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Despite insolubility, non-specificity and high toxicity of therapeutics associated with biological
obstacles such as drug resistance, blood-brain barrier and systemic enzymatic degradation, patients
have to take their high dosages to attain the expected therapeutic efficacy for the disease-treatment.
To overcome these complications, various drug carriers are being investigated in the
pharmaceuticals to supply their therapeutics to the specific sites in the body. Nowadays, mesoporous
silica nanoparticles (MSNPs) have emerged as promising candidate because they can overcome all
the barriers maximally by producing their biological effectiveness in a controlled and sustained
manner to the diseased site. As the mesoporous silica materials have the excellent favorable
physicochemical features, the multi-functionalized MSNPs are capable to target and release their
cargos into the diseased cells according to the requirement upon exposition to external or internal
stimuli. This review demonstrates the state of knowledge for the consideration MSNPs as delivery
system against various diseases.

Copyright © Ardhendu Kumar Mandal, 2018, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION
Many people suffer from acute and chronic microbial
infections, biofilm  development, asthma, bronchitis,

tumorigenesis and neurodegenerative diseases throughout the
world. When the body is exposed by virulent microorganisms
and / or various potent chemicals, the disease is induced,
promoted, and progressed. The invasions or administration of
microorganisms or chemicals are counteracted by body defense
mechanisms such as innate and acquired immune responses [
and antioxidant defense actions ! for their protection from
infection or any disorder. The disease is generally initiated
when the body defense mechanisms cannot overcome against
the biological inductions of infectious agents. As conventional
therapy has so many limitations to target active compounds to
specific site of interest with least toxic effect to surrounding
healthy cells, it is needed to design a delivery system which not
only can act as antimicrobial and anti-carcinogenic agent but
also can act as delivery vehicle to target lead compounds to
specific sites with insignificant side effect in the biological
system.

In the last decades, the investigations regarding active
components transport technologies have been modified
appreciably as the complex human body is generally dependent
on the developed disorder to be treated while the procedures to
administer different lead compounds to cells are quite different.

*Corresponding author: Ardhendu Kumar Mandal

Additionally, as drugs-toxicity can affect the healthy cells of
the body, it has given emphasized to target and control the
therapeutics into the diseased cells specifically with a sustained
liberation by overcoming mostly all the biological barriers to
avoid secondary adverse side effects. In this context,
nanotechnology has restructured the delivery and targeting
processes by changing the perspective of the pharmaceutical
industries as nanoparticles may have extent below 100 nm, get
dissolved, and may entrap, encapsulate or anchor lead
molecules, ligands by their functionalizations affecting
biodistribution, bioavailability to target specific diseased sites
as efficient and potent delivery carriers. MSNPs among other
nanoparticles, have emerged as a decisive and innovative
delivery carrier owing to their exclusive mesoporous
configuration to preserve chemical stability, biocompatibility,
surface functionality by ensuring the regulated components-
liberation and targeted contents-delivery of various active lead
compounds .

The superior textual characteristics such as good
biocompatibility and stability, high surface area, tunable pore
diameter, large pore volume, narrow and ordered pore size
distribution, high component-loading capacity, facile surface
chemistry, and easy silanol-containing surface
functionalizations associated with capping / or coating / or
coupling of targeting ligands through chemical linking with
other therapeutic molecules make MSNPs suitable for targeting
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lead compounds to a particular site in a controlled and
sustained liberation manner *'*, In general, MSNPs interact
with microbials and diseased cells to disrupt them through
penetration of the cell membrane or by producing reactive
oxygen and / or nitrogen species to cause cellular oxidative
damages such as lipid peroxidation, mitochondrial dysfunction,
aberrent aggregation of nucleoplasmic proteins and DNA
destructions through different signalings e.g. apoptosis and
necrosis "2 This review demonstrates different surface
modified MSNPs to consider as a potent delivery system in bio
/ nanomedicine for therapeutic applications against several
diseases and for biofilm eradication.

Synthesis of mesoporous silica nanoparticles

MSNPs-synthesis is performed at a low concentration of
surfactant as a structure-directing agent dependent upon the
interactions between the cationic surfactant and the growing
anionic oligomers of orthosilicic acid to produce their smaller
sizes 1***. By hydrogen bonding and electrostatic interactions,
the silica precursors such as tetrakis (2-hydroxyethyl)
orthosilicate, alkoxides and pure alkoxysilanes, orthosilicic
acid, glycerol-obtained polyol-based silanes, sodium
metasilicate, tetramethoxysilane (TMOS) and tetraethyl
orthosilicate are concentrated at the hydrophilic interfaces to
form mesoporous amorphous silica ™*! while the residual
surfactants can be removed by extraction and calcinations
method . The synthesis procedures of MSNPs are mainly
followed by microwave, hydrothermal, sol-gel and template
methods 2771,

Microwave synthesis method

Microwave, a kind of electromagnetic wave (frequency 300
MHZ-300 GHZ), is operated under the action of
electromagnetic field with both outside and inside rapid
heating, energy efficient and time saving, while MSNPs are
synthesized by microwave irradiation within 6 h, resulting
ordered pore size with good crystallinity 7%,

Hydrothermal synthesis

For hydrothermal synthesis, surfactant as a template agent and
alkali or acid as a catalyst are used, and then an inorganic
substance is slowly added to the mixed solution for obtaining a
hydrogel which is transferred to the autoclave to obtain high
pressure and temperature for the reaction precursors for their
separation with the removal of organic matter 1*”),

Sol-gel method

Sol-gel method provides controlled functionalization on the
synthesized MSNPs-surface by their formation in the solution
of glue body suspension with a subsequent three-dimensional
network of polymer gel chain exhibiting simple equipment
controlled operation, low temperature environment and high
pure yield P,

Template synthesis method

Template synthesis for surface activity in the solvents with
alkaline or acidic conditions for forming micelles, inorganic
precursors to micelles react slowly as template and
subsequently burn back for forming ordered MSNPs 2°“*?, The
soft template method relates the non covalent bond between the
inorganic reactants and the surface active agents, while the
yield varies 10-1000 nm. The hard template method is used for

filling an object with its template pores ranging 2-50 nm for
obtaining ordered MSNPs (2-50 nm) after the removal of the
template.

