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Non-small cell lung cancer (NSCLC) is a highly prevalent and aggressive type of lung cancer, often associ-
ated with a poor prognosis. Cucurbitacin B, a natural tetracyclic triterpene, has demonstrated remarkable 
anticancer activity. In this study, we engineered a novel drug delivery system, Dex-APDMS@CP1@1@
Cucurbitacin B, which incorporates synthetically derived compound 1 to enhance the therapeutic effi cacy 
of Cucurbitacin B. The system was comprehensively characterized using X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), thermogravimetric analysis (TGA), and nitrogen adsorption techniques. 
Results revealed excellent stability, a uniform particle size of approximately 500 nm, and a high drug-
loading effi ciency of 35.2 ± 2.1 wt%. Additionally, the in vitro drug release study indicated that 88.6 ± 
3.5% of Cucurbitacin B was released within 12 hours, demonstrating a rapid release profi le. The successful 
encapsulation of the drug was further confi rmed by effective fl uorescence quenching. In vitro experiments 
showed that the Dex-APDMS@CP1@1@Cucurbitacin B system signifi cantly inhibited the proliferation of 
NSCLC cells, highlighting its great potential for targeted cancer therapy.
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INTRODUCTION

     The design of novel drug delivery systems, particularly 
nanocarriers loaded with Cucurbitacin B, holds signifi -
cant promise for enhancing the therapeutic effi cacy of 
Cucurbitacin B in treating non-small cell lung cancer 
(NSCLC)1–3. NSCLC, which constitutes approximately 
85% of all lung cancer cases, is known for its aggres-
sive nature and potential metastasis to other organs4. 
Cucurbitacin B, a naturally occurring tetracyclic triter-
pene, demonstrates potent biological activities, includ-
ing inhibition of tumor cell proliferation and induction 
of apoptosis, likely via interference with key signaling 
pathways such as JAK-STAT and Wnt/β-catenin5, 6. Its 
ability to modulate infl ammatory responses and immune 
functions further emphasizes its potential as an effec-
tive anticancer agent7, 8. The development of effi cient 
nanocarriers for Cucurbitacin B delivery could overcome 
challenges related to its bioavailability and enhance its 
therapeutic effects, offering a promising strategy for 
NSCLC treatment9, 10. 

Metal-organic frameworks (MOFs) are porous ma-
terials self-assembled from metal ions and organic 
ligands through coordination interactions, exhibiting 
high tunability and excellent chemical stability11, 12. 
Compared to porous organic polymers (POPs) and co-
valent organic frameworks (COFs), MOFs demonstrate 
superior chemical adsorption properties, making them 
highly applicable in catalysis, gas storage, and material 
separation13, 14. However, the rigid structure of many 
MOFs limits their fl exibility in drug delivery, a critical 
feature for drug carriers15.

Natural macromolecules, due to their excellent bio-
compatibility, low toxicity, and unique biological effects, 
offer distinct advantages over synthetic materials and 
have been widely applied in the preparation and mo-
difi cation of nanocarriers16, 17. As an important class 

of natural macromolecules, polysaccharides (such as 
chitosan (CS), hyaluronic acid (HA), dextran (Dex), and 
alginate (Alg)) have gained extensive research attention 
due to their abundance in nature and cost-effective 
processing advantages18. Taking Dex as an example, its 
excellent biodegradability and biocompatibility have led 
to widespread applications in pharmacology19, 20. The 
branched structure and numerous hydroxyl groups of 
Dex make it an ideal platform for chemical modifi cation, 
enabling the attachment of various molecules (such as 
targeting ligands and drug molecules) to construct multi-
functional carriers21. However, polysaccharide-based drug 
delivery systems (DDS) still face challenges, including 
the complexity of carrier material synthesis, higher in 
vivo toxicity, insuffi cient biodegradability, and shorter 
circulation times than expected21. To overcome these 
limitations, combining polysaccharide-modifi ed polymer-
-silica materials with metal-organic frameworks (MOFs) 
to create new drug carrier systems can signifi cantly 
improve the biocompatibility, stability, and targeting 
ability of drug carriers22. The superior porous structure 
and functionalization capabilities of MOFs offer unique 
advantages in drug delivery. Polysaccharide modifi cation 
can further enhance their water solubility, biodegradabili-
ty, and compatibility with biological systems, substantially 
improving therapeutic effi cacy while effectively reducing 
nonspecifi c side effects, particularly in the treatment of 
diseases such as cancer23, 24. 

