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TP, R FHARARENE N 8 CIL-3 GRS RE 2R, T AR RSN 24T A AT I AR 3G SRBI AR R O Y
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Characterization and in vitro release of Periplaneta americana-loaded
nanoparticles
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Abstract: Objective To prepare Periplaneta americana extract CII-3-loaded nanoparticles for oral administration, and to investigate
the in vitro release profile of CII-3-loaded nanoparticles and the protection of nanoparticles for CII-3 extract in vitro. Methods The in
vitro release behavior of the CII-3-loaded nanoparticles was carried out in the artificial gastric juice, artificial intestinal juice, and pH
7.4 PBS, and the fitting of different models was performed based on the accumulative drug release percentages observed by
Folin-reagent method; The amino acid content of CII-3 and CII-3-loaded nanoparticles at different time points in artificial gastric juice
was determinated by ninhydrin colorimetry and degradation rates of the two drugs were compared. Results The mean size of the
resulted nanoparticles was about (109.9 + 0.6) nm and the Zeta potential was (—37.5 + 3.5) mV; The accumulative release level of
CII-3-loaded nanoparticles Q, was (22.63 + 1.17)% in the artificial gastric juice in the first 2 h, and then, in the artificial intestinal juice,
the accumulative release level of CII-3-loaded nanoparticles over a period of 60 h was (72.35 + 1.90)%, which was in line with Higuchi
model release equations, O, = 8.287 2 ">+ 7.758 6. The accumulative release level of CII-3-loaded nanoparticles was (72.67 + 1.65)%
over a period of 10 d, which was in line with Weibull equation, Inln[1/(1 —Q,)] = 0.403 7 In(t—0.411 9)—1.713 3; The CII-3 was

completely degraded in 4 h in the artificial gastric juice, while about 70% of CII-3 contained in nanoparticles was degraded.
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Conclusion CII-3-loaded nanoparticles have a satisfactory sustained in vitro release effect, and the stability of CII-3 contained in the

nanoparticles is improved in the artificial gastric juice.

Key words: Periplaneta americana L.; poly (lactic-co-glycolic acid); nanoparticles; Weibull distribution model; in vitro drug release;

protein and peptide

LI RBRERIY (CII-3) & MRl E HL ek
Wi Periplaneta americana L. [f] HUARSEE & BT 5 & 2
IRERE S AL BRARS IR AT 2% ey 7000 s ol
o WEFURM, CU-3 A W& MPuegss e, nl e
S (RORC AR B S % I Bes A 3 E Y 5Kk
LA SDS-PAGE LBk 5L %Xt CII-3 AT sy
3R, S RRIL CII-3 Hr A K (PRAH N 31 i
H (My) ZIKESY): EAREENE CI-3 i
TR B S S T 62.7%. AT SR, i
THRBIAN, Bl &K, L)
My 3R e TEZE . SIHIE YIRS ) 2
M DUIE A B AR R B R A IR L, AR R 2
K254 IR A= R 3 i ke 3R 2 -2
FRFEH CRRILER Y (PEG-PLGA) Jit—Fln] 44
B A B R AR ) e o T A B, AREE, AR A A ME R 4F,
B 22 U N T2, DA BA R 4 1 48K

KR A2 0 Tk 440 6 5% 1% B AR 5 VK 2L 485 1R 4 4 i
(Microfold cells, M 4i/if)) FhEgmm N, I
AR 1 2 IR 250 n] LAAG 2kt b, T3 1 T8 53 WA (1) IR
U AL Wl A SR U B b, A R 4 3 T
PEG-PLGA AL, R & 5L/ B2 R 5 %
CII-3 GKkit™), 3o AR HAT Ay LA B A2 N T
W RSN R TR TIE Y, A REE— i
2% [ B S0 B HEAT L 0 S S A
1 UESHH

TU-1901 24T WAr et bt id
IS PR ) 5 TY-11 M 75 40 Sk i i, 708 22
IR R FRA F s TR, MR -FE) 2 ( 1
) HMRAR; R210 B8 k1, %t BUCHI
AT 90-2 I EIRHE ) BipEas, TLIRER T K
Hal A8 s 3K-15 ml A g0 bl, [
SIGMA »7); HH-s2s BRI /Kiw, TLoEis
TRH A SIS " ZEN3600 JOERLE M X,
T IR AR PR A 7] 5 XK96-A P IRAI4%
TR FEHE B FEALAS) 3 DLSB-5/25 {74 HI G
W, W TR AR I A JEM-100CX
ERHEAL, HAHWFAF; THZ-C [HilR& 4
RBTTSER ) .

