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ABSTRACT: Although there are several studies reporting the
promising biological efficiency of mesoporous silica nano-
particles (loaded with antitumoral drugs) against cancer cells
and tumors, there are no reports on the influence of the bio−
nano interface interactions on the molecular diffusion process
occurring along their pores. In this context, we show here that
the protein coating formed on multifunctionalized colloidal
mesoporous silica nanoparticles (MSNs) dispersed in a cell
culture medium decreases the release of camptothecin (CPT, a
hydrophobic antitumoral drug) from the pores of MSNs. This
effect is related to the adsorption of biomolecules on the
nanoparticle surface, which partially blocks the pores. Parallely, the hydrophobic functionalization inside the pores can offer
suitable sites for the adsorption of other molecules present in the cell culture medium depending on the hydrophobicity, size, and
conformation aspects of these molecules and adsorption sites of MSNs. Thus, the molecular cargo loaded in the pores (i.e. CPT)
can be replaced by specific molecules present in the dispersion medium. As a consequence, we show that a non-permeable
cellular staining molecule such as SYTOX green can be incorporated in MSNs through this mechanism and internalized by cells
in an artificial fashion. By extrapolating this phenomenon for applications in vivo, one has to consider now the possible
manifestation of unpredicted biological effects from the use of porous silica nanoparticles and others with similar structure due to
these internalization aspects.
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1. INTRODUCTION

In the last decade there has been a growing number of creative
approaches for the controlled release of molecules from
mesoporous silica nanoparticles (MSNs) operating under the
host−guest approach. Advances in this aspect are likely to
impact a wide range of scientific and technological areas from
industry to medicine. For instance, these nanostructures can be
used as a tool to improve the theranosis of several diseases,
including cancer.1−9 In this context, the surface engineering of
MSNs is a key point for the control of the molecular release
from the pores of the nanostructure. A remarkable advance in
this area was achieved through the design of efficient molecular
stoppers on the pores of MSNs, which can be built with stimuli-
responsive release mechanisms sensitive to pH,10−12 en-
zymes,13,14 photocleavable linkers,15 temperature,16,17 disulfide
bond-reducing molecules,18,19 and monosaccharides.20 The
main objective of these designs was to control the diffusion
process of molecules from the internal pores to the external
medium.

Certainly, important and fundamental knowledge has been
accrued on the development of silica nanomaterials with
various combinations of morphology, pore structure, and
functionalization. However, when considering some nano-
biotechnological applications, for instance, the intravenous
administration of MSNs for medical therapies, more realistic
approaches are required to develop efficient treatment options.
For this reason the use of bio-friendly capping mechanisms and
surface coatings on MSNs was initially proposed to overcome
biocompatibility and toxicology issues.5,6,13,17,21 Furthermore,
another scientific approach has emerged and introduced new
considerations regarding the supramolecular interactions
occurring at the biofluid/nanomaterial interface. Studies
revealed that the biological effects manifested from the use of
nanomaterials are a result not only of the intrinsic character-
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istics of the nanomaterial and its surface, but rather of the
characteristics of a new entity formed by the nanostructure and
the biomolecules interacting with it in the biofluid.22−32 These
interactions occur at the bio−nano interface where a
biomolecule coating (i.e. protein corona) or even a new hybrid
complex may be formed depending on the biological
environment in which the nanoparticle is inserted. From this
perspective the cytotoxicity, for instance, will be affected by the
biomolecular coating on the nanostructure, which varies as a
function of the protein corona features33 and the “cell vision”;
the latter being related to the way that cells see this
biomolecular−nanostructure entity.34−36 Therefore, for several
nanobiotechnological applications, it is now clear the necessity
of using scientific models based on complexity, considering the
integration, interaction, and multiplicity of the involved entities.
The delivery of molecules into cells and tissues by silica

nanocarriers has been shown in several studies, which
confirmed the in situ and in vivo efficiency of
MSNs.6,8,21,37−41 However, to the best of our knowledge,
fundamental studies on the influence of the protein corona on
the molecule diffusion process occurring along the pores of
MSNs have not been reported. Possibly diffusion mechanisms
in biofluids containing porous silica nanoparticles and other
porous nanostructures will be altered as a function of these
interactions at the bio−nano interface. By using spherical
colloidal MSNs with a hydrophobic functionalization on the
inner pores and a hydrophilic functionalization on the outer
surface, and incorporated with camptothecin (CPT, a hydro-
phobic antitumoral drug), we show here that the protein
corona on the surface of MSNs hampers but does not prevent
the diffusion of CPT from the interior of the nanoparticle to
the biofluid and that molecules in the biofluid have access to
the internal hydrophobic environment of MSNs. Furthermore,
as colloidal MSNs possess a broad internal functionalization
with hydrophobic chemical groups (i.e. phenyl), specific
molecules present in the dispersion medium (e.g. cell culture
medium) can be loaded into the nanoparticles and internalized
into living cells in an artificial fashion nonexistent in the
absence of MSNs.