In this study, we successfully synthesized Dex-
-APDMS@CP1@1@Cucurbitacin B (Scheme 1), a novel 
fl uorescence-based drug delivery system. To enhance the 
therapeutic effi cacy of Cucurbitacin B against NSCLC. 
In this study, we developed a novel drug delivery system, 
Dex-APDMS@CP1@1@Cucurbitacin B, incorporating 
synthetically prepared compound 1, which signifi cantly 
enhances the therapeutic effi cacy of Cucurbitacin B. The 
combination of compound 1 and Cucurbitacin B creates 
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a synergistic effect, enhancing the therapeutic outcome 
by leveraging the unique properties of both compounds. 
This synergism results in improved effi cacy in targeting 
and inhibiting NSCLC cell proliferation, thus offering 
a promising strategy for cancer treatment. 

EXPERIMENTAL 

Materials and instrumentation
The organic ligand and organic solvent are commer-

cially available and used without further purifi cation. 
Elemental analyses (C, H, and N) were performed on 
a Perkin-Elmer 2400 CHN elemental analyzer. Pow-
der X-ray diffraction (PXRD) analysis was conducted 
on a max200PC diffractometer with Cu-Kα radiation 
(λ = 1.5418 Å). The thermostability of 1 was investigated 
via the thermogravimetric analysis experiment conducted 
on a NETSCHZ STA-449C thermoanalyzer under nitro-
gen atmosphere.  The luminescent spectra were measured 
by a FLS920 luminescence spectrophotometer. UV–vis 
diffused refl ectance spectrum for the solid samples of 1 
was collected on a UV–vis spectrophotometer (UV-3600, 

Shimadzu, Japan) with a BaSO4 plate as a refl ectance 
standard (100% refl ectance). 

Synthesis of [Cu(L)0.5(CN)]n (CP1) and compound 1
A mixture of CuCN (0.100 mmol), L (0.05 mmol), 

DMF (3.0 mL) and CH3CN (1.0 mL) was put into 
a 25 mL Tefl on-lined stainless steel vessel, which was 
further sealed and heated at 140 oC for 72 h. Brown 
block crystals of CP1 were isolated in 32% yield based 
on CuCN Elemental analysis calcd. for C11H6CuN4O 
(273.75): C, 48.22; H, 2.19; N, 20.46%. Found: C, 48.24; 
H, 2.21; N, 20.37%. 

Compound 1 was synthesized via a one-pot condensa-
tion of 1,3-cyclohexanedione (0.112 g, 1 mmol), methyl 
3-aminocrotonate (0.115 g, 1 mmol), and 3,5-difl uoroben-
zaldehyde (0.146 g, 1 mmol) in 10 mL of ethanol with 
two drops of acetic acid. The mixture was refl uxed for 
6–8 hours, and the reaction progress was monitored by 
TLC (ethyl acetate/hexane, 3:2). After solvent removal, 
the crude product was purifi ed by column chromato-
graphy (ethyl acetate/hexane = 1:2) or recrystallization 
from ethanol to yield compound 1 (65%). 

Table 1. The crystal data for CP1 and compound 1

Scheme 1. The synthesis of Dex-APDMS
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The crystal structure data of CP1 and compound 1 
were recorded on a computer-controlled Rigaku Mercury 
CCD diffractometer with the graphite-monochromated 
Mo-Kα radiation at room temperature. The structure 
was solved by direct methods and refi ned by full-matrix 
least squares via the Olex2 1.2 crystallographic software 
package. All non-hydrogen atoms were refi ned with 
anistropic thermal parameters, and all hydrogen atoms 
were fi xed at their ideal positions. The crystallographica 
data and refi nements of CP1 and compound 1 are listed 
in Table 1. 

Synthesis of Dex-APDMS@CP1@1@Cucurbitacin B
100 mg of Dextran (Dex) was dissolved in 30 mL 

of methanol. Next, 3-aminopropyltrimethoxysilane 
(APDMS) (0.2 mmol, 36.6 mg) was added to the mi-
xture, and the reaction was allowed to proceed under 
refl ux conditions for 24 hours. After completion of the 
reaction, the product was purifi ed by dialysis and dried 
to obtain Dex-APDMS material.

Subsequently, CP1 (0.1 mmol) was mixed with Dex-
-APDMS in a suitable solvent, and the resulting mixture 
was stirred under controlled conditions for 12 hours. 
Following this step, Cucurbitacin B (5 mg) and com-
pound 1 (5 mg) were incorporated into the composite 
material. Finally, Dex-APDMS@CP1@1@Cucurbitacin 
B was isolated after washing and freeze-drying, yielding 
the desired product for further characterization and use 
in drug delivery systems.