In brief, pyrogenic amorphous silica nanoparticles are
synthesized in closed reactors by the alkyl chlorosilanes
(CH;SiCl;, HSiCls, SiCly) hydrolysis in a hydrogen / oxygen
flame at 1200°C-1600°C. Proto and subsequent primary
particles of SiO, are generated by nucleation, condensation and
coagulation process following their aggregation and
agglomeration. Precipitated silica gel and silica nanoparticles
consisting of haphazardly attached spherical polymerized
primary particles are generally produced by the acidification of
sodium silicate with sulphuric acid. The precipitate is then
filtered, cleansed, dehydrated and milled with a controlled way
to yield MSNPs having average 2-50 nm pore diameters. These
uniform pores may be achieved by the reaction of
tetracthylorthosilicate (TEOS) and template of surfactant
amphiphilic polymers under acidic or alkaline condition
following evacuation by calcinations or washing with a solvent
143441 Colloidal silica nanoparticles are synthesized through the
partial neutralization of an alkali-silicate solution by ion
exchange, electro-dialysis or acidification to form silica nuclei
(1-5 nm) and then either fusion form in chains resulting silica
gel by reducing pH <7 or adding salt or the gradual colloidal
growth of the separated subunits by keeping pH slightly on the
neutral alkaline side. The emerging colloidal suspension is then
stabilized by the inclusion (upto 10%) of HCI, NH;3, NaOH or
KOH or by substitution of electrostatic Si atoms such as Al to
get higher negative charge keeping pH below the neutral point.
The resulting suspension is then concentrated by liquid phase
evaporation while hydrogen ions from colloidal silica surface
incline to segregate in aqueous solution forming negative
charges. Spherical colloidal silica nanoparticles having
controlled uniform porosity and size are also synthesized by the
alkyl silicates hydrolysis and consequent silicic acid
condensation in ethanol and ammonia *,

Functionalization of mesoporous silica nanoparticles

As the pore walls and the outer surface of the MSNPs possess
silicon hydroxyl groups, their functionalization can alter the
pore hydrophobicity / hydrophilicity **), pore size and acidity
U7 and adjust the chemical properties of the MSNPs-surface
U8 In this aspect, MSNPs modified by the amino group can
effectively enhance the loading amount and prolong the
sustained release owing to the strong interactions between the
carboxyl and amino groups of the IBU. As the hydrophilicity of
the amino groups is better than that of the silanol groups, the
surface functionalization of the MSNPs can significantly
improve the hydrophilicity of MSNPs by enhancing the
hydrophilicity of the molecular loaded amount *,

Co-condensation approach for creating bi-functional MSNPs
was performed where organosilane (R-TES or R-TMS) (R,
organic functional groups, TES, triethoxysilane, TMS,
trimethoxysilane) is adjoined into a reaction solution
containing tetraethylorthosilicate (TEOS), or instantly after
TEOS-adjoining to afford incorporation of organosilanes in the
final substance %,

Surface functionalization with inorganic and organic
substances can provide various functionalities of MSNPs for
regulating diffusion and liberation of cargos and cell surface
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recognitions among others. For biomedical applications,
MSNPs have been designed to attach their biocompatible
external surfaces with molecular or macromolecular moieties
for providing tunable interactions with the biological
environment for making the delivery system highly
controllable ©'¥). The triggered cargo release from MSNPs
may be performed through gating concepts where pore gating
systems consisted of nanoparticles or bulky molecular groups
such as gold, iron oxide -nanoparticles, proteins block the pore
entrances to seal the interior mesoporous environment (%3
while the macromolecular structures generally become
degradable or anchored to the MSNPs-surface through linkers
cleaved by stimuli exposure “**7). Better pore sealing can be
achieved by a complete MSNPs coating of oligonucleotides,
polymers and lipids P**"! while competitive displacement or
phase transitions reactions may lead to pore openings and
efficient cargos delivery . The other strategy for controlled
component release relates component attachment in the porous
system of the silica nano-vehicles where covalent or
coordinative bonds may be cleaved by stimuli such as reducing
agents or competitively binding molecules for activating
components liberation "7,

Characterization of mesoporous silica nanoparticles

The morphology and particle size of MSNPs may be detected
by Field Enission Scanning Electron Microscopy. The
homogeneity and porous structure of the MSNPs may be
identified by the High-Resolution Transmission Scanning
Electron Microscopy. The particle size distribution and the zeta
potential of the MSNPs may be determined by using Dynamic
Light Scattering. The textural properties may be analyzed by
nitrogen adsorption isotherm utilizing Micromeritics ASAP
Porosimeter following the Brunauer-Emmet-Teller method
where the pore size and the specific surface area (Spgr) are
calculated from the desorption curve, and the average pore
diameter is worked out from the pore volume presuming
cylindrical pore and Sgrr determined by BET surface area.

Mechanism of action of silica nanoparticles

Silica nanoparticles upon exposure to cells can generate
endocytosis- dependent or independent silicon-based free
radicals such as Si' SiO" and SiOO' owing to nanoparticles’
oxidation ™, These radicals, inturn, induce reactive nitrogen
species (RNS) and reactive oxygen species (ROS) generations
directly or by cell-activation. In this aspect, O,", followed by
H,0, and ‘OH generations derived by the NADH oxidase and
NADPH dehydrogenase activities, and NO/ONOO- generation
from activated NO synthase, and silicon radicals, by binding
proteins, lipids, nucleic acids through thiol, carboxylic, azide,
amine and phosphate groups, can produce cellular oxidative
damage supported by oxidative stress-induced membrane
disruption, DNA destruction or aberrant aggregation of
nucleoplasmic proteins, cell cycle arrest, apoptosis and necrosis
(7711 The involvement of mitochondria for the generation of
ROS relates the leakage of electron transport chain i.e. its
pathway damage where cellular apoptotic death takes place by
mitochondrial intrinsic pathway and receptor-mediated
extrinsic pathway "® and cellular necrosis occurs due to the
massive cell membrane damage leading to rapid intracellular
ATP levels reduction and cellular osmotic balance loss .
Silica nanoparticles may also be adsorbed to the cell-surface

due to electrostatic interaction affinity resulting membrane
damage by abrasion and binding to other sub-cellular
organelles to deactivate their normal functions.

