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Mesoporous silica nanoparticles (MSNs) have some unique 
advantages including high surface area and large pore volume, tunable 
particle size (10-1000 nm) and pore diameter (2-30 nm), uniform 
mesoporosity, flexible morphology, facile surface functionalization, 
excellent biocompatibility and biodegradation. On the one hand, 
textural properties of MSNs provide the possibility to load high amount 
of drugs within MSNs carriers. On the other hand, there are abundant 
silanol groups on the surfaces of mesoporous channels and the outer 
surfaces of MSNs, which facilitate the surface functionalization to 
allow for a better control over the drug diffusion kinetics. In addition, 
functional materials, such as magnetic nanoparticles, luminescent 
materials and polymers, can be combined with MSNs to form 
functional MSNs, which induce MSNs as multifunctional platforms to 
realize the targeted controlled drug delivery and/or imaging. Therefore, 
since the report on MCM-41 mesoporous silica for drug delivery by 
M. Vallet-Regí group in 2001 [1], MSNs have been considered to be 
excellent candidates as carriers for drug delivery [2-5]. 

Recently, many efforts have been made in the structure design and 
functional optimization to advance the development of mesoporous 
silica-based drug delivery systems [6], such as embedding of 
functional materials in mesoporous channels, core-shell structure and 
functionalization on the surface of mesoporous silica. Among them, 
the core-shell structured functional MSNs can combine new functions 
in the platform without blocking the mesoporous channels. Therefore, 
the core-shell structured functional MSNs are desirable for drug 
delivery, and have been one of the most active research topics on the 
applications of MSNs.

To increase the drug loading of a carrier is one of main approaches 
for enhancing therapeutic efficacy. Conventional MSNs can load a 
dose of therapeutic drug with 200-300 mg (maximally about 600 mg) 
drug per 1 g silica [7]. However, hollow MSNs, also called MSNs with 
hollow core-mesoporous shell structure, are able to achieve a super-
high drug loading capacity due to the hollow cores providing more 
space to load drugs [8], typically more than 1 g drug per 1 g silica 
[9]. In cancer chemotherapy, such a high drug loading capacity is in 
great favor of high chemotherapeutic efficacy, particularly against 
the multi-drug resistance (MDR) in tumor, because an inefficient 
intracellular accumulation of chemotherapeutic drug frequently leads 
to chemotherapeutic failure, or even to the evocation of the MDR in 
tumors.

Because pure MSNs can not realize the targeted drug delivery, and 
can not track/evaluate the efficiency of drug release in disease diagnosis 
and therapy, the combination with MSNs and functional materials to 
form the core-shell structure is a smart strategy to solve the limitations, 
especially to form magnetic and/or luminescent mesoporous silica 
nanoparticles. Thus, these MSNs with a core-shell structure can be as 
multifunctional platforms for simultaneous targeted drug delivery, fast 
diagnosis, and efficient therapy. 

Among the magnetic MSNs, the core–shell structured nanoparticles 
with magnetic core and mesoporous silica shell are considered as the 

most important and desirable structure for drug delivery combined 
with targeting and/or hyperthermia functions [10-12]. Especially for 
magnetic MSNs with rattle-type structure, their interstitial spaces 
between mesoporous silica shell and magnetic cores are beneficial for 
high drug loading capacity [11,12]. 

Luminescent labeling is a real-time, simple, and effective way 
to monitor the route of drug-transport carriers in a living system. 
Drug delivery systems with luminescent labels can easily evaluate the 
efficiency of the drug release and disease therapy. The luminescent 
labels, such as organic dyes, quantum dots (QDs) and rare-earth (RE)-
doped phosphors, can be embedded in or coated by mesoporous silica to 
form a core-shell structured luminescent MSNs [13-15], which reduce 
the interference of the environment on the luminescent property of 
the luminescent core and completely utilize the excellent advantages of 
mesoporous silica shell. Furthermore, the combination of magnetism 
and luminescence in one MSN provides a new generation MSNs carrier 
with a broad range of functionalities. The magnetic-luminescent MSNs 
can serve as an all-in-one diagnostic and therapeutic tool, which could 
be used to visualize and simultaneously treat various diseases. 

Except for the magnetic and/or luminescent MSNs, other functional 
MSNs also have been intensively developed for drug delivery. The 
Au core-mesoporous silica shell structured MSNs combine the 
photothermal characteristic of Au nanorods with the mesoporosity of 
MSNs in one body [16], which are favorable for cancer treatment due 
to the combination of hyperthermia with the chemotherapeutic drugs 
by synergistic effect. On the other hand, a variety of functional core-
shell MSNs with mesoporous silica cores and functional shells have also 
been developed for stimuli-responsive controlled drug delivery [17]. 
That is to say, mesoporous silica cores serve as containers for drugs 
and functional shells serve as “gatekeepers” to trigger drug release only 
upon exposure to stimuli, which could decrease side-effect to protect 
the healthy organs from toxic drugs and prevent the decomposition/
denaturing of the drugs before reaching the targeted organs or tissues.

To date, multifunctional drug delivery systems based on the core-
shell structured MSNs have been designed and optimized in order to 
deliver the drugs into the targeted organs or cells, with a controllable 
release fashion by virtue of various internal and external triggers. 
The systems will be able to track the released drug molecules in a 
living system. Therefore, these developments are encouraging and 
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show great promise in biomedical applications. However, there are 
still many challenges need to be overcome and investigated more 
comprehensively and thoroughly for these functional MSNs to advance 
its biological and biomedical applications. MSNs can transport through 
the cell membranes and deliver drugs into cells, but there are still many 
questions to be answered for future practical applications, such as the 
pharmacokinetics and pharmacodynamics of drugs loaded in MSNs, 
biodistribution, the acute and chronic toxicities, long-term in vivo 
degradation and compatibility of MSNs [18]. On the other hand, the 
developed synthesis methods to functional MSNs with a core-shell 
structure are limited to produce a small amount of nanoparticles. 
Therefore, the scaled synthesis routes to functional MSNs with a core-
shell structure are very important for the final possible biomedical 
applications. 
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