CU-3 T4, FEAZMIIESH 62.7%, KB
KReEg gy B g2z B, k% 201103251-2; PEG-
PLGA [PEG 2000-PLGA (50 : 50)], My 38 000,
] RL 2 e AR A WL A 2B BT AR Y K5
(Folin phenol), A¥)2k, LR AFIARA
"), flb'5 73104861; HEAM, #t5 64007137, [
HEBMFAFIERA A AR, #t'5 140690-
201203, rRE SR E T TR, 254
B R W], k'S 640088365 HoAb 11y
oy ATals SR T K B A R Atk .

2 HESHR
2.1 CII-3 RRIBIHIF

i AR A CARE 53RN, ¥ CI-3 %
WG AK NN F] PEG-PLGA [ R £ BEVE TR
i, SRR U RS RIS A KR . CII-3 it
WA AR A CI-3 Z0Kokn, Al K 7 4
KRR 25 G KR
2.2 CIH-3 PRABHEMPBH= RN E

AL AR 2 R I 2 WSRO Y, %
AR A R .

WHEHE=M/M,

RABE=CVIm
M, AR, My KRR 2R, C ARk TR
B ETRRIREE, VSRR T RRIREAR, m 3 1%
PARG KL TR T R 34

MWAF CU-3 gy KR A FF R 3k 25 & 5 5l
(35.43+3.50) %A1 (1.1940.09) %.

2.3 HKRIRYRAE

231 HERRIEESR KA A9eKk . CII-3
R B LB T KER, BUEER B M L,
LO% IR Y (A, P T T, & T &
M 20sE (TEMD FAEE. Wkl 1 s, &S
BN RELD/S A 171 SN N 3 e I =1/ § 8/ P K
CII-3 #kkiF-kiiely (104.9+7.4) nm, 45
KRR N (93.748.5) nm, F£HW CII-3 442K
AP} Rl S N R E LB N YA 3 AT ol

232 YRR RIR R Zeta HAZINE 439
&2 AYPRRLAT CIL-3 9K0L, 4% 3 b, Frak
o B4l K T, ZEN3600 SO RL 4> A o2 4h
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KL RV A RAT AN Zeta FLAT . 45 AN KR
BIRifeh (97.842.0) nm. £rdE% (PDD X
0.284+0.010, Zeta H1f7 4 (—38.6+£2.8) mV; CII-3
KR i~ SAR4E S (109.94£0.61) nm. PDI %y
0.119£0.010, Zeta Hif7 K (-37.54£3.5) mV. *F
BRI AT LB 2, Zeta HEAL/MATIE LA 3,

24 {KIMBRS A EREIL
240 PRKIERE  FRARRITI VAl S A gk
™ g a

o
o
1 ZTHEYKK (A) F CI-3 Kf (B) B TEM
(x 50 000)

Fig.1 TEM photographs of water-loaded nanoparticles (A)
and CII-3-loaded nanoparticles (B) (x 50 000)
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Fig. 2 Particle size distribution of water-loaded

nanoparticles (A) and CII-3-loaded nanoparticles (B)
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Fig. 3
nanoparticles (A) and CII-3-loaded nanoparticles (B)

Zeta potential distribution of water-loaded

i CH-3 GKRL, 45 L I iR 43 7 FH I e
aliKER . SRS M GRR E R I 3 5 R
R &, i WEFEL, 10 000 r/min
250 20 min, NOWEHEVEW, B)E % Lowry V45
t, T 400~900 nm P T KR CI-3
URRE L, 2RO 2 mg/mL (P, [\
FEF% Lowry ¥ (0, - 400~900 nm 3% K F 4.

SO RS WL 4. CI-3. CII-3 40KkE & 45 11 4)
KRIZ Lowry ¥4 W ()5, 7E 400~900 nm Py, CII-3,
CII-3 gHKHiAE 762 nm AL e K,  HLA4hkok:
PRI, FrLLEE 762 nm Al @ P K.

