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Bk RAEME S HEES % CelV/Rgs-LPs FER AR R RHBLIEMA T, FRAALTT B Cel/Rgs-LPs #ATIEZS Kife. ¢ H
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Tl BB RSN R ER I, A5, FHokifefn PDI 40h (148.440.23) nm 1 0.1940.01, § HAN (-29.70+
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Abstract: Objective Based on the characteristics that triple negative breast cancer (TNBC) cells overexpress glucose transporter
type 1 (Glutl) and the glucose moiety of ginsenoside Rgs (Rgs) can be highly bound to Glutl substrate, liposomes (Cel/Rgs-LPs)
loading celastrol (Cel) for TNBC thrapy were prepared with Rgs as menbrane materials and their targeting behaviour and anti-TNBC
efficacy were investigated. Methods Cel/Rgs-LPs was prepared by thin-film dispersion method and the prescription was optimized
by single-factor experiment. The morphology, particle size, { potential, in vitro release and stability of the optimised Cel/Rg3-LPs were
investigated; The targeting property of Cel/Rgs-LPs was thoroughly assessed by conducting uptake experiments with mouse 4T1 cells
in vitro, as well as evaluating its therapeutic effect on BALB/c orthotopic 4T1 tumor-bearing mice. Results The optimized

formulation of Cel/Rgs-LPs comprised Cel 1.5 mg, ginsenoside Rgs 3.0 mg, and soybean lecithin 21.0 mg. The liposomes prepared at
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a hydration temperature of 50 ‘C and exhibited a spherical morphology and uniform dispersion. The mean particle size and
polydispersity index (PDI) were (148.4 + 0.23) nm and 0.19 + 0.01, respectively, while the { potential was (—=29.7 £ 0.34) mV. The
encapsulation efficiency of celastrol in liposomes was (96.69 + 0.03)%, and the drug loading capacity was (5.62 + 0.01)%. Cel/Rgs3-

LPs demonstrated significantly enhanced cellular uptake in 4T1 cells and significantly inhibited their proliferation. /n vivo experiments

using 4T1 orthotopic tumor-bearing mice indicated that Cel/Rg3-LPs could reduce tumor tissue lipids, significantly inhibit tumor

growth, exhibit good tumor targeting, and exhibit no apparent liver, kidney, or tissue toxicity. Conclusion Substituting Rg3 for

cholesterol as the liposomal membrane material improved the targeting efficacy of Cel to TNBC. The efficacy was significantly

enhanced compared to using cholesterol as the membrane material, indicating the potential of Rgs liposomes for further research.
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i 25 mg, BT 25 mL &HEH, A FEEHIEE
REZI L, 115 1.000 mg/mL ] Cel X I 5V -
2.2.2 AR A VB A5 R oA S R D .
FE#% 8 H 1 mL Cel/Rg;-LPs T &I+, MAEEH
B, PRGImNEE AR ES, f5), RIS a
o [FNERCHZS H Ras-LPs X A -
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Fig. 1 Absorption curves for Cel (A) and blank Rgs-LPs (B)
224 ZPEXRRFEHE  FEEHL Cel X HE FIETR 30,
60~ 90, 120, 150 pL, %% FH FEERCHI AR 3 mL ¥
W, PR, WA EWREE S A 100 204 30, 40,
50 pg/mL [ Cel X HE VAR, 7E 425 nm &b, W&
HBOLRE (4, AT EIKRFETINE 3 K, LUK
BIREEONRBALER (XD, A EABER (V), BT
PEENE T, FEEFEN Y=0.0258 X—0.044 7,
r=0.999 5, Z5RFEM Cel 7£ 10~50 pg/mL L5
AR

