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JE A 55 SPTN 89 4R 9848 8 1k, & 3% 4 2 Hypersil Cis, A8 4 F B2-10 mmol/L Ak = S48 (38:62, V/V) , i#ik 4 1.0 ml/min, #]
KA 262 nm, FHAF H 20 ul. 45 R . SPTN A= SPN #9-F39 %4243 % (194.6 £2.8) . (382.4 £ 3.2) nm, Zeta ®AL 5 F] A (—21.3 +
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Quality Evaluation of Sinomenine-loaded Poly (Lactic-co-glycolic Acid)/D-a-tocopherol Polyethylene Glycol
1000 Succinate Nanoparticles

XU Hong', GAO Meng’, ZHANG Cheng-hong', XU Jing', SUN Yi-ping', WANG Hong-gang®(1.College of Basic
Medical Sciences, Dalian Medical University, Liaoning Dalian 116044, China;2.College of Pharmacy, Dalian
Medical University, Liaoning Dalian 116044, China;3.Dept. of Pharmacy, The First Affiliated Hospital of Da-
lian Medical University, Liaoning Dalian 116011, China)

ABSTRACT OBJECTIVE: To evaluate the quality of Sinomenine (SIN) -loaded poly (lactic-co-glycolic acid)/D-a-tocopherol
polyethylene glycol 1000 succinate (PLGA-TPGS) nanoparticles (SPTN). METHODS: SPTN was prepared by ultrasonic emulsifi-
cation-solvent evaporation technique using PLGA-TPGS as carrier. SIN-loaded PLGA nanoparticles (SPN) was prepared as control
using PLGA as carrier. Particle size and Zeta potential of 2 kinds of nanoparticles were determined by laser particle analyzer. Drug
content was determied by HPLC, drug-loading amount, encapsulation ratio, in vitro release rate were calculated and stability of
SPTN was surveyed. The determination was performed on Hypersil Cis column with mobile phase consisted of methanol-10 mmol/L
NaH.PO, (38:62, V/V) at the flow rate of 1.0 ml/min. The detection wavelength was set at 262 nm, and sample size was 20 pl.
RESULTS: Mean particle size of SPTN and SPN were (194.6 +2.8) nm and (382.4 £ 3.2) nm; Zeta potential (—21.3 £1.7) mV
and (—13.9£2.3) mV; drug-loading amount (9.5+0.7) % and (6.2 +0.8)% ; dissolution ratio (41.3+1.6)% and (32.8+1.8)%,
respectively. The in vitro drug release profile showed diphasic release pattern, and the cumulative release rates of SPTN and SPN
were 92.8% and 71.3% at 30 d. Compared with 0 d, there was no significant change in appearance, particle size and drug-loading
amount of SPTN within 10 d under the condition of high temperature (40 °C ), high-lights [(4 500 + 500) Ix] and high humidity
[(90 +5)%]. There was no significant change in appearance, particle size, drug-loading amount of SPTN in 6 months acceleration
test and 12 months long-term test. CONCLUSIONS: Compared with SPN, SPTN has smaller particle size and bigger drug-loading
amount and dissolution ratio, releases in vitro more completely, and shows obvious sustained-release effect and good stability in vitro.
KEYWORDS Sinomenine; PLGA-TPGS; Nanoparticles; Quality evaluation; in vitro release rate; Stability
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W HE (Sinomenine , SIN ) J2& M H1 24 15 XUt Ho $ 1L —
AV ARG S Y, B B BT R VR U 2
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(lactic-co-glycolic acid)/D-a-tocopherol polyethylene glycol
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HL A U B A A R R R BT PR 25 W B R TR 25 )
FEREER AL A R RT3 iy 78
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PG 2 200F 2 1 ] PLGA-TPGS Fl Tl B PLGA g #4844, % i
7 P LA - 0 A vk 43 ) i 2% SPTN I 7 il PLGA 24 K
KL(SPN) , I FIHOGRL EEASGI E 2 Fh b AL AR T Zate HLAL
HEATRT L 5 1R B R FH R O8R5k e o2 W o i H i —
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1200 Y S R0 AH 354 (SE [ Agilent A 1] ) 5 TY92- TN
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e B A (3 [ Marlvern 23 ] ) 5 JEM-2000EX % 5+, 1~
88 CH AL T2 8] s RW20 0 f s 3 FE L (i KA 2
) ) 3 SCPTOH Y & .05 1L ( H A% Hitachi 24 Al , #5.00 4% : 13.5
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MS105DU %4 At - (Bt b M5 8 -FC R 240 BR A WL RS B
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1.2 #m5ilH

