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ABSTRACT
Nanotechnology is a promising technology in the creation of novel strategies in the field of the 
healthcare domain. Nano distribution of pharmaceuticals emerging new features for enhanced 
targeted drug delivery in the diagnosis of chronic disorders like cancer, AIDs and Alzheimer’s 
disease. Numerous types of nanocarriers were established in the Nanotechnology. Mesoporous 
Silica Nanoparticles (MSNs) are an inorganic form of nanoparticle having specific characteristics 
like tunable pore size, particle size, suitable morphology and surface functionalization. 
These attributes show effective loading of therapeutic agents, including micro molecules, 
genes, proteins and peptides through chemical bonding. Through improved bioavailability, 
controlled medication release, focused drug delivery and lesser adverse effects, mesoporous 
silica nanoparticles have largely advanced in the treatment of chronic illnesses. MSNs have 
many applications, especially in the medical field like Bioimaging, target specificity, pH stimuli 
response and Thernostatics, etc., Cancer is the most prevailing disease across the world, in various 
therapies were established using MSNs to increase the medicine's solubility and better delivery 
of the medication. By integrating poorly soluble medications into their hollow structure, MSNs 
increase their bioavailability. It allows for lower dosage forms and reduces adverse side effects.

Keywords: Bioimaging, Biomedical applications, Bio-sensing and cell tracing, Controlled release, 
pH stimuli responsiveness, Targeted drug delivery, Theranostics.

INTRODUCTION

In recent decades, Nanotechnology has been developing 
substantial advances in the formulation, analysis, manufacturing 
process, and use of components, structures, devices, and 
systems at the nanoscale. Nanotechnology is one of the most 
promising technologies of the 21st and researchers have explored 
it as a novel approach to medical research. Especially, emerging 
advanced tools in the medical field by developing nanomedicine 
and nano drug delivery systems for target drug delivery to 
improve treatment efficiency in various chronic disorders.1 
Nanoparticulate drug delivery system terminus gene therapy, 
cancer therapy, AIDS therapy and Alzheimer's therapy also play a 
role in crossing the blood-brain.2 While formulating nanoparticles 
as a delivery system, the main objectives are to attain control 
over particle size, surface characteristics and API divulge to 
attain site-targeted drug pursuit and pertinent therapeutic rate 
and dosage regimen. The drug administered using nano-sized 
drug carriers is termed Nanocarriers and offers targeted drug 

delivery. These strategies are effective in poorly soluble, unstable 
or systemically toxic medications as they extend blood half-lives 
and reduce side effects. In medical advancements, Mesoporous 
Silica Nanoparticles (MSNs) an inorganic form of nanoparticles 
were developed. MSNs provide diverse opportunities in research 
and development.3 MSNs are made up of silica, which essentially 
promotes surface modification through interaction between 
the silanol group and drug functional groups.4 Different types 
of MSNs are shown in Figure 1. MSNs are analyzed by a large 
range of tunable specific surface area, pore size, alterable particle 
size, morphology and accessible surface functionalization. 
Components for nano platform development and components in 
MSNs-based Theranostics platforms is shown in Figure 2. Cancer 
is a startling public wellness quandary that impacts millions 
of people around the globe. WHO's 2022 census revealed 9.7 
million cancer deaths and 20 million new malignancy diagnoses, 
according to the International Agency for Research on Cancer 
(IARC). In 2050, there will likely be about 35 million new 
instances of cancer. Cancer mortality rate doubles in 2050 in high 
HDI Countries. Diagnosing cancer is daunting because cancer 
cells can disrupt normal cells mechanisms by increasing their 
number and differentiate at astonishing rates, spread to other 
organs and easily obtain resistance against standard therapies. 
Several types of diagnosis are performed such as Conventional 
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cancer therapies i.e., Surgeries, chemotherapy and radiotherapy 
for different kinds of cancers.

Furthermore, these conventional therapies endanger malignant 
resurgence as they often fail to destroy the complete malignant 
cell and may also infect the healthy cells and organs during 
therapies. To overcome this requires the creation of a novel 
treatment effectively and safely to target tumor cells selectively 
and explicitly. Over decades emerging nanotechnology in the 
medical field developed a new approach to diagnosing cancer. 
The development of mesoporous silica nanoparticles is a novel 
method for achieving the desired medication delivery without 
showing severe side effects. MSNs modified as effective carriers 
for different varieties of anti-cancer agents like small molecules, 
macromolecules, genes, proteins, etc.8

BREAST CANCER

According to IARC, majorly three major types of cancers that 
affect huge members across the world. In these, Breast cancer 
poses a challenge to women’s mortality rates. Numerous sorts of 
chemotherapy medicaments have been utilized to diagnose breast 
cancer, which includes fulvestrant, methotrexate, tamoxifen, 
vincristine, vinblastine and Taxol.9 As an antimetabolite agent, 
the MTX antagonizes the dihydrofolate reductase binding 
proteins and suppresses proliferation in the multiplication of 
cells by inhibiting Thymidine synthesis.10 Due to the hydrophobic 
nature of MTX, a solution with a physiological pH of 2.95, 
the point at which it is indicates an antagonistic charge and 
drug molecules are trapped by the opposite charge through 
electrostatic interactions.11,12 Several investigations demonstrate 
that approaches to distributing medications, involving MTX is 
delivered in vitro using both organic and inorganic nanocarriers 
adroitly as well as tidily.13 These innovations promote medication 
loading capacity and efficiency through a constant release profile. 
Often major medication delivery implementation endures crucial 
obstacles to obtaining apt LC by sustaining the carriers specifically 
less than 100nm. Large particle sizes exceeding 200 nm are 
established using PEGylated chitosan nanocarriers, that contain 
polymeric nanostructures with a high capability for loading of 
MTX.14 In contrast, reducing the particle size and adapting the 
newly developed inorganic form of nanocarriers i.e., During the 
distribution of MTX in high LC, MSNs of the MCM-41 type 
were also utilized; the particle dimensions exceeded around 20 
μm.15 One of the key problems in drug delivery is that malignant 
cell growth antagonizes the medication administered at a 
lesser concentration. The cytotoxic impact of MTX injected by 
MSN-PMAA has been identified at greater drug concentrations.16 
MSNs are the most advantageous nanocarrier sowing to regulated 
medication release, precise medication administration, reduced 
harmful consequences, increased bioavailability, regulated pore 
dimensions, volume of penetration, high surface area, and reduced 
drug degradation.17 This approach describes the enhanced drug 

delivery of MTX, by various tactics of MSNs' amine alteration has 
been examined to develop cancer therapy.

LUNG CANCER

The second most challenging cancer is Lung Cancer,  also known 
as Bronchogenic carcinoma caused mainly by the consumption 
of tobacco worldwide, which can lead to infections that can 
occur among the air passages. It is anticipated that pulmonary 
carcinoma, the most prevalent and fatal kind of cancer globally, 
will rise in prevalence on a global scale as the use of tobacco is 
increasing.18-22 Oat cell carcinoma and Non-Small-Cell Lung 
Carcinoma (NSCLC), the last-mentioned which is again divided 
into two types of pulmonary cancer stemming from the initial cell. 
A range regarding current treatments for lung cancer includes 
biological therapy,  targeted drug therapy, radiation treatment, 
chemotherapy, radio-frequency ablation, and operation.

Chemotherapy, which stops the development of malignant cells 
often are comprised of a wide range of drugs.23,24 Issues such as 
poor permeability, chemical stability, or solubility are examples 
that are said to behaving unsatisfactory physical and chemical 
attributes of the medication that can impact drug metabolism and 
also pharmacokinetics or drug safety.25,26 Nanoparticle-mediated 
targeted gene therapy is revolutionizing the treatment of cancer 
patients worldwide. Lately, Mesoporous Silica Nanoparticles 
(MSNs) have acquired much awareness for siRNA's delivery into 
cells. Another collaborative delivery plan has been suggested to 
reduce the quantity of each medication and attain a combined 
impact of cancer treatments. In the ongoing research, researchers 
have examined the potency of collaborative delivery of lung cancer. 
Therefore, foresee this innovative technique may be extremely 
helpful to lung carcinoma treatment in the coming days.27 There's 
a spike in concern about utilizing nanoparticles that have been 
inorganically synthesized for distinct life sciences utilizations. 
Mesoporous silica nanoparticles have lately captivated an essential 
focus on biomedical applications because of their beneficial 
structural properties.28 Mesoporous silica nanoparticles are 
regarded as potential moieties for siRNA delivery as they provide 
space for a site of binding and a wide surface area to house siRNA. 
Because of this purpose, mesoporous silica nanoparticles are 
generally altered with positively charged (cationic) polymers such 
as Poly-L-lysine (PLL) or Polyethyleneimine (PEI) for binding 
negatively charged (anionic) nucleic acids through electrostatic 
forces.29,30 There is ongoing interest in advancing the development 
of molecularly targeted treatment approaches for lung cancer. In 
the latest studies, researchers have used MSNs as drug delivery 
vectors and loaded them with photosensitizer chlorine e6 (C6) 
and conjugated cisplatin prodrug for the combined activity to 
vanquish cisplatin resistance against lung cancer.31 In alternative 
approaches, due to increased oxidative stress in lung cancer cells, 
camptothecin-loaded redox-responsive nanohybrids employing 
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gold nanoparticles and MSNs may have a growth-inhibiting 
impact.32

