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Preparation of andrographolide TPP-PEG-PE liposomes with mitochondrial
targeting function and its mechanism in gastric cancer model mice
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Abstract: Objective To prepare andrographolide (AP) triphenyl phosphate (TPP)-polyethylene glycol (PEG)-polyethylene (PE)
liposomes (AP@TPP-PEG-PE#Lips), and study its in vitro release, hemolysis, mitochondrial targeting, the mechanism of promoting
gastric cancer cell apoptosis and acting on gastric cancer model mice. Methods The membrane hydration method was used to prepare
AP@TPP-PEG-PE#Lips; The particle size, electric potential, micro-electron microscopic morphology, stability, hemolysis and in vitro
release of the liposomes were detected; Flow cytometry was used to measure the uptake of gastric cancer cells to liposomes, and laser
confocal microscopy to study its mitochondrial targeting; AP@TPP-PEG-PE#Lips in gastric cancer cells and effects of apoptosis and
gastric cancer model mice were evaluated. Results The particle size of AP@TPP-PEG-PE#Lips is (23.8 + 1.7) nm, the Zeta potential
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is (30.2 + 1.1) mV, the distribution is relatively uniform, and the regular spherical structure; In vitro tests showed that AP@TPP-PEG-

PE#Lips had low hemolysis rate, sustained release performance and good blood compatibility; Fluorescence test results showed that

TPP-PEG-PE#Lips can promote the cellular uptake of drugs; AP@TPP-PEG-PE#Lips act on gastric cancer cells and gastric cancer

model mice, the results showed that AP@TPP-PEG-PE#Lips can significantly reduce the mitochondrial membrane potential of gastric

cancer cells, increase intracellular reactive oxygen species (ROS) content, and promote cysteine The release of Caspase-3 increased the

pro-apoptotic protein B lymphocyte tumor-2 (Bcl-2) and decreased the expression of anti-apoptotic BCL2-Associated X (Bax) protein
(P <0.05). Conclusion AP@TPP-PEG-PE#Lips can effectively deliver the drug to the mitochondria and enhance the drug’s effect of

promoting tumor cell apoptosis.

Key words: mitochondrial targeting; andrographolide; TPP-PEG-PE; liposome; cell uptake; gastric cancer; in vitro release; hemolytic;

apoptosis; membrane hydration method; reactive oxygen species; Caspase-3; Bcl-2; Bax
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2.1 FLEAES TPP-PEG-PE SRk (AP@TPP-
PEG-PE#Lips) BIHIE RIFAEME 47

2.1.1 AP@TPP-PEG-PE#Lips fil AP@PEG-PE#Lips
e FEEMEUKE B 200 mg, JH[EREE 20.1
mg, TPP-PEG-PE m{, PEG-PE 17.2 mg, AP 30 mg,
H UL EATRRI 25 3 [R] Vs T 0 2 A AR R VR BV 7
[E7-HEE (20 D] 2, mowmiE, &1 ek
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Fig. 1
AP@TPP-PEG-PE#Lips and AP@PEG-PE#Lips
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Fig. 2 Electron microscope of AP@TPP-PEG-PE#Lips (a)
and AP@PEG-PE#Lips (b)
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Fl AP@PEG-PE#Lips AR EZE RARE
214 BEHFRFAENE W AP@QTPP-PEG-
PE#Lips A 500 pL, 15 000 r/min /3% 2.0 5 min,
AP@TPP-PEG-PE#Lips # 4 7F 0.4 mL H#JE O
W CEREA AT 20 FJF & 10 000, Millipore 2]
IINEE HEE, 60 “CoKIE F¥H# 5 min BN IR B A4
45K, fRflE AP MR e ok, R HPLC
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A B2 ) AP@TPP-PEG-PE#Lips VAT, FRF &1t A
M, 5 AP@TPP-PEG-PE#Lips #2458 N (143 +
1.6) %.
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2.2 AP@TPP-PEG-PE#Lips {A5NS2I6
221 YA MEFESE  FRELAP.AP@PEG-PE#
Lips il AP@TPP-PEG-PE#Lips i& &, 5 mL AFEEL
ISR, PR AR B R K A5 MR R AP SR
W N 5.00.2.50.1.25.0.62.0.31.0.16.0.08 mg/mL
R BVER, B, ERCHIGF) AP fil AP@TPP-
PEG-PE#Lips R AVET & 200 pL & 1.5 mL 13514
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Eppendorf (EP) % /1, BH:XT HE EP 4 71 H i 200 ul
ZENRK, BHPEXTRE BP 5 H Hin 200 L A= BEERIK,
T2 B I S AR SR A D IR 2 2 SR TS
K F BRI BRI (4D, EAMRI KN 540
nm. ZEFUWIHE 1 fiok, AP@TPP-PEG-PE# Lips Al
AP@PEG-PE#Lips ¥ MZAIEH /N, FaA b IRFF
1E 5%LAR, k%M, TPP-PEG-PE#Lips B A
U ) TR 212

