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Abstract: Objective To optimize the formulation process of dual-targeted pH-sensitive baicalin/curcumin co-loaded liposomes (GA/
FA-pH-Lip@Bai/Cur) and evaluate their properties. Methods GA/FA-pH-Lip@Bai/Cur was prepared using a thin film dispersion
ultrasonication method. The evaluation criteria included encapsulation efficiency, similarity factor (f,) of release curves in different
pH media, particle size, and polydispersity index (PDI). The optimal formulation process was determined through single-factor

testing and Box-Behnken design-response surface methodology to evaluate the liposomes' morphology, particle size, and in vitro
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release profiles at different pH levels. The biocompatibility of GA/FA-pH-Lip@Bai/Cur was assessed through a hemolysis test. The
in vitro inhibitory effect of baicalin, curcumin, baicalin/curcumin (mass ratio 5 : 1) mixed solution, GA/FA-pH-Lip@Bai/Cur on
liver cancer cells (HepG2) was examined using the CCK-8 assay. The liver targeting of GA/FA-pH-Lip@Bai/Cur in vivo was
investigated through a mouse tissue distribution experiment. Subsequently, pharmacological experiments were conducted to study
the antitumor efficacy of GA/FA-pH-Lip@Bai/Cur on H22 tumor-bearing mice and its impact on histopathological changes of tumor
tissue after HE staining, serum TNF-a and IL-6 levels. Results The optimal preparation method for GA/FA-pH-Lip@Bai/Cur was
as follows: The ratio of baicalin to curcumin was 5 : 1, the ratio of cholesteryl succinate (CHEMS) to phospholipids was 2 : 10, the
ratio of DSPE-PEG 2000 to phospholipids was 4 : 100, the ratio of DSPE-PEG-GA to phospholipids was 2 : 100, the hydration
volume was 10 mL, the ratio of phospholipids to drugs was 7.95 I 1, and the ratio of phospholipids to cholesterol was 6.53 : 1,
and the ultrasonic crushing time was 69 s. The optimized GA/FA-pH-Lip@Bai/Cur exhibited an encapsulation efficiency of 90.90%
for baicalin and 90.97% for curcumin, with an average particle size of 82.5 nm and sustained-release behavior. The IC,; of baicalin
for HepG2 cells was approximately five times that of curcumin, and the IC,, of GA/FA-pH-Lip@Bai/Cur was lower than that of the
mixed solution. The in vivo pharmacodynamic evaluation results show that the tumor inhibition rate of GA/FA-pH-Lip@Bai/Cur
was comparable to that of 5-fluorouracil (5-FU). The number of necrotic cells in the treated group decreased, the arrangement of
tumor cells becomes loose, and the cells showed varying degrees of shrinkage, and the levels of TNF-a and IL-6 in the serum were

significantly lower than those in the model group (P < 0.01). Conclusion The GA/FA-pH-Lip@Bai/Cur prepared had good safety

and high liver targeting, and has good inhibitory effects on liver tumors.
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Fig. 1 Elution curve of dextran gel column
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&1 CHEMS &5 BrE bb Xt A Bl &R A 18472208 (n=3)
Table 1 Effect of CHEMS to phospholipid mass ratio on evaluation indicators of liposomes (n=3)

) . E /% . 8
CHEMS 7 ig it 2 Lt presr o Hi 4% /nm PDI prere f e
0.5:10 80.69+2.21 80.55+0.84 133.40+1.41 0.290+0.017 76.06 74.73
1.0:10 80.33+0.93 79.58+0.81 138.43+0.93 0.244+0.011 81.84 73.57
1.5:10 82.44+1.34 79.03+0.80 132.53+2.51 0.244+0.007 68.59 81.38
2.0:10 82.44+1.34 81.36+1.93 123.70+3.89 0.257+0.004 24.16 23.88
2.5:10 78.93+0.47 78.39+1.09 143.40+1.41 0.293+0.028 24.70 24.82

%2 DSPE-PEG 2000 B%A5 51 2 Lb 33 i R ZAE M BRI S0 (n=3)
Table 2 Effect of DSPE-PEG 2000 to phospholipid mass ratio on evaluation indicators of liposomes (n=3)