MSN ROLE IN CERVICAL CANCER

Cervical cancer is most prevailing in women. The symptoms are 
bleeding between periods, lower back pain, foul smell discharge 
and abnormal discharge. It is caused by Human Papillomavirus 
(HPV). Many treatments are used such as chemotherapy etc., for 
the cure of cervical cancer but it may show some side effects. So 
as an alternative approach, MSNS-formulated medication can be 
used in treating it. A sequence PAP-LP-MSN and AP-PAP-MSN are 
two types of naturally modified, MCM-41 type mesoporous silica 
nanoparticle materials that were developed and characterized. 
They had varying pore diameters (5.7 nm).33,34 They employed 
a phenanthridine activity embedded in an oligonucleotide to 
selectively decorate the inner pore surface of AP-PAP-MSN 
and the outer particle surface of PAP-LP-MSN.35 Although 
the chemical phenanthridinium itself is impermeable to cell 
membranes, we demonstrate that live human cervical carcinoma 
cells (HeLa: Stands the name of a Black woman Henrietta Lacks) 
may actually internalize both phenanthridine-immobilized 
PAP-LP-MSN and AP-PAP-MSN materials. We discovered that 
the phenanthridium groups on the outside of the PAP-LP-MSN 
nanomaterials could bind to HeLa cell cytosolic oligonucleotides, 
particularly messenger RNAs, and produce a substantial decrease 

in cell growth. Conversely, the cellular hazard of AP-PAP-MSN, 
which had comparable oligonucleotide embedding molecules 
rooted inside the pores, was considerably decreased once 
HeLa cells endocytosed it. They anticipate that the approach of 
promoting mesoporous silica nanoparticle geometry regulation 
with the specific modification of the two distinct faces (inner 
porous areas and outer granule areas) will end up in an entirely 
novel type of small device. Mesoporous silica nanoparticles 
loaded with photo sensitizer curcumin the resulting drug will 
increase anticancerous activity against cervical cancer HeLa cells 
about 3,4 folds time increased activity can be seen.

MSN’S ROLE IN HIV

MSNs are also used in the treatment of HIV. The drugs that are 
used in the Highly active antiretroviral therapy [HAART] i.e., 
Ritonavir poor soluble and have high permeability. Due to the 
lipophilicity of the drug shows a very slow dissolution rate.36,37 
RTV is examined to increase in systemic level for various PI, 
leading in lesser administration frequency although greater 
doses may lead to an increase in the toxicity effects in patients 
which may lead to an increase in side effects.38,39 Hence it is 
necessary to adapt innovative formulation methods to increase 
the bioavailability of drugs. Therefore, majorly recognized 
formulation for implementing BCS class 2 drugs to attain much 
greater bioavailability in order to make them more permeable. The 

Figure 1: MSN’s Role in Cancer Diagnosis (Retrived from Tella JO et al., 2022).4
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duration of dispersion as well as biological absorption of ritonavir 
were found by granular self-micro-emulsifying medication 
transport,40 micron-sized particles41-43 including complexes.44,45 
From the previous decennium, mesoporous silica nanoparticles 
are regarded as one unsurpassed, unique strategy for weakly 
water-soluble drugs to amplify dissolution and bioavailability. 
Literature poll displays the numerous weakly water-soluble 
drugs, for example, atorvastatin,46 celecoxib,47 Itraconazole,48 
carbamazepine49 and masitinib50 can also victoriously loaded to 
different mesoporous silica nanoparticle types for many kinds 
of applications, that include regulated medication or DNA 
departure, bioavailability and solubility enhancement, and 
selective transporters. Mesoporous silica nanoparticles also have 
some very impressive properties, such as a larger contact area, 
increased medication absorption capacity, the ability to change 
the drug's transparency to an opaque form, a decrease in tiny 
particles to the nano-meter level that improves the reliability of 
medications inside the spaces between particles, and the ability 
to easily modify the pores in accordance with medication release 
behaviour, which results in an essential medications delivery 
technique. MSN surface has an unrestrained hydroxyl group 
which simply interacts with the specific functional group of drug 
molecules. Because of these characteristics, MSNs have opened 
an innovative opportunity in the distribution of medications.51,52 
Current insights, morphological and particle dimensions MSNs 
is to improve the solubility and rate of dispersion of an antibiotic 
ritonavir, so it eventually influences its bioavailability.

MSN’S ROLE IN ALZHEIMER’S DISEASE

MSNs have recently also been prominent in the diagnosis of 
neurodegenerative diseases presuming cognitive impairment, 
by utilizing curcumin's biological assets, which are considered 
to enhance its curative properties. In the streptozotocin-induced 
Alzheimer’s Disease [AD] hypothesis, curcumin-loaded 
MSNS with a mixture of thermos-responsive hydrogel 
substantially improved memory loss and obtained suitable 
mucoadhesive properties.53 Both MSN-CCM [Mesoporous silica 
nanoparticles loaded with curcumin] and HG@MSN-CCM 
[Hydrogel encapsulated Mesoporous silica nanoparticles with 
Curcumin]possessed a high permeability rate in the pig nasal 
cavity, according to an ex vivo investigation; additionally, this 
study explained that the design formula may be an intriguing 
option for cognitive impairment diagnostics.54

Mesoporous silica nanoparticles are used in many applications 
owing to the pore nature and size, shape and connectivity 
of mesoporous particles is described in Tables 1 and 2. 
Utilizing mesoporous silica nanoparticles towards biological 
implementation encompasses use as imaging and medical 
judgment agents, explicitness high dissolvability and potency 
for loading plus delivery regarding the extreme concentrations 
concerning distinct particles, including:

X-RAYING ALONG WITH BIOMARKING TOOLS

The mesoporous silica nanoparticles can be utilized to quantify 
biological processes about a long moment whenever applied 
within a sub therapeutic dose also can easily be removed out 
of human anatomy once the x-raying procedure is done. The 
extensive usage of silica-grounded- nano-sensors is seen in optical 
resonance imaging and MRI or both together.55 The characteristics 
of these are biological dispersion, malignant cell aiming efficacy, 
cellular toxicity and integration track as well as the process for 
the diagnosis was determined exceptionally by the forthright 
way regarding the X-raying of mesoporous silica nanoparticles. 
Main stuff could be bound accompanied along with remedial 
elements nanocrystals of quantum also stain molecule similar 
fluorescein-5-isothiocyanate also Isothiocyanate-Conjugated 
Rhodaime B (RITC). They are familiar with infrared fluorescent 
probes including Alexa Flour 700 nm and DyLight 680 
fluorophore. The luminous mesoporous silica nanoparticles that 
result can produce greater resolution and obtain statistical data as 
well as hyperspectral depictions.

SELECTIVE BINDING

Mesoporous silica nanoparticles may be used in targeted site 
to reduce off-target attachment while enhancing high-affinity 
binding to specific cellular units or layers. The pair of docile and 
proactive aiming particularity play a dominant part in enhancing 
biological attainability.56 Targeting the particularity belonging to 
mesoporous silica nanoparticles reduces the dose quantity of a 
therapeutic agent completely eradicating the poisonous impacts 
of the therapeutic agent and altering its dosing.57

Slow focusing rises the penetrability inside the malignant 
circulatory channels and also permeates the Assembling 
of nanocarriers at malignant sites. Also, it lowers medical 
effectiveness, therapeutic agent exploration as well as various 
pharmacological agent inhibition forms because of the shortage of 
cellular selectivity.58 Combining nanocarriers might be higher via 
site-specific targeting to form a specific and selective connection 
with therapeutic agents along the binding area.59 It can occur when 
malignant cells are greater exposed to receptors as compared to 
healthy cells.60 It demonstrates in the case of mesoporous silica 
nanoparticles are layered by a positively charged copolymer, these 
causes a rise in the grasp of mesoporous silica nanoparticles.61