T REREORE 2 (B PE ZR o AE W HE R A BRA AL 5
20130120, £l : 98 % ) ; 75 HEH X IR it (32 [ Sigma /A 7], L5
608-05-1, 4 if : 99% ) ; PLGA-TPGS ( K% E R} o 2- 25 | 2 2
A2 E LS 20121018) 3 TPGS (24 [ Eastman 1b24/ ), 4t
5:20120910, 213 : 99% ) ; PLGA (1L R 48 BT S b AF 5 B, 4t
5. 12030911, 4% F B & : 50 000) 5 HI it ( 25 [# Tedia 23 ) , #it
5:907900, (B34l ) s H AR A 25 I, it R ¥ 4
Wrati,

BTES (SR B YR A R A LS 1 130220, 43 F
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2 B T TR 240 i, ) 2 ml b fhok i i, R 2%
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AW ETUK VAR N3 PLGA-TPGS LR BRI R
JE B, W/O Bl — 2R 3, s FEAE 200 W BB A5 S5 4% 3R FL Ik ma hn
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#1200 ml 0.06 % TPGS /KR H , 4k EE4E 75 6 min, JE % W/O/W
I P 12 h T 0045 & LR LTigJe L 20 000 t/min 5
B 15 min, £ B T/KPE 3 WK, & 7K 20 000 r/min &5 .0 15
min, F 2505 P TTTE Y FIE 5 2 B T K88 5, B R T
24 h, 18 SPTN, 43 5 il £ 3 4it SPTN, it 5 ic 2 20130301,
20130302, 20130303, 3 [A] ¥k A1 T B PLGA by &k & A8 &
PLGA-TPTS 15 SPN, 4t 5 & 20130301a.,
22 BIEGS5RSERERE

{475} Hypersil Ci5(250 mmx4.6 mm, 5 um) ; i shAH R
FHEE-10 mmol/L MR2 — &8N (38:62, V/V) , Fii# &y 1.0 ml/min;
R g 4 4y 262 nm™; KRR 30 °C 3 SRR 20 pl. KB FREL
T TR T HE 3 e, Y Y S o) T Yk A 40 pg/ml (1)
TR FE4 BIRE B FRECSPTN  SPN 3& 15k, FH P T v 7 I 0l s [
WSCPATIA , 3% TS T T Sl AR I0% (5 37 A, il 4 S0 vk 82 2494 40
pe/ml R, 43 I EREI A o 255, 77 TR O A £ B A 1] 24y
5.9 min, BISARE LA E BER T AL T 3 000, 43 B AT A K .
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Fig2 TEM images of 2 kinds of nanoparticles(x100 000)
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24 HifE Zeta EBLIAYTIE

HUSPTN (it 5 : 20130301) F1 SPN (HL 5 : 20130301a) i
LN 4 ml 258 Tk R B D BUR T AR KR B .
POBHLRE A 2 HORiAR JREAR 3 A1 F Zeta HLAL, A5 SR DL 1, KL
2o ILIET 3.