DSPE-PEG 2000 (RESED ., 5
S — i e /mm PDI —

g o B HEAT LR T LR
1:100 81.17+0.76 81.42+1.88 123.03£1.12 0.3410.022 23.47 23.68
2:100 82.12+1.38 80.67+1.21 124.47+0.51 0.217+0.026 23.79 23.99
4:100 82.44+1.34 81.36+1.93 123.70+3.89 0.2570.004 24.16 23.88
6:100 72.57£1.60 71.33£1.97 129.0041.51 0.291+0.073 23.28 23.99
7:100 71.96+0.72 71.38+1.90 132.80+1.21 0.305+0.028 24.13 23.85

2.4.3 DSPE-PEG-GA #f flg Fi & [L 11 % %2 #f 2
CHEMS 1 JI§ i & Ltk v 2110, DSPE-PEG 2000 3 /I§
Ji7 B D 42100, HoAth BA 28 [ 8 AN AE , 43 99 % DSPE-
PEG-GA 5 # iE 1ty il & Lk 1.0: 100+ 1.5: 100 2.0:
100.2.5:100.3.5:100 FEATH %2, M 44 28 O Ri A%
PDIFIf,. H13E 3 W] %1, ffi %5 DSPE-PEG-GA K3 i,
DSPE-PEG-GA 3 If i 5 L i 22100 i, 42,35 2% it
fIX, RiAR 8K, PDIY R RLEE S AT ANI 210 f35/N T
50, B I R 2R %K F 2500, IR PR 3 B pH
. &R K 5 % 57 B, DSPE-PEG-GA 5 JiE /i
1 2.0:100.2.5:100.3.0: 100 3 412 a] £, 35 % kL
2R PDI A 3% 7 573 (P<0.05) , KT 2:100 A 7K
L 2 (Al & VP R bR A B3 2 R (P>0.05) . A
SRAT AL R NRLAR BB S A Y ST R T
B 287 '€ DSPE-PEG-GA i fig i f: LN 21100,

2.4.4 DSPE-PEG-FA fiff flf i & L 5 58 #fj 2

CHEMS # JI§ i & tb 4 21 10, DSPE-PEG 2000 % fig
Jfi & tt 4 41100, DSPE-PEG-GA % JIg 5 & b Jy 2:
100, At [ 25 [# %€ AN 32, 43 7)) % DSPE-PEG-FA %
g R &L 1.0:100.1.5:100.2.0:100.2.5:100.3.5:
100 347 % %2 . 3K 4 W] %1, i 5 DSPE-PEG-FA 1]
340, DSPE-PEG-FA % JIg Jit & LU B 21100 I, &
FARIFUEFEAR , K424 K, PDIIG K, KL BE 23 A1 A 1)
5o R &K AT R AR 38 B A pH BUK
Y. &K & J7 % 47 #t » DSPE-PEG-FA/#% Jlig 2:
100.2.5:100-3:100 3 41 2 [A] %0 3 Z8 ki 42 fil PDI
B % % 5 (P<0.05) ik T 21100 R 2 KP4
Z B VP AR A B 2 7 (P>0.05) . H 2440
5& DSPE-PEG-FA i JI5 Jii &t 9 2:100.

2.4.5 WEARMHEEE S E L% i CHEMS
Jig &t 2210, DSPE-PEG 2000 i fig it f:tb A 4
100, DSPE-PEG-GA % JIg Jit & Lt ’4 2: 100, DSPE-

& 3 DSPE-PEG-GA®iB5 & bt 3t B B BTN 8 AR89 2200 (n=3)

Table 3 Effect of DSPE-PEG-GACHEMS to phospholipid mass ratio on evaluation indicators (n=3)

DSPE-PEG-GA 1 AR /% ., §a
o — KAt /nm PDI —

Jig 7 = FEAF LR BT LWHR
1.0:100 81.68+1.31 81.40+1.28 124.79+1.49 0.247+0.020 24.19 2427
1.5:100 82.47+0.36 80.65+1.14 123.70+1.24 0.255+0.005 24.61 24.37
2.0:100 82.44+1.34 81.36+1.93 123.70+3.89 0.257+0.004 24.16 23.88
2.5:100 76.38+3.85 72.54+1.35 133.10+0.86 0.277+0.011 23.71 24.55
3.0:100 67.78+2.29 67.16+1.76 134.65+1.25 0.320+0.008 23.50 24.66
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& 4 DSPE-PEG-FABiA8 B & bb X4 A Bk ST 48R a0 #2208 (n=3)
Table 4 Effect of DSPE-PEG-FA CHEMS to phospholipid mass ratio on evaluation indicators (n=3)

