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W OE: BH HISLEEREERMENERMAEFE (liposomes co-loaded with gambogic acid and rapamycin, GR@Lip) Ff
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SXof Jiev 9 4 M 3R BRI TR, A I RIR SR 50 Y Transwell 52565 %% GR@Lip X PR AN MER 5228 M5, &5 BT 25
% (transmission electron microscope, TEM) Fl 4% 9 't % 8% GR@Lip X [ 58 4 ffd. 5 Wk (R 52000 , AR €0 18- B 4 106 FH 50R (liquid
chromotography with mass spectrometry, LC-MS) FIiEA& SR 5 GR@Lip WA LB RAEM H 1. R GR@Lip
AL T IR 40 °C, ZMREL 1 11 120, WEMRSAMEEELLE] 4 01, EAEDNE 195 W, AR Smin, K4S FUNE
27K, KA pHECA 7.1; %775 % 1) GR@Lip MR BE %0 (97.27£2.76) %, HIHERBEFN (96.58+£3.82) %,
R EN (3.294044) %, FHHFERILAEN (4.9110.44) %. TEM HAMEE R GR@Lip £, sHALEUT
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Abstract: Objective To prepare liposomes co-loaded with gambogic acid and rapamycin (GR@Lip), optimize its prescription,
perform anti-tumor mechanism research in vitro, pharmacokinetics and biodistribution in vivo. Methods The entrapment efficiency,
drug loading, particle size were used as evaluation indicators. Single factor investigation method and orthogonal design experiments
were used to optimize the optimum formulation of GR@Lip, and its characterization and stability were studied. The effects of GR@Lip
on the proliferation and apoptosis of tumor cells were investigated by CCK-8 and flow cytometry. The effects of GR@Lip on the
migration and invasion of tumour cells were investigated by cell scratching, Transwell. The effects of GR@Lip on the autophagy of
tumour cells were investigated by transmission electron microscope (TEM) and immunofluorescence. The effects of GR@Lip on the
pharmacokinetics and biodistribution in vivo were investigated by liquid chromotography with mass spectrometry (LC-MS) and living
body imager. Results The optimal conditions were determined as follows: temperature is 40 ‘C, ratio of drug to lipid is 1:1:20, the
phospholipid-cholesterol ratio is 4:1, ultrasonic power is 195 W, ultrasonic time is 5 min, hydration medium is ultrapure water and
aqueous pH value is 7.1. The entrapment efficiency and drug loading of gambogic acid and rapamycin were (97.27 + 2.76)%,
(96.58 £ 3.82)%, (3.29 £ 0.44)% and (4.91 + 0.44)%, respectively. GR@Lip showed a spherical under TEM with an average particle
size of (157.19 + 1.74) nm,  potential was (—22.1 = 1.3) mV by dynamic light scattering (DLS), and had good stability. /n vitro anti-
tumor activity experiment showed that gambogic acid combination rapamycin can inhibit the proliferation, migration and invasion of
tumor cells, and also significantly promote apoptosis and autophagy. In addition, pharmacokinetics and biodistribution results in vivo
showed that GR@Lip can remain for long time and had good tumor targeting. Conclusion This study successfully prepare GR@Lip,
revealing that it has synergistic anti-tumor activity through multiple pathways, and significantly improving the pharmacokinetic
behavior of gambogic acid and rapamycin in vivo, providing a basis for further in vivo research and future clinical applications.

Key words: gambogic acid; rapamycin; co-loaded liposomes; anti-tumor; drug combination; in vivo pharmacokinetics; biodistribution;

proliferation; apoptosis; migration; invasion; autophagy
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Pro2 FReBdaiK/HaAi KL, HUNEREEEERA
Al; FD-1C-50 ART1EML, JbatiE I fRSLieiy 3
HIRAT; 75004240 BB, HAREHEH R A
Herocell 240 B — %0 mI5 7740, FilEFE AR
IR Epoch2 BUEEARX, FEE MBI ARA
Fl; ICX41 AW RS, TR T HRA;
NovoCyte 2070R B ARAHIAX, LA FHEA IR 2
F]; AniView 100 B Z LW RAE R 5, M
B LR AR AR AB Sciex Qtrap 5500 %Y
WARETE- PR A, AARREAF.

1.2 ¥

FEEEIR, L5 20210122, FiE/r%98%, Minl
REMRAL TG PR AR s BB R IS, ik
MO8O2AS, FiE/SH=97%, KEECEMHARH
IRAT UNEEE ('S C14422665). EHIHEZR (it
5 c12477612, FAE/THE98%), Lifgd s mkAELE}
HARAR; HiHEZRX A, 5 J17GB155257,
R =99%, LR AR A RAR; Al
JEANE TR, S 20221027, JEES I =98%,
e b Al ERRI T b+ FER 0 A,
fit5 PR230820-29, Jii & 734k 95.3%, | M4t 1
HIRAH]; WH#ELE (indocyanine green, ICG), #t
5 227144-D1, R4 90%, FHEHEAYIR
HIRAH; PHERE, fitS B808s9, Uffh (i)
RARMEARA T TTKOEE, e, sl
WEEAFIE R AR, HEE, o4ral, sl i RlBEfL
LEARAR; LN, B, Sigma-Aldrich (-
) AGHERAT; KL, @ikal, KETR%
KAk 2385745 BR 22 715 RPMI 1640, DMEM 1774,
fit5 812338, 8122762, FEER K /RAEMIL 21,
AIRAF]: fad4-iMig. REE R, 5 H20051277,
SS1059 , 3£ [ Gibco A #A ; CCK-8 (it =5
CR2310019) & £h 22 (PBS, #t5 23314817),
KRG R AR AR AT .

/IS R Pan02 4 g A/ RS 200 U 14 41
Pt B DU RNV RHEA R A w], #5700
SAc0135 F1 CTCC-400-0316; /N ELFLIRIE 4T1 4H
T [ R B SRR R RS L M, it
5 250362, Balb/c /N, MEME, 5~6 B, WHE B
DA b AMEARER A, FHEEHKIERS
N 110324241101832765. Fiifa shiiAF=1E A — i85
T, WEEEEAN (24.0+1.0) C, MXHEE SR
550 ~65%. ASLEGAHCHN )L AE Y )14 N R

B< [t SEIG ST 5T i A 5% S 56 ) BRORSE FH H A0
€, BIFFE 3R RN,
2 HEEHER
21 BRERERSEMESRHKMLLHIRTHE

i CCKS A E BB IR . A% R AN F R
FHEEHIXS AT 40 A BGTEEEVE, R AT B A K )
(7 4T1 4HLLL 5 000 D/ALEEFITE 96 FLIRT, B HE
24 h JEFERIAEEFRIE, INMAANIE BT B L R 254 2%
B3R 24 h, SRJE NN CCK-8 $EFERIIR I, 37 C
B E 2 h 5, EEEARACGNE 450 nm ARG EE
(A, FHitHEFHENHIRSEZ (half maximal inhibitory
concentration, ICso, LN pg/mL) KELA TR
(combination index, CI, CI=Da/ICxa+Dg/ICxp)-
Hrp, A B A 2 FAFEZY), 1Cxa AT ICks /&
Fox A B 2 T2 S A A AR AR A 208 X
2T IR L, Da Ml Dp s A ZF1 B Z5BkG A8 H]
AR AN FIE X I 2 R i Bk D Pl Cl=
1 R MAER, CI1<1 FRWEEM, CI>1 F£oR
FEPUER . 2K 1, AR S ENE R
MR 1 T, CI=0.772<1, P[RR 4
DRI, 5 B30 Ll ) 2% 2L BOIR B

