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Abstract: Objective To prepare pH-responsive norcantharidin (Nor) liposomes modified with folic acid (FA) (Nor@LP-CHS-FA)
and preliminarily evaluate its activity in promoting apoptosis of HepG2 cells. Methods Nor@LP-CHS-FA was prepared by the thin-

film dispersion method. The formulation recipe was designed and optimized through single-factor experiments combined with central

ks HEA: 2024-12-12

ESWB: EXIDAMREEER G FTHE (YLZLXZ24G039) ; P9)I148 BRI ST EITH (2025ZNSFSC0684) ; mHRHERA
JTHL D5 R R A R - EBUH  (202001BA070001-041) ¢ 2= R 48 RARZGH) 2 3 o 5 S i k4 R U H - (YKLPNP-K2302);
VU )11 48 i 2 24 B R RIS (2023MS057,2023MS207) 5 T )I148 & B Ph o & A 25 JTRHF L TR &1 H (22009, YP2202419) ; 2
HAE TR R AR E (2024ZD-S-28)

TEEEN: B W (1997—) , %, WL, 2900, 507 RNZ% . E-mail: 582596942@qq.com

HEEEE: 2R (1989—) , B, L, WIS, B, BIELN, BTG BA A RE SR WKZ.

E-mail: swallowyzj@163.com



* 1530 - FA8EEH 20255F6 A %¥i34ak £ Drug Evaluation Research  Vol. 48 No. 6 June 2025

composite design-response surface methodology. The particle size,  potential, polydispersity index (PDI), encapsulation rate, and drug
loading capacity were studied. Physical characterization examinations were conducted using transmission electron microscopy, fourier
transform infrared spectroscopy, differential scanning calorimetry, and X-ray. The stability of the system was evaluated, as well as its
drug release behavior in simulated artificial gastric fluid, intestinal fluid, and tumor microenvironment. The biological safety was
evaluated through hemolysis experiments. The proliferation inhibitory effect of Nor@LP-CHS-FA on HepG2 cells was assessed using
the CCK-8 method, and the effects on HepG2 cell apoptosis and cell cycle were analyzed by flow cytometry. Results The yellow-
colored Nor@LP-CHS-FA was successfully prepared. The optimal formulation was a lipid-to-drug ratio of 5.05 . 1, phospholipids
accounting for 52.85% of the total mass of the membrane material, and a FA dosage of 13.90 mg. Under transmission electron microscopy,
Nor@LP-CHS-FA presented a regular spherical shape, with a particle size of (55.48 + 0.67) nm, a { potential of (—18.15 £ 0.54) mV, a
PDI of 0.42 + 0.02, a encapsulation rate of (82.72 + 0.84)%, and a drug loading of (12.25 + 0.13)%. Nor@LP-CHS-FA had a higher
encapsulation rate and drug loading and a lower leakage rate when stored at 4 °C. Compared with free Nor, Nor@LP-CHS-FA released
more rapidly in simulated gastric fluid, intestinal fluid, and tumor microenvironment, and was the fastest in the simulated tumor
microenvironment, indicating its pH responsiveness and release behavior following the Weibull model. The hemolysis experiment
results showed that Nor@LP-CHS-FA had a lower hemolysis rate. The CCK-8 results indicated that the half-maximal inhibitory
concentration (ICso) of Nor@LP-CHS-FA on HepG2 cells after 24, 48, and 72 hours of administration was 8.56, 5.89, 4.77 pg-mL",
respectively. The flow cytometry results showed that Nor@LP-CHS-FA could induce HepG2 cells to undergo apoptosis and Go/M

phase arrest. Conclusion Nor@LP-CHS-FA prescription process is simple, has good pH responsiveness, and can enhance the effect

of promoting HepG2 cell apoptosis by the drug.
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Table 1 Investigation of lipid drug ratio (X £s, n =3)

