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1 UFERS

S-450D Y 75 ik A1 P A ( & [E Branson A ] )
Zetasizer Nano ZS % ki & 47 73 #7 4¢ ( 9€ [E Marvin 2
A ) ; Infinite M200 B! £ D REREFRAL (3 Tecan 22 H A
7] ) 5 JEM-6700F BUAS R E ( HA Jeol A7) ;
Vivaflow 50 Y] [k yEds (1E[H Sartorius 2 7] ) ; BT600-2J
BRI (AR R AR A T 5 Accu-Chek” Performa Il
B T 4K (Roche A, RAVERIHE 2018 410 A ) .

LOAR M /3 4 Ml 257 IR 2 7, 28 u/mg, it 5
1701A12) ; PLGA (Lakeshore Biomaterials /], FLEZ 5%
CMREEIREN 75 0 25, DN T RE N 70 000) 5 —SH R
(o, Jbnt Al A )  IHERSY (321 Sigma A#] ) ;
R EEE (PVA, HAS Kuraray A&, & 1700, BEfE
% 88.5% ) 5 JHIEVPAR 188 (b itk 2%ikiAF ) s BCA &
FREEI 27 & ( 25[E Thermo Fisher Scientific A ] )
0.01 mol/L BER#hZZpik (PBS, pH 7.2 ~ 7.4, IR Z¥EF
BHEABRAT ) 5 BEREE R (JEt RS FME TA R AR ) .

BIE SN C57 MR, 20 ~ 25 g, T AL RUtB R A
WIRHS I A B 2 ), ZhPFATHIES SCXK (3¢ ) 2014-0004,
TEFE T E AR GO AR LR AR =, s R
TES SYXK ( 5 )2014- 0002,

2 HEEHR
2.1 1PLGA ZKIRINH] %

K HE A 2 Lk % PLGA 9Kk BR. BL 1K
WIRAEN KA (wy), FREXL—E & PLGA I 1E—
SE B ST EEAEMAE (o), A ZKAR I 23k AH
H, FEVOKIESRAT TR, 193] w/o BAIAM. #
WIALR BN S A — & B RENEVER SR K A (w,)
H, VKA SR MR, 153 wi/o/w, BUTRE FLIK,
IR R PR LRI — S AR AR A SR TH S R A 1 4
KA (wy) o1, BRI RS, 1531301 PLGA
KR
2.2 YEKERIIRALTTE
2.2.1 HORERIIREIE S

YK BRI R EEHUCR AR B BN . b &
YURERVE, W FE Je FH R JOURG B DR T )~ 5
R EAR L, SR TN, BTN LS A K
FRBHTEAR, XM TRME B, KL
B EE4: (20 mV, 120 s) Ja, SR

FLBE LS GOoK BR R [ TS
2.2.2 HPKERIPRIAS . RLEE A J FLAL

U — 2 fE [ PLGA 9KERVE, KR AL
SN 5 R R ER (PR A2 Beobr BE A (2 0 ke R 2K
PDI A ) #1 ¢ HAL.

2.2.3 QEE, A ELERNE

K BCA £ 0k B I e 3 7 & I o 19K B
B — e BEGKER NN 0.2 mol/L S AL 1 ml
H, EiR T EERS, FHOKERA 5B, R
WAV T, R G bR SORE DAL 5 R O6 RE, A DU
WK 562 nm. I8R5 EZE (encapsulation
efficiency, EE). #Zj#& (loading efficiency, LE)
AT

WY = GPORERT 1R/ KB & x100%

AR = GRER P 1R /TR x100%

W =(SLbra e / ik 2 ) x100%

2.3 YUKERIIWUER TR K ERTESA . KA FNES —
1 [ 5 e

7k R B LA A IR IR IS
PR — B, FE L (20 000xg) 15 min, W4
DUVE, FHZRR/K B 3 0 15 BIGNK BRI . 7 ik =
W8 P A RLVEAR B BT VA iR NI R — Bt
6], Z217) In) i R IV 2 IR AR T, 19 BI9K BR
pEaST/

DL 1 7K 10 mg /ERZKAH, FREX PLGA 200 mg
VEARAE S BE 10 ml HEJMAR, K KA I 2
WAR, FEUKOKI A RS 60 s, 133w /o Bl
WIAL . KW FIREBINESH 2% B (R
) B KA, UKOK IR SR AT TR 160 s, 193]
wi/o/w, P FM, RIGHKIEFLRBEIA 0.5% 1
BRANZK IR 90 ml b, HHEFELIE R ISR, 13313
1 PLGA gH>KEK .