Loading and release of drugs
Precisely 200 mg of Dex-APDMS@CP1@1 nanocarri-

ers were weighed and placed in a 50 mL clean conical 
fl ask, to which 5 mL of Cucurbitacin B DMSO solu-
tion at a concentration of 10 mg/mL was slowly added. 
The mixture was incubated in a constant-temperature 
shaker at 150 rpm for 24 hours at room temperature. 
After incubation, the sample was transferred to a 50 mL 
centrifuge tube and centrifuged at 12,000 rpm for 15 min-
utes. The supernatant was discarded, and the precipitate 
was collected to obtain the drug-loaded Dex-APDMS@
CP1@1@Cucurbitacin B sample. The centrifuged su-
pernatant was transferred to a 10 mL volumetric fl ask, 
diluted and made up to volume with DMSO, and mixed 
thoroughly. The concentration of Cucurbitacin B in the 
diluted solution was determined by high-performance 
liquid chromatography (HPLC) using a C18 reverse-phase 
column (250 mm×4.6 mm, 5 μm), with a mobile phase 
of acetonitrile-water (60:40, v/v) at a fl ow rate of 1.0 mL/
min, a detection wavelength of 254 nm, and a column 
temperature of 30 oC. The content of Cucurbitacin B 
in the supernatant was calculated by the standard curve 
method, and the loading rate was calculated according 
to Formula 1: 

 (1)

For the drug release rate determination, 50 mg of 
the drug-loaded Dex-APDMS@CP1@1@Cucurbitacin 
B sample was placed in a dialysis bag with a molecular 
weight cutoff of 3500 Da, sealed, and placed in a coni-
cal fl ask containing 10 mL of release medium (pH 7.4 
phosphate buffer solution (PBS) for mimicking physio-
logical environment and pH 5.5 acetate buffer solution 

for mimicking tumor microenvironment). The conical 
fl ask was placed in a constant-temperature shaking water 
bath at 37 oC and 100 rpm. At time points of 0.5 h, 1 
h, 2 h, 4 h, 6 h, 12 h, 24 h, 48 h, and 72 h, 1 mL of the 
release medium outside the dialysis bag was taken out, 
and 1 mL of fresh release medium was supplemented 
simultaneously. The taken samples were appropriately 
diluted, and the concentration of Cucurbitacin B was 
determined by HPLC. The content was calculated by 
the standard curve method, and the release rate was 
calculated according to the Formula 2: 

 (2)

Determination of cell viability 
The NSCLC cell line H1299 (ATCC, USA) was culti-

vated in Dulbecco’s modifi ed Eagle medium (DMEM; 
Gibco, USA) containing 10% fetal bovine serum (FBS; 
Gibco, USA) and subsequently seeded into a cell culture 
plate. Following a 48-hour treatment with cucurbitacin 
B-loaded nanoparticles (100nM), the cell activity was 
detected using a Cell Counting Kit-8 kit (CCK-8; Yeasen, 
China) according to the manufacturer’s instructions, and 
the relative cell viability was calculated. The control cells 
were treated with Dex-APDMS@CP1@1.

Western blot 
Following drug treatment, cells were lysed with RIPA 

lysis buffer (Beyotime, China). Proteins were separated 
by SDS-PAGE, transferred to a PVDF membrane and 
then blocked with skim milk. The membrane was then 
incubated with the primary antibody for 1h and the sec-
ondary antibody for 1h. Protein detection was performed 
using an ECL kit (Beyotime, China). The antibody 
information was follows, NLRP3 (1:1,000; Proteintech, 
China), GSDMD (1:1,000; Proteintech, China), IL-1β 
(1:1,000; Proteintech, China) and β-actin (1:20,000; 
Proteintech, China)

Statistical Analysis
All biological experiments were performed with n=3 

independent replicates, and data are presented as “mean 
± standard deviation (SD)”, with standard deviations 
specifi ed in the fi gure legends. For physicochemical 
experiments, each test was conducted in n=3 technical 
replicates. Statistical analyses were performed using 
Student’s t-test or analysis of variance (ANOVA), with 
p-values indicated in the corresponding fi gures (e.g., 
*p<0.05, **p<0.01). The 95% confi dence intervals (CIs) 
are included in the statistical reports.