225 FEEEHELE KEEWEL Cel XM A IS
&, FEM 20, 30, 40 pg/mL KIS R, EE
SEEG 3R, CPATINGE 34, WE L A fE AN RN
i RV RAR LRV IR . FTlAS5  EIR
(1) RSD ¥M&T 2%, i BB AE 2 LT o
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226 FEMEEE  FEEWIL Cel/Rgs-LPs HEif L
WOE R, BOHIK 204 304 40 pg/mL MIVEW, TAT
Mg 34, 25 F 0. 2. 4. 6. 8. 10, 12, 24, 48
h IFIGE VAW A 1. ARAEARE M 26T 5545 S PRy il
JREWRSE . i3 &Nl EWRE RSD ¥/hT 3%, 45
R MRS A AT 48 h W e R AT
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SPATINE 3 4H, AR AR vt 2R T H S A S bR VT =
W FTlE & A B IR EE RSD $5/hF 1%, Ui
KA EEMRT.
228 T HEWEFESE FEERI 1 mL Cel XI5
W, A a7 B IR PRV, B ploT B R
JE 50574 204 30+ 40 pg/mL 1) Cel ¥, P47 5E
3, W& A EHEAYRERE, HE= AR
R AR FEIRE 82 A BECE S 50N
100.51%- 99.86%-. 98.49%, RSD 4514 1.51%-
1.31%- 1.70%, FRIH1ZJ77% Cel (25 A IR RAF
2.3 Cel/Rg:-LPs SRR FAEHNE
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1 h, [EH K - K% R Cel/Rgs-LPs
TREM 0.4 mL T RAEERAE, =T 3 000
t/min B5.0 3 min (04K 8.5 em), FIIA 0.6
mL Zi4k7K, =R 3000 r/min 2.0 3 min (E5034%
N 8.5em), FREE MR TAARIEIL, BUEEARFR A AT AN
FEJE IR BUAE R, N EE, A Smin, L, 19
PR IR | AR VAR 20 TE 425 nm A AR5
I B AR T R AR VAR 2 1 A 1B KT
WA A N BT FE, vHE A5 Ed TG F i Cel
(258, MR R B BN IR & 5 R T
NS REZTL /BRIl S Y TG 2 SN I 25 - /Ay

fEF=41/4

WAE=Wea/ W
A1 FERRE G IR A, A FORFERTIEW 4 16, Wea Fmf
TR Cel 255, W o o3 25 I8 T A 1 R
2.4 Cel/Rgs-LPs b HI B RE

PLTHRLAR L R 43 A (PDD ¢ HUAL AR
KRR KA . 2RI, FRRLE 3 A4
DRI 2R AT %2
241 KAGIRFEEMFESE 42921700 F SR,
i 5E Cel A 1.5mg. Rgz 4 3.0mg. KE#EH 21.0
mg, 73 HIFE 45.50.55 CAKIFZAF T, #il & Cel/Rgs-

LPs. HI3E 1 AT, fEAFEZKAGIRE T4 Cel/Rgs-
LPs a3, 5 E . Kife K ¢ AFRH B3
Z 5t AHIKAGIREE )y 50 “CIf il 4 B i 544 PDI 42
N, BB AERK, Bk 50 CHENK
P

£1 TEKLEETHIE Cel/Rgs-LPs F5F-E8H (X s,

n=3)
Table 1 Index parameters of Cel/Rgs-LPs preparation at

different hydration temperatures (X £ s, n =3)

kAL

O EERY BERY%

I
45 92.5640.16 5.69+0.01 153.80+0.34 -30.900.54 0.2240.02
50 97.4740.04 5.8740.01 156.90£0.77 ~34.2040.89 0.1940.01

55 94.4610.09 5.4610.01 150.20£0.28 -30.60£1.56 0.2210.01

Fift/mm  (#A/mV  PDI

242 ZflRLLMFELS & “2.17 DN TE,
I 52 S SR (50 °CH, ERZ IR E Lo 1 e
42,1144 117 (1) Cel MIKE AR, 4% Cel/Rgs-
LPs. 3 2 W%, ZGARELN 10 42 i BEARAR i A
PURLAREL 12 144 10 7 B B A (roRLAR /)N,
AHAE R SHAERC: RN 114, 127
1) 2% (1) i o AR AR AR, B A AL RN
B, ZGREEN 1 14 AR S, 1L 98.82%, H
BWAEIL 6.86%. WG L& P RHESEE 1 ¢ 14,
243 FRLLMFES % “2.17 DN T E,
] SR BERE (50 COH, ZifiREkN 1014,
BREMIN 140 107, 20 7T Rg ATKE
Wi, #4 Cel/Rgs-LPs. H13 3 a4, FHREL N 1 ¢
%2 T EZHASEE THE Cel/Rgs-LPs 1E1FEH (X s,
n=3)
Table 2 Index parameters of Cel/Rgs-LPs preparation
under different drug-lipid ratios (X £ s, n =3)