400 500 600 700 800 900
A/nm
4 CI-3 4KHL (A), CII-3 (B) FIZ=HAMKKL (C) RIEK
SR U L IE
Fig. 4 UV absorption spectrum of CII-3-loaded nano-
particles (A), CII-3 (B), and water-loaded nanoparticles (C)

242 SMERRFE KL 6.45 mg MG H
HA (BSA) T 25mL I, A SEKE SR

SEZE B2, B 0.258 mg/mL IFRUE S IR .
53 IR R IR R R B 1) BSA ¥ 0.1. 0.2,
0.4. 0.6, 0.8, 1.0 mL T 10 mL HZEREH, Kk
2 1.0 mLo R INARMEY A W 5 mL, $55),

HIEE T 35 CAMH 5 min, 215 H HRS 200
N B ¥ 0.5 mL, 4 hnika$e, BT 55 CK
HH 10 min, FFE TUKKE T 10 min BiA] . LUk 4l
IKFNEERAE R 23 O . O AP 1T WL 6o Y vk
7E 762 nm WA EWICEE (4D {H. DL A fHX)
BSA W ICEIRE (C) BHATLYERA, 53] H5
JiFEN A=2.640 C+0.033, r=0.999 3, %K,
BSA 7E 0.025~0.258 mg/mL 5 4 1 HA R4
243 REERE EESEDUTRIKREN 0258
mg/mL FA5HE BSA fifi %% 0.15 0.50 0.90 mL,
o3 B HIERE T, 2 7K E 1.0 mL B A
3 TR (387, 129.0, 232.2 pg/mL), 4K
Jaiz “2.4.27 BUFJ7VAAE 762 nm AR ENE 3
W, Gt 5 IR A {HY RSD, RIARS# . 45
B3 AP BRI A ) RSD 40514
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0.75%-+ 0.27%- 0.47%, FHIIREEE RUT.
244 EEMERAE HHISKE -/ CI-3 gKk
B2 KRR, 4% “2.4.17 TR )70 4K R AT
HUALEE, SRJGHL 6 £ 100 pL Ha T 2 mL B§0
i, RJER “2.4.27 FUAT 762 nm AR & A
FEMIT A H. 455K W], 6 399Kk A {E1F RSD Ny
1.48%, KUNZINEMEE ML, 2R AT5E.

2.4.5 FRoEMEE BRI 100 uL,
% “2.4.27 BUNJEIGE, T 0. 10, 20, 30, 40,
50, 60 min I 7E 762 nm ALl 4 {8, Feihille %
Pi) RSD. H: RSD 154 0.95%, RIAMEAMAE 1 h
PWIRcR e, B AR RS

24.6 [IFRRAE RS CI-3 RTHhid s,
A KRR G, G, iy & 3 Pl
WRER) CII-3 ARAEASW, FREDIRFE N 40.5.
130.0+ 235.4 ug/mL, [ iR 7y abBEAERE, BT 4
H5 &R CU-3 MR, &8, HHEM
T ZE TR K R A AR AT 4 EARLL, THEE
IR . g 3 AN IR AR (1) P34 [ 4y
514 98.34%. 101.15%. 101.74%, RSD Jj 0.93%,
DLIAFRIN SE A, RO PRAIMEE Sl 5 22K

2.5 RIMERIEIR

2.5.1  CII-3 goKpbifeE N T W ik 24 R ik
4 1.300 g [1) CII-3 g4 K] 18 & bk T, RlEp
HY 0.8 mL iZF AW T 2 mL 204, HidrmA
SRR N T HEW (pH 1.2, WREE N2 HER) 2
f55) WL, E 37 'C 60 r/min THIE IR A . 05
F 0. 0.5, 1. 2 h B RIEHE] A& 3 R, SZEDF
4 “C. 10000 r/min 20> 45 min, /NOHEFE FIHR
DUEMAN 150 pL 5 G g RoRip kL, BT
CII-3, #RJ5F 4 C. 10000 r/min .{» 20 min, H
100 uL 353, KA Lowry J2:00 85 (4 7 i EATRE i)
MHE. 2 h JEWFEM2HT 4 °C 10 000 r/min £
45 min, /NOIRFE FIEWL TR0 A DTE NN 0.8
mL A T (pH 6.8), A EGKRLI 43 1L, 4k
HET 37 °C. 60 t/min fHIE YR A T A, 0T
4, 12. 24. 36. 48. 60. 72. 96. 120. 192, 240 h
I [RD RS T 05 3 A, L B N T VA A 2
J7 AT o [RIIE 0 IiH) £ CI-3 g2k
b R AR R (Co)s VI 0] 5 AR B A2 4
Kb AR (Co, WERBECR (Q) =
(Co—C)ICoo Lh O XFWITH] ¢ VEIE], 23RS T 25
2.5.2 CI-3 #kkide pH 7.4 PBS HH IR 25HF1E

