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Abstract: Objective To explore the synergistic anti-tumor effects of co-loaded candesartan and celastrol in redox-sensitive micelles
in vitro and in vivo. Methods Using hyaluronic acid-1,6-hexanediamine-candesartan (HHCD, non-redox-sensitive control) and
hyaluronic acid-cystamine-candesartan (HCCD, redox-sensitive) as prodrug polymer materials, HHCD, HCCD, and their drug-loaded
counterparts HHCD/CEL and HCCD/CEL polymeric micelles were prepared via solvent evaporation. The combination index of the
antitumor effects of CD and CEL was evaluated using the MTT method, and the cytotoxicity of four types of polymer micelle solutions
(HHCD, HCCD, HHCD/CEL, HCCD/CEL, with a mass ratio of CEL to CD of 1 : 2), as well as free drugs CD and CEL (0.3, 0.6, 1.2,
2.5, 5.0 pg'mL™"), was compared against human hepatocellular carcinoma HepG-2 cells and normal liver HL-7702 cells. Taking
advantage of the spontaneous fluorescence of DOX, DOX was used as a positive control to prepare HHCD/DOX and HCCD/DOX
micelles, and the cellular uptake of these micelles by HepG-2 cells was assessed. Using NIH-3T3 mouse fibroblasts, the effects of free
CD, HHCD, HHCD/CEL, HCCD, and HCCD/CEL (all at a drug concentration of 3 ug-mL™") on the levels of collagen I (Col-I) and
transforming growth factor-B1 (TGF-B1) in the supernatant were investigated. A murine H22 tumor-bearing model of hepatocellular
carcinoma was established, and the antitumor activity and safety of CD, CEL, CD/CEL, HHCD, HHCD/CEL, HCCD, and HCCD/CEL
(2 mg-kg') were evaluated based on changes in body weight, survival rate, and tumor volume. The levels of Col-I and TGF-B1 in
tumor tissues were determined by ELISA. Results Cellular experiments showed that the lowest combination index (0.736 < 1),
indicating synergistic effects, was achieved when the mass ratio of free drug CEL to CD was 1 : 2. Compared with the control group,
free CEL significantly reduced the survival rate of normal liver cells HL-7702 (P < 0.05, 0.001), whereas HHCD and HCCD exhibited
better biocompatibility. Among all treatment groups, HCCD/CEL polymer micelles demonstrated the highest cytotoxicity against
HepG-2 cells (P < 0.05, 0.01, 0.001). Notably, HHCD/CEL micelles showed significant differences from HCCD/CEL micelles at
concentrations of 1.2, 2.5, and 5.0 pg'mL™" (P < 0.001). HCCD micelles were effectively internalized by tumor cells. Compared with
the control group, both the free CD group and the HCCD/CEL group showed significantly reduced Col-I expression (P < 0.05, 0.01);
compared with the HHCD/CEL group, the HCCD/CEL group also exhibited significantly lower Col-I expression (P < 0.05). Compared
with the control group, TGF-B1 levels were significantly decreased in the CD, HHCD, HCCD, HHCD/CEL, and HCCD/CEL groups
(P < 0.05), with HHCD/CEL and HCCD/CEL polymer micelles showing a stronger inhibitory trend. /n vivo anti-tumor experiments
revealed that all treated groups exhibited significant anti-tumor activity compared with the model group (P < 0.001), and HCCD/CEL
micelles showed superior anti-tumor efficacy compared with HHCD/CEL micelles (P < 0.05). Except for the candesartan-treated group,
the survival rates of mice in all other treatment groups reached 100%. Throughout the entire experimental period, no significant
differences in body weight were observed among the treated groups. Compared with the model group, the HCCD/CEL group showed
significantly reduced levels of Col-I and TGF-B1 (P < 0.001). Moreover, the levels of Col-I and TGF-B1 in the HCCD/CEL group were
significantly lower than those in the HHCD/CEL group (P < 0.01), and the HHCD group had significantly lower levels than the HCCD
group (P < 0.05). Conclusion The candesartan-celastrol co-loaded reduction-sensitive prodrug micelles showed favorable selective
cytotoxicity and biological safety. By modulating the extracellular microenvironment, they achieve effective synergistic antitumor effects.
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