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Preparation and characterization of baicalin-loaded polymeric micelles and its
inhibition on MCF-7 cells
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Abstract: Objective To prepare baicalin-loaded TPGS nanomicells (BCN-TPGS-PMs) and to evaluate its physicochemical
properties, in vitro release behavior, and antitumor activity against MCF-7 cells. Methods BCN-TPGS-PMs were prepared by
film-thin hydration method. The preparation methods and formulations were optimized and screened based on particle size and
encapsulation efficiency (EE) of micelles. The transmission electron microscope (TEM) was used to observe the particle appearance,
zetasizer instrument was used to detect the diameter and Zeta potential, and ultracentrifugation was utilized to determine the EE and
drug-loading rate. Dynamic dialysis method was used to study the in vitro release behavior of BCN-TPGS-PMs, and the antitumor
activity against MCF-7 cells was determined by MTT method. Results The optimal BCN-TPGS-PMs were round with the nanometric
size of (11.91 + 0.14) nm, high EE rate of (95.83 + 7.34)%, and drug-loading rate of (5.42 £ 0.04)%. The in vitro release behavior
showed that BCN-TPGS-PMs had a slow release. Compared with free BCN, BCN-TPGS-PMs showed stronger cytotoxicity and
inhibition against MCF-7 cells (P < 0.05). Conclusion The prepared BCN-TPGS-PMs have small particle size, high drug-loading
rate, and good stability, and could obviously increase the in vitro inhibitory effect of BCN.
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AT A 2 Fh R A R A, B R PR
TR (AR A I e s k25 2 P P 4 Y
WL, T R e LI PR T R T S R K A
JEAEPEY R 2, DR 3 Ok X o 5 IR K P AR
tay P st TRER N BTG e AN ) S V8
H AT mE R R A R SR, SRR
B W) AR B AR AR R B 2 AR I 22 1) )
BAEAE T EE I, B s i,

T WA SR M SR A /K 1 41T R
RIAKGAZ e g5, ANME R LU mgi K Pk 2 i
ik, 1T H T CARRAR 2 W05 IR P S R e iR R
AL S, 13 93 3% dir 1 Y. (enhanced
permeability and retention effect, EPRE), SZH#%5))
O R AR A DA 2 R # B BRIAIR
g (TPGS) AaAAM R}, R KA 2% B4
TFIRIBEIA, 0T A o (1) il 370 2 P Jo B AR Mg
TG PEEAT 252, B s AR Y AT 9T 5 A
1 XES5HH

Bio-RAD680 MhriX, [H Bio-RAD 2 H];
Eppendorf =3 &/ 0AL, A8 E A TR PR A A
Agilent 1260 = 0B (%A, FEH Agilent 24w
Nano-ZS BRI E Y, JE[E Malvern 24w ; H-600
TENHEL, HA Hitachi 27 .

RO YR B JRHIMREE (TPGS), K
Sigma A r]; EATX RN, b5 110715-200514,
T A >98%, AT 2 A E SR s
TR 2, B %5>95%, #t'5 20120806, Fint
B AR A RA R AFLYEH MR (MCF-7
MDD, PRI ARG IRA A MG R
HAME. 1640 KiFRiE. MR IR (PBS), ¥
4 532 E Hyclone Al ENTEE, AR 71k
H4 7000, 3 Viskase Al BT AR A
P TEAL
2 AEEER
2.1 HREREYSI&

SR FH T R KAV 1) 46 23 T K e R B R 2 TR
W MERFREL TPGS 100 mg, V% T 4 mL FIEEH
W, NN R FR R 2 2517 1) B (1 mg/mL),
FRANIRA] a2 R R AN, A LA R |
TER— 2RI, i\ 4 mL PBS, + 37 CHE
J14E+E 4 ho 12 000 r/min &0 10 min BU_LiEHEP 1
HHIE A, B SR O WY %R E
BRHIRR IR AN K LK (BCN-TPGS-PMs).