Mesoporous silica nanoparticles as delivery system
Drug delivery

MSNPs display unique features as ideal nanocarriers to host for
protecting them through transportation of cargos to the target
site for their feasibility to integrate targeting components in the
external surface for directing to the affected tissues with
increasing specificity and diminishing toxicity. In this context,
their pore entrances may be capped by utilizing stimuli-
responsive gatekeepers to maintain and operate pore opening
for cargo-release to the target.

For selective passive targeting, MSNPs can extravasate through
enlarged pores of capillary endothelium to reach tumor site by
enhanced permeation and retention activity "', whereas for
active targeting, surface functionalizations of MSNPs with
molecules make them capable in targeting for selective
interactions with specific membrane receptors possessed in
tumor cells. The surface modification of MSNPs with targeting
ligands directs them for their affinity towards the blood vessel
to irrigate solid tumor while tumor destruction takes place by
disrupting nutrients and oxygen supply *2. Recently MSNPs
functionalized with folic acid and triphenylphospine to bind to
folate receptor and mitochondrial membrane respectively for
cancer cells have been developed for their targeting as efficient
antitumor therapies *. As MSNPs have poor penetration
ability on diffusion within tumor mass owing to the residence
of collagen-rich extracellular matrix, these nanocarrier systems
have been proposed to design a pH-sensitive collagenase
attached with coating of radical polymerization of acrylamide
as the structural monomer, 2-aminoethylmethacrylate for
providing amino groups to attach to nanoparticles’ surface, and
ethylene glycol dimethacrylate as the pH-partible cross-linker

Under acidic pH of solid tumor environment,
functionalized MSNPs break triggering the collagenase-
liberation for digestion the extracellular matrix leading to their
improved penetration to the tumor site. In this concern, as
human mesenchymal stem cells (MSCs) have also the
capability to migrate towards tumors, MSCs and doxorubicin
loaded-MSNPs have been applied as a tool for efficient cancer
cell -death both in vivo and in vitro *>%

Internal stimuli such as pH, enzymes and redox potential, and
external stimuli such as light, ultrasound and magnetic fields
may be accomplished through attaching pore blocking caps
throughout linkers to cleave and liberate cargo to the target site.
The capping agents such as polymers, macromolecules or
inorganic nanoparticles can seal the mesopore entrances by
hindering premature components release. The coatings of
inorganic and organic chemicals may also be used as blocking
caps and capable to degrade under stimulation allowing pore
uncapping and cargo release. The incorporation of super
paramagnetic iron oxide or other metals within MSNPs allows
the employ of alternating magnetic fields and physicochemical
changes by triggering temperature increase while gatekeeper
moieties become capable to provoke pore opening and drug
release to target area upon exposure *7?. Mechanophores i.e.
chemical bonds e.g. of 2-tetrahydropyranyl methacrylate
(hydrophobic monomer) may be cleaved and transformed to
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hydrophilic methacrylic acid under ultrasound stimulus while
this moiety is used for MSNPs drug delivery as mesopore
gatekeeper ). MSNPs are also decorated with porphyrin
nanocaps attached through ROS-cleavable linkages while
porphyrin blocking caps upon visible light exposure induce
singlet oxygen molecules to split the sensitive linker and
acti\[/9a7t]e the mesopores-openings to liberate cargo to the target
site .

Gene delivery

Nucleic acids, including DNAs such as plasmid DNAs
(pDNAs) which act through deficient gene re-expression in
diseased tissues, endogenous micro RNAs (miRNAs) and
exogenous small interfering RNAs (siRNAs) which are capable
of recognizing endogenous target mRNAs via sequence
complementarity to control gene expression via repressing
translation or inducting degradation by RNA interference
(RNAI), and antisense oligonucleotides (ASOs), the single-
stranded nucleic acids and complementary to endogenous
mRNAs, which can attach with to control mis-spliced mRNAs
through their inactivations, are all potent gene regulators as
therapeutic drug candidates 81001 " To protect nucleic acids
from poor membrane permeability and serum unstability,
nucleic acid-MSNPs complexes have been prepared through
electrostatic and hydrophobic interactions as simple nucleic
acids loading onto MSNPs and their rapid liberation upon
delivery into cells. Several investigators showed their
nanoparticles’ encapsulation and delivery in different ways
where amino molecules utilized to functionalize MSNPs-
surface for pDNA loading ""'%?, polyethyleneimine coating
on MSNPs-surface used to anchor DNA and siRNA “03’104],
poly-arginine and poly-lysine coated on MSNPs-surface to
condense siRNA U1% " \which may be associated with
different cargos-loading inside the MSNPs-pores """ to assist
their deliveries into cells ') MSNPs may also be
functionalized with various targeting ligands through basic
chemical reactions such as maleimide / thiol ally, condensation
reactions between isothiocyanates and amines or between
amines and carboxylic acids to deliver DNAs through sugar
receptor-mediated, siRNA through folate receptor-mediated
specific cells "' In this context, nucleic acid-guided
therapy implies intracellular delivery of nucleic acid-MSNPs
complex while they are endocytosed into cells via receptor or
non-specific -conciliated cellular accumulation followed by
their disappearance from the endosome / lysosome, and nucleic
acids liberation from the complexes into the cytoplasm to
employ their biological activities ''*!. PEI-overlay of MSNPs
on the DNA delivery efficacy " and miR-34a encapsulated
MSNPs conjugated with an antibody which targets the cell
surface antigen disialoganglioside GD2 for selective delivery
were investigated by some researchers "', siRNA human
epidermal growth factor receptor 2 (HER2), anti HER2 and
siRNA vascular endothelial growth factor (VEGF), were
loaded separately onto MSNPs to deliver them into HER2-
positive breast cancer cells and angiogenic tumor cells
respectively ''>"®] In this aspect, P-glycoprotein siRNA and
doxorubicin loaded in MSNPs showed their inhibitory delivery
efficiency against drug-resistant breast cancer cells "', Upon
small molecule-ASO-MSNPs complexes delivery into the cells,
small molecules inside the nanoparticles-pore could not restrict
miRNA in the beginning owing to the capping of the pore with
ASOs from entry of small molecules to cytoplasm but the

anchoring of ASOs with endogenous miRNAs exposed the
pore and liberated the encapsulated cargos into the cytoplasm
to realize dual-restriction of miRNAs such as miR-122 and
miR-21 expressed in hepatocellular and ovarian cancer cells
respectively 207121,

Biodistribution and elimination of mesoporous silica
nanoparticles

Biodistribution of MSNPs in animal differs depending on their
administration route such as intravenous, intra-peritoneal, oral
and subcutaneous associated with the particles’ shape, size,
surface modifications, charge and concentration. It was
investigated that MSNPs were accumulated more in tumor site,
and the highest accumulation of the particles was monitored in
the kidney and lungs, and lower uptakes in liver, heart,
intestine and spleen '*?! Folate-anchored MSNPs showed
enhanced tumor accumulation for their specific targeting to
cancer cells. In this concern, MSNPs composed of -Si-O-bonds
become susceptible in an aqueous medium to nucleophilic
attack by hydrolytic water hydroxide into orthosilicic acid
(Si(OH)4) from siloxane (Si-O-Si) which is biocompatible and
eliminated easily through the activity of the complement
system or urination 'Z'?% Another study demonstrates that
positively charged nanoparticles have been eliminated from the
liver through gastro-billiard system in the feces, while
negat[isxéfly charged particles have been sequestered within the
liver ™.