2. EXPERIMENTAL SECTION
2.1. Synthesis of Multifunctionalized Colloidal MSNs. MSNs

with a size distribution range from 40 to 80 nm and large pore sizes
were produced based on a sol−gel method as previously reported.42

The methodology is a modification of the Stöber method,43 which uses
tetraethyl orthosilicate (TEOS) as the Si precursor, an alcohol
(ethanol) as the homogenizing agent, and ammonia (NH3) as the base
catalyst. The synthesis is performed under high concentrations of
precursors, thus resulting in monodisperse nanoparticles. To engineer
the hydrophobic internal pores and the hydrophilic external surface of
MSNs, a co-condensation process with organosilanes was used. For
this, 750 mg of cetyltrimethylammonium bromide (CTAB) was
dissolved in 20.0 mL of a NH3 aqueous solution (0.05 mol L−1, pH
11) and homogenized under magnetic stirring in a round-bottomed
distillation flask attached to a reflux condenser at 5°C (to avoid
ethanol evaporation). To this solution, 3.20 mL of absolute ethanol
were added as the cosolvent, and the mixture was homogenized for 15
min at 60 °C. The internal porous structure was functionalized with
phenyl radicals by using 1.49 mL of TEOS (6.72 mmol) and 816 μL of
phenyltriethoxysilane (PTES, 3.36 mmol). This mixture was sonicated
for 15 min prior to being transferred to the distillation flask. This first
addition of silicon monomers (at t = 0 min) leads to the nucleation
and growth of particles. After 60 minutes, time at which the majority of
the silicon monomers were condensed as nanoparticles, another TEOS
addition (124 μL, 0.56 mmol) was performed to create a non-

functionalized SiO2 shell to isolate the internal hydrophobic porous
structure from the external surface during the decoration with
hydrophilic groups. This was achieved over the period from 60−90
min. The last TEOS addition (at t = 90 min, 124 μL, 0.56 mmol) was
done to form the outer shell of SiO2. The hydrophilic functionalization
of the outer surface was carried out during the formation of the outer
shell by the addition of 128 μL of 3-(trihydroxysilyl)-
propylmethylphosphonate (THSPMP) immediately after the last
TEOS addition (at t = 90 min). The addition of THSPMP represented
an increase in Si of 2.5%-mol (0.28 mmol) over the quantity previously
added as TEOS and PTES (11.20 mmol). After the end of the
reaction, products were isolated by centrifugation at 17 949 rcf and
washed with absolute ethanol before extracting the soft-template
(CTAB, see the Supporting Information for details). After the CTAB
extraction, the colloidal porous nanoparticles were washed twice with
absolute ethanol and resuspended in absolute ethanol and stored in
the refrigerator. Aqueous suspensions of colloidal MSNs were
produced by isolating the sample from the ethanolic suspension (by
centrifugation), washing twice with deionized water, and resuspending
it in deionized water. These suspensions were used for the biological
assays.

2.2. CPT Incorporation and Evaluation of the Molecular
Diffusion Process. The highly hydrophobic pores of the fabricated
MSNs facilitate efficient loading of CPT. This molecule was
incorporated in the pores of silica nanocarriers by sonicating the
aqueous suspension of MSNs in the presence of CPT (added as a
powder). The sonication process is necessary to break CPT particles
and induce the molecule adsorption in the pores of nanoparticles. The
determination of the loading capacity of MSNs was carried out by
mixing the aqueous suspension of MSNs and CPT (as a powder) in an
10:1 MSNs:CPT weight-ratio. Nonincorporated CPT powders
remained insoluble and were separated from the colloidal suspension
by centrifugation at 500 rpm for 2 min. A volume of the colloidal
suspension (w/CPT) was withdrawn and analysized through UV−vis
absorption spectroscopy. To estimate the CPT amount in the MSNs,
the spectrum for this mixture (red curve, see Figure S5 in the
Supporting Information) was subtracted from the spectrum for MSNs
without CPT (blue curve), thus resulting in the CPT spectrum with a
zero-baseline. Subsequently, the area of the CPT absorption band at
350 nm was calculated and compared to a standard calibration curve
(black curve and inset). It should be noted that, if the CPT powder is
added in a quantity lower than the nanoparticle loading capacity
(estimated at 3% w/w), the incorporation process is done in a single
step without centrifugation.

