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Preparation of ganoderic acid A liposomes and in vitro antitumor activity study
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Abstract: Objective To develop formulation-optimized ganoderic acid A liposomes (GA-Lips) with improved stability and high
encapsulation efficiency, and to evaluate their cellular uptake efficiency and in vitro antitumor activity. Methods GA-Lips were
prepared using the thin-film hydration method, and formulation parameters were optimized by varying the ratios of GAA,
phospholipids, and cholesterol. Particle size, { potential, and morphology were characterized. In vitro drug release and formulation
stability were evaluated under different media, dilution, and storage conditions. Hemocompatibility was assessed by hemolysis assays.
Cellular uptake efficiency was examined using confocal laser scanning microscopy and flow cytometry. Antiproliferative effects and
apoptosis induction in HepG2 cells were analyzed using CCK-8 and Annexin V-FITC/PI assays, respectively. Results The optimized
GA-Lips exhibited a uniform spherical morphology with a mean particle size of (74.52 = 1.00) nm, a PDI of 0.26 + 0.01, and a {
potential of (—46.75 £ 1.61) mV. The formulation showed sustained drug release, excellent stability under various test conditions, and
negligible hemolytic activity. GA-Lips significantly enhanced cellular uptake efficiency in HepG2 cells compared with free GAA.
Moreover, GA-Lips exhibited pronounced cytotoxic effects and markedly increased apoptosis induction. Conclusion The optimized
GA-Lips demonstrated favorable stability and hemocompatibility, effectively enhancing the cellular uptake efficiency and in vitro

antitumor efficacy of GAA. These results support the potential of GA-Lips as a promising nanocarrier system for ganoderic acid A and
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provide a foundation for further in vivo and mechanistic studies.
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RZM A (ganoderic acid A, GAA) RAFET
ZHEEI R B /82 Ganoderma lucidum (Leyss. ex
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A JgJFif& (ganoderic acid A liposomes, GA-Lips),
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1 XFESHH
1.1 Y&
Nano Drop One B8 4b-0] WL 66Tt £

FEB R MRBHEA PR A R KQ5200E B4R 7 H It
#y, BT A AR A R A T ; Zetasizer Nano ZS Y
KLFE S HTA, Se [l B /R SCIAARHA IR Al R206D
RURFE AR RAL, i AR A R A F]; Dragonfly
200 Bl oy RSO R E BE, KE
ANDOR BHEHRAF]; Cyto Flex B4 A4,
L DU 2 B R FEA PR AR UFC501096 Z4EEIEES
OV, B AT 47 FUE 10000, 32 [H Millipore 2
Al JEM-1230 BU% S A1 Wi, HASH ikl
FEAT]
1.2 AR5

SRR ZTR A, fitS C81907622, Jii&E 4L
98%, WHFEEMKED THRARAR; U,
fit'5 A422416-0100, W HAETAY T (R K
I PR )5 BEIEEE, #5 C40110, 1 H L (-
) B4R AR AR F5.% 6 (coumarin 6, C6),
B9 38215-36-0, 1 H 3= [E Med Chemexpress 44
B AF.

Annexin V-FITC/P1 4Hfaf k7 &, %5 E-
CK-A211, 1 H BN SRR A A R A
F]; DMEM bRt (585 MA0212). MEfgEh
ZZ (PBS, %95 MAO0015). RPMI-1640 5753
185 MA0215). CCK-8 il#] (185 MAO225),
HRERCEMHEARERAF; B4 MG (fetal
bovine serum, FBS), &5 A5256701, WH 3% E%
BRI R B A
2 HESHER
2.1 GA-Lips 8941

K BOEPOS IR AR . R 2 AL
ORI R A T R VS R T K B, $%
R L, AR I N T 7 Sl B A 25 4H 53 58 AR
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LBE, fE 40 CAHI 100 r/min 51F Fligdk% %, LA
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VI, RREESE TR R, IINEEXGEK, HTE
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VTR KA VR, SRR AR B . T o A
TREW, BITT75%) GA-Lips, T 4 C F{#fF.

# k2 AR A (blank liposomes, B-Lips) [
il 4% 77155 GA-Lips M, EHAIMARZR A,
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22 REBR A FINYIFERESL

221 REKHE SBRSECERTER, &
BFRZIR A AN KN 252 nm.

222 LMEXRRFEE WIUEERZI A X,
BT T K CFEEHREH] K 1.250 mmol/L (HRER, B 5
FTEK SR B B RE, 1931 0,625, 0.313,
0.156. 0.078 mmol/L 1R 2R A XM, 1E
252 nm WAL FLR L (4D H. PLRZI AR
FERREALRR (XD A {ENEEAR (V) 22l bRite 2k,
BATEAERNA, FREIETEN Y=11.724 X, R*=
0.999 6, 25 FFR AR ZE A 75 0.078~1.250 mmol/L
LR R RIETS

223 REEEEE  HURZE A MR SAESE,
ToIK IS SRR A= (1.250 mmol/L) . H (0.625
mmol/L)+ % (0.313 mmol/L) 3 MK EEVE, 1E 252
nm KA IELENE 6 K A {8, 153 RSD LAH%%
IS RE R . S5 EIR, 3 MIREEVAW 4 {1 RSD
I HIN 0.86%. 0.94%. 1.02%, FiZTIEEAR
U (RAS 2 %

224 FasEtE%E HU GA-Lips VW, & =4t
T HTHI4 T 04 24 4. 8. 121 24h 7E 252 nm ¥
KA F A M, FEARTEARAE M2 T RS, THE
H RSD fH. Z5HKMH A {HK RSD N 1.18%, K
MR TR 24 h WFESEME R AT

225 HEEMWHEHR PATHI 6 17 GA-Lips ¥,
1F 252 nm PAEANNE S 4 1, HARIEFRUE 2t
Bk, SFIMEARRZIR A WKER RSD N
1.05%, RFZIGFEEGHERLT.