MR = (A4t — A we) (A mese— A weane)
£1 TFE AP REIRED AP@TPP-PEG-PE#Lips X440
FEAMENENE (X+s,n=3)
Table 1 Effects of AP@TPP-PEG-PE#Lips of different

concentrations on erythrocyte hemolysis rate (X £ s, n =3)

5 JREWRE (mgmL™)  HIMH/%
[ERE O - 3.28+0.13
IoF e st R - 100.00+1.71
AP 0.16 3.45+0.12
AP@PEG-PE#Lips 5.00 3.81+0.14
2.50 2.91+0.11
1.25 2.78+0.13
0.62 2.42+0.07
0.31 2.61+0.09
0.16 2.37+0.07
0.08 1.76£0.04
AP@TPP-PEG-PE#Lips 5.00 434+0.15
2.50 3.84+0.08
1.25 3.21+0.09
0.62 2.86+0.12
0.31 2.73+0.06
0.16 2.64+0.05
0.08 2.1140.06

222 FaEtE#%% ¥ AP@TPP-PEG-PE#Lips Ji
BAIE 4 CUKFETRAE 56 d, FERE 7 d K% g i ik
FIRIAEAT Zeta AL, AR MR 2, 45REKW], AP@
TPP-PEG-PE#Lips IR 2 F1 Zeta HLALTE Ak ] [H] 22
A AR, BEW L (polymer dispersity
index, PDD) WIEARLRFFAE 0.3 LT, M.
%45 R W, AP@TPP-PEG-PE#Lips 7E 4 ‘C1EM#
() B A L (AR

FREL AP@TPP-PEG-PE#Lips £ 1 mg, JIA 2
mL G4 MiER IR L (10%) 7EEiR & 2% EiR 2
min fEZ5¥) ¢ A, MEH O, T 37£1) CH
MEIRAKB B ILFEIREE 04 4. 8. 12, 164 18, 24h

JG, R IR 7R AL AR AN E A A, A
JRAR BRI Zeta FAAL, S5 3. 45R R,
AP@TPP-PEG-PE#Lips 1T IfiL i 7 #7428 Al HL A7 56 %
[l S APIRAS TR — 2, AR B T A7 7E M5 B A 1
T, MR B T D EWE .

%2 AP@TPP-PEG-PE#Lips 7£ 4 C MR7FRTEEMER
(X£ts,n=3)

Table 2 Stability of AP@TPP-PEG-PE#Lips when stored
atd4 'C (Xxs,n=3)

t/d HiA%/mm PDI Zeta L7 /mV
0 41.23+1.28 0.1500.010 13.89+0.73
7 41.89+1.53 0.170+0.012 14.34+0.82

14 43.05+1.62 0.190+0.013 14.12+0.91

21 40.24+135 0.180%0.011 14.67+0.89

28 43.37+1.46 0.160+0.010 13.65+0.75

35 43.82+1.55 0.160+0.013 14.114+0.67

42 4234+1.39 0.190+0.014 14.35+0.84

56 43.89+1.54 0.170+0.013 15.02+0.89

%3 AP@TPP-PEG-PE#Lips 7E 10%B4 4 N5 ivfa E it

EE (Xts,n=3)

Table 3 Study on stability of AP@TPP-PEG-PE#Lips in

10% fetal bovine serum (X £ s, n=3)

t/d Hif%/nm PDI Zeta HLA7/mV
0 42.3441.67 0.150%£0.011 13.75£0.67
4 43.124+1.58 0.17010.013 14.82£0.79
8 43.891+1.45 0.160+0.010 13.26+0.63

12 42.01+1.37 0.190+0.014 15.22£0.94

16 44.11%1.41 0.1601+0.012 13.62£0.68

20 43.05+1.32 0.170£0.011 15.34£0.72

24 45.14%1.76 0.180%£0.012 14.29£0.56

2.3 AP@TPP-PEG-PE#Lips HIEIMNZ Az 16!
HU AP 0.3 mg. AP@PEG-PE#Lips (& AP 0.3
mg) Fl AP@TPP-PEG-PE#Lips (& AP 0.3 mg) 4}
S'E T Spectrumlabs JZEHTEE (B AHXS 7>+l &N
20000) 71, FERE A 1. 2. 6. 9. 12, 15, 18.
21, 24, 36 48, 72 h REFEAR, KIMP R
THE AP FREIRE, RIKK 540 nm, TH5 AP
TR A ) BRABE R . 45 R0 3 Fiow, EES AP
SPUERGES, 20 h HEBBCE R Sk 82%,
M AP@ PEG-PE#Lips 1 AP@TPP-PEG-PE#Lips 3]
BBEY, 75h BRBIBEA LT 85%. K,
=FH BAKELEL, AP@TPP-PEG-PE#Lips B 2454 i
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Fig. 3 Comparative study on in vitro release of AP@TPP-
PEG-PE#Lips