1 BRERSEWNERIKALLGFE
Table 1 Screening of gambogic acid and rapamycin

combination ratio

RIS HINER ICso/(ng'mL™") o
DAY ELE R HNER
1:0 (3  03840.03 - -
0:1(FMHER) - 23.11£1.95 -
3:1 0344001 0.17+0.01 0.91+0.07
2:1 03440.05 0.26%+0.04 0.91+0.07
1:1 0.28+0.06 0.43+0.08 0.77+0.06
1:2 0.40+0.02 1.14%+0.19 1.10+0.08
1:3 035+0.02 1.58%+0.10 1.00%0.07

2.2 GR@Lip & 5509 % 5

221 EBEKAE ORSEPREUR R S mg. THIHE
% 7.28 mg. JH[EEE 9.23 mg 5 K G UNEAE 72.43 mg
RS PRI 101015, RS 5MHE R
BRI R 4 0 1D, T 3~5mL /K LEEF,
I Tt 28 AN E BRI, A [ JEC G R P 350 T 1 35
SIS, dRSREAE 3 h LA ARR R E A
A 5mLB4iK/AKM 1h, A 5min (195 W), 1K
Rt 0.45 um K 0.22 pm JEME, RIAT#3%] GR@Lip-
222 WAZEKE  FEEFEUEHER Smg. THIHE
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% 7.28 mg. JH[EEE 9.23 mg 5 K F INNE 72.43 mg
(MG NR L 101015, RS SR E R
BINPIR R 4 0 1D, WF 3mL &4, AL
mL #BZlK, SRATHHN 195 W I 75 5 40 8 i
BUEE S Smin, JFLEZRRZER, MA 5mL
ali7K/KAK 1h, #A Smin (195 W), #KIKid 0.45 um
J 0.22 um JEfE, BPAI15 3] GR@Lip.

223 LEHENGE RSEVREUE R S me. FHIHE
2 7.28 mg. JH[EEE 9.23 mg 5 KT UM 72.43 mg
(e YRR 101015, BERS-SHEE R L
BN IEL 4 0D, T 3 mL EKLEH,
40 CHiHE 30 min. 5 mL H4i/KTE 40 C FHiH: 30
min, K ICK SREE RGNS N2 K b 28 B4

30 min. BERF A KERECORE, EAEE SmL, #E S
min (195W), &GS 0.45. 0.22 um JEME, BiA] 75
#| GR@Lip-

224 FEHEER SRWEK 2 PR, HURARDE
M OBEFENEA L, KA 15 200 I8 T Ak
BE R, WAESTRAREML, AT
BN, BRARR/DN,  2 WIHE R KA 58 i T |
#% GR@Lip, [Rlt, 52k K At — 2
FLth 7 o 1 J5 S0 00 rhod i e K A ) 2% 2
FI AR A T SR i i 14 (gambogic acid liposomes,
GA@Lip). TMHEZMEi{E (rapamycin liposomes,
Rap@Lip) 5W|W:# 2 lg ik (indocyanine green
liposomes, ICG@Lip).

®2 HEGFEER (X+s,n=3)

Table 2 Investigation of preparation method ( X £ s, n =3)

N AR/ % AR/ % v
il & 7 vk —~ = — — FifE/mm
JHE PE IR HIAER T P IR HIER
IR KA IE 91.55+0.26 88.20+0.08 4.01610.007 6.502+0.011 119.38+3.21
) 2 R 86.19+0.23 79.82+0.05 4.25740.004 6.602+0.008 152.3242.31
LIEENTE 75.66+0.05 61.24+0.05 3.951+0.006 5.575+0.010 175.18+6.69

2.3 HPLC AME GR@Lip BHESHHENH
B AL

231 HIAEE. BRSNS R
FEREUE M RS 47.72 mg, BT ER I S
32.60 mg, VANHELEFIHEST 10 mL SR, R
ST RIS A A 2/ TR RN R i T, AL LU B R R
T R

2.3.2 AR A T B A 1 T DB A Sk R YR T, £
Fi# L 1 mL GR@Lip T2, NS & FEE,
PR imTiea FH B E 2, #2257, 0.22 pm flFLIERE)E
i, ENERDEWE, BRI TR. RIVARCH 2 H R
JH Ao} BRI

233 ik Ay Sun Fire Cis £ (250
mmX4.6 mm, 5 um); FEE 35 C; AKRRE 1.5
mL/min; K%K 288, 361 nm; HEFEE 10uL; ¥
SIAABEFE VM W3 3, kLA 1.

234 RGEHMSL W AREREER. FHin
B RN AR (AR 119.30 pg/mL.
FREETR 81.50 pg/mL) #EFEHT. 4 REKHEME
R S AAH B EYIRT 1S, R T
NF LS, KRR EOESE 5 IETAR ) RSD /T
2.0%, XHHRSAR S (SIND KT 10, RETTE

®3 REEGEREF
Table 3 Mobile phase gradient elution table

wmin  LHE%  FEY%  0.1%0K LERIKIER Y%
0 25 55 20
9 32 60 8
14 32 60 8
17 25 55 20
20 25 55 20
Y iE
235 HMEXRFREL WRINFMER. BRI

HRSR VIR, F% “2.3.37 TUT (il S RE RN E , 435
DAERMARE 25 R IR 1N I Sk B A AR AR (XD, TR
R IR AU MALKR (V) Ll brifE i 2k,
ARV AN IAR 2 Y=14.7534 X+16.543 8,
R?=0.999 9; RE¥L Y=5.364 7 X+2.271 6, R*=
0.999 9; 255K, FHIHERTE 14.91~357.90 pg/mL,
ETERETE 10.18~244.50 pg/mL £k 156 & R .