22.6 IFEREIGEES KA B-Lips W 0.1
mL, BT 1mL @LEF, SHMA—ER&RZHK
A KRSV, A LR 2R B v s (1.250 mmol/L)
f(0.625 mmol/L)+ {f (0.313 mmol/L) 3 M/KF,
FEANREEPATHIE 3 4. JREIGAE 252 nm KAk
MWe e 418, HARPEIRAE ISR E, H—t
BONFEER . SRR, RZRAES. P, K
3R LT R BRSPS NAE EI2E 43 71 100.92%
99.84%. 101.15%, RSD 251N 1.18%. 1.26%-
1.34%, RZITIHMERERIF, FHRNZER.,
23 BEHER. HFHE. AR, PDI K {BEARNE
231 BHEF, FLAERMNE H GA-Lips HL 100
ul, DI AHXT 77 L&A 10 000 B SE B O
1, T4 °C. 12000X g B5:Cr 5 mino JE RN FiEES
RZWE A B, PR (V g BUERESE

MR, FEA-RT WL BT 252 nm AR
EAME, RAARAEMZ TR Y=11.724 X 11505
HYIREIREE (Cwn)o

BB =W o~ C un Vi) W

BAR=W 5—C s V i) W s
W o RWIIER 25, C w BIFS AV EIRE, V e RIEWR
PR, W sk NIRRT R 2
232 Rife ke ¢ HALIINGE B GA-Lips #7170
uL B TRARFE A, RH Zetasizer nano ZS ALk
£ 53 M A 7€ KiAE . 2 70 A # (polydispersity
index, PDD); L GA-Lips 70 uL, FHXUZE/KF
e, R, BT CHEAFEMMEY, SRA Zetasizer
nano ZS ALK AT E C AL, BMFERmER
ME 3 ks
24 BREZEZEGA-Lips&AFITE

JRAk GA-Lips il # T2, LVEER. HZ
& K42, PDI K& C ANV FEAR, 20025 52 E i
bb ZiMR G KAk 5 5 R 75 e R 5% i i AR PR 52
4V LU AT AR R R . R Ak T 38 AT
il 2% 3 HEARTARRE R, ZRX £s KR (n=3).,
2.4.1 JHEEES OB R R (EARHL 52
SEMTTHRZ® A (2.5 mmol/L). BREEE (50.0
mmol/L), {2 123,114,105,
1:8.1:10. 1:20, fil% GA-Lips, PAEfE,
WAR. KifE. PDI.  BALIE N SR bt Hadh 4T
PR, SR 1o AFFFCUUHAREE 1 1 4 HASE,
LM ¢ KI5, TEASIFIIAAE B2 A T il £ 1)
GA-Lips fEHEI R, #ZE. Hife. PDI K& ¢ HAfL
iR PRI — e ER. GEFESITNS
¥, HAEAEEL N 1t 4 B, GA-Lips L H A& =
M, GiEmRES a4 (PDLE/N), [FIRF ¢
ML AENHE R, 7R R SFa e tEEC B
BRItk BA 1o 4 EAREGIE RS 8 T2 5 R Re it
e = IR YU
242 RZI A HipBHRRENL (ZAiEH) H%
[ 5 Ab 77 R ERE R (50.0 mmol/L). AH[EEE (12.5
mmol/L) A&, B R m 1104 1
15. 1:20. 1:25.1:30. 1:35, #14 GA-Lips,
DI, #2458, kife. PDI. ¢ LI A% LR
PRt HEATVRAN, S5 20 A FLAZARLE 1 :
20 HNSHR, SMSIREAR /5, TEARZAEL
% 1E I HI GA-Lips fEBE R, #iE. kifz.
PDI & ¢ WA 5 4Ebs IR —EER. GEF
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#1 HEAELERT GA-Lips 8%, HHE. WE. PDL. (HAUMNFEMERE (X+s,n=3)

Table 1 Investigation on effects of bile to lipid ratio on encapsulation efficiency, drug loading, particle size, PDI, and {

potential of GA-Lips (Xt s,n=3)

JIHAg B AL H/% AR/ % $i % /mm PDI ¢ FA/mV
1:3 76.87+0.64™" 2.15+0.02"" 49.50+0.4™" 0.31£0.01" -30.97+3.15™
1:4 82.61£0.24 2.39£0.01 60.94%0.15 0.28£0.01 —48.301+1.49
1.5 77.04£0.71"" 2.2840.02" 48.54+0.52"" 0.31£0.00" —35.40+3.39"
1:8 79.0940.24"* 2.4240.01" 88.23+0.65™" 0.2840.01 —41.13£3.61"
1:10 78.124+0.55"" 2.4240.02 85.95+0.24™" 0.2840.01 —35.93+2.25"
1:20 67.181+0.24™ 2.134+0.01"" 459.57+15.59"™" 0.9840.04"" —54.20+1.44"
HEAgE 1 0 4 B *P<<0.05  *P<0.01 **P<<0.001.