DSPE-PEG-FA f L3 2% . f
v e T Fift/mm PDI —

Jlg BT L B ey N g LEWMHE
1.0:100 82.42+1.55 81.38+1.99 124.38+1.15 0.256+0.017 28.89 29.02
1.5:100 83.84+0.36 81.27+0.61 122.39+0.81 0.261+0.009 28.49 27.33
2.0:100 82.44+1.34 81.36+1.93 123.70+3.89 0.257+0.004 24.16 23.88
2.5:100 75.02+0.99 73.36+1.85 133.89+1.32 0.324+0.008 28.07 27.89
3.0:100 63.54+1.11 62.76+1.00 133.99+0.89 0.326+0.004 28.49 27.81

PEG-FA % flg Jifi & LL 4 21100, oAl X 5 [ & A28,
Gy et e S N A B e bE 201.401.6:1.81 1
100 1 FEATHLL. RS A%, B A IH & B & E s,
JE 0 A ) A 3 2 R BRI B . 6k
I REL [ 1 i B b oA 102 1B, IS SR AR AE pH 7.5 BRI
5t e KR T FEE AR £ A8 T e, T RE T I
bo/b, B o RS sh M3 I i 2 . & DRI 3R 7 4%
AT, Tl A RG] 5 R L L R B R (P<
0.05) , (H XKLL M PDI G i & 52 . 4R & F 8, ik
PE6I 170181 B AR AR 8] o = bL AT IS 2R A4k
S .

24.6 WENRAYIELFE S 1E CHEMS B i5 i
F oA 2:10,DSPE-PEG 2000 i g i & b v 41100,
DSPE-PEG-GA f# fig i £ Lt 4 2:100, DSPE-PEG-FA
8 i I 2 B 2R 2100, FAh 8] 2% [ e AN AR, 49 )0t 1
N G525 B L 4:1.6:1.8:1.10:1.12: 1 #H4T%

. R 6 TR0, Bl A 250 5 Lk, g oA 1) £
HELEIEATGEEMES . 2RENETES
T, o IR 259 ot & B O L B R R 3 e (P<
0.05) , H X} K42 A1 PDI UG i 3 52 . 855 5, it
FE6:1.7: 1.8 1 IB% I 259 ot & L6 gk AT Ja 2k thidb
S,

2.4.7 JKALGEFRI S B CHEMS Wi A5 i & L
2310, DSPE-PEG 2000 i fig it & tt A 4: 100,
DSPE-PEG-GA T fig Jii & [t 4 2:100, DSPE-PEG-FA
e i o2 B B o 22100, FH A PR 22 [ 5 AN, 43 ) % 7K
AR 6,810 12 mL#E4T H 5. R 70150, &
IKACARFR 38 0, 1 o3 Ak ) 60, 3 28 B2 I 7t v s B
A . KA ARFR 10 mL i, g 5244 () . 3
BN bR g, B A pH U . e 440 8 7K 4k
PAFA 10 mL.

2.4.8 H AR E S 2 CHEMS IR i

&5 BEAEREE R R E L X AR Rk BTN HE AR R IE (n=3)

Table S Effect of phospholipid to cholesterol mass ratio on evaluation indicators (n=3)

‘ ~ /% ;
A B, —— T i /nm PDI e / T
2:1 71.01£2.09 69.22+1.03 121.38+1.36 0.252+0.016 32.90 32.33
41 79.75+0.29 72.98+3.67 120.89+1.44 0.260+0.031 32.75 32.61
6.1 82.44+1.34 81.36£1.93 123.70+3.89 0.257+0.004 24.16 23.88
8:1 83.73£1.51 83.78+1.04 119.89+1.95 0.253+0.036 33.61 33.05
1001 62.06+0.61 62.54+1.48 120.28+1.32 0.250+0.008 40.40 42.88
* 6 BIIEZHMIRE XSRS TN IEARAI RN (n=3)
Table 6 Effect of phospholipid to drug mass ratio on evaluation indicators (n=3)
\ _ /% N :
BRI, —— i Kife/nm PDI = t e
471 60.99+2.07 60.50+0.96 122.21+2.75 0.223+0.020 31.12 30.35
6:1 85.34+0.66 84.25+2.05 117.36+2.94 0.227+0.022 30.22 30.12
8:1 82.44+1.34 81.36+1.93 123.70+3.89 0.257+0.004 24.16 23.88
1001 77.32+1.58 77.85+1.17 119.50+1.67 0.217+0.011 30.04 29.65
12:1 57.62+2.05 58.44+1.06 122.87+1.48 0.228+0.008 31.99 30.88
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®T KUAETRIE BE BTN FEAREI R0 (n=3)

