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Abstract

Lung cancer, as a highly prevalent malignant tumor globally, poses severe challenges in its treatment.
Although traditional Chinese medicine shows potential in anti-tumor treatment, it is limited by defects such
as poor stability and easy oxidation and degradation. For this reason, multifunctional drug delivery systems
have become the focus of research. These systems can not only specifically respond to the tumor environment
but also improve the defects of traditional Chinese medicine molecules, achieving efficient tumor suppression
and reducing toxic and side effects. Mesoporous silica nanoparticles (MSN), with their adjustable pore size,
high specific surface area, and abundant surface modification sites, have become an ideal carrier. In this
thesis, using MSN as the carrier and different effective molecules of traditional Chinese medicine as
inhibitors, three kinds of nanoscale drug delivery systems that can respond to the tumor microenvironment
have been designed through different modifications, aiming to improve the effectiveness and safety of cancer
treatment. The specific research contents are as follows:

(1) Construction of Environmentally Responsive Dual Nanoparticles and Their Combined Application
in Tumor Suppression: To overcome the limitations of TCM active molecules, such as low bioavailability
and poor targeting, large-pore dendritic mesoporous silica nanoparticles (DMSN) were synthesized. These
nanoparticles were loaded with glycyrrhizic acid (GA), which alleviates inflammation in the tumor
microenvironment, and 18B-glycyrrhetinic acid (183-Gly), which inhibits tumor cell growth. The surface was
coated with 3-sulfopropyl hexadecyl dimethyl betaine (SB) to design a tumor microenvironment-responsive,
long-circulating nanodelivery system: SB@DMSN-GA and SB@DMSN-18B-Gly. The system exhibits a
high drug-loading capacity and enables controlled drug release. Under simulated tumor microenvironment
conditions, the cumulative release rates of GA and 18B-Gly reached 61.79% and 76.47%, respectively.
Notably, when the two nanoparticles were applied in combination, they demonstrated 13% lower cell viability
compared to single-component groups, showing enhanced inhibitory effects against tumors.

(2) Construction of Targeted and pH-Responsive Nanoparticles and Their Synergistic Tumor
Suppression with Photothermal Therapy: To address the challenge of insufficient nanoparticle accumulation
in tumor sites with single modifications, dendritic mesoporous silica (HMSN) with a high surface area was
synthesized. It was grafted with a copolymer (PDA-CS-mPEG) exhibiting photothermal properties and pH
responsiveness, and coated with hyaluronic acid (HA) for targeting. The system was loaded with astragalus
polysaccharide (APS), which activates the immune system and inhibits tumor cell proliferation, to design a

multifunctional nanoplatform for synergistic photothermal cancer therapy: HA-APS@HMSN-PDA-CS-



mPEG. This system achieved controllable drug release (64.31%) and converted light energy into heat,
increasing the local temperature of the tumor. After near-infrared irradiation, cell viability was 11.7% lower
than in the non-irradiated group, demonstrating stronger cancer cell-killing effects. Additionally, the
introduction of HA enabled the system to specifically recognize tumor cells, reducing uptake by normal cells
and further minimizing toxicity to normal tissues.

(3) Construction of a Chemodynamic Therapy Nanosystem and Its Synergistic Tumor Suppression with
Starvation Therapy: To overcome issues such as drug resistance with single drugs and the limited efficacy of
monotherapies, rod-like mesoporous silica (RMSN) with enhanced cellular uptake was synthesized. It was
functionalized with glucose oxidase (GOX) and manganese dioxide (MnQO,) and co-loaded with aloe-emodin
(AE), which induces tumor cell apoptosis, and resveratrol (RES), which exhibits antioxidant properties. This
led to the development of a nanodrug delivery system capable of integrating drug therapy, chemodynamic
therapy, and starvation therapy: AE-RES@RMSN-GOX-MnO. The system demonstrated high drug-loading
capacity and controllable release (89.41% for AE and 54.69% for RES). MnO; catalyzed the Fenton-like
reaction, which requires high concentrations of H>O, and GSH, enabling the nanoparticles to function
specifically in the tumor microenvironment. Treatment with nanoparticles at a drug concentration of 4 ug/mL
resulted in only 19.4% cell viability, showcasing excellent anti-tumor performance.

Key words: Mesoporous silica; Effective molecules of traditional Chinese medicine; Combined therapy;

Nanodelivery systems; Non-small cell lung cance
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Figure 1-2 Traditional Chinese medicine suppresses the proliferation of tumor cells, induces apoptosis,
remodels the immune microenvironment, and reverses multidrug resistance in a coordinated manner

through the "multiple components-multiple targets-multiple pathways" approach 2]
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