2.3.6 MR HUE AR, AL
6 U, TR HWASEE, %R H AR RSD N
0.13%, MBEHEL H P RSD N 0.06%, KB 772

2.3.7 EBEEMERE RS —#t GR@Lip £ i
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1 ERERMBHEABRNES (A) & GR@Lip #f& (B)
# HPLC [EiZ
Fig.1 HPLC of rapamycin and gambogic acid reference
substances (A) and GR@Lip sample (B)

6 fn, IniGE GGG P A A, S AA
W GRS AT AT I E 3 k. GR@Lip
hEEIHEE 2 RSD N 1.71%, BETER RSD A 1.47%,
KHFEEIERLT

2.3.8  JNFEEMEERIALS RS IEUK, . mRE
WEERNE R BB RS S SmL, BT
ANFEIR 10 mL &fd, HoaalinAT B 5

mL, HAEEE PR, PATH & 3 0, R
“2.3.27 TR AR 7 e A A . ik Ak iR
BERE AT AT I E 3 R, IR FICRE N
(102.99£3.63)%, AU % RSD 1A 4(0.68 £0.34)%,
FE R IR N (101.13£0.05) %, [A[U3 RSD 14
N (0.73£0.28) %, FRIFTIENERE .
2.4 GR@Lip 8HERS5HHEHNE

o T TR R R M B R AR /K R VA RS AR /N (g
WIRIAMIEZN 0.5 ng/mL, HIMEREMIEL N
0.26 pg/mL), [, iR 254 CAE I & AR
I LI AR e L Bk o K2 B H 100 uL GR@Lip,
TR BRI — = % T 1) GR@Lip, 2r AlinA
i EARE 1 mL BT, #EE, H022um A
MLRFLIEREERL, MU, % “2.2.37 TR
WA E R ER S ME XA E. A
BN IR = R S PV I E T =

1054 % = 2 SRR R R 2 I BN B

24 = 245 SR A 70 P R
2.5 GR@Lip & B5ITEMK

TE SCHR R B i BT 56 A Bt b, f e DA
B CREZE KOoKAI FIRE D Zifigth (AEREAR
W e S5 H R D BEG-H R L], HE R T
AR KA B AIKAE pH EAE N EERT
%, WER, W E LA NN AR T B
RER, R ERELS R, T IER IR
5%, Ui AT
251 HHEHL

(D) HlFREES. BHERIAEN Smg, &
MR E N 728 mg, RN 101015,
RE-RH G BE LB 4 0 1, AN 195 W, 7SI [E
5 min, ALK AKMANT, KAH pH AEN 7.1 1
AT, BEAFREX IR, RAGE LR
oM. IR 4, BERE G, ARG E

x4 FIFERERER (X£s,n=3)

Table 4 Investigation of temperature (X £ s, 7 =3)

il % L/ 3R/ % AR/ % .

. — — — — FifE/mm
C R IR HIHER TS IR HIER

30 81.524+0.25 81.35+0.03 3.3611+0.003 5.58410.006 134.84+0.49
40 94.944+0.27 87.841+0.28 4.375+0.009 6.2641+0.010 93.10+1.13
50 90.35+0.24 83.53+0.16 3.9761+0.007 5.850+0.012 98.91+1.07
55 82.301+0.26 76.791+0.04 3.6131+0.004 5.28710.006 92.36+1.19
60 79.95+0.27 74.8410.02 3.4434+0.007 5.038+0.007 89.45+3.69
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B ETHE FRIEE, A RERAERIRE N
40 C, X AIREAE B TR B SRR ok 51 R B AR AH
A, R I s e ol M AR e M R0

(2) Zifigtb %2 BRI AERN Smg, HIN
HERWAEN 728 mg, WEHN 40 C, BEfE-IHE
Bl 4 01, EAEDE 195W, HAERE S min,
RBAEAKAE AR 5T, KA pH (BN 7.1 (AT,
Z22 iR LT GR@Lip B % G 8 L bz

M. S5 5, BEENRGAEMIIN, BN
HINERM A RIZEIN, BERAEAREEER
B BRSNS RN R RN INE T
B, A Z %%ﬁﬁ%%ﬁ%ﬁéﬁ¢?
200nm, ZEEHEHELMRLN 11200 XE&H
?%W%ﬁ%;ﬁﬂ?%M@ﬂ$,@%ﬁ%%ﬁ
EQNPNEIS - #25p- (L

(3) WEe S MRE R LG5 52 R IR 2 & oA

*5 HWHEHEE (Xxs,n=3)
Table 5 Investigation of drug-to-lipid ratio (X £ s, n =3)

B % LR/ %
Ziflgtt FifE/mm
FEBETR HINER R TR HIHRER

1:1:5 49.26+0.16 24.5240.06 6.6171+0.019 4.5761+0.004 94.95+0.89

1:1:10 81.07£0.22 55.05%0.05 5.178£0.002 5.594£0.006 89.24+6.41

1:1:15 98.40%0.12 87.02£0.07 4.21610.007 5.530£0.007 93.58+0.30

1:1:20 99.33+0.12 93.71£0.05 2.916%0.002 5.265£0.002 134.90+5.20

1:1:25 97.79£0.40 98.56+0.08 2.76940.003 4.34140.002 170.04+9.70

1:1:30 99.62+0.36 100.00£0.13 2.34940.002 3.468 +0.005 168.82+5.89
S5mg, FHERSAENT28mg, HE N4 C, (4) BFEY)REL. RERIAERN Smg, &
ZiflgE 1 01020, HEFEDIER 195 W, SR S W%%ﬁ%%ﬁl%mgﬁ@%ﬂof,?%%ﬁ

min, JEBAKIERNKMA T, KAHpHER 7.1 %%
1, HEAAREXT GR@Lip B F. s L
B . g5REK 6, MEAEBEELLEIRINm, B
TR T IR 2 ) BB R R, BRI

1220, @RS HERELE R 4 1, # A TH) 5 min,
ﬁ%mﬁﬁm% Jit, KA pH BN 7.1 FIZEAET,
F R T FN GR@Lip G # . HZh & ARARH
. GORIER 7, BEEINFRMMGI, RS

Ja N EE, RARZETE N, HS/NT 200nm, ZRE W 26 3R 1) B SR AN 2 BT 1Y I, LA/
FEBE TG -5 1L e e B EU B D9 4 1 LZEHIE, WEEATIRN 195 W,
®6 WESABERFLLBIER (X+s,n=3)
Table 6 Investigation of phospholipid to cholesterol ratio (X = s, n=3)
A5 % LR/ % N
I P Lt £ TR B ELEE>S TR IR HIHEER
301 100.00+0.31 95.49+0.18 3.254+0.007 4.787+0.002 128.68 +1.81
4.1 100.00+0.28 95.40+1.42 3.777+0.005 5.1601+0.023 133.52+0.42
5:1 93.80+0.19 93.97+2.60 3.512+0.003 5.153+0.002 166.79+7.19
6:1 82.25+0.26 84.141+0.05 3.351£0.267 4.759+0.001 156.11+4.79
71 86.0910.13 86.501+0.03 3.296+0.013 5.005+0.016 176.52+12.70
®7 BENEREZZE (X+s,n=3)
Table 7 Investigation of ultrasonic power (X s, n=3)
AT/ BEH/% BRI %
AifE/nm
\ R BIR ELEES BT ELEESS
65 91.63+0.20 98.15%0.09 3.348£0.009 4.953+0.016 185.51£6.57
130 94.04£0.09 100.00£0.12 3.249£0.004 5.009+0.137 152.12£1.70
195 94.24+0.18 100.00£0.05 3.375£0.003 4.984+0.051 143.75+£2.98
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(5) HFEm L. BRI AERN Sme, &
BRI RN 7.28 me, RN 40 C, RN
1:1:20, BEfRSREEEELLE] 4 ¢ 1, BAEREIIE
195W, @Ak AR BT, 7KAH pH {E N 7.1 1)
MR, HEBEFNIAN GR@Lip B %, #E

FRIAR RN o 45 LR 8, il 35 0 5 I ) () 384
i TR R W 2R (W R 2 e ARLAT S T /), AKX T
fiese T I K A 8 A AR T GR@Lip. HA 5
min R EE 2R, A ELRRBBONEE. G5
ErE, A AN 5 min.