Immunotoxicity of silica nanoparticles

MSNPs, upon entering the body, probably interact with
immune cells monitored in various cell lines. THP-1-derived
macrophages were exposed with 100 pg/mL silica
nanoparticles (30 nm) for 6 h, while a significant enhancement
of interleukin-1-beta (IL-1P) via phagocytic uptake of
nanoparticles was observed """l Larger sized silica
nanoparticles (150-200 nm) phagocytosed by microglial cells
after 24 h exposure to various concentrations (0.0728-7.28
ug/mL), also showed a significant increment of IL-1p '**]
Silica nanoparticles (10 and 50 nm) showed dose-dependent
(6.25-100 pg/mL) enhancement and decrement of TNF-o and
IL-6 productions respectively in RAW.264.7 macrophages,
while their amino surface-functionalized counterparts showed
insignificant toxicity "%

CONCLUSIONS AND FUTURE PERSPECTIVES

MSNPs appear as promising delivery device as they combine
their constituents’ stability and biocompatibility with versatile
chemistry on the control of dimensions, morphology and
surface properties, and are capable of encapsulation or grafting
with various active components to release them in a sustained
manner to target site overcoming the biological barriers to
destroy microbes, infected cells, drug resistant cells and
biofilms. Immune system upon the exposure of MSNPs,
induces cascades of events such as the release of endosomal
substances, productions of ROS, RNS, cytokines and
chemokines resulting inflammation though the responses are
regulated by the designing of the size, shape, surface area,
surface charge and porosity of the nanoparticles. Therefore, it
is needed to coat cargos-encapsulated MSNPs with ligand to
minimize any toxicity and to target components to specific site
of interest for proper biomedical application against different
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diseases. In this concern, thorough in vivo study regarding their
biodistribution, biocompatibility, degradability, elimination,

pharmacokinetics and

toxicity should be investigated

systematically before their clinical translation.

Acknowledgement

This study was supported by the Council of Scientific and
Industrial Research (CSIR), Government of India.

References

1.

10.

11.

12.

13.

14.

Mandal AK. Silver nanoparticles as drug delivery
vehicle against infections. Glob. J. Nanomed. 2017,
3(2):555607.

Sana S, Ghosh S, Das N, Sarkar S, Mandal AK.
Vesicular melatonin efficirently downregulates sodium
fluoride-induced rat hepato- and broncho- TNF-a, TGF-
B expressions, and associated oxidative injury: A
comparative study of liposomal and nanoencapsulated
forms. Int. J. Nanomed. 2017; 12:4059-4071.

Mandal AK. Vesicular drug targeting in combating
cerebral oxidative injury. Ind. J. Appl. Res. 2018;
8(1):287-292.

Sooyeon K, Singh RK, Wojciech C. Silica-based
mesoporous nanoparticles for controlled drug delivery.
J. Tissue Eng. 2013; 4:1-35.

Brannon PL. Recent advances on the wuse of
biodegradable microparticles and nanoparticles in
controlled drug delivery. Int. J. Pharm. 1995; 116:1-9.
Kresge CT, Leonowicz ME, Roth WJ. Ordered
mesoporous molecular sieves synthesized by a liquid-
crystal template mechanism. Nature 1992; 359:710-712.
Shchipunov YA, Burtseva YV, Karpenko TY,
Shevchenko NM, Zvyagintseva TN. Highly efficient
immobilization  of  endo-1,  3-beta-d-glucanases
(laminarinases) from marine mollusks in novel hybrid
polysaccaride-silica nanoconposites with regulated
composition. J. Mol. Catal. B. Enzyme 2006; 40:16-23.
Klichko Y, Liong M, Choi E et al. Mesostructured silica
for optical functionality, nanomachines, and drug
delivery. J. Am. Ceram. Soc. 2009; 92:S 2-10.

Tourne PC, Begu S, Lerner DA et al. Sol-gel one-pot
synthesis in soft conditions of mesoporous silica
materials ready for drug delivery system. J. Solgel Sci.
Technol. 2012; 61:455-462.

Liong M, Lu J, Kovochich M et al. Multifunctional
inorganic nanoparticles for imaging, targeting, and drug
delivery. ACS Nano. 2008; 2:889-896.

Hongmin C, Zipeng Z, Jin X. Label-free luminescent
mesoporous silica nanoparticles for imaging and drug
delivery. Theranostic. 2013; 3:650-657.

Xie J, Lee S, Chen X. Nanoparticle-based theranostic
agents. Adv. Drug Deliv. Rev. 2012; 62:1064-1079.
Chen M, vonMikecz A. Formation of nucleoplasmic
protein aggregates impairs nuclear function in response
to SiO, nanoparticles. Exp. Cell. Res. 2005; 305:51-62.
Nabeshi H, Yoshikawa T, Matsuyama K et al
Amorphous nanosilica induce endocytosis-dependent
ROS generation and DNA damage in human
keratinocytes. Part. Fibre. Toxicol. 2011; 8:1.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chen M, Singer L, Scharf A, vonMikecz A. Nuclear
polyglutamine-containing protein aggregates as active
proteolytic centers. J. Cell. Biol. 2008; 180:697-704.
Guo C, Xia Y, Niu P et al. Silica nanoparticles induce
oxidative  stress, inflammation and endothelial
dysfunction in vitro via activation of the MAPK/Nrf2
pathway and nuclear factor-xB signaling. Int. J.
Nanomed. 2015; 20:1463-1477.

