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Abstract: Drug combination can effectively enhance the anti-tumor effect, reduce the drug dose, and improve
medication safety. The use of nano-carrier for drug co-delivery can effectively avoid the differences in drug delivery
behavior in vivo. Triptolide and celastrol are the main anti-tumor active components of Tripterygium wilfordii Hook
f. Modern studies have shown that the combination of triptolide and celastrol can significantly enhance the antitumor
effect, but they are limited by poor water solubility and low tumor tissue delivery rate. In this study, a biomimetic
erythrocyte membrane liposome co-loaded with triptolide and celastrol was prepared to characterize the morphology,
particle size, potential, drug release, serum stability, and other properties. The immunogenicity, uptake behavior,
and anti-cell proliferation ability of the biomimetic liposome was compared. All the animal experiments were
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carried out in accordance with protocol evaluated and approved by the Ethics Committee of Chengdu University of
Traditional Chinese Medicine (Chengdu, China). The results showed that the biomimetic erythrocyte membrane
liposome co-loaded with triptolide and celastrol (C+T/RBCm@Lip) in this study had an average particle size of
119.12 + 2.78 nm and a spherical "core-shell" structure. The zeta potential value was —16.9 = 1.2 mV, and the drug
release behavior in vitro was slow. In addition, the process of coating the cell membrane maintained the characteristics
of erythrocyte membrane protein, had good stability in serum, and could effectively avoid the recognition and
clearance of macrophages, without causing immunogenicity in vivo. The uptake effect of co-loaded biomimetic
liposomes on HepG2 hepatocellular carcinoma cells was enhanced compared with that of uncoated cell membrane
liposomes, and the inhibitory effect on proliferation of HepG2 cells was enhanced. In conclusion, the biomimetic
liposomes coated with erythrocyte membrane prepared in this study is beneficial to the anti-tumor delivery of

triptolide and celastrol, and could enhance the inhibitory effect on the growth of HepG2 liver cancer cells, providing

a new idea for the anti-tumor application of Tripterygium wilfordii Hook f.
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Al {E S SCXK (JI) 2015-124. #E % ICR (institute of
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40%~50%. SIS B Bk oK, B R
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x4t (kS 2019BL-026.2019DL-131).
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TABARNEFKM A4 Diamonsil TM C18
(250 mm x 4.6 mm, 5 um); FBNFH: ZHE-0.1% BEER K
(80:20); #ti#: 1 mL-min™; FEi: 25 °C; #EAEE: 10 pL;

=
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K K- 425 nmB%,

HABEHZME LM i Welch Ultimate XB-
C18 (250 mm x 4.6 mm, 5 pum); i A : FEE-/K (46:
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T K 220 nmP'Y,
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RE BRI T4 AT I TR A R AE A
i F 2R IR AN (R IB P L 481 6o e 40 B8 Hep G2 41 it 384 4
AN AT X LT o, RIVEE AR R 5 R EEK
EE (C:T) 29 100 1 B, 0 [R]470 20 B 3 5 AR FH 5 o8
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ToK G, B AR S S ENA TR A 5 & 12
9 mL 2li/KHh, TERE 4R 137 cCHa iR Fii £ 1 h, BE 5
FH R 7 I 41 A R PR SRR 75 6 min, A I 98 JE 25
5 min [AC 5L B ZBEVE TR, 0.45 pm LI E R, B 75
RS A FLIEM C+T/Lip R -