R BEEY%  RAE% (HAI/mV  PDI
1042 89.95%0.18 5.47+0.01 146.500.17 —35.80£0.19 0.2540.01
1114 98.8240.05 5.78+0.01 174.70+0.34 —34.90£2.01 0.2410.01
107 96.48%0.04 5.26+0.01 170.60+0.65 —36.60£1.77 0.2610.01

Fi 1% /nm

%3 REEAEH THIE Cel/Rgs-LPs ATSH (X+5,
n=3)
Table 3 Index parameters of Cel/Rgs-LPs preparation
under different glucoside-lipid ratios (X £ s,n=3)

#EL AHX% BAE% WfFam  (HRM/mY  PDI
1014 94.54£0.06 5.1910.01 160.10£0.26 —30.10+1.06 0.21£0.01
107 96.69%0.03 5.621+0.01 148.40+0.23 —29.70+0.34 0.19£0.01
2.7 9544%0.12 5.41£0.01 159.50£0.63 -36.90+0.51 0.22+0.01
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7 I R A RAR B AR L 10 144 207 B
I B RAR /N, B EE, 1K 96.69%, HEZiE
15 5.62%. HMUER TR E A 117 1 Rgs KT
T A o

2.5 Cel/Rgs-LPs BIFRAE

251 TEAFME WL Cel/Rgs-LPs FEAHK 10 pL,
T TEAR P AT R — /N, FH IR AR 37 2 AR,
SR SRRV R e t, H#E 1 min, BTJS7E
TEM R M E2 R AAR K FEZS . TEM AT LLE H Cel/Rg;s-
LPs [MIRERERA R AR, S 2L ERTE /N8,
NE A RRARY) —. e RAE, Wil 2 Fios.

252 Kife5 CHALME DL “2.17 TR 5 ]
7% Cel/Rgs-LPs, HUESCIdA:fE s, Wikt B
IR SCRE FEASGIN 78 HRiAT e € LA, B R - FAT DU
JE 3 UK, WA 3 Fios. M43 Cel/Rgs-LPs H-F-¥Kids
A (148.40£0.23) nm, PDI A 0.19+0.01, ¢ Hf7
N (=29.70+£0.34) mV.

B2 BER{AHEY TEM [
Fig.2 TEM of liposomes

1 10 100 1 000 10 000
RifE/nm
I T T 1
-200 -100 0 100
¢ HA/mMV

3 Cel/Rgs-LPs FIRITE R ¢ FAL
Fig. 3 Particle size distribution and ¢ potential of Cel/Rg3-
LPs

26 TREMER

26.1 fEfetectE WEAELTTHIE S Cel/Rgs-
LPs W T =0 Figf7E, WA L, TRk
ERPETEIEY, Tl s, 30T 5 1. 24 34 4.
5. 6+ 7 R S/RICRLEESCINE KL42 1 PDI, %%
Cel/Rgs-LPs [1f# 17 Fe i 1% M3 Cel/Rgs-LPs [ 7d
WIS E RN 4 Fos. fffE 1 JJJE, AR
NE AR I AR, BIEUTE AR . HER
4T R, 5% 1 KM, Cel/Rgs-LPs TEiR&M4TF
TRA7, 1EIE 7 d WHTRIAR SORAR 53 A Fa 2038 o B
B, RUIASZLG R AL TT 5 T2 5 aefli )
FRFF R AT RS E 1