R1 2FhKRIHIRIRFA Zeta AL (X +5,n=3)
Tab 1 Comparison of particle size and Zeta potential of 2
kinds of nanoparticles(¥+s,n=3)

AR itz nm EZN 6 Zeta U7 ,mV
SPTN 194.6+2.8 0.046 =213+1.7
SPN 3824+32 0.082 -13.9+23
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Fig 3 Distribution of particle size of 2 kinds of nanoparti-
cles

72 1 FIK] 3 45 5 7, SPTN [ 443 . SPN BB /N 437
Y51 (LA R B0 N R FE R R A 5]) , 9 HL 24 Zeta
LV AE + 20~25 mV T8 B PN IS ROk 43 M 2R s AR e, 2 Pl
Kk tp SPTN 14 Zeta L {7 (—21.3 £ 1.7) mV, i3 B SPTN 1E
IRy B R AR B AR A2 .

25 BENEFEFEREY

T TR DA ) T 2t U A 5~ 320 pg/ml i Rl P S e TRTFR &2
R 56 R, W RIS (A) 5 T Mk 3 (o) iy [l oy A=
15.88¢—0.581 8(r=0.999 9,n="7) ; K& M PR 5 0.2 pg/ml, & &
M 0.6 pg/ml; -4 [0 4 100.1% (RSD N 1.0% ,n=9) ; H
M RSD 4 5M 1.0% ~1.2% (n=5), H [i] RSD 435 M 1.29% ~
1.4% (n="5); R HIFEI RSD H 0.8% (n=5).

2.6 BHAESEHENWE

43 B A5 %8 FR B SPTN (it 5+ 20130301, 20130302,
20130303)4.20 mg FI SPN (L5 : 201303012)6.40 mg, 4% 6 14},
FEHR“2.27 WU i A B SRR A2 , J s A AR AN
Jr RV A o i o AR A S T R R 2
A% AR 2 5 (% ) = YRR P 1) 24540 o 8/ AR o o (B
BURERE ) x100% , 528 ( 9% ) = 9 A P 9254 S5 4k /1) 45 T 16
BT x100% . 2552 @R, SPTN 1 SPN F4 2% 25 £ 43 51 K
(95+0.7)% . (6.2 +0.8)% (n=6) , {0 ¥ L5 5| Jy (41.3 =
1.6)% .(32.8 £ 1.8)% (n="6) , W] SPTN . SPN HL.7& H# 5 (1)

R RIALE A
2.7 fKSMERLERINE
3 A PR BT TR R 24 2.00 mg RG0S5 35 A A [ 7

T B = 9 SPTN (4t 5 : 20130301) 21.00 mg. SPN (#t 5 .
20130301a)32.20 mg, 4% 6 14y, 43 BV A 234 50 43 BlCAE e R 5
2B i (PBS, U IR — 080 1.36 g, /i 0.1 mol/L & A AL AN T
79 ml, AL KRR 200 ml, pH 7.4)5 ml H, F45 & T 1%
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Fig 4 Release curves in vitro of SIN material drug and 2
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FETRUSURIZY Fo A, 2 Kok 7E PBS FR4 B 1 25 i 2R
Jo SPTN 1 SPN (A4S RE Jist th 42 24 2 BN WA Bk, R 1 d
B AR B, — 8 1 RBBURHUE 7301 R 12.3% F1 7.8 % , 5/)N
T 165% ; B4 NP BN B, 9 d i =35 i SRR 4> 5y
53.7% M1 42.3% 39 d J5 — 45 0 B Al % #4375 5 30 d B
SPTN ) B R it Ji 35 51 92.8% |, 1fif SPN (1) Bl BE WA
71.3% , 7B SPTN [ AR 0% B R &5 F SPN, 22 e B St
X (P<<0.05).,

