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Editorial
Nanomaterials and nanotechnology have gained more and more 

attention due to their unique properties and intelligence in varieties of 
fields. In the field of medicine, many traditional problems have been 
solved with the development of drug delivery nanosystems. Compared 
with traditional drug administrations, the drug delivery nanosystems 
endow more accuracy of delivery and higher utilization rate of drugs, and 
thereby reduce the side effects and enhance the therapeutic efficiency.

For drug delivery nanosystems, the nanocarriers are vital for 
controlled drug release and imaging. To date, a variety of nanocarriers 
with different nanostructures have been designed and synthesized. 
Among them, mesoporous silica nanoparticles (MSNs) are considered 
to be effective nanocarriers due to their large surface area, high pore 
volume and controllable mesoporous structures, and they have been 
widely studied for drug delivery [1-3], diagnostic imaging [4], bio-
sensing, synergistic cancer therapy [5,6], etc. For example, Yao et al. 
[7] designed an intelligent drug delivery nanosystem that graphene 
quantum dots (GQDs) were capped on the MSNs surface through the 
electrostatic interaction between GQDs and MSNs, which showed pH-
responsive drug release behavior and good photothermal effect, and thus 
had great potential in chemo-photothermal synergistic cancer therapy. 
However, MSNs are faced with great challenges from basic research 
to clinical application. Due to the slow degradation rate of MSNs [8], 
their biocompatibility and biodegradability are poor. It has been well 
known that the condensation degree of Si-O-Si bond obviously affects 
the biodegradation rate of MSNs. To solve this problem, some strategies 
have been proposed to improve the biodegradability of MSNs, and the 
inorganic-organic hybridization and metal ion-doping are the most 
effective strategies.

The hybridization of organic functional groups in the MSNs 
frameworks induces the formation of mesoporous organosilica. 
Nowadays, various organic groups had been introduced into MSNs 
frameworks, such as –CH2–CH2–, –CH=CH–, –S-S–, etc. most of 
these organic functional groups are not biologically active, which 
limits the use in biomedical applications. However, disulfide bond 
(–S-S–) has good physiological activity and can be broken in the 
reducing environment. Generally, high level of glutathione (GSH) is 
in tumor tissue. Mesoporous organosilica nanoparticles (MONs) [9] 
hybridized with disulfide bond can degrade rapidly when MONs arrives 
in tumor tissue. Therefore, MONs hybridized with disulfide bond has 
good biodegradability, and this responsive degradability can trigger 
drug release, which is beneficial to be drug delivery nanocarriers. 
Recently, Huang et al. [10] proposed a simple and versatile method to 
synthesize hollow mesoporous organosilica nanoparticles (HMONs) 
with disulfide bond in the frameworks (<50 nm). All of HMONs have 
degraded into collapsed small pieces after immersing in SBF solution 
containing GSH (10 mM) for 14 days, and only very few HMONs with 
collapsed nanostructures were observable after 7 days culture with 
breast cancer line 4T1 cells, which indicated the easy biodegradation 
behavior of HMONs intracellularly. Furthermore, the DOX loading rate 
in HMONs is as high as 36.1%, which is promising as a drug delivery 
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nanocarrier. Using HMONs as biodegradable nanocarriers, Huang et al. 
[11] anchored the sonosensitizers (protoporphyrin, PpIX) into HMONs 
by an amidation reaction, and paramagnetic manganese (Mn) ions 
were chelated into the porphyrin ring based on the metalloporphyrin 
chemistry. Thus, metalloporphyrin-encapsulated biodegradable 
nanosystems can achieve magnetic resonance imaging (MRI)-guided 
tumor sonodynamic therapy. Li et al. [12] prepared a biodegradable 
drug delivery nanosystem based on disulfide-hybridized HMONs 
functionalized with protoporphyrin and arginine-glycine-aspartic 
acid, which can target to hepatocellular carcinoma cells, and control 
drug release under ultrasound irradiation, enhancing the therapeutic 
efficiency. Wu et al. [13] constructed a biodegradable nanosystem 
that consisted of ultra-small Cu2-xSe nanoparticles and disulfide-
hybridized HMONs, and this nanosystem showed multifunctionality 
with photoacoustic (PA) imaging, tumor-specific GSH-triggered 
biodegradation and on-demand releasing drugs for glioblastoma 
multiforme treatment in combination with focused ultrasound.

Organic-inorganic hybridization is an effective strategy to improve 
the biodegradation behavior of mesoporous silica nanoparticles. 
However, the organic-inorganic hybridization strategy suffers from the 
high-cost of the bissilylated organosilica precursors and the difficulty to 
control the synthesis process due to different hydrolysis/condensation 
rate of organosilica precursors. Nowadays, the doping of metal ions 
into the mesoporous silica frameworks is another effective strategy 
to improve the biodegradability of mesoporous silica nanoparticles. 
For example, Kristina et al. [14] doped ferric iron (Fe3+) into the silica 
nanoshells by a sol-gel method, and these Fe3+-doped silica nanoshells 
could completely degrade within 20-25 days in normal physiological 
environment. Recently, Yu et al. [15] doped manganese (Mn) ions into 
the framework of mesoporous silica by Mn extraction strategy, and the 
incorporation of Mn-O bond in the Si-O-Si frameworks significantly 
improved the biodegradability of MSNs, because the Mn-O bond could 
be rapidly degraded in a reducing or weak acid environment. On the 
other hand, the breaking of Mn-O bond and releasing of Mn ions can 
obviously enhance the T1-weighted MRI performance for efficient 
tumor diagnosis imaging. Yu et al. [16] also directly doped magnesium 
(Mg) into the framework of MSNs by generic dissolution and regrowth 
method to form magnesium silicate nanocarriers, and they found 
that magnesium silicate nanocarriers can respond to the mild acidic 
environment of tumor tissue, resulting in the rapid decomposition and 
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biodegradation of silica frameworks. Wang et al. [17] used a dissolution-
regeneration strategy to synthesize biodegradable iron engineered MSNs 
frameworks (designated as rFeOx-HMSNs). On one hand, rFeOx-
HMSNs could rapidly degrade due to the mild acidic environment of 
cancer cells. On the other hand, rFeOx-HMSNs could kill cancer cells 
via the production of highly toxic hydroxyl radicals (·OH) owing to 
the Fenton reaction between the overexpressed hydrogen peroxide and 
Fe3+ in cancer cells. Furthermore, rFeOx-HMSNs can also be used as 
T2-weighted MRI contrast agents.

To date, organic-inorganic hybridization and metal ion-doping 
strategies have been widely used to synthesize biodegradable silicon-
based mesoporous nanoparticles. These mesoporous nanoparticles 
are biocompatible and biodegradable; the degradation rate could be 
adjusted by changing the amount of disulfide bond or metal-O bond in 
the mesoporous silica frameworks. Using biodegradable silicon-based 
mesoporous nanoparticles as nanocarriers, the drug loading capacity is 
high, and the drug release could be responded to the microenvironment 
of cancer cells, enhancing the chemotherapeutic efficiency. On the 
other hand, these mesoporous nanoparticles can easily combine with 
other functional components, such as sonosensitizer, photosensitizer, 
targeting ligand, etc. for diagnosis and imaging, and thereby achieve 
the synergistic therapy and diagnosis. Therefore, biodegradable silicon-
based mesoporous nanoparticles would be promising in nanomedicine 
in the future.
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