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[ Abstract | Objective
glycolic acid (PLGA) as sustained-release carrier and to study their release in vitro. Methods

To prepare iloperidone sustained-release microspheres using polylactic-co-
Hoperidone-
containing PLGA microspheres were prepared by O/W emulsion-solvent evaporation method. The formulation
and the preparation conditions were optimized by orthogonal tests. The morphology was evaluated by light
microscopy. The particle size distribution was measured by Mastersizer 2000 ( Malvern). The encapsulation
efficiency and the drug load were assessed. The in vitro release characteristics of the microspheres were also
assayed. Results  The optimized preparation conditions were as follows: PLGA concentration 80 g/L., the volume
ratio of oil to water 1:30, polyvinyl alcohol concentration 1% , and speed of mechanical stirring 10 000 r/min.
The results showed that iloperidone-containing PLGA microspheres were spherical in shape, with mean diameter
of (24.56 +0.46) um, average encapsulation efficiency of (81.94 +1.48)% , drug load of (7.50 %
0.13)% , and cumulative release of iloperidone from microspheres of 86. 33% for 30 d. Conclusion
loperidone-containing PLGA microspheres are prepared successfully by O/W emulsion-solvent evaporation
method with high encapsulation efficiency, high drug load and good sustained release characteristics.
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12 -¥5 e 2 BRI B W ( polylactic-co-glycolic acid, PLGA)
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1.1 B

FISCO ¥R ALHL( E I IR & SO LR S R A R
85-2 TUFE R I Hi #r a ( 1 R AR AR A R A | ) , GLZF-50B
B RUR THROL( B AR R TR I & A BRZAH) ) , TU-1900
BTSN AT T3 SR T (I Bl A A R A H] ) , S-
3400N Hitachi I AL T B 480%8% ( H A , Mastersizer2000 3¢ 47
FEA BT (R T R SR A IR AFD o
1.2 #H&5XHA

PP 7 (R R 25 Tl WF 58 Be A BR3¢ AT 4 A, i 5
20120510, 4 >99. 5% ) ; PLGA ( Resomer® 5050DLG3A, LA:
GA =50: 50, $3 R 0. 25 ~ 0. 35 dL/g, {8 [E Evonik Degussa 2
F)) RO MBELPVA (1750 +50) , [ 25 & B AL 7170 A BR A
A ] PGl A, AR T (R A IRA W ] 5 HA
R34 R o At
1.3 7%
131 PHESTERERm R SR & kil 5 28
25tk , BB SR AN O 5L R A PLGA % F I8 & 1 — &
F e T2 BGMAH (O) KM AHT INEI &8 PVA (KAH(W) i,
B Pk e AL, T L O/W B ZL IR, A 4l Ak Kk o K AR i
LAED S IH e 4 h 48 & A PLE R ALK, B0 ok
sk, I ALK PR 3 G 3% H @B ikt BB % T
1, BVASH S TR fsk o
1.3.2 HREEHE  EEEERHENERE LS, ARG
B EEAH PLGA W ¥ 255tk (254 5 PLGA (/i k) \PVA
W HIAE- KR AR L 2L AR B OB R L BT U A ) 4 TR AR 0
BRELE AR, LU E X ok 2 A KR &R .
1.3.3 IEXREEmEIE 5 TE fEREEREENE
fitli b, BEREXI IR B R R Y 4 DR RN B R L
JHIAH PLGA ¥ (A) PVA ¥k (B) FLALBT Y1 (C) FihiAH-
IKARRFLLL (D)4 A 2 44N Rk 8 3 A /KP4 Ly (3%) 1E
RFRTTLHESL I, W3R 1, DIERE 2 i AR SRR AR
ENFEAR , RILE AT AT IE R Ak, LA 190 = 3k
i (% ) x0.4 + ER(% ) x0.4 + 5F(% ) x0.2,

£1 EXFTHESRKE

K Alg/L) B (%) C(x/min) D(ABLLL)
1 20 0.5 10 000 1:20
2 40 1 13 000 1:30
3 80 2 16 000 1: 40

1.3.4 fOkmkifR B AMEE  BUEERE T B &, iz
KA IR B 5T, SR FE SO REEE 434 43000 72 TR i A2 o
BBk R T A I &L, BOBUH R L, WA 3457, B4 5 Al
T B RER TR IR TS

1.3.5 &8 s

13,51 MERKMER  RSHREHE BRI 2S J ik
i, MR 10 mL B f#, 22 0,45 m fALUE R 8, 78
200 ~400 nm PR FE A HEAT RSN, S5 R R, 5% ST
275 nm QAT B R WL, 25 FLROERAE 275 nm &b TSR 08, il
FERLIYE AN 275 nm,

