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Preparation and in vitro evaluation of baicalin nanoparticles loaded with doxorubicin
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Abstract: Objective To prepare baicalin nanoparticles loaded with doxorubicin (DOX/SA-SS-BAI NPs), and study in vitro
evaluation. Methods Sodium alginate-baicalin copolymer with cystamine as the connecting arm was constructed, and doxorubicin
was loaded to obtain DOX/SA-SS-BAI NPs. Physicochemical properties of DOX/SA-SS-BAI NPs were characterized. MTT assay
was performed on HepG2 cells to verify cytotoxicity of DOX/SA-SS-BAI NPs. Results  The particle size of DOX/SA-SS-BAI NPs
was (158.2 +2.8) nm, PDI was (0.241 +0.008), Zeta potential was (—24.1 £0.3) mV, the encapsulation rate was (64.34 £0.25)%,
and the drug load was (16.22 +0.06)%. In vitro release showed that drug-loaded nanoparticles had good reduction response. MTT
assay showed that DOX/SA-SS-BAI NPs had a good inhibitory effect against HepG2 cells. Cell uptake experiments showed that
DOX/SA- SS-BAI NPs released doxorubicin rapidly in HepG2 cells. Conclusion Prepared DOX/SA-SS-BAI NPs had good
physicochemical properties and in vitro anticancer effect.
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[E A7 & 5a A 2% A F]D; Flash E96 T4 EFHE G 20 4%
bR BFERHA R A D; 11X 70-S8F2 5] & AH 2 &
s, ARG (HA Olympus A F]).

WG EERRAN (orMirall, REETT M ERE 44k TR 7L
Fi)s BEfE —2hEeEh (CYS, FRED% 98%, Liff
FMAENRHAIRA T, fits C12195261); #%r
H RESE>90%, b TiAHERAFD;

FRRM A 2 (0% 98%, iR T3R5 45 IR
7, fit'5 D2122186).

NS HepG2 2T db B T K255 W
BB LR %, DMEM Sl 7Rt (Jbid EallBio
AT, #5 NG190320EL).
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2.1 YKIBIERGRIFIE

211 EERREN - Bt - EAF (SA-SS-BAD %
YIS SHECEIRGE 7 EW, RIA 1-28-
3-(3- R I HE) -k WL Eh R £ (EDAC) /N-
FREEBRNE R (NHS) fEALBERG N, #E T LA
ORI B IR AN - S R AW . FREL
0.25 g M RN, VAT 15 mL B4ikd, ik, 2
fLhI N EDAC. NHS, BEefidtid s, HESR—Y .
FREX 2.84 g CYS OB IR, M 48 ho ¥
FEYEE N ARG 237 BN 8 000 &b,
TEABA K BN 2.d (12 h #e 1 GENANBD, T
FFHE IR - Bef% (SA-SS). # 70 mg SA-SS 5 T
6 mL HEtzt, &H. AFEBGEE. EDAC
NHS & &, i A= HIEH B (DMP) B s,
Fo R — 2 BRI LR N 2 SA-SS VT, EIRHEE
FEW S K RGENT, T RBAEKIENT, 5T,
73 SA-SS-BAI G AL 50 il & 4 FhA R
EL ) SA-SS-BAI 45, SA-SS. BAI BEHL 737
J910:1. 10:2, 10: 3. 10: 4,

2.1.2 EBIETRYN - Wik - A EHYIKRL (SA-SS-
BAI NPs) fIfill# ¥ 10 mg SA-SS-BAI F&W
F 10 mL Ak, B2 se A, A 30 min,
0.45 um JEMEGERL, BIfE, F 4 CUKFELRAT.

2.2 SA-SS-BAI BAYIHIRIE

221 LLAMEEI SRR SA-SS. SA-SS-
BAI BEATLLAMAR, 458 WKl 1. FEIRPA7E 1 606,
1415 cm L S AKITIRR IR 52 T COO-1H4atiEzh 51
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A
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Fig.1 FT-IR spectra of SA (A), SA-SS (B), and SA-SS-BAI (C)
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Fig. 2 'H-NMR spectra of SA-SS-BAI

223 EEFHNE (DS) MitHE EXF K DS
ok 100 MR AR TR AL B TR B AR A
I, TG DS,

DS= (M/M ses) [ (M ge— M) IM sssmmiiseesc]

m AR 2RI 5 1 38 558 1B B m e K78 SA-SS-
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AR E B A0 CMC. CMC S, TR
A AE E O, BeH] 12 pg/mL H A REEW, 15 LR
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G, IIAAE BT EWRER R G, #4530
min JEEEFE 8 ho WUk KN 334 nm, 7E
300~700 nm XJFF st G T A4, e I
LML, THE CMC.