2t BEER  BAEY% OD i
2:1 77.814+0.29  6.48+0.02 0.53
5:1 80.93+1.05  6.74%0.09 0.60

10:1 82.36+0.74 6.8610.06 0.64
15:1 75544098  6.29+0.08 0.47
201 69.65+0.84  5.80+0.07 0.33
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3120100 %M “2.1.17 TR 714 Nor@LP-
CHS-FA, 28 “2.37 U N7k e fd 5| 2 &,
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#*x2 CH5CHS RELER (X £5,1n=3)
Table 2 Investigation of CH and CHS mass ratio ( X % s,

n=3)

CH : CHS A% HREI% oD 18
0:1 69.84+0.65  5.82+0.05 0.33
2:3 72.504+0.75 6.04+0.06 0.40
1:1 79.09+0.68 6.59+0.06 0.56
3:2 76.44+253 6.37+0.21 0.49
1:0 74.08+0.19 6.17+0.20 0.44

CHS A& CH AT, BEAME S CH 284,
TE R FE I 1) 1) &% kS AR 8 W T )2 S5 i A
A, EE SR pH BBUBRRRE, 7R 0 BR R R
IRKFERE & H—2 i) CHS 1 CH H[FZ5
e, DRI, FEATTH) CH @ CHS AAHER
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X. CHY5 CHS FifgElt v 110, OD fHfm, i)
&P CH 5 CHS FREL AN 11 1 3T LR
243 PE HIEME S EESE M PE. CH
J CHS. [EEEZ N 10 1. CH 5 CHS i &
Ebh 10 1. FA i 10mg. /KEIREN 60 C.
KEWTE Y 30 min, A% PE &AM & 4 L 23 )
A 30%- 40%-. 50%-+ 60%-. 70%, FZME “2.1.17
TR J7 1] 45 Nor@LP-CHS-FA, %[ “2.3” I
TRNEAE R, HAE, 1HH OD E, 4%
Wz 3 fis.

#®3 PEAEBEMENHEER (X Ls5,n=3)
Table 3 Investigation of proportion of PE in membrane

materials (X £ s, n=3)

P; ;fjf @E%% W% OD
30 75.53+0.69 6.29+0.06 0.47
40 76.411+0.96 6.37+0.08 0.49
50 82.33+1.07 6.861+0.09 0.64
60 68.60+0.75 5.724+0.06 0.30
70 60.59+2.28 5.05+0.19 0.11

BE% PE LLBIHE N, OD (4T q P&k, #
B PE (5 IR B 40 LB 36 | BB 1 R A e M = A
S2MH, &R PE LA 2 AR LR R i 21, PE
A 2y N 50%0E,  BTS OD A fk s, MuE#e
PE &M 20 H 50%33047 g 825256 .
244 FA HEHHE [FEERALAN10:1. CHE
CHS Jfist 1 1. PE HBEME A 50%. 7K
HimBEN 60 C. KEWEY 30 min, % FA H
AN 2. 5. 100 15, 20mg, %08 “2.1.17 TR J5ik
il % Nor@LP-CHS-FA, %8 “2.3” T /732 &
fER, HhE, (15 ODH, SRWE 4R,

& FA RGN, SR, H28 & OD H
JeFt i la B, RG] A AL SRR AR R A o d e
AR RIS R HARK FA HER. FA &N 10 mg

4 FARAEEE (X £s5,n=3)
Table 4 Investigation of FA dosage ( X £, n=3)

i, OD B, #iEs FA FI &N 10 mg #HT 5 4L
245 KEWREFL  [HEMRAH N 10 1. CH
5 CHS Figtt )y 1 1.PE S EM E 2 E N 50%.
FA &N 10 mg. /KEB A28 30 min, JAEEKE
ISy 40, 500 60, 70, 80 °C, 4% “2.1.1”
TR J7 414 Nor@LP-CHS-FA, %[ “2.3” I
NonENEEE S, #E, HE oD fH, 45
W s .
*x5 KEBEEE (X E£s5,n=3)

