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Abstract

Cancer has become a major global public health issue. In recent years, the application of nanomedicine
in tumor treatment has attracted much attention, among which mesoporous silica nanomaterials (MSN) have
adjustable size and morphology, high specific surface area, good biocompatibility, and easy surface
modification, and are considered as potential drug delivery carriers. One of the main challenges in cancer
treatment is to improve drug efficacy while reducing its toxic side effects on normal tissues. Stimuli-
responsive drug delivery systems can respond to the surrounding microenvironment and release drugs on
demand at the target in a controllable manner, overcoming the limitations of traditional cancer treatment. In
this thesis, the drug delivery systems with different response types were designed to take advantage of the
characteristics of the tumor microenvironment and exogenous stimuli to improve the efficacy and safety of
cancer therapy. The specific research contents are as follows:

(1) Construction and performance study of nanoparticles with multiple stimulatory responses of ROS,
pH and temperature

To improve the precise and controllable release of anti-cancer drugs while minimizing adverse reactions,
mesoporous silica nanoparticles with high specific surface area (1448.75 m?/g) were synthesized by Flash
nanoprecipitation (FNP), and functional groups were modified and polymer shells were encapsulated to
design the drug delivery system that can perceive and respond to various tumor microenvironment stimuli
(ROS, pH, and temperature): (HIMSN-TK@P(CMCS-co-NIPAM/AM). The system exhibited excellent drug
loading efficiency (37.75%), with almost no drug release under normal environmental conditions (0.96%).
However, under various stimulation conditions, the drug release rate could reach 58.33%, achieving
controllable drug release while maintaining good biocompatibility and high killing efficiency against cancer
cells.

(2) Construction and performance study of hollow rod-shaped nanomotors driven by folate targeting
and H»O; response

To enhance the proactivity and selectivity of nanomedicine carriers, hollow rod-shaped mesoporous
silica nanoparticles (with a length to diameter ratio of 2.5) were synthesized using the template method, and
modified with catalase and linked with folate. The nanomotor drug delivery system, HRMSN-Catalase-FA,
was designed to respond to the tumor microenvironment and had targeted effects. Compared to conventional
MSN, HRMSN exhibited the higher drug loading rate (31.92%) and easier internalization characteristics.
The system could perform autonomous movement, with an average movement rate of about 4 pm/s in the

presence of H2O; (1.5 wt%). And due to the targeting effect of FA, the half lethal concentration (ICso) of



drugs in nanoparticles against cancer cells ranged from 10.86 pg/mL to 6.08 pg/mL and reduced the toxic
side effects on normal cells.

(3) Construction and performance study of asymmetric nanomotors driven by photothermal effect and
urea response

To overcome the problem of poor therapeutic effect of a single treatment method on cancer and drug
resistance, asymmetric mesoporous silica nanoparticles (AMSN) were synthesized using FNP by adjusting
the proportion of raw materials. Then, polydopamine was encapsulated and connected to urease through the
covalent action of glutaraldehyde. The nanomotor drug delivery system for photothermal assisted synergistic
treatment of cancer was designed: AMSN@PDA -Urease. At the concentration of 100 mM urea, the average
movement rate of the system was approximately 2.2 pm/s. Under near-infrared light irradiation, the solution
temperature rose to 44.9°C at 20 minutes, showing the significant photothermal effect, which could further
enhance the movement rate and drug release rate of the nanomotor (50.64%). At the same time, the ICso value
of the drug in the nanoparticles on cancer cells also reduced from 8.53 pg/mL to 4.78 pg/mL and further
enhanced the killing efficiency against cancer cells.

Key words: Mesoporous silica; Flash nanoprecipitation; Multiple stimulus response; Nanomotor; Drug

delivery system
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Figure 1-6 Schematic diagram of the process for synthesizing MSN by FNP[43]
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