Table 7 Effect of hydration volume on evaluation indicators (n=3)

e B ;
KACAEBYmL i T ¥/ PDI e / T
6 55.86+0.75 54.63+1.92 123.86+1.85 0.243+0.016 24.81 24.33
82.44+1.34 81.36+1.93 123.70+£3.89 0.257+0.004 24.16 23.88
10 84.65+1.12 84.69+0.81 115.26+3.07 0.240+0.019 23.27 24.54
12 53.47+0.58 52.37+0.59 122.20+1.39 0.216+0.014 24.78 24.72

= [t N 2110, DSPE-PEG 2000 fif JIg i & Lk A4 4
100 , DSPE-PEG-GA fif JIg Jii £ tt 4y 2100, DSPE-
PEG-FA B fig Jii & k4 2: 100, K AL A& #1 10 mL,
Ho At R 2R T 5 AN A2, 43 ) E R A S TE] 60 . 80 .
90,100 s B 47 % %2 . &K 8 Al A, b & H I

RS B INREET E XS B &R AR

IR V= N TR VAR ol 17 P N = O g
I EE . KRR KT ZE 5, EE R
[i) 0f 0, 5 28 FIORL AR 3 H B E R (P<0.05) .
IRl 1 32 4% 68 75 A 4 B 1) 60 4 70 . 80 s HE 47 Ji5 &2l
1 SE 8 .

IR (n=3)

Table 8 Effect of ultrasound time on evaluation indicators (n=3)

14 5% /0

AR s e R R S ¥ /nm PDI e f T
60 84.65+1.12 84.69+0.81 115.26+3.07 0.240+0.019 23.27 24.54
80 81.06+1.20 81.17+1.05 91.34+3.85 0.220+0.003 24.70 24.75
90 78.15+0.96 76.97+0.91 79.75+£2.02 0.214+0.004 2395 24.11
100 70.33+1.43 70.20+0.87 72.39+0.64 0.206+0.004 25.12 25.08

2.5 Box-Behnken N E L T4 5

i Ff Design Expert # 14 , X /] Box-Behnken 1
THIF L, i B i 26 I 2 bb CAD Tl i B I /e o 2
Eb (B A1 75 BB R B () (OO VR A RS IR 2, DASE 55
IR EHROE R ABYE DN
Wrdabs , FEAT A T7 T2k, S5 R 32 K- & vk
#9. VLY YLAY, A VR (Y R RAE , 8
ST IEN 3A 7 Fabn i AT H A TRAL 15 Y, 100 Y,
(KA B 2 5097 99N 33.53%+38.73%127.75%. L5
WA R LR 10411, @Iz s a5 3
Liairar Y5 3B &M ENIH TR Y=66.04+3.87
A+144 B—323 C—4.03 AB+1.51 AC+4.63
BC—1.75 A’—3.49 B’—6.43 C*(R*=0.968 8) .
AR5 [B] V345 8 5 72 o A, SRR B P (> PO {E 2
0.000 2, #5412, H R WL W) P, (> F) {52

&9 Box-Behnkeni&itHyEZHkF
Table 9 Factor levels of Box-Behnken design

PSS -1 0 1
Tl le 25 o i b (AD 6:1 7:1 8:1
ol T JIFL ] e o7 & EL (BD 6:1 7:1 8:1
B S R [A] (C) /s 60 70 80

0.288 2, N3, Ui I IZ B A& & ., R EE
PEI KNSR TR S 5 555 VP 9 52 W I 25 1R 2 T i 24

%10 Box-BehnkeniZitRRLZR
Table 10 Box-Behnken design table and results

5 A B Cs Y/ Y% Yi/% Y
1 8:1 8:1 70 82.05 86.45 8.02 63.22
2 7:1 7:1 70 8837 8577 9.46 6547
3 8:1 7:1 60 8655 8441 821 63.99
4 811 7:1 80 7829 7995 7.3 5930
5 7:1 711 70 8645 8640 931 65.03
6 611 6:1 70 6973 63.50 8.52 50.34
7 711 7:1 70 9059 91.48 9.74 68.51
8 7:1 611 80 6428 6456 694 4848
9 611 711 80 6433 6424 8.17 48.72
10 6:1 7:1 60 7899 78.02 9.86 59.44
11 7:1 711 70 8880 8742 952 66.27
12 7:1 6:1 60 83.64 8377 888 6295
13 7:1 81 60 7334 7146 8.07 5451
14 8:1 6:1 70 8759 8949 821 6631
15 7:1 7:1 70 8588 86.60 927 6491
16 7:1 81 80 7695 7846 851 5855
17 6:1 81 70 81.17 8588 1037 63.35
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11 EAEARBFTESTER