18, HARIF MR

2.4  ZRAEIRENSELG

241 ApBCEHES KB SGCT901 4HfI#%
Fi T 12 FLESFRIF , B 9% 24 h, TR ] 4 1 () DID@
PEG-PE#Lips 1 DID@TPP-PEG-PE#Lips (il % J7
1[5 AP@TPP-PEG-PE#Lips) JMA4HIMLRE +, {75
Y5 7R DID 5 &k A4 10 ng/mL, LG &
1. 2. 3. 4h /5, WdE 10000 /B RE4if, g
HOASCRE I 2% e 5t 5, M%% DID@PEG-PE#Lips Al
DID@TPP-PEG-PE#Lips &G H M. B,
FHEEFERE. K5, ERIERERE M

A 801
B DiD@PEG-PE#Lips

W DiD@TPP-PEG-PE#Lips

60+ bl 4 ok

404 ok

G kS ERD

204

t/h

FEMZOGHRE, THEMMBEIENE (uptake rate) [17],
S5 R 4 MK 4 Fos, s 634l DID X4l
BRI A 0 ; DID@PEG-PE#Lips. DID@TPP-
PEG-PE#Lips A5 I [A] (18K, 40 B B3R tHAH
Wz, HARMFWN RS, #E 3 hiy, P&
1) 20 i B AR B TIRAS,  H DID@TPP-
PEG-PE#Lips Al f$& W = T DID@PEG-PE#
Lips (P<<0.01). Z&55 K, TPP FHETHefeit
2P A0 B AR

R4 AEIRERE AP@TPP-PEG-PE#Lips X 4ApIEELER
BUSME (X+s,n=23)

Table 4 Effects of different concentrations of AP@TPP-
PEG-PE#Lips on cell uptake rate (X+s,n=3)

A5 o/h AR Y% ) t/h 2R %
DID 0 0.00£0.00 |DID@PEG- 0 0.00%0.00
1 1.2540.07 | PE#Lips 1 19.1140.74
2 1.61+0.11 2 31.2540.89
3 1.8740.13 335144091
4 1.92+0.14 4 362740.68
AP 0  0.00+0.00 |DID@PPT-PEG- 0  0.0040.00
1 1.4640.05 | PE#Lips 1 32.0440.74
2 1714007 2 37214092
3 1.9540.05 3 57.03%1.12
4 2114008 4 56424083
100+ DID
: DID@PEg}D}@EiPLI;SEG-
70 PE#Lips

1 10 100 1000 10 000
WL

A-REIS (] S A PE R B-3 h 403 i N 4i &l 5 DiD@PEG-PE#Lips tbE:: "P<<0.05 "P<0.01
A-cell uptake rate at different time points B-flow cytometry uptake at 3h P <0.05 *P<0.01 vs DIiD@PEG-PE#Lips

El 4 B SGC7901 4REXT BSR4 B HHAEHR
Fig. 4 Cellular uptake of liposomes by gastric cancer SGC7901 cells

240 AR E % = S 4L 245 A/ R A I
242 YMEEHCTrAEE KB SGCT7901 4ii
FEMT 12 FLEEFRIR R, #5598 24 h, REREFRWS,
SRFLAT AN 1 mL AS[E TS 0. 150
mg/mL FERE RS 305D S pg/mL FRIRS (/I

BEEANSFIMHEIFD. 50 mmol/L 2-D-2 5 H %) b
(2-D-deoxyglucose, AEEANHIF]D. 50 pug/mL KK
il Ccolchicine, THE TERANHIFH], ERRXINHED,
DAAS (A #) 70) Ak 25 ) 240 AR xR o 9t Xt 5 ik
ATRE I H 2GR EE o T Usl, 25 R 5 s, 2-
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Fig. 5 Cellular uptake of DID@TPP-PEG-PE#Lips by
gastric cancer SGC7901 cells

D25 5 1R AVRKOK AL B Ak 3 20 5 6f R LA
DID@TPP-PEG-PE#Lips 41 A £ U % B &2 9d />,
FH UL, 12 A8 BT R 1) A0 B 7 =08 T e AR
R, CA4HM B R .
2.5 AAEREIRSR