1.3.5.2  ArufEfZa g sr 25 FRBUEH% LR 20 mg ‘&
100 mL i, LGS M 45, Fias il 4 ~ 16 pg/mL
FRIVAREA I, T 275 nm L0008 G B (A) DL A XTHREE(C)
PEATLRAE I A5 bR 2207 FE: A =0. 036 9C +0.002 2,R* =
0.999 9, FHAGHELENLE 4 ~ 16 pg/mlL ¥ J 50 [l N 5 6%
ERIFMEELR

1.3.5.3 RE#BESCys ArlBedl 3 AN RV BE i B Sr TR
VU YR FE Y 4 6.0.10.0 pe/mL il 14.0 pe/mlL, 1 d N iELE
M 3 W, THE H N5 B, 45 3L HAH XT3 fE R 22 (relative
standard deviation, RSD) 2 0. 11% .1.00% #10.53% (n =3) ;%
RIWE 1R, EL M E 3 d; 1H5 H [RDRG % BE, 45 3L H RSD 2
0.71% .0.72% F11.08% (n=3) ,

1.3.5.4 [l R0 ge KPR A ROER 9 0y, B
20 mg, & 10 mL &HH, 73 KGR MA 0. 1 mg/mL (1) 5 37 il
W 0.6.1.0.1.2 mL, BANVEREE 3 0y SR MA Z N5 2.0 mL, &
7 BERTE SIS KRR EZIE, #2531 18, F 275 nm
AR E S e Am o I 2 R SRR LR i, [RLSCR )
4 99.3% 100. 1% 98.6% ,RSD 43514 0.5% 0.2% 0.7%
(n=3),

1.3.6 fOkEHEMEARMNE A HRBIERE
B 10 mL A, N2 2.0 mL, 75 EERSE RS K
B ZE 525, U, T 275 nm AN E G2 B, 5 DR A
TR E SR, 2 E = (HERT Y09 & 2/ BRIk
i) x100% ;fu i3 = (HERP W & B/ R RE) x100% .
1.3.7 W S B sk A SN B BT S 86

1.3.7.1 BEHABRIHESE OV MER 2, 8 T
B TR AE AR I B AT R P Y TR A DR BRI 18 A
5] R, W] R T oI A/ 1 2 G R LA 24 0 1 g
T ARG BIA T 1% + e BB # (SDS) 1% it
JEL-80F01 0.05% SDS + 0. 05% (1t J5.-80) 1) pH7. 4 BEER R 22 vh ik
(PBS) M, I8 1.3.7. 2 J7 B 5Ok AR S MBI 10
1.3.7.2 foRIMBERUERIIE  SHEBLEITIRI T
THER AR INBE LSS . AE B AR 3 L A A Ak Ty il 4 1 4P 8 57
Tl R A, i) B A TRAL AT 1) 375 T 4% (B B A KT 40 5 o
8 000 ~ 14 000) H, IBEHA it 2 mL RS, FLE BT H o5, SR
JE AT 28 mL B T B ST P, B R i E TR R
Vit TEHNREE (37 1) °C %3y 100 +/min, 5357 F 4 h 1.2,
3.6.10,14 18 24 30 d WIBGEHTI 5. 0 mL I K b b 78 55 58T
SRR T, A0, W RS U 2 ok B, OF TR SRR A 4y
B, R T (f,) FIWA [FIHAERER B A M
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2.1 ERFXFRER

MEEERZ5 A AL il A PLGA ¥ B2 \PVA < BE il AH-/K A
PRBLLEFNFL A 3 U0 JEE 4 A~ BR300 (bR 19 42 B 3R i 45K
T2/ B BT DT[] 45 D 3 GOk i (R B R . AR 20

K2 BEEEZRER

EES KT fHFE(%)

VI PLGA ¥ (g/L) 20 42.01
40 65.32

80 69.93

160 77.83

2yt 1:5 58.35
1:10 69.13

1:20 74.83

1:40 70.21

PVA ¥ (% ) 0.5 53.19
1 74.32

2 62.43

3 50.11

THAE-ZK A AR B 1:20 60.21
1:30 78.39

1:40 61.15

1:50 40.31

FLAEBT Y3 B (1/min) 10 000 83.78
13 000 75.36

16 000 60.09

19 000 49.18

BYYIE (s) 60 76.45
90 84.19

120 80.23

180 75.56

2.2 ERFEHEFIHALT

F: Ly (3%) IEAZS2me BeiF R ik3t 9 A4y, LAk 2 & fu
BN GIEM AR IR 8L 7 AT 45 G T8 , IEZS S5 3
RO 3, G5 RER A REXHER BT s Y A A >D >
B>C,:AfET. 20 A;B,C,D,, BVl #H PLGA ¥ & 80 ¢/L,
PVA W EER 1% FLALST Y3 EE A 10 000 /min JifiAH-7K FHAFR
FoAy 1:30,

