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#:(SPN) (SCPN) , #it] Jo 4542 | Zeta W, 45 Fo 38, 25 2 5 38 13 8 X 4w SOALHT S0 A N R B 3] ) (  RACAR EHE | dm ieAN 7 B AR
FBR W ISR ) A w8 3T 3T SCPTN A= SCPN #% HepG2 2 BL A% B 64 %5 6 5 VA 5- Bk BT i ik (FS) Ay Fa M B 25, R A A
PEvg o (WST-1) % % 10,20.,40.80,160 pg/ml 49 SPTN SPN | F s K 7% (SS) #E A T HepG2 48 it 24 .48 .72 h 49 A K Fp 4]
(IR), %% :SCPTN#=SCPN #3442 %4 (192.1 £2.4) ,(389.3+2.2) nm,Zeta w 4% % (—21.5+£2.6) . (—13.7+2.3) mV, F ks
FHB2AH(93£1.7)% . (6.1+£1.8)%(n=6). 5= @ BIbE, & AL  FEHENE A S HepG2 fmfit 3 SCPTN A SCPN # 48 44 8
FHMAR(P<0.01), e+ R BALE A )5 HepG2 4@ At it SCPTN 84 48 3 IR 4K (P<<0.05) , A LW 2 & 4L, 5 SS ki, SPTN,
SPN £ 1 J& HepG2 41 L 49 TR 23R JE | B ) 4R 84 A &, 3 2804 ) 7R B (1Cs) A& (P<<0.05 &, P<<0.01) ; 5 FS stk , X 80 pg/ml
SPTN 4 J8 72 h ## 160 pg/ml SPTN 45 Jf 48 .72 h /& HepG2 2a it IR #+ % (P<<0.05 3%, P<<0.01) , 4 A 72 h 4 1C5 4% (P<<0.05), %
it R AF SPTN, 2 £ %3 id M E G -F09 N B RN 2a e, xF HepG2 4m it A& ¥ A dp il 4E )
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Study on the Preparation of Sinomenine-loaded PLGA-TPGS Nanoparticles, Uptake by Cells and Inhibito-
ry Effect on Human Liver Cancer HepG2 Cells

WANG Honggang', GAO Meng’, ZHANG Chenghong’, XU Jing’, SUN Yiping’, XU Hong’(1.Dept. of Pharmacy,
the First Affiliated Hospital of Dalian Medical University, Liaoning Dalian 116011, China;2.College of Pharma-
cy, Dalian Medical University, Liaoning Dalian 116044, China; 3.College of Basic Medical Science, Dalian
Medical University, Liaoning Dalian 116044, China)

ABSTRACT OBJECTIVE: To prepare Sinomenine (SIN)-loaded polylactic-co-glycolic acid-D-a-tocopheryl polyethylene glycol
1000 succinate (PLGA-TPGS) nanoparticles (SPTN), and to study its uptake by cells and inhibitory effect on human liver cancer
HepG2 cells. METHODS: Emulsification-solvent evaporation method was used to prepare SPTN with coumarin-6 (C6) as fluores-
cent marker (SCPTN) and sinomenine PLGA nanoparticles (SPN) with C6 as fluorescent marker (SCPN). The particle size, Ze-
ta-potential and drug-loading amount were detected, and flow cytometry was used to study the uptake of SCPTN and SCPN by
HepG2 cells after adding different inhibitors (sodium azide, sucrose, cytochalasin B, genistein, methyl-B-cyclodextrin) and blank
control. Using 5-fluorouracil solution (FS) as positive control, WST-1 was used to detect inhibitory rate (IR) of HepG2 cells 24,
48 and 72 h after cultured with 10, 20, 40, 80, 160 pg/ml SPTN, SPN and sinomenine solutions (SS). RESULTS: Mean particle
size of SCPTN and SCPN were (192.1 £2.4) and (389.3 £ 2.2) nm, Zeta potential (—21.5+2.6) and ( —13.7 + 2.3) mV and
drug-loading amount of sinomenine (9.3 + 1.7)% and (6.1 + 1.8)% (n=6). Compared with blank control, relative uptake rate of
SCPTN and SCPN by HepG2 cells decreased after treated with sodium azide and sucrose (P<<0.01) ; relative uptake rate of
SCPTN by HepG2 cells decreased after treated with genistein (P<<0.05) ; no other obvious change was found. Compared with SS,
IR of HepG2 cells increased in concentration-dependent manner after treated with SPTN and SPN, while ICs decreased (P<<0.05 or
P<<0.01); compared with FS, IR of HepG2 cells increased only after treated with 80 pg/ml SPTN for 72 h and 160 pg/ml SPTN for
48 and 72 h (P<<0.05 or P<<0.01), and ICs of HepG2 cells decreased after treated for 72 h (P<C0.05). CONCLUSIONS: SPTN
has been prepared successfully, and cellular uptake mechanism of it by HepG2 cells might be clathrin-mediated endocytosis. SPTN
can inhibit the growth of HepG2 cells.