B SGC7901 4 iy i FHAL B AR [H] |, R H
DID@TPP-PEG-PE#Lips fl DID@PEG-PE#Lips 5
EEApILFEEE 1. 3 h 5, B4HIECE, BLso
nmol/L ¥k J& MitoTracker™ Green JeZébifh (Zfh)
5min, 1 mg/mL Hoechst 33342 Ze4iiffitz (#E€0) 5
min, K F OGS A B8R IR o A4 3k N\ 48 g
JEHIMI P 3 A . 450 WL 6-A BT, SRRk
PR SaERAEMIERAES G ERNEA,
DID@TPP-PEG-PE#Lips ) 3% 4 1% JE 1 & i T
DID@PEG-PE#Lips, H EARUFHIN A, 18
3h AR NAE. ERESRILE 6-B, &5 R EIR,
DID@TPP-PEG-PE#Lips ¥ 113 73 #i {5 B & = T
DID@PEG-PE#Lips, 2 41 AW B E M ER
(P<0.01), HILAI W, TPP FHE TRE T I8 FAARE
) SRAETELRALAARJE ], EAT AR L ) s A S v 12k
2.6 {EMEARET{ER
2.6.1 ZifukizE B SGC7901 4Rl T 24 1L
BrIgmdr, 7637 C. 5% COx B - b BET R 9%
2.6.2 EFREEENE  BRIRATREF 0.05%0 8 E i
(% 0.03% EDTA) JHfk, a1 mL 4008, HX
10 pL ZHEERC ATt SoiR, 7EE B BMEE R
BEATARM T, VR R B R B = 4 4
H/10 uL)s
2,63 ZHMAAERIE  FrER SGCT7901 4ufil K
2] 80%Mf, MAEAAFEEREZYIN 1640
Bk, MM ER: AP. AP@PEG-PE#Lips
4. AP@TPP-PEG-PE#Lips 2, ¥ HA 2R EIKE

A iliog LRtk OLHRB A HE

—_
=

DiD@PEG-PE#Lips

3h

DiD@TPP-PEG-PE#Lips

B DiD@TPP-PEG-PE#Lips

& DiD@PEG-PE#Lips .
0.6

ok

MEE-Z e (TE ¢
:

0.2

3

—_

t/h
5 DiD@PEG-PE#Lips Lt#: "P<<0.05 *P<0.01
*P<0.05 *P<0.01vs DiD@PEG-PE#Lips

6 DID@TPP-PEG-PE#Lips 1 DID@PEG-PE#Lips AY
LRAEEMNE (A) FUARSIHREY B)

Fig. 6 Mitochondrial targeting properties of (A) and
Poisson distribution coefficient (B) of DID@TPP-PEG-PE#
Lips and DID@PEG-PE#Lips

WEN0.5. 1. 24 4. 8. 16+ 32 pg/mL, 4t
JGEETE 570 nm P RIS H AT 4 L, X RE N
PBS, #AXIHEAMMAETER (HIRAAERE=A na/
A e, RJE I E AN AT A Chalf
maximal inhibitory concentration, 1Cso) U1, 55
Kl 7 s, 25 24 fa o A i AR AT 21 1 B R A,
Jt H & AP@TPP-PEG-PE#Lips , 1% 24 %t H %
SGC7901 4H i A i A] 57 B A ARk A A A ) &%
R, BEAEAEH BRI IR E RSN, AP@
TPP-PEG-PE# Lips X Ji 40 B 1) A= K i) 22 B 5
THEr, TERREWRE T 48 h B BT R 5o
B3, 1Cs W 25T AP@PEG-PE#Lips 1 AP JFR}
2, %SG REW], AP@TPP-PEG-PE#Lips fitH
S B G 2 WA ) R A R A KRR (R 5D,
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Fig. 7 Cell survival rate after incubation of AP, AP@

TPP-PEG-PE#Lips and AP@PEG-PE#Lips with liver

tumor cells for 24 h (a) and 48 h (b)

&5 AP. AP@PEG-PE # AP@TPP-PEG-PE f5R{&x4AAf
FRENICso(X+s,n=3)

Table 5 ICso of cell viability of AP, AP@PEG-PE#Lips and
AP@TPP-PEG-PE#Lips (X £ 5, n=3)

ICso/(ug-mL™1)

20531
24h 48 h
AP 346+22 263439
AP@PEG-PE#Lips 227431 124+22
AP@TPP-PEG-PE#Lips 7.942.0 38+1.1

2.6.4 HFIE LR GES-1 gt  H A
K GES-1 20 fa ity ab B 2R 15 8 SGC7901 4t
RIG4% T UL N 25%): AP@TPP-PEG-PE#Lips. AP@
PEG-PE#Lips, %52l &KE D HWEN 2. 4. 8.
16 pg/mL, 7 X R AR N2, SLEPEE 48 h 5,
NI MTT R ISR, SHRUL R E S
HAHIYIMAEIS =, 525 Ax AT IR, ot AP
T BAKAB R AL, e B2 DMSO
H, P BCRE, PR HECH R 16 pg/mL, H
DMSO 4R E N 0.2%. 25 R WK 6 fior, ASF &
WE N, AP@TPP-PEG-PE#Lips 1 AP@ PEG-PE#
Lips WIZHMEAEEHRZ AR, Hf & i ERE

% 6 AP. AP@PEG-PE#Lips #1 AP@TPP-PEG-PE#Lips ¥t B & L GES-1 ST (X+s,n=23)
Table 6 Effects of AP, AP@PEG-PE#Lips and AP@TPP-PEG-PE#Lips on cytotoxicity of gastric epithelial GES-1 (X £ s,

n=3)
SHAE TS 2/ %
2
2 pgmL™! 4 pg'mL™! 8 pgrmL™! 16 pg'mL™! 32 pgmL™!