S AR Rl SR AR A MR S R Higuchi Jr i, —2sh 112%
J7## Niebergull Jr i F sl )14 Fext SPTN #1 SPN {441
BEZGBAR I I, O Ty BRBVRERREE | ¢ BRIt ], A5 105
M3,
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Tab 3 Fitting equations of drug release behaviors of 2 kinds

of nanoparticles

YS! TR WA HR r

SPTN  Higuchi i 0=18.3947"+3.476 2 0.990 9
— R In(100-Q)=-0.083 5¢+4.576 9 0.983 1
Niebergull 7 7 (1-0)"*=0.000 41+0.976 9 09732
RS EVIEy 0=3.030 5¢+16.096 4 0.906 1

SPN Higuchi /i 0=14.2371"+2395 8 0.9827
— R In(100-Q)=-0.041 5¢+4.495 4 0.965 2
Niebergull J7 7 (1-0)"*=0.000 2:+0.977 3 0.964 8
B GIESN 0=2323 11+12.984 0.8815

H1 2 3 45 S n] UL, 2 R KR S N2 4 T 0 e A5 4 Higu-
chi 7772, O Fil /" Fil Higuchi J7 R 6 iR #1416 BE 45847, 1 SPTN
FAIAR S 2R B0 K AR A
2.8 SPTNHIFEE 22X
2.8.1 HMIHZEIRIE AR 2010 4R = 25 30 (38 ) M 57
IR E T 824G S SR A SEFIRE ™, T4 A A KR 1
J5t, ARG 4302 S i L RO BB X SPTN R PR
W o ASINFEER A AN R R, ARSI A 31K .
I 25453 o0 - O iR . AREUR] —IL 5 /) SPTN (it 5«
20130301)3 4}, £ 40 “CERR &AM FHLE, 45 0.5.10 KEGE .
Q@GR TS , FREUA —# 589 SPTN(HE5-: 20130301) 3 44, 7E
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(4 500 +500) Ix JEHESME FiCE, T450.5.10 KEHE. O
AR B . FREUR — 45 (19 SPTN (4t 5 20130301) 3 4y, 16
25 CHFHIXHREE R (90 £ 5) % A 25 F TilCE , T450.5.10 K
BURE . S5 R, SPTN 7 =5 i | 2 W AN 56 IR 8 414 T il
10 d )&, FEAMIPRIR R A% e 42 b 3 oW B 28k, W SPTN
TE PRSI HaE . SPTN a2 [ R0 48 S L 4.
*4 SPINKWIRMERIRWER (xts,n=3)
Tab 4 Results of influential factor test of SPTN(X *s,n=3)

SRR Fif [, d ANIER FifE , nm HE, %
e ik 0 [EEERIFN 198.5+1.9 93+023
5 EIERES 194.8+1.1 94405
10 AEkE 197.5+1.7 92404
i/ 0 EEERVIFN 189.7+ 15 93405
5 M A 196.4+1.8 9.3+0.4
10 H A 200.7+2.1 92405
=R 0 FamE 192.4+2.0 96+04
5 EEERVIFS 199.4+13 9.5+0.6
10 FmA 202.1+ 1.4 9.4£05

2.82 JnEiRE:  FRECS M SPTN & &, 44t 45 3 4y, 7EIEL
(40 £2) C HMIXFIRLE (75 +5) % AT CE 6 4~ H L 4 51k
B 1,236 T HHURE, %% SPTN B ZMILPEAR , 5 Hokr 42
AT . A5 EIR , SPTN ALt e H e i 4514 T & 6 1>
F AN RiAe Fn g2 a1 o B AF fk , 28 SPTN £
WA TRE . SPTN ANl 45 3 L& 5.
x5 SPTINHIMFERILER (x+s,n=3)
Tab5 Results of acceleration test of SPTN(X +5,n=3)

it ], H ANPER SRR, nm HeE, %
20130301 1 EIEYIES 192.6+1.2 91403
2 [ERERVIFS 198.9+1.7 9.0+0.5
3 ERER/IFN 1968 +1.2 9.0+0.4
6 A A 2004+1.5 8.9+0.7
20130302 1 EIEhES 195.4+12 94408
2 [ERERVIES 197.4+16 94+0.9
3 ERERVIFN 189.6+1.8 93+04
6 A A 199313 92403
20130303 1 EIEhiES 201.4+1.5 95408
2 [ERERVIES 197.2+2.0 95405
3 EEERIEN 196.1+ 1.4 93+04
6 AR 1983+1.8 92403