#1300 mg 1) CII-3 4KRi i pH 7.4 PBS H 73k
%15, BERPHEL 1.5 mL % B0 E 2 mL B0,
H 37 C. 60 r/min fHHRG &+ 20T 0. 0.5,
1. 2. 4. 12, 24, 36. 48. 60. 72, 96. 120. 192,
240 h U [R]SFIA) 503 A, SZRIT 4 °CL 10 000
r/min £5.0 45 min, /NOWRFE B DUEMMA 150
uL SRR AR L, B CII-3, AR5 T
4 °C. 10000 r/min 0> 20 min, H{ 100 pL i,
K H Lowry V08 [ 75 iR AT FE Al o o
CABRCRE I [ A REAR R, O, I NARBRZR T A SR
TR S o CU-3 GKRLAE N T8 W IE SR T8 60 h
LK AE pH 7.4 PBS HIEZEREIN 10 d (240 h)
EERNAR 1 KB 5. fFEN T E W, 87 2 h CII-3
PERRAE N T HBHE 0,8 (22.63£1.17) %, It
JaAE N T HFoBE I, 60 h ) O, A1(72.35+£1.90)%.
CII-3 44K RiAE pH 7.4 PBS HHIZESRE I 10 d(240 h)
) O, M (72.67£1.65) %. CI-3 gKFifeEiksh B
A RFPZRAER, BSOS R h SR Mg R
oy (B 500 XF25P R 80 £ 53 ) H 22 R TRORRE
T, BT . Higuchi #i7Y }2 Weibull 73 A 1
BTG, N THE W45 R EL Higuchi A7
WA ERE (RP=0.979 4, £ 2), CU-3 4Kkt
Fz1 CH-34KKEALER®RF pH 7.4 PBS # O, 8N E
Z8R n=3)
Table 1 O, of CII-3-loaded nanoparticles in artificial gastric
and intestinal juice and pH 7.4 PBS (n =3)

CII-3 44Kk O/%

b NLB W pH 7.4 PBS
0 0.00=0.00 0.0040.00
0.5 7.67+0.65 6.26+0.46
1 20.49+1.95 16.72+4.81
2 22.63+1.17 18.69+2.00
4 24234121 20.57+4.26

12 35.67+1.01 33.541+6.06

24 47.78+1.80 46.98+3.24

36 55.40%+2.71 52.28+4.64

48 66.69+3.24 61.64+1.70

60 72.35+1.90 66.67+4.24

72 — 70.58+1.74

96 — 71.03+1.64

120 — 71.64+3.83
192 — 72.04+1.88
240 — 72.67+1.65
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Fig. 5§
nanoparticles in artificial gastric and intestinal juice and pH
7.4 PBS

Accumulative release curves of CII-3-loaded

N T B RSN TR A s A R A 7F pH 7.4
PBS 145 B LI Weibull Z) A BRI & 18 Bt (RP=
0.959 1, £ 2), CII-3 41>KFift pH 7.4 PBS H {4t
BT A A R A

2.6 RIMRIPIERAR S ERIESL

2.6.1 PEKIEFE  HRAUKRLH Tk A gk
Fi 55 CII-3 GRRL, 4% b 1 4 KR 2 Sl FH 3 e
ali/KER, %M “2.4.17 TUR ket gekobr ATy
ABE, e Ja i =, T 400~800 nm K
N RESARE CI-3 VR TRyE R, 2K
% 1.5 mg/mL I, [FIREZEi = ke, T
400~800 nm YK N4, CII-3. CII-3 9KHL & =5
UK e =L R )5, UV RIS G2 5k
K 6 fias, A WLZE 400~800 nm By, CII-3. CII-3