AP@PEG-PE#Lips 957+1.9 948+1.5 952423 95.4+22 96.1+2.5

AP@TPP-PEG-PE#Lips 943+1.4 93.8+1.2 939+1.1 93.6+1.7 942+1.9
16 pg/mL I AP@TPP-PEG-PE#Lips [FI4H 7% % 60 - ey
9REiE (93.6+1.7) %, AP@PEG-PE#Lips N
(954+2.2) %, HILEH, AP@TPP-PEG-PE#Lips - -

. - . . & 404 —
XF IR B A0 R GES-1 4t b, AR o
UF AR A o A
2.6.5 Hoechst 33258 Yett HUE R X HAE KM g 201
FiE SGC7901 4HMfs, 33T 24 FLIEFRILA, 1540 =
MoK B2 80% MY, MIAZGYAHBATAEE, HAks
4H[E “2.6.4” Wi, Hoechst Yeft J71:52% HIB5R 0 St AP AP@PEG- AP@TPP-PEG-

B0, A 5% Hoechst 33258 X4 k47 4eth, i
LT Hoechst Je e, HIVEAIAATLE 2,
SIGEE R LK 8, SR, ArEAAANE
FEANM I T TSRS, LIHE AP@TPP-
PEG-PE#Lips AbHE4H, ZZH40MA% Bl T Ay

PE#Lips
P<0.01

8 AP. AP@PEG-PE#Lips f1 AP@TPP-PEG-PE#Lips
B Hoechst &

Fig. 8 Hoechst staining of AP, AP@TPP-PEG-PE#Lips
liposomes and AP@ PEG-PE#Lips

PE#Lips
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M. AU T EEUIREBUE IR G, Hoechst Jfi
i, 44 RYR, AP@TPP-PEG-PE#LIps 4L A H
AR T F 00 ) ey 400 B A KRR

2.6.6 EMEEKE O BUEEXNHAEKIN B
SGC7901 4, 4HAEALPEFNLZSZjIA] “2.6.5” T, %
VISR E 48 h J5, UREE4NH, A 10
umol/L 2',7'- &R NE N LIRE: (DCFH-DA) %
JEREHER 30 min, SRJ5LL PBS Wk 2~4 Ik, R
F YN K TH 7% B 1) DCFH-DA, DCFH-DA 1E % 5
TG, NN SN DCFH, H4ifd A
I PEE TR, DCFH 535 48U s N AR s 4
1 = HFOEER (DCF), A LR A i gh i b AR A
W DCF SGIamaE, M T LAAS 2 A P 37 14 2
KF.

ZER K 7 BN, AP@TPP-PEG-PE#Lips 211
DCF %o e, HEmTHRIH, BAERE
PZER (P<0.01), MK, AP@TPP-PEG-PE#
Lips ZH 7] LA A 2 358 o ey 40 i o v 1 SR, B0

LERLARIR 1215 T Caspase FBAKHMILIMITE T,
B ARG (e i) e 8 40 B A KRR

2.6.7 Caspase-3 iitE  HJE SGC7901 4 b AN
Y “2.6.57 T, WeEELHME, FF LIERIRE, H
KH PBS E¥e T, BEARPIRZSZ Caspase-3 Gtk
I T) 5 o SR FH B G Sz kar A, 1 B KA 405
nm, WEZHEK TN AHE. GRE T P, 5%
PR LEAR, AZ4R Caspase-3 iEMES &, Hrh,
AP@TPP- PEG-PE#Lips 2l Caspase-3 #1455 151
I84E T TPP-PEG-PE#Lips % 1) AP i#i% 1| 2 ki
PRERAL, FiE Caspase ZXRMKHIANMUIN T, At
TR ALY Caspase-3 3w & 1901

2.6.8 ZRRIRNRHLAL B SGCT7901 IIEE &%
PR PO EEIE “2.6.5” W%, A2 5E U AR
SR, K R JC-1 (10 pg/mL) 2 6IREHG:
LR A R A7 20, DL A B ARSI 5% e 3k 4T 43
M2, SRR 7, DAKTHR AL AT /4% 8 e ah g LU oA
B, A PNZA N E S AT, AP@