LY FR I R RIS v ) 6 41 41 i >,
M SD K B8, 8 3 3h Bk B 4= 1, 3 000 r-min 20> 5 min,
Frpd )2 I3 L 20 R IR, K A ) 4T 4
F 1B R 5 22 P (phosphate buffered saline, PBS) i
VE3 WK, HAE R . FMRIB I 0.25%xPBS A&
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H S min F AR MaEA. HES M IxPBS
WG vE R LIS WG B, 13 B3R B 6 240 41 i A [ B
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#%H.
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C+T/Lip 5 4L A0 M FE 4 K IR & 39 5, IRk &b
21 3 min, i 0.45 pm FlFL 38 AT BRLAE 38 — (1 JIg T 4k,
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MWHRZ5 ) & & .
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G R A KT SR BCARF &M E RBCm.
C+T/Lip~ C+T/RBCm@Lip F & 1 85 UK B, FF6 B
A FE W (RBCm . C+T/Lip. C+T/RBCm@Lip )i & i
TR FE Y AR AR R BE, 43 9 W B 40 wL #5010 pl |
FEGE TR A, FETE 95 °CHl K I #A S min 8185 (i 78 47
k. WE RN 80V, B [A]£) 9 15~20 min, S5 i
HEN B I, B9 H R 120V, B[] #2490 min.
0 B RIMAN S B, B YL .30 min J5, 372 G B,
TN &8 TOKBL G, ERR AR R 40T 3%

AN GIRET R FHIE T SV 259 1) Ak AR Tl
BRATHE . LL0.05% iR 80-PBS 1 A A i 2 1T 14
HNBE T 25 8%, 43 L 2 mL Free C+T.C+T/Lip. C+T/
RBCm@Lip 22 NEHTEE, BT 30 mL A i, 100 rmin’
PRHREI (37 °C), 0 M AE 0.5.1.2.4.6.8.10.12.24,
36,48 h B 1 mL /v i, BB b 76 1 mL 8 & A i,
HPLC %4y 5100 58 AN B (8] 2 B A R R A R IR
JCEE, FE AT A I R S AN 2 ) R

& RN

Mid et 2% B2 3 NPs. RBCm@Lip 5
FBS i EL il 11 1R &, IR &5 A B T HE K
37 °CHr 82 E %, LLFBSE B X R, F4H 1 B 34
FAl. 20T 0.5.1.1.5.2.2.5.3.3.5.4 h BUFE, B4R 5
TnT 96 FLAR A, I FRACAE 560 nm % K A 52 W 75
AfH.

EUME A B A O B4R K B 1 RAW264.7 41 g
FEM T RO BRI, B ALEM L) 1x10° N4, B4
AT 3 4L, TIE IR B IR A B 9% 12 h, 5 40 o G BE S
FrRRE R, LLAF 5 K 6 (coumarin 6, C,) NRER, 437
TN £ (1% C/Lip. C/RBCm@Lip (155 9% % (VL C,
i, W N 100 ngmL"), FlHERFA PR 4G,
FABFRE, W PBS TE 3 IR, TN 10% £ 5 H i [#]
JE 15 min J&, H ¥ PBSIE¥E, I 10 pg'mL" Hoechst
33342, H¥ PBSIEBE G, MBI 96 K5 . KA
N T £ I R B O % 5 A 0 AT I 4 R T B R A 1
UG K RAW264.7 B REAH AR E: T 6 FLIR, B3 5L
e Rp 29 3.5%10° /N 40 . ok 7 A 40 M G B AR K, FE R
B Rk, ol C ik % 259 100 ng-mL™ ) 7 C/Lip-
C/RBCm@Lip 55955, [HE B MW E 4 ho FFHEF
FRHE, PBS ¥t 3 UK, BN 800 pL % 77 3, F 40 i 1) 7] 4%
5N AT ), B0 (2 000 r-min”, 4 min), i PBS &
A 4HHE, 30 min P QA M OCEAT RS, 58 BT B
Wk &4 % i I 7 D R LIS .

TNF-a.IL-6 IFN-y L R K 75 &WE  #H 12 R
HEME ICR/NRBENL Y N34, 4 R, fEAH4RTZES
12 h, o] B HARAK . 438 i B & ki 5 0.2 mL A= 2
#h 7K % [ Lip f1 RBCm@Lip (40 mg-kg"), FESf 2 h
Jii o 4 HR BRI, > 1M 7§ & 30 min 5, 1 000 r'min’.
4 °C B0 5 min, /N O IR 1 2 8 85 € L, FF S
UF J& , # B ELISA 57 0 1t W3 5 5 il il 5 4 4 1l 3
BRHATEE.