P<0.05 "P<0.01

**P <0.001 vs bile to lipid ratio 1:4.

# 2 ZRBLEXT GA-Lips 8%, HA=. ffE. PDL. (BAMNEMEE (Xts,n=3)

Table 2 Investigation on effects of drug-to-lipid ratio on encapsulation efficiency, drug loading, particle size, PDI, and {

potential of GA-Lip (X +s,n=3)

Zifigth AE /% /% Fi4%/nm PDI ¢ A /mV
1:10 76.56+0.69** 43140.04* 85.8441.44** 0.3020.04 -32.934+0.31"
1:15 75.53+0.26™" 2.8840.01*"" 90.65+1.75™ 0.284+0.01 -28.23+231"
1:20 82.2540.23 2.3840.01 71.65+0.39 0.2940.01 —-20.7742.30
1:25 76.77+0.45™ 1.7940.01"* 77.094+1.23 0.29+0.00 -16.50+1.97
1:30 77434045 1.5140.01** 127.60+1.55** 0.2940.01 -36.43+1.26"
1:35 80.5540.17* 1.3540.00*** 91.06+0.55"" 0.28+0.00 -20.4040.85

525R8E0 1 1 20 HE#: *P<<0.05 **P<<0.01 ***P<C0.001.
"P<0.05 "P<0.01 "P<0.001 vs drug to lipid ratio 1:20.

JEXAHN S H, MR 1120 B, GA-Lips &
It AE O A5 e (1 AL 6 B0 R4S 5 40 AT (PDI R
/N, FIS C AT LERHE RN, R S
BUOREEAR, B, DAL 20 ZEELAE RS LA
5 HERERIE T 1 225 1 4 25 A

243 KIWWREEFEEREE BELFHRZR A
(2.5 mmol/L). URE%AE (50.0 mmol/L) JIH & % (12.5
mmol/L) W&, {CHBEKILIREE 55 30, 35,
40, 45, 50, 55 C, fil#% GA-Lips, LLEEZ. #
2, Kift. PDI. ¢ HUALVE N R FR0 ATV

fr, @RWE 3. KHFLLIKNWIRE 45 CHANZS
B, SMOHER RS, TEASFRIKAG IS Tl %
") GA-Lips fELE %, # &, Fif2. PDI K CH
M fEbs PRI — 2 £ R . SEHBELINS
B, /KA 45 CHY, GA-Lips R I H AR &
MAEE, FERRAESSM (PDLE/N), [FR ¢
ML AL AENHEEOR, R &R 4 it S e e PR BEAR.
Rk, PUKALERRE 45 CIENES: T2k 5 g
W TR S 1l 46 2%

2.4.4 HEFEREFEEEE FEETHRZR A

F=3 KWEEST GA-Lips 83 E., HH=E. AR, PDI. (BEAMNEIER (Xts,n=3)
Table 3 Investigation on effect of hydration temperature on encapsulation efficiency, drug loading, particle size, PDI, and {
potential of GA-Lips (X £s,n=3)

KA B/ C A3 3/ % YR % $if%E/mm PDI ¢ A /mV
30 82.32+0.28 2.3840.00 74.79+1.20 0.2740.01 —43.20+2.10"
35 83.23+0.49 2.4140.01 77.67+£2.27 0.2940.00 —44.07+1.21"
40 84.03+0.48™ 2.4340.01™ 79.54+1.47 0.28+0.00 -17.57£1.07"
45 82.5040.17 2.3940.00 75.11+1.73 0.280.00 -23.30%+1.06
50 83.1810.89 2.41£0.03 86.8412.20" 0.2840.01 —-9.98+1.16"
55 82.2140.27 2.3840.01 93.4140.74** 0.2720.01 24374137

LRI E 45 CH#: "P<<0.05 P<<0.01 "P<0.001.
P<0.05 *P<0.01 **P<0.001vshydration temperature 45 C.
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(2.5mmol/L). BPREME (50 mmol/L). AH[EIEE (12.5
mmol/L) WIHE, /KILIREHR 45 C, {LIEEH
i) 43 500 2 44 6+ 8+ 10 12 min, #i4 GA-Lips,
DIHLER, #2588, Kife. PDI. { HEAL/E N5
PRX AT VRO, SR WAR 40 AHIT 5T LU A I )
4min RS, GMFEAR (RIE, fEA R A
iFIE] R 1 45 1 GA-Lips fERLE F. & 8. kiR,

PDI K& ¢ WA &EfEbs DIRIE —E ER. 6%
EEVN S, AR ] 4 min B, GA-Lips %
I H AR A e (AL B 2 3@ HRLAR 5 40 AT (PDI 3K
/N, FIE AL HE RO, R S s i
BONFRAE, KL, DU E 4 min {EARZIE A
JIE A ) 2% R B R 75 4, F T 5 SRR 220 E
FA A0 B 256

4 EBEMEX GA-Lips B, HA=. AfE. PDL. (HAMFITERE (X+s,n=3)
Table 4 Investigation on effects of sonication time on encapsulation efficiency, drug loading, particle size, PDI, and {
potential of GA-Lips (X £ 5, n=3)