®3 EXIBER

T aks B (%) BER(%) RFE(% ) LFETHY
A B C D
1 1 1 1 1 5.9 65.21 6.25  29.718
2 1 2 2 2 6.48 75.83 8.29 3458
3 1 3 3 3 5.21 55.38 9.25  26.086
4 2 1 2 3 6.57 70.29 547 31.838
5 2 2 3 1 7.05 76.25 6.33  34.58
6 2 3 1 2 7.43 79.31 4.2 35.500
7 3 1 3 2 7.35 80. 11 752 36.488
8 3 2 1 3 7.55 82.19 321 36.538
9 3 3 2 1 6.91 75.49 528  34.016
K, 30.13 32.68 33.92 32.77
K, 33.97 35.24 33.48 35.52

K3 35.68 31.87 32.39 31.49
5.55 3.37 1.53 4.03

Ky Ky Ky 2455 3 AT 0306 R AL 2

=]

el 2AL T il 4 14 3 UK, BB T AME R KL
1 ELEPR B R R REAT B BO TR A R I 40 &R
WA T7 5 TEME BN R 4T

x4 EEUTBRER

HEK P FPRAE (m) AR (%) AEAR(%)
1 24.16 7.61 83.18
2 25.06 7.36 80.29
3 24.47 7.54 82.35
Pl 24.56 0. 46 7.50 £0. 13 81.94+1.48

2.4 MR BERRTS

T O ST R GOk AN B RS (B AR, A 7
T TSR 0 IR 2 R R B0, SR TG (18 1) o 34 Ba
B HURES SRR S VR TR B I A R0 H R i ek
MSFERARAE R 24,16 wm, Dy ok 47.75 um, Dy o4 22. 14 pum,

\

) é“’\ ‘
T 2 )

e .
S-3400N 15.0KV 10.9mm x2.00k SE 20.0 um

1 FEIERMIKAEBEENE (%2 000)

2.5 AFE S ERMIRR MR AE R R

THERTEA R T P RSB LA 2, 25 R Eow, B
TR TE & 1% mIEL-80 f) pH 7. 4 PBS i (14 %8 {4 e i e #A At
W HPE X B EE, 2408 86% , Rt 16 A & 1% it jE-80
15 pH 7.4 PBS {E N BRI

100 ——pH7.4PBS

—o— pH7.4 PBS(# 1%SDS)

—x—pH7.4 PBS(5 1% -80)

80+ —o— pH7.4 PBS( 0.5%0Eif-80+0.5%SDS )

X

x//x

601

40

201

AR R 5373 % )

510 15 20 25 30
1] (e/d)
2 BHMARIIEBREINERENRZN(n=3)

AN A1 U SOk AR MBI J8E 00 5 225 28 DL P 3, S [l L U Ak
BRI AR 1~ (£,) 230510 75. 5 .66. 3 Fi1 66. 0. dxe It bk il
IO SR R (2) 16 1% 1t 3-80 11 pH 7. 4 PBS Bl /i i
Fah YR A 0 R N 3. 89% ,30 d Rt Rk
86.33% o L5, il 5 00 Ol <1 R R AT A O B RERICR
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WAL TR ARG REOR A 2R, HSCR AR PF T 3 SRR i 1 R
ZRARALL, FHEV 5] 25 W) R i B R4

100
801
60

40t

PRI BT R 53 (% )

201 A~

5 10 15 20 25 30
] (o/d)

B3 FEHOREERREIN R ER S (n=3)
3 g

] 5 BACRR 140 5 FH O 3 AL A - FLA-T8 R 94 A 1 A
SRR B TR b T ORI LR O N v 2
Py ALK AL ANE , BT AA SRR H O/ W BUFL AL
TS A K