Y SSMUE SN

HepG2 40 B AL HO6S %548 K B 1 HepG2 41 A
RO R AR I, R ALEEFP 2 1x10° /N4 A, B4
AT 3 LT IE IR G R A TP B 5% 12 he A5 40 0 UG BE )
43 5 I N 3t 8 () & Free C,~ C,/Lip~ C/RBCm@Lip 15
FEHE (LLCit, #E N 100 ng-mL"). THIR B 246
Rigtah)g, 77 L5595, B PBS PR3 IR, NN 10% £ 3R
FB&[E 5 15 min J5, ¥ PBS &%, I 10 pg-mL™" 1]
Hoechst 33342, 14 PBS i& ¥t J5, I B ¢ Y6 18 K
K O S 5 £ 0 e 5258 14 43 A HepG2 4 i )
N B A (AR B I . ¥ HepG2 4 o3 7 T~ 6 LR, 4590
FEFRZ) 2.5}10° AR A o 3o 780 A 200 o U B 2R K, 5 25 1
BRIk, 7 ml NN C ik B 9 100 ng-mL™" B £ Free Cqs
Cy/Lip-C/RBCm@Lip £ 77 &, fH I =4 7 & 4 h.
Fr 2 REFRIE, PBS VL 3 K, M1 400 L JEERS I 44 3 min,
TR\ 400 pL 55 77 2 195 46, B0 (2 000 r-min’,
4 min), 28 5 H PBS = B 41 g, 30 min P4 i 24T B AX
HEATRG I, 5 B2 M Hep G2 4H i X fIg 52 4 () $5 B 175 0.

I EEESCE: SR CCKSVER A g iR % HepG2
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2 PR 1 B P, O 2R KA 1) HepG2 48 i, #2801
96 FLHR, B FLEEFNZ) 13 10° 40 e, 77 8 15 5% 77 46 h 8%
F5 12 h, FEE0 G RE 5, 6 BB 4H 00 N\ i 5 7R 2 S8
HIMNR S 2 E AR M R, Kb E
N TR FE M 2 00041 5004 1 000+ 750+ 500+
250 nmol-L", 7 24 ik A Z Ik £ #0520, 15.10.7.5
5.2.5nmol-L", /MR ERE4NF AL, HFIKE THEE
B Rs 9% . Z4W1EF 48 hg, SR A CCK8 R A
I, I FHBEFRAXAE 450 nm KA E A . 540
HAFIE 2

FArFESM B CLFME £ AR #ER [mean +
standard error of the mean (SEM)] 7, BT sL6 45 3
TEAH A 26 PF R AE 2D 3AN ST SR B AR BIHIE S . Geit
SR K06, P < 0.05 RonZERA G55 L.

FER518
1 APRERESE R SEE RIS RIE Rt &R

53 R FH UK I TR R V2 1) 2% 79 30 4 S AN [ L A9 ) 401
24 it 85 1 5 A, PR FEE AN S A 1) 7R AR 23 A AR 1O
(B 1), e AT I, 4 8 oA v -5 40 4 i 3 i A AR
FEoN 1:0.5 102 124 1, RiAR 5 A BIAEAE /N, AAE SR
IR ARV W 5 T 40 RS B YA AR LG Dy 10 1 B RLAR 4 AT
HG /NI B . HORIARTE 110 nm A2 A7, %0045 30 Bl Ak
8715 o A d I EPR 2805 8 AR A i e SR, 1k ) Ji5 2 5k
TR,
2 LIYMPRAE B EAE RIARIERFRAE
21 M. NE.PDLEMN . BHERYFHE C+T/
Lip fl C+T/RBCm@Lip I K745 53 4 [ PD1 41 ¥ 2A B