#E F I 8] /min A 2/% AR/ % Hi4%/mm PDI ¢ AL /mV
2 82.8540.13 2.4040.00 100.34£2.11""" 0.28+0.01 -18.40+8.85""
4 82.82+0.22 2.40+0.01 78.19+1.79 0.3040.04 —41.99+1.39
6 82.2240.28" 2.38+0.01" 55.00+0.72"" 0.34-0.04 -24.29+0.69"*"
8 82.8240.22 2.4040.01 49.38+0.27"" 0.320.05 -2527+1.06™"
10 81.9340.07 2.3740.00" 54.961+0.79"" 0.2940.01 -30.27+4.47"
12 81.6840.22" 2.36%0.01" 64.861+0.87"" 0.320.03 -20.77+1.63"""
5 E 4 min B TP<<0.05 P<<0.01 ***P<C0.001.
P<0.05 "™P<0.01 *P<0.001 vs sonication time 4 min.
245 HELATT TZME KRR 75 B ER
HGLLER, Ti5E GA-Lips (5 I 4& S S LL A
1.4, ZjfRLL 1 220, /KALIRSE 45 °C, HEEFEHTH) 4
min. TEIZEMET, RZWR AL R AR A0 [ 4
BHREE > 514 2.5+ 50.04 12.5 mmol/L, JIg 5 i i FE
G, NSRRI KEAT KA . E BRI R 58 i - o 0 10000
e M AR 7 264 CHEAREL 1 4, Z5RLEE 1 © 20, $i4%/mm
KAGHRFE 45 °C, EFAERFE 4min) T, JAZHI4 3
fIt GA-Lips F i, X HAi4Z PDI. § HAAZEA T E
DIEM L EMfa e mE g, 458 0L%E s, 5
*®5 BREQSFIZHWIEER (X+s,n=3)
Table 5 Validation results of optimal prescription process
(X+ts,n=3)
Lk 42 /mm PDI ¢ AL /mV
1 75.47 0.276 —45.09 " T .
—-100 =50 0
2 74.60 0.253 —46.86 ¢t fr/my
3 73.48 0.266 -48.31

2.5 GA-Lips B9HIFIZEMN

2.5.1 kifg. PDI. § HAZRIMIE  RA &AL T L
2% GA-Lips, I&MATIAT M e kit PDIL ¢
AL, 255 GA-Lips FISPIIRIER (74.5241.000
nm, PDIA0.26+0.01, {HAN (—46.75+1.61)
mV (D,

252 EH A HEF R4 (transmission electron
microscope, TEM) JEAZMEL K A4 7 il %%

1 GA-Lips BIRIIE % (A) FCHEAMASTH (B)
Fig. 1 Particle size distribution (A) and { potential
distribution (B) of GA-Lips
GA-Lips, JHEEALKMREIG , BV 2 4 A AR
YA L, 2%k S RGBT )5 F TEM W2
Ffanlit. 45 R 2 B, W0 GA-Lips SIT[HE Bk

B, KANBIYST, oy .
2.5.3 MRAMREIRSEYE  CRATEIE EOIETEM GA-
Lips FIRSMEEIAT . B %G, ¥ GA-Lips JR&WN
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2 GA-Lips B TEM FE7SE
Fig.2 TEM of GA-Lips

ANZFIAN[E pH {H 2141 PBS (pH7.4. 6.8, 5.0 1,
Bk 1.2 mL & R (PBS 5 GA-Lips fAF1EL 1.1 £ 0.1),
BHT 37 C. 100 t/min FEIRHWEE o 7ETE ] A] 23
(0. 0.5 1. 2. 4. 8. 12, 24, 48h), HUFE 150 uL
HEEHEELETR, T4 °C. 12000Xg il 5
min. WERIEMEIEH 4 {f, @i [F—Z ks
{245 55 Y i S YR B EE (C) o B0 G
ANMEFARFATIH PBS DAAERFA R S ARFAE E, T
T o, DR U 3 B R A4 R D2 T 52 i 3R RRURE TR
. BRREIZ LT AT

Momn=VoCut3 1= VsCi

FRBICE = Meuma/Miotal
Meumn 955 n /NI ] S0 BALBE IR, Miow 9K R 25411
B Vo NVIERBIUA R AR (1.2 mL), Ve NARREUR:
PR (015 mL),  Cr 4% I6F 1] s 0045 i 5 245400 o e P

SEISMSTE R 3R (n=3), G5 RLAX 5 TR,
5N 3 frn, GA-Lips fEANE pH 18 2644 N5
RIS (P RERFAE . 7E pH 7.4 Z54FF, 0 h BJ
MEL BN L) 15%IVIEERET, IS Ry 1 ERR
T/ 5 5 MR BT i S5 A4 2 T B AT T WS
JAXIBN W 51 RSB R FARE R s
IR RIEAT A o

100 1

80 4

60 1

RPVRETRE %

40 4

20 4

0 05 1 2 4 8 12 24 48
t/h
B3 GA-Lips B9IMERBIZE (X+s,n=3)

Fig. 3 In vitro release curves of GA-Lips (X £ s, n=3)

b I (G, 2R OH 2R BB 8 2% - 2 h B
REBEIZI N 60%, 4h FFAE2) 80%, 7 8h 2 JFit
NFEH], & 24~48h BFRALETEL) 85%, K
B GA-Lips 7542 BEA& A T BA Bl i 45t fa e AN
AP RFEL R RE . (AT EIZ, GA-Lips 1)
BT N 2B R pH EAHSCME . 7F 59T
(pH 6.8) T, WIREBOE R pH 7.4 BI R0k, 1M
IR YES M (pHS5.0) ', GA-Lips RILH i —
R RRAT A, 240 N BABIRCR B e R
o X LR LW, GA-Lips 16 RS R TR &
AR S AR A 58 B R G (R B el SR JECRR I,
) LA v RE 200 A P SRR R AR 2R AR . A
M5, GA-Lips fEABESEAF TIRFFAIX RS E, AR
FRPEIREE IR 8, MR B 5 B 5 B 4%
AE G AT (HepG2 cells) H Y = 80
JEAE R AL T BT R S -