22 SAEREL
221 @ERELM EREHN Cig FE (250 mmX4.6
mm, 5 pum); VI OIE-0.5% B RK T (25 -
75, =M pHAES 4.0); AR 1.0 mL/min;
R 25 °C; Kl K 275 nm; #EFEE 10 pl.
222 ORI ORGSR A 0T B
10 mg, & T 10 mL &), HEHHIERRERZ
B, 85, 133 1 mg/mL %] B A Af A
223 fHKSEBIEE ol EBUSE & BCN-
TPGS-PMs #H BRI U I 10 15 F AR
B, HE (200 W, 40 kHz, 10 min) %, 0.22 um
THALIENEIE S, HCIEE
23 PRERREBHERBASHINE

Hoh 25 I B 2 IR 4 v I VA R B0 L 12 000
r/min &0 (4 °C) 10 min, BREWEZY, EiEK
REMEA AR . o3 I AR B LT S IR
A NN 10 FEARFA R BERS AR « 75 AR 4K I
WIREH, MR Ay, HEasEE, [F
IR s AR 00 i 1) 37 R A A R T, AR
JERRR,  JF A R AR T i, AR
2,

IR =My/M

R =M /M,
M BTl ARG CGEOET h AR E, My L
JEIEHR _E3EB P IR, M R TIRAO D 2R, M,
R T HUI
24 HEERM

53 R HOE HE 3 S0 S . BCN-TPGS-PMs
VRS IR, N 10 £ RGBS, S
(200 W, 40 kHz, 10 min) %3, 0.22 pm fHFLIENE
JEt, BUMEWR, % “2.2.17 T B AEERENE .
HOS IR T R, HiRPRIE IR 259000 o
T4 (K 1),

A BCN/\
C
0 1 2 3 4 5 6 7
t/min

E1 #=ZH (A).BCN-TPGS-PMs (B) F1Z5H PMs (C) HJ
HPLC
Fig. 1 HPLC of BCN (A), BCN-TPGS-PMs (B), and blank
PM:s (C)
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25 ZMEXREER

Rl AR EBE A 6 B 10 mg, BT 10 mL £
i, FHWEEW, MBRZIEE, FEH R &
WREER 1 mg/mL R85 15 0] R i 2o 20 ol kG %
SR ISR ST L i S VR R, R AR R BT A
WRE4 9124 100.04 50.04 20.0. 10.0. 5.0, 2.0, 1.0
pg/mL IR FIDO R, 4% “2.2.17 T a4k
PEBEREN 2, DAOETAEME (V) XK E (X0
HATERNERNE, 3SR Y=31.584 X+
0242 8, r=0.999 9, iR EFE 1~100
ng/mL TR RAFILIE R R,
2.6 FEEEIRE

BUE. . & (1.0, 10.0. 100.0 pg/mL) 3
AR FE B S0 J A, $% “2.2.17 TR
IS AFEREN S, 20T 1 d IE 6 IR, TELE
WsE 3 d, THEASH AR H IR % L) RSD 43514
1.34%. 1.07%- 1.33%F1 2.35%. 2.86%. 1.36%,
(SRS WARTRE L >
2.7 FEMRIE

7] — b 2 31 4% ) BCN-TPGS-NPs %3, A
10 £%5 I REAR RS, A, 0.22 pm PALIEIRERT,
BB 3T 04 24 4. 8. 6. 120 24h#% “2.2.17
TR G AP E, 4558 RSD 4 1.12%, 4
PRI 2
2.8 FEEMHRAR

Y[Rk ) 4% 1) BCN-TPGS-PMs W 6 173
SN 10 £ RS RE, A, 0.22 pm T4l
PEREPELL, HUUEW, % “2.2.17 TN A R
Mg, 455 RSD N 1.47%, FFEiE%ER,
29 [EWEIRLE

W HC 1 mL 2% I NPs %91 10 mL BR (0 i,
3 DR B N B 0] oS =, A e 2 %)
B, BORAK. By o (1. 100 100 pg/mL) 3 AN
B IR AW . 4 0.22 um THALIEREERL, HX
VEWIE “2.2.17 TN SRR, THEASE
KIS 54 (99.70+1.74) %. (99.17+0.88) Y%-
(101.184+0.14) % (n=3), FF& kTR,
2.10 FIFIA TZRIHK

XK B AT A I AR TP 1) 3 N 3R KA IS ]
TR FE R 24 5 3 AR LA ek b 2K e R I ) 5
WATHSE
2.10.1  JKALEFAI 2 ] 259 Bk bl 4y
BRI KA )R, ol a6 IR ki A . okt

R (R Do MWK 1 HATLAH, KA R0
WHPRARSEI AR, M 3 h TFA T T, Hik
5 2 K T T B s 23R B K A B T 7 38 0 T 344
K, 15 4h W EFRE R, GGE%IE, EH4h K
A1)

Fz 1 KETEIMERAIENE (X £s,n=3)