Tokgun O, Demiray A, Bulent K, Akca H. Silica
nanoparticles can induce apoptosis via dead receptor and
caspase-8 pathway on A549 cells. Adv. Food Sci. 2015;
2:65-70.

Fubini B, Hubbard A. Reactive oxygen species (ROS)
and reactive nitrogen species (RNS) generation by silica
in inflammation and fibrosis. Free Radic. Biol. Med.
2003; 34:1507-1516.

Ahmed J, Ahamed M, Akhtar MJ et al. Apoptosis
induction by silica nanoparticles mediated through
reactive oxygen species in human liver cell line HepG2.
Toxicol. Appl. Pharmacol. 2012;259:160-168.

Ahmed M. Silica nanoparticles-induced cytotoxicity
oxidative stress and apoptosis in cultured A431 and
A549 cells. Hum. Exp. Toxicol. 2013; 32:186-195.

Joshi GN, Knecht DA. Silica phagocytosis causes
apoptosis and necrosis by different temporal and
molecular pathways in alveolar macrophages. Apoptosis
2013; 18:271-285.

Corbalan JJ, Medina C, Jacoby A, Malinski T,
Radomski MW. Amorphous silica nanoparticles trigger
nitric oxide / peroxynitrite imbalance in human
endothelial cells: Inflammatory and cytotoxic effects.
Int. J. Nanomed. 2011; 6:2821-2835.

Bauer AT, Strozyk EA, Gorzelanny C, Malinski T,
Radomski MW. Cytotoxicity of silica nanoparticles
through exocytosis of von Willebrand factor and
necrotic cell death in primary human endothelial cells.
Biomaterials 2011; 32:8385-8393.

Trewyn BG, Slowing II, Giri S, Chen HT, Lin VS.
Synthesis and functionalization of a mesoporous silica
nanoparticle based on the sol-gel process and
applications in controlled release. Acc. Chem. Res. 2007,
40:846-853.

Lu J, Liong M, Zink JI, Tamanoi F. Mesoporous silica
nanoparticles as a delivery system for hydrophobic
anticancer drugs. Small 2007; 3:1341-1346.

Rambabu A. Novel synthesis, structure and functions of
mesoporous  silica materials.  Uppsala Acta
Universitatis Upsaliensis 2010; pp.13-24.

Abd Jalil A. Utilization of microwave for the synthesis
of mesoporous silica nanoparticles as ibuprofen drug
delivery vehicles. Injury 2014; 45:1185-1189.

Gu L, Zhang A, Hou K et al. One-pot hydro thermal
synthesis of mesoporous silica nanoparticles using
formaldehyde as growth suppressant. Micropor.
Mesopor. Mater. 2012; 152:9-15.

Meynen V, Cool P, Vansant EF. Verified syntheses of
mesoporous materials. Micropor. Mesopor. Mater.
2009; 125:170-223.

Loryuenyong V, Muanghom T, Apinyanukul T et al.
Synthesis of template mesoporous silica nanoparticles

28821 |Page



Ardhendu Kumar Mandal., Mesoporous Silica Nanoparticles as Delivery System Against Diseases

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

under base catalysis. Adv. Appl. Ceram. 2011; 110:335-
339.

Li M, Liu N, Wu Z et al. A facile and novel route for
dual-template method synthesis of mesoporous silica
material Al-Ce-SBA-15. Mater. Lett. 2016; 185:85-88.
Kumar S, Malik MM, Purohit R. Synthesis methods of
mesoporous silica materials. Mater. Today 2017; 4:350-
357.

Bian S. Organic / inorganic hybrid mesoporous silica
membrane rapidly synthesized by a microwave-assisted
method and its application in enzyme adsorption and
electrocatalysis. J. Mater. Chem. B. 2013; 1:3267-3276.
Wu CG, Bein T. Microwave synthesis of molecular
sieve MCM-41. Chem. Commun. 1996; 28:925-930.
Pasqua L, Procopio A, Oliverio M ef al. Hybrid MCM-
41 grafted by a general microwave-assisted procedure: A
characterization study. J. Porous Mat. 2013; 20:865-
873.

Celer EB, Mietek J. Temperature-programmed
microwave-assisted synthesis of SBA-15 ordered
mesoporous silica. J. Am. Chem. Soc. 2006; 128:14408-
14414.

Tomer VK, Malik R, Jangra S et al. One pot direct
synthesis of mesoporous SnO, / SBA-15 nanocomposite
by the hydrothermal method. Mater. Lett. 2014;
132:228-230.

Ge NL, Zhang D, Wei HB ef al. Bifunctional ionic
liquid as template in the preparation of mesoporous
silica via a sol-gel method. J. Func. Mater. 2014;
45:20068-20073.

Dement eva OV, Senchikhin IN, Kartseva ME ef al. A
new method for loading mesoporous silica nanoparticles
with drugs: Sol-gel synthesis using drug micelles as a
template. Colloid. J. 2016; 78:586-595.

Li X, Shi B, Chaikittisilp W et al. A general method to
synthesize a family of mesoporous silica nanoparticles
less than 100 nm and their applications in anti-reflective
/ fogging coating. J. Mater. Sci. 2016; 51:6192-6206.
Cruz P, Perez Y, Hierro ID. Titanium alkoxides
immobilized on  magnetic  mesoporous silica
nanoparticles and their characterization by solid state
voltammetry techniques: Application in ring opening
polymerization. Micropor. Mesopor. Mater. 2017,
240:227-235.

Wu XJ, Xu D. Soft template synthesis of yolk / silica
shell particles. Adv. Mater. 2010; 22:1516-1520.

Mou CY, Lin HP. Control of morphology in
synthesizing mesoporous silica. Pure Appl. Chem. 2000;
72(1-2):137-146.

Napierska D, Thomassen LCJ, Lison D, Martens JA,
Hoet PH. The nanosilica hazard: another variable entity.
Part. Fibre Toxicol. 2010; 7:39.

Stober W, Fink W, Bohn E. Controlled growth of
monodisperse silica spheres in the micron size range. J.
Colloid. Interface Sci. 1968; 26:62-69.

Menaa B, Torres C, Herrero M et al. Protein adsorption
onto organically modified silica glass leads to a different
structure than Sol-Gel encapsulation. Biophys. J. 2008;
95(8):51-53.