Fz 2 CI-3 PRK7EAN LB Ai%FN pH 7.4 PBS FIKIMERBIBIEHTIE

Table 2 Fitting equation of in vitro release of CII-3-loaded nanoparticles in artificial gastrice and intestinal juice and pH 7.4 PBS

A I AR JiF R’

NLB TR AR 0,=0.97291+18.943 8 0.935 8
-2 R TR Y 0,=64.640 5 (1—¢ 20384 0.8130

Higuchi #i7 0,=8.287214+7.758 6 0.979 4

Weibull 43 fiF A Inln[1/(1—Q,)]=0.702 2 Int—2.706 6 0.966 2

pH 7.4 PBS LR TP 0,=0.250 3 t+32.440 4 0.540 5
SRR AT 0,=70.672 5 (1—e %074 0.935 1

Higuchi #5:7! 0,=4.716517417.4203 0.813 7

Weibull 43 fiF A Inln[1/(1—Q,)]=0.403 7 In(t—0.411 8)—1.713 3 0.959 1

W
e N

460 560 660 7 60 860
A/nm

6 CII-3 4K% (A). CII-3 (B) FIZEHKEL (C) By
UV IR E i

Fig. 6 UV absorption spectrum of CII-3-loaded nano-
particles (A), CII-3 (B), and water-loaded nanoparticles (C)

YRRIAE 566 nm AbIA e KK, HARKRAL kL
T4, FrLAIEEL 566 nm il e B K .

2,62 ZMERREHR KEMRNAZAR 10 mg T
100 mL S, IABAEKE . T2 #250, i
i 0.1 mg/mL [P0 HE S 23 DR 2 I ok
SRR IR BEE (R S 0.5+ 1,04 1.54 2.0, 3.0, 4.0
mL - 25 mL &, FFIIA 0.5 mL 2% 1) &fi — i B%

WU, AWK N 15 min, ¥ H1JE IN4EKE 2,
JBCE 10 min J5, FEAM-0] WOGOGREELE 566
nm WAL EWOCE (4) {EH. LLA BN EIRE
WTRIRE (O FATLEMNAS bRk k. 152
|35 4=42.703 6 C+0.081 5, r=0.999 6. £
BRY], BERE 2.0~160 pgmL 5 4 HHAR
UFIIERIE R R

263 FEERAE MWMEEREKEN 0.1
mg/mL [P S 1.0 2.0. 4.0 mL, 435'E 25
mL &, I 0.5 mL 2%ei = RS, 1R /K
A HINF 15 min, WHIEINZEKES, BCHUE. .
W3 FITERE (4.0 8.0. 16.0 pg/mL), 1d W7E
566 nm ALEAIMGE 3 UK, FEvHA% TR R I e B
1) RSD, BIAREEE, DL A (HHEZ TIN5 L,
iKW 3 NIRRT 4 {1 RSD {H5 514
0.10%- 0.05%- 0.10%, WA K% B R UT
2.6.4 HEMRAE K& KE- CII-3 4Kk
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FABLlK R, W “24.17 R gk b AT wi
AEFR, BRI 6 £ 2 mL AENIAWT 25 mL S
i, AN 0.5 mL 2% e =R, ek
I 15 min, A HGIN4IKEZE, T 566 nm AL
TESAFEMI A . 25K, 6 gkl 4 (1)
RSD Jy 1.25%, RINZ LR EL L, 458 5.
2.6.5 FEMEE BB CH-3 FKk 2l
IKER, B “2.4.17 TR I3t KRR AT i Ab 2,
R S URE S 2 mL T 25 mL =), A 0.5
mL 2% el =R, AEBEZKE T N4 15 min,
REEMAAKER, 00T 0. 0.5, 1.0, 1.5, 2.0,
3.0, 4.0 h J5WE. THHFH RSD 4 0.42%, KWt
AN TE 4 h WIRcRE e, B ORRE— 3.
2.7 KK CI-3 fRIP4EF BOIR SN 32