Table 1 Effect of different hydration time on micelles
(X Exs,n=3)
IKAGI ) /R Fif%/mm /%
1 17.66+1.11 87.23+2.21
2 16.93+1.35 90.35+2.48
3 12.77£1.69 92.67+2.12
4 11.78+1.55 95.18+3.25
5 12.33+1.34 90.33+4.23
6 12.65+1.78 90.25+2.18

2.10.2  JKACIELEE I RE [ E 25 S AR LA, g5
M EEARIKAGIR LS, il & IR kAT fudsd
FRARY (3R 2). B KA I3 N, IR ke
BRI, A 2 2 M AT LA e PR 7K AL BE 6 24
YRR RIS E Y2 e e, BT E%
R, RS T AR 37 COMKAER

F2 KULBEMIRROEM (X £s,n=3)

Table 2
micelles (X s, n=3)

Effect of different hydration temperature on

KA S/ C RLA%/mm /%
37 11.66+1.33 97.23+3.28
50 19.934+1.25 85.35+3.33
60 25.77+1.12 82.67+3.55

2.10.3 W HEARLLEIR N L 6 DMANFEI
SRS, TP AR R, R KRR
Zeta HUMTHEAT 82 (36 3). GER Pl A L
BAATTR 100 mg I, 42595t /N T 8 mg I,
BRI R (BET 90%LL ), {HZhY) R
FORT 8 mg I, BRI, R
Z G, MR 20 mg I, AER FREEY
70%, FZE T BRI AR R 20k B TR
TN NASSE DT T 5%, M) Ry 8 mg I,
154 CAFBCER 3 RINETT A 1IN FURYTE, W
AR E o, R B3 FRE. M 4.
6 mg I 7E 4 CA7 30 d stk . Dk, 254
FIBAOREOR M 2, s LAaetE, &k
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=3 MERRLHIMRRMEI (X Ls,n=3)
Table 3 Drug carrier ratio on micelles (X *s, n =3)
Y-k BAE% OHEHE%  Riff/am Zeta HA/mV
4:100 3.78%0.08 94.14+3.85 11.32+1.05 —-1.23£0.13
6:100 542+0.04 95.83+7.34 11.91+1.14 —0.20£0.04
8:100 7.21£0.01 91.60%£5.48 12.094+1.03 —0.35%0.11
102100 9.12£0.34 85.601+4.36 12.78+1.05 —-1.01£0.23
15:100 11.23+0.48 78.44+5.12 11.55+1.21 -0.35%0.14
20100 15.73£0.56 70.631+4.89 12.24+1.34 —0.67£0.21

PR SRR LEE] A 6 1 100,

LA IBARIE R RS A, igim &
FEE M, RPN T 24 100 mg TPGS
W PR, MR RS N 1
mg/mL PR BRI 6 mL, WA, ez
RERZAIESN, RIS, A 4 mL PBS
VENIRIE, 37 CHAJIHEHE 4 h, 12 000 r/min &0 (4
‘C) 10 min, B EHERIVKIE A BTl s KR
WHPEERIAE A (11.9140.14) nm; 25 &M
RN (5.4240.04) %A1 (95.83+7.34) %, Zeta
HLA7 A (—0.20+£0.04) mV.

2.1 RERAGRIIR. Zeta BALK S

HUi& B BCN-TPGS-PMs W, Z&IH/KHRE,
Nano-ZS BRI 253 AT 58 P IR 42 M Zeta HEA .
¥ BCN-TPGS-PMs i 22 78 A7 S R4 M F,
1% SR ARG e e e, IR ARIE 2 R I
7, FHARIT I, BT BT (TEMD Mgl
TEA o BEARIRIAR RN SORLAR 53 AT A2 5 W BHORL 43 1L
1A R YIRS E I DL AR AR AT NI R . R
FH Nano-ZS RS0 52 43I 45- 1) 24 14 2% 11 e o (141
BIRiAR A AL 209k (12.4140.05) nm A1 (—1.13+
0.132) mV: B2 K 1P SR LA 43 0 A
(11.91£0.14) nm A1 (-0.20£0.04) mV. MK 2
Rl LA, IR IR RN A A . [ E
S R A R B T A% (M B I AR/ NE A, TEES
EEREEMRE (B 3). B3GR e i R AE
Jiv R ZH 23 R A ks JE U 5 ECRT e B ' At
N S I 56 PRI ) o 9K ISR Zeta WAL 34
T 0mV, FEREMTHOKEMER R (PEG)
BERRTE AR SN2 b VEIK) PEG KAL), B
TRAOK A1) L Ak, BEE G IR P B 2R 8 1 A
JEA ML AR RIS 1] 6
2,12 {KINEFRA R