RESULTS AND DISCUSSION 

Description of the crystal structure for CP1 
The crystal of CP1 determined by the X-ray diffraction 

analysis crystallizes in the monoclinic system with P21/c 
space group, showing a 1D ladder-like chain structure 
with the asymmetric unit containing one Cu(I) ion, a half 
L ligand as well as one CN- anion. As shown in Fig. 1a, 
the Cu(I) ion is coordinated by two nitrogen atoms 
from one L ligand one CN- anion, and one carbon atom 
from another CN– anion. The Cu-N distances are in the 
range of 1.924(3)-2.170(2) Å and the Cu-C distance is 
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1.890(3) Å. Three bond angles around Cu(I) ion are 
96.69(10)°, 109.41(10)°, 152.63(11)°, respectively, the sum 
of which is 358.73° which is nearly to 360°, indicating 
that the coordination geometry of Cu(I) ion is close to 
triangle. The L ligands in trans confi guration and CN- 
anions acting as linear bridges link all Cu(I) ions into 
a 1D ladder-like chain running along crystallographic b 
direction (Fig. 1b). By calculation using the PLATON 
program, there are no any hydrogen-bonding, π…π, 
C-H…π interactions between the adjacent 1D ladder-like 
chains. Thus, these 1D chains are fi nally stacked into 
a 3D supramolecular framework induced by the weak 
Van der Waals interactions (Fig. 1c).

Structure Description of Compound 1
The single crystal X-ray diffraction data of compound 

1 show that compound 1 crystallizes with the monoclinic 
crystal system with the space group P2(1)/c. As shown 
in Fig. 2a, the molecule structure consists of two six-
membered rings (ring A: C3-C4, C6, C11-C12 and N1, 
and ring B: C6-C11) and one benzene ring C: C13-C18. 
The atom C3 of ring A connects a methyl formate group 
(C2H5O2C-) via the bond of C2-C3. The C4 atom of 
the ring A connects to a methyl group (-C5H3). Ring 
A and ring B connect to each other through the sharing 
of a C-C bond from C6 and C11. The atom C12 of ring 
A connects ring C via the C13 atom. The atom C10 of 
ring B connects to the O3 atom via a double bond of 
C=O. The C15 and C17 atoms of ring C connect to two 
fl uoride ions, respectively. Furthermore, the neighbor-

Figure 1. (a) Viewing of the coordination environments of Cu(II) ion in CP1. (b) The 1D ladder-like structure of 1. (c) The 3D 
stacked supramolecular framework of CP1

Figure 2. (a) The molecule structure for compound 1; (b) The H-bonds between the adjacent molecules; (c) The dense packing 
molecule structure of compound 1
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ing molecules of compound 1 are further connected by 
intermolecular hydrogen bonds (O3-H1D…N1: 2.0074Å) 
(Fig. 2b) and van der Waals forces, which give a three-
dimensional dense packing structure (Fig. 2c). 

Structural characterization and Morphology
The successful synthesis and characterization of the 

fl uorescent drug delivery system Dex-APDMS@CP1@1@
Cucurbitacin B were confi rmed using various analytical 
techniques. XRD analysis (Fig. 3a) revealed distinct 
crystalline peaks for the synthesized material, which 
aligned with the simulated diffraction pattern, validating 
the expected crystalline structure. SEM images (Fig. 3b) 
displayed a uniform particle size of approximately 500 nm, 
making it an ideal candidate for drug encapsulation and 
delivery. TGA (Fig. 3c) demonstrated excellent thermal 
stability, with a notable weight loss between 400–600 oC, 
indicating the presence of both drug and organic com-
ponents, while confi rming the material’s thermal stability 
at lower temperatures. The nitrogen adsorption–desorp-
tion isotherms (Fig. 3d) demonstrate clear mesoporous 
behavior for both samples. Dex-APDMS@CP1 exhibits 
a higher nitrogen adsorption capacity, reaching approxi-
mately 180 cm³/g STP at a relative pressure (P/P0 ≈ 0.9), 
indicating a well-developed porous structure. In contrast, 
the adsorption capacity of Dex-APDMS@CP1@1@
Cucurbitacin B is notably reduced, suggesting that the 
pores were partially occupied or blocked following drug 
loading. This reduction in surface area and pore volume 
confi rms the successful encapsulation of compound 1 and 
Cucurbitacin B, supporting the material’s potential for 
drug delivery applications. Collectively, these fi ndings 
demonstrate that Dex-APDMS@CP1@1@Cucurbitacin 
B is a robust and effi cient drug delivery system with 
excellent stability, drug-loading capacity, and fl uorescen-
ce properties, making it highly suitable for therapeutic 
applications.