Table 5 Investigation of hydration temperature ( X + s,

n=3)
IKEIREIC k%% WAEY% oD &
40 67.95+240 5.66+0.37 0.29
50 7892+160 6584133 0.55
60 7979+081  6.65+0.07 0.58
70 7373+156  6.1440.13 0.43
80 72394225  6.0340.19 0.40

BEE /KA RGN, A%, HZ4E L OD

STt e PR, SRR e AR AT T T ot 44
e A & W, KA AT T i8R
IR, S 25RO K RES &
B i A P I B 25 K T BE 2 T BN BEE, B A R
W RAANZT, BN FECEE R TR, K
AN 60 CHF OD fHifm, WUk#E 60 CHHx
FEKEERE,
24.6 KAEWAFEL [EEMRALA 10 1. CH
5 CHS Figtt v 11 1.PE 5 A 2 Ee ol 50%.
FA H&E N 10 mg. /KERE N 60 C, HEKAE
IF1E] 43 590 9 104 204 30, 40, 50 min, % “2.1.17
TR J7 414 Nor@LP-CHS-FA, %[ “2.37 I
SO EAE R, B4R, A OD H, 45
R 6 Fimr.

BE KGRI N, fLE2E, #0258 % OD 18
PRI T = R PR E S, RIFIE 4 1K A
*6 KEHEER (X £s5,n=3)

Table 6 Investigation of hydration time ( X +s,n=3)

FA Hiiimg  fud%/% WAEI% oD f{# KEHTEImInG B FR/% W% oD ff
2 58.92+2.69 4.91+0.22 0.07 10 72.45+1.33 6.04+0.11 0.40
5 67.17+1.75 5.60+0.15 0.27 20 72.81+0.79 6.07+0.07 0.41
10 78.95+1.01 6.58+0.08 0.56 30 80.35+2.42 6.70+0.20 0.59
15 73.20+2.20 6.10+0.18 0.42 40 71.36+2.86 5.95+0.24 0.37
20 64.25+0.47 5.35+0.39 0.20 50 70.20+0.46 5.85+0.04 0.34
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(RT3 AR T8 7 67 i, I B2, K&
()3 K AT RE s B A M R AR E M, SRR, T
P EA23, KA A 30 min B, OD fH &5,
WA SEZB8 % B 30 min 95 AE K S T

2.5 BTSN EE (CCD-RSM) ikt AT E
251 AWt AL Design Expert 12.0 3
f, MRAERTHHR R RS RLER, R X R |

Xo (PE HEEME L)« X3 (FA F&E) NHELRZR
(HZEE) , % Nor@LP-CHS-FA fH%R (v)) FI#
Zig (V) HTEMEA—EREVEH—E (OD)
YE RPN MR LR TR A (R &) o #id CCD-
RSM, HHT 3 BE 5 /K F3E 20 szl 24,
Nor@LP-CHS-FA Jlg i 4b 7 #4714k o ke it &
HERNAR T

%7 CCD-RSM RIEERKF., RIEWITS5ER

Table 7 CCD-RSM factor level, test design and results

5 X1 Xa/% Xaimg Y1 Y OD|F5 X X% Xdmg Y1 Y2 OD
1 50 :1(-2) 60.0 : 1(2) 5.0(-1) 6215 994 046 11 10:1 10:1 10 8301 692 058
2 100:1(0) 100 : 1(0) 16(-1682) 6601 592 036| 12 15:1 60:1 5 5973 358 016
3 150 : 1(1) 400 :1(-1) 50 5416 325 009 | 13 5:1 40:1 15 7495 1110 071
4 100:1 66.8 : 1(1.682)  10.0(0) 6301 525 029| 14 10:1 10:1 10 8304 692 058
5 100:1 332:1(-1682) 100 5478 456 015 15 10:1 10:1 10 8064 672 055
6 150:1 600 :1 15.0(1) 7001 38 026 16 15:1 40:1 15 5390 297 007
7 16:1(-1682) 100:1 100 6769 1505 072 17 10:1 10:1 10 7925 660 053
8 50:1 400:1 5.0 6367 1019 050 | 18 5:1 60:1 15 7772 1151 0.76
9 184:1(1682) 100:1 100 5241 245 002 19 10:1 10:1 10 8128 677 056