KEYWORDS Sinomenine; Polylactic-co-glycolic acid-D-a-tocopheryl polyethylene glycol 1000 succinate; Nanoparticles; HepG2
cells; in vitro; Uptake; Inhibitory rate of cell growth
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B A=, E R T SIN A= W2l 3 40 i PR IA T —
KR, H 257 R T 51 2% B i S A Bk
B, SCER I IR ERE R T L .

g2k (Nanoparticles, NPs ) J&—FPFE M 47 Bk /MiY
[ 1 R, T AR 2 AR PN B 2 B 2 E A S 2 P A AR
EA i, T4 =7 2 AR B RIVE o 42 NPs i RLAR 1t
FETRIHT I , AT B S BE NPs Xof JTPIUE (0 482 16 4

H X Ok 26 25 R GE R N PEAN 1) — 1~ S 22 7 TR F oY
FEVR N B ISR 32 1 0, 558 R 2 R T 2 bR id Ja
IR R NAR NG BT 8 o T4 Kk A 5K -6 (Couma-
rin-6, C6) H YAV E M DO CIRER , T4 25 RE MR N /R I A0
TR I AU R . A6 R FL AR -7 700 44 % 1 4
[Fi] Fsf £ 268 455 80 24 49 SIN RN 2 AR IC # C6 1 2 Fh gl Kok, B
SIN/C6- LR 5 2. iR 228 #) NPs (SIN/C6-PLGA NPs, SCPN)
1 SIN/C6-PLGA- 7K %5 P 4k = % E NPs (SIN/C6-PLGA-TPGS
NPs, SCPTN) , fff 58 3 # A\ HepG2 4 JE A SN B AL
il 5 [ s R P K DU R0 (WS T-1) 925 U8 1 il 1 2 FhAS 55 C6
i SIN NPs, Bl SIN-PLGA NPs (SPN) . SIN-PLGA-TPGS NPs
(SPTN) "% HepG2 4 g it (A SN il VB, hy il 4 SIN 3 1 1)
PRI .
1 #
1.1 I%=5

1200 FERCR AR 5L (3£ 1H Agilent 24 F] ) ; NanoZS90 0Ot
i Y ($ [ Marlvern 28 7)) ; SCPTOH .01 ( H A< Hitachi 24
H L BOFR 13,5 em) s MS105DU H - K- (B -1 45 -4
Pl 2 A BR2S &), A5 2 0.01 mg) ; Accuri C6 i 20 A I A (3 [H]
Becton Dickinson 2y 7] ) ; Olympus IX 81 2 A5 & i i3 s ( H A
Olympus 22 H] ) 5 354 BUfEH74X (& E Thermo A F] ) o
12 #AEm5iH

