627072, E-mail: ghma@home.ipe.ac.cn.
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2.2 HENSE

KRS FLAG A FL R 28 Rl 4 PLAIPLGA
WAL, LW UE, LI LA R AT
9800~12000 r/min. #FEISIAIFE 30~70 s I, FEAAGE
WS B IR VS ). SR A ISR, B IR R
10800 r/min FNH5E I A] 50 s. TS K FH oK A
Fih 2179(p) IR -G E A AR, 98> KA S5 AR )
WIS 7, L Arlacel 83 1E A AR FLAL T, #4541 300
kDa ff) PLA 57375 8 kDa ff] PLGA JL[RI¥fi# T Al
DARE AR TRORE RS, WIFLAS T I TA)IA 24 h,

# 5.0 mg W T FE T 250 pl 25 55 1K A 3.0%(w)
IS INAN KB A AE KA Wy, 4 0.125 g PLA,
0.125 g PLGA, 0.0625 g Arlacel 83 %7~ 2.5 g 2/ &
H BRI AR TPV AT O. B8, H5 KA I 23
A, LA 10800 r/min 24 5iFLAk 50 s, 15 EIHIFLHE WA/O.
IE, RS IER M RYIFLI WL/ 22221 1S SPG
JE S N2 70 mL 75 1.0% PVA [KI4MKH B Bk 21—
19 W1/O/W, 7L . 52 FLI0 T U s HE B U< B
JE 77 0 S 7, W 5 7 B T RBEFL R /N R 7K ) 5
5K 77, b TAE R DAE I G AR II0 L1 6% 5a,
W E I E N AR, R R e A, R AL
JE BRI B O, FHZETR/KVEVR 3 I, WA R
s RPN T- LA T4 48 h 1520 2 25 . M
T A T B 5 27 it PRSI AS HE PR

(i) s 4 AN LB P2 46 1A 55 SPGB LA A3
IR T S R 0 L, BCO7 5 AR, 23
KA ERFLAL, LA 10800 r/min FL4k 50 s.
2.3 HERRIE
2.3.1 QR E

HERAFRI 10.0 mg & T-3%E, JnA 0.1 mol/L NaOH
(5 2.0% SDS) 4.0 mL, =i F¥&¥% 24 h, THE5E2H iR
Ji, LL0.4 mol/L AR A1 LA Peterson—Lowry 252
R a e, R A YR DU A
T

A (EE)=

(I DU 1 0 et BV P 3 VAT B ) < 100%.

2.3.2 MRAMEEZRIAL I

ERfFR B 20.0 mg R T, A 1.5 mL PBS 221
W(pH=7.4), & T 37 CIEMEIRG A FE(120 r/min). &
WIECHE 1.0 mL b3S, 0003, [FIRAMA 1.0 mL Bt
i PBS ZE 103, LA Peterson—Lowry V2 5 b3 i s 14
PERACJSE . 7 24 R AR T I [ A i k.
2.3.3 KA s A B e

BRI 28K B, RO R BEAX

Coulter LS 230 k{2545, L CV {H(Coefficient of
Variation) i AR - RiA5 53 4 -

CV:[Z(di —H)Z/NTZ/H,
o di N AR AR, d A ARBUT IR, N OB
TH
2.3.4 KM

b BRI T 28K, R b
TR b, AR IS METE, AR, B R
/NPT R B e AERE A b, LA N4
WERSE, AR T BB ER.

2.3.5 JEPEMRI

W R DL DL K R v RE B3R TR (Micrococcus
lysodeikticus) s FE i e, Rl A2 5K «

(1) FCHIEYIEEH: 50 mg ¥ EEFLERE I 100
mL R £ 22 (185 mL 0.067 mol/L Na,HPO,, 315
mL 0.067 mol/L KH,PO,, 0.5 g NaCl, pH 7.0)J& &4t #E 5
min. SUEJE, DVBERRERZMCh 2, MR h % i
WK IR AT 450 nm AL IO RE I 52 0.65~0.67, i
SN By HRE Lh, RV

(2) AW B 3.0 mL EAEHBAAZ] 1 cm LE A
o, DUBERR AR 22 pPs 2 L, AE 450 nm Ab I e RO
TN 100 pb KSR DRIEOR G I IR, 2 min 5
BRI G (Es).

(3) FIH R A ST S B g I LU, E A
F.1LP BRI % ) B A > TR 45 4F R T 450 nm 4k
AR ' JEE A% 0.001/min FiT 75 (1 i i«

E.-E
2x0.001m
A m AR 10 b B 7 IR T ().

& S PE (Activity, Y)=(HC e 1 LLE oAk )
L BTG )% 100% K LA B (1) A2 4k 35 1t =T ¥ (bR
e 22, n=3.