10 100:1 100:1 184(1682) 8360 651 056 20 10:1 10:1 10 8079 673 055
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X2 —0.027 X2 . U7 E b g R B R A K R
R?=0.9910, 5 SR SRR TRIAE AT, SCHRRE
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5 SEIR 25 BRI E B LT o FUP B XL Xo.
Xz X2 X2 X2 EAWEENEZER (P<0.01) .
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Fl & 13.90 mg. SLiT, FAF A E 2N 82.91%,
WA EN 11.56%, OD N 0.80. FEIZKMFTEH
523 ORI AT, BRI UESE R AR 9 R,
SCIIE 5 FIE B, RSD N 1.61%, Rz
ST PR ASE AR RO 4, ELA A T ] R 26,
2.6 BHTEIE (TEM) X
BHREE—ERERES 0.22 um BEIELH
Nor@LP-CHS # Nor@LP-CHS-FA fig 5 {435 i 21 4
W _E, SR 2%BH SR s, =i, B
HL A 120 kV [ TEM _EJ5CK 13 000 524,
55BN 3 178, Nor@LP-CHS. Nor@LP-CHS-FA
BRI, AR, HABENDTELM.
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Table 8 Results of variance analysis of regression model

TR PR AHE B FE P 1 TERIE PR HmE B FE P 1
A 1 9 0110 12213  <0.0001 | X:? 0.053 1 0053 5809  <0.0001
X1 0.660 1 0.660 730.94 <0.0001 | X2 0.180 1 0.180 196.26 <<0.000 1
X2 0.019 1 0.019 20.88 0.0010 | X2 0.011 1 0.011 11.78 0.006 4
X3 0.063 1 0.063 69.87 <0.0001 | %%kz 0.009 10 0.001
X1Xz 0.007 1 0.007 7.85 0.0187 | JKiLMH 0.007 5 0.001 3.12 0.1186
X1X3 0.024 1 0.024 26.16 0.0005 | Ziifwz 0.002 5 0.000
XoXs3 0.005 1 0.005 5.81 00367 | BEE 1.010 19

4:1 8:1 12:1 16:120:1
X1

Y 0
471 8:1 12:1 16:120:1 10

X1

B2 Xiv X3 X33 OD {ERZAE AN R RN 24 E

Fig.2 Response surface and contour plot of influence of X1, X2, and X3 on the OD value

F=9 mMAFWEIELER (X £s5,n=3)

Table 9 Verification results of optimal prescription ( X + s,

n=3)

A T A& SHE RSD/%
3 2/% 8291 82.72+0.84 1.02
U &% 11.56 12.25+0.13 1.02

OD fH 0.80 0.8610.01 1.61

FAWEER SRR v RS, T EMIM, HARIT, 2%
RGO G, HYKREE REHRAL M HTI 25 CF
53 %E Nor@LP-CHS F1 Nor@LP-CHS-FA [P
& CHALA PDI. W1k 4 Fizn, Nor@LP-CHS F
Nor@LP-CHS-FA Fif243lh (114.72+£1.33)

(55.48+0.67) nm, FFEPUKHIFIERRET, [
I iR T 4 I R HE RS 5SS AR (EPRD B4R,

3 Nor@LP-CHS (A)#1 Nor@LP-CHS-FA (B)#J TEM
Fig. 3 TEM image of Nor@LP-CHS (A) and Nor@LP-
CHS-FA (B)

SEIBE BN A CHLAL 23 ) (—19.06£0.43) mV F
(—~18.154+0.54) mV, &5 58 R 1% M8 AR 12 A
MRS, AR R RR AR E A28 ST
534 PDI #51&, WA T 9KRUR 35 )M, PDI
fHAH 0.1~0.25 FRRo0 4%, PDI>0.5 R R
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Fig. 4 Distribution of particle size
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Fig.5 FT-IR curves
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Fig. 6 XRD curves
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Nor@LP-CHS-FA