SIN K25 (BEPU R B AR ARAR LA, 5
20130120, 4 & : 98% ) 5 C6 Ji Ak 25 ( 32 [H Sigma-Aldrich 24 H] ,
4k B . 98.0% ) ; TPGS ( 3% [# Eastman 1k 2% A A , #iL 5 .
20130410) ; PLGA (L 7R 48 B Y7 2 Al 5 i, #it*5 - 14030911,
Fe A9 - 50 : 50, 43 F JFi i 50 000) ; SPN (L5 : 20150309, HLAS »
62 mg/g) .SPTN (5 : 20150309, L4 : 95 mg/g) th K i% E R}
KA 2E BT AR s 5-FURMENE SR (FS, RN =i 2%
AR F] L b : 20150220, B : 25 mg/ml) 547, 6- R KE-2-7%
FEW| Bk (DAPL, db 5t R 3 R A BRA AL b5 : 20130110)
WST-1 £ 344 5 K% A0 ffd 2 1 AG00 i59) 8 (F =) Roche 23 ), 1t
5 M1880) 5 s IR I (_ifE ST AR AR W AR BR AR s Hody
HREA A2 FRRUAS , BT GRS A 4 a7k o = 28K
1.3 4pm

NI HepG2 21 i 28 (rf 1] 15 2 ) 2 e S s 24 0T 5% o
i) o
2 AEE5ER
2.1 #ApEEEsT

4 HepG2 1 MTHCFE £ 10 9% JiG 24 L35 B s MR 92 22, 7
37 C AN 5% COMEFA I F5 . PR £h 2% vP il
(PBS) Pk . 0.25 % H T TL 78 T A A S0 200 it 20, TBOv Bz
KA R A A 73
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2.2 NPsHIH & RREEH
221 HIETEY REEFRESIN JFORIZGE i, A 2 ml4lifbok
AR, THAS % FREL C6 1& & . PLGA-TPGS 100 mg, Jf] 8 ml Z /2
R, 200 W T B SIN 7K %5 0 N %) PLGA-TPGS 2
W5 2RV R TE 8 W/O B —22 7L 5200 W RS K RS
TN 200 ml 0.06 % TPGS /KA , 4L 75 6 min, JE 8 W/
O/W B Z 2R FL s 35 HF 12 h 587044k LR RS , 20 000 r/min (5
L2F42 0135 em, T [A] ) B0 15 min, £ 8 /K ¥ 3 ¢, 20 000
r/min #5.0> 15 min , W UITEY) G L B FK 5], 0T
i 24 h, 15 [ B} 40, 2% SIN 1 C6 [ SCPTN, Al SIN F1 €6, [F]
P2 FIAKOBL(EPTN) 5 55 LA PLGA S A ] il 15 ] s
£,2% SIN F1 C6 1) SCPN .,
2.2.2  KiARH Zeta FRALIOINE  Fe i 306 7 351 430 i 45
SCPTN A1 SCPN [ -5k 4% 43l o4 (192.1 + 2.4) L (389.3 +
2.2) nm(n=3),Zeta LN 435 (—21.5+2.6) (—13.7+2.3)
mV(n=3),
2.2.3 SIN.CO#Zympyilla  FEmr s it % SCPTN
FISCPN 1 SIN 525 5405 (9.3 +1.7) % . (6.1 £1.8) % (n=
6);C6 i Zh1 43 3 (10.6 £1.9)% (8.4 +1.6) % (n=6).,
2.3 HEALEFE

Bk Ffx + s R, I SPSS 17.0 Gt k47551143
BT, ZHUERER T 224501, WAL 8] ELBCR T e/ 56 . P<<0.05
NESAGFRE X
2.4 HepG2 fRYIEEGKIE"

T HepG2 4 fifi, i 28 24 FLAR , %5 o 1 10°4~/L , B 55
24 h, JISCPTN.SCPN7E37 C W& 4 h, A PBSUE3 K,
75% B 2 10 min, WE £ &, TRV PBS U8 3 Ik, B IK 5
min; J 200 ng/ml DAPI {4, 15 min, F ¥ PBS 1%t 31K, F:IK
5 min, i PGB B AEDIWER , 25 1L 0L 1,
SCPTN #% HepG2 4 MBI AR A1 :

i ¥ : 4
=N

El1 HepG2 X SCPTN . SCPN BB B St BRSERE (x
400)
a. BN MR BRI s b, AN A DAPL YL B (2B K s ca
b3 I IR A
Fig 1 Fluorescence microgram of the uptake of SCPTN and
SCPN by HepG2 cells(x400)
a. the uptake of SCPTN by HepG2 cells; b. bule-fluorescence of nucleus
stained by DAPI; c. combination of a and b