In targeted engagement overlay Alterations in mesoporous silica 
nanoparticles by particular aiming therapeutic agents heighten 
selectivity from the pharmacological agents to the tumor 
living unit as compared to thriving units.62 The main objective 
is bioactive drugs similarly to folic vitamins, Arg-Gly-Asp 
polypeptide as well as iron transport protein can be utilized.63 The 
best example is, vitamin B9 as folic acid sensor is widely used at 
various forms of oncogenic cells including breast endometriosis 
colon, rectal, lung also ovaric.62,64 Higher efficacy therapeutic 
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release obtains greater selectivity as well as ligand bond it also can 
be obtained greater surface-linked drug concentrations molecules 
these finally enhance polyvalent binding effects.61

Ability to fill and transport a large quantity of 
distinct compounds
Enter the cell via endocytosis and micropinocytosis; MSNs can 
realize the loading of different kinds of high-concentration classes 
of multiple cargoes, respectively with a substantial circumference 
and by managing mesoporous silica nanoparticles chemical 
composition.65-67

Dispersion property
For biomedical applications, MSN should be dispersive because 
of the accumulation and durability should prevented owing of 
the integration of cells, which makes it impossible to regulate 
its distribution throughout the body and results in elevated 
lethality due to the expanded dimension of compounds.56 
MSN circumference alteration,68 amino acids and compound 
covering69 and a membrane of encapsulation can all reduce the 
accumulation of molecules.66,67,70 By employing these techniques, 
bulkiness and repellent properties are accomplished, leading to 
the establishment of a steady aqueous distribution of MSNs.56

Bio-sensing via cellular imaging
Either in situ or ex situ, MSNs' microscopic molecule diameter 
with adaptable surface chemistry serves as a detection array for 
identifying targets inside particular cells.71 Dispersion-associated 
concerns like intramolecular intensity  and luminescence can 
be prevented by micron-sized particles because mesoporous 
silica nanoparticles tend to operate their surface with more 
cellular-detecting  compounds or alternative site-directing 
chemicals, they are a fantastic tool for cellular imaging.72

Biomedical photonics
Through the precise exterior appearance of MSNs, a translucent 
silica-polymer that has low-temperature  extension and good 
durable properties can be formed.73 Such greater-translucent MSN 
polymers are used in electronic gadgets such as Optical waveguide 
film, photovoltaic cell surrounds, and also lenses for Oled.

CYCLODEXTRIN-FUNCTIONALIZED MSNS

MSNs employ an externally triggered regulated ejection mechanism. 
Themercapto-acetic acid-encapsulated  Cyclodextrin  tiny 
particles had been scientifically synthesized as detachable curbs 
to inhibit MSNs and incorporated medications and synapses. 
The encapsulated components were freed from the channel after 
the disulfide bond between Mesoporus silica nanoparticles and 
Cyclodextrin curbs was broken with the aid of several di-sulfide-
decreased  chemicals.74 As broadly known, several individuals 
worldwide are affected by carcinoma, arguably regarding a 
life-threatening illness. The prevalent diagnosis for cancer is 

surgery, chemotherapy, radiotherapy, etc., but many of the 
patients are affected with major side effects.75 The propensity in 
recent times is to innovate utilizing Molecular engineering with 
the combination of diverse pharmaceutical and technical areas, 
with the primary goal of tackling and curing malignancy is 
described in Table 3.

In the process of research in cancer therapy, many inorganic 
and organic carriers such as quantum dots, phospholipid 
bilayers, Biopolymer nanocarriers, Polymeric nano assemblies 
and ferrofluids had demonstrated. Furthermore, distinct 
nanoporous solids are scrutinized as nanoporous mediators, 
comprising graphene, bauxite, quartz, etc., with their limited 
biocompatibility. For instance, with openings that varied from 2 
to 7 nm, mesoporous bauxite was identified as an ideal material. 
Mesoporous carbon tiny particles comprising doxorubicin and 
ibuprofen have been explored for Multimodal therapy cures for 
breast carcinoma.76-81

Therefore, most of the investigations describe that the MSNs are 
promising nanomaterials used for cancer treatment. MSNs show 
the targeted drug delivery with enhanced biocompatibility. MSNs 
have many significant features such as site-specific drug delivery, 
Imaging biomarkers and smart drug delivery. An intriguing 
using of the exterior of silica with pores to trigger the release of 
medications was the strategy in the target site. The controllable 
release of drugs occurs merely when stimulus from the outside 
and inside are present, as they have optimal receptivity with no 
side effects. The feature of multi-functionalizing the surface, 
MSNs release the drug at specific sites.76,82

Some of the nano-systems along with MSNs, can be enclosed in 
malignant through simple diffusion determines the Enhanced 
Permeability and Retention effect (EPR). Many studies state that 
mesoporous silica nanoparticles are biocompatible. The main 
goal is to achieve targeted drug delivery without severe side 
effects in tumor diagnosis.75,82

MSN usage in Nanomedicine is effective in therapeutics, 
diagnostics and theragnostic treatment. MSN is also 
used as a carrier of genetic material and ribonucleic acid. 
Pharmacogenomics treatment of malignancy aims to provide 
accurate treatment by reducing the adverse effects of drugs. 
MSN includes many therapeutic applications for disorders like 
Hyperglycemia, Autoimmune Disorder and AIDs.77,83-85

This nanocarrier core shell is designed by scientists and attracts 
great attention to research in cancer therapy, where each of 
the three coatings is sensitive to a different stimulus. MSN 
representsthe central system. The initial shell is composed of 
the hyaluronan-fluorescein isothiocyanate layer with a catalytic 
response, the second disulfide-SiO2 shell is for glutathione 
responses and the third zwitter ionic exterior shell is pH-level 
sensitive. As long as the negative nanocarrier can connect with 
the positive cellular membrane, the enhanced permeation and 
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absorption of the nanocarriers surrounding the cancerous cells 
causes the zwitterionic outer layer to become influenced by pH 
and turn positive, aiding cellular recovery. After being taken 
inside the cancerous cells, the high amount of cytoplasmic 
glutathione may form a link with disulfide to eliminate SiO2, 
exposing the hyaluronan, which would initiate the drug's release. 
This study's objective was to create a medication delivery system 
coated with various materials of different actions to encourage 
prolonged periods of blood circulation, efficient cancer uptake 
and medication release triggered via various impulses. More 
directly, MSNs work as a primary element in a drug delivery 
system for anticancer drugs, as the disulfide bonds and 
hyaluronan regulate the drug release by degradation due to the 
high presence of glutathione and hyaluronidase in cancerous 
cells. The insertion of Fluorescein Isothiocyanate (FITC) 
also allows for drug monitoring and live imaging of cancer 
cells.86 MSN-hydroxyapatite drug nanocarriers also provide 
good loading capacity and biocompatibility with remarkable 
anti-tumor therapeutic potentials, which may be valid evidence 
that silica-based. That is to say, creating safe bio-drug systems 
might expand the knowledge of nanoparticles.75,85

MSNs can also significantly emerge in antimicrobial platforms. 
It demonstrates the incorporation of the antibiotic clofazimine 
with accruable pores of MSNs with polar and non-polar surfaces. 
These characteristics show an ideal strategy for controlling the 
drug release that doesn't impact loading capacity.87

Another excellent use of silica-based mesoporous 
nano-biomaterials is in bone tissue regenerative medicine, which 
greatly affects human wellness. A huge portion of mankind 
suffers from osteoporosis and a strong demand for a disorder 
to treat the situation arises. The most common treatment is 
rebuilding the bone through surgical treatment by implanting a 
suitable natural or synthetic material. Such implantable material 
must be biocompatible, osteo-inductive and osteo-conductive 
and it has to be osteo-integrated in the damaged bone tissue, 
where it has to stimulate new bone-cell formation using cells, 
extracellular matrix, interaction within cells, cellular signaling 
and growth factors. MSNs were demonstrated to be spectacular 
medicines and biomolecules using nanocarriers for both in vitro 
and in vivo delivery. Moreover, mesoporous silica nanoparticles 
are widely being used as acrylic implants of bone strengthened 

Types of MSNs Size of 
MSNs

Structure Characteristics

MSN as Spheres 25-200 nm Spheres High pore volume and surface area.
Flexible surface chemistry
Low cytotoxicity.
Used as an oral dosage form.
Rapid clearance from blood.
Cancer treatment.

MSN as Rod AR 2-8 Rod High surface area.
High cellular uptake.
High drug loading.
As a carrier for MRI contrast agents, it is used in bacterial infection treatment.

MSN as 
Dendrimers

50-300 nm Dendrimers Large size.
High drug loading.
Idea for loading siRNA/mRNA and insulin in diabetes and also used in the 
treatment of cervical cancer.
Used in mRNA vaccine preparation.

MSN as Donut S 10 nm Donut Limited for surface conjugation only.
Not suitable for drug loading.