YRS R CH-3. CI-3 4Kk AL H
W(pH 1.2) f, B 37 CAMHEIK (60 t/min)
B, T 0. 0.5, 1. 2. 3. 4 h ke, Bi=fl B0
FE M N T HE WP E R, 5 0 IR A
RN SR 3 . T8 A 2 IKE R R 1) E
M, SN EIERR, AR50 DI Z IR A 0
T3 A I Za A o PR 30 B R R T A P 2, 9
IR CI1-3 1 CII-3 4Kk e 24 h J5 B IER
(KB IANTEARA, BT LA 24 h (& LR ik A
N E R SE A B AR G 0 R R PR, AR R
Bfi 2R = (C,— Co)(Ciora— Co)» 1, C, Jy 45N Z)
MR IERR IR SE, Cooh 0 h IR TR,
Clowar M HE U 5E A MR IS I B SR TR P . Tk
3G RPR, CIR-3 46N T B h W 2 i 4%, 0.5 h
AT T0%HEBEAR . AL, CI-3 ZeghKobi 2,
Je s EN T B ks e 2 e o
3 i1ie

PN B S AR I M i R ES e

*3 FZAREALBRBPAERNE SHPEREE
Table 3 Degradation percentage of protein in different time

points in artificial gastric juice

" TR AR 5%

CII-3 CIL-3 4Kkt
0.5 68.07+4.16 0.00%0.00
1 78.31+1.95 0.00%0.00
2 86.14+3.16 10.98+5.62
3 99.33+0.90 39.0243.54
4 99.48+4.35 69.11£6.41

Wi, 2K, EEARAYEE R, DRAEYIR
AR, AR L L E R R E . 2k
R AW AR, ) G0 KORL ) 2R A B
REIE T LGRS L5052 1 il S5 AN AR (A IR, 4k
LRIVYIRE I, WA 2RO, Sz b T PEG-
PLGA J&RHIFHERGIEM R L I (PEG) 5 D,L-
NAZHE (LA). LAHE (GA) P, 4ifh)55 3
PEG-PLGA WkBILERY), RIG T KR, 75K
FHHH, KEB B3R K I PEG BE B g KL A% 1 Ak
IKAAR IR AE K TR R4, TGk P PLGA HEBL
P AR P %, 3K 54 BE Rl KRz 5 i v
A BLAE ) S R Az B R L (MPS)
o VAN B, IE KUK 2 R AR N A
RINFIA], $Em R A 2 2 i AR R

ASZHG R UV VAR Ty BA 15 s T 3
2yt AV R 2 o 127 VAT S P H AR,
S T B S26 5 SR A s R0R), fl%
SCHR AR 11 28k 24 R A R N S S AR G KR £
IR i FH R (1) 2824 i ok LA RO o 4 B
FFENM o AT SRS 8 R IR B 02t 25 1 2
YRR RS0 S ey AR A i LB
FEI o 17 FLAB UE B0 Ot B S 251 B A 2 RS Reue
PRI 25 IR 02 1 R 3 5 00 o PR R
K R — O iy, 1 0 8 P A R A ot A FH ot e
HELOEPIR, XRERUE TR AR R R T
FEPERY,

AR SEIG R O RL AR TEM S 9K b AT
TRAE, MERPAILUE L, BOLREZS TEM
W b AR 2 AN TS SR, i AR b A £
fERE KT+ R AT 2 i 56—, 3k
PSR RRLARE K ) Aok i S AP v, DTN HH ( lopor
Fiae s 5=, S GHUN e MRS
APK I EIIAEAETN, ARG WAL T 78 70 1T
AR, T 325 S5 P 5 D00 ] B TR L% A 21 I
TR KNP,

SLIBNEAP/S RN Ve @R B AN Uy A o
BT I P AE SR 8 . PEG-PLGA 44Kk —
Pl 28458, QYRR ) 2w LR
4 FRRIHTRIIG: (1) ELR: G R R 2 T At Wi B
TR IR (2D S i KoRL P R FLIRT BORE T
(3) WP AN HORE IS (4D FEREAT 28Kk (1)
B pR Y . R 253842 £ PLGA 4 T
i AR GUKRIRAE /N BL A il e T 255