*8 BEMNEZEE (X+s,n=3)

Table 8 Investigation of ultrasonic time (X £ s, n=3)

A 75 B )/ (S B AR/ % .
: " = " — Rt /mm
min TR P IR HINER R IR HIER
5 98.1410.09 95.201+0.26 3.4661+0.003 4.799+0.010 138.68£8.08
10 99.474+0.57 96.311+0.82 2.995+0.004 4.363+0.019 98.65+3.53
15 93.70+0.44 94.301+0.18 2.759+0.003 4.216+0.005 75.301+0.36

(6) /KU IHE: BRI EN Smg, &
BRI RN 7.28 me, RN 40 C, LN
1:1:20, BEfRSAEEEELLG] 4 01, HAR IR
195 W, AN A] 5 min, 7KAH pH H A4 7.1 #5404
T, LKA TR GR@Lip AR . #2258 Kk
R, RIE 9, HPFBAKIE AR
W, R KRR R T PBS AR EEK,
HRARRN, seht, AR ERIKIE KA R, &
BEUNSENT HUTE, RPHREEEZE. 45
&, W B A KA E KA iR

(7) /KA pH EH%E: BRI EN 5 mg,
TN R E N 728 mg, RN 40 C, Z5fELEL
11020, BEARSAEEEELGE] 4 1, 8 E) 1)
K 195W, ABFERA] 5 min, EAKIERKAA TP
AR, HEIKM pH 4 GR@Lip fLBfF . #2Z4
BRI . 25 AR 10, MK T R ISR
PERIIT AR, AL E e R AR RIS, RIS
I BSAR, XA AE RN ER IR R, TERME I
HATRE . TESTRRVESRME T, JLEUR AR IR AR R
Ko LREHRE, We/KMHEpHER 7.1,

R KUNTFERE (X£s,n=3)
Table 9 Investigation of hydration medium (X £ S, n=3)

j % W% B}
KA R —~ = —~ — FifE/mm
PRI TR HINEE FE TR HINER
7K 94.26+0.19 93.84+0.19 3.165£0.005 5.6101+0.008 163.38+9.83
PBS 81.771+0.18 94.741+0.33 1.582+0.003 3.602+0.003 204.00+1.83
HEFR AR UK 92.344+0.12 90.18+0.17 2.2954+0.003 3.788+0.002 255.30+13.01
=10 KiHpHEEE (Xts,n=3)
Table 10 Investigation of aqueous pH value (X £ S, n=3)
IS I BER/% BAE/% y
— — — — RifE/mm
pH & PR TR HINEER PR TR HIHER
55 94.31+0.42 97.04+0.78 3.075+0.001 5.51440.004 210.70%+12.12
6.8 95.371+0.04 91.98+0.09 3.1924+0.001 5.6211+0.008 177.01£13.00
7.1 95.88+0.14 92.75+0.18 3.304+0.007 5.668+0.010 152.83£4.25
8.5 92.3340.11 89.69+0.11 2.690+0.003 5.04240.001 158.06£2.62

252 ERwIHAR ZGE

b A B DR 2 SE AR i e 45

195W, AR AN Smin, KB RHAIK, 7K

R WP B R A BB R 1) 3 AN
7, AR (AL Z4fREE (B). WiEAR-AH [ B LL
1 (OO M NIEA Btk i 2w K 3R, HoA A
RN R RN R AL, HEEEN

H pH 24 7.10 1£ 3 A EERFKT DB IR tuds
(YD EHERUEER (). BRRERLE (Y3,
HHERBAE (Yo R (V) N EEN R
b, KA Lo IR I R BEAT S0, Gk H fmefie
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W77, AR R ILEE 11,

A FRE Z VTR bR, SR ZR GV
IS SPSS AUA i Faf e B IR LR (Y.
RIMERAHE K (). BRREAE (Y3, HinE
REZim (Yo Mkifd (Ys) BESD A 20.10%-
18.81%- 18.22%- 17.59%A11 25.27%, AT L&V -

EZ BRI 45 R WK 11, TR NE 12, W
RN A>B>C, Ui A RIFR MM AR, R &5
G, HIRAZAREL, AR S RH R ) B A ) e L
/N, B fER & T 208 AiBoCo, R GR@Lip MR AL
TR 40 °C, ZjfREL 101020, BEARSAH
[ RELLHG 4 0 1.

=1 EXRAERITEER
Table 11 Orthogonal experiment design and results

IAC RS A/C B C D(FH) T/% Y2/% 3% Yo%  Ysimm  ZEEVESY
1 40(1)  1:1:15(1) 3:1(1) (1) 94.65 9476 433 548  103.33 64.71
2 40(1)  1:1:200Q) 4:1(Q) Q) 9424  100.00  3.13 480 15931 79.42
3 40(1) 1:1:253) 5:1(03) A3) 96.99 7762 252 397  120.17 65.62
4 50Q2)  1:1:15(1) 4:1(2) A3) 95.85 90.73 408  6.09  107.11 65.21
5 502) 1:1:2002) 5:1(03) (1) 95.08 93.08 322 505  138.69 73.14
6 502) 1:1:253) 3:1(1) Q) 93.35 89.41  2.64 369 131.14 69.85
7 55(3)  1:1:15(1) 5:1(03) Q) 92.08 88.75  3.83 5.0 96.81 61.33
8 55(3)  1:1:2002) 3:1(1) A3) 93.56 92.86  3.07 447  108.63 65.07
9 55(3) 1:1:253) 4:1(2) (1) 8730 4183 250 178  119.81 56.46
Ki 209.75 191.25 199.63 19431
K> 208.20 217.63 201.09 210.60
K3 182.86 191.93 200.09 195.90
R 26.89 26.38 1.46 16.29
T2 HEGERDW 0.22440.033, { HAA (—22.1+1.3) mV. TEM
Table 12 Analysis of variance results BER, LBGEREEREIES, 4 CEHT
ERKR CPHM O AME ¥ FME P E 1A HKiAe & PDI ¥ E AR 4k, R R B 44
A 152.03 2 7601 2.83  0.261 kLA B R RR e M.
B 150.77 2 7538  2.80  0.263 2.6.2 FaE:
C 037 2 019 001 099 (1) B ELBRERIE: 6 & 528001
D (i#%) 53.79 2 26.90 GR@Lip B THE 4 CHIETF, 3 Jii i HPLC

253 WHIUE  ARYEEARZEHAILE R, ik
BARALTT IFPATHI 3 4, NE HasR, e
FRifE, XL TEATIRAE . 453 %7K, GR@Lip
R R AL RN (97.27£2.76) %, T IAE Rk
HA (96.58+3.82) %, HERKAREN (3.29+
0.44) %, TMMHRBAEN (4.912044) %, ¥
PIRife N (157.19+1.74) nm, 45508 EKP % EREE
PER T,