Table 11 Analysis of variance for regression model

5

P.( e
KW PR EmE SR P L R

P i
MR 637.82 70.87 24.15 0.000 2
A 119.89 119.89 40.86 0.000 4
B 16.66 16.66  5.68 0.048 7
C 83.46 83.46 28.44 0.001 1
AB 64.83 64.83 22.09 0.0022

i

9
1
1
1
1
AC 9.10 1 9.10 3.10 0.1216
BC 85.68 1 85.68 29.20 0.0010
A? 12.85 1 12.85 438 0.0747
1
1
7
3
4

i

B? 51.15 51.15 17.43 0.0042
17411 174.11 59.33 0.000 1
2 20.54 2.93
KA 1178 3.93  1.79 0.2882
aiiizE 877 2.19
MEZE 65836 16

S S R

SN S ST = S i S

>
Em
i

YRR, % ERHEREWHE R NA>C>B. AR
A7 7 9 DR 2628 B F I 5 35 R, Gn 5 i 24590 )
a2 Lb 55 M E 5 b ) <2 EL A 5 e I
o 8 L R 7 R R IS T PR A8 ELAE o 7R R R R X
e AN AT oA BN S P 3.7 € A !
S BT ) SR R AL 5 ) 4% L 25k A < B R 2
T EEN 7.950 1, B i R ] e o LG Dy 6,530 1, A A
PR 18] R 69 s, TN 3 55 7 B8 A0 B K 91.27%, %
RIS EF92.63%, L B 25 & 8.74%, FiL
ZAVE N 68.91.
2.6 T ZLIE

o FEAR AL AF H 1) e AR 4k 7 T2 ) 4% 3 4k GAY
FA-pH-Lip@Bai/Cur , Jl| 7€ 0 4 28 F1 3 24 & .
KRR, BEEFMEHZMLRAE R, L
WY R MG AV 5 T AE A R 2 N T
5% » [T S B T TE RN A AR R B WS R R
BLAE

E2 TWHEZEITY R 3D E R =4 E

Fig.2 3D response surface plot

> b
C/s
F12 ITZWIEER
Table 12 Verification results of process
EiELn SEIAE TME AR 22/ %
WA I E/%  90.90+1.82 91.27 4.03
LHERBEE/%  90.97+0.79 92.63 1.79
R E/ % 8.61+0.12 8.74 1.47
A Y 68.10+0.35 68.91 1.17

2.7 GA/FA-pH-Lip@Bai/Cur B9 2 75 W 22 & K 12
ME

HY i& & GA/FA-pH-Lip@Bai/Cur i 7£ 200 H
JECAR 1, T8O S min, P8 AR bR 2 R EAK TN 2%
R BRI MR AT et 45T B T A S B P
FE b B ROW T 2S5 85 5 B 3, Jig PR TR 25 15 %, K
ANIEY, EEE SRR . SR R I A%, I s RE
JR A R BE R AR BRIE 7 4 A, kL AR A (82.50+
0.99)nm,PDI 4 0.215+0.013

2.8 GA/FA-pH-Lip@Bai/Cur £ 4 B 1 & & 1%
ML

& BO“2.37 I 7 ik 4y B X GA/FA-pH-
Lip@Bai/Cur. 3 % 5 JF B 25 1R & . £ R JF R 24
TR R AT AR AR T REE PR 5 , 2 1) 245 400 I I 1) 1)
PR 28, 45 L 4, BRI 2T KRR 21
pH 6.5 F pH 7.5 B T8I ot R SUAT 9 AH Bk, HLAE 6 h
i B BB R I8 B 80% LA L. i GA/FA-pH-
Lip@Bai/Cur 251 pH 6.5 F1 pH 7.5 B 5 1B
JRAT B B ASH AL, 7E pH 6.5 BIRE B 52 A R U
B, Ui B GA/FA-pH-Lip@Bai/Cur B i% 25 %) B4 pH
fgUse o [Fl i GA/FA-pH-Lip@Bai/Cur 5 J5 8} 24 A
b, BA RS R AR AE o SR B — Z0E B T 2
Higuchi /7 & #11 Baker-Lonsdale ER 3 Hi 7 25t GA/
FA-pH-Lip@Bai/Cur [ B AT N AT B AL A, 4>
BrREZapL , 20 AR R 18], Q AR BB OR , 45
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. O a0 oL © 01 1.0