Hata H, Saeki S, Kimura T et al. Adsorption of taxol
into ordered mesoporous silicas with various pore
diameters. Chem. Mater. 1999; 11:1110-1119.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Hoffmann F, Cornelius M, Morell J et al. Silica-based
mesoporous organic-inorganic hybrid materials. Angew.
Chem. Int. Edit. 2010; 45:3216-3251.

Duo Y, Li Y, Chen C et al. DOX-loaded pH-sensitive
mesoporous silica nanoparticles coated with PDA and
PEG induce pro-death autophagy in breast cancer. Rsc.
Adv. 2017; 7:39641-39650.

Kennedy LC, Bickford LR, Lewinski NA et al. A new
era for cancer treatment: Gold-nanoparticle-mediated
thermal therapies. Small 2011; 7:169-183.

Schlossbauer A, Kecht J, Bein T. Biotin-avidin as a
protease-responsive cap system for controlled guest
release from colloidal mesoporous silica. Angew. Chem.
Int. Ed. 2009; 48(17):3092-3095.

Cauda V, Argyo C, Schlossbauer A, Bein T. Controlling
the delivery kinetics from colloidal mesoporous silica
nanoparticles with pH-sensitive gates. J. Mater. Chem.
2010; 20(21):4305-4311.

Sauer AM, Schlossbauer A, Ruthardt N ef al. Role of
endosomal escape for disulfide-based drug delivery from
colloidal mesoporous silica evaluated by live-cell
imaging. Nano Lett. 2010; 10(9):3684-3691.

Giri S, Trewyn BG, Stellmaker MP, Lin VS. Stimuli-
responsive controlled-release delivery system based on
mesoporous silica nanorods capped with magnetic
nanoparticles. Angew. Chem. Int. Ed.  2005;
44(32):5038-5044.

Chen LF, Wen YQ, Su B ef al. Programmable DNA
switch for bioresponsive controlled release. J. Mater.
Chem. 2011; 21(36):13811- 13816.

Bernardos A, Mondragon L, Aznar E et al. Enzyme-
responsive intracellular controlled release using
nanometric silica mesoporous supports capped with
“saccharides”. ACS Nano. 2010; 4(11):6353-6368.

Gan Q, Lu X, Yuan Y et al. A magnetic, reversible pH-
responsive nanogated ensemble based on Fe;O4
nanoparticles-capped mesoporous silica. Biomaterials
2011; 32(7):1932-1942.

Cauda V, Engelke H, Sauer A et al. Colchicine-loaded
lipid bilayer-coated 50 nm mesoporous nanoparticles
efficiently induce microtubule depolymerization upon
cell uptake. Nano Lett. 2010; 10(7):2484-2492.
Mackowiak SA, Schmidt A, Weiss V et al. Targeted
drug delivery in cancer cells with red-light
photoactivated mesoporous silica nanoparticles. Nano
Lett. 2013; 13(6):2576-2583.

Liu R, Liao P, Liu J, Feng P. Responsive polymer-
coated mesoporous silica as a pH-sensitive nanocarrier
for controlled release. Langmuir 2011; 27(6):3095-3099.
Yang X, Liu X, Liu Z et al. Near-infrared light-
triggered, targeted drug delivery to cancer cells by
aptamer gated nanovehicles. Adv. Mater. 2012;
24(21):2890-2895.

Wang LS, Wu LC, Lu SY et al. Biofunctionalized
phospholipid-capped mesoporous silicananoshuttles for
targeted drug delivery:improved water suspensibility and
decreased nonspecific protein binding. ACS Nano. 2010;
4(8):4371-4379.

Nordlund G, Ng JBS, Bergstrom L, Brzezinski P. A
membrane-reconstituted multisubunit functional proton
pump on mesoporous silica particles. ACS Nano. 2009;
3(9):2639-2646.

28822 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 9(C), pp. 28817-28825, September, 2018

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Liu J, Jiang X, Ashley C, Brinker CJ. Electrostatically
mediated liposome fusion and lipid exchange with a
nanoparticle-supported bilayer for control of surface
charge, drug containment, and delivery. J. Am. Chem.
Soc. 2009; 131(22):7567-7569.

Liu J, Stace-Naughton A, Jiang X, Brinker CJ. Porous
nanoparticle supported lipid bolayers (protocells) as
delivery vehicles. J. Am. Chem. Soc. 2009; 131(4):1354-
1355.

Ashley CE, Carnes EC, Epler KE et al. Delivery of
small interfering RNA by peptide-targeted mesoporous
silica nanoparticle-supported lipid bilayers. ACS Nano.
2012; 6(3):2174-2188.

Ashley CE, Carnes EC, Phillips GK ef al. The targeted
delivery of multicomponent cargos to cancer cells by
nanoporous particle-supported lipid bilayers. Nat. Mater.
2011; 10(5):389-397.

Hu XX, Hao XH, Wu Y et al. Multifunctional hybrid
silica nanoparticles for controlled doxorubicin loading
and release with thermal and pH dually response. J.
Mater. Chem. B. Mater. Biol. Med. 2013; 1(8):1109-
1118.

Climent E, Bernardos A, Martinez-Manez R et al.
Controlled delivery systems using antibody-capped
mesoporous nanocontainers. J. Am. Chem. Soc. 2009;
131(39):14075-14080.

Knezevic NZ, Trewyn BG, Lin VS. Functionalized
mesoporous silica nanoparticle-based visible light
responsive controlled release delivery system. Chem.
Commun. 2011; 47(10):2817-2819.

Mendez J, Monteagudo A, Griebenow K. Stimulus-
responsive controlled release system by covalent
immobilization of an enzyme into mesoporous silica
nanoparticles. Bioconjug. Chem. 2012; 23(4):698-704.
Fang WJ, Yang J, Gong JW, Zheng NF. Photo- and pH-
triggered release of anticancer drugs from mesoporous
silica-coated Pd@Ag nanoparticles. Adv. Funct. Mater.
2012; 22(4):842-848.

Dalal NS, Suryan MM, Jafari B ef al. EPR detection of
reactive free radicals in coal and quartz particles and its
implication to pneumoconiosis and silicosis. In: Ramani
RV, Frantz R, editors. Proc. I intl. symp. On respirable
dusts in the mineral industry. Washington, DC, USA:
American conference of Government Industrial
Hygiene; 1986. P. 24-29.