MSN as Hollow 50-300 nm Hollow Biocompatible layer for coating nanoparticles.
Application for theranostic drug delivery.

MSN as Bowl 200-300 nm Bowl Large size.
High cellular uptake.
Limited application for drug delivery.
Used in the treatment of vein thrombosis.

MSN as Disc 150-600 nm Disc Preferential adhesion to vascular endothelial.
Broad application for drug delivery.

Table 1:  Different types of MSNs and their characteristics.5
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with polymers.88 A new combination of hydroxyapatite and 
mesoporous silica was studied as a potential material for a 
polymer matrix containing a drug nanocarrier and filler material 
for the development of a poly(lactide-co-glycoside)/mesoporous 
SiO2-hydroxyapatite composite material for application as a drug 
releasing scaffolds for bone regeneration.89 The bone, as a natural 
substrate, is very complex and there is a relationship between the 
growth factors and the bone regeneration that is also possible 
to be obtained. As a result, researchers are looking forward 
to designing tissue engineering for bone that could solve the 
problems posed by traditional methods of treatment.88

Multi-stimuli responsive MSNs

Once the multiple stimuli are combined synergistically, 
therapeutically triggered delivery systems designed to be operated 
by them can be employed for the accurate dosing of medications 
to a targeted site within the body. The functionalization and 
engineering of MSNs imply that a minimum of two types of reactive 
molecules or comprising functional groups must be incorporated 
into the same nano-machine. Feasible pore caps may then be 
opened by one or the other impulses or concurrently by both. 
Additionally, creating a cascade of stimuli may be feasible when 
the procedure of unblocking mesoporous silica nanoparticles is 
triggered by one stimulus or results in the sequential release of 
different payloads. The Quantum dots of graphene developed are 
incorporated in MSN for chemo-Photothermal Therapy (PTT). 

The Graphene Quantum Dots-Mesoporous Silica Nanoparticles 
(GQD-MSNs) determine temperature-responsive release and 
pH characteristics and when exposed to radiation, it  efficiently 
produces heat to destruct malignant cells. Doxorubicin-loaded 
Graphene Quantum Dots-Mesoporous Silica Nanoparticles 
(DOX-loaded GQD-MSNs). Inhibit increased absorption 
efficacy, cell toxicity and greater cytoplasmic accumulation in 
4T 1 breast carcinoma cells.90 More importantly, the conjugation 
of tumor-targeting ligands with the gatekeepers permits the 
preparation of drug delivery that responds to stimuli with highly 
regulated medication release and targeted delivery to particular 
tumour cells.

As a proof-of-concept, Multipurpose MSNs for focused 
doxorubicin delivery to specific tumor cells. In this work, amino 
β-Cyclodextrin (β-CD) rings were adhered to the surface of 
the MSNs via disulfide bonds was used as a cap to occlude 
drug moieties inside the mesopores. In this work, Polyethylene 
glycol-conjugated with Adenovirus (Ad) units and folate 
molecules were respectively grafted onto the MSNs through the 
Adenovirus/β-cyclodextrin complexation. The multifunctional 
MSNs modified with the targeting units of folate were encapsulated. 
The experiments performed demonstrate an effective process 
for cellular uptake of the doxorubicin-loaded nanoparticles by 
HeLa cancer cells that are abundant in folate receptors through 
receptor-mediated endocytosis. In the same circumstances, the 
human embryonic kidney's folate-receptor-deficient 293 normal 

Applications Use References
Imaging and diagnostic 
agents

Optical resonance imaging and MRI or both 
together

55

Target specificity Decreases attachment to the intended organ 
or tissue that is inconsequential and boosts 
precise affinity.

56-64

Ability to load along 
with deliver a high 
concentration of different 
molecules

MSNs enter cells via endocytosis, enabling the 
effective loading of various cargoes.

65-67

Dispersion property MSN should be dispersive for its stability and 
its aggregation should be prevented because 
distribution becomes difficult and causes high 
toxicity.

56,66-70

Bio-Analysis for Cellular 
Pathway Mapping

MSNs act as a detector device for both in the 
laboratory and in living cells detection of 
objectives among cellular units.

71,72

CDS nanoparticle-capped 
MSNs

Stimuli-responsive controlled release system 73

Multi-stimuli responsive 
MSNs

The multiple stimuli are combined 
synergistically, therapeutically triggered 
delivery systems designed for increased 
transport of medicaments to targeted sites 
within organs.

90, 91

Table 2:  Applications of MSNs.55-73,90,91
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cells showed lesser endocytosis. The key cellular absorption 
mechanism was through endocytosis, which may cause the acidic 
pH of endosomes to cause the release of loaded doxorubicin into 
the cancer cells. After the endosomal escape of nanoparticles and 
its leakage into the cytoplasm of malignant cells, a large amount of 
growth-stimulating hormone may be entrapped in the cytoplasm 
and contribute to the cleavage of disulfide bonds to break the 
β-CD capping rings, thus promoting more drug release in 
cancer cells' cytoplasm. Because these multifunctional MSNs are 
highly effective at cellular absorption through receptor-mediated 
endocytosis and stimuli-triggered drug release, they may be able 
to significantly suppress the proliferation of cancer cells. A few 
of the various materials have been affixed to MSNs for various 
cancer therapeutic applications.91

Used as a carrier for theragnostic

One of the most beneficial nanostructures for therapeutic 
applications is mesoporous silica nanoparticles. Mesoporous 
silica nanoparticles have been enhanced to integrate a variety 
of depiction agents, comprising organic hues, Up-Conversion 
Particles (UCNPs), MRI juxtaposition agents, and CT (Computed 
Tomography) juxtaposition agents.

One of the finest and most prominent diagnostic imaging 
procedures is a Magnetic Resonance Imaging (MRI) tactic that 
provides sharp, vivid contrary imaging among particular primary 
tissues and the cells and tissues around them because they are  
less expensive, have lower radiation and have the ability to 
conduct real-time scrutiny.92 Mesoporous silica nanoparticles 

Uses Diseases References
MSNs release the drug at specific sites without severe 
side effects in tumor diagnosis. MSN is also used as a 
carrier for DNA and RNA, nanocarriers also provide 
good loading capacity and biocompatibility with 
remarkable anti-tumor therapeutic potentials.

Cancer, 
Hyperglycemia, 
bone 
inflammation 
and AIDs

76-82

MSNs have widely been utilized to strengthen 
polymers in plexiglass for bone grafts, bone tissue 
engineering,

bone tissue 
disorders

83-89

Accurate MSN voids embedding of the antimicrobial 
clofazimine with aqueous and lipophilic facades.

Microbial 
infections

90-95

Table 3:  MSNs in Biomedical Applications.75-96

Figure 2:  Components for nano platform development and components in MSNs-based Theranostics platforms.4
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containing inorganic nanoparticles, such as gadolinium (Gd) 
chelates, Fe3O4, or manganese oxide, have been used for MRI.93 
In some cases, pH-responsive theragnostic nanoplatforms based 
on Feo-OH-incorporated mesoporous silica nanoparticles have 
been reported. The synthesized Ferrous with Mesoporous silica 
nanoparticles contain turn-on-able T1 MRI accomplishment 
which can rejoin solid tumours acidic microenvironment to 
activate T1 signals by promoting ferric ions (Fe3+).94 Theragnostic 
nanoplatforms are able to recognize explicit diagnosis and be 
spoke pharmaceutical initiatives simultaneously. A pioneering 
versatile mesoporous silica nanoparticles erected by rendering 
the acetals immobile on the superficial surface of Mesoporous 
Silica Nanoparticles, pairing to minuscule Lanthanide-infused 
frequency shifting nanoparticle, and then incorporated with the 
antineoplastic drug was improved for therapeutics and imaging.95 
Fluorescence dye-based fluorescence optical imaging and 
fluorescent probes, fluorescent and bioluminescent proteins have 
gained significant attention in theragnostic. Trimethylammonium 
groups changed Mesoporous silica nanoparticles adsorbed with 
indocyanine green were made regarding optical imaging in vivo. 
The biological distribution of MSNs-TA-ICG in vivo in rats was 
demonstrated.96 Magnetic core-MSNs for computed tomography 
determined with technetium 99 m were described for previous 
and distinct Melanoma diagnosis with single photon emission 
computed tomography.97