4 Cel/Rg:-LPs MEFREMHRWNLER (X+s,n=3)
Table 4 Storage stability test results of Cel/Rg3-LPs
(Xts,n=3)

#d  FifZ/am PDI |#d Hiff/nm PDI

1 145.67£1.14 0.24+0.01| 5 145.00£1.28 0.2410.01
2 146.30£1.22 0.241+0.01| 6 146.83£0.59 0.2310.01
3 145.77£1.18 0.224+0.01| 7 145.57£1.00 0.23%0.01
4 145.73£0.31 0.23£0.01

2.6.2 IMiERGENE HHIEHER Cel/Rgs-LPs 5
ST A 10% FBS ) DMEM [#) I i UR &
+37 °C, 100 r/min ¥ HF, ke 50 %, 7077 0.
1. 2. 4. 6. 8. 10, 12, 24. 48 h HUFf, J5E Cel/Rgs-
LPs ffift & PDI, #&H MiGREME. WG
Cel/Rgs-LPs [ 48 h NG E M WER 5 Fios,
¥4 Cel/Rgs-LPs i 5 55K 10%1¥) DMEM iR
G5, fE48h N, JRFARLAE K PDI AL,
AR SIS B R Ak J7 5 T 202 A ) 25 B A5 1 ot
PRTE I3 H RE AR B AETE
2.7 {KRINERL
B3 AN 50mL B0, 40 A 30 mL 7 0.2%

K ILAUHEE-80 1¥] PBS AE AR5, #4059 Cel. Cel/
Rgs-LPs T EIREES—4 0.2 mg/mL, #%H 1 mL

#* 5 Cel/Rg-LPs FIEFREMIRNIEER (X+s,n=3)
Table 5 Serum stability test results of Cel/Rgs-LPs (Xt s,

n=3)

th  Fiff/nm PDI  |th  Hif&/nm PDI

0 14434+029 0.26+0.01| 8 143.43+£1.96 0.26+0.01
1 145.17£0.39 0.27+0.01|10 144.49+3.52 0.25+0.01
144.98+0.51 0.2620.01 12 146.96+0.45 0.26%0.01
145.80+0.27 0.2620.01 24 149.12+1.82 0.26%0.01
146.16£1.00 0.2540.01 |48 150.28420.29 0.26%0.01

[N SN S ]
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Ti#ENRE, BT 37 CHRREIRE, #£0. 1. 2. 4,
6+ 8. 12, 24 h BTEL 2 mL MIEWR, AR ESR
IR L, {E 425 nm RIE 4 {8, MR
4 ffi~. HE 4 WA, R Cel 78 3 h WEBUE
JERR, 6h JRAWIREGES:, 1M Cel/Rgs-LPs 2%
BRI, 78 12h B, RIS 50%, KZNE
i B A R

120

80

40

BRI Y%

- i Cel

—&— Cel/Rgs-LPs

0 =—r—r—T7rT"rrT71T"T1TTTT7T

0 6 12 18 24
t/h

4 Cel/Rg:-LPs FOTERMIEhZ (X+s,n=3)

Fig. 4 Release curve of Cel/Rgs-LPs (X £S,n=3)
2.8 MTT £ Cel/Rgs-LPs Xt 4T1 4paigE %
ppA

PR T B KR 4T 2000, BRRENAL, 16
HE AR, AT 96 FLE (100 pL/fL), 4 4
LN 14, 7E37 C. 5%CO, FIfERE FR A h R 97
R PG RE 5, XTHRZEAN 100 uL BT ST
TR, LRI 100 pL B ARELLRIEFE (Cel/
Cho-LPs) ¥ 5k 100 uL Cel/Rgs-LPs W, #24i Cel
VR S B 49 51 0054 0.104 0.50- 0.75+ 1.00-
2.00 umol/L, W¥H 48h. FFFEIAREIFM, I PBS %
WEYE 1, ARG 100 pL MTT ¥ (0.5
mg/mL), LM E 4 h 57 BIEW, &SI 150
pL DMSO b, “PARPEIRED 10 min, {7k
e AR, FEEFRATE 490 nm A AL E %
fL A, HHEAMAAES, JHdid Graphpad At
(Version 8.0.2), THHE AR EHENHIAEE (ICs0) -
& 5 ik, BE% Cel/Cho-LPs. Cel/Rgs-LPs ¥
IR, HMA7IE 23 2L T BFE%, Cel/Cho-LPs
A1 Cel/Rgs-LPs [ ICso {43 24 0.89 0.66 pmol/L.
5 Cel/Cho-LPs #tt, Cel/Rgs-LPs [ ICso fH H 1K,
FH Cel/Rgs-LPs X 4T1 21 ffa EL A7 B8 5 frty 38 B 4101 1
YEH .