M O/ W B FLAL IR 44 Sk ) o BAORR 9 TR R AR
Z P B & PLGA [k B2 3 5 I AH- /K A 1A
FRECAYZEFE A PVA R R e . ABTTE R, BEE
PLGA WKEERYSE I, OR () B R U B3R |, X2
PLGA ¥ 34y /) i 482 w8 1 30k A A 286 2, B i A+
RRL IR, TAOR PN 285y 160 ZACAR T ) R 2 W A R A1
LNIIEEE €N DRk e SR TIIR B & 2 N 20 = a i R g
BRIGCHE 2 " 0 ARBFSTaE R R ok R
Wt 7R B3 o i A R DR O B KA
PRERBIEIN, 241 S 2 1) 25 WD A A A1 K AR R o i IY
DR RN, il A S KA AR EC BN T B 3k
BRFLBRERS , AR T 250 i BB BE " F LA Z5:
58 IR SR A B AR B D 1230, ABFFELL
FR IR BAE LA HAH AN ERSE A 0
AW E VRO PRI, RERS FEIE MUK ) i e P 5 PLGA
T HMBE, HHGUK R BB & 2A PR, A
AT 2L A RE MRAR S — o ASRIEM 1% RIM
W T A A5 A TRk fl e S gy, ) A PR A 2R M Y
Y HE G, AR R E O, BOBROE i ad R AR A, (HL 2
JEEGE RAH TR AP 5 2R S B HR BRI ik
TEIE G R b2t BUR AR, TR SR, JT AT B e 2
1% B3 LM BT A A5 (0 folceR P L 6 23 e

TACER 1A 1A 1R 24 J2 PP A K o 79 ) — > B 245
bR, ORI RSB 25 Z AR Z AR IR . A S pH
(L B 9 3 LA A 8 382 TR 5 P 5 2 52 iy 28 D 1) %
R RRE Tk B SR G (A e T JEE , DA T S AR Y

25090 ARHIFRRAINUA S, T2 2R 55/ pH 2 7
e, BT LA IR Bl pHT. 4 19 PBS, B it
HOIAD 2 TSR] 14 H A AE T I sk A SR A
TR o TN TS Gl B P W B o AR F 52 e 1T, 2 T 7 4
FRIEIRL-80 AN A REAT SO R AR B 24 1 7 v 1) 2R
£ RGBTSR B 2517 0 o RSB g
WA A D% AL PLGA fliik BAT W2 i 28 BERCR:, H.
LUK 8] 25 Yy e e B R4

ARSI B A T AL T A B RN
RIARTE B AP S B Ok, HL2id R SR RIS
UEIZA MR B 25 R AT, Al RS e
Zetm Kk — SRR R AR R AR R
RGP NSNS DAL, T HORS 1
YNSRI BT 2S5 it
A TR E A DA B A IRTTAL 2w A E R T Al 2l 25 TR
POARBIFE PO SR BERIIT 22 2R BT B NG S, RO AR = F R R LS
AR BB I P 45 T A E )

SE

(1] EHBZE, BFH. G2 BAE RS [T]. PERgy
Zei, 2010, 19(15) : 1293 - 1295, 1328.

[2] Makadia H K, Siegel S J. Poly Lactic-co-Glycolic Acid (PLGA) as
Biodegradable Controlled Drug Delivery Carrier [ J]. Polymers ( Ba-
sel), 2011, 3(3): 1377 —1397.

[3] P ARG RL e s Y 25 WS BT, & 55 i 10 42
TR I =i £ i " E, CN101292960( P, 2008 - 10 -29.

(4] B, i, EUH, 5. BUSmORMGE BRI T 20k R ik 2y
R T]. HERZIAE, 2012, 21(2) ; 188 —194, 201.

[5] gum. BE2pgeitE(M]. 2 i dbat: ARITAEdRH:, 2010 278 -
281.

[6] Rawat A, Burgess D J. USP apparatus 4 method for in vitro release tes-
ting of protein loaded microspheres[ J]. Int J Pharm, 2011, 409(1/2) :
178 - 184.

[7] Sun Y, Wang J, Zhang X, et al. Synchronic release of two hormonal
contraceptives for about one month from the PLGA microspheres: in
vitro and in vivo studies [ J]. J Control Release, 2008, 129(3): 192 —
199.

[8] Wischke C, Schwendeman S P. Principles of encapsulating hydropho-
bic drugs in PLA/PLGA microparticles [ J]. Int J Pharm, 2008, 364
(2):298 - 327.

[9] Mao S, Shi Y, Li L, et al. Effects of process and formulation parame-
ters on characteristics and internal morphology of poly(D, I-lactide-co-
glycolide) microspheres formed by the solvent evaporation method [ J].
Eur J Pharm Biopharm, 2008, 68(2) . 214 -223.

[10] EZH, BiH, IME, % FZEPEE PLCA KRLES R # ]

FRTLHEELT]. WHARR R, 2010, 27(4): 265 -
272.
(Ur#h5:2013-11-05 ;& [5] :2013-11-26)

(i K %)