KH IR 7% 3 #1131 PLGA giKkek. DA
BE (J7E—) SRR, B RIKERRAE N
(167.4+5.2)nm, PDI 4y 0.231+0.13, FAHiH5: T 44
KERWITES L 1a. S5 R BIR, 9UKERG— A
fERINESARN . RAVImREEE (77iE=)
WCERGNKER, Bl aikifey (106.243.9)nm, PDI
4 0.09+0.07, ##t g E LI 1b. B 1b AT A,
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S, Refs ket —. WRBRIgIRER. B
U5 SRR FE D) (R SR e S AR AN K R

a: BP0k s b P iEk
Bl 1 AR EBEN KRR SEM B (x20 000)
Fig.1 SEM Micrographs of Nanospheres Collected by
Different Methods (x20 000)
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W AT T2 R IE RN HER SN, RN
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KERRAE MG E R m ., 258 (B 2) R,
AR LR, RN, AR, 2
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Fig.2 Effect of Volumetric Ratio of Oil-to-Water on

Particle Size and EE Value of the Nanospheres (n=3)

7 (JHERAA. YAV 188 A1 PVA) Wi Kakit £
SR KA A0 PDIE oM . 455 W 3 AR 1.
AU, R H R 4 ) &5 B A oK BRORL AR /D, P
Kife oy 108.2 nm, HKIEE AN —, PDIEN
0.12 ; RAHIE LU 188 il % FI 9K BRF BRI N
265.7 nm, RifEH)—HEWAE 7, PDI{E N 0.24;
K PVA il £ B 94 K BRRLAZ 8K, ¥ RLAE R
432.7 nm, RifE A ¥ — M2, PDI{E N 0.37,
ST, REEREAAE S 7KORE 2 T 7% 1 77wl LA A B
/IN ) 75 Ty 2 B R (1) B[R] SR AR A% B /N H S 45—
Mg KER, DR 3% FH IE R -

1 REEMFIFEITIRERNIZ R 5 RS20
(x+s, n=3)
Tab.1 Effect of Surfactant Type on Particle Size and Size
Distribution of the Nanospheres (x+s, n=3)

FME PR i /mm PDI
XS] 108.2+3.2 0.120.07
TSI 188 265.749.5 0.24%0.05
PVA 432.7+6.7 0.37+0.1

2.4.3 AN KRR A AR

BOE AT T KAy 20 ¢ 1, R
WTEFIRSONRRRR N, HASRER “2.4.17 T, 5
27 A KA EERARIR B R Bk AR . E— 1R, 3K
MR RR . 2R (R 2) KU, SMKAH
JIEL TR 9 Ak S8 o 20 K BRORL A% DKL AR 1) — 1 R Wi /DN
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a: HEREN, b VDU 188, c: PVA
3 FRISMKAEFREEME TS & HKERED SEM B (%30 000)
Fig.3 SEM Micrographs of Nanospheres Using Different Surfactants (x30 000)

EREE PERRAN IR R 0, B B AR RGP T
B, AT AR IS PR B K, R AR 7E 7K
HP 8, SECGRZ B AR AR B, 8 1%
IR B e 2L o

R 2 OREIEME TR B ITAREK M BAIS
(xxs, n=3)
Ta.2 Effect of Surfactant Concentration on Particle Size,
PDI, LE and EE of the Nanospheres (x+s, n=3)

W% $i A% /mm PDI LE/% EE/%
1 108.5+5.1 0.12£0.07 3.54+0.2 38.94+2.3
2 105.2+3.4 0.09+0.12 3.12+0.5 34.3244.3
3 113.549.8 0.15+0.13 2.98+0.6 32.78+5.2

2.4.4 YL I ]

Wb T7 T2 KA RRLE N 20 ¢ 1, Kl
TR 1% HEREN, HARKAFFE “2.4.17 1T, %
ST (200 40 A1 60 s) AF4% 1 44K BRkE
B BRI 5 R 4 fios, VIFLE S
I ) 32 B 5206 P K AR CE AR AR R A0 A, RPRLAR Bk
FE AR AR SR E Y 20 s B, 14
BRI, N 37.4%, X0 AE Kyl e i e 45
B, 843 KA ZE AR T AL RCRANE, RIFLIOR
AEFE, AMESIEEE TR e, B2
AR S IR 40 AT 60 s B, 3RAF Y]
FUAN EFRE, Rt (AR AR K
SR 2, RIGE BRI AL 40 s TR 4
Ak .