The MSNs incorporated with CPT were incubated for 1 h at 37 °C
in 1.0 mL of a cell culture medium (RPMI 1640 supplemented with
10% of fetal bovine serum, 100 U mL−1 of penicillin and 100 μg mL−1

of streptomycin) in order to generate the biomolecular coatings
(protein corona). The final concentration of MSNs was 500 μg mL−1.
A duplicate incubation was also performed under the same conditions
but in the absence of fetal bovine serum (FBS) in the medium.
Nanoparticles were then centrifuged at 20 817 rcf for 30 min at 4°C
and resuspended in 250 μL of a 0.1 μg mL−1 SYTOX green solution
and incubated in the dark for 30 minutes at 37 °C. After this
incubation period MSNs were again centrifuged and isolated from the
supernatant. Quantification of the CPT release was done by measuring
its fluorescence (excitation at 360 nm) in the isolated supernatant.
Incorporation of SYTOX green into the MSNs was confirmed by
resuspending the isolated nanoparticles and measuring their
fluorescence at 480 nm (excitation). The same procedure was
repeated for MSNs that were incubated in the culture medium in
the absence of FBS. Analyses of mixtures of CPT and SYTOX green
showed that spectra do not overlap.

2.3. Protein Corona Assays. To indentify biomolecules that
strongly interact with colloidal MSNs, the “hard corona” was extracted
from the surface of nanoparticles after their incubation period in RPMI
1640 containing FBS. For this, MSNs were used at the final
concentration of 100 μg mL−1 (in 2.0 mL of culture medium). The
incubation conditions were the same as previously described.
Nanoparticles were then isolated by centrifugation (at 20 817 rcf for
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1 h at 4 °C) and resuspended in a PBS solution (10.0 mmol L−1 of a
phosphate buffer, 2.7 mmol L−1 of potassium chloride and 137 mmol
L−1 of sodium chloride, pH 7.4). Three washing cycles with PBS
solution were performed in order to remove weakly-bonded
biomolecules (centrifugation at this step was performed at 20 817
rcf for 30 min at 4 °C). Finally, the pellet (MSNs containing strongly-
bonded proteins) was resuspended in a protein loading buffer (150 μL,
containing 62.5 mM of Tris-HCL, 2% (w/v) of SDS, 10% of glycerol,
and 0.01% (w/v) of bromophenol blue; pH 6.8) and boiled for 3 min
at 100 °C. From this resulting suspension, 15 μL was loaded in a 15%
SDS-polyacrylamide gel. After running the electrophoresis, the gel was
stained with coomassie blue in order to indentify hard corona proteins.
Dynamic light scattering (DLS) and zeta potential (ζ) analyses of
MSNs with the hard corona were carried out after the PBS washing
procedure. For this, instead of being resuspended in the protein
loading buffer, the pellet was resuspended in deionized water. All
assays described here were performed in triplicate.
2.4. Confocal Microscopy Study. Colorectal cancer cells (HCT

116) were grown in 24-well microplates (1 × 104 cells per well) on
glass coverslips for 24 h in RPMI 1640 supplemented with 10% of
FBS, 100 U mL−1 of penicillin and 100 μg mL−1 of streptomycin. Cells
were maintained in a humidified incubator containing 5% CO2 at 37
°C, and incubated for 4 h in the same conditions with CPT-loaded
colloidal MSNs (100 μg mL−1 containing 3 μg mL−1 of CPT) or CPT
solubilized in dimethyl sulfoxide (3 μg mL−1; with a final solvent
concentration lower than 0.1% [v/v] to prevent cell damage). Cells
were then washed with a Hank’s Balanced Salt Solution (HBSS) and
incubated with WGA-Alexa Fluor 594 (3 μg mL−1, a cell membrane
stain) for 30 min and washed twice. Afterwards, they were fixed with
2% of paraformaldehyde for 30 min, washed with HBSS containing 0.1
mol L−1 of glycine, and then permeabilized in HBSS containing 0.01%
of saponin for 20 min. Finally, cells were incubated with the DNA stain
SYTOX green (0.1 μg mL−1) and the CPT uptake was evaluated by
confocal microscopy. The same procedure was performed for CPT-
loaded MSNs without the permeation step for staining the nucleus.
SYTOX green was excited with an argon laser (λEx = 488 nm, λEm =
500−550 nm), WGA-Alexa Fluor 594 was excited with a HeNe laser
(λEx = 594 nm, λEm = 600−640 nm) and CPT was excited with a two-
photon laser (λEx = 740 nm, λEm = 430−490 nm).