2.6 GR@Lip HFRIEKRFEEM

26.1 RAE BEITHCKRIRE K ¢ HBALS PN
GR@Lip HIRIZAN ¢ #AZ, KA TEM Xt GR@Lip
BHTIESRAE, %% GR@Lip £ 4 CEIFTE 1
AN H IRARFI PDL ARG L. S5 ILE 2 figk 13,
GR@Lip FI-F¥kife N (157.194£1.74) nm, PDI N

e R, JFEBRE (BRE=1—F I~
HAS 25 R 2R/ 0 RIS 24 EE 3D,
ZERWR 14 R, BEAG AR RE, g A7 AR
—EFRERMER, (E6E4F 15 d BEFI KT 80%,
756 N o A o A i b A

(2) FEALF=YIRIIE . W AR AR R 2 g B A
FOEMEM E RS, AR S = i AR
EAHRRE . T BEE T S ANHAIZEAR, AT # AL
NHLHE A, RO AR, N
M s i g . TN —EEERRVE 61 N S L L 2
g (thiobarbituric acid, TBA) N A —Fh 2L o 4
£l (TBA-pigment), 7E 532 nm A i KM, W
FRE (4) HR/NAT LS el fig ) S AL FERE o TRt
F i #5143 2" GR@Lip I E T1E 4 CHUHT, &3
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A
1 10 100 1000 10 000
HifE/nm
B
—600 —200 200 600
¢ L A/mv

200 nm

El2 GR@Lip KIKIES 7 (A). (EEfL (B) 1 TEM E (O

TR P A R I E 532 nm AL A4 fH .
SEHER 15 fion, GR@Lip 7£ 15 d N 4 LB
Ak, REMETARA RIFfE M.

x4 BHERSREVESER (Xts,n=3)
Table 14 Determination results of entrapment efficiency
and leakage rate (X £ S, n=23)

WEHA% BRI
N hmm mwmE | BEm | GWEE
0 95.76+0.14 92.61+0.18 0 0
3 9474+036 91.56+0.04 1.18+0.38 0.16+0.05
6 88.46+024 91.56+0.29 7.73+0.25 1.294+0.31
9 8546+034 90.41+0.04 10.86+0.35 2.531+0.04
12 80.87+£0.06 90.03+0.04 15.651+0.06 2.934+0.04
15 80.01+£0.38 89.50+0.11 16.55+0.04 3.51%+0.11

x15 EUTMUELER (Xts,n=3)
Table 15 Determination results of oxidative products
(Xts,n=3)
t/d A1H
6 0.2451+0.012
9 0.225%0.008

#d A1H
12 0.236%0.002
15 0.27540.032

#d A1H
0 0.243+0.008
3 0.24340.010

Fig.2 Particle size distribution (A), { potential (B) and
TEM image (C) of GR@Lip

2.7 RSN TR

271 ZIEEEEEAD @i CCK-8 ¥l 2 GR@
Lip XF 3 FRFEDEANAR A EE, BT 50E
KA Pan02. U14 f 4T1 4HHELL 5 000 A>/FLIEF
£ 96 AL P, WEE 24 h FHFHIEEEFRE, AL
[E =K E A (GA@Lip. Rap@Lip. GR@

R REREMER (Xts,n=3) Lip) #EEHE3% 24 h, AJFIA COK-8 AR
Table 13  Particle size stability results (X £ s, n=3) ¥, 37 CUEHE 2 h )5, B EEARCNE 450 nm 4b
td  Kifnm PDI  [#d Kif#/nm PDI (M1 A8, I ICso J CL. g5k 16 fim, 5
0 169.38+2.34 0.19340.009|18 173.53+4.00 0.203%0.010 GA@Lip 4171 Rap@Lip 1AL, GR@Lip 4bHJ5 3
3 168.60+5.60 0.186+0.018[21 16895222 0.222+0.033  FiEE 4R 1Cs0 22 EFRAC, 40513 (0.37-+0.54).
6 169.287.95 0.19540.008 |24 175.5344.00 0.209+0.002 (0.54-40.78)+ (0.34+0.48) pg/mL. 4, GR@Lip
9 168.40%3.78 0.225:£0.014|27 172.18£2.61 0.206+0.044  %f Pan02. Ul4 J% 4T1 4UHEH CIAE4 71 0.65+
12 168.69+4.20 0.2384+0.003 (30 173.67£4.76 0.201£0.026 0.01. 0.96+0.02. 0.86+0.01, ¥/NF 1, FTHHRED
15 166.06+2.52 0.22240.028 W 5= EE B B M EVER .
®16 ICso & CLEWHELER (X£s,n=3)
Table 16 Calculation results of ICso and CI values (X £ S,n=3)
5 , [l ) . . c
GA@Lip Rap@Lip GR@Lip H IR GR@Lip HHEME R
Pan02 0.60£0.02 19.02£0.59 0.37£0.01 0.54%0.01 0.65%0.01
Ul4 0.59%0.01 13.72£0.40 0.541£0.01 0.78£0.02 0.9610.02
4T1 0.41£0.04 12.20£0.45 0.34£0.01 0.48£0.02 0.8610.01
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272 ZMFETRI R TR A K Pan02.
Ul4 J 4T1 4L 6 X 106 N/FLEFPE 6 FLARH,

B E 24h J53F 2 IHRFREE, PBS Pk, IIAZG¥4k
4597 24h, H PBS IGVEEHAGAEME, B0, YR
M. SN 500 pL [1) binding buffer (1X) &4

M, BN 2.5 pL Y Annexin-V-FITC 1 2.5 uL f] PI
PR RS g, LI E 15 min J5E TIK
b, Th WA . 2558 WK 3 F15R 17,
7E Pan02. Ul14 K& 4T1 40, SxTRRAMTET R
[(4.2040.42) %. (4.03+0.46) % (1.9540.30) %]

Al 107 | 0.40% 276% | 107 1 1.29% 10.06% | 107 | 0.30% 055% | 107 | 2.59% 16.76%
10° 10° 10° - 3 10°
103 103 103 10
95.88% 0.96% 76.59% - 12.05% 85.77% 13.38% 63.53% 17.12%
10! 103 10% 10! 103 10° 10! 103 10° 10! 103 10°
B 107 107 107 107
0.58% 1.35% 0.97% 6.00% 0.44% 1.30% 1.67% 16.36%)
10° sy 10° 10° . 10°
103 103 103 Bl s 8 103
95.89% 2.18% 90.15% 2.88% 88.06% 10.20% 76.56% 5.41%
10! 10! 10! 10!
10! 103 10° 107 10! 103 10° 107 10! 103 10° 107 10! 103 10° 107
C 1.19% 0.74% 5.94% 8.71% 0.70% 0.08% 16.23% 21.79%
107 107 107 107
105 1 ‘ 105 105 105
10° 10° 103
Lo | 9720% 0.88% |\ | 9% 556% | || 9888% 034% | | | 5912% 2.85%
10! 103 10° 107 10! 103 10° 107 10! 103 10° 107 10! 103 10° i07
Annexin V-FITC o
payict GA@Lip Rap@Lip GR@Lip
B3 GR@Lip Xt Pan02 (A). Ul4 (B) & 4T1 (C) A AT HISME
Fig.3 Effect of GR@Lip on apoptosis of Pan02 (A), U14 (B) and 4T1 (C) cells
R17 @ARBATHHF (Xts,n=3) FHEE, GR@Lip M T2 53708 (32.561+1.44) %.
Table 17 Apoptosis analysis (X s, 7 =3) (22.154+0.44) %F1 (25.62+1.58) %, ¥WEFHEHT
. T %1% HAth 3 41, FUHERIRE M08 = PO B AG (2 i
ZH7 N .
Pan02 u14 471 I A B T RO PR R A o
X 4204042  4.03+0.46 1.9540.30 2.7.3 TR iR @I A0 A RIR SEEG T AT
GA@Lip 22244022 9.28+0.35™ 1545+1.79™ XTAMLIE R IR, R A T B K AR Pan02,
Rap@Lip 13.38+0.76™ 11.954+0.42™ 0.5240.13 Ul4 F 4AT1 28, LA 8X10° NFLEEMAE 12 FLIR