2.8.3 KR  FRI 3L SPTN & & , b4 3 1, 7R ¥
(254 2) C HHIXHRE (60 +5) % W 2440 T CE 124, 439
F0.3.6.9., 124 T WFEURE  WLER G AL A9 A MR, i s Ho
R R, 459 PR, SPTN 6 KWK I ML E Y 4 F Rl
124 H FANIE IR DA Fn 28 2 1 ¥ J0iH A8 1k, ##H SPTN
e RS FRaE . SPTN K B I0 245 5 W22 6,
3 Tt

SPTN H.7 bt SPN B /N ki 42 . B K114 Zeta B, o7 ( 48 %
{8) E S 3R 25 fifu g 2, BRI PLGA-TPGS i %
B SRR TPGS , 1 8 W/O/W T4 S il — e 2LAL 71,
SRR A TR SR, B4 B (il 1 A T IR R PN KA L /NG 1
T2 B SN LR TR, 5145 (1) SPTN i A2 B /N (B
A7 Al By T TPGS J&4E 2 25 E (035 32 £ 104 £ v £, 51k
O H T 22 A P AE K AN R RN oA S 2 T H
Ao X 245 49 B4 0 ri Pk EL A I BB A R O T 1 g
FURL AR /N | HE 2 T R, B 2% 2 9l 9 40 B S B LA
DB DR . R, 5 G R Ay (8 R 2 Bk S 4 B B B,

hEHE 20155 e BETH

®6 SPTNHIREIAIER (x+s5,n=3)
Tab 6 Results of long-term test of SPTN (¥ +s,n=3)

it m i), A P URERIN SRR, nm HE, %
20130301 0 SIERES 1944+18 9.1+0.6
3 EEERVIER 1954+1.6 93407
6 EEERVIFN 200.1+1.5 9.0+0.4
9 FA 201.542.1 93+0.8
12 H A 198.4+ 1.4 92+0.6
20130302 0 EEERVIER 202.7+15 9.5+0.4
3 ERERVIFN 2051413 93405
6 FA 2045+ 1.4 94+04
9 H A 2042415 9.6+0.5
12 EEERVIER 203.6+1.7 92406
20130303 0 ERERIFN 1948+ 1.4 9.1+0.8
3 EEERTIFN 1983+1.3 93405
6 H A 191.9+12 95405
9 AkE 200.7 £ 1.1 92404
12 EEERTIES 2052+1.0 94407

KL Zeta FLASE B4 48 X BSOS , 1555 7880 430 AT U ) BPLAZE - Wk 4

it 2 e £ BT 08 1] T PR 22l i A B R PPN A KOk

JHE ) 2 AN ER B, G KR 0 v £ B 2 ) BE I AL i

PRIGYT I, & f RS B ST . SPTN [ 324 ik

e, AL BRI B 75 T L 7 AP 4 gl D R

5 il i A 8 A9 SRR T A T L L f51) B R L 7 A

AT ) TS BR I

PRIMEE AT L 2 Fh AR KL SRR AN 2, X2 [
>4 SPTN il SPN #5J& T 1 W/O/W & FLIE i 1 40 K A6 7R 1
ki, R FL i T — 3L PLGA-TPGS (8 PLGA) Fll — %%
FLALF TPGS M ZEAE T, SR 204 I 25 0480, R oy 5 7k
BT AT E AN AL N B, 76 2R B R RS2 R B e . i
TR EURL A EE , SPTN Al SPN 35 HAT B W I B RAE . X
1T A O PLGA-TPGS Hp i 45 A7 26 K P58 /Y TPGS, fi
PLGA-TPGS Lt i 5 b1 FL PLGA B 5 Bl K I, A 1 7E 7K P
FEIA BTV A SE PR B 58 4 0 SPTN 1A S SRER R il 2
FE SPN B, 30 d i 77 R BORE T B 92 42 (P<<0.05) .