BiRF= GRIGOEF MRS RE ) fRan s

: 2A Ry B VB - -
,/» = NPT S FA ST A 2 E/%E b 3d )ﬁ;l‘\lor@LP CHS 1 Nor@LP
ST e CHS-FA it %4 3k 10.98£0.94%. 7.69 £
N 7N\IﬁH75%7IE;'; 0.40%; =inf#f 60 d Ji, Nor@LP-CHS Al
P\ — \i@ '/,,/——’ii, Nor@LP-CHS-FA it %8 (12.19+1.42) %A
, ,, by CHS (9.87+£1.50) %; 7£ 4 CA®MF 60d J5, Nor@LP-
/ FA CHS F1 Nor@LP-CHS-FA g% 5h (9.24+
| Nor 1.58) %. (7.914033) %. bikzk 0617
Y TEV AR R 0 VR AT 3 T4 M 1, A
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7|‘|_:|]L§/WC
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Fig. 7 DSC curves

Nor@LP-CHS I Nor@LP-CHS-FA H5e 442k, #&
B Nor IELIRAS i i S N AR, e RIE
KB MARAEHET, G555 XRD 1€ — 2L,
EBA Nor J2& LAJG 8 LIRS B A 2 TR, A
DA AT A AERST
2.11 BEMMR

53 I Nor@LP-CHS #1 Nor@LP-CHS-FA T
—20 CHE 0. 1. 2. 3d Ja S AR LLIEE G 5 I
(25 C) + A (4 C) JE 0. 1. 2. 3. 7. 14,
21, 28, 60d J&, MEfEFMEL R, HitHE
TR AR H AL P, LR IR 10~12,

2,12 RIMELAHLHIRAR

NAS AL A AE BRI [ (37 1D C,
pH=7.4 If] PBS ¥#¥K]. B[ (37£1) C, pH=
1.2 B HC1I® W]~ MY TASE[ (42£1) C, pH=
5.8 [ PBS ¥ R IR 25 R 1 D10 s %% 2 X Nor@LP-
CHS-FA. Nor@LP-CHS. Nor J ¥, % Pkt BLi%E
TS CERRAR 20 7 & 35000 , B N pH
N 7.4 141 PBS . /5T 04 0.51 1.0, 2.04 4.0+
6.0 8.0. 12.0. 24.0. 36.0. 48.0. 72.0. 96.0. 132.0.
168.0 h BB/ 5t 2 mL, b 78 AR AR RO o
THE RFURETIOR, 2 ] SRR 50 - FURE B ) P
Q-0

W 8 firzr, Nor. Nor@LP-CHS. Nor@LP-
CHS-FA TERL RIS, 168 h I R AR

®10 FRARREM (X Es,n=3)
Table 10 Freeze-thaw Stability (X £ 5, n =3)

Bk N A% BUEN BRE% B B A% BEN  BRE%
Nor@LP- 0 80.09+0.32 11.86+005  0.00%0.00 | Nor@LP- 0 81.57+0.62 1209+0.09  0.00+0.00
CHS 1 78541091 1163+0.13 193+139 | CHS-FA 1 80.94+053 1199+0.08 0.76+050

2 74671050 11.06+007 676100 2 77721064 1151+009 4721025
3 71.29+0.46 1056+0.07 1098+094 3 75.29+052 11.15+008  7.69+040
1 EEREM (X L5, n=3)
Table 11  Stability at room temperature ( X + s, n = 3)

B N A% BYRE  BRE% B N A% BEN  BRE%
Nor@LP- 0 82.17+0.09 1217+001 0.00+0.00 | Nor@LP- 0 8252+0.17 12224003  0.00+0.00
CHS 1 81.37+0.17 1205+003 097%013 | CHS-FA 1 81.95+0.06 1214+001 069+0.22