%7 AP. AP@TPP-PEG-PE#Lips 1 AP@PEG-PE#Lips {EMERAAT-HILLE (X+s,n=3)
Table 7 Comparison of ROS levels, Caspase-3 activity and mitochondrial membrane potential of AP, AP@TPP-PEG-PE
liposomes and AP@PEG-PE liposomes in promoting tumor cell apoptosis (X +s,n=3)

A5 DCF 7585 Caspase-3 ¥&{E L9t LGRS LRI AT
X 1980.35+213.42 1.08+0.12 371035419241 1035.56+67.31 100.00+6.45
AP 3521.49+137.53" 1.23£0.11 3326.26+101.32 12143245845 82.56+7.51

AP@PEG-PE#Lips 512438172417

3.06+0.24"#

3134.27+98.45" 1467.38+74.59" 65.42+7.24™

AP@TPP-PEG-PE#Lips 8 000.46+154.83"#44 4.014£0.37" 4% 2 874.39487.36™ 2 104.56 =82.45" #4443 5848 137 44

xR *P<0.05 *P<001; 5 AP #HHF: "P<0.05 #P<0.01: 5 AP@PEG-PE#Lips ZHELE:: *4P<<0.01
*P<0.05 **P<0.01 vs control group; *P<0.05 #P<0.01 vs AP group; **P <0.01 vs AP@PEG-PE#Lips group

TPP-PEG-PE#Lips %GR B /)y, #ifie b yeg 4
P TR e

2.6.9 Bax. Bcl2 EEEARIA B SGCT7901 (157
B NS HE YRR “2.6.57 T, STHRANE 10%
e i 5 7R AR5 . K H Western blotting 77
PRINR, DA B-actin fEN 2, H Image J BE#
ARG . R E 9 Fw, SRR LR,
Y2 AT I B R BT TR B Bel-2 Rk, #25
I8 T8 A Bax #ik; H 1, AP@TPP-PEG-PE#Lips
HIFFTH T A RE AN RBICR R AR, 554 2
MNEUHEIIFE R E 2R, %83 Bax Al
Bel-2 RGP TIREN R EAEH, HHiki
W, TPP-PEG-PE#Lips H BT K E 2 W ) T 4=
FHERRAARTRAL, JashAn A T eEs, i, F37T
FHRE T A BT R R

2.7 AP@TPP-PEG-PE#Lips 1 B 1EEY/ N Y
ES

TE#fiN AP@TPP-PEG-PE#Lips A#xt H J 40
MR R T, 2%k AP@TPP-PEG-
PE#Lips 7F B 5%~ 98 BALB/C /NRAK AEY) A7
B, EHL 60 R 4~5 JU& ) Balb/c #R5, W E
F SPF Zsh¥/m1A3%, sc 41 0.1 mL 2X10%mL
MKN45 40 Bl TR R A MR i b, 5 R
KR 100 mm? 724 . FHRBENL RN, ¥ 5
TrIRE/INERBE ML 70 i 4 4, SRR (AEEEER/KD 4. AP
41 (16 mg/kg)+ AP@PEG-PE#Lips 241 (16 mg/kg)
A1 AP@TPP-PEG-PE#Lips 21 (16 mg/kg), H4H 15
R, P AHES 04 4. 8 RImfar B /N B LA T 2451
4R 2 Ja R R PR B/ B BT &, W/ RO R RERI AR
BRI R AR IR =12 X KX FE R 2
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— Bet2
B-actin

e

e AP AP@PEG- AP@TPP-PEG-
PE#Lips  PE#Lips

W
J

@ AP@TPP-PEG-PE#Lips

%) AP@PEG-PE#Lips .
I AP
ot B

]

)

AR RIE B (X T B-actin)

*P<<0.05 ""P<0.01

9 AP@TPP-PEG-PE#Lips i1 AP@PEG-PE#Lips {&ff
BHERATERNRIE (X£s,n=3)

Fig. 9 Comparison of AP@TPP-PEG-PE#Lips and AP@
PEG-PE#Lips in promoting tumor cell apoptosis protein

expression (Xt s, n=3)

FAXT IR A =55 n RIEARE (VD —25 0 R
AR (Vo)e 4525 30d Ja, HHER ST R,
e MR E. SR 10-a. c. d fis, R
R AP /N B, KR B R Kb
AP@TPP-PEG- PE#Lips 411 [H P X} B4 g 1R 47t
41 Ji9Ra £E K AP@ PEG-PE#Lips 412218401 Ji 88
A K. W 10-b B, 4 MR EZE R AR EE.
4E BEL W] AP@TPP-PEG-PE#Lips fll AP@PEG-PE#
Lips X B e a0k, HIG Rk,
2.8 AP@TPP-PEG-PE#Lips 7£ B 5 & TEHEE/)
RPN R ST