SPTN J& T4 K 3 AU (R 0RL , 25 W15 58 4 F B TE B
PLGA-TPGS FIZLILF TPGS HLIET , 524N R/, LERE )
DR ZR B s R 25 1 T X R B R A R
P, iR A S Bt TR o o
S22 3Lk
(1] BRM%, B2 N5 RO 1 S R ]

P E 25)5,2013,16(12) : 1 902,

[2] 25K, KR F, RAL 1175 Ml 2y BT 5 I R B[]
o 257 25 5 s K 25 22,2006, 17(4) : 310.

[3] HongY,YangJ,Shen X, et al. Sinomenine hydrochloride
enhancement of the inhibitory effects of anti-transferrin re-
ceptor antibody-dependent on the COX-2 pathway in hu-
man hepatoma cells[J]. Cancer Immunol Immunother,
2013,62(3):447.

[4] Jrie¥e. 257 2 [M]ALat: ARIUVE L, 2007 370
371.

[5] MaYD, Huang LQ, Song CX, et al. Nanoparticle formu-
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W E A AR PRILBRARCHKRERY (PLGA) R E S MREM B MM £ R, 7k AFFG9%a(BSA) A
Zdy, KRB 5L R & PLGA R E 5 A 10% .15% .20% ) BSA-PLGA #3k , L L3 & 825 #5512 A 3547 % B PLGA K B+ 3
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Study on the Relationship among the PLGA Copolymers Concentration and the Structure, Release and
Degradation of Microspheres

LUO Yu-yan', CHENG Xiao-lan',GUO Zhe-fei',ZHONG Chen’,ZHANG Yong-ming'(1.The Third Affiliated Hos-
pital of Sun Yat-sen University, Guangzhou 510630, China;2.College of Pharmaceutical Sciences, Sun Yat-sen
University, Guangzhou 510006, China)

ABSTRACT OBIJECTIVE: To study the relationship among PLGA copolymers concentration and the structure, release and degra-
dation of microspheres. METHODS: With bovine serum albumin (BSA) as model drug; W/O/W solvent evaporation method was
conducted to prepare BSA-PLGA microspheres with the PLGA concentration of 10% , 15% and 20% ; encapsulation efficiency,
drug-loading amount and particle size were used to investigate the effect of PLGA concentration on microspheres property; SEM
was used to observe the external and internal forms of 3 microspheres and within 40 d degradation; The fluorescent protein the albu-
min-fluorescein isothiocyanate conjugate was taken as model drug instead of BSA to prepare PLGA microspheres, and confocal la-
ser scanning microscope was utilized to observe the fluorescent protein distribution within the microsphere skeleton. BCA was used
to study the in vitro release; mercury porosimeter was used to study the changes of the pore size, porosity and surface porosity of
microspheres prepared with 20% PLGA within 28 d degradation; gel permeation chromatography was used to detect the molecular
mass and its degradation model fit of microspheres prepared with 10% and 20% PLGA within 28 d degradation. RESULTS: Com-
pared with the microspheres prepared with 10% and 15% PLGA, microspheres prepared with 20% PLGA had the highest encapsu-
lation efficiency [(81.96 + 1.84) %] and particle size [(139.50 = 0.21) um], lowest drug-loading amount [(7.28 +0.45) %], surface
porosity [(32.35+1.98)%], pore size [(12.43 £ 0.14) um] and release burst rate, which released more slowly within 40 d and had
largest surface porosity after degradation; the degradation followed pseudo-first order kinetics (=0.065 3). CONCLUSIONS:
Within the range of the investigation, with the increasing of PLGA concentration, the microspheres have closer structure and more
stable release. The degradation is easier to form a hollow structure.
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