2 80.76 +0.32 1196+000 1714035 2 81.46+0.06 1206+001 1.29+027
3 80.31+0.06 1189+001 2.26+0.09 3 81.16+0.14 1202+002 1651033
7 7911+017 1172+003 3.71+030 7 80.33+0.19 1190+0.03 265+0.36
14 7831+0.14 1160+0.02 4.69+0.16 14 79.68+0.10 11.80+001 3441027
21 77.98+0.20 1155+003 5.10+027 21 78.7810.34 11671005 4541056
28 76.94+0.39 11391006 6.36+0.37 28 77.7810.10 1152+002 5.75x0.07
60 7092+142 1050+021 1219+142 60 7341+118 1087+018 9.87+150
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Fz12 AEREM (X £s,n=3)
Table 12 Refrigeration stability ( X s, n =3)

Ffiih Al (eSS 2% BINFEY% Kl AN (EESESIT 2% BIFE%
Nor@LP- 0 81.40+0.30 1206+004 0.00+0.00 | Nor@LP- 0 82551057 12.23+008 0.00+0.00
CHS 1 80.80+0.07 11974+001 0.75+0.40 | CHS-FA 1 81.87+0.18 12164003 0811090

2 8048+0.25 11.92+004 1134027 2 81.62+0.21 12094+003 1124045
3 79.85+0.34 11.83+005 191+0.06 3 81.36+0.11 1205+002 1451058
7 79.62+0.28 11.794+004 2.1940.06 7 80.93+0.17 11.98+002 196+0.88
14 79.05+0.36 11.71+005 2894015 14 80.31+0.06 11.894+001 271+0.64
21 78.77+0.46 1166007 3241065 21 79.95+0.13 11844002 315+054
28 7734+131 1145+019 500+127 28 78.9610.76 11694011 435%+0.72
60 73.04+135 10824+020 9244158 60 75.16+0.33 11.134+005 7.91+0.33

RN (27.00+10.68) % (21.89£0.06) %-.
(12.59+0.10) %; £ HEHAEH, 168 h I R
25N (68.76£0.18) %. (89.86+0.51) %.
(96.211+0.78) %; fEMUBE I, 168 h I HAH
B2 9N (73.77£0.48) % (91.50+0.11) %-
(83.0240.36)%.Nor@LP-CHS Al Nor@LP-CHS-
FA FEARRPAEE OB TZRAL, 1E B A 55 i e
TR M IR IS R R IA B 80% LA |, F W] Nor@LP-

CHS #1 Nor@LP-CHS-FA B4 pH {E MmN 1%, 7
SEIRAE PR SR B RO 2 o Hor, ORI T
H, Nor@LP-CHS-FA 1] 2 R BUR AL T Nor@LP-
CHS, XnJRERAHT FA MIHEE—CREERZ TR
BB RL ) 2 RN ZJRE T RS AR SINEE TRURE
T, %4 BAGIEW Nor@LP-CHS-FA B A iR s
PRI 5 0] AR T8 R 28R, T 98 4 A o 1 1 75
T8 I 4 R B B0 4 S B BT

Nor@LP-CHS-FA 0 pH 5.8 M f bR 1

pH 7.4 kit 00 pH1.2 Bl
307 Nor
257 Nor@LP-CHS 80
¥ 15 Nor@LP-CHS-FA i
= 104 &40
% &

n
o

Nor@LP-CHS

Nor@LP-CHS g5

°
Nor &

5 60
=
X 40
B

20

0 20 40 60 80 100120140160180
th

I T 0
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t/h
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&8 Nor@LP-CHS #1 Nor@LP-CHS-FA 2 phsk (X x5, n=3)
Fig. 8 Cumulative release curve of Nor@LP-CHS and Nor@LP-CHS-FA ( X + 5, n = 3)
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TR0, A E, R Nor B RFUBE; Ve Fon
BRI MR IR Vo RARZ MRS FR; C%R
IR IR RS IR P s Minor RNTRER ' Nor
& n Ros B HRGMRIRIRE.