GR@Lip 32.56+1.44™" 22.154+0.44™" 25.62+1.58™"

E R " P<<0.001.
**P <0.001 vs control group.

KB ET: % [GA@Lip: (22.24£0.22) %.

(9.284+0.35) %. (1545+1.79) %; Rap@Lip:
(13.38+0.76) % (11.9540.42) %. (0.52+£0.13) %]

W, I E 24 h 53R IARE R, PBS EVEAIIN)G,
K 200 uL B MARAS Sk 7E S Z 40 F Il —FRIE,
PBS /&Y, TEMEIE 96 B PR, i3
9 0h. Bl IINZW4k 83597 24 h, PBS I3 1 K
Ji » TEAB) B 98 e W AUe T I IEOW 2 4R i i R 1
i Image J AR AT RIIRTHAR, FHitHIER % [T
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BFE=(0h XRHEMA—24 h ZIRHEAR)/0 h RRTHE
U], S5 4 fiZ 18, fELATTIEN R,
T A5 T A A4 AR 1 R RIR X 3 5E 4, Pan02.
Ul4 J% 4T1 AHRE B RIAE] (51.8612.35) %.

(29.37+8.57) %F1 (46.96+2.94) %, a2 A
A

0Oh

200 pm

24h

24h

RIYR X IIE R 15 D38 52 B — e R0, UHS T
GR@Lip 5, SHAWITHESNESR (321L
1.01) %- (5.98£2.69) %F1 (12.39+6.43) %, H
BEMRTHAH, RUBERSENERKHAER
I )40 e 2 B 8 P

Oh

24h

pagiis ‘ Rap@Lip
4 GR@Lip % Pan02 (A). Ul4 (B) & 4T1 (C) {RAHIT ARSI
Fig. 4 Effect of GR@Lip on migration of Pan02 (A), U14 (B) and 4T1 (C) cells

F 18 YHAEER T (Xts,n=3)
Table 18 Cell migration analysis (X + S, n=3)
TR %%
Pan02 ul14 4T1

Al

pait 51.86+2.35 29.3718.57 46.96+2.94
GA@Lip  7.22+£297™" 14.924+1.47" 22.20+3.57™
Rap@Lip 30.64+0.52"" 16.23+2.84™ 46.78+3.22
GR@Lip  3.21+1.01™ 5.98+2.69™ 12.39+6.43™

Syt *P<0.01 “*P<0.001.
P <0.01 "™P<0.001 vs control group.

2.7.4 ZNMARZEREIREIN  JEIT Transwell SEIGHS
XTI RZE R IR, % Matrigel 285 i -5 To i

GA@Lip GR@Lip

REFRIE, 1 80 11124 1 1 14 By HLBIHEAT s
B, LL100 pL/ALhn#E| Transwell L=d, B FH3#
FEPIEIRIEE 5 h BHEERE . WEZRBE,

BALT e E A K Pan02. U14 K 4T1 40> 5
PL2X10% 5X 104, 6 X 10* AN/FLEF T Transwell
%=, A 100 pL FELMERFE, FEMA
750 uL 1) 58 A RE R 5L, 4R E2RE 7% 24 h, 372 Transwell
FEMREFRE, 4% 2 RKFEEREE 30 min, PBS ¥
Bes 0.5%%55 iR et 5 min. Y45 K5, PBS ik
3k, BT, TR TIaBEE, W
FIM. SRILE 5, SXTRRAMLL, Sidg
Transwell /)%= ZE W FR 8 A 1 41 il 20 &2 2 25 alb, 3L
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~ GA@Lip

' GR@Lip 4% i/, RIFAEHEIRS H 0%
FIPHT AT DU HE A 1) e Je 40 A= 28 ) B TR0 P o

275 HE/NMEEDN @ TEM W% GR@Lip Xt
7S A VERISEI o B AT X B K Pan02. U4
S AT1 Z0H LA 1.5 X100 AN/FLEMFE 60 mm F5F=101
i, WFE 24h 5 LIRS, PBS YL, MAZ
YNk RE TR 24 he BREINEETRIE, PBS BRI 1 Ik, H

JEEEE AL, RN AERE 15 mL B0 F, 1500

R T

GA@Lip
& 6 GR@Lip %t Pan02 (A). Ul4 (B) X 4T1 (C) BEE/MEFZEHVEN
Fig. 6 Effect of GR@Lip on formation of Pan02 (A), U14 (B) and 4T1 (C) autophagosomes

Ra@Llp )
E5 GR@Lip Xf Pan02 (A). Ul4 (B) & 4T1(C) HA{RLERISMN
Fig. 5 Effect of GR@Lip on invasion of Pan02 (A), U14 (B) and 4T1 (C) cells

t/min &0 (E0FEE AN 16.8ecm) 10 min, F% Eig.
TN 0.5%% —WE[E el E &, 4 CHE 10 min,
12000 r/min &0 (BO0F424 8.6 cm) 15min, #
= Bl A 3% ZBEMEE W E, 1%V R R
AT E, TNETIZZ K, Epon812 fIH, i
VI R R iE g e hn, A TR
VIR T R B RR A A R T % €0 ) T 0 05 B PR B W %