10.0 100.0 1000.0
HFifE/nm

10 000.0

El3 GA/FA-pH-Lip@Bai/Cur X5 RF12 5%
Fig.3 Morphology and size distribution of GA/FA-pH-Lip@Bai/Cur nanoparticles

- EHHERBPHTS 4 SOSFRRIZS pH 6.5
v EREFRLPHTS g 2HKERIL pH 6.5
120, % MRRAIEFK PH TS g 4 FRHrh 5% pH 6.5

100 O JRRATESH pHT.S - ik A pH 6.5

BIRRE%

B4 SRR B 2% (xts,n=6)
Fig. 4 Release profiles in vitro (x+s,n=6)

R 13, WA R K /N ) W T %1, GA/FA-pH-
Lip@Bai/Cur (1) % U FE 7 & — 2008 FERFE , ik
X} Baker-Lonsdale Bk JE 9 87 F2 0 A B 4 L&,
Ui B 25 ¥ £ GA/FA-pH-Lip@Bai/Cur H1 LY HL ML #1
AT RET
2.9 GA/FA-pH-Lip@Bai/Cur BI4E A M

SR FH VA I S50 25 52 & P ki) 2% R 6 IR 5
& (GA/FA-pH-Lip@Bai/Cur. GA/FA-pH-Lip. GA-
pH-Lip. FA-pH-Lip. pH-Lip 1 Lip) ] 4= % k1 75 1% .
4 18 GA/FA-pH-Lip@Bai/Cur ) 5 fH: #l] % T2, &b
T7 ORI IR 5 228 R, B4 GA/FA-pH-Lip;
b T7 H AR WS N B 5 L 22 1 2 F DSPE-PEG-FA, RfI
#3 GA-pH-Lip; &b 757 o R U5 0 38 &5 1 L 22 3 5 f

F13 BAHERNAELER

Table 13  Fitting release model and coefficient

2 BRI R LAY Ji 2 R
B pH 6.5 First-order 2% 52 In(1—0)=-0.107 6 t—0.193 6 0.9379
Higuchi J7 % 0=0.21181+0.010 4 0.9255
Baker-Lonsdale /7 £ 32[1—(1—)*]—0=0.013 8 ++0.000 7 0.928 4
pH7.5 First-order —Z¢ 52 In(1—0)=-0.025 6 t—0.998 0.977 4
Higuchi J7 & 0=0.097 7 £2+0.005 5 0.9618
Baker-Lonsdale 572 3/2[1—(1—0)**]—0=0.002 4 t—0.002 3 0.961 4
BWER pH 6.5 First-order —% 7%  In(1—0)=-0.108 3 r—0.181 3 0.942 8
Higuchi 7 f% 0=0.209 6 £2+0.012 6 0.926 7
Baker-Lonsdale 52 3/2[1—(1—)**]—0=0.014 t—0.001 3 0.9329
pH 7.5 First-order — %72 In(1—0Q)=-0.025 8 t—0.088 1 0.982 7
Higuchi J7 % 0=0.100 1 £—0.008 4 0.974 5
Baker-Lonsdale 772 3/2[1—(1—0)**1—0=0.002 3 t—0.002 6 0.967 6

DSPE-PEG-GA , Rl 3 FA-pH-Lip; &b J5 o & ¥ Iin #%
%4F . 22 % 2 .DSPE-PEG-FA #ll DSPE-PEG-GA, il
7% pH-Lip; &b 75 H A& ¥ 0 3% %5 17 . 22 3% & . DSPE-
PEG-FA .DSPE-PEG-GA #l CHEMS, /45 Lip.

KR IS 56 43 AU HGE 457K S PBS 6 it A 5 4
52% MRKRAMM IR 2 WA, 7837 °C 1 %

H 4 h, Ff 3000 r-min” &0 15 min, W ZLLT 40 2
TR, A ML % . AR E_E 35100 pL T 96
FLBR _E T 570 nm (A WO B2 (A1, PBS 1)
VB A B A B R 4l K R A B xR
SPAT 3 U THE S L%

WL = (R AL A {H —PBS 41 4 {8)/GEB 4l K 21 4
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fE—PBS 441

iR K5, & R AR A R AR T
5% , Ut B GA/FA-pH-Lip@Bai/Cur H H 4= )
=M.