254 faEtEEs

(D MNFfaEM: RNVEN GA-Lips fFEANFED)
AR A AR E 1, ¥ GA-Lips #% 8 MBI
PL R %4k %: DMEM. PBS. RPMI-1640. DMEM+
10% FBS. PBS+10% FBS. RPMI-1640+10% FBS,
KH A 6HU (dynamic light scattering, DLS) ]
SENEFRAARIAE. PDI, FFi0 AR,

(2) WMBfasEME: L GA-Lips 7£40 i S50
A NI RBEAT N, GA-Lips #% A [R5
I DMEM H, (AR E 5N 8. 164
32, 64. 128. 256, 512 1%, WwHkis PDI.

(3) Kiifasett: ¥ GA-Lips BT 4 C#bask
PERORAT, L 7d MEkife. PDI S ¢ AL AR L.
FIRSEIGIEL 3 K.

ZE RN 6~8 Fian, GA-Lips fE 2 264 FHIE
Pl R B R e 1 . A R e A5 R BOR, GA-
Lips 7£ PBS. AN Al LAl 3G 77 5E & & FBS 577 5L
Fii2 5 PDI BRI A RE: Mikfa e tERe, RfE

# 6 GA-Lips INFRREMER (Xts,n=3)
Table 6 Medium stability of GA-Lips (X +s,n=3)

BEIRAE Hif%/mm PDI
PBS 60.07+0.21 0.1820.01
DMEM 63.9010.81 0.1520.01
RPMI-1640 60494074  0.1420.01
PBS+10% FBS 56.82+0.06  0.16+0.01
DMEM+10% FBS 59.63+0.80  0.2140.02
RPMI-1640+10%FBS  56.86+0.70  0.19+0.01




PER 2026£4 8 B57% B8 Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 8

* 3067 »

# 7 GA-Lips WIEREREMERE (X+s,n=3)
Table 7 Dilution stability of GA-Lips (X £ s, n=3)

MR $i4%/mm PDI

8 63.90%0.81 0.1540.01

16 64.6010.12 0.1620.00

32 64.63+0.26 0.1740.02

64 65.14+0.79 0.1720.03
128 65.77+1.21 0.20+0.03
256 67.87%+0.55 0.2040.02
512 69.324+0.99 0.2240.01

# 8 GA-Lips WKEIFREMER (X+s,n=3)
Table 8 Long-term stability of GA-Lips (X £ s, n=3)

td  KifE/mm PDI td  FifE/mm PDI

1 74524+1.00 0.26+0.01| 5 77.69+0.21 0.30£0.01
2 74444+1.01 027£0.01| 6 80.74+2.05 0.29+0.01
3 76.88+1.94 0.284+0.01| 7 81.46%2.19 0.30%0.03
4 77454+0.90 0.2940.01

£ 8~512 5 KIEMBEIG I, KR4 YEFF{E
60~70nm, 7R T KRR E RS R SR,
FULE 4 CAEI 7 d BHIALRIAR [z PDI ZEARLREEAAE
FREE R UL GA-Lips BRI AR . W
BeAE e LR AR e M, NS B4 S AR Ah S
B PR AT S 1) ) SR R A

255 WMSES  AWFFUHIS GA-Lips, T
RAFMKE ZiH 7], BE@EdERSBESmE
(enhanced permeability and retention, EPR) (35K
Lo 2HL 2R A Bl L 30k, VA I SR R K 45 24
7 B oS 2 A e VA FR bR, DR AR 5 R FH 24
JfL 375 0 S B6AG I GA-Lips [ MLRAH 2, LIS 56
IR ERIk A 2 ) e e 7T .

BUHT e pTE 4 10, T 5 000X g,4 °C B0 10 min
B, F PBS (pH 7.4) XHLL4HMUIEAT 3 Kk
ek, HE EIEETE. bEEMH PBS M4 E &
il £ 2% 21 40 o B % FH o S 56 1 B B 1 )
(PBS). PHMEXTHE (1% TritonX-100). %5 [ # 45
RS LR ZiRITAR (GA-Lips)o K 55FF S 42 1
WIWRFEEL 20 pL, 5 180 pL 2%ZL 40 i B 2%
AT, ARELE R BAARFRN 200 uLo 37 CiEH
3h, WESHELL3000Xg, 4 CEL 5 min, ff
RERAMPITIE . IO E 3 100 uL 2 96 fL
B, F 540 nm MBI (4D {EH. Wik B ST
F1, TP A (MR SRR St 2 AR s, DAHEBRFE &
TEREERe 7 Y111 B <14 G /Ny =

WIMLER=(A g —A w)/(A me—A )
A we NS IR (PBS), A muyPHEXTIE (1% TritonX-100)

I SESR AT 3 RBMSLE S . A5 RN 4 F
# 9 iz, PBS BT REZH LT a4, T 1%
TritonX-100 FHPEXT R ZH 2056 S 1L, J0IUE T SEE
TS . GA-Lips 7ERT IR FESE I, R
S AT A A L, W L3RI T 2%, WK TR
MBFZ PP — RN AT IR 5% I 22 42 B 122),
[FJ I, 28 A i o AR IR S I HE R BA AR I ¥ I 7K
S, BT 4L RO L4 B R B AR A A
Bl