Drug release study
The Dex-APDMS@CP1@1@Cucurbitacin B drug 

delivery system was thoroughly analyzed through various 
techniques, demonstrating its effi cient drug encapsulation 
and controlled release. As shown in Fig. 4a, the uptake 
capacity of Dex-APDMS@CP1@1@Cucurbitacin B 
(red curve) increases rapidly within the fi rst 20 hours, 
reaching equilibrium, while the Dex-APDMS@CP1@1 
system (black curve) exhibits slower uptake, highlighting 
the enhanced absorption and encapsulation effi ciency of 
Cucurbitacin B. Fig. 4b presents the Raman spectrum 
of the drug-loaded system, with signifi cant peaks in 
the 100–240 cm–¹ range, confi rming the integration of 
Cucurbitacin B into the nanocarrier and the interaction 
between the drug and the polymer. The Raman spec-
trum of CP1@1@Cucurbitacin B in Fig. 4c, used as 
a baseline comparison, shows no polymer modifi cation 
peaks, underscoring the impact of the Dex-APDMS 
modifi cation. Finally, Fig. 4d presents the iodine release 
profi le as a model for evaluating the drug release be-
havior of the nanocomposite. The red curve represents 
Dex-APDMS@CP1@1@Cucurbitacin B, which exhibits 
a remarkably fast release rate, reaching over 95% iodine 
release within the fi rst 5 minutes and achieving nearly 
complete release (≈100%) within 10 minutes. This 
rapid burst release indicates effi cient surface diffusion 
and enhanced release dynamics facilitated by the Dex 
and APDMS modifi cation, which likely improve water 
penetration and accelerate diffusion. In contrast, the 
black curve, corresponding to CP1@1@Cucurbitacin B 
without Dex-APDMS functionalization, displays signifi -
cantly slower kinetics. The release gradually increases 
over time, reaching approximately 85% after 120 minutes. 
The inset plot further highlights the sustained difference 
over an extended period, confi rming that Dex-APDMS 
not only accelerates the release process but also impro-

Figure 3. Characterization of Dex-APDMS@CP1@1@Cucurbitacin B. (a) XRD. (b) SEM. (c) TGA. (d) Nitrogen adsorption iso-
therms
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ves total release effi ciency. It is worth mentioning that 
the loading rate and release rate were 35.2 ± 2.1 wt % 
and 88.6 ± 3.5%, respectively. Fig. 4e displays the X-ray 
powder diffraction (XRD) patterns of Dex-APDMS@
CP1 under different pH conditions (pH = 3, 5, 7, 9, and 
11) to evaluate its structural stability. Distinct diffraction 
peaks are observed in the pH range of 3 to 9, indicating 
that the material maintains its crystalline structure over 
a wide range of acidic to neutral conditions. As the pH 
increases to 11, the diffraction peaks become signifi cantly 
weaker and broader, with a notable attenuation of the 
main peak around 20°, suggesting partial degradation or 
disordering of the crystal structure under alkaline con-
ditions. These results demonstrate that Dex-APDMS@
CP1 exhibits good structural stability in neutral to mildly 
acidic environments, while some structural damage oc-
curs under strongly alkaline conditions. Therefore, the 
material is expected to remain stable under physiological 
pH, meeting the basic structural requirements for drug 
delivery systems. These fi ndings confi rm the effi cacy 
of the Dex-APDMS@CP1@1@Cucurbitacin B system 
in drug encapsulation, controlled release, and targeted 

delivery, making it a promising candidate for therapeutic 
applications.

Fluorescence performance testing 
Furthermore, the fl uorescence characteristics of Dex-

APDMS@CP1 signifi cantly change upon loading with 
Cucurbitacin B and compound 1. Fig. 5a shows the 
fl uorescence emission spectra of the Dex-APDMS@
CP1@Cucurbitacin B system at various concentrations of 
Cucurbitacin B (ranging from 0 to 35 μM). As the con-
centration of Cucurbitacin B increases, the fl uorescence 
intensity decreases notably, indicating that drug loading 
results in fl uorescence quenching. Fig. 5b illustrates the 
linear relationship between fl uorescence intensity (I/I0) 
and Cucurbitacin B concentration (0 to 35 μM), with 
a high correlation coeffi cient (R² = 0.9985) and bind-
ing constant (K = 7.04 × 105 M–¹), suggesting effective 
binding and signifi cant fl uorescence quenching. Fig. 5c 
demonstrates similar results for the Dex-APDMS@
CP1@1 system at higher concentrations (0 to 250 μM). 
As the concentration increases, the fl uorescence intensity 
continues to decrease, confi rming the dose-dependent 
fl uorescence reduction. Fig. 5d shows a linear relationship 