CONCLUSION

Mesoporous Silica Nanoparticles (MSNs) have proven immense 
potential in the recognition and management of chronic diseases 
because of their unique physicochemical properties. Because 
of its substantial surface area, tunable pore size, and superior 
biocompatibility, MSNs can be used as targeted delivery systems 
for diagnostic and therapeutic agents. Targeted delivery through 
these nanoparticles reduces systemic adverse effects as well as 
enhance the therapeutic efficiency of medications, especially 
for chronic conditions like cancer, AIDs and Neurodegenerative 
disease. MSNs are incredibly versatile for targeted therapy 
because of their surface functionalization potential, which makes 
it easier to conjugate specific ligands. Furthermore, they ensure 
prospective drug delivery due to their ability to encapsulate both 
hydrophilic and hydrophobic drugs and their controlled-release 
mechanisms. MSNs have been considered as an essential tool for 
theranostics because of the simultaneous imaging and therapy 
made feasible by the integration of diagnostic agents within 
them. To optimize their therapeutic potential, despite numerous 
advantages, issues such possible toxicity, biodistribution, and 
long-term clearance need to be resolved. The goal of current 
study is to get beyond these restrictions by using sophisticated 
delivery systems, biodegradable formulations, and surface 
modifications. MSNs offering innovative strategies to drug 
delivery and diagnostics have the potential to completely 
transform the treatment of chronic disorders. The integration 

of them into clinical practice is anticipated to be accelerated by 
current advancements in MSN technology and new insights into 
their biological interactions, delivering prospective for enhanced 
patient satisfaction and targeted therapy.
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SUMMARY

The distinct physicochemical characteristics of Mesoporous Silica 
Nanoparticles (MSNs) are making them a potential and adaptable 
platform for the diagnosis and treatment of chronic illnesses. 
Because of their vast surface area, homogeneous pore diameters, 
and highly organized, porous structure, these nanoparticles 
can contain a variety of therapeutic agents, including proteins, 
nucleic acids, imaging agents, and small molecule medicines. 
Because of this, MSNs are perfect for applications including 
controlled release and diagnosis. MSNs can be designed to release 
their payloads in a controlled and sustained manner, which is 
particularly advantageous for the treatment of chronic diseases 
that call for long-term medicine.

MSNs can be modified to incorporate imaging agents like 
radionuclides, magnetic nanoparticles, or fluorophores in 
diagnostic applications. This enables non-invasive monitoring 
and diagnosis of chronic illnesses like cancer, heart disease, and 
neurological conditions. Because of their small size, they can 
travel through the bloodstream and gather at specific locations, 
where they help with high-resolution imaging using methods 
like PET, MRI, and fluorescence imaging. Effective treatment of 
chronic illnesses depends on the early detection and tracking of 
disease development, both of which are made possible by this 
tailored imaging capabilities.

MSNs may transfer medications, proteins, and nucleic acids 
therapeutically, which is very helpful in the treatment of 
complicated chronic illnesses like cancer or neurological 
diseases. They make it possible to encapsulate several therapeutic 
compounds, facilitating combination therapy that can improve 
results and address disease heterogeneity. Furthermore, MSNs 
are an essential part of personalized medicine because of their 
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capacity to be customized for certain disease locations or 
patient requirements, improving bioavailability and increasing 
therapeutic effects according to a person's genetic and 
environmental characteristics.

allegedly their potential, a number of obstacles need to be 
overcome before MSNs are routinely applied in therapeutic 
settings. Concerns regarding long-term toxicity, stability inside 
the body, and possible accumulation in organs are among them; 
these require more research. Regulatory obstacles and production 
scalability are other obstacles to their clinical translation. MSNs 
have the potential to completely transform the diagnosis and 
treatment of chronic illnesses, opening up new possibilities for 
more efficient, individualized, and focused treatments, provided 
that research is continued to address these challenges.

REFERENCES
1.  Haleem A, Javaid M, Singh RP, Rab S, Suman R. Applications of nanotechnology in 

medical field: a brief review. Global Health Journal. 2023;7(2):70-7. https://doi.org/1 
0.1016/j.glohj.2023.02.008.

2.  SaravanakumarKasimedu, HemalathaPalavuri, SwathiPuchakayala, 
DhanalakshmiRayavarapu. Background, Trends, Applications and Therapeutic 
Approaches of Nanoparticles: A Review. Future J. Pharm. Health. Sci. 2023;3(4):461-70. 
DOI: https://doi.org/10.26452/fjphs.v3i4.523

3.  Porrang S, Davaran S, Rahemi N, Allahyari S, Mostafavi E. How advancing are 
mesoporous silica nanoparticles? A comprehensive review of the literature. 
International Journal of Nanomedicine. 2022:1803-27. DOI https://doi.org/10.2147 
/IJN.S353349

4.  Tella J.O, Adekoya J.A, Ajanaku K.O. Mesoporous silica nanocarriers as drug delivery 
systems for anti-tubercular agents: a review. R. Soc. Open Sci. 2022;9:220013. https:/ 
/doi.org/10.1098/rsos.220013

5.  Croissant, J. G., Fatieiev, Y., Almalik, A. and Khashab, N.M. Mesoporous silica and 
organosilica nanoparticles: physical chemistry, biosafety, delivery strategies, and 
biomedical applications.Adv. Healthc. Mater. 2018;7:1700831 .https://doi.org/10.10 
02/adhm.201700831

6.  Nguyen, T. L., Choi, Y. and Kim, J. Mesoporous silica as a versatile platform for cancer 
immunotherapy.Adv. Mater. 2019;31:1803953. https://doi.org/10.1002/adma.20180 
3953

7.  Escriche‐Navarro, B. et al. Mesoporous silica materials as an emerging tool for cancer 
immunotherapy. Adv. Sci. 2022;9:2200756. https://doi.org/10.1002/advs.202200756

8.  Prudhvi Raj V, Jagadeesh Y, Saravanakumar K, Solid Lipid Nanoparticles: A Novel 
Method to Drug Delivery Formulation. Int. J. Exp. Biomed. Res. 2023;2(1):1-10. DOI: h 
ttps://doi.org/10.26452/ijebr.v2i1.441

9.  A. Jain, P.G.J. Fournier, V. Mendoza-Lavaniegos, P. Sengar, F.M. Guerra-Olvera, E. 
Iñiguez, T.G. et al. Functionalized rare earth-doped nanoparticles for breast cancer 
nanodiagnostic using fluorescence and CT imaging, J. Nanobiotechnology. 
2018;16:1-18, https://doi.org/10.1016/j.chroma.2011.09.051.

10.  M.J. Crabtree, A.B. Hale, K.M. Channon. Dihydrofolate reductase protects endothelial 
nitric oxide synthase from uncoupling in tetrahydrobiopterin deficiency. Free Radic. 
Biol. Med. 2011;50:1639-46, https://doi.org/10.1016/j. freeradbiomed.2011.03.010.

11.  Y. Zhang, Y. Li, H. Tian, Q. Zhu, F. Wang, Z. Fan, S. et al. Redox-responsive and 
dual-targeting hyaluronic acid-methotrexate prodrugselfassembling nanoparticles 
for enhancing intracellular drug self-delivery. Mol. Pharm. 2019;16:3133-44, https://d 
oi.org/10.1002/advs.202200756.

12.  M. Ghorbani, H. Hamishehkar. Redox and pH-responsive gold nanoparticles as a 
new platform for simultaneous triple anti-cancer drugs targeting. Int. J. Pharm. 
2017;520:126-38, https://doi.org/10.1002/advs.202200756.

13.  G. Choi, T.H. Kim, J.M. Oh, J.H. Choy. Emerging nanomaterials with advanced 
drug delivery functions: focused on methotrexate delivery. Coord. Chem. Rev. 
2018;359:32-51, https://doi.org/10.1016/j.ccr.2018.01.007.

14.  Vivek Kumar P, Saravanakumar K, Nagaveni P. A review on floating drug 
delivery systems. International Journal of Research in Pharmaceutical Sciences 
.2014;5(3):193-9.

15.  Fatemeh Ahmadia,1, Arezoo Sodagar-Taleghanib,c,1, Pedram Ebrahimnejada,d,*,1, 
Seyyed Pouya Hadipour Moghaddame,f, Farzam Ebrahimnejadg, Kofi Asare-Addoh, 
Ali Nokhodchii,j,*._ A review on the latest developments of mesoporous silica 
nanoparticles as a promising platform for diagnosis and treatment of cancer; 
International Journal of Pharmaceutics 2022;625:122099.

16.  Ozi Adi Saputra, Wahyu Nur Safitriono, Annisa Istiqomah, Meiyanti Ratna Kumalasari, 
Muhammad Irmawa, Fajar Rakhman. Wibowo. Advances in Mesoporous Silica 

Nanoparticles: Synthesis, Characterization, and Biomedical Uses. Indonesian Journal 
of Chemical Analysis.2024;7: 108-31.