3. RESULTS AND DISCUSSION
The antagonistic hydrophobic and hydrophilic functionaliza-
tions of the colloidal MSNs with phenyl (inner pores) and
methylphosphonate (outer surface) groups, respectively, were
confirmed through 29Si and 13C nuclear magnetic resonance
(NMR) in the high-power decoupling (HPDEC) mode and
cross-polarization and magic angle spinning mode (CPMAS,
see Figures S1 and S2 in the Supporting Information). The
identification in spectra was done for silicon sites associated
with Si−phenyl bonds as well as for each carbon atom related
to the functionalizing organic groups. A high density of phenyl
groups was co-condensed on the inner pores of silica
nanoparticles: ∼23%-mol of Si, nearly a half of all surface
sites (considering P2, P3, Q2, and Q3). The nanoparticle size
distribution ranged from 40 to 80 nm, as determined by
transmission electron microscopy (TEM) images by measuring
the Feret’s diameter of more than 100 nanoparticles (see Figure
S3 in the Supporting Information). The porous structure of the
hydrophobic silica nanocarrier was determined by N2
adsorption−desorption isotherms and pore size distribution
curves (see Figure S4 in the Supporting Information), and also
through scanning transmission electron microscopy (STEM),
shown in Figure 1. The STEM image indicates the presence of
pores larger than 5 nm, in agreement with the pore size
distribution. According to dynamic light scattering (DLS) and
zeta potential measurements, the nanoparticles are mono-
disperse (low PDI value), possess an average size of 120 nm,

and contain a negatively charged surface as a result of the
deprotonation of propylmethylphosphonate and silanol groups
(see Table 1).
Until 2006, about 40% of small-molecule drugs developed by

pharmaceutical companies had limited or no application due to
their low aqueous solubility, which hampers their admin-
istration.44 Camptothecin, an inhibitor of the DNA topoisomer-
ase I enzyme is included in this percentage. In this research, this
problem was addressed by delivering CPT into cells through
colloidal MSNs containing hydrophobic pores and a hydro-
philic surface modification, allowing transportation in aqueous
and biological media. As a result of the nanocarrier character-
istics, namely, a broad hydrophobic internal coverage and a
long-term colloidal stability, CPT can be easily incorporated
into the pores of nanoparticles by simply mixing an aqueous
colloidal suspension of MSNs with CPT powders. The
sonication of this mixture is enough to overcome all energetic
barriers involved in the particle breaking and in the molecule
absorption on silica nanoparticles. The loading capacity of
MSNs through this method was of 3% (w/w) for CPT.
Propylmethylphosphonate groups externally condensed on the
surface of colloidal MSNs provide long term stability for the
nanocarrier when compared to nanoparticles containing just
silanol groups on the external surface (see Figure S6 in the
Supporting Information). After the incubation for 1 h in an
RPMI cell culture medium containing FBS, a biomolecular
coating developed on the surface of the silica nanoparticle. This
phenomenon was confirmed through dynamic light scattering
(DLS) analyses of nanoparticles after their incubation and
isolation. The increase in the hydrodynamic radius is a result of
the presence of strongly-bonded biomolecules on MSNs,
referred to as a “hard corona”. The zeta potential value did
not vary indicating that the electrokinetic potential of the
colloidal suspension remained the same after corona formation
(see Table 1).
As CPT is largely insoluble in water, a measured quantity of

this molecule is promptly released with the dispersion of CPT-
loaded MSNs in water and this amount does not vary over
time, since it is limited by the low solubility of CPT. However,
as a result of the formation of the biomolecular coating the
CPT diffusion process from the pores to the medium is altered.
After the MSNs were incubated in the cell culture medium and