AIIAEIE R = (A 20— A 20)/(A 3w —A =11)
2.9 ZHAEIREN

Pl “2.17 W%, & 8 E -6 1
HE AR . BUAL 5 A KB I 4T 400, 4R

120 -
== Cel/Cho-LPs
§ e -= Cel/Rgz-LPs
3
o
5
= 40 1
0 T T T 1
0 0.5 1.0 1.5 2.0

R/ (mol- L)
5 MARTEEREZ (XEs,n=3)
Fig.5 Cell survival curve (X £S,n=3)

L IX 109 AR T 6 FLAR, WE 2 41, F4F
ITWE 3L, TIEIRREFM TR 24 he 1 HigAL
TINFE 26 IR (C6/Cho-LPs), 7 1 AL
N T FR-6 1) Rgs lE iR (C6/Rgs-LPs), 54
Mo E 1 he FFLEEFREE, H PBS E¥E 3 Ik LBk
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Fig. 6 Uptake and fluorescence intensity of C6 liposomes
prepared by different membrane materials observed by

confocal laser microscopy (X £ S, n=3)
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A-auto-fluorescence and in vivo fluorescence distribution imaging of BALB/c mice bearing 4T1% tumor strain at different time points (yellow circles

indicate in situ tumor, n = 3); B-fluorescence imaging (a) and semi-quantification of fluorescence intensity in isolated organs (b, X +s,7n=3); "P<0.05

vs DiD/Cho-LPs.
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Fig. 7 In vivo distribution and in situ tumor targeting evaluation
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Fig. 8 H&E staining of tumor tissues of BALB/c mice bearing 4T17" tumor strain (A) and its quantitative analysis (B,

X+ts,n=23)
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A-administration plan of BALB/c mice bearing 4T 1 tumor strain during in sifu model; B-weight change curve of BALB/c mice bearing 4T1* tumor
strain (# = 5); C-tumor morphology of BALB/c mice bearing 4T1"* tumor strain (# = 5); D-relative tumor volume change curve of BALB/c mice bearing

4T15 tumor strain (7 = 5); E-H&E staining of tumor tissues of BALB/c mice bearing 4T1F" tumor strain (n = 3); P < 0.05

*P<0.01 vs PBS group.
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Fig. 9 In vivo anti-tumor efficacy
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*6 MREMIERR (X+s,n=3)

Table 6 Blood biochemical indexes (Xt s,n=3)

5 AST/ ALT/ BUN/ CREA/
(UL (UL (mmolL™") (umol-L™")
PBS 170.934+25.98 27.60+2.82 5.87+0.51 35.43+4.54
Rg3-LPs 165.931+6.85 28.73+1.40 6.33+0.15 34.43+3.06

Cel/Cho-LPs 165.37+7.78 27.53£2.06 6.03£0.35 35.60£0.79
Cel/Rgs-LPs 159.971+27.87 29.30£2.35 6.2410.42 34.0311.68
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G FEARE GO B . . B IS
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3 g
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Fig. 10 H&E staining of main organs of BALB/c mice bearing 4T1" tumor strain mice
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Cel HA W3 BPusiEte, Homd s
FEJVLEE 3 3 (phosphoinositide 3-kinase, PI3K) /
HAWEE B (protein kinase B, Akt). %K -T-«xB
(nuclear factor-«B, NF-«B). 2% R iEAVEE A R
(mitogen-activated protein kinases, MAPK) {55
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