p P L AT I, 2 C6 AT 2 (0.5 119 SCPTN Fl SCPN 4311
TEME DAPI YL 0 (i HepG2 2 1A% J& Rl , 3¢ 1 2 Fh NPs #5fig
W HepG2 4 i #5 B ; {H e 45 1] 1a 0] WL, SCPTN #% HepG2 4 Jifd
R B 2 (A R s 28 e e (R ) ol i st
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g, T EJE N g SCPTN HoA H SCPN B /NkiA2 T
1) Zeta HLAY (LX) , 5CAEAH ] A s T] P9 B 55 4 Hep G2 2 ifg
BRI,
2.5 UKAIEEHLHI Ry 2R

B HepG2 4 M5 4 35 1 ol 1x10° 4>/ml, 350 T 6 £LAR, 23
Sy B %o BE A RAR [ 400 11 550 2 2 Ak 44 (25 mmol/L) | EERH 2
(450 mmol/L) . 4 HfL 4/ 8t 2% B 4H (10 pg/ml) . 4 R} A 3% i 4H
(200 umol/L) , H J-B-F W14 28 (3 nmol/L) , 55 15 AN il 241 fifg Al
i AN IR, AL 2 L. DA 2RI R B
A CO M, 15 9% 1 hJm B A il R AL i 55 32 R i, 97
F¢H 2 FLH 43BN A SCPTN  SCPN R B , FRR A CO,J#4%
o ARSERE TR 3 h W A ALIE TR R B B0 8 A, PBS
BB ALANIPE 1~2 3K, 2050 500 pl B AL , 5 1k = 40
AR, 02 0L A R 7R3 1 ml 28 kAL R I B 31
LN, 1000 r/min 850 5 min,  Fi, 11 ml¥ PBS, E 3
W ANEE AT 1 ml¥e PBS WG U, 57 B R F =0 am
L 43 AT SRS I AF X B . AN ] 41 i 570 X Hep G2 200 Jif £ JiX
SCPTN ,SCPN {5245 3 I 2.,

120
O SCPTN

) |_I

O "Rt éﬁﬂ: FF#ME WAL JRA LA
[T ) HBUL WAL SRIRRAL

2 AEIHFIXE HepG2 20 it IFEX SCPTN . SCPN HY %1
(n=6)
T BT IR L4, * P<<0.05, **P<<0.01
Fig 2 Effects of different inhibitors on cellular uptake of
SCPTN and SCPN by HepG2 cells (n=06)
**P<<0.01
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Note: vs. negative control group, *P<<0.05,

B R RE RN, v R = BERR AR TT (ATP) ZE ik
T BELIAT BE KA A I B o PR R 2 S, B U Ab A 4 P A i ot
SCPTN 1l SCPN FAHXT HE IR 431 38.4 % F142.5% , 5 911
Xif 2 BRI (P<<0.01) , 2R W 2% ZRUAb A i Y S 400 o 24 L
X SCPTN Fl SCPN 1 £ B, He P 77 f& — Al i (O A 2o 72
iR e S L e - P A A e (O 11| D 8 e e a1 OB
SCPTN F1 SCPN W AHX IR 4351 K 24.8 % F132.1% , 55 BAYE
Xof B LA PRI (P<<0.01) , FH SCPTN Al SCPN #f ] il
TE RS R LA 310 Xk A, BRER SCPTN Bl il (R
HHA P, SR HH PR RO T AR B I SR N A . AT E B
2 R LRI A WA i 590, T 00 s AL 2 B 1 SR R 4 S 3
oo AAEAN i B 41 H 4RAEXT SCPTN A SCPN (R BULF-A
LA o ol A B 2 T R U A ) 59, AT A A
20 T P B e /NES R D) A I o YR AR B 2 v 2 ff
X SCPTN Fll SCPN [ #H X 8 IBCE 431 oy 76.2 % (15 B X 1R
21 LA P<<0.05) F189.6 % , 72 I AH If T e O IVes &) A=
FINFF T REL 2 5 T SCPTN 4N S G A2 . 3k -B- 3080
K SE N EE NI 39 , 7T R SR FE IR o 2 A A P P E
FH - - PR RS 20 b 40 O %6 SCPTN 1 SCPN B UL P A 52 1%
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T R, 2% B Atk
Hoia s