Figure 4. Dex-APDMS@CP1@1@Cucurbitacin B drug delivery system. (a) Uptake capacity of the drug-loaded system over time. 
(b) Raman spectrum of Dex-APDMS@CP1@1@Cucurbitacin B. (c) Raman spectrum of CP1@1@Cucurbitacin B, serving 
as a baseline comparison. (d) Cucurbitacin B release profi le over time. (e) PXRD patterns at different pH
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between fl uorescence intensity and concentration, with an 
R² value of 0.9955 and a binding constant (K = 1.93 × 
104 M–¹), indicating the system’s strong responsiveness to 
the loading of Cucurbitacin B. These results emphasize 
that the loading of Cucurbitacin B and compound 1 
into the Dex-APDMS@CP1 system signifi cantly alters 
its fl uorescence properties, confi rming the successful 
encapsulation of the drugs and demonstrating their 
potential for effective monitoring and targeted delivery 
in therapeutic applications.

Dex-APDMS@CP1@1@Cucurbitacin B induced pyrop-
tosis to inhibit NSCLC proliferation

NSCLC cells were exposed to Dex-APDMS@CP1@1@
Cucurbitacin B for 48 hours, and the alteration in cell 
viability was identifi ed through the implementation of the 
CCK-8 assay. As illustrated in Fig. 6A, the cell activity 
exhibited a decline of 38% in the treatment group in 
comparison to the control group (P<0.05). Subsequently, 
we investigated whether the drug regulates pyroptosis in 
cells, and the expression of pyroptosis-related proteins 
was detected by western blot. Treatment of H1299 cells 
with Dex-APDMS@CP1@1@Cucurbitacin B resulted 
in a signifi cant upregulation of NLRP3 and GSDMD 
proteins, as well as a substantial enhancement in the 
downstream expression of IL-1β (Fig. 6B). These fi nd-
ings suggest that Dex-APDMS@CP1@1@Cucurbitacin 
B induced pyroptosis and stimulated the infl ammatory 
response in NSCLC cells. Additionally, to clearly highlight 
the advantages and distinctive features of our nanocarrier 
relative to other reported systems, we have included Table 
S1 in the Supporting Information, which compiles and 

compares the key parameters and performance metrics 
from representative recent studies.

Figure 5. Fluorescence characteristics of Dex-APDMS@CP1 after loading with Cucurbitacin B and compound 1. (a) Fluorescence 
emission spectra of Dex-APDMS@CP1@Cucurbitacin B. (b) The linear relationship between fl uorescence intensity (I/I0) 
and Cucurbitacin B concentration. (c) Fluorescence emission spectra of Dex-APDMS@CP1@1 at higher concentrations 
(0 to 250 μM). (d) The linear relationship between fl uorescence intensity and concentration for Dex-APDMS@CP1@1

Figure 6. (A) The inhibitory effect of Dex-APDMS@CP1@1@
Cucurbitacin B on NSCLC cell proliferation was 
assessed using CCK-8 assay. (B) The effect of Dex-
-APDMS@CP1@1@Cucurbitacin B on the expression 
of NLRP3, GSDMD and IL-1β was analyzed by 
western blot. *, P < 0.05

CONCLUSION

In conclusion, we have successfully synthesized and cha-
racterized the Dex-APDMS@CP1@1@Cucurbitacin B drug 
delivery system, which demonstrates substantial potential 
for cancer therapy. The system features excellent structu-
ral stability, effi cient drug loading capacity, and sustained 
release performance, supported by its uniform particle size, 
thermal stability, high adsorption effi ciency, and signifi cant 
fl uorescence quenching upon drug loading—all of which 
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underscore its suitability for targeted delivery applications. 
In vitro studies further validate its effi cacy in inhibiting 
NSCLC cell proliferation, reinforcing its translational 
potential. Notably, while the current system showcases 
promising performance, limitations in long-term physiolo-
gical stability, synthetic scalability, and comprehensive in 
vivo toxicity profi ling are discussed in the Outlook section. 
These aspects highlight opportunities for optimization, 
positioning Dex-APDMS@CP1@1@Cucurbitacin B as 
a novel targeted delivery platform with signifi cant potential 
to advance NSCLC therapeutic strategies.
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