73 1 mg/mL (1) BRI IR 2 o 44 SOk 2

1 10

Fife/mm

100 —100 0 100
Zeta HA7/mV
2 BCN-TPGS-PMs By (A) FA Zeta BB (B) &
Fig. 2 Distribution of particle size (A) and Zeta potential
(B) of BCN-TPGS-PMs

3 BCN-TPGS-PMs 9 TEM
Fig.3 TEM photograph of BCN-TPGS-PMs

W1 mL B PGB RE TS, IRE
T4 E T 50 mL B/ sy, Bl pH 6.5 iR £h 2% i
7% (PBS) J pH 7.4 PBS, % 0.5%K 1114405 80, T
(37.04+0.5) ClHEIEAKEIRY (100 r/mind, 43571
0.5. 1. 2. 4. 6. 8. 10, 12, 24 h HFE 1 mL, 3F
A7 R A RO . FEAA ] 0.22 pum TlFL BB M
JELE, HUEWIE “2.2.17 TR (kA& EHERE
IHE SRR, ShlRihdk (B 4).,

P R GE 2% 25 ) (R R TBOnT H e 2 o7 3k, TR
I 2P RS TR 22 VPN 25 ) A% 8 R AL I — A 2L
Fabr. iR 4a i A0 55 IR IE B A 2 LG pH (B 5
fi%, My pHAE R 7.4, R4 HAME pH {H 4 6.5,
DRI T 2% 82 4 2 AR IR AE pH 7.446.5 ZEiil v iR
TSI DA AN K 5 AR A 345 A T8 &40 i A3
IR M 4 AT LU B AP VRAE 2 Fh pH
AT 4 h L PR, BsER 98%LL |,
KUFENTIEN 28 AR AEH 2 25 R A pH
7.4 HEEREA N RIRSANE RAT 28.53%, RWAW
LTI K A, DUERE . 18
pH 6.5 /T RN 35.06%, HAREE pH 7.4 BRI
P, ARBEBCRAARR D>, SR IAGR I A AE 2K i
AL R, AR MG T e DR RE S8 HE R IR R 45 )
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4 EZFH (A) 5 BCN-TPGS-PMs (B) #£A[F pH {E T BIRIMNERHLZE (n=3)
Fig. 4 In vitro release curves of BCN (A) and BCN-TPGS-PMs (B) in different pH values (n =3)

DRI 25, T2 B T )45 PR A oK R AR R
EME AT,
213 RIMRBEIETERR R

BRI MCF-7 41 e H el 1k, I R59%
BB R 5X10* N/mL, WG T 96
LB AR LN 41 0B 100 uL, B FRA R
24 h AFILIERE . AR BIGRE S N2y . ARSER T 25
V5 TR R C ) R0 A R 41 S 5 i A I T
1640 $5 570 AR EFFLIIA 100 pL, FFANMKRAEE
3AATAL: X RRAIAS I I 25, B4 100 pL
Bi R, B RPN IR E . T ngJE 24,
48. 72 h, ¥ 96 LA, BESLIIA 2 mg/mL MTT
W S0 uL, EREFEAPIEE 4 h JEJE, K 96 fL
BB T IR AR bR TR B WA I, BEFLIA
200 uL DMSO T4 % L4E% 10 min #fif 550
ity woE AL L5 200 pL DMSO) 4
Tl A FMEFFAE 570 nm ALII5E &AL 5 11
WG AR

BCN-TPGS-PMs ¢ 5 551 1 44 /0 4 Jif 4170 1) 52
e RN 4, WAL H, B A BCN-
TPGS-PMs X il 4 M 35 AT — e (P4 fE A, 3%

254 )t BCN-TPGS-PMs 4 #1411 24, 48, 72 h )5,
MCF-7 4 IAEiE 2 A, I SR EE 5 I R Ak o
MWK 4 PATLUE Y, 35 HAE 2~100 pg/mL, 24 h
I SR AN 16%TE 2 52%, 1fif BCN-TPGS-
PMs FR3IHIR M 26% T4 60%; 48 h B3 5[4
HIFM 30%T+E 57%, 1fi BCN-TPGS-PMs {13l
FKM 3T%TH 2 64%; 72 h I SN 33% T
% 63%, BCN-TPGS-PMs I3 41% T+ 42 72%.
FEW G SIS AR L, i o s T 6D SRR P 34
BCN-TPGS-PMs ZH %} MCF-7 4 i (40016 4 1) 5 2%
T RES L. [WIR A H GraphPad prism 5.0 #f4:
L& B dE 755 BCN-TPGS-PMs 21 J7 5 % 7 41 %F
MCF-7 4 ICso {H, Wi 5 FivR, AL 24,
48 2 72 h ISR ICso 23531 Ky 49.84. 23.24 F120.34
ng/mL, BCN-TPGS-PMs [f] 1Cso fH 437k 24.06+
8.50 F 5.66 pg/mL, Zi AT LLE HAE RN [A] A3
BCN-TPGS-PMs [#] ICso W] EAK T BCN 1] ICso
i, RS HFOETRR D, feiEiamilhh
BCN-TPGS-PMs $& = 2 %= 41 il i 9 &4 i 2
KRR Re R @ kifeish, feilid EPRE 2N