SNFECEHE Y 10 01, 10 0 2 B, A4 SA-SS-
BAI 1. 2 HI& AT RAKRL, U B S &
B, KRS, ik . SA-SS-BAI 3,
ATER T KR, CMC ELER I H PG 3, Uil
PoEME R BRI ESTZ, BEWNEiKIE
FHER5E, B RE Bk o i I LA, 1B SA-SS-
BAI 4 F T Ja4:sihs, 4R W& 1.

# 1 7 [FE SA-SS-BAI B&4IKI DS, CMC{E (n=3)
Table 1 Substitution and CMC of different SA-SS-BAI
polymers (n = 3)

Re SA-SS. BAI DS/%
Brt

SA-SS-BAI 1 10:1
SA-SS-BAI 2 10:2
SA-SS-BAI 3 10: 4
SA-SS-BAI 4 10:5

CMC/(mg mL™)

5.0040.03 ARJERRYIKHL

8.101+0.02 RJERRYIHKHL
10.5040.03 0.069
19.7040.01 0.059

23 DiHMFEBEZRMESEMNAKK (DOX/SA-SS-
BAI NPs) AU#HI&

# 10 mg SA-SS-BAI A5y BIAE 5 mL B2l
Kb, HidE, & FEEREL 3 mg EhIRBTEE &K,
SIECT H RS, FRINON 2 (YR R = 40,
B 2 h, REEAR L FE, A 1mL
TREE RS, RN R) R KIE A,
WECHERE 24 h JFiENT 2d, KRS 20 min 5,
i 0.45 um JEME, BTG,

24 DOX/SA-SS-BAI NPs BJfiI2. EE{L. PDINE

Ok G ATRLAR . AL, PDI 5%,
4 7 SA-SS-BAI NPs $i4%ky (149.8+2.2) nm, PDI
4 (0.247+0.019), Zeta HAIH (-27.840.3) mV,
DOX/SA-SS-BAI NPs $i4#4 (158.2+2.8) nm, PDI
4 (0.241£0.008), Zeta Hifh (—24.14£0.3) mV,
B2 5 IO KRR AR IS AR K
2.5 DOX/SA-SS-BAI NPs shf B & zAEfa
R E B
251 it Diamonsil Cig ff3%4E (250 mm X
4.6mm, 5um); FishH: LM - 2%EEIR /K (35 :
65); FMPEK: 481 nm; AFRVEE: 1 mL/min;
HEAE R 20 ul.

252 AMXRFRFEHE MWBPIHREE, HT RG]
#1000 pg/mL fig#&¥%. Fdl 0.1, 0.4, 1.0, 4.0,
8.0+ 10.0. 20.0 ug/mL Fi[ 8 Z iAW B TR IEFE
D5 W T A o DAV TR RG] o B9k 5 1R AT 2Rk [l
H, 57 Y=29 93555 X—547.17, R2=0.999 9,
TP EAE 0.1~20.0 pg/mL £t 56 R RLIT
253 HABRMGIERMNME KHEER 05 mL
WEGYKIETR, NN 4.5 mL H S A AR 10 min,
R EEES, 4 0.22 um GHUEEL, R,
15 DOX/SA-SS- BAI NPs [ 25 &AL IR, 45
B RN (16224 006) %, I XN
(64.344+0.25) % (n=3).

24 B = B ZAE AR o R R 2 A KR F 4

0, 6 = A 25 2 A 0 KON 10 H5 ) 25 2% 1 Bk
2.6 DOX/SA-SS-BAI NPs FO{ARSNEE R SCI6

K FH B 25 325 M 2 A A A B 7E AN [R) 2640 TR 1)
VIR, WEFCGURRITE pH 7.4 IEJRBIZ B H K
(GSH) REIREE RN HRJEm Y. 75 pH 7.4 %4F
IR RE TR R TR Y 7 FE Y =15 288.44 X—
4 325.882, R?=0.999 8. K HPLC Ll [ 8%
B EE, THE RPVREE, 4R WE 3. 7E pH
7.4 10 mmol/L GSH [H4f} T, DOX/SA-SS-BAI
NPs H [ R 25 2 R CR LU, 7E 24 h WRETBCR
KF T 48%, ] GSH %S misEKA)S, Wik
PE) SA-SS-BAI He A Aok /K B RR N, 9KRLfg
A, BB EEZ . M7E 10 umol/L GSH H HBH i
T 38%, ULHHGRRITEARIRE GSH HHT & 2 1k
R, 45 R E W] DOX/SA-SS-BAI NPs BA ik
J g REE, ORI IIAE 52 2] GSH KI5

60 T
pH 7.4 10 mmol L~ GSH
S ) -
40 t % L
ﬁ r;" IR
& [ § A pH 7.4 10 umol L1 GSH
-
Biog |He -
20 il
{
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Fig. 3 Drug release of doxorubicin under different GSH
conditions ( X +s,n=3 )
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2.7 DOX/SA-SS-BAI NPs B MTT S£i&