3 HR5ih

3.1 WRFRAEMSRENENH

I3 R IS AL (LA 2.8 pm) BT LA 1261
R N, BT Wk 1 P, RIS
il R R R ERR, RiDEH AL, KRy, CV
BN 14.04%. SR AIHUBRSERE 20 2 TR BERR LA AE , T3k
PERDEI GV, KR )82, CV fHN 76.54%.

AT, RAAFRSLAZRR SPG R % HiA
FIREAR /N I T T e, T 5 9% T e T ke
BRALRZ IR AR, SRk 2 s, WA LUE Y,

=F.1.P.(U/mg),
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(a) SPG membrane emulsification

(b) Mechanical stirring method

P L LA i S UM P i ) 26 P B0 T I T 8 1 PR B

Fig.1 SEM photographs of microcapsules prepared by SPG membrane emulsification and mechanical stirring method

(b) 2.8 um
Bl 2 AFIFLAET SPGB FLAG I 4 1 23 AT B D 2 1) L i

Fig.2 SEM photographs of microcapsules prepared by membranes with different pore sizes

(a) 1.4 um

ANRIFLARR 7N RIS T DA 8 b A8 34— PR 8 2 ol
3.2 HRmFIx EIEEA 0

TE N KA 22 0NN 3.0%(0) HIAN [ 1A K AR
7, KRB 2.8 um (LIS 2 e, 5 s
W RIS R T T R, g5 Rnlsl 3 fr
. FHEIRT I, SR FH LU AL )2 TR e 1) 24 4 B M e s
T8 ey TR I MUBR A 1 25 ) 2 1 8 24 Tl 2 1 £
(30.1%). X2 ph T JBEFLAK T % 1) 52 L R AR 38 — 1
U, WAMKHR ARG LD, HEIHAR S
TR W, WO T A T RedE, A 29
RS AL A AAH TR IR E G, AN TR 1
fem T AR a A QIR AA PVA, PEG400,
HP-B-CD I, 24431ty Jovis sy 1¥) 68.1% ) 7l 14
K 86.6%, 89.0%F!1 94.1%.

INEEE I i 2540 60 JH 2R 1 R 3% 32 A W 7 T«
A1 A KA 2540 5 S R (HP-B-CD) vl fig kAL A
. BRI, 0K T 290 LT
WK AR IR AR Bt O By — 52 RG220 7 (PVA,
PVP) k2 A5 P 3545 (PEGA00, PEG6000), Wi ik
SR ETER T — 2SI, 0 N b KA, BHAS T
2 1620,

(c) 5.2 um (d) 9.6 um

100

80 -

60 H

40 {

20 n

Encapsulation efficiency (%)

0 1
None PEG400PEG6000PVA217 PVP CD  stirring

Additive

Bl 3 PN ACRHAS N5 el B 1 3 (1) 5 )
Fig.3 Effect of additive to inner aqueous phase on
encapsulation efficiency

3 AINFIA BRI

ISR IIN 3.0%( ) AN [ A ZKARZR s, - 25 52 F0xt
TR 2R TBOE 2 [ 2. FESAIRETT) 24 h 1, HH
THEREZ M E AR, SHIRREINS. LK
2318 LR FE B BRI AT g BRI 25 P 1K) SR
HHIE 4 wf 0L, TSI SE 1 RERER 9.0%,
TNFAIIANAS [ B FRAIC T 5 B I (10 5888, VA3 I PEG6000,
PEG400, HP-B-CD, PVA, PVP J5 [ 5B Il K 3.2%,
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5.7%, 6.3%, 6.2%, 7.4%. X 1] e K AN N7 1K 2
Wi H BEL RO Y K AR RS VE AT, Bb T 25
TR 2 W RS2 A, T B T W B 1)
SR HIOI IR B #EAH L, PEG400, PEG6000,
HP-B-CD #1175 T i 1R JEOH R FEAIC. T PVP A
PVA HI IS T 9 WO R 808 %, 5 S0P L —
2, JRU A AT RE S AR T PLA B8R A R RS [

< L Additive

g 30 |—m—None  —e—PVA /

£ —A—PEG400 —y— HP-§-CD v

s 40 —e—pvp —<— PEG6000 ’/‘/ PR

5 | Pt g

o 30- o /./././. R
g o

g L /‘," ._././o/./l /' N

© 2L ";..-0____,./- e

=] N ] vV 4 A

o K 4 ol :laﬁ/

2 10| gAmpraddA—

S L

o L

0 20 40 60 80 100
Time (d)
4 PZKARAS INAS RIS IR 1) PLAVPLGA T3 (¥R s th 26
Fig.4 Cumulative release profiles of lysozyme from microcapsules
prepared with different additives in inner aqueous phase