2.6 wal\ﬁmremﬂ@_&cwmﬁ:uzmm E"

2.6.1 AUAEATAL TR 96 FLAR IS IR B R I 2 R i B X
FEEE (A) BISE, SEI B A SRS IR 50 pl (500 21 fk
FUATED) 928 11 96 FLARTEREHR X 450 nm AL A AEHR A 2
(n=6), I/ N 54, 140 6 L, FS 4 - BeRh 4 i =
A 500 pg/ml (¥ FS 50 pl, {iff 5-580 bR M 0 28 o d e FE 43318 10
20.,40.80.160 pg/ml; SPN 41 : F2 R0 40 A5 43 1IN A SPN (#45
20 RS AR SPN I 1, i = 287K 100 W 75 30 s, 431
750 pl, fiff SIN 2 &2 v & 43531 4 10,20 ,40,80, 160 pg/ml;
SPTN 41 : HEFP 45 43 A SPTN (322 45 24 371 b A 28 R i
SPTN T i, il 787K 100 Wi 30 s, 20 HI3427)50 pl, f# SIN
LRI 4> 314 10,20.,40 .80, 160 pg/ml; SIN K (SS)4H :
FEFP ARSI 500 pg/ml 4 SS 50 pl , fdf SIN 28 23 J3 4351
%7 10.20.40.80.,160 pug/ml™; EPTN £H . 04005 il A EPTN

TR ARV (F2 45 245 70 A % AR IDORE et 55 SPTN 4 AH [ 1 EPTN
Li,ﬁu:?.i%k 100 Wi 30 s, 434450 )50 pl, i35 SPTN
ZH R B AR 5 B B2 R A e A 259, RomA
52 AR TR TR B = MRS FR 50 plo
2.6.2 WST-1iFl &l e AE KMl 3 & 109% fR 25 i
100 w/ml 85 % . 100 pg/ml 4 5 3 19 50 B 77 WOK HepG2 it
il B BN A0 B, P LA AL 110" S 1 3 B 3 T 96 FLAR
AR R 100wl #242.6.17 50 R k4l Nz, 18 37 °C.
5% CO. R ABFIR 40 T 1597 2448 .72 he BALIMATHHE it
B WST-1 757K 10 pl, AkZ0 5 4 h, &L 355E . 7ERRY 450 nm
AL E BFLIT A, S i R 600 nm. $ 45K [1— (4 —

A e ) (A gy — A ) 1x 100 % TS AN A AR (IR ) , F85 5
2 [7)— 15 3R B (1119 5 > 24 e J& 4 ) 5 % g %) TR 3R 7k 1
A, A3 B[R B R R A IR A, S5 BIR 4 5178 0.026 +
0.012(n=6) , A s} 0.058 £ 0.014 (n=6) , H: 42 % 4 HepG2
AR IR R 25 SR W 1.

2% 1 AT UL, EPTN ¥ A7 BH 0 (9 2l Jifd 54 , PLGA-TPGS H
A R AP EIE PR ZEE ; SPTN 411 SIN 41 H A FA & A9 A il ik,
FLBf A SIN Vi 2 9 38, PRSI %T HepG2 4 it i1 00 ikl 415 FH s b
Z 35 BT T M A VA B R (RIS 5 72 hE SPTN
£H 80,160 pg/ml 5 1 € B A9 IR %5 FS 4138 in (P<<0.05 5 P<
0.01), #HH SPTN HAT R AT M2 BAE FH LA B4 s AR b A it A=
KAl /A
2.6.3  RBOMHI E (1C) B K IR=50% 4 AR
()35 R H] B 25 2H Y TR O % , T HAR I G, 5 AR LER 2