Figure 1. Scanning transmission electron microscopy images in the
bright-field mode (BF-STEM, left panel) and in the high-annular dark-
field mode (HAADF-STEM, right panel). A diagram representing the
hierarchical organic functionalizations of the hydrophobic silica
nanocarrier is also shown.
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isolated, the CPT release was evaluated by measuring the
fluorescence spectrum of the resulting supernatant after the
centrifugation of the colloidal suspension (see Figure 2a). With
the formation of the protein corona, less CPT was released
compared to the amount of CPT released from uncoated
nanoparticles (i.e., MSNs incubated in the cell culture medium
without FBS). The difference observed in Figure 2a could be
detected because the protein corona hampers the diffusion
process in a way that the amount released (blue curve in Figure
2a) is below the CPT solubility (black curve in Figure 2a). The
use of phospholipid bilayers fused on porous silica nanoparticle
as coatings has proven to be an efficient approach to prevent
the displacement of hydrophilic molecules from the pores,
mainly due to the adsorption of polyvalent ions such as
phosphate, sulfate, and carbonate.45 However, when dispersed
in complex biological fluids, such as the cell culture medium
used here, proteins (and other biomolecules) adsorbed on bare
porous nanoparticles can interfere with this molecular displace-
ment similarly to phospholipid bilayers fused on MSNs.
The identification of proteins present in the hard corona

(strongly-bonded proteins) can provide useful information
regarding the existence of selective interactions between the
nanoparticle and biomolecules of the biofluid. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
represented in Figure 2b, shows a broad distribution of
proteins that interacted with MSNs. Specific bands indicate a
major presence of proteins around 10, 25, 50, and above 100
kDa. There are several studies in the literature associating the
distribution of hard corona proteins as a function of the
concentration of biomolecules and nanoparticle composition,
size, and surface functionalizations.29,32 However, considering
the porous structure of silica nanocarriers, which results in an
irregular surface topography, a biomolecular adsorption
mechanism based on size-matching considerations must also
be considered. For instance, as it the most available protein in
FBS, with dimensions of 7.5 × 6.5 × 4.0 nm and a molecular
weight around 66 kDa, bovine serum albumin (BSA) could be
inserted in the pores of nanocarriers through a size matching
regardless of the surface charge of both entities.46 Smaller
biomolecules can face the same fate. Furthermore, after the
insertion of biomolecules into a nanoparticle pore others can
adsorb on the first layers coating the surface, thus reducing the
surface free energy.
In order to evaluate the behavior of silica nanocarriers (w/

CPT) in the presence of HCT 116 cells, confocal microscopy
analyses were carried out by using staining molecules for the
nucleus (SYTOX green, which binds to DNA) and cell
membrane (WGA Alexa Fluor 594, a wheat germ agglutinin
conjugated with a fluorophore that binds to N-acetylglucos-
amine and N-acetylneuraminic acid residues present in cell
surface glycoproteins on the plasma membrane). Cells were
treated with CPT at a concentration of 3 μg mL−1 (8.6 nmol
mL−1), and its internalization into cells was confirmed by the

blue fluorescence-emission (see Figure 3a). When CPT was
added at the same concentration but loaded in silica
nanocarriers (100 μg mL−1), this molecule was observed inside

Table 1. Physicochemical Characteristics of Multifunctionalized Colloidal MSNs

DLS analysisc zeta potential (ζ)e

sample surface areaa (m2 g−1) pore volumeb (cm3 g−1) average size (nm) PDId value (mV) STD (mV)f

s-nanocarrier 950 2.1 120 ± 18 0.162 ± 0.04 −30.5 6.8
HC s-nanocarrierg 234 ± 21 0.232 ± 0.01 −29.5 6.8

aCalculated from the N2-adsorption branch by using the BET method. bEvaluated through the single-point value adsorbed at P/P0 = ∼0.94.
cAnalyses performed in deionized water. dPolydispersity index. eMeasured with a suspension of nanoparticles in a 1 mmol L−1 KCl solution. fSTD =
standard deviation. gHC stands for hard corona.

Figure 2. (a) Fluorescence spectra of CPT released from silica
nanocarriers in a RPMI 1640 culture medium in the presence (w/
FBS) or absence (w/o FBS) of fetal bovine serum proteins. (b) SDS-
PAGE of the hard corona proteins extracted from silica nanoparticles
after the incubation in the cell culture medium containing FBS. The
MW lane contains molecular weight protein standards; lanes 1−3 are
independent triplicates.
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and outside the nucleus, as well as outside the cells. The CPT
fluorescence overlaps that of SYTOX green (green), thus
indicating the fluorophore incorporation in silica nanocarriers
(see Figure 3b). Light emission outside the cells for both CPT
and SYTOX green is a result of the attachment of silica
nanoparticles on the glass slide, upon which they strongly
adsorb and are not removed by the washing process. The
cellular uptake of silica nanocarriers and their ability to
transport SYTOX green into cells were confirmed through
the green fluorescence in the x−z and y−z image planes (see
Figures 3c and d). These images were taken in the absence of
the cell permeation procedure, which must otherwise be
performed in order to allow the SYTOX green internalization
and to induce nuclear staining, since this fluorophore is a
membrane−impermeable DNA binder. The incorporation
observed for SYTOX green (see Figure S7 in the Supporting
Information) was also confirmed for the fluorophore 7AAD (7-
aminoactinomycin D, a molecular stain for DNA). In contrast,