100

L%
n

A B C D E F G H
A-PBS; B-GA/FA-pH-Lip@Bai/cur; C-GA/FA-pH-Lip; D-GA-pH-
Lip; E-FA-pH-Lip; F-pH-Lip; G-Lip; H-}84{i/K ,
A-PBS; B-GA/FA-pH-Lip@Bai/cur; C-GA/FA-pH-Lip; D-GA-pH-
Lip; E-FA-pH-Lip; F-pH-Lip; G-Lip; H-ultrapure water.
5 GA/FA-pH-Lip@Bai/Cur K &= 18 =M
Fig.5 Biocompatibility of GA/FA-pH-Lip@Bai/Cur

2.10 GA/FA-pH-Lip@Bai/Cur ¥t BT & 40 B 15 55 411
FMERRE R

W Ak T %o H0AE K 3 0 Hep G2 41 i 7 8 35 2
(A B BV 00, 1 X 10*4S L 100 pL #5204 T~ 96 FLAR 1,
AR5 20 JH G B J N BT B R 3506070951120
170190240 pg-mL™" B 35 2, 54104 15,20,
25.30.40.45.50 pg-mL™" [ 2 35 Z AR B 2 R
HIKE N 36.60.72.102.126.180.210.300 pg-mL™"
MRS/ ZF R AR S DIRGE RS2 &
Ji R FE N 36.60.72.102.126.180.210.300 pg-mL™!
(1] GA/FA-pH-Lip@Bai/Cur, % 5% 48 h J5 Wk H! 5 5%
B, PBS Wik T, N B (1) 41 i 1 77 2 100 pL AN
10 puL (1) CCK-8 ¥, i R R IR S 2 J5 , gk B 5 57
2 h e, FEEEFRA T 450 nm ALK 4 18, 55
IR B (ICs) o« SR WK 14, AT 1C,, KL 2
LR C, (B 5 f , R UL AR o A L 3k Z5 P, o 3
EHEEZERMARERL T NS 1. DAY ERE
GA/FA-pH-Lip@Bai/Cur " i , 1C,, #VR & 7 AR
2 B BURE 1) pH BBUEK 1) T J5 A A Bl T 389 24 4 %
HepG2 [P 38 FE A0 1E H
2.11 GA/FA-pH-Lip@Bai/Cur {KRNBLA S HI1ER

K H /N B4 23 4 A 92 56 % A GA/FA-pH-
Lip@Bai/Cur [ FF#E )4 o B 60 H /N, 38 B4 4]
RV JG, 73 AR EIEAT R iv e 25, R AL 50 0N

F14 FREFESZIT HepG2HIIC,,
Table 14 ICj, of different samples on HepG2

T i ICs/Cpg-mL™)
FEEF IR 164.93+8.11
LRI 32.10+2.97
WA/ EE R IR AR 89.78+3.44
GA/FA-pH-Lip@Bai/Cur 79.74+2.50

TS /22 K R AL I8 i R R (Lip@Bai/Cur) 41 1
GA/FA-pH-Lip@Bai/Cur 21 , 45 2557 & 60 mg-kg ™,
/N BR 45 245 5 43 ) AE AH R ) I TE] £C0.511.04. 2.0,
4.0.8.0.24.0 AL FE, Bty FF B LB A L,
REASBE ] f AT 5 RN R . BRI B 1/ R
ML E T EPE T, AR &8 E 5 mA
10 uL-mg™ 1) 70% H B 3647 22350 3¢, IR iR e IR &
5 min, # 7 3 min, B 12 000 rmin™ & > 10 min, B I
JH 800 pL JBC T EP & H1, 40 °CH 25 T & J5 , A
200 pL H B iR HE 29 AR . LA 12 000 r-min™' B 0
25 min, BU_EE W, 95 0.45 pm S FLuE R T, B
WAL DR (il PR AT I e . SO 1 STk
W e, ¥ % 5% 1R O 35 A - XSelect HSS
T3(250 mmX4.6 mm,5 pm) ; F 0 AH : L5 2% B
PR VW 5 KR FE TR - 0~10 min, 25 1 2% B FR VA W N
35:65;10~ 11 min, & i 2% 1% B8 ¥ W M 65:35;
11~ 18 min, ZJi 2% BRI ¥ 85:15; 18~ 25 min,
I 2% W BRTATCN 35016 A A 1 mL-min™'; 48
AR K R 278 nm (B %) 360 nm (Y Ax , i
B2\ 425 nm (35 204401 35 °C, = 10 uL. 1%
A R B B W (R £ 4 min, P9 AR H O R]Z)
7 min, 22 5 2 H I RIZ09 14 min, /NRAN - 2HEH
FEEAFE0.1~10.0 pg-mL™ R*>0.994 5; [ 4 . H [d]
¥ %% £ RSD 7£ 0.17%~6.38%; A % 1] Uit 3 7
87.09%~113.55%, RSD ¥J /N T 10%. /N A4 P %45,
AP EAE0.1~10.0 pgmL™" R*>0.990 8, H . H
6] %% %% i RSD £ 0.16%~4.65%; A X [8] g 3 7£
85.75%~106.12%,RSD /N F 10%.