¥ HepG2 4HfILL 1X10% ANFLIKE B T
96 fLAR HiE 7%, RIGAIMAANF R E (0.25,
0.50. 1.00. 5.00. 10.00 pg/mL) MIFFMIEES (i
. PER. BT SMEREIRA. SA-SS-
BAI NPs. DOX/SA-SS-BAI NPs). X[ 41 i \ 2544

MR FRI, &40 5 NEAL, 5597 48 h J5, &4
10 pL MTT J5 8577 4 h, 3 LiEW, BFLIA 150
uL DMSO, #¢iE% 10 min, 7£ 490 nm ALl ik
JEEE (A M, THERADHIER, SR IE 2.
ARME R = (A um—A ) A um
A RN IRZEIIAS A A e RN IRIR A IS A H

% 2 DOX/SA-SS-BAI NPs %t HepG2 #AaNEIZ= S0 ( x+s, n=5)
Table 2 Effect of DOX/SA-SS-BAI NPs on inhibition rates against HepG2 cells ( X #s,n=5 )

‘ NI 1%
FE it ICso/(ng-mL™)
0.25 ugmL* 050 ugmLt  1.00 ygmL™* 5.00 ugmL™t  10.00 ug-mL?
WA 3.81+1.70 8.10+1.95 12.86+2.34 20.88+2.38 25.70+2.56 —
R 25 2% 37.86+2.61 53.40+3.20 61.81+3.64 69.88+3.98 75.48+4.27 0.50%0.09
YR E 37.92+2.46 54.86 +3.53 64.45+3.72% 74.29+4.22%  78.47+4.21% 0.43£0.04
SA-SS-BAI NPs 8.10£2.01 17.62+£2.39 21.29+2.45 3213+2.46" 52.74+3.36™ 8.91+£0.18
DOX/SA-SS-BAI NPs 40.13+2.81 58.2513.89 73.79+4.32 81.26+4.65% 90.19+4.89* 0.31£0.01
S5 EHILE: "P<0.05 TP<0.01:; S5F&ER4LLE: P<0.05 SYEREEGHILK: *P<0.05
"P<0.05 P <0.01 vs baicalin group; *P < 0.05 vs doxorubicin group; *P < 0.05 vs physical mixture group
Oh 2h 6h

A L SA-SS-BAI NPs X HepG2 4 Jfd (1) 47l 2%
5 U B T SV VL U0 B G R RE RE B 4 n
HepG2 4% 254 (I FR X o P ER TR A 4L 1 40 it 10 1)
R R TSRS H A ER, TTREENE RIE
PR EER S e T 0 8OR . 824 9 AR R A 2
Rk, BiEH HepG2 4ifaHH (1) GSH 5 4544 i1
TIRBEWTRY, B S A A R, (AT,
2.8 DOX/SA-SS-BAI NPs H4HAIEENSC 16

¥ HepG2 A E:m T 6 FLAR F 4537 24 h, 5
I\ DOX/SA-SS-BAI NPs. i 5 & VA A1 B 773,
FEAN RV I T8) FH 2 AT 4% HepG2 41 i ()%
SRPE . ARNE 4. BT RAGBARCRCR,
B LAJE 75 HoAth 2t kbt /T AR 1d . DOX/SA-SS-BAI
NPs 17 R B R AL T 5124, TRIGRORL R AL e,
InsmAn f s H e 71, RN GSH 55—
TR E WL, B R RO B R, BN
[ 1 o
3 it

A FCIE I B R B2 Y ER AN AT
¥, HIRPSREREY), M ERIITEE, B
YR EER, SEBLT BRI A 2 A L R .
FERRANE SRR B AR, ARSI AR B E.
EREAE R, TERRRAI 52 3] GSH 5T,
RAEIRE B, FEGIRRRE, IR,
LB HUMIR Y RE

i 2 3

DOX/SA-SS-
BAI NPs

100 um 100 pum 100 pum

El4 HepG2 Hf5 DOX/SA-SS-BAI NPs A [E] B E] B 5S¢
ERESG
Fig. 4 Fluorescent microscopic images of HepG2 cells incubated
at different times with DOX/SA-SS-BAI NPs

BE G BORH LRSI, R SR R
W, {HxE CMC kAR 2 TREES, X2HRA
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I3 B K G I, AR R P R T A T
IS WA, BITRARAR /N . RSN S 52 R W]
1] % 1) SA-SS-BAI NPs. DOX/SA-SS-BAI NPs E.A
R NYE, E R GSH 4414 T 25 R it b «
MTT 5256 % B SA-SS-BAI NPs f 3 R R o T
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Ui S TR R S B oK S5 44 5 4% Hep G2 41 i MR i
PARAEAVEF] . DOX/SA-SS-BAI NPs FIli 2R
5%, UEHILE HepG2 MU A =ik & GSH i3 — i
WrEd, BRosURE A S AR B 2 DU R . dH

PR 556 R I DOX/SA-SS-BAI NPs & % # HepG2
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