2% 2 0] WL, SPTN X HepG2 4 Jitd ) 1Cs bifi #5 15 5% i) ] 19
FE T 28 80/, Horp 72 iR R /N SS 2 (P<<0.01) FITFS
ZH(P<<0.01). XN SPTN AN 78 i Bon FLHAT
RAFMREMED, 72 h i) 254 BRFRRR L f ok, REE 47 b & #5
S R 20 R A T 5 5 STN B TRORT G, 2 B KA ) 25 3 st
ALY 2 27, SR AR P B R], DT AT sk SIN 7R I R I
e A Rl A RS 7 A BRI
3 itig
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&1 HHHepG2 HIMATIRKMLEER (x+5,n=06)
Tab 1 IR value of HepG2 cells in each group (¥ +s,n=06)

e L NPs PHRIGE 12 52 0 HLAE A0 PN (9 5 38 Ao A o AR
Bk L], A X SCPTN Al SCPN FHBRH 3 B2 MRS 26 11 1Y)
S, 1 SCPTN i AT B 3 1k 41 i S5 I T8 VNES 2 1) A 110
WA IR AR IE AL, 75 S 25 LT AT DAkl A, 45 1) T
YT AN PR A (e EL O b A A 2 S 1
S 3k

) %ﬁ? T R AR

EPTN4L 1.8£05 21407 27408

sS4 10 11227 176123 215421
20 167124 241425 273426  24h:IR=0.274 1c+11.558(r=0.962 8)
40 235£22 257426 312423 48 h:IR=0.260 1c+17.117(r=0.9750)
80 38621 415428 454122 72h:IR=0.258 3¢+21.263(r=0.979 3)
160  529+23  573+24 61.0£25

FS4 10 337427 362+21°° 398+26
20 396123 435422 461423 24h:IR=0240 5¢+33.908(r=0.985 1)
40 4581267 473125 5124287 48 h:IR=0.246 2c+36.596(=0.9852)
80 S3.1£29%F 569124 62.6127 72 h:IR=0.253 1c+40.108(r=09829)
160 71.9+23 754+26" 793+25

SPN4L 10 189+24 231423 395426
20 31423 308+22°  464+25F 24h:IR=0343 2c+17383(r=09771)
40 312425 432420 578424 48 h:IR=0.4059¢+23.292(r=0.980 1)
80 S03+27 5931267 6971277 72 h:IR=0.336 4c+40.242(r=09743)
160  69.8+26" 859+23°" 921+28*"

SPTN 10 235+23  307+23° 428+26°
20 289425 381422 5061247 24 h:IR=0.346 9c+22.992(r=0978 6)
40 388+21°  492+21°  614+23% 48 h:IR=0397 6¢+30.188(r=0.988 4)

80 5524247 639424 7754227 72 h.IR=0361 9¢+43.800(=0.969 3)
160 76142277 9234207 9894217
E « SRR BTk B Y SS Al bk A, * P<<0.05, * *P<<0.01; S 4[R5
R Y FS 20 AL, "P<<0.05,%P<<0.01
Note: vs. same concentration SS group, “P<<0.05, * *P<<0.01; vs.
same concentration FS group,’P<<0.05,%P<<0.01

F2 LHHepG2HMHIIC MR (x+5,n=06)
Tab2 1ICs values of HepG2 cells in each group(x *s,n=06)

. 1Cs, pg/ml

SRHE b sS4 FS4 : SPNA SPTN
% 1402421 669424 950+2.9* 71.9+22"
4 1264125 544127 65823 498+21°
n 111328 391226 290+£21% 1714287

T AR IR 9 SS 2H He A, *P<<0.05, " * P<<0.01; S AHIFIAE
JHEEI FS 4 H#5,"P<<0.05

Note: vs. same time SS group, * P<<0.05, * * P<<0.01; vs. same
time FS group,”P<<0.05

(P<0.01),3%H SPTN f A& Aifz 3R il 5547 B F
SIN 4 4t Ji 5T 47 b 45 B L 7% Wik, {f SIN RE T 47 Ml & 45 L XoF
HepG2 i A3 il 45 FH ; IR B 5 SPTN L SPN HAT B 47K
WAk CGERED, HE 72 h I SPTN XJ HepG2 2 it i TR 1 ik %]
95% LA k.
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