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Mesoporous Materials in Drug Delivery
Introduction
Nanosciences has a very broad application in medicine such
as nanomaterials applied in drug delivery. The nanomaterials
concluded broad range of materials which can be organic or
inorganic. The inorganic materials especially porous ones are
the most attractive in drug delivery field. Porous nanomaterials
are divided in to three categories according to IUPAC definition
[1]. The materials with pores in the range of 2-50 nm are named
mesoporous materials, the materials with pores<2 nm are named
micro porous and >50 nm are macro porous. The mesoporous
materials have some attractive characteristics included an
ordered pore network, large surface area and large pore volume
due to their size of pores which make them as a potent candidate in
catalysis, sensors, separation and nanomedicine particularly drug
delivery [2,3]. The first synthesized mesostructured materials
was from Mobil industry in 1992 [4] with the name MCM-41 in
the silica mesoporous subset. Many other attempts were carried
out after MCM-41 in synthesis mesoporous inorganic structures
most of them were with the aid of templates such as SBA-15 [5].
Tinplating is a very important factor in preparing the porous
structure which can be performed by surfactants appropriately
by block copolymers [5,6].

As discussed formerly, pore size is very determinative in
adsorption of drug molecules inside the mesoporous structure.
The size of porosity can be changed in a broad range (2-50 nm)
with altering the chain length of polymeric micelles which make
the mesostructured appropriate for delivery of different size of
bioactive molecules concluding small drug molecules and large
proteins [7]. The size of pores is determinant not only on adsorption
of diverse drug molecules but also on the rate of release [8].
Vallet-Regi and co-workers [9] synthesized two silica mesoporous
structure (MCM-41 and SBA-15) with different surface area in
application as a vehicle for alendronate as drug model in which
the one with higher surface yielded to more loading efficacy. Some
efforts have been done to have a controlled release of drug such as
surface functionalization with chemical groups resulted in strong
bindings with drug molecules and a controlled rate in release
[10]. As illustrated by Song and co-workers [11], functionalization
of MCM-41 and SBA-15 with amino groups was a very operative
method in controlling the release rate of ibuprofen. In this
research, the ionic binding between carboxyl groups of ibuprofen
and amino groups of functionalized surface of mesopores has
a very effective impact on controlled release. Another method
in controlling the rate of release is functionalization of surface
with hydrophobic groups. Some researchers [12] functionalized
the surface of SBA-15 with hydrophobic groups like octyl and
octadecyl resulted in declining the pore size and hydrophilicity of
the surface, the parameters which are so effective in controlling
the release rate of erythromycin as a drug model.
The very new method in modifying the mesoporous materials
is multi functionalization of them with several groups. For
instance, functionalization of silica mesoporous nanoparticles
with florescence or magnetic groups (make them applicable
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in imaging) and light activated artificial machines (controlled
delivery) has been reported by Liong and co-workers [13].
Biodistribution is defined as tracking of the intended nanoparticles
in the organs and tissues to distinguish the accumulation of the
tissues. For testing the bio distribution of the mesoporous silica
in cancer therapy, the surface of material was functionalized with
folate. The results were about excreting the positively charged
nanoparticles from the liver into gastrointestinal tract and
finally in the faces of the animal while for the negatively charged
nanoparticles, the excretion was within the liver. So, the surface
charge of nanomaterials has important effect in biodistribution
of them. As well, the shape of mesoporous nanomaterials is
another important factor in biodistribution, where; the short
rod-shaped mesoporous silica accumulates in liver and the long
rod-shaped in the spleen [14]. For targeting the mesoporous silica
to breast cancer cells, the surface of the nanoparticles were bio
conjugated with DNA aptamers with specific binding potent to
nucleolin, a protein which is over expressed on the membrane
of the breast cancer cells [15]. Applying superparamagnetic
nanoparticles as the core of mesostructured silica can be used
in controlled release of drug [16] and as biomarkers in vitro
and in vivo [17]. Addition of florescent groups to the surface of
superparamagnetic/ mesoporous silica core/shell structure
make the platform applicable in three fields such as drug
delivery, MR imaging and cell labelling [18]. Another application
of mesoporous materials is in cancer treatment with the help of
function groups and magnetic cores. The materials which can be
used as coating of mesoporous silica are polymers. For example
polyethylene glycole (PEG) is applied as a coating on mesoporous
silica to make it a potent platform in cancer treatment as PEG can
decreases the reticuloendothelial system uptake and enhances
the stability of nanoparticles in the path of tumor cells [19].
Multifunctionalization of mesoporous materials let the platform
to be multi stimuli responsive yielded to smart drug delivery
systems. These smart platforms can release their drug in response
to different stimuli such as pH, glucose, enzyme, temperature,
light and magnetic field [20].
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Conclusion
In brief, mesostructured structures specifically silica
mesoporous are attractive candidates in controlled drug delivery
due to their ordered pore structure, high surface area and large
pore volume. Functionalization the surface of the mesoporous
makes them to be applicable in multi-purpose fields like imaging,
cell labelling and cancer treatment.
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