FRR SIS TE RS, WO R 2L SRR TR
O B MR AN RS A DA S R
KB ERANE 4% R E 24 h, HIEAEED) ),
AT HE 4t 2550 11 FioR, A2 et B4
AP 4.(16 mg/kg)+ AP@PEG-PE#Lips 21 (16 mg/kg)
Al AP@TPP-PEG-PE#Lips 2. (16 mg/kg) X i %
TRNRFEREFHLEERMG . XD
] AP@TPP-PEG-PE#Lips £ FLANIR N B
i 22 4 HEg kN
2.9 AP@TPP-PEG-PE#Lips 7£ B 5 & TEHEE/)
R HE RIS
2.9.1 JEMEUKT  WESAUNRI R VR, EEE
WAL R EFMME, %08 “2.6.67 Hih BAKERIETy

AP@PEG-PE#Lips

AP@TPP-PEG-PE#Lips

19+
b
- ¥ t
QB L o]
W ogd I
= 18 =i
£ | AP@PEG-PE#Lips
e AP@TPP-PEG-PE#Lips
17 T T T T T T T T T
0 7 10 14 16 18 20 22 24 26 28 30
t/d
8007 — w1
c _ AP
.. 6004 == AP@PEG-PE#Lips
2 ~— AP@TPP-PEG-PE#Lips
% 400
=
£ 200 4
0 T T T T v' T T T T ]
0 7 10 14 16 18 20 22 24 26 28 30
#d
800
d
2 6007
il
X 400
cc
}.L
200

payict AP AP@PEG- AP@TPP-PEG-

PE#Lips PE#Lips

a-FE NIRRT bMRARBRIIZ - MR IR K
HHZ:  d-B R
a-general picture of subcutaneous tumor b-mice weight curve

c-subcutaneous tumor volume growth curve  d-weight of

subcutaneous tumor
Bl 10 AP@TPP-PEG-PE#Lips 7t 5 & TEER ik
A AERR (X+s,n=3)
Fig. 10 In vivo anti-tumor effect of AP@TPP-PEG-PE#
Lips in gastric cancer subcutaneous tumor model (X ts,
n=3)

2, A P PR KR 45 R R 8 B, AP@
TPP-PEG-PE#Lips #41f) DCF %638 i i T 1
fhdl, Hfg BEMEER (P<0.01). HIELEY, AP@
TPP-PEG-PE#Lips 211744 At ] DL B 2. 38 o firk 83 4
JL A TE PSRRI R AR
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X

AP

AP@PEG-PE#Lips

AP@TPP-PEG-PE#Lips

11 AP@TPP-PEG-PE#Lips 75 B R 1L AR A P ARBR 35 VR 1
Fig. 11 In vivo cytotoxicity assessment of AP@TPP-PEG-PE#Lips in gastric cancer subcutaneous tumor model
%8 AP. AP@TPP-PEG-PE#Lips 1 AP@PEG-PE#Lips {EBEK TEMAMEHT LR (X+s,n=3)
Table 8 Comparison of andrographolide, AP@TPP-PEG-PE#Lips and AP@PEG-PE#Lips in promoting apoptosis of gastric

cancer subcutaneous tumor cells (X £ s, n=3)

ZH 51 DCF wt/% Caspase-3 %1% LERAR R AL/ mV
R 2000.41+82.56 1.34%+0.15 100.00+1.18
AP 4245.890+147.62™ 2.05+0.18" 81.67+5.78"

AP@PEG-PE#Lips
AP@TPP-PEG-PE#Lips

5057.85+186.34"*
7 981.82+146.90™##44

63.38+5.12™
45.05+£7.21"7#

2.89+0.23"#
3.75+£0.31"

Sxf MR "P<<0.05
*P<0.05

2.9.2 Caspase-3 iE M WA S /NI K TR, ik
FEH A R AN fe , %R “2.6.77 T BLAARERAE
J73, KN Caspase-3 W4, &5H WK 8 A
7N, AP@TPP-PEG-PE#Lips 41M{[¥) Caspase-3 &1k
B T AR, B B M2 R (P<<0.05. 0.01).
XANGE Rt — 2B, TPP-PEG-PE#Lips 82 1)
AP % BN RARIIAL, W Caspase ZCE MR Y
P12, SO A RETBUT Caspase-3 & 19 .
293 ZRRMEEAL WS AR R TR, R
FE AL R AN fe , %R “2.6.87 TiH BLAAER(E
Fa, KRR AT, SRR 8, LIXTHRAL
OI8O R LU A 3 v, S R AT LR,
AP@TPP-PEG-PE#Lips ZH 158 Y6 LU AR e/, #Ufie i
PR AT MR TR B A

3 e

B ENIRIR sk i —Fel e g, s s

ST FBREMTEEDTFAR, T ARYTAE. TR
BT IRIT R % FARIN G GARBER, BHAR
JEHRAEZ K, XEEHS R B IR IT ST MR U A

*P<0.01;
**P <0.01 vs control group;