23

Chinese Traditional and Herbal Drugs 3 47 % 35 193] 2016 &£ 10 B

* 3413

BRI T e,

i CH-3 4KpifE N T H 7. pH 7.4 PBS
RN ZR, TS MBI CL-3 4Kk
RO RE T 23 S AT 1 S T 38 3 AR i i~ A 1) 9 e
55 CII-3 GRKRAE N T8 i H R O Higuchi
JiRd, ) E T AR K A LE D ORI, A
[F) G AL AEAS [ TEOA S5 b IRV R 2 R I AN 58 4 AT
i}, 7€ pH 7.4 PBS "', 4 h WRR T BB EH =
20.57%, AR 2R, X A TP Ao W B
TEAE LR TH (1) 25 3 s R AN BT 7 AR 1R 58
BIUL%. BT PLGA 2 nT BEAE I & 4> Ak
YKL IRE OB G FIREE 4 PR ZHLE], 24 h WY
0,15 46.98%, & W% S0 T il15- M KL A Jid 1)
] Y IA B e Ik L, IRl KRR, (259
AW R AE 2555, 10 d Ji CI-3 4K RL ) O, 0 72.67%,
5 27.33%IM 23 AFAE T 4Kk, AR s 43 T
At PLGA #RHITW B o i [H])— B 18) CTI-3 4h 2Kk
FEN T8 i R s e, 6B R T v PR i 2
i PLGA [ B AR,

H T AR CI-3 il #5 g Kokl il LA 250k b
B 738 5y WA IR RN AL B AR, ARSI CII-3
A CI-3 gk s+ N THEHHE, R =
Pl 58 EE VAT I B8 A I ) AR ) R A i, T
3 P11 738 A F R 3 B 1 O ) A o e — T
NSRRI R B e B =S A SR RN, R
ZHKEN T E W B R R R i, AR A 3k
HZ, P ) R R T vy ) i 1 T B £
M. CI-3 4Kkide | h J5 T E B, X EER
AT Ay 508 73 W% B 1 0 K 35 T 8 MR K ORE TR i
FUTAEN LB IR I Ui At 1 2 KO B el g
FIR .

P PEG-PLGA NAFEHE (1) CI-3 ZAKRL AT
RAFmIgrett, Jraedem Cl-3 AEAN THE W
SEME. PEG-PLGA Z4KRinT g2 R CI-3 [ R 4T
Btk

B 4l Fa A B Ae 5 B) S W0 B 7R R B

S 3k

[11 fAE#R, THEW, S, 55 EMCERIIT 3 B
N AAS IR 25 256 e 40 6 P 4 L 2 R AF 5 (0], v L ERAR
4N, 2009, 7(3): 1-2.

[2] M[IER, SAMRE, FBem, 5. SRPIRERIEIIN 3 #

BT, ik

(3]

(4]

(3]

(1]

[12]

[13]

[14]

N BN B L 4 i AR L R RIS (0], P le
#i24iK, 2009, 30(5): 56-57.

TIEAR, EWRR, WA, 5. SRR 3 #k
TH A 2R 46 g A R ) A L2 R A (0], b 2k,
2009, 18(9): 11-12.

WA, EEA, S NE, 55 BESBASNE S H
BGC-823 ZHMLIH T SEI AT (1] EE RS A= B 4,
2006(2): 5-9.

WO, EERA, G, &% SEPRBREEEIN /N B
3LL i A4 A R HHL IR (0], o e 2
&, 2006, 9(6): 488-491.

SRAEE, T IESR, AR, A5 SR ORURBUIR S M o)
AMTLEAE T [J]. W2 EEE 2, 2010, 21(9):
2249-2250.

T I PUMAMSERAZIREAY) PLGA HKEZ
RGBT [D]. R KHER, 2007.

WARWE, U A, T, A EWRELTM-RIAR
Tk BIC IR A KRL R 26 S LR VP [7]. Th 2,
2014, 45(2): 194-199.

Makadia H K, Siegel S J. Poly Lactic-co-glycolic acid
(PLGA) as biodegradable controlled drug delivery carrier
[J]. Polymers, 2011, 3(3): 1377-1397.

XUREhE, AT, ariEie, A ORISR R AR
W ENTEY mPEGs-PLGA HUKRiIMWIST [1]. i
74,2013, 44(16): 2223-2229.

Danhier F, Ansorena E, Silva J M, et al. PLGA-based
nanoparticles: An overview of biomedical applications
[J]. J Controlled Release, 2012, 161(2): 505-522.

Rieux A, Fievez V, Garinot M, et al. Nanoparticles as
potential oral delivery systems of proteins and vaccines: A
mechanistic approach [J]. J Controlled Release, 2006,
116(1): 1-27.

Florence A T. Nanoparticle uptake by the oral route:
Fulfilling it’s potential? [J]. Drug Discov Today, 2005,
1(2): 75-81.