#4 HEZEHS BCN-TPGS-PMs ALIE 24 (A). 48 (B) #1172 h (C) {3 MCF-7 HABRIINEIER (X £s,n=5)
Table 4 Inhibitory rates of BCN and BCN-TPGS-PMs on MCF-7 cells after 24 (A), 48 (B), and 72 h (C) treatment ( X *s, n=5)

i B 24 h IHIZE/% 48 h #WiIZE/% 72 h I/ %
JRRIR S /(ugmL ™) - - A
AT BCN-TPGS-PMs R BCN-TPGS-PMs T BCN-TPGS-PMs

2 16.494+0.61  26.14+0217  30.65+£0.65  37.42+033"  33.65+039  41.3740.98"

5 18.384+1.60  31.33+0.76"  33.87+£025  42.86+029°  36.55+0.73  47.38+0.26"

10 303942090  41.894+0.35"  44.7940.21 57.06+0.37° 42544242  57.9840.33

20 50.07+£0.80  52.59+0.49" 5545+1.12 59361+030°  50.08+040  59.31+£0.25

50 51.66+0.75  58.71+0.47 56.34+0.77  61.62+020°  5847%332  65.65+0.45

100 52.16+£025  60.54+0.56" 57374152 64151026 63224014  72.13+£0.45

S LR TP<0.05 "P<0.01
"P<0.05 ""P<0.01 vs BCN group
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%5 BCN #1 BCN-TPGS-PMs X MCF-7 ZHAf ) ICso &
Table 5 ICsy of BCN and BCN-TPGS-PMs for MCF-7 cells

ICso/(Hg'mLfl)

Pilpit!
24 h 48 h 72 h
AT 49.84 23.24 20.34
BCN-TPGS-PMs 24.06 8.50 5.66

T [e) 2R R AL @ P A AR UK T A%
e B8N TOKEEE, RESELFHUAR ARG O BORER
Il PEG FT I /K A 2 e PR B 32 S5 1 3 A
(1 W A T S A P A o A T
3 it

AHFFELL TPGS HHAAFEL,  DLMER TR
LI R, R AR . Pl (1
GOREARAR D, AR LBy, RSB
eg, HABIFRIBISATE ST [FA b A0 i 52 06
SRR, ST ORI AU MCF-7 41 i A 4 2%
REFFTHEESEER. B 5 NS HHRIRR T
TR, PEG 10 35 AR R 12K K A
78 RESER MR A ML AR A ), BRAR AT P RO S
FE R KA 2 i BEL L L 4% ) P 3 55 B 1 I
BREAE B AR T 1 JE S e AR P B2 AR G 4B
E BRIAIRIE (VES) JEIH K M A BR324 1 E 2
T, BRI R ANSIENE . fed
L EPR ZONREAN BB B 25 0 v 9 B A
FIBETTHE )7 28 A s 2 LB BRR T OT R T
Wrigie.

o
A ——gRe—n

D317

2\/5 L ey, DMk “’\i\?///w
o ‘/\,‘/0/0

)

TPGS WA

Bl 5 BCN-TPGS-PMs B9 R = B
Fig. 5 Formation of BCN-TPGS-PMs

CREE A AR SCER, HAT, BEERAIAIR A
WA HUA . BEIR AW AOKRIAE BT BOAK AR 1k
PRI ZE . IRIAIT T ROE R, R —
ST, (BT SRR B R R R,
e A LA e S5 T A 25 SRR AR T 7, DRt
NI 78 RO SR D% Il NN = TR AT
SETELF IR AL, A S L A BT 5 5
5E At o

EAWIFIA AL, ALK 25T

il A BRI, FBCA ARSI 5
FARN 2528, X5 wT S Rt — D T g
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