17.  EmmaOrtiz-Islas*, Anahí Sosa-Arróniz, Ma Elena Manríquez-Ramírez, C. Ekaterina 
Rodríguez-Pérez, Francisco Tzompantzi, and Juan Manuel Padilla._Mesoporous 
silica nanoparticles functionalized with folic acid for targeted release Cis-Pt to 
glioblastoma cells; DE GRUYTER; Rev. Adv. Mater. Sci. 2021;60:25-37 .

18.  Saravanakumar K, Swapna P, Nagaveni P. Transdermal drug delivery system: A review 
Journal of Global Trends in Pharmaceutical Sciences. 2015;6(1):2485-90.

19.  Rudin CM, Brambilla E, Faivre-Finn C, Sage J. Small-cell lung cancer.Nat Rev Dis Prim. 
2021;3. doi:10.1038/s41572-020-00235-0.

20.  Ramesh B, Saravanakumar K, Nagaveni P. A review on buccal drug delivery system. 
International Journal of Research in Pharmaceutical Sciences. 2014;5(3):2000-4.

21.  de Groot PM, Wu CC, Carter BW, Munden RF. The epidemiology of lung cancer,Transl 
Lung Cancer Res. 2018;220. doi:10.21037/tlcr.2018.05.06.

22.  Min-Ki Kim, Do-Hyung K, Young-Guk Na, Hae-Soo Lee, Jong-Suep Baek, Jae-Young 
Lee, et al. Optimization of Mesoporous Silica Nanoparticles through Statistical 
Design of Experiment and the Application for the Anticancer Drug. Pharmaceutics; 
2021;13; 184.

23.  Mohan Kumar A, Saravanakumar K, Nagaveni P. Novel review on mucoadhesive 
drug delivery system. International Journal of Research in Pharmaceutical Sciences 
2014;5(3):205-15.

24.  Milad Abbasi, Salar Hafez Ghoran, Mohammad Hadi Niakan, Kazem Jamali, Zohre 
Moeini, Ali Jangjou, et al. Mesoporous silica nanoparticle: Heralding a brighter future 
in cancer nanomedicine. Microporous and Mesoporous Materials. 319;2021;110967.

25.  Gigliobianco MR, Casadidio C, Censi R, Di Martino P. Nanocrystals of poorly 
soluble drugs: drug bioavailability and physicochemical stability.Pharmaceutics. 
2018;103:134. https://doi:10.3390/pharmaceutics10030134.

26.  OziAdi Saputra, Windy Ayu Lestari, Viardi Kurniansyah, Witri Wahyu Lestari, Takashi 
Sugiura, Rino R. Mukti, et al. Wibowo.Organically surface engineered mesoporous 
silica nanoparticles control the release of quercetin by pH stimuli. Scientifc Reports 
2022;12:2066

27.  Dilnawaz F, Sahoo SK. Augmented anticancer efficacy by si-RNA complexed 
drug-loaded mesoporous silica nanoparticles in lung cancer therapy, ACS Applied 
Nano Materials. 2018;1(2):730-40.

28.  Liu, J.; Li, C.; Li, F. Fluorescence turn-on chemodosimeter-functionalized mesoporous 
silica nanoparticles and their application in cell imaging. 2011;71757181.

29.  Saravanakumar K, Mohan Kumar A, Nagaveni P, Jayachandra Reddy P, Gowri Y. 
Formulation Development and Evaluation of Floating Drug Delivery of Anti-diabetic 
drug. International Journal of Research in Pharmaceutical Sciences. 2015;6(2):60-6.

30.  Godbey W.T., Wu .K, Hirasaki, G.J., Mikos A.G. Improved packing of poly(ethylenimine)/
DNA complexes increases transfection efficiency. 1999;6:13801388.

31.  Guerrero-Florez, Aude Barbara, Stéphanie Kodjikian, Farid Oukacine, Philippe 
Trens, Xavier Cattoën. Dynamic light scattering unveils stochastic degradation in 
large-pore mesoporous silica nanoparticles. Journal of Colloid and Interface Science. 
2024;676:1098-108.

32.  Ashok Thulluru, Nawaz Mahammed, Saravanakumar K. Effect of Enzyme Dependent 
Polymers on the Release Profile of Press Coated Esmeprazole Colon Targeted Tablets. 
Research J. Pharm. and Tech. 2020;13(12):6186-94.

33.  Pallavi C Choudante, Susheel Kumar Nethi, Diana Diaz-Garcia, Sajiv Prashar, Sunil 
Misra, Santiogo Gomez-Ruiz, et al. Tin-loaded mesoporous silica nanoparticles: 
Antineoplastic properties and genotoxicity assessment. Biomaterials 
Advances.137;2022;212819

34.  Lai C-Y, Trewyn BG, Jeftinija DM, Jeftinija K, Xu S, Jeftinija S, et al. A mesoporous silica 
nanosphere-based carrier system with chemically removable CdS nanoparticle caps 
for stimuli-responsive controlled release of neurotransmitters and drug molecules. J 
Am Chem Soc 2003;125(15):4451-9.

35.  Saravanakumar K, Ashok Thulluru, Jaya PreethiPeesa. Formulation Development 
and Characterization of Meloxicam Cationic Nanoparticles. J. Pharm. Sci. and Res. 
2020;12(4)488-91.

36.  Law D, Schmitt EA, Marsh KC, Everitt EA, Wang W, Fort JJ, et al. Ritonavir-Peg 
8000 amorphous solid dispersions: In vitro and in vivo evaluations. Journal of 
Pharmaceutical Sciences 2004;93:563-70. https://doi.org/10.1002/jps.10566

37.  Diana Tzankova, Borislav Christina Voycheva, Teodora Popova, Marta Slavkova 
Tzankov. Formulation of Tablets Containing Mesoporous Silica Nanoparticles Loaded 
with Pramipexole. Indian Journal of Pharmaceutical Education and Research.2021; 
55(3).

38.  Rafael R Castillo1, María Vallet-Regí. Recent Advances Toward the Use of Mesoporous 
Silica Nanoparticles for the Treatment of Bacterial Infection. International Journal of 
Nanomedicine. 2021;16:4409-30.

39.  Saravanakumar K*, Durga Srinivasa Rao M, Kothapalli Bannoth Chandrasekhar. 
Combination Effect of Natural and Synthetic Polymers in Extending the Release of 
Tolperisone HCl from its Effervescent Floating Tablet. Research J. Pharm. and Tech. 
2021;14(1):171-8.

40.  Reddy S, Rudra R and Haq FMD: Formulation and Evaluation of Solid Self Nano 
Emulsifying Drug Delivery System (S-SNEDDs) of ritonavir drug. Indo American 
Journal of Pharmaceutical Research. 2015;5:2010-24.

41.  Gawali PB, Kshirsagar SJ, Bhalekar MR and Madgulkar AR. Preparation and 
characterization of amorphous nanoparticles for solubility enhancement of ritonavir. 



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025S786

Kasimedu, et al.: Mesoporous Silica Nanoparticles: A Diagnostic and Therapeutic Tool

International Journal of Pharmaceutical Science Invention. 2012;2:27-35. https://dx.d 
oi.org/10.22159/ijap.2022v14i6.45939.

42.  Guo S, Pham K, Li D, Penzak SR and Dong X. Novel in situ self-assembly nanoparticles 
for formulating a poorly water-soluble drug in oral solid granules, improving 
stability, palatability, and bioavailability. International Journal of Nanomedicine. 
2016;11:1451-60. https://doi.org/10.2147/IJN.S100621.

43.  Shankar KR, Chowdary KPR and Rao AS. A factorial study of formulation of ritonavir 
tablets employing Β cyclodextrin, soluplus and pvp K30. World J. of Pharmacy and 
Pharmaceutical Sciences .2015;4:1191-1200.

44.  Raosaheb S. Shendge, Rohit Keshav Dimote. Formulation and optimization of 
mesoporous silica loaded gel containing extract of Rosmarinus officinalis for 
treatment of acute wound healing. European Journal of Medicinal Chemistry 
Reports 2024;100155.

45.  Miguel Manzano and María Vallet-Regí*._Mesoporous Silica Nanoparticles for Drug 
Delivery; Advanced Functional Mater. 2019:1902634.

46.  Milad Iranshahy, Mohammad Yahya Hanafi-Bojd, Seyed Hadi Aghili, Mehrdad 
Iranshahi, Seyed Mohammad Nabavi, Satar Saberi, et al. Curcumin-loaded 
mesoporous silica nanoparticles for drug delivery: synthesis, biological assays and 
therapeutic potential - a review. Royal Society of Chemistry Adv., 2023;13:22250-67.