Carino G P, Jacob J S, Mathiowitz E. Nanosphere based
oral insulin delivery [J]. J Controlled Release, 2000,
65(1/2): 261-269.

B, XDEH], A SEPNRERE B 2 IR KR
il e AL T Ak [3]. i, 2016, 38(1): 67-72.
Panyam J, Dali M M, Sahoo S K, et al. Polymer
degradation and in vitro release of a model protein from
Poly (D,L-laetide-co-glycolide) nano and micro particles
[J]. J Controlled Release, 2003, 92(1/2): 173-187.

Pan y, Zhao H, Xu H, et al. Effect of experimental
parameters on the encapsulation of insulin-loaded poly
(laetide-co-glycolide) nanoparticles prepared by a double
emulsion method [J]. J Chin Pharm Sci, 2002, 11(1):



F47% F198 20165 10 B

* 3414 ¢ £ % Chinese Traditional and Herbal Drugs
38-41.
(18] #& W, 1 W, Boxdt, 5 P RILR/FIE LRI

[19]

[26]

[27]

RAAKKLIC 8 S D IREGBEAIEIT [J]. 2957244,
2002, 37(5): 374-377.

BFE BT AEAL S PLGA KRS o-Mye
HEHA siRNA VY7 C6 M Jitsg it 5L [D]. g ZH
K2, 2009.

AT, TRAEE, XDCHT, A%, ADoK SRR T 2 KRR
R kR (7] N2 EEEZ, 2012, 23(12):
3137-3139.

FR/INE L TR B A AN AR 28 5 NI )38 24 5 IR AF 9
[D]. g 5 H K, 2007.

R HE, sRIEHe, HRoSAt BB R R BB R MR L
TR- R LR ANAKRL I 4% - RAESOGHEIFAT [J]. P
2227578 2011, 46(18): 1421-1426.

skOBR, fDRSE, WIERE, S D-mARRER B E
PHORMIRFL Y AL LT WSS (9], P24, 2013, 44(12):
1574-1578.

KR, RO, WIEER, AR SRUNRURERIR 1 T
FRUERIFFT [J]. RS 5K, 2013, 4(5): 159-161.
Kocbek P, Obermajer N, Cegnar M, et al. Targeting
cancer cells using PLGA nanoparticles surface modified
with monoclonal antibody [J]. J Controlled Release,
2007, 120(1/2): 18-26.

Son S J, Lee W R, Joung Y K, et al. Optimized stability
retention of a monoclonal antibody in the PLGA
nanoparticles [J]. Int J Pharm, 2009, 368(1/2): 178-185.
Galindo-Rodriguez S A, Allemann E, Fessi H, et al.

(28]

[29]

(30]

[35]

[36]

Polymeric nanoparticles for oral delivery of drugs and
vaccines: a critical evaluation of in vivo studies [J]. Crit
Rev Ther Drug Carrier Syst, 2005, 22(5): 419-464.
FESEAE, dRkhor, B, A5 B UE R OVED e R R
TR TRt 2 (1] b BB g 2%k, 2012, 21(18):
2209-2216.

WA oR, FBFT, SAEREL RO VAN T A RS [

AR AR R A (1], REVLEE 2581, 2009,
32(5): 7.

FAME, Bk, b, . EIEROENERA N B
KGR N PR B R (1), RRUPBE 2R,
2015, 34(2): 78-81.

Wi 2. MePEG-PLGA ZK RN L2 2 TNF-45
PURPEREWTST [D]. sUB AR, 2009.

B AR BT AOERA8ER O RE-JILR AR
i A ZEST [D]. b & HK%, 20085,

BRUE . RS2 PR 3 I BORAT 4 4h K pH U [
WY RGNS [D]. )M BTBERERE, 2013

Azzam T, Eisenberg A. Control of vesicular morphologies
through hydrophobic block length [J]. Angew Chem,
2006, 45(44): 7443-7447.

BOCE, BIRE, sk 58, S5 TS PLGA 49KH
RSN IT [ Wa/RER R R 224 ARRHE
hiZ, 2014, 30(4): 395-401.

Hua Z, Ibrahim A A, Steven H N. An in vitro evaluation
of a chitosan-containing multiparticulate system for
macromolecule delivery to the colon [J]. Int J Pharm,
2002, 239(1/2): 197-205.