5 AP HE#: #P<0.05 #P<0.01;
#P<0.05 *P<0.01vs AP group; “P<0.05 **P<0.01 vs AP@PEG-PE#Lips group

5 AP@PEG-PE#Lips 41Lb#: “P<0.05 **P<0.01

Elﬁ 24-26]

o AP MR THEE “FRIEREA” Rl S
i@EWE%%Eﬁ@ﬁmmwﬁﬁomnﬁm,
AP EI SRR T E M, R ] B R
A RT290, Rk, a] DR — o B AR M) 25 25 &
g, 4 AP R B R AL 4R M kA 1 o
N THE AU AR B A EEE X, [
I A AT Y6 97 15 e S5 T[] 1 S F (4L 1 SR R O
%

Wﬁﬂ%%fﬁ U3 25 ) R 2 1 — EL A A
FIEERFURI R . ARWFTELL AP AR A, &%
@fﬁfmmmmﬁ@%,xﬁ%ﬁwg%%%ﬁ
ITHEE, 2 AP BRI FPUMIRE M. B X%
24 Re b U AR P I PR S KPR A SR AR TS FRLAST i 5t
FEMOR ) Caspase-3 #EAANAAH, ds 5 34k
R R TR, R RN . MR 7R
B LRI [ Th RS TPP (B T, NSl mAAZ
R N kiR, & T AP@TPP-PEG-PE#
Lips. AP@TPP-PEG-PE#Lips #ifs N (23.8+£1.7)
nm, Zeta HAA (302+1.1) mV, FEHE FRI
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NI RAZFCEOIRGE N, FeEtE R, WM RFCTH
WL RS R IR RV RE, AT
VIAEA Y R4 BRI 18]

S B A IR 45 SR & W], TPP-PEG-PE#Lips 7]
DLBH AR 25 ) A B, EL B A L (R I TR A
TP, — 7 T8 EH T 03 A2 )Tt T 5 4 L I P gk I 4L
ST IZ BRI (IR A, 7 B T4 B S (A B8 BT o Ak 5
A &h—J7TH 52 BT TPP-PEG-PE#Lips [ 1F FELfi7 P,
AI DAS 7 EI A ) A0 B B S, A BT IR S
Tr R 51, AR e oA IR % a8 s AE4H M B Uy
SR T AR Bk B 0 ik 0 1) 40 5 T2 R A T
it B RO AR, 2-D-2 AU 4 0 & 41 i IS 2R
BV, 50 mmol/L I A FHIBTHEEZ AR, SXfHRZELL
%, DID@TPP-PEG-PE#Lips 12 At £ H 5 W 5. ik
A, BHICRE, R A ROy s TReE
W, DL B RO 3 29 NGE )
1T TPP BH & (1) I HLar, 4t B gy B b AR FEE 1)
5], # DID@TPP-PEG-PE#Lips A] f )T 1E 1
TR 5 RN, SEEEAE R 4 P 2 b oA L, AT 52
LT 2590 2R AR AL

H AT C 4 SCHRIE S A0 30~60 mV i H
fif s LRRLAR P BB 150~180 mV G B A, P 9 H
B INVE, A4 TPP BH B T34 T 2Rtk 1)
REJI3 T 100~500 135, [R3A BE 5 Ak 0 2 401
(RIREAS, ARORHRERE b4 s 25 ik N BeRiAA (1) 2
2, SR 7 25700 hRg ROR0C1, Oy T ekt
HEM, AW T AT T AP@TPP-PEG-PE#Lips {2 /I8
R T-25%0R5, 5 AP fl AP@PEG- PE#Lips
Eede, 4iiasitit B8 AP@TPP-PEG-PE# Lips fit
i B ) B A AR, FLUGE IR BN,
HA RIFAEMMENE, IEGRAE T B2 “FRIE
FEAL, FEAMARIE” FIBRTE; Hoechst 33258 e th
RIGRE MR T AP@TPP-PEG-PE# Lips %%
R AR TR BOR R, MR & T HR 2 A2
s bR T HLHNR I 45 R R, AP@TPP-PEG-
PE#Lips AJ A2 35 = 40 2 9 ROS 7K P Caspase-3
TR, BRARER KRR, R RRIHIE T E A
BCl-2 #i&, {2 T-E N Bax ®ik. FEK, i&
BEAT T B NI SRR, 45 R KIN AP@ TPP-PEG-
PE#Lips BE &35 #H B s AR, mAS g2 /N i
i E; B HALR, RIS S 45 IR
FAL, W LATH 4 N 5 KPR Caspase-3 1
P, BRAR LR A L 7 55
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BRIV, BB I R 24 (R TR 24 B R ) e
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