5 IR A R B E AT R
U AR T S A e R AR, AL A
PEBRAR, FEARNRBIROAR S 4, a5 RE N, MR
R REIRE . ASHIT TR 5T VR IR0 TR M T TR
FAEH].
¥ 6 mL 100 pg/mL RGN v B v S o
3.0% PEG400, PEG6000, PVP, HP-B-CD [ B A
BT HEE S, 5 3mL AR/ &P HRG, 7 10800
r/min NP 50s, BHE 4 h JEMUKBAHSE, BN ZE
W, TR 4 b BORE. I 2 REURE e, THRAE IR WA
L 9GS INGRINE, B s hikt 4h J5, i)
AR . 32 B TR J5 T et /N LB, iti7KAH
FMBUER R, ELLUGHI 4~8 h W, KA 25584,
BRI 5 ALV TR0 PR B ke TR RR DN 5 T i iR 103
0 N R R b L e T U R S eSS
S S ity 3 R i 7 TR s e s S B T o '
FRER, HWAER, SEEARWEAEN, s
DMRIB AV PRS0 R 5 B 2 R T A,
F 1 BREANIBTIER RIS EEEE e R

Table 1 Effects of interaction between lysozyme and organic solvent,
and different additives on the activity of lysozyme (%)

Time (h) None PEG400 PEG6000 PVP HP-B-CD
4 43+1.6 90£3.1 96+0.8 91+0.2 96+0.3
8 41+1.6 88+0.5 95£1.0 87+0.3 95+1.9

MAEKA RN 3.0%01 PEG400, PEG6000, PVP,
HP-B-CD W] {2 BSG5 T IRAR, i DR i N 76 2 11 5T
(R AEE HLE . — R A8 € F)(HP-B-CD) LA R 1 H
(BKAE T S B A BUKALE, PLe s AR,
DRI T o 285 L K S i Bk, A BUARA PR AT Sy — b
FREFSY T (PVP, PEG400, PEG6000) 2% W b Tt 7K
FrI, b TR RS g K S AR AR

4 Z @B

(1) 1A KARBSINRE R, 29 R4 A
FIRERZ P . A ZKARAS IR PVA, PEGA400, HP-B-CD
A5 VAT I 1) R0 1R R A TC R NI ) 68.1% 73 1) 2 i 3
86.6%, 89.0%71 94.1%.

(2) AR BEAR T ¥Rl 1 2R, 5 i
I EEAH L, PEG400, PEG6000, HP-B-CD 1A F%
I TV I RS TBOE R, 1 PVP AT PVA IR TN R
T H R B RIRE L

(3) VA BRI £ i 7K F T SR AR AR P 3 R R 1)
LR IR N PEG400, PEG6000, PVP, HP-B-CD
Al i 7K T R P 45
e
[1] Chang S Z, Xiang D L, Nomizu M, et al. Preparation of DNA-loaded

Polysulfone Microspheres by Liquid—Liquid Phase Separation and Its
Functional Utilization [J]. J. Colloid. Interface Sci., 2004, 275:
470-476.

[2] Takada S, Uda Y, Toguchi H, et al. Application of a Spray Drying
Technique in the Production of TRH-containing Injectable Sustained
Release Microparticals of Biogegradable Polymers [J]. J. Pharm. Sci.
Technol., 1995, 49: 180-184.

[3] Ghaderi R, Artursson P, Carlfors J. Preparation of Biodegradable
Microparticles Using Solution-enhanced Dispersion by Supercritical
Fliuds (SEDS) [J]. Pharm. Res., 1999, 16: 676—681.

[4] Chouinid F, Buczkowski S, Lenaerts V. Poly(alkyl-cyanoacrylate)
Nanocapsules: Physicochemical Characterization and Mechanism of
Formation [J]. Pharm. Res., 1994, 11: 869-874.

[5] Kim H K, Park T G. Comparative Study on Sustained Release of
Human Growth Hormone from Semi-crystalline Poly(L-lactic acid)
and Amorphous Poly(D,L-lactic-co-glycolic acid) Microspheres:
Morphological Effect on Protein Release [J]. J. Controlled Release,
2004, 98: 115-125.

[6] Nakashima T, Shimizu M, Masato K. Membrane Emulsification by
Mmicroporous Glass [J]. Key Eng. Mater., 1991, 61: 513-516.

[7] Omi S, Katami K, Taguchi T, et al. Systhesis of Uinform PMMA
Microspheres Employing Mo-dified SPG (Shirasu Porous Glass)
Emulsification Technique [J]. J. Appl. Polym. Sci., 1995, 57:
1013-1024.

[8] Omi S, Kaneko K, Nakayama Y, et al. Application of Porous
Microspheres Prepared by SPG Emulsification as Immobilizing

Carriers of Glucomylase (GIuA) [J]. J. Appl. Polym. Sci., 1997, 65:
2655-2664.