FAYEXTHE  BHAEXTHE

A2 GA-Lips

B4 GA-Lips BILZHEEM
Fig. 4 Blood compatibility of GA-Lips

&9 GA-Lips FUAM%E (X+s,n=3)
Table 9 Hemolysis rate of GA-Lips (X £ s,n=3)

A W MLZR /% A WML /%
[ZRER R 0.17£029 | #HfAE=H 1.1940.78
FHPEXTIE  100.17+£5.89 | GA-Lips 1.02+0.51

2.6 GA-Lips BN BB R

2.6.1 AHHIERECERES GRAAMBA D NEAS
I ZhAHPEAY GA-Lips /™5 M40 T N, K
ME&EE -6 (C6) 1EAWIEHRES, X HepG2 4 ffE:
AN TR 9% 75 B 1) R () B B AT 1 A R o
Mr. BUKMIE, HepG2 LM T 6 fLi (4X10°
SR/, WEEE S 23 A4h T 0TI (CREG 20D FES C6
(2P 0.6 pmol/L) LA A2 GA-Lips/C6 (ZKFE 0.6
umol/L) ZbBE, IH7E 37 C. 5% CO, %4 FHEHE 0.5,
2. 4. 6h, ZETHSIEELERE, AN PBS iEYL
DA EBRaifush R PO E S, BEE L. Wik
I B, I R A AR FITC il 18] Ex 488 nm/En,
(530+30) nm] RERNES, AN DILE
10 000 M4 Cevents), FfLLJUAR -3 7% e ot i
(mean fluorescence intensity, MFI) 1E N E EF5hr.
K 5 MK 10 fios, WS C6 /£ HepG2 4 A
I 2OG(E TR SS, FHILZ T, GA-Lips/C6 41
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RN

74
v
10° 104 105 10° 107
FL1-H::FITC-H
TR ONFTHIRLL. C6+ GA-Lips/C6 (0.5h). GA-Lips/C6 (2
h). GA-Lips/C6 (4h). GA-Lips/C6 (6h).
The flow peaks were control group, C6, GA-Lips/C6 (0.5 h), GA-
Lips/C6 (2 h), GA-Lips/C6 (4 h) and GA-Lips/C6 (6 h) in turn.

5 GA-Lips 7£ HepG2 AP pIREIE CRNMAEAR

5THT)
Fig. 5 Uptake efficiency of GA-Lips in HepG2 cells (flow
cytometry)
% 10 GA-Lips 7£ HepG2 MM HIBEIEEE (X £,
n=3)

Table 10 Uptake efficiency quantification of GA-Lips in
HepG2 cells (X £ 5, n=23)

2H 5 MFI
Xt HE 3364.331+599.41
C6 56 419.33 +3 843.88"**

140 200.67+3 397.65™"
203 956.67+10 307.45™*
118 921.67+3 064.89™"
674 666.67+33 852.62""

GA-Lips/C6 (0.5h)
GA-Lips/C6 (2 h)
GA-Lips/C6 (4h)
GA-Lips/C6 (6 h)
XS R LR ""P<<0.001.
**P <0.001 vs control group.
FEANIR 0 7 I 6] R R I 2 2 s TR S Ce 2
RS T, K GA-Lips RE% A 2de = C6 7 HepG2
S L B ARSEBOK S . EARERE R, GA-Lips/
C6 ZH 7' i FE I 8] 52 30 e W B i) 3 A AR A iy
fiE, 7£ 6 h & FHD LK, SRR H4H A
KA BRI ARG I, T AT RE 52 B A
o W e im KR e IR AT R A HESE 2 IR 3L TR
i EEE
2.6.2 ZfESRICRE GERERMMIGE LU
GA-Lips/C6 7EAN A5 & I 7] T H 40 fu 5 B 3 ) 57
FHEG, #E— Bl BA AR R I ) f00 HoAm i

P A3 1B DUIEAT 3 SR AR AR 52 . T N
M ARZER, 6h I GA-Lips/C6 ZHFE I 3% = T
B Co HIMAMA R GIE 5K, BIHEEZ S [A]
AT RS IR AEIIIE LS ¥ HepG2 40 /i DL &R £L
1.5X10° MEFTHLREL HRTFRIL, WiBE 557
AR CREZ9) . RS AF 5L3-6 (C6, ZKIE 0.6
umol/L) LK GA-Lips/C6 (&IKJE 0.6 umol/L) 4b
. HMMAE 37 CHFE—ERAE, KA PBS ¥
ey A%Z RWIEER €, JFLL DAPI 94 %, BEJS{E3L
RERME T RERRK.