2.4.5 S IFLEAEME
W AT TR AKMAERLL Y20 001, &
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Fig.4 Influence of Ultrasonic Time of Primary Emulsion
on Particle Size and EE of the Nanospheres (7=3)

TSR 1S IEHER RN, VIFLE AR 40 s, H
% AFR] “2.4.17 T, RS FUE B R 2509 120
160 F1200 s Z61F Tl % T HZAGGPKER, H 515
YUKERIG R A E R, 450 (ES5) SR, B
SRR ER, GPORERFSRARN, HK
INIBFEAK 5 (HEEH B AL SR R E K, 9KEk
P1MAHEREETFE, SG6%EYKRERRZRM 1
BE R, EREIESBIE 120,
2.4.6 HEFEIIR

B b7 T KRRy 20 0 1, Kl
RN 1% IHEREN, WIFLATE FLIEE P I E] A 40 1
60 s, HAMZAEFE “2.4.17 T, [FN SO WIA L E
FLIEATIE, 43514 120, 160 1200 W, F#%<
HXF YR BRRL AR AR AR — MR . 45 3 0L 6
IR 3, ] ULBHE A RS ThAR AN, P KAETE AR
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Fig.5 Influence of Ultrasonic Time of Multiple Emulsion
on Particle Size and EE of the Nanospheres (n=3)

(15 BOSCRAGS » AUORERRIARI), AR — Pk
U N T IRAFRAR/AN HE — BI9KER, 2 200 W
(k= DR AT JE S .

23 BEINENFHKREKRZENFM (xts, n=3)
Tab.3 Effect of Ultrasonic Power on Particle Size and
PDI of the Nanospheres (x+s, n=3)

i 7 /W A% /mm PDI
120 160.8+5.4 0.24+0.09
160 149.5+9.8 0.18+0.11
200 107.2+4.6 0.11£0.15

247 1A E

WOEALTT T2 KA ARRR L 20 01, R
TR 1% IHEREN, 1 FLAN S FLEE 75 B ) 40 1
60 s, HAIDIFEN200 W, FHE 7 1IIANEXHZ
GURERRIR. B AR OE R, 4
RWFE A4, SRER, WA 1HERIGMN, 99Kk
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RARANE —PEARAK, BREGERE 1A BRI n
MR, AEREE U= I B RES ; —
SE VUL Bl P SN 25 (K B 24 A R T B i K ER 1K 3
g, HUHRGEL BN Z . X
FIRER I TAESL AR R, GORERT 25 W) EL ik 2
WA, B 259 e s Bt g R BRI 25 W) &
BT R E RN, KA BN 25 A > B s
BEPUKRERN, SBEAYBRBK. ZREHE, E#H
15 mg () 1 fl &AM BRI 25 & .

R4 1 SENYRIKMERIF (cts, n=3)
Tab.4 Influence of 1 Content on Properties of the
Nanospheres (x+s, n=3)

14 F/mg R /mm PDI LE/% EE/%
10 115.9£3.2 0.12+0.07 2.19+0.4 43.93£3.5
15 114.1+4.3 0.1£0.09 3.35+0.2 44.63+2.7
20 120.8+5.7 0.15+0.05 4.36+0.5 43.62+2.1

2.5 AL NE 1 GeRERIGH] % 5 RAE

I E R R R R R ER RS . B
RAEMAEREMFLE, e 1 9PRERRAR
il 4 T2 Rl & AR « B 1 15 mg F T4tk
0.5 ml FAEHNKHM (w,), HUPLGA 200 mg /& T —
S BE 10 ml FRAETIAT (o) , 4 P9 ZK A I E3h A
TEVKKHE S 200 W [P Th N 40 s, 4 wy/
o BUMIFLW. KW FLIRBIN B 1 % BH BR AN IR FE (1) 4
KA 60 ml(w,) o1, TEUK/KIE. 200 W [KIE A T %
THEE 120 s, H14% w/o/w, BUTE I, ARG TR
HAMBEINE 0.5% FHEREARI4MKAH 90 ml (wy) 1,