47.  SedaEren Z, Tunçer S, Gezer G, Yildirim LT, Banerjee S and Yilmaz A. Improved solubility 
of celecoxib by inclusion in SBA-15 mesoporous silica drug loading in different 
solvents and release. Microporous and Mesoporous Materials. 2016;235:211-23. http 
s://doi.org/10.1016/j.micromeso.2016.08.014.

48.  Liu X and Che S. Enhanced release of the poorly soluble drug itraconazole loaded in 
ordered mesoporous silica. Science China Chemistry. 2015;58: 400-10.https://doi.org 
/10.1007/s11426-015-5333-x.

49.  Ambrogi V, Marmottini F and Pagano C. Amorphous carbamazepine stabilization by 
the mesoporous silicate SBA-15. Microporous and Mesoporous Materials. 2013;177: 
1-7.https://doi.org/10.1016/j.micromeso.2013.04.008.

50.  Kjellman T, Xia X, Alfredsson V and Garcia-Bennett AE. Influence of microporosity in 
SBA-15 on the release properties of anticancer drug dasatinib. Journal of Materials 
Chemistry B 2014;2:5265-71. https://doi.org/10.1039/C4TB00418C.

51.  Sahar Porrang1,2, Soodabeh Davaran3,4, Nader Rahemi1,2, Somaiyeh Allahyari1,2, 
Ebrahim Mostafavi5,6._ How Advancing are Mesoporous Silica Nanoparticles? A 
Comprehensive Review of the Literature; International Journal of Nanomedicine 
2022:17:1803-27.

52.  QiLi, Shisheng Lai, Hongzhou Shang, Ning Qiao, Xiaoran Sun, Yujin Lu, et al. 
Construction and evaluation of biomass-modified mesoporous silica nanoparticles 
as enzyme-responsive and pH-Responsive drug carriers for the controlled release of 
quercetin. Journal of Drug Delivery Science and Technology; 2024;98:105852.

53.  Qu Z, Wong, KY, Moniruzzaman, M, Begun J, Santos HA, Hasnain SZ, et al. One-Pot 
Synthesis of pH-Responsive Eudragit-Mesoporous Silica Nanocomposites Enable 
Colonic Delivery of Glucocorticoids for the Treatment of Inflammatory Bowel Disease. 
Adv. Ther. 2021;4:2000165. [CrossRef ] https://doi.org/10.1002/adtp.202000165.

54.  Ribeiro TDC, Sábio RM, Luiz M T, de Souza LC, Fonseca-Santos B, Cides da Silva LC, et al. 
Curcumin-Loaded Mesoporous Silica Nanoparticles Dispersed in Thermo-Responsive 
Hydrogel as Potential Alzheimer Disease Therapy Pharmaceutics. 2022;14: 1976. 
[CrossRef ] [PubMed].https://doi.org/10.3390/pharmaceutics14091976.

55.  Madhu Medabalimi, Saravanakumar K, Satyanarayana SV. Development and 
Validation of Stability Indicating RP-HPLC Method for Quantitative Estimation 
of Safinamide Mesylate in Bulk and its Tablet Dosage Form, Current Trends in 
Biotechnology and Pharmacy. 2022;16(2):50-9.

56.  Tarn D, Ashley CE, Xue M, Carnes EC, Zink JI, et al. Mesoporous silica nanoparticle 
nanocarriers: biofunctionality and biocompatibility. Accounts of chemical research. 
2013;46:792-801. https://pubs.acs.org/doi/10.1021/ar3000986.

57.  Arap W, Pasqualini R, Montalti M, Petrizza L, Prodi L, et al. Luminescent silica 
nanoparticles for cancer diagnosis. Current Medicinal Chemistry. (2013)20:2195-211.

58.  Melika Ghobadi, Saeideh Salehi, Mohammad Taha Salmanifard Ardestani, Mohammad 
Mousavi-Khattat, Zahra Shakeran, Arezoo Khosravi, et al. Amine-functionalized 
mesoporous silica nanoparticles decorated by silver nanoparticles for delivery of 
doxorubicin in breast and cervical cancer cells. European Journal of Pharmaceutics 
and Biopharmaceutics. 2024;201:114349

59.  Sapra P, Allen TM Internalizing antibodies are necessary for improved therapeutic 
efficacy of antibody-targeted liposomal drugs Cancer Research. 2002;627190-4.

60.  Xia T, Kovochich M, Liong M, Meng H, Kabehie S, et al. Polyethyleneimine coating 
enhances the cellular uptake of mesoporous silica nanoparticles and allows safe 
delivery of siRNA and DNA constructs, ACSNano.2009;3: 3273-3286. https://pubs.a 
cs.org/doi/10.1021/nn900918w.

61.  Ahmed M. Elbedwehy, Jun Wu, Hee-Kyung Na, Ahruem Baek, Haejin Jung, Ik Hwan 
Kwon, et al. ROS-responsive charge reversal mesoporous silica nanoparticles 
as promising drug delivery system for neovascular retinal diseases. Journal of 
Controlled Release; 2024;373:224-39.

62.  Ferris DP, Lu J, Gothard C, Yanes R, Thomas CR, et al. Synthesis of Biomolecule-Modiied 
Mesoporous Silica Nanoparticles for Targeted Hydrophobic Drug Delivery to Cancer 
Cells. Small. 2011;7:1816-26. https://doi.org/10.1002/smll.201002300.

63.  Singh D, McMillan JM, Liu XM, Vishwasrao HM, Kabanov AV, et al. Formulation 
design facilitates magnetic nanoparticle delivery to diseased cells and tissues. 
Nanomedicine 2014;9: 469-85.https://doi.org/10.2217/nnm.14.4.

64.  Li Z, Nyalosaso JL, Hwang AA, Ferris DP, Yang S, et al. Measurement of uptake and 
release capacities of mesoporous silica nanoparticles enabled by nanovalve gates. 
The Journal of Physical ChemistryC. 2011;115:19496-19506. https://pubs.acs.org/do 
i/10.1021/jp2047147.

65.  Ashley CE, Carnes EC, Phillips GK, Padilla D, Durfee PN, et al. The targeted delivery 
of multicomponent cargos to cancer cells via nanoporous particle-supported lipid 
bilayers. Nature Materials. 2011;10:389-97. https://doi.org/10.1038/nmat2992.

66.  Ashley CE, Carnes EC, Epler KE, Padilla DP, Phillips GK, et al. Delivery of small 
interfering RNA by peptide-targeted mesoporous silica nanoparticle supported lipid 
bilayers. ACS Nano. 2012;6: 2174-2188.https://pubs.acs.org/doi/10.1021/nn204102q.

67.  Hina Deepak Mehta, Saravanakumar Kasimedu*, Bharath Raj KC, Vema Kiran. 
Optimizing Orphan Drug Rucaparib Transdermal Patches for Ovarian Cancer: A 
Design Expert-Based Strategy for Prolonged Drug Release. International Journal of 
Drug Delivery Technology. 2024;14(3):1441-9.

68.  Meng H, Xue M, Xia T, Ji Z, Tarn DY. et al. Use of size and a copolymer design feature 
to improve the biodistribution and the enhanced permeability and retention effect 
of doxorubicin-loaded mesoporous silica nanoparticles in a murine xenograft tumor 
model. ACS Nano. 2011;5: 4131-44.https://pubs.acs.org/doi/10.1021/nn200809t.

69.  Liu J, Stace-Naughton A, Jiang X, Brinker CJ. Porous nanoparticle supported lipid 
bilayers (protocells) as delivery vehicles. Journal of the American Chemical Society. 
2009;131: 1354-5.https://pubs.acs.org/doi/10.1021/ja808018y.

70.  Du H, Hamilton PD, Reilly MA, d’Avignon A, Biswas P, et al. A facile synthesis of highly 
water-soluble, core-shell organo-silica nanoparticles with controllable size via 
sol-gel process. Journal of Colloid and Interface Science.2009;340: 202-8. https://doi 
.org/10.1016/j.jcis.2009.08.032.

71.  Asmine Alyassin, Elshaimaa G. Sayed, Prina Mehta, Ketan Ruparelia, Muhammad S. 
Arshad, Manoochehr Rasekh, et al. Application of mesoporous silica nanoparticles 
as drug delivery carriers for chemotherapeutic agents. Drug Discovery Today; 
2020;25(8)1513-20.

72.  Dele Peter Fapojuwo, Christianah Aarinola Akinnawo, Charles O. Oseghale, Reinout 
Meijboom. Tailoring the surface wettability of mesoporous silica for selective 
hydrogenation of cinnamaldehyde to hydrocinnamaldehyde in a Pickering emulsion 
system. colloids and Surfaces A: Physicochemical and Engineering Aspects. 
2022;655:130231

73.  Wu SH, Mou CY, Lin HP. Synthesis of mesoporous silica nanoparticles. Chemical 
Society Reviews. 2013;42:3862-3875. https://doi.org/10.1039/C3CS35405A.