n-1
E= (Ve Ci+VoCn) /Mor
1

W 13 Fizs, Nor@LP-CHS-FA HIB:2451T NTE
pH Ay 7.4 I, B & A& — s 18, £E pH
5.8 F 1.2 I, B Z AT A Weibull LAY

111K 3 My

Bl = KO, BT B0, 0.9%%
TNV W IV 3 Ko 3RS 20 4l R TR A 5%
MRAMBER, BT 4 CHRAZHS, K
Nor. Nor@LP-CHS. Nor@LP-CHS-FA 4} 7] ]
0.9% S ¥ VR BC BT FE R 4 A 104 50

100 pg-mL~!, IIAARFR 3 H 5% 21 48 i Vi =2
HHIRA, BT IERAN 0.9%F L8 -5 R4
B 5% 1 A4 TR B IR A BH xS B O Al K 5 ik
R E 5% 2L IR & VRTE &, 3 000 rmin!,

042N 7.6 cm, B 10 min. Nor. Nor@LP-
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13 Nor@LP-CHS-FA {RIMERUIRRII SR
Table. 13  Fitting results of Nor@LP-CHS-FA ir vitro release model
I A WE IR r i TR WEIE r
pH7.4 FZFEM Q=0.00057t+020  0.2129 | pH7.4 Retigger-peppas Q=0.16t%1 0.664 2
—H{BFEH  Q=0.26(1—e 062 0.9732 Weibull In(1—Q)=—(5.08t—2.54)%% 0.8736
Higuchi ~ Q=0.009 8t¥2+0.17  0.408 3
pH5.8 EZFjit Q=0.00065t+090 0.0991 | pH58 Retigger-peppas Q=0.84t°% 0.5345
— R Q=0.96(1—e 221 0.936 9 Weibull In(1—Q)=—(121.28t—58.2144)*>  0.949 6
Higuchi  Q=0.012t24-0.86 0.2437
pH12 ZEZLFEM Q=0.00077t+0.88, 0.1124 | pH1.2 Retigger-peppas Q=0.81t0% 05611
—HFE Q=0.95(1—e 19 0.936 0 Weibull In(1—Q)=—(36.25t—17.4)° 0.9447
Higuchi  Q=0.014t¥24-0.84 0.266 7
CHS. Nor@LP-CHS-FA NA| i B 4] 1 41 B4 BMMSIGERMELR (X 5 n=3)

AN gnpoR B, E v AH, FTHI Nor 3
50, T 540 nm ARMNHIOGREE (4D H, THEHE M
F (HR)

HR= (As—An) | (4p—An)
As FFERBIEEE; An  0.9%EAAIRIBILIE: Ap A2
BT KRG

SERANE 9 B, P IR A I B LS,
FSF) e ok 2EL SR B9 I R 20 4 A SR T 5, 0 B S
U2k Al {5 . Nor 4. Nor@LP-CHS 4. Nor@LP-
CHS-FA ZHZT4NM FUTERE IR, KRR AL
MRS . S EH ST R R 45 Rk 14 iR,
B SEUG IR LR <5%, RHAMZEMERLT.
2.14 CCK-8 JEHMMpaFIER

K CCK-8 V:iFr Nor@LP-CHS-FA X i@

S S S S S e M) S - —

) o O @ v e v & s

—1

MBS IR, BITEXTEZE, Nor BUEIREE 100,
50 10 pg'mL™', Nor@LP-CHS JiHs¥KE 100, 50, 10 pgrmL™",
Nor@LP-CHS-FA JFi S E 100, 50 10 pg'mL™',

From left to right were positive group; negative group; Nor
concentration 100, 50, 10 ug'mL™"; Nor@LP-CHS concentration 100,
50, 10 pg'mL™"; Nor@LP-CHS-FA concentration 100, 50, 10 pg-mL™".