a—120 W ; b-160 W ; ¢-200 W
E 6 TREIHBAINEFSNAKEKE SEM B (30 000)
Fig.6 SEM Micrographs of the Nanospheres Prepared under Different Ultrasonic Powers (x30 000)
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KW, FRYKERE) kR (108.3£1.4) nm,
PDI 4 0.09+0.03, FHGPKERRIAZE)—MEL ; BB
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Fig.7 Particle Size Distribution (a) and SEM
Micrograph (b) of the Optimal Nanospheres (x20 000)
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XK ER R AN 25 B R AT, IR 3024
YURERIGIC AR e M, 45 R 8. AT L, #1494
KERAFHOL FE R AR AL RIEARAN R AR, 9
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TN AR BRI A7 R M B
2.7 TERSHRE R BB TBUT N
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JIAR F AR B #T6E PBS 22 UL BCA &Iz b
ERH SR, RS LIER T 1S B AR ER T
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Fig.8 Stability of the 1-loaded Nanospheres (n=3)
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Fig.9 In Vitro Release Profiles of 1 from the Nanospheres
(n=3)
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2.8 [ ImpEAE A

HUHEYE C57 /R, &S 5 IS RERE R
W (50 mg/kg), 2 FJG T RECRIL, W€ Mk
S, UMK = 16 mmol/L &, MK
TR A /INER o BOBE PR B AL /N B, BEAL S N 4 4,
A S R, HRE A B 4 T iR Z NS I
(02ml, 12.5mg/ml), PAFPFIEER. &AM R %
DLNAC 4525« DR U (13 T /K i 15 2
1 mg/ml [IEW, 20 TU/kg) « FARER 1 4K ER BT
T (VGRER 7KV, 20 TU/kE) B2 RS 1R (1
BT KR53 0.2 mg/ml BV, 2 IUKg) . O
ik PBS ¥ RAE NS XTI 230 F 04 1.2, 4. 6. 8,
10 A1 12 h KR AL, {5 FH ARSI A A 5 5
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WY B TR 1 REfs A R UBEVE T, (BVE P a0 e,
XE 1R AESEIEREAT R s DRE 1 gk
BREA BT R IEROR 25245 2 h 5 MRS R 21 5%,
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E 10 A[E 1 FIFIAFEMEERR (n=5)
Fig.10 Hypoglycemic Effects of Different 1 Formulations
(n=5)
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I (-40.8+0.7) mV ; A0, 3= 28 R4 245 & 75 7l
(43.5+3.2) %Al (4.5+0.3) %, S HIEATREEIR.
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Preparation and Preliminary Pharmacodynamics of
Insulin-loaded PLGA Nanospheres for Oral Administration

QIU Yuejia', MENG Dan', YANG Tingyuan’, WANG Lianyan®, ZHU Yanhua'*
(1. College of Pharmacy Heilongjiang University of Chinese Medicine, Harbin 150050, 2. State Key Lab.
Biochemical Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190)

ABSTRACT: The insulin-loaded poly (lactic-co-glycolic acid) (PLGA) nanospheres were prepared by ultrasonic
emulsification method combined with solvent evaporation method. The preparation parameters of the nanospheres were
optimized with particle size and size distribution, { potential, encapsulation efficiency and drug loading as indexes. The
optimal parameters were as follows: volumetric ratio of oil-to-water was 20 : 1, surfactant was sodium cholate with 1%,
ultrasonic time of primary emulsion and multiple emulsion was 40 s and 120 s, ultrasonic power was 200 W and insulin
content was 15 mg. The prepared nanospheres were collected by tangential flow ultrafiltration method. Three batches
of the optimal nanospheres were prepared and characterized. The particle size, { potential, encapsulation efficiency and
drug loading of the nanospheres were (108.3+1.4)nm, (-40.8+0.7) mV, (43.5+3.2) % and (4.5+0.3) %, respectively.
The scanning electron microscopy (SEM) observation showed that the nanospheres were spherical with a narrow
size distribution. These nanospheres were rather stable at 4 °C for 5 d. The insulin from the nanospheres released in a
significant sustained-release manner. Furthermore, the preliminary oral hypoglycemic effect was evaluated on diabetic
mouse model. Compared with injection of insulin solution, the nanospheres demonstrated more steady and lasting
hypoglycemic effect after 12 h of oral administration.

Key Words: insulin; nanosphere; ultrasonic emulsification technology; optimization; hypoglycemic effect
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