Z=Average (d.nm) : 119.12 £2.78
PDI : 0.1918 £ 0.035

L

FizR, PDIS/NF- 0.3, R B 261 R A7, oA —. J@id
375 B R T 00, 2 2T A0 RIS T S 1 R SRR A T HA R B,
g5 R E 2C.D HFTR, C+T/Lip JE A HUEE, 4 #3415
TE VK PR 0 22 20 40 B i 5, WL %2 31 C+T/RBCm@Lip
FAAE K70 45K, 2L 20 M IS 78 T MR ik R i . SR H
WL 5 zeta FLAE 23 AT 43K B3 4 1 751 21 448 P47 A= i i
& C+T/RBCm@Lip #f 47 KL 12 DL K zeta H3 A7 (1) 9 52,
C+T/RBCm@Lip (1°F-7K 5 JJ E A% 119.12 +£2.78 nm
JE A, zeta BUALAE J9-16.9 + 1.2 mV, SCHRFR I 21 40 ffa i
(Y L Z9-15 mV e A, 0,25 20 4 P f I R A b A
B8 K215 nm, HL A AR 58 4200 20 40 i 2 PR A 48 (81 2E),
WIGAE T LA s ioh o . AR Rk
I3 AN 87.4% + 2.7% F1 88.1% + 1.8%, 245 & 2 5l N
11.12% + 1.9% F10.06% £ 0.002%.
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Figure 1 Particle size distribution of the biomimetic erythrocyte
membrane liposome co-loaded with triptolide and celastrol (C+T/
RBCm@Lip) with different Lip/RBCm ratios. Lip: Liposome;
RBCm: Red blood cell membrane
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Figure 2 Characterization of C+T/Lip and C+T/RBCm@Lip. A, B: Particle size and polydispersity index (PDI) images of C+T/Lip (A)
and C+T/RBCm@Lip (B); C, D: Transmission electron microscope (TEM) images of C+T/Lip (C) and C+T/RBCm@Lip (D). Scale bar:
50 nm; E: Particle size, zeta potential changes after coated RBC membrane; F: Particle size, PDI changes of C+T/RBCm@Lip in a week.

n =3, mean + standard error of the mean (SEM)
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22 fEEREM K C+T/RBCm@Lip £ 4 °CHEfE—
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Figure 3 Characterization of C+T/Lip and C+T/RBCm@Lip. A: RBCm proteins verification in the RBCm, C+T/Lip and C+T/RBCm@Lip
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE); B, C: Release curve of celastrol (B) and triptolide (C) in vitro;
D: Stability of C+T/Lip, C+T/RBCm@Lip in fetal bovine serum (FBS). n =3, mean + SEM. "P < 0.05
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Figure 4 Cellular uptake qualitative and quantitative evaluation
of different coumarin 6 (C,) formulations using RAW264.7 cells. A:
Confocal image of cellular uptake of the C /Lip and C/RBCm@Lip
on RAW264.7 cells. Scale bar: 25 pum; B: Intracellular fluores-
cence of RAW264.7 cells determined by flow cytometry (FCM)
following treatment with C/Lip and C/RBCm@Lip respectively
for 4 h. n =3, mean =+ SEM
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Figure 5 Tumor necrosis factor-a (TNF-g, A), interleukin-6 (IL-6,
B), and y-interferon (IFN-y, C) expression levels in serum of the
animals after injection of saline, Lip, and RBCm@Lip were
measured using enzyme-linked immunosorbent assay (ELISA) kits.
n =3, mean + SEM. "P<0.05
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Figure 6 Cellular uptake qualitative and quantitative evaluation
of different C, formulations using HepG2 cells. A: Confocal image
of cellular uptake of free C,, C/Lip, and C/RBCm@Lip with
HepG2 cells. Scale bar: 25 pum; B: Intracellular fluorescence of
HepG2 cells determined by FCM following treatment with free C,,
C/Lip, and C/RBCm@Lip respectively for 4 h. n = 3, mean +
SEM
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Figure 7 Various formulations inhibit the growth of HepG2 cells in vitro. A, B: Cell survival of HepG2 cells after treatment with various

formulations at different concentrations for 48 h; C: The half maximal inhibitory concentration (IC,;) values of various formulations in

HepG2 cells after 48 h treatment. n = 3, mean = SEM. "P < 0.05
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