JFmi. SiRWE 6, SXTRAMEL, M THa

Rap@Lip
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F A TSR A W MA R R A (LT, Hoh
GR@Lip HHEW/MeEERZ, RHUBEHKSHEM
B 2 DR AT DAY (] 38 5 1 1k
2.7.6 HFEAIEE LC3B Al Beclinl HFiL X
FA G5 5 e AN B W AH 5¢ 8 1 LC3B # Beclin]
PZRIRAE DL K ab T X E A K AR Pan02. U14 K
AT1 200, BA 1 X 10° NAFLEER R LF 40 e Fr i) 12
LR, W¥E 24 h 53 L IHEEFR A PBS ik,
TONZG k5557 24 h Ja, FH 4%% 58 R [ 5 o
5B WL 7, GA@Lip Ml Rap@Lip 4bFE )5, £ 3 Fh
Jer 4 Hp X TSR B 4T (158 (LC3B) ski&t (it
(Beclinl) 7 I3 5, R RIS S0 R ATIH
WEWE. [, GR@Lip 4Lty e et
PG ag, RUIERIR S /IS RS A LA [E
CiaEL P
2.8 HRHAATNFEHR
2.8.1 HBHHESEENAIEE  Balb/c /NRIWHEEIE
PIPERRETE 1A, BENL R A R RE SRR 4
mg/kg. 5 FE I R4 6 mg/ke. GR@Lip 4 (4+
6) mg/kg, FEEKLGZ 1 U5, 20T 0.25. 0.50.
2.00. 4.00. 8.00. 12.00. 24.00 h L/ HREREX
ML, 3500 r/min &0 15 min GE0F4EH 8.6 cm),
B EZ I T80 CLORAF-
2.8.2 WM &S XIS g AR RS E R
EX A bR S5 R AN - TR 2 RG] R TR
BIERS 5mg, T 10mL &34, 2w mIE
FRE R, 1R 9 BRI T3 fifs £ YRR KT HEL b i 45T

(1) AFRVERECH % a2 BUF E AN N AR fif
B/ 20 uL. T-HEFEZR NARE S 20 pL £ 960 pL
CHEF, 85T, FAZEL 50 uL F 24.95 mL ZfEH,
FCHiI AL 20 ng/mL PARIETR, 4 CIEATE.

(2) FrRUEfh g R AU IR A B I
F RS GV, B CIERERE N 10004 400
100, 40, 10+ 4. 1ng/mL, {ENXFHE AR . %
T RAFREREIE, DL R . R ER I i &
WA (XD, DUERIAE R, BEIRIEIRE
P BRA) S TR AR LUAE N A AR (YD il br it il 25
RENETTRE S W N ERHE R Y=28 798.467 5 X+
5691.288 7, R2=0.992 0; R Y=23 967.095 9
X—11876.545 8, R*=0.9947.
2.8.3 ikt ik~ Waters UPLC BEH Cis
FEC100 mm X 2.1 mm, 1.7 um); JRBAH R 2. /5-0.01%
KR, BEEEVER: 0~1.00 min, 40%~90%Z.fi;

1.00~2.80 min, 90% Z.JiE; #1ilk 35 C; HEFEE 1 pL;
RFRRE 0.5 mL/min.
284 ik wEr: BWEE TR, BT
JRIRE 500 C, KA (CUR) 137.895 kPa (20 psi),
i % LR (IS) —4 500V, ZA6 < (GS1) 413.685 kPa
(60 psi), MIFAS (GS2) 413.685kPa (60 psi), 2=
RHE (DP) —100V, BT HRELEHERE (EP) -10
V, flf Y O R (CXP)Y—10 'V, S E] 0.315
s, M BT 2 RMEN (MRM). &&45%
TS 1 S B A B 3K R m/z 627.2—583.2, fil & g
22V FEMEZE m/z912.6—321.2, THEAE-49 V.
2.85 VRIBCH T BRI 30 pL I R4
fi, I 120 pL & FE AN A7 HEE 2 20 ng/mL
FINFRIET, JRHEIES], 13 000 r/min B0 15 min
(BN 8.6 cm), B RIERE AL /INE, R
R B S AT A A
2.8.6 ZijghtEgE R MRIE LRI R, iz
WREE-IF )2k WL 8, R A DAS 2.0 B xS i £
AT T, FHAHRA S SHNE 19, 5
TS AR L, GR@Lip 20 S B A A %
1) AUCo~, 73 5l 22 Ui 25 ok 2 R AN 25 B M 8 R 1Y
1.51 F1 1.29 £i%, AUCo-o073 7l 52 U7 125 1ok 55 B AN 29
RIAEE RN 1.64 F1 1.34 f%.

iR TR AN AR R IR IEIRE (Conax) 23501 HH
(27.29+4.61) pg/L F1 (148.19+5.07) pg/L &%
(36.43+1.53) pg/L F1 (179.69+25.78) pg/L. ¥ &
B, BRI R 6, 20 H 3.67
h A16.82 h ZEK % 8.48 h 1 8.12 h, H F¥yi gt
8] (MRTo-o) B HMAFTIEK . DL g RN
GR@Lip Bl &5 239 vl EAK P i B SE A ], oA
T AR 2
29 FREYSH

KRR ICG A 25 kAT R BRI i
A4 AT, Balb/e /N BRI HE & R SR 1,
AT E A K 4T1 4L 3X 105 4~/100 pL
FERh T /NS 2 FURER N, /N R FL I R AL
R AR AR KA 200 mme I, BEAL A 2 41,
Fk45F 1 pg/mL 1 ICG Lip 55 1ICG, 75T
1. 2. 4. 6. 8. 10, 24. 48 h B TIH ARG
RN RAR AR e s R G (KT 72h), FRX
it RE kS TR R E ) ICG@Lip 5 E ICG,
T 8h I ALBE/ANEL, A G B TR LB R
L, R 4% 2 RHEERE w, 3T EERRE,



FEH 202457 H55% B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9 * 2909 -

A B C
DAPI
.... .... .... o

% GA@Lip Rap@Lip GR@Li X GA@LI
p Rap@Lip p p

5 § Merge

Y GA@Lip Rap@Lip GR@Lip

7 GR@Lip ¥} Pan02 (A). Ul4 (B) X 4T1(C) 4B BREFHXEH LC3B 1 Beclinl FRiARIEN
Fig. 7 Effect of GR@Lip on expression of autophagy-related proteins LC3B and Beclinl in Pan02 (A), U14 (B) and 4T1 (C)

200 1 T 8 R SR IR
- i ENER
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T -¥ GR@Lip FHEMEZR
E
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%
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8 MZKE-RHEHLZ (X £s,n=3)

Fig. 8 Drug concentration-time curves (X £ S, n =3)

Mr& 1830 ICG IR sRE . 45 R I 9, FEER
(B RS, Ui 25 1CG 2H P g SR A7 1) ICG K5 E
BT B R Bl R, 24 h 6 LT 58 4
Ko 10 ICG@Lip ZHH ICG %650 T B 55 A0 Xf
2218, HA4hEBEESTHE ICGH, L2748
h B AT TH AR B 35840 5 e o

Cov JFES FBRL 5. BRI e 2E 2 ) 8 1 i &5
REIR, ICG@Lip 47 M HAL R 5 B 2 o T-JiE
B ICG H. FRERER, HlFE ICG Mt ICG@
Lip R SEA I 8] 5 42T IRg iAoz, 2RI o fk ] id i
e 0y 0L ] X 2GR AAR P () 0 AT 5 B i e R )

#=19 FEADFSHE (Xts,n=3)
Table 19 Main pharmacokinetic parameters (X £ s,n =3)

- . W2 GR@Lip

RS IR HRER TSR HIREER
AUCo- ugh-L! 91.23+4.01 1 440.36£88.05 138.166.94 1 860.58£107.89"
AUCo-o ugh-L! 93.44+6.29 1 579.01£90.04 152.78+10.07 2116.00+£96.41"*
MRT oo h 5.18+1.07 9.58+0.12 8.76+1.08 11.23+0.49
tinz h 3.67+1.84 6.82+0.15 8.48+1.59 8.124+0.85
CL, L-h kg 0.06+0.01 0.004£0.000 0.04£0.00 0.003£0.000
Cinax ngL! 27.29+4.61 148.1945.07 36.43+£1.53 179.69425.78

HiFEEmERLE: "P<0.05 TP<0.01 "P<0.001.
"P<0.05 P<0.01 "™P<0.001 vs free rapamycin.