%3

SO S BEFLAE S RFLIESE & Bl #ohiAe Iy — I BOR i I 2 607

[9] Omi S, Kanetaka A, Shimamori Y, et al. Magnetite (Fe;0.)
Microspheres Prepared Using a Glass Membrane and Solvent
Removal [J]. J. Microencapsulation, 2001, 18: 749-765.

[10] Ma G H, Nagai M, Omi S. Preparation of Uniform Poly(lactide)
Microspheres by Employing the Shirasu Porous Glass (SPG)
Eemulsification Technique [J]. Colloids Surf. A: Physicochem. Eng.
Aspects, 1999, 153: 383-394.

[11] Chen D R, Bei J Z, Wang S G. Polycaprolactone Microparticles and
Their Biodegradation [J]. Polym. Degrad. Stab., 2000, 67: 455-459.

[12] Neeraj K, Robert S L, Abraham J D. Polyanhydrides: An Overview
[J]. Adv. Drug Deliver. Rev., 2002, 54: 889-910.

[13] Park T G. Degradation of Poly(lactide-co-glicolide acid)
Mmicrospheres: Effect of Copolymer Composition [J]. Biomaterials,
1995, 16: 1123-1130.

[14] Wakiyama N, Juni K, Nakano M. Preparation and Evaluation in vitro

and in vivo of Polylactic Acid Microspheres Containing Dibucaine [J].

Chem. Pharm. Bull., 1982, 30: 3719-3727.

[15] Yamaoka T, Tabata Y, lkada Y. Comparison of Body Distribution of
Body Distribution of Poly(vinylalcohol) with Other Water-soluble
Polymers Polymers after Intravenous Adminstration [J]. J. Pharm.
Pharmacol., 1995, 47: 479-486.

[16] Coombes A G A, Yeh M K, Lavelle E C, et al. The Control of
Protein Release from Poly(DL-lactide-co-glycolide) Microparticles
by Variation of the External Aqueous Phase Surfactant in the
Water-in-oil-in-water Method [J]. J. Controlled Release, 1998, 52:
311-320.

[17] Blanco-Prieto M J, Besseghir K, Zerbe O. In vitro and in vivo
Evaluation of a Somatostatin Analogue Released from PLGA
Microspheres [J]. J. Controlled Release, 2000, 67: 19-28.

[18] Kang F R, Jiang G, Hinderliter A, et al. Lysozyme Stability in
Primary Emulsion for PLGA MicroSphere Preparation: Effect of
Recovery Methods and Stabilizing Excipients [J]. Pharm. Res., 2002,
19: 629-633.

[19] Sah H. Stabilization of Proteins Against Methylene Chloride/Water
Interface Induced Denaturation and Aggregation [J]. J. Controlled
Release, 1999, 58: 143-151.

[20] Harris J M. Poly(ethylene Glycol) Chemistry: Biochemical and
Biomedical Applications [M]. New York: Plenum Press, 1992. 1-14.

[21] Pérez C, Jests P D, Griebenow K. Preservation of Lysozyme
Structure and Function upon Encapsulation and Rrelease from
Poly(lactide-co-glycolic) Acid Microspheres Prepared by the
Water-in-oil-in-water Method [J]. Int. J. Pharm., 2002, 248: 193-206.

Preparation of Uniform-sized PLA/PLGA Microcapsules Containing Lysozyme by
Combining Porous Glass Membrane Emulsification and Multiple Emulsion-solvent Evaporation

HUANG Shan-shan*?, LIU Rong!, MA Guang-hui!, TAN Tian-wei?

(1. State Key Lab. Biochem. Eng., Inst. Process Eng., Chinese Academy of Sciences, Beijing 100080, China;
2. School of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Relatively uniform-sized biodegradable poly(lactide) (PLA) and poly(lactide-co-glycolide) (PLGA) microcapsules containing
lysozyme were successfully prepared by combining porous glass membrane emulsification technique with multiple emulsion-solvent
evaporation method. Compared with the stirring method, it was found that the sizes of microcapsules are more uniform, the coefficient of
variation (CV) value which indicates the size distribution was 14.04%. It was found that adding additives to inner aqueous phase could
efficiently improve the drug encapsulation efficiency, adjust the drug release profile and maintain the bioactivity of drug. When PVA,
PEG400 and HP-B-CD were separately added into the inner aqueous phase, the encapsulation efficiency increased from 68.1% to 86.6%,
89.0% and 94.1% respectively. The cumulative release amount was decreased when PEG400, PEG6000, HP-B-CD were added. While it
was enhanced when PVP or PVA was added. It demonstrated that the main reason for protein deactivation was lysozyme adsorption onto
the W,/O interface. The loss of lysozyme activity was successfully prevented by adding PEG400, PEG6000, HP-B-CD or PVP into the
inner aqueous phase.

Key words: porous glass membrane emulsification; multiple emulsion-solvent evaporation; PLA; PLGA; microcapsules



