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Transferrin-functionalized co-delivery microemulsion of g-elemene and celastrol
for synergistic anti-colorectal cancer treatment

SHEN Zhan, CHEN Wen-bin
The First Affiliated Hospital of Zhejiang University Medical College, Hangzhou 310011, China

Abstract: Objective To verify the synergistic effect of transferrin modified p-elemene and celastrol co-loaded microemulsion
(Tf-EC-MEsS) on anti-colorectal cancer treatment. Methods The optimal mass ratio of B-elemene and celastrol to growth inhibition
of Lovo and HT-29 colorectal cancer cells was optimized by MTT staining method in vitro. Tf-EC-MEs was prepared by
“mixing-dripping” method, and the preparation and physicochemical properties of the particles were characterized by high
performance liquid chromatography (HPLC), laser particle analyzer, and transmission electron microscope. The MTT staining,
HPLC-BCA combined method, and Annexin V-PE/7-Aminoactinomycin D (Annexin V-PE/7-AAD) kit were used to investigate the
antitumor activity of Tf-EC-MEs in vitro, and its effect on cell uptake, and apoptosis of tumor cells. The tumor-bearing nude mice
model was established by subcutaneous injection of Lovo cells, and the tumor growth, weight, and survival time were observed after
intravenous injection of B-elemene + celastrol, B-elemene-celastrol co-loaded microemulsion (EC-MEs), and Tf-EC-MEs. Results
The combined administration of B-elemene and celastrol (40 : 1) had significant synergistic effect on the anti-colorectal cancer of
Lovo and HT-29 cells. ICso of B-elemene + celastrol in Lovo and HT-29 cells were (17.5 + 2.9) and (36.4 + 3.6) ug/mL, with the CI
as 0.89 and 0.96, respectively. ICso of Tf-EC-MEs in Lovo and HT-29 cells were (11.7 +0.6) and (27.4 + 1.2) ug/mL, with the CI as
0.61 and 0.72 respectively. The 4 h of Lovo uptake of Tf-EC-MEs was 7.2 pug/mg, which was 3.3 times higher than that of B-elemene +
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celastrol. Tf-EC-MEs induced apoptosis in 59.2% of Lovo cells, which was significantly higher than that in beta-elemene + celastrol
and EC-MEs groups. Tf-EC-MEs showed the overwhelming inhibition of growth of Lovo tumor-bearing tumors. The survival rate of
Tf-EC-MEs-treated mice was 37.5% at day 60. In Tf-EC-MEs treated group, HE staining sections of tumor tissues showed substantial

cell necrosis and the Ki-67 immunohistochemical sections displayed the significant inhibition of proliferation of tumor cells.

Conclusion Compared with the combination group (beta-elemene and celastrol) and EC-MEs groups, Tf-EC-MEs has a promising

potential in the synergistic anti-colorectal cancer treatment.

Key words: B-elemene; celastrol; microemulsion; synergistic targeted treatment; colorectal cancer
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Fig. 1 Combinational anti-colorectal treatment of B-elemene and celastrol against two types of colorectal cancer cells (X £s, n = 6)
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Table 1 1Csp and ClI of various formulations against two types of colorectal cancer cells ( X £s, n = 6)

g ICso/(ug-mL 1) Cl
Lovo i HT-29 41 Lovo 41 HT-29 4H it
B-MiE I 432+3.6 742444 — —
HARRAE 0.9+0.1 1.9+0.1 — —
B-MiFIm-TE AL E 2011 20.2+2.1" 40.3+2.9" 1.02 1.06
B-MiFm-TEAREAE 401 17.5+2.9™ 36.4+3.6™ 0.89 0.96
B-Mid)hi-TR AR E 801 32.1+1.8" 37.44+23" 1.63 0.97
5 B-MIEMALLLE: “P<0.01; BREE A ZMIN, T 1Cso #PLL B-HI T4 I Bk 145
"P < 0.01 vs B-elemene group; 1Csq of various formulations expect celastrol were calculated by concentration of B-elemene
%2 EC-MEs #1 Tf-EC-MEs BU#IFIZ M (X s, n=23)
Table 2 Pharmaceutical evaluation of EC-MEs and Tf-EC-MEs (X £s, n =3)
2 531 Fi4zinm PDI Zeta HLAZ/mV EE¥% EEb/%
EC-MEs 425422 0.12240.001 -9.2+1.3 89.24+23 93.3+1.2
Tf-EC-MEs 450+1.3 0.117+0.001 -20.8+2.1 925426 94.7+2.6

EE® Fll EEP 1 HIRER B-B A M A E A R R I B ¢

EE? and EEP represent encapsulation efficiency of p-elemene and celastrol, respectively
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2 WEBESFERFIFIFRIE (X £s,n=4)
Fig. 2 Morphology and pharmaceutic characterization of microemulsion (X £s, n=4)
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Fig. 3 Accumulative drug release of Tf-EC-MEs under PBS
of pH 7.4 and 6.5 within 48 h (X £s,n =3)

3.4.2 FEALXT Lovo 4HBEEH IRz 25 2H 40 ff 4k
Hu 25 A& 5 s, TF-EC-MEs f 4 35 &Ry 7.2

P <0.01 vs Zeta at

ug/mg, EEFEETYERAHM EC-MEs 4,

TH-EC-MEs Xif i /88 4H (X 484 B 0 3 1 2 5 1 B0
RE A B R AT PN 253 AL B 2N . NIk TF-EC-MEs

BRIt s Rl T AN RN TR

U, AT T TE SEG PRI S . i B TF I

LAEFYH A 5 , TF-EC-MEs 4 B S B fE /7 55 25 BRI,
PERH A A AL AT REH TF N~



¢ ¥ & Chinese Traditional and Herbal Drugs 25 50% %8 2] 20194 1 H

- 477 -
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P <0.01 vs Tf-EC-MEs group

B4 MAIMEEENRNMm (X £s,n=6)
Fig. 4 Antiproliferative effects of microemulsion against tumor cells (X £s, n = 6)

*3 WEX 2 MAEREREAERY 1Cs F1 CI (X £5,n=6)
Table 3 1Cso and CI of various formulations against two types of lung cancer cells (X £s, n = 6)

ICso/(ng'mL ™) Cl
iR
Lovo 4 il HT-29 4 i Lovo 4 i HT-29 4 i
B-ME A Ms-TH ATRLLEK 40 1 1 17.54+2.9 36.4+3.6 0.89 0.96
EC-MEs 15.6+0.9 33.6+24 0.79 0.95
Tf-EC-MEs 11.740.67# 27.4+1.2™ 0.61 0.72

5 B-Mi - T AL E 40 ¢ 1A LR “P<0.01 5 EC-MEs #Lt#: #P<0.01

P < 0.01 vs B-elemene-celastrol 40 : 1 group *P < 0.01 vs EC-MEs group
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fo24 20
& 0. |
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AU E +Tf YN Ak +Tf
“P <0.01

5 fELXT Lovo 4HARIZENAE I FN4AA AT RIS

20 (X £s,n=4)

Fig. 5 Cellular uptake and apoptosis induction of microemulsion in Lovo cells (X £s, n = 4)
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Fig. 6 Antitumor activity of microemulsions in tumor-bearing mice model ( X s, n = 12)
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T AL

e B-MIF I + T ALK
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7 FAERMEN HE 6 (A) X Ki-67 EHEK B) &R
Fig. 7 HE-stained images of tumor sections (A) and immunohistochemical image of tumor sections (B) of mice
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