Vallyathan V, Shi X, Dalal N, Irr W, Castranova V.
Generation of free radicals from freshly fractured silica
dust: potential role in acute silica-induced lung injury.
Am. Rev. Respir. Dis. 1988; 138:1213-1219.

Mytych J, Wnuk M. Nanoparticle technology as a
double-edged sword: cytotoxic genotoxic and epigenetic
effects on living cells. J. Biomater. Nanobiotechnol.
2013; 4:53-63.

Fang FC. Perspectives series: host/pathogen interactions.
Mechanisms of nitric oxide-related antimicrobial
activity. J. Clinic. Investig. 1997; 99:2818.

Circu ML, Aw TY. Reactive oxygen species, cellular
redox systems, and apoptosis. Free Radic. Biol. Med.
2010; 6:749-762.

Oguz S, Kanter M, Erboga M et al. Effects of Urtica
dioica on oxidative stress proliferation and apoptosis

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

after partial hepatectomy in rats. Toxicol. Ind. Health
2015; 31:475-484.

Sun L, Li Y, Liu X et al. Cytotoxicity and mitochondrial
damage caused by silica nanoparticles. Toxicol. In Vitro
2011; 25: 1619-1629.

Matsumura Y, Maeda H. A new concept for
macromolecular therapeutics in cancer chemotherapy:
Mechanism of tumoritropic accumulation of proteins
and the antitumor agent smancs. Cancer Res. 1986;
46:6387-6392.

Danhier F, Feron O, Preat V. To exploit the tumor
microenvironment: Passive and active tumor targeting of
nanocarriers for anti-cancer drug delivery. J. Control.
Rel. 2010; 148: 135-146.

Ruoslahti E, Bhatia SN, Sailor MJ. Targeting of drugs
and nanoparticles to tumors. J. Cell. Biol. 2010;
188:759-768.

Lipez V, Villegas MR, Rodriguez V et al. Janus
mesoporous silica nanoparticles for dual targeting of
tumor cells and mitochondria. ACS Appl. Mater.
Interfaces 2017; 9:26697-26706.

Villegas MR, Baeza A, Vallet-Regi M. Hybrid
collagenase nanocapsules for enhanced nanocarrier
penetration in tumoral tissues. ACS Appl. Mater.
Interfaces 2015; 7:24075-24081.

Vegh I, Grau M, Gracia M et al. Decidua mesenchymal
stem cells migrated toward mammary tumors in vitro
and in vivo affecting tumor growth and tumor
development. Cancer Gene Ther. 2013; 20:8-16.

Paris JL, de la Torre P, Manzano M et al. Decidua-
derived mesenchymal stem cells as carriers of
mesoporous silica nanoparticles. In vitro and in vivo
evaluation on mammary tumors. Acta. Biomater. 2016;
33:275-282.

Mura S, Nicolas J, Couvreur P. Stimuli-responsive
nanocarriers for drug delivery. Nat. Mater. 2013;
12:991-1003.

Boissiere C, Grosso D, Chaumonnot A, Nicole L,
Sanchez C. Aerosol route to functional nanostructured
inorganic and hybrid porous materials. Adv. Mater.
2011; 23:599-623.

Arcos D, Fal-Miyar V, Ruiz-Hernandez E er al.
Supramolecular mechanisms in the systhesis of
mesoporous magnetic nanospheres for hyperthermia. J.
Mater. Chem. 2012; 22:64-72.

Baeza A, Guisasola E, Ruiz-Hernandez E, Vallet-Regi
M. Magnetically triggered multidrug release by hybrid
mesoporous silica nanoparticles. Chem. Mater. 2012;
24:517-524.

Guisasola E, Baeza A, Talelli M et al. Magnetic-
responsive release controlled by Hot Spot effect.
Langmuir 2015; 31:12777-12782.

Guisasola E, Baeza A, Talelli M, Arcos D, Vallet-Regi
M. Design of thermoresponsive polymeric gates with
opposite controlled release behaviors. RSC Adv. 2016;
6:42510-42516.

Wang J, Pelletier M, Zhang HJ, Xia HS, Zhao Y. High-
frequency ultrasound-responsive  block  copolymer
micelle. Langmuir 2009; 25:13201-13205.

Xuan J, Boissiere O, Zhao Y et al. Advanced stimuli-
responsive polymer nanocapsules with enhanced

28823 |Page



Ardhendu Kumar Mandal., Mesoporous Silica Nanoparticles as Delivery System Against Diseases

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

capabilities for payloads delivery. Langmuir 2012;
28:16463-16468.

Paris JL, Cabanas MV, Manzano M, Vallet-Regi M.
Polymer-grafted mesoporous silica nanoparticles as
ultrasound-responsive drug carriers. ACS Nano. 2015;
9:11023-11033.

Paris JL, de la Torre P, Cabanas MV et al. Vectorization
of ultrasound-responsive nanoparticles in placental
mesenchymal stem cells for cancer therapy. Nanoscale
2017; 4:5528-5537.

Martinez-Carmona M, Lozano D, Baeza A, Colilla M,
Vallet-Regi M. A novel visible light responsive
nanosystem for cancer treatment. Nanoscale 2017,
9:15967-15973.

Teo PY, Cheng W, Hedrick JL, Yang YY. Co-delivery
of drugs and plasmid DNA for cancer therapy. Adv.
Drug Deliv. Rev. 2016; 98:41-63.

Preall JB, Sontheimer EJ. RNAi: RISC gets loaded. Cell
2005; 123:543-545.

McClorey G, Wood MJ. An overview of the clinical
application of antisense oligo-nucleotides for rna-
targeting therapies. Curr. Opin. Pharmacol. 2015;
24:52-58.

Sheng W, Wei W, Li J et al. Amine-functionalized
magnetic mesoporous silica nanoparticles for DNA
separation. Appl. Surf. Sci. 2016; 387:1116-1124.
Ganguly A, Ganguli AK. Anisotropic silica
mesostructures for DNA encapsulation. Bull. Mater. Sci.
2013; 36:329-332.

Xia T, Kovochich M, Liong M et al. Polyethyleneimine
coating enhances the cellular uptake of mesoporous
silica nanoparticles and allows safe delivery of sirna and
DNA constructs. ACS Nano. 2009; 3:3273-3286.