74.  Saroj S, Rajput SJ. Composite Smart Mesoporous Silica Nanoparticles as Promising 
Therapeutic and Diagnostic Candidates: Recent Trends and Applications. J. 
Drug Deliv. Sci. Technol. 2018;44:349-365. [CrossRef ]https://doi.org/10.1016/j.
jddst.2018.01.014.

75.  Zhu J, Niu Y, Li Y, Gong Y, Shi H, Huo Q, et al. Stimuli-Responsive Delivery Vehicles 
Based on Mesoporous Silica Nanoparticles: Recent Advances and Challenges. J. 
Mater. Chem. B 2017;5:1339-52. [CrossRef ]https://doi.org/10.1039/C6TB03066A.

76.  Boling Xu, Shanshan Li, Rui Shi, Huiyu Lui. Multifunctional mesoporous silica 
nanoparticles for biomedical applications. signal transduction and targeted therapy. 
2023;8:435.

77.  Pan Y, Xue P, Liu S, Zhang L, Guan Q, Zhu J, et al. Metal-Based Hybrid Nanoparticles 
as Radiosensitizers in Cancer Therapy. Colloid Interface Sci. Commun. 2018;23:45-51. 
[CrossRef ]https://doi.org/10.1016/j.colcom.2018.01.004.

78.  Freitas LBO, Corgosinho LM, Faria JAQA, dos Santos VM, Resende JM, Leal AS, et al. 
Multifunctional Mesoporous Silica Nanoparticles for Cancer-Targeted, Controlled 
Drug Delivery and Imaging. Microporous Mesoporous Mater. 2017;242:271-83. 
[CrossRef ] https://doi.org/10.1016/j.micromeso.2017.01.03.

79.  Ambrogio MW, Thomas CR, Zhao YL, Zink JI, Stoddartt JF. Mechanized Silica 
Nanoparticles: A New Frontier in Theranostic Nanomedicine. Acc. Chem. Res. 
2011;44:903-13. [CrossRef ] https://pubs.acs.org/doi/10.1021/ar200018x#Abstract.

80.  Mamaeva V, Sahlgren C, Linden M. Mesoporous Silica Nanoparticles in 
Medicine-Recent Advances. Adv. Drug Deliv. Rev. 2013;65:689-702. [CrossRef ]https://
doi.org/10.1016/j.addr.2012.07.018.

81.  Wang Y, Zhao Q, Han N, Bai L, Li J, Liu J, Che E, Hu L, Zhang Q, Jiang T. et al. 
Mesoporous Silica Nanoparticles in Drug Delivery and Biomedical Applications. 
Nanomed. Nanotechnol. Biol. Med. 2015;11:313-27. [CrossRef ] [PubMed]https://doi.
org/10.1016/j.nano.2014.09.014.

82.  Du X, Li X, Xiong L, Zhang X, Kleitz F, Qiao SZ. Mesoporous Silica Nanoparticles with 
Organo-Bridged Silsesquioxane Framework as Innovative Platforms for Bioimaging 
and Therapeutic Agent Delivery Biomaterials. 2016;91:90-127. [CrossRef ]https://doi.
org/10.1016/j.biomaterials.2016.03.019.

83.  Aznar E, Oroval M, Pascual L, Murguia JR, Martinez-Manez R, Sancenon F. Gated 
Materials for on-Command Release of Guest Molecules. Chem. Rev. 2016;116:561-718. 
[CrossRef ]https://doi.org/10.1021/acs.chemrev.5b00456.

84.  Svetlana Kovtarev, Lyazat Kusepova, Gaukhar Tazhkenova, Togzhan Mashan, 
Karlygash Bazarbaeva, Eldar Kopishev. Surface Modification of Mesoporous Silica 
Nanoparticles for Application in Targeted Delivery Systems of Antitumour Drugs. 
Polymers 2024;16:1105.

85.  Sonmez M, Ficai D, Ficai A, Alexandrescu L, Georgescu M, Trusca R, et al. Applications 
of Mesoporous Silica in Biosensing and Controlled Release of Insulin. Int. J. Pharm. 
2018;549:179-200. [CrossRef ]https://doi.org/10.1016/j.ijpharm.2018.07.037.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 3 (Suppl), Jul-Sep, 2025 S787

Kasimedu, et al.: Mesoporous Silica Nanoparticles: A Diagnostic and Therapeutic Tool

86.  Shadjou N, Hasanzadeh M. Bone Tissue Engineering Using Silica-Based Mesoporous 
Nanobiomaterials: Recent Progress. Mater. Sci. Eng. C Mater. Biol. Appl. 2015;55:401-9. 
[CrossRef ] [PubMed]https://doi.org/10.1016/j.msec.2015.05.027.

87.  Chiari-Andréo BG, Almeida-Cincotto MGJ, Oshiro JA, Taniguchi CYY, Chiavacci LA, Isaac 
VLB. Chapter 5-Nanoparticles for Cosmetic Use and Its Application. In Nanoparticles 
in Pharmacotherapy. Grumezescu, A.M., Ed.; William Andrew Publishing: Cambridge, 
UK, 2019; pp.113-146. https://doi.org/10.1016/B978-0-12-816504-1.00013-2.

88.  Kaul S, Gulati N, Verma D, Mukherjee S, Nagaich U. Role of Nanotechnology in 
Cosmeceuticals: A Review of Recent Advances. J. Pharm. 2018; 2018:3420204. 
[CrossRef ] [PubMed]https://doi.org/10.1155/2018/3420204.

89.  Sasikala ARK, Thomas RG, Unnithan AR, Saravanakumar B, Jeong YY, Park CH, Kim 
CS. Multifunctional nanocarpets for cancer theranostics: remotely controlled 
graphenenanoheaters for thermo-chemosensitisation and magnetic resonance 
imaging. Sci. Rep. 2016;6: 20543.https://doi.org/10.1038/srep20543.

90.  Zhang Q, Liu F, Nguyen KT, Ma X, Wang X, Xing B, Zhao Y. Multifunctional mesoporous 
silica nanoparticles for cancer-targeted and controlled drug delivery. Adv. Funct. 
Mater. 2012;22:5144-56. https://doi.org/10.1002/adfm.201201316.

91.  Liu J, Liu T, Pan J, et al. Advances in multicompartment mesoporous silica micro/
nanoparticles for theranostic applications. Annu Rev ChemBiomol. 2018;9: 389-411. 
https://doi.org/10.1146/annurev-chembioeng-060817-084225.

92.  Wang Y, Zhao Q, Han N, et al. Mesoporous silica nanoparticles in drug delivery and 
biomedical applications. Nanomed-Nanotechnol.2015; 11(2): 313-27.https://doi.org 
/10.1016/j.nano.2014.09.014

93.  Huang G, Liu R, Hu Y, et al. FeOOH-loaded mesoporous silica nanoparticles as a 
theranostic platform with pH-responsive MRI contrast enhancement and drug 
release. Sci China-Chem. 2018;61(7):806-11. https://doi.org/10.1007/s11426-017- 
9217-4.

94.  Chen Y, Ai K, Liu J, et al. Multifunctional envelope-type mesoporous silica 
nanoparticles for pH-responsive drug delivery and magnetic resonance imaging. 
Biomaterials. 2015;60:111-20. https://doi.org/10.1016/j.biomaterials.2015.05.003.

95.  Lee C, Cheng S, Wang Y, et al. Near-infrared mesoporous silica nanoparticles for 
optical imaging: characterization and in vivo biodistribution. Adv Funct Mater. 
2009;19(2):215-222. https://doi.org/10.1002/adfm.200800753.

96.  Portilho FL, Helal-Neto E, Cabezas SS, et al. Magnetic core mesoporous silica 
nanoparticles doped with dacarbazine and labelled with 99mTc for early and 
differential detection of metastatic melanoma by single photon emission computed 
tomography. Artif Cell Nanomed B. 2018; DOI:10.1080/21691401.2018.1443941.

97.  Ambrogio MW, Thomas CR, Zhao YL, Zink JI, Stoddartt JF. Mechanized Silica 
Nanoparticles: A New Frontier in Theranostic Nanomedicine. Acc. Chem. Res. 
2011;44:903-13. https://pubs.acs.org/doi/10.1021/ar200018x.

Cite this article: Kasimedu S, Selvam UH, Sharma KS, Arrivur NS, Mudduluru NB. Msoporous Silica Nanoparticles: A Promising Portal for Diagnosis and 
Treatment for Chronic Diseases. Indian J of Pharmaceutical Education and Research. 2025;59(3s):s776-s787.