SRk 6 Won, XTHRANCH 3 R Ui
B C6 A BB SRS MR,
GA-Lips/C6 HAHMI N R HGAE 5 B 1G58, AiJig X 5k
SYLTERR H I — M T %4 R R GA-Lips
RE R E L C6 7 HepG2 41 i Hh AR

X

20 pm

GA-Lips/C6

DAPI C6 Merge
6 HepG2 APAXt GA-Lips RYIEEL (HBERHARE)
Fig. 6 Uptake of GA-Lips by HepG2 cells (confocal

microscopy)

2.6.3 ZABFEEPESLLS SR CCK-8 iEVEAh R 2R
A IEFAA (GA-Lips) *F HepG2 4H i 42 4 M HiE 417
HVE o B4 B LA 5 000 40 ff/FL I 25 P f2Rh T 96 L

W, RPN e, RIS, 250
ANPUFARFEZ . OXF IR (s i 9rdt); @#kas
HARR (BiE2H); @F B RZIR A; OF g
ik (GA-Lips). ZjWNREEREE W EN 50, 100,

150. 200. 250+ 300 350 pmol/L, P&kt I5HH
DMEM il B 4K . MM S5 E 24h J5, &AL
BIA 10% CCK-8 k7, BT 37 CRFE 1~2h.
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Bt J 4 ARG E 450 nm AbA A AB . ZHIARXS
PERTIR X7 N i = A8

PBAFIE R = (A4 o —A 2e)/(A s —A 211
A e ARG AL A, A wdRB LN 4

BT SEUR AT 3 AT B . CCK-8 455
B 7 B, 37 G AR TE BT 45 Tk 5 Y T P et
HepG2 4Hfie) LA £ ] R4 o s, 4HAFTE %
IR AARFRER RKT, RIAEAEM R R A R i1 4E
YIHZSTE . TEE R 28 A X HepG2 4 (3458 35
P — s (AR E A, ELRE R S T = 40 A7 S R
W B ML N, GA-Lips fEAH R 25400 i 444
NXF HepG2 21 M r) 3G sE I /R A B R 3, JCHAE
IR VA (=200 pmol/L) I, He4H 773 K B
BALTH BN, R RE, BRZRA 7
BT GA-Lips H [ 5m %) HepG2 21451t
WEBETETE, MEEAR S AT NN R
2.6.4 AHMUPETISEE AR GA-Lips 5 B 254

200
ZHBE

IERZR A

—E— GA-Lips

—
W
(=]

YN BAEIE R /%

—_
(=3
(=]

50 T T T T T T
0 100 200 300
WK (pmol-L™)
7 GA-Lips ¥ HepG2 ¢BAEISFEAYINEIER (X +5s,
n=3)
Fig. 7 Inhibitory effect of GA-Lips on proliferation of
HepG2 cells (X £ s,n=3)

TE5 FANMIE T 5 0 Z 5, KA Annexin V-FITC/
PI M 4%32%, %+ HepG2 20 My 115 i HEAT I 4l B A
3HT. K HepG2 4B T 6 FLAR, FRfLiM 4.0X
103 40f8, 37 ‘C. 5% CO2 B5 IR I R AF MG RE . S5 7
NP RRZH CRACED | #ifk s A B8 R RN
MO TFE A GBS R 28 A) 1 GA-Lips 4.,
3 E =3 H5l. LL 200 pumol/L MR ALFE 24 h
&, WRBRERFRIE, PBS BBV 2 IR A 0.25%)E
B EEZHRE, 300X g B0 Smin, 7 FiE, EETA
PBS 1. A7 & U B RCH] Annexin V-FITC 5 PI
. H2) 1X 105 42T 100 uL 45 & 22,
BIN Annexin V-FITC 5 PI, =EiR#EHFHE 10~15
min. B EJEIA 500 uL 45 &2, SrRIHR
SHHACRTIN o A A 4R M A, Ad3% 10 000 /N4
(events). ZEHRUNK 8 K 11 fias, xR 5 E Ak
7S HHAH M B3 45T Annexin V/PTR[R, T
R RARAT (1%~2%), 228 AA A 5 %t
HepG2 ZHfJL-T-JCHH AN 851 . WiF &S 2 ib HE
5, SRR B ISR B, SR 2
YIxt HepG2 MM EA —E R T/EM . Mtz
T, GA-Lips 2+ Annexin V [H 400 Lb 1) 15 2 1
hns FHHS e T AN BB 200k 50%, R
TXIREZH . BR B RS 254 (P<<0.001).
IR g AR, TEAH R 259 v BE AR FH I TE) 2% 1
™, GA-Lips 5iiF &5 250 e % 5 A %0t 75 S HepG2
MR AT, SRR gK B RIS IE T H B T3 0%
25 A L AR R
3 e

RZMR A F—FRITIAR . 45 FIE I =ik 2
EY), B KEM TR ARSI R 5E . 7
ST R 2 A5 5 MR S T R A BB
SR, T RER A RGKEZ. 5 FEH DR

IS e R R 2 A GA-Lips
107 1 107j 107 1 107 1
3 3 E 3

10° 1 105':

10° 1 _ 10° 1

PI

10° ; 10° 5

10° ; 10° §

103 10° 107 103 10°
Annexin V-FITC Annexin V-FITC

Ty Ty

e B | T T ™

103 10° 107 103 10°
Annexin V-FITC Annexin V-FITC

Ty
107

8 GA-Lips %t HepG2 RAAT-HIRNE
Fig. 8 Effect of GA-Lips on apoptosis in HepG2 cells
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#F 11 GA-Lips %1 HepG2 RAVBATHIFM (X+s,n=3)
Table 11 Quantitative effects of GA-Lips on apoptosis in
HepG2 cells (X s, n=3)

2H 5 W BE/(umol- L) TAT-Z /%
oy - 2.74+1.19
RS ESTIN - 2.18+0.12
RZM A 200 29.83+2.01""
GA-Lips 200 45444158

EXIRA R "™ P<0.001.
“*P <0.001 vs control group.