wheat germ agglutinin (WGA 594), with a molecular weight of
approximately 38 kDa did not interact with the MSNs to the
extent that the smaller fluorescent molecules did (SYTOX
green and 7AAD). In addition, the fluorophore Lucifer yellow
was not incorporated into the porous silica nanoparticles.
Therefore, the internalization of extracellular molecules into
cells by silica nanocarriers will depend on charge, hydro-
phobicity, size, and molecular conformation aspects, which will
determine the interaction between these entities (see the
fluorophores molecular structures in Figure S8 in the
Supporting Information) and the adsorption sites in the
nanocarrier pores. For instance, the hydrophobic micro-
chemical environment present in the inner pores of the
colloidal MSNs used here can favor specific supramolecular
interactions with poly-aromatic molecules through van der
Waals forces and pi-stacking bonds.47

Therefore, molecular diffusion phenomena in biological
fluids containing silica nanocarriers will be ruled by complex

Figure 3. Confocal microscopy images of HCT 116 cells incubated with (a) camptothecin and (b) hydrophobic silica nanocarriers with
camptothecin. Images were taken with emission wavelengths in red (for cell membranes stained with WGA 594), blue (for CPT), and green (cell
nuclei stained with SYTOX green). The image with the merged colors is also presented. (c) Image showing the incorporation of SYTOX green into
cells by hydrophobic silica nanocarriers. (d) Enlargement of the image presented in part c.
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kinetic and thermodynamic aspects that are directly related to
the surface microchemical environment of the nanostructure
and the protein corona features (Figure 4a). By considering a

situation of pore blocking by the proteins, the incorporation
(k3) and release (k4) mechanisms for two different molecules
possessing affinity to the internal microchemical environment
of the nanocarrier (e.g. CPT and SYTOX green) will occur not
only as a function of their adsorption−desorption kinetic
constants but also of the protein adsorption−desorption
constants (k1 and k2). In other conditions, such as with
nanoparticles with large pore sizes, the molecular diffusion

processes can occur with less dependence on the protein
corona. On the other hand, smaller pore holes might increase
the integration level between these constants. Therefore, access
to the internal cavities of porous nanocarriers may lead to the
incorporation of extracellular molecules which have affinity with
the pore microchemical environment, thus resulting in their
insertion into cells (Figure 4b). To prevent this event, a
programmable molecular stopper operating in this context will
face the difficult requirement of hindering the access of
molecules to the inner cavities of the nanoparticle until it is
inserted in the target living entity.

4. CONCLUSIONS
In summary, we reported here that the chemical interactions
occurring at the bio−nano interface of colloidal MSNs (with a
hydrophobic internal environment) in a cell culture medium
(i.e. RPMI 1640 containing 10% of FBS) influences the
diffusion mechanism through which molecules (e.g. CPT) will
be released from the internal pores to the external medium. In
addition, molecules present in the cell culture medium (e.g.
SYTOX green) can also replace drugs (e.g. CPT) in the
hydrophobic pore cavities of the silica nanocarrier as a result of
the chemical affinity between these entities. As the nanocarrier
can be internalized by cells, it may transport these extracellular
molecules (e.g. SYTOX green) adsorbed on the inner pores,
thus resulting in an artificially-induced internalization event.
These findings must be considered in all perspectives involving
the use of MSNs and other nanostructures (containing internal
cavities) as molecular vehicles to reach cells and tissues since
this phenomenon may result in unexpected and undesired
biological effects. Although the nanocarrier efficiency in
delivering the molecular cargo into specific cells and tissues
will be ruled by complex kinetic and thermodynamic
mechanisms (in a nonsteady state), an optimization of the
nanocarrier efficiency can be achieved with our current
synthetic tools. By changing the pore size, a variation in
molecular diffusion process will be induced through size-
matching aspects between the pore cavity (sp) and
biomolecules from the protein corona (sb). With small pores,
a wide variety of proteins from the biofluid can block the pore
holes (sb > sp), thus inhibiting the release of small molecules
and restricting the access of molecules from the medium to the
nanoparticle internal cavity.
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