- 942 - 2% %4 Acta Pharmaceutica Sinica 2026, 61(3): 942-949

SERB TR = R AR 0% & B E B T BT 5

TR, TEF, KEF, WEW, ThE, KL#", FHEH
(P52 I RI K226 4B, 195 5 DERIEHS 010110)

THE: —5UGEL (MnO,) 1 Ay e S 87 SR 52 110 2 R 25 P i, DR LA ke 3040 1 T 4% 32 9% 1, B 1% 48 MinO), IR
Ll e AR R T ARG R . AW FE R A K A B T, Th A = 4RI IR IR MnO, 0K R, R H
R TR A PIRBIRL (Au nanoparticles, GNPs) 14 # MnO,/GNPs £ &1k & . &5 M RAE B R i /5 JEHR MnO, B
AR AR EPIRGE M, ELR T RIE 35.75 m* g, 535/ T84 MnO, M 8 (14~30 m*-g ). ZE A YR BRI 44
J6 (808 nm, 2.5 W-em™®) M~ 5 min PR FETH 2 45 55 °C, Je L i ik 61.85%. #ZGIMR K B, %R 5-4
PRIEE IR 97 3 2R T 3k 81.3%, HAERUUMR B3R 52 (pH 5.0) 124 h RHBICRIA 86.4%, JiE L HY B 5 (%) pH i R i
FEPE . AT FOIE I SIS 5 0 B A SRS, M T SR R B TR RN R RO I e T — IR I 2 TR YK
A, AATT R R T IR GE T ZEEARIE IR SRR

KHEIR): "AULER; B RE, BEZ MR, SR AL IR RE; Z IR &

FE 525 R943 XERFRIZES: A XEHE: 0513-4870(2026)03-0942-08

Preparation and drug loading performance of urchin-like
manganese dioxide nanomaterials

WANG Jiu-yang, WANG De-sheng, CHENG Ri-qing, GUO Hui-qing,
WANG Lai-bing, XU Chang-jin’, Qiherima *

(School of Pharmacy, Inner Mongolia Medical University, Hohhot 010110, China)

Abstract: Manganese dioxide (MnQO,), as an intelligent drug carrier responsive to the tumor microenvironment
(tumor microenvironment, TME), has recently garnered significant attention due to its unique physicochemical
properties. However, the low specific surface area of conventional MnO, materials severely limits their drug-loading
capacity. In this study, three-dimensional urchin-like MnO, nanomaterials were successfully synthesized through an
optimized hydrothermal process, and a composite MnO,/Au nanoparticles (GNPs) system was constructed by
immobilizing Au NPs onto the MnO, surface via an impregnation method. Structural characterization revealed that
the as-prepared urchin-like MnO, exhibits a distinctive hollow-radial architecture with a specific surface area of
35.75 m*g’', significantly higher than that of conventional MnO, materials (14-30 m’-g""). Under near-infrared laser
irradiation (808 nm, 2.5 W-cm™), the composite demonstrated exceptional photothermal performance, achieving a
temperature rise to 55 °C within 5 minutes and a calculated photothermal conversion efficiency of 61.85%. Drug-
loading evaluations indicated a high loading efficiency of 81.3% for 5-fluorouracil, along with pH-responsive
release characteristics, achieving 86.4% cumulative drug release within 2 h under simulated TME conditions (pH
5.0). By integrating morphology engineering and noble metal hybridization strategies, this work establishes a
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multifunctional nano-platform that combines high drug-loading capacity, controllable release, and efficient

photothermal conversion, providing critical theoretical and technical foundations for developing synergistic chemo-

photothermal therapeutic systems.

Key words: manganese dioxide; drug-loading performance; drug-releasing performance; photothermal

conversion efficiency; multifunctional nano-platform
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Scheme for preparation of MnO,/GNPs material. GNPs: Au nanoparticles; MnO,/GNPs: MnO,-supported Au nanoparticles
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Figure 2 Textural and structural properties of the prepared MnO, materials. A: Powder X-ray diffraction (XRD) patterns of the synthesized
MnO, material; B-F: Scanning electron microscope (SEM) images of MnO, synthesized at different reaction time, 1 h (B), 2 h (C), 3 h (D),
4h (E), and 8 h (F)
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Figure 3  Textural properties of the prepared MnO,-based materials. A: N, adsorption-desorption isotherms; B: Pore size distributions of

the MnO,/GNPs materials; C: Fourier transform infrared spectroscopy (FTIR) spectra of the prepared materials
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Figure 4 Standard curve diagram of 5-fluorouracil (5-FU)
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Figure 5 Drug performance of MnO,/GNPs material. A: Drug loading of 5-Fu on MnO,/GNPs surface under different feed ratios; B:

Comparison of drug loading performance; C: Drug release of 5-Fu from MnO,/GNPs surface; D: 5-Fu cumulative release under various

conditions
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Figure 6 Photothermal performance of the as-prepared materials. A: Temperature vs time curves of MnO,/GNPs at different concentrations

under the 2.5 W-cm™ power density; B: Temperature vs time curves of MnO,/GNPs at various power densities and the aged MnO,/GNPs at

the 50 ug-mL™"; C: Four heating-cooling cycles of MnO,/GNPs under 2.5 W-cm? power density and 100 pg-mL™"; D: Plot of cooling time

versus temperature driving force for MnO,/GNPs under 50 pg-mL"'
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