W2 PR, AR N B 52 31 B 2. 9KIE 2 R
g, MM, DL RIFHAEVIRESIE. 7l
TR IRSE e RGN A S50, ORI R Z 1R
A PR I ERRE A TR TS B0
#IEMAL GA-Lips, TV RBESHERBL T
REAR/IN o s B 245 2 48, HAE HepG2 fityeg 4
Ji R B HE D S ) 4 5 B R R T 1 iR R A AR L
IR, AR ZE A G SR R T 3T
B

FERCTTARALTT T, ANBE TR IZGH . SR BfE
O ] e L4510 0F i 5 A 225 A T il 55 P B o LA ke
SEVER o 318 4 1R A ] 2 B AN R 59 IR XU (R
AME SR, IR AR T AR E I, RS TRL
TEAE A MM e B rp R A R Bt s . TR e 1
GA-Lips $if2%] 75nm, PDI<0.3, HAZ—-47mV,
BI5GB G RR FRARAIE  IX FRIAR R/ N R
FI T A4 A S I R (%) B Rg 4 B B 1) CEPR 080D,
XORp g B R G PROEIE R, RIS ORIUE SR E
NN EEETE RS T, i, BArs s
B BT B B AR AR (B A BLER AR, HR A
WORES N IR e .

et s Rt — P uE s, GA-Lips fEZ
A FRAHOCIREE . ANRIM RS FE LA IR A7 2510
PIRC ORI (1) P B 5 Bt Sk 3 — M. HLZ2 R
REIE RT3 25 AR SO R R R, filidy
YIEA KT RIS R, A BT
SRR S P IR ARTE AE R I o T I S5 o il 711
WIMZFART 5%, FFEENEHFIbRHE, RW GA-
Lips FL &3t — B TF AR N BF 7T 22 4 LAl

EA RSO T, A il R E R MES
M MARXS GA-Lips HIFBOEFEREAT T RGVF
flio 4R EIR GA-Lips BEREE#E HepG2 it
YNNI, X PRI TR AL 1 B Tl g A

WAEBEANANN, EIEMAAEEN RN S RIRIE
R BASAR R N 45 2 7 2. HH ELIF B R Z TR
A, HAEhYHRE AR, Tl BUABARRE
TR EIEETE, BERAN MR DU . M ARE
R, HepG2 J& T HURL IR vay A 73 1 fie e 4 i
GA-Lips fEZARAL R I H i = B8 HURE /)t o8 f5 2
¥ e 2 Ho A iR R TR A4 7 R SCH

I ThRe Sege it — K], GA-Lips W50
TRZEE A X HepG2 2 (1) 48 M 5 S AR T4
Fl . CCK-8 £5 4R 7~ GA-Lips il 71|54 58 5 [ 41 1
Hya e 7T, U IR AR AR BES SR T 2 MIfE A A Y
A RO, JF AT R 4E K L0 i Py i B I A .
Annexin V-FITC/PI skl 3 GA-Lips {2k
TR RE U W B aG o, IX W] AE 5 1 5 245 W ik N R
ey PRAETE TSR R TR R A E R R I
(Cysteine aspartate ase, Caspase) ZZIE N 2 520 fif
JEAH M N ARS SENLHIAE DG . DA AR R 2K A
A3 ) B UL Y 3-Bole/ & H Bl B
( phosphatidylinositol 3-kinase/protein kinase B ,
PI3K/Akt) . 4 il 45 5 1 7 B8 Cextracellular
signal-regulated kinase, ERK) A5 5% 3 55 36
7% A ¥ 3 (signal transducer and activator of
transcription 3, STAT3) {5 5k KIEDUMIREAE
H, BEREAYIE, G Sl R R W
SRR T

JE AR TR GA-Lips fEARAN I R 4
(RS e T AR 2 B PR 71, (B R s R R
Yo B, AR BT HepG2 @Ay,
J& BTN EE 2 IR 40 1 28 DASG IR e E ik . 3
R AT ARBEAT RN 2530 77 5 R #E R B 7L
T 3% 28 45 JO0 T PO i o A4 72 A4 ) SR B 2258
HE, A, RIS RIBMEAR, ik
LI RS2 ARFE R B pH B N BE S5 R AE, D
SETH AR R A B Hh e B MR TR S VR T ROR -
MEALR A EERE, FeT RZMR A S5H IR, R
TeitasE B R B2 PR E 1, KA SRS LI AR I
Il R 45 25 % A2 s B — @ W AT . DAL )E /Y GA-
Lips BA Gl HRiAE . RAF 870 SO E P DASARVE
M3, FFEErkes 29m)RIR ALK, A RED
FEAR A B Bt B v 14 24 2 8 /K1 I g BRad A
HHERTIRZIR A K RGIEEE . JRPA RS R
GFI IR R & RE R A ZGEENE, KRR S5 H tidE
T R s a7 BUR MG R 45 24, nIE K
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RO RE I A R B S AL 25 IR . T RAA
FEMILE R FIFE AL RE ) B B T 1%, GA-Lips 7
—HETEOY . BB R0 2 A T R A% R A )
ALY TR, DA SRR A AR Y I AT R PR AT A B
it IR .

Zi b, AT GA-Lips fEf2E M. 4
IR ARG RE TG T T 3 R I L AR AE, 9
RZIR A FPPRIELZHE TR E T seng, oy
J SENL T SRR YR BE 58 T IR S Al

FBAR FIAVHEHFRAREEF TR

SE R
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