FENE ARG, X AT REMH T AR R ) i s P A
B (enhanced permeability and retention effect, EPR)
RN o
3 itig

Jig A ] 455 VR AR NN TR

WIS ) 7 RS . AT FRE R HE S T 3 AN
4 75950 GR@Lip t3f 5 324 8 S RiAz (52
1 € W K A6VE Y GR@Lip MY A& T71%, IFit
— i B R SRR AN A B A Se HEAT IR, 15
BT RRATTLZ, ST 2 AEAE . A
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*P<<0.001)-

A-in vivo fluorescence images of tumor-bearing mice at different time points; B-fluorescence images of isolated organs and tumors 8 h later; C-tumor

site fluorescence intensity changes over time (X £ s, n =3, "P<0.05

P <0.001).

9 FREYSHE

Fig. 9 Biodistribution in vivo
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TR I B WA P R A AR R RE R R R 24
XU IR TT IR N R R A HEER, 5 MR 4
JfL G L UE B R A ) TS 0 T I R

P& B A EGE R, AT AR YE PIBK/AKY
mTOR @S, s AW ST HARERH, Bk
WL REASIE IS F R F R ) Beclinl . Atg 1 LC3
MRIE, ST HWRAMERTE RIS,

AL, KEIEHE X Akt/mTOR 15 538 1% (130
il AT ) e S B I 1T [Rl 7 Beclinl 1191, 3X 3R BH i 9%
2 7 B 3 Beclinl F1 LC3B Y IA W R &0 &
PN Akt/mTOR {5538 1, M T 284 56 Bk 8 200 A 5 s
AP 5 45 R A IF S R AT B A8 2K T P [ A1t
AN AR B R . AR FURGE, E IR R S S
JL = A P R TR0, O R A N, g
AR AE /D BRI T, BB N FH B O T2 R 2 3
X PRI HE IR I B TR A B3 2 0 IR A i s T/ E
Al Rg B Y 35 E WA S0, (E B 7 2
Ja SRS IR I — DAL .

gi b, AHIETOR AR KA £ R B R AN R
5 = I E FRAR GR@Lip, FEHEATAAMIURI 1
F~ N 25380 12 B e oy A i A . a5 AR
GR@Lip 7EFRARNE . 5 200 M SRR 40 AR Y | ]
I I 0 R 2 G A L i ST TR AR
28 DA K s E W5 2 Mg AR K AE D R AR A
5300 5 24 WA LU AE A P R i 8 6 T i R R K
6], SR~ TR T, AR SR N
PR LB e T A



FEH 202457 H55% B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

* 2911

RBAR TR FERARELEAZFR

SE 3

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

TRIRA, BRI, BRET, & hrugincs HA IR
BB HT 1] L2y, 2023, 54(2): 408-415.

Chen Z J, Hong G H, Liu Z Y, et al. Synergistic antitumor
efficacy of doxorubicin and gambogic acid-encapsulated
albumin  nanocomposites [J].  Colloids Surf B
Biointerfaces, 2020, 196: 111286.

Hatami E, Nagesh P K B, Jaggi M, et al. Gambogic acid
potentiates gemcitabine induced anticancer activity in non-
small cell lung cancer [J]. Eur J Pharmacol, 2020, 888:
173486.

LiuY L, Chen Y C, Lin L F, et al. Gambogic acid as a
candidate for cancer therapy: A review [J]. Int J Nanomed,
2020, 15: 10385-10399.

Chen X M, Chen D R, Liu H M, et al. Local delivery of
gambogic acid to improve anti-tumor immunity against
oral squamous cell carcinoma [J]. J Control Release, 2022,
351:381-393.

WSS, TR, W, 2. PUARIE SR BERR /SRS R I
FHEE ) AL ) 2% S R BRAR N 253822t 78 [0].
T2y, 2021, 52(3): 669-676.

Kiaie S H, Mojarad-Jabali S, Khaleseh F, ef al. Axial
pharmaceutical properties of liposome in cancer therapy:
Recent advances and perspectives [J]. Int J Pharm, 2020,
581: 119269.

WEIH, A, e, & LEOEEUN/UCNPs/ WA
T i 28 PUA R ) 26 S AR SNBSS (0],
7}, 2020, 51(16): 4151-4159.

FHSCUE, B TR, IDOT 1 7R & 5 S e fre o N fi
JoTJRE 4 B R B bR AR TR AT (0], 25 54 4k, 2022,
57(3): 707-715.

[10] x5k, 2 i A & A7 SR WA GRAR 2 IR it

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

R RAEM DRSS AR FT (1], ¥y, 2023,
54(24): 8018-8030.
TRARMG, YRR SR LI 2 TR A 1 o AT IR
PEMRII LR (1], ThE2Y, 2023, 54(17): 5568-5579.
Maja L, Zeljko K, Mateja P. Sustainable technologies for
liposome preparation [J]. J Supercrit Fluids, 2020, 165:
104984.
S, B, KERm, & IR E kR
KHIWFF [T]. J6is: 56184047, 2023, 43(S1): 287-
288.
FE, BHRF, W%, % HPLC EE S HE AR
SRR R RS R [J]. 2 DRI, 2020,
34(4): 24-27.
L0, SKAE, TH, 5. Dulie 2 255 2L g K3
ERFMWFERE [J]. 2555k, 2022, 57(1): 1-12.
YuD S, Wang Y Z, Chen J F, et al. Co-delivery of NIR-II
semiconducting polymer and pH-sensitive doxorubicin-
conjugated prodrug for photothermal/chemotherapy [J].
Acta Biomater, 2022, 137: 238-251.
Ichimiya T, Yamakawa T, Hirano T, et al. Autophagy and
autophagy-related diseases: A review [J]. Int J Mol Sci,
2020, 21(23): 8974.
Kashyap D, Mondal R, Tuli H S, ef al. Molecular targets
of gambogic acid in cancer: Recent trends and
advancements [J]. Tumour Biol, 2016, 37(10): 12915-
12925.
Wang H C, Zhao Z, Lei S Z, et al. Gambogic acid induces
autophagy and combines synergistically with chloroquine
to suppress pancreatic cancer by increasing the
accumulation of reactive oxygen species [J]. Cancer Cell
Int, 2019, 19: 7.
FWE, @helE, HR4. Nucleostemin N AEES T A
5 FOR HL-60 41T 5 W 5 1 152 R B it e (0], o
] S8 1 5 2 24 8, 2023, 31(6): 1629-1634.

[FrAEsmat  FRALRE]