9 REATHANEMSRAR
Fig. 9 Results of hemolysis experiment in different

administered groups

Table 14 Design of hemolytic experiment and results of

hemolytic rate (X £s, n =3)

2H 51 PRI HR/%
(ng mL™)
IoF 1 — 100.002 3+0.003 6
I3 1k — 0.0003+0.004 5
Nor 100 0.088 7-0.001 8
50 0.149 8+0.000 9
10 0.256 4+0.001 3
Nor@LP-CHS 100 1.148 94+0.001 2
50 0.310 2-0.003 6
10 0.006 5-0.001 4
Nor@LP-CHS-FA 100 4.150 240.088 8
50 0.6382+0.004 6
10 0.2735+0.005 6

HepG2 0 R EFE M HIVER o« B T X0 HeA KW )
HepG2 #iiffl, &JEREHIL)E, HFT 96 FLIR,
FLEAIIECH 6 X103 A~ BEefhEE3E 24 h 5505
BIIN72 Nor. Nor@LP-CHS Al Nor@LP-CHS-FA
(LA Nor i, FiEWRESHIN 2.5, 5.0. 10.0. 20.0.
40.0. 80.0pg'mL™) , WE 6 ML, FRFRHITE
XTI (PBS) A2 XTI (S EHFRIE) . W H 24,
48, 72 h J5, HUH 96 fLHR, FEfLIIA CCK-8 B
10 uL, B8 4 h J5BEFRACIE 450 nm ZWROGRE (4)
B, TSR A7 20 1Cso {H -
AT AFE R = (Ldow—A we) | (Awm—A 21
1P 10 iz, Nor. Nor@LP-CHS. Nor@LP-
CHS-FA X i HepG2 4 At 384 48 30 1] 7 FH #5545 i
SR FE RN () AR DG, A0 4 FH B 245 4 ot 0K R
AN FE B T) 398 o 7 284 568 o 5 [ 44 o B 4L AH LK, Nors



<1540 - F48EF6H 2025F6 A %¥r34ak £ Drug Evaluation Research Vol. 48 No. 6 June 2025
— X
s NOT
— Nor@LP-CHS
120 —
24h == Nor@LP-CHS-FA
100 (= #4# T T ) T
X - H#i#
& 80— Fkk ### ?fif ### #ﬁ#
:1;“*: 60— H#it#
= it Hitt Hith
= kol okok #Hith
2 20 - it
% - *kk HiH# ###
S0 Fkk FkKk s
0
25 5.0 10.0 20.0 40.0 80.0
JRE R EE (ng ML) — %}
120 — 48h mmmm NOT
—— Nor@LP-CHS
== Nor@LP-CHS-FA
1004 = s T o T e
5
5 80— s L
H:E[ *kk i
& 60 — HHE
B #Hit i o
fer=d ] flaie Fkx it
= 40 fﬁf *x s H#HitH
E:j: - | *xx ' ######
20 *kk
0 25 5.0 10.0 20.0 40.0 80.0
FER A (ng mLY) — @
120—y 72h e Nor
100 —— Nor@LP-CHS
mm== Nor@LP-CHS-FA
< A #H - i T
M 807 i s it
HE Hkk *%k i
HitH
£ 60 Yok Hith
= H#itt #it#
S 407 ** i
= #ittt ittt
ISy _ Fekk ok
20
0 25 5.0 10.0 20.0 40.0
FE A (ug mL™Y)
ExtiaZ s #P<<0.001; 5 Nor 41LLE: "P<<0.05 “P<0.01 *P<0.001,

###P<<0.001 vs control group; "P<<0.05 **P<<0.01

**P<<0.001 vs Nor group.
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Fig. 10 Effect on proliferation activity of HepG2 cells ( X s, n=3)
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Fig. 11 Effect of liposomes on the cell cycle of HepG2 cells (X £ 5, n =3)
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Fig. 12 Effect of liposomes on apoptosis of HepG2 cells

F 15 BHELHRE HepG2 AREATELER (X s, n=3)
Table 15 Results of apoptosis rate of HepG2 cells after

administration in each group (X £s,n=23)
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