Li X, Xie QR, Zhang J, Xia W, Gu H. The packaging of
sirna  within the mesoporous structure of silica
nanoparticles. Biomaterials 2011; 32:9546-9556.
Hartono SB, Gu W, Kleitz F et al. Poly-L-lysine
functionalized large pore cubic mesostructured silica
nanoparticles as biocompatible carriers for gene
delivery. ACS Nano. 2012; 6:2104-2117.

Kar M, Tiwari N, Tiwari M, Lahiri M, Sen Gupta S.
Poly-L-arginine grafted silica mesoporous nanoparticles
for enhanced cellular uptake and their application in
DNA delivery and controlled drug release. Part. Part.
Syst. Charact. 2013; 30:166-179.

Lee JE, Lee N, Kim T, Kim J, Hyeon T. Multifunctional
mesoporius silica nanocomposite nanoparticles for
theranostic applications. Acc. Chem. Res. 2011; 44; 893-
902.

Argyo C, Weiss V, Braeuchle C, Bein T.
Multifunctional mesoporous silica nanoparticles as a
universal plat form for drug delivery. Chem. Mater.
2014; 26:435-451.

Slowing II, Vivero-Escoto JL, Wu CW, Lin VSY.
Mesoporous silica nanoparticles as controlled release
drug delivery and gene transfection carriers. Adv. Drug
Deliv. Rev. 2008; 60:1278-1288.

Giret S, Man MWC, Carcel C. Mesoporous-silica-
functionalized nanoparticles for drug delivery. Chem.
Eur. J. 2015; 21:13850-13865.

Park IY, Kim 1Y, Yoo MK, et al. Mannosylated
polyethylenimine coupled mesoporous silica

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

nanoparticles for receptor-mediated gene delivery. Int. J.
Pharm. 2008; 359:280-287.

Ma X, Zhao Y, Ng KW, Zhao Y. Integrated hollow
mesoporous silica nanoparticles for target drug/sirna co-
delivery. Chem. Eur. J. 2013; 19:15593-15603.

Tarn D, Ashley CE, Xue M et al. Mesoporous silica
nanoparticle  nanocarriers:  Biofunctionality  and
biocompatibility. Acc. Chem. Res. 2013; 46:792-801.
Tivnan A, Orr WS, Gubala V et al. Inhibition of
neuroblastoma tumor growth by targeted delivery of
microrna-34a using anti-disialoganglioside gd2 coated
nanoparticles. PLoS ONE 2012; 7:¢38129.
Ngamcherdtrakul W, Morry J, Gu S et al. Cationic
polymer modified mesoporous silica nanoparticles for
targeted sirna delivery to HER2+ breast cancer. Adv.
Funct. Mater. 2015; 25:2646-2659.

Li X, Chen Y, Wang M et al. A mesoporous silica
nanoparticle-PEI-fusogenic peptide system for sirna
delivery in cancer therapy. Biomaterials 2013; 34:1391-
1401.

Chen Y, Gu H, Zhang DSZ et al. Highly effective
inhibition of lung cancer growth and metastasis by
systemic delivery of sirna via multimodal mesopoprous
silica-based nanocarrier. Biomaterials 2014; 35:10058-
10069.

Chen Y, Zhang DSZ, Gu H et al. Highly effective
antiangiogenesis via magnetic mesoporous silica-based
sirna vehicle targrting the vegf gene for orthotopic
ovarian cancer therapy. Int. J. Nanomed. 2015; 10:2579-
2594.

Meng H, Mai WX, Zhang H et al. Co-delivery of an
optimal drug/sirna combination using mesoporous silica
nanoparticles to overcome drug resistance in breast
cancer in vitro and in vivo. ACS. Nano 2013; 7:994-
1005.

Yu C, Qian L, Uttamchandani M, Li L, Yao SQ. Single-
vehicular delivery of antagomir and small molecules to
inhibit miR-122 function in hepatocellular carcinoma
cells by using “smart’ mesoporous silica nanoparticles.
Angew. Chem. Int. Ed. 2015; 54:10574-10578.

Yu C, Qian L, Ge J et al. Cell-penetrating
poly(disulfide)-assisted  intracellular  delivery  of
mesoporous silica nanoparticles for inhibition of miR-21
function and detection of subsequent therapeutic effects.
Angew. Chem. Int. Ed. 2016; 55:9272-9276.

Portin L. Layer by layer assembly of the polyelectrolyte
on mesoporous silicon. Finland: Biosciences, University
of Eastern Finland 2012; pp 1-59.

Huheey JE, Keiter EA, Keiter RL. Inorganic chemistry:
Principles of structure and reactivity, 4™ ed, Appendix E,
Harper Collins College Publishers: New York, NY,
USA, 1993.

Iler RK. The chemistry of silica: Solubility,
polymerization, colloid and surface properties and
biochemistry, Wiley-Inter Science: Hoboken, NJ, USA,
1979.

Popplewell JF, King SJ, Day JP et al. Kinetics of uptake
and elimination of silicic acid by a human subject: A
novel application of Si-32 and accelerated Mass
Spectrometry. J. Inorg. Biochem. 1998; 69:177-180.

28824 |Page



International Journal of Recent Scientific Research Vol. 9, Issue, 9(C), pp. 28817-28825, September, 2018

126.

127.

128.

Mandal AK. Zinc oxide nanoparticles as delivery system
to combat diseases. Int. J. Curr. Adv. Res. 2018;
7(5D):12469-12478.

Hara K, Shrasuna K, Usui F, et al. Interferon-tau
attenuates uptake of nanoparticles and secretion of
interleukin-1f in macrophages. PLoS ONE 2014; 9:1-17.
Choi J, Zheng Q, Katz HE, Guilarte TR. Silica-based
nanoparticle uptake and cellular response by primary
microglia. Environ. Health Perspect. 2010; 118:589-
595.

129. Vemura E, Yoshioka Y, Hirai T, et al. Relationship

between size and surface modification of silica particles
and enhancement and suppression of inflammatory
cytokine production by lipopolysaccharide- or
peptidoglycan- stimulated RAW264.7 macrophages. J.
Nanoparticle Res. 2016; 18:165.

How to cite this article:

Ardhendu Kumar Mandal.2018, Mesoporous Silica Nanoparticles as Delivery System against Diseases. Int J Recent Sci Res.
9(9), pp. 28817-28825. DOI: http://dx.doi.org/10.24327/ijrsr.2018.0909.11857

skskokosk skoskok

28825 |Page