Fl DAS 2.0 ¥4 45 v Hi 45 2 1l & GA/FA-pH-
Lip@Bai/Cur 5 % 18 i BT 1A ) AUC Z %L, W% 15.
FNAEX R HUS 2 (TD KP4 GA/FA-pH-Lip@Bai/
Cur 75 /)N FR AR P I 23 A5 1 450 o

TI:(AUCi)p/(AUCi)S
TR E LS 2 S [5] # 79 26 40 43 A i 0 s TI> 1 R IR A7E
0% B B SV B, TR R AT ; TI<1 R
TEZ BB AL LR . A3 AUC, A ik Fi2 - Inf i) i
CRTHIAE B 0 55 1 0% 1 BR AL U 26 48 R TR, BA0AR p A s
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43 51482 GA/FA-pH-Lip@Bai/Cur F1% 3 i Jif 1 .

15 GA/FA-pH-Lip@Bai/Cur KAEH Mg 5 A1
AR TARI TL. 413 157~ ,GA/FA-pH-Lip@Bai/Cur
W RN RO W S TR/
HEFF N I > 15 > i > Jifi > .0 s GA/FA-pH-Lip@Bai/

Cur H 3 7R/ B B il B AU ) TLK
ANHE R R > B> il > 5 > 0 5 S5 BRI, OUHE )
it B A 1) 25 85 2R 5 25 B S /0N B4R P A g
W PE S G . H 6 R, 5 E R R A A L, GAY
FA-pH-Lip@Bai/Cur 7E T 7 244 73 A [ 5 56 155 o

R15 ZEZS5ESHENRAAFHSHER

Table 15 Distribution of curcumin and baicalein in mouse tissues

FHEHKAUC,,/(pug-g'h)

FEHF AUC,./(ug-g'*h)

A : : - EWRTI - - - : WA TI
Lip@Bai/Cur GA/FA-pH-Lip@Bai/Cur Lip@Bai/Cur ~ GA/FA-pH-Lip@Bai/Cur
i 2.72 2.97 1.09 5.23 6.73 1.29
AT 5.11 51.82 10.14 19.58 307.62 15.71
iz 5.10 16.79 3.29 14.83 55.35 3.73
JIi 9.48 23.85 2.51 16.56 45.16 2.73
5} 5.50 20.21 3.68 10.36 27.25 2.63
6+ 3m
~ mm Lip@Bai/Cur ~ mm Lip@Bai/Cur
® 4 =1 GA/FA-pH-Lip@Bai/Cur o 24 = GA/FA-pH-Lip@Bai/Cur
= Ed
>~
#n o
VN 24 ﬁﬂ&a 11
" #
0- 0-
05 10 20 40 80 240 05 10 20 40 80 240
t/h t/h
Be MNREARMBERAFARAFEST ZHERNKE
Fig. 6 Concentration of baicalin and curcumin in mouse liver tissue at different time points
2.12 GA/FA-pH-Lip@Bai/Cur A AT iE M % SHEMHAMI, 42551 5-FU 441 GA/FA-pH-

M

W 40T 3ok Hi b K U H22 40, PG T 0.9% &
AN VE TR B 1.0 X 107-mL™", ip 0.2 mL A/ R
0, A5 M B IO, B K, £ N BRI TR T
B 0.2 mLE/K , B2 Fh 26 S K, 0P AL v firh 45 5]
TR /N b B, SR BT g 8 HY H22 far I /) B
JEALAERIESST H AR /N BR 25 R, o S UL S
W, R A 2 | 5- 46 IR M5 e (5-FU, 20 mg kg™, BN
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